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Al INTRODUCTION

The term "list processing” has come into use in the last few
years as a name for techniques used for manipulating lists of items
stored in computers. The reasons for the use of lists will be
explained “in the following sections. At this point, it will merely
be stated that list processors manipulate objects in much the same
manner as other languages manipulate numbers,

.

Languages such as LISP(l) and IPL

list processing. ALGOL 68-R(3) was not produced for this purpose.

(2)

were designed primarily for

ALGOL 68 is an advanced programming language with many useful features
due largely to its generality and flexibility. ALGOL 68-R 1s an
implementation of ALGOL 68(4) produced by an experienced team of
programmers at the Royal Radar Establishment at Malvern. The use of the

language for list processing is a product of its flexaibilaty.

The literature contains a number of references to list processing
and 1t is not the function of this Appendix to duplicate that information
or to teach the beginner how to use ALGOL 68-R. The information given
here presents some of the problems encountered by workers in the field
of Artificial Intelligence that may be overcome by the use of list
processing techniques. In order to prevent the description of these
techniques becoming too abstract, the methods are 1llustrated by
examples using specific features of ALGOL 68-R. It 1s hoped that

this approach will render the text more readable.

Some of the basic rules of ALGOL 68-R may conveniently be mentioned
here. The ALGOL family of languages generally assume both upper and
lower-case characters. Language words are upper-case and variables

lower~-case. Since they are frequently not available (and in particular
“
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on the 1904 at Loughborough) language words are enclosed between
primes (e.g. 'MPDE" ABC'). Readers familiar with FORTRAN might also

find 1t profitable to note that:

1) FORMATS do not have to be used for input/output
2) Routines may be recursive, i.e. call themselves
3)‘ All identifiers must be declared

4) The "scope" of variables 1s rather different

5) Even without the facilities of ALGOL 68-R, ALGOL

-

languages are generally very flexible.

Reference 1s also made in this Appendix to Game-Playing on
computers., The main interest in game-playing 1s due to the relative
ease of representation and yet the enormous complexity, from a
decision-making viewpoint, of this type of problem. The general name
for the field of science which encompasses game-playing problems
is "Artificial Intelligence”. A general discussion of list~processing

(5)

for simple problems 1s given by Foster .
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Al ALGOL 68-R )

A full account of the facilities and syntax of ALGOL 68-R
may be found elseWhere(B). In this section, an attempt will be made
to define and discuss some of the features of the language which are
of particular interest for the present work. An important feature

not discussed here is the complete structure of ALGOL 68-R prograns.

This information may be found in the standard texts.

A.l.1.1 values, names and identifiers

The definitions given in this subsection are simplified
in order that some of the basic features of list-processing may be
discussed without giving a complete, formal definition of each

language feature encountered.

Values

A value may be defined as the ainformation which the
programmer wlshes to store. Note that this definition does not
restrict values merely to be numbers, characters or booleans. A
value has a mode (called a TYPE in some languages) as defined when

it 1s created in the program.

Names -
A name may be defined as a machine pointer to a
working space where some information (the value) is stored. Since

the name refers to a value, 1t has a mode of REF (mode of value).

Identifiers

Identifiers are the tags in the program used by the

1

programmer to identify particular variables or constants.
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The syntax of ALGOL 68-R 1s complicated by the fact that
the strict notation has an alternative form (“extended" notation)
which is much more geq?rally used. In_order to understand the
language fully, 1t is undoubtedly better to learn the stric% form.
The programs used for this study use the extended form whérever
poss;ble (since this form is shorter to write) and hence this Appendix
also uses the extended form of the notation in order to be
consistent. For the sake of completeness, a simpie declaration 1s
given below in both forms:

Al

Strict Form Extended Form
'REF"INT' I = 'LOC"INT'«— 1; "INT' I4— 1;

\

Al

These declarations are exactly equivalent, in each case
an integer variable is declared, accessed by the programmer using the
identifier "I". 1In core store, a name is created equivalent to "I".
Th1s name possesses a working space where the value of "I" is stored.

The initial value is set to unity.

Now consider further statements in extended form:

f .

1. "INT' I¢— 1, J & 4;
2, I & 3;
3. I ¢ J;

Note that the numbers 1,2 and 3 on the left side of the page are not

supplied by the programmer and are used here for reference purposes.

Line 1 is as before. Line 2 assigns an '"INT' to I,
whose name is of mode 'REF"INT' and whose value must be an 'INT'.
Line 3 assigns one 'INT' wvariable to another. Now, in machine terms,
there 1s a name on the L.H.S. and a name on the R.H.S., both of mode

'REF"INT'. Since the only value that a 'REF"INT' name can have
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1s of mode 'INT' the R.H.S. must be dercferenced. to yield its

*INT' valuc (4 in this case) and the assignment 1s made. Note that
the dereferencing itself does not change the contents of the area of

store considered,
Now consider the declaration below:
'REF"INT' R;

This is a declaration, using the extended form, giving

rise to the creation of an unspecified 'REF"INT' value on the stack,

a "REF"REF"INT' name and the identifier R possessing the name,

'REF"INT' S &= J;

This declaration achieves the same result as above but
also gives "S" the initial value of "J" (declared earlier with an
'INT' value and a 'REF"INT' name). Since the name of "S" is
'REF"REF"INT' and the value 1s 'REF"INT' the name of "J" is assigned

to "S" - no dereferencing occurs.

Note that:
s & 2; h
is 11llegal and will give a compilation error.

*s" requires a 'REF"INT' value not an 'INT' wvalue.

b

The examples below are intended to demonstrate the
effects of different REFerence levels in a fairly common situatioen,
Note that the user may insert comments between pairs of 'C's

as shown:
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PROG 1 Line PROG 2

*INT' A%—1, B &—0; 1 "INT' A é~ 1, B ¢ O;
'INT' R€&—A4; 2 'REF"INT' R €— A;
'*C' "A" is dereferenced to 'C/'No dereferencing occurs 'C'

yield an INT value 'C'

A — 2; 3 A —2;

B ¢€— R; 4 B €~R;

'*C' "R" is dereferenced to 'C' "R" is derefernced twice
yield an 'INT' value 'C' to yield an ‘'INT' value 'C’

PRINT (B); | 5 PRINT (B);

'¢'" prints 1 '¢’ 'C' prints 2

because "R" REFers to
"A" whose value has been

altered at line 3 'C'

1

A,1,1.2. Modes and Chained pata Structures

The previous section showed how one variable can be used as
a reference, or pointer, to another. This section extends that idea to

show how a chain of items may be constructed.

A powerful feature of ALGOL 68-R is the provision for the
programmer to declare new modes. As an example of this, consider a
situation where 1t is desired to store a character and an integer
iogether. This may be achieved using the mode declaration, which

effectively defines a new language word (in this case 'CHARINT'):

'"MZDE"CHARINT' = 'STRUCT'('CHAR' CHARACTER, 'INT' INTEGER);
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This defincs a now mode {(called CHARINT) as a siructure
posscssing two fields, one containing a CHAR value and onc an INT
value. The selectors "CHARACTER" and "INTEGER" may be chosen by the
programmer and are used to access the fields of CHARINT variahbles.
"CHARACTER" and "INTEGER" are not names although the CHARINT itself
hag a name in the same way as any other variable. Quotes marks are

used to denote an actual character to be stored as shown:
'CHARINT' X €— ("A", 47);

This line declares a variable of mode 'CHARINT', gives it

a 'REF"CHARINT' name and makes the identifier X" possess this name.

The value 1s initialised by the collateral 1o consist of the character

"A" and the 1nteger 47. The 'CHARINT' value of X 1s therefore the

pairr of quantities "A" and 47.

The short section of program below shows how the individual

fields may be accessed using the selectors:

"INT' | I;

"CHARINT' CI ¢— ("A", 47);
CHARACTER'@F' CI ¢— "B";
INTEGER'@F' CI ¢— 48;

1 ¢— INTEGER'QF' CI;

The fields of a mode may contain any other previously

*
declared mode, arrays or references:

"MODE"AN@THER' = 'STRUCT' ('REAL' RE,
'REF' 'B@@L’' TF,
'REF"INT' II);

* note that this i1s not quite true; modes may be "mentioned" as will
be shown i1n Section A.1.2.1.

1
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Note the saimilarities with the previous mode declaration:

1. The first word 'MODE'

2. The name of the new mode

3. The = sign

4. The word 'STRUCT' to denote that the new mode is a structure
containing several parts

5. The definition of the contents of each field and the relevant
selector.

L

0Of particular interest here are modes that form chains:

!
'MPDE"CHAIN' = 'STRUCT' ('REAL' THIS,
'REF"CHAIN' NEXT);

The value of a variable of mode 'CHAIN' consists of two
fields, a 'REAL' number and the name of another 'CHAIN' variable.

This is shown by the example:

'CHAIN' X, Y, Z; .
X & (1.0, Y);
Y é—(2.0, 2);

Z (3.0, 'NIL");

The second field of Z contains a REFerence to '"no place".

NIL is a plug and effectively terminates the chain as shown by the

diagrammatic representation below:

S P )Iz.o >3.0
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Pointers may be used to '"remember" a place mn the list,

-

L

for instance, theo top:

'REF"CHAIN' HEAD ¢&— X;

This may be represented as:

)ll.o ""-ﬁlz.o \3.0

In general at least 2 pointers are requared to process

lists, the first is used to point to the top of the 1list, as above,
and the second is used to manipulate the last:

i

'REF"CHAIN' P ¢— HEAD;

Note that "P" cannot point to "HEAD" (this would only be

true 1f P had been declared as: "REF"REF"CHAIN' P;) but to the same

CHAIN that "HEAD" points to

HEAD X Y Z

In thas position "P" may be used to alter the fields of

X" as below:

THIS'PF'P &— 0.0;
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HEAD X Z
b
0.0 2. 3.0
I P
"P" may be made to move down the chain:
P &~ NEXT'@F'P;
HEAD X Z
7/]0.0 r__) 2. 3.0
P
Now consider:
THIS'OF'P ¢aa- 1,0;
THIS'fF'NEXT'OF'P &— 2.0;
HEAD X Z
-]
3 >o.0 1. 2| 2.0
I P
As before:
P ¢~ NEXT'@F'P;
HEAD X Z
>[0.0 M. 2.0
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The pointers may also be used to alter the chain:

NEXT'@F'P &—— HEAD; ‘

3 —
0.0 1.0 5 2.0
)

Note that since the introduction of "P", the identifiers X, Y and
Z have not been used at all. This suggests that, provided enough
pointers are used, the identifiers X, Y and Z are completely

superfluous. The use of unidentified references is in fact a positive

advantage that will be put to good use. ALGOL 68-R provides generators
for the programmer to create such unidentified references. The previous

example may be repeated using generators to demonstrate thas:
"REF"CHAIN' HEAD €—- 'CHAIN' €— (3.0, 'NIL');

*
This creates a variable with a value of mode 'CHAIN' and initialises 1t.

"HEAD" points to this unidentified reference: the value of "HEAD" is

the name of the reference,

N

3.0

HEAD &— "CHAIN' &= (2.0, HEAD);

r

* on the heap - this term is more conveniently explained later in
Section A.1.1.3,
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Now another 'CHAIN' is created and given the value 2.0
for its THIS field. The name stored in "HEAD" is found by dereferencing
and assigned to the NEXT field of the new variable. "HEAD" is then

made to point to the new 'CHAIN':

32,0 ———)ls.o

Finally, another element of the list 1s added:

HEAD ¢~— 'CHAIN' &= (1.0, HEAD);

—] b
——),1.0 3 2.0 SB. 0

Note that, if a generator exists in a loop, then the number of calls

to 1t is fixed at run time. This is convenient for reading in or

processing sets of items where the number in the set varies greatly.

The above structure could be created in one step:

a

'REF"CHAIN' HEAD &-— 'CHAIN' €— (1.0, 'CHAIN' é—
(2.0, 'CHAIN' €
(3.0,'NIL")));

So far, all new elements have been added to the top of the
list. Elements may also be added to the tail of the list by searching

for the "NIL':

'REF"CHAIN' P ¢— HEAD;

'"WHILE' NEXT'@F'P 'ISNT'('REF'CHAIN"VAL"NIL')'Dp'
P ¢— NEXT'@F'P;

. NEXT'@F'P ¢—— 'CHAIN' &— (4.0, 'NIL');

W N
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. The DO loop and condition for repetition shown in line 2

causes lines 2 and 3 to be repeated until NEXT'@F'P contains a

“u

'NIL'. Iane 4 then adds the new element to give:
HEAD
———)b.o ———-)[2.0 3.0 4.0J/
« p| !

Note that this piece of program would have failed during execution if
the list was empty (1.e. if HEAD had a 'NIL' value). In order to make

the piece of program general, a dummy element may be added to the top

-

of the list or a special test written 1n to detect the empty list.

Both of these methods are shown below:

Y

’

Adding dummy element:

1. 'REF"CHAIN'P & 'CHAIN' &— (0.0,HEAD);

2, HEAD ¢— P; '
3. 'WHILE'NEXT'@F'P' ISNT' ('REF''CHAIN"VAL"NIL') 'D@"
4. P &— NEXT'@F'P;

5. NEXT'@F'P &— 'CHAIN' 4— (4.0,'NIL');

6. HEAD ¢— NEXT'@F'HEAD; ‘

>
N

Note that the dummy element has no pointers to it and cannot be accessed

by the programmer. The significance of this will be seen later,
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Adding special test:

1. "REF"CHAIN'P {— HEAD;

2. 'IF'P'IS' ('REF"CHAIN"VAL"NIL')

3. 'THEN' HEAD &—— "CHAIN' é&— (4.0, 'NIL'")

4. 'ELSE' "WHILE' NEXT'@F'P'ISNT' ('REF"CHAIN"VAL"NIL')'Dg’
5. Pe NEXT ‘¢>F‘P"

6. NEXT'PF' P&'CHAIN'e (4.0, 'NIL'")

7. 'FI';

This example also illustrates the use of simple conditional
statements in ALGOL 68-R. The conditional facilities of the language
are extremely powerful. Many examples of their use in complex

i

logical systems may be seen in the program listings in Appendix 3.

The example shown illustrates the general case which may

be expressed as below:

'IiF’ ( the expression here is TRUE )
"THEN' { do whatever 1s written here ) -
'ELSE' { do whatever is written here )’

'F1'; 'C' This is the end of the conditional 'C'

Now consider the effect of: d

HEAD —— NEXT'@F'HEAD;
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At this point, the first element of the chain is completely
inaccessible to the programmer: he has no identifier possessing 1its
name and no way of accessing it via the two pointers. In a typical
list processing problem, this may occur frequently while generators
are continually requesting more space. This rapidly leads to a
situation where no more core-store 1s available. Having recognised
this problem, it is now convenient to consider how the use of
generators affpcts the scheme for the allocation of core-store within

\ .

a computer.

A.1.1.3. Stack and Heap Storage

In\this section, a conceptual model of the core store
will be used to illustrate how the use of generators (and certain
other ALGOL 68-R features) necessitates the use of a dual scheme
for storage allocation. Normally the compiler allocates storage
for program variables before a program 1s run. This storage may be

thought of as existing at one end of the available store:

’//- available Store\

T e

Individual store locations

In the representation above, this type of store is
depicted as existing at the left-hand end of the available store.
This is known as the "stack”. Stack storage is organised so that

programs run very efficiently.
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Now consider the use of gencrators., It has been shown
in the previous section that generators are used when nceded
and therefore the amount of space for use by the generators is
not determined at compile time. In order to overcome this
difficulty, it is convenient to imagine that the space needed
for the generators is at the right-hand end of the model of the

store. This is called the heap:

Stack Heap
2

As heap storage is required, it will be allocated from

positions progressively closer to the stack:

Start of run:

Stack No Heap storage

taken yet
(i 32

After generators used:

Stack Heap

IE 3 3 il

Eventually, the two will meet, If all of the heap

storage is still accessible to the program, then the computation
cannot proceed, However, if some of the storage is no longer
accessible, then it would be useful if this space could be

reassigned.
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In order to organise a system of this type, all the
free storage 1s placed in a list known as the “free laist™.
When the free list is empty, an internal routine inspects the
pointers and identifi?rs in the program and marks all heap
space that can still be accessed. The remainder is added to
the free 1list and computation proceeds as before, This process
is known as "garbage collection™. The use of this facility in a
program will cause considerable overheads in t1q? and space even
if the particular run of the program does not use the heap. The
use of AILGOL 68-R features which invoke éhe heap should therefore

be restricted to problems which are not easily handled by the

use of, for instance, arrays.

'

A.1.1.4 Use of Segments

The ALGOL 68-R system allows the user to assemble
complete programs from a series of previously-compiled segments.
The details of programs used to store, amend, forget and print
out the specification of segments may be found in the
R.R.E, documentation. The system used at Loughborough is
basically similar although modified to fit in with the version of
the GEORGE 2 operating system currently used. Details of all
ALGOL 68-R facilities ét Loughborough are contained in the

Computer Centre Documentation (6).

Segments are primarily intended for storage of
frequently used "library" routines (the system library i1s stored

in a number of segments) but, for the present work, the use of




segments was mandatory because of the large program size. There

are three relevant factors:

1. There is a finite limit to the size of a programm that can
be compiled at one time., A large program may be compiled

as a series of segments, thus avoiding this difficulty,

2. The use of excessive numbers of cards for each program

run is avoided,

LY

3. For a large program, the compilation time is excessive if
the program is compiled prior to each run. In the case of
the present study, compilation time was approximately
120 malls (about 1 minute) before the use of segments

became possible on the system implemented at Loughborough.

All segments are stored in an "album" on a magnetaic
disk. The ALGOL 68-R system allows a hierarchy of albums to be
built up so allowing individual users to share programs available
at higher levels in the hierarchy (the system library 1s at the
highest level in the hierarchy and is therefore available to
every user). For the present study, a private album called
PKALBUM was used to store the segments containing the alarm

analysis programs.

-

Variahles, operators, modes and procedures declared in
a segment are available in later segments 1f their names are
included 1n the 'KEEP' list of the segment. As an example,
consider the complete job shown in Figure A.1.1. The example 1s
not intended to be self-explanatory but is included in full to
illustrate the differences between the Loughborough system and

that defined in the R.R.E. documentation.
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O WU W~

JOB G674,G,PKA1157
JOBCORE 37000
CARTRIDGES == 100061
SELECT LANGUAGEMACS
ALGBSETUP
ALG68COMPILE SEG1
ALGSUPAL PKALBUM, UPl
ALSSCOMPILE SEG2,PKALBUM,SEGL
ALBSRUN
* ok K
DOC SEG1
'BEGIN'
'MODE''ONE' 'STRUCT' ('REAL'A, 'INT'B);
JriNT'I = €1,2,3,4,5,6); ¢
"ONE'WON &— (23.0,4);
'"PROC'PRINTSPACES = ('"INT'I):
'BEGIN' [1:1] 'CHAR' SPACES;
'CLEAR'SPACES;
PRINT (SPACES)

IENDr;
'SKIP’
'END'
'KEEP' PRINTSPACES, 'ONE',I,WON
‘FINISH'
%k ok Kk
Doc UP1
PUTIN SEG1
END
& ok o ok
DOC SEG2
'BEGIN'
'INT'L;
READ{{NEWLINE,L));
PRINTSPACES (L)
'END‘
'FINISH'
kA kk
DOC DATA
10
A ok ok ok

FIG. A.l1.1

Example of Use of Segments




The functions of Lhe macros shown in the JOB

(6

descriplion may be found in the Computer Centre documentation

J
For the purpose of this example note that:

1. At line 6, the command to compile SEGl is given.

2, At line 7, the user specifies that the album PKALBUM is
to be updated according to the instructions in DOCument
UPl. (All input data and programs must be in DOCuments for

GEORGE) ,

3. At line 8, the command to compile SEG2 using items

(as yet unspecified) from SEGl of PKALBUM,

4. At line 11, SEG) starts. Note that the system employed uses

the DOCument name as the segment name.
5. At line 16, the procedure PRINTSPACES is declared.

6. At line 23, PRINTSPACES 1s included i1n the KEEP list of

the segment SEGl.
7. At line 27, SEGl is put in to the album PKALBUM.

8. At line 34, PRINTSPACES is used in SEG2.
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A.1.2, List Processing

It was noted 1n the first section of this Appendix that
problems encountered in the field of Artificial Intelligence led
to the development of list processing languages. It is the
purpose of this section to examine more closely the type of
problems involved in terms of the ALGOL 68-R features described

1n the preceeding section.

Al.2.1, Game Playing Problems

In order to be more spec¢ific than would otherwise
be possible, a particular class of games will be considered.
Games withan this class are certainly not the only ones that are
conveniently solved using list processing techniques.

The particular class of games are defined by:

1) Two players {(only) moving pieces that are capable of capture,
2) No outside influence or random effects,

3) The domain 1s limited, -

4) Théfe 15 a finite but large number of possible positiéns,

5) Moves are made alternately,

6) There 15 a well-defined goal and possibly sub-goals,

) A fixed set of constraints.

Chess and draughts are probably the most well-known
examples of games within this class. Whilst a knowledge of these

games in particular is not necessary for this discussion, 1t may be

useful to vaisualise the problems in terms of these games,




It 15 also assumed that criteria of merit are defined
in order Lo enable a pos:ition to be evaluated. These critcraia
must take into account which of the two players will makc the
next move. It will also be assumed that the game 1s hetween a
computer (the machine) and a human (the player). The particular
aspect of game-playing problems that concerns this discussion is

the organisation and programming of the machine.

Consider now the three basic steps involved when the

machine has to make a move:

1) ¥Various legal moves are discovered (and continuations of them)
»
2) The merits of the possible moves are determined

3) The final decision on choice of move is made and implemented.

The various problems involved in each of these steps

wi1ll now be considered separately and the use of the ALGOL 68-R |

features described in the previous section explained.

1

1. Discovery of legal moves

Varaious methods have been employed to discover possible
moves. The net result of all the methods is that moves are found
one by one. In general, it i1s not known at the start of this step
how many moves will be found and it is therefore convenmient to
allocate storage space for the information associated with each

move using generators. ‘

A tree-like representation may be used to discuss this

problem., The nodes of the tree are equivalent to positions and the

branches from a node are possible moves:




White's turn

White's move

Black's

2 Turn
D
5 Whaite's
turn

c

From the above diagram, it can therefore be seen that,

at position 1, there are three moves A, B and C leading to
positions 2, 3 and 4 respectively. For the purposes of simplicity
only a small number of possible moves are shown at each position.
In many board games, there are considerably more - in chess,

30 on average. Note also that move E from position 2 and move G
from position 3 both lead to position 5. It is obvious that it is
undesirable to duplicate all the information associated with a
position since much space is wasted. A computer representation
which avoids this problem as well as retaining the above structure

is therefore desared.

If each position is considered as a place where:

1) information is stored concerning locations of pieces,

evaluations etc.,

2) a list of possible moves is stored,

then the following mode declarations are easily understood:
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"MODETMAVE ', 'C’ Lhis mode 1s mentioncd '€
'MODE"DATA" = 'STRUCT' ( ( whatever 1is requ1rodj> );
"MODE"PBSITION' = 'STRUCT'('DATA' INF@RMATION,
'REF"MPVE' LIST);
'"MZDE"MPVE' = 'STRUCT' ('REF"PPSITIPN' PLACE,

'REF"M@VE' NEXT);

Mode "M@VE" 1s mentioned before 1t is defined.

This is necessary since 1t REFers to mode "PASITION" and vice-versa.

Note that the use of REFerences allows position 5 to bhe
stored only once. When a new "P@SITIPN" is generated, its
"LIST" field will contain "NIL". As moves from that position are

discovered, they are added one by one to the "LIST".

This may be shown diagrammatically as:
1 o

Y/

l_} A B C

N N
)
2 ! 3
=77 S/ |
D E G H

UL —h o A

b
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Each shaded arca represents all the information
associaled with one position., This is the "INFORMATI@GN"
field of mode "P@SITIPN' and will probably contain quite a

large number of items of data,

2, Move evaluation

It has been found that, for the class of games
considered, a satisfactory method of evaluation depends on
working out the continuations of a move to a position that 1s
"dead'. By this 1s meant a position where further exchanges of
pieces are unlikely. For the purpose of this discussion, it will
be assumed that the evaluation of such a position will give a
single number as its result. Looking ahead 2 moves by each
player and then exploring non-dead c¢ontinuations maight lead to

a tree of possibilities as below:

W fto move

B to move

¥ 1o move

"Dead"

PPositions °
3.6
8 3 Shaded
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Tha values cnclosed in rectangles are evaluations made
by W {(white). Ihgh valucs are desirable. Consider the sequence
ol moves starting with move A, Initially, only the dead positions
are evaluated. The analysis must start at these positions and
move gradually to the head of the tree. Consider White's cholce
between moves J and K. White will naturally chose move J, because
this has the maximum value. The position at which this choice is
made therefore has the value 3.6. Now consider Black's choice
between H and I. Black will choose the minimum value (I) and
hence, at this position, the value will be 1.8, This procedure
may be repeated until all the positions immediately below the
present position have values. On the diagram, White has the
choice of move A(2.1), move L(1.7) and move M (2.8) and move M
1s thus selected. This procedure is known as minlmaxing.

The point of interest to this discussion 1s that the value of

a position can only be determined with reference to its place

in the tree. The machine representation of the problem is therefore
superior if it depicts the place in the tree in a simple manner.

The branching list structure chosen as the example satisfies

this craiteraia.




3. Move made

After the evaluation and analysis, the move is made.
Using the tree representation as before may lead to the situation

below: '

Old Position

4 New Position

——————f

Double line indicates actual moves made.

-

Dotted line separales useful part of

tree from garbage.

Now all of the tree on the L.H.S. of ihe dotted line 1is
useless. Since a large amount of space will be wasted, this part of

the tree must be abandoned. Consider the computer representation of

positions 1, 2, 3 and 4 before the move is made:




Nowposilion

e ]

N\
4\

Newnmove
A )] ,
-—91 S, .——._ﬁ_ﬂ A Y
0 ‘4 4 ' Newposition
y
ZR 7B 7Z A

l J !

Three pointers are shown, "NOWPOSITION", "NEWPOSITION"
and "NEWMOVE". The following piece of program makes the unwanted
part of the tree completely inaccessible to the pointers and

therefore ready for garbage collection.

1. LIST'OF 'NOWPBSITION €— NEWMOVE;

2. NEXT'§F 'NEWM@VE &— 'NIL';

Line 2 is not necessary in this case but 1s provided 1n

casc moves A or B had been selected. The computér representation 1s

now:

Nowposition
—_— ]
[ ——

Newmove

Newposaition

[———




Since the garbage collcctor is complelely automatic,
the programmer has no problems "marking" which pieces of the tree
that he wishes to keep, He is now ready to "make" the move:

-~

NOWPPSITIPN €~ NEWPPSITIPON;

The game now proceeds with the player inputting his move
to the machine which then starts the process again {(with the
proviso always that part of the tree already exists from his

previous move if the player made the expected move J.

In summary, the use of a list processing approach has
made possible the easy addition of moves, the easy deletion of
moves and simplified evaluation due to the Preservation of the

1

natural form of the problem in the machine.

A.1.2,2, List Structures used for the Present Study

The work done for the present study involved considerable
use of last-processing techniques. The MODE's used to build the
structure are shown in Appendix 3, LISTING 8. TABLE A.1l.1.
contaiﬁs brief description of the function of each MODE. The
complete plant model used is one large structure containing a
large number of pointers to other parts of the model. Some pointers
used are redundant, 1n a strict sense, since they only contain
information that may be obtained indirectly from two or more other

pointers., Such pointers are only useful when it i1s convenient to

savoe computation time at the expense of core store space.

;
i




FIG. A.1.2, shows the form of lhe basic structures used for the
study. In these diagrams each "box" in the structure corresponds
to 1 ficld in the MODE declaration. If the field is itself a
structure, ihe box contains the number of the MODE in TABLE A.1.1.
REFerences to other modes\;re shown by an arrow drawn from the
middle of the appropriate box. If the MODE referred to in this
way 1s not shown, the MODE identification number for TABLE A.1.1.
is shown next tc the arrow. Each different type of MODE shown in
the struc&ure 13 drawn as a horizontal rectangle and 1s labelled

once. Arrays are shown as vertical rectangles and are not labelled,




General Notes

No. and Fiecld Function
MODF, name
1 NAMEVAL 1 Stores one variable name from model
{Model 2 Stores variable value
variable) 3 REFerence to alarm data. NIL af
variable not measured.
2 UNIT 1 Unit module name
(Equivalent to 2 REFerence to list of input streams
unit module) 3 REFerence to list of output streams
4 REFerence to next unit in list of units
5 REFerence to list of equations
6 REFerence to stored fault data
7 REFerence to list of variables not 1in
unit streams
8 REFerence to list of lists of variables
common to several units .
3 POINTER 1 Name of input or output stream
(One stream 2 Name of adjacent unait
on module) 3 Name of corresponding stream or
adjacent unit
4 REFerence to next stream in list
5 REFerence to corresponding stream on
adjacent unit
6 REFerence to array of strecam variables
Vi REFerence to unit of which stream 1s part
4 STANDARDS 1 Alarm type identification number
(Data for 2-6 Normal value and alarm limit data
measured 7 REFerence to unit in which variable 1s
variable) measured
8 REFerence to list of deduced alarms in
which variable 1s high
9 REFerence to list of deduced alarms in
which variable is low
10 Alarm message for this variable
5 CONSTANTS 1 REFerence to next entry in list |
(List item for 2 Nameval field as specified i1n 1 above
holding
variable
local to unit)
G EFFECT 1 REFerence to next entry in list
(Iist 1tem used 2 REFerence to deduced alarm data

to REFer to

deduced alarms)

TABLE A.1l.1.

Brief Description of Functions of MODES used for this study
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Goeneral notes
NoO. and I'1.01d Funciion
MODTE name
7 CONLIST 1 kEFerence iLo list of variables common
(L1st of listis) { to several units
2 REFerence to next eniry in list of lists
of common variables
8 FAULTVAL 1 REFerence to next entry in last
(List used to 2-3 0ld and new variable values
store values) 4 REFerence to variable in question
9 EXPRESSICN 1 REFerence to next entry in list of
{Equivalent to equations
one model 2 REFerence to variable on IHS of equation
equation) 3 REFerence to normal RHS of equation

4 REFerence to abnormal RHS of equation
(used for faults)

5 REFerence to real number which may be
used to store gradient for
differential equations. Contains
NIL for algebraic equations

10 EQUATION 1 REFerence to next entry in list
(List used to Ference to operand in equation
construct 2 UNION of REFerence to store denoting a
eguation 1in function
core store) Operator used in equation

' 11 CHECK 1 REFerence to list of symptoms

(Head of Deduced 2 Deduced Alarm message
Alarm List) 3 Unique Alam number

12 CHECKLIST 1 REFerence to next entry in list of symptoms
(Deduced Alarm 2 REFerence to variable to which this
Symptom) symptom applies

3 Code for alarm condition in this list of
symptoms

4 Elapsed time after fault starts before
this symptom occurs

9 REFerence to effect list in which thas
symptom occurs

13 NODE 1 REFerence to variable corresponding to
(Node 1n this node
Alarm Tree) 2 Identification number

3 Store for result of last use of scanning
program -~

4 REFerence to list of possible causes of
abnormal value

5 REFerence to entry in current analysis
structure

41 REFerence to next node 1n list of nodes

TABLE A.l.1, {Cont.)
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General Nolos
No. and Field Function
MODE namo
14 BRANCH 1 REFerence to possible cause of abnormality
{List 1tem to 2 Factor used to store directional information
store possible 3 Factor used to store magnitude of
causes of directional effects
abnormality) 4 REFerence to next entry in list of branches
15 FAULT 1 REFerence to list of effects. First entry
(List of off- 15 prime cause of others
normal causes) 2 REFerence to next entryfln l2st of faults
16 ALARM 1 REFerence to next entry in list of effects
(Inst of REFerence to node concerned
effects) 2 UNION of REFerence to deduced alarm concemed
3 Time at which variable passed alarm limit
4 Boolean to denote 1f alarm still actave
5 Boolean to denote 1f this alarm possible
effect of several causes
6 Complete alarm message for this variable
17 JTEMP 1 REFerence to next entry in list
(List 1tem used 2 REFerence to last entry in list
to evaluate 3 Value stored for use in evaluation of
equations) expression
18 OPSTACK 1 Cperator stored
h (Used to store 2 REFerence to next entry
equatlilons)
19 SYSLIST 1 REFerence to unit in list of units
(Used to store 2 REFerence to array used to store steady-
a particular state values
list of units) 3 Boolean denotation used for "housekeeping™
purposes
4 REFerence to next item 1in this list
20 |ALG 1 REFerence to next item in this list
(Used for P 2 REFerence to variable on IHS of equation
algebraic 3 REFerence to RHS of equation
equations)
21 SAVE 1 REFerence to next item in this list
(Used for 2 REFerence to variable on LHS of equation
differential 3 REFerence to RHS of equation
equations) 4-10 Real numbers used for integration routine
A\

TABLE A.1l.1.

(Cont.)
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A.1.2.3. Simple Program

This subsection contains, as an example of a simple
program, a procedure to convert the right-hand side of an
expression, written in ordinary algebraic notation, into i
Reverse Polish notation. Routines of this type are used in 1
compilers in order to translate equations in the program into
a form more acceptable to the machine. For the present work,
a routine of this type was needed to be supplied by the
programmer since the model equations to be used were supplied

as data.

1,

Consider the problem of evaluating the right hand side

of an expression

Using the rules of aljeﬁra, it is simple to show that
the order ain which the arithmetic operations are performed is not

RHS = A + B*((C +D/E) - F) 1 G
\
!
the same as that in which the operators themselves are discovered ‘

in a left-to-right scan of the expression:

RHS = A +B¥((C+D/E) -®P) Ta

Order of use 6 5, 2 1 3 4

of operators

Now consider the same expression written in Reverse

Polish notation:
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i
RHS = ABCDE/ +F~-GT *+

12 3 4 56

Note that i) the operators sre now in the correct order
11) the operands are in the same order as before
1i1) the brackets have disappeared entirely.
/In order to evaluate this expression, a scan is made
from left to right. When an operator i1s encountered, the previous
two operands are used as its arguments. This is shown in the

fellowing table:

perator First Argument Second Argument
/ D E
+ c D/E
- ) (C + D/E) F
U ((C + D/E) - F) G
* B ((c+o/E) -t ¢
+ - A ' B * ((C + D/E) - F)Tg

The transformation of an expression into its Reverse

Polish form may be effected by obeying the following rules as the

expression is scanned from left to right:




1)

2)

Operator Priority
) 0
/ ( 1
+ 2
- 2
/ 3
* 3
T 4

All operands are placed in the Reverse Polish expression as

they are encountered,

All operators and brackets have priorities associated with

them according to the following table:

An operator "stack" 1s established which will initially

he empty. Operators and left-hand brackets are placed on and

removed from the stack, as detailed below, on a first-in, last-out

basis.

3)

4)

left-hand brackets are placed on the stack immediately after

they are encountered,

When an arithmetic operator is anountered, the top of the stack
is examined to see 1f the operator there has a priority higher
than or equal to the arithmetic operator. If such an operator
is on the top of the stack, then it is transferred to the

Polish expression. This process is repeated until no such

operator exists on the stack. The operator in the source

expression is then placed on the stack.



5) When a right-hand bracket is encountered i1n the source
cxpression, operators arc successivoly removed from the
stack and placed in the Polish expression uptll a left-hand
bracket i1s left on top of the stack. Both brackets are now

discarded,

6) When the scan of the source expression is complete, the
contents of the operator stack are added one by one to the

Polish expression.

Fig. A.1.3 shows various stages in this process

dragrammatically for the example given earlier,.

Fig. A.1.4. shows a flowchart showing the logic of the
program and TABLE A.l1.2 shows some expressions and their Polish
notation equivalents produced by the program. Note that the
variable names used in this table all consist of 2 characters.
This is standard for the form of the program used for the present
study. A listing of the program used for the study is included

in Appendix 3, LISTING 9.

J
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REVERSE POLISH STRING SOURCE STRING

OPERANDS
- A + B*((C + D/E) - TG

OPERATORS E \ (_ OPERATORS

FIG. A.1.3.(a)

Operator
Stack
A B * ((C+D/E)Y -F) Tc |
FIG. A.1.3.(b) T
AB c+D/E) - Pa
(
FIG. A.1.3.(c) (
*
+
ABCDE r ) -1t G

<
*\\

FIG. A.1.3.(d)




ABCDE/ + -G

FIG. A.1.3.(e)
s

+ * o~

ABCDE/ +F YT G

FIG. A.1.3.(f)

+ %o~

ABCDE/ +F - TG

FIG. A.1.3.(g)

ABCDE/ +F -G

FIG. A.1.3.(h)

ABCDE/ +F-G P *+

FIG. A.1.3(1)

A




equation

SET I\and J for
algebraic or differential

more
haracters in
expression

Transfer any
remaining entries
1n operator stack
to Polish
expression

SET C equal
next character

in source expression

C any
operator

NO

b

Transfer characters
from operator stack

to Polish expression
until "(" found on
stack

stack

Put operator

directly onto

Set priority ‘of

operator from

lookup table and

transfer operators from
stack to Polish expression
until one with lower
priority found or

stack empty - then add
new operator

Put C in next
vacant position
in Polish
expression

Set Counte;}f

A.l.4,

FIG.

Logic of Program used to Convert Expressions written
1n Standard Algebraic Form into Reverse Polish Notation
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11e

D(XC)/DT¢— (QD* (XD-XC) +QA* (XA~XC)-QB* (XB-XC) ) /HT D(XC) /DT ¢ QDXDXC-*QAXAXC-*+QBXBXC-*-HT/

D(QC) /DT« (QA-QC) /WL D(QC) /DT + QAQC-WL/

TCeé— AO+XC*{A1+XC*(A2+XC* (A3+XC*A4))) TC ¢~ AOXCAIXCAZXCA3XCAd* %4k 4k 4
XB e— BO+XC* (BL+XC*(B2+XC*(B3+XC*B4))) XB e~ BOXCB1XCB2XCB3IXCB4*+¥+¥+%4
ZS €= XC*SF ZS4— XCSF*

QBé&— QD QB+—QD

TB ¢— TC TB¢—TC

TABLE A.1.2

. Expressions converted from standard form into Reverse Polish Notation

-
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APPENDTIX 2

JINSTRUCTIONS FOR PROGRAM USE AND DATA TFORMAT

It was noted in Appendix 1 that ALGOL 68-R programs
may be assembled Irom previously~-compiled segments stored in an
album. The data space available to the user depends on the
program size since, for a "normal" run under the Loughborough
University Computer Centre version of GEORGE 2, the total amount of
core store available is 48 K words. In most cases, a particular
run of an alarm-analysis program required only a laimited number of
the program facilities available. It was therefore decided to
organise the program into a form that would allow a particular
set of facilities to be obtained by assembling the appropriate
segments. The contents of the segments were chosen so that the

final program was of a minimum size.

All user-supplied information is supplied in the form of
data. The program facilities used for a particular run are
controlled gy means of "keywords™ in the data. Ea;h keyword
causes the program to read in data or perform some operation on ilhe
data already read in or both. After the program has performed the
task corresponding to a keywerd, a further keyword is read in.

In order to operate this system, a small control segment is
required. The only function that this segment performs is that
of reading ain keywords and translating each keyword into calls to

the appropriate procedures. Each program segment has one or

more keywords associated with it. The segments provided are each

described in the sections which follow. ZFach section is




subdivided to deal with the i1ndividual keywords. Table A.2.1 lists
the keywords applicable to each segment, their default values and
modes. Each keyword nominally consists of 12 characters. No
blanks must appear before or in the middle of keywords but

the requisite number of trailing blanks must be used when data

input follows on the same card as a keyword consisting of less

than 12 non~space characters.

The complete program required for a particular alarm analysis

job 1s assembled from the required segments as shown in

Appendix 1.




For keywords that
correspond to variables

Section in

Segment Keyword thas

Mode Default Value | PPeRdix
i

MODES DEBUG Boolean True A.2.1.1,
LOOKATNO Integer 100 A.2,1.2,

RESET Boolean True A.2.1.3.

CHECKNO Integer 1 A.2.1.4.
SMALLSTEP Real 1.0 * 1078 A.2.1.5.

NO Integexr 10 A.2,1,6.
MAXLEVEL Integer 2 A.2,1.7.

HOWMANY Integer 2 A.2,1.8.
TOLERANCE Real 1.0* 1076 A.2,1.9.
PRINTNO Integer 100 A.2,1.10.
NODENO Integer 1 A.2.1.11.
MOREUNITS Boolean True A.2.1.12.
TARGET Integer 10 A.2,1.13,
FUNCMODELS Boolean False A.2.1 14.

SEGl MASTERMODEL - - A.2.2.1.
SYSTEMDATA - - A.2.2.2,

SEG2 ADDALARMS - - A.2.3.1.
INPUTCHECKS - - A.2.3.2.
RUNSYSTEM - - A.2.3.3.

SEG3 MASTEREFFECT - - A.2.4.1.
SEG4 SETUPTREE - - A.2.5.1.
ALTERTREE - - A.2.5.2.

PRINTIEE - - A.2.5.3.

SEGS TESTREE - - A.2.6.1
PSEG PRINTMODELS - - A.2.7.1.
PRINTUNIEFS - - A.2.7.2.

TABLE A.2.1.

Keywords for Use with Program Segments
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A.2.1 Segment MODES

This segment contains:

1. The declarations for all non-standard modes and

operators used in the program.

2. The declarations of all "global"” variables.

(Those that are used non-locally in the program).

The keywords applicable to this segment are all used to
alter the values of global variables, Each keyword consists of the
same characters as the identifier of the variable concerned
(e.g. keyword DEBUG is used to alter variable DEBUG). The
subsections which follow treat the keywords in turn. Examples
of the use of each keyword applicable to this segment are given

in Appendix 3, LISTING 1.

A.2,1.1 Keyword DEBUG

This keyword 1s used to set the value of variablq DEBUG to
one of the boolean values TRUE or FALSE. When the value 1s TRUE
the integration routine gives extra output designed to assist in
tracing errors 1in the approximate "steady state" data previously
input to the program. The default value of the variable is TRUE.
As with all keywords which are used to define wvalues of global

variables, the input value should appear on the same card as the

keyword starting after column 12,




!

A.2.1.2 Keyword LOCKATNO

This allows the number of columns on the line-printer
used for output to be specified in the input data. The default

AY
value is 100.

A.2.1.3 Keyword RESET

If the glé?al variable corresponding to this keyyord 1s
set to FALSE the model variables will not bé reset to their initial
values after the integration routine is used. This facility él}ows
the program to be used to find the true steady-state from the
approximate steady-state values fed in by the user. The default

value i1s TRUE.

A.2,1.4 Keyword CHECKNO

For convenience, a unique reference number may be assigned
to each set of deduced alarm symptoms. These symptoms may he
generated in different program runs and a facility is therefore
needed to allow the user to input the next number to be used
during a program run. After each set of symptoms is found the

program updates the value of the variable CHECKNO by 1, The

default value is 1.
'\\
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A.2,1.5 Keyword SMALLSTEP

This keyword altows the input of the initial stepsize
to be used by the integration routine, The default value of the

variable SMALLSTEP 1s 1078,

A.2.1.6 Kezﬂord‘NO

This keyword allows the user to set the number of calls
to the integration routine by the procedure TESTREE. The default

value of the variable NO is 10.

A.2.1,7 EKeyword MAXLEVEL

This keyword controls the printing of the alarm tree as
performed by PRINTREE. The value of the variable MAXLEVEL determines
the number of levels of nodes printed out as possible cause nodes
for each entry in the list of nodes. The default value is 2. The
amount of ocutput produced by the program increases geometrically

with the value of variable MAXLEVEL.

I

A.2.1.8 EKeyword HOWMANY

When considering faults whose effects are unlikely to
propagate very far from the source of the disturbance during the N
simulation, the program selects a system of equations that apply to
units 1n the vicainity of the fault. The number of units selected

will depend on the value of the variable HOWMANY. With HOWMANY
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set to O, only the units adjacent to that in which the disturbance
occurs will be considered. Higher values of the variable cause the
program to search for loops formed by the links between units. As
an example with HOWMANY set to 1 any unit which 1s directly connected
to at least 1 output of a unait already included and 1 i1nput of a
unit already included will itself be included in the system. With
HOWMANY set to 2, loops with 2 adjacent units not already in the
system will be included. During the integration of the set of
equations, the program checks that variables ain the process streams
to and from units outside the system are approximately at their
normal values. If deviations from the normal values are found, the
inteération 1s stopped, the system of equations enlarged and the
integration 1s automatically restarted from the initial conditaons.

-

The default value is 2.

A.2.1.9 Keyword TOQLERANCE '

This keyword allows the user to set the maximum error allowed
before convergence 1s assumed in the integration procedure
MASTERINTEG. The default value is 1.0 * 10-6. Both the relative

error and the absolute error are used during convergence testing.

A.2.1.10 Keyword PRINTNO

This keyword allows the user to set the number of
iterations of the integration procedure allowed between output

of all variable values. The default value 1s 100.
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A.2.1.11 Keyword NODENO

;

This keyword allows the user to set the number of the
first node in the tree to be created. After each node is created
the value of the variable NODENO is increased by unity. The

default value is 1.

A.2.1.12 Keyword MOREUNITS

When the boolean variable MOREUNITS is set to 'FALSE'
then no extra units will be added to the system during integration
even if the variables in units outside the system change significantly,.

This facility is intended for use when MASTEREFFECT is used to find

controller settings. The default value is 'TRUE'.

A.2.1.13 Keyword TARGET

This keyword 1s used to control the number of calls to
the integration routine during use of MASTEREFFECT. The symptoms

found by this procedure are stored and the integration terminated if

the following condition is true;

Number of symptoms _ Number of calls of t> TARGET
found integration program

The default value is 10.
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A1 Keyword FUNCMODELS

This keyword allows the usor to specify that a model
supplied is in functional form. With the boolean variable
FUNCMODELS set to "TRUE' a different method will be used for
assembling the alarm tree in procedure SETUPTREE. The default

value is 'FALSE'.

A.2.2 Segment SEG1

This segment contains:

1. UFtility procedures used throughout the program,

2. The procedures used to set up the plant model in

core store and initialise variable values,

The keywords used to initiate calls to procedures in this
segment are MASTERMODEL and SYSTEMDATA. In both cases, the procedure
called has an identifier consisting of the same characters as the

keyword.

A.2.2.1 Keyword MASTERMODEL

" As might be expected from the name, this keyword controls
the setting-up of the plant model to be used by the progranm.
FIG. A.2.1 shows the main routines used by the program for this purpose.
Routines LISTUNIT, READMODEL and PREPSQURCE are all used to input

data to the program and a series of data cards is therefore expected

following any card with this keyword on it.
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[LISTUNIT - IOLIST
FLINKUNITS ~ ADDPOINTVAR
(A.4.1)
"MASTERMODEL" =% MASTERMODEL ~ PREPSOURCE ['ADDZEROS
= POLISH
*
- ONEQUATION ~——RHS (A.1.3)
~READMODEL = .
- ADDCOMMONS
. FINDUNIT
~F INDPVAR

FIG. A.2.1

Main Procedures called when keyword MASTERMODEL is used

The nomenclature used for the above diagram is as

follows:

—-

1. The keyword is shown in quotes. An arrow shows the call

initially made after use of the keyword.

2. Procedures that require input data are underlined.
3. Recursive procedures are marked with an asterisk.
4, If a flowchart for the procedure is given in Appendax 4

(or elsewhere), then the section number is given

underneath the procedure name.
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This nomenclature will be used throughoul ithis Appendax.

The cards in the data that follow the keyword may be

divided into 2 sets:

1. The set that supplies the data for procedure LISTUNIT.

2, The set that supplies the data for procedure READMODEL. (The

input of data by PREPSOURCE is controlled by READMODEL).

The procedure LISTUNIT translates the ainput data giving
details of unit names used in the model and the links between the
units into the skeleton plant model. ¥our "keyletters" are used to
control the input of this information. The keyletters are
U, I, O and E corresponding to Unit, Input, Output, and End.

Each keyletter is the only character that is read on its respective
card and must be in column 1. The use of the four keyletters may

now he considered in turn.

a) Keyletter U

This keyletter tells the program that the following card
contains a module unit name in columns 1-4. Any of the 64 characters
in the ALGOL 68-R character set may be used for the name. The unat
name must always precede the data on inputs and outputs. The first
card read by LISTUNIT must therefore contain this keyletter.
Subsequent use of the keyletter will cause the program to assume that
all information on inputs and outputs of the preceding unit has been

read in. The unit so defined will then be created in core store,.
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b) Keyletter

This keyletter 1s used to inform the program that one or

N

more cards follow, each containing details of one input stream on

the unit module currently considered. The format of these cards

is given below.

Column(s) Contents
1 Identification character of input stream
2 Blank
3-6 The name of the unit to which- the stream as
lainked
7 Blank
8 Identification character of corresponding
output stream of unit in cols. 3-6.
9 Blank
10 Contains a "," if further inputs follow on
succeeding cards. Any other character
(including "space') causes the program to
expect a keyletter on the next card.
c) Keyletter O

This keyletter causes the program to expect details of one or
more output streams of the unit currently considered.
the data cards is the same as those used for keyletter 1 except that

when reading details of column contents, the word "output" should be

substituted for "input' wherever encountered and vice-versa.
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d) Keyletter E

This keyletter causes the program to create the unit module
previously considered and to then return control to procedure

MASTERMODEL. (

During execution of LISTUNIT, the details of the skeleton plant

model as read in are printed out.

- The procedure READMODEL is responsible for reading in the
model equations corresponding to each unit and assembling them in a form
convenient for use in the computer core-store. The input of this
data is controlled by means of "dollarwords". Each dollarword
nominally consists of 12 characters (including the requisite number
of trailing blanks as with keywords). The dollarword starts in
column 2. Column 1 must contain a $ sign. The functions of the

»

various dollarwords are given below.

a) Dollarword UNITNAMES

This dollarword causes the program to expect a list of names
of units on the following card(s). The program stores this list of
names until required by one of the procedures calls ainitiated by
another dollarword. The list of names must start in column 1 of the

following card. Fach unit name consists of 4 characters and is

followed by a comma 1f further names follow 1t,




b) Dollarword EQUATIONS

This dollarword causes the program to read in one or
more cquations. FEach equation must start in column I of a data
~
card. .The program continues reading in equations until a §

character in column 1 of a card is encountered. The type of

equations that may be read in is limited by the following rules:

1. All equations must be either algebraic or first order
ordinary differential equations (with time as the independent

varlable)

2. All variables and constants must consist of two characters,
The two characters must be alphanumeric. Operator signs and other
symbols (including "space") must not be used as variable or constant

names.

3. The operators that may be used are +, -, ¥, /,'T ,GD and ¢£.

N

(The last two operators may be defined in the program 1f required).

4. Parentheses "(" and ")" are used 16\Fhe usual way to define the
order of operations on the right hand side of equations. On the

left hand side, they are used as in the example below to denote a |
derivative:

D(XC)/DT €= QA(XA - XC)/LC/AT

-

5. The backarrow symbol " ¢& " must be used between the

left- and right-hand sides of expressions.

6. A "$" symbol followed by a 3-character name and an operand
enclosed in square brackets denotes a function and 1ts argument as

below for the use of the trigonometric function sin:
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PA ¢ KP + $ SIN [x:s]* K4

The functions available are: square root SQR '
exponential EXP
log,, LIN
sin SIN
cos CcOos

/ tan TAN
arcsin ASN
arccos ACS
arctan ATN
limit LIM
random RAN
heavyside HEV

|
The arguments of the trigometric functions are in radians. |

"Limit" and "heavyside" are defined as in FIG. A.2.2. "Random"

gives pseudo-random numbers uniformly distributed in the range 0 to 1.

The last two functions were only included for completeness,
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N 2 N
Limit =4 |- cosTx ,o0<x{1
2

O,x.\so

' P IR D S G SN ST G . G, SN S S . g

Result
Y

~pr
Ve e e o —— -

o Arqument X

Function "Limit"

o’ Arqument X

Function "Heavyside"

FIG. A.2.2.

Definition of the Functions "Limit" and "Heavyside™
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7. No blanks to be left in equations.
y

Examples of equations wraitten in this form are shown in

Appendix 3, LISTING 2.

After all the eguations have been read in and put into
Reverse Polish Notation by the program, they are each added to the
A

model of all the units read in after the proceeding occurence of

dollarword UNITNAMES.

e) Dollarword COMMONVARS

This facilaity allows the user to specify that a list of
variable names (and their associated values) are common to a list of
units. The first variable name must be in columns 1 and 2 of the
following card followed by 2 blanks. If further variable names are
common, a comma is punched in column 5. Up to 16 variables may be
specirfied ;sing the same format repeated in succeeding 5-column fields
across the card. The program creates a list containing each of the
variables and sets pointers in core store to allow this list to be
accessed from each of the units in the last use of dollarword

UNITNAMES. '

q) Dollarword LONGEST

‘

This facility allows the user to specify the number of
characters in the longest equation to be read in during succeeding

uses of dollarword EQUATIONS. The default value is §9.
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e) Dollarword ENDREADMODEL

As might be expected, this dollarword causes the program to

exit from procedure READMODEL., This facility may only be used once

for each occurence of keyword MASTERMODEL in the input data.

~ An example showing the use of keyword MASTERMODEL is given

in Appendix 3, LISTING 2.

|
A.2,2.2 Keyword SYSTEMDATA

This keyword is used to initialise variable values.
The variable names and values are supplied on separate cards. A set
of cards are supplied for each unit required during each use of
the keyword. The first card in each set must be punched to the

format below:

Col(s) / "Contents
1-4 Unit name
5 Blank
6 Contains a comma "," if more
‘ sets of data follow the set
for this unit.

Subsegquent cards in each set are punched according to the format below:

Col€s) Contents

1-2 Variable name

3=-5 Blanks

6-N Value

(N+1) Blank

(N+2) Contains a comma if further
variables follow in this set
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An example showing the use of this keyword i1s given in

Appendix 3, LISTING 3.

A,2.3 Segment SEG2

This segment contains: ;

1. The integration procedures,

2, The procedures used to define alarms, check variables
for alarm conditions and input predefined sets of

deduced alarm symptoms,

3. Other miscellaneous procedures that are conveniently

stored in this segment.

s

The keywords applicable to this segment, ADDALARMS,
INPUTCHECKS and RUNSYSTEM are described in the subsections which

follow.

A.2.3.1 Keyword ADDALARMS

\
This keyword causes the program to read in the details

of the alarms used for the system. The data is arranged in the form
of sets corresponding to the unit modules of the model, The first
card in each set defines the unit in question and is puncﬁed

”

according to the format below:
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Col(s)

(‘ontenls

Unit name

Contains a comma
sets follow this

if more
one.

particular variables.

The remaining cards in each set define the

Each variable is defined by two

The second must be punched to the format below:

alarms for

cards. The

first contains the alarm message to be used on the output display.

Col(s)

Contents

7-69

70

71

Varaiable name

Blank

A number

Blank

Up to 4 real numbers separated}
by spaces (see note below)

Blank

A comma if more variables
follow in this set

column 5 as defined by TABLE A.2.2.

The contents of columns 7-62 depend on the value of the number in

LISTING 4 in Appendix 3 shows the use of this keyword.




GEE

Integer

Intetpaictin. «on of leald Rurhzss in

Colwims ¥ -~ (D

Type of
? oy
value 1st 2nd - 3rd 41h Alaru
Absolute
1 Blank Dlank Blank Blank (5% above
and bolow norr:)
Absolute
2 Blank Bl anlk Blank DBlank (10% abovc
and below norn)
Absolule
3 Bl ank Blank Blank Blank {20% above
and below nori)
Low Limit as Prelow limit Prchigh limit High limii as
4 fracition of as fraction of as fractltion of fraction of Deviation
normal value normal value normal value normal value
5 Low Limit Prelow limit - Prehigh limit High limit Deviation
; Maximum alloved Masrimunm allowed ¢
6 Normal value Musi bhe zero negative rate positive ratc Rate
\ of change of change
7 Low limit High lamit Blank Blank Abs?lu?e/
. Deviation
8 SPARE
9 SPARLE ‘
TABLE A2,2 ‘

Definition of Numbors fod in as Alarm Inmatl Data in Procvedure ADDATARVS




A.2.3.2 Keyword INPUTCHECKS

This keyword initiates a call to the procedure of the
same name that organises input of ﬁredefined.sets of deduced
alarm symptoms., The data is arranged in sets, each set corresponding
to one deduced alarm. The first card in eacﬂrset contains the
deduced alarm message. The second card contains details of the

1

whole set and is punched as below:

>

Col(s) Contents

1-5 Integer number used to identify
this alarm

6 Blank

7 Number of symptoms in set

8- Blank

9 A comma if there are any further sets

N

The remaining cards in each set contain details of the

symptoms. Each symptom occupies one card and is punched as below:

Col(s) Conéents
1-4 Name of unit in Wwhich variable is
measured
5 Blank
6-7 Name of variable
8-9 Blank
10-11 Signed Integer denoting alarm

condition: -2 for low alarm
=1 for pre-iow alarm
0 for normal value
+1 for pre-high alarm
+2 for hagh alarm

12 Blank

"13-N Real number giving elapsed time after
fault deemed to have occured at which
symptom appeared.
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A.2.3.3 Keyword RUNSYSTEM

“ t

This keyword causes the complete plant model to be run
using the integration routines controlled by the procedure
MASTERINTEG. Only 1 data card is required in addition to the card
containing the keyword. This card contains five numbers separated
by spaces. The first is the time at which the intggration starts,
the second the initial steplength, the third is the maximum
integration time, the fourth must be a "1" and the fifth sets the
number of iterations of the integration routine hetween printings
of all variable values. An example is sh;wn in Appendix 3,

LISTING S.

p

A.2.4 Segment SEG3

This segment contains the procedures that are used to faind
the symptom sets for deduced alarms, Only 1 keyword, MASTEREFFECT,
1s used to control these procedures, The complex call sequence

generated by this keyword 1s shown in FIG. A.2.3,

A.2.4.1 Keyword MASTEREFFECT

The data used with this keyword is supplied in sets.
The format of each set is given below. Cards 1, 2 and 4 are
mandatory whilst card 3 is only needed if column 6 of card 2
contains the boolean denotation F. Each set of cards defines the
abnormal conditions at the sta}t of the program run for the current
fault considered. Each occurence of card 2 in & set corresponds

to one abnormal condition. If the condition is specified by a

337




vuriable valuo chango,

this information also appears on card 2,

If tho condition 1s specified by a different equation for one of

the model variables, then the new equation is given on card 3.

Card Col(s) Contents
1 1 - 80 Deduced Alarm message
2 1 -4 Unit name ,
5 Blank
6 Boolean denotation "T'" if condition
corresponds to a variable value change
or "F" if correlation corresponds to
a new equation
7 Blank
8 A "T" if any more card 2's in this set
1f not, an"F".
9 Blank
10 - 11 Variable name if "T" in column 6
otherwise these columns and remainder
of card blank
12 - 14 Blank .
15 - N Real number for new variable value
3 1-M New equation if "F" in column 6
of preceding card 2,
4 1 Contains a "T" if more sets of data
follow or "F'" for no more sets.

An example is shown

in Appendix 3, LISTING 6.
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= CHECKSYSLIST
= DEF INEFAULT —4= PREPSOURCE
(A.4.3) L rus
= INSANDOUTS
= SELECTSYS TEMeq=e PRINTSYSLIST
(A.4.4) *
. L= FINDLOOPS
(A.4.5)
— SPLITUP

=~ STORELISIDES === CHECKSYSLIST

= RESTARTVALS
"MASTEREFFECT"=) MASTEREFFECT=— PRINTVALS
(A.4.2.) STEPSET
- MASTERINTEG ALTER
ALARM RUNALGEBRAICS
. RUNEQUATI@N
— SYSCHECK
(A.4.6) SPLITUP
PRINTSYSLIST
— EINKEFFECT
= KILLFAULTS
+ L REINITIALISE
1
A.2.3

FIG.

Main Procedure Calls initiated by Keyword MASTEREFFECT
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A.2.5  Scgment SEG4

This segment contains the procedures for setting up,
modifying and printing ocut the alarm tree. The three keywords
applicable to this segment, SETUPTREE, ALTERTREE and FRINTREE
require no data, Examples of the use of these keywords are shown

in Appendix 3, LISTING 7.

A.2.5.1 Keyword SETUPTREE

This keyword causes the program to set up the information
flow diagram in the form of a branched tree., Directional information
is stored with each branch. This tree contains all of the wvariables

i

in the model. )

A.2.5.2 Keyword ALTERTREE

This keyword automatically converts the information
flow diagram, set up using SETUPTREE, into the alarm tree. The
directional information is modified for use in the alarm tree if

necessary.

A.2.5.3 Keyword PRINTREE

This keyword allows the tree produced either by
SETUPTREE or ALTERTREE to be listed on the line printer. The number
of levels of possible cause nodes given depends on the setting of
variable MAXLEVEL. This variable may be set using keyword MAXLEVEL

as described in subsection A.2.1.7.

'
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tests on the alarm tree produced by the program. Only 1 keyword,
TESTREE, 1s used for this purpose. An example of the use of the

keyword is shown in Appendix 3, LISTING 7.

A.2.6.1 Keyword TESTREE

The use of this keyword causes the program to assemble
all the model-equations and run the model. Periodically, the
simulation is interrupted and the process variables scanned for
off-normal values. An analysis is carried out and results printed

on the line printer. The series of calls generated by the use of

this keyword is shown in FIG. A.2.4.

|
A.2.6 Segmont SLGS
; . —_—
This segment contains the procedures to carry out saimplo
|
|
|
|
|
\




= MASTERINIEG

— SPLITUP
CHECK § N

— SCAN CHECK 6
CHECK7 CHECK 5
CONDITION CHECK 6

CHECK 7

" " *
TESTREE" =% TESTREE ~——wmw—tfe=—= ANALYSE ———INSERT _

== AMEND

b PRINTRESULTS === ONELINE

FI1G. A.2.4

Procedure Calls generated by Use of Keyword TESTREE




A.2.7 Segment PSEG

This segment contains the output procedures PRINTMODELS and
PRINTUNIEFS which are called by the use of keywords of the same name.
An ekample showing the use of these keywords is shown in
Appendix 3, LISTING 7. No data is needed with either of these

keywords.

A.2.7.1 Keyword PRINTMODELS

This keyword causes the program to print out a list of
the units used in the plant model with details of the variables
used in input and output streahs and the variables that are local

to the unit.

A.2.7.2 Keyword PRINTUNIEFS

This keyword causes the program to print out details

of all deduced alarm symptoms stored by the program for each of

the units in the model.
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SETUPTREE
PRINTREE
ALTERTREE
PRINTREE
PRINTMODELS
PRINTUNIEFS

TESTREE

LISTING 3.7

Example of Use of Keywords SETUPiREE, ALTERTREE
PRINTREE, TESTREE, PRINIMODELS and PRINTUNIEFS
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YPEFVIRRAMCKY NEXBRAN)Y}
AR I I I I I I I T I e T R T N SRR S 22 R R XA RS T AN

TEI0L? YHISTANDARDSE'TRUEY ,pFRUGEY TRUE® ,MOREUNITS*YTRUE ,RESET«*TRUE';
TENT? NO &« 10,1AXLEVEL ¢ 2,HO0VMANY ¢ 2,TARGETY ¢ 10;
TERTY ~HE2k0 & J,LO0KATNO « S00,NOREND ¢ J,PRINTNO ¢ 1006}

"MADItIGAVE?

IMANEY 4 INR!

.

TRzALY SAALISTEP « 1,CR=~B,TOLFRANCE ¢ 1,08-63

1800L" FUNCI'CRELS ¢ "FaiSE*}
TpardqerYy 'upt = 1,€ = 5,8 = 53

'c ] .-...--------—.-------u---n--nq---—---------------,--—---------------------'c '
Yo' 2 = (YREF''REAL'A,'REAL'B)'REAL':
*BESIAY




ocg

(*P3ucd) 8'EoNTISIT

tanaLr n;

Yte' 4 > &

YTJ4ENT A ¢ B

'FI': "
A

YENn':

'c ¥ ----q-----—-c-n-l----v..b-----------u—hu.p-----U------.--------ﬂ---b.-------.—-' c'

LGPY £ = (YPEEY'REALVA,TREALVE)YREAL':

BEGIN!
YRONLT R:
1! 4 <8
"THFN' A ¢ B
Perty
A

YExD':

'c ] -—ﬂ-..-ﬁ--.-------ﬂ-----q-------ﬂ------------------------------p--.----.-----'c!

tOpY = = (TRFALY ALRYI'BOOL':

TReEGINY
'BOOLY R ¢ TFALSE':
Y1F' VYARST(A=B) < VABS'(B) s+ TOLERANCE TOR' 1ABRS'(A=B) < TOLERANCE
'THEWY R € TTRUE!
SALE )
?
YEqnt:

'c' —--..-----—-------------------------.-.-------H------------t------a--.ﬁ-‘.-' c'

PPy ¥ = (YREALY A,BY'R00L',

TReGiye
'R300LY T & "FALSE?':
"1FY 'ABSY(A=B) > 'ABS'(0,025+CA+8)Y)
YTHEN' T ¢ 'TRUE!
Ter':
k) -

YEyD':
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('p3uod) g°'E ONIISI'I

1 C' ----------------- -n—-q------unn--------------------------—----------------. c’

"ot "' = {IVQEF''REAL' A,'REAL! B)

Tagg iy
YREALY RESULT: ~
Y1e? 4 <2 9,0
YIYFNT A « 0,0
e SFY A ¢ EXP(R#LNCA))
. Ter?
YEup':

'c ] ..-...--n_..-q..-..---o----—--p—----—-----—----.---u------n---------------------.c!

(101871 ?TY4R = (0,0,0,9.,0,0.0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
-0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,%5,1,0,0,4,0,0,0.,5,2,6,0,0,0,0,0)

E1v147Y Jprae = (9,0,9,0,9,0.,06,0,¢,0,0,6,0,0,0,0,0,0,0,0,6,0,0,0,0,0,3,1,0,2,0,4
07,1,0,0,0,0,0,0,0,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,5,0)¢
It P yevpr USEDLIST € VYEMP' & (UNTL®,'NIL',0);

YEIR' ) 'TOr 35 0O
¢ JSerLIST « 'TEMPY € (USERLIST,'NIL',0):
}atT'nF'NEKT'OF'USERLIST « USERLIST )

tEND -

VKEEPP ' APEVALY W CHECKLISTY ,VEFFECTY ,YCHECK! ,*POINTERY ,TCONSTANTS!,"OPSTACK?,
PEULATIONY , SSGUATTONY , "EXPRESSTIONT , "CONLIST ', *FAULTVALY » YUNIT?,
TSTANDARDS T, " TENPY yVFAULT, PALARMY ,'SYSLIST ', YALGY,"SAVErY,*NODE?,
TREANCHY,

NOISTARDARNS s TARGET, FUNCMODELS s HOVMANY ;MAXLEVEL,ND,
LOOKATND, SMALLSTEP,MOREUNITS ) DEBUGSNODENO, TOLFRANCE,.PRINTNO,
DTAP,OPTAB,USERLIST,RESET,CHECKND,
D LA ,F0,=,w
YEINISqe N
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TREGT Y

fpaalt LIv = ('REAL' X)'REAL'y

( "TF' X <-0 VTHEN' 0 'EUSF' X > 1 YTHEN' 1 TELSE'! 0.5+(1=COS(PI«X))*'FI1' );
'c' -y Gy g e e ----------‘l‘.-----------.------ﬁ---.--------.------------' c!
1panit RrA = (TRFAL'T X)'REAL':

'BEGINT RAWDOM 'EHNDY;

'c'---.----. ------ ----------------------.-.------------n----------------------. 'c!

TPROSY HEVY = (TREAL' X)TREAL':

¢ TYFY X <=0 'THEN' 0 TELSE! § 'FIY )3

' c f e Ty oy e DX R T RN RN L N N N Y B L R S L LT R Y L Y R TR A K ¥ c-'
tpral' TUOHLY = ('REF'INODE! N1

TREGINY

TAVTESY B ¢ NAVETOF'NAVAL'OFTN:

TEASEC (COUNT'QRINI /01000

YNt PRINT(Y),
PRINTCCIYELEMYBL,2YELEMTB," ")), -
PRINTC(I'ELEMYB,LYELEMIB," "))

InlTY PRINT(A)

- TggAC!
Tend':
'c L -y g T gy gy A A e W L K L T L L LYY LN N L B L R L L L R Al ] 'c!
10! CYNDBSTRING = ("REF'LITCHARY M)y
tgeGivy
TINT! [ ¢ 'Uppiwmg;
TUWHILEY T > 1 'pO?
{ PIfp? (1] ¢ ® »
TTHENY YGOTOT CHQP
TELSEY I'MINUSTY
Vel )¢
CHaP it « 11(131+1]
TEYD!':

'c'-- ------ LA R L X ---'----ﬁ--.--ﬂ ----- LR LN I R K R R R R R E R R R N X e B N § ¥ R X -------.c'
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1P3aC! LONKAY = ('REFYIYCHARPUT' V)
Ingal )y
TINTY T & CHARNUMBER(V)}
V1et I 5= LOJKATNA
VYYENY pUTC(V,NEWLINE)
iF'l
Yeun?:

'c.-----.-----—------—--q------—--

1pa02' ANIIERAS = ('REE'[ J*CHAR!
[ggg[qu
S TeNTl L e 1, ¢ 1

{1:'UP3" SAURCE + 101t CHARY

YCLE&R' NEJ:
TWHILE? SOJURCZ(LY # " * 1p
( L1sNEJIK] ¢ SOURCELLY;

LYPLUS'Y

KIPLUS';
L2:'IF' SOURCELLY = "(

ey T ke Sy e D e gy S g, e ----------'c!

SOURC

1]

* tor

E):

NEW}

' SOURCEIL] = “e"

'THEN' NEWCK] ¢ SOURCEIL))

LYPLUSYY:
K'pPLUSYY:

YIF' SQURCEILY = "w"

VTREN! NEWIKY ¢ wzwg
NEWIK+T] « "0y
K'pLUS'2;
'GOTO' LY

'ELSE' 'GOTOY L2

3L
YFI'):
SHIRCE & MNEW[1:1x]

YEudt;
'c '-----H-..----n-------q-p-n------

'PROJ' POLISH = ('REF'LIYCHAR' SOURCE,CIVINT! T)3

------------u------------.-----.------'C'




YeEGIYY

o]:§>
DNILSIT

("pauod) g'g

)
-

CINTY L,dedeX & TUPRISOURCE]
YapETOPITACK! P,S ¢ 'NILYS

'cHAQ? C:
tref SQURCEL2) = "(™ *AND! SOURCELS] = ")*
YTYENT T 4« J €« 10
VELSE! I « J ¢« &
et
TUHILEY 1T £ £ tHOt
( € + SOURCECL1Y:
P + S:
TCASEY T('ARS'C] + 1
114" YWHILEY S YISNY! (TREF'VOPSTACKIPVALYINIL') fpO!
¢ S & NEXTIOF'S; .
VIF' CHAR'OF'p = M("
TTHEN® 'GOTO' LEND
. YPLSE! SOURCE[JY & CHARYOF'PiP ¢ SpJ'PLUST 14
“tg} Y,
S & VLOCTYOPSTACK?Y ¢ (C,S)2'GOYO? LEND:
N e 2,
N« 3,
N & &4,
N &5,
SOURCELS) « C: JtpLuUS'i3'GOTYO' LEND
TOUTY PRINTC(NEYLINE,"ERROR IN PRIORITY TABLEYMEWLINE))
YESAC'S
UAILEY S TISNTY (YREFYVOPSTACKYIVALIYNIL'Y tDO?
( YIFY TYUIYABSY(CHAR'NF'S)Y ¢ N
TTHENY § & VTLOCTYOPSTACK! + (C,S5):;'GOTO! LEND
'ELSE' SOURCECLJICHAR'OF'SISNEXTYOFSIJ'PLUSI
~ YFIV Y

S « VTLACY'OPSTACK! « (C,5)
LENDsI'PLUS'Y )3
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YEnNDp':

'c l..-.----n....----.---q—-----------------—-p-q-—----h--n----—---_l--_-----.-.------ L[] C!

'PROCY DREPSOIACE = (' INT'LONGREST,YREF'L)'CHAR'SOURCE,[I1INT!? Ti
fasGiy!

YEND';

YUHILE® S TISNT' ('REF'IOPSTACKTIVALIINILY)Y
( SMIRSELI] & CHARIOFTS;
J 'piLdst 13
S ¢+ NEXT'OR's )
SOIRCECLY « " ny
SAURCE « SAURCECT:dY1}
YIF' DERYS '
"THENY PRINT(SOURCE)
IF!'

TINT! L o+ 13
(1:LNUGESTY'CHARY TEMP:
YCLEAR! TEMPg
TCUAR' CAR ¢ "qny
TUSTLR® GAR & " v tp?
( REAQ(CAR);

TEMPILY « CAR?

L'PLUS

YIEY L > LOAGEST

Tpo!

'THEN' PRINTC(NEVLINE,"wwswe ERROR IN PREPSOURCE w#*###",NEWLINE))

tert! )3
SAYRCE « TeMP[1:L]Y:
ADDIEROAS(SIURCEY;
PRINT((NFYLINE ,SOURCE));
TLE! LNAGEST >= 40
YTHEN' PRIAT(NEWLINE)
:FLSE' SETCHARNUHBER{STANDOUT, 45)
3
POLISH(SAJRCE, T)
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'C P o o g e e e e o e O O 0 Y 8 e e AP o T S e o O O g O O Y Pt 8 e e O o g 9 B S0 o e e g Y W P e O ! c‘
'P?ﬂgl FLNCOM = (1BYTESY BITE, YREF¢IREFVINAMEVALIN,YREFIVCONSTANTSICON) 1EGOLY:
YRELINY
TadOLY OKAY & VEALSEY:
TRAFFYICONSTANTS!Y € « QON3
VOUMILEY & CISNTY ('REFTTCONSTANTSTIVALYINILY) 100!
¢ PIFY YAME'OFINAVAL'CF'C = BIYE
TTHENT OKAY & YTRUET:
N & NAVAL'GFIC;
C « INLLY
TELSE' C & NEXCON'OF'(
TE1Y )
OxaY
tEND?:
D ) e e 0 ™ o o P Y 0 T e o Y A S o e D i O g 0 D B g e e e "
P! SEARCHFORVAR s ('BYTES! RITE,'REFYYREF'TNAMEVAL?! N,
YREF'TUNIT! UNIT,.'BOOLY NOSTANDY!BOOLS:

'a00L? OKAY ¢ VFALSE',IN « VTRYE!}
PREFYICONLISTY L3
YINTY 1
TREFVIOQINTER p ¢ INLIST 'OFY UNITS
TCHARY ONES
YaYTES' 82
Tarpr VI NAMEYALY NV
f1¢4¢41'CHARQTY L0
PLAO T UYILEY P JISNT' ('REF'TPOINTER'*VAL!'NIL!) 'DO!
( PIFY 2'ELEMI'RITE ¢ NAME'OF'pP
STHEN! P « NEXP'OF'P
YELSE' ONE € 1'ELEM? BITE}
I « PTABIV'ABS'ONE + 1)}
tIFY 1 = 0
FTHFN® 'GOTO* LLONS
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("P3UCd) @°'C ONILSIT

tFLSE!' KV &
B ¢ NAME'OF'MV}
CC « 1Y IN

ll;l

(VARI'OF'PI(1)}

*THEN' (1ELEM!B,2VELEM'R,” "," ")
VELSE! (3VELEMIB,4YELEMtR,™ "," )
YFL's

veTBICC = BITE

"THEN?' OKAY ¢ 'TRUE!;

N & NV
PIE' YNOT'NOSTAMD
_ CTMEF' STAND'OF'NV'IS'
(VREFVISTANDARDSTIVALYNIL?)
CTHEN' STANDYOFYNV & 'STANDARDS' ¢
C0s000s000,04UNIT,"NILINILY,"SKIP")
TF1Y)
160T0Y LEND

TELSE?' 'GOTO' LCONS

T3L

IFII

'FI? p
YIF' IN

PTHENY P & JUTLISTIOF'UNITY
IN ¢ YFALSE';

16otat
25

pLAOP

LEOHSIL + COoOnMONSYOFYUNLIT)

"WATLE®
¢ TIfY

1F1

L VISNT?

CYREFYICONLISTYIVALYINILYY DO

FINDCON(BITE N,CONTOF'L)
ITHEN' OKAY & 'TUg'3'GOTOY LEND

PELSEY L « NEXLISTIOF'L

P -

tIFEY YNOT'FINDCONCRITE,N,CONTOFIUNIY)
I1THEN® COMTOFYUNLIT & "CONSTANTS! ¢
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CCONYOFYUNIT, (BITE,O0,'NILY))
N ¢ NAVAL'TOF'CON'OF'UNIT |
VELSE' NKAY ¢ 'TRUE!
'E1'} .

LEAD g DKAY
*EHD T
'c ] _-.._..—....---q---u---q-q—-----------n--.u---H---ﬂ-—-n_u-------u----------..-.c‘
1900 RS = ('RECTVINTY L,'REFYTUNIT® UNIT.[I'CHAR® CAR,
tBOOL' NOSTAND)'REs'"EQUATION':

tREGIi ) '
IREEVIAAMEVALY PAL? ’
[¢CHAAY MA = "essaw FRROR IN FUNCTION NAME #waes®™;
VaSFY Y EQUATION? £ & INILY) ’
TiyT? 1 « "UPB'CAR = 12 -
[1:4)'CHAR® CC:
TAYTES? BITE?
tann ' B:
toHARY D
PugILEY T > L tp0!
( D & CARLIY:
1 "Idus 1;
t1Fl OPTARLYASS!D ¢ 1) 2 O
- YTHEN' & & VEQUATION' ¢« (£,D)
VELSE® "Ist p = ") B
ITHEN' €C & (CARCI=13,CARI[I)," "," ")
RITE & 'CTBVLC!
SEARCHFORVAR(BITE PAL UNIT,NNSTAND) ¢
 LE T T & .
€C ¢ CARIPT+#13144):
BITE ¢ 'CTRYLCY
E & VEQUATION' ¢ (E,"FUNCTION' & ('1F! BITE="$SQR"
YYHEN®
YELSF? BITE="SEXP"
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TE4nt;

l;ll
E

'ELSE?

TET!
):

CC ¢ CCAPLLY«D,™ "¢™ ");
1 'MINUSY 13

BITE

¢« fgypece:

' THEN!
‘FLSF!
'THEN'
'ELSF!
'THEN?
"eLSF!?
YTHEN?
'ELSF!
"THEN!?
TELSF?
YTHEN?
TELSF?
TTHEN!
YELSF!
YTHENS
YeLSF!
*THEN!
YELSF?
'THEN'
'ELSF?
CTHEN?
"ELSE!

2
BITF="SLIN"
3
BITE="SSIN"
4
BITE="SCOS"
5
BITE="STAN"
&
BITF="SASN"
7
BITF="$ACS"
3
BITE="S$ATN"
9t
BITES"SLIM"
10
BITE="SRAN"
11 -
BITF="SHEV"
12
PRINT(MM)Y ;O

fe1t,pAL))

SEARCHFOPVAR(C(BITE,PALSUNIT,NOSTAND)
E « YEQUATION?

+« (E,PAL)

'c' -------qn---------I---—---------—u-------"--------ﬂ----------------.--u.-—-. c'
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(*pP1ucd) g'g DNIISIT

tpaed! GMralATION = (YREF'VSYSLIST! SAME,[J'CHAR! CAR,'BOOL' NORMAL):
TgrGlve
TINTY L2
fpanyt B: .
YoeF PHUNTTY UNIT « SYSUTOF'SAVE!
PoxFTI0ZXORESSION! EX « VEXPRESSIONY ¢ (RELATIONS'OFIUNIT,
CHIL o " NIL s "NIL',"NIL"):
RELATIONSYOFIUNIT « EX? .
T4JVCHARY CC
"uYTRSt RITE}
Tyt CARE2] = "¢" vamp® CAR[S5] = ™)y"
'TYEHY CC ¢ (CAR[3Y.CAPLEY," *," ")
GRADIENT'OFYEX & VREALY ¢ 0
L «9
TELSEY CC & {CAR[11,CARI?Y," =," ")}
L «3
t F f t H
BITE « 'CT3' CC»
3 ¢ SEARGHFORVAP(RITE,LFSIQFTEX,UNIT, FALSE');
file' uOpPMal
TTHEN' NORMAL'OFIEX
VeI SEY ALTERIQFIEY
TE1?' « FPSCL,UNIT,CAR,"FALSET);
YIFET HEXS'OFPSAME VISMT' (TREF''SYSLIST'IVALUINILY)
VYHENT OHEQUATION(NEXSYCFYSAME,CAR,NORMAL)
] 1 "
tpuot: &
'C ' ———--"'-r----------'----q----—:--—---—-----—--h------------—-----------------'c‘
ToRUC EINrUNITa(tREF P UNITYUNITLIST,"REFY ' BYTESTUNITNAME) "REF TUNIT':
RGN

TQEFYEYNTITY U & YUNITLISTS
VUHILEY 4 YISETY (YREFVVUNITIOVAL'YINILYY 'DO!
¢ PEF1 UNAME'OF'H = UNITNAME ’
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YENDT:

I c t ----..--..-.-n--—--ﬂ-m----—-u-----n--q----t--—----ﬂ-qq--ﬂ-------'---------II---' c'

ASDCONMONS = (YREFY*SYSLIST' SAME,"REF'CCONSTANTS! C)3

tpandy
auGivye

YEnn':

'c'-U-‘-H-----q---------n--—-m---------u‘-----------------.------------------'c'

READHODEL = (YREFUVUNTTVUNITLISTCIYINT! TASLE),

Tpgol!
faeGlae

YTHEHT 1GATOY LEHD

VELSEY U & HEXUVOF'Y

gt )
PRINT((NEULINE,"ws% FINDUNIT FAILS %% " ,UNITNAME,NEWLINE));
Levpeld

TREFFYUNITY B &« SYSUTOFYSAME!Y

COMHONS'OF' L « YCONLIST! & (C,cOMMONS'OFYU)Y;

TIF? MEXSTOFVSAMEYISNTT ('REFVISYSLISTHIVALYINILT)
TTHENY ADDCOMMONSINEXS'OF'SAME,C)

gt

I¢HARY MORE,FIRST}

{4:12)'¢HAR (; .

'rEFYICONSTANTSY ¥ ¢ YNIL':

YAFFYISYSLISTY SAHE « "nlL':

trao! JORMAL ¢ 'YTRUE?';

YWYTES' UNITRAME,VAPNAME]

YeyTt LONGEST « 593

PRINT(NEUDAECE);

PRIMT(UMNENLINE (NEVLINE"READMODEL PRINTOUT" NEWLINE.

Paddshdhthtabbdbaerr® NEYLINEY);

Y EADCENEULINE ,FTIRSTY )

YEF' FIRST & "an

CTHFNY PRINT((UEWLINE,"«¥ews ERROR IN RFADMODEL ww*we")})
'GOTO! LEND

+

Tert,
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{°pIuoo) g'e DNEELSIT-

LOOPIRFANCL) ]
vEFt ¢ = MEQUATIOAS -
YTHEN' READ(NEVLINE)?
N:'BEGINT
'REFVL{IVCHARY CAR = [1:0'FLEX']
PREPSOURCE(LINGESTCARITABLE)
ONEQUATIOHN(SAME,CAR/NORMAL)
TEND'Y
READCINENLING,FIRSTI)I
*IF! FIRST = "g"
ITHEN! 1GOTOY LOOP
PELSE' READ(BACKSPACE)]
'GO0T0! N
'Fif
'ELSEY C = MUNTTMAMES
'THEN! READ((NFWLIMNE,UNITNAME,MORE)):
PRINT((NEWLINE,NEWLINE));
SAME « 'NIL'"}

"CHAR!

L:SAHE « 'SYSLIST! € (FINDUMIT(UNITLIST UNTTNAME),

NILY,'FALSE®,SAME):

PRINTCCNEULINE,N »LUNTTHAME,NEWLINE) )
C1F"Y MORE % ®,"
PTHERNY GEAD((UN]ITNAME,MORE))?
16070 L
lp!l
YELSF' § = WCOMHMONVARS "

'THEAY PRINT((NFULINE,"VARTABLES COMMON TO ABOVE UMITS:",

NEHLINE) )}
READC(NEWLINE, VARNAME ,MORE) )}
PRINTC(NEVLINE ,VARNAME ,MORE) )

MgV «'CONSTANTS! « C(VeC(VARVAME,O0,'NIL"))?
TIFY MORE = ","
YTHEN' READ((VARNAME,MORE))?
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PRINT(CVARNAME,MORE)); -
15070 M

‘EIV;

ADDCOMMCGNS (SAME, V)

PRINTC(C(NEVYLINE NEWLINE))?

vV e 'NIL?
TELSFY € = YLOMNGFSY .
. 'THEwW' READ(LONGEST)
VELSFY C = MENDREADMODEL" .

TTHENY TGGTOY LEND
tELSEY PRINTC(NEWLINE,"#%#%+ ERR IN READMODEL *hxak®))y
1Go70" LEND
regt;
READ((NEWLINE,FIRST));
YIF! FIRST = *s5"
'THEK' 1GaY0' LOOP
VELSE'! PRINT((MEULINE,"#wwss READMODEL ERROR #w##s®))
YEY1Y;.
LEMD: PRIMT{HNEWPAGE)
TENDY: .
|CI..— ------ gy papeprep Ry e A L L L L L Ll Ll b ol b Aot bl
1PROCY ADGDOINTVAR £ ('CHART 1.0)'REF'CITREF'NAMEVAL',
TREGI
YREEITIIORFY INAMEVALY N & [1¢63'REFTYINAMEVAL';
VAHARY V3 -
[1:41'CHARY CC:
TEQRY 3 1TOY 4 DY

¢ V & YCASE?! J VIN' mQU,tyN,MpM, TN, X" ,"2" TESAC':
CC « V1,V )}
NEJ] ¢ 'NAMEVAL' ¢ ('CTR'CC,0,'NILY) )1

H
tzupt;

'cl--_-,-_.-_- e L T X ) ._-----'c'

------—--0.—------'!--—----u-----------q------od-
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Tppalt ICLIST = TREFY 'YPOINTER':
teEnlie

"AaVTES' LIST!

TCHAPY MDORE « ",",CAR,NAME;

YTREEY YPOINTER' MEXP & 'NIL'}

PHHILEY MORE = "," 'Do!

. READC(MEWLINE, NANS,SPACE,LIST,SPACE,CAR,SOACE,MORE)})Y]

. SETLHARNUMBER(STANDOUT, 30

PRINTC(NAKE " ",L18T," ", CAR,NEULINE)Y?
NEXP ¢ "POINTERT & (NAME,LUST,CAR,MEXP,"NIL Y HIL'INILYY )}
MExp
YFNE'
LI ol I ey e P ysquenpapagesse g S PP T P L L P L L DL Ll E b Atk ey
TPROSY LISTUNIT = 'REF'VUNIT':
ETTRE'L
~ YpO0OLY NK ¢ VEALSE'y
TREFVIUHITY U « NIL':
YLEFICPOINTERY IN « INTLY;
PQEF'IPOINTER? CUT « TNILY:
- TCHAR' CAPRS R
- TaYTESY UMITNAME,R « "GT "¢
SREFVICONSTANTS?Y € & 'CONSTANTSY « (YNILY,(B,0,'NTIL")):
& VCONSTAHTS' (Cra("WUN  ",1,"NIL"));
YCONSTAMTS! {CaC¢™HY  ",0,'NILY)):
tCONSTANTS! (G ("EX ",2.71828,'NIL"YY )}
TCONSTANTS? (Co("KH  ™,0,5,'N1LY))?
TEANSTANTS!? (C,(m20 ",0,"NILY)):
« "LT "
PRINT(NEVPAGE) :
SETCHARBUMBER(STANDOUT,13):
PoINTCC*LISTUNTTY OUTPUT® yNENLINE ,NEWLINE,
“ UNITY INPUT OR POINT ON LINKED WITH" NEWJLINE,
" NANE quTPUT UNIT UNIT POINT™,NEJLINE))?

+ + 2
4+ 41+ 4+

MaAGmTaOn
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tEyn?;

'c '—---.---o—-.-------------u----—------------.--------D---ﬁ--------.--------' c'

TpROLY
Tpeet.ge

LoapP:READCCLEWLINE.TAP)) S

PIFY CAR = "1"
PTHEN' SETCHARNUNSER(STANDOUT,15)IPRINT("INPUT");
H « 10LTST
YELSF' CAR = "g"
VTHEN' SETCHARNWUMRER(STANDOUT,15):PRINT("OUTPUT");
our + 10LIST
YELSF' CAR = “u"
PTHENY Y1EY OK
FTHEN®' U «VUNIT! « CUNTTNAME,IN«OUT U, "HILY,INIL',
TCONSTANTSY « ('NILY,(r,0,'NIL")Y},
TCONLISTY « (C,*NIL")):
OUT € TN & 'NILY
TELSE' 0K « VYTRUE'
FFpLY;
READC(HEWLINE JUNJTNAMEY)D;
PEINT((NEULINE," "LUNTTNANME," "N
TELSFY CAR = "F"
TTHENY U «tUNIT! & (UNTTNAME,IN,CUT,U,'NILY,*NIL',
TCONSTANTS® € ('NIL',(B,0:"'NIL")),
TCONLIST! ¢ (C,'NIL!)))
DP!NT(("EUL!“E.NEHL!NE)Ja
1¢ov0! LEND
TELSFY PRINT((NEULINE ,"#4w+s ERROR IN LISTUNIT wewan™,CAR))}
IGOTOY LEND
‘F17;
tGOTGY LOGOP;
LEMDet

LInktINITS =

YoEFISUNTT!

CYREFUYUNITEY ULIST):

Ul « ULIST. U0}
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TEwp®;

lc [ ----—h_..m—--‘.--"-----n-l-1---.-‘---.-------—.--h-------.--—--------------‘---. c'

Tpaott
PEEGTY

"REFYIPOINTER® PY.PO; . . =
VisgTLREY YT YISHTY ('REFVVUNIT'IVALY'NILY) tpO?

{ Pl +

INLISTYYORYUT

TUHTLE® PI VUSHMT' CTREFFVPOINTER'VAL''NIL') *oO!

{

UO ¢ FINOUNTTCULIST,LISTIOF'PL);
PO &« QUTLISTIQF'UO;
TUHILEY PO YISNTY (VYREFCYPOINTERYCVALYINILYY 1p0O?
( VIFY(NAMETOF'P]l = CAR'OF'PO 'AND!
CAR'YOF'pI = NAMEIQF'pPO 'AND!
LISTYOR'PO=UNAMEYOF'UL )
ITHENT LINKYQFIO0D ¢ PI;
LINK'OF'PE ¢ PO;
VARITOF'o]l ¢« VARIVYOF'PO ¢
ADDPOINTVARC(NAME'OFTPI,NAMEIQF'PY)}
UNITYOF'Pl ¢ UL}
UNITYOF!'DD ¢ UO:
"GOTO' LABEL
YELSE! PO « NEXP'OF'PO
. YFLY ):
PRIMT((NEWLINE,"ERROR IN MODEL DATA ",NAME'OF'Pl,SPACE.,
LIST¢OFRIP],SPACECAR"QF'PL,"™ OF UNTIT *,UNAME'OF'UI,
" DNES NOT HAVE COUNTERPART IN DATA SUPPLIEDR™,
NEWLINE))
LABEL:P!  NEX¥P'OF'PT )2 .

Ul « NEXU'COFTUT

FLIDPVAR

('"REFTFTURITY UKETLIST):

, TREFVIUNITIY U € UMITLISTS

TREFVIDOILTERY Py
TREFILY'REFPIHAMEVALY V;

TUHTLEY

U

TISHTY (PQEF!YUNITIIVALYINTILY) 'pO!




Ele

(*P1u0d) g g ONILSIT

¢ P e (HLISTYOEYU;
" ORUHELRY P syt (YREFYIPOINTER! tVaAL!
4 VY & VARI'OF'p:
YFOR' J tTO' & 'po!

VIF' STANDYOF'V{JY g5 ('REF'VSTANDARDS' 'VALTINIL')

YIPENTY yEJ) « 'NQLY
YELSEY STAND'CFIVLJY ¢ 'NIL!

. "F1';
: P ¢ HEXPIOF'P )i
U« NEXU'OFIY )
A VM

'r:l---._.,-..,-.......---.--_-.-n__---q-—--_---.---u------
TPRETY MNETYDATA = ('REFIIUNITYUNIT)Y,
YEEG I

TCMARY MORE « »,n;

"AVTESYVARMNAME:

'IFALYVARVAL;

YRPFVINAMEVALY PAL:

YRO0LY DEKAY,FOUHD:

YNILYY 'DO!

-------------—---------‘--- ' c !

© PRINTC(HENLINE, HEULINE (NEYLINE,"UNIT ™, UNAME " 0F ¢ UNIT,
NEULINE , "aasunsess® NEWLINE ,MENLINED )}

;HHlLF' MORF = ",% 1t

READ((uEuans.vaaqus.SPAcs.VARVAL.SPACE.MORE)):

- - PRINT((LOUKAT,SPACE, VARNAME, VARVAL)Y)

'TF! SEARCHENRYAR(VARNAME,PAL,UNIT,NOSTANDARDS)

YTHEN' PRINT(® ™)
TELSE' PRIFT("w«")
YE1; .
VALUE'AF'PAL « V4RVAL M
TPRINT ((KEVLINE, NEYLINE))
VEup'; ;

'c'-l!--—--:..---------—-----—~-------------------------n----n--------—---n-----' c'

'PROY' SYSTEMDATA = ('RLEVVUNIT!Y UNITLIST):

-
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YREGDI
!qpp| IUN]TI u;
FedARt NOLEU & o, u;
IsvTEs! ULITHNAME?
PRINT{(NFUPAGE, NEYLINSyNEWLINE))
PRIFT(("SYSTENDATA PRINTIUT",,NEWLINE))
DQ]LT(("*-itt*+it**k*¢t*i*i",QEwLIMF));
TUIHILEY MOREYN = W, 1pQ!
{ READCCHEWLINE ,UNTTNAME ,SPALCE  MOREU) ) ;
I« FINDUNIY(UNITLIST, UNITNAME);
UNITDATA{N) }: )
- PRINT(("+ INDICATES PRZCEEDING NAME NOT FOUND IN EQUATIONS™,
HEWLTNE, JEWLIVE JNEWLINEDY)
VEyLT
t U7 e ot o e 5 s st i e D Y R 0 R e e e U e T T Y R e S S Y e g T U e Ay Ty e e lcl
PPRACY HASTFRIODEL = (LIVINTY TASLE)Y'REF!IUNIT'g
TREGINY
TGEFYYUNIT' U « LISTUMIT:
LiNRIHTTSC(U) ¢
SEADMODEL(Y, TABLEY ‘- -
Fiunovap ()
H
YEants
'{: l--—--H_--—-—-----------------.--.-----------\------------------------------- 'C'
YPROGT LINKFFFRCT = (*REFPICHECKLISTY ¢,'REF'VCHNECK® CX)3
YHREGYS,
TapFtICHECKLIST! C1 ¢ NELCH'QF'CK,.C2;
YapfptInAMREYALY 3}
"REF''STANDARDST S ) ~
NEXCHIQFICK « tyfp ;s
TURTLE® €1 tISNTY (VRSECVICHECKLIST!!VAL'!NILY) tpO?
¢ €2 « NEXCH'DEIGY; -
NEXCHTQF (Y « NEYCH'QF'(CKs
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NEACH'OF'CH « C4:
1 « C2 )3
€4 € NEXCnYOFR*'Cu:
TUYTLEY €1 Yi{54r! (YREFVYICHECKLISTY"VALYINILYY tpO°
{ S ¢ STAND'OF'NAVALIOF'CY;
PIFY COUBTIORICT > )
PTHEN' HIESLIST'OF'S « TEFFECLT! ¢ CHIEFLISTYQF'S,CK)
. VELSE' LOEFLISTIOZ'S e YEFFECT! « C(LOEFLIST'OF'S,Ck)
F1';
C1 « NEXCHA'D70CY )
TEun';
) cl..u-__..-..._-----q———--aun—--—
TPROTY fl-iq = (rIuT? IV'PROCY('REALVIVREALY
¢ tlaget g -
I SURT.EKP.LH.S!ﬂ.CWSoT!N.&RCSIN.ARCCOS,ARCTANgLtM,RAN,HEv
PESACT )

---ﬂ------------h-------------ﬁ--.--n----------- ' c t

'Q-l--ﬂ-------.—--n----------nﬂ-----------h-------------—--' c L]

'C.-- ------ W S em o g Y WG
P20l RUAEQUATING = (IQEEVISQUATION? EQ)Y'REALY
YhEC Y

'TPFIITSMPY T « USERLIST:
YRFFVIEQUATION' E « EO:
FQEFYIFUNCTIONY F;
‘eqar? ¢:
TRRFYINAHEVALY ¥}
VaqILEY F o ISATY ("REF'TEQUATIOGNI "WALE P NIL'YY tp0OY
{ TCASE' (MN,C,0) g1= CONTENTSU'QFIE
TIN' VALURTOFIT ¢ VALUE'OF'N:T ¢ NEXT'OF'T,
VALUEVQFIT ¢ FUNCCNOTOFTF)(VALUE'OFYARGYOF'FI3T e NEXT'0F'T,
T ¢ LASTIOF'TY] )
SSEGIN®
YREF'IREAL' R = VALUE'OF'"LASTIOF'T]
YREFVIVREALYS = VALUE'OF!T;
"CASEY OPTABLYABS!'C + 1)
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A0 X0 v 0 .03

TouT?
fESAC!
VEND®
YESARY;
F o« NFXT'OF'E );
VALUBIOC 1 LaARTIsIY
Rk L
r34tp!
TE4n!

prus! s,
TMINUSTS,
ITIMES'S,
"pIV! S,
Tupr s,
£ S,
2 S -
PRINTU(NEUWLINE s "*###2gRROR JN RUNEQUATION W wex¥*"))

TKEZP! LI, L0NKAT, PREPSOURCE + SEARCHFORVARRHS,ONEQUATION, FINDUN!T-

THOHLY, C{O2STRIANG,

REANHANEL ,SYSTEMDATA MASTERMODEL « LINKEFFECT,RUNEQUATION

YRINTsYt
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jusueq

203s

ONILSIT

0oT’'E

taehive
tpagft

teynty

RULALG = ('REF''4L3' ALGF3RAEICS,'REF''BOOLY CHANGED):

YREFYPALGY A & ALSESRAEICS:
TEAlLY STOQFG
VOLHTILFY A *ISHTY (VRSFYIVALGYYVALY'NILY) 1DO?
( STIRE « VAL IETOFVLHS'OF' A
VALUZ'OFPLNSYOFY2 ¢ RUNEQUATION(RHSTIOFAY;
PIFP I NOTY(STIRESVALUEYOFYLHS'OF1A)
'THEN' CAANGID & PTRUEY;
'"IF' DERUG
TTHEN?® PRINT((NEWLINE/NAMEYOFTLHSYOF1A,SPACE,
VALUE'OFVLHS'OF'A,SPACESTOREY)
I;Il
YEIY:
A € TIEXALGYOF'TY )

‘L'--—-—— ------- L ELR B B B RN N B L R R B N N TN Wy N ] q--o------------------------.----'c.

tpantt
LE: T

STZpUP = ('REF'YVSAVE' SET,"REF!'REAL! H,'REF'IINT! COUNTER):

VAFFI'SAVET § &« §SETY
Ht rIvMES'4,.5¢
[1:63'REALY A}
CANNTER « A}
TIUSILFY § VISATY (VREFVYSAVE'YVALYINIL')Y *pO!?
( 3 &« (YSYOF'S,PYOFVS,XKSYOFVS, K4 Y0F S, KII0FYS,K210F'S8)
KIVOFT1S « K2tngeg)
KeVdgts ¢ EQUIPILLA,Z,.?9);
KGE1DEYS &« EQUIPNL(A,?2.53):
g YOF'S « EQUIPILLA,1,25);
3 « NEXSAVE'IFIS )
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TPRGCY STenpOuN =
rpeg sy

'c ' -, W W e ---ﬂ"---ﬂ--------------—I;-----‘.------.--ﬂ-ﬂ-----------—----- L c'

(YREFIISAVEY SET,VREFVIREAL! H);

v Yagprigaysd
[1:61'2EALY

HYTIMES'O, 58

fayrest s

{ A ¢ (YS'OF'S,E0AF1S KSIQFIS K4VO0FVS KIV1OFS K270F*S) g’

vySiag's
. F '0FS
KSYOF'S
r4INEYS
K3'NFIS

5 « SFET!
Al

VISHTY (YREFVVYSAVENVVALYINILYY

-
-
.
L

*

CANTAEY
EQUIPOL(A,3,5);
K310F'S) |
SQUIPOLCA, &, 5Y
K2VaF' 5

S ¢ HEXSAYE'Hels )

tzant;

] c T oo ™ iy o T o s T v v D TR G A A A e B S N T N ST Y A G ar P WS P s S T e B A A ) U g S M e 0 R B SR O S T O TN ' c

1PROCY UPHATF = ('REFVISAVE' SET):

azciyy

TapfFd'SAVE!
PISHT! ('REF!YSAVEVTVALIINILYY

YURILEY §

‘ { vsrnersg
E YOF'S
Kstaetg
K&LINEYS

S TAR

+*
*
*
L 2
L

3 * 83T: -

Z '0fF'sy
KS'DF'S}
AT AR Y]
K3'nF*S:
K2'0F'S;

S &« NEXSAVE'JFIS )

TENDT:

'c‘ T e T s gy Y e NG W T N WS SN AP e B  om e B o e P T WD N Ry W g O g S D S O M S U w S O o a0 N P s Y o e Om A g P o e o S e D c.

1pqau? ALTFR = C(VYPEFIFSAVIEY SET,VREFY'REALY Hs'REF'CINT!

taza i

T1:5)tREAL!
"REFITSAVES

A;
S « S5%T3

HITIMES'), 257

'po!?

'pot

COUMTER):
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CNTFR ¢ 52
PRIMT(VEULEINT) ]
POUMTLEY § VISNT! {'PEF''SAVFIITVAL''NILYTY 'pol!
( A ¢ (YS1OFI5,F10FYS,<XSYOFYS, k4 '0F'S,K3'0F'S)
VALME'DFYVARTABLE'QF'S € KY'QF'S;
VEIOFTS + K&4'aF'Ss
g INF1S € TAUIPILLA,3,25);
¥SFNFTS & EQUIPOL(A,3,5)7 v
LYETS ¢ EQUIPALCA,S,75):
3 & & NEXSAVEIQF'S )
TEyn '
Y e ettt
tpanf! STzpSET = (*REF'TSAVE'SET,'REFTREAL'H ) "INT ITERC, ITERA,
YREFYYINT'COUNTERY ¢

-----—----.---------.-nqu-----------—-----—...-u--- ’ c!
14

tpeqjls
trg? AOUNTER < 10
TTHENY NDDATE(SETYCOUNTER'PLUS'M
TZ1SEY 'CASEY LITERC
VI STEPUP(SET,H,COUNTER),
STEPUD(SET  HeCOUNTER) »
UPDATE(SET),
UPDAYELSET),
UPNDATE(SET)
1Ni)TY STEPPONN(SET (H)
1E3ACY
1 £ 1
YENRT
lc T o vt T .._.........,...._-_.._.._,._.___.,__...._.._.._.,..-_.,..__...,.........-_,-._,-_._-__...._..! c ?
1Tpanfht pSrgTVALS = (YTIEFITALGY ALGEBRAEICS,"REFIISAVE! SET+YREALY T):
LTS

TapFItALGY A ¢ ALGERRAEICS:
YQFEVTSAVEY § € SETY
TREFY 'NAASYALY W}
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ACTEOVAF T HINAERSTYLE ¢ 53
DAYNT(LHEALING,MPILINE,"TIME = ", T, NEWLINE ,NEULINE,
“y4LliZS SET AY DIFFERENTIAL EQUATIONS: ™ ,NEWLINE,NEWLINE))?
TOguTLEY 5 PISHNTY ('REFUVSAVE'TVAL'CNIL')Y ‘'po!
( 4 € YARIABLETOF'S)
DRIANTL(LIOKAT,NaMFYOF N, VALUEQF'N,SPACE) )]
& + NEXNSAVE'DFIS 3¢
PRIBT (¢MF' ITLINE NEVLINE,"VALUES SET B8Y ALGEBRAIC EQUATIOKS:™,
NEWLINE (NEWLINE)})?
TWHTLFY A 'ISNTY ('REF'YVALG'YVAL'YINIL') 1DO! .
(8 « LHS")&'A:
PRTITCCLOOKAT, NAMEVOFIN, VALUE'OF*N,SPACE) )}
4 & NEXYALG'OFTA )}
AETEP'OF VNUNMBERSTYLF¢10 .
TEND':
'c'--------u-—-—-H---------d-nﬂ--..--------ﬂ--.---.---.—-‘---ﬂ.ﬂn----—-—-ﬂ----'c!
tpaoat MASTERINTEG = ('REF''SAVE' SET.'REF''ALG' ALGEBRAEICS,
VAEFYYREALY TMAX,H,T,'REF'VINT' METHUDNO,PRINTNO,COLS):
'REGI#'
YApFYIGAVEY § & SETY -
TAERVIALGY A & ALGEBRAEICS;
TAODLY CHAAdGFD?
'INTY COUSTER,ITERALITEPC,PRINTCOUNT ¢ 0}
YREALY STORE,,MAXSTEP « 03
LR HETHOOAD = 4
TTYENY PRINTVALSCA,3.T);
COJHTER « O3
METHODJID « 2
TerSer COUNTER +« 10
A
PRINT(NENLINE)
TdTLEY T < TMax 00!
( 22I4TCOJINT tpLUSY 13

~
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S5TaqT:s ¢ SET ]
VUMTLEY S TISHYY (TREFVYSAVEYIVALYINILY)Y 00!
( XK110F'S & VALUE'OF'VARIABLF'OF'S+0,08333#H#(23,04K3'0F"S~
16, 0%KL10F1Se
S.0xX8510F'8);
§ ¢ HEXSAVEVOF'S )3
§ ~ SET!
TYHILEY S TISNTY ('REFVISAVET'VAL'I!NIL!) 'DO!
( STORE € YALUE'OFYVARTARLE'OF'S;
( VALUETIFTYARTIARLE'OF'S « K1'0F!S;
K110E'S ¢ STORE!
§ -« WNEXSAVE'DF'S )
CHANGED & "TRUE':
ITERA « 0} \
"WHILEY CHANGED '0O
t CHANGED ¢ 'FALSE';
ITERA'PLUS'Y;
" t1Ft ITERA > 7 YAND' DEBUG
STHEH' PIINTC(NEWLIME,"ITERA = “,ITERA))]
ITERA « O
PRYINTVALSCALGEBRAEICSSET.T)
L A .
, RUNALGCALGERRAEICS ,CHANGED)Y )i
LCeITERC « OF '
MAXSTEP £ M}
| ‘" CHAIGED ¢ 'TRUE':
; TUMTLE? (CHAYGEDVANDY{ITERCC10)) 'YpO!?
(S & SET; '
CHAMGZED « YFALSFY;
ITERC'PLUS Y
YUATLEY § YISNTY (YREFYESAVEV'VAL'ONILY)Y 'pO!
( K2'NF'S « RJINEQUATION(RHSIDE'OF'S);
S « NEXSAVE'QF's ):

8¢

-
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1

T

'S tISHT! (TREFVISAVEV'VAL'YAILY) 10t
¢ & VALUETQF'VARIABLE'YOF'S;

JFYVARTABLEYOF!S « K1YOF!'S +0,0416667%H*¢ 9,0+K2'0F'S+

19.0%K3'0F 5=

S.0#KLVY0FE'Se

K5'0fF'sy;

P1e' 'NOT!(STORESVALUF'OF'VARIABLE'OF'S)
YTHENY CHANGED « 'TRUE!
YFI';
S 4« NEXSAVE'OF'S );
RUMALG(ALGERRAEICS ,CHANGED) )3
"IFY ITERC = 10
"THER' ALTER(SET,H,COUMTER)YI'GOTC' START j
YFIV .
T 'pLUSY A:
TSTEPSZT(SET,H,ITERC,ITERA,COUNYER)}
PIFY PRINTCOUNT = PRINTNO
PYHEN' PRINTVALSCALGEBRAEICS,SET,V)s
PRINTCOUNT « O
YFI' )i
PRIMTC((REWLINE MEWLINE s "MAXIMUM STEPSIZE =" ,MAXSTEP,NENLINE));
PRINTVALS(ALGEBRAEICS,SET,T)
TENNT:
'c'-------_-------ﬂ---u-n----—-------—-a------------—-------'----“—-------""C'
YPROTT SPLITUP = ('REF'VSYSLIST' SYSTEM,VREFVYREF'VISAVE! SET,'QEFV'SREEIIALG®
ALGEBRAETICS):

~

"RESTYY
"IFFIISYSLIST! SYS ¢ SYSTEM;
PRIMTC(HEILINE,MEVLINE«"UNITS AND VARIABLES TO BE USED FOR INTESRATION",

NEJLINE,"A AND D DENOTE ALG, OR DIF, EQUATION™,NEWLINE,NEWLINE))}
TURILES SYS YISNTY (YREFTTSYSLIST'IVALYYNIL'Y tDO?
( PREFPYEXPRESSION'Y E « RELATIONS'OF'SYSU'OF'SYS:
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LIS SR AL X SUHE
COPRIMTC(NEULINE  MEYMLINE JUNAMEVOFR Y SYSUIOFSYS , NEYLINF,, "huwa",
.  NEWLINE)):

TCOUNT « 13
YUAILE! E YISuT' ('REF''EXPRESSION''VAL'YNIL!) 'DO!

(

TCHARY ¢} o

VIF! GRADIEANTYOFYE 1SV (TREFYFYREAL'VVALI'NILY)

TTHEN® ALGE3RAEICS « "ALG' ¢ (ALGEBRAEICS LHSYOFVE,NORMAL'IFVE);
c & HAII

'ELSE' SFT € 'SAVE' ¢ (SET,LHSYOF'E,NORMAL'OF'c,0,0,3,0.0,0,0);
C « "D"

1efY;

TIFY ICOUAT « 9 >= LOOKATNO ¢ 10

VTHEN' PRYNTY(NEWLINEYZICOUNT ¢ 1

TFLY;

PRINTCC(" "eCo" PYNAME'OF'LHSYOF'E));

ICOUNT*PLUS'Y;

E ¢ NEXTEXTOFTE );

SYS « NEXSTINF'SYS )

teyn':

1ot e mn e nm -

u

LB B R TR ------.--.-----------»-.---------------.-------- L c'

TPRIGTY LDDALARMS = ('REFIIUNITY ULIST)Y: .

AT 0D & LI

TCHARY.

EEO'{ECJHOFE‘pHOREU e ",
VIVTEST TUHAME, yNANE

‘REFIYUAITY U;
VIFFVIYANMEYALY N}
'SyYR1iGT €S
VYnT! TYPENDS

"REAL?

TREFTISTANDARDS' §;

AsSsCsD,PERCENT, V!

" PRINT((MEWPAGE ,MEYLINE ) "ADDALARYMS OUTPUT™,NFWLINE,

"haehkbkk bk kv b b ke NEWLINE))}
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e
{ HORET + ®

AIRFU = ", " tpp!?

"1

READ((NEWLIHF, UNANHE,MOREUY )}
PRIVTCONEULTYE REVLINE ("UNTT " UNAME JNEWLINE )" nsswnwva™ NEWLINE) )]
U « FINDUNIT{ULISTUNAME)

VUHTLE!

¢

~
i
-

[T W - e "y
T +tarr

MOREY = ¥"," Ypo!

READ{(MENLINE,,ME))
CHOPSTRIMGINME);
PRINTC(HEWULINE,KE) )}

QEAD{(MEWLINE,VNAME, TVPENO) )

PRINTC(NEWLIME ,VNAME))?
SEARCHFORVAR(YNAME N, *TRUE )}
*CASE' TYPEND

TINY

L

PERCENT & 5,0,
PERCENT «10,0,
PERGCENT 20,0,

READC(A,B.CoDI)V & VALUEVOFIN]
A'TIMES'VBYTIMES!VCYTIMES 'VIDITIMESIV;'6OTO LY,
RFAD(U.B.C.D)H'GOTO[H: )
READ(CA,8,C,D¥);160TO'LY,
READCC(A,RY)IC « 0,0:0 « 0,0:°G0TO! 1 )
'OUT' PRINT((NEULIHE,)"#wxa* ERROR IN TYPENO #evw#"))
YESACY)

VALUE'OQF'NS

(1.0 = PERCENT#Q,01 )=V}
(1.0 = PERCENT#0,005)»V;
(1.0 + PERCENT+().N05)*V;
(1.0 + PERCENT«0,01 YuV;
STAND'OFtN & V'STANDARDS!

PRINTCCA,B,C, D NEWLINE))?
SETCHARNUMBER(STANDIN,71):
READ{MOREIY ) )

¢ (TYPENO A:BCrD,VALUETOFIN,
U, INTLY,INTLY p¥E)?

v
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P9 LHECKS = (YREF'TUNITY ULLIST)
|

t3T2tNGY E;

Yanhy YORF & YTRUE!' )ROSTAND ¢ 'TRUE!;

Va7t WY, NUM, CAUNT

YORFUTINAAEVALY N3 N

*GVTESY VJIAME,UNAME!

YORETTUAIT' U5

TapFt ' CHECKY €K1

TpefIICHECKLIST! CL?

TQEALY TIIE:

PATATL{(HEUPAGE, "INPUTCHECKS PRINTOUT".NEWLINE))Y}

TAHILEY HORE pnt

{ AEARCONEULIMNE,MEY)
READ((NEWNLIKE,KOQO,SPACE,NUM,SPACE,MORE) ¥}
CHOPSTRINGC(HE) $
PRIAT((NEJLINF,NEWLINE ,ME))
PATHTCINEWL INESNO,SPACE,NUM) ) ?
GK ¢ YCHECK! & (ENIL',ME,CHECKND):
CAFCXKNOYPLUS Y}

YEORY J ST0G1 nym 'pn
{ READC(NEWLIME ,UNAME SPACE S VNAME ,COUNT ,SPACE,TIME));
PRIMTCCNEMLINE yUNAME SPACE s VNAME ,COUNTY,SPACE,TIMEY)
U & FIRMUNMIT(ULIST,UNAKHE)?
YIFY SEARCHEQRVARCVNAVEsNsU,'TRUEY)
TTHENY NEXCHYOF'CK &« 'CHECKLIST! & (NEXCH'OE'CK,
"N COUNT,TIME,'NIL!)

PELSEY PRINT(C(NEHLINE,"ERRQGR TN INPUTCHECKS" ,NEWLINE))

VELIY 3y
LINKEFFECTU(NEXCHYOFTCK,CK) )}
PRINT(NEIPAGE)
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l‘:..:h,f:

L C' - gy W g oo WA E oy ------—n--——-----------qqﬂ-ﬂ-------qn—----------------—------' c'

1panie
basqlye

YEND';

'c' n-—--ﬂ--——-—-«.-----—--n----uou----.-.-.-------q---‘------------------------' c'

TPROCY pueckd & ('REF''STANDARDSTAL,"REFT'NAMEVAL'N,'INT "I 'REAL!TIME)"REAL":

L IANE

CHFGES = (TRFFIISTANDARDS VAL, /VREFIVYNAMEVALIN, VINTVL,'REALITIMEY ' REALY

'SEAL' ERROR « 0,0,V « VALUFTOF'NS

"1 v < BTOF'AY
"YHENT ERAOR « =10
YELSFIV> CYOF'AL
PYMENY ERROR « 1.0
A

YIEY (Y <= AVOFVTAL JORY V 33 D

"THEN! EPRUA'TIMES'2

':!!:

EAnPR ¢ ((ERROR = 1374,0);
FRROQ

TOFALY ERROR ¢ 0,0,M0W ¢ VALUE'OF'N,RATE,DT € TIME =~ BtOF'AL}

fre! ny <= 0

TTHFNY DT & TINME

‘F1Y; :
QATE « (HOW = AYOF'YALY /DT
"1F' RATE < C'OF'AL

TTHEK?Y FRROR ¢ ~1.0

YELSF' RATE > D'OF'AL
'THEHN' ERROR ¢« 1.0

tert,

ERRNR &« (C(ERROR =~ 13%/2.0):
ATQFTAL ¢ NOW:

CIOFTAL & TIME:

ERROR

YOFTAL )
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toeuynt;

'f:'-o---—----u---t-----n--nu---n--'------n--Hn-.-ﬁﬁﬂ'-ﬁ----ﬁ-------nﬂ------h--ﬂ-'c’

TRl CHEOX? = ("REF''STANDARDSVAL,YREFVINAMEVAL NSV INTVT L 'REALYTIME)"PEALY
Trgal

YPEAL' ERROR « 0,0,V « VALUE'OEF'N?
T1EY V¥ <= AYOF'AL
TTHREA!' ERROR ¢ «5%,0
TELSFIY>= BIDF'AL
"YHEN' ERQROR « 1.0
P13
FRROP « ((ERROR =~ 13/2,0);
ER]OR
tennt; :
'c L I B T T L L T vy P T T VT PR L e P X T Y Y e Ty s L Y 'c.
tPRONY RUGSVSTES = (TRFFIVUNTTY ULIST)'REAL"S
YREGI]Y - .
"REALY TMAX:
TINT! MEYHODNO,PRINTNO,COLS)
"RFFIINAMEYVALY X
SEARCHFORJAR(™HF ",N,ULIST,"TQUE");
TREFY'EALY H = VALUETOF'™N:
SEARCHFORYAR("GT " ,N,ULIST,'TRUEY)?
. "oRFUtREALY TIME = VALUE'OF'N;
UpEFIYUNITY U ¢ ULIST:
TREFYISYSLISTY § & INILY:
YREFYVALG! ALG « YNIL':
VREFVISAVE' SEY ¢ 'KIL':
PRIVTCINEUPAGE ;"RUNSYSTEM PRINTOUT" NEULINE ) "swthnbdnbprnhintes”™,
NEWLINE,NEWLINF)Y)?
TURILEY U VISNTY (YREFVIUNITIIVALY'NILY) *0O!
¢ § & 'SYSLIST « (U, "NIL','FALSE!¢S);
1} « NEXU'OF'y )i
SPLITUP(S,SET,ALG):



REANC(NEWLINE , TIPE M, THAY ,METHODND,,PRINTNOD)) ¢

FﬁQTFRIHTEG(SETJALGGTHQ!IHJTIMEJMETHODNO!PRINTNO'COLSJl
Yiar

tean

tagy 2!

reyn!

1<EEPt RUvaAlLG, PRINTVALS,MASTERINTEG, SPLITUP,ADDALARMS, INPUTCHECKS,
CHEFKS,CHECKA  CHRCK?,RUNSYSTEM

TEIMIsYY

e
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IPROCY rrf CHSYSLIST = (VREFT'YSYSLISTY LIST,'REF'IUNIT! UNIT)YIBOOL',
togql e
YAFFYISYSLIST! § €« LIST]
YaoL! RESULY & 'FALSEY;
VitgTLEY S VISHTE CYREFYISYSLISTOIVALYINILY) ‘DO
¢ YIEY SYSU'OE'S 17S' ('REFVIUNITIIVALIUNIT
"THEN' RESULT ¢ "TRUE';*GOTO' LEND
VELSE? § €« NEXSTOFR'S
T3 )i ’
LEMDeRESULT
TEap';
1 flercnatumsccseerma= u—-q—---—---—----------n---------------------------——---' ct
15200 PHINTSYSLISY = ('REFT'SYSLIST? LIST):
toeglyy
tpeptteyslLISTY § ¢ LIST;
PRIMT(NEWLINE)
TugILE? & TISMNTY (PREFTYSYSLISTHIVALI'NILY) fpo!
( SRINTC(LCNKAT ,UNAME'QE'SYSUYOFTS,SPACE));
& « NEXSYOF'S ):
PRINT(NEWLINE)
VENG':
‘c ' ---n-o"—-o—--n-—-I---—-—---u---------—------------------------_-a-----—----—— ! cl
1pROC! E1LnLONPS = (YREFFIREFIISYSLISTY SYSTEM,OTHERS,*INT! LEVEL,
YREF'VUNIT! UNITI'BOOL':

VyyTt MEMTLEVEL ¢« LEVEL = 13

Pad0L?! RESULY « !'FALSEY:

TpEFIrUNTITY U2

Ioeft'pOINTER® P & OUTLISTIOFTUNIT:

tuMILE? P 'ISNTY (YREFY!POINTER''VAL''NIL') 'DO!
( o« UNTTY'QOFTLINK'OF'P?
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VIFY CHECKSYSLIST(SYSTEM,U)
"THEMY KRFSYLT « 'TRUE?
T SEY FIFY YNOTYCHECKSYSLIST(OTHERS,U)
VIHFNY BYIFY LEVEL > 0
YTHEN? OTHERS € "SYSLIST! & (U, "NILY,'FALSE',OTHEFRS)}
T1FY FINDLOOPS(SYSTEM,OTHERS ,NEXTLEVEL,U}

TTHEN' RESULT « 'TRUE!';

g SYSTEM ¢ FSYSLISTY & (U, 'NILY,'TRUEY,
- SYSTEM)
lpll
'FI'
'FI'
g1t
p « FEXPIUEIP )
FEsiLY

YExan';

' c [} -ID—‘-H.-_-—u——-----u------ﬁ-‘-n--—-----ﬂ----hﬂ--.----------- e preseaen® 0 e ' c '

Fpaan? (taabpNyTs = C('REFYVUNITY UNIT,"REFYTREF'ISYSLISTY SYSTeM):
YaF6l-

tapFV'POINTERY P & IMLISTIORYUNIT?
TREFY T GLTY U
tgan)! I8 € TTRUE';
LOOD 'WHTILEY P PISNTY (VREFVIPOINTERIVVALYINILS)Y DO
( U ¢ UNITVOR'LINKIOQF'D:
CIFY 'HOT'CHECKSYSLIST(SYSTEM,U)
TTHEN?Y SYSTE!N & 'SYSLIST! & (U,UNILY,*TRUE' ;SYSTEM)
IFI"
P & NEXPYOF'P )3
"IFY I
VTHEM! IN « VFAL3ZE'S
P ¢ OUTLISTYQFTUNIT) .
'GOTO' LOOP T
‘Pl
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frunt;
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YORAME QRLFCTSYSTEY = (VREF"UYREFVISYSLYIST® SYSTEM,'INT' HOWMANY)Y:
"Reslte
TREF'ISYSLISTY § ¢ SYSTEM; -
VorFtISYSLISTY OTHERS € 'YNIL!: ) T -
PINTY LFVEL € HOUWHAMY;
'gnolL! RESULT2 « "TRUE';
YEGRY ¥ V[0 I tpor
{s « SYSTENM;
TUHYTILEY § TISHTY (YREF''SYSLISTIIVALI'NIL'YY 'pO!
( ITNSAMDOUTS(SYSUrQFIS,SYSTEY) )
S & MNEXS'OF'S ) ):
Tronr' g VUHAILE' RESULTZ'DOQ!
{ § « SYSTEM]
QESULTZ & FEALSETS
TUNILEY S "ISHTY ('REFVISYSLISTYIVALI'NILY) DO
¢ VIF' LEVEL > 1
TTHEN' "JF' FINDLOOPS(SYSTEM,OTHERS,LEVEL,SYSLU'0OF'S)
TTHEN? RESULT2 ¢ 'TRUE!
- 'F1¢
[ ] FI 1 H
S « NEXS'OF'S )
PRINTSYSLIST(SYSTFM):
LEVEL ¢ HOUWMAHNY = 3 )
LI PR
'C'---_—h--n-—-----—---—--nu----q------—---------------------O.---------—--—-'c‘
TProlt RFIMITIALISE = ('KEF'YISYSLIST! WHOLESET):
'peGt it
"REFVTISYSLISTY S &« WHOLESET:
TREFVYEXPRESSINMT gy
PRgFIr JUREALT R
MISATLEY S TEISHTY ('REFIVSYSLISTPIVALI'NIL'Y) 'po!




26¢g

DNILSI‘T

(*Piuco) 11°g
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tpaas
YREGT W

YENDT;

-r
-

( E e RELATICHGTIQRIQYSUIOFTs;
P e STU{F 'OFY §;
VENRY J YURTIEEY £ YISNTT (VAREFVVEXPRESSIONVIVALT!NIL') 1nQ!

¢ VALSFYQFILHSYOFR'F « RTJY;
F & NEXTEX YOFY £ )3
S & HEXS'0F'S )

STOPELUYSINES = ('REFYVUNITY ULIST'PEF''SYSLIST' SYSTEM)'REF''SYSLIST':

TREFVISYSLISTY UHOLESET « INILY;

YRFFYVUNITY U « ULIST:

YREFIIEXPRFSSIONE E3

YeuTY W

PaRFYL 1TRE2LY 3

EUILEY U PYSHTY('REFTYUNITICVALYYNILYY'DOY

( UEDLRESET « "SYSLIST?! « (L, NTL?,¢IF' CHECKSYSLIST(SYSTEM,U)
STHEN' 'TRUEY
VELSEY YFALSE!
YFI',,WHOLESET);

F & PELATIOHNS'OFYU;
Noe 0}
TUHILEY F PISNT! (VYREFTYEXPRESSIONYEVALYINILY) tDOV
(N TpLESY 93
F & NEXTEX'QF'E )3
R o€ STORL'OFTUHOLESEY « LY INY'REALY?
£ & RELATICHNS!OEN;
TEARY 4 YTOY o vpO?
¢ RIJY & VALIWEYOFI{AS*NFY'E}
E & KEXTEX'OF'E )3
1) « NENL '0F' U )}
UHOLESET
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vpRGlY AlLgPr =
TREM TR
YorFtCHECKLISTY £ « HEXCA'OF'CK:
YREFVISTAMDARDSY § « STAND'CFIN}
TIMTET o 1Q0UsDYICASEY (TYPEVOF'S
FinY 2,0%#CHECKALS
2, 0%CHECK?(S
"TYTIL,0%CHECKS (S
TegACH;
Yynn ' RESULT « '1EV 1 = 0
ITHEN! YTRUF!
T2 SEY YFALSE!
(N3

CVRFEFIVCHECKIOY T REFVENAMEVALIN,tREALYTIME,"FEF 1Y INTINIMAER) 3

- 5)
eNsO,TIMNE)Y,
sNo O, TINMED
'NoC,TINED

TUATLEY ¢ YISHTY (VREFTICHECKLISTETVALYINILY) 100°.
( tIFY MAVAL'OFIC 31S5' CYREFFINAMEVAL''VAL'N)

TTHEA' 'IFY 1T = COUNTRQF!C
YTHELY RFESULT « 'TRUE!
YELSE? RESULT ¢ PYFALSE®

YFIV;

C ¢« "NIL?
PELSEY € « NEXCMPQFIC
I;Il ):

PLEY T AATIPESULT

YTTHENY NEXCHYQFR'CXa ' CHREKLIST  «(NEXCHYOF'CK N, T oTIME,'NILY);

PRINT((NEJLINE,NEWLINE,UNAME'OFYUNIT'QFrS,"

",NAME'OF'N," ",

VALUEYOF*N,NQRMICF'S,1," ",ME'TOF'S,NEWLIAE)Y;

HUMIFRYpLUS!1
'F!'
tennt;

-

'C' --'--—-----.—-------------------—-----------——-——---------‘------------,-----' L'

'pROSY SYSEPEDx & (YREEF'ISYSLIST' WHOLFSET,'REF'Y'REF''SYSLIST' SYSTEM,
YREFIVIEEVTALGY ALGEBRAEICS,"REFYIREFVISAVEY SET,



pee

ONILSIT

("pjuocd) 1Y1°'g

"REGIL

E

TREALY TIME,'REFIVINTINUMBER.VREFIICHECK'CXy'ANOL?

PARCTIEXDIERSIOnT E

Tanny! ALTERED e 'FALSET;

YAEFVYSYSLISTY & « WHOLESET,NFEW:

Topel P ayAnFVALY N3

YFFYP OJVREAL' Ry

YAFALY MEVVALY

130911 0K € VEALSS!:

AETERVORIHUMIERSTYLE « 53

CUgILEY 5 YISHTY ('REFVISYSLISTIIVALYINILY) Ino!

( B € Q8L ATIOHSTOFYSYSUYOFY S

R ¢« STARE'OF'S:

TeQkt T TWATLEY E TISNTPCYREFVIEXPRESSIONY ' VALVYYNELY) DO’

( Boe LA3YOERTE:

*IRY INSYSTEN'GF'S

"THEM' VIF' STAND'OF'N'ISNT'('REF''STANDARDS''VALIINIL")Y
PTHERY ALARM{CK,N, TIMF,NUMBER)
fgre

YELSSY NEWVAL ¢ RUMEQUATION(HORMAL'OF'E);

0K « VIFY GRADTENTIOF'EVISY("REF'VREAL"IVAL''NILYY

YTRES' (REIY = NEWVAL)

VELSEY (RIIY = VALUE'OF'N +NEWVAL*TIME)

'F1':

TIFV(THOTIOY TAND' MORFUNITS)

TTHENS MEVEISYSLIST I «(SYSUYOUFIS,,"NILY,'"TRUEY ,INTLY);
SPLITUPCKEM,SET,ALGEBRAEICS)
INSYSTEMPOF'S & 'TRUE';

MEXS'OF'NEW + SYSTEM!?

SYSTEM « NEUW;

PRINTC(NEWL INF.NEWLINEZ"UNIT ™, ,UNAMECOF'SYSUSQF'S,
" ADDED TO SYSTEM",NEWLINE))Y]

PRINTSYSLIST(SYSTEH)?
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Qr ¢« VFALSE!;
ALTERED ¢ 'TRUE!

1;1!
YFIV:
F « NEXTEXMOQFF 3:
S ¢ YEXS 'CF' § )1t
AETFRYOFUAUNBERSTYLF « 103
4) TERED
"Fun':
1 c '__.._‘._-_“_--___-__._._--_____,--_____-_--...--—-_-----------------—-------0--_ L] c'

PRl RESTARIVALS = ('REF''SYSLIST' SYSTEM):

TepGiye
"REFYVISYSLIST! § « SYSTEM;
"eFFTYEAULTVALY F3
YUUTLE® S 'ISAYY (TREFTISYSLISTTIVALVINILY) tpo!
( F & FAULTYAIS'OF'SYSU'OETS:
FUHILFY F VEISNTY ('REF'YFANLYVALY'VAL''NILY) 'DO?
4 VALUEPOFTRVIOF'F &« NEW'DE'E:
F & NEXTIOR'F )}
§ & NFXSINgIS )
PRYUT((NEVLINE ,MERLINEDY)
'Eun’:

1 c L) -"-..--——t---—-------u---—--h—‘--------m---—ﬂ-----u-----—---10------w------t-lt' c'
'PROZY KTLIFAILTS s ('PEF"'SYSLISY' SYSTE#):
Tnge iy
THEFYISYSLISTY & « SYSTEM;
YREFYEXPRESSIOMNY £y
"SFFYYFAULTVALY F:
VIMTLEY S YISGLTt (YREFYISYSLISTVYIVALUYINILY)Y 1pot
{ F & FAULTVALSTORISYSUIYOFYS:
UHILE' F VISNT! ('REFP*TFAULTVAL''VALT'NIL") 'DO!
¢ VRALULETGEI'MNVIOQFIF « QLDYODF'F;
FAULTYALSICFYSYSUTOFRYS « tNILY}
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YEMDT

F & NFXTYOF'F )
E « RELATIONS'CF'SYSU'OF'S?
PUHILE' E YISNT!' ('REF'TEXPRESSIONTTVALYINIL®) VDt
{ YIFY ALTFRUOFYE PTSNTY (YREFVVEQUATIONIIVALYENILT)Y
VTHEM® MORMAL'OF'E « ALTER'OF'E;
ALTER'OF'E ¢« 'NIL?

IPII.-
E & KFEXTEX'GF'E y;
S € REXSYORES )
PRYMTCC(HEWLINE NEWLINE))

'C'--—‘----—-. -------- o e o v B W e TR S e O N e T D TR ok R AR g OSSP Gn e TR T R D TS O uh W e S e as W WY ---'cl

TERASH

“iBgcIMe

CEFITNFFAULT = ('REFM'REFYTISYSLIST! SYSTEM,'REF!VUNIT! ULEIST,
TPEFYISTRIMNGY ME,"REF'YBOOL' MOREFAULTS,ITI'IKNT! TABLE):

JREFVIUNIT U;
JHYTES' UNAME,VMAME]
YaEALY vals
'RONDLY MGRE ¢ 'TRUF',JALG/VAR,EXALG:
YREFVYHAMEVAL' H,MV3
TREFYVEXPRESSTICMY EX: -
[1:£1'CHARY CC3
VINT! L:
REAPC(MEULINE , MF) ) :
CHOPSTRING(ME) ¢
PRIMT(LMNEVLINE P EUMLINE s "FAULT MESSAGES " NEWLIME,ME'NEWLINE))
YWHILF!' HURE ?pr!
( RESD(CHEWLINE UNAMF,SPACE,VAR,SPACE,MORE))?
PRINT (CMEULTIHE,UNAMEY)
U ¢ FINDUMITCULIST,UNAME):
"1FY "KROTHYCHECKSYSLISTCSYSTEM, )
PTHEM' SYSTEIL « YSYSLIST? e (UsTNIL' ' TRUE®,SYSTEW)
'FLY

-
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VIFP VAR

YThEN!

TELSE!

REJ\‘D((SPACEIVNA"EISPACE'VAL,): )

PFYFT(C" VALUE OF “,UNAME, "IS Nod =",VAL)):

YIFY SEARCHENRVAR(VNAMEN(U,"TRUE"Y

YTRENY FAULTVALS'OFRTU e« VFAULTVALY ¢ (FAULTVALS'0OF'U,
VALUEFTOFTN, VAL, N)

VELSEY PRINTC(NENLINE,"ERROR IN DEFINEFAULT",NEWLINE))

'F!'

FY & RELATIONS'DE' 1}

PRI TC(™ NEY FQUATION: " ,NFWLINE))Y?

PREGIN!

.
o

TREFI[J'CHAR® C = [1:0'FLEX")'CHARY;

READ(NEWLINE):
PREPSOURCE(RO,C,TABLE);
TIFY ([2) = w{=® VAND® (CIS] =
YYHEXR? CC & (CL33,CL43," *," ");
ALG ¢« 'FALSE';
L &9
VELSE® CC « (CL1).CL2)," "," ");
ALG ¢ 'TRUE'}
L ¢« 3

ﬂ)ﬂ

'FIV:
VNAME ¢ TCTRICC:
SEARCHFORVARCVNAME, MV, U, 'TRUE )

"WHILE' X VISNT?! (YREF''EXPRESSIONT'VALTINTIL')'RO!

¢ VIF® LHSYOFYEXVISY('REF!YNAMEVALI'VALYNY)
YTHENY PIEY GRADIEAT'OFYEX'ISY
CTREFY'REALY"VAL''NILY)
TTHEN' EXALG ¢ 'TRUE!
TELSE"' EXALG ¢ YFALSE!
LE BN
11e! ( CEXALG?aAND'ALG) TOR?
(YNOTTEXALG'ANDY'NOTY'ALG)Y )
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YIHEN"ALTERYOFYEX ¢ NORMALIVGE'EX?
NORMALYOFYEX ¢ RHS{L.:U,C,'TRUE")}
'6OTO' LAREL
'FI'
TFIY;
EX & NFXTEX'OF'EX )
LABEL:?'S¥1IP?
TENRNDY -
R L H
FEAD((nEVLIKE,MOREFAULTS))
Feurt:
LN ol P R L T oL YRR I 8 |
TPREDY WALYEREFFECT = ('RESVVUNITIULTIST VINTYHOVMANY (LYY INTY TAPLE):
1PERT 0
"PoNEY MOREFAULTS & 'TPUE':
'RFFYISYSLIST! SYSTIM « "NIL!,uKOLFSET ¢ UYNILT:
PANTY LOOFCOUMT, KUMRER,METHOPNO,COLS;
"PEFYICHELK' CK!
YREALY TMAX;
VEFFYINANFVALY M3
SEaNCHFURVAR("GY ", ,N,ULIST,'TPUE'Y:
TYRFEVIRFALY T = VALUE'QFUN;
SEAPCHFORVARC HE " N,MLIST,'TRUE?)Y;
YPEFVIRFALY H = VALUE'QF'N:
TREFVIGAVEY SET ¢ WMTILY;
YREFVIALG' ALG « TNTLY:
- TeyeInNG?! #E;
PRIMTC(MEUPAGE ,"HASTERFFFECT OUTPUT",NEWLINE,
) Poasdakbbrhbanmerrniwre” ,NELLINE))?
TUILFY MORFFAULTS "no!
{ BFFINFEFAULT(SVYSTEY s ULIST YE/MOREFAULTSTARLE)
SELFCTSYSYEU(SYSTFM,HOYvaNY)
SPLITUPC(SYSTEN)SET,ALG)




66E

DNILSIT

£
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UHCEFSTFT & STUSELHSIDESC(ULIST SYSTEM)?
BESTART s RESTASTVALS(SYSTEM)
B « SYALLSTEP:
Cr € VCHECK' « ('NIVLV,ME,CHECKNOY;
CHERKMYIpLIgY,
THAL « 1000,0 = w3}
MFTHODND « 1
T € NUMSER « LOOPCOUNT ¢ 0
TNLABEL s Mo STEPINTEG(SEY ALG, TMAX by T,METHODNO,PRINTNO,COLS) :
LGP COUYT PLUST Y .
L ‘NGT'SVanECK(NHOLFSFTpSYSTEM.ALGfSET.T,NUﬂBschK)
YIHRENY SIF' NUMBRER%*LOOPCOUNT » TARGET
- TTHEMY LINKEFFECT(NEXCH'QFY(CK,CK)
VELSEY VIEY LOOPLOUNT < TARGET + 410
PTHEN' THMAX € T + 100,0+H;
METHODNO € 23
160TO!' INLABEL
YELSE' 'IF* NUMBER > 0
TTHENY LIHKEFFECT(NEXCH'OF'CK,CK)
YELSE' PRINTC(NEWLINE,

"easNO EFFEETS%enr™))

F38
'F!'
lFI';
'IF' RFSET !'THEN' PEINITIALISECWHOLESET) 'Fl;
KEILLFAULTS(SYSTEM)?
SET & "HILYy
ALG « THILY;
- SYSTEM « INILY;
UHOLESET ¢ THILY
VFLSEY REINITIALISECYHOLFSET)
"60TOY PESTARTY
L
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Feynlisa?
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TLECTD
topely cTLpHMODE = (YREFYIAODEY MODELIST,'REFVINAMEVALINVY'REF' 'NODE"':
YapLive
YREFITHODE' N « NODELISTS
YHTLES N YTSNTY (OREFTVNODET'VALYINILYY tpO!
( YIFY NAVALTOR'H 'IS' (PREFVUNAMEVAL!'VALYNV)
'ThENY 1GOTO' LEND .
TELSET M ¢ STRATAGHTYIOpINM
L SR H
PRIPT((HFULINE ,"e4wee FRROR o NO NODE FOUND wwwe® NEWLINE)Y;
LetpeN
teNL '
'C'--__--—---u-n--------“-U--'--‘---------------—------'--—---‘-—-----—.-----'c'
YPROLY Alnn¥AnCH s C'REFTOLODETHODELIST,'ReFY I AMAMEVALYFROM,TO, PREALTADD,SUB)
tagEnlm
YREEIINODEY NF & FINDNODE(NNODELIST,FROMY,NT « FINDNODE(NODELIST,TO);
CAUSES 'QF'HT & JBRANGCH' ¢ (WNF,ADD,SUB.,CAUSES YOF'ANT) <
PRapt:
‘C'_-u-_-_-u-n-----—-r--n-------n--------—-------—--u---------.------g-------'C!
toReCr cHEFFYAR = (PREF'PFAULTVALY LIST,'REFIINAREVALY N)Y'BOOL!:
TEEGITDY
TREFVYFAULTVALY F « LIST?
TulOLY FGUHD & YFALSE':
YORTLE? F YISHTY ('REFYVFAULTYALITVAL*INILYYYDO!
( Vig? NVYOFty 1TSSt ('REF'TNAMEVAL''VAL'N)
TTHEN' FOLANR & YTRUEYI'GATO' LAST
PELSEY F o« HEXT'OF'E
LIS (LD ¥ |
. LAST FOtD
tENnt:
'Cl—-—----_------—u—----.----—--—u—----u-------—----------n-u-_-----.--_-u--—.c'

'PRATY ARFTHOINE = ('PEFV'FOUATION' EQ,'PEF'YFAULTVALY LIST,'REF*'NODEYNODELIST,
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'ﬁEF"NAHEVAL' IO, INTY!

TREFVYFAULTYALY FY € NEXTIOFYLIST,.¢U;
'tﬂf' S1Z750 € ST2E*(SIZE+2) ,PLUSNQ/MINUSNY;
"REAL' RAGRES,PLHVAL,RES,VAL,RATIO,PLUS, MINUS;
"F"'NAH‘VAL' FRONS
Yraet g Y00 g1z thQ!
( PLIS « DNIRUS « BDLUSNO ¢ MINUSNO ¢ 0)
FAQ & nviQstsyg
YEORY K YTOY SIZ2ESQ SpOt
¢ Fd « LIST;
VEORY L VeROM' 0 'TO' S1ZE 'po?
¢ VALUETNFINVIOFYEY TPLUSY ( 0,05#(RANDOM = 0,5)

VAL UETQEINyIpF!

FU & “SEXTYOFVFR )
RAVRES ¢ RUNEQUATIONCED)}
RANVAL « VALUE'YOF'EROY:
VALUETOFYFROM VYTIMES! 1.01:
RFS « RUNEQUATIONC(EQ): -
VAL € VALUE'OF'FROM;
1IFY "agSY(VAL = RANVAL) > 1,08~
'TREN' RATIO ¢ (RANRES = RES)/(R
VIFY RATIO >
, PIdENT PLUSYPLUSYRATIO; PLUSNO'PLUSYY -
VELSE! MINUSYPLUSIRATIO; MINUSNOYPLUS
LS B

10
ANVAL = VAL):

tcyhy

FU & LISYt

“:()pl L FROAME Cl 'TO' SIZE 'DO'

( VALUE OF'NVIOFTFY « QLD'OF'FW;
Fid € YEXTY'OFR'FW ) )

t1F! S12ES5G 4 0

PTHEN' MINUS « (PLUS*MINUS)/SIZESQ:

SIZE) ¢t

FH)?
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PLUS + (2.0 +« prLUtNQ/SIZESO - 1312
ADNRRANCHCNODELIST »FROM,TO,PLUS,MINUS)
YE1Y;
EY & NEYTIQF'FV )

‘Fupt

!cl_...,__- _______ - o v e T B P e Y 8 A s W e O e A S e e W S - ___,,____._,___.__________-_.lcl
FP2R7CY ITHYNEYDIRF = ('REFVYEQUATIONY EQ,YREFTIFAULTYVALY LIST,YREFYINQDEYNODELIST,
: TREFY'NAMEVALY TO,YINT' SI2E):

LS 278 SR

TREFIVEQUATIONT £

"REFIYFAULTVALY F & NEXT'OFYLIST:

YRAEFUYNAPEVALY M, 4

YREFVIFINCTIONY Fug

TCHAR! ¢

YEQRYT J 1TO' Si7E 1pQ

. ( H o« NVEIQFR'Fy

E & EG3
TEQRY 1 oo
( TCASE' (A,FU,C) t:= CONTENTSIOF'E
VINY VTFY A TISE (FYREFVINAMEVALItYALIN)
PIHENY YYIFEY A g2 CONTENTS'OF'NEXT'OF'E
ITHEN® ADDRRAMCH(MODELIST,N,TQ,VALUE'OF'4,0%;

16aTO0Y L1
VELSE! PRINT({NEWLINE  "¥#we ERROT N FIUNC w#sve™))
'FI'
YFIt,
rsxipY,
tsxip!
1ESACY;

E « NEXT'OF'E Y3
L13F + NEATIGEYF )
Tenp':

' “ 1 —"---"l--.-n----—-——-—-----u---'!---ﬁ-------—----O--H--.------------------.-- ' c‘
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Yoonl
targl o

SETUPTREE = ('REFIVUNITY UNITLIST)'REF''NODE':

VAFFVIRAULTV ALY
TIgT! X, VARM) «

VARTABLFS « 'NTLI;
LK

YOFETVEAINTER) p3

TLEETIUNITY U e

TAFFIVEXPRESSION

URITLIST;
' FXsEG:

PREFTONONEY NUODELTIST « INJLY:

YOEFVIRUMNMCTION?

Fi:

TnErt "NAMEVAL' N,TO,FROM]

TGQFFYSFALLTVAL!Y
TIHTY QUZE;
YpEFVYESUATION?
YCHAR' €
Terrer o FIShT!

LIST.FV;}
Q;

CYREFYVUNITY VALY INILFY 'pO!

( E6 ¢ RELATIOQAS'OF',

'WHILE' EQ

VISNT! (TREFIVEXPRESSIONT'VALYINILYY *pO!

¢ YIFY CHECKVAR(VARIABLES,ILHS'OF'EQ)

"THEN?

'ELSE'

PRINTC(NEWLINE,"VARIABLE SET TJICE",NAME'OF'LHS'OF*rER,
NEWLINF o "oaddbaddtanbaphabienrsae™ NEJLINED)
TH ¢ LRSYOF"EQ?
YIFT STAND'OF'TO'ISNT'C(YREF''STANDARDS!'VAL''NIL")
FTHEMY VIFY ZVFRLEMY(NAMEYQFITOY = "
FTHREN® X « 1
TELSEY P & INLIST'OF'U;
€ ¢ 2VELEM'(NAHF'0OF*TO)
YWHELE' P TISNTIY(YREF'YpOINTERT VALY
'NIL') DO
( YIF' NAME'QfF'p = ¢
PTHEN' *FORY J 'TTO) g DO
¢ YIFe (VASI'GF!'PYCJ] 'IS!
C'REFY Y WAMEVAL''VAL'TO)
TTHENY X ¢ 2:
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tuaniley U

'*GOTn! CREATE
'FI')
TFLYs
P & NEXP'OF'p )X ¢.133
CREATE:tSK1P!?
'Fl'
VELSEY X & O
lFx':
VARTARLES « 'FAULTVAL' ¢ (VARTABLES,
VALUET'QF'TO,VARNO,TQ)Y;
HODELIST = 'NODE' ¢ (TO,NODENN+X*1000,'TRUE',
INIL ¢ "MILY o NODELIST) S
HODEHGYDLUSYY: )
VARHO 'PLUS?H !

lFl’l:
FO + NEXTEX'OF'EQ Y
H o« aCxH
Yoe UNITLIST:
TISHTY ('PEEITUNITIIYALYINILY) ?pO!

Fty )

¢ FU 4 RELATIONS'GF'U;

L R

EQ YJSNTE (*REF'TEXPRESSION''VALY'NIL!) DO

( SI78 « 0
Q & HORHALVOF'FQLIST €'FAULTVAL & ('NILY ,VALUE'QF'LASYOF"EQ,0,

LHSINF'EQ);

PHHTLEY Q YISNTY (YREFVIEQUATION'IVALY'NIL?Y 1poe

¢

"RASE' (N,F,C) 21= CONTENTS'OF!Q
Il”l 'SKID'a

N « ARGY(QF'fF,

'GnTo! 11
PESACH:
YIF' (CHECKVAR(VARTABLES,N) 'AND''NOTICHFECKVAR(LIST,N))
YTHENY NEXTIORVYLIST ¢ YTFAULTVALY ¢ (NEXTYOFTYLISY,

‘ VALUEYOR'N,0,N);
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tenp '

LIV P

Uanﬂl
taggiti

SIZE'2LUS

N
Lf:7 & NEXTIOF'Q )
T + LHSIQFT EQ3
VIE! FUNCMODELS
TTHEHY SUNCTDIRE(NORMAL'OF'EQ,LIST NODELIST,Tn.5126)
YELSE' ARITHNIRE(NORMALYOF'EQ,LIST,NONPELIST,TO,S512E)
TF1Y:
EQ « MPXTEX'OH'EQ Y3
0o« JEALUYAFRTYUY )}
Haon=L 18T

-------- u-unnn-mn-.—‘ﬂ-u-----—q------ﬂ-—---------------------—-I------—- ' C'

TREEDIIMTER = (TREFVVNODET NL,YINT' LEVEL,MAXLEWFL)!

CpeTt HEXTLEYEL « LEVEL = 1
*aEFVYG0DFY F & NL:
(9123020 CART THSET?
TaLFast THSETS
YpEFI'RRANMCHT g
VaFsranaevALY g
YIHTY 1 o« (MALLEVEL = LEVELY * 15¢
PRINT(CrSVLING, 1HSETIY83)))
tIFT SRARSUIRER(STANDOUTY > 100
vrasy' PRIMT((NEVLINE,INSETIV:d]))
LR L
Vo MAVAL'OFYES
TINALV(F):
VIEY STANDIOFINTISNTY (TREFVISTANDARDS''VALI'NILY)
tyedt DRIAT(C(" (" UNAME'OR'UNITYOF"STANDYOF'N.") "))
VELSEY PRIAT(" "y
I;ll;,
TIFY! LEVEYL ¢ 0
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FTHEN' B & CAaysestofrieg
PURTLEY R OVISNTY ('REFP'BRANCHYTVALYI!NIL'") 'pQ?
4 PPIANTCL(ADD'OFTR," ",SUB'OFR'8B,"™ ™))
TREFPRINTER(NEXNODEVOF B, NEXTLEVEL, “3XLEVEL) }
PRIMTC(NEYLINE, INSET{1:14123))}
8 « YEX3RANTOF'R )
1eyh B
L RPN
'c 1 --u.._--..-....-..--——-w--n---n-—------q-.--—--u--o---u-------.—-;w_--- -----,--—--'c'

TPAGYY SORAP RRARUCK = (PRFFIFREFTIBRANCHY R, VREFVTBRANCH' THISANE):

PIET o PISY (UarFtVaRANCUYYIYALITHISONE)
PTuT v B ¢ BREXSRAIQFA
YEISEY SORAF BRANCI(NEXSRANIQF 1B, THISONE)

" :T'
YE Rt ’
l{" B o o o e T o e B o Y g T T o e e M P e e e B g Ak P e B 0 Ay T T e g A P N A T gy A A S e P e e O Y e ] c!
1panfts ALTED T2agg = ('RFFVIQEFVINODEY NL):
l;:_:_-t‘ T i
YAaFEY ANDFT MY
1apFeraraLCHY /1,582,838
Yaeal' ADD,SUS:
YIMTY 13
"ROOL' CHANGED « TTRUE';
IpqILe? CAAMGED D!
O GRS B ] -
CHANGED & 'FalSE';
YULRTLEY A TISATY (TREF'IVNODEYYVALTUNILYY YD
¢t n1 & CAUSFSIOETNY:
TYUYILE® 1 VISNTY ('QEFYYRRANCHT'VALT'HIL!Y 'DO!
¢ "IF' STANDVOFYNAVAL'OFINEXJODFYOF'BY
PISY (YREFYISTANDARDSYIVALY'NILY)
’ TTHENT 52 « CAUSESYCFINEXNODE'OF*B1Y;
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ADD « ADDFTQOF'R1Y:; -
SUR « SU]YQFEvp1;
I + COUNTTAFI'NEXANODE'OFYBY;
SCRAP BRANCZH(CAUSESV'OFYNY,B1):
CHANGED & VYTRUE?';
VWHILRE® B2 VTioNT' (VREF''BRANCH''VAL''NIL') 'DO!
¢ VIF! NEXNCOEYOF'B82 YISNTY ('REF''NODE''VAL'MY)
FTHEN' B3 « CAUSES'NFYNT;
PUHILEY B3 *1ISNT' (YREFYVBRANCH?
TVALY'NILY)Y 'no!
¢ CIF' NEXNODE'OFYAZ 'ISY ('RER'INODE''VAL!
NEXNODE'QF'B2)
*THEN' "GOTO' LAREL
TELSE?! 83 ¢ NEXRRAW'OFt2%
YELt )3
CAUSESTOF'NT ¢ 'YBRANCH' ¢ (NEXNODE'OQF!BZ,
ADDYOFYEZeADD,
SUBYDE'RZxSUB,
CAUSESYOF'NT)
YFI':
LABEL:B2 € NEXBRAN'ODF'B2
IFII:
BY + NEXBRAN'OF'BRY )
1 € STRATIHATIQFINT )
PRINTU(NEULIHEF 4 "CHEGK FOR GARRAGE™)):;
NL € BT @ INODEY & (NI ,D,VEALSEY P NTLY,YNILY  NLY:
"WHILEY STRAIGHY'OFINT TISNYY ('REF'VNODE''VAL''NIL'Y 'DO!
4 YROFYTWANED N2 « STRAIGHTYOFUNL:
VIFY STAADVYOFYNAVALTOFISTRAIGHTIOFINISISATY
(YREFICSTANDARDS''VALI'NILY)Y
YTHEN' Mi«STRAIGHTIOF'N1:'GOTO! LON
lF!':
PWHILRY N2 VISHTY (*QEF'TNOODETIVALY'NILY) D!
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i

¢ 31 & CAUSESP'NFIN?;
YWATLET B84 TISNT' ('REF''BRANCH'TVAL' NIy VY 1pO?
¢ TIF! MEXNODE'OF'BTYISY('REFVINODEVIVALYSTRAIGHT'OFINT)
YTHEN' N1 & STRAIGHTT'QF'N1:
"GOTOY LON
VELSF' B1 & NEXBRAN'DF!B1
SEIY )
N? « STRAIGKY'QF'N2 )3 3
STRAIGHTPOF'NY & STRAIGHT'OF'STRAIGHT'QF "N
LON:s'SKID? ):
ML « STRAIGHTIOQFOINL .
TEYn*;
lc ¢ —"l-.-‘---...----—---!-t-—--—u---—-—-!-u—----------------------ﬂ-n-----u---u--ﬂ--- ' cl
12unft pPEIMTREE = (TREETVHUDE'N,VINTUIMAXLEVEL):

-~ %o
.?JE 3. o

VREFFIHODHETY F &« ¥

AFTFRIQFIMIUNMBERSIYLE « 4!

PPIVT((uFNPAGE,"ORINTREE QUTPUT" yNEWLINE s "wht ko bk wnhend™ NEWLINE) )]
TUQILEY F OYISHTY ('REF'INODEYVYWALTYHIL®Y'DO?

¢ TREFPRINTER{F, “AZLEVEL, MAXLEVEL);
F oo STRAIGHTIOFIF )i
ARTERCOFIMINRERSTYLF « 90
R
taxrse
YEyy”

TAFED) IETIOTRFF,PRIUTRFE,ALTERTIEE

topeigue




ot¥

¢DIS 3juowmIes

€1°'c ONILSI1

Topnirne
YPRATY pHSERT = (FPREFRVEALARN' CAUSe,sreeCYY'ENOLI;
TRRGI

YpooL! ADLED & TEALSE!;
TIFY WE/TYOFRYCAUSE VISY (IREFVIALAQMIYYALYINILY)
PIHF Y VIFY CAUSE CISNTY (YREFVVALARMVIVALYEFFECT)
VYHENY ATXTINFEYCAUSE ¢ FERFECT
ARDED + YTRUE!

l.‘_ll
VFISE' ADPED « UHSERT(NECXTVOF'CAUSE,EFFECT)
Yerts
AnpaEa

YEdD';
'c'-—4-.--------—-—-—"—h---f!—-lH---ﬂﬂn-—---q---------------------------—.------O"'C'
YPRAYT CONDITION = (YREFVICASCKLISTY CL,'REAL' TIME)'ROOL':
tpegl .
TREFYINAMFVALY N « NAVAL'OFTCL:
TREFVISTANDARASY S & STAND'OF'Ng )
VEINTY 1 &« COUNTYDRICL:
Y1F' G = 'RAUNNYIYCASEY TYPEVQF'TS =~ §
TINY 2.0%CHECKACS N1, TINME),
2,O0XCHELK7(SsNs T TINME)
TOUTY4 OwCHECKS(S,N, 1, TIME)
TEgaC!
TPgr« STRYFI
TELSEY FRALSE?
‘er?

1 c' ---------------- L ---a-----------ﬂn.----w----—--------------_-------------' c'

YPRO8Y SCad = (*REF'VANLE'NL,"REALYTIMEYIREFITALARM'
YReG i

"PEFIPALARMY AEAD & TALARMY & (INILY,NL,0,'FALSEY,"FALSE!,"SKIP");
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‘REETYALAYHY 4L + HEAD]
PapPInnpnt N« L
TREREP N MEVALY Ve
"nEFYIEFTRCTY E;
'RFFYTYCHECKLISTY ¢
'REFI'STANDATDS!Y §;
"UNTLEY N

(

ViRl «
s - 81
YIF* O

YTHER?

FELSE!

YFI%:
N« ST

N o« Ni;
"!HILF' Yy

(,.

S « ST
tegat

C

PISNTY ('aEfptUNODEYTY VALY INIL®Y 'pO!
HAVALTOF Y,
ANDYQRYvAR;
= 'ROJUDVYVCASEY (TYPFIOF!S -~ S)
1IN 2,0%CHECKA(S,VAR,D,TIVE),
2.04CHECK7 (S,VAR,0,TINE)
TouT! 4, 0%CHECKS(S,VAR,0,TINE)
tgsag!
PIFY INQTY(NORMALVOFTNY
YTHENY PRINTU(NEVLINE,NAME'OFTVAR," O0,K."™)y:
MORMALYOF'N ¢« VTRUE';
ACTIVETOFYENTRY'OF'N ¢ YFALSE!
N34
VIFY NARMALYOFVY
PTHENY PRINT((NEWLINE NAMEYOFTVAR," M,VALUER'OF'VAR) Y]
NORMAL "OFTN ¢ 'YEALSFY;
AL &« NEXT'OFR'AL & TALARM! € ('NIL',N,.TIME,
. TTRUE! ;' FALSEY,"SKIP")}
ENTRY'OF'N ¢ AL
t:tl

RAIGHATIOE'N )y

VISHTE (YREF'YNODRYSYAL'TNIL') DO
AMDYORPHAYALYOFING

J ITr)l 3 iool

E & tCASEr ’ !
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VIN®' SHIEFLISY'OQF'S, . X
LOEFLISTIOF'S N
YE3AC!]
"WHILFY £ PISNT! (TREFYPEFFECT'VALIINIL') *pO?
( € & NVEXCHVOQF'CHECK'"OFYE:
PUYTEEY ¢ 'ISNTY ('REFTPCHECKLISTY''VAL''NIL') 'pO!
¢ "1#" CONDITION(C,TIME)
TTHEN' ¢ ¢ NEXCH!OfF'(
y TELSE? 'GOTOY LABEL
TF1Y )3
AL « NEXTYOFYAL ¢ YALARMY ¢ ('NIL!, CHECK'QFVE,TIVME,
FTRUE® ,VFALSE?,*SKIP")}
LA3EL:F ¢ NEXEF'OF'E ) )3
M e STRATGHTIDF'YN );:
HEXTVOFTHEZAD
t24n':
'.‘: [ QR DU e L T L e T T L T L Y L TP L T Y PPy e ey L ] c‘
PPROGT ANALYSE = ("REFVVREFYPFAULT Y LIST,'REFY ALARM'NEWONES »'REFIINODE'NL) S
razgive '
TREFIVALARAY DED,AL ¢ NEWONES;
YREFTURASLTY F
YREFYCAZCLT X, CD;
taprt e 3 AhCHT gy
TREFEVINNDEY N, M3
TandL' CAUSEFQUND;
PRYINTC(IEULINE , NEWLINE NEWLINE) )}
VuqILey AL *ISNTt (YREFPTALARMYIVALYINILY) DO
( CAUSEFOUND « 'FALSE'}
YCASE' (nN,Cx) 1312 TYPEIQF'AL .
TINY B & CAUSFSTQF YN,
VWHILE! a3 VISNT! ('REFYIBRANCHYEIVALVINILY) 1DO!
( 4 &« NEXNOME'OF'm:
VIFY PNOTY(NORMAL'OFTM)

-
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Py4edt VIFY INSERTC(ENTRY'OFTM,AL)
'THEN' VIFY CAUSEFOURD
PTHEN' SHAREQL'OF'AL ¢ 'TRUg!
FELSFY CAUSEFCUND ¢ *T]UE!
tgpe

IFII
VFI1t;
B +« NEXRRAN'OF'R )}

1IFEY CAUSEFOUND

FTHENY PRINTC((NEVLINE,"CAUSE FUUND FOR "))

VELSE! NEXTYOFYLIST ¢ PFRAULT' ¢ (AL/NEXTYOFILIST))

PRINTC(NEWLINF,;"nNEW CAUSE w=e- ™))
YEIY;
THINLY ()
PRINTCC(" (" UNAMELQFYUNITIOFYSTANDYOFYNAVAL'ORIN,™) "))

AL & NEXTYOFTALS

NEXTYOFTENTRY'YGF'N « INILY,

F o« L1ST: )

VIEY CAUSEFQFYF YIST (YREFVVALARMIIVALVINTLY)

TTAENY CAUSE'OF'F ¢« AL?

AL « NEXT'OF'AL}
NEXTYOEYCAUSE'RFIF « 'NIL!

TELSEY DED & VALARMT « (CAUSE'OF'YF,N,Q,'TRUE? , VFALSE*,"SKIP");
VWHILEY NEXTYOF'DEDYISNTVY(YREFYTALARMYYVALY'NIL") 'pO*
¢ TCASEY (N,fD) 2:= TYPEVOF'NEXT'OF'DFD

FENY tgetpY,
T1FY b 'ISY ('REFVICHECK''WAL'CK)
'THEN' AL & NEXT'OFYAL?

'GOTO! LEND

"ELSEY DED & NEXT'OF'pDED
l;ll

TESAC! )¢

NEXTYOF'DED ¢ ALY}
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AL +« MEXTYOFR'AL}
NEXTYQFYNEXTYYOQFRYDED ¢ "NILY;
LEHOZ'SKIP?
1 F Il
TESAC! ):
PRISTCCAEYLINESFEWLINE S "END OF ANALYSE" NEWLIMESNEWLINF))
[ ] TR .
L ;.::q:_..-._.,_----..---v---_-----------------.--------------q-u-------.--------- ' c'
POROLY OGMELINT = ('REF!'NAMEVAL' VAR, "INT' COUNT,"REAL' TIME):
Yagslhe
TREFIMSTANDARDSY § « STANDIOFIVVAR]
VINTT 1 ¢ 'ROUADVY'CASE! TYPFIOF'S = §
PINY O PRINT("R ") 32,0%CHECK¥S(SoVARSCOUNT«TIVE)Y,
PRINT(" )22, 0+4CHECK7{(S/VAR:COUNT:TIME)
YOUT! PRINT("Y ")54,0%CHECKS(SsVARsCOUNT, TINE)
YESAC';
TeASEY 143
TENY DRINTC"VL™Y,
PRINT(™ L"),
PRINT("QK"),
PRINT(" H")Y,
PRINT("VH")
'ESACT:
PRINT((SPACF,METQOFS))
'EHD': ¢
'cl..-...-_--.....4..--.----n--—--—nn-.-----u—-—-n-wq-------n-.---n------—-----. ----- . c.
"PRGIT FRINTRESULTS = ('REF'VFAULTY LIST,'REF''NODE' NL«'REAL' TIME):
tasglye

YINTY KEEPAFTER « AFTER'OF'NUMBERSTYLE:
AETERYOFVNUNBERSTYLE « &4}

"REFVIFAULT' F « LIST;

VREFVIANODETH; -

YREFVICHECK'CK;
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YREFVYYSTAVDALDSY &
YoErtrALAR Y Al
YARFYVRAMEVALY VAR
THUILEY F YISNTY (IRFFVYFAULTC'VALSTNIL') 'DO?
( PRINTUINEVETNESNEWLEINEY)
A ¢ CALSEYOF'F:
VUHILE' A TISNTY C(YREFVVALARMPTIVALYINILYY fpO!
¢ VIFY ACTIVE'OF'A )
CTHENV! PRINTCC(NEWLINE,"w"))
YELSE® PRINTCC(MEWLINE.™ "))
YFI':
PCASEY (hsCx) 2= TYPE'OE'A
FIKY vAR « NAVALIOF'N;
S ¢ STANDYOF'VAR])
" THONLY(N) ;
PRINTCC" (™ ,UNAMETOFYUNIT!QF?'S,™) *,

VALUE*OF'VAR,NORM'QF'S," "))JONELINF(VAR,0,TIME), "

PRINTCCNEMLINF ,MESSAGEVOF'CKs" === DEDUCED ALARM "))
"ESACY; -
A o« NEXTIQFTA )
F e NEXTVQESE )

fENRY;
|Ci _--..--.....----.--—--—_.‘--n----n-....----.u----a-----------t-.--_-—-n--.------' c‘
1207 AMEHD = (VREFPYREFYTFAULT' LIST,fREALY TIME):
targl-ie B
"REFIVICHECKLISTY ¢
TREFFYEAULT' F & LISTS
TREFIYALAFFTY A,N;
YAEFYINGDE" N
TAFFIICHFCKY (X
'pEFY'3RANCHY 33
"500L" CHANGED:
Boe A & VALARYLD « (CAUSE'OF'F,N,0,'FALSE! (PFALSE',"SKIp");
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TUNTLEY HEXTEOLREEA VISNTY (YREFYTALARMPOIVALVINTY) fDO!?
( FCASEY (N,0K) pr= TVPFYOFINEXT'OF1A
' 114Y A « HMEXTIOF'A,
C &« NFXCHIQFICY;
TWHILEY ¢ VISNTY (YREFVYCHECKLISTYEVALSYINLILYY 1DO?
¢ VIFY CONDITIONCCTIME)
YTHENTY € & NEXCH'OF'C
VELSE! NEXTINFYA « NEXT'DF'NEXT'OF'A)
15070 LABEL
L L
A & NFEXTVOFIA]
LABEL e TSKT P
TESACY )
CAUSE'OFTF &« KEXT'OFYM?
VORI LEY MNEXTYOFVFYTISHTY(IREFVERAULTYIVALYENILY)Y) 1500
( A & CAUSFSQOEYNEXT'OF'YF? .
M e LHUILY;
PUHILFY A JRSHT' ('REFTVALARMITVALIINILY) 00!
¢ VIFY ACTIVEROFR'A
'THENY 4 « A
VLT
4 & NEXT'OF'A )3
VIEE 1 YISY (TRFEFYPALARMINYALTINILYY
TYAEH' A « CAUSETOF'NEXT'OFR'F
TELER® A & NEXT'OF'M
YFIY:
PUATLEY A SISNTY (PRESIVALARMYIVALYINILY) 100!
( YCASE' (H,CK) 232 TYPE'OF'3
TId? ENTRYVOERE'N €« YNIL',
15¢1p!
“VESACY:
4 &« NEXTIOQF'A ¥}
CEEN HIVISY (YREFVIALARMITVALEVINILY)
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FTARENY NEXTYOCIFE ¢ NEXT'IFVNEXTYOF'F
FELSEY NEXTIOFIM « T3V
F & NEXT')F'F
YRrr )
e LIST:
VAUHTILEY NEXTINETE VE3NTH ('REF'VFAULT'"VAL''NIL') tpoO!

«( A ¢ CAUSEYOIFRINEATYOF'F;

CHARGED & TRALSEY;
YCASE' (N,fK) 1= TYPE'OF'IA
TINY 3 € CAUSESTORIN; .
TUHILEY g VYISHTY (YREFVIGRANCHIPVALIPINILY) 'hO!
( YIEY TyOTV(NOQVMALYORY NEXNODE'OFTB)
PTHENT 'WHILEY A& FISNT' ('REFVOVALARMITVALYINEILYY 'pOF
C YIFY & VIST(YREFYVALARMITyAL! -
ENTRY'OFENEXNODEYQF'B)
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APPENDTIZX 5

SIMPLE MODELS OF PROCESS EQUIPMENT FOR-BOTH NORMAL AND FAULT CONDITIONS

A.5.1 Introduction v

The simple models shown in this section are intended to be
representative of the class of models that may be conveniently used
for alarm analysis purposes. In order to be consistent with the
conventions adopted for the péogram, the variables i1n the models
will generally consist of 2 characters. fThe first character will
be used to denote the particular quantity considered and the second
character wi1ll dencote the stream or point on the model where the
quantity 1s considered (see Chapter 4). The nomenclature which
follows defines the characters used to denote common quantities.

Any exceptions to the nomenclature will be defined on the model
concerned. A second convention adopted 1s that all model streams

are based on mass or volume units rather than molar units except
where the model is marked with an asteraisk. Models marked in thas
way contain notes on the stream units employed. Such models are used
if the resulting set of equations is simpler than the corresponding set

based on mass oxr volume units.

The expressions shown are in the form required for the
model ~ no rearrangement or substitution is necessary. In order to
comply with the convention adopted for the program, 1t is assumed that,
unless otherwise noted, alI/stream properties except pressure are
set i1n the unit outputs. Pressure is normally set in the unit

input streams., In some cases, the expressions used are only
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applicable within certain ranges of process variables., In order to
allow for these situations, provision 1s made i1n the program to put

upper and lower limits on variable values.

In order to preserve continuity in process streams passing
through several units, high-gain differential equations are used to
set intermediate stream pressures. The need for this type of
equation arises because conventional equations for liquid fiow
generally assume an incompressible fluid, If this assumption is not
made, “the equations become considerably more complicated and i1t is
therefore convenient to use high-gain equations, The need for this

type of equation 1s discussed by Franks(SO).

Functicnal models are not considered explicitly in this
Appendix although, as seen 1in Chapfer 6, the conversion of the

equations shown in this Appendix to functional form i1s trivial.

When choosing variables names for use in model equations, the
user should avoid the names below which are automatically available

to every unit module and are supplied by the program:

N

Name Significance Value
LT local time -

GT global time -

HH step length of integration -

E, e ’ 2.71828 -
KH Halt 0.5

ZO ‘ Zero 0.0

WN Unity 1.0
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When a stream has been defined for a unit, for cxample

stream A, then QA, XA, YA, TA, PA and ZA are assumed by the program to
be the stream properties and will be used as such if encountered

\

in the unit equataions.

A.5.2 Standard Models

Nomenclature
Symbol Quant:ty Typical Unit
2
A Area m
. o
C Specific heat J/kg K
b Temperature difference oK
2
E Heat flux W/m
G Gain constant (for high- -
gain equations)
Ha Latent heat J/kg
K Constant -
L ’ Level m
M Mass kg °
2
p Pressure N/m
Q Volumetric flowrate m3/s
R s}
T Temperature K
20
U Overall heat transfer W/m K
coeffacient
. 3
\' Volume ~ m
w Hydraulic delay 5
' {
X Mass fractaion -
z Voltage Vv
P Density kg/m3
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C. S. T. R.

/
A ——ererr e
F‘
—_—_ —_— -
Notes: 1. Iaquid phase, constant volume reaction

2. Well-mixed vessel and cooling jacket
3. Closed vessel
4, No wall resistance to heat transfer

5. No phase change in jacket

Mass balance:

dLR
AR Gt S % T %

Component balance:

de
Aplep ot = Xy ~ Xp) T Agly £, (xp)
Heat balance on reactants:
d .
T s em -1 - AH ARLRfl(XR) .
Aply —3t dt = Qi T 1R c,
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whoroe: Il(xR) 15 specified for the particular reaction

considered.
Pressure 1in vapour:
KT
P_ﬁ_—.L
A VM - ARLR |
where: VM is the maximum volume of vapour space.

Pressure at exit of reactor:

Outlet stream:

_p}
QB = KB(PR PB)
TB = TR
Xp = *g ‘

For cooling jacket: -

dp,
gt = Or(Qp ~ 9
r . xfr e Tp * 5
G WPrCr .
%
W = Kl m P
Ileat flux to coolant: Ec = UcAc(TG - TR)
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Notes:

Tank

1. Perfectly mixed
2. No heat losses

3. Closed vessel

4. No volume changes

5. No phase changes

d(L)
= (@, - Q. )/A
at A B/
d(Tc)
= (TA - TC) * QA/LC/AT
dt
d(XC)
" = QX - xc) /LC/AT

- - 3
% = Ky [(PA + K L) PB]



Notes:

Condenser

(Very simple model)

No holdup for either stream

No temp., change 1n tube-side stream

Tube-side flow enters as vapor and 1s completely condensed
No phase change on shell-side

No heat losses

No internal resistance to heat transfer

A c
rral GC(QC QD)
= TA é
QD = KD(PC - PD)
= XA
T %UPec%, T * Ee
=
= H_Q Q C
LA p ¢ c’p,
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Heat Exchanger

Notes: 1. ©Shell and Tube design
2. Shell perfectly mixed
3. Plug flow in tube
4. No phase change
5. No wall resistance

6. No density changes

Counter-current

B
Fluid C

Temp
X —>
distance along tube
. (TA -:D) - (TB - TC)
in T - T
B cC
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*
Reboiler (1) (or Vaporiser)

Notes: 1. Binary distillaticn
2. All flows and concentrations in molar units except bottom
stream and heating stream (mass units)
3. Perfect mixing in sump
4. Plug flow in heating coil
5. Equilibrium between phases
6. Constant pressure in column
7. No wall resistance for heat flux from heating coil

8. No phase change in heatang co1l (i.e. hot oil used)

B Y W W W N o
LN
G
e )
R
IRNGRY
N
dax
—x = [QC(XC - X)) = QX - xR)] /u
d Hy
ar. = QT

Ln = /A7 0 aVp

TR = fl (XR) .

% = K [ (Kp + K) Lp) - PB]%
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o]

- ("1‘F - TR) - (TC - TR)
ce T, - Ty
In Er_h:‘-?—
c R
I, ()
E/Hy

% [Ml Xp + = Xp) Mz]

Heating medium side:

R
X« Ml
R M1 xR + M2(1 - xR)
ap
F - -
gt = %Qp -9
- _ 3
Qg = K (Pp - P
: . wfrST " %
G - -

WP r S
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*
Reboiler (2)

s

Notes: 1. Binary distillation

2., Streams C and D in molar unats

3. Perfect mixing assumed

4. Equilibrium between plases

5. Constant pressure ain column

6. No wall resistance to heat transfer

7. Heating jacket equipped with condensate trap

8. Vaporisation rate in sump fixed entirely by
heat transfer rate from coil

9. Condensed stream at boiling point

For steam in coal:

F \'4
it - Ufa %,

M is mass of vapour phase
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where:

Outflow:

where:

E = A U -

c C C(TG TR) ‘
|
|

- \

L LL L

d L
G . -
T QL " %%
VV = VM - AJ LG
VM 1s the maximum volume
PJ = PF + KL LG
5 = K (p_-p )%
G v &P~ Fg )
AV = I{B.SLIM[Lv] BLIM 15 a function that

defines the valve area




T, = fl(xR)

R
QR = KR [(KP + K LR) - PB]
For vapour flow:
— N\
XD = 12(XR)
Q, = "
D Ly Pu
TD = TR
For bottoms flow:
3, = QR[MlXR * (1= X) Mz]
[}
Tg = Ty
) X = X !
B R MX, + M, - xR)
where: M1 and M2 are the molecular weights of the two

components.
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*
Distallation Column Plate

Notes: 1., Binary Distillation
2. All flows and concentrations in molar units
3. Perfect mixing

4, Equilibrium betwecen phases

6. Constant pressure

|
5. Constant molar overflow
7. Vapour flow changes transmitted instantaneously
|
|

dXP
T =[QD(XD - XC) + QA(XA - XC)
A R - Qy(x, - xc)] /i,
\L 1\ where: HT is the molar holdup
sl
AN TN LA |
dQC
T \L —at = Q"M
D C
Tc = fl(XC) |
TP = TC |
comments: XP = XC |
|
TP and XP are included
%Y = Y
1f temperature or |
concentration |
T = T
R B C
measurements are required.
xB = fz(xc)
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*
Feed Platc

Notes: 1. Binary distillation
2. TPeed stream (F) 1n mass units, all others in molar units
3. Feed is luqid at B. pt.
4. Perfect mixing on plate
5. Equilibrium between liquid and vapour
6. No heat losses
7. Constant pressure

8. Constant molar overflow

ax
C -—
—at =[QD(XD " XQ + Q¥ - XP)

B -
- Q Xy - X)) +Q,(x, xc)] /M

— >
—

where: H_ 1s the molar holdup

T
F BT Vo LR
———F P
—_— dQC
T l at = (@ *+ 9 ~ QM
D C
Tc = fl(xc)
xB = fz(XC)
QB = QD
Ty = T,
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MoXp

X P
E - -
MZXF + Ml(l - XF)
_ XF (L~ XF)
QE = QF N + -—-75———— Pb = KP KP is column
1 2
pPressure

If measurements are required;




Centrifugal Pump

D

Notes: 1, Isothermal operation assumed

2. Constant rotational speed of impeller.

Basic Relation:

n. Q
N _ R

* T (wya

where: NS is the specific speed of the pump

nR 15 the rotation speed

Full equation ain terms of discharge flow:

4
/"
n Qsé 3 Qsz %
QD = A,D 2 (T) - KL(PD - PS)] + ?

Simplified equation:

2 4
/3 2
P = [Kl Qs ~ KB, - Py + Ky Qg ]

dP];

=t ~ KS(QS - QD)
XD = XS

Th = Tg
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Flow Meter or Pipe

Notes: 1, Isothermal Flow
2. No density change

3. No stream C for pipe

Outflow:
_pa¥

QB = KB(PA PB)
Continuity:

dp

E— = GA(QA- QB)
Exit temp:

TB == TA

Exit concentration:

Output signal {(for flow meter only):

c r 9B
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P -1 Controller

Set Pont Outpu
Toput [ R
Notes: 1. Ideal action - 1f 1t is desired to take into account

saturation effects, then limits must be specified on

the output pressure.
2. Integral action represented by approximation

3. Contrary tocmwntion of Chapter 4, the output

pressure is specified

Basic equation: P =P 4+ KC [.E + L E d;]

o]

and P0 is the steady-state output.

The integral may be approximated by defining a "local time",

L., for the controller, a "global time", GT’ using the steplength H

T’ H
(used for the integration of the differential equations in the model)
and storing a running sum, SU, as the current value of the error

integral. The following relations are then used in the order shown:
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e -
SU SU + E(LT + HH GT)

Iﬁ‘*—'GT + HH

At the start of each step of the integration LT and GT have
the same value. S, is incremented by the guantity E.H, and L,
1nereased by HH. On subsequent iterations during the same step of
the integration {(corresponding to the corrector iterations of the

integration program) S . and LT will not be altered since GT is not

U
incremented by the quantity HH until the end of the step.
GT 15 automatically incremented by the program and no expression

is therefore needed 1n any of the unit modules to perform this task.

The model output is given by:

PC = P0 + KC(E + KI SU}

where: P0 is the steady-state output.

The function LIM allows the model to i1ncorporate the effect of
saturation. If the minimum and maximum controller outputs are

PL and Ph, then the model bhecomes:

Et<— 2, -2

SU(— sU + E(LT + HH - GT)

Plé—- P0 + KC(E + KI SU)

where; PI 1s the ideal output pressure

PC(—- PL + (PH - PL) . LIM(PI)
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Funclion LIM 1s defined as follows:

Argument Value of Function
X LIM(X)

x<{o 0

o¢(x 1 (1 - cos TIX)
x b1 1

This function 1s available as a standard program facility as

described in Section A.2.2.1.
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Notes: 1.

2.

Control Valve

Isothermal flow through sliding-steam valve
Contrary to convention of Chapter 4, pressure
in stream C 1s assumed to be fixed at the

controller.

P, - P :
R = AV'KV[A_PE]

Av area available for flow
KV valve constant
where: AV = fl (PBQN)

For quick acting valves:

PBON PC

is
PBON 1 bonnet pressure

For velocaty lamited valves:

Iy
dt <:vMAX
s v maximum valve velocity

MAX
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v

For large valves, the change in bonnet pressure with respect

to controller output, P may be 1lst (or haigher) order:

C!

i dPBON - p -p
' dt - C BON
T valve bonnet time constant

Full equations for general use:

o ok N
9 = K, £,®®, - P)

GA(QA - Q)




&OU

Notes:

Strcam Maixer

Identical stream properties (CP ‘E )
No heat of mixing
No heat losses

No holdup

No volume charge




Stream Divaider

Notes: 1, 1Isothermal B/.’
2. No density change
—
C
¢ Q. = K (P, -P );l5
B B A B
Q = KA(p - P )é
C C A C
dPA
at = 6209y ~ 9 - Q)
Te = Ty
TB = TA
s = *a
XC = XA
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A.5.3 Representation of Process Plant Faults

Lt

L

As noted in Section 5.3.3, the faults to be considered are
represented by changes in variable values or equations or
combinations of both. This section will be concerned with
demonstrating how the models used for the present study may be

changed in order to simulate simple fault conditions.

The example to be used is a control valve. The '"normal"

equations used are:

Outflow: QB = KV PC(PA - PB)%
Continuitys dp

at - GA(QA - QB)
Temperature: TB = TA
Concentration: XB = XA

For a valve jammed shut, the outflow is zero and therefore a

new equation may be used:

where: Z0 has the wvalue 0.0.
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This expression temporarily replaces that normally used to
define the outflow. The use of keyword MASTEREFFECT, described n
Chapter 5 and Appendix 2, Section 2.4.1, allows the user to input
an expression to replace the normal one. The program automatically
replaces the old expression in the model and stores the old expression

for automatic reinsertion after the current fault is finashed.

For the case of a valve jamming in the open position, the
simulation is slightly more difficult. The simplest solution is to
change the value of QB directly by inputting the maximum flow rate

and then supplying the dummy expression,

to maintain the flow at this value.

The same dummy expression may be used to simulate a valve that
has Jjammed in the normal position although no prior change in variable
value is used for this case. Such a condition will not cause any
symptoms to appear during simulation unless a further change is

imposed on the model at the same time.

The simple model shown makes no provision for a difference

» set by the controller, and the valve

between the line pressure, PC
bonnet pressure. (Note that the "full" valve model shown in
Fig. 4.1(a) of Chapter 4 does include this feature). If it 1is

desired to consider a leaking valve bonnet this may be overcome by

reducing the value of KV'
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For avalve where the process stream 1is leaking, a change must
be made 1n the high gain equation used to preserve continuity.
Since the leak has no corresponding stream on the model used, a
mass "sink" must be created. This is done by including a further

constant in the high gain equation:

dP,
at - 6%, 9, -y

where KA 1S less than unity.
Some faults may be time~dependent. As an example, consider
a compressor failure in the process air system. The decrease in

pressure might be considered to follow a simple decaying exponential:

-K,t
P = e 1
C PN
where: PN is the normal pressure

PC 1s the actual pressure at time t

K1 is the decay constant

—

Whilst this failure might be considered a little unlikely,
1t serves to 1llustrate the point that such faults are plausible.
More complicated time-dependent faults may be simulated by use of

the trigonometric and logarithmie functions given in Section A.2.2.1.
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