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BG9-91- 093 ° 1 BUS I NTERFACE LOG C FOR CONPHIER cg
SYSTEM HAVI NG DUAL BUS ARCHI TECTURE Background of the Invention The present
invention relgdsesgitawsbus to bus interfaces in conputer 5 .systens, and nore
particularly to a bus to bus interface for synchronizing operation of buses
in the systemto conpensate for devices which comunicate to each other at
different rates and over different data. transfer bandwi dths.: Generally in

conput er systens and gespaeisakics LOGYIE FOR NAMPUTERD SV SIEMS NS IROBpUMLakEs | S -
transferred between various system deviAREBITRAIHRAS a central processing

unit (CPU); nenory devices, and direct menmory access (DVA) controll ers,--« In
addition, data is transferred bet ween expansi on el enents such as 5
|nput/out put (I/0O devices, and B%Mb gy es and the various
system devi ces. The bké)aiﬂvxmestacmi rehetesy $6 amsdew iboesimtenfaneiscint eomputler
and amongsg eg,ﬁﬁe%h%dqr&re SARULBIr1QUEE S bar@'t%hb&somé&ac@ Reries of

conduct or s "al information IS transmt fromany of several
sources to an?YQ?Pr%'e\?éPﬁl"pdé%'ﬁ%a?f Hyses Nii’n§/h?)fsyfﬁ‘§“ §95‘i°é‘ﬁ1‘-’él‘ﬁ\ﬂ%%%" éﬁﬂ“’@ﬁe
| / O devi ces a&lﬁ_c&ammuﬁldtesaf eianly dthebust @dffareht arstef iand. ovedeul fresenthi ch

can control tgetacgpg%tfg; fdg,‘f)end bus sl aves (i.e., elenents which are

control |l ed by bus control er sonal conputer systens having nore than
one bus are known. Typlcally, a local bus is provided over which the CPU
conmuni.cat es with ¢afzRelIENRI sorPltér FPETIMS Gﬁkﬂltersgbéleﬂlly@mdp@rs%XSI &Jmputerbus

's provided systems, data is transferred between various system devices such as a

| centrel processing unit.(CPU), memory devices; and.direct memory access
(DMA)#cbﬁtrollers. In addition, data is transferred between expansion
elements such as input/output (1/0) 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,
which comprise a series of conductors along-which'information is
transmitted from any of several sources to ény of several destinations.
Many:of_the system devices and the I/O devices are capable of serving as
bus'eontrollers (i.e., devices which can control the computer system) and

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

i Personal computer systems having more than one bus are known.
Typically, a local bus is provided over which the CPU communicates with
cache memotry or a memory controller, and a system I/O bus is provided
' ;ﬁ . over which system bus devices such as the DMA controller, or.the I/0
) devices, communicate with the system memory via_the memory controller.
o The system I/O bus comprises a system'bus and an I/0 bus connected by a
g..} bus interfaée unit. -The I/0 devices communicate. with one another over
. the I1/0 bus. The I/0O devices are elso-typically required to communicate
with system bus devices such as system memory. Such communications must
travel over both the 1/0 bus and the system bus through the bus interface
unit.

System devices and I/0 devices in dual bus architecture computer
systems often communicate with each other at different rates and over
different data transfer bandwidths For example, whereas system devices

may communicate over the system bus at a 32- blt dqta bus width, I/O
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- . Been Replaced _
oyeér which system bus d tHas ep he DVA controller, or the 1/0
devi ces, comunicate wt nory via the mem)r\Lcont roller. The
S

system |/ O bus conpri se nd an 1/0 bus conn ?FH@SH% ﬁg%ﬁ&@

interface unit. The |/0O devi ces com‘rum cate with one anof he
bus. - The 1/ Opdevdice®3 are al so typically re&w red to. co \
system bus devi ces such as system nmenory. Such conmuni cations nust “traverl
over both the I/0O bus and the system bus through the bus interface unit,
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read cycles, the ls/looggylcg/@ deyi $RteRMOicrovi de data to the system device
over the I/O bus

It is an object of the present invention, then, to provide a bus
interface unit in a dual bus architecture cohputer.systém which provides
the translation logic required for synchronizing operation of the system
bus and the 1I/0 bus to compensate for devices which communicate .to each

other at different rates and over different data transfer bandwidths.

Summary of the _Invention

The present invention provides translation logic for a bus
interface unit in a dual architecture computer system. The translation
logic is implemented by algorithms which are built into the hardware of
the bus interface unit, which resides intermediate a system bus and an
I/0 bus in the computer system. The translation logic in the bus
interface unit improves the performance of the computer system by
synchronizing operation of the system bus and the I/0 bus.
Synchronization of the buses compensates for system bus devices and
input/output devices which communicate to each other at different rates

and over different data transfer bandwidths.

i
v

The tf;nslation logic operates under two conditions. The first
condition occurs when a fast system device is writing data to a slower
I/0 device. Because system devices write data over the system bus at
faster rates than most I/O devices, the slower I/0 devices cannot accept
the data as fast as the sygtem device writes it to them. Thus, the
Present invention provides a bhuffer wherein data written from the faster
system device to the slower I/O device may be temporarily stored. In
this manner, write data which has been stored (or posted) in the buffer
frees the system bus for subsequent dperafions even though ali of the
write data has not yet been written to the I/O deviée*%yer the I/Q bus.



as fast as it can be read fromthe 1/0O device by the system device. SUMVARY
OF THE INVENTION It is an object of the present invention to aneliorate one
or nore disadvantages of the prior art. According to one aSﬁ_ﬁ X
pr esent inveg%(r)?‘rj{@ ere is provided a conputer system conprl%i ET BEEN
nenory and a rY2tontrol ler for control 15 ng access therleto, BERIACEDst em
menory and said.nmenory controller connected by a nenory bus; a central

processing unit electrically connected with said nmenory controller; a bus .
interface unit el 8bersecahd yondhtiont weflerowlsixhd the tweys ledier dbgar Obyraetesyst em .

bus and el eclebeal bje QNBEHeRdadacd PIESLIAY OF thé Qﬂm GRS B6iads 1HoQ.bus,
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said central “processi ng unit over sald system Bus vi a sai'd
bus i nt er f ac@UEMidth of Shp FyaFen He¥ics da; 37abééﬁft MRiChAB| $UPRET ke e ot the
poi nt residi Bgstdm Bas cklays.atrembusmcusussetdealolfytmebﬁs)rmaga(:é)unaltblatnrdatmeon

cycles whereign, $3i,d &f‘d%r?% t%&bicfo é&%fé@ FONEOL p?é ri:tl gr bl tgé‘-tb‘i% bgt ween
I/ O devi ces haV| ng reques access t'o é 1/ F

determ ne vxhusarﬁttzat ds‘aace F¢'@uaé94féés Stesutler Eéfsbqﬂahtl%docémtsrbit of Lerbdt|3/0
bus and (ii) qgvad oﬁ)/ﬂHeeS/O’\ﬁbQEQiud%tsﬁéﬂ Q@lﬂtt'ha' mr wa@t t@ﬁe@@ﬂief alcdah@me
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i nterface uniff*a1%0" 1 el ﬁ?ﬁ‘ﬁé g hIe fo,foie o) o Wi B {01 ) 3??’[ g?’iﬁ’f’?‘l

sai d buffer ¢hecuistenlusng Hegnee sﬁstterﬁrbmsa Agchbit vipia dus width -system dev1ce

which is destined to be read by or written to a 8-bit ‘I/0 device is

temporarily stored in a buffer in the translatlon logic. The buffer in
the preferred embodiment has the capacity to hold thirty-two bits of data
and address. The translation logic provides the means to convert single
32-bit read and write cycles initiated on the system bus to four 8-bit or
two 16-bit cycles or single 16-bit reads and write cycles to two 8-bit
cycles and allows posted write cycles to occur without impeding time

critical bus activity, such as refresh.

Brief Description of the Drawinas

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

principles of the present invention;

Figure 2 is a schematic block diagram of the bus interface unit of
the computer system of Figure 1;
3 .
Figure 3 is a schematic block diagram of the FIFO buffer of the bus

interface unit of Figure 2;

Figure 4 is a timing diagram illustrating the operational cycles of

the CACP circuit of Figure 1;

Figures 5 and 6 are timing diagrams resulting from the operation of
the translation logic of Figure 2;

Figure 7 is a table listing the conditions under which to post

cycles.
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data in excess of that which may be witten to an I/O device over said I1/0O
bus in one 1/0O bus cycle, (ii) conpleting transfer of wite data fromsaid
buffer circuit to a first 1/0O device over said 1/Obus in at least two I/0O
bus cycles wii¥s 9]ré’l dasing control of said %ystembus for further data
processing during the first of said at least two I/O bus cycles, and (|ii)
preventing said central arbitration control point fromgranting cont rol " of
said 1/0O bus to a secongetdiQededsscei 2hé PriefanelicEmeklineritf € dat a .over
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di agram of t h;%mBi'g‘x icgfur?gcjt@?%4qni f/d)tie‘;ﬂ%sc%u?a?rmemory expansion devices may

be connected to the computer system 10 via I/O bus 32. System board 12

may also include conventional 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
- 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- .
Data information paths 50 are provided between CPU 38, SRAM 40 and data
buffer 48. ,Address information paths 52 are provided betwenn CPU 38,
cache contrdl module 42 and address buffer 46. Control 1nformat10n paths
54 are provided between CPU 38, cache control module 42 and frequency
control module 44. Additionally, address and control information paths

are provided between cache control module 42 and SRAM 40.

SRAM 40 provides a cache function by storing in short term memory
information from either system memories 24 or 26 or from expansion memory
which is located on an I/0 device 28. Cache control module 42
incorporates random access memory (RAM) 56 which stores address locations
of memories 24 and 26. CPU 38 may access information cached in SRAM 40 .

directly over the local bus 20. Freguency control module 44 synchronizes



systemof Figure 1; Figure 3 is a schematic block diagramof the FIFO
buffer of the bus interface unit of Figure 2; 3a Figure 4 is a timng
diagramillustrating the operational cycles of the CACP circuit of Figure
1; Figures 5gagshibogse timng diagrams resy ting fromthe operation of the
translation logic of Figure 2, Figure 7 is a table listing the condltlons
under which to post cycles. =~ BC9-91-093 .
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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
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, dlrect memory access
(DMA) controller 60, central arbltratlon 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
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 1nformatlon path and the control information path
each connect memory controller 58 w1th DMA controller 60 and bus

interface unit 64; and bus interface unit 64 with buffer 74.

Memory controller 58 resides on both CPU local bus 20 and system
bus 76, and provides the CPU 38, the DMA oontroller 60 or bus interface
unit 64 (on behalf of an I/0 device 28) with access to system memories 24
and 26 via memory bus 30. The memory controller 58 initiates system
memory cycleés to system memories 24 and 26 over the memory bus 30.

During a system memory cycle, either the CPU 38, the DMA controller 60 or
bus interface unit 64 (on behalf of an I/0 device 28) has access to
system memories 24 and 26 via memory controller 58. The CPU 38
communicates to system memory via local bus 20, memory controller 58 and
memory bus 30, while the DMA controller 60 or bus interface unit 64 (on
behalf of an I/0 device 28) access system memory'via system bus 76,

memory controller 58 and memory bus 30.

For CPU 38 to I/0 bus 32 read or write cycles, addressrinformation

is checked against system memory address boundaries. If the address



ahd processor conplex 14 are handl ed by nmenory bus 30, and comruni cati ons
between 1/ 0O devices 28 and processor conplex 14 are carried by 1/0 bus 32.
Communi cat i ons between |/ O devices and nenories 24 and 26 are handl ed by
I/ O bus 32, sgyst®mobsis 76 and nenory bus 3@ 1/0 bus 32 may conformto

M CRO CHANNELS conputer architecture. Menory bus 30 and I/O bus 32 are
connect ed to processor conplex base portion 18 via processor conpléx
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static random access nenor Rﬁmgev, cache .control nodule 42, frequency
f

control nodultBe%%, t“’ao‘ﬂ’rsé§s B 156d2Q ahdch dpriidesgthe gxpansigy megory
conpri ses datta winfchr tisd iadfr gzat boa@spadidr escivas cheatdmony paldhe &2 faoml 1Yorbusol

nf ormati on BAUN . cORL3) 1, 86 T oF BAL N 0eACLPROK dad ol wRen CPU 38,

SRAM 40 and at a er 48 dress ornmati on are provi ded
bet ween CPU 38“’6‘3@!18‘3 ASntRiarmatinam Bewear&rsaamsggrmf ?‘éranﬁ 6 epdt r ol
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i nformation pgt S alre rov% 5’ Y)e t ween ecaﬂLec %:%n %%%a% efc%ggce LorSIR’AM 40.
_ ..complex 14. Flrst the DMA controller 80 utlllzes a small computer

subsystem control block (SCB) archltecture to configure DMA channels,nﬂ
thus avoiding the necessity of using programmed I/0 to configure the DMA
channels. Second, DMAR controller provides a buffering function to
optimize transfers between slow memory expansion devices and the
typically faster syétem 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 programmed I/0 mode in which the DMA controller is
functionally a slave to the CPU 38. .In a second mode, DMA_controllef 60
itself functions as a system bus master, in which DMA controller 60
arbitrates for and controls I/O bus 32. During this second mode, DMA

controller 60 uses a first in, first out (FIFO) register circuit.

CACP circuit 62 functions as the arbiter for the DMA controller,
I/0 device Bus controllers and the CPU™{(if accessing I/0 devices). CACP
circuit 62 receives arbitration control signals from DMA controller 60,
memory controller 58 as well as from 1/0 devices, and determines which
devices may control the I/0 bus 32 and the length of time during which

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

Driver circuit 68 provides control information and address
information from memory controller 58 to system memories 24 and 26.
Driver circuit 68 drives this information based‘upon the number of single
in-line memory modules (SIMMs) which are used to construct system

memories 24 and 26. Thus, driver circuit 68 varies the signal intensity

rZd



SRAM 40 provides a cache function by storing in short term nmenory

I nformation fromeither system nenories 24 or 26 or from expansi on nenory
which is located on an 1/0O device 28. Cache control nodul e 42 incorporates
random accesgecommoys (RAM 56 which storessaddress | ocations of nenories 24
and 26. CPU 38 may access information cached in SRAM 40 directly over the
| ocal bus 20. Frequency control nodule 44 synchronizes BC9-91- 093
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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 portlon 18, prov1des
a plurality of self test features. Self test circuit 72 accesses buffer
circuit 74 to determine if failure conditions exist, and also tests the
other 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
64 provides the basis for implementation of the present invention by
providing a bi-directional high speed interface between syétem 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
electrically connected therebetween. Driver/receiver circuit 102
includes stdering logic which directs signals received from the system
bus 76 to the appropriate bus interface unit control logic circuit and
receives signals from the bus interface unit control logic circuits and
directs the signals to the system bus 76. I/0 bus driver/receiver
circuit 104 includes steering logic which directs signals received from
the I/0 bus 32 to the appropriate bus interface unit control logic
circuit and receives signals from the bus interface unit control logic

circuits and directs the signals to the I/0 bus 32.

The bus interface unit control logic circuits include system bus to
I/0 bus translation logic 106, I/0 bus to system bus translation logic

108, memory address compare logic 110, error recovery support logic 112,
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Base portion 18 also includes driver circuit 68, read only nenory (ROV 70,
self test circuit 72 and buffer 74. System bus 76 conprises a data

i nformati on path 78, and address information path 80 and a control

i'nf or mati on B$&AL-EB3 The data i nformati on $ath connects buffer 74 with bus
~interface unit 64; bus interface unit 64 with DVA controller 60 and
buffer/ECC circuit 66; and bufféer/ECC circuit 66 with system nenories 24

and 26. The a@ddeeas sﬁtf@rlﬂgtld@,ﬂc paih Mgkmeaorvtor eirduatormemié anspat h each
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on both CPU | ocal bus 20 and system bus 76, and pI’OVI des the CPU 38, #fhe

Dl\/fhcont roll ter 60rHar sPksemi H&sﬁ‘rtf:g-ﬁ/% Yk ttr@ﬂs](&ambqfaahé 106 vhé@ dRYinfe@n<8)
W access 0 S €S ITEITDI‘
controller 58%Mi% égf”és 3 é’%Aer%mﬁer?g?y cycf g?e ﬁ’é‘%bll’afhia gg%éa%

over the nemd ¢PHIES)300 aPhring syshewtleyn nemfmoytle}y(tbeaccsssrme IffebaP3238nd -

the DVA contybkLey cﬁﬂmmmeeé dleﬁef/foae@uléegtzﬁécéﬁia behalfe %Evmsl 69 GRVi ce
28) has access {0 system.mepories, 24 and 26 via nenory controller 58. The

CPU 38 conmui%cBtes Fﬁa‘ﬁ}ﬁ%ﬁﬂ MRS Qoﬁllt&a’f‘ﬂé&f*s bie S ErALMIESTenErbIdRER 58
and nenory blismeS0of whe | systére iV e dnts dinélar6Qiwgs bnlSthIenIﬁU bases2unidosti4 (on

behal f of an.dhQ, deber 2ha a5 ok SUo BRI, Yo T4 Sulbre BT Y

controller 58 an rea or wite
cycl'es, addridesI{hbyemd WBile datndakennatden rfslengﬁsPérﬁ%mahddegsloglc

boundari es. wHikhtdvtsagslrsg8Bem 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 signals on the
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
circuit 120, system bus controller interface 122, FIFO buffer 124, 1I/0
bus slave interface 126 and bus to bus pacing control logic 128. System
bus controller interface 122 supports 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
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
the I/0 bus glave interface 126 are passed on to the FIFO buffer 124 and

the system bus controller interface 122.

The I/0 bus to system bus translation logic 108 provides the means
required for an I/0 device 28 to act as an I/0O bus controller to access
system bus 76 and thereby read or write to system memories 24 and 26. In
either of these operations, an I/0 device controls the I/O 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/O
device controller on the I/O bus 32 to decode the memory address and
determine that the read or write cycle is destined for'systém‘ﬁempries 24

or 26. Simultaneously, the system bus controller interface 122 permits



BC9- 91- 093 6 information corresponds to an I/0O
expansi on nenory address or |1/O port address, then nenory controller 58
initiates an I/O nmenory cycle or I/O port cycle with an I/0O device 28 (via
bus |nterfac unit 64) over the 1/0O bus 32, During a CPU to |I/O nenory
cycle or ‘bgo? %%?cl e, the address whi ch9| s provided to nenory controller
58 is tr..ansmtted fromsystembus 76 to |/ O bus 32 via bus interface unit
64 which resides internediate these two buses. The /O device 28 which

i ncl udes t hetlexpansintar fisronyit 64 vt eht tasea actohteskleroon abposydsen dosi Ves t he

nmenory addr egige HeREBy EANUT132 58 gﬁP@tzr)OLé@sr a80; aldvd e Q&@bhé‘tﬁ{tﬁﬁﬁ&e
unit 64 contro] the |Heer cha\ﬁ%og?1 s t{qormatlon bet ween system nenori es
|

2
and 26 and e¥pEnétof™ OO porastedt iMitd %4 al?%ddgm“béysfffm
DVA contr ol | wemog® at y@lpersodabbestot sysdemfuemoty onSherrebdhalnd ofites obesgorem

conpl ex 14. pdid; taret Q@c%ﬁ‘ 1 QR Eldugh ©R Piid baefera154TBh| b CRAPE Kfram of
architécture to confi gure DVA channe€l s, thus:

subsystem contyr
avoi di ng therﬁ?ﬂe“geéilﬁ;u%tf aged ig E’r%Fa‘?mrad |/Oto configure the DVA

channel s. Second, DVA controller provides a buffering function to optim ze

transfers bet \NeenAgcf@)W@Dgy n%g(g QKL L §4aﬂd tg&n ¥9¢]1:CE%| |y faster

system menory. Thir control provi es an el anhel , 32-bit,
direct systensyrshoenpuse duissirestdenan StW\"élﬁ wrndwﬂicmgpr%daﬁ rtEBPOERISt em
menory accesstdragetdOdatdVArEOHRtie betvdd Ry shdted aa 1/0 Bidelers of two

modes. In a gér S%Iﬁ?%%ffe%goc%nfapislegrfoqg" s:theen-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 FIFO
buffer 124 is physically organized as two thirty-two byte buffers
(125A/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

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
with 16 bytes of data, provided that the addresses are contiguous. If a
non-contiguous address is detected by the address action, the FIFO 125R
will transfer the stored data to FIFO 125C, and at the same time FIFO
1258 will start to receive this data from the new non-contiguous address.
FIFO 125B will continue just as FIFO 125A did until it is filled with 16
bytes of data, or another non—contiguods-address is detected. FIFO 125B
will then transfer the stored data to FIFO 125D, and FIFO 125A again
starts to store data; thus, it is possible to store up to four 16 byte

blocks of non-contiguous address data.

Further, by having two 32 byte buffers in parallel the reading and
writing of data can be toggled between them thus giving an essentially

continuous read or write function.



functions in a programmed I/ O node in which the DVA controller is
functionally a slave to the CPU 38. In a second node, DVA controller 60
itself functions as a system bus naster, in which DVA controller 60
arbitrates fQug_gpgggontrols 1/ 0 bus 32. Du]L_ dng this second node, DVA
controller 60 uses a first in, first out (FIFO -register circuit. .CACP :
circuit 62 functions as the arblter for the DVA controller, |/0O déevi ce Bus

controllers and the CPU (if acgessing |/ 0O devices CACP circuit 62
recei ves arbi t rat4GisO¥Tht PBI RGNS The G e BBRiers| indo bep 1rehies, bUffer ;
control |l er 5&casonehidas afrécrfﬁublﬂl devo s, I nduseizbhi sryeaierv\/ruuemajevné::gs may

cont ol the ApDePuse 32200 B%Lendh of oLIRAYIA0uNNGR LS paCt Lt ar

device will &1 n°“cont i'ver  Circui Fovides
control inf dremfprmncan@f etdar@ﬁ anfretatad 6a theomspasibive émmgmre;slwltso

syst emhrrermrémkzlélg @Qea 2.-'.6, oprdu‘tedif @hE cwotraéﬁ r?@h.é/t%&st hithik rm‘SOEE@Jn&pQﬂsrﬁgsed
upon the nu in n ul es are used to
construct syXE&H? ?veé'YZQw aha al‘i%g ot P\?E?l(léﬁ%%%vﬁﬁ es the

si anal i nt ensApayitiveBBoAihg 033 added to the loadlng of clock sigialsf on lgack dmisk ol
and address information which is provided to system nenories 24 and 26

ol 1 0at i on and FUGRIAATH BBt NBEASpHIE S dorecPHcER 1astrtar 11 A ding

syst em boar dork2. oBufofethecilé Cuyite Msffers is filled with data, such as in a read
operation, the data can be transferred to the other 16 byte bufféfs in
series therewith, while the other parallel leg is accumulating data.
Hence, there is no time lost in either accumulating 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.

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/O device 28, the first
transfer of write data is initially stored in the FIFO buffer 1254 or
125B. The I/0 bus expected address generation circuit 120 calculatés the
next expected, or contiguous, 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
from the I/Orbus 32. '

This process continueé until either buffer 1254 or 1255 is full
with a 16-byte packet of information or a non-contiguous address is
detected. On the next clock cycle, assuming that buffer 1252 is full,
the data in buffer 125A is transferred to buffer 125C. Similarly, when
buffer 125B is full, all of its contents are transferred to buffer 125D
in a single clock cycle. The data stored in the buffers 125C and 125D is
then written to system memory via an i486 burst transfer at the system
bus operational speed. The operation of FIFO buffer 124 during a write
to system memory by an I/0 device is thus continuous, alternating between
buffers 1252 and 125B, with each emptying into adjacent buffer 125C or

/"
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utilizes buffers which permt the capture of boundary information between
I /O bus 32 and bus interface unit 64 in real tine. Accordingly, if

conmput er sys 0. .experiences a failure condition, buffer circuit 74 may
be accessed %Cf‘?mg}’c%gﬁ?put er repair person togget erm ne the information which

. was present at connector 34 upon failure of the system ROM 70 confi gures

t he system 10 upon power-up by initially placing in systemnenory data from
expansi-on nekiPy . r@ekeftivedy, cihideithe7otharhierecsiviogndataeto tbe eriitanald ty

of | ocationssy¥teRindase BAELIHIRD Bikfe oM, dasend Yihdldst ¥nofspscd fost g8ta

features. Self test circuit 72 accesses buffer circuif{ 74 to _determ ge i f
failure condftitsRstesrEre™ BAEPTYI BY ¢ s?rétlfh%atdf‘ﬁetrhenﬁﬁa%res%cﬂfp&%ﬁ’te§t95”f"" base
portion 18 uplsrlpowte- of datativebesypgtieéterl(Gnto rdebey rnae( iifeddvemmidat isy sthem

is ready for,ongLARtdRRa J%et,g{trei B9td @ 5h HkCriro guﬁ%?_e{mtskgtem A&k G g, of

the bus interface unit 64 of the systemof Figure 1 is shown. Bus’intertace
unit 64 provﬂf&?“‘t%ﬁési s for inplenentation of the present invention by-
providing a bi-directional high speed interface between system bus 76 and

| /O bus 32. Bus i f nj | ‘Qys_driyver/recejVv '
circuit 102, 1/0 ur?h ?ﬁce\?agrg/é%gg?a\‘/e’i}g%i CSF'?X‘%%“%% %no%((}{o{evﬁgegieég’gbengui ts
el ectri cal | yp&ffenettdedretidee pbiffieeantlpy | JBe/s¥sten aus ddress tgenexatiigqel udes

steering | ogifrooht chsdig@c tBe Singoad1s reat @iduesksf EOrgehbe tey sivRRylaR F6ad 0 the

appropriate b interface unit control l.qQgic,Gi.rcuit _and ei ves signals
fromthe busa(ly%teé??sagg TR Qé(‘:tc?n ?éc:lacf'émg‘flé 8idra§ﬁi' ’%lbﬁ‘rff?,rdllé ecfs 1he signal s
to the syst ebgdsuse Mde $yehurusdriRROrLs dg@ngfgrs in bandwidths of 16 bytes wide,

the system bus controller interface 122 may prefetch 16-byte. packets of
contiguous data and store it in bufférs 125C'or 125D without -the I/0 bus
32 actually providing subsequent addresses, thus reducing latency between
transfers. When buffer 125C is full of prefetched data, it transfers its
contents to buffer 125A in one clock cYcle. Buffer 125D similarly
empties into buffer 125B when full. The data in buffers 1252 and 125B )
may then be read by a particular I/0 device controller—in bandwidths'of“"
1, 2 or 4 bytes. In this way, system bus address generation circuit 118
functions. as an increment counter until instructed to by the I/0O

controller device to stop prefetching data.

Bus to bus pacing control logic 128 creates a faster access to
system memory for high speed I/0 devices. The bus to bus pacing control
logic 128 overrides the normal memory controller arbitration scheme of
system 10 by allowiﬁg 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 d%ntrpller 58 between the I/OIdevice and the CPU. Thus, even
if a local device such as the CPU has a pénding request for control of
the memory bus during a multiple cycle transmission by an I/0 device, the
bus to bus pacing control logic 128 will grant the I/0 device continued

control of the memory bus.

The programmed I1/0 circuit 116 is the portion of the bus interface
unit 64 which contains all of the registers which are programmable within
the bus interface unit 64. The registers have bits associated therewith
to determine whether a particular register is active or inactive. These

registers define, inter alia, the system memory and expansion memory

4



circuit 104 includes steering logic which directs signals received fromthe
/O bus 32 to the appropriate bus interface unit control logic circuit and
receives signals fromthe bus interface unit control logic circuits and
directs the sicgml-goto the I/0 bus 32. Thejhus interface unit control |ogic
circuits include systembus to I/O bus translation logic 106, 1/0O bus to
syst em bus:- translatlon | ogi ¢ 108, nennry address conpare logic 110, error
recovery supp

ic 11 8. and
cache snoopi df%sgsl gafigf& € phdgh ggﬁelﬂ"sl P eifpesi it & ?"é”alrgﬁmé‘fiec‘ibrel cally
coupl ed to sespamsicnimepoly egidr vesescvhiichi hre’l.@ﬁtheTrhea&mbﬁénobutiortcachéa@lb,la@

transl ation Itgglgyslzglﬁ ,,@;ngy%%? Adig g?cg-%? r%&%,ggnfi%hettfﬂ?r Ao Hﬁwg}' 60

or the nmenory contr ol to ac as a sy tem us
control |l er ta—ré%é%egc‘fw iy 6“5&%“39 B ghe %’Febﬂ’/t%éﬁ?ﬁmpé’at eAVﬁCtrﬁ“P?]@
devi ces 28 agirbtpmasdsi/aveitavi cas bdiertheids Gobushe bus aﬂsdra[hd:@mmhagic}ctﬂém _

translates t , S ' f SV us_76 into
simlar |i nets%% fP{},h.ER# laaglgw% gt %I\/g (?e l% ﬁ’é‘ﬁg Sgtgn :pt garess.
signal s f| owcPpBHEURE- sJbe airghsikerroin cprpa@mfeé) H@scgz:uwhulllé @mnat be

i nformation fplrezg\tam&ebldldbeep,t bedralche Tiye b@gize, V\/fHeﬁBe 2GhSorRR r SHS hesarkSthe

sl ave nonitors ystem bus 76 and det ect C l,ch I nt ended for

The 110 bus $3stibal diobritonisy Pateireatey doat (nE FAEe shih nev ave

transl ates t m@mmmnncnge(ﬂVe5|qua$y§ugm huse to. the programmed I/0 circuit 116 at the
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/O bus 32. Because the system
memory as well as the expansion memory may be in non-contiguous blocks of
addresses, memory address compare logic 110 includes a plurality of
comparators which are loaded with'boundary information from registers in
the programmed 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
interface unit is prepared to react accordingly. For example, if an I/O
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 systeﬁ 10 to continue
operations 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. Support logic 112 interacts with a register in the
programmed I/0 circuit 116 for capturing-the address and the time of the
detected parity error. The contents of this register may then be acted
upon by appropriate system software. For example, the CPU 38 may be
programmed for a high level interrupt to pull the address out of the
register at any time a parity error is detected. The CPU may then
decide, based on the system software iﬁstructiops, whether to continue
system operations or merely terminate opefation of the identified source

of the parity error.

”



systembus to I/O bus timng, initiates the cycle on the 1/0O bus 32, waits
for the cycle to be conpleted, and term nates the cycle on the system bus
76. The 1/ 0O bus to systembus translation | ogic 108 conprises system bus
addr ess gene?%‘-i‘i‘-’éno%%/r cuit 118, 1/0 bus expdcted address generation.circuit
120, system bus controller interface 122, FIFO buffer 124, |/O bus slave

I nterface 126 and bus to bus pacing control Iogl c 128. System bus :
control | er interfagchel22ocplipPdlolgic a1 gérnﬁeéfWenmmanB&ch urd thed Q}; | 486

burst prot ocol erati transfers .of four I ght_ ,and
si xt een byt el |l%%5u€hst ?g%%usg%dwgrﬁeanygqfloﬁrs ) ex%ansﬁoﬁom%"ﬁfgtbyngﬁeug’re
provi ded. |/ &bigs taking Elmcercfvatlfeﬂlezwmsw)?-s The snpopings 16picf first 57

operations dgstdri@fed QF aleawlt@e% Cé‘%a%ohhﬂen%ﬁ?t&mupy& [} @,zwngg&pﬁ.@r&)r

t hose oper atlgn desti %’216 tg b]gé| ng L a%é%e pi cked, rg

|10 bus” o avtTah of raachese i S 40e is Ret [oEhs B ERPTa IO
syst em bus cblmneoli$ ero dmaglrfate:om@t Fan behduschead.syst ehmbuert rapst dtiven:

| ogic 108 preoyides {QEIRANSHIEAHE R Ll chcapréd %Q%»ehgﬂol%%mn@%n Hemey,! / O

bus controller to access_system bus 76 and thereby read or wite to system
menori es 24 Arkf<P8. 1’1Vﬁ1é‘?attl’r8'i‘ cgrle Hgsdntfyatet io3As, thﬁnsﬁtﬁ"d@ﬁ ée- cdhe rdls
the 1/ 0 bus. idhhuasimsthuorduse lintabidate rﬁ}erémesﬂcﬁfﬂmgpﬁda‘ésmgnasmheospeed

of the 1/0d e t £ [ | ave to
The 170 devi ChHECen@ifly Rook MBSl haghs 48 b i 36hcAS Be 3 s

and det er ni nROYitaVe tIBPRE GO OFhaky $RWPEYEIE the dEQ tHusery SPntiyve elinsehtielEs
24 or 26. S aftdragetuisliyn oththes ¥SieMpbsit ivenddmpht€r thed&yl pemiteihgoermts

continuous monitoring of the I/0 bus 32.

The present invention relates generally to the bus interfaée unit
64 described above and more particularly to the system bus to I/0 bus
translation logic 106.which is contained within the bus interface unit 64
residing intermediate the system bus 76 and the input/output bus 32 in
the computer system 10. The translation logic 106 is implemented by
algorithmé which are built into the hardware of the bus interface unit
64. The translation logic 106 in the bus interface unit 64 synchronizes
operation of the system bus 76 and the I/0 bus 32. Synchronization of
the buses 32, 76 compensates for system bus devices and 1nput/output
devices which communicate to each other at different rates and over
different data transfer bandwidths.

The translation logic ldé improQgs'thé'ﬁerformaﬁEe of system bus 76
to I/0 bus 32 transfers by optimizing and combining two cycle conditions
without impeding system critical processes. The first condition occurs
when a fast Eystem device is writing data_tb a slower I/0 deQiEe 28.“T
System devices such as the memory controller 58 (on behalf of the CPU 38)
write data over the system bus 76 at faster rates than I/0 devices can
accept the data. Thus, the present invention provides a buffer wherein
data written from the faster system device_to the slower I/0 device may
be temporarily stored, as well as logic to terminate the éyétem'bus
cycle. In this manner, write data which has been posted in the buffer
frees the system bus 76 for subsequent operations even though all of the
write data has not yet been written to the I/0 device 28. This operation.
of the translation logic 106 in response to the first conditién is

hereinafter referred to as a posted write cycle.



BC9- 91- 093 9 the bus interface unit 64 to act as
a controller on the systembus 74. The nenory controller 58 (Figure 2) acts
as a slave t kb§ B%l% interface unit 64, anltqL ei ther provides the interface
64 with data Féa m system nenory or wites data to system nenory. The
-reads and wites to system nenory are acconplished through the FIFO buffer
124, a block diagramof which is illustrated in Figure 3. As shown 'in

Fi gure 3, FIFO buffherser2ndjcongitieal umdprt efichatysdirrorietson Bpgiti 1eGtdpremates

storage unit o\e@ﬁ@wﬁé@w gg&eheam%a%cﬁt QL agR .Qémo%t&nk-.mlqemz; @Bn Qﬁk‘é@?”
the system ang ./ O El FO buf fer 124 conpri_ses four :

si xt een- byt e “buft%efF U13§§Ahaf2§ﬁ5‘gr?& P RO COMTEBI PYS ?%ljﬁnfi desiresritg T‘%‘tﬁ"‘aﬁe a
buffers 125A~r&2&|3rbufi’®r cylctead¢stiand foroam |T/0 darsice et eotingr ss andlaw;&bem

bus sl aves, r l-.eWi u epati,an, u nd
the system btt}§§7 b@g 39[' %bﬁ%%ﬁtﬁl;%g §ﬁ}é?cﬂgg ﬁterhgﬁlvgée i3 are%%e?

thirty-two byber tﬁE‘Ff %%té PuswAdy o8 they 119 o538 w?érpggpsltlgmqgasdata bus
control |l er i ntetd a:(fetﬂe'zgyaimﬂ\ téeick/ O I32sb5tsaV @hidht esffsaﬁporlzﬁ @ABBtc Ak ol

L S
read and wri tthe dir?élaab\i%ﬁsdt}Eaéhﬂﬁl E( ﬁ@zm:e J.lESB'bIIQBGG HDBD ¢S 2aitsddr eTsns
register SeCtth@_rbase of a 16-bit access to an 8-bit slave, or a 32-bit access to an
8~bit or 16—bi£”I/O slave, as a result of the mismatched data bus widths,
the memory controller 58 communicating over the system bus 76 to an 8-bit
* or 16-bit I/0 device 32 on the I/0 bus must wait for the I/0 device to
‘receive a complete read or write request before ‘the memory controller 58
may relinquish control of the system bus-76. Because the CPU can
transfer data over the system bus 76 in a 32-bit data bus width, if the
data is destined to be read by or written to a 8-bit I/O device, the 32-
bit read or write is temporarily stored in a buffer (not shown) in
translation logic 106. The buffer in the preferred embodiment has the
capacity to hold thirty-two bits of data and address. The translation
logic 106 provides means to convert single 32-bit read and write cycles
initiated on the system bus 76 to four 8-bit or two 16-bit cycles which
may be handled by an 1/0 device 28. This operation of the translation
logic 106 in response to the second condition is hereinafter referred to

as a conversion cycle.

The tranélation logic 106 affects the operation of the CACP circuit
62 which alternates between arbitration cycles Tagg and grant cycles Tgyy
(see Figure 4). During arbitration cycles Tppg, CACP circuit 62
arbitrates Between I/0 devices 28 and the CPU 38 to determine which of
the I/0 devices 28 or the CPﬁ 38 should be granted control of the I/0 bus
32. During grant cycles Tgyp, CACP circuit 62 grants control of the I/0
bus 32, and extends control of said system bus 28, to one of the I/0O
devices 28 or the CPU 38. The buffering.of data in both posted write and
conversion cycles precludes the CACP circuit 62 from granting I/0 bus 32

to a new I/0 device intermediate successive I/0 cycles.

The operation of the conversion cycles and posted write cycles will
now be explained in greater detail. Figure 5 shows a timing diagram

resulting from the implementation of conversion cycles by translation
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.either physically associated with the respective FIFO or logically

associ ated therewwith. As data is transferred fromthe 1/0 bus 32 to FIFO
125A, the data will be accurmulated until the 16 byte buffer is filled with
16 bytes of Be®-81-¢3ovi ded that the addres¥®s are contiguous. If a
non-conti guous address is detected by the address action, the FIFO 125A _
will transfer the stored data to FIFO 125C, and at the sane tinme FIFO 125B

Will start te,dieCehd/nt MeSnalatiaes f @Rt RE NEW NORs Cﬁﬂ&ﬁ@l&iﬂéra@rﬂgquigu r&lsFO
125B wi |l cont] nue j ust aghFI FO_.125A did unti byt es

ed Wt o
of data, or BWGtRErTNEETEAtiTGRIY gﬁh‘fee§§a’i’%fe6e‘?%ct?‘§d“e"\§ﬂ':(5°f§§‘§]]\ﬁf 8 then
transfer the(ot bebdlfdaf aheoCH)FE 125D, bidnd/F|de@idQ BA . adgki nowtsar, t thet oé’st ore

data; thus, bhr{cg pe%sgkbéh% msﬁkerﬁvymm Loy aﬂ,;?hbxseld%@ek@ooaemes As

non- conti guous address data, Further, 5\; awe&g buffers in
paral l el t heSh¥RdhgPEntPRM RS G ouatty Eh 1?%&6?%?‘*5«3?%@?1 T ®m t hus.
gi ving an esseliowal | Ynciret compuiisr reyatiemrlOwr vien thenCPUOIR initiBEBs 3 r8&3B or )

10 Moreover, by Splift | w at PR %z#w f;@d%&@r@fkn&?ﬂmﬁw@c&@ Bty gghb&%,fer

sections Whl ¢h ar e cou t'o ot O bus or system bus e nunber
of storage bﬁ’fef%'%ci(:éfﬁnﬁé’ll medudasts Hhe memery wantyakiar (58And fbe gaist or nance
of the FIFO asterghed @@lit ®4al herneapatubhse cbﬂ&fﬂlnlodiﬂesdetgf&ﬂlistﬂ‘d R&kdrg dat a

inor out of cgn § i{or eachcI: sgrs de]._m of Bt gggponespfo%k cycle (Tgey and
Tyc. respectlvely, in Figure 5) in the read or write cycle These delays
also occur at the end of the cycle, along with the end-of-transfer delay
Tgor which adds an additional one or two clock periods to the cycle.
Intermediate these delays at the beginning and the end of the read or
write cycle, the translation logic 106 of the bus interface unit 64
converts the 32-bit read or write data from the memory controller 58 into

four back-to-back I/0 read or write cycles (Ty/g)-.

The translation logic 106 of the bus interface unit 64 thereby
performs conversion cycles on behalf of the CPU 38. In this manner, the
CPU 38 need not perform four 8-bit data transfer cycles each having the
Tpcy and Tyc delays associated therewith. As a result, as shown in the
‘bottom line of Figure 5, the time during which the CACP circuit 62 is in
a grant mode and during which no other activities may occur on the I/0
bus 32 (Tgyr) is decreased. If the CPU 38 were required to perform its

. own conversion cycles, there would be Tpcy and Tyc delays after each TUO
period, thereby increasing the time that the CPU must control the bus

In I/0sbus specifications I/0 slaves are limited in the amount of
time they are allowed to delay an I/0 cycle This is so as not to impede
timing critical processes on the I/0 bus or system bus such as refresh of
dynamic system memory. Typically, in the preferred embodiment, 3.5 pusec
is the maximum time allowed for an I/0 slave to delay a read or write
cycle (Tpyp). Buffering four of these cycles back-to-back will require at
most 14 psec to complete. Arbitration by the CACP circuit occUrs during
the delay periods Tpey and Ty. During arbitration, the DMA controller 60
can refresh system memories 24 and 26. 1In the pfeferred embodiment,
system memories 24 and 26 have refresh intervals of 15.6 psec. If a-
refresh does not occur within 3 refresh intervals (46:3 usec) of the

previous refresh, system timeout and dynamic RAM memcry loss will occur.



because for every two buffers added (in parallel) only half the capacitive
‘l oading is -added to the | oading of clock signals on each bus. Additionally,
by having two 16 byte buffers in series in each | eg, once one of the 16
byte buffersgdgs 14$fm with data, such as g a read operation, the data can
be transferre to e other 16 byte buffers in series therewith, while the
other parallel leg is d@ccunul ating data. Hence, thereis no time llost in

ei ther accunul ating data, or transferri thwgt he data from one bus to the,
other. The IHRjie¥efor BofitcrONdY A8 e OBpdMat I4hPBF FhECTERrARRSIoYm | of §upp| ied
by FI FO Cont refre6h rigitetvalld3(31A2pasdd)Cuimde it Qsdavi GaodB whey theifeeviiougystem
nennrles 24 or. 26, Vi a b LN ndw d t , r.4

(i.e., 8, 16refre§12 QDCCPS§ % uﬁ’xeref%r% t\éfée §n§§zs.rm; e%]dr%_gg rléd cinterl'n%ét_l.g’gw ce
28, the fi rs@uhaeawfteuarwtrwﬁ;qnepellaﬂtoals| duq ﬁPt¢<H’IVP§/SJ§Po<Fi€deF rr’ltll%eanq FO buffer

125A or 125Bygveiigely @bl expecheshbeaddig@ss generation circuit 120
cal cul ates the next expected, or contiguous, address. The next conti guous”

address is .checked agai nst t he subsequent 1/0 address to verify if the ,
subsequent transfRegarding pontddgyolie orclest,. the bubfar iudusnsiatdon doghe 199t e

or bytes of ydd grélala@si gheSEdtnst o t}ﬁﬁf&a@? E:H:Qrbtbf tieta %)25& @b {2HBeinglhe

FI FO recei ves data at as Eronoug s of to. 40 g tes second
fromthe |/ O BEeB2:° # BEEEs“on g’i‘ §§e’£ﬁ1 féf"f%r{? T&T %55\ or
125B i s ful | agiitviity nbs- tgﬂta@eqba:@keltle df/OibﬁsoﬁﬁratSlueh asr CRY mm@bnrﬁﬂgﬁoes -
address is dgfgft Bpk1eOn tHIGLALKLiEd RGK16Y ChbueRSS Wheh Brichade RUELRY s32bAsi S
fult, if the next CPU operation is another write to an I/O device 28. Figure 6
shows a timing diagram resulting from successive write operations by the
CPU 38 to an I/0 device 28. As shown by the top line of Figure 6, the
write transfer begins with delays Tpey and Ty caused by the delay
introduced by the frequency control module 44 (Tpcy) and the memory
controller 58 (Tyc). Ty/op represents the first write cycle of data from
the CPU 38 to an I/0 device 28 over the I/0 bus 32 which is posted
(buffered) in the translation logic 106. Ty/p represents the second
write cycle of write data over the I/O0 bus 32. Tp is a ready signal
provided to the CPU upon completion of the write activity on the 1/0 bus

32.

Because the first write cycle data is posted, a Tp ready signal may
be provided to the CPU immediately upon posting. Thus, the delays Ty
and Ty inherent with CPU communications through the frequency control
module 44 and the memory controller 58 may occur over the system bus 76
simultaneously as the write cycle is completed over the I/0 bus 32. The
second writejcycle Tyq; may proceed over the I/0 bus immediztely
following the first write cycle Tyyy. If the first write cycle data were
not posted, the time required for the ready signal Tr and the delays Tpgy
and Ty would have to occur intermediate the first and second write
cycles Tyjo and Tyjg- This time would not be masked under the first
write cycle Ty as shown in the top line of Figure 6, and would result
in longer completion times to complete subsequent CPU to I/0 device write
cycles. Additionally, Ty/q and Ty can be conversion cycles as defined

by the conditions of Figure 7.

Posted write cycles and conversion cycles may occur simultaneously

in the preferred embodiment of the present invention. The translaticn

‘r
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the data in buffer 125A is transferred to buffer 125C. Simlarly, when
*buffer 125B is full, all of its contents are transferred to buffer 125D in
a single clock cycle. The data stored in the buffers 125C and 125D is then
witten to systemmenory via an i486 burst transfer at the system bus
~operational speed. The operation of FIFO buffer 124 during a wite to

syst em menor§CHP1a883 / O device is thus coni¥nuous, alternating between
buffers 125A and 125B, with each enptying into adjacent buffer 125C or.
BC9-91- 093 11 125D, respectively, while the

other is receghyicngodlalsauids be aW'b'uEf@fn £50 LoYA! @ivERsIRhYand Pbetedl FA dauf Ber

124, then, otlmzesthes data wit $ f-e

anti ci pat i ng°RH& L4 es§°‘ff?’efh ?’ﬁe%fndllpr? ibsfte% % maerr'?o % %lﬁgﬂk’éﬁec} nt o
menory and (bh)thacowiendaf bogfdred cypdiesisn sperm o qmus@@ dustent fgvaorke Fl FO
buffer to Syﬁgf‘r@sﬁeggy’l)ésvécﬁ:u} %1ZY§ﬁﬁﬁgb¥%Aaﬁ -arMEF ok GRME, Ofhedataref r@m |

systemmem)réto an 1/ 0 devi ce ffer 124 rates %ffe tj y
The system bG8 %’dﬂ?'éé‘sem@’é%é}e&’t"rr&ﬁe’a?sr'cE‘ﬁ‘ f’i%uslfsés @ﬁge‘ﬁﬁefi °Fe P?nadd"r é’ss
to generate guhsequ’afdl peathealltlr gasedebrea ehel WP aimmdgsicedntd aue aaedrsh
buffer 125C ?§(j. P? %q.ﬁé‘g:?e%wgtﬂ‘? sﬁé’éés%%%%b;s.ﬂmg&g %\oﬁé@%@@ﬁﬁ)t‘ Exceed 31.2

bandwi dt hs o es W us controller interface 122 nay
prefetch 16- H§t® pé&ksépgno‘fn Ebﬂ-t"eﬁu%lf’éldd%t &re fPCB HrEUit 6209 PRY senﬁgc or
125D wi t hout aEﬁﬁtr@kibﬂJNSde intermediate subsequent I/0 cycles of buffered data

because the I/0 bus activity is continuous and not interrupted by the
handshaking delays Tpy and Tyc. Hence, the number of buffered 3.5 psec
.I/0 cycles must be limited to ensure that 31.2 psec does not elapse

intermediate successive arbitration cycles.

The handshaking delays occurring at the beginning of a posted
write/conversion cycle (Tpcy, Tyc) account for approximately 0.2 psec. By
buffering a maximum of six I/O cycles, under the conditions shown in
Figure 7, CACP arbitration cycles will occur at least every [(6 x 3.5
psec) + (0.2 psec) = 21.2 psec].  Such a limit of six buffered I/0 cycles
allows for a minimum of 10.0 psec (31.2 psec - 21.2 psec) between the end
of the last I/O cycle and the time at whlch a system tlmeout would occur
due to failure to refresh system memory. This 10.0 psec minimum provides
ample time for the DMA controller to enter arbitration mode, gain control

of the system bus, and begin a refresh cycle.

Accordingly, the preferred embodiment of a bus control logic system
for computers having dual bus architecture has been described. With the
foregoing déscription in mind, however, it is understood this description
is made only: by way of example, and that the invention is not limited to

the particular embodiments described herein.
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% . is Sheet Has Been Replace
32 actual Iy providing Sup

i sses, thus reducing | atency between
transfers. When buffer 1 m“ I | prefetched data, it transfers its
contents to buffer 125A | I"'oCk cycle. Buffer 125D simlarly enpties
into buffer 125B when full. The data in buflfaers 125A and_125B may t hen be
read by a parBFPE:%H'Q?:*I/O device controller i'n bandw dt hs| Pisls gETOFIA

bytes. In this way, system bus address generation circui 118%&&#' ﬁEEﬂs _
an increnment counter until instructed to by the |I/0O cont¥eler—de) to
stop prefetching data. Bus to bus pacing @Qeimgol |ogic 128 creates a faster
access to system negphyutkersicah, thaedsiag) devices. The bus to bus pagi.ng
control |ogic 128 overrides the normal menory controller arbitrationgschene
of system 10 by ald SWF YT WH"F¥O device in control of the 1/0 bus 32 °

uni nt errupt ed accesserarysysitenlhendey cdokidld ing aeskes $oo$ysdar MeFPry asLéf

devi ces whi kayrs%hlimreﬁox?ﬂahé a8 a G 8§ coh8t il rt fieatd@bPal nBEGCEESS 10
the nmenory controller 58_between, the )/ O, devi, hus,. even. i f

ce.and the U...T
a local device suchSSRUFHEPIASESHHY W ite YT TG 1F3 e§f’m¥85?:g€8'ﬁf?oﬁalgfmetnﬁéy
menory bus dufonmgolderl daiifl eentygl @rocemssng gsiidnalide am repd advvicide data bos
to bus pacing qgn;;#hmlngg.gp Jo%gr\égali? SRRy B2 L4 device continued control
of the nmenory %us e prog)Fam"re "I/Ocircuit ‘116 is the paortion of the bus
interface unit 64 awknenntehfagendrid pleftrirRl Yo gPesred Vhi Wi dapgtory
progr ammgl ehdMnB;hdSIlﬁH'ﬂﬁy husydtenhasfsaard wilketthi4alTheonegitst eres ahainpub/ eugput
associated therewith to. ' t het at}j is i active
or inactive. These bryeérl1 sﬁqgégfog‘gﬁ?tn\gggi %t%écriana i gﬁtﬁé@i ué’tggnﬁ%rrg&rrc})lrn% and
expansi on nerﬁnayslation logic to hold the system bus when the bus interface” unit is

responding to the system bus and temporarily storing, in response to a
predetermined set of operating conditions, data transferred from said
system bus to said input/output bus through said bus interface unit, and
terminate response to said system bus when transfer of data has been
completed from the system bus to the buffer irrespective of whether the
data has been completely transferred to the input/output bus from the
buffer.

2. The computer system of claim 1, wherein one of said predetermined
set of operating conditions occurs when said memory controller on behalf

of said central processing unit writes data to said input/output'device.

w

3. The computer system of claim 1 or 2, wherein one of said
predetermined set of operating conditions occurs when said memory
controller on behalf of said central processing unit initiates a read or
write cycle destined for said input/output device acting as a slave on
said input/Butput bus, and the data bus width of said memory controller

is greater than a corresponding data bus width of said input/output

Qo s W N

device.

—

4. . The computer system of claim 3, wherein said memory controller data
bus width is 32-bits wide, and said input/output device data bus width is
8-bits wide.

5. The computer system of claim 3, wherein said translation logic for
2 temporarily storing data is a buffer having the capacity to hold thirty-

two bits of data and address.
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BCO- 91- 093 This Sheet Has Been Replaced 2 addr ess ranges to which the bus
interface unit 64 w II r u pansi on nenory addresses which are
or error c

ei t her cacheabl e or nonc ystem nmenory or cpeke.address ranges,
and whether or not parit ecking is supportTHﬂﬁs T

interface unit. Accordingly, programred I/O circuit 11§ i JIA§ BEEN He
bus interfac®Cdn?t-083 the environnent in whi%h it resi des~and.2W¥e00ptiops
to which it is configured. The registers in programred 1/ 0 ci rcwt Nope
cannot be programmed directly over the I/Q bus 32. Hence, in-order to

programthe systenhiOconipiCetiSHELEUSE ERMA acmsﬁelhosaalra bf@eﬁlewsceuwur% may

conmuni cat ver, t.he system hus tothe Proar rcu

CPU | evel Zel\/cebr‘r%?tﬁ/ téaar%srss (g%)r?ﬁgl?eoﬁ 851 ¢ ﬁ% g eererrﬁ ?’lael '115 d‘n%%#éfy lg’&gr%ré%
corresponds tsgidysstséam memory ior ety teypdads ofourpaniitenn thyles y anfidigre tn

| ocated omn | /&dempge/&ﬁpﬁemaiseguﬁ;grwecrg{]&ebusoﬁgeaﬁ%qamﬁet@ﬁcasuémmq

it cisos, S iy AN SREOE SHIAFE TogHLoTts FRETABE bl Y AP pupractns

conpar at orés wifi ohe arteo |lgaded Wytes .boundary information fromregisters in
the programred 1/O circuit 116 to indicate which boundaries correspond to
whi ch nenory. After a particular nenory address_is conpared with the

boundary inf drnat iR RE THORLRY déa%lrtéégs%ﬁﬁ%ubétﬁf‘@ gystepneggsy and an

2 - input/output device in a computer system, comprising the steps 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 bus; i . . )
providing 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 memory bus;

W P N S W

~ providing a bus interface unit electrically connected to said

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

11  input/output device by an input/output bus;

12 said bus interface unit holding said system bus when the bus

13 interface unit is responding to the system bus;

14 storing in a buffer in said bus interface unit, in response to a
15 predetermined series of-operating conditions, data transferred from said

16 system bus to said input/output bus over said bus interface unit; and

17 terminating said bus interface units response to said system bus

18 when transfer of data has been completed from the system bus to the

19 buffer irrespective of whether the data has been completely transferred

20 to the input/output bus from the buffer.

N

8. The method of claim 7, wherein said system bus transfers read or
write data between said bus interface unit and said system memory in data
transfers of up to sixteen bytes, and wherein said input/cdutput bus

transfers read or write data between said input/output device and said

g s W NN

bus interface unit in data bus widths of one, two or four bytes.
9. The method of claim 7 or 8, wherein one of said predetermined

series of operating conditions occurs when said memory controller on

behalf of said central processing unit writes data to said input/output

T

AW

device.




i*nterface unit is prepared to react accordingly. For exanple, if an 1/0O
’device controlling the I/Obus 32 is reading or witing to expansion
menory, the bus interface circuit need not pass that addre? )
control ler 58, thereby saving tinme and nenory bandw dth. H ’3 's'éEJETvHAgBEEN
support . Iogig ?;%ﬁ ﬁgm ts the system 10 to,gontinue oper atlions BEEMGED a
data parity F detected. On any reaa or wite access by an S
‘device 28 to system nenories 24 or 26, parity of the data is checked. :
Support logic 112 interacts with a register in.the programred 1/O circuit
116 for capt &Pi ngThhamesbest efscleig Thé of fo Bhenepd st @gtsé‘éldﬁ‘a"releFré‘tlF

The contentsspf thbfeﬂaemgﬂ:eﬁdlrﬂysné heeube waeh eﬁlupmoby RRPrdIE adre bs}yaSlIfem
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i NStructi @nS gn¥NEURES thenFARLHUIG1SHS be R LREhSIdrPNCon@FoTIREELY grestdrahah a’
operation of the ide t'fcietd ourcg of t he, arltty el dev1ceBC9 91- 093

13 Cache £noGPrifgPPaging 482 Bdt WieEh ofeS mp PYHYS TRiF®64 to nonitor
the 1/0 bus 32 for any wites to expansion rrermry by an I/ 0O device taking
pl ace over the 1/0O bus 32. The snooping logic first determnes if the wite
to expansi on nenory occurred in expansi on nmenory
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hich is cacheable in SRAM 40. If it is not cacheabl e expansion menory,
‘there is no danger of corrupt data being cached. 1f, ho osi t| ve
conpare indi‘cates that the wite occurred in cacheabl e e JHFSGSHEE
cache inval-idation cycle is initiated over the systembuf 76. RE‘p‘
t hus instrucBe#Ho09hval i date the correspoRdi ng address |
snoopi ng | ogic 114 provides nmeans to store the address of- a p05|t|ve
conmpare so that snooping of the 1/0O bus may continue inmediately after,
detection of the firgis pesikFAve (OGP R, CAMPETED \SYPEEMHAVINGGDEAINBURIUOUS
monitoring of the I/0O bus 32. The presARTHITESEIRE| on rel ates general i y$t.0
the bus interface unit 64 described above and nore particularly to t#e
systembus to I/O bus translation |ogic EOG gll ch is contained within.the
bus interface unit 64 residing internedi system bus 76 and the

i nput/ out put bus A2cémputére syshputierpyidein tomprilséng syatdmanernaryl sed @ 106 is
I npl ement ed Qv 4l g&tx}ér%ﬁe%?rboz?i"t?oﬂlih!;;tadcggg ﬂohgymhdﬂ(@{oey()fa toerdus '

interface unit 6 The translatjon_logiC 1 bus mterfagje_ untd64
synchroni zes Péﬁ%ersétll‘%ﬁméf: tlseteired iy PnRecHs a‘?‘n’otht Itllée MERP Iy SO oL Lex, an
Synchr oni zat bas nftet ferebusias e3&stribaliynpensated thothes petem bentrdéldwdy and

| nput ] out put Jevl,c65: WhlaCh LOPTUANG Al fnk OcRAED B BALut3budhul! GEL wAbgs and

over differen ta trans dths. The translation Iog 2? mproves
the perf or maigBufoushst 8HF budhy PUsoi IO ifs U5t PRahYTesr 4y 5P g ¥nd
conbi ni ng t waefysdae iCpnrdbtimy)simirebpdtisei nqoadpngﬂaﬁys:ﬁmeﬁcsatt b€ alpepaic@sses.

The first CO%%&_«{&%QC%Q MIEDeA LAY eIV R ARNLER Hus WM HADAnHRE AukBud

sl ower 1/0 de
bus through the bus interface unit. The predetermlned set of operating N

10 conditions occur when (i) the memory controller on behalf of the central
processing unit writes data to the input/output device, or (ii) the
memory controller on behalf of the central processing unit initiates a
read or write cycle destined for the input/output device acting as a
slave on the input/output bus, and the data bus width of the memory

15 controller is greater than a corresponding data bus width of the

input/output device.
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Sy/stem devi ces such as the nmenory controller 58 (on behalf of the CPU 38)
'write data over the system bus 76 at faster rates than I/ O devices can
accept the data. Thus, the present invention provides a buffer wherein data -
witten fromthe faster system device-to the slower 1/0O device may be
tenporarily stored, as well as logic to teym nate the systembus cycle. In
“this manner, wite data which has. been posted in the buffer frees the

syst em bus 76 for subsequent operations even though all of-the wite data
has not yet been witten to the I/O device 28. This opePation of the

translation | ¢ 106 r egponse the first cgnpdition}is her .
referredlto a:gla__abgm%&he&ﬁ%% 5% ycl G) BCI9- = - ! 1@ FIPH’ ““ '
14 The second]c ler e ty.ans Io i ¢186 operat€s
occurs when a sy@@gm’qtp@[_w sum%égﬁhe r@ﬁt aégg?r ef 58 (on behal f of
the CPU 38) has-gent+et bgj_z frereeattt S tcslnltlatearead
or wite cycl=dest|ned n 1/ @ devi 8 gcting jas_a e onthe I/0O:
bus 32, and the dat= uus(vm gtiTof he SystEnT evm’ﬂl s g e%r t han t he
data bus width off the 1/0 device 28 S(Typlcally ot affa Bus width of the
system devicejis |32-bits; which is su pdr-t'éd on bbth the system bus si de
and the |/0O bys gi c@OpﬁTR@[_busAﬁﬁk ace uw g4 and tme data bus width
of the 1/0 deyi ngQmNQY - or 32 T In the case of a 16-bit
access to an 8-pi SoNTEOL a U;r]:@qf_asg@p‘pgg ; : -
4 L6/
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8-bit or 16-bit 1/0 sl ave,

as a result of the m smatched data bus w dths,

the nenmory controller 58 comrunicating over the systembus 76 to an 8-bit
or 16-bit 1/0O device 32 on the 1/0 bus nust wait for the 1/0 device to
receive a conplete read or wite request before the nmenory controller 58

may relinquish

data over the system g

contr ol

of the system bus 265

76 in a 32-bit data busgi dth,

Because the CPU can .transfer
I f the datlod,s

destined to ber+re witten to a 8-bit 1§O device, ead
or wite is tepporarily stjored in a buffer (not shown) injtranslationjlogic
106. The buffef in the prdferred embodi ment has ytiBbcapac{ty to hold k.
thirty-two bitp of data arjd address: 10gi ¢ 106 providgs
means to conveft single 33-bit read initfated on the
system bus 76 fo four 8-bift or twd 1676 d AGIBESH ch na by an
|/ O device 28. mﬂ/@p@rjﬁtlon of thea RNSATIONogi ¢ 10 to.
the second cong reinaftegr refg@gcﬁcto as p cpnv The
transl ation | ofi cts it he ‘epesat+o P C ch
alternates betjwen arbitrgtion cycles [err and graﬂ% CyC e
Figure 4). Dufing arbitrgtiod cycres—-ARBI—CAGP—&iycult
between 170 debices 28 and the CPJ FBROGEAMMES Wm Eh vi ces
28 or the CPU B8 should b Mnt ed qb,nU(ﬁ,‘[quUmQ‘I O pus grant
CyC|ES [err] gra t-s—cromt-rpt—of—tih 1/Db t ends
control of sai# B4 28 T'O'—O'H'E'jof the 1/ O _deyi cks 38.
The buffering ofS pE' both [ -s-t,—ed—%’r—t—e-a—nﬂ—eéﬁ-veﬁs on cyc]e/so)recl udes
the CACP ciretit” gy fdf om grant_i_j MEMORY ADDRESS | BUS
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to a new I/O device internmedi ate successive |I/0O cycles. The operation of
the conversion cycles and posted wite cycles will now be explained in
greater detail. Figure 5 shows a timng diagramresulting fromthe

i npl enentation of conversion cycles by translation BC9- 91- 093

15 logic 106 in the .bus interface unit 64./ he timng diagramof Figure 5
relates to a 32-bit read or wite tr,ansfer3 the memory controller 58 (on
behal f of the CPU) to an 8-bit & Q device 28. O course, the principles of

the present invention also appl 16-bit 1/0O devices. As shown in the -
top line of Figure 5, the entir ansfer proceeds as follows. In the.g,
conputer system 10, when the initiates a read or wite cycle t& an

|/ O device, the CPU gust commungcet .t hrough the frequency control nodul e
44, the nenory contrptler 58 andkWhe-bus interface unit 64. The frequency
control nodule 44 and’'the menorid roller 58 each cause a delay of at

| east one cl ock cycl &3 err] ande , respectively, in Figure 5) in the
read or wite cycle. mihese del@ays so occur at the end of the cycle,
along'with the end-obﬁansfer @A [ err] which adds an additional one o
two clock periods toXhe cycle. Jugernediate these delays at the beginning,
and the end of the r'€é{§or wites@ycle, the translation |ogic 106 of thelgy
bus interface unit 643®nverts‘t‘h 32-bit re%j or wite data fromthe -~

menory control | er 58'\|’.rTfo Ef( (n - e
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four back-to-back I/Oread or wite cycles [err] The translation |ogic 106
of the bus interface unit 64 thereby perforns conversion cycles on behalf

of the CPU 38.

In this manner,

the CPU 38 need not performfour 8-bit data

transfer cycles each having the [err] and TMC del ays associated therew th.

As a result,

as shown in the bottomline gfy digure 5,

the tinme during which

"the CACP CIrCUIt 62 is in a grant node and during which no other activities
may occur on the [/O bus 32 [err]

[err] del ays

after each

T

i s decreased.
required to gerformits own conversion cycles,
err] perlod

If the CPU 38 were

there would be [err], and .
the reby increasing the tine tha& t he

CPU must contfrol the hus! GNR | /0O DdRkBspeci fications, 1/0 slaves are K nited
in the anount} of tine lthey are Eilomed fE del ay an 110 cycle. This is so as
not to i npedg—+HRg—§r;i on the 1/ us-—-gr—syst em bus_such
as refresh off dynam c % % ﬂJ U53%/ically, in the prieferred _
enbodi ment, 3.5 [err] $ KiSnbREE i np al l owed for an 1)/ O sl ave |to del ay
a read or wifte cyclel| %%gﬁ%% Bur of thdse cycl eg back-to-jback
wll requirejat nost 1 : t Arbi tiration byl the CACH it
occurs duri ng—the—delay Pc.iuuang.’, aF bLLLaLLQmTfyﬁﬁ?
DVA controller 60 can refresh system nenories 24 and 26. In the preferred

enbodi nent ,

previ ous refresh,

Teem— /TMe Teot
N Ti/0 , Tio 4 Ti/o 7
| 1] l I |
TARB, E § :
\[\ ] TenT |
FIG.5
Teemy  IMc
J ‘K o Tyol 1 T1/02 If;

arB|! [TARB |

TeNT

FI1G. 6

»

system nenories 24 and 26 have refresh intervals of 15.6 psec.
If a refresh does not occur within 3 refa
system timeout and dy.

tervals (46.3 [err] of the

menory |loss wll occur.

Teem Tue

G

TARB
/i/



BC9- 91- 093 16 However, a device may safely own
the 1/O bus 32 for a maximumof 2 refresh intervals (31.2 [err]) since it
is not known when the previous refresh occurred. Therefore, the maxi num 14
psec -period intermedi ate subsequent arbitration periods due to conversion
cycles will not adversely affect refresh operations. Regarding posted wite
cycles, the buffer in translation |ogi'c ¥)¢calso provides the neans to
buffer 32-bit wite data prior to its being witten to an I/O device 28.

Such operation frees the systembus for activity not related to the 1/ O bus "~

32, such as CPU nenory cycles or cache cycles. Posted wite cycles® ..
however, even provide a tine savings if the next CPU operation is anafher
wite to an I/0 device 28. Figure 6 shows a timng diagramresulting from
successive wite operations by the CPU 38 to an |I/O device 28. As shéwn by
the top line of Figure 6, the wite transfer begins with delays [err] and
[err] caused by the delay introduced by the frequency control nodule 44
(TFCM and the nmenory controller 58 [err]. [err] represents the first wite
cycle of data fromthe CPU 38 to an |/ O devicé 28 over the 1/0O bus 32 which
is posted (buffered) in the translation logic 106. [err] represents the

L e s TR T
8-BIT [16-BIT |32-BIT
1 - BYTE A A | A
2 - BYTE A A A
3 - BYTE C B B
4 — BYTE C B B

CYCLE IS POSTED

B. CYCLE IS POSTED IF SLAVE DEVICE
HAS A 16 OR 32 BIT DATA BUS WIDOTH

C. CYCLE IS-NOT POSTED

Fl1G. 7



be provided to the CPU i mediately upon posting. Thus, REELA@EMSENT[S{ ‘T
TMC i nherent with CPU communi cations through the freque y—conttot—rodiil |

44 and the nmenory controller 58 nmay occur over the sysfepn gjéuéﬁ%
sinmul taneously as the wite cycle is conpleted over the |/ ?%T

second wite cycle [err] may proceed over the I/O bus |nhediately f ol owj ng
the first wite cycle [err]. If the firdt wite cycle]data were not
posted, the tine required for the ready signal Tr and 1 ' nd

[err] would have to occur internediate the first and second wite cycles
[err] and [err] This tinme would not be masked under the first wite cycle

[err] as sho TERERCE an
conpl etion trﬁnygritbf) co ?g%@@l%?g%?ﬁ{ﬁ%ﬁg@ evi ce vvrlp[ALcyc
Additionally, [err] and [err] can ?@canvprm cycl es as defined by the
conditions of Figure 7. Posted wi [ECSTURE conversion cycles may occur
simul taneously in the preferred enbodi nent of the present invention. The
transl aticn BC9- 91- 093 17 logic 106 is used
as a buf fABSTRAQIbt h conversion and posted wite operations. However, the
conditions listed in Figure 7 nust be inp6sed on the nunber of buffered
cycles so as not to cause a systemtinmeout. Refresh cycles occur only _
during a CACP Arcbmpnter isystemusiprovided; eéropsisingl systéno nepwirg andamenjory controller
requirenments, and because a I/ O devices 28 or CPU 38 may

(58) for controlling access to system memory, a central processmg unit (38) electrically

connected with the memory controller (58), and a bus interface unit (64) electrically
connected to the memory controller (58) by a system bus and electrically connected to an
input/output device (28) by an inpquufput bus (32). The bus interface unit (64) includes
translation logic for temporarily storing, in response to a predetermined set of operating
conditions, data transferred between ghe system bus and the input/output bus (32) through
the bus interface unit (64). The predetermined set of operating conditions occur when (i)
the merﬁory controller (58) on behalf of the central processing unit (38) writes data to the
input/output device (28), or (ii) the memory controller (58) on behalf of the centfal
processing unit (38) initiates a read or write cycle destined for the input/output device (28)
acting as a slave on the input/output bus, (32) and the data bus width of the memory
controller (58) is greater than a c_brresponding data bus width of the input/output device
(28).

Fig. 1

-



REFLACEMENT drpET
gain control of the bus just before the CACP is requiredjtjo run a refregh
cycle, the tinme between successive arbitration nodes nust |not PKO¥eEo31.j2
psec. As shown in Figures 5 and 6, the CACP circuit 62 dogs not enter
arbitration node internedi ate. subsequent2l/ O cycl es of Ppufteret—date—
because the I/O bus activity is continuous and not. i nterjrupted by the
handshaki ng del ays TFCM and TMC. Hence, the nunber of buffered 3.5 psec (@]
cycl es nudhusiyedth. nHieact, tayerallssyistem perforsmnee suffery whee g sygfemedeyjege in control

i nternedi at e successive arbitration _cycles. The handshaki del .
occur i ng Qtbathdia, SYsteTRialy 16 BuSEY it drads TG 08 aPies, 10 3y ewer LY evice.

2§§f:2f ' f l%@aﬁ&%ﬁb bl b ankactiops &ﬂ%—&ﬁ%fﬁ%@ﬁ% TEif ittt
T ¢ Oor Vb Rl -0 O, o R, i of ofrith iRy & e devio B petiC ©
psec - 21&?@??@ ARCINRS b pefomdﬁma l%%ﬂ@g#&hﬁ%&ééﬂggftr@ggtﬁﬂe%& oVEr e

which a sys I meout wou d occur _ l'ure to system nenory._
Thi s 10.0 SR Bls Wil e Q248 BeRBRIrdttdnl B8NS Soweh FOMVIGQNIH el @ke bPréat er
arbitration node, "gain control of "the system bus, and begin a refresh

.cycl e.  AcGEtes NleYslowdiel/Or ddévive céinetrovidewiata tof the system alevice @ver thgi KOsyust em
for conputers ’haw ng dual bus architecture has been described. Wth the

f or egoi ng adefastras (it cawbe readifrody tHed®\device by thessystededestieeod thi s description
is made only by way of exanple, and that the invention is not limted to
the particul ar enbodi nents SEMMARY 6F EHE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a computer
éystem, comprising: system memory and a memory controller for controiling 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 meﬁow controller by a system bus and
electrically connected to a plurality of I/O devices by an I/O bus, said I/0 devices and
said central processing unit operating at different speeds and transferring data at different
bandwidths over said I/0 bus and said system bus, respectively, said bus interface unit
including a buffer circuit. wherein data read from an I/O device or written to an I/O
device by said cenﬁal processing unit over said system bus and said I/O bus via said bus
interface unit is temporarily stored; a central arbitration control point residing on said
system bus for serially performing (i) arbitration cycles wherein said central arbitration
control point arbitrates, between I/O devices having requests pending for access to said
/O bus, to determine which of said I/O devices should be granted control of said I/O
bus and (ii) grant cycles wherein said central -arbitration control point grants control of
said I/O bus to one of said I/Q devices; said bus interface unit also including posting

logic for (i) temporarily storing in said buffer circuit during one system bus cycle write

Mo . aM



| KEPLACEME ET
REPLACEMENT SHEET 18 CLAIMS 1. A conputer system cd “rLA'(“thNT SHEE!
menory and a nenory controller for controlling access jt eret30 c a‘ﬁ%
menory and said nmenory controll er connected by a nenorly |bus; % ge r
processing unit electrically connected wigh said nenorly lcantraoller,
interface unit electrically connected to said nenory qontroller by a sygtem
bus and electrically connected to a plurality of 1/O dev ;
sai d |/ O dédstadnsxeass of thatl whigh may be maittendo ag [{h deviespevesstidd/Qtbugliin pae HQ
speeds and_ transferring data at different bandw dt hs over said I/Q bus and
sai d syst eRihgEcle, @9peqmpledng trangferyoh gaite da@, framesaith puffereireit toya £t 14Q
circuit wherein data, froman I /O deylce or witten to.an |1/ 0O device by
sai d centr §FVIft %@s?‘igf(ﬁﬁuf ¢k least fyp RQ%B?TPIS‘E}? gh c JelFping epnitpl qefi séucgai d
bus interf Rt el S [ 0 : t . ' ' nt.r.ol
por nt ' osi P S S HBER AR plorks P b he e FER draH Ml Bld B0 BRTERS,
cycl es wheggh miifrBvéntnk " Lk Lot .0 I i ' L&atr tyeen
| /'O devi ceéﬁ%g{hﬁ?pgrg‘( _equgss'?lsd ;e)éen_ [ r?g61 gﬂr?oggg%gds? gogﬁs@%a%r?ﬁ%s, toéty_? i
det er mi ne Wy 6lis 8 aSBbohd 1/0 d&VEE Biringd 041l draasfes oRRIrRe dafnbve?| saldf 1/67bek td O
“bus and (i1) grant cycles wherein said central arbitration control point
grants congdilfirsf I/9aieftice/ O bus to one of said I/O devices; said bus
interface unit also including posting logic for (i) tenporarily storing in
sai d buffer ci Acoordingito aptivenaspecs OF thebpresent/ irtvention theredia providedoa meetlod6f
t hat which may be '

transferring data over a system bus and an I/O bus in a dual bus computer system, said

system comprising at least one system device attached to said system bus and at least one
I/0 device att_ached to said I/O bus, said system bus and said I/O bus connected by a bus
interface unit including a buffer circuit, said method comprising the steps of: storing in
said buffer circuit during one system bus cycle write data in excess of that which may be
written to an I/O device in one I/O bus cycle, (ii) completing transfer of write data from
said buffer circuit to a first I/O device over said I/0 bus in at least two I/O bus cycles
while releasing control of said system bus for further data processing during the first of
said at least two 1/0 bus cycles, and (iii) preventing a second I/O device from obtaining
control of said I/O bus during said transfer of write data over said I/O bus to said first
1/0 device, by inhibiting a central arbitration control point from granting access to said
I/0O bus to said second 1/0 device.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
 Figure 1 is a schematic block diagram of a computer system incorporating a bus

interface unit constructed aécording to the principles of the present invention;

Figure 2 is a schematic block diagram of the bus interface unit of the computer
system of Figure 1;

Figure 3 is a schematic block diagram of the FIFO buffer of the bus interface unit

of Figure 2;
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witten to an I/ O device over said I/O bus in one 1/0 bug fFycre, (11) '
conpleting transfer of wite data fromsaid buffer circuft|{to gNov g7 /0
device over said I/Obus in at least two I/O bus cycles ph|le rel easi ng
control of said systembus for further dasa processing dyrag—the—frrst—of
said at least two 1/0O bus cycles, and (iii) preventing s&id central
arbitration control point fromgranting control of said ITODbuUS t0 a second
|/ O devi ce dur Figyre 4iig attining idiagram illpsteasing thesonspationabeygles/of the CACP sipuit
first I/0 deyjce. 2. The conputer systemof claim1l, wherein said posting
logic is ngF%?ltléd by algorithms which are built into hardware in said

bus interface unit. PLACENENT.. SHEET 19..3. The t cl ai

wherein said tF %@e? aﬁﬁvﬁrf’ gg”ﬂ%tdggfasmsc?ﬁ%flgg &? i ﬁ‘ef %?atﬁ%qﬁtag u@?@?@%‘l 4,
The syster%%g §fgig§3}elz wherein said systembus transfers data at a

bandw dth © 03 s ahd said I/0O devices transfer data over said |I/O bus

at bandwl dths Wied:0730a bbIE listhe the EORIAYE BePhinfdhdb odt cyefesy ei n sai d bus
interface unit rt her i ncludes conversion logic for (i) “tenporarily )
storing in said buffer circuit during at least two 1/0O bus cycles read data
to be read by a system device residing on said systembus fromone of said

I /O devices, (ii) converting said stored read data into a contiguous string.
of read data, which may be read by said systemdevice in a single system
bus cycle, and (iii) conpleting transfer of said read data from said buffer
circuit to said systemdevice in said single systembus cycle while
releasing control of said I/O bus by said one of said I/O devices.




6. The systemof claim5, wherein said read data is tenpararily stored for
four 1/0 bus cycles. 7. The system of claimb5, wherein|p LRI ¢ e
transfers data at a bandwi dth of 32 bits over said systew@!‘?\u.cb ln mff:
of said I/0O devices transfer data over saad I/O bus at bpndw %&@)Jp to |16
bits. 8. The conputer systemof claimb5, wherein said pygte %ﬁp rt|s
burst transfers of read or wite data between said bus intgrface unit and
said systemnmenory in data transfers &#LABMBo sixteen byfes, and wherein
said 1/0 bi‘s sgpports transfers of read or wite data betweer—saldI/LQ

devi ce and sal uteT SYPtEHe COBRIEINGN data bus widths of one, two or four

b . 9. hod of f d
1 ol ot SR ER Ak B P SO e 0
tt d h d
S LR G e WL, 7% T e
t d
o110l i eSSBS B B AR

excess of thaty Wi GheffBoe Bfit ‘é’fdc&kﬁﬂy tc@nAddted/ 10 ARV fetnor coR@olldr Dy dSsystsed €.
(ii) conpleting transfer 20 of wite data fromsaid buffer circuit to a

first 1/0 w@vase eleegicalifti cbnhédRd us al plundlity @fIYOtdewices Gybas 140 Bues suidi 1/©

rel easing control of sald systembus for further data processing during the
first of sdévicestardeseid cemtpall procéssingcynit eperatingl at differentrspeedst amd) transferring
/0O

data at different bandwidths over said I/O bus and said system bus, respectively, said bus
interface unit including a buffer circuit wherein data read from an I/O device or written
to an I/O device by said central processing unit over said system bus and said [/O bus via
said bus interface unit is temporarily stored;

a central arbitration control point residing on said system bus for serially
performing (i) arbitration cycles wherein said central arbitration control point arbitrates,
between I/O devices having requests pending for access to said I/0 bus, to determine
which of said 1/0 devices should be granted control of said I/O bus and (ii) grant cycles
wherein said central arbitration control point grants control of said I/O bus to one of said
1/0 devices;

said bus interface unit also including posting logic for (i) temporarily storing in
said buffer circuit during one system bus cycle write data in excess of that which may be
written to an I/0O device over said I/O bus in one I/O bus cycle, (ii) completing transfer
of write data from said buffer circuit to a first I/O device over said I/O bus in at least

. two /0 bus cycles while releasing control of said system bus for further data processing
during the first of said at least two I/O bus cycles, and (iii) preventing said central
arbitration control point from granting control of said 1/O bus to a second I/O device
during said transfer of write data over said I/O bus to said first I/O device.

2.  The computer system of claim 1, wherein said posting logic is implemented by

algorithms which are built into hardware in said bus interface unit.

* ¢ L M s =
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I e

device from obtaining control of said I/O bus during sai (}{
data over said I/O bus to said first 1/0O device, by inhijiftin %e al
arbitration control point fromgranting access to said | bu% ﬁg sﬁ\%
second /0O device. 10. The nethod of claien9, wherein sai d transfer of
wite data is conpleted in four I/0O bus cycles. 11. The jrethod of claim9,
wherein said s¥stem bus transfers data at a bandw dth of L 321itl-5—0Matr—Eaie
syst em bus3andThesystem of gleimcl svheareinsnig, transfes obvaite datds pomplsted igifour /O
bandw dths up to 16 bits. 12. The nethod of claim9, further conprising the
steps of : P¥Sc¥le¥porarily storing in said buffer circuit during at |east

t 1/O0b d.d be . ' ' .

of“"fai 0 11D doThE SISt of FRD o GYiErelD sedh aep s ey BT B F plgali 0 517

conti guous, st ring. ' . | ; ﬁibsﬂo ' '

a single s‘i}’iﬁ M%ﬂ‘gi/g@%@c%a%g%W?%?S{rpgﬂqggﬁg&ﬁtgﬁé#‘grﬁmgf saie% l?igs\éldcgaltg

Lr om sai d puf fepe %@H'Jf cizﬁmlsﬁ' thfrbfnséai@lfﬁst RIRrHRY Gk flfth&tindludésEdrivefsici €M
us cycle while si taneously releasing control of said 1/0 bus by said

one of sai gheld frd®Viesfporarily stofiiy AtatPBufir difcaitriutidg ashedseiwo 340 Yus egeleglat a
is tenporarily stored for four I'/O bus cycles. 14. The nethod of claim 12,
wher ei n sajedd daff ©BekRd b9 o sysraf ésvdcedrbidingt omsaihsyiwinl bs from3@neoft aid V/EY
said system bus and said one of said I/O devices transfer data over said

| / O bus at désdeedywW(idk donveningcaidsstietsead data into a contiguous string of read data, which

may be read by said system device in a single system bus cycle, and (iii) completing
transfer of said read data from said buffer circuit to said system device in said single
system bus cycle while releasing control of said 1/0 bus by said one of said I/O devices.
6. The system of claim 5, wherein said read data is temporarily stored for four 1/0
bus cycles.
7. The system of claim 5, wherein said system device transfers data at a bandwidth
of 32 bits over said system bus and said one of said I/O devices transfer data over said
I/0 bus at bandwidths up to 16 bits.
8.  The computer system of claim 5, wherein said system bus supports burst transfers
of read or write data between said bus interface unit and said system memory in data
transfers of up to sixteen bytes, and wherein said I/O bus supports transfers of read or
write data between said I/0 device and said bus interface unit in data bus widths of one,
two or four bytes.
9. A method of transferring data over a system bus and an I/O bus in a dual bus
corﬂputer system, said system comprising at least one system device attached to said
system bus and at least one I/O device attached to said I/O bus, said system bus and said
I/O bus connected by a bus interface unit including a buffer circuit, said method
comprising the steps of:

storing in said buffer circuit during one system bus cycle write data in excess of

that which may be written to an I/O device in one I/O bus cycle, (ii) completing transfer

M
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of write data from said buffer circuit to a first I/O device over said I/0 bus in at least

two I/0 bus cycles while releasing control of said system bus for further data processing

during the first of said at least two 1/O bus cycles, and (iii) preventing a second /O

device from obtaining control of said I/O bué during said transfer of write data over said
I/0 bus to said first I/O device, by inhibiting a central arbitration control point from
granting access to said I/O bus to said second 1/0 device.

10. The method of claim 9, wherein said traﬂsfer of write data is completed in four I/0
bus cycles. | '
1'1. The method of claim 9, wherein said system bus transfers data at a bandwidth
of 32 bits over said system bus and said 1/0 devices transfer data over said I/O bus at
bandwidths up to 16 bits.

12. The method of claim 9, further comprising the steps of: (i) temporarily storing in
said buffer circuit during at least two I/O bus cycles read data to bé read by a first
system device from one of said I/0 devices, (ii) converting said stored read data into a
contiguous string of data which may be read by said first system device in a single
system bus cycle, and (iii) completing transfer of said read data from said buffer circuit
to said first system device in said single system bus cycle while simultaneously.releasing
control of said I/0 bué by said one of said I/O devices.

13. The method of claim 12, wherein said read data is "temporarily stored for four I/0
bus cycles. |

14. The method of claim 12, wherein said system device transfers data at a bandwidth
of 32 bits over .said system bus and said one of said I/O devices transfer data over said

1/0 bus at bandwidths up to 16 bits.
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