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SECTION 1

SOFTWARE COMPONENTS OF A CPS

1.0 INTRODUCTION

It is tempting to recommend a single , simplistic approach
to the reduction of software costs , such as “higher level langu-
ages” , “modular software ” , “reentrant code” , “decision tables” ,
or some such other nonsense . Any such single minded panacea is
doomed to failure since it presumes that all the software compo-
nents of a communication system are similar and amenable to the
same kind of treatment. In fact , the software components of a
Communication Processing System (CPS) represent a diversity as
wide as the entire software field. One would not recommend
“decision tables” , say for equal application to the construction
of a matrix inversion program , a payroll program , and an oper-
ating system .

The point of view taken here is not to search for a non-
existent strategy (in the game theoretic sense) but for a mixed
strategy of manifold components , each applied in the proper
proportion to the particular kind of communication software
being written. The purpose of this section is to establish
software categories that are distinguished from the point of
view of the tools that are best suited to their construction .
The following categories are convenient :

(1) On-line , high execution probability software .

(2) On-line , low execution probability software . S

(3) Critical on—line software .

(4) Critical off—line software .

(5) Non—critical off-line software .

(6) Configuration generation software . -

(7) System performance monitor software .

(8) System analysis tools.

(9) Software development tools.

1.1 On-Line, High Execution Probability Software

What is actually meant here , is that software in which the
product of the probability of execution and the resources used
by the programs is a significan t fraction of the total resources
of the system. Such software , must , for the present , be pro-
grammed in machine language . Therefore , the emphasis must be on
creating common software and the use of software development
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tools that will alleviate the programming costs. Approximately
40~T—5O~ of the  o n — l i . n e  so f t w a r e  of a CPS f a l l s  i n t o  t h i s  cate-
gory . This comprises , perhaps , 25% of the total software as-
sociated with a communication system .

1.2 On-Line, Low Execution Probability Software

This is on—line software which , desp ite lar ge size , has a
low execut ion probability and does not there fore statistically
contr ibute significantly to the utilization of resources. Ex-
ample s of th is k ind of sof tware  are :

(1) Operator command interpretation and execution .

(2) Traff ic and system management functions.

(3) On—l ine table changes.

(4) On—l ine report generation.

Such so f tware  could , w i t h  l i t t l e  sacr i f ice , be wr it t en  in
a hi gher leve l language . In many systems , these programs are
surged , mean ing tha t  some degree of in e f f ic iency has already
been accepted . This category comprises some 30% to 40% of the
on-l ine programs .

1.3 Critical On—Line Software

This is software which may or may not have a high execution
probab i l i t y  or may or may not be s ta t ist ica l ly  sign i f icant , but
wh ich require a lot of timeliness when they are executed. Typ-
ical examples are :

(1) Emergency resources management (overflow). 
S

(2) System recovery funct ions.

( 3 ) T r a f f ic recovery .
(4) Other emergency processing modes.

These must be treated as the high probability on-line soft—
ware .  Perhaps 5~- to l0~ of the on—l ine software falls into this
category .

1.4 Critical 0ff—Line Sof t w a r e

This is a relatively small category . Off—line software ,
with critical timeliness requirements , should probably have
been rn~ chanized on—line.

1.5 N ii—Cr itical Off—Line Software

This is a grab bag of off— line software not discussed else-
where. It can and should be programmed in a higher level
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language .

1.6 C o n f i g u r a t i o n  G e n e r a t i o n  So f twa re

Ther e are two p r i m a r y  e l emen t s  to t h i s  group : t he  conf igu -
rator and the table generator. The confi gurator establishes the
prog ram parameter  values  for  the par t icular  si te , given the
c h a r a c t e rist ics of the  s i te hardware . I t  a l so  pe r f o r ms rou t ine
resource analysis to see to it that the site has what it re-
quires . The table generator is a form of a higher leve l langu-
age processor which takes the source table information and con-
verts it to the object tables. Both of these could and should
be mos t ly  si te inde pendent  and programmed in a h igher level
lan guage.

1.7 System Performance  Mon itor  Sof tware

Here , a distinction must be made between on-line perfor-
mance mon itor ing and performance mon itor ing unde r test cond it ions.
Sophisticated on—line performance monitoring cannot be done since
it tends to cut into the systems performance . That is , signifi-
cant art ifact is introduced if the performance monitor consumes
more than a small percentage of the resources . On-line perfor-
mance moni tors  would tend to be thorou ghly inte gra ted into  the
on-l ine high execution probability software . There fore , it
would be written in machine language and it is programming tools
that matter.

Test cond it ion performance mon itor tools can be a l lowed
more arti fact. However , since the programs bein g measured are
close to resources (in the sense that they manipulate and al-
locate resources) it is not likely that the uncertainty and
excessive processing introduced by a higher leve l language would
be tolerated. If the performance monitor tool is of a general
type (e.g. , a trace), then , since it will be written only once ,
the means by which it is constructed is not important.

1.8 System Analysis Tools

This category of programs need never be executed at the
s i te , either on or off—line. This software can be made com-
pletely independent and need never be rewritten. A higher level
lan guage wi l l  s u ff i c e  for  such tools.  Part of th e problem has
been that such tools have not always been available , or have had
to be wr itten from scratch for each application.

1.9 Software Development Tools

This is probably the most important category . All language
processors , traces , dumps , f l o w c h a r t e r s , library utilities ,
etc .  , are included in this area. Again , it is not how these
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programs are developed that matters , but the availability of
such programs in order to reduce the cost of developing the
operational and support software . This package is again appli-
cation independent and can be (but would not usually be) written
in a higher level language .

1.10 Summary

The first part of the grand strategy , then , that of
writing less software is directly applicable to the off—line
software , the support software , and the non—critical on—line
software , as well as the list of potential common routines.

The second part of the grand strategy , that of making
software easier to write , is applicable to the remainder and
the bulk of the on—line software .

2.0 SOFTWARE WRITING

2.1 General

Considering the entire software activity, from analysis to
coding , through testing , and maintenance , it is found that the
following strategies will contribute to making software easier
to write:

(1) Reduce source bugs.

(2) Find bugs faster.

(3) Localize the bugs when detected.

(4) Make inter—programmer communications easier .

(5) Make standards easier to define , follow , and enforce .

(6) Automatic analysis.

(7) Automate documentation .

(8) Automate test data generation .

(9) Automate test design .

(10) Automate testing.

(11) Make bugs easier to catch.

(12) Make it easier to patch.

(13) Reduce source bugs.

2.2 Available Tactics In Reducing Software Costs

The following tactics have been employed in the past to re-
duce software development costs. None of the items are wholly
new , but their interworking is. Furthermore , while these have
been around , they have not , generally, been available to the
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designers of switching systems , who for the most part have had
to work in a programming environment that has not , until recently,
changed significantly from the days of CONUS AUTODIN.

2.2.1 Higher Level Lan~uages

The usual way one starts off a discussion of the role of
higher level languages in communications , (or for that matter ,
in any other specialized application area), is with a long dia-
tribe on why the existing 358 languages are not suited to the
task . Having done this , it is followed up with a specification
of desirable technical features , which is in turn followed by a
formal syntactic definition of the language . What we have at the
end , is language 359, which will be partially implemented on an
experimental basis , but which will be largely ignored by the very
community it was intended to serve . This will be blamed on the
recalcitrance of programmers in general , poor presentation of the
language at the local computer conference , and most important ,
a bad implementation . A year later , another group , attacking
the same problem will make equally nasty comments about language
359 in order to justify the construction of language 360.

That ’s the way its been and there is no reason to believe
that this specification , (if it were to be done in the above
manner), would be singularly more successful . Why has it gone
this way in the past? It is, perhaps, that the wrong things have
been expected or that the wrong questions were asked. What should
be expected of a higher level language?

(1) Universality — its usage is widespread. It is an ac-
cepted language with lots of practitioners .

(2) The language lowers the programmer ’s training require-
ments , thereby increasing the base of available pro-
grammers.

(3) Simplifies the definition and manipulation of files .

(4) Simplifies the creation of reports.

(5) Simplifies the creation of algorithms and processes.

(6) Allows the construction of a library of structures.

(7) Takes care of other routine details.

(8) Checks source syntax errors - provides default values
for ambiguities in the source code .

(9) Is machine independent — transportable.
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While no one language has all of these features to the
desired degree , many languages do have most of these capabilities.
However , some languages are more suited to some areas than others .
The following list is instructive :

(1) COBOL — Report writing, file structures , universal ,
tape and disc I/O.

(2) FORTRAN - Universal , machine independent , processing
and algorithm building, large library .

(3) MARK-TV (Informatics proprietary program). Report
generator.

( 4 )  CODASYL DDL/DML - Not yet implemented , excellent data
structure definition and management. Fancy file
manipulation .

(5) PL— l - Probably the best all around compromise ,
lacking only universality and acceptance .

What it comes down to , is that if the object code inef-
ficiencies of higher level languages are accepted , there is
probably more to be gained by using existing popular languages ,
or modification s of them , than b.,’ attempting to promulgate a
specialized language whose usage will be even more restricted
than assembly language . Furthermore , it is probable that much
of what is gained out of a higher level language can be more
effectively obtained by other means - e.g., by a good assembler.
This is not to say that higher level languages have no place in
communications , but that the focus on higher level languages to
implement specialized functions may prevent the development of
other tools which could be more cost effective . It Is, perhaps ,
more advantageous to have these tools fully exploited first and
thereby gain more experience as to what might be desirable in a
higher level communication language , and also , to try using
existing languages for those functions to which they are suited .
Only then , if a new language is still required , go into its
construction.

2.2.2 Lower Level Languages

The assembler has been , for the most part , the orphan child
of the software package . Since most applications in a commercial
computer line are not programmed in assembly language , and since
most assembly language programmers are used to having it tough ,
assemblers have changed but little since the days of AUTOCODER
(UNIVAC-I). The assembler is probably the most neglected tool
in the programmer ’s kit bag . In many cases , it lacks even the
most primitive diagnostic facilities . The crudity of the as-
sembler is probably a major contributor to the fact that assembly
language programming is difficult. The following is a list of
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features deemed desirable in an assembler for communication
language software. Most of the features are not new or unique
and most of the features have appeared in one or more assemblers.
Unfortunately, the entire package , or something like it , has not
always been available.

(1) Assembler controls.

(2) Cross reference lists and their closures .

(3) Data element definitions and labels.
(4) Independently assembled subroutines.

(5) Macro call and macro define capabilities .

(6) Local and global labels.

(7) Subroutine call and definition .

(8) Generator call and definition .

(9) Absolute , relative , and relocatable addressing.

(10) Common .

(11) Integration with other software packages.

(12) Protection and restrictions specifications.

2.2.3 Flow Charter

2.2.3.1 General

A flow charter is a program which uses a combination of
source program syntax analysis and cues provided by the programmer ,
also as part of the source code and uses this information to pro-
duce a flow chart of the program . The flow charter is not infal-
lible and cannot represent everything that is coded , but for that
matter neither can a human flow charter. Flow charter programs
were originally produced primarily as an aid to documentation .
In man y cases, flow charters have been abused by using them to
generate the only flow charts ever produced for the project.
That is , the code is used to generate the flow charts rather than
vice versa. The true purpose of the flow charter is to maintain
the flow charts current with the inevitable modifications of the
programs . Initial design flow charts are produced as usual .
These are replaced when coding is done , by the flow chart pro-
duced by the flowcharter. As program modifications are made , the
flow charter is re—run . It eliminates or reduces discrepancies
between the code and the flow charts , and equally important ,
eliminates a discouraging period after the project is all over ,
in which programmer-s must spend many hours updating the final
documen tat ion .

2.2.3.2 General Facilities of Flow Charter

The flow charter considered for this software system is
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a package which is wholly integrated with the assembler , and in
fact , may be considered to be part of it. It is also integrated
with the timing analyzer and the test organizer described below .

A one—for—one flow charter is useless. It requires too
much effort on the part of the programmer and gives him an overly
detailed representation . In all , he would rather examine the
source code than look at that kind of flow chart. Therefore , a
many-for-one flow charter is needed . There is a basic question
in the design of a flow charter - how smart should it be. In
higher level languages , because of the rigid syntax and stratifi-
cation of the language , it is possible to build reasonably smart
flow charters which require very little in the way of cues from
the programmer. However , in assembly language , in which indexed ,
indirect operations , execute instructions , and other forms of
address modification can take place, It is impossible to guarantee
the development of the proper flow on the basis of the source
code alone. It is never really clear where a jump is going to ,
and in fact , many of the processes as coded cannot be represented
directly in a flow chart form. Accordingly, the overwhelming
majority of the direction of the flow to the flow charter should
be given by the programmer. The following facilities are deemed
desirable.

(1)  Two levels of flow charting specifiable — detailed
and general .

(2) Definition of processes that span more than one
instruction , or possibly jump instructions as well.

(3) Option to automatically include all macro , sub-
routine , and generator calls (one level only), or
to delete such calls and imbed them within a pro—
cess , if desired.

(4) Insertion of all labels which are targets of jump
instruct ions.

(5) Ability to define and flow chart jump tables .

(6) Automatic generation of page connectors.

2.2.3.3 Integration with Other Packages

The flow charter outputs include diagnostic in format ion
regarding the topology of the program not available from assem-
bler outputs  alone . In addition , the f low charter can be used to
produce a representation of the program based on connected nodes
and spanning links — that is , a graph theoretic description of
the program. This output is extremely useful. It forms the
basis for automating a timing analysis model and is also the
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basis for a model which  wi l l  be used by the test data generation
package .

2.2.4 Structural Test Generator

2.2.4.1 Definition of Structural Test Generator

A distinction Is made between two kinds of tests —

structural and functional. In a structural test , the emphasis
is on the program and its logic , but not on what it does in terms
of switching functions. In a functional test , the emphasis is
completely func t iona l , and is independent of the way the program
has been implemented. While there is a degree of overlap between
these two , there are enough differences to warrant different ap-
proaches. Structural testing is that which is mostly done by the
programmers. Functional testing is that which is mostly done by
the end user - e.g. , an acceptance test .

2.2.4.2 Definition of 100% Testing

The universal employment of 100% testing is advocated .
What this means is that every instruction in the program will
have been executed at least once , and that every conditional
branch wil l  have been t aken at least once in every possible
direction . Given the topological description of the program ,
that  is , its f low chart , obta ining a minimum sized 100% test is
a straight-forward task. The process begins at the program en-
trance and finds the shortest path to the exit. Any decisions
along the way are noted and data must be prepared that will con-
dition the decision so triat the indicated path is taken . It then
starts again at the entrance and f inds  the next shortest path.
Some of the data on this  path may coincide wi th  data of the pre-
vious path , so that only that information required to condition
the decisions to the  new path must be provided. The process is
continued in this  manner , t racing paths and supplying condit ioning
data and output information , unt il every instruct ion in the pro-
gram has been accounted for.

This is substantially the procedure used today in the
design of large scale real—time systems. However , in practice ,
paths are missed , redundan t testing is done an d good records are
not kept.

2 . 2 . 4 . 3  Extent of E f fo r t  Required

It can be shown tha t testing comprises approx imately
50% of the e f fo r t . Consider now two aspects of t e s t ing ;  set t ing
up the tests (phase 1) and executing the test , f i nding the bugs ,
correcting them , and r e—runn ing  the test (phase 2 ) .  It is found
that  phase 1 comprises , in general , some 75% of the tes t e f fo r t ,
while  phase 2 requires 25% of the e f fo r t . The e f f o r t  then ,
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should be on the generation of the tests and not the execution
and removal of bugs .

2.2.4.4 Automation of Structural Testing

The topological model output produced as a by-product
of the flow charter contains all the information required to
trace and sensitize test paths . The process of extracting the
test data and the predicted results can be automated through an
interact ive program . Set t ing up test run f i l es  and comparison
of output data can be automated completely. In addition , the
ma intenance of the test data f i l e s , and the ed i t ing  thereof re-
quire facilities already present in most commercial time-sharing
systems.

2 . 2 . 4 . 5 The Structural  Test Package in Operation

The completion of assembly for a given un i t  and the
generat ion of the flow chart is the point at which the structura l
test package can be invoked . The uni t  is examined to determine
all required precondition data. That is , that  data which is con-
tained in the calling sequence or in common , which must be speci-
fied for the program to be run. The first sensitized path is
chosen and the flow chart comments associated with the decisions
on that  pat h are pr in ted out , along with a request to specify
the variable names for which values must be given . A check is
made to see if all unbounde d variables have been bound . Values
for all inputs are requested and a f i l e  is constructed for  the
input  values. A request is made for names of output variables
and the values which are to be associated wi th  the given test.
However , for the next test , a new f i l e  is created and only those
input values which have changed as a result of the new test path
are requested . Similarly , another output f i l e  is created. As
the test generation continues , less and less explici t  inputs are
required since more and more parameters and values are carried
over from previous tests. When the entire set of paths have been
traced , the test specification phase has been f in i shed .

The user can then cal l for an automat ic run or can
direct the test system to a part icular  test.  During an automatic
run , each test wi l l  be performed in sequence , using the appro-
priate data file. Any discrepancy between the supplied output
and the actual output will indicate a test failure and cause a
hold.  The programmer can then either cont inue wi th  the  sequence ,
rerun the test , obtain other outputs, edit the program , etc.
Af te r  a round of debugging, using trace f ac i l i t i e s  or whatever
is appropriate , the ent i re  test sequence can be rerun . Simple

4 checks are made to see to It that  the topology has not changed.
If  it has , part of the test generation procedure mus t be redone.
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2 . 2 . 4 . 6  Advantages

The primary advantage is a guarantee of 100% testing.
But , there are additional advantages which cannot be obtained
without such a package . Typically , today even when 100% testing
is used , a f t e r  a bug is found , the en t i re  test procedure is not
rerun from the top. While this can often be done with safety,
no small number of bugs remain which could have been caught had
the entire test been rerun . This is particularly the case with
the integration of several units , where it is too costly to go
back to the lower levels even though a change has been made in
the unit as a result of a detected interunit bug . Automation of
testing and test design will allow the complete rerun to be per-
formed. The net effect would be not only to substantially reduce
the effort required to perform the level of testing being done
today , but to significantly improve that level as well , at little
or no additional human cost.

2.2.5 Functional Test Package

2.2.5.1 General

The functional test package is used to generate the core
of a formal acceptance test. The point of view here, unlike that
of the structural test package which is internal (based on the
flow chart topology) and is heavily implementation dependent , the
functional test is external , functionally oriented , and for the
most part , is implementation independent. There is no single ,
comprehensive package that can be used to generate the numerous
functional tests which comprise a complete system shakedown .
There are , however , a number of areas in which the labor content
of specifying and executing a comprehensive functional test can
be significantly reduced .

2.2.5.2 Scope of Functional Testing

Functional testing, as distinct from unit testing and
system testing, is epitomized when done by a formal acceptance
test . Acceptance test plans and their execution , for a typical
switching system require several man years of effort. A simple
commercial switching system test plan could be devised in less
than a man year . The total labor content (including vendor ,
programmers , eva luators , rev iews , etc.), for the design , review ,
and execution of a formal acceptance test plan , for a large
scale military system, is of the order of 10 to 15 man years.
Often , this effort is so diffused among designers , evaluators,
installers , or carried as part of design or monitoring, that it
is difficult to pin the expenses down . In any case , it is a
large item worthy of some investment to reduce labor costs.

2.2.5.3 Component Elements
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2.2.5.3.1 Format Generator

No small part of message switch processing is con-
cerned with checking and converting formats. There are the ob-
vious header formats and routing indicator formats. However ,
there are other formats  tha t  are not usually recognized as such ,
but nevertheless require extensive programming. These include
operator commands , t r a f f i c  service commands , table generator
input formats , retrieval requests and the like . Two cases must
be considered in setting up the test for formats — val id  and in--
valid cases. The system must pass and properly execute action
on the receipt of valid messages and commands. Similarly, the
system must reject and/or correct or properly dispose of errored
formats. In all , the format tests (both valid and invalid) while
being the easiest part of the test to write , are the most labor-
ious and time-consuming. Almost half of the documentation and
the executed tests consist of format related tests.

A format generator , given the formal syntactic rules
that  def ine  a format , would generate character s tr ings corre-
sponding to every valid format combination , and character strings
corresponding to the most likely invalid formats. Since the
invalid formats are infinite in number , only a restricted set can
be produced. Every single error should be generated. If the
format generator is available , it should be possible to go on to
the analysis of error pairs wi th in  the same format .

Most of these same arguments and comments hold for
classmark generation and checking in circuit  swi tching systems .
For this reason , a classmark generator is recommended as well.

2 . 2 . 5 . 3 . 2  T ra f f i c  Generator

There are three generic conditions or kinds of t r a f f i c
which must be generated in a test; test traffic , background
t r a f f i c , and load.

Test t r a f f i c  is used to test specific capabili t ies of
the system . In general , test traffic is peculiar to the system
and mus t be hand—craf t ed .  I t  is a lot of t r a f f i c , but since the
bulk of the e f f o r t  is deciding what traffic is to be run , the
opportuni t ies  for automation are minimal .

Background t r a f f i c  is t r a f f i c  which is kept runn ing
throughout the test. The in tent  of background t r a f f i c  is to show
that  the system performs its funct ions  while  simultaneously run-
ning a background of representative t r a f f i c .  This is not a dif-
ficult set of traffic to devise and would not benefit signifi-
cantly from automation.

Load t r a f f i c  is used to del iberately attempt to break
the system down : or , at least , to test the system ’s defenses
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against higher than design loads . In general , this is a large
amount of representat ive t r a f f i c , which should and could be auto-
mated. Running the same message or set of calls through is not
sa fe .  Each message or call  must be s e l f — i d e n t i f y i n g  and un ique :
otherwise , lost t r a f f i c , garbled t r a f f i c , and the like wi l l  not
be readi ly  i d e n t i f i e d . The s ig n i f i c a n t  ident i f y i n g  data is
usually carried in the text of the message or in the distinction
of the ca l l .  The load t r a f f i c  generator would produce coded
sources of t r a f f i c  in the desired quan t i t i e s , in a form suitable
for  in t roduct ion into the switch .

2.2.5.3.3 Traffic Simulator

Much of the system cannot be tested without  a simulator
that is used to present valid and errored traffic to the system .
Consider the problem of tes t ing a channel  coordinat ion procedure .
A pair  of lines are cross—patched and t r a f f i c  is introduced , say
from a retrieval file or an intercept file. The message goes
through properly , supposedly proving the validity of the pro-
cedure . All that this has proved is that the right hand of the
procedure knew what the lef t  hand of the procedure was doing.
It does not prove the validity of the procedure , only its self-
consistency .

As a step up in proving a channel coordination pro-
cedure , live testing might be used with an already proven user
of that  procedure. The messages go out in both direct ions and
are received without error. We have proven the normal path of
the procedure , but not the tougher and fa r  larger set of error
condition paths . To test these , errored traffic or errored re-
sponses must be simulated to the procedure. Since the other side
of the in ter face  is that  of a working system , forc ing  it to
create errored responses w i l l  require a patch - something that
the operators of a working system are highly  re luctant  to do. A
traffic simulator could do this job.

The problem of providing a proper load to a switching
system has also always been a problem . Most o f ten  i t  has been
done by some kind of cross—patching or loop—patching of inputs
in to  outputs .  While  th is  creates a load , i t .  is unreal is t ic .
The load tends to be synchronized ; th is  is a s ta t is t ica l ly  harsh
situation which often requires program patches to correct (de-
creasing the reality of the test). Input and output cannot be
balanced as in a real situation , or else overflow will quickly
resul t .  Errored t r a f f i c  cannot be sent or created.

For these reasons , a t r a f f i c  simulator can be an ef-
fective tool in performing system functional testing. The simu—
lator does not require addit ional  or d i f f e r en t  hardware . It can
typica l ly  be run in a minimal  configurat ion of the same hardware
being used to implement the switch. The simulator does not re-
quire the same elaborate accountability and protection features.
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Furthermore , recovery from hardware faults is not necessary . The
simulator , then becomes a software package to be implemented
using the switching hardware .

2.2.5.3.4 Test Administration Package

No small part of the effort involved in producing a
comprehensive , formal acceptance test , is the generation of a
formal acceptance test plan . The test plan contains the complete
documentation of the tests , indicating the nature of the test , a
narrative description thereof , a complete specification of input
traffic , operator actions , scenario components , etc., and a com-
plete specification of every aspect of the system ’s behavior in
response to the test , expected outputs , etc. Also included in
the test plan are various message cross reference indexes , line
indexes , test tables , call tables , etc. In all , the test plan
document is of the order of 1500 to 3000 pages of text. Ap-
proximately 30% of the total manpower involved in creating this
test is the administration and correction of the test plan docu-
ment. Long before the formal test has been run , the test plan
has been executed , piece by piece , in a series of dry runs .  The
test plan is as complex as any piece of software and must also

- be debugged. Most of the bugs that  wil l  be caught through the
formal  runn ing  of the test are caught as a result  of des igning
the test and d r y — r u n n i n g  i t .  Errors f a l l  in to  the  fo l lowing
categories :

(1) Errors in the specification. The specification
will be corrected , the programs changed , and
the acceptance test plan modified.

(2) Errors and doctrinal misunderstandings in the
operation of the system . The manuals will be
clarified , the test plan narratives will be ex-
panded.

(3 )  Program bugs. The bugs w i l l  be corrected , the
test plan may be modified as a resu1t.

(4) Test plan errors of unders tanding.  That is ,
testing of a non—existent feature. The test
pla n w i l l  be modi f i ed .

(5) Doctr inal  errors in the execution of the test
plan . Test plan documentat ion w i l l  be revised.

(6) Test table bugs. Test tables will be modified ,
test plan documentation will be modified.

It is found that the test plan documentation is sub-
ject to as much , if not more , modification than is the system
documentation . If that documentation were maintained on—line

VI—l4



and could be edited by the originator of the change , much as pro-
grams are edited under the general documentation package (see
below), a considerable amount of man power could be saved.

2.2.6 Model Builder Package

2.2.6.1 General

The continual development of new computer controlled
communication systems , and the continual enhancement of existing
systems implies , in addition to new code , new analyses of per-
formance . This is an ongoing activity which is usually thoroughly
integrated with the design and development activity. Comprehen-
sive models of systems have not generally been done in the past.
When done , they have generally been done from scratch for each
new project , independent of the analytical effort that may have
taken place on a similar or almost identical system based on the
same machine. The problem is the same for the analytical area
as it is for the software area. That is , the same barriers that
exist to common software are operative in preventing common
analytical efforts. Given modular software and given a solution
to the software commonality problem , the possibility of common
analysis emerges.

The thrust of the analytical approach proposed here , is
to eliminate the bulk of it by creating a model building and
maintenance facility, which is totally integrated into the soft-
ware development activity so that common software will automati-
cally result in common models for that software .

2.2.6.2 Use of the Model

An analytical model , if sufficiently comprehensive , is
an indispensible management tool for deploying multiple systems
based on the same hardware and software. Assume that a hardware!
software package of the proper type has been created and the
relatively mundane problem of doing site surveys and implementa-
tion of , say , a hundred sites must be performed. No two sites
are alike . The traffic picture is different , the line structure
is different , and the mix of operational requirements differ ,
even if the software is identical. Furthermore , it is not likely
that all special features will be eliminated by fiat — it can be
expected that certain minor differences from site to site , or
from user agency to user agency , will, exist .

The analytical problem to be faced is that of deter-
mining what resources are required to handle the traffic at each
of a hundred sites . That is , how much core , how much mass
memory , what channels , devices , etc.- It is desirable to obtain
a working configuration which neither over—buys nor is exces-
sively restricted in terms of future growth. A typical analysis
of the type required entails an effort of some two man years .
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The i n d i v i d u a l s  i n v o l v e d  mus t  be thoroughly familiar with the
detai ls of the hardware , t h e software and the application : in
sho r t , t h e y  mus t have  been part of the ori ginal design team .
T h i s  is the  way i t  is done t r a d i t i o n a l l y .

It  is t o t a l l y  u n r e a l i s t i c  to assume t h a t  i t  w i l l  be
possible to obtain and maintain a staff sufficient to the purpose .
Anal ytical automation is essential. That automation is most
read ily provided in the form of a comprehensive mathematical
model , or rather , a l ibrary  of mode l compon en ts wh i ch can be
integrated , optimized , etc . , before deployment so as to obtain
an effectual system . This is the predominant Use of the mathe-
matical model.

The secondary  use of the model is in the management  of
i nd iv idual  sites to determ ine the best wa y in wh ich to meet the
predi cted or actual traffic growth. The traffic processed by the
opera t i onal  s i t e is usua l ly  sign ificantly different from the
traffic predicted for it. Furthermore , as the system is used in
t he f i e l d , the or igi nal  t r a f f ic pred ictions are seen to become
less and less realistic. The site manager must also be able to
plan his resource expansion requirements. The analytical talent
and know how is not ava i lable to h im , except throu gh the use of
a centrally administered comprehensive mathematical model facil-
ity. It is expected that each site will update its traffic pro-
jections at least on a semi—annual basis , and to obta in the re-
source requirements projections that often. Again , this would
represent an incomprehensible burden if not automated.

The third use of the comprehensive mode l is in the de-
vel opment  phas~ be i t  the original development or a subsequent
enhan cement. ~ts use is no less c r i t i c a l  t h e r e  — in fac t it is
there that the basic decisions on system behavior are made — i f
those decisions are wrong , or if a trade—off has been overlooked ,
or bypassed because it was too complex to evaluate manually, the
resulting systems may all be operating at less than potential
ef f i i ency . An i n t e gra ted , comprehens ive mathematical model is
an ind ispenslhlc’ aid to development.

The finaJ use of the comprehensive model is the  role i t
can play in high level planning for a network or a communication
a g e n c y .  Changes i n fo rmat s , changes in traffic patterns , changes
in the sc en a r i o s  fo r  w h i c h  the  system was b u i l t , t e s t i n g  of hypo-
t h e t i c a l  scen a r i o s  as a p a r t  of a l a rger  scale m i l i t a r y  p l a n n i n g
ex e rc i s e , are a l l  r e f l e c t e d  in changes in the  t r a f f i c  and load
w h i c h  t he  systems w i l l  have to h a n d l e .  W h i l e  i t  is not p r ac t i c a l
to i n c l u d e  a d e t a i l e d  m a t h e m a t i c a l  model of a communica t ions
computer complex in a network model or in a h igher  level model ,
such as a war-games mo~lel , the mathematical model of the switch
can he used to develop a summary behavorial mathematical model
wh ich could he incorporated into a larger scale mode l or simula—
t I on.
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2.2.6.3 Building the Mode l

It is not the building of the overall model t ha t  is the
problem but the  m o d e l i n g  of i t s  component p a r t s .  Most of the
a n a l y t i c a l  e f f o r t  invo lved  in c o n st r u c t i n g  a proper m a t h e m a t i c a l
model can be au tomated  and complete ly  i n t e g r a t e d  i n t o  the  design
process . The pr imary  tool fo r  t h is  is seen as an ex t ens ion  of
the  a s s e m b l e r/ f l o w  c h a r t e r/ t e s t  genera to r , r e s u l t i n g  in  a new
package , the  a s semb le r/ f l ow  c h a r t e r/ t e s t  gene ra to r/mode l b u i l d e r .

The topological  ou tpu t s  of t he  f l o w  cha r t e r , when coupled
w i t h  the in fo rmat ion  re ta ined in the  s t ruc tu ra l  test generator ,
are the  ou tpu ts  required to cons t ruc t  a m at h e m a t i c a l  model of
every s u b r o u t i n e , subprogram , e tc .  , i n  the  system . The assembly
code a l lows precise t i m i n g s  to be made a u t o m a t i c a l l y .  A special-
ized s o f t w a r e  program could be used to provide a complete alge-
braic model of any subroutine or program , automatically and
w i t h o u t  human i n t e r v e n t i o n.  Such a mode l would be an a lgebra ic
expression in the probabilities associated with the various
decisions. These would be the components with which the mathe-
matical models for the site would be constructed. The same kind
of facilities that would be used to assemble the component sub-
routines into a working software package would , in parallel , be
able to assemble the component algebraic models into a complete
algebraic model of the system . An interactive system , such as
GASM (see Volume III), expanded somewhat , and run in a non-
interpretative mode , could be used to particularize the algebraic
models. Human inputs would still be required for some of the
probabilities , specification of traffic , etc. However , there
are no fundamental problems in the creation of a model builder
facility or the subsequent creation of particular models using
t h a t  f a c i l i t y .

An expanded mode l manipula tor  per forming  the same kinds
of t h ings  done by GASM does not represent any significant expan-
sion .

The tie between the assembler/flow charter/test generator
and the specialized software does not represent fundamental prob-
lems. Similarly , the tie between the specialized algebraic pro-
gram and GASM is straightforward . It should also be pointed out
that the algorithms required to find the shortest paths , etc.,
for the test generator would be part and parcel of the special-
ized program .

2.2.7 TarKet Machine Simulator

2.2.7.1 Reason for a Simulator

There are many advantages to doing initial testing ,
particularly at the unit level in a simulator of the target
machine , rather than in a real target machine. A simulator can
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be in tegra ted  w i t h  pe r fo rmance  m o n i t o r i n g  and measurement sof tware
without introducing artifact. A simulator , running interpreta-
tively, allows elaborate traces and traps to be implemented , which
can be cumbersome or misleading in a real system . Most important ,
a simulator of the target machine is stratified in that one can
operate at the simulation leve l with the assurance that there is
no possible bug which will work in such a way as to deny the pro-
grammer the use of the det~wgging tools. In a real system , on the
other hand , a bug could clobber the trace package , for example ,
making the finding of the bug difficult. The final and probably
most important advantage of the simulator is that it can be
incorporated into a time-sharing system , allowing multiple users
to test programs simultaneously without fear of interaction.

2.2.7.2 Use of the Simulator

The simulator would be used for all initial assemblies
and unit testing. If the simulator is large enough to incorporate
the characteristics of the various peripheral devices , then
testing could be done under simulation , up to the integration
of a complete system . This would be very desirable. Successful
running in the simulated mode does not guarantee that the system
will run properly on the real test machine or the target machine.
However , if it does not run successfully and pass all tests on
the simulator , then it will surely not run on the real thing.

The simulator would also be used in conjunction with
testing on the real system . In fact , a simulator access console
would be available to the programmer right next to the real
systems console during debugging. Assume that a bug has been
detected. It is much easier to establish the conditions that led
to the bug , to probe the cause , and to test possible fixes on
a s imula to r , or w i th  a s imulator along side . For example , the
act of probing on the real system can cause interference with
the situation that exists in the real system ; e.g. , the bug is
such that it affects or is affected or masked by the introduction
of a trace or dump program. It would be easier to simulate the
effee ts of the bug on the simulator where things can be tried
over and over again without information loss , prior to doing the
same thing on the real system .

2.2. 8 Configuration Generator/Specifier

The configuration generator ’s primary function is to esta-
blish the values of assembly time parameters and tuning parameters
required to particularize the system to the specified site. It
is a SYSGEN package and , in principle , not new . This kind of
package , which reduces much of the effort required to particu—
larize a program to a site is most often done as an add-hoc thing ,
rarely designed from the ground up, and often totally lacking.
There are many instances in which the particularization of the
program parameters to a given site has been done by hand ,
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resulting in a whole new set of bugs. While mechanical configur-
ation generation will not eliminate all manual operations , it
will , at least , assure that the particularization is complete
and consistent.

The configuration generator is also needed on site. It
must be used every time there has been a hardware change . It
would also be used for line configuration changes and tuning
parameter value changes that are required to best match the system
to the  t r a f f i c .

2 . 2 .9  Table Generator

Switching systems , when properly designed , are table
driven to the maximum feasible extent . The source tables may
require from 20,000 to 300,000 statements. Every bit of the
permanent tables must be specified. These include line para-
meter tables , classmark tables , routing tables , special delivery
instructions , security data , priority information , accountability,
and a host of internal parameter values. In some more advanced
systems , table driven channel coordination procedures , table
driven routing procedures , as well as other table driven func-
tions are found , which are normally done in code.

The setting up and testing of the tables is no small part
of the programming effort , though not usually done by the soft—
ware developer. Most often , it is done by the user organization
in con junc t ion  with the software developer. In any event , speci-
fying the tables is a programming activity . As an example of
the extremes to which this can go , it is estimated that the labor
required to set up the tables for the IBM-PARS reservation system
is of the order of 40 man years. An expenditure of three to four
man years for s e t t i ng  up the tables of a large switch is not un-
usua l .

What is unusual  is that  we ask the  table programmers to do
the job in octal , or b ina ry , or a haphazard mix ture  of octal , hex ,
bi nary , an d ASCII . If  lucky , the system wi l l  be provided with
a table generator language comparable in terms of facilities
such as listings and diagnostics to a relatively primitive as-
sembler. Furthermore , the table generator source code , when a
language has been devised , is unique to that system and bears no
re la t ion  to any other system or the method used to introduce the
tables . Th i s  is an abominable s ta te  of a f f a i r s .

Much of the source code of the tables could be made machine
independent and be executed in a higher  level source language
w i t h o u t  pena l ty  at the object level . The tables should not be
t reated as if  they are data , but should be t reated for the code
tha t  they indeed are. What is needed then , is to def ine  and
develop a h igher  level table speci f ica t ion  language w i t h  suf-
ficient freedom to define the tables in the first place , and to
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s i ’ e c i f y  t h e  i n p u t  f o r m a t s  where special fo rmats  must  be devised.

The i n t e n t i o n  i s  to create  a source language that would
t ake  ca re of t h e  r ou t i ne  k i n d  of t h ings  in a standard , site in-
dependent m a n n e r .  The a b i l i t y  to do t h i s  w o u l d  s i g n i f i c a n t l y
reduce t r a i n i n g  costs  for site personnel.

3.0 A NEW MODEL TOOL KIT  FOR PROG RAM DEVELOPMENT

3.1 Software_P~~~~~ective 
-

I f  a t r u l y  homogeneous f a m i l y  of communicat ions systems is
des i red , based as much as possible  on common so f tware , an d a
c mmofl a r c h i t ec t u r e  that  is to be used over a wide range of appli-
c a t i o n s , i t  is c l ea r  t h a t  a comprehensive support and development
s o f t w a re  package w i l l  have to be developed that is no smaller
in  scope to t h e  k i n d s  of s o f t w a r e  l i b r a r i e s  developed for  a com-
m e rc ia l  f a m i l y  of machin es . By no means should t h i s  be inter-
p r et e d  to mean t h a t  a commercial software package is what  is
needed. I f  the above allegation is accepted , and the intention
to reduce the tota1 life-cycle cost of software development and
m a i n ten a n c e  t o  be associated with the CPS is pursued , it will be
f o u n d  t h a t . t h e  b a s i c  s o f t w a r e  package , e x c lu d i n g  t he  s o — c a l l e d
applicati en packages , exceed the  e n g i ne e r i n g  e f f o r t  r e q u i r ed  for
t h e  h a r d w a r e  dev elop m e n t .  T h i s  should not be s u r p r i s i n g  since
t h i s  has a lways been the  case for commercial systems of compar-
able complexity.

Recogn i ze t h a t  s o f t w a r e  cos ts  a re  i n c re a s i n g ,  t h a t  engi—
net r i n g  costs are c o n t i n u a l l y  be ing  moved from hardware  areas to
s o f t w a r e  a r e a -~ and , w i t h  i t , basic ’ s o f t w a re  costs wi l l similarly
increase to ov er t ak ~ in it ial hardware engineering costs. W h i l e
s o f t w a re cos ts  cannot  he el imi n u t  ~~~ t h er e  i s  a m p le  room f o r  t he
significant reduction in labor content . cigh the constiuction
of m o d u l a r  so f t w a r e , t h~ - a u t om a t  ion  ot  ~~ o~ e l e m en t  s of p rogram
developme nt , and th rough  the p r o v i s i o n  of f a c i l i t i e s  comparable
i n scope , bu t spec i  f l  c to the  CPS needs , t h a t  h a v e  lo ng been
enjoyed by the commercial programme r . Real-time systems pro-
gramming may he d i f f i c u l t , bu t  t he re  is no need t o  make i t  any
more so than  i t  has to be.

3.2 Genera l  Features  of a Comp rehensive Software Development
Oper a t i n g  System ( COMSDOS)

H a v i n g  seen the  ran g e  of packages and s o f t w a re  e lements  t h a t
ex i st  or shou ld  be develop ed in support of a complete communica-
ti on system design and operations activity, i t  is obvious tha t
the integration and interworklng of such a package requires some-
thing like an operating system . Furthermore , it is seen that
much emphasis has been placed on doing things on—line via remote
t e r m i n a l s .  In other words , the  opera t ing  system in  ques t ion  is
a ime—sharing operating system .
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Such a system would have many of the fea tures  commonly found
in a commercia l  t i m e — s h a r i n g  system . I t  would d i f f e r  p r i m a r i l y
in  the  f a c t  t ha t  there  would be a closer i n t e g r a t i o n  of the
various component packages, elimination of much of the clumsiness
now required to go from package to package , and the inclusion of
a number of spec ia l ized  f i l e  s t ruc tures  su i tab le  to the  r e s t r i c t ed
purposes of the software development effort.

Exactly what facilities are required , how they should be
best integrated , how they should interface with the programmer ,
how they should be implemented , on what machine , etc., cannot be
answered now . Experience has shown that many of the important
requirements are recognized only after people start to use the
system , by which time it is too late to go back and change things .
A valid approach to solving this problem would be to build an
initial version (admitedly inefficient) over an existing time-
sharing operating system , such as that of the DEC PDP-lO or the
HIS—6050. A test bed could be devised within which the efficiency
of various approaches to communication system software develop-
ment could be examined. Successful operation of the test system
for a few projects would identify what features the dedicated
COMSDOS should have. Many of the component elements could be
constructed and evaluated on existing time—sharing systems as
applied to any large scale real—time software development effort.
This could be done without prejudice long before the CPS and its
software package became available.

3.3 Component Elements

(1) Assembler , new model

(2) Flow charter

(3) Structural test generator

(4) Functional test package :

Format generator

Classmark generator

Traffic generator

Table generator

Traffic simulator

Test administration package

(5) Model builder/analyzer

(6) Target machine simulator

(7) Utility package

Dumps
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Converters
Traces

Editors

Test point
Loaders

(9) Performance monitors

(10) Hardware diagnostics

And an operating system/file management system that puts the
whole thing on-line in an integrated manner so that it is reason-
ably easy to use.

3.4 Pre-Reguisites

(~~) Stable hardware

(2) Willingness to accept performance or functional compro-
mises in the interest of reducing software costs .

(3) Funding of modular software as an effort of its own -

rather than expecting it to come into being as a f a l l -
out of a specific project.

( 4 )  A large number of conf igurat ions  of comparable types
over which the modular software and the software
building tools can be amortized .

(5) Planning and construction of the entire package as a
self-consistent entity rather than following the clas-
sical historical piece constructions of the past .

3.5 Conclusions

Software costs can be significantly reduced given stable
hardware by increasing the amount of modular software. This
implies an acknowledgement of the fact that modular software can-
not be developed within the context of any one system but must
be funded as a separate project whose objective is to create
modular software to be used on all projects.

Software costs can be significantly decreased by taking as-
sembly language programming out of the dark ages by providing
reasonable tools , which have , for the most part , been denied to
the assembler programmer.
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3.6 Recommendat ions

(I) Establish a study to consider , in further detail , what
the mix of software development tools should be. The
objective would be to provide sufficien t detail to
allow an imp lementation on a trial basis.

(2) Implement the major elements of the programming tool
kit as interpretative programs on a time-sharing system
and test it in use in the development of a small , but
representative communication system . Revise the speci-
fications for the final package in the light of what
has been learned. This should be done in parallel with
the CPS hardware studies so that time is not lost.

a. Consideration should be given to implementing por-
tions of the package which are theoretically feas-
ible , relatively independent of the entire package,
but which still require operational testing.

(3) Integration of the package and rewriting thereof for
implementation in the CPS computer for a CPS software
effort - e.g., creation of the basic modular software
to be used in the CPS based system .
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4 .0  SYSTEM GENERATION

The capability to identify, select , and configure Circuit
Switch and Message Switch software across varied physical and
functional arrangements was investigated. Recognition of the
desirability and usefulness is easily obtained , but can instantly
be matched by awareness of the complexity of such an undertaking.

It was, therefore, the intent of this investigation to un-
cover and itemize basic criteria which would have to be addressed
during such an endeavor . An attempt is made to uncover the
salient problems which would be encountered , and to arrive at
some corresponding solutions. Detailed imp lementation character-
istics and practices are left to the planning and construction
phase of the System Generation facility.

While the purpose of this investigation is directly related
to the construction of Circuit and Message Switching systems , it
is not envisaged that the concepts presented here preclude their
use elsewhere. This premise is made based upon the assumption
that many large systems are constructed in a manner similar to
the systems in question , and that they possess the same require-
ments for reconfiguration of their parts to provide a working
subset .

It will be beneficial at this point , if a brief definition
is given for System Generation , as it is used here.

The concept of System Generation classically applies to the
software system only . It is considered to be a tool with which
preformed software programs , each of which address small sec-
tions of switching logic , are selected and grouped together to
provide the total software needed for a particular switching
env i ronmen t .  Specifications for that environment are presented
to the System Generation f a c i l i t y , which in tu rn , accesses s o f t —
ware programs which will satisfy the stated objective . The
resultan t  del ivery then , is a system program , contained on some
media ( tape , disc , e t c . ) ,  which can be loaded into the target
machine and operated.

An extension of this definition introduces the hardware
modules in to  the  process. This extension is made in order to
accommodate various hardware system configurations which could
be applied in the solution of a given switching requirement .

The System Generation concept presupposes certain system
characteristics , among which are :

( 1)  The software constructed is modularly oriented such
that individual programs can be logically and physi-
cally grouped.
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( 2 )  Functions to be performed can be expl ici t ly  stated.

(3) Coorelation between funct ional  requirements and pro-
gram module(s) can be developed and maintained.

(4) Equipment configurations encompass the entire spectrum
of resources which need to be applied for any configur-
at ion demanded.

Al though System Genera tion , in th is  context , does not con-
sider the system data associated with all switching systems, it
is a matter of importance and requires special study .
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.1 .1 SOFTWARE DESIGN

P r i m e  impor t ance  must be placed upon t h e  s o f t w a r e  developed
for use in a System Generation procedure , so that i t  is s u i t a b l y
constructed . This is no small feat. At the onset of the soft-
ware development , expected results must be o u t l i n e d  w i t h  achiev-
able goals in order to meet the intended result. Otherwise , the
software modules which functionally constitute the individual
components will not necessarily be developed to insure their
unique callout and concatenation capabilities with other module
members.

An example can serve to illustrate the point . Assume that
one of t he  goals to be accomplished is the construction of a
series of s o f t w a r e  modules w h i c h  provide  “ f r o n t - e n d ”  supe rv i s ion
process ing  for  t he  m a i n  body of the  ca l l  process work .  Regard-
ing  a circuit switch application , therefore , several kinds of
c ap ab i l i t i e s  would need to be b u i l t  i n to  the sof tware  scanning
logic. These would include all possible termination types ex-
pected in the system , frequency rates which need to be main-
tained , signal validation procedures per type , error detection
requirements , dat a del ivery  to in te rmedia te  processing modules ,
and program interface criteria between the scanning logic and
other system modules.

Given that all of the above conditions and implementation
details can be provided , a problem can still evolve which pre-
vents the desired result. For instance , one can imagine that
the software designer develops the scanning logic to include all
functional capabilities as one large program . They are , there-
fore , integrated together in such a manner that the entire pro-
gram must be used to exercise the capabilities for only a
selected set of termination types . This defeats the intended
result of the process.

It would seem logical that the scanning logic should there-
fore be parsed into small modules , each of whi. ~i pi c’vide , say,
process logic for one kind of terminal specifieu . ~!lese modules
would then possess the capability of being linked together to
comprise the desired scanning logic. Unnecessary modules would
be omitted . The System Generation personnel w~~ iJ then need to
specifiy each kind of terminal to be dealt with , timing charac-
teristics and numbers of each such terminations.

The f o l l o w i n g  sections deal w i th  c r i t ica l  areas which must
be considered during the entire software development process ,
l e a d i n g  towards a comprehensive System Genera t ion  f a c i l i t y .
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4 .1 .1 Software Development Languages

The use of language here is concerned with the develop-
ment tools available for application software , rather than
specialized languages which assist in the System Generation
function itself .

To the extent that languages play any role in the pro-
cess , and are not themselves transparent , requires some investi-
gation into the constructs of the resultant machine code. This
is necessary only if more than one language is used , and in
p a r t i c u l a r  if the programs generated are independently produced .

I t  may serve a use fu l  purpose in exploring why this
w o u l d  be a t t e m p t e d ; t ha t  is , why would one choose to develop
v a r i o u s  por t ions  of the  app l i ca t ions  so f tware  us ing  d i f f e r e n t
la nguages . The answer is dependent upon the  kinds of languages
made a v a i l a b l e  for  the  processor , and the  k inds  of tasks wh ich
the  opera t ing  sof tware  w i l l  be a t t empt ing  to do.

I t  can be imagined that  a swi tch ing  language , pecul iar  to
the  a p p l i c a t i o n  tasks is ava i l ab l e .  I t  may also be imagined
that other languages , tailored to other specific tasks and opti-
mized for those tasks is available. These might include a data
base manipulation language , a statistical language which re-
trieves system data and massages it in some manner , and an
expanded assembler used for special coding requirements. All of
these language tools might be made available to the software
designer to effectively and efficiently perform his task .

Given the diverse languages which could therefore be
available , it is important to consider the interrelationship of
the resulting code produced among the systems . It is expected
that the definition and access of data items in all languages
would be compatible. This is of concern since a logical rela-
tion between the languages should exist at least at the data
level. However , it may not be convenient to retain consistency
of data specifications among the languages used . A problem in
interfacing programs generated from different languages could
t h e n  result.

An example can I l l u s t r a t e  the p o i n t .  Assume tha t  the
a p p l i c a t i o n  program is w r i t t e n  in a h igh  level language format .
The data used and processed would then be defined at a high
le vel also . Certain conventions and restrictions would than be
followed in using the data. Assume also that a special language
i s  developed for the data reduction of the information acquired
lv the application programs . This language might be statisti—
(‘ally oriented , requiring data items and fields to follow some
spf’ (lf I C  forma t conventions. These conventions may not neces-
sarily ‘oin ’ide with the conventions required by the application
p rogram processes.
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The System Generation procedure would have to take incom-
patible data field conventions into account when programs gen-
erated from both language systems are combined. It is logical
to assume tha t  t h i s  should be handled by some automated process ,
t r a n s p a r e n t  to the  user of the  System Genera t ion  procedure.  One
such automated process could be the envoking of a data trans-
formation routine , which prepares the information for processing
prior to the actual processing activity.

It is also possible to imagine the interfacing of pro-
grams generated by diverse languages at the code level . Programs
interfacing would , therefore , take place by transferring control
from one program to another through some calling sequence. Here
again , the conventions developed may be inconsistent between the
languages , perhaps in the parameter handling area . It would
seem logical then , to provide for these inconsistencies within
the System Generation procedure as was suggested earlier. In
t h i s  case , however , it might be bet ter  to adjust  the  parameter
handling process of one of the languages in question , rather than
to introduce data transformation procedures which necessitate
gross expenditures of time and core.

The solution to these kinds of situations would have to
be addressed during the design of the System Generation soft-
ware , taking into account the idiosyncrasies of the languages
which support the applications software.
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.1 , 1 .2 Program M o d u l a r i t y

I t  w i l l  he of great impor tance  in p r o v i s i o n i n g  for  the
System Generation eventuality that the programs be composed of
smal l  pieces of logic w h i c h  can be grouped together to form a
specifiable system function. Otherwise , tailored software con-
figurations cannot be created, which is the intent of the exer-
c ise .

The modules  of so f tware  should then  r e f l e c t  some c r i t e r i a
by w h i c h  they can be judged in m e e t i n g  the  ob jec t ive. I t  may be
d i f f i c u l t  in d e f i n i n g  such module c o n s t r a i n t s, to accommodate
a l l  possible  imp l e m e n t a t i o n s , w i t h o u t  imposing severe l imi ta-
t i o n s  on t h e  design . However , the  resu l t  is wor th  ach iev ing  and
should therefore be pursued .

F o r t u n a t e l y ,  a design technique  has evolved which pur-
ports to encompass the attributes which are necessary for modu-
larized software. This concept is included in what is known as
“Structured Programming ” . A section of this report deals with
the details of this approach. It is sufficient now only to
point out that a method does exist , and can be used to support
t he  System Genera t ion  ob j ec t ive .

Of major concern then , is to de f ine  the level of modular-
i ty  w i t h  which  systems should be produced.  I t  is d i f f i c u l t  to
i m a g i n e  a t r u l y  e f f e c t i v e  System Genera t ion  procedure which  has
imposed upon it program modules which were designed independent
of any such considerations. The result would be , when con-
sidering historical software generation techniques , a group of
very large program modules , each of which provide many special
system functions intertwined in a manner which disallowed their
segmenta t ion . At best , it could be expected that these large
modules would have bu i l t  in to  them software “switches” which en-
abled or disabled certain sections or features. But the total
code would need to be carried into any system which required
even a small portion of the module  logic .

The idea will be to parse the software functional require-
ments into a group of smaller functions. These smaller functions
may in turn be parsed into several functions themselves, etc.

Depending upon the overall size and top level structure
of the software system , the parsing activity may evolve into a
myriad of very small routines and subroutines. These small
modules will ~-ontain only a fraction of any particular function
which the system spec i f i ca t ion  demands. However , the modules
are small and manageable , which was one of the results to be
achieved .

The following remarks must be prefaced with a definition
of functional software and program organization.
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Whe n viewing a major software implementation , ii. is neces—
s ar v  to consider t h e  f u n ( t ions which the system is expc.~ted to
p e r f o r m . This is because software has been designed to perform
e f f i c i e n t l y  t hese  des i r ed  f u n c t i on s  w i t h  r e spect  to bo th  t ime
and memory utilization . There fo re , in a Circuit Switch system ,
s i n g l e  st r eams  of logic  to encompass each t y p e  of cal l  place-
m e n t  (seven digit local , seven digit extended area se rv ice , two
digit abbreviated diali n g, e t c . ) , are not  f ou n d .  R a t h e r , the
software would be constructed in many major p ieces , each of
w h i c h  provides  some p o r t i o n  of m a n y  c a l l  t y p es such as a por tion
wh ich handles supervision signaling, an ot her wh ich handles  route
t r a n s l a t i o n , another which handles digit collection , etc. In
this manner , both execution efficiency and minimal memory utili-
zat ion is achieved .

Th is organ iza tion leads to t h e  unders tand ing t h a t  these
programs are composed of many small functions , each of wh ich
contributes to some portion of one or more system functions.
Because of this , some of the  modul es wi l l  be i n t e r r e l a t e d  and
dependent upon one another , wh ile others will not.

Return ing now to the main topic . In viewing any partic—
program the question can be asked , how is it known w h i c h  modules
need to be grouped toge ther  to f orm any one of t he f u n c t ions
wh ich the System Generation personnel may call out? A partic-
u la r  f u n c t ion may need to cons ist of f rom ten to one hundred of
these small  modules .

Two solutions come to mind. There undoubtedly are others.

F irst , the ident ity of ’ each func ti on wh ich the system was
capable of handl ing would be defined . This information is avail-
able s i nce the  so f tware  sys tem wa s based upon kn own f u n c t ions
pr ior to the parsing activity. Then the identity of each module
wh ich assisted in providing the specified function would be de-
f ined , pull ing them all together physically, so that each fun-
t ion was uniquely grouped . Each module still maintains its own
separate ident i ty , although it is physically grouped with others.

Th is may t u r n  out  to be the  mos t v iabl e appr oach.  The re
are some drawbacks , however , the most serious of which is module
redundancy. As each function was being identified as requiring
several modules grouped together , these modules were separately
l i f t e d  and p laced w i t h  o the r  mod ules to form the  whole f u n c t i o n .
Each function of the system followed the same practice , indepen-
dent of one another. It may evolve that the same module was
l i f t e d  several t imes to form a part  of several f u n c t i o n s .  This
means t h a t  the  same logic , if ’  a l l  f u n c t i o n s  are r equ i red  fo r
some c o n f ig u r a t i o n , cou ld  ex is t  in memory many t imes  over .

This is not necessarily a poor practice. The extent of
these occurrences would have to be analyzed in conjunction with
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availahl e memory space to properly judge the concept.

There is another alternative. It would be possible during
the correlation between functions and modules , to “mark ” each
modul e for inc1usion into each function that it serves. No
phys ical configuration would occur during this process. Rather ,
a f unction identifier mark would be included with each module as
an information adapter. This information could then be used
dur ing the system generation process to envoke each module as it
is required. But the module would be envoked only once per
system configuration , so tha t mul t iple copies of ident ica l logic
would not he retained in memory.

To name one drawback to th is approach , it can read ily be
seen that module re—entrant capability might have to be intro-
duced , in which case , more complicated software would result.
Th is is not necessar i ly the case , however , since the  str u c t u r e
o t  the software should dictate whether this need exists . W i t h  a
thorough knowledge of the system operation , part icularly in
schedul ing criteria , it might not be required to develop re-
e n t r a n t  r o u t i n e s .  In any event , these k inds  of c a p a b i l i t i e s
should  r i g h t l y  be addressed in programm ing conven t ions  and no t
here.
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U ~~~~~ Linking Arrangements

I n h is t or ical  per spec t ive , l i n k i n g  of program s is per-
formed by a system loader , which operates on the target machine.
The loader has the capability to group individual programs to-
gether and provide for their interrelationships . This require-
ment may still be required to some degree as it typically exists
today . However , it is felt that much of this activity is re-
quired within the System Generation process itself , and to a
much lesser extent on the system processor. Relocation pro-
cesses of course , may still be preferable at system load time .

The li nk ing  process wi l l  have to concern i t se l f  w i t h  some
module acqu i s i t ion  method . It  may t u r n  out t h a t  t h i s  task is
one of the larger e f f o r t s  in the  cons t ruc t ion  of the System
Generation procedure. Some of the subtasks which can be en-
visaged are:

(1) Identification of all modules within the system .

( 2 )  Correlat ion of system func t iona l  requirements w i th
individual  module elements.

(3)  Development of d e f i n it i v e  procedures by which  the
modules are grouped together .

The above three subtasks are highlighted because of their
expected major importance. There are undoubtedly others which
deserve attention . A discussion of the identified tasks follows.

4.1 .3.1 Identification

For a very large Message Switch or C i rcu i t  Swi tch , the
number of modules wi l l  to ta l  a thousand or more.  If  the  defini-
t i on  of a module is extracted from the s t ructured programming
method , then a physical l imi t a t ion  is placed upon a module which
prevents its size from exceeding one printed output page of a
program listing. Circuit Switch programs in the medium to large
size , are currently within the 1000 to 3000 page printou t range.
These are primarily assembly language oriented . Message Switches
produce even mor e code , again at the assembly level , when all
off-line software is introduced .

It  can readi ly  be seen that the identification of modules
w i l l  be no small e f f o r t . Some technique could be developed
which automated this identification process. This would not be
required , except that for very large systems the manual labor
required could be excessive. The concep t. is important , however ,
and not the implementation criteria at this point. What is
needed then is some unique i d e nt i f i e r  which can be associated
wi th  each module.
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The next area which needs iden t i f i ca t ion  consideration re-
gards the collection of modules which are dependent upon one
another.  This is not system funct ional  dependency,  but rather
logical dependency among func t ions  which have been segmented to
accommodate rules inherent in Structured Programming .

An example wil l  best serve this de f in i t i on . Suppose that
as part of some process, a need exists to provide a data trans-
forma tion from ASCI I  to one of  severa l code f o r mats , and that
according to our knowledge of the system , it is expected that
only a subset of these transforms need to be accommodated on any
given system . As a software designer , parsing of the logic into
several different logical and physical segments would be per-
formed . For instance , a routine to convert from ASCII to binary ,
a rou tine f o r  A S C I I  to BCD , and a rout ine for A S C I I  to hexi-
decimal. A tree structure would then be developed as illu-
strated below .

ASCII  CODE
CONVERS ION
CONTROL

I 

—

~ _____________ I
ASCII ASCII ASCII
TO TO TO
BINARY BCD HEX .

This A S C I I  code convers ion block conta ins control logic
which ascertains, according to some input it receives , to which
transformation module control should be directed . The designer
would then have to indicate that each of the three transforma-
t ion modules required the conversion control module for its
operation . Therefore , there would be specified three distinct
groups of t ransformation schemes which could be selected .
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In th is  context , two addi t ional  points can be made . The
conversion control module would carry with it a name which was
common to all three transformation schemes. The logic of sel-
ected modules would be built in such a manner to recognize
m u l t i p l e  requests for the control module , and insert that  module
only once. Of course , the capabiltity should exist which dis-
abled this multiple selection and allowed redundant copies of the
control module to exist . This is warranted on some occasions
and a means to allow such duplication should be provided .

The identification of the modules within the system is im-
portant since the~’ will be used to organize the software. The
code conversation example would then be modularly identified as
depicted below .

60

ASC II CODE
CONVER SION
CONTROL

16 1  
_ _ _ _  

62 163
ASCII r ASCII  TAscil
TO I T O  I T O
BINARY BCD HEX .

The cembinat ions of conversions can be described as:

ASCII to Binary  = 60 , 61
ASCII to BCD = 60 , 62

ASCII to Hex . = 60 , 63

Further refinement of module identification will be dis-
cussed in paragraph 4.1.3.3.3.

‘rhe second point is that some procedure would hav e to be
developed which recognized , in the control module itse lf , re-
quests for any conversion types which had not been specified .
It  would theoret ical ly be possible for  the control module to
receive an input to transform ASCII to BCD , but the BCD module
had not been specified . This would be an error condition which
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should not cause catastrophic situations to occur , if that event
took place.

The third and final area which requires i de n t i f i c a t i o n  re-
gards the system functions to support any possible capability
wh ich the system was intended to handle. This information
wi l l  usual ly  be contained w i t h i n  the  system spec i f i ca t ion .  The
ind iv idua l  capabi l i t i es  wi l l  have to be un ique ly  recorded , so
that they may be envoked individually. For instance , a list for
confe r enc ing  capabi l i t ies  of a C i rcu i t  Swi tch  would c o n t a i n :

1.0 CONFERENCE

1.1 BROADCAST

- 1.1.1 Pre-emptable
1.1.2 Non-Pre-empt able

1.2 PROGRESSIVE

1.2. 1 Pre—emptable
1.2.2 Non—pre—emptable

1.3 PRE-SET

1.3.1 Pre—emptable
1.3 .2  Non—pre—emptab le

1.4 MEET-ME

1.4. 1 Pre—emptable
1.4.2 Non-pre-emptable

Each fea ture  and capab i l i ty  contained w i t h i n  the system
would have to be covered in detail similar to that outlined
above.

4 . 1 . 3 . 2  Cor re la t ion

The next sequential process which would occur concerns the
relationship between system capabilities and module utilization.
The system designer will have cognizance of these relationships ,
and can logically be expected to provide this correlation. The
task will be large and time consuming , but crucial to the System
Generation process. It is not apparent that any automated
scheme can be used here , although some technique might  con-
ceivably be devised to do so.

The correlation Is envisaged to be as follows , again using
the example on conferencing.
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Feature I

1.0 CONFERENCE ; 1 .1  BROADCAST ; 1 . 1.2  Non-Pre-emptable
Modules 01 , 02. 04, 51 , 52, 53, 60, 61 , 62, 78

Feature 2

1.0 CONFERENCE ; 1.2 PROGRESSIVE ; 1.2.1 Pre-emptable =

Modules 01 , 02, 03, 51 , 52, 53, 60, 62, 63, 77,
79

The r e l a t i o n s h i p  dep ic ted  above represents  an inpu t  to the
System Genera t ion  process which  w i l l  be used when c o n f i g u r a t i o n
specifications are developed . Feature 1 indicates that for the
f e a t u r e  for non—pre—emptable broadcast conference , eleven modules
are needed . Modules are identified as 01, 02, etc. For a pro-
gressive conference which is pre—emptable , a list of the neces-
sary modules are given . Notice that the code conversion modules
outlined in the past section to construct these correlations
have been used.

This i n f o r m a t i on would be entered into a table , accessible
by the  System Generat ion logic , when e i ther  of these features
capabilities were required . The process of selection during
System Generation operation would be automatic.

The correlation process is considered in greater detail in
pa ragraph 4 . 1 . 3 . 3 . 4 .

4.1.3.3 Procedur es

The immediately preceding sections concerning module and
function identification and correlation have provided a pre—
l i rn ina ry  method by which  the sof tware  system can be viewed , con—
structed , and grouped . This section addresses the ordering of
the modules themselves , relative to their hierarchial structure
and execution sequence. This is a vital portion of the linking
process. The modules must not be arranged in random , but in a
predetermined order . That order requires speci f ica t ion.

Before examining this subject in detail , a digression is
needed for background information . The overall structure of a
sof tware  system should be viewed , in terms of how it is put
together , and the interrelationship of its parts. A Circuit
Switch structure is used for the example , highlighting these
areas which deal with the call processing logic.

4.1.3.3.1 Background

In general , the basic elements of the Circuit Switch in-
clude the following distinct sections.
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(1) Scanning Logic - The Supervision Signaling Function ,
which consists of tha t  por t ion  of the  system which
provides for the supervision of terminations attached
to the system .

(2) Register Logic — The Address Signaling Function , which
consists of the por t ion  of the system which provides
for  the dialed digi ts  reception , and causes the out—
pu l s ing  of digits to distant switchboards. This
log ic would also receive digits incoming from other
switchboards .

(3) Matrix Logic - The Matrix Control Function , which con-
sists of the software which interfaces with the
matrix to cause path connection and disconnection
operations , and tone injections in certain systems.

(4) Translation Logic — Part of the Call Processing Func-
tion , which provides the section of the system which
performs the analysis of address digit informat ion ,
and translates that information into subscriber ter-
mination addresses or into a trunk group selection
for calls progressing outward to distant switchboards.

(5) Non—Register Processing - Also part of the Call Pro-
cessing Function , which provides the various call
processing tasks which are performed prior to or after
the dialing and translation phase of the call. This
includes initial off—hook processing , classmark or
feature privilege checking allowed per subscriber , re-
moval of ring and ringback and associated timing , and
busy tone control .

The above overview of the process does not totally present
the entire picture , however . To belabor the definition a bit
longer , the participation of each section must be considered
during the establishment of a call.

The scanning logic operates periodically to determine on—
hook/off—hook signals, among others. An off—hook signal is then
in i t i a l l y  handled by this logic , which delivers information to
the non—register processing segment. In this process, the
terminal which is requesting service is compared with pre—stored
data , such as type of register required , direct access capa-
bility, etc.

If the data indicates that a register is needed , an idle
unit is selected . The connection of the terminal to a register
is handled by the mat r ix  logic section . Thereaf ter , d ial  tone
Is applied and the register logic accepts digits as they are
dialed . These digi ts  are then processed by the translat ion
logic which determines where the call should be terminated ; i.e.,
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another local subscriber termination or a particular outgoing
t r u n k .

Assuming t h a t  a local subscriber is requ i red , t h e connec-
t ion is made between the  two local subscribers, f o l l o w i n g  dis-
connection from the register . Again , the matrix logic is en—
yoked for  t h i s  purpose. Thereaf te r , r ing  and r ingback tones
are sent to the  respective terminat ions , and the call handl ing
is then turned to the non—regis te r  logic section.

When off—hook is detected from the called subscriber , the
non-register logic removes r ing  and ringback and the subscribers
can begin conversation.  From that  point onward , the scanning
logic is directed to report on-hook condi t ions  from ei ther sub-
scriber , and upon that  condit ion , a sequence would then be
undertaken to disconnect the matrix path.

As can be seen from the above call procedure , different
areas of the software logic are directed into execution to
handle different portions of the call sequence. A similar situ-
ation will occur when special call features, such as confer-
encing , pre-emption , etc., are required . Most Circuit Switch
software is designed in this manner , or variations on the same
theme , because different portions of the call establishment re-
quire different timing considerations. Also because the system
must accommodate many calls , simultaneously, each is likely to
be in some different state of completion at any given time.
The resources of the processor cannot then be totally dedicated
to any par t icular  call from start to f in i sh .

A block structure of these major software programs is
shown in Figure VI—l—l , with execution times associated with
each block.

4.1.3.3.2 Structure

The functions required within Circuit Switch software as
outlined in the previous section need to be considered in more
de ta i l .  It is consistent with current practices of software
design to view the software as a “Tree Struc ture ” . The begin-
ning of such a structure was outlined in paragraph 4.1.3.3.1 ,
where the major call processing modules were depicted . That
representation can be expanded further .

Consider the scanning logic mentioned earlier . This pro-
gram logic may consume 1 to 2 thousand instructions. It would ,
therefore , according to the rules of module size , consist of 20
to 40 small modules . Each module is interconnected in some
predetermined manner with other modules to provide the desired
program sequence.
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An example of a portion of the scanning logic could be
shown in tree s t ruc tu re  as depicted in Figure  V I - l— 2 .

The tree s t r uc tu r e  depicted shows some of the de ta i l  of the
scanning logic. The program is segmented into small functional
modules , each of which contribute some portion to the overall
obj ect ive .

While many systems are not developed in terms of such a
s t ruc tu re , there appears to be no reason which precludes such a
representa t ion . It is basic to the System Generation concept
being discussed tha t  such a representat ion be done.

Two points  of in teres t  are ment ioned concerning tree struc-
tures .

First , there  is no in format ion  w i t h i n  the module representa-
t ion  to indicate expected execution sequence. It is not in-
tended that there should be such an indicat ion . The intent is
to show the modules which will be implemented , and their con-
necting sequence only. For instance , the scan logic shows a
module which addresses terminals of type one. Submodules show
verification and code conversion modules. It  cannot be ascer-
tam ed , except intuitively, which is executed first or second ,
or if any order prevails at all. There should exist other docu-
ments (Sequence Diagrams) which show tnis relationship. The
intent in System Generation is not to produce an operational
sequence knowledge , but rather to catalogue the components of
the system and organize them into some workable configuration .

Second , for some branches of the structure , a block may be
shown which appears to be identical to those which exist in
other branches. (Branch is defined as a collection of modules
which when taken together , constitute an identifiable system
f u n c t i o n ) .  These branches., in fac t , may contain some of the
identical logic , duplicated or , on the other hand , the logic may
not be duplicated . Again , the intent here is to provide for the
tree structure to reflect logic in each area which is required ,
w i t h o u t  showing in terconnect ions  to prevent dup lication . As an
example , the scanning logic shown in this section reveals a
module called “Binary to BCD” which is repeated twice. It is
necessary tha t  this module be made part of both the Type 1 and
Type 2 processing . Instructions concerning the requirement for
dupl ica t ion  must be given to the System Generation process in
order to handle it appropr ia te ly .

Returning to the main topic now , it can be seen that some
method must be employed which Ins t ruc ts  the System Generat ion
facility according to the manner in which the modules should be
arranged . IL would have to know which modules should be grouped
within the scanning logic , which into the non—register logic ,
etc., and how to arrange the modules within each section.
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In order to accomplish this , it is necessary to consider
further the identification of modules beyond that already under-
taken .

4.1.3.3.3 Further Identification

The identifiers which were given to the small modules in
paragraph 4.1.3.2 , serves only to correlate ea~’h segment with
respect to its use with various system features , but there was
no in fo rmat ion  regarding major program blocks w i t h  which  they
should be associated .

A block identifier is needed for this purpose. Suppose
tha t  three character i den t i f i e r s  are chosen for  each program
block. The assignments for the Circuit Switch software could be
designated as follows :

Scanning Logic = SCL
Non-Register Logic = NRL
Register Logic = RGL
Matrix Logic = MXL
Translation Logic = TRL

It likewise seems necessary to expand upon the individual
module identifiers initially undertaken in paragraph 4.1.3.1.
When the correlation between modules and functions is made , as
in paragraph 4.1.3.2, these identifiers would then be added.
The previous example is shown with additional identification in
Figure VI-l-3.

Each module is iden t i f i ed  in two ways . The program identi-
fier (SCL in this case) reveals that all modules names are to be
included within the total program composing scanning logic.

In addition , each module is represented by a letter and two
digits. There is no inherent reason why an expansion of letters
and numbers could not be utilized . The letter is used to al-
locate program modules to various levels within the hierarchy .
The letter “A” represents the topmost level , “B” the second ,
etc.

The two numeric digits of each module identifier are used
to identify each module within a particular level. It is prob-
able that as the tree structure develops from top to bottom , the
number of modules will increase at each level . However , it is
doubtful that more than two digits are needed to identify the
modules , even at the lowest level.

The ability to identify each module wi th in  a program ap-
pears to be satisfied using the previous notation . But now it
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is desired to associate each branch of Lhe tree structure with
all of its members. This will become important during the cor-
relat ion process discussed in the following section.

It will frequently occur that individual branches prov i de
more than one function . Each function may require only a sub-
set of the logic contained within the branch. For a particular
conf igurat ion then , it may not be necessary to have all com-
b inations. Some means must be provided to select the partic-
ular subset(s) required .

In order to accomplish this, add itional identification
indicators to the modules must be added . These indicators will
instruct the system about separate branch functions. Figure
V I - l — 4  shows fu r t h e r  ideri~~i f i c a t i o n  of the  Type 1 term in a l .

A spec ial indicator , attached to each module identifier , is
shown . For this example , the topmost module indicates that
there are three funct ions (A , B, and C) performed by the branch.
Each module which contributes to funct ion A is so marked . Func-
t ions B and C follow the same procedure.

This example might represent a terminal which when so equip-
ped , transmits ASCII and for others , t r ansmi t s  binary informa-
tion . Further , the translation wh ich is required night be to
BINARY for certain funct ions and into BCD for othe~ s. I t  can
also be seen that the verify module is only used when functions
A and B are performed .

The modules wh ich are used for each function are:

Funct ion A - SCL-B01-A ,B,C; SCL-COl-A ,B ,C; SCL-C02-A ,
B; SCL-DOl-A

Funct ion B - SCL-BOl-A ,B ,C; SCL-COl-A ,B ,C; SCL-C02-A ,

B; SCL-D02-B

Funct ion C - SCL-B0l-A ,B ,C; SCL-COl-A ,B ,C; SCL-D03-C

The entire program block for the scanning function can now
be identified as shown in Figure VI-l—5.

There is a second method of module associat ion which would
not require any further identification of modules. This method
would associate modules in the order by which they are pre-
sented to the system . An example using the previous tree struc-
ture is given .

SCL-A01 , SCL-BOl , SCL—COl , SCL-C02 , SCL-D0l , SCL-D02 ,
SCL-D03 .
SCL-AOl , SCL-B02 , SCL-C03 , SCL-C04 , SCL-D04
SCL-AOl , SCL—B03 , SCL-C05 , SCL-C06
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TERMINAL 1[ TYPE 1
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Th is method is simpler because it does not require addi—
t ional iden ti f iers to in te r r e l a t e  the  modules.  However , it
suffers in completeness because only main branches may be so
associated , and lower level branches may not be specified. The
lack of this capability may not incur any serious problems , de-
pending upon the eventual use which is made of these branch
i d e n t i f i e r s .

For the purpose of the ongoing discussion , however , the
first method outlined will be used.

4.1.3 .3 .1 Further Correlation

At this t ime , it has been possible to identify totally each
module individually, associate all modules which belong to the
same branch , identify modules within a branch which perform
separate functions , and identify them with respect to major pro-
gram blocks. The next step in the System Generation process
involves the correlation between modules and functions. This is
an expansion of what was begun in paragraph 4.1.3.2.

The need exists to identify every possible function which
the system is being constructed to handle. Many of these func-
tions will span the entire spectrum of major program blocks ,
wherein , ouly certain parts of the functions are provided in
each block. This is a laborious task , but crucial to the de-
sired end result.

The task can most easily be accomplished while the software
design is in-progress. The designer of each program block is
the logical one to provide this function . This means that an
additional task will be superimposed upon the program design ,
with a corresponding increase in manpower per block. It is
assumed that the design is being accomplished according to the
Structured Programming rules so that the overall objective can
be met .

In addition , the gathering of information will have to be
specified for the software designer , in terms of what informa-
tion is to be collected during the design stage. He should be
aware of how the logic he is developing is to be used so that
he can make the appropriate correlations. A partial list of
what might be submitted to him is shown below .

Extended Call Features

(1) Direct Access Dialing

(2) Abbreviated Dialing

(3 )  Cal l  Forwarding
(4) Call Transfer
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(5 )  Line Grouping
( 6 )  Call  Placement Res t r i c t ions
(7)  Busy Diversion
(8)  Camp-on Busy
(9)  Group H u n t i n g
(10) Remote Answer
(11) Attendant Recall

Digit Reception

(1) Dial Pulse

(2) DTMF

(3) MF

(4) MF Confirmation

Using the supplied list , the designer would then consider
which modules in his design participated in any of the list
items . The previous example of the scanning logic can be used
to explain his duties.

The initial task of the software designer will be to ident-
ify the modules in his program block as was outlined in para—
graph 4 . 1 . 3 . 3 . 3 .  Having done this , he can now begin the corre-
lation process .

He begins by analyzing each list item , determining whether
any of the logic supported the particular item , and denoting
those which do. An example of a chart which he might prepare
illustrates the technique.

System Function Modules

( 1)  Direct Access Dia l ing  None
( 2 )  Abb revia ted  Dia l ing  None
( 3 )  Call Forwarding None
( 4 )  Cal l  Transfer  None
(5 )  Line Grouping None
( 6 )  Ca l l  Placement Re— None

s t r ic t ions
( 7 )  Busy Diversion None
(8) Camp-on Busy None

(9) Group Hunting None
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(10)  Remote  Answer None

( 11) A t t endan t  Recall  S C L - A O l ;  SCL-B01 ; SCL—C0l ;
SCL-D0 3 ; SCL-B03 ; SCL—C05 ;
S(’L -COG

(1)  Dia l  Pu l s i n g  SC! - A O l ;  SCL—B02;  SCL-C03 ;
SCL -C04 ; SCL-DOl ; SCL-B03 ;
SC L- C 05

( 2 )  DTMF
(3 )  MF Non e
(4) MF Conf irmation Non~

It can be seen from the pre~~~ 1tng list that the scanning
logic modules do not contribut e t o  tho implementation of the
first ten functions. This r’a a1.~ that if any change is made to
those function s , or if the~ ar ’~ n~ 1 inclu ded within the total
software system , that no (-ilanges or a(cc)mmodat ions need be made
for the scanning logic.

The first item i n  the list which ts affected then is the
Attendant Recall feature . It can b~ seen that all modules with-
in Terminal Type 1 are used , except for modules which convert
ASCII  to Binary and ASCI I to I3CD and the Verif y Input module ,
and t ha t  a l l  modales  under  t h e  In t e r p r o g r a m  Data  Transfer  block
are used but none under Terminal Type 2 are required .

The second list item which uses scanning logic is for Dial
Pulsing. For this function , all of the modules under Terminal
Type 2 are needed , one of the modules under Interprogram Data
Transfer is needed , but none of the logic included w i t h i n  Ter-
minal Type 1 is necessary .

Using this approach , it can be seen how all modules can be
isolated with respect to their participation in the multitude
of system functions , but it can also be seen that there is much
writing to be done by the software designer to provide this de-
tailed information.

In an attempt to reduce this effort , and to minimize the
number of manual errors which could occur , a modified version of
the task is envisaged . Recalling that in the previous section ,
it was decided to denote the various sub—branches within the
structure , this idea can now be used.

It will be a common occurrence that an entire branch will
be needed to fulfill a functional requirement. There will also
be many situations which will require only a subset of the en-
tire program block. Therefore , for the latter situation , it is
necessary to specify the branches which are needed within the
block to fulfill the desired function . The branch designators
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which are created , allow this to be done readily. Therefore ,
the module correlation can be modified , using branch indicators ,
to look as f o l l o w s :

Sys tem Fu n c t i o n  Modules

A t t e n d a n t  Recal l  SCL—A0l ; SCL—BOl-C ; SCL—B03—A ,B

Dial Pulsing SCL—AOl ; SCL-B02—A ; SCL—B03—A

Th e ru l e wh ich is establ ished and used here is that  if any
br anch indi cator  is specif ied in the  n o t a t ion , then all sub—
modules  which  car ry tha t  branch ind icator are to be included .
I n the  example for  the  At t endan t  Recal l  fu n c t i o n , i t  is necessary
to spec i fy  only  the “C” branch of the Terminal  Type 1 block s ince
no other modules were necessary. The Interprogram Data block was
reduced in specification since all modules were used .

In the example for Dial Pulsing , it is necessary to specify
only the topmost module of the Terminal Type 2 block , and one
branch from the Interprogram Transfer block.

The reduction in module correlation writing will increase
the efficiency of this effort and reduce the time required to
perform this function .

There is a further refinement which can be made to simplify
the assoc iation process . This is the concept of grouping. it
is defined in the following manner .

When a software designer constructs a major portion of
logic , there are certain associations which he knowingly makes
about his design. Those associations are usually implied , and
not explicitly stated. For instance , the designer knows that
when the  Terminal  Type 1 branch is used , it will always require
assistance from the Interprogram Data Transfer branch. There-
fore , the Terminal Type 1 logic is never sufficient by itself .
The same is true in the example for Terminal Type 2 branch.

This relationship will exist many times over in the soft-
ware design . Therefore , when it does exist , it can be expli--
cityly stated in some manner , for information handling purposes
dur ing  the  System Generat ion process. It migh t  be s tated as:

If , SCL-B0l-C , then SCL-B03-A , B
an d If , SCL-B02-A , then SCL-B03—A

The previous correlation of functions to module relation-
ship would then look like :
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System Function Modules

Attendant Recall SCL—AOl ; SCL-B0l-C

Dial Pulsing SCL—A01 ; SCL-B02-A

This grouping concept allowed the elimination of the re-
quirement to specify the Interprogram Data Transfer branch
altogether . It is expected that in a major system development ,
this concept will reduce appreciably the module relationship
entries .

As an extension of correlation process , assume that some
feature , “X” , required all of the logic within the scanning
logic program block. All that would have to be called out then
would be:

Feature “X” SCL—A Ol

This would indicate that all modules at lower levels should
be included.

There is another topic which needs to be addressed in this
section. It deals with the multiple allocation of modules in
meoory.

When the software structure is drawn according to the struc-
tured programming criteria , it was of no concern that multiple
representations of the same module were constructed many times.
It was of some concern that the representation reflected the
logic which had to be performed rather than where it physically
existed. An examination of a large system would then most
likely reflect several modules which performed the same function .
It is foreseen that , in some cases, multiple copies would be
desired .

There must be provided , therefore , some means which in-
structs the System Generation process in the manner in which to
handle this condition.

The previous example reflects this situation for the BINARY
to BCD conversion . This is~the same module used by TerminalType 1 and 2 but specified by two module identifiers. If the
software designer wants t h i s  logic repeated twice , then he need
not ins t ruc t  the System Generation process in any other manner .
Since the generation process works with module identifiers only,
there is no indicat ion that  they contain the same logic , and
thus , it will be duplicated .

However , if the module needs only one inclusion , the soft--
ware designer must so indicate this requirement. This can be
accomplished through an equivalency statement as follows :
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Eq ua te  SCL-D03—C to SCL-D04-A

The System Generat ion system would then determine  if both
of these modules were called out in the  cor re la t ion  process and
insert the logic only once . Of course , re-entrant procedures
would have to have been applied , if necessary. It is assumed
that the designer has taken this into consideration during the
implementation.

4.1.1 Overlay

The designs currently being undertaken for both Message
and Circuit Switches have evolved over the past decade to the
point where these systems are reaching very complex magnitudes .
During this same period , equipment has matured appreciably. The
techniques applied to the solutions of these system problems ,
particularly concerning software development , are capable of
using resources which were not heretofore available.

One of these areas concerns the use of overlay programs.
It is becoming feasible to consider that certain portions of the
software need not be resident within the main program storage
areas, i.e. , magnetic core or solid—state memory. Some programs
may be used only occasionally and therefore , retained on some
external media , such as disc or drum storage devices. When this
is done , space must be provided within main memory which will
accommodate different overlay programs at different times.

Care must be taken when overlay solutions to memory utili-
zation is considered . An increased amount of system overhead
will occur . This will take additional memory space , as well as
the design of system protocols to involve this capability.
However , the chief problem which must be considered is response
time . It would be possible to configure an overlay capability
in such a manner that the potential system throughput is de-
creased. Or , the system may , under some conditions , fail to
respond in sufficient time so that it doesn ’t meet the intended
objectives at all .

The main reason for addressing the overlay possibilities
is in regard to program configuration criteria. A means must
be provided to i d e n t i fy  programs which should be conf igured  to
be always resident within the main storage areas of memory as
well as those which can reasonably be expected to accommodate
overlay handling .

The System Generat ion process will then have to auto-
matically handle both overlay and non-overlay programs . Some
method must then be devised to indicate this requirement. Ad-
ditionally, the system will have to physically configure the
total software system to be consistent with the overlay scheme.
This will amount to positioning the program modules on the input
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media (tape, drum , disc , etc.), so that proper identification
and loading can occur.

One final point is to be made for overlay programs . The
system measurement capabilities will have to take into account
overlay programs which contribute to the system loading. The
method which is advanced for this analysis , should also be used
for these kinds of conditions. However , transfer delay para-
meters may have to be inserted into the calculations to predict
the overall effect of using this technique.

4.1.5 Executive Control

The executive program is a special case of the applica-
tion program system in both Message and Circuit Switch environ-
ments. Because it is somewhat unique , some special procedures
are foreseen in its handling by the System Generation process.
The extent of any special handling will depend upon the kind of
function which it is designed to perform .

4.1.5 .1 Functional Overview

Typically, executive programs are designed to handle the
scheduling activities of all other program modules within the
software structure . This involves using some pre—established
criteria by which programs are called into operation. Many
methods have been devised to provide this kind of information.

I n add i t ion , many executive programs are also tasked wi th
other  system f u n c t i o n s .  For instance , the  Inpu t/ Ou tpu t  func-
tions may be relegated to the executive. It then becomes the
chief program module which interfaces the common control sub-
system with the other elements of the switching system through
the transfer of the “real world” data. The executive may also
be tasked with the duty of performing system maintenance activi-
ties , including switchover processes. Periodic checks would
then be made by the executive to verify the operational capa-
bility of most of the system . Special sequences would be called
in to  operat ion when these checks revealed error symptoms .

4 . 1 . 5 . 2  Special Problems

The make—up of the executive is not particularly important
in the physical construction of the software system , except that
portion which addresses scheduling . This area deserves further
attention .

It will be possible for the executive to conform to the
rules of module segmentation as is done for other software
blocks . Individual program modules can be identified and cor-
related into branches as with other programs . The problem is
not with this process, but in specifying the major program
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blocks which the executive uses, as well as indicating the pre-
ferred execution sequence that is to be followed.

To make this point somewhat clearer , consider the program
structure which was shown in paragraph 4.1.3.3. Five applica-
tion program blocks were depicted , each of which was indepen-
dently associated with the executive program block. It was
possible to consider each program block as a separate entity,
parse its logic into a multitude of small modules , and interre-
late those modules according to their logical branches. But
there was no consideration given to how that program block inter-
faced with the executive , or , how the System Generation process
could be informed of this relationship. This effort was deferred
until the executive control was discussed .

4.1..’~.3 Viable Solutions

It is apparent that some means must be employed to con-
figure the executive with the other portions of the system . The
task may be considered as fulfilling two objectives :

(1) Parameterize the executive for scheduling programs at
predetermined times or conditions.

(2) Provide information to the loading process so that
processor capability can be ascertained.

Since it cannot be precisely determined how an executive
will be constructed in a given environment , it will be possible
to explore only certain conventions by which the objectives can
be met.

Assume that the scheduling process involves a table look—
up process for determining which program block to schedule.
This table then is composed of fixed entries which must be pre-
set to reflect the scheduling patterns the system must accommo-
date. It m ight also occur that execution frequency information
is conta ined in such a t ab le .  A representa t ion  of th i s  tab le
is shown below , using the modules which were previously men-
tioned .

PROGRAM BLOCK FREQUENCY
Register Logic 12.5

Sca n Logic 25 .0
Mat r ix  Logic j

Translation Logic 25.0
Non—Register Logic 200.0
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The table reflects each program which the executive is sup-
posed to schedule. Corresponding to each program is frequency
i n f o r m a t i o n  which  r e f l e c t s  the desired execut ion cycle .  I t  is
assumed t ha t a system clock is implemented in some manner  and
used by the executive for timing purposes.

In the above example , the executive would schedule the
register logic’ each 12.5 ms , the scan and t r a n s l a t i o n  logic each
25 m s , and the non-regis ter  logic every 200 ms.  The “ I ” , cor-
responding to the matrix control logic would indicate that this
program is directed into execution by a system interrupt , rather
than any timing criteria.

Some rules may also be applied by which the executive is to
schedule these programs. For instance , it could be stated that
the order is important , and therefore , the programs should be
scheduled from top to bottom according to their ranked position
within the table.

This would mean that at any period of time , when more than
one program was supposed to execute , the program which was
highest in the table would be called first .

This rule might also apply to programs scheduled by inter-
rupt , such as the matrix control logic. Since it occupies the
third position in the table , it would be activated only if lower
programs specified in the table were operating . That is, if any
program order higher was operating , the interrupt would not be
immediately honored .

It would be possible to inform the System Generation pro-
cess of this scheduling arrangement by instructions such as
those shown below .

Scheduled Order = RGL — AOl , 12.5; SCL-A02 , 25.0;
MXL - A03 , I; TRL - A04 , 25.0;
NRL - A05 , 200.0

The entries would then be processed and placed into the
table for executive program scheduling use.

The table structure used for scheduling can be extended
further to include additional information . Two more items might
be desirable. One of these could be the interrupt level assign-
ment which the application program is to use. This would occur
if multiple interrupts were handled by the system . The level
and their table ranking would then have to be specified .

Another condition could prevail which requires specifica-
tion . Consider that a particular program block is required to
execute on ly  when ce r t a in  condi t ions  occur in the system . This
block is , therefore , demand dependent . No association with
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interrupts is made , nor can timing criteria be made available
for scheduling this logic. However , the program block must
still be ranked as are all other program blocks. The scheduling
table might then appear as follows :

PROGRAM BLOCK FREQUENCY

Register Logic 12.5

Sca n Logic 25.0

Matrix Logic 13

Translation Logic D

Non—Register Logic 200.0

The table reflects the level of interrupt which is to be
used for directing the matrix logic int o operation. It also
indicates that the translation logic is scheduled on a demand
basis. The top to bottom ranking criteria would still be used
in determining program execution order. An expansion of the
scheduling order instructions given to the System Generation
process could he developed to refl’ L t these additional inputs.

There are , of course , several other methods by which an
executive system can he constructed . One such method is In—Line
code scheduling. This technique pr ~ides that the placement of
the instructions used in the executive cause the scheduling
sequence to occur . That is , the logic which enables the scan
logic  to operate proceeds the logic which drives the register
logic , etc. The calling sequences are then different for each
program block within the system . For this technique , the ind i-
vidual program segments would have to he uniquely identified
and physically ordered so that t h ey could he arranged in the
correct manner .

A control structure for this type of scheduling implementa-
tion would look as:

Executive Control

Instructions for Scheduling SCL-AO1

Inst ruct ions  for  Scheduling SCL—A02

Instructions for Scheduling SCL—A03

Instructions for Scheduling SCL—A04
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Instructions for Scheduling SCL—A05

This structure provides the method for scheduling time and
demand dependent programs . As the executive begins each new
time cycle , the instructions it first executes cause it to
schedule the SCL—AOl program block , followed by SCL—A 02, etc.
Logic within each scheduling segment must address the unique
time requirements for that program block or demand conditions
if the program is so driven . A method must also be constructed
which provides interrupt control.

While this method of scheduling is perhaps some more ef-
ficient t imewise in providing transfer to the appropriate pro-
gram blocks , it suffers from being more rigid and inflexible
to changes in the scheduling order . The System Generation user
would have to be more cognizant of the physical implementation of
the executive than with the first method outlined .

4.1 .5.4 Correlation

The association of system functions to program modules
which is performed for all program blocks may take another form
when the executive logic is specified . This will depend upon
the content of the executive ; how it is put together and for
what functions it is responsible.

If the system functions are provided entirely by the appli-
cation program blocks , then the specification of required
branches needs to be associated by some other criteria . This
association was already provided if the first method of execu-
tive structure described in the preceding section is considered .

When the program execution schedule was prepared for  the
System Generation process , each program block which was to be
scheduled was explicitly stated . The System Generation process
may be made to use this data in some manner . This would be
practical if the entire executive is to be used , since no
branches were called out in that procedure.

For the situations which require the use of only portions
of the executive , a relationship will have to be specified.
This could be accomplished as shown below .

EXL-A01-A = SCL-AOl

EXL-AO1-B NRL-AOl

EXL-AOl-C = RGL-AOl

EXL-AO1-D = TRL-A01
EXL-AOl-E = MXL-AOl
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The above assignments indicate various branches of an execu-
t ive system which correspond to particular program blocks. This
would reflect program correlation rather than any system func-
t ional relationship. I t would , nevertheless , allow for the in-
clus ion o f only those portions of an executive which are required
for the system being constructed .

4.1.G Overload Condit ions

An important consideration wh ich ought to he made for any
sy s tem c o n f i g u r a t i o n  is t h a t  of processor loading. A concept of
System Generation has been outlined which allows for the inclu-
sion of pre—programmed modules into a total software system .
Bu t wh at k ind of load ing wi l l  the  processor exper ience when the
sys t em is in use?

Usually, wh en processor load ing is cons idered , the  ma in
concern is with how much work the processor can undertake before
it reaches execution saturation. In exploring this area , two
conditions are of primary concern. First , it is necessary to
know that the processor is not being overloaded , and second ,
how much load ing does occur at expected peak levels.

Before exploring how it might be possible to predict
loading data , the reasons why this is considered to be a partic-
ularly important parameter when a System Generation facility is
dev eloped should be explored .

4 . l .G .1 Historical Trends

Historically, systems were created to fill some particular
switching need . A detailed specification was provided wh~ ch
identified each function that was required during implementation .
Using the specification requirements , the system designers then
began to construct a system which fulfilled those needs.

Aside from the switching subsystems , (matrix , mat rix con-
trol , line/trunk terminations , supervision detection , special
consoles and instruments), the common control area ~as a n a l y z ed
for the task in question . Of major concern here was:

(1) Which processor could best fill t he  need s?
(2) How many processors would be required?
(3) What kinds of common control interfacing should be

utilized?

(4) How much memory is needed?

(5) In what manner should the memory he partitioned ’?

(6) What interrupt levels would be required?

VI—58



(7) In mult i—processor configurations:

( a )  What tasks should be assigned each processor?
(b) How can data be exchanged between processors?

(c) What plan should be followed for error condi—
t ions?

( 8) How sh ould the  processor sof tware  be arranged?
(9) What maintenance/diagnostic capabilities need to be

prov ided?

There were , of course , many other  cons iderat ions wh ich were
taken into account during the design of each system .

One of the key areas which was addressed , but wh ich was
most d i f f icul t  to def in it ize , was loading of the common control
subsystem , or , overload ing to be exact .  There was c e r t a i n l y
an attempt to pred ict these data , particularly when the number
of required processors was addressed . These data were usually
based upon some previous system experience , which to some de-
gree approximated the requirements of the current system under
design. When no previous system closely resembled the current
undertaking, these data were extremely difficult to predict .
The use of this process has seen some very accurate predictions ,
as well as some monumental catastrophies.

4.1.6.2 Loading Criteria

The loading of a processor is primarily dependent upon the
external demands being placed upon it. These external demands
cause sorn(, process to occur , depending upon the task involved .
In a Message Switch Application , incoming message arrival rates
and delivery requirements are the prime external demands. In
a Circuit Switch Application , call placement rates and discon-
nec t requests constitute the external demands. These external
demands can usually he predicted rather accurately, when the
environment in which the switch will operate is known . In many
cases , the specifica tion to which the system is being designed
contains this intormation. The “front—end” loading can , there-
fore , be ascertained with substantial accuracy .

But how is it possible to predict the amount of time which
the processor ’ s software will consume in handling these requests?
This is the information which is of real interest , and that which
is most elusive.

There are several contributing conditions which lead to the
consumption of processor time. A few of these are named :

(1) Overhead — that portion of the software which is re-
quired at all times , even during zero traffic condi-
t ions.
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(2) Application Program Size — the amount of logic which
needs to be executed to provide call/message handling-
this will vary according to call/message type and any
special handling required.

(3) Code Execution Repetition — the sections of software
(usually loops) which are repeatedly executed , al-
though they may be quite small.

(4) Administrative runctions — those non—message/call
handling functions which must be performed immediately,
but which do not provide service for external demands.

(5) Maintenance Functions — that logic which must be per-
formed when f a u l t  ind icat ions are rece ived . Thi s is
aside from the normal system checking which is periodi-
cally performed.

(6) Scheduling — that portion of the system which decides
the order of program execution , and wh ich itself con-
tr ibutes to the loading .

Ty p ica l ly , the loading is determ ined “after the fact” ; that
is , foll owing the completion of the software design. A number
of techniques have been applied at this point , most of which
hav e had some success in determining these data. Hopefully, the
syst em is not overloaded , but is loaded sufficiently so that
the system was not grossly over-equipped . The latter is usually
not the case .

4.1.6.3 Prediction Techniques

Returning to the topic in question now , it would be poss-
ible to continue the same process for loading predictions as was
discussed above. But this process seems very restrictive and
inadequate for the type of System Generation being pursued .

It is assumed that a System Generation facility would be
based upon evolutionary deveioprnents. Specifically, software
wh ich is initially developed forms only a base for future addi-
t i ons , and t h a t  as each addition is created , it will be included
into a resevoir of software modules. A subset of the total soft-
ware capability could then be drawn upon to satisfy some partic—
ular switching requirement .

This concept precludes the possibility of drastically
changing the system requirements. Otherwise , a completely new
iacillty would have to be constructed , invalidating that which
was already done. The systems must then be generic , so that a
gradual evolution can be maintained .

Assuming that this commonality can be achieved , considera—
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tion must be given to what methods can be constructed to pre-
dict processor loading . It will be possible to draw upon the
developed software modules and to form a viable software pack-
age. This means that hundreds of combinations of modules could
be configured and installed for some switching configuration.
It would be convenient to be able to spec i f y , throu gh the  System
Generation facility , the exact requirements for a particular
sw i t ch , provide for all of the associate d modules to be arranged
together according to some predetermined scheme , and have the
loading data automatically computed in some manner.

This seems to be a difficult goal. But one which can , per-
haps , be achieved nevertheless. Remembering that the software
was constructed of small modules , and that the ability to con-
f igure par t s  of the  sys tem together  is prov ided , all that re-
ma ins is to associate  some execut i on t ime per module and to
indicate the sequence which is to be followed . It then seems
possible to build into the ~~‘stem Generation facility, the capa-
bility to use this information for loading determination .

The first step then is to place another task upon the soft-
ware designer. That task will be to determine , on a module
basis , the time required for its execution. Since the modules
are re la t ively small , th is is no large task for each module ,
a l t h o u g h  the composite w i l l  be subs tan t ial .  If  t he  typ ical
design process is observed , in many cases the software designer
does this himself , and for his own benefit during the implementa-
tion . Much of the information is then available , although re-
quests are not often made for it. This information should be
requested at the onset of the design task .

The second step will be to define the execution sequence
which should be employed . That is , how often does each partic-
ular module execute in a specified time period .

This information is more managea le if the branches are
considered , rather than individual modules. It has already been
established that the branches can be identified , each of which
conta ins several modules. An effort should then be spent to
determine branch timing . This is only a summation of unique
module times. No doubt this effort could be performed automati-
c a l l y , since all module t imes and all branches were heretofore
defined .

With some method then , it has been possible to accumulate
t imes associated with every branch in the system . The frequency
of branch execution will then be required to determine loading
across the specified time period . It should be kept in mind
that only a selected set of branches will be utilized in this
proci’ss , specifically, those which form the software for the
c o n f i g u ra t ion  required .
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As was mentioned earlier , the prime consideration on pro-
cessor loading is to determine whether the system is overloaded .
This will undoubtedly occur at peak busy hours if at all , so that
is the loading level in which there is the most interest. This
max imum handling situation is what- has to be specified in some
manner. Th is topic is further addressed in paragraph 4.3.3.1 ,
Simulation. The details of a method are advanced to solve this
pro b lem .

1.2 SYSTEM SPECIFICATION

The System Generation facility under consideration is in-
tended to satisf y those requ irements  pecul iar to C ircu it Sw it ch
and Message S w i t c h  configurations. It is not apparent that the
same t ramework could not be used for other types of applications
as w e l l .  The key in d e t e r m i n i n g  the  approach s u i t a b i l i t y  migh t
he based upon whether evolutionary software is required for other
systems , rather than in the techniques to ach iev e th is end . I t
is expected that modifications could be introduced to provide
varianc es in requirements if they exist

The scope of this discussion , however , is in the  cons t ruc t s
of a f a c i l i t y  for switching applications. The main concern here
is with possible sys t em requirements , w it h wh ich to ta ilor the
i m p l e m e n t a t i o n . (‘~?rtain requirements address the configuration
hardware , while others address the furn -tional endeavors. Both
of these require handling by the System Generation facility.

1.2.1 Physical Configuration

The p h y s i c a l  m a k e — u p  of  the system will have to be speci-
fied for each software system which is to be prepared by the
System Generation process. In order to do th is , a base of hard-
ware elements which can be drawn Upon has to be specified . From
this base , a subset can then be drawn , which will specif y an
exac t hardware configuration to be used for constructing an oper-
a t i ona l  system .

The primary purpose in constructing the hardware configur-
ation is to enable the System Gen era t ion process to ver if y tha t
the proposed hardware meets all of the funct ional capabilities
which  i t is to unde r t ake . A cor re la t ion , the r e fo r e , w i l l  be
performed . This correlation is considered in detail in paragraph
4.2.3. This information is used by the System Generation process
when the required capabilities are being assembled .

The list below reflects the kinds of hardware elements
wh ich would be used during this process. It consists of elements
which relate to switching hardware modules and those which are in-
cluded within the common control subsystem .
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Switching Dependent Elements

(I) Number of line terminations — will specify the
maximum capacity which the system is expected to
handle.

(2) Type of line terminations — will specify the kinds
of line term inations which can exist in the
system .

(3) Number of trunk terminations.

(4) Type of trunk term inations.

(5) Number of register terminations - will specify
the maximum number of receiver/sender units which
the system can handle.

(6) Type of registers — will specify the individual
kinds of registers which can be used in the
sys tem .

(7) Conference bridges — will specify the type , size
and number of bridges allowed in the system .

(8) Matrix interfaces - depending upon the matrix and
associated control , this will specify the inter-
face which is to be handled with that subsystem .

(9) Special terminations - will specify types and
maximum numbers of terminations , such as:

(a) Recording

(b) Paging

(c) Inter—matrix

(d) Encryption Modules

(e) Echo Suppressors

(10) Attendant positions — will specify the number and
type of special position equipment.

(11) I/O channel characteristics — will specif y unique
qualities of the I/O subsystem itself.

Common Control Dependent Elements

(1) Communications Processor Units — the number of
CPU ’s which can be configured within the system .
This will include the maximum number of CPU mem-
bers , if a compatible family of CPU ’s exists.

(2) CPU Arrangements - the physical configuration
which will be applied when more than one CPU is
required .
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(3) Memory Configuration & Sizes — the plan which is
to be used for memory assignment , and the amount
of such memory .

(4) Peripheral Units — will specify for each type of
unit the number , capacity, speed , etc. , which can
exist.

(a) Disc Units

(b) Tape Units

(c) Printer Units

(d) VDU Units

The lists given above are only a sample of that actually
handled by the System Generation facility. It is expected that
several dozen such entries would be made a part of the hardware
base. It is further assumed that there would exist no upper
limit for this base, and that , as the system evolved , items
could be added or deleted as necessary.

4.2.2 Funct ional Configuration

There would be another list constructed and input to the
System Generat ion facility. This list would include all system
capabilities which are possible to be handled . This list is the
same as was used in the correlation process previously mentioned .
In that process , the software logic as it satisfied unique system
requirements was pulled together. This list will also be used
to correlate those same functional requirements to the physical
configuration of the system . All aspects of the total system ,
both hardware and software , will therefore have been considered .

This section serves to identify certain functional capa-
bilities which are expected to be implemented with a Circuit or
Message Switch environment. Again , this is not a comprehensive
list , but one which could be used as a base on which further
capabilities could be added .

Functional Capabilities

(1) Numbering Plan — the address dialing formats which
may be called upon for use. This would normally
identify seven and ten digit plans which specify
area and office address codes and directory numbers.

(2) Trunk Group Arrangements — the manner in which trunk
t e rmina t ions  are grouped for  outgoing route selec-
tion , and for incoming traffic handling . Maximum
numbers per group would be given here , as well as
al lowable sizes w i t h i n  a group.

(3) Traffic Collection Procers — the activity which
accumulates various call/message statistical data
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during on—line operation . This category would in-
clude many subsets of individual system capabilities ,
each of which could be independently specified .

(-1 ) Precedence Level Handling - the assignment of prior-
ities by which calls/messages are to be handled.
The number of levels possible and some criteria by
which they are to he processed would be given .

(5) Conferericing Types - the various types of confer—
en cing available within the system would be called
out. This would include pre—set , broadcast , pro-
gressive and meet-me and any variations allowable.

(6) Signaling Requirements - this would specify every
type of system signaling which is possible such as
dial pulse , DTMF , MF , MF Confirmation , etc.

(7) Encrypted Call Types — this class would call out
unique characteristics for logic which handled
secure call/message placement .

(8) Extended Call Features - this section would specify
all unique variations of call placement , including :

(a) Direct Access

(b) Abbreviated Dialing

(c) Call Forwarding

(d) Call Transfer

(e) Line Grouping

(f) Call Placement Restrictions

(g) Busy Diversion

(h) Camp-on Busy

(1) Group Hunting

(j) Remote Answer

(k) Attendant Recall

(9) Message Length — the number of characters which can
be expected to be sent for handling within one
stream .

(10) Message Block Structure - the structure of messages
themselves , in terms of field identifications , con-
tent type , and relative positioning .

(11) Routing Indicators — the characters included within
a message which are used for destination route
selection.

(12) Character Format Accommodation - the number and types
of formats which can be processed by the system .
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(13) Code Conversion Schemes - the requirements which
address the transformation of character code from
one representation into another. - , -~

(14) Format Validation — the requirements for verifying
the character placement and content type prior to
its utilization .

(15) Header Parsing - the activity which is required to
break the message data content from preceding infor-
mat ion used for process handling.

-1 .2.3 Cor re la t ion

The System Generation facility will be built to use the
physical configuration and functional configuration lists in such
a way to verify that the requirements match the actual capability.
What is envisaged , therefore , is a process which ties certain
hardware elements or subsystems to particular functional require-
ments .

It is expected that the correlation process would be a
manual effort. Each functional capability would have to be com-
pared with hardware elements within the physical configuration
list to determine related hardware necessary. This process is
sim ilar to that which was performed in associating software logic
to functional requirements. In the hardware correlation , however ,
there may not always be a matching hardware element. For in-
stance , the capability to introduce abbreviated dialing is a soft-
ware oriented imp lementation , and does not require supportive
hardware elements. Neither does the capability to provide call
forwarding privileges to certain subscribers. But the require-
ment to provide conferencing , of any type , has associated with it
both software logic and hardware elements. The latter is the
kind of correlation which is of concern at this time .

A correlation would then be made to indicate system func-
tional dependency upon hardware elements. An example is shown
below .

Function Hardware

(1) Numbering Plan — 7 digit = Line or Trunk Terminations

( 2 )  Trunk Group Arrangements  = Trunk Terminations

(3) Traffic Collection = Tape Unit

(4) Precedence Handling = None

(5) Conferencing = Conference Bridge

This kind of information would then become part of the
System Generation facility, which could be modified as system
features or equipment needs change.
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4.3 USER INTERFACE

Some considerat ion must be given towards the use of the
System Generat ion facility. Many of the tasks which will be per-
formed are built into this process and thus , are automatic.
However , it is still envisaged that the entire process should be
guided by personnel knowledgeable in the functions being per-
formed . It is imperative then that this interface is oriented
towards projected user needs in order to make an efficient and
reliable operation .

There are two areas of concern , therefore , equipment used
by operations personnel and procedures which they will follow in
controlling the process. These topics are considered in the fol-
lowing sections.

4.3.1 Equipment

The hardware which will be used for the System Generation
facility does not appear to require unusual configurations , nor
to consist of elements which are themselves unique. The task
which is to be accomplished with this facility is primarily data
processing oriented . Files from mass storage devices will be
accessed , merged with other files , and output on some suitable
media. The internal processing which occurs is expected to be
that of accepting user inputs and accessing files, where correla-
tion functions are performed , with periodic results returned to
the operations personnel .

Therefore , a system is envisaged which contains a central
processing unit , magnetic tape drives , disc units , a line printer ,
and some equipment which allows user interface with the ongoing
process. It is not apparent that a “batch” type processing opera-
tion could be utilized efficiently.

The user interface is perhaps the most important element
with this configuration . It would provide the use with inter-
active capability to initiate the process , and to control and
monitor that process while it was being performed . A CRT ter-
minal device is probably the most efficient from a user view-
point. In the interactive mode , intermediate results could be
displayed for inspection. Decisions which have to be made during
the process could be easily implemented at such a terminal. Al-
though a hard-copy output is not considered to be essential
during the process itself , it would nevertheless aid in providing
a reference during the operation.

4.3.2 The Process

I t  is now possible to explore the user procedures which
could be employed in fulfilling the final goal of the System
Generation f a c i l i ty ,  the overall process by which this is achieved ,
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the f u n c t i o n s  performed at each step , and the manual intervention
deemed necessary.

Prior to exp lo r ing  the  opera t ions  by which the user con-
trols the  system , it is necessary to gain a clearer understanding
into t he  process itself. Since the end result of the System
Generation process is a “tailor made” software system , a multitude
of software modules must be pulled together in some logical
fashion . This function cannot be done in a vacuum . In order to
do this , other elements must be defined , specifically, wh ich hard-
ware modules  w i l l  be needed to f u l f i l l  the  s ta ted  s w i t c h i n g  role
and the system functions and features which the system is required
to handle. These inpuL:~ wi ll l orm the basis by which specific
software modules will be selected .

This  process is presented p i c t o r i a l l y  in F igu re  V I — 3 — l .

The processes shown in Figure VI—3 --l will be discussed be-
fore elaborating in detail about each step .

The key item in the initial process involves the creation
of two cor re la t ion  l i s ts , one for hardware , and the other for
software. To arrive at these lists , all hardware and software
modules are matched with known system functional capabilities .
This process (Al and Bl) yields an association of modules to
capabilities. For instance , a functional capability to outpulse
MF d igits would be reflected in both the hardware and software
lists . For hardware , this would associate MF digits outpulsing
to MF sender units. The MF sender unit may also require a partic-
ular interface to the processing subsystem . This hardware module
would , therefore , also be included . The software requirements
for MF sending would likewise be reflected in terms of one or
more software branches necessary to perform that function.

It is not of concern at this time , how many modules , either
hardware or software , are necessary . Only that the correlation
reflects all that are necessary for each individual capability.

The capture of this information , allows progression to the
next  process step .

At this point , the major concern is with the grouping of
hardware modules to produce the physical equipment necessary for
a particu l ar switch configuration . The unique system require-
ments are introduced here. The matching process , A2 , combines
the hardware correlation list with those unique requirements to
specify the actual hardware to be used . This process will yield
a hardware equipment list matching the unique system requirements
specified .

A second output of the A2 process is used as additional
information in the selection of specific software branches to
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fulf ill the system requirement.

In order to select the appropr ia te  sof tware  branches , the
hardware modules subset , the unique system requirements , and the
software correlation list are all ut ilized . The hardware input
will invoke certain software modules , while the system require-
ments  w ill invoke others. These requirements will draw from the
resources of the software correlation list. The combination of
these two criteria will establish the total software system
necessary to perform the task . The end result is a group of
software and hardware modules which when assembled together , will
satisfy the switching objective.

4.3.3 User Operat ions

The individual steps within the process which lead towards
the intended result will be considered .

The functional capabilities list is generated by personnel
who are cognizant of all capabilities existing , both hardware and
software. This is oriented towards systems functions , and may ,
there f ore , be l ikened to a spec if icat ion def in ing all  possible
attributes that a system might be expected to handle. Except in
t h i s  case , t he  equipment  does exis t  and the  so f tware  has been
developed to produce any of the  s ta ted requ i rements .

The acquisition of these lists has been outlined in pre-
vious sections. This information is entered into the system ,
providing the primary data base from which system subsets will be
drawn . The user of the System Generat ion facility can , therefore ,
draw upon any of the specified capabilities contained within this
da ta  base.

It will also he a user function to update this information
as new and proven hardware and software modules are made avail-
able. He would be able to insert or delete to the list as the
system evolves. This is a vital function since it is expected
that the System Generation facility will take upon a larger and
larger role in equipment configuration as time progresses. New
techniques will be developed which extend the switching capa-
bilities beyond those originally introduced.

The next step will be the introduction of those system re-
quirements which the switch is expected to perform in a particular
environment . The user would key these into the system as a sep-
arate process. This is similar to preparing a specification for
off—the—shelf pro curement.

There are many ~tpproaches which could be considered here.One is simply a random input of capabilities which the system is
expected to handle. It would not matter which item was first
introduced since the system would be expected to validate the
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inputs and choose the appropriate equipment after all entries
were mad e. h owever , the random input lacks any semblance of
order , and thus , would most likely require further information
or correct ions in subsequent entry procedures.

I t  seems more p laus ib le  tha t  some order of e n t r y  should
be considered . One feasible approach would take the form of a
quest ion and answer format , in which the system queried the user
in suc cessive steps. If  th is was done , the entr ies would be con-
sidered sectionalized . For instance , all en t r ies about the  end
user equipment could be introduced first , followed by superv i-
sion procedures , spec ial consoles , etc.  Us ing th is approach ,
the input process would be simplified by progressively displaying
all possible end user equipment available , all superv ision pro-
cedures , all special consoles , etc. The user would select those
wh ich matched h is spec if i c  requi rements  and would en ter the
number of each that was needed . The physical arrangement of the
equipment could likewise be specified if necessary.

At some point in this process , the user begins to specify
the equipment which is commonly shared and traffic dependent .
Two possibilities exist here. First , it might be initially im-
practical to automate traffic calculations into the System Gen-
erat ion facility. The user would , the re fore , use some predeter-
m ined knowledge in specifying the numbers of these units. The
system would be equipped with whatever the user specified .

However , after some period of time , it might be deemed
more desirable to include within the System Generation facility
some traffic calculations which provided aid to the user in
specifying numbers for traffic dependent equipment modules. Based
upon the expected traffic , the system would call out f~~r a cal-
culated number of modules . The user would be able to modif y these
numbers based upon some add itional information .

For the above process , the matching process , A2 , would con-
tinue for the hardware throughout all of the user/system inter-
action. At the completion of the hardware related phase , a com-
plete hardware equipment list would be printed .

Although this procedure outlined for hardware specifica-
tion need not necessarily be made a part of the System Generation
facility, some manual process would otherwise have to be sub-
stituted . This is possible , but the penalty is that the specifi-
cation of the hardware and software would be done under separate
processes , with the possibility of inconsistencies being intro-
duced.

It would be valid , of course , to eliminate the hardware
specification procedure in the event that no changes to the equip-
ment configuration were necessary. This situation would exist if
the same hardware was applied in a different manner through soft-
ware reconfiguration only. The System Generation concept should
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no t pr ec lude t hi s poss ib i l it y .

The next process which the user would be u n d e r t a k ing is
the specification of software capabilities. Those functions
which tie the entire system together , to provide the end r e s u l t ,
need to be introduced . This process parallels that which was
undertaken for the hardware modules. In fact , many of the system
functions , which required modules of hardware , will require
cou n t e r p a r t s  of so f twa re .

Some e labora t ion  is needed at this point. It can be said
that the mere introduction of unique system requirements is not
sufficient for the specification of software. The input from the
hardware specification will describe the actual equipment used .
These inputs are used to invoke appropriate software modules such
as particular supervision procedures , matrix interface procedures ,
and particular peripheral equipment software interface logic.
These are necessary so that the correct equipment interface pro-
cedures are included in the end product .

The specification impact from the System Generation user
for unique system functions does not address equipment character-
istics , but rather those user functions which the system is being
constructed to provide. Therefore , the kinds of inputs which are
considered here are features oriented , such as abbrev iated d ial ing
conference privileges , numbering plan , message characteristics
and formats , and timing characteristics.

It is expected that there will be many system functions
available from which to draw . It would seem logical to imp lement
some order of entry which blended with other organizat ional pro-
cedures in which the System Generation facility is used . It
should be , however , comprehensive and simplified to enable the
user to specif y easily the desired system .

Having entered all of the system functional capabilities ,
and effecting the acquisition of the appropriate software modules ,
the final user operation addresses the configuration of these
modules. Some order already does exist by virtue of the manner
in which the branches were originally constructed . This was
covered in previous sections. What is important here is intro-
ducing execution cycles which the software is expected to main-
tain.

The executive program is the chief means by which sched-
ul ing will occur. A possible method for assigning execution
cycles , introduced previously, effects this order assignment.
The user would be interested in ascertaining whether the configur-
ation he has produced is effective in meeting the traffic condi-
tions which the system is expected to handle . It would be pos-
sible for instance , to select the appropriate software modules ,
but to arrange them in several different configurations. Some of
these configurations may not be optimum in meeting the known re-
quirements .
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W h a t  wou ld  be advan t a geous is for  the  Sy stem Genera t ion
facility to verify in some manner the  th roughpu t  c a p a b i l i t y .
Sever al configurations could be simulated under the direction of
t he  System Generation user and a selection made which best fits
t h e  req u i r e m e n t s .  This c a p a b i l i t y  is addressed in the  next  see-
ion .

On e add itio nal  task wh ich the System Genera ti on user would
he concerned with is overlay software logic. It may be desirable
for ce rtain segments to be r o l l e d — i n  at p a r t i c u l a r  t imes rather
th an being permanently resident in main memory . A knowledge of
th e s o f t w a r e  system o rgan iza t i on  would need to be known in some
detail to allow a workable system arranged with overlay logic.

The user would  need to know , for  ins tance , wh ich so f tware
blocks are capable of being dynamically allocated to storage
space , and the size of each block which could be so handled.

~\nother important consideration in allowing or disallowing over—
l ay procedures concerns what penalities , if a n y ,  would be in-
cu rred from th is imp l ementa t ion.

Each block which provided overlay techniques to be applied
would have to be tagged with some conditional information speci-
f y ing cr iter ia ment ioned above. The System Generat ion user would
then make a dec ision as to the advisability of each block in
ques t ion .

4 . 3 . 3 .1  S i m u l a t i o n

Many kinds of simulations exist which perform various roies
in sys tems des ign and test . Regard ing the Sys t em Gen era ti on
facility, it is not the concern with attempts to verify correct-
ness in logic or code. It is presumed that prior to the inclu-

• sion of any software branch into the software branches list that
the se types of verfiications would have been made . The insertion
of f a u l ty programs is , therefore , not an itcipated.

The primary concern is with the effectiveness of the system
put together in this facility. Specifically, the effectiven ess
in terms of throughput. This must be equated to individual pro-
gram execution times .

To accomplish this end , further information must he gained
abou t the execution times of individual branches which con stitute
a program . This would be a composite of all execution t imes of
the modules which composed a branch. The problem which surfaces
here is two—fo1d . First , as noted previously, the programmer
would need to calculate approximate times per module. This in-
formation would be collected and entered at the branch level.
This requirement does not become particularly difficult when it
is considered that individual modules are relatively small. Each
module is performing only a small role in the t o tal system task.
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Follow ing the module cod ing, it is not for eseen that  much e f f ort
would need to be expended in determ in ing the execut ion t ime.

The second problem is perhaps more difficult and time con-
sum ing . Cons ider tha t  f or any part icular branch tha t  several
modules ex ist , an d tha t  onl y certa in modules may need to execute
when that  branch is entered at a pa r t i cu lar t ime. Some means must
then be determined to capture the normal execution time per
branch.

Since the ma in concern is with  approx imat ions , as stated be-
fo re , th is program can be simp l i f ied. It will take some e f f o rt ,
but the pay—of f can be significant . Normally , each branch can
be determined to have an execution sequence which causes minimal
execution times and also maximum execution times. These can be
determined by inspection and recorded . It is also conce ivable
that the  path through a branch may also have a normal execut ion
route , which is either one of the two extremes , or somewhat in
between the two . These t imes would represent var iances in
handl ing the function which the branch was designed to perform .
That information can then be captured.

Th2refore , three distinct branch execution times can be ac-
cumulated ; best case , normal case , and worst case. These times
are th en associated wit h each branch p laced into the  software
branches list . The System Generat ion f a c i l i t y  could then make
use of th is info rmat ion in an automated wa y to calcula te  the as-
sociated execution times of a specified software configuration.
This is possible since all branches are known , all things per
branch are recorde’i, and th-~ configuration is defined . A summa-
t ion of these t imes across some de fined inte rva l  will del iver
approximate loading values. The calculations could be made for
all  three  spec if ied branch t imes , or as a mix of combinations of
those times based on some probability of occurrence.

A structure which reflects the timing of three branches is
shown below .
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PROGRAN (500-100-25)
BLOCK A

(250—300—48 ) (200—200—200) (400—450—520)

BRANCH A BRANCH J BRANCH C

I I _ _ _ _ _ _

I ~~ I I I I
I I I I L I I I I I I

I I~~1~ I~~ I I~~
Consider ing Branch A , the least execution time taken by the

logic is 250 us, the normal use is 300 us , and the maximum time
is 480 us. Note that Branch B timing remains the same for all
three cases.

The next step in determining processor loading concerns the
frequency of execution of each branch of the system . It must be
known how often a particular branch is entered in order to compute
the total amount of processing time across some predefined inter-
val of real time.

Fortunately, some of the information necessary to predict
this has already been generated. Recall that in the discussion
of the Executive Control , the program block frequency needed to
he specified . This information can now be used by the simulation
process to calculate execution frequency. This works well , ex-
cept for program blocks which are either demand or interrupt
driven . For these blocks , it is necessary to spec i fy ,  for simu-
lat ion purposes , the frequency with which they will operate.
This will require a judgement by the system designer. The method
advanced for branch timing , giving three values , could be made
use of here as wel l .  A knowledge of the system is important  in
order to ascertain the most realistic procedure to follow . This
information is shown on the previous diagram . It indicates that
Program Block A is executed normally every 100 milliseconds ; that
at least it is executed every 500 milliseconds and no more fre-
quently than every 2.5 milliseconds .

This program blcck might represent one which is normally
driven by demands or interrupts , but for simulation purposes , has
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been tagged with this execution frequency data.

It may be obv ious at this point that no mention has been
made concern ing the traffic levels which the system will be ex-
pected to handle. Until now , the main concern has been with the
logic flow within the software which supposedly is driven by some
external stimuli. That external stimuli is either messages re-
ceived and del ivered or call placement/releases handled . The
quantity of these occurrences has a significant impact upon the
system loading. Therefcre , they must be considered to gain a
clearer projection of th i s  t imin g .

Traffic information must be introduced into the system at
the branch level. This will either come from m anual entries of
the user , or through  the automated t r a f f i c  data mentioned earlier
regarding quantity of common equipment modules. The method of
input  is not important here. How this traffic information is
utilized is the important issue. An example can best describe
the procedure.

Assume that the system being constructed is a circuit switch
appl ication for 1000 subscriber terminations. Assume further
that the system also has assigned to it 300 trunk term inations.
The effect of the demands placed upon the software needs to be
calculated to form a true loading picture.

One method to achieve this is to isolate the areas which are
directly affected by call placements. These will include the
front—end scanning logic , register logic including address col-
lection and sending , address translations , and special features
logic employed in handling certain calls. Other areas will have
little or no increased loading when traffic levels are increased
or decreased .

The determinat ion of affected areas is not a particularly
difficult task. This should be accomplished by the system de-
signers , who are most cognizant of the applicable areas. Having
isolated these areas, it is possible to assign weighting para-
meters to them along with the conditions by which these parameters
are adjusted . For instance , a branch or branches which are af-
fected by seizure requests would be assigned weighting values
dependent upon traffic. Idle conditions will force this para-
meter to zero . Half—load traffic , defined as “N” number of
seizures per second would provide a second value. Full loading ,
“2N” would force the parameter to a higher value. Intermediate
values could likewise be calculated .

The parameters are then used to modify the individual branch
timings calculated before. Some educated judgement is necessary
at this step to provide a realistic estimate of the parameter
usage. It may not be realistic , For instance , to double the t ime
of scanning when the system is fully loaded . It may only be
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necessary to app ly  a weighted  value of , say 1.3. The rationale
for this lies within the scanning design itself. It is con-
ceivab le tha t  the majority of the scan logic occurs independent
of traffic load , as was shown in Section 2, paragraph 2.4.3.2;
and t hus , only small additional amounts of processing are re-
quired to handl e new seizures.

Another example would be in the access logic necessary to
operate the matrix. In thi -~ case , the load ing might be sub-
stant ially increased by call placement activity. Assuming that
each call requires “N” accesses as an average to the matrix ,
then each call will increase the loading by an equivalent
amount. Again , th is determ inat ion is des ign dependent .

The concept which has been advanced for simulation of soft-
ware loading is an attempt to approximate that which would
exis t  in the  real envi ronment . This app rox ima t ion  cou ld  be
developed in great detail so that a very accurate pici ure is
de te rmined .

No matter what level is attained , the end result would be
to give the System Generation user the opportunity to configure
the system in different manners to predict throughput perfor-
mance. Using several simulation runs , the one wh ich ind icated
the best overall performance for known criteria could then be
chosen . The system would then produce the necessary output for
system loading and corresponding documentation.

4 . 4  CONCLUSIONS

The concepts presented for the development of a System
Generat ion facility provide a technique which , if implemented ,
would allow for the re—use of software , in t o t a l  or in pa r t ,
for varying configurations and functional requirements of
switching system s. No a t t empt  has been made to est imate  the
e f f o r t  needed to he expended in achieving t h i s  goal .  This esti-
mate must be based upon a known configuration of hardware and
sof tware in order to be meanin g fu l , and upon the degree of im-
plementation which would initially be undertaken . It is not
suggested that the initial attempt at System Generation should
encompass the entire spectrum of the generation process.
Rather , a more realistic approach would seem in order; one in
which various portions of the technique were applied , and built
upon in successive stages. However , early planning must be
made for evolution into the total system .

A co ncerted effort must then be made at the onset of a
system des ign  in order to achieve  a flexible and workable
System Generation process. Planning must be introduced at an
early stage o.~ system development. One cannot reasonably ex-
pect that a system , already developed and in use, could be
accommodated in the rmanner outlined within this report. The
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p o s s i b i l i ty  to i n c l u d e  c e r t a i n  por t ions  migh t  be poss ib le  a f t e r
t he f a c t , but a total system would necessitate a substantial
effort which most likely would negate any subsequent pay-off.

Cruc ial areas which need to be considered at an early
stage are :

• System Configuration

The e lements  which  compose the hardware modules , the i r
interconnectivity, and modu la r i t y  need to be un ique ly
specified . A rigid system which does not afford flexi-
bility in expansion or contraction , nor additional add—
on equ ipment , would not seem to be a reasonabl e system
for which to construct a System Generation facility.
Therefore , the ideal system would allow adaptability
to changing configurational requirements.

• Functional Capability

It can reasonably be expected that the funct ions which
the system will be expected to perform will vary ex-
tensively from one configuration to another . Multi—
plicity of carbon copy systems do not require special-
ized configuration procedures and may be reproduced
easily by other means.

• Software Structure

The generally accepted procedures of Structured Program-
m ing must be adhered to for consistency of design and
modularity. The failure to apply standard practices
will yield an unworkable or burdensome task for the user
to manipulate.

• Identification and Correlation

The procedures outlined in this report need to be ad-
dressed during the software implementation to gain the
input material for the process. Although this informa-
tion could be derived after the design , it can be ex-
pected that an appreciable amount of effort would be
needed if this task is def rred. The availability of
knowledgeable personnel coul ’ then pose a serious pro-
b 1 em.

• System Generation Software

The m a n n e r  in which  t h i s  s o f t w a r e  is created , and the ex-
tent to which it ach ieves the  desired goal must be
carefully planned . This activity can parallel the
switching design task if the entire system is well
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planned in advance. Configurations of data which will
be available , e~-.pected operational procedures , and out-
put from the process , must be specified in suffic ient
de ta i l  to provide the  intended resu l t .

While the concepts and techniques present within this re-
port should provide a basis on which a System neration facility
can be constructed , they are considered to be only a basis for
which further exploration of the topic may be made . The frame-
work has been provided in which further investigations may be
pursued .
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APPENDIX I

CLASS I CAL PROCESSOR ARCHITECTURES

In order to determine the Communication Processor System
which  is economical ly best suited to serve the previously de-
scribed applications functions , the following plan was
adopted:

(1) The applications functions are discussed as if they are
to be implemented on a single sequential processor (uni-
processor approach). Although it soon becomes apparent
t ha t  th is  approach is not the pract ical  solution for
the p roblem , it offers a means to normalize the evalua-
t i o n  of other  processor system architectures. The
app roach also lends familiarity, log ical sim p l i c it y ,
and provides a wealth of historical emperical data.

(2) The necessity of increasing throughput leads to a
search for “Parallelism” , i.e., by processing several
functions concurrently , or by processing the same
function for several events (calls , messages) concur-
rently.

(3) The application functions are analyzed to determine
if an advantage may be gained by use of an associative
(content addressable) memory , and if further (speed)
advantage may be gained by associative processing.

(4) The results of “optimizing” each appl icat ion func t ion
with respect to several processor unit architectures
wil1 then be weighted and merged to evolve the recom-
mended processor system architecture (Volume IV of this
report) and the resulting processor unit architectures.

In order to avoid confusion between the terms processor
unit and processor ~y~ tem , the following is offered.

A group of processing elements are considered a pro-
cessor unit if they execute machine level commands
from a single contro l device in synchronism .

A group of processing elements are considered a pro-
cessor system if they contain separate control units ,
and execute machine level commands (relatively) asyn—
chronously. Note that a common “Master” control unit
can issue commands to several processing elements each
having its separate control unit. This constitutes a
system by our terminology .
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Fundament al Processor Unit Architectures

It is pertinent to describe several popular processor
un i t ty pes and br ie f l y  desc rib e the  propert ies of a process ing
fun ction which best exploits the advantages (or disadvantages)
of  each. “ A d v a n t a g e s ” and “ d i s a d v a n t a g e s” are r e l a t i v e  to the
u n ip r o c es s or  which has been adopted as a “normal izer ” .

Un iprocessor Unit Archit ecture

Figure A I—l shows a block diagram of the classical “general
purpose” machine. Only one stream of instructions is operating
on one set of data at a time . The fundamental means of in-
crea sing t h r ough put is to reduce execut ion and memory cyc le
times . The limitations are therefore fundamental .

Two embell ishments  wh ich have been ut il ized in the  past to
i n crease th r oughput  are “InsLru ction Look—Ahead” and “M u l t ip le
Mach ine Sta tes or Regis ter  Set s” .

“Instruct ion Look—Ahead” is a means of having the “nex t ”
inst ruc tio n ready for  execut ion immed ia te ly  on the  complet ion
o f the p rev ious ins t ruc t i on , thereby complet ing two (or more)
operations in one memory cycle time . Full exploitation of this
concept  r e q u i r e s  an i n c r e a s e  in t he  number  of wires to t h e
memory unit such that multiple instructions are accessed during
One memory cycle time .

“ M u l t i p l e  M a c h i n e  S ta t e s  or Regis te r  Sets ” is a means of
saving storage cycles in the case of t r a n s f e r  of m a c h i n e  con-
trol from one program to another. This construct can increase
th rou ghput if t h e  na ture of the  process requ ires a sign if icant
amount of jumping from one (sub) program to another . In the
case of fai r l y  “lon g” rout ines  wi th in one pro gram , the amount
o f time saved (on a long time average) by eliminating the
stora~.te cycle  overhead is i n s ig n i f i c a n t ;  in w h i c h  case t h e  o n l y
‘ advantage ” offered by multiple registers is a possible program-
ming convenience.

“ALU Pipelining ” (Unit) Architecture

‘ALU Pipelining ” , shown in Figure AI—2 is a means by
which “comp l ex ” instructions may be mechanized to reduce ex—
exution t ime . The method is especially useful in floating
point ar ithmetic where a large amount of data must undergo the
same processing. One special ALU (Arithmetic Logic Unit) is
used solely to a1ign exponents , another to multiply, another to
add , etc. The instruction ADD from the control unit enables one
set of ALU ’s and bypasses others , while the instruction MULTIPLY
would enable a different set of ALU ’s as required . The advan--
tage of this mechanism is lost if only logic al manipulations
are required . Logical operations are “simple ” and can be
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mechanized efficiently in one “stage” o f ALU . “Com p lex ” oper-
ations r e q u i r i n g  seve ra l execu t ion  cycles  can g a i n  a speed
advantage by this construct , but  they must be executed often
(st a tisti c ally ) i f  “ALU pip elining ” is to  he economicall y jus-
tifiabl e . Other benef its of an ALU pipeline organ—
izat ion may Ia- gained if it is possible to establish multip l e
data paths through the ALU set with a minimum of bottlenecks
(determined by simultaneous contention of one special ALU).

(Note: The term pipelining ” was adopted from an analogy l o
the operation of a pipe l in e . The analogy and the term have also
been applied to resource allocation in a multiple processor -system . “MU pipelining ’ is the only context in which we use the
term . )

Pa rallel Array (Unit) Architecture

The Parrallel Array Unit Ar chitecture , shown in Figure A l—
3 is especiall y suited for applications where a large amount of
data can be processed simultaneously. The processes must be
(rela t I vely) independent hut similar . Each act ive Processing
E l e m e n t , PE , is synchronously performing the same operation on
its particular data stream . Any PE can be activated or de-
activated independently, but if it is active , it is performing
the same operat ion as all the other PE ‘s.

In order to exploit this type of processing, t he  da ta mu st
be ‘ s nchronizable to the process , i.e., the instruction stream
sequence is dat a indepen dent , and the data must be ready on
demand. This implit s that the data is not real—time , but is
resident at the time of processing. (Note the difference to
cases where the data is rea l—time , and the  pro gram sequence is
the dependent variable.)

This  t y p e  of u n i t  a r ch i t e c t u r e  is e s p e c i a l l y  s u i t e d  f o r
(Mathematical) Matrix operations , l inear programming, table
look—up operations , digital filter design , sensor data pro-
cessing and pattern recognition .

A s s o c i a t i v e  A r r a y  U n i t  A r ” h i t e c t u r e

The Associative Array Unit Architecture , shown in Figure
A I—4 prov ides a means of exploiting the properties of an
A ssociative (or Content Addressable) Memory .

( 1)  Word S l ice  — An Assoc i at i ye Memory may be accessed by
a word address , causing the data at t hat address to
appear cm t h e  o u t p u t  l i n e s . (Th i s  is I h e  s ta n d a r d
mode for conventional RAM memori es)

(2) Bit. Sli ce — An Assoc I at I ye Memory may he accessed by a
hit position address , causing the c o n t e n t s  of each bit
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of various words to appear on its appropriate output
line .

(3) Combinations of (1) and (2) are possible , e.g., Bits
1—4 of Word 1 appear as Bits 1—4 on the output lines ,
Bits 1-4 of Word 2 appear as Bits 5-8 on the output
lines , etc .

(4) An N-bit data word can be compared simultaneously to
all words of memory causing a “compare ” flag (e.g.,
a 1-bit) to appear on the output lines corresponding
to a compare condition for any word .

(5) A data word may be compared under mask to any subset
of bits of each word (simultaneously), causing a
“compare” flag to appear on the corresponding output
lines .

The ALU in present embodiments of Associative processor
concepts are simple (one bit wide) and capable of only a few
logical or arithmetic operations.

Economical use of this type processor requires that many
operations be performed on data while it is in the Associative
Memory . If only “simple” single operations are to be performed
on a set of data words , the processing can be performed during
the time the memory is being loaded .

The fields within a word must be aligned according to some
assigned meaning so that data are aligned with appropriate masks
for compare operations .

Note that Associative Memories may be utilized without the
attendant processing elements. Small sections of memory to be
used for queues could be provided , allowing a quick scan of
priorities to facilitate scheduling , (e.g., commands can be
entered into a queue in any available location , and can be ex-
tracted and performed on a basis dependent on some field in the
word.) This saves the allocation of memory space for different
priority queues , or saves the sequential scan time of the
priority field. Unless queues are many or long , this is not
economical.

To date , Random Access Associative Memories have been
relatively expensive to produce , and therefore , have been
confined to small memories (e.g., 256 x 256 bits).

Tasks particularly suited for Assoc iative Process ing in-
clude Fast Fourier Transform operations , String searches , Matrix
operations , EW pulse ana lysis , Track-while—scan (radar) and
information retrieval .
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FUNDAMENTAL PROCESSOR SYSTEM ARCHITECTURES

Two different Processor System Architectures are described
here. It should be noted that combinations of these types are
also possible.

Distributed Processor Array (System)

The Distributed Processor Array system architecture , shown
in Figure AI—5 , is characterized by the relatively independent
operation of several processor units. Note that the Processing
Units may be dissimilar types (e.g., Associative , Parallel Array ,
etc.) each contains its own program and data memory , and comm-
unicates to others by common memory buffers and queues or by
interconnecting data links . A discipline must be established
to prevent clashes when several processors contend for simul-
taneous access to the same memory area.

This type of organization is best suited for applications
where processes are relatively independent (minimum amount of
parameter passing between units) and when the processing load
can be distributed to utilize each processing unit uniformly.

Each processing unit must contain a copy of each program
it is intended to perform . If one unit fails , another unit in
the array may assume the processing load if a copy of the data
and program memory is available to the operational unit. This
requires a monitoring device to determine the necessity of
sw itchover , and to coordinate the action . Subsequent operation
continues with some loss of per ormance , depending on the cap-
ability of the processor(s) assigned to handle the increased load .

To reiterate , each processing unit contains its own
EXECUTIVE program which determines its scheduling.

Parallel Ensemble System Architecture

The Parallel Ensemb le System Architecture , shown in Figure
AI— 6, is characterized by a Common Control Unit which determines
the utilization of each processing unit. A contrast to the
Distributed Processor Array just described may
be beneficial: The processing units for the Distributed Array
are “specialists” each performing predefined functions; the
processing units for the Ensemble are “generalists” performing
whatever function the Control Unit happens to schedule at any
moment. Note that the control unit itself may be implemented
by a separate Processor Unit.

A high degree of resemblance ex ists between the Parallel
Ensemble System block diagram and the Parallel Array Unit block
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diagram . The difference is not the lack of common memory in
the Unit architecture , for indeed a common memory could be
utilized . The difference is that in the Parallel Ensemble §

~~
-

tem , actual machine level instructions are occurr ing asynchron-
ously, with programs having been scheduled by the common control .

The main parameter in the choice between the Distributed
System and the Ensemble System is the predictability, at the
time of design , of the variation in loading between processing
units. In a dedicated application , the Distributed approach
may be favored , whereas in a general usage situation where
problem types are not uniquely known a priori , the Ensemble
approach ~~~ be favored .
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OBSERVATIONS REGARDING COMMUNICATION PROCESSOR ARCHITECTURES

The Nature of the Functional Requirements for Communica-
tions

The overwhelming majority of different functions imple-
mented in large scale circuit and data switching systems are
statistically insignificant from the point of view of processing
load . Thus , while these functions are important and must be
implemented , they represent primarily a burden on program space
rather than a processing burden . A properly optimized reper-
toire will allow the reduction of this program space, perhaps by
as much as a factor of 50% but it is not likely that one can
point to a particular functional requirement and note that it
will affect the repertoire in such—and—such a manner . Most of
the functional requirements have a diffuse impact on the archi-
tecture rather than a highly specific one . Changes are needed
in address structure — this affects all functions and the need
arises from all functions . A rich interrupt and channel struc-
ture is required , again a diffuse requirement in response to all
functions . There are , however , some specifics which are needed
in response to a few , readily identified requirements : code
conversion instructions , jump table related instructions , pos-
sibly specialized instructions that are useful in performing
path search routines and cyclic redundancy checks . Outside of
these few areas , what is most needed are better means of imple-
menting fe~tures already present in many computers in one form
or another , and trying these features together to achieve a
repertoire which is optimum for the communication task.

Specialized Non-Communication Requirements

Under this category , those features which are needed in
any real-time system which must continue to work despite fail-
ures of its component elements are included . These features
probably dominate the architecture more than the specifics of
the communication task. A number of requirements stand out :

(1) Self-Failure Detection Mechanisms

Numerous facilities are required to detect and iso-
late malfunctions to the lowest automatically replaceable ele-
ment. Included here are: illegal instruction traps , parity
checks at interfaces , watchdog timers , illegal memory access
attempt (assigned area violation), confidence checks , power
transient interrupts.

(2) Automatic Bootstrap and Load Facilities

If fully automatic recovery is to be implemented , it
cannot depend on manual bootstrapping , externally activated
forced loading is mandatory .

A I— 13



(3) Configuration Switching and Element Isolation

The lowest automatically replaceable element (for
example: computer , memory un it , device) must not only be iso-
lated as a malfunctioning element but it must be possible to
exit it from the configuration so that its malfunction will not
poison the system , i.e., induce operational failures in other-
wise functioning units. The ability to remove ati element from
the configuration and the ability to switch in a spare unit from
a spares pool implies an extensive configuration control facil—
ity. This , in turn , implies inter—element interfaces that guar-
antee electrical and logical independence of the elements to a
sufficiently high probability.

(4 )  Monitoring Devices

Monitoring facilities , whether implemented as spe-
cialized hardw~re or distributed software , are required to allow
the detection of malfunctions where self—detection by the unit
fails .

(5) Diagnostic Facilities

Since the system ’s availability is equally dependent
on the MTBF and the MTTR , extensive diagnostic aids are required
to reduce the unit down time once it has been placed in the
hands of the maintenance technician and out of the working con-
figuration . Such diagnostic facilities , be they implemented as
hardware or software or a combination thereof , are essential .

Def iciencies of Present Sys tems

It was found in the applications studies that while most
of the C/S systems utilized processors specifically designed for
C/S control , the overwhelming majority of computers that have
been used to date in a M/S communications role were not de-
signed for that purpose . In most cases, they were adaptations
of an existing or projected non—communication family or, be-
cause of a need for “product line” compatibility , they were
heavily influenced by the companies existing or projected pro-
duct line . Some features of commercial computers are merely un-
necessary : predominant among these are floating point arith-
met ic , division , double precision arithmetic. Other features
are only marginal utility ; memory boundary violation , hardware
relocat ion , virtual memory . The primary deficiencies of com-
mercial practice follows:

( 1) Rudimentary fac ilities related to recovery and con-
figuration control. Most of the features described
above are lacking or have been implemented In an ad-hoc manner
as specialized designs. They have only been gradually incor-
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porated into commercial systems . Generally , the communication
field has led commercial practice by five to ten years in the
items discussed above.

(2) Address space is insufficient — too little memory ,
not readily accessible.

(3)  Dynamic storage allocation not implemented f rom the
ground up. Where dynamic storage allocation is implemented , as
in a virtual memory machine , the block size is too large. Fur-
thermore , specialized facilities for indexing in dynamic memory
are tota l ly  lacking.

(4) Not enough channels, interrupts and memory ports.
The total number of devices (i.e. lines) that must be addressed
in a typical communication system is far larger than that off-
ered through the I/O repertoire of a typical commercial machine .
Specialized devices must be constructed (usually on an ad-hoc
basis) to allow access to the lines. This approach falls apart
totally when DMA is needed for a large number of lines .

(5) Channel rate is wrong. Channel rate is almost al-
ways dictated by the device (e.g., disc or drum). Since these
devices are made for commercial applications , their rates are
often inappropriate. The problem more often than not is not
that the device has too low a transfer rate , but that the trans-
fer rate is too high.

(6) Growth structure is wrong . Since commercial practice
is based on single computer configurations , growth in processing
load is almost always met by increasing the size of the main com-
puter , (and iricidently , its back—up). Commercial practice is
not oriented towards multi-computer complexes . They are rela-
tively inflexible , with regard to system architectures , i.e.,
there is insu f f i c i en t  modularity

( 7 )  Specialized instructions and interrupts  missing.
• Instructions related to character detection and character se-

quence recognition are missing. Instruction indexing mode is
limited to word indexing and character indexing. Bit manipu-
lation instructions were added only relatively recently . Almost
no facilities for extensive examination and manipulation of
tables are provided .
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APPENDIX II

USE OF CONTENT ADDRESSABLE MEMORY (CAM) IN COMMUNICATIONS
SWITCHING

General

Hardware developments in the design of Content Address-
able Memories (CAM ’s) have led to a promise of technical and
economical feasibility for such devices in the next few years.
In part icu lar , the use of Large Scale Integration (LSI) has
made possible approaches to CAM ’s that would have been unthink-
ably expensive a few years ago.

Concomitantly, theoretical studies on the utility of CAM ’s
and the processors associated with them have been conducted over
the past several years, to the point where the major theoretical
problems attending their use have been analyzed and are now
underdtood - while this is true for most areas , it is not true
for all.

Historically, one of the major motivations for the de-
velopment of CAM ’s was their application to a variety of large
scale Information Storage and Retrieval (IS & R) problems , pat-
tern recognition problems , and the like. In an IS & R system
of any significant sophistication , a CAM offers the possibility
of eliminating multi—threaded lists and the many ills to which
they are heir. The application of CAM to such areas is gener-
ally considered proven , awaiting only technical economic avail-
ability.

To the extent that large scale IS & R becomes a function
of message switching , CAM’ s are automatically applicable. How-
ever , it should be recognized that even the most complex re-
trieval functions within a message switch are in terms of bona-
fide information storage and retrieval systems, trivial. Even
the foreseeable significant expansion of the IS & R functions
of a message switch does not bring it into the realm of a full
blown IS & R system . Should the switch be functionally expanded
to include major IS & R processing, then the vast body of infor-
mation pertaining to that application of CAM ’s would be auto-
maticall y applicable to the message switch , and would not need
yet another study on the subject. Therefore , this discussion
is restricted to only those applicati ons that are in the main-
stream of message switching while it is still recognizable as
being primarily a message switch , rather than an IS & R system
that happens to do message switching on the side .

A Hypothet ical  CAM

There have been many proposed CAM memories , some built ,
others simulated. In order to lend some focus to our discussion ,
we shall propose a tentative CAM , its characteristics , etc. The

AI I— l



CAM concept discussed here is intended to be compatible with the
general architecture of the CPS as discussed in Volume IV. Most
of the characteristics have been taken from various Goodyear
Associative Memories , as developed under contract with Rome Air
Development Center.

Search Mode and Speed

A parallel , simultaneous search of all elements in the CAM
in one memory cycle is assumed. A hardware implemented sequen-
tial search does not offer any significant advantage over doing
the same thing with the instructions already in the repertoire .
That is , using a masked search of a sub—element for a total or
partial match on a specified key through N elements can be done
in one instruction by non—CAM processing. Only if the hardware
search is in parallel , by virtue of having comparison logic for
every bit in the memory , would there be an advantage . Sequential
search hardware does not represent a sufficient improvement in
search time to warrant the expense.

What Is Searched , What Are The Keys?

Assume that the memory will manually provide the first
(lowest order) element that satisfies the masked keys , where the
key is specified as operating over a specified sub—element posi-
tion and size within the element .

Instructions And Instruction Modes

Assume the following kinds of instructions .

Search Criteria

A logical search through a mask and a set of a r i t hme t i c
searches for greater than , greater than or equal , equal , less
than or equal , less than.

Boundary Control

A pair of fields that delimits the upper end and lower
bounds in terms of normal memory locations over which the
search is to take place .

Output Modes

(1) Address return , low .

The output is the lowest order element address that
satisfied the search criteria.
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(2) Address return , high .

The output is the highest order element address that
satisfied the search criteria .

(3 )  Next  address , low ; next address high .

Depending on which is selected , the next highest
(next lowest) address is returned . An address value
is assumed to be contained in a specified register.

( 4 )  Data mode read .

The same as the above four modes , except that a trans-
fer to normal memory or register of the entire element
is performed . The usual indexing and indirect mo-
dalities applies to the transfers as far as the re-
ceiving locations are concerned .

(5) Data mode write.

As above , except that a transfer is made into the
block that was found by the search .

Note that 4 and 5 are actually MOVE instructions
except that instead of having to
specify explicitly both the source and the destina-
tion of the MOVE , one or the other is defined 1mph -
citly by the CAM operation . Such CAM operations would
have to prevent the overwriting of the keys .

Key Index and Indirect

Indexing and indirect operations can be performed on the
keys . In this mode , the indexing and indirect operation are
identical to the usual indexing and indirect operations . The
effective address calculation is made and the key brought for-
ward . The found key is then used to activate the CAM operation .

CAM Index and Indirect

Indexing

The key value is incremented by the contents of the sped —
fied index register. The operation then proceeds in the normal
manner.

Ind i rec t

This could be very complicated and many possibilities
abound. A simple case can be considered in which the CAM opera-
tion is performed and the element , less the keys that satisfies
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the search criteria , is brought up. The content of that element
is used as an address to the data.

Post Indexing

The key is used to find an element that satisfies it. The
contents of that element is used as an address , which is in turn
modified by the contents of the specified index register. That
effective address is used to perform th indicated read or write
operation.

Jumps

A number of jump or skip instructions related to CAM opera-
tions would probably be implemented such as: JUMP (SKIP) on ~0
RESPONSE , EXACTLY ONE RESPONSE , MORE THAN ONE RESPONSE.

Normal Addressing

It is assumed that an element or its sub—elements can be
addressed in the normal manner: that is all instructions of the
normal computer still apply .

Size

Is there a size for a CAM below which it does not pay to
use one? The answer is an overwhelming YES . If the CAM is
small , say a few hundred words , the only way it can be used is
by loading the table or data to be searched into the CAM area ,
and then applying the CAM operation to that table. A little re-
flection will show that this cannot pay off . Loading a table
using a proper move instruction will take of the order of two
memory cycles per word moved — one to extract the word from the
location and one to move into the new location within the CAM .
This assumes that there are powerful internal MOVE instructions .
If there are no MOVE instructions , then the transfer memory
cycles per word is even higher . Therefore , the surge time is
proportional to 2N , where N is the number of words to be moved .
If a binary halving technique is used to search a table , assum-
ing 10 instructions per step, 2OLog2N is obtained for the search
time in memory cycles . For this situation , the CAM loses for
tables bigger than 64 words . If the processsing required for
binary halving is doubled , it would merely double the point at
which surging and hence CAM operation would not pay . It should
also be recognized that binary halving searching is merely one
of the more primitive search approaches . Given additional
knowledge about the structure of the keys , their appearance
probabilities , their expected spacing, and the relative usage
frequencies , more elegan t search techniques can be devised which
bias things even further away f rom the use of a CAM . Conse-
quently, it can be seen that a CAM would only be useful if it
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were available in large quantities . For example , the entire
main memory is a CAM. Under this assumption , since numerous
internal moves to use the CAM need not be made , the investiga-
tion into its applicability can be continued.

Potential Application Areas

The following are potential areas where the use of a CAM
might be beneficial .

Routing Analysis

This operation , at present , takes of the order of 250 to
500 memory cycles per address . Most of this is taken up by
validating and parsing the RI and not for searching the RI
table . All of input processing consumes approximately 20% of
the total processing load. RI related processing, for valida-
tion and finding the output line consumes less than 1% of the
total processing load . The actual search is negligible .

Block Assignment and Release

This could be readily done with a CAM. The key would be
set to a standard value , say 0, to indicate that the block in
question was not in use . Part of the processing associated with
finding or releasing a block is assuring that assignment and
release will be done in a re—entran t fashion . This is needed
since the assignment and release occurs at many priority levels.
If this could be done in one instruction , part of this process-
ing would be eliminated. However , the way this is normally done ,
is to keep a list of available space . The programmer knows
exactly where to go to get the next block . If the programmer
is not given LINK and UNLINK instructions , the process of link-
ing and unlinking is tedious and the CAM has an advantage . How-
ever , given the LINK and UNLINK capabilities , the CAM has n~~relyeliminated a few instructions by virtue of not having to hdve
explicit queues .

Scanning Functions

These are periodic line monitoring functions whose purpose
is to check every line in the system to see if certain condi-
tions or situations have arisen . For example: has there been
no activity on the line for more than a given time period? Has
the elapsed time for a required response been exceeded? Approxi-
mately five to six percent of the processing in present message
switching systems is consumed by this activity . With the pro-
posed instruction repertoire , this will probably be cut down to
less than 2 percent . A properly designed CAM would make this
function statistically negligible .
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General Housekeeping

Much of the extensive housekeeping now required to keep
track of what phase of the process a message has gone thru be-
comes implicit if a CAM is used . The majority of internal
queues disappear as explicit entities . For example , to start
input processing , all block addresses that have not yet gone
into input processing are requested. (Or all message header
blocks by priority and time of arrival .) Explicit queues are
not required. This application , through diffuse and hard to
evaluate , probably represents the major appLication area of
the CAM in a message switch . The primary benefit comes about
not through the ability to rapidly search queues or their equi-
valent , but from the elimination of these elements as explicit
items . An upper bound on the potential savings in processing
time , under the new repertoire , is probably 20%.

Searches

One would expect that the primary application area for a
CAM would be in search operations , particularly in the examina-
tion of queues . This would be true if a significan t portion of
the processing was involved in queue searching. However , it
should be recognized that as message switching software has
evolved , numerous techniques were developed whose primary pur-
pose was to eliminate the explicit queue search. As it now
stands , queue searches are statistically rare or conducted
over relatively short queues — tens of items rather than thou-
sands . As an example , consider the maintenance of a single out-
put queue for all messages . If this were done , massive searLhes
would be required for each message transmitted. However , a
separate queue for each output line is normally maintained. In
some systems , this may be further broken down to separate queues
for different precedence or traffic types . Over—all , then , the
organization has evolved in such a way as to eliminate the in-
stances of searches in recognition of the fact that such opera-

* tions are excessively time consuming. Eliminating the searches
through the use of a CAM would provide some marginal performance
imp rovement , but not the dramatic improvement one might have
expected .

Problems

Generic Problems

A message switching system properly designed around the use
of a CAM would probably be significantly different conceptually
than  those tha t  are designed around more convent ional  machines .
As can be seen f rom the above , the most D r o m i s i n~ ~~~~~~~~~



difficulty with the use of CAM is the re—thinking of the organi-
zation of the software structure so as to obtain the maximum
exploitation of the new technique .

Recovery Related Problems

Probably the most difficult areas regarding the use of a
CAM are related to recovery . At present , dynamic  tables , queues ,
line status information , message status information , etc.  and
other data which is needed in order to properly recover the
traffic subsequent to a failure are stored , typically on a drum
or disc , in an area called the “ledger”. Ledgers are up—dated
(or bench—marked) periodically, usually in multiple copies to
protect against a ledger device failure . The elapsed tranler
time for writing the ledger copies is, at present , the single
most time consuming part of the processing. The cycles stolen
to transfer the ledger data are similarly the largest portion of
the processing cycles over much of the system ’s operating range .
Tables and queues , and other data to be ledgered are organized ,
typically, into ledgered and non-ledgered areas so that the
ledger writing can be done efficiently . That is, while process-
ing logic may dictate that items A , B , C , and D should be con-
tiguous , if B and C need not be ledgered , it would be found
that A and D were contiguous in one table , while B and C were
stored in another , separate table. No small part of the design
is centered about the attempt to eliminate or reduce internal
data moves for ledgering. Typically, the ledgered data is con-
centrated and the various processing routines work out of those
contiguous areas . When the time comes to ledger , it is rela-
tively easy to lock out access to those tables .

In a CAM switch , most of the information would be stored
in the data blocks, or message control blocks , and accessed by
appropriate keys rather than by address. To make the most
e f f ec t i ve  use of the CAM , all data pe r t a in ing  to a given pro-
cessing entity, such as line or a message , should be contained
in the same line control block or message control block in the
CAM . This m eans that ledgered and unledgered data are thrown
together. This in turn means either accepting a large number of
internal moves to concentrate the ledgered data , or ledgering
all data , which again increased ledger related processing.
A l t e r n a t i v e l y ,  one could d is t inguish  between ledgered and un-
ledgered data , storing the unledgered data in a CAM and the
ledgered in a normal mode . But this  would mean that all the
extensive address calculat ions that  would have been eliminated
through the use of the CAM must be done for the ledgered data.
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What it boils down to is the following paradox :

The use of a CAM makes much of the processing which had
been explicit , implicit. Ledgered data , if it is to be done
efficiently must be explicitly addressable — the act of making
that data explicitly available erodes the effectiveness of the
CAM.

Conclusions

The use of a CAM offers marginal advantages in most areas
and potential advantages in others, but the degree is not clear
cut . A 30% reduction in processing time is probably an opti-
mistic upper bound on the total processing saved. The unsolved
problems relating to the effective and non-trivial use of CAM ’s
in a message switch are sufficient to make an accurate assess-
ment of the cost—effectiveness of CAM ’s totally unknown . The
implications of the use of CAM ’s in a message switch are such
that a completely different software organization , based on
CAM ’s would have to be examined before a definite conclusion
could be reached . Measures of effectiveness based on other
applications , such as information storage and retrieval , do not
apply to message switching.
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APPENDIX III
GLOSSARY OF TERMS AND ACRONYMS

AC Alternating current ; when used to describe a form
of signaling it means that voice frequency tones
or digital codes are used.

ACF Administration Control Function . In a communica-
tions system it refers to the operations per-
formed to administer and control the system .
Refer  to Vo lume II , Section 2.

ACK An abbreviation for Acknowledge ; a communications
control character transmitted by a receiver as an
affirmative response to a sender.

ACP-l27 One of the two standard data formats used in
AUTODIN (see also JANAP-128).

Ad hoc (Latin) which means “for this case alone” or
“special”.

ADP Automatic Data Processing.

Address The part of the signaling procedure which indicates
Signaling to the switching system the address of the called

party.

Algorithm Any species of notation used for calculations.

ALU Arithmetic Logic Unit - A set of logic gates
which performs the logical operations in a pro-
cessor unit.

AMME/ATTC Automated Multi—Media Exchange portion of the
Automated Te]ecommunications Center. Refer to
Vo lume II , Section 1.

Amorphous Without developed structural organization .
Uncrystalized

AN/TTC—25 A tactical military circuit switching system .
Refer to Volume II , Section 1.

AN/TTC-39 A tactical military circuit and message switching
system. Refer to Volume II , Section 1.

ARPA Advanced Research Projects Agency . A high-level
digital communications network . Refer to Volume
II , Section 1.

ARPANET (See ARPA).
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ARQ Automat ic  Request—Repeat . A mode of error
control in which the receiving te rminal  is
arranged to detect t ransmission errors and
automat ica l ly  t ransmi t s  the request—repeat (RQ )
signal to the t r ansmi t t i ng  t e rmina l .

ASCII American Standard Code for In fo rma t ion  Inter-
change . Also called USASCII. This code was
made a Federal Standard on 11 March 1968.

ASF Address Signaling Function. In a circuit
switch , it refers to the operations performed by
the switching system to detect (or forward)  the~called party ’s telephone number . Refer  to
Volume II , Section 2.

Associative Refers to a par t icular  class of para l le l  array
Array processor architectures.

ATR Address Trap Register .

AUTODIN Automatic Digital Information Network . Refer to
Vo lume II , Section 1.

AUTOVON Automatic Voice Network. Refer to Volume II ,
Section 1.

Avg. Abbreviation of average .

Battery Feed A circuit located in the circuit switching system
Circuit which provides power to the telephone.

Baud The unit of modulation rate. One baud corres-
ponds to a rate of one unit interval per sec.

Baudot A code used to digitize alphanumerics.

BCD Binary Coded Decimal .

BCH ~ase~Chaudhuri_Hocquenghezn — a class of cyclic
; ror detecting and correcting codes.

BR Abbreviation for Busy Hour. In telephony , it
refers to that hour of the day when the switch-
ing system is handling the most calls. The
term is used generally to describe a system ’s
maximum per hour throughput capacity.

Bit A single binary element.
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Bipolar A term used by the transistor and integrated
circuit industries to refer to a specific
manufacturing technology .

Blocking In message switching,  it means to organize a
(b ina ry ) message in to  modular sections or blocks
consisting of a predefined number of bits or
characters . In switching matrix design it means
a condit ion which exists in a mat r ix  whereby
a path between two m a t r i x  ports cannot be
established dur to existing conflicting paths .

BORAM Block Oriented Random Access Memory

Bubble A binary memory device in which the storage
Memory mechanism is the presence or absence of a

“bubble” , a small , cylindrical , magnetic domain ,
at predetermined bit positions.

Byte A set of eight bits (a character)

CAD Computer A ided Design

CAM Content Addressable Memory

CAMA Centralized Automatic Message Accounting

CBU Conference Bridge Unit. A circuit which allows
the speech signals of three or more subscribers
to be mixed in a strictly controlled manner
such that each subscriber receives the trans-
missions of all other conferees but not his
own .

CCD Charge Coupled Device. A memory technology in
which minor i ty  carrier charges are stored in
“potent ia l  wells” created at the surface of the
semiconductor .

CCF Compatibi l i ty  Conversion Function . In a message
switch it refers to the operations performed to
convert the received codes , formats , etc. of a
message to those which are compatible wi th  the
internal processing elements of the system and/
or wi th  the receiving equipment.  Refer to
Volume II , Section 2.
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CCITT International Telegraph and Telephone Consult-
ative Committee. An international organization
which is concerned with the problems of the
interworking of national communications systems .
The acronym comes from the French name of the
Committee.

Char Abbreviation for character which is a set of
bits used to encode a specific alphanumeric
or control function.

Chip Refers to a small , thin , usually square piece
of semi—conductor material on which transistors
of various types have been formed and inter-
connected to produce a specific operating
function .

CID Charge Injection Device. A memory technology
simular to the charge coupled device.

CIF Communications Interface Function. In message
switching systems, it refers to the operations
performed by the switch to coordinate the
transmission and reception of digital data.
Refer to Volume II , Section 2.

Classmark A set of information which defines exactly the
characteristics , signaling conventions , features ,
restrictions , etc., of a circuit switch terminal.

Clock As used with respect to digital systems , it
refers to a cyclic set of binary pulses used to
cause digital operations to occur synchronously.

CMOS Complimentary Metal—Oxide Semiconductor. An
integrated circuit technology in which N—
channel and P—channel MOS/FET’s are used in a
complimentary arrangement.

Code Switch An electro—mechanical space division switching
device used in circuit switching systems.

Comma Free A set of codes used to perform address and
Codes supervision signaling with digital end-

instrumen ts, characterized by the fact that
frame synchronization is not required to
achieve unambiguous recognition.
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Common Channel A system whereby all signaling for a number of
communication paths is carried over one common
channel .

Compelled A form of trunk signaling in which the receiv-
ing station must answer each incoming signaling
element with a specific (and usually) different
signaling element.

COMSEC Communications Security

Connect Map A memory system which maintains a record of all
existing communication paths in a switching
matrix.

Core A term used somewhat synonymously with memory
due to the fact  that  most c i rcui t  and message
switches use magnetic—core memories.

CP Central Processor . Refers to a set of processor
units complete with I/O channels , processor
monitor units , control panels and some form of
data and program memory .

CPF Call Processing Function. In a circuit switch
it refers to the operations performed by the
system to coordinate the activities of the other
functions and to perform routing . Refer to
Volume II , Section 2.

CPS Communications Processor System .

CPU Communications Processor Unit.

CRT Cathode Ray Tube. The “picture” tube used in
oscilloscopes , Visual Display Units , etc.

Crosspoint A switching point in a matrix. It may consist
of any number of contacts operated in parallel.

Crypto Gear Equipment specially designed to encrypt and
decrypt voice and data communications .

C/S Circuit Switch . A telephony switching system .

C.T.N.E. A packet switching network . Refer to Volume II ,
Section 1.
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CTU Control Uni t  — part of the CPU.

CU Channel Unit,

Curie The t emperature at which , in a par t icu lar  ferro-.
Temperature magnetic substance , the phenomena of ferro-.

magnet ism disappears and the substance becomes
merely paramagnetic.

DAC Direct Access Control .

DC Closure A form of DC supervision signaling in which the
circuit switch recognizes OFF—Hook by an increase
in current flow due to the completion of the
loop circuit caused by the DC closure .

Digit When used with respect to address signaling, it
refers to a specific single integer number .

Directory A table which contains the telephone numbers of
Table all  subscribers homed on the switch.

Distribut ion A hardware device used as a terminal point for
Frame lines and trunks.

D/ M Abbreviat ion for Data Memory .

DMA Direct Memory Access . A data transfer system
in which the data memory serves as a common point
between processor units or between separate
programs within a processor unit .

DOT Domain Tip. A form of bubble memory .

Doublet A set of two bits .

D/P Abbreviation for Data and Program Memory .

DP Dial Pulse . The transmission of address signal-
ing information by the mementary opening and
closing of a DC circuit a specified number of
times corresponding to the decimal digit which
is dialed.

DPI Data Processing Installations.

D/T Abbreviation for Data Transfer control .
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DTL Diode Transistor Logic.

DTMF Dual Tone Multi—Frequency . A method of signal-
ing in which a combination of two frequencies out
of a possible eight are used to transmit numer-
ical address information .

E Symbol for Erlang . The international dimension-
less unit of traffic intensity.

E & M A signaling arrangement characterized by the use
of separate paths for signaling and the communi-
cation signals.

EBAM Extended Block Addressable Memory.

ECL Eniniter Coupled Logic. A semiconductor Logic
device family technology .

E/D Abbreviation for Enable/Disable.

EFL Emitter Follower Logic.

e.g. Exampli gratis (Latin) which means “for example”
or “such as”.

EMI Electro—Magnetic Interference . Usually refers
to noise or transcients caused by external
equipment or natural phenomena .

EOM End of Message. A communication contro l character
used to indicate the end of a message .

etc. Et cetera (Latin) which means “and so forth” .

ETS—4 Electronic Toll Tandem Switching System — 4 wire.
Refer to Volume II , Section 1.

EVS Electronic Voice Switching System . Refer to
Vo lume II , Section 1.

EWS—1 Electronische Wechsel Systeme (Electronic
Switching System ) Refer to Volume II , Section 1.

EXL Executive Logic.

FAA Federal Av iat ion Agency .
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FAA/AFTN Refer to Volume II , Section 1.

FAA/ WM SC R e f e r  to Volume I I , Section 1.

FET F i e ld  E f f e c t T r a n s i s t o r .  A f a m i l y  of semi-
conduc tor  devices which  are characterized by their
a b i l i t y  to con t ro l c u r r e n t  f l o w  w i t h  the  appli-
c a t i o n  of an electrostatic field.

Fixed Program :\ set of logic gates interconnected to provide
a specific set of logic operations which do not
vary .

Folded Matrix A class of switching matrices in which a path
through the matrix enters and leaves the matrix
on the same side by traversing the entire
matrix twice.

Freq . Abbreviation f or Frequency.

F u l l  Word A set of 32 b i t s ,

GOS Grade of Service . A measure of the probability
that , during a specific peak period of traffic ,
a call offered to a group of trunks or circuits
w i l l  f a i l  to f i n d  an id le  pa th  at  t he  f i r s t
attempt. Usually applied to Busy Hour Traffic .

G.P. Abbreviation for General Purpose.

HAF Header Analysis Function . In a message switch ,
it refers to the operations performed by the
system to perform header validation and gener-
ation. Refer to Volume II , Section 2.

H a l f  Word A set of 16 bits .

Hamm ing A class of error correcting codes.

Header That portion of data message which contains all
of the  i n f o r m a t i o n  concern ing  i ts  d i s p o s i t i o n
and handling requirements. Refer to Volume II ,
Section 2.

HEX Hexidecimal.

HH High High . Refers to packet switch tandem trunk
traffic.
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HLN High Level Network. A digital network consist-
ing exclusively of High High traffic.

Holding Time The duration of occupancy of a traffic path by
a call (or message). Sometimes used to mean the
average duration of occupancy of one or more
paths by calls (or messages).

Homed Refers to subscribers or terminals whose telephone
number or identification code has the same office
number or code as the switching node .

H/B Historical/Recovery. Refers to a degree of
message accountability. Refer to Volume II ,
Section 2.

H/R/T Historical/Recovery/Traffic. Refers to a degree
of message accountability .

HSL High Speed Line . A message traffic line or
trunk which operates at 9600 bps .

Average Holding Time .

IC Integrated Circuit . Refer to Volume VI.

ICCS Integrated Communications Control System . Refer
to Volume II , Section 1.

ID Abbreviation for Identification .

i.e. Id est (latin) which means “that is” ,

ICMS Integrated Circuit and Message Switch.

12L(ILL) Integrated Injection Logic. A semi—conductor
technology used to produce high speed , low power
IC logic devices .

I/O Input/Output

Information The set of tones used by a circuit switch to
Signaling inform the subscriber of the calls ’ progress .

e.g. ringback tone.

INST Abbreviation for Instruction.

IS&R Information Storage and Retrieval.
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ITA#2 International Teletypewriter Alphabet #2.
A specific character code used extensively in
AUTODIN.

ITS In Transit Storage . One of the memory storage
requirements of a message switch.

JANAP—128 One of the standard data formats used in AUTODIN.

J—FET Junction Field Effect Transistor.

LAMA Local Automatic Message Accounting.

LCD Liquid Crystal Display .

LEI) Light Erniting Diode .

LDMS/ Refer to Section 2, Paragraph 2.3.1.11.
NAVCOMPARS

LIF Line Interface Function . Refer to Section 2,
Paragraph 2.2.2.1.

Line The communication path between a subscriber ’s
(or user ’s) end instrument and the switching
system .

Linemark A set of information which defines exactly the
characteristics , code , mode , format , features ,
restrictions , etc. of a message switch terminal.

Link Used to describe the interconnection paths
between switching systems . In matrix design , it
refers to the paths connecting switching arrays.

LKG Line Key Generator. One of the TENLEY family of
equipments.

L—L Abbreviation for Local to Local , a class of
circuit switch traffic.

LLN Low Level Network.

LMF Language Media Format. In message switching, a
set of formats used to provide compatibility
with a variety of terminal equipments.
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LSB Least Significant Bit.

LSI Large Scale Integration. Refers to an integrated
circuit with 300 or more logic gates or their
equivalent.

LSL Low Speed Line. A data line operating at baud
rates of 600 bps or less.

L—T Abbreviation for Line to Trunk , a class of
circuit switch traffic.

Magnetic See Bubble Memory .
Bubble

MCF Maintenance Control Function . In a communication
system it refers to the operations performed to
monitor and maintain the system . Refer to
Volume II , Section 2.

MF Multi—Frequency. A method of transmitting
address information in which the identity of
each of the ten possible digits plus the re-
quired supervision functions is determined by
a combination of two out of six possible fre-
quencies .

MIMD Multi—Instruction — Multi—Data. Refers to a
class of processor architectures .

MISD Multi— Instruction — Single Data. Refers to a
class of processor architectures.

MOS Metal Oxide Semiconductor. Refers to a fami ly
of FET ’s.

MOS/FET Metal Oxide Semiconductor/Field Effect Transistor
(See MOS above).

MPF Message Processing Function . In a message switch.
it refers to the operations performed by the
system to achieve routing and system control.
Refer to Volume II , Section 2.

M/S Message Switch.

MS L3 Most Significant Bit .
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MSI Medium Scale Integrated.

Msg. Abbreviation for Message .

MSL Medium Speed Line. A data line operating at a
speed from 1200 to 4800 bps.

MTBF Mean Time Between Failures .

MTTR Mean Time To Repair.

Multi—word A set of two or more full words.

MXL Matrix Logic .

NACK Negative Acknowledge . A communications control
character transmitted by a receiver as a negative
response to the sender.

NCF Network Control Function. Refer to Volume II ,
Section 2.

N—Channel A type of FET in which N type material is used
in the channel (current conductor).

I , 
N/D Narrative/Data. Terms used to distinguish two

types of message traffic.

Nibble A set of 4 bits.

NMF Network Management Function . Refer to Volume II ,
Section 2.

Numbering A plan by which telephone numbers , services ,
Plan features , etc. are assigned unambiguously in

a telephony systet ’.

NRL Non—Register Logic.

NX—1E Refer to Volume II , Section 1.

OP—Code Abbreviation for Operand Code.

Order—Wire A circuit for use by maintenance personnel for
communication .

PC Program Counter.
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PCF Path Contro l Function . In circuit sw itching, it
refers to the operations necessary to create and
control real—time communication paths. Refer
to Volume II , Section 2.

P—Channel A type of FET in which P type material is
used in the channel (current conductor).

PE Processing Element synonymous with ALU .

PLA Plain Lar guage Address.

PMF Position Management Function. In a communicati on
system it refers to the operation necessary to
control the man /machine interfaces . Refer to
Volume II , Section 2.

PMOS P-Channel MOS

PNPN Abbr eviation f o r  a four— I a ver  d iode (a  two
termina l device) in whi ch P i n d i c a t e s  P — m a t e r i a l
and  N i n d i c a t e s  N — m a t e r i ~~1.

Pooled When used in reference to equipment in a switch-
ing system , it means that any unit from the
p~~~l I i i ’ n t  i c a l  u n i t s  may be used when
necessary .

PROC Abb rev i a t ion f r Pr s

PTC Pentagon T e l e c o m m u n i c a t i o n s  Center . R e f e r  to
Volume II , Sect i n  1 .

RAM Random Acc . ss Memory .

RAS Random Acc ss S t r ~~ ’ .

RGL Register Lo~~ic .

RMF Rernott . M a i n t  . rlan . Ftinr t i n .  Refer t~~ \ulume II .
Sect Ion 2.

RTL Resis t~ r I r i t r Log i c

H . I. R ou t  ~ng hid  l a  t ’ r . ~\ set  o ~:t r a c t ‘ r ~ i n  a
d i I a m*~~~-.a gi  w t i  I rh i nd i c i  I ne lest i nat i ii 0!•

the m es sa g e .
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ROM Read Only Memory .

SAMSON Strategic Automatic Message Switching Oper-
ational Network . Refer to Volume II , Section 1.

SATIN IV Refer to Volume II , Section 1.

SCL Scanning Logic.

SCR Silicon Controlled Rectifier — a four layer
diode with a gate control input making it a three
terminal device.

SF Single Frequency . A method of signaling in which
a single tone (2600 Hz for example) is placed on
the communication path .

S/F Store and Forward . A class of message switches.

SIMD Single Instruction — Multiple Data. R~ fers to
a class of processor architectures.

SISD Single Instruction — Single Data. Refers to a
class of processor architectures.

SOM Start of Message . A control character indicating
the start of a message.

SOS Silicon on Saphire. A semiconductor technology .

SOW Statement of Work .

SSF Supervision Signaling Function . In a circuit
switch , it is the perations performed by the
system to detect ~r send supervision signals.Refer to Volume II , Section 2.

SWIFT Refer to Volume II , Section 1.

Sync Abbreviation for synchronize . Also appears as
synch .

TADSS Tactical Automatic Digital Switching System .
Refer to Volume II , Section 1.

TARE Telegraphic Automatic Relay Equipment. Refer to
Volume II , Section 1.
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T & C Timing and Control .

TCF Transmission Control Function. Refer to
Volume II , Section 2.

TOM Time Division Mul t ip lex .

TELEX/W UI Refer to Volume II , Section 1.

TENLEY The name given to a family of communications
security equipment.

Translation In telephony , the operation of converting the
dialed digi ts  in to  mat r ix  port iden t i f i ca t ions .

TRAP Programmable Hardware Monitoring System .

Tn —State Refers to the output circuits used in certain
logic devices in which three states are possible;
a low impedance to the minus supply,  a low
impedance to the  plus supply,  and a high (or
open ) impedance to either supply .

TRL Translator Logic.

Trunk A communication path between swi tch ing  centers.

T—T Abbreviation for Trunk to Trunk , a class of
circuit switch traffic.

T2L(TTL) Transistor—Transistor Logic. A fami ly  of
integrated circuit  logic devices.

UCALU Universal Communications Arithmetic Logic Unit.

VDU Visual Display Unit.

VII Abbreviation for Very High . Refers to message
l ine  speeds from 19.6 kbps on up.

VHD Abbreviation for Very High speed l ine , Dedicated .

VHL Abbreviat ion for  Very High speed Line .

VHS Abbreviat ion for Very High speed l ine , Switchable.
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Vis—a—vis French for “face—to—face ” . Means “Opposite” .
Occasionally used to mean “with respect to”.

Watchdog When used with the words “timer” or “timing ” ,
it refers to a timer which is keeping track of
how long a program , unit , etc. of the system
takes to complete a specific task .

Wired—Logic A set of logic circuits interconnected to perform
a fixed set of functions .

XOR Abbreviation for “Exclusive OR” .
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APPENDIX V
CIRCUIT SWITCH AND MESSAGE SWITCH

FUNCTIONAL BREAKDOWNS AND CALCULATIONS

1.0 CJS SIZES AND TRAFFIC LEVELS

1.1 System Definitions

The purpose of th i s  section is to equate C/ S f u n c t i o n s  which
must be performed per second and per Busy Hour (BH) with system
sizes and traffic levels. The range of system sizes stipulated
in the Statement of Work is from 600 to 6000 terminations. This
is taken to mean 600 to 6000 usable outside terminations which
are available for lines or trunks. Overhead terminations , those
matrix terminations required for register receiver/sender , tone
or code busses , operator access , inter-matrix units , conference
bridge units or loop-around devices , are in addition to the
outside terminations.

Four system sizes are considered . The smallest size being
600 terminations , the largest being 6000 terminations with 2400
and 4200 termination systems as intermediate sizes. This , in
effect , considers the effects of adding increments of 1800
terminations. The division of the range of systems into four
sizes is entirely arbitrary but is considered adequate to assess
the effects of size on the throughput capability requirements of
the CPS.

For purposes of these calculations , the mature system
traffic levels of Appendix XIII of the AN/TTC-39 specification ,
TT—Bl-llOl-000l , 10 May 1973 (BR—l28) are used. These traffic
levels and call distributions are anticipated for military
tactical systems in use in the 1985 time frame .

The calculations are predicated on the assumptions listed
below which define particular circuit switch configurations.
These are “worst case” configurations from the standpoint of
total matrix terminations required and total traffic throughput .

Assumptions

(1) Holding times for voice , data , and TTY calls are
as follows :

VOICE CALL = 240 sec.

DATA CALL = 32 sec.
TTY CALLS = 25 sec .
These are average BH holding times.

(2) The distribution of call types is:

VOICE = 50%

DATA = 35%
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TTY = 15%

which results in an average holding time of 134.95 sec . The
calculations will assume an average holding time of 135 sec .

(3) The percent of loop originated calls assumed
to be local-to—local is as follows :

600 Termination Switch 50%

2500 Termination Switch 60%

4200 Termination Switch 70%

6000 Termination Switch 80%

(4) The percent of trunk originated calls assumed
to be trunk—to—local is as follows :

600 Termination Switch 50%

2400 Termination Switch 60%

4200 Termination Switch 70%

6000 Termination Switch 80%

(5) Digit collection devices , such as register
receiver/sender units or the equivalent digital comma—free code
detectors , have the following holding times , which include 2
seconds for “off—hook” to “start of dial” :

Analog Register Receiver/Senders

Local—to—Local (incoming) 10 sec.

Local—to—Trunk (incoming) 10 sec.

Local-to-Trunk (outgoing) 1 sec .

Trunk—to—Local (incoming) 1 sec.

Trunk—to—Trunk (incoming ) 1 sec .

Trunk-to—Trunk (outgoing) 1 sec.

Where digital code detector—senders are used , common
channel signaling is assumed to exist , as in an AN/TTC—39 net-
work . Therefore , no devices are required for local—to—trunk
outgoing signaling nor for trunk—to—trunk incoming or outgoing
signaling .

Digital Comma-Free Code DetectorJSenders

Local—to—Local (incoming) 24 sec .

Local—to-Local (outgoing) 15 sec.

Local-to—Trunk (incoming) 7 sec.
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Trunk—to—Loc al (incom i ng ) 15 s..c.

Trunk—to—Local (outgoing) 15 ~ c .

The above h o l d i n g  t imes f o r  t h e  d i g i t a l  r e g i s t e rs ’ ~t, s—
sume that in the digita l systems, the final (‘I)MSL(’ (o n fig ur at ion
is employed . The long holding t imes are required to ach~~~vo
COMSEC equipment synchronization. The digita l “ r e g i s t e r s” pe r-
form COMSEC superv is ion  in addition to the digit col1ec t ion
f u n c t i o n .

( 6 )  Where mixed  systems are considered , i . e .
d i g i t a l  and ana log  t r an smi s s ion  w i t h i n  the  same C i r c u i t  Swi tch ,
a l l  t r u n k  s i g n a l i n g  is v ia  common channe l s  and the i n t e r m a t r i x
t r a f f i c  is l im i t ed  to voice t r a f f i c  (30% of the  to ta l  voice
t r a f f i c) .

( 7 )  Loop—around devices are used in a l l  systems
w i t h  analog transmission matrices. It is assumed that loop—
around devices are used on local—to—local and local—to—trunk
calls only to achieve signal compatibility. A maximum of 5% of
these calls will require the use of loop—around devices .

(8) The following table defines the traffic levels
for each switch size. These levels are somewhat higher for the
2400, 4200, and 6000 termination systems than could be extra-
polated from the AN/TTC—39 specification , Appendix XIII , but
they do reflect possible real world conditions. All values
refer to Busy Hour (BH) traffic.

TERMINALS ! CALLS/ ORIG. ORIG. LOOP TRUNK
SWITCH TERM. CALLS ERLANGS ORIG. ORIG.

600 8 4,800 l8OE 2,160 2,640

2,400 7 16 ,800 630E 6,720 10,080

4,200 6 25,200 945E 8,820 16,380

6,000 5 30,000 l ,125E 9,000 21 ,000

Based on the above assumptions , the following calcula-
tions will m d.. ~ate for each of the switch sizes stipulated :

(1) Total calls per switch according to origina-
tion and destination , i.e. , local or trunk

(2) Total voice calls

(3) Total non-voice (data and TTY)

(4) Total register traffic and number of registers

(5) Total loop—around traffic and number of de-
vices
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( 6 )  T o ta l  number of m a t r i x  t e r m i n a t ions r e q u i r e d

These r e s u l t s  w i l l  be reduced , in t u r n , to the  number  of
C/ S f u n c t i o n s  w h i c h  must  be pe r fo rmed  per Busy Flour (BH ) and -per
second (per  B H ) .

( 9 )  Al l  t r a f f i c  is c a l c u l a t e d  in E r l a n g s  accord ing
to the  e q u a t i o n :

E r l a n g s  = ( # c a l l s/ B H ) ( a ver ag e  Ho. ng t i m e( s e c )/ c a l l)
seconds/ BH

(10)  The t e r m i n a t i o n s  requi red  fo r  overhead devices
such as loop—around devices were derived f rom f u l l  a v a i l a b i l i t y
t r u n k  load ing  c a p a c i t y  tables  us ing  the  Poisson E q u a t i o n  fo r  a
grade of s e rv i ce  of 1 in 1000.

1.1.1 600 T e r m in a t i o n  C/ S

O r i g i n a t i n g  E r l a n g s  per C/ S = 180

Total  O r i g i n a t i n g  C a l l s  = 1, 800

Tota l  O r i g i n a t i n g  ~oop Cal l s  = 2 , 180

Total  Orig i n a t i n g  T r u n k  Ca l l s  = 2 , 640

Loop C a l l s  (50% Local- to-Local)

Local—to-Local  = 1, 080

L o c a l - t o - T r u n k  = 1, 080

Loca l—to—Loca l  (vo i ~~~) = 540

L o c a l — t o - T r u n k  (vo ice )  = 540

L o c a l — t o — L o c a l  ( n o n — v o i c e )  = 540

L o c a l — t o — T r u n k  ( n o n — v o i c e )  = 540

T r u n k  C a l l s  ( 50% T r u n k — t o — L o c a l )

Trunk—to—Local = 1 ,320

Trunk—to—Trunk = 1 ,320

Trunk—to—Local (voice) = 660

Trunk—to—Trunk (voice) = 660

Trunk—to—Local (non—voice) = 660

Trunk-to-Trunk (non—voice) = 660
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Originating Voice Calls

Local—to—Local = 540

Loca l - to -Trunk  = 540

Trunk—to-Local = 660
Trunk—to-Trunk = 660

TOTAL VOICE CALLS = 2 , 400

O r i g i n a t i n g  Non—Voice  Ca l l s

Loca l—to—Loca l  = 540

L o c a l - t o — T r u n k  = 540

T r u n k — t o — L o c a l  = 660

Trunk- to -Trunk  = 660

TOTAL NON-VOICE CALLS = 2,400

TOTAL DATA CALLS = 1, 680

TOTAL TTY CALLS = 720

Loop-Around T r a f f i c

Loca l—to—Local  Ca l l s  = 1, 080

L o c a l - t o — T r u n k  Cal ls  = 1, 080

TOTAL CALLS = 2,160

x5% = 108

Loop-Around Traffic = 4.05E

Number of Loop—Around Devices = 12

Register Traffic (Analog System)

Local—to—Local (incoming) = 3E

Local—to—Trunk (incoming ) = 3E

Local-to-Trunk (outgoing) = .3E

Trunk—to—Local (incoming ) = .37E

Trunk-to—Trunk (incoming ) = .37E

Trunk—to—Trunk (outgoing) = .37E

TOTAL REG ISTER TRAFFIC = 7 .4 1E

TOTAL REG I STERS = 12

Register Traffic (Digital System)

Local—to—Local (incoming) = 7 .2E
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Local-to—Local (outgoing ) = 4.5E

Local—to—Trunk (incoming ) = 2.IE

Trunk—to—Local (incoming) = 5.5E

Trunk—to—Local (outgoing) = 5.5E

TOTAL REGISTER TRAFFIC = 24.8E

TOTAL DIGITAL REGISTERS = 32

Total Terminations (Analog System)

Outside Terminations = 600

Loop—Around (2 ea/device) = 24

Register = 12

TOTAL TERMINATIONS = 636

Total Terminations (Digital System)

Outside Terminations = 600

LKG (2 ea/device) = 64

Register = 32
(NOTE : 1 LKG required/register )

TOTAL TERMINATIONS = 696

The calculations for the 2400, 4200, and 6000 termination
C/S sizes were performed as shown for the 600 termination
switch. Listed below are the results of these calcul .ions.

1.1.2 2400 Termination C/S

Originating Erlangs per C/S = 630E

Total Originating Calls = 16,800

Total Originating Loop Calls = 6,720

Total Originating Trunk Calls = 10,080

Loop Calls (60% Local-to-Local)

Local—to-Local  = 4,032

Local—to—Trunk = 2,688

Trunk Calls (60% Trunk-to—Local)

4 Trunk-to—Local 6,048

Trunk—to—Trunk = 4 , 032
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Originating Voice Calls = 8,400

Originating Non—Voice Calls = 8,400

Data Calls = 5,880

TTY Calls = 2,520

Loop-Around Traffic

Local—to—Local Calls = 4,032

Local—to—Trunk Calls = 2,688

TOTAL 6,720
x5~ = 336
Traffic = . 12.6E

Loop-Around Devices = 26

Register Traffic (Analog System)

TOTAL REGISTER TRAFFIC = 23.325E

Registers required = 29

Register Traffic (Digital System)

Total Register Traffic = 99.3E

Registers required = 110

Total Terminations (Analog System)

Outside = 2,400

LKG (2 ea/device) = 220

Register = 110

TOTAL = 2,730

1.1.3 4200 Termination C/S

Originating Erlangs per C/S = 945E
Total Originating Calls = 25,200

Total Originating Loop Calls = 8,820

Total Originating Trunk Calls = 16,380

Loop Calls (70% Local-to-Local)

Local—to—Local  = 6,174

Local-to—Trunk = 2,645
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Trunk Calls (70% Trunk—to-Local )

Trunk-to-Loca1 11 ,466

Trunk-to-Trunk = 4,914

Originating Voice Calls = 12 ,600

O r i g i n a t i n g  Non—Voi ce = 12 ,600

Data  = 8,820

TTY = 3 , 780

Loop—Around T r a f f i c

Loop O r i g i n a t e d  C a l l s  = 8,820

x5~ = 441
T r a f f i c  = l6 .537E
Loop—Around Devices = 32

Register Traffic (Analog System )

Total Register Traffic = 3l.147E

Registers required = 37

Register Traffic (D’gital System)

Total Register Traffic l67.578E

Registers required = 170

Total Terminations (Analog System)

Outside = 4,200

Loop-Around (2 ea/device) = 64

Register = 37

TOTAL = 4,301

Total Terminations (Digital System)

Outside = 4,200

LKG (2 ea/device) = 340
Register = 170

TOTAL = 4,710
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1 .1. -I 6000 Termination cjs

O r i g i n a t i n g  E r l a n g s  per C/ S = 1 ,125E

T o t a l  O r i g i n a t i n g  C a ll s  = 30 , 000

Total O r i g i n a t i n g  Loop C a l l s  = 9,000

t o t a l  O r i g i n a t i n g  Trunk  Ca l l s  = 21 ,000

Loop C a l l s  (80% L o c a l — t o — L o c a l )

l o c a l — t o — L o c a l  = 7 , 200

L o c a l— t o — T r u n k  = 1 , 800

T r u n k  C a l l s  (80% T r u n k — t o — L o c a l )

T r u n k — t o - L o c a l  = 16,800

T r u n k - t o — T r u n k  = 4 , 200

O r i g i n a t i n g  Voice Cal ls  = 15,000

O r i g i n a t i n g  Non-Voice Ca l l s  = 15,000

Data  Ca l l s  = 10 , 500

TTY C a l l s  = 4 , 500

Loop-Around Traffic

Loop Originated Calls = 9,000

x5~ = 450

Traffic = l6.875E

Loop-Around Devices = 32

Register Traffic (Analog System)

Total Register Traffic = 33.48E

Registers required = 39

Register Traffic (Digital System)

Total Register Traffic = 22l.5E

Registers required = 225

Total Terminations (Analog System)

Outside = 6,000

Loop-Around (2 ea/device) = 64
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Register = 39
TOTAL = 6,103

Total Terminations (Digital System)

Outside = 6,000
LKG (2 ea/device) = 450
Register = 225
TOTAL = 6,675
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1.2 Breakdown of C/S Functions

This paragraph describes in terms of call types each of
the  C/S f u n c t i o n s  which  must be performed .

Certain assumptions are made concerning the system con-
figuration which are :

(1) Digit collection and sending devices (ASF
units) are pooled in a single group.

(2) Pre—emption and conferencing features are not
exercised .

(3) Attendant (or Operator) positions are equipped
with direct data paths to the control system
and do not require register connections for
“call forwarding” .

(4) The LKG ’s (TENLEY Equipment) are pooled in a
single group .

(5) The loop—around devices required for call
compatibility are pooled in a single group .

(6) Information tones:

(a) Dial tone is provided by the ASF units.

(b) Half connection tones, tones which are
sent to a subscriber when a connection
will not exist (such as busy tone), are
sent by the SSF.

(c) Split connection tones , tones which are
sent to a subscriber when a connection
will exist (such as ring , ringback , etc.)
are sent by the MCF .

(7) All subscriber voice end instruments use
either AC supervision signaling and DTMF ad-
dress signaling or comma-free codes for both.

(8) All data or TTY subscriber terminals termi-
nated on the C/S use dial—up facilities
similar to the voice end instruments to signal
the C/S.

(9 )  Al l  t runk  s ignal ing  is via common channel
messages .
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1.2.1 Ma t r ix  Control Func tion

The matrix control operations considered are the three
basic functions , Connect A to B, Disconnect A , and Inject Tone
(or code) .  These are the minimum operations and do not include
path pre-emptions nor diagnostic operations. The basic func-
t ion s ca n be further subdivided as follows :

Connect A to B

(1) Analyze command

(2) Find A (determine if Terminal A is idle or busy)

(3) Find B (determine if Terminal B is idle or busy )

(4) Search for path between A and B

(5) Store path

(6) Connect path

(7) Trace path from A to B

(8) Trace path from B to A

(9) Format and send “A connected to B” message to
CPF

Disconnect A

(1) Analyze command

( 2 )  Trace A (trace path from A to B)

(3) Store path

( 4 )  Disconnect path

(5) Find A (insure that A is idle)

(6) Find B (insure that B is idle)

(7)  Format and send “A disconnected from B” message
to CPF

Inject  Tone/Code to A - ( NOTE : The same command is
used to stop tones or codes).

(1) Analyze command

( 2 )  Find A
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(3 )  Inject  Tone or code (or “no tone ” or “ n o code ” )

(4) Format “Tone Injected to A” message to CPF

NOTE : If a Connect A to B command is issued and B is
already connected to another terminal , i.e.,
B is busy , then the connect sequence is as
follows :

Connect A to B

(1) Analyze command

( 2 )  Find A

(3) Find B

(4) Format and send “B is busy ” message to CPF

1.2.1.1 Matrix Operations (Analog System)

Local-to-Local Calls

(1) Connect calling party to ASF unit

(2) Disconnect from ASF unit

(3) Connect to called party ’s termination

(4) Send ring to called party

(5)  Send ringback to calling party

(6) Stop ring signal

(7) Stop ringback signal

(8) Disconnect called from calling

Local-to—Trunk Calls

(1) Connect calling party to ASF unit

( 2 )  Disconnect f rom ASF un i t

(3)  Connect ca l l ing party to t runk

( 4 )  Disconnect call

Trunk-to-Local Calls

(1) Connect t runk to called par ty ’ s terminat ion
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(2) Send ring to called party

(3) Send ringback to trunk

(4) Stop ring

(5) Stop ringback

(6) Disconnect call

Trunk-to-Trunk Calls

( 1 )  Connect c a l l i ng  t r u n k  to called t r u n k
(2) Disconnect calling trunk from called trunk

Loop-Around Calls (same as Local—to—Local and Local-to-
Trunk with addition of the following:)

(1) Connect called party to loop—around device

(2) Connect calling party to loop-around device

(3) Disconnect called party from device

(4) Disconnect calling party from device

Operator Forwarded Calls (1.0% of the to ta l  Local-to-Local
and Local—to—Trunk calls) are the same as the above sequences
with the following added steps :

(1) Connect calling party to operator

(2) Connect called party to operator

(3) Disconnect calling party from operator

(4) Disconnect called party from operator

A Call Busy Factor ( CBF ) of 25% is recommended by the  AN/
TTC—39 specification , Appendix XIII. (BR—128)

Call Busy Factor Adder

Local-to-Local

(1) Connect calling party to ASF unit

(2) Disconnect calling party from ASF unit

(3) Connect to calling to called (return “B is Busy”
message)

Local—to—Trunk

( 1 )  Connect A to ASF u n i t
(2 )  DIsconnect A from ASF unit
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Trunk-to-Local

(1) Connect trunk to called terminal (returns “B is
Busy” message)

1.2.1.2 !latrix Operations (Digital System )

Local - to-Local

(1 )  Connect  c a l l i n g  p a r t y  to LKG #1

(2) Connect LKG #1 to 4SF unit

(3) Connect called party to LKG #2

(4) Connect LKG #2 to ASF unit

(5) Disconnect LKG #1 from ASF unit

(6) Disconnect LKG #2 from ASF unit

(7) Connect LKG #1 to LKG #2

(8) Send ring signal to called

(9) Send ringbac ’ to calling

(10) Stop ring signal

(11) Stop ringback signal

(12) Disconnect LKG #1 from LKG #2

(13) Disconnect calling from LKG #1

(14) Disconnect called from LKG #2

(15) Connect calling to called

(16) Disconnect calling from called

Local—to—Trunk

(1) Connect calling party to ASF unit

(2) Disconnect from 4SF unit

(3) Connect calling party to trunk

(4) Disconnect calling party from trunk

Trunk—to—Local

(1)  Connect t r u n k  to LKG #1
( 2 )  Connect LKG #1 to ASF unit

(3)  Connect  called pa r ty  to LKG #2
( 4 )  Connect LKG #2 to ASF un i t
(5) Disconnect LKG #1 from ASF unit
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( 6 )  Disconnect  LKG #2 f rom ASF u n i t

( 7 )  Connect LKG #1 to LKG #2
( 8 )  Send r i n g  to cal led p a r t y

( 9 )  Send r ingback  to t r u n k

(10) Stop r i n g  s ignal

(11) Stop ringback signal

(12)  Disconnect  LKG #1 f rom LKG #2

(13) Disconnect  t r u n k  f rom LKG #1
(14)  Disconnect  ca l led p a r t y  from LKG #2

(15) Connect  t r u n k  to ca l led  p a r t y

(16)  Disconnect t r u n k  f rom called p a r t y

Trunk- to -Trunk

(1) Connect calling trunk to called trunk

(2) Disconnect calling trunk from called trunk

Operator forwarded calls add the same number of matrix oper-
ations as in an analog matrix .

CBF Adders

Local-to—Local

( 1)  Connect c a l l i n g  pa r ty  to LKG #1

(2) Connect LKG #1 to ASF unit

(3) Connect called to LKG #2 (returns “B is Busy”
message)

(4) Disconnect LKG #1 from ASF unit

(5) Disconnect LKG #1 from calling party

Local-to-Trunk

(1) Connect calling party to 4SF unit

(2) Disconnect from ASF unit

(3) Connect calling party to trunk

(4) Disconnect calling party from trunk

Trunk—to—Local

(1) Connect trunk to LKG #1

( 2 )  Connect LKG #1 to ASF un i t
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( 3 )  Connect  c a l l e d  to LKG #2 ( r e t u r n s  “B is Busy ”
message)

( 4 )  D i sconnec t  t r u n k  f rom LKG #1
( 5 )  Disconnec t  LKG #1 from ASF u n i t

T r u n k —  t o- ’l’ r u n k

( 1 )  Connect  c a l l i n g  t r u n k  to cal led t r u n k
( 2 )  Disconnect  t r u n k

1.2 . 1. 3  Summary of M a t r i x  Control  Opera t ions

Ana log  System

Call  Type M a t r i x  Operat ions

Loca l - to—Loca l  8

Loca l - to -Trunk  4

Trunk- to—Loca l  6

T r u n k — t o — T r u n k  2
Loop-Around Adder

Loca l - to—Loca l  4
L o c a l — t o — T r u n k  4

Operator  Forwarded ( A d d e r )

Local-to—Local 4

Local-to—Trunk 4

Call Busy Factor (Adder)

Local—to—Local 3

Local-to-Trunk 2

Trunk—to—Local 1

Trunk-to-Trunk 0

Digital System

L o c a l — t o — L o c a l  16

Local-to—Trunk 4

Trunk-to-Local 16

Trunk-to—Trunk 2

Operator Forwarded (Adder)

Local—to—Local 4

L o c a l — t o — T r u n k  4

AV-l7



M a t r i x  Operat ion s

CBF ( A d d e r )

Local—to—Local 5

L o c a l — t o - T r u n k  4

Trunk—to—Local 5

T r u n k — t o -- T r u n k  2

1.2.2 Superv is ion  S i g n a l i ng  (SSF) F u n c t i o n a l  Opera t ions

The purpose of t h i s  sec t ion  is to descr ibe  in fu r t h e r  de-
tail the operations required of a C/S to accomplish the func-
t ions descr ibed in paragraph  2 .2 . 2 . 3 .

1.2 .2 . 1  SSF - Fixed Opera t ions

The supervis ion  f u n c t i o n a l  ope ra t ions  can be d iv ided  i n t o
two m a i n  types . The f i r s t  type  inc ludes  a l l  f u n c t i o n a l  opera-
t i o n s  wh ich  are independent  of t h e  t r a f f i c  levels .  These
i n c l u d e : ( 1)  the  scan , ( 2 )  the  compare , and (

~~~
) the  change of

s t a t e  de tec t ion  f u n c t i o n a l  opera t ions .

The scan consis ts  of sampl ing  each t e r m i n a l  in a system at
a s u f f i c i e n t  r a t e  so t h a t  a l l  required s ignal  t iming  can be ac-
c u r a t e l y  done .  From the  discussion in paragraph 2 . 2 . 2 . 3 , t h i s
requires that each terminal be examined every ten milliseconds.
The operation requires that the system be able to multiplex a
large number of da ta  po in t s  i n t o  one regis ter  or comparator
c i r c u i t .  The scan must be run f rom a real t ime  clock so t h a t
the  samples are taken at a f i x e d  r a t e .

The compare f u n c t i o n a l  operation consists of a logical com-
pare of a present  sample of the  s ta tus  of a terminal with the
previous  s t a t u s .  This requi res  da t a  to be addressed and re-
called from memory and then to be compared with the input from
t h e  scanned sample. As a result of the comparison , a flag must
be set if a difference exists.

The de tec t ion  of change  of s t a t e  opera t ions  uses the  f l a g
set by the  compare operation to determine when an update of
s t a tu s  i n f o r m a t i o n  and n o t i f i c a t i o n  to the  s ignal  v a l i d a t i o n
o p e r a t i o n  must  occur .  Like the  scan and compare f u n c t i o n a l
o p e r a t i o n s , the  de tec t ion  opera t ion  is f i x e d  for  each size of
s w i t c h  and  o n l y  t h e  d e t a i l s  of the  o p e r a t i o n  as a resul t  of a
detected change  of s t a t e  is dependent on the  call  ra te  for  the
sys tem .
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1.2 .2.2 SSF Operations - Call Related

Ana log

Local — t o — L o c a l

( 1 )  Detects  o f f — h o o k  s igna l  — t e r m i n a l  A

( 2 )  Stores new terminal A status

(3) Analyzes classmark of requesting terminal —

determines signaling convention

(4) Validates signal - min imum t ime—out
( 5 )  Formats  message to CPF - service request  fo r

specific terminal

( 6 )  Detec ts  o f f - h o o k  s ignal  - t e r m i n a l  B
( 7 )  Stores new terminal B status
(8) Anal yzes classmark of requesting terminal - de-

terinines signaling convention

(9) Validates signal — minimum t ime—out
(10) Formats message to CPF — t e r m i n a l  o f f - h o o k
(11) Detects on-hook signal - A or B terminal

(12) Stores new terminal status

(13) A n a l y z e s  c lassmark of t e r m i n a l  — de te rmines
s i g n a l i n g  conven t ion

(14 )  V a l i d a t e s  s igna l  — m i n i m u m  t ime—out
(15)  Formats message to CPF - t e r m i n a l  A or F on-hook
(16) Receives message from CPF - send “busy ” to ter-

minal B or A

(17) Sends “busy ” tone to terminal

(18) Detects on—hook signal

(19) Stores new terminal status

(20) Analyzes classmark of terminal
(21)  Va l idates  signal
(22) Formats message to CPF - terminal on-hook

(23) Receives message from CPF — stop busy tone to
terminal

(24) Stops busy tone to terminal

Local-to—Trunk

(1) Detects off—hook signal from terminal A
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(2) Stores new status for terminal A

( 3 )  A n a ly z e s  ( - l assmark  of t e r m i n a l  A — d e t e r m i n e s
s i g n a l  ing c o n v e n t  i o n

1)  V a l i d a tes  s igna l
( 5 )  Format s  message to CPF — t e r m i n a l  A — o f f - h o o k
( G )  l~vce ives “(all m i t  i a t  e commo n c h a n n e l  ‘~essage

f r o m  CPF

( 7 )  Sends “ c a l l  i n i t i a t e” v i a  common c h a n n e l  to
a n o t h e r  s w i t c h

( 8 )  Rece ives  common c h a n ne l  message  — a c k n o w l  ( clg ( - -
men t

( 9 )  Formats  common c h a n ne l  a c k n o w l e d g e men t  me ss a ge
to CPF

(10) Receives “call complete ” message on common
c h a n n e l

(11) Sends “acknowledge” on common channel

( 1 2 )  Formats  “ cal l  complete ” message to CPF
(13) Detec ts  on—hook from terminal

(14) Stores new status for terminal

(15)  A n a l y z e s  c lassmark for  t e r m i n a l
(16) Validates s ignal
(17)  Formats  t e r m i n a l  “ on-hook” message to  CPF
(18)  Receives common c h a n n e l  “ release” message f r o m

CPF

(19) Sends “release” message via common channel

(20) Receives “acknowledge” on common channel

(21) Formats release acknowledge message to CPF

Trunk—to—Local

(1) Receives “call initiate ” common channel message

(2) Formats “call initiate ” message to CPF

(3) Receives “acknowledge ” message from CPF

(4) Sends “acknowledge” message via common channel

(5) Receives “call complete ” message from CPF

(6) Formats and sends “call complete ” via common
channe l

(7) Receives “acknowledgement” from common channel

(8) Detects terminal off—hook
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( 9 )  Stores new t e r m i n a l  s t a t u s

(10)  A n a l y z e s  classmark  for  t e r m i n a l

( 11)  V a l i d at e s  s i gna l

( 1 2 )  Formats  message “ t e r m i n a l  off—hook” to CPF

(13) Receives “release” message from common channel

( 1 4 )  Formats  and sends “ release” message to CPF

(15) Receives “acknowledge” message from CPF
(16) Formats and sends “ acknowledge” v i a  common

channe l

(17) Receives message from CPF - send t e r m i n a l  A
“busy ”

( 18) Sends “busy ” tone to term inal A

(19)  Detec ts  t e r m i n a l  A on—hook
(2 0) Stores new term inal s ta tus
(21) Analyzes classmark for terminal

( 2 2 )  V a li d a t e s  s ignal
(23) Send terminal A on-hook message to CPF

(24) Receives message from CPF — stop busy to termi-
nal A

(2 5 )  Stops busy tone to t e rmina l  A

~‘r~i n k - to- Trunk

(1) Receives “call initiate” from common channel
(2) Sends “call initiate ” message to CPF

(3) Receives “acknowledge” from CPF

~l) Sends “acknowledge” via common channel

fl) Receives “call initiate ” message from CPF
(~~~) Sends “call initiate ” message via common channel

(7) Receives “acknowledge” from common channel

(8) Formats “acknowledge” message to CPF

( ‘i) Receives “call complete” message from common
c h a n n e l

( 1 0 )  Formats  “ca l l  complete ” message to CPF
( 1 1 )  Receives “acknowledge” message from CPF

(12) Sends “acknowledge” message via common channel

(13) Receives “call complete” message from CPF
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( 1-1 ) Sends ‘ ca 11 comple te ” message v i a  common c h a n ne l
(15)  Receives “ acknowledge” message f rom common

c h l
(16)  Sends “ acknowledge” message to CPF
(17)  Receives “ release” message f rom common c h a n n e l
(18) Sends “release” message to CPF

(19) Receives “acknowledge” message from ‘PF

(20) Sends “acknowledge” message via common channel

(21) Receives “release” message from CPF

(22) Sends “release” message via common channel

(23) Receives “acknowledge” message from common
channel

(24 ) Sends “acknowledge” message to CPF

Call Busy Factor (CBF) Adder

Loca l—to—Loca l

(1) Detects off—hook signal — t e r m i n a l  A

(2) Stores new terminal A status

(3) Analyzes terminal classmark

(4) Validates signal

(5) Sends terminal A — off—hook message to CPF

(6) Receives message from CPF — send busy to A

( 7 )  Sends “busy ” signal to termina l  A
(8) Detects terminal A goes on—hook signal

(9) Stores new terminal status

(10) A n a l y z e s  classmark for  t e rmina l
(11) Val idates on-hook s igna l
(12 )  Sends t e r m i n al  A “on—hook”  message to CPF
(13)  Receives “stop busy tone” message f r om CPF
(14 )  Stop busy tone to t e r m i n a l  A
(15) Updates terminal status

Local - to—Trunk

(1) Detects terminal A change of state

(2) Store new terminal A status

(3) Analyzes terminal classmark
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(4) Val idates off—hook signal

(5 )  Sends t e r m i n a l  A — o f f — h o o k  message to CPF
(6) ReceIves “c a l l  in it i a t e” message from CPF
(7) Sends “cal l  initiate ” message via common

channel

(8) Receives “acknowledge” from common channel

(9 )  Sends “acknowledge ” to CPF
(10) Receives “busy ” message from common channel

( 11)  Sends “busy ” message to CPF
(12)  Rece ives “acknowledge” message from CPF
(13) Sends “ acknowledge” message via common c h a n n e l
(14)  Receives message f rom CPF — send busy tone  to A
(15) Sends “busy ” tone to term inal A

(16) Detects change of state for terminal A

(17) Stores new t e rmina l  A s ta tus
(18)  Ana lyzes  c lassmark for  t e rmina l  A

(19) V a l i d a t e s  on-hook s ignal  for  t e r m i n a l  A

(20) Sends terminal A on-hook message to CPF

(21) Receives message from CPF — stop busy tone to A

(22) Stops busy tone to terminal A

Trunk  - t o—Local

(I) Receives “call  ini t iate ” message on common
channel

(2) Sends “call initiate ” message to CPF

( 3 )  Rece ives “acknowledge ” message from CPF
(4) Sends “acknowledge ” message via common channel

(5) Receives “busy term inal ” message from CPF
(6) Sends “busy term inal ” message via  common channel
(7) Receives “acknowledge ’ on common channel

(8) Sends “acknowledge” to CPF

Trunk— to-Trunk

(1) Receives “call initiate ” message on common
channel

(2) Sends “call initiate ” message to CPF
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(3) Receives “acknowledge” message from CPF

(-1 ) Sends “ ack nowl edge ” message via common channel
( 5 )  Receives “call  in i ti a t e ” message f rom CPF
(6) Sends “call initiate ” message via  common channel
(7) Receives “acknowledge” message on common channel

(8) Sends “acknowledge” message to CPF

(9) Receives “busy” message on common channel

(10) Sends “busy ” message to CPF

(11) Receives “acknowledge” from CPF

(12) Sends “acknowledge” via common channel

(13) Receives “busy” message from CPF

(14) Sends “busy ” message via common channel

(15) Receives “acknowledge” message on common channel

(16) Sends “acknowledge” message to CPF

(17) Receives “release” message from CPF

(18) Sends “release” message via common channel

(19) Receives “acknowledge” message on common channel

(20) Sends “acknowledge” message to CPF

1.2.2.3 SSF Operations — Digital

Loca 1—to—Local

( 1 )  Detects “ request for  service” for  t e rmina l  A
(2) Sends “request for service” message to CPF

(3) Detects “release” from terminal A or B

(4) Sends “release” message to CPF

(5) Receives message from CPF — send “busy” to
ter’~inal X

(6) Sends “busy” to terminal X

(7) Detects “release” from terminal X

(8) Sends “release” message to CPF

(9) Receives message from CPF — stop “busy”

(10) Stops “busy” to terminal X

Loca l - to—Trunk

(1)  Detects A - off—hook

(2) Sends terminal A off-hook message to CPF
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(3) Receives “call initiate” message from CPF

(4) Sends “call initiate ” message via common channel

(5) Receives “acknowledge” on common channel

(6) Sends “acknowledge” message to CPF

(7) Receives “call complete” message on common
channe l

(8) Sends “call complete” message to CPF

(9) Receives “acknowledge” message from CPF

(10) Sends “acknowledge” message via common channel

(11) Detects A on—hook

(12) Sends “A on-hook” message to CPF

(13) Receives “release” message from CPF

(14) Sends “release” message via common channel

(15) Receives “acknowledge” message on common channel

(16) Sends “acknowledge” message to CPF

Trunk—to-Local

(1) Receives “call initiate” message on common
channel

(2) Sends “call initiate” message to CPF

(3) Receives “acknowledge” message from CPF

(4) Sends “acknowledge” message via common channel

(5) Receives “call complete” message from CPF

(6) Sends “call complete” message via common
channel

(7) Receives “acknowledge” message on common
channel

(8) Sends “acknowledge” message to CPF

(9) Receives “release” message on common channel

(10) Sends “release” message to CPF

(11) Receives “acknowledge” message from CPF

(12) Sends “acknowledge” via common channel

(13) Receives message from CPF - send “busy ” to
4 terminal A

( 1 4 )  Sends “busy ” to t e rmina l  A
(15) Receives “release” from terminal A

(16) Sends “release” to CPF
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(17) Receives message from CPF — stop “busy”
(18) Stops “busy ” to terminal A

Trunk-to—Trunk

(1) Receives “call initiate ” message on common
channel

(2) Sends “call initiate ” message to CPF

(3) Receives “acknowledge” message from CPF

(4) Sends ‘acknowledge” message via common channel

(5) Receives “call initiate ” message from CPF

(6) Sends “call initiate ” message :ia common
channe l

(7) Receives “acknowledge” message on common
channel

(8) Sends “acknowledge” message to CPF

(9) Receives “call complete” message on common
channel

(10) Sends “call complete” message to CPF

(11) Receives “acknowledge” message from CPF
(12) Sends “acknowledge” message via common channel

(13) Receives “call complete” message from CPF

(14) Sends “call complete” message via common channel

(15) Receives “acknowledge” message on common channel

(16) Sends “acknowledge” message to CPF

(17) Receives “release” message on common channel

(18) Sends “release” message to CPF

(19) Receives “acknowledge” message from CPF
(20)  Sends “acknowledge” message via common channel
(21)  Receives “ release” message f rom CPF
( 2 2 )  Sends “release” message via common channel
(23)  Receives “ack nowledge ” message on common chaiinel
( 24) Sends “ acknowledge” message to CPF

Call Busy Factor Adder

Local-to-Local

(1) Receives “seize” from terminal

( 2 )  Sends “ seize” to CPF
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(3) Receives message from CPF - send “busy”

(4) Sends “busy ” to terminal

(5) Detects “release” from terminal A

(6) Sends “release” message to CPF

(7) Receives message from CPF — stop “busy ”

(8) Stops “busy ” to terminal A

Local-to—Trunk

(1) Detects “seize” from terminal A

(2) Sends “seize” message to CPF

(3)  Receives “call initiate ” message from CPF

(4) Sends “call initiate” message via common channel

( 5 )  Receives “ acknowledge” message on common channe l
(6 )  Send .~, “acknowledge” message to CPF

( 7 )  Receives “busy ” message on common channel

(8 )  Sends “busy ” message to CPF

(9) Receives “acknowledge” message from CPF

(10) Sends “acknowledge” message via common channel

Trunk-to-Local

(1) Receives “call initiate ” message on common
channel

( 2 )  Sends “call initiate ” message to CPF

(3) Receives “acknowledge” message from CPF

(4) Sends “acknowledge” message via common channel

(5) Receives “busy” message from CPF

(6) Sends “busy” message via common channel

(7) Receives “acknowledge” message on common channel

(8) Sends “acknowledge” message to CPF

Trunk-to-Trunk

(I.) Receives “call initiate ” message on common
channel

( 2 )  Sen ds “ call  in i t i a t e” message t o CPF

(3) Receives “acknowledge” message from CPF

(4 )  Sends “acknowledge” message via common channel
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(5) Receives “call initiate ” message from CPF

(6) Sends “call initiate ” message via common
channel

(7) Receives “acknowledge” message on common channel

( 8 )  Sends “ acknowledge” message to CPF

(9) Receives “busy ” message on common channel

(10)  Sends “busy ” message to CPF

(11)  Receives “ acknowledge” message f rom CPF

(12) Sends “acknowledge” message via common channel

(13) Receives “busy” message from CPF

(14) Sends “busy ” message via common channel

(15) Receives “acknowledge” message on common channel

(16) Sends “acknowledge” message to CPF

(17) Receives “release” message on common channel

(18) Sends “release” message to CPF

(19) Receives “acknowledge” message from CPF

(20) Sends “acknowledge” message via common channel

(21) Receives “release” message from CPF

(22) Sends “release” message via comxr n channel

(23) Receives “acknowledge” message on common channel

(24) Sends “acknowledge” message to CPF

1.2.2.4 Summary of SSF Operations

Fixed Operations

3 operations/terminal

Call Related — Analog Total Operations

Local—to—Local 24

Local-to—Trunk 21

Trunk-to—Local 25

Trunk—to—Trunk 24

Call Busy Factor Adder

Local-to—Local 15

Local—to—Trunk 22

Trunk—to—Local 8
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Total  Opera t ions

Trunk—to-Trunk 20

Dig ital

Local—to-Local 10

Local-to—Trunk 16

Trunk—to—Local 18

Trunk—to—Trunk 24

Call Busy Factor Adder

Local-to-Local 8

Local-to-Trunk 10

Trunk-to-Local 8

Trunk-to-Trunk 24

1.2.3 ASF Functional Breakdown

The following assumptions are made concerning call types:

(1) Local—to—Local (L-L) calls require 7-digit
dialing

(2) Local—to—Trunk (L—T) calls require “1+” dialing
or 11—di gits

Local-to-Local Calls

(1) Receives message from CPF identifying ASF port
number and type of signaling

(2) Sends dial tone (seize acknowledge )

(3) Receives first digit and stores

(4) Removes dial tone

(5) Validates first digit (multiple sample — 3
samples)

(6) Analyzes digit with respect to numbering plan -

validates with respect to numbering plan

(7) Sets last digit marker - examination of first
digit indicates total number of digits to be re-
ceived

(8) Detects and times interdigit

(9) Detects second digit - stores digit

(10) Validates digit - multiple samples
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(11) Analyzes digit with respect to numbering plan

(12)  Repea ts  steps 8 , 9 , 10 , and 11 f o r  t h i r d , f o u r t h ,
f i f t h , s i x t h  and seven th  d i g i t s  w h i c h  a Ids 20
steps

(32) Sends first three  d i g i t s  to CPF ( o f f i c e  ex-
change — allows CPF to start routing procedures)

(33) Send last four digits to CPF — i n d i c a t e s  t h a t
i ts  task is f i n i s h e d

(34) Receives acknowledgement from CPF - releases ASF
port — resets signaling type designator

Local-to-Trunk Calls

L o c a l - t o — T r u n k  ca l ls  inc lude  all of the Local- to-Local  steps
plus  the  f o l l o w i n g  adder :

(1)  Sends f i r s t  three  d i g i t s  a f t e r  the  “ 1” to CPF
( i n  t h i s  case they  are the  AREA code)

( 2 )  Repeats steps 8 , 9 , 10 , and 11 for  the  e i g h t h ,
ninth , t e n t h , and eleven th  d i g i t s  which  adds 16
steps.

( 3 )  Total  steps for  L—T cal l  equals 51.

Ca l l  Busy Factor  Adder

( I )  L—L = 35

( 2 )  L—T = 51

1.2.4 CPF Functional Breakdown

The CPF functional breakdown is based on the assumptions
listed in paragraph 2.4.2 and assumes traffic metering.

Traffi c Meterin g requirements:

(a) All ASF ports busy

(b) All t runks (in a trunk group) busy

(c) Matrix blocking conditions

(d) Cumulative record of the total number of in—
com i ng and outgoing calls offered to each indi-
vidual trunk group
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( e )  C u m u l a t i v e  record of the  number  of c a l l s  o r ig i -
na ted  by subsc r ibe r s  w i t h i n  a s p e c i f i c  l i n e
group assignment

( f )  Cu m u l a t i v e  record of the  number  of  p ro -e m pt i o n s
on each t r u n k  group

( g )  C u m u l a t i v e  record of t h e  number  of lost  ca l l s  in
each precedence ca tegory

( h )  C u m u l a t i v e  record of the number of con fe r ence
ca l l s  (and number of c o n f e r e e s )  in each prece-
dence ca tegory

(i) C u m u l a t i v e  record of the  number  of p re -empt ions
on local subscriber l i n e s

(j )  Total  number of a t t e m pt s  and usage on each com-
mon equipment  group

( k )  Tota l  number of c i r c u i t s  busy

1 . 2 . 4 . 1  CPF Opera t ions  ( A n a l o g )

L o c a l — t o — L o c a l

( 1)  Receives  request  fo r  service  f rom SSF
( 2 )  A n a l y z e s  c lassmark of r e q u e s t i n g  t e r m i n a l  (de-

termine signaling convention )

(3) Formats message to MCF (Connect A to ASF port)

( 4 )  Receives and a n a l y z e s  reply  f r o m  MCF
( 5 )  Formats message to ASF

( 6 )  Formats message to OMF (ASF u n i t  usage r epor t )
( 7 )  Receives and analyzes  reply  f rom ASF ( rece ives

d i g i t s )

(8) Formats message to MCF (disconnect A from ASF
port)

(9) Sends message to OMF (ASF usage update)

(10) Receives and analyzes reply from MCF

(11) Analyzes digits , performs digit translation

(12) Analyzes classmark of ca l led  t e r m i n a l
(13) Formats message to MCF (connect A to B)

(14) Receives and analyzes reply from MCF
(15) Formats busy circuit message to OMF

(16) Formats message to MCF (inject ring to B)

(17) Receives and analyzes reply

(18) Formats message to MCF (inject ringback to A)
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(19)  Receives  and ana lyzes  r ep l y
( 2 0 )  Receives o f f — h o o k  message f r o m  SSF (B goes of f—

hook)
( 2 1 )  F o r m a t s  message to MCF ( s t o p  r i n g  t o  B)

( 2 2 )  Receives and a n a ly z e s  r e p l y  f r o m  MCF
( 2 3 )  Formats  message t o  MCF ( stop  r i ngb a c k  t o  A )

(24 ) Receives  and a n a l y z e s  r e p l y  f r o m  MCF
( 2 5 )  Rece ives  release information from SSF (A or B

releases)

(26) Formats message to MCF (disconnect A or B)

(27) Receives and analyzes reply from MCF
( 2 8 )  A n a l y z e s  c lassmark  of rem. iin ing  t e r m i n a l
( 2 9 )  Formats  report  message to OMF (busy  c i r c u i t  up-

d a t e )

(30) Directs SSF to send busy to remaining party

(31)  Receives  release i n f o r m a t i o n  f rom SSF ( r e m a i n i n g
p a r t y )

(32) Directs SSF to stop busy tone

(33)  Updates  s t a t u s  t ab le

l o c a l — t o — T r u n k

(1 )  Receives request for  service f rom SSF (A goes
o f f - h o o k )

( 2 )  An a l y z e s  c iassmark of r e q u e s t i n g  t e r m i n a l  ( d e —
t e r m i ne  si~~n a 1 i n g  c o n v e n t i o n )

( 3 )  F o r m a t -~ message to MCF ( connec t  A to ASF p o r t )
( -1 ) Rece ives  and ana lyzes  rep ly  f rom MCF
( 5 )  F o r m a t s  message to ASF
( 6 )  F o r m a t s  message to OMF ( ASF usage r e p o r t )
( 7 )  Rece ives  and a n a l y z e s  rep ly  f rom ASF ( r e c e i v e s

d i g i t s )
( 8)  Formats  message to MCF (d i sconnec t  A f r o m  A SF

por t )

(9) Sends message to OMF (ASF usage update)

(10) Receives and analyzes reply from MCF
(11) Analyzes digits , performs digit translation

(12) Performs routing , determines primary trunk group

(13) Examines trunk status table , selects idle trunk ,
marks trunk
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(14) Analyzes trunk classmark

(15) Formats “call initiate ” common channel message ,
sends to SSF

(16) Receives confirmation from SSF

(17)  Fo rmats  message to OMF ( t r u n k  usage message)
(18)  Formats message to MCF (connect  A to t r u n k )
(19) Receives and ana lyzes  rep ly  from MCF

(20) Receives “call complete” message from SSF

(21) Receives message from SSF (A goes o n — h o o k )

(22) Formats message to MCF (disconnect  A )

(23 ) Receives and anal yzes reply  from MCF

( 2 4 )  Ana lyzes  classmark of  r emain ing  t e r m i n a l

( 2 5 )  Formats common channel  ( re lease)  message , send
to SSF

(26) Receives confirmation of trunk release from SSF

(27) Formats trunk status message to OMF

(28) Updates s ta tus  tables

Trunk- to—Loca l

(1) Receives “call initiate ” message from SSF

(2) Analy7es message , performs routing (digit trans-
lation )

(3) Analyzes classmark of called terminal

( 4 )  Sends “ acknowledge” message to SSF
( 5 )  Formats message to MCF (connect  trunk to A)
(6) Receives and analyzes reply ~‘om MCF

(7) Formats “call complete” message to SSF

(8) Formats message to MCF (send ring to A)

( 9 )  Receives  and analyzes  reply  f rom MCF

(10) Formats message to MCF (send ringback to trunk)

(11) Receives and analyzes reply from MCF

( 1 2 )  Formats  message to OMF (trunk usage)
(13) Receives “release” message from 5SF

(14) Sends “acknowledge” message to 5SF

( 1 5 )  Formats message to OMF ( s t a t u s  update)

(16) Formats  r~iessage t o  MCF (d i sconnec t t r u n k )
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(17)  Receives and a n a l y z e s  reply  f rom MCF
(18) Sends message to SSF (send busy to A)
(19) Receives message from SSF (A goes on-hook)

(20) Sends message to SSF (stop busy to A)

(21) Updates tables

T r u n k - t o — T r u n k

( 1)  Receives “ cal l  i n i t i a t e” message f rom SSF
( 2 )  Sends “ acknowledge” to SSF
( 3 )  A n a l y z e s  message , pe r fo rms  r o u t i n g
( 4 )  Examines t r u n k  s ta tus  tables , selects outgoing

t r u n k
( 5 )  Ana lyzes  classmark of t r u n k
( 6 )  Formats  “ cal l  i n i t i a t e” message to SSF
( 7 )  Receives “ acknowledgement”  f rom SSF
( 8 )  Formats message to MCF (connect trunk A to

t r u n k  B)
( 9 )  Receives and ana lyzes  reply  from MCF
(10)  Send s t a t u s  message to OMF ( t r u n k  usage )
(11)  Receives  “ca l l  comple te” message f rom SSF
(12)  Sends “acknowledge” message to SSF
(13) -Sends “ ca l l  comple te ” message f rom SSF

(14)  Receives “ acknowledge” message f rom SSF

(15)  Receives “ release” message f rom SSF

(16)  Send “ acknowledge” message to SSF
(17)  Formats  message to MCF (d i sconnec t  t r u n k  A )
(18) Receives and ana lyzes  rep ly  from MCF
(19) Sends “ release” message to SSF

( 2 0 )  Receives “acknowledge” message from SSF

(21) Send status messag e to OMF
( 2 2 )  Update  t ab les

Loop—Around Adder

(1) Formats message to MCF (connect A to SEF device)

(2) Receives and analyzes reply from MCF

(3) Formats message to MCF (connect B to SEF device)
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( 4 )  Receives and ana lyzes  rep ly  from MCF
( 5 )  Sends s t a t u s  message to OMF (SEF e q u i p m e n t

usage)

( 6 )  Formats message to MCF (d i sconnec t  A f rom SEF
device)

( 7 )  Receives and ana lyzes  reply  f rom MCF
( 8 )  Formats message to MCF (d isconnect  B f rom SEF

device)

(9) Receives and analyzes reply from MCF

(10) Send status message to OMF

(11) Update tables

NOTE : The loop-around adder is the sam e for  Local-
to-Local and Local-to-Trunk calls.

Operator Forwarded Adder

( 1)  Sends message to OMF (operator  service request )
( 2 )  Receives message from OMF (operator  a s s i g n m e n t )

( 3 )  Formats message to MCF (connec t  A to OPR)

(4 )  Receives and analyzes  reply

( 5 )  Receives message f rom OMF ( o u t g o i n g  OPR t e r m i n a l
B)

( 6 )  Ana lyzes  c lassmark of t e r m i n a l

( 7 )  Formats  message to MCF (connect  OPR to B)

( 8 )  Receives and analyzes  reply  f rom MCF

(9) Receives message from OMF (drop OPR connection
A & B)

(10) Formats message to MCF (disconnect A from OPR)

(11) Receives and analyzes reply

(12) Formats message to MCF (disconnect B from OPR)

(13) Receives and analyzes reply

Call Busy Factor (CBF) Adder

Lo c a 1— to—Local

(1) Receives request for service from SSF

(2) Analyzes classmark of requesting terminal (de-
termine signaling convention)

(3) Formats message to MCF (connect A to ASF port)
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( 4 )  Receives and ana lyze s  r e p l y  f rom MCF

( 5 )  Formats message to ASF
( 6 )  Formats  message to OMF (ASF usage r e p o r t )

( 7 )  Rece ives  and a n a l y z e s  r e p l y  f r o m  ASF ( r e c e i v e s
digits)

( 8 )  Formats  message to MCF (d isconnect  A f rom ASF
p o r t )

( 9 )  Sends message to OMF (ASF usage r e p o r t )

(10)  Receives and ana lyzes  rep ly  f rom MCF
(1 1)  Ana lyzes  d i g i t s , p e r f o r m  d ig i t  t r a n s l a t i o n

(12)  A n a l y z e s  c lassmark of ca l led  t e r m i n a l

(13) Formats  message to MCF (connec t  A to B)

(14)  Receives and ana lyzes  rep ly  f rom MCF

(15) Sends message to SSF ( send busy to A )

(16) Receives message from SSF (A goes o n — h o o k )
(17)  Sends message to SSF ( s top  busy t o n e )
(18) Update  tables
(19)  Sends message to OMF ( c i r c u i t  usage r e p o r t )

L o c a l — t o — T r u n k

( 1)  Receives request  fo r  service f rom SSF (A goes
o f f — h o o k )

(2) Analyzes classmark of requesting terminal (de-
termine signaling convention)

(3) Formats message to MCF (connect A to ASF port)

(4) Receives and analyzes reply from MCF

(5) Formats message to ASF

(6) Formats message to OMF (ASF usage report )

(7) Receives and analyzes reply from ASF (receives
digits)

( 8 )  Formats  message to MCF ( d i s connec t  A f rom ASF
port )

( 9 )  Sends message t o  OMF (ASF usage u p d a t e )
(10) Receives and ana lyze s  r ep ly  f rom MCF

(11)  Ana lyzes  d i g i t s , pe r fo rms  d ig i t  t r a n s l a t i o n

(12) Performs routing , determines primary trunk group

(13) Examines trunk status table , selects idle trunk ,
marks trunk)
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(14) Analyzes classmark of trunk

(15) Formats “call i n i t i a t e” common channe l  message ,
sends to SSF

(16) Receives c o n f i r m a t i o n  f rom SSF

(17)  Formats message to OMF ( t r u n k  usage message)

(18) Formats message to MCF (connect A to trunk)

(19)  Receives and analyzes  reply from MCF

(20) Receives “busy ” message f rom SSF

(21) Formats message to MCF (disconnect  A )

(22) Receives and analyzes reply from MCF
(23) Formats trunk status message to OMF

(24) Sends message to SSF (send “busy ” tone to A)

(25) Receives message from SSF (A goes on-hook)

(26) Sends message to SSF (stop “busy ” to A)

(27) Sends message to OMF (circuit usage report)

(28) Update tables

Trunk—to-Local

(1) Receives “call initiate” message from SSF

(2) Analyzes message , performs routing (digit trans-
lation )

(3) Analyzes classmark of called terminal

(4) Sends “acknowledge” message to SSF

(5) Formats message to MCF (connect trunk to A)

(6) Receives and analyzes reply from MCF

(7) Formats “busy” terminal message to SSF

(8) Receives “acknowledge” from SSF

(9) Sends message to OMF (circuit usage report)

(10) Update tables

Trunk—to—Trunk

~l) Receives “call initiate ” message from 5SF

(2) Sends “acknowledge” to 5SF

(3) Analyzes message , performs routing

(4) Examines trunk status tables , selects outgoing
trunk
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(5) Formats “calt initiate ” message to SSF

(6) Receives “acknowledgement” from SSF

(7) Formats message to MCF (connect trunk A to
trunk B)

(8) Receives and analyzes reply from MCF

(9) Send status message to OMF (trunk usage)

(10) Receives “busy” message from SSF
(1]. ) Sends “acknowledge” message to SSF
( 1 2 )  Sends “busy ” message to SSF
(13) Receives “ acknowledge” message f rom SSF
( 1 4 )  Formats  message to MCF (d isconnect  t r u n k  A )

(15) Receives and analyzes reply from MCF

(16) Sends “release” message to SSF

(17) Receives “acknowledge” message from SSF

(18) Send status message to OMF (trunk usage update)

(19) Update tables

1.2.4.2 CPF Operations (Digital )

Loca l—to—Loca l

( 1)  Receives  request  for  service f rom SSF

( 2 )  Ana lyze s  c lassmark of r eques t ing  t e r m i n a l  (de-
termine signaling convention )

(3) Formats message to MCF (connect A to LKG ~1)

(4) Receives and analyzes reply from MCF

(5) Sends message to OMF (LKG usage report)

(6) Formats message to MCF (connect LKG #1 to ASF
port)

(7) Receives and analyzes reply from MCF

(8) Sends message to OMF (ASF usage report)

(9) Formats message to SEF (request sync procedure)

(10) Receives “acknowledgement” from SEF

(1]) Formats message to ASF

(12) Receives and analyzes reply from ASF (receives
digits)

(13) Analyzes digits , performs digit translation

(14) Analyzes classmark of terminal B
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(15) Formats message to MCF (connect B to LKG #2)

(16) Receives and ana lyzes  r e p l y  f rom MCF

(17) Formats message to OMF (LKG #2 busy )
(18) Formats message to MCF (connect LKG #2 to ASF

port)

(19) Receives and analyzes reply

(20) Formats message to ASF

(21)  Format s message to OMF (ASF usage report)

( 2 2 )  Formats message to SEF (sync request)
(23) Sends message to ASF (ring coordination)

(24) Receives message from ASF

(25) Formats message to MCF (disconnect ASF from
LKG #1)

(26) Receives and analyzes reply from MCF

(27) Formats message to OMF (ASF port usage update)

(28) Formats message to MCF (disconnect ASF from LKG
#2)\

(29) Receives and analyzes reply from MCF

(30) Formats message to OMF (ASF port usage update)

(31) Formats message to MCF (connect LKG #1 to LKG
#2)

(32) Receives and analyzes reply from MCF
(33) Formats message to SEF (key transfer & sync )
(34) Receives “acknowledgement” from SEF

(35) Formats message to MCF (disconnect LKG #1)

(36) Receives and analyzes reply from MCF

(37) Sends message to OMF (LKG #1 usage update)

(38) Formats message to MCF (disconnect LKG #2)

(39) Receives and analyzes reply from MCF

( 4 0 )  Formats message to MCF (connect  A to B)
(41) Receives and analyzes reply from MCF

(42) Formats message to OMF (LKG #2 usage update)

(43) Receives release information from SSF (A or B
releases)

(44) Formats message to MCF (disconnect A or B)

(45) Receives and analyzes reply from MCF
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(46) Analyzes classinark of remaining terminal

(47 )  Formats report message to OMF (usage u p d a t e )

(48) Directs SSF to send “busy” to remaining party

(49) Receives message from SSF (remaining party re-
lease)

(50) Directs SSF to stop “busy” tone

(51) Update status table

Local—to—Trunk

(1) Receives request for service from SSF (A goes
off-hook)

(2) Analyzes classmark of requesting terminal (de-
termine signaling convention)

(3) Formats message to MCF (connect A to ASF port)

( 4 )  Receives and analyzes reply from MCF

(5) Formats message to ASF

(6) Formats message to OMF (ASF usage report)

(7) Receives and analyzes reply from ASF (receives
digits)

(8) Formats message to MCF (disconnect A from ASF
port)

(9) Sends message to OMF (ASF usage update)

(10) Receives and analyzes reply from MCF

(11) Analyzes digits , performs digit translation

(12) Performs routing , determines p~. ’nary trunk group

(13) Examines trunk status table , selects idle trunk ,
marks trunk

(14) Analyzes classmark of trunk

(15) Formats “call initiate ” common channel message ,
sends to SSF

(16) Receives confirmation from SSF

(17) Formats message to OMF (trunk usage message)

(18) Formats message to MCF (connect A to trunk)

(19) Receives and analyzes reply from MCF

(20) Receives “call complete” message from SSF

(21) Receives message from SSF (A goes on-hook)

(22) Formats message to MCF (disconnect A)
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(23) Receives and analyzes reply from MCF

(24) Formats common channel (release) message , send
to SSF

(25) Receives confirmation of trunk release f rom SSF
( 2 6 )  Formats  message to OMF ( t r u n k  usage update)
(27) Update status tables

Trunk—to-Local

( 1)  Receives “cal l  i n i t i a t e” message from SSF
(2) Analyzes message , performs routing (digit trans-

lation)

(3) Analyzes classmark of called terminal

(4) Sends “acknowledge” message to SSF

(5) Formats message to MCF (connect  t r u n k  to LKG # 1)

(6) Receives and analyzes reply from MCF

(7) Formats message to OMF (LKG #1 usage)

(8) Formats message to MCF (connect LKG #1 to ASF
port)

( 9 )  Receives and analyzes reply from MCF
( 10)  Formats message to ASF
(11) Formats message to OMF (ASF port usage)

(12) Formats message to MCF (connect A to LKG #2)

(13) Receives and analyzes reply

(14) Formats message to OMF (LKG #2 usage)

(15) Formats message to MCF (connect LKG #2 to ASF
port)

(16) Receives and analyzes reply from MCF

(17) Formats message to OMF (ASF usage report)

(18) Formats message to ASF (ring coordination )

(19) Formats message to SEF (sync request)

(20) Receives message from ASF

(21) Formats message to MCF (disconnect LKG #1 from
ASF)

(22) Receives and analyzes reply from MCF

(23) Formats message to OMF (ASF usage upda t e )

(24 ) Formats message to MCF (disconnect LKG #2 f rom
ASF)
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(25) Receives and analyzes reply from MCF

(26) Formats message to OMF (ASF usage update)

(27) Formats message to MCF (connect LKG #1 to LKG
#2)

(28) Receives and analyzes reply from MCF

(29) 1~ rmats message to SEF (key transfer & sync)

(30) Receives “acknowledge” from SEF

(31) Formats message to MCF (disconnect LKG #1)

(32) Receives and analyzes reply from MCF

( “ Formats message to OMF (LKG #1 usage update)

(34) Formats message to MCF (disconnect LKG #2)

(35) Receives and analyzes reply from MCF

(36) Formats message to OMF (LKG #2 usage update)

(37) Formats message to MCF (connect trunk to A)

(38) Receives and analyzes MCF reply

(39) Formats “call complete” message to SSF

(40) Receives “acknowledge” from SSF

(41) Receives “release” message from SSF

(42) Send “acknowledge” message to SSF

(43) Formats message to MCF (disconnect trunk)

(44) Receives and analyzes reply from MCF

(45) Formats message to SSF (send busy)

(46) Receives rel ase message from SSF

(47) Sends message to SSF (stop “busy”)

(48) Formats message to OMF (usage update)

(49) Update tables

Trunk—to—Trunk

(1) Receives “call initiate ” message from SSF

(2) Sends “acknowledge” to SSF

(3) Analyzes message , performs routing

(4) Examines trunk status tables , selects outgoing
trunk

(5) Analyzes classmark of trunk

(6) Formats “call initiate ” message to SSF

(7) Receives “acknowledge” from 5SF
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( 8 )  Format s  message to M ( ’l - ( connec t  t r u n k  A to
trunk B)

( 9 )  Receives and  a n a l y ze s  rep ly  f rom MCF

(10) Send stat os message to OMF (trunk usage)

(11) Receives “call complete ” message from SSF

(12) Sends “acknowledge ” message to SSF

(13) Sends “call complete” message to SSF

(14 ) Receives “acknowledge” message f rom SSF
(15) Receives “release” message from SSF

(16) Send “acknowledge” message from SSF

(17) Formats message to MCF (disconnect Trunk A)

(18) Receives and analyzes reply from MCF

(19) Sends “release” message to SSF

(20) Receives “acknowledge” message from SSF

(21) Send status message to OMF

(22) Update tables

Call Busy Factor Adder (Digital)

Local—to—Local

(1) Receives request for service from SSF

(2) Analyzes classmark of requesting terminal (de-
termine signaling convention)

(3) Formats message to MCF (connect A to LKG #1)

(4) Receives and analyzes reply from MCF

(5) Sends message to OMF (LKG #1 usage report )
(6) Formats message to MCF (connect LKG #1 to ASF

port)

( 7 )  Receives and analyzes reply  from MCF
(8 )  Formats  message to SEF ( reques t  sync procedure)
(9) Receives “acknowledgement” from SEF

(10) Formats message to ASF

(11) Formats message to OMF (ASF usage report)

(12) Receives and analyzes reply from ASF (receives
digits)

(13) Analyzes digits , performs digit translation

(14) Analyzes classmark of terminal B
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(15) Formats message to MCF (connec t  B to LKG ~ 2 )

(16 )  Receives and ana lyzes  reply  f rom MCF ( r e t u r n s  “B
busy ” message)

(17 )  Formats message to MCF (d i sconnec t  LKG #1)
(18) Receives and analyzes reply from MCF

(19) Formats message to OMF (LKG usage update)

(20) Formats message to MCF (disconnect A)

(21) Receives and analyzes reply from MCF

(22) Formats report message to OMF

( 2 3 )  D i rec t s  SSF to send “busy ” to A

(24 ) Receives message f rom SSF (A re leases)

( 2 5 )  Sends message to SSF ( s top  “busy ” )

( 2 6 )  Sends message to OMF ( c i r c u i t  usage r e p o r t )
( 2 7 )  Update  t ab les

L o c a l — t o - T r u n k

( 1)  Receives request f o r  s e rv ice  f r o m  SSF (A goes
o f f - h o o k )

(2) Analyzes classmark of requestLng terminal (de-
termine signaling convention )

(3) Formats message to MCF (connect A to ASF port)

( 4 )  Receives and ana lyzes  reply  f r o m  MCF
( 5 )  Format s message to ASF
( 6 )  Formats ASF u n i t  usage report to OMF
(7 )  Receives and ana lyzes  rep ly  f rom ASF ( re eives

digits)

(8) Formats message to MCF (disconnect A f r o m  ASF
p o r t )

(9) Sends usage message to OMF

(10) Receives and analyzes reply from MCF

(11) Analyzes digits , performs digit translation

(12) Performs routing , determines primary trunk group

(13) Examine~ trunk status table , selects idle trunk ,
m~rks trunk

(1-1 ) Analyzes classmark of trunk

(15) F’ormats “call initiate ” common channel message ,
sends to SSF

( 1 6 )  R ece i v e s  c o n f i r m a t i o n  f rom 5SF
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(17) Formats message to OMF (trunk usage message)

(18) Formats message to MCF (connec t A t o  t r u n k )

(19) Receives and analyzes reply from MCF

(20) Receives “busy ” message from SSF

(21) Formats message to MCF (disconnect A)

(22) Receives and analyzes reply from MCF

(23) Formats common channel acknowledge message , send
to SSF

(24) Receives confirmation of trunk release from SSF

(25) Formats trunk status message to OMF

(26) Update status tables

Trunk—to-Local

(1) Receives “call initiate” message from SSF

(2) Analyzes message , performs routing (digit trans-
l a t ion )

(3) Analyzes classmark of called terminal

(4) Sends “acknowledge” message to SSF

( 5 )  Formats message to MCF (connec t  t r u n k  to LKG ~ 1)

( 6 )  Receives and ana l yzes rep ly from MCF
( 7 )  Formats  message to OMF ( LKG #1 u sage )

( 8 )  Formats message to MCF (connect  LKG #1 to ASF
p o r t )

(9) Receives and analyzes reply from MCF

(10) Formats message to ASF

(11) Formats message to OMF (ASF port usage)

(12) Formats message to MCF (connect A to LKG ~t2)

(13) Receives and analyzes reply (returns “B busy ”
message)

(14) Formats “busy” message to SSF

(15) Receives “acknowledge” from ~SF

(16) Formats  message to MCF (disconnect  t r u n k )
(17)  Receives and analyzes reply
(18) Sends message to OMF (trunk usage update)

(19) Formats message to MCF (disconnect LKG #1)

(20) Receives and analyzes reply

AV.— 45



( 2 1 )  Sends message to OMF (LKG #1 usage update)

( 2 2 )  Sends message to OMI - (ASF usage update)

(23) Updates tables

T r u n k - t o — T r u n k

( 1)  Receives “ca l l  i n i t i a t e” message f rom SSF
( 2 )  Sends “ acknowledge” to SSF
( 3 )  Ana lyze s  message , pe r fo rms  r o u t i n g
( 4 )  Examines  t r u n k  s ta tus  tables , selects o u t g o i n g

t r u n k
( 5 )  Ana lyzes  c lassmark of t r u n k
( 6 )  Formats  “cal l  i n i t i a t e” message to SSF
( 7 )  Receives “ acknowledgemen t”  f rom SSF
( 8 )  Send s t at u s  message to OMF ( t r u n k  usage)
( 9 )  Receives “busy ” message f rom SSF

(10) Sends “acknowledge” message to SSF

( 11)  Sends “busy ” message to SSF

(12) Receives “acknowledge” message from SSF

( 13) Receives “ release” message f rom SSF
( l i )  Send “ acknowledge ” message f rc m SSF
( 15 )  Sends “release ” message to SSF
( 1 6 )  Receives  “ acknowledge” message f rom SSF
(17)  Send s ta tus  message to OMF

(18) Update tables

1.2.4.3 Summary of CPF Operations

Analog

Call Type Number of Operat ions

Loc al—to—Local 33

local—t o—Trunk 28

Trunk—to—Local 21

T r u n k - t o — T r u n k  22

Loop-Around Adder

Local—to—Local 11
Local-to-Trunk 11
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j

Number of Operat ions

Operator Forwarded Adder

Local—to—Local 13

Local—to—Trunk 13

Call Bus y Factor
Local—to—Local 19

Local-to-Trunk 28

Trunk-to-Local 10

Trunk-to-Trunk 19

Digital

Local—to—Local 51

Local—to—Trunk 27

Trunk—to—Local 49

Trunk-to-Trunk 22

Operator Forwar ded Adder
Local-to-Local 13

Local-to-Trunk 13

Call Bus y Factor Adder
Local—to-Local 27

Local-to—Trunk 26

Trunk-to—Local 23

Trunk— to-Trunk 18

1.2.5 OMF Operations

1.2.5.1 OMF Operations - Call Related

Analo g

Local-to-Local

(1) Receives message from CPF - ASF unit usage and
terminal identity of call originator

(2) Update call originating count for line group

(3) Update AS~ unit usage count
(4) Update ASF units busy count

(5) Receives message from CPF — ASF unit usage

(6) Update ASF units busy count
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(7) Receives busy c ircuit message from CPF — call
connected

(8) Update call complete count

Local -to-Trunk

(1) Receives message from CPF — ASF unit usage and
call originating terminal identity

(2) Update call initiate count for line group

(3) Update ASP unit busy count

(4) Update ASF unit usage count

(5) Receives ASF unit usage message from CPF
(6) Update ASF unit busy count
(7) Receives trunk usage message from CPF — includes

common channel usage
(8) Update busy count for specific trunk group

(9) Update total trunk usage count

(10) Update common channel usage count for spec if ic
trunk group

(11 ) Rece ives trunk status message from CPF — in-
cludes common channel usage

(12) Update trunk busy count for specific trunk group

(13) Update common channel usage count
(14) Update call complete count

Trunk—to—Local

(1) Receives message from CPF - trunk usage update -
also common channel usage

(2) Update count of calls for specif ic trunk group
(3) Update count of trunks busy

(4) Update common channel usage count

(5) Receives message from CPF - trunk usage update

(6) Decrease trunk busy count

(7) Update call complete count

4 Trunk-to—Trunk

(1) Receives message from CPF — trunk usage and
common channel

(2) Update trunk usage busy count for specific
groups
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(3) Update common channel usage counts
(4) Update total trunk call count
(5) Receives message from CPF - trunks idle
(6) Update trunk busy count

(7) Update common channel usage count
(8) Update call complete count

Lo(p-Around Adder

(1) Receives message from CPF - SEF equipment usage

(2) Update SEF equipment usage count

( 3 )  t1pdate SEF busy count
(4) Receives message from CPF - SEF equipment update

(5) Update SEF busy count

(6) Update number of calls complete

NOTE : Loop-around adder is the same for both Local-
to-Local and Local—to—Trunk .

Operator Forwarded Adder

(1) Receives message from CPF - operator service
request

(2) Places request in proper queue
(3) Update operator call count
(4) Send messages to CPF - operator assignment
(5) Remove request from queue
(6) Receives address of terminal B from operator

console
(7) Formats messages to CPF — connect outgoing OPR

to terminal B
(8) Receives message from operator - drop OPR con-

nection A & B

(9) Formats messages to CPF — drop OPR connection
A & B

Call Busy Factor (CBF) Adder

Local-to—Local

(1) Receives messages from CPF — ASF usage and call
originating

(2) Updates number of calls originated for specific
line group
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(3) Update ASF ports busy count terminal
a (4) Update ASF ports usage count

(5) Receives message from CPF (ASF usage)

(6) Update ASP port s busy count
(7) Receives message from CPF — circuit usage re-

port

(8) Update call incomplete count

Local-to-Trunk

(1) Receives message from CPF — ASF usage report
(2) Update call originated for specific line group

(3) Update ASF busy count
(4) Update ASF usage count
(5) Receives message from CPF - ASF usage report
(6) Update ASF busy count
(7) Receives message from CPF — trunk usage
(8) Update common channel usage count
(9) Update trunk busy count
(10) Update trunk call count

(11) Receives trunk status message from CPF - trunk
status

(12) Update trunk busy count
(13) Update call incomplete count
(14) Receives message from CPF - circuit usage report

Trunk-to-Local

(1) Receives message from CPF — circuit usage

(2) Update call incomplete count

(3) Update common channel usage count
(4) Update trunk call for specific group

Trunk-to—Trunk

(1) Receives message from CPF - trunk usage
(2) Update trunk call count for spec if ic groups
(3) Update common channel usage count

(4) Update total trunk busy count
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(5) Receives message from CPF - trunk usage

(6) Update trunk busy count
(7) Update call incomplete count
(8) Update common channel usage count

1.2.5.2 OMF Operations

Digital

Local—to—Local

(1) Receives message from CPF — LKG usage report and
terminal ident if icat ion

(2) Update LKG usage count
(3) Update call originate count for line group
(4) Update LICG busy count
(5) Receives message from CPF - ASF usage report
(6) Update ASF ports busy count

(7) Receives message from CPF - LKG usage report
(8) Update LKG usage count
(9) Update LKG busy count

(10) Receives message from CPF - ASF usage report
(11 ) Update ASF unit busy count
(12) Receives message from CPF - ASP port usage

report
(13) Update ASF ports busy count

(14) Receives message from CPF - ASP port usage
report

4 (15) Update ASF ports busy count

(16) Receives message from CPF - common equipment
( LKG ) report

(17) Update LICG busy count

(18) Receives message from CPF - common equipment
(LKG) report

(19) Update LKG busy count
(20) Receives message from CPF - matrix connection

count
(21) Update call complete count
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Local-to-Trunk

(1) Receives message from CPF - ASF usage report and
terminal ident if icat ion

( 2 )  Update call originate count for line group
(3) Update ASF ports busy count
(4) Update ASF ports usage count
(5) Rece ives message from CPF - ASF usage repor t
(6) Update ASF port busy count

(7) Rece ives message from CPF - trunk usage and
common channel

(8) Update trunk busy count
(9) Update common channel usage count
(10) Update call to trunk group count
(11) Receives message from CPF - trunk usage report
(12) Update trunk busy count
(13) Update common channel usage count
(14 ) Update call complete count

Trunk—to—Local

(1) Receives message from CPF - LKG, trunk and
common channel usage

(2) Update call count for trunk group
(3) Update LKG usage count
(4) Update LKG busy count
(5) Update common channel usage count
(6) Update trunk busy count
(7) Receives message from CPF - ASF port usage

report
(8) Update ASF port busy count
(9) Update ASF usage count

(10) Receives message from CPF — LKG usage report

(11 ) Update LKG usage count
(12) Update LKG busy count

(13) Receives message from CPF - ASF usage report
(14) Update ASF busy count

(15) Update ASF usage count

(16) Receives message from CPF - ASP usage report
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(17) Update ASF busy count
(18) Rece ives message from CPF - ASF usage report
(19) Update ASF busy count
(20) Receives message from CPF — LKG usage report

(21) Update LKG busy count
(22) Update call complete count
(23) Receives message from CPF - LKG usage report
(24) Update LKG busy count
(25) Receives message from CPF - trunk usage report —

includes common channel message count
(26) Update trunk busy count
(27) Update common channel usage count

Trunk-to-Trunk

(1) Receives message from CPF - trunk usage report
(2) Update call count for trunk groups
(3) Update trunk busy count
(4) Update common channel usage count
(5) Receives message from CPF - trunk usage report
(6) Update t runk busy count
(7) Update common channel usage count

(8) Update call complete count

Call Busy Factor Adder - Digital

Local — to—Local

(1) Receives message from CPF - LKG usage report

(2) Update LKG busy count

(3) Update call origination count for line group

(4) Update LKG usage count
(5) Receives message from CPF - ASP usage report

(8) Update ASF ports busy count

(7) Update ASF usage count
(8) Receives message from CPF - LKG usage report
(9) Update LKG usage count
(10) Update LKG busy count
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(11) Receives message from CPF — “B busy” , therefore ,
LKG now idle

(12) Update incomplete call count

(13) Update LKG busy count

(14) Receives message from CPF - LKG usage report
(15) Update LKG busy count

Local—to—Trunk

(1) Receives message from CPF - ASF usage report
(2) Update ASF port busy count

(3) Update ASF usage count

(4) Receives message from CPF - ASF usage report

(5) Update ASF port busy count

(6) Receives message from CPF — trunk and common
channel usage report

(7) Update call to trunk group count
(8) Update trunk busy count

(9) Update common channel usage count
(10) Receives message from CPF - call incomplete
(11) Update trunk busy count
(12) Update common channel usage count

(13) Update call incomplete count

Trunk—to—Local

(1) Receives message from CPF - LKG, t runk , and
common channel usage report

(2) Update common channel usage count
(3) Update LKG busy count

(4) Update LKG usage count
(5) Update trunk busy count
(6) Update trunk group usage count

(7) Receives message from CPF - ASF port usage
report

(8) Update ASF ports busy count
(9) Update ASF usage count
(10) Receives message from CPF — call incomplete

because terminal busy — common channel usage
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(11) Update incomp lete call count
(12) Update common channel usage count
(13) Receives message from CPF — LKG usage report
(14) Update LKG busy count

(15) Receives message from CPF - ASF usage report

(16) Update ASF ports busy count

Trunk-to-Trunk

(1) Receives message from CPF — t runk usage report
(2) Update call count for trunk groups

(3) Update common channel usage count

(4) Update trunk busy count

(5) Receives message from CPF - call incomplete ,
two trunks now idle, common ‘~hannel message
count

(6) Update common channel usage count

(7) Update call incomplete count
(8) Update trunk busy count

1.2.5.3 Summary of Operations

Analog

Call Type Number of Operations

Local—to—Local 8

Local-to-Trunk 14

Trunk—to—Local 7

Trunk-to-Trunk 8

Loop—Around Adder

Local—to—Local 6

Local-to-Trunk 6

Operator Forwarded Adder
Local—to—Local 9
Local-to-Trunk 9

Call Busy Factor Adder
Local-to—Local 8

Local—to—Trunk 14
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Number of Operations

Trunk-to-Local 4
Trunk-to-Trunk 8

Digital

Local-to—Local 21

Local-to-Trunk 14
Trunk-to—Local 27
Trunk-to-Trunk 8

Operator Forwarded Adder
Local-to—Local 9

Local-to-Trunk 9
Call Busy Factor Adder

Local—to—Local 15
Local—to—Trunk 13

Trunk—to—Local 16
Trunk-to—Trunk 8
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1.2.6 Matrix Operations

Breakdown of Matrix Commands and Operations by call type
and system size.

Call #Operations #Operations Total Total
Type #Calls (Analog) (Digital) (Analog) (Digital)

L-L 1080 8 16 8640 17280

L—T 1080 4 4 4320 4320
T— L 1320 6 16 7920 21120
T—T 1320 2 2 2640 2640
Loop-
Around 108 4 0 432 0
OPR Fwd . 24 4 4 96 96

CBF
L—L 270 3 5 810 1350
L-T 270 2 4 540 1080
T—L 330 1 5 330 1650

T-T 330 0 2 0 660

TOTAL OPERATIONS/BH 25728 50196

/SEC 7.15 13.94

Command Types

Connections (complete) 7764 19998

Connections (return busy) 600 600

Disconnect 7764 19998

Tone Injection 9600 9600

Matrix Control Function Internal Operations

(Analog) (Digital)

Command Decode 25728 50196

Forma t Reply 25728 50196

Find Terminal 32256 81192

Trace Path 32892 69594

Store Path 15528 39996

Search Path 7764 19998

Connect Path 7764 19998
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(Ana1og~ (Digitafl

Disconnect Path 7764 19998

TOTAL INTERNAL OPERATIONS/BH 155424 351168

/SEC 43.2 97.5

1.2.6.1 2400 Termination C/S

Call #Operations #Operations Total Total
Type #Calls (Analog) (Digital) (Analog) (Digitafl

L—L 4032 8 16 32256 64512

L—T 2688 4 4 10752 10752

T-L 6048 6 16 36288 96768

T—T 4032 2 2 8064 8064

Loop-
Around 336 4 0 1344 0
OPR Fwd. 68 4 4 272 272
CBF

L—L 1008 3 5 3024 5040
L— T 672 2 4 1344 2688
T—L 1512 1 5 1512 7560

T-T 1008 0 2 0 2016

TOTAL OPERATIONS/BH 94856 197672

/SEC 26.35 60.35

4 
Command Types

Connections (Complete) 26008 77416

Connections (Return Busy) 2520 2520

Disconnections 26008 77416

Tone Injections 40320 40320

Matrix Control Function Internal Operations
(Analog) (Digital)

Command Decode 94856 197672
Format Reply 94856 197672

Find Terminal 109072 314704

Trace Path 118344 272568

Store Path 52016 154832

Search Path 26008 77416
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(Analog) (Digital)

Connect Path 26008 77416

Disconnect Path 26008 77416

TOTAL INTERNAL OPERATIONS/BH 547168 1369696

/SEC 152 380.47

1.2.6.2 4200 Termination C/S

Call #Operations #Operations Total Total
Type #Calls (Analog) 

— 
(Digital) (Analog) (Digital)

L—L 6174 8 16 49392 98784

L—T 2645 4 4 10580 10580

T—L 11466 6 16 68796 183456

T—T 4914 2 2 9828 9828

Loop-
Around 441 4 0 1764 0
OPR Fwd . 89 4 4 356

CBF
L—L 1544 3 5 4632 7720

L—T 662 2 4 1324 2648
T—L 2867 1 5 2867 14335
T—T 1229 0 2 0 2458

TOTAL OPERATIONS/BH 149539 330165

/SEC 41.54 91.71

Command Types

Connections (complete) 37284 127597

Connections (return busy) 4411 4411

Disconnect ions 37284 127597

Tone Injections 70560 70560

Matrix Control Funct ion Internal Operations
Command Decode 149539 330165

Format Reply 149539 330165

Find Terminal 157958 519210

Trace Path 182412 453351

Store Path 74568 255194
Search Path 37284 127597
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(Analog)  (Digital )
Connect Path 37284 127597
Disconnect Path 37284 127597

TOTAL INTERNAL OPERATIONS/BH 825868 1707459

/SEC 229.4 474.3

1. 2 . 6 . 3  6000 Termination C/S

Call #Operations #Operations Total Total
Type #Calls (Analog) (Digital) (Analog) (Digital)

L—L 7200 8 16 57600 115200

L-T 1800 4 4 7200 7200
T-L 16800 6 16 100800 268800
T—T 4200 2 2 8400 8400
Loop-
Around 450 4 0 1800 0
OPR Fwd . 90 4 4 360 360

CBF
L—L 1800 3 5 5400 9000
L—T 450 2 4 900 1800
T—L 4200 1 5 4200 21000
T—T 1050 0 2 0 2100

TOTAL OPERATIONS/BH 186660 433860

/SEC 51.85 120.52

Command Types
H Connections (complete) 42330 165930

Connections (return Busy) 6000 6000

Disconnect ions 42330 165930
Tone Injections 96000 96000

Matrix Control Function Internal Operations

Command Decode 186660 433860

Format Reply 186660 433860

Find Terminal 181320 675720

Trace Path 222990 593790

Store Path 84660 331860

Search Path 42330 165930
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(Analog) (Digital)

Connect Path 42330 165930

Disconnect Path 42330 165930

TOTAL INTERNAL OPERATIONS/BH 989280 2966880

/SEC 274.8 824.13

1.2.7 SSF Operations vs. C/S Sizes

1.2.7.1 600 Terminal C/S

Fixed type

3 operational terminal x 600 terminal x’ 100/sec 180,000
operations/sec

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 1080 24 10 25,920 10,800

Local—to—Trunk 1080 21 16 22,680 17,280

Trunk—to—Local 1320 25 18 33,000 23,760

Trunk—to—Trunk 1320 24 24 31,680 31,680

Call Busy Factor
Local—to—Local 270 15 8 4,050 2,160

Local—to—Trunk 270 22 10 5,940 2,700

Trunk—to—Local 330 8 8 2,640 2,640

Trunk— to—Trunk 330 20 24 6,600 7,940

Operation/BH 132,510 98,960

/SEC 36.81 27.49

TOTAL/SEC 180,037 180,027
4
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1.2.7.2 2400 Terminal C/ S

Fixed Type

3 operations/terminal x 2400 terminals x 100/sec 720,000
operations/sec

Call Related

Analog

# Operations Total
• Call Type #Calls Analog Digital Analog Digital

Local-to—Local 4032 24 10 96,768 40,320
Local—to—Trunk 2688 21 16 56,448 43,008
Trunk—to—Local 6048 25 18 151,200 108,864
Trunk—to—Trunk 4032 25 24 100,800 96,768

Call Busy Factor Adder

Local—to—Local 1008 15 8 15,120 8,064
Local—to—Trunk 672 22 10 14,784 6,720
Trunk—to-Local 1512 8 8 12,096 12,096
Trunk—to—Trunk 1008 20 24 20,160 24,192

Operat ions/BH 467,376 340,032

/SEC 129.83 94.45

TOTAL OPERATION/SEC 720,130 720,094
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1.2.7.3 4200 Terminal C/S

Fixed Operations

3 operations/terminal x 4200 terminals x 100 scan/sec =

1,260,000 operations/sec

Cal l Relea ted Operations

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 6174 24 10 148,176 61,740

Local—to—Trunk 2645 21 16 55,545 42,320

Trunk-to—Local 11466 25 18 286,650 206,388

Trunk—to—Trunk 4914 24 24 117,936 117,936

Call Busy Factor Adder

Local—to—Local 1544 15 8 23,160 12,352

Local—to—Trunk 622 22 10 13,684 6,220

Trunk—to—Local 2867 8 8 22,936 22,936

Trunk—to—Trunk 1229 20 24 24,580 29,496

Operat ions/BH 692,667 499,388

/SEC 192.41 138.72

TOTAL OPERATION/SEC 1,260,192 1,260,139

S
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1.2.7.4 6000 Terminal C/S

Fixed Operations

3 operations/terminal x 6000 terminals x 100 scan/sec
1,800,000 operat ions/sec

Ca ll Related Operations

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 7200 24 10 172,800 72,000

Local—to—Trunk 1800 21 16 37,800 28,800

Trunk-to—Local 16800 25 18 420,000 302,400

Trunk— to—Trunk 4200 24 24 100,800 100,800

Call Busy Factor

Local—to—Local 1800 15 8 27,000 14,400
Local—to—Trunk 450 22 10 9,900 4,500

Trunk—to—Local 4200 8 8 33,600 33,600

Trunk—to—Trunk 1050 20 24 21,000 25,200

Operations/BH 822,900 581,700

/SEC 228.5~ 161.58

TOTAL OPERATION/SEC 1,800,229 1,800,162
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1.2.8 Address Signaling Operations vs. C/S Size

1.2. 8.1 600 Termination C/S

CALL TYPE #CALLS #OPERATIONS TOTAL

L—L 1080 34 36 , 720
L—T 1080 51 55,080

CBF
L—L 270 34 9 , 180
L—T 270 51 13,770

TOTAL OPERATIONS/BR 114,750
/SEC 31.875

1.2 .8.2  2400 Termination C/S

CALL TYPE #CALLS #OPERAT IONS TOTAL

L—L 4032 34 137,088

L—T 2688 51 137,088

CBF
L—L 1008 34 34,272

L—T 672 51 34,272

TOTAL OPERATIONS/BR 342,720

/SEC 95.2

1.2.8.3 4200 Terminat ion C/ S

CALL TYPE #CALLS #OPERATIONS TOTAL

L—L 6174 34 209 , 916
L—T 2645 51 134 , 895

CBF
L—L 1544 34 52 , 496
L—T 662 51 33,762

TOTAL OPERATIONS/BH 431,069

/SEC 119.74
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1.2.8.4 6000 Termination C/S

CALL TYPE #CALLS #OPERATIONS TOTAL

L—L 7200 34 244,800
L—T 1800 51 91, 800

CBF
L—L 1800 34 61,200
L—T 450 51 22 , 950

TOTAL OPERATIONS/sR 420,750
/SEC 116.875
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1.2.9 Call Processing Operations vs. C/S Size

1.2.9.1 600 Terminal C/S

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 1080 33 51 35,640 55,080

Local-to—Trunk 1080 28 27 30,240 29,160

Trunk—to—Local 1320 21 49 27,720 64,680

Trunk—to—Trunk 1320 22 22 29,040 29,040

Loop—Around 108 11 0 ‘1,188 0

OPR Fwd . 24 13 13 312 312

Call Busy Factor
Local—to—Local 270 19 27 5,130 7,290

Local—to—Trunk 270 28 26 7,560 7,020

Trunk—to—Local 330 10 23 3,300 7,590

Trunk—to—Trunk 330 19 18 6,270 5,940

TOTAL OPERATIONS/BR 146,400 206,112

/SEC 40.67 57.25
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1.2.9.2 2400 Terminal C/S

# Operations Total
Call Type #Calls Analog Digi ta l  Analog Digi tal

Local—to—Local 4032 33 51 133,056 205,632

Local—to—Trunk 2688 28 27 75,264 75,264

Trunk-to—Local 6048 21 49 127,008 127,008
Trunk—to—Trunk 4032 22 22 88,704 88,704

Loop—Around 336 11 0 3,696 0

OPR Fwd. 68 13 13 884 884

Call Busy Factor

Local—to—Local 1008 19 27 19,152 27,216

Local—to—Trunk 672 28 26 18,816 17,472

Trunk—to—Local 1512 10 23 15 120 Z4,776

Trunk—to—Trunk 1008 19 18 19,152 18,144

TOTAL OPERATIONS/BH 500,852 595,100

/SEC 139.13 165.31

I
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1.2.9.3 4200 Terminal C/S

# Operations Total
Call Type #Calls Analog Digital Ai~alog Digital

Local—to—Local 6174 33 51 203,742 314,874

Local—to—Trunk 2645 28 27 74,060 74,060

Trunk—to—Local 11466 21 49 240,786 561,834

Trunk—to—Trunk 4914 22 22 108,108 108,108

Loop-Around 441 11 0 4,851 0

OPR Fwd . 89 13 13 1,157 1,157

Call Busy Fac tor

Local—to—Local 1544 19 27 29,336 41,688

Local—to—Trunk 662 28 26 18,536 17,212

Trunk—to—Local 2867 10 23 28,670 65,941

Trunk—to—Trunk 1229 19 18 23,351 22,122

TOTAL OPERATIONS/BR 732,597 1,205,839

/SEC 203.5 335
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1.2.9.4 6000 Terminal C/S

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 7200 33 51 237,600 367,200

Local-to-Trunk 1800 28 27 50,400 48,600

Trunk—to—Local 16800 21 49 352,800 823,200
Trunk-to—Trunk 4200 22 22 92,400 92,400

Loop-Around 450 11 0 4,950 0

OPR Fwd. 90 13 13 1,170 1,170

Call Busy Factor

Local—to—Local 1800 19 27 34,200 48,600

Local—to—Trunk 450 28 26 12,600 11,700

Trunk—to—Local 4200 10 23 42,000 96,600

Trunk-to—Trunk 1050 19 18 18,900 18,900

TOTAL OPERATIONS/BR 847,020 1,508,370

/SEC 235.3 419
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1.2.9.5 Breakdown of Inter—function Data Transfers

For every message sent by the CPF to the MCF , ASF and SSF ,
a reply message is required . The CPF , when it sends a message ,
starts a timer and stops the timer when the reply is received.
It is implied that part of the CPF overhead function is the
periodic checking of the timer to detect time—out conditions.
In this way, the CPF is able to exercise its overall coordina-
tion task and keep track of the operational states of the other
functions on a real time basis.

The messages to the OMF fall into two categories; (1) sta—
tistical messages for record keeping , and (2) operator call
messages which the OMF places in the operator queue.

DATA TRANSFERS PER CALL

Call Type MCF (A) MCF(D) ASF (A ) ASF (D) SSF(C) SSF(CCSM)

L—L 8 16 1 3 6 0

L—T 4 4 1 1 6 3
T—L 6 16 0 2 3 5
T— T 2 2 0 0 0 12

Loop-
Around 4 0 0 0 0 0

OPR Fwd . 4 4 0 0 0 0

CBF

L—L 3 5 1 1 4 0
L—T 2 4 1 1 4 0
T—L 1 5 0 1 0 4
T—T 0 2 0 0 0 10

I
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DATA TRANSFERS PER CALL
(A nalog ) (Digi ta l )Ca ll T1p~ OMF (Start) OMF (Start) OMF (OPR Cont)

L-L 4 9
L-T 4 4
T-L 2 9
T-T 2 2

Loop_Around 2 0
OPR Fwd . 0 0 4
CBF

L-L 3 5
L-T 5 4
T-L 1 5
T-T 2 2
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CPF/SSF Data Transfers (per BR)

Commands Common Channel Messages

600 Terminal C/S 19,080 30,300

2400 Terminal C/S 65,184 102,816

4200 Terminal C/S 96,136 147,991

6000 Terminal C/S 113 ,400 161 ,700

CPF/ASF Data Transfer (per BH)

(Analog ) (Digital)

600 Terminal C/S 2,700 7,830

2400 Termi nal C/ S 8 , 400 30 , 072
4200 Terminal C/S 11,025 49,172

6000 Terminal C/S 11 ,250 63,450

CPF/MCF Data Transfer (per BH)

( Analog ) ( D i g i t a l )
600 Terminal C/S 25,728 50,196

2400 Terminal C/ S 94 , 856 197 , 672
4200 Terminal C/S 149,539 330,165

6000 Terminal C/S 186,660 433,860

CPF/OMF Data Transfer (per BH)

(Analog) (Digital) (OPR Cont)

600 Terminal C/S 17,286 33,300 96

2400 Terminal C/S 57,624 126,840 272

4200 Terminal C/S 82,185 206,329 356

6000 Terminal  C/ S 92 ,850 265 , 500 360
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1.2.10 OMF Operations vs. C/S Size

1.2.10. 1 600 Terminal C/ S

# Operations TotalCall Type #Calls Analog Digital Analog Di~gital
Local—to—Local  1080 8 21 8 , 640 22 , 600
Local—to—Tr unk 1080 14 14 15 , 120 15 , 120
Trunk—to —Local  1320 7 27 9 , 240 35 , 640
Trunk-to—Trunk 1320 8 8 10 , 560 10 , 560
Loop—Around 108 6 648
OPR Fwd . 24 9 9 216 216

Call Busy Factor

Local—to—Local 270 8 15 2 , 160 4, 050
Local—to—Tr unk 270 14 13 3 ,780 3 , 510
Trunk—to-Local  330 4 16 1, 320 5, 280
Trunk-to-Trunk 330 8 8 2 ,640 2 , 640

TOTAL OPERATIONS/BR 54 , 324 99 , 616
/SEC 15.09 27 .67
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1.2.10.2 2400 Terminal C/S

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 4032 8 21 32 , 256 84, 672
Local—to—Trunk 2688 14 14 37,632 37,632

Trunk—to—Local 6048 7 27 42,336 163,296

Trunk—to—Trunk 4032 8 8 32,256 32,256

Loop—Around 336 6 2,016

OPR Fwd . 68 9 9 612 612

Call Busy Factor

• Local-to-Local 1008 8 15 8,064 15,120

Local—to-Trunk 672 14 13 9,408 8,736

Trunk—to—Local 1512 4 16 6,048 24,192

Trunk—to—Trunk 1008 8 8 8 ,064 8, 064

TOTAL OPERATIONS/BR 178,692 374,580

/SEC 49.64 104 . 05
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1.2.10.3 4200 Terminal C/ S

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 6174 8 21 49 , 392 129 , 654
Local—to—Trunk 2645 14 14 37 , 030 37 , 030
Trunk—to—Local 11466 7 27 80 , 262 309 , 582
Trunk—to—Trunk 4914 8 8 39 , 312 39 , 312

Loop-Around 441 6 2 , 646

OPR Fwd . 89 9 9 801 801

Call Busy Factor

Local—to—Local 1544 8 15 12 , 352 23 , 160
Local—to—Trunk 662 14 13 9,268 8,606

Trunk—to—Local 2867 4 16 11, 468 45 , 872
Trunk—to—Trunk 1229 8 8 9 , 832 9 , 832

TOTAL OPERATIONS/BR 252,363 646,169

/SEC 70.10 179.49
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1.2.10.4 6000 Terminal C/ S

# Operations Total
Call Type #Calls Analog Digital Analog Digital

Local—to—Local 7200 8 21 57 , 600 151 , 200
Local—to—Trunk 1800 14 14 25 , 200 25 ,200
Trunk— to—Local 16800 7 27 117 , 600 453 , 600
Trunk—to—Trunk 4200 8 8 33,600 33,600

Loop-Around 450 6 2,700

OPR Fwd. 90 9 9 810 810

Call Busy Factor

• Local—to—Local 1800 8 15 14,400 27,000

Local-to—Trunk 450 14 13 6 ,300 5, 850
Trunk—to—Local 4200 4 16 16,800 67,200

Trunk—to—Trunk 1050 8 8 8,400 8,400

TOTAL OPERATIONS/BR 283,410 772,860

/SEC 78 .73 214 .68
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2.0 M/ S SYSTE M PARAMETERS

General Discussion

Accountability Processing

One of the most s ign i f i can t  determinants of system cost and
performance is the degree to which a communication system , taken
as a whole , is accountable , i .e . ,  responsible , for the t r a f f i c
that  has been entrusted to i ts  care . Accountabi l i ty  for t r a f f i c
delivery is usual ly  conceived as a total network policy . The
imp lementation of that  policy is reflected in the to ta l i ty  of
hardware and software resources integrated at each individual
switching center in the system as well as the topology of low—
level and high— level  connect iv i ty . Accountabi l i ty  requirements
impact strongly on the transit time of traffic through the net-
work, the holding time for messages or associated data at each
node , requirements for on— line storage at each node , and re—
quirements for  various types of transmission acknowledgements .
This is directly reflected in processing delays , additional stor-
age , and additional processing .

In general the most s ignif icant  computer resource af fec ted
is that of storage and acknowledgement processing . rough
estimate of the increase of these from minimum accountability to
a maximum accountability is in the order of from 4 to 16 fold
increase in computer resource requirements on a switch by switch
basis.

The study of the several systems indicated a wide range of
accountabil i ty Intent ions  (doctrines , or goals) .  These include :
(1) Minimum accountabil i ty characterized by “I t ’ s your nickel
buddy” (ARPA); (2) maximum accountability characterized by
“Neither sleet nor hail nor rain nor . . . shall stay these
“courriers” from their appointed rounds ” . In other words — get
the message through or “die” trying (AUTODIN).

Accountability is at best seen as a trade—off between the
user responsibility (user accountability) and system responsi-
bility for the delivery , and rece ipt acknowledgement of messages.
In a system with minimum accountability a message sender —

either human or SDA equipment - would expect to rely on the
acknowledgement receipt of the message by a similar message
generated by the destined addressee . If no such receipt acknow—
ledgement is received at the message source the options open to
the source are few in terms of service support by the communica-
tions system. The message may have been lost, the message may
have been mis-routed, the message may have been garbled and there
is no way through a system service to ascertain exactly what
happened to the message. Typically , the message is re-transmitted
with a significantly lessened confidence in the successful de—
livery.
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At the opposite end , several of the systems — that is all
of the mi l i t a ry  oriented systems — have incorporated account-
ability procedures to extreme proportions . Basically these
extremes attempt to assure the following :

(1) All messages will be acknowledged for delivery and
receipt ;

(2) Complete traces of steps and processing given the
message at every point of the system is mainta ined
so that  any “misadventures” of the message can be
made known to the human managers of the system ;

(3) The system itself includes procedures for the auto-
matic retransmission or redelivery of the message,
generated from its own storage media without having
to resort to the message source to re—input  the orig-
inal message .

I

Accountability intentions fall into two major areas : the
system can be accoun table for  the t r a f f i c  itself , and/or accoun t-
able for the history of the traffic. In the first case the
system maintains recordings of the message text at selected
points (nodes) in the system and thus can reproduce (retransmit)
the message on demand . In the second case the system mainta ins
the necessary event journals to keep track of what happened to
the message. While both types of accountability , traffic and
historical , are usually provided in most highly accountable
systems , they are in fact  separable , and may be treated inde-
pendently at selected switches within a system .

Traffic Accountability Involves the Following

(1) A copy of the message may be obtained on demand . That
is a copy of the message awaiting delivery , or a copy
of the message already delivered is being retained for
some predetermined period of time ;

(2) The message is retained by the system (a t one or more
switching sites) until the system is satisfied that
the message has been delivered and has accounted for
all deliveries scheduled ;

(3) Does not include assurance against duplicate de-
liveries , lost messages , lost receipts (acknowledge—
ments) or misrouted messages ;

(4) For an individual switching center , t r a f f i c  account-
ability means that the switch will protect a copy of
the message until it has received acknowledgement of
all required deliveries of the message.
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Historical accountability involves bookkeeping with respect
to what happened to a message during its lifetime in the com-
munications system .

Histor ical  Accountabi l i ty  Includes

(1) The switch records on logically and electrically
separate storage media , history of the events which

ccurred to any message during its time in the switch .
Tradi t ional ly  a dozen or more message events are re-
corded in the journal file ;

(2) The switch operating system is able to reproduce a
formatted report of these events on a message—by—
message basis on operator demand ;

(3)  The switch is able to display the status of the
message in terms of deliverabil i ty, when , to whom ,
the precedence level , waiting time in queue , etc.
Historical accountability thus assures against dupli-
cate deliveries , lost deliveries and/or lost receipts
by keeping an audit trail of where every message came
from and to where every message was delivered ;

(4) Historical accountability is considered to demand
more stringent processing requirements on a switching
complex. While it requires less total storage than
storage of the message text itself , significantly
more processing activity is required in terms of de-
mand on I/O channels and access to on—line storage
media for the recording of the journal records . His-
torical accountability frequently is considered first
in switching system design , over traf f ic account-
ability . The journal record files may be retained
for a longer period of time than the message history
files themselves ;

(5) There is usually a minimum of historical account-
ability designed for 1111 transit centers utilizing
packet switching procedures . In contrast there is
frequent ly no traff ic accountability for types HR
transit centers ;

(6) In entry—exit switching centers , and in base distri-
bution systems there is usually a high degree of
historical accountability to serve the local sub-
scribers .

Delivery Responsibility - The ability of a switching center
to delfver traffic can best be seen from a design point of view -
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as a series of graded capabilities each requiring more extreme
processing operations and extended storage media. Delivery
responsibil i ty ranges f rom :

(1) Active Delivery . In this state all systems within a
switch are working and normal switch processing man-
ages the delivery of traffic;

(2) Delivery from recovery in switching complexes which
are duplexed , or even multiplexed ; delivery responsi-
bility includes the ability of the switch to maintain
delivery accountability in the event of loss of one
or more duplexed components of the switching center
hardware. In this case recovery is usually “instan-
taneous ” with little or no resultant loss in service
to the customers ;

(3) Delivery from restart . This implies the abi l i ty  to
maintain delivery accountability, after the total shut-
down , but not destruction , of the active switch pro-
cessors . The switching system itself is restarted , and
all active tables and dynamic queues are refreshed
from the Journal , Historical/Reference , Int ransi t  and
Ledger storage f iles maintained in logically and elec-
trically separate media;

(4) The switch is released from delivery responsibility
when it has processed the EOM signal for the message
and/or received one or more system-level defined ack-
nowledgement procedures from the down—stream station .

Delivery acknowledgement procedures impact on overall mess-
age switch processing. Such procedures will be specifically
included in the traffic level parameters to be applied to the
processing models and analysis of selected switch configurations
performance . Delivery acknowledgement ranges from :

(1) Anti—acknowled~etnent — usually treated in a time
threshold in which the absence of a NACK within a
cer tain period of time indicates successful receipt
by the down—stream station . This is the least ex-
pensive in terms of overall traffic requirements ,
especially high level trunks ;

(2) Acknowledgement to previous transit center . This is
the most obvious and universal type of acknowledge-
ment procedure and is performed on either a block by
b lock - for high leve l trunks - or on a message by
message basis for low level tributaries or interswitch
trunks not operating on a high level blocked basis;

AV-81



(3) Receipt acknowledgement to entry center or originator.
This type of acknowledgement procedure results in a
s igni f icant increase in total character traffic over
the high level t runks  of the system . It is usually
associated w i t h  network accountabi l i ty  in tent ions  and
s ign i f i can t ly  raises the overall character t r a f f i c  on
the high level lines . Exit  centers must bounce back
acknowledgement receipt through each transit center
back to e i ther  the entry center and/or or iginat ing
terminal s ta t ion i t s e l f .

Critical Processing Factors

There are several cri t ical  processing and procedural fac-
tors which , when combined in var ious mixes , account for and
support the various levels of system accountability . These are :

(1) Retention (storage) of messages throughout the system
at one or more swtiching centers . Retention of mess-
ages at given switching centers varies significantly
according to the accountability intentinn of the sys-
tem (BR—67). Message retention in v~

1.atile core stor-
age is maintained until the time of immediate acknow-
ledgement from the down—stream center. At the other
ex treme , messages are retained in some medium of
storage at a given switching center for a period of
one , ten and perhaps as many as thirty days before
destruction . During this  time the message may tra-
verse through a hierarchy of storage media from fas t
access (for purposes of retrieval ) storage to magnetic
tape storage or off-line disk packs .

(2) A recording in formatted information records — journal
entries - of the events of processing for each message
at a given switching center. The journaling or event
monitor ing of message process ing also received a wide
range and diversity of processing treatment in the
systems studied . At one end of the spectrum ( fo r
example , the ARPA IMP nodes , and the RH function pro-
cessing of the SITA switches) message events are
“journaled” in dynamic queues and tables maintained
in core. The journal entries for a given message are
active only during the time the message is in core —

from the time of its receipt from the upstream station
until the time of the receipt of acknowledgement from
the down—stream station . Thus these event journals
are dynamic and provide little if any post—mortem
analysis as to the processing and/or disposition of
the message after its “time” in the switch. In these
particular cases there is no recording of the Journal
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events on a separate storage media. At the other end
of the spectrum , represented by the highly account-
able military systems, a carefully defined set of
message processing events are generated and recorded
on external media (sometimes replicated) for the pur-
pose of post—mortem analysis and tracing of the mess-
age history . This includes copies of the message
itself. Thus at the one extreme , once a message is
delivered and acknowledged it is gone from the switch
forever . At the other extreme the message , and its
associated audit trails , “stay wi th  the switch” for  a
designated period of time .

(3)  A third factor of switching center accountabili ty for
message delivery is the manner and degree to which the
system (an individual switching center ) can recover
from varying degrees of component f a i l u r e  — and st i l l
main ta in  the abi l i ty to deliver those messages as yet
undelivered and/or maintain audit trail  jo urnals  of
processing activities that  occurred up to the time of
fa i lure . Here again a wide range of funct ional  cap-
abilities is exhibited in the systems studied. At
the simplest end , as the switch goes down all is lost —

i.e., by the failed switch . The switching system may
be brought back to life from an operational point of
view but all traffic for which the system acknowledged
a delivery responsibility — from a network point of
view - is lost. There are significant variants and
gradation of recovery accountability procedures be-
tween this rather austere extreme and the opposite
end of the spectrum. At the opposite end most mili-
tary oriented switching complexes are provided with
several degrees of graceful degradation and recovery
points. This involves the use of duplexed equipment ,
duplexed (redundant) storage of the several account-
ability-oriented files and includes periodic ledgering
of the active states of the switching processes . Full
accountability and processing act iv i ty  can be restored
and maint ained for all messages for which a part icular
switching center has acknowledged (assumed) responsi-
bility for delivery , that is, short of total destruc-
t ion of the entire sw itch site.

(4) The final critical factor is the nature of the network
accountability procedures and doc trines . This is the
degree to which messages are maintained (replicated)
at one or more switching centers in the system during
the transit  t ime of the message in the system , and in
fact  for a designated period af ter  the message has
been delivered to all intended addressees .
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Levels of System Accountability

The nature of accountability processing installed across
the several switching centers of a communication system is fun-
damentally dictated by the needs of accountability management
for the system as a whole . Thus accountability intentions are
initially defined on a total network and traffic management
basis . This in turn dictates the nature of accountability pro-
cessing and computer resources required at each of the switching
centers which comprise the system .

Network level accountability doctrines may be classified
into 5 or 6 levels of accountability performance by a com-
munications system . A brief review of these levels is essential
to the ensuing analysis of the requirements for processing at
a given switch .

It should be stressed that the concept developed in the
following should not be seen as a monolithic to a communications
system . Rather , accountability applies in levels and is assumed
to be associated with various kinds of traffic managed by the
system . Several existing systems , e .g., AUTODIN , SITA , and
SAMSON , incorporate, or are designed to incorporate , several
levels of accountability for the various classes of traffic .

The classes currently are roughly defined by various com-
binations of message priority, security , and other classifica-
tions in the absence of a specific accountability designator
assigned by the message source . The assignment of account-
ability message designators is a concept that is only beginning
to appear in the design specifications of systems that will
probably be built in the near-term future .

User Level Accountability

As a network intention , user level accountability involves
no accountability whatsoever and therefore poses a very minimum
requirement for computer resources and processing. An individ-
ual switch would indeed contain a message in some storage level
until it is ready for transmission and would indeed retain a
copy of that message at least until the receipt was acknowledged
by the immediate down-stream station . At a minimum , there might
be some threshold set; such as the number of automatic retrans-
missions from one center to the next . Partial or full destruc-
tion of a switch would result in loss of undelivered traffic
and the sender would , according to his own procedures , be forced
to retransmit the message . Thus all accountability is a matter
between the sender and receiver and transmission and receipt
acknowledgement are themselves message level transmissions
using systems resources.
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Network Accountability

This form of accountability is frequently called entry—
exit accountability . In essence a network accepts a message
at an entry center which maintains full accountability for the
delivery of that message and the retransmission thereof until
directly acknowledged by the switching center that is the last
center of forwarding to the final destination unit . The exit
center acknowiedges via a system leve l message directly back to
the entry center that the message has been successfully de-
livered . The entry center may in turn acknowledge the sender
via a system level message . Intermediate high—level S/F centers
maintain accountability only for active messages ; the message
to be released when acknowledged by the next down-stream station.
The up—stream transit center may maintain historical audit trail
records of the message for purposes of tracking lost , unde—
livered or misrouted messages by tracing their events .

The rapid transfer tandem centers maintain minimum histori-
cal accountability , and the exit aegional center acknowledge the
entry Regioi~al center of the receipt and forwarding of the
message . The implications are that for pure high—level transit
lorwarding centers little off—line storage is required for
message accountability. Message retention for long term retrie-
val accountability is a decision factor applied to the entry
and exit center as to which will receive the extended treatment.

Node by Node Accountability

In a further step to assure deliverability of message
traffic (particularly in military systems designed for a hostile
environment) node-by-node accountability is achieved through
full historical and traffic accountability procedures installed
at each and every node of the path traversed by the message
through the system . It is applied to all messages designated
to receive this type of accountability management. The point
is that the critical accountability processes of electrically
and logically separate independent storage of both message con-
tents and event journals are maintained fully at each node
through which the message passes. The accountability for mess-
age delivery at a given node is released when that node receives
acknowledgement from the down—stream station . Full account-
ability procedures are invoked at each center for traffic pass-
ing through that center. This pro~,ides a much more highly reli-able system than that of network accountability , but of course
increases processing and storage requirements at each switching
center.
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Link by Link Accountabilit y

This particular form of network accountability is a logical
extension of the node by node accountability. A link bracketed
by the nodes (switching centers) at each end of the link is con-
sidered as the accountable unit . Therefore accountability is
maintained at each switching center at both ends of the link com-
prising a fully accountable unit.

The message moves from link A to link B . These are brack-
eted by nodes 1 and 2 at the ends of link A , and nodes 2 and 3
at the ends of link B.

What occurs is that full accountability of a message is
maintained in link A at both nodes 1 and 2, while at another
time accountability is maintained at link B , at nodes 2 and 3.
The net effect is to increase the overall storage and processing
requirement of each o~ the nodes in the entire system . The
effect of this , of course , is significantly increased system
reliability and performance in the event of nodal or trunk fail-
ure . The destruction of any single node or any single link will
not result in the loss of the message nor of the history of its
activities .

Path Accountability

The ultimate accountability — and most costly — is one in
which each switching center traversed in the path of the message
through the system maintains full and complete message and
history accountability for messages designated for this account-
ability treatment . Release of either message or historical
accountability would be performed upon complete acknowledgement
of the message, and of its delivery , to all addressed receivers.

Accountability Requirements for a Switching Center

The previous section discussed accouz tability intentions on
a network—wide basis For the purposes for input to the CPS

4 architectural design however these must be translated to their
impact on processing requirements , storage hierarchies and con-
figuration organization to an individual switching complex . In
this section , three levels of accountability intentions for
application to a switch will be postulated .
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It should be understood that the orienLation of account-
ability processing is towards individual categories of message
accountability. This is distinct from the total accountability
processing performed by a switching center. Indeed , a switch
may be dedicated to handling only one class of accountable
traffic , or the switch may be designed to handle several classes
of accountable traffic. For practical purposes , a switch would
have to be configured with resource expandability to the highest
level of accountable traffic to be processed .

Minimum Switch Accountability

The characteristics and requirements for minimum account-
ability processing can be summarized by the following:

(1) The delivery responsibility for the switch which is
usually restricted to active responsibility . That is
as long as the switch is up and running it will de-
liver traffic for which it has acknowledged receipt
and forwarding responsibility. (Clearly traffic which
has been received by the switch but which has not been
acknowledged to the up-stream station , by the exercis-
ing of some acknowledgement protocol , is not lost in
the system since the switch has not accepted delivery
responsibility — prior to failure .)

(2) The intransit storage medium for messages — in what-
ever envelope is being processed — is usually volatile
core memory . In addition , the system configuration may
be a simplex one for absolute minimum cost . A slight
variation on this would be a separately powered core
memory shared by duplex processors to achieve redun-
dancy for active delivery responsibility.

(3) There is usually virtually no traffic or historical
accounting — save for the active accountability main-
tained in the core tables , delivery queues and channel
queues .

(4) The switch assumes release for active delivery respon-
sibility according to any one of several acknowledge-
ment protocols that may be established on a network
basis for high level traffic. These range from posi-
tive block acknowledgement from the down—stream center ,
to negative logic NACK procedures . Positive acknow-
ments are directed to the immediate upstream switch
for acknowledgement of immediately received block.
(Network level exit/entry acknowledgement is treated
simply as a high—level traffic message by the high—
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level transit centers , or in some cases they are
piggy—backed onto message packets otherwise travel-
ing to the desired entry center.)

(5) With minimum switch accountability the following func-
tions are not present :

(a) there is no capability for delivery or retrans-
mission after switch failure and/or re—start ;

(b) there is no retrieval after delivery , there is
no capability for user requested retransmission ;

(c) there is no message event journaling on separate
storage media and therefore there is no cap-
ability for post—mortem tracing of message events
to determine status , disposition , routing , etc.;

(d) there may , or may not be a rudimently form of
message processing statistics — in terms of
message (packet) counts , character counts , sta-
tistics on acknowledgement~ negative acknowledge-
ment , etc .

(6) With minimum accountability there is frequently in—
eluded in the line protocols ARQ (automatic repeat
request). This may be incorporated as a result of a
reply to a NACK from the down—stream station or may
be a result of not having received a positive ACK
within some system defined time threshold.

(7) Minimum accountability switching configurations then
require:

(a) no external (storage media) intransit file
(except as an economy measure).

(b) no external storage media for reference or
journal file;

(c) no external storage media for the activity
ledger file;

Tne switch architectural requirements , then call for :

(1) A small number (5 to 20) of medium to ultra-high
speed channels with a range from 2400, 4800, up to
300i( BPS channels.
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(2) There is practically no peripheral storage require-
ments and a minimum peripheral output/input and
devices such as floppy disc or cartridge tape drive
for program loading . A keyboard visual display unit
could be used for system maintenance , system/network
configuration control , real time status monitoring ,
and table and routing changes .

(3) There is a minimum requirement for message format ,
speed , code , header processing of the rigidly but
simply formatted envelope headers . This is a simple
process and routing analysis (since all packetized
messages should never have more than one address per
packet) is also a simplified procedure .

(4) Most of the requirements are for dynamic core buffer
management of message segments . Much of these dynam-
ics can be reduced to a minimum through application
statistics of channel input/output activity . Propor—
tionate buffering can be assigned quasi permanently
to balance the input/output requirements of high level
trunks connected to the switch .

Intermediate Switch Accountability

An intermediate level of accountability can be conceived as
one , or more steps in several directions of maintaining delivery
capability from some level of switching center failure . There
are several degrees of variability in the spectrum of account-
ability. These can be seen as:

(1) Degree of replication of processor and storage system
components.

(2) Historical accountability

(3) Traffic accountability

Historical Accountability

A reasonable first step in the direction of increased
accountability would be to provide a historical accountability
for messages processed by the switch . This would be accom-
plished by the recording of predetermined processing events for
each message , written to an on-line storage device . This could
be applied in a reasonable manner to the processing of high-
level packet-type messages in a forwarding transit center . A
trace of the arrival and transmission of messages would be
accounted for. This would add to the processing load for each
message-packet and would require a high speed channel to the
storage device. Note that only message events would be re-
corded not necessarily the messages themselves — for historical
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accountability . In this construct , accountabi l i ty  is otherwise
at a minimum and the Journal provides post—mortem event analysis.
It would not be used to provide delivery responsibility in the
event of recovery .

Recovery Accountability

The next logical construct of increased switch account-
ability would be to provide delivery responsibility in the event
of failure of one or both (if duplexed) of the active message
processing systems . Delivery responsibility would be provided
after such failure by the inclusion of three processing pro-
cedures and additional on-line storage . This includes :

(1) The recording of message events in the Journal file.

(2) The recording of messages for which the switch main-
tains delivery responsibility on an Intransit Storage
file on some Random Access Storage (RAS) device. The
intransit storage area would be used only for messages
with an active delivery responsibility. Space is re-
leased after the switch has fulfilled delivery .

(3) Some measure of status ledgering would be required
to maintain the storage structure of the messages
(message blocks) maintained on intransit storage
file. These process ledgers might be written as
part of a directory on the intransit file itself ,
or on Journal storage .

This scheme would provide an off-line form of recovery -

not the instantaneous recovery frequently required for redundant
switching systems . All three of these processing components
would be required to achieve this level of accountability — the
journal event , separate instransit storage , and ledgering of
the intransit storage directory . There is no traffic account-
ability for either retrieval or retransmission after the switch
has released itself of delivery responsibility of any given
message.

The additional processing on a per message basis - as com-
pared to the minimum accountability of the previous section
includes the following :

(1) the writing of the message events to the journal file .

(2) the block gathering writing of message segments to
the intransit storage file , and the read of intransit
storage file during the output processing of these
messages.

(3) the writing of the intransit directory ledgers .
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T r a f f i c  Accountabi l i ty

Traffic accountability could be added as an independent
construct  by the addition of the His tory/Reference f i l e .  In
this scheme messages (message blocks) are recorded as received
during the input processing portion of the processing cycle on
a separate recording medium . If message blocks only were re-
corded , then this file would be used only for retrieval/retrans-
mission upon request by searching (passing) the entire file to
gather the separately recorded blocks of the requested message.
This f i l e  by itself could not be used for recovery in the event
of fa i lure  since it would contain no journaled events of what
messages were delivered , their status, etc.

This traffic accountabili ty scheme would be added independ-
ently of the other accountability processes described above, or
could be added in any desired mix of them . The additional pro-
cessing resources required are:

( 1) the wr i t ing  of message blocks as received in the host
processor core ;

(2) an appropriate I/ O channel to the on— line storage
device ;

( 3 )  in addition , retrieval , retransmission functions would
have to be provided for tape searching, message recon-
struction , and delivery and output processing .

Maximum Sw itch Accountability

Maximum accountability for a given switching center in-
volves an extensive treatment of both historical and traffic
accountability . These procedures are called for in highly stra-
tegic and tactical military environments . The environment is
characterized by expected hostile activities in which there is
a potentially high threat of message compromise , or destruction
of one or more elements (lines and sw itching centers ) of the
communications system . Al te rna t ive ly ,  the very procedures of
t r a f f i c  accountabili ty support other funct ions such as message
retrieval which provide for user oriented dissemination of
message informat ion .

Full message accountabi l i ty  procedures require extensive
computer conf iguration resources — in compar ison to minimum
accountability processing - and adds significantly to the over-
all processing requirement on a message—by—message basis by
each switching center . Full accountability procedures add to
the total storage requirement and add to the transient delay
time of the message in the switching center.
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Maximum accountability traffic is usually installed at en-
try and exit centers of long haul communications systems. In
contrast to HIGH—HIGH trunk transmission , full accountability
procedures are usually asociated with local level transmissions ,
LOW-HIGH , and HIGH-LOW traffic .

Typical characteristics and requirements for maximum
accountability can be summarized by the following :

(1) Through a high degree of component redundancy in
both active processors , and on-line and off-line
peripheral storage equipment , the switching center
is able to maintain not only an active delivery
responsibility but also delivery responsibility in
the event of the loss of one , or several active and
storage components . Delivery responsibility from
varying degrees of recovery standpoints is a simple
cost function . The greater the degree of component
redundancy the greater the capability for maintenance
of delivery responsibility both active and in restora-
tion .

(2) The storage medium of active delivery responsibility —

intransit storage — is typically duplexed in on—line
storage media . The redundant recording of messages
intransit for delivery provides the typical two—level
reliability backup .

(3) In addition to the active delivery storage media
(intransit storage), message segments are also written
to electrically and logically independent Reference
files for extended backup required under full system
recovery procedures.

These reference files are typically tape files in ch
message segments are written serially as received durin~ input
processing , and blocked according to system design parameters.
Each and every message , or message segment , received during
input processing is written to the Reference file . This is
usually a h ighly  complex fo rma t t ed  f i l e  con ta in ing  segments of
all messages received - acknowledged , or not acknowledged , f u l l
messages , partial messages , stragglers , etc.

( 4 )  A s ign i f ican t  part  of f u l l  accountab i l i ty  processing
involves the recording of a c t i v i t y  - status  ledgers
onto on—line storage units. This involves the dynamic
tables maintained in core including the output queues ,
channel queues and other processing status indicators .
The act ivi ty  ledgers recorded on on-l ine equipment are
an absolute necess ity for recover y from a fa iled

AV-92

a



duplex host computer and are also used in total sys-
tem restart for balancing the delivery responsibility
of messages in the Intransit and Reference files.

(5) The switch assumes release from active delivery re-
sponsibility of a message — that is its release from
intransit storage — when all deliveries of the message
have been certified acknowledged by the appropriate
network level accountability/acknowledgement proce-
dures . After release from delivery responsibility ,
the message space on the instransit  store is freed -

through use of dynamic space ava i lab i l i ty  tables for
re-use by incoming messages .

(6)  Complete historical accountabil i ty is provided by the
recording of processing events associated wi th  each
and every message entering and leaving the switching
center. These events are time—stamped , formatted ,
and written to logically and electrically separate
on-line storage devices . Frequently the Journal f i l e
is combined logically wi th  the History/Reference f i l e .
The Journal records can be used to provide and pre-
pare time oriented history of any given message events
on demand .

The impact on system architectural requirements for f u l l
message accountabi l i ty  involves :

(1) Redundant on— line  storage devices comprised of disc ,
drums , bubble memories , and tapes. These are usually
structured in a hierarchy of responsiveness to the
demands for historical or t r a f f i c  recall.

( 2 )  Access ports to the on—line storage devices call for
DMA channels of high or variable capacity and easily
prepared software device handling modules .

(3) Accountability procedures frequently require backup
storage of message traffic for some period of time
ranging from one day to t h i r t y  days . This requires
an adequate supply of physical storage units (movable
disc packs, tapes , tape cartridges) and adequate
space and supervisor personnel for management .

(4) With on—line separated media storage for intransit
traffic , software process ing tools for space avail-
ability tables require significant bit processing and
bit-imbedded in table-processing logical operations .
These are in addition to the dynamic core buffer
management for message segments required for even
minimum accountability procedures .
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2.1 Specific M/S System Parameters

For the purposes of comparison , three types of M/ S system
applications wi l l  be considered . These are :

(1) A 40 port Packet Switch configured in a network as
shown in Figure 2.1-1.

(2) A 170 port Store and Forward M/S configured in a
network as shown in Figure 2 .1—2.

(3)  A 380 port Base Distribution M/ S configured in a
network as shown in Figure 2. 1—3.

Tables 2 .1—1 and —2 describe the salient funct ions , char-
acteristics , and specific parameter values for each switching
system .

Message Distribution

The message distribution percentages given for narrative
and data traffic by line block and by message , indicate current
or expected (near  term 1 to 2 years) distributions . The best
estimates for the TRI—TAC system , S/F Switch , represent probably
a balancing out of processing requirements between narrative and
data traffic. It should be remembered that narrat ive traf fic
requires more process ing per message and more complex processing
per message in contrast to data t r a f f i c  due to the factors of
address mul t ip l ic i ty, format and code conversion , and other
addressing requirements not usually contained in data pattern
messages . For those switches which process packetized messages
the distinction between narrative and data traffic poses no
special requirements on the processor , since the type of message
is transparent to the packet oriented processing.

Message Length

These f igures represent an approx imate average length of
messages across the systems . In all cases maximum length of
allowable messages may be 10 to as high as 100 times the indi-
cated average length . In general the message lengths range from
approximately 1.5K characters at the low end , to approximately
2—3K characters at the medium , and up to 30K characters at the
high end of the spectrum . The significant impact of the varia-
tions in the average message length would be in the requirements
for  intransi t  storage at switching centers for which fu l l
accountabili ty procedures are implemented . The packet oriented
processing switches see only small packets and therefore total
message length has l i t t le  impact on processor requirements for
storage , not withstanding total throughput requirements .
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TRUNKS TO OTHER
PACKET SWITCHES

(32,000 bps)

PACKET SWITCH

LOCAL TERMINALS LOCAL TERMINALS
MEDIUM SPEED HIGH SPEED

2400 bps 9600 bps

PACKET SWITCH UTILIZATION

FIGURE 2.1-1
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SWITCHABLE TRUNKS
DEDICATED TRUNKS TO OTHER S/F ’S

TO OTHER S/F’S OR LOCAL LINES

I I
CIRCUIT SWITCH

(32,000 bps)
(INTERSWITCH TRUNKS)

STORE & FORWARD

MESSAGE SWITCH

LOCAL TERMINALS LOCAL TERMINALS LOCAL TERMINALS t
LOW SPEED MEDIUM SPEED HIGH SPEED
300 bps 2400 bps 9600 bps

STORE AND FORWARD M/S UTILIZATION

FIGURE 2.1-2
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TRUNKS TO OTHER
MESSAGE SWITCHES

(9600 bps)

BASE DISTRIBUTION
MESSAGE SWITCH

LOCAL TERMINALS LOCAL TERMINALS
• LOW SPEED MEDIUM SPEED

300 bps 2400 bps

BASE DISTRIBUTION M/ S UTILIZATION

FIGURE 2.1—3
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TABLE 2.1-1
CLASSES OF M/S SYSTEMS

Funct ion or Base
Charac ter i s t ic  Packet Switch S/F Switch Dis t r ibu t ion
Intransit Store
(Line Blocks) 20K 60K 120K

No. Lines per
Switch 40 170 380

FUNCTI ONS

Accountability MSF Dependent MSG Dependent MSG Dependent

Graceful Yes Yes Yes
Degradation

Recovery Extensive Extensive Extensive

Overf low/ Yes Yes Yes
iL ~te rcept

Line Protocols Few Several Many

Mul t ip l e  Trunks Many Several Few

Codes One Several Many
Forma t Exchange None Yes Many
Automatic ALT Yes Yes Yes
Routing

Multiple Address No Yes Yes

Collective No Yes Yes
Addresses

PLA and Textual No Rare Common
Addresses

Precedence/ Yes Yes Yes
Priority

Pre—emption No Yes Yes

Security Yes Yes Yes

Privacy Minor Minor Major

Header Validat ion Rudimentary  Complex Very Complex
Exception Minimum Complex Extensive
Processing

Traffic Management Minimum Extens ive Ex tensive
Retrieval/Trace Yes Yes Complex

PLA = Plain Language Address
MSG Message
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TABLE 2.1-2
TRAFFIC CHARACTERISTICS OF SYSTEMS

BASE S/F PACKET
TRAFFIC CHARACTERISTICS DISTRIBUTION SWITCH SW I TCH

Message Distribution

% By Message (N/D) 40/60% 30/70% N/A

Multiplicity 4 2 1

Msg. Processing Delay

Second/Msg . 2 .85 .2 < .06

Throughput

Sustained Char/Sec 95K 36K 20K
MSG Arrival/ Sec 1 5 20 (Packets)

T r a f f i c  by Line Speed
% Low (up to 600 BAUD) 5% 5% 0%
% Medium (1200 ,2400, 4800) 85% 10% 5%
% High (9600 ) 10% 15% 10%
% Very High (32K) 0% 70% 85%

N / A = Not Applicable
N/D = Narra t ive/Data
MSG Message
CHAR = Characters
AVG = Average
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Multiplicity

Specifications for switching systems , and associated
software procedures allow message address multiplicity to range
as high as 250 (for the SAMSON system). This is seen as a logi-
cal complexity in contrast to a processing requirement . The
average multiplicity of most messages is and will continue to be
low - in the range of 1 to 3 or 4 (which is high as an average
multip licity). As expected , those systems oriented towards base
distribution functions indicate higher multiplicity factors in
comparison to ttie switching centers for long—haul communications.

Message Processing Delay

For the systems represented , message processing delay
(seconds per message) required for processing at a M/S site re-
flects the dichotomy of packet processing and fully accountable
processing . Message processing delay for dedicated packet pro-
cessing operations is seen to be in the range from 10 to 50
milliseconds per packet . In contrast , delay at rated throughput
for accountable systems , seems to be still at the 1—3 second
range.

Throughput

In the ensuing modeling analysis , two importan t charac-
teristics which will be parameterized and tested for impact on
processing resources , are the sustained character—per—second
throughput rate and , the rate of message arrivals per second.
Both are important since each parameter contributes its own
specific requirements for CPS processing and performance fea-
tures . An increase in the number of message arrivals (per
second), regardless of length , significantly increases the total
processing required , since the complexity of the message is gen-
erally in the header processing and not in the text processing.
On the other hand , total throughput through any limited re-
source “pipe” is bounded by the “pipe” capacity.

Ret rievals

All the existing systems showed a relatively low rate of
retrievals for message retransmission . Howeve r , retrieval re-
quests require considerable processing and it is expected that
the logic of re t r ieval  requests w i l l  become increasingly complex
with systems for  the intermediate term period (5—8 years). Cur-
rently the values for retrieval requests are ranged at around
(or under) 5 per hour , however , it is not unreasonable to anti-
cipate that this could jump sharply to perhaps 25—50, or even
100 per hour , for base distribution systems with enhanced
message/data base processing retrieval by text—oriented queries .
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Traffic Distribution by Line Speed

The distribution of traffic (in terms of characters per
second) over the range of various line speeds is an important
factor effecting the CPS processing requirements. The system
studied suggest an era of gradual growth from medium , and high
speed—line to the very and ultra high speed-line of 50K to 300K
BAUD . The most significant result of the study is that the wide
range of line speeds will continue to exist and therefore pose
these requirements on the CPS processing . 3witches designed for
packet oriented processing require the very high to ultra high
speed lines . Entry—exit switches require a wider range of line
interfaces from the medium to ultra high speeds . Base distri-
bution systems directly interfacing low speed terminals will of
course require appropriately low speed line adapting units . It
is expected that the replacement of the enormous capital invest-
ment in low speed teletypes , stilll used as a primary message
entry station , will be a long time in coming . This is not with-
standing the tremendous impact that relatively cheap CRT key-
board stations utilizing integrated circuitry are having on
the marketplace . (The net effect of buffered terminals is to
increase the line speed .)

AV-l0l



2.1.1 Packet Switch Parameters

Calculations for the Packet Switch (P/S) system are based
on the characteristics of Table 2.1—2 and the following assump-
tions :

(1) Three line speeds are assumed .

(a) Very High speed Line (VHL)

Operates at 32000 bps

(b) High Speed Line (HSL)

Operates at 9600 bps

(C) Medium Speed Line (MSL)

Operates at 2400 bps

(2) Average message length = 500 characters .

(3) Average packet length 500 characters.

(4) Header length (fixed format) = 50 characters .

(5) No multip licity — one R.I. per message.

(6) All messages use same code and formats .

(7) Line block length = 50 characters .

(8) Message Distribution (BH - originating and terminat-
ing).

Percent by Total
Line Speed Messages Traffic Terminals

MSL 5% 7200 7E 17

HSL 10% 14400 3E 10

VHL 85% 122400 4.25E 13

TOTAL 100% 144000 14.25E 40
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(9) Message Distribution by Line Speed

Line Originated Terminated by Line Speed
Speed Messages VHL HSL MSL

VHL 61200 52020 6120 3060

HSL 7200 6120 720 360

MSL 3600 3060 360 180

TOTALS 72000 61200 7200 3600

(10) All messages are acknowledged by the receiving sta-
tion (switch or terminal) on a packet by packet
basis .

(11) Channel coordination — a sync control character is
received with each packet . Also a sync control
character is sent wi th  each message .

(12) Average Holding Time ( ITT ) per message by line speed :

VHL ITT = .125 sec

HSL ITT = .75 sec

MSL ITT = 3.50 sec

(13) Acco u n t a b i l i t y

E x t r y— E x i t  Accountab i l i ty

(a) Entry Traffic — Maximum accountability (network)
assumes complete responsibility for delivery of
message . Ma in t a in s  messages for  long period
for retrieval and retransmission .

(b) Exit Traffic — Historical/Recovery account-
ability . Provides historical record of all
messages which exit the network. Maintains
recording of messages until delivery to re-
ceiving station is acknowledged .

(c) Transit Traffic — Minimum accountability . Re-
leases messages from intransit storage when next
P/S has acknowledged receipt . Maintains de-
livery and channel queues . Keeps traffic
statist ics, i . e . ,
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message count

character count

statistics on acknowledgement

traffic/trunk group

trunk and line status

etc .

(d )  Ent ry  and Exit  T r a f f i c  in the same switch , i . e . ,
between locally homed terminals , is treated as
Entry traffic with maximum accountability.

(14) All MSL and HSL lines are local terminals.

(15) No plain language or textual addressing .

(16) 5% of all message blocks (packets) require retrans-
mission .

(17) Average of 6 characters per R.I .

Calculations

(1) Local-to—Local

MSL to HSL = 360
MSL to MSL = 180
HSL to HSL = 720
HSL to MSL = 360

TOTAL = 1620 messages/BH

(2 )  Local-to-Trunk

MSL to VHL = 3060
HSL to VHL = 6120

TOTAL = 9180 messages/BH

(3)  Trunk-to-Local

VHL to MSL = 3060
VHL to HSL = 6120

TOTAL = 9180 messages/Bil
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(4) Trunk—to-Trunk

VHL to VHL = 52020 messages/BH

(5) Total number of headers :

(a) Validated = 72000/BH

(b) Generated = 72000/BH

(6) Total number of R.I . ‘s:

(a) Validated = 72000/BH

(b) Generated = 52020/BH

(7) Total network entry messages/BH = 9180
(maximum accountability)

(8) Total network exit messages/BH = 9180
(historical/recovery accountability )

(9) Total entry/exit messages/BH = 1620
(maximum accountability)

(10) Total messages receiving maximum accountability
per BH = 10800
per sec . = 3

(11) Traffic Statistics (BH)

Incoming messages (packets)  = 72,000
Incoming characters = 36,000,000
Incoming packets requiring = 3,600

retransmission

Outgoing messages (packets) = 72,000
Outgoing characters = 36,000,000
Outgoing packets requir ing  = 3,600

retransmission

TOTAL INCOMIN G PACKE TS = 75,600/Bil

Incoming characters = 37,800,000/BH

10,500/sec

TOTAL OUTGOING PACKETS = 75,600/BH

Outgoing characters = 37,800,000/BH

10 , 500/sec

AV-105



2.1.2 S/F Switch Parameters

The calculations concerning the S/F switch are based on the
values stipulated in Table 2.1-2 and on the following assump-
tions :

(1)  24% of the terminals  of the S/F are terminated on a
collocated C/S . (A total of 40 terminals  are term-
inated on the C/S . )

( 2 )  15 terminals  are permanentl y patched through the C/S
as dedicated trunks in t runk groups to other M/ S
systems .

(3) 25 terminals , terminated on the C/S , are switchable
to other outgoing trunk groups or to local sub-
scribers homed on the S/F through the C/S .

(4) All lines to the C/S operate at 32 Kbs.

(5) Three line types are used whose characteristics are
as fo l lows:

(a) Type 1: Low Speed Line (LSL) (300 bps)

Operates in AUTODIN modes II , IV and V.
Uses ITA #2 code in JANAP—l28 or ACP-127
formats .

( b )  Type 2 : Medium Speed Line ( MSL) (2400 bps)

Operates in AUTODIN modes II , IV and V.
Uses ASCII code and JANA.P— 128 or ACP—l27
forma ts.

(c)  Type 3: High Speed (HSL) or Very High ( VII) speed
Tine t9600 and 32000Thps).

Opera tes in AUTODIN modes I and I I I . Uses
ASCII code and JANAP-l28 format .

Therefore : 2 codes, ITA #2 and ASCII , are used ;
2 formats , JANAP—l28 and ACP—127 are
used .

(6)  Channel Coordination

Type 1 Line

Data receive — recognize a steady mark (s top)
signal as the idle pattern and a transit ion
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from mark to space as the start of the
character frame .

Data t ransmi t — two methods used ;

(1) transmit data rhythmically with no
external character step .

(2) transmit each character upon the re-
ceipt of a character step (release)
pulse and maintain a steady mark con-
dition upon completion of a character
until the receipt of the next step
pulse .

Assume that 1/2 of the Type 1 lines transmit
with method 2.

* Type 2 Line

Same as Type 1 line as f a r  as coordination
procedures are concerned .

Assume that 1/2 of the Type 2 lines trans-
mit with method 2.

Type 3 Line

Data receive — data control characters used
on a 84 character block basis. Receives
idle pattern for synchronization , ver if ica-
tion and channel checking purposes.

Data t ransmit  — data control characters
t ransmit ted wi th  each 84 character block .
During idle periods , t ransmits the idle
pattern .

(7) Language Media Format (LMF)

Three types of LMF ’s are assumed :

(1) card format

(2) paper tape format

(3) magnetic tape format

Any LMF may be used with any message .

Assume an even distribu tion of LMF type f or all
line type messages.
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(8) Average Holding Time (ITT) per message (2400 char-
acters) is as follows for each line type :

(a) Very High speed , Dedicated trunk , (VHD)

ITT = 1 second. This includes .6 seconds
message transmission t ime and .4 seconds
“dead” time .

(b) Very High speed , Switchable trunk , (VHS)

ITT = 3 seconds . This includes .6 seconds
message transmission time and 2 .4 seconds
tandem s ignal ing time .

( c )  High Speed Line ( HSL)

ITT = 5 seconds . This includes approximately
2.5 seconds for signaling, line coordination
or “dead” time .

(d) Medium Speed Line (MSL)

ITT = 10 seconds . This includes 2 seconds for
signal ing,  line coordination or “dead” time .

(e) Low Speed Line (LSL)

ITT = 100 seconds . This includes 10 seconds for
signaling, line coordina tion or “dead” time.

(9) Maximum traffic for 170 terminations S/F during the
BH is l2OE .

(10) Average of 5 message arrivals per second during the
BH .

(11) Message Accountabi l i ty  Distr ibution

Min imum Ace . 20%
Intermediate Ace. 20%
Historical/Recovery Ace . 20%
Historical—Recovery—Traffic Ace. 20%
Maximum Ace. 20%

(12) Accountability Functions

(a) Minimum Accountabili ty

Buffe r  storage for act ive processing
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Maintains  delivery queues

Maintains channel queues

Releases messages (removes f rom in tran sit
storage) upon receipt of acknowledge by
receiving equipment .

Traf fic statistics are kept , i.e .,
message coun ts

character counts

statistics on acknowledgements ( ACK ’s ,
NACK ’ s)

(b) Intermediate Accountability (Historical)

provides , in addition to minimum account-
ability facilities; historical records of
predetermined processing events written to
an on—line storage device . A journal of
message even ts is kept .

(c) Historical/Recovery Accountability (H/R)

in addition to the above , it provides re-
cor ding of messages on an Intransit Storage
f ile . Some measure of status ledgering is
performed to maintain the storage s t ructure
of the messages (or blocks).

(d) Historical/Recovery/Traffic Accountability (H/R/T)

in addition to the above , it provides re-
cording of message blocks as received on
separat e record ing medium. This allows re-
tr ieva l and retransmission functions to be
performed .

(e )  Maximum Accountabi l i ty

All funct ions  of above accountability pro-
cedures plus added redun dancy and storage
capabilities . Reference files are kept.
Complete status ledgers redundantly stored .
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(13) No plain language or textual  addressing.

(14) Message Distribution by Line Speeds

VHD 42.5%

VHS 27.5%

HSL 15%

MSL 10%

LSL 5%

(15) All messages are transmitted in f ixed line blocks of
84 characters each .

(16) Headers are of two types ; single RI per header in
which the entire header is contained in a single line
block; and multiple RI’s per header in which the
header is contained in 2 blocks . An average of 1/2
of input messages contain multiple header (or 2 line
block headers).

(17) Header Validation includes validation of all fields
up to the “start of rout ing” indicator.  Rigid val i—
dation procedures used on all messages.

(18) Routing Validation includes checking the originating
station identif ier and ser ial number , checking each
RI against the RI Table , and formatting the outgoing
RI ’ s on messages to other M/S’s.

( 19) Block Retransmission required for 5% of all t runk
messages ( incoming and ou tgo ing) .

Calculations

(1) 5 messages/sec. terminate on the S/F equals 18000
messages per BR.

( 2 )  WIth  an average mul t ip l i c i ty  of 2 , 36000 messages
are ori ginated by the S/F per BH .

( 3) Tot al BR messages = 54000.

(4) Total messages by line speed :

VIII) (.425) (54000) = 22950

VHS (.275) (54000) = 14850
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HSL ( .15) (54000) = 8100

MSL ( .10) (54000) = 5400

LSL ( .05) (54000 ) = 2700

(5) Distribution of messages terminated by lines and
trunks with respect to originating line speed:

Originating
Line Speed Terminating Line Speed

VHD VHS HSL MSL LSL
VUD 6502 4208 2295 1530 765

VHS 4208 2722 1485 990 495

IISL 2295 1485 810 540 270

MSL 1530 990 540 360 180

LSL 765 495 270 180 90
TOTALS 15300 9900 5400 3600 1800

(6) Codes and Formats
Code Forma t

VHD A~~II JANAP—l28 ( A l l )

VHS ASCII JANAP-128 (All)

RSL ASCII JANAP- 128 ( A l l )

MSL ASCII JANAP—l28 (1/2 ) ,
ACP— 127 (1/2)

LISL ITA #2 JANAP— l28 ( 1/ 2 ) ,
ACP— l27 (1/2)

(7) Code Convers ions

ASCII to ITA #2 = 1710 messages
ITA #2 to ASCII = 1710 messages

TOTAL CODE CONVERSIONS = 3420 messa ges/BH
TOTAL CHARACTERS CONVERTED = 8 ,208,000/BR

2,280/sec

AV-ll l



Format Conversions

JANAP—l28 to ACP—l27 = 2700 messages

ACP—l27 to JANAP—128 = 4050 messages

Language Media Format Conversion

paper tape to card 4000

paper tape to magnetic tape 4000

card to paper tape 4000

card to magnetic tape 4000

magnetic tape to paper tape 4000

magnetic tape to card 4000

TOTAL LMF CONVERSIONS 24000 messages/BH

TOTAL CHARACTERS 57 , 600 , 000/BH

16,000/sec

(8) Line Assignments and Traffic

VHD 15 Terminations 6 . 375 E

‘Il-IS 25 Terminations 12.375 E

HSL 19 Terminations 11.25 E

MSL 20 Terminations 15 E

LSL 91 Terminations 75 E

TOTALS 170 Terminations 120 Erlangs

(9) Messages per Termination (originating and terminating)
per BH by line speed type :

Line Speed Messages per Line Charac ters per Line
Type jeer BH per BR

VHD 1530 3,672,000

VHS 594 1,425,600
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HSL 426.3 1,023,600

MSL 270 648,000

LSL 29.67 71 ,208

(10) Header Val idat ions  and Generations

Total incoming messages per BH = 18000

Total Headers 18000

Header Blocks

• One—half of all headers consist of 2, 84 char-
acter blocks

Total header blocks = 27,000

Total header characters = 2,268,000

(incoming per BH)

Total outgoing messages per BR = 36,000

Total header blocks to be assembled for outgoing
messages = 54,000/BR

Total header characters (outgoing) = 4,536,000/BH

(11) RI Validat ion and Generations

Total incoming messages per BH = 18,000

Total single RI’s per BR = 9,000

Total double RI’s per BH = 18,000

Total incoming RI’s per BH = 27 ,000

Outgoing R I ’ s on t runk messages on ly .

Total outgoing t runk messages = 25 , 200

Total with single RI’s = 12 , 600

Total wi th  2 R I ’ s = 25,200

Total R I ’ s = 37 , 800
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(12) Accountability

Total number of 1311 incoming messages treated with:

Minimum Accountability = 3,600

Intermediate Accountability = 3,600

Historical/Recovery Account- = 3,600
a b i l i t y

Historical/Recovery/Traffic = 3,600
Accountability

Maximum Accountability = 3,600

(13) Traffic Statistics (BH)

Incoming messages = 18,000

Incoming characters = 43,200,000

Incoming Blocks (84 characters) = 514 ,286

Requests for retransmission = 25,714
(incoming) (blocks)

Outgoing messages = 36,000

Outgoing characters = 86,400,000

Outgoing blocks (84 characters) = 1,028,572

Requests for retransmission = 51 ,428
(outgoing) (blocks)

Total incoming blocks including
retransmitted blocks = 540,000/BH

Total incoming characters = 45 ,360,000/BH

12,600/sec

Total outgoing blocks including
retransmit ted blocks = l ,080,000/BH

Total outgoing characters
including retransmitted
characters = 90,720,000/BH

25 , 200/ sec
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2.1.3 Base Distribution Switch Parameters

The calculations concerning the Base Distribution Switch
(BDS) are based on the characteristics of Table 2.1-2 and the
following assumptions:

(1) Average narrative message length equals 1800 char-
acters .

(2) Average data message length equals 30,000 characters .

(3) 4O~-~ of traffic is narrative and 60% is data .

(4) Average message length is:

(.4)(1800) + (.6)(30 ,000) = 18720 characters

(5) Average multiplicity is 4

for each message into the switch , 4 messages
are generated by the switch .
18720 (characters in) + 74880 (characters out)
= 93600 characters throughput per message .

(6) Average message arrival per second = 1.

(7) Sustained characters/second throughput = 93,600.

(8) Line Types

Three line types are used whose characteristics are
as follows :

(a) Type 1: Low Speed Line (LSL) (300 bps)

Operates in AUTODIN modes II , IV and V .
Uses ITA #2 code in JANAP-l28 or ACP-127
formats.

(b) Type 2: Medium Speed Line (MSL) (2400 bps)

Operates in AUTODIN mades I I , IV and V.
Uses ASC I I code an d JANAP-l28 or ACP-127
formats .

(c) Type 3: High Speed Line (HSL) (9600 bps)

Operates in AUTODIN modes I and I I I .
Uses ASCII code and JANAP-l28 format .
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Therefore : 2 codes , ITA #2 and ASCII , are used ;
2 formats , JANAP—128 and ACP-127, are
used .

(9) Language Media Format (LMF)

Three types of LMF ’s are assumed :

(1) card format

(2) paper tape format

(3) magnetic tape format

Any LMF may be used with any message .

Assume an even distribution of LMF type for all
line type messages .

(10) Channel Coordination

Type 1 Line

Data receive - recognize a steady mark
(stop) signal as the idle pattern and a
transition from mark to space as the start
of the character frame .

Data transmit - two methods used;

(1) transmit data rhythmically with no
external character step .

(2) transmit each character upon the re-
ceipt of a character step (release)
pulse and maintain a steady mark condi-
tion upon completion of a character
until the receipt of the next step
pulse .

Assume that 1/2 of the Type 1 lines transmit
with method 2.

Type 2 Line

Same as Type 1 line as far as coordination
procedures are concerned.

Assume that 1/2 of the Type 2 lines trans-
mit with method 2.
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Type 3 Line

Data receive — data control characters used
on a 84 character block basis . Receives
idle pattern for synchronization , verif i—
cation and channel checking purposes .

Data transmit — data control characters
transmittecF~iith each 84 character block.
During idle periods , transmits the idle
pattern .

(11) Average Holding Time (ITT) (by line speed)

HSL ITT = 20 seconds/msg.

MSL I-IT = 65 seconds/msg.

LSL ‘ITT = 500 seconds/msg.

(12) Message Distribution (by line speed)

Originated Messages Terminated Line Speed
Line Speed Orig. HSL MSL LSL TOTALS

HSL 360 144 1224 72 1800

MSL 3060 1224 10404 612 15300

LSL 180 72 612 36 900

TOTALS 3600 1440 12240 720 18000

(13) Distribution of Terminals (by line speed)

Line Speed Messages Erlangs Terminals  (GOS)

HSL 1440 8 18 .001

MS L 12240 221 245 . 01

LSL 
— 

720 100 117 .01

TOTALS 18000 329 380 N/A
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(1-1) Message Accountability Distribution

Minimum Acc . 20%
Intermediate Ace . 20%
Historical/Recovery Acc. (H/R) 20%
Historical—Recovery—Traffic Ace . (H/R/T) 20~
Maximum Ace . 2(Y~

(15) Accountability Functions

(a) Minimum Accountability

Buffer storage for active processing

Maintains delivery queues

Maintains channel queues

Releases messages (removes from intransit
storage) upon receipt of acknowledge by
receiving equipment .

Traffic statistics are kept , e.g.,

message counts

character counts

statistics on acknowledgements (ACK ’s,
NACK’s)

(b) Intermediate Accountability (Historical)

provides , in addition to minimum account—
ability facilities ; historical records of
predetermined processing events written to
an on-line storage device . A journal of
message events is kept.

(c) Historical/Recovery Accountability (H/B)

in addition to the  above , i t  provides re—
ccrding of messages on an Intransit Storage
file. Some measure of status ledgering is
performed to m a i n t a i n  the storage structure
of the messages (or  b locks) .

(d) Historical/Recovery/Traffic Accountability (H/R/T)

in addition to the above , it provides re-
cording of message blocks as received on
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separate recording medium . This allows re-
trieva l and retransmission functions to be
performed .

(e) Maximum Accountability

All functions of above accountability pro-
cedures plus added redundancy and storage

- capabilities . Reference files are kept.
Complete status ledgers redundantly stored.

(16) Headers

An average of three 84 character blocks per message
required for headers .

(17) Routing Indicators

Data Messages — an average of 2 RI’s per message .

Narrative Messages — an average of 7 RI’s per message .

Average of 5 characters per RI (data messages)

Average of 20 characters per RI (narrative
messages)

(18) Routing Validation

Data Messages — includes checking the originating
station identifier and serial number , checking each
RI against the RI Table and formatting the outgoing
RI on all messages to other M/S’s.

Narrative Messages - includes all of the processes
for data messages but requires examining the textual
content of each message to find the addresses .

(19) Retransmission of 5% of all 84 character blocks is
assumed .

Calculations

(1) Code Conversions

ASCII to ITA #2 = 864 messages/BH

ITA #2 to ASCII = 864 messages/BH
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TOTAL messages requiring
code conversion = 1,728 messages/BH

TOTAL Characters = 32,348,150 char/BH

= 8,986 char/sec

(2) Format Conversions

JANAP—128 to ACP—l27 8100 messages/BH

ACP—l27 to JANAP-128 = 8100 messages/BH

TOTAL messages requiring
forma t conversion 16,200 messages/BR

TOTAL Characters 303,264,000 char/BH

84,240 char/sec

(3) Language Media Conversions (LMF)

paper tape to card = 2000

paper tape to magnetic tape 2000

card to paper tape = 2000

card to magnetic tape = 2000

magnetic tape to paper tape = 2000

magnetic tape to card = 2000

TOTAL messages requiring
LMF conversion l2,000/BH

TOTAL characters = 224,640,000/BR

= 52,400/sec

(4) Header Validations and Generations

Total incoming messages = 3600/BR

Total headers = 3600/BR

Total blocks = l0800/BH

Total header characters requiring
validation = 907,200/BR

= 252/sec
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Total outgoing messages = 14400/BH

Total headers = l4400/BH

Total blocks = 43200/BH

Total header characters assembled
for output = 3,628,800/BR

= 1,008/sec

(5) RI Validations and Generations

Data Messages

Total incoming messages = 2160/BR

Total RI’s per message = 2

Rotal RI’s = 4320/BH

Total characters = 2l600/BH

= 6/sec

Total outgoing messages requiring
R I ’ s = 864/BH

Total RI’s assembled = 1728/BH

Total characters (5 char/RI) = 8640/BH

= 2.4/sec

Narrative Messages

Total incoming narrative messages = 1440/BR

Tota l R I ’ s per message = 7

Total RI’s = 10080

Total characters exam ined to determine RI
(plain language and textual addressing used)

= 18,144,000/BR
= 5,040/sec

Total outgoing messages requiring RI’s = 576/BR
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Total R I ’ s assembled = 4032/BH

Total characters (20 cha r/RI )  = 80,640/BH

= 22 4/sec

(6) Traffic Statistics

Incoming messages = 3 , 600/BR

In coming characters = 67 ,392,000/BH

Incoming blocks (84 characters) = 802,296/BH

Retransmission (blocks) = 40,114/BH

Outgoing messages = l4,400/BH

Outgoing characters = 269,568,000/BR

Outgoing blocks ( 84 characters) = 3, 209 , l43/BH

Retransmission (blocks) = 106,457/BR

TOTAL incoming message blocks in-
cluding retransmitted blocks = 842,410/BH

TOTAL incoming characters = 70 , 762 , 440/BH

= 19 , 656/sec

TOTAL outgoing message blocks in-
eluding retransmitted blocks = 3, 315 , 600/BR

TOTAL outgoing characters = 278,510,400/BR

= 77 , 364/sec
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2 . 2  Breakdown Of M/ S Fun~.tions

2.2.1 CIF Breakdown

2.2.1.1 Packet Switch

Incoming Traffic

Lines monitored = 40

Character framing
— includes conversion of data stream

into 8—bit characters = 37,800,000

Parity checks (one per character) = 37,800,000

Packet framing
- includes stripping of sync and control
characters (10 characters/packet) and
adding internal  message identif iers
(line ID, sequence number , packet
number , etc . (10 characters) = 75,600

Automatic packet retransmission request
messages sent.
- includes format t ing a 80 character

packet to be sent to t ransmit t ing
station = 3,600

SOM messages sent to MPF
- includes time of arrival code ,
packet identifier code and pre-
cedence code if any = 72,000

EOM messages sen t to MPF
- includes time of arrival code and
packet identifier code = 72 , 000

Packets transferred to HAF = 72,000

Outgoing T ra f f i c

Packets received from HAF = 72,000

Packets framed for transmission
- includes stripping internal identi-

fier codes (re tain ing code for record
keeping) and adding sync and control
characters = 72,000
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Characters transmitted = 37,800,000

Character parity check (or generation)
on transmitted characters = 37,800,000

Packets retransmitted = 3,600

Transm it records to MPF
— includes packet identifier code = 75,600

2.2.1.2 Store and Forward M/S

Incoming Traffic

Lines monitored = 170

Character framing
— includes conversion of data stream

into 5—8 bit characters depending
on code used = 45,360,000

Pari ty  checks (one per character) = 45,360,000

Block framing
— includes stripping of sync and con-

trol characters (4 characters/84
character block) and adding internal
messages identifiers (line ID, se-
quence number , block number , etc .
20 characters) = 540,000

Pari ty  checks (one per block) = 540,000

Automatic block retransmission requests
sen t
- includes format t ing  an 84 character
block to be sent to the transmitting
station = 25 , 714

SOM messages sent to MPF
- includes time of arrival  code , bl ock

identifier code and precedence code = 18,000

EOM messages sent to MPF
- includes time of arr ival code and
block identifier code = 18,000
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Blocks transferred to CCF
- includes those blocks which require
character bit padding , code and
format conversions = 51 ,429

Blocks transferred to HAF directly
- includes those blocks whose code

and format is already compatible
with the internal processing = 462,857

Outgoing Traffic

Blocks received from CCF
— includes only those message blocks

that require code and/or format
conversion = 914,286

Blocks received from HAF
- includes those message blocks for

which no conversion is required = 114,286

Blocks framed for transmission
— includes stripping internal identi-

fier codes (retaining code for
record keeping) and adding sync and
control characters = 1 ,080,000

Characters t ransmit ted  = 90,720,000

Character parity check (or genera-
tion) on transmitt~ d characters = 90,720,000

Blocks retransmitted = 51 ,428

Transmit records sent to MPF
— includes block identifier codes = 1 ,080 ,000

2.2.1.3 Base Distribution M/S

Incoming Traffic

Lines monitored = 380

Character framing
(same conditions as S/F) = 70 , 762 ,440

Parity checks (one per character) = 70 , 762 , 440

Bl ock f r a m i n g
(same conditions as S/F) = 842 , 410
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Parity check (one per block) = 842 410

Automatic block retransmission requests
(same conditions as S/F) = 40,114

SOM messages sent to MPF
(same conditions as S/F) = 3,600

EOM messages sent to MPF
(same conditions as S/F) = 3,600

Blocks transferred to CCF
(same conditions as S/F) 534,864

Blocks transferred to HAF
(same conditions as S/F) = 267,432

Outgoing Traffic

Blocks received from CCF
(same conditions as S/F) = 2,852,571

Blocks received from HAF
(same conditions as S/F) = 356,572

Blocks framed for transmission
(same conditions as S/F) = 3,209,143

Characters transmitted = 278,510,400

Character parity check
(same conditions as S/F) = 278,510,400

Blocks retransmitted 106,457

Transmit records sent to MPF
(same conditions as S/F) = 3,209,143

2.2.2 CCF Breakdown

2.2.2.1 Packet Switch

No Compatibility Conversion Function operations required
for the P/S system .

2.2.2.2 Store and Forward M/S

Incoming Traffic

Blocks received from CIP = 48,857
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Blocks requiring bit padding only
(pad up to 8—bits) = 0

Characters padded = 0

Blocks requiring code conversion
(conversion to ASCII) = 48,857

Characters converted = 4 104,000

Outgoing Traffic

Blocks received from MPF = 290,571

Blocks requiring bit stripping
— includes stripping bits from the

internal 8—bit characters down to
7, 6, 5, etc. , bit characters for
transmission 0

Characters converted = 0

Blocks requiring code conversion 97,714

Characters converted = 8,208,000

Blocks requiring LMF conversion
— includes stripping certain
specialized characters , ref ram—
ing the block lengths , and adding
other specialized characters per
block = 685,71-i

2.2.2.3 Base Distribution M/S

Incoming Traffic

Blocks received from CIF 2, 190,240

Blocks requiring bit padding only
(pad up to 8-bits) 0

Characters padded = 0

Blocks requiring code conversion
(conversion to ASCII) 385,097

Characters converted 32 ,348,160
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Outgoinj~ Traffic

Blocks received from MPF = 2,139,428

Blocks requiring bit stripping
(same conditions as S/F) = 0

Characters converted = 0

Blocks requiring code conversion = 385,097

Characters converted = 32,348,160

Blocks requiring LMF conversion
(same conditions as S/F) 2,139 ,428

2.2.3 HAF Breakdown

2.2.3.1 Packet Switch

Incoming Traffic

Header blocks received = 72,000

Fields validated (12 per header) 864,000

Characters analyzed = 3 ,600,000

Sequence number updates
- includes checking for missing or

out—of-sequence numbers = 72,000

Service messages generated
— assumes 5% of headers require
service message to sending station = 3,600

Service messages to OMP
- assumes 10% of headers require

special message to OMF = 7,200

Outgoing Traffic

Header blocks received = 72,000

Headers generated = 72,000

Fields validated (12 per header) 864,000

Characters analyzed = 3,600,000
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Sequence numbers checked 72,000

Service messages generated
— assumes 5% of headers require

service messages to OMF = 3,600

2.2.3.2 Store and Forward M/S

Incoming Traffic

Header blocks received = 27,000

Fields validated (12 per header) 324,000

Characters analyzed = 2,268,000

Sequence number updates
(same conditions as P/S) = 18,000

Service messages generated
(same conditions as P/S) = 900

Service messages to OMF
(same conditions as P/S) = 1,800

Outgoing Traffic

Header blocks received = 54,000

Header generated = 54,000

Fields validated (12 per header) = 648,O0~

Characters analyzed = 4,536 ,000

Sequence numbers checked = 36,000

Service messages generated
(same conditions as P/S) = 1 ,800

2.2.3.3 Base Distribution M/S

Incoming Traffic

Header blocks received = 3,600

Fie]ds validated (12 per header) = 43,200

Characters analyzed = 302,400
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Sequence number updates
(same conditions as P/S) 3,600

Service messages generated
- assumes l0~ of local originated
message headers requires service
message = 324

Service messages to OMF = 360
(same conditions as P/S)

Outgoing Traffic

Header blocks received = 18,000

Headers generated = 18,000

Fields validated (12 per header) = 216,000

Characters analyzed = 1,512 ,000

Sequence number checked 18,000

Service messages generated
(same conditions as P/S) = 1,800

2.2.4 MPF Breakdown

2.2.4.1 Packet Switch

Incoming Traffic

Header blocks received = 72,000

R I ’ s received = 72,000

Characters analyzed (6 per RI)
4 — includes Table look—up operations = 432 ,000

Formatted delivery instructions = 72,000

Accountability

Entry messages = 10,800
— includes the following: redun-
dant intransit storage , complete
event journaling , reference files ,
status ledgering, and long term
message storage
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Exit messages = 10,800
- includes the following : active

intransit storage , event journal
files , and status ledgering

Transit messages = 52,020
— includes the following: active

intransit storage with release of
storage area upon acknowledgement
of receipt by receiving station .
Maintenance of delivery queues and
channel queues on non—volatile storage.

Packets stored in non—volatile intransit
storage = 10,800

Characters stored (500 char/packet) 5,400,000

Journal events stored (10/packet)
(non—volatile) = 108,000

Packets stored in reference file
(non-volatile) = 10,800

Packets stored in active intransit
storage 72,000

Characters stored in active storage 36,000,000

Acknowledgements received
Maximum Acc . (4/packet) = 43,200
Minimum Ace . (2/packet) 122,200

TOTAL = 165,400

Outgoing Traffic

RI’ s formatted for delivery 61,200

Characters validated (6/RI ) = 367,200

Acknowledgements generated
Entry Traffic (2/packet) = 21 ,600
Exit Traffic (High—to—Low ) 9,180
Transit Traffic (2/packet) = 104,040

TOTAL = 134,820

Packets removed from storage 61 ,200

Characters removed from storage = 30,600,000
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System Lxecutive Functions

- include the following:

Message statistics updates

Input buffer checks

Output process checks

Monitoring line activity

Maintenance of line status tables

Directs storage processes—passes packets
to be stored to OMF along with direc-
tions as to the type of storage media
to be used .

2.2.4.2 Store and Forward M/S

Incoming Traffic

Header blocks received 27,000

RI’s received = 27,000

Characters analyzed (6/RI )
— includes table l ook—up operations 162,000

Formatted delivery instructions = 54,000

Accountabi lity

(a) Minimum (number of messages) = 3,600
— includes active intransit
storage and maintenance of
delivery queues and channel
queues

(b) Intermediate (number of messages) = 3,600
- includes active intransit storage ,

maintenance of delivery and chan-
nel queues and creating event
journals

(c) Historical/Recovery (number of
messages) 3,600
— includes all of above plus re—

cording of messages on refer-
ence file and some status
ledgering
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(d) Historical /Recovery/Traffic
(number of messages) = 3,600
— includes all of above plus

recording of message blocks
as received (non—volatile)
complete journaling and led—
gering (also stored on non-
volatile media)

(e) Maximum (number of messages) = 3,600
— includes all of the above plus

complete redundancy of all
storage and long term storage
(up to 30 days)

Blocks stored in non—volatile intran—
sit storage = 308,512

Character stored (100 char/block) = 30,851,200

Journal events stored (15/message) = 216 ,000

Messages stored in reference file = 10,800

blocks = 308,512

characters = 30,851,200

Blocks stored in active intransit
storage = 514,286

Character in active intransit storage = 51,428,600

Acknowledgements received

Minimum (2/MSG ) 7,200

Intermediate (2/MSG) = 7,200

H/R (3/MSG) = 10,800

H/R/T/ (4/MSG) -
~ 14,400

Maximum (4/MSG) 14,400

TOTAL ACK ’ s = 54,000

Outgoing Traffic

R I ’ s formatted for delivery 37,800

Characters validated 226,800
I
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Acknowledgements generated

Minimum (2/MSG) = 7,200

Intermediate (2/MSG) = 7,200

H/H (2/MSG) = 10,800

H/R/T (4/MSG ) = 14,400

Maximum (4/MSG ) = 14,400

TOTAL = 54,000

Messages removed from intransit storage = 7,200

Blocks = 205,714

Characters = 20,571,400

System Executive Functions

- include the same operations as in the
Packet Switch .

2.2.4.3 Base Distribution M/S

Incomix~g Traffic

Header blocks received (data MSG) 2,160

Narrative messages received = 1,440
(RI validation for narrative
messages requires examination
of the entire message , character
by character , to detect plain
language and textual addresses)

RI’s received = 14,400
(2 per data MSG)
(7 per narrative MSG)

Character analyzed 2,613,600
- includes 5 characters per RI

(data MSG)
1800 characters per narrative MSG

Formatted delivery instructions 14,400

Accountability
- includes same operations per

category as in S/F M/S

(a) Minimum (number of messages) = 720
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(b) Intermediate (number of messages) = 720

(c) H/R (number of messages) = 720

(d) H/R/T (number of messages) = 720

(e) Maximum (number of messages) = 720

Blocks stored in non—volatile intransit
storage = 481,372

Characters stored (100 char/block) = 48,137,200

Journal events stored (15/MSG) = 43,200

Messages stored in reference file = 2,160

blocks = 481,372

characters 48,137,200

Blocks stored in active intransit
storage = 802,286

Characters in active intransit
storage = 80,228.600

Acknowledgements received
(same conditions as S/F) 10,800

Outgoing Traffic

RI’ s formatted for delivery = 11 ,808

Characters validated 129,888
~5/data MSG)
i~2O/narrative MSG)

Acknowledgements generated 10,800
(same conditions as S/F)

Mt ssages removed from intransit

storage = 1,440

blocks = 320,914

characters = 32,091,400

System Executive Functions

- includes the same operations as in the
Packet Switch
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METRIC SYSTEM

BASE UNITS:

- Quanti!y - 
Unit SI$y~ibol

length metre m
mass kilogr am kg
time secon d a
electric current ampere A
thermodynamic temperatu re kelv in K
amount of su bst ance mole mol
luminous irnens ity cande la cd

SUPPLEMENTARY UNITS:
plane angle radian rad
so lid angle sterad ian

DERIVFI) UNITS :
Acce leration metre per second squared ... mis
activity (of a rad ioactive source) disintegration per secon d - (dis lnteg rit lofl )Is
angu lar acceleration radian per second squared red/a
angu lar velocity radian per second . . .  tad/s
area square metre - m
density kilogram per cub ic metre kglm
electri c capac itance farad F A.sN

• electrical conductance siemens S A/V
electric field strength volt per metre Vim
electric inductance henry Fl V.a/A
electric potential difference vo lt V W/A
electric resistance ohm V/A
electromotive force volt V W/A
energy jou le J N.m
entropy joule per kelv in ... J/K
force newton N kg.mls
frequency hertz liz (cyc le)Is
illumin ance lux lx lrn/m
luminance candela per square metre ... cd/rn
luminous flux lumen lm cd.~r
magnetic fie ld strength ampere per metre .. A/rn
magnetic flux weber Wb V.a
magnetic flux density tesla T Wblm
magr.e tomotive force ampere A
power watt W J/s
pressure pasca l Pa N/rn
quantity of electri r .i ty cou lomb C A.s
quantity of hea t joule N.m
radiant intensity watt per steradian Wis r
specific heat joule per kilogram-kelvin _ JIkg.K
stre s s pasca l Pa N/rn
t hermal conductivity watt per metre-kelvin .. Wlm.K
ve loc ity metre per second rn/s
viscosit y, dynami c pascal-second Pa.s
viscosity, kinematic , square metre per second .. rn/s
vo ltage volt V W/A
vo lume cubic metre m
wavenum ber reciprocal metre .. - (wave )/m
wor k joule J N.m

SI PREFIXES:

Multip l ic ation Factors Prefix SI Symbo l

1 000 000 000 000 = 10’ ’ (era
I 00(1000 000 = 10’ giga C ;

1 000 000 = 10 meg . M
i 0 0 0 = to ’  kilo k

100 = 10’ hecto~ h
10~~ 10’ deks~ di
0.1 = 1O~~ del5 d

0.01 = 10 ’ ,efltl~
0 001 — 10- ’  millI m

0 000 001 — 10 • mkm
0.000 000 001 — 1(1 ’ nino

0.000 1100 OftIt 001 10 ‘‘
(1 000 000 (K)(I (100 001 -‘ 10 “ (emto

0.0(X) 000 000 (P0(1 ((0(1 001 10 ‘ it to

To be avoi ded where poss ible
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MISSION
• of

Rome Air Development Center

M~~ plans and conducts research, 
exploratory and advanced

developnent programs in command, control, and communications
(C3) activities, and in the C3 areas of informatior~ sciences
and intelligence. The principal technical mission areas
are communications , electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology ,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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