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ABSTRACT

This thesis discusses the addition of a language
processor and the modifications made in the output routines
of ECAP to extend its capability to analyze problems in
other linear and quasi-linear time-invariant systems. A

new language called UHSAP is the desired extension.



INTRODUCTION

ECAP is a versatile problem oriented language for
analysis of electronic networks. It also has capabilities
for sensitivity analysis and worst case solutions. Since
the basic algorithms to analyze electronic networks can be
effectively used to analyze other linear and quasi-linear
time-invariant systems, ECAP algorithmic units can perform
the analysis problems for other systems.

This has been achieved in UHSAP which is an extension
of ECAP. The data structure of UHSAP has been designed to
accept the commands and directives in other systems. This
addition of a relatively small unit to ECAP has considerably
extended the capability of ECAP. The approach for trans-

lating the commands and data from UHSAP to ECAP has been

that of character manipulation. Valid characters are identi-

fied and replaced to generate an object code in ECAP.
The package has been implemented effectively on

0S 360/Model 44 and may, with minor changes, be implemented

on other comparable computer systems.
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CHAPTER I
PROBLEM ORIENTED LANGUAGES

Webster's dictionary defines a language as a systematic
means of communicating ideas or feelings by the use of con-
ventionalized signs, gestures or marks and understood by a
considerable community. The number of variables in this
definition itself gives a fairly good idea of the possible
number of languages human beings use. Translation of ideas
from one language into another has been of interest since a
long time., With the advent of machines as an aid to contri-
bute towards the efficiency of human activities, machine
translation of languages has drawn considerable attention.

In spite of the amount of research and money spent on machines
capable of tranélating one language into another, the attempts
have met with little success for obvious reasons such as the
syntactical and semantical ambiguity of languages. Even with
such simple redefinition of a language as a series of symbols
representing ideas, the simplest conceivable written language
having one symbol per idea, Richens and Booth have not suc-
ceeded in the objective of machine translation.

It is at this point that Artificial Languages differ
from the earlier set of so called Natural Languages. Because

of their inherently simple grammar and the concise, unam-

biguous meanings, artificial languages have led to an effective



machine translation among themselves. Programming languages
which facilitate our communication with computers, both con-
cisely and precisely, fall in this category.

Higher level programming languages are characterized by
ease of understanding, machine independence, similarity with
a natural language and a flexible sentence structure as
against more complex and unintelligible lower level languages
such as machine language. Higher level languages differ among
themselves not only on the level their intelligibility but
also in the general areas of their applicability. Procedural
languages like FORTRAN and PL/I are useful for a wide range
of problems in numerical analysis and scientific computations.
Nevertheless, a demand for their employment in other areas
has led to modifications and subsequently to more complexity
in their syntax§and vocabulary.

Problem oriented languages, or POL's , as they are
commonly called, are more restricted in their usage than pro-
cedural languages. They are specifically designed for
solving specific types of problems in a relatively narrow
field. This loss of generality is compensated by their sim-
plicity and the ease with which they may be learned and used.
A typical POL is easy to learn, has simple syntax, has a voca-
bulary normally conforming with that in the application area
and needs a minimum programming effort on the part of the

user. Some POL's allow the user to add the necessary routines
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in the procedural language to aid the problem description and
its solution, thus increasing their flexibility. The commands
and directives in a POL, which is normally written in a pro-
cedural language, are interfaced in such a way as to allow the
addition of extra commands in a POL. Each command or directive
causes the appropriate routines to be called. The routines of
a POL can often be divided into three basic parts.

The first part is the language processor. This is normally
a translator which produces an appropriate code for the commands
in the POL. The language being translated to is called the
object language. An object language may be either a proce-
dural language or another POL. A translator, typically, reads
a statement, checks it for wvalidity and meaning, and then pro-
duces the corresponding object code. A good POL translator
also detects the syntactical validity of a statement and points
out any errors with suitable error messages. The advantage of
having a translator is the saving in the core space required
by the program. Once the object code for the problem is
generated, this segment of the program no longer needs to re-
side in the core and to occupy the space, till execution is
completed.

The second part consists of a set of arithmetic expres-
sions, algorithms and analytical routines normally used for
the solution of the problems in the area. Often, this unit

is quite complex and it is this complexity from the user's



point of view that usually justifies the need for a POL.

The third part is a set of output routines. This is re-
sponsible for printing out the requested output in specific
formats. The degree of control a user has over the flexi-
bility of the formats and matter to be printed differs from
one POL to another.

In Figure 1.1 the general structure of a typical problem

oriented language is shown.
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CHAPTER 1T
ANALYSIS OF SYSTEMS USING ECAP

Analysis, or prediction of performance, of a phys%cal
system has been of importance to designers as well as to
users., Whereas systems with distributed type parameters
can be analyzed by solving partial differential equations,
those with lumped parameters can be analyzed by solving
ordinary differential equations. These equations, called
the mathematical model of the system, have constant coeffi-
cients for each term in case of linear time-invariant systems,
Quasi~linear systems are those non-linear systems whose
behavior can be represented by a piecewise linear approximation,
Mathematical models of simple linear time~invariant systems

have the form as in Equation 2.1.

dx _
A a-E + Bx + Cfx dt = 0 (2.1)

Equations which have the same form are called analogous
equations and the systems they represent are called analogous
systems, Because of the similarify of their mathematical
models, the following time-invariant linear systems form
examples of analogous systems:

A, Mechanical Translational

B. Mechanical Rotational



C. Electrical

D. Acoustical

E. Thermal.
System analogs, their prototype variables and their con-
ventionalized notations are listed in Table 2.1,

The mathematical model of a physical system is generally
derived from its diagram for further analysis, but there
is an additional type of model called the equivalent circuit;
which resembles an electrical network. The advantage of this
form of representation is that it can be easily analyzed
using the already developed techniques for circuit analysis,
resulting in inherent economies in the solution procedures
and algorithms. A number of large programs and POL's have
been written to accomplish the electronic circuit analysis. ECAP
is a POL capable of performing DC, AC and transient analyses of
electrical networks. The data structure of ECAP, however,
allows only the direct description of electrical networks.
Hence, the use of ECAP to analyze other systems would normally
require drawing an equivalent circuit prior to describing it
to ECAP. This drudgery has been eliminated by UHSAP.
UHSAP, an acronym for University of Houston System

Analysis Program, is an extension of ECAP with the capability
to analyze problems in other linear and quasi-linear analogous

systems. It uses ECAP's main algorithmic and analytic routines.
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UHSAP is different from a conventionalized POL in the sense
that the object language of its language processor is another
POL, viz ECAP. The three parts of UHSAP are language
processor, ECAP routines and output routines, where ECAP
routines themselves can be sub-divided into three parts as
shown in Chapter I.

The language processor accepts the commands and converts
them into corresponding ones in ECAP, To make the programming
and understanding of the language easier, the data structure
of UHSAP has been maintained the same as that of ECAP. Generally,
the user will have to follow the following steps to analyze
a problem in any one of the analogous systems mentioned earlier:

1. Draw a topological diagram of the system,

2, Identify nodes and branches.

3. Assume positive directions of flow variables,

4., Specify the type of system, type of analysis and

output desired.

5. Describe the topology of the diagram'to the program

in accordance with valid UHSAP syntax and variables,

Output routines have been written to print out the
desired solutions in corresponding system variables and
appropriate formats.

The general structure of UHSAP is shown in Figure 2.1.
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CHAPTER III
A USER'S GUIDE TO THE LANGUAGE

The UHSAP input language is the primary communication
link between the user and the analysis program, viz ECAP.
It provides the user with a means of describing his topological
diagram in familiar terms and notations to the program as
well as a means of controlling the type of analysis to be
performed. With minor restrictions, all data may appear

in any order and in free form.

General Properties of Input Language

All input statements are entered on cards in columns 1
through 72, Blanks are generally ignored and may be inserted
for clarity and convenience. Exceptions are noted below.
Each card may have only one statement, ended with a semi-
colon (;). By default, the semicolon is assumed at column 72
and a diagnostic message is printed. Problems are described
to the program with 6 different types of cards:

1. System identifier card

2, Data card

3. Solution control card

4, oOutput specification card
5. Command card

6. Comment card
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Numerical values are accepted by the program in any one
of the following familiar forms: signed integer; decimal
and exponential notation; |

The following are examples of valid numbers:

10 20.7 20 E-7
+15 +.7 +.5 E+16
-7 -100. - =7.8 E15

Description of Input Statements

A, System identifier card:

This card must be the first card of the input; It
must start in the first column and specify the system. Only
the first two characters are identified by the program and
must not be blanks. Any text may appear in columns 3

through 72, Valid system identifier cards are as follows:

{—Column 1
ELECTRICAL
MECHANICAL
ROTATIONAL
ACOUSTICAL
THERMAL

B. Data card

Data cards contain information directly related to
the problem such as the topology of the system; the parameter

values, the tolerances, the phase angles, etc. They are either
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of branch type (B-Card), of dependent source type (T-Card),
or of direction sensing type (S-Card). Mutual inductance
type (M-Card) cards are also available in the electrical
system,

Each card has two data fields: columns 1 through 5 and
7 through 72. A non-blank character in the sixth column
indicates that the card is the continuation of the one pre-
ceding it.

1. The first field specifies the type of data card
with the serial number of that type. The general format is
Xnn starting in the first column, where X is either B, T, S,
or M and nn is the serial number.

2., The second field has one or more data subgroups,
each separated by a comma (,) from the preceding one. Allowable
data subgroups are as follows:

a. Required topological description: These have
different forms for different data cards.
1. In case of B-Cards, this field indicates

the topology of the branch and has the form:

N(nl,nz)

where n; is the initial node number and n,

is the final node number.
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2. In case of T-Cards, this has the form:

B(bl,bz)
where b1 is the branch of the controlling
branchl and b2 is the branch number of the
assigned branch.l N

3. " In case of S—Cards,1 this has the form:

B = bs, (bl,bzpoo.,bn) ,X

where bS is the branch number in whi&h the

sensing element lies. Parameter values of

elements in bl’bz""’bn are affected by

the direction of flow variable in bs' The

X shows initial sense of the sensing element,

b. Required element: Each B-Card must contain one

and only one passive element identification.
Valid names for elements in different systems

are tabulated in Appendix B (Table 1). On

B-Cards, this subgroup has the form:

where X is the element name and v is the numerical
value., For T-Cards, this subgroup svecifies the

ratio or the relations hetween the elements in

1For elaborate discussions about 7-Cards and S-Cards see Ref, 3.
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the controlling branch and the controlled branch,
c. Optional element: To specify the value of a
source in a branch, this subgroup with a general
form
X=p
where X is the valid source symbol listed in
Appendix B (Table 2) and p is its numerical value,
d. Initial condition: For transient analysis,
specification of initial condition of an element
is required and is given by using wvalid source
element name followed by either 0 or O and value
specified with an equal sign and a number.
3. Another type of data cards is the time dependent source

card. These are of the following general form:

column 1

X nn (k) lpolpllp2I'°'lpn
[——————-column 7

where X is the valid source symbol and nn is the branch in
which it is present. The number k shows the integer number
of time steps between successive entries of source magnitudes
PgrP1rPyresesPy which are equally spaced in time. Figure 3.2
shows image of a source card.

C. Solution control card:

There are two types of solution control cards, both types
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start in column 7.
1. The first one contains information directly related
to the analysis for the system suca as time step, frequency,

final time, etc. General format of this type of card is:

[——column 7

SPECIFICATION = p

where p is the numerical value of the valid specifications
listed in Appendix B (Table 3).

2, The second type contains the specifications of calcula-
tions to be made, such as sensitivity analysis, worst case

analysis, etc. and has the form:

[——column 7

SPECIFICATION

In both cases, however, only the first two characters of
the specification are identified by the language processor.
Therefore, blanks are not permitted in columns 7 and 8 of a
valid specification card.

Figure 3.3 shows an image of solution control cards.

D. Output specification card:

This allows user to select the blocks of output which

he would like to have printed. General format of this card

is:
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[———column 7

PRINT,V11V2' LI 'Vn

where symbols VirVorees, vV, are the valid output symbols the
user may specify. These have been listed in Appendix B
(Table 4). Each block is separated by a comma (,) from the
preceding one, Here, too, only the first two characters of
each block are identified, so no blanks are permitted in the
first two characters of any block. Figure 3.3 shows the
image of possible output specification cards.
E. Command card: |

This is used to specify the type of analysis desired,
or to call for a parameter modification solution, or to start
the execution, or to signal the end of a job. Valid commands
for different syétems are listed in Appendix B (Table 5).
Command cards are entered starting in column 7. Only the
first two characters are identified by the language processor
and hence columns 7 and 8 may contain no blanks. Any text
may follow in columns 9 through 72,
F. Comment card:

Beginning with a 'C' in the first column, any text may
appear in columns 2 through 72, This is not processed by the
program but appears in the listing of the problem. Figure 3.4

shows some images of command cards and comment cards.
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Input Data Modification

The command MODIFY can be used for AC or DC type analysis
problems and allow the user to repeat the preceding analysis
with the modified values of parameters as desired. It
requires the addition of only the new parameter value speci-~
fication following the MODIFY card. The user cannot, however,
change the topology of the circuit with a MODIFY card. The
MODIFY feature is particularly helpful for frequency analysis,

where with the card

r—column 7

FREQUENCY = P; (P,) Pj

the calculations can be repeated starting with frequency Pq»
incremented logarithmically by a factor of Py till the final

frequency Ps is reached or exceeded,

Restrictions

This section is intended to point out the restrictions
and minimum requirements which pertain to the input language
of UHSAP., The restrictions exercised by ECAP are also
effective in case of UHSAP because of the inherent similarity
between the data structure of both. UHSAP can analyze
problems with 50 nodes and 200 branches as maximum, in addition
to other size requirements and restrictions of ECAP. As a
minimum requirement, a UHSAP job must contain the following

input cards:
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1. System identifier card
2, Command card (specifying the analysis desired)
3. Data cards
4, Output specification card
5. Command card (signalling the start of execution)
6. Command card (end of job)

In addition, in case of AC type analysis to be performed,
a solution control card specifying the frequency of the source
must be entered and for transient type analysis, time step
specification has to be made. In both cases, numerical values
of frequency or time step cannot be zero. UHSAP assumes
values for some of the input variables unless they are speci-
fied (for more details, please see Reference No. 3, pages 31
and 32). Nodes must be numbered consecutively from 1, with
0 assigned to thé ground or to the frame of reference. All
branches must be numbered consecutively from 1, but may be
in any order.

The user is required to restrict himself to consistent
system of units in specifying data. Reference No. 3 will
serve as a valuable guide to the interested users of UHSAP,
Valuable modeling techniques for analysis of quasi-linear

systems will be found in the Reference numbers 2 and 3.

Example

Let us consider that we have to perform the dynamic
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analysis of the mechanical translational system shown in
Figure 3.5.

Our first step will be to identify nodes and to assign
some positive directions of force flow for each branch. Nodes
are identified by those lumped elements of the system where
the velocity can be determined. So,@and@ identif.y two
nodes with(:)at the frame of reference. Branches are indicate
as with n as the assigned number and the arrow pointing in
the assumed direction of force flow in that branch. The UHSAP
coding of the problem with desired output blocks for velocities
at both the nodes and forces developed in all the elements
is shown in Figure 3.6.

For the discussion about the choice of time step to be
selected please see References 3 and 4.

This example shows the general structure of a typical
UHSAP problem. Appendix D includes more sample problems and

the analysis results from UHSAP.
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CHAPTER 1V

DESCRIPTION OF UHSAP LANGUAGE PROCESSOR

AND OUTPUT ROUTINE MODIFICATIONS

This chapter is devoted to the description of routines
added to accomplish the translation of UHSAP coding into
valid ECAP coding. These routines, their names, brief

summary of each and the flowcharts are shown in Appendix A.

Language Processor

For the purpose of simplicity and clarity, all the
variables are defined to be integers in the language processor,
The MAIN program puts in a call to the ULANG routine. Since
the valid characters are system dependent, ULANG first calls
the SYSID routine, which reads the first card and sets the
value of MYSYS accordingly. In case of invalid system identi-
fiers, the program terminates, giving an appropriate erroxr
message. If the system is identified to be the electrical
system, MYSYS is set to one and control is returned to MAIN,
since no translation of coding is required.

ULANG then calls subroutine READER to read the new card
image into array S and to set the pointer DOL to one and the
statement delimiter flag SEND to zero. The DUMP routine

prints out the source image that has been entered in S.
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The first step in the processing of data is to determine
whether the new card is a comment card; in which case the
READER is called in again to accept the next image; Function
BLANK checks if the first six columns of the new image are
blanks. If so, then the card belongs to either command type
or solution control type or output specification type.

To process these types of cards ULANG calls routine TCOM.
Valid characters for the system are initialized by the appro-
priate MYSYS wvalue in the work array STAB and the work vector
SCHAR. Function SELECT compares characters in columns 7 and 8
against valid two-character identifiers in STAB and sets PTR
to the corresponding value. Invalid characters are identified
by an error message through routine DIAG which prints out the
characters in its argument vector. If the command is an end,
card, flag PEND is set to one which in effect transfers the
control back to MAIN. Routine PUT chooses appropriate ECAP
characters from the initialized array HTAB and transfers them
to the output array NWORDS. In case of command cards, the con-
trol is transferred to ULANG for taking in a new card image
through READER, since the text following column 8 is unimportant.

For solution control cards, characters upto the state-
ment delimiter are important. Therefore, the function FIND
is invoked to determine the column number in which the semicolon

lies and all the characters upto that column are transferred
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as they are to the output vector NWORDS through routine RETAIN.

Function FIND sets the column value to 72 in case the semi-
colon is not present, but gives a diagnostic message through
DIAG. The control is then returned to ULANG.

For output specification cards, ULANG calls the routine
TRBLOK which translates the valid output block indicators.
First FIND sets the value of LAST to the column number of the
statement delimiter. Then it sets COMMA by updating the
scanning pointer DOL to the column number where a comma lies.
The comma separates a block from the one preceding it. The
updating of scanner is stopped when the value of DOL exceeds
that of LAST and the control is returned to ULANG by setting
SEND equal to one. The routine RETAIN transfers all the
characters from the current value of DOL to COMMA as they are
to output vector NWORDS. Function SELECT checks next two
characters in S for their validity as block indicators by
compariné them against those in STAB. PUT transfers the
appropriate ones to NWORDS from array HTAB.

ULANG then calls function SOLN to process the data type
cards, Function LOCATE sets the value of CTYPE by comparing
the character in the first column of the card image against
the valid ones, initialized in the work vector SCHAR, If
invalid characters are present, proper diagnostic is given

and control is returned to ULANG by making SEND value equal to
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one.

For T-cards, the procedure is different from the one
described above. When a letter is found, it is checked
whether the next column has a letter too and if so, whether
characters equivalent to the transconductance identifier or
whether the consecutive four have current gain equivalent
identifier. Function ICHK compares valid characters with
those in vectors BETA and GM. Subroutine PLACE transfers
appropriate ones from vectors HBETA and HGM to NWORDS.

Everytime the control is transferred to ULANG from these
translating routines, value of SEND is checked. If it is one,
the image in NWORDS is written on the scratch tape which is
used as data file 1. Value of PEND is also checked té see if
it is one, in which case the tape is rewound and the control
is returned to MAIN., Flag for the validity of the problem is
set to zero initially. But in case of invalid characters and
such fatél errors its value is changed to one. The MAIN
terminates the job by giving an appropriate error message if
the value of the validity flag, IABORT, is one when the control
is back to MAIN.

The MAIN calls ECA, which reads the input from data file
1 on the tape if MYSYS value is different from one and from
the card reader if MYSYS value is one, i.e., if the system

is specified to be electrical.



29
This completes the description of the language processor
and the part it plays in the translation. The requested

analysis is performed by appropriate routines in ECAP.

Output Routine Modification

Changes were made in ECAP routines ECA21; ECAS51 -and
PRINT2. These are the routines which print out mbst of the
results. The changes were of the same nature in all these
routines. All the formats that print system dependent
information are stored for each of the systems with different
format numbers., The variable MYSYS selects an appropriate
format for printing.
Appendix C shows the prograﬁ listing for the language processor
and also the changes that need to be made in some ECAP routines

to effectively implement UHSAP.



CHAPTER V
ANALYSIS AND CONCLUSIONS

The objective of extending the capabilities of ECAP to
analyze other linear and quasi-linear systems is adequately
met by UHSAP. The general performance of the package is
satisfactory. Fatal errors in the problem coding and
specification, such as illegal characters and invalid para-
meters are trapped successfully by the language processor.
The job gets terminated if the fatal errors are detected and
appropriate error messages are printed. If the errors are
not fatal, the generator object code gets processed by ECAP
language routines and analyzed.

The advantage of using the ECAP data structure for
UHSAP, besides the economics in éomputer time for language
processing, is the ease with which someone conversant with
ECAP can use UHSAP in the analyses of other systems. The
user's manual of ECAP [3] or that of UHCAP [5] (University
of Houston Circuit Analysis Program) will be of help to a
new user in familiarizing himself with the general usage of
UHSAP.

One of the major difficulties in implementation of
UHSAP was the size limitation of the operating system; IBM

360/Model 44 barely manages to hold the ECAP modules even
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with an extensively complicated overlay structure. Addition
of routines made it increasingly difficult to accommodate
the modules in the core. In addition to storing this new
language processor unit in a different overlay segment,
two arrays in main ECAP routines were reduced in Qize.- This
reduced the capability of ECAP to analyze circuits from a
maximum of 50 nodes to 20 nodes, but made enough room for
the additional routines, The package now runs efficiently
on the system.

| This language will also be implemented on the UNIVAC
1108 system., Because of the large core size available on the
1108, it is felt that the major hurdle will be done away
with and we will be able to accommodate circuits having up to

50 nodes.

Appendix D shows UHSAP applied to a few sample problems,
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APPENDIX A

LANGUAGE PROCESSOR ROUTINES AND FLOWCHARTS

As an aid in following the processor listings and flow-

charts, a brief summary of routines is given.

MAIN

ULANG

SYSID

READER

DUMP

BLANK

LETTER

FIND

LOCATE

SELECT

PUT

TCOM

Primary routine of ECAP which calls ULANG
Controlling routine of the processor

System identifier routine

Card image reader

Routine to write the card image

Routine to check if the first six columns of a
card image are blanks

Function to check an alphabetic character
Function to determine the column number of a
particular character

Routine to compare and recognize single character
identifier

Routine to compare and recognize two character
identifier

Routine to substitute appropriate character from
symbol tables

Controlling routine for command type, solution

control type and output specification type cards



TRBLOK

TSOL

SOLN

DIAG

TRACE

RETATIN

PLACE

INIT

34

Routine for translating output block indicators
Character manipulator routine for data type cards
Data type card recognizer routine

Routine to print out diagnostic message

Tracing routine

Routine to copy a string of characters

Routine to replace a string of characters

Routine to initialize work arrays



ULANG

CALL SYSID
ASSIGN ‘™MYSYS VALUE

RETURN

LAGCwT

i

e ~ P
VAL
?
-3
) !

- .

;- X
<C.ALL RER {:Fr?>

- Y
{catL pymr)

———— e e

NTRACE=L

e —

CONTD. ON NEXT PAGE

35
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ULANG ... conrp.

WRITE(L) (NWORDSCT),
T=1.72)

-\r

4

' END FILE{L
WRITE JOB ABORTED REWIND 1

RETURN
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CALL TRACE
TO WRITE ENTRY

FUNCTION SELECT

TO LDENTLIFY 2-CHARALTERS
AND SET 'PTR VALUE

FONCTION FIND
ILDoL=COL.NO.OF
SEMICOLON ()

¥
.éu_ RETAIN,(IDOL-9 ,
PEND=- 4

)
SEND:=1
4 Y

!
RETURN
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TRBLOK

CALL TRACE
TO WRITE ENTRY

FUNCTION FIND

LAST= COL. NO.OF
SEmMrIcoLon (3

A
FUNCTION FIND

COMMA = COLUMN NO.OF
NEXT commA (32

>0 LAST

SEND=1

cCOMMA

<0

Z = COMMA+1

FUNCTION SELECT
IDENTIFY BLOCK INDI.
¢ SET 'PTR' vAL.

8

.<CALL RETAINCCOMM} Y

Y
‘<CALL E_U_]'(PTRJ?

| 4

RETURN
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PUT (PTR,K)

Y CALL TRACE N
TO WRITE ENTRY

<

4 r

NWORDS(DOL)= HTAB(L1,PTR) NWORDS(DOL)=HCHAR(PTR)

NWORDS(DOL+1)= HTAR(2,PTR)

DOL = DOL +2 DOL DOL.+1L

1]

RETURN
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RETAIN (1DOL)

/

CALL TRACE \_

TO WRITE E.NTRY/

/

NWORDS (DOL)= S(DOL)

"

DOL = DOL+1

bot.
3 T.1DOL

RETURN
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SOLN
Y cALL TRACE
TO WRITE ENTRY
N
SOLN=0

CTXPE=I

CALL biaa To

WRITE ERROR MESSAGE
SEND =1
TABORT=1
+ v

RETURN




FUNCTION LOCATE

. TO IDENTIFY 1-CHAR. .

2 SET'PAR'VALUE

-<CAL

UT(PAR,>-

rcaroi]

TSOL

42

CALL TRACE \_

TO WRITE ENTRV

INTC/'\RD: 0 ,

CTR = c‘r\'PET_

V

FUNCTION FIND

LAST = COLUMN NOD.OF

semIcotoN ()

Y

<CA LLP_UICCTR,!>

Eorl N

@

CARD
7

E

[

CALL DIAG TO
WRITE ERROR MESSA

L4
b

QA LL RETAW(LAsr-¢>

JSEND= 4

1»’
RETURN

CONTD. ON NEXT PAGE
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TSOL ... conTp.

BETAorGM Y

<CALL RETAIN aas@

N )
CALL PLACE To
UR
RETURN SUBSTITUTE EQULY-
CHARACTERS
Y
FUNCTION LOCATE
TO IDEN'TIFY 1-CHAR. cAaLL RE—TA1~(¢.AST-J>
$ SET 'PAR’ VALUVE >
1
CALL M TO
RLTE E RROR MESSAE
Y
1 y
¢ |
RETURN

'<CALL gy_T(PAR,i)>

-




Card
contents

Branch (Path)
Data

Dep. Source
Data

Sensing
E . Data

Mutual
Inductance
Data

APPENDIX B

UHSAP LANGUAGE SPECIFICATIONS

TABLE 1

DATA CARD TYPES AND SPECIFICATIONS

Elec--
trical

Bnn

Tnn

Snn

Mnn

Mech.
Transl.,

Pnn

Dnn

Snn

Mech.
Rota.

Pnrnn

Dnn

Snn

Acous-—
tical

Bnn

Dnn

snn

44

Thermal

Bnn
Tnn

Snn



TABLE 2

ALLOWABLE ELEMENT IDENTIFIERS FOR B-CARDS

45

ELECTRICAL MECHANICAL ROTATIONAL THERMAL ACOUSTICAL
(Electrical (Mechanical (Rotational (Thermal (Acoustical
Code) Code) Code) Code) Code)

Resis—~ - - - - Thermal Acoustic
tance R Resis=- Resis-—

tance tance R
Capaci=- Mass M Polar Thermal Acoustic
tance C Mmt, of Capaci~- Capaci-

Inertia J tance tance C

Induc—~ Spring K Torsional - Iner-
tance L Spring K tance M
Conduc- Dashpot B Damping Thermal - -
tance G Factor B Conduc-

tivity
Voltage Velocity Angular Tempera- Pressure
Source E Source v Vel, W ture Dif- Differ-

ference ence P
Current Force F Torque T Heat Volume
Source I Source Vel, U
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TABLE 3%

SOLUTION CONTROL CARDS

Solution
Control Description of variable gq
Card
FREQUENCY = q Frequency for AC type sources,
TIME STEP = ¢q Transient analysis time step At.
OUTPUT = q Number of time steps per output interval,
FINAL TI = q Final Time for transient solution.
SENSITIVITY Requests sensitivity and partial
derivative calculations,
WORST CASE Requests worst case as well as sensitivity
calculations.
STANDARD DEV. Requests worst case and sensitivity.
EQUILIBRIUM Indication of steady state solution desired.

*pAdapted from Reference No. 3, page 32,



TABLE 4

VALID OUTPUT BLOCK INDICATORS

ELECTRICAL MECHANICAL ROTATIONAL THERMAL ACOUSTICAL
s - . i - — 3i- s i - Indi
Description Indi Description Indi Description Indi Description Indi Description nal
of output cator of output cator of output cator of output cator of output cator
P code code P code code . code
Node Volt- NV Node Ve- Node Ang. Node Temp. TE Node Pres.
age or locities VE Velocity AN Diff. PR
V%% ‘
El., Cur- CU Forces in Torque in Heat in Vol. Veloc-
rents or Element Fg Element TJ Elements HE ity in El. V@
CA
El. vol- Vel. in Ang. Vel. Tem, diff, "Pressure
tage Ccv Element EV in Element WE in Element ET diff. in
Element PE
Br., Curr. BA Forces in Branch Branch Heat BQ Branch
Branches PF Torgque PT Vol. Vel. BU
Br, Voltage BV Velo. of Branch Ang. Branch Temp. Branch Pres.
Branch El1., PV Vel. PW diff. BT diff. BP
Element Power loss Power loss Power loss Power loss
Power loss BP in Branch PP in Branch BP in Branch BP in Branch PP
Sensitivity SE SE SE SE SE
Worst Case W@ Wp Wo W@ Wo
Standard
Dev. ST ST ST sT ST

Ly



II.

DESCRIPTION OF COMMAND CARDS

ANALYSIS COMMANDS

Electrical

. Analysis Code

Mechanical
Analysis Code

TABLE 5

Rotational
Analysis Code

Acoustical
Analysis Code

Thermal
Analysis Code

DC Analy. DC

AC Analy. AC

Transient
Analysis TR

Unidirect,
Source
Analysis UuD

Alternating
Force
Analysis AF

Dynamic
Analysis DY

Constant
Ang, Vvel,
Analysis UD

Alternating
Torque
Analysis AT

Dynamic
Analysis DY

Constant
Vol., Vel.
Analysis Cu

Alternating
Vol. Vel.
Analysis AU

Transient
Analysis TR

Constant
Heat Flow

Analysis CH

Alternating
Heat Flow
Analysis AH

Transient
Analysis TR

EXECUTIVE COMMANDS

FUNCTION

COMMAND CODE IN ALL 5 SYSTEMS

Modification calls
for repeat calcula-
tions with modified

data

End of input data
for problem, request

for solution

End of job

M@

EN

8V



0

TG

201

170
14

40
64
ey

gu
1190
80

130

APPENDIX C

I. 'Language Processor Routine Listings
49

CUNTROLLING A0OUTINE ULANG FOR
THE UHSAP LANGUAKE PRUCESSUR

SURKOUTIMH ULANG

[4rLICIT TaTeget (A~2)
CORYONZTHTER/ZUMTRACH, DOL, 3(80) , SFHU, D
CONAON/SIYAHOL/ZALPHIZ0) , NUNM(L10)
CONMON/DUT /ZiwRDS (341)
COLBONZNYS/ZYSYS
COnLOnN/ZANG/TARORT

DIMENSION STAR(O)

DATA STAR, vl /Z'"# 1, "TH PRV, VA, Q0B v/
NTRACE =y

WRITE(O,201)

FORMAT (1H1)

catt SyYSsID

[FC4YSYS=-1) 150,106,170
TASORT =

CALL READFR

DO 130 I=1,6
IF(SCI)Y~=S5TAR(I)Y) 199,150,190
CoUuyIaue

WTRACE=]

CalLL DURP(5)

GO TO 68

CuluT=0

IF(S(I)=ALPH(3)) 20,30,20
CALL DUMP(S)

GOT01D

CALL DU#PRL(3)

IF(ELANK(HL Y) 4Us40,50

CALL TCOH

GOTO 840

[IF(S(6)=3L ) 9u,606.90
TFCSOLr(ROLY)110,120,120
gaLl TSsob

LOTORY

JF(CONT,FD,1L) G070 60

CuiiT=1

373 5¢ :
CALL BIAG(CYIMPROPER SPECIFICATICN ')
RETURN
wheITECL) (WO DSe) 121,720
TE(PENDYLG, 10,130

COMTINUE
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IFCTABORT JEC, D) GUTO20¢0
15U WRITE(O6, 1113
1111 FORLATCOLOX, Yeaws JOS NUT HUN BECAUSK OF FATAL [PRONG #s#e?)
TABOKT =], '
160 RETURN
200 CONT INUE
ErD FILE 1
REWNInU 3
RETURNI
END

IMTEGEKR FURCTION ICHK TO CHECK A PARTICULAR
SThING OF CRHARACTERS TO MATCH WITH VECTCR Vv

oo Qo

TRTEGER FUMCTION TCHK (Y, )
IMPLICIT TLTEGER (A=7) .
COmHON/INTEu/wTFACE,DOL,d(BO).SEND,PENU
CUMMQN/EETAGW/ﬁETA(4).GM(E);HbETA(é),HGM(2>
COVNION/ZARO /AR URT
BIMENSTON vi0)
TFCHTRACEY 9L, J0e, 101
101 CALL THRACE('FULICTIU L I1CGHSK ')
102 ICHRr =0
LU 20 1=1.,
IF(S (DL +T=3)=-V{1)) 16,20,10
20 CULT I
ICHK=1
HE TURRN
10 IR EQ,2)Y) TABuRT=1
wbE.TURN
i

PLAGE ROUTIME TO BUT CHARACTERS IN THez VECTOR Vv

aaQc

o

SULHOUTINE PLACE (Y, )
TAELICIT TaTRGEE (L=
DIMENSTON V(10)
CUWHON/IYTEW/VTHAJE:DOL.S(JO).SEﬁU,PEND
CO%HOW/H&TACH/%&TA(4)»GM(?),HJETA(4);HGE(Z)
CORMONZOUT /0 0S (20)
IFCNTRACT Y101, 102, 10t
101 CALL TRACE('YSULDUTINE PLACH U
102 910 1=1,1
10 NMOURDS(ONL+I=-1)=v(])
ol =00L+y
RETURN
tzth
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SURRQUTINE T TwITIALIZE WONK VIRAYS
ACCURDING T0 Tdz SYSTOq SesCIEICATION

QOO an

SUSROUT Il TwlTVNARD)
IMPLICIT INT=2GFER (A=7)
CONWON/SYS]FW/W&C”(2’7U);HJTA(2:7U)l THER(2;7U)0ACOU(2’70)
COMMON/ TASLES/STAB(Z,50),HTAR(2:50) s SCHAR(AD) »HCHAK(A40)
Do 20 I=1,2
DO 10 J=1,5%1

10 STAB (L, J)=VhAME(] ,J)
G0 29 J=51,7u

20 SCHAR(I+J=-Sd)y=vNAME(T, J)
RCTURHK
END

SUZROUTTILE 10 TDRUTITY ToHE SYsTON
SPECIFICATION At SET NLYSYS VALLE

oo NeNeoNeNe)

SUSHIUT I e SYSID
IFPLICIT [NTINGES (w=7)
COMMOW/SYSTEA/ e CH(2, 79, 33TA(2,70), THRREZ2, 70, ACO (2, 7))
CONMON/ZTINTLR/ TR ACE, DL, S(32)
COMMOAIZMY o/t Y SIS
DIHENSTON SYS5(2.0)
UATA SYs /'E'p'L'r‘L';'u')'N':’U'),T',‘H','ﬂ'.'C',Z%J/
CalLl rnEaben '
CALL DUMP(S)
nge 30 F=1,¢€
IFC S (Y=Y 5(i,P) s 20,0080
10 IF(C S (2)Y=CYS(2,P)Y)30,40,50
S0 ComTImutl
MYS1S=0
CHLL DTAGCOTIRVALTIL SYSTRM IBEMTIF IR CARL t)
FRETULT
40 MYS1g=p
GO 10 (LGL,20U,300,400,500),8YSYS
100 FETU RN
209 CALL IMIT (inECH)
BRETURN
360 CALL Inll (kuThH)
FETUPN
4010 CALL INIT (TufEf)
RETURN
CALL INITCACOU)
KETURN
Enb

P

A
<
<.



o R eNeRelNoWe)

101
102

44

70
au

10¢

Qoo a

101
102
80
10

2y

SUSHOUTINS TCO4 T2 DETERMINE VALTD

TIO-CHARACTER TubB T IFIEes

SUSLUUTTE 1T
DMPLICIT 176Gk (a=2)

CﬁﬂHOH/IJT&“/U]TACt:UGL:S(&D):&END;P

DATA LiHYPH/zv vy
IFGeTRACEY 104,107,101
CALL THACE('"SUGHOUTING TLUH
PTo=SELOCT( 0L, 2.19)
IF (SFEaDY 40,499,500
CALL PUT(RTH, )
TF(PTR=106)%0,50, 70
Stoi=1

IF(PTR,EN.G) PENMNy=1
RETURN

IFETR=16) c0, 60, 91
TOOLsF I CTIHYP M)
[pvi=TRoL-1

CALL RETATII(I1LOL)

SL”‘; U:j_

Ri-TURHN

CALL TRELOx

e TURN

kv

SUSHOUTING TRILUR TO RECOGN]ZE AND
REPLACE OULTPUT wLGUS THDICATORS

SUSROUTING TR3ILOK
IMPLICIT INTES:R (A7)

CUﬁﬂON/IMThE/HTnACE;DUL»S(SO):SLND:PENH

DATA kst vy

DATA INYPA/Z Y v/, 1CDAMAZY , 0
IF CUTRACRE)Y 101,102,101

CALL TKACF('SUULUTINE TRELOK
LAST=FINN(1HypH)
COMUA=FIUD(ICG 1, A)

[F (LAST=CCrmA) 109,100,106
Z=CoIM4A+1

IF(S(Z2)-3L) 30,2u, 3y

2=7+1

GO TO 10

52

")

")
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S0 PTR=SELECT(Z,20,31.)
[F(SEND) 60,60,70

79 KETURN

60 CALL RETAT.(COAA)

CALL PUT(PTH,2)
QY TO 30
100 Seh)=1
RETURN
S,

FUHCTION SOLN TO BETERKING IF THE CARD
IS5 oF SOLUTION COnTHOL TYPE

oo,

FUMCTION SOLN(nIOL)
C NOTE THAT wholL Is5 A DUMMY VARIAGLE
EnPLICIT INTEGEH (A~Z)
CUNMMON /TACLES/STAG(S0,2) s HTAB(S0,2),0CHARCAN)Y, HCHAT (41)
CORMON/ZINTER/NTRACE, DOL,S(80), SEND, FzaD
CoanNN CTYPFE
COMITONZAZRO/TARDRT
IF(NTRACEYLLL, 102,101
101 CALL TRACE(TFUICTIUN SOoun ")
102 S0LM=10
o0 10 I=1,¢
IF(S(L)Y=SCHAar(I) YL, 20,10
10 CONT IMuUs
shnb=g
CALL DILGOYILLEGAL CHARACTER IN FIARST COLUIMN
IAHUORT =1
B TURY
20 SOL=1
CTYE=1
Re TURN
Fivi

TRTEGER FUNCTION oLANK [0 DETERMINE IF
Tili: FIRST SIX COLU@S ARL BLANKS

oo

LTV GER FUSCTTI O CLANK(ROL)
I ICIT THTEG2Y (A=2)
CONTOMZINTEN/ZNTRASE , DAL SCROY, SEND D END
COMION/O0NT /000 LS (240)
BATA Byzt' v/
IF(NTRACEY v 2uZ, U

101 CALL THRACE(TFUDCTI HLANK 1)



162

10

DS
[omy

aaoaon

101
102
100

aaaoacac

101
102

54

BLALK=1

DO 10 AUX=1,46

IF (SCAUXY=tL)y 20,10,20
NHORDS (ANX )Y =5 AUX)
poL=7

RETURN

gL ALK=0

KETURN

BNt

SUdtOUTING DUMP TO WkRITe THE ARRAY

SUSHDUTINE JUMP (V)

IMPLICIT IhTEGhR(A‘Z)

DIVENSTON V(60 ‘

COrtignN ZINMTE=R/aTRACE JRN(G3)

IF(WTRACEYINL, 162,101

CALL TRACE('SUNMFOUTINE DuUMP ')
ERITE (o, 100)Y (V1) ,1=21,72)

FORMAT(9X,72A1)

RETURN

EiveD)

FULCTION LETTRR TOU CHUCK IF THE ChAKACTER
IN COLUMN X IS AN ALPHASETIC CHAKACTER

INTEGER FURCTION LETTER(X)

[MPLICIT INTEGER (A=Z)
COMMON/SYMAGLZALPH(26) ,NUM(10)
CONMMON/TITER/NTRACE, DOL . S(80),SEND,FEND
IF(uTRACS)YLU1, 102, 101

CALL TRACC('FUICTION LETTER ')
ITF(S(XY=ALP(1))3,201
IF(S(X)=ALFHR(26))2:24 9

LETTER=1

RETURN

LETTER=D

R TURN

cni
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SUSEQUTINE PUT TU BEPLACE A STRING OF CHARAUTERS

oo oo

SUSROQUTIN=S PUT (PTLK)
IMPLICIT INTEGER (A=Z)
COHWUM/TAQLEQ/STA3(2r5U):HTA5(2,5O)rSCHAR(4U);HCHAP(4O)
COMO/ZINTER/NTRACE, DOL S8, SENU, " END '
COON/0UT/muuRDS (60)
IF(TRACE) 1D L, 102,101
101 CALL TRACE ('SUskuUTINE PUT 1)
102 GO TO (20,10),K
1ld NewORDS(DOL ) =HTAL(1,°TR)
NACaNS (DOL+1)=nTAL(2,PTR)
HOL=DOL+2
RETHRY
U WRORDS (UL ) sHURAK(PTH)
Lobl=DnL+1
W TURY
e i

SuUnkOUT IV KEALLr T KkEAD & HWEZH CAku
ALoD T SET POINTL:: O vz AND SERD=U

aReoReoNeoNeNe]

SUSeOUTIHE wPAleR
I[#PLICIT I2TEGER (A=2)
CONMNNN/TRTHS/NTERACK, BOL,S(30), 5k, PEND
COMIOU/QUT /7l 5 (8 d)
DATA KL/V 1t/
I[F (HTRaCEYLDL, 102y LU
101 CALL TRACF('SUwHOUTINE RUADER ')
102 S5tich=0
FLop=0
botL=1
READ(S,10G0)(35(1),1=21,72)
100 FORMAT (72473
DO 200 1=9, .0
200 DS () ==L
Rt TRt

bl i}
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INTEGER FURCTION TO SLELECT FARTICULAR TYPE
I CHARACTLRS I THe 1NPUT STRINMG

Qoo QG

INTEGES FUNCTICH SELECT(ZINIT,FIN)
IMPLICIT INTESER (A-7) ' ,
TONONZTANLES/STAG(Z,50) »HTAB(2,50) s SCHAR(AU)Y , HCHAR(40)
CONMOU/ZINTY R /RTRACE, DOL,S(80) s SEND,FEMD
CUinH/ZARO/TARONT
IF{TRACEY L0, 1u2, 191
101 CALL TRACECTFUICTION SELECT ')
102 DO S0 VAL=THITF Ik
IF{O(Z)~STau(L,vAL)Y)Y 30,40, 30
40 IFCA(Z+1)-STAS(Z2,VALY)30,50,30
30 CoMTIWUE
CALL DIAGCEY TMVALID TWO CHARACTER TDLENTIFIFR 1t THl Cary ')
Stih=1
TALURT =)
SELFCT=0
RETURN
50 SFLLCT=VAL
RizTURK
N
[NTeGER FURCTION TO DETEKRNINE A PARTICUL AR CHAWAUTLK
v THE STRING AaD GET THE CUORKRESPOrLING COLUNMN huntis

OO0

INTEGES FUNFCTINN FLHLOV)
S IMPLICIT INRTEGRER (A-2)

CONON/INTER/NTRACEL» DOL, S8 ) SEND,FEND

NDATA TLEMT /0 /

[F(iiTRACEYIBT, 102,101
101 CALL TRACE('WUICTLUN FInd v)
1672 e 20 AUX=nDNnL, B0

IF(SCAUKY~-V)Y 20,210,214
20 CONT INDE

IF (Y, 85 18EH#T) BuTOo30

CALL DIAGCOYSTATLMERT DELIAITER MISSING ~ASSUMFED AT 72 1)

Sl Flne:a72
RETURN
1u FITu=AUX

FETURN
Enls
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StprQUTImME RETALY TO COPY A STRING QF CHARACTEIS AS THEY ARE

(@R eReaieRe]

SUSROUTINE RETALNC1LOL)
IMFELICTT THTEG=KR (A~Z)
CORNON/ZJUT/NA0RDS (50)
COVION/INTER/NTRACE, DOL,5(A0),SENDPEND
IF(NTRACEYLul, 102, 10l
101 CALL THACE('SUSROUTINE RETAIN ')
102 Lo 10 P=DOL,100OL
106 NACHDS (P)=3(P)
poL=InoL+1
RETURN
EnNp

SUSROUTINE TRACE TUO DETERAINE THE FLOW OF CONTFUL

OO0

SUSROUTINE TRACE(V)
IMPLICTT INTEGEF (4=2)
DIMENSTON Vv(10)
WRITc (6, 1) (V) 1=1,7)

1 FORMAT(A3X, 'ENTRY ¢ V,5BX,744)
e TURN :
BN

ERROR SUsROUTINE TO willTe THE ERROR MESSAGE

o aaaa

SUARQUTINE DIAG(V)
IMPLICIT INTRGEK (A=2)
DINENSION V(249)
CO-HDN/INTER/NTRAGE, REM(ES)
TF(uTRACEY L0, 202, 101
101 CALL TRACE('SUSROUTINE DIAG ')
102 wik]TE(S, 1) (V1) 1=2,17)
1 FORTATC//5 40Ky YaaasD[AGuNSTIC ¢ Y, 17A4,7/7)
RET e ’
END



o OO

101
162

20
10
70
30
80

50

60

230
100
90

120

40

18vu
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SUsROUTING TSOL FO2 RECOGHNIZING AND
HAGIPULATIANG CAARACTERS IN CASE OF DATA CARDS

SUEROUT IS TSOL
IMFLICIT TLTEGr (A=)
CORMON/TABLES/ZSTAG(D0,2) ) HTAB(S0,2) 1 3CHAR(A0), PCHARC4Q)
CortMot/THTER/NTRACL, DOL 5 (80),SEND,PEND
COHIMON CTYHL
CORVCNZGETAGHM/RETACA)Y »GHM(2)Y  HBETA(4) ,HGM(2)
DATA THYFlLizY 3/
[F(TRACEY1D1,102,101
CALL TRAGE('SUSHOUTINE TSOL 1)
RTCARD =G
CTH=CTYPE
LAST=FINDCTIHYPH)
IF (o200Y 10,30, 210
CALL DIAGCYINVALID CARYD SPECIFICATION
Rz TURN
CALL PUT(CTR,L1)
GO T0 (30,40,40,30,70,706),CTR
TLOL=LAST-1
Calll RETAINLCINOL)
ETURN
Z=ullL
IFCLETTRER(ZY)Y 90,50, 60
2=7+1
IF(LAST=2)Y 120,124,530
AUX=7~1
CALL RETALLCAUX)
IF (NTCAKDY 280,250,240
PAR=LOCATE(DOL 2421 3)
IF(SEND)QU, 60,200 :
CALL DIAGC'THVALTL PARAMETER SPECIFICATION
RETURN
CALL PUT(PAK,1)
GOT0 39S
serh=1
AUX=LAST-1
CALL RETATHCAUX)
rEL TURN
CALL WLTATN(6)
FARZLOCATE (7,11,12)
CALL PUT(PAI, 1)
[IFCSTR,EOD, &)Y G0 T0 140
VAL=LAST-1

)



149
240
250
2790
26U

290
28U

nnoaoa

oo,

101
102

N
H

+
o

i0

59

CALL RETATSC(VAL)

Sild=1

o Tkl

NTOARD =1

CHRRINE .
ITF(TCHR(RETA,4Y) 250,254,250
ITE (ICHK (G, 2))270,270,2%0
CALL DIAGCYINVALLE UHARACTERS il DeFedUSNT 30UAGE CARD
RETURN

CALL PLACE(1HBETA»4)

GOTN280

CALL PLACE(HGM4,2)

IOl =lLAST-1

CALL RuiTAlN(IDOL)

Re TURN

ki)

FUNOTIO TO LOCATE A PARTICULAR CHANMACTER AtD TO ABSIG.
Tide VALUE OF Tie JATCHING CHARACTE e FROI THE TARLE

INTEGER FURCTION LOCATE(ZSF,L)

THPLICIT TNTERER (4A=7)

COMBON ZTAVPLES/STAS(S0,2) ) HTAB(E0,2) s SCHARCA0) ,HCHAS(40)
CUMMON/INT=L/NTRACZ UOL S (80), SEND,PERND ’
CONNON/AEHO/ZTASOET '
[FCLaTRACEY L1, 102,101

CALL TRACE('FUISTION LOCATE t)
LOCATE=D

DPOPTR=F, L

IF(s(Z)=-SCHAR(FTR))YZ0,10,20

CONT InmUE

St L=

CALL DIAG('ILLESAL CHARACTER In INPUT

TARURT =1

HKETURN

LCCATE =P TR

e TRt

L

')

Y)
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ITI. Listing Showing Modifications Nez2d=2d in ECAP Routines
g ot

For implementation of UFSAP at other installations, a
few cards may have to be removed from and a few added to the
ECAP routines, The cards to be added have been shown in
appropriate places with identification sequence numbers. A
line has been drawn on the identification sequence numbers
in case of cards that need to be removed f£xrom ECAP routines.

The following pages contain the listings for the purposes

of implementation.



aaa

a

[ ESEP]

Si-i'r-:"i?-}}*-ﬁ}*%***-ﬁ'%-:'e-f'ra'i-*%s‘b*%’c*%’r#***%***%%

DIMENSION LIST4(200) »LAFRRL (290),LISTECS),LISTI(S) s NUME(D)»NUMI(5)
DIMENSION LINKLIUC(200),LINKIE(200)

COMMUN/TAULES/ZTILUNCZE2D)
COMMON/ZTINTER/ZIDUM(54)
COMION/ZUUT/ANRK(ED)
COMMON/SYMEQL/TUONE(3Z5)
COMMUII/MYS/MYSYS
CUMMONZAYO/TABNST

3%

ECAPODUO
FCAPCGLY
ECAPCD2U
ADECOH0AC
AGECO0G2Y
ANECHUSY
ADECOUA4L
ADRCLUS0
AURECOOQEG

COMMON NUAX, MNOPE, NTERME ,NUMBL , MNUMBR S NUMEC, TRTN,NTRACE, NSWTCH,KTO, ECAP QUG
/ ‘

1 MPRINT (L)

FCAPUNGU

COMMON E(zuC), EMIN(200), EMAX(200), AMP(200),ANPMIN(200), AMPHAX(200)ECAPTOZU

Y(2H0), YR INCRO0) , YMAX (20 R INIT(200), NFIN{200),MODFLI(2UL)
YTErM(200) s YTERMR(200), YTERNML(20C) s IFONT(Z00)» ICOLT(200)
EioxNRL, TSER,MSEQ, MU, UMM, VEIRST(SC), VERCND(50) » VLAST(5)
CONMORN MUERN(R0) ,MORPAP T (30) ,HUSTER(SU) , InCUUT(A) » NLTRME, DELTA
COMMON TRURM(B0Y, TCOLM(E M) ,FLML(OU) o FLnH(S0) ,FLY (S0, ERPHACZ2UU)

1 AFFFHA(ZOU) , NFLC, AJOR , FRFIRL, VEIORSSETIME(S,2) » ATIME(S, 2)

COVNMON
CoMGH
COMMON

COMMON ETK(D,1e0), MIPTR(5,146)
TAS FOLLUSING VAKIARLES ARS USzYy ONLY IN Tk ECAP LANGUAGE PROG,

COMMON
COMON
COMIAON
COMMON
COHMON

NAaORUS(T7E) ,NMCD(2,20) s AL AMSL (4) , KPUNC(D) , THDC(2,20)
[NPUTE(IY s MECUL0) R TYP -9 i LANK, POEXLC, ITOL, NEQUTHL, TPO
INVAL,LL, ICOL,LTYPE Nl G T, ITRANS p b, 10, KELAST, NUM, ML
MZ LR, KCARN,, KGR, NTH, MAC, HaUDE, TRUMN Nl , NOE, NOT, NOTC
EUIVN(20)y,80UT(Z,10)

ECAFunen
ECARPORYY
ECARPDEHBO
ECAV QLR
ECAPOLILU
FCAPDLLG
ECAPNL2Y
ECAFPDL3N
ECARDLAC
ECAPAYT
cOAPDLAD

ECAP0170.

ECAPGLeU
ECAPOL1Y L
ECAFQZGC
CoAPn2 Ly

19



Qaa a

s

EGUIVALENCE (YTERM(1),L!
(UMNMO» SHORT)  (VFIRST(2), LAREL (1) ), [(

ST4(1)), (ISER,START), (»581,

FINISH)Y, ECAPG22N
IACOUT(2),KE), (TUCOQUT(3), K1), ECADRL G

(IMCOUT(4) ,508w) , (DELTA,CHEGAY , (FLM(1) ,LIGTE(L)), ECAPD24Y
(FLMEA) »LISTI(I) ) (FLCLL), WUME (I b CELM(L6) , NI (1)), ECAPG25U
(EPHACL) S LINKLUCL) ), CANPPHACL) ,LIEKLE(1) ), (VFIRST (1), 0PEN) ECAPU260

ECAPNZ27U
ECAPOZH
NTRACE=( ECAPO29D
KTO = 1 ECAPOODL

CALL ULANG
IFCIAGORT,EQ, L)
call =CaA

GO To(z,38,4),N
CarLL £CAL19
30 70 5
CALL £CA39
6n T 5
CALL ECAbY
K710 = 2

G0 7O 1
&vh
SUARCUTINLE

STGP

TR

£CA

CARD IMAGE LUADER FQP ELECTRICAL NETY
DIMENSION LIST4(200),LAREL(290),L1STE

DIMENSTON LINKLD(200),LINKLIE(2N)

COMMON/MYS/HYSYS

COMHON NMAZ, (N
MERINTCLS)

CONMON E(Z206), LM IN(200), ENAL(ET), 4t
COAMON YC2U0), YirIN(200), YMAX(2D L) » ],

QLE,NTENHS ) VUL, 00

LRV R v
R

ARECCrT70
ABECLOUSU
FCAFPGALC
ECARPNI2(G
ECAPUIEY
ECAPNSA4AN
FECARPQXSH
ECAPOZ 0
ECAPORT7C
FECAPG3H U
ECAPDSYL
ECARC4CU
LAOOOGUO
Lﬁol G1u

LAOODRyZ0
LACUGUEY
LADDOOSGNH
LADOUCLH
LAQNLCEU

[ORK ANALYSIS,
(5),LISTI(5) ,NUME(S) ,NUMI (5)

AGRAGN10

LAnonQ70

yNTRACE, NSWTCH,RTO,LAUONOSRL
LADOCOY T
fv-N(ZJO);AMDNAX(9“U)LA]ﬂger
NEINC200),M0DEL(200) LADNQCL1Y

AUMBC, IRTY

<f..' \)IH
1T(2010),

<9



[S P ES]

>

.

COMMON
COMMNN

YTERMCZON) , YTERSH(ZED) , YTEPHL(Z20N)Y , [RKOWT(200), ICOLT(Zu0)
EREURL, TSED, MSEQ, MO, NUMI T, VEIRST(S50) , V3ECHUIBN)Y» VLAST(50)
COMAON M08 (UD) ,¥YOPARM(HH) yMNISTER(SO) , THCOUT(4) , N TRMS,DELTA
OOFMON ITRO=M(5U) , ICOLMERO) s FLALIDO)  FLVK(S0) FLA(S0) ,EFHA(Z200)

ANFPHACZE0)Y p v 20 VAJD ) EREDRZ yRRKOR I ET IME(S»2) »ATINE(S,2)
COMMON ETR(S,129), ANPTh (%, 12

L,1e0)

AR UST)Y ORLY IN THE ECAP LANGUAGE PRYCG,

THE FOLLOWING VARTARLES
COMMON NUCHDS(72), MHCD(Z,20)» KLASEL(4), KPUNC (D), INDC(2,20)

cOKPON
COMrUN
COMMON
COMHON

INPHTR(S) SNBCDE20) » nTYRR(5) ,NELANK, WGEXEC, ITOL, NEOUTIM, TFC
TWVAL»LL, TCOL LTYPE s nCOLLNEULIT,) ITRANS A0, KSHKELAST, NUM, N2
M2 M3 KRCARD KG, NP o NTi HAT HMNODE , THUN, NOEL» NS, NOT MO IC
EOUTVN(2y),KQUT(2,10)

EAUIVALENCE (YTERM(1),LISTA4(1)), (ISEN,START), (45EU,FINTISH),
(MUMME, SHORT) , (VFIRST(2) »LAaBEL (1)) » (IWCOUT(2),4E) , (IHCOUT(3) K1),
(IWCOUTC4) , NOSH) , (DELTA, OFEGA)Y, (FLA (L)Y, LISTE(L)),
(FLM(6)»LISTICL)) , (FLN(LA) s NUMECT) ), (FLMCL6) »THIHT (L))

CePHACL) yLISKLIEHCL) ), (ABPPHACL , LINKLECL) Y, (VFIKST (L), UPEN)

IF ¢ NTRACE ) 2, 4, 3
FORMAT(' LANG #AINLIMNE- ECA ENTERED, KTO = ', 18 )
WRITE (6, 2) KTU

GO TO (1,44),K10

CALL ECAUL

WRITE (6, 76G2)

FORMAT  1rl )

REALC(S,700) (MWEDRDSCJ)Y »d=1,7E)
IF(MYSYS,.EG.1) G0oTo10

ReAD (L)Y (WwQ ROS(J),d=1,720
rOTO20
READ( 5,700) (NHORPS(JY»u=1,72)

LABLC120
LaDaugdh
LANNDGL 4l
LAGLHIS
LAQng1AD
LAJUD17u
LAGNDLIARG
Lanngiey
LADN0200U
LAnnNo210
LAgngzen
Labulzoen
LAUNLZAQG
LADQU250
LAGNQ260
LAguGz7u
LADGOZ2E L
LAQUG2YU
LAUgG30o
LAQGP3LD
LAnNNn32n
LAGOCASD
LAQGUZR4GU
LADGGESD
LARDOION
LAQDDZ7]
LAGOR 3l
LABSO39U
LAQUD4ANY
LANQU410

.o~y

__’ f‘t"]' L

ANDNONZ{
APYNNN3L
Adqg Lyl
ADTQ00E0

€9



20 I[F ¢ NWORDS(C 1 ) = NECD( 1 )) 9%, 1000, 99 LANNN43D

99 JFOMYSYS, hZ,1) GO Tu 92 ApOODUNaD
WRITE(6,70L1) (WWORDS(J),Jd=1,72) ADQOOOT7U

g9 WEITE(A,701) GINCRDS( JYaeJ=1,72) AAuand gy
92 NNEXEC = wWOEXEC + NAUIT LAOOG4%U
KCARD = KCARD + 1 ‘ LAOJDans0

[F ¢ NBORDSC 1 ) = NMCD(2, 1)) 7777, 109, 7777 LAQQOAT7Y

7777 KCOL = 6 LAND0440
ng 1002 IceL = 7, 72 LADODAY Y

IF ¢ NWORLS(C ICCL ) = NMLANK ) 10041, 1002, 1001 LAOGULOD

1001 KCOL = KCOL + 1 LAODC»I1C
MUOADSC KCOL ) = NWORDSC ICOL ) LAYOnS2n

inc2 CONTINUE LAQQUSSY
IF ¢ NwWORDS(C 6 ) ~ NBCU( 11)Y) 777, 776, 777 LAGUULS40

776 1F ( NQUIT ) 509, 14, 100 LAGOOS VU
14 1¢0L = o LABUOS 60
IF ¢ M1 ) 500, 119, 19 LAO20370

777 WNOUIT = U ' LADGCSEHY
ML o= 1 ) LAJOG590

g0 24 ICOL = 1, 5 LAGCAaLL

IF ( WNhORUS(ICOL) = N3LANK ) 21, 24, 21 LADQOCALD

21 00 23 LTYPE = 1, 4 LANDGHTD
IF ¢ NWORUS( ICOL ) = KLAREL( LTYPE ) 23, 17, 23 LADUCAHEG

23 CONTINUE . LAOONEA4Y
G0 TO 1904 LADQOARE0

24 CONTINUE LAGOCoee
IF ( KCUL = 6 ) 500, 1125, 125 LAGNDATL

1126 M3 = 4 LAQOGerD
GO TQ 805 _ LABGODAG

ind (TRANS = 1 LAQON70u
G0 T0 1206 LAGD(N710

109 ITHANS = 2 LAODGT20
126 oAbl ECAG4 LADDO7 8¢
G0 T ¢ 200, 50U, BU0, 100, 110, 219 ), ITRPANS LADUL T4y

1?23 Calll £CAdn , LAONG70u

¥9



GO TO ¢ 3. 500, 46, 100, 110, 110 )+ ITRANS LAQOQ760

46 IF ( NOEXEC ) 500, 5004, 4667 LADND77V
5004 IF ( IRTN = 1 ) 5006, 50066, 5005 X LAQ0O0780
5005 &0 TO ( 136, 137, 138 ), NTR LA00O0790
5006 MAC = 0 LA000800

47 MAC=MAC+1 LAGOO0B1D

MACFLO = KTYPE( MAC ) LADOQK20
G0 TC § 210, 210, 214, 216, 219, 220, 220, 238, 226, 228, 230 )» LAOODBS3O
1 MACFLO LADNOESD
210 NNQODE = HNODE LADOOESO
DO 3000 K=1:NNODE LADO0860
DG 2999 L = 1, NMAX LAODCAR70
IF ( NINITC L ) = K ) 2998, 3000, 2998 : LAOOObYBO
2998 IF ( NFIN{( L ) = K ) 2999, 3000, 2999 LADOQRS0
2999 CONTINUE LAOOB9UO
NOEXEC=NOEXEC+1 LAOOD910
WRITE ( 6, 3001 ) K LANCO920
3000 CONTINUE . , LAOGO930
DO 3205 K = 1, NMAX LAOUD94U
IF ( MODEL ¢ K )) 3205, 3202, 3205 LADO0G9S0
3202 WRITE ( &, 3003 ) K LAOUO960
NOEXEC=NOEXEC+1 LAONOY70
3205 CONTINUE LAOGOSHU
IRTN = 1 LA00D9S0
1IF ¢ NOEXEC )500,5005,4667 LAUO1000
LAD01010
_ LA0Q1020
4667 WRITE ( 6, 2390 ) LAOG1030
WRITE ( 64 778 ) NOEXEC LAOD1040

GO To 219 : ' : : LAON1050 -
136 RETURN LAOQ1060
137 IF(OMEGA)1390,1390,1370 LAOOLG70
1370 RETURN LAOD01080
138 [F(DELTA)1381,1381,1380 LA001090

1381 IF(NEQUIM)Y1390,1390,1382 . LA001100

S9



GO

1382
13810
1390
1391

214
218

44

DELTA = 1.E-6

RETURN

WRITE(H,1391)

FORMAT (/7624 FREQUENCY
1PRGELENM/Z)
NOEXECsNOEXEC+]

Gg TO 4667

IF ¢ NEGUIt )y 560, 210,

TRADE = SHORT
SHORT = OFEN
OkEN = TRADE
60 T 21y

GO TC ( 94, 95, 500 ),
JARTN=S

a0 To 136

IRTH = 3

G0 TO 1487
WRITE ( ¢y 281 )
“AC=y

Moo= 0

WRITE (6, 7902)
53¢ TO 10v

ISEQ = 0
NTRACE 4]
HERUIM = U
elTe (6, 702)
50 79 47

CALL USERO1

50 TQ 44

CALL USERyYZ

GO TH 44

CALL USERD3

50 TO 44

CALL EXIT

11

CR TI~ME

21¢

NTR

IMPRCPERLY DEFINED FUR

LAON1110
LANNY 120
LAQU1130
THISLAGOL140
LAGDL1D0
LAGULLnY
LAgD117n
LAGRL1 U
LAQU11%Y
LAGNL200
LADO1210
LARD12E0
Lagng23n
LAQD 1240
LADU125U
LAQuUZ260
LADD4127¢C
LAUO128u
LADU1290
LAJU140G0
LAQGLZLU

LAG1S20
LAUUL3SY

LAUN13490
LABU1EL0
LADL1L360
LA0B1370
LANY13:0
LA0T139U
LADNYL4G(
LA001410
LA0Q1420
LATJU1480
LAOD144y
LADCL45D
LAd146U

99 .,



C
C

(S EeNe!

231
778
2390
3191
3003
500

805

1300

FORMAT (/7 254 TLLEGAL
FORMATOLX 13,254  ERROR(S) WERE NETECTED,)

FORMAT (401 INPUT ERROKS MAKE EXSCUTINN IMPOSSIPLE,)
FORMAT(//79H NODE NO,14,13R 13 LISSING,//)
FORMAT(//11H URANCH N0, 14,13H 1S MISSING,//)
ITRANS = 5

L0 70 110

ITRANS = 6

SU 70 110

[TRANS = 7

KOUIT=0

CALL. EcAu7

GO TO 100

ITRANS = 1

GO TO 1713

ITRANS = 2

CalLL ECAnz

INPUT STATEMENT ./ /)

59 T0 C U9, 590, 1313, 100, 120, 110 )s ITRANS
60 TO 1\514:1314;1315'1\Sl)s151-’:13151131571315:1314 Y INVAL
CALL ECAUS

G0 TO 1315

CALL ECALY

90 TO € 200, 1713, 1713, 104U, 110, 110 Yo ITRANS
TALL ECAUu

Gy TO 1090

FORMAT( 72A1 )

FORMAT ( 14 72A1 )

Lo

SUBKRUUTINE ECALY

DOUBLE PRECISIONY ACCUM

LACG1470
LAQO1440
LACO 149
LAlluincu
LAOQ181G
LAGD1 220
Lannis3u
LASO1540
LADU155y
LAUU1ISAD
LADA157¢
LANQ13c0
LANU1BSGY
LANC1670C
LANG161 G
LAYQ1L62N
LAOD1 630
LAOA164¢
LAD0 145G
LADJ166U
LADJ1A70
LAOR1AKD
LATJU1 69U
LAQUL7CU
LAagui7ie
LAGNDL720
LADOG173G
LANN1749¢
LAOOL750)
LAU01760
LAUGL17710
LAG3GOUD
LAQ9Cu10
LADYueZE

MOMERICAL SXTHACTION SUaRuuUTIws FOg TATERPECTING Uon NUMERALS INTOLAOSUD3W

Fo I, OV E heCiral FO’\"‘/ATS'

LADONCAD

LY



Qoo

. LAQGCUEC
DIHENSTON LIST4(200) ,LAREL(200),LIGTECS),LISTI(S),NUME(S), NUMI(5) LAG9CH6U

JIMENSION LInkin(200), LINKIz(207) LAQQGO70

_ LAO9GOEE

COMMON/MYS/HMYSYS ADGSGOLD

CORMON DinAX, NROTE, NTERYS, NUMEL, MUNER NUMBC, TRTN S, NTRACE s NSWTCH, KTO, LAOY 609G

1 BERINTCLO) LAOQGLNG

COMMON E(Z00),ENINC200) s EHAXC20UY s ANP(2N0) , AMPMIN(200), AMPMAX(200)LAGY0110
COFMON Y LZU0) , YIIN(200), YMAX(2I0), NINIT(20U) , wFIN(200) ,M0ODFEL1(200) LAODGU120
COMAON YTeEHM(2I0), YTERNH(200) » YTERML (200), IRQWT(2C00), 1CCLT(200) LAGuDL2

COMMON ERKRORL, ISER,MSER, MO, Uirn  VEIRST(D0) , VSECHU(B0) , VLAST(S0)  LAN9L 14D

COMP'ON MOREN(DS),MUPARI (D0) 10T TER(H0), IWCOUT(4) , NLTRMS,DELTA LAD9C 19U
COMMON IHOwWM(50), [COLM(ZO),FLL(OU), FLYMH(S0) ,FLACS0),ERHACZOD), LAGOU160
] At.PPHA(Z‘]U).M{E‘C;f’--'\J’JR,ETR“‘U'«"K.‘,LHP<(JR3:ETIME(5, ):rTIHF(-r?) LAG9Q17Y
COVHUON ETR(D,1E5), ANPTA(5,1268) Lagoginy

LAD9QRLQ(

THE FOLLOWING VARIARLES ARb USED) ORLY IN THE ECAR LANGUAGE FROG, LADOQZNLY
' LAO9gZ23G

COMMON NWORLS(72) s 0WCN(2,20),KLAREL(4),KPULC(S), IKDRC(2,213) LAD2( 20
COMMON INPUYH(Q),N&Cb(?m),VTYHF(5),EULAHK,ROEXtC;IT”L.KEDUIM,IPC LACG L2 3G
COMMON INVAL.LL, ICJI:lTVPﬁ.KC)L,NUWIT,ITRANS.KE,KS,KELAST,HUM,Wl LAU9 24U

COMMON M2y, F AR, KO, 0P, T, MAC,HNGDE, TNUM, NOeL, N0E, NQI,NQIC LLAQOL?w0
ComMman BFuUTIVH(PD) KOUT(2,10) LAO9NRel
LADD0L70

EQUIVALENCRE (YTERM(L),LISTA4C1) )Y, (ISEW,START), (HREG,FINISH) Lauwgzso
LOINUAMMO, SHORFT Y (VF TRGT (“);L/'tL(*)),(ILuOUT(Z),K*);(I'CUUI(3);hl),LAUQC¢9
2LV COUT (8, 0050y, (DELTA y 1A ), (FLM (LY,LISTE(1)), LAGYI03U0
3 (FLH(G):LISTI(l)):(FL?(11);N"“(1)):(FLM(16)11}MI(J)): LADI0s1U
A (REPHACL) L In<1a (1)) s (AMPPHACLY »LINKLIEC(L) ), (VFIRST(LY , 0OPEN) LAD9N324
LAJQ(OZ34

LAQGY (3«

1 IF ( NTRACE ) 3 4, 3 LAJYGSEU
2 FORMAT ( 43 LANG EXTRAC SUSR-STA=09 INTERED 1C0L=14 ) LATYCRAD
WRITE(G, 2) 1C9L LAGY OGS 70

4 TNUM = 0,0 ' LANQQTL
KOUNT = U LARONAGU

‘B9



190

FINUS=D
BNLSE=0
DRART=U

Mmooz

NGTE=0

ACCUM = Q.0DD

no Tu 101

[CoL = ICcuL + 1

IF ¢ ICNL - kCoL y 101, 4101, 39

D0 77 KEY = 1, 26

IF € waORISC ICOL ) = 220D KEY
CONTINUE
M3 = 28

3n TO 432

IF(KEY=2) 10y, 6, 9
IF(GOR)Y ong, 7, 3
MInus=1
60 70 10U
WINUSE=]
GO 19 1066

IF(keY-14) 12,14, 10

[F (WNGOE)Y »ult, 1k5, 33
MPAKT = 1
G0 Y0 100

[F{ukY=-16) 21, 35, 35
IF(HRPART) =00, 147, 186
KOUNT = KQULT + 1

CCOUM = ACCHH #1,01 + (AEY =~ %)
30 TO 100
RNeE0E = 1
Ge TO 1400

sho= oNE w10+ (KEY - 4)
50 TO 10y

IF(MINUSE) S06C, 40, 39
3= 1

NUIlT = 1

2

77,

22,

77

LAU9D4uE
LACQUA4A Ly
LAUYLAZ0
LAD2G4A0
LAUS {440
LANQU45H Y
LAGONa6t
LADS(U4T70G
LARGU4LY
LATGQJ4Y 0
LANQULOT
LAU90510
LAQQQYZU
LADG QS 30
LAGsns 4
LAagoisny
LAOSQEAHD
LAN?GH70
LAGOGLs
LADOQNDHS(Q
LAGSNELD
LAG9061Y
LAgule?r
LAQYDRSD
LAOGDE4T
LAGYCHLU
LAGYQaED
LAugaa7L
LAURCALY
LAGYNeSGC
LASN7UN
LAd9a730
LAYYD7e0
LAY U730
LANQL740
LANQC750

69



36
af)

27
25

36
43
9996

99961

999673
§9962
e

1
99y n
3299

1

WD TO 44

P = e e

e o= NE - KOUNT

IF C g )y 27, 23, 27
ACCUN = &4CCux o 1,01 #ens

T = ACCU M

IF(HINUS) S8, 45, Z4

TwUM = = TyUM

ICul = TCOL - 1

CONTINUET

Gl 70 (99962,99661,59001,97462,09962), MYSYS

IFCINVALWMEL7)Y G0 TO 99562

IF(RONCE LG L) 59 TO 2494064

AUXL =T N

THUM=1 . /JALXL

KOVCR=1

LD T0 99962

KONCR=U

IO NTHACE ) 9998, 9999, 9UyE

FORMAT(ALIH LANG EXTRAC SUBKR=LCA=-UY EXIT.
GH ThNU“=E15,3 )

WRITE(E, Y997) 1COL, TN

RETURN

LD

SURROUTINE ECAZ
nodkie PReEZISIuN X(20M)
COMMON/MYS/ZHYSYS

COMMON NMAX, wwOLE, W TERAS, MUHBL s HUMS R, NUMBC, IRTN,NTRACE, NSHTCH,KT0O,

NERINTCLO)

ICOL=14,

LAD9CT6U
LAQS( 770
LACOI7¢(
LAC9D7G0
LAGSLAGN
LAQQCLLY
LAGQGRZ20
LAOZ(&HSC
LAGQOu4n
LANYnsas
ApUS D20
AJQCDP3U
Ay agan
ABOSUUoU
ANNGOLAY
Agngnu7o
AT D¢ nn
Addonney
LAUGOARG
LAGO AL
LANG (7
LANYGE H I
LAUN Y
Lagggact

pczeoodh
NC25001 0
AeHuu1U
neehageo
DC25L0EY

COMMUN B(Z200), 8 IN(200) s EHAX(200) s AmP (200) , AMPNTH(200)» AHPMAX(200)JCZ2H 0L 0

COMMUN Y200, YUINC280) e YA (200 INTIT(23C) »AF T E200) 1001 (2,0)
COMMON YTERE(200) ) YTERMH(Z00), YTEAM (20U IR20WTC2U0), ICOLT(20Y)
COMMON BERRORL, ISFA,MSFQ, 0, UMD VE ThST(28) ,V3cCui(50)» VLAST(50)

T o

COMMON MJdRN(5Q) MOPARMIL0) 21037 (D0) , IWCCUT D)

DC250000
DC254uLol
LC25087h
DC250050

‘0L



O
N

E-IRON

o

G9
99
1009

[ N
O~
FoSN N

2000
1133

3000

Al
oo
A

FOLLOWING VARTABLES ARE 4SED ANLY IN THE ECAP D.C, AMALYSIS

T4

COrMON AXL,SHMLEP(50), CURR(200) ,SMLE(2I2),EQUCUR(3D),EXx(20M)
CoFr MO B (200), AR AL200), A3 (2001, VROML{S0),3TLSRI30), LM, ITOL
COANON JAL,JX 3, X5, DELTA, DUML(Z20)

COMMON LANG(269)

CAMMON MATACRUD,4,3),YX(200),YS(200), YTERMA(20D),YTERMB(20D)
COMPION WUMAX(B0),WCMIN(ST) '

DouubdLe PRECISION SMLEP, CURR, SHLE, ENUCUR

TF(NTRACKE)S,4,3
FORMAT(BH rCAZY )
WIITE(G,2)
IF(\JX“)SJUI‘LO‘l

’

CUTFUT NODE vOLTARES
[FONPRINT(L))10L,101,979

WRITE(6,133)

50 TO (1000,20600,3000,3001,30uU2),MYSYS
WRITE(6,133)

W ITE(O,134)

FORMAT(//7 1oH NODE VOLT#GES /7))
FORMAT( o RODES, 15X, BHYOLTAGES /)

30 TO AQuu
PRITE(G,1133)
FORMATL/ /7Y MCUE
G TO <40Cu
WrITE(S,2133)
0o TO 40y
WRITE(E,3113)
GO TO 4y

VELROCITIES ' /7, (ChESY,

y "WELOCITIES' /)

RC2B03%U
IS ETNRTAL
pcenci1n
pCa5n120L

Ne2u0130

C2h 0440
PDE2E0150
DCc2%0160
pezsal7e
nez2enied
Pe2564%0
ne25020G6
LC250210
ODCzsi2729
DC234238C
pC2%0244
JL2nu2st
LCzsgr6U
ncesez7o
Nt250240
NE2%e2930
Nczs03u0
Lo nZd L
AJ2HGch
AN?5LHS89
DC2203240
NC2503310
UC25034y
ADZ2S0GA4N
AD25U050
AI250060
AJ2E0075
AD254y 000
ALz2s50nGg
ADZSLIL G
AD25011U

1L



$332  WRITE(0,4413) A2280120
2134 FORMAT(//7Y ANCULAR VELCOT MODESY, /7, AJFS130
'WELOCITIES /) ANZ250140

IL43 FOUMAT(/ /7 vODF TEMPRERA wud&S'erxy‘TFtDFPATHPEb /) ATZ5n1sC
4143 FOr"AT(//Y NOs PRESSURE //,"OxE" AN25L16U
400G ConTINUE AN250170
De 5 I=1,WRQNE NC250350

5 X(I)=SMLer(]) NC250360
KMAX=ZNMNOSE: DC250371

Iwi=1 NCZ803EY

50 10 16w bC25u3en

v nozLbnany
C BRAGCH VULTAGES Cz50410
C NCP5NAz G
103 00 10 I=1,4MAKX NC2-0434
smMle(l) = €,6 302504440
SENINTIT(I) 22506450
IF(dyit.22,12 Ne2sa4dsl

iz SMLFCD) = SHLER(Y)D NC25047U
11 w=wF IR i NoP50480
IF ¢ K ) 10, 10, 14 250490

14 SULE(CIY = oSMLe(l)y = SHLEP(R) . C250500
10 CoeTINUE PC250540
IFOIX4)9,9,102 NCeEnELAl

O TFIN2RINTA(S))L02,102,15 NC2sns34n

15 “RITE (65 101) . e e e
1h fer(SOUU 6L, 7050, s 7ULE ) 5 aYSYS AD280160
500y VERITE(A,101) ATI250194
PRl TE(L,130) NCZHR5E50

131 FORMAT(//7 154 BRANCH VOLTAR:=S //) PDT250580
132 FORMATC 9t RATUHES , 22X, oHVOLTAREL/) NC2B657G
Gg TO 8BUdy ADN250.21010

69000 WHITE(S, L131) An?%@?iu
1131 FOWIAT//Z 5" JdRANCH VELCCITIRLG ',/ R ANCHES Y ,12%, *VELOCITIES Y /) n220220
7050 A ITE(E,2051) A)’;O”‘”

LT FORIAT(//) BRAUCH AMGUL 2R VIS TTIZE 0/ /0t gRARTHIES 1, 12X, ANPSTZ4T ~
)



7001
3131

i
7002

4131
¢ddn

15

e
C
C
in2
17
7
16
14

Junn

17

&,d

18000
11384

11900
2145

1

"WELOCITI=S'/)
Gy TO Biuy

FORiGATC// 00 IRANCH TEMPZRATURERT ./ /!
PTEMPREIIATURSS YY)

n3 70 303%0

WRITE(S,4L51)

FudtAT(//7, 0 BRANOCH RIJIUISSURES Y,/ /!

CONTINUE

DD 16 1=1,9MAX

((1)y=SMLECD)

KAAX=iiMAX

ItD=2

G0 T0 10y

ELEMENT VOLTAGES

noo17 I=L1,MIaX
S L”(I)‘bHLE(T)+EX(I)
TE(JXA)7,7,103
I."(.r“’l\n(?))j?)uho;i:}
ARTITE(O,L05)
an TY (S909,1
WARITe(H,130)
WRITE(2,18%)
FORVATC(/Z/ L78 ELT
an TN 17600
WRITE(AEY1L18Y)
FOMAT (/Y BLEMENT VL
coo1D 12000
e I TE(S,2135)
FOak AT/, BLERENT AMGLL AN

Uaen,11004, 21001, 101002),01Y3YS

SN T

VALTAGES /)

/:r-ITTr(l// ]

PYELOCTITTES /)
G100 leuut

FORGAT(// .0 LLE RNT TE e T

PATHEY, 22X

VRLUCLITIRSY/ /0 uldn

PRANCHES ' 2124,

BRANCHES ', 12X, "PRESSURESR /)

P VELOCTITIERSY

"“EQ"l?y)

Ab2SNZhY
AZoe2el
AJzZhne7i
AD2502 R
ARZ2B0290
AN256309
AT26P3L0
A)2585820
AG25033d
ne2sheon
nNC2bnsv L
ne2sgent
nczsueiu
NCP506r0
ﬂﬂrjritﬁﬁ
uqu(lc‘qU
nC25065%0
NCeseent
NC25067vu

NC22u65uU
C2bho6s
e Anra e
ARZ2H{ 34U
AD2SC35U
ne2snzin
utzserzet
ANZHLEHL
ADZ2%0370
ALIDSZA
ALZ2HE3Y 0
ANDE0401
AZzSHi4al1u
ADZSQaLN
Ao Sigdl
l\‘}’a}(!‘;’wf}
A28 T4y

€L



i13a072
4135
17
C
C
C
103
« 0
21
?/_'
N
e
ARSS
26
26
12370
176
117
1400
1155
i
213

4
S

VIEMPERATURIES YY)

(¢ T0 120u
Wik ITE(A,413
FORMATC(/ /5!
COUTINUE
BC1Y I=1lsnbiAx
KCI)Y=SMLECD)
KMAX=IMAR
Te=3
GGOTO 100

&)
ELEVENT PRESSURES!', /7!

CLEMENT CURRENTS

D20 T=1.mnAY

CuntsCI)sYX(IY#3LECT)

IF(FTFR-VD) 1:(1 1-.1..

DO el I=d,h Tephil

WHEIROWT (D)

MC=ICOLT (L) .
IF(bVIE(JC))24,?3,?ﬁ

CHEH (RR)2LHFR (NGY+YTERMY (T ) #8010 2(NC)
c@»Tqu

IP‘-(JX[!)’Z')’?F’ji/‘S
[FOMPRINT(2)Y)154,104,26

KEITG(6,200)
30 TO o

PRI Te (6,1060)
ARTTE(O,1LE/)
FOumATL(/Z/ 179 BLEMELT CURKRFGTS 7/
FCrav AT (94 ;PA“L,“Q, L2%, R0 s iTas)
L0 T0 16dn

WS I T (,11L%4)

Fro AT/ /7,0 FLENENT VOnCESY /7,7
30 TH 1h00

V;K'TTL(())V/.L;;(")

FOUATC// 50 eloie 3T TOONURS /Y = A D RS

180N,3400,3500,L01,19452),MY3YS

Y Ll2A,!

BERANCHES' 12X, "PRSSSURES /)

PATHG Y L2X, "FnCrst /)

TANIES /)

ANZ2EC4anC
Au2s5(470
ANZSLAL
ALPByssy
ADzS0500

DCHC730

NCesn740
DNC2W7%0
HodBuT76y
AT250770
PO280G734G
LC2Ha79n
UCEZH0a0U
DC2HR610
NCczHug2o
UCZDDOQU
NC250348)
DL250b2U
NC2nHnaol
DC2530c70
Deesnse
Juzalivu
neesaeny
DC250v10

£ N £ i
—e e

ADZ2o{%10
AL250%¢0
7C2% 5530
DC25i1640
CZo4990
ATeSL530
ATI2H {540
AN2S 5
ALPBLDEY
AP INTU
ALZH dany

» s



20 TO 1679
150 aRITR(6,9136 )
SL50  FORAT(//, ' FLRRENT HEAT FLOGY 7/,

G0 TO 1594
1232 wrlTE(5,41348)
4130 FOLMAT(/ /7,0 BLTHINT voLyss

1 "VOLUMz VELOSITIHS'/)
1830 CHITINUGE

Do 27 I=i,81A%

27 ((I)~ CU<<(1)

WHAXsIIMAKXK

IN)=4

Lo 706 140¢u

C
C 3RANCH POWRER LOSSES
C

104 I (NPRINT(D)) 135, 105,28
23 110 29 I=z=1, . iAx
P9 XCII=CURR( Y #SNLECT)
1700 WTTE(6,188)
JnIrk(h 1a%)
L33 FORMATC /7 21v <=
159 FNRGAT( 944 uHAiuN',
AMANENYAX
Ivuzs
G0 TO 10y

CNT POaER L”SS&S /7))
L2X5 124120020 LOSSE3/)

C BRANCH CURRANTS
C .
105 D0 30 I=1,uAX
SU CURR(I)=lURR (I =AMPX(T)

CHZ Y UsduALALCLS

3Gy

NOOS3 d=dlantuLk
33 w{(iy=o,

YELOCITIES', /7,1 3rANCHE

ARANMCIHES Yy 12X, THEAT FLOW! /)

S5',12X,

AUR2HN59 ()
A2 o0N
AG25uo1t
ADZ2H062 0
AD22506 34y
AD250640
Al)? JeHL
A'L‘ZLSJO(»U
DC25u961
aC25n970
NC2509¢0
JC250266
ncz2-106u
DC25%161d
nC25%102¢0
DC2510630
DCZ23104y
BC251050
‘J(J?r'»ll\(a
00284076
UL?)lUiq
NC2230%0
nE25110)
C251110
IC251124
DC251134
nC2%1144
PC25115u
NE251160
JC25117¢
ngas1ant
291194
291,00
LC2=1010
fig2nt1z2en
NoY2=1234

o

SL



2190
141
142

106
KU
41
42

250u
140
2600
1149
2700

2140

2701

314n

" J
Ve

6 I=1lsiAX

WNIRTTCD)
..FI:\J( J)

[F(R)Y34, 4,29

X(KY=x () +LU3IR (1)

IF(UY3€ 86,07

X =X(u)~-CUrit(])

CokdTIitve

Sin=n,

D0 on I=a, WOLE

UM = SUM + DAacsC XO TN
IF(SUN=erc0R1LY106, 204,40
PRITE(E,141)

VETTE (6,14)

FORAATC /7 A48m SOLUTION NOT LoTAalw
FORIVATC o NGLRES, 194,194 CURRENT U
Kt AXz= \ NQUE

[nb=6

o T6 10U

[FCIX4)3CE, 300,500

IFCHPRINT(a)) 21 (900,44

0N 42 I=1,NHAX

Y{Id)=CURKCL)
GO TU(250U,2500,2700,2701,2702),MY3YS
YRITE(O6,14U)
WitlTRE(G,157)
FCrOAT(//7 164
GO TG 280y
WHITECG,1140)
Gu 70 Z2at
FORMAT(/ /Y FRALCH FORCES Y,/
WHITE(6:214D)
F'(,‘H»-IAT (//’p '
LU 10 2000

n I TE(G, 0040
FORPATC(/Z/7 Y RiACm ruAT FLOYY /70 4

n

HIIQ

\

TC DeSIRED TCLERAKCE/Z/)

L
NEALANCES /)

BERARNCH CURMNELTS/Z/)

CRANCHES Y, LZX, "FORCER Y /)

BRANCH TORQUES', /7, ' SARCHLES ', 12, 'TORGUES /)

mOCHES! s 1PN, VHTAT FLOW' /)

nE2siran
rzlvf)L‘J L.L\’J

C251264
2512706

- ==
Cr O "")

B AVERAR BB B0

i -

P

pes1416
IC251420
NCPS1330
NDC251 ’1"[1
LECE91350
nC25130u
DC2533710
DC251350
UCZ25%1364
5C251400
NC21410G
LC2531420
NCe51430C
HCZ251444
N2t abe
NC2vi4ol
ANZB30e70
Nno25447¢
NC251480
DCP254490
ARZE R0
AlL290CE9Y
AZzHu7u0
ALZ2S5e710
A250720
A2S 0730
AIPBG74a0
ANZHn7%y
ADNZ= (7606

LN 2 I
Lol and
[E V)
T
<D

I3

L)

~J
)



O Ga

o0 7 CRON
GG TO ebur AD250774
WRITE(AH,4140) AB2BNTED
FUREAT(//, 0 LRASCH VOLUME VELGTITIES',//, ' KRANCHES', 12X, AII2EG790
4 '\r'rl_ "(‘T.‘I{ L ')/) Ané;\[‘ql’wr)
N T IR N
Lone7 A 0251506
I Meesi 1
. R LJLJ;J"V
TS a8 Y
('lDT. UT T‘\LUTL,'L '(C) 1>‘,
) HC291,4U
10N LAST=D iJr‘Zjl““JU
1560 K=LAGT+]
e . C251000
LAST=LAST+4
- . . - Flbdbj¢7\
1T CLAST=KMAXIZ2L0,F 0,201 NC251580
231 LAST=RMAR DD g0
2 MR ITECO, 208K, LAST, (X(J),J=i,LALT) S E e
o _ 2251607
203 F’("‘I:AT(1)(tI\}l*”:]-o'))\ 4(354sk12,n)) NEES
IFCKIAN=LAST YIS0, 5, 1 ' Deesloll
FAX=LAST IO L, S0d, 1% BTN
h']l'l [693) ™ s n - ¢ . P '““)bx“"“
,l'\. G T2 (101,102,174, 190 A9 105,41, 000y, il NC251A/40
0 RETURN S .
o, . L. CR"1A%0
SN ¥ . J ’::74(‘;7’.;
SUBRQUTINE ECASLI(IM ACR1n0oul
DIMENSTICN POWRL(200) AUZ1301y
ACSIDPQ2U
COMMON/MYS/ZMYSYS AbDL10G10
COMMON NMAX I NNOUDE,NTERMS, NUNHEL » NUMBRINUMBC, IRTNSNTRACE,, NSWTCH,KT0,ACS4N0030
1 MRHT(lU ACS1C040
COMMON E(290),E6MIN(ZA0)Y ,EMARC(Z2U DY, AMFL200), AMPYIN(20C), AMPMAX(2U0)YACS10L050
COMBON Y200, Y INA(200), YyMaX (200 ) I TC200 0P IN(200) . MODEL(200) ACS100EDN
CorwiOnN YTERY(2 u):YTF”'P(Pn‘;,rTrrw_\PGU),IkUﬁI(ZUU),ICCLT(ZOU) AC510670
COMAON Ehﬁﬁhi:l"H:ﬂQEu;“U Al M ITROT(E0), VEFTNT(SN), VLAST(30) ACZ10uol

CONYON FOUsN (50,400 AR" .”)\J)uw_I;.”r‘u)-l'\’ CeT a0 LTRMS, OMEGA ACS1UL YU

CoaMN

Lf, M10‘H

1-‘&1' I

SUY P ICCLACRD) S FLmL (20, FLH (S, FLa (30,
A A (290 ) 5y 1eKED

EPHA(Z20)

ACS1C100
}‘J-Dlt.l'].(

L

~



(@]

aa

SN

T FOLLUNING

COMMON
COINON
CHdA0N
CO-MON
COMMON

DOUBLE

1 CAMPIM

DCUBLE

FUUIVALENCE

Is

VARTALLES ARE uScL oMLY IN THE ECAP A.C. ANALYSIS
EQUCHL(SD) ,FAUCIM(S0),CIn(2UU) » ELIM(20U) EPPL(BY) ,ERPIM(ED)
FLMSAV(ZS) , IRSAV(Z2D)» ICSAV(25) ,riMODE,CVOLT I (200),QMEINY

DELTA, ITOLLL, ITRANS»DUMX(Z)

LANG(26%2)
ELSAV(200),CVOLTR(200),CAMPRL(Z20D)»CAMPIM(209)
PRECTISTION EQUCRL,ZQUCIM,EPRL,EPTIMA,CVOLTI,CVOLTR,CAMPEL,

PRECISION ERPIM(20U) ERRL(Z200),0AMPRL(200) ,8AMPIM(200)
(EQUCRL(L),POUSLIL) ), (CVOLTI(L),eBIN(1)),

1 (CVOLTRCL),EeRL(1)) s (CAMPRL(L) ,SAMPRL(L) )
2 (CAMPINMIL), BAMPIM(1))
IF(NTRACE)? 4,2

WRITE(CE,
FOrRtAT (!
ITA

1F

3) IA
ECADL ENTERED, T1A=',1Z3 )
- 1 ) 1¢00.,8%2,3000

552 IF(WPRINTCLY+FNPRINT(Z2)+NPRINTCEYHNPRINT(G) +MPRINT(E)Y+NPRINT(6)
1 +8PRINT(LO0))2L1,2000,5%11

511

525
1000
1001
7
199
1u1
102
103
14

V=
13

Flml =

WRITE(6,225)
FORMAT(/ /7,

OMEUA/B,283155
FREQ

FREQ =1,E16,8)

IF(IA-11)1001,30,1001
IFCNPRINT(IA))7,500,7

GG TO

FORMAT(
FORMAT(
FORMAT(
FORMAT(/// 484X 3H3RANCHES
FORMAT(///

(21,22,2%,24,25,2A,27+,23,79),1A

/77 7X SHNOBES, 10X 144 NODE VOLTAGBES /7/)
/77 4% BHNIKANCHES 10X 173 SLEMENT CQURKEENTS
/77 4X HBABRANCHES 40X 174 SLIHENT VOLTASES
LOY 16i0 BxANCH CURKNERTS //)

/7))
/)

4% RATRANCHES 10X 104 33440 0H VOLTASES 7/)
FRMAT{/// AKX AUBRANCHYS 1% Jav HaAL0Hd POWER /7))

ACH1012¢
ACS16130
ACSL0140
ACS1L0150

ACSLUL60

ACSLQL70
ACS51015Y
"\03101.;“
ACHLNZ2H6
ACS16210
ACS510224
ACS1024806
ACS10240
ACS1nz59
AC210260
ACK10270
ACS102EQ
AC3102z90
C810300
ACD1LY3L0
ACS10320
ACS103830
ACZ1Nn340
AC21 0350
ACS1026U
ACS10370
ACB1(38Y
AC5103¢%¢C
ACS1 040460
ACHS1041G
ACS 104z
AC51N430
ACS10440
Aol nabn

ATHI0 400

‘8L



FORMATC /77 41X 244 SENSITIVITIES NOT
FORMATC /777 1A 21 AORST=CAse 2T CAL
FARMATC /77 LX 204 3T, JEv, Wil ¢aLC
FOUMATC /50 S0OUBTION 0T O3TAINED T
CORMAT(T7RsODHNDOES» LUK 59 CHHERkEnT

A lTE (6, 100 )

GO T0 50¢

HRITE (6, 101 )

G0 TO Huu

"IPIT[': (6; 1“'( )

GO 70 Y00

WwitlTE (6, 103 )

0 TO SLu

weITE (6, 104 )

Gu 10 B0u

WRITE (€, 105 )

GO T0 50

FORMATC(///7,7X, " IUDES !, 20X, 'VELOCITIES AT

FU:)u‘.AT(///:7x: 'N”DES'

FORMAT(/Z/7/7 27X, Y2ODES!
FORMATL(/Z/77577, 'HOLES?

FORMAT(/Z// 0% "URANDH

pLUX, VNG
s 10X,y Yl
FORHATCL /73 TX s VU RANCHES Y, 70, 'FOHCES

£5

CaLcs.
C. /1)
. /)
PeSIRED TOLERANCE',//)

/7))

JURALANCES, /)

NOLES',//7)

SI0R,"NMOTE ANGBULAR VELOCITIES'//)

tyluX, "QTLE“F)\'T

FURNATCZ/ /7, 8X, "HRAMOHES , 10a, "t LEMENT
FUWMATC/ /7 34X, "ORAICHES Y, 10X, " FLENMENT
CORMATC(// /34X, "ERANCHES ', 10y, *RLEMENT
FORMAT(/ /7 44Xy VORAMCHES Y , LOX s YL EMENT
FORMAT(///7 8%, VERANCHES ", 1 0%, "FLEMENT

FURVAT(/ /724X Yo ANOH

FORIAT(/Z//7 A%, "ORENCHEST 10X, !
FORMAT(/ /7267, " RRANCHES ! , 1 0x !

[
OO

Lk, PELEMERT

o RENCH
LiRAWNOH

FORMAT(//7/24%, PERANCHES ', 10X, ' TRANCH

FORVATC(//77 38K, "URANCHES ', 10X,
ENSKMATC// /5 6% YHRANCEEE Y, 1L X, !

= RAN Dk

e
SUANG

FORMATC/ /7704 % s "URANMCHES , 10X, v 3KANTH

TENPeATURES Y/ /)
PRESHURESY /)
JEVELORED TIw

ELEMENTSY»/7/)
TORQUESY/ /)

MZAT FLONE'//)

VOLUME VieLOCITIES'//)
VELCCITIES //)

ANGULAR VELOCITIES'Y//)
TEMPURATULRESY /7))
PRESOSURES'Y /7))
FOECeS Y/ /7))
TORULRS T/ /)

HEAT FLOWS'/Z/)

VALUME VELGLITIESY//)
VELOUTTILS' /)

ANGULAR VELOCITIES'//)

AC510470
ACH1L4M70
ACH11490
ACH10500

AUS1LORY
AUS11030
AUS1004(
ARSI 005G
ADS1G060
ADS1CNT7
ALS10050
ALBLOUSO
0515104
ADS16119
ANS10120
ADEL0130
ALS10140
ATIS10150
AD510160
AUT1N170
ACLGLHLES
AZBL01S0
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4104 FORMAT(///7, 4%, PURANCHES Y , 10X, BRANGH TEMPERATURESY//)
S1u4  FORMAT(///7,4X%» 'ERANCHES ', 10X, ' BRANCH PRESSURESY//)
21 0 TO (121,221,321,421,521),MY5YS
121 ARITE(G6, 100)
GaTO500
WRITEC6,2100)
21 wrlTE(Ee,3100)
50T0%00
421 WRITE(5,4100)
GO 70 500
521 WARITE(6,210D0)
G0 Tu Buu
22 G 10 (122,222,322,422,%22),1YSYS
122 WRITE(O,101)
CUTNS30
227 WRITE(G,2101)
50Tus00
322 WRITE(A»IL01)
2NTNS00
427 WRITE(6,4101)
30 TO 500
522 WRITE(H6,5101)
GO TU 50U

[V

23 G0N TN (123,223,323,423,523)1MYSYS
123 WRITE(6,102)

50TNS00
223 W ITR(6,2102)

GoTO500

$23 WRITE(6,3102)
GOTOS00
423 WRITE(6,4102)
Gu TO 504
524 WRITE(6,5102)
tC TU 20U
24 GO TO (L24,2724,3724,424,5724)MYZYS

ADS1gene
ADS10210
AD51022¢
ANBIN230
AuS10244
ADS10Z2EN
ARSIE26G
ALSL0270
ADS102480
ADS1G2906
ANDIO300
Ap530310
ANS510320
AS1G330
AlD10340
ADS10G35%0
ANS1030U
ADB1L0G370
ADS10350
AD®1039U
ALS10400
ALEL0410
ANB1G420Y
ADS1n430
ADS10440
AUB1G45U
ADRDS104a60
ADBHINATH
ALS104u0
ADS104GL
AN51050L0
ADS10510
AubLinszuy
AnCInez(
ANDL0% 40

08



124

29

30

59

9937
PERPE
Q9 \) :;

wRITTE(H,103)
GuTos5490
WRITE(A,2103)
GT0500
WITE(HsSLUS)
GoTO%ul
WRITE(H,4103)
") TO 5y
5070 50U
WRITE(O,2103)
G0 TC 509

570 10 (1254225,

W ITE(6,104)
COTOR00L
WEITR(ASZ2104)
rv(,)lOE’PU

P ITECE, 3104
GuTosgn
FRTITE(B24104)
G TG 203
HPTTE(AsHLNA)
G0 TO 500

e ITE (5, 106

50 70 bSopu

NRITE € o 107

Gn T 30

LRITE b, 108

G0 TD SCy
MEITe (A, 109)
Wil TECS, 111))

IF(NTRACE)YY97,92772,9997
WRITE(S, 9993)

CooMAT(LX 114
AETUK
=N D

ADB1C0550
ALS1IN=60
ADS1GE70
ADS1eSED.
ANSLOHS L
ADS10600
ALDL061L
AuSIneen
ASS1GAG

ALS10640
ADSY064Y
Alb10600
ANSL0L660
AD10670
ADS106ET
AS510690
AUS1TO7GQ
AnSL0710
ADSINT720
ADS107s0
ANBL0T744
AIDL07%0
ACS1 064y
ACS1065u
ACSLLAGT
ACS1lLo7U
AC 310680
ATS10AY0
ACS1nN7NY
ACR10710
ACS1072G6
40310730
ACB1G74L
ACHLOT7HY
AC2108760
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~

C

[

acnaon

3

[

Y

SUFRIYTINEG PRINT2

[1MEN

Comnig
1 L7,
Comnga
(‘f‘)‘/!\ﬁ(\w
Ph‘fWJ
CaMeign
Dol
COUMON
COMMON
CuNMON
UM

N

D

C:}i"];"||

Tele FOLLOWT 5

ﬁpmmnq
oMo

S ™ 0N
HERNIN
Ciun

STON

X(230)

LINAS, NOOES, NTE NS, s, MUY, dUMBC, IRTN, NTRACE, ISHTCH,

NPREINT (1)

MYS/MYSYS
E(200), 0 TASL(200),TAS2(200), AMPU(Z
FLUQZ(ZU”)sY(Zn”):Y-(ZJJ‘p.2(700)’VT(20
MOLFE L I0) ,LISTA(Z200), YT 232020 0), YTERNL (29,1
fooLT(2hu)y, ‘.ﬂ’\q'\;,w./\ ’I:."l\ll,r-{,‘,sf—-—,nlﬂ.\
B O0),nE K1, L0048, N
FLu2(>U):LIv 20,1
JeTer S 1d)» JLIn~ (18
ERRNOR2, 2RRORS, =T

DU S FLOWL(200)
Gy ,Nn=(200)
RINT(200)

H

t
M
t

[

3T I(),l\(‘J'H\‘);"”‘1I\‘))’J._)T’.‘l‘(l'))
)l [",1 )(?'I)))L.ll\ll 1C(£"})0N"?L\1;M’3J(}H
(2 2),ATINME(D,2),6TRIS,128), AMPTH(S
LanGg(2A9)

VARTARLES ARI Ubsg ey 3Y TRANSTENT AYALYSIS

ZJF\.LEV&R(ZO”);LEVE?S(RGJ)
1D

NS e

VL0, VO(H0), FLUX(200 )y VALE!
LINALAC2:0) s TTAL (LY 25l = (5, ATLOPE (D),
LeeasT,LIsT,. LATUM:L)UR:LUJK&,LQUK@nLUCKU
N T~,>\VF,§TF),T,TLST:THIGH,Fme,

TOTARST7ER(

RECTSPREN N
UniTrJdal
VOL,FLUN, JALUR

PhcCISTYr 3,V

RaCh ) &, 4, 3

( 74 PRLTZ )

By )

0

=1,6

WP NERTATOL)

DOnF )y v, s00, <970

yOPEN, LAREL(20M)

LoUKE JI.‘J\‘», FrMINTR

TrRAMG Yy
TRo? 01y
TRy A0
TR3IJGEOIN
TROIJIN4C
TRa900n0
TR=30000
A1s9n0Ld
TREFCNTO
TRAQQM)L
TPy
TRLINLOE

DELTA, TRONI(DD) L ICOLM(D ), FLMLIB0) TROP011 U

TA39L 0
TRBYNLOY

s 126)TR0%014U

TR3J01H0
TeE906160
TAA9¢170
TRIRIGLeO
TAHG 0190
TRAQI2uL

T30zl 0
TREGI Dot
TROLP I

THESCZAD
TRHEQOP L
TRa0260
TRAG L7
TRAVGSAU
ThaZue9(C
TP3IGPr3LED
TREYns
TRHY U3
ThbIUuLSh
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5210
1000
191

1in?z
liu4d
1
j_ u s
1007
106
13
1008
1ip04

2inys8
11004
41ana

540,00
f‘lv:ﬁf]?}

JF(LOCK) 1800, 1807, 1040

TF( JX1 )y 1701, 1081, o500

CALL SSWTCH ( 1.=U«T)

oo TO C dusa , AnUE ), LGST

TF( NRH ) Anub, 1005, 10Jd4

'ITF( 6, 17 ) 1T

GhWMA1C/ /7! T = ', RAL.7, /)

o Ty ( itaR, 1hg7 ), LOS

o owRINTCY)) a01e, iGin, 1%0a

W ITE (6, 11 )

FOPATC/, 0 W ODLEST 15X ' n0RE VOLTALES' /)
SUTO (110U, 21003,81008, 4100y ,50608) ,MY3YS
w2 L TE(E11)

i Ty blinub

G TR C6, 21

G 10 é1luus

A ITRCE, 310D

532 T0 62t 0o

W I TL (A, 411)

f0 TO slu0lyn

I Te(d,210).

CORTINYE

LIMIT=NODED

yr =

v 100Y 1 o= 1, u0DES
(1) = V(D)

PTG 2049

™7
— -
~,
Ry

-

N

L
FOOMPRIST(O)+LPRINT(O)+4FHRINT3))1u28,10

Beo101s 1 o= 1. LIRKS

J o= WTOD

1F(J)1023,1016,1012

X{1) = V(J)

J= hHD)
IFC J ) ‘U15,1L15,1U34
Yely=all)y - vds

[#\]
2
[EEN

TRPRO3I4L
TRB8YUIED
TRADLGIED
TREGOSTU
TRIFUIHO

Th‘JQ(lé(ﬂo
T2390400
TRATU4LD
TRRION4Z(

T ""l »‘,(:

TW19U4bd
AJaongau

AL3OpGGU
ApaoLpan
AJEP00L0
ADHGOOGC
ADESOLT U
KRG DAl
ANARILLGU
ATSOC 1
ADBYC11u
AREQGLAD
TRAGHASD
TREGQACH
TR0 47¢0C
TRAQL4F U
TRHOL4YY

TRRIUBEU
Trisans1yd
TROGEHZ0
TRETNH 3
THBG =4
TRRVYL L
To 250

TR0/
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KEHEES
4114

51016
A1016
116
Tut7

1914
ig1®
1020

1921

o)

CoinTInbe
[F (¢ MERINTC S )
G0 10 (ji("lf)ll...‘)l(‘ﬁk’
LWRITECH, 2017
woTO oluin
ITS (0, 21017)
G0 Ty oliloe
W ITR(A, 31017
500 T0 eluds
weaTECH,41717)
Guo1n sluls
WPITE(H 101 T7)
Cna T e
vin ITEC 5, LU
ORMAT (/7,7 &
LIMIT = LIy
dyvz2 = 2
o Ty Juiu
1FC WERIAT(AY + NRIINT(Z)) 1ul3, 1023, 1019
17 31520 1 o= 1, LINKS
X(1) =A¢Ly+ LIAGNL(T)
Yf(nH IWT(3))L023,402%,4021
JXA
LII'IT=LI'GAR
s DT (A, 1u22)
30 TD (19U 90, 390,470,590)#4Y35Y5
W ITh(6,1022)
GNIY 9J1d
WAl TE(h,21iu22)
AT 9910
WRITITRE(S5,31L022)
TOT0 9010
A1 TE(O,aL322)
3 T 9040
W ITE(o,21024)

I_}.r.-k
~

!
‘1(‘ )l)['lYS S

17 3
AN

Tl
s
e
o
>¢
-
I
J
<<
o)
Pt
-
o
(e
m
2]
-
~
St

HE

TINILHRL
TRATYySG
AL 90130
AURGN 144
4G 0150
ATIEZO16U
FOATLLTO
ALIRGOIH
AR s01v0
A:JQ‘.’H?W‘,
ADp3odzZil
ADnA0224
AJRGC250
Tt
THAYOKLU
TR39LAZ0
TILWNALD
TRIIN6GAY
TREQUH9G
TR3IGAAG
THADI6TL
TeRA9(eH0
THHG UGS
TR3QE700

oW 4
'I‘*"_J"_'_-_f'/

ANgQn 240
ANs (250
Apeonzaeu
AT 0
ADGIN 200
AR IGLGH
A3 203084
ATIHI0E LU
Agu et
AVoG{ s
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1627
1In2R
1929

1ud9

FORMAT(/ Y BuAGCHES ', 12X, mlitiin t VOLTAGES Y, /)

30 TO YU1LU

BOTN (1029, 102% ), LIST

IF O MPRINT(Z2)) Lu27, 1027, 1504

ARTTEAS, 30

GO TO (Liud6a,21026,310P6,41320,51076),4Y3YS
WL TR (D 54D

U TR Bluzs

ST TE(A, 200

S0 T0 6107A

LITO (L, 5330

TnoT0 nlueo

WHITE(S400)

20 T0 6105

WRITE(O,230)

ISEATTR IS VIR

FURMAT(/ Y BRALNCHES ' , 12K, 'LLEAZNT CuncENTS?Y,

Jry = 4

LTHIT
il 0

= Llns
9010

JEOONPRINT(LY )Y 2031, 1001, 1020

ne,o162y 1 =

20

Wl TECH, 16
FORMAT(/ !

Jx2 =
LI0IT
sis 10

IF ¢ NPT
Ty 10633

X(1)

WRITEC

0 TO

1y LIA\;f‘yS
X(Ly = FLUXCD)

2

EfACCHFS Ty Lax, VINSTANVTANECGUS ELEMENT POWER'Y, /)
5
= LINKS
LS

( BeOv, 1032
FLUY(
¢ 140

(191,22 91,491,591),Y5Ys

HRITE(E, 163a)

ud TO

091

/)

TRLOQ741
TRAIT St
TREYL 740
TREV97SY
Tt T
A9 i
ADa0350
AR OEL
ADSILITL
ADS 20300
AlenIen
Alre, 204t
ANHLG41 U
AN 420
ARG L450
ARG 444
TREGHRAT7C
TrEGC70U
TRE9L 7510
TREGU/RUU
TREI(CLO
TRAJLEZN
TR%9{0 350
TR3I1E4C
TRAG(CEDU
TR 54U
TRIO KT
TRAVOIERY
TREGG YD
TROAGUGLT
TR3WlYLU
Thoncg o
ANYRop4aty
Aatsiged
AVEBII47 4



291
361
491
291

691
1uysd4

2010
901z

857

WRITE(H,21039)
o0 TO €91
o ITE(R,010184)
6N 10 651
an I TE(E,41034)
COTO evi
Wis I Te (D,21034)
ConT INUE :
FORMAT(/Z, " SRANCHES T, 320, YeRALCK CURKENTSEY, /)
Jdye = A
LIOIT = LINKS
LAST =0
X = LAST + 1
LAST = LAST + 4
IF ( LAST = LIFLIT ) QU33, “uld, w012
LAST = LIMIT
160 J¥2 =~ 4 ) %L1l4a, 037, cri1a
AEITE(E»5UaG) A LASTs ( X(Jd)s» J = Ks LAST )
Goo T 90LY
R LTE(E90L16) he LALT: (FLUN(SYe J = Ky LAST )
TF (LImIT = LAST 3 9hle, %.da, Y011
GOOTO C LulD, 151H, 1028, A0L7, 1L5T, 8UL0) . JX2
Fud AAT LA I3 =118, 2X 40t b, b))
TF { LOCeF ) 26606, 9200, nild
Ui oAy o=
Loz LhEvE=C
TCH = LARzLO M )
LT Bein, nns0 ), LATCOn
LAVELG N )Y = @
WITE(G,Y0)Y
FORMATI/Z/ 0 DAITUHY 13,0 10 yo)
T A4ALg
LAl v )y = 1
AR TTE(D» YL )
EoRitAT(/ /70 SWITCSH 13,0 1y kP

s LIST
)
(

ADIROGARD
ANAGNAG)
AD5QCHL U
ANKG OB L
ADLSU520
AR5 30U
AIRGUDHAU
ANRANS LN
TRAYDGAD
TRAYGYCY
Tanenehi
Te4H90560
TRRAILGT L
TROG(CGe D
TRBYCEO50
IREGICLU
Thbydilil
TAng10zu
TR3¢1030
TRSY104U
TR210G=C
TraSILLD
TI4931070
TG00
TRESICS0
TR1400
TR391110
TR891120
TiRsy3 8t
Ties3vi140
TRAYLLH0
TRie110U
TRH241 74
Ti" L.r}j-] ;(}
Twid?iivu
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aipn.

8500

8n10

as7¢9

O IV

[l vl

[R IO

an O~

b R e e

LD N

J
G
>

21134
31154
S1v54
417454
51034
21917
Siul7
41017

51017
ARV E.
Jl;?L
412
bHiop?
Cra n

CONT Ik

wl TO ( o053,
LGCK3 = 2

2 TO w7Ju
DELTA = HOUD
Lyod = 1
LOCAF =y

FORMAT(/ Y ngnEs?
FUMAT (/! “UWF“"15X:
FUIMAT(/, 0 H)DE3
FORMAT(/, 0 NN
TLHEATO Y KA '1,314""
CRMAT(/, ! (HA*ulE;
uHFAT(/,' QLA\

IREATCO/ Y 3

4.,

FORATO/ 40 2ty
FUMeAT (/! DQA*H'_
FOSAT(/ 5" 5wl
FORBATC(/, 0 A §3HES
FUxdtAT (/! '_‘l'(l/\ NOHER
FORMAT (/Y BRAS
TETURR

LIS
—cly

ylL‘Xp l.’\“,!j-:

'/‘

T. i
‘J s

”NT(/;' Fagn®
r THAAT (/! “‘*\/\‘\i"‘
P .‘."I\T(/,' FUA
i—[‘,‘l‘AT(/,' i Ay |‘3“‘°\
FURMAT (/! lhuxkﬂ b
FORMAT (/¢ HH.
FORMAT(/ Y bk

-

-

-

-

-
-

-

-
-

-
-

'Ei_.x |y|_,l~T

HEAT FLO

/)
TfHQW- s /)

JS
VOLJME V=L

_‘,

I
I
I
)
Vi
Y

SV /)

TIeS AT NONESt,. /)
T IvOJ..)EsK '/)

5',/)
H:tg!

s /)
SCITIesSt, /)
S ANCHES Y, /)
ERANMCRESY, /)
WRANCHESY, /)

I A%F(AN«H SY. /)
LJUTITY I s~ ANCHESY /)

leulTI%b',/)
ALGULAR VELUCITIFSY, /)
IPERATURRN /)

PRESsURES T, /)

JELUCTITIES Y, /)
ANGULAK VELODCITIESY, /)
/)

ay

TERCERATUTES Y,
PALoSUkES Y, /)

T?391?<”
T7591 24U
TRH912%0
TRR71c0U
ANAYUBED
Ay nhia7i
ANSONLE Y
ADROGSGY
A ‘V'!Ohu
ADNB9u61
ADRYGAL
ADRQULST
ARG NA4N
ADR9065 U
ANRGHAB(
ALRGOAT L
ANRGOASD
AlJfs 21iny
AN T7 G
ADROGT710
ANKANT7206
ADRGLGT730
ARQU740
ADEQGT720
ARG 700
TR2921270
ThHG 1200

L8
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Example 2

The system shown in Figure P.2 is a mechanical trans-
lational system. It is required to determine the frequency
response of the system for the applied alterating force £,
by studying the forces developed in various elements for
different frequencies of f.

UHSAP coding for the problem and the solution given by .

the program follows in next pages.
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Example 3.

Figure P.3 shows a mechanical rotational system., The
angular velocity applied at one end varies with time and
is of triangular shape. It is required to study the transient
effect of this source to this system after the system is
started ffom a resting position.

UHSAP coding for the problem and the program solutions

are in next page.
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L
C EXAMPLE 4 3
C
C DYNAMIC ANALYSIS OF A
C ROTATICNAL SYSTEM WITH TIME VARIANT
C ANGULAR VELTICITY APPLIED AT ONE END
A
DYMAMIC ANALYSISS
Pl N{L+2)K=203
P2 N{1,0)yJ=5E~43
P3 N{l,2)sK=1Cs3
P4 N({1ly2) 9570423
P5 N(?r‘j)yJ=2§—/+;
PO N{243)+K=353
P7 N{3,0),03=0.53
HY P(S) ’Gn720014001200700 ;
TIME STEP=1F—6 ;

QUTPUT INTERVAL=1C;

FINAL TIF=1kE—43

PRINT S ANGULAR VELOCITIZS,TARQUESS
EX 3

NS

vot



T = O‘o

IO NI ANGULAR VELOCITY AT NQODES

1— 3 O-O O.C’ O-C’

SRANCHES TORQUE DEVELOPED IN ELEMENTS
1— 4 Oo(} O.C O.'\) C.O
= 7 OGO C'.O 0.0

T = De?999934F—-05

NGRES ANGULAR VELSCITY AT MODES
I- 3 —0.16874941E~-05 -3.13433273=-03 =0.39935901E 02

BAAINCHES TIAQUE DFVELCPED IN ELEMFNTS
1- 4 =0.749020199D-11 ~-0.26830336D-04 C+35475732N-017 0.268267950-04%
= 7 —0.6971%0120-02 0.659533159-02 0.6992333150-02

T = CelD939360 04

JJDES ANSULAR VELOCITY AT NODES
1- 3 —0.19112531E-05  =0.72990451.-03 £.2580667605-01

RAUANCHES TORQUR DEVELGPES T4 ELENINTS
1- & ~0.1T432842D-CY <0.145462619~03 0.441306439N-07 0.145592660~08
5— 7 —0.138443550-01 £.139897940-01 C.139899780-01 4
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Example 4%

This example has been considered to show the wvalidity
of the results of UHSAP analysis with those by analytical
methods.

Consider the electrical circuit in Figure P.,4., The

switch S is closed at time t = 0 and the transient current

in the resistor R3 at time t t is given by

-10t 30t

i(t) = 3.33 - 5e + 1l.67e

The numerical results given by this expression at dif-
férent value of t are tabulated in Figure P4.1 and UHSAP
results which are in the following pages for actual compari-
son.

Figure P4.2 shows the computed values with both the

methods,

* :
Adapted from Ref, 1, pages 159-160, ‘
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ELECTRICAL SYSTEM

C .
C EXAMPLE # 4
C
TR
c
Bl h(O,]),R=1U,E=lOO
P N({1s2),L=1
53 wl223)90=1
B4 N(370)1R=IU /
85 N{Z2y0)sR=10
T1=0.001
qu=70
FI=u.2
#RINT, CURRENTS
X
N
[ = 0.0
BRANCHES CLEMENT CURRENTS
1- 4 0.999997660-05 0.99999766D-05
5— 5 0.99999666D—05
T = 0.1999997¢-01
BRANCHES ELEMENT CURRENTS
1- 4 0.16583812D 01 0.16583812D 01
5= 5 0.150404860 01

0.999995670~-11

0.154332600 00

0.99999567D-11

0.154332600 00

ITT



= (- 43999994E-C1

BRANCHES ELEMENT CURRENTS
1- 4 (.28131364D 01 0.28131364D 01
5- 5 0.23294452D 01
T = 0e5939990E-01
BRANCHES ELEMENT CURRENTS
i- 4 0.36471636D 01 0.36471636D Ol
5- 5 0.278241210 01
T = Ve T1999963E~01
BRANCHES ELEMENT CURRENTS,
1- 4 0.426886870 01 0.42688687D 01
5—- 5 " 04303099450 01
T = (te9999937E-01
BRANCHES eLEMENT CURRENTS
1- 4 Ua474643255D 01 0474432550 01
5~ 5 0316741320 C1

0.483691160 00

0.86475150D 00

0.12378743D 01

0.157691230 01

0.483691160 0O

0.86475150D0 00

0.12378743D 01

0.157691230 01

¢TIl



T = (.1199991E 00
ERANCHES ELEMENT
1- 4 0.51151833D 01
5- 5 0.32422780D Ol

T = £.1399989% 00
BKANCHES ELEMENT
1- 4 V540871100 01
5- 5 0.32833628D Ol

T =  0.1599986E 00
BRANCHES ELEMENT
1- 4 0.56434854D 01
5- 5 0.33059096D 01

T = U.1799983E 00
LRANCHES ELEMENT
1- 4 0.583265890 01
5- & 0.331828300 01

CURRENTS

0.511518330 01

CURRENTS

0.54087110D0 O1

CURRENTS

0.56434854D 01

CURRENTS

C.58326589D0 Ol

0.18729054D 01

0.212534810 01

0.23375757D 01

0.25143759D0 01

0.187290540 01

0.212534810 01

0233757570 01

0.251437590 01
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T = G«1l999981E 00

BRAMNCHES ELEMENT CURRENTS
1- 4 0.59858708D0 01 0.59858708D0 01
5- 5 G.3325C734D 01
T = U.2009981E 00

BRANCHES ELEMENT CURRENTS
1- 4 0.59927258D 01 0.59927258D 01
5- 5 0.33253175D 01

0.26607974D 01

0.26674083D0 01

0.26607974D0 01

0.266740830 01

PTIT
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TIME CURRENT IN BRANCH NO. 4

0.0 -0.55367432D-06

0.200000000—-01
0.399699990~-01
0.59999999D-01
0.79999998D-0C1
0.999999980-01
0.120G60000
3.140C0000
0.16000000
.18000000

0.20000000

Figure P4.1

0.15286110
0.48139375
0.86199072
1.2348540
1.5737470
1.8696594
2.1220577
2.3342610
2.5110481

2.6574630
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CULRLENT IN LFEANCHE NDe4
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0. 20 Ce 7 Ce €574

Figure P4,2



