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[57] ABSTRACT 
A voiceband data set network includes a control data 
set (10), a plurality of tributary data sets (4a, 4b . . . 4n) 
and a diagnostic control device (5). User-provided data 
is communicated between the control data set and the 
tributary data sets via a primary channel within a four 
wire private telephone line (11, 12). Diagnostic and 
control information is communicated between the con 
trol data set and the tributaries via a secondary channel 
within :UC ‘private line. Diagnostic and control informa 
tion is communicated between the diagnostic control 
device and the control data set, with which it is co 
located, via a control channel. Each data set includes a 
data set diagnostic unit (50), or DDU, via which it 
transmits and receives the diagnostic and control infor 
mation. Communications among the DCD, DDUs, and 
primary controllers within the data sets, are carried out 
on a link-by-link basis, with the DDUs serving as mes 
sage switching nodes and with communications over 
each link being principally comprised of requests and 
reads. The DCD, DDUs and primary controllers com 
municate in a hierarchy in which requests and reads are 
always directed downstream. The tributary data sets 
provided, however, with a way of directing request 
type message texts upstream. 

39 Claims, 15 Drawing Sheets 
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DATA SET NETWORK DIAGNOSTIC SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to data set diagnostic 
systems. 
The communication of high-speed data over voice 

band telephone lines, for example, requires the use of 
so-called data sets, or modems. The principal function 
of a data set is to modulate user-provided data into the 
passband of the telephone line at the transmitting end 
and demodulate the received data signals out of the 
passband at the receiving end and recover the user 
provided data. 

Recently, networks of data sets have been provided 
with so‘called diagnostic capability, in which the data 
sets and, in some networks, separate diagnostic control 
devices, communicate with each other via, for example, 
a narrow bandwidth “secondary” channel within the 
passband of the telephone line. For example, a control 
device-—such as a diagnostic control device or a control 
data set——-may transmit a “text” to a “downstream” 
device, such as a tributary data set, instructing it to 
perform a particular test or to change an option under 
which the tributary data set operates. The latter, in turn, 
will perform the action required and return to the up 
stream control device a text embodying the results of 
the test or other indication relative to the requested 
action. 

SUMMARY OF THE INVENTION 

In known data set diagnostic systems, communica 
tions specifying an action to be taken-hereinafter re 
ferred to as test/command texts-can be transmitted in 
only one direction over any given link. Thus, for exam 
ple, an “upstream” device can transmit a test/command 
text to a “downstream” device, but the opposite is not 
true. Rather, any test/command text intended for the 
upstream device must originate upstream of its interface 
with the link to the downstream device. By “upstream” 
of the interface is meant the upstream device’s side of 
the interface. 

In accordance with the present invention, the up 
stream device is provided with the capability of receiv 
ing test/command texts from downstream of the inter 
face and, of course, the downstream device is provided 
with the capability of transmitting such text 
s-hereinafter referred to as “maintenance mode” texts. 
In the present illustrative embodiment, the upstream 
device returns a results text embodying results relating 
to the maintenance mode text to the downstream device 
which transmitted it. In other embodiments, however, 
the results text could be returned elsewhere as, for ex 
ample, might be speci?ed in the maintenance mode text 
itself. 
The transmission of texts of all kinds is illustratively 

carried out via two types of communications-requests 
and reads. A request, in particular, includes a select and 
a message. The select is a transmission in which an 
upstream device indicates to a device which is immedi 
ately downstream that it wishes to transmit a message. 
The message includes a message text and may also in 
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2 
clude addressing information. The message text is nor 
mally a test/command text. 
A read includes a poll and a poll response. The poll is 

a transmission in which an upstream device indicates to 
a device which is immediately downstream that it 
wishes to receive a text. The poll response is a transmis 
sion from the downstream device which includes the 
requested text, the latter normally embodying, for ex 
ample, the results of a test previously requested or the 
health and/or operating status of the downstream de 
vice and the network below it. 
The request protocol does not permit a downstream 

device to initiate a request upstream. However, when 
an upstream device is in a position to accept a mainte 
nance mode text from downstream, it initates a read in 
which this fact is made known downstream. In the 
present illustrative embodiment, for example, the poll 
portion of the read, referred to as a “maintenance mode 
poll," includes a special maintenance mode address in 
place of the usual downstream network address. 
A downstream device wishing to transmit a mainte 

nance mode text, such as a test, responds to the mainte 
nance poll by embodying the desired test in the text of 
a poll response. Such a test is referred to as a “mainte 
nance mode test,” not because the test is necessarily any 
different from a test which could have been requested 
from upstream, but because it was communicated in 
response to the maintenance poll. 
The upstream device, upon receiving the mainte— 

nance poll response, operates on the text in just the same 
way as it would if the text had been received from 
upstream. If, for example, the poll response text embod 
ies a test, as is typical, the upstream device performs all 
the same steps in executing the test that it would have if 
the test had originated upstream. Thus, the test may not 
even involve the downstream device which is request 
ing it. 
When results of a maintenance mode test are ready at 

the upstream device, they are transmitted downstream 
via a request in which the message text is indicated to be 
the results of a maintenance mode test. In the present 
illustrative embodiment, for example, the select portion 
of the request includes the maintenance address rather 
than a downstream network address. The downstream 
device, upon recognizing the maintenance address, 
knows that the message text in fact embodies mainte 
nance mode test results. 

In the present illustrative embodiment, the down 
stream device transmitting the maintenance mode re 
quests is a data set. Alternatively, however, it might be 
a separate diagnostic device which is bridged onto, or 
otherwise has access to, the link in question. Such a 
device may be used, for example, by telephone com 
pany personnel. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a voiceband data com 
munication system in which the present invention is 
implemented; 
FIGS. 2-5, when arranged as shown in FIG. 6, com 

prise a block diagram of a voiceband data set used in the 
system of FIG. 1; 
FIG. 7 shows the division of the bandwidth over 

which the data set operates into primary and secondary 
channels; 
FIG. 8 depicts the front panel of the data set of FIGS. 

2-5; 
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FIG. 9 is a ?owchart of the overall operation of a 
primary controller within the data set of FIGS. 2-5; 

FIG. 10 shows the contents of a read only memory 
within a data set diagnostic unit (DDU) which is, in 
turn, within the data set of FIGS. 2-5; 
FIG. 11 is a flowchart of the overall operation of the 

DDU; 
FIG. 12 shows a portion of the contents of a random 

access memory within the DDU; 
FIG. 13 depicts the hierarchy of the diagnostic sys 

tem of the network of FIG. 1; 
FIGS. 14 and 15 respectively depict the protocols for 

requests and reads used in the diagnostic system in ac 
cordance with the invention; 
FIGS. 16-17, 19-20, 22-23, when arranged as shown 

in FIGS. 18, 21 and 24, respectively, are ?owcharts 
depicting the communications processing performed by 
the DDU of the data set of FIGS. 2-5; and 

FIG. 25 is a block diagram of an extended voiceband 
data communications network in which the present 
invention can be used. 

DETAILED DESCRIPTION 

FIG. 1 depicts a communication system, or network, 
in which the present invention is used. In particular, a 
computer 2 communicates on a time shared basis with a 
plurality of data terminals 3a, 3b, . . . 3n. A control data 
set, or modem, 10 is associated with computer 2. Tribu 
tary data sets 4a, 4b, . . . 4n are associated with terminals 
3a, 3b, . . . 3n, respectively. Computer 2 transmits infor 
mation to a particular terminal via data set 10, two-wire 
private line 11, and the associated one of data sets 4a, 4b, 
. . . 4n. A terminal transmits information to computer 2 

via its associated data set, private line 12 and data set 10. 
Data sets 4a, 4b, . . . 4n and 10 provide several func 

tions. One is to correct for distortion and other channel 
irregularities which may cause, for example intersymbol 
interference. The other is to modulate the data which is 
to be transmitted into, and demodulate it out of, the 
passband of lines 11 and 12. 
The bandwidths of lines 11 and 12 are each divided 

into a primary and secondary channel, as shown in FIG. 
7. The primary channel carries modulated data, start-up 
signals and various test signals. The secondary channel 
carries diagnostic and control information between data 
set 10 and each of data sets 4a, 4b, . . . 4n. As described 
in detail hereinbelow, the present invention relates prin 
cipally to the communications over the secondary chan 
nel. 
Data sets 4a, 4b, . . . 4n and 10 are illustratively, all 

similar in design. By way of example, FIGS. 2-5, when 
arranged as shown in FIG. 6, depict data set 10. 
Data set 10 includes primary and secondary circuit 

ries which are associated with communications over the 
primary and secondary channels, respectively. In par 
ticular, the primary circuitry is comprised of primary 
signal processing circuitry 20, primary controller 30, 
and primary input/output (I/O) circuitry 80. Circuitry 
20 performs the real-time processing of user-provided 
data and received data signals. As will be described in 
detail hereinbelow, circuitry 20 receives serial data 
from computer 2. This signal is scrambled, encoded and 
formatted. It then modulates a carrier of frequency fc. 
The modulated transmit data signal is transmitted over 
the primary channel of line 11. Circuitry 20 also re 
ceives modulated data signals from the primary channel 
of line 12, recovers a far-end data stream therefrom and 
presents it to computer 2. Circuitry 20 is controlled by 
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4 
controller 30, which provides information to circuitry 
20 as to how the latter is to perform the real-time signal 
processing. Controller 30 also controls primary (I/O) 
circuitry 80. Both circuitry 20 and controller 30 operate 
in response to a clock signal of approximately 1.8 MHz 
provided by primary master clock 25 over lead 26. 
The secondary circuitry includes secondary signal 

processing circuitry 40, which is controlled by a con 
troller referred to as Data set Diagnostic Unit (DDU) 
50. DDU 50 operates in response to a clock signal, also 
of approximately 1.8 MHz, provided by secondary mas 
ter clock 45. Circuitry 40 receives diagnostic and con 
trol information from DDU 50 and converts it into a 
110 baud FSK signal having upper and lower frequen 
cies fu and fL. This signal is transmitted over the sec 
ondary channel of line 11. In addition, circuitry 40 re 
ceives F SK signals from' the secondary channel of line 
12 and presents a waveform representing the zero cross 
ings of the received signal to DDU 50, which recovers 
the transmitted intelligence. 
DDU 50 communicates with controller 30 via a bus 

interface 60-a commercially available device known 
as a parallel peripheral interface. It also communicates 
with a diagnostic control device (DCD) 5, shown in 
FIG. 1, via control channel circuitry 70. DDU 50 also 
controls secondary I/O circuitry 90. 

PRIMARY CHANNEL CIRCUITRY-SYSTEM 
OPERATION 

Primary Signal Processing and I/O Circuitry 
Primary signal processing circuitry 20 interfaces with 

computer 2 via interface connector 17, which is com 
patible with EIA standard RS449. Of the interface 
leads which extend from the computer, the SD (send 
data), ‘IT (terminal timing), and RS (request-to-send) 
leads extend via cable 109 through selector 110 to en 
coder 115 via cable 111. (When the data set is in a digital 
loopback test mode, selector 110 extends to encoder 115 
the signals on cable 184 rather than the signals on cable 
109). 
The transmitter portion of circuitry 20 is principally 

comprised of encoder 115, modulator 120 and D/A 
converter 125. 

Encoder 115 is a large scale integrated (LSI) circuit 
which processes the input data from the SD lead in 
preparation for modulation. This processing includes, 
for example, the functions of scrambling and differential 
encoding. The encoder output signal passes over cable 
116 to modulator 120-another LSI circuit. 
The modulator output on cable 121 is a sequence of 

digital words reprmenting samples of the PSK modu 
lated signal to be transmitted. These are passed to D/A 
converter 125. The analog output of the latter on lead 
126 is passed through a pad 130 and released transfer 
contact AL-l of an analog loopback relay AL to one 
input of summing amplifier 15. The other input of the 
summing amplifier is the output of secondary channel 
transmitter 415 within secondary signal processing cir 
cuitry 40. The output of summing amplifier 15 is shaped 
by a transmit low pass ?lter 14 whence it passes to a 
compromise equalizer 13. The latter conditions the 
outgoing signal to compensate for some of the expected 
channel degradation. The output of equalizer 13 is ex 
tended to line 11. 
The received data signal from line 12 is brought into 

the data set through preampli?er 16. The output of the 
preampli?er extends to secondary channel processing 
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circuitry 40, as discussed more fully below. The output 
of preampli?er 16 also extends through released transfer 
contact AL-2 to the receiver portion of circuitry 20. 

In particular, the preampli?er output extends to pri— 
mary channel receive ?lter 150. Filter 150 removes the 
secondary channel signal, passing the primary channel 
signal to an automatic gain control (AGC) circuit 155. 
The latter sets the correct levels for proper operation of 
the circuitry which follows. 

In particular, the AGC output passes to phase split 
ter/timing recovery circuit 160 over lead 156. The tim 
ing recovery portion of circuit 160 generates a square 
wave having transitions which correspond to zero 
crossings of a baud rate tone extracted from the AGC 
output signal. This square wave is extended to receiver 
processing and equalization circuit 170 over lead 162 
where it is used to control receiver timing. The phase 
splitter portion of circuit 160 generates a Hilbert trans 
form signal pair on cable 161 in response to the AGC 
output signal. The Hilbert transform pair is extended to 
A/D converter 165 which generates digital versions of 
the Hilbert transform signals one after the other in serial 
form on a lead within cable 166. 
Cable 166 extends to receiver processing and equal 

ization circuit 170, which is comprised of several LSI 
circuits. Circuit 170 performs such functions as adaptive 
equalization, demodulation and data decision formation. 
It presents (presumably correct) decisions as to the 
values of transmitted data symbols to decoder 175 over 
cable 171. It also extends a digital word to AGC 155 
over cable 172 specifying the AGC gain. Cable 172 also 
carries clock signals for AGC 155. Clock signals are 
also extended to A/D converter 165 over cable 167. 
Decoder 175, another LSI circuit, performs the in 

verse functions of encoder 115, e.g., differential decod 
ing and de-scrambling. Receive timing and receiver 
ready signals generated by decoder 175 on leads 174 and 
182 are respectively extended to the ones of EIA driv 
ers 185 associated with the RT and RR leads of inter 
face connector 17 via cable 178. In normal operation the 
RD (receive data) lead of connector 17, carrying the 
recovered far-end data, also receives its signal via one of 
drivegs 185 from decoder 175. This signal is routed to 
the driver via decoder output lead 176, cable 184, selec 
tor 110 and lead 112. The ST (send timing) lead of 
connector 17 receives its signal from encoder 115 via 
lead 117 and another one of EIA drivers 185. 

In addition to the receive data signal on lead 176, 
cable 184 carries the receive timing and receiver ready 
signals from cable 178. During digital loopback tests, 
the signals on cable 184, rather than the signals on cable 
109, are extended by selector 110 to encoder 115, and 
selector 110 extends ground potential to the one of EIA 
drivers 185 associated with the RD lead of connector 
17. 
Other leads of connector 17 include SB (standby), 

DM (data mode), CS (clear to send), TM (test mode) 
and SQ (signal quality). These signals are provided by 
respective ones of EIA drivers 190 via latches 180 and 
leads 181. (Another one of latches 180 provides a signal 
to selector 110 via lead 183 indicating whether the data 
set is to be in the normal or digital loopback mode.) 

Primary I/O circuitry 80 includes a set of latches 81. 
Individual ones of latches 81 control the states of LED 
indicators 82 disposed on front panel 801 of the data set. 
which is shown in FIG. 8. The two status indicators are 
red and green, respectively. The green indicator is on 
when both data set 10 and tributaries 4a, 4b, . . . 4n are 
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6 
operating normally; otherwise, the red indicator is on. 
The DM (data mode) indicator is on if the data set is 
available to carry user-provided data, as opposed to 
being in a test condition. The TEST CONDition indica 
tor is on when a test which is disruptive of normal 
communications over the primary channel is in 
progress. (The DM and TM leads of interface 17 are 
raised when these indicators are on.) The RS, CS and 
RR indicators show the state of the corresponding EIA 
interface leads. The ER indicator is on when data set 
equalizer is in a retrain mode. (SD and RD indicators 89 
of panel 701 are driven directly from the corresponding 
EIA interface leads via buffers not shown. Diagnostic 
channel indicator 94 is controlled by secondary channel 
circuitry.) 

Other ones of latches 81 control various relays in the 
data set, such as analog loopback relay and a select 
standby relay SR. 
I/O circuitry 80 also includes a set of buffers 84 

through which the positions of various front panel 
switches 85 can be read. These are operated by the user 
to issue commands to the data set and to request that it 
perform various tests on itself and/or the network to 
which it is connected. Other ones of switches 85 (not 
shown in the drawing) de?ne a local address for the 
data set. When a diagnostic control device (DCD) 5 is 
associated with a number of co-located data sets, this 
local address provides the DCD with a way of directing 
its communications to data set 10. In addition, signals 
from bus interface 60 can also be read through ones of 
buffers 84. 
I/O circuitry 80 includes a four-character alphanu 

meric display 87. When data set or network faults are 
detected, the display is used to indicate their nature to 
the user. In addition, the data set uses display 87 to 
present mnemonics for the tests and commands which 
the user can order the data set to execute. It also uses 
the display to present test results, for example, in the 
form of a word (PASS) or a measurement (03DB). 

Primary Controller 
Primary controller 30 includes a microprocessor 310 

and associated peripherals including read only (ROM) 
315, random access memory (RAM) 320, timer circuitry 
325, interrupt controller 330 and chip select decoder 
335. Controller 30 communicates with its peripherals 
and the rest of the data set by writing information into, 
and reading information out of, registers, buffers and/or 
latches throughout the data set. This communication is 
carried out via three buses-primary address bus PA, 
primary control bus PC, primary data bus PD-and a 
primary chip select cable PCS. 
The leads 336 of cable PCS are derived by chip select 

decoder 335 from a subset of the address bus leads. The 
leads of cable PCS extend to various integrated circuit 
chips or groups of chips (e.g., ROM 315) within the data 
set. When it is desired to communicate with a particular 
device, i.e., register, buffer or latch, microprocessor 310 
provides on bus PA an address unique thereto. Decoder 
335 provides a signal on an appropriate one of leads 336 
indicating that the controller wishes to communicate 
with the device in question. If more than one device is 
associated with a particular chip select lead, the particu 
lar circuit desired to be communicated with is identi?ed 
by an address on bus PA. 
Data bus PD is a bidirectional 8-bit bus over which 

the information itself is carried. Control bus is a two-bit 
bus having a read lead and a write lead. Activation of 
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the write lead means that information provided on bus 
PD is to be written in a register or latch which has been 
addressed. Activation of the read lead means that infor 
mation is to be provided on bus PD by the register or 
buffer which has been addressed. 
Not all leads of all buses extend to each circuit with 

which controller 30 communicates. For example, 
latches (buffers) receive only the write (read) lead of the 
control bus. In addition, the various integrated circuits 
comprising the data set may receive less than the full 
number of address leads, depending on the number of 
addressable elements contained therein. 
Some of the functional blocks shown in FIGS. 2-5, 

e.g., latches 81 and bus interface 60, receive more than 
one chip select lead, as indicated by a cable, rather than 
a lead, tap off of chip select cable PSC. Buffers used to 
drive the three buses and cable PSC are not shown in 
the drawing. 
The overall operation of controller 30 is depicted in 

FIG. 9. Firstly, controller 30 initiates itself and the rest 
of the data set. It then enters a background loop in 
which it repetitively performs a number of predeter 
mined background “tasks” related to the management 
and monitoring of off-line data set operations and the 
monitoring of both off-line and real-time operations. 
(One pass through the background loop requires about 
15 ms.) Operations of the controller which relate to the 
control of the real-time signal processing (as well as 
some other operations) are handled on an interrupt 
basis. Interrupts are generated, for example, in response 
to various signal events within circuitry 20. As a partic 
ular example, an interrupt is generated by encoder 115 
when the RS (request-to-send) lead is raised by com 
puter 2. The reception of an interrupt causes controller 
30 to suspend its execution of the background loop and 
to service the interrupt via an appropriate interrupt 
service routine. 
The interrupt service routine causes controller 30 to 

write into respective registers of circuitry 20 various 
operating mode, operating parameter and/or signal 
format information signal values appropriate to the type 
of interrupt generated. For example, in the case of an 
interrupt generated by :1 raising of the RS lead, control 
ler 30 performs operations such as con?guring encoder 
115 for start-up, turning on modulator 120, loading 
(jamming) ideal reference (start-up) data into encoder 
115, con?guring encoder 115 for normal operation, and 
raising the CS (clear-to-send) lead. 
Once an interrupt service routine (or any phase 

thereof which is separated from the following phase by 
a significant time interval) is completed, controller 30 
returns to the background loop at the place where it 
left. 

Primary Controller 
Operation-Initialization/Background Loop 

Controller 30 is controlled by a set of initialization 
routines in ROM 315 when power is applied to the data 
set. During initialization, various pointers within the 
microprocessor are set and various registers within the 
microprocessor are cleared. Latches, such as latches 
180, are set to predetermined (e.g., cleared) states. In 
addition, numerous operating mode signals held in reg 
isters within the data set-principally within circuitry 
20—are set to predetermined initial values. These in 
clude, for example, a signal which specifies the state (on 
or off) of the modulator, signals which specify the signal 
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sources for the encoder and decoder, signals which 
specify various operating modes for the equalizer, etc. 
A further initialization function is to specify various 

operating parameter values and signal processing for 
mats for the LSI circuits of circuitry 20. Although data 
set 10 operates with an S-phase PSK having predeter 
mined differential encoding and scrambling, predeter 
mined carrier frequency, predetermined start-up proto 
cols, etc., circuitry 20 is capable of operating in accor 
dance with various operating parameters and signal 
processing formats. For example, modulator 120 is ca 
pable of implementing (a) phase shift keying (PSK) 
using 100 percent excess bandwidth at 1200 baud, (b) 
PSK using 50 percent excess bandwidth at 1600 baud 
and (c) quadrature amplitude modulation (QAM) using 
12 percent excess bandwidth at 2400 band. It can oper 
ate over a wide range of carrier frequency. Encoder 115 
is capable of implementing any of a number of scram 
bling and differential encoding algorithms and QAM 
signal constellations. Receiver processing and equaliza 
tion circuit 170 and decoder 175 are similarly ?exible. 
At this time, then, the encoder and decoder receive 

information as to the scrambling/descrambling and 
differential encoding/decoding algorithms to be ini 
tially used, i.e., during transmitter and receiver start-up. 
These may be changed later as, for example, when tran 
sition is made from transmitter start-up to normal trans 
mitter operation. Modulator 120 and receiver process 
ing and equalization circuit 170 receive information as 
to which of the three above-mentioned modulation 
formats are to be used and also what the carrier fre 
quency is. 

Various random access memories are also loaded 
during initialization. These include random access 
memories within encoder 115 and decoder 175 which 
hold microcoded program instructions under the con 
trol of which the encoder and decoder operate. Also 
initialized are all of the numerous variables stored in 
RAM 320. 
When initialization is complete, the controller enters 

the background loop and sequentially performs the 
above-mentioned background tasks. 
For example, in a so-called background diagnostic 

task, controller 30 reads an ID word stored in a particu 
lar register in each of the LSI circuits of circuitry 20. 
The value of each ID word, as read, is compared to the 
known value thereof stored in ROM 315. The ability of 
controller 30 to retrieve the proper ID word from each 
LSI circuit is a good indication that at least a consider 
able portion of the controller 30 bus structure is func 
tioning properly. It is also one indication that the LSI 
circuits are themselves operational and that the proper 
LSI circuit was inserted in the proper place during data 
set manufacture. The background diagnostic task may 
also include other checks on the integrity of the data set 
circuitry. Upon failure of any of these diagnostic 
checks, the background diagnostic task sets a flag in a 
data set health word stored in RAM. Through the oper 
ation of other tasks, the finding of a fault and the result 
ing setting of an appropriate ?ag in the health word 
causes front panel status indicators 82 to switch to red 
on/ green off and a mnemonic for the fault is presented 
on display 87. 
Another task is a modem operational task, which is 

principally comprised of a number of so-called consis 
tency checks. For example, the state of the RS (request 
to-send) lead, which can be read from encoder 115, is 
compared with a transmitter status word within RAM 




























