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2.1 Data Communication Network (DCN) 
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2.lc Software Design 
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(8) "Programmable Tester for Measuring Network 
Characteristics", Ser. No. 399,172 of H. Rubin, since 
issued as U.S. Pat. No. 4,459,436 on July 10, 1984; 

(9) "Programmable Network Tester with Data For­
matter", Ser. No. 399,184 of K. B. Kemper-H. Rubin; 

35 3. MLT CIRCUITRY AND PROGRAMS 
3.1 DCN Implementation 

(10) "Programmable Gain Amplifier", Ser. No. 
399,183 of K. B. Kemper; 

(11) "Digital Signal Generator", Ser. No. 399,176 of 40 
H. Rubin; 

(12) "Magnetic Current Sensor", Ser. No. 399,182 of 
K. B. Kemper; 

(13) "Magnetic Current Sensor with Offset and Load 
Correction", Ser. No. 399,174 of J. M. Brown-K. B. 45 
Kemper, since issued as U.S. Pat. No. 4,516,070 on May 
7, 1985; 

(14) "Magnetic Differential Current Sensor", Ser. 
No. 399,173 of J.M. Brown, since issued as U.S. Pat. 
No. 4,517,513 on May 14, 1985; 50 

(15) "Digital Filtering with Monitored Settling 
Time", Ser. No. 399,189 of H. Rubin; 

(16) "Dial Pulse Measurement Circuitry", Ser. No. 
399,181 of H. A. Miller, since issued as U.S. Pat. No. 55 
4,501,003 on Feb. 19, 1985; 

(17) "Coin Telephone Measurement Circuitry", Ser. 
No. 399,178 of H. A. Miller; 

(18) "Dual-port Random Access Memory Arrange­
ment", Ser. No. 399,179 of H. C. Bond-E. H. McFad- 60 
den-H. A. Miller; 

REFERENCE TO A MICROFICHE APPENDIX 

This application contains a set of microfiche appendi­
ces, designated A through C, listing programs incorpo- 65 
rated in the testing system comprising the subject mat-
ter of this disclosure. The total number of microfiche is 
16 and the total number of frames is 923. 

3.1.1 Circuitry 
3.1.2 DCN Programs 
3.2.1 LTS Controller Implementation 
3.2.la L TS Main Controller Circuitry 
3.2.lb LTS Universal Memory 
3.2.lc LTS Serial Data Line Interface 
3.2.ld LTS Programs 
3.2.le Test Sequences 
3.2.2 Port Controller Implementation 
3.2.3 PMU Implementation 
3.2.3a DSG Circuitry 
3.2.3a.1 DSG Software Considerations 
3.2.3a.2 DSG Hardware Considerations 
3.2.3b Magnetic Current Sensor Circuitry 
3.2.3c Digital Processing and Control 
3.2.3d Digital Processing Considerations 
3.2.4 Loop Connection Circuitry 
3.3 FE System Considerations 

TECHNICAL FIELD 

This invention relates generally to testing of telecom­
munication facilities such as telephone loops provided 
over multipair cables and, more particularly, to a stored 
program control sy~tem which directs a network of 
distributed processors to access and measure the facili­
ties. 

BACKGROUND OF THE INVENTION 

In order to test telephone loops, whether for fault 
diagnosis, preventive maintenance purposes or even to 
compile statistical information about loop characteris­
tics, three basic functions are required, namely: access, 
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test and communication. These three basic functions 
can readily be identified for any manual or automatic 
testing system. For instance, within each system, there 
are mechanisms for gaining control of a loop to be 
tested, for connecting to it and for directing appropriate 5 
testing activities. Moreover, a two-way communication 
path exists between testing personnel or equipment 
interfaces so that selected test activities may be initiated, 
coordinated and the results collected for analysis. Of­
tentimes, an automated central controller determines 10 
the testing pattern and analyzes results via interpretive 
algorithms. 

One such computer-based system has been described 
in an article entitled "The Evolution of the Automated 
Repair Service Bureau with Respect to Loop Testing", 15 
published in the Conference Record of the International 
Symposium on Subscriber Loops and Services, March, 
1978, pages 64-68 as authored by 0. B. Dale. The Auto­
mated Repair Service Bureau (ARSB), which supports 
loop maintenance operations, includes the following 20 
maintenance functions: receiving trouble reports from 
customers; trouble report tracking; generating manage­
ment reports; and real-time loop testing and fault diag­
nosis. Thus, within the ARSB framework, there is pro­
vided a rapid, convenient method for testing and ana- 25 
lyzing test results automatically at the time of customer 
contact as well as on demand during repair procedures. 

In order that the subject matter of the present inven­
-tion may be elucidated, it is important to elaborate on 
-_ the ARSB architecture and the capabilities of the 30 
·above-mentioned testing arrangement within this archi­
tecture. The information presented by this overview is 
set forth in the above-mentioned reference as well as in 
an article entitled "Automation of Repair Service Bu­
reau", Conference Publication No. 137 of the Interna- 35 

- tional Symposium on Subscriber Loops and Services, May, 
1976 as authored by R. L. Martin. FIG. 1 indicates that 

- ·the conventional ARSB comprises a tree-like structure 
·with four major levels. At Level 1 of the tree is a data 
storage computer (200) which maintains a master data 40 
base of up to five million customer line records; the 
information on these records includes data as to equip­
ment terminating the loop, loop composition, customer 
telephone number, and so forth. Level 2 is composed of 
an array of front end (FE) computers (220,221), each of 45 
which manages the bulk of the trouble report process-
ing for about 500,000 lines. The users of the system, 
typically maintenance and craft personnel of the tele­
phone company deploying the ARSB, interact with the 
system at this level. Level 3 is an array of control com- 50 
puters (240,241) that control access and testing and 
provide analysis of test results. Level 4 comprises loop 
testing frames (250,251) which perform the loop ac­
cesses and actual test measurements via test trunk con­
nections to switching machines located in geographical- 55 
ly-dispersed central offices. 

Test requests from users are received and supervised 
by the FE computers and then performed by algorithms 
in the control computers and circuitry in the loop test-
ing frames. The tests conducted are based on adaptive 60 
algorithms that compose test scripts in real time as a 
function of the electrical characteristics of the custom­
er's equipment in the idle state. The data used are ex­
tracted from the data storage computer and then pro­
vided by the FE computers at the time the test request 65 
is generated. As testing on a customer's loop proceeds, 
the test script is continually being revised to reflect the 
knowledge of the loop which has been gained from the 

test results. The final test results and analysis are format­
ted for display to the user by the requesting FE com­
puter. Varying levels of display detail, based on the 
technical sophistication of the user, are provided. 

The loop testing subsystems of the ARSB were ar­
ranged to provide an area-based (about I million loops) 
system in order to expedite its introduction and mitigate 
cost to users. As a result, not all of the testing functions 
of the standard pre-ARSB facility, known as the Local 
Test Desk (LTD), were incorporated. For instance, the 
LTD continued to be used for interactive testing be­
tween testers at the LTD and field repair craft. The 
loop testing subsystem could not be utilized to maintain 
a connection to the loop under test for a prolonged 
duration, nor could field repair personnel be guided 
through a series of steps to diagnose, locate and correct 
a fault. In short, the loop subsystem was effective only 
in screening troubles and performing pre-dispatch and 
post-dispatch testing. Also, not every type of terminal 
equipment could be tested. For instance, coin telephone 
features were precluded from testing. Moreover, be­
cause the LTD operated within the same environment 
as the ARSB, the LTD was considered a backup during 
temporary outages of ARSB so there was no need for 
redundancy or fail-soft operation in the testing system. 
Finally, the area-oriented system was not cost effective 
for single wire centers serving only a few thousand 
lines. 

With the above background, the significant limita­
tions and deficiencies of the conventional ARSB testing 
system, including those emphasized above, may be sum­
marized as follows: (1) no interactive testing capability 
with field craft personnel nor customers; (2) inability to 
test coin telephone stations including such conditions as 
off-normal totalizers, stuck coin conditions, coin collect 
and coin return circuitry, and loop-ground resistance; 
(3) impossible to test and talk over the same test connec­
tion; (4) no single- and double-sided resistive fault sec­
tionalization capability; (5) no ability to apply metallic 
or longitudinal pair identification tones; and (6) no capa­
bility to control and monitor concurrent testing opera­
tions from a single work station. 

Besides the ARSB approach, numerous other auto­
mated, but less complex, approaches have been em­
ployed to effect loop testing. Typically these have fo­
cussed on specialized problem areas, such as rapid-scan 
procedures to verify the accuracy and quality of splic­
ing operations or simplified checks on easily quantifi­
able loop parameters like loop insulation resistance or 
loop impedance at a given frequency for preventive 
maintenance purposes. 

Other automated approaches, with a sophistication 
comparable to the ARSB approach, have been devel­
oped for the purpose of diagnostic testing. One repre­
sentative prior art system is disclosed in U.S. Pat. No. 
4,139,745 issued to Ashdown et al on Feb. 13, 1979. 
Broadly speaking, the system comprises control means 
having a programmed digital computer and associated 
memory, a line test network, at least one user station 
and an interface for interconnecting tl,ese elements and 
one or more telephone exchanges and the plurality of 
telephone lines extending from such exchanges. 

The line test network is responsive to the digital com­
puter and includes means for generating a plurality of 
signals for a test cycle. During a cycle, besides DC and 
noise measurements, AC signals are applied to the 
three-wire line comprising the tip-ring-ground conduc­
tors and longitudinal and metallic response signals are 
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measured. The responses are utilized to provide an 
indication of the capacitive load across the line which, 

allocation procedure could lead to blocking situations 
with concomitant throughput delays. 

Also, the standard communication sequences be­
tween a sender and receiver over a bus are usually re-

in tum, may be translated to produce parameters indica­
tive of, for example, line length, type of termination and 
possible line faults. s plete with segments of no activity on the' bus. For in­

stance, after the sender transmits a message, the receiver 
computes a check word while the sender remains idle. 
The receiver then returns an acknowledge/negative 

However, this prior art system possesses the same 
shortcomings and limitations summarized above with 
respect to the ARSB. Moreover, since the system is not 
comprised of a data base for storing information about 
line composition, adaptive testing and interpretation of 10 
results in view of line configuration information is pre­
cluded. In addition, although many users may have 
access to the system, each testing operation is basically 
sequential and there is no suggestion that access and 
testing operations on many different lines within one 15 
exchange may be occurring concurrently. 

It is clear from a perusal of the prior art portion of the 
ARSB set forth in FIG. 1 that each grouping of test 
trunks is served by only one FE computer. In the event 
of a FE computer outage, the Local Test Desk could, 20 
temporarily, satisfy user test requests. However, such 
reliance reduces system throughput and is inappropriate 
in a fully automated testing environment. Such a short­
coming is obviated in an architecture that allows a plu­
rality of FE computers to access any particular trunk. 25 

To mitigate these and similar shortcomings, some 
distributed computer systems require that a cluster of 
controlling minicomputers communicate with remote 
entities that typically include microprocessor-based 
subsystems. However, when the number of such remote 30 
entities become large, a significant amount of minicom­
puter processing time must be devoted to these commu­
nication needs, and throughput is again reduced. 

Also, packet switching networks may be used advan­
tageously in some situations, but delay times through 35 
such networks and the cost of additional remote cir­
cuitry can render these solutions unattractive. 

With the development of microprocessors, which 
function autonomously, it becomes feasible to decen­
tralize switching functions and thereby offload many 40 
controller computer communication activities to the 
actual point of switching. Such an arrangement is dis­
cussed in U.S. Pat. No. 4,285,037 issued to H. Von 
Stetten on Aug. 18, 1981; this disclosure is selected as 
representative of numerous distributed processor 45 
switching networks configured for intercomputer com­
munication. In these networks, all distributed proces­
sors, generally microprocessors, are connected to one 
another via a common bus. Communication of messages 
in the transmitting and receiving directions occurs be- 50 
tween the processors in the form of information blocks 
having address information. A central clock is provided 
under whose control respective processors are cycli­
cally connected for the emission of an information 
block and all other processors are connected to the 55 
common data bus in the receiving mode. Only the re­
ceiver having the specified address then receives the 
desired message. The processors comprising the system 
receive information from and transmit messages to asso­
ciated peripheral or interface devices. For instance, 60 
some processors may be coupled to terminals or memo­
ries, whereas other processors may connect to commu­
nication lines having different baud rate capabilities. 

The major shortcomings of such an arrangement 
include the utilization of a common bus which pre- 65 
eludes alternative routing in case of a bus failure and the 
sequencing procedure allowing only one bus talker at a 
time. During peak message transfer periods, such an 

acknowledge status message. Once the transmitted mes­
sage is accepted, the sender then determines the next 
activity while the receiver is now inactive. Techniques 
have been devised to improve the efficiency of trans­
mission in this simpl~ sender-receiver situation. One 
such improvement utilizes the time the sender is idle 
(during check word computation) to effect a determina­
tion of the next activity. 

The inefficiency is magnified in the situation of a 
talker communiating with many listeners. During the 
period in which one receiver is computing a check 
word, the remaining receivers are idle. If a retransmis­
sion is necessary, the inefficiency is compounded. Part 
of the difficulty occurs because the accept-reject status 
of a total message is also formulated as a message and 
returned over the data leads of the bus. Moreover, in 
situations exemplified by the ML T system, wherein the 
message propagate time is of the same order as a check 
word computation, the sender is idle for a significant 
portion of each transmission activity. This is in contrast 
to the situation wherein the messages are considerably 
longer than the check word computations, so the per­
centage of time the sender is idle is small. 

As alluded to above in the summary of ARSB defi­
ciencies, automated testing of coin telephone systems 
has, in the past, presented severe implementation prob­
lems because of the special nature of the coin equip­
ment. Other special loop situations, such as analysis of 
dial pulses or measurement of nonlinear devices like 
thermistors, have also presented basically insurmount-
able implementation difficulties with conventional auto­
mated test procedures and equipment. Fortuitously, 
however, technological advances recently occurred 
which now make it possible to solve these problems and 
difficulties. Advances in microcomputing, digital signal 
processing and measurement technology have provided 
the motivation for the development of versatile digital 
signal generators and digital analysis techniques, includ­
ing digital filtering, which produce rapid and accurate 
measurements. Unfortunately, however, the majority of 
subscriber lines to be tested are still analog in nature and 
parameters of interest relate to the frequency-dependent 
characteristics of the lines. Therefore, a suitable tran­
sponder for interfacing the analog lines to the sophisti­
cated digital processing techniques is still a fundamental 
necessity. 

One such transponder arrangement developed for 
sensitive line current measurements is disclosed in U.S. 
Pat. No. 4,274,051 issued to J. Condon on June 16, 1981. 
The invention set forth in this reference utilizes a pair of 
magnetic structures to produce an output signal when 
the current on the loop is other than zero. However, 
because the line currents undergoing measurement with 
this arrangement were large in magnitude, the errors 
caused by differences in the hysteresis characteristics 
between structures were negligible and could be ig­
nored. Such errors, particularly when measuring differ-
ential currents, prove to be critical and require compen­
sation to insure accuracy and resolution over the broad 
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operating range expected of the transponder in the digi­
tal processing environment. 

SUMMARY OF THE INVENTION 

In accordance with the illustrative embodiment of the 5 
present invention, a data communication network uti­
lizes a three-tier processing architecture to route high­
level messages between a plurality of control computers 
and numerous response computers. Each tier comprises 
a plurality of substantially identical microcomputers to 10 
parse messages arriving at the input of the correspond-
ing tier and to assemble outgoing messages. The control 
computers and response computers are generally re­
motely located and geographically dispersed and, there­
fore, are interconnected to the communication network 15 

with data links implementing a link level protocol. The 
input and intermediate tiers as well as the output and 
intermediate tiers are interconnected with parallel ori­
ented busses. Each input tier microcomputer connects 
to, at most, twelve intermediate tier microcomputers. 20 

Each microcomputer in the intermediate tier connects 
to, at most, eight output tier microcomputers. The mi­
crocomputers in each tier are then partitioned and ar­
ranged to provide at least two alternative paths through 

25 the network to achieve a degree of redundancy. The 
architecture supports both baud rate conversion and 
protocol conversion because of the relative indepen-

• dence of the input and output tiers. The path of a mes-
. · sage through the network is determined by parsing the 30 
• contents of the incoming message. The route for a re­

turn message is dynamically compiled as a message 
propagates through the network. 

The invention is set forth with particulaity in the 
appended claims. An understanding of this invention 35 
may be obtained with reference to the following de­
tailed description taken in conjunction with the accom-

,,,panying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
40 

FIG. 1 indicates the architectural arrangement of one 
·conventional automated testing system and, in accor­
dance with an alternative embodiment of the present 
invention, an arrangement for integrating the distrib­
uted Mechanized Loop Testing (ML T) system within 45 
the conventional system to expand test capabilities. 

FIG. 2 depicts, in overview fashion, a block diagram 

of the number of copies of software utilized to imple­
ment the various system tasks. 

FIG. 10 depicts the priority of execution of tasks 
within any of the microcomputers of the DCN. Both 
the initialization execution ( top portion of FIG. 10) and 
execution with external event interrupts are illustrated. 

FIG. 11 depicts, in block diagram form, a realization 
of the Loop Testing System (L TS) shown pictorially in 
FIG. 2. 

FIG. 12 illustrates the DATA bytes in the INFOR-
MATION field for the regular or main distributing 
frame access request message as routed through the 
L TS of FIG. 11. 

FIG. 13 illustrates the contents of an interactive re­
quest message when both a loop access and a talk path 
to the Maintenance Center are to be established. 

FIG. 14 depicts the message returned from the port 
controller of FIG. 11 in response to an access request 
message. 

FIG. 15 illustrates those DATA bytes extracted from 
the message format of FIG. 13 which are then utilized 
by the TCD task of the LTS controller of FIG. 11 to 
establish the actual callback path. 

FIG. 16 is a depiction of the message format for a test 
request. 

FIG. 17 depicts, in block diagram form, the circuitry 
comprising one Precision Measurement Unit (PMU) of 
FIG. 11 . 

FIG. 18 is a more detailed representation of the PMU 
controller, AC-DC source generator and digital signal 
processing portions of the block diagrams of FIG. 17. 

FIG. 19 illustrates the arrangement of memory bytes 
to realize the accumulator of the digital signal generator 
within the AC-DC source generator of FIG. 17. 

FIG. 20 is a diagram, partly in schematic and partly in 
block form, showing one implementation of the source 
applique of FIG. 17. 

FIG. 21 indicates essential portions of magnetic cur­
rent sensor circuitry of the detector portion of FIG. 17 
whereby loop currents are transformed to equivalent 
voltages. 

FIG. 22 depicts the processing circuitry of the detec­
tor of FIG. 17 utilized to filter and scale the equivalent 
voltages. 

FIG. 23 shows a block diagram representation of the 
measurement processor of FIG. 17. 

of the major components comprising the stand-alone 
Mechanized Loop Testing system, as well as the inter­
connections among these components. 

FIG. 24 indicates the manner in which FIGS. 18, 20, 
22 and 23 may be arranged to form a composite repre-

50 sentation of FIG. 17. 
FIG. 3 depicts a three-tier multiprocessor realization 

of the Data Communication Network (DCN) shown in 
block diagram form in FIG. 2. 

FIG. 4 illustrates the internal bus structures of the 

FIG. 25 indicates that the PMU task provides data to 
specify which of the many possible test requests is to be 
selected and, accordingly, appropriate parameters are 
passed to the measurement cycle controller. 

connection matrix and the connection arrays of the 55 
DCN. 

FIG. 26 depicts the sequencing of the measurement 
cycle controller for each configuration of PMU cir­
cuitry. FIG. 5 shows the flag-field pattern for a representa­

tive conventional high level data link protocol and, in 
particular, the location of the INFORMATION field 
within the pattern. 

FIG. 6 indicates the composition of the INFORMA­
TION field in terms of HEADER parameters and 
DAT A bytes utilized by the ML T system in message 
routing, loop access and loop test. 

FIGS. 7, 8 and 9 show the microcomputer software 
architecture, in pictorial form, for tiers 1, 2 and 3, re­
spectively, of the DCN. These illustrations are pictorial 
in the sense that they indicate a logical situation in terms 

FIG. 27 illustrates the switch matrices comprising the 
equipment access network of FIG. 17 as well as the 

60 arrangement of various access and test circuits of FIG. 
17 at the ports of the equipment access network. 

FIG. 28 indicates that: a tier 1 device in the DCN is 
composed of the circuitry depicted in FIGS. 29 and 30; 
a tier 2 interface is formed from the circuitry of FIGS. 

65 29 and 30; and a tier 3 circuit comprises the circuitry of 
FIGS. 29, 32 and 33. 

FIG. 29 is a block diagram representation of the CPU 
circuitry utilized by the three tiers of the DCN. 
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FIG. 30 is a block diagram illustration of the serial­

input, parallel-output communication circuitry of a tier 
1 device. 

FIG. 31 is a representation in block diagram form of 
the parallel-to-parallel communication circuitry of a tier 5 
2 interface. 

FIG. 32 depicts the parallel-input portion of a tier 3 
circuit in block diagram form, whereas FIG. 33 shows 
the serial-output portion of each tier 3 circuit. 

FIGS. 34 through 36 and 38 through 41 are schemat- JO 
ics of the various subsystems comprising the CPU cir­
cuit of FIG. 29 and include, respectively: the reset cir­
cuitry; the interrupt structure; the microcomputer­
based processor; address buffer; random access mem­
ory; address decoder; and timer, buffer and circuitry 15 
identifier arrangements. 

FIG. 37 is a timing diagram indicating the levels of 
the ports of the microcomputer relative to the input 
clock. 

FIG. 42 depicts the signal leads comprising the three 20 
external busses and the internal bus shown in FIG. 29 

FIGS. 43 through 48 are schematics of the different 
subsystsms comprising the serial-to-parallel portion of a 
tier 1 device shown in FIG. 30 and include, respec­
tively; read-only memory; talker/lister/controller inter- 25 
face; direct memory access circuits with accompanying 
data buffer; data link protocol interfaces with associated 
buffer; and chip select circuitry. 

FIGS. 49 through 53 are schematics of the subsystsms 
cooperating to form the parallel-to-parallel portion of a 30 
tier 2 interface shown in FIG. 31 and include, respec­
tively: talker/listener interface; direct memory access 
circuitry; and chip select circuitry. 

FIGS. 54 and 55 are schematics of the serial output 
portion and the programmable interval timer portion, 35 
respectively, of a tier 3 circuit shown diagrammatically 
in FIG. 33. 

FIG. 57 is a depiction of the interconnection between 
a controller and listener explicitly setting forth the serial 
poll register contents and the major/minor addressing 40 
capability of the general purpose bus. 

FIG. 58 indicates that: the LTS controller of FIG. 11 
is comprised of the circuitry depicted in FIGS. 59, 69 
and 72; the port controller of FIG. 11 is a composite of 
the circuitry shown in FIGS. 59, 69 and 81; the PMU 45 
controller of FIG. 17 is formed from the circuitry illus­
trated in FIGS. 59 and 69; and the digital signal process-
ing circuitry of FIG. 17 is depicted by the block dia­
gram of FIG. 110. 

FIG. 59 is a block diagram representation of the CPU 50 
circuitry utilized to implement either the L TS main 
controller, port main controller or the PMU main con­
troller. 

FIGS. 60 through 68 are schematics of the different 
modules forming the basic main controller as depicted 55 
by FIG. 59 and include, respectively: the microproces-
sor and its associated controller as well as bus buffers; 
timer and bus adapter; bus controller and associated 
buffers as well as system reset; system oscillator and 
clock divider; and two types of random access memory. 60 

FIG. 65 depicts the signal leads comprising the exter­
nal and internal busses shown in FIG. 60. 

FIGS. 66 through 68 indicate the memory allocation, 
including those bank-switched portions, for the L TS 
controller, the port controller and PMU controller, 65 
respectively. 

FIG. 69 is a block diagram of the universal memory 
board which indicates that FIG. 70 provides the sche-

matic diagrams for the data transceiver, address buffer 
and decoder as well as the bank selector portions of the 
universal memory whereas FIG. 71 provides the ar­
rangement of memory devices. 

FIG. 72 is a block diagram of the data line interface 
associated with the LTS controller of FIG. 58. 

FIGS. 73 through 75 are schematics of the subcom­
ponents comprising the data line interface of FIG. 72 
and include, respectively: read-only memory and ran­
dom access memory realizations as well as address de­
coding for these memories; synchronous data link pro­
tocol controller and associated clock; and reset and data 
buffer circuitry. 

FIG. 76 is a block diagram representation of circuitry 
arranged to effect a measurement of loop balance. 

FIG. 77 incorporates both schematic and block dia­
gram illustrations to indicate the procedure for measur­
ing metallic noise in LOOP, RING ground and TIP 
ground start central offices. 

FIG. 78 indicates an arrangement for detecting a 
single frequency tone on a subscriber loop. 

FIG. 79 presents circuitry for rotary dial analysis. 
FIG. 80 is a representation of a circuit utilized to test 

for receiver off-hook conditions. 
FIG. 81 is a block diagram of the port interface asso­

ciated with the port controller of FIG. 58; this diagram 
indicates that circuit details relating to the address de­
coder are given in FIG. 82 whereas FIG. 83 presents 
random access memory realizations. 

FIG. 84 is a block diagram depiction of circuitry 
comprising the AC portion of the source generator of 
FIG. 18. 

FIG. 85 is a more detailed representation of one AC 
reference signal generator depicted in FIG. 84. 

FIG. 86 is a structure chart indicating the calling 
linkages among the various processes, output functions 
and subroutines comprising the programs of the AC 
generators of FIG. 84. 

FIGS. 87 and 91 are flow charts for the RESET 
process and the DAT A ACCEPT subroutine depicted 
in FIG. 86, whereas FIGS. 88 through 90 provide the 
flow chart for the NMI process. 

FIG. 92 illustrates the data transfer sequence for a 
variable byte count relating to providing information to 
the Sequence Single Frequency output function. 

FIG. 93 depicts the bit weights to be assigned to the 
hexidecimal data values for digital signal generation. 

FIG. 94 indicates the number and order of transmis­
sion of bytes for the various output functions of the 
source generator. 

FIG. 95 is a flow chart of the program implementing 
the Single Frequency output function. 

FIG. 96 is a recasting of FIG. 20 in view of the circut 
details presented for the source generator. 

FIG. 97 is a flow diagram for the SINCOS subrou­
tine. 

FIGS. 98 and 99, in combination, present the flow 
chart for the Sequence Multifrequency function. 

FIGS. 100 through 103 are flow charts for, respec­
tively, Convert Frequency, Zero, T-ON and T-OFF 
subroutines of the source generator. 

FIG. 104 is a memory map for the various software 
routines utilized to implement the source generator of 
FIG. 17. 

FIG. 105 combines the circuitry of FIGS. 20 and 21 
which allow a full elucidation of the operation of the 
magnetic current sensor circuitry. 
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FIGS. 106 and 107 present a portion of major satura­
tion hysteresis loop for two magnetic structures imple­
menting a current sensor for matched and mismatched 
conditions, respectively. 

12 

FIG. 108 is a· diagram indicating the sequence of 5 
operations, as well as their relative timing, for generat­
ing a pair of data samples in the measurement processor 

The area served by a ML T system generally encom­
passes a number of geographically-dispersed wire cen­
ters 150 and 151 containing switching machines 170 and 
171, respectively. Individual subscriber loops 180, ... , 
183, with associated customer equipment 190, ... , 193, 
respectively, are served by wire centers 150,151 and 
connect to switching machines 170,171. Each wire cen­
ter 150 or 151 served by the ML T system contains a 
collocated microprocessor-based Loop Testing System 
(LTS) 160 or 161, respectively, that also implements 
access, test and comm~nication capabilities (shown 

of FIG. 11. 
FIG. 109 depicts circuity implementing a program­

mable gain amplifier for autoranging during a measure- 10 
ment cycle. 

FIG. 110 is a block diagram of the digital signal pro­
cessor depicted with reference to the PMU circuitry of 
FIG. 58. 

FIGS. 111 through_l14 are schematics of the different 15 
subcomponents comprising the digital signal processor 

pictorially as components of each L TS 160 or 161 in 
FIG. 2). The access portion of each L TS 160,161 is 
arranged with circuitry for establishing a transmission 
connection, under control of FE computers 220,221, 
over the national dial network, that is, the Direct Dis-
tance Dialing (DDD) network, via facilities 932 and 933 
emanating from wire centers 150 and 151, respectively. 

of FIG. 110 and they indicate, respectively: random 
access memory and read-only memory implementa­
tions; the dual-port RAM and demultiplexing circuitry 
to interface the PMU controller to the programmable 20 
signal processor of FIGS. 112 and 114; and address 
decoding circuitry. 

Switching machines 170,171 are accessible from LTS 
160,161 via test trunks 940,941, respectively. 

Front-end (FE) computers 220,221 interact with stor­
age computer 200 to retrieve pertinent data regarding 
subscriber loops to be tested. Since FE computers 220 
and 221 are not necessarily collocated with computer 
200, data links 900 and 901, respectively, are provided 
for intercomputer communication. Direct communica-

FIG. 115 shows the architectural arrangement for the 
special purpose signal processor implementing the 
down-loaded signal processing techniques. 25 

FIG. 116 illustrates the boundary alignment for the 
various registers and busses comprising processor of 
FIG. 115. 

tion between FE computers 220,221 is accomplished via 
Parallel Communication Link (PLC) 210 and inter­
posed busses 910,911, respectively. FIGS. 117, 118 and 119 depict the flow diagram of a 

, program for digital filtering DC signals and thereby 30 

.. determine the settled DC values for one to six synchro-

The communication functions that reside in each 
L TS 160,161 and in each FE computer 220,221 are 
coupled via Data Communication Network (DCN) 140 . 
DCN 140 allows any one of FE computers 220,221 to 
communicate with any L TS 160,161 in any wire center 
150,151 served by the ML T system. DCN 140 is also a 
microprocessor-based distributed processing machine 

.. nously demodulated channels. 
FIGS. 120 through 123 depict the flow diagram of a 

program for analyzing coin phone tone bursts in order 
to test a coin totalizer. 35 

DETAILED DESCRIPTION 

1. THE MECHANIZED LOOP TESTING (MLT) 
ARCHITECTURE 

The overriding architectural consideration employed 

that offloads communication processing for all FE com­
puters 220,221. 

The architecture depicted in FIG. 2 allows any FE 
40 computer 220,221 to test any customer loop 180, ... , 

183 within the area served by the ML T system. To 
demonstrate this, the following describes, again in over­
view fashion, the operation of the illustrative embodi-

-in the ML T system is to distribute the access, test and 
communication functions as closely as possible to the 
point of testing, which generally is the centralized 
switching facility serving the subscriber loops to be 45 
tested. The deployment of such a distributed architec­
ture minimizes data flow in the system, increases testing 
accuracy and expands test capabilities. 

ment of the ML T system. 
A loop test is typically generated by a request from 

repair service bureau personnel, typically a mainte­
nance administrator. This user has a console 230,231 
with an input/output device, e.g., a keyboard and cath­
ode-ray tube (CRT), for interfacing to a FE computer To place in perspective the description that follows, 

FIG. 1 illustrates, in overlay fashion, one arrangement 
for integrating the distributed ML T system within the 
framework of the ARSB system discussed in the Back­
ground Section. In this depiction, it is clear that one 
embodiment of the ML T system serves as an adjunct to 
the testing system described earlier. However, the illus­
trative embodiment of the present invention is best elu­
cidated as a stand-alone system and this arrangement is 
shown in FIG. 2. 

FIG. 2 depicts, in overview fashion, a block diagram 
of an illustrative embodiment of the ML T architecture 
arranged in accordance with the present invention. 
Data storage computer 200 stores information about 
each subscriber loop existing in the area to be served by 
the ML T system. For instance, typical types of informa­
tion accessible in computer 200 include the composition 
of the subscriber loop, office equipment, outside plant 
equipment and terminating equipment associated with 
each loop. 

50 220,221 via data links 912,913, respectively; the console 
also includes circuitry 235,236 for communicating over 
the DDD network via conventional facilities 914 and 
915. Several types of CRT masks are available to enable 
the user to input data (e.g., a telephone number to be 

55 tested) and receive output (e.g., test results) from the 
ML T system. When the user determines a subscriber 
loop is to be tested, an ML T program resident on FE 
computer 220 or 221 requests that certain data base 
information be retrieved from storage computer 200 

60 relating to the characteristics of a loop 180, ... , or 183 
to be tested. This information is utilized by an applica­
tion process resident on FE computer 220 and 221 that 
initiates accessing of the loop and then guides loop 
testing. The application process may contain, for in-

65 stance, an adaptive loop testing algorithm or it may 
contain commands to implement interactive test control 
and other functions similar to that performed with man­
ual testing. 
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Because of the processing capability available in the 
microcomputers of L TS 160,161, only high level com­
mands are generated by FE computers 220,221. The 
first command requests L TS 160 and 161 to access a 
specified telephone number and, if interactive testing is 5 
required, the command also provides the telephone 
number of the circuitry at the user's console so a call­
back path may be established. The message compiled by 
the appropriate FE computer 220 or 221 to implement 
the command and transmitted over outgoing data link 10 
920 and 921 contains a message field having a parameter 
that identifies which L TS data link 930 or 931 is to be 
utilized for intercomputer communication. Any mes­
sage, including the first one, is routed from FE com­
puter 220 or 221 to DCN 140 via incoming data links 15 
920 or 921 and, after appropriate parsing and reassem-
bly of the message, from DCN 140 to the preselected 
L TS 160 or 161 via outgoing data link 930 or 931. When 
access is completed, the response is rerouted through 
data link 930 or 931, DCN 140 and data link 920 or 921 20 
to the FE computer 220 or 221 that requested the ac­
cess. Subsequent message transactions that occur be­
tween FE computer 220 or 221 and L TS 160 or 161 
involve high level requests for tests to be performed, 
followed by detailed responses containing raw test data 25 
(e.g., the amount of current that was measured on loop 
wires 180, . . . or 183 when a particular source was 
applied to the loop by LTS 160 or 161). These transac­
tions may be prefaced with oral communications be­
tween the maintenance administrator at console 230,231 30 
and the customer serviced by the loop or field craft 
personnel at a location along the loop. These communi­
cations are transacted over DDD callback path and are 
generally utilized in the interactive test mode to estab-
lish appropriate conditions on the loop for test pur- 35 poses. For example, a craftperson may be requested to 
short the loop so a DC resistance measurement may be 
effected; The last request made by FE computer 220 or 
221 is to have L TS 160 or 161 disconnect from loop 180, 
... or 183 under test. The number of loops that may be 

40 accessed simultaneously at any L TS site and the number 
of simultaneous tests that may be in progress at a given 
L TS are discussed in the sequel. 

The above overview shows the basic design philoso­
phy of the ML T system and illustrates one distributed 
processing approach to loop testing. Hardware and 45 

software functions are partitioned so that system com­
plexity is reduced to the point where basically indepen­
dently designed and maintained ·modules interact via 
high level commands. The following section describes 
the individual modules or components of the ML T 50 

system in somewhat more detail, but basically still in 
overview fashion, from both a hardware and software 
perspective. After this, another pass through each com­

14 
ders, is actually 1568 data links or, equivalently, 1568 
Loop. Testing Systems). 

FIG. 3 shows a three-tiered multiprocessor realiza­
tion of DCM 140. Tier 1 serial-in, parallel-out devices 
1401, ... , 1412 are arranged to accept incoming data 
links 9201, ... , 9224 on a two data link-per-device basis. 
For instance, device 1401 in tier 1 interconnects to data 
links 9201 and 9202. Incoming data links 9201, ... , 9224. 
originate from FE computers 220,221 of FIG. 2. In fact, 
internal data link 9201 is the same link indentified as 
external data link 920, as depicted in FIG. 3. A similar 
identification may be made between links 921 and 9224. 

Tier 3 parallel-in, serial-out processing circuits 14001, 
... , 14096 are arranged to provide outgoing data links 
93001, ... , 93768 on an eight data link-per-circuit basis. 
Outgoing data links 93001, . . . , 93768 terminate on 
L TS's 160,161 of FIG. 2. In fact, internal data link 
93001 is the same link identified as external link 930, as 
depicted in FIG. 3. A similar identification may be 
made between links 931 and 93768. 

Tier 2 parallel-in, parallel-out processing interfaces 
1421, ... , 1468 serve to interconnect first tier devices 
1401, ... , 1412 and third tier circuits 14001, ... , 14096 
by means of connecting arrays 141, ... , 144 and con­
nection matrix 145, shown in block form in FIG. 3. 
FIG. 4 depicts the actual arrangement of arrays 141, .. 
. , 144 and matrix 145. 

With reference to FIG. 4, array 141 (arrays 142, 143 
and 144 are substantially the same as array 141) com­
prises three similar, but independent busses 14121, 
14122 and 14123. Each of these busses 14121, 14122, 
14123 implements, in the preferred embodiment, the 
General Purpose Interface Bus (GPIS) protocol. This 
protocol is defined in IEEE Standard 488-1978 "Digital 
Interface for Programmable Instrumentation," a well-
known standard in the art of digital communication. 
Matrix 145, comprising forty-eight similar, but indepen­
dent busses 145501, 145502, ... , 145548, also utilizes the 
GPIB protocol. The interconnections of the· various 
busses are arranged to provide modularity and fail-soft 
operation of DCN 140, as now explained. 

The twelve tier 1 devices 1401, ... , 1412 of FIG. 3 
are partitioned into groups of three devices-per-group. 
For instance, the first group contains devices 1401, 1402 
and 1403. The circuit elements representing these de­
vices have been labeled 'l', '2', and '3', respectively, 
within the pictorial representation of each element. 
Thus, device 1401 has been designated with a '1', device 
1402 with a '2' and so forth. The numbers below 'l', '2' 
and '3' in each pictorial representation, that is, 'O', 'l', 
and '2', are indicative of the logical addresses to be 
associated with the actual element numbers. These logi­
cal designations will be utilized to describe information ponent will complete the detailed description. 

2. MLT IMPLEMENTATION 

2.1 Data Communication Network (DCN) 

2.1 a Structure 

55 flow through DCN 140. With the above terminology, it 
is clear that the second group of devices contains de­
vices 1404, 1405 and 1406; these are actually the fourth 
('4'), fifth ('5') and sixth ('6') devices having logical 

As indicated in FIG. 2 and alluded to in the foregoing 60 
discussion, DCN 140 is structured to route messages 
between any FE computer 220,221 and any L TS 
160,161. The illustrative embodiment of DCN 140 to be 
described allows from one to twelve FE computers to 
exchange data with up to seven hundred and sixty eight 65 
(768) Loop Testing Systems. (This capacity is deter­
mined by anticipated user needs; the total capacity of 
the architecture of DCN 140, without the bus exten-

designations 'O', 'l' and '2'. Any actual designation (A1) 
can be converted to a logical designation (L1) via the 
relation L1 =mod(A1 -1, 3). 

In the arrangement of FIG. 3, there are four groups 
of devices. The devices in each group serve as inputs to 
a corresponding connecting array 141, ... , or 144. For 
instance, devices 1401, 1402 and 1403 of the first group 
are associated with array 141. Each device in tier 1 
controls a unique means for transmitting information to 
and from its associated connecting array. For example, 
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16 
device 1401 controls transmission means 14101, which through '768' has a logical designation (L4) determined 
typically implements the GPIB protocol. by L4=mod (A4- l, 8). 

Up to twelve tier 2 interfaces may be added per tier 1 FIG. 4 shows that circuits 14001 through 14096 are 
group, and this maximum is shown in FIG. 3. Since divided into twelve sets with each set containing eight 
there are four groups and twelve interfaces per group, a 5 circuits, and each circuit has four input busses and up to 
total of forth-eight interfaces are present in the architec- eight output data links. For instance, circuit 14001 is 
ture of FIG. 3. These interfaces are designated 1421, served by input busses 145001 through 145004 originat-
1422, ... , 1468 and correspond to actual interfaces 'l' ing from matrix 145 and provides output links 93001 
through '48', respectively. Actual interface designations through 93008. All input busses 145001 through 145384 
(A2) also have logical designations (L2) '0' through '11' 10 associated with circuits 14001 through 14096 implement 
determined by the relation L2=mod (A2-l, 12). a parallel protocol, typically the GPIB, whereas output 

Each tier 2 interface has three input busses and gener- links 93001 through 93768 are serial transmission links. 
ates an independent output bus. For instance, interface The protocol on the serial links will be discussed later. 
1421 is served by busses 14104, 14l05 and 14106 and The function of matrix 145 is to interconnect busses 
controls bus 14501 on its output. The protocol on these 15 14501 through 14548 arriving at its input to busses 
busses is typically the GPIB. The input busses originate 145001 through 145384 exiting its output. The data bus 
from one of the connecting arrays 141, ... , 144 and the 
output bus terminates on connection matrix 145. m~ans de:picted as _matrix 145 iD: FIG. 4 a~com~lis~es 

With the above description, the interconnection pro- this _function. Matnx 145 comprises forty-eight ~imilar 
vided by arrays 141, ... , 144 may be described accord- 20 but ~dependent busses 145501 thro_ugh 1~5548 unpl~­
ing to the following tables. ment~g the_GPIB protocol. On the mput s~de ofmatnx 

145: mcommg bus 14501 connects to mternal bus 
TABLE I 145501; incoming bus 14502 connects to internal bus 

Array 141 145505; incoming bus 14512 connects to internal bus 
_____ • B_u_s ______ c_o_nn_e_c_ts_t_o_b_us_se_s ____ 

25 
145545; incoming bus 145513 connects to internal bus 

14101 14104, 14107, 14110 145502; and so forth. 
14102 14105, 14108, 14111 On the output side of matrix 145: internal bus 145501 

_____ 14_1_03 ______ 14_1_0_6,_1_4_10_9,_1_4_1_12____ connects to outgoing busses 145004, 145008, ... , 
145032; internal bus 145502 connects to outgoing busses 

TABLE II 30 145003, 145007, ... , 145031; internal bus 145503 con-
-------------------- nects to outgoing busses 145002, 145006, ... , 145030; 

Bus 
Array 142 internal bus 145505 connects to outgoing busses 145036, 

Connects to busses 145040, ... , 145064; and 80 forth. 
14201 14204, 14207, 14210 The interconnection arrangement of matrix 145 may 
14202 14205

, 14208• 14211 
35 be summarized with the aid of a shorthand notation, as 14203 14206, 14209, 14212 

____________ ..;__..;______ follows: if interfaces 1421 through 1468 are represented 

TABLE III 
by the notation i(l), i(2), ... , i(48), respectively, and the 
twelve sets comprising circuits 14001 through 14096 by 
m, m= 1, 2, ... , 12, with m= 1 corresponding to circuits 

40 14001 through 14008, and so forth, then matrix 145 
Array 143 

Bus Connects to busses 
-----14-3-0-1 -----1-43-04-.-1-4-30-7-, 1-4-3-10---- maps tier 2 interfaces and tier 3 circuits according to the 

14302 14305, 14308, 14311 relation 
14303 14306, 14309, 14312 

Bus 
14401 
14402 
14403 

TABLEIV 
Array 144 

Connects to busses 
14404, 14407, 14410 
14405, 14408, 14411 
14406, 14409, 14412 

45 

50 

The processing circuits 14001, ... , 14096 of tier 3 are 
arranged to have an equal association with all devices 
1401, ... , 1412 of tier 1. From one to eight tier 3 circuits 55 
are allowed per tier 2 interface; the arrangement of 
FIG. 3 shows the maximum limit. Consequently, the 
number of tier 3 circuits that appear is ninety-six, and 
these circuits are labeled 'l' through '96' in the pictorial 
representations of circuits 14001 through 14096. Corre- 60 
sponding to the actual designations (A3) '1' through '96' 
are logical designations (L3) '0' through '7' which may 
be derived from the relationship L3=mod (A3- l, 8). 
Also, each of the ninety-six tier 3 circuits 14001 through 
14096 controls eight contiguous links comprising outgo- 65 
ing data links 93001 through 93768 coupled to L TS's 
having actual designations '1' through '768' in FIG. 3. 
Each L TS with an actual designation (A4) of '1' 

i(m+12(n-l)), n=l, 2, 3 and 4. 

For example, with m= 1, then interface devices i(l), 
i(13), i(25) and i(37), corresponding to actual devices 
1421, 1433, 1445, and 1457, serve the set containing 
circuits 14001 through 14008. 

2.lb Message Routing 

With reference to FIG. 2, data links 920,921 arriving 
at the input to DCN 140 and outgoing data links 930,931 
departing DCN 140 utilize a serial mode of transmission 
and a protocol that is bit oriented. Information is trans­
mitted over these links in communication elements 
called frames. The bit pattern of a typical frame is 
shown in FIG. 5; this pattern is representative of con­
ventional high level data link control type protocols. 
One example of a conventional link level (oftentimes 
designated Level II) protocol is the well-known syn­
chronous data link control (SDLC) protocol. With 
these protocols, the components of a frame include: 

(1) an eight bit OPENING FLAG field to indicate 
the start of a frame; 

(2) an eight bit ADDRESS field identifying the re­
ceiving station that is controlled by the transmitting 
station; 
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(3) an eight bit CONTROL field used by the transmit­
ting station to control the receiving station and by the 
latter station to respond to the former station; 

(4) a variable length INFORMATION field contain­
ing the message that is to be transmitted without con- 5 
straints on length or bit patterns; 

(5) a sixteen bit FRAME CHECK field to detect 
transmission errors; and 

18 
(iii) tier 3 circuit 14016, corresponding to logical 

address '7', passes the INFORMATION field, after 
reassembly into a data link protocol, to the L TS having 
logical address (L4) of '0' (000 in binary is decimal 0). 
As indicated in FIG. 3, the L TS having logical address 
'0' at the output of actual tier 3 circuit 14016 is the LTS 
labeled '121', as requested. 

Whenever any tier 1 device 1401 through 1412 re­
ceives a frame on its data link connection to FE com-(6) an eight bit CLOSING FLAG field to indicate 

the end of a frame. 10 puter 220 or 221, this is an indication that the INFOR­
MATION field contained in the frame is to be propa­
gated in the so-called DOWN directin through the 
MLT architecture of FIG. 2. The parameter in the 

Of primary importance in the transmittal of messages 
within the ML T system is the data contained in the 
INFORMATION field. In general, ML T messages 
have the format shown in FIG. 6. The message com­
prises a HEADER portion and a DAT A portion. The 15 
HEADER includes a number of bytes to indicate: 
whether the message is a request or response ('reques­
t-response'); routing procedure ('up-route' and 'dow­
n_route'); the processor which is the source ('up-cir­
cuit-type') and destination ('down_circuit_type'); the 20 
software task at the source ('up_task_id') and the desti­
nation ('down_task_id'); and other bytes to be dis­
cussed later. The DAT A portion contains a variable 
number of bytes primarily indicating the type of tests 
desired and the raw data measured as a result of these 25 
tests. These DAT A bytes will be discussed in detail 
later. 

Particularly pertinent to message routing in DCN 140 
are the 'down_route' and 'up_route' bytes. Whenever 
a message is sent from a FE computer 220 or 221 to a 30 
L TS 160 or 161, the 'down-route' parameter, compris-
ing two bytes, must be parsed in order to guide the 
message through the three tiers of DCN 140. 

As an example, it is supposed that a FE computer 220 
or 221 is to interact with an L TS that has an actual 35 
designation of'l21' in FIG. 3. The actual decimal desig­
nation is decremented by one to yield a decimal value of 
120 and this is represented in 'down-route' by the fol­
lowing bit pattern: 

bit 
position 15 14 13 12 11 10 9 8 7 6 4 3 2 

value 00000000 0 1 0 

In 'general, bit positions 0, 1 and 2 are used by tier 3 
circuits 14001 through 14096 to decide which one of its 
eight associated outgoing data links 93001 through 
93768 will be used to transmit the INFORMATION 
field to the appropriate L TS ('121' in this example). Bit 50 
positions 3, 4 and 5 are used by tier 2 interfaces 1421 
through 1468 to decide which one of its eight associated 
tire 3 circuits 14001 through 14096 will receive the 
INFORMATION field. Finally, bit positions 6, 7, 8 and 

HEADER portion of the INFORMATION field indi­
cating the ultimate destination is 'down_circuit_type', 
which will be discussed later. The specific path through 
DCN 140 to this destination is found in 'down-route', 
as exemplified above. 

A similar protocol is observed for messages traveling 
in the so-called UP direction of the hierarchy. In UP 
transmmissions, the pertinent HEADER parameters are 
'up_circuit_type' and 'up_route'. As a message is 
passed DOWN the hierarchy by DCN 140, appropriate 
return information is saved in 'up_circuiLtype' and 
assembled in 'up_route' to allow for an orderly pro­
gression UP the hierarchy. The bit positions of 'up_r-
oute' are interpreted as follows: (1) bits 4 and S are 
employed by tier 1 devices to indicate the return path 
on one of two data links associated with each device 
1401 through 1412; (2) bits 2 and 3 are used by tier 2 
interfaces 1421 through 1468 to return on one of three 
busses connecting each tier 2 interface to its associated 
connecting array 141, ... or 144; (3) bits 1 and O are 
utilized by tier 3 circuits 14001 through 14096 to return 
on one of four busses connecting each tier 3 circuit to 
connection matrix 145. 

In the example given above for routing in the DOWN 
direction, it is supposed, as above, that tier 1 device 
1403 received the frame under consideration on link 

0 

0 0. 

9206, as shown in FIG. 3. This link has logical designa­
tion 'l'; in fact, the left-hand, incoming data link associ­
ated with each tier 1 device is the 'l' link whereas the 
other link is designated '0', by convention. Before rout­
ing the INFORMATION field to tier 2 interfaces, the 
logical designation is converted to binary and bits S and 
4 are filled with the binary representation-in this case 
01. Tier 2 interface 1422 received the message on bus 
14109 from array 141 (FIG. 4); this bus is designated by 
a logical '0'; in fact, the three busses entering a tier 2 
interface from an array 141 through 144 are labeled '0', 
'1' and '2' starting with the right-most bus. Then, before 
sending the message to tier 3 circuit 14016, bits 3 and 2 
are given the values 0 and 0, respectively ('0' in decimal 

9 are used by tier 1 devices to decide which one of its 55 
twelve corresponding tier 2 interfaces 1421 through 
1468 will receive the INFORMATION field. In this 
example, parsing of the 'down_route' two_byte pa­
rameter in conjunction with reference to FIGS. 3 and 4 
indicates that: 60 converts to 00 in two-bit binary). Finally, since tier 3 

circuit 14016 receives the message on its logical '3' bus 
from matrix 145 (again, the right-most bus is logical '0' 
and the left-most bus in logical '3'), bit positions 1 and 0 
are filled with 1 and 1, respectively ('3' in decimal con-

(i) tier 1 device 1401, 1402, ... or 1412 (say 1403) 
receiving the frame passes the INFORMATION field 
to the tier 2 interface having logical address (L2) of 'l' 
(binary 0001 is equivalent to decimal 1); 

(ii) tier 2 interface 1422, corresponding to logical 
address 'l', receives the INFORMATION field and 
passes it to the tier 3 circuit having logical address (L3) 
of '7' (binary 111 is decimal 7); and 

65 verts to 11 in binary). To summarize for this example, 
the L TS having actual address A4 = 121 receives a 
frame with the 'up_route' parameter of HEADER 
filled as follows: 
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20 
2. lc Software Design 

bit 
position 
value 

7 6 

0 

4 

0 

2 

0 

0 

I. 

(Bit positions 6 and 7 generally have values but are not 
pertinent to the immediate discussion and, therefore, 
have been shown without values). 

Each microprocessor executing within DCN 140 
runs under supervision of its own ROM-based operating 

5 system. However, each separate operating system is 
identical, so only this one operating system, designated 
OS, requires explanation. 

As indicated in FIG. 3, each tier 1 device 1401, ... , 10 
or 1412, receives two data links at its input. Since the 
typical ML T system is implemented with twelve on-line 
FE computers, each FE computer 220 or 221 supports 
two data links at its output. To provide a degree of 
redundancy for fail-soft operation, FE computers 15 
220,221 and tier 1 devices 1401-1412 are interconnected 
so that there are two possible paths between each FE 
computer 220 or 221 and DCN 140. For example, FE 
computer 220 supports the two data links 9201 and 9219 
that terminate on tier 1 devices 1401 and 1410, respec- 20 
tively. Similarly, FE computer 221 implements two 
data links which terminate on devices 1412 and 1409. 
With such a FE-to-DCN connection arrangement, if 
one of the FE-to-LTS paths comprising the input data 
links 9201-9224 and DCN 140 fails during a transaction, 25 
it is possible to re-route the results from the given L TS 
to the appropriate FE computer over the alternate path. 
The following procedure implements the alternate rout-

. .ing technique. 
Each FE computer 220,221 is initialized with a 30 

, unique identifier. This identifier is stored as part of the 
'logicaLid' byte of the message HEADER, as dipicted 
in FIG. 6, for all messages originated by the associated 
FE computer. The 'logicaLid' is not related to the 
actual physical connection to DCN 140. Thus, if a FE 35 
computer fails and is replaced by a backup computer, 

.. the backup inherits the identifier of the FE computer 
. being replaced. 

As a message travels DOWN the hierarchy, informa-
• ti.on about the return path is stored in 'up_route', as 40 
"cdescribed above. When the message reaches the desig-
• nated one of the tier 3 circuits 14001-14096, the com­
pleted 'up_route' byte and associated 'logical_id' byte 
may be extracted. Each tier 3 circuit maintains a table 
containing the two xpost recently used upward paths for 45 
each 'logical_id'. Since the instruction routines control­
ling FE computers 220,221 generally distribute informa­
tion transmissions equally through DCN 140, the table 
for a given FE computer, at any one time, will contain 
'up-route' information on the two most recent paths 50 
needed to reach the particular FE computer in UP 
transmissions. 

If an upward message cannot reach the destination 
FE computer via its 'up_route' information because of 
a primary path blockage, the message is marked as 55 
failed and sent back to the originating Tier 3 circuit. 
The table entry for the same 'logical_id' is accessed and 

The OS provides a multitasking environment so that 
the operations performed by individual modules com­
prising the three-tiers of DCN 140 can be partitioned 
into a series of suboperations called "tasks". Each task is 
dedicated to handling a specialized activity. The OS is 
arranged to insure that the appropriate task gains con-
trol of its associated microprocessor and commences 
execution of its programmed sequence when a particu­
lar activity is requested. For example, one task resident 
in DCN 140 is designed to handle GPIB activity; this 
task executes whenever a bus transfer is required over 
any one of the numerous GPIB-type busses embedded 
within DCN 140. Whenever a bus transfer is completed 
and no other transfers are required, the bus transfer task 
relinquishes control of its microprocessor, and other 
scheduled tasks are now free to execute and satisfy 
requests for other activities. If no activities are sched­
uled, the OS is in its wait state, testing for a flag; a flag 
is set whenever a particular activity, and its associated 
task, await execution. 

The microcomputer architecture, in pictorial form, 
for each tier of DCN 140 is shown in FIGS. 7, 8 and 9 
for tier 1, tier 2 and tier 3, respectively. There are, at 
most, six types of tasks implemented by any particular 
microcomputer within the hierarchy of DCN 140. 

Five of these tasks are shown in FIG. 7, which de­
picts the architectural arrangement for tier 1 device 
1401 (the remaining tier 1 devices 1402 through 1412 
have essentially the same architectural arrangement as 
device 1401 and, therefore, device 1401 is taken as rep­
resentative). The task designated SERIAL DATA 
within elements 11405 and 11406 of FIG. 7 controls the 
activity associated with information transfer over serial 
data links 9201 and 9202, respectively. This task (i) 
parses incoming frames (FIG. 5) received over a data 
link 9201 or 9202, extracts the contents of the INFOR-
MATION field, and stores the contents in a buffer 
memory within the controlling microprocessor that is 
accessible to other tasks; and (ii) performs the inverse to 
parsing on outgoing frames, that is, constructs a frame 
for transmission by extracting the contents of buffer 
memory to form the INFORMATION field of the first 
and augments this field with the other fields (FIG. 5) 
needed for the serial protocol on links 9201 and 9202. 

The task labeled PARALLEL OUTPUT within 
element 11407 controls the transfer of information over 
parallel-oriented bus 14101 and, when required, serves 
as the bus master. Information requiring transfer is ex­
tracted from or stored in buffer memory accessible by 
other tasks. 

The ADMINISTRATION task, represented by ele-
the 'up_route' information is replaced with the alter­
nate or secondary 'up_route' path. If any subsequent 
failures occur, the message is then discarded. 60 ment 11409, performs all non-operational functions 

required in the local environment. For instance, AD­
MINISTRATION controls sanity and diagnostic test­
ing and the reporting of trouble. With reference to FIG. 

In some • situations, it is possible that the two most 
recent entries in the table do not correspond to the 
'up-route' byte in the UP message. This occurs in situa­
tions where long-term craft activities are in progress, 
such as pair identification with an identifier tone pro- 65 
vided by the ML T system. If a message fails to traverse 
the UP path on its first attempt, then either path in the 
table may be used as an alternate route. 

6, ADMINISTRATION utilizes 'up_circuit_type', 
'down_circuit_type', 'up_task_id' and 'down_tas­
k_id' for communicating with other ML T microcom-
puters to synchronize testing among the various mod­
ules. 
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The DUMP MEM task, represented by element 
11411, waits a certain period -after a reset or restart 
operation and determines if a snapshot of tier 1 memory 
is to be sent to a FE computer 220 or 221. 

The BROADCAST task, depicted by element 11412, 5 
replicates a message for transmission in parallel to tasks 
having a plurality of appearances within a particular tier 
or, in this case of tier 1, to SERIAL DATA tasks 11405 
and 11406. Replication reduces throughput time by 
allowing several slow serial transfers to proceed in 10 
parallel. 

Tasks are defined so that the programs executing in 
the microcomputers ofDCN 140 are relatively indepen­
dent of the hardware they control. To accomplish this, 
generally each hardware component having input or 15 
output (1/0) capability has both a hardware driver and 
a software buffer that accompany the sole task control­
ling that 1/0 capability. Upon system initialization, a 
unique memory block is defined for each 1/0 hardware 
component; this block is known only to the hardware 20 
driver and software buffer associated with each 1/0 
request. To service an 1/0 request, the buffer routine 
fills the appropriate memory block with control param­
eters and signals the driver to start 1/0 processing. The 
1/0 operation is completed by the driver at interrupt 25 
level. 

Whereas the only connection between the hardware 
driver and buffer software is the common memory 
block, the only connection between the driver and the 
associated task is a flag or semaphore that is set by the 30 
driver when its activity requires execution. The task 
awaits the occurrence of the semaphore, after which the 
task is scheduled by OS. In this manner, a task never 
communicates directly with a hardware driver. 

With reference to FIG. 7, the driver and software 35 
buffer functions associated with the incoming links 9201 
and 9202 and outgoing bus 14101 may be identified. For 
instance, INPUT DRIVER 11401 and INPUT 
BUFFER 11403, interposed between incoming data 
link 9201 and SERIAL DAT A task 11405, perform the 40 
desired buffering on incoming link 9201. To transmit a 
message between SERIAL DAT A task 11405 and 
BUFFER 11403, the task makes a function call and 
passes appropriate parameters (e.g., the memory ad­
dress of the assigned memory block and the address of 45 
the completion semaphore) to the function. The func­
tion that is called is referred to as the buffer routine, and 
it is this routine that is represented pictorially by ele­
ment 11403 in FIG. 7. 

From FIG. 7 it may also be observed that INPUT 50 
BUFFER 11404 and INPUT DRIVER 11402 serve to 
interface SERIAL DAT A task 11406 and incoming 
data link 9202, whereas OUTPUT BUFFER 11408 and 
OUTPUT DRIVER 11410 service PARALLEL 
OUTPUT task 11407 and parallel-oriented bus 14101. 55 

The one task remaining to be defined is the P ARAL­
LEL INPUT task represented by elements 11427, 11428 
and 11429 in FIG. 8; this figure pictorially represents 
tier 2 interface 1421 (the remaining tier 2 interfaces 1422 
through 1468 have essentially the same architectural 60 
arrangement as interface 1421 and, therefore, interface 
1421 is taken as representative). The PARALLEL 
INPUT task organizes message transfers across the 
parallel-input busses 14104, 14105 and 14106 via the 
individual tasks 11427, 11428 and 11429, respectively. 65 
These three PARALLEL INPUT tasks run under con­
trol of PARALLEL OUTPUT task 11407 of FIG. 7, 
which is the bus master. INPUT DRIVER and INPUT 
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BUFFER pairs 11421,11424; 11422,11425; and 
11423,11426 serve basically the same function as 
INPUT DRIVER and INPUT BUFFER pairs 
11401,11403 (or 11402,11404) of FIG. 7, that is, they 
indirectly couple PARALLEL INPUT tasks 11427, 
11428 and 11429 to incoming parallel busses 14104, 
14105 and 14106, respectively. The primary difference 
lies in the parallel bit orientation ofbusses 14104, 14105 
and 14106 as contrasted to the serial protocol of links 
9201 and 9202. 

ADMINISTRATION task 11430, PARALLEL 
OUTPUT task 11431, DUMP MEM task 11434 and 
BROADCAST task 11435 of FIG. 8 are the equivalent 
of ADMINISTRATION task 11409, PARALLEL 
OUTPUT task 11407, DUMP MEM task 11411 and 
BROADCAST task 11412 of FIG. 7. 

FIG. 9 depicts, in pictorial fashion, the architecture 
of tier 3 within DCN 140. The four elements labeled 
114009 through 114012 represent the PARALLEL 
INPUT task associated with incoming, parallel-oriented 
busses 145001 through 145004, respectively. Each 
PARALLEL INPUT task performs in essentially the 
same manner as each PARALLEL INPUT task 11427, 
11428 or 11429 of FIG. 8. In addition, each P ARAL­
LEL INPUT task is indirectly coupled to its associated 
hardware via an INPUT DRIVER and INPUT 
BUFFER, as depicted by element pairs 114001,114005; 
114002,114006; 114003,114007; and 114004,114008. 
These pairs operate basically the same as INPUT 
DRIVER and INPUT BUFFER pairs 11421,11424; 
11422,111425; and 11423,11426 of FIG. 8. 

The eight elements designated 114014 through 
114021 represent the SERIAL DAT A task associated 
with outgoing, serially-oriented links 93001 through 
93008, respectively. These eight tasks are equivalent to 
SERIAL DAT A task 11405 and 11406 of FIG. 7. Also, 
each SERIAL DAT A task is buffered from its associ­
ated hardware via an OUTPUT DRIVER and OUT­
PUT BUFFER, as depicted by the eight element pairs 
114022,114030; ... ; 114029,114037. These eight ele­
ment pairs are the counterpart to INPUT DRIVER and 
INPUT BUFFER pairs 11401,11403 and 11402,11404 
of FIG. 7. 

Finally, ADMINISTRATION task 114013, DUMP 
MEM task 114038 and BROADCAST task 114039 of 
FIG. 9 serve to control tier 3 microcomputers in a man­
ner equivalent to tasks 11409, 11411 and 14112 of FIG. 
7 or tasks 11430, 11434 and 11435 of FIG. 8. 

FIGS. 7, 8 and 9 are pictorial in the sense that they 
indicate a logical situation in terms of the number of 
copies of software utilized to implement the tasks. For 
example, the tier 3 architecture of FIG. 9 indicates there 
are four distinct PARALLEL INPUT tasks 114009 
through 114012 and eight distinct SERIAL DAT A 
tasks 114014 through 114021. Actually, there is only 
one copy of the PARALLEL INPUT program and one 
copy of the SERIAL DAT A program stored in mi­
crocomputer 14001. There are four distinct read/write 
(R/W) memory regions or stacks dedicated to P ARAL­
LEL INPUT tasks and eight distinct R/W stacks dedi­
cated to SERIAL DATA tasks. The state of each task 
is kept in the appropriate stack. The OS retains parame­
ters indicating where, within each stack, the task should 
commence execution of an activity request. 

The environment described immediately above basi­
cally defines the concept of a multitasking operating 
system. In terms related to tier 3 interfaces, multitasking 
obtains because four independent PARALLEL INPUT 
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programs are executed from within four distincts envi­
ronments by the central processing unit of each mi­
crocomputer, namely, the four PARALLEL INPUT 
tasks 114009 through 114012. Similar remarks apply to 
the eight SERIAL DAT A tasks 114014 through 114021 5 
of FIG. 9. 

2. ld Software Operation 

To understand how each of the microcomputers em­
bedded in DCN 140 operates in terms of an unfolding JO 
sequence in time, processing circuit 1401 of FIG. 7 is 
considered as exemplary. As previously discussed, there 
are six application tasks and their interaction with the 
OS to consider. However, the concepts may be readily 
conveyed by presenting the interaction of a subset of 15 
these tasks, namely, SERIAL DATA, PARALLEL 
OUTPUT and ADMINISTRATION, as now dis­
cussed. At system startup, the OS commences execution 
by: (i) initializing its associated internal random-access 
memory; (ii) organizing memory blocks to serve as 20 
message buffers and placing these buffer locations onto 
a list called the FREE buffer list; (iii) scheduling each 
task to run according to a preselected priority; and (iv) 
shifting execution to the SCHEDULER program. 
Since the only tasks that have been scheduled to this 25 
point in the execution are those arranged in preselected 
order, the Scheduler finds that the first task, designated 
Task 0, is READY to RUN. Task O controls the incom-

• ing data link having logical designation 'O', so with 
·· reference to FIG. 7, Task O is identified as SERIAL 30 
·DATA task 11405 and its associated data link is line 
· 9201. 

Just prior to transferring execution to Task 0, the 
SCHEDULER identified the stack to be associated 
with Task 0. Once the stack location is identified, execu- 35 
tion of Task 0 commences from the first program state­
ment. Since Task 0 controls a serial data link (link 9201 

. having logical designation 'O' in FIG. 7), the task begins 
. by making a system call to OS to obtain an unused 
• message buffer from the FREE listof buffers and then 40 
sets up data link INPUT BUFFER O program (element 
11403 of FIG. 7) to receive data into the now allocated 
buffer. Task 0 then initializes link 9201 by arranging and 
sending a data link start-up message. Task O finally 
relinquishes control of the central processing unit 45 
(CPU) of its associated microcomputer by making a 
system call to OS. 

The OS SCHEDULER program is entered again 
and, since the initialization program of OS has made all 
tasks READY to RUN, Task 1, having the next highest 50 
priority, is READY to RUN. The CPU is arranged to 
execute in the stack environment of Task 1, and control 
is then passed to Task 1. Task 1 begins to execute from 
the first statement in its program. 

Since task 1 controls data line 'l', (link 9202 in FIG. 55 
7), it executes essentially the same program as did Task 
0, the only difference being that the stack areas in mem­
ory have different locations. A view of the stack associ­
ated with Task Oat this point in the execution of Task 1 
indicates a wait state in which data link 9201 is set up to 60 
receive data and a data link start-up message has been 
transmitted. In contrast, the stack of Task 1 indicates 
that link 9202 is quiescent. However, upon relinquish­
ment of the CPU by Task 1, its associated stack is also 
primed in the wait state. 65 

The SCHEDULER program finds Task 2 READY 
to RUN. This task is the one depicted as PARALLEL 
OUTPUT task 11407 of FIG. 7 and controls parallel-
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oriented bus 14101. Basically the same program se­
quencing occurs in Task 2 as in the prior task execu­
tions. The CPU is arranged to operate in the stack envi­
ronment of Task 2, and beings by executing from the 
first statement in the so-called GPIB program since bus 
14101 is presumed to implement the GPIB protocol. A 
message buffer is obtained from the OS, and the OUT­
PUT DRIVER-OUTPUT BUFFER interface is ar­
ranged for message transmission or reception. Task 2 
then relinquishes control of the CPU. 

Since Task 3 is READY to RUN, the SCHEDULER 
program sets up the CPU to execute in the stack envi­
ronment of Task 3. In FIG. 7, Task 3 may be identified 
with ADMINISTRATION task 11407. The instruc­
tions of Task 3 call OS to arrange for OS to schedule an 
execution of the so-called AD MIN program only when 
certain events occur. Task 3 also arranges for a timeout 
of about 15 seconds to schedule the ADMIN program 
for execution. ADMIN resets a timer whenever timeout 
occurs. If this timer signal is not reset in this manner, the 
tier 1 device 1401 is considered to have lost its sanity 
and a RESET of the microcomputer occurs upon expi­
ration of the timer interval. 

As suggested above, the task numbers indicate the 
order of priority in execution, with Task 0 having the 
highest priority and Task 3 the lowest. The execution of 
tasks in the sequence described above presumes no ex­
ternal event interrupted the progression through task 
executions, and the time diagram in the top half of FIG. 
10 depicts such a sequence. It is possible, however, to 
have an external event interrupt the top-down sequenc­
ing. For instance, if data link 9201 had a message to send 
in the DOWN direction prior to the execution of Task 
3, then Task O would execute befor Task 3 even exe­
cuted for the first time. 

As an example demonstrating external event inter­
rupts and one that is exemplary of the typical operation 
of a tier 1 device, it is supposed that the four tasks dis­
cussed in the above example have RUN and the OS is in 
the state of awaiting the posting of a flag to indicate a 
task is READY to RUN (i.e., the rightmost state in the 
top diagram of FIG. 10). It is further supposed a mes­
sage is now received over data link 9201 for transmis­
sion to L TS 161 (FIG. 3). With reference to the bottom 
time diagram of FIG. 10 and the numerals associate 
with the various periods of execution of the individual 
tasks, the following sequencing occurs: 

(1) A message is received o.ver data link 9201 or '0', 
and INPUT DRIVER 11401 signals OS that Task 
0 should execute. 

(2) Task O begins to execute to verify the messae via 
the high level protocol acceptance technique. 

(3) At interrupt level, a message is received across bus 
14101. Task 2 is made READY TO RUN, but 
execution is precluded until Task O relinquishes 
control of the CPU. The message on bus 14101 is 
headed UP the hierarchy, say over link 9202. 

(4) At the completion of the verification phase and 
message reception by Task 0, the message is sent to 
Task 2 since the 'down_circuit_type' field in the 
HEADER indicated a L TS was the ultimate mes­
sage destination. During this interval, the OS 
SCHEDULER begins execution. Now Task 2 has 
the highest priority that is in the READY to RUN 
state, and control is passed to Task 2. 

(5) Task 2 processes the message sent to it by Task 0, 
and begiris sending output over GPIB bus 14101 to 
the tier 2 interface indicated in the 'down_route' 
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field of HEADER. Now the message previously 
received for UP direction transmission may be 
processed by Task 2 before relinquishing control of 
the CPU. A signal is sent so that Task 1 may be 
made READY to RUN, and control is passed to 5 
OS. 

(6) The SCHEDULER sees that Task 1 is the highest 
priority task that is READY to RUN, and passes 
control to Task 1. 

(7) Task 1 processes the message available through 10 

Task 2 and sends the message, properly formatted, 
over data link 9202. Control is passed back to OS. 

controller; these latter three controllers are found in 
L TS 160 or 161. 

As indicated in Section 2.la with reference to FIG. 4, 
the busses serving as inputs to and outputs from con­
necting arrays 141-144, as well as the array busses 
themselves, implement the GPIB protocol. Similarly, 
the input and output busses associated with matrix 145 
utilize the GPIB protocol. In the case of an array 141, . 
. . , or 144, it is evident from FIG. 4 that each tier 1 
device controls an output GPIB bus that has twelve 
talker/listeners. For instance, bus 14101 is controlled by 
tier 1 device 1401 and the twelve T /L networks on bus 
14101 serve as inputs to interfaces 1421-1432, respec­
tively. Within this GPIB framework, it is necessary to 

(8) The output previously initiated over bus 14101 is 
now completed so Task 2 is made READY to 
RUN and OS passes control to Task 2. 

(9) Task 2 effects follow-up processing by freeing the 
message buffer for use elsewhere by the microcom­
puter and relinquishes control of the CPU. 

15 provide an embedded protocol for connecting a plural­
ity of T /L networks to a controller on the same GPIB 
bus so that messages may be transmitted efficiently and 
message overhead is mitigated in return of message 

(10) No task is presently READY to RUN until the 
interrupt handler for data link 'l', via INPUT 20 
DRIVER 11401, signals OS that transmission UP 
link 'l' is now complete, whereupon Task 1 should 
be executed. Control is passed to Task 1. 

(11) Task 1 performs clean-up operations for its re­
cent transmission over data link 'l'. OS is again 25 
given control. 

(12) The SCHEDULER continues to execute until 
another 1/0 activity in the microcomputer indi­
cates that a particular task should RUN. 

By way of a shorthand notation, which is similar to 30 
the actual high-level language utilized to program the 
tasks, the routing algorithms realized in device 1401 
may be summarized as follows: 

accept/reject status information. The particular PAR­
ALLEL OUTPUT task and the associated P ARAL­
LEL INPUT task accomplished the embedded proto-
col. Further discussion of this second-level protocol is 
held in abeyance until GPIB circuitry and software are 
presented. 

2.2 Loop Testing System (L TS) 

2.2a Structure 

Referring again to FIG. 2, it is shown pictorially that 
wire-center based L TS 160 (L TS 161 is substantially the 
same) performs communication, loop access and loop 
testing functions. L TS 160 is actually an arrangement of 
loosely coupled microprocessors organized to perform 
these functions. The term "loosely coupled " is used 

35 herein to denote an organization of processors that 
--(-i) ___ R_o_u-tin_g_A_l-go-n-.t-hm_fo_r_T_a-sk_O_an_d_T_as_k_· -!,---- share no common memory but communicate by passing 

if ('down circuit type' = DCN !){ messages over serial or parallel oriented channels. 

(ii) 

passmassagetolo"°ZalADMINISTRATION FIG. 11 shows a block diagram of LTS 160. LTS 
}sk; controller 2000 is responsible for communications with 
else { destination = bits 6, 7, g and 9 40 DCN 140 (FIG. 2), via serial data link 930, and for local 
of 'down route'; control of other L TS subcomponents, including: preci-
se! 'up_route' bits 4 and 5; sion measurement unit (PMU) 2101, 2102 and 2103; port 
pass message to PARALLEL OUTPUT controller 2200; talk circuits 2301 through 2306; direct 
task· 
} ' distance dialer (ODD) circuit 2400; ringing distributor 
Routing Algorithm for Task 2: 45 2500; and portions of equipped access network (EAN) 
if ('up_circuit_type' = DCN_!){ 2700. Each of these subcomponents is explained as the 
pass message to local ADMINISTRATION discussion proceeds. 
task-
} ' L TS controller 2000 and port controller 2200 are 
else { if ('up_route' bits 4, 5 = 00 { linked with interconnect bus 20001, which typically 
pass message to SERIAL DATA O; 50 supports a parallel-oriented protocol such as the GPIB. 
} 
else { pass message to SERIAL Port controller 2200 is responsible for the loop access 
DATA I; function in that it provides tip, ring and sleeve control 
} for connections to so-called "no-test" trunks 940 that 

enable the ML T system to interface to switching ma-

In each of these routing algorithms, the symbolic 
notation DCN_l has been utilized. As alluded to earlier 

55 chine 170 (FIG. 2). A no-test trunk is one that provides 
the ability to interconnect to any customer line 180 or 
181 in a bridging mode. One such test trunk is shown as 
TIP 1-RING 1 pair 9401 with its corresponding sleeve 
lead Sl lead 9417 in FIG. 11. 

PMU's 2101 through 2103 are also interconnected to 
L TS controller with bus 20001. Each PMU 2101, 2102 
or 2103 is a general purpose testing circuit that is used to 
make measurements on customer loops 180 and 181. 
Each L TS 160 may contain from one to three PMUs. 

in this section, generators of messages can indicate not 
only the destination ('down_route' and 'up-route') but 
also the microcomputer type within the hierarchy of the 60 

ML T system. DCN_l is one type and refers to tier 1 
devices of DCN 140. Other types that may be refer­
enced in bytes 'down_circuit_type' or 'up-cir­
cuit-type' include: ML T _CNTLER for FE computer 
220 or 221; DCN_2 for tier 2 interfaces and DCN_3 65 The maximum number is depicted in FIG. 11. PMU 

2101 (PMU 2102 or 2103 is similar) accesses a customer 
loop 180 or 181 through a serial arrangement compris­
ing, for example: wire pair 21010 emanating from PMU 

for tier 3 circuits of DCN 140; L TS_CNTLER for the 
L TS controller, PORT _CNTLER for port controller 
and PMU_CNTLER for precision measurement unit 
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2101; equipment access network 2700; wire pair 28010 
serving as the input to port device 2801; and port device 
2801, which is an interface to no-test trunk pair 9401. 
EAN 2700 serves to interconnect any PMU 2101, 2102 

quest conforms to the desired request. The second byte 
(byte 2) indicates the 'status' of the request and the third 
byte (byte 3) indicates the 'port_number'. For the in-
stant example, these bytes might read, symbolically as 
'ACC_COMPLETE' and 'PORT_l' to indicate that 
port 2801 of FIG. 11 has a connection established to the 
loop associated with the telephone number sent in the 
DOWN direction. 

At this point in the operation, the loop is accessed, 

or 2103 to any port device 2801, . . . or 2816 under 5 
control of both LTS controller 2000, via bus 20002, and 
port controller 2200, via bus 22001. The L CONTROL 
2701 portion of EAN 2700 connects to bus 20002, 
whereas the P CONTROL 2702 portion of EAN 2700 
connects to bus 22001. 10 and L TS 160 awaits subsequent requests, typically to 

effect testing. Most test requests require the services of 
one PMU 2101, 2102 or 2103. However, some requests 
can be satisfied by either L TS controller 2000 or port 

LTS controller 2000, port controller 2200 and PMUs 
2101 through 2103 are each self-contained microproces-
sor modules. Because of the relative independence of 
these microprocessor modules, the ML T system is mod­
ular so that wire centers (150 or 151 of FIG. 2) ranging 15 
from one thousand to one hundred thousand customer 
loops can be served by augmenting the basic system. 
Thus, as a. wire center grows, more PMUs can be added 
(up to three per LTS), up to sixteen port circuits can be 
accommodated (the maximum of sixteen is shown in 20 
FIG. 11 as circuits 2801 through 2816), and EAN 2700 
can be expanded. Hence the largest size L TS can have 
up to sixteen loops simultaneously accessed for testing 
and can time share three identical PMUs to perform 
requested tests. The separation of the testing function, 25 
access function and communication function allows for 
the simultaneous operation of these functions, thereby 
maximizing throughput for a given testing traffic load. 

controller 2200 and their associated circuitry. Test re­
quests are coded so that L TS controller 2000 candeter­
mine which L TS circuits can satisfy the request. L TS 
controller 2000 therefore acts as a resource manager for 
the entire L TS 160. 

In order to proceed with the operational description 
of L TS 160, it is necessary to discuss its component 
parts in some detail. Attention is focussed first on L TS 
controller 2000, followed by port controller 2200 and 
PMU 2101 and, finally, the remaining circuitry of L TS 
160 shown in FIG. 11. 

2.2.1 L TS Controller 

L TS controller 2000 is a microcomputer-based· sys­
tem also running under the same operating system (OS) 
as DCN 140. Again, the software controlling the mi-

2.2b L TS Operation 

With reference to FIG. 11, LTS controller 2000 im­
plements a serial-oriented protocol function on incom-
ing data link 930. Received messages, in the form shown 

30 crocomputer is partitioned into tasks, and tasks commu­
nicate with each other by signaling each other or by 
sending messages to one another via facilities provided 
by OS. In L TS controller 2000, the tasks are as follows: 

in FIG. 5, are parsed to obtain the INFORMATION 
field as shown in FIG. 6, and then interpreted in L TS 35 
controller 2000. An access request is typically the first 
message received, as indicated in the 'down_tasLid' 
byte of the HEADER by the binary equivalent of AC­
CESS and in the 'request_response' byte as REQUEST 
in binary representation. This message causes L TS con- 40 
troller 2000 to initialize an area of its RAM to track and 
time the request as well as to generate a parallel­
protocol message for passage over bus 20001 to port 
controller 2200. The information utilized to construct 
this latter message is found in the DAT A portion of the 45 
INFORMATION field of FIG. 6. For instance, the first 
byte (byte 1) may be, symbolically, 'ACC_NOTEST'. 
This indicates that the type of access desired is a con­
nection to a "no-test" trunk. Another byte would indi­
cate the 'switch_type' to inform port controller 2200 of 50 
the type of switching machine (e.g., an electronic cen­
tral office or a cross-bar office). The next several bytes 
list the telephone number of the customer loop to be 
accessed. Based on message content, port controller 
2200 proceeds to access the loop specified in the mes- 55 
sage by attaching trunk dialer 2650 (see FIG. 11) to a 
free port 2801 through 2816, dialing the telephone num­
ber, and attaching busy/speech detector 2600 to deter­
mine whether the loop is idle. 

Presuming loop access is obtained, port controller 60 
2200 sends a response across GPIB 20001. This response 
proceeds in the UP direction and, accordingly, appro­
priate INFORMATION field bytes must be filled. With 
reference to FIG. 6, the 'request_response' byte has the 
entry RESPONSE in binary form placed in the 65 
HEADER. In the DAT A portion, byte 1 has an entry 
that echos the test code which, in this case, is 'ACC __ 
NOTEST'. This is to indicate that the completed re-

(a) SERIAL DAT A task controls data link 930 and 
implements a high level data link protocol on all mes­
sages passing onto or coming from physical data link 
930. All tasks that must transmit data over link 930 do so 
by sending the data as a message to the SERIAL 
DAT A task. This task is equivalent to the SERIAL 
DATA task 114014 of FIG. 9 associated with DCN 
140. All messages entering L TS 160 and destined for a 
specific task in L TS controller 2000 must pass through 
SERIAL DATA. 

(b) PARALLEL DATA task controls the transmis­
sion and reception of messages over parallel-oriented 
bus 20001 shown in FIG. 11. All tasks that must trans­
mit data over bus 20001 to port controller 2200 or to 
PMU's 2101-2103 do so by sending the data as a mes­
sage to the PARALLEL DATA task. Similarly, data 
received from controller 2200 or units 2101-2103 pass 
through the PARALLEL DAT A task. This task is 
equivalent to the PARALLEL OUTPUT task 11407 of 
FIG. 7 associated with DCN 140. 

(c) ACC task processes requests for access to trunks 
9401 through 9416 of FIG. 11 and requests for establish­
ment of callback paths via the national direct distance 
dialing (DDD) network as implemented by DDD cir­
cuit 2400. The processing of requests for loop access 
includes the formatting of messages to port controller 
2200, where the access is actually performed, and the 
setting up of a timeout over the access activity in post 
controller 2200. The ACC task indirectly sends a mes­
sage for loop access to port controller 2200 by sending 
the message to the PARALLEL DAT A task. Requests 
to DDD circuit 2400 are transmitted over bus 20002. 

(d) TST task controls the processing of test requests 
on a given port, selected from one of the ports 2801 
through 2816, once that port has accessed a loop for 
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testing. There are sixteen TST tasks, one for each possi-
ble port 2801 ... , 2816. The TST tasks are not bound 
to a particular post number in a fixed manner, but may 
be assigned to any individual port 2801-2816 over a 
long period of time. For example, for the duration of a 5 
given loop access, TST 7 task may be assigned to port 
2803. When the access to port 2803 is dropped, TST 7 
task may be assigned to port 2801. Once the assignment 

30 
transmission of a data link start-up message to DCN 140 
in the high level protocol format. The SERIAL DAT A 
task then relinquishes control of the CPU in L TS con-
troller 2000. Ths OS is now free to select another task 
for execution. 

The PARALLEL DAT A task has the next highest 
priority and executes so as to enable its associated hard­
ware for two-way communication on bus 20001. Con-
trol is again passed to the OS once the task is initialized. is made, it is fixed for the duration of the loop access. 

This dynamic assignment allows processing priority to 10 
be evenly distributed among ports 2801-2816. TST task 
software either performs the test request itself or ar­
ranges for the test to be performed by either port con­
troller 2200 or PMU's 2101-2103. TST task also pro­
vides a timeout function for the request. 

(e) TCD task controls the dialing for talk circuits 
2301-2306. This task can manipulate DDD circuit 2400 
and thereby arrange a callback to, typically, a craftsper-
son at the facility designated the Maintenance Center 
which contains the 1/0 terminals 230,231. The callback 20 
feature is required to implement the combined talk/test 
procedures of the ML T system whereby a craftsperson 
can be in speech communication with either a customer 

All the other tasks eventually RUN and initialize 
themselves and their associated hardware. The tasks 
then await some activity requiring their specialized 
services. Usually they wait to receive a message buffer 
or for a semaphore to be posted. It may also be that a 

15 particular task is waiting for a timeout to occur before 
regaining control of the CPU. For example, ADMIN­
ISTRATION waits for about seven seconds before 
gaining control after its initialization; this task then 

or another craftsperson over a loop accessed for testing. 
The maintenance administrator at the Maintenance 25 
Center can enter a test request as a ML T system use, 
have that test run by L TS 160 while the talk path is 
broken, and when the test is completed, have the talk 
path restored by L TS 160. These are two TCD tasks in 
L TS controller 2000 software so that two dialing opera- 30 
tions may be concurrently in progress. 

(f) ADMINISTRATION task provides all adminis­
trative functions in L TS 2000. These functions include: 
sending to FE computer 220 or 221 a request for data 
base download when LTS 160 is reset and processing 35 
this downloaded data base; responding to echo mes­
sages from ADMINISTRATION task of DCN 140; 
and providing an interface during self-diagnostic check­
ing. 

(g) DIAGNOSTICS task provides self-testing capa- 40 
bilities that are used to diagnose L TS controller 2000 
hardware problems. DIAGNOSTICS task interfaces to 
ADMINISTRATION task, via the OS message passing 
facility, to request and receive the reservation of L TS 
160 hardware for use in conducting self-tests. 45 

(h) DUMP MEM task arranges for the transmission 
of a snapshot of L TS controller 2000 memory when a 
malfunction occurs. 

At system startup or when a system reset occurs, 
operating system OS initializes its tables, places all mes- 50 
sage buffers on a "free queue" of buffers, initializes all 
system semaphores or inter-task signals, and makes each 
task READY to execute (RUN). The OS then calls a 
hardware and software initialization function. Tables 
are kept in permanent memory and define the state of 55 
the equipment configuration to be associated with the 
particular L TS 160. For instance, the number of PMU's 
2101-2103 configuring the particular ML T system is 
one such table parameter. These tables are accessed for 
initialization. Next, the task scheduling function, again 60 
called the SCHEDULER, is executed. Program execu­
tion in L TS 160 is similar to that of the DCN 140 once 
the SCHEDULER is called. Thus, execution is trans­
ferred from the SCHEDULER to the highest priority 
task which is READY to RUN. At startup, all tasks are 65 
READY, and the SERIAL DAT A task has the highest 
priority. Execution of SERIAL DAT A enables the 
hardware receiver associated with link 930 and causes a 

sends a data base download request to FE computer 220 
or 221 by passing the message to SERIAL DAT A for 
transmission over data link 930. 

The download data messages from FE computer 220 
or 221 pass through the SERIAL DAT AL task and are 
routed accordingly to data in the INFORMATION 
field. Download messages have LTS_CNTLER (LTS 
controller) names in 'down_circuiLtype' byte and 
ADMINISTRATION task in the 'down_task_id' 
byte. Consequently, the routing function in L TS con-
troller 2000 realizes that the INFORMATION field is 
to be processed in L TS controller 2000 itself and sends 
the message, via OS, to ADMINISTRATION task. 
This task processes the message by passing the data that 
appears in the DAT A portion of the message. Down-
load messages identify the number of equipment types 
installed at the particular L TS 160 site and the present 
status of the equipment (AVAILABLE, OUT _OF _S­
ERVICE, and so forth). These messages also organize 
ports 2801-2816 into trunk groups, specify dialer types 
associated with talk circuit 2301-2306, and so on. After 
configuration information has been downloaded, L TS 
160 is prepared to process access and test requests. 

2.2.la Access Request Processing 

Access request messages have L TS controller 2000 
specified in the 'down-circuiLtype' of the message 
header symbolically as L TS-CNTLER AND THE 
ACC task in the 'down-task-id' symbolically as ACC. 
The SERIAL DAT A task routing function transmits 
the access message to the ACC task. 

The format of the DAT A portion of the INFORMA­
TION field of FIG. 6 has two possible arrangements 
depending on the type of access desired. Four types of 
access are allowed: 

(i) a regular test access of customer loop 180, ... , 183; 
the INFORMATION field is exemplified in FIG. 
12; 

(ii) a main distribution frame (MDF) trunk access as 
also exemplified by FIG. 12; 

(iii) a regular test access plus a callback to the Mainte­
nance Center; the INFORMATION field is exem­
plified in FIG. 13; and 

(iv) a callback of the Maintenance Center that is to be 
associated with a specified test access already in 
effect at L TS 160 site; FIG. 13 also depicts the 
corresponding INFORMATION field. 

Processing for each of these types of access is covered 
next. 
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2.2.la.1 Regular Test Access and MDF Trunk Access 

Regular test access requires that circuitry and equip­
ment within switching machine 170 be manipulated 
according to the type of central office (e.g., cross-bar or 5 
electronic). MDF trunk access requires only that local 
memory tables be updated with entries disclosing, in 
effect, that the trunk circuit is being attended to by craft 
personnel. MDF trunks are not automatically con­
nected to a customer loop, but require interaction and 10 
manipulation by a craftsperson located at the MDF. 

The ACC task begins to RUN when a message is sent 
to it. In the immediate case, the message is a REQUEST 
for either a test trunk or MDF trunk access. A memory 
table is used to store pertinent information about the 15 
REQUEST; such information includes the address of 
the REQUEST message, memory locations for the 
storage of the address of a RESPONSE message, and 
whether a callback is required for this REQUEST. The 
access code (regular, designated by NOTEST access, 20 
or MDF access), the switching machine type, the trunk 
group containing the loop under test and the telephone 
number of the customer are placed as data in the mes­
sage buffer. The address of the original REQUEST 
message and the address of the table used to store infor- 25 
mation about the REQUEST are also placed in the 
message HEADER, in the 'up-lparameter' and 'up-2-
parameter' locations, so that the response of port con­
troller 2200 can be identified with the present RE­
QUEST. The message is then sent to PARALLEL 30 

, DAT A task for transmission to port controller 2200. A 
timeout is started on the activity of port controller 2200 
and ACC task relinquishes control of the CPU. 

When port controller 2200 completes its processing 
of the access request, it returns a RESPONSE message 35 
to ACC task by sending the message across the PAR­
ALLEL DAT A task. ACC task is identified in the 

.: 'up_route' of the message HEADER and the routing 
' function in PARALLEL DAT A task sends the mes-
:. sage to ACC task. ACC task associates the RE- 40 
;, SPONSE message with the original request message by 

checking for the address of the original request message 
and of the temporary storage table used for the request. 
The access response message has the format shown in 
FIG. 14. The 'status' byte indicates whether the access 45 
was successful or not. If it was unsuccessful or if L TS 
controller 2000 had timed out on port controller 2200 
request, a RESPONSE message is formed and sent to 
SERIAL DAT A task for transmission UP the hierar­
chy. The temporary table used to store data for the 50 
failed request is now made available for use with an­
other access REQUEST that may have arrived. 

If port controller 2200 passes a RESPONSE that 
indicates an access has been obtained, ACC task at­
tempts to close a relay embedded within equipment 55 
access network (BAN) 2700 (FIG. 11) to one of the 
ports 2801-2816 selected for loop access. If this opera­
tion fails, trouble counters are stroked against the se­
lected port 2801-2816 and EAN 2700 and the aforemen­
tioned failure sequence is followed again. If relay clo- 60 
sure is successful, ACC task selects an idle TST task to 
control testing on the selected port, arranges to have a 
memory space called the port control table filled with 
information about the access, and makes the chosen 
TST task READY to execute. Port control table infor- 65 
mation includes the address of the original request mes­
sage, the address of the results buffer received from port 
controller 2200, whether the access is of long or short 
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holding time, a timeout value to be used to timeout the 
access before it is automatically dropped, the logical 
identifier of the FE computer that requested the access, 
and an identifier that allows the FE computer to associ­
ate the access with a results buffer internal to the FE 
computer. ACC task is now finished with its processing 
of this access request, and makes its temporary table 
available for use with a new access request. The return 
of a RESPONSE message is the responsibility of the 
TST task, and will be covered in a later section. This 
convention has been adopted because the original RE­
QUEST message may have a test REQUEST appended 
to the access REQUEST. 

2.2.la.2 Interactive Access Request Processing 

The interactive access request message of FIG. 13 is 
used when a loop access is desired together with a talk 
path to a craftsperson in the Maintenance Center. The 
request message format is basically the same one used 
for a regular test access, as per FIG. 12, except that a 
callback telephone information has been appended and 
the 'request_code' is symbolically designated AC­
c_INTR (as contrasted to ACC-NOTEST or AC­
C_MDF of FIG. 12). The ACC task processes the 
so-called "regular loop portion" of the message as out­
lined above. However, besides formatting and sending a 
message to port controller 2200, a message is also sent to 
one of the TCD tasks. This latter message contains the 
callback telephone number appearing in the original 
DOWN route REQUEST message as is shown in FIG. 
15. The ACC task now waits to receive two RE­
SPONSE messages, namely, one from port controller 
2200 and one internally from TCD task. A timeout is 
started on these activities. 

The TCD task starts to RUN as soon as it can be 
scheduled after ACC task relinquishes control of the 
CPU. TCD task receives messages sent to it and begins 
to execute its dialing algorithm. The task also attempts 
to acquire one of talk circuits 2301-2306. If no circuit 
2301-2306 is available, the callback sequence fails and a 
message to this effect is sent to ACC task. If one of the 
circuits 2301-2306 is available, TCD task attempts to 
acquire either a dial pulse dialer or in-band dialer for use 
with the available talk circuit. The dialer is represented 
in FIG. 11 by DDD circuit 2400. The dialer type de­
pends on the central office equipment used to terminate 
the talk circuit, which appears to the central office 
switching machine as a station set on a customer loop. 
The dialer type is a parameter contained in the down­
load data sent from the FE computer to L TS 160 as part 
of the startup sequence discussed above. If there is no 
dialer circuit 2400 available, either because it is pres­
ently in use or out of service, the callback sequence is 
terminated, the selected talk circuit is released and made 
available for use on another callback request, and a 
failure message is sent to ACC task. 

If dialer circuit 2400 is acquired, the callback digits 
DI, D2, ... , D12 are passed to a dialing program, and 
the digits are dialed. The dialing occurs at the interrupt 
level since dialing takes between 1 and 10 seconds to 
complete and, consequently, TCD task gives up control 
of the CPU for the dialing interval at least. When dial­
ing is complete, an interrupt handler posts a semaphore 
to signal TCD task that it should return and continue its 
processing. Before having relinquished control of the 
CPU, TCD task started a timeout on the dialing activ­
ity. If this timeout expires before notification of dial 
completion, TCD task arranges to free its associated 
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equipment, namely, one of the talk circuits 2301-2306 
and dialer 2400, and generates a failure message for 
ACC task. 

If dialing successfully completes, TCD task frees 
dialer 2400 circuitry, and enables the allocated talk 5 
circuit 2301-2306 for the detection of a handshake sig-
nal called "KEY-ZERO" . The craftsperson at the 
Maintenance Center is required to depress the "O" key 

task. It should be recalled that these software functions 
operate in a multitasking environment, and that at any 
instant, ACC task can be processing several access re­
quests that are in different states of completion. How­
ever, TCD task is designed to process one dialing re­
quest at a time. To insure efficient throughput, there are 
two TCD tasks within the software of each L TS con­
troller 2000. Consequently, two dialing activities can be 
going on in L TS controller 2000 concurrently. Since 
there are two dialer types, namely, dial pulse and an 
in-band, in L TS 160 for dialing over the national tele­
phone network, two TCD tasks insures that maximum 
dialing activity may occur. 

2.2.lb Test Request Processing 

An active TST task has a private memory table that 
it uses to control testing on a given port. Entries in this 
table include the address for a request message or ad­
dresses for a series of messages and the corresponding 

on the in-band signaling pad of the telephone set to 
signal L TS 160 that the callback has been successfully 10 
received at the Maintenance Center. The TCD task 
starts a timeout for the reception of the KEY-ZERO 
signal by the talk circuit hardware, and if the timeout 
expires before the signal is received, the callback is 
aborted, and the failure procedure outlined above is 15 
initiated. If the KEY-ZERO signal is detected by the 
talk circuit, the callback sequence is completed, and an 
indication of this is formatted and returned to ACC 
task. The message contains information identifying the 
talk circuit 2301, . . . , or 2306 utilized. 

The ACC task can receive RESPONSE messages 
from TCD task and port controller 2200 in either order 
since the activities of callback and loop access are asyn­
chronous with respect to each other. After both re­
sponses arrive, ACC task completes its processing of 25 
the access request by checking 'status' results and either 
sending a message to FE computer 220,221 or by con­
necting the allocated port from ports 2801-2816 and the 
selected talk circuit from circuits 2301-2306 through 
EAN 2700. If the loop access failed, or if the attempt to 30 
connect the allocated port fails, a failure message is 
returned to the corresponding FE computer, and L TS 

20 address or addresses for the response. TST task is first 
activated by the action of ACC task, which attaches 
both a request buffer and a response buffer to the table. 
Then TST task begins a timeout of the loop access; if 

160 equipment on the failed arrangement is relin­
quished. If the connect attempt fails for the allocated 
talk circuit, the talk circuit equipment is freed, trouble 35 
counters are strobed, and a TST task is selected for loop 
access in the manner described above. If the callback 
attempt is successful, the loop access is successful, and 
the connection through BAN 2700 is successful, a TST 
task is selected to oversee testing on the loop, and ACC 40 
task completes its processing with basically the same 
procedure as described above for the "loop access 
only" case. 

the timeout expires before the loop access is dropped by 
request, the loop access is automatically dropped by 
L TS controller 2000. This timeout prevents the loss of 
use ofLTS 160 circuitry such as talk circuits 2301-2306 
and ports 2801-2816 in cases where FE computer 220 
or 221 failures occur. One of the requests that can be 
made of TST task is that of restarting the timeout activ­
ity on a loop under test so that any access may be held 
for longer than the initial timeout value if required. 

After initiating the timeout activity on loop access, 
TST task processes any request message in the table as 
follows. A 'current count' variable that has been preset 
by ACC task has a value equal to the number of bytes 
taken by the access request data. In addition, each mes­
sage buffer has a field called 'nbytes' that contains a 
count of the number of bytes of meaningful data con­
tained in the buffer. Ircurrent count' equals 'nbytes', the 
message contained only the ACCESS request, and TST 
task arranges to send the response message associated 
with the initial ACCESS request in the UP direction. If, 
however, current count is less than 'nbytes', then test 

2.2.la.3 Callback Access Processing 

There are instances when a Maintenance Center ad­
ministrator needs to talk to either a customer or to an 
outside repair person after the customer loop has been 
successfully accessed for testing. In these instances, 
LTS 160 receives basically the same message of FIG. 13 
except that the 'request_code' is, symbolically, AC­
C-DDD and the port 2801-2816 to be associated with 

45 requests have been included with ACCESS request, 
and TST task proceeds to process those other requests. 
This processing activity is described in the subsequent 
paragraphs. For each test request found in the request 
message, TST task arranges for the request to be per-

the callback in the 'down_parameter' byte of the 
HEADER. 

50 •formed, collects the response in the associated response 
message buffer, and when the last request has been 
processed, returns the response message to the FE com­
puter 220 or 221 making the requests. If the last request 
processed was not one to drop the test access, TST task 

55 then waits for the arrival of a new message containing 
test requests. In this way, the FE computer guiding the 
testing can request tests to be performed, analyze results 
and determine the next test to be performed according 

The ACC task begins to execute when this message is 
received. It formats a message for TCD task as outlined 
above for the interactive test case, sends the message 
and waits for a RESPONSE. A timeout is started to 
time the callback request. The TCD task processes this 
message exactly as described above, and returns its 60 
response to ACC task. No message from port controller 
2200 is expected in this case, so ACC task proceeds to 
send a message to the FE computer associated with the 
ACCESS request or to attach one of talk circuits 
2301-2306 to the specified port, depending on the 'sta­
tus' returned from the callback activity. 

to its embedded adaptive test algorithms. 
Whenever the associated FE computer 220 or 221 

transmits a new message of test requests DOWN the 
hierarchy for a loop already accessed via a particular 
LTS port 2801-2816, that message is received by the 
SERIAL DAT A task and routed to the appropriate 

65 TST task. The HEADER portion 'down-parameter' 
byte contains the port identifier, and a dynamic table in 
L TS controller 2000 is used to determine the specific 
TST task governing activity on a specific port. 

The description to this point in this section has cov­
ered in some detail the action of ACC task and TCD 
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The TST task is scheduled to RUN when the new 

request message is sent to it. The TST task attaches the 
message to the temporary table referred to above, and 
sets 'current count' equal to the size of the message 
HEADER. Consequently, 'current count' has the offset 5 
of the first byte after the message HEADER, which is 
the first request in the present message. This is depicted 

response from port controller 2200 is received, the time­
out sequence is executed, as outlined above for the 
timed-out PMU request. If the response is received 
within the time limit, the response buffer is updated 
with the results, 'current count' is incremented by the 
appropriate amount, and processing continues for the 
next test request, if any. 

The above discussion shows that L TS controller 2000 
is capable of processing concatenated test requests re-

in FIG. 16. A message buffer is now obtained from OS, 
attached to the table, and used to accumulate responses 
to the requests specified in the REQUEST message. 

Before processing any test requests, TST task deter­
mines if a DDD callback is associated with the loop 
under test. If so, the callback path is placed in the so­
called HOLD mode so that testing can be performed on 

10 ceived in a single request message. The only restriction 
is that the responses to all requests must fit into the 
response message buffer. As each message is processed, 
a PMU 2101-2103 is attached to TST task, if necessary. 

the loop while the callback path is still held up. The talk 15 
circuit 'mode' (either HOLD, TALK or MONITOR) is 
saved for restoration upon completion of test request 
processing. In this way, tests are performed on a loop 
with an associated callback, and the loop is subse­
quently restored to the callback state that existed prior 20 
to receipt of the request message. The callback state can 
be changed by a request in the message that simply 
causes L TS controller 2000 to change the value of the 
remembered state. When the remembered state is re­
stored, a new state is actually effected for the callback 25 
path. 

The TST task divides test requests into two catego­
ries, namely, those that can be performed by either LTS 
controller 2000 or port controller 2200, and those that 
require the services of one PMU 2101-2103. If the re- 30 
quest is to be performed by a PMU 2101-2103, TST task 
attempts to have allocated to it an idle PMU. Ifno PMU 
is available, a· 'status' of BUSY is set for the test request, 
no further processing of requests is carried out for the 
current request message, and the accumulated responses 35 
are returned to the FE computer supervising the test­
ing. If, however, a PMU is allocated to the TST task, a 

··message buffer is obtained from OS, the PMU request is 
formatted in this buffer, and the buffer is sent to PAR-

--,ALLEL DATA task for transfer to the PMU. A time- 40 
• out is started on the request. If the timeout expires be­
fore the PMU returns the test results, a timeout failure 
status is recorded in the results buffer, further process­
ing of requests in the present buffer is terminated, and 
the accumulated results are returned to the supervising 45 
FE computer. If the PMU returns the test results within 
the time limit, the status and results data are stored in 
the associated results buffer, 'current count' is incre­
mented by the number of bytes required for the just 
processed test, and TST task determines if the request 50 
message contains another test request. This determina­
tion is made by comparing 'current count' with the 
'nbytes' field in the request message. Since 'current 
count' is incremented with each request processed, it 
eventually equals or exceeds 'nbytes', and processing 55 
for the present request is terminated; the buffer of the 
accumulated responses is returned to the proper FE 
computer. 

If the request is determined to be one that L TS con­
troller 2000 can respond to directly, it does so, and 60 
accumulates the response in the associated response 
buffer. 'Current count' is incremented appropriately. If 
the request requires the services of port controller 2200, 
a new message buffer is obtained from OS, a request 
message is formatted for port controller 2200, and the 65 
message is sent to PARALLEL DATA task for trans-
fer to port controller 2200. A timeout is initialized by 
PARALLEL DAT A task, and if it expires before the 

This PMU remains associated with TST task for the 
duration of processing of the present request message, 
but is freed for use by another TST task for servicing 
another loop accessed on another port when processing 
is completed for the present request message. 

As mentioned earlier, L TS 160 can be equipped with 
up to sixteen ports 2801-2816 and therefore can support 
concurrent testing on sixteen loops. Sixteen instances of 
TST task allow this processing to occur, and OS is the 
multitasking support for the simultaneous testing. 

The timeout mechanisms described in the above para­
graphs of this section serve to insure that resources of 
L TS 160 are not lost to the system in cases where errors 
occur. For example, without a timeout facility, if a 
PMU should reset in the middle of a test request, the 
loop access, the associated port equipment and any 
associated talk circuit would be permanently stuck 
awaiting a response that could never occur. All this 
equipment would be unavailable to the ML T system in 
the sense that it could not be used again because of its 
permanent BUSY status. The timeout facility over­
comes errors of this sort by causing error routines to 
execute and free associated equipment. The overall 
timeout on the loop access, started by TST task as soon 
as loop access is completed, overcomes the error condi­
tion that prevails wheil' TST task is awaiting the next 
request message for the FE computer, but that com­
puter fails. Since the knowledge of the FE computer 
regarding accesses prior to system failure is most likely 
lost, the next message may never arrive. L TS 160 re­
sources are likewise lost in this case without the timeout 
mechanism because this equipment cannot be used by 
other FE computers, or indeed, by one that failed and is 
now back on-line. 

2.2.lc L TS Requests 

With the presentation of the above structure and 
operation and the introduction of certain nomenclature, 
it is now appropriate to present a list of requests, includ­
ing other access or test types, processed by a typical 
L TS 160. The list shows the subsystems, that is, PMU 
2101-2103, L TS controller 2000 or port controller 
2200, that actually performs the request, and indicates 
the level of activity, where appropriate, required to 
respond to the request. 

1. DROP ACCESS-drop the loop test access and 
also any DDD callback associated with the loop. 
The port controller is required to perform this 
request. A signaling algorithm is executed to alert 
the test trunk circuit that access is to be dropped. 
The L TS controller needs tci free all equipment 
associated with the access. 

2. DROPDDD-drop the DDD callback connection 
and free the associated talk circuit. Relays are acti­
vated on the appropriate talk circuit, and the 
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switching machine appearance of the callback line 
is opened to indicate "off-hook". This request is 
performed by the L TS controller. 

3. TALK-put the associated DDD callback path 
into the mode that allows the Maintenance Center 5 
administrator to talk to the customer or craft at the 
end of the loop under test. The L TS controller 
causes relays to be operated on the talk circuit. 

4. HOLD-put the associated callback connection 
into the mode that allows testing to be carried out, 10 
but which keeps the callback path connected. Talk 
circuit relays are operated by the L TS controller. 

5. MONITOR-put the associated callback connec­
tion in the mode that provides a high impedance 
bridge connection, so that the Maintenance Center 15 
administrator can listen on the tested loop. Talk 
circuit relays are operated by the L TS controller. 

6. MON_ TEST-keep the high impedance monitor 
mode on the callback connection while the next 
test is performed, so that the Maintenance Center 20 
administrator can listen on the tested loop while 
the test is being performed. Talk circuit relays are 
operated by the LTS controller. 

7. RING-attach ringing distributor circuit 2500 to 
the loop under test, and apply ringing voltage ac- 25 
cording to the ON-OFF code contained in the 
request message. Also, monitor for the ring-trip 
(customer off-hook) indication, and connect a gain 
amplifier to the callback path, if required. Relays 
are operated by the L TS controller on both the talk 30 
circuit and on the ringing distributor circuit. 

8. GAIN-allocate an amplifier circuit to the loop 
under test, and connect the amplifier to the associ­
ated callback connection. Talk circuit relays are 
operated by the L TS controller. 35 

9. NOGAIN-remove the gain amplifier associated 
with the callback connection. Talk circuit relays 
are operated by the L TS controller. 

10. DELAY-wait for the specified time interval 
before executing the next test request. The function 40 
is provided by the L TS controller, using the OS 
timeout facility. 

1 l. KEEP _EQT _SETUP-terminate processing 
for the present request message, but do not free the 
PMU now allocated for testing the given loop. 45 
This feature is provided by the L TS controller. 

12. SHRT-DETECT-monitor the loop for a short 
condition (less than 30K ohms) between either 
conductor and ground, or between the two loop 
conductors. This feature is provided by the port 50 
controller, and requires that a DC source be ap­
plied to the loop, and that the loop current be mon­
itored for state changes. 

13. TT A-manipulate sleeve lead current to activate 
the central office in-band signaling circuit, so that a 55 
test of the customer's key pad can be performed by 
the port controller. A source is applied to the 
sleeve lead. 

14. TRACING_TONE-apply a continuous tone 
from tracing tone source 2900 to the loop under 60 
test, so that craft personnel can locate the pair 
under test in the outside plant. The continuous 
tracing tone source voltage of the L TS is applied to 
the loop under test in either a metallic or longitudi-
nal mode, as per the request parameter. 65 

15. The following five requests deal with sleeve lead 
control circuit 2500, and are used for signaling the 
central office equipment to attach certain equip-
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ment or to perform some service. All sleeve lead 
manipulation is done by the port controller by 
applying a DC source to the sleeve lead circuit 
2500. 
a. HI-NEG-SLEEVE-high sleeve current with 

negative battery 
b. LO_NEG-SLEEVE-low sleeve current with 

negative battery 
c. OPEN-sleeve-open circuit the sleeve lead 
d. HI_POS-SLEEVE-high sleeve current with 

positive battery 
e. LO_POS-SLEEVE-low sleeve current with 

positive battery 
16. HAZ_POT _STATUS-check for the existence 

of a hazardous potential on the loop under test 
(port controller) by querying a thresholding cir­
cuit. 

17. AUX-CONNECT-connect two loops to a sin­
gle PMU to allow double-sided resistive fault sec­
tionalization tests to be performed. The L TS con­
troller performs this operation by operating relays. 

18. CALL-by manipulating relays and circuitry on 
the associated talk circuit, place a low impedance 
across the line circuit of the loop under test, so that 
a Maintenance Center administrator can simulate 
customer dialing action. This facility is provided 
by the L TS controller. 

19. EXTEND-TO-change the overall timeout on 
the loop access to the value specified in the present 
message (L TS controller). 

20. CON_ TP _SL V-connect tip to sleeve in order 
to diagnose test trunks. The port controller pro­
vides this feature by operating relays in the port 
circuit. 

21. DCON_TP_SLV-disconnect tip and sleeve 
(similar to the above request). 

The following test requests are performed only by the 
Precision Measurement Unit 2101, 2102 or 2103, the 
listing is exemplary of the type of testing effected by a 
PMU. 

1. AC3TY -apply AC sources and measure resultant 
current to produce values that yield a Thevenin 
equivalent circuit for the loop at the applied fre­
quency. 

2. ACDC-I-short circuit the loop conductors to 
ground, and measure the resultant current flows. 

3. BAL-apply a balanced AC source to the loop, 
and measure the resultant loop longitudinal bal­
ance. 

4. OCT-produce only the DC portion of the 
DC3TY test summarized below. 

5. DC3TY-apply both DC and AC sources to the 
loop, and measure the resultant currents used to 
calculate an AC and DC Thevenin equivalent cir­
cuit for the loop. 

6. DTA-draw dial tone from the central office, and 
measure the characteristics of the dial tone signal 
sent over the customer loop. 

7. FREQ-DETECT-measure the signal level at the 
frequency specified in the request data. 

8. THEY-execute a special DC measurement se­
quence for generating current measurements in 
cases where a Thevenin equivalent circuit is to be 
obtained for a circuit known to have low resistance 
values. 

9. OCFEMF-measure open circuit foreign voltage 
present on the 'loop under test. 
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40 
order-of-priority manner as well as suitable system tim­
ing. 

The CPU is implemented with an 8-bit microproces­
sor having a 16-bit address bus, thereby allowing access 

10. PBX3TY -execute a special DC and AC test 
algorithm for generating data used to determine the 
Thevenin equivalent circuit for PBX equipment. 
The PBX attendant is not alerted by the application 
of testing voltages. 

11. PBXDCT-same as PBX3TY, but for a DC char­
acterization only. 

12. RCNT-determine the number of ringers present 

5 to 64K bytes of memory. The microprocessor has a 
memory-mapped 1/0 structure that allows for allocat­
ing a portion of the memory address space for 1/0 
device selection. For LTS controller 2000, 8K of the 

on the loop under test by making a series of AC 
current measurements when sources of various 10 
frequencies are applied to the loop. 

13. RDA-alert the customer to start dialing a digit 
zero on the dial, and measure the dial parameters. 

14. ROH-RLS_TNK-execute an algorithm that 
causes release of a permanent signal circuit so that 15 

the receiver-off-hook test can be performed. 
15. RQH_SPUR-measure the presence of spurious 

signal energy at the frequencies used in the receiv­
er-off-hook measurement. 

16. RQH_TEST-apply the receiver-off-hook test 20 

signal, and measure loop currents at harmonic fre-
quencies. 

17. ROH_ VFB-apply a source voltage and measure 
the resultant loop current in order to approximate 

25 the length of a loop with a TIP-RING short. 
18. SOAK-apply a sequence of DC sources to the 

loop, and measure resultant current flows. 
19. THERM-apply a high level AC voltages to the 

loop, and measure the resultant current flows to 30 
detect a thermistor. 

20. SSRFAULT-execute the single-sided resistive 
fault sectionalization measurement algorithm. 

21. CN_DTF-totalizer detection for a coin-first 
coin telephone set. 35 

22. CN_ TOT _DTP-totalizer homing function for 
a coin-first coin telephone set. 

upper address space is allocated to 1/0 (as contrasted to 
6K for port controller 2200 and 4K for the PMU con­
troller). 

Of the remaining memory associated with L TS con-
troller 2000, 16K is provided by RAM and 40K by 
ROM. Of the latter memory, 20K is common to all 
software operations, and 20K is bank switched _so that 
one of three different segments may be operational 
during a given processing sequence. (For port control­
ler 2200, the memories implemented comprise 18K of 
RAM and 40K of ROM, the latter having two 24K 
switched segments. For the PMU controller, 16K of 
RAM is augmented with 48K of ROM, 16K of which is 
switched form one of four bimks). Actually, address 
decoding in the 64K byte addressing space is ROM 
programmable, thus allowing memory allocation and 
1/0 functions to be placed in any segments desired, so 
the above allocations describe but one illustrative em-
bodiment. 

One I/O function requires communication via the 
GPIB protocol, and this is typically implemented with 
a standard GPIB adapter device. Another required 1/0 
function is communication in a serial, bit-oriented mode 
required by the high level data link protocol. Again, an 
appropriate commercially-available device interfaces to 
the memory-mapped space. Finally, an interface is pro­
vided for standard direct memory access (OMA) de­
vices to provide handshake conditioning for the high-
speed data channels if an increased throughput rate is 
required. 23. CN_CF-determine the resistance of the coin 

circuit totalizer so that proper current can be ap­
plied to home it. 

24. CN_TQT_CF-home the coin circuit totalizer, 
and monitor for current flow. 

25. CN_RDET-measure the resistance of the coin 
relay in order to determine the proper source for 
the coin return function. 

Two programmable devices complete the basic im-
40 plementation of L TS controller 2000; these include a 

programmable interrupt controller (PIC) and a pro­
grammable interval timer (PIT). 

The PIC device typically supports eight vectored 
interrupts with either a fixed or rotating priority. Each 

26. CN_RCR-apply sources to proper polarity in 
order to collect or return a coin in a coin telephone 

45 input can be individually masked via software control. 

set. 

Two of the interrupts are used in conjunction with 
G PIB and PIT devices. The latter input provides a 
crystal controlled, timed-interval interrupt that allows 
real-time clock applications such as system time-out 27. CN_GRFV-measure the resistance of the 

ground path in a coin set. 50 functions. 

2.2.ld L TS Controller Circuitry The PIT contains three independent 16 bit counters. 
Each counter has operational modes to provide various 
counter/timer functions such as event counting, square­
wave generation and software controlled stroking. The 

Each controller within LTS 160, namely, LTS con­
troller 2000, port controller 2200 and a controller em­
bedded within each PMU 2101-2103 (to be discussed in 55 clock input to the clock divider circuit is provided by a 

4 MHz crystal. The output clocks range from 15.625 
kHz to 2 MHz and one may be selected to drive the 
CPU microprocessor. 

a later section), is implemented with basically the same 
circuit topology; it comprises a microprocessor device 
and ancillary support devices. This topological arrange­
ment is now presented with reference to L TS controller 
2000. Because of its similarity to the other two control- 60 
ler types, the description applies to the latter two con­
trollers with variations easily recognized by those 
skilled in the art. 

L TS controller 2000 is composed of a microcomput­
er-based CPU, read-only memory (ROM), random ac- 65 
cess memory (RAM) and input/output facilities (1/0). 
Also provided is an interrupt structure allowing asyn­
chronous events to be recognized and acted upon in an 

2.2.2 Port Controller 

Port controller 2200 is also a microcomputer-based 
system running under the same operating system (OS) 
as DCN 140 and LTS controller 2000. In port control­
ler 2200, the following tasks may be identified: 

(a) PARALLEL DATA task controls the transmis­
sion and reception of messages over bus 20001, which 
typically implements the GPIB protocol. It communi­
cates with the corresponding task in L TS controller 
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2000 and is similar in structure and operation, the main 
difference being that the PARALLEL DATA task in 
LTS controller 2000 serves as the bus master. 

(b) ACESS/TEST task executes the access algorithm 
for NIT and MDF access. This includes control of the 5 
following devices: (1) port circuits 2801-2816 and cor­
responding sleeve circuits 2817-2832 to connect to the 
appropriate no-test trunks 9401-9416 and to control the 
magnitude and polarity of sleeve current; (2) trunk 
dialer 2650, of either the dial pulsing or multifrequency 10 
type, depending on the central office switch type; (3) 
busy/speech detector 2600 to determine DC busy and 
speech busy conditions; (4) tracing tone source 2900 for 
long term application of pair identification tones for the 
loop; and (5) P CONTROL section 2702 of EAN 2700 15 
to guide access and then connect the above-identified 
devices to the accessed pairs when required. There are 
a maximum of sixteen active ACCESS/TEST tasks, 
one for each port/sleeve circuit. However, the task-to­
port assignment is not fixed, but rather dynamically 20 
allocated depending on the number of active accesses. 

(c) ADMINISTRATION task performs all adminis­
trative functions in port controller 2200, including ener­
gizing the internal timer periodically so as to preclude a 
system reset as well as accepting data base downloads at 25 
system initialization. Again, the task structure is similar 
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local PMU environment, PMU controller 3100 receives 
test requests from L TS controller 2000 (FIG. 11) over 
parallel-oriented bus 20001, sets up the test by interfac-
ing to the various subsystems via its busses 31001 and 
31002, and transmits the results of testing across but 
20001 upon completion of testing. 

Source generation subsystem 3200, depicted in block 
diagram form in FIG. 18, produces (i) the requisite AC 
and DC signals that are applied to loop 180 or 181 via 
TIP lead 32002 and RING lead 32003, and (ii) demodu­
lating signals, on leads 32004 through 32007, necessary 
to drive measurement processor 3500. Generator 3200 is 
adapted to provide composite AC-DC signals simulta­
neously to TIP lead 32002 and RING lead 32003. To 
insure resolution of fault conditions within predeter- · 
mined tolerances, generator 3200 is arranged to pro-
duce: 

(a) a single AC signal having a frequency from 1 Hz 
to 3200 Hz in 1 Hz steps at voltage levels from 0.0 v to 
12.75 v rms in 0.05 v steps and from 12.8 v to 95.6 v rms 
in 0.4 v steps. The accuracy is ±0.1 v rms or 3%, 
whichever is greater; 

(b) a DC signal at a level from Oto ±51 v in 0.2 v 
steps and from ±51.15 v to ±135.3 v in 0.55 v steps. 
The accuracy is ±0.1 v or 2%, whichever is greater; 

(c) a swept frequency signal where the starting fre­
quency, stopping frequency and frequency increment 
may be specified within broad limits; 

to the ADMINISTRATION task of LTS controller 
2000. The system reset is transmitted DOWN bus 20001 
from L TS controller 2000 to all L TS 160 components 
once a reset request is initiated UP the hierarchy. 

(d) a pulsed tone whose rate and duty cycle may be 
30 specified over a broad range; 

(e) a signal comprising the sum of two AC signals 
having the same relative amplitude; and 

(d) DUMP MEM task is activated after a micro­
processor malfunction and is arranged to provide for 
transmission of blocks of memory to L TS controller 
2000; the memory snapshot focuses on the task that was 
active when the malfunction occurred. 

(e) DIAGNOSTICS task provides self-test capabili­
ties for the hardware controlled by port controller 2200 

(f) a signal formed by sequencing through 10 tone 
pairs each of whose frequencies may be specified over 

35 the range from 1 Hz to 3200 Hz and whose durations 
and silent intervals may be specified. 

as well as interfacing to self-tests for L TS controller 
2000 and PMU's 2101-2103. 

Further discussion with respect to port controller 40 
2200, particularly task processing, is deferred to Section 
2.2.4 so that the description relating to PMU's 
2101-2103 may be integrated into the operational de­
scription. 

Besides producing the aforementioned signals (a)-(f), 
generator 3200 may also be configured so that different 
DC levels may be applied to TIP and RING leads 32002 
and 32003, respectively, at the same time or that the 
applied AC signals have the same amplitude but are 
phase-shifted 180 degrees relative to each other. More­
over, combinations of an AC signal and a DC signal, as 
defined in items (a) and (b) above, may be provided as 

2.2.3 Precision Measurement Unit (PMU) 
45 long as the peak value of the composite signal is less 

than 135.3 volts. 
FIG. 17 depicts, in block diagram form, the structure 

of PMU 2101 (PMU 2102 and PMU 2103 of FIG. 11 are 
essentially the same as PMU 2101 so it is taken as repre­
sentative). PMU 2101 is a microprocessor controlled, 50 
general purpose test instrument in that no part of PMU 
2101 is dedicated to performing any particular test and 
this unit serves as the primary means for measuring the 
electrical parameters of the subscriber loop under test. 
The following interrelated subsystems comprise PMU 55 
2101: PMU controller 3100; source generator 3200; 
source applique 3300; detector 3400; measurement pro­
cessor 3500; and digital signal processor 3600. Subsys­
tems 3200 and 3300 are connected in cascade and this 
cascade arrangement serves to generate and couple the 60 
requisite signals needed for testing to subscriber loops 
(180 or 181 of FIG. 2). Detector 3400, in conjunction 
with applique 3300, serves to detect currents on the 
loop under test and to convert these currents to corre­
sponding voltages. Subsystems 3500 and 3600 comprise 65 
a series combination which processes these voltages and 
formats the processed signals for transmission, ulti­
mately, to FE computer 220 or 221 (FIG. 2). In the 

Source generator 3200 typically comprises a set of 
microcomputers (not shown in FIG. 17). Each of these 
microcomputers generates digital samples via a table 
lookup technique. For AC signals, these digital samples 
are converted to analog form by means of digital-to-
analog (D/ A) converters embedded within generator 
3200. Composite signals are formed by combining the 
outputs of the D/ A converters with a DC level. 

The ML T performs mainly admittance measure­
ments. In order to test subscriber loop 180 or 181 of 
FIG. 2, the signal voltages present on output leads 
32002 and 32003 emanating from generator 3200 are 
applied, via source applique 3300, to TIP and RING 
leads 33001 and 33002, respectively. The resultant lon­
gitudinal-mode current flowing in leads 33001 and 
33002 are each independently detected in applique 3300 
by means of a magnetic sensing circuits (not shown). 
The outputs of the magnetic circuits are signals propor­
tional to the detected currents and these signals appear 
on multiple leads 33003 and 33004 emanating from ap-
plique 3300. Detector 3400 receives and then converts 
these signals to voltages proportional to the sensed 
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currents. Output leads 34001 and 34003 from detector 
3400 carry voltages proportional to TIP current in the 
usual measurement mode, whereas output leads 34002 
and 34004 have voltages proportional to RING current. 
There is also a measurement mode wherein applique 5 
3300 and detector 3400 can be configured to produce 
voltages proportional to a longitudinal current and the 
metallic current associated with the loop under test. 

The signal processing section of PMU 2101 com­
prises: measurement processor 3500, with circuitry in- 10 
eluding multipliers, analog multiplexers, analog-to-digi-
tal (AID) converters and sample-and-hold (S/H) cir­
cuits; and digital signal processor 3600. In-phase (TIP(!) 
and RING(!)) and quadrature (TIP(Q) and RING(Q)) 
waveforms at precisely the frequency applied to the 15 

loop under test represent one arrangement of signals 
present on leads 32007, 32005, 32006 and 32004, respec­
tively. These waveforms may be produced in generator 
3200 as the counterparts to the signals applied to the 
loop under test and these four waveforms are used to 20 

synchronously demodulate the voltages produced by 
detector 3400 on leads 34001 and 34002. Analog multi­
pliers embedded within processor 3500 perform the 
demodulation. For instance, the output of one multi-

25 plier is a signal formed by multiplying the first detector 
voltage, on lead 34001, by the in-phase component of 
the signal on the TIP (TIP(!)) appearing on lead 32007. 
If the voltage on lead 34001 is the result of current flow 
on the TIP of the loop under test, then the signal from 30 
this multiplier is proportional to the real part of the 
admittance-to-ground of the TIP conductor. 

Anticipated phase shifts both within circuitry of 
PMU 2101 or due to external circuitry can be accounted 
for and accommodated simply by phase shifting the 35 
demodulator signals appearing on leads 32004 through 
32007 relative to the sources applied to the loop via 
leads 33001 and 33002. In addition, harmonics of the 
frequencies applied to the loop under test can be gener­
ated within source 3200 and used to detect nonlineari- 40 
ties in the loop admittance by searching for DC compo­
nents in the outputs of the multipliers. The use of two 
signal conditioning channels (34001 and 34002) and four 
demodulating signals (on leads 32004 through 32007) 
allows PMU 2101 to make multiple measurements si- 45 
multaneously. In the embodiment, the results of all 
measurements are DC values, either initially or after the 
demodulation process. 

Measurement processor 3500 is used to select from 
among the various outputs appearing simultaneously 50 
from the multiplier outputs and detector leads 34001 
through 34004. The signals so selected, typically in 
pairs, are fed to S/H and AID circuits contained within 
processor 3500. The digital samples, emanating from 
processor 3500 on one conductor of multiconductor 55 
35001, serve as input to digital signal processor (DSP) 
3600. DSP 3600 implements several digital filtering 
programs, one of which includes a dynamic settling 
algorithm that is utilized to decide when a final value 
has been obtained from a measurement. Test results are 60 
passed from DSP 3600 to PMU controller 3100 over 
bus 31002. 
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2.2.3a Digital Signal Generator (DSG) 

The procedure used to generate cosinusoidal wave­
forms with generator 3200 of FIG. 17 involves access­
ing signal values that have been stored within its read­
only memory. The values that are selected according to 
the technique to be described are transformed into a 
cosinusoidal waveform via a digital-to-analog converter 
and low-pass filter means. 

The values stored within the memory of generator 
3200 are, basically, magnitude samples of cos 0 for the 
first and third quadrants. Although symmetry of a co­
sine wave would permit its reproduction from samples 
of one quadrant only, higher frequency signals are ef­
fected by providing two sets of samples to reduce trans­
formation time in matching the samples to a form ac­
ceptable to the digital-to-analog converter. 

The values for each quadrant are accessed with an 
eight-bit address, so 256 memory locations per quadrant 
are stored. The memory for the first quadrant stores 
+cos 0 over the range Oto 90 degrees with 0 having a 
spacing of0.3516 degrees (90 degrees/256), whereas the 
other memory stores -cos 0 with the same spacing. 

Each of the values stored in the memory is contained 
within an eight-bit word. Each value is an integer repre­
sentation of the decimal number obtained by evaluating 
the cosine with the foregoing spacing. Thus, if c(n) 
represents the nth value, the integer stored at the nth 
address is 

) [ ~J c(n = 256 / cos 1024 

(I) 

where I[.] designates an integer truncation operation to 
8 bits and n is such that O ~n ~255. The multiplicative 
factor 256 in equation (1) basically left-shifts the deci­
mal values resulting from truncation. (If the memory 
word-size is, in general, K, and. the number of address­
able locations in memory is 2L, then equation (1) has the 
form 

c(n) = 2K1[cos--1EL] 2L+2 ' 

for 
0~n~2L- 1, which reduces to equation (1) for 

K=L=8). 
The -cos 0 table, that is, the values in memory asso­

ciated with third quadrant samples, is the 2's comple­
ment version of the +cos 0 table. The complementary 
relationship of these two tables saves execution time 
that would be needed to generate the complementary 
values if only first quadrant values were stored. Since 
the particular embodiment of the present invention 
utilizes a digital-to-analog converter requiring an offset 
binary code to produce a four quadrant waveform, any 
table value requires only the insertion of the proper 
quadrant sign value to complete the offset binary code. 

Besides the + cos 0 table, generator 3200 utilizes an 
accumulator to obtain a sample index and quadrant 
pointer. With reference to FIG. 19, the accumulator 

As indicated by the foregoing discussion, PMU 2101 
effects, within predetermined voltage and frequency 
limits, measurements to characterize a three terminal 
network, including those of a distributed parameter 
nature exemplified by a two-wire, shielded transmission 
line (that is, the customer loop). 

65 comprises registers 3210, 3211 and 3212 which, typi­
cally, represent three contiguous bytes (8-bit words) in 
memory. The boundaries for these three bytes are 
chosen such that bits 0 and 1 of the high byte (register 
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3210) contain quadrant information in the form of a 
quadrant pointer. For instance, if these two positions 
had the binary values 'O' and '1', respectively, then third 
quadrant values are required. The quadrant information 
is passed to sample selector 3213 on lead 3251. The 5 
entire middle byte, comprising register 3211, provides 
the address of the sample to be selected by selector 
3213. This address, called the sample index, is passed to 
selector 3213 via parallel-oriented bus 3252. Bits 4 
through 7 of the low byte (register 3213) contain the 10 
four least significant accumulator bits. 

Frequency generation is accomplished by the binary 
addition of a 12-bit frequency word, arriving on bus 
3254, to the 12 least significant bits of what is, in effect, 
a 14-bit accumulator. The frequency word on bus 3254 15 

is indicative of the frequency of the cosine to be gener­
ated, as explained shortly. The addition occurs at a fixed 
rate, designated fs (Hz), which is typically at least twice 
the highest frequency cosinusoid to be provided by 
generator 3200. 20 

In general, as the frequency word is added to the 
accumulator at the rate fs, the bits of register 3212 even­
tually overflow into register 3211. In turn, register 3211 
eventually overflows into register 3210. After each 

25 addition, the two bits of register 3210 are checked for 
phase information and all bits of register 3211 are passed 
to selector 3213. A cosine magnitude value is appropri­
ately extracted from the +cos e tables stored within 
selector 3213. A polarity sign is supplied to the value, 30 
and the now completed encoded value is passed to 
digital-to-analog converter 3214 via but 3253. 

In view of the foregoing discussion, if a cosinusoidal 
frequency of 1 Hz (having a frequency word represen­
tation ob 00000000 0001 in binary) is to be generated, 35 
then it would require sixteen additions to the accumula-
tor (initialized to 00 00000000 0000) before register 3212 
overflows into register 3211. This means that for one 
complete cycle, wherein the tables will be indexed ex­
actly 1024 times, one table value is accessed sixteen 40 
consecutive times, another value sixteen consecutive 
times, and so forth. Thus the same encoded cosine value 
is loaded into converter 3214 sixteen times before a new 
encoded value becomes available. However, if a fre­
quency word of 00000001 0000, representing 16 Hz, is 45 
added to the accumulator, then 1024 sample indices are 
still produced, but a new and different encoded cosine 
value is loaded into converter 3214 after every addition. 
To reiterate, if the frequency represented by the fre­
quency word is small (<16 Hz), the cosine magnitude 50 
values do not change rapidly, that is, they become 
"dwelled" on for a period oftime, whereas for a longer 
frequency word (~ 16 Hz), the cosine samples change 
rapidly. 

The result of this generation technique is a cosinusoi- 55 
dal wave synthesized by stepping through a look-up 
table, small steps for low frequencies and large steps for 
high frequencies. The frequency spectrum for a wave 
synthesized in this manner contains the desired funda­
mental frequency plus its harmonics. Also present is the 60 
sampling frequency f2 and its harmonics. Moreover, the 
desired frequency and its harmonics are centered about 
fs and its harmonics. To reduce distortion due to alias­
ing, f, is at least twice as great as the highest frequency 
to be produced. In addition, a low-pass filter, designated 65 
as filter 3215 in FIG. 19, removes frequency compo­
nents above f,/2, thereby providing a smoothing opera­
tion. 
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Besides the frequency components discussed above, 

there are undesired frequencies due to dwelling on table 
values during the generation of low frequencies and the 
finite precision of converter 3214. These frequencies are 
subharmonics and filter 3215 cannot remove them since 
they fall within the passband. Fortuitously, however, 
the amplitudes of the subharmonic components are 
small due to minor differences in adjacent table values 
and for converter precision on the order of eight bits 
per sample; therefore, the harmonics are tolerable with­
out further processing. 

2.2.3b Magnetic Current Sensor 

As briefly discussed above with reference to FIG. 17, 
source applique 3300 and detector 3400 combine to 
detect appropriate conductor currents, typically longi­
tudinal mode currents in both the TIP and RING of the 
loop under test, and then to convert the detected con­
ductor currents to voltages suitable for processing. 

A more detailed block diagram of source applique 
3300 is shown in FIG. 20. Signals transmitted from 
source generator 3200, via leads 32002 and 32003, serve 
as inputs to TIP source driver 3301 and RING source 
driver 3302, respectively. Drivers 3301 and 3302 pro­
vide high impedance buffering to the input signals and 
suitably level shifted output voltage or current signals 
to energize output TIP lead 33001 and RING lead 
33002, respectively. Source impedance values presented 
to the TIP and RING are effected by impedance net­
work 3309 coupling drivers 3301 and 3302 to leads 
33001 and 33002, respectively. Drivers 3301 and 3302 
and network 3309 provide a high degree of testing flexi­
bility. Voltages from Oto ± 135.3 V peak and currents 
up to 125 ma can be delivered through a vriety of 
source impedances. The choice of impedances ranges 
from a short circuit up to 100K ohms in series with both 
TIP and RING or each separately. Moreover, TIP and 
RING can be shorted or capacitively coupled. Appli­
que controller 3311 signals network 3309, via lead 
33111, as to the desired coupling impedances. Control­
ler 3311 operates in response to signals transmitted over 
busses 31001 and 36001. 

Magnetic core pair 3305,3306 associated with TIP 
lead 33001 and core pair 3307,3308 accompanying 
RING lead 33002 detect flux changes induced by cur­
rent carrying conductors which are wound through the 
core apertures. For instance, with the relay contacts of 
relay A in the make and break positions shown in FIG. 
20, the TIP lead current on conductor 33001 forms a 
two-turn winding on each core 3305 and 3306; similarly, 
the RING lead current on conductor 33002 penetrates 
the apertures of core pair 3307 ,3308 twice with the same 
orientation. However, if relay A (which is embedded 
within applique controller 3311) is energized, then core 
pair 3305,3306 encompasses the TIP lead only once and 
the current in the RING lead is also routed through 
core pair 3305,3306, but in a sense opposing TIP lead 
current. In effect, core pair 3305,3306 detects a differen­
tial between the individual currents flowing in the TIP 
and RING leads 33001 and 33002, respectively. Thus, 
the two operating modes of relay A determine the de­
sired routing of current carrying paths through core 
apertures. More complex relay arrangements enable 
numerous measurement modes as well as fault location 
procedures for a variety of loop fault conditions. Loop 
fault detection and location methodology which utilizes 
the foregoing current routing arrangement is the subject 
matter of U.S. patent application Ser. No. 308,417, filed 
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detection performance as compared to the circuitry 
without offset compensation; automatic correction oc­
curs periodically, although for the most sensitive mea­
surements, a correction is made immediately prior to a 

on October 5, 1981, by J. M. Brown (Case 4) and as­
signed to the same assignee as the instant application. A 
synopsis of this loop fault locating methodology will be 
presented in Section 3.2.ld wherein the ML T system 
tests are defined. 5 measurement. Offset corrector 34025, which is typically 

a digital-to-analog converter, receives a correction volt­
age from PMU controller 3100 on bus 35052. The volt­
age supplied by PMU controller 3100 results from a test 

Core pairs 3305,3306 and 3307,3308 are typically 
matched ferrite cores; matching is required to minimize 
offset drift as ambient conditions, particularly tempera­
ture, vary. With the core pairs and accompanying cir­
cuitry of the illustrative embodiment, currents from 1 ua 10 
to 500 ma in the DC to 3200 Hz frequency band may be 
measured with an accuracy of ± 1 ua or ± 1 % for the 
anticipated ambient conditions. 

A brief description of the operation of one core pair 
arrangement is presented with reference to FIG. 21. 15 
Each core 3307 or 3308 has basically three windings. 
One winding, designated the line winding, comprises 
conductor 330013 in series with conductor 330014; 
these conductors are considered to form one winding 
because each provides a series aiding field excitation. 20 
The conductor having ends 330041 and 330043 forms a 
sense winding, whereas the conductor having ends 
330042 and 330044 comprises a control winding on each 
core 3307 and 3308. With the currents IL, le and Is 
flowing in the line, control and sense windings, respec- 25 
tively, and having the flow direction shown in FIG. 21, 
the line winding and control winding on core 3307 
provide series-aiding magnetizing fields whereas the 
fields are series-opposing on core 3308, and each sense 
winding provides series-opposing fields to the line 30 
winding fields. 

Operational amplifier 34021 and capacitor 34024 
form an integrator which acts to feed back current Is 
through the sense winding on each core to cancel mag­
netic flux caused by the currrent IL in the line winding. 35 
In steady-state operation, that is, after line current tran­
sients have dissipated, the voltage on output lead 34012 
is proportional to the current IL on lead 330013 ( or 
330014). In order to determine if Is is of sufficient 
strength to cancel IL, pulse generator 34022 periodi- 40 

'· cally drives cores 3307 and 3308 into saturation through 
•• • the separate control winding of each core. During the 

interval that cores 3307 and 3308 are driven into satura­
tion with current le, switch 34028 remains open. When 
the saturation pulse is removed, switch 34028 is con- 45 
nected to the .inverting ( - ) input of amplifier 34021, 
through resistor 34027, in order to sense the presence of 
an error voltage generated by collapsing flux, that is, 
flyback from saturation. If the net flux caused by fields 
induced by Is and IL current is zero, the voltage gener- 50 
ated on each sense winding is equal and opposite and, 
consequently, the error voltage is zero. However, if the 
net flux is not zero, the nonzero error voltage is inte­
grated and stored by capacitor 34024. During the next 
pulse cycle, the stored voltage furnishes current Is, 55 
through resistor 34023, to the sense windings and, ac­
cordingly, forces the net flux to zero. 

If cores 3307 and 3308 are not perfectly matched, 
primarily because their characteristics do not track 
during changing ambient conditions, a nonzero error 60 
voltage may be generated even if the line winding cur­
rent is zero. To partially correct for core offset, a com­
pensating offset current is fed into integrator amplifier 
by offset voltage corrector 34025 in series with resistor 
34026. After offset correction, the output voltage on 65 
lead 34012 substantially tracks the line current. In the 
illustrative embodiment, automatic offset correction 
achieves a two orders of magnitude improvement in 

measurement, with zero loop current, performed on the 
periodic basis. 

FIG. 21 depicts the essential circuitry of ring 1-to-V 
converter 3402 of FIG. 22. As shown in FIG. 22, ring 
1-to-V converter 3402 has a corresponding counterpart 
in tip 1-to-V converter 3401 which performs basically 
the same operation on core pair 3305,3306 of FIG. 20. 
The output voltages proportional to TIP and RING 
lead currents appear on leads 34011 and 34021, respec­
tively, of FIG. 22. In that each voltage signal is pro­
cessed in basically the same manner with the remainder 
of the circuitry embedded in detector 3400, only pro­
cessing of the output voltage signal appearing on lead 
34011 of tip converter 3401 is described in the follow­
ing. 

The voltage on lead 34011 is band-limited to 3200 Hz 
by filter 3403. For some measurements, particularly in a 
high 60 Hz noise environment, filter 3403 also can pro­
vide 60 Hz band elimination filtering. Filter 3403 oper-
ates under control of detector controller 3405, via lead 
34053; in turn, detector controller 3405 receives instruc­
tions from PMU controller 3100 on bus 31001 and DSP 
3600 on bus 36001. The filtered voltage signal appears 
on lead 34031 and serves as an input to gain units 3408 
and 3410. Gain unit 3408 provides either a gain of four 
or no gain as well as filtering with a 10 Hz high-pass 
filter; the signal at the output of gain unit 3408, on lead 
34001, basically comprises only AC components. On 
the other hand, the output of gain unit 3410, on lead 
34003, represents a composite AC-DC signal amplified 
by either a factor of four or directly coupled without 
gain. To determine which gain factor to apply, the 
outputs of gain units 3408 and 3410 serve as inputs to 
saturation detector 3406. Initially, both gain units 3408 
and 3410 are set to the maximum gain of four. If the 
signal at one or both outputs is above a preselected 
threshold, saturation detector 3406 interrupts PMU 
controller 3100. Interrupt as a result of AC overload 
appears on lead 34061, whereas composite signal over­
load is transmitted over lead 34062. Appropriate gain 
adjust signals are returned to gain units 3408 and 3410 
from PMU controller 3100 via detector controller 3405 
and, particularly, leads 34058 and 34057. If saturation is 
still detected, then an input attenuator is switched into 
the current path associated with TIP lead 33001. The 
attenuator, depicted by element 3303 in FIG. 20, pro­
vides a 4: 1 current reduction. The signals thus appear­
ing on AC-only lead 34001 and broadband lead 34003 at 
the output of detector 3400 represent suitably scaled 
analog signals proportional to the currents flowing on 
the loop conductor arrangement under test. 

Now with reference to FIG. 23, additional processing 
is effected by the measurement processor 3500 to pre­
pare the analog signals for digital filtering in processor 
3600 (FIG. 17). 

The signal on AC-only lead 34001 is presented to 7-1 
MUX, that is, the upper half of multiplexer 3501, on five 
parallel paths. The first path directly couples lead 34001 
to multiplexer 3501 so that broadband AC signals may 
be measured. To obtain the signal on the second path, 
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in-phase synchronous detection is effected by multiply-
ing the voltage signal on lead 34001 with the TIP (I) 
signal on lead 32007 in four-quadrant multipler 3701. 
Synchronous detection of the AC-only signal frequency 
shifts the information bearing components to DC for 5 
efficient filtering. Aliasing is mitigated with 10 Hz an­
tialiasing filter 3510 interposed between multiplier 3701 
and multiplexer 3501. The fourth path signal is obtained 
in a manner substantially equivalent to the second path 
processing technique, the only difference being that a 10 
quadrature signal (TIP(Q)) serves as an input to multi­
plier 3702, via lead 32006. The DC components emanat-
ing from the second and fourth processing paths repre-

• sent typically the real and imaginary parts of the admit­
tance with respect to ground of the loop conductor 15 
arrangement under test, typically the TIP-to-ground 
path. 

Oftentimes it is necessary to measure a current signal 
produced by a voltage arising outside the ML T system 
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12-bit measured signal is combined with the setting on 
PGA 3502 to produce a signal requiring a maximum of 
20 bits for complete representation. Digital signal pro-
cessor 3600 is arranged to operate on these 20-bit sig­
nals, as will be discussed shortly. 

Because of the parallel processing arrangement of 
multipliers 3701 through 3704 and time division multi­
plexing available with multiplexer 3501, a number of 
analog signals resulting from a typical loop measure­
ment can be processed essentially simultaneously. For 
instance, one measurement in the standard set of re-
quests is the DC three terminal admittance (DC3TY). 
With this measurement, both AC and DC sources are 
applied between each loop conductor and ground, and 
the resultant currents are used to calculate an AC and 
DC Thevenin equivalent circuit of the loop. For in-
stance, it is supposed that the AC voltage is applied at 
24 Hz. At a sampling rate of 100 Hz, the real and imagi­
nary components of the 24 Hz signal are processed on 
paths two and four and the DC current on path seven 
for both the TIP and RING conductors, resulting in a 
total of six measurements from basically one source 
signal. 

Measurement controller 3507 provides the required 
timing information to synchronize operation of multi­
plexer 3501, S/H devices 3404 and 3405 and multiplexer 
3506 to insure that the selected analog signals are avail­
able for AID conversion in element 3503. In addition, 
controller 3507 generates a progression oftiming signals 

for which the exact frequency is not known; in this case, 20 
synchronous demodulation is effected with an average 
frequency. For instance, dial tone provided to a tele­
phone set is known to be in the 300 to 1000 Hz band. 
Synchronous in-phase and quadrature detection with a 
650 Hz frequency, followed by filtering with 350 Hz 25 
low-pass filters 3511 and 3513, respectively, results in 
signals indicative of the presence of dial tone. The quad­
raturely-related signals are delivered to multiplexer 
3501 via multiplier filter pairs 3701,3511 and 3702,3513, 
respectively, on paths three and five. 

Finally, path six directly presents the broadband, 
composite AC-DC signal to multiplexer 3501 and the 
signal on path seven results from low pass filtering the 
signal on lead 34003 with 10 Hz filter 3514. This latter 
path is used primarily to measure the DC in the compos- 35 
ite AC-DC signal. 

30 that activate, for example: the first measurement with 
AID converter 3503; the circuitry to count leading 
zeros in data from the first measurement; the gain selec­
tion in PGA 3502 as determined by these zeros; the 

The seven TIP paths just described are duplicated by 
similar processing on the RING lead side and are re­
ceived in the lower-half of multiplexer 3501. The signals 
on all fourteen paths are present simultaneously. Analog 40 
multiplexer 3501 is used to connect one of the seven 
TIP paths and a corresponding one of the RING paths 
to sample-and-hold (S/H) devices 3504 and 3505, re­
spectively. Since programmable gain amplifier (PGA) 
3502 is capable of processing only one input at a time, 45 
multiplexer 3506 performs time division multiplexing on 
the outputs of S/H devices 3504 and 3505 and channels 
the desired signal to gain amplifier 3502 during appro­
priate time intervals. Lead 35011 couples the upper-half 
7-1 MUX of multiplexer 3501 to S/H 3504, and lead 50 
35041 couples S/H 3504 to 2-1 MUX 3506. Similar 
functions are performed by leads 35012 and 35051, re­
spectively. Finally, multiplexer 3506 and gain amplifier 
3502 are coupled with lead 35061. 

The output of gain amplifier 3502 serves as an input 55 
to twelve-bit AID unit 3503; coupling is via lead 35021. 
Gain amplifier 3502 provides gain from 1 to 256 in steps 
of 2. To determine the correct gain setting for each 
sample presented to AID unit 3503, two measurements 
are made per sample. For the first measurement, PGA 60 
3502 is set at unity gain. The number of leading zeros in 
the 12-bit digital output on lead 35031 are counted. For 
each leading zero, the gain is increased by a factor of 
two up to a maximum gain of 256 or eight leading zeros. 
The signal is again measured and converted to a 12-bit 65 
digital signal. This two-step measurement procedure 
ensures that the full conversion range of converter 3503 
is utilized for maximum measurement accuracy. The 

second AID measurement; and the transmission of the 
12 bits representing a sample to measurement interface 
3508. Controller 3507 is dependent, initially, on infor-
mation transmitted over bus 31001 from PMU control­
ler 31001. Once activated, however, controller 3507 
produces timing information basically independent of 
PMU controller 3100, although interrupts and reset 
requests may override and disable state timing. 

Measurement interface 3508 serves a two-fold pur-
pose, namely, (i) to temporarily store the results of the 
first and then the second AID measurements and (ii) to 
format the 12-bit data obtained from the second mea­
surement for transmission to DSP 3600. DSP 3600 ma-
nipulates 20-bit, two's complement data with the pre­
sumption that the least significant bit arrives first on its 
serial-oriented input port. In the present situation, this 
input port is connected to one conductor from channel 
35001 emanating from measurement interface 3508. 
Formatting is required since data is transmitted serially 
between interface 3508 and AID converter 3503 on one 
conductor of lead 35031 with the most significant bit 
arriving first. In formatting the data generated by the 
second measurement, account is taken of the gain of 
PGA 3502, the polarity of the sampled signal and 
whether an extra gain, called "psuedo-gain", is to be 
implemented. The purpose of this extra gain is to reduce 
inherent error in processing for low level signals due to 
a digital processing phenomenon called a "limit cycle" 
caused by finite word length effects. 

FIG. 24 depicts how FIGS. 18, 20, 22 and 23 may be 
grouped to form a composite of FIG. 17. 

2.2.3c Signal Processing 

The final stage in the processing of the detected TIP 
and RING signals is effected by DSP 3600 of FIG. 17. 



4,562,436 
51 

DSP 3600 is controlled by PMU controller 3100 via bus 
31002. PMU controller 3100 downloads the required 
processing algorithm into DSP 3600 via memory bus 
31002 and receives results back over this same bus. This 
downloading feature allows DSP 3600 to perform a 5 
wide variety of filter functions even through DSP 3600 
has limited memory size. Nine different filtering func­
tions are presently implemented in PMU 2101; these 
include: 

(1) A DC-to-5 Hz low-pass filter function with 20 Hz 10 
attenuations of 40, 80 and 120 db. The amount of 
attenuation is selected on the basis of interference 
encountered in a particular measurement. The at­
tenuation is· selected in real time by a dynamic 
settling algorithm which releases . the measured 15 
data as soon as it has settled with prescribed limits, 
typically five consecutive measurements within 
one percent of each other. 

(2) A DC-to-5 Hz low-pass filter without settling 
with 120 db attenuation at 20 Hz. The value of the 20 
output is provided upon demand by PMU control-
ler 3100 as often as desired. 

(3) A DC-to-5 Hz low-pass filter in which an in­
phase/ quadrature pair is converted to a magnitude­
squared value by a square and add operation. Re- 25 
suits are provided as demanded by PMU controller 
3100. 

(4) A DC-to-5 Hz low-pass filter used for detection of 
asynchronous tones such as dial tone and in-band 
signaling. This filter program provides the current 30 
filter output as often as it is requested by PMU 
controller 3100. 
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ory, which is the memory depicted by element 3602. 
Digital filter 3601 views this space as ROM and obtains 
its instructions and data from this ROM space. On the 
other hand, PMU controller 3100 views memory 3602 
as RAM. This allows PMU controller 3100 to store 
numerous programs in its own ROM (depicted as mem­
ory 3150 in FIG. 18), and by selecting one of the stored 
programs and loading it into DSP memory 3602, PMU 
controller 3100 can effectively perform any necessary 
filtering or processing functions. Programs are down­
loaded from PMU controller 3100 utilizing the address 
and data portions of bus 31002 and the results of pro­
cessing operations in filter 3601 are passed back on the 
data portion of bus 31002. Internal communication be­
tween filter 3601 and memory 3602 occurs over bus 
36011. Control signals, status bits, enable information, 
set and reset conditions, and so forth are communicated 
between PMU controller 3100 and DSP 3600 via bus 
31002. Data from measurement processor 3500 (FIG. 
17) on multiple lead 35001 and information for proces­
sor 3500 on lead 36002 link processor 3500 and DSP 
3600. Bus 36001 originating from DSP 3600 carries 
system reset and enable signals controlling event moni­
tors within DSP 3600. 

2.2.3d PMU Controller 

PMU controller 3100 is a microcomputer-based sys­
tem also running under the same operating system (OS) 
as DCN 140, L TS controller 2000 and port controller 
2200. In PMU controller 3100, the tasks are as follows: 

(a) PARALLEL DATA task controls the transmis­
sion and reception of messages over parallel-oriented 
bus 20001 shown in FIG. 11. A message is received by 
PMU controller 3100 on an interrupt driven, byte-by-

(5) A 5 Hz low-pass filter with peak detection. The 
peak value of the signal is provided once on de­
mand by PMU controller 3100. 

(6) A broadband filter with mean-squared output 
using either 10 Hz to 3200 Hz flat weighting or 
C-message weighting. Filter output is provided by 
DSP 3600 on demand. 

35 byte basis. When a full message has been received, OS 
runs the PARALLEL DATA task to determine where 
the buffer memory storing the message is to be sent for 
processing. The PARALLEL DAT A task also formats 

(7) A program which counts the number of samples 40 
for which the input signal is above the given 
threshold and the number of samples for which it is 
below the same threshold. Counting begins on the 
first high-to-low transition of the input or on the 
first low-to-high transition depending on a parame- 45 
ter transmitted by PMU controller 3100. A count is 
returned on each transition so that rotary dial 
pulses may be analyzed. 

(8) A program which detects the voice-frequency 
range tone bursts from coin phone totalizers as well 50 
as the DC current flowing in the loop associated 
with the coin phone. An indication is sent to PMU 
controller 3100 after each tone burst is received. 
The value of the DC current is returned after the 
last burst is received. Test timing is also included in 55 
this program to identify continuous tones, no tones 
and test timeout. 

(9) A program which performs self-diagnostic testing 
on DSP 3600, including its internal memory. 

FIG. 18 indicates that DSP 3600 comprises basically 60 
two circuit elements, namely, digital filter 3601 and 
memory 3602. Digital filter 3601 is implemented in the 
illustrative embodiment by a programmable signal pro­
cessor especially developed for digital filter-type appli­
cations requiring rapid multiplications and additions 65 
and the capability of mitigating the effects of finite 
word length arithmetic. This programmable processor, 
however, has only 1024 addressable locations in mem-

full buffers for transmission UP to L TS controller 2000. 
The PARALLEL DAT A task is similar to P ARAL­
LEL OUTPUT task 11407 of FIG. 7 associated with 
DCN 140. 

(b) ADMINISTRATION task runs several diagnos­
tic functions, including the handling of illegal instruc­
tion traps from system malfunctions and periodic soft­
ware checks on critical, RAM-stored tables. This 
checking is implemented as a cyclical redundancy 
check and is performed in lieu of hardware parity 
checking. 

(c) DUMP MEM task arranges for transmission of 
blocks of memory to L TS controller 2000 upon request 
or upon detection of an error condition in the circuitry 
of PMU 2101. 

(d) PMU task configures and energizes the circuitry 
of PMU 2101, collects data and formats the data for 
transmission UP the hierarchy. The particulars of this 
task are now discussed with reference to the tests de­
fined in Section 2.2.lc and in view of FIGS. 25 and 26. 

The PMU task, represented by element 3101001 in 
FIG. 25, receives buffer information as transmitted by 
the PARALLEL DATA task. Entries in the buffer 
specify which test is to be performed. The data specifies 
which of the many possible test requests summarized in 
Section 2.2.lc is to be selected; three such requests, 
depicted by elements 3101002-3101004 in FIG. 25, in­
clude AC3TY, OCFEMF and CN_GRFV. In each 
case, control is passed to measurement cycle controller 
3101005, which is a software routine that causes the 
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same basic functions to be performed each time, regard­
less of the particular test request. The functions differ 
only in their handling and formatting of the data re­
turned by DSP 3600. 

Measurement cycle controller 3101005 provides di- 5 
rect control of PMU circuitry as depicted in the struc­
ture chart of FIG. 26. The software of controller 
3101005 operates sequentially from left-to-right and 
top-to-bottom in FIG. 26. Each test request 
(3101002-3101004 of FIG. 25) calls this software as JO 
many times as is necessary to obtain the required mea­
sured currents on the loop under test. For instance, the 
OCFEMF test request requires cycle controller 
3101005 to operate three different times with a different 
circuit configuration each time. The operation of cycle 15 
controller 3101005 for each repetition is set forth in the 
following with reference to FIG. 26. 

First, a so-called primitive table, stored in ROM of 
PMU controller 3100, is copied into a RAM copyspace 
via routine 3101010. Each test request is completely 20 
specified by its primitive table. Parameters specified in 
the table include: settings for various system relays that 
configure, for example, routing of TIP and RING 
through the apertures of the magnetic current sensing 
cores; the type of signal to be measured (AC or DC); 25 
the DSP filtering algorithm that is to process measured 
data; and the reference frequency to be used for syn­
chronous demodulation. In fact, approximately forty 
bytes of memory are needed to completely specify each 
PMU test request. In addition, a dedicated memory area 30 
is established into which variable data parameters speci­
fied in the buffer sent from L TS controller 2000 may be 
stored. These variable parameters typically replace 
default parameters built into each primitive table. Thus, 
if the primitive table has been defined to allow modifica- 35 
tion, routine 3101011 transfers the data from the dedi­
cated memory area and makes the appropriate changes, 
if any. The AC and DC source generators comprising 
circuit 3200 are deenergized to guarantee that overloads 
do not cause PMU failures as the PMU configuration is 40 
changed. Likewise, a delay routine is entered after all 
relays are transferred to a quiescent state to allow for 
energy dissipation. 

Next, in preparation for the application of AC volt­
age to the loop under test, dissipation resistors within 45 
source drivers 3301 and 3302 are selected and applied to 
preclude voltage-overload failures. Then the entries in 
the primitive table corresponding to memory-mapped 
peripherals are sequentially written into memory by 
routine 3101016; in particular, the writes energize PMU 50 
relays to establish the various measurement paths re­
quired of the present test request. AC and DC source 
generators within circuit 3200 are then enabled by the 
next two routines. The application of the test signal to 
the loop is now complete and the remaining routines in 55 
measurement cycle controller 3101005 focus on collect­
ing the measured data. 
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likewise must be accounted for when the final detected 
current values are calculated. 

Next, routine 3101021 downloads the required pro­
cessing program into DSP 3600. The downloading oc­
curs in three steps. First, after the basic processing pro­
gram is downloaded, measurement channel offsets are 
copied into an array from memory for ready reference. 
The offset correction is similar to the calibrate value 
adjustment in that offsets will be used to convert actual 
measurements into corrected measurements. However, 
offset correction occurs via a subtraction operation 
whereas calibrate factor adjustment is via multiplica­
tion. The second step involves examining the primitive 
table to determine if any parameters in the basic pro­
cessing program are to be modified, such as current 
thresholds. If so, the third step makes the required 
changes in primitive table values via routine 3101025. 

The penultimate routine 3101022 runs the measure­
ment cycle. The sample rate passed to measurement 
controller 3500 operates a system measurement timer. 
The rate is determined by a number of factors, including 
the digital filter to be used in DSP 3600 and the number 
of channels to be measured. This run cycle continues 
until the digital filter settles, the test times out or an 
interrupt occurs. Assuming a successful completion, 
routine 3101022 collects the measured current data 
from DSP 3600 and makes required adjustments. Fi­
nally, routine 3101026 resets PMU 2101, thereby com­
pleting the measurement cycle. 

Control of the circuitry of PMU 2101 then passes to 
the test request routine of FIG. 25 overseeing the test 
run. Depending upon the stage of operation, reconfigu­
ration may be initiated to collect additional data or the 
collected data may be transmitted to L TS controller 
2000. 

As indicated in the above discussion, calibration is an 
important part of the overall operation of PMU 2.101. 
Besides the three calibration procedures already identi­
fied, that is, (a) offset correction on magnetic current 
sensor cores, (b) gain factor values determined from 
applying known, high level signals and measuring re­
sponses and (c) DC offsets determined from responses 
without any input signals, one other calibration proce­
dure is utilized. Oftentimes, the precise values of the 
real and imaginary parts of the loop admittance provide 
valuable fault diagnosing information. To obtain these 
values, it is necessary to correct for phase offsets within 
subsystems 3300, 3400 and 3500. Phase offsets are deter­
mined by a three-step process. First, a termination 
within element 3310 of FIG. 20 having a known phase 
shift at the frequency of interest is applied across the 
TIP and RING leads. Then the actual phase shift is 
measured. By comparing the expected phase shift to the 
measured phase shift, the phase shift through the vari­
ous channels may be determined. Digital signal genera­
tor 3200 may then compensate for the individual phase 
shifts by selecting appropriate table values from the 
±cos 0 tables as the starting points during signal gener­
ation. 

The various channels through detector 3400 and mea­
surement controller 3500 utilized in processing detected 
currents each have different responses to applied sig- 60 
nals. At system start-up these responses are measured 2.2.4 L TS Circuits for Establishing Loop Connections 
and stored as "calibrate" values. When a loop is mea­
sured, the calibrate values of the channels must be taken 
into account. The routine labelled 3101019 retrieves the 
values from memory and copies these factors for the 65 
channels into an array where they may be easily refer­
enced in order to adjust the measured signals. In addi­
tion, routine 3101020 initializes psuedo-gains which 

To describe the functions of the remaining LTS cir­
cuits of FIG. 11 not explicitly referenced or discussed in 
some detail to this point, a typical sequence of opera­
tions involving most of these circuits is described. Vari­
ations on the sequencing presented are also identified 
where appropriate, and others may then be readily iden­
tified by those skilled in the art in view of the foregoing 
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discussion. The circuits to be discussed include talk 
circuits 2301-2306, DDD circuit 2400, ringing distribu­
tor 2500, busy/speech detector 2600, trunk dialer 2650, 
equipment access network 2700, ports 2801-2816, 
sleeve lead control unit 2950 and tracing tone source 5 
2900. The operations to be discussed indicate how a talk 
circuit is established between a Maintenance Center 
administrator and a customer. 

Access to the customer's loop through BAN 2700 
commences with the transmission of the access request 10 
from L TS controller 2000 to port controller 2200, as 
elaborated upon in the preceding sections, particularly 
Section 2.2.la. As a first step in the sequence, port con­
troller 2200 selects, from among the sixteen ports 
2801-2816, a free port having a test trunk 9401, ... , or 15 
9416, and a corresponding sleeve lead 9417, ... , or 9432, 
associated with the telephone number of the customer's 
loop. (Trunk groups in a central office environment are 
associated with a subset of the set of accessible tele­
phone numbers. Thus, another accessing possibility is 20 
that of having a switching arrangement to connect any 
port to a trunk from the trunk group servicing the de­
sired telephone number. This adds another degree of 
freedom, but one that is not essential to the immediate 
discussion.) For the sake of clarity of presentation, it is 25 
presumed that port 2801, trunk pair 9401 and sleeve lead 
9417 satisfy the request. Assuming also that the selected 
trunk pair does not exhibit hazardous voltages, the next 
step is to connect trunk dialer 2650 through EAN 2700 
to port 2801. To understand the technique for accom- 30 
plishing this, reference is made to FIG. 27. 

As depicted in FIG. 27, BAN 2700 is comprised of an 
array of 4X6 switch matrices 2710-2713. Focusing on 
matrix 2710, four horizontal leads 28010, ... , 28040 origi­
nate from ports 2801-2804, respectively; each lead actu- 35 
ally represents both the TIP and RING served by the 
corresponding port. The six vertical leads, also repre-

. -senting a pair of conductors, connect to the following 
- six elements: PMU 2101; tracing tone source 2900; talk 

circuit 2801; the dial pulsing (DP) portion of trunk 40 
dialer 2650; the multifrequency (MF) dialing portion of 
dialer 2650; and busy/speech detector 2600. The three 
leftmost vertical leads are controlled by L control sec­
tion 2701 of BAN 2700 , and each lead forms one lead 
of a unique, switchable crosspoint (L1-L3 for the first 45 
vertical lead, L4-L6 for the second, and so forth), the 
other lead in each case being provided by one of the 
four horizontal leads. Similarly, P control section 2702 
operates crosspoints P1-P12 in matrix 2710. As FIG. 27 
depicts, BAN 2700 is modular and may be expanded 50 
vertically to include more ports or horizontally to in­
clude more elements such as precision measurements 
units, talk circuits and busy/ speech detectors. The main 
limitation on the expansion characteristics is set by con­
stants fixed within the software design; these constants 55 
are derived from memory considerations, timing con­
straints and throughput rate. 

Continuing with the example, it is supposed that dial 
pulses must be applied to trunk 9401 for proper opera­
tion; this information is typically stored in the memory 60 
section of port controller 2200. P control section 2702 
then closes switch point Pl in matrix 2710 to access the 
dial pulsing portion of dialer 2650. A signal, typically a 
low impedance placed metallically across the trunk pair 
by dialer 2650, notifies the office switch that dialing is 65 
planned. The office equipment responds, usually with a 
TIP-RING reversal, to acknowledge the request and 
then manipulates the sleeve lead; the type of manipula-

56 
tion depends on the central office type. For instance, 
with one office type, providing a high sleeve current 
seizes trunk 9401 and prepares it to accept dial pulses. 
Concurrent with sleeve lead manipulation, port control­
ler 2200 loads dialer 2650, via bus 22001, with the tele­
phone number upon reception of the TIP-RING rever­
sal; once loaded, dialing commences. At the completion 
of dialing, another TIP-RING reversal effected by the 
circuitry of trunk 9401 indicates that the customer's 
loop is now accessed in a bridging or monitor mode. 

Since it is possible that the subscriber is utilizing the 
loop, crosspoint P2 is opened to disconnect dialer 2650 
and crosspoint P3 is closed to attach busy/speech detec­
tor 2600. Two basic tests are performed by detector 
2600. First, the loop is checked for DC voltage on the 
TIP and RING. If a loop is found to be DC busy, 
speech detection is performed by monitoring the line 
for bursts of energy that are characteristic of speech. 
The status of the loop is returned to port controller 
2200. If it is presumed that the loop is idle, L TS control­
ler 2000 is notified that port access is complete and 
detector 2600 is disconnected. In addition, trunk param­
eters determined at system calibration, including trunk 
type, length and resistance, are returned with the re­
sponse message. 

Since a customer-administrator connection involves a 
callback mode of operation, an access utilizing an idle 
talk circuit 2301, ... , or 2306 is progressing concurrently 
with port access. L TS controller 2000 commences this 
access directly via bus 20002. Presuming talk circuit 
2301 is the idle talk circuit seized, the DDD dialer cir­
cuit 2400 is connected to talk circuit 2301 via channel 
20003. Talk circuit 2301 then draws dial tone over one 
of the DDD pairs comprising cable 23011 by placing a 
low impedance across the pair. DDD dialer 2400, 
which was loaded with the callback digits when it was 
allocated, now dials or outpulses the number of the 
telephone to be used by the maintenance administrator. 
When the administrator answers the call, the "0" digit 
(KEY ZERO) on the multifrequency pad is pushed; in 
tum, talk circuit 2301 detects the frequencies assigned 
to the "0" digit and L TS controller 2000 is signalled 
accordingly. LTS controller 2000 indicates to L control 
section 2701 that crosspoint L3 is to be closed, thereby 
interconnecting port 2801 with talk circuit 2301 (pre­
suming loop access is completed). 

The customer may now be contacted, and this is 
accomplished by L TS controller 2000 sending appro­
priate information to ringing distributor 2500, such as 
the particular talk circuit that requires ringing and the 
type of ringing (single party, two-party, and so forth). 
Ringing is applied, in this case, through talk circuit 2301 
by ringing distributor 2500. Customer acknowledgment 
of the ringing, typically by the receiver going ciff-hook, 
trips ringing distributor 2500. Talking battery is sup­
plied to the loop by talk circuit 2301 since a no-test 
trunk normally does not supply DC to the loop. 

At this point in the description, the desired customer­
administrator contact has been achieved. To carry the 
example a few steps further, it may be that the customer 
is asked to dial a certain digit so that a dial pulse analysis 
may be effected. The crosspoint LI would be closed to 
connect PMU 2101 to port 2801 and crosspoint L3 
would be opened for the duration of the test. 

If a craftsperson is engaged in loop testing at a field 
location, it may have been the craftsperson that was 
contacted by the above procedure, rather than a cus­
tomer. If the craftsperson requires a tracing tone, say 
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for TIP-RING identification, crosspoint L2 is switched 
and tone source 2900 is now connected to the loop. 
Tone is applied from source 2900, and not PMU 2101, 
since a tone usually is required for an extended duration 
and it is inefficient to relegate PMU 2101 to a low-level 5 
operation. 

Once the tone is applied, the ACCESS/TEST task of 
port controller 2200 continues to monitor the status of 
the loop. When the craftsperson locates the loop having 
the tone applied, a disconnect signal can be generated 10 
by a TIP-RING shorting operation performed by that 
craftsperson. The monitoring task detects this state 
change and sends a "status changed" message UP the 
hierarchy. However, the tone is maintained until an­
other message is received to either DROP the connec- 15 
tion or until a timeout occurs. The status changed mes­
sage notifies the maintenance administrator of the on­
going field activity and alerts the administrator that 

If the line record data is not on the same FE computer 
the user is connected to, the request is forwarded via 
high speed parallel communications link 210 to the 
appropriate FE computer. This arrangement is impor­
tant because it enables organization ofloop maintenance 
operations in a manner that is reasonably independent of 
how the FE computers are organized. 

The test interface process obtains the line record data 
from the FE computer storage. The line record data 
and the original request data are forwarded to the test 
supervision and control process on the FE computer 
chosen to perform the test, that is, either the FE now 
containing the line record data or the FE to which the 
user is connected. When the requested tests and analysis 
are completed, the results are forwarded to the terminal 
interface process where they are formatted and pres­
ented to the user. 

In order to enable the user to input data and receive other test activity may be forthcoming. 

2.3 Front End (FE) System 

The description to this point has focused, primarily, 

20 output in a uniform manner, several types of so-called 
masks may be called into view of user device 230,231, 
typically a cathode ray tube (CRT) display. The display 
below is an empty Trouble Verification (TV) mask 
which is used by repair personnel for all normal testing 

on the capabilities of DCN 140 and L TS's 160, 161 
within the ML T system framework. One important 
subsystem, namely, the FE system, including FE com- 25 
puters 220,221 and user interface devices 230,231, re­
quires elaboration. This aspect of the description fo­
cuses on how to access and utilize the system capabili­
ties described in the foregoing sections. 

needs in an interactive testing mode. The asterisks indi­
cate where a user is to make entries. 

TV EC* PRTR* REQ BY* CB* date, time 
SW: OE: 

TN* L#* CMT* CA* CO: 
REQ* TEMP(F)* PR* OVER* OSP: 

TERM: 

The ML T system must provide operational data to at 30 
least two types of users: Repair Service Attendants 
(RSA), who are in contact with the customers, and 
Repair Service Bureau (RSB) personnel, who analyze 
troubles and dispatch repair craft. The needs of these 
two users are similar, but not identical. 

The fields have the following meanings: 
35 EC-employee code. 

The RSA requires access and test requests with rapid 
responses and a test summary that provides insight to 
the reported trouble in a global way. For example, is a 
trouble confirmed Is it a central office trouble, a loop 
trouble, a station trouble The test should be performed 40 
automatically when the trouble report is taken and the 
results are needed promptly so that an appropriate re­
pair commitment may be provided to the customer. 

The RSB needs detailed test results and the ability to 
perform tests on demand, sometimes while the repair 45 
craft is at the location of the trouble. Thus, the RSB 
needs a menu of tests, some designed to duplicate the 
tests performed when the trouble was reported, and 
some tailored to provide data on only a subset of all 
possible problems. 50 

For both users, it is necessary to interpret the test 
results in view of recorded office, loop and station or 
customer equipment, as extracted from storage com­
puter 200, and to be somewhat tolerant of incorrect or 
absent record data. 55 

These diverse user requirements are satisfied by FE 
software that can be divided into basically three catego­
ries: a terminal interface process; a test interface pro­
cess; and a test supervision and control process. These 
processes appear in each FE computer 220,221 and are 60 
partitioned so that ML T related (DOWN) software 
communicates with data base (UP) software across an 
interface boundary, as illustrated pictorially in FIG. 1. 

The terminal interface process receives test transac­
tions from user terminals 230,231, performs data valida- 65 
tion, formats processing requests and forwards those 
requests to the test interface process on the FE com­
puter actually containing the particular line record data. 

PRTR-results ofa TV request will also be sent to the 
designated printer. 

REQ BY-(Requested by) identifier for printer output. 
CB-(Callback) normally a 10 digit telephone number 

of the telephone accessible to the CRT user. Many of 
the TV requests (for instance, RING, TALK and so 
forth to. be set forth below) require a connection 
between this callback number and the customer's 
telephone equipment number; pressing KEY-ZERO 
("O" on the keypad) acknowledges the answer to the 
callback. 

TN-(Telephone Number) normally the entry in the 
TN field is the number of the equipment terminating 
the loop for which no-test access is required. How­
ever, it can also be used to specify the particular 
MDF trunk group for MDF access. 

REQ-(Request) any valid TV request is entered into 
this field; if this field is blank, the last entry is used as 
the current one. 

CA-(Cable) an optional entry that is useful for docu­
menting the mask. An entry does not change the line 
record information. This field is typically employed 
whenever it is believed the line record information is 
incomplete or inaccurate and a reminder to this effect 
is desired, particularly on a display directed to the 
printer. 

PR-(Pair) a field serving the same function as CA. 
L#-(Line number) this entry refers to a line in the 

status section of the TV mask (discussed below). For 
example, if. a test was run on telephone number 
362-5111, this number might be displayed as line 1 in 
the status section. To test 362-5111 again, a "1" may 
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be entered in this field instead of typing the full phone 
number. A L# always overrides a TN entry. 

CMT-(Comment) seven alphanumeric characters may 
be entered for display on the status section of the 
mask associated with the telephone number. A typi- 5 
cal entry might be the repairperson's name that is 
working on a loop fault. 

number is presently being accessed. The information is 
shown as a numbered line under these headings: 
TN MDF STATUS CB TIME FR CA/PR CMT 
The headings have the following definitions: 
TN-(Telephone Number) as filled-in by the user in 

making the request. 
MDF-(Main Distributing Frame) upon a MDF access 

to a trunk, the number identifying the trunk to the 
frame attendant is returned. 

TEMP(F)-(Temperature-Fahrenheit) an entry is made 
here when resistive fault locating with LOCI and 
LOC2 requests described below. 10 STATUS-some TV requests remain on a loop for a 

prolonged period, but do not require a callback path. 
They stay on the loop for a predetermined period or 
until removed by the user. One of the following 

OVER-(Override) certain line record data can be 
ignored during testing, as follows: C overrides CO 
equipment; 0 overrides outside plant (OSP) equip­
ment; T overrides termination (TERM) equipment; P 
overrides service protection (SP) records; Y over- 15 

rides all records. Moreover, there is the possibility of 
substituting equipment for CO, OSP and TERM line 
record data. Substitution is accomplished by entering 
one of the following in OVER field: C#, 0# or T#. 
For example, an "054" in the OVER field indicates an 20 

outside plant repeater (specifically an E6 repeater) is 
placed at the CO end of the loop. These override 
options only temporarily change the line record data 
for a single request; no permanent alteration occurs. 

25 After the fields are filled with the appropriate entries, 
the TV request mask is transmitted, that is, sent to the 
associated FE computer for processing. For a request 
that keeps access to a subscriber loop, the following 
information is returned. 30 

1. User entry area-The telephone number remains in 
the TN area, and all others are blank. 

2. A line record area-The extracted line record data 
is summarized on the display. 

The line record information is entered into the areas 35 
shown by SW, OE, CO, OSP and TERM in the TV 
mask displayed above, presuming a 10 digit number in 
the TN field. The CO, OSP and TERM fields have been 

• described above with respect to OVER. SW (Switch) 
refers to the CO switching equipment type. The possi- 40 
bilities include: SXS (Step-by-step); XBAR-1 and 
XBAR-5 (Crossbar offices); ESS-1, ESS-2, ESS-3, 
ESS-5 (Electronic switching offices); PANEL; and 
DMSlO (Digital switch). OE (originating equipment) 
refers to the location of the subscriber loop at the 45 
switch. 

The entries in the CO, OSP and TERM areas are 
especially important because the equipment they repre­
sent influence the outcome of the ML T system tests. 
Whenever a test is made on a line with special equip- 50 
ment on it, that equipment is taken into account when 
analyzing results. For example, if a test is effected on a 
loop that has a Loop Signaling Extender, a DC resis­
tance TIP-to-RING of 90K ohms or higher is expected. 
Normally, a value of resistance this low would indicate 55 
a TIP-RING short, and this would be reported to the 
user via a results section (described below). In this situa­
tion, however, the message reports a good loop given 
the special. equipment. The entry LOOP SIG EXTEN­
DER is entered in the CO area to explain why the DC 60 
resistance in the detailed results section is low. Because 
of this capability, the MLT system algorithms are con­
sidered to be adaptive in nature in that test signatures of 
numerous equipment types and locations are accounted 
for during testing and presentation of output informa- 65 
tion to the user. 

3. Status section-This section provides new data on 
the display and it appears only if at least one telephone 

entries is returned: TONE or TONE+ if that request 
was made; lSIDED or 2SIDED if a LOC request 
was entered and the bad pair has a one-sided or two-
sided resistive fault, respectively, GOODPR or 
REFPR if a request of the type LOCGP is made and 
a good pair or marginally good pair is located, re­
spectively; (blank) for all other TV requests. 

CB-(Callback) on a callback between a subscriber's 
telephone number and the administrator or user's test 
position, a reminder is returned to indicate a long­
term connection is maintained and the request which 
established the connection. For instance, such entries 
as TALK for a TALK or RING request or MON for 
a MON request or a RING request to a busy loop are 
possible entries. 

TIME-the number of minutes elapsed since loop ac­
cess is displayed, or if TONE is requested, the num­
ber of minutes since the tone has been applied is 
shown. 

FR-(Frame) the telephone number of the frame serv­
ing the number placed in the TV area. 

CA/PR-(Cable/Pair) reflects information entered by 
the user prior to transmission of TV request. 

CMT-(Comment) the comment entered on the last 
request to this status line is displayed. 
The status section can hold up to five accesses at a 

time. Dropping of a loop access causes an automatic 
renumbering of status lines following the dropped loop. 

4. Results section-The results for the particular TV 
request are displayed. The testing accomplished by the 
ML T system varies as a function of the request. The 
requests may be classified and briefly described as fol­
lows: 

(a) Information Requests 

HELP Provides a list of all TV requests 
(REQ) Provides a description of whatever request is 

substituted for REQ 
INFO Provides general information such as frame 

phone numbers, assignment phone numbers, and so 
forth 

TR(#) Permits transfer of work between user devices 

(b) MDF Requests 

MDF Access an MDF trunk for subsequent requests 
MDF(GR) Access a trunk from a certain MDF trunk 

group 
MDF(#) Access a specific MDF trunk 

(c) Test Requests 

FULL Performs a standard test series on inside and 
outside portions of the loop 

LOOP Performs the standard test series on the out­
side portion only 

CO Performs tests on the Central Office 
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QUICK Performs a quick test series that measures 
AC and DC characteristics and loop length 

RINGER Identifies the number and configuration of 
standard ringers on the loop 

SOAK Identifies swinging resistance conditions 

(d) Callback Requests 

RING Ring a line 
R(#) Ring a specific party on a multiparty line 
T Talk over the subscriber's loop 
MON Monitor a subscriber's loop 
CALL Make a call using the subscriber's line circuit 

(e) Subscriber Interaction Requests 

DIAL Test a subscriber's rotary dial REV Identify 
in-band signaling instrument for polarity reversals 

TT Test subscriber's in-band signaling pad 

(f) Craft Interaction Requests 

62 

TV EC PRTR REQ BY CB date, time 
TN MDF ST A TUS CB TIME FR CA/PR CMT 

l. 9995559898 0 555-7432 534-7611 
5 TN 9995559898 SW:SXS OE:8829-128 

REQ L# CMT CA CO: 
TEMP(F) PR OSP: 
FULL TERM: SIN. PARTY 
VER. 22: HARD SHORT T-R 
CRAFT: DC SIG. ML T:DC SIG. AC SIG. 

IO KOHMS VOLTS KOHMS VOLTS 
7 T-R 7.76 T-R • 10 

1750 O T-G 3500 0 T-G 550 
1750 O R-G 3500 0 R-G 560 

CENTRAL OFFICE 
LINECKT OK 

15 DIAL TONE OK 

KOHMS 
T-R 
T-R 
R-G 

The newly appended areas form the results section. 

TONE Places a metallic tone on a loop for pair iden- 20 

tification 

In this section, it is indicated that there is a short on the 
loop. This conclusion is presented with the aid of a 
VER (verification) code number (22 is this case) and the 
summary message HARD SHORT. The MLT system 

TONE+ Same as TONE with increased amplitude 
tone 

TONECA Places a tone longitudinally on loop 
LOOK Monitor for an intentional fault 
LOCATE Initiates the resistive fault measurement 

strategy; recommends single- or double-sided pro­
cedure 

LOCI Determines distance to a single-sided fault 
LOC2 Determines distance to a double-sided fault 
LOCGP Verifies the condition of a good pair for 

double-sided fault detection 

(g) Drop/Keep Access Requests 

X Drop all testing equipment from loop 
XCB Drop a callback path 
XTONE Drop a tone from a loop 
KEEP Extend timeout of a no-test or MDF trunk 

access 

(h) Coin Requests 

COIN Perform a FULL test series on a coin loop 
CSET Check totalizer and relay in coin set 
CHOME Home coin totalizer 
CCOL Operate coin relay to coll_ect coins 
CRET Operate coin relay to return coins 
LRM Measure loop resistance of coin loop 
GRM Measure ground resistance of coin loop 

has numerous VER codes and summary messages avail­
able for selection and display to help in diagnosing any 
trouble. Besides the brief summary area, a detailed re-

25 suits area displays all the test results. Here, a low T-R 
DC resistance value of about 7 kohms caused the 
HARD SHORT diagnosis. The T-G and R-G DC resis­
tance values are high so there is no ground condition. 
The AC signature is typical of a standard telephone 

30 providing the end-of-line termination, so no fault condi­
tion is detected by the AC portion of the test. All DC 
and AC voltages are zero indicating that there is not a 
cross with another voltage source. Finally, the central 
office equipment is not faulted. No loop length, balance 

35 or ringer information is displayed since accurate results 
cannot be produced for a shorted line (or other faults 
which mask the tests). If these values were displayed, 
they would appear in the area to the right of the CEN­
TRAL OFFICE area. 

40 

45 

3. MLT CIRCUITRY AND PROGRAMS 

3.1 DCN IMPLEMENTATION 

3.1.1 Circuitry 

Rather than describing each of the requests in detail, 50 
one request is selected as exemplary and the user­
request interaction is discussed below. Applicability of 
this description to the other TV requests, particularly in 
view of the high-level language program listings pres­
ented later, will be apparent to one possessing ordinary 55 
skill in the art. 

With reference to FIG. 28, tier 1 device 1401 (FIG. 
3), which is also representative of devices 1402-1412, 
comprises basically two networks, namely, the CPU 
circuitry of FIG. 29 and the 1/0 circuitry of FIG. 30. In 
fact, as indicated by the block diagrams relating to tier 
2 and tier 3 in FIG. 28, the CPU circuitry of FIG. 29 is 
general purpose microcomputer circuitry used by all 
three tiers of DCN 140. 

Referring now to FIG. 29, CPU 500 is composed of: 
reset circuit 501; interrupt circuit 510 having 24 vec­
tored priority interrupts; address buffer 520; address 
decoder 530 providing 32 decoded chip-select signals; 
RAM 540 providing 16 Kbytes of static memory; pro­
cessor 550 containing the microcomputer; and system 
timer, buffer and circuit identifier 570. Illustrative em­
bodiments of these circuits as well as their interconnec­
tions will be described below. 

The particular request chosen to exemplify the TV 
requests is the FULL test request. This test request 
provides a series of tests to comprehensively analyze 
the entire telephone loop of a parti,cular subscriber. It 60 
provides detailed results and a summary of the condi­
tion of both the inside (central office) and outside por­
tions of the loop under test. The following tests, briefly 
described in Section 2.2.lc, are completed: OCFEMF, 
DC3TY, AC3TY, BAL, THERM, DT A, SOAK, 65 
RCNT and ROH-TEST. 

The display for the FULL request including the sta­
tus and results section, has the following format: 

As a preliminary, it is important to note that the bus 
designated IBA is an internal bus having paths that both 
originate from and terminate on circuits comprising 
FIG. 29. On the other hand, a bus prefaced with an 
'EB', for example, bus EBA, is a bus having path origi­
nations or terminations external to the circuits of FIG. 
29. In addition, a signal in capital letters followed by an 
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asterisk (e.g., RESET!*) indicates that a low TTL level 
activates the corresponding function. 

The first circuit considered is reset circuit 501; its 
circuit details are shown in FIG. 34. Reset circuit 501 
disables, via RESET!* lead, processor 550 until DC 5 
supplies 502 and 503 are within operating limits; supply 
levels are sensed by the cascade combination of NAND 
circuit 504, one-shot multivibrator 505 and NOR gate 
506. Once the voltage conditions are met, one-shot 505 
maintains the disable condition for an additional 5 to JO 10 
sec. interval before allowing an enable condition. Pro­
cessor 550 is then disabled upon occurrence of: (i) loss 
of supplies 502 or 503; (ii) a manually generated reset 
signal transmitted by D flip-flop 509 and NOR gate 508 
from the PB* lead, or (iii) a signal on the TIMEOUT 15 

lead, propagated by NOR gates 507 and 508, indicating, 
for example, a hardware failure or a software loop. The 
origin of the TIMEOUT inhibit (TOINH) feeding gate 
507 is discussed below. 

The circuitry of interrupt controller 510 is shown in 20 

FIG. 35. Three Advanced Micro Devices AM9519A 
priority interrupt controllers (PIC) 511-513, each of 
which provides eight interrupts, form the basis of the 
implementation. Each controller is programmed via the 25 
I/ORD* and 1/OWR* leads as well as CS7*, CSl* and 
CS2*, respectively. When one or more interrupt re­
quests IR0-IR7, IRl0-14 IR17 or IR20-14 IR26 appear 
at the inputs to one or more PIC's, the GINT* signal is 
pulled low, requesting an interrupt from processor 550. 30 
When processor 550 acknowledges the interrupt, it 
issues a read from a predetermined memory location 
which causes the IVR * lead to be pulled low. In re­
sponse to IVR*, each PIC holds its PAUSE* lead low 
for up to three cycles to determine which PIC has the 35 
highest priority. Finally, the PIC that services the high-
est priority interrupt will output the interrupt vector 
byte, on leads D0-14 D7, and release the PAUSE* lead. 

Processor 550, depicted in FIG. 36, comprises: micro­
processor device 551, with its associated clock 553 and 40 
timing generator device 555; data buffer 552; and ROY 
(ready) line circuit incorporating services 556-559. 

Microprocessor 551 is, in the preferred embodiment, 
a BELLMAN-8 microprocessor furnished by the West-
ern Electric Company. (BELLMAC is a trademark of 45 
the Western Electric Company). Device 551 is de­
scribed basically in the article entitled "MAC-8: A Mi­
croprocessor For Telecommunications Applications", 
The Western Electric Engineer, at page 41 et seq., July 
1977 by Herbert H. Winfield. From this article, the 50 
basic architecture and operational characteristics of 
device 551 may be deduced. 

For instance, it is evident that microprocessor 551 is 
a 40-pin device having an 8-bit data bus and a 16-bit 
address bus so that addressable memory space is 64K 55 
bytes, that RAM and ROM are provided externally and 
that a portion of RAM contains user-defined registers. 
Moreover, device 551 comprises five major circuit 
blocks: an address arithmetic unit; an arithmetic logic 
unit; an arithmetic unit control array; an instruction 60 
control logic array; and an internal register array hav-
ing a program counter, a stack pointer and a condition 
register. Other device details necessary to teach one 
skilled in the art the subject matter of the present inven­
tion will be provided as the description proceeds. To 65 
this end, the following describes the function of and 
timing on the externally accessible ports depicted in 
FIG. 36 for device 551; 

(1) AO-A15 (input/Output 3-State Address Bus)-­
For a typical bus loading of20 pf, the address is valid 60 
ns after the start of each cycle. This is depicted in FIG. 
37 as time TA on the line labeled ADDRESS; the clock 
cycle is started when the CLKOUT signal makes a 
high-to-low transition. 

(2) CLKIN, CLKOUT-Device 551 utilizes either 
an internal clock generator or an external clock applied 
to the CLKIN port. CLKOUT provides a clock output 
signal corresponding to CLKIN for external device 
timing. At the highest operating rate, the time labeled 
TI on the CLKIN line is about 250 ns; correspondingly, 
time TO of CLKOUT ranges between (Tl+ 10) ns and 
(TI+ 1 IO)ns. The delay between the clocks, shown as 
TC, does not exceed about 200 ns. Clock 553 in FIG. 36 
provides a 2 MHz square-wave TTL level signal which 
is converted to the level required by CLKIN of device 
551 via inverter 554 and its associated puU-up resistor. 

(3) D0-D7 (Input/Output 3-State Data Bus)-This 
8-bit bus is used for memory or 1/0 transfers. The 
MERD* (memory read), MEWR * (memory write) and 
ROY (data ready) ports control such transfers. Data 
bits on the external bus EBA, which are buffered by 
buffer transceiver 552, an 8304 furnished by National 
Semiconductor, are strobed into an internal latch at the 
end of a read cycle. In a write cycle, the bus date is valid 
at mid-cycle. The RDY signal must be at a high logic 
level when checked at mid-cycle for a data transfer to 
occur on a MERO* or MEWR * operation. The time 
labeled TRD on the line shown as MERO* in FIG. 37 
represents the maximum delay time in read cycle transi­
tions; this is typically 85 ns. A similar time for MEWR * 
is shown as time interval TWD on the MEWR * dia­
gram; TWO ranges between about 50 and 220 ns. The 
time period designated TDR on the DAT A (READ) 
line indicates the time allocated for an external memory 
access to prepare the data for a read operation and is 
typically (2TI-100) ns. Similarly, the time shown as 
TDN on the DATA (WRITE) line indicates the delay 
to stabilize data for a write operation and this time is not 
in excess of 235 ns. The time available for an external 
memory write is shown as TMW and this period is 
always greater than (2TI-290) ns. The interval shown 
as TWC depicts the time between when CLKOUT goes 
high and the data is valid for a write operation; this 
interval is always positive. Three trailing-edge time 
intervals, namely, TDRE, TWE and TDWE, associ­
ated with DATA (READ), MEWR* and DATA 
(WRITE), respectively, have the following specifica­
tions: (i) TDRE ~ 0 ns; (ii) 5 ns ~ TWE ~ 125 ns; and 
(iii) TOWE ~ 15 ns. Regarding the RDY line of FIG. 
37, the time TAC, denoting the time allowed for a data 
ready input, is never less than (TI-JOO) ns, and the time 
shown as TH, denoting the hold time after CLKOUT 
goes high, is always positive. 

With respect to the RDY port, this port is polled at 
mid-cycle. If the signal supplied by the answering de­
vice is ready for data transfer on a MERO* or MEWR * 
operation, indicated by a high logic level, the MERD* 
or MEWR * pulse terminates at the end of the cycle. On 
the other hand, if RDY is low, the MWRD* or 
MEWR * signal remains active until the next mid-cycle 
check when the process is repeated. 

(4) INTREQ*-A low logic level signal input at this 
port indicates that an external device is requesting an 
interrupt. The INTREQ* port is polled during the last 
clock cycle of each instruction cycle. The request is 
accepted whenever the interrupt enable is set. To ac-
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knowledge the interrupt, the interrupt enable is cleared, 
certain registers are saved, and memory location 
OxFFFF is addressed. Then the data byte Oxdd, which 
the interrupting device supplies, is read; this byte is used 
to form the interrupt vector OxOOdd pointing to the 5 
low (0 through 255) bytes in memory. Referring now to 
FIG. 37, the time interval TQ on the line labeled IN­
TREQ* indicates the interrupt setup time, which may 
not exceed 80 ns. The hold time TQH depicted on the 
same line is a minimum of 200 ns. 10 

The RESET* request has a pulse shape and time 
durations similar to that required for an INTREQ*. A 
low level causes device 551 to be reset. A RESET* 
request is acknowledged by a request for a read of data 
at address OxFFFF. After clearing various internal 15 
counters and clearing the RESET* request, instruction 
execution starts at location OxOOOO. 

(5) DMAREQ* and DMAACK*-An Active 
DMAREQ* lead indicates that an external device re­
quires the data bus for a DMA operation. The DMA- 20 
REQ* port is polled at the end of each clock cycle to 
determine if an active state has been established. If the 
port is low and RDY is high, that is, device 551 is not in 
the so-called wait state, then DMAACK* becomes 
active at the beginning of the next internal cycle. This 25 
acknowledgement passes master bus control to the re­
questing device and the address bus, data bus and con­
trol leads are raised to the high-impedance tri-state 
mode. Again with reference to FIG. 37, the times de­
noted TMS and TMH on the line labeled DMAREQ* 30 
indicate the request setup and hold times and are such 
that TMS ;;i 200 ns and TMH is nonnegative. In addi­
tion, the time periods caled TKB and TKE on the 
DMAACK* line represent on and off acknowledge 
delayas, respectively. Both are less than about 100 ns. 35 
Finally, the four time durations designated TSD (on the 
ADDRESS line), TSB, TSE and TSF represent, re­
spectively; the transition time between CLKOUT and 
low ADDRESS (TSD ~ O); ADDRESS bus delay to 
achieve off and on low-impedance modes (TSB ;;i 160 40 
ns and TSE ;;i 160 ns); and beginning of float or high 
impedance mode on ADDRESS bus (TSF ~ 0 ns). 

The above information about signals required by or 
produced by device 551 at its ports is now incorporated 
into the description of the circuitry of FIG. 36. In par- 45 
ticular, timing generator 555, a 129CY device furnished 
by the Western Electric Company, provides several 
support functions for device 551, including: wait-state 
generation; provisioning of the RDY lead so that it 
remains active during a system reset; generation of the 50 
peripherical control signals I/ORD* and 1/OWR *; and 
decoding of the interrupt-acknowledge signal IVR*. 
Device 555 permits device 551 of the preferred embodi­
ment to be used with a variety of other commercially 
available 1/0 devices which typically are not adapted 55 
to utilize the raw signals from the BELLMAC-8 micro­
processor. 

As indicated earlier, the RDY signal causes device 
551 to go into a wait state when low. There are three 
events which require wait states, namely, interrupt ac- 60 
knowledge cycles, peripheral 1/0 cycles and the first 
memory cycle after a DMA transfer. The wait state 
during interrupt acknowledge occurs when PIC's 
511-513 pull down their PAUSE* leads. This signal is 
propagated through gate arrangement 538 (FIG. 40) to 65 
NAND gate 558 and inverter 557 to the RDY port. 
Gate arrangement 538 of FIG. 40 prevents PIC's 
511-513 from causing a wait-state during reset. (More-

over, gate arrangement 537 and D flip-flop 536 of FIG. 
40 insure a wait-state does not occur until software 
initialization generates a write (WR*) to chip-select 
location 27 (CS27*)). 

The waitstate during peripheral 1/0 is generated 
whenever timing generator 555 detects an 10* signal at 
its WSS* port. Its RDY port is asserted low and, after 
inversion, is also propagated through gate arrangement 
538 of FIG. 40. 

The wait state during the first cycle after a DMA 
transfer is provided by a pulse from D flip-flop 556 and 
NAND gate 557 as a result of a DMAACK * acknowl­
edge from microcomputer 551 of FIG. 36. 

Focusing now on the signal provided to the RESET* 
port of device 551, a processor reset occurs whenever 
the RESET!* signal from reset circuit 501 is received. 
During reset, with reference to FIG. 34, TIMEOUT is 
disabled via the TOINH lead supplied to NOR gate 507. 
The signal on TOINH is generated by D flip-flop 536 of 
FIG. 40. A write (WR*) to the location associated with 
CS27* will enable TIMEOUT, and this write should be 
performed after PIC's 511-513 and programmable in­
terval timer 527 of FIG. 41 have been initialized. 

With reference to address buffer 520 of FIG. 38, 
buffering is provided by line drivers/receivers 521 and 
522, type S244 devices furnished by Texas Instruments. 
Address signals appearing on leads A0-A3 are latched 
in bistable latch 524, a LS75 device supplied by Texas 
Instruments. Latching is necessary to insure low ad­
dress leads remain stable at the end of the read cycle so 
as to insure compatibility with various peripheral de­
vices. The address, data and control buffers are disabled 
during DMA by the AEN signal so external peripherals 
can assert the signals needed for DMA. The control 
signals RD*, WR*, I/ORD* and 1/OWR * on bus EBA 
are buffered by another S244 type device 523 to obtain 
MERO*, MEWR *, XRP* and XWP*, respectively. 

RAM circuit 540 of FIG. 39 has eight 2KX8 static 
RAM's 541-544, bidirectional buffer 547 and two fus­
ible link bipolar PROM's 545 and 546. Buffer 547 is 
bidirectional type LS245 supplied by Texas Instru­
ments, whereas PROM's 545 and 546 are type 28L22 
supplied by Texas Instruments and RAM's 541-544 are 
type 61A manufactured by the Western Electric Co. 
PROM's 545-546 decode address leads A9-A15 to pro­
vide eight RAM selects, one for each 2KX 8 RAM, as 
well as control signals LENROM*, RAM* and IO*, 
which indicate whether the current address is in, re­
spectively: external memory range (OxOOOO­
OxBFFF); RAM range (OxCOOO-OXFDFF); or I/O 
range (OxFEOO-OxFFFF). 

Each PROM 545 or 546 is 256 words by 8 bits. 
PROM 545 is programmed so that all addresses up 
through OxBF contain OxFF. The next fifty-six ad­
dresses (OxCO-OxF7) are equally divided into eight 
address segments containing, respectively: OxFE; 
OxFD; OxFB; OxF7; _OxEF; OxDF; OxBF and OxF7. 
The final eight address OxF8-OxFD contain OxF7 in 
the first six locations and OxFF in the last two locations. 
PROM 546 is programmed so that addresses OxOO­
OxBF contain the hexidecimal data 05, whereas ad­
dresses OxCO-OxFF contain OxO9, except for address 
OxFE which has stored OxOE. Buffer 547 is enabled by 
RAM* and its direction is determined by the RD* sig­
nal. The complete address map of the circuitry of FIG. 
29, including areas asserted by the chip select signals to 
be discussed next may be summarized as follows: 
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-continued 
Start End Selected Memory Designation Function Description 
Address Address or Chip Select 

CS25*-CS26* 0 chip selects 
0xOOOO 0xBFFF External Memory 
0xCOOO 0xFOFF Internal RAM 

5 CS28*-CS31 • 
00-07 

0 
1/0 

chip selects 
tri-state data 

0xFEOO 0xFE0F CS!* 
0xFE!O 0xFEIF csz• 
0xFE30 0xFE3F CS4* 

0xFF40 0xFF4F cs21• 
0xFF80 0xFF8F cs22• 

OxFFE0 0xFFEF CS31* 15 

FIG. 40 depicts address decoder 530 which is com­
posed of two Texas Instruments 74LS154 one-of-sixteen 
selectors 531 and 532, gates 534 and 535 and inverter 20 
533, thereby providing 32 possible chip-selects. Leads 
AS and IO* determine if one of the selectors should be 
enabled. If selected, the decoders use address leads 
A4-A 7 to determine which of sixteen possible outputs 
should be asserted. The above map also summarizes the 25 
areas of memory enabled due to chip-select assertions. 

System circuit 570 is depicted in FIG. 41 as compris-
ing device 572, which is an Intel 8253 Programmable 
Interval Timer (PIT). Device 572 is programmed via 
CS5*, 1/OWR * and I/ORD*. Address leads AO and Al 30 

·-access the registers internal to the PIT. There are three 
individually programmable timers within PIT 572. The 

• first timer (OUTO) is driven by LCLKO (which is 
provided as an output from processor 550 of FIG. 36) 
and is connected to the other two timers. Timer two 35 
(OUTl) provides interrupt lead GT to device 513 of 
FIG. 35 and serves as a system clock interrupt at pro-

·, grammable intervals. Timer three (OUT2) is used to 
generate a heartbeat timer such that if the timer is not 
updated by_ the system software within its programmed 40 
-interval, a hardware reset will occur. Timer 1 also pro­
vides the BAUD signal for use with external circuitry. 

FIG. 41 also provides a circuit device 571 as a circuit 
identifier. Eight external leads CK0-CK7 may be inter­
rogated under software control to implement user- 45 
selectable options. When CS6* is asserted, device 571, 
which is type S244, gates the signals from leads 
CK0-CK7 onto D0-D7. An 8304 bidirectional trans­
ceiver 573 buffers external bus signals relating to DMA 
transfers, reset, ROM enable and external clock to the 50 
internal bus IBA. D flip-flop 574, when combined with 
flip-flop 556 of FIG. 36, guarantees a minimum of one 
clock cycle from the time DMAREQ* is asserted until 
DMAACK* is asserted. 

FIG. 42 depicts the signals appearing on internal bus 55 
IBA as. well as external busses EBA, EBB and EBC. 
The following table summarizes the external busses in 
terms of function and description. 

DMAACK* 

DMAREQ* 
ENROM* 
I/ORD* 
1/OWR* 
IROO-IR07 
IRIO-IRl7 
IR20-IR26 
PB 
RD* 
RESET* 
WR* 

0 

I 
0 

1/0 
1/0 

I 
I 
I 
I 

1/0 
0 

1/0 

bus bits 0-7 
processor DMA 
acknowledge 
DMA request 
external ROM enable 
tri-stata 1/0 read 
tri-state 1/0 write 
interrupt requests 
interrupt requests 
interrupt requests 
manual reset button 
tri-state read 
reset signal 
tri-state write 

With reference to FIG. 30, the second tier 1 network, 
namely 1/0 circuit 600, comprises: ROM 601 providing 
up to 48 Kbytes of memory; bus circuit 620 providing a 
CPIB talker/listener/controller (T/L/C) interface; two 
high-speed DMA circuits 630 and 640 with accompany­
ing data buffer 635; two high-speed data link interfaces 
650 and 660, and associated buffer 670, implementing 
the synchronous data link control (SDLC) protocol; 
and chip selector 680. 

Memory circuit 601, shown in detail in FIG. 43, ac­
commodates six 8KX8 Intel 2764-type EPROM de­
vices 611-616. Fusible-link, bipolar PROM 602, which 
is a type 28L22, decodes address leads A13-A15 and 
produces chip-selects for each of the six devices 
611-616. The following table shows how PROM 602 is 
programmed (device 611 typically provides the lowest 
8 Kbyte memory segment and device 616 the highest 8 
Kbytes): 

A15 A14 A13 Device Enabled 

0 0 0 611 
0 0 I 612 
0 I 0 613 
0 I I 614 
I 0 0 615 
I 0 I 616 

Device 603, a type LS245, isolates memory data bus 
619 from data bits D0-D7 on bus EBA. The direction of 
device 603 is determined by the RD* lead and is enabled 
when the ENROM* signal is asserted (although when 
RAM* is asserted, buffer 603 may not be enabled). 

The GPIB talker/listener/controller circuit 620 
shown in FIG. 44 comprises an Intel 8291 Talker/Lis­
tener (T/L) device 621, two GPIB buffers 622 and 623 
of the type 8293 supplied by Intel, and an Intel 8292 
GPIB Controller device 624. This latter device is a 
microcomputer that performs standard GPIB bus con­
trol operations on the sixteen leads DIOl, DI02, ... , 

-------------------- 60 DIOS, DAV, ... , NDAC appearing on bus 14101. 
Designation Function Description 

A0-Al5 1/0 

AEN* I 
BAUD 0 
CK0-CK7 I 

CLK0 0 
CS4* 0 
CS8*-CS21* 0 

tri-state address 
bus bits 0-15 
address enable 
local baud rate clock 
circuit identifier 
straps 
processor clock 
chip select 
chip selects 

Device 624 utilizes a two-phase 6 MHz clock generated 
by 12 MHz crystal 625 and J-K flip-flop 626. Resistors 
627 and 628 are pullup resistors used to meet the rise­
time requirements of device 624. Two types of inter-

65 rupts are provided by device 624, namely, "task com­
plete" and '.'special event", and these are sent to inter­
rupt circuit 510 (FIG. 29) via leads IR17 and IR16, 
respectively. Buffer 622 is arranged to operate in IEEE 
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standard implementation Mode 3 whereas device 623 is 
energized as per Mode 2. 

DMA circuits 630 and 640 of FIG. 30 allow GPIB 
data transfers to occur at a rate of approximately 
200,000 bytes/second. The circuitry associated with the 5 
DMA arrangements is shown in FIGS. 45 and 46; these 
two figures should be considered in juxtaposed relation, 
with FIG. 45 on the left, to properly visualize the DMA 
circuitry. The internal bus IBDM couples the portion of 
the DMA circuitry in FIG. 45 to the remaining DMA 10 
circuitry of FIG. 46 . . 

Two Advanced Micro Devices AM9517 A DMA 
controllers, shown as elements 631 and 641 in FIG. 46, 
form the basis of the DMA implementation. A total of 
five externally accessible DMA channels are realized, 15 
two for each SDLC data links 9201 and 9202 (SERU 
and SERI2 busses), and one for GPIB channel 14101. A 
sixth channel is used internally by controllers 631 and 
641 for alternating DMA cycles between controllers. 
During a DMA cycle, DMA circuits 630 and 640 (FIG. 20 
30) cooperate to place the 16-bits A0-A15 on the ad­
dress bus. Bits A8-A15 are latched into octal latch 642, 
an Intel 8282 device, whereas bits A0-A7 are buffered 
by LS245 device 632. The RD*, WR*, I/ORD* and 
1/OWR * leads are asserted during a DMA cycle, and 25 
LS245 latch 645 of FIG. 45 buffers these leads. The 
AEN signals from controllers 631 and 641 are logically 
OR'ed in gate 643 to determine the propagation direc­
tion of elements 645 (DIR) 632 (DIR) and 642 (OE*) as 
well as the control signal AEN* that disables processor 30 
550 (FIG. 29) address and data buffers. LS245 device 
635 isolates the external data bits D0-D7 from internal 
bus bits LB0-LB7. 

In order that DMA request signals do not coincide 
with the rising edge of the clock and because GPIB 35 
device 621 asserts its request lead synchronously, gate 
633, a LS273 supplied by Texas Instruments, latches the 
request on the falling edge of the clock. Also with re­
spect to timing, since the local AEN signal of controller 
631 is asserted until a DMA cycle is finished, the local 40 
HRQ signal of controller 631 is NOR'ed with AEN in 
NOR gate 644 to produce an inverted, trailing edge 
generated signal for DMAREQ*. 

The internal EOP* signal of controller 631 is a bidi­
rectional "end of transfer" signal. During output trans- 45 
fers of the GPIB type, when the last byte of a message 
has been sent, EPO* is asserted low. The inverted ver­
sion of EOP* produces an interrupt on IR03 of EBA. 
During input transfers of the GPIB type, the "end of 
transfer" signal is generated by inverter 634. This is 50 
accomplished by latching the EOI* signal generated by 
GPIB circuit 620 into D type flip-flop 636 by the rising 
edge of the internal DREQ signal (externally on 
DRQ03) of T/L device 621. When a DMA cycle is 
granted for GPIB circuit 620, EOP* of controller 631 is 55 
pulled low by inverter 634, thereby disabling the GPIB 
channel of controller 631 and generating an interrupt on 
IR03. D type flip-flop 637 is used to lengthen the pulse 
of device 636 to conform to the timing requirements of 
controller 631. 60 

Focusing now on FIG. 47, the two high-speed data 
links SERil and SERI2, of which SERll is representa­
tive, are provided by two Intel 8273 SDLC controllers 

70 
The EIA/RS232 input levels are converted to TTL 

levels in device 652, which is type 1489A furnished by 
Motorola. Moreover, output TTL levels from control­
ler 651 are converted to EIA/RS232 levels in device 
653, which is type 1488 supplied by Motorola. Nor­
mally open relay 654 provides contact closure Kl for 
controlling external Dial-Back-Up (DBU) devices over 
DBUA-1 and DBUB-1 leads. • 

Controller 651 operates in the synchronous mode 
wherein the external modem provides both the transmit 
and receive clock. These external clocks appear on 
leads TXC-1 and RXC-1, respectively, of SERll, and 
they are converted to TTL levels by inverters 655 and 
656, respectively. Controllers 651 and 661 are isolated 
from bus EBA with data buffer 670, which is a type 
8304. Buffer 670 is enabled when either controller 651 
(or 661) is selected by processor 550, via CS15* (or 
CS9*) or during DMA transfers via DACK12* or 
DACK13* leads (or DACK0l* or DACK02*). Gates 
671 and 672 logically process these signals to enable 
buffer 670; its direction is determined by I/ORD ap-
plied to port DIR. 

The final circuit of FIG. 30 remaining to be dis­
cussed, chip selector 680, is shown in FIG. 48. Gatrs 
681 and 682, each of which is type LS75, buffer external 
chip select lads CS4*, CS8*-CS11* and CS15* and 
produce local equivalents of these chip selects. Chip 
selects CSIOL* and CSllL*, the local signals relating 
to GPIB activation, are AND'ed by gate 684 to enable 
bus buffer 683, which is type LS245. 

It should be noted here that FIG 56 summarizes the 
signals appearing on bus IEE of FIG. 30. 

Referring again to FIG. 28, it is seen that tier 2 inter­
face 1421 (FIG. 3), which is also representative of inter­
faces 1422-1468, comprises basically two networks, 
namely, the same CPU circuitry of FIG. 29 and the 1/0 
circuitry of FIG. 31. 

With reference to FIG. 31, 1/0 circuitry 700 is com­
prised of: ROM 601', which is basically the same as 
ROM 601 of FIG. 30; output bus circuit 620' of the 
GPIB T/L/C type which has basically been described 
above with reference to T/L/C 620 of FIG. 30; bus 
circuit 701 (GPIB23) providing a GPIB talker/listener 
(T /L) interface (GPIB21 and GPIB22 are essentially 
the same as GPIB23, so it is taken as representative); 
high-speed DMA circuit 720; and chip select circuit 
740. 

The GPIB talker/listener circuit 710 shown in FIG. 
49 coprises an 8291 Talker/Listener device 711 and two 
GPIB buffers 712 and 713 of the 8293 type. Buffer 712 
is arranged to operate in IEEE standard implementation 
Mode 1 whereas buffer 713 is connected as per Mode 0. 
These buffers are accessed via their respective chip 
selects as well as I/ORD*, 1/OWR * and address bits 
A0-A2 on bus EBA. When a particular T/L circuit 
(GPIB23, GPIB22 or GPIB21) is selected to transfer 
data by master controller 620', an interrupt is generated 
via the respective interrupt lead (IR25, IR23 or IR26). 

DMA circuit 720 is depicted by arranging FIGS. 50 
and 51 in side-by-side fashion. The internal bus IBDMA 
at the output of the circuitry of FIG. 50 serves as the 
input to the circuitry of FIG. 51. A 9517A DMA con­
troller, shown as device 721 in FIG. 51, forms the basis 
of the embodiment. Four high-speed DMA channels are 651 and 661. Each 8273 controller handles the low-level 

data link functions and only interrupts processor 550 
upon completion of an input or output operation. The 
actual data transfers between SDLC circuits 650 and 
660 to ROM 601 take place through DMA cycles. 

65 provided, one for each of the four GPIB circuits. Dur­
ing a DMA cycle, DMA circuit 702 places a 16-bit 
address A0-A15 on EBA. Address bits A8-A15 are 
latched into device 723, an 8282 latch, whereas bits 
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A0-A7 are buffered by device 722 of FIG. 50; this latter 
device is a LS245 buffer. The RD*, WR*, 1/OWR* and 
I/ORD* signals on EBA are also asserted during a 
DMA cycle, and gate 734, also a LS245, buffers these 
four signals. The AEN signal from controller 721 con- 5 
trols the direction of devices 722 and 723, and AEN is 
inverted and placed on EBA to disable processor 550. A 
LS245, shown as device 725 in FIG. 51, serves to isolate 

72 
transfer between controller 770 and RAM 540" of tier 3 
(basically the same as RAM 540 of tier 1 shown in FIG. 
39) takes place through transmitter or receiver inter-
rupts. The EIA/RS232 input levels are converted to 
TTL levels by device 771, which is type 1489 circuit. 
Output TTL levels from device 770 are converted to 
EIA/RS232 levels by device 772, a type 1488 circuit. 
Relay 773 provides contact closures for controlling 
external Dial-Back-Up (DBU) device connected to the bits D0-D7 on EBA from controller 721 input ports 

DB0-DB7. 
In a manner similar to the timing gen_eration circuits 

10 far-end of serial data bus SER0l. This relay is driven by 
output port PBl * of controller 770 and is normally 
deenergized. of FIGS. 44 and 55, that is, devices 635, 636 and 633, 

circuit 727 (a LS175 supplied by Texas Instruments) and 
gate 726 of FIG. 50 and 51, respectively, serve to latch 
GPIB requests on the falling edge of the clock as well as 15 
producing an inverted, delayed signal for DMAREQ*. 

The internal EOP* signal of controller 721 is a bidi­
rectional "end of transfer" signal. During output trans­
fers, when the last byte of the GPIB message has been 
sent, EOP* is asserted low. This assertion is inverted 20 
and produces an interupt on IR07. During input trans­
fers of the GPIB type, the "end of transfer" signal is 
generated, as per FIG. 52, by devices 728, 729 and 730 
as well as the associated OR and inverter circuits. Each 
device 728, 729 or 730 is a LS74 furnished by Texas 25 
Instruments. The EOI* leads associated with the vari­
ous GPIB busses, that is, EOIO*-EOl3* corresponding 
to the T /L/C, first T /L, second T /L and third T /L 

.. (FIG. 49), respectively, are latched into device 728 or 
•. 729 by each rising edge of the DREQ lead from the 30 
: respective GPIB controller. When the channel that is 

finished is granted its DMA cycle, EOP* is pulled low 
by device 730, thereby disabling the proper DMA chan-
nel and generating an interrupt on IR07. Device 730 is 
also used to lengthen the pulse to conform to the timing 35 
requirements of DMA controller 721. 

FIG. 53 depicts the chip selector circuit 741, a LS373 
.: .. furnished by Texas Instruments, which basically trans­
-' forms external bus chip selects to internal bus chip se-
:·. lects. In addition, bidirectional driver 742, of the LS245 40 
., type, is enabled whenever any GPIB related activity is 

requested. All of the signals on internal bus IBD, includ-
ing the chip selects, are shown in FIG. 56. 

Referring back to FIG. 28, tier 3 circuit 14001, (FIG. 
3), which is considered as representative of circuits 45 
14002-14096, comprises primarily three networks, 
namely, the same CPU circuitry of FIG. 29, the input 
circuitry of FIG. 32 and the output circuitry of FIG. 33. 

With reference to FIG. 32, the composition of the 
input circuit 700' is basically the same as structure 700 50 
of FIG. 31 just discussed. The main difference is that, 
whereas FIG. 31 included one GPIB T/L/C and three 
GPIB T/L circuits, FIG. 32 includes four GPIB T/L 
circuits. Accordingly, FIG. 32 requires no additional 
discussion since the realization is straightforwardly 55 
implemented from the implementation of FIG. 31. 

Thus, the final circuit of DCN 140 requiring discus­
sion is that depicted as output circuitry 750 of FIG. 33; 
it implements eight low-speed SDLC data links 761-768 
capable of operating with either synchronous or asyn- 60 
chronous datasets. Auxiliary circuits, namely, program­
mable interval timer (PIT) circuit 751, data buffer 752 
and chip select 753 support data link transmissions. 

Focusing on data link circuit 761 of FIG. 54, which is 
representative of the remaining seven SDLC circuits, 65 
an 8273 SDLC controller 770 handles the low-level 
data link functions and only interrupts processor 550 
upon completion of an input or output operation. Data 

In the synchronous mode, circuit 770 is driven by an 
external modem which provides both the transmit and 
receive clock. In the asynchronous mode, no external 
clock is provided. An internally generated clock drives 
the transmitter, and the receiver is driven with an inter­
nally generated clock derived from the incoming data 
stream by a phase-lock-loop circuit within controller 
770. Selector 774, which is a LS157 furnished by Texas 
Instruments, determines the clock configuration for the 
data link SER0l. The external clock is converted to 
TTL levels by device 775, also a 1489-type circuit, and 
passed through selector 774 in the synchronous mode. 
In the asynchronous mode, the internal clocks are se­
lected. Lead SYNC-1 on link SEROl, when strapped to 
ground, selects the synchronous mode. 

Each controller 770 requires three select signals, 
namely, one for accessing its registers, one for transfer­
ring output data, and one for accepting input. Address 
leads AO and Al select the registers within controller 
770. Address leads A2, A3 and AS control decoder 776, 
a SN74LS137J produced by Texas Instruments. Two 
controllers can be supplied by one decoder 776, via 
CS*, RXDACK* and TXDACK* of each controller 
770; one controller is shown in phantom in FIG. 54. 
Gate 777 activates decoder 776 when one of the con­
troller pairs requires servicing. 

Auxiliary circuit 751, a 8253 PIT, shown in FIG. 55, 
provides local timing signals. Circuit 751 is accessed 
from EBA by asserting CS28* or I/ORD* or 1/OWR *. 
Address leads AO and Al are used to select the various 
internal registers of the PIT. Three programmable out­
puts are available. The signal on OUTO is used as a 
divide-by-two circuit to insure a 50% duty cycle for 
clock SDLCCLK. OUTl is used as th·e lXCLK clock 
source for SDLC's 761-768 when used in the asynchro­
nous mode; OUT2 is used as the 32XCLK clock source 
for the internal phase-locked-loop of controller 770. 

The eight SDLC's 761-768 are isolated from external 
bus EBA by bidirectional driver 752, an 8304 buffer. 
Driver 752 is enabled when any of the eight SDLC's are 
selected. Gate 754, a NOR circuit, logically enables 
driver 752; its direction is determined by IORD*. Latch 
755, a LS373 type, latches the eight chip selects at its 
input to insure driver 752 stays enabled for the desired 
time interval. 

Because of hold-time limitations on controller 770, all 
chip selects are latched into latch 753, also a type 
LS373, with a signal generated by stretching the 
I/ORD* signal with interposed gate 756. 

FIG. 56 summarizes the signals appearing on internal 
bus IBC. The buffered chip select signals 
CS9L*-CS11L*, CS17L*, CS30L*, CS30L* and 
CS31L* enable the SDLC controllers 761-767, not 
shown in FIG. 33, just as CS29L* and CSSL* enable 
controller 770 and is mirror-image counterpart. 
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3.1.2 DCN Programs 

A listing of the programs for operating the micro­
processors comprising tiers 1, 2 and 3 of the illustrative 
embodiment of DCN 140 is included as a set of appendi- 5 
ces. In particular, Appendices A, B and C present the 
programs, as well as supplemental information, which 
will aid one skilled in the art to program and operate, 
respectively, each tier 1, tier 2 and tier 3 microproces­
sor. These microprocessors are represented by the one 10 
discussed with reference to device 551 of FIG. 36. The 
information presented by an Appendix A, B or C is 
divided into the following parts: (1) a table of program 
names in alphabetical order as per source code name; (2) 
the listing for each source program; (3) routines for 15 
associating related source code and for organizing the 
memory space; and (4) the memory map. 

The majority of the programs are written in the C 
language; these are recognized by ".c" at the end of 
each program name (e.g., TLCtask.c in Appendix A, 20 
the GPIB Talker/Listener/Controller task program 
which implements PARALLEL OUTPUT task 11407 
of FIG. 7). The C language is a well-known high-level 
language that is comprehensively described in a book 
entitled"The C Programming Language" as authored 25 
by B. W. Kernighan and D. R. Ritchie and published by 
Prentice-Hall in 1978. 

Some programs are written in the assembly language 
of the BELLMAC-8 microprocessor. These programs 
may be recognized by the ".s" suffix in a program name 30 
(e.g., boots). This assembly language is patterned after 
the C language and, in fact, possesses many of its high­
level language constructs. One skilled in the art of C 
programming may readily program in the BELLMAC-
8 microprocessor language once it is understood that 35 
certain register designations in register-related instruc­
tions are located in RAM (as compared to on-board, 
hardwired registers). In particular, there are two regis-
ter sets, one 8 bits in length and the other 16 bits. More­
over, each set comprises 16 registers and the low-order 40 
8-bits of a 16-bit register actually comprises one of the 
corresponding 8-bit registers and, therefore, may be 
separately addressed. 

Other programs, although written in the C language, 
do not appear with the ".c" suffix, but rather have a 45 
".h" or ".H" appended to the name (e.g., gpib.h or 
nadmintask.H in Appendix A). In the C language, these 
are known as "include" files and are basically library 
files. These programs are generally called upon by 
many users. If each separate user had a private copy, 50 
then each time a change was made, all users would have 
to be so advised and each user would be required to 
incorporate the change to remain current. To mitigate 
potential errors in such a procedure, the subject pro­
gram is placed in a source library and only the library 55 
copy is altered. The numerous users call upon the li­
brary copy during a program activity with the assur­
ance that the library copy is up-to-date. 

The three remaining entries in the tables, namely, 
dcnj.mk, dcn.j.i and dcnj.out MAP, J = 1, 2 or 3, have 60 
the following meanings: (1) dcnj.mk is a so-called 
"make" file. It indicates to the system which prepares 
object code from source listings the source code files 
that are to be concatenated to derive a particular object 
code file; (2) dcn.j.i indicates to the system where in 65 
memory the object code is to be located. Memory has 
three main partitions-text (.text), data (.data) and block 
storage (.bss); (3) dcnj.out MAP presents the memory 
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location of the various object modules for an executable 
program. 

In Section 2.lc, six tasks were discussed. Five of these 
tasks applied to tier 1 software, and these included: 
SERIAL DATA; PARALLEL OUTPUT; ADMIN­
ISTRATION; BROADCAST; and DUMP MEM. 
With reference to the table of program names for Ap­
pendix A, the following relationships between generic 
task names and actual software implementation for the 
illustrative embodiment may be identified; x25task.c 
implements the SERIAL DAT A task; TLCtask.c cor­
responds to PARALLEL OUTPUT; nadmintask.c is 
the ADMINISTRATION task; broadcast.c is the 
BROADCAST task; and DUMP MEM corresponds to 
dumpmem.c. Similar correspondences may be made for 
tier 2 and tier 3 tasks by referring to Appendix B and C, 
respectively. 

The actual high-level data link protocol implemented 
by SERIAL DAT A or x25task.c is a subset of Level 2 
of CCITT X.25 protocol. This protocol is described in 
a reference entitled "CCITT X.25 Packet Switching 
Interface", published in February, 1978 by the DATA­
PRO Research Corporation of Delran, New Jersey. 
The particular subset is designated the BX.25 and is 
described in AT&T Technical Reference Publication 
54001 entitled "Operation Systems Network Communi­
cation Protocal Specification BX.25", Issue 2, made 
available to the public in 1981. 

The SERIAL DAT A task in each tier 1 device 
1401-1412 controls serial data links 9201-9224 arriving 
at the input of DCN 140. These serial data links are 
generally operated at a high speed, typically 9.6 Kbaud 
or greater, to achieve the desired throughput. It is evi­
dent from the three-tier nature of DCN 140 that serial 
data links 93001-93768 emanating from tier 3 circuits 
14001-14096 are decoupled from links 9201-9224. Thus, 
the SERIAL DAT A task of tier 3, although substan­
tially the same as SERIAL DAT A of tier 1 in terms of 
source code, operates at a different baud rate (4.8 
Kbaud or less) because of differing clock rates between 
tier 1 and tier 3 hardware. It is clear than that DCN 140 
effects baud rate conversion. 

It will also be appreciated by one having oridinary 
skill in the art that DCN 140 may also effect protocol 
conversion. Although in the illustrative embodiment 
the BX.25 protocol is utilized on entering as well as 
exiting data links, the decoupling between tiers 1 and 3 
allows for independent protocol realization. Thus, links 
93001-93768 could be operated asynchronously in a 
different environment, or some links may implement the 
SDLC protocol and the resulting ones an asynchronous 
protocol. Even if both implemented a BX.25 protocol, it 
is possible to have a nonreturn-to-zero (NRZ) conven­
tion on the input links and a NRZ inverter (NRZI) on 
outgoing links. This arrangement is also considered one 
of protocol conversion. 

To improve the efficiency of GPIB transmissions, a 
technique already alluded to in Section 2.ld has been 
devised. The GPIB interface software is separated into 
two parts, namely, software for the Talker/Listeners of 
tiers 2 and 3, and software for the Talker/Listener/­
Controller of tiers 1 and 2. For example, with reference 
to FIG. 57, which depicts circuitry of FIGS. 30 and 31 
recast for the present discussion, T /L/C 620 (FIG. 30) 
is representative of a tier 1 controller, whereas circuitry 
719 (FIG. 31) is indicative of one of twelve listeners 
loading tier 1 output bus 14101. The T /L/C software 
supervises transactions on the appropriate GPIB bus, 
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3.2.1 L TS Controller Implementation 
watches for errors and determines which bus transac­
tions should occur at any given time. Both software 
implementations provide throttling in case of buffer 
depletion, check for errors, retransmit messages re­
cieved incorrectly and provide message transfer time­
outs. 

With reference to FIG. 11 in the way of recapitula­
tion, L TS controller 2000 provides the following func-

5 tions: 

Within the framework of the G PIB protocol, a con­
troller (sender) and listeners (receivers) communicate 
via a second-level protocol. The diagram of FIG. 57 is 10 
utilized to explain this secondary parallel bus protocol. 
Messages transferred over the GPIB data lines D0-D7 
comprise a check word (CRC-8 polynomial in the illus­
trative embodiment) followed by the series of data bytes 
comprising the actual message. After the entire aug- 15 
mented message has been received by a listener or lis­
teners, the receiving software computers a check value 
and compares it to the check word in the message. If the 
word and value match, a positive-acknowledgement 
(ACK) is transmitted to the sending side. If there is no 20 

match, some data error occurred and a negative ac­
knowledgement (NACK) is transmitted to the sending 
side. 

The T /L/C side transmits an ACK to the T /L side 25 
by sending a single zero byte (OxOO) to the minor 
address of the T/L, shown as part of device 714 in FIG. 
57. The minor address is computed by adding a prese-

· lected value to the major address; in the illustrative 
·-embodiment, this value is sixteen. A NACK is transmit- 30 
· :. ted by sending a single nonzero byte to the minor ad-

·: dress. 
The T /L side transmits positive and negative ac­

knowledgements via its serial poll register, represented 
by device 715 in FIG. 57. One bit is assigned to each 35 
type of acknowledgement and these are depicted by bit 

:.positions 4 and 3, respectively, in poll register 715. The 
controller software responds to the ACK/NACK mes­

:,sage when it polls each T /L circuit 710 in the usual 
. fashion as set forth in the GPIB protocol standard 40 

(IEEE-488). 
Each Talker/Listener also maintains in its associated 

serial poll register a bit (e.g., bit position 1) indicating 
the presence of an empty receive buffer. Each time a 45 
change is made to the serial poll register, such as an 
arrival of a free receive buffer or an ACK/NACK, a 
service request (SRQ) is made (as per the IEEE-488 
standard). The T /L/C maintains a quene of empty buff-
ers. It will not allow any T /L device to transmit mes- 50 
sages if no buffers are available. In addition, the T /L/C 
will not transmit any messages to a T /L device that 
does not have a receive buffer available. If a Listener 
has a message to be transmitted, it sets a designated bit 
(e.g., bit position 0 of serial poll register 715) and issues 55 

a service request. 
Each controller maintains a copy of the poll registers 

of its associated listeners. The copy is updated every 
time a poll is taken. Another poll register bit (bit posi- 60 
tion 2) indicates to the controller the on-line status of 
each listener. For each T /L receiver, a queue of outgo-
ing messages is maintained as well as a time stamp for 
the top message on that queue. If the top message is not 
transmitted successfully within the timeout interval, the 65 
T /L device is queried via special error-recovery soft­
ware, One or more outgoing messages may be discarded 
or rerouted, depending on the severity of the problem. 

(i) control of communications over serial data link 
930 between L TS 160 and :OCN 140; 

(2) control of GPIB communication bus 20001 over 
which PMU's 2101-2103 and port controller 2200 trans­
mit data to and receive data from L TS controller 2000; 

(3) scheduling of PMU's 2101-2103 and their connec­
tion to an accessed loop 180-184; 

(4) control ofDDD network, via DDD circuit 2400, 
and the interactive testing arrangements; 

(5) transmission of test requests to PMU's 2101-2103 
and port controller 2200; 

(6) collection of test results from these same entities; 
and 

(7) timing of all requests. 
As depicted in the leftmost portion of FIG. 58, L TS 

controller 2000 comprises basically three networks, 
n~mely, main controller 2045, bank memory 2050 and 
line interface 2070. In fact, as indicated by the block 
diagrams of FIG. 58 relating to port controller 2200 and 
PMU controller 3100, controller 2045 of FIG. 59 and 
bank memory 2050 of FIG. 69, with minor variations, 
are implementations adaptable to these three controllers 
embedded within L TS 2000. 

3.2.la L TS Main Controller Circuitry 

Now with reference to FIG. 59, the circuitry of LTS 
main controller 2045 comprises: microprocessor de­
vices 2001 and 2008 and associated processor controller 
2002; GPIB interface circuitry including adapter 2020 
and controller 2021; clock and timing circuitry includ­
ing oscillator 2004, clock divider 2005, timer 2030 and 
reset 2010; memories 2042 and 2043 as well as chip 
select decoder 2015; interrupt circuitry 2025; and nu­
merous data, address and control buffers 2003, 2007, 
2022, 2023, 2040 and 2041. Each of the networks de­
picted by the block diagram of FIG. 59 is now discussed 
in more detail. 

Referring now to FIG. 60, device 2001, in the pre­
ferred embodiment, is also a BELLMAC-8 micro­
processor and its associated process controller 2002 is a 
type 129CY timing generator. Internal address leads 
A00-A15 of device 2001 are transformed into external 
bus address leads LAB00-LAB15 via buffer 2003 
(BUF3), although address leads A00 and A0l are 
latched into controller 2002 before connection to buffer 
2003. A pair of S244 line drivers cooperate to form 
buffer 2003. The buffered address leads LAB00-LAB15 
serve as inputs to other circuits of FIG. 59 as well as 
appearing on the external bus EBL. 

Internal data leads D0-D7 originating on device 2001 
connect to buffer 2040 (BUF4) of FIG. 61 via internal 
bus IBL. Buffer 2040 is a type 8304 transceiver and the 
direction of propagation of logic signals through buffer 
2040 is controlled by the READ signal designated 
LRD*. The data bits appear on bus EBL as bits 
LDB00-LDB07. In addition, since data bits 
LDB00-LDB07 are utilized for memory accessing in­
formation, these bits are buffered from RAMl 2042 and 
RAM2 2043 of FIG. 64 by transceiver 2041 (BUF6), 
another type 8304. Device 2041 is enabled via the CD* 
signal and its direction is controlled by the AND'ing of 
the LRD* and LRDP* signals. 
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The clock signal for timing device 2001 is derived 
from oscillator 2004 and clock divider 2005 of FIG. 63. 
Oscillator 2004 produces a square-wave output with a 
frequency of 4.0 MHz. Clock divider 2005 is an eight 
stage counter, but only three outputs are selected. In 5 
particular, CLKA, CLKB, and CLKC correspond, 
respectively, to 15.625 kHz, 2 MHz and 62.5 kHz. 
CLKB is buffered and transmitted over IBL to drive 
device 2001 at its resonator input (CLKIN); inverter 
2006 connected between CLKB and CLKIN raises the 10 
clock signal level to that required by device 2001. 

Microprocessor 2001 has its reset input (RESET*) 
connected to the RC* output of controller 2002. Thus, • 
a reset is generated whenever a low-going signal is 
applied to the RR* or NMIR * ports of controller 2002. 15 
As depicted in FIG. 62, the RR* signal is basically a 
buffered version of the master reset input (LIMRST*). 
The master reset output (LOMRST*) is developed 
from NOR'ing the RR signal and the software reset 
signal; the latter is generated whenever a write opera- 20 
tion is performed to a particular memory location, 
which is chosen as OxF800 in the illustrative embodi­
ment. 

Controller 2002 generates write and read signals 
LWRP* and LRDP*, respectively, for use with stan- 25 
dard peripheral devices. These signals are buffered via 
line driver 2007 (BUF5) of FIG. 60; driver 2007 is also 
a S244 device. Controller 2002 causes the DAT A 
READY (ROY) lead of device 2001 to go low for one 
clock cycle whenever the WSS* of controller 2002 is 30 
brought low. The insertion of a wait state (WSS*) is 
required in order to generate the LWRP* and LRDP* 
signals. 

The control of direct memory access is provided by 
flip-flop device 2008 and NANO gate 2009 of FIG. 60. 35 
This arrangement produces a delayed LDMAACK* 
signal whenever a LDMAREQ* is asserted. Addition­
ally, the DMA circuitry causes the insertion of a wait 
state into the cycle time of device 2001 following the 
end of a DMA operation. This occurs whenever a 40 
LDMAREQ* is asserted and device 2008 provides the 
delayed LDMAACK* since buffers 2003, 2007 and 
2040 are placed into the tri-state condition until the end 
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latch the outputs of decoder 2017 to avoid changing 
chip selects until LRDP* has become invalid. 

The GPIB interface circuitry comprises adapter 2020 
of FIG. 61, controller 2021, data bus transceiver 2022 
(BUFl) and control transceiver 2023 (BUF2), the latter 
three elements being depicted in FIG. 62. Adapter 2020 
serves as the GPIB address register and is type 81LS95 
supplied by National Semiconductor. The GPIB0-G­
PIB2 status leads on bus EEL correspond to inputs 
A8-A6, respectively. Adapter 2020 is selected by a read 
from a specific memory location, in this case 0xF800, 
which generated the K9* signal. As suggested above 
when FIG. 58 was discussed, the circuitry of FIG. 59 
serves as a foundational element for L TS (2000), port 
(2200) and PMU (3100) controllers. Selection of the 
proper configuration in the specific environment is ef-
fected by the status of leads GPIB0-GPIB2. For in­
stance, if the circuitry of FIG. 59 is to serve as LTS 
main controller 2045, the GPIB0-GPIB2 leads are 
grounded. In terms of a bit pattern, the status may be 
summarized as '000'. If the circuitry serves as port main 
controller 2245, a '001' bit pattern describes the state of 
leads GPIB-GPIB2 with GPIB2 being the high or '1' 
bit. 

Controller 2021, which is a 9914 supplied by Texas 
Instruments, can be programmed to operate as a Talker, 
a Listener or Controller or any combination of each 
depending on the environment. For the L TS, it is a 
T /L/C. Chip enable is supplied by K12* and register 
select lines RS0-RS2 by leads LABOO-LAB02 from bus 
EEL. Transceiver 2022, a SN75160 device furnished by 
Texas Instruments, buffers controller 2021 from bits 
LI01-LI08 on the GPIBL bus. Similarly, transceiver 
2023, a SN75161 device also furnished by Texas Instru­
ments, buffers the conventional GPIB control leads 
appearing on bus GPIBL to controller 2021. 

Interrupt control section, depicted by block 2025 in 
FIG. 59, comprises interrupt controller 2026 (a PIC 
9519) and D-type flip-flop 2027 (a LS74 type device) 
both shown in FIG. 61. Controller 2026 is selected by 
K13* and enabled by address lead LABOO. The inter-
rupt requests appear on leads LIR01*-LIR06* emanat­
ing from bus EEL. Internal interrupt request lines 
IREQ2 and IREQ7 are serviced by GPIB controller of the OMA access cycle when LDMAACK* goes 

high. 
Decoder 2015 of FIG. 59 is comprised of PROM 

2016 and latching 3-8 decoder 2017 shown in FIG. 63. 
PROM 2016 is Texas Instrument type 28L22 pro­
grammed so that all addresses AO-A 7 in the range 0x00 

45 2021, via the INTGPIB* lead, and timer 2030 via its 
OUT2 port. Device 2027 is the PIC enable circuit 
which insures that the PAUSE output is disabled until a 
software initialization has occurred. This flip-flop is 

to 0xF5 have data bits that are all l's, whereas addresses 50 
0xF6-0xFF have the following hexidecimal data, re­
spectively: CF, CF, EE, ED, EB, E7, BF, BF, BF, and 
6F. Outputs K0-K3 are the chip select signals for 
RAMl 2042 of FIG. 64. The IOE* output is converted 
to the system input/output enable LIOE* via buffer 55 
2007 of FIG. 60. The K4* output is the chip-enable 
signal for RAM2 2043. The K4* signal is AND'ed with 
the signal appearing on Q4 of PROM 2016 to provide 
the CD* signal which enables buffer 2041 of FIG. 64. 
Finally, output Q7 of PROM 2016 is the decoder enable 60 
signal for decoder 2017. The Q7 output also forces 
WSS* of controller 2002 low to cause the generation of 
a peripheral access cycle via LSWAIT*. 

Decoder 2017, typically a LS137, provides local de­
coding information. For instance, K9* is utilized for 65 
software reset (FIG. 62) and to enable GPIB adapter 
2020 of FIG. 61. The OBIN signal, which is an in­
verted, buffered version of LRDP* (FIG. 61), is used to 

reset any time a CPUR * feeds its CLR input; CPUR * is 
generated whenever process controller 2002 outputs a 
reset (RC*). To enable PAUSE, an access of location 
0xFE00 must be performed. When controller 2026 re­
ceives any interrupt request at any of its interrupt ports, 
it generates a GINT* signal. This signal serves to inter­
rupt device 2001 and thereby causes device 2001 to 
perform an interrupt vector read of location 0xFFFF. 
The LIACK* signal is generated by device 2001 when 
a read operation is performed on any locations from 
0xFF00 to 0xFFFF. A low LIACK* with a valid 
LIR0l *-LIR06* causes the PIC to place an eight-bit 
interrupt vector onto its DB0-DB7 ports. During this 
sequence, PAUSE will go low to allow the PIC to 
determine the priority and vector corresponding to the 
associated LIR01*-LIR06* input. There is also a non-
maskable interrupt facility provided by controller 2002 
and gate 2011 of FIG. 60. If LNMIR.* is brought low, 
then the NMIF port of controller 2002 goes high and an 
RC* signal is generated. The NMIF output can be read 
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80 
by accessing location 0xFA00 where bit 7 contains the 
NMIF state. 

Interval timer 2030 of FIG. 59 is PIT device 8253 of 
FIG. 61. This timer is selected by K14* and address 
leads LAB00 and LAB0l. The PIT contains three inde- 5 
pendent sixteen bit counters with CLK0, CLKl and 
CLK2 serving as the input • ports to these counters. 
CLKA, CLKB and CLKC provide the input drive to 
these clock ports. The output of the first counter, on 
OUT0, provides nonbuffered clock output 10 

fer/decoders 2052-2056, memory bank selector 2057 
and ROM memory section 2060. 

As depicted in FIG. 70, data transceiver 2051, a 8304 
type device, provides buffering and bidirectional drive 
for the system data lines 0DB00-0DB07. (The brackets 
O indicate that the controller designation is inserted 
where applicable; thus, for L TS controller 200, L is 
substituted for O; a P applied to port controller 2200; 
and R applies to PMU controller 3100). The direction 
of propagation is determined by the system read lead 
ORD* appearing on external bus EBM. 

For each application of memory 2050, a unique de­
coding format is contained in the three PROM's 
2050-2056; these PROM's are type 28L22 in the pre-

LAUXCLK. The output of the second counter, on 
OUTl, is buffered by device 2007 and appears on bus 
EBL as LCKLOUT. The third counter output, OUT2, 
generates an interrupt pulse every 100 msec. to provide 
timing for the software operating system. 

The memory section of FIG. 64 depicted by RAMl 
2042 comprises four 2KX8 RAM devices 61A, which 

15 ferred embodiment. In particular, for L TS operation (L 
substitutes for □), one particular chip select in the range 
MCSO*-MCS4* is activated for BANK A operation, a 
chip select MCS5*-MCS9* for BANK B, a chip select are selected (E*) by KO-K3, respectively, are written 

with L WR*, read by LRD* and addressed by LAB0-
0-LABI0. An additional 4K of RAM is provided by 20 
RAM2 2043 comprising eight 4KX 1 static device 39A 
furnished by the Western Electric Co. Each output bit 
from the eight devices comprising RAM2 is grouped 
with the other output bits to form data bits MD0-MD7. 
The combination of RAMI and RAM2 provides 12K 25 
bytes of RAM which is memory-mapped in the range 
0xB000-0xDFFF. A more detailed memory map will be 
discussed shortly. 

A summary of the signals appearing on both external 
bus EBL and internal bus IBL is presented by line dia- 30 

,·grams of FIG. 65. 

3.2.lb LTS Universal Memory 

Universal memory 2050, shown in block diagram 
form in FIG. 69, is used for three different applications 35 
in LTS 160 (FIG. 11); it proves expedient to discuss 
them at this point and later discussion need only men-

. ,,. tion them in passing. Memory 2050 supplies L TS con­

.• troller 2000, port controller 2200 or PMU controller 
. 3100 (FIG. 17) with 64K bytes of ROM. This memory 40 
·•is divided into banks that are dynamically mapped into 
the address space of an individual controller as needed. 
For instance, FIG. 66 depicts 64K of addressable mem­
ory space (0x000-0xFFFF) in the ordinate direction. 
The 20K of memory from 0xB000-0xFFFF, combining 45 
BANK A2 with BANK A3, is provided by L TS main 
controller 2045 of FIG. 59, as discussed above. Of this 
20K, BANK A3 is allocated to 1/0 functions. 

The memory from 0x0000-0x4FFF, shown as BANK 
A, represents 20K of ROM provided by universal mem- 50 
ory 2050. This bank is never switched. However, the 
memory space 0x5000-0x9FFF, at any given time, may 
be provided by BANK B, BANK C or the combination 
of BANK D and BANK D1. The former three banks 
are located on universal memory 2050 and are switched 55 
according to the particular task requiring processing. 
BANK B and BANK C are both 20K, but BANK D is 
only 4K. Thus, whenever BANK D is switched, a si­
multaneous switch is made to BANK D1, which is 16K 
of ROM located on data line interface circuitry 2070 of 60 
FIG. 72 (to be discussed shortly). The final 4K of mem­
ory, from 0xA000-0xAFFF, is RAM provided by inter­
face circuitry 2070 of FIG. 72. FIGS. 67 and 68 show 
memory allocation and provisioning for port controller 
2200 and PMU 2101, respectively, and these allocations 65 
will be discussed later. 

Now with reference to FIG. 69, universal memory 
2050 is composed of data transceiver 2051, address buf-

MCS10*-MCS14* for BANK C, and chip select 
MCS15* for BANK D. 

There are two types of operations that involve ac­
cessing memory 2050. These operation are "memory 
read" and "bank select". Both operations begin by plac­
ing an address on memory address leads 0AB00-[­
]AB15. The address bits on these leads are buffered by 
line drivers 2052 and 2053, which are S244 type devices. 
If a memory read is required, the address may range 
from OxOOOO to 0xFFFF. On the other hand, if a bank 
select is desired, the address supplied is OxOOOO. Address 
leads 0AB00-0AB11 are presented, via lines MAB-
0-MABll, directly to memory selection 2060 of FIG. 
71. This section 2060 comprises sixteen 4KX8 ROM 
devices of the type 2732A supplied by Intel. Four such 
ROM devices are depicted in FIG. 71. ROM 2061 is 
enabled by chip select MCSO* so it forms a portion of 
BANK A. ROM 2062 is a portion of BANK B and it is 
enabled by MCS7*. The sixteenth device, ROM 2064, is 
assigned to BANKO and it is enabled by MCS15* . 

The remaining address lines MAB12-MAB15, as well 
as MABll, are presented to decoder devices 2054-2056 . 
Devices 2054 and 2055 generate the one-in-sixteen chip 
selects whereas device 2056 generates the enable for 
transceiver 2051. When a bank select operation is de­
sired, the OWR * signal is pulled low. This forces trans-
ceiver 2051 into the write mode and upon the rising 
edge of the write pulse, the lower four bits of data bus 
0DB00-0DB07 are latched by selector 2057, a 74LS379 
supplied by Texas Instruments. Bits MDB0 and MDBl 
are presented to decoders 2054-2056 for selection of the 
appropriate BANK (B, C or D) to be associated with 
BANK A. In addition, MDB2 and MDB3 are buffered 
by selector 2057 and appear on bus EBO as 0MB and 
OMBD, respectively; these two signals enable memory 
within L TS main controller 2045 and data line interface 
2070. 

If a memory read operation is desired, the read line 
ORD* is pulled low, thereby enabling memory section 
2060 to output data bits MDBO-MDB7 and forcing 
transceiver 2051 into the read mode. Thus, the contents 
of the addressed memory location are available on 
0D B00-0D B07. 

3.2.lc LTS Serial Data Line Interface 

Data line interface circuitry 2070, shown in block 
diagram form in FIG. 72, provides the primary func­
tions of (1) interfacing full-duplex serial communication 
link 930 connecting DCN 140 and L TS controller 2000, 
(2) furnishing 4K of RAM required by BANK Al 
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(FIG. 66) and 16K of ROM for BANK Dl, and (3) 
generating numerous enable signals for talk circuits 
2301-2306, direct distance dialer 2400, ringing distribu-
tor 2500 and access network 2700. As depicted in FIG. 
11, these enable signals are delivered to the various 5 
circuits via bus 20002. 

Referring now to FIG. 73, decoding for interface 
circuitry 2070 is provided by device 2071, a 28L22 
bipolar PROM. Decoded outputs appear on ports 
D01-D08 of device 2071, which is coded as follows: all IO 
memory locations contain 0xFF except locations 
0x6C-0x6F, which contain hexidecimal EE, EE, ED 
and ED, respectively; 0x70-0x75 contain hex EB, EB, 
E7, E7, DF, DF; 0x7C and Ox7D, as well as 0xFC and 
0xFD, contain hex BF and 7F, respectively, and, fi- 15 
nally, 0xF4 and 0xF5 both contain 0xDF. 

ROM devices 2072-2075, which are 4KX8 
EPROM's, provide the 16K bytes of memory desig­
nated BANK Dl in FIG. 66; in the preferred embodi­
ment, these devices are type 2732A. Decoder outputs 20 
D01-D04 are the corresponding chip select signals, and 
system line LRD* furnishes the read signal. Bits 
DB0-DB7 combine to form the desired output byte. 
This data byte is buffered from the system data bus bits 
LDB00-LDB07 by transceiver 2084 of FIG. 75, which 25 
is a type 8304 device. 

RAM devices 2076-2083, which are 4KX 1 fully 
static RAM's provide the 4K bytes of memory desig­
nated BANK Al of FIG. 66; in the preferred embodi­
ment, these devices are type 39A. Decoder output D06 30 
provides the appropriate chip select and line L WR* 
enables a write operation. Each one-bit input or output 
from these devices is grouped to form internal data bus 
bits DB0-DB7. 

The SDLC circuit comprises devices 2085-2089 of 35 
FIGS. 74 and 75 as well as clock select circuit 
2090-2091 of FIG. 74. In FIG. 74, controller 2085 is an 
Intel 8273 type device. Controller 2085 is addressed by 
the Kl* signal. Latching device 2089 of FIG. 75, a 
LS137, is a latching decoder used to generate Kl* as 40 
well as RXDACK* and TXDACK* control signals. 
Device 2088 of FIG. 75, a LS75, latches address inputs 
A2-A4 and chip-enable INTFE*. The LRDP* signal is 
used to latch the outputs of decoders 2088 and 2089 
thereby eliminating address changes during a valid 45 
LRDP*. Buffer devices 2086 and 2087 of FIG. 74 per­
form RS232-TTL and TTL-RS232 level conversions, 
respectively. In the preferred embodiment, these de­
vices are types 1489 and 1488, respectively. 
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function as chip selects for twenty ancillary control 
registers. Each talk circuit, the DDD circuit, the ring­
ing distributer or access network 2700 is controlled by 
appropriate chip selects. (General operation of the 
switching matrix will be discussed shortly). The twenty 
decode signals comprise bus 22001 of FIG. 11. 

3.2.ld L TS Programs 

A listing of the programs for operating the micro­
processor within the illustrative embodiment of L TS 
controller 2000 is included as Appendix D in Rubin 
Case 4 (Ser. No. 399,177), now U.S. Pat. No. 4,446,341, 
filed on even date herewith, as indicated in the Cross­
Reference to Related Applications Section. This micro­
processor is the one represented by device 2001 of FIG. 
60. 

3.2.le Tests Sequences 

As summarized in Section 2.2.lc, system test requests 
are controlled by L TS 160 although they are actually 
performed by PMU 2101, 2102 or 2103. The test circuit 
configuration established by L TS 160 as a result of these 
requests is discussed in detail in the following material. 
Item (i) in each case is the test definition whereas item 
(ii) presents the measurements performed. 

1. AC3TY-AC Thevenin Admittance Test 

(i) This test applies an AC voltage and measures the 
real and imaginary parts of the TIP-to-GROUND 
(T-G), RING-to-GROUND (R-G) and TIP-to-RING 
(T-R) current flow. Using these measurements, applica­
tion programs in FE computer 220 or 221 evaluate the 
real and imaginary parts of the three terminal AC ad­
mittance. FE computer 220 or 221 specifies in the test 
request the AC voltage and frequency to be used during 
the measurements. Usually, these parameters are 10 V 
AC rms and 24 Hz (5 V AC rms for key telephones). 

(ii) In test A, the requested AC voltage is applied to 
both TIP and RING and the real and imaginary parts of 
T-G and R-G currents are measured. 

In test B, the requested voltage, at the same fre­
quency of test A, is applied to the RING while the TIP 
is grounded. The real and imaginary parts of the T-G 
current are measured. (If this test is run at the same time 
as the DCT, to be discussed below, the voltage is ap­
plied to the same conductor as required in test C of 
DCT). 

A final step in this sequence is to short TIP and 
RING to GROUND through 8K ohms for a period of 
100 msecs, in order to discharge the line so as not to 
interfere with subsequent tests. 

The following test results are returned; 

Device 2090 and gate network 2091 form the baud 50 
clock select circuit. If synchronous data set operation is 
desired, SYNCE is grounded and clocks TC and RC 
from the data set (not shown) are converted by circuits 
2090 and 2091 to corresponding clock inputs TXC* and 
RXC* for controller 2085. Transmit and receive inter- 55 TeSt A: 

rupt requests for data communication are furnished by 

'icosA_TG' 

'isinA_TG" 

'icosA_RG• 

'isinA_RG' 

'icosB' 

real part of T-G 
rms current; 
imaginary part of T-G 
nns current; LIR0l* and LIR02*, respectively, appearing on exter-

nal bus EBL. 
Reset circuit 2092 of FIG. 75 provides the system 

master reset signal LIMRST*. When both positive 60 
supplies reach their respective potentials, monostable 
2093 triggers, thereby generating LIMRST*. 

Not explicitly shown in data line interface circuit 
2070 of FIG. 72 are the decode circuits providing ena­
bles signals for talk circuits 2301-2306, DDD circuit 65 
2400, ringing distributor 2500 and access network 2700 
of FIG. 11. Basically, address leads LAB06-LAB10 
provide one-in-twenty individual decode signals which 

Test B: 

Parameters: 

'isinB' 

VAC 

FREQUENCY 

real part of R-G 
rms current 
imaginary part of 
R-G rms current; 
real part of T -R 
rms current; 
imaginary part of T-R 
rms current; 
voltage applied 
in tests A and B; 
frequency used in 
tests A and B. 
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2. ACDC_I-Short-circuit DC and AC Longitudinal 

Current 

Short-circuit DC and AC rms (0-3k Hz) current are 
measured T-G and R-G. If saturation occurs because 5 
the peak ofT-G or R-G current exceeds 125 ma, a 4:1 
current division network is inserted and the test is re­
peated. 

(ii) The longifodinal DC and AC rms currents with 
the near-end shorted to GROUND are measured in the 10 
TIP and RING, with or without the current division, as 
required. Corrections for current division are made in 
the appropriate PMU, and the following data are re­
turned: 'DC-TG', 'DC-RG', 'AC-TG', 'AC-RG'. 

BAL-Longitudinal Balance 

(i) A longitudinal voltage between O Hz and 2550 Hz 
is applied to both TIP and RING, and the resulting 
metallic voltage is measured. The usual frequency is 200 

15 

& w 
(ii) A voltage Y Ac= 50 Y AC rms is applied longitu­

dinally as depicted in FIG. 76 and the resulting metallic 
(IT-IR) and RING (IR) rms conductor currents are measured. The 
following data are returned: (IT-IR)2 and IR2. 

In FE computer 220 or 221 the positive square root of 25 
the current data is taken and the loop balance is ob­
tained as follows: 

if(IR~l0.5 ma), K=900-800000 IRIVAc; 
if (IR> 10.5 ma), K= 1300-2712000 IR/V AC, 

BAL=20 log10 (V AC (KI Ir-IR I)) dB. 30 

4. OCT-Regular DC Thevenin Test 

(i) This test measures the DC and AC longitudinal 
short-circuit currents in the TIP and RING conductors, 
as well as the currents that flow when specified DC 35 
voltages are applied T-G, R-G and T-R. The requesting 
FE computer determines the DC resistance T-G, R-G 
and T-R, and also determines the values of any DC 
sources attached to the loop under test. 

(ii) In test A, the same measurements as in ACDC_J 40 
• are made. If the AC results of this test exceed a thresh­

old of 12.5 ma rms, no further tests are performed be­
cause the loop is considered too noisy. 

In test B, a DC voltage is applied both T-G and R-G 
and the TIP and RING DC currents are measured. The 45 
DC voltage applied is + 70.4 Y if the DC short circuit 
currents oftest A are less than or equal 2 ma. If the 2 ma 
threshold is exceeded, the voltage applied is ±35 Y 
DC. The polarity of this voltage is chosen to oppose the 
larger of the two DC currents measured in test A. If the 50 
DC current results in saturation (exceeds 125 ma DC), 
test Bis repeated at successively lower voltages of 35 Y 
and 12.6 Y DC. If the current still exceeds 125 ma, DCT 
testing ends and the THEY test, which will be dis­
cussed shortly, is run. The THEY test is the default test 55 
whenever DCT results in saturation. 

In test C, the same voltage arrived at in test B is 
applied to either TIP or RING, depending on which 
conductor had the larger short circuit DC current flow 
in test A; the other conductor is shorted to GROUND. 60 
The DC currents in TIP and RING are measured. If 
saturation occurs, the voltage is again successively re­
duced. 

The final step in this sequence is to short TIP and 
RING to GROUND through an 8K ohm resistor for 65 
about 100 msec. 

The information returned to the FE computer is as 
follows, depending on the test status: 

TST _NOISY-only the short circuit DC and AC 
rms noise currents appear in the test results. 

TST _SAT-no results are returned to the FE com­
puter and the complete results of the THEY test 
replace the DCT test. 

TST _FL-measuring equipment failure so no data 
returned. 

TST _QK or TST _DSPTO-the complete set of 
test results as follows: 
'iDC_ TG' -TIP conductor longitudinal short 

circuit DC current of test A; 
'iDC_RG'-RING conductor longitudinal short 

circuit DC current of test A; 
'iNSQ_ TG' -TIP conductor longitudinal short 

circuit noise current of test A in rms-squared; 
'iNSQ-RG'-RING conductor longitudinal short 

circuit noise current of test A in rms-squared; 
'ioB-TG' - TIP conductor longitudinal current of 

test B; 
'ioB_RG'-RING conductor longitudinal current 

of test B; 
'ioC_TG'-TIP conductor longitudinal current of 

test C; 
'ioC_RG'-RING conductor longitudinal current 

of test C; 
'YDCA'-the magnitude and polarity of the DC 

source applied to the TIP and RING in test A 
(for DCT, this is always zero); 

'YDCB'-the magnitude and polarity of the DC 
source applied to both TIP and RING of test B; 

'YDCC_TG'-magnitude and sign of the DC 
source applied T-G in test C; 

'YDCC-RG'-magnitude and sign of the DC 
source applied R-G in test C; 

A TST _DSPTO (DSP Time-out) status indicates 
that the measurement did not settle before a PMU time­
out occurred- and that the accuracy of the data is ques­
tionable. 

5. DC3TY -Thevenin Tests for DC and AC 
Simultaneously 

(i) This test combines AC3TY and DCT described 
separately above. 

(ii) In test A, test A of DCT is performed. 
In test B, test A of AC3TY and test B of DCT are 

performed sequentially. 
In test C, test B of AC3TY and test C of DCT are 

performed sequentially. 
The final step is to dissipate stored energy. 

6. DT A-Dial Tone Analysis 

(i) This test determines whether dial tone can be 
drawn, whether dial tone is slow, and whether dial tone 
can be broken. The FE computer requesting the test 
indicates the test configuration to be used, that is, which 
loop conductor is to be grounded in order to draw dial 
tone or whether TIP and RING should be joined to­
gether. 

(ii) In test A, the metallic noise current 

Ir-IR of FIG. 77 is measured as follows: 

LOOP START: relay contacts as in FIG. 77; 
RING GROUND START: close relay contact K2; 
TIP GROUND START: close relay Kl. 

If the noise level exceeds a pre-set threshold, no further 
tests are performed. 
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In test B, dial tone is drawn by operating relay K3 

and closing K3 contacts to connect the 20.5 ma current 
source as follows: 

LOOP START: close relay contacts ofK3; 
RING GROUND START: K3 and K2 contacts 5 

closed; 
TIP GROUND START: K3 and Kl contacts closed. 

The length of time it takes to draw dial tone and the 
level of dial tone relative to the noise level measured in 

10 test A is determined by measuring IT-IR and comparing 
this result with predetermined time and level thresh­
olds. If dial tone cannot be drawn, test C is not exe­
cuted. Dial tone must be continuous for at least one 
second to be a valid dial tone. If it is present for less than 15 
one second, it is interpreted as a one second burst. 

In test C, after dial tone has been drawn for more than 
one second, relay K3 is released and the breaking of dial 
tone is measured. 

One of the following test results is returned to the FE 20 
computer: 

9. OCFEMF-Open Circuit Foreign EMF 

(i) Open circuit DC and AC rms currents are mea­
sured T-G and R-G. 

(ii) A 100K resistor is connected between TIP and 
GROUND as well as RING and GROUND. Longitu­
dinal DC currents are measured simultaneously on TIP 
and RING and then AC rms current is measured on the 
TIP followed by a RING measurement. The following 
data is returned: 'DC-TG', 'DC-RG', 'ACSQ-TG­
'and 'ACSQ-RG', where the latter two measurements 
occur with a Oto 3200 Hz bandwidth. 

10. PBX3TY-PBX Thevenin Tests for AC and DC 
Simultaneously 

(i) This test is identical to DC3TY except for restric­
tions on applid DC voltages so as not to alert the PBX 
attendant. 

(ii) In test A, the longitudinal DC and AC rms (0-3.2k 
Hz) currents with the near-end TIP and RING shorted 
to GROUND are measured, without or with 4: 1 current 
division, as required. If the AC results of this test exceed 
a threshold of 12.5 ma rms, no further test are per­
formed because the loop is considered too noisy for 

CAN DRAW, CAN BREAK 
CANDRA W, CANNOT BREAK 
SLOW TONE, CAN BREAK 
SLOW TONE, CANNOT BREAK 
CANNOT DRAW 

25 meaningful results. 

TOO MUCH NOISE 
DENIAL DETECTED 

7. FREQ-DETECT-Generalized Test for a Single 30 
Frequency Tone 

(i) This test is performed to determine the presence of 
a tone whose frequency is specified via an input parame­
ter. One use of this test is to determine the presence of 
the 480 Hz tone that is used to identify lines on intercept 35 

in ESS offices. 
(ii) Using the measurement circuit of FIG. 78, the 

rms-squared of IT-IR in an 8 Hz band around the specif­

In test B, a specified AC voltage is applied to both 
T-G and R-G and the real and imaginary parts of T-G 
and R-G are measured. Then a DC voltage of -40 Y is 
applied both T-G and R-G and the TIP and RING DC 
currents are measured. If the results of these DC mea­
surements exceed a fixed threshold, no further tests are 
run because the PBX trunk is too noisy. 

In test C, the specified AC voltage is applied, at the 
given frequency, to the RING while the TIP is 
grounded. The real and imaginary parts of the T-G 
current are measured. Then -40 Y DC is applied to 
either the TIP or RING, depending on which conduc­
tor had the larger short circuit current flow in test A, 
the other conductor is stored to GROUND. The DC 

iced frequency is measured. 

8. THEY-DC Thevenin for Low Resistance 
40 currents in TIP and RING are measured. If saturation 

occurs, no further testing is run. 

(i) Develop a Thevenin circuit for a circuit with low 
DC resistance. 

(ii) After the line is discharged, in test A the T-G and 45 
R-G current through 100K ohm resistors are measured 
and corresponding T-G and R-G voltages are com­
puted. 

In test B, a DC voltage is applied to TIP and RING 
through SK ohm resistors; the voltage applied depends 50 
on the voltages measured in test A as follows: 

A final step is to remove energy stored in the line. 

11. PBXDCT-DC Thevenin Test for PBX Equipment 

(i) This test is similar to the DCT test except for 
restrictions on applied voltages to prevent alerting the 
PBX attendant. 

(ii) In test A, the AC rms short circuit currents with 
-40 Y DC applied T-G and R-G are measured in TIP 
and RING. If the results exceed a fixed threshold, no 
further tests are run due to noisy trunk conditions. 

In test B, -59.95 Y DC is applied T-G and R-G and 
TIP and RING currents are measured. If more than 125 

Test A Test B ma flows, saturation occurs, and no further measure-
___ T_es_t _A_M_1_·n_im_u_m_\_'o_I_ta_ge_(D_C_) ___ v_o_1t_ag_e_(_D_C_) ___ 55 ments of PBXDCT are run. The default test THEY is 

less than -60 -35 then run and the results for only the THEY test are 
-60 to - 35 - 121 returned. 
-35 to -15 -83.05 
greater than -15 _ 52.8 In test C, TIP and RING DC currents are measured 

with -20 Y DC applied to the TIP and the RING 

The T-G and R-G currents are measured and returned 
to the FE computer. 

60 shorted to GROUND. If more than 125 !11a flows, the 
PBXDCT test ends, and only THEY is run. 

In test C, the voltage value of test B is applied to the 
conductor having the largest negative voltage in test A 
through SK ohm and the other conductor is connected 65 
to ground through SK ohms. The T-G and R-G cur­
rents are returned to the FE computer and then the line 
is discharged. 

The final step is to dissipate stored energy on TIP and 
RING. 

12. RCNT-Ringer Count 

(i) This test determines the number of ringers T-G, 
R-G and T-R by measuring the magnitude of the cur­
rent T-G, R-G and T-R when a voltage of 3.75 Y AC 



87 
4,562,436 

88 
rms at 5 Hz, 200 Hz, and in some cases of long loops, 85 
Hz is applied to the loop. 

(ii) In test A, an AC voltage is applied T-G and the 
magnitude of the current in the R-G path is measured 
for each of the three frequencies-5 Hz, 85 Hz and 200 5 
Hz. If the magnitude of the 200 Hz current measure­
ment is below a threshold, only 5 Hz and 200 Hz data 
are returned; otherwise, 5 Hz and 85 Hz data are re­
turned. 

In test B, the AC voltage is applied both T-G and 10 

R-G and the magnitudes of the R-G and T-G currents 
are measured at 5 Hz and at either 85 Hz or 200 Hz 
depending upon the evaluation of results of test A. 

The following data are returned to the requesting FE 
15 computer: 

'i5_TR'-peak T-R current at 5 Hz; 
'iA_TR'-rms-squared T-R current at 85 Hz or 200 

(ii) Therms-squared values of the T-R current at 800 
Hz and 1200 Hz are measured with 900 ohms connect­
ing TIP and RING. 

16. ROH13 TEST-Receiver-off-hook Test 

(i) This test determines if a receiver associated with 
customer equipment is connected across the loop. 

(ii) A 400 Hz signal is applied T-R and the level of 
harmonic current at 800 Hz and 1200 Hz is measured as 
per FIG. 80. From the configuration of FIG. 90e, V vis 
a parameter supplied by the FE computer within the 
range 0.6V to 5V. Since V vis applied with opposite 
phase to TIP and RING, the total rms metallic voltage 
is between 1.2V and IOV. A bias of -48V DC may be 
applied to the RING when requested. The following 
are returned to the FE computer requesting the mea-
surements: 'i_met_800' and 'i-met 13 1200' in rms­
square. 

Hz; 
'iS_TG'-peak T-G current at 5 Hz; 
'i5_RG'-peak R-G current at 5 Hz; 
'iB_TG'-rms-squared T-R current at 85 or 200 Hz; 
'iB_RG'-rms-squared R-G current at 85 or 200 Hz; 
'FREQUENCY'-frequency not discarded after test 

The final step is to short TIP and RING to ground 
20 for about 50 msec to discharge the line. 17. ROH_ VF­

B-Measurement of Loop Length With Possible ROH 
Line Condition 

A and used for test B (85 or 200 Hz). 
The FE computer evaluates the ringer count from 

these data to estimate the number of ringers. 13. 
RDA-Rotary Dial Analysis 

25 

(i) This test determines the level of 400 Hz voltage to 
be applied during the ROH test. 

(i) This is an interactive test requiring the interactive 
mode to be enabled. The customer is instructed to dial 30 
a zero after hearing a dial tone burst generated by the 
PMU. Pulse count, dial speed and percent break are 
measured during the return of the dial to the rest posi­
tion. 

(ii) A 100 Hz, 1.2V rms signal is applied metallically 
through a pair of 450 ohm resistors as shown in FIG. 80, 
that is Vv=0.6V rms. A bias of -48V DC may be 
applied to the RING when requested. The value 
'i_met_l00' or the rms-squared value of current is 
returned. This value is used to evaluate the 400 Hz tone 
to be applied in the ROH test so that level at the far-end 
of the loop is relatively independent of loop length. 

The final step is to short TIP and RING to 
GROUND through SK ohms for about 100 msec to 
discharge the line. (ii) The metallic current Ir-TR is measured as shown 35 

in FIG. 79 until ten pulses have been counted, but not 
• for longer than 2 seconds. L TS 160 or 161 processes the 
.. ,information and returns the following, as will be dis­
-cussed in the section relating to signal processing: dial 

18. SOAK-Attempt to Vary Resistance of a Fault 

-speed in pulses per second; percent break; and one of 40 

(i) This test determines whether a resistive fault is 
constant, dried out or swinging as a result of applying a 
DC voltage. 

(ii) A DC voltage specified in the request is applied 
both T-G and R-G and the TIP and RING currents are 
measured at 0.5 second intervals for 3 seconds. If a prior 
OCFEMF test indicates a positive foreign DC voltage, 
this test applies a negative voltage, and vice versa. If the 
magnitude of the larger of the two DC voltages mea-

the following status messages. The messages include: 
Dial Speed and Percent Break OK; Good Speed, Bad 
Percent Break; Bad Speed, Good Percent Break; Bad 
Speed, Bad Percent Break; wrong pulse count; cannot 
measure because loop resistance too high or dial speed 45 

too slow. 
sured during OCFEMF exceeds 80V DC, then a 40V 
DC source is supplied during this test. If the voltage 
measured is less than 80V DC, and 80.3V DC source is 

14. ROH13 RLS13 TNK-Release of Permament Signal 
Holding Trunk in SXS Offices 

(i) This test is run prior to the receiver-off-hook 
(ROH) test on lines that are busy without speech in 
order to release the permanet signal holding trunk in 
SXS offices. 

(ii) A -40V DC source is applied both T-G and R-G 
through 450 ohm resistors. The T-G and R-G currents 
are measured and compared with a fixed threshold 
value to determine whether both TIP and RING have 
become open circuits. Since the conductors may be 
pulsed for a time between open and nonopen states, the 
current measurements must be timed to determine that a 
true open exists. The test ends when a true open is mea­
sured or when an open does not occur before a preset 
timeout; the corresponding status is returned to the FE 
computer. 15. ROH13 SPUR-Spurious Energy at the 
ROH Measurement Frequencies 

(i) This test measures offsets to be applied to the ROH 
test results. 

50 supplied. 
Twelve current readings are returned to the FE com­

puter for analysis, namely, six T-G and six R-G from 
measurements at the end of six intervals. The T-G and 
R-G resistance values are computed for all twelve cur-

55 rents; the spread in the computed resistance values de­
termines the characteristics of the fault. 19. THERM-­
Thermistor Identification 

(i) This tests determines whether a thermistor is in the 
T-G, R-G or T-R paths by applying a specified voltage 

60 and measuring the current flow. A change of current 
over a prescribed interval of time indicates the presence 
of a thermistor. 

(ii) In test A, a 24 Hz, 32.4V rms signal is applied 
longitudinally to both TIP and RING and the current in 

65 the TIP and RING is measured after 0.45 seconds have 
elapsed. 

In test B, the currents are again measured 1 second 
later. If the difference in RING current measured on 
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Test A and test B exceeds a threshold, a R-G thermistor 
is present. Similarly differencing and comparing deter­
mines if a T-G thermistor is present. 

If a thermistor is not detected from test A and test B, 
then test C is run to test for a T-R thermistor. In this 5 
test, the T-G path is supplied with a series 30V AC 
source, and the RING is GROUNDED. The current 
flow in the TIP is measured at 0.4 seconds and 2.05 
seconds. If the difference in the two currents exceeds a 
threshold, a T-R thermistor is presumed to be present. 10 
YES/NO information regarding each path is returned 
to the requesting FE computer. 

20. SSRFAULT-Single-sided Resistive Fault 

rent values and a YES-NO flag depending on the results 
of coin tone measurement. 

22. CN13 TOT-DTF-Coin Totalizer Homing for 
Dial Tone First 

(i) This test homes totalizer that is off-home and 
checks its perforance while doing so. A good totalizer 
will home with 18 ma or less will return metallic tone 
bursts of 1537 or 1700 Hz as well as 2200 Hz. 

(ii) The FE computer sends six arguments to the 

Sectionalization 

(i) This test is used to determine the position of a 
resistive fault relative to a craftsperson at a field loca­
tion. Thus, this is an interactive test requiring the pres­
ence of personnel in the field to place a shorting strap on 

L TS-three voltages, a threshold current and two argu­
ments relating to options to be taken during testing. The 
testing commences by applying the first.voltage R-G 
and measuring the RING current as well as monitoring 

15 the metallic current for tone bursts. The amplitude and 
frequency of the coin oscillator and duration of the tone 
bursts are not measured precisely; the critical concern is 
the presence or absence of the tones. If not tone bursts 

the pair under test. This fault location strategy, as well 20 
as a double-sided fault location technique, have bee 
disclosed in an eariler filed U.S. pat. application Ser. 
No. 308,417, dated Oct. 5, 1981, J.M. Brown (Case 4), 
and assigned to the same assignee as the present applica­
tion; the single-sided strategy is exemplary of the dis- 25 
closed subject matter. 

The SSRFAULT test is utilized whenever a fault is 
found on only one conductor of the pair comprising the 
loop under test. The craftsperson at the customer end of 
the loop shorts TIP and RING after disconnecting all 30 
customer equipment. 

(ii) In test A, a DCT test is run initially to insure the 
fault lies between the point of testing and the point of 
the short. 

In test B, a DC voltage Vs is applied both T-G and 35 
R-G. The total current on the nonfaulted conductor is 
measured as well as the current differential between the 
current flow on the faulted conductor minus the current 
flow on the nonfaulted conductor. The value of Vs 
depends on the resistances-to-ground measurements 40 
from the DCT test. Vs is initially about 70V DC, but 
saturation could cause the applied voltage to be reduced 
to 50V or 12.5V DC. 

In test C, a DC voltage is connected between the 
nonfaulted conductor and ground and the faulted con- 45 
ductor is grounded. The two conductor currents are 
measured. The voltage is initially 50V DC, and satura­
tion results in a 12.5V DC measurement voltage. 

The four current values are returned to the request-
ing FE computer as well as the voltages used in tests B 50 
and C. The loop resistance between the fault and the 
customer end may be computed from the four currents 
and the voltage of test C. The resistance is converted to 
distance on the basis of the resistance per length of 
standard gauge telephony conductors. 55 

21. CN13 DTF-Dial Tone First Totalizer Detection 

(i) Determine the series resistance of the pair serving 
the coin station. 

(ii) In this test, a DC voltage is applied to the RING 60 
through 2 K ohms and the TIP is grounded. The DC 
applied is +30 V for DTF and -30 V for Post Pay. 
Both the RING current and longitudinal mode current 
as detected on the TIP are measured. A longitudinal 
current indicates a possible relay failure in the coin 65 
station. As soon as the DC voltage is applied, the pres­
ence of any coin tones is monitored to indicate prema­
ture homing. The FE computer receives the two cur-

are detected, the RING current is less than 17 ma and 
one option, called threshold, is YES, then the applied 
voltage is increased to provide 18 ma within ± 1 ma and 
the test is repeated. The second option argument desig­
nates whether the second voltage passed between the 
FE computer and the L TS is to be used whether the 
PMU is to calculate the voltage necessary to cause 18 
ma flow. All voltages, either transmitted or computed, 
rely on results of the previous CN_DTF for the DC 
resistance of the loop. If no tones are detected, then the 
third voltage (if nonzero) is applied and the RING 
current will be measured while monitoring for tones. 

If the threshold argument is NO, then the voltages as 
transmitted will be repeatedly applied until tones are 
detected (or timeout occurs); the RING current corre­
sponding to each applied voltage is measured concur­
rently. 

Information returned from the L TS to the FE com­
puter includes: the number of attempts to home before 
tones are detected; the voltage applied for the final 
attempt; the RING current measured both at the start 
and at the end of the final attempt; and the RING cur­
rent at the end of the test. In addition, information relat-
ing to the frequencies detected and type of tone is re­
turned as follows: BURST (1537 or 1700 or 2200 Hz); 
NO_F; CONT-TONE (continuous tone); and BUR­
ST_ TONE as well as the number of bursts. 

Tone bursts can have durations between 20 and 150 
msec. Intervals between bursts can be between 15 and 
250 msec. If the first tone is not detected within one 
second after application of a voltage, then the next 
voltage is applied. If, after the first tone is detected, no 
tone occurs within 250 msec. of applying the next volt-
age, or a tone is continuous for more than 250 msec., or 
if tone bursts continue for more than 10 seconds or 38 
tones, the test is terminated with a corresponding result 
returned to the requesting computer. 

23. CN-CF-Coin First Totalizer Detection 

(i) Determine resistance of coin totalizer. 
(ii) In this test, a 26V DC source is applied to the TIP 

through 2 K ohms and the TIP and RING currents are 
measured and returned to the FE computer. 

24. CN_ TOT _CF-Coin Totalizer Homing for Coin 
First 

(i) Home a totalizer while checking its performance. 
(ii) The sequence of tests performed with this test 

procedure is substantially the same as in the test above 
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(CN_TQT _DTF). The primary difference is that all 
voltages are applied to the TIP. 

25. CN-RDET-Coin Relay Circuit Detection 

(2) control of the application of tracing tone source 
2900 to a loop 180-184 under test. 

As depicted by the block diagram in the center of 
FIG. 58, port controller 2200 comprises basically three 

(i) This test is made to determine if the T-G path 
through the coin relay is closed. 

(ii) First, a low DC voltage (about 15V) is applied 
T-G and the TIP current is measured. The DC voltage 

5 networks, namely, main controller 2245, bank memory 
2250 and port interface 2270. As already indicated 
above in Section 3.2.1 when L TS controller 2000 was 
discussed, port main controller 2245 and L TS main 
controller 2045 have substantially the same circuit real-is chosen so as not to operate the coin relay circuit. If 

the T-G resistance is between 1800 and 3000 ohms, 
representing a possible "stuck coin" condition, then an 
AC voltage, at 24 Hz, is then applied to differentiate 
between an stuck coin or a T-G short. The AC test 
vo1tage selected exceeds the DC voltage applied in the 
first test. The real part of the TIP current is compared 15 

to the DC TIP current and a short is probable if the AC 
resistance exceeds the DC resistance. Also supplied to 
the FE computer is the magnitude of the second har­
monic AC current flow to determine if the "Initial rate" 
relay contacts are open. 

26. CN_RCR-Coin Relay Collect/Refund 

IO ization. L TS main controller 2045 is depicted in block 
diagram form in FIG. 59 and is discussed in detail with 
reference to FIGS. 60-65. Port controller 2245 is real­
ized by incorporating two minor variations in the cir-
cuitry of FIG. 59. These include the reassignment of 
status leads GPIBO-GPIB2 of adapter 2020 and the 
selection of different clock signals at the output of clock 
divider 2005. With respect to the status leads, GPIB2 is 
conencted to logic 1 whereas GPIB0 and GPIBl re­
main at logic O (or, in terms of a bit pattern, the status 

20 leads become '001'). Since port controllers 2200 is con­
nected to bus 20001, this unique status lead identifier, 
when combined with L TS identifier '000', and PMU 
identifies '010', '011' and '100', allows for unambiguous (i) Determine if the collect/refund relay is opera­

tional as well as monitoring its performance. 
(ii) The FE computer supplies three voltage argu- 25 

ments, a threshold argument and a current threshold, 
typically 41 ma. Collecting or returning a coin is con­
trolled by the polarity of a DC voltage applied T-G. 

communication on the single GPIB bus. With regard to 
outputs from clock 2005, CLKC remains the same, 
CLKB is set for 31.25 kHz operation and CLKA is not 
utilized. 

The memory allocation for port controller 2200 is 
shown in FIG. 67. The 12K RAM memory space desig­
nated BANK A2 is provided by port main controller 
2245 in the same manner this bank was provided by 

·•· . The DC voltge level is determined by the FE computer 30 
from results of the CN13RDET DC loop resistance 

. measurement. 
Three voltage arguments are supplied. The first volt­

age argument is applied. If the measurement current 
does not reach the threshold and the relay does not 35 
operate, then the PMU applies the second voltage argu­
ment. If the relay still does not operate and the third 
argument is nonzero, then the third voltage is applied 
and the timeout is set to two seconds. Besides returning 

• the number of attempts until the relay operates as well 40 
as the value of the TIP current on the final attempt, the 
time until relay operation occured on the last attempt is 
also transmitted. This so-called coin relay operate time 
is nominally less than 700 msec. for a nonfaulty relay. 

LTS main controller 2045. However, the addressable 
I/O space from OxEO00-0xFFFF, rather than being 
fully allocated to main controller 2245, is partitioned so 
that 2K of the SK is assigned to port interface 2270. In 
addition, BANK Bl and BANK Cl are mutually exclu-
sive banks occupying AOOO-AFFF on a switched 
basis; these latter 4K banks are also provided by port 
interface 2270, as will be discussed. The three remaining 
memory banks, BANK A, BANK B and BANK C, are 
provided by universal memory 2150, as now discussed. 

As presented above, in the discussion of Section 
3.2.lb relating to universal memory 2050, it was stated 
that the universal implementation would be adopted for 

27. CN_Coin Ground Resistance 

(i) This test determines the ground path resistance for 
a coin set. 

(ii) The TIP, RING and ground terminals must be 
shorted at the coin station. In part A, the TIP is con­
nected to ground through 100 K ohms and the TIP 
current is measured. In part B, the RING is connected 
to ground through 100 K ohms and the TIP is driven 
with 125V DC through 1000 ohms. Both the TIP and 
RING currents are measured. The three current mea­
surements are returned to the FE computer where the 
ground resistance (RG) is estimated as follows: 

45 port controllers 2200. This is depicted in FIG. 58, 
wherein bank memory 2250 and port main controller 
2245 are foundational elements for port controller 2200. 
Bank memory 2250 is also depicted, in block diagram 
form, by FIG. 69 and in detail by FIGS. 70 and 71. 

3.2.2 Port Controller Implementation 

With reference to FIG. 11 by way of brief review, 
port controller 2200 provides the following primary 

50 However, since BANK A now comprises 16K bytes 
and BANK Band BANK C require 24K bytes each (as 
compared to three 20K byte segments for L TS control­
ler 2000), PROM's 2054-2055 of FIG. 70 are pro­
grammed so that MSC0-MCS3* select BANK A, 

55 MCS4*-MCS9* select BANK B and 

60 

MSC10*-MSC15* select BANK C. The latter two 
chip-select ranges are mutually exclusive, but one or the 
other range is always operational with the range associ­
ated with BANK A. 

functions: 65 

The block diagram of FIG. 81 and the details of 
FIGS. 82 and 83 discloses the primary purpose of port 
interface 2270, which is to . provide memory com­
plementating that already provided by main controller 
2245 and universal memory 2250. The memory serving 
as BANK Bl in FIG. 67 is depicted in FIG. 83 by eight 
4KX 1 devices 2274-2281. These static RAM devices (I) control of ports 2801-2816, sleeve lead device 

2950, busy speech detector 2600, trunk dialer 2560 and 
EAN 2700 to perform access to testing trunks; and 

are type 39A. FIG. 83 also depicts the memory serving 
as both BANK Al and BANK Cl in FIG. 67; in partic-
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ular, three 2K X 8 devices 2271-2273 provide the re­
quired 6K bytes or memory. These devices are type 
61A. 

Decoding of RAM! and RAM2 memories is pro­
vided by PROM 2283 of FIG. 82. This PROM, also a 5 
type 28L22, is coded as follows: all memory addresses 
are 0xFF except address 0X75, which has hex EE as 
_data; 0x76 has 0xED; 0xF5 and 0xF6 have 0xDF; and 
both memory ranges OxD-7F and OxFD-FF have, 
respectively, 0xEB, 0x7F and 0x7F. Address leads 10 
PABl1-PAB15 serve as input to device 2283 as well as 
bank lead PMBD. A logic one on his lead disables 
RAM!. 

Data transceiver 2282 of FIG. 83, an 8304 device, 
buffers system data leads PBD00-PDB07 from internal 15 
data leads D0-D7 which access both RAM! and 
RAM2. 

Not explicitly shown in port interface circuit 2270 of 
FIG. 81 are the decode circuits providing enable signals 
for ports 2801-2816, sleeve lead device 2950, tracing 

20 
tone source 2900, busy/speech detector 2600, trunk 
dialer 2650 and EAN 2700 (FIG. 11). Basically, address 
leads PAB00-PABll provide one-in-thirty six individ-
ual decode signals which function as chip selects for 
thirty-six ancillary control registers. These chip selects 

25 are transmitted over bus 22001 of FIG. 11. 
Also not shown is circuitry realizing tracing tone 

source 2900. This circuitry is basically conventional in 
that an approximately 500 Hz source is amplitude mod­
ulated by a 1 Hz signal and when, enabled, is applied to 

3 the loop under test. O 
A listing of the progrmas for operating the micro­

processor within the illustrative embodiment of port 
controller 2200 is included as Appendix E of Rubin 
Case 4. Again, the format of Appendices A-C is utilized 
to present the program information. 35 

3.2.3 PMU Implementation 
3.2.3a DSG Circuitry 

By way of brief introduction, the ML T system uti­
lizes AC signals to measure frequency sensitive loop 40 
parameters. Three separate source generators imple­
ment a synchronous, quadrature detection arrangement. 
One source generator supples voltages to the loop 
under test, whereas the other two source generator 
supply quadrature detector signals. With reference to 45 
FIG. 18, AC source generator 3202 depicts, in general 
block diagram form, the three-generator arrangement. 
A more detailed block diagram representation of gener­
ator 3202 is shown in FIG. 84, wherein the three gener­
ators are depicted by elements 3203, 3204 and 3205. 50 
Line generator 3203 supplies loop voltages, via leads 
32021 and 32022, to the TIP and RING, respectively. 
Ring reference generator 3204 supplies inphase and 
quadrature signals for synchronous detection of the 
signals appearing on the RING, where tip reference 55 
generator 3205 performs the counterpart operation on 
the TIP. 

In that all three generators 3203-3205 operate in basi­
cally the same manner, ring reference generator 3204 is 
the only generator to be described hereinafter in detail. 60 
This description proceeds with the aid of FIG. 85, 
which depicts the major circuit components comprising 
generator 3204. 

Ring reference source 3217 is implemented with a 
microcomputer; for the illustrative embodiment, this 65 
microcomputer is the Rockwell R6500/1AC type de­
scribed in detail in the following two documents: 
"R6500 Programming Manual" published by Rockwell 

International in August, 1978 as Document No. 29650; 
N30; and "R6500 Hardware Manual" published by 
Rockwell International in August, 1978 as Document 
No. 29650 N31. The R6500 is a 40-pin device comprised 
of: a central processing unit (CPU) that runs at half the 
external reference frequency of 4.194304 MHz; a ROM 
of 2048 bytes; a RAM of 64 bytes; and various interface 
circuitry. This interface circuitry (not shown in FIG. 
85) includes: a 16-bit programmable counter/latch, with 
four operating modes; four 8-bit input/output ports 
(Port A, B, C, D of FIG. 85); five interrupt lines; and a 
couter input/output line. Communication with PMU 
controller 3100 and DSP 3600 (FIG. 17), via busses 
31001 and 36001, respectively, is accomplished through 
Port A, a portion of Port C and two of the five interrupt 
lines, shown as RES and NMI in FIG. 85. 

Programm information is transferred to generator 
3204 from PMU controller 3100 via Port A, that is leads 
Al-AS of source 3217. Port C (C1-C8) is split as an 
input/output control port. Leads C5-C8 are manipu­
lated by PMU controllers 3100 to control source 3217. 
The remaining four leads are under control of generator 
3204 itself. Leads C3 and C4 infrom PMU controller 
3100 as to the operating state of generator 3204, while 
C2 turns external counter 32171 on or off. lead Cl is 
used to strobe the digital output data appearing at Ports 
B and D into 8-bit Multiplying Digital-to-Analog Con­
verters (MDAC) 32143 and 32142, respectively. A rep­
resentative MDAC which may be sed to implement 
both elements 32143 and 32142 is supplied by Analog 
Devices. The device is numbered AD7524 and is de­
scribed on pages 317-321 of the "Data Acquisition 
Products Catalog" prepared by Analog Devices, Inc. in 
1978. 

Low-pass filters 32152 and 32153, which suppress 
aliasing, are implemented in the illustrative embodiment 
as sixth order, Chebychev, low-pass, RC filters. Filter 
cutoff is set a 3230 Hz and peak-to-peak passband ripple 
is 0.001 dB. 

In the illustrative embodiment, microcomputer gen­
erator 3204 is programmed to provide a selection of 
output signals representing either single or multiple 
tone test frequencies. The possible output signals in­
clude: 

Single Frequency-generates the AC source cosine 
test signal and the quadrature AC reference signals. The 
output is selectable in 1 Hz increments from 1 Hz to 
3200 Hz. 

Burst Single Frequency-provides for timed sine/co­
sine pulses of a chosen frequency within the 1 Hz to 
3200 Hz band. The duty cycle of the pulses is program­
mable. 

Sequence Single Frequency-generates both sine and 
cosine of up to 20 individually programmable frequen­
cies within the 1 Hz to 3200 Hz band. Sequencing is 
under direct control of PMU controllers 3100. 

Frequency Sweep-steps through the 1 Hz to 3200 
Hz band in either the upward or downward direction. 
The starting frequency and upward or downward incre­
ment is programmable. Both sine and cosine are gener­
ated, and stepping as well as choice of direction is under 
direct supervision of PMU controller 3100. 

Multifrequency-generates the cosine sum of any 
two frequency pairs between 1 Hz and 2000 Hz. 

Sequence Multifrequency-generates a sequence of 
timed, multitone cosine bursts within the 1 Hz to 2000 
Hz band. Capability includes the sequencing of up to 10 
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individual frequency pairs with the time-on and time-off 
periods being programmable. 

Burst Multifrequency-provides for a timed cosine 
pulse of a selected frequency pair within the 1 Hz to 
2000 Hz band. The duty cycle of the burst is program- 5 
mable. 

In addition to these seven so-called output functions, 
miscellaneous functions to aid self-diagnostic testing are 
included in the program repertoire. 

3.2.3a.l DSG Software Considerations 

The software structure for Rockwell-based source 
3217 (see FIG. 85) is depicted in FIG. 86. The RESET 
PROCESS acknowledges the reset signal and initializes 
source 3217 to a predetermined state via a signal on the 15 
RES lead. A nonmaskable interrupt (NMI) causes the 
NMI PROCESS to direct the transfer of all program 
data from PMU controller 3100 into source 3217; the 
NMI PROCESS operates in response to signals on the 
NMI lead. This latter process calls on the DAT A AC- 20 
CEPT subroutine which is invoked to insure the data 
has been properly transferred from PMU controller 
3100. Moreover, the NMI PROCESS also performs the 
necessary "bookkeeping" in preparation for entry into 
the actual signal generation subroutines. As FIG. 86 25 
depicts, all seven output functions defined above are 
dependent upon the SINCOS subroutine. It is through 
this subroutine that the actual samples required by each 
output function are selected. 

The separate modules of FIG. 86, that is, the PRO- 30 
CESS, output function and subroutine blocks, are now 
explained in depth. 

(I) RESET PROCESS 

As indicated above, the purpose of this process is to 35 
initialize generator 3204 to a known state. A flowchart 
for this process is given in FIG. 87. The process is en­
tered.by placing the reset lead (RES) at logic O and then 
returning it to logic 1. This interrupt signal places all 

... input/output lines at a logic 1 level. It also directs mi- 40 
crocomputer 3217, via address informtion stored in its 
ROM, to the beginning of the process. In addition, 
microcomputer 3217 is set for the binary mode of opera­
tion, the stack pointer is set and temporary memory is 
loaded with zeros. Finally, both Ports B and D are 45 
loaded with a value indicative of 0. volts (e.g., hex 80), 
and this value is stored to converters 32142 and 32143 
via Port C bit O (Cl). These converters translates the 
value and produce zero bolt outputs. Upon completion 
of the above, the process brings C3 to logic 0. This flag •50 
indicates the PMU controller 3100 that the reset cycle 
has been completed. It also signifies that generator 3204 
is now waiting for data entry to indicate a request for an 
output function. 

The state of the register determines exactly what mi­
crocomputer 3217 is to do next. There are four possible 
states for this register: 

State 1: FLAGS=O signifies that this is the first pass 
through the program so that is to be collected, via 
Port A (Al-AS), from PMU controller 3100. 

State 2: FLAGS= 1 indicates that all program data 
has been collected and that execution of an output 
function is to commence. 

State 3: FLAGS=2 indicates that the T-ON subrou­
tine is to be invoked to generate timed bursts of 
frequencies. 

State 4: FIAGS=3 indicates that the T-OFF subrou­
tine is to be invoked to generate time bursts of 
frequencies. 

Assuming, initially that FLAGS'O, microcomputer 
3217 sets the STATUS flag (C2) to logic 1. This informs 
PMU controller 3100 that the NMI PROCESS has been 
started and that microcomputer 3217 is now awaiting 
data. Microcomputer 3217 sits in a "tight" loop, polling 
CS (DATA READY). When CS is raised to a logic 1 by 
PMU controller 3100, the first program data byte is 
available at Port A. 

The first data byte received is always a program 
identification (id) number. Upon receiving this id, a 
validity check is executed. Reception of an invalid pro­
gram id causes a restart (C3=0). 

When a valid program id has been received, mi­
crocomputer 3217 accesses an internal table containing 
the starting address of the various output functions. 
Another internal table is also addressed to determine a 
program byte count, that is, how many data bytes must 
be received before function execution may begin. 

The byte count can be either fixed or a variable, 
depending upon which output function is to be pro­
duced. If the byte count is fixed based upon the program 
id, microcomputer 3217 signifies acceptance of the id 
byte through a "handshaking" protocol. This handshak­
ing protocol is accomplished with a subroutine called 
DATA ACCEPT (see FIG. 86); a flowchart of this 
subroutine is shown in FIG. 91. 

A variable input byte count causes microcomputer 
3217 to determine which of two variable output func­
tions (Sequence Single Frequency or Sequence Multi­
frequency) is to be executed. Acceptance of the pro­
gram id byte is then made through the handshake proto-
col of subroutine DAT A ACCEPT. The next byte 
transmitted indicates how many more data bytes can be 
expected. A check is made to insure that the expected 
number of data bytes does not exceed a known maxi­
mum limit. If this limit is exceeded, a rest is initiated 
(C3=0). A valid check allows the remaining data bytes 
to be transferred via the DAT A ACCEPT subroutine. 

FIG. 92 illustrates the data transfer sequence for a 

(II) NMI PROCESS 
55 variable byte count relating to the Sequence Single 

Frequency output function. The data transfer indicates 
that this output function (id byte=hex 04) is to se­
quence two (M=hex 02) frequencies of 100 Hz (F-

This process has two main purposes: (1) control data 
transfer between PMU controller 3100 and generator 
3204 and (2) initiate program execution. A flowchart for 
this process is given in FIG. 34. The NMI lead is an 60 
edge-sensitive input line. This means that whenever a 
high-to-low transition occurs on this line, microcom­
puter 3217 automatically sets an internal flag. This flag 
halts all internal processing and permits program execu­
tion to be vectored, via address data stored in ROM, to 65 
the NMI PROCESS. 

Upon entering this process, microcomputer 3217 is 
directed to check an internal register named FLAGS. 

lol=hex 40 and F-hi l=hex 06) and 200 Hz (F-lo2=­
hex 80 and F-hi2=hex OC). FIG. 93 indicates the bit 
weights to be accorded the hexideciminal data values; 
the use of F-lo and F-hi values will be discussed 
shortly. FIG. 94 indicates the number and order of 
transmission ·of bytes for the various output functions. 

Thehandshaking sequence (FIG. 91) for the data 
transfer depicted in FIG. 36 begins with PMU con­
trolelr 3100 raising CS to a logic 1. This signals mi­
crocomputer 3217 of the availability of the program id 
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data byte at Port A. Microcomputer 3217 indicates 
acceptance of this byte by setting C4 to logic 1. PMU 
controller 3100 responds to this by placing CS at logic 0, 
whereupon microcomputer 3217 responds by making 
C4 a logic 0. The handshake for the first data byte is 5 
now completed. Each remaining data byte is then trans­
ferred in a similar manner. 

When all data transfers have been completed, mi­
crocomputer 3217 sets the FLAGS register to State 2 
(FLAGS= 1) and is instructed to jump back into a wait 10 
loop located within the RESET PROCESS. Upon en­
tering this process, the ST A TUS flag is reset by placing 
a logic O on C3. This indicates to PMU controller 3100 
that the first pass through the NMI has been completed. 

Upon receiving the second NMI signal, microcom- 15 
puter 3217 is again vectored into the NMI PROCESS. 
Here, the state of the FLAGS register is once again 
checked. This time it is found to be equal to 1, thereby 
setting C3 = 1 and causing a jump, via the previously 
accessed program vector address, into the desired out- 20 
put function. Execution of the output function com­
mences at this time. 

Rather than discussing each output function in detail 
a this point, two functions-Single Frequency and Se­
quence Multifrequency-are chosen as representative 25 
and are elucidated in the sequel. This selection allows 
discussion of the significant considerations relating to 
signal generation as well as the situations in which 
FLAGS may take on the values of 2 or 3. 

98 
tive embodiment of the ML T system has been set at 
16.384 kHz (214 Hz); this is more than five times the 
highest frequency (3200 Hz) to be produced. Program 
timing is carefully controlled. Each program has ex­
actly ½14 seconds in which to produce a sample. Since a 
machine cycle is equal to twice the clock period of 
microcomputer 3217, that is each machine cycle is 221 
Hz, each program must take no more than 27= 128 
machine cycles to produce the next sample. If a pro­
gram step requires less machine time, then delay must 
be inserted. If a program takes more machine time, 
when a reduction in the upper frequency limit of 3200 
Hz must occur, along with other complications to be 
explained shortly. 

Referring again to FIG: 95, it is seen that the Single 
Frequency function calls the SINCOS subroutine (des­
ignated by CALL SINCOS in FIG. 95); this call se­
quence is also depicted in FIG. 86. The SINCOS sub­
routine is a fast software realizatioon of the table lookup 
technique. In this realization, accmulator 3206 of FIG. 
96 is actually comprised of one full byte (register 3211) 
and two partial bytes (registers 3210 and 3212) of mem­
ory. Triple precision addition is used to add f,., to accu­
mulator 3206. The three-byte register arrangement al­
lows the portion of the accmulator that is used as a 
sample selection index, that is, register 3211, to fall on a 
byte boundary. Also, since the frequency word [,.,actu­
ally comprises a two bytes (F-hi and F-lo of FIG. 93). 

(III) Single Frequency Function 

The flowchart of the program realizing this function 

30 triple precision addition oc-curs by adding F-hi and 
F-lo, considered as one 12-bit addend, to registers 3210, 
3211 and 3212, considered as a 14-bit addend, with the 
being stored as a 14-bit result in accumulator 3206. The is shown in FIG. 95. This program generates a single 

tone from l Hz to 3200 Hz increments. The generation 
technique synthesizes a cosinusoidal waveform in the 35 
manner broadly described above in Section 2.2. la with 
reference to FIG. 19. FIG. 96 represents FIG. 19 recast 
for purposes of the present discussion. 

Basically, normalized values of ±cos (} are stored in 
the ROM associated wit microcomputer 3217, and dif- 40 ferent frequencies are produced by cycling through the 
ROM at different rates. The techniques operates by 
keeping the present phase, designated 0(n) for the nth 
phase sample where 0(n)=21m/2L+2, in (J +2)-bit 
(J>L) phas~ accumulator 3206. At each _sampling in-

4
~ 

stant occurnng at the rate fs Hz, the value m accumula- -
tor 3206 is used to index the table values in sample 
selector 3213. Between sampling instants, the accumu­
lated phase is incremented by the J-bit frequency word, 
designated fw, received from PMU controller 3100. 

Since fw is added to accumulator 3206 at the sampling 50 

rate f2, a relationship exists between fs, fwand the output 
frequency generated, designated f0 . The (J +2)-bit wide 
accumulator 3206 rotates through 360 degrees at a rate 

(3) 55 

For example, if J = 12 bits and fs=2 14 Hz, then f0 =fw. 
Greater output frequency resolution relative to fw is 
possible by using a larger J-bit amount. For instance, if 
J = 16 and all else remains the same, then f0 =fw/16. For 60 
the ML T system, the values are chosen so that there is 
a one-to-one correspondence between fw and f0 ; thus 
fs=214 Hz and J = 12. 

Generation of cosinusoidal waves by sample selection 
requires that more than two samples per cycle be pro- 65 
duced or, equivalently, that the rate of sample produc­
tion (fs Hz) be at least twice the highest frequency gen­
erated. The rate of sample production for the illustra-

memory arrangement is such that the four-high order 
bits of F-lo align with register 3212, and all bits of F-hi 
align with register 3211. Finally, the two least signifi-
cant bits of register 3210 provide quadrant information, 
with '00' representing the first quadrant, '01' the second 
quadrant, and so forth. 

A flow diagram of the SIN COS subroutine is shown 
in FIG. 97. Once a sample index and quadrant pointer 
have been determined in the calling program (in this 
case, Single Frequency), the correct sample value in 
one of two tables must be accessed. Indexing the appro­
priate table with either the sample index directly di­
rectly or its complement yields the desired sine or con-
sine value. As alluded to in Section 2.2.3a, each table 
contains 256 bytes of data values. One table has the 
values of +cos(} the other 31 cos 0. Both cover Oto 90 
degrees with 0.3516 degrees spacing. The values within 
the tables are related by the two's complement. This 
relationship increases the speed of the subroutine and 
allows for frequency generation up to 3200 Hz since the 
computation time which would be needed to perform a 
two's complement operation on data from a single quad­
rant is eliminated. Once the sine and cosine values cor-
responding to a sample index have been attained, the 
proper sign is inserted and the samples are loaded into 
Port B (sine port) and Port D (cosine port). The proper 
sign is produced as follows: if the sample is positive,. 
shift right and "OR" with hex 80. If the sample is to be 
negative, shift right and "AND" with hex 7F. This 
produces an offset binary code from the two's comple-
ment table values which is directly compatible with the 
format required by D/ A converters 32142 and 32143 in 
ring generator 3204 (see FIG. 85). It is apparent that 
while the 512 table values are stored with 8-bit preciion, 
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the above steps of shift right and prefix the correct sign 
actually results in 7-bits of magnitude precision. 

It is helpful to note at this point that, besides accumu­
lator 3206, there is a substantially identical accumuala­
tor (not shown) that is utilized whenever multitone 5 
output functions are requested. The second sine/cosine 
generator, based on a second frequency word (fw2), is 
nested within the SINCOS subroutine and is designated 
by SINCOS2 entry point in FIG. 97. 

The assembly language program listed on pages 1-4 10 
of Appendix F of Rubin case 4 illustrates one embodi­
ment of a software implementation for the SINCOS 
subroutine. Cycle time through each quadrant is equal 

100 
Since the scaling factor (208/128) is greater than 1, and 
the table values in conjunction with the low-pass filter 
arrangement are useful to a frequency of about 3200 Hz, 
fw must be limited to approximately 2000 Hz in the 
multitone generation arrangement. 

In addition, since the factor (208/128) in equation (4) 
is not an integer, fc has a fractional part even though fw 
is an integer. Thus, in binary, fcrequires more bits for its 
representation and these additional bits fill the least 
significant bits of the F-to byte (see FIG. 93). These 
four least significant bits are used during triple precision 
addition, but these, as well as the four most significant 
bit of register 3212, are not used in selecting the sample 
index . 

. The conversion of the frequency number takes place 
in a subroutine called Convert Frequency; a flowchart 
of this program is shown in FIG. 100. 

With reference to the flow diagram of the Sequence 
Multifrequency function in FIGS. 98 and 99, it is seen 
that once the program is entered, a check of the 
FLAGS register is initiated. The state of this register 
determines whether or not this is the first entry into the 
program. If entry has not been previously made, then 
the down-loaded frequency bytes are converted 

to 82 machine cycles. An equivalent object listing of the 
SINCOS subroutine is embedded within the listing gn 15 
pages 7-11 of that Appendix F. Pages 7-11 provide the 
object code listing of all programs controlling mi­
crocomputer 3217. The object code for the SINCOS 
subroutine starts on page 11, line 2 with Ox18A5 and 
cntinues until line 11 and ends with Ox8160. For the 20 
Rockwel microcomputer utilized in the illustrative em­
bodiment, the location of ROM begins at absolute hex­
idecimal address 0800; The SINCOS subroutine there­
fore occupies addresses OE7E through OFOF inclu­
sive. 25 through the Convert Frequency subroutine, the time-oe 

flag is set and a frequency sequence counter is zeroed by 
the Zero subroutine. A flowchart for the Zero subrou­
tine is shown in FIG. 101. If entry has previously been 
made, than all registers and outputs are initialized via 

The assembly language program listed on pages 5 and 
6 of Appendix F of Rubin Case 4 presents the software 
for implementing the Single Frequency output func-

_, tions. The machine cycle count for this program is 46 
:,:cycles. An object code listing of the Single Frequency 

•• Function is given as part of the listing in that Appendix 
30 the Zero subroutine and no output is, as yet, generated. 

F. In particular, the code starting on page 9, line 5 with 
Both paths resulting from the FLAGS= 1 test con­

verge on a check of the sequence counter. This check 
determines if all the desired frequencies have been gen­
erated. If they have not, then the frequency pointer 

' OxA508 and continuing until line 9 and ending with 
Ox7DOB, between hexidecimal addreses B73 to BB4, is 
the pertinent object code. 

(IV) Sequence Multifrequency Function 

35 increments to the next frequency in the sequence. Once 
again, the FLAGS register is checked to determine 
whether the T-ON or T-OFF subroutine is to be exe­
cuted. The flow diagrams of FIGS. 102 and 103 repre-The flow diagram for the program realizing this func­

:.tion begins on FIG. 98 and continues on FIG. 99. This 
~-program generate a sequence of timed, multitone cosine 40 
~bursts within the 1 Hz to 2000 Hz band. A sequence up 
·to 10 frequency pairs with a programmable duty cycle 
can be produced. 

The reduction in upper frequency limit (3200 to 2000 
Hz) is due to the longer time needed to extract the pair 45 
of samples. The computation path of the program re­
quires 208 machine cycles to produce a sample. This 
means that an output is available for strobing to the 
cosine D/ A converter after 208 machine cycles rather 
than every 128 machine cycles. Thus, the sample rate at 50 
the converter output is effectively (208/128) 16.384 
kHz= 10.08 kHz. Even though strobing occurs at a 
10.08 kHz rate, microcomputer 3217 continues to 
operte at the 16.384 kHz rate. From sampling theory 
concepts, the samples of a cosine having a frequency fw 55 
and sampled at rate f, are the samples of a cosine of 
frequency fc sampled at a rate 

sent the T-ON and T-OFF subroutines, respectively. 
When the T-OFF subroutine is invoked 

(FLAGS=3), no output is generated for the specified 
time period. Once the off time has elapsed, the Se­
quence Multifrequency program is entered again via the 
MMI PROCESS. All necessary checks are executed 
and the appropriate output is prepared for generation. 
The T-ON subroutine is invoked whenever 
FLAGS=2. Also, since two frequencies are to be gen­
erated, the SINCOS subroutine is executed at both the 
SINCOS2 entry point level as well as at the subroutine 
entry level. Cosine samples for both frequencies are 
extracted from the tables, added and then divided by 
two to maintain unity magnitude. The normalized co­
sine value is then loaded into the cosine port and 
strobed into cosine path D/ A converter. Cosine sam­
ples continue to be generated for the specified on-time 
interval. Once this time has elapsed, a NMI signal is 
generated and the sample generation ceases. The pro­
gram is reentered and the various checks done to deter­
mine the next response. This sequencing continues until 

Therefore, in order to utilize the existing ±cos 0 tables, 
a caling factor is used t convert fw to a value of fc ac­
cording to the relation 

60 all frequency pairs have been generated. Once the last 
pair is generated, output function execution halts and 
microcomputer 3217 resets (C3=0). 

( 
208 ) fc=fw !28 

(4) 65 

FIG. 104 indicates that the object code for the Se­
quence Multifrequency output function is located at 
addresses CDO through CFD. The tabular data in FIG. 
104 presents the memory map for the output functions 
stored in ROM as well as the RESET and NMI pro­
cesses and all subroutines. In addition, the assignment of 
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storage in RAM, of input/output ports and so forth is 
also summarized in FIG. 104. 

102 
plied with an AC signal from generator 3202 and a DC 
signal from DC source generator 3201. The accuracy 
and stability of all digital data conversion in AC genera-
tor 3202 and DC signals derived in DC generator 3201 
depend upon a stable DC reference voltage found 
within generator 3201. The device of the illustrative 
embodiment satisfying accuracy and stability requre­
ments is a monolithic voltage regulator, number MC 
l 723CL, produced by Motorola, Inc. and described in 

The Gain program (address B4E-B60) simplifies the 
gain alignment of the multiplying converters 32142 and 
32143. Upon command, the program loads Ports B and 5 
D with a binary zero. This value is then strobed into the 
converters. When the converters respond to this value, 
their output becomes equal to their reference (multiply­
ing) gain. If the output does not match the anticipated 
gain, a manual adjustment may be effected. 10 its "Linear Integrated Circuit Data Book", dated De­

cember, 1972. The Sample program (BC1-B6F) produces a sine and 
cosine value for a preselected sample index and is used 
for self-diagnosis. 

The Sanity program (D28-E70) is used to check the 
internal registers, external counter/timer and computa- 15 
tion of an internal memory check sum for self-diagnosis. 
All internal regiters are alternately loaded with ones 
and zeros and then read back. If the retrieved value 
does not agree with the loaded value, then "sanity" fails 
and reset is initiated (C3=0). If all registers pass, then 20 
the program sums all internal memory and compares 
this to a known, stored value. A correct comparison 
results in the internal counter being loaded with a pre­
determined count. The external counter is then turned 
on and a software timer is started. If the software timer 25 
times out before an NMI signal is generated, then sanity 
fails and C3 is set to zero. If an NMI signal is generated 
before the software timer becomes zero, then a check is 
made to insure that the NMI signal was not premature. 
When all checks have passed, PMU controller 3100 is 30 
notified via the handshaking protocol of the Data Ac­
cept subroutine. 

The "Program Transfer Table Low" and "Program 
Transfer Table High" entries in FIG. 104 (addreses 
AOO-A09 and AOA-Al3, respectively) contain the low 35 
addres byte and high address byte of the output func­
tions and Gain, Sample and Sanity programs. The "In­
byte Table" entry basically summarizes FIG. 94. The 
"Initialization Index Table" contains information for 
initializing the input byte count. 40 

Referring again to FIG. 84, source microcomputers 
3216, 3217 and 3218 all operate according to the same 
object code listed on pages 7-11 of Appendix F of 
Rubin Case 4. Information on the signals to be devel­
oped for the various output leads 32021, 32022 and 45 
32004 through 32007 is provided by PMU Controller 
3100 via bus 31001. If leads 32021 and 32022 are pre­
sumed to carry a signal denoted cos2?Tfw, then, typi­
cally, lead 32005 also carries cos2?Tfw and lead 32004 
carries sin2?Tfw. It is possible, however, to phase· offset 50 
the latter two signals from the former by loading accu­
mulator 3206 of source 3204 with a nonzero initial value 
corresponding to, say, cos cp. Then the signals on leads 
32005 and 32004 become cos(27Tfw+c/J) and sin 
(27Tfw+c/J), respectively. The desired offset information 55 
is also provided by PMU controller 3100. Moreover, it 
is possible to have source 3217 develop signals having a 
frequency that differs from the frequency of source 
3217. Then, while leads 32021 and 32022 may carry 
cos27Tfw, leads 32005 and 32004 may carry, say, 60 
cos2?T(2fw) and sin27T(2fw), In this way, harmonics on 
TIP and RING may be detected. 

3.2.3a.2 DSG Hardware Considerations 

Suitable operational amplifier circuitry, coupled to 
the regulator, provides the varius DC voltages re­
quired. The levels of the AC signals also derive from 
the regulator. The reference voltage produced by the 
regulator is translated to one of a finite number of levels 
(typically 256) in a multiplying digital-to-analog con­
verter (MDAC) of the type deployed in AC generator 
3202 (FIG. 84). The appropriate level to be selected is 
down loaded from PMU controller 3100. The output 
level selected is supplied to MDAC's 32141 through 
32145 of AC generator 3202 via bus 32023. The digital 
sines and cosines are converted to analog form with the 
regulator-derived level to provide the desired signal 
strengths. 

3.2.3b Magnetic Current Sensor Circuitry 

As already briefly discussed in Section 2.2.3b with 
reference to FIGS. 20, 22 and 21, ring current-to-volt­
age converter 3402 provides measurement circuitry 
which is arranged to produce an output voltage only 
when RING lead current is other than zero. The discus­
sion hereinafter amplifes on the foregoing discussion 
with the aid of FIG. 105; this figure combines the cir­
cuitry of FIGS. 20 and 21 which is essential to the oper­
ational description. 

FIG. 105 depicts how two matched magnetic cores 
3307 and 3308 are connected to circuitry for measuring 
line current, designated IL, flowing on RING lead 
33002 as a result of voltage impressed through source 
impedance 3309. Lead 33002 forms line winding L1 on 
core 3307 and line winding L2 on core 3308. Windings 
L1 and L2 are wound to produce essentially equal 
amounts of magnetizing field intensity (H) on cores 
3307 and 3308. For instance, if IL flows from source 
impedance 3309 towards the RING lead, then the field 
intensity is clockwise on both core 3307 and core 3308. 

Ideally, cores 3307 and 3308 are of matching charac­
teristics such that the hysteresis curves mapping flux 
density B versus field intensity H for each core are 
congruent. FIG. 106 depicts the upper-half of the B-H 
curve for core 1 (3307) and the lower-half for core 2 . 
(3308) in vertical relationship. Point 1 of core 1 indi­
cates the intersection of the major saturation hysteresis 
loop on the B axis for a zero H field. Point 1' depicts the 
similar interection for core 2. If the cores are temporar-
ily presumed to possess identical characteristics and the 
windings (L1, L2, Ci, C2, S1 and S2 of FIG. 105) are not 
energized, then the flux densities are equal in magnitude 
for H=O. Points 1 and 1' may also be considered the 
quiescent points resulting from application and then 
removal of field intensity. For example, if HL represents 
the field strength caused by current IL flowing in line 
winding Li, then point 2 (point 2') depicts the new 

Referring now to FIG. 18, the composite AC-DC 
signals used to energize TIP lead 32002 and RING lead 
32003 are supplied with summation amplifiers 3207 and 
3208, respectively. Each amplifier 3207 or 3208 is sup-

65 operating point on the B-H curve for core 1 (core 2). 
Whenever IL is reduced to zero, a minor saturation 
hysteresis loop is traced back to point 1 (point l') to 
reestablish quescent conditions. Because winding L1 
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and L2 are wound in the same directions and the B-H 
characteristic is nonlinear, a change in operating condi­
tions between point 1 and 2 on core 1 causes a corre­
sponding flux density change of AB1>0, whereas the 
same swing between points l' and 2' causes a variation 5 
of AB2>0 on core 2. The total overall change, desig­
nated AB, is defined as AB= AB 1 + AB2. The objective 
of the current measuring circuitry of FIG. 105 is to 
force AB to zero using an appropriately fed back cur­
rent, shown as current Is, which is derived from a volt- 10 
age directly proportional to IL, 

104 
points 2 and 2', AB is generated. This differential flux 
induces a voltage on the series-aiding sense windings St 
and S2. Since switch 34028 is closed during flyback, this 
induced voltage is applied to the differential inputs of 
high-gain amplifier 34021 through series resistor 34027. 
Capacitor 34024, which is connected between the out-
put of amplifier 34021 and it inverting input ( - ), in 
conjunction with amplifier 34021, form a voltage inte­
grator. During the low interval of each pulse, switch 
34028 is opened and current Is is provided to sense 
windings St and S2. The value of this current is deter-
mined by the voltage stored on capacitor 34024 and the 
resistance of resistor 34023. 

Over a succession of pulses from, generator 34022, 

To derive the required voltage that supplies feedback 
current, cores 3307 and 3308 have control windings C1 
and C2, respectively, connected to circuitry, as will be 
explained, whereby a succession of control current 15 
pulses causes current to flow in windings C1 and C2. 
Moreover, cores 3307 and 3308 have sense windings S1 
and S2, respectively, connected to circuitry, as will be 
explained, whereby changes in flux density may be 
electromagnetically detected. 

Control winding Ct is wound so that current flowing 
in the direction Iein FIG. 105 causes a clockwise mag­
netizing field in core 3307. With reference to FIG. 106, 
current le causes the B-H curve to be traversed from 
point 1, through point 2 towards 3 whenever his zero, 25 
or from point 2 to point 3 whenever IL, causing a field 
HL, flows. The measure of the field strength for move­
ment along the B-H curve between points 2 and 3 is 
denoted AH. Control winding C2 is wound so that cur­
rent le generates a c ounterclockwise field strength in 30 
core 3308. Whenever his zero, current le causes B-H 
curve traversal from point l' beyond point 3', whereas 
whenever a current IL flows, the path of traversal is 
from point 2', through point l' to point 3'. Again, AH is 

amplifier 34021 and capacitor 34024 wil cumulatively 
integrate successive voltages induced on sense windings 
S1 and S2 so as to gradually change the output voltage of 
amplifier 34021, which appears on lead 34012. The volt­
age on lead 34012 eventually achieves the steady-state 

20 value of V R, whereupon the amount of feedback signal 
cancels field HL in core 1 and core 2. At thi point, AB 
becomes zero and V R is a measure of the amplitude and 
polarity of current IL which initiated the transient per-

a measure of the field strength between points 2' and 3'. 35 
Sense winding St is wound so that for a current flow 

Is as depicted in FIG. 105, a counterclockwise magne­
tizing field obtains in core 3307. On the other hand, Is 
causes a clockwise magnetizing field in core 3308. In 
steady-state operation, the field strength induced by 40 
current Is is to be equal and opposite the field strength 
due to current h in each core 3307 and 3308. When this 
condition occurs, AB1 =AB2=0, thereby yielding 
AB=O. 

Before steady-state operation is achieved, a transient 45 
period occurs wherein a voltage is developed from 
electromagnetic pick-up on sense windings S1 and S2. 
As suggested above, this voltage drives current Is. 
Since Is cancels the effects of h in steady-state, then the 
developed voltage, designated V R, is proportional to 50 
RING current in steady-state. 

The transient period begins whenever IL changes to a 
new value requiring measurement. For purposes of the 
immediate discussion, it is assumed a new IL generates 
field strength HL of FIG. 106. Pulse generator 34022 of 55 
FIG. 105 continually operates at about 50 kHz to pro­
duce 55 percent duty cycle, unipolar, square-wave 
pulses. At the output of inverter 34022, the pulse is low 
for about 9 usec., allowing sufficient time for cores 3307 
and 3308 to saturate from current le flowing from the 60 
positive voltage on lead 330042 through resistor 340224. 
In FIG. 106, with Is equal to zero initially, the core 
operating points move from points 2 and 2' to points 3 
and 3', respectively, during saturation. The pulse is high 
for about 11 usec. to allow time for cores 3307 and 3308 65 
to recover or flyback from the saturation condition. 
During flyback, diode-zener diode pair 340223 becomes 
conductive. As cores 3307 and 3308 return to operating 

iod. In the illustrative embodiment, the turns ratio of 
sense winding to line winding and the value of resis­
tance 34023 is chosen to that V R = 62.5 h for V R in mv 
and hin ma. 

The description of this section has, to this point, pre­
sumed indentical core characteristics for cores 3307 and 
3308. In practice, there exists a DC offset as well as 
dynamic offsets in core characteristics due to the inabil­
ity of the cores to directly track, especially with tem­
perature. The effect of the DC offset may be readily 
explained with reference to FIG. 107. In this figure, the 
top B-H characteristic is the same as that depicted for 
core 3307 in FIG. 106, that is, core 1. On the other hand, 
the bottom portion of FIG. 107 shows core 2 of FIG. 
106 dashed,. and the actual characteristic as a solid line. 
The disparity occurs because of drift. It is apparent that, 
even with HL=0, a voltage proportional to ABa will be 
generated by the sense circuitry of FIG. 105. To com­
pensate for the DC portion of this error, offset correc­
tor 34025 provides a small bias voltage which is con-
verted to a small bias current via series resistance 34026 
and supplied to the inverting input of amplifier 34021. 
The voltage to be provided by corrector 34025 results 
from measurements on core pair 3307,3308 during a 
calibration period which occurs at periodic intervals. 
During calibration, IL is set to zero by opening leads 
33092 and 330013 so that, in effect, the RING presents 
an open circuit and source driver 3302 (FIG. 20) is 
disconnected. Voltage on lead 34012 of amplifier 34021 
is then measured as if a normal measurement was being 
processed. Since IL= 0, V R should be zero. If V R is not 
zero, then PMU 3100 feeds adjustment information to 
corrector 34045 via bus 34052 emanating from detector 
controller 3405 (FIG. 22). In the illustrative embodi­
ment, corrector 34025 is an 8-bit digital-to-analog con­
verter. Thus the DI A output can range over 256 steps 
corresponding to input codes of hexidecimal 00 to FF. 
At system startup, DI A corrector 34025 and amplifier 
34021 are statically set so that loading a midrange bi­
nary number into DI A corrector 34025, typically hex­
idecimal 80 from corrector 34025, causes V R to be zero. 
As drift occurs, this midrange number no longer zeros 
out V R, and another binary number is supplied to effect 
a zero reading for VR. Since VR (ma)=62.5 IL (ma), 
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106 
each step of converter 34025 corrects for an error of 
about 0.4844 mv /step. 

Besides the first-order error described above in terms 
of a DC offset, there also exists a second-order effect 
that causes a so-called dynamic error. This occurs when 5 
a finite impedance loads line windings L1 and L2 even 
though driver 3302 is still disconnected. For instance, 
with reference to FIG. 20, it is possible to operate 
source impedance 3309 and test termination 3310, via 
applique controller 3311, so that windings L1 and L2 are 10 
loaded with a test impedance-to-ground which is repre­
sentative of typical longitudinal-mode impedances ex­
pected of the loops under test. Because cores 3307 and 
3308 exhibit different minor hysteresis saturation char­
acteristics, a nonzero V R may be measured even with 15 
corrector 34025 arranged to provide zero DC offset and 
even though h=O. One way to minimize the sensitivity 
of core pair 3307,3308 to the wide range of impedances 
exhibited by the loop population is that of adding an 
inductor in series with windings L1 and Lz. This induc- 20 
tor is chosen so that at the frequency used to switch 
core pair 3307,3308, that is, the freuency of operation of 
pulse generator 34022, the loop impedance is small com­
pared to the impedance of the inductor. In effect, core 
pair 3307,3308 is presented with a constant load at the 25 
pulse rate. On the other hand, the inductor must present 
a low impedance relative to the loop impedance over 
the range of measurement frequencies so as not to iso­
late the loop from core pair 3307,3308. The inductor is 
shown as element 3313 in FIG. 20 and typically has a 30 
value of 300 µh. A corresponding TIP inductor 3312 
serves the same decoupling function for core pair 
3305,3306. 

Even with corrections for first- and second-order 
offsets, there is still the potential for significant error 35 
whenever a minute current (of the order of 1 µa) must 
be measured. This situation typically occurs in a differ­
ential current measurement mode wherein, say, the TIP 
and RING currents are essentially equal and the cur­
rents are routed through core pair 3305,3306 in oppos- 40 
ing directions to measure TIP line current (ILT) minus 
RING line current (ILR) or ILJ-ILR· In differential mea­
surement situations, the third-order error is removed by 
performing an additional measurement. In this second 
measurement, the routing of both hr and hR through 45 
the apertures of core pair 3305,3306 is reversed. Since 
the error mechanism provides a bias of the same polar-
ity to each measurement, the error is removed by sub­
tracting the two measurement results in PMU control-
ler 3100 and then forming the average to obtain the 50 
correct output voltage. 

Again with reference to FIG. 22, the output voltage 
proportional to currents flowing on the specific loop 
conductor arrangement appear on leads 34011 and 
34021 of TIP converter 3401 and RING converter 55 
3402, respectively. Each of these voltages is processed 
in essentially the same manner within detector 3400, so 
only the processing of the voltage VT on lead 34011 is 
discussed in the sequel. 

The voltage VT is passed through analog filter 3403 60 
to restrict the bandwidth of the measured current to 
3200 Hz. The low-pass filter portion of filter 3403 is a 
conventional sixth-order low-pass filter comprising 
three second-order sections in cascade. The passband is 
flat to within ±0. 1 dB, the - 3 dB corner frequency is 65 
3200 Hz and signals are attenuated by at least 20 dB at 
frequencies above 4000 Hz. Filter 3403 also contains a 
60 Hz notch filter that may be switched in-line or not 

depending on the type of test in progress and the pres­
ence of excessive 60 Hz noise influence on the loop 
under test. Normally the notch filter is on-line; PMU 
controller 3100, via detector controller 3405 and, par­
ticularly, the signal on lead 34053, controls the insertion 
and removal of the 60 Hz notch. The notch corner 
frequencies are 54 Hz and 66 Hz and a 60 Hz signal is 
attenuated by at least 20 dB. The filtered output voltage 
V TF from filter 3403 appears on output lead 34031. 

The voltage Vrpis split into two paths and, thereby, 
serves as inputs to both AC gain unit 3408 and DC gain 
unit 3410. Gain unit 3408 eliminates DC from voltage 
V TF by a 10 Hz second-order high-pass filter with a -3 
dB frequency of 4 Hz. Each gain unit 3408 or 3410 is 
capable of providing either direct coupling to its output 
or a separately programmable gain of four. Normally, 
gain units 3408 and 3410 are set for maximum gain al­
lowing for a peak current of 32 ma flowing on the TIP 
before a 8.000 volt threshld for V TF is exceeded. 

Saturation detector 3406 has the outputs of gain units 
3408 and 3410, on leads 34001 and 34003, respectively, 
as. its inputs. Saturation detector 3406 signals PMU 
controller 3100 that one or both voltage thresholds 
have been exceeded. Detector 3406 is realized with 
absolute value comparator circuits on each of its inputs. 
Moreover, internal counter circuitry ensures that tran­
sient signals of less than 64 usecs. are ignored and re­
sponses are trigger~d only by permanent overloads. An 
AC overload condition is transmitted from detector 
3406 via lead 34061 and a DC overload via lead 34062. 
The overload circuitry is of the latching type and, once 
tripped, remains in the logic state indicating overload 
until cleared by PMU controller 3100. Leads 34061 and 
34062 cmbine to form multilead 34005 emanating from 
detector 3400. The interrupt operation occurs as fol­
lows. As per FIG. 17, overload signals are transmitted 
to measurement processor 3500, via lead 34005, and 
then to PMU controller 3100, via lead 35002. Acknowl­
edgment of reception of the overload signals and action 
to be taken is transmitted from PMU controller 3100, 
over bus 31001, to detector controller 3405 of FIG. 22. 
Any gain adjustments required are transmitted to the 
appropriate gain units 3408 and 3410 via leads 34058 and 
34057, respectively, and the clear signal to detector 
3406 via multilead 34059. If the newly attenuated signal 
still causes overload, then attenuator 3303 of applique 
3300 (see FIG. 20) is switched into TIP lead 33001 to 
effect a further reduction in the strength of the detected 
signal. The reduction is typically by a factor of four. 
The signal indicating that attenuator 3303 is to be 
placed in-line is transmitted from PMU controller 3100 
to applique controller 3311 over bus 31001 and, finally, 
to attenuator 3303 via multilead 33112. The TIP signals 
finally exiting detector 3400, on leads 34001 and 34003, 
are now within prescribed bounds and, if scaled, appro­
priate information as to scaling factors is stored in PMU 
controller 3100. • 

The signals on leads 34001 and 34003 serve as inputs 
to measurement processor 3500, as depicted in FIG. 23. 
The AC signal on lead 34001 is split into three paths. 
One path directly connects to port 1 of the 7-1 MUX in 
the upper-half of multiplexer 3501. The second path is 
one input to multiplier 3701 and the third path drives an 
input to multiplier 3702. The other inputs to multipliers 
3701 and 3702 are the TIP(I) and TIP(Q) signals on 
leads 32007 and 32006, respectively. The operation of 
multiplier 3701, which is four-quadrant type AD 534 
supplied by Analog Devices, is exemplary of the opera-
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tion of both multipliers 3701 and 3702 and is now con­
sidered. 

If the signal on lead 34001 is represented by 

where 
f is the test frequency, 
A is directly related to the current flow on the TIP 

lead [A=(62.5) ILG, with G being 4, 1 or ¼ de­
pending on scaling], 

81 is a known phase shift due to magnetic current 
sensor and filter circuitry and is determined period­
ically during calibrate procedures, and 

82 is an unknown phase shift due to reactance of the 
TIP lead, 

and the signal on lead 32007 by 

then the output of multiplier 3701 is proportional to 

108 
plexer 3501 is enabled via two conductors forming part 
of multiple lead 35071 interconnecting controller 3507 
with interface 3508. Enabling information is initialy 
transmitted, via bus 31001, to controller 3507 for decod-

5 ing. In the preferred embodiment, each of the upper and 
lower halves of multiplexer 3501 is standard device DG 
508 supplied by Intersil Corporation. 

The voltages selected for processing appear simulta­
neously on leads 35011 and 35012 from multiplexer 

10 3501. Circuits 3504 and 3505 are unity gain S/H de­
vices; lead 35073 from measurement controller 3507 
puts the S/H devices in the hold mode. The sampled 
outputs appear on leads 35041 and 35051, and these 
leads serve as inputs to 2-1 MUX 3506. The sampled 

15 signals are routed, one at a time, through MUX 3506 to 
programmable gain amplifier (PGA) 3502 over lead 
35061. A logic signal on lead 35074 linking measure­
ment controller 3507 with MUX 3506 determines which 
sampled signal is to be routed to PGA 3502 for amplifi-

20 cation; the timing of this logic signal will be examined 
shortly. 

The four remaining circuit blocks of FIG. 23 not yet 
discussed, namely, PGA 3502, AID converter 3503, 

As expected, the output x comprises a DC component measurement interface 3508 and measurement control-
and a double frequency component. 25 ler 3507, cooperate to perform the unitary operation of 

The output x serves as input to two filters· 3510 and providing a series of 20-bit digital words to DSP 3600 of 
3511- Filter 3510 is a 10 Hz, second-order low-pass filter FIG. 17. As such, these circuits are highly interactive 
designed to remove the double frequency component, and critically timed. Initially, then, the discussion fo-

.. thereby passing only the DC term cos 82proportional to 
--~ the conductance part ot the TIP admittance. Typically, 30 cuses on the basic function performed by this circuit 

filter 3510 is utilized whenever the frequency of the group without concern for circuit details. Subsequent 
signal on the loop is explicitly known. discussion elaborates on circuit details, where neces-

Filter 3511 is employed whenever the frequency to be sary, to complete the description. 
detected is unknown but can be approximated, as with The instant discussion commences with reference to 
in-band signaling. In this case, 350 Hz, second-order 35 the timing diagram of FIG. 108. The upper trace in 
low-pass filter 3511 is used to reject the sum frequency FIG. 108, designated Trace 1, depicts a negative-going 

·· and pass the difference up to the expected maximum pulse that serves as the "time zero" reference point. The 
variance in the uncertainity of the frequency. pulse of Trace 1 initiates the production of one series of 

The output of filter 3510 couples to port 2 of 7-1 20-bit words and the other thirteen traces of FIG. 108 
MUX in the upper portion of multiplexer 3501, whereas 40 indicate the unfolding of events for the first two words; 

: .. filter 3511 connects to port 3. The output of multiplier remaining word pairs are processed similarly. Trace 1 is 
3502, which is proportional to loop susceptance, is also a "sample request" pulse transmitted from PMU con-
split to filter known and estimated frequencies via low- troller 3100 over one conductor of bus 31001 of FIG. 
pass filters 3512 and 3513. These latter two filters are 23. A one megahertz signal is obtained as a result of a 
substantially the same as the former filter pair 3510 and 45 signal provided over a second conductor of bus 31001 
3511. Ports 4 and 5 of upper 7-1 MUX in multiplexer to provide timing in multiples of 1 µsec. The sample 
3501 receive the outputs from filters 3512 and 3513, request pulse illustrated is generally one from a series of 
respectively. pulses transmitted whenever a series of data words is to 

The broadband output voltage on lead 34003 pro- be supplied for processing. Possible pulse rates include 
vides the remaining two inputs to upper 7-1 MUX in 50 100 Hz, 2000 Hz or 8000 Hz depending on the type of 
multiplexer 3501. Port 6 is directly coupled whereas signal processing to be effected. The sample request 
port 7 receives the output of 10 Hz, second-order low- pulse is transmitted after source generator 3200 is 
pass filter 3514. The input to filter 3514 is the voltage on started, notch filters 3403 and 3404 have been switched 
lead 34003 so filter 3514 performs DC isolation. Port 6 in or out, gain units 3408-3411 have been set, and so 
is used for broadband noise measurements. 55 forth and after a settling time of approximately 50 milli-

The voltages on RING leads 34002 and 34004, which seconds has elapsed. 
are the counterparts to TIP leads 34001 and 34003, The negative-going edge of the pulse of Trace 1 trig-
supply signals to the lower-half7-1 MUX in multiplexer gers a state timing circuits. The states and the duration 
3501 in the same manner. The function of multiplexer of each state are depicted by Trace 2. The initial state, 
3501 is that of selecting corresponding ports in its upper 60 designated State O (SO), lasts 30 µsec.; the next state, 
and lower 7-1 MUX's and connecting the signals arriv- called Sl, consumes 4 µsec.; S2 is of 12 µsec. duration; 
ing at the selected ports to sample-and-hold (S/H) cir- and so forth. Progression through the thirteen states SO, 
cuits 3504 and 3505, respectively. Selection of the de- Sl, ... , S5, S6, Sl, ... , S5, S7, requires 234 µsecs. This 
sired interconnection from input-to-output in multi- cycle is utilized whenever in-phase and quadrature sam-
plexer 3501 is under control of measurement interface 65 ple pairs are required, typically at the 100 Hz rate. If 
3508, via busses 35082 and 35083, respectively. The only a single in-phase sample is required, the cycle com-
interconnect information is transmitted to interface prises seven states SO, Sl, S2, S3, S4, S5 and S7 and is 
3508 from PMU controller 3101 on bus 31001. Multi- completed in 118 µsec. Since a pulse rate of 8000 Hz is 
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two least significant pos1t10ns of a data word. This 
avoids a phenomenon called a "limit cycle", as will be 
described when DSP 3600 is discussed. In those situa­
tions requiring trailing zeros, PMU 3100 signals mea-

equivalent to sample production at a 125 µsec. rate, then 
only a sequence of single samples, rather than sample 
pairs, can be produced at the 8000 Hz rate. For the 
purposes of the immediate discussion, it is presumed 
that a sequence of sample pairs is to be produced; this 
request is transmitted over data bus 31001 from PMU 
controller 3100 to measurement controller 3507. Signals 
indicating the presently active state-SO, Sl, ... , or 
S7-appear on bus 35072 of FIG. 23. 

s surement interface 3508, via bus 31001, that so-called 
"pseudo-gain" is to be supplied. However, if there are 
less than two leading zeros in the data word upon the 
completion of the gain range measurement, that is, State 
2 of Trace 5, then pseudo-gain may cause saturation. 

Trace 3 indicates the signal appearing on lead 35074 
used to drive MUX 3506. A "low" on lead 35074 con­
nects the output of S/H 3504, on lead 35041, to MUX 
3506 whereas a "high" connects S/H 3505 to MUX 
3506. The 30 µsec. spent in SO and the 32 µsec. in S6 
allows PGA 3502 time to slew down and settle before 
an analog-to-digital conversion commences in AID 
3503. 

IO When this situation occurs, an interrupt is transmitted to 
PMU controller 3100, via lead 35002, and the state of 
the processing remains disabled in S3. DSP 3600 sends 
a reset signal on bus 36001 to begin the entire cycle 
again by returning to State O and pseudo-gain is disabled 

15 via a signal on bus 31001. The signal depicted by Trace 
7 indicates the timing of the interrupt and restart as a 
result of the condition referred to as "pseudo-satura­
tion". Prior to initiating a set of measurements via AID 

3503, it is possible that AC or DC saturation signals, 
arriving on leads 34005 and 34006 at the input to mea- 20 
surement controller 3507, may cause an interrupt pulse 
to be generated. This pulse is transmitted to PMU con­
troller 3100 on lead 35002 and causes the state generator 
to remain in Sl. The offending gain unit (3408-3411 of 
FIG. 17) is reduced in gain or the appropriate attenua- 25 
tor (3303 or 3304 of FIG. 20) is switched in-line to 
alleviate the saturation condition, as discussed earlier. 
State O is reestablished and the complete measurement 
cycle begins anew. Reset to SO is transmitted by DSP 
3600 over one conductor of bus 36001. Trace 14 indi- 30 
cates the timing of the saturation interrupt signal. 

Presuming saturation has been eliminated and 30 
µsec. has elapsed, Sl is now activated and measure­
ments may begin. Each in-phase and quadrature signal 
is measured twice; the first establishes the gain range 35 
and the second performs the actual measurement. The 
measurements are initiated by the signal of Trace 4, 
which depicts a so-called "AID start" signal on lead 
35085. One AID start signal is timed to begin on the 
trailing edge of the Sl pulse whereas the other is syn- 40 
chronized with the end of S3. Each AID start pulse 
lasts about 2 µsec., and the trailing edge triggers an 
actual analog-to-digital measurement in AID 3503. An 
actual measurement requires a maximum of 10 µsec., so 
a measurement is completed before the end of S2 or S4. 45 
AID converter 3503 is a successive approximation de­
vice and produces a serial data output one on lead syn­
chronized by thirteen clock pulses on another lead. 
These pulses are illustrated in Trace 5, which depicts 
the twelve data bits on one conductor of multiple lead 50 
35031 combined with the first or synch pulse on the 
clock conductor of lead 35031. During the last 10 µsec. 
of S2, the number of leading zeros present in the data 
pulses are counted. This interval is depicted by Trace 6. 
Leading zeros are generally anticipated because the 55 
gain of PGA 3502 is small initially. 

The gain of PGA 3502 is now reset based upon the 
number of leading zeros counted. This allows the full 
range of AID 3503 to be utilized for maximum resolu­
tion of the signal being measured. The 32 µsec. allo- 60 
cated to S3 affords the necessary adjust period in which 
the desired gain setting is transmitted to PGA 3502 and 
settling occurs. Trace 8 depicts the intervals in which 
the gain of PGA 3502 is adjusted from the starting 
value; this occurs during the "high" state wherein the 65 
appropriate gain data is transmitted over bus 35084. 

For some digital filtering programs within DSP 3600 
(see FIG. 17), it is desirable to incorporate zeros in the 

Presuming there is no saturation due to pseudo-gain, 
the second pulse of Trace 4 indicates the second AID 
measurement commences 2 µsec. into S4. However, 
another interrupt condition may override this second 
measurement, and this is represented by Trace 13. If 
DSP 3600 is not ready to accept data because, primar­
ily, it is still processing past data, a signal to this effect 
is transmitted over lead 36002. If this signal is present at 
the end of S3, an interrupt pulse is sent from measure­
ment controller 3507, via lead 35002, to PMU controller 
3100. The state generator latches into S4 until reset to 
SO indicating a repeat of the entire cycle is required. 

If it is assumed that DSP 3600 is ready to accept data, 
the results of the second measurement, depicted as oc­
curring during S4 by Trace 5, are sent to measurement 
interface 3508 on one conductor of lead 35031 emanat­
ing from AID 3503. Traces 9, 10 and 11 indicate the 
sequence of events occurring during S5. As per Trace 9, 
a synchronizing pulse is transmitted to DSP 3600, via 
one conductor of multiple lead 35001 emanating from 
measurement interface 3508, indicating data is ready to 
be transmitted. Trace 10 shows 24 µsec. time windows 
in which DSP 3600 is "clear-to-read" AID data; a 
"low" clear signal is transmitted over another conduc­
tor oflead 35001. Finally, Trace 11 depicts the timing of 
20-bit data words to DSP 3600 via a series of pulses 
over a third conductor of lead 35001. The data word 
itself is transmitted on a fourth conductor of lead 35001 
in synchronism with the pulses of Trace 11. After 20 
bits have been received, an "input buffer full" signal is 
transmitted from DSP 3600 to measurement interface 
3508 in order to discontinue transmission of the data. 
This buffer-full signal is illustrated by Trace 12 and 
appears on lead 36002. 

Multiple conductor leads 35071 and 35081 convey 
appropriate signals derived in measurement controller 
3507 to measurement interface 3508 and vice versa, 
respectively. The signals on lead 35071, besides the 
enable signals described earlier, include overall timing 
information, reset to State O pulse and request for "pseu­
do-gain". The signals on the two conductors of lead 
35081 indicate that DSP 3600 is not ready to receive 
data and the pseudo-saturation condition enabling inter-
rupt of PMU controller 3100. 

Focusing now on circuit particulars, FIG. 109 depicts 
circuitry implementing an illustrative embodiment of 
PGA 3502, which enables autoranging during measure­
ments of the signal on lead 35061. Two measurements of 
a given signal are taken, namely, one with the gain of 
PGA 3502 set at 1.18 and the second with a gain, ex-
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pressed in powers of two, such that the maximum possi-
ble signal delivered to AID converter 3503 via lead 
35021 does not exceed its input rating. The higher gain 
enables higher resolution by converter 3503 because a 
greater number of higher order bits will be significant. 5 
The amount of gain added is determined by the number 
P of leading zeros from the first measurement; the gain 
is 2P, P ~ 8. Information about the detected value of P is 
transmitted from measurement interface 3508 (FIG. 23) 
over bus 35084, which serves as input to PGA decoder 10 
350205. 

Bus 35084 comprises five digital lines 11, 12, 14, 18 and 
IO. During the first measurement, IO is a logic 1 and the 
other four lines are ignored. However, the logic states 
of lines 11, 12, 14 and 18 determine the amount of gain 15 
added during the second measurement when IO is logic 
0 and is basically ignored. For instance, if P=5 as a 
result of the gain range measurement, then 14 and 11 are 
logic 1 with 18 and 12 at logic zero. Decoder 350205 
translates logic information on bus 35084 to a set of 20 
decoded states DO, DI, ... , DIO wherein only one state 
in the range D5 through D9 is energized at any time and 
similarly for states DO through D4 in combination with 
DlO. Decoded states DO-DlO control the operation of 
switch-divider networks 350202 and 350204, which are 25 
in the feedback path of operational amplifiers 350201 
and 350203, respectively. By selectively switching in 
and out high precision resistors under control of states 

·• D5-D9, network 350204 sets the gain of amplifier 
ii 350203 and similarly for network-amplifier pair 30 

• 350202,350201. For instance, with state D5 activated, 
the gain of amplifier 350203 is one, D6 corresponds to a 
gain of 2; and so forth. Tables summarizing this discus­
sion are as follows: 
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converter 3503 on the first measurement is 0011 1111 
1111 or decimal 32527. This is just below the 0100 0000 
000 or 36623 decimal level. With one leading zero, the 
gain is 2. If the second measurement was taken with a 
preturbation due to noise, the additional gain would 
cause an overflow. This results in an erroneous mea­
surement and the test would be rerun. The margin of 
18% includes a 13% allocation to the large step differ­
ence (36623 = 1.13 X 32527) and 5% to other circuit 
tolerances. 

A third amplifier stage comprising operational ampli­
fier device 350206, inverting input resistor 350207, and 
RC parallel feedback combination 350208 and 350209 
provides level shifting and filtering. Resistor 350207 has 
value aR so that the magnitude of the gain of this last 
stage is 1/a. The value of a is determined as the ratio of 
the maximum signal allowed on input lead 35061 to 
maximum of the signal on output lead 35021 for low 
frequencies. In the illustrative embodiment, a=8/5. 
Resistor 350208 and capacitance 350209 act as a first 
order low-pass filter with a cutoff of about 30 kHz; this 
bandwidth is sufficient to allow PGA 3502 to slew and 
settle within 32 µsec., yet is narrow enough to reject 
high frequency noise. Moreover, operational amplifiers 
350201, 350203 and 350206 have a high gain-bandwidth 
product and low offset. In the illustrative embodiment, 
operational amplifiers 350201, 305203 and 350206 are 
device LF 156 manufactured by National Semiconduc­
tor. In addition, AID converter 3503 (FIG. 23) is manu­
factured by Burr-Brown and sold under the code 
ADC85. 

3.2.3c Digital Processing and Control 

As depicted by the rightmost diagram in FIG. 58 and 
35 in view of the memory partitioning shown in FIG. 68 
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for PMU 2101, PMU controller 3100 and DSP 3600 are 
mutually dependent subsystems so it is advantageous, at 
this juncture, to discuss their implementations within 
the same context. 

As alluded to above in Section 3.2.1 when LTS con-
troller 2000 was discussed, PMU main controller 3145 
and L TS main controller 2045, both depicted in block 
diagram form in FIG. 58, have substantially the same 
circuit realizations. L TS main controller 2045 is the one 

45 depicted by FIG. 59 and discussed in detail with refer­
ence to FIGS~ 60-65. PMU main controller 3145 is 
realized by incorporating four minor variations in the 
circuitry of FIG. 59. These include the reassignment of 
status leads GPIBO-GPIB2 of adapter 2020, the selec-

50 tion of a different clock signals at the output of clock 

I 
----------- divider 2005, the reprogramming of decoder 2015 and, 

0 0 0 0 0 
0 0 0 0 I 
0 0 0 I 0 2 
0 0 0 I I 2 
0 0 I 0 0 4 
0 0 I 0 I 4 
0 0 I I 0 8 
0 0 I I I 8 
0 I 0 0 0 16 

The first measurement is made with a gain of 1.18 to 
protect against switching in too high a gain during the 
second measurement and overloading AID converter 
3503 (FIG. 23). Thus the signal on lead 35061 is consid­
ered to be 18% higher than its actual value to reduce 
the actual amount of gain added. This . alleviates an 
overload situation that may be exemplified as follows. It 
is supposed there is no 18% margin and the output of 

finally, the replacement of RAMl memory 2042 with 
PROM. With respect to the status leads, if PMU con­
troller 3100 forms a part of PMU 2101, then GPIB0 and 

55 GPIB2 are both connected to logic 0 and GPIBl is 
connected to a logic 1. In a similar manner, PMU 2102 
has status lead bits of'0ll', whereas PMU 2103 shows a 
bit arrangement of '100', where the first bit is GPIB0. 
Since PMU's 2101-2103 are connected to bus 20001, 

60 these unique status lead identifiers allow for unambigu­
ous two-way communication. With regard to outputs 
from clock 2005, both CLKA and CLKC remain the 
same (15.625 kHz and 62.5 kHz, respectively) but 
CLKB becomes 500 kHz. Regarding memory access-

65 ing, PROM 2016 of decoder 2015 has OxFF in all ad­
dresses except the following: Ox70 and Ox71 have 
OxE7; Ox72 and Ox73 have OxEB; Ox74 and Ox75 
have OxED; Ox76 and Ox77 have EE; and both Ox-
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7A-Ox7F and OxFA-OxFF, have, respectively, hex 
data CF, CF, 3F, BF, BF, 6F. Finally, the four 2KX8 
devices furnishing RAM! 2042 of FIG. 64 are replaced 
with 4KX8 2732A-type PROM's by providing LABll 
as an input in place of L WR* and grounding AS of 5 
device 2016. This total of 16K of ROM becomes BANK 
E as shown in FIG. 68. BANK A2 is provided by 
RAM2 2043, as it was for L TS main controller 2045; 
BANKS A3 and A4 are 8 K of addressable 1/0 space 
associated with PMU main controller 3145 of FIG. 58. IO 
Of the five remaining memory banks, BANK A, BANK 
B and BANK C are provided by universal memory 
3150 and BANK D and BANK Al are provided by 
DSP circuitry 3600. 

As also indicated above, in the discussion of Section 15 
3.2.lb with regard to universal memory 2050, it was 
pointed out that the basic memory implementation 
would also be utilized for PMU controller 3100. This is 
depicted in FIG. 58, wherein bank memory 3150 and 
PMU main controller 3145 cooperate to form PMU 20 
controller 3100. Bank memory 3150 is also depicted, in 
block diagram form, by FIG. 69 and in detail by FIGS. 
70 and 71. However, since BANK A now comprises 
32K bytes and BANK Band BANK Conly 16K bytes 
each (as compared to three 20K bytes segments for LTS 25 
controller 2000), PROM's 2054-2055 of FIG. 70 are 
programmed so that MCSO*-MCS7* select BANK A, 
MCS8*-MCS11* select BANK B and 
MCS12*-MCS15* select BANK C. 

The remaining three memory segments of FIG. 68, 30 
namely BANK Al, BANK A3 and BANK D, are ei­
ther provided by or allocated to DSP 3600. The imple­
mentation of DSP 3600 in the preferred embodiment is 
shown in block diagram form by FIG. 110. ROM 3610, 
shown in detail in FIG. 111, comprises four 4KX8 35 
PROM's; this total of 16K bytes of memory serves as 
BANK D. Also shown in FIG. 111 is RAM 3615, 
which comprises eight 4KX 1 static RAM's serving as 
BANK Al. The arrangement of FIG. 111 is basically 
the same as that depicted in FIG. 73 for L TS main 40 
controller 2045 and may be implemented in the same 
manner. 

Of the final 4K of memory space remaining to be 
discussed, that is, BANK A3 which is assigned locations 
0xE000-OxEFFF, the lK from 0xEC00-0xEFFF is 45 
assigned to dual-port RAM (DPR) 3620, including de­
vices 3621-3627, of FIG. 112. Memory 3620 functions 
for PSP 4000 as ROM memory, but with respect to 
PMU controller 3100, this same memory space appears 
as RAM. This allows PMU controller 3100 to store 50 
processing programs in its ROM and by downloading 
to locations 0xEC00-0xEFFF, any necessary filtering 
or processing functions can be performed. This feature 
is included because the special purpose processor imple­
menting PSP 4000 can only access JK of memory. Al- 55 
though each processing program is, by itself, Jess than 
1 K, it is necessary to include this feature so that a selec­
tion of algorithms is available for downloading depend-
ing on the analysis required. Moreover, this lK is 16 bits 
wide rather than the 8 bits discussed to this point. As 60 
witnessed in FIG. 112, devices 3621-3624, each of 
which is 1KX4, are grouped in pairs to provide the 
upper byte (devices 3623 and 3624) and the lower byte 
(devices 3621 and 3622) of the 16 bit words. Devices 
3621-3624 are, typically, type 40A supplied by the 65 
Western Electric Co. 

Buffer transceiver 3625 in FIG. 112, a LS244 fur­
nished by the Western Electric Co., interfaces address 
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leads RAB00-RAB07 to dual-port RAM devices 
3621-3624. The eight outputs DAB0-DAB7 from 
transceiver 3625, when combined with buffered ver­
sions ofRAB08 and RAB09, that is, DABS and DAB9, 
provide ten address leads for one-in-1024 memory loca­
tion decoding. These address leads select a unique mem­
ory location in RAM devices 3621-3624 when enabled 
by the RAM* signal. Bus transceivers 3626 and 3627, 
types LS345, interface internal data leads DB0-DB7 to 
RAM devices 3621-3624. In particular, transceiver 
3626, when operated in conjunction with WE* and CE* 
of devices 3621 and 3622, stores 8-bit data into devices 
3621 and 3622. Similarly, transceiver 3627 directs 8-bit 
data to devices 3623 and 3624. In this way, the program 
desired for a particular test request can be downloaded 
into devices 3621-3624. Transceivers 3625-3627 com­
prise one access port, designated Port A, to DPR 3620. 
with the four 1KX4 RAM's loaded with the program 
of interest, transceivers 3625-3627 may be deactivated 
and demultiplexing section 3630 activated to access the 
desired program. 

Demultiplexing section 3630, comprising four LS374 
flip-flops implementing gates 3631-3634 and buffer 4002 
(a component comprising PSP 4000 as discussed 
shortly) directs the addressing and accessing of infor­
mation stored external to PSP 4000. Gates 3621-3624 
comprise the second port (Port B) of DPr 3620. During 
each processor cycle of PSP 400, four memory ad­
dresses are generated. When external ROM is utilized, 
as in this illustrative embodiment, two of the addresses 
are available to external devices via leads 
DBS0-DBSIS emanating from buffer 4002. Then, dur­
ing a typical cycle: gates 3631 and 3632 latch the first 
address generated, which is the address of an instruc­
tion, whereas gates 3633 and 3634 latch the instruction 
itself by reading the bit configuration on leads 
DDB0-DDBIS associated with devices 3621-3624; the 
next address generated selects a coefficient in essentialy 
the same manner, that is, gates 3631 and 3632 first cap­
ture the 10-bit address off bus DBS0-DBSIS, and then 
gates 3633 and 3634 transmit the latched coefficient bits 
onto the same bus during a later portion of the cycle. 
(The remaining two addresses that are generated direct 
data read and a data write to memory internal to PSP 
4000). 

A 28L22 type device, shown in FIG. 113 as device 
3641, is the primary means for address decoding within 
decoder 3640. Decoding is accomplished down to the 
4K granularity level to provide the K0*-K4* decode 
signals. Further chip-select address decoding is accom­
plished by using discrete logic in combination with dual 
2-4 decoder 3642, a LS139 type device. Also serving as 
an input to decoder 3640 is bank switching lead RMBD 
which, when low, allows the memory space in the 
range 0x8000 to OxBFFF (BANK D) to be addressed. 
The coding offuseible link PROM 3641 is as follows: all 
memory locations contain 0xFF except 0x10-0x17 
which contain, respectively, BE,­
BE,BD,BD,BB,BB,B7,B7 in hex (similarly for 
0x30-0x37, 0x50-0x57 and 0x70-0x77), 0x58, 0x59, 
0xSC and 0xSD, which contain AF,AF,DF,9F in hex 
(similarly for 0xD8, 0xD9, 0xDC and 0xDD), and 0x78, 
0x79, 0x7C and 0x7D, which contain AF,AF,9F,9F in 
hex (similarly for 0xF8, 0xF9, 0xFC and 0xFD). 

Also included in FIG. 113 is reset logic 3650 which 
generates the resets for the associated PMU's 
2101-2103. Parallel D flip-flop device 3650, a type 
LS174, forms the basis of the reset realization. The 
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resets provided are ORST* (output reset) at bit 0 of 
address 0xE400, TRST* (test reset) at bit 1 and ARST* 
(acquisition reset) at bit 2. 

The latch circuitry comprising devices 3691-3695 in 
FIG. 114 resides in the DSP 1/0 memory space shown 5 
as BANK A3 in FIG. 68. In particular, latch 3691, a 
LS273, is associated with address location 0xE803. The 
data bits at this address have the following meanings: bit 
7-ifthis bit is low, and PMU controller 3100 addresses 
memory between 0xEC00 and 0xEFFF, then the lower IO 
eight bits of dual-port RAM 3620 are enabled via 
TSCL. Otherwise, the upper eight bits are enabled via 
TSCH; bit 6 (DSPMEM)-when this bit is low, the 
chip select leads on demultiplexer gates 3631-3634 are 
enabled; bit 5 (EXM*)-when this bit is low, all instruc- 15 
tions for PSP 4000 are fetched from the external ad­
dress/ data bus EBR. In the illustrative embodiment, it is 
always low; bit 4 (CTS*)-a high on this bit inhibits 
outputs from DSP 3600. This bit is used to synchronize 
transmissions from PSP 4000 to PMU 3100; bits 2 (CO) 20 
and 1 (Cl)-Cl is used for framing purposes during 
outputs from PSP 4000 and CO is used to demand out­
puts from PSP 4000. 

In view of the above information, the operation of 
Ports A and B of DPR 3620 may be summarized as 25 
follows. PMU controller 3100 writes into DPR 3620 by 
setting DSPMEM high. The desired upper-half or low­
er-half of DPR 3620 is chosen by seting bit 7 of address 
0xE803 appropriately. The selected half may then be 
accessed by addressing locations from 0xECO0 to 30 
0xEFFF. Since DSPMEM is high, the appropriate CS□ 
and TSCO signals are active low, depending on the 
sense of bit 7. In order for PMU controller 3100 to 
allow access through Port 5, DSPMEM is set low. In 
addition, EXM* is always low. Then PSP 4000 may be 35 
signalled to start its processing. The EXE* and 
CLKOUT signals generated in device 4002 demultiplex 
the external 16 bit address/data leads emanating from 

, Port B. 
••.. DPR 3620 provides more than a means for expanding 40 
• the number of programs that PSP 4000 may execute. 
The program that is downloaded from PMU controller 
3100 may be modified in a limited manner by changing 
data stored in DPR 3620 prior to execution by PSP 
4000. The reason for such modifications was discussed 45 
in Section 2.2.3d with reference to changes to primitive 
table default values. 

Devices 3693-3695, all being of the type 41KP fur­
nished by the Western Electric Co., form a serial to 
parallel latch for a 20 bit output. They are accessible at 50 
address locations OxE804-0xE806, respectively. The 
four most significant bits at address OxE804 are the four 
least significant bits in the 20 bit output word from PSP 
4000; bits 4-11 and 12-19 of the output word reside at 
0xE805 and 0xE806, respectively. 55 

Address location 0xE807 is buffered by latch 3692, a 
LS367 type device furnished by the Western Electric 
Co., and is used to read output signals from PSP 4000. 
Bit 4 (OBE) on latch 3692 indicates that an output is 
available from PSP 4000 when the bit is low. Bits 1 (Sl) 60 
and 2 (S2) provide scaling information during an output 
cycle. 

Any further discussion with respect to the portion of 
programmable signal processor 4000 shown in FIG. 114 
as element 4001 is deferred to the next section so that 65 
the mathematical basis presented at the opening of that 
section may be integrated with the discussion of the 
various subcomponents comprising PSP 4000. 

3.2.3d Digital Processing Considerations 

Before continuing witb the description of the illustra­
tive embodiment of the present invention and, in partic­
ular, PSP 4000, it is informative to first consider one 
theoretical basis for the discrete-time processing tech­
niques to be discussed in this section. This basis provides 
additional insight and allows for a full elucidation of the 
subject matter of the illustrative embodiment. 

(The following discussion summarizes filtering con­
cepts pertinent to signal processing in the ML T system. 
A thorough exposition of the digital processing field is 
contained, for example, in the text "Digital Signal Pro­
cessing", by A. V. Oppenheim and R. W. Schafer and 
published by Prentice-Hall in 1975). In the art of dis­
crete-time filtering, certain classes of filters may be 
represented by a linear difference equation (LDE) with 
constant coefficients: 

y(n) = 1f. a(k) x(n - k) - . f b(J) y(n _ J), (
5
) 

k=O J=I 

where 
{x(n)} is an input sequence; 
{y(n)} is an output sequence; 
a(k) and b(j) are fixed, real constants for each k and j, 

respectively; and 
N and L are integers. 
The elements x(n) and y(n) are not, in general, limited 

to a specific set of values, but may have a range defined 
over the real (or even complex) numbers. If the ele­
ments are limited to a specific set of values, the filtering 
is then referred to as digital filtering. 

For purposes of the present invention, the input se­
quence generally arises from sampling a continuous 
time function x(t). The term "discrete-time" implies that 
the independent variable, time, is defined for only a 
discrete set of values (for example, n/100 for 100 Hz 
sample rate or n/8000 for 8000 Hz sample rate). Basi­
cally, then, the discrete-time filter of equation (5) lin­
early transforms one set of sample values or input se­
quence elements to another set of sample values or 
output sequence elements. 

Again with respect to equation (5), certain other 
observations are pertinent: (i) y(n)is determined by only 
past elements of the output sequence so that equation (5) 
may be solved recursively; on practical grounds, this 
makes the system realizable in that present output ele­
ments do not rely on future output elements; and (ii) 
y(n) is determined by only present and past input ele­
ments so that real-time processing is possible, that is, all 
necessary processing can be accomplished during the 
interval between samples. 

Two important cases of sampled data filters may be 
distinguished. The first is the so-called nonrecursive 
case which is obtained when all b(j) are zero in equation 
(5) (and, of course, at least one a(k) is not zero). The 
second is the recurisve case which is obtained when at 
least one b(j) is not zero and at least one a(k) is not zero. 

Focusing on the nonrecurisve case, as exemplary, 
equation (5) may be rewritten to yield: 

N-1 
Y(N) = L h(k) x(n - k), 

k=O 

(6) 

where h(k) has been substituted for a(k) and N has been 
replaced by N-1, that is, the filter is oflength N. The set 
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buffer (OBUF) 4012, where it is decomposed and sent 
out as bits in serial form over lead DO. 

Processor 4000 may be programmed to receive inputs 
and transmit outputs in a number of different word 
lengths; for purposes of the present invention, this 5 
length is 20 bits and is known as extended linear data. In 
any case, processor 4000 generates a signal over 1/0 
control lead IBF to indicate when the programmed 
number of bits have been received. 

As indicated in FIG. 115, there are 128 RAM loca- 10 
tions in memory 4040; each location stores 20-bit words. 
RAM 4040 is used to store intermediate results of calcu­
lations and to store data that varies with time. 

ROM 4030, shown in phanton view in FIG. 115, is an 
internal lKX 16 ROM memory. In the illustrative em- 15 
bodiment, only external ROM is used. Lead EXE* 
causes a bypass of ROM 4030 and controls external 
memory accesses. 

Data-arithmetic unit (DAU) 4100 comprises multi­
plier 4110 and adder 4120 which perform two's comple- 20 
ment arithmetic. Data is transferred to and from DAU 
4100 by way of three registers 4060(W), 4070(X) and 
4080(Y). Outputs from unit 4100 are always transmitted 
by way of the W register 4060. The contents of X regis-
ter 4070 and Y register 4080 are inputs to multiplier 25 
4110. In addition, switch 4130 permits the contents ofW 
to be used in place of the contents of Y as one of the 
inputs to multiplier 4110. This feature is useful, for ex­
ample, when nth order digital filter sections are cas­
caded and the output of one section serves as the input 30 
to the next section. 

DAU 4100 is also capable of generating two nonlin­
ear functions on the contents of W or Y; these function 
generators are represented by block 4140. One function 
is an absolute value generator and the other is a limiter 35 
operation. 

Element 4150 in the feedback path between accumu­
lator 4160 and adder 4120 represents a scaling selector. 
One scale factor from a set of factors can be applied to 
the contents of accumulator 4160 to keep signals within 40 
prescribed bounds. 

The product of the contents of the X register and the 
Y or W register produces up to 36 bits and these bits are 
stored in P register 4170. Accumulating a series of prod­
ucts within accumulator 4160 may generate carries, so 45 
40 bits are provided for A register 4160. When accumu­
lation is complete, the contents of A are transmitted to 
output W. Since W accommodates only 20 bits, the 20 
bits depicted in FIG. 116 are selected. FIG. 116 illus­
trates how the transfer of data bits through PSP _4000 is 50 
accomplished. 

As FIG. 116 shows, in transferring data from A to W, 
the 20 most significant bits are transferred and 14 bits 
are dropped. The contents of A can either be truncated 
or rounded, and the selected operation is performed by 55 
device 4180. 

An understanding as to how data is transferred, as 
depicted by FIG. 116, is essential to writing processing 
programs. For example, since there are instructions in 
the assembly language to left and right-shift bits, it is 60 
possible to control the bits that are transferred. 

Address-arithmetic unit (AAU) 4200 is shown in 
FIG. 115 as comprising adder 4210 and fourteen regis­
ters 4221-4234. All registers 4221-4234, except register 
4228 (LC), hold memory addresses or numbers related 65 
to addresses. Register 4222 (PC) is the program 
counter, and it functions in the same manner as the PC 
in any stored-program digital machine. Register 4223 
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(RX) is a memory pointer for the X register; it points to 
a data source. Register 4224 (RY) is similar to register 
RX. Register 4225 (RY A) is also a Y register pointer but 
it points to an address in RAM 4040. Register 4226 
(RD) is a destination memory pointer. Register 4227 
(RDA) functions like RYA. Register 4228 (LC) is a 
loop counter. Register 4221 (PR) is a program return 
register for jump instructions. Register 4229 (I), 4030 (J) 
and 4231 (K) are used to automatically increment the 
contents of memory pointers associated with RX, RY 
and RD. Registers 4232-4234 ( + 1, -1, 0) are also auto­
increment registers like I, J and K. 

Buffer 4002 is a multiplexed address/data bus used to 
access external memory for instructions and coefficients 
for the X register. Its function as part of demultiplexer 
3630 has been discussed with reference to FIG. 112. 

Finally, the block diagram of FIG. 115 indicates that 
there are four control registers, namely, registers 4013 
(synchronization control or SYC), 4014 (status output 
or STR), 4015 (1/0 controls or IOC) and 4190 (arithme­
tic unit control or AUC). These registers are set by 
instructions in the processor program to establish the bit 
patterns needed to provide the desired operating mode. 

With the foregoing overview, the instruction set pres­
ented in the above-mentioned set of articles published in 
the Bell System Technical Journal, particularly on pages 
1495-1497, may be readily understood and utilized by 
one skilled in the art to write digital signal processing 
programs. As an additional aid, the following summar­
izes the functions of the externally accessible leads of 
PSP 4000 as presented in FIG. 115: 

DBS0-DBS15 (Input/Output 3-State)-bus DBS 
alternates between transmitting 10-bit addresses 
(DBS0-DBS9) and receiving 16-bit instructions and X 
values. The data corresponding to a transmitted address 
must be placed on DBS following the output of the next 
address. When an address for an instruction is output, 
DBS15 is high. 

EXE* (Output)-when combined with CLKOUT, 
allows the generation of signals used to latch addresses 
coming from DBS, latch data out of the external mem­
ory and enable data onto DBS. 

EXM* (lnput)-forces the use of internal ROM for 
instructions and X values when high; when low, fetches 
are from external memory via DBS. 

ISY (Input/Output 3-State)-indicates the start of a 
data transfer to IBUF. If active mode is selected, this 
signal is generated by PSP 4000 and is an output. ISY is 
3-stated whenever CTR• is high. If passive mode is 
selected, ISY is an input to PSP 4000 and is ignored 
while CTR• is high or while IBUF is full. 

ICK (Input/Output 3-State)-used to shift data bits 
into IBUF. Data is latched on the rising edge of ICK. If 
active mode is selected, this signal is generated by PSP 
4000 and is 3-stated whenever CTR* is high. In this 
mode, ICK is a burst and lasts only for the duration of 
the transfer. In passive mode, this signal is an input to 
PSP 4000 and either burst or continuous clocks are 
permitted. ICK is ignored whenever CTR* is high or 
IBUF is full. 

DI (lnput)-receives serial data for IBUF. 
IBF (Output)-indicates the state of IBUF. 
CTR* (Input)-enables data reception for both active 

and passive modes. While high, IBUF cannot be shifted 
and the signals ISY and ICK are in 3-state if active 
mode is selected. If passive mode is selected, the signals 
on ISY and ICK are ignored while CTR* is high. 
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computer program and they are stored as data in ROM. 
Hence, the coefficients are expressed with only a finite 
number of bits. In certain filter realizations, this finite 
word length may be lead to a spurious response called a 

of elements h(k) is the impulse response of the nonrecur­
sive filter and the form of equation (6) demonstrates that 
any output element is determined by the convolution of 
the impulse response elements with the input sequence 
elements. Similar remarks also apply to the recursive 
filter case, but the relation between k(k) and the a(k) and 
b(k) coefficients is not as straightforward as in the non­
recursive case. 

5 limit cycle. 
The limit cycle phenomenom causes a nonrandom 

signal at the output of the digital filter system when the 
input signal level is near zero. For example, with an 
input signal equal to zero, a digital filter is likely to Often it is advantageous to consider sequences and 

sequence manipulations from the viewpoint of a trans­
form domain. This is particularly true in the case of a 
convolutional operation involving sequences since the 
operation may be converted to multiplication of trans­
forms. 

The transform most often utilized when dealing with 
sequences is the z-transform, where z is a complex vari­
able. For a general sequence {f(n)}, the z-transform is 
given by 

10 produce a nonzero output signal if the filter is given a 
nonzero initial condition. This occurs in recursive filters 
due to the presence of time delay in feedback paths and 
quantization of signal amplitudes to a finite number of 
bits. The potential for oscillations and nonlinearity gen-

15 erated by quantization cause the spurious output which, 
in steady-state, is designated a limit cycle. When exam­
ined closely, this phenomenon is quite complex; how­
ever, the amplitude of the spurious response can be 

(7) 20 
reduced relative to full-scale signal amplitude by in­
creasing the number of bits used to represent the signal 
or, whenever possible, by setting a number of least 
significant bits to zero. 

With regard to PMU 2101 of FIG. 17, this latter In general, the summation of equation (7) converges 
over a certain region in the z-plane, this region being 
called the region of convergence (ROC). For sequences 
having a ROC including the unit circle in the z-plane 
(that is, a circle of radius one centered at the origin), 
then the transform may be written as F(ei"'). This ob­
tains by substituting z = ei"' in equation (7) since ei"' is the 
expression for the unit circle in the z-plane; the expres­
sion F(ei"') is called the Fourier Transform of the se­
quence. 

25 technique of setting the two least significant bits to zero 
is employed. The result of AID conversions in measure­
ment processor 3500 is a 20-bit, 2's complement number 
of which 12 bits (11 data bits and the sign) are signifi­
cant. A series of 20-bit numbers are passed to DSP 3600 

One important property of this Fourier Transform is 

30 from processor 3500 over bus 35001. A study of the 
filter realizations in DSP 3600, to be discussed in detail 
shortly, indicated that the two least significant bits 
would be masked by limit cycle operation. In the mea­
surement of low TIP and RING currents, this masking 

its periodic nature, that is, the sequence transform re­
peats in w-multiples of 21r, presuming the input signal is 35 
sampled at a normalized rate of one second. If the input 
signal is sampled at a rate t:.. T seconds, then the Fourier 
Transform repeats in multiples of 21r / .it. 

Another property, mentioned earlier, is the conver­
sion of a convolution in the sequence domain to a multi- 40 
plication in the transform domain; thus, equation (6) 
may be written as Y(ei"')=H(ei"') X(ei"') where X(ei"'), 
Y(ei"') and H(ei"') are the Fourier Transforms of the 
input sampled signal, the output sampled signal and the 
impulse response, respectively. This conversion pro- 45 
vides insight since it is generally easier to conceptualize 
multiplication instead of convolution. 

Yet another property of the sampling operation is 
that sampling of a continuous time signal at a particular 
clock rate causes the continuous-time spectrum of the 50 
signal to appear as sidebands about the clock frequency 
and all harmonics of the clock frequency. 

would result in an inherent uncertainty of about 0.18 µa. 
To prevent this inherent error for low currents, the 11 
data bits are left-shifted by 2 bits,. which essentially 
provides a "psuedo-gain" of four. This insures that the 
two least significant bits are zero. For high currents, this 
shifting need not occur since the 11 data bits would 
already reside in the higher order bit positions. This 
procedure was discussed in Section 3.2.3b as one aspect 
of formatting the 12-bit AID data into 20-bit words for 
transmission to DSP 3600. 

The particular digital filters utilized in the illustrative 
embodiment of the present invention, especially within 
DSP 3600, are implemented in general purpose pro­
grammable signal processor (PSP) 4000 of FIG. 110. 
The architecture, the assembly language and uses of 
PSP 4000 in specialized applications have been pres­
ented in the September, 1981 issue of The Bell System 
Technical Journal; this issue was dedicated to an exposi­
tion of the PSP and the subject matter disclosed in that 
issue is incorporated herein by way of reference. How-

Using z transform techniques, it is possible to express 
equation (5) in the form 

Y(z)=H(z) X(z), (8) 

55 ever, to insure that the detailed description ofDSP 3600 
is basically self-contained, information on the PSP 4000 
that is particularly relevant to the digital processing is 
included within the instant discussion. The basis for the 
discussion of PSP 4000 is the block diagram shown in 

where X(z), Y(z) and H(z) are the z transforms of the 
input, output and inpulse responses. H(z) is generally 
referred to as the transfer function of the particular 
filter characteristic and typically comprises a number of 
poles and zeros in the z plane. In the design of high-per­
formance discrete filters, placement of the poles and 
zeros of the transfer function at any location in the z 
plane should not be constrained. This is equivalent to 65 
saying that the coefficients a(k) and b(k) may take on 
any values. However, when realizing the filter via com­
puter processing, the coefficients are usually part of a 

60 FIG. 115. 
The input to PSP 4000 arrives as a stream of bits in 

serial form over DI at input buffer (IBUF) 4011 where 
it is assembled into a parallel bit word in I/O device 
4010. This input word is then transmitted in parallel to 
data bus 4031 for delivery to the appropriate location in 
processor 4000. 

Data that is to form output from PSP 4000 is transmit­
ted as a parallel-bit word over data bus 4031 to output 
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OCK (Input/Output 3-State)-used to shift data bits 
out of OBUF. Data on DO changes after the falling 
edge OCK. If active mode is selected, this signal is a 
burst clock lasting for the duration of the transfer and is 
3-stated whenever CTS* is high. In passive mode, it is 5 
an input and either burst or continuous clocks are per­
mitted. OCK is ignored whenever CTS* is high or 
OBUF is empty. 

122 
nation of a settled value. The 120 dB of filtering is re­
quired on the basis of noise constraints for worst case 
conditions. Since the severe noise conditions are met in 
only a limited number of situations, the intermediate 
tapping technique reduces processing time for the ma­
jority of situations. 

Since up to six channels may be processed in a sam­
pling interval, separate channels have different settling 
times, each with a different settled output value. Even if DO (Output 3-State)-transmits serial data from 

OBUF. It is 3-stated whenever CTS* is high. 
OBE (Output)-indicates the state of OBUF. OBE is 

cleared when PSP 4000 loads data onto OBUF and is 
set after the selected number of bits (8, 16 or 20) have 
been clocked out of OBUF. 

10 one channel achieves a settled value, the other channels 
continue processing. If the data from these other chan­
nels does not settle after 320 msec., the 80 dB output tap 
samples are then monitored for the next 120 msec. A 

CTS* (Input)-enables data transmission. While it is 15 
high, OBUF cannot be shifted and the signals OSY, DO 
and OCK are in 3-state if active mode selected. If pas­
sive mode is selected, the signals on OSY and OCK are 
ignored while CTS* is high. 

SO, SI (Output)-these are the outputs (high or low) 20 
of bits 0 and l of STR 4014. 

CO, Cl (lnput)-these inputs can be tested by a pro­
gram in PSP 4000. 

RESET* (Input)-when low, PSP 4000 suspends all 
operations. When brought high, the program counter, 25 
IOC, AUC, STR and SYC registers are cleared. 1/0 is 
terminated and IBF and OBE are set. The first two 
instructions following a reset must be auxiliary. 

CLKIN (Input)-provides the rate of operation of 
PSP 4000 from an external clock. 30 

CLKOUT (Output)-used as a system clock to syn­
chronize external devices to DSP. 

In view of the background information on the general 
characteristics of digital filters, including the need to 
protect against limit cycles, and the overview of the 35 
architecture and programming properties of PSP 4000 
utilized to implement filters, certain ones of the filter 
functions alluded to in Section 2.2.3c may now be ex­
plained. 

The first filtering operation, designated DC6_SET, 40 
runs from l to 6 DC channels within the duration of a 
sampling interval to determine the DC value present on 
each selected channel. Each channel is filtered with six 
second-order sections in cascade, and the overall re­
sponse characteristic has a 3 dB cutoff of about 5 Hz 45 
and components are attenuated by 120 dB at 20 Hz. 
Separate outputs taps are available at intermediate filter 
points, normally at 40 dB and 80 dB at a frequency of 20 
Hz or, equivalently, at the outputs of the second and 
fourth second-order filters in the cascade. Since the 50 
device cycle rate is significantly greater than the sam­
pling rate, it is generally possible to time-share one 
second-order filter to realize the cascade. The input to 
each succeeding filter is merely the output of the pre­
ceding stage, and the input to the first stage is merely 55 
the sample sequence. 

Presumably the signal undergoing filtering is a DC 
signal due to the prior synchronous demodulation in 
processor 3500. If there are no spurious AC components 
within the 20 Hz band, then the output from the 40 dB 60 
tap should settle within the first 320 msec. A settled 
output value is defined by a preselected number of con­
secutive samples having values within a prescribed 
range. The preselected number of the preferred embodi­
ment is five samples and the prescribed range requires 65 
each of the five samples to be within ± 1 % of one an­
other. Tapping at intermediate outputs points in the 
cascaded structure generally allows for a rapid determi-

final switch to the full filter weight occurs after 440 
msec. If all channels settle before a timeout signal, a 
settled condition is established. DSP 3600 transmits this 
status to PMU controller 3100 and controller 3100 in­
terrogates DSP 3600 for the settled values during a 
scheduled activity. 

In terms relating to PSP 4000, a settled value for one 
channel, or a settled condition when more than one 
channel is filtered, is indicated by the OBE lead being 
dropped low. Interrogation occurs when the Cl lead is 
pulled low, followed by the CTS lead; both are con­
trolled through data bus 31002. Once CTS is low, the 
output buffer is transmitted. Once the data is fully 
latched in PMU controller 3100, Cl is raised, thereby 
precluding another transmission until controller 3100 is 
prepared to accept the data. Even if data is not settled, 
PMU controller 3100 can demand outputs of the partial­
ly-filtered data and such data will be transmitted. A 
demand for data is transmitted via the CO lead. After an 
interrogation or a demand, the particular filtering oper­
ation ceases. 

The flow diagram for the program utilized to control 
PSP 4000 during DC6_SET filtering operations is de­
picted in FIGS. 117, 118 and 119. The actual program, 
in terms of the instruction set of PSP 4000, is given in 
Appendix G of Rubin Case 4, pages 188 through 197. In 
the INDEX associated with Appendix G (pages 1004 
through 1008), the program is designated "dc6_set.d" 
on page 1004. The suffix ".d" indicates that the program 
is to be executed by DSP 3600 and, in particular, PSP 
4000. Although the program is shown in source form, 
the program is converted to PSP object form and is 
stored in ROM associated with PMU controller 3100. A 
downloaded copy is transmitted from controller 3100 to 
PSP 4000 by the procedure described earlier. 

Another filtering operation, designated PULSE, per­
forms an analysis on rotary dial pulses to establish the 
make/break pulse intervals. In low noise environments, 
each dial pulse is substantially a rectangular wave with 
some oscillatory behavior on the rising and falling edges 
due to the transient characteristics of the loop and en­
ergy storage elements. In a noisy environment, other 
spurious interference components may combine to mask 
pulse transitions. To mitigate false declarations of pulse 
level changes in the presence of interference, a proce­
dure has been devised to focus on the fine structure of 
level changes while, at the same time, maintaining data 
initiated by the start of a potential level change. The 
procedure may be described as follows. 

The signal composed of the dial pulses corrupted by 
noise is sampled at a rate significant.ly greater than the 
dial pulse rate, typically 8 kHz versus the standard 10 
pulses per second for dial pulses. The sample sequence 
is presented to a comparator and each sample is classi­
fied as either a high level sample or low level sample by 
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comparison to a threshold. Presuming a high-to-low 
transition is under investigation, the sequence from the 
classifier is monitored for the first occurrence of a sam-
ple classified as a low level sample. In one form of the 
procedure, a first register counts the samples beginning 5 
with this occurrence. The first register is incremented 
until a predetermined number, typically ten, samples 
have maintained the same level. If the level maintained 
is a high level, a false indication of a transition has oc­
curred, so the first register is reinitialized and the next 10 
indication of a high-to-low transition is monitored. If 
the level maintained is a low level, a high-to-low transi­
tion is declared. The contents of the first counter are 
transferred to a second counter, the first counter is 
reinitialized and the second counter continues to count 15 
samples whereas the first register begins a search for a 
low-to-high transition. Once this latter transition is de­
clared, an estimate to the time duration of the high level 
of the pulse is provided by the contents of the second 
register less the predetermined number. Transitions are 20 
monitored and time estimates presented to PMU con­
troller 3100 until the pulse is fully analyzed or until a 
timeout occurs. 

The source program for this procedure, in terms of 
the instruction set for PSP 4000, is given in Appendix G 25 
of Rubin Case 4. In the INDEX for that Appendix G, 
the program is designated "pulse.ct". 

Another filtering function, designated COIN, is avail­
able to process signals returned from coin phone totaliz­
ers. When a totalizer is energized with, typically, 18 ma 30 
DC, tone bursts are propagated along the loop and the 
number of bursts correspond to the type of coin depos­
ited in the pay phone. The amplitude of the tones re­
turned produces basically a ripple on the DC current 
and each burst may last between 20 and 150 msec. If the 35 
composite signal of tone plus DC is applied directly to 
a bandpass filter centered at the tone frequency, the 
transient effects of the large DC component oftentimes 
masks the minute AC within the time required for de-

.· tection and, consequently, inconsistent detection results 40 
may be produced. To mitigate this, the following proce-

• dure has been developed. 
Since it is known that approximately 18 ma DC is 

applied to a loop for coin testing (Section 3.2.le), and 
the processing is to be effected digitally, a low-pass 45 
digital filter is pre-loaded at its internal nodes with the 
samples necessary to produce the presumed value of 18 
ma DC at the output of the filter. Thus, the filter gener­
ates sequence elements as if 18 ma DC had been flowing 
for a considerable period and steady-state was reached. 50 
Now the actual sequence of input samples, obtained by 
sampling the composite signal at a rate at least twice the 
highest frequency of said tone, is presented to the low­
pass filter. In addition, the output of the filter is also 
subtracted from the input sequence and the difference 55 
sequence is presented to a digital bandpass filter. Be­
cause of the preloading, the first and subsequent se­
quence elements emanating from the low-pass filter may 
be utilized without waiting for the low-pass filter to 
settle. For instance, if the DC applied to the loop is 60 
exactly the value stored as samples in the low-pass filter, 
the output from the subtraction operation is merely the 
tone bursts commencing with the first sample. On the 
other hand, if the DC on the loop is not exactly the 
value used to establish the non-zero initial conditions in 65 
the low-pass filter, the differencing operation reduces 
the DC from an unmanageable value to a tolerable 
value, even initially, and as the sampling operation un-
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folds, the output of the low-pass filter converges to the 
DC level of the input sequence. Thus, after the transient 
response time of the low-pass filter, the output of the 
subtraction operation is the sequence of tone bursts. 

The actual detection operation is completed at the 
output of the bandpass filter. The resultant sequence 
from this filter is squared and then filtered with another 
digital low-pass filter to obtain a sequence of positive 
values whenever the tone is present. These sequence 
elements are then compared to a threshold, and if a 
preselected number of consecutive samples are above 
the threshold, the tone is declared as present. 

Since it is possible that other spurious signals, particu­
larly those having frequency components within the 
band of the bandpass filter, other precautions must be 
taken to preclude false indications. These precautions 
are similar to those devised for the PULSE technique, 
that is, false indications are basically precluded by moni­
toring for events that are defined when a predetermined 
number of consecutive samples have similar character­
istics, such as all attaining a threshold value. For in­
stance, to declare a 2200 Hz tone as being present, 72 
consecutive samples at a 6 kHz sampling rate must be 
above the threshold. Moreover, to declare an interval of 
"no tone", 36 consecutive samples must lie below the 
threshold. 

The source program for the coin phone checking 
procedure is given in Appendix G of Rubin Case 4 and 
is entitled "coin.d". The flow chart for the routine is 
given in FIGS. 120 and 123. 

The other PSP 4000 programs are listed in the 
INDEX as "bnd2_smp.d", "broad.ct", "dc6_smp.d", 
"mag_set.d" and "peak.d"; these correspond to to the 
descriptions of the program functions listed under Sec­
tion 2.2.3c as items (4), (6), (2), (3), and (5), respectively. 

Listings of the programs for operating the micro­
processor within the illustrative embodiment of PMU 
controller 3100 are also included as part of Appendix G 
of Rubin Case 4. Again, the same format of Appendices 
A-C of that case is utilized to present the information 
for the programs operating the microprocessor within 
controller 3100. 

3.2.4. Loop Connection Circuitry 

In Section 2.2.4, a procedure for establishing an inter­
active communication path between a maintenance 
administrator and a customer selected by the adminis­
trator was discussed with reference to FIG. 11. In par­
ticular, the interaction of L TS controller 2000 and port 
controller 2200 was exemplified with respect to equip­
ment access network 2700 and its associated port cir­
cuitry comprising P control section 2702, busy/speech 
detector 2600, trunk dialer 2650, port circuits 2801-2816 
and sleeve lead control 2950, as well as the loop cir­
cuitry comprising L control section 2701, talk circuits 
2301-2306, DDD circuit 2400 and ringing circuit 2500. 
The pertinent characteristics of the port circuitry and 
the loop circuitry required to sequence through the 
operation, from initiation to completion, may be readily 
ascertained by one skilled in the art since each compo­
nent, by itself, has a well-known form in the telephone 
industry. In fact, the arrangement comprising EAN 
2700 with P control section 2702 and the port circuitry 
is basically the same form utilized in loop testing frames 
250,251 of the standard system described in the Back­
ground Section with reference to FIG. 1. The connec­
tion of port circuitry to EAN 2700 and the operation of 
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P control section was discussed in some detail with 
reference to FIG. 27. 

In the ML T system, the standard arrangement has 
been augmented to provide the capability of indepen­
dent, therefore concurrent, access to loops connected 5 
via port circuits 2801-2816. This augmentation is ef­
fected primarily by L control section 2701 as directed 
by L TS controller 2000. L section 2701 serves the same 
basic function as P section 2702; in the illustrative em­
bodiment, each section energizes relays which control 10 
crosspoints. A talk circuit 2301, ... , or 2306 provides 
the capability of establishing a call over the national dial 
network, via DOD path 932 of FIG. 11, under control 
of L TS controller 2000 directly and, indirectly, from 
user interface 230,231. Each talk circuit is adapted to 15 
receive DDb circuit 2400 and ringing distributor cir­
cuit 2500 as inputs. The former circuit actually places 
the call to the maintenance administrator, via dial pul­
sing or multifrequency signaling, whereas the latter 
circuit may be directed to ring an accessed customer 20 
loop through ports 2801-2816. Again, circuits 2400 and 
2500 are directed by L TS controller 2000. 

3.3 FE System Considerations 

The control software for the ML T system resides in 25 
FE computers 220,221 of FIG. 2 and this software pro­
vides high level traffic and algorithmic control of the 
testing process by deciding which tests are to execute 
and by analyzing the results of the tests. In addition, the 
control software provides the interface to users, via 30 
devices 230,231, and line records stored in computer 
200. 

In the illustrative embodiment, the ML T controller 
software (ML T _CNTLER) executes on a Digital 
Equipment Corporation PDP 11/70 computer. PDP is 35 
a registered trademark of the Digital Equipment Corpo­
ration. Up to twelve 11/70 computers are furnished 
with this software and these computers are intercon­
nected via Parallel Communication Link 210. Some of 
these computers may serve as backup machines. The 40 
programs utilized to configure and operate the illustra­
tive FE computer system are listed in Appendix H of 
Rubin Case 4. These programs execute under the UNIX 
operating system. UNIX is a trademark of Bell Tele-
phone Laboratories, Incorporated. 45 

Two types of user interfaces 230,231 are supported by 
this particular software. These include a Teletype ter­
minal Mod 40/4 or 4540 and a portable dial-up terminal 
having ASCII/ Async/300 baud characteristics. Tele­
type is a registered trademark of the Teletype Corpora- 50 
tion. 

While the invention has been shown and described 
with reference to an illustrative embodiment thereof, it 
will be understood by those skilled in the art that 
changes in form and detail may be made therein without 55 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A data network (140) comprising 
data communication elements including devices 

(1401-1412), interfaces (1421-1468) and circuits 60 
(14001-14096) 

first connecting arrays (141-144) for interconnecting 
said devices to said interfaces, eachof said first 
arrays associated with a preselected group of said 
devices and a predetermined block of said inter- 65 
faces and comprised of data transmission means 
linking each of said devices in said group with each 
of said interfaces in said block, and 
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second connecting arrays (e.g., 145501-145504) for 

interconnecting said interfaces to said circuits, each 
of said second arrays associated with a predeter­
mined grouping of said interfaces and a preselected 
set of said circuits and comprised of data bus means 
linking each of said interfaces in said grouping with 
each of said circuits in said set. 

2. A data communication network (140) for intercon­
necting incoming data links (9201-9224) with outgoing 
data links (93001-93768), said network comprising 

data communication devices (1401-1412) partitioned 
into groups (e.g., 1401-1403) with each of said 
devices arranged to accept a preselected number of 
said incoming links, 

data communications interfaces (1421-1468) seg­
mented into blocks (e.g., 1421-1432) with the num­
ber of said blocks being equal to the number of said 
groups, 

data communication circuits (14001-14096) divided 
into sets (e.g., 14001-14008) with each of said cir­
cuits in each of said sets arranged to interconnect 
with a predetermined number of said outgoing 
links, 

connecting arrays (141-144) for linking said devices 
to said interfaces, each of said arrays associated 
with one of said groups and comprising data trans­
mission means (e.g., 14121-14123) for joining each 
of said devices in said one of said groups to each of 
said interfaces (e.g., 1421-1432) in a corresponding 
one of said blocks (e.g., 1401-1403) and, 

a connection matrix (145) for linking said interfaces to 
said circuits, said matrix comprising data bus means 
(14501-14548,145001-145384,145501-145548) for 
joining one of said interfaces from each of said 
blocks (e.g., 1421,1433,1445,1457) to each of said 
circuits (e.g., 14001-14008) in a corresponding one 
of said sets. 

3. A data network (140) for interconnecting each of a 
plurality of incoming data links (9201-9224) to outgoing 
data links (93001-93768), said network comprising 

a first network comprising a plurality of high-speed 
data communication devices (1401-1412) parti­
tioned into groups (e.g., 1401-1403), each of said 
devices arranged to connect with a preselected 
number of said incoming links, 

a second network comprising a plurality of data com­
munication interfaces (1421-1468) segmented into 
blocks (e.g., 1421-1432) equaling the number of 
said groups, 

a third network comprising a plurality of low-speed 
data communication circuits (14001-14096) di­
vided into sets (e.g., 14001-14008) and arranged to 
connect with a predetermined number of said out­
going links, 

a plurality of connection arrays (141-144) for linking 
said first network with said second network, each 
of said arrays associated with one of said groups 
and comprising data transmission means (e.g., 
14121-14123) for joining each of said high-speed 
devices in said associated group to each of said 
interfaces (e.g., 1421-1432) in a corresponding one 
of said blocks (e.g., 1401-1403), and 

a connection matrix (145) for linking said second 
network with said third network, said matrix com­
prising data bus means (e.g., 14501-14548,1450-
01-145384,145501-145548) for joining one of said 
interfaces from each of said blocks (e.g., 
1421,1433,1445,1457) to each of said low-speed 
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circuits (e.g., 14001-14008) in a corresponding one 
of said sets. 
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partitioning said devices into groups, said interfaces 

into blocks and said circuits into sets, 
interconnecting each of said devices in each of said 

groups to each of said interfaces in a corresponding 
one of said blocks, and 

interconnecting one of said interfaces from each of 
said blocks to each of said circuits in a correspond­
ing one of said sets. 

4. Circuitry as recited in claims 2 or 3 wherein each of 
said input links implements a predetermined high level 
data link protocol that may differ from link-to-link and 5 
wherein each of said output links implements a prese­
lected high level data link protocol that may differ from 
link-to-link so that said circuitry performs protocol 
conversion. 9. In combination with a plurality of computers, cir-

10 cuitry comprising 5. Circuitry as recited in claims 2 or 3 wherein said 
input and output links implement a high level data link 
protocol (e.g., SDLC) and said data transmission means 
and said data bus means implement a parallel-oriented 
protocol (e.g., GPIB). 

6. Circuitry as recited in claims 2 or 3 wherein 
said preselected number of said incoming links is two, 
the number of said incoming links is 24, 
the number of said outgoing links is 768, 
the number of said groups is four, 
the number of said sets is twelve, 
the number of said devices in each of said groups is 

three, 
the number of said interfaces in each of said blocks is 

twelve, 
the number of said circuits in each of said sets is eight, 

and 
said predetermined number of outgoing links is eight. 

15 

20 

25 

7. Circuitry as recited in claim 6 wherein said data bus 
means interconnect said interfaces, designated i(l), i(2), 30 
... , i(k), ... , i(48), with the mth one of said sets, m= 1, 
2, ... , 12 according to the mapping i(m+ 12(n-1)), 
m=l, 2, ... 12 n=l, 2, 3, 4. 

8. In a multitier network comprising data communi­
cation devices in an input tier, data communication 35 
interfaces in an intermediate tier and data communica­
tion circuits as an output tier, a method comprising the 
steps of 

40 
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data communication elements including • devices 
(1401-1412), interfaces (1421-1468) and circuits 
(14001-14096), 

first connecting arrays (141-144) for linking said de­
vices with said interfaces, each of said first arrays 
being connected to a preselected group of said 
devices and a predetermined block of said inter­
faces, said each of said first arrays including data 
transmission means linking each of said devices in 
said group with each of said interfaces in said 
block, 

second connecting arrays (e.g., 145501-145504) for 
linking said interfaces with said circuits, each of 
said second arrays being connected to a predeter­
mined grouping of said interfaces and a preselected 
set of said circuits, said each of said second arrays 
including data bus means linking each of said inter­
faces in said grouping with each of said circuits in 
said set, and 

a third connecting array (9201-9224) for linking said 
computers to said devices including a plurality of 
data links associated with each of said computers, 
said• plurality of data links including one data link 
connecting said each computer to one of said de­
vices in one group and another data link connect­
ing said each computer to one of said devices in 
another group. 

* * * * * 




