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A METHOD AND AN APPARATUS FOR ENABLING A
PROCESSOR TO ACCESS AN EXTERNAL COMPONENT
THROUGH
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

H

simplification/elimination has increased the processors'

* reducing th#

()]
63
e

instruction -execution speeds i
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.
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To take advantage of this reduced instruction
decode and execution time, and to increase further the
processor instruction execution speed, a method for
reducing the data access time (i.e., the time needed to
provide a processor requested data word to the
processor) is needed. In 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 suppliéd 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 aﬁrays 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 can aggess under

ot
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this prior art data accessing method. Consequently,
this prior art data accessing method does not
sufficiently reduce the data access time because it only
enables the ALU to access a limited amount of data in
this manner. 1In addition, this prior art internal data
accessing method does nét provide the shortest data
aécess 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 cycles tcC
access a data word, where (1) d::;
cycle, processor 112 receives an instructicn word, (2)
‘during the second clock cycle, processor 112 decbdes the
ihstruction, and (3) during the third clock cycle

processor 112 generates a data address and reads the
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data. In addition, this prior art approach does not
sufficiently reduce the data access time because often
processor 112 has to terminate its data access to allow
other components of the computer to use the instruction
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 to data memor: 128,
processor 124 has to drive a data bus which is_highly
capacitive due to the large number of components that

are coupled to it.
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Third, the pribr art external memory accessing
method of Figure 3 does not sufficiently reduce the
access time because at times the processor has to
terminate its data access to allow other components of
the computer to use the data bus to access the data
memory. For example, the processor has to occasionally
terminate its data access so as to allow an external
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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The present invention provides a method and -an
lapparatus for enabling a processor to access an external
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 ;hared bus, which also

.couples an external component to the external memory.
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BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the present invention
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.
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Figure 6 presents one embodiment of a private and
shared bus interface used in the external memory access

~unit of Figure 5.

Figure 7 present one embodimeht_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 machine output
generator of the state machine block of Figure 9,

‘during a block read access through the private bus.

th

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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Figure 13 presents the timing diagrams for the
operation of one embodiment of the state machine output
generator of the state machine block of Fiéure 9,
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
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shared bus grant signal is removed and the processor has’

not locked the shared bus.
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.
In the following description, numerous details are
set forth in order to provide a thorough understanding
of the present invention. However it will be understood
by 6ne 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 strucﬁures and
circuits are shoﬁn in b;ock diagram form in orader not to

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

The present invehtion provides a meﬁhod éﬁd an
apparatus for enabling a processor to access an external
component through either a private bus or a shared bus.
Figure 4 presents a computer system architecture that
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

{n

(¥

Figure 4, the external component accessing apraratus
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an external memory accessing apparatus for enabling
processor 156 to access N data mémory baﬁks 158.
However, it is to be uhderstood.that ;he extérnal
component accessing apparatus of the present invention
can enable'the processor to access any number of
alternative external memory banks (e.g., N instruction
memory banks) or any number of alternative external

components.

As.shown in Figure 4, exﬁernallmemory accessing
apparatus 140 includes external memory aééessing'unit
bus 142, external memofy.accessinq unit (EMAU) 144,
private bus 146, shared bus 148, Shared bus arbiter 150,
direct.memory éccesé unit 152, data memory bank
controller 154, and N data memory baﬁks 158. Processoi
156 uses external mémory access apparatus 140 to
minimize its data access time. Mofé specifically,
processor 156 is.én ordinary_processbr with_limited
internal data storage capacity and with ;imited
addressing capability for accessing data. In one

embodiment of the present inventiorn, processor 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 decode and execution time, and to increase

further the instruction execution speed'cf'the_DSP, DSP
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156‘uses external memory access apparatus 140 to
minimize its data access time. 1In addition, program
instructions are stored externally in program RAM 160,
while data words are stored externally in data memory
banks 158.._Proce$sor 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
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status than a bus master requesting access to the shared’

bus.

Numérous well known bus arbiters can be used as
shared bus érbitér 150. Fér exampie; one émbbdiment of
shared bus.arbiter 150 is the system arbitration 1ogic
unit used in comﬁuter system afchitectures'that use a
PCI bﬁs. Somé of these bus érbiters.are éoupled 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
arbitérs 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)_p§e 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'thrbhgh'the request 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 ité request line to a first logical stare

(e.g., a "1" logic level). When arbiter 150 decides tc
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grant access to the shared bus to the requésting bus
master, the arbiter forces the signal on the grant line
to a second logic state (e.g., a "1l") for that bus
master. When the arbiter later wants to terminate a
particular 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
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terminate its access to the shared bus and to force the
signal on its request line to the fourth logical state
in the next clock cycle. As mentioned belowk_however,
the processor can program the EMAU to refuse to
terminate its access to the shared bus (i.e., can
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 ﬁhe 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 particula:_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
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be accessed and if so whether they should receive
information from the shared bus or the private bus.
After informing the requested data bank that it will be
accessed through either the shared or private bus, the
data bank memory controller signals its permission to
the bus master on the shared bus. Upon receiving
permission to access the partiqular 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



WO 96/18153 PCT/US95/15893
-18-

particular data bank through the private bus, while
allowing another component to access another data bank
through the shared bus. In addition, this embodiment of
the présent invenfion only allows fhe EMAU to access the
data_banks through the private.bus‘in order to reduce
the data access time of processor 156 by preven;ing 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 shown 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
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bus) and programs this unit to provide the contents of

this data bank to the external component .

As mentioned before, in order to minimize its data
access time, processor 156 uses EMAU bus 142, EMAU 144,
and either private bus 146 or shared bus 148 to access N
data mémory 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
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and X + Y + Z + W clock cycles when a read operation is
undertaken, where W represents the number of clock
cycles that the EMAU awaits until the arbiter grants it

access to the shared bus.

As further 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, during 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). Fux hermdre, processér
156 also informs the EMAU whether afrer initia;ing an
access through the shared bus, the EMAU should 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
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access, the programmed information also informs the EMAU
whether it should access ;he data banks through the
private or the shared bus. After the EMAU is
programmed, the processor then initiates a communication
between the processor and the external component through
the EMAU, by providing an external read or write command
(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, external
input/output access bus line 182 is a 1-bit line, whic
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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external memory access unit that the processor wishes to
initiate an external input/output access, and thereby
causes the exte;nal memory access unit to examine the
other signals that the processor transmits over the EMAU

bus.

EMAU register bus 184 is a 2-bit line bus, which
the proéeSsor uses in order to communicaﬁe'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 staze machine, the
EMAU uses stop processor line 185 to send.a étop
processor clock signal to clock gating circuitry in the

processor in orde

(3]
ot

o stop the operation ¢f the

(&1

processor. On the other hand, for the embodiments o

*

T

<

processor 156 that do have & wait state machine, EMA

144 sends a wait signal to the wait state machine in

o)
H
o
0
o
(]
»
0
]

order to cause the walt state machine to force

into an idle state. The EMAJ sends the stcr processor
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clock signal or the wait signal to the processor either
(1) when clock module.202 sends alstop request signal to
the EMAU, in order to power down the processor and the
EMAU, or (2) when, during an initial prefetch phase of
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
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and write bus iines are used in the private and shared
buses in order to inform an external component, which
the processor is accessing through the EMAU, that the
processor wishes to perform a read or a write operation.
~In addition, the private bus and the shared bus both
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 212, 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.
4. External Memoxy Access Unit

Figure 5 also presents one embodime:: cZ the

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

As shown in this figure, the external meméry access unit
includes EMAU clock generator 1%2, shared and rrivate
bus in:erface 190, andlstate machiine biock
EMAU clock generatoﬁ receives clé:k signals
clock moﬁule 202, étrengthens these'clocﬁfsig“als, anc
provides (along';ines 198) these streng:h
state machine block 194 and o shared and

interface 19C.
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As shown in Figure 5, state machine block 194
receives the shared bus grant and shared bus request
signals from arbiter 150, in order to determine wheﬁ
'processor'156 can access the shared bus through the
external memory access unit. Also, as mentionsd before,
state machine block 194 receives a stop reques:t signal
(on stop request line 200) from system clock module 202,
in order to cause the processor and the EMAU to power
down. Furthermore, as further described below, state
machine block 194 receives the-signais én external I/0
access bus 182, EMAU register bus 184, read/write bus
186, EMAU control bus 204, and the shared bus grant
line, in order to determine when an external access can
be initiated. Upon determining that an exterrnzl access
can be initiated, state machine block 194 then transmits
{on EMAU control bus 204) enable signais tc shzred and
private bus interface 190{,in order To cause it to
initiate an external data access in response ts an
external read or write command from the processor. In
other words, state machine block 1%4 monitors the
signals that processor 15€ transmits Tz chared and
private bus interface 1¢l, sc that 1t carn genarate
enable signals which contzcl the operatiocn tf shared and
private bus interface 190 (and therepy contrcl the

operation of EMAU 144).,
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Shared and private bus interface 190 houses a
number of registers that procéssof_lSG programs during
the initial program phase. Processof-lSG controls the
programming of.the registers of shared and priwvate bus
interface 190 through control signals transmitted along
external I/0 access 182, EMAU register 184, and
read/write bus 186. 1In addition, ﬁhrough 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.
5. st g i _Pri | S ey L

Figure 6 presents a more detailed view cf.gne
embodiment of.shared and private bus interface 1950 of
EMAU 144 of rigu;-e 5. &s shown in this figurs, shareéd
and private bus interface 150 incliudes bus i::erfgce
control unit 22C, external access :contrcl register
(EACR) 222, external read address unit (ERLTY). :2;,

external write address uni: (EWRT) 23, exterrzl data
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processor 156 through the external data bus 180, external I/0
access bus 182, EMAU register bus 184, and read/write bus 186.
Control unit 220 is a decoder that contrpls the communications
between processor 156 and the external registers of shared and
invate bus interface 190. For instance, control unit 220
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)
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0 : 1 . -External read
: address unit 224

1 0 External write
- address unit 230

1 ' 1 . . | - External data
' registers 226a/228

Once control unit 220 determines which external register of
shared and privaté bus interface processor 156 wishes to
communicate with, control unit 220 enables ﬁhe 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 cormmunicate with shared and

(@]

i AN

(8]

private bus interface 19 lude a counzer enable line, which the

control unit uses tO transmit a
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signal to external address units 224 or 230 after
processor 156 has initiated a communication with

external address units 224 or 230.

The control lines that state machine blocx 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.

Consequently, if external memory interface unit
determines that the private bus is being request for an
external read, external memory interface unit 238 tri;
states all ﬁhe bus lines on the shared bus, deactivates
the~private.bus write bus line, and activates the
private bus address bus, data bus, and read bu:z 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 line, and acrtivates

. .
ouE, anld w,

{1

the private bus address bus, da:
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line. However, if processor 156 has requested an
external read along the shared bus, external memory
interface unit 238 deactivates all the bus lines on the
private bus, deactivates the shared bus write bus line,
and activétes the shared bus address'bus[ data bus, and
read bus liné.. 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. Extezxnal Access Control Regisgter

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

Al

amming CI eNxTerrnai &access reglster

initiates this prog

222 by first indicating an externa.l input ox cuTput

access on external I/0 access line 182Z. Processor 15¢
also transmits .a "OC" on the EMAU register bus, in crder
to inform control unit 220 that it wishes =c communicate

with external access contrcl register 22:. Processo



WO 96/18153 PCT/US95/15893

-31-

156 then programs in EACR 222 a first control word by
asserting a write on read/write bus 186 and transmitting
the first control word td shared énd private bus
interface 190 through external data bus 180. Table 2

sets forth one example of the first control word.

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

S Loop_size bit

6 Loor size bit

7. Loop size bit

8 Logor size bit

9 Incremenzt bl

10 Decrement bit

11 S;eo size bit

12 Lock Shrared bus bit
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13 Reserved
14 Reserved
15 Reserved
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)
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EACR 222 then informs either address counter unit
244 or 247 (in either the ERAU 224 or EWAU 230) of the
type of access operation pfocessor 156 has requested.
If processor 156 réquests either type of block mode
access operation (i}e,, the auto-increment or auto¥
decrement block mode access operation),the first 8-bits
(i.e., ﬁhe loop size bits) of the first control word
determine the size of the accessed block (i.e., 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, if processor 156 has requested a
block mode access, the eleventh bit informs the EMAU

that the step size cf the increment cr decrement will pe

L
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either one or two. This abilit

invention to allow the processor to program the step

-

size of two is advantageous ir DSP aprlications, because

it allows the processcr tc access either only real or

components are stored in the data memory a&s adlacent
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data words. External acces
turn informs either address counter 224 or 247 of this

step size.
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The twelfth bit of the first cont:ol.wo;d
determines whether the EMAU will lock the shared bus.
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 mentioned below,
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 cohtrol-register (i.e.,
processor 156 has to write another control word in the
EACR'222, whose 12-bit is clear (has a value ¢

This ability of the-proéessér to retain izs iozk on the
shared bus is useful during a rezad mo
operation. Finall?, when chis shared bus lock kit is

not set (i.e., has a vaiue cf "C"), =I
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not locked and the EMAU relinQuishes its access to the
shared bus (i.e., lowers its request signal) after the

arbiter lowers the signal on its grant line.

Processor 156 also can read the first éontrol hord
stored.in external access control register 222, by (1)
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. External Address Unit

In the last clock cycle of the two-c.oCk cycle
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the external address units. buring thi
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 controli unit 22 that it wishss =¢

communicate with one ¢f the external address units 224
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or 230. Processor 156 pro
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unit 224 when it wishes to initiate an externa: ?ead_
operation, while it programs external write addréss_unit
230 when it wishes to initiate an external write
operation. In order not to obscure the description of
the present invention with unneceééary detail,'the
following discussion pertains fo:the programming of the
external read address unit. 'Howévei,.it is to be
understood that the following diééuésion is equaliy
applicablé to the programming of.the éxternal wrife.

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 sixteenth bit
to sﬁate machine 194, which later generates ehable
signals that select the bus through which the EﬁAb_
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

7

external component through the shared bus, while a value
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of "0" for the sixteenth bit causes the EMAU to initiate

an external data access through the private bus.

Bits one through fifteen of the second control word
are used by the processor to indicate an address of an
exterﬁal 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 oif a |
requested block of data words when the EMAU undertakes a
block access operation. Bits nine through fiﬁ:een 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.bf the second control word are
supplied to address counter unit 244 of ERAU 224. In
turn, when state machine block 19G suppliss an ac
counter enable signal to address counter unit 244, the

address counter unit uses these lower eight bizs and the

., Ste

3

18]

control signals that EACR 222 supplies to it (e.
size, loop size, and decrement/increment mode signals)
to generate up to 256 external partial addresses. In
other words, if processor 13f reguests & Llock mode

access, address counter unit 244 generates up s 256



‘W0 96/18153 - PCT/US95/15893
-38-

external partial addresses, by counting 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 :

_ o ‘
deactivates the counter. The operation of external read
address unit 224, during the first two clock cvcles 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,
régister 245 supplies the first eight bits of the second
control wofd to.second address register 246 which then
produces a compléte first externsal address by combining
theée lower eight.bits with bites nine through sixteen
and stores this'complete first eﬁterna; addresz. In
addition during.this low phasé, counter 244 generztes &
first eight bit partial address. During the high phase

| of the second clock cycle, ccunter 2445 suppliel the
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second addréss register 246 transmits the first external
address along address output bus 236. During the low
phase of the second clock cycle, address_counter 244
generates a second eight bit partial address, and second
address register 246 receives the first partial address
from first address register 245, 1in order to produce a
complete secoﬁd external address by combining the first
partial éddress with bits nine throﬁgh 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.
c. . Exterpal Data Registezs

After the initial two-clock cycie programning

phase, processcr i5€ then initliates & external input
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(i.e., read) or output (i.e., write) operation.
Processor 156 uses external data read.registers (i.e.,
EDRR) 226 during a read operation, and uses external
data write register (i.e., EDWR) 228 during a write
operation. The use of this register data accessing

method reduces the data access time of processor 156.

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 cvcles 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. OCn the other

1]

hand, when processor 156 uses shared bus 148 ¢ access
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 + ¥ + Z + W clock

cycles when a read operation is undertaker, where W
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represents the number of clock cycles that the EMAU
awaits until the arbiter grants it access to the shared

bus.

The operation of shared and private bus interface
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

0O
-
[
O
138

registers 226a or 228), state machine bloc:
activates the stop processor signal supplied to

processor 156 in order to cause the processcr 156 either

1~

0

to stop or idle for two clock cycles, which in Turn
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allows EMAU 144 to prefetch two data words an

them in the external data registers.
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More specifically, during the first clock cycle
that state machine block 194 detects that processor 156
has requested an external read from second EDRR 226a,
state machine block 194 activates the counter enable
signal for as 16ng as the processof accesses the
external data registers 226a or 228. In addition,
during the low phase of this fifsf 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 phgse of the third clock cycle after staﬁe

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 procéssor terminates its communication_hith.EDRR

226a.

The second clock cycle is a first prefetch cycle
during which ERAU 224 transmiﬁs.a.first eﬁternal address
along address out bus 236 to exterhal meﬁofy interface
unit 238. 1Interface unit 238 in turn transmits ﬁhe
first external addresé along priva:é bus address bus

210p. In additiorn, durin

(o]

shared and private bus interface 150 activates the
private bus read signal (on private bus read line 206p)

and maintain this active signel until one clocx cycle
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226a. Finally, during the second clock cycle, first
EDRR 226b begins to store the data that is retrieved

from the specified first data location.

The third clock cycle is a second prefetch cycle,
during which (1) ERAU 224 transmits a second external
address along addfess ouﬁ 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 transmits a third, a fourth,

(92

and a fifth external addresses along address out bus 223
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

rectrieved from the third and fourth da:
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begins to store the fifth data word retrieved ZIrom the
fifth data location, (4) second EDRR 226a stores the
second, third, and fourth data_wo;ds that were s;ored in
the first EDRR 226b, and (5) processor 156 finishes
receiving first, second, and third data wbrde stored in
eecond EDRR 226a,'and starts receiving the fourth data

word stofed in the second 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 and address
bus 210p, (3) first EDRR 226b finishes etoring_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 receiving 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), EMAS 144 hes 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
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similar to the above-described block read operation,
except that during a single access read operation (1)
private address bus only transmits three addresses
(during the second, third, and fourth clock cycles), (2)
first EDRR 226b only latches three data_wofds during 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 prdcessor 156 supplies a
write signal over read/write bus line 18¢, while
supplying an external I/C acceés signal and an EMAU
register signal selecting external data registers 226a
or_228, bus interface 19C alliows processcr 1586 o
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

private bus, external memcry accesc apparatus 140

PCT/US95/15893
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enables processor 156 to undertake-an-extérnal write
operation in X + Y clock cycles, where (1) X represents
the number of locations accessed in tﬁe.data-memory,.and
(2) Y represents the number of clock éycles needed to
program the EMAU, Iﬁ 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 operat;on_in-x + Y+ W
clock cycles, where W represents the number of clock
cycles that the EMAU awaits until the érbiter 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 cycles

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

Pl

State machine block 194 receives external I.’0 bus
182, EMAU register bus 184, and read/write bus 186, in

order to determine when processcr 15€ regquestis an

external writ
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signal, an EMAU register signal selecting external data
registers 226a or 228), state machine block 194
activates the counter enable signal for as long as the
processor accesses external data write register 228. 1In
addition, during the low phase 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 signal, (Z) EWAU 230

transmits a third external address along address out bus
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236 and address bus 210p, (3) external memory interface
unit 238 maintains an active private bus write signal,
and (4) EDWR 228 transmits a third data word to the
addressed data location along private bus data bus 212p.
. Consequently, as set forth in Eigu:e-ah external memory
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 externail iI/0U 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. 1In addition, as mentioned

before, state machine block 194 alsc couplies t2 clock
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module 202 to receive stop request signals, which cause
the state machine to generate stop processor and EMAU

clock signals.

As shown in Figure 9, state machine block 194
includes state machine control unit 250, shared bus
state machine 252, private bus state machine 254, state
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
access, 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.

m

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

enables one of the state machines 232 or 2%



WO0.96/18153 PCT/US95/15893
-50-

disabling the other, based on the value of the second
control word's sixteenth bit, and (2) enables state

machine output generator unit 258.

After control unit 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
énables shared bus state.machine-252, ¢Qntrol unit 250
not only directs towards this state machine the signals
mentioned above, but also directs téwards 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 maéhines 252 and 254 transition from
state-to-state on the rising cliock edgeﬂ In other
words, each state machine examines its input signalis t¢
determiné whether it needs ﬁo:undergo a state -ransitior
at the riéing 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)

. - g .7 = - - PR IR
s currentT p&rTicular state, and supp.Lles

relating to

this three bi: state code o sState MECLInes Iutpd



WO 96/18153 B _ _ PCT/US95/15893
-51=~

generator 258. State machine out?ut generator 258 aiso
receives through control bus 256 signals appearing on
the read/write bus 186, EMAU register bus 184, EMAU
control bus 204, stop request bus 200, and clock bus
198. These signals along with the three bit state codes
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 Icr one embodiment
of private bus state machine 254 of Figure 9. Figure
11 presents the timing diaérams Z2x the operaticn cf one
embodiment of state machine cutpu:t generator 2:& of

state machine block 194 <¢f Figure 9, during a block
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pfésents the timing diagrams for the operation of one
embodiment of state machine 6utput generator 258 of
state machine block 194 of Figure 9, during a block
write access through the private bus. Figu#e 13
presents the timing diagrams for the operation of one
émbodiment 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¢€.

In addition, an input forming logic of priwvate bus
state machine 254 alsc generates an active read wit!

daza in second EDRR 22€a nct valiid signal, wher the
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processor initiates a single access read éperation. The
input forming logic detects that the processor has
initiated a'single access read operation when the block
mode signal is deactive and the processor requests an
external read of EDRR 226a. Furthermore, the input
forming logic of privéte 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

ic aiso

el

data write register 228). The input forming lo
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.
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As further shown in Figure 10, private bus state
machine 254 remains (i.e., loops) in idle State A as
long as the stop request and private bus access enable
signals are inactive. However, after sensing that
processor 156 has initiated an external access and
currently is acceésing external data registers 226a or
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



WO 96/18153 _ PCT/US95/15893
~55-

until one half clock cycles after the processor

terminates its communication with second EDRR 226a.

Aﬁ the rising edge of the next clock cycle, private
bus state 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

register bus 184, and read/write bus 186, in order to
determine if the processor currently is reguesiing

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

: : : ' = . ~ " o e ehyrrcwF s 1
INSTYXulticnil .8 NOL an eMTerr&. &8CCes:s TLIOJUZL gXiegerna:z
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data registers 226a or 228_(i.e{,:private.bus access
enable signal is not active), thé_priyate bus state
machine transitions to idle State A. For example, if
the current processor instruction is proéram ERAU 224 or
EWAU 230; the privéte bus staﬁé machine trénsitioné from
State F to State A becaﬁse'the éri&ate bué aéceés enable
signal is deactivéted (as the pfoéessor no longer is

accessing either EDRR 226a or EDWR 228) .

On the other hand, if the current instruczion is
another access to second external data register 226a
(i.e., another read accessj, 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.é., 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 frqm State ¥ tc State C
when both the private bus access enable signal and the
read with data in EDRR2 invaiid signal are active (e.g.,

: - - -
r. externzl read aiter

n
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when processor 136 request
previously interrupting a read operatiorn pricr to
prefetching any data words but after programming ERAU
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The direct transition ¢

254 from State A to State T in one clock cycie (which
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occurélwhen processor 156 has requested an external
write to EDWR 228 while state machine 254 is in State A
or processor 156 resumes a block read access after
interrupting a prior block read access) will now be
~described 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

54 monitors the

[\

F. 1In this state, state machine

fofel -]
-

(]
tn

s bus 1EZ, EMAU

n

signals on external input/cutpu:
register bus.184, and read/write pus 186 -in order to
determine if the processor currently is requesting
through

another external read or write operation

external data registers 22€a or 228. 1If the current
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‘processor instruction is not an external access through
external data registers 226a or 228 (i?e., private bus
access enable signal is not.active), the private bus
state machine trénéitions to idle State A. O©On the other
hand, if the current instruction: is another access to
external data write register 228 (i.e., another write
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 ;llow 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 éctivating_the
enable read signal of the private bus aéd_main:aining'
this signal until one half clock cycles after zhe
processor terminatés its communica

226a. The EMAU then ir the next clock cycle initiates a

({4

read operation based on the address in ERAU 225. In

this manner, the external accessing apparatus <£f the
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present invention can transition from a write o a read
operation in just one clock cycle when the processor

does not load a new address into ERAU 224,

The above discussion of the state transitions of
statg 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 cloék 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 does not

request an initial external read from second EDRR 226a,

‘state machine 254 transitions from State H tc 3tate G
during the next clock cycle. From State 3 (which is &

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

transitions from State G =o State ¥ if the grivate bus
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enable signal is active while the read with data in EDRR
226a invalid is inactive. On the other hand, state .
machine 254 transitions from State G to State A if the

private bus enable signal is inactive.

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
resume this opefatidn, 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 programming 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
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processor has to reload the.stored original-value of thé
EWAU back into this address unit, if during the |
interrupt the processor performed alternative externai
write operatiéns. On tﬁe other hand, if during the
interrupt the processor did not perform alternative
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
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operation with a loop size of one, which in turn allows
the processor to access EDRR 226a to obtain the data

word after one and only one two clock cycle prefetch
stage.

R.___Shared Bus State Machipe

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
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 9, during a block
read access through the shared bus. Figure 16 presern:ts
the timing diagrams for the operatioh cf ors embodimen:t
of state machine output generato:'258 of state machine
block 194 of Figure 9, during a block write access

through the shared bus. Figure 17 presents the timing
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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 shared bus. Figure 18 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 writé 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 EDRR2Z 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 sixteentn kit of the second control word)
an external read or write operation through external

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

In addition, an irput forming logic ¢ shared bus

state machine 252 alsc generates an active read with
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data in second EDRR 226a not valid signal, when the
processor initiates a single aééess_read operation. The
input forming logic detect; that the processor has
initiated a single access read operation when:the block
mode signal is deactive and the processor regquests 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 forming
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 co unication with
the external data write register 228). The inpﬁt
forming logic also maintains an inactive read with data

in second EDRR 226z invalid =

[

gna., when processor 15¢

H

resumes a block read access after IiInterrupting an

initial block read access in mid-access.
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As further shown in Figure.lé, shared bus state
machine 252 remains (i.e., loops) in idle State Alas
long as the stop request and shared bus access enable
signais are inactive. However, after sensing that
processor 156 has initiated an external access and
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 reguest Sta:e 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 machine

then remains (i.e., loops) in this state until arbiter
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150 grants access tc the shar
arbiter grants the EMAU's shared bus request (I.2.,
after shared bus-state machine 232 receives an active

shared bus grant signal), shared bus state machine 252
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remains in State B for one more full clock cycie.

During this final clock cycle in State B, output
generator 258 activates the counter enable signal. At
the rising edge of the clock cycle after this final
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 meehine
252 from Sta;e B tc State ¢ (which occurs if proeessor
156 requests a single access read or an initial external
read from second EDRR 226&) will new be described with
reference to Figures 14, 15 and 17. As shewh in-these
figures, if processof 156 requests 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, e: the rising edge of
the clock cycle after this Zinal State B clock cycle.
During the clock cycle that shared bus state machine 252
_remains in first prefetch State I, The cutrut ¢generator
258 maintains the shared bus rezd erakle signal in order
to allow bus interface 190 =2 begin storing & Iirst data

word in first EDRK 226L.

- . s - . - NP s
2532 then transitions =2 secong rrefetch State I, durin

0
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whose clock éycle output generator 258 deactivates the
stop processor signal to allow processor 156 to begin to
receive the data stored in second EDRR 226a. During the
subsequent clock cycle, shared bus state machine 252
moves to access State F. 1In 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. 1If the current processof
instruction is not an exterﬁal accesé 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 machins 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).

Cn the other hand, if the current instruc:ion 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 ac¢ess. In

addition, as shown in Figures 14 and 17, 1f the

S - : = = - . 2% A==z
current instructicn ig an 2C0Cess TC eXxXTerna. data w
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register 228 (i.e., a write access), shared bus state
machine 252 remains in State F and performs the write

access based on the address in EWAU 230.

.The transition of shared bus state machine 252 from
State B to State D (which occurs when processoxr 156 has
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.
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

remains in start State D, output generatcr 258 (i)

activates a shared bus write enable signzl and maintains
this signal active until one-half cicdk'cycies aftér.:he
processor terminates its cemﬁu:iCéticn'ﬁi:h-EDWR 228,
and (2) starts the processor clock by deac;iva:ing the
stop processor signal. Irn addl
cycle that shared bus state machine 232 remairsz in star:
State D, output generatocr 25& deactivates ﬁhe counter

enable signal.
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In the next clock cycle, shared bus state machine
252 transitions to State F and output generator 258
reactiﬁates the cdunter enable signal and maintains this
signal active until the processor stops communicating
with EDWR 228. In this state, state machine 252
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 or 228 (i.e.,
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 us.state machine 252

remains in State F and maintains generating the enable

(=

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

perform the write operatiorn.

In addition, as shown irn Figures 14 and 17, i
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the current instruction i
data read register 226G& (i.e., & rezd access), shared
bus state machine 252 stilX maintains an active counter

enable signal for as long as the processor accesses the
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external data registers 226a or 228. However, during
the low phase of the clock cycle for the current
instruction, output generator 258 deactivates the shared
bus enable write signal while activating the enable read
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 gran:t
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in middle of an external access. As :hese:two
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state machine 252 is in idle State A or access State'F,

state machine 252 transitions to stop State H on the

rising edge of the next clock cycle.

State machine 252

remains in'State H until the_clock module removes the

stop request signal before transitioning to either State

G or State B in the following clock cycle.

machine 252 transitions

to State B,

State

if the stor request

signal becomes inactive while the shared bus access

enable signal is active.

other hand, 1% the

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

not locked the shared bus.

the arbiter removes its

shared bus state machine is
processor 136 is requesting

bus state machine 252 stops

its shared bus reguest

State A and then reque

returns the EMAU's shareg
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zz showrn irn this figure, if
hared bus grant signal while
ir. access State F arnd



WO 96/18153 PCT/US95/15893
-72-

state machine then transitions from State B to either

State C or D, based on the criteria discussed above.

It should be noted that if shared bus 148 is'iocked
(i.e., if the twelfth bit of the first control word and
the sixteenth bit of the second control word are set)
~and EMAU has'starﬁgd a shared bus access, shared 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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by until the data memory bank can supply ;LAQté ggrd7£§whung
it, but rather can have the EMAU fetch a subsegquent dat;
word while it decodes and executes a previous data word.
Third, since the EMAU is not f@rced to drive a highly
capacitive bus to access the data memory banks, the
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.
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CLAIMS
I Claim:
1. An external memory component aﬁparatus for ehabling

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

7]
th

component access unit, said shared bu cr coupling caid

external component access unit to said Iirst external

™

component and 'FO"‘ coupllng a se\.onc e:::e*’xc._ componen

nr
A

to said first external component.
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