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/'..1 Moci~;n rmpfemei:ted fn Sottv11r:u·e For Operation on a 

Genern.I Purpeisc" Cornpi.J.ter ~n /-4. t~or,-R0r:-l·:nme Erwi:-onmen~ 

Background 

1. Field of the Invention 

The irwe:--ition r~:ates to data communications and, in partic:ular, 

to a sottware !rnpie:-nentetlon of a modem that can operate on a 

general purpose computer having a non-reaHime, multi-tasking 

operat:ng environment. 

2. Discussion of Related Art · 

fl.!cder:i mo:iems 2:-e used to connect PCs, or other data terminal 

equipment (DTE), in:-:; \h1 iC:e area communication networks, in which 

the telephone system is used to carry information from one PC to 

15 a:iother. Over the yea.rs many communication standards have been 

developed, enabiing a standards-compliant modem made by one 

manufacturer to commu:1icate with a standards-compliant modem 

made by anothe" mandact.ner. These protocols specify various 

aspects of a communication protocol, such as signal constellations 

20 and coding 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 

25 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 typical 2.rrangement wou~d OD8rats in a "real-time:'' 

context. That is, :mth the microprocessor and the DSP vvould be 

dedicated to running the mo::iem controller and DSP software, 

respectively. A real-time context provides de~&rrninis:ic behavior, 

5 and deterministic behavior, in turn, is desirabie in the modem 

context, because modem data streams are continuous a:id arrive at 

fixed rates. 

Though the above arrangements have been well received in the 

marketplace, the DSP and other dedicated hardvvare involve 

10 component costs. Moreover, they add to the associc.ted 

manufacturing, distribution and rnainte;-;ance costs e:nd a7fect 

reliability of the overall system. 

Brief Description of the Drawing 

15 In the Drawing, 

Fig. i is a architecturai diagram of the hardv.rare of a:i 

exemplary embodiment of t!ie invention; 

Fig. 2A is an interrupt mociel of traditional, prior art modems; 

Fig. 28 is an interrupt model of an exernpiary embodiment; 

20 Fig. 3 is a software architectural diagram illustrating an 

exemplary embodiment of the invention operating in a multi-tasking, 

preempatble operating system; 

Fig. 4 is a software architectural diagram illustrating various 

subsystems of an exemplary embodiment of the invention; 
; 

25 Fig. 5 illustrates the priority levels at which various 

subsystems operate according to an exemplary embodiment of the 

invention; 

2 
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Fig. 6 illustrat·?S p:-iority ievel assignments tog!;;t1·rer with 

subsystems cf an exernplc.ry ernbodimGn~ of the invention: 

Fig. 7 shows aspe:ts of a se!ecti:id data;::ump of an exem;ilary 

embodiment of the i:wention; 

Fio. 8 shows the loaic of the HRT interrupt servi8e r:;utine of an .., -
exemplary embodiment of the invention; 

Fig. 9 shows the logic of a transmit portion of a datapumo cf an 

exemplary embodiment of the invention; 

Fig. 1 O shows the logic of a receive po;tion of a datapump of an 

10 exemplary ernbodimerit of the invention; and 

15 

Fig. i 1 shows a block diagram of a transmit portion 'Jf a 

datapump of an exemplary embodiment of the invention. 

Detailed DescripUcn 

The exemplary embodiments of the invention are software 

implementations of a modem, particularly designed to execute on a 

host processor, controlled by a non-reai-·time, multi-tasking 

operating system (OS}, such as the Windows 95 OS. The so-ftvvare 

design of the modem is scaleable and portable. In this fashion, 

20 communication protocols (particularly datapumps) may be easiiy 

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 

25 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-

3 
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· 1- • f ~· . 1· ... to t1i'3 assignee o. L'liS app )Caucn ~i~d wh!ch !s he re by incorporated 

=>>' refere~ce l;1 its enti;·ety.) This hc..rdware a'.·r-2ngement is outlirsd 

bslow on !y to the extent necessary for understanding the e;~e;,iplary 

5 embod!ments of the inveiition. 

108 inciudes a host 

processor I 02, ·coupled :::i a.n 1SP. bus ! 04, which is coupled to an ISA 

card 105. The IS.A. c2rd includes an exemplary ASIC 106, which 

communicates on the bus ! 04 via IRQ/Addr/Data lines 1i4. The ASIC 

10 i 06 is coupled to a vobe codec ·103 and a dat2 codec 110, which is 

2 de.ta ac:.:ess arrangerient (DAA). The V;)ice code~ ! 08 

cou;::iied t8 a mi:-:-c·phan-e input and a speaf\er outp:Jt a.rid the DAA is 

Briefly, t~1e codecs 108, 110 perform the AID and DIA 

15 conversions. The .ll.SIC includes receive and tra:ismit data FIFOs 118r 

and 118t, vvhlch hold, respectiveiy, samples of dc;ta to be eventualty 

dem;:;dulate:i a,..:d p~ocessed by the s::ittv1are modem and samples of 

data aiready modulated and processed by the software modern but 

which need to be conveiied to ana!og form. Th·s AS!C 106 further 

20 includes receive and transmit voice data F!FOs 120r and 120t, which 

hold voice data, for example in 8 bit PCM (e.g., µ-law), to be used by 

the host processor 102. 

The F!FOs' size and control thereof allow for extended interrupt 

latencies to the host processor 102. The actual sizes and control 
' 

25 thereof of exemplary embodiments are discussed in the co-pending 

appiication. 

4 
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Thou9h the exe-;mpiary arrangement 100 is shown as an ISJI,. caid 

arrangement, skilled artisans wili 2ppreci2te that ti;e inventicn is 

applicable to ether arrangements. For exaii!pie, analooous !o::iic r:iav 
.... ~ < 

be impiemented in alternaUve ASiC a:range:-nents in which the FlFOs 

s are implemented with memory cnips external to the ASIC, or in which 

t~ie codecs are implemented in the /.;.SiC. Moreover, alternative 

arrangements may be implemented on the motherboard containing the 

hcst processor 102, rather than on an !SA card, and the voice codec 

and FiFOs are optional. 

10 Figu:-es 2A-B together compare the "interrupt models" of a 

typical DSP arrangement and of an exemplary embodiment of the 

soft1N2re modem. FigLlre 2A shm1,,rs the interrupt mode! for a typical 

DSF arrangement. Under this model, one symbol (or baud) of data is 

prncessed by the modem per interrupt. This symbol of data could 

15 correspond to several samples cf data, e.g., 3. Figure 28 shows the 

interrupt model of an e>:empl2ry embodir.ient. For example, for a 

given hardware interrupt 90 samples (c.t 7.2KHz sampling rate) may 

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

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

20 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. 

25 The buffering and interrupt model of Figure 28 provides several 

advantages. First, the buffering alleviates the unpredictable nature 

of the interrupt latency; that is, unpredictable at least as compared 

5 



-····-- ---· ····--·=-... -~:..o.-.-· __ _.;..;;;;;...:_~,-...,...-=--=-.,_~:..,,.,_,_,__.~· ~-· 

WO 98/43401 PCT/US98/03461 

:o rea.!-time cor;texts ot traditional rr1edems. 

aiiows be host p~ocessor 102 to respond to a l:::\..ver intsrrFJ;::>t rate 

than that which a DSP in c. ~ea! time context woul:l respond to. l:i a 

multi-tasking environment a lower Interrupt ~ate improves 

5 performance of the system by' reducing the number of context 

switches to and from the interrupt service routine, so th2t not only 

are fewer instr'uctions executed {i.e., the ones involved wlth the 

context switch) but cache utiiization is improved. 

As explained in the co-pending applicatio:i, the host PC can 

10 dynamically adjust FIFO depth and the interrupt rate. !n this fashion, 

one interrupt rate may be used for steady state cperation a:id a;iGther 

may be used during certain phases of the start-up sequence where 

some tight timing requirements exist. For example, ln steady state 

operation the interrupt rate is set to be about 12 to 12.5 ms and 

15 during certain start up phases'lhe 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 operafa)n and 2bol.!~ 18 

samples during inte.rrupts in the ranging phase of the V.32. 

Figure 3 shows a high-ievel software architectural diagram of 

20 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. 
r 

25 The software applications 320 are representative of various 

applications that may cause communication via a modem link. 

6 
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The gofi,11iRre modern in one sense inci;..ides the components of 

section 330. The core of the sot:wa:-e mcdern is the Soft !"'o::!eif1 VxD 

334 (host-based !Tl:)C.em). The UART Vr.D :;.32 is a. s~ftwa:-e ernu!c:ticn 

of a conver,ticria1 UART and is useful in aliowing DOS applications, for 

5 example, ta be used in the illustrated environment. (UART emulatioj;s 

are commercially available.) The line interface ca.rd 336 refers to all 

of the hardware outlined above in its various forms. 

The host-based modem 334 integrates v:ith the OS 

[nfrastructure through t~e OS's VCOMM entity 3'14, using conventional 

10 techniques. In short, under this model, the hcst-based modem 32A 

effective[y registers itself with \!COMM as a serial communicE.tions 

device. It is also registered with and controtie:b:e by the OS's 

Unimodem V entity 312 as a dat2Jfax/voice modem, again using 

conventional techniques. 

15 Any application 322, 324 wishing to communicate using the 

modem has its requests routed through the OS infrastructure 3"10 and 

particularly through VCOMM 314 to the appropiate entry points of the 

host-based modem 334. If a hardwarn modem 3'i 9 were used, the 

requests would be routed by VCOMM 314 though serial VxD 316, part 

20 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 

25 . subsyst'em 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 

7 
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priority as we:!, for e~:am~le, for applications 220. At a Gi\'er. ievEI, 

h :'.'.'! ":}T +· l""\Q "I ' ' d .. . . i... J su:: , as bh , Lne · . .1 .... w;i. mC.r\& scne i.nino oec1sions uaseu on 

predefined schedurin~ rules. Thus, for exampie, under a time-sliced, 

round robin algorithm, an 8.ppplication ;:>rogram, which operates at a 

5 priority lower than BRT, \'-1ouid have a maxi:n:..im ariount cf time in 

10 

which it couid use the host ;:;1ocessor 102, before ~t would heve to 

yield control. Moreove:-, s. gi·.-en iever :Jf priority, e.g., BRT could be 

preempied by a higher level routine, such as 2. HRT routine, even if tr1e 

BAT routine had n·:it ~!et finished. 

By using multiple priority ievels, the h:;st-based modern 334 is 

real-time stream of data and of econc;mically using the host 

processor's resources. Thls may be clearer by considering 2. crude 

A crude design woL:!d have the entire host-based modern 

15 operate at the highest priority level. Because the logic would operate 

at only the highest p:iori:~· ievel, it could not be preempted by other 

routines. and thus would r~1ake the env1ronment some\•: hat s ::-ni!ar to 

a traditional real-time enviror:ment. (Of course, the HRT rnutine 

could be blocked by an~r~her HRT routine, so the crude design and the 

20 traditional real-time desig;-i 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 

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

system's resources economically. 

8 
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HRT is shc:i for- Hare' Fisa.1-Tim·~ and is implernentod as a 

An:ona o~her thir;:Js. the - "' ' 

I 'RT I . ' . . . .. I f . .,. t' ri , . ogtc r.~1a.y oe tnr.ugrrl 01 as oemg re£po:121::i.e or nanc.:ng ~-·te 

transmit and receivE· FIFO.s ·, ·i 8, 120 (F1g. 1}. Faiiing 10 keep up v:ith 

~ the corresponding cata rates for the modulation mode wiH have a very 

o!Jssrva~le impact o:i the d2ta link. Thus. the. HRT routine implements 

portions of the· ScftChip datapumps 410, in particular for the digital 

signal processing ~spe::ts and time-critical portions of the state 

machine car.trot logic. Likewise, the HRT logic includes portions of 

10 the ASIC driver 465 c.n: portior.s of the System Services 455 that are 

invc~ec at a. t.iaud··isv5!. The HRr task is invoked as a result of 

intern.it:its fre:r.1 the ASIC hardware (about evsry i 2 to ! 2.5 ms). How 

the logic is irrv'oi<sd is dis:~ssed below. 

SRT is short tor Sof1 Real-Time and is implemented as a global 

15 ever.t roLr~lne, f::ir example, in the \i\!indows 95 OS. In an exemplary 

embodimer.t, the HRT !Sr1 posts global events on eveiy other 
.. . . ,..,r. +·i... HR- , .... R Lnggenng ._., Lde • ! ,;;:;. .. Thus, since the HRT ISR operates 

approxirr.ately every 12.5 ms, SRT routines are triggered 

apprm:imateiy every 25 ms. One of the subsystems, called the central 

20 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 

25 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 

9 
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qJeue, of course, varies dynamica!~y with the state of the host-b2.sB:i 

mo:-.iem system 334. Fer example, the host-ba5ed modem may need to 

mcni~c~· a time-out condition a: some instants in time but not at 

,,.i..her·--..JL ';::.. 

swiiches. 

Callbacks r;iay be entered in the tirner queue wi~h variou~ 

For example, the ca!lback may be registsred with 

info1·mation indlcating that it shouid remain in the queue until 

clearsd or untii a specified time-out. Also, the callb2,ck may be 

registered with an indication that after a spe:;ified time, a specific 

event should be posted in the BRT event queue. (rnore below) VVhereas 

10 the HRT software logic was summarized as being responsible for 

transmit and receive FIFOs, the SRT logic may be thought of as bsing 

responsible for the various "timer routines" typical!y found in a 

modem. For example, typical modems have various functions to 

measure elapsed time or to monitor, or poll, certain slgnals. 

15 BRT is short for Background Real-Time and is the lowest 

prbrity level used by the host-based modem 334, but not nece::sarily 

by the overall PC system. As wili be described below, the host-ba.sed 

modem 334 actually uses 2 separately, schedu!able BRT routines. 

Somewhat analogously to the SRT timer queue, the central dispatch 

20 415 includes an event queue. In this sense, whereas invocation of the 

callbacks in the SRT queue 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. 

25 Thus, for example, in an AT command, a data 10 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 th!s sense the host-· 

based modem a.t a subsystem level o'f- desc:-lp:·ion may be thought ct 

as a 1""r·oe "t""•.o. m .......... \- ·1ne :,., wh ·r"·n s•a+e ""r- ........ ;; ~--s ·~r,..,. J.-·1aoe ... 0 ,..J ;.....,\r >a.~- ~ Q~· .... t O.i.Jd I I.! ; i!vt ; " L1C'4ti::S •• •VI I c:t C' .: ..,_ i vu i..·.~ 

events. (As will be explained beiow, the various subsystems, in turn, 

5 have their own state) In some instances a subsystem needs to 

essentially go into a "sleep state," for example, a swbsystem ma.y 

need to wait fo·r a response or time out. The SRT queue, therefore, 

includes a mechanism for posting events in such cases. Thus, if a 

time-out were to occur, an event would be pasted to the subsystem 

10 waiting for a response or the time-out, thus waking it fro:n its we.it, 

or sleep, state and informing the -subsystem of the time-out. 

In an exemplary embodiment, SRT and BRT effectively are 

subpriority execution levels. The overarching execution priority level 

corresponds to the global event, posted by HF1T. The global event is 

15 routed through system services 455 to a callback routine in CD 4i 5 

corresponding to SRT scheduling logic. The SRT scheduling iogic 

effectively imp!e!'llents the subpriorities, by first prncess:ng the 

callbacks on the SAT timer queue. Afterwards, events on the main 

BRT event queue are processed, followed by the EC BRT logic. Both of 

20 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 another 

global event during their processing and, if so, they restart. 

25 The above logic is somewhat a consequence of the exemplary 

embodiment operating under the Windows 95 OS. This OS has a 

limited number of available execution priority levels, so the 

11 
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subprk:.rit!zatbn esser;tia l'y because the CS did n:it ;Jrovide the 

needed prlori~y levels. (o"hPr n~s h"":.-.... l r•J Vv fC.'Pl:l~ mcrs p:-:ority ievels may 

implement SRT and SRT at truiy separate OS-implemented execution 

5 prioii!y ieveis, rather than L'Sing the emulation of such as is done in 

the exemplary embodiment) 

Moreove~. the ·use of logic to :im:t i:: ~se.d in the 

exemplary embodiment because under \Vinacws SS the operating 

system does not time-slice routines proces-.sing hardware interrupts 

10 or global events. 

/..,n alterr.2tive ernbodime;:t ~f t1e i;;\'S:.~;on implements the 

above iagic executing a: BRT priority !eve. i es iwo separate tasks c.: 
an apµ;:catbn level of execution priority. Though this embodiment 

offers the e:dvatages of the OS-ie\·ei of sJpport of execution priority 

15 and of time-siicing the. BRT routines (to avoid starving otner 

apprications) it may be susceptib!e to delay, \~'hen the user has a 

large n'..lrnbe;- o·f concurrently rur.ni::g applications. 

Returning to Figure 4, some oi the subsystems are considered a 

"common core," which is hi;ihly portabta to other platforms because 

20 of its design. Other aspects are more platform-specific and 

consequently less portable; these other aspects are usually made 

platform-specific to improve perfor1nance at the expense of 

portability. 

The common core includes SoftChip Datapump section 41 0, 

25 Central Dispatch (CD) 415, Master Control 420, Configuration 

Management 425, AutoCall Command Processing 430, Protocol 

Processing 435, Soft Chip Control 440, and Test 445. 

12 
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The SoftChip Da:apurT.p ssctiori ha.ndles all datapump and signa: 

prccessi:ig functi:ir:s, such es tone generation. ca.I! progress, call 

clrJss[ficaticn and tne: other traditional datapurr.p c:~·.d sign a I 

processi:-19 functions. ihese functions may depE:·no on the 

5 corresponding standard, such as V.34, V.32bis, etc., each cf which 

would have a cc·r-responding oc.tap~mp that c~w;c: be coupled into the 

10 

architecture and each of which would !:le integrated into the SoftChip 

Datapump section 4i 0. [t also includes autor;iode logic. (automode is 

known in the art) 

Each ciatapump v,.-1:1.•in the SoftChip Datap;_.imp 41 C inGludes 

essentially tw8 t;'pes of ::;ode: state machine control and digital 

signa! prncess~ng code (;·1ot to be confused v.rith code for DSPs). The 

sourca code is designed. t:; bs highly portable. The d:gi~al signal 

processing section is implemented using macros, which effectively 

15 force the compiler to compile the macros in a certain way, for 

I . ... .. ! f h' . ... ,. exarnp e, in~.o a parncu.ar sequence o mac me 1ns .. rucoons. (Later 

sections des~r:be ether aspects used to improve portability and 

scaleabi!ty) 

The Central o:spatch (CD) 4 i 5 manages event (BRT) arid timer 

20 queues (SRT). In short, for background and timer priority levels, the 

main processing loop starts here and control is dispatched into an 

appropriate subsystem based on the state of the queues. 

Master Control 420 provides higher level control functions such 

as connect/ disconnect handling; for example, informing the various 

25 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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controilers. The software tooic tor th1s section is conventionaJ, 
~· 

c:.Howing fo:· configurc.:tion of bauc rates, flow control, etc., as !s the 

. t ··~· . d case m rao1t.:on2.1 mo ems. 

P.utocall Comma:id Prosessor (ACU) 430 processes commands 

5 from the terminal, analogously to conventional modem controllers. 

ThesB commands may be in different known formats, such as AT, 

V.25bis an:i LP.DA. 

The Protocol Processor (PP) 435 handles dzta mode protocols. 

For example, this section includes the software logic to support Error 

10 Correction/ Data Comprnssion (EC/DC) with MNP 2-5 and/or V.42bis. 

This sec~.ion :nay a!so support other protoccls, such as for fax , 

csilu!ar, or simultaneous voice transmissions. Data compression 

logic cculd rncl:..ide macros vvith platform specific optimizations. 

This portion includes its own separately schedulable BRT task for 

15 error correction {EC) logic, which is organized in this fashion to 

mi:iimize the rlsk of EC logic starving the other BRT threads. 

The Soft Chip Co~trol 440 translates ever.ts into proper control 

settings fer the Soft Chip Datapump 41 O. As will be described below, 

tile SoftChip Datapump has an interface analogous to that of 

20 dedicated DSPs to improve portability and scaleability. Among other 

things, this allows datapumps to be written for exemplary 

embodiments or for DSPs. This control will translate the events 

posted to Soft Chip Contrnl 440 into the appropriate register settings 

to initiate the datapurnps into action. 

25 Test Section 445 includes testing and diagnostic support ·logic. 

14 
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The more p!a:forrn-spec[fic aspects of the architecture 400 

include a. Data 10 section 450, a Svstem Serv;ce !:itEds.ce 4-55, a 

Serial Driver 1r.terface 4G8, and an ASIC driver 465. 

The Data 10 section 450 provides lower ieve! services fer 

5 internal data t:-ansfers, for example, emulation of useful peripherals 

such a.s serial communication controllers (SCCs), e.g., asynchronous 

framing functions and HDLC framing. 

The System Services Interface 455 insulates the above­

described core from the operating system, such as the Vviridows 95. 

10 In this manner, the host-based modem 334 may be largely OS­

independent with many of ar.y necessary dependencies residing in the 

System Services Interface 455. 

The ASIC driver 465 provides the software logic for interfacing 

with the above-described hardware. It is primarily responsible for 

15 reading data from and writing data to the ASIC FIFOs. 

Figure 6 combines elements of Figures 4 and 5 so that priorities 

and data flow are more evident. Figure 6 illustrates that as a general 

matter the closer the software logic is to the hardware, the higher 

the priority level the software will execute at. 

20 Figure 5 shows the priority assignments associated with the 

various subsystems, along with the task assignments. Thus, the 

figure shows that there are 2 BAT 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 BAT event queue. Likewise, 

25 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 HAT 

15 
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res;:-:>nding to ASIC i 06 inte:-ru;:;ts. (this is de~:crlbed in more 

Figure 5 combines elements of Figur-es 4 anj 5 to H!ustrate 

that, as a general matter, the softws.rs subsystems that are o:-: the 

5 data path operate at HF;T and SRT levels, with the subsystems closer 

to the ASIC running at HRT, and that the entit:es on the control path 

operate at BR1'. 

Figure 7 illustrates a portion c.f one ciatapump 41 OA c.s part of 

the SoftChi;:i Datapump section 41 O. (The SoftChip Data pump section 

10 410 includes datapui7ij)S for the various communico..rion s~2,:·1C::a=-ds, 

processing) A;ricng c;ther things, the cats.pump 41 OA includes & 

contro!/data structure 7·10. that incluc!es an int8rface secticn 711 

for interfacing \Vith SaftChip Contml section 440. This interface is 

15 modeled as a register-based interface, like interfaces used in 

tra:::litiona! modems, but is exteride:! in other "Nays, for example, for 

the fax-reiated data.pumps. Finite Stc.te Mact-dne Variables (FSfv1 

Vars) Section 712 hoids data inclicative of thE! va.rious varic::.bles 

considered in determining whethe~ a data pur.ip state change is 

20 appropriate. DSP Vars Section 713 contains variables used by the 

datapump algorithms. Control Section 714 includes modem state 

· 714a, transmit vectOi 714b, receive vector 7i 4c, transmit DSP 

vector 714d, and receive DSP vector 714e. 

The transmit DSP vector 714d and receive DSP vector 714e are 

25 pointers, respectively, transmit and receive DSP tasks. The transmit 

vector 714b and receive vector 714c are pointeiS, respectively, to 

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

16 
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state a.nd other varrabfes in determining whether to modify the· 

t_i,,,rh,~n t,h1°' .. '-~Sit~ "'1 or~ "":::1'"'.or...,+:::.,... an : .... ~rruj'\+ +1-ie ~R---1 1· r.::: ~ is ' ' ':::' .... • - v !:::! ..... ' ' - . G'.. ~· ,;> I; I Lt",' . t-' ... • .. I • ...., I • ' 

eventL.;a!ly invoked. Typi:aliy, the lc;tency is small bet1iveer. H1e 

5 generation of the inter:-:.:pt ar-id the time the !SR ls inv::iked, but the 

time ca;i vary and become :a:-ge if s.not:ie: ISR ls executing at the 

time the interrupt is recelved, thus biocking the HF.T ISR from 
~· execudon. 

Refe:ring to Fig. 8, the HRT routine starts at step SQ1 and 

10 proceeds to step 810. Ir: step 810, the HF;T rout:ne reads the samples 

15 

i·,.o..,.., '·'"'e ~x ::=1FO 11 8r ....,:. t~•.C. r, c:.'lr' •'.'"I'"' -! 'ni=:. n·umber of Sar""D!t:i'"' ; ;11 1.11 h 1 i '""'' 1i'-" hu1v tvO. . - I t . 111
1 

._,....,::); 

depends on various things such as ths sampling rat~ of the codecs and 

the programmed interrupt rate ·ior ths ,;:;.SIC ·i 05. ln an exempfary 

embodiment, 90 samples of data would be read. 

The logic proceeds to step 820 where !t is determined whether 

more bauds, or symbols, need to be pro:::;essed. For exampie, if 3x 

sarrpling VY.ere used, t~s 90 ss:.mples v;1ould correspond to 30 bc.ucs. 

The i=tmount of baud to ba processed depends on the datapumps 

involved, as well as the sampiing and baud rates. 

20 if more bauds are to be processed, the logic proceeds to step 

830, where a transmit baud is processed. Tl1is step 830 involves 

accessing the state contml logic pointed to by txvec 714b in the 

data/control structure 714b for the selected datapump 41 Oa. The 

state control logic pointed by txvec 714b wili look at the modem 

25 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 :he:-; pro::esses the samples (&.g., 3) correspcndlng to the 

next baud to be tra.ns-mitte::i. This is doiie by referencing the software 

logi:: po;ntec to b~1 txdspvsc 714d in c:.::itrol s-tiUcture 710. Txdspvec 

points t~;. iogi(; like that fauna in figure 8, which is fairly 

5 represelltat.ive for most datapumps 41 Oa. The various routines 

invoked correspc:ind to a typical transmitter structure, such as the 

block di2grarn -structure of Fig. ! 1. In this instance, however, the 

iogic implementing the transmitter functions executes on the host 

processor, not on a dedicated DSP. For example Figure 11 shows data 

10 types be!ow ths components as they are used in the host-based 

modem 334, ~ic: t;-aditiona! DSP datapurnps. The data typ.es SC­

D.spDATA and SC_cDspDATA are genericized data types. imeger is a 

common data type 1(or integer numerical values. (The gene:-icized data 

types may be implemented with platform-specific macros, for 

15 example, exploiting floating point capabilities if it is provided by the 

host processor 102 or a co-processor (not shown)). 

After pro:;essing the transmit baud, it stores the samples (e.g., 

3) in a buffer in step 840. The logic then proceeds to step 850. 

In step 8E00, the HRT routine then processes a receive baud. 

20 This is somewhat analogous to the processing of the transmit baud. 

For example, 3 samples of data which were read back in step 81 O 

along with all of the other samples are processed at a time, 

corresponding to one receive baud. As part of the processing, the HAT 

routine invokes the logic pointed to by rxdspvec 714e in control 
' 

25 structure 710 of the selected data pump 41 Oa. 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 

18 
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case in F!g. 9, the scUal algorrthrr.s implemerried ~i)' the logiG 

routines o7 Fig. 1 O are ciatapump specific and aie imp!emerted in 

host proces.sor 102; not a dedicated DSP. After ""'e:io;m!r.g the diciital ,..., ~ ..... 

signal processing operations, the statEt cont:-o: ~ogic br the receiver 

5 is updated by invoking the iogic pointed to by rxvec 714c, which looks 

at the modem s~ate ano the variables ln the- cor,trol st:ucture 71 O and 

modifies the state 71.1a accordingly. 

After processing the receive baud, the logic loops back to step 

820, where it determines whether more baud need to be processed. 

10 lf not, the logic pmceeos to step 860. 

i5 

In step 860, the de:.~e. samples stoied in the seve:-2! iterations of 

step 840 are written to the transmit FIFO 11 Bt of the .?-.S:G 4 06. 

The logic then e:-.ds in step 899, but is invo!<ed a:;air. for the 

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

The state control logic 714b,c and the dsp logic 7i 4d,e referred 

to above reside in the dats.pump 41 Ga. Likewise, t11e vo.~:ables 712, 

713 used in determining whether more baud need to !Je p:o8essed are 

also indirectly refernnced from the controi structure 710. Thus, the 

HRT routine may be made datap~mp independent by referencing the 

20 various logic, residing in the datapumps, rather than haidcoding the 

logic into the HRT image. 

Sending information to the datapump and retrieving information 

from the datapump is accomplished via the datapump's 41 Oa 

registered-based interface. This is controlled via the SoftChip 
r 

25 control subsystem 440. 

The operation of the modem is summarized as follows. At 

startup, the host-based modem 334 is registered with the OS 31 O 

19 
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ur.ing con"-'e:-itior;a! techniques. The cent~al dispatch (CD) 415 is 

trdtiaitzed, as are th~ various ot1er sec:ic;-is ot the mod&m by 

inv·ok;n9 in it routines for each se::tlon. As par~ of the in it routine, 

each su!:Jsystem will p0st necessaiy callbacks v:ith the S.RT and BRT 

5 queues as necessary. The ASIC 106 is initic.Hzed, which wiit, among 

other things, cause the ASiC to start initiat;ng hardware interrupts 

to the hcst·pro"cesso~ i 02 about every 12 to "12.5 ms in steady·state. 

Steady state o;:>sration is then initiated with master control 

causing the two BRT levei tasks to start. The main task transfers 

10 events and messa_ges as necessary. !he EC task operates when 

ne~ess:::.r~'· lt is envisi:ined th::.t in· s::irne system states an EC 

ops;2tic r. may actually take more th2.rr one BRT time quanta. 

The modem 334 is then car.figured using the Cf"1 425 and a 

defa'.Jlt set of values kept in a device contra: biock associated with 

15 the host·based modem 334. This includes setting the various modem 

pa:-a:·ne~ers typically configured in a traditional modem and using 

C .... ,..,.\. 0 n1·ion~ 1 t>-·cr.,1iaues lv.J ~ l '-' J • I • ' C:. l .. ,, s I ; • I . ... • 

The system then operates in an essentially event-driven and 

inte:rupt·-drlven manner, the exact behavior of which depends on the 

20 actual commands provided to the modem and the actual data streams 

encountered. The control logic of ACU 430, Master Control 420, and 

Protocol Processing 435 is analogous to logic used in modern 

modems, but improved to the event-driven and interrupt-driven 

structure described above. The CD 415 and Soft Chip Control 440 are 

25 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 

20 
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microprocessor ·i 02. As siateo a.hove, the digital signal processirg 

algorithms are iiT-plemented h'ith macros fc·r genericized DSP 

functions and data types. An exemplary e:Tibodime~1t uses datapumps 

for V.34, V.32b:s, \.1.32, \/.22bls and ~ax, but is easily extended to 

5 others because of the well defined ir.terfaces. 

lo make the sys1em poitable, certain conventions are followed. 

/i-.s much of the design a.s practical is implemented in a high-leve! 

language such as 'C'. Moreover, platform-specific algorithms are 

avoided as much as o::;ssible; for example, assumptions relying on 

10 bi;;:;ttle endian arrangements for numerical values. (Sometime 

p!atform-specific a!gcrith;;--is a.re necessary for performance reasons, 

but these should be c;:.liected in a platform-specific library). 

Constants and variab!8s a~·a separated where possible to assist in 

impiementation with ROMiRAM based designs. The code does not rely 

15 on direct reference to variables, and instead assumes the OS may use 

dynamic data space alloca'don. Use modular design tech'liques. 

Each of the datapurnps i;i the SoftChip Datapump sections 410, 

unlike traditional modE~ms, is designed to be executed on a general 

purpose microprocessor. Generally speaking, the instruction set 

20 available for the digital signal processing algorithms will not include 

the hardware do-loops, fractional arithmetic, modulo addressing and 

other functions typically available with DSPs. To combat this, the 

various datapumps ate designed with source code that will use 

macros for the conventional DSP instructions. More particularly, a 
r 

25 set of defined and generic DSP data types and macros are created that 

are used by the datapumps code. Vv'hen compiled, these will become 

sequences of instructions for the general purpose processor of the 

21 
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host PC "i 02, not special-purp~se DS P inst;·:;c~ions and dsta !}'PEi'S. 

,_ h ' th • ••1 I c::ac 1 01 . ,e ms.eras is t1KE:0iy t ' f ~-.." ' ,,,..,1 t .::i t•e pi&.Liorm 06pen ... ien . 

the origfnai sou;ce code will not need to change much for various 

platforms, the macro libraries vvllL The macros, for example, may 

5 take advantage of floating point cc:.ps.bilities if they're provided by 

the target processor. 

The present invention may be embodied in other specific forms 

without departing from the spirit or essential characteristics. The 

10 described embodimenis are to be considered in all respects only as 

illustrative and not restrictive. 

What is claimed is: 
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* C L M S * 

1. A multi-modula.tioi1 mode modem 7or ope.ratior with a ger:eral 

purpose processo:, opera.ting under t:13 control of a multi-tasking 

operating system, a rnemory coup:ed to the ger,e.:-al p:.rpose pro::essor, 

and a buffering device that :s capabie of h::.!ding s. piura!i:y o~: 

5 transmit and receive samples, dest;ned fc-r and recelveo from, a wide 

area link, the operating systsm including at !east two executio~ 

priority levels, ·used in scheduling decisions of the operat::ig systsn:, 

the modem comprising: 

10 

15 

20 

25 

a first set of ge;ieral purpose processor-executa!:'ile 

instructions, in a processor-readabie medium, responsive to 

interrupts from the bl..'ffe:i:-1g device and coeratinc a:t a hiches~ . ~ -
relative execu'lion, ths first set of instructions inciud[;--;g 

instructions for ca.usir)g the buHering de\.:i~e to 

provide to the host processor the receive samples 

received from the wide area link; 

instructions for causing the received sam~:f;S :o be 

processed according to datapump-~ece:ve ij;St'."uctions, 

the datapurnp-receive instructions c.:orrespond!n~ to one of 

the multiple modulation modes; 

instructions for receiving information, routed 

through the operating system to the modem, and for 

causing the information to be processed according to 

datapurnp-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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2. 

* C L M S * 

instruc~:ons for causi:1g :he tre:nsmit sa:-nples to :>e 

orO\·icsd to the buffering dsvice, from wh!c:t the transmit 

'""ar"~ 'e~ -ay • e ~ .. ansr ... :.i..•~ d ~ 1~:r-:-:.;) ~i' i.)J L• I fllL.!.~ arsa link, undt:r 

the contra! of the buf·fering devi~e; 

a second set of general purpose pro~essor-executable 

!nstruc·~ions, in a processor-readable mec;:.;m, responsive to 

glo~al e.VE.;i:~s o:cu:Tl::g at a substantia!ly regular rate a:id 

operating at an execution priority level relatively lower than 

the executio:; priority !eve! of the first set of ir.structions, the 

second set of ir.st~:.;cticns including mo:::ern controller functions 

.r:,,.. ~-"'Pi',; .... ,.., ..-.,-.,r-·.,......ands re 1 ;~O..,t "'"h'"""'Ugr· <1-.~ ,-, per'"''" 0Jnn c::vstom to •"-'I 1~._ . ._,\1:·s· v..,. i.!I • 1 ·1.,..,.__, ...... L i'IJ 11 L.;,...,, u. :l..La '::; -i ._.t 

the moder:, and for responding thereto by c8ntro!ling the modem 

accoidi:ig w c.. pre-specified set af modem operatior.s. 

The modem of claim I wherein the second set cf instructions 

include controller fur.ctions comprising 

a first subset ot controller instructions that operate at a 

re!a.tively lov·test ex:ecuticn priority ievel used by the modem, the 

first subset including control dispatching instructions for 

20 maintaining a timer-based queue and an event-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 

25 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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ar.d •J..-:ierein the portion includes instructions for referencing 

cc·0trc.Pe:- rcutines to the timer-based queue ::nc'. the eve::t queue; and 

a second subse•. of controiier instructions that opei·a~e E.t a 

middle execution priorit~1 level used by the madam, the second set of 

inst:-uction2 comprising the controlier :-outines ;eferenced to the 

timsr-based queue by the subset of the first set of contm!ler 

in s:ructic n s, 

wherein the raiativeiy lowest execution priority level and the 

middle execution priority level are implmented as subpriority levels 

iO cf a:i execution priority level of the operating system. 

3. The modem of cle.im 1 vvhe:-ein the first set of general purpose 

processor-executable instructions includes 

a driver routine for responding to interrupts from the buffering 

15 device, the driver routine including a set of instructions for 

in~irectry referencing a set of instructions forming a datapump :Jf 

one of the multiple modulation modes and a.lso including a set of 

ir!structions for indirectlv refern1cina a set of instructions tor ' .., 

rnaiiltaining a state description of the datapump, wherein the 

20 datapump is responsive to the state description. 

25 


