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A.I. INTRODUCTION 

'lbe term u1 1St processing" has come 1nto 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 11st processors manipulate objects in much the same 

manner as other languages manipulate numbers. 

Languages such as LISP(l) and IPL(2) were designed primar11y for 

list processing. 
(3) 

ALGOL 68-R was not produced for this purpose. 

ALGOL 68 is an advanced programming language wlth many useful features 

due largely to its generality and flexibility. ALGOL 68-R 1S an 

implementation of ALGOL 68(4) produced by an exper1enced team of 

programmers at the Royal Radar Establishment at Malvern. The use of the 

language for 11st processing is a product of'lts flex1bl11ty. 

The literature contains a number of references to list processing 

and 1t is not the funct10n of this Appendix to duplicate that informat10n 

or to teach the beginner how to use A¥GOL 68-R. The 1nformat10n given 

here presents some of the problems encountered by workers 1n the field 

of Artific1al Intel11gence that may be overcome by the use of list 

process1ng techn1ques. In order to prevent the description of these 

techniques becoming too abstract, the methods are 111ustrated by 

examples using specific features of ALGOL 68-R. It 1S hoped that 

this approach will render the text more readable. 

Some of the bas1c 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 ava11able (and in particular 
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on the 1904 at Loughborough) language words are enclosed between 

pr1mes (e.g. 'MI'lDE" ABC'). Readers familiar with FORTRAN m1ght also 

find 1t profitable to note that: 

1) FORMATS do not ~ to be used for input/output 

2) Routines may be recursive, i.e. call themselves 

3) All ident1f1ers must be declared 

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

5) Even without the facil1t1es of ALGOL 6B-R, ALGOL 

languages are generally very flexible. 

Reference 1S also made in this Appendix to Game-Playing on 

computers. The main interest 1n 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 f1eld of science which encompasses game-playing problems 

is "Artificial Inte1l1gence". A general discussion of list-process1ng 

(5) for simple problems 1S g1ven by Foster . 
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A.l.l ALGOL 68-R 

A full account of the fac1lities and syntax of ALGOL 68-R 

may be found elsewhere(3). In this section, an attempt w111 be made 

to define and discuss some of the features of the language wh1ch are 

of particular 1nterest for the present work. An important feature 

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

Th1S 1nformation may be found in the standard texts. 

A.I.I.I Values, names and identifiers 

The def1nitions g1ven in this subsect10n are simpl1f1ed 

1n order that some of the bas1c features of list-process1ng may be 

discussed without giving a complete, formal def1nit10n of each 

language feature encountered. 

Values 

A value may be defined as the 1nformation which the 

programmer w1shes to store. Note that th1s definit10n does not 

restr1ct values merely to be numbers, characters or booleans. A 

value has a mode (called a TYPE 1n some languages) as def1ned when 

it 1S created 1n the program. 

Names ---

A name may be defined as a mach1ne pointer to a 

working space where some 1nformation (the value) is stored. Since 

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

Ident1fiers 

Ident1f1ers are the tags in the program used by the 

programmer to identify part1cular variables or constants. 
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The syntax of ALGOL 68-R 1S comp11cated by the fact that 

the strict notat1on has an alternative form ("extended" notation) 

Wh1Ch is much more generally used. In.order to understand the , 
language fully, 1t is undoubtedly better to learn the strict form. 

The programs used for this study use the extended form wherever 

poss1ble (since this form is shorter to write) and hence this Append1x 

also uses the extended form of the notat10n in order to be 

consistent. For the sake of completeness, a simple declaration 1S 

given below in both forms: 

Strict Form Extended Form 

'REF"INT' I = 'LOC"INT'O+-- 1; 'INT' I~ 1; 

These declarat10ns are exactly equivalent, in each case 

an integer variable is declared, accessed by the programmer using the 

identifier tlrft. In core store, a name is created equivalent to "rtt. 

Th1S name possesses a work1ng space where the value of "I" is stored. 

The 1n1tial value is set to unity. 

Now consider further statements in extended form: 

1. 'INT' It-I, J-4; 

2. It- 3; 

3. I ~ J; 

Note that the numbers 1,2 and 3 on the left s1de of the page are not 

supp11ed 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' variable to another. Now, 1n 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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IS of mode 'INT' the R.H.S. must be dereferenced, to yield its 

'INT' value (4 in this case) and the assignment IS made. Note that 

the dereferencing itself does not change the contents of the area of 

store considered. 

Now consider the declaration below: 

'REFtlINT' 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 l.dentlfier 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 wl.th an 

'INT' value and a 'REF"INT' name). SInce the name of "s" is 

'REF"REF"INT' and the value IS 'REF"INT' the name of "J" is assigned 

to "s" - no dereferencing occurs. 

Note that: 

S ~2; 

is Illegal and will give a compilatIon error. 

US" requires a 'REF"INT' value not an . INT' value. 

The examples below are intended to demonstrate the 

effects of different REFerence levels in a fairly common situation. 

Note that the user may insert comments between pairs of 'e's 

as shown: 
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PROG I 

'INT' A<--l, B 4-- 0; 

'INT' R+-A; 

'c' "A" is dereferenced to 

yield an INT value 'c' 

A ~ 2; 

B f-- R; 

'c' "R" is dereferenced to 

yield an 'INT' value 'c' 

LIno 

I 

2 

3 

4 

PRINT (B); 5 

'c' prints I 'c' 

PROG 2 

'INT' A f- I, B f-- 0; 

'REF"INT' R ~ A; 

'C/'No dereferencing occurs 'C' 

A t-- 2; 

B t- R; 

'c' "R" is derefernced twice 

to yield an 'INT' value 'c' 

PRINT (B); 

'C' prints 2 

because "Rn REFers to 

"A" whose value has been 

altered at line 3 'c' 

A.I.1.2. Modes and Chained Data Structures 

The previous section showed how one variable can be used as 

a reference, or pOlnter, to another. This section extends that idea to 

show how a chaln 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 lt is desired to store a character and an integer 

together. This may be achleved using the mode declaration, which 

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

, MI1)DE"CHAR INT' = 'STRUCT'('OIAR' CHARACTER, 'INT' INTEGER); 
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11us deflncs a new mode (called CIIAltINT) as a structure 

POSSC'SSlng two fields, one containlng a alAR value and onc an INT 

value. The selectors "CHARACTER" and "INTEGER" may be chosen by the 

programmer and are used to access the f1elds of CHARINT var1ables. 

"CHARACTER" and "INTEGER" are not names although the CHARINT 1tself 

has a name 1n the same way as any other variable. Quotes marks are 

used to denote an actual character to be stored as shown: 

'CHARINT' X f-- ("A", 47); 

This 11ne declares a variable of mode 'CHARINT', glves 1t 

a 'REF"CHARINT' name and makes the ldentifier fiX" ~ossess this name. 

The value 1S 1n1t1al1sed by the collateral to cons 1st of the character 

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

palr of quantl.tles "An and 47. 

The short sect10n of program below shows how the 1nd1vidual 

flelds may be accessed using the selectors: 

'INT' I' , , 
'CHARINT' Cl ~ ("A", 47); 

CHARACTER'£)F' Cl f- "B": 

INTEGER'£)P' Cl t-- 48: 

I t-- INTEGER'£)F' Cl: 

The f1elds of a mode may contain any other prev10usly 

• declarod mode, arrays or references: 

'MODE"AN£)THER' = 'STRUCT'('REAL' RE, 

'REF' 'B£)£)L' TF, 

'REF"INT' 11): 

* note that th1S 1S not quite true; modes may be "mentioned" as w1ll 
be shown 1n Sect10n A.l.2.1. 
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------------- -------

Note the s1mllarit1es with the previous modo doclaraL1on: 

1. The f1rst word 'MODE' 

2. The name of the new mode 

3. The = S1gn 

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

containing several parts 

5. The definition of the contents of each f1eld and the relevant 

selector. 

Of particular interest here are modes that form cha1ns: 

'MI'lDE"CHAIN' = 'STRUCT' ('REAL' 'IRIS, 
, REF" mAIN' NEXT); 

The value of a variable of mode 'CHAIN' consists of two 

fields, a 'REAL' number and the name of another 'CHAIN' var1able. 

This is shown by the example: 

• CHAIN' X, Y, Z;: 

X +- (1.0, y); 

y f- (2.0, Z); 

Z t--(3.0, 'NIL'); 

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

NIL is a plug and effectively terminates the cha1n as shown by the 

diagrammatic representation below: 

274 



POl.nters may be used to "remember" a place 1n the list, 

for instance, the top: 

'REF"CHAIN' HEAD ~ X; 

This may be represented as: 

HEAD x y z 

D~~'--Jl. 0 1~1~~2. 0 I -+1~~3.0k1 

In general at least 2 pointers are requ~red to process 

lists, the first is used to po~nt to the top of the list, as above, 

and the second is used to manipulate the l~st: 

'REF"CHAIN' P ~ HEAD; 

Note that "p" cannot point to "HEAD" (th~s would only be 

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

CHAIN that "HEAD" po~nts to 

HEAD X Y Z 
.--

r-511.0 I I >ko I I >130V] I 
I 

1 
P 

In th~s posi hon "p" may be used to alter the fields of 

I!I'x" as below: 

TIUS')'lF'P f-- 0.0; 
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HEAD 

0.0 

P 

Up" may be made to move down the chain: 

P ~NEXT',0F'P; 

HEAD X y z 

DI------'lo>I" I 6" I 
Now consl.der: 

nUS'0F'P f- 1.0; 

llIIS',0F'NEXT',0F'P -t-- 2.0; 
HEAD X y ...-...;z::,.._ .... 

D-~)lro.oTI =l-,,7~.L--l -+~12.0V1 

As before: 

P ~ NEXT',0F'P; 

HEAD X y z 

[JI------lj>! 0.0 I ~L'I ~''k?J 
P 
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The pointers may also be used to alter the chain: 

NEXT'l!lF'P t-- HEAD; 
\ 

HEAD x y z 

p 

Note that since the introduction of "p", the identifiers X, Y and 

Z have not been used at all. This suggests that, provlded enough 

pointers are used, the identifiers X, Y and Z are completely 

superfluous. The use of unldentified references is ln fact a POSltlve 

advantage that wlll be put to good use. ALGOL 68-R provldes generators 

for the programmer to create such unidentified references. The previous 

example may be repeated using generators to demonstrate thlS: 

'REF"CHAIN' HEAD f-- 'CHAIN' t-- (3.0, 'NIL'); 

* This creates a variable with a value of mode 'CHAIN' and initialises It. 

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

the name of the reference. 

HEAD 

D~>13.0V1 

HEAD f-- 'CHAIN' ~ (2.0, HEAD) ; 

* on the heap - thlS term is more conveniently explalned later in 
Section A.l.l.3. 
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• 

Now another 'CHAIN' is created and g1ven the value 2.0 

for its TIUS f1eld. 'Ibe name stored in "HEAD" is found by dereferenc1ng 

and assigned to tte NEXT field of the new variable. "HEAD" is then 

made to p01nt to the new 'CHAIN': 

HEAD 

Finally, another element of the list 1S added: 

HEAD ~ 'CHAIN' ~ (1.0, HEAD); 

HEAD 

D~~1.01 

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

to 1t is f,xed at run time. 'Ib1S is conven1ent for reading in or 

process1ng sets of 1tems where the number 1n the set var1es greatly. 

The above structure could be created in one step: 

'REF"CHAIN' HEAD t-- 'CHAIN' ~ (loO, 'CHAIN' ~ 
(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 search1ng 

for the 'NIL': 

1. 
2. 

3. 

4. 

'REF"CHAIN' P ~ HEAD; 

'WHILE' NEXT'/;'lF'P 'ISNT' ('REF"CHAIN"VAL"NIL') 'DI!)' 

P t-- NEXT'/;'lF' P; 

NEXT'/;'lF'P ~ 'CHAIN' ~ (4.0, 'NIL'); 
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j 

The DO loop and cond~tion for repet~t~on shown ~n line 2 

causes l~nes 2 and 3 to be repeated until NEXT'~'P conta~ns a 

'NIL'. L~ne 4 then adds the new element to give: 

HEAD 

P 

Note that th~s piece of program would have failed during execution if 

the list was empty (~.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 spec~al test wr~tten ~n to detect the empty list. 

Both of these methods are shown below: 

Adding dummy element: 

1. 'REF"CHAIN'P ~ 'CHAIN' ~ (O.O,HEAD); 

2. HEAD ~ P; 

3. 'WIIILE'NEXT'~F'P'ISNT'('REF"CHAIN"VAL"NIL')'D~' 

4. P ~ NEXT'~F'P; 

5. NEXT'~'P ~ 'CHAIN' ~ (4.0, 'NIL'); 

6. HEAD t- NEXT'~'HEAD; 

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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Addlng speclal test: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

'REF"C!lAIN'P f-- HEAD; 

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

''IHEN' HEAD f-- 'CHAIN' ~ (4.0, 'NIL') 

'ELSE' 'WHILE' NEXT' J1lF' pr ISNT' ('REF"CHAIN"VAL"NIL') 'D0' 

P +- HE"" '<#IF' P i 
NEXT'.0F' P+-'Cl!AIN'+- (4.0, 'NIL') 

'FI t ; 

ThlS example also illustrates the use of simple conditlonal 

statements in ALGOL 68-R. The condltional facilitles of the language 

are extremely powerful. Many examples of their use in complex 

loglcal systems may be seen in the program llstings in Appendlx 3. 

The example shown illustrates the general case which may 

be expressed as below: 

• IF' < the expression here is TRUE '> 
''lllENt < do whatever 1S wr1tten here > 
'ELSE' < do whatever is written here )' 

'FI' ; , C' This is the end of the conditional ' C' 

Now consider the effect of: 

HEAD f-- NEXT'.0F'HEAD; 
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At this po,nt, the first element of the chain is completely 

inaccessible to the programmer: he has no identif,er possess,ng ,ts 

name and no way of accessing it via the two po,nters. In a typ1cal 

l1st processing problem, th,s may occur frequently while generators 

are continually requesting more space. This rapidly leads to a 

s,tuation where no more core-store 1S available. Hav1ng recogn1sed 

this problem, it is now convenient to cons1der how the use of 

generators affects 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 certa1n 

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 's run. This storage may be 

thought of as existing at one end of the ava,lable store: 

r __ =r:;:;~~::======:=~~~~~~~--~a~v~a~'~.l~a~b~l~e~s~t~o~r~e~~ 
~1\1~\I\~IIII~I,I ______________ ~j~l ____ ~ 
Individual store locations 

In the representation above, this type of store is 

dep,cted as existing at the left-hand end of the available store. 

Th1S is known as the "stack". Stack storage is organised so that 

programs run very efficiently. 
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Now consider the use of generators. It has been shown 

1n the prevlous sectlon that generators are used when needed 

and therefore the amount of space for use by the generators is 

not determlned at comp11e time. In order to overcome thlS 

d1fficulty, it is convenlent to imagine that the space needed 

for the generators is at the rlght-hand end of the model of the 

store. This is called the heap: 

Stack Heap 

~1I1~1I~1"~III~III~III~II __ ~f~I __ ~II~III~1I1~11~1"~III~III~III~11 
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 

~III~II~I __________ -J\t~ ______________ ~ 
After generators used: 

Stack Heap 

~III~II~I __________ ~} i _______________ ~"~II~11I 

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 

accesslble,then it would be useful if this space could be 

reassigned. 
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In order to organise a system of th1s type, all the 

free storage 1S placed in a list known as the "free 11St". 

When the free 11St is empty, an internal routine 1nspects the 

pointers and identifiers 1n the program and marks all heap , 

space that can st1ll be accessed. The rema1nder is added to 

the free list and computation proceeds as before. This process 

is known as "garbage collechon". The use of th1s fac1lity in a 

program will cause cons1derable overheads in t1me and space even 

if the particular run of the program does not use the heap. The 

use of ALGOL 68-R features which invoke the heap should therefore 

be restr1cted to problems which are not eas11y 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 s1milar although modified to f1t in with the version of 

the GEORGE 2 operating system currently used. Details of all 
, 

ALGOL 68-R fac1lities at Loughborough are contained 1n the 

computer Centre Documentation (6). 

Segments are primarily intended for storage of 

frequently used "11brary" routines (the system l1brary 1S stored 

in a number of segments) but, for the present work, the use of 
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segmonts was mandatory because of the large program s1ze. 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 avo1ded, 

3. For a large program, the compilat10n t1me is excessive if 

the program is comp11ed prior to each run. In the case of 

the present study, compilation time was approximately 

120 m111s (about I minute) before the use of segments 

became possible on the system 1mplemented at Loughborough. 

All segments are stored in an "album" on a magnet1c 

disk. The ALGOL 68-R system allows a hierarchy of albums to be 

built up so allow1ng 1ndividual users to share programs available 

at h1gher levels in the h1erarchy (the system 11brary 1S at the 

h1ghest level in the hierarchy and is therefore available to 

every user). For the present study, a pr1vate album called 

PKALBUM was used to store the segments containing the alarm 

analysis programs. 

Variables, operators, modes and procedures declared in 

a segment are available 1n 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.l.l. The example 1S 

not intended to be self-explanatory but is included in full to 

illustrate the differences between the Loughborough system and 

that def1ned in the R.R.E. documentation. 
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1 JOB G674,G,PKAl157 
2 JOBCORE 37000 
3 CARTRIDGES .".,,100061 
4 SELECT LANGUAGEMACS 
5 AL68SETUP 
6 AL68COMPILE SEGl 
7 AL68UPAL PKALBUM,UPl 
8 AL68COMPILE SEG2,PKALBUM,SEGl 
9 AL68RUN 

10 **** 
11 DOC SEGl 
12 'BEGIN' 
13 'MODE"ONE' = 'STRUCT'('REAL'A, 'INT'B); 
14 t J'INT'I = (1,2,3,4,5,6); 
15 'ONE'WON~(23.0,4); 

16 'PROC'PRINTSPACES = (' INT' I): 
17 'BEGIN' [1:1] 'CHAR' SPACES; 
18 'CLEAR 'SPACES; 
19 PRINT (SPACES) 
20 'END'; 
21 'SKIP' 

'END' 22 
23 
24 
25 
26 
27 

'KEEP' PRINTSPACES,'0NE',I,WON 
'FINISH' 

**** 
DOC UPI 
PUTIN SEGl 

28 END 
29 •••• 
30 DOC SEG2 
31 'BE-GIN' 
32 'INT'L; 
33 READ«NEWLINE,L»; 
34 PRINTSPACES (L) 
35 'END' 
36 'FINISH' 
37 •••• 
38 DOC DATA 
39 10 
40 •••• 

FIG. A.I.I 

Example of Use of Segments 
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Tho functions of tho macros shown ln the JOB 

(6) descrlptl0n may be found in the Computer Centre documentatl0n . 
) 

For the purpose of thlS example note that: 

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

2. At I1ne 7, the user specifles that the album PKALBUM is 

to be updated accordlng 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 uSlng ltems 

(as yet unspecifled) from SEGl of PKALBUM. 

4. At I1ne 11, SEGl 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 1n the KEEP list of 

the segment SEGl. 

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

8. At 11ne 34, PRINTSPACES is used in SEG2. 
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A.l.2. L1St Processlng 

It was noted ln the flrst section of thlS Appendlx that 

problems encountered in the field of Artlflclal Intelligence led 

to the development of Ilst processing languages. It is the 

purpose of this section to examine more closely the type of 

problems involved ln terms of the ALGOL 68-R features descrlbed 

ln the preceedlng sectlon. 

A.l.2.1. Game Play,ng Problems 

In order to be more speclflc than would otherwlse 

be possible, a particular class of games wlll be considered. 

Games withln this class are certainly not the only ones that are 

conveniently solved uSlng list processing technlques. 

The particular class of games are deflned by: 

1) Two players (only) moving pleces that are capable of capture, 

2) No outside lnfluence or random effects, 

3) The domaln lS Ilmlted, 

4) There lS a flnlte but large number of posslble positions, 

5) Moves are made alternately, 

6) There lS a well-deflned goal and posslbly sub-goals, 

7) A flxed set of constralnts. 

Chess and draughts are probably the most well-known 

examples of games withln this class. Whilst a knowledge of these 

games in partlcular is not necessary for this dlScusslon, lt may be 

useful to vlsualise the problems in terms of these games. 
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It 1S also assumed that criter1a of merit are def1ned 

In order to enablo a posltion to be evaluat0d. These Crl.tcrla 

mu~t take 1nto account which of the two players will make the 

next move. It w111 also be assumed that the game 1S between a 

computer (the machine) and a human (the player). The part1cu1ar 

aspect of game-playing problems that concerns th1s d1scuss10n is 

the organ1sation and programming of the machine. 

Cons1der now the three bas1c steps 1nvo1ved when the 

machlne has to make a move: 

1) Var10us legal moves are discovered (and continuat10ns of them) 

2) The merits of the possible moves are determ1ned 

3) The final decision on ch01ce of move is made and 1mplemented. 

The various problems involved in each of these steps 

w111 now be cons1dered separately and the use of the ALGOL 68-R 

features described in the previous section explained. 

1. D1scovery of legal moves 

Var10us methods have been employed to d1scover poss1ble 

moves. The net result of all the methods is that moves are found 

one by one. In general, it 1S not known at the start of th1S step 

how many moves w111 be found and it is therefore conven1ent to 

allocate storage space for the information assoc1ated w1th each 

move uSlng generators. 

A tree-like representation may be used to d1scuss this 

problem. The nodes of the tree are equivalent to posit10ns and the 

branches from a node are possible moves: 
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1 WhIte's turn 

Whlte's move 

Black's 
Turn 

Wh~te's 

turn 

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

at position 1, there are three moves A, Band C leading to 

pos~t~ons 2, 3 and 4 respectively. For the purposes of s1mp11city 

only a small number of possible moves are shown at each posit~on. 

In many board games, there are considerably more - ~n chess, 

30 on average. Note also that move E from posit~on 2 and move G 

from posit10n 3 both lead to pos1tion 5. It is obvious that 1t 1S 

undes1rable to dupl1cate all the information assoc1ated w1th a 

position S1nce much space is wasted. A computer representat~on 

wh1ch avo1ds th1s problem as well as retain1ng the above structure 

is therefore des1red. 

If each posit10n is considered as a place where: 

1) information is stored concern~ng locations of pieces, 

evaluations etc., 

2) a l1st of poss1ble moves is stored, 

then the following mode declarations are eas1ly understood: 
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'M0J)!':"M0VI':' J 'c' thlb mode IS montJonod 'c' 

'M0DE"DATA" = 'STIWCT' ( ( whatever 1S reQU1rod). ); 

'M0DE"P0SITU'lN' = 'STRUCT'('DATA' INF0RMATI0N, 

'REF"M0VE' LIST); 

'M0DE"M0VE' = 'STRUCT'('REF"P0SITI0N'PLACE, 

'REF"M0VE' NEXT); 

Mode "M0VE" 1S menhoned before 1 t is defined. 

TIns is necessary S1nce 1t REFers to mode "P0SITI0N" and V1ce-versa. 

Note that the use of REFerences allows pos1t10n 5 to be 

stored only once. When a new "P0SITI0N" is generated, its 

"LIST" f1eld wlll contain "NIL". As moves from that posltion are 

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

This may be shown diagrammatically as: 

2 3 

(F) 
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Each shaded area reprosents all the Informat1on 

assoclt,ted wl.th one pos~t1on. This is the "INF\:'JRMATIji'lN" 

held of mode "P\:'JSITIj1)N" 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 sat1sfactory method of evaluat10n depends on 

working out the contl.nuatl.ons of a move to a pos1t10n that 1S 

"dead". By thl.s 1S meant a position where further exchanges of 

p1eces are unlikely. For the purpose of this discussion, it will 

be assumed that the evaluat10n of such a pos1t10n w111 g1ve a 

s1ngle number as its result. Looking ahead 2 moves by each 

player and then explor1ng non-dead continuations m1ght lead to 

a tree of possibil1ties as below: 

c 

~ 
D 
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W to move 

move 

to move 

ItDeadtl 

POc;]t10ns 
Shaded 



-' 

'!he valups enclosod in rcctanglps are evaluations made 

hy W (wh f 1 e). 11] gh valu('~ arc deSIrablo. Consld0r the sequenco 

of moves starting w1th move A. In1t1ally, only the dead posit>ons 

are evaluated. The analysis must start at these posltions and 

move gradually to the head of the tree. Cons1der Whlte's cho1ce 

between moves J and K. Wh1te will naturally chose move J, because 

this has the max1murn value. The pos1t10n at which th1S choice is 

made therefore has the value 3.6. Now conslder Black's ch01ce 

between H and I. Black will choose the min1mum value (I) and 

hence, at this position, the value w1ll be 1.8. This procedure 

may be repeated until all the poslt10ns 1mrnediately below the 

present pos1tion have values. On the diagram, Wh1te has the 

choice of move A(2.l), move L(l.7) and move M (2.8) and move M 
; 

1S thus selected. This procedure is known as minlrnaxing. 

The point of interest to th1S d,Scuss,on 1S that the value of 

a pos1tion can only be determined w1th reference to its place 

1n the tree. The machine representation of the problem 1S therefore 

superior if 1t depicts the place in the tree in a simple manner. 

The branch1ng list structure chosen as the example sat1sf1es 

th1s cr1ter1a. 
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3. Move made 

After the evaluation and analysis, the move is made. 

Using the tree representation as before may lead to the situation 

below: 

Double line 1nd1cates actual moves made. 

Dotted line separates useful part of 

tree from garbage. 

Old Pos1t1on 

New Pos1tlon 

Now all of the tree on the L.H. S. of the dotted Ilne 1S 

useless. Slnce a large amount of space w1ll be wasted, this part of 

the tree must be abandoned. Cons1der the computer representation of 

pos1t1ons 1, 2, 3 and 4 before the move is made: 
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NQWpoS 1 t 10n 
I 

EJ ( 

A n 
( 

NewmoveEJ 

2 3 4 Newposit1on 

~ 0 

TIlree p01nters are shown, "NOWPOSITION", "NEWPOSITION" 

and "NEWMOVE". TIle following piece of program makes the unwanted 

part of the tree completely 1naccessible to the pointers and 

therefore ready for garbage collect10n. 

1. LIST'~F'N~WP~SITI~N f--NEWM~VE; 

2. NEXT'~F'NEWM~VE t-- 'NIL'; 

L1ne 2 is not necessary in this case but 1S prov1ded 1n 

case moves A or B had been selected. TIle computer representation 1S 

now: 

NOWpos1t10n 

EJ 
Newmove 

( 
EJ 

Newpos1tion 

( El 
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S1nce the garbago collector is completely automatLc, 

the programmer has no problems "mark1ng" wh1ch pieces of the tree 

that he wl.shes to keep. He is now ready to "make" the move~ 

N~WP0SITI0N ~ NEWP0SITI0N; 

The game now proceeds with the player ~nputting h~s move 

to the mach~ne which then starts the process aga~n (w~th the 

prov~so always that part of the tree already ex~sts from h~s 

prev~ous move if the player made the expected move J. 

In summary, the use of a list process~ng approach has 

made possible the easy addition of moves, the easy deletion of 

moves and simplified evaluat~on due to the preservat~on of the 
\ 

natural form of the problem in the machine. 

A.1.2.2. L1st Structures used for the Present study 

The work done for the present study 1nvolved cons1derable 

use of 11st-processing techn1ques. The MODE's used to build the 

structure are shown in Appendix 3, LISTING 8. TABLE A.I.I. 

contains brief description of the function of each MODE. The 

complete plant model used is one large structure contain1ng a 

large number of pointers to other parts of the model. Some pointers 

used are redundant, 1.D a str1ct sense, since they only contal.n 

1nformation that may be obta1ned ind1rectly from two or more other 

p01nters. Such pointers are only useful when it 1S conven1ent to 

save computation hme at the expense of core store space. 
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FIG. A.I.2. shows the form of the basic structures used for the 

study. In theso diagrams each "box" in the structure corresponds 

to I f1eld in the MODE declaration. If the f1eld 1S itself a 

structure, the box contains the number of the MODE 1n TABLE A.I.I. 
'I 

REFerences to other modes are shown by an arrow drawn from the 

m1ddle of the'appropriate box. If the MODE referred to 1n this 

way 1S not shown, the MODE identification number for TABLE A.I.I. 

is shown next to the arrow. Each d1fferent type of MODE shown in 

the structure 1S drawn as a horizontal rectangle and 1S labelled 

once. Arrays are shown as vertical rectangles and are not labelled. 
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General Notes 
No. and FIPld Function 

MODE name 

, 
1 NAMEVAJ. 1 Stores Onc varIable name from model 

(Model 2 Stores varIable value 
varIable) 3 REFerence to alarm data. NIL If 

variable not measured. 

2 UNIT 1 Unit module name 
(Equivalent to 2 REFerence to l1st of Input streams 
unIt module) 3 REFerence to l1st of output streams 

4 REFerence to next unIt In lIst of unIts 
5 REFerence to l1st of equatlons 
6 REFerence to stored fault data 
7 REFerence to l1st of varIables not In 

unit streams 
8 REFerence to lIst of l1sts of variables 

common to several units -

3 POINTER 1 Name of input or output stream 
(One stream 2 Name of adjacent unIt 
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 stream varIables 
7 REFerence to unIt of which stream IS part 

, 
4 STANDARDS 1 Alarm type identIfication number 

(Data for 2-6 Normal value and alarm limIt data 
measured 7 REFerence to un1t in which varIable IS 
variable) measured 

8 REFerence to l1st of deduced alarms In 
which varIable IS high 

9 REFerence to list of deduced alarms in 
WhIch_variable is low 

10 Alarm message for thIS varIable 

5 CONSTANTS I REFerence to next entry In list , 
(LISt 1tem for 2 Nameval fIeld as speCIfied In 1 above 
holding 
variable 
local to unIt) 

6 EFFECT 1 REFerence to next entry in list 
(LISt Item used 2 REFerence to deduced alarm data 
to REFer to 
deduced alarms) 

TABLE A.!.!. 

BrIef DescriptIon of Functions of MODES used for thIS study 
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(;('nf'ral notC's 
No. ,md "l('ld Funf't.lon 

MOIlT': namo 
------- -- -

7 CONLIST 1 REFerence to I1st of varlables common 
(L1st of lists) ( to several un1ts 

2 REFerence to next entry 1n l1st of l1sts 
of connnon var1ables 

8 FAUL'I'VAL 1 REFerence to next entry 1n l1st 
(List used to 2-3 Old and new var1able values 
store values) 4 REFerence to variable 1n quest10n 

, 
9 EXPRESSION 1 REFerence to next entry 1n list of 

(Equivalent to equations 
one model 2 REFerence to var1able on LHS of equat10n 
equahon) 3 REFerence to normal RHS of equat10n 

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

5 REFerence to real number which may be 
used to store grad1ent for 
d1fferential equat1ons. Contains 
NIL for algebra1c equat10nS 

10 EQUATION 1 REFerence to next entry 1n list 
(List used to [:::'...... ,. .,. . ." "' ... ""., 
construct 2 UNION of REFerence to store denot1ng a 
equatlon In funchon 
core store) Operator used 1n equat10n 

11 CHECK 1 REFerence to list of symptoms 
(Head of Deduced 2 Deduced Alarm message 
Alarm List) 3 Unique Alann number 

12 CHECKLIST 1 REFerence to next entry 1n list of symptoms 
(Deduced Alarm 2 REFerence to var1able to which th1S 
Symptom) symptom app11es 

3 Code for alarm condlt10n 1n th1S l1st of 
symptoms 

4 Elapsed t1me after fault starts before , 
this symptom occurs 

5 REFerence to effect I1st in Wh1Ch th1S 
symptom occurs 

13 NODE 1 REFerence to var1able corresponding to 
(Node 1n this node 
Alarm Tree) 2 Ident1f1cation number 

3 Store for result of last use of scann1ng 
program , -

4 REFerence to list of poss1ble causes of 
abnormal value 

5 REFerence to entry in current analysis 
structure 

6 REFerence to next node 1n l1st of nodes 

TABLE A.l.l. (cont.) 
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Gpnf"ral Nolos 
No. and Fleld Funct~on 

MOJ)I~ name 

11 BRANCH 1 REFerence to possible cause of abnormall ty 
(L1St ltem to 2 Factor used to store dlrectlonal lnformatl.on 
store poss:ible 3 Factor used to store magnltude of 
causes of directlonal effects 
abnormallty) 4 REFerence to next entry ln IlSt of branches 

15 FAULT 1 REFerence to list of effects. Flrst entry 
(List of off- 15 prlme cause of others 
normal causes) 2 REFerence to next entry " ln IlSt of faults 

-

16 ALARM 1 REFerence to next entry ln list of effects 
(L1St of 

2 UNION of ~REFerence to node concerned 
effects) REFerence to deduced alarm conceIned 

3 Time at which variable passed alarm limit 
4 Boolean to denote lf alarm stlll actlve 
5 Boolean to denote lf this al arm posslble 

effect of several causes 
6 Complete alarm message for thlS varlable 

17 TEMP 1 REFerence to next entry ln list 
(L1St 1 tern used 2 REFerence to last entry ln list 
to evaluate 3 Value stored for use 10 evaluatlon of 
equations) expresslon 

, 
18 OPSTACK 1 Operator stored 

(Used to store 2 REFerence to next entry 
equailons) 

19 SYSLIST 1 REFerence to unlt in llSt of unlts 
(Used to store 2 REFerence to array used to store steady-

a partlcular state values 
list of unlts) 3 Boolean denotatlon used for "housekeeplog" 

purposes 
4 REFerence to next ltem In this llst 

20 ALG 1 REFerence to next ltem ln thlS list 
(Used for 2 REFerence to varlable ott illS of equatlon 
algebraic 3 REFerence to RHS of equatlon 
equations) 

21 SAVE 1 REFerence to next ltem In thlS llst 
(Used for 2 REFerence to variable on illS of equatlon 

dlfferentlal 3 REFerence to RHS of equation 
equatlons) 4-10 Real numbers used for integratlon routloe 

\ 

TABLE A.l.l. (Cont.) 
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A.l.2.3. Simple Program 

This sUbsection conta1ns, as an example of a simple 

program, a procedure to convert the right-hand s1de of an 

expression, written in ordinary algebraic notation, 1nto 

Reverse Polish notat1on. Routines of this type are used 1n 

comp1lers 1n order to translate equations in the program 1nto 

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. 

Consider the problem of evaluat1ng the r1ght hand s1de 

of an expression 

RHS = A + B*«C + DIE) - F) t G 

Using the rules of al~ebra, 1t is simple to show that 

the order .n which the arithmet1c operations are performed is not 

the same as that 1n which the operators themselves are discovered 

in a left-to-r1ght scan of the expression: 

RHS = A + B*«C + DIE) - F) 1 G 

Order of use 

of operators 

2 1 3 4 

Now consider the same expreSS10n wr1tten in Reverse 

Polish notation: 
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RHS = A B C 0 E I + F - G t • + 

1 2 3 456 

Note that i) the operators Bre now in the correct order 

11) the operands are in the same order as before 

1i1) the brackets have disappeared ent1rely. 

In order to evaluate this expression, a scan is made 

from left to right. When an operator 1S encountered, the prev10us 

two operands are used as its arguments. This is shown in the 

following table: 

bperator First ArguMent Second Argument 

I D E 

+ C DIE 

- (C + DIE) F 
/ 

t «C + DIE) - F) G 

• B «C + DIE) - F)t c 

+ , A , B * «C + DIE) - F)~ 

The transformation of an expreSS10n into its Reverse 

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

express10n is scanned from left to right: 
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1) All operands are placed 1n the Reverse Polish express10n as 

they are encountered, 

2) All operators and brackets have priorities associated with 

them according to the follow1ng table: 

Operator Pr10r1ty 

) 0 

( 1 

+ 2 

- 2 

I 3 

* 3 

i 4 

An operator "stack" 1S estab11shed wh1ch will init1ally 

be 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) Left-hand brackets are placed on the stack immediately after 

they are encountered, 

4) When an arithmetic operator is ~ncountered, the top of the stack 

is exam1ned 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 eX1sts on the stack. The operator in the source 

expression is then placed on the stack. 
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5) When a right-hand braeket is encountered 1n the source 

cxpr0ssion, operators arc successively removed from the 

stack and placed in the Polish express10n u~t1l a left-hand 

bracket 1S 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.l.3 shows various stages in this process 

d1agrammatically for the example given earl1er. 

Fig. A.l.4. shows a flowchart show1ng the logic of the 

program and TABLE A.l.2 shows some expressions and their POl1Sh 

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 

1n Append1x 3, LISTING 9. 



REVERSE POLISH STRING SOURCE STRING 

OPERANDS 

+-- A + B*«C + DIE) - F)1G 

OPERATORS ~ r OPERATORS 

FIG. A.I. 3. (a) 

A 

FIG. A.I. 3. (b) 

AB 

FIG. A.I. 3. (c) 

ABCDE 

FIG. A.I.3.(d) 

\ , 

+ 

( 
( 

• 
+ 

I 
+ 
( 
( 

* 
+ 
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Operator 
Stack 

B • «C + DIE) - F) "tG 

C + DIE) - F) l' G 

) - F)"" G 



J\OCDE/+ 

FIG. A.1.3. (e) 
j 

ABCDE +F 

FIG. A.1. 3. (f) 

ABCDE +F-

FIG. A.1. 3. (g) 

A B C DE/ + F - G 

FIG. A.1. 3. (h) 

ABCDE/+F-Gt*+ 

FIG. A.1. 3 (i) 

309 

( 

* 
+ 

( 

* 
+ 

* 
+ 

* 
+ 

-~')"'G 

) t G 

G 



SET I and J 
algebr~ic or 

equation 

for 
different1al 

SET C equal 
next character 

Trans er any 
NO remain1ng entries 

') __ ~ 1n operator stack 
to polish 
express~on 

1n source expression 

Transfer characters 
~~S~ __ ~from operator stack 

to Polish expression 
until "(" found on 

NO 
stack 

Put operator ~ ___________ ~ 
S>~~--~directlY onto 

stack 

Set priority 'of 
YES operator from 

-""=--tllOOkUP table and 

NO 

Put C in next 
vacant pos1tion 
in Polish 
express10n 

FIG. A.1.4. 

transfer operators from 
stack to Po11sh express10n 
until one with lower 
prior1ty found or 
stack empty - then add 
new operator 

LOg1C of Program used to Convert Express10ns written 
>n Standard Algebraic Form into Reverse Polish Notat10n 
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w .... .... 

D(XC) /DT+-- (QD* (lm-xc) -+<lA* (XA-XC) -QB* (XB-XC» /HT 
D(QC)/DTf-- (QA-QC)/WL 
TC--- AO+XC* (Al+XC*(A2+XC* (A3+XC*A4) » 
XB<-- BO+XC* (Bl+XC*(B2+XC* (B3+XC*B4) » 
ZS~ XC*SF 
QBf- QD 
TBf-- TC 

TABLE A.1.2 

D(XC)/DT to- QDXDXC-*QAXAXC-*-+<lBXBXC-*-HT/ 
D(QC)/DT~ QAQC-WL/ 
TC t- AOXCAlXCA2XCA3XCA4*+*+*+*+ 
XB t- BOXCBlXCB2XCB3XCB4*+*+*+*+ 
ZSf-- XCSF* 
QBf--QD 
TBt--TC 

ExpreSSions converted from standard form into Reverse POliSh Notation 
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APPF.NDIX 2 

INSTRUCTIONS FOR PROGRAM USE AND DATA FORMAT 

Section 

A.2.1 

A.2.1.1 

A.2.1.2 

A.2.1.3 

A.2.1.4 

A.2.1.5 

A.2.1.6 

A.2.1.7 

A.2.l.B 

A.2.1.9 

A.2.1.1O 

A.2.1.11 

A.2.1.12 

A.2.1.13 

A.2.1.14 

A.2.2 

A.2.2.1 

A.2.2.2 

TABLE OF CONTENTS 

Title 

Segment MODES 

Keyword DEBUG 

Keyword LOOKATNO 

Keyword RESET 

Keyword CHECKNO 

Keyword SMALLSTEP 

Keyword NO 

Keyword MAXLEVEL 

Keyword HOWMANY 

Keyword TOLERANCE 

Keyword PRINTNO 

Keyword NODENO 

Keyword MOREUNITS 

Keyword TARGET 

Keyword FUNCMODELS 

Segment SEGl 

Keyword MASTERMODEL 

Keyword SYSTEMDATA 
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Page 

31B 

31B 

319 

319 

319 

320 

320 

320 

320 

321 

321 

322 

322 

322 

323 

323 

323 

332 



Section 

A.2.3 

A.2.3.1 

A.2.3.2 

A.2.3.3 

A.2.4 

A.2.4.1 

A.2.S 

A.2.S.1 

A.2.S.2 

A.2.S.3 

A.2.6 

A.2.6.1 

A.2.7 

A.2.7.1 

A.2.7.2 

Title 

Segment SEG2 

Keyword ADDALARMS 

Keyword INPUTCHECKS 

Keyword RUNSYSTEM 

Segment SEG3 

Keyword MASTEREFFECT 

Segment SEG4 

Keyword SETUPTREE 

Keyword ALTERTREE 

Keyword PRINTREE 

Segment SEG5 

Keyword TESTREE 

Segment PSEG 

, . , 

Keyword PRINTMODELS 

Keyword PRINTUNIEFS 
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337 
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APPENDIX 2 

.INSTRUCTIONS FOR PROGRAM USE AND DATA FORMAT 

It was noted in Append1x 1 that ALGOL 68-R programs 

may be assembled from previously-compiled segments stored in an 

album. The data space ava11able to the user depends on the 

program size since, for a "normal" run under the Loughborough 

Un1vers1ty 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 11m1ted number of 

the program fac11it1es ava1lable. It was therefore decided to 

organise the program into a form that would allow a part1cular 

set of facilities to be obtained by assembl1ng the appropr1ate 

segments. The contents of the segments were chosen so that the 

f1nal 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 by means of "keywords" 1n the data. Each keyword 

causes the program to read in data or perform some operat10n on the 

data already read 1n or both. After the program has performed the 

task correspond1ng to a keyword, a further keyword 1S read in. 

In order to operate thlS system, a small control segment 1S 

requ1red. The only function that th1S segment performs is that 

of read1ng 1n keywords and translating each keyword 1nto calls to 

the appropriate procedures. Each program segment has one or 

more keywords assoc1ated w1th it. The segments prov1ded are each 

described in the sections which follow. Each sect10n is 
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<;uh<l~vl<l<,<l to deal with the individual keywords. Table A.2.l lists 

tllo 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 requ1red for a part1cular alarm analys1s 

job is assembled from the required segments as shown in 

Appendix 1. 
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For keyworas that Sect10n 1n 
Segment Keyword correspond to variables th1s 

Mode Default Value 
Appendix 

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 * lO-B A.2.1.5. 
NO Integer 10 A.2.1. 6. 
MAXLEVEL Integer 2 A.2.1.7. 
HOWMANY Integer 2 A. 2.1.B. 
TOLERANCE Real 1.0* 10-6 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. 
ALTER TREE - - A.2.5.2. 
PHINTImE - - A.2.5.3. 

SEG5 TESTREE - - A. 2. 6.1. 

PSEG PIUNTMODELS - - A.2.7.1. 
PRINTUNIEFS - - A.2.7.2. 

TABLE A.2.1. 

Keywords for Use w1th 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 1n the program. 

2. The declarations of all "global" variables. 

(Those that are used non-locally 1n the program). 

The keywords applicable to th1s segment are all used to 

alter the values of global var1ables. Each keyword cons1sts of the 

same characters as the ident1f1er of the var1able concerned 

(e.g. keyword DEBUG is used to alter variable DEBUG). The 

subsect10ns 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.l.l Keyword DEBUG 

Th1S keyword 1S used to set the value of variable DEBUG to 

one of the boolean values TRUE or FALSE. When the value 1S TRUE 

the integration routine g1ves extra output des1gned to assist 1n 

tracing errors 1n the approximate "steady state" data previously 

input to the program. The default value of the var1able is TRUE. 

As with all keywords which are used to define values of global 

var1ables, the input value should appear on the same card as the 

keyword starting after column 12. 
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A. 2.1. 2 Keyword r,OOKATNO 

Th1S allows the number of columns on the line-printer 

used for output to be specified in the input data. The default 
\ 

value is 100. 

A.2.l.3 Keyword RESET 

If the global var1able corresponding to th1s ke~ord 1S , 

set to FALSE the model var1ables will not be reset to their init1al 

values after the integration routine is used. This fac1lity al,lows 

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 1S TRUE. 

A.2.l.4 Keyword CHECKNO 

For conven1ence, a unique reference number may be ass1gned 

to each set of deduced alarm symptoms. These symptoms may be 

generated 1n different program runs and a fac1l1ty is therefore 

needed to allow the user to input the next number to be used 

, 
dur1ng a program run. After each set of symptoms 1S 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 allows the 1nput of the in1t1al stepsize 

to be used by the 1ntegration routine. The default value of the 

variable SMALLSTEP 1S 10-B. 

A.2.1.6 Keyword 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 Keyword MAXLEVEL 

This keyword controls the print1ng 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 l1St of nodes. The default value is 2. The 

amount of output produced by the program 1ncreases geometr1cally 

with the value of variable MAXLEVEL. 

A.2.I.B Keyword HOWMANY 

When consider1ng faults whose effects are unlikely to 

propagate very far from the sourCe of the disturbance during the 

simulat10n, the program selects a system of equations that apply to 

un1ts 1n the vic1n1ty of the fault. The number of units selected 

will depend on the value of the var1able HOWMANY. W1th HOWMANY 
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set to 0, only the units adjacent to that 1n which the disturbance 

occurs w111 be cons1dered. Higher values of the var1able cause the 

program to search for loops formed by the 11nks between un1tS. As 

an example with HOWMANY set to 1 any un1t Wh1Ch 1S d1rectly connected 

to at least 1 output of a un1t already included and 1 1nput of a 

un1t already included will itself be included in the system. W1th 

HOWMANY set to 2, loops with 2 adjacent un1ts not already 1n the 

system will be included. During the integrat10n of the set of 

equations, the program checks that variables 1n the process streams 

to and from units outside the system are approx1mately at their 

normal values. If deviat10ns from the normal values are found, the 

integration 1S stopped, the system of equations enlarged and the 

1ntegration 1S automatically restarted from the init1al cond1t10ns. 

The default value is 2. 

A.2.l.9 Keyword TOLERANCE 

This keyword allows the user to set the max1mum error allowed 

before convergence 1S assumed in the integration procedure 

MASTERINTEG. 
-6 

The default value is 1.0 * 10 . Both the relative 

error and the absolute error are used during convergence test1ng. 

, 

A.2.l.10 Keyword PRINTNO 

This keyword allows the user to set the number of 

iterat10ns of the integration procedure allowed between output 

of all variable values. The default value 1S 100. 
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A.2.l.ll 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 var~able NODENO is ~ncreased by un~ty. The 

default value is 1. 

A.2.l.12 Keyword MOREUNITS 

When the boolean variable MOREUNITS is set to 'FALSE' 

then no extra un~ts will be added to the system dur~ng ~ntegrat~on 

even if the variables ~n un~ts outside the system change sign~f~cantly. 

Th~s facility is ~ntended for use when MASTEREFFECT is used to f1nd 

controller sett1ngs. The default value is 'TRUE'. 

A.2.l.13 Keyword TARGET 

Th1S keyword 1S used to control the number of calls to 

the ~ntegrat~on rout1ne dur~ng use of MASTEREFFECT. The symptoms 

found by this procedure are stored and the integration term1nated ~f 

the follow~ng condition is true: 

Number of symptoms 
found 

The default value is 10. 

x 
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11.2.1.11 Koyword FUNCMODRLS 

Th,s keyword allows the user to spec'fy that a model 

supplied is 'n functional form. W1th the boolean var,able 

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 SEGl 

This segment contains: 

1. Utility procedures used throughout the program, 

2. The procedures used to set up the plant model 1n 

core store and initialise variable values. 

The keywords used to ,nitiate calls to procedures 1n th1S 

segment are MASTERMODEL and SYSTEMDATA. In both cases, the procedure 

called has an 1dent1fier consisting of the same characters as the 

keyword. 

A.2.2.l Keyword MASTERMODEL 

As might be expected from the name, this keyword controls 

the sett1ng-up of the plant model to be used by the program. 

FIG. A.2.l shows the main routines used by the program for this purpose. 

Routines LISTUNIT, READMODEL and PREPSOURCE are all used to 1nput 

data to the program and a ser1es of data cards is therefore expected 

follow,ng any card with this keyword on it. 
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LISTUNIT - IOLIST 

LINKUNITS - ADDPOINTVAR 
(A.4.1) 

"MASTERMODEL"", MASTERMODEL rADDZEROS 
PREPSOURCE:---L POLISH 

EADMODEL 

FINDPVAR 

FIG. A.2.1 

* ONEQUATION -RHS (A. I. 3) 

* ADD COMMONS 

FINDUNIT 

Main Procedures called when keyword MASTERMODEL is used 

The nomenclature used for the above d1agram is as 

follows: 

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

init1ally 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 g1ven in Append1x 4 

(or elsewhere), then the section number is given 

underneath the procedure name. 
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'!lus nomonclaturo wlll bo used throughout t1us Ap(l<'nd1X. 

Tho cards 1n the data that follow the keyword may be 

div1ded 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 1nput data glving 

details of un1t names used 1n the model and the links between the 

units into the skeleton plant model. Four "keyletters" are used to 

control the 1nput of this information. The keyletters are 

U, I, 0 and E corresponding to Unit, Input, Output, and End. 

Each keyletter is the only character that is read on its respect1ve 

card and must be in column 1. The use of the four keyletters may 

now be cons1dered in turn. 

a) Keyletter U 

Th1S keyletter tells the program that the follow1ng card 

conta1ns a module un1t name in columns 1-4. Any of the 64 characters 

in the ALGOL 68-R character set may be used for the name. The un1t 

name must always precede the data on 1nputs 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 informat1on on 1nputs and outputs of the preceding unit has been 

read in. The unit so def1ned will then be created 1n core store. 
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b) Koylettor I 

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

more cards follow, each conta1n1ng details of one input stream on 

the unit module currently cons1dered. The format of these cards 

is given below. 

Column(s) 

1 

2 

3-6 

7 

8 

9 

10 

c) Keyletter 0 

Contents 

Identif1cation character of 1nput stream 

Blank 

The name of the unit to which-the stream 1S 
hnked 

Blank 

Identification character of correspond1ng 
output stream of un1t in cols. 3-6. 

Blank 

Contains a "," if further inputs follow on 
succeeding cards. Any other character 
(including "space") causes the program to 
expect a keylettcr on the next card. 

Th1S keyletter causes the program to expect details of one or 

more output streams of the unit currently considered. The format of 

the data cards is the same as those used for keyletter I 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 

Th1S keyletter causes the program to create the un1t module 

previously cons1dered and to then return control to procedure 

MASTERMODEL. 

Dur1ng execut10n of LISTUNIT, the details of the skeleton plant 

model as read 1n are printed out. 

~The procedure READMODEL is respons1ble for read1ng in the 

model equat10ns corresponding to each unit and assembling them 1n a form 

convenient for use in the computer core-store. The 1nput of this 

data is controlled by means of "dollarwords". Each dollarword 

nominally consists of 12 characters (includ1ng the requ1s1te number 

of trailing blanks as with keywords). The dollarword starts 1n 

column 2. Column 1 must contain a $ sign. The functions of the 

various dollarwords are g1ven 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 11St of 

names until required by one of the procedures calls 1nitiated by 

another dollarword. The list of names must start in column 1 of the 

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

followed by a comma 1f further names follow 1t. 
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b) Dollarword EQUATIONS 

Th1S dollarword causes the program to read in one or 

more cquat10ns. Each equat10n must start 1n column 1 of a data 

"-
card. ,The program continues read1ng 1n equat10ns unt11 a $ 

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

equations that may be read in is limited by the follow1ng rules: 

1. All equat10ns must be e1ther algebraic or f1rst order 

ordinary d1fferent1al equations (with t1me as the independent 

var~able} 

2. All var1ables and constants must cons1st of two characters. 

The two characters must be alphanumeric. Operator S1gnS and other 

symbols (including "space") must not be used as variable or constant 

names. 

3. The operators that may be used are +. -. *. I. t . Q) and £. 

(The last two operators may be defined in the program 1f requ1red). 

4. Parentheses tI (" and tt)" are used l.n "the usual way to defl.ne the 

order of operations on the right hand side of equat10ns. On the 

left hand s1de. they are used as in the example below to denote a 

derivative: 

D(xc)/DT,"" QA(XA - XC)/LC/AT 

5. The backarrow symbol "t-" must be used between the 

1eft- and right-hand sides of expressions. 

6. A "$" symbol followed by a 3-character name and an op3rand 

enclosed l.n square brackets denotes a function and 1tS argument as 

below for the use of the tr1gonometr1c function S1n: 
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PA +- KP + $ SIN [X3]* K4 

The functions avallable are: square root SQR 

exponentlal EXP 

loge LIN 

sin SIN 

cos COS 

tan TAN 

arcs~n ASN 

arccos ACS 

arctan ATN 

Ilmlt LIM 

random RAN 

heavyside HEV 

The arguments of the trigometric functions are in radians. 

"Lim~tlt and "heavyside" are defined as in FIG. A.2.2. "Random" 

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

The last two functlons were only included for completeness. 
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~esu'~ 
y 

o 

- - -~ ------------

Function "Limit" 

Resu\t 
'I 

Function "Heavys~dett 

FIG. A.2.2. 

Def1n1tion of the Functions "L1mit" and "Heavys1de" 
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7. No blanks to be left 1n equat1ons. 
/ 

Examples of equations wr1tten in this form are shown 1n 

Appendix 3, LISTING 2. 

After all the equations have been read in and put 1nto 

Reverse Polish Notat1on by the program, they are each added to the 
\ 

model of all the un1ts read in after the proceeding occurence of 

dollarword UNITNAMES. 

c) Dollarword COMMONVARS 

Th1S facil1ty allows the user to specify that a list of 

variable names (and their associated values) are common to a list of 

un1tS. The first variable name must be in columns I 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 

spec1fied using the same format repeated in succeed,ng 5-column f1elds 

across the card. The program creates a IlSt conta1n1ng each of the 

var1ables and sets p01nters in core store to allow th1S list to be 

accessed from each of the units in the last use of dOllarword 

UNITNAMES. 

d) Dollarword LONGEST 

This facility allows the user to specify the number of 

characters 1n the longest equation to be read 1n dur1ng succeeding 

uses of dollarword EQUATIONS. The default value is 59. 

331 



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 1nput data. 

An example showing the use of keyword MASTERMODEL is given 

1n Appendix 3, LISTING 2. 

I 
A.2.2.2 Keyword SYSTEMDATA 

Th1S keyword is used to init1al1se var1able values. 

The variable names and values are supplied on separate cards. A set 

of cards are supplied for each unit required dur1ng each use of 

the keyword. The f1rst card in each set must be punched to the 

format below: 

Col(s) " "Contents 

, 

1-4 Un1t name 

5 Blank 

6 Contains a comma If, .. if more 
sets of data follow the set , 
for th1s unit. 

Subsequent cards 1n each set are punched according to the format below: 

Col(s) Contents 

1-2 Variable name 

3-5 Blanks 

6-N Value 

(N+I) Blank 

(N+2) Contains a comma if further 
variables follow in th1s set 
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An example showing the use of thiS keyword is given in 

Appendix 3, LISTING 3. 

A.2.3 Segment SEG2 

This se~ent contains: 

1. The integration procedures, 

2. The procedures used to define alarms, check variables 

for alarm conditions and input predeflned sets of 

deduced alarm symptoms, 

3. Other miscellaneous procedures that are conveniently 

stored in this segment. 

The keywords applicable to this segment, ADDALARMS, 

INPUTCHECKS and RUNSYSTEM are described in the subsections which 

follow. 

A.2.3.l 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 punched 

according to the format below: 
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('o1(s) Contents 

1-4 Un1t name 

5 Contains a comma if more 
sets follow this one. 

The remaining cards in each set define the alarms for 

particular variables. Each variable is defined by two cards. The 

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

The second must be punched to the format below: 

Col(s) Contents 

1-2 Var1able name 
'\ 

3-4 Blank 

5 A number 

6 , Blank 

7-69 Up to 4 real numbers separated 
by spaces (see note below) 

70 Blank 

71 A comma if more variables 
follow in this set 

The contents of columns 7-69 depend on the value of the number 1n 

column 5 as defined by TABLE A.2.2. 

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

In(C'gcl 
Value 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1st 

Blank 

Blank 

Low Limit as 
fraction of 
normal value 

Low Limit 

Normal value 

Low Umit 

SPARE 

SPAHJ: 

2nd ' 

Dlank 

Blan!, 

Blank 

Prolow limit _ 
as fraction of 
normal value 

Prelow limit 

~lU5 t be zero 

High hllli t 

TAIlLE 

3rd 

Bl an!, 

Blan!; 

Blank 

Prchigll limit 
as fraction of 
normal valuo 

Prehigl1 limit 

Maximum allo'.\od 
negative rato 
of change 

Blank 

A.2.2 

4th 

Blank 

Dlank 

Blank 

High Umit as 
fraction of 
normal value 

lIigh limit 

A!axi mum all owed 
positlve rate 
of change 

Dlank 

Dcf1nl tion of Numbers fC'd J 11 ab J\larm 1.1) Jlu. t Ddta III PI O1.0dUl C ADJ) H. \It',lg 

Type of 
AJw').J 

Absolute 
(5% above 
and bolO\\ Horn) 

Absolute 
(10% above 
and 1>e low n01'i'I) 

Absolute 
(20% above 
and bolo" norll) 

Deviation 

Deviatlon 

Rate 

Absolute/ 
Deviation 



A.2.3.2 Keyword INPUTCHECKS 

Th1S keyword 1n1t1ates a call to the procedure of the 

same name that organ1ses 1nput of predefined sets of deduced 

alarm symptoms. The data is arranged in sets, each set correspond1ng 

to one deduced alarm. The first card in each set contains the 

deduced alarm message. The second card conta1ns deta11s of the 

whole set and is punched as below: 

> 

Col(s) Contents 

1-5 Integer number used to idenhfy 
th1s alarm 

6 Blank 

7 Number of symptoms in set 

8 0 Blank 

9 A conuna if there are any further sets 

The rema1n1ng cards in each set contain deta11s of the 

symptoms. Each symptom occup1es one card and 1S punched as below: 

Col(s) 

1-4 

5 

6-7 

8-9 

10-11 

12 

-13-N 

I 
Contents 

Name of unit 1n Which var1able is 
measured 

Blank 

Name of var1able 

Blank 

Signed Integer denoting alarm 
condit10n: -2 for low alarm 

Blank 

-1 for pre-low alarm 
o for normal value 

+1 for pre-h1gh alarm 
+2 for h1gh alarm 

Real number g1v1ng elapsed time after 
fault deemed to have occured at wh1ch 
svmotom appeared. 
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A.2.3.3 Keyword RUNSYSTEM 

This keyword causes the complete plant model to be run 

using the integration rout1nes controlled by the procedure 

MASTERINTEG. Only 1 data card is required in add1tion to the card 

contain1ng the keyword. This card contains five numbers separated 

by spaces. The f1rst is the time at wh1ch the integration starts, 

the second the init1al steplength, the third is the max1mum 

integration time, the fourth must be a "I" and the fifth sets the 

number of iterations of the integration rout1ne between pr1nt1ngs 

of all variable values.- An example is shown 1n Appendix 3, 

LISTING 5. 

A.2.4 Segment SEG3 

This segment conta1ns the procedures that are used to-f1nd 

the symptom sets for deduced alarms. Only 1 keyword, MASTEREFFECT, 

15 used to control these procedures. The complex call sequence 

generated by this keyword 1S shown in FIG. A.2.3. 

A.2.4.l 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 

conta1ns the boolean denotation F. Each set of cards defines the 

abnormal cond1tions at the start of the program run for the current 

fault cons1dered. Each occurence of card 2 in a set corresponds 

to one abnormal condition. If the cond1tion is specif1ed by a 
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VUl'luhlo vuluo chango, l111s information also appears on eard 2. 

If tho condition 19 specifiod by a different oquation for one of 

the model variables, then the new equation is g1ven on card 3. 

Card Col(s) Contents 

1 1 - 80 Deduced Alarm message 

2 1 - 4 {hut name 

5 Blank 

6 Boolean denotation 1fT" if condition 
corresponds to a variable value change 
or "Fit if correlation corresponds to 
a new equation 

7 Blank 

8 A "T" if any more card 2's in this set 
If not, anIfF". 

9 Blank 

lO- II Variable name if "Tit 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 equat10n if "p" in column 6 
of preceding card 2. 

4 1 Contains a tiT" if more sets of data 
follow or tlFIt for no more sets. 

An example is shown in Appendix 3~ LISTING 6. 

338 



"MASTEREFFECT"~ MASTEREFFECT 
(A.4.2. ) 

-f 
CHECKSYSLIST 

DEFINEFAULT PREPSOURCE 
(A.4.3) RHS 

f 
INSANDOUTS 

SELECTSYSTEM PRINTSYSLIS; 

(A. 4.4) . FINDLOOPS* 

(A.4.5) 

SPLlTUP 

STORELISIDES- CHECKSYSLIST 

RESTAR'lVALS 

PRIN'lVALS 

STEPSET 
MASTERINTEG -----I ALTER 

RUNALGEBRAICS 

i
ALARM 

RUNEQUATlf1IN 

SYSCHECK SPLlTUP 
(A.4.6) 

PRINTSYSLIST 

LINKEFFECT 

KILLFAULTS 

REINITIALISE 

FIG. A.2.3 

Ma1n Procedure Calls' initiated by Keyword MASTEREFFECT 
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A.2.5 Sogment SEG4 

This segment containsCthe procedures for setting up, 

modifying and printing out the alarm tree. The three keywords 

applicable to this segment, SETUPTREE, ALTERTREE and PRINTREE 

requue 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 informat1on 

flow diagram in the form of a branched tree. Directional informat10n 

is stored with each branch. This tree contains all of the variables 

in the model. 

A.2.5.2 Keyword ALTERTREE 

Th1S keyword automatically converts the information 

flow diagram, set up using SETUPTREE, 1nto the alarm tree. The 

direct10nal 1nformation is modif1ed for use in the alarm tree if 

necessary. 

A.2.5.3 Keyword PRINTREE 

This keyword allows the tree produced e1ther by 

SETUPTREE or ALTERTREE to be listed on the 11ne printer. The number 

of levels of possible cause nodes given depends on the sett1ng of 

var1able MAXLEVEL. This variable may be set using keyword MAXLEVEL 

as described in subse'ction A. 2 .1. 7 • 
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A.2.6 Segment SEGS 

Th1S segment contains the procedures to carry out s1mplo 

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. Per1odically, 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 1s shown in FIG. A.2.4. 

341 



/ 

MASTER IN lEG 

SPLlTUP 
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CHECK5 ' 
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CHECK7 CHECK :5 

CONDITION --.r CHECK 6 

LCHECK7 
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\ 

AMEND 

PRINTRESULTS - ONELlNE 

FIG. A.2.4 

Procedure Calls generated by Use of Keyword TESTREE 
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A.2.7 Segment PSEG 

ThlS segment contains the output procedures PRINTMODELS and 

PRINTUNIEFS which are called by the use of keywords of the same name. 

An example 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 streams and the variable~ 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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·c'----------------------------------------------------------~---------------·C! 
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'~VTES' B ~ NAY,E'OF'N~V~L'OF'NI 
'CA~E' (CJ~NT'OFI~)'1'1COO 
'IN' P~I'IT(Il), . 
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''lUT' PI!HIT(a) 
'EC;AC' 

'Cl---------------------~---------------------------~-_______________________ 'C! 
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'E'ln': 

'I~T' r + 'UPS'M; 
'UHtl~' I > 1 'DO' 
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IC'_·_~-·-.----------- __ ~ ___________________ ~ _________ -----------------------'C' 
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( l1,NJ:..J[K]" SOURCECll: 
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l2,'IF' SOURCECl] = "C" 'OR' SQURCE(Ll • - .. " 
'T~EN' NEW[K] .. SOU~CE[l]' 

L' PIoUS '1: 
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1(' PLUS": 
'IF' SOIJRCECll = "." 
'T~E~' ~EwtK] + "Z.' 
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'c'-------------------____________________________ .... --------.--------------'C' 
'P:!OC' PiJLISI1 = (''lEF'[]lCHAIl' SOllRCE,[]lINTI n. 
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'BAC': 
'WrlILE' S '15NT' C'REF"OPSTACI("VALlqUL') 'DO' 
( 'IF' TC'ABS'CCH4R'OF'S») < N 

'THeN' 5 • 'LOC"OPSTACI(' + (C;5);'60TO' LEN~ 
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'c'-·-.-"-----.---.-----.--_. __________ ~ ___ -__________ -----~--------.----.---'C! 
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L'PL~IS'I: 
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'THEN' PRt~T(CNE~'LINE,"* •• *. ERROR IN PREPSOURCe •••••• ,NE~lINE» 
'et' ): 
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A;)i'lHROS(SOtl,{CE): 
P~tNT(C~~~L!~E,SOURCE»' 
'tF' LI)~(j=ST >= 60 
'THF.N' PRI~T(NEWLI~E) 
'FtSE' SeTCH4R~UHBe~C5T.NDOUT,65) 
'-=t': 
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'8~f,I'j' ' 

'n'1 fi l' OI(.I,Y .. 'FAlSF': 
'RFF"CONSTA~TS' c .. CO~: 
"hIILE' c '1S:JT' (''IEF''CO''lSTANTS''VAL''NILI) 'DO' 
( 't~' "~E'Q~'N~VAl'CF'C • sITE 

OKAY 

'THEtl' OKAy" 'T~l!E': 
"I + NAVAl'OF'C: 
C .. Onl' 

'ELSE' C + NEXCON'OF'C 
'FI' ): 

'e'-~---·----------------------------- __________ . _____ -----------------------'C' 
'P~O:' SE~Rr.~FORVA~ s ('BVTES' sITe;'REF"REF"NAMEVAl' N, 

'REP 'UIHT' UNlT;'BOOl' NOSTAND"BOOl': 

'~OOL' OKAY" 'FALSE',IN .. 'TR~E" 
'~FF' 'CMH.IST' l/ 
'fllT'l: 
'RcF"OO",/Teq' P .. PHIST 'OF' UNITI 
'C>lA~' OllE: 
'o\"'T~S' s: 
, ~ F ~ , , ~ 4 ;·1 E 'lA L' N V : 
[1141' CIiA~' Cr.: 
°C1QD!'W~IL~' P 'ISNT' <'REF"DOINTER"VAl"NIL') 'DO' 

( 'IF' 2'ElEM'RITf f NAME'OF'P 
'THEN' P .. NEXP'OF'P 
'Else' ONe .. 1'ElEM' BITE, 

I .. PTAS['ABS'ONE + ,~: 
'lP I = 0 
'TIlFN' 'GOTO' LCONS 
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'FLSE' ~V • (VARI'OF'P)[I]' 
B .. N"ME'OflhV, 
CC .. IIF' IN 

'T~EN' (1'ELEM'B,2'ElEM'B," "," .) 
'ELSE' (3'ElE~'B,4'ELE~'~," ", •• ) 
, F I' I 

'IF' 'CTB'ce = BITE 
'THE~' OKAY • 'TR~E" 

N .. MV, 
'IF' 'NOT'NOSTAND 
'THEF' STAND'OF'NV'IS' 

('REF"STANDAR~~"VAL"NIL" 
'T~EN' STA~D'OF'NV • '~TANDARDS' • 

(OiO,O,o,O,O.UNIT,'NIL','NIL',·srI P·' 
, F I' , 
'GOTO' LEND 

'elSE' 'GOTO' LCONS 
'F I' 

,~ I' 
'IF' I .. 

, FP 

" 
'T~E~' P .. ~UTlIST'OF'UNITI 

I" '. '~AlSE'; 
'GOlf1' PlI)OP 

, FI ' ; 
lCO~SIL .. CClt~ONS'OF'U~lT' 

'W~ILE' L 'IS~T' C'REF"CONtISf"VAl"NIl'l 'DO' 
( 'IF' FI~~CON(BlfE,~,CON'OF'L) 

'THF.",' n.~AY • 'TqUe,,'GOTO' LENn 
iELse' L .. NEXLIST'OF'L 
'FI' l; 

'IF' 'NnT'FI~OC~N(BITE,N,CON'OF'UNIT) 
'T~EN' CO~'OF'UNIT .. 'CONST"NTS' • 

'-
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'F.tJD:: 

(CON'OF'VN!T.(BITf,O.'Nll'»1 
N .. NAVAl'OF'CO~'OF'UN!T 

'ElS~' n~AV .. 'T~UE' 
, Ft' , 

'PotO:" I\'!!': = ('r<F.C"PlT' L.'REF"UIIJT' U~IT,[·]'eHAR' CAll, 
IBOOl' NOSTAND)'REF"EQUATION'I 

'flEGt;1' 
'I!~F"rlAHEilAl' PAL: 
[J'CWA~' H~ = " ••••• FRIIOR IN FUNCTJOH NAME •••••• ; 
'Il;:F"EQtlATtOfJ' e .. 'hIL', 
'nIT' 1 .. 'IJPB'CAR - 1: 
[1!1.]'CHA'l' CC: 
'SlVTF.!;' BITF.: 
'!lOOL' 81 
'CIIAR' III 
'4HILE' t > L 'DO' 
( I) .. C",l!tlll 

I 'IH IJlJS' 1: 
'IF! OPTAaf'A9S'D + 11 # 0 
'THEN' ~ .. 'EauATtO~' .. (~,D) 
'F.lSE' 't;' D = "]" 

'T~fN' CC .. (CAR[I-1]iCAR[I,,· .,. ·)1 
IIITE .. 'CTB'CC: 
seARCHFOIIVAR(8ITe,PAl,UNIT,~OSTAND)1 
t'''IIIl!S'11 
ec .. CAR[!+111+4]1 
alTE .. 'CTII'eCI 
F. .. 'EQUATION' + (E,'FUNeTI~N' .. (',F' 

IT.,EN' 
'E LSF' 

BlTfs"SSQR" , 
BITE."SElCP" 
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/ '" . ~ 'ELSE' 

, F 1 , 
• q' ): 
F. 

cc .. (CAP[ll;D," ~," ~): 
I 'MINUS' ,: 
81TE .. 'eTB'ec: 

'TI!EN' 2 
'FlSF' 9ITF="SlIN" 
'TI4EN' 3 
'ElSF' BITF=·SSI~" 
'THEN' 4 
'FlSF' BITE="Seos" 
'THEN' 5 
'elSF' 8ITe="STAN" 
'THEN' 6 
'FlSF' BITF="SASN" 
'THEN' 7 
!FlSF' BITF="SACS" 
'THEN' 8 
'FlSF' BITE="S4TN" 
'THEN' ~ • 
'elSF' BITe."SLIM" 
'TIlE'!' 10 
'FLSF' BITe=·S~AN" 
'THEN' " , 
'eLSF' B1TF="SHEV" 
'THEN' '2 
'FLSE' PRI~T(MMI:O 
'FI',IIH» 

SEARC~FOPVA~(BITE,PAL,UNIT,NOSTANO), 
E .. 'EQUATlnN' .. (E,PAL> 

tcl_" ___ -_~ _____________________ • _____________________ --------.-_____________ 'C' 
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'P~CC" ij"t:,)III.TIOfj : ('lleF" SYSUSTf SA'~E, [] 'CH_R' CAR,' BOOL' NQR",AU: 
'aFGl'l' 

'tNT' LI 
'~nl)l' R: 
'HF' "'!HT' UNIT .. SYSU"JF'~A'IEI 
'~~F";X'R~5~IO~' EX .. 'eXPR~SSION' .. (RELATIONS'OF'UNIT, 

'NIL','NlL','NIL','NlL'): 

(~~4]'CHAI{I CC: 
'I!YT;;~' BITEl 
'IF' CAR[Z] s "(" '4ND' C.p[Sl : .). 
'THF~. CC .. (C~~[3].CApr4],· "," ",: 

GRo\OlENf'OF'FX .. '~EAL' .. 0: 
L .. 9 

'~LS~' CC .. (CA~[1],CAq[,],· ",. ·)1 
l .. ~ 

, ,:: T • : 
BITE .. 'cn' eCI 
a .. SE~Rr.~FOQV~p(nITE,l~S'OF'EX,UNIT,'FALSE')1 
',c' t!OP'lAL 
'THE~' NOR~.L'DF'EX 
'~lSE' ALTF.R'OC':X 
'Ft' .. P~S(L,U~IT.CAR,'F~LSE'): 
'I~' NEXS'Of'S4M2 'ISHT' ('REF"SYSlIST"VAL"NIL') 
'T~FN' O~~~UATln~(NEXS'OF'S_ME.CAP.NOR~.L) 
, F I ' ' 

1 E:~ D' : 
'c'-----------.-----~---~-----------------------------_______________________ 'c' 
'PRUC'FI"rUNIT=(,qEF"UhlT'UNI~LtST.'ReF"BYTES'UNITNA~E)'REF"UNIT': 
'Br:G:'i' 

''<FF''UtIlT' U .. U'l1TLlSTI 
'UHILE' U 'ISNT' ('REF"UNIT"VAL"NIL') 'DO' 
( 'IF' IJN'tlE'OF"J" 1I11lTNAHE 
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'E~H)!: 

'THf" 'GlTO' l~ND 
'~lSE' U • ~EXU'OF'U 
, F I , ) : 

P~INT«~EWlI~t.· ••• FrNDU~tT FAILS ••• ",UNITNA~E.Ne~lt~E»1 
Lr'JO: U 

IC.--- __ - _______________________ ~ ___ ~ ___ ~-_-_______ ~~ ________________________ 'C' 

'P~":' ~~nCn~~nNS = ('R[F"SYSLJST' SA~E.'REF"CONSTANTS' C~I 
'-S':G!'!' 

'END': 

, R F F' ' 11 IH T' I) .. S V S U' (0 F ' S" ~ F. I 
Cn~Ho~s'O~'11 .. 'cnNLIST' .. (C.CO~MONS'OF'U)I 
'IF' r!EXS',iF'SA"l"ISNT' ('REF"SYSLlST"VAL"NtL') 
'THEN' A~DCO~MO~S{NF.XS'OF'SA~E.C) 

1Ft' 
IC' _____________________ ft ____ •• __ ~ __________ - _________ - _______________________ 'C' 
Ip~OC' RE~Dtl0DEl ~ ('R~FI'UritT'U~ITlIST,C]'INT' TASlE), 
'9EG1'J' 

'CHAR' MORE.FI~STI 
r,:12Pr.II,\P.' Cl 
!r.~F"r.ONSTANT~' V .. 'NIL': 
'~I'F' '5YSllST' SA"E .. 'I'/ll': 
'nOOl' jJ()R"'AL .. 'T~lIE'1 
'MVTES' UNITNAI'F,VAPNAMEI 
'f'n' In:lr,~!'oT .. 5Q: 
Pf'IJ:T(flE;VD~r,::) : 
P~I~T«NE~LII'/E.NE~lI~F,·~EADMODEL PRINTOUT·,NEWLl~E. 

~EAD(tNEULI~E,~t~ST»: 

'IF' FIRST il "S" 

p •••••••••••••••••• ·,NEWLINE»; 

'TUF~' PllirlT«.JE\JlINE,·· .... ERROR IN RFAD",OOEl .. • •• ·))1 
'GOTIl' LEND 

'$=1': 
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lOOP:P.FAI)(C); 
'H' .; = "EQIIAlIO·~S 
'TH~" REAn(~EwLJNE)1 

N:'nEGII" 

N 

'RE~'[l'CHAR' CAR • ['IO'FLF.X'l'r.~AR·1 
P~EPSOURCE(L~NGE~T,C4~,TABLE)' 
ONEQUATIQN(S~~~.C4R,~ORMAL) 

'ENI'" 
REA~«NE4LI~~,FI~ST»1 
'If' FIRST.: ·S· 
'THEN' 'GOTO' LOOP 
'ELSE' QEAO(BACKSPACE)' 

'GOTO' tl 
, F i ' 

'~lSF' C = "UN'T~AM~S " 
'THE~' REAO«NFWltNE,UNITNA~E.~ORe»: 
P~INT«(Nf~(IN~.NEULINE»: 

SAME + 'NIL" 
L:SAMe + 'SVSllST' • (FltlDU~IT(UNITLlST;UH'TNA~E), 

PRI~T«NEULINF.,· ";UN1TNAME.NEWLINE», 
'IF' MORE" .... 
'THEN' ~E~O«U~ITNAME,~ORF»; 

'GOTO' L 
'Ft ' 

'EL~F' C • "COHMONVARS .. 

, NIL' • I F Al.S E ' , S ~ ~ El : 

'T~E~' PRtNT«~FWlINE.·VAR'ABLES C~MMON TO ABOVE UNITS:", 
NelJLl~E); 

RE.D«NewLt~e,VARNA~€.~ORE»1 
PRINT«~EVL'NE.VARNAME.~O~~»; 
M,V ~'CONSTA~TS' + (V,(VAR~~ME,O"NIL'»: 

'IF' MORE • .;" 
'THEN' ReAO«V4RNA~E.MQRE»; 
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'EL'If' 
• THE·"'
, ELSF' 
'THE'~ , 
'eLSE' 

I F I I : 

P~I~T«VARNAME,MORE»: 

'GOTO' '" 
, F I' : 
ADOCO~MO~S(SAME,V)I 
PRINT«.E~LINe,NE~LINE»: 
v .. INIL' 

C =."LONGFST 
REAO(lO~ojF.ST) 

• 

C = nE~~PE~tMO~El" 
I GOTO' I.Er.D 
PRi~T«~EVl'~E,·***** ERR IN READMODEl *** •• "», 
'GOTU' LE!.!!) 

REAO«NE4Lt NE,FIRST»: 
'IF' FIRST = ·S" 
'THE'" 'GOTO' lOOP 
'ELSE' PRINT«hEVlINE," •••• * READMOOEL ERROR .****"» 
'FJ';_ 

lE~q:PRI~T(~EWP~GE) 

'END': 
'C •• -.--.---------------------------~--~--------------________ .--- ___________ ·C· 
lPROr' 4DBpnt~TVa~ c ('CHAR' I,O)'REF'CllREF"NAMEVAl' • 
'BEG H' 

'''FF'n,pr.F''NAr~EVAl' N .. [1,61'REFIINAMEVAl" 
'r.1I4R' VI 
[1:41 'CHAR' cc: 
'FDR' J 'TO' 6 'on' 
( v .. 'CASE' J 'IN' "Q","V","p","T","X",·Z· leS4C'1 

CC .. (V.r.V,fl): 
N[J] .. INAMEvAl' .. ('CTB'CC,O,'NIL') )J 

'c'-----------------------------~-------------------~- _________ -_________ ----·c· 
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• 'PIlCl:' IC'UC;r ;: JI<.~F' 'POINTER', 
'P.Fr.!ol' 

'1\VTES' UST: 
'C~~p' HOq~ • ",",CA~,'.ME: 
'RH' 'POINT~P' ~1F.l(P • 'NIL', 
'''HILE' :-OPE ;: ",. '1I0' 
(. REI\t)«~IEIILP!E ,NAIl:; ,SPACE,ltST ,SPACE ,CAR,so'CE ''''OR~)) I 

SFTCH~RNUMBE~(ST'NDOUT,30ll 
PRI~'«NA~E,· ",LIST," ",CAR,NEWLJNE»I 
NEXP • 'POINTE~' + (NA~E,LIST,CAR,~EXP,'NIL','~lL"INIL') )1 

'F"!C' : 'Ct_- ____________________ .~_" ____ ~ _____ • ___ - ________ ~ __________ ---_______ -- __ 'C' 
'PI1Q::' Li:srlJtHT .. 'REF"U!>;IT': 
'~"GI"" 

'~OOL' OK ~ 'FALSE', 
'l1EF' 'UiIIT' U • 'Nll.': 
'I\I;FI'POIIiTEII' HI .. 'NIl'1 
'REF"POI~T~R' CUT + 'NIL': 
'CHAR' C4fl; 
'BVTE~' 1J~'tTNA~E,9 .. "GT ": 
'REF"COt>:<;TAi'lTS' r: .. 'CO"lSTAI>jTS' + ('NIl',(B,O,'NtL'P: 
C,+ 'COI:STANTS' .. CC,C""'~I ",1,'NIl'»: 
C .. 'COnSTA~TS' .. CC,(·H~ ",O,'''Ill'»; 
C .. 'C~~Si~NTS' .. CC,("F.X ",2.7'82~,'NIL'»' 
C .. 'CONSTA~TS' .. eC,C·K~ ",O.5,'NIL'»' 
C .. 'CQ~STA~TS' .. er,C"la ",O,'I>jIL'»: 
El .. "LT "I 
p .. ItlT C '!Elli' A(; ~) : 
SETC~A~VU~B~~CSTA~lInUT,13): 
P~'NTC(·LIST~Nt' OUTPIIT·,N~~ll"1E,NEWLI~E, 

• UNIT I"PUT Oq POINT ON 
" ~AME OUTPUT U~IT 

LINKED ~ITH·,~E~lINe. 
U~IT POI~T~,~EJLINE»I 
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Ln~p:~EA~«r·EWL(~E,rAP»: 
'IF' CAR = "I" 
'T~Fr;' SETCI·f.~RfJUnS!'~(STMIDO'JT,15):PRI'lT("1'IPUT"): 

n: 40 IOltST 
'FlSr-' CAR = "C' 
'THE~' SETCHAq~IJ'RF~(STA~DOUT,'5);PRJNT(·OUTPUT·)1 

OUT'" tOLIST 
'EI.SF' CAR 11 "U" 
'TIIEN' 'IF' OK 

'ELSF' 
'THEN' 

'ELS~ , 

, F I , ; 

'THEN' U 4o'U'lJT' .. tUNITNA'IoErlN,OUT,U,' !lIL'. I NIL', 
'CONST4NTS' .. ('HIL' ,(II.O.'NIL'», 
'CONLIST' .. (C,'NIL'»: 

OUT" IN .. '~IL' 
'ELSE' 01< 40 'TRUE' 
'F I' J 
READ«~EWLINE,UNITNA~E»: 
PR(~T«MEWLI~E," ",UNIT~AMf,~ .» 
CAR .. "Fit 
IJ "'t!:HT' .. (11I-IUN4I.1E.tN,CUT,U,'NlL','NIL', 

'CONSTANTS' .. (INIL',(B,O,'NIl'», 
'CO~LIST' .. (C,'NIL'»' 

PFI~T«NEWL(ME,NEYLINE»: 
'(iOTO' LEf'O 
P~l~T«Nel!LI~E,".+.+. ERRO~ IN LISTUNIT •• ••• ·,C4R»; 
'GOTO' LEND 

'GOTO' lOOP; 
tE'I!l:~1 

.c .. --.--------------------------------------.-------- ________ .- _________ -___ 'c· 
'P~OC' Lhlt'IrHTS = ('FEFI'tI'IIT' liLISTlI 
'REt;!·l' 

'DEFt "INIT' UI .. ULIST,IIQ: 
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'RFF"POINTER' PI,PO: . 
';'"rL~' U! 'IS'IT' C'REF"lJNIT"VAL"NIL') 'DO' 
( PI + !NLIST'OF'UJl 

';IHI~E' PI '(S~IT' C"UF"POINTER"VAL"NIlI) '00' 
( un • FI~~UNtT(UlIST,lIST'OF'PI): 

P0 + OUTlIST'OF'UO: 
IlJIiIlFI PIl 'ISNTI ('REF"POIIITERIIVAl"NIlI) 'DO' 
( 'IF'(NAME'OF'PI a C4R'OF'PO 'AN~' 

CAR'OF'PI = NAMEIOF'PO lAND' 
lIST'OF'PO=UNAME'OF'UI , 

'T~~~' ltN~'OF'oO + PI: 
l!~K'OF'PI + PO: 
VARI'OF'oI + VARI'OF'PO + 

ADDPOINTVAR(NAME'OF'PI,NA~e'OF'p~): 
IJ~IT'OF'PI + UI: 
U~IT'OF'PO + UO: 
'GOTO' lABEL 

'ELSE' PO + NEXP'OF'PO 
'FI' )~ 

PRINT«NeUL!~E,·eRq~~ IN MODEL DATA ·,NA~E'OFIPI,SPACE, 

LtST'OFIPI,SP~CE,CAR'OFIPI.· OF UNIT ·,UNA~E'OF'UI, 
• DOeS NOT HAVE COUNTERPART IN DATA SUPPLIED", 

NFioILt~E» I 
lABEL:Pt + ~EYP'OF'PI ): 

III + NFl(U'('f'Ut \ 

ICI_-_. ___ M _______________ • ___ • _______ ~--------------- --------.--- ___________ 'C' 

'r-FP 'uttn' U + li~lITLIST: 
'R;:FI'PO!l.Trp.' PI 
, P. F F' n ' ;c I: P III A r.< E IJ 41.' 1/: 
"i~ILF' U 'lStIT' (''!EF''U''IT''VAL''~ll') 'DO' 
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p ~ !MLIST'd~'U: 
"4HILI:' P 'IS'H' (qEF"POPITER"VAL"NILI) 'DO' 
( V. VA~:'OF'P: 

'FO~' J 'TO' 6 'DO' 
'IF' STA~n'O~'VrJ' 'rs' C'REF"STANOAP.DS"VAL"NIl') 
'T~Etl' vrJ) .. 'NIL' 
'ELSE' ST4ND'CF'V[J) • 'NIL' 
, F I ' : 
P • NEXP'OF'P ): 

U .. NEXIl'ClF'U ) 
'r.I ________________ ~._~_~ ___ ~ _________ •• ______________ -----------------------'C. 
'SEGt"-i' 

IE!JO' : 

'C 1IAI1' MORE,. ","I 
'::IVTES' V~RNAriE: 
! ~F'!l' V"'~Vl\l: 
';;:I'F" tlAr,1EVAL' PAL: 
'~OOL' OKAY,FOIJ"D: 
~~I~T«NE~liNE,HEULt~e,~ewLrNe,·U~rT ·,UNAME 'OF' UNIT • 

N~WLINr,"*·***+.*.·,NEwlrNE,NEWLINE»: 
"'lltLF' ~lORr = H,. '!lO' 
( REA~«~EWLrNS,Vt~~4~E,SPACE,VARVAL,SPACE,M~RE»: 

PRIhT«LOU~AT.~PACE,VARN4~E,VAPVAl»: 
'IF' S~ARC"FnQVA~(VARNA~E,PAL,UNIT,NOSTANDAROS) 
'THE~' PRINT(" q) 
'~LSE' PRI~T(·*~) 
'F.P: , 
VAlUF'OF'PAL .. V~~VAl )' 

?~ PlTC P:EI'LIN(, NE'JLPlO) 

'C'_M_. __ ~: _____ ~ _____________________________________ -----------------------'C' 
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'F.r.jIJ'; 

'~F~"U~'IT' It; 
'C".\Ol :IOt:.(U .. ",11: 
',YTES' U~ITNAMe: 
PqINT«_FUPAGE,~E~LI~~,NEWLl~E»1 
PqTt'T(C·SVST~11DATA PRINTOUT·,~EWLINE»: 
P~T~T(C·*··*·*+·**~~*·**·*··,~EWLINF»: 
"Pi! lE' MORE" = "," '00' 
( READ«(~EWLINE,UNIT~A~E,SPAC~.~OREU»: 

1/ .. f!r<DUN!T(IJNITLIST,U'lITNA"E): 
"NlTt-ATACI)) ): 

P~'NT«·* INDICATES pqcCEEDING ~A~E ~OT FOUND IN eQ~ATI0NS", 
NE~LihE,4EwLl'~,NEWll~E» 

,r..----~~-----------------------------------------------------.--------------'C· 
'PRIi::' '·iflsTF~,100EL = C[]'ifolT' TA9LE)'REF"UNlT', 
'E.E"!!II' 

'E· .. ,,': 

'R~F"UNIT' U + LtSTU~lT: 
L:rJll'1111ITS(U) : 
~E~O~nDEL(U,TAaLE): 

FI'II')DV,P(!!): 
11 

'r.'-----"-----------------------------________________ ---:----_---___________ 'C. . \ 

'P,HI;,' 1.l;tI(FHF.!'T = (lqF.F"r.HEr.~ltST' c,'REF"CI'ECI{' CIO: 
'1;F.r.1·J', 

'~FP 'C~EfKLIST' C1 + NE(CH'OF'CK,C2: 
! '~F F ' • " M~:' V i\ l' 11 ; 
'ReF"STA~~AqDS' .: , 
N~kC~'OF'C~ ~ '~tL': 
".fHlLE' C1 'lS:-JTI (I~€~ .. CHECl(lIST"VAl"NlL') 'DO' 
( C2 ~ ~~kC~'JF'C1: 

~F.XCH'OF·C1 • NE~CH'OF'CK: 
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NFCC4'~F'C~ .. C1: 
Cl .. C2 ) I t, • NE~C~I~~'C~; 

"PIIlE' C1 'ts-IT' C'~t:i"CHECKLlST"VAL"NlL') 'DO' 
CS .. ST~~D'OF'NAV'L'OF'C1: 

'H' cnUllT'O~'C1 ) .) 
'THE~' ~I(=LIST'O.'S .. 'E~FECT' .. CHIEFLIST'OF'S,CK) 
'ElS~' LOE~LIST'O;'S .. 'EFFECT' .. (lOEFLIST'OF'S,CK) 
I F 1 ' : 

C1 .. MEXC~'O~'C1 ) 

'c'.------------~----___________ . ___________________ ~_ --------.--------------'C. 
'P~M" Fl)·:r. == ('P;T' I)'PROC'<'RE4L')lPE4L'1 
( "'\St' I 

'!~' S'IRT.EXP.LH.SI'.C~S,T~N'~RCSIN.ARCCOS'ARCTA~'ltM,~AN,H~V 
'!;sac' ): 'c'---------.---____ ~-__ " _______ . ___ ~ _________________ -----------------------'C. 

'~~F"TiWP' T 4 U~EQLIST: 
'~FFI' EQ:I:\TH1N' E .. EO: 
I~~F"FU~CT!~~' F: 
'CI.4;\q' c: 
';'-FI' , '''Art;:V~L' ~I: 
"'rlILE' F 'I~'IT' C' QEF" EQUATION" VAL" NIL') 'DO' 
( 'CASE' (N,e,C) :1= CO~TfNTS'OFIE 

'I~' VAL'J~'dF'T .. VAlUE'OF'~:T .. NEXT'OF'T, 
V~LIIEIOF'T .. FUNC(NO'OF'F)(VALUE'OF'ARG'OF'FlIT .. NEXT'OF'T, 
T + L4ST'OF'TI 
'SEGI~' 

'PEF"QEAL' R = VAlUE'OF'L_ST'OF'TI 
'ReF"QE4L'S = V4lUE'OFITI 
'CAS~' O?T A9['4BS'C + 1] 



t' ... 
Co> '" -.l 0,1 

'" 8 ... 
CD 

.... 
() 

g .. 
g, 

..... 

'i;;).tr" : 
'S(t P ' 
'i!~~' 

'E~Ar.': 

'l~' R '~lUS' S. 
q '''IINtlS'S. 
R 'TIMES'S. 
P 'DIV' S. 
~ 'UP'S. 
Q £ S. 
~ 5) S 

'OUT' PQ'~T«NEWll~E'·*****ERROR IN Q~NEQUATIO~*****"» 
'ESAC' 

F • NFXT'n~'E ): 
V~LIIE'De'LASTIO;'T 

'KFi P' It'·.lnn~_T,PREPSOU~CE,SEA~CHFOqVAR,RHS.ONEQUATION,FINDUNlT. 
T~11HlV.C~OP~TRI~G • 
ElE A nllflt) F.l, 5 VS T F.·~I)ATA , MA S TE ~ MODE l. LI N KEF FEe T, RU'IEQUA Tt Or; 

'Ftt,tSIl' 



CIJ t" 
Cl) '"' ~ CIJ 

>i 
Cl) '"' '" :t Z 

-.l .. Cl 
-.l 

CIJ '" M 
Cl .... .., 0 

'dr:r,i·~' 

'p~.)C' 1:1I.;ALr. = i':{EF"~Lt,' ALGFi!~AEICS,IREF"BOOL' CI14"1GED)I 

';!FF"ALG' ,\ .. AL';E'l~AEJCS: 
"li:AI.' ST.)qF: 
'"iHLF' A '1~;H' (I~SFtlALG"V4L"NIL') 'DO' 
( STI)~F. .. V~l!~'O;:'l;;S'OF'AI 

VALIJ~'O:'l~S'J~'A .. RU"IEQUATJONCRHS'OF'A)I 
, IF' , N 1)1 , ( S T",) R F. = V ,H U E ' n F ' l H S ' 0 F I A) 
'THE~' Cd'~G~O .. 'TRUE': 

I F I I : 

'JF' !)Ei1UG 
'T~~N' ?Kl"lT«NF.~LI~E'NAME'OF'LH$'OF'A,SP~Cf, 

VALUE'OF'LHS'OF'A.SPACE,STOllf), 

A ~ ~EXAL~'OF'~ ) 

't,.---"------------·--.--------------------.-----------------.--------------'C . 
'P~OC' S";.pllp = ('RF.F"S/lVe' SET,'RFF"~EAL' H,'REF'IINT' COUJI;TER): 
'R4:I1I\I' 

'E'~f\': 

'~FFI'~~Ve' ~ .. $"TI 
H'rr'leS'1.5: 
t1:,j]'RF.AL' A: 
COII'lTE!l ~ R: 
'll>llLF' :; 'ISoIT' (lREF"SAVE"lfAL"NIL') '00' 
( ~ .. (Y~'OF'S,~'OF'S,K5'OF'S,K4'OF·S,K3'OF'S,K2'OFIS)1 

~]10F'S .. K2,nF'SI 
(4

"
)':'!; .. EQU!PiL(-\,3.75): 

~~'OF'S .. EQU!pnL(4,7..5~)1 
~ 'OF'S .. EQUIP~L(~,'.25): 
~ .. NE X 5 AV F. ' .)F IS) . 



t" ... 
C/l 

W o-j 

.... ~ "" 
w 
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0 
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" 8 .. 
c. 
..., 

'c'-----·------------~-----~------------~---------------------_-_____________ 'c' 
IPQ(,C' STE"t.OI!'4 = ('lleFIISAVE' SEr,'REF'IReAl' 11): 
I R':C. t 'I' 

• 'P. F. F , , ~ A 'f;;' !i .. SET: 
[1 t61' ~E~!.' .. : 
Ii'TI"'~S'O.~: 
,·,'Ul::' s 'ISrlT' <'REF"S~VE"V.l"NIL') 'DOl 
( A • (YSI~F'S.E'~F'S.(S'OF'S,~4'OF'S,K3'OF'S,K2'Of'S)I· 

YS'aF'S .. K4'OF'SI 
F 'OF' •• ~qUI~Ol(~,3.5): 
K~'OF'S - ~3'OF'SI 
~"nF'~ .. eQUtPOL(4~4.5': 
~3'nF'~ .. ~2'~F'S: 
~ • ~exs~~~'~~ls ) 

'c·--~-----~--------·---.---~--------------~-------~----------_-------_______ 'c' 
'pqOC' UPoATF = (·~ei"SA,VE· SET): 
18;;1;1 'i' 

'!1FF"SAV,,' ; + S::TI 
, llillL" , S 'I S rlT' (I RE F 11 S A, V E " V AL" Nit., 'DO , 
( v~'.lF'S .. ~ '~F'SI 

E '~F'S .. (S'OF'SI 
~~'Qc'S .. <4'DF'SI 
~"OF'S .. ~;'~F'S: 
K3'OF'S .. (2'~F'S: 
... NEXSAVE'JFIS ) 

'r.'----------------------.---------------------------------------------------'C· 
IpQO::' At.TFR = (lPF.F"S4V:;' SET,'REF"REA,l' H,'REF"INT' COU"TfR): 
'iI;:Gt"P 

t1:51'i<e~t.' A: 
'~H' 'SAV;:' s .. sn: 
111T1:-tr:S' o. }'5: 

• 



t"' .... 
(/l 

'" ~ .... 
<I) 

'" .... 
0 

'"" 0 g .. 
'" ~ 

CqIJf>lTr" to 5: 
P:n'!T (~EU!.I~J~): 
'11'111.1;' <; '13'H' ('PEF"SWF"lfAL"NIL') 'DO' 
( A ~ (V<;'OF'S.F'OF'S,<S'OF'S,K4'OF'S,K3'OF'S): 

V,\L'IE',H'VA<l14BLE'OF'S .. 1(1'OF'S: 
v<;"JF'5 .. l<4',lF'S: 
" 'IIF'S .. EQUIP'1l(A,3.25): 
K~'"~'S .. EQUtPQl(4,3.~'~ 
<"Qf'S • EQ~IP~l(A,3.75): 
~ to ~EXqAV~'O~'S , 

'C.------N------.----------".---------.-----~-------~-_________ --------------'C' 
'PR0~' S;rP~F.T = ('REF"SAVE'SET,'REF"ReAL,",'JNT'!TERC,ITeRA. 

'REF"r~T'COU~TER~: 

'(F' ~OIJI\1TF.q < 10 
'TIIFN' IIP:>\TE(HTl :rOtlNTE:l' PLUS" 
'~lSE' 'CA.~' ITEpC 

'Il' STEPUP(~ET,H,COIJ~T~R), 
STEPUP(~ET,H,COUNTeR), 

UPiHT~(SET), 
U?I)~TE(!ieT) , 
IJPI)HE(SET> 

''1UT' STEPOO~~(S[T,H) 

'E3AC' 

'E~~': . 
'C'-----~-------------.-------------------------------_________ --------------'C' 
'pqr;r:' P~T-lTV,\l.S :: (qEFIIALIjI ALGESRAeICS,'REF"SAVE' SeT,'REAl' T): 

, 'lEGt:I' 
'1EF"4LA' A .. ~LGeRRAEICS: 
!~FFIIS:'V;::' S .. SETI 
I >l F F' ' N A,~':: -, U' '0 

.. 



t"' 

'" 
... 
rn 

'" 
m· 

0 

'" .... 
0 
-. 
n 
0 
::s .. 
CL .... 

A eT:: Q "I F "I' )TUl ~ 'I S TV L F. .. 5: 
~~!~T«~F.)Ll~E,~F~LINF,·TlME = ",T,NEWLINE,NEWLINE, 

"VHII;:S SET flV DlnF.RENTtoU EQUATlONS:",NEIoILINE,NHILlNE»: 
"IIItLE' l 'ISNT' ('~Er"S.WE"VUItNILI) 'DOl 
( ~ .. V'~IABLE'~F'SI 
oql~T«~1n~AT,N~MF'U~'N,VAlUf'OF'N.SPACE»1 
~ ~ ~EXS4VE'aFIS ): 

PMI"T«~r·ILI~~,ME~lINE,·VAlUES SET 9Y AlGEeRAIC EQUATIONS:", 
NEWLINE,~EWLI~E»: 

'UMILF' 4 'tS~T' ('REF"ALG'IVALI'NIL') lOO' 
( IJ .. L H S ' H • A : 
~RT1T«LOn~AT,NAMF.'OF'N,VALUE'OF'N.SP.CE»: 
4 + N~l(ALG'O"A ): 

AFTI:'P 'OF trjlJrlBE~ST'(LF4ol 0 
I F'lI)' : 'c.--- .. ---------------------- ... ---•...... -----.----._._.--_~.w~-_- _____ --__ 'C' 
IpQO~' 1.j:'<:TH(lrHEG = ('!lEF"S4Ve' SeT.IREF"ALG' AlGE8IlAEICS. 

IREF'IReALI TM~X.H.T.IREFIIINT' METHODNO.PRI~T~O.COLS): 

''IF.~' 'SAl/F.' S 40 SET: -
,~"F" Hr.' ~ + ALI;el3~AEICS: 
• .H1 t) L' c;n ·1 ,j i' D: 
't~TI COU~rE~,ITE~A,ITEPC,PRINTCOUNT + 01 
'RF.,1L' ST')'lE,fl~l(STEP .. 0: 
, I ~, tlET!i;'O.~O " 1 
IT~F.N' PRl~TI/AlS(4,SIT)1 

CO·J>iTE~ + I): 
Hn~O)W .. 2 

'HS'" COU"jHil .. 10 
's:t': 
P~t~TOIEIJLPI~) : 
I'_HTLF;' T < Tllo\X '00 1 
( ~~tNTCOJ~T 'PLUS' 1: 

, 
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ST~~T~":; .. SET: 
'\IIULf' , 'I5'1T' (lRF.F"SAVE"VAL"NIlI) 'DO' 
( ~1'OF'S ~ VAl~E'OF'VARIABlF'OF'S+O.08333*H.(23.0.K~'OF'S~ 

U.O*K4!OF'S+ 
5.0*K'ilOF'S); 

~ • Sr:T: 
"JHILF.' S 'ISNT' ('~EF"SAVE"VAL'INILI) 'DO' 
( STORE + V\lUE'OF'VARJABLE'OF'S: 

VUllE'OF''JA~I~RlE'OF'S ~ 11:1 'OF's: 
K1'OF'S + STO~E: 
S'" r~EXSAVE'O~'S ); 

CH~n~ED + 'TRUE': 
tTER4 ~ 01 
'4~lle' C~ANG~D 'DO' 
( CHAiG~O • 'FALSE': 

nEIlA'PLUS'1: 
lIP lTeqll > 7 'AND' DEBUG 
'TH~~' P~I~T«~~Wll~E,"ITERA = -,JTERA»: 

I ~ I I : 

ITER4 + 0: 
pq!~TVAlS(ALGESRAEICS,SET,T) 

IH!'ULG(ALGE!\RAEICS,CHANGED) ): 
LCdTEi<C + Jr 

"'AY.~TEP :: w; 
'CIlA'lGEI) + 'iIlUE': 

'UIlIlE' (CH~-jGEI)'AN!l' (lTEIlC<10» 'DC' 
( C; + <;;:T: 

C~~NGS!l + 'FALSF': 
lTE~C'PLUS'11 
""rllLF.' S 'IS"T' (lREF"SAVE"VAL"NIl') '\)0' 
( K2'nF'S + RJNEQU'TION(RHSJOE'OF'S): 

S + ~EXS'VE'OF'S ): 

I 



t"' .... en 

'" ~ 00 .., 
Q 

'" ... 
0 
~ 

() 

g .. 
0. 

~ 

'E,.,,,': 

!; + ~tr: 

ItI~I!.~' S 'IStll' ('REF"SAlfE"VAL"t.IL'> 'DO' 
( 5T~~i + VAL~E'OF'VA~IABle'OF'S: 
VAtUE'0F'VAQIABLE'OF'S + Kl 'OF'S +O.0416667*H*( 9.0*~2'OF'5+ 

H.O*K3'OF'S-
5.0-.K4'OF'S+ 

'IC' '~OT'(STORE=VAL~F'OF'VARI4Ble'OF'S) 
'T~EN' C~~NGED + 'TRUE' 
, F I' : 
~ + ~eXSAVE'OF'S ); 

RUM'lG(ALGE~R~EICS.C~4NGED) ): "Ft ITE~C = 10 
'TrlE~' ALTEP(SeT.H.CQU~TeR)"GOTO' START 
, F I ": 
T 'PLUS' rH 

, qTEPSET(SET,~,ITERC,ITeRA,COUNTeR): 
'I~' PRI~TCOUNT = PRI~TNO 
'TnE~' P~INTVALS(ALr.E~P.AF.ICS,SET,T)J 

PRHlTCOUNT + 0 
'FI' ): 

K5'Of'S): 

P~THT«~E~LI~E'~EWLINE,·MAXIMU~ ST~PSJZE =·,MAXSTEP,NE~LINE»; 
~qtMTVAL~(ALGEB~~EICS,SFT,T) 

'c'---------·-----------~---------. ____ ~-----.----____ -----.. ----------------'c' 
'P:!O~' SPlITIIP = ('~EF"SVSLlST' SVSTEM,'ReFl'REF"SAVe' SET,'qEF"RE~IIHG' 

ALGEB~UICS) : 

'~F~"SVSLIST' Svs + SVSTE~J 
pqlr'T«HF~LIN~.Ne~LINE.·UNJTS AND VARIABLES TO BE USED FOR I~TEGRATION·. 

NF~LI~E.·A AND 0 DEhOTE 4LG. OR OIF. EQUATIO~·,NeWLINe.NE~LINE»J 
'~~ILE' SYS 'IS~T' ('~~F"SVSLtST"VAL"NIL') 'DO' 
( '~EF"EXp~eSSTON' ~ + RELATIONS'OF'SYSU'OF'SYS: 



t"' .... 
'" 

fIl 

'" 
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'" ~ 
.., 
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0 
..... 
(') 
0 
::l .. 
a. 
~ 

, I"lT' I CO!.l;n: 
P~I~T«~EWLIN~I.E~LINEIUNA~E'O~'SYSU'OF'SYSINE~LI'F.· • ••• ", 

, NEtJLtIlEl l I 
tr.OIl"T .. 1: 
'lItllL€' E 'IS'H' C'REF"EXPRESSION"VAL"Ntl.'l '00' 
( 'Cfl~~' C; 

'IF' G~~OH~.TlO~'t 'IS' ('REF"REAL"VAL"NIL'l 
'THEN' ALGE3RAelCS .. I~LG' .. (AlGEBRAEICS,LHS'OFIE,NORMAl'OF'El, 

C .. "A" 
'ELSE' SFT .. 'SAVE' .. (SET.LKSIOF'E.NORMAI.'OF'~.O,O,~,O,O,O,Ol: 

e .. "D" 
I F I • : 
'IF' ICOU~T * 9 >~ lOQ~ATNO + 10 
'THEII' PRTNT(NEHlINE)IICQUNT .. , 
, F " ; 
P~INT«" ",C,· ·,NAME'OF'LHS'OF'E)ll 
rCOUNT' PI,US' 1; 
E .. NEXTEX'oF'E ); 

~vs .. ~Fxs'nF'SYS l 

'c' --- .. - .. ------------- ..... -------.------- __ .. __________ -___________ ._ .. _. __________ le' 
'PR':~' t"·).\LAR"S .. ('REFI'UNIT' tllIST) I 
, '\ F G I -I' 

'CIIAR'. PiOr!EC,110PEt,~IOREU .. • ,": 
'~vTES'--a'j~~'E I V~:.AnE I 
'RFF' 'u.'IIT' UI 
'~FF""'A'I:'/Al' NI 
'<;T'I14G' ,·'E: 
'nlT' ·TVP2.j:ll 
'RF.AL' A,S,C,O,PERCFNT,VI 
'~EFI',TA~OA~~SI s: 
PRt~T«'EWPAGelNEwLlkE,·4DDALAR~S OUTPUT",NFWLrNE, 

··················.NEwLrNE)l; 



.., 
t"' 

00 ... ... CD 
j 
li'i .., 
... 
0 

'"' 0 
0 
~ ... 
c. 

"" 

"!I\IL;:' ,i·)RFU = "," 'DO' 
C "1(1 ~ El" ",", 

P. E A !I ( ( ~ E W LI ,J F I LJ', A 11 ~ , :-< 0 R E U) ) I 
PRI~T«.EIILI'F,NE'4LI~E,·UNIT ",UNA~E,NEWLtNE,· ••••••••• ",NEWLINE»1 
U ~ FI~OU"!T(ULTST,U.A~~)1 
"J'11L'" MORt! = "," 'PO' 
( ~EAO«NE~LtNFIHe», 

C'IOPSTQI'!G'I"F.) : 
paIMT«~FWLINE,ME»1 

~EADC(NEWLINE,VN~M~,TYPENO»: 
P~lNT(CNEWLINE,V~AME»' 
SEAQCH~ORVAR(VNAME,~,U"TRUE')I 

'CASE' TYPENn 
'IN' PERCE~T + 5.~; 

PE~CENT .'0.0,-
PERCENT +<'0,0; 
AfAOCCA,B,C,O»IV .. VALIIE'OF'~1 

, 
• 

A'TIMES'V1B'TI~ES'V;C'TIMES'VID'TIHeS'VI'GOTO'L1, 
R~ADC(~,B,C,D»:'GOTO'L1,-
R£ADCCA,9,C,D»I'GOTOiL1, 

REA~«A,R»:C + 0:0:0 .. O,O:'GOTO' L' 
'OUT' pqINT(CNEIILINE,·.**** ERROR IN TYPENO *~.**"» 

" 'ESAC" 
V + 'o/4lUF.'OF'NI 
A .. (1.0 - PERCFNT*O.01 ).V/ 
B .. (1.0 - PERCF~T.0.005)*V: 
C + C'.O + PERreNT.o.nOS).v; 
D .. (1.0 .. PERCENT.O.n1 ).V: 

l1lS .. STAND'OF'N + 'STA~DAROS' .. CTYPENO,~,B.C'D,V4LUE'OF'N, 
U,'Nll' ,'NIL' ,'.lE>: 

PRINT«A,BjC,O,~EWlINE»: 
SETC~~R~U~BeR(STANDIN,71): 
R~AO(~OREI) ) ) 
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0. 
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't·, .. ~': Ir'.-" _____________________ M _____________ - ______ " _____ .- _______ - _____________ 'Cl 

'o~,~' I ~.)'JTC·ir.C~' " ('HF' 'lI~tT' UlIST)1 
'l~~!~' \ 

'~T~t~(j' :IE: 
'~~hL' ~UMF • 'TRUE',NOSTAND • 'TRUE': 
'I"IT' ",,),~l)'-\,C'JlINT: 
'-:r:F"I.A'lEV4l' .1: 
'OvTFS' VdA~e,UNA~E: 
'qFF' 'U'HT' U; 
'RI'F"C~eCK' Cl" 
'RU' 'C~ECI(LIST' CL: 
'~Eftl' TnE: 
P~I.TC(NE4P~GE,"INPUTCHECKS PRtNTOUT~,NEWLINE»' 

'~~JL[' H~RE 'on' 
( ~E~O«~EULt~F,~E»1 

RE'~«NE~Lt~E,~O,SPACE,NUM;SP4CE,MORE»J 
CHODSTIlINGCtlE) I 
P~I~T«Nr:~lINF,NFUlINE;~E)': 
P;!I'IT( (N:;"'l P.IE,NO,$PACE ,NII~»: 
CK • 'CH~Cy'! • C'hll',ME,CHECKNO): 
CnFC!(NO'PLIIS'll 
'FO~' J 'TO' N!J~ '/10' 
( ~E4D«~EWLI~E,U~AME,SP4CE,vNAMe,COUNT,SPACE,TJME)': 

PRINT«NEWLINE,UNA'-\E,~PACE,VNAME,COU~T,SPACE.TIME')I 
U • FJNnU~IT(ULJST,UN4HE)J 
'IF' SEARCH.ORVAR(VNA~E,N,U,'T~UE') 
'T~EN' NE)C~'OF'CK • 'CHECKLIST' • (NEKCHIOF'CK, 

"N,COUNT.TIHE,'NIL') 
'ELSE' PRINT«N~WLINF."ERROR IN I~PUTCHECKS·.NEWlI~E») 

'FI' " 
LI~~EFFfCT(~EXCH'OF'CK;CK) )/ 

:l ~ ! 'a ( N F' J ~ AGe) 
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c. . 
~ 

IF .. :",'; 
'C'_· ___ -· ______________ ~_·_ft __________ ~~------------_ -----------------------'C' 
'I'llr):, C'I;:i;K:; = (' ~FfI' ST,\''Ir'A=OS' Al," REFI' IIM1EVAl' N.' P~T'I,' ~E4l' TI"'E) I ~EAll: 
,qF~t~. ' 

IpEAL' E~Rn~ • C,O,V • V~lUFIO~INr 
, t ~, 'I < !I' CH ' 41 
IT~E~I ERqO~ • -1.0 
'EL~F'V> C'OF'Al 
'rllFIj' E'lR!)II. 1.0 
, Ft' : 
'IF' ( V <= A'OF'4L 10Q' V >= D 'OFfAL , 
'THE~' EPqQ~'TIPES'2 
• ~ ! I : 

ERnnR + «ERROR - 1)/4,0); 
;: '111ft Q 

'c'---------------------~-----·-----.---.-------~-------------.-_____________ 'Cl 
'~ROr.' r.~F.C~6 = ('REF"STANDAR~S'AL,'REF"NAMEVAL'N.'INT'I"RE4L'TI..,E)'ilEAL': 
'!lFr.I" • 

'QFAL' E~qO~ .. n,O,~ou + VALUE'OFI~,RATEIDT + TIME - B'OF'ALI 
"~' oT <= 0 
'THF'J' DT • TItH, 
• ~ t ' : 
QATf .. (~J~ - A'OFIAL)/DT: 
'IF' ~ATe < C'OF'AL 
'THENI FRP.OR + .'.0 
'F.L~FI RATE> D'OF'AL 
'THF.N' ERROR .. 1.0 
• .: t ' : 
ERROR .. «ERROR - 1)/2,0)1 
'!"oPAL .. NOW: 
il'Of'AL + Tlr1E: 
EilROP. 
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'r:",n': ,r.,_-__ ~-____________ w __ ~ __________________ - __________ --------_-.----- _______ 'c' 

'PR0C' rH~C'? = ('~EF"S'A~~.~OS"l.'RFF"NAMEV4L'~.'INT'I"ReAl'TIME)'PEAL': 
, flE;'I'!' 

I E ~Ir' , : 

'~~Al' E~ROR ~ o,n.v .. ~AlUE'OF'N: 
'IF' V <= A'OF'Al 
'THr:~' EQRnR .. ~~,o 
'F.lS,'V>= 8'OF'~L 
'THF.~' E'l~OR" 1.0 
'Ft' : 
F.RROP .. «ERROR ~ 1)/2,0): 
ERqo~ 

'c'------.. ----.-------._.------------------------------------_______________ 'C· 
'P~ll~' llU.I;;V~TE.~ = (lRFF"lJNlT' !/LIST>'REAl" 
'f\I;Gi"I' 

'IlFAl' nlAJ<: 
'INT' MET~OONO,P~INTNO,COlS' 
''!FF' 'NA"'''IJAl' r;; 
SE~RCHFOR/~R(·HP ·,N.UlJST.'TqU~'): 

'PF.~"j(EA~' H = VAluE'OF'N: 
SEARCHrDkVA~(·GT ·.N.UllST.'T~UE')' 
'~o:F";le~Lf TIME = VAlue'OF'N: 
'PF.F"~~IT' U .. UlIST: 
'qEF"SV!;UH' S .. 'NIL': 
'I(EF" ALii' ~LG .. 'I'" l': 
'RFF"SAVE' SET" '''Il': 
PRIllT«NEWPAGE."RUNSVSTEM PRINTOUT·,NEwllNe,· ••••••••••••• *****·. 

NEWll~E.~EwlI~F»: 
'UHlLF' U 'ISNT' ('~EFllIl'HT"VAl"NILI) 'DO' 
( S" 'SVSltST' .. (U,'NIL'.'FAlSE',S): 

" + t~F.XU'or' U ) J 
~PLITUP(S,SET,ALG)I 
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R~A~«~E~LINE,Tlf·~,M,TM.X,METHOD~O,PRINTNO»: 
1·~~TFRl~TEG(S~T'Al~.TM,X'H.TIMe'~ETHOP~O'PRINT~n'COlS ): 
TIMr 

t~~~': 
'~~1?1 

'e~~' 
.<~~p, ~'I~Alq.PRI~TVALS,HASTERIHTEG,SPlITUP'ADDALARMS,INpUTe HEcKS. 

rHErK~.CPEC~~,CH~C~7.RUNSYSTE~ 
'~I~I1~' 
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00 .... 
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, a~GI'JI 
'p~()CI r"fCI:~'JSLlST = ('REF"SYSLIST' LlST,'~EF"UNIT' UNIT)'BOO1.'1 

'~;:F"C;YSLlST' S .. lIST: 
'~DnLI ~ESULT ~ !FAL5F': 
"'nn,;' S IJS!>ITI (lREF"SYSLlST"YAL"NlLl) 'DO' 
( 'IF' SYSU'0F'S 'IS' ('REF"UNIT"VAL'UNIT) 

'THEN' RESflLT .. IT~UE' I 'GOTO' LEND 
'ELSE'S .. NEXS'O~'S 
'FI' ): ' 

lFrtO:RESl!LT 

.Cl-----"---------------~-----------------------------_________ --------------'c' 
,~~QC' P~INTSVSLIST = ('REF"SYSLIST' LIST)I 
, ~'=G!tJ' 

'RH' '~VSLlST' S .. LIST: 
pP.tt:T(I;E'4LI~!E) : 
'~I~ILF.' S 'ISNT' ('IIEf"SVSUST"YAL"tlrl') 'DO' 
( )P1HT«Lan~AT;UNA~E'OF'SYSU'OF'S,SPACE»: 

~ .. NE~s'aF'S ): 
PRI"TPlEtJLINE) 

'r'--------------.---------"-~------------------------_________ -_------------'c· 
'P~OC' FI:.ol.i\(IPS ;:: ('REF"REfI'SYSLlSTt SVSTEr~,OTHERS,'I'lT' lEvFI, 

,,~T' NE~TLEVEL .. LEVEL· 1: 
'il\'lOL' IlESIJLT" !FALSE': 
, P F ~ " 11 In T' u: 

'REF"UNIT' UNIT)'BOOL'I 

'RFF"POINTER' P .. OUTLlST'OF'UNIT: 
'W~lLE' p 'IS~T' ('~EF"POINTER"Y4L"NIL') 'DO' 
( " .. 1J;lIT'OF'LlNI('OF'P: 
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'IF' C~ECiSVSLIST(SVSTEM,U) 
'TIiEr" FlFS"LT" 'TRUE' 
'ELSE' !IF' '~nT'CHECKSYSLIST(OTHERS,U) 

'T~FIP 'IF' LEVEL) 0 

'F J' 
, F I 'l 

'THE~' OTHERS" 'SYSLlST' .. (U,'NIL';'FALSE'.OTHFRS)I 
'IF' F/NOlOOPS(SYSTEM,OTHERS.NEXTlEVEL,U) 
'THE!!' RESULT" 'TRUE' J 

, F I ' 
, F I ' 

SYSTEM .. 'SYSUST' .. (U,'NIl',ITRUE', 
SYSTEfoI) 

P .. I'EXP'OF'P ): 
PI'S"lT 

'ENr,': 
'C'--------------------------------------~------------_______________________ 'C' 
';"if);:' lr!:.,r;Do)'JiS = ('RFF"IJNIT.I UIIIT,'REF"REF"SYSlIST' SYSTeM): 
'<!FGH' 

'R"F"PO)INTER' P .. !HLIST'OF'UNITI 
'olEF"Ij,<lT' U: 
"IO(\L' H' .. 'TRUE': 
lnn(>: "'KllE' P '/SNT! (lREF" P01NTERIIVAl"NILI) 'DOl 

( U .. lIN:T'OF'lIH~'OF'P: 
'IF' 'NOT'ChECKSYSL1ST(SVSTEM,U)_ 
'THEr.:' SYSTEn .. 'SYSlIST'" (U,'Nll','TRUE';SYSTEM) 
, Ft ' I 
P .. nEXp'O~'P ): 

, IF' U: 
'THE~' IN .. 'FALSE" 

'F If 

P .. OUTLIST'OF'UNITI 
'GOTO' I.OOP 
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'=":h': 
'r.'-"-~-----------~-----------------~----------------- --------_--- ___________ 'C' 

, Ell fJ! : 

,~EF"~YSLHT' ~ fo SV~TE:~: 
';In" 'iVSLH1' OTHERS fo 'NIl'1 
• tMT' LFveL to I1"'W"A"~Y: 
'!\fHll' I1ES"l12 .. 'nUE' I 
, F.jR' !( Ifi)' 3 '1Jf)' 
(s .. 5.VSHd 
'1I11!lF' S 'r!;wT' ('REF"SVSLIST"YAL"NJL') 'DO' 
( I"Sft~~OUTS(SVSU'OF'S,SYSTE~)1 

S fo ~(XS'OF'S ) ): 
'rOR' J 'H~IlE' RESIJLT~'OO' 
( <; .. SYSH~l: 

ql;SIILTt .. 'Ff.LSE'r 
't.:~IlE' S 'fSNT' ('REF"SYSLJST"VAL"NlL') 'DO' 
( lIP LEvEL> 1 

'T~E~' 'IF' FI~DlOOPS(SYSTEM,OTHERS,LEYEl,SYSU'OF'S) 
'THEN! RESULT2 fo 'T~UE' 
, F I ' 

'F:1': 
s Co 'IE~S'OF'S )1 

PRINT~VSll~T(SVSTFrt): 

LEVEL .. H~WHA"V - J ) 

-. 

IC'-----------------·---_-~ _____ ~ _____________________ --------_- _____________ 'C' 
'pqQC' q~IIIITI~LISE = ('~EF"SYSlIST' wHOlESET): 
'OF.G% p 

'RFF"SVSlIST' 5 fo wHOlESET: 
'~~F"EXPRESSlnv' El 
'q~F'r l'~E.L' RI " . 'IlrillE' S 'HNT' ('q~F"SVSLlST"VAl""'IL') 'DO' 
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'~~Ji)'-: 

( F. .. P. F. U r) 0 t, S ' (1 P ~ Y S \J' ,) f ' S : 
p .. ST')lfF 'OF'S: 

'FI1~' J 'vIJILe' E '1~~TI ('HF"EXPRESSIO!l""AL"NIt.') '!lO' 
( VALJF'OF'LllS'OF'F .. RrJll 

F .. NeXHX 'OF' ~ ): 
<; .. NFX:;oC'F'S ) 

'r·-·-----------·--------~--------------·----------~·------------------------'Cl 

'I:"lD': 

'RFF" SVSLH.j' \.IHOL:SET .. 'NIL': 
';;I'FI'IINIT' U .. UUST: 
'RFF"EXp~FSStOfJl El 
'rrlT' "': 
'HFF'[ ]I~E~l' PI 
'Will", 1I 'J~~!T'('~EF"UNIT"VH .. NIL')'DO' 
( YPDLESET 6 'SYSLtST' .. (U,'NtLI,'IF' CHECKSYSLlST(SV~TeH,U) 

'TIIEN' 'TRUf' 
'Else' 'FALse' 
'F I' ,IJHOLESETl J 

F .. PEL~TIONS'OF'UI 
tJ .. 0: 
'IJHIlE' F 'ISNT' ('QEF"EXPRESSION"VAL"NIL') 'DO' 
(N 'PLUS' 1: 
F .. ~EXTE~'OFIP' )J 

R .. STOR['11F'W"llL~S~T .. [1,N"REAL'1 
E .. RELArIOhS'OF'IJ: 
'FO~' J 'TU' N 'DO' 
( IH J 1 .. \. A L ,I E ' n F ' l" S "I F ' E: 

e .. ~FXTEX'OF'E ): 
U .. Il~XIJ 'OF' U )1 

\llit'LE~rr 

/ 
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'c .. ------- .. -----*-.-------.-------------------------_________ --- .. _____ -___ 'c' 

'1;i:(.Tr. .• 
'D.Ft 'C'lECl(LtST' C .. NEXCiI'OF'CK: 
, q F;t , S T I,~' ~ Ml!) S' ~ .. S TAN D' C F ' NI 
'r'IT'1 .. ''l()U.,o' 'CA~=' (TVPF'OF'S 

't~' 2.0 6 CHECK6<S 
?.O*CHErK7(S 

'dUT'4.06CHECK5(S 
'ESAC'i 

'41lflL' RFSIJLT .. 'IF' I .. 0 
'THEN' 'TRUF' 
'ELH' 'FAL!:E' 
'F l' : 

- 5) 
,N,O,THll') • 
,N,O,Tlt~E) 
,N,C,TH1E) 

!UoInE' c '1~IIT' ('~;:F"CHECK1I5T"VALI1NIL') 'DO', 
('H' 1.J:,VH")f'C 'tS' ('ItEF"IIA",EVAL"VAL'N) 

'TWEd' 'IF' I ~ COU~T'OF'C 
'THEi:' QESULT .. 'TPUf' 
'~l~E' ~ESIILT .. 'FALSE' 
, F I ' : 
C .. 'NIL' 

'''LS~' C ~ "~XC4'O~'C 
'1=1 1 ): 

'tF""l'JT'PESULT 
'T~.~' tl(XCH'0F'C<.'CH"CKLIST' .. (NEXCH'OF'CK,N,I.TIM~.'NIL'): 

'n' 

P~I~T«~~4lINE.~EWLINE,UNAME'OF'UNIT'OF'S," w.~AME'OF'N •• 
V~LUE'OF'N,NO~M'OF'S.I," ".ME'QF'~.NE~LI4E)': 

1I11"'~F~' PLUS~ 1 

• 

, C' .- ___ - _. ___________________________ • _______ .. ____________ A _________________ -' C' 

'PRO::' <;V"r.~~co( = ('~EF"SVSL1ST' WI'OLFSET,'REF"NEF"SVSLI'lT' SVSTE"1, 
'REF"~E~"AlG' ALG~SRAEICS,'REF'IREF"SAV;' SET, 



to t"' 
to ... ... I:n 

>i 

~ 
to 
" .... .... 
" (') 
0 
0 .. 
a. 
..." 

'.~r"Ex~q5~S11M' El 
'R0nL' ALTEQED .. 'F4L~E'; 

'~F;"~YiLIST' ~ .. W~OLESFT.NfW: 
'''F'''' 'l~11FVf.L' N: 
'~I'Fq ]':<~I\L' R/ 
'~;:Al' "'E;.JVAL: 
':;')"L' i)~ .. 'F4LS~': 
A~TER'OF'~~M3ERSTVLE .. 5: 
'''HIU' S '!SNT' ('~EF"SVSlIST"VAL"'UL') Ino' 
( ~ .. 4~LATl~HS'OF'SYSU'OF'SI 

R .. C;"0~~'OF'SI 
"O~' I ':.I.:tLE' e 'ISNT'('RF.f"EXPRESSI0N"VAL"NIL') '00' 
( H" Lrls'n~'e: 

'IF' INSYSTE"l'OF'S 
'THPI' 'IF' STAND'OF'N'IS"IT'('REf"STl\NDARDS"VAL"N1L') 

'T~E~' #L~RM(Ck,~,TIMF,NUH8ER) 
, F I ' 

'FL.e' ~EwvAL .. RU~EQUATION(HORMAL'OF'E)1 
01( .. 'IF' (jIlAI)TENT'OF'E'IS'C'REF"REAL' 'VAL"NIl" 

'T~F~' (RCI] = NEWVAL' 
'ELSf' (RCll = VALlIE'OF'N .NEWVAL.TI~F) 
• F I I : 

"IF'('.!I)T'OO: 'AND' ~;OI!FIl"llTS) 
'T~f~' ~EV"'SYSLIST, .. (SVSU'OF'S"NIL"'TRUE',INIL'): 

SPlITUP(~EW,SFT,ALGEaRAEICS): 
I~SVSTErl'0F'S .. '1RUE': 
NEXS'OF'hE~ .. SYSTEM: 
~vsrr~l .. NEW: 
ppr~T«NEWlINF.NEWLINe,·UNIT ·,UNAMe'OF'SVSU·CF'S, 

• ADDED TO SYSTE~",NEWLINe)" 
PRfNTSVSLIST(SVSTeH); 
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'FJoJn': 

, F I ' 
, F I ' ; 

0_: .. '~ALH'; 
ALTERE~ .. 'TRIIE' 

F .. ~E'TEX'Of'F ); 
S" 'IEXS 'OF'S )' 

I.FHP.'{)F'",Ut'BERHYLF .. 10: 
.~I TERE£) 

IC' _____ • _____________ ~.~-----.--- ___________ ~ ________ .----------------------'C' 
'PQn~' ~ESTA~lVALS = ('~EF"SYSlIST' SYSTE~)I 
'[>1:141',' 

'Pt!O' : 

·~FF""YSLl~T' S .. SVSHH; 
'~'F~" FAlJl TVAL' F: 
'~HILE' S 'IShT' ('PEF"SVSLIST"VAL"NIL') 'DO' 
( F" F~ULTV.IS'OF'SY~U'nF'S: 

,olHIlF' F '15l.iT' ('PEF"FA"LTVAL"VAL"tUL" 'DO' 
( VALUE'dF'Cv'Or'F" ~Ew'nF'F: 

F .. NEXlI0~'F )1 
S .. NFX~'~F'S ); 

PRII!T«~E~LIN£,~F~LINe» 

IC' __________________________________________ - ________ --------------~--------'C' 
'''QO~' l(iUFAI'LTS = ('PFF"SYSLIST' SYSTer4); "H, (. ; '; , 

'HFF"~YSLI$T' $ .. SVST~H; 
'IIFF' 'I:XP:{ESSll'H" El 
'~FF"FAtlLT\;AL' F: 
':'HJLF.' S 'ISi,P ('REF"SVSLIST'"!AI."NIL') 'DO' 
( ~ .. FAlJlTV'LS'OF'SYSII'OF'S: 

'~HILE' F 'ISNT' ('PEF"FAUlTVAI."VAL"NIL') 'DO' 
( V~LIJE'OF'~V'OF'F" OlD'OF'F; 
FAIJLTVAlS'CF'SVSU'OF'S • 'NIL'I 

• 
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F • NFXT'~F'F ): 
E ~ ~ELATIO~S'CF'SVSU'OF'S: 
'UHILE' E '1SNT' ('REP'EI(PRESSION"VAL"NIL') 'DO' 
( 'IF' ALTFP'OF'E 'tS'!T' (lREF"f.QUHIONIIVAL"NILI) 

'ThEN' NORMAl'OF'E • 4LTEQ'OF'E: 
ALTER'OF'F. • 'NIL' 

I rI' : 
E • ~fXTEX'OF'E ): 

S • ~E.S'Or's ): 
PR Tt! re (I' ~ w LI "F. , NEW L IN E) ) 

'C'---~-----------------------"------- __ ~ _____________ -----------------------'C' 
'FRO~' CEF'~fFAULT = ('REF"~EF"SYSLI~T' SYSTEM,'REF"UNIT' ULIST, 

'PEF"STRI~G' ~E,'REF"BOOL' MOREFAULTS,r]'I~T' TABLE): 
·'se:(:I}" 

,'RFF" UkIT' U; 
;f(VTF.S' ll~'U'F,V~'IH'EI 
'P.F.~L' VAl: 
'RooL' MD~E • 'TRUF',Al~,VAR,EI(ALG: 
'REF' 'tll.l-1EvAL' IJ,~,V: 
'RFF"EY.P<:E~SIr.·:' E>: 
(1:1.1'CHAR' CC: 
'TNT' L: 
PFAn«~EIJll~E,~F»: 
CHOPSTRl"'G(~ n: 
PR'~T«~E~LI~E,.EWL!NF,·rAuLT MESS4GEI·,NE~LINE'ME,NEWLINE»' 
'''HILF' r-tllRt 'DC" 
( RE4D«(~EWL!NE,UNAMF,SP~CE,VAR,SPACE,MORE)': 

PRI~'((~EULIHE,IJNAME»: 
u • FI~DUHIT(ULIST,UNA~E): 
'IF' '~OT'CHEC~SVSLIST(SYsTe~,U) 
'THin" SYSTEtI .. 'SVHIST' • <u,ItjlL','TRUe',SYSTE>4) 
, F JI : 
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'IF' VAR 
'ThE~' REA~«$PACe.VN~HE,SPACE,V~L')1 

PFI~T«" VALUE OF ",VNA~E, "IS NO~ =",VAL»I 
'IF' SEAQr~FnqVARCVNA~E,N,U,'TqUE') 
'T~FN' FAl1lTVAlS'OF'U ~ 'FAULTVAL' ~ CF~ULTV~LS'OF'I', 

VALue'OF",V~L,N) 
'EL~E' PRINT(CNEUlJ~E,·ERROR IN OEFINEFAUlT",_~~ll~E» 
, F I ' ... 

'HS~' FX ~ PElATtONStrH'lIJ 

• 

PRJt T( Cn NE'~ eQUHION:· ,NFWUp.;E» I 
'(lEGI!.!' 

'REF'[)lCH4R' C" [1:0'FlEX']'CHAR'1 
R(ADCNEWLlNE) : 
PRepSOU~CEC80,C,T48LE): 
'IF' C[?) : "CH 'AND' C[S] ~ H)" 
'THEN' CC • (C[3],CC4],H "," ")1 

AlG • 'FALSE': 
l • !) 

'FLSE' CC • CC£1J,C£2J,· "," H), 
ALG ~ 'TRUE" 
l • 3 

, F I' : 
VNAME ~ 'CTR'CCI 
SEARCHFO~VARC~~A~E,~V,U,'TAUE'): 
'WHI LE' fX 'IS..,T' C' REF" EXPRr::!)SIO,," VAl" Nt L')' nO' 
C 'IF'lHS'OF'EX'IS'C'RI;F''NAf''EVAl''I.'Al'NV) 

'THEN' 'IF' uRAOIE~T'OFIEX'IS' 
('REfI'RFU"V4l"~IL') 

'THEN' EXAlG + 'T~Ue' 
'Else' EXALG + 'FALSE' 
, FI' I 
'IF' C (EXAlG'A~D'ALG) 'O~' 

(I~OT'EXALG'~ND"NOT'HG) ) 
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'it.if': 

1 F I 1 : 

ITHEij'ALTER'OF'EX + NO~.PL'Q~'E~: 

1 F I ' 

NOR~AL'OF'EX + RHSCL.U,C,'TRUE'): 
'GOTO' LAREL 

EX + NFXTEX'OF'rx 
LABEL: 'S~IP' 

) : 

I ENr" 
'1'1' ): 

~Ea~C(~~VLl~E.M(IREFAULTS» 

't.'~-----*-------~-----------------________________ . __ --------.--------------'C' 
'PRC!:' "~!' TfREF FFCT = (I RH" 1I1>t I PUll ST, 'I NP HO~'NANV d' 1 I NT' TAP LE): 
're'!!':' 

'rODL' ~CRErAULTS + 'TPlIE': 
'P.FF"!;Y~I I!:T' SYSrr:~1 .. 'NIL',:,/lHILFSET + 'NIL': 
'INT' LOn~CC'llrIT ,NIJI1f'ER,~1F.TtlOl'~JO,COLS: 
'PEF"CHEtK' CK: 
I~F~L' T"AX: 
'kFF"~.A',FV"L' H: 
SIOAI'!Cf'FlIRVAF.("(jT ","',UUST,' TPUE'I: 
"~FP 'RfAL' T = VALIIE'OF'''l: 
SF:\rChFflRVA~'("HI1 ";N,IILlST,'TlIlIE')/ 
';>F~"~F",L' 11 = VHilE'OF'ij: 
'~FF"SAVF' SET • '~lL'1 
'RFf'''ALG' ~LG .. '~lL': 
, !'. T Q Pi G' ;-, E I 
p'!l"T( 0 EltPAGE, "fI',STBFFFErT OIJTPlIT" ,NF.~!LIfIIE, 

~·**·*··****··*.·.·*",Nf~LJNE»: 
'\lllILr' ~I(IRFFAlllT$ '1)0 ' ( DFFI~EF~UlT(SVST~~'ULIST,~E'MOREF~ULTS,TABLE)' 

SEl.fCTSYS TEll C SYS HM, HO',J'oU Ny) : 
SPLlTllP(SYSTEI1,SET,ALG) : 

---------------------------------------------- ---- - ' 
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CiH·1 FSrr .. STtI'~LkSIOI;S(ULIST,SYSTE'1)1 
gFST'~TIRrSTA;TVALS(SV~TEM): 

fl .. S"AlL5T£P: 
C' .. 'C \.I E C' K' .. (I N I I.' , ., E:, CitE C k N Cl) I 
C ~I ~ r. ( " ) , P L " S ' 1 : 
TI'AC • 1nOO.O * HI 
"1FT"Ol)~(I .. 1: 
T .. IPJMo,F.F: .. lOOPCOUNT .. 0: 

I~L~BEL:M;STEPI~TEG(SET,ALG,TMAX,~,T,METHODNO,PRI~TNO.COLS): 
ll:OpcnU~T'PLIIS": . 
'IF' '~QT'SVSr.~EC~(WHOLFSFT,SYST~M,ALG,S~T,T,NU'1B~P,CK) 
'THEN' 'H' NtI~IIEhLOOPCOlINT > TARGET 

'THEN' LINKEFFECT(NEXCH'OF'C~,CK) 
'ELS~' 'IF' LOOPCOIJNT < TA~GET + 10 

'THEN' Ti'lAX to T + ,00.0*11: 
METHOvNO .. 21 
'GOTO' IHAeEL 

I ELSE' '1 F' NUMBER > 0 
'THENI LINKF.FFECT(NEXCH'OF'C~,C() 
'E~SE' PRINT«NEWLI~F, 

"***NO EF~~eTS.**·» 
'F I' 

'F' ' 
, F I ' I 
'IF' RFSET ITHEN' PEINITI4LISE(WHOLESET) 'FI': 
KlLlFAIIL TS(SYSTEM) 1 
SET .. 'Ill L'I 
A LG + nU L I I 
~YSTEM .. 'NIL'! 
VHOL~SET .. INILI 

'FLSF' ~el~ITIALISE(~HOL~SET)1 
'(;OTO' PESTART 

'n' ) 
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rn t< 
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~ rn 

>i 
CD ... 
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rn to) 
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",Fr.I .. ;· 
I t> PC C· '-l~." '! O!, r :: (' P. E F' '10 0 nE' ~! 0 0 E LI S T , , q Eft' N A'" E V A L ' N V) , RE F' , NOD E ' : 
'"Fhi"1 

'~cF"fJ('DE' I>! .. r.;OO<:llST: 
"'Mll.F."! 'lHllI ('~er"rJOnE"V'\L"NILt) 'DO' 
( 'IF' NA~AL'O~'N 'IS' ('REF"1I4HEVAL"VAl'NV) 

'ThF~' 'GOT0' L~~D 
'ELS~' ~ .. STRAl1~T'OF'~ 
'FI' >: 

P~II'T«I'FULI~F,H ••• + "P~O~ _ NO NODE FounD •• **n,NEWLI~E»: 
Lr"n~r'l 

I ~ till' : Ir' _______________________ • ____ • _______ • ___ - ____ ~----- --------_-_____________ 'C' 

'RFF"~OD€' NF .. FlhDMO~r(NODELIST,FROM),NT .. FINDNODE(NOD~LIST,TO): 
r.r.IISE" 'OF'IIT .. 'BRANCH' .. (;H,ADD,SUS,CAUSES 'OF'NT) r 

'r:"'f:': IC'_-·· __ - __________________ • ____ ~ ___________________ M --------- _______________ 'C! 

'e~F"FAULTVAL' F .. LIST: 
'knrL' FDUND .. 'FALSE': 
'i' H iL ~, F • I S tiT' (I RE F " FA U L T V <\ L ' , V A L ' , NIL' )I DO' 
( 'IF' NV'OF'~ 'tS' ('REF"~4~EVAL"VAL'N) 

'THEN' FOU~~ .. 'TqUl':'GOTO' LAST 
'ELSE' F • WEXT'OF'C 
'FI' ), 

l~STI FrlU"D 
'~~.jn': 'c.·----------------------------------------------------------_-_________ --__ 'C' 

'. 
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CIl 
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Co> .., 
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g .. 
c. 

"" 

, 11" ~ , , F ~ I' LT'" A L' F 'J .. r, E '( T , 0 F' Lt S T , F W; 
'1"I'P 5;/.,'5,) .. Stl!:*(SI1E+~),PlUSNO,HINUSfolO; 
, ,; U I.' ~ A ': R E ~ , p ~ N V A l , ~ E S , V A l , O! 4 TI 0 , P L US, M I NUS: 
"'F;" NAII!:v,\l' F~:'Irll 
'r.,\';! J 'TO' SIZt: 'no' 
( PLfJ:; •. FlIr:US .. DL"SN(\ .. MHIUSNO .. 0, 

F,lOn .. ,;1",'1; I FV: 
'F()R' K 'TO' SIZESQ 'OO' 
( F.J .. LIST; 

'COR' l lF~l)rl' 0 'TO' SIZE 'DO' 
( VALIIE'nF'~V'OF'F~ 'PLUS' ( O.05.(R~NOO~ - 0.5) • 

FW ~ ~EXT'OF'FW ): 
qA'~ES .. ~u'EnUATION(EO): 
qANVAL ~ VALUF.'OF'FRO~: 
VALIJE'OF'FRnM 'TI~ES' 1.01; 
~FS .. RUNF.QJATION(fQ): 
VAL .. V.L'JE'OF'FROM, 

VAI UE' OF I "IV' OF' HI) 1 

IIF' 'A!lS'(VAL - R.tNVAU > '.0~-10 
'ThEN' R4TIO .. (RAN~ES - ReS)/(RANVAL _ VAL); 

'IF' RATIO) () 
lT~~~1 PLUSIPLU~'RATIO: PLUSNOIPLUS" " 
'ELSE' MINUS'PLUSIRATIO;MINUSNO'PLUS', 
, F I ' 

I r J ' : 
F'J .. LBT: 
'~Opl L 'FR~H' 0 'TO' SIZE 'CO' 
( V~LUE'OF'NV'OF'FW .. OLo'OF'FW; 

FU .. 1EXT'OF'FW ) ); 
'I Ft S17ESQ ~ 0 
'T"EN' MI~US .. (PLUS.MI~US)/SIZESQ; 

• 
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0. 
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1.,:'.1[\' : 

, F 1 • : 

PLIIS 40 (7.0 * PLUSr.:O/SIZESQ - 1)1 
ADDRRA~CH(NODELIST,FROM,TO,PLUS,MINUS) 

~V 40 ~EYT'OF'FV ) 

'C'.- ___ -_________ M ___ M ____________________ - __________ -----------------------'C' 
I;>,P1C' 1"'~CT!>J~f = ('RH"EtlUAT!ON' EQ,'REF"FAULTVAL' lIST.'REF'f'lOO~'''IOD~LtST, 

'qE'" , ElWATIO'~' El 
'q~F"FAlILTVAL' F 40 NEXT'OF'lIST; 
'RIOF' "~"·EI!Al' tl,~: 
'~EF"FJhCTlnN' FU: 
'CHA~' C: 
'FOR' J 'TO' Sl7F ,~O' 
( N 40 "'V'O;:tF, 

E + F.l~: 

'fO?' I 'DO' 
( fr.ASE' (A,FU,C) lP' CO"TEt.lTSfOF'E 

'REF"I'IAMEVAL' TO,'INT' SIZE): 

'IN' 'IF' A 'ISI ('~EF"~AMEVAl"V4l'N) 
'T~E'I' 'IF' A 11= CONTtNTs'ot'NEXT'OF'e 

, F I' • 
'SlOP' , 
'SKI p' 

'E<;AC': 

'THEN' A&ORRANCH(HODElIST,N,TO,VAlUE'OF'A.D,: 
'GOTO' L1 

'ELSE' PIlINT(>,ie\o!llt.lE,"**** ERROq PI FIINC *.**"» 
'FI ' 

F 40 NEY.T'OF'E ': 
l':f .. N:,(T'CiF'F ) 

'rl---______________________ ~ ___ " __________ - ________ ~_--------.--------------'C' 



t" ... 
'" ... ~ ... 

0 Z ... Q 

Co> . ... 
'" ..... 
n 
0 
:l ... 
0. . 
~ 

-, ,,0 1) :' SF T "P T I{ E S = (' R EF " I)'" T' ~ N IT L! S T) , RE F ' , NOD E ' I 

'qFI'I'Ft.IJLTV)L' V,~P.14PLFS .. 'NIL': 
'Tt~TI X,\/'\P,rtl)'" 1; 
'<;i'rIlVH~·H~' PI 
',;:>"u'IP' U .. U1HTLI~T; 
t :! F FI ' EX P'; (; S ~ I 0 ,!' F X, F. Q : 

, P F F' ':H' ~ E' "I.) 0 ELt S T .. 'N Il ' : 
'PFF"FaNCTJON' F: 
'nFF' 'NI\I~EVAI.' N,TO,FIlOH; 
t~F~'tFACLTvaLt LtST,FV; 
, PI Tt c; lZ F. ; 
'PF~"E~V~TIOh' Q: 
'ri-L\R' (: 
'l'IIJl~' '-' 'tShT' ('~EF"UNIT"V4L"NIL') '00' 
( EP" ~ElATtO~S'OF'IJI 

'Y4tLE' EQ 'IS~T' ('Il~F"FXPRfSSION"VAl"~IL') '00' 
( 'IF' CWEC~VAR(VARIABLeS'lHS'OF!EQ) 

'THEN' PRINT«~EWLl"E,·VARIA9LE seT TJICE·.~4ME'OF'LHS'OF'EQ, 
NF.~ltNF,·************·.·**···*.*·,~E~Ll~E» 

'ELSE' TO .. LHS'OF'EQI' -
'IF' STA'jD'OF'TO'tSNT'C'REF"STA'IDARDs"VAl"NIL') 
'T~E~' 'IF' 3'FLEM'(NAME'OF'TO) = •• 

'TH~N' X .. , 
'Else' p .. !NLl~T'OF'U: 

e .. 2'ELeM'(NA~F'OF'TO): 
'WHILE' p 'ISNT'('~H"p(lIf,TF~"VAL' 

'NlL') 'D.:!I 
( 'IF' NAME'OF'P = C 

'THEN' 'FOR' J 'TO' 6 lOO' 
( 'If' (VACI'OFlP)[J] 'IS' 

(' REF" IIA~eVAL' 'VAL'TO) 
'THFN' X .. 2: 
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'GOTO' C~EHE 
, F I ' ) 

, F " : 
P • NEXP'OF'p ):X .·~I 

CREHE:'SKIP' 
, F I ' 

'FI.SF.' .< .. Cl 
IFI': 
VA~tA~lrs ~ 'FAUlTV4L' ~ (VAR1ABLES, 

V4LUE'OF'TO,V4~NO,TO): 
~1I")ELiST .. 'NODE' .. (TO,NO[lENI)+X*1000,'T"U~I, 

IIODE'JO' ;lLUS' 1: 
V<~IHIO '''LUS'' 

I F J I : 

~o + ~EXT~X'OF'EO ); 
tI .. ':::XlJ' (IF' II ): 

!J + IINITI IH: 

i 

".'11 It': , ,; 'l,ilT' (IPE~"IjNIT"VAL"NIL') 'DO' 
( fll • R~lATIO~S'OF'U: 

'HIL','Ntl',NODELlSTlI 

'''~n~' eq "SIIT! ('REF"fl(P~ESSION"V4l"'1!L') 'DO' 
( SI7~ .. 0: 

Q .. rlnR~~L'O~'FQ:LIST .'FAULTVAL'.('~IL"VALUE'OFll~S'OF'EQ,O, 
LHS'OF'c<;!): 

"'Htl.E' Q 'ISNT' (I~FF"EQU4TION"VAL"NIl.') 'Il!l' 
C 'r.~SF.' (N,F,c) 11= CONTENTS'OF'a 

'liP 'SKIP', 
N .. ARG'OF'F, 
'GOTO' l1 

'is\C' : 
'IF' (CHEC~V~~(VARIA8LeS,~) 'AND"NOT'C~~CKVAR(LI~T,~» 
'THE~' NEXT'Of'LIST • 'F4ULTVAL' .. CNEXT'OF'LIST, 

VALuE'O~'~,O.N): 
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I F 1 I : 

L1:'1 .. :;EXT'QF'Q ): 
T') .. L'I~I ,H I EO: 
I H' ~u~JC1'10l)ELS 
'T~~q' ~UMCTDl~E(NOR~'l'OF'EQ,lIST,NODELtST,TO,SIZF) 
'El5~' A~ITH~IQE(~ORM~L'OF'EQ,LIST,NO~ELIST,Tn,SIZ~) 
I F l! ; 
EO ~ ~rXTE~ID.'EQ ): 

:, .. rJ£,(lJl nF' II ): 
fl{J~'UST 

t !:~:I.l' ; 1r.._. ___ - ________ ~ __________________ ~ ______ -. _______ • ____________________ -- __ 'C' 

'I~T' tIF~TL~VEL .. LFVEL - 1: 
I RF.F' I lO:lF I F 10 NU 
[1:12n;'C'IAiI' IUSF.T: 
, r: l F \ 11 I 1'; SET: 
'PFFI''lR,\~r.~1 RI 
'~r:c' q .. .::u~t:\f~L' U: 
',t'T' .1 - (~.X~FVEl - LEVEL) • 15: 
p ~ t'l T( ( rl ~"L PlC , ! 'j S n L 1 : J ] » : 

'iP ':\oAR·<lI!1'l,;q(STA~D()lIr> ) 100 
'T~;" PQl~T«~E~LINE,I~SET[1:Jl» 
I !: I , ; 
': - H W A L ' ,) F I f I 
T:O,IL,/(n: 
I iF' S T " '11') I 0 F I " 'is N l' (' R F. F ' , S T "N 0 A R 0 S" V" L ' 'Nl L ' ) 
'TM~~' PRl~T«·(",U~AMF'OFIUNlT'OF'STANOIOF'N,·, .» 
I~L~E' ~RI·ITC" "~ 
li=1 1 i-
'!f! ~EVEL 'I ,) 
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't="!i, ' : 

'1''1';')' 3 + C~:}sES'(l"~: 
"J~!L"' 1\ 'I~IIT' ('I!EF"eRA~CIP'VAL"Nll') 'DO' 
( PPI~T«'OD'OF'B," ·,SU8'OF'9,· "')1 

TqF.~PRt~TE~(NEX~OOF'OF'a,~~XTLEVEL.~~ALF~EL)1 

P~lNT«~r:wlI~E.INSET[1: 1+12]»: 
B • ~EX'RA~'OF'B ) 

IC' _____ - _______ .M _________ ~ ________ ~ ____ M ____________ ------~- ___ • ________ • __ 'C' 

• 1: J ~l t ; 

'IF' >1 'is' ('?F>"?RANr'l"VAllT'USOIJr.) 
'T~~d' R + NEX5~A1'OF'a 
'el,~F' S~~.P aq4~CI(~EX~RAN'OF'B,THIsnN£) 
• , ! ' 

'r'--- __________________ • ___________________________ ••-----------------------'C' 
.~::f'r·41 

, ~1 ~ h' I ":1 [) r' ~:,: 

';!F.""J<~:.Cfl' R1,<;;>,83: 
'!,Ql' 4flv,!\U5: 
'irIT'I: 
'RooL' CH'~~ED + 'T~UE': 
""IJI.~' CriAl.GEI) 'on' 

, ( ." + 'Ij U 
C~A~Gc~ + 'F~lS~': 

",'hTL::' "'1 'IS"T' ('~EF"io/OOf"VJ.L .. NIL') 'DOl 
( R1. C4U~FS'~~'h1: 

",I'll LE' r,1 '1~NT' ('QEF"BRAfoIC!I"VAL"fllLl) 'DO' 
( 'IF' ST~NO'OF'N~~4L'OF'NEX~OOF'OF'a' 

'IS' (lREP'STANOAqOSIIVAL"NILI) 
, 'THEN' k2 • CAUSES'CF'NEXNODE'OF'B1: 
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AO~ ~ AOO'OF'B1: 
~1I" 4- SIIB'O~'R'J 
t ~ COUNT'nF'NEX~0~E'OF'B11 
SCR4p R~AN=~(CAUSES'OF'~1,ij1): 
C~4NGF.D + 'TRUE'; 
'IJHIL::' 112 'I<;NT' (''!EF''B~ANC~''''AL''NILI) 'DO' 
( 'JF' NF)(~CD~'OF'B2 'ISNT' ('REF"~O!)E"VHq!1) 

'THFN' &3 .. CAUSeS'nF'~17 

, F I' : 

'WHILE' 83 'lSNT' ('RfF"BRANCH' 
'VAL"'HL') '1)0' 

( 'IF' NEX!>/ODE'I)F'1!3 'IS' ('~eF"\I(1"e"VAL' 
NEXNODE'OF'B2) 

'T~EN' 'GOTO' LABEL 
'ELSE' 53 + NEXBRA~'OF'~~ 
'FI' ): 

CAUSES'OF'~1 .. 'B~ANC~' .. (~EXNOOE'OF'BZ, 
ADD'OF'82"At>O, 
<;lIB'OF'1l2.SUa, 
,C. US r; s ' 0 F , N 1 ) 

LASFL:82 4- NEXgRAN'Of'B2 ) 

S1 .. ~Ex~PAN'O~'Q1 )J 
~1 • STR41~~T'OF'N1 ): 
PRINT«(~EWLt"F,"rIIECK FOq GARRAGe"»; 
'Ij L 4- fJ 1 .. ".0;') E' .. (I NIL' ,0, ' C USE' f ' NIL' , ' NIL' ,11 L) : 
'I..HILF.' STlIAI.;HT'OF'N1 'ISNP ('~EF"'lOOE"VAL"NIL') 'DO' 
( 'PrF"';')IlF.' tJ2 + ST~AIGHT'OF'NL; 

'I~' STANn'OF'NAVAL'OFIST~AIGHT'OF'N1'1~NT' 
('~EF"STANOARns' 'VAl' '!IlL') 

'THEN' ~1+STRAIGHT'O~'N':'GOTO' LON 
IF! ' : 
'W~IL~' ~2 'IS~T' ('QEF"NODE"V~L"NIL') ,~O' 
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31 .. rAIISES'OF''''-: 
'W~ILF' il1 'ISNT' ('~EF"eKANCH"VAL"'Hl'> 'DO' 
( 'IF' ~JEXNOOE'OF'B1'IS'('RE'F"IJ()()E"VAl'STq~IG~T'OF'N1) 

'T~eN' N1 ~ STRAtGHT'OF'N1: 
'GOT!" lON 

'F.LSF' &1 ~ I.IEXBRAN' O~' 81 
IFI' ): 

N? ~ ST~AIGHT'OF'~2 >: _ 
STRAIG~T'~F'N1 .. STR~IGHT'OF'STR_IG~T'OF'N': 
lON:'SI(IP' ): 

~L ~ STM~tG~T'QF'NL > 
ICI_. __ :. _________ ~----_~ _______ ~--_~ __ • ______________ -------- _______________ 'C

l 

';:u": 
IS<l~' 

'J:'Ji' 

, l> E F " 'J Cl i) E' F .. ,~: 
~FTFllItH'~.tI~·BER~rYLE .. 4: 
~PI~T«;'F~PA~E,"ORl~TRe~ OUTPUT·,NEWLINE'· •••• +.*.* •• ***.·.NE~LINE»I 
"'~ILF' F 'tSNT' (''!EF''NOOFI'V~L''NIl')'DO' 
C T'<UPRIIITFP(.f ,"Af.tF.VF.L, 'lAX LEVeL) : 

F ~ $TRAIG~TIOF'F )/ 
..~u:~"lFq,lJf·l~CPSTVLF .. 10 

':(f:C"l, ~cT'Ii>nlFr ,?~IIJTRFc,AL TEH~!;S: 
, C I ;~ I -; u I 



Cl> 1:" 
CD H 

~ CIl .., ... CD H .... :> ~ 0 .. 
Cl> w 
M . 
Cl .... .... W 

I~=I~!'I' 

';OR):' (::'I:;{'I " ('~F.;:"I\LAR:l' CA1JSE,EFFECT>'anOt': 
'~.F';I·~' 

'l'nOl' AD,,~[l" 'F\LSE': 
, 1 ~, ,,~ If ' ,) F ' C ~ U; ~ 'I S' (I ~ E F " 4 L A q r~" v A L " NIL' ) 
'T:1F~' 'Jp C\l)Se 'IS'H' (lqEfI'ALAR"I"VAL'EFFHT> 

'T~f::'<I' ~;,(T' f1F' CAIJSE .. FFFECTI 
Aili)~f) '" 'T~IJF.' 

, F I ' 
'FI~E' AD~ED '" t~SE~T(~~~T'OF'CAUSE,EFFeCT) 
I ~ t I : 

A/'If)iOi) 

'P~'J;' CIi"'I'lITjON = ('RF.F"CoiF.Cf(UST' Cl,IReAl' U"le)'ROOL': 
'B~G!'J' 

'~IoJ'')t: 

'RF.F"IP,fI,FVlIl' N .. NAVAL'OF'CL: 
'RFF"S1A:HlAR,'S' S .. HAN:l'OF''1J 
'I'IT' ! .. C:{'ll~:T'I)F'Cll 
'tF' Ii = 'I;OUrj!)"C4~F.' TVPE'OFlS - 5 

'T,!r.!, 'TRUf' 
'Ft~:' 'FAL~E' 
, 1'1 ' 

'I~' 2.n.CHEC~4(S,~,I,TIME); 
2.n·CHtC~7(S,~,I,TJME' 

IOUT'4.0*CriECK5(S,~,I,TIME' 
'E~4C' 

'C'----------------------------_______________________ -----------------------'Cl 
, ;. ~ 0 C' <: C ~ 'I = (' I; E F ' , ,~o r. E ' 'n , ' I! EAt' Tt M El I :l E F , , A L A R., , : 
'P:FG:,:' 

'PF.P'Al~R··' rl~~{l .. 'AlA'H~'" ('Nll',NL,O,'FALSE','FAlSE',"SI<IP"'; 
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'~FF"~lAD~1 ~L • HE~D: 
I.~ F r I I 1(' r, ~ I 'I ~ .~ U 
, t: Fe' I 'l;, '"I E \.' la l.. I V q q : 
'f~FF"EFr~CTI E: 
'?H"CflFCJ<LlST' Cl 
( R F F I I ~ T !; i~ n A '1 ~l SIC; : 
, ,,~ TL F' 1I 'I:;;-j T I (I;; E F " ~ ,) [\ E , , 11 ~ L ' , NIL') 'DO ' 
( VAn .. ~AVAL'QF'~: 

s • S'AND'O~'V~R: 
'H' 0 = 'ROlIIIO"CASE' (TYPF'O~'S _ 5) 

'I~' ~.O*CHEC~6(S.vAR.O,Tr~E), 
2.0*ChECK7(S,VAR,O,Tr~E) 

'OUT' 4.0*CHECKS(S,VAR,O,TrME) 
'ESAC' 

'T~5H' 'IF' '~OT'(NO~MAL'OF'N) 
'T~E" PRI~T«~E~Lt~E,NAME'O~'VAR," a.K."),; 

NnR~AL'OF'N .. 'TRUE': 
ACTIVE'QF'ESTRY'OF'N .. 'FALSE' 

, ;: I ' 
'£lSF.' 'IF' ~j"~'!H'OF'N 

'THe~' P~I~T«~EWLINE,~,ME'O~'VAR,· ",VALUF'OF'V'R»), 
NnQMAl 'OF'N .. 'FALSF': 
AL .. NEXT'OF'AL .. 'ALARM' .. ('NIL' ,N,TI'1E, 

, ~ I ' 
'';1': 
~ • ~TRAr~~T'OF'~ ): 

!I .. 'H: 
, '/ ~ 1 t F' ./ "S 'IT' C' ~ E F " IJ 0 DE" V A. L " NIL') 'D 0 ' 
~ S .. ~TA'D'OF'~AVAL'OF'NJ 

'<O~' J 'Tn' ~ 'DO' 
( F. .. 'CASE' J 

'TRUE',' FALS~' ,·SKIP"); 
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Q. 
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'I~' ~IEFLIST'OF'S, 
tOF.FLlST'DflS 

'FS~C': 
'41iILf"I E 'IS'IT' C'ReF"EFFECT"VAL"NIL') 'no' 
( e ~ ~EXC~'OF'CHECX'OFIE: 

'\.I'iIlE' C 'IS'!T' ('REF"CIIECKlIST"VAl"NILl) '0(11 
C 'IF' CONDITION(C,TIME) 

ITHE'I' C • NEXCHIOF'C 
'ELSE' 'GOTD' LABEL 
'FI' )' 

.l .. NEXT'OF'Al • 'ALARM' • ('NILI,CHECK'OF'E,TI~E, 
'TRUE','FAL~E',·SKIP"); 

l~3El:E • ~EXEF'OF'E) >, 
~ • STRAIG~T'~F'N ): 

I~El(T' OF' :;':.6.&1 
,~,_. _______________ • _________________________________ --------_--- ___________ 'C' 

' .. :10':' AI1<\LHC " ('REF"R£F"F.4I1LT'LlST,'HEF"AlARI1'NEWONF.S,'RF.F"NOOE'~L>I 
I a = tj ! ': ' 

''!H''H~R~' DEn,.H .. NEIJONES: 
'~F.F"F\,JLT' F: 
'l=!~I=' le i~C<' C!(,CD: 
''>FF'' Jol H.CIl' B I 
'RFF":\II'\:)E' 11,"1, 
''lI'\'JL' C4:JH FOllIo/O: 
PR1~T«~EULI~E,~EYLINE,NEWLINE»: 
"J:tIL!;' H '(S"4T' (lRF.F"ALAR~l"V"L"NIL') '00' 
( CAU';EFO'I·.j). 'FHSE': 

'CA~E' (N,CK) ::= TVPE'OF'AL 
'It I' il .. CAUS~S'OF''': • 

'WHILE' il 'JS~T' ('~EF"BRANCH"VAL"NlLl) 'DOl 
( ~ .. NEX~O~E'OF'B: 

'IF' 'NOT'(,,('I~MAl'OF'H) 
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'T~~~' 'I~' INSERT(E~TRYIOF'M,AL) 
'THEN' 'IF' CAUSE~OU~O 

'T~E~' SHAREO'OF'AL ~ 'TqUE' 
'ELS~' CAUSEFOUND ~ 'T~UE' 
, F I ' 

, ~ I ' 
, F I' I 
B + NF.X~R~N'OF'R )J 

If P CAUSEFOUNIl 
'T~!N' PRI~T«Ne~ll~E,"CAUSE FOUND FOR .» 
'ELSE' N~XT'OF'LIST ~ 'FAULT' + (AL,NF.XT'OFILIST)I 

PRINT«NE~LINF,"~E~ CAUSE ---- .» 
, F I ' : 
T'nNLV('.f) I 
PRINT«·(·,U~AME'OF'UNIT'OF'STAND'OF'NAVAL'OF'N,n)'»J 

At + ~FXT'nF'All 
N~XT'nFIENTRV'OF'N + 'NIL', 
F + LIH: 
IJ~' C"USE'O~'F ifS' C'RFF"ALARM"VAt"Nll') 
'T~E~' CIU~~'Of'F ~ All 

Al + ~EXT'OF'AL' 
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'IN' 'SKIP'. 
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'ElSF' OEO + NEXT'Of'nED 
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'es.AC' >: 
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'IN' ?~INTCHVL·), 

PRINTC" L"), 
PRPIT("OK") , 
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'IN' PRINT("R ·)'2.0*CHEcr6(S,VAR,COUNT,TI~E), 
PR/NTC" '):2.0*CHECK7CS,~AR,COU~T,TJ~~) 

'OUT' PRINTC"~ ")'4.0*CHECK5CS,VAR,COUNT,TJ~E) 
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'Rf~"FAlILT' F .. LIST: 
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'RFF"CHrCK' C<, 
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lit' tI'lS' ('REF"ALAR'1"VAl"~IL') 

• 



t"' ... 
rn 
>i ... 
~ .... ., 
... . .... ... 
~ 

n 
0 
~ .. 
"" 
~ 

'Ttr.'I' Nt;XT'qc'F. Nc1(T':)F"JEl(T'OF'~ 
'~I.St· \lcXTI()F'~1'" '~~ILI: 

F .. lIEXT')F'F 
'F" )1 

; + Lt';T: 
':JjJILE' I'lEXT',1F'F '1S~H' (lREF"FAUlT"VAL"NlL') '00' 

.( A '" C~USE'~~'~EAT'OF'F: 
C~~'I';F.O '" ';ALS~': 
'CASE' (~,r.() I:: TYPE'OF'A 
'1~' 3 .. CA~s€s'n~'~: 
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~F'H'.).c'C .. 'fAlIlT' + (l1>I1L','HlILT' 'I- (INJL',C»; 
't~T' ~ETMOC~D .. 1,PRINT~O 'I- 50.COLS; 
'RFF" i4'1EV"L' NI 
SF~R~~~OqV'~(·MH ·,N,ULIST,'T~UE')1 
'RFF"~EU' Ii = VALU"'O~'III; 
;; 'I- ,ll'LLSTF:~: 
SEAQCij:n.v,PC"GT ·,~,ULI5T;'r~UE')/ 
'pp:f' ''lEH' TII~F; = VAL'Je'OF'!>l: 
TI"1= ". 0.": 
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'R~~"'LG' ALd ~ '~IL': 
"Il;:F")AV~'~;ET .. ':HL': 
'R"'" I l':17' .1 .. ULlST: 
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11 .. NEXIJ'OPlI 1/ 
SpL!"'I"'(~,SET,AL";) : 
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SPIICE.COIJI'lT'.)F'CL," BefORE ",T1ME'OF'CLl): 
'CAS~' TYH'OF'S' 
'I~I Pkl~TC~ 4SS0lUTE M"~ 

PRINTC" R4TE ft), 

PQl~T(" FULL-SCAIF·) 
,,)IIT'~qlt-rTJ" OF:VI.HIO~ ") 
'~SAC'I 

D~I~TlC"E'DF'5,~eWllNE»: 
PIII~TC(A'O~IS,~'O~'~.C'OF'S,O'OF'S,NORM'O~'S»: 
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E + NExEF'nF'E ): 
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AFTF~'?F'NUMQERSTVlF + KEEPAFTER 
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'n~="~X~~~S~IurJ' EJ 
'pr~I'~T4\~~R~~' $: 
'q:=F' I ~A,1EJAL' .. I: 
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~ + ~"lATI~~S'OF'~: 
"HlLE' E 'IS'JT' (' 'lEF" EXPRESSION fl V4L"hltL') 'tlO' 
( N + LhS'0F'E; 

S ~ ST~'iD'nF'N: 
't~' S 'I~~T' ('REF"~TA'IDARnSl'VAL"N'L') 
'THE'jI '11" 'HlIT'OF'S'IS'(IREF"LlNJTI'VAL'lJ) 

I ~ I I : 
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, f 1 ' 
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'r'_N _________________ • ____ ~ _____ ~--~-------.~-------- •• ---------------------'C' 
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"lFI'''C'HISTA'HS' c" CON; 
I) q p: T ( (i'I ~ 1/ L PI f. , NE 'J L 1'1 e) ) ; 
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VALlIE10F'NAVAl10F'C,SPACE»; 
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Flowchart of Procedure FINDLOOPS 

431 



Check for Alarm 
condltlons and 
store 1f new 
one found 

Dellver 
Result 
: "ALTERED" 

Set "E" to list of 
equatlons of unlt 
1n "s" 

YES o 

Add thlS unlt 
to system 
(if desired) 
and set 
"ALTERED"=TRUE 

Set nE" to next equatl.on l.n list 

unit in 

FIG. A.4.6 

Slmple Flowchart of Procedure SYSCHECK 

432 



APPENDIX 5 

SIMPLE MODELS OF PROCESS EQUIPMENT FOR BOTH 

NORMAL AND FAULT CONDITIONS , 

\ 
TABLE OF CONTENTS 

Sectlon T1tle 

A.S.I Introductl.on 434 

A.S.2 Standard Models 437 

A.S.3 Representatl.on of Process Plant Faults 460 

433 



A P PEN D I X 5 
I 

SIMPLE MODELS OF PROCESS EOUIPMENT FOR·BOTH NORMAL AND FAULT CONDITIONS 

A.5.l Introduct10n 

The slmple models shown in th1S sect10n are 1ntended to be 

representative of the class of models that may be conven1ently used 

for alarm analys1s purposes. In order to be cons1stent w1th the 

conventions adopted for the program, the var1ables 1n the models 

w1ll generally consist of 2 characters. The first character will 

be used to denote the particular quant1ty considered and the second 

character w1ll denote the stream or p01nt on the model where the 

quant1ty 1S cons1dered (see Cbapter 4). The nomenclature which 

follows def1nes the characters used to denote common quantities. 

Any except10ns to the nomenclature will be defined on the model 

concerned. A second convention adopted 18 that all model streams 

are based on mass or volume units rather than molar units except 

where the model is marked with an aster1sk. Models marked in th1S 

way conta1n notes on the stream un1ts employed. Such models are used 

if the resulting set of equations is simpler than the corresponding set 

based on mass or volume units. 

The expressions shown are in the form requ1red for the 

model - no rearrangement or substitution is necessary. In order to 

comply w1th the convention adopted for the program, 1t 1S assumed that, 

/ 
unless otherW1se noted, all stream propert1es except pressure are 

set 1n the unit outputs. Pressure is normally set in the unit 

input streams. In some cases, the expressions used are only 
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appl1cablo w1th1n certa1n ranges of process var1ables. In order to 

allow for these sltuatIons, provision 19 made 10 the program to put 

upper and lower llmits on variable values. 

In order to preserve continuity In process streams paSSing 

through several un1ts, high-gain differential equat10ns are used to 

set intermediate stream pressures. The need for th1S type of 

equatIon arises because conventIonal equatIons for l1quid flow 

generally assume an 1ncompress1ble fluid. If this assumption is not 

made, "the equat10ns become cons1derably more compl1cated and 1t 1S 

therefore convenient to use high-gain equations. The need for th1S 

type of equation 1S d1scussed by Franks(50). 

Functional models are not considered explic1tly 1n th1S 

Append1x although, as seen 1n Chapter 6, the conversion of the 

equations shown 1n th1S Appendix to funct10nal form 1S tr1v1al. 

When choosIng variables names for use in model equatIons, the 

user should avo1d the names below Wh1Ch are automat1cally ava11able 

to every unit module and are supplIed by the program: 

Name Slgn1f1cance Value -----
LT local time 

GT 
global t1me 

HH step length of IntegratIon 

Ex e 2.71828-

~ Half 0.5 

Zo Zero 0.0 

W
N 

Unity 1.0 
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When a stream has been def1ncd for a un1t, for example 

stream A, then QA, XA, YA, TA, PA and ZA are assumed by the program to 

be the stream propertles and will be used as such if encountered 

ln the unit equatlons. 

A.5.2 Standard Models 

Symbol 

A 

c 

D 

E 

G 

H 

K 

L 

M 

P 

Q 

T 

U 

v 

W 

x 

z 

Nomenclature 

Quantlty 

Area 

Speclfic heat 

Temperature dlfference 

Heat flux 

Galn constant (for hlgh
galn equa tlons) 

Latent heat 

Constant 

Level 

Mass 

Pressure 

Volumetrlc flowrate 

Temperature 

Overall heat transfer 
coeff1cient 

Volume 

HydraullC delay 

Mass fract10n 

Voltage 

Denslty 
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TYP1C al Unl t 

2 
m 

2 
W/m 

J/kg 

m 

kg 

N/m2 

3 m Is 

3 
~ m 

s 

V 

3 
kg/m 



C. S. T. R. 

I 
I 

t~v ~ 

-

R 

Notes: 1. L1QU1d phase, constant volume react10n 

2. Well-m1xed vessel and cool1ng Jacket 

3. Closed vessel 

4. No wall res1stance to heat transfer 

5. No phase change in jacket 

Mass balance: 

= 

Component balance: 

Heat balance on reactants: 

= + 
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le; speclflod for tho partlcul:u' roactJon 

considered. 

Pressure In vapour: 

where: V
M 

is the maximum volume of vapour space. 

Pressure at eXlt of reactor: 

= 

Outlet stream: 

K (p - p )! 
B R B 

For coollng jacket: 

Q
F PFCFTF + 

TG = 
QG r F CF 

Q
G = KG~PF - PG)! 

ileat flux to coolant: 
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Notes: 

Tank 

1. Perfectly mixed 

2. No heat losses 

3. Closed vessel 

4. No volume changes 

5. No phase changes 

deL ) 
c 

dt 

d(T ) 
c 

dt 

dt 

= 

= 

= 

= 

= 

= 
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Condenser 

(Very slmple model) 

Notes: 1. No holdup for e1ther stream 

2. No temp. change 1n tube-side stream 

3. Tube-s1de flow enters as vapor and 1S completely condensed 

4. No phase change on shell-s1de 

5. No heat losses 

6. No 1nternal resistance to heat transfer 

A 

c 

B 

Q
B = QA 

dP
C 

dt = GC(QC - Qo) 

TB = TA 

Q
O = KO(PC 

P )! 
0 

X
B = X

A 

QC e c Cp TC + EC 
TO = c 

EC = HLQA 
Qo f C Cp 

c 
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Notes: 

A r-

1> k. 

Fluid 
"Temp 

D = 
M 

Heat Exchanger 

1. Shell and Tube d"Slgn 

2. Shell perfectly mixed 

3. Plug flow ln tube 

4. No phase change 

5. No wall resistance 

6. No denslty changes 

Counter-current 

'Llbe s',dt. 

Sht..ll si (le 
,B 

C. 

dlstance along tube 

1n [TA
T -

B 
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C. 

Co-current 

B 
D 

distance along tube 



dP
A 

dt = 

QB 

dP
C 

dt = 

QD = 

GA(QA - QB) 

- ! KB(PA PB) 

CC(PC - PD) 

K (p - P )! 
D C D 
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* Reboiler (1) (or Vapor1ser) 

Notes: 1. Binary distillatic.ll 

2. All flows and concentrations in molar units except bottom 

stream and heating stream (mass un1ts) 

3. Perfect mixing 1n sump 

4. Plug flow 1n heat1ng coil 

5. Equ1libr1um between phases 

6. Constant pressure in column 

7. No wall resistance for heat flux from heating c011 

8. No phase change 1n heat1ng c011 (i.e. hot 011 used) 

L 
_ ......... 

-r-

~ J 
R 

~ 
dX

R 
= [Q (X - X ) - Q (X - X ) J /HR dt C C R D D R 

d HR 
(QC - QD - QR) dt = 

LR = HR/'\/ ~ RIVF 

TR = fl (XR) 

Q
R = KR [ (Kp + KI LR) - PB] ! 
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(TF - TR) - (TC - TR) 
= 

In [;~ ~ ;:J 

-
[ MI ~] Q

B 
= QR 

X
R 

+ (1 - X
R

) 

TB = TR 

- MI 
X

B = X • 
X

R 
+ M

2
(1 - X

R
) R MI 

Heating medium side: 

dP
F 

GF(QF - QG) dt = 

Q
G 

K (P - P )! 
G F G 

~F P F CF TF - EC 
TG = 

QG P F CF 
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Reboiler (2)* 

" 
TD J~ 

'-~ ~ '"'" 
F -+ 

6 
J 

~ 

Notes: 1. Binary dist11lation 

2. Streams C and D in molar un1ts 

3. Perfect m1x1ng assumed 

4. Equ111br1um between plases 

5. Constant pressure 1n column 

6. No wall resistance to heat transfer 

7. Heat1ng Jacket equ1pped w1th condensate trap 

8. Vapor1sation rate in sump f1xed entirely by 

heat transfer rate from co11 

9. Condensed stream at boiling point 

For steam in c011: 

= 

Ma is mass of vapour phase 

445 



where: 

Outflow: 

where: 

and: 

In sump: 

VM 1S the maximum volume 

dX
R 

dt = 

dH
R 

dt = 

LR = 

$LIM 1S a funct10n that 

defines the valve area 

[Qc(Xc - XR) - Qn(Xn - X
R

) ] /HR 

QC - QD - Q
R 

HR 

'\ f R 
VF 
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= 

For vapour flow: 

Xo = f
2

(X
R

) 

QO 
EC 

= 
~ r H 

TO = TR 

For bottoms flow: 

= 

TB = TR 

X
B 

X . 
Ml 

R MlXR + M2 (1 - X ) 
R 

where: Ml and M2 are the molecular weights of the two 

components. 
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• Distlllatlon Column Plate 

Notes: 1. Binary Dlstlllatlon 

2. All flows and concentrations in molar unlts 

3. Perfect mixlng 

4. Equlllbrlum between phases 

5. Constant molar overflow 

6. Constant pressure 

7. Vapour flow changes transmltted lnstantaneously 

A IS 

1 i where: HT is the molar holdup 

p 

T 1 = 

D c. 

TC = fl (XC) 

Tp '" TC 

comments: Xp = Xc 

Tp and Xp are lncluded 
Q

B = QD If temperature or 

concentratl.on 

TB = TC 
measurements are required. 

X
B = f2 (XC) 
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* Feed Plato 

Notes: 1. Binary d1stillation 

2. Feed stream (F) 1n mass units, all others in molar units 

3. Feed is luq1d at B. pt. 

4. Perfect m1xing on plate 

5. Equ11ibr1um between liquid and vapour 

6. No heat losses 

7. Constant pressure 

8. Constant molar overflow 

dXC t - = Q (x -dt D D 

A B 

1 T 
where: HT 1S the molar holdup 

F p f 

i 1 
D t 
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Kp is column 

pressure 

If measurements are required: 
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Centrifugal Pump 

_-'s=-----7Q ) 

Notes: 1. Isothermal operation assumed 

2. Constant rotational speed of impe11er. 

BaS1C Relation: 
n

R Q 
NS = 

( H)'l4 

where: NS is the specif1c 

n
R 

1S the rotat1on 

Full equation 1n terms of d1schargeftow: 

Simplified equation: 

dP~ 

dt = 

= 

451 
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Notes: 

Outflow: 

Flow Meter or Pipe 

CC 
.------+1--------.1 ~ 

1. Isothermal Flow 

2. No dens1ty change 

3. No stream C for p1pe 

= K (p - P )! 
B A B 

Cont1nu1ty: 

= 

Exit temp: 

= 

EX1t concentration: 

= 

Output signal (for flow meter only): 

= 
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P - I Controller 

A 

Notes: 1. Ideal act10n - 1f 1t is desired to take 1nto account 

saturation effects, then limits must be spec1fied on 

the output pressure. 

2. Integral act10n represented by approx1mat10n 

3. Contrary to ccnwnhon of Chapter 4, the output 

pressure is spec1fied 

BaS1C equation: 

where the error, E, is defined by: 

E = z -
A 

and Po is the steady-state output. 

The 1ntegral may be approximated by def1n1ng a "local hme", 

LT' for the controller, a "global time", G
T

, uS1ng the steplength HH 

(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 1n the order shown: 
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L +- G 
T T + ~ 

At the start of each step of the integration LT and G
T 

have 

the same value. Su is incremented by the qtiant1ty E.HR and LT 

1ncreased by HR' On subsequent iterations dur1ng the same step of 

the integrat10n (corresponding to the corrector 1terations of the 

1ntegrat10n program) Su and LT will not be altered S1nce G
T 

is not 

incremented by the quant1ty HH until the ~nd of the step. 

GT 1S automat1cally 1ncremented by the program and no express10n 

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

The model output'is given by: 

= 

where: Po is the steady-state output. 

The funct10n LIM allows the model to 1ncorporate the effect of 

saturation. If the m1n1mum and max1mum controller outputs are 

PL and PH' then the model becomes: 

where: PI 1S the ideal output pressure 
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Funct~on LIM 1S def1ned as follows: 

Argument Value of Funct10n 
X LIM(X) 

, 

X ( 0 0 

0 (X ( 1 ~(l - cos llX) 

X > 1 1 

This function 1S ava1lable as a standard program fac1lity as 

described in Sect10n A.2.2.l. 
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control Valve 

A B 

Notes: 1. Isothermal flow through slid1ng-steam valve 

2. contrary to convent1on of Chapter 4, pressure 

in stream C 1S assumed to be fixed at the 

controller. 

= 

area available for flow 

valve constant 

where: = 

For qU1ck act1ng valves: 

P BON is bonnet pressure 

For veloc1ty 11mited valves: 

<VMAX 

maximum valve veloc~ty 
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= 

For large valves, the change in bonnet pressure w1th respect 

to controller output, Pc' may be 1st (or h1gher) order: 

dP
BON 

--- = dt 

TV valve bonnet time constant 

Full equat10ns for general use: 

= 

= 

= 

= 
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Stroam M~xcr 

c 
~--------------~ 

Notes: l. Identwal stream propert1es (Cp '~ ) 

2. No heat of m1xing 

3. No heat losses 

4. No holdup 

5. No volume charge 

Xc 
QA XA + Q

B 
X

B 
= Q

B QA + 

QC = KA(PA - Pc)! 

= 

= 

= 
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Stream Divl.der 

Notes: 1. Isothermal 

2. No density change 

Q
B 

= K (p - p )! 
B A B 

Qc = K (P - P )! 
C A C 

= 

L-__________________ _ 



A.5.3 Hoprescntation of Process Plant Faults 

As noted 1n Sect10n 5.3.3, the faults to be cons1dered are 

represented by changes 1n variable values or equations or 

comb1nat10ns of both. This section will be concerned with 

demonstrat1ng how the models used for the present study may be 

changed 1n order to s1mulate s1mple fault condit10ns. 

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

equations used are: 

Outflow: 

Cont1nuity: 

Temperature: 

Concentrat~on: = 

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

new equat10n may be used: 

= 

where: Zo has the value 0.0. 
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Thls expresslon temporarlly replaces that normally used to 

deflne the outflow. The use of keyword MASTEREFFECT, descrlbed In 

Chapter 5 and Appendlx 2, Sectlon 2.4.1, allows the user to lnput 

an expreSSlon to replace the normal one. The program automatically 

replaces the old expression ln the model and stores the old expression 

for automatic reinsertlon after the current fault is finlshed. 

For the case of a valve jamming in the open posltlon, the 

slmulation is slightly more difflcult. The simplest solution is to 

change the value of Q
B 

directly by lnputtlng the maxlmum flow rate 

and then SupplYlng the dummy expreSSlon. 

= 

to malntaln the flow at thlS value. 

The same dummy expression may be used to slmulate a valve that 

has jammed ln the normal posltlon although no prlor change in variable 

value is used for this case. Such a condltlon wlll not cause any 

symptoms to appear during slmulatlon unless a further change is 

~mposed on the model at the same t1me. 

The Slmple model shown makes no prOV1Slon for a difference 

between the Ilne pressure, PC' set by the controller, and the valve 

bonnet pressure. (Note that the "full" valve model shown in 

Flg. 4.1(a) of Chapter 4 does include thlS feature). If it lS 

deslred to conslder a leaklng valve bonnet this may be overcome by 

reducing the value of RV. 
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For a val ve where the process stream ~s leak~ng, a change mus t 

bo made 1n the hIgh galn equatIon used to preserve contInUIty. 

Slnce the leak has no correspond1ng stream on the model used, a 

mass "sinktt must be created. '!his is done by l.ncludl.ng a further 

constant in the h1gh gain equation: 

= 

where KA 1S less than un1ty. 

Some faults may be t1me-dependent. As an example, cons1der 

a compressor fal.lure 1n the process aIr system. The decrease in 

pressure might be considered to follow a sImple decaYIng exponent1al: 

-K t 
Pc = PN 

e 1 

where: PN is the normal pressure 

Pc IS the actual pressure at t1.me t 

KI 1S the decay constant 

Wh1lst this fa1lure might be considered a little unl1kely, 

1t serves to 11lustrate the p01nt that such faults are plausIble. 

More complicated time-dependent faults may be simulated by use of 

the tr1gonometr1c and logarithmic functions given in SectIon A.2.2.1. 
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