H GH SPEED COVPUTER GRAPHI CS BUS. FI ELD OF THE | NVENTI ON The present

i nvention pertains to the field of conputer systenms. Speci fixcaklys the '
present invention pertains to conputer systens with a bus 5 architecture.
BACKGROUND OF THE | NVENTI ON 10 Many conputer systens have been
designed wi th a bus archit QI systems typically have a _
processi ng conponent & E;_r'l FQ@P&,%&&% ‘em conponents’ are al so\
typi cally coupl ed fyEIA poNer conponent s include display Ea
conponents |i ke VGA and vi deo rrem)ry, I nput/output (I/0O conponents, system
menory and storage 15 devices, and other devices accessible to the
processing component Virge & cht/TveiGn %Hﬁgmﬁqgﬁﬁé?fd&)ﬁ?tc%mﬁu&rti}@ténw -
Personal Conputer (PC) ufact ured | BM Cor poration of Afnonk, New
York. In order to Spestﬂca!ly.l the cmtumvpmlen@eng@s teeorapuserysteans wihadws t he
conput er syster’g rruer ﬁqeecg‘?kate a video i mage .and di splay the i mge on a 20

di spl ay devi ce. Al lb heans for generating a displayable image is to
create a bitmap of the image in video nenory. A b|tmstp is an array of one
bit menory el enents-that correspond to the array of picture elenents
(pixels) on a typical video screen. Methods for nanipulating bitmaps to
create video i MagegACKGEROEND ORFHRINVENTIBN N the art. 25 In prior
art conputer systens w a processing conponent and a display conponent

coupled to a bus, the processing conmponent typically carries nost of the

burden in creaging the =\ glent In
addition to criéit I ng blh?ww*& sg?‘%%‘éz‘%'ﬁé&g‘o%@% ?’%mfo{’ tarrgrﬁs “the .
bi t maps fromthe pmesea&mwm@wanempm&lgrha%apmaeedmg component mp@e&td 0 t@g

vi deo menory and bacgk. refore, bus speed beco critigc f |
det er mi ni ngyt he peff a&‘&‘ SYStefh LOMRODERLS are aﬂ)’t cPHH]ﬁar?B ‘SF\

computer system Ostafﬂ o{tﬁsfceﬁagoﬁéaﬁs irlchide USSRy b&apmrnt@ma@m 'aﬂdt\hﬁéc?
COI’TpUt er syst ens includ 1

memory. mputloutput 1/0) components. system memory and storage
15  devices, and other devices accessible 10 the. processxng component via the

bus. One such computer system is the IBM Personal Computer (PC)
manufactured by the IBM Coxporatton of An'nonk New. York.

~ In orqer to display information foa user of a computer system, the
computer system must generate a video image and display the image ona

20 dispiay device. A typical means for generott'ng a tlisplayable image is to -
create a bitmap of the image in video memory. A bitmap is an array of
one bit memory elements that correspond to the amray of picture elements
(pixels) one typical _".video screen ] Meﬂto&s for manipulating bitmaps to
create video i__rnages is a technique well known in the art.

25 In prior art computer systems with a _prooessing component and a
display component coupletl toa bus', the processing component typically
carries most of the burden in creating the bitrnaps to be displayed by the
display component. In addition to creat_t‘_ng bitmaps, the processing
component ntust transfer the bitmaps' from the processing component over

30 a relatively 'slow bus to the video memory and back. Therefore, bus
speed becomes a critical factor in determmmg the performance of a

X particular. apphcatton Tunning on the computer system. Other factors that

influence the performance in these computer systems include (1)
1



processi ng conponent speed, (2) dat,;a'f_ bus wi dt h, and (3) tinme to transfer
data fromthe display conmponent (VGA) to video nmenory and back. Several
prior art methods exist for inproving the performance of video graphics

applications in bus-oriented conputer ese met hods i nc] ude (
creating speci RIOCRSSIRSELOBRANEDt $Pessly ( ?}é tel?lts W@Be%ﬁ?@ E’B?Fp%HHPSfJFF\e t ask

ualSpor t od vi 08 ARy Hlaf cERPRAIVEA) B VIR port i RacK &) U119

si ngl e-ported DRAM Smreraﬁpbamslah nieﬂlodscbanstnfbrumproamg ti® pasfongance of
si ngl e-ported Mto inplemept yidep k @; but usi ng(FW de ata
buf fers insi deVi4s® 8F n&yaEB A 10y Hsmt FOMRMEE SYSIERS:

schenes to gr q r g
component - Eacicifofp iRchide (Y ertdtip sPERRI hagease, o) oifiged R6RE S‘Aé‘d. g
the first nethprooessingi camppneritathe tasie of hq:dauagandaosrnembrymdt(neagngphl c

coprocessors fall intq this category. Int t.he [oces I ng
conponent mer efRd mrtsgrm H @rasmmcglaj %ﬂﬁ% whi ch

in turn, nani t
|nstruct ed byp%&tsoroce %g}rg\{ee\réfl °?fg@§5’?§‘§9eﬂn§AM§§g‘v"??@‘g§‘e‘%n%
expensi ve to i ¥dedRitmo l %ﬂ @Jdising 8itigle-popredcDRAMOto imnplemetitarides

coprocessor and support ardvvare) are required. Another disadvantage of
this met hod0i smemeryeutmsing videor data dudfery dnside dbe display ocempanent apdor der

for the exi st sof t wa
coprocess)(;lrs ! qrgowpp 1§§t58 7'%“"%6‘3} 3?@ §$ t%ogg%dg%r%hgg@g% YlgFosystem
Qd npati bl e V\’rﬁéinég* akees @ﬂ@ﬁ%ﬁeﬁjsmg&ompmeﬂheﬁeﬁWmérse YricH &rtet hod
Sing dual -ported DRAMis al sO a noreé expensive option. In these

systems the dimghads wﬂnsnabedbslwwpl ed to one port of the video nenory
whi |l e the processin onpon s co d.to. the sego ort. The
nunber of processmg ﬁ%ﬁgﬁ? ?%uﬁ%%’eﬁéaﬁo eﬁq@%?%bpost
i ncreased. 16X hof thd@raptic ss&@%ll ihtd &1§%hﬁgﬁr$uﬁﬁﬁés€§ YterhglGhe
di sadvant age of the need for addi ti onal logic to reformat the output data.

The third pri opreeassing compboenti mpredy iwijtes lecomnfandrword mto thedgraphicaphi cs

applications is to use vi ata buffers ingide,the dis
PP COProcessor w ﬂlc% i(lj: turn, mampufates ﬁ:e video memod t(y generate the

video image as instructed by the processing component. These systems,
however are more expensive to implement, since additional components

20 (i.e. graphic coprocessor and support hardware) are required. Another
disadvantage of this method is that extensive software drivers have to be
written in order for the existing software to run on machines equipped

N\ N with such coprocessors. Moreover, use of a coprocessor may render the
computer system ixicompatible with existing components.

25 The second prior art method of using dual-ported DRAM is also a
more expensive option. In these systems, the display component is
coupled to one port of the video memory while the processing component
is coupled to the second memory port. The number of processing
component accesses to video memory is thereby increased. Other than

30 higher cost, this method suffers from the disadvantage of the need for

| additional logic to reformat the output data. _

/ | The third prior art method for improving the performance of video

~ graphics applications is to use video data buffers inside the display
2



2 conponent and nore conplicated arbitration schenes to provide nore

frequent video menory access to the processing conponent. In this manner,
| ess expensive single-ported DRAM may be used- for vi deo nenory. The overall -
performance of this nethod is stlll Ii tedb bustlm bandw dt h

for a parti cGCHIPANSHpFNEG, MOFE COMP KB FP‘f'?E‘ EFFSr‘RaB’EFB“ MeEse may

t herefore be or

comruni cat i Or{?{@d&e%éﬁd@é’&%gﬁ%@%oﬁggﬁgrﬁﬁc@ﬁgﬁé 5; co rﬁong}]tﬁns nd §9‘
vi deo nmenory manmergdess expemsive emnglee[mrteﬂamw\dmiayl lieamedsﬁoxt videaand t hus

di m ni sh i mnateg.the b t ent .3 Y OF HEINVENTIO\I
The present ﬁné;ﬁ‘ﬁ?:?oﬁhengw‘é@rmﬁqﬁaﬁéi‘of ot T AL Fomied B,

| Ml enent igng ksl Viiing BRAGwAALI: bﬂfcuwcan pgfgﬁyaﬁsrﬁugﬁh%aht gh

speed graphi cs bus hances Vi raphlcs ap KIGE! ns inb oriented
conput er syqxeefmmanmunmasemlayﬂ:m&rehecnchmmw thisimetbogonent s or
software drivers The {erm h| eed bus', used hfreln ertains to a

faster bus connectit®§ & 'é%?sfn n%ﬂmq PIOCHRSIM®d by a -
sl ower bus. ?l?gﬁﬁ‘leﬂg aﬁgglisggo?g&ﬂfrﬂr H)]d Wﬂ?o%bﬂﬂ:ryﬁ@ﬁ&@%ee%ﬁ%m%ﬁed an

|nformat|ontra er system in clarm 1 appen ereto. Al so

accor di ng to vileo metmeryt andhl/@naccess tives and thusrdiminish or elimirs twsbast forth

inclaim7 or claim13
10 contention.

~



éppended hereto. The conputer system of the preferred enbodi ment conprises
an expanded processing conponent, GENCPU, coupled by a data bus to a
single chip input/output unit, GENIOQ, and a single chip graphics interface
GENVGA. A system nmenory is coupled to GENCPU, and a video nenory is

coupl ed to GENVGA, GENCPU i s al so coupled to GENVGA by a high speed bus,
(Pl Ahus) . By coupling C;ENCPU and GENVGA via a high speed Pl-bus, video
grapﬁics [ ) 0 ed directly from GENCPU to GENVGA t hus
el imnating*t ' ot et sl ower -standard system bus |ines.

By using the PI-bus GENCPU |s abI e to comunicate with GENVGA Wi t hout

havi ng to pl ace |nst o] crsowd e _ PU
and GENVGA utilize t h| Sgﬁ{éd ﬁ@{@n 9‘ ?gf‘?i{%& q%ﬁ%g? 1ggC%CPU
receives an rEE%IIF‘%S§ndd tﬁ@raéMﬁ“GW‘ns@n@% $E@¢-@t graphics
deter mi nes whes hebrt he senbhbali aystddr. essmerhiaaorgifeé@ SEAMicsPaRR | f

t he destinati on address ,corresponds, to space and if_ the PI-bus

enabl ed, CENEBRPANGRE| aVddeR p ISk é‘Pp RAdi LBt e?“?ﬁ@ré'ﬁé"ttlféi of
t he cycl e (whempaterhe systens s awithoutr neher ynepd e fowl wadditionali s a

read or wit I i on t O hi Pl ; bus
coupling @Méﬁgl‘él\l\ﬁﬁ %%%% ﬁékbgg%nera?"eﬂs {:Qggt aﬁ?l Si g%ﬁea
PSTART#, tobuslli used thereini pertgios thee apl fagterydius connentingi @ s
signal s sentyfjel SC8dmp a{%w%aecsw Qqs% Ratiddtod 9B af 'LABNCPY,

decodes the ]anom ng nstruct I ons - performnms t he recei ved

According to the present invention there is
provided an information transfer system as set forth in
claim 1 appended hereto.

Also _acoordihg to the present invention there is
'p_J_:ovided a process as set forth in claim 7 or claim' 13
appended hereto. '

The computer system of the preferred embodiment
comprlses an expanded processing component . GENCPU,
coupled by a data bus to a single-chip input/output unit,
GENIO, and a single chip graphics interface GENVGA. A

o/ system memory is coupled to GENCPU, and a video memory is
coupled to GENVGA, GENCPU is also coupled to GENVGA by a
high speed bus, (PI-bus).

By coupling GENCPU and GENVGA via a high speed

PI-bus, video graphics instructions méy be routed

~directly from GENCPU to GENVGA thus eliminating the delay
‘associated with slower standard systen ‘bus lines. By

using the PI-bus, GENCPU is able to communicate with

GENVGA without having to place instructions onto the more

K crowded system bus.



»

I nstructions. To indicate that a Pl-bus cycle is in progress, GENCPU
sends out a PCMD# command. After GENVAA is finished with its portion
of the Pl-bus cycle, GENVGA sends a PRDY# signhal back to GENCPU. GENCPU
then conpletes the Pl-bus cycle by deactivating the PCVD# signal. BRIEF
DESCRI PTI ON-OF THE DRAWNGS Figure 1 is a functional ‘bl ock di agramof a _
m croprocessor system enbodying the preferred enbodi ment -of the present }_5
i nvention with the Pl-bus shown separated fromthe control, address ~and

data lines. Figur S hi~20 j Ty Qf n d with
t he present [ nvent%i gﬁzpﬂ gn& GLEB?{’% L‘t%i%%ghp% %hEe @IE:%
EMBODI MENENTHeh@r Eodkowing nmasRest-ovi @@é‘cé’qreﬁﬁ§eéﬁésrre@ho@¢dﬁessl

i npl enent gegodel¥ Hhe P4adrasa3phana mﬁﬁgorles CPEQIELErEYS qBerminde 5

fol | owi ng | r,ou ec % c details are set forth in. rder to
by ovi de SUPRERST b AEPERRR SR, 20QEeRGe HotrePRISTer 0| (CRIVEA
appgrent spaces WiIH thdi ﬂesy:izﬂaiﬂﬂon rad‘dnesstcbtméspbaas s:;meccElwcGMet ails
need not r n ti o} es,

wel | - know% St ug?’f‘frge:i‘l","rfac‘E cw E[ %uan uénéﬂxggéol ég/% %gﬁkﬂ'ée!n%tsgﬂ%m in

10 det ai PI-busy deychet t&mmma?e%biﬁbsr @Q&@%rege@la reEGLeon.
Referring %e@lﬂﬁ:‘ StHe &8y Eﬁ.&f Sbr %9'1 W%Mm&iy%?c@.@”@ﬂ@rwﬁé‘@ﬁéf‘ 10 of

t he present | hvention |s showp. I'n pref erred ehbodi nent, conputer

syst em 10 {tnd8idRsreadeqy ‘Rré%p?&feéeéoram’armaa‘é%%r thepyinstimpction
Cor por at | @htd mhéom@mtepaéal FEOU EdepDingeGENCPU i anantGENVGALCh a

| bl PC, AT |
Syt om 10ENAHH <R ERRY coeRaFatetins ot At poTHALe %Z?.’%ﬁ%” Feencey

20, CEN Oﬁ_ﬂiwatéﬂh&ﬂbd@:l.nnlng of the PI-bus cycl_l.e.

GENVGA monitors signals sent from GENCPU, and
upon receiving a PSTART# signal from 'GENCPU, decodes the
incoming 1nstruct:|.ons and  performs the received

_J.nstructlons. . To indicate that a PI-bus cycle 1s in
progress, GENC?U sends out a PCMD# command. After
GENVGA is finished with its portion of the PI-bus cycle,
GENVGA sends a PRDY# signal back to GENCPU. GENCPU then
completes the PI-bus cycle by deactivating the PCMD#
signal. | | '

BRIEF DESCRIPTION OF THE DRAWINGS | W

Figure 1 is a functional bioc_k 'd_ia_gram of a
microprocessor system embodying the preferred embodiment
of the present invention with the PI-bus shown separated
from the control, address , and data lines.

Flgure_ 2 is a tlm:mg d:n.agram of signals
assoclated with the present invention. '

¥



The conbi nation of GENCPU 20 and GENIO 30 without the inprovement

di scl osed herein i's available fromlIntel Corporation under a 20 product
designation of [err] M croprocessor SuperSet. GENCPU 20 is an expanded
processi ng conmponent |nclud|ng a processor a nenory controller a cache
control ler, bETE ‘ p qTHE PREN SIMENTE0 i S
cou@,ed t o GENCPU ystem menory 80 sustantla Ly corrprl ses dynam c
random access rrem)ry 25 (DRAM devices. GENIO 30° |s a single chip

I nput/ out put unit par a

clock unit, dual pﬁg?“ 3 n 'i“P(FQt‘?’BpE’(?{}ttsrsﬂ"r‘gfara ﬁ%ﬁﬁ?&mrta‘gﬁn&gﬁae tme

timers, dual Riiplemientia |£h h 8péed Sthfﬁiﬁ}eécoﬁl%NtQ témnsS Olif i ai ns
prograrmabl e retI:u sters 30 %edﬁ%y CPU 20 to command tﬁgsGENl O30 to

per f or m vars ofe lbmngrdmcnptmmmmmuwspecﬁimgeteﬂs Hare set fonhyncnrdemm nt
conprising 'a qgra nt er: ace and rv_controller
meory 506 Prpvidecs shotue 9 & themventiet S3o8euEn i with %6

conpri ses DRAM . s used
by GENORU 20 01 ommnd°?ﬁ"‘%<@§&Q’ﬁbﬁgt‘épr‘)%??ﬁ?ﬁfv‘%?.‘%ﬁ%@?tﬁ%f??@ﬁ

GENCPU 20, GEieed3fiot bedisedNdprattice dhenpreseat dnvértiomndnaotheh dnstameeswi t h

ot her system conﬁ nents (such as, expansi (hn slots, kﬁéboard controller, disk
controllers, eVel %‘\ﬂ“&" SYuCuFESy Gircuits, apd huspraracols have BabbeshEhAwWn Hst em
b 11 |4 in the art.
o7 1O e R it Sl RSOt RS bR

the 'present i nvention 0 couple GENVGA by a

hi gh speed bus 60 Réfernitg RoSEi fretlhlﬁgi’e&f’reﬂpﬂﬁﬂoaﬁﬁeﬁ@()f&herd&ﬂbﬁt@raS
Pl -bus) bet ween CGENCPU 20 and NVGA-40-is to inprove the video menory and

| O-dccess ti mesystemt HOs of| ithe rpieseRhdnventiomois; Sbavdk" In the preferred
embodiment, computer system 10 includes a 386TMSL Microprocessor

manufactured by Intel Corporation, the corporate assxgnee of the present
15 invention. Sucha computer system is compatible with the IBM"'M PC AT
" Personal Computer System 10 comprises three main subsystem

components, des1gnated as GENCPU 20, GENIO 30 and GENVGA 40.

The combination of GENCPU 20 and GENIO 30 without the

improvement disclosed herein is available from Intel Corporatton under a
20  product designation of 386™SL Microprocessor SuperSet.

' GENCPU 20 is an expanded processing component including a
processor_, a memory controllcr, a cache controller, bus control logic, and
line buffers. A system memory 80 is coupled to GENCPU 20. System
memory 80 substanttally compnses dynamrc random access memory

25 (DRAM) devices.

' GENIO 30is a single chip mput/output unit comprising parallel
ports, dual _senal ports, a real time c_loc_k unit, dual programmable
interrupt controllers, dual programmable timers, dual DMA controllers,
‘and a memory mapper. GENIO 30 also contains programmable registers

30 used by GENCPU 20 to command the GENIO 30 to perform various

' functtons ' _

GENVGA 40 is a single chip dxsplay component comprising a

graphics interface and a video memory controller. A video memory 50
6



e

on bus 11. This allows for the transfer of video data into and out of video
15 nmenory at high rates. Therefore, a video graphics application program
runni ng on an | BM PC conputer using the present invention will see inproved’
performance. jsNQupRACIAGEVARQ).| Vies sscabty 59 shbk@nddng Caalprigds t he
Pl - bus prot oclgl Er gure. 1 shows the Plagus |n?9erface betweg %1 20 and
GENVGA 40. TﬂbRBIMtdqumsot(BEblVGrAl 40 bho%ntaimmogmuﬂwlomgxsmmmd of t

exi sting syst C srn iicgtes with the a,display’
component oveé? %E@@é&i@s‘ol nﬁ“‘{o}téﬂ? régm% | 1P B ‘i’t%/‘éﬁrb‘?ﬂst ecture
of the presernghk@ygntion, however 'GENVGA 40 shares the PC system bus 11
data and address | nes and 25 receives Pl-Bus 60 control signals in

addition to the nGENCPﬂIQOeGBNK) 30, mrhGENVGrPgdalcomrﬁhmoamjwmmnd
signal s provided on PI Bus: i nclude the follo . a start ;si

(denot ed PSTARPHher and g nﬁ i gt RafppRent L ag W‘bg Q50 access

type signal ( ot ed
PWR#), and a@g’ yﬁgrcggt{grl bgﬁt@g@%&n%&%%ﬁ%gs&ﬁf usggr ghal's™ are
used to cont rpreféried émbodivherstabgstémcnsANSRn AT dompatiblé bus TRV §pet0

- Wi thout the use of system bus, control lines. The sequencing of these Pl-Bus

signals is deefchusis well knpwnsiathe @t bel ow and illustrated in the tim ng

ona CABHRS i SR pd presstit HTRHAER, GICER% MPalkE IR GRS AT AT
for storing Iwhllgghapktrdebsseo mqﬁ:mmmrﬁe@h%peédeﬁ%o(&&m tsed for
storing endi ng address of video nennré Together re8|sters 21 and 22

define an adcSePi-bushdbetween QEN ancrr@ siset®s lmeua!mtlzq and

GABCR 22, als 0 R set to
enabl e the Pl ‘9!§§§ %”BP?Q%? aqsﬁgsgﬁgl%@y@, %‘BS Pﬁﬁﬂgatggﬁe h}s %ﬁ&'&eﬁmr y
range. Thus, & bufIl! UFHis allow for il GrlfelePflvides ats il andFoueds v?i&eo
addresses1éassocr ated with each instruction can be conpared. -

memory at high rates. 'I'herefore, a video graphics application program

running on an IBM PC computer using the present mventxon will see

improved perforrnance No specral software is necessary to take

advantage of the PI-bus protocol. Frgnre 1 shows the PI-bus interface

between GENCPU 20 and GENVGA 40, The PI-bus protocol will be
20 described below. _ _

In most of the existing systems, a processmg component
cornmumcates wrth the a drsplay component over a system bus 11 such as
the AT Bus. In the new architecture of the present mventron, however ()

'GENVGA 40 shares the PC system bus 11 data and address lines and
25 receives PI-Bus 60 control signals in addition to the normal system bus 11

control signals. The individual signals provided on PI-Bus 60 include the

following: a start sxgnal (denoted PSTART#), a command signal (denoted

PCMD#), a memiory or I/O access type signal (denoted PMIO#), a read or

write access type srgnal (denoted PWR#), and a ready signal (denoted
30 PRDY#). These PI-Bus signals are used to control the flow of data from

GENCPU 20 to and from GENVGA 40 without the use of system bus
/  control lines. The sequencing of these PI-Bus signals is desenbed in the
section below and illustrated in the timing diagram in Figure 2.

i : 7 : '



10 with the address gpace defined. by registers GAACR 21 and GABCR 22. If
an instruction contains an address |ocated within the video menory range
defi\ned by these two registers, and if the PI-Bus bit is enabled, then the

GENCPU 20 to send t RESERIL T 18eERghAmD dPpisters, tiptednGAAGR 236 anfh r cct
accifags of vi deq@ ABER R2OWwhidE e sed 162habR -Ppsqmo'.ﬁﬁggks '@gﬁtdf‘]lg l3sBus at
e .

speets in excess of those provided on the system bus; ) I_- Bus 60
i s enabl ed, GENSP fop storingdnitialaddtesseoforidee nmens  Register<GABCRI22 is

i qd . | {.O | sters.i,n GENVGA 4Q. The sequencing of
ocesses, o VR Bk ehie sl Sl Ganner. Fondhn Sesins 21
i nput / out puB OranBEIRI defRseC 8 Saddeds sisckOm ileb! %le&iéfrgﬂl ﬁk%&a?%g{ei‘-g'r ng

and executing instructions fromsystem menory 80. Ea h I nput/o
menory access:. iGAAGCR 21oand GABCR<22; ralsspeontainom bitadenable therPlBds.aMheddr ess

ortion. The oRerat.i (o]] on-,_cpd erfor i cul af operation on
Phe dara at t novb st Bt fo aRblle e BL-1Y & ?ﬁfw?eéléf-mwi% Bosent

| pul at ed i.n thRiiGed RIENSS T I AGracti exBEHRE pyaccess
|mra12|t Iroﬂctio'n, Gé%rglé%e 20 dec drgééfhgi)lﬁ%\'gdt%rlgctlo}lddlg%rf%%fr’g?%n g%e'r 1 n:éyt he
destinati on addsENCRY 20, addressesiassociated Toith @aech imsttuctionasiea s corhBarted

_ dd t ich th -CO wil] be performed. @ GENCPU t hen 30

SE ?SZU etshte A0 g oieh e iaga}egaépé‘g% 88@4‘?@!;@@2 Aé&%ﬁég@@%ﬁ&nd

CABCR 22, 1 I e SR Aed s o SRS B0HB TR RIS RS

programmed in registers an , and 1 -bus™60 abl ed,

{ NSUGENVGA Space range. as det fed byt he Luo. Ten stor s AR oy o et ABCR
” space r. ) : : I

22, of GENCPILOJ ?1’32&15 isr@ﬁ%ksfl f%s&lmha?@sw% ognemoryctherehyaatawingl1. | n

o 1 s SIS Gl RS JBIRETHG  GEnvoR 407
_ 15 Direct access of video memory by GENCPU 20 can be accomplished
using the PI-Bus. at speeds in excess of those provided on the system bus
11. Once the PI-Bus 60 is enabled, GENCPU 20 and GENVGA 40
generate PI-Bus signals for all accesses to video memory or /O registers |
- in GENVGA 40. The sequencing of PI-Bus signals is described below.
20 . GENCPU 20 fetches an input/output or memory access instruction

in its normal flow of fetching and executing instructions from system
memory 80. Each input/output or memory access instruction contains an
Y, : operation code portion and an address portion. The operation code (op-
code) performs a particulaf operation on the data at the specified address.
25 Data in video memory may be manipulated in this manner. = - -
After fetching an input/output or memory access instruction,
GENCPU 20 decodes the instruction in order to determine the destination
address of the instruction. The destination address tells GENCPU the
address at which the op-code will be performed. GENCPU then
30 compares the destination address using GENCPU 20 registers GAACR 21
- and GABCR 22. If the destination address corresponds to GENVGA
/ S space 40 as programmed in registers GAACR 21 and GABCR 22, and if

PI-bus 60 is enabled, then GENCPU 20 initiates a Pl-bus cycle. If the
8



pl aced, by GENCPU, onto the high speed PI-bus 60. Thus, sGENCPU 20 is able
to send control signals directly to GENVGA 40 without the use of the system
bus 11. CGENVGA 40 uses the faI | ing edge of the PSTART# signal to latch the
address and status signals Once GENCPU 20 initiates Pl - bus
cycle, GENCPgdgnessciscnek wsthap M@NNQAM%M& 28 dafinachBY tthe EIvGA

space 40 and g 5 i NosaddeRs910bhne ABER 4ok | 6P GENTEIC 2B hed i CENGFU.

20 al so indica e cycC instructtons It 1s placing:

onto the hi ghinstgibnispliced &ﬁoﬁg\ﬁ?ﬁnaﬁlslmdl cat es ‘whet her the cycle of
I nstructions is an /O 15 _or, nenory. cycle (PMI% and whether it is a
read or wite cyche ordey tesjnitiate adlgbis,eyelg, GEN 20, generates ap@Fh in

figure 2 4 S nal s

Cent Trom e PBLHOR I AR AT rﬁgﬁv&? SPREPSTARIE Al et 0

the initiati qlagdd, byRGENGPUY ohto theriigh PIibast60. tm‘hubJ GENCPUS2(ed

Pl -bus 60. In selecting the PI-bus 60, NVGA 40 receives control signals

from t he hi gHsableto sendxcentsel signals dirgedy s0 GENVIGA AQ wathout &y uses s5bndi ng

From GENCPU. 2859 sten BHb 212 FERTPERA 4B ot il "l ot e PREAXTEA T Uct i o
in order to dg m%mmmmggaaﬁa@)@émmf I nstructions being sent from
. GENCPU 20 over h| h speed Pl-bus 60 is an I/ O or neno ¥§J cl e, and whet her

it is a rdhd or ncg GENGPU R0 initiatesa Phdus ic¥cles A genemtaSENGA 40

o oren. O ehrdBALs MamRfior PR AR e A GRITYEN SRt SLRE AL, 56
i ndi cat es t hadddiedsl oftlh® iB¥Eh&idrs ohtd MeTIBHS60.FGENEPL 20/ d1sd intliefes he (o
timng of the PCVD# S|gnal at 103. Additionally, if the cycle of :

i nstructi ons, the| ssatus of fheexeipl oL insnetionsHs i placing entp e bigh woedil-to be a
A R o R S S Wb °
15 or memory cycle (PM/IO#), and whether it is a read or write cycle
(PW/R#). The s_,equenéing of these events is shown in figure 2 at 101.
GENVGA 40 monitors the high speed Pl-bus 60 for signals sent
from GENCPU 20. When GENVGA 40 receives a PSTART# signal
~ indicating the initiation of a PI-bus cycle, GENVGA 40 selects the high
20 - speed PI-bus 60. In selecting the PI-bus 60, GENVGA 40 receives
- control signals from the high speéd PI-Bus 60, and address éignals and
data conesponding_ to GENVGA space 40 from the system bus 11. After o
receiving instructions from GENCPU 20 via high speed Pl-bus 60, . i
GENVGA 40 examines the instruction in order to determine whether the
25 cycle of instructions being sent from GENCPU 20 over high speed Pl-bus
60 is an I/O or memory cycle, and whether it is a read or write cycle.
- After sending the PSTART# signal to GENVGA 40 over high speed
PI-bus 60, GENCPU 20 de-activates the PSTART# signal and places a
PCMD#_signal:oxito the high speed PI-bus 60. The PCMD# signal
30 -indicates that a PI-bus cycle is in progress. - Figure 2 illustrates the timing
of the PCMD# signal at 103. Additionally, if the cycle of instructions,
K placed by GENCPU 20 onto the high speed Pl-bus 60, is to be a write
‘cycle, GENCPU 20 forces data co;r’eSpondihg to the write cycle onto the




corresponding to the wite cycle. Figure 2 at 105 and 106 illustrates when
the read and wite data is placed onto the high speed PlI'-bus 60. After
GENVGA 40 has received all of the instructions sent by 5 GENCPU 20

correspondi ng da¢a GGV SRAGRIAAimend GENVGW! 40 ethenhaetdives the |dmdi ng
the menory or the I/Oregisters, the Pl-bus cycle is conpleted. GENVGA 40

E’;‘Eﬁ(i}’éﬁ\l deﬁ a dam\spf RIS rc]n;;rjii;‘rgilto gheowritee chiclgn Fpgwie PiatplS and 106i1HEraESt hat

as ni shed ijts pordi Q Pl - SEENC ' GENVGA 40
has received a‘Vi_‘e’bf%et ﬁ’@di - Y’ﬂ'&"t aﬁﬁég?yﬁgﬂc‘m‘ag‘? P@‘t#&egﬁﬁu%%m GENCPU .
20, and is now i nf YRPGERVEN 30 Hdtatedeivedratinos the dnBiruttionsGents byo

| onger. busy. The timng of the PRDY# signal is shown in figure 2 at 104.
After receibi r@mvm(msemding'mﬁéw@&mwcﬁh@d-WMk cthet he

Pl - b ole . inplthuthtd _ Mg _ S
i gnal onthe P16 Spdeadine Besmemoron Mg O Rkl he ME el IT
on the high Spf&ﬂg?&é@“@@@\ld}?ﬁo%% PlaceENPRDIYH §iBhsl értoithe high spsednew

Pl -bus cycle i ed. utilizing a Pl-bus 60, several advantages w ||
be noticed. M Blbum6fyihdicating shitdtGENVGANQ hey finishedeitsrpertion of the Pian

?%Qi Z‘rifbﬁﬁ. o Bus comle.o ot s CERUGA, Al rectt sl ok 1 dnfuidige .,
than the wajt ' RAPLS p GENE h
Pl - bus cy\é\?g [ ?ﬁgﬁ& _\ilfgle%e%cﬁlggﬁlﬁ')cis%ger Tor nﬁ%ggi%% ?gg@ﬁghancegww E he
no software dpowhat 2Be higplspsed Pitbusn60 Aé noclomgar busy. sBhe wimingceh thein on

a system featuring the Pl-bus w thout dification. Finally, the Pl-bus
;:ygl{e pr ot ocol Pﬁdgxﬁtsmma}ilﬁéhp‘yﬁllélflg“t"‘gg\ﬂtd%°graphi. cs applications. Any
a

25T perioheral conigll Stk IhTIED s fhal B GENGYSAPROPTEREPY 2 <
" 20 concludes the PI-bus cycle by de-activating the PCMD# signal. The
15 lack of a PCMD# signal on the high speed PI-bus 60, indicates that no
- cycle is in progress on the high speed PI-bus 60. - Therefore, GENCPU is
able to initiate a new PI-bus cycle if needed. |
By utilizing a PI-bus 60, several advantages will be noticed.
Minimum cycle times for a PI-bus dycle are ﬁuch faster than minimum
20 cycle times found iri existing systems utilizing a standard system bus.
Also, thé zero wait state time for a PI-bus cycle is shorter than the wait
~ state time for an system bus cycle. | _
N "~ Another advantage of the Pl-bus cycle is .tha_t video graphics
performance is markedly enhanced 'with_ tio.'.sof_tw_are ‘driver
" 25  implementation. All compatible software c;m run on a system featuring
the PI-bus without modification. Finally, the PI-bus cycle protocol is not
limited solely to video graphics applications. Any fast peripheral
contro_ller gduld make use of the Pl-bus type protocol _zis a means for

enhancing system performance.
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1. An |nformat|on transfer systemfor the transfer of information
between conponents in a conputer system said inf oMtem

conprising: a system bus; a processing conponent co ' tem
bus; a first peripheral conponent coupled to.said sm 'mr"mﬂﬂ Emond
peri pheral. conponent coupled to said system bus;*nmeans ng an

- recei ving addressing signals over said system bus, said. addreSS| ng si gnal \s;,'
bei ng sent and received by said processing conmponent, said first peripherdél

conponent and sai d second peri pheral ﬁ%ﬂﬁ%nt; rreans for sending and
receiving data signals over said systembus, said data signals being sent

and received by sa d Rrocessin o ent ald fir eripheral
: £
conponent ahd sai d- St'pln%f nﬁﬁgﬁﬁeﬁ od &orc ﬁl??ogrﬁé‘ T &
sendi ng am:lnfermatmg fhe’sWeennnomipca'xegﬂas smeta/\eeqmpaltdzrprsystemmg said
conponent uﬁfbfimé’.t oh R lngt?-&al ’E&gpf‘fglﬁ id second peri pheral
secon

conponent over sal system:bus contr I' means for sending and
recei ving second cénﬁN&tenblttyfﬁaﬂ s directly between said processing '

fcorrponenél and saig &l pro d&#ﬁ@f@dmmﬁb gﬁbup!f&d ﬁohsﬁh.dS@@i:éwSo@@ Hl::)
rom said system us | eed, bus being,faste sai d tem us
and connect i ng. at | Baditi, RAFHIRL SAmPoUrHe FRUBleM, on Sp i) Wrte

syst em busbusai d second control signals including control signals not

gr esent in said firgt %%Q:Ion(a %épﬂ;ﬁelpglsaégmBXﬁgﬁ@ bﬁ%upled &o daia M

systenm bus,
means for sendlng and rece1v1ng addres51ng signals \‘J
over said system bus, said addressing signals being sent and
‘received by said process;ng component, said first peripheral
component and said second peripheral component;
means for sending and receiving data signals over
said system bus,“said data sighsls beiné sent and received
by said processing component, said first peripheral
componént'and'Said_secohd'péripheral component;
first control means for sending and receiving first
control signals between said processing component, said
first peripheral .component and said second peripheral
component over said system bus; and |
second control means for sending and receiving
second control signals directly between said processing
component and said first peripheral component over a high
speed bus apart from said system bus, said high speed bus
being faster than said system bus and connecting at least -
two components that afe also_coﬁnectéd by said system bus,
said second control signals including control signals not
'presént-in said first'control'signals on said“system bus.
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2. An information transfer systemas recited in claim1 wherein said
processi ng conponent includes registers for definin uﬂ HH “u"
destination address of incomng instructions-cor m ﬁ “Il”ml] dr ess
corresponding to said first peripheral conponent. 3. * ¢ AR ihforngtion

trapsfer systemas recited in claim1 wherein said processing conmponent
i ncheides  means for |n|t|at|ng commands to be connunicated to said first

I h d bus
Crancier oyE0 ooy ne ' 38 RSP EE YR Svenslt e eaBl R Sho tn
I ncl udes’ néhnyhehglnrﬁhtdtpmqusaﬂng epmymmenbf1nmmudﬂs|neg1sters for
corr espondlagfiﬁlﬁal d Jlilééfme?er i phe d'aé% ra%sysat dqiqeégputc{f{)g &ﬁcﬁ%&r}jﬁ .

mermory cycl g. ornmation em as recl
4 wherein s’a‘l‘ﬁt’é\‘6§é§§5n§°€m¢ﬁﬂm‘¥ﬂs f&Q tareraddresg cgoreanpondd nign dice ata iy

whet her Salﬂ1ﬁ§ﬁ|?egﬁphaghﬂyQﬁﬁﬁHEhéﬂtia read or wite cycle. 6. An
information transfer systemas recited in claim4 wherein said first

peri pheral conponent ‘i ncludes neans for nonitoring said high speed_bus for
sai d conmmandls" fron1sahdqmﬂnnmaﬁimncbmansﬁef eydt&mamsfﬁéciEéQOﬂﬁHﬁléih

sal d commngs @idraghd LOh" GHbaRseYhE SBboBhaleoPERd RS 7 for
process for use n conp €m co 8 Iea S (AR
coupl ed to- ﬁh%?%@ﬁ#ngusqumﬂnﬁﬁsstmg benpgnmmunmmg&aﬂjttosasaldyswarsnw,
a first perpehep a&aqg&%&g&&@n&&%&m%@i SYsé&d bis, and a second

peri pheral ‘component coupled to said syste us, said process for transfer
of information betmeen sai d processi ng conponent and said first peripheral

canponent ,- #ai d procAss isFaYmaAtivh tEPaksL8E Bystemlds recited in claim
-1 wherein said processing component includes means for

"indicating whether a cycle of instructions corresponding to

said first peripheral component is an input/output or memory
cycle.

. 5. An information transfer system as recited in claim
4 wherein said processing component further includes means
for indicating whether said cyclé of instructions is a read
‘or write cycle. |

6. An information transfer system as recited in claim
. 4 wherein said first peripheral component includes means for

monitoring said high speed bus for said commands  from said

processing component and means for responding to said
-commands and said instructions via said high speed bus.

7. A process for use in computer system comprising at
-least three devices coupled to a system bus, a processing
component coupled to said system bus, a first peripheral
éomponent coupled to said system bus, and a second
peripheral component coupled to said system bus, said
process for transfer of information between said processing:
!( - component and said first per1pheral component, said process
comprising the steps of: .
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sending and receiving addressing signals over sart—system bus, said
addressing signals being sent and received by . sai &”lirocesm n onent,

said first peripheral conponent and said second lem” ﬁﬁgnent
signal's
BSt«

sending and receiving data signals over said syst
bei ng sent and received by said processing conponent, sdi d*f | erlpheLaI
conponent and said second peripheral conponent; sending and recei ving g

control signals between_said processin ent said., fir per| heral
conponent and sai d s®eBAINGeR ’c‘gh‘b%ngﬁ gfsingy Sd aérﬁb‘ag aﬁald

sendi ng ancgyebmvbug,csauﬁoladdxgaémgh sibgha¥sbbeingn semtl qm@cvssenged
conponent S r t o | glgySiged

hi gh speed %glqﬁig §%?§ thﬁ salﬁlﬁ’égg?gﬁf busnsa'zllrﬁ cgr]fnectl ngﬂh.pﬁéﬁrgl

t wo corrponetmmpd:chantaandasg@dc63#@@@@%@%@1@9%@ said hi gh speed

bus i ncluding contro | o
process as recited in lseﬁfl ﬁ] ?npurt e rﬁa At i gSI £NOPES . s8id systel!

udi ng, a st of determ.nin
whet her a dedsi n8aih Maes§18F‘a11ﬁcoPP—Pr§g ?ﬁgFrlﬁ’? orEeceJC‘fﬁ‘ies}?%n%eldto
an  addr eSﬁré@ééQiﬁQ“%dl@éx@eﬁﬂl d Saift £Restphserd perabnatnportent and

det erm ni ng_st med by _sai d cessing conponent. 9. The
process as ?%t‘:&t §3°PH B F&P& ﬁ: %‘g‘i ng a step of initiating

commands to be comusendiag tandsarebélvsngpepm&hlsmﬂmﬁeﬂiﬁe%ﬁﬁm gh
speed. bus, gbgegeamrate&ﬂ% onbfif, Wi £RFEEO YBLphYra3alconfbRERE S din

conponent . cess as recited in ¢ further including a
step of mar-dasaﬁgndmemmher@ SRARCNERt ‘Pﬁl\sﬁﬁl%tﬁﬁﬁgem bus; and

- sending" and receiving control signals directly iy
between said processing component and said first peripheral
component on a high speed bus, said high speed bus being
‘faster than said system bus and connecting at least two
components that are also connected by said system bus, said
high speed bus including control signals not present on said-
system bus. ' '

‘8. - The process as recited in claim 7 further including
a- step of determining whether a destination address of
incoming instructions corresponds to an address

corresponding to said first peripheral component, said
- determining ‘step being performed by said processing
. component. . - ' ' - : _ _-\J

9. © The process as recited in claim 7 further including
- a step of initiating commands to be communicated to said -.
first peripheral component on said high speed bus, said
initiating step being performed by said processing
_component. ' ' '

10. - The process as recited in claim 7 further including
a step of indicating  whether a cyél'e .of instructions
/ . .+ + corresponding to said first peripheral component is an

input/output or memory cycle, said indicating step being
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corresponding to said. first peripheral corrponent —r—&—&n—l—npul_LaLuﬁauLor
menory cycle, said indicating step being - 13 - d by said
processi ng conponent. 11. The process HHHE [mﬂl)ﬂl,m 10
further including a step of indicating whet her

Instructions is a read or wrlte cycle said indicating step be| ng perforrred
" by ’s‘al d processing corrponent The process as recited in claim?9
further |ncI ud|n a.s YD of , nltorln sai d high speed bus for said
comands fr8 g?“&dg’r rigm%%%gmn?omaﬂ entasponding to said
comands vi a sald hi gh speed bus, said. nDnltorlng step being: perforned by

df t h esg_for e i er
System w i hid-syot e, Eruddss s reRERA" I Ml hih (2d) SRR
bus, and a ineduding a aseshep peof phindicabipgnewhethelr camaidd eyckai dof
system bus, 1n§%h:'ﬁc%r1%{3ssslé %EQHSBQI Wi 'denftl%érﬂ' OQaEat %ﬁlﬁq{:ﬂ}% step

processing conponent and sal I rst perlp eral” conponent, “said pro
conpri si ng PRENG: BEXfgrmed b!kﬁﬁ%@ﬁ@raﬁeﬁﬁépﬁu69m@ﬂnﬁmﬁhla syst em menory,
said instruction received by said processing conponent; b) decodtng sai d

nstructlon n order determ ne_a destjngti.on ddre ai
: nstruction; b§ai d i ngﬁ}%(ﬁq%%e%%c%ﬁeﬁeﬁ*? i &on 8% n&%e‘rﬂ"l‘ﬁlug
generating & step. of gnehitodipgasaid ddigh $pae§iéd shysal fourt (saidllcgismmcd
b aid h S u [ sten cqnnec
ags I Zalst t\fggglop%%ﬁ'é;t ﬁﬁé%g%;r’lzéaléoﬁggﬁﬁégt eﬁﬁé sal% ‘ﬁtq%n bus, és
start si gnaP°9@?ﬁ'&sgéﬁ@f &aid yighj speedcbusi ngaednmmormg Feep rigelag
CO&@Hnd adﬁé@i&hﬂﬂ&d 3% Gafd 'first peripheral component

13. - A process for use in- a computer system with a
system bus, a processing component coupled to said system
bus, and a first and a second peripheral component each
coupled to said system bus, said process for transfer of
information between said processing component and said first
peripheral component, said process comprising the steps of:
-a) receiving an instruction from a system memory,
said instruction received by said processing component;
| b) decoding said instruction in order to determine
a destination address' of said instruction, said instruction
decoded by said processing component;
"~ ¢) generating a start signal and placing said start
signal ont_o: a high speed bus, said high speed bus being
-faster than said system bus and connecting at. least two
components that are also connected by said system bus, said -
- start signal being generated by said processing component;
d) placing a command- addressing said first
peripheral component onto said high speed bus coupling said
processing component and said first peripheral component,
said command placed onto said high speed bus by said
processing component;
/ S - .e) receiving said start signal from said processing
component and selecting - said 'hiql_;l'_x "speed bus, said start
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peri pheral conmponent onto said high speed bus coupling said processing
conponent and said first peripheral conponent, said command ptaced onto
sai d high speed bus by-said processi ng conponen i aid start
signal from said processi ng conponent and sel ecﬂlm ml, H,mmspeed bus,
said start - 14 - signal received by said first gperi pheral <€onponent, —
and said high speed bus selected by said first peripheral conponent; f) !
pl acing a bysy signal onto said high speed bys.indicating that a high speed
bus cycl o iEdemRlTpreteed By (saidy Tisk, Reripheral GAmRPREnt  aRAgRald
spged b:,lsth_:ﬂgh s;uhﬁa pﬁ@sesejl.égtfednwne!aiid Piraftt perigstee 'mangr{:empzne_nmnd
and conpl eting sai sty n_fr aLg. c : [ a
ready signal onto 'safli(; énigﬁﬂggeead %jl %gﬁgé?. er?gﬁcﬂg?gggpgﬁﬁﬁr s?é)pé’elc?i % &ral
conponent iinmdicating that eahdgluisperd dbwssayalendsr dan iprogxessd, r sadd
si gnal pl agRkyntoiGRaf NbghcaBeedntss R4 il hildH Stspdisd | Phgsal pyoneaaaNt ;
and h) after rlgc-ei _\/‘li?]% 32*’% ?eady gi gnal s'}ent bi/j saisc})fi rst peripheral
conponent , REARALIING SAMBORLHK speed bus cycle by deactivating said busy
si gnal OId_eact : vat eiléqu% sattepr Qé&%‘(i'll;ﬂﬁ;fqi(ﬁﬁih@@ﬁmma}ﬁ and hca'ﬁplétﬂﬁfgs sadd
recited in claim 13. wherein ste urther conprijses t steps of: _a
ompar g SHEETRCEI i FERR, Baili (Whobddodiiy EOMBRRREE .\ INASHRT & nelhy,
of registersignkli onhg saiddiighsspeade busigindicatingf that psaidhfiaist
conponent, | { ngiian._ad _ aid s@ar | ,
et {hiiErd NBbhBBnllY A £AIN %%&g pgggﬁ od 1B UhiEm A SREPEASY

b) placingsaiainstruc n‘onto said, ] )
instruction, said ready signal placed onto said high speed
bus by said first peripheral component; and - -

h) after receiving said ready signal sent by said

first peripheral component, completing said high speed bus

. cycle by deactivating said busy signal deactivated by said
processing component.

14. = The process as recited in claim 13 wherein step (b)
further comprises the steps of: :

a) comparing 'said destination address of said
instruction- with' the contents of registers defining an
.address space range of said first peripheral component, said
destination address compared by said processing component;

b) plaéing said instruction = onto said high speed _
bus if said destination: address corresponds to said first
peripheral compdnent space range as programmed in said
registers, said instruction placed onto said high speed bus
by said processinglcomponent;'and

c) placing said instruction onto said systeh bus if
said destination address does not correspond to said first
peripheral component space range as programmed in said
registers, said instruction placed onto said system bus by
said processing component.

l( ' 15. ‘The process as recited in claim 13 wherein step (d)
' further comprises the steps of: = '
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bus if said destination address corresponds to said flrst i"rlpheral

conponent space range as programed in said registers, ’mm,m"”ﬂ",

pl aced ‘ont o sai d high speed bus by said processing conp
pl acing said instruction onto said systembus if said desti natf o' addr &ss
does-not correspond to said first peripheral conponent space range as

pro@panned in said registers, said i nstruction placed onto said system bus
by said processing conponent The praqcessgas recited in claim13

wherein step (d) furt erplﬂﬁﬁd?gsé%’ec hénstgyction _dddressing spad; nEirsk
i nstructi onp@ddjmang Somponhéntt opedbi padidnl highpspedd bak) SAid hhddregsed

oy ocess) o B SO T el 26ty R NG By 2818
|nstructlonpmgqeaganhcqppmnentd andli r st peripheral conponent is an

i nput/output or PN Vin I on ndjet her d inst
read or wite |nstru?9|on saf%yﬁ%dlcat step belng %grfor %ﬁ%ﬁf&@t%&n
processi ng CPFARpAnding to sajd pr(fclé-’ss:?t aPerdphexal; nc@mmere: WASr edn

step I(e% f:”lttﬂiﬁf tf&i&iih d%@e%&-he ﬁéﬂ@fyof ,naadt%ﬁwﬂmgntam? Oﬁhéﬁrl‘]l@rs'[aééld
signal to latc & fddress, said edge use ai irst perjp

conmponent ; &ngﬁﬂﬁ#ﬁqﬁ) Ss4 g %lﬂﬁhwﬁi#%n sgﬁﬂ?tl By S %%ﬂ(ﬂ?é%ﬁ%géFﬂg
conmponent orstEp bdinh peetormed by saddr procéssdng compotdret. sai d
instruction is an input/output or a nmenory instruction, said instruction

exam ned by said first peripheral conponent; and
16. The process as recited in claim 13 wherein step (e)

U further comprises the steps of;
a) using an edge of said start signal to latch the
address, said edge used by said first peripheral component;
b) examining ' said instruction sent by  said
processing component on said high speed bus in order to
determine whether said instruction is an input/output or a
memory instruction, said instruction examined by said first
peripheral component; and '
| c) examining said instruction sent by said
processing component on said high speed bus in order to
determine whether said instruction is a read or write
instruction, said instruction examined by said first
peripheral component.’

17. The process as recited in claim 13 wherein step (f)
further comprises the step wherein said processing component
places data corresponding to a write instruction onto said
high speed bus if said instruction is to be a write
instruction.

18. An information transfer system as claimed in claim
1 and substantially as hereinbefore described with reference
to accompanying drawings.

19. A process as claimed in claim 7 and substantially
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C) exam ni ng sai d i nstruction sent by sai d processing co onent
on said high speed bus in order to determ ne V\/net her ”mlﬁmllLHﬁu ”E)
aread or wite instruction, said instruction exam

peri pheral conponent. 17. The process as recited 'n ¢l aim'3 wher ein
step (f) further conprises the step wherein said processing conponent '
pl aces data corresponding to a wite instruction onto said high. speed buﬁ,j
if said instructionis to be a wite instruction. 18. An information
transfer &pshefeinhafong fAescribed vishdreference 4id \the acconpanidng
descri bedawewlingef.er ence to acconpanyi ng draw ngs. 19. - A process as
clained in claim7 and substantially - 16 - as hereinbefore described
with reference to the accorrpanyi ng draw ngs. 20: A process as clai ned
in claim28.and sublstmricess yass cleisistbeinre1aencBbethavisibseiREEaTeyt O

the aCCO”H@”Yx'e%ﬂfH@’fJi@ desélebed with reference to the accompanylng
drawings.
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