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PARASHTI C PERSONAL COVPUTER | NTERFACE ' L BACKGROUND OF THE
+ NVENTI ON 1. Field of the Invention Thi s

invention relates to conputer interfaces and resource sharing, and nore
particul ar| yWMO?7488t hod and apparatus storing within a men®FL/USIA6EeNt

within 5 a conputer systema programto be executed by a
renote processor. 2. Description of Related Art

It is conmmon today for a general purpose |ocal processor to be assisted by
a nunber of other nore specialized processing devices. For
exanpl e, even relatively small -1- conput ers (such as persona

conput ers) have a general purpose |local "host" processor 0
that-perfornms a majority of the processing related to applications to be

performed PARASITIC PERSONAILCOMPETERKNTERFACEe host processor
reads the instructions which are part of an application,
such®as a word processi.ng program and determn nes which of

the processors are to performthe function. Such host processors are

typtcally \ F‘eﬂ“ymrﬁ east a video processor, a digital
si gnal processgrAFx%%R?Pg%gﬁ;{fm ON |
1. Field of the Invention
This invention relates to computer interfaces and resource sharing, and more
particularly to a method and apparatus storing within a memory resident within

5 a computer system a program to be executed by a remote processor.

2. Description of Related Art
Itis common todéy fora general purpose local processor to be assisted by 2 number
of other more specialized processing devices. For example, even relatively small
computers (such as personal computers) have a general purpose local *hest” processor
0 that performs a majority of the processing related to applications to be performed
by the computer. For example, the host processor reads the instructions which are
part of an application, such as a word processing program, and determines which
of the processors are to perform the function. Such host processors are typical]jr
assisted by at least a video processor, a digital signal processor, an I/O control
5 processor, a math coprocessor, and other such processing devices.

In some instances, such as in the case of laptop computers, some of the processing
is performed by remote devices coupled to the laptop computer through external
ports, such as the well-known PCMCIA port available on many modern laptop
computers. These external ports allow the laptop computer to be versatile, lightweight,
20, and inexpensive. One example of a peripheral device which may be coupled to a
PCMCIA port is 2 modem. Modems are well-known devices that allow information
to be transmitted and received over telephone lines. Accordingly, by coupling a modem
to the PCMCIA port of a laptop computer, the laptop computer may transmit and



5 processor, a math coprocessor, and other such processing
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that is siml ar‘l:y connecte

t el ephone | i nether end of the telcphone line. FIGURE 1 is a block diagram of a
systemin accordance with one nethod for coupling an
Ext ernal Processing Device 104 to a Host Conputer 100. The External

Processing  FIGURE!1 isa block diagram of a system in accordance with one method for coupling
an External Processing Device 104 to a Host Computer 100. The External Processing
5 Device 104 is packaged together with a data buffer 1 18, a I/O buffer 108, a program
memory 110, and a data memory 112. The External Processing Device 104 within
the external device 102 receives commands from the Host Computer 100 through
an J/O bus 106 coupled between the Host Computer 102 and an /O buffer 108.
The External Processing Device 104 reads the commands from the I/O buffer 108
10 : and executes programs fromthe program mem'oi'yll'o. Whenacommand isreceived,
| the External Processing Device 104 sets a pr'ogram counter (PC) 120 starting address.
The starting address indicates which program instruction is to be fetched fmm the
program memory 110 to be cxecuted by the Extemal Processmg Device 104

Data can be obtained by the External Processing Device 104 either directly from

I5 a data memory 112 within the external device 102 or from a host data memory 114

within the Host Computer 100. For example, if the external device performs video

compression, then uncompressed video data may be read from the host data memory

114 and compressed video datd stored back in the host data memory 114. Later,

! the compressed video data is read from the host data memory 114 and decompressed.

i 20 When data is to be read from the host data memory 114, a direct memory access

(DMA) operation is performed. Such DMA operations are well known in the art.

‘év ' Typically, a request is made for data to be read or'written to the memory together

' with a start address and block size. The data is then read (or written) from (or to)
the host data memory 114 under the control of a DMA device 116 which writes -

25 (or rcads) the data to (or from) a DMA buffern memory 118. DMA operations allow

the data to be transferred without the involvemerit of the host processor 122 or

the External Processing Device 104. One of the problems with this architecture is




5 Device 104 is packaged together with a data buffer 118, a
I /O buffer 108, a program menory 110, and a data nenory
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122 or he External Processing Device 104. One of the
proBlens with mﬂ@airemmwweme@ﬁ 204. Accordingly, the CP 33 perfargigdynctions

PCT/ US96/ 12620 which do not require the special arithmetic capabilities of the DSP 204. Thus the
CP 201 off loads from the DSP 204 interface tasks, overhead tasks, and other functions
for which the DSP 204 is not particularly designed and suited in order to allow the
DSP 204 more processing resources to use in performing specialized arithmetic

5 functions needed in modulation and demodulation tasks, such as calculating Fourier
| transforms. '

However, in the architecture shown in FIGURE 2, due to the size of the CP 201

and the complexity of the CP function performed by the CP 201, in addition to

memories 212, 210 required to store DSP programs and data, relatively large and

20 expensive memory devices 211, 213 are required to hold ihe CP function program
- instructions and CP data. In order to reduce the cost and size of modems, some

modem manufacturers have implemented a "host based" system. Host based systems

move the CP function from a modem 202 into the Host Computer 100. FIGURE

3 is a block diagram of a modem 302 and Host Computer 300 configured as a host

25 based modem system. As shown, the program instructions for the CP function (i.e.,
the "CP Function Program” code 304) reside in the Host Memory 306. A central

processing unit (CPU) 308 within the Host Computer 300 executes the PC function
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-3- . _ that in sone circunstances, such as in nodem voice
recognition, audi o processing. and vi deo processing
applications, the ampunt of work that the external processor

104 nmust do is greater than the processing resources avail abl e. '
In such cases, as shown in FIGURE 2, sone external devices, such as nodens,

i nclude 5 wo 9706490 a Control Processor (CP) 201 which gddudofs some of
t he overhead functions which need to be perforned 1 n the
external processor 204, which, for exanple, in a nbdem S
typically a digital signal processor (DSP). Commands sent fromthe Host
Conput er 100 over the I/ O bus 106 are buffered in the
command buffer menory 208. The : -4- CP 201 decodes those

commands fromthe Host Conputer 100 and provi des conmands and contr ol
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for use with a Windows-based system, then Windows based CP Function Program
Code must be written. If the manufacturer also wishes to sell the modem for use
with DOS-based systems, a separate CP Function Program Code must be written .
for the DOS opefating:system. Since there are several operating systems used in

15 Host Computers today, and these operating systems are occasionally upgraded to
operating systems which are either not downwardly compatible, or which cause
consumer demand for programs designed specifically for the new version of the
operating system, the a__.mount. of development time required to write and debug
the CP Function Program Codes is burdensome.

20 Accordingly. it would be desirable to provide a method and apparatus for coupling
an External Processing Device to 2 Host Computer in such a way that the external
device need not include a large, expensive memory, and yet such that only one CP
Function Program Code need be written to accommodate all the possible Host
Computers with which the external device may be used. The present invention provides

25 such a method and apparatus.
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-4- program 304. Accordingly, the external device 302
Is smaller and | ess expensive w t hout a substanti al

I ncrease in the size or burden placed on the Host Conputer 300.
However, the CP function nust be witten i-fr a program | anguage that can be

execut ed by the Host Comput er 300. Furthernore, the CPU
308 nust execute the CP function : in accordance with

rul es set by t FUNMMARYCOHHTHE W‘E‘ng system Accordingly,

sone additional burdens are encountered in host based systens. For exanple,
the ° fact that the CP Function Progam Code nust be
conpatible wit I‘TI'her;Besdmsinvemimuisarmethod and apparatus for couplingaarExtemng! Besicem

nmeans that a diff CP Funct | on Program Code, nust be, wr .
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t held W ndows beafahe Eos-Gamputss. Progr am Code must . be
witten. If the manufacturer also wishes to sell the nodem for use
wi th DOS-based systens, a separate CP Function Program Code nust be witten

In accordance with the present invention, hardware and software enable the logical

displacement of a program and address bus across inter-processor interfaces. An

- External Device preferably provides direct access to program code stored within

- Host Computer memory by means of a conventional DMA function. Program code

0 which is to be executed by the External Processor within the External Device is

transferred from the Host Memory to an Instruction Buffer memory within the

External Device. In one embodiment of the present invention, the External Processor

determines when to request additional instructions from the Host Memory over

the DMA channel on a timed interrupt basis. The interrupt causes the External

15 Processor to request transfer of additional instructions from the Host Memory to

the Instruction Buffer memory within the External Device. In an alternative

embodiment of the present invention, each time the External Processor is interrupted,

the External Processor checks how many instructions remain within the Instruction

Buffer. If there is an insufficient number of instructions within the Instruction Buffer,

20 : - then the External Processor:requests transfer of additional instructions from the
Host Memory.

In another embodiment of the present invention, the Instruction Buffer is configured
as an instruction cache. That is, instructions that are frequently used remain in the
cache. When an instruction is required which is not present in the cache, the External
25 Processor commands the DMA device to transfer a block of instructions including

the required instruction from the Host Memory. The block includes other instructions



for the DOS operating system Since there are several operating systens
used in 15 Host Conputers today, and these operating,
systens are occasionally upgraded to . operating systens
whi ch are either not downwardly conpatible, or which cause

consuner demand for progranms designed specifically for the new ver si on of

t he WO 97/06490 operating system the anmount of deysa aﬁgi time
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The present invention is a met hod and apparatus for coupling an Ext et nal
Devi ce In yet another embodiment of the present invention, "“fetch” instructions within the
| program code itself instruct the External Processor to request additional instructions.
5 These fetch instructions may be strategically placed within the code at points which

are selected by the programmer of the program code to be prime points at which
to request additional instructions in order to ensure that the Instruction Buffer aiways
contains the next instruction to be executed by the External Processor.

Preferably, in each of the embodiments of the present invention, the External Processor
requires an instruction that is not present in the buffer, then the buffer returns an
instruction to the External Processor that causes the External Processor to request |
additional instructions from the Host Memory which include the required instruction.
In one embodiment, the External Processor would then remain idle while the DMA
device transferred the requested instructions from the Host Memory.

15 - In the preferred embodiment of the présent invention, a multiplexer is provided
which allows instructions to be provided to the External Processor from a special
purpose program memory in which instructions for special purpose functions are
stored. For example, in a modem in which the External Processor is a digital signal
processor (DSP). the special purpose functions include instructions for performing

20 arthimetic operations for modulating and demodulating the signals at the physical
layer (the signals which'are transmitted on the telephone lines). Typically, such special
purpose instruction are highly repetitive. Accordingly, the special purpose instructions
do not require a large memory. ' '

Inanother embodiment of the present invention, a control processor (CP) is present
25 in the External Processor. The CP performs CP functions by executing the program



to a Host Conputer, such that program code to be executed by the external

device . may be stored in the Host Conputer nenory and yet be
essentially independent 5 of the Host Conputer.

In accordance with the present invention, hardware and software enable the
| ogi cal di spl acenent of a program and address bus across
mter-process‘g?g.f’?ﬂ‘&faces An Ext ernal DevFPEVUBIERERD, | y
provi des direct access to program code stored within Host

Comput er nenory by neans of a conventional DVA function. Program code O
which is to be executed by the External Processor within the External
Device is transferred fromthe Host Menory to an
Instruction Buffer nenory within the -7- Ext ernal Device. In
one enbodi nent of the present invention, the External Processor

det er mi nes when to requg_om\ﬁdgwal onal I nstryctions_fromthe Host NErmry
over code receiveg) oRynAsFordingly theCR is rgsponsibls far requesting

| nterrupt causggdilibfal FdiRichighs t%fbe tr.ansferred | from tgé BOSSRIMAY 16 ﬂﬁuﬁﬁfru&t?]&ﬂs‘c er

of additional instructions from:t
| nstructi on BuBtffer. Thebxtgrmal qussqulﬁeprﬁﬁtabmuplmm the Ch. The Extemat Processore

Tntorrupted,  pretemofyaEctives B Rlan i tro R ChAi kS ShE B aR AR Ot °

I nsgructions rﬁ{rmers tiahi ﬁ;p*obe;ﬂeaﬁ;t;y uction Buffer. If there
I's an insufficient nunber of instructions within the-Instruction Buffer, 20
then the External Processor. requests transfer of additional instructions

feirgz)n dit rr]rgn ¢ of th';]gach of the emBOaimdYR{DY "!“fﬁ resent jnvention, functions {cﬂ: tmﬁ)hﬁtgur ed

resent 1 nvention, ruction IS C

as an instruct mludedwithm tlihptomcodastorcdmmﬁxctﬂmwmmrp(xmuemmncmﬁ
remain in the When an instruction is required which
i s not present 3rhPreiablyInt, “‘P‘hénB&l SynetionssAccordingly, the program cede; ghat is

oo o AR 68 MR Saeilpale Bt RSN B h RS W
i nsOructi ons External Device is referred to as a "CP Function Program Code". 'I'nne critical
functions to be performed by the processors of the External Device are preferably
not performed by the CP Function Program Code, but rather are performed by
executing program code that is stored locally (i.e.,"Extemal. Program Code). If it
would be detrimental to the operation of the External Device if the function were
5 not performed within a specified amount of time, then in the preferred embodiment
of the present invention, that function would not be included in the CP Function
Program Code. Rather, such functions are included within the External Program
Code stored locally within the External Device in a relatively small local External
Processor memory in a manner that would allow them to be readily accessed by
'0 the External Processor on demand without the potential for delay.

The details of the preferred embodiment of the present invention are set forth in
the accompanying drawings and the description below. Once the details of the

invention are known, numerous additional innovations and changes will become
obvious to one skilled in the art.
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- 6- that are likely to be needed, as determ ned by
the probability that the other instructions will be
executed within a short tinme after the required instruction has been
executed.  wo 9706490 I n yet anot her enbodl mentpcqfusbdIBeddr €SENt
invention, "fetch" instructions within the program
code itself instruct the External Processor to request addi ti onal

i nstructions. 5 These fetch instructions nmay be

strategically placed within the code at points which
are selected by the progranmmrer of the program code to be prinme points at

whi ch to request additional instructions in order to
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enbodi nent, the External Processorwoul d then remain idle while the DVA

devi ce transf egf FIGUREE i 282k axﬁ%rfsgﬁémmvhiahomﬁdaemwe%bu A% host 15
In the preferre odi nent of e present 1 nvention, a multlplexer is

pr d&i ded computer. - mhlch allows instructions to be provided to

t he External Processor from a special . . purpose program
menory in which instructions for special purpose functions are

FIGURE 3 is a block diagram of a modem and Host Computer configured as 2

host based modem system.

FIGURE 4 is a block diagram of a system in which a Host Computer coupled to

an external device in accordance with the present invention.
10 FIGURE5isablock diagram of an alternative embodiment of the presentinvention.

FIGURE 6 is a block diagram of an embodiment of the present invention, in which
the External Device includes a discrete Control Processor and DMA hardware.

Like reference numbers and designations in the various drawings refer to like elements.
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code-received fromthe Host Menory. Accordingly, the CP is responsible for
requesti ng DETAILED DESERIPTIONPF THE INVENJION 0 be transferred from
the Host Mermory to the | nstruction Buf fer. The External

Processor is preferably coupled to the CP. The External Processor

preferably recelhteaghoutthisudscription the pr&&r&@&nbﬁ@ﬁi&xﬁn@fﬂmmmmwwshmu| ons
stored 5 t he speci al  purpose

each of the er‘rth?cﬁ%?’?%(ﬁs GXR@PHATS Jather |ﬂi‘ﬂfblrﬂ¥lft6‘ﬂ°“5f o dhe BreseRtoinvention;) that

are

Overview

5 The present invention is a method and apparatus for stonng within 2 Host Memory,
program code for execution by an External Processor. For example, in many instances,
- a Host Computer has a relatively large memory in which programs to be executed
. by a host processor within the Host. Computer are.stored. In addition, data may
be stored in the Host Memory. FIGURE 4 is a block diagram of a system in which
0 a Host Computer 400 inciudes a Host Processor (i.e., a CPU) 308, a Host Memory _
306, a program direct memory access (DMA) device 401, and a data DMA device
403. In the embodiment of FIGURE 4, an External Device 402 includes a Data
Buffer 405, a Command Buffer 407, an External Processor 409, DMA hardware
411, an Instruction Multiplexer 413, an External Program Memory 415, and an External
|5 Data Memory 417.

The External Device 402 may be any device which requires program code in order
to operate. In the embodiment shown in FIGURE 4, the External Device 402 receives
commands from the Host Computer 400 over an I/O channel 408. These commands
:are buffered within the Command Buffer 407. The commands received from the
20 - HostProcessorarepreferablyhighlevelcommandswhichrequestthe External Device
to perform a function. For example, the External Device 402 may be modem, voice
recognition system, compact disk player, video processor; audio processor, peripheral
storage device, or any of a wide variety of other devices which require program
code. Accordingly, in the case in which the External Device is a Modem, the Host
25 Computer 400 may request the External Device to receive or transmit a data file

over a telephone connection. Information required to perform the function may



i ncluded within the programcode stored within the Host Menory (i.e., "CP"
functions) are preferably not tinme critical functions.
Accordingly, the programcode that is stored in the Host.
Menory and which is to be executed by a processor within the 0

External Device is referred to as a "CP Function Program Code". Tine

critical wo97/06490 . functions to be performed by the RE% s of the
Ext ernal Device are preferably not perforrfrgﬁ f‘tﬁig

Function Program Code, but rather are perforned by
executing programcode that is stored locally (ie.,"External Program Code).

If it woul d be detrinental to the operation of the External
Device if the function were 5 not performed within a specified
anount of tinme, then in the preferred erﬂggdl ment of the

present invention, that function would not be included in the CP Functlon
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Processor on denmand wi t hout the potential for del ay. The
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in t he acconpanyi ng draw ngs and the description bel ow.
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PCT/ US96/ 12620rime critical functions are those functions-that should be performed within a

predetermined and relatively short period of time after a determination that the
task is required. For example, in 2 modem, it is preferred that the incoming signal
be demodulated and decoded in real time (i.e., as the incoming signal is received).

10 In order to demodulate and decode the incoming signal in real time, a number of
arithmetic operations must be performed relatively rapidly. Typically, these arithmetic _
operations are performed by a specialized External Processor referred to as a digital
signal processor (DSP). |

" In addition to the time critical functions, such as demodulating and decoding the
15 incoming signal, there are a number of other functions that must be performed.
However, these functions are not time critical. That is, it will not affect the operation
of the External Device if these other functions are performed at a lower priority
and after a délay. For example, communications functions between the host and
the External Device may not need to be performed immediately upon request.
Commands that are received from the Host Computer may be held for a period

of time before the External Device 402 responds. In addition, functions such as
user interface/command parser, autodialer, and auto-answerer are considered to
be non-time critical. In one embodiment of the proposed invention, non-time critical
programs such as these are executed by the DSP, because the DSP supports related
25 - functions. Alternatively. the DSP executes these functions because the programs
are executives directing the sequenced execution of more time critical signal processing
tasks.



- 8- BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGURE 1. is a block diagramof a systemin accordance with one nethod for

coupl+ ng an External Processing Device to a Host Conputer.
FIGURE 2 is a bI ock di agr am of system in which a nodemis coupled to a host
5 ut er. FIGURE 3 i's a bl ock diagram of a
modem and Hoé"fo ter configured as a hosPCHHSA632620dem
system FIGURE 4 is a block diagramof a systemin which
a Host Computer coupled to an external device in accordance
with the present invention. 10 FIGURE 5 is a bl ock diagram

of an alternative enbodi nentof the present invention.
FIGURE 6 is a bl ock diagram of an enbodi neft of the present invention, in

which - t he External DeV| ce includes a discrete Control
Processor and DMA har dwar e. Li ke reference nunbers and

desi gnati ons i rintheembodiment ofthapregent irfeftion in whiditbath €iffi¥tritical and non-time

. critical functions must be performed, non-time critical functions are referred to as

control process ("CP") functions. It will be understood by those skilled in the art,

that while CP functions are considered to be non-time critical, they are should be

5 performed within a relatively short time in order to prevent the delay from impacting

the oper'ation of the External Device. Time critical functions are referred to as

"External Program"” functions. In accordance with one embodiment of the present,

both external program functions and CP functions are performed by the External

Processor 409. Accordingly, the particular type of host pmﬁessor to which the External

10 Device is coupled is not relevant to the internal functioning of the External Device
of the present invention. In addition, because the Host Processor communicates -

directly with the External Processor of the I/O channel 408, the External Device

appears to the Host Computer as a real External Device. Appearing as a real External

Device (as opposed to a virtual device) is advantageous, since some operating systems

15 running in Host Computers (such as the well-known "DOS" operating system) do

| not support virtual devices (i.e., are incapable of communicating with virtual devices).

Furthermore, in order to reduce the amount of memory required within the External
Device 402, only "External Program Code" (i.e., code that is executed by the External
Processor 409 to perform External Program functions) is stored within the External
20 Device 402. CP Function Program Code (i.e., the code thatisexecuted by the External

Processor409 to perform CP functions), which typically requires more memory than
an External Program Code, is stored in the Host Memory 306.

Details of Present Invention _

In one embodiment of the present invention, shown in FIGURE 4, the CP functions
25 preferably include all non-time critical functions. For instance, in one embodiment

of the present invention in which the External Device is a modem, the CP functions

include user interface command parser, autodialer, and auto answerer. In one
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON . Thr oughout this
description, the preferred enbodi nent and exanpl es shown shoul d

be considered as exenplars, rather than limtations on the present

I nvention. 'y ; Overview 5 The pre. jyent i on
is a nethodvg%gmgggaratus for storing within a Host annr;?ﬁﬁ%&wh&%
program code for execution.by an External Processor. For exanple, in many

I nst ances, a Host Conmputer has a relatively large nenory in
whi ch prograns to be executed by a host processor within the
Host Conputer are stored. In addition, data nmay be stored in

the Host Menory. FIGURE 4 is a bl ock di adfam of a systemin which 0

a Host Conputer 400 includes a Host Processor. (i.e., a CPU) 308, a Host
Menory

_ 306, .a programdirect nmenory.accass evice 401; )
and a data Dvembegimest of the presént mventiongthg Cb\program ’%\%&ﬂ ‘ﬁ@ﬁg%;@am 4, an
External Devi L vk atitinl RosPpbApheral device 404, such By difibdrive. Gearyand
Buf f er 407, a?éﬁé%ﬁ?ﬁoce&ﬁ r3%9%“DI\/IX__mﬁ_ar_ dv\%xr-e N PPy .. L All, an
I nstructi on Miost gompusers4seh asnapiopsomputers)oigelude veperiphenal seviggavhich is
Ext ernal Data Menor i e e L . Deyvi .qmy be
any devi ce Micgggagé{ﬂ%#gg%prgwn%ngogaxgn?% ﬂ-grrnye}gmmb% ﬁ@hmpﬁiﬂdct‘?atﬁﬂ?n 1

5 that information to the Host Memory 306. However, it will be understood by those
" of ordinary skill in the art that any means for loading the CP program into the Host
Memory 306 may be used in accordance with the present invention, such as

‘downloading from a serial or parallel port of the Host Computer. -

i Once the CP program has been stored in the Host Memory 306, the CP program
10 ‘may be accessed by the External Processor 409. In one embodiment of the present
invention, when power is initially applied to the External Processor 409, a program

counter 421 within the External Processor 409 is initialized to point to an initialization

address at which a "Bootstrap Program" to be executed by the External Processor

409 is stored within the External Program Me'moiy 415. Such "Bootstrapping” is

15 generally well-known in the art. However, unlike prior art external devices, in
accordance with the present invention, the Bootstrap Program causes the External

Processor 409 to request a first block of CP program code from the Host Memory

306 via the DMA program channe] 423 between the Host Computer and the External

Device. The address is a predetermined address at which the CP program code resides

20 ' within the Host Memory 306. In another embodiment of the present invention.
the host processor writes a "bootstrapping address” to an inp{n latch read by the

External Processor 409 upon initialization. In this way, the bootstrap program is
decoupled from the host-based code with entry points to the host-based code being
writtén via an I-O channe! from the host on power-up to fixed external processor
25 - - memory-mapped locations. After power-up, the External Processor 409 requests
the initial program block at the host-initialized locations. The addresses of
subsequently requested blocks are based upon the internal logic of the host-based
- program. ' '



to operate. In the enbodi ment shown in FIGURE 4, the External Device 402
recei ves- commands fromthe Host Conputer400 over an 1/0O
channel 408. These commands are buffered within the Commuand
Buf fer 407. The conmands received fromthe

Host Pr ocessor‘%ﬁ,péqg;oerabl yhi ghl evel commandswhi chr equest t heExt er nal Devi ce

to performa ¥%h. For exanpl e, the External Device 402Pﬁﬁ§"sfféufﬁ9dem
voi ce recognition system conpact disk player, video
processor, audi o processor, peripheral storage device, or
any of a wide variety of other devices which require program

code. Accordingly, in the case in which the External Device is a Mbodem the

Host 25 Comput er 400 may requgst the External Device to
receive or transmt a data file over a tel ephone
connection. Information required to performthe function may

WD 97/ 06490 Conventional DMA operations which request data to be read from a memory are
PCT/ US96/ 12620 . . . . . .

- 10- well-known. Howeygr. i 35eRefanre with the eresepbimyeRtios, the MERBRSHIM 7.
Thi's informati Ofhalt §s b&AE réuesi from the Host Memory 306 is Ei‘é&irﬁeﬁod? TRERE IRdn 409
as needed. I'n one enbodi nent of the present

i nvention, the BxeeThefefoey inyentG2prayisionsaarei provided in the present invention for
A L i Ea e

functions and f prprineosdet(Bat, CPRuntiidn Priogrant Codd)ainsferred from the Host Computer

400 to the DMA hardware 411, each portion of the CP Function Program Code

must be present at the time the External Processor 409 requires that code. The

DMA hardware 411 of the present invention includes an essentially conventional

10 ' 'DMA bus master capable of providing bus ownership to the External Device (i.e.,

ensuring that the External Device has priority to use the DMA program channel

423). The inventive DMA hardware 411 of the present invention also includes an

Instruction Buffer 425. The Instruction Buffer 425 receives the CP Function Prggram

- Code and preferably maintains each instruction of the code until the External Processor

15 409 has read that instruction. The Instruction Buffer 425 may be implemented in

any manner which allows the instructions to be maintained for a sufficiently long

period to permit the External Processor 409 to execute the instructions. The exact

amount of time that the Instruction Buffer 425 must be able to maintain an instruction

will depend upon implementation details, such as the speed of the External Processor

20 409, the speed of the DMA program channel 423, the priority with which the CP

Function Program Code executes, and the number of delays that may be encountered

in the execution of the CP Function Program Code. In the preferred embodiment,

the Instruction Buffer 425 is implemented by a random access memory (RAM).

In one embodiment of the present invention, the provisions required to ensure timely
25 - transfer of the CP Function Program Code are provided in the CP Function Program
Code itself. For example. in one embodiment of the present invention, the initialization
code includes instructions which cause a command to be generated by the External

Processor 409 to the DMA hardware 411, This command requests a first block of



Time critical functions are those functions that should be perfornmed within
a predeterm ned and relatively short period of tine
after a determ nation that the task is required. For
exanple, in a nodem it is preferred that the incom ng signal

be denodul at ed and decoded in real tine (i.e., as the incomng signal is

recei ved). wo 9o7iiéd90 In order to denodul ate angcfgssigsdone
incomng signal in real tine, a nunmber of arithnetic
operations nust be perforned relatively rapidly. Typically, these
arithnetic operations are perforned by a specialized
External Processor referred to as a digital. si gnal
processor (DSP). In addition to the time critical
functions, such as denodul ating and decddrng t he 15

I ncom ng 5|gnal there are a nunber of other functions that nust be

per f or med. However, these functions.are not timne

critical . Tha€PiFynctian Rragram Siodafirass the H@ﬂdﬂemn 306 to be transferred to the of
t he External I r r a

o ory 1y " TS BultlP RS U ub Al LARE of P BANERLY BlobnrCBY
communi cat i ongarfsferedd foom theHmeMenioey 3065 theaCPI Funcuon Prograrn Code itself wtlhe

Ext ernal Device not . need, t rfor i nmedi

Commands thatP"SY"g‘jl %é%?ﬂ?@ﬂ‘%%ﬁ#? fﬁB ﬁ‘feéﬁlgﬂﬂi‘;' éﬂi‘@?’@’ Omgﬁ eri od
ofg ti me bef or gt Aler@WaR!41 DRy iegBest & dekt BERR BEEP FuncAGiPidgPin Codd Elohpns
such as - user interface/comand parser aut odi al er,

and aut o- answibeddostMemons3Qer ed t o be non-tine
critical. In one enbodi nent of the proposed invention, non-tinme critical
prograns such as these are executed by the DSP, because the DSP supports
rel at ed 2l one embodiment of thé pmtntomnnén,ttheseafetmlxgstrucaoﬁ&redq@tmi
4. L hese functions bec%gse t he e exetg_‘ |ves
S

directing t hedSH3IF8 89‘@9@(‘} it °g§’°’r‘rﬂfgptl:“ﬁ§"%?mcgfi§ﬁ% FISPFoceSsi ng

#-tasks. the next block of CP Bifcfiol Pfgbdin Code is transferred in time to be read by
.2 PCT/ US96/ 12620
0 the External Processor 409 before the External Processor 409 requires any of the

instructions within that biock. This requires the programrmers who create the Cp
Function Program Code to pian the execution path through the CP Function Program
Code. In relatively small CP function programs, this may be the preferred embodiment.
However, in larger CP function programs, the number of alternative flow paths may

5 make it cumbersome and inefficient to have instructions embedded within the CP
Function Program Code itself.

‘In an alternative embodiment of the present invention, interrupts are generated
by a buffer content detection device (BCDD) 429 at regular timed intervals. The
intervals are sufficiently short to ensure that the External Processor 409 can not
execute all of the code transferred in one DMA transfer block. Alternatively, the

particular instruction that is being executed and the number of additional instructions
that are present in the Instruction Buffer 425 are determined. The time intervals
are sufficiently short to ensure that the Extérnal Processor 409 can not execute all
of the instructions left in the Instruction Buffer 425 before the next interrupt is
25 generated. Inone embodiment of the present invention, the BCDD 429 is sufficiently
sophisticated to make a’djuStments to the time interval based upon the number of

times the External Processor 409 reads an instruction from the Instruction Buffer |



-11- I n the enbodi ment of the present invention in which
both time critical and non-tine critical functions nust be
performed, non-tine critical functions are referred to as

control process ("CP") functions. It will be understood by those skilled in
the art, that while CP functions are considered to be
non-ti me criW@eH49% hey are shoul d be 5 . perf BEHUSI260i nh 4
relatively short time in order to prevent the delay fromi npacting

the operation of the External Device. Tinme critical functions are referred

to as "External Progrant functions. In accordance with one
enbodi nent of the present. both external programfunctions
and CP functions are performed by the Exiernal Processor
409. Accordingly, the particular type of host processor to which the
External 10 Device is coupled is not relevant to the internal

functioni ng ofg2% PEhEY, By HabnitdRinie@Re address of the instructionf béing exeaned by the
i nvention. In addl tion, because the Host Processor comruni cates

directly with Exmsnehireesssor 400ptednisrrupt times dejegmines iHhen WESNEFAS e Rt 5
Devi ce appears to the Host Conmputer as a real External

Devi ce. Appeat‘?tﬁa‘-ugg a real External Devi ce (as opposed to
a virtual device) is advantageous, since some operating systens 15

running in Host Conputers (suc t he wel.l eratin en
do In another BCrgANA ATOGL MR oh s PLIGE of F Funied Soghin 438
corgruni cati ng 1¥"trtaﬂsf¥1‘réﬁ B3in ﬁﬁ‘HGsQMemory 306 to the Instruction Buffe 425 within then
order to reduce t anmount of nenory réquired within the External

Devi ce 402, orDMA Irdwaradll inasimianmanner tothe embodiraent desraibed abavrdOVeEhhy
t he Exter naI

functions) is @F&%D\ﬁz? I‘ﬁlﬂmf %réﬁﬁgﬁ%@w%gﬁdl caiSés ﬂmg&%&@%%%{%gﬁa&

Funct i onPr ogr appocadér 409 ¢n sikhia 1iaeds3 bhsddivpsane nembet beinseruetoms! that have

Processor 409 to perform CP functions), which tyF gllyre%bp S rmrg enory
t han been executeg) singe ghe,last IPF%E%F& Wasgggerared. dp ong £ meni gL th

Menpry 306. B 29°3s &f coinf At s TR when a block

I n ©ne enbodi n%refemfxnv%gog,r tehgen@%en"[sl ocn shown in FI.GURE 4, the CP

functions of instructions are written to the Instruction Buffer 425. The BCDD is decremented
' when each instruction is executed (read from the Instruction Buffer 425 by the External

Processor 409. Thus, the BCDD keeps track of the number of instructions or bytes

of information remaining in the buffer at any particular time. The BCDD 429

5 interrupts the External Processor 409 each time the number of instructions within
the Instruction Buffer 425 falls below a predetermined number. The particular number

of instructions that must be present within the Instruction Buffer 425 will depend

upon the speed of the DMA program channel 423 and the speed of the External

Processor 409. In the preferred embodiment of the present invention, the number

0 of instructions that must be present within the Instruction Buffer 425 should be
- sufficiently large to.ensure thatthe External Processor 409 will not require the last

.+ instruction in the Instruction Buffer 425 before the next block of instructions have

arrived.

In yet another embodiment of the present invention, the Instruction Buffer 425
5 is controlied as an instruction cache. That is, the last used last instructions are held
in the Instruction Buffer 425 until an instruction is requested that is not currently

present in the Instruction Buffer 425. At thattime, the DMA hardware 411 requests
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enbodi nent of the present i.nventioprﬁwsﬁsem&zr? pr ogram

0 the Host Menory 306 via a conventional host
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I nvent | onf'%’gﬁnp °§‘g‘§%ﬁiﬁ{2@hﬁﬁwwﬁgﬁ%ﬁ;&? g t he

Ext er nal Proc @ssessor09 from the BMArhardware 411 over signal line @83, tecExtéifa! Rybtelsion t he

905 SlecRY ah nrk bt BLAEWNIR RBriRines Ihé Redt Ddck D 2adesded to
be read from the Host Memory 306 in order to transfer the next block of CP Function
Program Code into the Instruction Buffer 425. In one embodiment of the present
invention, the start address for the transfer from the Host Memory 306 is taken

from a register'412 within the DMA hardware 411 that holds the address of the

last byte of the last block transferred. Alternatively, the start address of the next

block to be transferred s derived from a value (i.c., an address) coupled to the DMA |

hardware 411 from the program counter 421 over a "Program Counter" signal line

427. The value of the program counter 421 is coupled to the DMA hardware 411
to indicate which instruction is to be executed next.

In accordance with one-embodiment of the present invention, a determination is
made as to whether each instruction requested by the External Processor 409 is
a CP Function Program Code instruction or an External Program Code instruction.
The determination is made based upon the valueof the instruction address supplied
by the program counter 421. If the address is within a first predetermined range,
then the requested instruction is a CP Function Program Code instruction. If the
address is not within the first predetermined range, then the instruction is an External
Program Code instruction to be read from the External Program Memory 415. In
one embodiment of the present invention, a second determination can be made
to determine whether the program counter value falls within a second range of values

to verify that the program counter value is a valid address. The Program Counter

signal line 427 is also coupled to the External Program Memory 415. In accordance

with one embodiment of the present invention. a similar determination is made



address at which a "Bootstrap Progrant to be executed by the External
Processor 409 is stored wthin the External Program Menory
415. -Such "Boot strapping” is 15 generally well-known in the
art. However, unlike prior art external devices, in

accordance wi resent invention, the Bootstrap Programcauses the

Ext er nal ‘66194’&%')'0 Processor 409 to request a first 642
program code fromthe Host Menory 306 via the DVA program
channel 423 between the Host Conputer and the External

Device. The address is a predeterm ned address at which the CP program code
resi des 20 within the Host Menory 306. |In another enbodi nent
of the present invention -1¥he host processor wtes a

"boot strappi ng address” to an input |atch read by the

Ext ernal Processor, 409 HP??’ initialization. In this way, the bootstrap
programis by the al Programdvismesy 41508 &hﬁ@rmmmm Y?é‘éfe‘s\k}"fm“ém ry
points to the h I
channel from t'hg&{? 3,% 5%‘%‘%&2?@5‘%9 oth .E}‘écf“ %lxl;rg ran? M?’ﬁ%‘é’ts&sl?;h %ﬁ ofie thé’
menor y- mapped | dustctions to ffet BxternalvProcessor 402 External Processor 409

requests the initial programblock at the

host-initialized | ocations. The addresses of subsequent |y

requested bl ockgn @ﬁ@exhﬂédiﬂaem)@nhé f%ﬁ%i%&ﬁﬁbn,'tﬁ@lrﬁﬁﬁéhéﬁﬂﬂﬁﬁéx&@igleects
rogram
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read froma nenor yp N accor dante

with the presentthe Instruction Melaplexer 413nisicoapled to the program counter 421 over the
Program Counter signal line 427. The Instruction Multiplexer 413 selects which

device 411, 415 will provide the next instruction to the External Processor 409 based
10 upon the value of the program counter 421.

In one embodiment of the present invention, at least some of the data that is related
to the CP functions (i.e., "CP function” data) is stored in the Host Memory 306.
The Data Buffer 405 provides a buffer for the CP function data read from the host
buffer over a DMA data channel 431. The External Processor 409 requests CP function
15 . data by requesting a DMA data transfer operation to be performed by the data
DMA device 403. The DMA data transfer operation is essentially a conventional
- DMA operation. That is, no special provisions are required for the data transfer,
since the data transfer is not as time critical as the transfer of instructions.
Furthermore, the External Device need not have the ability to own the bus forDMA
20 data transfers. Accordingly, in the preferred embodiment of the present invention,
‘the DMA data transfer request is preferably not made through a DMA device that
resides within the External Device 402.

In most programs, instructions are not executed in sequential order. For example,
branches and jumps typically occur which cause the sequence of code that is executed
25 1o be dependent upon data values or external events. Accordingly, it is likely that
instructions may not be present in the Instruction Buffer 425 when required by the



that is being requested fromthe Host Menory 306 is program code rather

t han data. Therefore, inventive provisions are provided in
the present invention for 5 transferringprogram code. Thati s,
since the External Processor 409 will be executing pr ogr am

code (e.g., CP Function Program Code) transferred fromthe Host Conputer
400 to the wWdd7hapmoware 411, each portion of the CP Funct pefvukssasggm Code
must be present at the tinme the External Processor 409 requires that code.
The DVA hardware 411 of the present invention includes an
essentially conventional 10 DMA bus master capabl e of

provi di ng bus ownership to the External Device (i.e.

ensuring that the External Device has prigrity to use the DVA program
channel 423). The inventive DVA hardware 411 of the
present invention also includes an Instruction Buffer 425..
The I nstruct i BrreBisl Pescedsdd 40%; deipirefiohts t&ﬁeﬁuwhicﬁnnﬁ?ﬁﬂﬁéﬁmu be requxred
Code and preferably naintains each_instruction of the code until “the

Ext er nal Pr ocB&%dp agcogdance with one embadiment the peesant inantionovhencan ipruction

I nstruction Byf ls ner
whi ch al | ows ré&:ilﬁe?tz%ﬁ I\ﬁgggretkéc??tx){g% a‘%drzfg ffer 4gb’stll}F 11 ab ’f“gﬁﬁ%‘ﬁ@%ﬁg
period to perﬂﬁir&tﬁms%@?n@o tipemthmmde}mthwmmmotdsmnmtumntthons

T Cha bl e Tequirad dnssrustion H ReierRed fiph e Host Memory 306" BerSring 16 unon

i npl ement at | OExf@eia} Précessordly ¥l idiu A dntefrupt Gechs vt kaus B Refal 0
409, the speed of the DMA program channel 423, the priority wth which the

CP Processor £0 & pERcuTS SYeEARdSe OE the instruction thatiis requiredrbesoms
del ays t hat in the execution of the CP
Function Pr og?yz;ﬁ%g@gﬁgﬁﬂg t eﬂ%l}eB gﬁg "enbodi nent . - t he

- Instruction Buffer 425 is - inpl enent ed by a random access nenory (RAM).

4. | n one enbodi 1t he. ent ention. nr ow ons required to
B nsure i mel y@ﬁl@hsa%l agtam of a0 aliernative. i?g}‘%{ﬁ‘?‘l%‘de are
#previ ded in t e tHePethbodifient oPF!’GIHIE 5, the Extemal Devxce @2@ﬁclh&§seé fContret

exanple. in one enmbq rrent of, t he resent | nvention, the initjialization

code i ncl udesl’m9§!“i'r the, DA dardwarsA1d shayminFIGEIRE he
|
Ext er na  equet e Bt tmrﬁmw@sﬂécaﬂ&ltﬂo&&%r%mwﬁs AtdmadVélys

discrete DMA hardware is also included within the External Device 402. In the

preferred embodiment of the invention shown in FIGURE 5, the Control Processor
{5 -~ 501 is responsible for controlling the DMA operation and executing the code that
~ is retrieved from the Host Computer 400. An Instruction Buffer 425 is included
in the Control Processor 501. Alternatively, a discrete Instruction Buffer 425 is
provided which is not included within the Control Processor 501 and the Data Buffer
405 is included within the External Device 402. In one embodiment of the present
invention, the Data Buffer 405 is included within the Control Processor 501.

In accordance with the embodiment of the invention shown in FIGURE 5, the Control
Processor 501 operates essentially in the same manner described above. That is,
upon initialization, the Control Processor 501 reads an initialization program from
a relatively small Control Processor Program Memory 503 within the External Device
25 _ 402. The initialization program provides instructions to cause the Control Processor
501 to perform a DMA operation into the Host Memory 306. The DMA operation
causes a block of code from the CP Function Program Code stored in the Host
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-14. - CP Function Program Code fromthe Host Menory 306 to
be transferred to the I nstruction Buffer 425. Once the
first block of CP Function Program Code is transferred from
the Host MeroWP 938890t he CP Function Program Code itsel f wi |XCT/US96/12620
provide instructions to the External Processor 409 over signal |ine 410

whi ch command 5 " 'the DVA hardware 411 to request a next bl ock
of CP Function Program Code from t he Host Menory 306.

I n one enbodi nent of the present invention, these "fetch" instructions are

| ocat ed at strategic locat#l®us within the bl ock of CP
Function Program Code to ensure that t he next block of CP

Function Program Code is transferred in time to be read by the External
Processor 409 be¥lemeryt386 tache wansidrred ivtogbe dnstraGion Buffer4ds. Ehe/Cortrol Rsocessor

the cp o " Bk olgt et i i e F S R R R T ROl R
]Ehr ough the CP mapli:;omsianm agﬁscrer;e Contr?l Proc::jssor ﬂléilﬁ'f 1dads i Biteyred] Prooesddr CP
unction progra% t is e the pre (26 ed epbodj nent. ) .
However, in |ard@Pt %ﬁgw 6@&3596, SE??é’eﬁgﬁBéi‘eBPe&F‘F@lrf‘é‘!q“%sW%%t
pathg may 5 AFBlpfodelsot tERANGR WP P FuddtiongNt 10 have

I nst r%uct I ons enbtg?jgggld\t/g ﬂn n t%e sg %I‘%Ctlbn Pr ogr am Code

I tself : In an alternative enbodi nent of the present
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601. The Control Processor 603 operates essentially the same as the External Processor

409 described above. However, the Control Processor 603 only executes CP Function

10 - -ProgramCodeinstmctions.‘IheEnemalDeviceGO2includesalnstructionlv:tultiplexcr

413 whichselects between a Control Processor Program Memory 503 and the output

- from the DMA hardware 601. However, in the embodiment of FIGURE 6, the

Control Processor 603 only receives initialization instructions from the Control

Processor Program Memory 503. In one embodiment of the present invention, the

18 Control Processor Program Memory 503 is included within the External Program

Memory 415. Accordingly, a multiplexer 414 is provided for coupling the value of

the program counter 421 to the External Program Memory 415. In addition the

multiplexer 414 couples the output from the Extefnal Program Memory 415 to the

Control Processor 603. In one embodiment, the multiplexer 414 gives priority to

20 the External Processor 409. By giving priority to the External Processor 409, the

External Program Memory 415 can be shared without adversely affecting the speed

of the External Processor 409 and the ability of thé External Processor 409 to access

instructions from the External Program Memory 415. Alternatively, since the Control

Processor 603 only accesses the Control Process Program Memory 503 upon

25 initialization, the Control Processor 603 is given priority over the External Processor
409,




execute all of the code transferred in one DVA transfer bl ock.

Alternatively, the particular instruction that is being
executed and the nunber of additional instructions t hat .
are present in the Instruction Buffer.425 are determ ned. The tine

I nterval s are sufficiently short to ensure that the

Ext ernal Pr ag@s#6¥4ert09 can not execute all . qﬁﬁ&?&ﬂﬁ
instructions left in the Instruction Buffer 425 before the ?errupt
is 25 generated. I n one enbodi nent of the present invention,
the BCDD 429 is sufficiently sophi sticated to nmake

adj ustnments to the tine interval based upon the number of

times the External Processor 409 reads ariol nstruction fromthe Instruction
Buf f er . WD 97/ 06490 .

PCT/ US96/ 12620 -15- .
425. That is, %ml toring the address of the instructions being executed
by the. Ext ernal Processor 409, the interrupt tinmer determ nes
when to gener a&aumher of embodiments of the present iinvertion tiave been described. Nevertheless,

another 2 et Nl B SRS Tt b e he b sl ™

| nstruction Btﬁ'éxﬁrthé vandécopé BEthe i mvennon For cxﬂﬁg g%@e%t tibn &
simlar manner to thﬂﬁrexrrbodl mgnt descri b above 'fﬂvl:n:

thé BCDD 429 \Meseibs ?ﬁ@l@@@%@mt@m&amb@m intheartipordargo trarsfer
Eﬁ?rgrepal)f . s Program. r?get ﬁ'ﬂeg-eéestﬂ@e?n&? to'th8 BHerhdl BevidSrdRetét, HRPReAdie

for reading program instructions from the Host Memory and transferring the

instructions to the External Device without the intervention of the Host Processor

would be within the scope of the presently disclosed invention, Furthermore, any

10 _ particular type of processor, state machine, which operates on instmcﬁons provided

in the form of a program, or other type of programmable hardware may be used

to implement the Host Processor, the External Processor, the Control Processor,

or any processoi's which are included within the DMA hardware. Furthermore, any

. the particular functions may be included within the CP Function Program Code,

15 External Program Code. In addition, the CP Function Program Code and External

Program Code may be implemented in any programming language. Accordingly,

itis to be understood that the invention is not to be limited by the specific illustrated

embodiment, but only by the scope of the appended clﬁims.



heen executed since the last interrupt was generated. In one enbodi nent of
the present invention, the BCDD 429 'is a counter that is increnented when a
bl ock: of instructions are witten to the Instruction Buffer

425. The BCDD i s decrenent ed THIS ET H en-gqach instruction is
executed (read f&(ﬁé‘néhe | nst ructj on BSHFE%Q&(E%VBL ¥ |t he External

Processor 409%°7 ?the BCDD kedeps—t the dumber of iMIYNMMIFhs or
byt es of information remaining in the buffer at any

particular tinme. The BCDD 429 5 I nterrupt s—the External
Processor 409 each time the nunber of instructions within

v cotar numer o oo 1 PG P MGUTTRAN

within the Instruction Buffer 425 will depend poh the *
speed of the DMVA Brogram channel 423 and the speed of the External
Processor 409. | preferred enbodi nent of the present invention, the
nunber of instructions that nust be present within the Instruction Buffer

425 shoul d be suffici en_tl.g | arge to ensure that the
External Processbr 4Gt extermnal desice foquse withiacasheamputer having a host memory for

i nstruction in the | cij .
i nstructions have r}'%r{nlé ﬁﬂogwgﬁé‘rﬁéﬁaﬁg -upgf)?'iﬁe Bg& cﬂﬁf&\t@, %@/Ie’% anot her
enbodi nent of the prgapnt amyaRifoprequestingla@irecy eignioryRietdssy cotipfed tosthe host
controlled as an instruction cacpe._ JJhat is, the last used |ast .
instructions are held memory, for initiatipg,a difgct MeMPRYASCeSs opGTatian masderto; |

an instruction is request geedstffornSati¥n! incltidif¥Hrb¥ram instructions, stored witHif RNt
in the Instruction Buffer 425. At that time, the  DVMA hardware 411 requests

WD 97/ 06490 host memory;
PCT/ US96/ 12620

(b) - asecondary computer, coupled to the direct memory access controller,
for transmitting and receiving information from the direct memory
access controller, including program instructions to be executed by
the secondary computer.

2.  The external device of claim 1, wherein the secondary computer is enclosed
within a package apart from the host memory, the package being configured
to interface with an interface port of the first package.

3. The external device of claim 2, wherein the interface port is a PCMCIA port.

4. The external device of claim 3, wherein the host computer is 2 microprocessor
within a laptop computer, and the secondary computer is a peripheral device.

5. The external device of claim 4, wherein the peripheral device is 2 modem.

6. The external device of claim 1, further including a special purpose computer
coupled to the second computer, for performing time critical functions, wherein;
(a) the host computer is a general purpose microprocessor; and

(b)  the secondary computer is a control processor for performing non-time
critical functions.

This Sheet Has Been Rerlace.d
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-16- : a DVA transfer of a block of CP Function Program
Code whi ch includes the requested I nstruction.

In each of the cases described above, upon receipt of an interrupt by t he
Ext er nal Processor. 409 ‘from:the DVA hardware 411 over
signal line 433, the Externai “Processor 5 409 executes an

I nterrupt i ch det er ni nes: the next. bl ock of addr

be read froﬁa%ﬁgmﬂl)@t Menmory “306 in order to transfer the next bl (z)ck of CP
Functi on Program Code into the Instruction Buffer 425. In
one enbodi nent of the present i nvention, the start address
for the transfer fromthe Host Menory 306 is taken

regi ster 412 within the DVA hardware 41Xkt hat hol ds theulllm Imullu llllﬂl“ﬁno
| ast byte of the last block transferred. Alternatively, *thé start aldress

of the _next block to be transferred is derived froma -
value (i.e., Bn adriec@admabdevictoftcaif fifier including: har dware 411
fromthe program counter 421 over a "Program Counter” signal |ine
427. The val ue of (8he @rSBEfahfHNERARRregram memaly, cougledto e secRRdamy AOMR T var e
411 : A d s to be executed next.
15 I n acgc())llrgghﬁ Eﬁc@mubﬂiﬁ)‘%n‘ent of the present

i ivention, a det er(b) nata multiplexer, coupled to the secondanymdmpatcr,tthe wpesiah finctiere h
instru_ction requested by the External cessor..409.1is
CP Function Program Co&é""@@t"?%?’?'cmdég &chchqsﬁgfmgyéﬁy%fgﬁﬂmely

i nstruction. coupling xmﬁ&&dﬁi@ﬂi@s%ﬂﬂ? cbﬁxpm(&ohﬁmﬁrlﬂmdirdche

val ue of the instruction address supplie t he ogram
counter 421. If the addﬂ@gsmascwémqmthqlpgﬁlsmce%lé@mmsr%w@ 8@
then the requested instruction is a CP Functi:on Program Code instruction.

I f the address is not within the first predeterm ned
range, then t8e i nFhe externalidevice oficlain(Tefumthir including an instruction buffien geupledode

~instruction to be re dfro*r ter Pr.ogr am. Venory

' one enbodi ment of tt"n‘g &p B foﬁn%ntﬁ tgﬁduﬁﬂ BTBRY ?fg?% dﬁ#gtfog%ugfgﬁn%e made
-~ to deternine whet hipgtrivdtiond rrecsivetd fromnthRr hest Uerhoty, and inakingatheersneisted ange
of val ues 25 erlf t hat the proglram counter value is a
val i d address. Thelmﬁ\a’@h“l secondary computer.sj gnal line 427 is also
coupled to the External Program NErmry 415. I n accordance

a

9. The external device of claim 1, wherein:
(a) the host computer is a general purpose microprocessor; and
(b) the secondary computer is a digital signal processor.

10. A modem, for communicating between a first and second end station, the
first end station having a general purpose host computer having a host memory,
including:

(a) a direct memory access controller for accessing information stored
within the host memory;

(b)  adigital signal processor coupled to the direct memory access controller
for receiving from the direct memory access controller program
instructions read by the direct memory access controller from the host
memory to be executed by the secondary computer;

wherein the program instructions control the operation of the digital signal

processor to modulate and demodulate the information to be communicated

.~ between the first and second end stations.
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wi th one enbodi nrent of the present invention. a simlar determnation is
made . WO 97/ 06490
PCT/ US96/ 12620

-17- by the External Program Menory 415. |f the program
counter valu hin the second predet er‘;‘eﬂﬁ% t he
External Pr ogf é::%'q%grlr)ory 415 w Il provide the P %le onto
t he External Processor 409. In one e

present invention, the Instruction Miltiplexer £13 sel e
whet her the DVA hardware 411 or the External Program I\/Enl['ﬁ’l m HUE rle
coupled to the External Processor 409. |npgne enbodi nent

i nvention, the Instruction Miultiplexer 413 is coupled to

t he program counter 421 over the Pr ogram Count er si gnal

|'i ne '427. The st r I i a
device 411, 41? %?’?%g%ﬁdﬁghﬁigt‘”ﬁ?? ?13{::? %’%‘t i? éochs%ograxgealsragcessor
409 hased upon the dedicecexsernahto thedpsticoroputer.er 421. I n
one enbodi nent of the present invention, at |east sonme of the data that is
rel at ed to the CP functions (i.e., "CP function" data) is

stored in the h@st Thefwoderddficlaim 10, wherein the informativn reeived Byfthedigitalsignal
provi des a buffer for the CP function data read from the host

buffer over a DVA datose%mmedgacmﬁmmmmﬁme@g%ﬂa@@bwm% cP

function or demodulated by the digital signal processor.
\
This Sheet Has B
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| 5 data by requesting a DVA data transfer operation to be
performed by the data - DMA device 403. The DVA data
transfer operation is essentially a conventional DVA
operation. That is, no special provisions are required for the data
transfer since the data transfer is not as tine critical
as the tran‘gf)@?/o%‘fml nstructions. Fur t her TS EPSo662¢x t er nal
Devi ce need not have the ability to own the bus for DVA 20

data transfers. Accordingly,“in the preferred enbhodi nent of the present

i nvention, the DVA data kf@nsfer request is preferably not
made through a DVA device that . resides within the External
Devi ce 402. Pom——————— $ DS - PEOG-RRB -~ dNSI-UCLi ONS are not

executed in seqgyent ial_arder. For exanple, ! branches and
junps typically loccyr whlchkycause the sequence o codk tRat is executed 25
to be dependent jupon dati_yalues or ext naI Ehe1ts. Accdrdingly, it is

| i kely that ! instructi predent in the
I nstruction Buffler $#2& when required b !
[t

w B
i = i VO
97/ 06490 ' = = ! PCT/ US96/ 12620
- 18- ! Y —PFS-&G-S-S-GHG-Q- ﬁaspltq efforts to
predi ct which i qstr icLd O regy red g next In
accordance w th lone eg)o i e pr&sent i nven ig], whqn an instruction
is required and :is ot pf th9/|nstr tiop &uffer 1425, the
I nstruction Buffler c@ 425 tur NS a NCP'( no operation
code) to the Ext'ern | Prp shbr 409|until tR reququd instruction is
transferred fronpth i @nnré&go&UAccorsngly, the 1
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Ext ernal Processor 409 will idle until an interrupt occurs which cause the

Ext er nal Processor 409 to execute other code, or the
instruction that is required becone avai lable in the
Instruction Buffer 425. FIGURE 5 is a bl ock diagramof an alternative
enbodi nent ﬁ,e@@f&&esent I nventi on. In the enbodi nent of FIGURE 5, the
Ext er nal @ I ncl udes a Contr ol RETHSA/12620 501 .
The functlons performed by the DVA hardware 411 shown in FI GURE

4 are preferably perfornmed by the Control Processor 501 of FI GURE 5.

Al ternatively, di screﬁ;;{GDIVA hardware is al so included
within the External Device 402. In the preferred

enbodi nent of thg THVENtT ON SHOWT TN~ FIGIORE™5; - THe "CONTTUI~"Rr ocessor 501
IS responsible fd)r s.ontrol ling the DVA operatign and executilng the code

t hat - ~N is retrieved from the2Host. Conput er! 400. An

| nstruction Buff¢r 425 i s included S - infthe Control
Processor 501. Afterpatpyely, agdiscrete Instriggctijom Buf fpr 1425 is

provi ded which i$ no & Zfuded & thi @&spr 1501 and the
Data Buffer 1 Sl = M05yis included vmth_g%ha Bxternal Device
402: In one enbodi me1§ t I8 pyesent 20 o £ % | nvention, the
Data Buffer 405 ils ih W Ui ng hgeshhntraol Prdcess or b0 1.

I n accordance w t,h t h8s LTTERt ﬁ'e nf&nt i or ' IFI GURE 5, the
Cont r ol ‘:‘n_ I o&e soacll ograt essentiallly in the same
manner descri bed 'abo re—Hatgi s, § upon i ql tialization,

t he Control ProcgssorSOl rea%s anggpitiali zatlon programfrqm
a relatively small @ntrol Proces §Program Menory 503 within the External

Devi ce 25 ; z(l:% CFh nitiali tlol:l:program priovi des
instructions to daus tr ocessor 501 to
perform a DVA operat tc§th. S Ijmmr 306 oqeration
causes a bl ock oft co g et CPE,Fu 1] rogrdm,Code ptared in the Host
i g';' = %EE '
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-19- Menory 306 to be transferred into the Instruction.
Buf fer 425. The Control Processor t hen begi ns executing the
CP Function Program Code fromthe Instruction Buffer 425.

I ncl usi on Ookod7/64edr €t € Control Processor 501 off | oads tperbdsfsda!

Pr ocessor 409 to allow the External Processor 409 to
performthe tinme critical functions w thout 5 ) the need to _
share processor resources with the CP f i ons. FI GURE 6
is a block diagram of an enbodi nent of present invention, in which

t he External Device 602 includes a-discrete Control Processor 603 and DVA
har dwar e 601. The Control Processor 603 operates
essentially the_same as_the External _ProcessQt. ..., 409

descri bed abové. However, the Control Processor 608 only executes CP
Function 1 0 | .‘__I/Erogram' Codei ngrum The External Device 62

i ncl udesa I nstductyon Nultiplexer _ ' 1413 which sel ects

bet ween a Conttol |Procdgssor Program V\Emry %ﬁ and! t he out put

fromthe DVA hgrdwarg q01.=However, iEEthe qdi nent of FIGURE 6, the
Control Procesgor. 6(8 dnl ySrecel ves | ti g iGatli on! i nstructions fromthe
Cont r ol | “Procesr Prograrp mjry 503. In one enmbodi nent of
t he present inyent cg the 15 ¢ C I%ortr’o} Processor Program
Menory 503 is iincluded |wi t hijn the External ogr am Menory
415. Accordinglly, p muljtipl gxer 414 ¥s prdvideq fof coupling the val ue of
the program cogntef 42 hegfxtlephal gPrloar ath Mehory 415. In addition the
mul ti pl exer 41”r coupIes t%e ousput{Ffo he Externfl Program Menory 415 to
t he ‘Processgr 3 n one! enbodi nent, the

...mul tiplexer 41"{ gives priorilty Lo 20 ' 1 the External Processor
409. By givingipriority to t He Exter nal Processor 409, the

-Ext ernal Progr qm Menory 415€0da hared wi thout hdversely affecting the
-speed of - t'h' Ext ernal Processor 409 and the abili of the

" External Pr oces;sor 409 to = ;nstructl ongvly t he
.~ External Program Menory 41b. £ tlef n@fi el y, since the Control -t
. Processor 603 d¢nly accessef jgwe q ngol Process Prpgr am Nbrmrycg)shgpon
1 @ @ |
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25 initialization, the Control Processor 603 is given

priority over the External Processor 4009.

WO 97/ 06490

PCT/ US96/ 12620 _

- 20- : Sunmmary ' A nunber of enbodi nents of
the present MO &HI#¥n have been described. Neverthel ess,  PCT/US96/12620

it will be understood that various nodifications may be nmade w t hout
departing fromthe spirit and scope of the invention. For
exanpl e, the present inventionis 5 4/6 descri bed

asusi ngaDMAoperatd-eruwhichiswell-knowa_Ln the_artin._arderta transfeyr
program code friomthe Host Menorpy—te—t-he—Be-efrratl—Bevhce. However, jany
means H for readihg progr argcl structiors Jfromthe Hbst
Menory and trarisfe ring the Sinstructiforl§ to the Ekternal
Devi ce wi thout }the|int ' of the Hoé'g’r ocessor !

woul d be withi rt thegAscope of thelpresent]ly disclaosed ilnvention. !
Furthermore, ary 1 =

particular type of pr ')ces,%?r st ate
machi ne, whi ch lopet@ e | A QRSO0 in the

form of a progrlam |e¥ typeu(;f E)?,I)gFam | e har@wef e beﬂu$ed
to i nplenment the Hpst dsor, the E¥terny$s PricesSor Corgtr ol
Processor, H of Zany |processof 8 whi¥gh within the
DVA hardware. Rurtherfore, n Y2 thgd particu sgL/f ingti ons
may be included w {hin tRe Funct| op dgq, 15 7 !
Ext ernal Progrgm Cpde. Ig ade t Lon, t‘PQ igr Pr ograrrﬁde ahd
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Program Code nmay be inplenented in any programm ng | anguage. Accordingly,
it is to be understood that the invention is not to be [imted by the

specific illustrated enbodi ment, but only by the scope of
t he appended cl ai ns. -21-
CLARIS 1. An external device for use with a host conputer having a host
menmory for woemmesdéoring programand data for use by the BeglisdshbBbt € -

i ncl udi ng a. a neans for requesting a direct nenory access coupled
to the host menory for initiating a direct nenory access
operation in order to : access 4 pformation, including program

I nstructions, stored within t host nenory; b. a

secondary conp" er,TcoupredaT o1 rT‘EaTTS"f'OF‘T'E'C[lTESl‘TTI‘g“dT‘FEC't“'I
menory accessl for causing the means for requesting|a direct

1
1
menory aCCESS'tO | prtate—a—ti1 ect nmenorx 8ccess opgration in i
response to reqU|r=nents deriypd internggl=® to the decondary [
conmputer in OIrder @ ke progfaminstruct®ons availlable {2 the |
secondary conlput er |&and 4 ecei vimmg—Trformatxomr—rom—'t he ns i
for requestlng di r =t ry access, includlng program [ |
I nstructions :to be|®xedut ed by the secondar¥ conp(rer, and I c. an
i nstruction QUffer coypl ed to the host nmenory ang LDES Fect |
menory access devi ge, ffor—puff erqing instructions_re@?ﬁ% 3n1tpe
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host menory, and making the received instructions available to the

secondary conputer. 2. The external device of claim1, wherein the
secondary conputer is encl osed wi thin a package apart fromthe host
menory, the package bei ng configured to interface with an interface
port of the first package. 3. The external device of_claim?2
wherein the ﬁﬂ?%%ﬁ%@e port is a PCMCIA port. 4. The %§?§$ﬁ@?nﬁevice
of claim3, wherein the host conputer is a m croprocessor wthin a
| apt op conputer, and the secondary conputer is a peripheral device.
- 2la - 5. The external device of cﬁ%ﬁmA4, wherein the peripheral
device is a NDGeH-—==Hrmmmm- The--axt-erhad~-Gevi-ce-of--clalml - urihor,
including a spdcial purpose conpgtter— cotpted—tomt je second cbmput er,
for performngitime critical furctions, mﬁgﬁgin; @) t he hpst
conputer is a derferal purpose nifcroproces&®& and L~ (b) t he becondary
conputer is a gortrol for perfoffig non-tire }
critical functi{ong ~ ot !
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speci al* Teancti dn grodram nenory, coupl.;:d to the secondary |cdnputer,
for storing special function programs;"']énd (b) é nthJwﬂw,
coupled to the secondary conputer, the special function

pr ogr am menor and the direct access nenory device, for gelectrvety
coupl i ng €ﬁé¢1¥t§;tions to the secondary conputer. fromeithgr_the direct
menory access device or the |ocal special function program nmenory. 8.
The external device of claim7, further including an instruction buffer,
coupled 1. An edierraldebies foMBEOW thad Hodt@otiiurd haeingre osymeansryfor
device, for buffering instructions received fr om t hé host nmenory,
and meki ng t he stoging pragram and data fonstse tbyt thertostvcampes ingludiaZsecondary
conput er. The . externgl device of claiml. where

t he host co.nputaglr q@eﬁn_ﬁéqeﬁeg}le_ 5§léreﬁ# W&b‘?rgcaé:ggﬁf cy:otg?.}aéi%thehost (b) (2
the secondary compefiory fofiritigking'h ditedt HenRbry &2 operation in order to

access information, including program instructions, stored within

the host memory;

b. asecondary computer, coupled to the means for requesting direct
memory access, for causing the means for requesting a direct
memory access to initiate a direct memory access operation in
response to réquirements-derivéd internally to the secondary
computer in order to make prograrm instructions available to the
secondary computer, and receiving information from, the means
for requesting direct memory access, including program

instructions to be executed by the secondary computer; and

c. aninstruction buffer, coupled to the host memory and to the direct
memory access device, for buffering instructions received from the
host memory, and making the received instructions available to the

secondary computer.

2. The external device of claim 1, wherein the secondary computer is enclosed
within a package apart from the host memory, the package being configured

to interface with an interface port of the first package.

The external device of claim 2, wherein the interface portis a PCMCIA port.

[F3 ]

4. The external device of claim 3, wherein the host computer is a microprocessor

- within a laptop computer, and the secondary computer is a peripheral device.



10."’ “A-redem—f-or—conmuni cat i ng between a first and second end station,

first end station having a general purpose

i ST O RS

t he host nenory; (b) a digital signal process

direct menory access controller - 21a - for recdi

direct menory access controller program
by the direct nmenory access controller fromthe host

[__conmputer

{REPHACS T

or, coupl ed to the|

i nQ 2fHn"998e

idstyuctions repd]-

menory to be executed by the secondary conputer;
program instructions control the operation of the digital

-—vhe-r.el_n the

si gnal

processor §0 ”Dmieameﬁﬁ@dﬁ'ﬁ@@»gk%&m@gégg O{hréaééggg%%é%%commm C ted

between the first and second end stati’on ¥4dp a mode

PCT/ US96/ 12620 -23- 11. The
nodem of ckaim WnereL the digital signal processor appears as a

devi ce ext &t nal XrErnghdevies piriaian 1, furthermcludmoaspcc:al purpose computer

coupled to the second Comp_uter_! for performing time critical functions, wherein;

~ (a)  the host computer is a general purpose-microprocessor; and

(b) - the secondary computer is a control processor for performing non-time

critical functions.
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12. The-rrodem of claim 10, wherein the information received by theq70‘!~7é)9-q
digital signal., processor fromthe direct nenory access cont rqu-,qr
i ncl uges data’ ,',__e nodul at ed or denodul ated by the d| gi taI Séga
‘procg’ssor E?
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enable the logical displacement of a program and address bus across inter-processor interfaces. An External Device preferably provides
direct access to program code stored within Host Computer memory by means of a conventional DMA function. Program code which is
to be executed by the External Processor within the Extemnal Device is transferred from the Host Memory to an Instruction Buffer memory
within the External Device. The External Processor determines when to request additional instructions from the Host Memory over the
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returns an instruction to the External Processor that causes the External Processor to request additional instructions from the Host Memory
which include the required instruction. A multiplexer is provided which allows instructions to be provided to the External Processor from a
special purpose program memory in which instructions for special purpose functions are stored. Functions within the program code stored
thhmtheHostMemory(n.e.."CP“ﬁmcnous)ateprefemblynotﬁmemncalﬁmcﬂom Accordingly, the program code that is stored in
the Host Memory and which is to be executed by a processor within the External Device is referred to as a “CP Function Program Code".
Time critical functions to be performed by the processors of the External Device are preferably not performed by the CP Function Program
Code, but rather are performed by executing program code that is stored locally (i.e., "Extemal Program Code').




