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sunnary

The user requirements for a computer—aided-design facility are outlined
and an introduction to the ideas of prozran and data structures is presented,
The facilities available on the CONZPAC 4020 are discussed and related to the
requirements for a C,\,D, systen., <the problems of implementation are con-
sidered with vwarticular reference to providing a systen vhich is immediavely
useful and yet capable of continual enhancement, A set of rules for guidance
in writing programs suitable for inclusion in such a system is given,

The frequency response desimn techmiques are used to illusirate the
developnent of the prosram and dxta structures suitable for a C,A,D. facility,



1, Introduction

The term "computer aided desizn” (C.ﬂ.D,) is often applied to a wide
ranze of computer prograns and techniques, and, in a sense, any prograrl used
to assist with desimm is a C,A,D, progran, It is nore nornal, hovever, to
restrict the term C.A.D, to systems where the user interacts Ton—~line' with

a suite of desim prosrams aond this is the usage adopted in the report,

The purpose of the report is to present, for discussion, a nunber of
ideas relatinz to the development of a C,A,D, scheme for contrel system design,
The first part of the report discusses the general approach to C.A.D, pystens
in terns of the pro~ran and data structures required, while the later parts
discuss how these raquirenents relate to the facilities available on the
CONPAC 4020 on which the systen is to oncrate.

-

2. Basic Requirenents for o C,A. D, Systen

Users of C.A,D, systems may have widely differing baclgrounds and
experience and therefore different requirenents, The novice will require
step by step guidance and -rill probably wish to follow the design procedure
built into the promram; the exverienced user does not require detailed
guidance, and will probably wish to follow his own design procedures, There
is a need, therefore, for a flexible and versatile systen which can %ezused
in a simple or complex way, depending on the experience of the usezxr, ’

To achieve flexibility the C,A,D. systen rust be divided into a set of
nodules (progran segments) and sinple nethods of inter—connecting the modules
provided. The besinner nced not be aware of the modular structure, since the
systen should have available supervisory routines to control nodule inter—
connection; %he experienced user should, however, be able to make connections
as required, The nodular forn of structure is of particular importance to
organisations in which methods are continually changing, since it males
rnodification of the system simp ej it also enables a user to easily add
special segnents to the systen, '’ In addition to flexibility, an important
feature for the rezular user is the provision of user files enabling a user
to retain from scsgion to session a partial or compleie desisn solutiong
the systen will therefore require file handling program serments.,

In nany C.A,D. systens there is a tendency to overvheln the user with
'conversational' output. The user may need juidance, but should have the
ontion to suppress this gridance; 'conversation' which camnov be suppressed
should be liept brief, It is preferable in many cases to reduce the amount of

LA,

'conversation' by providins the user with a written inséruction sheet,

A problem which has to be faced by all desisners of C,A,D, systems is
that of finding a balance between the facilities offered and the complexity of
the system, The solution, or rather the avoidance, of this problem lies in
finding a pro-ran structure which is basically simple, but can be made to
offer exiended Tacilities by the inenious or experienced user,



3. Prosram Structure

Pl

The detail of the program structure, e,g., the function and size of the
arious modules, will depend on the particular application and on the
characteristics of the computer on which the scheme is to be implemented,
The general form of the structure will, however, conform to a modular and
hierarchical pattern as shovm in figs, laand Ik (page 4).

Figure la shows the basic modules of any C,A,D, system, a common date
area — the 'data base' = which is shared between all the modules, the
algorithm or algorithms, and the input and output sections, the running and
intercomnection of these modules being controlled by an 'executive' ox
"supervisor' module, This structure is adequate for a simple system con-
taining one or two algorithms, but as the system size increcses, furthexr
divisions are required to avoid increasing the complexity of the executive
progran,

This extension ig showm in fig 1b and is essentially an increase in the
number of control or supervisor segments and a division of these segments
between a number of priority levels, The number of levels chosen is in a
sense arbitrary (fig 1b shows 5 levels), the inportant feature of the system
is that control, vhen a program segment terninates, olvays passes to a
higher level, rather than to another named program segment, as would happen
if the structure was arranged as a ring or chained system, TFor example, if
segment IITFUTY (fig D) were running, on termination it would pass control
to the active segment at level 3, it would not, however, know which of the
segments sharing level 3 was active, or if it had actually been called from
level 2, In a chained or ring structure this segment would have passed
control to a preset sesment, say LLGORITIEI 1, which would in turn transfer
control to another predetermined seqment,

The hierarchical structure does not preclude the use of chained
gtructures within it, and in operation in its simplest form, it simply
inserts an additional segment between each segment in the chain, There are
obvious disadvantages in this technique =~ the additional time overheods in
running an extro segment - the advantazes are in inereased Floxibility
and ease of use, ith the chained or ring structure the links have to be
specified before the problem is run, Vith the hierarchical gvstem the links
can be specified as the problem is rumning, i.e,, the user can interact with

the system at each stage in the calculation,

3,1 Ixecutive, Supervisor and Control Sesments

These routines all perform control functions and the different names
are used mainly to distinsuish the levels at which they operate,

The executive segnment normally performs functions associated with
setting up the system for a given user, Typically, the usex logs in, i.,e.,
identifies himself to the system, the exccutive then arranges for the
anpropriate files for that user to be loaded, After loading the files it
awaits a command from the user and on receiving the command takes the
appropriate action, probably the turning on of a supervisor gegnent,
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The system may have one or more supervisor segments, A basic supervisor
will, say, accept commands from the user and turn on the appropriate control
or vorking sezments, thereby enabling the user sitting at a teletype to
direct the system throush various stages of the design., Additional super-
vigsors can be incorporated into the system to direct the system, i.,e,, the
user can have his own supervisor which controls the running of the control
and working segments and hence instead of typing in the various directives
the user demands his ovm supervisor,

The control segments are used for two purposes, (a) to control the
rumning of algorithms or input/output routines, which have been split into
geveral segments for the convenience of the system rather than the user;

(b) to link together work segments which are frequently required in a preset
gequence, The control semments will bhe related to design techniques commonly
used,

3.2 Viork' Ssgments

The work segments run at the lowest level in system and are the sesments
which perform the calculation or input and output, i.e., they are similar to
subroutines in normal batch processing computer systems, The function of the
gegment should not necessarily be related to a given design technique but
should be, if possible, a function common %o several techniques.

Database

(W)
U

Tith any form of program segmentation the problems of sharing data between

gsemments arigses, The use of large areas of COMMION in core to solve this
problem is expensive and particularly wasteful in an interactive situation
tthere a user, whilst thinkinz of the next stage in the design may be occupying
geveral thousand words of core, To avoid the need for large areas of COIMION
core some form of file siructure is necessary.

In this type of structure the data for the problem is held on backing
store in a number of files, a directory to the files is held either as a
master file, or in a COILON area of core, A program can, therefore, obtain
the data it requires by reference to the file directory and hence data is only
held in core for the time during which it is being manipulated,

A hierarchical program structure as outlined above is complicated, and
it may be argued too complicated, its advantages, however, are that it
nrovides the bagis for a versatile and expandable design system, The ssrcture
involves the system in wepeated transfers from backing store to core store,
with a consequent increase in runninz time, a sitwation which would not be
tolerable in a batch processing system, But in an interactive mulbi-
programming system where human response is slow conpared to transfer tines,
reduction in aver%ge core utilization is wore immoriant than a reduction in
computation tine,
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4, AC,A,D, System on the CONPAC 4020

4,1 RTMOS-CONPAC 4020 Operating System

The RTI0S (Real Time Multinrogramming Operating System) as implemented
on the CONPAC 4020 computer in the Department, has provision for 50 distinct
priority levels of rcal time programs, A total of 206 active real time
programs can share the 50 priority levels,

The first 50 prozrams -~re held in the real time library, the rest are
held in the extended real time library, DPrograms in the extended real| time
library are run by using the RT LINKACE subroutine, A program in the real
time library running at, say, level 30, can, by using RT LINKAGS, replace
itself by a program from the sutended library, or run at another priority
level any program from the extended library, In this way, users can create
simple executive nprograms and run them at any priority level,

The real time programs run under the control of WX (Real Tinme aXecutive)
and one real time »rogram, rumning 2t level 47, is FIX (Free Time eXecutive).
his nrogram controls programs running at levels 48,49 and 50 and provides
facilities for on-line compilation and testing of prozrams and for background
(off—line) jobs, these facilities form the COHPAC 4020 "I'rec Time System,"

The structure of the Free Time oSystem is shown in fig,2. Any program
from the free time library can be run by I at level 48, by using the 7,1,
LINNIAGE subroutine, this program, A1 say, can replace itself at level 48 by
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any other free time program Ai(i=2,n),31(i=1,n), Ci(i=1n) or can run any free
time program at priority level 49, Similarly any program rumning at priority
level 49 can replace itself at level 49 or can run a program at level 50,
Prozgrams rumning at level 50 can only replace themselves, All programs on
termination return conirol to the program rwming at the next highest level,

4,2 C,A, D, System Structure on a CONPAC 4020

The structure of the free time system is similar to the desired siructure
of a C,A,D, system outlined in section 3, It is easy to see how the super—
visor, control and work segnents could run at levels 48, 49 and 50 respect—
ively, The linkage between the program segments can be handled using the
PT LINKAGE subroutine, An example of a simple supervisor for use with 'the
free time system is given in appendix 1,

There are a number of limitations to using the free time system for a
C,A,D. system, one is that the present operating system limits the free
time library to 64 vprozrams with a total size of 40,000 words, Since the
WIISY C,A,D, system occupies approximately 350,000 words,” it is apparent
that this size restriction would be a serious limitation of the system, The
major limitation and disadvantage of using the free time system, is that it
is limited to only omne user at any one time, This means that whilst a design
ig in progress no compilation or testing of programs can talke place,

These limitations can be avoided by building the C,A,D. system as part
of the real time system, since this makes available approximately 150 program
sezments and 230,000 words of storage. Also, whilst a user is carrying out
a design, baclground jobs (compilation, etc,ﬁ can be taking place under the
control of the free time systen,

Althoush it is not as readily apparvent as wit the free time system, the
C,A, D, structure outlined in section 3 can be implemented using the real vime
system, An example of a simple supervisor prosram for a C,A,D, system is
given in anpendix 2.

4,3 Structure of the Database

The organisation of the database presents, perhaps, the major problem in
any C,A,D, system, and as was discussed in section 3,3, this organisation will
have to be based on files and sub-files, fhe CONPAC operating system has
facilities for manipulating data files, these are referred to in GE nomencla-
ture as data tables and ave held in a data table library. The library has
provision for 128 tables with a total size of 100,000 woxds.,

The data can probably be best orzanised in the way shown in figure BIPJGOS)a
Associated with the sumervisor programs is a directory containing the super—
visor commands and pointers to the tables containing the data required for
the segment, There will not necessarily be a directory for each segment,
since many segments will onerxte on similar sets of data and will, therefore,

This tyve of data structure is flexible and by adding additional
directories it will be possible to provide each user with his own data file
and will enable him to keop data relevant to several desizn attempts,
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Typicallﬁ a user will require some 10 -~ 15 K words of storage for this
purpose and since on the COIIPAC disc file there are anproximately 100 K
words of unused storage the system should be capable of handling 8 = 10 users,
A user will be able during the 'login' proceﬂgre to overlay the contents

of his omm data files into the working files i

The detail data structure is, of course, dependent on an analysis of the
particular type of problem being handled gnd different problems may be suited
best by differvent types of data structure, e.z,, in control system problems
frequency donain and time domain work may benefit from a different data
structure, The structure suzzested above is chosen because it is suited to
the hardware and software of the COIITAC 4020 and it is not necessarily ideal
from the point of wiew of the annlication it will, however, be implicit in
any structure adopted. It is possible to order the data for the problem
in a manner suited to the problem, lovever, underneath this structure will
be the basic structurc and any mgpr devation from this structure will
increxse overheads 2 . It is, therefore, possible if the application warrants
it, to impose a diffevent structure on top of the existing structure. The
main programs in the system will, however, communicate with the basic data
structure, because ifan orrlivsgystem is to grow there must be some standard-
isation, For the CONPAC system it is convenient to use data tables as files
since part of the fil: handling requirements are then already available in
the operating system,

in owarmle of o file gysten suitable for use on the COUPL.C 4020 is
ghom in gpnendiz 3.

5. Implementation of a C,A.D, svystem for control system desimm

Although the design and implementation of a comprehensive design facility
is a lengthy task, by careful plaming such a facility can be built up slovly
and be useful during the period in which it is being built, The major require-
ment for this anproach, as for any multi-usecr on-line system, is program
compatibility., It is not necess~ry for all programs to inter—relate, or to be
able to operate on any given set of data, but each program should have access
to a2 public directory (or directories) V}ﬁch contain information about the
program linlss, data requirements, ete, For example, when using frequency
response techniques, a program may require data in polar form, but the data
is at present in cartesian form, it is convenient to the user if the program
checks the public directory, discovers that the data is in cartesian form and
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automatically runs a conversion program, Furthermore, once conversion
programs are written, it does not macter which form of data additional
programs require,

The full specification for compatibility of programs will only emerge
as each field of application is studied. The important first steps are,
however, to obtain the various program segments in a form in which they
can be used to build up a system, In order for this to happen programmers
must agree to follow the few simple rules listed below:

(i) Split the program into functional segments,
(ii) Keep input/output operations separate from calculation,

ii) Do not allocate array storage inside a subroutine ( temporary
working area can be obtained by using redimension subroubine).

(

I_I.

(iv) Keep conversation to a minimum,
(v) Male full use of existing segments,
(vi) Provide a brief written description of each prozram segment,

Rule (i) is a basic rule of prosramming, small segments are easier to
' debug ' and test, and a large library of well-proven, general purpose,
simple programs is of much more use than a collection of unwieldy special
programs, However, small functional segments for calculation are useless
if they contain input/oatput statements, since another user may wish to use
the semment in an iterative program, hence rule (ii). There is a tendency,
in conversational programming, to overwhelm the user with instructions, this
is bad because (a) the conversation occupies storage and (b) the user
rapidly becomes bored by the repeated instructions, It is reasonable to
expect a user to follow a few simple written instructions,

5.1 Development of a set of prosgrams for control system desien using
frequency response technigques

As an illustration of how a design facility can be developed, control
system desizn using the techniques of Bode, Nyquist and inverse llyquist
will be considered,

It is assumed that the starting point for the design is a system which
can be reprezented as showm in figure 4, The input to the programs will be
the transfer functions of the various blocks and it is required to find the
necessary vparallel or series compensating elements to satisfy some perform-
ance criterian,
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Since the system has a block structure and associated with cach block
is a frequency response, the overall frequency resnonse being a simple
combination of the individual responses, it is anpropriate and convenient
to retain the bloclt structure in the oxganisation of the data storage in the
computer, This can be done by associating each blocl: with a data table with,
gay, the format as ghovm in fizure 5.

0 KEY
1 BLAK
) PARAITER 1
3 PARANETER 2
MODULUS
Vol
30
ARGUNENT
63

Data Table Tormat PG, 5




2
This format is based on the assumption that 30 sample points within the
frequency range specified are adequate, if more sample points are required
the size of the table will have to be increased. This format allows a
maximum of two parameters to describe the block transfer function, the

frequency range is held in common area, the Key indicates the type of block
and details are given in apnendix 3, Typical block tvpes will be as follows:

Gain X
1st oxrder lag 1
14+TD
2
2nd order lag W,
2
D2 w Dty
_ 0
1lst order lead 1+ 1D
Integratios 1/
D
Differentiation D

Further block types can be added as the system expands, e.g., a table
corresponding to a block whose transfer function is unknovm, but whosc
frequency response has been determined experinentally may be included, the
Key will indicate to the frequency response calculation prozram that 1t is
to ignore this block,

To simplify the problem of inserting remaining blocks, it is preferable
not to associate a given block with a fixed table 50, 8™y mt wallocate tables
dynamically and record block number-table number associations in a separate
directory as shovm in fizure 6,

KEY
MITIION FREQUANCY

MAXTIMUN FREGUENCY
TECHITIOUE CODE

TOTAL RESTOISS TABLE HUIBER

UNUSE

31 NUMBER OF PLOCKS
I|TABLT NUIBER | BLOCK IUMBZR

T

= 0 block in use
1 block not in use
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|
\
\
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By using this additional directory, blocks can be added or removed from the
system without moving data from table to table, all that is required is to
change the table entries. Also, by the use of the additional flag I, blocks
can be ignored, without being removed from the system, The frequency response
system directory can also include details of the frequency range to he
covered, the particular technique requested (Bode, Hyquist, Inverse Nyquist)
and the table number where the total sysitem resnonse is held,

Having decided on a data structure it is now necessary to identify the
program segnents required for the system, These can be listed as follows:

(This is not a complete list, e.g., projrams for handling feedback
conpensator bloclks are not included),

(a) Input

(b) Frequency response = polar co-ordinates

(c) Inversion of frequency response

(d) Polar to cartesian co-ordinates

(e) Polar to log polar — to log cartesian

(f) Cumulative frequency response

(g) Scaling

(h) Stability calculator

(i) Display

(j) Teletyne output

The input prosram will cnable the various parameters to be entered,
(This input »rosram could be common to any system requiring transfer funciion
information in block form, e.g,, a simulation package), It will allow the
user to opt for a step—hy—step procedure whereby the computer provides a zuide
to the inputs required or if the user is experiecnced a command procedure
whereby the user declares the inputs he wishes to malie, This second option

also enables parameters to be changed without the need to re-enter all the
parameters, The prorram will have a number of other options as follows:

(i) 'HULL' set all tables to zero
(ii) 'READ' read nroblem descripntion from paper tape
(iii) 'PRIITY! print problem description on teletype
(iv) '"PUIICH' punch problem descrintion on paper tape
ing Harsuitable for re-entry wvia RTAD
(V) 'IYPE' gllows problem description to be entered via
teletyne

The frequency response prozram will, using the system directhory,
determine the number of blocls in the syste and calculate for each block
in turn the frequency vesponse and store it in the appropriate table, It
will devermine the form of calculation required from the data table key,
Pro-rams (c), (d) and (e) are self-explanatory, projsram (f) enables the total
system frequency response to ne built un blocl: by block working baclorards
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from the final block, The display and output prosrams will be a set of
programs allowinzg a number of ontions,

The above programs foim the 'work' sesments (see section 3.2l_operating
at a higher level will be the supervisor sesments, BODD, NYQUIST, INVERSE
INCGUIST, which will call the work segments in the appropriate mammer and
order for the above technigues,

It is interesting to note that, e.s., the frequency response segment
could, in fact, run on the 1907, with the other segments being run on the
CONPAC, This would noraally be unnecessary, but could be done if additional
accuracy was required,

6, Conclusions

There is a temptation, because of the size of the task, not to attempt
to design and impleient a comprehensive C,A,D, facility as outlined above, but
to use simple individual desism »rozrams, This is in many circumstances a
satisfactory solution to the problem of providing design facilities, pari-
icularly in the initial stages of development, However, in a small real
time system the prozrams, if they are to remain separate, must remain simple,
enhancement of each program can result in rapidly overloading the system and
much duplication of effort, It is worthwhile, therefore, at the outset to
examine the requiremecnts of a comprehensive facility and to design the
individual programs so that they can form the basis of a larger system,

The zeneral requirements of a C,A,D, facility have been described and
related to the hardirare and software characteristics of the COITPAC 4020 com-
puter, It has been showm how such a facility could be run under either the
free time executive or real time executive of COIIPAC, and it is concluded
that it is preferable to operate under the real time execcutive, The method
of implementation of a design facility has been considered, using the
frequency response techniques as an illustration and a set of rules iz given
for writing desi-m prosrams in order that they mizht be incorporated into a
comprehensive facility at a future date,

TPurther worl: is now wrequired to study in detail the requirements of the
various desim techniques and the implications of operating a joint COITPAC
4020 - 1907 system, This work can be divided into several sections all of
which can be congidexred concurrently, The sections are as follows:-

(i) The development of design programs and in particular desizn
algorithms, written as subroutines (the prosrans should be written
in accordance with the rules outlined in section 5).

(ii) A study of the data suructures suitable for the various design
paclages — single input single output systems, multiple input multiple
output systems, sinulation, 1907 communication, ete. A suitable structure
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for frequency rcsponse work on single input sinzle output systems has been
outlined above,

iii) The development of an executive prozran to control the packages
and to provide facilities for user files,

(iv) The provision of standard input/output prosrams and a data
nanipulation packa e,

(v) The provigion of zraphics routines,

It should be stressed that the averaze user of a C,A.D, facility neced
not understand the detailed programming underlying the facility, but should
have an awareness and understanding of the basic structure of the systen,
It is only through this avareness that the full benefits of the sysienm can
be obtained and its limitations exposed.
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9, Apnendix 1

Fres Time Lxecutive Progran

This simple executive pro;ran which is shown listed below, accepis as
input 6 character commands, each command has associated with it a free tine
progran, The executive turns on the appropriate program, which then runs,
on completion the progwam returns control to the executive, This executive
is available on the COIPAC and is proving useful in enabling users to
develop program segnents,
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C TFREL TTME EXTCUTIVE FTXSBA

50 FORMAT(£SB FTX TEST £,/,£READER-I1Z) 7
51 FORMAT(I1)
52 FORMAT( 2PRINITCR-112)
53 FORMAT( £EITITL SBXE)
54 FORMAT(2A3)
55 FORMAT( ZSEGIINT DOES HOT IXISTE) T
56  FORIAT(£ZRRORE, 5X,I1)
100  PRINT (0) 50
READ(1) 51,1R
PRINT(0) 52
READ(1) 51,NP
C BEGIMITING *WINLINE
1 PRINT (1P) 53
READ(NR) 54,ITANNA, TTANB
LDA HANA
STA =+8
LDA NAIB
STA =+7 :
CALL FT LINKAGE(1,I)
FORMAD( ZDUITTYAZ)
IF(I) 3,4,5
3 PRINT(HP) 55
GO TO 4
5 PRINT(ITP) 56,1
4 CONTIIUR
STOP H
ZND T

., T,

~ ~NI1T o111 31133

10, dppendix 2

Real~tine executive prosran

The real time systenm structure is more flexible than the free time
gsysten structure and hence the progran designer has more freedom, For exanple,
(a) nore progran priority slots are available, 45 compared to 4 for the
free tine systens, (b) progransg in the real time systenm do not need to run
in a fixed hierarchical pattern,

It is convenient, however, for a C,A,D, facility to use a linited number
of priority levels, say 4 levels (30,31,32,33)_ The programs to run at these
levels are held in an extended real tine library (referenee nunbers 100~256).
One function of the executive program is therefore to accept as input a
progran nane, determine the appropriate prozrom number and priority level,
and run the progran.

A real time prosran called by RL LIIMTAGE does not autonatically return
control to its calliny vrosran when it terminates, to return control it nust,
nrior to termination, turn on that program, or more accurately, the prosran
occupying that level, In the sinplest structure each prozran will turn on
the progran occupying a given level, e,g., the program running at level 33
alvays turns on the prosran at level 32, ete, As an alternative a mnore
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flexible structure can be achieved if each prozran turns on a progran at a
level vhich is indicated by the last entzy in a push dovm stack (if the stack
is enpty the executive progran is run)., In this ey, a conpletely arbitrary
sequence of progran segments can be run,

A simple real tine executive prozran could be as follows:—

¢ REAL YIITC EXECUTIVE RTXSBA
DDMCWSION MA(10)

C GET DEVICE HUMBZERS FOR INPUT/OUTPUT
CALL DIVICE

C CET COMTAND

1 N=ITRA
mA(1)=2
OPACK=1

ALL STRING(NA, I, TPACK)

C FIND PROGRAM NUMBER AND PRIORILY LEVEL
CALL FINDIO(WA,LEVEL, NNU'B, IT)
IF(IE) 20,21,20

C ANVALYSE ERROR

20  CALL TRROR(IE)

C TURN PROGRAM ON

21  CALL RT LINKAGE(NLEVEL,IINUB,I)
IF(I) 22,23,22

22 CALL ERROR(I)

GO 70 1

50  STOP

END

Tach prozranm segment will include the following coding if it is to be
turned on following execution of another progran segnent,

20 00 v

C RUN AHOTHIR SEGIEIT
LDA PRIOIO
STA T
CALL PSIACK(il)
CALL Ry LIUFAGE(I,INT,IE)

vhere PSLWCH places the current priority level in the staclk.
Dach progran segment will also include the followinz codings=

C TTEOUALION OF “ROGRAM
CALL GSTACK(IT)
LDA I
STA PROG
LDA TT'D
SPB TFIICO1
PROG  COW 0,30
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where GSTACK obtains from the stack the number of the progzram which is to be
turned on.

11, Appendix 3

File Structure

The first word of each file is a "ley-word" which indicates the type and
contents of the file, The format of the lkey-word is as follows:=—

2312221201918/17161514131211109876543210

; 0] a ; SUB-KTY SEE BRLOY ?:

a is the basic key, and has a value in the range 0-31. A typical use of the
bagic key is as follows:

a = 0 gystem files, e.g., references to user files
frequency douain procran files
time domain prozram files
sinulation prozran files

I

]
W —-= O

etc,

The arrongement of the sub-keys devends on the type of file, the sub-leys
for the frequency domain prosran files are az follows:

23 !2221 201918!1716151413 12 11|109876 543210
!

0000 11 b c|al e T |

O

wtheres

b = 0 systen descrintion file

= 1 block file containing block parameters and frequency response
in polar co-ordinates

= 2 block file as 1, but also containing cunulative frequency response
= 3 total systen r°5ponse file, polar co—-ordinates
= 4 ags 3, but in cartesian co-ordinates
= 5 as 3, but in log-cartesian
ete,

¢ = 0 block in forrard nath

¢ = 1 blocl: in feedbnck path

d = 0 nornal frequency response

d = 1 inverse of frequency resnonse

e specifies blocl type
= 0 durmy block
1st order laz
2nd order lagz
1st order lead
2nd order lead
intesration
differentiation
transport delay
cain

It

o

[
=l o w o=

[

0]
c»i.
[e]

f is not used ot nresent.



