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B¢9-91- 089 1 BUS CONTROL LOQ C FOR COVPUTER
SYSTEM HAVI NG DUAL BUS ARCHI TECTURE Background of the | r%e{m&é sent
invention relates to bus to bus interfaces in dual bus tectur
conput er systens, and nore particularly to a bus to bus interface device
for arbitrating between a central processing unit and an inputfout put
device each of which is vying for access to syst em nmenory-. Generally in
conmput er. syst ens,, ng gspecial ly in personai -conmputer. systems data is |
transferred between various System devi ces such as a 10 “central processing
unit (CPU), nenory devices, and direct menmory access (DWA) controllerg, Inr
addition, data is transferredmtsed:ouwm ISR PR ONPWHER SBSTEE such as g
i nput/ out put (1/0 devices, and H%Vﬂ%@%ﬁ@s%‘c’l‘yrml ces and 'the various .
system devi ces. The 1/ 0 deV| ces and the system devi ces communi cate wt h;and
anongst each ot her over conputer Hadsesy 8| 1¢ yapri se a series -of ¢
conductors al ong whi g bFEfsg{tnﬁIvE&@oﬂ seltaw.snm&st &db&J Ole PeaYesOin aQNERA!

sources to any, of ﬁf‘tgfetfueé AERLLNALEARS and Rk ,% ]}cnfargy? %naugetgl 5§S and the

|/ O devi ces are ervi s._con Vi ces whi ch -
can control the H&ﬁiﬁﬁfeepevsfl%tf%ﬁﬁ”bgﬁ&tﬁﬁs Syl ése Fraé Progyszing “t"%t wWhi &h are
control | ed by buinpebieutrst |9etisy eagpof which 15?@?%5% ac&’ﬁpt& @fstewt"e% havi ng
nore than one bus are known. Typically, a local bus is provided over which
t he CPU comuni cat es auetﬂlgaemmmamsystemr ard f@ﬂﬂi&;ﬂycmﬁerre&rdaerc,,mpam a

system I/ O bus i §ys|e£n8v'dqgéjls transferred between various system devices such as a

10 central processing unit (CPU), memory devices, and direct memory access
(DHA) controllers. In addition, data is transferred between expan51on
elements such as input/output (I/0) devices, and between these 1/0
devices and the various system devices. The I/O 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 whlch are controlled by bus controllers) -
LR R L p%ﬁk SR e

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

25 The system I/0 bus comprises a system bus and an I/O0 bus connected by a
bus interface unit. The I/0 devices communicate with oﬁe-another over
the I/0 bus. The I/0 devices are also typically required to communicate
with system bus devices such as system memory. Such communications must
travel over both the I/0 bus and the system bus through the bus interface

30 unit.

The local bus devices such as the CPU and the system I/O bus
devices in dual bus architecture computer sYstems compete for access to
system memory via the memory controller. The system bus devices and the
I/0 devices access the memory controller via the system bus. The CPU

35 accesses the memory controller through the local bus. Prior to accessing
system memory via the memory bus, then, these competing devices must o

first gain control of the memory controller. -Often, in high speed data



over which system bus devices such as the DVA controller, or the I/O

devi ces, comunicate with the system nenory via the nenory controller. 25
The system |/ O bus conprises a systembus and an |1/ O bus connected by a bus
interface unit. The I/O devices comunicate with one another over the 1/0
bus. The I/O devices are also typically required to comunicate- with system
bus devices such as system nmenory. Such conmuni cations. nust travel ‘over
both the I1/0O bus and the system bus through the bus interface 30 wunit. The
| ocal bus devices such as the CPU and the system |/O bus devices in dual .
"bus architecture ny;rpp_ggﬁr systens conpete fgr access to systemrnenory yia -
the nmenory controller. The system bus devices and the.l1/O devi ces accgss
the menory controller via the systembus. -The CPU 35 accesses-the nenory
control lber tPLOUQQEaBQﬁri,OQ@E;st?HSI-/O é:EE |d@¥ick Qm@(&C%%ﬁ' it&g; &e)(;%eGHQYWEWFV Yf Vlt- ﬁét he_
menory bus, en, - kN Vi.C i I | ont,r Q 18"
menory controller ?mm%%t?%o%,gﬂip%fﬁﬁ ongngegé at '%?orr %%9“8?“8]8% ng(g —safed

> transfers, a syM%Mie BASARTes s ERt PLcr didh M AR o7TEen maRpeY-

si mil t aneousl y desterEing mapteatiopbefran paffopifehdad ErnerorT99%eting s¥ftgh speed 1/ 0
devi ces and mi cr opyrdemewsr S Tiplsadae [Fordntele apsteh wst pystidmansheryor creati ng
contenti on bet weearbdaabidat tvedetarind hRstakry tiecThdal BGs 8a4SELHT the system I/0

bus device should have access to system memory.

A typical arbitration scheme includes an arbiter which grants
control of ﬁhg system bus on a first come, first served basis. Thus, if
10 both a I/0 bus device and a local bus device desire access to system
membry, the first device to transmit the control request is granted
control of the memory controller. After the particular device which is
acting as memory bus controller is finished either reading or writing a
data sequence to system memory over the memory bus, the waiting device is
15 then granted control of the memory controller. This process continues
indefinitely as long as a local bus device such as the CPU and a system

I/0 device have pending requests for control of the memory controller.

. Various I/d device bus controllers maﬁage reads and writes to
system memory at different speeds. Some high speed I/0 devices are
20 capable of transmitting data 6ver the I/0 bus to the bus interface unit
as fast as the bus interface unit can retransmit that data over the
system bus. Often these high speed devices transmit the data in a series
of data seqﬁences,_or packets, which have contiguous addresses in system
memory. Under the typical arbitration scheme described ab&@e, if a local
25 bus device has a pending request for control of the system bus during one
of these muitiple packet transmissions, the arbiter will grant control of
the memory bus to the local device as soon as the first packet has been
" transmitted by the I/0 device. After the local bus device has finished
its operation, control of the memory bus is once again granted to the I/0
30 device.

This type‘of system operation is inefficient Secause, typically, a
local bus device such as a CPU and an I/0 device work in different areas
of system memory. Thus, in granting control of the memory bus back and
forth between the CPU and the I/0 device, typically, with each successive

35 operation, the memory addresses. dre.to differeﬁt-pages of memory,
requiring é longer memdfy access time. If, as explained above, the 1/0
" device is rgading or writing to system memory a large block of dgta



5.performance. Thus, the g s BRYSk S st provi de a schene or
arbitration to determ ne ﬂu ﬁllm bus devi & or _the system |/ O bus

devi ce shoul d have access y A typi chl % B3 ’?5@
i ncl udes an arbiter which of the sys L&%%}? one,
first served basis. Thus, if 10 both a I/0O bus dev 07

devi ce desire access to systemnenory, the first device to fransnit. the
control request is granted control of the, nenory controller. After the
particul ar device%&ygﬂquis“acting as menory; bus  controller is finished -
either reading or witing a data sequence to system nmenory over. the menory
bus, the waiting device is 15 then granted control of the nenory .

controller. This gk Alsl DES seNdehhdti-deabdy, a8 {OBGeaSia {ogab, huS |
device.such as the CEL. a g]@ﬁ ﬁz\/e%g Y 'm{,legﬁw; %ﬁ%fh@rggsag ndifg, f&guests for

control of the me ariou evice bus ‘controllers magage”
reads and wites ‘f"'&eéﬁ’%g[ é?ﬂtﬁ%ln?)fry‘ aPeaN Y B4t nthesP¥eds.  Some hi gh. speed 1/0
devices are 20 capable of transmitting data over the 1/0O bus to thé bus
interface unit as fastn akistiwendyysthe vewerlyawatrablet icasble b rrambog writhat dat a
over the system buStipl¥ tteshstde8 He@h wmpegdatdesst RGust IRRGBRd (.86, SRtktRe i N a -
series of data SG&HQ“ES':%" o@rmP@rﬁkﬁE@ bé’i‘Sl-eCQch@é’Q/@o ﬁ%ﬁ—& QE%’&t@(ﬂQé ggses in

system nenory. Upde ty rbitratio bove, if a
local 25 bus devéll’ce as(Elme gﬁ‘ﬁred 2o Lhe setcmf‘{lan% s"%feqo'fIS ‘%"t? Erans Efem bus

during one of t he‘éeéwer?ﬂlstyfrﬁf“é“eb%fé I<aé‘f1 tt’“t" alﬁ% MRS dﬁé“m‘t'“ﬁ%eaa‘feﬁ?‘ts%r‘“ewrﬂ gr ant
control of the netrsespephase reririred [vhempdddesspd o dle seenPags of restemmgrorgack et
has been 10 Upon completion of the last data transfer between system memory and the_ .

I/0 device, the CPU may then be granted control of the memory bus in
order to complete its read or write operation. Overall, such system

operation results in a data transfer time saving.

It is an object of the present invention, then, to provide a bus
15 interface unit in a dual bus architecture computer system which provides
the arbitration logic required to optimize control of the memory bus
between an I/0 device residing on the I/0 bus and a local device residing
on the local bus.

Summary of the Invention
20 According to the present invention there is provided a computer
system, comprising system memory, a memory controller for controlling
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
25 to read and write data to said system memory over said memory bus, a bus
interface unit electrically connected with said memory controller by a
system bus, an input/output device electrically connected to said bus
interface unit by an input/output bus, said memory controller
incorporating logic for arbitrating between said central processing unit
30 and said input/output device to determine which of said central
processing unit and said input/output device should be granted access to
said system memory through said memory bus, and said bus interface unit
incorporating logic for overriding said memory controller arbitration
logic, said bus interface logic responsive to a series of predetermined
35 operating conditions to override said memory controller arbitration logic

and grant exclusive access to system memory to .said input/output device.



gransm:tted by the I/O device. After the local b finished its
peration, control . of .the AR BeddRe laczedonce agai mgrm.mi_—,—t 30
device. This type of: syst i nefficignt bm@@&%yﬁ%’g ly, a
| ocal bus device such as ﬂ“ﬁm I/O devi ce eas of
system nmenory. Thus, 'in b rol of the rrermry bus_back and forth
between the CPU and the I/0O device, typically, with each successi ve 35
operation, the menory addresses are. to di fferent pages of nenory, ,
requiring a | onge-9mfdry access-time. 1f 2 as expl ai ned abovie, the 1/0
device is reading or witing to system rrermry a arge bI ock of data ,;\3 -

havi ng conti guous .addresses in _that neno J . e
to conplete its AkHtTopPE FATRELOFCaFEF L 2 %dfmeég‘f 15 r8Ylé18dré edsi L gﬁ‘tcontrol
of the nmenory busving atﬁ’él@PUarqhﬁtﬁcﬁ?@ manner , the menory controller is able
to redd or yvrlte multiple transfers to system menory at contiguous £
| ocations (i.e., oOn fHaec.RalE 1ofiagny Hef udedftorimptdvonhe Reflotcoticize 5 H13 Menory
is granted to t he WP aathNe: deﬂ&tr&qwsfc&dmimefy bheysRcang antostiigequent data

transfers between Sy st.em r
é aéces of an rg%vy ee %&em mém dfie\g Q Ip%rfgnmnm §§qm;t}g\9e%use

Menmory accessés Fesse e of system
nmenory. Upon cor?éfllé’f'fltﬁﬁ tBT afqFEs I°5§‘P YRt %1F afsT/r g \?\t/emgnﬁgg’s gm rrgm)ry and

the 1/0 system memory under certain predetermined condltlons The bus control

<

logic thus optlmally matches the speed of 1/0 controllers to the data
transfer capability of the system memory. The system bus may support a
10 burst protocol wherein data is transferred in 16-byte packets of
information. The I/0 bus handles data transfer in 1, 2 or four byte
bandwidths, depending on the type of I/0 device in control of the I/0

bus.

The predetermined conditions under which an I/0 device is granted

15 priority access to system memory may be: (1) a read request by an I/0
device controlling the I/O bus is not aligned with a predefined lé-byte
address boundary in system memory, (2) an I/O device controlling the 1/0
bus 1mmed1ately follows a write cycle with a read cycle, (3) an I/0

 device controlllng the I/O bus’ completes a data transfer cycle, (4) an

20 1/0 device controlling the I/0 bus is reading or writing data in
streaming mode, or (5) more than half of the buffer space in the bus
interface unit is already filled with data to be written to system meﬁory
or less than half of the buffer space is yet to be filled with prefetched

data to be read from system memory.

25 " In the preferred embodiment of the present invention, the bus to
bus control logic operates under three modes. The first of these modes
is the default mode, which determines pacing of bus control for the first
three conditions listed above. The second of these modes {option 1)
determines pacing for the fourth listed condition, and the third of these

30 modes (option 2) determines pacing for the fifth listed condition. A
user of the system may choose either pacing mode (option 1 or option 2)
in addition to the default pacing mode which the system automatically
provides. The choice is made by programming the contents of a

programmable register in the bus interface unit.

35 Under the first of the default conditions, an I/0 device requests a
read of system memory which is hot aligned with a particular 16-byte



device, the CPU may then be granted trol of the nmenory bus in order to

conplete its read or \Mﬂu._t,gheﬂ erall, suchj
results in a data transf SUMVARY OF THEH] SBEEN
obj ect of the present Iror ate one orl_oor e REPSAGERNT age

the prior art. Accordi ng one aspect of the present. inveniion there ts
provided an informati on handling system conprising: a system nenory; a
plurality of systemresource devices; a first bus coupled to the system
menory and the sysbemssesource devices forstransferring data andiig the
system resource devices and the system nenory; a second bus ceupl ed to t he.
system resource devices, said systemresource devices.coupled to the Sécond
bus bei ng capablpeckat beﬂmhfyol ITo N@mpeliea ts €6 NHid bSsaDitmednb] btdkd By- tﬂpr:r/d:ont rol
with other of sakfics%s!HRLHERAGCR URULLE L RACLR LS 14 BERR{AcA1YNI

coupl ed bet ween Pl 3 Bl A, 108 BOEARGDUS 10" o gxeadrfnge g
transfer capabi u Ilpﬁ y
e first

a
ranser capabl LUty el RCeshy S8 TS LIber 26e L |
bus and the s%c&ﬁ‘ﬂcbd’gn“&ﬁdr bBFRF I 1edYithe Fofr- g'e'"’f‘r“eF"&’t inrgrace Ynittr Bien si gnal
after one of thersptthemtheseir eatidugiscissbitaragkatneleusst thdk 16fbythe second
bus in order topg&ien begint radla pfedefiaed bsudbarpls, 1d4-byae edaystptawsrat iieg ot her of
sai d system resguiSgedevi ces fromaccessing the first bus, said control
| ogi ¢ being dynam cally responsive to signals indicative of data transfer

condi tions between tlﬂuﬁerf Itii;esgec dscong:gtlgrt]eress?guggiupgreé 1ge%ae{aar¥1a% exist

10 in the bus interface unit buffer space when the I/0O device changes from a

of

write transfer to a read request. Once the I/0 device bus controller
changes from a write to a read, bﬁs control logic determines that an end
of cycle has occurred, that there is no more write data to be stored in
the buffer space, and that read data is now being requested from sYstem

15 memory. Because it is known that no more contiguous write data is
immediately forthcoming, the buffered data is written to system memory
and the read data is prefetched from system memory in one atomic

operation.

Under the third.condition, residual buffered data may also exist in

20 the bus interface unit buffer space when the I/0 controller device
relinquishes control of the I/0 bus after a data transfer cycle. 1In this .
instance, such residual data is automatically written to system memory.
If more than half of the buffer space includes such residual data, as
soon as the I/0 device controller relinéuishes control of fﬁe 1/0 bus,

25 the bus control logic will generate a signal to the memory controller to
indicate  that-data in the buffer exceeding one transfer in léngth (i.e.,
greater than 16 bytes) needs to be written to system memory.

Accordingly, the buffered data will be provided access to system memory
via the system bus.’ '

30 The bus control logic for implementing option 1 (relating to the
fourth condition described above) comprises a clocked §-R latch which
provides a LOCK signal to the memory controller. The LOCK signal
provides an I/0 device in control of the I/0 bus continued access to
system memory when the I/0 device is reading or writing data to system

35 memory in streaming mode. Upon detection of a streaming data write
operation, and one of the bus interface unit buffers is full of buffefed
write data:“a locked burst write sequence is initiated to system memory



said control signal. BRIEF | PTION OF THE DRAWNGS Figure 1 is a
schemati ¢ bl ock di agra cgystemlncor' ------ e—BtS—b face
unit constructed accord I ci pl es of thg ' ' ' '
Figure 2 is a schematic of the bus

conput er system of Figure 1, Flgure 3 is a schemati c~bIroTkS =
FI FO buffer of the bus |nterface unit of Figure 2; Figure 4 is a CIrCUIt

di agram of the control logic used to |nplenent one of the enbodi nents of
the bus to bus Qggbpgagoglc of Figure 3; gnd Figure'5 is a-circuit diagram
of the control logic used to inplenent another enbodi nent of “the ‘bus to bus
pacing logic of Figure 3. @ 6 DETAI LED DESCRI PTI ON OF THE PREFERRE .
Referring first jg FileO8YsCenl busParRONRY trEfiaiS MELIOMUENA Whe GRB &Rk Y At 10

conprises system board. 1g. a0d.RLYGESRM. GOMR:SXndd- 1SF’.§°08&§sz%aﬁ9rrgoLsx s -

i ncl udes processor
P the buffer space. Slmllarly, upon detectlon of a streaming data read

operatlon a locked burst read sequence 1s initiated to system memory and
5 will remain active as long as there is room in the buffer space or until-

the I/0 device terminates the streaming sequence.

The bus control logic for implementing option 2 (relating to the
fifth condition described above) comprises separate logic circuits each
associated with a latch for outputting the LOCK signal to the memory -

. 10- controller. The LOCK signal provides an I/O device in eontrol of the I/O
bus continued access to system memory when more than half of the bus
interface unit buffer space is already filled with data to be written to
system memory or less than half of the buffer space is yet to be filled
with prefetched data to be read from system memory.

15 Brief Description of the Drawings
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;. ... . . iv i, e ss

Figure 2 is a schematic block diagram of the bus interface unit of
20 the computer system of Figure'l;

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

Figure 4 is circuit diagram of the tontrol logic used to implement

one of the embodiments of the bus to bus pacing logic of Figure 3; and

25 Figure 5 is a circuit diagram of the control logic used to

implement another embodiment of the bus to bus pacing logic of Figure 3.

Detailed Description of the Preferred Embodiment
Referring first to Figure 1, a computer system shown generally at

10 comprises system board 12 and processor complex 14. Processor complex

30 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.ope;etes:at_ganﬂzﬂaxk__ R



portion 16 and base portion 18 connected at processor |ocal bus 20 via

'l ocal bus connector 22. Processor portion 16 operates at 50 MHz and base
‘portion 18 operates at 40 Miz. RC9- 91- 089 7
System board 12 includes interleaved system nenories 24 and 26 and

i nput /out put (1/0 -devices 28. Conmmunications between nenprjes. 24 and 26
and processor conplex 14 are handl ed by menory bus 30, and comruni cati ons
‘between /0 devices 28 and processor conplex 14 are carried by I/0 bus 5
32.. Communi cations between |/ O devices and_nenories 24 and 26 are handl ed:
by 170 bus 32, sYSf¥PHus 76 and nenory bud 30. 1/0 bus 32 may-conformto _
' M CRO CHANNEL conputer architecture. Menory bus 30 and 1/0O bus 32 arer‘

connected Lo processgr. COURlSX 0R0F,ROTLLOT A8 UALPLOGeRR0L SISy

' connected to thelteBHEUPEr (Z4Pdtdericed 2Fr ac?“)'“eml’iﬁrs‘°‘§2betw‘33?s'te@?ﬁlbﬁﬁf 3426 may'-
lal so include conwentricossadr vemgdex B4 pouhindied by némayy bisr 301 andycomivpidabepnel
icontrol circuitryetaas i/0tdkiddPi2s Gina Qtbdesyor( capexale avai cbrias @y Shiowny whi ch
“may be used bys CEIPWoRkunBdhSiRENLL O T/ A1 Qevi0sTRIG MHREFiRL 1281kna B QEESSOr
~portion 16 of prf?é%@ﬁéﬁq{y £RMRI % Js%siéa%ugdﬂsarﬁ%hgﬁl bul%op“ifr?ﬁ&s' 8On4ni t
(CPU) 38 whi Ch c%nf?rm f[opnl%kc? rWELtsnPomFuter arc 1Lectlﬁret. Memory mxs 5(9 Fa)ul-’:é) (Ef‘bSSOI’

available from I
Co bus 32 are connected to processor complex base portlon 18 via processor
complex connector 34. I/O devices such as memory expansion devices may
10 be connected to the computer system 10 via I/0 bus 32. System board 12
may also include conventional video circuitry, timing circuitry, keyboard -
control circuitry and interfupt 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

15 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

20 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 between CPU 38,
cache control module 42 and address buffer 46. Control information paths
54 are provided between CPU 38, cache control module 42 and frequency

25 control module 44. Additionally, address and control inforﬁation 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
ﬁhich is located on an I/Q device 28. Cache control module 42

30 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. 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,

35 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
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| 486. Processor portion 16 also includes static random access nenory (SRAM
40, cache control nodule 42, frequency control nodul e 44, address buffer 46
and data buffer 48. Lbcal -bus 20 conprises data information. 20 path 50,
address information path 52 and control. information path 54. Data

i nformation paths 50 are provided between CPU 38, SRAM 40_and data.buffer
48. Address information paths 52 are provided between CPU 38, cache control
nmodul e 42 and address buffer 46. Control information paths 54 are provi ded
bet ween CPU 38, g@agsihesscont rol nodul e 42 agd-frequency 25 control nodul e 44.
Addi tionally, address and control information paths are provided betwgen -
cache control nodule 42 and SRAK 40. SRAM 40 provi des a cache functlgh by
storing in shor thek€nm peftersy4d adorsate bi-direcomopal, hiek. Syey aire rapadlt €% 24 ofr

26 or from expapgkRing TREREMiIWLERRKIS }QCRLEHy QRe Py bé GhdleVioeh 2 Cache, .
control nodul e éacﬁsqs ppa,qa&ogoakﬁesciﬁn%@éguagsmrmxméEﬁl\/ﬁ 56 which :

st.or es address access -

i nf or mati on cacﬁe 1°“2R,Rﬁfr°ﬁbs°" p°r Jt°f‘ 3¢ °af g’et‘ﬁ“erss“ T°m?)fm Ygray ke, equency |
control -nodulf% ﬂed?l%cﬁﬂcfﬁr‘ﬁﬂﬁ'a?%%“’b‘dér“ﬁf’?tdwlﬁ? 2t5fandsty Rz RFicRs€or portion 16
with the 40 MhZ base portion 18 and al so controls the operation of buffers
46 and 48. Accor di nghse, pi3BichrSgireheies meniry Gontrollat 8 A4ictet aenmbirpa@scdshe ti nmes
at whi ch i nf or maduh PRoftFoIIaP6O) echebyr bithif @t ondonedd pdthtOfcat)ecilrbdiRSs2at  Whi ch
information thag,d ScsteEe thilNeat HRSSK.BU T/L:Q‘BLS ch2eQVE] \é@det(ts% cirdkff 84 s 46 and

48 are confli gur gdetp%rta.!l'.on qgv Hg\é) 1x\1lcwl{1<§es drni;ecr)'nc]:lrxrc‘? I’ ! esread orﬁy mer%o6ryt 820@)6 stored

Si rrul t aneous|
&V 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
" informétion path 82. The data information path comnects-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
15 and 26. The address information path and the control information path
each connect memory controller 58 with DM2 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 prov1des the CPU 38, the DMA controller 60 or bus interface
20 unit 64 (on behalf of an I/O device 28) with access to system memories 24
and 26 via memory bus 30. The memory controller 58 initiates system
memory cycles 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 a;cess to
25 system memories 24 and 26 via memory controller 58. The CPU 38
communicates to system memory via lecal bus.20, memory controller 58 and
memory bus 30, while the DMA controller 60 or bus interface unit 64 {(on
behalf of an I/OIdevice 28) access system memory via system bus 76,

memory controller 58 and memory bus 30.

30 For CPU 38 to I/0 bus 32 read or write cycles, address information
is checked against system memory address boundaries. If the address
information corresponds to an I/0 expansion memory address or I/O port
address, then memory controller 58 initiates aﬁ'I/O memory cycle or I/O
port cycle with an I/O device 28 (via bus interface unit 64) over the I/O

35 bus 32. During a CPU to I/O memory cycle or I/O port cycle, the address
which is provided to memory controller 58 is transmitted from system bus
76 to I/0 bus 32 via bus interface unit 64 which resides intermediate



BG9-91- 089 8 therein. Buffers 46 and 48 are

bi -directional, i.e., they are capable of latching information which is
provi ded by the CPU 38 and information which is provi ded to the CPU.
Because buffers 46 and 48 are bi- directional, processor portion 16 of the
processor -conplex 14 may be 5 replaced or upgraded while naintajning a
standard base portion 18. Base portion 18 includes nenory controller 58,
direct nmenory access (DMA) controller 60, central arbitration control point
(CACP) circuit fi3;91bem i nterface unit 64 and buffeér/error correction code
(ECC) circuit 66. Base portion 18 al so includes driver circuit--68,- read
only nenory (ROM 10 70, self test circuit 72 and buffer 74. Systemdbus
76 conprises a tatatvmborsat Thenl/Padenicr828 eridh dodpésssthe rexpagidni mroqyat h” 80 .
and a control i&f ewieRtth®Adfrasd cBPespoldicredeaivas ithd @EnvRy a@dteatiom 1/0 bus .
connect s- buf f er 3274 pih tchnddbiB et Bb Bl AGE bUNiiheebbice Mt BNLEHEACEUNI T 64 Wi th

DMA control | er Q,Qelacﬂg,gwff %!,J;quﬁ'br agu sPQen @.an,rpagfso,es,(dE{éC i rcuit 66 with

systen1nennr|es

Ine ora%sdsmn or g +on pat %d t he
control inf or'r’rnal'f’ﬁpa“SJL ?5"°?%181P11C GRNEETPRERET P Cotht 0 DVA
controller 60 a?R&t‘[?E:gerl % ehsp REevided {hiss; f“é‘ﬁ'—él”ﬁu%‘ ‘i’er‘?fjefr?faE‘é’ctﬁﬁP‘t 64 with _
buf fer 74. Menoeopple@ntér ofFimt. 3Be P cefdsolder POURLICRY 4 eodl donmt@0 and system
bus 76, and pr osibeleger BantfRbid8 ($dBe dobMiteqntd o kairidPe Oka brsndigt er f ace 20

unit 64 (an behglf 9bicdfy e 6f o281y frbgRRkASTHo Il SUBLED fRMMI es 24

10 channels. Second, DMA controller provides a buffering function to
optimize transfers between slow memory expansion devices and the
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

15 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 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 moée, DMA

20 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'so,
memory controller 58 as well as from I/0 devices, and determines which
25 devices may control the I/0 bus 32 and the length of time éﬁring which
the particular device will retain control of the I/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

30 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
35 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



and 26 via nmenory bus 30. The nenory controller 58 initiates system nenory
cycles to system nenories 24 and 26 over the nenory bus 30. During a system
menory cycle, either the CPU 38, the DVA controller 60 or bus interface

unit 64 (on behalf of an I/O device 28) has access to 25 system nenories
24 and 26 via nmenory controller 58. The CPU 38 comuni cates_ to,system
menory via |l ocal bus 20, nenory controller 58 and nenory bus 30, while
the...DMA controller 60 or bus interface unit 64 (on behalf of an 1/0 device
28) "access syst ejwwsmAmbY Vi a system bus 7610 menory controller 58 and nemery -
bus 30. 30 For CPU 38 to I/O bus 32 read or wite cycles, address
information is checked agai nst system nenory address boundaries. |f thé
addr ess i nf or matdomtenFYsdep dhdrpet tengre P/Jelxpaprsiﬂt}nnntmﬁslycmmte?s%mm /0O
port address, thRnadiedEed By GOinpuitkt @Epdi8 repdohitat @Seratnel {Ho iMEsMEYoEYCl € Or
|70 port cycle Winidh @3 prefdndaM Ganet8od ¥d ap@,u,.salmtaeorff@e &ysdih{ 64) over the
I/O* 35 bus 32. During a CPU to | /O menory cycl e or 6 port cycle, t he
address Wiich is prOV|ded tQ controll er 58 Lransn1tted from
system bus 76 to |/ JBuE %?f%ﬂ“ées Hé FHSE S fqac‘é%muﬁﬁ’?"i"%}h WP o edas
intermedi ate 5 RCHStep TpRory data from expansion memory. Self testgc:trﬁ@ée'nt,w@lguges_
The 1/0 devi ce 28 evnneshed bk ipdesslityeofe kpranBnomithmbase pogtishiléh préwddeddr ess
corresponds recei yRalibe oFRBIF YesaOidaaass.f rRNT kédd dbsuit 72 accesses buffer

circuit 74 to determine if failure conditions exist, and also tests the

other major compoﬁents of base portion 18 upon'power-up of the system 10
10 to determine whether the system is ready for operation.

Referring to Figure 2, a schematic block diagfam 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 system bus 76 and
15 I/0 bus 32.

Bus interface unit 64 includes system bus driver/receiver circuit
102, I/O bus drzver/recelver C1rcu1t 104 and control loglc circuits
electrically connected therebetween Drlver/recelver cireuit 102
includes steering logic which directs signals received from the system
20 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/O'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
25 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/O bus to system bus translation logic
108, memory address compare logic 110, error recovery support logic 112,
30 and cache snooping logic 114. 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
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 1/0 bus 32 and

35 thereby communicate with I/0 devices 28 acting-as slave devices on the



32. DVA controller 60 and the bus interface unit 64 control the interchange
of information between system nenories 24 and 26 and 5 expansi on nenory
which is incorporated into an 1/0O device 28. DVA controller 60 al so

provi des three functions on behal f of processor conplex 14. First, the DVA
controller 60 utilizes a small conputer subsystem control .hlock (SCB)
architecture to configure DVA channel s, thus avoiding the necessity ofusing
programed I/O to configure the DVA 10~ channels. Second, DMA control | er
provi des a buf f erdcegp1fasacti on to opti m ze tmansfers between sl-ow nenory
expansi on devices and the typically faster systemmenmory. Third, DVA , -

.F

controller 60 provides an eight channel, 32-bit, direct system nenory-
access function. I/Wken prrewsldiioy lpgis tP6rietslatesthmoqeirplyadiccesmpdfdanet i on,
DVA control | er 6Qifieyoflbhe $yspad buadn7d intei dihBar Afindswih fRRAE'S.bus |32. ambdtr St

nmode, DVA contr ol dofirofQidndC A0S aaaresswlg.grlarﬂmdféoé&hm@&ehrbumhbcf.la t he”DVA
controller is f U%L II?@%LJ XZ %hﬁleaéé@a t:.QfoH’JRﬁlgDHo’éa;s Alndﬁg‘e&q V\E gfd/l‘glp'm .

controller 60 its I ons Syst er mast.er
control ler 60 arbi b%f'raatl 5N "(siosr% ol et °fb T Sy’ffﬁm’bfil?s ané%?ﬁ% Second -

node, DMA 20 corﬁYF%FlWéichsirews"é%ndad ffP’f §’Be 4P, bysi ??st Ugen d*(tr:?tite) of #Yfister
circuit. CACP ci raveiet B2 siyshestbuesdavastriamdateshihe crimingroft fignddbfenctdat rol | er,
| /O device bus cagttealtuerts @odus henicPUifithatae ahs shdlg dn/ @ednuiaespy, CACP

circuit 62 recei \4@§tsafcbl éh@aéyegntocgmcsnsyle@ag@ad SedmiRROME R LRlther 60,
menory control Ioer as fromI/O devices, and determ nes which 25

deV| ces may control the O bus 32 and the Iength of tinme during which

The 1/0 bus to system bus translatlon loglc 108 comprlses system
bus address generation circuit 118, I/0 bus expected address generation
circuit 120, system bus controller interface 122, FIFO buffer 124, I/O
bus slave interface 126 and bus to bus pacing control logic 128. System
15 bus controller interface 122 supports a high performance 32 bit (4 byte)
i486 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. I/0 bus slave interface 126 monitors the I/0 bus 32 for
operatlons destlned for slave dev1ces on the system bus 76 and 1gnores__,__;W”
20 those operatlons ﬂestlned for the I/O bus 32. 3ll cycles picked up byuﬁh-”-“
the I/0 bus slave 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 1/0 bus controll;r to access

25 system bus 76 and thereby read or write to system memories 24 and 26. 1In
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/0 bus 32 to decode’ the memory address and

30 determine that the read or write cycle is destined for system memories 24
or 26. Simultaneously, 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

35 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. ' '



the particular device will retain control of the 1/O bus. Driver circuit 68
provi des control information and address information from nenory controller
58 to system nenories 24 and 26. Driver circuit 68 drives this information
based upon the number of single 30 in-line memory nodul es (SIMvs) which
are used to construct system nmenories 24 and 26. Thus, driyer circuit 68 . .
varies the signal intensity of the control and address information which is
provided to syst@mgremrl es 24 and 26 basegh upon the size of t hese

menories. Buffer circuit 74 provides anplification and isolation between 35
processor conpl ex base portion 18 and system board 12. Buffer -eircuit 74 _
utilizes buffers whigh speknint Fighe sapLrer Buredr MrauRdakyall ;rbfreerdrrat [ on bet yEen

| /O bus 32 and byg,dnpdRLS a6L atiRELsofsh g{arsg%a!mz WARL RGEALA LY

Lotz
BC9- 91- 089 u V. 8 erlences a
failurée conditi o Har¥ed 2 |mf°méft17hbemeerbgherr%stcem a’% %g:buses s ut’ér repajt

person to det er i PRHET | 1ﬁf‘ GP'PPéff“feSnfc\%lsé’ﬁteﬁ\ﬂaBYtﬁr%Eeﬁf A &J”Hﬁ"éét%?o 34 upon-
failure of theé ssPetkemnCipgavF 263 -coTei fur Gutferr 19pck28inbaifer dekt tomst £9p by
initially placinyo3usrostyroliens redreysied dus slavesn EhepebgAldovinenbujtanGekf test
circuit 72, whi ClpetigDbinNerd b b sz phdlkid bfsYenDbusl TG atrh® Rsrowbhdrhd N1 daase

portion 18, pr OVisdﬁﬁrs?caPiﬁJEr%laHz)!d Qf t%@'tfmft?s&o E?@twff‘és (§§‘4A/1zts§%¥;dc' rcuit
72 accesses bUff].ezscllZSD)

-The system bus _controller interface 122 and the I/0 bus

10 slave interface 126 each control one thlrty-two byte buffer while the
other thlrty-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 ;édress-register section
either physically associated with the respective FIFO, or logically
15 associated theréwith. As data is transferred from the I/0 bus 32 to FIFO
1252, 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 FIFQO 1253
will transfer the stored data to FIFO 125C, and at the same time FIFO
20 125B will start to receive this-data from the new non-contiguous address.
FIFO 125B will contihue Just as FIFO 125A did until it is filled with 16
bytes of data, or another non-contiguous address is detected. FIFO 125B
will then transfer the stored data to FIFO 125D, and FIFO 1252 again
starts to store data thus, it is possible to store up to four 16 byte
25 blocks of non-contiguous address data. )

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

continuous read or write function.

Moreovér, by splitting the 32 byte buffers into two 16 bytes buffer
30 sections which are coupled to other I/O bus 32 or system bus 26, the
number of stofage 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
because for évérf two buffers added (in parallel) only half the

35  capacitive loading is added to the loading of clock signals on each bus.



circuit 74.to determine if failure conditions exist, and also tests the

Ot her mmj or conponents of base portion 18 upon power-up of the system 10 10
to determ ne whether the systemis ready for operation. Referring to Figure
2, a schematic block diagramof the bus interface unit 64 of the system of
~Figure 1 is 'shown. Bus interface unit 64 provides the.basis for -

i mpl enentation of the present invéntion by providing a bi-directional high
speed interface between systembus 76 and 15 1/ 0O bus 32. Bus interface unit
64 includes system bus driver/receiver cirgyit 102, 1/0 bus driver/receiver
circuit 104 and contror logic circuits electrically connected-t her ebet ween.
Driver/receiver circuit 102 includes steering |logic which directs signals

recei ved f romt _he sysgdg{gigrgnyt;%.ga@iggot%hg BRRMIpferatie sla?@siimt&mﬁ aee uni t
control | Og! ¢ C! ro(r%cl:'leI tneacr;%d I‘ee&6£ \ég%u§}hegga;uls Sfi‘i{e%@il@%a&?%u&ﬂ%?&fl aCfeayn! t . -
control |ogic ci rcui t's Anddir&cts the signals Lo Lhe SYele bus_76. 1/0
bus driver/receiWéraEPFCGPTdTﬁdeﬁEIUﬁﬁgegfgé?i%ﬁ‘F@ﬁic tfg% rfefts
si gnal s recei ved strismthéravithOvbils the atbert prraklspriopif acempipsinandaétf ace unit
control |ogic 25 Hemdel chiéde Bt kide clovegn S gral sscdmbrritghéathbusr itnaneffrabe uni t
control logic cingishé aRf i beEES thheusrgnal s to the 1/0 bus 32. The bus
interface unit control logic circuits include systembus to I/ O bus

translation logic 106, 1/Q bus to, syst S i | G a1 JEEenor
. address conpare |o icThf1%?1ce$‘,’rro°r?nfr;ré%?)l\7§%pg TDIIS(%%? %fg%ﬁegﬂidlg% %SO%Q%%EJEgaChg
snoopi ng 1 ogi ¢ 1P4 FIFPLORYFenTEa it/ B circuit 116 is al so

A particular 1/0. device 28 may write.to system memories 24 or 26 .

10 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 125A or
125B. The I/0 bus expected address generation circuit 120 calculates the
next expected, or contiguous, address. The next contiguous address is

15 checked against the subsequent I/O 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 1253 or 125B. The FIFO
receives data at asynchronous speeds of up to 40 megabytes per. second
from the I/0 bus 32.

20 This process continues until either buffer 125A or 125B is full
with a 16-byte packet of information or a non-contiguous address is
detected. On the next clock cycle, assuming that buffer 1254 is full,
the data in buffer 125A is transferred to buffer 125C. siﬁilarly, when
buffer 1258 is full, all of its contents are transferred to buffer 125D

25 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, alternatihg between
buffers 1252 and 125B, with each emptying into adjacent buffer 125C or

30 125D, respectively, while the other is receiving data to be written to
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
maximum speed of write data from the FIFO buffer to system memory via the

35 system bus 76.



electrically coupled to systemdriver/receiver circuit 102. The system bus
to I'/O bus translation | ogic 106 provides the neans required for the DVA
controller 60 or the nenory controller 58 (on behalf of CPU 38) to act as a
system bus controller to access the I/0O bus 32 and 35 thereby comrunicate
with 1/0 devices 28 acting as slave devices on the . BC9.91-089

11 1/0O bus. Translation logic 106 translates the control; address ‘and data
lines of the systembus 76 into simlar lines on the 1/0 bus 32. Most :
control signal sg@nsl-gdol address signals fiow fromthe system bus 76 to' the
|/ O bus 32 while data information flowis bi-directional: The.l ogic 5 which
acts as system bus sl ave monitors the system bus 76 and detects cyclgs

whi ch are intended boring Reads/d® dis £3an systpoferdst €€ bh apo aévisaieh, grroycl e, .t he

‘system bus sl avgred2Dal Gefstel REerelditd Ghe SLORALSs Qfartiiegsystedh bus to I/ 0
bus ti'm ng, I ni tt:égxgl%sllghx%esc}ége ﬁnlqgalt %dla/dgeéyﬁo gg’nerml &@s%gé‘nttngdcyc'l et O-

be conpl et ed, term npates e on 76..The 170

bus to system Nl e ukii éfidoﬁatfi(f‘ﬁgcaci élaé?)r‘?ﬁ'ral %neguféé}ﬁ h Bu 5]<'31ddress
gener ation ci’ cBAceuselPe SYFREPAYE sERRPEEY Epnsfaay 48 SanfeiEPaOf 3R B¥FTSCYiYE: 120,
system bus cont thel $ygten hiseqohtrpdlet 2interEpde( 43 Mafy aare feRdh 1§-bDenaskeds sofe
interface 126 agdhtiyudust @athlnd R8sHeND: GOBEsEas 120¢ioe 122Bwithyt @@ 1/0 bus
32 actually prov1d1ng subsequent addresses, thus reducing latency between
transfers. When buffer 125C is full of prefetched data, it transfers its
l0 contents to buffer 125A in one clock cycle. Buffer 125D similarly
. empties into buffer 125B when full. The data in buffers 125A 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/0

15 controller deVicé 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 allowing an I/0 device in control of the I/0 bus 32 _

20 uninterrupted access to system memory during transfers of data by féstef
devices which require multiple éycles, rather than alternating access to
the memory controller 58 between the I/0 device and the CPU. Thus, even
if a local device such as the CPU has a pending request for control of
the memory bus durlng a multiple cycle transmission by an I/O device, the

25 bus to bus pacing control logic 128 will grant the I/0 device continued

control of the memory bus.

- The programmed I/O 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

30 to determine whether a particular register is active or inactive. These
registers défine, inter alia, the system memory and expansion memory
address ranges to which the bus interface unit 64 will respond, the
expansion memory addresses which are either cacheable or noncacheable,
the system memory or cache address ranges, and whether or not parity or

35 error checking'is supported by the bus interface unit. Accordingly,
programmed I/O -circuit 116 identifies for the bus interface unit 64 the
environment in whlch 1t resides, and the options to which it is
configured. The reglsters in programmed I/0 circuit 116 cannot be



15 bus controller interface 122 supports a high performance 32 bit (4
byte) 1486 burst protocol operating at 40 MHZ. Data transfers of four,

ei ght and si xteen bytes in burst node and one to four bytes in no-burst
node are provided. [/O bus slave interface 126 nonitors the 1/0O-bus 32 for
operations destined for slave devices on the system bus 76..and-i grores 20

t hose operations destined for the 1/0 bus 32. _All cycles picked up by the
/O bus slave interface 126 arée passed on to the FIFO buffer 124 and t he
system bus conjdsod;l-g4s i Nnterface 122. The;4/ O bus to system bus translation
| ogi ¢ 108 provides the means required for an 1/O device 28 to-act-as agn 1/0-
bus controller to access 25 systembus 76 and thereby read or witef0
system menor i egmaﬂamaeraddﬁ@euy loBeretten€fo Bfs i1€3RnRPENALONEo piardn LhedeVi CE

controls the | LQebige, HG,c35 WOEMHLAOS Jslgml%/d BtgLd al%.%h:lng operating at
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slave to the | FBHEGES e0MS & Qer 4 L‘és tt? o P Ipfct'ﬂrf)"ﬂ? égoc %rcﬁlé Y4t WS nenory -

-addr ess and SOCHHE?E%n1ne t hat the read or wite cycle is destined for
system nmenories 24 or 26. Sinultaneously, the system bus controller
interface 122 per nMbtory RedrbLS conphr i@Ge 1uMidetebdink© i AGE medSryaadagdskr ol | er on

the system buScofespddie tdBITREM HeRbly' &} kéirepBndsFtdERnddn AGlSy ARicA i3l ave to
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comparators which are loaded with boundary.information from registers .in
the programmed I/O circuit 116 to indicate which boundaries correspond to
which memory. After a particular memory address is compared w1th the
boundary information by the memory address compare logic, the bus
interface unit is prepared to react accordingly. For example, if an I/0
15 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.
operations even if a data parity error is detected. On any read or write

20 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- e

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 58 may be

25 programmed for a high level interrupt to pull the address out of the
register at any time a parity error is detected. The CPU mayifﬁéﬁ
decide, based on the system software instructions, whether to continue
system operations or merely terminate operation of the identified source

of the parity ervor.

30 Cache snooping logic 114 permits the bus interface unit 64 to
monitor the 1I/0 bus 32 for any writes to expansion memory by an I/0
device taking place 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,

35 there is no danger of corrupt data being cached. If, however, a positive
compare indicates that the write occurred in cacheable.expansion.memory,
a cache invalidation cycle is initiated over the system bus 76. The CPU



BE9- 91- 089 12 As shown in Figure 3, FIFO buffer
124 is a dual ported, asynchronous, bi-directional storage unit which

provi des tenporary storage of data infornmation between the systemand 1/0
buses 76, 32. FIFO buffer 124 conprises four sixteen-byte buffers 125A-125D
and FIFO5 control circuit 123. The four buffers 125A-123D buffer- data to
and from1/O bus controllers and system bus sl aves, thereby allow ng

si mul t aneous operation of the |/O bus 32 and the system bus 76. The FI FO
buffer 124 is physicabdy organized as two wshirty-two byte buffers

(125A/ 125B and 125C/ 125D). The system bus controller interface-122 and the_
/O bus 10 slave interface 126 each control one thirty-tw byte buffe'rr

‘whi |l e the ot her itHihpg ynstyrthd te ibglidate dhe rotrespantting S{aareentin tsaat Bem Bot h
of the .thirty-twecHaydneopditd fledis 1a8 @rotiided Besls ftar stoLa @hea Reh, W5 gfea oper ati-ons.

Each FI FO 124A, ,i25Re a2 So n 18l her.”*
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t herewi t h. %u S tran m ¥ S°EYEd"{25A, the
data will be AacEOHIMy “%a‘“ti‘nt’ﬁlf‘g % Pe3puffer is filled with 16 bytes

of data, provided that the addresses are contiguous. If a non-contiguous
address is detected thy drhenaddveatnaciiaen, gebdrellfyl KOtH2BA Witkdratd axisf er t he
stored data to ek REsck2EE, atdtid] at mdrld Gpa% Q¥R 1R EhEGhs to bus pacing control
: logic 128 of the bus interface unit. The pacing control logic 128 is
used to improve the ability of the I/O bus 32 to move data in and out of
10 system memories 24 and 26 by dynamically controlling access of an I/0
device to system memory. System performance is improved by locking the
access of an I/O device 28 in control of the I/0 bus 32 to system memory

under certain predetermined conditions.

The bus to bus pacing control logic 128, in conjunction with FIFO

15 buffer 124, is used to optimally match the data transfer speed of I/0 bus
controllers to the data transfer capability of the system memory. If,
for example, a high speed I/0 controller can write to system memory
faster than the system memory can accept the write data, the buffered
write data will £ill the FIFO buffers 125a-125B completely before the

20 data can be written to system memory. If the same high speed I/0
controller can also read data from system memory faster than system .
memory can provide the read data, prefetched data will not be available
in the FIFO buffers 125C and 125D. In either case, the result is
increased latency, and hence decreased performance, in data\transfer as

25 seen by the I/0 bus 32. .

Typically, an I/0 device controller will initiate a read or write

operation and prov1de a memory address over the I/0 bus 32 to the bus
interface unlt 64. Cerult 110 of the bus interface unit compares this
address to a range of addresses programmed in circuit 116 to determine if

30 the operation is destined for expansion memory or system memory. If it
is determined thét the operation is destined for eXpansion memory, bus to
bus pacing control logic 128 does nothing, as there is no need to
prioritize access to system memory under this condition. If, however, it
is determined that the read or write operation is destined for system

35 memories 24 or 26, and the predetermined condltlons are met, the pacing
control logic 128 initiates a signal which grants an I/0 device 28 in
control of the I/O bus 32 continued prlorlty access to system memory.
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20° 125B will start to receive this data fromthe 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-contiguous address is detected. FIFO
125B wil |l then transfer the stored data to FIFO 125D, and FI FO 125A agai n
starts to store data; thus, it i's possible to store up to four 16 byte 25
bl ocks of non-contiguous address_data. Further, by having two 32 byte
buffers in parallel the reading and witing of data can.be toggl ed between
t hem t hus gi vi.nereasi-ésssenti al |y conti nuous? read or wite funetison. . ‘
Moreover., by splitting the 32 byte buffers into two 16 bytes_buffer. 30
sections which are coupled to other 1/0 bus 32 or system bus 26, the plinber
of storage buffBris séentlirsts pereasedidd th thi afhitdatioepgreet sivneheutpey borimance
of the FIFO as ttel mheq ¢amttohtercipasiitd uembDacdiingtbm Sogusates. cl ocki ng dat a
in or out of the storage registers. This is acconplished because for every -

Luo outler ﬁeaﬁgggl glrﬁ'e pAvaplplnb 00kt Ln&ebq,hgél GABAFhAY ] gagiag 1S

13 Addi t onal | yo /By RAYTORG Pyl 18 B Borte CRI0R: () RIS | og, once
one of the 16 bS&re Sy e Ry §" &0 f’?"llF%d°W?1H“éfaEh§ 1/8 kR 33sisi pptpligsd :
operation, the ddha padefieed Iahgkerddesdstroutdaey bt Hpgten Benpyy e (Hudf &fos i n

device controlling the I/0 bus 32 immediately follows a write cycle with
a read cycle, (3) an I/0 device controlling the I/0 bus 32 completes a
data transfer cycle, (4) an I/0 device controlling the I/0 bus 32 is
L0.. reading or writing data in streaming mode (40 megabytes per second), or
. (5) more than two of the four 16-byte bﬁ;}ers in FIFO buffer 124 are
already filled with data to be written to system memory or less than two
of the four l6-byte buffers are yet to be filled with prefetched data to

be read from system memory.

15 In the preferred embodiment of the present invention, the bus to
bus pacing control logic 128 operates under three modes. The first of
these modes is the default mode, which determines pacing of bus control
for the first three conditions listed above. The second of these modes
(option 1) determines pacing for the fourth listed condition; and the

20 third of these modes (option 2) determines pacing for the fifth listed

- condition. A user of the system may choose either pacing mode (option 1
or option 2) in addition to the default pacing mode which the system
automatically provides. The choice is made by programming the contents
of a 3-bit register 130 (not shown) in programmed I/O circuit 116. The

25 default pacing mode is defined by a 0-0-0 register content; option 1 is
defined by a 0-0-1 register content; and option 2 is defined by a 1-0-C

register content.

As explained above, the default pacing logic handles pacing for the
first three pacing conditions. Under the first condition, an I/0 device
30 28 requests a read of system memories 24 or 26 which is not aligned with
a particular 16-byte packet boundary, meaning that the read request is
for data addresses which begin somewhere within the boundaries of a 16-
byte packet. If the read data were aligned with the boundaries of a
particular l6-byte packet, the system bus address generation circuit 118
35 would simply do a standard 16-byte burst transfer of the data into either
buffer 125C or 125D. However, if the read data 'is not packet allgned
the data must be prefetched u51ng multiple 1, 2, 3, 4 byte cycles. To
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~series therewith, while the other parallel leg is accunul ating data. 5

" Hence, there is no time lost in either accunul ating data, or transferring
-the data fromone bus to the other. The logic for controlling the operation
~of the FIFO 124 is supplied by FIFO Control Crcuit 123. A particul ar 1/0
‘device 28 may wite to system nenories 24 or 26 10 via I QO bus in

bandwi dt hs -of either-4, 2 or 4 bytes (i.e., 8, 16 or 32 bits). During
wites to system menory by an |/ O device 28, the first transfer of wite
data is initialdcg-9%tt¥Ped in the FIFO buffe 125A or 125B. The I/ O-bus .
expect ed address generation circuit 120 cal cul ates the next expected or -
conti guous, address. The next contiguous address i's .15 checked agai mst the
subsequent |/ O @gighecdat tthis, gatpfip prefetifeedsb Sequre hief fictans freprer gecesont i guous
or not. I|f conthiygeusQ deRiresiBConeystyt @emdry Bytieskedfuhilei dneugtiataga iis sent to _
the same Fl FO butdraticiRyAorafetdiddBo ThevdhEQ fcesei wesmaaat atrls asy ey OI:TOUS
speeds of up tQeAQsIRAGDY-BPeROs. trSR GG di B ENEhel {if RS 32 I/%qm

Thi t 2 |s f ul th a
D e AL .

the next clock ‘IR aggﬂﬁfﬁw?m‘tt erbﬁ‘faldé’?g ¥ SA”i‘ess‘fsl’j‘F"l bust ?ﬁ?r?féta in buffer
125A i s transf cepEdtion BEeEbl1a 358 Profetch the peEtpREBL RSt rbyko IBcKes ful | |

all of its contkefirs iesirgtief ck edgtad Youdykeam MeR&D. 2Becahse thisilhcHyse Cl ock
cycle. The datpac)&h:(]i’e@d'xsl &t & heedapink e bsunki2yC andtsl 2bdasiesr ishgdsivietten to

syst em nmenory VI'has ,aﬂvol étgﬁsfgw ot dL![aag]l%f fé‘rftﬂ'tnec{ bﬁ:h&ﬂ:sfnemruptlon. Use of
the lock signa1:140 in Figure 4 in this condition insures the least
amount of.litencyfbetween when a device on I/0 bus 32lrequests data and
when bus interface unit 64 pferiaé§\data, and the most efficient -use of

page mode system memory.

15 Under the'second condition, residual buffered write data may exist
in FIFO buffers 125A-125D when the I/O device 28 changes from a write
transfer to a read request. Once the I/0 device bus controller changes
from a write to a read, pacing control logic 128 determines that an end
of cycle has_odcqrred, that there is.po more write data to be stored in

20 the FIFO buffer 124, and that read déta is now being requested from '
system memories 24 or 26. Because it is known that no more contiguous
write data is immediately forthcoming, the buffered data in buffers 125a-
125D is written to system memory and the read request is prefetched from
system memory in one atomic operation.

25 Under the :third condition, residual buffered data may alsc exist in
FIFO buffers 125A-125D when the I/0 contrdller device relinquishes
control of the I/0 bus 32. In this instance, such residual data must be
written to system memory before releasing the system bus 76. If more
than one of the FIFQ buffers 125A-125D include such residual data, as

30 soon as the I/O device controller relinquishes control of the I/O bus 32,
the pacing logic 128 will generate a signal to the memory controller to
indicate that data in FIFO buffer 124 exceeds one transfer in length
(i.e., greater fhan 16 bytes) and needs to be written to system memories
24 or 26. Use of the lock signal 140 in this condition insures the least

35 amount of latehcy'between the I/0 controller releasing control of the I/0
bus 32 and the bus interface unit 64 releasing control of system bus 76.
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bhus operational speed. The operation of FIFO buffer 124 during a wite to
‘'system nenory by an I/O device is thus continuous, alternating between
‘buffers 125A and 125B, with each enptying into adjacent buffer 125C or 30
125D, respectively, while the other is receiving data to be witten to
system nmenory. The FI FO buffer,~124, then, optim zes the speed of data
wites to systemnenory by (i) anticipating the address of the next |ikely
byte of data to be witten into menory and (ii) accommodating the maxi mum

speed of wite s@ts-bgsomthe FIFO buffer t® system menory via the 35 system- '~

bus 76. BC9-91-089 14 During reads "of data -
fromsystemnmenory to an 1/ O device 28, |FO buffer 124 operates .

-

differently. The syShedehub ddde esEhgessndd tonhcifictithrée]l@naizésnstdse i niti al
read address torgenRsalyealgaitieguandh keashifddirsae haedvareasl tedbas and

‘accunul ate dat ayid,-ful Lef d256 e 3Rere nacms;@ua;eb; e SHSLETLUS supgorts
transfers in ba@}gvm dt hs onthr T er

e requ redq.]c 16 seksnown n ’the a S%ﬁ pacing lo
interface 122 mm ﬁ%ﬁ?y ackets of ‘conti uoﬁs Yata and store it
e bl e O e b SLF o e o SRt §iepravharth |
subsequent addr 8$Seidhns ¥ijsh pejbeithgniatinbys Beeifeemuit hisdars. Figywen buffer
125C is full of 4préfetldradatdadigsuit tditgrams fdstoj implehntcomtizole t o buf fer
125A in one cl O&*boﬂli)ﬁeﬂtﬁ othﬂceflﬂlE t]aZﬁE ;fil::mg| cﬁ:hfryl logic 128 for optlon 1 and

option 2, respectlvely

10 Referring to Figure 4, the bus to bus pacing control logic for )
implementing option 1 (relating to the fourth condition described above)
comprises a clocked S-R latch 132, AND gates 134 and 136, and OR gate
138. At any time the latch 132 is set (S-input active), the latch
outputs a LOCK signal 140. The LOCK signal 140 provides an I/0 device 28

15 in contreol of the I/0 bus 32 continued access to system memory when the
I/0 device 28 is reading or writing data to system memories 24 and 26 in
streaming mode. ' Streaming refers to dafa transfers of a stream of data
having contiguous addresses whrein only the first address needs to be
decoded- and the subsequent addresses are considered to be contiguous.

20 Upon detection of a streaming data write operation by the iogic of
Figure 4, and either of FIFO buffers 125C or 125D is full with a 16-byte
packet of buffered write data, the lock signal is activated and a burst
write sequence is initiated to system memory over the system bus 76 and
will remain active until the I/0 device 28 terminates the sireaming

25 sequence or until there is no data remaining in the FIFO buffers.
Similarly, upon detection of a streaming data read operation, the lock
signal is activated and a burst read sequence is initiated to system
memory and will remain active as long as there is room in the FIFO or
until the I/0 device 28 terminates the streaming sequénce. Bus control

30 logic 128 responsive to streaming reads or writes is defined by
programming a 0~0-1 register content in the 3-bit register 130. Hence,
if the 3-bit register is programmed to 0-0-1, AND gate 134 will decode
the content of the register and provide a HIGH option 1 enable line 142.
Line 144 will also be HIGH as long as the bus interface unit 64 detects

35 that the particular I/0 device 28 in control of the I/0 bus 32 is writing
or reading data in streaming mode. Because lines 142 and 144 are HIGH
during this time, AND gate 136 w111 set the latch 132 to output LOCK
51gna1 140 any time output 146 of OR gate 138 is HIGH
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eapties into buffer 125B when full. The data in buffers 125A and 125B may
then be read by a particular I/0 device controller in bandwi dths-of 1, 2 or
4 bytes. In this way, system bus address generation circuit 118 functions
as an increnment counter until instructed to by the 1/0 15 controller device
to stop prefetching data. Bus to bus pacing control I"'ogi ¢ 128 creates a
faster access to system nenory for high speed I/ 0O devices. The bus to bus
paci ng control dcegiicosd28 overrides the noggral nmenory controller arbitration
schene of system 10 by allowing an |I/O device in control of the I/O bus 32
20 uninterrupted access to systemnenory during transfers of -data by faster
devi ces which requi owpiikic pf 6r Gyed €83 14 AtdAGHed famelaki)el’tmai/on&v%‘ecf‘ess to
the menory continOdon&fo1 >3 bﬁt%%s t3he; kb ngﬂegﬁné%gtat &%d%&&est even if
a local device o;uzcamma.gi WS Oebbilpse DEACNG LEGESL, 1D LY gé i the

nenDry bus duri 2wpyeo 3_ %c rg sm the 25
bus to bus paC| ot SPEPEYPY 1178 ShithyT ‘er Hﬁf’e ’I’FéaWCFB ERSVYICR 1dpasti nued -
control of the Wgr?ﬁ? J4h EEcH %é’%?’d’g?a’ﬁ?@d the QrtchriivEll 4@ ryige tthe portion of
t he bus interf @ckitgatiion Gdhenh o€ mesomt @ntrollal| 580y prioeidigy it msrywhi ch are
programrabl e wicohiralleharitiis siotyt €LdnaC Q40N dhefher TRET JoCEHvELLSsS ifiaVRDI T S
associ ated t her@wi &b 13Qot Qnglet GLRdndee; %LJ&G& auli?élraLéaCiH érfreim%% RO&! 1S

T St em menor y
. active or i naCtIIﬁ{ee'ltlB Qﬁ%%l&ﬁg&ﬁ:&gg req Uﬁ ?ﬂze busar.\aa’ fft ?tév Yunit 64 will

and expansi ess I I'n
respond, thgge%gﬁgn nﬂ’rc °’§5g‘?’§%§es which are either cacheable or

noncacheabl e, _ :
: Referring'to Figure 5, the bus to bus control logic for

implementing option 2 (relating to the fifth condition described above)
comprises clocked §-R latches 150 and 152, each of which is controlled
independently by separate logic paths for read and write cycles. At any

15 time either of these clocked latches 150, 152 are set, LOCK signal 140 is
:enabled and output to the memory controller 58. The latches are reset by
activating the R-input, thereby disabling the latches from outputting the
"LOCK signal.

Under the fifth condition-listed above, either (i) data .is being. .-, .-

20 written by an I/0 controller 28 over I/0 bus 32 and to bus interface unit
64 faster than it can be written over system bus 76 to system memory, or
(ii) data is being read from the bus interface unit 64 by the I/0
controller 28 faster than bus interface unit can prefetch data from
system memory. If data is being written too fast by an I/O\controller,

25 residual data begins building up in FIFO buffers 125A-125D. If more than
half of the FIFO buffer space contains such residual data, a LOCK signal
140 is initiated by latch 152 to permit atomic transfers to system
memory. If data is being read too quickly from bus interface unit 64 by
I/0 controller 28 over I/0O bus 32, FIFO buffers 125A or 125B will empty,

30 meaning that buffers 125C and 125D are depleted of available prefetched
contiguous data. A LOCK signal 140 is thus output by latch 150 so that
the bus interface unit may prefetch data into buffers 125C and 125D.
Accordingly, at least half of the FIFO buffer 124 is maintained filled
with prefetched data.

35 Bus control logic responsive to the fifth condition is defined by
programming a 1-0-0 register content in the 3-bit register 130. Hence,
if the 3-bit register is programmed to 1-0-0,. NOR gate 154 will decode
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the system nenory or cache address ranges, and whether or not -parity or 35
error checking is supported by the bus interface unit. Accordingly,
programed |/O circuit 116 identifies for the bus interface unit 64 the
environment in which it resides, and the options to which it is.configured.
‘The registers in progranmed I/Ocircuit 116 cannot be  .BC9-91-089

.15 programmed directly over the I/0O bus 32. Hence, in order to programthe
system 10, the user nust have access to _an |/ O device which nay communicate
over the syst &M Bti€®t o the programmed 1/% circuit 116 at the CPU level’. 5
Menory address conpare |ogic 110 determines if a nmenory address corresponds
to system ne or._corresponds to _expansi o noy. ich is |ocategon I/O
devi ce 28 couglBa L8 e 17 BoBLE: 395 B3NS SRRl Mokl Birs 388" o s
the expansi on "HeRBYS" AefPabE YA Adh Edritd GusTP BIBLRS 51! d9dF esses, menory _
addr esSs conparespPridie td both fatk rded ceerprieral(kteyurpbr hOLE ofolqeas afors whi gh are
| oaded with beigudany anéfderaretite ppdrativns ggheSi@® S hh1E dhEoqit @grFagared. | / O .
circuit 116st@)i ndicate which boundaries correspond to which nenory. After
a particular nenory address is conpared with the boundary information by

the memory address, coppate LoalG, & ht‘?xebo“%dt”fs%r&aéiega Dijko LS1PLRRLed to
react accordi ggalﬂyas E%'g exatrrEﬂ &, tl'f ?th O fere 1252
g as at least two o e buffers 125A-125D are full.
Typically, this means that either buffer 1253 or 125B has been filled and
. f?éﬁ;ferred data to buffer 125C or 125D, respectively, and the other of
10 buffers 1252 or 125B is now being filled. In this case, data is in
either bufferIIZSé or 125D, or both, and can immediately be written to
. system memory. With lines 156. and 158 HIGH; then, AND gate 162 will set.
latch 152 which will then output the LOCK signal 140 to the memory
controller 58. The LOCK signal 140 will remain active until the R-input
15 of latch 152 is driven HIGH by the output of AND gate 164. AND gate 164
output goes HIGH if both buffers 125C and 125D are empty, thereby
indicating that there is no need to immediately write data to system
memory from these buffers.

During read operations, latch 150 will output the LOCK signal to
20 memory controller 58 when the latch 150 is set by a HIGH output of AND
gate 166. The output of AND gate 166 is driven high when (i) line 156 is
HIGH due to option 2 being active, (ii) line 168 is HIGH due to the bus
interface unit 64 detecting a read from system memory, and (iii) line 170
is driven LOW by NOR gate 172 at any time either buffer 1253 or 125B is
25 empty. A LOCK signal is initiated in this case because, with either
buffer 1257 or 125B empty, the contents of buffers 125C or 125D may be
emptied therein, leaving room in eifher buffer 125C or 125D for
prefetched contiguous data from system memory.. . i

The LOCK signal in read operations remains active until the R-input

30 of latch 150 is activated by OR gate 174. OR gate 174 is driven HIGH via
OR gate 176, NOR gate 172 and AND gate 178 at any time (i) the bus
interface unit 64 detects that there is no read from system memory or
(ii) either of buffers 125C and 125D is full and neither of buffers 1252
and 125B is empty. In either of these two cases, the LOCK signal is not

35 necessary, and, accordingly, the latch 150 is reset. BAccess to system
memories 24 and 26 is then controlled under the normal arbitration scheme
implemented by the memory controller 58. -
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15 device controlling the /O bus 32 is reading or witing to expansion
menory, the bus iinterface circuit need not pass that address to the nenory
controller 58, thereby saving tine and nmenory bandwi dth. Error recovery
support logic 112 permts the system 10 to continue operations even if a
data parity error is detected. On any read or wite 20 . access by an 1/0
device 28 to systemnmenories 24 or 26, parity of the data is checked.
Support |ogic 142 _d;nf racts with a register in the programmed |/O circuit
116 for capturing the address and the tinmg of the detected parity errof.
The contents of this register may then be acted upon by appropriate system
software. For exanpls,qg; U 38 may be 25 programred for a high yﬁVeI
interrupt to pull the té:(i %12,58%) oBEeiSt r%h%”"?"é’@‘i“ét%r"“ Bts egpprali Igicaspasity .
-error ,is det ec\tﬁ%d. ,pi"he _ '}‘Fa‘g)‘atl 1PEF g tessure s ddew dedchibesy shiem 5of t war e

i nstructions, WRETHEN {5°tiBticn Hnenings bervapet atsi @ias-s@sodMgk £ley; L €F M nat e
operation of tfEsirdrtien fis @edssauycy @fy dfhekapAk| teNatCEHeOlnveriPon is nor -2CHE -
snoopi ng | ogbc lididepes nfili@aﬁdﬂ&lbbﬁmﬁ&ﬁnﬁﬁisag&cﬁgu p&d Lo fmoni tof°% fie 1/0 bus
32 for any wites to expansion nenory by an I/ i

devi c€ taking place over
the /0O bus 32. The snooping logic first determnes if the wite to
expansi on nenory occurred in expansion nmenory which is cacheabl e in SRAM
40. If it is not cacheabl e expansion nmenory, 35 .there is no danger of
corrupt data being cached. |[|f, however, a positive conpare indicates.that
the wite occurred in cacheable...expansion nenory, a cache invalidation
cycle is initiated over the systembus 76. The CPU
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BC9- 91- 089 16 is thus instructed to invalidate
the correspondi ng address in SRAM 40. Cache snoopi ng Iogl c 114 pI’OVI des
nmeans to store the tive conmpare so tje

| /O bus may conti nuﬂ“mmm HII er detection of t [1é"HﬂS SHEEpHastSEEﬁ
conpare, thereby perfritting 8 c nt| nuous monitoring gf_t heREPDAGED 32.
present invention relates generally to the bus interface umt o descE] ed
above and nore particularly to the bus to bus pacing control |ogic 128 of
t'Ré “bus i nt er f ases-bnioks The paci ng controlsl ogic 128 is used to inprové the: -
ability of the I/O bus 32 to nove data in and out of 10 system.nerories 24
and 26 by dynamically controlling access of an I/O device to system rjehnry
System performance-is i nproved. by | ocki mjaimse access of an |1/ O device 28-in
control of the k/O husomditet Qysiks} ebipi®dIRg:y under certain predeterm ned
conditfons. The bus {&.RYs.fgci ng cont roI logic 128, in conjunction w tH:

FI FO 15 buff 124, is used 19{) Jf ¥ q?lch t-he tdataEtransfer tﬁged “of -

| /O bus controllers %G fhe Fata ?°n TCapasriet y° o S RE St ERthenory.
1f, for exanpl e_,syséeﬁf"@'ﬁr%ﬁ%‘bd“ﬁ"@“‘%@nf‘?‘&‘ﬂlé‘” ‘E?é'i’FCWdI e MY Pu&m nenory
faster than the systeernfraiprycessirgamée slecdthisaldyidornedtedayith lseidwdmber ed.
wite data wd | céntkdlréhesdil fcehtbalf padcsssind Anik2dBe aorpiehml yribekiataetd he

7 said system memory over said memory bus;

8 a bus interface unit electrically connected with said memory’

9 controller by a system bus;

10 an input/output device electrically connected to said bus interface,
11 unit by an input/output bus; _

12 said memofy.controiiér incorporating logic for arbitratinq between
13 said central processing unit and said input/output device to determine

14 which of said central processing unit and said input/output device should
15 be granted access to said system memory through said memory bus; and

16 said bus interface unit incorporating logic for overriding said

17 memory controller arbitration logic, said bus interface logic responsive
18 to a series of predetermined operating conditions to override said memory
19 controller arbitration logic and grant exclusive access to system memory

20 to said 1nput/output device.

2. The computer system of claim 1, wherein said bus interface unit

response to said series of predetermined operating conditions is

w N

programmable by a user of the system.

3. The computer system of claim 1 or 2, wherein said bus interface
unit determines if an address corresponding to a read or a write e
operation corresponds to a location in system memory or a location in

expansion memory located in an input/output device residing on said

»n B W N

input/output bus.

4. The computer system of claim 1, 2 or 3, 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
BetWéén said input/output device and said bus inEerface unit in
bandwidths of one, two or four bytes.

o W N =

“This Sheet Has Been Replaced
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20 data can be witten to systemnenory. |f the sf
controller can also read menory f
“can provide the read dat aﬁmnmﬂmﬂmmm wi ,
FI FO buf fers 125C and 125D Ih ¢€itMer Scase, the result is |ncreas
| at ency, and hence decreased performance, in data transfer- as'25 seen by
the I/0O bus 32. Typlcally ‘an |/ O.devi.ce controller will initiate a read or
wite operation and provi de a nenory address over the 1/0O bus 32 to the bus
i nterface uni tBABMI-@orcuit 110 of the bugt interface unit conpares this
address to a range of addresses programmed in circuit 116 to determ_r_ae |
30 the operation is destined for expansion nmenory or systemnenory. £1f it

i s deterni nédd Y-hat Teeheompyer arfton dfscldisti ded frof. ebgraksFad bvenery, bus to
bus paci ng @onintedfa¢cogric ib2@pooess aculll ngrtedsasyhdirenons, hioahreedotd .. -
prioritize 3Ccastagk nSy FhiRApPIBABLSY ténpoiaky tsbdrSgeC o dhtal Diformk{ion BOWRYEN ,*it 1S
determ ned thaf,;b Resdefdds Qha Wiat HpRDEEQLE 8.1 S destined for system 35
menories 24 or 26, and the’ predeterm ned conditions are net, the pacing
control logic 128 jnitiates a signa |ch rants an I/ 0O deV| ce 28 in
control of the® I/OT'beu§°m§‘2teEc?Hf'ieﬂL?§d°16?’"l ot I'b %e’a{’cﬁaélg StPR9e et e ifchiEier v .

BC9- 91- 089 2 at least two pairs of sixteen byte) huffeysg betiyafisaifcbuf fers teinoverri de to
the arbitratli owedrfanboihi gaalanmmmtomsatlons-

7. The coﬁputer.system of any one of claims 1 to 6, wherein one of
said predetermined series of.operating conditions occurs when a read

request by said 1nput/output device to said system memory does not allgn

W =

with a predeflned 51xteen byte address boundary in system memory

8. The computer system of any one of claims 1 to 6, wherein one of
said predetermined series of operating conditions occurs when said

input/output device follows a write operation to said system memory with

B W N =

a read operation to said system memory.

9. . The computer system of any one of clalms 1 t 6, wherein one of said

predetermlned series of operating condltlons occurs when said

W

input/output device completes a data transfer operation.

10. The computer system of ahy one of claims 1 to 6, wherein one of
said predetermined series of operating conditions occurs when said

input/output device is reading or writing to said system memory in a

Y- VI N B ]

streaming mode.

11. The computer system of any one of claims 1 to 6, wherein one of
said predetermined series of operating condltlons occurs when more than
half of the buffer space in said bi-directional storage unit is filled
with data to be written to system memory or more than half of the buffer
space in said bi-directional sterage unit is embty during reads from

system memory.

a b W N
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# he menory controller 58 during normal arbitrati

LI v _
predet erm ned conditions under which an 1/0 devi 'eT"i”§. tHAS BEEN QY ity
access to systemnenory are as follows: (1) a rgad r BD (preflfetch) by
~an 1/ O device controlling the 1/0O bus 32 is not aligned wtn Tedef i ned

16- byt e address boundary in systemnenory, (2) an I/ O device controlling
the 1/O bus 32 imediately follows a wite cycle with a read cycle, (3) an

| /O devi ce controbkéd-ggosdre |/ O bus 32 conpl gtes a.data transfer cycle, (4)
an |1/ O device controlling the 1/0O bus 32 is 10 reading or witing data in
streanmi ng node (40 megabyt es per second), or (5) nore than two of the four
16-byte buffers in FIFO buffer sd?2dondi®. tdci€aoly chiebirathygdsith data to be
witten to system nenory or | ess HRENCIOHAL 89S AMUITEGTRE 16- byt e buffers are
yet to be filled with prefetched data to be read from system nenory. % -
In the preferred enbodi ment of the presenipsifavention, the bus to bus paC| ng

control |ogic 128 operaaﬁﬁutup%;te&qgepqomgssc%nmgufgl gﬁtm.§emai}e%% {Ddes is

“the default node, m, Ragin g us contro r st
‘three conditions "Sted”k over FheSECond B thEs ¥ iBdtT o %‘f PR £ @

" det erni nes paci ng™™FY e ¥ 6HTH Pr°§fséél“%b‘fi'dl?F‘EﬁﬁlcaéWdc‘t"H%“z‘b"’cq‘h"rhd of
these npdes (opti Beregy cersrdien frasresdirionydfwitinhalaty £e khe pettedmeroriptsron. A
‘user of the syst emonhM;Se kist heerfpaciuny eedei¢Opt comedte@migptieon 2) in
addition to the depimt toftaailagbiMeRs Wi £Rydtae bsy,S iR LHpRRLip6a abytce

pr ovides. The ChOL.fe%t:llgall’i?q:gmgytegr&g&@msnﬂlté&@cecmtz %gta% ﬁlﬁnu@o&ppﬂ Lus

regl St er 130 ( not Tl’?ehn?élr\rllrcny contpolgtg'r 1ncorporat/e9 l(c:)clglrcc or arg'ltratlng getween the

central proce551ng unit and the input/output device to determine which of .

10 the centrai.processing unit and the input/output device should be granted
access to the system memory through said memory bus. The bus interface
unit incorpofétes logic for overriding the memory controller logic, in
response to a series of predetermined operating conditions, and grant
exclusive access to system memory to the input/output device.

[T Y.
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5 default pacing node is defined by a 0-0-0 register content; option 1 is
‘defined by a 0-0-1 register content; and option 2 is defined by a 1-0-0
regi ster content. As explained above, the default pacing |ogic handles
pacing for the first three pacing condlt}gr Under the first condition, an
I/ O device 30 28 requests a read of sys menories 24 or 26 which is not
aligned with a particul ar 16-byte packet ~boundary, neanlqa that the read
request is for data addresses mhlch begi n sonewhere W pi'H the boundaries
of a 16- byte-packs S d Ner-& ghed—wi-t h the boundaries of

a particul g : : théOsysten1bus aﬂﬂ ess ge eratldﬁ/dﬁkcﬂli 118
35 woul d sijmy S Fhandard—16=0yg e bur e TatT IO _
ei t-her buff ) gﬁyﬁﬁp'; D, h ddtali s not packet.
al i gned, tH 5 ef et chef u%? ﬁ%???ﬂle 1,1 2, .3, 4 byte cycles.
To BC9- 41- OB SLH-€ Bét this data is -
prefetchedj-i He—F2O device 28 to
system memgry : al-by prefetched to
arrive at g 16f byte boundary ] ess fthan 16-bytes is then
synchroni zgd to O bus 5 32 and the 1/0O device
controller |l Sxele In pqnavubl ‘W th tlhe. 1/0 device
controller 1 :
BOFFEBLIBUFFER]
W v
22
CONT| _____ - ADDR) __DATA
20/{. ______ ———— —_— SR |
4
. - CONT r-—-[
MEMORY ADDR 1 1
CONTROLLER DRIVER CONT 11
. L.
667
pata [BUFEER/ |26
8 DATA £cC - lpata | _MEM L~
21 180 . 71"7 32 TR -
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30 soon as the 1/0O device controller relinquishes comtrol of the 1/0O bus
32, the pacing logic 128 will generate a signal to the nmenory controller to
indicate that data in FIFO buffer 124 exceeds one transfer in length (i
greater than 16 bytes) and needs to be witten to system nenories .24 or 26
‘Use of the lock signal 140 in this condltggg i nsures the I'@éast 35 .anount
of latency between the |/ O controller rel ing control of the I/O bus 32
and the bus |nterface un|t 64 [gbga5|ng control of system bus 76.

BC9- 91- 089 - w3 19 The default |ogic which responds
to the first three condltlons -realized by algorithnms which are built -~
into the hardware oft<ihe bus i efface unit 64. Typically, state machi nes

may be used to inpl &gent the regacred logic, as is known in the~art. The
pacing | ogic mhlch responds ﬁghv fourth and fifth |isted conditions is
al so realized by alggorithns. wh e built into the bus interface unit
hardware. Figures 43and 5 ill uej Qf circuit diagrans used to inplenent
parti cul ar enbodlneﬁ@§tpf the Bus_ t~§ bus pacing control logic 128 for
option 1 and optiong,<g respecgh (9. 10 Referring to Figure 4, the
bus to bus pacing cont | ogi © &@r inplenmenting option 1 (relating to t
fourth condition desénubed adeeggconprlses a clocked S R latch 132, ANREJ
gates 134 and 136, am@ECR gate , .
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¥38. At any tine the latch 132 is set (S-input active), the latch outputs a
LOCK signal 140. The LOCK signal 140 provides an I/O device 28 15 in
control of the I/O bus 32 continued access to system nenory when the 1/0
device 28 is reading or witing data.to system nenories 24 and 26.in
streaming node. Streaning refers to data transfers of a stream of .data
havi ng conti guous addresses whrein only'kh% first address needs to be
decoded and the subsequent. addresses are considered{{@be contiguous. 20
Upon detection of a stream ng data write-operation é§ he | ogic-of Figure
4, and either of FI.FO buffers 125C or 125D is full W& a 16-byte packet of
buffered wite data, the lock signal is activatedj mdeg burst wite *
sequence is initiated to system nenory over the sus bus 76 afid wi ||
remain active until the 1/0O device 28 terminates thelstream ng 25 sequence
or until there is no data remaining in the F(FO buffgrs. Simlarly, upon
detection of a stream ng data read operationn the j gnak.i s activated
and a burst read sequence is initiated to sy m nd wll remain
active as long as there is roomin the FIFO or unt |/ Qlevi ce 28
term nates the stream ng sequence. Bus control__30 128 sponsive to
streaming reads or wites is defined by 1 0-0-1 regqister
content in the 3-bit register 130. Hente, e 3-bit register is
programmed to 0-0-1, AND gate 134 wi || —de e the content of the register

and provide a HI GH option 1 enable line 142 al so be H GH as
long as the bus interface unit 64 detects 3 icular I'/O device

28 in control of t | O bus 32 is aiting o
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er reading data in stream ng node. Because |lines 142 and 144 are H GH
during this tinme, AND gate 136 will set the latch. 132 to output..LOCK
signal 140 any tinme output 146 of OR gate 138 is H GH BC9- 91- 089

20 Qutput 146. of OR gate 138 is H GH when either (i) the 1/O device 28 in
control of the 1/0O bus 32 issues a stresgggg data read request (-read
operations) or (i) either of 16-byte bu s 125C or 125D in FIFO 124 is
full (wite operations). In either of these instances, and with lines 5
142 and 144 HI GH as expl ai-ned above, the latch 132 will override the |,
arbitration scheme of nenory controller 58 by providing the nmenory .7°
controller wth a LOCK signal 140. Whenpever the |/ O device 28 indicates
that it is no longer transmtting rg@ﬂfpr wite data in stream ng node,
line 148 goes HI GH, thereby resettiqgahe |atch 132 and effectively 10

di sabling the logic of Figure 4. Re€f®ing to Figure.5, -the bus to bus
control logic for inplenenting oﬁgiUﬁEQ (Pelating to the fifth condition
descri bed above) conprises clocked | atches 150 and 152, each of which
is controlled independently by. se |l ogic paths for read and wite
cycles. At any 15 ti j ches 150, 152 are g,

LOCK signal 140 is enagl ed and output to the trq&!er 58. The |
latches are resg % e, S (o)
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activating the Rsinput, thereby disabling the |atches from out putt| oG
‘LOCK signal. Under the fifth condition -listed abo '
. being - - 20 witten by an I/O controller 28 ove LA
interface,unit 64 faster than it can be witten ov
system nmenory, or (ii) data is being read fromthe
the 1/O controller 28 faster than bus interface un
systemnmenory. |If data is being witten too fast by ¥

residual data begins building up in FIFO buffers 1R5A- 125D.
hal f of the FIFO buffer space contains such residual data, a LOCK signal

140 is initiated by ImCerQngom¢ F@Jmcwpwnafﬁﬁm system nenory.

If data is being read too gu Wj§ it 64 by I/0O
‘controller 28 over I/0 bus 32 FI FO burfers 125A or 1258 will enmpty, 30
meani ng that buffers 125C and 125D are depl eted of avail abl e prefetched
contiguow‘g A LOCK signal 140 is thus output by latch 150 so that the
bus inte Gt may prefetch data into buffers 125C and 125D.
Accordingly, -at |east half of the FI FO buffer 124 is maintained filled with
prefetched data. 35 Bus contr ol |c responsive to the fifth

condition is cfb?‘?’ﬁ%‘&f%?ﬁ sfﬁ”bbsrl?fﬁﬁ’} %P“?LPIGF S NEMOEY, ARG A IGmOTY [rentsoller;
: ggglesagz(éﬁl T gon “além'gfac%gs% o sysEen{ G 1y by | SelO% § %rc%joryobu]s_ &_09,’ a coml

processing unit (38) electrically connected with the memory controller (58) for reading and

-3

writing data to the systefn memory over the memory bus (30), a bus interface unit
electrically connected with the memory controller by means of a system bus, and an
input/output device (28) electrically connected to the bus interface unit by an input/output
bus (32). The memory controller (58) incorporates logic for arbitréting between the central
processing unit (38) and the input/output device (28) to determine which of the central
process'mg unit (38) and the_ input/output device (28) Shbuld be granted access to the system
memory through said memory bus (30). The bus interface unit (64) incorporates logic for
overndmg the memory controller lqg!13 mmrgsponse to.a series of predetermined operating

conditions, and grant exclusive access to system memory to the input/output device (28).

Fig.1
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hal f of logic of Figure 5 5)-. During wite operatifo
OR gate 160 will also be H G1as long as at |east
125A- 125D baving gpntigupypaddresses in ithat merpory, lithiatbeaeficimtroalicwe the
has been filled and transferred data to buffer 125C or 125D, respectively,
and the ot $RIRPlgte iiompyltmle packeb Gansfer afxdata beforrelessingconfrp) ofithel membisbusse,
data is in_ejt buf fer 125C or 125D, or both, and can imedi ately be
witten totostbggg:m“enory. Wth lines 156 and 158 HI.GH, then, AND gate 162
will set latch 152 which will then output the LOCK signal 140 to the nenory

controller 58. The LOCK signal 140 will remain active until the Rinput 15

of latch 152 i ' I : 164. ) ate_164

out put goes HIﬁl Hfﬂgl?)%%’ @gf@ée(l}lé&iﬂg% a%%m%&?ﬂ?;%@éﬁ&;& npﬁgﬁg fets to |
i ndi cat i ngsysfeat nde t SomtFubeE hehfors TR Y| G Bk %ah i 3 ffe] 3 M JTENDT Y
fromtheseyguffers. ari ng read oper-amirgns, @at#l&@ew I g&{ﬂ%ﬁ?ﬁ)?%eo?w(
signal to #GessetoDmenicryt isOktagfedSh WSTHNE TBS Ginel 20qiiRdSfr M &oﬁh%d .

out put of AND gate 166. The output of AND gate 166 is driven high when (i)
line 156 isubsequent data transfers between system memory and the I/O device is minimized

SN

because memory accesses are optimized when addressed to the same page of system
memory. Upon completion of the last data transfer between system memory and the I/0
device, the CPU may then be granted control of the memory bus in order to complete its

read or write operation. Overall, such system operation results in a data transfer time

saving.
SUMMARY OF THE 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 an information
handling system, comprising: a system memory; a plurality of system resource devices;
a first bus coupled to the system memory and the sysfém resource devices for
transferring data among the system resource devices and the system memory; a second
bus coupled to the system resource devices, said system resource devices coupled to the
second bus being capable of controlling the second bus by arbitrating for control with
other of said system resource devices; and a bus interface unit coupled between the first
bus and the second bus for providing data transfer capability therebetween, said bus

interface unit including a buffer for temporarily storing data to be transferred between



H GH due to option 2 being active, (ii) line 168 is gkt
interface unit 64 detecting a read from system neno
is driven LOWby NOR gate 172 at any tine either bufifg
enpty. A LOCK signal is initiated in thig case becaysd
125A or 125B enpty, the contents of buffers 125C or
therein, leaving roomin either buffer 125C or 125D |f G

cont i guousthelfirst Puscardsthet sependebis wndmtrekiggleftg@me aHng @eengek signploRle
e Szén'gvcifﬁgfs&sltaéx!‘réﬁﬁ” Ficss Japgeigid o) Of (BoGRPL Dy 51 ST ARt o
178 at t o d
ff om syt Spnirdhf e, R o0 el PR depet o B0 et JBlouk 8 ficyiod figm' ©*

h f 1
The. Lock ACEsssing! e £06 BRC 4 bonfrof B4 iy yndffca §*‘ﬁ€5rﬁr%ﬁ‘fb1§%%5ﬁ
reset. ACGR3Rafif OF&is FaftesdnRiond bafbes thd first Bﬁs"axf@th& s6ddo b 16 endrlie

normal arbitration schenme inplenented by the nmenory control

BC9- 91- 08%aid control signal. 22 Accordingly, the preferred
enbodi mrent of a bus control logic systemfor conputers having dual bus
architecture has been described. Wth the foregoing description in mnd,
however, it is understood that this _

H
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description is made only by way of exanple, that the i
limted to the particul ar enbodi nents descri bed herein
i nformation handling system conprising: a system nmenofy
system resource devices; a first bus coupled to the syg
system resource devices for transferring data anong the
devi ces and the system nenory; a second bus coupl ed to}t
devi ces, said systemresource devices coupled to the se¢cond bus being
capabl e of controlling tlﬁ&@;e d. hus h %b,mr j CONTrol wth other
of said systemresource cﬁgzg(a 1&0&@ i aﬁgg&v coupl ed bet ween
the first bus and the second bus for providing data transfer capability

t her ebet ween, said bus interface unit including a buffer for tenporarily

storing dat aI tgqq?%@f t 5@9%&%}5@ lﬁg&mﬁ%{gﬂtp%ﬁaj ﬁﬂﬁ&siﬁ{éﬁx 16

d )
and control or generating a cofitrol sign af ter one aslys em
resource GRuisRSulifSorducRd abQRiing to e priRifECH e BrSeltIndimioh, L0 gai n
control of the first bus, thereby preventing other of said systemresource
devices from accessing the first bus, said control |ogic being dynamcally
responsive to signals indicative of data transfer conditions between the
first bus and Riguwe sk isoadchomaticoblgek eizgram <ofi te bustinteiface gmitlof tBe compler
system of claim 1, wherein said bus interface unit further includes a

system of Figure 1;

VTR

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

Figure 4 is a circuit diagram of the control logic used to implement one of the

embodiments of the bus to bus pacing logic of Figure 3; and

Figure 5 is a circuit diagram of the control logic used to implement another

embodiment of the bus to bus pacing logic of Figure 3.



programmabl e circuit in which those data transfer cqmdi

control logic to dynam cally generate said control §i
3. The system of claim 1, wherein said control |ogi iﬁg\lk@zﬁﬁf
paci ng node | ogic for determ ning whethes a read requést by Sai n

predefined sixteen byte address boundarv of the sysiem nenor
nan cally o MERALED DESERETRON SHf The PREVERR b DRk

[JJOT1 3 o v
systemof claim1l, wherein said control logic includes default pacing node
| ogic for determ ning whether said one of said systemresource devices

ai d syst om medgrraRcrpDr Hakl, 3 PoRiRke Rtal Bhdlt deladyy S0P RRRANS" 1 °

response t . i 1,% i g ; i

i ncl udes 32%‘& ?"%gc}zn;‘m&m‘?é&fsg%g ga?gﬂfﬁdfemt'er m ni ?\6; %%?%grlﬁggﬁﬁsobﬁe ggfogsai d
syst em r epRHIGE 16eXid Vasd) portich M Betdfedted ak Pproéaasi’ RicaloBes 20 9 &edl TRk
dynam cal 'y generating said control signal in response thereto. 6. The .
syst em of cohmeécror122. witescessor partibnc b bperhtes ags® MHZ hndibase [poetiorny 18 opératds dt 0gi C
for determ ning whether said one of the systemresource devices is reading
or witingOtMHzai d system nenory in a stream ng node and for dynanically
generating said control signal in response thereto. 7. The systemof claim
1, wherein said control logic includes pacing control logic for




detecting a capacity of the buffer and for dynamcally W
control signal—aecordimg t0 the detected capacity. 8. REPE y ET

1, wherein sai rises an i nput/output (I Toa=
system resourc !m& u to the €8cond bus conpr{s Idg devi ces.| 9.
The system of eseih said first bus supports puf sty SNOEIWE [of

read or wite data between said bus iE;’Me unit and gal system nendr
i n bandwi dt hs of up to sixteen bytes, erein said § nput/output bus
supports transgf 4 I hetween sai d i Nputrottpuet—deni-cd
and said 605 H@?ﬁaéfogzﬁP&%ﬁg'%ﬁw%gﬁggo “one, two and four bytes. 10.
The system of 5Ghglm hemdfigrei n sai d buffer conprises a dual ported,
asynchronous, bidirectional storage unit. 11. The system of claim 10,
wherein said atpmRtey ofdystenfdsoitos deficéseast two pairs of sixteen byte
buffers, said at |least two pairs of buffers being used for both read and
write operatianfirst bus coupled to the system memory and the system resource devices for

transferring data among the system resource devices and the system memory;

a second bus coupled to the system resource devices, said system resource devices
coupled to the second bus being capable of controlling the second bus by arbitrating for
control with other of said system resourbe devices; and -

a bus interface unit coupled between the first bus and the second bus for providing
data transfer capability therebetween, said bus interface unit including a buffer for
temporarily storing data to be transferred between the first bus and the second bus, and
control logic for generating a control signal after one of the system resource devices has
gained control of the second bus in order to gain control of the first bus, thereby
preventing other of said system resource devices from accessiﬁg the first bus, said
control logic being dynamically responsive to signals indicative of data transfer
conditions between the first bus and the second bus to generate said control signal.

2. The system of claim 1, wherein said bus interface unit further includes a
programmable circuit in which those data transfer conditions that cause the control logic
to dynamically generate said control signal are programmable.

3. The system of claim 1, wherein said control logic includes default pacing mode
logic for determining whether a read request by said one of said system resource devices
to s;id system memofy does not align with a predefined sixteen byte address boundary of
the system memory and for dynamically generating said control signal in response
thereto.

4. The system of claim 1, wherein said control logic includes default pacing mode

logic for determining whether said one of said system resource devices follows a write
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operation to said system memory with a read operation to paid system memory and ffor

REPLACEMENT SHEERT
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dynamically generating said control signal in response thereto.
5. The system of claim 1, wherein said control logic includes default pacing mode -
logic for determining whether said one of said system resource devices has completed a
data transfer bperation and for dynamically generating said control signal in response
thereto.’ _

6. The system of claim 1, wherein said control logic includes pacing control logic for
determining whether said one of the system resource devices is reading or writing to said
system memory in.a streaming mdde and for dynamically generating said control signal
in response thereto. |

7.  The system of claim 1, wherein said control logic includes pacing control logic for
detecting a capacity of the uuffer and for dynamically generating the control signal
according to the detected capacity.

8.  The system of claim 1, wherein said second bus comprises an input/output (I/0)
bus and the system resource devices coupled to the secoud bus comprise 1/0 devices.

9. The system of claim 8, wherem sa1d ﬁrst: bus supports burst transfers of read or
write data between said bus mterfacp umt and sald system memory in bandwidths of up
to sixteen bytes, and wherein said mput/output bus supports transfers of read or write
data between said input/output dev1ce_ and said bus interface unit in bandwidths of one,
two and four bytes. |

10. The system of claim 1, wherein said buffer comprises a dual ported, asynchronous,
bi-directional storage unit.

11. '- The system of claim 10, wherein said storage unit includes at leust two pairs of
sixteen byte buffers, said at least two pairs of buffers being used for both read and write

operations.



