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FOR»BUS# NTERFACE UNIT Field of the Invention The present inverRiHdf "rQeIGO@g
to bus to bus interfaces in a5 conputer system having dual bus
architecture, and nore partlcul arly to a bus to bus interface unit and

met hod for tenporarily storing data being transferred between two buses of
the system Background of the Invention Generally I n conmput er -systens and
especially in pers Brrap? &%Errputer 10 systems, ldata is transferred between
vari ous system devi ces such as a central processing unit (CPU), nenory

devi ces, and direct fenory accesin&%\ﬂg cont r ol lalddltlon data is
TR

t ransf erred bet ween expansion elé€ put (11O devices,
and between these |/ O devices and the varl ous system devices. The I70

devi ces and the system 15 ‘devices comuni cate_wi th and anongst each other
over conputer buses, which conprise F$Erlelltole¥iBict ors al ong which
information is transmi Thedrdserfminyastiof releves ¢ by e dus irter£aass &1 asever al
destinati ons. Manycabutlehesyssestiamingeub bss arttlitebeurk/ Ghdlestiegestizanrtyypalkl e of

serving-as bus congf0ld SdsSidtbrBee ubi@Ving Gl fab GAbr&ANf s8drifd18ata TR €r

systen) and 20 b“§ra§|f%¥1%§ Jermgn ’tw§L§s”§”tf5the ch.are controlled by bus
controllers). Personal nput er tens havi nd’ nore than one bus are known.

Typically, a local bus | s prow ded over which the CPU com‘rum cates with

cache rrermry or a nmenory control |l erBac D us is provided
: Generally in computer systems and espec1a11y in personal computer

10 systems data is transferred between various system devices such as a
central processing unlt {CPU), memory devices, and direct memory access
(DMA) controllers. 1In addition, data is transferred between expansion

'_elements such as input/output (I/0) devices, and between these I/0
devices and the various system devices. The I/0 devices and the system

15 devices communicate with and amongst each other over computer buses,
vhich comprise a series of conductors along which iﬁformation'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 contrdliers (i.e., devices which can control the computer system) and

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

Personal computer systems having more than one bus are known.
Typically, a local bus is provided over which the CPU communijcates with
cache memory or a memory controller, and a system 1/0 bus is prov1ded
‘over which system bus devices such as the DMA controller or the I/O

25 devices, communicate with the system memory via the memory controller.
The system I/0 bus comprises a system bus and an I/0 bus connected by a
‘bus interface unit. The 1I/0 devices communlcate with. one another over
the I/0 bus. The I/0 devices are also typically requlred to communicate
with systeﬁ bus devices such as system memory. Such communlcatlons must

30 travel over both the I/0 bus and the system bus through the bus interface

un1t

f}fh passing data between the system bus and the I/0 bus, it is often
neceesary to be able to accommodate devices coupled to one or both of
'said: buses which operate at significantly different speeds and in
35 different modes of data transfer. Forfevampleéngh%ﬁe may be devices
' to the I1/0 %us thatgwrxte in. baqﬂwldahsiéfi; 2 and 4 bytes. On
the otggr hand, the'system Bus may be capable of transfering 16 byte
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over which system bus devices such as the DVA controller, or the I/O 25
deviFces, *communi cate with the system menory via the nenppy

system |/ O bus conprises a systembus and an 1/ O bus conpé
interface unit. The I/ O devi ces conmuni cate with one anof her @EPLAGE[F I/O

bus. The 1/0O devices are also typically required to comumni
bus devices such as system nmenory. Such conmuni cations nust 30 travel (__)ver

both the 1/0 bus &¥°ti85system bus through? he bus interface unit. In
passi ng data between the systembus and the I/O bus, it is often necessary
to be able to accommpbdate devices coupled to one or both of said buses

whi ch operate ‘at ®PYBFET °E RTIYRLAPT froplaatt 1ss oy &8s RREFt| arsmissdeast BHEM B hodes
of data transfer. quiterfagkanpoesovérheiteisnustebdedestileds wangfbed tedattindyl / O bus
that wite in banduégdtdmsurtfofldatd el chtYib@S adarédied. hesuer hednshanebuld be

SySt em bus may be dgﬁgﬁgleeangflegg @ﬂéfc%ﬂéumg\ 1)65 P&'}/L&e accdm Pﬁﬁ&?k&h@&t having

| nf or mat | On In Xmg 1t ape ues{jlélrscg.flc ﬁc'lres locaFCh are quite fast.
Mor eover, i s° of f SRTHES P ABT P Afs er Ferativery large armount of
dat a from cont I guous addresses. Such transfer woul d be -desirable and | ess
time consunming if it Vime Stdomplessanpdhali atyolttefraniention defusen ithe eystem equest
specific to each aadfemss/d Peald le tbhHifdlel dath SrdiefeRSRAdN FérdaRt rafky and in

i nterconnection bgi ¥eaR: WhgsSY $haMDUS gnﬁLsLAQlJO@ﬁatb&t@l@Leu;rgfmgaﬂ e data

transfer at di ffer?f‘lcmn@fye?o/?rom contlguofu]; adgresses w:L?hsout EHIJJ.Q&I;@Q a\I I:ransfer

10- request for each location.

Accordingly, it is an objeéf of the present invention to provide an
efficient data buffer between a system bus and an I/O bus which will
transfer data effectively and efficiently at different transfer rates and

‘in different modes.

5 - : Summary of the Invention
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 meniory bus, a central processing unit coupled to said

.20 'memory_éohtroller, said central processing unit being able to read and
write data to said system memory over said memory bus, a bus interface
unit connected with said memory controller by a system bus, at least one
input/output device connected to said bus interface unit by an
input/output bus, said bus interface unit including a bidirectional data

25 storage un1t to provide temporary storage of data being transferred -
between said system bus and said input/output bus during read and write
operations. Further according to the present invention there is provided
a method of controlling access to system memory in a computer system,
comprising the steps of providing a memory controller coupled to a system

30 bus for arbitratiné between a centréi-processing unit and an input/output
device coupled to an input/output bus to determine which of said central
processing unit and said input/output device should be granted access to
system memory to perform read and write operations to said system memory,
providing ‘a bus interface unit between said system bus and said

35 input/output bus to pass data therebetween, temporarily storing data

being transferred between said system bus and said input/output bus when

>
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desi r abl et hat data be transferred efficiently to/from contiguous addresses
without initiating a transfer request for each |ocation. S OF THE

I NVENTION It i.s an object of the present invention to aneli d'rt-ﬂsg;.;gpy: H?}
more di sadvant ages of the prior art. According to one aspeg¢t of B
i nvention there is provided a conputer system conprising: Systef-Jelfiry;
menory controller fgd-gaRdsrol ling access to system nenory, said system
menory and said nmenory controller connected by a nenory bus; a central
processing unit coupled to said menory controller through a local bus, said
central processing sHiitdabe bObsaniiesdres ol Griask sat amdf grosn endeswbdihg data to

said system nenory puele.salkd. gealindug,and said nenory bus by performng
read and wite operations; a bus interface unit connected with said nenory

controller by a system bus; at |east one input/output (I/O device

connected to said bus interface ufFieties € SRV ding data from
and witing data to sai 8imystein asaenytiovdprcksdiagrdnus ¢ gerppfegcyysteni t; sai d
bus interface unist indéedpushitingy & bl dhte@fdck QRB coldtAicBdd0icagAingtd thed0 provi de

temporary storage of.iflabash@ 0 feahsfgbiRdLet ween said system bus and
said 1/O bus during read and wite operations perfornmed by said at | east
one |1/ O device, said bidirectional storage unit conprising (i) a first pair
of buffers connected i nFEMFs dsispeaheattis Hlerk dierisofatty Baitat i M bas,
and (ii) a second pteercomfutizyffsses of Fagwretled i n series between said 1/0 bus
and said systembus and in parallel with said first pair of buffers, each
of said buffers in eachrQfres3iid PALdeRatiCipDerUSRErhYr ik FHrFeEldcongt chlab@
transfer between sajd system b eri%&‘r% said 1/0 bus wherein first and second
sets of data "

Figure 4 is circuit diagram of the control legic 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.

15 " Detailed Description of the Preferred Embodiment

Referring first to Figure 1, a cgﬁputer system shown generally at
10 comprises system.board 12 and processor complex 1l4. Processor complex
includes processor portion 16 and base portion 18 connected at processor
local bus 20 via local bus connector 22. Processor portion 16 operates

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

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

25 . 32. -Commﬁnications between I/0 devices énd memories 24 and 26 are
handléd by 1I/0 bus 32, system bus 76 and memory bus 30. I/0O bus 32 may
conform to ﬂICRO CHANNEL# computer architecture. Memory bus 30 and I/0
bus 32 are connected to processor complex base portion 18 via processor
complex connector 34. 1I/0 devices such as mem6ry expansion devices may

30 be connected to the computer system 10 via 1/0 bus 32, System board 12
may also include conventional video circuitry, timing circuitry, keyboard
control_tircuitry and interrupt circuitry (none of which are shown) which
may be used by computer system 10 during normal operation.
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3 originating on either one of said systembus or said I/O bus and desti ned
for *transfer in one direction to the other one of said system bus or said
|/O bus are transferred to the bidirectional storage unit so that (a) said
first set of data is stored in one buffer of one of the pairs of
series-connected buffers, and (b) (1) said stored first set of data
contained in sard folp(H b? fer of one of the pairs of series-connected
buffers is transfefred t0 the other buffer in said one of the pairs whil e,
si nul taneously, (b) (2) said second set of data is transferred into one

buffer of the other %Lc%gssgpr}:g?tqgr?(iié Q@é:ro %sc}?‘uéotnﬁe§ 14%@.{1.%[39 cQﬁk@an sai d

first pair of buffers sai d con fers |s c ect ed
to said system busprmé%f‘chng ‘f“l§a(|cﬂl) SYEREh l&oﬁ’ffé%’iré?je ufi BFS cap a%lnbe%of

si mul t aneousl y tr aHSF@FPGeRtr RYPELblrefron ntels \IoE e HidsH the A&i"dr%ﬁsh‘ﬁ‘af’ﬁnanot her
aspect of the presias. | Preeerspoporther ¥ kbsopimoludele dtatiqrwardonl aofese gararyl | | ng
data transfer betwaRmM)assySRcHERRL YodGRNES CEr@ghehey BoniAl Midulrliss  andlr &ls

| east one input/ ougmgkgtr id 68 aﬂ@\ﬂufﬁr%nnﬁ%f%& Qoaaamar/l@sb&aia ReAmEQoPUt er
system wherein sal

up
interface unit conff¥t i hgs‘g]efs i“% Jr°ln pd’?h B%Jfaf"grcgn E%nﬁ'gbfma l%npag'g%?‘
bet ween said 1/0O. b‘?i‘§a antpreaiiep B‘Véf Shhase Provifed keteen il 35aiSRAH A0 3pd Fé"ras
connected in seri gsfiat seedddasd ibfo@alhiig patls SAiack syayided iptweearaivise,
paral l el with s@i tcabke 8éntpali siodafe EBIEfdCiRIress AR 480d copr hffolghtidhepaheps

of : transferring fds sl ﬁ@%dﬁ@%%@eé@&ﬁs@fca@!ﬁé @onQEdl%d&@ié wanFe%h&cW O bus
and destined for trapmfler My qneAgglg ! &‘ﬁ n a}(ﬁs_m? D bus _acros sal d
bus interface uni tBy° (8T eimp orarlﬁc’as‘}i’oa Sss‘?;ud FostsE o data in
one buffer of one ¥f H’ﬂ‘é‘df)daf’?%’“é‘fca%? F%r‘%}o’mﬁ‘é@t S UFPE4Y: simul t aneousl y,
(b) (1) transferring said stored first set of data contained in said one
buffer of one of the psAarsicOfrogidies @scaciNnREtRfl bPHtbERg ih Ghbie tahhenodyuf f er

in said one of 15 information from either system memories 24 or 26 or from expansion memory
which is located on an I/0 device 28. Cache control module 42
incorporates random access memory (RAM) 56 which stores address locations
of memories 24 and 26. CPU 38 may access information cached in SRAM 40
directly over the local bus 20. Frequency control module 44 synchronizes
20 operation of the 50 Mhz processor portion 16 with the 40 MhZ base portion
" 18 and aléo contrdls the operation of buffers 46 and 48. Accordingly,
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
25 ‘to allow two writes from memories 24 and 26 to be stored simultaneously
therein. Buffers 46 and 48 are bi-directional, i.e., fhey are capable of
-latching infofmation which is provided by the CPU 38 and information
which is provided to the CPU. Because buffers 46 and 48 are bi-
.directiqnal; processor portion 16 of the processor complex 14 may be
30 replaced or upgraded while maintaining a standard base portion 18.

Base portionils.includes memotry controller 58, direct memory access
(DMR) controller 60, central arbitration control peint (CACP) circuit 62,
bus interface unit 64 and buffer/error correction code (ECC) circuit 66.
Base portion 18 also includes driver circuit 68; read only memory (ROM)

35 70, self test circuit 72 and buffer 74. System bus 76 comprises a data
information path 78, and address information path 80 and a control
- information path 82. The data information path connects buffer 74 with

bus interface unit 64; bus interface unit 64 with DMA controller 60 and



the pairs;, and (b) (2) transferring said second set of data into one buffer
of ‘the other series-connected pair of buffers; (c) transferring said second
set of data fromsaid one buffer of said other series-connected pair of-
buffers to the other buffer of said other series-connected pair of buffers;
and (d) (1) transferring said first set of data over said systembus from
said other buffer in said one of the pairs of series-connected buffers

3a while simultaneously (d) (2) transferring said second. set of data over
sai d SyStEHIbUSBF%BHPgéid other buffer of %aid other series-connected pair
of buffers. Brief Description of the Drawmngs Figure 1 is a schematic bl ock

di agram of a CoRpILE/cOLElEM FOCRLPAIALYRG: AcllU3 do/\seh 8 WRldesSopst r uct ed
according to the{ﬁ)rl ncqlmp es of the ]Er,es n |nVﬁ¥t|on; Flgure .2 ig.a
schemati c bl ock 8 43r atieototHa BEE T HPRPr Y cE U coBY °t A8 CH Pt BT syst em of
Figure 1; Figur &3 fegnectsreneqyatdntroblascie withgihrrerotine 6k1apbbluf fer of the
bus interface unrnterfrce Rnjup®: 2nd Bisginterfded sniti gdcwiith bdffay?am of t he control

| ogi ¢ used to inplement one of the enbodinents of the bus to bus pacing

logic of Figue 3 aifbrl GHERIRL % Feafdes Gl forflBOLAM G LBGnEAPLER! | 00T C
used to inpl em_egt g%ce)gntaermghrg:e)oq%rrené] of .1he bus t?rbbgfbngag&sng’te&géé: of
Figure 3. Detai P& De8¥ PST16A BF Fhé® it B SR B dneEn
unit 64 (pn behalf of an I/0 device 28) with access to system memories 24
and 26 via memory bus 30. The memory controller 58 initiates system
memory cycles to system memories'24 and 26 over the memory bus 30.
10 During a system memory cycle, either the CPU 38, the DMA controller 60 or
bus interface unit 64 (on behalf of an I/0 device 28) has access to
system memories 24 and 26 ¢via memory controller 58. The CPU 38
communicates to system memory via loéal bus 20, memory controller 58 and
“ memory bus 30, while the DMA controller 60 or bus interface unit 64 (on
15 behalf of an I/0 device 28) access system memory via system bus 76,

memory controller 58 and memory bus 30.

For CPU 38 to I/0 bus 32 read or write cycles, address information
is checked against system memory address boundaries. If the address
.information corresponds to an I/0 expansion %emory address or I/0 port

20 address, then memory controller 58 initiates an I/0 memory cycle or I/O
port cycle with an 1/0 device 28 (via bus“interfaée unit 64) over the I/0
bus 32. During a CPU to I/0 memory cycle or I/0 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 inte;mediate

25 these two buses. The I/0 device 28 which includes the éxpansioﬁ memofy
to which the address corresponds receives the memory address from I/O bus
32. DMA controller 60 and the bus interface unit 64 control the
interchange of information between system memories 24 and 26 and
expansion memory which is incorporated into an 1/0 device 28. DMA

30 controller 60 also provides three functions on behalf of processor
complex 14. First, the DMA controller 60 utilizes a small computer
subsystem control block (SCB) architecture to configure DMA channels,
‘thus avoiding the necessity of using programmed I/0 to configure the DMA
channels. Second, DMA controller provides a buffering function to

35 optimize transfers between slow memory expahsion devices and.the
typically faster system memory. Third, DMA controlletr 60 provides an
eight'channel,'32-bit, direct system meémory access function. When
providing the direct system memory access function, DHMA controller &0 may



Referringifirst to Figure 1, a conputer system shown generally at 10

conpfi ses’ system board 12 and processor conpl ex 14. Processor conpl ex

i ncl udes processor portion 16 and base portion 18 connected at processor

| ocal bus 20 via | ocal bus connector 22. Processor.portion 16 operates at
50 MHz and base portion 18 operates at- 40 MHiz. System board 12 i ncl udes

i nterl eaved syst edf8hPi es 24 and 26 and i fiput/output (1/0O devices 28.
Communi cati ons between nenories 24 and 26 and processor conplex 14 are
handl ed by nmenory bus 30, and communi cati ons bhetween | deyi and
processor conpl ex S &P E BYP 19985 bl 3%"” TATL ?@a 7%5%? retg@ween 1/0

_ ' 32 Comun
devi ces and menor iferstions dac prrasmRed HPade 1ByFhiFOts RiRgeentrallerat hus 76 and
menory bus 30. | f@chimaB? aralave dortheChY 88. MCRGeCHANKES, BEnparteqller 60
architecture. Meaodelf BustBdsanth kysbbs Rdta, CinConiniofe doitdoJIeOB@SSOr

Comﬁl ex base pogtianlReyicd MOEHERIE 69@%@4 X, fﬂ‘@w&?ﬁ s3€onal o AsMi ctes 0
such as menory expansiqn. gevices .may be connec o_the co r system
via I/0 bus 32. S% "el%e ggrus 515 fikey A sfgrﬁqn%%u%gn}(?oﬁe é%tef ocgﬁl&g'i deo

circuitry, timng circuitry, keyboard control circuitry and-interrupt
circuitry (none of whi®tp aiguihéviinctilng las rthy absters & the B@nputedlsyst em 10
during normal operpad BOAce bus EnBrddiert Bad the CPU (if accessing I/0 devices). 4ACP
Processor portion c#@u&f 6PLQCERS Urb GPAMbE Kok fo1l Bichiides o OB IcBherP1IQE@E ST NY
unit (CPU) 38 which, 10 the,preferned emod MBN.vides, 3naeBhlines which

devices may control the I/0 bus 32 and the length of time during 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.

15 Driver circuit 68 drives this information based upon the number of single
in-line meﬁéry 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.

20 - Buffer circuit 74 provides amplification and isolation between
processor complex base portion 18 and system board 12. Buffer circuit 74
utilizes buffers which permit the capture of boundary information between
1/0 bus 32 and bus interface unit 64 in real time. Accordingly, if

 computer system 10 experiences a failure condition, buffer circuit 74 may

25 be éccessed by a computer repair person to determine the information
which was present at connector 34 upon failur?lof the system.

ROM 70 configures the system 10 upon power-up by initially placing
" in system memory data from expansion memory. Self test circuit 72, which
is connected to a plurality of locations within base portion 18, provides
30 a plurality of self test features. Self test circuit 72 accesses buffer
circuit 74 to determine if failure conditions exist, and also tests the
other major components of base portion 18 upon power-up of the system 10
to determine whether the system is ready for operation.

Referring to Figure.2, a schematic block diagram of the bus
35 interface unit 64 of the system of Figure 1 is shown. Bus interface unit



m cropr ocessor avail able fromliIntel, Inc. under the trade designation i486.
Processor® portion 16 al so includes static random access memory 5 (SRAM
40, cache control nodul e 42, frequency control nodul e 44, address buffer 46
and data buffer 48. Local bus 20 conprises data information path 50,
address information path 52 and control infornmation path 54. Data

I nformati on pat hs Bgs-@tiacprovi ded between CPU 38, SRAM 40 and data buffer
48. Address information paths 52 are provi ded between CPU 38, 10 -cache
control nodul e 42 and address buffer 46. Control-information paths 54 are
provi ded between CRY rE6idenithebodntionlimpiochnkatidp ofifible presepicirgsntéamey ol

nmodul e 44. Addi t i op@dviyingasl 8f-@SEectivblalC Rithl Pled Ntorsatd barneepaiyhtenclive 78r oui ded
between cache cont @} pppdsl e 42 and SRAM 40. SRAM 40 provi des a cache
function by storing in short termmenory 15 information fromeither system
menories 24 or 26 or from expansi on menpr i ch cated on an,l/Q

devi ce 28. Cache contrcﬁ"srfﬂb%lfécﬂ'f‘“r%o’t"ﬁﬁﬁd&‘i é%““tf"'hﬁ'dsogﬁlﬁ?fg’éeé’gwﬁﬁr‘f"bﬁ‘i‘lt( RAM)
56 whi ch stores addPdsy 0 Beadrivarérastiver ebrduils 104y anthepnixgl. logig digeuily access
i nformati on cached elértSRANydédnokct &L theyehewesen ! himrivar¢eeceilyers cd@uitFte@quency

control nodule 44 amgéwsoguezﬁﬁg agglcqm@aahire&soslgme é&lbéauzfrlaﬁ QEE TP Eem
portion 16 wth t hggs A|¥h4he aﬁ%rogna gus J.rzq:ezaﬂce uxfisc o%prgi rlF%l% (.I pﬁu?%ﬁé ation

of buffers 46 and term nes
the tinmes at whi chr?‘i"?f‘(‘ﬁsnﬁ'{g’i‘a&ﬁ fram the, P‘dFr @H%ﬁ?%ﬂ’?‘f‘e‘?"gtr&% lagig C&S"“dfs f¥fe

times at which Lhf gineats the sivarlsitp §teomélem bust Hhes /D bsf dniveryrecgiverwri tten.
Buffers 46 and 48 airevixond4 fji¢ields Zheertiiny Bdgi©whichGiivdckd @fgmnbYsoraceBedrfres 24

and 26 to be store@hesuwi,asaﬁee&&wa ﬁ}@;ﬁ@m buBUint &eScedGifRht4d Bdfe

bi -directional, @ir’cu h% % gw%?‘%@ a?s grom the bus interface unit control logic
- circuits and directs the signals to the I/0 bus 32.

15. The bus interface unit control logic circuits include system bus to
~ 1/0 bus translation logic 106, I/0 bus to system bus translation logic
108, memory address compare logic 110, error recovery support lqglc 112,
"and cache snooping logic 114. Programmed I/0 circuit 116 is also
electrically coupled to system driver/receiver circuit 102.

20 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 I/0 bus 32 and
thereby communicate with I/0 devices 28 acting.as slave devices on the
'I/0 bus. Translation logic 106 translates the control, address and data

25 lines of the system bus 76 into similar lines on the I/0 bus 32. Most
control~signals and all address signals flow‘fram the system bus 76 to
the I/0 bus 32 while data information flow is bi-directional. The logic
which acts as system bus slave monitors the system bus 76 and detects
cycles which are intended for the I/0 bus 32. Upon detsction of such a

30 cycle, the system Eus.slave translates the timing of signals on the
system bus to I/0 bus timing, initiates the cycle on the I/0 bus 32,
waits for the cycle to be completed, and terminates the cycle on the

"~ system bus 76.

The I/0 bus to system bus translation logic 108 comprises system
35 bus address generation circuit 118, I/0 bus expected address generation
circuit 120, system bus controller interface 122, FIFO buffer 124, I/0



-

| at ching information which is provided by the CPU 38 and i nformati on which
I's provided to the CPU. Because buffers 46 and 48 are bi- directional,
processor port+em—16 of the processor conplex 14 may be 30 replaced or
upgr aded whil e maintaining a standard base portion 18. Base portion 18

I ncl udes nenory controller 58, direct nenory access (DMA) controller 60,
central arbitrati Qe Genipsol point (CACP) cirgcuit 62, bus interface unit 64
and buffer/error correction code (ECC) circuit 66. Base portion 18 al so

i ncludes driver circuit 68, read only menory (RQW 35 70, self test
circuit 72 and bufhekihd. intéeadectvsluag be6 t6 WP Paéidy ddntlal doginfi@BMasisten pat h

78, and address ip,0r m&sﬂ@r @eéebfa%Q 1899y Juofdrt b hh bé%%&&m'mlea(m . The

data information p ne interface bus
interface unit 64 2il&t'ﬁu'r r° 1 ‘%?Ffa%fm%ﬁt V\%&Hz Lbéfi) g or B3, Efghe

5 buffer/ECC circ@prd s%““ahﬁebm‘fbé’fsltli‘@ée @nd eug o euwittﬁs §9§f’é%ﬁ$e'rﬁ§ﬁ es 24
and 26. The addf egse prdvédedat Kihbysaslavenmuket frge 386 mpwitoisnther HAtbued2far h each
connect nenory corpérations dedtimddt for HYkveCavtide@! dnCthe 68 stemtbud Ut andt Rihérace uni t

64; and bus int erftm;e d;s@iatuo@é bl PHS 8k 808 32, 20 cyél@”"?{c)ée& bgol ler

58 resides on both [ stem rQvi des t.he CPU
38, the DMVA controTl %'85 Qlav l{éterpaceq %8 eﬂassfggﬁ tfon be%a? of ananld/O

device 28) with a(’fE"e§Y§tf”bb‘é’yg‘i"éfﬁlﬁ"é’nﬁ’r"F’éféc"Zﬁzzand 26 via menory bus 30. The

menory controller 58 initi.ates system
10 The I/0 bus to system bus translation logic 108 provides the means

required for an I/0 device 28 to act as an I/O bus controller to access
system bus 76 and thereby read or'write to system memories 24 and 26. 1In
either of these operations, an 1/0 device controls the I/0 bus. The
asynchrbnous I/0 bus interface 126, operating at the speed of the I/O

15 device, permits the bus interface unit 64 to act as a slave to the I/0
device controller on the I/0 bus 32 to decode the memory address and
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.

20 The memory controller 58 (Figure 2) acts as a slave to the bus interface
unit 64, and eithér provides the interface 64 with data read from system
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.

25 © As shown in Figure 3, FIFO buffer 124 is a dualvported,
asynchronous, bi-directional storage unit which provides témporary
stofage of data information between the éystem‘and I/0 buses 76,

32. FIFO buffer 124 comprises four sixteen-byte buffers 125A-125D and
FIFO control circuit 123. The four buffers 125A-125D buffer data to and

30 from'I/O bus controllers and system bus slaves, thereby allowing
simultaneous operation of the I/0 bus 32 and the system bus 76. The FIFO
buffer 124 is physically organized as two thirty-two byte buffers
(125A/125B and 125C/125D)." The system bus controller interface 122 and

- the I/0 bus slave interface 126 each control one thirty-two byte buffer

35 while the other thirty-two byte buffer operates transparent to them.

Both of the thirty-two byte buffers are utilized for read and write

operations.



menor,y cycles to system nenories 24 and 26 over the nmenory bus 30. 10
During a system nenory 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 system
menories 24 and 26 via nenory controller 58. The CPU 38 comunicates to
system menory via |ocal bus 20, nenory controller 58 and nenory bus 30,
whil e the DVA congdgodil-g¢ss 60 or bus interface unit 64 (on 15 behalf of an
I/ O device 28) access system nenory via system bus 76, nenory controller 58
and nmenory bus 30. For CPU 38 to I/O bus 32 read or wite cycles, address
informati on i s checke@aaQOfirdSbaesySise MmseNaLsh aaidiresairmwtdﬁ:tées«th&n t he
address i nf or Mal | AReGORIEARPHAGbALAY JkD A RARSLAR PRIDLY Bddaess o |10

port 20 addr ess, astspc{c:.ﬁterge{?f% gnent I‘O % r%‘nsg rrecflagrom t?x‘e Iétg Qusm?ggr yFI?C}I(:l €

or 1/O port cycle W vice over
the |/0 bus 32. DBfrin§readatelyithbe /aef%%?cy“f&bltée &% PYyeysditt ixftiled the
address whi ch Bs Yit\p dwrtest of detgopyovidast ok [the a8Beisss taragertiguone f ¥om
system bus 76 t o0 dohQ@obtigud? adiesbUS debdc@éd RE EhelliddiesdactdvnG thé Fsiodesa
expansi on memory T ehp Q“Sﬁﬁ“eﬂeia'*? o eIl U Clhe PR MGRS

X i y | Vv
address from /0% 93 v %%?:Orﬁ Tot %(5 }E S BUE™ °°?téLF"f°§?:e H‘Zs%/ 64
control the int erFéﬁ%ﬁésea ‘b‘flllcﬁf’iif‘?ﬁaﬂ‘fsérﬁsb@f%é% ddsingih Hedbfibed yathigy 26
and expansi on laerhytes ehdets. ios dnather por-gontdguiont eddupss| {sOiatestiede PHO 2R 30
control ler 60 al-salptien dessfehrtee starag ditans exvohiebm| éndafirpuesresmos  conpl ex
14. First, the DMRam@Niol &boletatll thbd,| iZeSpdsHIRIdo LAY € e8dtbEy Bfe@M

control bl ock ( SEBIci@r Fich &Sk gBouk O dgg_g; iqgir e DMA channel s,

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

continuous read or write function.

Horeover, by splitting the 32 byte buffers intc two 16 bytes buffer
sections which are coupled'to other I/0 bus 32 or system bus 26, the
number of storage buffers can be increased with minimal impact on the

20 performance of thé FIFO as related to the Eapacitive loading on signals
cldéking data in or out of the storage registers. This is accomplished
because for every two buffers added (in parallel) only half the
capacitive loading is added to the loading of clock.signals on each bus.

Additionallj, by having two 16 byte buffers in éeries in each leg,
25 once one of the 16 byte buffers is filled with data, such as in a read
operation, the data can be transferred to the other 16 byte buffers in
series therewith, while the other parallel leg is accumulating data.
Hence, there is no time lost in either accumulating data, or transferring -
the data from one bus to the other.

30 The loglc for controlling the operation of the FIFO 124 is supplied
by FIFO Control Circuit 123.

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

- via I/0 bus in bandwidths of either 1, 2 or 4 bytes (t.e., 8, 16 or 32
bits). During writes to system memory by an I/C device 28, the first

35  transfer of write data is initially stored in the FIFO buffer 1253 or



t hus ,avoi di ng the necessity of using progranmed |/O to configure the DVA
channel s. Second, DMA controller provides a buffering function to 35
optim. ze transfers between slow nenory expansi on devices and the typically
faster system nmenory. .Third, DVA controller 60 provides an ei ght channel,
32-bit, direct systemnmenory access function. Wen providing the direct
system nenory acggsg;Jighcti on, DVA control her 60 may BC9-91- 105

6 function in either of two nodes. In a first node, DVA controller 60
functions in a programed |/O node in which the DVA controller is
functional Iy a shesse trRe tebdsPlipadted hidrass ganeaation dixculMR0cwddulalek cthe 60

i tself functions ?ﬁ &p(?z*s. eS@ bmlﬁgést eJddrésQ Wik eC R x\bn 1 giitlu$ QldrREs -6 S

bitrates f sle, VA
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control | ers antd Ph&ritpldaty s gentetss thegsame @Iﬁé\wfée%)l?-"wséi r € 1FB2

recei ves ar bitrareceivesahaty ot asyngirahsis fapedis DMPurC on 40 okdabyted ®er Eecondgrenor y
control |l er 58 assmmldheagobtonrl / O devices, and determ nes which devices may
control the 1/0O bus 32 and the Iength of time during whi ch the particul ar

device wll retain cqgtrglﬁdeqsg ctont is ““Q%j]‘sﬁh"%‘iﬁh{ uit ?rol \élr dgg O

control information and 15 e ry con
syst em nenori es ?’ifhaf‘nbs E%te packet of information or a non—contlguous address is

10 detected. On- the next clock cycle, assuming that buffer 1254 is full,
the data in buffer 125A is transferred to buffer 125C. Similarly, when
buffer 125B is full, all of its contents are transferred to buffer 125D
in a single clock cycle. The data stored in the buffers 125C and 125D is
then written to system memory via an i486 burst transfer at the system

15 bus operational speed. The operation of FIFO buffer 124 during a write
to system memory by an I/0 device is thus continuous, alternating between
buffers 125A and 125B, with each emptying iﬁto adjacent buffer 125C or
125D, respectively, while the other is receiving data to be written to
system memory. The FIFO buffer 124, then, optimizes the speed of data

20 writes to syStém memory by (i) anticipating tﬁe address of the next

. likely byte of data to be wrltten into memoty and (ii) accommodating the
maximum speed of write data from the FIFO buffer to system memory via the

system bus 76.

During reads of data from system memory to an I/0 device 28, FIFO
25 buffer 124 operates differently. The system bus address generation
circuit 118 uses the initial read address to generate subsequent read
addresses of read data and accumulate data in buffer 125C or 125D.
Because the system bus supports transfers in bagdwidths of 16 bytes wide,
the system bus controller interface 122 may prefetch 16-byte packets of
30 contiguous data and store it in buffers 125C or 125D without the I/0 bus
32 actually providing subsequent addresses, thus reducing latency between
transfers. When buffer 125C is full of prefetched data, it transfers its
contents to buffer 1252 in one clock cycle. Buffer 125D similarly
empties into buffer 125B when full. The data in buffers 1253 and 125B
35 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

controller device to stop prefetching data,



15 Driver circuit 68 drives this information based upon the nunber of
single in-line menory nodul es (SI MVs) which are used to construct system
menories 24 and 26. Thus, driver circuit 68 varies the signal intensity of
the control and address information which is provided to system nenories 24
and 26 based upon the size of these nenories. 20 Buffer circuit. 74
provi des anplifi cagteBi-apsl i sol ati on betweeniprocessor conpl ex base portion
18 and system board 12. Buffer circuit 74 utilizes buffers which pernmit the
capture of boundary information between 1/0 bus 32 and bus .interface unit
64 in real time. Accor diuBgloyhusidacingrmoutrel legisti@dnctGtesk pdieftencassess foai | ure
condition, buffer gidtehlimbmof¢ FBRYighOspeb1ACERNSGEM e BusCRNPIst Picine @Rk fol
person to determ ne, b6,k %M&EI&@ n\emamexm Bhesaet aaﬁt&&megéh%e 34 upon

failure of the syste res the,syste up. r-up by
initially placing |’F1rp§'“ ??g%ag%wm atg {o g? Co“"mine)émtm ol rﬂg el f test -
circuit 72, which P%‘“E‘Hﬁ\%é? SECeED Séif*ﬁ?‘ ey dB‘fmF 66%{’Ff°(5ﬁs°fv§lattﬁlbﬁ Bsies

portion 18, providéwig® whiciplrequatd eyitidle spélies | exthef geanialbeynatifg|afeasede
circuit 72 accesseshemdnbfy caitfallint 58 Bethi@endeie €701 daGick fand @hd upe Cibagli édeBNS
exist, and also tegig foba alhes smgrthgoewqgsqt;en&a sPe5 Eanréﬁoppon

- f th t
bperation Referr) Ry TEoR bt 8759 Judfiaflerdf pssiial r%w::‘éﬁ ;Egc;;ﬂe
€ duni t

interface unit ¥4 b f%B“SSS’/%‘EEGrrF‘B‘Fr% pgtel?p yidl §ﬁm}mthe

control of the memory bus.

The programmed 1/0 circuit 116 is the portion of the bus interface
unit 64 which contains all of the registers which are programmable within
the bus interface unit 64. The registers have bits associated therewith

15 to determine whether a particular register is active or inactive. These
registers define, 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

20 error'checking is supported by the bus interface unit. Accordingly,
programmed I/0 cifcuit 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 programmed I/0 circuit 116 cannot be
programmed directly over the I/0 bus 32. Hence, in order to program the

25 system 10, the user must have access to an I/0.device which may
communicate over the system bus to the programmed I/0 ‘circuit 116 at the
CPU level.

Memory address compare logic 110 determines if a memory address
corresponds to system memory or corresponds to expansion memory which is

30 located on I/0 device 28 coupled to the I/O bus 32. Because the system
memory as well as the expansion memory may be in non-contiguous blocks of
addresses, memory address compare logic 110 includes a plurality of
comparators which are loaded with boundary information from registers in
the programmed I/0 circuit 116 to indicate which boundaries correspond to

35 which memory. After a particular memory address is compared with the
boundary information by the memory address compare logic, the bus
interface unit is prepared to react accordingly. For example, if an I/O
device controlling the I/0 bus 32 is reading or writing to expansion .



BC9- 91- 105 : 7 64 provides the basis for

i npl énent ation of the present invention by providing a bi-directional high
speed interface between systembus 76 and 1/0O bus 32. Bus interface unit 64
i ncl udes system bus driver/receiver circuit 5 102, 1/0O bus driver/receiver
circuit 104 and control logic circuits electrically connected therebetween.
Driver/receiver circuit 102 includes steering logic which directs signals
recei ved fromthe ecgsiel®bus 76 to the apprd%riate bus interface unit
control logic circuit and receives signals fromthe bus interface unit

control logic circuits and:10 . directs the signals to e m s 76 /0O
bus dri ver/grecel Ve r G P“Sl(‘)’zfef‘%éf SEE s Pe PRSP T O t;'aq v(\i/ﬁlyg%ﬁet t%l

signal s recei ved fmeearytagattp}ier Bis thereby seviag &ifs 6&'1“‘8?"@! B3pdrifthe er f ace uni t
control logic circuit and receives signals fromthe bus interface unit
control |ogic circuitseraé rébotedgtSipddd€ 164i@NA2Spelrmith tBe kfsPerb G t3Zontlibue

The bus interface watloﬁs)%érpif bagis p&z';"tfléhto? isné‘étH&@d SXﬁté‘nmﬁah@ of Qritk O bus

translation |ogjc Sscb 2 SysStembus transl at gfo menory
address conpar ek access fio"‘“ e(U reco%/e? st%em upport 19 A llpfg{tgn éc%a?che

snoopi ng | ogi ¢ 114?“"" 2 Gbercéerﬂ‘re&“‘?pf’ﬁ APFE it 12@%"’?% "‘&%56 ragistery i &hY v
coupl ed to syst empdearymmed ¢ eingait tiér fari ¢apiu@2ng P address and Fhee timesefethebus t o
| / O bus transl at i @etecogl garifyterpbaVi e cohfratSTBANRBI s AGikdtEL flayl EHentHacackbdA

controller 60 or ijs SEEYYrERRtdy2tdnClosBrd ONrdph@e Othe Y RBhaylik aCt as a
system bus_contj o, %;anxngd@ £53g 96,4 QIVG, 54 AR LhGeghy, SRMBiglcate with

|/ O devices 28 ac as sl ave Vi ce
eg1 ter at any time a parity error is detected. The CPU may then

decide, based on the system software instructions, whether to continue
system operations or merely terminate operation of the identified source

of the parity error.

15 Cache snooping logic 114 permits the bus interface unit 64 to
monitor the I/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,

20 there is no.dangef of corrupt data being géched. 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
is thus instructed to invalidate the corresponding address in SRAM 40.
Cache snooping logic 114 provides means to store the address of a

25 positive compare so that snooping of the I/O bus may continue immediately
after detection of the first positive compare, thereby permitting
continuous monitoring of the 1/0 bus 32. - )

Bus pacing control logic 128 is used to improve the ability of the
30 I/0 bus 32 to move data in and out of 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/0 device 28 in
control of the I/0 bus 32 to system memory under certain predetermined

" conditions.
35 The bus to bus pacing control logic 128, in conjunction with FIFO

buffer 124, is used to optimally match the data transfer speed of 1/0 bus
controllers to the data transfer capability of the system memory. If,



/O bus. Translation logic 106 translates the control, address and data 25
lines of the systembus 76 into simlar lines on the 1/0O bus 32. Most
control signals and all address signals flow fromthe systembus 76 to the
| /O bus 32 while data information flowis bi-directional. The |ogic which
acts as system bus slave nonitors the systembus 76 and detects cycles

whi ch are intended for the 1/0O.bus 32. Upon detection of such a 30 cycle,

the system bus ST @¢e-9ri8hs| ates the tining df signals on the system bus to
/O bus timng, initiates the cycle on the 1/0 bus 32, waits for the cycle

to be conpleted, and term nates the cle on the system e |1 /0 bus
to system bus trarfsf éﬁ"‘Bgn'l %éﬁ%:' F8 génffi”f”s"eéerscagt%ﬁ# E gﬂszc:ggag}a:g%
generation circui tfasteB thiy ErenErs Ly B tFIRFItRy ST gB AT S P 0" PPEETYE 120,

syst em bus cont rolvkite dana @itlafidl the FI0| R@Edyafl28)-125Bcomglepely beBeg Y. 105
8 bus sl ave i nt er faaeecdh2fe andtdaus fyatdalitemfxyCi 1§ tboRbneohigh el 1/28. System
bus controller inteihaner 122 a5dPRA istadsdh GPs R mbrfBaSRr IRadbfstedt byt e)

| 486 burst pr ot 0C Rlu APkl nelad e, (LA cleBMEL L ot UEas SbGNT. aNd

si xteen bytes in Qur nd Q fes 1 n no-burst. no are
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t hose operations desthmtd f/orbustsd. 1/ O bus 32. Al cycles picked up by

10 Typically, an I/0 device controller will initiate a read or write
operation and provide a memory address over the I/0 bus 32 to the bus
interface unit 64. Circuit 110 of the bus interface unit compares this
address to a range of addresses programmed in circuit 116 to determine if
the operation is destined for expansion memory or system memory. If it

15 1is determined that 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
memories 24 or 26, and the predetermined conditions are met, the pacing

20 control logic 128 initiates a signal which grants an I/0O device 28 in
control of the I/0 bus 32 continued priority access to system memory.
This signal acts as an override to the arbitration grant signal output by

the memory controller 58 during normal arbitration procedures.

The predetermined conditions under which .an I/0 device is granted
25 priority access to system memory are as follows: (1) a read request
(prefetch) by an I/0 device controlling the I/0 bus 32 is not aligned
with a predefined 16-byte address boundary in system memory, {(2) an I/0O
device controlling the I/f0 bus 32 immediately follows a write cycle with
a read cycle;, (3) an 1/0 device controlling the I/O bus 32 completes a
30 data transfer cycle, (4} an I/O device controlling the I/0 bus 32 is
reading or writing data in streaming mode (40 megabytes per second), or
(5) more than two of the four 16-byte buffers in FIFO buffer 124 are
already filled with datas to be written to system memory or less than two
of the four 16-byte buffers are yet to be filled with prefetched data to

(2]
w

be read from system memory.

In the preferred embodiment of the present invention, the bus to

bus pacing control logic 128 operates under three modes. The first of



the /0O bys slave interface 126 are passed on to the FIFO buffer 124 and
the system bus controller interface 122. 10 The 1/0O bus to system
bus translation |logic 108 provides the neans required for an |I/0O device 28
to act as an I/O bus controller to access systembus 76 and thereby read or
wite to systemnenories 24 and 26. In either of these operations, an I/O
device controls the I/O bus. The asynchronous 1/0O bus interface 126,
operating at the spg@dsiiod he 1/0 15 device, ;permts the bus interface
unit 64 to act as a slave to the 1/0O device controller on the /O bus 32 to
decode the nenory address and determne that the read or wite cycle is
destined for systemimBimbiedsis?heOlierdfit maudUlLi2H) @OLUShiMes  bdtenes Y5 b0l
controll'er interfacg, lgg ?E%ﬁéetégﬁd%&s'1%1%&%%9&.U‘th e6cé‘m{5§f ?@se%de%
controller on the s st,emugu .2 [he nenory confro Fer . |gure 2)
acts as a slave to {HEBuY ﬁﬁf’é‘}lf‘%?cﬁacﬂl’?ﬁ forg e é’ﬂﬁthe%lﬂfgr“ﬁ‘?’ﬁﬁ“de? tthe
interface 64 wth dHtiad oéddeder pades oitdon Ak deteymipes pacingeforgtheafifh tigsedem
menory. The reads aashdiMibd.eSA ugerSyfstiRmysediDndy cbeseaditipratigathdé Hepaiighi t he
FIFO buffer 124, a bl gediodlpgh aimRfionVeé Ghe asSeabild peldgahoal vhitn R Wystes. 25
A$ Shown In Figure gitoyﬁltfcgl%xto%ade;.zllﬂeschat‘)igeu?‘sl m?cfgrb equ %%Q&Q?eong#gﬁts
bi -di rectional storage unjt “wnic rovi des { enpor ar st%rage of data
i nformati on between® ﬁé.’g’fs’f?@hite‘éﬁgo 1Py Ffiqumds iy progesomedr /8 (GipFHit d6 -1 Slhe
conpri ses four sixtedpul\raeingoieds depiiad b9 3D0-AnY rEYiFEr comtientyl ortiiencliiis 123,
The four buffers1012&A4irkd 5y Oofd-erreditter tontantd 30 opficorn is @flmed yontrobl ers
and system bus sl avagistthebhye.al | ow ng si nul t aneous operation of the I/0
bus 32 and the system bus 76. The FIFO
As explained above, the default pacing logic handles pacing for the
first three pacing conditions. Under the first condition, an I/0 device
28 requests a read of system memories 24 or 26 which is not aligned with
15 a particular 16-byte packet boundary, meaning that the read regquest is
for data addresses which begin somewhere within the boundaries of a 16-
byte packet. TIf the read data were aligned with the boundaries of a
pafticulaf 16~byte packet, the system bus address generation circuit 118
would simply do a standard 16-byte burst transfer of the data into either
20 buffer 125C or 125D. However, if the read data is not packet aligned,
the data must be prefetched using multiple 1, 2, 3, 4 byte cycles. To
insure that this data is prefetched in the most efficient manner, access
by the I/0 device 28 to system memory is locked while enough data is
automatically prefetched to arrive at a 16-byte boundary. This rgad data
25 of less than 16-bytes is then synchronized to the timing of the I/0 bus
32, and the I/0 device controller begins to read the data.  In parallel
with the If0 device controller reading data, the system bus address
generation circuit 118 will prefetch the next contiguous 16-byte packet
before releasing the lock signal to system memory. Because this 16-byte
30 packet begins at a predefined boundary, a burst transfer is possible.
Thus, two transfers of data are performed without interruption. Use of
the lock signal 140 in Figure 4 in this condition insures the least
amount of latency between when a device on I/0 bus 32 requests data and
when bus interface unit 64 prerides data, and the most efficient use of

35 pages made system memory.

Under the second condition, residual buffered write data may exist
in FIFO buffers 125-125D when the I/0 device 28 changes from a write
transfer to a read request. Once the I/0O device bus controller changes '



buffer -124; is physically organized as two thirty-two byte buffers

(125A/ 125B and 125C/ 125D). The system bus controller interface 122 and the
|/ O bus slave interface 126 each control one thirty-two byte buffer 35
while the other thirty-two byte buffer operates transparent-to them Both
of the thirty-two byte buffers are utilized for read and wite operations.
BC9-91- 105 : 9 Each_FI FO 124A, 125B, 125C, 125D

has an address regiB§¥-8t-18%ction either physidally associated with the
respective FIFO, or logically associated therewith. As data is transferred

fromthe 1/0 bus 32 to FIFO 125A, the data wi |l be o mul ated until the 16
byte buffer is fil IF6% &Y 11 a_L6é153ytp§§m8f°°ﬂ'§fh,1°‘ﬂ)’1'°0@| a‘{éaﬂf‘ﬁ‘éf PR 280 esses
are contiguous. | Pf ZYHEMAEAFEGEDbUD2hdresss ramiyar'Edtectrthytotitestomft ¥ss
action, the FlI FO 126AFIf0| Buffara¥?4f end thes Shordeth dahev banflrE@ed28Cromnd at
the same time Fl FOsds2aBmiolkiesSisast 24.0 el M€ il inSwrl @l ol e bt iBRME
non- conti guous aﬂdﬁﬁﬁg-daa FO;heal ¥yl for GRBAINGURNd Hodre R it Gh bebrdhshaunt i |
it is filled wt }%ﬁlo w_bl %egs Of sge%t’%m or’ %n&_ltehreerad non- gont i guou. gdress
is detected. FIFO 1758 V\”‘{ et St anardr Fhestor éa - gat & to El E%SP 75D,
and Fl FO 125A agai ATSERPEETY d° SPOAETYRCREr2HRls, it is possible to store up
to four 16 byte bl ocks of non-contiguous address data. Further, by having
two 32 byte buffers in upédratheedhitdhéntaradh, mgsadmdl buffered data may also exist in
FIFO buffers 125A-125D when the I/0 controller device relinquishes
10 control of the I/0 bus 32. 1In this instance, such residual data must be
written to system memory before releasing the system bus 76. If more
than one of the FIFO buffers 125a-125D include such residual data, as
soon as -the i/o device controller relinquishes control of the I/0 bus 32,
the pacing logic 128 will generate a signal to the memory controller to
15 indicate that data in FIFO buffer 124 exceeds one transfer in length
(i.e., greater than 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
ahount of latency 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.
20 The default logic which responds to the first three conditions is
realized by algoriihms which are built into the hardware of the bus
interface unit 64. Typically, state machines may be used to implement
the required logic, as is known in the art. The pacing logic which
responds to the fourth and fifth listed conditions is also realized by
25 algorithms which are built into the bus interface unit hardware. Figures
4 and 5 illustrate circuit diagrams used to implement partiéular
embodiments of the bus to bus pacing control’logic 128 for option 1 and

option 2, respectively.

Referring to Figure 4, the bus to bus pacing control logic for
30 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 anf-time 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

in control of the I/0 bus 32 continued access to system memory when the

(1Y)
wm

1/0 device 28 is reading or writing data to system memories 24 and 26 in
streaming mode. Streaming refers to-data transfer to the same address,



15 witing of data can be toggled between themthus giving an essentially
continuous read or wite function. Mreover, by splitting the 32 byte
buffers into two 16 bytes buffer sections which are coupled to other I/0
bus 32 or system bus 26, the nunber of storage buffers can be increased

wi th miniml inpact on the 20 performance of the FIFO as related to the
capaci tive | oading on signals clocking data in or out of the storage
registers. This is aseermbi shed because for eygry two buffers added (in
parallel) only half the capacitive loading is added to the |oading of clock
signals on each bus. Additionally, by having two 16 byte buffers in series
in each leg, 25 ongEchren ok dcb@plndyhdre Yubdi@y Shdnsadeh Itk @dsap thafiéant such
as in a read operat j@Resskhie data can be transferred to the other 16 byte
buffers.in series therewith, while the other parallel leg is accunul ating
data. Hence, there is no tine lost in either accunul ating data, or
transferring the data f/ BfR BFFE°HAR °f G streadngésta vygte operation Ry, thq Jogig of o
control ling the opeFfimuioA, ghd ehiheroFGIAQufiferssiziplor dd5this RIEiGhnat Yeobyte
Crcuit 123. A paytpeuéabs baffeti@virdes dfallBye Wodk Sighdl fysdtOratsEERy b @8rs24 Or

t2)6t VI) a ID{JO bus i nt bMQngédgtﬁceois @mttmgd %o sgstq,r, mémJ;ytoeé fe- %stem%uslﬁt 9@532
ItSs rrng wites,,to st e n evi ce L LS
lFL c'i'lJIe ‘F{%{% {.l'(x)e?/ Ie/% dev::. % I'._elr%a es tfhe s%i

transfer of wite data nitial
sequence or untll there is no data remalnlng in the FIFO buffers

Similarly, upon detection of a streaming data read operation, the lock

10 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 sequence. Bus control
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,

15 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
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

20 during this time, AND gate 136 will set the latch 132 to output LOCK
signal 140 any time output 146 of OR gate 138 is HIGH.

Qutput 146 of OR gate 138 is HIGH when either (i) the I/0 device 28
in control of the I/0 bus 32 issues a streaming data read requesf (read
opérations) or (i) either of 16-byte buffers 125C or 125D in FIFO 124 is

25 full (write operations). In either of these instanteé, and with - lines
142 and 144 HIGH as explained above, the latch 132 will override the
arbitration scheme of memory controller 58 by providing the memory
controller with a LOCK signal 140. Whenever the I/0 device 28 indicates

~ that it is no longer transmitting read or write data in streaming mode,

30 1line 148 goes HIGH, thereby resetting the latch 132 and effectively

disabling the logic of Figure 4.

Referring to Figure 5, the bus to bus control logic for
implementing. option 2 (relating to the fifth condition described above)
comprises clocked S-R latches 150 and 152, each of which is controlled

35 independently by separate logic paths for read and writé-cycles. At any
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



BC9- 91- 105 10 125B. The 1/ 0O bus expected
address generation circuit 120 cal cul ates the next expected, or contiguous,
address. The next contiguous address-is checked agai nst the subsequent 1/0
address to verify if the-subsequent transfers are contiguous or not. If
contiguous, the second byte or bytes 5 of wite data is sent to the sane
FI FO buffer 125A OLcq 145Bs The FIFO recei vesyrdata at asynchronous speeds of
up to 40 negabytes per second fromthe 1/0 bus 32. This process continues
until either buffer 125A or 125B is full with a 16-byte packet of
information or a n;uaixeomgitguoumpaddﬂes&yi & sdflingl edecTiteitks £rGm obfpettiex thec| ock
cycle, assum ng thgtx Rudher 125A is full, the data in buffer 125A is
transferred to buffer 125C. Simlarly, when buffer 125B is full, all of its
contents are transferred to buffer 125D in a single clock . .cycle. The data
stored in the buffers {P5CtHhHE D senditioppldstagy o¥eneitB s it @ FEMSHY via an
i 486 burst transf efrittentbMeansl/8toepirobler [PdsovepdyabipAdlend pedds inteRErcppRYtat i on
of FI FO buffer »24eadfastergtian\itidag bk Or$yteh @medTeyEDEny biy 76 ho IsyDenl@enoce, p1s t hus
conti nuous, alterngkj Agtabed WARH rbddf £:85 Snd 204 iaRdrkdIBit Wi b taaalo enpt yi ng

into adj acent buf fr%e r%gll:-ép égrfa;i?é[%hax( g§?§§l¥e¥¥a%L Xﬁ;ﬁy\/gér! Eretfzh:%h %bae?.ro‘ns

receiving data to wrlttent fhen
optim zes the specd>Bf aTE: 26 'Iyat Jessggtlﬁg é’f/’s é'?nt?ﬁaﬁ?)“ W g;o) é’%?’lil%ﬁr ating

the address of theehiel FytRdieging\hubldirg uain RIF® BeFfors Ztséﬁz ht dEneRD A and
(ii) accommbdationghatfef rtas iFTRINbuS Prreshacf conthing shak aefiderh date. FILPCK bighéler to

system nmenory Vi a jubasSinsti@tedniS1albh 152 to permit atomic transfers to system

memory. If data is being read too quickly from bus interface unit 64 by
1/0 controller 28 over I/0 bus 32, FIFO buffers 1253 or 125B will empty,
meaning.that buffers 125C and 125D are depleted of available prefetched

15 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.

Bus control logic responsive to the fifth condition is defined by
20 programming a 1-0-0 register ‘content in the 3-bit register 130. Hence,
if the 3-bit registér is programmed to 1-0-0, NOR gate 154 will decode
- the content of the register and provide a HIGH option 2 enable line 156.
The option 2 enable line 156 is used to enable the control logic
responsive to both data read operations (the upper half of logic of
25 Figure 5) and data write operations (the lower half of logic of Figure

5).

During write operations, the output 156’;f OR gate 158 will also be

HIGH as long as at least two of the buffers 125A-125D are full.
Typically, this means that either buffér 1253 or 125B has been filled and

30 transferred data to buffer 125C or 125D, respectively, and the other of
buffers 1253 or 125B is now being filled. 1In this case, data is in
either buffer 125C 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

35 controller 58. The LOCK signal 140 will remain active until the R-input
of latch 152 is driven HIGH by the output of AND gate 164. AMD gate 164
output goes HIGH if both buffer 125C and 125D are empty, thereby



-

During reads of data fromsystemnenory tg an |/O device 28, .FIFO 25

buffer 124 operates differently. The system bus address generation circuit
118 uses the initial read address to generate subsequent read addresses of
read data and accunul ate data in buffer 125C or 125D. Because the system
bus supports transfers in bandw dths of 16 bytes w de, the system bus
control ler,interface 122 may prefetch 16-byte packets of 30 contiguous
data and store it in buffers 125C or 125D without the 1/0O bus 32 actually
provi di ng subsedf&it 18%dr esses, thus redudfng | aténcy between transfers.
When buffer 125Cis full of prefetched data, it transfers its contents to
buffer 125A in aqne clock cycle. Buffer 125D sim| arl ties into buffer
125B when ful | . SHHG3HAT 489 thsEe A8 MQ neod ko Ampedistsly v er‘?ﬁ thEFFtHE read by a
particular 1/0O aewrgdreohesebhéferd.n bandwi dths of 1, 2 or 4 bytes. In this
way, system bus address generation circuit 118 functions as an increnent

counter until instrugted fe8a tayertamné | Qee0Rtd li16dutBlRViKe ©Lob0 s 84nRD to
prefetching dat ﬁiemorg c§\ oﬁ;r 595}h§?§he at%%SOtjgg E?F%Qghﬁglouégﬁg A%l 8 creates

a faster access %S em nmenor us to bus
paci ng controt PYGi ¥¥5128PFUPPY 8%%”11 H%tenléf’n‘ﬁl drl’ﬁé‘??b‘?vh ¢BTTt f’al ]r‘é’F 15? Bftration
schene of syst eAicHOMsytoapHtéel Adeing dctDeddid)c dine 68 GAtHIEH dedf te Ivke PRO bus 32
5 uni nt errupt ed imeesss vhix 64/ Sé@MINE HOredd dudn B tént ardfrandofiitlatmelmpof ast er

is driven LOW by NAND gate 172 at any time either buffer 125A or 125B is

empty. A LOCK signal is initiated in this case because, with either

10 buffer 1257 or 125B empty, the contents of buffers 125C or 125D hay be
emptied therein, leaving room in either buffer 125C or 125D for

prefetched contiguous data from system memory.

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

of latch 150 is activated by OR gate 174. OR gate 174 is driven HIGH any
15 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 necessary, and, accordlngly, the latch 150 is reset.

Access to system memories 24 and 26 is then controlled under the normal
20 arbitration scheme implemented by the memory controller 58.

Accordingly, the preferfed embodiment of an asynchronous
bidirectional storage facility in a bus interface unit for computers
having dual bus architecture has been described. With the foregoing .
description in mind, however;.it is understood that this descriétion is

25 made only by way of example and that the invention is not limited to the

particular embodiments described.



devi ces whi ch require multiple cycles, rather than alternating access to
t he rrem)ry control | er. 58 between the % device and the CPU. Thus, even if

a local device such as tr lﬂ" 'WH H:ng request for control of the
menory bus during a nulti ssi.on by an I/

t he 10
bus to bus pacing control Ioglc 128 WI|| grant the 1/0d
control of the menory bus. The programmed |/O circuit 11§
t he bus interfaceBd@n?i1®4 which contains all? of the regis ]
programabl e within the bus interface unit 64. The registers have b|
associ ated therewith 15 to determ ne whether a particular register is
active or inactive. These registers definéleishter alia, the systemnenory -
and expansi on nmenbry adompger spitgescdmprisfrigch t he bus interface unit 64 will
respond, the expansi orydtermenprpddr esses which are either cacheable or

noncacheable, e syﬁfa%@ng@r@wmﬁercf%mg AUHLES Sod 8P Syoc BN HetbP! By 07 nOL
Dar LY, O 20 S0 PSRl SRR, S LTS n 1 g ML
ccordingly, prograrme 7O i the 5Pt er f ace _
unit 64 the envi r onmeAtcepialRTedssiing vkl eruplediogsaithaenspr contsoller whieh it is
configured. The reghsiarscesaingroty beredbld € ceadcapdtvritkblatartnclideysten
programed di r gCtiesogVeier tsBd hénokpiss; 32. Hence, in order to programthe 25

system 10, the guser s c I | o qmuni cat e
over the. syster% bus {Tgb%%hrem%e?g%rggﬁm% gﬂf%gglégugﬁxf%%rg?bﬁemcéﬁgI evel .

Menory address gcorﬁ%are bgic 110 deternmines if a nenory address corresponds

to system menoi®y or cdf ARASHRASRY/ BTt IBRAGFS thFadA bug interface
11 unit by an input/output bus;

12 ) said bus interface unit including a bidirectional data storage unit

13 to provide temporary storage of data being transferred between said
14 system bus and said input/output bus during read and write operations.

2. The computer system of claim 1, wherein said storage unit is
responsive to devices coupled to the input/output bus or system bus which
operate at different bandwidths of data transfers.

3. The computer system of claim 1 or 2 wherein said storage unit
includes at least two pairs of buffers, both of said buffers being used

for both read and write operations.

1 4, The computer system as defined in claim 3 wherein each of said
2 pairs of buffers_are connected in parallel, and each buffer in each pair

3 is connected in series to the other buffer of the pair.

5.  The computer system as defined in claim 4 wherein each pair of
2 Dbuffers are thirty-two byte buffers.

6. The computer system as defined in claim 5 wherein said each thirty-
2 two byte pair of buffers includes two sixteen byte buffers in series.

1 7. The computer system as defined in claim 4, 5 or 6 wherein said
2 puffers are configured to read and write at an aeynchronous speed from
3 and to the input/output bus and at a given data burst speed to and frcm
4 the system bus.
/_
as Been Replaced -
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30 | ocated on I/0O devi ce 28 coupl ed to the 1/0 bus 32. Because the system
menory as well as the exﬂﬂlﬂlﬂmummuymtl/ be in non-contiguqus bl ocks of
addr esses, nenory addres 0 includes a plura a
conparators which are | oaded Wi th Boundary information from ‘ S
the programmed I/O circuit 116 to indicate which boundaries ‘es
35 "which nenory. After a particul ar nmenory address is corrpared
boundary i nf or mat i "By Phe nmenory address c¥npare logic, the bus interface
unit is prepared to react accordingly. For exanple, if an I/O device
controlling the I/O bus 32 i s readi ng_or witing-to expansion BC9- 91- 105
12 nmenmory, the Bus®int &reHed ofi PRHHCLIAR AECSIH e pEE MY aFd? ST¥UY t he

menory control | @& $8tem; [rorrrihsing 4v¢ wtepsiafe and nenory bandwi dth. Error
recovery supports | ogi Ccph¥2dipe kMeh&ryt ddatrSYl eddudldd to L eytkémnbes eger ati ons

even if a data mararbytremerbet»éerﬁst&&&eﬂme@ssqw uh82£hd0dn Woli/Buput AGHESS DY
an 1/0 device 2 ?%ﬁttf an. ?Qi{/oﬁsut bus lél ae6t'erxpme w;:ychogf S cgn trg‘ll S
I og 2n

checked. Support programed 1/ 0
circuit 116 for ScasPtrsFig Phe a%ddﬁlarléﬂp‘éfﬁﬂ’twfed%vﬁﬁeeswl"t PFe gEf’é‘F%‘Ef“'ecdsﬁa Fity
error. The cont @ntsysts nehéry focpprEqrarrepdipnd Wele [perations topoid Bystappemopy:i at e
system softwares For epauplisg atthe itkdfad8 by bbwedsaigrsygrearnme cni Gaidd hi gh

| evel interrupt gt Ginpst/buthhiendey g8 @l tfredefeenegi Ster at any tine a
parity error I S.lodet ect _@eqlpsrlrﬁy %&i@ﬁa&%@nq transferred between said system bus

11 and said input/output bus when said.-data has been transferred from one

12 bus and prior to its being transferred to the other bus.

9. The method of claim 8, wherein said bus interface unit includes a
bi-directional storage unit which temporarily stores data being

3 transferred between said systém bus and said and input/output bus.

10. The method of claim 9, wherein said storage unit includes at least
two pairs of sixteen byte buffers, both of said pairs of buffers being
used for both read and write operations.

-
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deci,de,;"based on the system software instructions, whether to continue

system’operations or nerely term nate operation of the identified source of

the parity error. 15. Cache snooping logic 114 permfts: :
$MSFBEEN

interface unit 64 to nonitor the I/O bus 32 for any witeg’ b SKipEN
memory by an I/ 0O device taking place over the 1/0 bus 32.[The REPoRCES
logic first determcanes-ib§ the wite to expansi on nenory occurred
expansi on nenory which is cacheable in SRAM40. If it is not cacheable
expansion nenory, 20 there is no danger of corr.upt data being cached. |If,
however, a positive conpare i ndBmasEsIdvam bataheromcE tRacTTIurred i n cacheabl e
expansi on nenory, a cache invalidat %8 B NERFACE| BTt | at ed over the system
bus 76. The CPU is thus instructed to invalidate the correspondi ng address
in SRAM 40. Cache snooping | ogic 114 provigdescireans to store the address of
a 25 positive compareysQ il i3AARA WWohhes NBud £OLRYSneTRMC AR BIE

i mredi ately after detection of. the firfst positive conpare, thereb
pernitting continGOHE™ sr’fls{l"(')"? ihﬁ‘él?gfdfu?%guﬁ ? ﬁﬁbtﬁgtué? s‘ﬁusasp%csﬂ(sr%m g‘(l)s'ynfa ol

| ogi ¢ 128 i's used?® /9 kj-oViEe tHe insrface yundy inqludes(pn §syRSERISU32 t 0 nove data
in and out of sysbilrewtinoe} agnwpdrkryidt: 8tdyygedfmetire fbtt fatadrietinmktansigreedcess
of an 1/ 0O devi o b&wearStHRMWEEITREsY to DB EA RE1ck O IcBWNEE té SadhFH eneeehoby

| ocking the accesg,Qf. aflekd DidCMHeCRorPe | FAnt QN ERkat@h ihRBads/ RaPUg132 tO
system nmenory under_ cert.ain grggfgresdofcgarlgl tlons,. e bus to

r.edet e 35 - T
bus paci ng controfccl°'6m°f]%tellf§$u?‘ﬁ§ct5n GRct PRt W CRTET FO B £ B Tﬁ?l,ﬁurisg used
to optimally matcHaPHE Hat™ (RaAFsIBPAtn ETsbirs | FGrRation from contiguous

addresses without initiating a new request for each address.
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contrallers.to the data transfer capability of the systemnenory. |If,

Btg-91- 105 13 for exanple, a high speed I/ O
controller can wite to systemnenory faster than the system nenory can
accept the wite data, the buffered wite data will fill the FIFO buffers

125A- 125B conpletely before the data can be witten to systemmenory. |f
the sane high speed I/O5 controller can also read data from system nmenory
faster than system nenory can prOV|de the read data, prefetched data wll
not be available in the FIFO buffers 125§ d 125D. In either case, the
result is increased | atency, and hence d éreased perfornance I n data

transfer as seen by the 1/0 bus 32. 10 Jypical Iyi0 an 1/ 0O device
controller will initiate a read or wite operation and provide a.nenory
‘address over the s interfagg unit |64. CFrjgGit7110 of
t he bus interfacg ddr eg nc;1@f agdresses
programred in cif id0 {hegmer affi gh is destined for
expansi on nmenory ] it] 1p s detdrr d that the
operation is desti : i gn nmenmoyy, by ;‘% cing control |ogic
128 does not hi ng, ' £ +=0r i k- 7€ adce$s to system nenory
under this condifiofh. |f, however,ilisit Helerm THat-Vt he read or wite
operation is destfingd f or sten1nenn#|bs’24 or |26, and the predeterm ned
conditions are mgt, tGQNd' ADDR DATA '
FREZMHQVCY ||
e 46 g e /18
Y ' T
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20 control logic 128 initiates a signal which grants an I1/O device 28 in
control of the I/0O bus 32 continued priority access to systemnenory. This
signal acts as an override to the arbitration grant signal output by the
menory controller 58 duri.ng normal arbitration procedures. The

predet erm ned conditions under which an 1/0O device is granted 25 priority...
access to systemmenory are as follows: (1) a read request (prefetch) by
an 1/ 0O devi.ce controlling the 1/Obus 32 is not aligned with a predefined
16-byte address boundary in system nenory, 2% an |/ O device controlling
the 1/ O bus 32 imedi atel y4fpllows a wite cycle B\%th a read cycl gy, (3) an
I /O device controlli bus 32 conpl etesya 30 . dat cycle,
(4) an 1/ O device cqgntrolling gthe /O bus 32 is reaéj ng of witing data in
streani ng node (40 regabytes fder second), or (5) thaph two of tRHe four
16-byte buffers in HIFO buffery 124 arfe §Y§P§thyd$€d wth data to :
witten to system n”em)ry or |ldss than tvrb L, 68 50Lr 16-pyte buffefs are

yet to be filled wt Hed gat on - ry. In
the preferred enbodi @%{ ére pl esent A; o@t he busbgg%% cing
control logic 128 of 5 der thrd drst o - 105
14 these nodes is tHe default jnrode, whi ch d erm nesnea hCi
5

ijng of bus ¢ontr.ol
for the first threefconditiong-listeq ﬁﬁd&? MXJE\'ﬁ‘ on{
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(optigon 1) deternines pacing for the fourth listed condition, and the third
of these nodes (option 2) determ nes pacing for the fifth |isted 5
condition. A user of the system nay choose either pacing node (option 1 or
option.2) in addition to the default pacing node which the system
automatically provides. The choice is nade by programm ng the contents of a’
3-bit register 130 (not shown) in programmed I/O circuit 116. The default
paci ng node is defined by a 0-0-0 register content; option 1 is 10 defined
by a 0-0-1 register content; and option 23ys defined by a 1-0-0 register
content. As expl ained above, the default pacing | ogic handl es pacing for
the first three pacing conditiong)<2nder the first condition, an I/O device
28 requests a read of systen1nenBrEks 24 or 26 which is not aligned with 15
a particular 16-byte packet boun , heaning that the read request is for
dat a addresses whi ch bdfi n soneweaesW thin the boundaries of a 16- byte
packet. If the read dat3 were algg gvm'th t he boundaries of a particular
16- byt e packet, the sysfem bus a &S generation circuit 118 would sinply
do a standard 16-byte Hqrst trangieraof the data into either 20 buffer

125C or 125D. However @i the rgady @ata is not packet aligned, the ghta
must be prefetched using Bultipl 2, 3, 4 byte cycles. To insure that
this data is prefetched:qﬁ t he é&r efficient manner, access hy thea$§
device 28 to systenrnqu@g is | otk whi | e enough data is automatic
prefetched to arrive at~&316-byt @ Joundary. ®&his read data 25 of |e4sl than
16-bytes is then synchr dntzed—to— timng®f the /0O bus 32, and the 1/0
device controller begins to read fhe{data. 1A parallel
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'W|th the 1/0 device controller reading data, the system bus address
generatl on circuit 118 wll prefetch the next contiguous 16-byte packet
before releasing the lock signal to system nenory. Because this 16-byte 30
packet begins at a predefined boundary, a burst transfer is possible. Thus,
two transfers of data are perforned without interruption. Use of the | ock
signal 140 in Figure 4 in this condition insures the |east anount of

| at ency between when a device on I/O bus 32 requests data and when bus
interface unit 64 prerides data, and tgte{dﬁrmst efficient use of 35 page
made system nenory. Under the second c tion, resbdual buffered wite
data may exist in FIFO buffers 125A-125D when the%l O devi ce 28 changes
froma wite transfer to a read request. Once theQkéO device bus controller
changes BC9- 91- 105 Hgfroma wite to a read,
paci ng control |ogic 128 determ nes that an en(f’f cycl e has occurred, that
there is no nore wite data to be stored in the FIFO buffer 124, and that
read data is now being requested from systegq menoig es 24 or 26. Because it
di %el y forthcom ng,
syspem nenory and the
read request is prefetched fromsystemnenory info Cc operation.
Under the third condition, residual buffere ey al sO exist in
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FI FO buffers 125A-125D when the 1/O controller device relinquishes 10
control of the 1/Obus 32. 1In this instance, such residual data nust be
witten to system nenory before rel easing the systembus 76. If nore than
one of the FIFO buffers 125A-125D i ncl ude such residual data, as 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 nmenory controller to 15
indicate that data in FIFO buffer 124 exceeds one transfer in length (i.e
greater than 16 bytes) and needs to be \Ag ten to system nmenories 24 or 26.
Use of the lock signal 140 in this cond { n insures the | east anmobunt of

| at ency between the I/O controller releasing control of the I/0O bus 32 and
the bus interface unit 64 rel easing control of systembus 76. 20.

The default |ogic which responds to the first three conditions is realized
by al gorithms which are bui|lt into the-hardware of the bus interface unit
64. Typically, state machi nes may be fg%d to inplenent the required | ogic,
as is known in the art. The pacing | @gks whi ch responds to the fourth and
fifth listed conditions is also reg 2@l by 25 algorithnms which are built
into the bus interface unit hardware. igures 4 and 5 illustrate circuit
di agrans used to inplenent particul diments of the bus to bus pacing
control logic 128 for optl ion 2, respeftively. Referri'r'@ to
Figure 4, the bus tg\Qﬁ gacontrol | odheNPTSU 1i Mgl enenti ngoption 1
(rel atlng to the foyrt ¢ 9)| i em descri bed”ab cofipr¥ses a clo d SR
latch 132, AND gates 13%-ant @ and OR gate 1 Al any time theldgtch
132 is set (S-inp fve) |Lehe I atch ©
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outputs a LOCK signal 140. The LOCK 'signal 140 provi dREPIghCEM@]\H‘éQ}{EET}ZB in

control of the 1/0O bus.32 continued :access to system
I/ O device 28 is reading or witing data to system mg
stream ng node. Streaning refers to data transfer to
BC9- 91- 105 THIS SHEET HA ? 16, whi ch can
qui ckly than data tfransf ﬁEPLA@Eg "F rent ddresses. Upon det ection of
stream ng data w i te—eperat-on—by. fhn | ogic of Figure
buffers 125C or 125D is full with a 16- byte 5 packet ‘of buffered wite
data, the lock signal is activated and a burst wite sequence is initiated
to system nenory over t BIDIRECTIONAL TPATASTORAGE FACTIATY ve until the

| /O device 28 terminates the stFr(m BUYISTRRFACE UNNt i | there is no data
remaining in the FIFO buffers.- Simlarly, upon detection of a stream ng
data read operation, the lock 10- signal is activat ed and a burst read
sequence is nltlated to systemnenory and will remain active as |ong as
there is rdB Ghe FIFO or until the I/0 device 28 terminates the
stream ng sequence. Bus control logic 128 responsive to stream ng reads or

writ ets i's dgf i'l‘ll_g?br@séni)i@ﬁﬁ 'mlde% thﬁs fo hdnfetRte 680 f& Yoniputer k9 st§m§? hhvmﬁlD
e oot S obSBeche b e (A SR e on e o
1 enabl e |nite(62) hcludes an asynchronous bidirectional temporary data storage function for data
being transferred between the two buses (32, 76) to and from devices coupled to each of the
two buses (32, 76). Preferably the storage function operates in modes that will
. accdmmodate individual transfers of data, data streaming, and data burst transfers, and can
accommodate transfers of information from contiguous addresses without initiating a new
request for each address.

FI FO

Fig 1
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Li%ig™144 will also be HIGH as long as the bus. interface tIJ{ruP!‘ASEMEP{I;‘,SHEET
that the particular 1/0 device 28 in control of the 1/0]ods aég \a@j ng
or reading data in stream ng node. Because |ines 142 an ‘T—i 20
during this tinme, AND gate 136 will set ,the latch 132 t Ldnal
140 any tinme output 146 of OR gate 138 is H GH CQutput 6 of OR gate 138
is H GH when either (i) the 1/0O device 28 in control of -
i ssues a mkexamfngxfmimmwaadwhaqmehtov(ﬂ esursp aranbmissiohs evhicli hree gtiite fasf
16-byte buffers 125C or 125D in FIFO 124 is 25 full (wite operations).
~In eitherMoteavensé isnoftemcdesirabladtontranster aetslativelya taigd smaynGrofadatax from ned
above, the latch 132 will override the arbitration schene of nenory

cont r ol | eFONEGUOHS adsEsses-nPuch dranstes (Would he (desirahle \ﬂP@ Hesg tgmoas‘wag if40.

or wr1 ¢ Wi acrompifed ol Brisd Lo qtnq*%%‘é éofa.xg'sts gain %ia%éf‘%éméa*eé&?tfﬁgd
the latch 132.r di f és {jrf / ing to
Figure 5, the DUS n? F e'éstlng
Ea(rjldt r11§2f|1;eetac 18(1#3%& I'S contrgﬁ?&%}l@ |%gﬁ%en§enrﬁﬁktg‘y sepa e’ lq%s)bslSO

pat hs f orgdsRasle 2t Vdatd beC Yah§Rrred ASrRRN 0& | (3Rrdih { Sdiftigbust RAGRsSek O@itBBut

| at ches 150, 152 are set, LOCK signal i s enabl ed”and output to the
nmenory cqnidaﬁhgaruﬁﬁfeﬁé@ds@fo@m mdxﬁset by

SUMMARY OF THE INVENTION

It is. an object of the present invention to amelio;ate one or more disadvantages -of
the prior art.

According to one aspect of the present invention there is provided a computer
system, comprising: s_ystém memory; a memory conﬁoller for controlling access to
system memory, said system memory and said meniory controller connected by a
memory bus; a central processing unit coupled to said memory controller through a local
bus, said central processing unit being connected to read data from and write data to said
System memory over séid local bus and said memory bus by performing read and write
operations; a bus interface unit connected with said memory controller by a system bus;
at least one input/output (I/0) device connected to said bus interface unit by an I/O bus
for reading daté from and writing data to said system memory over said bus interface
unit; said bus' interface unit including a bidirectional data storage unit to provide
temporary storage of data being transferred between said system bus and said I/O bus
during read and write operations performed by said at least one I/O device, said
bidirectional storage .unit comprising (i) a first pair of buffers connected in series
between said 1/O bus and said system bus, and (ii) a second pair of buffers connected in
series between said I/O bus and said system bus and in parallel with said first pair of
buffers, each of said buffers in each of said pairs being used for bidirectional data

transfer between said system bus and said 1/0 bus wherein first and second sets of data



% REPLACEMEN] SREDL
Bc9-9l - 105 17 activating the R-ifnput, thereby
di sabling the latches fromoutputting the LOCK signal. Ujdgr 2};60@11‘1‘397
condition |listed above, either (i) data is being witten]by an
controller 28 over 1/0O bus 32 and to bug interface unit
can be witten over systembus 76 to systemnenory, or (i}i) data is bein
read fromthe bus interface unit 64 by the |I/O controller—Z8 Taster than
bus i nt erdriginatingi én ealerponef ¢ft said siatein buoor said 1AbuE apd estinkd da¢ erahsFePRi NQ
witten too fast by an I/O controller, residual data begins building up in
FI FO buf fanesditextion X038 oftfer one of tshilnsys@nh b oo $aid 1O Busardrtrhfiferred as ¢he

contains such residual data a LOCK signal 140 is initiated bé | atch 152 to
per ni t -atbidirectionahsipeage uni soyibate(e) sridSirst set of dpia is stered dn age butfer ebonayof ckl v

o For 2 by S Syl o i et st i

1h
dgpl SEZd of av bl e ef ched 1 contl uous g a%K n 140 is
t hus gu]'Ef a*"é& @‘5" TS é’lﬁ‘?fsc \@f%erampf Wﬁi%&e&ﬂ‘ﬁata
[ 1 Fl &
'122".5“@%&?651%@%@{9% éﬁ@%?ﬁfcﬁéﬁﬁwﬁﬁmﬁm "B et TR et ve
to the fididdnadnid 6fk birdods @g%ﬁéﬁes-eéﬁgaegghgqbf% efl Qb GinSh! of

content Int regi ster nce egl S

progr ammegid first-id of Wbl bad off dald R0 Dalh6f B@ﬂé@ﬁ% Onnédt&d 16 Ghari er
and provide a H'GH option 2 enable line 156. "The option 2 enable |ine 156

i's used tsgystefinlbus, tedch CoMb4i@! syskdn-bus connected buffers capable of simultaneously

transferring data over said system bus.

According to another aspect of the present invention there is provided a method of
controlling data transfer between a system memory connected to a system bus and at
least one input/output (I/O) device connected to an I/O bus in a computer system, '
wherein said system bus is coupled to said I/O bus by a bus interface unit compriéing a
first pair of buffers connected in series between said 1/0 bus and said system bus, and a
second pair of buffers connected in series between said 1/O bus and said system bus and
in parallel with sarid firsf pair of buffers, the method comprising the steps of: transferring
first and second sets of data originating on said I/O bus and destined for transfer in one
direction to said system bus across said bus interface unit by: (2) temporarily storing said
first set of data in one buffer of one of the pairs of series-connected buffers;
simultaneously, (b) (1) transferring said stored first set of data contained in said one
buffer of one of the pairs Qf series-connected buffers to the other buffér in said one of
the pairs; and (6) ) transferring said second set of data into one buffer of the other
series-connected pair of .bu'ffers; (c) transferring said second set of data from said one
buffer of said other series-connected pair of buffers to the other buffer of said other
series-connected pair of Buffers; and (d) (1) transferring said first set of data over said

system bus from said other buffer in said one of the pairs of series-connected buffers



AREAE AL ANAALTALAL TR WL Alidul

SRR o)

as

s

reSponsive to both data read operations (the upper half o
Figure 5) and data wite operations (the | ower half of |
During wite operations; the output 156 of OR gate 158 wijl IL,alsa.be H. CGH
- long as at least two of the buffers 125A-125D are full. pically, this
means that_ _either buffer 125A or 1288 has been filled an
dat a“t o While simultancowsly (35(3) wansfrering saitlysecenddsatinf dath evensaitl ufybtens bi@5A or
125B i s ow bej n In this case, data is in either buffer 125C or

125D, or d‘é‘?ﬁ’t‘é‘%ﬁeﬁ%ﬁ ofher spriseconnested pair of Hyffewsm menory. Wth | i nes

156 and 158 HI GH, then, A | ¢S 52 which will then

out put the LOCK signal |§P1 tD%sglﬁl bl bocofle bflMr;lo er 58. The LOCK
signal 140 w FFgﬁ‘reerrél s é’cFFWaﬁﬁqul%h WY%GF DICOPRYESF £829™ driven HI GH
by the otihgurpopétiligDadaise ifbekfaddhirdat @nkblucretipaicogasg MoGthé f bot h buf fer

125C andﬁé&@ﬁés ETRAY rprwsﬁteqxvem%“ M 1. A computer system

conpri si st em neno ry cohtroller for controlling access to
system nenory, said systemnenory and said menory controller connected by a
mﬁrmr yhbusI arggude 2l 1spra0§€«‘l$e§da'ﬂ§k|: Wlokk GG oEOtl'feﬁbds rmﬁewa&oag{tololfer g

t hr oug 0Ga S entra Processing unit being connected to rea
dat a froﬁ?an R?Q#'S&s€ g SO

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

Figure 4 is_éircuit diagram of the control logic used to implement
one of the embodiments of the bus to bus pacing logic of Figure 3; and

Firure 5 is a circuit diagram of the control logic used to
implement another embodiment of the bus to bus pacing logic of Figure 3.

i

Detailed Description of the Preferred Embodiment

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

at 50 MHz and base portion 18 operates at 40 MH=z.

System board 12 includes interleaved system memories 24 and 26 and
input/output'(I/O) devices 28. Communications between memories 24 and 26
and processor complex 14 are handled by memory bus 30, and communications
between I/0.devices 28 and processor complex 14 are carried by I/0 bus
32. ‘Communications between I/0 devices and memories 24 and 26 are _
handled by I/0 bus 32, system bus 76 and memory bus 30. -i/O bus 32 may.
conform to MICRO CHANNEL# computer architecture. Memory bus 30 and I1/0
bus 32 are connected to processor complex base portion 18 via processor
complex connector 34. 1I/0 devices such as memory expansion devices may
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 interrupt circuitry (none of which are shown) which

may be used by computer system 10 during normal operation.



sy‘stemﬁrrermry over said local bus and said nenory bus by perfqrm’ ng read

and wite operations; a-bus—interface unit connected with

controller by a syst ) | east one input/output (I1/
connect ed toclmﬂmiﬁ!‘ Mﬂt;e unit by,an I/0bus for re
and writing OaREREEISAN em nenory over said bus inte

-bus interface unit including a bidirectional data storage
tenmporary storage of data being trangfleAr8 bet ween said
said 1/O bus during read and wite operations perforned b

FRIACEMENT SHEET

pd| ng data from

[ f pc2 4100, 199 d
upit to providg
5y SteTmTrus—ard

said at | east

one |/ O dkvi c& cosmputer Bysteme comprisingst orage unit conprising (1) a first pair
of buffers connected in series between said I/O bus and said system bus,
and (ii) a seystweth pgimoryf buffers connected in series between said I/0O bus
and said systembus and in parallel with said first pair of buffers, each
of said buf f et Blemere semfrolier daf epnselling aspssdo gyHemmaemasy d 53id systemanerdonya

transfer between said system bus a g}ysaid /0O bgs wher ei n
sets of BRS2%} PGMQRY £ T EPRIEE A BFMOLY By st em bus

and destined for ransfes_’

.

first and second
or said I/O bus

o oSl S PSRBT b B Bl b,
that ) S bl Profhind i bgh Sphat ] Psl i WP 8 i) oM "<
bt or o 1 7RISRy Suft i local pifnd e dfeckfty s By Afokfimng RBASRNNORe |
Si m.l|tanQﬁjé§Aﬁbns-( b) (2) said second set of data is transferred into one

buffer of the other series-connected pair of buffers; wherein one of
a bus interface unit connected with said memory controller by a system bus;

at least one input/output (I/O) device connected to said bus interface unit by an /O

bus for reading data from and writing data to said system memory over said bus interface

unit;

said bus interface unit including a bidirectional data storage unmit to provide

temporary storage of data being transferred between said system bus and said I/O bus

during read and write operations performed by said at least one I/O device, said

bidirectional storage unit comprising (i) a first pair of buffers connected in series

between said I/O bus and said system bus, and (ii) a sécond pair of buffers connected in

series between said I/O bus and said system bus and in parallel with said first pair of

buffers, each of said buffers in each of said pairs being used for

bidirectional data

transfer between said system bus and said I/O bus wherein first and second sets of data

originating on either one of said system bus or said I/O bus and destined for transfer in

one direction to the other one of said system bus or said I/O bus are transferred to the

bidirectional storage unit so that (a) said first set of data is stored in one buffer of one of

the pair_s of series-connected buffers, and (b) (1) said stored first set of data contained in

said one buffer of one of the pairs of series-connected buffers is transferred to the other

buffer in said one of the pairs while, simultaneously, (b) (2) said second set of data is

transferred into one buffer of the other series-connected pair of buffers; wherein one of
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20" said first pair @f buffers and one of said second pai r! Ao
connected to sai of said system bus conpegt ed QuLf %57
capabl e of si mJIt Qﬁﬂ} ring data over said sysfe 2X: 31} THe
conput er. system- n sal% at |east one |1/Q device conprisgs
a plurality of I/O deV| ces and V\/nereln ata is transferrefd between each of
said plurality of 1/0O devices and said bidirectional stor '
| /0 bus adaidd ikdtepaantof Gafyd dhd one Df saidl 8808 'Pas 6f babiss SR Whnédied ]sald
wherein each pair of buffers stores thirty-two bytes of data. 4.

conput er syyteierbuef eatlaiofi Saidhsysednmi-bas cddondetetinibuffedsi tapable/\mfbsitmltaﬁwus@f
buffers includes two sixteen byte buffers connected in series. 5. The
conput er teapsfesring flatal averrsdid wiigtemitwssai d buffers are configured to read and
wite over said I/O bus at a speed at which said I/O device operates and
over sai &-syskhen¢omputer systemn oF slagmtla wherein saideas deasbone I/Q detiepoepraprises a

controlling data_transfer between a system pengry connected to a zf/stem bus

and at | &umalighef Vﬁ)p@ﬁvmataadtwl(qrﬂe)da&rgv.tea@s%afﬁﬁ@ewgenteaclaﬁf s phir WBOfa
Don” el ey ARERH PR o BlOPR s s Sl Bt & Bt b RLRY 2,
b d f buff
connect eci n 'léﬂeer . Qﬂﬂﬁ%@men Cof MBS WBreif Ao p3F @“@'ef%a%ago‘%s%%w‘?w%

parall el first pair of buffers, the method conprising the steps
of : trans r|ng ‘irst and second sets of data originating on said I/0O bus

and destiged fy oéxhgﬁréf %&stbﬂ 8 i’ § GWheRBint Each 2f0sd ShRAL-RHG bR pae ol d
bus interface unit : tenmporarily storing said first set of "data in

one buf f @uffets meides thSl ﬁxth%hﬂ@t@lf)uffers connected in series.

5. The computer system of claim 1 wherein said buffers are configured to read and
write ovellj said I/O bus at a speed at which said I/O device operates and over said system
bus at a given data burst speed.
6. A i;iethod of controlling data transfer between a system memory connected to a
system bus and at least one input/output (I/O) device connected to an I/O bus in a
compﬁter system, wherein said system bus is coupled to said I/0 bus by a bus interface
unit comprising a first pair of buffers connected in series between said 1/O bus and said
system bus, and a second pair of buffers connected in series between said I/O bus and
said system bu_é and in parallel with said first pair of buffers, the method comprising the
steps of:.

transferring first and second sets of data originating on said I/O bus and destined
for transfer in one direction to said system bus across said bus interface unit by:

(@) temporarily .storing said first set of data in one buffer of one of the pairs of
series-connected buffers; simultaneously,

(b) (1) transferring said stored first set of data contained in said one buffer of
one of the pairs of series-connected buffers to the other buffer in said one of the pairs;
and (b) 2) .transferring said second set of data into one buffer of the other series-

connected pair of buffers;



. T RePLACEMENT SaBET |
s€ri es-connect ed ﬂmmm(l““rmwﬂlﬁously (b) (1) trans{efring said stoyed
first set of data one buffer of one of|the paincy w7
seri es-connected buffeérs*to* hd other buffer in said onefof the pairs;
(b) (2) transferring said second set of,,data into one bujfé
series- connected pair of buffers; 21 (c) transferrifpg said second set
of data fromsaid one buffer of said other series- connected pair of
buffers to tHe) otthamsfdrrihf ssidabcorl stt of dem fromi issid-onerbuéfet of sgidiotheif sebiesf er s;
and (d) (1) transferring said first set of data over said system bus from
sai d ot hexonheetéd pairnof buffexrsnto dite other puiffes off sadd rather- seriesrconmattddu phier of
while sinultaneously (d) (2) transferring said second set of data over said
syst em bumffersAndai d ot her buffer of said other series- connect ed pair of

Eg%ffies a &fi?i@?: %‘%ﬁfﬁ%@é 'a%'ar%ré%s é;ﬁ%&%‘é’lﬁfy&qﬁiiw & st er )
t I t t I/ O
bus.at  oIRRTE AR PhIECHaiE" S Sies Bhterdd ey e it (07 @
buffers qgeRonbl Sedebi LEG BRI bt QKR BN fod Qb Yol fref RESHiAC!

whi ch sai vice oper over  sard sys gi ven

data bur gfps ﬁgs-cgnnecteagﬁ Of claim6, wherein sai d syst em bus
transfers rea or wite ta betvveen said bus interface unit and said

system bug | nriRAmeiNod dfclfin 6PwhérelPsaiY hERastaHe /0 device comprises a plurality

of I/0 devices and wherein data is transferred between each of said I/O devices and said

bus interface unit over said_ I/0 bus at different bandwidths.

8.  The method of claim 6, wherein said buffers are configured to read and write over
said I/O bus at a speed at which said selected I/O gle'vice operates and over said system
bus at a given data burét speed.

9. The method of claim 6, wherein said systém bus transfers read or write data
between said bus interface unit and said system bus in bandwidths of up to 16 bytes, and
wherein said I/O bus transfers read or write-data between said input/output device and
said bus interface unit in bandwidths of up to four bytes.

10. The method of claim 6, wherein data is passed through.said buffers in said bus
interface unit in a first-in, first-out procedure.

11. The method of claim 6, wherein each of said buffers in each of said buffers pairs in
said bus interface unit is used for bidiredtional data transfer between said system bus and

said 1/0 bus.



'V\/nér‘ei n said I /O bus transfers read or wite data between's

‘bus interface.unit is used for bidiredtional data transfer

device and said bus interface unit in bandw-dths of up to f
The nethod of claim6, wherein data is passed through said
bus interface unit in a first-in, first-out procedure. 11.

system bus and said I/0O bus. .
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. claim®6, wherein each of said buffers in each of said buff¢r$ pairs in sai

bet ween sar d
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BIDIRECTIONAL DATA STORAGE FACILITY

FOR BUS INTERFACE UNIT

'ABSTRACT

The present invention provides a bus to bus interface unit for computer systems having

dual bus architecture, such as a system bus (76) and and 10 bus (32).

The bus interface

unit (64) includes an asynchronous bidirectional temporary data storage function for data
being transferred between the two buses (32, 76) to and from devices coupled to each of the
two buses (32, 76). Preferably the storage function operates in modes that will

( : accommodate individual transfers of data, data streaming, and data burst transfers, and can
accommodate transfers of information from contiguous addresses without initiating a new

request for each address.

Fig 1



