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1,0 INTRODUCTION

1.1 OBJECTIVE

The objective of this engineering study is to investigate the feasibility of integrating
the functions of switching, multiplexing, and technical control in order to decrvase
size, weight, and power requirements while increasing the operational reliability and
mobility/transportability of a tactical communications complex, The communication
system is intended for use in the 1980s when tactical networks will operate digitally.
The ability to develop a self-supportable integrated communications facility of this
type will decrease Air Force reaction time during contingencies and improve mission
effectiveness by providing the Task Force Commander rapid and reliable communica-
tion in the tactical environment,

1.2 BACKGROUND

Switching, multiplex, and technical control equipments now in the military inventory
and in the engineering development phase(s) will not fully and most effectively provide
the Task Force Commander with a flexible and effective command control capability
during tactical contingency deployments, Cne reason is that the equipment is not suf-
ficiently selfcontained. The interoperation of the separate switching, multiplexing,

and technical control facilities requires an excessive number of equipment shelters

and associated interconnecting cables. The present approach to the problem is cumber-
some and requires additional operation and maintenance support personnel and logis-
tics support.

1,3 SUMMARY

1.3.1 Constraints and Assuniptions

The work performed during this study program was based on the following set of con-
straints and assumptions,

1. The Integrated Switch/Multiplex/Technical Control (ISMTC) is to be
used in the 1980 time frame when all-digital communications systems
will be used. Thus, all input signals to the complex are assumed to
be in a digital form.

Voice signals are digitally encoded using 32 kb/s Continuous Var-
lable Slope Delta (CVSD) modulation exclusively, The use of PCM
is not anticipated.

Terminal equipment data rates are expected to be 75 x 2n to a maxi-
mum of 9, 600 b/s; higher rates will be 8000 x nb/s, "n" 18 an
integral value in both cases,




4, The switch is expandable in increments of 160- to 300-1ine modules
to a maximum of 2400 lines.

5. A maximum switch matrix blocking probability of 0,001 is maintained
for average traffic loads up to 0.8 Erlangs per line,

6. The complex is transportable and designed for tactical use,

1.3.2 Summary and Conclusions

Based upon the above assumptions and constraints this study concludes that a trans-
portable Intcgrated Switch/Multiplex/Technical Control (ISMTC) facility is feasible
for the 1980 time frame. In fact the technology already exists which oould support
the development of such a communications complex.

The benefits to be derived from integration of the Technical Control (TC) function

into the switch Includes the elimination of the TC problems of separate siting, housing,
power, processors, logistics, personnel, Red/Elack areas, Tempest filtering, etc.
The intercommunication facilities between TC and the switch are also eliminated, In
addition, it should be noted that the integration of TC into the switch has little effect
on matrix size, cost, and weight,

Matrix considerations are discussed in Section 2.0, Five candidate matrices are
evaluated, one space division and four time division, Paragraph 2,1.1 describes a
specific space division matrix fabricated from 4 x 4 four-wire matrix crosspoint
integrated circuit chips, This provides the basis for the comparison of a space divi-
sion array to the four time division approaches described in paragraph 2.1.2, A
tradeoff comparison is conducted in paragraph 2.1.3 to determine the relative merits
of each with respect to size, weight, cost, and power consumed and also the impact
on the communication functions of transmission, common control, technical control,
and signaling. It is concluded that the choice of a specific matrix type is relatively
insensitive to the aforementioned coramunication functions and should be selected pre-
dominuntly on the basis of cost, size, weight, and power requirements. A summary
of the tradeoff results is given in Table 4 which indicates that Candidate 6 (Time-Space-
Tiine) appears to be the favored choice, See paragraph 2.1,2.1,4 for a description

of this candidate,

Various aspects of switch control such as common control, trunk barring, and line
load control are presented in Section 2,2,

Section 2.3 describes the special service features of interest to the ISMTC control
complex,




Section 3,0 deals with the multiplexing aspect of the ISMTC. It is concluded that time
division switching and time division multiplexing should both be performed in an inte-
grated time division matrix, The multiplexing scheme for the ISMTC is based on a
bit-by-bit multiplexing of bit streams derived from CVSD subsets generating 32 kb/s
per line, Groups are formed from the basic 32 kb/s line rate by a bit interleaving
process.

A design approach is presented which distributes much of the multiplex equipment
among the matrix, trunk group formatter, and line formatter. Multiplex/demultiplex
equipment external to the switch is required for trunk groups greater than sixty chan-
nels and for groupings which are not certain multiples of 32 kb/s. Rates in the
75 x 2 category can be accommodated by the matrix after a retiming procedure per-
formed by interface circuits.
In the technical control discussion of Section 4.0 it is assumed that the overall tech-
nical control structure is hierarchal in nature and is composed of the following four
distinct elements:

1, System Planning and Engineering

2, System Control

3. Node Control

4. Equipment Support
This study is directed toward the analysis of the feasibility of incorporating the func-
tions required of the Node Control and Equipment Support element into the common
processor of the ISMTC.
A description of quality monitoring and testing applicable to the technical control func-
tion at nodes of a tactical communications network is included in Section 4,1, This
description includes discussions related to:

1. Monitor Points and Parameters

2. Monitoring Regenerated Digital Signals

3. Monitoring of Non-Regenerated Digital Signals

4, Monitoring of Analog Parameters

5., Computer Processor Implications

PYIIUSSRARI
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Section 4.2 is directed toward the development of hardware considerations related to
the fault isolation function of technical control. Emphasis is placed on the determina-
tion of the hardware required to isolate faults and system degradations of the trans-
mission system, To illustrate the various concepts which may be used to implement
the fault isolation function related to the transmission system, radio relay terminals
are used for the purpose of discussion. The concepts described could be readily ex-
tended and applied to other types of terminals,

Several alternate routing schemes appropriate to the tactical Air Force Network are
discussed in Section 4.3 for the purpose of evaluating processor implications.

Section 4.4 is devoted to the development of report formats for the technical control
report and recordkeeping functions, Three types of reports are considered:

1, Maintenance Reports
2, Status Reports
3. Supervisory Reports

The section describes some of the factors which must be considered for the reporting
and recordkeeping functions as well as typical report entries and formats,

Section 4.5 contains an investigation of tre impact on switch design due to the inte-
gration of the technical control functions into the ISMTC. The analysis indicates that
while the effects on the common processor are significant, impact on the switch ma-
trix is moderate., The major effect is an increase in matrix size due to built-in ma-
trix error detection equipment. An additional matrix impact could result from the
implementation of a common transmission equipment monitoring scheme, It is con-
cluded that the specific matrix type is relatively insensitive to technical control con-
siderations and should be selected predominantly on the basis of switching and multi-
plexing factors,

Section 5,0 discusses the various aspects of an integrated complex. A system descrip-
tion of the overall nodal equipment configuration is giver in Section 5.2, This in-
cludes a discussion of the various switch, technical control and input/output subsystem
composing the ISMTC,

Section 5.3 discusses the type of orderwire to be used with the ISMTC. One 32-kb/s
channel of a full 60-channel trunk group is sufficient to handle all signaling and super-
vision, remote status reports, continuous reporting to the Systems Control Element,
and {raming and synchronization, Periodic and aperiodic reports can be sent via
"dial-up'" lines when required. The 32-kb/s common channel is submultiplexed into
four 8-kb/s subchannels as shown in Figure 55. This data rate capacity is more than
adquate for handling the above-mentioned functions,




Common processor requirements relating to the integration of the technical control
and switching functions are contained in Section 5.4, Program descriptions and siz-
ing estimates are given for a baseline system for several different switch sizes. No
specific processor(s) has been recommended but a section on desirable processor
characteristics is included as well as a survey of applicable machines. In general,
the conclusion reached from studying the various requirements indicates that current
processor technology is capable of fully supporting the ISMTC. In fact, the risks in-
volved in designing a processor from the operational characteristics viewpoint appear
to be low, More risk appears in satisfying the stringent environmental and rugged-
ness specification, In this regard, the specifications of a presently available milita-
rized minicomputer have also been included.

Section 5.5 presents a discussion on equipment procedural interfaces, internal and
external interfaces, followed by descriptions of examples applicable to the interfacing
of an ISMTC with the DCS. The worst case situation is considered, i.e., the basic
systems will not be designed to be completely compatible. Therefore, the interface
must be provided through the introduction of applique units which would be required

at gateway interfaces.

The functions provided by the personnel assigned as switch operators, technical con-
trollers, and installation and maintenance personnel are briefly described in Sec-
tion 5.6. At present, most required actions are provided on a manual basis in tac-
tical military communication networks, However, many of the required functions are
readily adaptable to automation, Table 14 lists operation functions required in both
manual non-integrated facilities and in an ISMTC applicable to the tactical networks
of the 1980s and indicates which functions can be aided by automation.

A short discussion of Red/Black considerations is included in Section 5.7.

Transportability requirements are analyzed in Section 6,0. Preliminary estimates of
ISMTC physical requirements indicate that it may be possible to house the complex in
as few as one or two shelters,




2.0 SWITCHING CONSIDERATIONS

The main thrust of this part of the study is to determine the feasibllity of integrating
the switch, multiplex, and technical control into a single transportable communica-
tions complex designed for use in the tactical environment of the 1980s. In this sec-
tion the switching aspect of the system is considered. Five candidate systems are
compared as to their suitability for the Integrated Switch/Multiplex/Technical Control
(ISMTC) application. Both space division and time division approaches are considered,

In order to aid the discussion, some tutorial material is included in the space division

matrix section (paragraph 2.1.1) to familiarize the reader with switching concepts and
terminology used in this report, Also included in this section is a specific space divi- |
sion matrix design which is used as the basis for comparison with the time division
schemes described in paragraph 2.1.2. All candidate systems are compared to each
other in paragraph 2.1.3 with respect to size, weight, cost, and power consumption
as well as their impact on transmission facilities, signaling, common control, and
technical control,

Section 2.2 includes discussions of switch control including common control, line load
control, and trunk barring, Detalled discussions of processor functions and character-
istics are deferred to Section 5.4,

An explanation cf the various special switching services which may be required in a
tactical environment 1s included in Section 2.3,

2.1 MATRIX TECHNOLOGY

2.1.1 Space Division Arrays

In the past, space division arrays were not considered cost effective or sufficiently
compact when compared to time division approaches. This section considers the pos-
sibility that the use of solid state crosspoints or future technological advances may
change this view,

Paragraph 2.1.1.1 presents a brief review of space division network theory in order
to introduce the reader to some of the switching terminology and concepts to be used
in later sections. The properties of staged arrays and then folded staged arrays are
discussed. This provides the background for the matrix design described in para-
graph 2,1.1,3.

A speclfic circuit design is included in paragraph 2.1.1,2fora 4 x4 four-wire cross-
point matrix fabricated on a single integrated circuit, The possibility of integrating
larger matrices on a chip is also considered. These integrated circuits are then used
as the building blocks for a 2400-line three-stage folded space division array composed




of eight 300-line modules. This design is then used to calculate the quantity of chips

required in such a system, The number of such integrated circuits determines the
system cost, size, and reliability.

2.1.1.1 Theory

A switching network is that part of a switching system that establishes transmission
paths between pairs of terminals., The most basic space division switching network
is the N x N rectangular array depicted in Figure 1. The number of crosspoints (con-
necting devices) required is N2, Note that at all times there is at least one available
path between any pair of idle lines or trunks, regardless of the number of paths al-
ready occupied, Networks possessing this property are called '"nonblocking",

t————————— N Qulputs —————————td

N Inputs

SR A

$
4
I

Crosspoint

Figure 1. Space Division NxN Matrix
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2,1,1,1,1 Staged Arrays

The number of crosspoints required for a space division matrix can be reduced through
the use of staging, A three-stage array is shown in Figure 2. This approach replaces
the large single matrix with a number of smaller matrices interconnected in stages.
The first and third stages, as shown in Figure 2, have r modules each with n inputs
and m outputs, The second stage has m modules, each with r inputs and r outputs.
From Figure 2 it is clear that the total number of crosspoints, X(3), is

X(3)= 2 umr + mr2

A nonblocking switch may be achieved by selecting r = VN (assuming N to be a per-
fect square), and

m=2 Nl/“' -1
This yields a total number of crosspoints of

/2 _,

6N3 N t

which is less than Nz for N > 36

CSC-8-68333597 A1

Figure 2. Generalized Form of a N (m,n,r) Three-Stage Array




The three-stage switching array may be converted into a five-stage array by merely
replacing each secondary stage rectangular array by a new three-stage array. Such
a five-stage array is shown ir Figure 3, Each input and output switch is assumed to
have N = N1/3 input or output lines. The total number of crosspoints is

X(®6)= 2 nmr + 2 jksm + Szkm
For a nonblocking array M = 2 Nl/3 -landk=2 Nl/3 - 1, As in the three-stage
array § = r1/2 = N1/3, Therefore

X(6) = 16 N4/3-14 N+3N2/3
which is less than X(3) for N > 160,

For very large N it may be advantageous to use a seven-stage array. One such ar-
rangement I8 possible by inserting a five-stage array for each secondary matrix of a
three-stage array. The number of crosspoints contained in such a matrix can be
shown to be (Reference 1)

X(7)=36N5/4-46N+20N3/4-3N1/2

2.1.1.1.2 Folded Arrays

An alternative to staged arrays as discussed in the previous paragraph is the folded
stage array such as showr in Figure 4. This three-stage folded array differs from the
three-stage nonfolded array of Figure 2 only in that each input is linked to the corre-
sponding output, These extra links between stages provide additional paths through
the array. Thus, fewer crosspointc are required relative to the equivalent nonfolded
array to maintain the nonblocking network characteristics,

Bidirectional lines are required in a folded array whereas only unidirectional lines
may compose a nonfolded type.

The crosspoint savings by using folded as opposed to nonfolded arrays are quite sub-
stantial, This is due to the fact that, unlike nonfolded arrays which require 2n -1
secondary stage matrices for nonblocking characteristics, the identical folded matrix
requires only n matrices for nonblocking performance. The savings, therefore, ap-
proach 60 percent.

2.1.1.2 IC Crosspoint Matrix

The cost, size, power requirements, and reliability of a space division array varies
according to the number and size of the integrated cirouit chips, Thus, in order to
optimize the system and then determine these matrix parameters, one must first
design or select a chip with maximum crosspoint density.
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Figure 4. Generalized Form of a N (m,n,r) Folded Three-Stage Array




2.1.1.2,1 Four-hy-Four Crosspoint Chips

One possible type of digital crosspoint chip is shown in Figure 5. All input/output
and control lines are shown for a four-wire 4 x 4 crosspoint matrix. Lines X131, Xj9,
X13, and X14 are input lines, any of which may be switched to the outputs Y:;, Yy,
Y13, or Yy4. Similarly, for the opposite transmission direction X1, X99, Xoq, and
Xog may be connected to a..y of the output lines Y1, Yo2, Ya3, or Ygy. Since the
chip contains 16 four-wire c.osspoints, a four-bit control word is required to select
the proper crmsspoint. Anu "open/close" signal is included to specify whether the se-
lected crosspoint is to be opened or closed, In addition, a "chip select" pin is used by
the connection control to enable the proper chip in the system,

Xa Y X22%2 X23"i3 X2d'ia

LY

4X 4

Vo ¢ e CROSSPOINT
22
MATRIX

| LS CHIP
Y23

1

Select Chip \ P
Select Crosspoint
Select

Figure 5. 4 x 4 Crosspoint Chip




The chip's functional organization is deplcted in Figure 6. Note that the circuit is
compesed of the following three main parts:

1. Decoder Section - Selects one of the 16 latches according to the 4-bit
input code.

2. Sixteen-Bit Latch - Flip-flops whose outputs hold each of the cross-

points in their respective open or closed state until the new status is
strobed in,

3. Matrix - The logic gates which actually provide the specified input/
output connection,

0/

Select 1
Chip
6 BIT | 4 X4
i 4 > DECODER 16 > LATCH — 16 > maTRIX

Select
Crosspoint
Select

CSC-9-6834579-A-¢

Figure 6. Chip Organization

A logic diagram for the integrated circuit is shown in Figure 7, The decoder section
is located at the bottom of the diagram, Each decoder output is connected to the clock
input of one of the 16 one-bit latches located directly above the decoder. Each latch
output goes to two "AND" gates, one for each transmission direction. A twenty-gate
array located at the top of the page provides for data transmissioninone direction. An

identical gating structure is shown in the middle of the diagram for transmission in
the opposite direction.

The circuit operation will now be described by discussing a specific example. Suppose
that it is desired to complete the following four-wire connection:

X toYlaandX23toY

12 22

14
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Figure 7. Logic Block Disgram - 4 x 4 Four-Wire Crosspoint Matrix Chip
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First the connection control puts logical 1 ('1" = close crosspoint, "0'" = open cross-
point) on the "open/close' line, Simultaneously, a four-bit binary code word (1001)
is presented to the control lines, Next the chip select line goes low (logical 0) thus
enabling the decoder which puts a zero out only on line 9, All the other decoder out-
puts remain high, This negative transition on line 9 clocks the logical ''1" present on
the "open/close" line into latch number 9 (the seventh latch from the right), The
logical 1" now present on the latch Q output enables two "AND" gates. One gate pro-
vides a transmission path from Xj 9 to Y;3 and the other gate from Xo3 to Yag,

The Interconnection of these 4 x 4 crosspoint chips to form larger matrices is illus-
trated in Figure 8, Here an 8 x 8 matrix is implemented., Note that only the two-wire
connections are shown in order to simplify the figure. Input lines X; through X4 are
bussed to all chips in the top row and lines Xg through Xg are bussed to all chips In
the second row, Outputs Y; through Y4 are constructed by '"wire ORIng" the corre-
sponding outputs of the chips In the left-hand column. The Y5 through Yg outputs are
similarly formed from the chip outputs of the right hand column,

2.1,1.2.2 N x N Crosepoint Chips

Thus far only a 4 x 4 four-wire matrix IC has been considered as a system building
block, Varying the number of crosspoints per chip impacts on system cost, size,
power, and reliability, In this paragraph the impact on the system of an n x n four-
wire matrix chip is examined,

First consider the pin count per IC package for an n x n chip. This determines the
package size, reliability, and, to a large extent, cost., System reliability is approx-
imately proportioned to total pin count since the dominant number of failures In inte-
grated circuits occurs inthe chip-to-pin junction, Costs are affected by pin count
since as the number of pins increases the yield during manufacture decreases, Thus
IC packages with very large numbers of pins may be prohibitively expensive,

A plot of IC package pin count versus matrix size is plotted in Figure 8. Note than an
IC package containing a 4 x 4 matrix possesses 25 pins compared to the 8 x 8 matrix
IC which contains 43 pins. A dramatic improvement in reliability can be obtained by
using an 8 x 8 chip to replace four 4 x 4 chips since the latter configuration requires
100 package pins, Thus, the MTBF is more than doubled while the crosspoint array
shrinks to approximately half th: size of a system employing 4 x 4 chips. The 8 x 8
crosspoint chip {s used in the subsequent analysis, therefore, in calculating the
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tradeoff parameters of size, weight, power consumption, and cost for the space di-
viston candidate, !

2.1,1,3 Matrix Design

Power and size requirements are both minimized when the number of switch cross-
points are at a minimum, As noted in paragraph 2.1.1,1,2, there is a significant
crosspoint advantage when using folded as opposed to non-folded staged arrays.
Crosspoint requirements are minimized for this type of array in the 2400-line region
by a five-stage matrix, However, the three-stage array as used in the analysis is
consistent with the TDS investigation which considers three-stage space arrays of
time divieion modules. In addition, the use of a minimum five-stage array does not
affect the overall conclusion,

2.1,1.3.1 A Blocking Three-Stage Folded Array

Thus far only noublocking arrays have been considered. Most :pace division switches
economize on the number of crosspoints required by permitting a small amount of
matrix blocking. Modern tactical switches such as the AN/TTC-39 specifv a blocking
probability of . 001, Matrix blocking probability as low as this usually is insignificant
when compared to trunk blocking, It is apparent that removal of a number of cross-
points will result in blocking. If the blocking probability is limited to 0, 001 for 50 per-
cent average total busy-hour occupation per line, the array is permissible, Thus,

the switch of Figure 10 has been designed to fulfill the requirements of this study pro-
gram. The three-stage folded array of Figure 10 contains a near minimum number

of crosspoints for a 2400-line three-stage switch, The switch shown is a symmetrical
array; that is, one which has an equal number of primary stage inlets and tertiary
stage outlets, Note that the switch has eight 14 x 30 primary stage matrices, four-
teen 80 x 80 secondary stage matrices, and a tertiary stage identical to the primary.

It is important to note that Figure 10 represents a blocking array. A totally nonblock-
ing array would be realized if the switch possessed 30 secondary stage switches. The
array has been transformed from an array with a zero blocking probability into a
switch with a 0,69 x 10~3 probability of blocking with 50 percent total ocoupation per
trunk, This value is within assumed limits ard the number of crosspoints has been
cut by more than half over the equivalent nonblocking configuration.

11t should be noted that a 150-pin package has been manufactured by Texas Instru-
ments and a 300-pin package has been developed for the Navy's AADC program.
The suitability of constructing a crosspoint package of this pin size, however, has
not been demonstrated from the viewpoint of cost, reliability and maintainability,
As a result the more conservative approach of a 8 x 8 crosspoint design has been
selected for analysis,
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Blocking Probability = 0.691 x10=3 ot 0.5 Erlongs
Number of Crosspoints T 156,800

Figure 10. 2400-Line Space Division Switch Three-Stage Folded Array

At this point it is important to note that this particular design is totally inadequate for
use as a tandem switch where the required grade of service is 0,001 blocking proba-
bility at 0.8 Erlangs per line. The probability of blocking for the matrix of Figure 10
for 80 percent total occupation per line is 0,456, The switch would have to be recon-
figured to include 19 secondary stage matrices instead of the present fourteen to satisfy
tandem switch requirements,

A further requirement which has been imposed on the system is that it be expandable
in increments of from 150- to 300-line modules to a maximum of 2400 lines. This
has been achieved by dividing the 2400-1ine system into eight identical 300-line mod-
ules (see Figure 11) in such a way as not to affect the blocking characteristios of the
individual module. Note that each secondary stage is composed of fourteen 10 x 80
matrices of which only a 10 x 10 portion (1/3 of the secondary matrix) is used for
the 300-line oconfiguration. This inefficiency is progressively diminished as more
modules are grouped together to form a larger system, These surplus crosspoints
need not be supplied with the module unless the switch is to be used in an expanded
configuration, However, adequate space and wiring must be provided for each mod-
ule as if it were to be used in the maximum 2400-line configuration,
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Figure 11, 300-Line Module

The modules are combined by attaching the 70 spare lines of each 10 x 80 matrix of
one module with the corresponding matrix lines of another module to form a larger
secondary matrix, For example, in forming a 600-line system, two 300-line modules
are used, Ten spare lines from secondary matrix number 1 are connected to the ten
corresponding lines of matrix number 1 in module 2, thus forming a 20 x 80 secondary
matrix. Similarly, all fourteen 10 x 80 secondary matrices of module 1 are combined
with the fourteen 10 x 80 matrices of module 2 to form fourteen 20 x 80 matrices.
Thus, the new 600-line system contains twenty 30 x 14 primary matrices, fourteen

20 x 80 secondary matrices, and twenty 30 x 14 tertiary matrices. Again, note that
only one quarter of secondary stage crosspoints are used, The full 2400-line system
is formed by connecting the secondary stage matrices of eight 300-1ine modules to
form fourteen 80 x 80 secondary matrices as shown in Figure 11,

2.1.1.3.2 Chip Requirements

The number of chips required for a 2400-line three-stage folded space division array
versus the grade of service is plotted in Figure 12, Chip quantities were determined .
by dividing the total number of crosspoints by sixteen (for a 4 x 4 matrix chip) and then l
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adding 10 percent for unused croupoints2 and 10 percent for control circuitry, Curves
are provided for both 50 percent and 80 percent average total busy hour occupation per
line. In order to calculate the approximate number of chips required for a system
composed of n x n matrix chips, merely divide the Figure 12 quantities by (n/4)2.

Notice that about 12, 000 chips are required for ,001 blocking probability for a = 0.5
when 4 x 4 matrix chips are used, Such a system is clearly not competitive with time
division systems in terms of cost, size, and reliability, The chip total grows to ap-
proximately 16,000 to satisfy tandem switch requirements (a = 0,8). Erlang loadings
may exceed the assumed values for switches handling a high volume of data traffic
with lorg holding times per line (e.g., measured in hours). To provide a non-blocking
metrix requires 25, 000 chips which would be the 1imiting case for traffic loading
groater than that assumed above. The analysis assumes, however, that the predom-
inant traffic type handled is digitized voice. As a result, loading factors (i.e., call
introduction, holding times, etc,) based on present experience with circuit switches
are judged lpproprlate for use in this analysis.

Although one couli reduce all of the aforementioned chip quantities by a factor of four
by using 8 x 8 mrsrix chips, the space division array would still be at a serious dis-
advantage when compared to TD systems (3ee paragraph 2.1.3),

2.1,1.4 Conclusions

The number of crosspoints which may be fabricated on a single chip i{s pin limited.

A 4 x 4 four-wire crosspoint mutrix chip is clearly realizable using present technology.
An 8 x 8 four-wire crosspoint chip algo appears to be feasible and is probably the
largest matrix which may reasonably be expected to be fabricated on a single chip in_
the near future.

2.1.2 Time Division Arrays

The previous section discusses the possibllities of using a digital space division array
as part of the ISMTC., However, multiplexing must be performed distinot from the
matrix. In this section several time division approaches are considered in which the
multiplex function is performed as an inherent part of the switching function.

2The term "unused crosspoints" refers to the fact that using 4 x 4 matrix chips to
synthesize a rectangular crosspoint matrix possessing dimensions which are not
multiples of four must waste some of the crosspoints available on the chips,




Reference 2 published in 1972 is a prior investigation performed for RADC of known
digital switching techniques to determine the most suitable approach for future switch-
ing application, This work has been analyzed and evaluated in determining the nature
of time division matrices considered for an integrated switch, multiplex, and tech-
nical control. A description of these systems follows.

2.1.2.1 System Descriptions
2.1.2.1.1 Time Division Module Array

The Time Division Module Array approach (referred to in the drawing as Candidate 2)
is illustrated in Figure 13, The system shown is a 2490-line (3000 terminations)
three-stage space division array which uses time division (TD) switching modules for
each coordinate matrix, Note that each matrix is a 60 x 60 array composed of one
fan-in and fan-out matrix, The fan-in structure is essentially a TD multiplexer which
accomplishes the switching function by multiplexing the 60 input channels onto a single
high-speed time division highway in any desired order. The fan-out portion performs

the demultiplexing function.

Note that by splitting one of the output TD modules into its fan-in and fan-out portions,
and placing the fan-out circuitry at the switch input, the array has been reconfigured
to accept 2940 single channels plus one TDM 60-channel group (see Figure 14), Itis

important to note here that this change required no additional equipment (such as multi-

plex/demultiplex) and only minor rearrangement of existing modules, It can be seen
that any combination of trunk groups and single channels may be implemented in the
" same manner with a recuced need for external multiplex.

2.1,2.1.2 Redundant Memory

The Redundant Memory approach (Candidate 3) is shown in Figure 16, The figure
shows a 480-line portion of the switch, Notice the matrix inputs and outputs are
60-channel TDM highways while the former two approaches (space division and time
division module array) were characterized by single channel input/output ports.

The Random Access Memory (RA) stores an entire frame (60 bits) from each of the
eight input 60-channel highways. The switching function is implemented by reading
out of memory each of the 60 channels in any desired svquence, Each read-out com-
mand produces an eight-bit output (one bit for each of the eight highways) of which
orie bit is selected by a multiplex gate to be transmitted to the output highway. Note
that the same eight highways are stored in all eight basic modules; thus, the name,
Redundant Memory., The Connection Control (CC) supplies the 9-bit control words
which determine the specific RAM memory cells read-out (6 bits) and which highway
is selected by the multiplex gate (3 bits).
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Expansion of the matrix shown in Figure 15 is accomplished by stacking three such
systems to form eight tri-groups. Twenty-four such tri-groups, called a segment,
are shown in Figure 16, Four such segments when interconnected compose a 2400-
line switch. This segmenting is used to satisfy modularity requirements,

2.1.2.1.3 Space-Time-Space

The Space-Time-Space configuration (Candidate 4) is a three-stage TD matrix and is
shown in Figure 17. As in the redundant memory approach, the inputs and outputs

are composed of 60-channel highways. One of 24 input highways is selected during
each time sict by the multiplex gates in the primary stage to form 24 sixty-channel
intramatrix highways terminating in the secondary stage. The time slot interchanges
(TSI) of the secondary stage are RAMs which redistribute the channels in time. For
example, data arriving at the TSI in time slot number 31 may be transmitted in out-
put time slot number 15, The tertiary stage multiplex gates operate on the 60-channel
cutput highways of the TSIs in a manner identical to the primary stage multiplex equip-
ment. Thus, during each matrix output time slot each tertiary stage multiplex gate
transmits only one of the 24 TSI output highways. Here, as for Candidate 3, modular
expansion of the system is achieved by segmenting. The matrix of Figure 17 repre-
sents one segment,

2.1.2.1.,4 Time-Space-Time

The Time-Space-Time configuration (Candidate 5) may be derived from Candidate 4

by interchanging each multiplex gate for a TSI and vice versa (see Figure 18). Again,
one has a three-stage array with 24 sixty-channel TDM input and output highways. The
primary stage TSIs redistribute in time the input sequence of TD channels for each
highway. The secondary stage multiplex gates choose which intramatrix highway in-
put will be enabled for each time slot and, thus, form 60-channel output highways which
are routed to the tertiary stage TSIs. These TSIs again interchange the highway chan-
nels in time and yield 24 sixty-channel outpvt highways. As in the previous two can-
didates, expansion is achieved via segmenting.

2.1.2.2 Highway Capacity Considerations

It is assumed that the multiplex function integrated into the ISMTC matrix results in
time division multiplex input/output highways. The upper limit on the number of chan-
nels contained in such a TDM highway is determined by the speed of the logic circuitry
used. Another constraint results from the condition that conventional semiconductor
memory devices possess storage capacities which are powers of 2 (64, 128, 256, etc.).
CSC's survey of matrix techniques indicates the extensive use of RAMs with storage
capacities equal to the number of channels per highway. Thus, these RAMs are most
efficiently used when the highways contain 28 channels. In addition costs decrease as
the number of channels per highway increase (see Figure 19).
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Highways contalining 128 thirty-two kb/s channels are feasible with present technology.
However, a fault in a single RAM could result in the failure ~f 128 channels. There-
fore, economy must be traded off against reliability considerutions, A reasonable
compromise is the use of highways containing 64 channels,

Present delta modulation trunk groupings considered for tactical use are 15, 30, and
60 channels3 and 10, 20, and 40 channels for fixed plant facilities, Such groupings
may be economically realized by using a matrix with 60-channel rather than 64-chan-
nel highways, Thus, present day trunk groupings may be achieved with reasonable
economy.

2,1,3 Matrix Comparisons

This section compares the candidate matrix techniques discussed in paragraphs 2.1.1
and 2.1.2 to determine the most suitable approach for ISMTC applications, The im-
pact of the candidate schemes on the communication functions of transmission, com-
mon control, technical control, and signaling are given as well as size, weight, power,
and cost comparisons,

The following candidate matrices are considered:

l 1, Digital Space Division
l 2. Time Division Module Array
4

3. Redundant Memory

4., Space-Time-Space
5. Time-Space-Time

Candidate 1 (Digital Space Division) is discussed in detail in paragraph 2.1.1. The
crosspoint arrays are assumed to be composed of 8 x 8 four-wire crosspoint chips,
It should not be inferred from this discussion that such chips are available within the
present state of integrated circuit technology. The required integrated circuits fall
into the realm of custom LSI circuits and, therefore, price and feasibility would be
determined by a manufacturer's evaluation of the specific cirouit design, Thus, it
should be remembered throughout the analysis that the digital space division can-

" didate may have been given the advantags of an optimistic packaging density compared

L)

INote: TRI-TAC AN/TTC-39 switch development has resulted in a trunk group size

of 72 channels, This is possibly based on assuring compatibility with existing Army
48 kb/s per channel PCM equipment (i.e., AN/TTC-44, -45, -46 and -47 series
equipment).




to the other candidates which are realizable with existing integrated clrcuits, It is
the bellef of the authors, however, that a 8 x 8 four-wire digital crosspoint Integrated
circuit is achievable for use in tactical switching matrix for use in the 1980s through
LSI production technology.

Note that the Space Division network dascribed in paragraph 2,1,1,3.1 contains 2400
terminations, TD arrays of paragraph 2,1, 2 contain approximately 3000 termina-
tions for a 2400-line switch, Thus, in order to establish a valid basis for the com-
parison of the two techniques the number of crosspoints for Candldate 1 will be in-
creased by 40 percent.

2.1,3.1 Size/Weight Comparison

Matrix size and weight calculations have been performed for all five candldate systems
for 300-, 600-, 1200- and 2400-line arrays. A preliminary step in the determination
of size/weight of electronic equipment is the estimation of the number of integrated
circuits required. Tables 1 and 2 yield the results of such a chip count for each can-
didate matrix. The space division matrix (Candidate 1) will be presumed to be com-
posed mainly of 40-pin chips while the composition of the remaining candidates will
consist predominantly of 16- and 18-pin chips.

The volume of a typical 18-pin IC package is approximately 0. 054 cubic inches while
a 40-pin chip occupies approximately 0,252 cubic inches, Reference 3 estimates
equipment volume by using a stacking factor of 0.5. Thus space requirements may
be calculated by multiplying the chip quantities of Tables 1 and 2 by 0. 108 for the time
division candidates and 0. 504 for the space division candidate.

Although such packing densities may be achievable, for reasons of maintainability and
cooling this extremely dense component packing may not be desirable. Present com-
mercial packaging techniques yleld packing densities approximately one tenth of those
indicated in Reference 3. For the purposes of this analysis a more conservative ap-
proach than that presented in Reference 3 is deemed appropriate and volume estimates
of Reference 3 are increased by a factor of ten to make the estimates more consistent
with packing densities achievable with best current commercial practice. Thus the
volumes shown in Figures 20 and 21 were derived by multiplying the chip quantities of
Tables 1 and 2 by 1,08 and 5, 04 for the time and space division matrices, respectively.
The results are shown In Figures 20 and 21 assuming an average trunk occupancy of
0.5 and 0, 8 Erlangs, respectively. An important feature of the curves is that the
space division array (Candidate 1) occupies from 4 to 7 times the space required by
its nearest time division counterparts (Candidates 2, 3, 4, and 5), Note that for sys-
tems with less than about 400 or 500 lines the smallest matrix is Candidate 3. How-
ever, throughout the remainder of the range Candidate 5 is the most compact, In Fig-
ure 20 Candidate 3 is actually the largest of the TD systems for matrices greater

than about 2000 lines. Thus the choice of the most compact system is strongly de-
pendent on the distribution of switch line capacities expected.
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Table 1. Chip Quantities for Candidate Matrices (a=0. 5)

¥
Lines| 300 600 1200 2400
Candidate . ' :
1 515 1029 2058 4116
2 414 897 1794 3588
' 3 120 520 | 1280 4560
g 243 405 972 2160 ' :
"B 168 364 896 2128

Table 2. Chip Quantities for Candidate Matrices (a=0. 8)

: m:u 300 600 1200 2400

Candidate ,
1 687 1378 2748 5495
| 2 483 | 1085 2070 4140
' 3 120 520 2280 T 5280
4 324 702 2052 4752
5 196 420 1176 2688
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i In order to develop a tradec parameter to compare ISMTC matrix candidates on a
size and weight basis, it is desirable to adjust the values by the distribution of switch
line capacities expected in field operation, The AN/TTC-39 specification (Reference 4)
provides guidance in this respect. The anticipated distribution of AN/TTC-3C switches
is glven by Table 8. Note that 93 percent of the switches have a capacity of 600 lines
or less, A single figure of merit which may be more indicative of a cendidate's overall
space requirements is a weighted average of the range of switch volumes. This is ob- !
talned for a specifio candidate by multiplying the volume for each line capacity by the !
corresponding percentage of switches (given in Table 3) of that capacity und summing
the results for all switch capacities, These calculations were performed and the re-
sults obtained are shown in Table 4 for all five candidate systems, Average volumes
are given for both 0.5 and 0.8 average trunk occupancy. Table 4 indicates that the
average matrix volume in a typlcal network composed of Candidate 5 1natrices de-
signed to handle 0.6 Erlang traffic loading is 310 cubic inches. This weighted average
for the volume parameter is less than that for any of the other candidates.

2.1,3.2 Power Consumption

A plot of power consumption versus number of lines for the candidate matrices at 0.5

and 0.8 average trunk oocupancy (i.e., Erlangs) is given in Figures 22 and 23, re-
spectively. Calculatione were based on 300-, 600-, 1200- and 2400-line configura-
tions.

‘The power consumption for each of the TD matrices was determined by first tabulat-
ing the number of chips of each type (e.g., RAM, Multiplexer, Shift Register, etc.)
in each candidate, The power dissipation for each chip type was determined by re-
ferring to recent (1973) catalogs for comparable chips. The total power consumption
for each matrix was then calculated by multiplying each chip dissipation by the quan-
tity of chips required and then lummlng the results for all chip types.

The results of the above analysis are projected for 1976 by inultiplying by 0.8. This
0.8 figure is derived from Reference 3 which projects an average 7. 7 percent de-
crease per year in bipolar gate dissipation between 1971 and 1975 and a 3.7 porcent
decrease per year during the 1975 to 1980 time frame,

Power consumption calculations for the space division matrixare based onthe assump-
tion that the crosspoint chips are CMOS integrated circuits and the maximum data
rate is 32 kb/s. CMOS gate power consumption is proportional to frequency. Pres-
ently a typical CMOS gate dissipates approximately 50 uW at 32 kb/s. Of the approx-
imately 800 gates on each 8 x 8 crosspoint chip only & maximum of 32 gates are op-
erating at the 32 kb/s rate, This analysis yields 1.6 mW per chip for 1.0 Erlang
occupation per line. The corresponding figures for 0.5 and 0.8 Erlangs are 0.8 mW/
chip. The maximum number of chips carrying 32 kb/s traffic in the 2400-line space
division switch of Figure 10 is about 560, Thus, the maximum power dissipation
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Table 3. AN/TTC-39 Switch Distribution

Subscriber Loops Percent of Total
and Trunks Switches
1650 1
300 55
600 40
1200 3
2400 1 lE
|
t .
l |
! Table 4. Matrix Tradeoff Parameters (Average for 300 to 2400 Lines) :
3 Cost
Size (in) Weight (Ibs) | (Normalized) | Power (Watts)
' Candidate |a=0.5 |a=).8 |2=0,5 |a=0.8| a=0,5 | a=0. 8 [a=0.5 | a=0. 8
i 1 4046 |6404 | 101 | 136 | 9.0 | 12.0 | 367 | 498
2 730 | 850 18 21 | 2,0 3.6 | 124 157
3 390 430 10 11 1.4 1.6 94 103
4 380 620 10 16 1.2 2.4 78 127
5 310 | 870 8 9 | 1.0 1.2 67 79
|
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anticipated for a 2400-line space divislon matrix due to the CMOS crosspoint chips is
approximately 728 mW (560 x 1, 3 mW),

In addition to the crosspoint chips the space division matrix requires line drivers to
interface the 300-line modules to form a 2400-line matrix. Assuming 75 mW/line
driver and 33, 600 drivers yields about 2, 500 watts ior 2400-line matrix designed to
handle 0.8 Erlang traffic.

An interesting aspect of these curves is that on a power consumption basis the space
division matrix is more competitive relative to the TD candidates in comparison to the
results obtained in the size tradeoff. Although on a weighted average basis the space
division technique is about 5 to 15 times the size of the TD schemes, the power con-
sumption is only 3 to 6 times that required for those systems. It should be noted that
virtually all power consumed in the space division matrix is due to the line drivers

required to interconnect the 300-line modules which are the building blocks for larger

switch sizes. This is because the crosspoint chips are assumed to be fabricated with
CMOS for which the switching power consumption is proportioned to frequency. The
32 kb/s maximum rate required for the digital space division approach results in very
low power requirements. An inherent feature of all space.division arrays is that only
a small fraction of the total number of crosspoints are closed at any time, even for
peak traffic loads., This factor, combined with the CMOS power ccnsumption char-
acteristics, results in an estimated maximum power requirement of less than one watt
for the total number of crosspoints necessary for a 2400-line space division matrix
exclusive of line drivers, Thus, if it were deemed advisable to remove power from
the unused line drivers of the smaller switch configurations, then space division ma-
trices below 1200 lines would be quite competitive from a power consumption point of
view. For example, the power requirement for a 1200-line matrix would be cut in
half by removing power from the unused line drivers.

Figures 22 and 23 indicate that, below the 400-line region, Candidate 3 uses the min-
imum power of all the candidates. For larger switches the best choice from a power
requirement point of view is Candidate 5. Again as for size, an overall tradeoff fig-
ure of merit reflecting the distribution of switch capacities is the weighted averages
of power consumption for each candidate as shown in Table 4, This table indicates
that minimum power consumption results from a switched network composed of Can-
didate 5 type switches.

2.1,3.3 Cost .

Figures 24 and 25 represent the relative costs of the various candidate systems using
certain results obtained in Reference 2, The present costis have been normalized
relative to the least costly matrix (Candidate 3 at 300 lines). It is expected that the
costs of each candidate with respect to one another will not change appreciably in the
near future.
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Agaln Candidate 5 is the least expensive approach for larger systems and Candidate 3
is the most economical for small systems. The weighted average for all system sizes
shown in Table 4 indicates that Candidate 6 requires minimum cost,

2.1.3.4 Summary and Conclusions

Table 5 compares all five candidate systems with respect to various factors, As |
shown, signaling and technical control considerations have little effect upon the choice
of the matrix, In the transmission area the Digital Space Division switch is at a rel-
ative disadvantage since additional multiplex equipment is required to form trunk
groups, The differences with respect to common control are illustrated by listing the
number of data bytes required for a single four-wire call set up for each candidate.
The greater the number of bytes that must be transferred from the processor to the
connection control for all setup, the greater the processing time required. However,
the difference in processor workload for the various candidates due to this data trans-
fer is estimated to be less than 0.1 percent and is, therefore, considered negligible,

TRy e —

The values representing size, weight, power, and cost are weighted averages with
respect to the TRI-TAC switch size distribution given in Table 3. Each weighted ]
average has been normalized by dividing by the minimum value In each of the afore- .
mentioned categories, For example, the power consumption of Candidate 2 at

0.8 Erlangs average trunk occupancy is 2.3 times that of Candidate 5 a'. 0.5 Erlangs.

It is concluded that the choice of a specific matrix type is relatively insensitive to
technical control, transmission, common control, and signaling considerations and
should be selected predominantly on the basis of cost, size, weight, and power require-
ments, If the chosen approach is to be modular accommodating 300 to 2400 lines (as
opposed to different matrix types for different switch sizes) then Table § indicates that
Candidate 5 is the favored choice.

2,2 SWITCH CONTROL

2.2.1 Common Control

In the previous sections various switching techniques have been described. The dis-
cussions thus far have pertained only to the matrix portions of the switch, The matrix
is an array of crosspoints which actually establishes the physical connections between
users and also between common equipment and trunks or lines, An important and
complex aspect of switch design is the control of the switch subsystems which include:
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Matrix

Digit Receiver (DR)

Trunk Send Buffer (TSB)

Trunk Recelve Buffer (TRB)
Conference Bridge (CB)
Supervisory Tone Generator (STG)

Matrix connections are controlled by the processor via the connection control (CC).
For both space and time division arrays the CC serves as the memory for the matrix
in which the status of each crosspoint i8 recorded. In this way the matrix operates
independently of the processcr unless a connection is to be altered. The setup or
release of a connection is iuitiated by the processor by transferring connection data
into the CC. Once this dsta is stored the CC acts to control the matrix in such a way
as to implement the new connection,

The following paragraphs deal with the mechanisms by which the processor controls
items 1 through 6 above. Processor functions and characteristics are described in
detall in Section 5.4.

2.2.1.1 Connection Control

The CC provides the control words to the matrix for switching any channel input to
any channel output, The CC possesses a memory which contains the information
needed to specify all current connections through the matrix, For the most part, the
CC operates independently of computer control. The central processor intercedes
only to change call connections by transmitting new data to the CC memory. It should
be noted that the CC may be segmented and distributed among the basic modules and -
even among the space division crosspoint chips, Thus, although functionally separute,
the CC may physically be an integral part of the matrix.

2.2.1.1.1 Space Division Array Connection Control

The CC memory of the space division array described in paragraph 2.1.1 is the
16 flip flops on each chip shown in Figure 7. Each bit represents the status of one
crosspoint, The status of the crosspoint is changed by clocking a new binary state
into the flip flop.

A blook diagram {llustrating one possible method of space division matrix control is
shown in Figure 26. Each 4 x 4 four-wire matrix ohip requires six control inputs;
four determine the crosspoint, one selects the chip, and one defines the new orosspoint
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status (open or closed), The matrix will be assumed to be a three-stage array, Thus,
in order to establish a path through the matrix three crosspoints must be set, one for
each stage. It is assumed that the three crosspoints will be set sequentially, Three
data bytes (1 byte = 8 bits) are required from the processor in order to set each cross-
point, ’

A possible format for these control words for a 2400-line switch is shown In Figure 27,

Crosspoint
Status

Crosspoint
Stage No. Chip Identification Select /\/

byte No. | byte No.2 byte No.3
X = Not used

Figure 27. Space Division Control Word Format

The first two bytes determine the matrix stage number being operated on and identify
the actual 4 x 4 chip. Note that the thirteen bits used for chip identification have the
capacity to uniquely specify one of 8,192 chips per stage. The unused bit in byte #1
could be used to double this capability, if necessary, The fifteen bits of bytes 1 and
2 are decoded in the CC interface (see Figure 26) which activates one (and only one)
of a possible 24,576 chip select lines (8,192 x 3),

The third vontrol byte (see Figure 27) specifies which of the sixteen crosspoints
within each chip will be selected (4 bits) and the new status of the crosspoint (1 bit),
These five bits are bussed to all crosspoint chips as shown in Figure 26.

2.2,1.1,2 Time Division Array Connection Control

As described in the time division matrix discussion in paragraph 2,1,2.1, the CC may
" be segmented and distributed among the basic modules and stages. The memories
used for this application are semiconductor Random Access Memories (RAMs), Each
RAM is responsible for the control of a single matrir. stage contained on one basic
module. Thus, the size of each RAM is dependent oa the number of matrix termina-
tions per module, the degree of modularization, and the number of stages.

One possible CC implementation i{s shown in Figure 28. The figure shows N RAMs
representing the total CC memory associated with the matrix, Each memory location
within a CC RAM contains a data word which uniquely specifies a connection through
one stage. A counter supplies each RAM with consecutive addresses to be read out,

48




wexdelq ¥OOIF 10400 XIIJBW UOISIAKT W] °82Z dInBrJ

sSng viva

N 318YNT © | 39v4u3iNI Le HOSS3I084
95 |6 Wous

¢ 378VN3

\ J

‘0|
N'ON ¥OM T.| 2o s T | 318VN3

0400 sS.JppY — — |

<
XidlvN Ol




ERE Al I e * o Wi

The counter is allowed to cycle repeatedly, thus causing the RAM to periodically
output its entire contents of control words. Each control word corresponds to one
input highway or time slot, The location of this word within the RAM determines the
output time slot, i

When it is desired to change a call connection, the computer outputs the required
number of control words to the CC interface which stores the information in registers.
This information must specify the RAM identification number, the control word, and
the address within the RAM whore the word is to be stored. The CC interface decodes
the RAM identification number and enables the applicable Write Control Register
(WCR). The address and data words are sent to the WCR via a data buss and stored,
the address on the left and the control data on the right. Next the address contained
within the WCR is presented to the RAM address inputs, Once the ""Write" command
is given, the RAM accepts the new control word from the WCR and stores it in the
specified address. Thus, a new connection has been implemented.

2.2,1.2 Common Equipment
Items 2 through 6 of paragraph 2.2,1 are shared by a large number of lines or trunks

and are referred to as common equipment, Further detalls on the operation of these
devices are contained in Section 5,2,

- e

Each of these items occupy one matrix termination except the Supervisory Tone Gen-
erator (STG) which may occupy a dozen or more depending on the number of different
supervisory signals required, Each signal is connected to a unique termination. A
table relating specific signals and tcrminations can be established in the processor
memory, The processor may provide any of these supervisory signals to any sub-
scriber by merely establishing a matrix connection from the proper STG termination
to the applicable line, Furthermore, the inherent ability of TD switches to make
"one-to-many" connections permits the same tone to be broadcast to any number of
lines simultaneously.

The digit receiver, trunk send buffer, trunk receive buffer, and conference bridge,
unlike the STG, are capable of servicing only one request at a time, Thus, during
heavy traffic service queues may develop for each of these devices resulting in ser-
vice delays, Each of these devices is connected to the corresponding line or trunk
by means of a matrix connection under program control (see Section 5,2 for further
detalls),

2.2.2 Line Load Control

Line load control could be applied automatically as a result of local decisions made
in the ISTMC software. In this case it is called adaptive line load control. The
application is usually moderate in the extent of lines (or calls) denied service and
would be applied in response to gradual overload conditions as detected by the

.
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technical control traffic monitoring routines. Where overload is rapid and excessive,
a more extensive deniel of service to a large number of line groups I8 required and
will be controlled by the Systems Control Node responsible for that tactical area,
This procedure is called drastic line load control, The Systems Control Node can
have available to it a more moderate denial of service through selective line load
control as well as a number of subsidiary techniques to 1imit call duration and dura-
tion of the ringing signal,

2.2,2.1 Adaptive Line Load Control

The adaptive line load control could be achieved by denying service to routine and
perhaps low priority users on a class of service or priority basis. As this is a
random application, all lines in this category will be denied service equally during
overload periods without any one line or group being singled out,

This control would deny service to routine users and the number of denials would in-
crease with the degree of overload. Agaln, this control may be applied only under
overload conditions as determined by the thresholds set in the traffic monitoring soft-
ware routines, This service denial by class and type of service requires a modifica-
tion of the translation tables to indicate the class of service to be denied. This would
be indicated to the common control processor which in turn would deny any request
for service by action of the input dial digit receivers,

Figure 29 shows a functional flow dlagram of the interactions required between the
switch processor and the sensing and control hardware, Following the sequence of
events one through seven as shown on the figure, the processing of the service request
(off-hook signal) would be the same as a normal request up to the translation stage at
which point the class of service would show a service denial and so indicate to the
originating register. The originating register cancels dial tone and forwards a Forced
Service Denial request to the translation program,

In this manner of disposing of the service requests, dial tone is never applied to the
line by the common control call setup routine and, therefore, congestion in the switch
matrix is avoided, In order for the line load control procedure to be adaptive to the
degree of overload, the application of the procedure is automatic and based on logic
inputs from the main traffic load monitor, As overload continues or increases, the
number of classes denied service increases, As the load diminishes, the number of
classes denied service decreases until the normal load is reached as indicated by a
threshold setting contained in software. As shown in Figure 29, it would probably be
advisable to provide a manual entry key to initlate line load control under operator
control. The manual start key may take the form of a commaund generated at the
operator command console,
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2.2.2.2 Drastic Line Load Control

Drastic line load control should be under the command of the Systemn Control Element
based on area-wide traffic data supplied automatically by the ISMTC traffic monitors.
It is invoked under the conditions of rapidly bullding and extensive overload as indi-
cated by excessive call delay and high call arrival rate,

Drastic line 1oad control is applied directly to specific line groups by the manual
action of the local switch operator or automatically by the program intervention of the
ISMTC processor or Communication System Control Element (CSCE) processor. In
either case hook scanner recognition of call requests is denied system users, Drastic
line load control differs from adaptive line load control in that the degree of denial of
gervice is not varied with traffic load conditions, The denial of originating (out-going)
service can be accomplished without restricting the ablility to receive (incoming) calls,

2.2.3 Trunk Barring

Barred trunk access, or trunk load limiting, is a technique whereby certain users of
the network are denied access to the trunking system but are permitted interconnec-
tion to other users homed on the same switch, Barred trunk access can be either
adaptive or fixed, In either case, initiation and/or coordination of the control func-
tion ie required from the CSCE due to the effect on other system nodes resulting from
the disturbance to the internode trunk connectivity. Adaptive control adjusts trunk
barring action to the degree dictated by the network congestion. Fixed trunk barring
schemes generally drastically reduce the number of trunks available to the routine
user in a way which is unresponsive to short term improvements in the congestion
situation and, therefore, is often rveferred to as "ruthless" barring.

2.2.4 Call Limiting

. Other metbods of limiting traffic congestion can be implemented by the System Control .
Element short of the denial of service results from line load control or trunk barring.
These involve processor imposed reptrlotlons on call duration and ringing time.

2.2.4.1 Call Duration Restrictions -

Call duration restrictions can be imposed on lines by class and/or type of service by
the addition of an Automatic Dlsconnect Routine (ADR). This routine times calls ini-
tiated on marked lines and, when the preset interval expires, causes call disconnect,
If this technique is used, it is generally recommended that a warning tone be inserted
on the line shortly before disconnect occurs,




In addition to providing the ADR, modifications are required in the network control
and call disconnect programs, Also, class marking additions have to be built into
either the line termination hardware or the control software.

2.2,4,2 Limited Ringing Duration

Limit control of ringing time can provide some lessening of congestion by decreasing
trunk seizure overbead time. Provision of a timed ringing control routine would
permit the monitoring of each call initiation attempt and provide a forced ringing dis-
connect at the end of the preset timed interval (e.g., one minute), Use of this pro-
cedure can be restricted to routine calls if desirable. This procedure, however,
would have little effect during severe congestion,

2.3 SPECIAL SERVICES

_ Tactical network switching centers are generally required to provide special services
in addition to call connect and disconnect, As & minimum, priority recognition and
preemption are provided, The advent of flexible processor controlled switches per-
mits the introduction of other special services to make the communication system
more responsive to the needs of its users, Some switch services are accomplished
in software, placing an increased load on the processor, while others are accomplished
in hardware, increasing the equipment complexity. An integrated facility supporting
tactical communications for the 1980s should supply the following special services as
a minimum; priority 1ecognition, preemption, conferencing, off-hook (hot-line) ser-
vice, and attendant recall. In addition, consideration should be given to providing
abbreviated or compressed dialing, call transfer, call forwarding, and camp on, The
special service features of interest to the integrated switch/multiplex/technical con-
trol complex are discussed in the following paragraphs,

2.3.1 Precedence and Preemption

A priority (precedence) rating is generally assigned to military users to reflect the
relative importance of their communications, Preemption is the action of interrupting
an established connection between two users of lower priority and reseizing the access
line or trunk when there is no idle circuit available to complete a higher priority call.
The specifications for the TRI-TAC switch (AN/TTC-39) recognizes five levels of
priority for the users of the circuit switch in descending order of precedence as
follows: Flash Override (FO), Flash (F), Immediate (I), Priority (P), and Routine (R).
The DS AUTOVON switches also use a five-level precedence scheme with precedence
designations consistent with those given above. It would be desirable, therefore, for
the integrated facllity to employ a precedence scheme consistent wth the above,

The implementation of the priority and preemption plan must be considered in the
ISMTC design. The awitch actions required are as follows,
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If a user selects his allowable priority or a lower priority, the call setup proceeds in
the normel fashion, If a user is not permitted the call priority requested, the switch
must automatically notify the user that he is not entitled to that priority. Flexibility
would be enhanced by implementing the line priority identification by means of the
stored program approach rather than hardwired, By this means the switch operator
can reassign priority classes through the command console,

Before preemption takes place, a disconuect (preempt) signal must be sent in both
directions to notify the users that they are to be disconnected. The switch must then
disconnect the line from the existing call, connect the higher priority call, and return
an identifiable signal to the disconnected user or users. Generally a busy signal is
sutisfactory for this purpose preceded by a distinctive tone to permit the user to
identify the type of disconnect,

2.3.2 Conference

The ISMTC must provide the capability for both rondom and preset conference calls,
A random, or progressive, conference is based on the technique whereby the con-
ference initiator sequentially dials each desired conferce iato the conference, The
conference initiator generally waits to verify the success or fallure of each conferee
connection before proceeding to dial the next conferee on the vonference list, Gen-
erally, access to the random conference service is obtained by dialing, or keying, an
assigned digit at a predetermined position in the dialing sequence, A preset, or pre-
programmed, conference is initiated by dialing a preset code which is related to a
preset list of conferees; that is, the code is translated into a preprogrammed list of
outgoing codes and the switch automatically establishes a connection to the conferees
associated with the codes.

A major distinction exists between the two in terms of the switch implementation, The
preset conference implies the use of software routines and conferee address tables
stored in the switch, The amount of storage capacity required is a function of the

| number of preset conferences permitted and, therefore, this capability should be
restricted as much as possible, The response time requirement for preset confer-
ence setup would permit the use of auxiliary storage such as drums or discs to store
the address of each conferee, Space aud weight requirements should be considered,
however, before the number of preset conferences are assigned per switch,

Progressive or random conferences are primarily a function of switch hardware
since conference addresses are supplied sequentially by the user or switch operator.
The common control can treat call setup in the manner it does for ordinary calls,
Limitations are imposed by conference bridging hardware.
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2.3.3 Broadcast

Broadcasting provides the means for a calling party to reach a number of predesig-
nated users simultaneously, The broadcast service is similar to the random and pre-
set conference with the exception that transmission is one way, i.e., unidirectional
from broadcast originator to the called parties. The impaot on the switch and its
storage requirements is similar to that discussed in the conferencing paragraph
above. Tactical requirements usually place greater emphasis on the preset broad-
cast capability to handle rapid command dissemination to the affected echelons, As

a result, response requirements in some cases will be more severe than the con-
ferencing requirement, ¢

2.3.4 Abbreviated Dialing

Abbreviated dialing, or keying, consists of making speclal arcangemerts to place
calls to a number of predetermined address2s by dialing a two- or three-digit code.
The two- or three-digit code is translated in the switch processor to the full address.
The switch processor stores the full address required to establish the interswitch
call and, therefore, the load on the processor is a function of how many users are
permitted to use the abbreviated dialing procedure, Naturally this procedure should
be limited to those users requiring rapid emergency response,

Repertory dialers can be used if the requirement for spead is not essentlal but

rather the ability to remember the number of the called party. In ‘bis case the equip-
ment complexity 18 moved from the switch to the user's end instrument, Both me-
chanical and electrical repertory dialers are available to serve this function. Me-
chanical dialers are usually achieved by insertion of a prepunched card while elec-
trical dialers generally have magnetic memories,

2.3.5 Call Transfer

This service provides the user with the capability to transfer an incoming call to
another directory number. When an incoming call is answerad by the called party,
that party is able, by switch hook or button operation, to place the existing call on
hold and obtain connection to a register. A new number is then dialed and the party
on hold is automatically transferred to the = 3w number when the transferring party
goes on hook, This is basically implemented in hardware with little impact cn the
stored program,

2.3.6 Call Forwarding

with this service a user can have all incoming calls automatically transferred tempo-
rarily to a different telephone by dialing a unique code followed by the number to which
he wishes his calls transferred. The information he dials in is used to update the
directory table to permit connection to the new location, This condition exists until

56




| amadiad

the reverse transfer is made. This service has more impact on the processor portion
of the switch than does call transfer, since software changes to the user-line address
table must be performed in response to the user's request. The hook scanning routine
is required to recognize a call forwarding request and notify the operating program
which in turn is required to call upon a special application program which alters the
user-line address table,

2.3.7 Hot-Line Service

Hot-line service can be provided on bnth full period and demand basis, On the demand
basis, when the hot-line is not being used, the trunking is used for lower precedence

traffic, If a hot-line subscriber uses the same instrument for hot-line calls as that for

conventional calls, the service request must be accompanied by a special off-hook
signal denoting request of the hot-line. The switch then immediately establishes the

_call to the previously stored number. The automatic sole-user call setup routine can

preempt all other calls to assure virtual hot-line service. The call setup delay can
be well under one secord and, therefore, appear to be negligible to the user, An ad-
vantage to this approack is that the ""dedicated" hot-line has the full alternate routing
and restoral capability of the switched network and is monitored by the technical con=-
trol portion of the node,

Full period hot-line service requires a permanently established connection, It is
recommended that the ISMTC handle this on a wired-through basis but with the user
line terminated on the TDS/TDM matrix to obtain the advantage of the technical con=
trol rearrangement, fault, and quality monitoring routines,

2.3.8 Camp On

The camp-on service eliminates the need for a calling user to redial the called party
if the called party is presently busy; that is, the calling party can remain off hook and
wait until the called party goes on hook. When this occurs, the switch automatically
completes the connection, Implementation of this feature is not difficult from a hard-
ware and software standpoint, but has a serious network disadvantage for interswitch
calls, The originating and intermediate switches will be required to seize trunk and
matrix connections in anticipation of eventual call setup, During busy conditions this
offers a subastantial phantom traffic load to the system, TFor this reason, camp-on
capability is generally not implemented in switched networks, Camp on can have
utility as a user service for intraswitch calls and for interswitch calls if procedural
arrangements are programmed into the processor to prezmpt camp-on calls for all
other call requests,




3.0 MULTIPLEXING/DEMULTIPLEXING

A major objective of this study is the incorporation of the multiplex function into the
switch as an integral part, or as distinct elements, of an integrated design. The ad-

vantages of such «n approach include:

1. Simplification of fault and quality monitoring.

2, Decreased size, weight, and power requirements.

3. Simplifiec field setup (cabling, interconnections).
An important consideration in the switch/multiplex design is that a sufficiently high
degree of flexibility be maintained to accommodate the required range of trunk group-
ings. Although the precise trunk group sizes have not as yet been specified for the
19808, a design approach is presented in the following paragraphs which will likely
provide the desired flexibility. ¥

3.1 MULTIPLEXING TECHNIQUES

3.1.1 Frequency (Space) Division Multiplex

In frequency division multiplex systems, each channel of the system is assigned a
unique portion of the frequency spectrum. The total amount of handwidth required
per channel is dependent upon the type of modulation plan used 0 place each channel
into its assigned portion of the frequency spectrum. There are basically three types
of modulatior plans used in FDM systems. They are:

o Single Sideband, Suppressed Carrier (SSB-SC)
e  Double Sideband, Emitted Carrier (DSB-EC)
® Double Sideband, Suppressed Carrier (DSB-SC)

There are specific applications where one type of modulation is already preferable to
the others, not so much from a performance standpoint but from an economic point of
view. For example, when considering the cost of multiplex equipment alone, the cost
of the SSB-SC modulation systems is higher than that of the other two. This is pri-
marily due to the cost of the additional filtering required to remove the unwanted side-
band and carrier. However, for this additional cost, voice frequency channels can
be placed adjacent to each other, each occupying 4 kHz of the frequency spectrum.
When the number of channels involved is large or where the transmission path is long,
the additional cost of the terminal equipment is more than offset by a fuller utilization
of the bandwidth available in the transmission path. For example, in a radio path
having a baseband bandwidth of 2, 5 MHz, 600 SSB-SC channels can be accommodated.
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This same radio facility could accommodate only 300 DSB channels. As a result
SSB-SC has become the predominant method of frequency division multiplexing.

The same basic considerations as outlined above will apply to a coaxial cable system
where the cost of the cable and the associated repeaters forming the transmission
path may be significantly larger than that of the terminal equipment.

Double sideband, emitted carrier, provides the least expensive circuitry on a per
channel basis. Transmitting the carrier on each channel has the disadvantage that
the repeater is called upon to handle a larger amount of power. This disadvantage
is somewhat alleviated with the DSB-SC method, but at the expense of complicating
the terminal equipment since means myst be devised to recover (re-insert) the car-
rier at the receiver. The DSB-EC and DSB-SC approaches are very seldom used in
modern multichannel FDM design.

It should be noted that existing FDM equipment was designed primarily for oputimum
transmission of voice frequency signals. Since voice and data signals differ appre-
ciably, digital transmission via FDM is far from optimum. In addition, FDM does
not permit functional integration with the switch as does a TDM/TDS approach (i.e.,
switch and multiplex in one equipment unit), Also, advances in LSI circuitry favor
the digital or time division techniques to achieve cost, size, and weight advantages.
Thus, FDM is not recommended for ISMTC applications.

3.1.2 Time Division Multiplex

Time Division Multiplex (TDM) is a technique used in transmitting two or more digi-
tal signals over a common path by using different time intervals for different signals.
When TDM is applied to digital communications systems, data bits from different
users are interspersed in time and transmitted sequentially over the same data com-
munication channel. In other words, the communications channel is "time shared"
by the users. In operation, the TDM equipment sequentially scans (samples) each
incoming line and simultaneously connects the l