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BACKROUND OF THE | NVENTI ON. 1. Fteld of the Invention

The present invention relates to the field of conputer systens, and
particularly to a nethod and an apparatus for enabling a processor to
access an external conponent through either .a private bus or a shared
bus. 2. Art Background “In recent years, an increasing
nunber of processors (e.g., digital signal processors that use a R SC
like archi t ect ua e METHOD | ANDe e d APPARATUSSt FORt iIRNEBLING @Xxecution
speed by sinplifyi n@ROCESISOR nTO nJCCEESr AN EXTFERNADJCOMBONENTISt ance,

one way that this TEROUGH
: . A PRIVATE BUS OR A SHARED BUS

1. @Eield of the Invention

The present invention relates to the field of
computer systems, and particularly to a method and an
apparatus for enabling a processor to access an external

component through either a private bus. or a shared bus.
.2. Art Background

In recent years, an increasing number of processors
(e.g., digital signal processors that use a RISC like
architecture) have increased their instructions .
execution speed by simplifying or eliminating their
microcodes. For instance, one way that this
simﬁlification/elimination has increased the processors'
instruction execution speeds is by reducing ths
instruction .decoding and execution time. In fact,
presently, a number of processors, that use a RISC li;e

rchitecture,'cah decode and execu:te an instruction werc

in just one clock cycle.



sinplification/elimnation has increased the processors’ i nstruction

execution.s eeds I's by reducing the I nstruction decodi and

execut i on”® 301n fact, presently, a number -of proc@?g’gﬁgs’“’?gﬁat use
a RISC Iike archrtecture, can decodg, and execute an instruction word

in just one clock cycle. WO 96/ 18153

PCT/ US95/ 15893 -2- To take

advant age of this reduced instruction decode and execution tine, and
to increase further t he processar jnstruction execution speed, a

met hod for dRu&A§ Fﬁgaﬂéﬁéea€€e§§15|ﬁﬁd??eﬁ inSHEUEE IRN needed 't o

provi de a process r r%%yested data_word to 4]|s needed.
od

I n addition, ercutl°Pe5ﬁ8Fhga?ﬂet%ai%gﬁﬁfgiég &%een
| ong- SOUth ' Q,rocesso@' ?.h%@!cuﬁ'tggﬁl 958&??3& HQ%@Q&” | £ald QNS Wy,ch require

t he processor to rec e frum anount. of

nultr-nedra d%%%ub&nbe%hetbﬁﬁa access time [104Ie dhdlESRNINe LY RLI OF art
data accessing met hod. As shown in this flgure this prior art

approach redugesviie dabaoa@eeas tegRebyed| @LtQvédtd to thd Nternal data
menory bank 100 in processor 102. .
processor) is needed. 1In addition, a method for
reducing the data access time has been long-sought in
digitél signal processing applications which require the

digital signal processor to receive a maximum amount of

multi-media data in real time.

Figure 1 presents one prior art data accessing
method. As shown in this figure,_this prior art
approach reduces the data access time by placing an
internal data memory bank 100 in processor 102.
Arithmetic logic unit (i.e., ALU) 104 can then access a
data word in a few clock cycles by supplying addresses
of particular memory cells (storing the data word) to
the internal data memory bank. In turn, the internal
data memory bank decodes these addresses, and provides
the requested data word (at the supyliéd addresses) te
the ALU by driving the appropriate bit lines and sense
amplifiers. However, since the space on a processor dle
is limited and since memory cell airays consume a
relatively large amount of die space, only a limited
amount of data can be stored internally, which thereby

limits the amount of daza that the ALU



Arithnmetic logic unit (i.e., ALU) 104 can then access a

data word in

a few clock cycles by supplying addresses of particular nenory cells
(storing toogisasavord) to the internal data nmenory bagqudesiéges N,

t he internal data nmenory bank decodes these addresses, and provides
the requested data word (at the supplied addresses) tc the ALU by
driving the appropriate bit |ines and sense anplifiers. However,
since the space on a processor die is limted and since nmenory cel
arrays consune a relatively | arge anount of die space, only a limted

anmount of data ¢ gsb?ﬁ§59r iﬁgégrE%éé@ﬁﬁ%?L?gthggﬁ6b§ﬁ?§%ﬁﬁ%€% '}s t he

anount of data that

PCT/ USQ5/ 15893 this prior art data accessing method- does not
dat a accessing net hod. Consequently,

e ALU can access

this prior art
this prior art data accessing

nmet hod does not sufficiénflycredide vhdudaeat Becdabataneecsecins® decmse i.t

only enables the ALU to access a limted anount of data in this
manner. | n addi enableshibe pAlbrt@racdestse@ndlimdaed amount actedastiagimet hod
does not provide the shortest data access time because at tinmes ALU

104 has to ternthisemanner. 1In addition, this prior art internal data

accessing method does not provide the shortest data
access time because at times ALU 104 has to terminate

its data access to allow other components of the

computer to access the data memory.

Thus, as prior art internal data storage methods do
not sufficiently reduce the data access time, several
prior art external data accessing methods have been
developed. Figure 2'presents one exampie of a prior
art external data accessing method. As shown in this
figure, this prior'art approach stores data in the
surplus memory of the program memory. However, this
prior art data accessing method also does not
sufficiently reduce the data access time, because it
uses one instruction bus 110 to relay both_instructions
and data to processor 112. More specifically, this

- -

prior art approach requires three entire clock cvcies T

access a data word, where (1) during the IZirst clock
cycle, processor 112 receives an instructicn word, (2)

‘during the second clock cycle, processor 112 decodes the

instruction, and (3) during the third clock cycle

processor 112 generates a data address and reads the



its data access to allow other conponents of the conputer to access
the data nenory. Thus, as prior art internal data storage

met hods dewvo9gngi1gpt sufficiently reduce the data access ti BT ERY 348

prior art external data accessing methods have been devel oped. Figure
2 presents one exanple of a prior artd-external data accessing nethod. .
As shown in this figure, this prior art approach stores data in the
surplus nenory of the program nenory. However, this prior art data
accessi ng net hod al so does not sufficiently reduce the data access

time, because ihea. IHS§§d£E¥bﬂr“%ﬁf&%ﬁf¥5£“§§tl¥9§EQaE§I FOLQt

instructions and data to processor 112. Mire eci this

prior art appreaehikeghtifsrédi®e o idf £1RTestyeline B@cause 8£€ess a data
word,- where (1) during the first clock cycle, processor 112 receives

an instructor pwotdssé2)112 hasld nednimatecdnd dhoakacyese, tpraressor 112
decodes the I nstruction, and (3) during the third clock cycle
processor 112 gbhera@emp@mqnnsiqmdm55$nmm@tegad9 tge the 1nstm¢mﬂqm153

PCT/ US95/ 15893 -4-
bus to access the data memory. ‘For example, .

occasionally the processor has to terminate its data
access so as to allow an external system memory to store

additional information in the data memory.

Figure 3 présents a second prior art méthod for
accessing external data. This prior art method uses
separate instruction.bus 120 and data bus 122 to
respectively couple a processor 124 with separate
.instruétion memory 126 and data memory 128. However,
for several reaséns, this prior art external data
accessing method also does not provide the shortest data
access time. First, this prior art external data
accessing method does not provide the shortest data
access time as it requires the processor (1) to make a
separate data request for each individual data word to
data memory cell array 128, and (2) to wait idly by
until the data memory cell array suppiies the reguested
data. Second, the access time is adversely afiected
because, in order to communicate-tg data memor:y ;28,
processor 124 has to drive a data bus which is_highly
capacitive due to the large number of components that

are coupled to it.



data. In addition, this prior art approach does not sufficiently
reduce the data access tinme because often processor 112 has to

term nate | WOMHt8STaccess to all ow ot her conponents of RATAISHSNESAS er
to use the instruction bus to access fhe data nenory. For exanple,
occasionally the processor has to ternminate’its data access so as to
all ow an external systemnenory to store additional- information in
the data nenory. Figure 3 presents a second prior art method
for accessing external data. This prior art method uses " separate
instruction bus 120 &Tihixtht ecHeuPrlizd Bt exterfspeneénye) Yacoegd nd
processor 124 with separate instruction nmenory 126 and data nenory
128. However, metheg ch\Rkgure chsdoss ndt ssypffigientlextesiurd tdwt a
accessing nethod al so does not provide the shortest data access tine.
First, this pri #ce8%s &dmer PEcCayseaat timge bR PELFRIFRI Rde$ ot provi de
the shortest data , access tine as i requLges t ga rocessor g}) to make

a separ at e FEYPRfUSSE P@Faeﬁﬁﬁe%%dF9iﬁ P¥ R wor PRGNt °fat a
ey i, 18400 B B i, R, T

cell array supplies CcéESHime is

g el o ihony,, RSERSEPAL LS RIS oy

128, @ processor has to Ive a is hig
capaci tive due tQetdighdtdf 4@ sNUEREr a8Ee §9NPONES o tdWlow an e@&%rggqpled to

it. '

system memory to access the data memory. This prior art
data accessing method increases the size of the data
memory cell array, in order to reduce the_data access
time by reducing the number of times that processor 124
has to terminaté_its data access to allow an e:ternal
system memory to store additional data in data memory
bank.128. However, thié prior art solution is not an

optimal solution because increasing the size of the data

memory cell array increases the cost cf the computer

[

system. Irn addition, this prior art solution cannot b
used when due to design constraints and space
limitations, the size of the data memcry cell array

cannot be enlarged.
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-5- Third, the prior art external nenory accessing met hod
of Fi gurewdanesssnot sufficiently reduce the access t ipgpnjaegpges at
times the processor has to termnate its data access to all ow ot her
conponent s of the conputer to use th& data bus to access the data
menory. For exanple, the processor has to occasionally termnate its
data access so as to allow an external system nenory to access the
data nmenory. This prior art data accessi ng nethod i ncreases the size
of the data menory cel | array, in order to reduce the data access

time by reducing the nunber Sfvikit bR o : has to
termnate its data access to allom/an ext er.nal. E systenrnenory to store
additional data in data nenory - bank 128. However, this pri-or art
solution is not an The prE¥entalindentibanpbechuss arm&ﬁﬁﬁaruhdlah size of the
dat a menory cell array increases the cost of the conputer system )
In addition, td4ppagatus fart epebdingnacpnnoesser to acmmss \Wreexteentd design

constraints and space limtations, the size of the data nenory cel
array component through either a private bus or a shared bus.

One embodiment of.the present invention is an external
memory access apparatus which’indludes an external
memory access un;t. This externai memory access unit
couples to_the processor through an external memory ‘
access unit bus.  In addition, the external memory
access unit couples to eXternalﬂmemory through a2 private
bus. The external memory access unit also couples to
the external memory through a ehared bus, which also

.couples an external component to the external memory.



cannot be enl arged. WO 96/ 18153

PCT/ US95/ 15893 - 6-

SUMVARY  OF wWiibe/18188/ENTI ON The present invention gFoydediseed

nmet hod and an apparatus for enabling a processor to access an external
conponent through either a private bus or-8-shared bus. One enbodi nment
of the present invention is an external nMenory access apparat us which
i ncl udes an external menory access unit. This external nmenory access
uni t couples to the processor t hr ough an external menory access
unit bus. In addition, the s o ~ Akt E~SOUPl €S T O
external nenory through X Pr 1 : ) [ e ¢ nNal NMEeNpry access unit
al so couples to t he external nenory through a shared bus, which al so

coupl es an external eREPER§HEL S Caddien Sy %&”Q%% present yg%éﬁ!%§§53
PCT/U895/15893
will become more readily apparent to those ordinarily
skilled in the art after reviewing the following

detailed description and accompanying drawings, wherein:

Figure 1 presents one prior art data accessing
method that reduces the data access time by internally

storing the data.

Figure 2 presents one prior art external data
accessing method that stores the data in the surplus

memory of the program memory.

Figure 3 presents another prior art external data
accessing method which stores the data in an external

data memory.

Figure 4 presents a computer system architecture
which incorporates one embodiment of the externzl memory

access apparatus of the present invention.

Figure 5 presents one embodiment of an external
memory access unit bus, an external memory &aCCess unit,

a private bus, and a shared bus used In tie exiernal

memory access apparatus of Figure 4.



BRI EF DESCRI PTION OF THE DRAW NGS The objects and

advant ages of the present invention w Il becone nore readily apparent
to those omdb seasissy skilled in the art after review ngporushidsoni ng
detail ed description and acconpanyi ng draw ngs, wherein: . Figure-
1 presents one prior art data accessing =8~ nmethod that reduces the data
access time by internally storing the data. Figure 2
presents one prior art external data accessing nethod that stores the
data in the surplus menory of the program nenory. Figure 3

presents another pririquifé ©xpeddettdladrme embodiRaRsidl A8 och i Ly st ores
the data in an external - data nenory. - Figure 4 presents a

conput er syst ensrarmdd thect Uneerfacewhsel incohneos:etesnainencardradiatertssof t he
externl nenory access apparatus of the present invention.

Figure 5 presemmitonef efibguraeht of an external menory access unit
bus, an external nenory access unit, - a private bus, and a shared bus,

used in the external ) nenory access atﬁgratus of Figure 4.
Figure 7 present one odiment of the timing

diagram for a block read access operation of the shared

and private bus interface of Figure 6.

Figure 8 presents one embodiment of the timing
diagram for a block write access operation of the shared

and private bus interface of Figure 6.

Figure 9 presents one embodimént of a state
machine block used in the external memory access unit of

Figure 5.

Figure 10 presents one embodiment of a state
diagram for a private bus state machine of the state

machine block of Figure 9.

Figure 1l presents the timing diagrams for the
operation of one embodiment of a state machlne output
generator of the state machine block of Fxgure 9,

‘during a block read access through the private bus.

Figure 12 presents the timing diagrams fcr the .
operation of one embodiment of the state machine output
generator of the state machine block of Figure 9,

during a block write access through the private bus.
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- 8- Figure 6 presents one enbodi nent of a private and

shared bus WA used in the external nenory access POTTUSIViS8Ps gur e
5. Figure 7 present one enbodiment of the timng di agram
for a block read access operation of the shar ed and private bus

I nterface of Figure 6. Figure 8 presents one enbodi nent of the
timng diagramfor a block wite access operation of the shared

and private bus interface of Figure 6. Figure 9 presents one
enbodi ment of a st at eFigure N8 hphesens kt s etliming hetisxtaisafoTeflE y access
unit of Fi gure 5, Figure 10 presents one enbodi nent of a
state di agrepedfalricn ofi vaiee epbodsmant ofictheestHtd e cdtiatee output

machi ne bl ock of Figure 9. Figure 11 presents the tinng

di agrams for t hegeneratguf itdie oftafite RABUdindHock of Figurendohi ne out put

during a read after write access through the private

bus.

Figure 14 presents one embodiment of a state
diagram for a shared bus state machine of the state

machine block of Figure 9.

Figure 15 presents the timing diagrams for the
operation of one embodiment of the state machine output
generator unit of the state machine block of Figure 9,

during a block read access through the shared bus,

Figure 16 presents the timing diagrams focr the
operation of one embodiment of the state machine output
generator unit of the state machine block of Figure 9,

during a block write access through the shared bus.

Figure 17 presents the timing diagrams for the
operation of one embodiment ¢f the stare machine outpu:
generator unit of the state machine block of Figure 9,

during a read after write access through the shared bus.

Figure 18 presents the timing diagrams for the
overation of one emboediment of the state machine outpu:
generator unit of the state machine block <f Figure 9,

during a write access through the shared bus when the



generator of the state nmachine bl ock of Figure 9, © during a block read
access through the private bus. Figure 12 presents the timng

di agr amsywidenkiss operation of one enbodi nent of the pcwUsssuseds ne

out put generator of the state nachine bl ock of Figure 9, during a-
bl ock wite access through the private-Bgs. WO 96/ 18153

PCT/ US95/ 15893 - 9- Fi gure 13
presents the timng diagrans for the operation of one enbodi nent of

the state nachi ne out put generator of the state nachine bl ock of

Figure 9, sh&%gérﬁhéféfﬁﬁiEgﬂdﬂérwﬁbtQeﬁ@Gé&Sahhr@M@hpf&EesHonunay' |
bus. - Igure 14 presents one enbodi nent of a state di agram .
for a shared hys pbait&s natdidarefa e .state machi ne bl ock of Figure 9.
Figure-15 presents the timng diagrans for the operation of one

enbodi mrent of the state nmachi ne out put generator unit of the state
machi ne bl ock of Figure 9, - during a block read access through the
shared bus. ' '



Figure 16 presents the timng diagranms for the

enbodi nent of the state machi ne out put

machi ne bl qudkogrigiés gure 9,
shared bus.

operation of one enbodi ment of the state-maehi ne out put

of the state nmachine bl ock of Figure 9,
access through the shared bus.

di agranms for the
out put
during a wite access
PCT/ US95/-15893

grant signal is renoved and t he processor
bus.

during a block wite access
Figure 17 presents the timng diagranms for the

operation of one
unit of the state

P98 sgbd e

gener at or

generator unit
during a read after wite

Figure 18 presents the timng

operation of one enbodi nent: of the state nachine
generator unit of the state nachlne bl ock of Figure 9,

9 96/ 18153
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WO 96/ 18493 he following descrlptlon,lﬁumerous details are

set forth in order to provide a thorough understanding

of the present invention.

by one of ordinary skill in the art that these specific

details are not required in order to practice the

invention. For example, although for purposes of
explanation the following description pertains to a
method and an apparatus to access e#ternal data memory,
it will be understood by one of ordinary skill in the
art that the present invention can be used by a

processor to access any external memory (e.g., an

instruction memory) or any other external component. In

other instances, well-known electrical structures and

circuits are shown in block diagram form in order not to

obscure the present invention with unnecessary detail.
1. External Memorv Access Apparatus

The present invention provides a method and an

apparatus for enabling a processor to access an

1]

component through either a private bus or & shared bu

[ =Yook st
(=R

re tha:

|
ct

Figure 4 presents a computer system archit

incorporates one embodiment cf the external comgonent

accessing apparatus of the present invention. In the
embodiment of the present invention that Is set forth in
Figure 4, the external component accessing apra ratus is

However it will be understood

external



DETAI LED DESCRI PTI ON OF THE INVENTICN In the foll ow ng

descri ption, nunerous details are set forth in order to provide a

t hor ough uggss, gﬁdl ng of the present invention. Howeveeridsedidshs

understood y one of ordinary skill in the art that these SpECI%

details are not required in order to practize the I nvention. For
~exanpl e, although for purposes of expl anation the follow ng

description pertains to a nmet hod and an apparatus to access external

data nenory, it will be under st ood by one of ordinary skill in the

art .that the present nyen tion can be use c access
any external meftt ES na AFOTY aGeR g%g%ﬁDﬁgﬁBFy?EQ ggﬁgio%ﬁe

exter nal Conponﬁggcesgor 1550E§e£c¢§E§EN“&§%a Weklorngunk sl esri cal

structures and circurts are shown 1 n block diagramformin order not

to obscur egbReveE£Se!t i & NWENBd Qihddddt doNeeassany getérhal 1.
External Menory Access Apparatus The present invention

provi des a net hegmpbflef accesshpfraipsrdtars efakhengraspnockssention access
an ext er nal conponent through either a private bus or a shared bus.

Fi gure 4 presentanaenabpet €he gysteessoxtia @stogss ehat numberi@€or por at es one
enbodi nent cf the external conponent accessi ng apparatus. of the
present inventi8Aterppativie external memory banks (e.g., N 1nstructlon

memory banks) or any number of alternative external

components.

As.shown in Figure 4, exeernallmemory accessing
apparatus 140 includes external memory aéeessing'unit
bus 142, external memofy.accessinq unit (EMAU) 144,
private bus 146, shared bus 148, shared bus arbiter 150,
direct.memory eccess unit 152, data memory bank
controller 154, and N data memory baﬁks 158. Processoi
156 uses external memory access apparatus 140 to
minimize its data access time. Mofe specifically,
processor 156 is.en ordinary_processbr with_limited
internal data storage capacity and with ;imited
addressing capability for accessing data. In one
embodiment of the present inventiorn, ?Eocessor 156 is a

.diéital signal processor (DS?) witzh a RISC like
architecture, which allows the [SP =2 decode and execute
an instructioﬁ word in just one clocx cycle.
Consequently, in order to take advantage of this reduced
instruction déEode and exeCution':ime, ard to increase

further the instruction execution speed'cf'the_DSP, DSP



enbodi nent of the present invention that is set forth in Figure 4, the
ext ernal conponent accessing apparatus is WO 96/ 18153
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menory accessi ng apparatus for enabling processor 156 to access N

data nmenory banks 158. However, it i~43to be understood that the

ext er nal conponent accessing apparatus of the present invention _
can enabl e the processor to access any nunber of alternative external
menory banks (e.g., Ninstruction menory banks) or any nunber of

alternative extefdg@lyges ext%@ﬂ&qn‘ﬁl'é}n%ryuaccess_ap?af§t\§£'°i’%i Figure 4,

ext ernal nenory ‘accessing apparatus 140 includes external nenory

accessing unit minimis k42 .da®ht AcBaksMTBIREY ALCeSSANd ) toAJPYAH) 144,
private bus 146, shared bus 148, shared bus arbiter 150, direct

menory access uninsthhittidaisa arenetyrbdnkxternal pnin abteyrakbRaManGoN dat a
menory banks 158. Processor 156 uses external nenory access apparatus
140 to m rWhnd lIze data owmirslsaecesstored. extrma Bljecirf idatld yemory
processor 156 is.an ordinary processor with [imted

banks 158. Processor 156 then uses program bus 162 to

access program RAM 160, while using external memory

access apparatus 140 toc access N data memory banks 158.

Processor 156 also uses EMAU bus 142, EMAU 144, and
shared bus }48 to access numerous external components
that are coupled to shared bus 148. Some examples of
these external components coupled to the shared bus are
an external processor, an external system memory, Or an
external serial port communicating information to/from
other external components not coupled to the shared bus
from/to external components coupled to_the shared bus.
In addition, in the embodiment of the present invention
set forth in Figure 4, processor 156 communicates to
shared bus arbiter 150, data memory controller 154, and
direct memory access unit (DMA) 152, through EMAU bus
142, EMAU 144, and shared bus 145. Shared bus arbiter
150 allocates control of the shared bus among & numbex |

of bus masters (e.g;, EMATU 144 and DMA 152), b

({4

determining whether another bus master is accessing th
shared bus, and if so by then determining whether that

particular accessing bus master has a higher priority



I nternal data storage capacity and with limted addr essi ng capability
for accessing data. In one enbodi nent of the present invention,

processor WeP6/18153 digital signal processor (DSP) V\ntljscqt,[gbs‘;gsbj ke
architecture, which allows the DSP to decode and execute '
instruction word in just one clock cycleld- Consequent | y, |n order to
t ake advantage of this reduced I nstruction decode and execution tine,
and to increase - further the instruction execution speed of the DSP,

DSP WD 96/ 18153

PCT/ US95/ 15893 status than a bus master requestind3ccess to the’Qhd$eS
external nenory access apparatus 140 to mnimze its data access

time. In additibws. program i nstructions are stored externally in
program RAM 160, “while data words are stored externally in data
menory banks 158. Processor 156 then uses program bus 162 to

access program RAM Memengps| areddi hgoi!mbvﬁadirmw can be asessasappar at us

140 to access N data nmenory banks_ 158 - Processor 156 al so uses
EMAU bus’ 142, Emefm“aﬁablter 100 e FRULHMP I Qe STORGABEBESOEx! er nal

I r 14 X I f
components i 8 Soupked 1802 SL U kA% . BT RIAIP 83,

unit used in computer system archltectures that use a
PCI bus Some of these bus arblters are coupled to each
bus master through an individual request line and an
individual grant line. Other bus arbiters.couple to all
the bus masters through a common request line and a |
common grant line, by time multiplexing each bus
master's access time to each of these lines. Yet other
arbiters also use a common request line and a common
grant line to couple to all the bus masters, but (rather
than using time multiplexing techniques) use decoders in
the arbitrators and the bus masters to determine which
bus master has made a request on :he request line and
which bus master has been granted a shared bus access on

the grant line.

Irrespective of the way shared bus arbiter 150
couples to the bus masters thro ugh the feqUest.and grant
lines, for one embodiment of the present irvenzion, the
arbiter operates in the fcllowing manner. In order to

gain access to the shared bus, a bus master forces the

-

signal on its request line to a first logical state

U

(&)

ter 150 decides tc

-
(]

(e.g., a "1" logic level). When arbi



t hese external conponents coupled to the shared bus are an ext ernal

processor, an external system nenory, or an external serial port
conmmuni cat i wi senfsessmati on to/ from ot her ext.ernal conmpongfusssrisses
coupled to the shared bus - fronito external conponents coupled to the
shared bus. In addition, in the enbodilident of the present invention
set forth in Figure 4, processor 156 communi cates to shared bus
arbiter 150, data nmenory controller 154, and di rect nmenory access unit
(DMA) 152, through EMAU bus 142, EMAU 144, and shared bus 148. Shared

bus arbiter acad tr 200 unber
of bus nasters (%%ggfagkuu 13§>§%% Bﬁkr%gz%?gb§8a£ﬁg g%?é%ﬁ?ﬂﬁ%g“&%ether

anot her bus nastmister AARS Wt tlele forcesSPAEEY i GNS1 MR HRAARY 1hkeN
det erm ni ng whet her that particul ar accessing bus master has a higher

priority 0 DEARIRB logic state (e.g., a "1") for that bus .
PCT/ US95/ 15893 -14- - status than a
bus master requeRastrRr acdien thet Bgbiharedater wanmss to terminateNamer ous

wel I known bus arbiters can be used as shared bus arbiter 150. For
exanpl e, one entRAftHFH1IaHF access to the shared bus, the arbiter forces

the signal on the grant line of the accessing bus master
to a third logic state (e.g., a "0"), which in turn
causes the.accessing bus master to terminate its access

. to the shared bus and to force the signal on its request
line to a fourth logic state (e.g., a "0") in the next

clock cycle,

Consequently, before inifiating a communication
through the shared bus, processor 156 initiates a.
communication with shared bus arbiter 150 in order to
obtain permission to drive the shared'bus.. More
specifically, to gain access to the shared bus,
processor 156 requésts the EMAU to initiate an external
access through the shared bus. EMAU 144 then forces the
signal on its request line to the first logical state,
and awaits until the arbiter forces the signal on its
grant line to the second logical state (which éignifies
that the arbiter has granted access to the shared bus to
the EMAU). The EMAU’'s access to the shared bus can be
terminated by the arbiter, if the arbiter forces the
signal on the érant'line 0f the EMAU tc the third

logical state, which in turn causes the EMAU to



shared bus arbiter 150 is the systemarbitration |ogic unit used in
.conputer system architectures that use a PCl bus. Sone of these bus

arbiters wooeneipl ed to each bus master through an i ngicyhfvaisgssquest
i ne and an i ndi vidual grant line. Qher bus arbiters couple to al

the bus masters through a common request1léiFne and a common grant i ne,
by tinme multiplexing each bus master's access tine to each of these
lines. Yet other - arbiters al so. use a common request |ine and a common
grant line to couple to all the bus nmasters, but (rather t han using

time nul tipl exidyiRAnii4ue sk cuss JBCOHET ShiPed bus A APIASALDLHANd the
bus nmasters to determ ne which bus naster has nade a reguest on the

request |ine afihnal onMiitehreyaegdsienehes bRENfaAN abgicharsdtaus access
on t he gr ant i ne. Irrespective of the way shared bus

arbiter 150 in teupless tdothkechuienmashsrsemtiangh Bdiow,eqitesiveand grant
i nes, for one enbodi nent of the present invention, the arbiter
operates in tHhe @HIQSRKISSET FARNRFOITIERM bhdeEMAQ)tO refysien taccess to the
shared bus, a bus master forces the gnal on its request line to a
first |ogical tQmFipate itgeagcesy “‘1"“1‘%9?1&34’%4/6?‘-)5 (iwfen &2 ter 1150

decides to
program the EMAU to lock the shared bus), by refusing to

force the signal'on its request line to the fourth
logical state in response to the arbiter forcing the

signal on the grant line to the third logical state.

Processor 156 also communicates through EMAU bus
142, EMAU 144, and shared bus 148 to data memory bank
controller 154. Through activating a particular number
of cohtrol lines (not shown in Figure 4) that couple
data memory bank controller 154 to.N data banks 158, the
data memory bank controller allocates the data memory
banks to a particular bus (i.e., .causes the data memory
banks to receive information from either the shared bus
or the private bus). The bus masters access déta memorsy
bank controller 154 through the shared bus in order to
request controller 154 to allo;ate-a par 1cula* data
meméry bank to a particular bus. If the data memory
bank controller decides to allow-a particular bus master
to access a particular data bank, it transmits control
signals through the control lines that couple Zt to the
data banks. The data banks then decode these control

signals in order to determine whether they are going to



WO 96/ 8153 PCT/ US95/ 15893
- 15- grant access to the shared bus to the requesting bus

mast er, theweorigms forces the signal on the grant |ine ptPuses@sHNd

| ogic state (e.g., a "1") for that bus master. When the arbiter later
wants to termnate a particul ar acces$7to the shared bus, the arbiter
forces the signal on the grant |line of the accessing bus naster
toathird logic state (e.g., a "0"), which in turn causes the
accessing bus naster to ternmnate its access to the shared bus and to

force the signalpedddesse@Idasl 1£ so WhoEndéP rdPWrdhiloFeetate (e. 9., a
"0") in the next cl ock cycle. Consequently, before ..

initiating a connfdreatiidh from theoyBiréicosdased HupriaReesssl. 156
initiates a communi cation with shared bus arbiter 150 in order to

obt ai n perm ssi ®ftlexr dnifeemihg sher edgbested/bdara bankspdait! iicawigl be gain
access to the shared bus, processor 156 requests the EMAU to initiate
an ext ernal acgessed through ehthehatkel $haredixUpkdxatikebuser the t he
signal on its request line to the first_ |ogical state, o and awaits
until the arbité&@tfoPeed MREOIYgRANPtEALIEE Signaldy 4 Pes@isdirRetSecond
| ogi cal state (mhicg si%nifies t hat Hp%)arbiter has gnanted access to
t he shared bus g&e u aster on the share us. Upon recgiving
permission to access the particular data bank, the
requesting bus master initiates a data access to the
requested data bank through either the shared bus or the

private bus.

for the embodiment of the present invention that is
shown in Figure 4, EMAU 144 is the only bus master that
is allowed to access the data memory bank through either
the private bus or the shared bus. In other words, the
only bus master that can access a particular data memory
bank through the private bus is EMAU 144. This
embodiment of the present invention only allows the EMAU
to access the data banks through the private bus, in
order to reduce the data access time of processor 156 by
preventing interruptions in the processor's data access
that are due to the other components accessing. a
particular data bank. More specifically, the
processor's data access time is minimized becauée
processor 156 does not have terminate its data access tc
allow other components of the computer cystem O access

the data banks. Rather, processor i56 can access a



the EMAU). The EMAU s access to the shared bus can be term nated by
the arbiter, if the arbiter forces the signal on the grant |ine of

t he EMAU t wot9ea8183i r d | ogi cal state, which in turn caupesnsdsissdgA\U t o
WD 96/ 18153 _ PCT/ US95/ 15893

- 16- termnate its access to the~3fared bus and to force the
signal on its request line to the fourth logical state I n the next

cl ock cycle. As nentioned bel ow, however, t he processor can program
the EMAU to refuse to termnate its access to the shared bus (i.e., -

can progr araidieciMAU dat d @elhkt RErsighedhbUsYivaye NAfdiSiiited
force the signal on its request |line to the fourth | ogi cal state in
response to theakidwirsy drarthieng component sbgaatess dmethymrdada manko t he
‘third | ogical state. : Processor 156 al so conmmuni cates through
EMAU bus oA e shaged bharedIpugddiiBion, dahis rmhmdineatk of
controller 154. Through activating a particul ar -nunber of contr ol .
lines (not shoWhe PISSARte MVvepkioncBRpYeallovs (e EHMDILP FEfesSofiberol | er

154 N nks .1 h r n ntroller all h
dgt at (r)nermgst a bdaataS ba5:§<’s tth?r:ough tggt Srﬁrx'?éﬁ?e ngg i(n Cé):éero toe re%ucgc_at es the

the data access time of processor 156 by preventing the

private bus from being heavily loadedJ

For the embodiment of the pteéent invention set
forth ih Figure 4, procéssor'156 élso uses EMAU bus
142, EMAU 144, and shafed bus 148 to communicate to

-direct memory access unit (DMA) -152. Direct memory
access unit 152 couples a number of external components
(e.g., an external system memory, which is not_shpwn in
Figure 4) to the data banks through shared bus 148. 1In
turn, these-exﬁernal components can access a partiéular
data bank through this shared bus coupling when EMAU 144
is not accessing it through priVate bus 146. 1In |
addition, processor 156 communicatés_to DMA 152 in order
to program the DMA to cause external components to

:access a data bank that the proceSsor wants them to
access. For example, when the processor finishes
accessing a data bank, it may-wish.;hat the contents of
that data bank be examined by an_external component.
Consequently, it accesses the.direct memory access unit

(through the external memory access unit and the shared



banks to a particular bus (i.e., causes the data nénDry banks to
receive information fromeither the shared bus or the private bus).

The bus mastwoéaem3ss data nenory ~bank controller 154 tpeprags/ishss
shared bus in order to request controller 154 to allocate a particul ar

dat a menory bank to a particular bus.-1$-the data nenory bank
controller decides to allow a particular bus master to access a
particul ar data bank, it transmts control signal s through the control
lines that couple it to the dat a banks. The data banks then decode

these control  pusyl Gl prbBr@h9eEni® WeLEIIE NdIRihel BeK Bhes0gENG 1O
WO 96/ 18153 PCT/ US95/ 1589

-17- be atdessadaabdnkfl tsorndednedrdd1ecompdnettr.ecei ve

i nformati on fromthe shared bus or the private bus. After informng
t he requested data bank that it wll be accessed through either the.
shared or private busAst mentionedabefbomek irenmrder at mdlnligdzei gnal datés
perm ssion to t he bus naster on the shared bus. Upon receiving
perni ssion to ac@ESesshEipgrt Praresseatb barfes AU bus L4gueBMAHgl Hlis

master initiates a data access to the request ed data bank through
either the shar e@®Sy&ifpernprivate bus 146 or shared bus 148 to access N

data memory banks 158. In other words, the external
'memory access apparatus of the present invention allows
the processor to have a short data access time. For
example, when processor 156 accesses a data memory .bank
158 through private bus 146, the external memory access
apparatus 140 enables the processor to access X
locations in the data memory in X+Y clock cycles when a
writefoperétiCn is undertaken and X + Y + Z clock cycle§
when a read operation is undertaken, where (1) X
represents the number of iocations accessed in the data
memory, (2) Y represents the number of clock cycles
needed to program the EMAU, and (3) Z represents the
number of clock cycles needed to prefetch data for the
read operation. For the embodiment of zhe present
invention set forth in Figure 4, progfamming clock
cyéles_Y equals two, and prefetching clock cyclies 2
equals two. In addition, when processor 126 uses shared
bus 148 to acéess a particular data memory bank,
external memory access apparatus 140 allows the
processor to access Y locatiorn in the data memory in X -

Y + W clock cvcles wher a write operation 1 undertaken



private bus. For the enbodi nent of the present invention that
S shown in Figure 4, EMAU 144 is the only bus master that S

al | owed twomsaess the data menory bank through either . PETRISHNisyeR € bus
or the shared bus. In other words, the only bus master that can access

a particular data nenory bank t hroogR-the private bus is EMAU 144.

‘Thi s enbodi nent of the present invention only allows the EMAU to
access the data banks through the private bus, in order to reduce the
dat a access time of processor 156 by preventing interruptions in the

processor's dairy access + z + Whahodkecfdeel Owiidye LLARI CdiJB}%Q‘i%tns is
acceSS|ng a particul ar data bank. Mre specifically, the

processor's dairaieatedes,t whiereS Wnir8ppegeft HeErelJumber dF @QeeX0r 156 does
not have termnate its data access to al | ow ot her conponents of the
conput er syst epdlesacdess the EMAlHeadaltis bamksl tHeatdrdritepr geasssr it56 can

access a - WO 96/ 18153 .
PCT/ US95/ 1589&¢ccess to the shared bus. - 18- particul ar data

bank through the private bus, while al | owi ng anot her conponent to

access anot her data bank .
As_%%:ther discussed below, when processor 156

wishes to initiate an external access through either the
private bus or the shared bus, the processor fi:st
pfdgrams the EMAp during an initial program phase. For
instance, dgring ﬁhe initial_program prhase, processor ‘
156 informs the EMAU of én initial address of an
external component for the EMAU to access through either
the Shared or private bus. During'the initial program
phase, processor 156 also informs the EMAU whether it
requires the EMAU to initiate a block e#ternal access
operation or a single external access operation. If
processor 156 requests a block external access
operation, the processor also informs the EMAU of thé
size of the-block, the step size, and the particular
block mode accessing method (i.e., incremental or
decremental accessing method) . Furthermdre, processér
156 also informs the EMAU whether afrer initia;ing an
access through the shared bus, the EMAU shou d refuse ©2
release its access in respohse to the arbiter removing
its grants signal (i.e., whether the EMAU shouid lock
the shared bus). If the external access, that.p:ocessor

156 regquests EMAU 144 to initiate, is an external data



t hrough the shared bus. In addition, this enbodi nent of t he present

I nvention only allows the EMAU to access the dat a banks through the
private buswomeusser to reduce the data access tinme of PCTUSSSHE893156
by preventing the private bus from bei ng heavily | oaded.

For the enbodi nent of the present inventiodlset forth in Figure 4,
processor 156 al so uses EMAU bus 142, EMAU 144, and shared bus 148 to
comuni cate to direct nmenory access unit (DVA) 152. Direct nenory
access unit 152 coupl es a number of external conponents (e.g., an

external systemamyERisy, thei pRobsamféa SHOFermdtion aldddunEotnst @nkhemgdat a
banks through shared bus 148. In turn, these external conponents can
access a parti cwhather itdahaubdnictésseugie tddta Haaked thusughupheng when
EVAU 144 I's not accessing it through private bus 146. In

addi ti on, procegydvatesorobhantbared bws DVMRIEY itheoE¥M@ is to program
thhe DMA to cause external conponents to access a data bank that the
processor want s PregFapged, thgcBe’gesseF W@hpindtigtes eheoprypasabion
finishes accessi ng data bank, it wi sh th%t t he contents of

that data bank €t§fﬁﬁiﬁ88 BYOSRT 2%t AMAI T RO BFhTERR L COmPORBREHBERETY, it

accesses the direct ry.access. unit (throu h t he external nenory
access unit and _eEgﬁg?e§y providing an external read or wrlge commagg

(e.g., a read or write command directed to one of the

external data registers of EMAU 144).
2. Ex:sznaJ__Mzmgxx_JMuuuuL_nnis_;Bna

For one embodiment of the present invention,
Figure 5 presents a more detailed view qf EMAU bus 142,
EMAU 144, private bus 146, and shared bus 148 of Figure
1. _As shown in this figure, the EMAU bus includes
external data bus lines 180, external input/output
access bus line 182, EMAU register bus lines 184,
read/write_bus'line 186, and stop processor bus line

188.

For the embodiment of the rresent invention shown
in Figure 5, external data bus lines 180 are 16¥bit
lines used to transmit 16-bit data words betweer
processor 156 and EMAU 144. In addition, exzternal
input/output access bus line 182 is & 1l-bit line, whickh
processor 156 uses to supply an exrernal input cutput
access signal to the extérnal mémory access unit. This

external input/output access signal in turrn informs the
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-19- bus) and prograns this unit to provide the contents of :

t hi s dat a WOM/18153t he ext ernal conponent. As nmenpeRosskagy3or e,

in order to mnimze its data access_time, processor 156 uses EMAU bus
142, EMNAU 144, - and either private bué2146 or shared bus 148 to access
N data nenory banks 158. In other words, the external nmenory .
access apparatus of the present invention al | ows ~ the processor to have
a short data access tinme. For exanpl e, when processor 156 accesses a
data nenory. baekternallh8mbhyongbe ps i widte dHd e pree@xber Raknaenesy
access apparatus 140 enables the processor to access X - |l ocations
in the data nedpigirbeXal ekveknaycimsutmmartraut accewssit andpehakébyp i s
undertaken and X + Y + Z clock cycles when a read operation is

under t aken, mhéﬁései)tke exter ERLY tEARcansnivaditoftol esaminasthecessed in’
the data éWﬁ Y represents t he nunber of clock cycles

needed to progPEH?Fhél e Progassosntsangeits ovannbee BMAR| ock
cycl es needed {Q _prefetch data for t he read operation. For the

enbodi nent of Hg’present “ invention set forth in Figure 4, progranm ng
cl ock cycles Y equals twd, and prefetching clock cycles Z

EMAU register bus 184 is a 2-bit line bus, which
the proéeSsor uses in order to cemmunicaﬁe'to particular
registers in the EMAU. In other words, processor 156
uses EMAU register bus 184 to direct its communications
with specific EMAU registers. The EMAU bus also
includes read/write bus line. 186 which the processor
uses to inform the EMAU that its external access
involves a read operation (i.e., an'inbut operation) or

‘a write operation (i.e., an output operation).

Finally, the EMAU bus includes a stop processor bus
line 188, which the EMAU uses to halt the operations of
processor 156. For example, for the embodiments of
processor 156 that do not have a wait sta:e machine, the
EMAU uses stop processor line ;88 to send a stop
processor clock signal to clock gating circuitry in the
processor in order to sto? the operation of the
processor. On the other hand, for the embodiments of
processor 156 that do have a wait state machine, EMAU

144 sends a wait signal to the wait state machine in

0
o
3

order to cause the wel:t state machine to force processor

into an idle state. The EMAJ sends the stcr processor



equals two. In addition, when processor 156 uses shared bus 148 to
access a particular data nenory bank, external nenory access apparatus
140 al | ows WWe96/18153 processor to access Y location in the dateeTrososrisgos n X
Y + Wclock cycles when a wite operation undertaken WD 96/ 18153
PCT/ S95/ 15893 ~23- -20- and X + Y + Z +
Wcl ock cycles when a read operation is undert aken, where W
represents the nunber of clock cycles that the EMAU awaits until the
arbiter grants it access to the shared bus. As further

di scussed bel ow, cYHE0 PIHEELEEY thb wait sWohBeStbOothli prées S axi@idial
access through either the private bus or the shared bus, the processor
first progr anp winen EMAEKduiddug ea2 Oi2niskindks pr sgopanr@ipassr sikpral to
i nstance, during the initial program phase, processor 156 inforns the
EMAU of an initithe BiMkiéssiroforader to peweer dakncohpopestessor targl EMRU to.
access through either the shared or private bus. During the initial
program phaB¥AU nror e&dowheRg Slugd nignfdr ABit hel ERAGL Sl IRhase of
requires the EMAU to initiate a bl ock external access

the read operation, the EMAU has to stop the processor

for two clock cycles.

Although for purposes of explanation Figure 5 sets
forth particular bit lines numbers for EMAUlbus 142, ic
should be understood that in &alternative embodiments of
the present invention the EMAU bus has different widths.
For example, although for purposes of explanation
Figure 5 presents a 16-bit line external data bus
transmitting 16-bit data wards, it should be understood
that for alternative embodiments of the present
invention external data bus 180 can have alternative
widths or can transmit data words having different bit
sizes. Consequently, one embodiment cf EMAU 144
‘receives 8-bit data words and uses sign extension

techniques to relay 1€-bit data words o rrocessor 15¢.
3. Rrivate and Shared pRBuses

For one embodiment of the present invention,
Figure 5 also presents a more detailed view of the
private bus and shared bus of the'present invention. Acs
shown in this figure, each c¢f these buses Inciudes z

; ; ; . : . . - .
read bus line 206 and & wrize pbus lire 20t. These read



operation or a single external access operation. If processor 156

requests a bl ock external access operation, the processor also inforns
t he EMAU oWobbresiss size of the block, the step size, and jfgy flgiﬁu' ar
bl ock node accessing nethod (i.e., increnental or decrenen

accessi ng nethod). Furthernore, processor24- 156 al so infornms the EMAU
whet her after initiating an access through the shared bus, the EMAU
shoul d refuse to rel ease its access in response to the arbiter

removi ng its grants signal (i.e., whether the EMAU shoul d | ock

the shared busjndlfirite wxd eriy t hat 0 _ s dBB. Lequests
EMAU 144 to- ini?iatz IS an égﬁﬁiﬁgﬁﬁgﬁ?g 8. R 6E$§9§38%%% R ré&_

PCT/ US95/ 15893buses in order to inform an externa®lcomponent, dEESS. the
programed i nformation also infornms the EVMAU whet her it shoul d access

the data banksthérpretesdmr is aqueissding chrbhghsbheeBMbus. it ethd he EMAU
is programed, the processor then initiates a communication
bet ween t he prBE‘é%%%?O%m@%h(?@ &t éﬂerﬂrélor@oﬁpéﬂedwtha owghte opetdtal dEMAU, by

provi ding an external read or wite command ., aread or wite
command di rect&d qqp%ﬁﬁ?qm:t@ﬁeprlvatéxpéﬁnapddéﬁ%.$%§ﬁ%ﬂe§%§(ﬁOUEWAU 144) .

have 16-bit line address buses 210,-which they use to
transmit the address of the externally accessed
componenﬁ! Finaily, both thesé buses have 16-bit line
bi-directional data buses 2i2, which.are used £§ félay
data signals between processor 156 and the externally
éccessed component. Although for purposes of
explanation Figure 5 presents specific widthes for the
private and of the shared bus, it should be urderstood
that fdr alternétiye embodiments af.the presen: |

invention these buses can have alternative widths.

Figure 5 also presents one emb .1me:: cZ the

external memory access unit of the presen:.inven:ion.

As shown in this figure, the external memcry access unit
includes EMAU clock generator 1%2, shared and rrivate
bus interface 190, and state machine block 19%:. The
EMAU clock generatoﬁ receives clé:k sigﬁals frcom esvstenm
clock module 202, étrengthens these clock signals, and
provides (along';ines 198) these strengthened signals oo
state machine block 194 and to shared and grivate bus

interface 19C.
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initiate an external input/output access, and thereby causes the
external nenory access unit to exam ne the ot her signals that the

processor woeemisi s over the EMAU bus. EMA i .bus
184 is a 2-bit line bus, which the processor uses in (g#ger 9?’}35{93
comruni cate to particular regi sters-36r the EMAU. In other words,.
processor 156 uses EMAU register bus 184 to direct its comunications
with specific EMAU regi sters. The EMAU bus al so ~includes read/wite
bus line 186 which the processor uses to informthe EMAU that its

external access  snhp¥@l 48 FrifAt WA ali Ul dce® 100280L,RYL  OPET at i on)
or a wite operation (i.e., an output operation). . Finally,

the EMAU bus i nehibélesof SO ass@® pfdtessor hkBe égérar’&@icﬁ:\ﬁ'%w EMAU
uses to halt the operations of processor 156. For éxanple, tor the
enbodi nent s ofthe injtixlegsmgrEnd phaste .doProtebaye B5@aténsSidte wmehi ne,

t he EMAU uses stop processor line 188 to send a stop processor
cl ock signal tBreJeRmning qfy tdie cgdtisyeirs pliesharedpandessivaten arsder to-
stop the operation of the . processor. On the other hand, for the
embodi nent s of *Pterfage A% fhrengh keptgelnhaienal aot ransmitcemhations, EVAU

144 sends a wait,_signal_jo the wait state machine in order to cause
the wait stat ee’fﬁec‘?f?‘?q]e I[}é) fa(ﬁcc?é’sprlégesg%u regished Wi A state.  The

EMAU sends tr“%é%é%%rﬂ%%?%ﬁ&§Q%6. In addition, through external data

bus 180, processor 156 tranémits programming .signals to
particular registers of shared and private bus interface
190. Furthermore, shared and private bus'in:effaﬁe'l90
uses external data bus 180 to relay information to/from
processor 156 from/to external components (e.g.,
external data memofy banks 158).. Finally, shared and
private bus interface 190 uses EMAU coﬁtrol.bus 204 to
transmit/receive control signals to/from state machine

block 194.

control unit 220, external access :.contrcl register
(EACR) 222, external read address unit (ERLZT). 224,
external write address uni: (EWRT) 23, exterrzl data

read registers (EDRR) 226, and external data write

0
)
)
3
t
3
)
3
t
5N

register (EDWR)} 22

. L - ae -
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-23- clock signal or the wait signal to the processor either

(1) when cwobs/esil e 202 sends a stop request signal to PCT/OSY815d98\U, in
order to power down the processor and the,q_ EMAU, or (2) when, during
an initial prefetch phase of t he read operation, the EMAU has to stop
t he processor for two clock cycles. Al t hough for purposes
of explanation Figure 5 sets forth particular bit |ines nunbers for
EMAU bus 142, it shoul d be understood that in alternative enbodi ments

of the pLesedd- hB¥ertiRgnt ik EVALLAUS ahas Wil {8y et vidiihg /o For
exanpl e, al though for purposes of explanation Figure 5 presentss a

16-bit |ine extesmabusdadBa. [AYQU register ansnilBt i regpdl Bedod Awrdae sbwsands, it
shoul d be understood | that for alternative enbodi nents of the present

i nvention extEPhEPL d&t& Bl *f8d %eéi‘fdﬁéy‘é"aél F%’?‘rfa?_tlfv%he commund QHARENYr can
transmt dat %e\é@égﬁ fjﬁ\éég&z‘dﬁgge{rﬁmhpléxtﬁrnal 1%'g§§§erscg@sgkgal‘i:ee&t LXd one

enbodi nent of EMAU receives 8-bit data words and uses sign
ext ensi on privéeshusqimsertfaceeldy 1Bexhiihsdaice wopsksrdloupto@@esor 156.
- prevents any signals on the EMAU bus 142 from reaching the

registers of shared and private bus interface 190 until the
processor indicates the initiation of an external access on
external I/0 access bus line 182. Upon detecting an external
access signal on external I/0 access bus 122, control unit 220
then determines which register the processor wishes to commﬁnicate
with by examining the signals on the EMAU register bus 184. As
mentioned before, for one embodiment of the present invention, the
EMAU register bus has two bit lines. Consecuently, for this
embodiment of the present invention, Table 1 sets forth the
degoding logic used b? control unit 220 to determine the external
register (of bus interface 190) that processor 156 is

communicacting with.

Table 1
Bit value of the Bit value of the Bus interface's
second bit line of |first bit line of external register
EMAU recister bus EM2U register bus beinag accessed
0 . 0 External access
zontrol register 222

SUBSTITUTE SHEET (RULE 26)



3. Private and Shared Buses For one enbodi nent of the

present. invention, Figure 5 also presents a nore detailed view of the
private buswagehsisgr ed bus of the present invention. As pcqh@ggylssg:,tm S
figure, each of tnese buses read buggline 206 and a wite bus |ine
208. These read WO 96/ 18153
PCT/ US95/ 15893 - - 24- and wite bus
lines are used in the private and shared buses in order to informan
external conponent, which t he processor is accessing through the EMAU,
that the processor wi shes to performa read or a wite operation.
In addition, th§ prrvate bus and fhe shared bus Dot _ have 1o6-Dbit]line
address buses 210, whichothey usefto transmt {he Exiciress madt he
external |y accegsed conponen: Einally hoth {heddressaminagdd 16- bit
i ne bi - di fectional _dat a bus¢s 212, V\:Fi ch are psed to rela dat a
si gnal s bet ween processo?’ 156 andjthe externally ag - pnt .
‘Al t hough for purposes—of— EXpamatiom Frgure 5 i dt hs
for the ' 1 1 . . | - External data

' registers 226a/228

Once control unit 220 determines which external register of
shared and privaté bus interface processor 15o wishes to
communicate with, control unit 220 enables the requested external
register while disabling the rest of the external registers of bus
interface 190. Control unit 220 then di;ects the signals on'the
external data bus 180 and the read/write bus 186 to the requested
register, in order to initiate communication between the regquested

register and the processor.

As further shown in Pigure 6, control unit 220 réceives
clock signals on clock bus 193. Control unit 226 uses the clock
signals for its operation and :ransmi:s. via bus_inﬁerface control
bus 232! the ciock signals tq the external registérs of the shared
and private bus interfaces. As further shown in Pigure 6, control
uriit 220 also receives signals from state machine block 194 along
EM2U con:zrol bus 204. As shown in ﬁhis figure, the control lines
that state machine block 194 uses to comnunicate with sha:ed and
private bus interface 19¢ include a counter enable line, which the

control unit uses to transmit a counter enable

SUBSTITUTE SHEET (RULE 26)



private and of the shared bus, it should be understood t hat for

al ternative enbodi nents of the present I nvention these buses can have
al t er nat i vavowsligiss 4. . External Menory Access Unit pcr/uses/si5893
Figure 5 al so presents one enbodi nent of the external menory access
unit of the present invention. As showPrin this figure, the external
menory access unit ~includes EMAU cl ock generator 192, shared and
private bus interface 190, and state nachine block 194. The EMAU
cl ock generator receives clock signals fromsystem cl ock nmodul e 202,

strengthens thesgnehogk; extaPab$ addifess uditQ/idas o(db8AYakLaes 198) these
strengthened signals to state machi ne block 194 and to shared and

pr.i vat e bus priogeesbace589%Ras initiat¥d Wickkkdication with

PCT/ US95/ 15893 - 25- As shown:
in Figure 5, seaterma¢haddrbsschnitsl 224 onr &3&i.ves the -shared bus grant .and
shared bus request signals fromarbiter 150, in order to determne
when processor 156 can access the shared bus through the ext ernal
menory access unit. IRBs§CRAEZOHphiR®RcehdefTrae machine block 194 uses

to communicate with shared and private bus interface 190
also include shared and_private bus read and write
enable lines. The signals on these lines are
transmitted by the control unit to external memory
interface unit 238 along bus interface contrcL. bﬁs 232
and enable bus 234. Based on these shared and private
read and write enable signals, external memory interface
unit 238 determines whethef the shared bus or the
privaté bus is being requested for a external access and
if so whether the external access involves é read or

write operation.

o
ct

Consequently, if external memory interface uni

41

determines that the private bus is being request for an

W

external read, external memory interface unit 238 tri-
states all #he bus lines on the shared bus, deactivates
the~private.bus write bus line, and ac:tivates :tne
private bus address bus, data bus, and read bu. line.

On the other hand, if the processor requesis tie private
bus for an egternal write, external memory interface
unit 238 tri-states all the bus lines on the shared bus,
deactivates the private bus read bus iine, arnd activates

e P R
D‘\—v' ana v

{1

the private bus address bus, da:



state nmachi ne bl ock 194 receives a stop request Si gnal (on stop
request |line 200) from system cl ock nodul e 202, i n order to cause the

processor wabshas3zEMAU t o power down. Furthernore, as petikeyissos
descri bed bel ow, state machi ne bl ock 194 receives the signals on
external 1/0 access bus 182, EMAU re¥fster bus 184, read/wite bus
186, EMAU control bus 204, and the shared bus grant - line, in order to
determ ne when an external access can be initiated. Upon determ ning

t hat an external access can be initiated, state machi ne bl ock 194 then

transmits ;498 EMAbEQBE] O} £ DbSolddbo 2Ny SaSl 3B3hest@ashared and
private bus interface 190, in order to cause in to initiate an

external data ageegfalnNref8paNSHy tthéilshared &Usgr R&ketraad fmemvryte conmuand
fromthe processor. In ot her words, state machine block 194 nonitors
t he si gnalistehfiacerosissdd8 d&ctinmtsys tad 1t ahehbredlands on thprivate
bus interface 190 so that it can generate enabl e signals which control
t he operation BFi¥phgebBuanddeactiyiptemitdep fharedebrgcrite pandlirRyr eby

control the ogerat on of  EMAU 144). WO 96/18153
PCT/ US95/ 15893and activates the shared ‘bus addre§§6pus, data bus, and

read bus line.. Finally, if thé processor requests an
external write along the shared bﬁs, external hemory
interface unit 238 deactivétes-all the bus lines on the
private bus, deactivates the shared bus read bus line,
and activates the shared bus data bus, address bus, and

write bus line.
a. External Access Control Register

Aé mentioned before, in order to initiate an
external data access, processor 156 initially programs
EMAU 144 during an initial programmihg phése. For the
embodiment of shared and private bus interface 190 which
is shown in Figure 6, the programming operation is as
follows. During the first cycle <f the twoc-cycle
initial programming phase, processcr iié-p:ograms

external access control register 222. Process:r 158

222 by first indicating an externa.l input or cuIpul
access on external.I/O access line 18Z. Processor 15¢€
also transmits .a "OC" on the EMAU register bus, in crder
to inform control unit 220 that it wishes :c cammugicate

with external access contrcl register 22:. FProCcessor



Shared and private bus interface 190 houses a nunber of registers that

processor 156 prograns during the initial program phase. Processor
156 contr Qs o€ . progranm-ng of the registers of shar joyat e
bus ﬁk@ggr’ﬁg:’e 190 t hrough control signals transmtted a Ongsﬂ§d9¥
external 1/0O access 182, EMAU register 184. and read/ wite bus 186. In
addi tion, through external data bus 180, processor 156 transmts
programmi ng signals to particul ar registers of shared and private bus
interface 190.- Furthernore, shared and private bus interface 190

t | d b 180 t | “inf tiaon to/f 156
i fﬁfﬂl lte 5 g(t: ar niﬁ% ?Em%imga(roﬁz Sx.nzh'cg Badi e ﬁgrzﬁa‘fég%%rvﬁ% Cgsigé) .
| Na , Share an . ri.\ e | f C S I us
on to) S eEa80 1ng o RELMY SaPYRALELLECEL s SER SN SN

204 to i've contr ol" "si gna from state machine _
bl ock 194. the 'rsé*@gﬁﬁkéw“*qFBrEﬁagﬁargasanéﬂﬁfi$éE§*bus Figure
6 presents a nore detal led view of one enbodi nent of shared and
private bus inigedaegcd Ho@fthroughdld etk 10fadtiagwis 280 .As TelbA@ 2 n this
figure. shared and private bus interface 190 includes bus interface
control unit 228tserdSfHNadnaAGRHH1eOBEr her Eg st econtrol (WAGR) 222,
external read address unit (ERAU) 224, external wite address unit
(EWAU) 230, . external data
Table 2: -~ FIRST CONTROL WORD
Bit Number Bit Function

1 Loop size bit

2 Loop size bit

3 Loop size bit

4 Loop size bit

5 Loop size bit

€ Loor size bit

7, Loop size kit

8 : Logor size bit

9 Incremenzt bl

10 Decrement bi<

11 Step size bit

12 Lock Shared bus bi<




read registers (EDRR) 226, and external data wite

228. unit unit

PCT/ US95/ 19¥i¥ssns1s3-
t hrough the externa

unit 220

dat a bus 180,
regi ster bus 184, and read/wite bus T8
that controls the communi cati ons
regi sters of shared and
prevents any signals on the EMAU bus 142 from reaching the
registers of shared and private bus interface. 190 until

220 couples to .

WO 96/ 18153

external 1/0

regi ster (EDWR)

_Zgécess b&gﬂ?§§$ﬁ§%£U156

6- Cont r ol
bet ween processor

unit 220 is a decoder
156 and t he external

private bus interface 190. For instance, control

indicates the initia

access bus 182, conti

ol

on of—am extgrmat
bus line 182. Upon d¢tecting an external
unix3 220

ACCESS oM

processor w shes to ¢onmuni cate

access signal

Reservedet er ni nes whi ch rdgister the
wi th by exam ning the signals on the

t he processor
extermal . 1/ O access
o external 1/0

EMAU regi ster bus 184. As ment ijgned before, for one enmbgdinent of the
present invention, ti ' f t A4S, '
Consequently, for this enbodineTt of the present inventign. Table 1 sets
forth the decodi ng | ogi ctaused byressrvieal unit 220 to detgrm ne the

ext er nal regi sterj(of bus Interface 190) that processor 156 is

comuni cating wth.

16 Reserved_

" The ninth and tenth bits of the first control word indicate

whether the processor plans to initiate a single access or block

access operation.

If a block access operation

is desired, these

ninth and tenth bits also indicate whether the processor wishes an

incremental or decremental block mode operation. Table 3 sets

forth one manner through which the ninth and tenth bits are used

to indicate the mode of access operation.

Table -3 -
Bit Value of |Bit Value of |Type of Access Operation
decrement increment
(tenth) bit {ninth) bit
0 0 Sincle access operation
0 1 Auto-increment block access
operation
1 0 Auro-decrement block access
operation
1 1 Sincle access operation

SUBSTITUTE SHEET (RULE 26)



Bit val ue of the

Table | Bit value of the Bus interfaces
second bit line of first bit line of external register EMAU
regi ster bugoobzdiss r egi ster bus bei ng accessed PCT/US95/15693

0 Ext er nal access control regi ster
222 WO 96/ 18153 =33~ -
PCT/ US95/ 15893 - 28-

0 1 External read

address unit 224 1 0

External write EACR 222 then informs either address counter uaddless
unit 230 1 ternal data

regi sters 226a/ 248 or 247 (DACEitROEIthe WRAU 220 dat @wxunesoywhbghtpt er nal
regi ster of shared and private bus interface processor 156 wi shes to
comuni cat e wi t ltypeonifr abcanst o@€faehah| moddesaredieshad extieesakd.regi ster
whil e disabling the rest of the external registers of bus interface 190.
Control unit 22Gft peacdssect §56hheequesid e idrhardé ypexodr bdbclamaddus 180 and
the read/wite bus 186 to the requested register, in order to initiate
comuni cati on b@CKEER PRErREHORSI B - r SIS 1B IR CERECPF0LESIBEO™

decrement block mode access operation),the first 8-bits
(i.e., the loop size bits) of the first control word
(i.e.,

determine the size of the accessed block the loop

size). These first B8-bits aliow the processor to select
any block size from 1 to 256. External access control
register 222 provides this block size tc either address

counter unit 244 or 247.

Processor 156 also uses the eleventh bit of the

first control word to program the mode of accessing.

More specifically,

block mode access,

if processor 156 has requested a

the eleventh bit informs the E

MAU

that the step size
either one or two. This ability

invention to allow the processor

c¢f the increment

of

To

A
cr will pe

decremer.t

ot

he presen:

program the step

size of two is advantageous in DSP ap?iications, because
it.allows the processcr t¢ &access
only imaginary data, when =
comﬁonents are stored in the data memory
data words. External access control
turn informs éither address counter 224 or 247

step size.



As further shown in Figure 6, control unit 220 receives clock signals on
cl ock bus 198. Control unit 220 uses the clock signals for its operation
and transwo96/{81sa bus interface control bus 2321 the cl aedI/Bs9318893 t 0
the external registers of the shared angl private bus interface. As
further shown in Figure 6, control unit 920 al so receives signals from
state machi ne bl ock 194 along EMAU control bus 204. As shown in this
figure, the control lines that state machine bl ock 194 uses to comrunicate
wi th shared and . private bus interface 190 i'nclude a counter enable |ine,
which the control Tuwel ttwed€sht bitr afisuné¢ ﬂ:.:cwrﬁmrtmﬂab&oe:d

SUBSTI TUTE SHEET ( RULE 26) WO 96/ 18153
PCT/ US95/ 1589%etermines whether the EMAU will lozk the shareg|gnal to

external address units 224 or 230 after cErocessor 156 has initiated a
communi cat i onMAFehspecifigpdival 1 hdeh b3 ShATSS PB4 19ckohdt is set .

(i.e., has a value of "1") and if sixteenth bit of a
second control word (which, as mentioned be;ow,
processor 156 programs into-either ERAU 224 or EWAU 230)
indicates that the EMAU should initiate a data transfer
through the shared bus, the EMAU will lock the shared
bus after its request has been gran;ed by arbiter 150.
Coﬁsequently; if the EMAU accesses the shared bus_after
processor 156 has requested it to lock the shared bus,
the EMAU will not bring its sha;ed bus request signal
low (lowering the shared bus request signal would allow
the arbiter to grant access to the shared bus to another
bus master) even affer the arbiter removes its shared
bus grant signal. AfterIlOCKing the shared'bus, the
EMAU does not unlock the shared bus automatically after
the processor finishes its access through the shared
bus. More.specifically, in order for the EMAU to
release its lpck on the shared bus, processor 1i5¢ has to
re-program the external access contr cl register (i.e.,
processor 156 has to write another control word in the
EACR 222, whose 12-bit is clear (has a value 2 "C")).
This ability of the-proéessér to retain izs iozk on the
shared bus is useful d;r;n~ a rezd modi
operation. Finally, when chis shared bus lock kit is

not set (i.e., has a vaiue cf "C"j, the shared bu



The control lines that state machi ne bl ock 194 uses to comuni cat e
with shared and private bus interface 190 al so i nclude shared and

private buwowagisand wite - enabl e lines. The signals opcrigssiseeines
are transmtted by the control unit to external nenory I nterface

unit 238 along bus interface control bus-232 and enabl e bus 234. Based
.on these shared and private read and wite enable signals, external
menory interface unit 238 determ nes whether the shared bus or thhe
private bus is being requested for a external access and i f so whet her

the external aGAss ddked W@ 2neCRMAD relinqWi A& ORE Ad Qs to the
Consequently, if external memory interface unit determ nes that the

private bus is dieide@ R@UASt. ef Or 18Rers iext eEq@d st efihna%t @iftalr ARBODIY
inter ace unit 238 tri- states all the bus lines on the shared bus,
deacti vates antic er ilvateersbubewsigrabusn | ine, gt ddtrievat es t he

private bus address bus, data bus, and read bus Iline. On the other

hand, if the processor requests private bus for an external write,
ext er nal menory i nt AFE&SSOr 156i £1938CeR| reaatiehe fIrytheantgali Mesdon t he
shared bus, deactivates the_private bus read bus |ine, andya?ggvates

the private bustf§dkdd S&§erﬁéﬁaaﬁﬁgssaﬁﬁp9ﬁ?%G¥Qﬁﬁ§ter 222,

asserting an active signal on external I/0 access line
182, (2) transmitting a "00" signal on EMAU register bus
184 fo indicate to bus interface control unit 220 that
it wishes to communicate with external access control
unit 222, and (3) asserting a read operation on
read/write bus line 186, In response to these signals,
EACR 222 then places the programmed first control word
on bus interface control bus 232, which then transfers
this information to processor 156 through centrol unit

220 and external data bus 180.
b. [Exterpnal Address Unit
In the last clock cycle of the two-c.oCk cycle

153¢ rrograms one of

o
n
0
0
H

initial programmihg phase, proc
the external address units. During this clock cycle,

processor 156 maintains the active signal on external

input/output access line 182 and transmits either z "01lv
or a "10" signal on the EMAU register bus t: indicate tc
bus interface control unit 22C that It wishes =¢

communicate with one ¢f the external address units 224

or 230. Processor 156 programs externa. read address



WO 96/ 18153 | PCT/ US95/ 15893
- 30- | ine. However, if processor 156 has requested an ext er na

read al ongwbbensisar ed bus, external nenory i nterface up&krugokfissos
deactivates all the bus lines on the private bus, deactivates the
shared bus wite bus |ine, and act inftes the shared bus address bus,
data bus, and read bus line.. Finally, if the processor requests an
external write along the shared bus, external nenory - interface unit
238 deactivates all the bus lines on the pri-vate bus, deactivates the

shared bus reaghbus2d4 Mhen it waRBedChtbvahesikbe shasde buis: dady bus,
address bus, and wite bus |ine: a. Ext ernal Access

Control Regi sépération, whileAdtnpabigeamsd beferfalivr Diéledddreddidriiate an
external data access, processor 156 initially prograns - EMAU 144 during
an initial progiﬂhmtietg ighasishesFaro tihétiate snmbexitexmdl ofristwred and
private bus interface 190 which is shown in Figure 6, the programing
operation is a@peratidrp|| dins ordpgr nR§ tReoPEeure cyke edQﬁCJIJtm'-thm-Oc,fycl e

initial progranm ng phase, processor 15.6 prograns - external access
control reg|st%ﬁe:BRFsenﬁrd€§§§GP°§581th unPﬁF??%ﬁ%& 48fiai lyr dgt@ammi ng of

external acces eqgl ster
? flé@lng discussion pertains to the programmlng of the

external read address unit. Howeﬁei, it is to be
understood that the following discussion is equally
applicable to the programming of the external write

address unit.

After selecting ERAU 224, processor 156 then
transmits a second 16-bit control word to the external
address unit through external.déta_bus.lso and causes
external read address unit 224 to record :his signal by
asserting a write operation on read/write bus ine 186.
The sixteenth bit of the second control word is used to
indicate whether the EMAU should initiate a read
operation through the shared bus or the private bus.
This sixteenth. bit is stored in second address register
246 in ERAU 224. The ERAU supplies this 51xte°nth bit
to sﬁate machine 194, which later generates ehable
signals that select the bus through whichk the IMAU .
should initiate an external access. For the embodimen:
of the present invention shown in Figure 6, a value of
"1" for the sixteenth bit causes the EMAU tc access an

external component through the shared bus, while a value



222 by first
| / O access

I ndi cati ng an external
| ine 182. Processor

regi ster buwyo dghigfdsder

comruni cat e
WD 96/ 18153
-31-

I nput or
156
to informcontro

mnth ext er na

access control
-37-

out put

register

access on external

also transmts a "100"
unit 220 that
222.

on the EM AU

éwocggésn

PCT/ US95/ 15893

156 then prograns in EACR 222 a first control
~asserting a wite on read/wite bus 186 and transmitting

word by
the first

|nterface 190 t hrough external

control word to shared and private bus

\cli\gﬁg bus 180. ngl,eoz for tlhzeglts forth o e?exaﬁgl e of |réstmclq:r}_tartol

Bi.t Nunber an extéﬁﬂafaﬁggé(§kc§?s through the privat pus 1 Loop
size bit oop s A

3 Loop size bit Loop size bit

Bits one through fifteen of the second control word
are used by the processor to indicate an address of an

external component coupled to either the shared or

private bus. During an external data access, bit one

through fifteen indicate (1) the address of the
requested data word when the EMAU undertakes a single

access operation, or (2) the initial address o0f a

requested block of data words when the EMAU undertakes a

block access operation. Bits nine through fifteen of

the second control word are stored in second address

register 246 of external read address unit 224. These

seven bits in combination with the original lower eight
bits define an external register location (e.g., a

memory location in one of the N data bank 158).

The lower eight bits of the second control word are

supplied to address counter unit 244 of ERAU 224. In

turn, when state machine block 19 supplies

counter enable signal to address counter

address counter unit uses these lower eight bizs and the

control signals that EACR 222 supplies to it (2.5.,

size, loop size, and decrement/increment mode

to generate up to 256 external partial

other words, if processor 13f reguests & Ll

access, address counter unit 244 generates ugp



5 Loop size bit 6 Loop size bit

7. Loon size bit 8 Loon size bit

9 weveeIss bit 10 - DecTresysnssobi t
11 Step size bit : 12 Lock Shared bus
bi t WO 96/ 18153 - =38-

PCT/ US95/ 15893 -32-

13 " Reserved . 14 Reserved

15 Reserved 16 Reserved The ninth

and tenth bitg,@t hB8 phieta0Riarls¥0s d yPdhAENg up or down by 1
| or 2 starting from the initial eight bits that are
supplied to it (i.é., bits one througﬁ eight of the

second control word).

As shown in Figure 6, address counter unit 244
also receives counter enable signal (from state machine
block 194 via bus interface control unit 220 and bus
interface control bus 232), which activates and
deactivates the counter. The operation of external fead
address unit 224, during the first two clock cwcles that
counter unit 244.receives én active counter enable
signal, will now be described. During the high phase of
the first clock cycle, second address register 246
stores bité.nine through sixteen of the second control
word, while first address register 245 stores bits one
through eight of the second con;rol'word. During the
low phase of the first clock cycle, first address

s ¢f the second

t

register 245 supplies the first eight bi
control word to second address register 246 which then

produces a complete first external address by combining

t

theée lower eight.bits with bites nine through sixteen
and stores this'complete first egterna; addresz. In
addition during.this low phasé, counter 244 generztes &
first eight bit partial address. During thelhigh'phase
| of the second clock cycle, ccunter Z4

| . - :
=Y -r oz ZNANraAaS D varr:
&. aqgress TL IiXEC agfldreses red.o

[ S

.
first part



whet her the processor plans to initiate a single access or block access
operation. |If a block access operation is desired, these ninth and tenth
bits al so iwdswagsswhet her the processor w shes an i ncrenenpgfusés/iseos
decrenental bl ock node operation. Table 3 sets forth one manner through
which the ninth and tenth bits are used +t3P-ndicate the node of access

operati on. Tabl e 3 Bit Value of Bit
Val ue of Type of Access Operation decr enent I ncrement

(tenth) bit (ninth) bit 0 : 0 Singl e
access operati OBecond addressOregister 246 transmits GHEOfi9§£e@§%@rﬁHfmk
access operation

0. Aut o- deatareBt 8lofl &EdAsss output bus 236. During the low
operati on 1 Single access operation

SUBSTI TUTE SHEEPh&RELEL26he second WD t&L3®, address counter 244
PCT/ US95/ 15893 , _ '
generates a second eight bit partial address, and second
address register 246 receives the first partial address
from first address register 245, in order to produce a
complete second external address by combining the first
partial éddress with bits nine through sixteen of the

second control word and to steore this complete second

external address.

It should be noted that processor 156 can also read
the second control word or a current address stored in
the address register of ERAU 224, by (1) asserting an.
active signal on external I/0 access line 182, (2)
transmitting .a "0l" signal or EMAU registez bus 184 to
indicate to control unit 220 that it wishes to
communicate with ERAU 224, and (3) asserxting a read
operation on the read/write bﬁs lire 186. In response
to these signals, ERAU 224 then places the contents of
its second addresé register Z4€ on centrol bus 232,
which in turn transfers this infcrmation Lo prucessor

156 through control uniz 220 and externel daté ruc 180.

After the initial two-clock cycie programning

phase, processcr i5€ then initliates & external input



- 33- EACR 222 then inforns either address counter unit

244 or 247 (in either the ERAU 224 or EWAU 230) of the type of access
oper at i onwarasaees3or 156 has request ed. | f processor. pofrusesnsesst s
either type of block node access operation (i.e., the auto-increnent
or auto- | decrenent bl ock node acEéEE operation),the first 8-bits
(i.e., the loop size bits) of the first control word determ ne the
size of the accessed block (i.e., the | oop size). These first 8-bits
all ow the processor to select - any block sizé from1l to 256. Externa

access controli.e., readgi skebugdt p(oHVe deswiiiey RIpealatioae to either

addr ess counter unit 244 or 247. Processor 156 al so uses
t he el event h Pricicesfsorh@é56 usesfexs¢rmahtdata weadl tregpsagram(tihe . pode of
accessing. Mre specifically, if processor 156 has requested a

bl ock node a&®B&d, 22Redbréngnahrerd PPEATEC/h@rE\VISes exterhal the step

size of the increment or decrenment will be either- one or two. This
ability of tﬁétﬂr€§éﬁﬁ reglst?ﬁvéﬁt?CW1§QW3ﬂI%ﬁﬁ Fﬁélﬁﬁo€e§§bFeto progr am

th 1 1 d f.a i | 1 b
ool o (nopgabicBs, | Be dad E M e 2 uaRAPpRRLLONG, DORUSE )

data, when rﬁ%kh%ﬁdréﬁﬁgéEaEMedé%E% accesé“%ﬂ%%”%@t§r8ESs§89r§§6l” the data

menory as adj ace

More specifically, as mentioned before, when
processor 156 accesses.a data memory bank 158 through
private bus 146, external memory access apparatus 140
enables the processor to access X locations in the data
memory in X + Y clock cycles when a write'operation is
undertaken and X + ¥ + 2 clock cycles when a read
operation is undertaken, where (1) X represents the
‘number of locations accessed in the data memory, (2) Y
represents -the number of clock cycles needed to program
the EMAU, and (3) Z represents the number of clock
cycles needed to prefetch data for the read operation.
As mentioned before, for one embodiment of the present
_inventicn, programming clock cycies Y equals two and
prefetching clock cycles Z eguals twc. Cn the other
hand, when processor 156 usecs shared bus 148 ¢ access 3
particular data memocry bank, external memory &CCess
apparatﬁs 140 dllows the processcr to access X location
in the data memory in X + Y + W clock cycles when a
write operation is undertaken and X + ¥ + 2 + ¥ clock

cycles when a read operation is undertaker, where W



data words. External access control register 222 in turn i nforns

ei ther address counter 224 or 247 of this step size. WO

96/ 18153  wo 9618153 _ o PCT/ US95/ 1588&r/usosinsees

- 34- The twelfth bit of the first control word det er mi nes
whet her the EMAU wi |l [ ock the shared bus4l- More specifically, if this
shared bus lock bit is set ~ (i.e., has a value of "1") and if sixteenth
bit of a second control word (which, as nmentioned bel ow,

processor 156 prograns into either ERAU 224 or EWAU 230) i ndi cat es

that the EMAU ?%gEEgehEEt£ﬁé§n§mgé£g%§r BiElcycles tRaQUIRC! Baghar ed bus,

the ENVMAU wi | | the share after 1'ts request has been granted

by arbiter 150awaits GRESEOLRAtAYHiddr IdadtMAY taGERESES thhenshaheeeBUS
after processor 156 has requested 1t to |lock the shared bus, t he

EMAU wi | | not busng its shared bus request signal | ow (I owering the
shared bus request signal would allow the arbiter to grant access to
t he shared bus to anot her bus master) even after the arbiter renoves
its shared bus Theanpesathan . of Ashared @yid my ivMeg esbasednbasfacte

190 during a read operation will now be described with
reference to Figure 7, which shows a block read access
mode along the private bus. The following description
is equally applicable to a block read access a-ong the
shared bus,'except that during a shared bus read
operation there will exist a delay of W clock cycle,

until the arbiter grants the EMAU's shared bus request.

State machine block 194 receives external I/O bus
182, EMAU register bus 184, and read/write bus 186, in
order to determine when processor 156 requests an
external read operation from second external data read
register 226a. Upon detecting this request (which is
represented by an external I/0 access signal, & read
signal, and EMAU register signal selecting externzl data
registers 226a or 228), state machine block 194
activates the stoé processor signal suprlied to
processor 156 in order to cause the processcr 156 either
to stop or idle fof two clock cycles, which in zuzn
allows EMAU 144 to prefetch two data words and store

them in the external data registers.



EMAU does not unl ock the shared bus automatica |y after t he processor

finishes its access through the shared bus. More specifically, in
order for Wwooeabfs to release its lock on the shared bpspuRIGEESSOr
156 has to re-programthe external access control register %I e.,
processor 156 has to wite another contrak-word in the - EACR 222, whose
12-bit is clear (has a value of "C . This ability of the processor to
retain its | ook on the shared bus is usefu during a read nodify-wite
operation. Finally when this shared bus lock bit is not set (i.e.,

I f"
Egilasgg/EESSS cj)Mofé“%ﬁﬁE?f%%aHﬂ?, 3ur1ng thgmgggééBQEg%k ?ﬂﬁlﬁ ocked and

the EMAU rel i ngiidshasdd sma%@ﬁ?:%sbﬁ.gcfch@% detée %W%f(dcepss’orj QuRrs its
request signal) after the biter lowers the signal on its grant I|ine.

Processor 156 rﬁd§&62;’lﬁest%aﬂahhéxﬁéfﬁthﬁéﬁdOfrd@rﬂacond EDR® @36l external
access control register 222, by (1) asserting an active signal on _
external 1/0O sreads®s naahdine blot82194 (&%t ivamssritie npumted0'enabgeal on EMAU
regi ster bus 184 to indicate to bus interface control unit 220 t hat

signal for as long as the processor accesses the

external data registers 226a or 228. In addition,

during the low phase of this first clock cycle, state

machine block 194 (1) asserts a stop processor signal on

the stop processor line 188 and maintains this signal

for two clock cycles (i.e., maintains this signal until

the low phase of the third clock cycle after state

machine block 194 detects an external read), and (2)

activates the private read enable signal bus and

maintains this signal until one half clock cycles after

the procéessor terminates its communication with EDRR

226a.

The second clock cycle is a first prefetch cycle
during whlch ERAU 224 transmlts.a first e\'ernal address
along address out bus 236 to exter .al memory interface
unit 238. Interface unit 238 in turn transmits ﬁhe
first external addresé along priva:é bus address bus
210p. In addition, during the seéond clock cycie,
shared and ?rivate cus interface 150 activates the
private bus read signal (on private bus read line 206p)
and maintain this active signel unztil ohe clock cycle

after processor terminate ite communicatiorn wizh EDRR



it wishes to comunicate with external access control unit 222, and

(3) asserting a read operation on read/ wite bus line 186. In response
to these siweakhsiss EACR 222 then places the programed fpéhsdsnesdsO!

wor d on bus Interface control bus 232, which then transters this
i nformation to processor 156 through cont+48- unit 220 and external

data bus 180. b. External Address Unit In
the last clock cycle of the two-clock cycle initial programm ng phase,
processor :56 prograns one of the external address units. During this

| ock | e, 56, o | t ' | ; |
nput/ out put ackB88 || et bV o Y TR Sedell EnkRig PR, OBLE % 1T,

si.gnal on the EMARRI29E518Eg NS €D sddtl &R dak@ that PESrid£Ldage control
unit 220 that it w shes tc communi cate with one of the external

address units f23f the spécBibd fAages@®a 126apiegrans external read
addr ess WO 96/ 18153
PCT/ US95/ 15893 , - 36- unit 224 when
it wishes to initiat@entkktérobbck eatle is @peeapndnprafetenicyplegr ans
external wite address unit
during which (1) ERAU 224 transmits a second external
' address along address out bus 236 and address bus 210p,
(2) first external data read register 226b finishes
storing the first data word retrieved from the first
address location and begins to store the second data
retrieved from the second data location, (3) second EDRR
226a stores the first data word which was stored in
first EDRR 226b, (4) state machine block 194 deactivates
(i.e., pulls to ground) the stop processor signal, and

(5) processor 156 begins to receive the data stored in

the second external data read register 226a.

As shown in Figure 7, the operaﬁion.cf the EMAU
during the fourth, fifth, and sizth clock cvcles are
identical. During these three clock cycles, (1) state
machine block 194 supplies active read enable and
counter enable signals to shared and private bus
interface 190, (2) ERAU 224 ctransmits a third, a fourth,
and a fifth external addresses along address ocut bus 23¢
and address bus 210p, (3) Zirszt EDRR 22€b finishes
storing‘the_éeconq data wecrd Ifrom the second address
locatién, stores the third and fourth data words

retrieved from the thixd and fcourth dats lcocgczzionz, an

-



230 when it wishes to initiate an external wite operation. In order
not to obscure the description of the present invention with
unnecessarwooefigiss, t he foll ow ng di scussion pertains pPOr/895/15893
progranm ng of the external read address unit. However, it is to be
understood that the follow ng di scussiormrd% equally applicable to the
programm ng of the external wite address unit. ' Af ter

sel ecting ERAU 224, processor 156 then transmts a second 16-bit’
control word to the external address unit through external data bus

180 and causespeginse¥d estisite g ACHETRtuNvbrd24etoieeear drémi shei gnal by
asserting a wite operation on read/ wite bus |ine 186. The sixteenth
bit of the secéenfitsotsta®l lowatdidrs usidd sewond EDRRARZ&&esnbeéberhe he EMAU
should initiate a read operation through the shared bus or the private
bus. Thi ssecaneentivibds and fianmdd idatgewvondsatirbsweregssered in 246
in ERAU 224. The ERAU supplies this sixteenth bit to state machine
194, which Iatéhegéhﬁﬁ%uégi%nﬁﬂﬁha and (g)gRIPSeERAF sePetiniMeDus t hrough

whi ch t he EMAU ., _should initiiate an _external, gccess. For_the enbodi nent
of the present TEREERRDNE LHvn ﬁechlf‘idguraé’éG,%%érgagEan’f’ords °t"1’ie§flcﬂ’ t he

sixteenth bt causes dlie, EMUL Q. RPCR83 e rece v EHECLAG! tSOMPPNENY, T OUGN

word stofed in the sécond EDRR 226a.

During the.seventh clock cycle, (i) state machine
_block 194 deactivates the priVate'bus read enablie and
counter enable.signals, (2) ERAU 224 transmits a. six
external address along address out bus 236 agd address
bus 210p, (3) first EDRR 226b finishes storing_the fifth
data word from the fifth address location, and begins
storing the sixth data word retrieved from the sixth
data location, (4) second EDRR 226a stores the fifth
data word that was stored in the first EDRR 226k, and
(5) processor 156 finishes recéiving the fourth data
word stored in the secoﬁd EDRR 226a. Conseguentliy, by
the end of the eighth clock cycle (after state machine
block 194 detects the processbr 156 is accessing
external data register 226a), EN*S 144 hés supplied to

processor 156 four data words and has prefetched and

. The operation of a shared and private bus interface

190 during a single access read opeératicn is very much



WO 96/ 18153 PCT/ US95/ 15893
-37- - of "0" for the sixteenth bit causes the EMAU to initiate

an externalweagasggcess through the private bus. _ Brtaisesiasos
through fifteen of the second control word are used by the processor

to indicate an address of an ext er natSeconponent coupled to either the
shared or private bus. During an external data access, bit one
through fifteen indicate (1) the address of the request ed data word
when the EMAU undertakes a single .access operation, or (2) the initial

address of a ¢3ni183UeS! £ebhaBeOfe So ruPNAS NG e Rl upder t akes a

bl ock access operation. Bits nine through fifteen of t he second.

control word algkcwlp® @HhatnN 50¢880aaddh@BS accesd Qad Vped®ioh ¢xjernal
read address unit 224. These seven bits in conbination with the

original | ower priiglatte addreisssbdef bnky atrandrtivmlchreg aki@relsgeati on (e. g.,
a - menory |location in one of the N data bank 158). The | ower
ei ght bits of t(dmriagontecertprnt, wohilrds eand faunyhl icddcko cyddeess ¢dunt er
unit 244 of ERAU 224. In turn, when state machi ne block 190 supplies an
active courfiigste BRBRe 236 nanly ol kel es S hmmdet ayords4guripng the

- second, third, fourth, and fifth clock cycles), (3)
second EDER 226a only latches two data words (during the
third and fourth clock cyéles), and (4) processor 156'
only reads one data word along external data bus 180
{(during the third ahd fourth clock cycles). 1In
addition, since during a single acceés read operation
counter 244 generates the same partial address three
times, private bus address bus 210p transmits the same
address three times, extefnal date read registers 226a
stores the same data word three times, and external daté

read registers 226b stores the same data word two times.

On the other hand, if processcr 156 supplies a
write signal over read/write bus line 18¢, while
supplying an external I/C access signal and an EMAU

register signal selecting external data registers 226a

3
[}
‘g
4]
9]
)
o
wn
[()]
O
t
[
w
(o))
ct
0

or_228, bus interface 19C aliow
initiate aﬁ output (i.e., write) operation through
e#ternal data write register 228&. More specifically, as
mentioned before, if the sixzteenth kit cf :he second

control word indicates an externsl access through the



address counter unit uses these |ower eight bi-s and the control

signal s that EACR 222 supplies to it (e.g., step size, |oop size, and
decr enentyé bgigagEnt node signal s) to generate up to ZW[I%E
partial addresses. In ot her words, if processor 256 requests a bl ock
node access, address counter unit 24 generates up to 256 WO
96/ 18153 o PCT/ US95/ 15893

- 38- external partial addresses, by counting up or down by 1

or 2 starting fromthe initial eight bits that are supplied to it

(i.e., bits gpeyibLoygh-EL 0 e the undertt%%%zgg- ggegFaglww&e

As shown in I gure 6, address counter uni SO recelves counter

enabl e si gnabpébapibat ah ex MChi ek cydlledGk whadeVi(d) bxsré§£@§éﬁ@§ control
unit 220 and bus i nterface control bus 232), which activates and

deactivates the fonbéerof IdeapRiAatdcvestfedexhethel dataldmemory AdKESS unit
224, during the first tw clock cycles that counter unit 244 receives
an active colidl e¥ eepibdsents tled gnaberwiofl ciowkbeydéssrnbeded ©uring the
hi gh phase of the first clock cycle, second address register 246

program the EMAU. In addition, when the sixteenth bit

of the secohd control word indicates an external write

operation to a particular data memory bank through the

shared bus, external memory access apparatus 1;0'allows

the processor to undertake this operation in X + Y + W

clock cycles, where W represents the number of clock

cycles that the EMAU awaits until the arbiter grants it

access to the shared bus.

The opefation of a shared and-private bus interface
190.during a write operation will now be describéd'with'
reference to figure 8, which shows.a'block write'éccess
operation along the private bus. The following
description is equally applicable to a block write
access along the shared bus, except that fcr a shared
bus write there will exist a delay of W clcck cycies

until the arbiter grants the EMAU's sharel bus regquest.

State machiné block 194 fecéijes external 1.0 bus
182, EMAU register bus 184, and read/write bus 186, in
order to determine when=processcr'156 requests aﬁ
'external write operation from externzl datz write’
register 228. Upocn detecting this réqués: (which is

represented by an external



stores bits nine through sixteen of the second control word, while
first address register 245 stores bits one t hrough ei ght of the second
wor svo $a18158y t he | ow phase of the first clock cychrfusek/issss
regi ster 245 supplies the first eight bits of the second
control word to second address register 2287which then produces a

control
addr ess

conplete first

external address by conbining these | ower eight bits

with bits nine throug: sixteen and stores this conplete first external
addition during this | ow phase, counter 24' . generates a
f: rs:< ei glht bi t Pegrdd g éﬁ%@s-xegﬁlﬁteg 5bgndi 0be td@Sihg exte¥nalin@aggcond
cl ock cycle,

address regi st erregisrerin@26a or 2¥) 96648d63machine block 194

PCT/ US95/ 15893
regi ster 246 tr ammivateashéehlel counegreenable sigmaldrizss s dogoaddr €ébe out put

addr ess.

In

counter

244 supplies the first parti§1 address to first

- 39- second addr ess

bus 236. During the | ow phase of the second clock cycle, address
counter 244 pPrpgeassaregcgeseesnexteyhal pdatparnites regdhsssy, 238d sé&sond
address register 246 receives the first partial _address fromfirst

address regi st er2dHEiqn, GuEFdngt Bhpr bAticehase of the first clock cycle

that

state machine block 194 detects an external write,

state machine block 194 activates the private bus write

enable signal and maintains this active signal until

cne-half clock cycles after the processor terminates its

communication with EDWR 228. During the second clock

cycle that processor 156 accesses EDWR 228, (1) EWAU 230

transmits the first external address along address out

bus 236 and private bus address bus 210p,

{2) external

memory interface unit 238 activates the private bus
write bus'208p and maintains this active signal until
one clock cycle after the processor terminates its
communication with EDWR 228, (3) EDWR 228 transmits &
first data word to the addressed datz bank along private
bus daté bus 212p. As shown in Figure 8, the operation

of shared and private bus interface 1¢{ during the third

clock cycle is identical to its operation during the

second clock cycle.

During the fourth clock cycle, (1) state machine

block 194 deactivates the private bus write enable

signal and the counter enable sigr

transmits a third externagl a
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dress along addrecs out bus



conpl ete second external address by conbining the first parti al

address with bits nine through sixteen of the second control word and
to store twooeussspl ete second ext ernal address. _ PCT/USS9/158930Ul d
be noted that processor 156 can al so read t he second control word or

current address stored in

asserting an

transmtting a "01" signal on EMAU regi ster bus 184 to indicate to
control unit 220 that it wi shes to comuni cate with ERAU 224, and (3)

active signal on external |/0O access |ine 182, (2)

asserting a readé and OREr&és BuHR 101 @3dlewticbBablUfichbpe 18Ferrdde

response

its second adduets 228)imd t2ifs an eantivel privsa®82bus wriwdi €hghdu turn

to these signals, ERAU 224 then places the contents of

the addres®¥Tegi ster of ERAU 224, by (1)

a

transfers this to processor - 156 through control unit 220 and external

data bus 180. and (4) EDWR 228 putamsmilts BathirRedatéevsrd to the

two-cl ock cycle progrqnnigg pr _
initiates a exReEFRSS§hpiata locatipgn ggrpgipgivate bus data bus 212p.

PCT/ US9S/ 15893 _
. Consequently,

the initial

access apparatﬁs 140 of the present invention enables
processor 156 to complete its part of a write operation
in X + Y clock éycles, where X représents the number of
locations accessed.in the data memory (e.g., the three
data locations accessed in Figure é) and Y represents
the number of clock cycles needed to p;égram the EMAU
(e.g., the two clock cycles necessary to program EDRR

and EWAU as shown in Figure 8).
6. State Machine Block

Figure 9 presents one embodiment of state machine

block ;94. The function of this block is (1) to monitor

the signals that the processor transmits to the shared
and private bus interface through external I/0 access

bus 182, EMAU register bus 184, -and read/write bus 186,

(2) to monitor the grant signals that shared bus arbiter

150 supplies to it, and (3) =c generate the shared and
pfivate bus enable signais,,cgun:er enable signals, and
stop processor signals, which contrcl the operation of
thé shared and privaté bus interface during an external

input/output operation. In addition, as mentioned

before, state machine block 194 alsc couplies t2 clock

_ After
hase, processor 156 then

- . = 40-
as set forth in Figure 8, external memory



(i.e., read) or output (i.e., wite) operation. Processor 156 uses
external data read registers (i.e., . EDRR) 226 during a read operation,
and uses eW@9Git153 data wite register (i.e., EDWR) 228 mINiS9g15893v i t e
operation. The use of this register data accessing - nmethod reduces the
data access tine of processor 156. - ~49- More specifically, as
ment i oned before, when processor 156 accesses a data nenory bank 158

t hr ough private bus 146, external menory access apparatus 140

enabl es the processor to access X |ocations in the data . menory in X +Y

cl ock cycles whmpdaler 202 operétéDve istop rdiidant akenaasy hiclk dads€l ock
cycles when a read operation is undertaken, where (1) X represents the
nunber of | ocat tbrsststessadhinette gEieratenmtyp P2pc¥ssor apprEMENtS t he
number of clock cycles needed to program the EMAU, and (3) Z represents
t he nunber of cFéERk sigegifes needed to prefetch data for the read

oper ati on. As nentioned before, for one enbodi nent of the present

i nvention, programm clock cycles Y equals two and, refetching cl ock
cycles Z equal s tmo.gghskﬁgnoﬁﬁekigureh nd?tﬂﬁﬁntFg&8§SBE°E561gées shar ed

bus 148 L0 acce$icfyuaes BELLL GHL A ARIAIRIT Y 8Nk oextgLngl gpmory access

apparatus 140 a processor t0 accéss oca n

Menory 10 X+ Ysta¥kchRcks f¥ 195, Witlvate busWsthBeORGERLAON2SE, Widid aken
machine control bus 256, and state machine output
generator unit 258. Control unit 250 directs the clock
signals on clock bus 198 to state machines 252 and 254
and output generator unit 258. Control unit 250 is -a
decoder that prevents signals on the EMAU bus 142 from
reaching state machines 252 and 254 and output generator
unit 258, until processor 156 indicates an external
input/output access (on external I/0 access bus 182).
Once processor 156 initiates an external input./output
a;cess,.state machine control unit 250 then awaits for
ERAU 224 or EWAU 230 to supply to it the sizteenth bit
of the second control word. As mentioned before, this
sixﬁeenth bit informs state machine block 194 whether
processor 156 wishes to iniciate an external access

through either the private bus or the shared bus.

’l
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Control unit 250 then awaits processcr 158 to
read or write operation directed toward the external
data registers 226a‘or 228 (o EMAU register bus 184).
Upon rgceiving this indication, control unit 250 (1)

enables one of the state machines 252 or 234, while



cycles when a read operation is undertaker, where W WD 96/ 18153
PCT/ US95/ 15893 -41- represents the

_nunber of wid ogrig1s3y/cl es that t he EMAU awai ts until the POTAIS9#MSEYI ant s
it access to the shared bus. The operation of shared and
private bus interface 190 during a 7244 operation will now be
described with reference to Figure 7, which shows a block read access
node along the private bus. The follow ng description is equally
applicable to a block read access along the " shared bus, except that
during a share@ikasiigadthe otﬁeeraﬁas&utdhﬂﬁhemddluexwfttaedebayndf W cl ock
cycle, until the arbiter grants the EMAU s shared bus request.:

State machi ne kioatleol94dordcei sbsteatth rait | /aBhu) enabl8s, SERRE regi st er
bus 184, and read/wite bus 186, in order to deternine when processor
156 requests amachlneeppépnalgﬁéeaa%@%H%R%Qn?ﬁﬁcwnsecond external data r-ead
regi ster 226a. Upon detecting this request (which is represent ed by.

an external 1/0 access SI nal r ead
%ontrol un?t 250 enables a particular state

machine, control unit 250 directs toward this state
machine the signals that appear on external i/o access
bus 182, EMAU register bus 184, read/write bus 186, stop
request line 200, and the block mode line of EMAU
control bus 204. In addition, if control unit 250
enables shared bus state.machine-252, epntrol unit 250
not only directs towerds this state machine the signals
mentioned above, but also directs tewards this state
machine the shared bus lock signal (appearing oh EMAU

control bus 204) and the shared bus grant signal.

These inputs to the state machines cause the state
machines to undergo various state transitions; For the
embodiment of state machine block 194 that Figure 9
sets forth, state maehines 252 and 254 transition from
state-to-state on the rising cliock edgeﬂ In other
words, each state machine examines its input signals tc
determine whether it needs eo:undergo a state -ransitior
at the rising edge of the clock signal. In addition,
when a state machine is enabled, the staze machine
genefates a three digict contrcl code (b2, kI, and b0)
relating to its current particular state, anc suppiies

this three bi: state code o sState MECLInes Iutpd



signal, and EMAU regi ster signal selecting external data regi sters
226a or 228), state machine bl ock 194 activates the stop processor

si gnal supmo eei18183 processor 156 in order to cause the ROTMS®S35993 156
ei t her to stop or idle for two clock cycles, which al l owns ENVAU
144 to prefetch two data words and store =21~ themin the external data
regi sters. WO 96/ 18153

PCT/ US95/ 15893 -42- Mor e
specifically, during the first clock cycle -that state machi ne bl ock

194 detects thatgeted@@e30R5896 Statehmschfelesigshryeerakidal 268ad1560m
second EDRR 226a, state machi ne bl ock 194 activates the counter enable

signal for as | cegedveishehppoghssontastdsses2ifhesignalsexperenalngadba

regi sters 226a or 228. In addition, during the | ow phase of this first
clock cycle, st&he read/mudhenbubl b8k, 1BMAY 1jegisstant dus 484p BMBUessor
signal on the stop processor line 188 and nai ntains this signal _
for two clock cfOREFoli bas 2fR4r nEEPRSTEINRSKiRHal2 0Pt @pd clockhkufow phase

of the third cl cycle after state machi.ne bl ock, 194 detects _ an
ext er nal read),qéﬁd ( Fpese s‘ﬁE?i%aT%SP?rﬂ;ghiﬂﬂﬂ<§ &5d°&haBFatei GASES bus

and then drive state machine output generator 258 to produce
the bus enable signals, the counter enable signals, the

stop clock signals, and the shared bus request signals.
. Privai B Staf Machi

If processor 156 indicates (through the sixteenth
bit of the second control word) that it wishes to
initiate an gxternal access through private bus 146 and
indicates (on the EMAU register bus) that it wishes to
access external data registers 226a or 228, state
machine block control unit 250 enables private bus state
machine 254, while disabling shared bus state machine

252.

The operation of privatre bus state machine 254 will
‘now be described with reference tc Figures 10-13.
Figure 10 ptesents the state diagram IZcr one embodiment
of private bus state machine 254 of Figure 9. Figure

11 presents the timing diagrams 2oz the operaticn cf one

o
ot
(o}
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N
wn
[ed]
O
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embodiment of state machine cutput gener
state machine block 194 <¢f Figure 9, during a block

read access through the private bus. Figure 12



mai ntains this signal until one half clock cycles after t he processor

termnates its communication wth EDRR 226a. The second

cl ock cycl avo96/m183 r st prefetch cycle during whi ch ERAU p¢afgdosassesi ts a
first external address al ong address out bus 236 to external nenory

I nterface unit 238. Interface unit 238=in turn transmts the first
“external address along private bus address. bus 210p. In addition,
during the second cl ock cyci e, shared and private bus interface 190
activates the ‘private bus read signal (on private bus read |line 206p)

and naintain tfg’bﬁes?e;dﬂs/ﬁtr@ig_riaxlingnaiibgeaﬁsck@ﬁktﬁy%@e_rati&f ¥ dHeOCeSssor
termnate its commication with EDRR - WD 96/ 18153 ..
PCT/ US95/ 15893 embodiment of state machine output 4Penerator 258&x Finally,

during the second clock cycle, first EDRR 226b begins to store the
‘data that is rettrdteyagrhchine frlarmk HP 4 petifbigrd i%,stdwsitng |20 daltdain.
The third clock cycle is a second prefetch cycle, durirmagwnch (D

ERAU 224 transiiiien aRqeifd i @quigtn the private bus. Figure

presents the timing diagrams for the operation of one
embodiment of state machine output generator 258 of
state machine block 194 of Figure 9, during a read

after write access through the private bus.

As shown in Figure 10, the operation of private
bus state machiﬁe 254 is defined by the value of thrée
signals, which are: (1) private bus aécess enable
signal, (2) read with data in second EDRR 226a (i.e.,
EDRRZS not valid signal, and (3) the_stop request
signal. The priQate bus access enable signal is the
private bus state machine enable éignal generated by
state machine cdntrol unit 250. More Specifically, state
machine control unit 250 generates an active private bus

" enable signal when processor 156 indicates (through
signals on external input/output access bus 182, EMAU
register bus 184, read/write bus 186, and the sixteenth
bit of a second control word) an external read or write
operation through external dé:a registers 226a c¢r 228

and through private bus 14¢€.

staze machine 254 alsc generates an active rezd with

daza in second EDRR 22€a nct valiid signal, wher the



address al ong address out bus 236 and address bus 210p, (2) first

external data read register 226b finishes storing the first data word
retrieved f first address | ocation and begins to

second datgwgghﬁﬁggtrieved fromthe second data | ocati on, (3§é§g%%ﬂ%£EDRR
226a stores the first data word which was-53-ored in first EDRR 226D,
(4) state machine bl ock 194 deacti vates (i.e., pulls to ground) the
stop processor signal, and (5) processor 156 begins to receive the
data stored in the second external data read register 226a.

As shown in Fi . |on o, ' f ougth,
i fin, and i xAEOPaRRo By sPEEi e YurglE e popl bbPRaclfy | Pl oo

cycles, (1) statgput fofREH NPl OWettM sSURRL BReapLbyEssEatAnabl e and
counter enable signals to shared and private bus Interface 190, (2)

ERAU 224 transnihstfatédrdl, stndiirddtess reaandparatibh wuéerdad mkhesses
al-ong address out bus 236 and address bus 210P, (3) first EDRR 226b
fini shes shodé ngid¢iel six adubatdtve \andd theoprobes ser onekyaaskir = s

| ocation, stores the third and fourth data words retrieved fromthe
third an fourtéxterzal | oead idhEDRN@26a. Fuwheshasdb3the input

PCT/ US95/ 15893 : -44-
forming logic of private bus state machine 254 also

generates an active read with data in second EDRR 226a
not valid signal, when the processor directs the EMAU to
initiate an initial prefetch read of a block read
operation. The input forming logic detects that the
processor has directed the EMAU to initiate an initial
read of a block read operation when the inptt forming
logic detects a first request from processor 156 to read
EDRR 226a after the processor writes the second control

word into ERAU 224.

On the other hand, the iﬁput forming logic
maintains an inactive read with data in second EDRR 226
not valid signal (i.e., this signal has a valué of “0O")
when pfocessor 156 has requested a write operation
(i.e., has initiated communication with.the external

orming logic also

th
el

data write register 228). The inpu:
maintains an inactive read with data in second EDRR 226a
invalid signal, when processcr 156 resumes a b.ock read

access after interrupting an initial block read access

in mid-access.



begins to store the fifth data word retrieved fromthe fifth data

| ocation, (4) second EDRR 226a stores the second, third, and fourth
dat a wor dsydbgismgere stored in the first EDRR 226b, angbringdosiikgdsessor
156 finishes receiving first, second, and third data words stored in
second EDRR 226a, and starts receiving t1-fourth data word stored in
the second EDRR 226a. ' During the seventh clock cycle, (1) state
machi ne bl ock 194 deactivates the private bus read enabl e and

counter enable signals, (2) ERAU 224 transnmts a. siXx external address

along address out bus 2356 R0f aHEUESEn FiguPdS1810Pri{ale Ibist sELRR 226D

finishes storing the fifth data word fromthe fifth address Iocation,
and begi ns madiDid b4 hentidnish (daka, wob8pE Pt Lhevere fwuad e a5 xth

data | ocation, (4) second EDRR 226a stores the fifth data word that
was stored in ldreg fas stheEBRRp22@lgueandand pr{batorioce ssoresib@iablieshes
receiving the fourth data word stored in the second EDRR 226a.
Consequent |y, $ignals aiee iga¢tdfvet.heHowgheh, cabekr csensinafah@at st ate

machi ne - bl ock 194 detects the processor 156 is_accessing ext er nal
data regi st er BEARHSSEVAI 6L 22Sh4S1E0BPPHANt BXLETNALRRESHRANS6 four data
wor ds and has prefetched and ~_ stored t ddi ti onal dat rds (i.e.,
data vords fiGEFTeRtI s SOPPSEAnEyPEFREDANAPACT CERETUA R G205 28

228 (i.e., after generating an active P-bus acceSs
enable signal), private bus state machine 254

transitions to either State C or State F.

For example, the transition of private bus state
machine 254 from State A to State C (which occﬁrs if
processor 156 requests a single accéss.read or an
initial read of a block read operatior from second EDRR
226a) will now be described with reference to Figures
10, 11 ahd 13. BAs Shown in.these figures, if processor
156 requests an initial block read from second EDRR 226a
while private bus state machine 254 is in idle State A,
output generator 258 activates the counter enable signal
for as long as the processcr accésées the external data
registers 226a or 228. In addition, during th2 low
phase of this initial élock cycle, output generator 258
(1) asserts a stop processor signal on the stop
processor clock line 128 and maintains this signal for
two clock cycies, and (Z) actlivates the enakle read

signal of the private pus and maintains this signal



The operation of a shared and private bus interface - 190 during a
singl e access read operation is very nuch WO 96/ 18153

PCT/ US95/ 15386 86/18153 - 45- PATbs¥snss3t he
above-descri bed bl ock read operation, except that during a single
access read operation (1) private adth3ss bus only transnits three
addr esses - (during the second, third, and fourth clock cycles), (2)
first EDRR 226b only | atches three data words during the second,
third, fourth, and fifth clock cycles), (3) second EDRR 226a only

l'at ches two dat anw@ldsnédhaiAkid¥k cycldhiatdedndnbopibbessosk cycles), and
(4) processor 156 only reads one data word al ong external data hus 180

(during the thitdrabdatesrits cdomumtiyaltden wikh secoAddEbRRN2264 Nce during
a single access read operation counter 244 generates the sane parti al
address three tinmes, private bus address bus 210p transmts the sane
address three times, Abxthenslsirg edgadh ddissnexs 22esk cycleiopetvatre sane

data word three tines, and external data read registers 226b stores
t he same data wBP8 $#h@t¢machine 254 senses that the private bus access

enable signa; and the read with data in EDRR2 invalid
signal are active, and therefore transitions from State
A to first prefetch State C. During the clock cycle
that private bus state machine 254 remains in first
prefetch State C, the output generator 258 maintains the
private bus read enable signal in order to allow bus
interface 190 to begin storing a first data word in
first EDRR 226b. 1In the next clock cycle, private bus
state machine 254 then transitions to second prefetch
State E, during whose clock cycle output generator 258
deactivates the stop processor signal to allow processor
156 to begin to receive the data stored in second EDRR

226a.

In the next clock cycle, private bus state machine
254 transitions:to access State F. In this state,
processor is running, and state machine 254 monitors the
signals on external input/outpu; access bus 182, EMAU
register bus 184, and read/write bus 186, in order to

determine if the processor currently is reguesiing

another external read/write operation through external
data registers 226a or 228. If the current processor

+ = . 27 am e TRyt~ e H
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On the other hand, if processor 156 supplies a - wite signal over
read/ wite bus |ine 186, while supplying an external 1/0 access signal
and an EMAMD96r1815®0i St er signal sel ecting external data . .regpctresssndsta

or 228, bus interface 190 allows processor 156 to initiate an out put
(i.e., wite) operation through ‘exterR@r data wite register 226. Mre
specifically, as mentioned before, if the sixteenth bit of the second
control word indicates an external access throuch the private bus,
external menory access apparatus 140 WO 96/ 18153

PCT/ US95/ 15893 data registers 226a or 228 (i.e., 4rivate bus @RRlses
processor 156 to undertake an external wite operation in X + Y cl ock
cycl es, where (@hpbier gigaadntis not atheveunbere ofrivatat ibmss saatessed in the
data nmenory, and (2) Y represents the nunber of clock cycles needed to
program t he EMm@chimeadidianiséhionhenot heélgiXtaenth bifior exampflerhdfsecond.
control word indicates an external wite - operation to_a artlcular
data nenory baﬁ@etﬁPGﬁ&ﬁttHéocesso§hé?%EF%EE9°QD&%ﬂHﬁ%grﬁ€h§F@ ¢dssr
apparatus 140 rocessor to undertake this qp eratl n
Y + W clogwm@$§@8$ tﬁﬁePEEVFF%p?%§eﬁﬁ%“%rW? eFr8P36I68RS 2ok

State F to State A because the prlvate bus access enable

X +

signal is deactivated (as the processor no lonqer is

accessing either EDRR 226a or EDWR 228) .

On the other hand, if the current insuroc:lon is
another access to second external data register 226a
(i.e., another read accessi, private bus state machine
254 remains in State F and performs the read-access. In
addition, as shown in Figures 10 and 13, if the
current instruction is an access to external data write
register 228 (i.e., a write access), private bus state
machine 254 remains in State F and performs the write
operation based on the address in EWAU 23C. Finally,
state machine 254 transitions from State ¥ tc State C
when both the private bus access enable signal and the

read with data in EDRR2 invaliid signal are active (e.g.,

(I)
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when processor 156 reguests &L externsl
prev1ously -nterruptlng & reazd cpera:io: pricr
prefetching any data words but after programming ERAU

224) .

The direct transition c¢f private bus state mechine

254 from State A to State T in one clock cycie (which



cycles that the EMAU awaits until the arbiter grants it access to the
shared bus. The operation of a shared and private bus interface
190 duri ngWO 96/181% operation will now be described with POITUSONISSH3 t O
Figure 8, which shows a block wite access operation along the private
bus. The foll ow ng description is eddlly applicable to a block wite
access along the shared bus, except that for a shared bus wite there
will exist a delay of Wclock cycles until the arbiter grants the

EMAU s shared bus request. State machine bl ock 194 receives
external |/0 busurs wHéR?, pfdddssagiisicehaBuzehBidstaddan eadiernde bus 186,

I n order to determ ne when processor 156 requests an external wite
aper ati on fronvektertal ED¥Rit228wwhide stategmetbin@2854 ipoin dittatest ig this

request (which is represented by an external 1/0 access signal, a
wite VOr Bra®essPer 156 resumes a block read access after

PCT/ US95/ 15893, ) ) _ -47- . si.gnal, an ENAU
regi ster signatPSEFERTING &RHIRN Pdeck read pegrssbreibberPwPR28), state

machi ne blOCk.&géCribed with reference to Figures 10, 12 and 13. As

shown in these figures, if while state machine 254 idles
in State A processor 156 requests an external write to |
EDWR 228, output generator 258 activates the counter
enable signal for as long as the processor accesses the
external data registers 226a cor 228. 1In addition,
during the low phase of this initial clock cycle, output
generator 258 activates the private bus enable write
signal and maintains this signal until one half clock
cycles afte; the prbcesédr tefminates ifs communication

with EDWR 228.

In the next clock cycle, private bus state machine
254 senses that the private bus access enable signal is
active (i.e., has a value of "1") while the read with
data in EDRR2 invalid signal is inactive (i.e., has a
value of "0"), and therefore transitions to access State
F. 1In this state, state machine 254 monitors the
signals on external input/cutput access bus I
register bus.184, and read/write pus 186 -in order to
determine if the processor currently is requesting
another external read or write operation through

external data registers 22€a or 228. 1If the current



activates the counter enable signal for as long as the ' processor
accesses external data wite register 228. In addition, during the | ow
phase of  twe 9188 cl ock cycle t hat state nachi ne bl ockci/@doshsgesct s an
external wite, state machi ne bl ock 194 activates the private bus
wite enabl e signal and maintains tM& active signal until

one-half clock cycles after the processor termnates its communi cati on
with EDWR 228. During the second cl ock cycle that processor 156
accesses EDWR 228, (1) EWAU 230 transmts the first external address

al ong addr ess ‘pHbcessor bissRfctaith Rld Yidke aBUex8E8h8sSabess 2 10Prodgh
ext er nal menory interface unit 238 activates the private bus

wite bus 208peaternal ndat asrddiist eact i228asiognak8untiié., priwawe dwxk cycle
after the processor termnates its comuni cation with EDWR 228, (3)
EDWR 228 transatees® enabld signadatis wotdactiviae, atile egsbruatbudhank al ong
private bus data bus 212p. ‘As shown in Figure 8, the operation of
shared and pri %82%e FRh e TS iEdOngutPnddtReSEALRdR- OntRRICtRRT e i s

identical toits gper ti.on durina the .second_cl ock cycl e.
During the fout®rle| bokER§ GHEPh) *OPEFECHACHRI h8 2ROtheF O%CF(CTQ?L Yfeacti vat es

the private bu i e _4(& _ iq | _a g tz oun e qge_signal, (2)
EVWAU 230 %’r{%gnrsér? S&g@ hlrri(}eeft & %gﬁrag ?e g'%[bnégﬁé%dér%ssné:uet bus :
operation), the private bus state machine 254 remains in
State F and maintains generating the enable signals
(i.e., counﬁer enable signal and private bus write

enable signal), which allow bus interface 190 to perform

the write operation.

In additioh, as shown in Figures 10 and 13; if
the current instruction is an access to second é#ternal
data read register 226a (i.e., a :eéd access), private
bus state machine 254 still maintains aﬁ active éounter
enable signal for as long as the processor ‘accesses the
external data registers 226a or 228. However, during
the low phase of thé clock cycle for the current
instruction, output generator 258 deactivates the

private bus enable write signal, while activating the

o
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o
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enable read signal of the private bus and mai
this signal until one half clock cycles after zhe
processor terminatés its communicaticn with second EDRR
226a. The EMAU then ir the next clock cycle initiates a
read operation based on the address in ERAZ 22s1. In

this manner, the external accessing apparatus <£f the



WO 96/ 18153 PCT/ US95/ 15893
-48- 236 and address bus 210p, (3) external nenory interface

unit 238 neiwvotegiegszan active private bus wite signal, potrussh1ssdaV\R
228 transnits a third data word to the addressed data | ocation al ong
private bus data bus 212p. Consequent$9y; as set forth in Figure 8,
external nenory access apparatus 140 of the present invention enables
processor 156 to conplete its part of a wite operation in X + Y clock
cycles, where X represents the nunber of | ocations accessed in the

data nmenory (e. greskhe LAVEAtion caRt@rdACAtiNFR3aCassedcbn-5i guread) and
Y represents t he nunber of clock cycles needed to programthe ENAU

(e.g., the two opecktipal £f Heses6Hé yclarpraglamwhbRRthe prasds&INU as
shown in Figure 8). 6. State Machine Bl ock Figure 9
presents one endoésnment dbadtateewrnddress inthl ERAU1824.The function of
this block is (1) to nonitor the signals that the processor transmts
to the shared and private bus interface through external 1/0O access
bus 182, ENAU regist3Pebé§°YS4?l§ﬁWS$%QRHQﬁiQhﬁ Eategransitiopst @f npnit or
the grant signals that shared_ _bus arbiter . .

- state machine 254 assumes that the stop request signal
is inactive (i.e., has a value of "0"). If this stop
request signal becomes active while state machine 254 is
in idle State A or access State F, the state machine 254
transitions to stop State H on the rising edge of the
next clock cycle. State machine 254 remains in State H
until the clock module removes the stop reques:t signal,
before transitioning to either State G or State C in the
following clock cycle. State machine 254 transitions to
State C, if the stop request signal becomes inactive and
processor 156 requests an initial external read from
second EDRR 226a (i.e., if the P-bus access enable

signal and the read with data in EDRR2 invalid signal

are active while the stop request signal is inactive).

On the other hand, if.processcr 156 doés not
request an initial e#ternal read Zrom second EDRR 226a,
'state machine 254 transitions Zrom State H tc State G
during the next clock cycle. From State 3 (which is a
start processor after a global stor state), state
machine 254 then transitions to either idle State A or

access State F. More specifically, state machine-254

th

transitions from State G %o State F if the rrivate bus



150 supplies to it, and (3) to generate the shared and private bus
enabl e signals, counter enable signals, and stop processor signals,

whi ch conwambe/isiiss oper ati on of t he shared and private lp¢gnisot/esge3 ace
during an external | nput /out put operation. In addtion, as nentioned
before, state machine block 194 al so coaffes to clock = . WD 96/ 18153
PCT/ US95/ 15893 -4 9- nodul e 202 to
recei ve stop request signals, which cause the state machine to
generate stop processor and EMAU cl ock signals. As shown

in Figure 9, sémd@)emaniia hlsoGkti9 while LRE! HESSE widh cad@mehimeprant rol
unit 250, shared bus state machi ne 252, private bus state nmachine

254, state 22 6araihiald o drst rmlaclnus'e2560naﬂﬂes<bvamerrm'kun%ﬂ}iﬁeput
generator unit 258. Control unit 250 directs the clock signals on

cl ock bus 198 machsine &SfaciransdtibnsafidfoRs53tate G mmStAMOWH iferndeat or unit
258. Control unit 250 is-a decoder that prevents signals on the ENVAU
bus 142 from Privateduts ggabls: eigaehi hesipasgtHyRl- 254 and out put generator
unit 258, until processor 156 indicates an external

The operation of private bus state machine 254
after the processor interrupts an external access will
now described. 1If the processor has to interrupt an
external block read operation, but wishes to later

T (
resume this operation, the processor first has to store
the address of the data contained in second external
"data read register 226a. If during the interrupt the
processor.uses external data read registers for
alternativelread operations, the processocr has to
reprogram the stored address of the original data in
EDRR 226a into external read address unit 224.before
resuming its original block read operation. Cn the
other hand, if during the ihterrupt the processor does
not perform other read operations, the processor can
later resume its original block read operation by simply
reaccessing EDRR 226a without any further prdgramming of

ERAU 224.

On the other hand, 1f the processcr has =
interrupt an external block write operation in mid-
access, in order to later resume its external ilock
write operation the processor first has to store the

address stored in EWAU 23(. After the Interrup:, the



i nput / out put access (on external 1/0O access bus 182). Once processor

156 initiates an external input output access, state machi ne control
unit 250 t WO 9%(181S8s f or ERAU 224 or EWAU 230 to suppl PCTOSIV15893%
si xteenth bit of the second control %ord. As nentioned before, this
sixteenth bit infornms state machi ne bl ocK %92 whet her processor 156
Wi shes to initiate an external access through either the private bus
or the shared bus. - Control unit 250 then awaits processor 156 to
indicate a read or wite operation directed toward the external.

data regi sters Pb6aesso??Ba$ oro BEMlbadeginst etores d84yinal vallpont ridoei vi ng
this indication, control unit 250 (1) enabl es one of the state

machi nes 252 or EWBY hatkeinto this\@dib/eE®15®it, if during the

PCT/ US95/ 15893 - 50- ~ disabling the
other, based oniPherydPtetht RFreamIhPerformedopdEgrnabive sextsaraht h bit,

and (2) enables state machi ne out en ratorignit 258.

, mach put
After control uHFft?56p%ﬁ%5+%%5a.B§}Fi FQP%§t gBa. ARELRT N cont r ol
unit 250 direct rd. thi e . in he s] | s_that appear on
external 1/0 ac%réég%@ugt %%fé%smﬁlﬁggggt grgrgagmlég,g%rz%%]/\%i te bus
186, stop write operations, after the interrupt the processor can
simply resume its block write access by accessing EDWR

228.

.Finally, it should be noted that private bus state
machine 254 is-désigned in such a manner so as to allow
processor 156 to repeatedly perform the same single
access read operation without the delay due to the two
prefetch cycles. More specifically, whenever processor
156 requests a single access read operation by
deaétivating the block mode signal, the processor has to
wait three clock cycles before receiving its requested
data word. This delay remains unchanged even in those
situations where the processor has requested in
subsequent clock cycles that the same data word be
supplied to it because, whenever the pfécessor requests
a single read operation by deactivating the bliock mode
signal, the processor causes rrivate bus state machine
254 to transition from State B to prefetch States T and
E. However, the processor can also repesatedly access
the same data word (i.e., can repeatedly perform the

same single read operation) by indicating a block read



request line 200, and the bl ock node |ine of EMAU control bus 204.
In addition, if control unit 250 enabl es shared bus state nachi ne

252, cont wo 9emsius3 250 not only directs towards this $icahfsoipsshs ne the
signal s menti oned above, but also directs towards this state

machi ne the shared bus | ock signal (appe&irng on EMAU control bus
204) and the shared bus grant . signal. These inputs to the state
machi nes cause the state machi nes to undergo various state
transitions. For the enbodi nent of state machi ne bl ock 194 that

Figure 9 optlat il wthshaigogagbhgeéf%a%z?cﬁf‘ Firt Q:'?ﬁj l 590 ol50m
state-to-state on the rising clock edge. in other s, each state
- machi ne exan ng® igrddeRRdr S8bgAaLEss OEDRR 226ketey raml\eh%léeaatb needs to
undergo a state transition at the rising edge of the clock signal.
In addition, word afifter anst ahd onthi ome i swenslidad,cyidle pirafetprchi ne
generates a three digit control code (b2, bl, and bQ relating to
its current p&t@g&ul ar state, and supplies this three bit state code
to state machi nes out put ‘WD 96/ 18153

PCT/ US95/ 15893 ; ] {3 ot ] -51-

If processor 156 indicates (through the sixteenﬁh
bit of the second control word) that it wishes to
initiate an external access through shared bus 148 and ‘i
indicates (on the EMAU register bﬁs) that it wishes to
access external data registers 226a or 228; state
machine bloék control unit-250.enables shared bus state
machine 252 while disabling privaté bﬁs state machine

"254.

The operation of shared bus state machine 252 will
now be described with reférence to Figures 14-18.
Figure'14 presents the state diagram for cne embodimen<
of shared bus state méchine 252 of Figure 9. Figure
15 presents the timing diagrams for the operation cf one
"embodiment of state machine output generatcr 258 of

state machine block 194 of Figure 8, during a block

(1

read access through the shared bus. Figure 16 presen:
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the timing diagrams fcr the operaticon o
of state machine output generator 258 of state machine
block 194 of Figure 9, during a block write access

through the shared bus. Figure 17 presents the timing



generator 258. State nachine output generator 258 al so receives

t hrough control bus 256 signals appearing on the read/ wite bus 186,
EMAU r egi Styegh 84, EMAU control bus 204, stop requyRsiy 0,
and cl ock %ﬁ(ﬁssi)ik‘issl 198. These signals along with the three bit i’?"g epcodes
then drive state nachi ne output generator-&568 to produce t he bus
enabl e signals, the counter enable signals, the stop clock signals,
and the shared bus request signals. a. Private Bus State
Machi ne | f processor 156 indicates (through the sixteenth

bi t of the secopd GanhLoboyaid) dhat, b M ShEse! Bupoqineldl 41 A& AN

external access ough private 1uUs n Fcates (o e EMAU

regi ster bus) thatnihe Vs td%neratoxa(?%%s%_fe§%§ggamlnaglﬁiﬁe SSL oy 2262

or 228, state machi ne block control wunit enabl es private bus
state ~ macbeEngighde 9hi herdh§abl kegashated Hustet akE€e FRCHhASugh

252. The operation of private bus state nmachi ne 254 mﬁ?l

now be descri bethai sharefiepesice Fighkrgui®spi®sddts the tHimine dlagprasents
the state diagramfor one enbodi nent of private bus state machi ne 254
of Figure 9. FEgurehe opexdt imresdnionet kabbdainagt dofigsteatse frmathieor er at i on
of one enbodi nent of state machi ne out put generator 258 of state

machi ne bl ock 19utpet FFepseawpr A8 ®§ &cBEcRachine block 194 of

Figure 9, during a write access through the shared bus
when the shared bus grant signal is removed and the

processor has not locked the shared bus.

As shown ih Figure 14, the operation of shared bus
state machine 252 is defined py the value of five
signals, which are: (1) the.shared bus access enable
signal, (2) the read with data in EDRR2 226a not vélid
signal, (3) the stop request signal, (4} the shared bus
grant signal, and (5) the lock shared bus signal. The
shared bus access énable signai is the shared bus state
machine enabie signal generated by state machine control
unit 250. More specifically, control uni: 250 generates
an active access enable signal when processor 156
indicates (through signals on external input/output
access bus 182, EMAU register bus 184, read/write bus

186, and the sixteenth bit of the second controi word)

1]

an external read or write operation through external

data registers 226a or 228 and through shared bus 148.



read access through the private bus. Figure 12 WO 96/ 18153
PCT/ US95/ 15893 -52- presents the

timng di o egiwdor the operation of one enbodi ment OfP&hﬁgﬁl hi ne
~output generator 258 of state machi ne block 194 of Figure 9, during a

bl ock wite access through the prré4dte bus. Figure 13 ~ presents
the timng diagrans for the operation of one - enbodi nent of state
machi ne out put generator 258 of state machi ne bl ock 194 of Figure 9,
during a read after wite access through the private bus.

As shown in RQW anlQeddi 8PRRALEEE Rb: pe;évlga esv%glnc%l,glregl_eat %th% machi ne 254

I s defined by the value of three si gnal private bus
access enabl rocess¥irgnalic 168ksr 8adiMGid &dddsd el Op EPRBA226anEi - €.
EDRR2) not valid signal, and (3) the stop request "~ signal. The private
bus access enalput fiogmihgi Soghe detecpsivimdte dnes priodled sBRCRRRE enable

si gnal generated by state machine control unit 250. Mre specifically,
state - ndétitiatedner singhet 206@s g errrditamE rat ot whenprheabdobls

enabl e signal when processor 156 indicates (through signal's on

ext ernal i npMORSuSETRaAcd8sdeptsiygangNly pProcessor requests an

external read of EDRR 226a. Furthermore, the input
forming logic of the shared bus stéte machine 252 also
generates an active read with data in second EDRR 226a
not wvalid signal, when the processof directs the_EMAU to
initiate an initial préfetch read of a block read
operation. The input forming logic.detects that tﬁe
processor has directed the EMAU to ihitiate an initial
read of alblock read operation when the input formiﬁg
logic detects a first request'from'proceésor 156 to read
EDRR 226a after the processor has previously written the

second control word into ERAU 224,

On the other hand, the input forming logic
maintains an inactive read with data in second EDRR 226a
not valid signal when processor 156 has requested a
write operation (i.e., has initiated communica:ion_with
the external data write register 228). The inpﬁt
forming logic also maintains an inactive read with data
in second EDRR 226a invalicd signal, when processor 15¢
resumes a block read aécess gfter interrupting an

initial block read access in mid-access.



regi ster bus 184, read/wite bus 186, and the sixteenth bit of a
second control word) an external read or wite. operation through
external davege/myssters 226a or 228 and t hrough privat epdaesedsisso3

In addition, an input formng |ogic of private bus state machi ne 254
al so cenerates an active read with ot a in second EDRR 226a no: valid
signal, when the W 96/18153

PCT/ US95/ 15893 -53-. processor
initiates a single access read operatlon The . i nput formng |ogic

detects that the pragege@tnhBas shown LR Fighed 2451 RHF A ERSS stared
operation when the bl ock node signal is deactive and the processor

requests an  machiherfs? remsimé EDRR ,22@mpsfuihhdkaer Statbeai aput
formng logic of private bus state machi ne 254 al so generates an
active read w ibngdags thesstepdr&DRR28W sharedobugakicdessgeakblevhen t he
processor directs the EMAU to initiate an initial prefetch read of a .
bl ock read sigpatat #BR. imeet ivput Holavery rd§ee geredng ERat t he

processor has directed th§ EMAU to initiate an initial egd of a bl ock
read operati onPRRERSFRE 1npURT otHitijited an external access an

currently is accessing external data registers 226; or
228 (i.e., after generating an active S-bus access
enable signal), output generator 258 stops the processor
clock. More specifically, when output generator 258
senses that processor 156 has requested an initial
external access and currently is accessing external data
registers 226a or 228 while shared bus state machine 252
is in idle State A, output generator 258 activates a
stop processor signal on the stop processor line 188
during the low phase of this initial sensing clock

cycle.

At the rising edge of the next clock cvciz, sharea.
bus state machine 232 transitions_:a regquest State B and
activates its shared bus reguest signal (which it
supplies to arbiter 150 in order to obtain permission tc
accéss the shared bus). The shared bus state ma:hine

then remains (i.e., loops) in this state until arbiter

150 grants access to the shared to the EMAU. After the

1]

arbiter grants the EMAU's shared bus request (I.

.

N
a]

after shared bus-state machine 235 eceives an active

shared bus grant signal), shared bus state machine 252



| ogic detects a first request from processor 156 to read EDRR 226a

after the processor wites the second control word i nto ERAU 224.

On the ot QY o¢ , the input formng |ogic mai nt ai ns - ' ' read
wi t h dat ah?{l%?gg%nd EDRR 226 not valid signal (i.e., ié&g%ggr?gf has a
val ue of "0") when processor 156 hasérequested a wite operation
(i.e., has initiated comrunication with the external data wite

regi ster 228). The input formna |logic al so mai ntai ns an inactive
read with data in second EDRR 226a invalid signal, when processor 156

resunes a bl .O%n'[a Qg in Stgggegsfgg\b&g%}rﬁ%ﬁe{;gyﬂf n&o%r}]c ic@/ictliea}l bllock read

access in md-access. )
- As further

PCT/USQ5/1589%uring this final clock cycle in‘%Fé%% B, output i
shown in Figure 10,” private bus state machi ne 254 remains (i.e.,

| oops) in idl geflediatol @58 activ@hgs aShd oty raHIas! sagdapri vate bus
access enabl e . signals are inactive. However, after sensing that '
processor 156 thas riisihgatddeaof exbherakbckionesie after thieufiaally is
accessing external data registers 226a or

State B clock cycle; state machine 252 transitions to

either State C or State D based on the value of the read

with data in second EDRR 226a invalid signal.

For example, the transition.of shared staze maéhine
252 from Sta;e B tc State ¢ (which occurs if proéessor
156 requests a single access read or an initial external
read from second EDRR 226&) will n§w be described with
reference to Figures 14, 15 and 17. As shbwh in-these
figures, if processof 156 réquests an ihitial block read
from second EDRR 226a, (1) output Qenerator-258
activates the shared bus read enable signal, during the
low phase of the final State B clock cycle; and (2)
shared bus state machine 252 transitions from reguest
State B to first prefetch State C, é: the rising edge of
the clock cycle after this Zinal State B clock cycle.

During the clock cycle that shared bus state machine 252

=4 4 3 F W Qe mea ™ eme. e -
remains in first preferch State I, the cutrut generator
c . < . N e s . 2 P .
258 maintains the shared bus read erakle SidLa. .5 Order

to allow bus interface 190 tTc begin storing & Iirst date

word in first EDRK 226L.

Ir the nex: clock cycle, shared bus state machine

- Y 3 I} - . - . ) - - > .
2532 then transitions =2 secong rrefetch State I, durin

0



228 (i.e., after generating an active P-bus access enabl e signal),

private bus state machi ne 254 transitions to either State C or State
F. r exanple, the transition of private bus g4k

machi ne 25???Gélhﬁlgfate A to State C (which occurs if pr ocessg?)’%ssﬂ%
requests a single access read or an -ien-tial read of a block read
operation from second EDRR 226a) w Il now be described with reference
to Figures 10, 11 and 13. As shown in these figures, if processor

156 requests an initial block read from second EDRR 226a while private

bus state machi e osc Q: c‘i oﬁ%é £ ge?eratoz?“ié’é“de% ’Ehv%tc%r £28

activates the COUI’]%e ena |'on € processor

accesses the externaly diaets%or sich 9i 56 ﬁﬁlggﬁﬁ‘rc%egg& 155 addieliigneoduring

the | ow phase of this initia cycl'e, output generator
(1) asserts a SHdjeiffdGeeSAatsl g8ake@NihNge860® EDRR JVARCESIRriGkOEkel i NE

188 and nmaintains this signal for two clock cycles, and (2, activates
t he enabl e r eatsubsequwingnalloek tbelprl vhteedUsusngt ate mtahisiet R52 si gnal -
WD 96/ 18153 PCT/ US95/ 15893

- 55- moves to access State F. In this state, the processor

is running, and state machine 252 monitors the signals
on external input/output access bus 182, EMAU régister
bus 184, and read/write bus 186, in order to detérmine
if the processor currently is requesting another
external read/write operation throﬁgh external data
registers 226a or 228. If the current processof
instruction is not an exterﬁal access through external
data registers 226a or 228 (i.e., shared bu§ access
enable signal is not active), the sharéd bus state
machine transitions to idle State A. For example, when
the current processor instruction is program ERAU 224 or
EWAU 230, the shared bus state machine transitions for
State F to State A because the sharecd bus access enable
signal is deactivated (as the processor n¢ longer is

accessing either EDRR 226a or EDWR 228).

COn the other hand, 1f the current lnstr"";lon is
another access to seccrd externzl data register 226a
(i.e., another read accesg), chared pus state rmachine
252 rémains'in State F and performs the read access. In
addition, as shown in Figures 14 ;nd 17, Z£f the

c - -9 : - - R e o~ = e
current 1nStrultlcn 1S &n access 1T exlernas gatéa write



until one half clock cycles after the processor termnates its

communi cation with second EDRR 226a. At the rising edge of the
next cl ockwWOYeNRISIpri vate bus state machi ne 254 sensesPCIruS9sI15893
private bus access enabl e signal and the read with data in EDRR2
invalid signal are active, and theréf®re transitions from State A
to first prefetch State C. During the clock cycle - that private bus
state machine 254 remains in first prefetch State C, the output
generator 258 nmintains the private bus read-enable signal in order to
al | ow bus regieténcz2d 9 ten. ,hegiwrizieonicresa) | | ERardatibusosthtd |
first EDRR 226b. In the next clock cycle, private bus state machi ne
254 then transha¢hime t25% evmad o diretStlate F aStaperEormsiriimg wihitse cl ock
cycl e out put generator 258 deactivates the stop processor signal to-

al | ow processo®ccess bapgq Prphddien addresseiPeENVRE daPa stored in second EDRR
226a. In the next clock cycle, private bus state machine

254 transitions to access State F. _ln this state foce

running, and state MAChTHY 41°rﬂ)rﬂftc§}"§rteﬁ_ebus StéFﬁn’ﬁ?ggb‘hee g:frfé‘?sm

186 11 order Terte el tnien BELELUndH tddde o N ISEH i ng
requested an external write to EDWR 228 while state
machine 252 is in State A or processor 156 resumes a
block read access after interrupting a prior block read -
access) will now be described by reference to Figures. ‘P
14, 16 and 17. As shown in these figures, if (while
state machine 252 iales in State A) processor 156
requests an external write to EDWR 228, shared bus State
machine 252 transitions from fequest State B to start
State D, at the rising edge of the clock éycle after
this final State.B clock cycle. During the low phase of
the clock cycle that shared bus state machine 252
_reméins in start State ﬁ, output generatcr 258 (i)
activates a shared bus write enable signzl énd maintains
this signal active until one-half cicdk'cycies aftér.:he
processor terminates its communicaticr withr EDWR 228,
and (2) starts the processor clock by deac;iva:ing the
stop processor signal. Irn additicn, during ths clock
cycle that shared bus state ﬁa:hine 232 remairz in star:

State D, output generatocr 25& deactivates the ccunter

enable signal.



anot her external read/wite operation through external data registers
226a or 228. |- the current processor i nstruction is not an external
access t hr owgio6asissr nal WD 96/ 18153 PCT/US95/15893
PCT/ S95/ 15893 - 56- data registers .
226a or 228 (i.e., private bus access ~6%"enable signal is not active),
the private bus state machine transitions to idle State A For
exanple, if the current processor instruction is program ERAU 224 or
EWAU 230, the private bus state machine transitions from State F to
State A because the Jf ithd @elkds cA6eRSEy8DEP| Shared bud Filred madBaaki vat ed
(as the processor no longer is accessing either EDRR 226a or EDWR
228) . - 252 @ranizdtdbher thaftaté fF tdred cuvgpent genetratoti 0681 S

anot her access to second external data register 226a (i.e., another
read access), Feagitivases shateonathrnenable size Ir ameli meiphaspat ehfs and
perforns the read access. addition, as shown in Figures 10 and 13,
i f the e Pﬁ§ﬂVﬁcPPBhl|%h%up%ﬁﬁﬁﬁﬁ9%(§QQPFeFﬁQW“BAFat&P9te

oot ster, 228, (g gy o8 POREOR S PHYEL RS B ne 2500 T 254
monitors the signals on external input/output access bus
182, EMAU register bus 184,.and read/write bus 186 in
order to determine if the processor currently is
requesting another external read or write operation
through external data registers 226a or 228. If the
current processor instruction is not an external access

through external data registers 226a 228 (i.e.,

o)
L8]

shared bus access enable signal is not active), the
shared bus state machiné transitions to idle State A.

On the other hand, if the current instruction is another
access to external data write register 228 (i.e.,
another write operation), shared bus.state machine 252

remains in State F and maintains generating the enable

n'
o
'3
0
)
o
H
]
o)
o]
e
"

signals (i.e., counter enable sign
write enable signal) which zliow bus interface 190 to

perform the write operatiorn.

In addition,'as showrn in Figures 14 and 17, 1
the current instruction is ar access tTo second external
data read regiSter-ZZGé {i.e., & rezd access), shared
bus state machine 252 still maintains an active counter

enable signal for as long as the processor accesses the



operation based on the address in EWAU 230. Finally, state machi ne

254 transitions fromState F to State C when both the private bus
access engpheesiighal and the read with data in EDRR2 4 *ﬁsaai_,gnal
are active (e.qg., when processor 156 requests an external read after
previously interrupting a read operati or79ri or to pref et chi ng any
data words but after programm ng ERAU 224) . The direct
transition of private bus state nachi ne 254 from State Ato State F in
one cl ock cycle (which. WD 96/ 18153 :

PCT/ US95/ 15893 : : S 7- 0 ; en
processor 156 %}?i%elfne%lue%attgd rgr?lés;étegrsngﬁsa o’w:rz?%é t%mﬁXﬁf’zgngﬁl% state
machi ne 254 i sgid RAwighale of 2hePb@6eRSEYc1o6ssLSUE S RIMCk read access

after interrupting a prior block read access) will now be descri bed.
with referenceidstidiii®s btph? gefeldtorA358 desdwWivadds tRsenhirgdres, if
whi |l e state nachine 254 idles in State A processor 156 requests an

external witeéum enablleDWRi228 sigoapuwhjdeecaat bvat2bly adte \eaiadd et lIreadount er
enabl e signal for as long as the processor accesses the

signal of the shared bus and maintaining this signal

until one half clock cycles after the processor

terminates its communication with second EDRR 226a. The

EMAU then in the next clock cycle initiates a read

operation based on the address in ERAU 224. 1In this

manner, the external accessing apparatus ¢f the present

invention can transition from a write to a read

operation in just one clock cycle when the processor

does not load a new address into ERAU 224.

The_operation'of shared bus state machine 252 when
the processor interrupts a block operation is similar To
the operation of private bus state machine 254 during
such interrupts.' In additiop, the above discussion of
the state transitions of state machine 252 assumes (1)
that the stop request signal is inactive, and (Z) that
the arbiter does not remove its graﬁ:'signal tc the EMAU
in middle of an external access. As :hese:two ..

assumptions are not alwavs accurate, & descripticn of

the operation of the state machine 232 it necessary whern
either the stop reguest =signal is active ¢cr the arbiter
removes its grant signal Irn middie cf an externéal

access. If the stop reguest signzl becomes active while



external data registers'226a or 228. In addition,

of this cl ock cycle,

initial

bus enabl e WhidsRs153

cycles after the processor .termnates its comunication

during the | ow phase
258 activates the private
until pepuseyfsgdsl ock

w th EDWR 228.
254 senses that the

out put gener at or

signal and mai ntains this signal

In the next -clock cycle,

private bus statelsaachine

private bus access enabl e signal
while the read with

a

val ue of

"Q'),

this state, st /1&g 18

| nput/ out put access

IS active (i.e., has a value of "1")
data in EDRR2 invalid signal is inactive (i.e., has
and therefore transitions to access State F. In
i 5 I §or - | I e a
TcBipgodszuhn +f Takgiiane B Bk BB e bus

186 in order tQtate RLBLRENGSR LS PF OSESSY GWHY Stk 1S chegHesting

anot her external

read or wite operation through.

external data

regi sters 226a rQrsidd8edgkf oEheheUféehitclock cydM@ .96/st8t23machine 252
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processor

instruction is rentaias éxt Staaé Hcemssl tthougivck modaleereabvdat aheegi sters

226a or 228 (i.e.,

private bus

stop request signal before transitioning to either State

G or State B in the following clock cycle. State

machine 252 transitions to State B, if the stor request

signal becomes inactive while the shared bus access
the

enable signal is active. Cn the other hand, 12

shared bus access enable signal is active, state machine

252 transitions from State H to State G when the stop
request signal is removed. From State G, state machine
252 then transitions to idle State A on the rising edge

of the next clock cycle.

Figure 18 presents the timing diagrams for the
operation of one embodiment of output generatcr 258,

during a write access through the shared bus when the

shared bus grant signal is removed and the processor has

Fh

N . s g .
sSn0OwI, I This Tlgure, 1

v
{n

not locked the shared bus.

the arbiter removes its shared | signa. while

shared bus state machine is irn
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processor 136 is requestin
bus state machine 252 stops the
its shared bus request lcow,
State A and then request State E.

kel ¥ 4 ry i - - Ve~
EMAU's sharez usz

returns the



access enable signal is not active), the private bus state machi ne
transitions to idle State A On the other hand, if the current

i nstructi owoiss/181%8t her access to external data wite rpgraEe158938
(i.e., another wite operation), the private bus state nachi ne 254
remains in State F and nai ntains gédérating the enable signals

(i.e., counter enable signal and private bus wite enabl e signal),
which allow bus interface 190 to perform the wite operation.

In addition, as shown in Figures 10 and 13, if the current instruction

IS an access tsrfactiteeithdn transdatianseatom et SILB 3252 fthet- , a read
access), private bus state nmachine 254 still maintains an active '

counter Statie Gignal, baseds ohongeasriter pa atesam sl Grees t he
external data registers 226a or 228. However, during t he | ow phase of
the clock cycle for the current i nstruction, output generator 258
deactivates the It gt bsusosedoltbaty i feshareriibusi{& ixctlioskeidng t he
enabl e read signal of, the -private bus and nai nt ai ni ng ~this signal
until one hal fGciSok 3y ERgs THPLEEDL RAt of the Jfltforcadmalndoes ap
conmmuni i cation W th econg . 226a. The %ﬁpqathen i_n the next clock
cycle initiat eq-'sheaSJ'x =& dgégef"at FBR BRSRY SFPHHE adBFEs 878 F°ERA 224,
In this A evay ASs°%EEERaL 2CEASPLE DAPRAASLE Thatll§ bus

state machine 252 will not pull its request low (i.e.,

shared bus state machine 252 will remain in State F or

will transition to State C then State E), even if the

shared bus_grant is taken away. Shared bus state

.machine 252 will only pull its réquest low if the

processor clears this twelfth bit. Thus, by piacing

state machine 252 in State F and locking the shared bus,

processor 156 can later initiate (1) an external write

operation without seeking the arbiperﬂs permission, or

(2) an external read operation without seeking the

arbiter's permission (this operation is shown as a

transition from State F to State C in Figure 14).
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‘Consequently, external memcry acc
of the présent invention reduces the data accez:z time of
processor-for several reasons. First, by separating the
program memory and the data memcry, the data access time
of processor 156 is not affected zv the communications
between processor 156 and program memory 1i60. Second,
as data words are prefexzched for the processor'during

read cperation, the processcr does ot have to wait idly
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-59- present invention can transition froma wite to a read
operation wp dedBissone cl ock cycle when the processor d@?&nﬁ@éndsﬂﬁd a
new address into ERAU 224. : The above discussion of the state
transitions of state machi ne 254 as9s¥es that the stop request signal
is inactive (i.e., has a value of "0"). If this stop . : -request signal
beconmes active while state machine 254 is in idle/State A or access.
State ' F, the state machi ne 254 transitions to stop State H.on the .

ri sing edge of ; c t i Dey 254 Fenpins in:
State H . ul?ﬁ% PanttJhle tc pﬁat%o ulﬁlgcr&e%%\r})ésg%ﬁegg?%%yr%q%% vgl gnz;lrz),,'ﬁ_" o
before transitionigme La@dN&anthale ener ERhd! efch Na t H¥bsequedtolda®y Ng
clock cycle. State machine 254 transitions to State C, "if the stop
request signal wheg osesld Nactdecddadd and expEQEES SO pASBL ¢S USRS witd. ni ti al
external read from second EDRR 226a (i.e., if the P-bus access enable
“signal and t heThied), véidcedathe EMABDRRZ2nphv&brdedi ymadrive a drigihdgt i ve whil'e
the stop request signal is inactive). On the other hand, if
processor 156 ERR&CHoive bus teg@ssesanthfi dabd BRRR¥NH2anksad theom second
EDRR 226a,

access time is reduced. Fourth, the data access time is
also minimized because processor 156 does not have to
terminate its data access to allow other components of
thé computer system to access the data banks, but rather
can access a data bank through the private bus while
allowing another component to access another data bank

through the shared bus.

Finally, the external memory accessing apparatus of
the present invention is advantageous because it
requires a minimal amount of memory capacity as it
allows the processor to access a particular data bank
through the private bus while having DMA 152 refresh

another memory bank through the shared bus.



state machine 254 transitions from State Hto State G during the next

clock cycle. FromState 3 (which is a start. processor after a gl obal
stop st at ye ofridik#$ ~ machine 254 then transitions to ei tiefudedhspedt ate A
or access State F. More specifically, state machine-254

transitions fromState Gto State F if t-ﬁé-prlvat—e—btrs———\v“ﬁ—%f-18153
PCT/ US95/ 15893 si gnal

IS act ifvE e TtHﬁS BE%NJ with data in EDRR %millumruuﬂﬂajlﬁiictlve

On t he \ot"Her meEDstat - machine 254 transit to State
Aif the vate bus enabl e mgna%wactlve The :
operation of prlvate bus state nachine after the processor
interrupts an external access wll . now described. If the processor has
to interrupt ap craimexternal block read operation, but w shes to |ater _
resune this operation, the processor first has to store t he address of
the data contained in second external data read register 226a. |If

during the interrupt the processor uses external data read registers
for alternative read operations, the processor has to

1. An external memory component apparatus for enabling
a processor to access a first component, said external

component access apparatus comprising:
a) an external component access unit; .

b) an external component access unit bus for
coupling said éxternal component access unit to said

processor,

c) a private bus coupling to said external
component access unit, said private bus for coupling
said external component access unit to said first

external component; and

d) a shared bus coupling to said external

th

component access unit, said shared bus Icr coupling said
external component access unit to said
component and for coupling a second external componen

to said first external component.

This Sheet Has Been Replaced

L I




reprogramthe stored address of the original data in
resumng its original bl

operati on. - other hand, if during the interrupt t r
oV LB ot RETRISS AR

external read address unit

does
resune its original block

ot her hand, if the processor has
access, in order

operation in md-

224 before

her read operations, the proce

read operatio? Py si mply
226a w t hout any further progranm ng of 1

7ERAU 224.

i nterrupt an external

EDRR 226a into
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sinply resume its block wite access by accessing EDWR 228.

Finally, it should be noted that private bus state machi ne 254 is
‘desi gned in glGh,gsgBNner so as to allow processor 156 tpci/peaasad! y
perform the sane single access read operation w thout the delay due to
the two prefetch cycles. Mre specific?l y, whenever processor
156 requests a single access read operaZiJn deactivating the bl ock
node signal, the processor has to "wait three clock cycles before
receiving its requested data word. This delay remai ns unchanged even
‘in those situations where the processor has requested in
‘subsequent clock cycles that the sane data word be supplied to it
‘because, whenever the processor requests a single read operation by
deactivating the bl ock node signal, the processor causes private bus
state machi ne 254 to transition fromState Ato prefetch States v and
E. However, the processor can al so repeatedly access t he sane data
word (i.e., can repeatjgglly performthe 124Sanme single read opzration) by
i ndicating a bl ock reay VI)96/18153;
PCT/ US95/ 15893 2-
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operation with a |oop size of one, which in turn allows ~the processor
‘to access EDRR 226a to obtain the data word after one and only one two
cl ock cycle prefet cg" st age. b. Shared Bus $icginfsos/desdi ne
| f processor W8N cat es (through the sixteenth. bit of the second
control word) that it wishes to iniyiﬁmfm external access through
shared bus 148 and - i ndi cates (on the EMAU register bus) that it w shes
to access external _data registers 226a or 228, _state _ _ _machine

bl ock control unit 250 enabl es shared bus state nmachi ne 252 while

di sabling private bus, state machi ne 254. - The operdtion of
shared bus state machine 252 w || now be described with refergnce to

Fi gures 14-18. Filgure 148 Y am for one enbodi ment
of shared bus state nmchined FIgur €]Q &i gurR 15 present's the
‘timng diagrams for the opefR i fﬁgﬁe 2nbodNBnt of state machine
~out put generator 258—of gEne NSf Figure 9, during a
bl ock read accessl thro ' 16 presents t he
timng diagrams for the opérti on of one enbadi nerR of state'mac_hi ne
-out put generator 258 of stat} ‘ Y of Figure 9, during a
‘bl ock write access - i
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t hrough the shared bus. Figure 17 presents the timng W96/ 18153
- PCT/ US95/ 15893 - 63- di agrans for

the operation of one embodi nent of state machi ne out putPCTAISeS/#888F 258
of state nad¥?iePbck 194 of Figure 9, during a read after wite

access through - the shared bus. Flgtye' #8 presents the timng di agrams
. for the operation of one enbodi nent of State machi ne out put gener at or
. 258 of state machine bl ock 194 of Figure 9, during a wite access

. through the shared bus - when the shaged bus grant &ignal is renpved
and the processor has not |ocked tHe &hared busg 3 As shown
in Figure 14, the operation of shared_hgs2 ¢ ~ state mlg':l pe 252 is defined
by the val ue of five si gnal s, \M‘ﬁ-c*l ar}:' (1) theE shirsd bus access
endbl e signal, (2) the read vmth:da:‘aﬁn EDRR2 226& Engt valid

signal, (3) the stop request signal, Z h& shared b&sS grant signal;
and (5) the lock shared bus signal. Th shar ed bﬁs‘é less enabl e
signal is the shared bus state nR e<enah] e signal® gener ated by
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an active access enabl e signal when processor 156 I ndi cates (through

signal s on external input/output access bus 12, EMAU regi ster bus 184,
read/ write bugogengis386, and the siteenth bit of the second C Op¥rB495115598))
an external read or wite operation through external data registers
226a or 228 and through shared bus 148. I n addi tion, an input
formng | ogic of shared bus state rﬁaoﬁl‘ln? 252 al so aenerates an active
read with WD 96/ 18153

PCT/ US95/ 15893 ' - 64- data in second
EDRR 226a not valid signal, when the" processor initiates a single
access read operation. The I nput” formng | ogic detects that the
processor has initiated a single accggg, read operation when the bl ock
node signal is deactive and the STROL 808U external read of

EDRR 226a. Furthernore, the i red bus state
machi ne 252 al so generafes an active read wt d EDRR 226a

not valid signal, when the/processor directs the E i niNiate an
initial prefetch read of [ '
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processor has di
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cufrently is accessing external data registers 226a or

generating an active S-bus access
cl ock. More specifically,

stops the progevsdsiss
senses that processor

currently is accessing external
IS

bus state machi ne 252
activates a

enabl e signal),

when out put preneseaissgos 253
access and

156 has requested an initial

in
stop processor signa
during the | ow phase of this initial

dat a
idle St

the rising edge of the next clock cycle,
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remains (i.e., |oops)
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- 66-- remains in State B for one nore full clock cycle. Duri ng

this final clock cycle in State B, output generator 258 activates the
counter enab{g il gpdl - At the rising edge of the clock cpcroswsinsgss
this final ét ate B clock cycle, state nachine 252 transitions to
either State C or State D based on the value of the read with data in
'second EDRR 226a invalid signal. g é (I?r exanple, the transition of
‘shared state nachine 252 from St at 1 State C (which occurs if
"processor 156 requests a single access read or - an initial external
.read fromsecond EDRR 226a) wi ||l now be described with reference to
‘Figures 14, 15 and 17. As shown in these figures, if processor 156
requests an initial block read from second EDRR 226a, (1) output
generator 258 activates the shared bus read enable signal, during the
| ow phase of the final State B clock cycle, and (2) shared bus state-
machi ne 252 transitions fromrequest State B to first prefetch State
C, at the rising edge of | .JtHe clgck ¢yclgjaftergihis fipal State B
cl ock cycle. Duri ngdfe“%¢lgek cHcl |t hat;|sha eEI bus st e machi ne 252
remains in first prefetckﬁﬁta €, tde &iit putd [geferador =258 mai ntai ns
the shared bus read enabicsigrBE i nforder 3| ® gllow busa nterface 190
to begin storing a first te ¥
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word in first EDRR 226b. In the next clock cycle, shared bus
state machi ne 252 then transitions to second State E, during WO
96/ 18153 PCT/ US95/ 15893

-67- V\%%g‘ellscl 3ock cycl e out put generator 258 deacti vat e SEI$95/15893
stop processor signal to allow processor 156 to begin to receive the
data stored in second EDRR 226a. During t@e subsequent cl ock cycl e,
shared bus state machi ne 252 noves t éctgss State F. In this state,
t he processor i's running, and state nmachine 252 nonitors the signals
on external input/output access bus 182, EMAU register bus 184, and
read/ wite bus 186, in order to determ ne I f the processor currently
i s requesti ng anot her external read/wite operation through external

dat a regi sters 226a i nstruction
I's not an external accesSO‘?H%%&F{E&%@P@E%A%EQ{@&RE@ sters 226a or 228
(i.€., shared bus access %b_l_ejj_qnal Is not active), the shared bus’
state machi ne transitions t W@{%‘e%t ate A. For exanple, when t he
current processor instruction FEPARSSEREERAU 224 or

o '
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EWAU 230, the shared bus state machine transistions for State F to
State A because the shared bus access enabl e signal is deactivated (as
the processorwiyehsger is accessing either EDRR 226a or pEMFssatsos
On the ot her hang, If the current instruction is anot her access to
second external data register 226a (i
bus state machi ne 252 remains in Sﬁgty ﬁfnd perfornms tne read access.
I'n addi tion, as shown in. Figures and 47, if the current
instruction is an access to external data wite WD 96/ 18153

PCT/ US95/ 15893 - 68- regi ster 228
(i.e., awite access), shared bus state machi ne 252 remains in State
F and perfornms the wite © access based on the address in EWAU 230.

The transition of shared bus state machi ne 252 from State Bto State D
(whi ch occurs when processor 156 has requested an external wite to
EDWR 228 while state machine 252 is in State A or processor 156
resunes a bl ock read access after interrupting a prior block read
access) will now be described by reference to Figures
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14, 16 and 17. As shown in these figures, if (while state nmachi ne 252

idles in State A) processor 156 requests an external wite to EDWR
228, shared bwe ssasise machi ne 252 transitions from requespcritsvsasgsst o
start State D, at the rising edge of the clock cycle after this
final State B clock cycle. During the |%Ml phase of the cl ock cycle
that shared bus state machi ne 252 in start State D, output
generator 258 (1) activates a shared bus wite enable signal and
mai nt ai ns this signal active until one-half clock cycles after the
processor termnates its conmunicatiorn with EDWR 228, and (2) starts
the processor clock by deactivating the stop processor signal. In
addi.ction during the clock cycle that shared bus state machi ne 252
remains in start State D, output generator 258 deactivates the counter
enabl e signal . WO 96/18153 .
PCT/ US95/ 15893 - 69- I n the next
cl ock cycle, shared bus state nmachine 252 transitions to State F and
out put generator 258 reacti vates the counter enable signal and
mai ntains this
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signal active until the processor stops connunicatfng wi th EDWR 228. In

this state, state machi ne 252 nonitors the signals on externa

i nput / out put weegsgIsPUS 182, EMAU register bus 184, and r qaepydokhihopus
186 in order to determne if the processor currently is requesti ng
anot her external read or wite operation - through external data
registers 226a or 228. if the curgfgt p. %;essor instruction is not an
iext ernal access t hrough external d (égisters 226a or 228 (i.e.,
'shared bus access enable signal is not active), the shared bus state
‘machine transitions to idle State A On the other hand, if the current
instruction is another access to external data wite register 228
(i.e., another wite operation), shared bus state nachi ne 252

remains in State F and mai ntai ns generating the enable signals (i.e.,
.ccounter enable signal and shared bus wite enable signal) which allow
bus-interface 190 to performthe wite operation. I n
addition, as shown in Figures 14 and 17, if the current instruction is
an access to second external data read regi ster 226a (i.e., a read
access), shared bus state machine 252 still nmaintains an active counter

enabl e signal for as long as the processor accesses the
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- 70- external data registers 226a or 228. However, during t he
| ow phase of #é_;‘ck cycle for the current i NSt ruct i oNpPCTYULIHUISS93
generator 258 deactivates the shared bus enable wite signal while
activating the enable read signal of the shared bus and nmaintaining .
this signal ~until one half cl ocﬁiyﬁl‘le? after the processor
termnates its conmunication with second EDRR 226a. The EMAU t hen in
the next clock cycle initiates a read n based on the address

oper at.i

in ERAU 224. In thisS-BUS STM&]MCHIH@%%EEE)«%% dssing apparatus of the
.present - i nvention can tgmigﬁonfroma wite to a read :
‘operation in just one clock cyg&e en the processor does not | oad a
‘new address i nto ERAU 224. 5Bus Access Enable The operati on of shared bus state
machi ne 252 when the process®~interrupts a bl o&Rusdpeatation is simlar
to . the operation of private b te_na%g;hi-ne 274 dwri ng such .
interrupts. In addition, the above state transitions

of state machine 252 assunes (1) t 8¥st signal is
‘inactive, ang—2)—that 1-he eSSMATEBijft s grant signal to
‘the EMAU in mddle gfsHb grnal A . As\thesg/two

-assunptions dre not al ygy*
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S-Bus Access Enable
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Read with data in EDRR2 not valid
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1. a. S-Bus Access Enable &
b. Stop Request,
or
2.a.S-Bus Grant & :
b. Cock S-Bus A

1. a. S-Bus Access Enabie i
b. Read with daz in EDRR2 not valid &
c. S-Bus Grant. &
d. Stop Request,

or
2. 2. S-BusLock &
b. Siop Request
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t he operation of the state machine 252 is necessary when either the
stop request signal is active cr the arbiter renmoves its grant signal
in mddle of pwMeanal access. |If the stop request sigpetussASEHZES
active white WD 96/ 18153 '

PCT/ US95/ 15893 -71- state machi ne
252 is in idle State A or access Stateﬁ/, state machi ne 252
transitions to stop State H on the i'Si ng edge of the next clock
cycle. State machi ne 252 remains in State Huntil the clock nodul e
renmoves the - stop request signal before transitioning to either State
Gor State Bin the followng clock cycle. State machi ne 252 '
transitions to State B, if the stop request si gnal becones inactive
whi l e the shared bus access enabl e signal is active. On the other
hand, t he shared bus access enable signal is active, state nmachine.
252-transitions from State Hto State G when the stop request  si gnal
is removed. From State G state nachine 252 then transitions to idle
State A on the risin dgea. of {he nejt clodk cycll. Fi gure
18 presents the tim3g di &@fanms for|the
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operation of one enbodi nent of output generator 258,
access through the shared bus when the

renoved and tWe oghe@esSsor has _
the arbiter renoves its shared bus grant signal while

this figure, if

not

shared bus grant signa
| ocked the shared bus.

shared bus state machine is in access State F and
his} § ate nachine 252 stops the

requesting an external
processor clock, pulls

idle
EMAUs shared bus
PCT/ US95/ 15893

then transitions fromState B to either

access,

grant signal,

criteria discussed above.

148 i s | ocked

shar ed

.its shared bus request

State A and then request State B. Once the arbiter
WD 96/ 18153

shar ed

bus
- 72_
State C

during a wite

processor

or

st

It should be noted that

the-si xteenth bit of the second control

started a shared bus access,

pull its request
in State F or

is
PET6498MERo3 N
156 is

low, and transitions to

returns the

at e machi ne

D, based on the

i f shared bus

(i.e., if the twelfth bit of the first control word and
word are set) and EMAU has
shared bus state machine 252 will not
low (i.e., shared bus state machine 252 will renain
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wi |

transition to State C then State E)

is taken away. Shared bus state

lowif the
.state machin

essor clears this twelfth bit.
Woits?

even
machi ne 2

if the shared bus grant
52 will only pull its request
Thus, by pkfsdissos

I'n State F and | ocking the shared bus,

‘can later initiate (1) an external wite
,arbiter's perm ssion,

.seeking the

or -

(2) an
arbiter's perm ssion

R

processor 156

operation w thout seeking the

read operati
eration i s

transition fromState F to State Cin Figure 14)

| ext er nal

‘the data access tine of

'separating t
‘of processor
processor

not have to

he

menory access apparatus 140
processor for several
program nenory and the data nenory,

reasons.

156 is not affected by the comrunications
as data words are

wai t

PCT/ US95/ 15893
-menory bank can supply a data word to

156 and program nenory 160.
-prefetched for the processor durina
idy-

WO

Second,

96/ 18153

-73-

on w t hout
shown as a
Consequent |y,

of the present invention reduces

First, by

the data access fine

between

read operation, the processor does

by until the data
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it, but rather can have the EMAU fetch a subsequent data word while it
decodes and executes a previous data word. Third, since the EMAU i s not
_forced to driwgeghdisfh! y ~ capacitive bus to access the dat 3cTRiEos/Ysse3
banks, the access tine is reduced. Fourth, the data access tine is

al so m ni mzed because processor 156 Qﬁﬁs n?t have to termnate its
data access to all ow ot her conponents / ‘Zhe conputer systemto access
t he data banks, but rather can access a data bank through the private
bus whil e al | owi ng anot her conponent to access anot her data bank

t hrough the shared bus. Finally, the external menory accessing.
appar at us of the present invention is advantageous because it
requires a mnimal anmount of nmenory capacity as it all ows the
.processor to access a particul ar data bank t hrough the private bus
‘whi |l e having DVA 152 refresh anot her nenory bank through the
‘'shared bus. - - 74 - _
CLAIMS 1 1. An external conponent access apparatus for enabling
:a processor to 2 access a first external conponent, said external
conponent access apparatus 3 conprising:
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4 (a) an external conponent (b) an
external component access unit bus memmﬁl EHI*H” lexternal 6 conponent

access unit to said processor; nal__private

bus for coupling said external corrponent 8 access un| | hgpggd; Emgg; ET

external conponent; and 9 (d) a bidirection
coupling said external conponent 10 access unit to s 'Iﬂatiz'...r _______________
conponent and for coupling a second externalyy _11 conpeseat—to-—sai-d ¥V
external conponent; 12 (e) wherein said processor instructs said
external cocpaIMst access unit 13 to access said first external
conponent al-ong one of said private bus and said 14 shared bus; wherein
sai d prokessor has solAn.-exieesal campariaht mccess epparatusforenabling alprocesker to
first external conponent; and further wherein said second external
conponer® 18CC$SS adinsteeitatnal componsat,csaid exteroaltcmmmnemrqooaesnapmmtusau d
processor is accessing 17 said first external conponent. 1

The ext e} naPORBPKSIENt access apparatus of claim.1, wherein said 2
-ext ernal, conponent, access .unit transm%s data t,0 said first external

‘conponert 3 al of@® oné“\o?x teia) GoMRALED

BeeeSH B ai d shared bus when sai d

Exter nal® ur i Lo ol at A0SR GLnehf RBCEE CriP Rl 161 lliinbi R Reifer o
sai d exteer nab ﬁ,@ﬁgﬂ ?B&e@s%iﬁﬁ? QQi‘dt%ro@esgoﬁ"ce' ves data fromsaid f| rst

ext ernal conponent one o sal rivate bus and 7 said shared bus

when saizl procesggy - r%%na&béuéf%lcbrmteew@korcé&mng@al&eﬁ@fﬁal corfipotiéihtt O
performan external read fromsaid first external “conponent

AVENDED 8 SHatdess unit to said first external component; and - 75-1
3. The external conponent access apparatus of claim1l further
9 (d)  a bidirectional shared bus for couplmg said external component

10 access unit to said first external component and for coupling a second external

11 component to said first external component;

12 (e) wherein said processor instructs said external component access unit
13 to access said first external component along one of said private bus and said

14  shared bus; wherein said processor has sole access to said private bus to access
15  said first external component; and further wherein said second external component
16 is denied access to said first external component when said processor is acceséing
17 said first external component.

2. The extemal component access apparétus of claim 1, wherein said
external component access unit transmits data to said first external component
along one of said private bus and said shared bus when said processor requests
said external component access unit to perform an external write operation to said
first external component and wherein said external component access unit
receives data from said first extermal component along one of said private bus and

said shared bus when said processor requests said external component access

o ~N O 0 A~ W N =

unit to perform an external read from said first external component.
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2 .conprising a shared bus arbiter co i ed bus, said shared
bus 3 arbiter allocating control of 3 H rlm“ “g Imnq a plurality of
bus-nmasters 4 coupl ed to said shared bus, wherel v said g | -
conponent access unit and said 5 second external conpone iﬁ%r"g%EM@TSHEET
nmasters. 1 4. The external conponent access ap ‘Hafetw s-fJ[mggg
3, wherein, before 2 said shared bus arbiter allocates confrol ™ gf - sait:- -

shared bus to a bus master 3 requesti ng Bezcess to said shared bus, sard
shared bus arbiter determ nes whether 4 another bus nmaster is accessing
the sharled bus artt i f THhe @xiemal comnengat acpassranpasatus of ¢laieyldathery bus

Said 1 echuosoPMEIBIG Risbpind hus olaraiien 1o Paishared BUs(3ald shared brs |
mmter b 4o AiBRaiE FoBEL Eead 3pBta hit Al TplRaty Y BiR maSery”

The exteyna . ; ' 0, LS| - @n
ext er nal® cocRIPan B e SRRRRF pABNRNEIHT o BRI ColpdbhURl acposs it kiligid
first exer Qééoﬁd)%ﬁﬂcorﬁﬁ&ﬁ&h%r@f&@mh&e@mTU”i cating to said first
external 4 ~conponent said external conponent accessing unit and said
second external 5 conponent access said external- conponent controller to
request said external 6 conponent. controller to allocate said first
external conponent to one of said private 7 bus and said shared bus. 1
6. Thet ext er nal4 .confitwecextetnad compoment aceasscppalralius & dlaim hewhegein, before
conprising a third external conponent coupled to said private bus and said
shared 2 8aid shareddius arbiter allecates conlselr faid sheredJdis ke a bysmastetat es to

said third - 76 -
3 requesting access to said shared bus, said shared bus arbiter determ?nes whether

another bus master is accessing the shared bus and if so then determines whether
said requesting bus master has a higher priority status than said accessing bus
master, if said requesting bus master has a higher priority status than said -

accessing bus master said shared bus arbiter causes said accessing bus master to

® N OO O s

terminate its access to said shared bus.

1 5. The external component access apparatus of claim 1 further
comprising an external component controller coupled to said shared bus and to
said first externa! component, wherein prior to communicating tb said first external
component said external component dccessing unit and said second externai
component access said external component controller to request said external

component controller to allocate said first external component to one of said private

e B > B &, B - B N

bus and said shared bus.

1 6. The external component access apparatus of claim 5 further
2 comprising a _third external component coupled to said private bus and said shared

3 bus, wherein said external component access unit communicates to said third

| AMENDED _SHEET




conponent 6 through said shared bus. * @Egkf\é
conponent access apparatus of claim 6,where| n said 2 ext

nal ooap
access unit conmunicates to said first external conponent Dgte ‘g S =

e S 6 uoord et ernal &Z‘F}pﬁﬁe ﬂlﬂﬂwmﬁl\wﬂlﬁ”d Efi : S“i‘é%}%ﬁ%
;

private bus and said second external conpopgnt communicates to 4 said
third external conponent through said shared bus. 1 -_ 8. The
ext ernal conponent .access apparatus of claim1,wherein said 2 second

ext er nal4 cosmteroal companent througheane pf aaicprivaie bus amsk said Shiased busiwhilg ity
3 of external_, conponents to said first external co nent through said
shared Bus. saidjsecond external component EPAUNURIGALSS 1 F8 cgﬂ’t!"é’s%’“& rcangRoReNt
claim 2, wherein r|o requestlng sai d external conponent access unit
to |n|tﬁ%teﬁUHHng é??%iﬁ 6 read operation and an external Wwite.
operation, said processor progranms said 7 external conponent access unit.
1 10. The external conponent access apparatus of claim9, wherein
to 2 program said external conponent access unit said processor (i)

infornms gaid 3 exter gﬂﬁn Scddysta i i
access through one of @él%& shar ﬁ%ﬁg and. sf@r%??\%galwg'%g%lﬁ%a.'d
suppl i e t 0ekfHrfaLXIRpOTéNtCAUTRES Ql'ﬁit co%rﬁaﬁieafesttaléamaﬂrst @xlérﬁbi 88MpRdRRNt N
said first external conponent. he external conponent

access @pattabughdaid pevatelitus aholsaiohsmmﬂ eﬂemabceamonehumdnmurﬁcawsam
"Sal d external conponent access unit by informng said-
. 4 said third external component through said shared bus.

1 8. The external component access apparatus of claim 1 ,wherein said

2 second external component is a direct memory access unit that couples a plurality

w

of external components to said first exteral component through said shared bus.

9. The external component access apparatus of claim 2, wherein, prior
to requesting said external component access unit to initiate one of an external

read operation and an external write operation, said processor programs said

~N o 0 A

external component access unit. :

1 10. The external component access apparatus of claim 9, wherein to
program said external component access unit said processor (i) informs said
external component access unit to conduct the external access through one of said

shared bus and said private bus and (ii) supplies to said external component

“ AW N

access unit an initial address in said first external component.

11. The external component access apparatus of claim 10, wherein said

2 processor further programs said external component access unit by informing said

\\ AMENDED  SHEET




- 77 - 3 external conponent access ' ernal access will be
one of a single 4 access operation a H S OferatrT oI, T
12. .The external conponent access app loTRe gl Y whelr BFRLALENMENT SHEED

requesting said external conponent access unit to initiatg an ex rm@ﬁd
or wite 3 operation, said processor prograns said exte ng¢e e o -

access unit to 4 disregard said shared bBus arbiters request to termnate
sai d external conponent 5 access unit's access through said shared bus. ’
1 - 33. eXieenakéampohesicaguessunitthatihe aemahbocesd witll sd Bhe of W&hgid
said 2 external conmponent access unit starts an external read operaflion
by hal ti g t hecess3operationi and afbleck dcgassoeeration.n order to prefetch data
fromsaid first external 4 conponent. 1 14. The external
conponent access apparatus of claim9, wherein 2. (a) if said
processor accesses said first external conponent through said 3 external

conponent, access | t d sgid private bus, said external conponent 4
access apbar at us é:?abl 3'2195%{%&' somponent gecrssappagatus ofalaimy i wheegia priorde
5 t I t .o X, .+ Y, clock | €s_wh i.d.ext I t,
Secons 2! FRTARBSA ook SBRERHTRaNRR SRS E R e
i d- ext ; ket [ on; d 8
() i1 o aopershiors SHREBRecasr ik soRF Ll BrirRiont BEESY BBitdR s o
9 externpl g aid EPRYSd BuistarBiiéh S Aldliest R Rmititie s3ftl ExRMMA dfhponent

conpadnent 10 ‘access apparatus enabl es said processor to access

| ocat i ons i naseesh Ghit'stactbssxhioughlsaidERareeBud. N X + Y + Wclock cycles
when said external component 12 "access unit perforns a wite operation and
X+ Y+ Z+ Wclock cycles when said 13 external .conponent access unit

erforms a read operation; .
P 1 %3 . Ll'?le external component access apparatus of claim 2, wherein said

external component access unit starts an external read operation by halting the

operation of said processor in order to prefetch data from said first extemnal

N W N

component.

1 14. The external component access apparatus of claim 9, wherein

.(a) if said processor accesses said first external component through said
external component access unit and said private bus, said external component
access apparatus enables said processor to access X locations in said first
external component in X + Y clock cycles when said external component access

unit performs a write operation and X + Y + Z clock cycles when said external

N O g s WN

component access unit performs a read operation; and

8 (b) if said processor accesses said first éxtemal component through said
8 externél component access unit and said shared bus, said external component

10 access apparatus enableé sald processor to access X Ibcations in said first

11 extemal component ln X+ Y + W clock cycles when said external component

12  access unit performs a write operation and X + Y + Z + W clock cycles when said

13 external component access unit performs a read operation;

[ AmENDED _SHEET |




ock cycles

hegge;} t é4pr ogram g.g) Sa},\lgere)e(j[ gl’ :a{ eﬁéﬂ’ﬁlﬂﬁ“ﬂl!ﬂlﬂﬂ”ﬂll ?T

‘nunber of clock cycles 16 needed to pre*fetch dita®fof the =
tﬁé’t ak 8

and Wrepresents the nunber of 17 clock cycles that said e}
conponent access unit awaits until said shared bus 18 arbite
ext ernal conponent access unit access t® %&id shared bus. 1 -
The external conponent access apparatus of claim 14 wherein said 2 external

gorrponéﬂft accessl@ni t WhAEG detepresents the numbper of ﬁ'%kﬂ@@_sdl‘lﬁﬁ%d tapeogram
R e e S ool S
sai 0 oS cdTesdRIROBERoF B8R ol P, rebt SRt b B i8R ThE i o

access 1gni toRUR ¢ I&%@ gﬁé ﬂ& t{ﬂeﬁc&erﬁﬁ?@&ﬁ%&ﬁeﬁ%&é% Pﬂﬁ‘lam%ﬁféelﬁtil 'safd! §§£¥<=18dr é{lg mg

.sai d processor SX ar e pri vat bus 1T nterface accesses sal

‘ext ernalg coapRBE Brarith 'saiDBxiental orsrdnp BtysdsCukit Sccind toaddld Sharsdipbys: and
10 (b) a state machi ne bl ock coupled to said external conponent

access 11 unit pus and to said shared and private bus interface, said

or i vat e bus | nt entce TG PG cpdangiL ARG <S e alus et Grétnp A

enabl e s gn | 4 14 bus interface, said state
%tt%rﬁgl éd;ll'bﬂoﬁ@ﬁtr %ggﬁf ih%fides

machi ne bl o gener ng sal e signals in response 15 to signals
that said processor supplies to said shared and private bus interface and

16 to ggnals t@t S@l haTBaR@ Privhtd busdhterfats colpRid RCsaiq \WxBhas to said
state machine 1 bl ock. 1 *16. The external conponent access

unit of 4l acomponknt dbessscomipbus, togsaid shared bus, apd)to smid pevatd bus| whensit e
bus.interface for coupling to said processor to 3 receive progranm ng and
ext er nal§ acsaiglspriocessarcpiognamsrsaid ssleingireamapaant asaesls unipbygsupplying and
.external access instructions for instructing said shared and 5 private bus
‘to access sgrqgrammmgedatgrtggatd;ghgmqlemq pavate bus interface along said external
7 component access unit bus, wherein after receiving an external access request
8 from said processor said shared and private bus interface accesses said first
9 extemal component through one of said private bus and said shared bus; and
10 {b) a state machine block coupled to said external component access
11 unit bus and to said shared and private bus interface, said state machine block
12  controlling the operation of said shared and private bus interface during an
13  external access operation by supplying enable signals to said shared and private
| 14  bus interface, said state machine block generating said enable signals in response
15 to signals that said processor supplies to said shared and private bus interface and

16 to signals that said shared and private bus interface supplies to said state machine

17 block.
1 16. The exterﬁal component access unit of claim 15 further comprising:
2 (a) a shared and private bus interface for coupling to sa_i‘d processor to
3 ° receive programming and external access instructions from said processor, said
4 programming and external access instructions for instructing said shared and
5 private bus to access said first external component; and
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- 79 - 6 (b) a state mach t
private bus 7 interface, said stat e”mm"ﬂmnﬂmlmlm
processor and for 8 controlling the operftiton®of $satd sfpar ed 2
bus interface during an 9 external access operation by gﬁngarat
signals in response to signal's that 10 said processor :
'shared and private bus interface and to 4 gnals that 11 said sharedan

private bus interface supplies to said state machine block. _ 1

17. Th t | t it of m 1 wh d sh d 2
and prfvéﬁeehﬂi et racaterenotibe Blog rued 16 57 shéred endeubiede BLS T or
‘stori 3. t ched d and te b terf

or of et chfng %ﬁﬁéﬁwg%a&e mﬁ%frbec@@gk‘? &, @HiouBb oS B mistearorcsnd i read
operati og arLQ)r\?f‘l'Jllﬂ'\gS l'?et&lgﬁﬁlﬁhr}ﬁ éyld)gﬁaredsamnbﬁ\?até %SQHfér%té O&hlﬂ{g 3?

processor . uter syste a
program ge )ﬁemal Access opera(ti% by Qeﬁé&ﬁﬁ@%i’fab@éi@h&% lh%§ﬁd>|‘i’sé)ic5’§f Is that

menory through a program menory bus; an externa
conponend acehd %r@kﬂéésoﬁgupbﬁé% t@salalsﬂ\awd)aﬁdwvateybwm@rf@a@ andad enRat
access unit bus; (d) a bidirectional private bus coupling

sai d extiér nadamtshaceda,and privass bus inteiface suppliesdtoeaichstate machinabdock. 9

(e) a bidirectional shared bus coupling said external conponent access

10 unit and an external conponent to said external nennry, 11 (f)
wherein said processor_instructs said external co ent access unit’ 12 to

access sél d ext er ddl- nE@ExtanahePBReNet acsess Ypit @ P IS Wheerein gaishshargd
cocess s2i o el BavEEhi erack Fafier dr pHERNGAE PR BaRR B PRSI He G ponent
| s deni eg 23)?%%39(!{1%? Hé?a, %@ rs@é?eﬂ&% pﬁsﬁgrﬁﬁsvfﬂfé?fa%@' SteRdtOfifig ®ta When said

accessin
4  processor requests an initial external read operation’and said state machine block

5 halts the operation of said processor.

1 18. A combuter system comprising:

2 (a)  aprogram memory; | _

3 (b) a processor couplegi to'séfd'brb:grém memb}y through a program

4 memory bus; .

5 (c) an extemnal component access unlt coupied to said processor by an
6 extemal component access un|t bus;

7 (d)  a bidirectional pnvate bus coupling said external component access
8 unit to an external memory; and

9 (e)  abidirectional shared bus coupling said external component access

10 unit and an external component to said external memory;

11 ® wherein said processor instructs said external component access unit
12 to'access said external memory along one of said private bus and said shared bus;
13 and wherein said processor has sole access to said private bus to access said

14 external memery; and further wherein said extemal component is denied access to

15 said external memory when said processor is accessing said external memory.
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(57) Abstract

. A method and apparatus for enabling a processor (156) to access an external component {158a-n) through either a private bus (146) or
a shared bus (148). One embodiment of the present invention is an external memory access apparatus which includes an external memory
access. unit (144). This external memory access unit (144) couples to the processor (156) through an external memory access unit bus (142)
In addition, the external memory access unit (144) couples to extemal memory (158a-n) through a private bus (146). The external memory
access unit (144) also couples to the external memory (158a-n) through a shared bus (148), which also couples an external component, one
of (150), (152) or (154), to the external memory (158a-n).




