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4 Modem Implemented in Software For Operation on a

Ceneral Purpose Computer in A Non-Fesi-Time Environment

Background

Field of the Invention

—t

The invention reiaies to data communications and, in particuiar,
to a2 software mplementation of a modem that can operate on &
general purpcse comnputer having a non-real-time, multi-tasking

operating environment.

2. Discussion _¢f Felated Art

hicdern modems are used to connect PCs, or other data terminal
equipment (DTE), into wide area communication networks, in which
the telephone system is used to carry information from one PC to
ancother. Over the years many communication standards have been
developed, ensbling a standards-compiiant modem made by one
manuiacturer to communicate with a standards-compliant modem
mace by another manufacturer. These proiocols specify various
aspects of a communication protocol, such as signal constellations
anc ceding methods to be used under the standard.

To date, modems have been typically implemented with special
circuitry, or programmable digital signal processors (DSPs). Under a
typical arrangement, a microprocessor and a DSP would effectively
cooperate in a master-slave relationship. The microprocessor would
act as a “controller,” handling the control functions, such as
configuring the system and the like, and the DSP would essentially
act as a dedicated computation engine to handle the signal processing

aspects.
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The above typicz! arrangement wou'ld cperate in a "real-time”
centext. That is, both the microprocessor anc the &P would be
gedicated to running the modem conircller ancg DSP software,
respectively. A real-time coniext provides deterministic behavior,
and deterministic beshavior, in turn, is desirabie in the modem
context, because modem data streams are continucus and arrive ai
fixed rates.

Though the above arrangements have been well received in the
marketplace, the DSP and other dedicated harcware involve
component costs. Moreover, they ada to the associzted
manufacturing, disiribution and maintenance cosis angd affect

reliability of the overall system.

Brief Description of the Drzwing

in the Drawing,

Fig. 1 is a architectural diagram of the hardware of an
exemplary embodiment of the invention;

fig. 2A is an interrupt mocel of traditicnal, prior art modems

Fig. 2B is an interrupt model of an exemplary embodiment;

Fig. 3 is a software architectural diagram illustrating an
exemplary embodiment of the invention operating in a multi-tasking,
preempatble operating system;

Fig. 4is a software architectural diagram illustrating various
subsystems of an exemplary embodiment of the invention:

ng. 5 illustrates the priority levels at which various
subsystems operate according to an exemplary embodiment of the

invention;
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Fig. 8 illustrates pricrity ievel essignments togsther with
subsysterns of an exemplary embodimant of the invention;

Fig. 7 shows aspects of a selected datapump of an exsmplary
embodiment of the invention;

Fig. € shows the logic of the HRET interrupt service routine of an
exemplary embodiment of the invention;

Fig. 9 shows the logic of a transmit portion of a datapump of an
exemplary embodiment of the invention;

Fig. 10 shows the logic of a receive portion of a datapump of an

xemplary embodiment of the invention; and
Fig. 11 shows z block giagram of a transmit portion =f a

datapump of an exemplary embodiment of the inventicn

Detailed Description

The exemplary embodiments of the invention are softwaie
implementations of a modem, particularly designed to sxecute on a
hiest processor, controlled by a nen-rezi-time, multi-tasking
operating system (OS}, such as the Windows $5 OS. The software
design of the modem is scaleable and portable. In this fashion,
communication protocols (particularly datapumps) may be easily
added to, or removed from, the system, and the modem may be easily
adapted for use on other types of processors and operating systems.

Unlike the typical modem arrangements, which have dedicated
microprocessors and DSPs, the exemplary embodiments require a
relatively minimal amount of hardware in addition to the host PC.
Figure 1 shows one such exemplary arrangement in the form of an ISA

card. (This hardware arrangement is discussed in detail in co-
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sencing U.S. Apl. No. G&/607, 911 o Eridhar et gl., wivich is a3signed

te the assignee of thiz spplicaticn and which is hereby incorporated

hy reference in iis entirety.) This hardwere arangement is outlined

below only to the extent necescary for understencding the exemplary

embodimients of the invention.
The exemplary heraware arrangement 100 inciudes & host

processor 02, coupled iz an {SA bus 104, which is coupled to an IEA

card 105. The ISA cero includes an exemplary ASIC 106, which
communicates on the bus 104 via |IRQ/Addr/Data lines 114. The ASIC

108 is coupled to a voice codec 108 and a datz codec 110, which is

coupied o 2 data access arrangement {(DAA). The voice codec 108

\;

coupled to 2 microphione input and a spesker cuiput, and the DAA is
coupied 10 phone lings 116.

Briefly, the codecs 108, 110 perform the A/D and D/A
conversions. The ASIC includes receive and fransmit data FiFGOs 118r
anc 118t, which hoid, respectively, samples of dzta to be eventuaily
demodulaied and processed by ihe sofiware modem and sampies of
data aiready modulated and processed by the scftware modem but
which need to e converfed to analog form. The ASIC 106 further
includes receive and transmii voice data FIFOs 120r and 120t, which
nold voice data, for example in 8 bit PCM (e.g., u-law), to be used by
the host processor 102.

The FIFOs’ size and control thereof allow for extended interrupt
latencies to the host processor 102. The actual sizes and control
thereof of exemplary embodiments are discussed in the co-pending

application.
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Though the exemplary arrangement 100 is shown as an I8A card

arrangerent, skilied artisans will zppreciate that the inventicn is

o

1
w
>

applicable o cther arrangements. ampie, analogous logic mav
be impiemented in alternative ASiC arrangements in which the FiFOs
are implemented with memory cnips external to the ASIC, or in which
ihe cooecs ars implemenied in the ASIC. Moreover, alternative
zrrangements may be implemented on the motherboard containing the
rocessor 102, rather than on an ISA card, and the voice codec
and FiFOs are optional.
Figures 2A-B together compare the ‘“interrupt models” of a
typical DSP arrangement and of an exemplary embodiment of the
softwere modem. Figure 2A shows the interrupt mode! for a typical
DSF arrangement. Under this model, one symbol (or baud) of data is
processed by the modem per interrupt. This symbol of data could
correspond to several samples cf data, e.g., 3. Figure 2B shows the
interrupt model of an exemplary embodiment. For example, for a

given hardware interrupt 80 semples (at 7.2KHz sampling rate) may

o

be retrieved, corresponding to 30 symools for a data pump operating

t 2400 baud and the system having a 3X sampling rate. Under this

n

model, the ASIC 106 gathers many symbols and generates interrupts
to the host PC 102 at substantially regular intervals. The software
modem, executing on the host PC, will respond to the interrupts by
gathering the several samples and processing them according to
modem algorithms.

The buffering and interrupt model of Figure 2B provides several
advantages. First, the buffering alleviates the unpredictable nature

of the interrupt latency; that is, unpredictable at least as compared
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1o real-lime cortexts of traditional modems. Seczond, the buflering
aliows the host processor 102 to respond to a lower interrupt rai
than that which a DSP in 2 rez! time context would respond to. in &
multi-tasking environment a lower interrupt rate improves
performance of the sysierm by reducing the number of context
switches to and from the interrupt service routine, so thzt nict only
are fewer instructions executed (i.e., the ones involved with the
context switch) but cache utiiization is improved.

As explained in the co-pending applicaticn, the host PC can
dynamically adjust FIFC depth and the interrupt rate. In this fashion,
one interrupt rate may be used for sieady state cperation znd ancther
may be used during certain phases of the siari-up seguencs wher
some tight timing requirements exist. For example, in sieady state
operation the interrupt rate is set {o be about 12 1 12.5 ms and
during certain start up phasesthe rate is set to 2.5 ms. Under this
arrangement about 90 samples of data are handled for a host
processor interrupt during steady state operation and about 13
samples during interrupts in the ranging phase of the V.32.

Figure 3 shows a high-level software architectural diagram of
an exemplary embodiment of the invention that is intended for the
Windows 95 OS. The software components surrounded by dashed
section 310 are conventional Windows OS infrastructure, including
conventional infrastructure for having applications 320 communicate
with a traditional modem 319 if it were connected to the system.
The software applications 320 are representative of various

applications that may cause communication via a modem link.
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The software modem in one s=3nse inciudes the compenents of
he core of the sofware modem is the Soft Mogdem VD

234 (host-besed mictem). The UART VxD 332 is 2 sofiware emulstion
of a conventicnal UART and is useful in aliowing DOS applications, for
example, to be used in the illustrated environment. (UART emulations
are commercially avezilable.) The line interface carc 2338 refers io all
of the hardware outlined above in iis various forms.

The host-based modem 334 integrates with the OS
infrastructure through the OS's VCOMM entity 314, using conventional
techniques. In short, under this model, the hcsi-based modem 334
effectively registers itself with VCOMM as a serial communication
device. It is also registered with and controliebie by the OS's
Urimodem V entity 312 as a data/fax/voice modem, again using
conventional technigues.

Any application 322, 324 wishing to communicate using the
modem has its requesis routed through the OS infrastructure 310 and
particularly through VCOMM 314 to the appropriate entry points of the
hosi-based modem 334. If a hardware modem 318 were used, the
requests would be routed by VCOMM 314 though serial VxD 318, part
of the OS infrastructure 310, to a hardware UART 317 and eventually
the hardware modem 319.

Figure 4 shows a more detailed software architecture 400 of an

exemplary host-based modem 334. As will be explained more fully

below, in context, the architecture has various subsystems. Each

.subsystém may have software logic executing at, or responding to

software executing at, one of three levels: HRT, SRT, BRT (from

highest priority to lowest). The OS recognizes other levels of
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nriority as weil, for example, for applicaticns 220, At e given level,
such as 2RT, the D8 will make scheduling oecisions based on
predefined scheduling rules. Thus, for exampie, under z time-sliced,
round robin slgorithm, an appblication osrogram, which coperates at a
priority lower than 2RT, wouid have a maximum amount cf time in
which it could use the hcst processor 102, before it would heve to
vield contrel. Moreover, z given level of priority, e.g., BRT could be
preempied by a higher level routing, such as & HRT routine, even if the
BRT routine had not vet finished.

By using muitiple priority ievels, ihe hcst-based modem 334 is
more able to ba'znce the compeling needs ¢f handling an efactively
real-time sitream of data and of economically using the host
processor's resources.  This may be clearer by considering a crude
design. A crude design would have the entire host-based modem
operate at ihe highest priority level. Because the logic would operate
gt only ihe highest priority level, it could not be preempied by other
routines, and thus would mzake the environment somewhai s'milar to
a traditional reai-time environment. (Of course, the HRT rouiine
could be blocked by anoi:er HRT routine, so the crude design and the
traditional real-time design are not exact equivalents) Though
operative in principal, users would likely find the crude design as
undesirable, because it would likely hog the systems resources from
other applications, inciuding the ones that the user is using to cause
the communication. Thus, the exemplary embodiment strikes a

balance between operating on real-time data streams and using the

system's resources economically.



A

25

WO 98/43401 PCT/US98/63461

HRT i3 shert for Hard Real-Time and is implemented as a

hardware interrupt ssrvice routineg (ISR).  Among ofher ihings, the

the

n

HRT logic may be thoughi of as being responzible for handli

©

fransmit and receive FIFOs 118, 120 (Fig. 1). Faliing 10 keep up with

the corresponding data rates for the modulation mode wilt have a very

cbservadie impact on the cata link. Thus, the HRT routine implements
portions of the ScftChip datapumps 410, in pearticular for the digital

signal processing aspecis and time-critical portions of the state

machine control logic. Likewise, the HRT logic includes portions of

the ASIC drivar 4685 anc portions of the System Services 455 that are
inveked at & baud-level. The HRT task is invoked as a result of

interrupts frem the ASIC hardware (about every 12 to 12.5 ms). How

Ciscussed helow.

n

the logic is invoksed |
SRT is short for Soft Real-Time and is implemented as a gicbal
evert routine, for example, in the Windows 95 0S. In an exemplary
embadiment, the HRT ISR posts giohal events on every other
triggering of the HRT ISR. Thus, since the HRT ISR operates
approximaiely every 12.5 ms, SRT rcutines are triggered
approximately every 25 ms. One of the subsystems, called the central
dispatch (CD), among other things, keeps an SRT timer queue. When
any of the various subsystems in 400 need to perform timing or
monitoring operations, for example, monitoring a time out, they post
references to a callback routine in the CD's SRT timer queue. The
timer queue will then invoke the callback at the proper time. In this
fashion, the subsystem that posted the callback may monitor elapsed
time and the like, as is necessary to implement the communication

standards. The actual callback routines referenced in the timer
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gueus, of course, varies dynamically with the state of the hosi-based
mosem sysiem 384, For example, the host-based modem rmay neec o
monilar a time-out condition at some instants in time but not &t
others. Callbacks may oe entered in the timer queug with various
swiiches. For example, the callback may be registered with
information indicating that it should remain in the gqueue until
cleared or until a specified time-out. Also, the callback may be
registered with an indication that after a specified time, a specific
event should be postad in the BRT event queue. (more below) Whereas
the HRT software logic was summarized as being responsible for
transmit and receive FIFQOs, the SRT logic may be thought of as bsing
responsible for the various “timer routines” typically focund in a
modem. For example, typical modems have various functions to
measure elapsed time or to monitor, or poil, certain signals.

BRT is short for Background Real-Time and is the lowest
priarity level used by the hosi-based modem 234, but not necessarily
by the overall PC sysiem. As wili be described below, the host-based
modem 334 actually uses 2 separately, schedulable BRT routines.
Somewhat analogously to the SRT timer queue, the central dispatch
415 includes an event queue. In this sense, whereas invocation of the
callbacks in the SRT gqueue are time-based with a granularity of 25
ms, the invocation of BRT routines is event and message based with
no time granularity. The various subsystems used in the host-based
modem 334 communicate with one another via events and messages.
Thus, for example, in an AT command, a data IO unit 450 may be first
used in receiving the character stream and upon detecting a carriage

return it would post an event to the autocall unit 430 informing it

10
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[

that an AT command has been received. Thus, in this sense the host-
hased modem at a subsystem level of Jescripiicn may be thought of
as & iarge state machine in which state iransilicns are triggered by
events. (As will be explained beiow, the various subsystems, in turn,
have their own state) In some instances a subsystem needs ic
essentially go into a “sleep state,” for example, & subsystem may
need to wait for a response or time out. The SRT queus, therefore,
includes a mechanism for posting events in such cas Thus, il a
time-out were to occur, an event would be posted to the subsystem
waiting for a response or the time-out, thus waking it from its wait,
or sleep, state and inferming the subsystem of the time-out.

in an exemplary embodiment, SRT and BRT sffectively are
subpriority execution levels. The overarching execution priorily level
corresponds to the global event, pested by HRT. The giobal event is
routed through system services 455 to a callback rcutine in CD 415
corresponding to SRT scheduling logic. The SRT scheduling iogic
effectively implements the subpricrities, by first processing the
callbacks on the SRT timer queue. Afterwards, events on the main
BRT event queue are processed, followed by the EC BRT logic. Both of
the BRT groups include logic to make sure they only do limited
processing and that they do not starve other routines of resources
(e.g., loop counting logic). Moreover, they include logic that checks a
status flag to determine whether the HRT ISR has posted ancther
global event during their processing and, if so, they restart.

The above logic is somewhat a consequence of the exemplary
embodiment operating under the Windows 85 CS. This OS has a

limited number of available execution priority levels, so the

11
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! H PR $ P .o e Cpe e
xemzlary embodiment implemeants the zhove-dsscribed

subpricritization essentiel'y because the CS did not provide the
needed priority levels. (Other OSs hzving mors priority ievels may
implement SRT and BRT at truly ssparate OS-impiementsd execution
priority ievels, rather than using the emulation of such as is done in
the exemplary embodimeni)

Moreover, the use of iogic to imit processng is vsed in the
xemplary embodiment because under Wincows ¢5 the operating
system does not time-slice routines processing hardware interrupts

or global events.

An elterrietive embodiment 2f the invention implements the
above icgic sxecuting at BRT pricrity leve! as two separate tasks z*
an app.ication level of execution priority. Though this embodiment

ffers the advatages of the OS-level of support of execution priority
and ct time-siicing the. BRT routines (to avoid starving otner
applications) it may be susceptible to delay, when the user has a
large number of concurrently rurning applications.

Returning to Figure 4, some of the subsystems are considered a
‘common core,” which is highly portable io other platforms because
of its design. Other aspects are more platform-specific and
consequently iess poriabie; these other aspects are usually made
platform-specific to improve performance at the expense of
portability.

The common core includes SoftChip Datapump section 410,
Centraf Dispatch (CD) 415, Master Control 420, Configuration
Management 425, AutoCall Command Processing 430, Protoco!
Processing 435, Soft Chip Control 440, and Test 445.

12
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The SoftChip Datapump ssction handles all datapump and signal
~recessing functions, such as tone generation, call progress, cell
clesgification and iie other irzditional datepump and signal
processing functions. These functions may depenc on the
corresponding standard, such as V.34, V.32bis, sic., each cf which
would have a ccrresponding catapump that couid be coupled into the
architecture and each of which would be integrated into the SoitChip
Datapump section 410. It also includes autornode logic. (automode is
known in the ari)

Each datapump within the SoftChip Datapump 410 includes
essentiany two tvpes of code: state machine control and digital

| processing code (not to be confusad with code for DSFs). The
sourcs code is designec ts be highly portabie. The dighal signal
processing seclion is implemented using macros, which eflectively
force the compiler to compile the macros in a certain way, for
example, into a particular sequence of machinie insfructicns. (Later
sections describe cther aspects used to improve poriability anc

aleabilty)

The Central Digpaich (CD) 415 manages event (BRT) and timer
gueues (SRT). In short, for background and timer priority levels, the
main processing loop staris here and control is dispatched intc an
appropriate subsysiem based on the state of the queues.

Master Controi 429 provides higher level control functions such
as connect/ disconnect handling; for example, informing the various
subsystems in a specified sequence about disconnects.

Configuration Management 425 maintains a configuration

database analogous to that performed with conventional modem

13
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contrcilers.  The software [ogic for this sectien is conventional,
allowing for configuration of baud rates, flow control, etc., as is the
case in tracitionzi modems.

Autocall Command Processor (ACU) 430 processes commands
from the ierminal, analogously io conventional modem controllers.
These commands may be in different known formats, such as AT,
V.25bis and LPDA.

The Protocol Processor (PP) 435 handles deta mode proiocols.
For example, this section includes the software logic to support Error
Correction/ Data Compression (EC/DC) with MNP 2-5 and/or V.42bis.
This seciion may also support other protoccls, such as for fax |,
ceilular, or simultaneous voice transmissions. Data compression
iogic could include macros with platicrm specific opiimizations.
This portion includes its own separately schedulable BRT task for
error correction {EC) logic, which is organized in this fashion to
minimize the risk of EC logic starving the other BRT threads.

The Soft Chip Control 440 transiates events into proper coniroi
settings fcr the Scoft Chip Datapump 410. As will be described below,
the ScoftChip Datapump has an interface analogous to that of
dedicated DSPs to improve portability and scaleability. Among other
things, this aliows datapumps to be written for exemplary
embodiments or for DSPs. This control will transiate the events
posted to Soft Chip Control 440 into the appropriate register settings
to initiate the datapumps into action.

Test Section 445 includes testing and diagnostic support ‘logic.

14
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The more plaform-specific aspscis of the architecture 400
include a Data [O seciion 450, a Svetem Service Interface 458, a
Serial Driver interface 453, anc an ASIC driver 465

The Data 1O cection 450 provides lower level services for
internal data transfers, for example, emulation of useful peripherals

uch as serial communication controllers (SCCs), e.g., asynchronous
framing functions and HDLC framing.

The System Services Interface 455 insulates the above-
gescribed core from the uperating system, such as the Windows 85.
in this manner, the host-based modem 334 may be largely OS-
independent with many of any necessary dependencies residing in the
System Services Inierface 455.

The ASIC driver 465 provides the sofiware logic for interfacin
with the above-described hardware. It is primarily responsible for
reading data from and writing data to the ASIC FIFOs.

Figure 6 combines elements of Figures 4 and 5 so that pricrities
and data flow are more evident. Figure 6 illustrates that as a general
maiter the closer the software legic is to the hardware, the higher
the priority level the sofiware will execute at.

Figure 5 shows the priority assignments associated with the
various subsystems, along with the task assignments. Thus, the
figure shows that there are 2 BRT tasks, one for the protocol
processing and particularly for the EC logic, and a second for all of
the logic having invoked as a result of the BRT event queue. Likewise,
the SRT task, so to speak, is the collection of callbacks registered in
the CD timer queue and triggered as a result of the global event

(approximately every 25 ms). The HRT task is essentially the HRT

15
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ISR, resronding to ASIC 10€ interrupis.  (this is described in more

detzii below)

-

Figure 5 combines elemenis of Figures 4 and & to ilustrale

I‘)

N

that, as a gerneral matier, the software subsystems that are on the
date path operate at HRT and SRT levels, with the subsystems closer
to the ASIC running at HRT, and that the entities on the conirol path
operate at BRT.

Figure 7 illustrates a portion of one datapump 410A &s part cf
the SoitChip Datapump section 410. (The SofiChip Datapump section
410 includes datapumps for the varicus communication stancarus,
e.g.. V.24, V.22bis, V.32, fax standards, ets., pive autcmode
processing) Amcng other things, the catapumy 471CA includes &
control/data structure 710. tha! inclucdes an interiace section 711
for interfacing with SoftChip Control section 440. This interface is
modeled as a register-based interface, like interfaces used
traditiona! modems, but is extended in other ways, for example, for
the fax-reizied datapumps. Finits Siate Machine Variables (FSM
Vars) Section 712 holds data indicative of the various varigbies
considered in determining whether a data pump state change is
appropriate. DSP Vars Section 713 contains variables used by the

datapump algorithms. Coniro! Section 714 includes modem state

- 714a, transmit vector 714b, receive vector 714c, transmit DSP

vector 714d, and receive DSP vector 714e.

The transmit DSP vector 714d and receive DSP vector 714e are
pointeré, respectively, transmit and receive DSP tasks. The transmit
vector 714b and receive vector 714c are pointers, respectivély, to

transmit and receive state logic; this state logic consider the modem

16
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state and other variables in cetermining whether to modify the

tetie 714a.

o |
Q
0.
o
)
[¥3]
—%

When the ASIC 106 generatas an interrupt, the HRT ISR is

[ D

sveniually invoked. 'Typicaiiy, the lziency is small between the
generation of the interrupt ang the time the ISR is invoked, but ihe
time can vary and become large if ancther ISR is executing at the
time the interrupt is received, thus biocking the HRT ISR from
execution.

Referring to Fig. 8, the HRT routine starts ai step 821 and
proceeds to step 810. In step 510, the HRT routine reads the samples

from the RX FIFO 118r of the AS!C 125. The number of samples

Q.

iepends on various things such zs the sampling rate of the codecs and

hie programmed interrupt rate {or the ASIC 108. In an exemplary

ot

embodiment, 90 samples of data would be read.

The logic proceeds to step 820 where it is determined whether
more bauds, or symbols, nesd to be processed. For example, if 3x
sampling were used, the 90 szmples would correspend to 30 baucs.
The amount of baud to be processed dapends on the datapumps
involved, as well as the sampiing and baud rates.

if more bauds are to be processed, the logic proceeds to step
830, where a transmit baud is processed. This step 830 involves
accessing the state conirol logic pointed to by txvec 714b in the
data/control structure 714b for the selected cdatapump 410a. The
state control logic pointed by txvec 714b will look at the modem
state 714a and the various variables in the control structure 710 and
update the modem state accordingly, all corresponding to the

datapump’s specific algorithms. After updating the modem state,

17
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step 830 ilher processes the samples fe.g., 3) correspending to the

’

y referencing the software

o

next baud 10 e {rangmitted. This is done
logic pointed to by ixcspvec 7144 in control siructure 710, Txdspvec
points to [ogic like thai found in figure ©, which is fairly
represantative for most daiapumps 410a. The various routines
invoked correspond to a typical transmitier structure, such as the
hiock disgram structure of Fig. 11. In this instance, however, the
logic implementing the transmitter functions executes on the host
processor, noi on z dedicated DEP. For example Figure 11 shows data
types below the components as they are used in the host-based
modem 334, ng! traditional DSP datapumps. The data types SC-
DspDATA ang SC_cDsplDATA are genericized dzta types. integer is a
common daia type for integer numerical values. (The ganericized data
types may be implemented with platform-specific macros, for
example, exploiting floating point capabilities if it is provided by the
host processor 102 or a co-processor (not shown)).

After processing the transmit baud, it stores the samples (e.qg.,
3} in a buffer in step 840. The logic then proceeds to step 850.

In step 820, the HRT routine then processes a receive baud.
This is somewhat analogous to the processing of the transmit baud.
For example, 3 samples of data which were read back in step 810
along with all of the other samples are processed at a time,
corresponding to one receive baud. As part of the processing, the HRT
routine invokes the logic pointed to by rxdspvec 714e in control
structure 710 of the selected data pump 410a. The logic pointed to
by 714e is represented in Fig. 10, which like the case in Fig. 9, is

fairly representative of typical receiver structures. Again, like the
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case in Fig. 9, the actual algorithms implemenied by the logic

3
o4
@
3
o
e
@
ol
3
4

routines of Fig. 10 are vatapump specific and aie |
host processor 102, not 2 dedicated TSP,  After performing the digial
signal processing operations, the state control logic for the receiver

is updated by invoking the logic pointed to by rxvec 714c, which iooks
at the modem sizie and the variables in the cortrol struciure 710 and
modifies the state 7i4a accordingly.

After processing the receive baud, the logic loops back to siep
820, where it determines whether more baud need to be processed.
¥ not, the logic proceeds to step BEO.

In step 880, the caie samples stored in the severz! iterations of
step 840 are writien o the transmit FIFO
The iogic then erds in step 82¢, but is inveked again for the

next ASIC interrupt {again, about every 12-12.5 msj.

The state control logic 714b,c and the dsp logic 714d,e referred
to above reside in the datspump 410a. Likewise, the variables 712,
713 used in determining whether mere baud need tc be processed are
also indirectly referenced from the control structure 710. Thus, the
HRT routine may be made datapump independent by referencing the
various logic, residing in the datapumps, rather than hardcoding the
logic into the HRT image.

Sending information to the datapump and refrieving information
from the datapump is accomplished via the datapump's 410a
registered-based interface. This is controlled via the SoftChip
control (subsystem 440.

The operation of the modem is summarized as follows. At
startup, the host-based modem 334 is registered with the OS 310
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using convenlional techniques. The central dispatch (CD) 415 is
initiasized, &s are the various other secticns of the modem by
invoking init routines for each section. As pari of the init routine,
eacn subsysiem will post necessary cailbacks with the SRT and BRT
gueues as necessary. The ASIC 108 is initialized, which will, among
other things, cause the ASIC {o start initiating hardware interrupts
o the hest-processor 102 asbout every 12 to 12.5 ms in steady-state.
Steady state operation is then initiaied with master control
causing the two BRT levei {asks to start. The main task transfers
events and messages =s necessary. The EC task operates when
necessary. it is envisionad that in some system states an EC
operelicn may actually take more than one BRT time ouanta.

The modem 334 is then configured using the CM 425 and 2
default set of values kept in a device coniro! biock associated with
the host-based modem 334. This includes setting the various modem
parame.ers typically configured in a traditional modem and using
conveniiona: technigues.

The system then operates in an essentially event-driven and
interrupt-driven manner, the exact behavior of which depends on the
actual cemmands provided to the modem and the actua! data streams
encountered. The control logic of ACU 430, Master Control 420, and
Protoco! Processing 435 is analogous to logic usad in modern
modems, but improved to the event-driven and interrupt-driven
structure described above. The CD 415 and Soft Chip Control 440 are
described above. The various datapumps and automode logic in
Datapump section 410 use DSP algorithms akin to those used in

typical DSPs, but potentially modified for the general purpose host
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microprocesser 102, As siaiedg shove, the gigital signal processing
algerithms are implemented with macros for genericized DSP
functions and data tvpes. An exemplary embodiment uses datapumps
for V.34, V.32bis, V.32, V.22bis and fax, but is easily exiended io
others because of the well defined interfaces.

70 make the sysiem portzble, certain conventions are followed.
As much of the design zs practical is implemented in a high-leve!
language such as 'C’. Moreover, platform-specific algorithms are
avoided as much as possible; for example, assumptions relving on
big/ittle endian arrangements for numerical values. (Sometime
nlatform-specific algcrithms are necessary for performance reasons,
but these snould be coliected in a platform-specific library).
Constanis and variables are separated where possible to assist in
impiementation with ROM/RAM based designs. The code does not rely
on direct reference to variables, and instead assumes the OS may use
dynamic data space allocation. Use modular design technigues.

Each of the datapumps in the SofiChip Datapump sections 410,
unlike traditional modems, is designed to be executed on a general
purpose microprocessor. Generally speaking, the instruction set
available for the digital signal processing algorithms will not include
the hardware do-'ioops, fractional arithmetic, modulo addressing and
other functions typically available with DSPs. To combat this, the
varicus datapumps are designed with source code that will use
macros for the conventional DSP instructions. More particularly, a
set of defined and generic DSP data types and macros are created that
are used by the datapumps code. When compiled, these will become

sequences of instructions for the general purpose processor of the
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hast PC 1C2, not special-purpose DSP instructions and dzta types.
gach of the mzcros is bkelv to be piatform dependent. Thus, whils
the original source code will not nesd to change much for varicus

platforms, the macro lihraries will. The macrcs, {or example, may
take advantage of fioating point caczbilities if they're provided by

the target processor.

The present invention may be embodied in other specific forms
without geparting from the spirit or essential characteristics. The
described embodimenis are o be considered in all respecis only as

itlustrative and not restriciive

What is claimed is:
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1. A multi-modulation mode modem for opsratior with a general
purpose procasscr, operating under {he conirol of 2 mulli-asking

operating system, a memory coupied (o the general purpose prosessor,

s

and a buffering device that is capabie of holding & piurality of
transmit and receive samples, destined for and received from, a2 wide
area link, the operating system including at

priority levels, used in scheduling decisions cf the operating svstem,

Q2

the modem comprising:

a first set of general purpcse processor-executable
instructions, in a processocr-readabie medium, responsive o
interrupts from the bufisring device and cperating at 2 highest
relative execution, the first set of instructions inciuging

instructicns for causing the bufiering device io
provide to the host procasssor the receive samples
received from the wide area link;

instructions for causing the received sampies 0 be
processed according to gatapump-raceive inctructions,
the datapump-receive instructions corresponding to one of
the multiple modulation modes;

instructions for receiving information, routed
through the operating system to the mocdem, and for
causing the information to be processed according to
datapump-transmit instructions, the datapump-transmit
instructions corresponding to one of the multiple
modulation modes, the datapump-transmit instructions

providing transmit samples;
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instructions for causing the transmit samples 1o e
orovicad to the bufiering device, from which the transmit
samples may be transmitted on the wide area ink, under
the contro! of the buffering devize;

a sacond set of general purpose processcor-executable
instructicns, in a processor-readabie medicm, responsive to
global events occurring at a substantially regular rate and
operating at an execution priority level relatively lower than
the execution priority level of the first set of instructions, the
second sei of instructicns including modem controller functions

for :e:eivir\.g commands, routed through ihs sperating system to

o+

The modem of claim 1 wherein the secong set cf instructions

ude controlier functions comprising

Fy

a firsi subsat of controlter instructions thal operate a

m

reletively lowest executicn priority ievel used by the modem, the

first subset including control dispatching instructions for

maintaining a timer-based queue and an eveni-based queue, wherein a

plurality of instruction routines may be referenced to the timer-

based queue and the event-based queue, the control dispatch

instructions including instructions for determining when instruction

routines referenced to the timer-based queue should be invoked and

including instructions for invoking routines on the event-based queue,

wherein at least a portion of the pre-specified set of modem

operations is implemented in the first subset of controller functions,
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ard woerein the portion includes insiructions for referencing

contreller rcutines to the timer-based gueue and the event queus; and
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a sescond subss! of controlier instructis

middie exscution pricrity lavel used by the modam, the second set of
o ) y

timer-hased queus by the subset of the first set of controller

ing

s

ructicns,
wherein the relatively lowest execution priority level ard the
middle execution pricrity level are implmented as subpriority levels

cf an executicn priority ievel of the operating system.

3. The modem of claim 1 wherein the first set of general purpose
processor-executable instructions includes

a driver routine for responding to interrupts from the buffering
cevice, the driver routine including a set of instructions for
indirectly referencing & set of instructions forming a datapump of
one of the muitiple modulation modes and also including a set of
instructions for indirectly referencing a set of instructions for
maintaining a state description of the datapump, wherein the

datapump is responsive to the state description.
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