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Abstract

o I;

With the increaSing size and complexity of industrial plants
ther'e is a ,~rowing need for modelling techniques and tool!? that

'~- \\can "De uaed-. to aid the operator in the daily .running of the."
plant:. This research investigates a modelling technique, known (!
as multileve.)? flow model:t,;Lng(MPM) and as~'esses 'its suitability
for fault diagnostic appl~c:ations. A rule 'base for measurement
validation, alarn analysis and fault diagnosis is developed which

\:

is independent of the process struct1\Fe 'and the humber of. sensors
used, so as not to Loa e the generality 'of the modelling
technique. A case study Shows that it is feasible to use MFM for
fault diagnosis and that this techniqUe has the flexibility to
accolflnlodatealter9-tions.
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Chapter 1
/'

II
,1/

uo ,~

lntroduction.
o

I,

:MC3,rtYindustrial processes are equipped with elaborate control
systems which ass,ist the operator in ma'lXimizing system
performance. v.7ith the growing need for relia:tr±lity and safety,
these processes are u's"q,9-llyequipped with a large nuniber of

1/sensors, which cclcn activate alarms'. In the ey,ent of a fault
"occurring, many alarms may be triggered. A small percentage of

I it

these alarms will be directly linked to the actuai fault (primary
fault)" and the remainder are due to consecJuent~al effects of the
primary' fault; the domino effect (secondary ~Uarms). Th;i.s
ind,~' '~tes the importanGe of having a supe-rvisory and monitoring

\ " .,
controller which can distinguish primary from seconda:r:yalarms.
Alarm annunciation is used to pinpoint bzeakdowna in the process
and to indiqat:e that limits whicFWil1 affect the final product,
are being exceeded.

Fault diagnosis systems will become an \~+tl:portantpart of control
systiems where plants may ext.end hundreds of meters and have
thousands of process variables. Due to the actual size of such
plants it is unlikely that the 'pperator will have "hands on"

"
experience and, detailed knowledge of the entire process. This
makes it desirable for the operator to be assisted by a fault
diagnostic system.

1
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Figure 1. 1 Operator and the P~lant

The guest:Lc.l17,arises, "Can' fault diagnosis be performed with
t()cf~ys '.1 fau;Lt diagnos.tic theories and expert systems?". This
~.'.,,:' '\
proj ect repor.~ will attempt to answer the question by discoursing
fq.,ult diagnosis using a simple modelling technique I MultileveJ

'.'

Flow MotJeJ:.:ling(MFM)r which allows virtually any flow process to
Ii
Ube modelled and provides a physical and fUI1Ctiortal view of the

process. ~"
'-'~~

':<:~~ ..--:;=:-~
'I'his invest igation aims to assess the effectiveness 8F';MFM in
performing taaks ~uch as measJrement vaLidation, aLarrn ana.lysLs

j' \~'\';

and fault diagnosis as well as generate a s.et of \b-eneric rules
to perform these tasks.

1. :l STATEMENT OF ,.TIiE PROBLEM.

Even the best operator will not always make accurate decisions
concerning the process if a measurir..g instrument failure occurs.
An experienced operator maybe able to operate the plant fol'"'some
time by ignoring somemeasurements and relying on his knowledge

2'
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of, the pas~ his.tery of the plant. This met.hod of operatien
Ir

hOwever, cannot- continue indefinitely and cou.l.d lead to' more
aezLou.s failures I s.ince the operator may oscillate between
maximumand minimumlimit"i3 of the plant. This causes strain to
the equipment whd.ch could result in br'eakdowns which in turn,
weuld increase the ,running cost of the plant ..

.In the Three Mile Island nuclear accident fer exampl.e, the
offendinz:::yressure refiief valve which was stuck epen indicated
in the control rroom as being clesed. r.rhiswas because the valve
indi'cati;en showed enly whether the valve operating seleneid was

(,)

energized or net, "and did net truly reflect the pesitien., of the
valve [11). This ':indicateS the irnpo.rtance of monitering all
C)i\:-itical parts of pthe precess.;7 .,
An investigatiml. is perforxned Lnt.o Multilevel Flow Modelling

;~~

(MFM) with, the goal of determining if MFMcould be used as a "
generalised modelling technique which could be applied easily to'

\\ )

other processes and a generic rule base generated'that :<1ouldl:;>~
used hfor measurement validation, alarm analysis and fault
diagnesis on any fJ.ewprecess.

1. ~.2 RELATED WORKD

RoLf Isermann [61 prevides a survey of fault detectien, with
emphasis placed upon the menitoring of immeasurable quantities.
Use wars made of process mode.l.s , paJ.:'ameters,
and statistical decisiens, resultin!;I
:mathematically complex solutien.

state estimatien
in an unique,

Gertler (17] inVt::'Fftigatesand presents a 8Urvey of techniques to
I

detect and iselat.e failures such as ,;enser based act.uat.o.r
"malfunction, leaks and equipment deterioration in comp Lex
technelogical systems. Techniques such as analytical

3
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redundancy, st?,-tistical testing and $ignatur~' analysi$~~)'were
, I" '\\

used. rrhem~;:iorpaX'ts highlightec1l were:, quality of the ~ailure
",,- ,', " . j" . . "-'

detection and, isolation aJ."gorithms1 isolatability r sensitivity
and robustne$s. No consideration was gi!,;en to a most important
criteria of· modern design! flexibility"

':)

Paul 11. Frank [91' discussed an Ipna.lyt\ical redundancy aJi'"Qr6abhto
fault detectiq.h and isolation (F])I) and points out that, the
case where only ·_];;coror iInpreC~se analytical models are
a,,!~~l~,blef tlJ.Bmodel-based FDIapproach is still problerrtatical.
I~ was con.cluch~dt;ha:t;:"FDI is primarily a question of the

"quality O;C the ,available mathematical model of tlle 'system. ~,
This is .not; en'~~i;t;',ely'trua. The quality of the model used is

)', " . . J,,,_-, .' _ . "';::_",J/

'~'VE¥ry ",important~\ but it does not have to be mathemati¢allY
inteflsive to be i:!,~ effective modelling techniciu~.

a

Danai and Chin [2] '\~nvestigate fault diagnosis by rep:):"esenting
tll,e fault signature by a column of a mUlti valued influence

"

matrix (MVIM)(,aRd\.\se adaptations td"cope with fault signature
variability. ~'~~1 ~\S a cGmm@ndablemethod for fau?~t diagnosisj,.f;_;' . '" ' , . '\_ . J.. ,:'

when inadequate" S:qtistics preclude the (lise Of,.a st;,ati~tical
pattern classification technique since it,.does not require any
knO~~dge of the probabilistic structure of the sy~tems. This
pr6t:<i.8"that the ability to perform fault diagnosis .-Lsnot
enti;t::'ely dependen't ~n the quality of the rnathem~tical ruode.L,

Medlock and Furness [14] paper gives a de,tailed and compr;t=hensive
o

review of the technique of mass flow measurements giving
consideration to direct and ipdirect measur(;ments.

Neil P. Piercy [7 ) describes a process of selecting filter
to detect and identify senaor' failures. Aresidual~ in order

'/
valid geih,erc1.lisedtechnique for' sensor validation

(' ."'-':'t ';:~.,", , " , , ' " ,,-<';

class 01; ,$pm,\orfailure was supplied.
for a single

4



F' •G. shinskey [8] addresses the needed for a standard and
P\t~po$es ~. series <:!if tests Which may be;' used to compare one
col.1.troller aga.i.nst another. Shinskey does not put forward a
standaXis:lagainst which perfor;mance can be judged since, most

. \c
controller designs are unic.I.\~eand 'therefore, cannot be
compared.

:tn all UPe papei';s considered there is no mention of whether fault
diagnostic theory has reached a standard where it can be freely
applied in industry, The majority have put forward complicated,
unique solutions which are not easily; understood, the result
being that the theories h\~lVenot been put into practice by plant
engineers.

1.3 DESIGN TOOLS.

A commercial real tiroe expert system called GensymQ2 (G2) [lQJ
used, since G2 is a commercially available expert system. used

in industry, allowing for technology transfer I bridging the gap
between academic research "4nd the requirements of industry. G2

I'

is used to Simulate the process and develop the multilevel f+ow
modelling t.echnique,"-:{I.1itha generic rule base.

G2 is a tool for developing real time expert systems fo:t:'complex'
applications that require ,continuous and intellig~nt monitoring I

diagnosis and control [19].

5



G2 has the following capabilities~:

* Scan,.\an' application and focus on key areas
' ..

* "Reason about and control events in a cont Lriuous.Lychanging
environment

* Respomd eo events 'when tliey occur
Apply both procedural knowledgef and rlde-bas~d heuristics
Express amd make use of r,lPlationships between,. obj ects

*
*

A high .....level language is provided for writing rules, functions
and proqedures in a graphical envdronrnent;,

1.4 RESEARCH APP~OACH.

The aim of this investigation ..is to determine how ef~ective
Mult.ilevel Flow MOdelling (MFM)is as a t6'ol for fault diagnosis.
The concepts and rules developed may be applied to different
processes with a mi.ndrnum amount of modification and ylithout the

\.:';
need to generate a new rule base. Th:Ls is ;(.'!,chievedby using a
modular appxoach and is aided by G2 's progr,pJ;nffiingmetHod, since

D

the rules d.evelopec'1:do not refer to particular obj;iects but
/J

rather, to classes of db~ect$.

The approach taken can be described by the following' steps.

1. An invGstigation into the theory of MFMwith .the addition of
.' \'

components to the modelling technique ·Nhipf.r;~~re found to be
lacking. ' .

2. 'I'he implementation of the
3. The implementation of/)MFM

knowledge base.

6
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4. 'lIhe testing- and. r~;E±nelUeI1tof the'ganeric rules developed
C]

for fault diagnostics.

Initially it '..tas nec.essary to obtain a rt:':a:.:>.<:mCibleworking
~- Jj

knowledge of G2. A sirnple two tank process, was simulatecL A
c>

mode.I, o.f the process 'Was gener£tted' and aoma.fault diagJ;'l.qstics
were perfoJrnled op,;,the p;t;o¢esfL This indicated possible problems

\1
that coul'd"occur 4( if

(\

A suitable process .was chosen for the purpos'e of the study (see
'I \)

Chapter 2yJ. ThE;:!knowledgea base that was to be developed had to
.~

be independent of the actual procesS and thus not dependent orl
the number of sensors and act.ua.tors in this partictila;: pla.nt.

,<' U

o

1.5 Overview.
I)

The First three chapters (1~3) of the project; report are
introduct9ry in nature. Ghapter 4 demonstrates how MFMcan be
used for fault diagnosis. The last chapter (5) contains
cOl1clud~ng remarks.

Cha.pter 2, .l?hYSidal Plant COnfiguration used.
The requirements of the lprocess to be modeLl ed are set
and the functionality of the ,.test. p,lant. is described.

~. . .• .' ; , . ',\1

out

ChaPter 3, Multilevel Flow modelling.
MFMis introduced, with a description of its flow ,functions

"and how they connect to each other. II'Ilheimp,lementation Of
MFM in G2 is demonstrated by modelling the proc,eSS
described in chapter 2.

Chapter 4, Fault Diagnostic System,

7



The development of· the fault diaghostic system is proposed.
'The various steps for fault diagnosis ar.e discussed .. They
are then imtJlement~d in G2"to .construct a fault diagnostic
system using MPH.

Ch~~r 5, Conclusi,on.
~he last chapter provi~~s a s~~ary of the investigation
and illustrates the significance of the research.

(;

»)

If

8
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Cl'lapter 2

n

Proeess to be Modelled.

A process wa.s lJequired that met the following specifications:

* The prodess should incorporate cwo or more types of flo"'T in
order to demonstrate the differe.nt flow "types ,that can be
modelled. " n ,

.:i.ndorporate the majority of the flow functidns.
be of ;r.-easonable compJ_exity.
be typical of processes found ;t.n industry.

"'* It should

* It should

'* Ij: should

,\
. .. . !. \

Figure 4.1 shows the example created for this investigation. 'It
is a simple §ystem of buffer tanks which mi:>~e$two liquids and
produce.s tqe resultant liquid at a constant; rate, re-circulating
any excess liquid.

Product' A is produced in small quantities and stored in tank-A2 t

while product B is produced rAt a conat.arrc' rate and stored in
tank-AI. 'I'he liq\~idS are mixed toge'ther to produce Ct which is
stored in tank-Bl. Tan:K-Aland tank-A2 are situated above tank-
ai , with the outflo~ of each tank being depEmdent;;)on gravity,

~')

described by the follOwing equation:

V = V (2gh) Torricelli' s Theor,em
outflow = vA.

9



where outflow (m31s)
A is the ar€a of the outlet (m4)
v is the velocity o'f the liquid a.t the outlet ,(m/s)
g is the gravity '6o:t1stant (9.81 m/s4) 0

h is the height of. f:t}lUid (m)

Source of product A»~~--------~--------~--~~~
Source orproduct B

::I>:I;_......._ ---, l
o

L___ Sensor :
-I r-t.----

'- ........ -1" L4Contr()lle~l-~----- ......

Output of Plant
Product C

It

Fi!;:rure2,1 Physical arrangement;. of the Plant,

The objective of this plant is to keep the output flow rate of
tank~B1 constant. trl~.\isis achd.eved by re-clrcula.ting the excesS
of product C into tank--A1via pump-A1. The controller varies the

G

spe~(i of the pump according to the output of tank-Bl. This
exa~~ple was implemented using" G2I S simulation facility.

10



<I
The ;~xample used 8buld represent:: a diluti~\)):1 p:t'ode"ss

\\_' 'j.. - - _.\i_ -,' (I '\\

monitoring ~he leve;L of. tank-A2 and controllinQt. the ihflow ~tnso
tank-Alt,·. ignoring pump--Al. It could also represefu.t a fe:ttnentation

" ,'0 - - .''' - ,'" -", _ - -',.,,- r: ", - - \\

process or a Chemical reaction where Ct catalyst:: is. adqed and the
concentration of C is monitored. Th~·:out:.flov-r)is re-clryulated or

;:.~.

e"~ts the plant, d~p~fid:i;ng 0)1 t;he state ..of the leaeti,o.n,
\\ .

o

11
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The exis,t:ing contributions to mult~leveJ. flow modell itlg have been
~ G .

made Joy M. Lind at the Technical University of Denmark, J.

Rusmussen ~t the Reso National Laboratory and J. E. LarSS0n at
o

the Department bf Automatic ccintrol( Lund Institute", ofc.

Technology, sweden. The c1e.scrip,tion of Mf'M :tIl. Larsson's paper [lJ~. • .. . 0

".Model-Based Alarm Analysis Using MFM~' is uaed in thi~~.•proj ect.

M~Mprovides a physical and f1,lndh,ional,view of the process be.ing
mode LLed., The physical view describes the components that axe
pre.sent in a pt8cess r the way in which they ccrmect; togethef' and
their d.ependency upon $ubsystems. The functional view represents
the goa,ls of the process and the functions provided.

c-,

MFMmodels are built up of basic flow. functions I which can be
\~

connected together to. form virtually an:y type of flow process.
The basic flow functio.ns are illustrated in
provides a graphicgl representation of the
understood by the operato.r.

figure 3. 1. \:Vn.is
i/

p:r,ocess, easily

(J

)\7 12
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~

'.Source - carr only be connected tc\a transport.
'" only has an ou~put conneCtion.

Transport ..may only be connected to sources, St()rag~, (7

bal~nces, sinks, connection and calculation .
• has an Input and an output connected connection pOint.

1/

i'l.( ~,.., ',.. Barrier ...can only be connected to a balance, '. -v-</' " ..~~sanmput and an output connection point.

0·',",Storage ~can only"be connected to a transport.
" ..has an input and an outputjftmnection point

~ •••6a!ance,.:~~ '~glrn~~t~~~;~egu\~.~ ~~~~:c~ro~a;~~~rt.

o
Calculation - can only be connected to a transport. "

f? - has an Input and an output connection point.\[ " " "

, \\
.j .

Sink ..can only be connected to a transport.
~ O'1ly has an Input connection point.
(;

Connection ,. can only be connected to transports .
..may haye many input. and output points.

M~nager'~describes the control function and connects to rl~tWork ~rltfgoal!,
- has two connection points. ' , <:

C'NetWork ~coqnects to manager a~d groups several functlonst
) - onry one connection polnt.

o Goal" connects only to a manager flow function.

Figure 3,1 Basic flQw functiQns & CQnnectiQn rules.

13
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Connection: This overcomes the problem of three or more ,objects
Q ..•.f,. "-

being 't::!onn"ectedtbget:her in'G2 and ai.ds in fault diag'n.bstics.
The conne,etion has -no s~nsory' data. It~ only fGncti6n is, tol, 'cbrnbi~e the attl;,ibutes of the transports connected to it. This

~~\~C-~;_~because (::J G2 will not allow identical obj ects connected to
c: ''''~! ", ',', ' "a common.obje~t t9 be referenced.by the, physical connection

,), . ' .' ", ,. ___ .r: ,_ _. . '
betii17een"those obj ects and "tb;~~~,;torru:non.ob]ect j ,sinc,e there are
two oJ;)j'ects .of the same class from which -t;o chooae-,

Calculation: This is .due to the fact that in information floWI
the ~n;Eormation can be changed, i. e. the output i~ some

<, fun.ction of the inputs, not necessarily the sumof the inputs.

\~~
EJachof the flow functions can be: used to represent either mass,
energy' or information flow with the exception of calctilatiot],

"Which can be .used only to represent information flO~. Not~( the
le/ ,'.. '~_'l

flow fl.tnctions can 0ryLY be connec\'red according to t~e connee'tion
rl.lles in figure 3.1. The most important rule is that: Flow

\\ h·':'

of a particular typ.e may only be connected to functicms
of the same type. [IP

3.1. :rmpJ.exnentation of Flow functions in G2.

Each of th€! flow funct Lons as described above are \defined' as
objects with their ownunique" icon (figure 3.1), belonging to. at:.
MFM class, 'within the class hierarchy of G2. Note, in G2 at).
object can be referended by its name oar, as an instance of a'

14



class or f by a pbysical' corinect.d.onto it.

'!'hE>'< floVl functions arH ..divided into two groups:· mas.s flow
(~~'U;:ctionsand management flow funct;-fi,0ns.Tbis is illustrated by
the hierarcbical structure shown in figure 3,,2.r-;

\.,!",~;

r
Mass Flow FUnctions

Multilevel Flow Model
(::::~,I

F \..1. I ~
Source Transport Storage Calculation Connection Sink

Management Flow Functions

" I
I" . \' '. I .

Network Manager Goal

,. '\ \\ - - - -- - \\,"
Figure 3.:2 Hierarchical Cl9.IDL,Structure of MFM flow functions ..

Mass f~ow functions are those fUnctions which relate directly to
~- <~

a Phifsical\laspect of the plant and have the following attributes
(variab+es) :

t.Lrrd t.ar.Lonsr describe the limits which maynot be exceeded by the
cornporient; being modelled and are set by the user, e .g. low:
flow, low level, high pressure etc.

ff//

Sensory: the type of sensor connected and the reading recei~ ,
" \
~<,)

from the sensor, e.g. flow, level or pressure.

Management:" describes the current condition and state of the
flow function and the ti:me since the last failure involving
the flow function, occurfi:ed.

Each management flow function has unique attributes which are

,:;15



described below:
, I

Network: has no attributes since its purpos'e is only t;o

indicat_e, which mass flow functions .belong to Ule mct"1age:r;\to
,,_' (

which 'it is,' ccrmact.ed ,

Manager: "has three attributes, fault,l, fault2 and type. Fault1
and fault2 represent' the clbsest upst~eam and downs.creammass
flow functions from which tbe fault; c~n be identified.t i.e.
tri'e ,po~ition 9f the fault. IJ:'ype,describes the type of fault
that has occurred.

Goal: has two attributes object and system.~Object describes the
gO&1.of the process and system describes whether the goal of
the pr02ess has been aChieve,d and if not, why?

3.2 Model.l.i.ng the pl.ant with MFM.

Considering the different types of fLowchat; h~;>yeto be modelled
~/

in the procesS described in chapter 2, t~e MENmodel shown in
be obta'ined. The plant is separated into three

CI
The mass flOW, ego flow of products A, Band C is described by
the flow network' called :I-NET and is constructed as follows.

(_ ( - . .. ':.:..~
I-SOURCEland I-S0URCE2represent the source of product B and A,
respectivel:St, which in turn ~..,~~:winto tanksi~'(I-STOR1and I-STOR2)

\ _1\,- '

via transports. The outflow'~:E l~STORl'and I-STOR2are cornbd.nad

to form a single input into tank-B1 (1-STOR3). The outflnW'·o;E·1-

16
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C.J

STOR3is 9J;)lit into two I to form th,~ ,~,out,putof th$ process {l.",
/-.............. ',,':'

SINtJ,}c;~Ild\\to be, re-c:t:r.culated baok' into 1~STORI ('rANK:;-Al)~ via
:;J connectior)" I-CONI, with the aid of pump-A1 (I-T:RANS8). The

transports (I-T10-NS) ar<:~'used to complete the flo'V>lpat(),
I.)

';"1
Transportj I-TRAN$8is used to m6del a pump,..which is dependent

"'(,

on the flow of electr~city, described by 2-"N~'F.The electricity
supply is modeJ.led by a source p-lowing

J
into a sitlk. The.:§oal of

. ,~. . ..',.. .t ,
t;his network is to provide power for the pump (1.;-TRANS8),.

;/

~ ,
r:l]he'arn~i{jnt power supplied to the pump is con:trolled b1:t "'1.':h$

contr~ll}~tkork" (3-NET). This is mOd~±fedby a ~ource \~3(j8tJRb~:li
(.),', u c, ',' '" " " ' ,~ , " ''-'" "" , , ",~ """, ' f\, , _,.,....,a settsor) with its measurem~rt flowing into a calculatimll ,:I;>low,,0

\ ',',,-' ' " , " /. , . "~";; -, Ii /1

funcd_on, (3-CALCl). 3-CALJ::1;:~~epresentsthe, control ,functi'Olil:tnd
"can be used to check the controller. The signal is ,;then sent to

a sink, iii this ca~ an actuator. The goal of this network ,is to
check that the actuator is recetNing a signal.

The mass fiow (i-NET) is the m6st, !;)ignificarlf:( since it describes\'~>
the actual mass flow around the process and 'is the overall goal

\' " "" _., . -' .:.,' . - .. ' '. . : /)-of theJpro,Qess. Transport l-TRANS8is dependent on 2-NET,1s goal
C.".r). '. . ;' "\~J\ \'1, ..';:> -, '. "

being aChieved, ma§ing the goal of a<:·NET"Clsubgoalof i-NET since
o

the goal of l~NETcannot; be, accomplished if the goa]" o:e.2-NET is
not achieva'ci. The elect.:ric'l.J flow is in turn cont~olled by the

"; . .- .;' '''--'--... -,-... ':':-;'

controller.1 described by 3-NE'P. This form:;;a hierarchy.with the

achievement of the overaLJ.,\j~goal being" Be;pem:le(D upon the
subgbals. 1/

r.)

Note, the numeric value in front of the flow function' ob'jects
'". /"'\ -.'

name e.g~~~;,ii-NET1 indicat:es its position in the hierarchy

C5

17



I GOAL

)

l·MANAGE

j·NET

<

3·NET

Figure 3.3 MFMr~pre$entation of the modelled prQc~
,~/
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Fault Diagnostic SystelTt.

The maf.ri aim of this investigation is. deterI'nine. if M1il\i is a
feasible method for fault diagnos;i.s (not to develop a f.ault
diagnostic system). Bach ot the topic,s mentionefl below are in-
depth fields of study in their own,ri.§htr,. They are only touched
upon in this proj ect report: I to show that :t.fFMcarl"be used for
fault diagnosis.

o

~
t t t t t

I. ~I... ~ \

.: ttt+ttttttL.__.+tttttt~t", ..
Measurement Valldatlon • \.

" ..

~----__--__---------- ----~--~C~,------~
Figure 4,1 Failure Detection Hierarchy.
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A fa;ul t d~.a.gnostic System must check if pre-<1efined limits are
ep:ceeded "as well as detect more subtle changes in the
rel~tionships between variables. At the same time, in order to
haVe a high degree of reliability, it is essential ;that there is
a way of checking ..for instrumentation errors. A structured view
to fault detedtion, may beel;).seen in Figure 4.1.

, ' " /?
Tbe amount: of information that. is passed up the failure detection
hierarchy from ,;Layer ,ttl layer decreases with increased meaning
to the operator. The accur-acy of any layer to per:torm its
func.tion is dependent on t.he accuracy of the prec.9ding layer. A

fault: cannot be correctly identified if tbe correct alarm was not
ident:'ified~as the primary failure.

The fault diiflgnosi$. process used in this i:t}vestigation can be
described by the flow chart di,~gram shown lin Figure 4.2.

4.:1.

Tb.e first part of any fault detection system is measurement
\ralidation, since, a qorrect diagnosis of the fault can I t be
formulated on .;:-,i.ncorrect data. c; There are various methods of
measurement val~.dationJ r,anging from 'a~nsor redundancy to
analytical redundancy. A measurement val'idatio:n. sy§t~rft must be
able to indicate when a sensor has fa:Lled as well as when it i.G

\\

about; to fail. Since a sensor can fail in unpredictable W~yS, it
is nec¢ssacy to have· a Itrariety of dBteqtion methods ..')

An effective method of measurementr va'Iidatd.on is hardware
redundancy I using three or more sensors to compare the ItlE,;asured
values, in order t6 determine the correct measurement. A type of

20



analytical redundancy has been c~;msidered here sinc,e no hardware'
was actually used is this" investi.gati,on,

"

Sensor data
reading

Figtre 4.4 Flow Diagram of the Fault Di.agnostic Process.
" ~\ \;

,?ill effective meth~)dof analytical redundancy is when all possible
flow measurements are taken and by then considering the phySical
relations between them, a faulty sensor can be identified. This
method is not always possible since sensors arE~ expensive, so
only the minimal amount of sensors requir~,d aJ:;-eused in the
controller.

21



"\'
The an"alyt£6al redundancy method must be ab(le to identi'£y sudden

\;

and gradual i, failures and check for irfconS'istencies with
neighbouring sensors. Twomethods of measurement validati~ have
been us ed to identify'these ,fa::i.lures:

In method one, with G2I S ability to keep a history of the
measured value, it is possible to predict, \vith some degree of

~~:;;::.

accuracy the next mE~srtred value. A predictor ./is usually used in
the control environment but has hot been 1.I{sedhere since it)I , • " . ' .
requ.ires the cu.,;r-rentand previouS inputs as w,ell as the previous

II

outputs. This' requir~s complex equations" losing the generalit:y
D

and flexibility of. the modelling technique. Extrapolation is USed
since i.t is dependent an t11eprevious measurelhents of the sensor

" '{:!

and the time at wh'ich the measurement was taken. A sampling rate
. 'iD ',' ~

of one aecond; (:\,$ used to simplify the equations and reduce the
number of variables required. This approach does riot affect the

II' 11

generality of MFMSince it is independent of the plant being
modeluledr where a predictor is based on the type of plant being
modelled.

Using th~ Newton"";GregoryFon4ard Difference interpolation formula
arid using only 5 terms in order to mi.ndrrdae the amount of
computer memory used and maximize speed, the foll()wing formula
derives an approximate figure of tJ1,e next readinq- from the
sensor.

)'i

Predicted measured value

Where Xo is the measured value 5 seconds ago
Xl is the measured value t seconds ago etc.

(See Appendix C for derivation.)
/ ;

If the ~ctual measured value does not equal the predicted
measured value .± the error in e:x:trap61(:'t-ion, th~n the sensor is
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presumed 1;0be faulty.. The state of the flow obj ect is set to
faulty_type_sensors, which describes the t~fe of sensor that has
failed. The sensor is disabled if two cons~cuti ve readings a're
found to be faulty. The .sensor can only be react~ivated by the
opera.tor.

The above method will identify sudden sensor failures but not
gradual sensor drift oX'failure.
The second method is desigtfed to identify sensor drift. This is
dMe by comparing the condition of each flow function w~lth the
condition of its neighbouring flow functions;;- If the condition
is not the same as its neighbours then the sensor has failed.
Again, the failure is logged and the state of the object is set
to faulty_type_sensor.

The analytical redundancy used, provides solid grounds for
presuming that the sensOr data is .valid and allOWSfor accurate
alarm analysis. (Rules in APpenq.ixE)

(I

'·l,

4~2 Alarm Analysi~~
tt

Alarm Analysis is a primary step ~towards the development of an
intelligent controll~r. At this stage the distinction between
prin\?try •and seocndarv faults is made. This distinction~; is

required since alarms almost never occur singly andvhave a domino
effect, triggering off 'other alarms. In the Three Mile :tsland
accident., within a minute 0~1 the first event, there was a cascade
of 100 alarms [4]. This e/idence points out the importance of
showing the oper.ator the primary faults only, so as not to
clutter the operator with unneceS·sary information in a crisis.

23
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By analYsing the relationships between flow' tunctioils., it is
\j

possible to distinguish primary from 1;iecondary alarms. This is
done by"cons idering the' sYtnPtomsi,(t6f"each flow functidl) e. g. low
f£'Qw, high pressure., which are stored in the cQnditiotl atytribute
of each flow fUnction. The symptomsare generated when predefined
limits are exceeded or, a senspr is found to, be f,~ulty.

It is important that the alarm limit be set accurately in orde)::
to prevent falSe alarms or, alarm conditions to exist but not be

j

recognised; for this could be detrimental to the proces9'

once a limit of the flow, level or preSsure has been exceeded fOr
any .flow function and the measurements are valid" the condd.t Lon
of the floW function'is. set to. q mearri.nq f'u.L name which describes
.the failUre (s:}(Itlb0licvariables of condition, see Appendix B) •

l?Y comparing. trrhe condition of the' flow function with the
condition of surrounding flow functions, it is possible to make
a dis tinction between wl;"j.ichalarms are primary and which az'e
secongary.

A secondary fault can be identified from primary failures by
USing the rules, i,'fl Appendix F'. These can~be condensed Lnt.o the

"'. ))
following rul~: J

IF the symptoms of any flow function are simil~r to the
symptoms of the relevant neighbouting flow function
'rREN the failure occurred by the flow function is a

secondary failUre.

e.g.
IF a flow fUnction has high'pressure and low flow
ANt> it's downstream neighbour has high pressure and low flow·

THENthe flow functions alarm state is secondary
**'* \ since the fault is down stream.
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Once a secondary failur,e has been identified the state of the
flow function is set to secondary and the clear~state~courtter is
set 1:0' zero. Ten seconds after' the symptomshave disa:r;:)l)earedL e •
condition is normal' .arrd no new sytQ.ptomshave appeared, then it
is assumed that the ..fa\tlt has beex).clt:!ared. The state of the flow
functicDn will automatically be set ):0 normal. Ii

\!!~,
/"

I
I

filtered/and the

q

4,. ~ FaUl.i::, I?iagnostics.
Ii

knowledge base is focused around the primary When
likely

At this point the data from the sensors .has been

constructing a plant it is physically and econpmically
that all flow I pressure and other rE;llevant readings
measured. This makes it impossible to ~dentifY the exa
in the process Where the fault occurred.

II

A method for ~dentifying the region where the fault occu~red and
the type of fault, has been developed. Two fault vgria~~les are

Ii

used which identify the region in the process where tJ::l.efault
i

occurred. 'l:'hese are t.he nearest upstream and downst.z-aam flow
functions. p'fom these, the fault can be identified. A third
variable, fault_type is used to describe the type of fault e.g.
leak oz; blockage. All three variables are attributes of ·the
manager function. An error message is also displayed on the

t~!
message board to notify the oPerator that an erro.r has occurred.

The accuracy of the fault diagnOSis is dependent on the number
of sensors used. Since'sensors can be""expensive, often only the
minimal number of serrsorrs needed for control and safety are
used. consequently, not all flow functions will have sensory
data, making it impossible for these flow functions tCl have any
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Once a secondary f.ailure has been identified. the. state of the
flow function is set to secorldacy and the clear .......state~counte:r is
set to Zero. Ten seconds after the symptomshave disa:ppeared i. e .
condition. is normal and no new symptomshave appei').red, then it
is a.saumedthat the fault has been cleared. rrhe,)3t.ate of the flow
function will automatically be set to normal.

u

4.3 Fault Piagnostics.

At this point the data fr·omthe sensors has been filte:r;,ed and the
knowledge base is focused around the primarY faults. When
constructing;, a pl,flnt it is physically and economically unlikely
that all flow, pressure and ether relevant reading's may be
measured. This makes it impossible to identify the exact point
in the process where the fault occurred.

Amethod for identifying the region where the ~fault occu:r:redand
the type of fault, has been developed. Twofault variables are
used which identify the region in the "p+ocess where the fault

i

occurred. These a.re the nearest upstr;~am and downstream flow
;\

functions. From these, the fault can "be identified. A third
variable, fault_type is used to describe the type of fault e.g.
leak or blockage. All three variables are attributes of the
manager function. An error meSSage is also displayed on the

(,

message board to notify the operator that an error has occurred.

The accuracy of the fault diagnosis is dependent on the pUmber
of sensors used. sinCe sensors can be expensi.ve, often only the
minimal number of sensors needed for control and safety are
used. Consequently I not all flow fUnctions will have sensorY
data, making.it impossible for these flow functions to have any

25
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o 0
symptoms. In this case the flbW function merely reflects the'

/-'-..'-~ \,
condi.tion of tJ;1eoPPoSite neighbouring flow function from whi'\;._':\)
~ti;.\~)condition .was r~quested, having a rec'.lrsive ~ffect if

'._ ~,.- 0

l$equi.red. The primary fault is diagnosed only by the condition
of the' flow function and it's l.m."Uediateneighbours, even if the
neighbouring f10w functionts do not have sensory data I due to the
ref1ectiol'l of data. (See Appendix D for workings 9f reflection) •

Aprimary failure· is diagnosed .with t:he sameme.thodused in alarm
,analysis. The two types of failure which are considered here are
Laalcs and blockages (See '~'ppendix G for rul'es). 1ft:;l'~,e$efailures

(I . ~

can b~~identified by the fd~lowing rules and b't" reading across
J/the table 4.1. below:

IF the condition of any flow function is 1.

ANDthe condition of the immediate downstream neighbour is
:; Ii

2

THENthe failure is between the two floW functions and the
flow function is the upstream failure point and tl;Je
type of failure is 3.

IF the condition of any flow furlction is 2
AI:iJD the condd t Lon of the immediate upstream neighbOUr is 1.

THENthe failUre is between the two flow functions and the
f.low function is tne upstream failure point and the
type of failure is 3.
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1 2 3

Ldw_PloW_High_P~essure or
C:ir0h_Level_~ig:h_pressu.re or

High_Press~,~ or
High_f.evel

"
,LoW_Plcw_40w_Pre~sure or

l'

LOW_LeVel_Low_J?ressure '.'or

Blocked

~~
'\."\Ir---~~~,~-,----------------~~------------------------~.r-----------~--~, 0

High_PloW"::i:~ow_l?'ressure or Low_Plow_Low_pressure or L",ak ~
" \\\, (_i

High_Plow_High_pressure or Low_Level_Low_P~essure or ~

LOW_,Level_L0w,-pressure or Low_Flow Or \
leM_Level or Low_Level or

High_Flow ~ormal

LOW_Flowor
Low_Level or

Low_Pressure or

Normal

Table 4.1 Conditions for Fault Recognition

The upstream and downstream failur~s cannot be identified in the
same rule since the data may be reflected. 'FO!?:'? example, if a
blockage occurred in the storage tank (h-STOR3) il\;figure 3 and
the storage tank had no sensory data, the following would be
()

round 'to be at fault:

Upstream
Downstream
Type

I-TRAl'l1S'6

I-TRANS7
, ./)

b::tS,c;kage

by the manager function.

\\»
Once the fault has been i~en;~fiedf/;,trlfe" fault region and fault
/M¥pevariables of the manager tuncd;C";~,of, the netw.ork are set as

'_>':_" \_._;.. -, ';1

shown in the exampI,,6 abc:ye; 'il:\~1,\ \lCiwSthe MFM modelling
technique to indicate the '/failur~ i~'B\\;);J.~~f-Doperator I quickly and

t 1 iii \:-aoouxa e y. i'i ~'<;,.
~,I '\
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4.4 MFM Process Management.

~~:'/~~~

Dividing cf:) problem up into small,f proble~~S and in turn solving
< ,v jI

the smaller problems, is a simp~}=arid ef,lective way of solving
<;,~

a problem as a whole. MFMuses this a:p-proachby dividing the flow
1/

model into di:Ef'erent types of flow.,jWhich are separ~t~~ly,;,managed.
"/

If
14FM process management is built;!) up from three flow !functions i

\\ ' ".', -f/'

network,manager and goal functions.. The network groups together
flow functions of the same type \I.zith a commonobj ective. The
manager describes the co,(t:tol function and reports any failure
in the process. The goal' ai,splays whether the control function
of the system is achieved and if not, ",Thynot?

The manager flow fuho,tion receives data ·from its flow network.
The data stored in the liianager IS a,ttributes is supplied from the
diagnostic rules describecl.n ~arJ.iE:lr.in this chapteJ:"".Manager flow
functions nave a knowlec1trebase called manager rules (APpendix
H). Manager rules take into account the vall.+es of the manager
attributes and compile an intelligent message describing the
predicament of the process. Conclusions from this knowledge base
are reported to the system goal.

The system.goal provides a quick reference to indicate to the
operator the state of the process. A process may,have more than
one goal, depenq.ing on the number of different types of flow, ..,»
being consider§.~J;Jand whether the flow paths cros~/,,<

I \,
I I
I. •
I, .. I

ThEfill\)l,nagementprocess forms a hierarchy, whereby arr obj ect in
a network may be dependent upon the goal of another flow network.
In the example used, the flow of the pump (1-TRANS8)is dependent

"

'J

upon the goal Of 2-NETwhich is the electricity supply. If the
godi of 4-NET is not achieved, the goal of I-NET cannot be

28



"

aChieved. This farms an impartant interfaC~\With t~e aperator (I

since it is anl:/' necessary for him to. abserve line highest ,_,p:roc~ss

gaals; to. determi~e if" ·t~e prace1ls 1s aChievi~~~~~ts obj ectiv~s .
'-I)

\\
MFM I).rocess management provides a can;::i.se saurce <;,fdata faa:'.~he
final part of an intelligent supervisarY I?ysteffi, namely planning, (,:; . . .. '. _ - - r . ~. - - - _- -- c;

which has hat been attempt'ed in this inve'Stigation, due to laCK
~t~~ 0

1I.pp~Y:i,lr>~to Other P~ants.

~\

,Tl)elc~~ts .J~d' rules thai: have :been dev"~Qped Ln tll;i.s chaP',;,,>;
can .e'asily 1>e\\applied to. ather plant.s. This is achiev~d by

II (\, 0\
capying the feneralised modelling technique with the ~generic

f9;4lt diagnafrtic system to. a newwark space and constr1.lqtii1g-the
plant with "i,l,the flow _functians of MFM, by cansidering the

'\ _"'-

different tJJSwtypes inV6lved. All thatJ is then requii-ed is that
.. \\ "", .'

the floW tun~~tians 'be cannected togethel'; I named, a path set tq
their senso~'4~ta and the senspr limits Set. This w~l!i).prav:fde
a descriptian oi'\'i.he 's'tructural and ;J;unctional' relations bE";'tween
" ,<~C=c. (I II

~bj ects c , 7ftPressed ~(n a graphic<al'\ forrrLcand prav:J}de"a fault
\diagnasiS lcEacility. 1/
." "~,,

"',,,,,,;.c '. ~<,.'O;.
~. ~::.:::.:--_. -_--_ -::::.~ r. ('?

,,In ,..his chapter it has0bee~ de~ane--'~l::'atedthat MFM can be used as
a generalised madelling te-chnl.que )10 perfarm the task of fault

o

( ,

diagnosis.

('

29 \\
Ii

\

1.')'\



Chapter 5

Conclusion.

-"\

("1.1he proj ect report has investigated a. fault diagnosis system and
introduced MFM, showing hO'WDMFM can be used for fault
diagnostics. It has been found, during thiS investigation that
J:v1FMcan be used as a generalised modelling technique and that MFM
can be used'successfu1ly "for fault diagnosis.

5.1 General.

The main goal of this LnvestLqat.Lonwas to determine whether MF'M
«

could be used to perform tasks such as measurement valid1:tt'ion,
alarm analysis and fault diagnosis. Secondly, to generate a set
of generic rules to perform these tasks .

A f auLt; c1iag.nostic rule base was constructed around MF'M,to

I(asse~'ls the effectiveness of MFMto perform the task of fault
I "
('diagnosis, with the limitations of the simple test PJ~ocess
sLmuLat.ed in G2/ it has been demonst.r'at.ed that MFMdan bt~ us ed
for fault diagnosis with current fault diagnostir.t) theory, A set
of generic rules 'Wasdeveloped to perform this task.
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While' ~esting .the rule base, the advant.aqea and disadvantages of
generic rules were highlighted. Generic rules Bave the
disadvantage of being slower !;':~~anspecific r'!.lles to dete:trnine the
failure, since a generic rule 'Vlill not only be fired for the
faulty flow function but al.so all .ot.he.r flow functiong in the

,\

same class. Alterrtatively, there are cei~t@,inadvantages to using'
generic rul~s 1. such as reduce\'i1,;}7£Og'1a~;i.ngtime, and a lr'eduction
in the nurnb~r of rules and the amount '~f memory needed~r" .l

~;)

5.2 ASsessment.

5 ..2.1 G2 and J:mpl.e:mentation of MFM.

G2 is an excellent tool for developi:ng real-time expert sys'tems.
Its ability to express and make use of the relationships b~tween
objects (actual connection between Obj~)cts and the hierarChical
class structure of the obj'ects) allows for easy progrcunming and
a reduced number of rules, since an object can be referenced ~Y

'I

a connection, by th~' class (generically) or directl~P by the
object'S name. The ability, dynamically to create and destroY
objects and rules allows the proOess modelled with G2 to adapt
itrelf to change in the process.

'\I,

The following problems were encountered while using G2:

l) G2 would crash when an attribute was referenc,ed which did
not exist, without giving any explanation of the error."

2) G2 has a limited print out faCility, which only allows the
\(

user to print on letter size paper I using post script It
~.
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language.
3) \32 cannol:, referenoe an object by a connection from' a common

object, if two objects from the same class are ':Cqnnected to
"I

the commonobject.

These probl\~ms encountered:' using versi'.~n 3.0 Beta may be
addressed. in a later version o'f G2.

5 Q 2 ..2 :t-lFM.

MFMis made up from a few basic :flow functions, from which more
complicated flow systems can be constructed. This limits the
knowledge base to a few functions around which a concise
knowledge base for fault diagnosis is de,;,elO1)ed, US-ZJig G2.

Virtually any flow pl.'ocess can be broken down :j.nto the basic flow
functions availalSle in HFM.With the aid of the generic rule base
and the inhere:.:l.t nature of the programming sty1.,e used in 82, the
flow process can be modelled easi'ly. 'I'pe power that this
appt'oach has over conventional modelling, is ~he eas'e with which
process Changes and new designs can be implemented while
retaining the ability to perfornl fault diagnostics.

c:
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5.2.3 Limitations and sign~ficance.

AS with all theories, t,:here are limitations. The limitations. of

this research proj ect can be summa:J::'isedas fOllows!

...... (;

,,1) parameters associated with the g'iven state of a flQW function
(component) cannot be defined precisely.

2) The .accuracy of the knowledge .baae ..is aepend..9nt on the numbex
of sensorS used,

3) Flow functions can fail. in unexpected ways, making. it
i\

impossible to satisfY the condit.i\'ps required to id~ntify' all
possible failure~,.

4) Due to the use of genel:'ic' rule~ the fault d~,aghosti,c proceSs
will not perform as well as a dedica.tE'.Iatechr:rAque in a time
critical pror.:ess. ~\

5) The limit;ati9'}lS o.nc~~\lhteredwhj,l<i:\..LsingG2I'
be overcome in a later releaseiof G2.

6) On.~yflow 'and preSSl.,re r~latedc!:Ea.ilures arE7'considered.
1) The component;s in the ,example us\,edhave C6nl;'lt,ant limits.

;\

is not always the case since· the\. limits mE\~.b~~dependant
time or the state of other componerrts in th~ pl.ant; ,

,
I,

The limitations experienced could \.be overcome with further
'.:_\

researchG
• This research project has therefore indicate~' that wich. . .. I

the t.~chnology currently available ar,\dpresent fault diagnosi~\
theori~s, it:" ~p'Uld \b~ feasibl~ to i~~'?leinent a fault diagnosis
,system in Lnduatry ,

ts
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Appen:d.iJe A

/1

Tes,t Plant

This appendix describes how the test process was' impf'$ntented in
G2. "

Using the simulation facility in G2 the process was implemented.
The plant consisted of three tanks I a pump and c;:t controller I

created (as obi eets
specifications .:

in G2. Each obj ect has the same

validit.y Int.erval
Data server

1 second
G2 Simulator

The data server for all plant variables is the G2 simulator.
Each variable will seek data from its respective data server.

,".' ii

The variable may not cause forward chaining when it receives a
new value. The variable is simulated using a simulation formula
in the variable's simulation subtable.

" Tanks:
II
{I

,'{{;

All three tanks have the same attributes and are" '\governed by
similar equations.
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Simulation Detail.s:
Inflow:

Tank-Ai: The sum over each PU1TlP pump~Al connected to tCl.nk-Al
I.' ,~

of (~e flow of pUmp-Ai) + 6.5
Tank ...A2: (If randomUOO) > 98 then random(lOO) elsa) 0
Tank-Bl: The sum over each tank tan:=·~.~lconriect.edto tank-in

of (the outflow of tank-Ai)

Outflow:
(the level of tank-XX * 2 * 9',81 ) AO.5

Volume:
state varl·~:bL]:dldt =

., ,.,.:,. :".

of tank-I with initial value 50
(the inflow of tank-xx - the~utflow

\1

» r_,evel:
max(O,the volume of tank-XX/20)

Pressure:
(the outflow of tank-XX)A2 * 0.5 * 1000

Flow:
state variable: next value ~ max (0, (the outflow of tank-bl
j) with initial va.lve 0

,pressure:
0.5 * 1000'* ( the flow of pump-Al A 2)

Control1e:e:

ContrOl_signal:
(the outflow of tank~b~ - 6.75 )

38
i)



/:t x
i/'Notet xx denotes either Al, A2pr Bl.

y/ -

By arranging the objects on a work space and connecting them
together, the process was implemented in G2.
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Ii Appendix B

Attr:ihut.es" of
\

'«> - - _. IIF10w FunctJ..ons
\)

This appendix describes __he' attrioutes of the different flow

functions.

B.1 .Mass Flow Functions

(.)

ri'he following attributes may exist for each mass flow function.

',,\

Low flow, High flow, Low"pressure & High pressure

To set limits I so that .abnozmaL flow or pressu1.-es can be
I_'

detected for different types of obj ect~ f since not all storage
objects are identical. These values are set by the user.

Flow:

Stores the actual measured
particular floW function.

/;
/;;'!

vaLue lcromthe flow sensor of this))
A 'li::Lstoryis kept with five data

points. r.t'hevalue is obtained from the sensor (G2 simul~tor).

Pressure:

Stores the measured pressure reading. 1\ g~,f,',c6ry' is kept with
-, ,': .~ - _,

S obt.ad ner] 5r'bmfive data points.
<~",

simulator) .'\)
)1
j

The Sensor (G2
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Condition:

A symbolic variable that

\~ \ I~
" r
sb)res the condition

/1

of the object
and may have va.lues; normal, faul,~y_f:tow_sensor,
faulty_pressure_sensor low_flow,ILlow..-:.pressure, high_flow,
high~...pressure, low_flow_low._pressure I 10w_fJ.cw_high_px'essureI
high_flOw_low_pressure, , high~floW_high_pressure and
rio.......sensory_dc;:tta. ,Value is obtained for con and cOrl_level
functions. (APpendix'J.i); . ..... c,

In_condition & out_cgndition:

\ " . '.~

These attributes contain the condd t.Lon of the closest upstream
or downstream neighbours from the connection.

/(
'/

Clear_state~counter:

A counter to determin,e the length of time that has past since
the last~,failure occurred.

State:

-
A sYmbolic variable showing the overall stat.e of the obj ect in
relation to other objects and may have the value; Ok,
secondary, fault_flow_sensor, faulty_pressure_sensor.
Fault_blockage, Fault_leakage and no_sensory_data. Value is
obtained from the rules in Appendix E through G.

Note.. :
(1) flow, pressure" conditiop., clear_state_counter and state have

a validity of one second.
(2) Storage objects don't have low flow, high flow or flow, but

low level" high level and level. Similar for the conaition
of the obj €l,ct.

'\

(3) Whenconsidering information flow, ie. electrical flow where
only currellt. and voltage can be measured, flow refers to
current and preSSure to voltage.
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B. 2 Mana£rement FJ.ow functions
o

and fault2 represent.,'the closest upstream and downstream 'mass
(i .. . . . . ,'." _.:- .... , "._' ,', ,--

flow functions I from which the .fault can be identified, c i. e.•
the. position of the fault. Type. describes the txpe of ...eault~
that::. <has occurred. Va:E:Ueis obtained from :\:he ru.les in

\,
\;,

Appendix El through G) • )j

/\
Goal: has <tVlO attributes obj act; and syst<;lm.Obj ect desqribes eh~'\-

goal of the prc:{ess and system describes whet.hE;)rth~ gog.l of
/-'" -", (I

the process has been adl'~.eved and if
obtail1ed from the ruJ. es in Appendix a:

not, whY'?,;(i:,Valueis

f,l

i
\,
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Appendix C \':

Measurement Va1i.dati.on Extrapolation

This appendix contains the calculations in deriving the equation
,)

fo!;predicting the mea sur-ad value.

Using the Newton-Gregory Forward Difference intdkpolation
formula:

\~;
PN(:x.:) :: Yo + AYo(:x:-:x.:o) + ~(X-:X:o) (X-Xl) + ... + A.~nN-li=O(X-Xt)

h 2h:l N!hN
-

h = 1 since the intervals betwG~n sarrtpl'e..sis one second.

i xi AYi A2Yi A:3Yi A4yl.

a -5 Yo
((

1 -4 Yl Yl-YO
,2 -3 Y2 Y2-Yl Y2-2Yt+¥o
3 c: ,2 Y3 Ys-Y2 YJ-2Y2+Yl Y3-3Y2+3Yl-YO
4 -1 Y4 Y4-Y;) Y4-2Y3+Y2 Y4-3Y;l+3Y:a-Yl Y4-4Y3+6Y2-4Yl,+Yl

:: Yo + 5* (Yl-YO) + ~(Y2"':2Yl+YO) + 5*4*~* (Y!l-3Y2+3Yl-YO)
2 2*3
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, {I

2*3*4

//

C;:.:J

:::: Yo + 5* (Yl-YoP + 10* (Y2-2Yl+YO) + +0* (Y3'-3y.:+3Yl-YO)

+ S*.(Y4-4Y3+6Y:a--:4Yl+Yl)

<::'

o

'y,

44
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Appendix: D
o

Data R~£l.ect ..ion

This appendix describes how data is reflected '\Alhenthere is no
sensory' data available. Reflection and reflection_secol':l.darywork
"on similar principals so only reflection is described.

,) A flow function needs to be informed of whether it has sensory'
data or not. This is done by sett:thg the maximum and mi.ntimum

I:(high and low) limits equal to each other i.e.. both equal t,0

zero.

ego
low_flow :::0 & high_flow = a

Each flow function deter.mines its condition by calling the con
function. No_sensory_dar"t will be returned if the flow function
has ..no sensory' data.

First few lines of con function:

con (who) :::

IF the low_flow of who :::the high_flow of who
AND <.thelow_..pressure.of who::: the high_pressure of who

TEEN the symbol no_sensory_data
AND the state of who is no_sensory'_data ii
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f.i
))

ELSE ..... ~.•etc.

Note; uwho" is the name of the flow function being consi.dered.
u The st(';tte of the flow function,· is automatically set since no
conoj.us.Lcn can be made ab6~lt the state, if there is no sensory ..

':-..
,\:<,data. '11'\

~~,

If a flow function reqUir(§s the c~nq.",":iJlionof a neighb01.lring, flow
.. '. 1\

functi<)h which has no sensory data then the reflection function"
',;is called.

1.\

ego from rule base:

IF 2' •.
OR (IF the condition of the neighbouring flow
function connected at the output of the flow f'unotid on
is no_sensory_data

.THEN reflection{the .flow fUnction connected at the output
of the flow function,output,blockage» is faulty

THEN... etc.

':['hereflection function will return the symbol faulty if the down
being Checked, makingstream\ne:Lghbours satisfy the condition

,I,
'<"

the IF statement tru~" The reflection
\j\

principals of Table lL 1.

function works on the
(seeThe proceSS may be recursive

o
Appendix J ".3 for listing of the reflection function) .

c
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Appendix E

Measurement Val.idation Rules

This appendix contains the rules used for maaauz-ement;validation.

IF the cg;onditionof any mfm_floW_functions is
faulty_flow_sensoi'

AND the state 9f the mfttl_flow_functi6ns is not
\~, (faulty_flow~sensor '

THEN concl.ude that the state of the mirn_flow_functions is
faulty_flow_sensor /i

AND inform the operator for the next 5 ~~conds that II [th~
name of the mfm_flow:_fnnctions J has a faulty flow,
sensor. Check the senSOr and once the sentpor is

()

operational again, then reset the state of [the
name of the mfm_flow_funct..ions1 .,n

IF the condition. of any mfm_flow_f:unctions is
faulty_pressure_sensor

AND the state of the mfm_flow_functions is not
f.aulty_pressure_sensor·
THEN conclude that the state of the mfID_flo,,,,_functionsis

faulty_pressure_sensor
'-,_,AND inform the operator for the next 5 seconds that II [the

name of the rnfm flow-functions] has a faulty
",pressuresensor. Check the sensor and once the
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!isensor is operational again, then .reset the state.
of [the name of the rnfm_flow_functions]."

r-.
l_;'

:i;~\r:~ ,\
IF ti~e condition 9f any rnfrnstorageis faultY_f16<~_s~~nsbr

,'\ .zJm the state of the mfmstorage is not faultY_flo'k_s~nsor
.'C. THEN conclude that the state of the.mfmstorage is

faultY_flow_sensor
AND inform the Qperat.oI.for the next 5 seconds that " .[the

'.. (,'

name.of the :mfmstorage] has a faulty flow sensor. Check
the sensor and once the sensor is operational again,
then reset the state of [the name of the mfmstorage].11

IF the condition of any ntfmstorage is faulty_pressure_sensor
.AND the state of the rofrnstorageis not
faulty_pressure_sensor
THEN ;;conclude that the state of the mfmstorage is

faulty_p;ressure_sensQr
AND inform the operator for the next ~ seconds that " [the

name of the rnfrostorage]has a faulty pressure
sensor. Check the sensor and once the sensor is
operational again, then .reset the state of [the
name of the mfrnst.orage]."

IF' the condition of any mfmsource is not normal
AND the condition of the mfmtransport connecte~ to the

mfmsource is normal
/i

AND «( IF there e:Rists a mf1\\~torageconnected td<the
rnfrotrans1}ortthe condition of the mfmtransport
is
normal)

CR (IF there exists a rnfrosinkconnected to the
rnfmtransport

THEN" the condition of the rnfmsink oonrracued to~·)the.r:>
··..r~mfrntransport is normal)) (\

,\THEN inform the operator fOl~the next 2 seconds tb,at II

source [the name of the rofmsourcel has a faulty sensorll
AND invoke transport rul~s
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AND conc.Lude that the state of the rofmsQurce is fault
ANP 60nclude that faultl = .' [t;..hename of the rhfmsource] "
ANDconclude that fault2 '.'::fa.ultl

If the coridf.t.Lon- ..of any rofmtransport is not; normal
AND (IF the~e exi9lts a :mfmsource oonrieot ed to the

/'5
rhffutransport

THEN the condition of the mfmsource connected to the
mfmtransport is .normaL)

.AND((IF there exists a mfmstora.ge connected to the
I)

mfmtransport
THEN the condition of the mfmstorage connected to the

mfmtransport i\:;.. .: .,rmal)

OR (IF there exists a i1tl:.msinkconnected to the

o

(~

mfmtransi)ort
THEN the condition of the mfrnsLnk connected to the

mfmtransport is normal))
'l'HEN inform the ope:t-ator for the next 2 seconds that

"'l'ransJ;)()rt [the name ('"Ie the mfmtransport] has low flow
and low pressure ~

AND invoke storage ruLe::;" '-I:.

},\ND invoke source r'Ules
ANDconclude that the state of themfmtransport is fault

1::':.,

AND. conclude the faultl ::: II [the name of the mfmtransport] II

ANDconclude that f'&ult2 ::: faultl (\

k sensorsll

IF the condition of any mfmstora.ge is not normal
~>

.AND the 'condition of the mfmtransport connected at the input
of the trifmstorage is normal

ANDthe condition of the mfmtrar:K'l,Portconnected at the output
of the mfmstorage is nOrmal
THEN info.rm the operator for the next 2 seconds "storage

:.\ ','.

[tbe name of the mfmstorage] has low level - check
sensor

ANDinvoke transport rule
atate of the mfmstora.ge is fault
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()

~ conclude that fault2 -_ Ii [the.name of the mfmstorage] u

AND conClude that faultl == fault2

IE' th€t condition of any xnfmsink is not normal
AND the condition of the mfmtransport Connected to the

mfms:£nk is normal
AND ((IF there exists a mfmsource connected to the

',;;:'\'..

mfmtransport
THEr:-.rthe qondition of the mfmsource connected to the

mfmtransport is normal)
OR (IF there exists a mfmstorage connected to the

mfmtransport
THEl:\f,thecondition of the rnfmstorage connected to the

rnftrvtr_ansp6rt;i.snormal))
THEN inform the operator for the next 2 seconds that" sink

[the name" of the mfms Lrrk]has a errOla in the sens'6r;
reading"

AND invoke transport r\l.les
AND conclude that the state of the mfmsi.nk is fault.u

AND conclude that fault2 == " [the name of the mfmsink] II

',::,

AND conclude that £aultl = fault2 ('_,
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Appendix F

Al.arm Analysis Rules

Thj,.sappendix contains the rules used for alarm AnalyS~.3..

F.~ Source Rules

Rules used to determine secondarv alarms with mfm aouxoe
function.
SECONDARY_SOURCE

IF the conqition of any mfmsource is low~flow
AND .(the condition of the mfmtransport connected to the

mfmsource is low_flow_high_pressure"
OR the condition of the mfmtranSport connected to the

mfmsource is high_pressure
0R (IF the condition of the mfmtransport connected to the

mfmsource is no~sensorY_data
THEN reflection_secondacy(the condition of the
mfmsource,the fiow_function connected at the output of
the mfmsou.rce ,output)) is faulty))

"THEN inform the op,erator for the next 2 seconds that "
source [the name of the mfmsource1 has low flow II

AND invoke transport rules
AND concluded that the state of the mfmscur-ce Ls seoondazy
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IF the co.ndition of.any mfmso.urce is high__flow_high__pressure
AND (the cenditien of the mfmtranspert cennected to.the

mfms6urce is high_flotAlhigh_:pressure
OR the cenditien ef the mfmtransport cenn~cted tq the

mfmseurce is high_preSsure
OR the conditien ef the rnfmtranspert cennected to.the

mfmsource is.high~flew
,.

OR the oondd.t.Lonof the m~fmtranspert conrractredto.the
mfmseurce is high_flew:::hew_pressure

Q

OR (IF t:hecconditien of the mfmtranspert cennected to the
mfmseurce is rte_sensery___data
THEN reflectien_secondary(the Qendition ot the
mfmsource,the.o flow_functionoonnected at the eutput of
the mfmsource ,output» is fa~lty)

THEN inform the operator for the next; 2 seoonds that "
Source [the name of the mfmsource] has high flow and

()

high pressure!!
AND inveke transpert rules
AND conclude that the stat.e of the mfmsource is secondary

IF the condition of any mfmSource is high_floW
AND (the condition of the m~mtransport connected to the

mfmsource is hitgh_flow_high__pressure
I I

OR the condition of t.hemfrntransport connected to the
mfrnsource is high_;flow_lew_pressure

OR the condition of the mfmtransport c0Imected to the
mfmsource is high_flow

OR the condition of,the mfmtransport connected to the
mfmsource i$ high_pressure

OR (IF the condition of the mfmtransport connected to.the
mfmsourCe is no_sensory_da,.ta
THEN reflection_secondary(the conditien of the
mfmsource,the flow_function connected at the outp.ut of
the mfmsource ,output» is faulty)

THEN inform the operator for the next 2 seconds that
"source [the name of the mfmsQurce] has high flow"

AND invoke transport rules
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liAND conclude that the state of the mfmsource is secondar.y

IF the condition ot any mfrnsource is low_fJ..ow":"higb.__preSSure
At-TD (the condition of the mfmsource conriect ed to the

mfmsource is low_flow~high~ressure
OR the condition of the mfmtransport connected to the

mfmsourcp is high_pressure
OR (IF thE:!condition of the rnfmtransport connected to the

rnfmsource is no_sensory_:dat.a
THEN refllection_secondary (the condition of the
mfrnsource,the flow_function connected at the output of
the mfmsource ,output)} is faulty)

THEN' inform the operator for the next 2 seconds that
II source [the name of the mfmsource] has low flow and
high pressureu

AND invoke transport ~uleS
AND conclude that thf.'state of the mfmsource is secondary
o

IF the <?onditioncpf<the mfmsource is high_pressure
AND (the condition of the mfmt~~nsport connected to the

mfmsource is low_floW_high_pressure
OR the condition of the rnfmtransport connected to the

G

mfmaour-ce is high_£"', "w
<'__I , j

OR the condition of the mfmtransp<;:r-tconnected to the
mfrn.sourceis high,_flow~hi£fh__pressure

OR the condition of the mfmtransport connected to the
mfmsou~ce is high__pressure

OR (IF the condition of the mfmtransport connected to the
mfmsource is no_sensory_data
THEN reflection_secondary(thepondition of the
mfrnsQurce,the flow_function connected at the output Of
the mfmsource ,output)) is fau1ty)

THEN inform the operator for the next 2 seconds that
"source [the name of the mfmsource] has high pressure"

AND invoke transport rules
r;)
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AND conclude that the ,state of the mfmsource is secondary

IF the condition of the mfrnsource is high~flow_low__pressure
#ND (the condition of the mfmtransport connected to tke

.mfmsource is high flow_lorN_pr.~$sure
OR the condition of the mfmtransport connebted to the

mfmsource 1s high_flow
"OR the condition of the mfttttransportconnected to the

mfmsout'ce is low.tpressure
O~ (IF thE:)qondition of the.mfmtransport. connected to the

mfmsource is no_sensory_data
THENreflection_secondary(the condition of the
mfmsource.f the, flow_function connected at the output of
the mfinsource i output)} is.faulty)

THEN inform 'the operator tor the next 2 seconds tblat
r.

II source [the name of the mfmsourcel has high flow'{)and
low presStlre"

~, I,

AND invoke. transport",rules
AND conclude that the stat.e of the mfmsource is s~condarYi



Ii

F.2 Tra.nsport Rules

Rules used to determine seco~dary alarms with mfm transport
Ir·,

function. \,

IF the condition of any mfmtranspdrJ;: is low_pressurej . . . ..~

AND'(~F there e{<ists a mfmsQurce connected to
'mfmtransi\ort ',\1'\\",

'1'~IEN (the condition of the mfi!.~ource connected" to t~e
''Infm1);:;ansportis low_pressure

OR\he c~mdition of the mfmsource connected to the
mfmtransport is low_flow_low_pressure

OR the condition of the mfro8ource connected to the
, f",mfre'A~ansport is low_flow))

THENinform the operator for .~.~J next 2 sp.conds that
"Transport

o \'
[ the name of the mfmtransP"Ft1

! \
pressure"

ANDinvoke sourue rules
AND'conclude that the" tJtate of the mf.mtransport is

secondacy
0,

IF the condition of any rofmtransport is lOw_flo,,.,
It

AND(IF there exists a mfmsource connected to the
mfmtransport

THEN(the condition of the mrmsour-ce connected to the
mfmtrans'port is low_floW_low_pressure

OR the condition of the'mfmsource connected to t.he
mfmtransport is low_pressupe),.. . \

THENinform the operator for the next 2 ,sEkCbndsthat
"transport [the name of the mfmtransport] has low flow

ANDLnvoke source rules
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AND conblude that the state of the mfmtransport is
secondary

IF the condition of any mfmtransport is l0.w~flbw_.:1ow_pressure
AND elF there exists a mrmsoui-ce connected to the

mfmtransport
THEN (the condition of the mfmsollrce connected to the.,

nifmtransport is low_flow~low_pre,ssu:t:'~
OR the condit.:Lonof the mfrnaounoe connected to the

mfIl\transportis low_flow
OR the condit:r!onof the mfmsQurce connected to the
mfmtransport is lQw_pressure))

~AEN inform the operator for the next 2 seconds that
"transport [the name; of I.hemf:\ut;ransport]has low flow"

AND invoke storage rules
AND invoke .so~rce rules
AND conclude that tl1estate of the mfmtransport is

secondary

IF the condi t.ion of any mfmtransPort is low_flow
AND (IF th~re exists a mfmstorage connected at the input of

thE;)mfmtransport

OR

THEN (the condition .of. the mf.mstorage connected at the
input of t?~emfmtransport is high_lev€?l

'fthe condition of themfmstorage C'onne~ted at the input
of the mfmtrat.:.sportis hi.gh_pressure \\

\\the condition of the mfmstorage connect:I'edat tl1e input
ilof the mfmtransport is high_level_high3:>ressure

OR

(IF the condition of the mfmstr')rageconnected at the
input of the mfmtransport is no_sensory_data
THEN refledtion~secondarJ(the condition of the
mfmtransport,the flOW_function connected at the input
of the mfmtransport ,input)) is faulty))

THEN inform the operator for the next 2 seconds that
"transport [the name of the mfmtransport] has low flow

AND invoke sink rules

OR
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AND conclude that the state of the mfmtransport is
sE:!~ondary

IF the condition of any mfmtransport is low_flow
AND (IF there exists a mfmstorage connected at the output of

the mfmtransport
THEN (the condition of the mfmstbrage connected at the

output 0 the mfmtransport is low_level
OR the condition of the mfmstorage connected at the

output of the mfmtransport is high_p:cessure
nOR the condition Of the mfmstorage connected at the

output of the mfmtransport is low__level_high_pressure
OR (IF th~ condition of the mfmstorage connected at

the output of the mfmtransport is no_sensory_data
"THEN reflection_secondary(the condition of the

mfmtransport,the f1Yow_function connected at the
output of the mfmtransport ,output») is
faulty) )

THEN inform the operator for the next 2 seconds that
"transport [the name of the mfmtransport] has low flow

AND invoke sink rules
A.J.'\.IDconclude that:the state of the mfmtransport is

secondary

IF the condition of any mfmtransport low_flow_high_.pressure
AND (IF there exists a mfmstorage connected at the input of

the mfmtransport
THEN (the condition of the mfmstorage connected at the

input of the mfmtransport is high_pressure
OR the condition of the rot-mstorageconnected<..1tthe input

of the mfmtransport is high_level_high_pressure
OR the condition of the mfmst.orage connected at the input

of the mfmtransport is hi~h-,~level
OR (IF the condition of the mfmstorage connected at the

input of the mfmtransport is no_sensory._data
THEN,reflection.,.,..secondary(thecondition of the
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mfmtransport f the flow_ft1nction connected at);,the input
of the mfmtransport I input)) is) faulty)

THENinform the operator for the next :2 seconds\ that
",transport [the name of the mfmtran~port] hat's lbW flow
and,high .pressure to

ANDinvoke sink rules
ANDConclude that the state of' the mfmtransport

secondary

IF the condition'of any mfmtransport is high_flow
AND(IF there exists a mfmstorage connected at the outpUt. of

th~ mfmtransport
THEN',,(the condition of the mfmstorage connected at, t1~e

out:Q,ut 0:6\ .the mfmtransport is high_level
OR the condition of the mfmstorage. connect.ad at the O\~tput

of the mfmt,,;,ansport is high_:pressure
OR the conditipn of, the mfmstorage conn.ected at the ou\:put

of the mfmt;.ransport is high._level~high_pressure
OR the condition of the" mfmstorage connact.ad at the out.put;

of the, mfmtransport is high.~level~lOW,..press}lre
OR (IF the condition of the mfmstora~e conrrectred at the

output of the mfmtransport,\ is no_sensory~data
THENreflection_secon'dary(~h~ condition of the

" , ..... \

mfmtransport, the flol'v_functioh connected at t:.Ae output
r,

of the mfrntranspor:;t ,output» is faulty»
THENinform the operator for the next 2 seconds that

"transport [the name of the mfmtransport] has high
levelu

ANDinVOke source rules
ANDinvoke storage rules
ANDconclude that tAe state of the mfmtransport is

secondary

IF the condd t.Lor-, Qf. any mfmtransport is hig:h_flow
1>..NJ) (IF there exists a mfmstorage connected at the input of

the mfmtransport
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THEN (the conditiono:e the mfmstorcl:geoonnected at the
in~ut of the mfmtransport Ls hi,gh_level
OR the condition of the mfms~torage o0nnected to the

input of the mfmtransport is high~ress~re
OR the condition of the mfmstQrage connected at the
input of the mfmtransport is high_level_high_pressure
OR the condition of the mfmstorage oonnected at the

input of the !":l.fmtransportis
high~level_low.._:pressure

OR (IF the condition of the mfmstorage connect@d at
the,input of themfmtransport is no_sensory_data
THEN reflection_secondary(the condition of the

mfmtransport/the flow_function conpected at the
input of the mfmtransport /input) is faulty»)

THEN inform the operato:;:for the next 2 seconds that
"transport [the name of the mfmtransport] b<;lshigh
level"

AND invoke source rules
AND invoke storage rules
AND .conclude<~that the state of the mfmtransport is

,seoondary

IF)the cQng.ition of any mfmtransport is
high_flow_low~ressure
AND (IF there exists a mfmstorage -:;onnectedat the output of

the mfmtransport
THEN (the condd tLon Of the mfmstorage conneoted at the

output of the mfmtransport is low~reS$ur'e
OR the oondition of themfmstorage connected at the

output of the mfmtransport is high..c..le:.vel
low_pressure "

OR th,.::condition of the mfmstorage connect-ed at the
output of the mfmtransport J.shigh_level

OR the cdnditibn of th~'Infmstorage co:nnected at the
output of the mfmtransport is
high_level __high~ressure
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<.;>. \1-
'~.JR (IF the condition of the xnfmstorage connected at'~ ~

the output of the,mfmtransport isno_sensoY.Y_data
THENreflection_secondary(the conditi.on of the

mfmtr:lnsport, the flow__function connected at th5=!
output:: 'of the mfmtransport r output) is
faulty) )

THEN'info.rIn the operator for the next; 2 seoouds thato
"transport [the name of the mfmtransportl h.'\~·'h.;i.ghflow
and tow pressure "

A.."ID invoke sink rules
.AND conclude that the state of the mfmtransport is

secdndary

IF the condition of any rnfmtran~port is h:Lgh_:_pressure
AND (IF thep::e exists a.:ntfmsto:r;age connected at the output 0:1:'

-.', j, " I

the rnfmtransport '\
THEN('the condition of the mfmstorage connected at the

output of the m±mtr9;~lsport is low_level
ORthe. condition of the mfmstoragen dbnn.$ct~¥dat the

output of the mfmtrans:port is high t'n~essure
QR the condition of the mfmstorage cOhne':!i:edat the

output of the mfmtransport is

Ii
)1

ORthe condition of the mfmstorage conl1'ected at lthe
low_l,evel_high_pres sure

output of the mfmtransport is
high_l~vel_high_pressur~

OR (IF the condition of the'mfmstora.ge con;o,ected at
the output: of the mfmtransport is no_sens,;pty_data
THENreflection_secondary (the condition of, the

'~

mfmtransport I the flOW_function conn~,cted. at; the
output of the mfmtransport ,outputt,) is

j:,

THENinform the operator for t:l1.enext 2 s..econds tl+i:t~·;/
"transport [the hame of the mfmtransportJ h<:;l13high

fault.y) j

pressure "
ANDinvoke sink rules

60



ANI) conclude that the state of the mfIrltranspo~r.is,
secondary

IF the condition of~~ny mfmtransport is high_pressure
AND (TF .there exists a~)rofmstorage connected at the input of

the ..mfmtransport
THEN (the cono.ition Of therofrostorage connecte<i at the

input of the mf:mtransport is high_level
OR the condition of the mfmstorage connected a.t the

o input of the,..:mf+ntransport is high__pressure
"~'\_;::,-~- ~ Ci

.OR the '~onditiQn of the mf-n\storage connected at the
input of the mfmtransport is
high_l evel_high_pres sure

OR (IF the condition of the mfmstorage connected at
the input of the mfrotransport is no_sensory_data
THElSfreflection_secondary(t' condition of the

mfmtransport,the flow_function connected at the
input of the mfmtransport I Lnpuc l ) is faulty»)

THEN inform the operator for the next 2 seconds that
Utransport [the name of the rofmtransportJ has
high_pres8ure "

AND invQke sink rules
ANI) conclude that the sca.te of the mfmtransport is

secondary

IF the condition of any mfmtransport is
hi gh_f 1oW_l 0w_pres sUre

.AND (IF there exist" a mfmstorage connected at the input of
the mfmtransport

THEN (tn.econdition of the rofmstorage connect.ed at the
o input of the mfmtransport is

-!_")

low_pres sure
OR the condition of the mfmstorage connected at the

input of the mfmtri'.msport is
high_level_low_pressure

OR the condition of the mfmstorage connected at the
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input pf the rofmtransport is hiwh_level
OR (IF the cond:i..t30tl~Q;E, the mfrnstorage connected at

the input of the :mfrotransport is{, no_sE;nsory_data
THEN reflectiQ~)._secondary tthe condition of the-

-:::"'--" r

mfmtransport,the floW_function connected at the
input of t4,e mfrntransport ,input» is faulty»

THEN inform the operator for the-next :2 seconds that". ,-::;-:::::;:;> ,," ,/ ..,,(" . ..

IItransport [tb,e name of tl:Jemfrntransport] .ha s high
flow and low p,Fessure"

AND invoke sink ruleS
AND conc:bude that the stat.e of the

<'-I
s;fondacyit

=:_Ji

is

IF th~~]condition of any mfrotransport is
low_flow_n,:i,gh_pressure

AND (IF thera;exist.s. a mfmstorage connected at the output of
the mfrntransport
THEN (the condition of the rnf1t1stbrageconnected at the
'\,\

output of the mfmtransport is
high_pres,pure

OR the condition of the mfmtransport
low_level_high_pressure

OR the condition of t.he mfrostorage connected at the

is

output Of the mfmtransport 'is .low__:.le.vel
d .. ',",," . ".

OR Ii (IF the condition of the l1rf.mstorageconnected at
Ii _ __ ,I

thEl\output of the rnfmtransporf~ is no_sensory_data
/'

THENreflection_secondary (thel!\condition of the
m£I'(ltransport,the flow_function connected at the output
of the mfmtransport I' output) ) is faulty» \ \

-' .

THENinform the operator for the nex\.: 2 secofids that
') "transport [the name of the mfmtransport] has low flow
and high pressure"

AND invoke sink rule.s
:'AND conclude that the state pi the mfmt!Pansport is

secondary
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IF the condition of any mfmtransport is
high_flow_high_pressure'

AND (IF there exists a mfmstorage connected at the output of
\1the mfmt:tansport

THEN {the condition of the mfmstorage connected at the
output of the mfmtransport is high_pressure

OR the condition of the mfmstorage connected at the
outPllt of the mfmtransport is high_level

OR the cond~tion of the mfmstorage cormected at the
output of the mfmtransport is
high'.2level_high_pressl.lre

OR ,,(IFthe condition of the mfmstorage connected at
the output of the mfmtJ::'gnsportis nO,-senso:r;y.2,.data

(1J.:EEN reflection_secondary(the. condition o,e the

'.J

mfmtransport,the flow_funGtion Gonnected at the
output of the mfmtransport ,output)) is faulty))

THEN inforrllthe operator for the next 2 seoonds that
"transport [the name of the mfmtransportJ has high
level. and high pressure"

AND invoke storage rules
AND invoke source rules
AND concj.ude that the state of the mtmt.r-anapor-t;:i.s

secondary

IF "the condition of any mfmtransport is low_flow_low_pressure
AND (IF there exists a mtrnstorage connected at the input of

the mfmtransport
THEN (the condition of the mb;tstorage conneqted at the

input .,ofthe mfmtiicansport is
low_pressu:t:'e

OR t;h,econdition of the mfmstorage connectS'd at the
input of the mfmtransport is low_level

OR the condition of the r.nfmstorage CbnI+ected at the
input of the mfmtran9Port is low_level_low_pressure

OR (IF the condition of the mfmstorage connected at
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o
th<;!input of tt' mfmtransport is no_sensory_data
rrH!E:Nreflection_secondary (the condition of the

c: .... ,_~, <~''''·''·l~
rnfmtrcmsport, the flow:f ....;J~.Jtionconnected at the
input of the mfmtransport ,input» is faulty»

THEN cOl1clude'that the state of the mfmt.ransport is
seconda'ry

IF the condition of any mfrntransport is_.. . . . . , r\

loW_flow_high_pressure
,::~v\

J>..ND(IF there Hxists a mfmsink connected to the mfmtransport
THEN (the condition of the mfmsink connected to the

mfmtransport is high_pressure
II

OR the condition of the mfmsink cohnected to the
mfmtrahsport is low~\.-flow_high_pressure

OR the condition of t.hemfmsink connected to the
mfmt ranapc'rt; is low_flOW))\)

THEN info:t:tnthe op~rator fOr the next 2 seconds that
"transport [the name of the mfmtransport] has low flow
and high pressure"

AND invoke sink rules
AND conclude that the state Of the mfmtrciUsport is

seconda~,

IF the condition of any mf:mtransport: is
high_flow_high_pressure

AND (IF there exists a rnfmsink connected to the rnfmtransport
THEN (the conditiOn of the mfmsink connected to the

mfmtransport is high_pressure
dlR the cond.rtLon of the mfmsink connected to the

i
I( mfmtransport is high_flow
OR the condition of the mfmsink connected to the

rnfmtransport is high_flow_high_pressure»
THEN inform the operatOr for the next 2 seconds that

IItransport [the name of the mfmtransport] has high flow
and high pressure"
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AND invoke storage rules
AND invok~ source rules
.aND conc:lude that the state of the mfmtransport. is

"$econdary

IF the CO{~dition of any mfmtransport is
r

high_f 1.ow_low_pres sure
AND (IF titere exists a m£msink connected to tP,e +nfmtransport

'~~;:-,:,:.~~~;?<THEN (the condition of the mfmsink connectEd to the
mfmtransport is 10w.__preSSure

OE the condition of the mfmsink connected to !-:;he
n '[

trtfmtrcrnsyortis.high_ffow_low_pressure
OR the condition of the mfms i.nk connected .t.othe

mfmtransport is high_flow))
,- ....

THEN inform the operator for the next 2 seconds that
\- ..~,,)

transport [the name of the mfmtransport J has ~figh flow
and low pressore"

AND invoke sink rules
AND conclude that the state of the mfmtransport is

secondary

IF the condition of any mfmtransport is low_flow
.AJ.'ID (IF there exists a mfmsink connected to the mfmtransport

THEN (the condition of the mffusink connected to the
mfmtransport is low_flow f

OR the condition of the mfmsink connected lo the
mfmtransport is high_pressure

OR the condition of the mfmsink \bonnected to the
mfmtransport is low_flow __high_pressure)}

THEN inform the operator for the next 2 seconds that
"transport [the name of the mfmt xanapoz t I has 10....s flow

AND invoke sink rules
AND conclude that the state of the mfmtransport is

secondary
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;".',

I~'(the c'o:nditi0Pof,any mfmt!:pnsport is low_flow
--. ',-' v

AND (IF there exists a mtmsink d'onnectedto themfmtransport
\\.(.}... . ':. - . . '. . ". . ,-- ".: '. - ..' .. '. ;)

THEN (the·condition of the mfmsink connected to the
\) ,.

mfmtranspo£t is low_frow_low~_pressure.»)
THEN inform the operator for the next 2 seconds that

IItransport [the''name of the .mfmtransport] has low flow"
A!~ invoke stor~ge rUles
AND invoke source rules
AND conclli~;'that the state of the mfmtranspprt is

of any mfmtransport is high_.floW
1\

A.1\lD(If there ex:Ls~s a mfmsink connected to the .mfmtransport
'llHE:t\)'(the condition of the mfmsink connef.!tedto the

(l, . .

y\ mfmtransport is.high_flow
Q,R the condition of the mfmsink cOl}nect;,edto the

mfmtranspo:r::t.is high_pressureo
OR the condition of the mfmsink connected to the

"mfmtransport is high_flow_high_pressure;
OR the'condition of the mfmsink connected to the

mfmtranspOlrt is hi~h_flQw-4low_pr€,:ssure»
THEN inform the operator ·for the next 2 seconds that

"1'''.

mfmtransport] has hj_gh~'~)
~~-=- __ -:::=-_--./?;; _o-

"transport [the name of the
flow" 'V'

AND invoke source rules"
AND invoke storage rules
AND conclude that the state of the mfmtransport is

secondary'

IF the condition of any mfmtrapsport is high_preSsure
AND (IF there exists a mfmsink. connected to the mfmtransport

THEN (the condition of the mfmsink COnnected to the
mfmtransport is high_flow
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O~, the condition of the mfmsink connected to
'the mfmtransport is., high_.pressure

OR the condition of tlje mfmsink' connect~d to
the m:emtranepox't is low_flow_high_pressure

OR the condition of the mfmsink Connected to
the ro.;fmt:ransportis ",
high_f1ow_high_pressure»

THENinform the operator 'for the next 2 seconds that
IItran\kp.Qrt [the name of the mfmtransport) has high

i ")
"'~pressure II

ANDinVOke storage rules
, )

ANDconclude that. tpe s t.at e of the mfmtransport is
secondazy

J
fr
J II

IF tine condition of any mfmtransport ~ow_f19W_high_.pressure
AND(IF therE' exists, a mfmsink connected to th~\mfmtransport

TBEN(the in_condition of the mfroconnection connected
at the input of the mfrotransport is
low_.pressure\

OR the in_condition of the rofmconnection connected
tl

at the input of the mfmtransport is
1oW_flpw__low_pre::>suxe) ).

THENintorrn the operator for the,next 2 s~conds that
II tra~sport [the, na,7neof the mfmtranspoi\:l has high

, ~ ~
level and high pr~\psure" \i

ANDinvoke storage r.ules!!
"

ANDinvoke source rules
ANDconclude that the state of trll:.":mfmtransport is

secondary

IF f::he condition of any rofrotransport is low_j;)ressure
AND(IF there exists a mfmconnection connected at the input

;iof t,he m~mtransport
THEN(the in_condition of the mrmconnr ~,t;Lonconnected

\

at the input of the mfintransport. is
low_pressure..

67



ORthe in_condition of the mfmconnection connected
at the j_nput of the mfmtran.sp_prt is
low_flow__low_pressure) )

/'

THEN inform the operator for the next 2 se20nds Xh,at
/':_.i» ~.

"transport [the name o_f the mimtransport] has high
level and high preS51.lre'~,

AND/invoke storage rules
, If

ML) invoke source' rules
ANDc,onclude that I the State of the mfmtransport is

secondary

IF the condition of QWj.y, mfmtransport is lovL_flow_low_pressure
AND(IF" there exists )~~mtmconnect.Lonconnected at the input

of'the mfmtransp0Ft
THEN (the in_cd)nd.:Ltionof the mfmconnection connected

at: the input of the mfmtransport" is
1ow_pressure

OR;the in__cond;i.tion of the mfmc9pnectiQr1 connected
at the \,;;:-p\'l.tof the .1llfmtransport is

, .i~ \:

low_flovi'low~.pressure) J C;
THEN inform the opera:{·br for the next 2 seconds that

"transport [the name of the :cnfmtransport] has high
le\[~~,,)and high pressure"

At."ID Lnvoke storage rules
ANDinvoke source rules
ANDConclude that the state of the mfmtransport is

secondary

1/
"".<i
:.-~.}

IF the ~Condition of any mfmt.xarisport; is Mgh fJ.ow
AND(IF there exists a mfmconnection ccmnecteH at the output

U
of the mfmtransport
THEN (t\ht:1'put_condition of the mfmconnection conrrect.ed .

at the output of the mfrntransport is
high_pressure

ORthe out_condition of the mfmconnection conn.ected
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at the' ,tput of the mfmtransport is high_flow
OR the out_conditiotJ.of the mfrnconnection connected

at 'Ithe-outP1.ltof the rnfmtransport is
high_flow_high_pressur~) )

TEEN intorm the operatol:.'for the next 2 seconds that
Htransport [the name of the rnfrntransport)bas
high_level and high pressure"

AND invok.e s~orage rules
AND invoke source rules
iiw conc-Lude that the state of the mfmtransport is

seconda:t.y

IF the condition of any mrmt.r-anspo'rt; is high_pressure
AND (IF there exists a mfmc6nnection connected at the output

of the nlr~transport
THEN (the Qut_condition of the mfmconnection connected

at t(heoutput of the mfmtransport is
high_:pressure

OR the out,_condition of the mfmconnection connected
at the output of the mfmtransport is high_flow

OR the out_condition of the mfmconnection connected
at the output of the rnf:mtransportis
high_flow_high_pressure))

THEN inform the operator for the next.2 seconds that
"transport [the name of the mfmtransport] has high
level and high pressure",

AND inVOke(istorage rules
AND invoke I source rules
AND conclude that the state of the mfrntransport is

seconda1::Y

,
IF the condition of any mfmtransport is

high_flow_high_pressure
AND (IF there exists a rnfmconnection connected at the output

,(.1£ the mrmt ranspor-c
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THEN (the out_condition of'the mfmconrioction connected
at the output of the mfmtransport is
high"""pressure

OR the out_condition of the mfmconnectiOh'connected
at the output of the mfmtransport is high_flow

OR the out_bonditioq} of the mfmcohnection connected
at the output of the mfmtrans:port is
high_flow_low-pressure)}

THEN inform the operator fOT the next 2 seconds that
I'transport [the naIl1eof the mfmtransportJ has high
level and high pressure "

AND invoke storage rules
AND invoke source rules
AND conclude that the S'tate of the mrmt.ranspoz-t;is

secondary

IF the condition of the mfmtransport is
high_flow_low_pressure

AND (IF there is a mfmconnection cronnected at the output of
thG mfmtransport
THEN (the out_condition of ,themfmconnection<:eonnected

at the gutput of the mfmtr~rsport is
high_flow

// OR the out_condition of the mfmconnection connected
at the output .of the mfmtransport is
high_flow_low_pressure))

THEN inform tbe operator for the next 2 seconds that
IItranspo.rt[the name of the mfmtran$port] has high
level and hi9'hpressure"

AND invoke storage
AND invoke source rules
A.J.\lD conclude th,t th% state of the mfmtratlsport is

secondary

'IF the condition of any mtmtransport is
low_f 1oW_higt ..pres sure
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AND{IF there exii-sts a mimconnection connect€.dat that output
("')

of the mfmtransport
THEN (the out_condition'of the mfmconnection connected

at the l)utPut of the ;r:nfmtransport is
hi.gh_pressure

OR the out_condit.ion "of the mfmconnection cohnected
at the output of the mfmtransport is\\ -
low__:,flow__low_pressure) ,i

THEN inform the operator for the next 2 seconds that
II transport. [th~ name ,of the mfmtransport J has high
level and high pressureu

ANDinvoke storage· rules
ANDinvoke source-' ruleso

. , 0" 0

ANP conclude that the state of the,. mfmtr~nsport is
secondary' e
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F.3 Storage Ru1es

(JRules used to determine secondary ~larrtlswith mfnt storage
function.

SECONDARY_STORAGE

IF the condition of any mfmstorage is low_level_low_pressure
AND (:tFthere exists a rnfnltransport connected at the input of.

t;

the mfrnstorage
,;THBN',,(theconciition of the rofmtransport connected at

the input of the mf;mstorage 'islow_pressure
OR .t.hecondition o.f the mfrntransport connected at the
j(
!I

OR
input of the

. l~the conditf'on
I! ':"input' of the mfrnstbrage is low_flow ,u

(IF the condition of the rnfrntra~sport connected at
t.he input of the rofmstorage is no_sensory_date,
THEN reflection_secondary(the condition of the

mfmstorage is low_flow_low_pressure
of tfiernfmtransport connected at the

OR

,
mfmstorage,the flow_function connected at the
input of the rnfmstorage ,input» is faulty»

THEN inform the operatGr for th.enext ·)2 seconds that
"storage [the name of the rnfmstorage] has low level and
low ;pressli:l:~e"

AND 'invoke transport ruji·es
I

AND coric Lude that the sltate of the rnfrnstorageis secondary
Ii
(11

IF the condition of,any rnfmstorage 'is lOW_level
AND (IF there exists a rnfmtransport connected at the input of

the mfrnsrtorage
THEN (the condition of the rnfmtranSport connected at

the fnput of the rnfmstorage is lOW_flow
OR the condition of th.emfrntransport connected at the

input ,,'Ofthe mfrnstolt;"age.is low_pressure
OR the condition of the mfmtransport "connected at the
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input qf" the mfrnstorage d.s low~flow_Jow~.':pressure
OR (IF the conditi9n of the mfmtranSPort connect~d at

~ . . \\the input Qf the mfmstora!;rElis no~senS'ory_data ".0,

THEN ref;tection.......secondary(the condition lof the
rnfmstOrage,the flow_ftmction connected at the
input of the mfmstorage I input}) is faulty»

rr

THEN inform the operator for the next 2 seconds that
"storage [the name of the rnfmstorageJ has low 'levelII

AN!) invoke transport rules
AND cconclude that 1;:hestate of the mfmstorage :1>ssecondary

(t

IF the condition of any mfmstorage is high_level
.AND (IF the:t:e.exd strsa mfmtransport connected at the out.put;

of the mfmst.orage ,.
THEN ~the condition of the mftntransport connected at

the output liOf the mfmstorage is high_flow
OR thE!condition of the mfmtdmsport connected at the

ou.tput qf the mfmstorage,is high_pressure
OR the condition of the"mfmtransport connected a':.the

output of the mfmstorage, i,shigh~flow_high_pre\;sure
OP the condLt;;ionof the mfrntransport connected at the

output of the mfmstorage is high_flow_low_pressure
QR (IF \.:.hecondition of the mfmtransport connected at

the output of t.hemfrustorage is no_ser2$ory_data
THEN r~flectlon_secondary(the condition of the

mfrnstorage/the flow_funct;;ionconnected at the
output of the·mfmstorage I output») is faulty»

THEN infdrm the operator for.the next 2 seconds that
"storage [the name of the mfmstorage] has 1::ighflm.; "

.AND Lnvoke Sburce rules
AND invoke transport rules
AND conclude that the state of the mfmstorage is secondary

J I
\ r
\1,

\\

IF the condd t Lon of any mfmstorage is
high_levEil_high_pressure
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AND (IF there. eXi,sts a mfmtl;'ansportd.onnected at the output
of t2hemfmstorage

THEN (the condit,ionpf the mfmtransport connected at
the outpuF of the mfmstorage is ,nigb._p.cessure

1·..1'

OR the conditiQn of the rnfmtransport connected at the
output of the mfmstorage is high~fldW

OR :,thecondd t.Lon of the rofmtranspo:ctconnected at th~
i) \.

output of the rrtfmseorageds higq~flow-,-high_pressure
OR (.'tFthe condition of the mfmtranspbrt connected at

>---::/the '01.1tputof the mffustorage is no~sensory ....data
TREN :r.eflection_secondary(the condition ()~ the

mfmsto~age, the :Elow_:'functionCOnnef(ted at the
output. of the mfmstorage ,ou1::J;3ut))~\;Lsfaulty))

THEN inform the operator for the next 2 seconds. that
"storage [the name of the mfmstorage] has high flow and
high pressure ~'

'I '.'.1

AND invoke transport rules
AND invoke source rules
AND conclude that the state of the mfmstorage is secondary

IF the condition of any mfmstorage is high_t;>ressure
AND (IF there exf.s t s a mfmtra'nsport conne ct.ed at the output

of t.hemfmstorage
THEN (the condaad.on of the mfmtransport connected at

the output of the mfm~t?rage is high~floW
:'OR,the condit~on of the mfmtransport connected at the

Qutput of th~ mfmstorage is high_pressure
,;\OR the.condition of the mfmtransport connected at the

output of the mfmstorag~ is high_flow_high_pressure
OR the condition of the mf~transport connected at the

output of the mfmstorage is high_flow_low__pressure
OR (IF the condit~on of the rufmtramsport connected at

the output of the mfmstorage is no_sensory~data
.THEN reflection_seconda:ry(the condition of the

mfmstoragerthe flow_function·connected at the
output of the mfmstorage ,output») is faulty»
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'IL, THEN inform t;.J;'leoperato:r for the.~ext 2 saobnda that
u 0

c:

"storage [the name of the mfmstorage] haB high
press~reH

~() invoke 'trFlnSportrules
AND coricLude that the state of the mfmstoragE? 'J.R secondary

IF the condition of ;::my mfmstorage is low_,.,Pl:7ess.ure
AND (IF t.here"exists a.mfmtransport connected at the inpllt of

the mfmstcirage
THEN (the condition cifth~§.mfmtransport connected at

the input of the mfmstbrage &s lOW_J)ressure
OR the.,,,Qonditionof the,mfmtransport connected at the

inpJt,of the mfmstorage is low~flow_1.pw_J)ressu:be.,
OR the condition of themfmtranspO;r:-tconnected at the

input of the mfmstorage is low~flow
ORo JIF the condition of q1e mfmtransport connected at

the input of the mfmstorage is no~sensozy~data
THEN re:election~secondary(the condition of the

:mfmstorage,the flow_function connected at the
input of the mfmstorage ,input)) is faulty))'~.>

THEN inform the operator for the next 2 seconds that"
storage' [the name of 'the mfmstorage] has low pressure

i'

If and.preSStlre"
~TD invoke transport rules
AND conclude that the state of the mfmst.orage is secondacy
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F.4 Ca~culation Ru1es
'J

(~Rules used to deterIl1.inesecondary alarms wit~h I';\fxn,ce.Lcu.Lat.Lon
function.

SECONDARY CALCULATION- _.. -:r

o\_IF the condition ~t any rnfmcalc is loW_flow_low_pressure AND
(TF there exists a mfmtransport connect;ta,,<1at the input of

(\ .~,~:: .,\t;,hemfmca,1c ; .
:.,Y"; . ;,-,,(..

THEN (the condition of the infmtralisport connected at
the' input of the mfmcalc is low_pressure

OR the condition of the mfmtransport connected at the
input of the mfmcalc is low_flow_low_pressure

OR the condi-t-±on of the rnfmtransport connected at the
r· I)

input of the mfmcalc is low_flow
OR (IF the condition of the mfmtransport connected atr:

the input of the mfmcalc is no_sensory_data
THEN reflection:"-secondary(tne condition of the

mfmcalc,the flow_f:.1nction connected at the
input of the tnfmcalc I LnptrtI) is" faulty) )

THEN inform'the operator for the next 2 seconds that
"storage [the name of the mfrncalcJ has low flow and low"
pressure "

AND invoke transport rules
AND conclude that the state of the mfmcalc is secondary

IF the conditiqp of any mfmcalc is low_flow
AND (IF there exists a mfmtransport connected at the input of

the mfmcalc
THEN (the condition of the lnfmtransport connected at

the input of the mfmcalc is low_flow
OR the condition of the mfmtransport connected at the(I

input of the ro,;fmcalcis low_pressurEl
OR the condition of the mfmtransport connected at the
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input. of the mfmcalc is low_floW~low.:...pr~~b~~re
,. '. . J)(IF the condition of the :r(llfrntranspo;r;tconna.cted at

the Lnput; of the mfmcalc is rto_sensory_data
THEN reflectioll~secondaty(th~/'e,~.nditi~~ of the

mfmcalc,the fld~ function connected at the____ .. " .. . '.cO • ;;,. -,'_

input of the mf'moaLc , input}') .J.s faulty;»
THEN inform the opeJ;ator for the next 2 seconos that

OR

11 storage [the name of the mfmcalcJ het's low. flow"
AND inVoke transport rules
A..'t\JD concl8.de that the sta,t:e of the mfrnoa.Lo is secondary

IF the condition of any mfmca~\cis high_flow
.Al\TD(1# there exists a rnfrntrar:{sport connected at the outputc.

of the.mfmcalc
I!THEN (the condition of the mfmtransport connected at

the output of the mfmcalc is high~flow
q'\)OR the condition of the mfmtransport 90nriected': at the

output of the. mfmcalc is high_pre~sure
o+}f;he condition of the rnfmtransPort connected at the

output· of tbe ,mfmcalc is high._flow_high_pressure
oOR the condition of the mfrntcanapor;t; connact.ed at"the ,~

,- . { . ,;} -: .

output of the· mfmcalc is high~flow._.J,o:!N:.__pressur.e
OR (IF the condition of the mfmtransport:. connected at

the output of the mfmcalc is no.:_sensory._data
THEN reflection_secondary{the condition Of the

(,~~I

mfmcalc,the flOW_function connect~d at the
output of the mrmca Lc r output» is fali1ty»

THEN inform the operator for bhe next 2 peconcls tha.t
"st.qrage [the name of the mfmcaLc] has high ,flow "

ANDinvoke source rules
ANDinvoke transport rules
ANDconclude that the state of the. mfmcalc is secondary-;

IF the condition of any mfmcalc is high_flow_higH_pressure
AND(IF there exists a mfmtranspo:r:t conneot ed at the output
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of the:mfmdalc
\~~~. Jj

THEN <the conditioE. of the mfmtransport connected at
the output of c.ae mfmca;J.c is high_pressure

OR the condit.ion of the mfmtransport connected at the

<>

output",of uthe mfmca.l.c is high~flow
OR the condition bf the mfrotransl)ort conrieof.ed at, the

01,ltP~tof the mf:mcalc is high_flow_high_pres,?ure
OR. (IF the condition of the mfmtransport connected at

the qutput .of the mfmcalc is u<;>_,.sensory:._data
THEN reflection s.e:r·~ndary(thecondition of the

":'t"_>' I,

mfrncalc,the flow_function. connected at the
out.put; of the rufrnca.Lc I output» :is faulty»)

THEN infot.'mthe operator 'for the next 2 seconds that
II s'torage [the name of the mfmcalc] has high flow and
high pressure II

ANn ~ny;pke transport rules
AND,. i:1:"1vo)<,e';spurce rules
M'"D';conclude that the state of the mfmcalc is secondary

IF the condition of any mfmqalc is high-pressure
\\A..'I\ID(IF there exists a mfmtransport connected at the output

of the mfmcalc
"THEN (the condition of the mfmtransport connected at

,'. . (J

the output of the mfmcalc is bigh_floW
OR the condition Of the mfmtransport connected at the

output of the mfmcalc is high-pressure
OR the condition of the mfmtransport connected at the

output of toe mfmcalc is high_flow_high_pressure
OR the condition of the mfmtransport connected at the

output of the ..mfmcalc is high_flo.w_low_pressure
1::-, OR (IF the condition of the mfmtransport connected at

the outpu1i of the mfrncalc is no_sensory_data
THEN reflection_secondary(the condition of the

mfrncaLc , the flo'VLfunction connected at the
output of the mfmcalc r output}) is faulty»)

THEN inform the operator for the next 2 setoncls thatP
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(/

U storage (die"name of the mfrncalc] has high pressure"
I

AND invoke trar~spClrtrules
AND c;onc;:ludethat the state ot ~he rnfmcalc is secondary

c'- 'IF the CO!1dit~?n pf any mffnoa.Lcis low__preSsure
AND (.IFthere exists a j~ncl1';tW:'ansport'ccnnectiedat the input of

the mfmcalc P
THEN ("thecondition of the mfmtransport connected at

the input of the :rnfmcalcis low_pressure
OR the condition of the mfmtransport connected at the

input of the mfmca.Lc is 10w~flow_low_.prE:!ssure, ... ,

OR the condition of the mfmtransport connected at the
input of the mfmcalc Js low_flow

OR (IF the condition of the mfmtransport connected at
the input of themfmcalc is nO-'1~ensory_data
THEN refleciSion~secondary(the condition of the

mfmcalc,the flOW_function connected at- the
input of the mfrricaLc I input) )..is faulty)").

THEN inform the operator for the next 2 seconds that"

pressure"
storage [the name. of the.mfrncalc] has low pressure and

I\.

AND invoke transport rules
AND conclude that the state of the rnfrnca.lcis secondacy

\
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F.5 Sin)t,.: Rul.es

nRUle~ ..pseo to determine secondary alarms with mfm ,§ink
function.

SECO..NDARY_SINK

IF the condition of any mfmsink is high_flow
MTD (the condition of the mfmtra,nsport connected .co,the

mfmsink is high_flow
OR th~ condition of the mfmtransport connecte.d to the

mfmsink is high_flow~hi~h_pressure
OR the condition of the mfmtra.nsportconnected to the

mfmsink is hi~h_flow_low.....pressure
OR (r.~< the condition of the mfmtransport coilnected to

the''E';f'Emsinkis no._sensor.y~.data H/i
THEN reflect~bn._secondary (the CO~;L-::_..,;~rt'·of the

mfmcalc,the flow_function cOt\yect8d to the
rnfrnsi.rik,if?,l;>ut))is faulty)) ....1)

THEN inform the opera:'tor for the next 2 seconds that
!(
I,"sink/t

[the name of the mfmsink] has high flow"
AND invoke ,transport rules
AND concludes that the state of the mfmsink is,secondary

IF the condition of any mfmsink is low_flow
AND ((the condition of the mfmtransport connected to the

mfrnsink is low_flow
,

OR the condition of the mfmtransport connected to the
mfmsinIt is low__l)ressure

OR the condition Q~' the Itlfmtransport connected to the
.1 (;,.

mfms.i.:!!';~is low_,flow_low..:..pressure
OR (IF the condition of the mfmtransport connected to

the mfmsink is no_sensory_data
THEN reflection_secondary(the condition of the

mfmcalc,the flow_function connected to the
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\\
\\
I mfmsink I input» is faulty»

..'I'HBN inform the operator fol;'the next. 2 seconds thQt
"sink [the name of themfmsink) has low flow"

AND invoke transport rules
AND conclude that tl1e state of the mfmsink is secondary

~:)) . . ..../?IF the condition of any mfmsink is high_flow_low_t:iressure
.AND « the conoition of the mfmtrz{;Jsport connected t~ t.he

mfmsink is low__pressure
OR .the condition of ·the mfmtransport connected to .",the

mfmsink is high,,>-flow__J,o•..,_pressure ?wf:
the condition of the ..rnfmtranspor't connected to. nhe

. ... .. ... ,''.. . \_\ , ~:

mfrnsLnk is b..igh,_fJ,ow 0

(IF the condition of the mfmtransport connected to
the mf:msink is no_sensory __data
THENreflection_sE;lcondary(the condition 0:: the

mfrncaLc ,the flow_function connected te)'the.
mfmsink ,input).) is fauJ,ty))

't'HENinform the operator for the next 2 secortJ.sthat "sink
[the name of the mfmsink] has hi::ahflow and low

OR

OR

<~Jpressure II

AND invoke ,C transport rules
AND conclude that ttl" \. state of the mfrnsLrik is secondary'

!

{ ~"\

lF tl1e condd.t.Lon of anY"\\l1fmsinkis h~~g:ti":_flow~rt,;·611__pressure
AND (the condition of td~mfmtransport Gonnected to the

mfmsink is high_jJressure I.

OR the condition of themfmtransport connected to the
mfmsink is high_flow

OR the condition of the rnfmtransport connectF,:d to the
mfmsink is h,:i-gh_floW_high_pressure
eIF the condition of the mfmtransport connected to
the mfrnsink is no_sensory_data
THEN reflection_secondary(the condition of the

mfmcalc,the flow_function connected to the

OR
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mfmsink I input)} is, faulty)
THENinform "the· operator 'for the next ,2 seconds ,that II sink

[the nam9 of the .mfmsink] has high flow ano..liigh
pressure"

']\ND invoke t;ran,sport ruies
ANDconc Lude that' tpe state ef the mfms:i::nkis secondacy ..

IF the condition· of any mfims'Lnkis 10w_flow_10w-Plf3eSSu.re
AND ((the condition of the mfmtrEl,nsport connected to the

,~ 0

mf~sink is low_flow_low_pressure
OR the condition of the mfpltransport con:uected to the

mfmsink is low_P~'essure
OR the condition of the mLtntransport connected to the

mfrnsink is low_flow.,
OR (IF the cond:tition of the mftntransport connected to

the mfmsink is no_sGns:l:Y_data
THENreflection_seconda;ry(the condition of tue

mfmcalc,the flow_function connected to the
mfmsink ,input)) is faulty))

(:

TB;ENiItform the operator for the next 2 seconds that "sink
[t.he name of the mf'rns.i.nk)has low flow and lot-I
pressurell

AND invok.f~ transpo:r't rul$s
iI " . ; =:

.ANfj conc~\~riR that the state of the mfmsLnk is secondary:

J"H' the condition of. any rnfmsi.nk is 10w..JJressure
AND « the condition ot: the mfmtranspor1/ connected to the

mfmsink i,s low,..,pressure
OR the condition of the mfmtransport connected to the

mfmsink is low_flow_low_pressure
OR the condition of the mfmtransport connected to the
mfmsink is lOW_flow
OR (IF the coildit.ion of the mfmtransport connected to

the mfmsin.k is no_sensol:Y_.data
THENreflect.ion_secondary (the condition of the
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"mtmcalc, th~ flovcfunction connected to t.he
.... b 0

mfrns i~)<. tA.r~~ut) ) is fa ul ty))
THEN inform') the opera/tOr for the next 2 s'~conds that "

sink Jthe name 0f the mfmsinkJ has low\pressure II

A_~ invQke transport rules
ANDconclude tl1at th~ lstate' of the! mfm~H'nkis secondary

G-'

),i,(

I_:'
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Appendix G

Fault D.iagnQst:Lc Rules

This appendix contains the. rules used for fault diagnostic.

G.1 Source Ru~ea

Rules USed to determinEi w.~lQn'::a_ rnfimsource .function has a
";,:'). -"'"fault and the type of ·,r()ult.

FAULT_.,.,.SO'iJRCE

IF. the condition of any gl-fmsource is low_flow_high.,..:pres,pure
(:~)

AND {the condition of the mfmtransport·c c;;onnectedto the
\1 \', '-'"

rnfms0urCe is low_flow ......lo"'__I)res'Sure
OR the cbnr.1i.tionof t.he mfmtra~sport connected t.o the

mfmsource is low_flow
OR the conditioITiof·the mfmtral'lsport connected to the

c, •• j ~ \1

mfmsource is-low_pressure .
OR (IF the condition of the mfmtr,?nsport connected to

the refrnsource is no......sensory_data
THEN r~flection(the f.Lo'Vcfunction connected at the
output Of the mrmsotrrce , output I blockage) )is faV1tY)li

THEN infol'."IUthe operator for the next 2 seconds that



IIsource [the name of t.he mfmsource] has low flow and
high pressure bloclt.ed 11

A...'r-.ID invoke transport rules
~ conclude that~: the state of the mfmsource i.F;i

fault_blockage
cC )1

ANDstart set_manager (the state of the mfmsourQ/~, " [,f~hei,/ . ;

name of the mfmsource) II r " " )

IF the condition of any ttlfmsource is low_flow __lQw_pressure., ..
TBEN inform the operato:!; for the next 2 seconds that

10 source [the name Of the mfmaour-cel has low flow and
lovr pressure - inlet b~r.Ocked"

ANDconclude that the stat$",/~~/j~J~,,_xp.fm9r'-1rCej,s
,~' ,; \.. ",-; ,.--_,

fault_).)loCkC:?,ge .\/ ;/ '
j J"'--..", :~;~!

ANDstart set_manager (txit ~'te!;-''\:...~~",/he mfrnaour-oej." [the
', ~'-- /,' .,- ',',_'.:.!))/ - -: ..:<'

name of the mfms(.)ur''J'~'lV..1t»~:t:hencufTEf'of the mf:r\~~lource]II)" ',' y)

IF the condition'of any mfmSot\.X'r. is low.....pressure
'tHEN inform the operator for the next 2 seconds that

10 source [the name of the mrmsouxce l has low flow and
low pressure - inlet blocked "

ANDconclude that the state of the mfmsource is
fault_blockage

k'ro start set_manager (the state of the mtmsour-ce , II [the
name of th\\ mfmsourcel ", II [the name of the mfmsource) II)

IF the condition of anY mfmsQurce is high_pressure
AND (the condition of the mfmtransport connected to the

mfmsource is low_flow_low_pressure
OlR. the condition of the mfmt:ransport connected to the

mfmsource is normal
OR the condition of the mfmtranEiPcrt connected to the

mfmsource is low_pressure
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OR the condition of the mfrntransport connected to the
mfmsource is low_flow

OR {IF the condition of the mfrntransport cOnnected to
the rnfmsou:r.ceis no~sensory_data
THEN reflection (the flow_function COnnected at the.
output of the mfmsOurce
connected,output.,blockage»)is faulty»

'/

THEN inform the<,,~p'eratorfor .t.henext 2 seconds
"source [the name of the mfmsourceJ· h!~s high

l!

that:
pres sure'"

1>.1;\TDinvoke transport rUles..AND conclude that the state of the mfmsdurce is
faUlt_blockage

AND start set_manager (the state of the mfmsource, u [t.he
name Of the mfmsource]]I, II 01 )

.J

IF the condition Of any mfmsource is high-pressure
.AND the condition of the :mfmtransport connected to the

:mfmsource is normal
THEN inform the operator for the next 2 seconds that

"source {the name of the mfmsource} has high pressure -
check sensorsU

AND invoke transpOrt
AND concluded that the state of the mfmsource is fault

(IAND start set_manager (the state of the mfmsourCe/II[the
name of the mfmsource)","[the name of the mfmsource]")

IF the condition of any mfrnsource is!high_flow
AND (t.hecondition of the mfrntranspo;rtis

low~flow_high~~ressure
the cJndition q>fthe mfmtrM).sport conneot.ed to the'; . - ::--:}/

rnfmtransport.donneot.ed to t~hemfmsource is
low_f 10W~low___t)resstnae

OR the.pondi tion of the mfmt.r'anport connected to the

OR

mfrnaour-ceis lOW_flow
OR the condition of the trlfmtranspo:r:tconnected to the
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OR
mfmsource is low~ressure, ,
(IF the condition of the mfmtranjFort
the mfmsource is no_sensory_datCZ.:c
THEN reflection~the flow_function conn~cted at the
output of th~ mf~source ,output,leakage»)is
faulty) )

connected to

THEN inform the operator for the next 2 secong.s that
"source [the name of the mfmaouxoe I has high flow II

AND invoke transport :r:l.lles
AND conclude that the state of the mfmsource is

fault_leakage
AND start .Set_manager (the state of the mfmaouz-ce,"[the

II

name of the mfmsource] ","[the name of,the mfmsourceJ II )

I~ the condition of any rnfmsource is high_flow~low_pressure
AND (the condition of the mfmtransport connected to the

'tnfmsourceis loW_flow_low~pressure
OR the condition of,(th~1Ufmtransport connected to the

mfrnsouxce is low_flOW
Of{ the condition of the mfmtransport connected to the

1;:

mfmsource :L:3 low_flow_high_pressure
OR (IF the coddition.of the mfmtransport connected to

the mfmsource is no~sensory_data
THEN reflection(the flow_funct:i9n COP,nected at the
output of the mfmsource,output,leakage»is faulty)

THEN iriform the operator for the next 2 seconds that
"source [the name of the mfmsource} has high flow and
Low pressure "

,-'> ___

AND inV"oke transport !.'ules
AND conclude~that the state of the mfmsource is

fauJ.t_leakage
AND start set_manager (the state of the mfmsource,"[the

name of the mfmsourcejl","")
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G .,2 Tra.nsport Rules

Rules used to determine when a mfm transport function has a
fault a.nd the type of fault.

FAUL'l'_TRANSPORT_SOURCE

IF the condition of any mfrntransport is lov'l_flow_low_pre$sUre
AND (IF there exists a mfmsource connected to the

mfmtrans:Qort
THEN (the corfdition of the mfrosource connected to the

mfmtransport is high_flow_high-.pressure
c.

OR the "cdhdition of the mfmsource connected to the
,1(t1fmtransportis high_pressure

OR the condition of the rnf:rnsourceconnected to the
mfmtransport is hiLgh~flOW

OR the condit~on of the mfmsource connected to the
\\ mfmtransport is high_flow_low_pressure

OR (IF the conditior1 6f the mfrnsource connect!~d to
the mfmtransport is no_sensory_data
THEN reflection (trieflow_function connected at
the input of the rI~fmtransport,input I leakage»)
is faulty»

THEN inform the operator for the next 2 seconds that"
transport [the name of the mfmtranspor~] has loW flow
and IdW pressure - leak"

AND invoke storage r1,lles
AND invoke source rules
AND conclude that thl3 state of the mfmtransport is

fault_leakage
AND start set_manager (the state of the mfmtransport,"II,

"[the name of the mfmtransport}")

.IF the cOr1ditJ:onof any rnfmtranSlportis low_flow_low_pressure
k\f]J (IF there exists a mfmsource connected to the
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mfmtransport
THEN (the condition of the mfmsource connected to the

mfmtransport is low_flow;._higb._vressure
OR the condition of the mfmsource connected to the"
mfmtransport is high-pressure
OR (IF the condition of the mfmsource connected to

the mfmtransport is no_sensory_data 1\
\\

THEN reflection (the flow_function connected at
the input of the mfmtransport, input,
blockage)) i$ faulty)).

'THEN iniorm the operator [the name of the mfmtransport has
low flow and 10v.J pressure - blockecl"

AND invoke storage rples
AND invoke source rules
AND conclude that the state of the mfmtransport is fault
AND start set_manager (the state of the

mfmtransport,"", II [the name of the mf:mtransportJ")

IF the condition of any mfmtransport is .low_flow
AND (IF there exists a mfmsource connected to the

mfmtransport
THEN (the condition of the mfmsource connected to the

mfmtransport is high._flow;__high_pressure.:
OR the mfmtransport is high_flow
OR the condition of the mfmsource connected co the

mfmtransport is high_flow_low_Vressure
OR the condition of the mfmsource conneot.ed to the

mfmtransport Ls high-Pressure
OR (IF the condition of the mfmsource connected to

the mfmtransport is no_sensory_data
THEN reflection (the flow_func.tion ccnnect.ed at
the input of the mfmtra:r:'lsportj input I leakage).
is faulty))

THEN inform the operator for the next 2 seconds that
HtransportJ has low'flow - leak"

AND invoke source rules
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AND conclude that the state of the mfmtransport is
fcmlt_leakage

AND start set_manager (the state of the
rnfmtransport',"","[the name of the rofmtransport]")

I',

IF the condition of any mfmtransport is
1oW__f1ow_high_pres SUre
AND ctP there exists a rofmsource connected to tb!l:=

mfmtransport
TE:EN (the condition of the mfrosburce COnnected to the

mfrotransport"is hi~h_flow_high_pressure
OR the condition of the mfmsource connected to the

mfmtransport is high_flow ~
OR the condition of the mfmsour-ce connected to the

rofmtransport is high_flow_low_pressure
OR (IF the conditiQ~of the mfms()urce ccnnect.ed to

the mfmtransport is no_senso~_data
THEN reflection(the flow_function connected at
the input of thE!mfmtransport, input, leakage»
is faulty»

THEN inform the operator for the next 2 $econ9s that
Utransport [the name of the mfmtransport] has. low flow
~ Leak"

AND invoke storage rUles
AND invoke source rulBs
AND conclude tha~,the state of the mfmtransport is

fault_leakage
AND start set_manage:r.'(the state of the mfmtransport,

,"",!lIthename of themfmtransport]tr.)

IF the condition of any m:Bmtran'sportis low_pressure
AND (IF there exists a mfmsouree connected to the

tnfmtransport
THEN (the condf.tLon of the rofmsource connected to th€~

mfmtransport is high_flow_high_pressure
OR the condition of the mfmsource connected to the
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m;Emtransport is high_flow
OR the condition of the mfmsource connecte\~ to th~,':,

mfmtran,sport is high_flow_l oWJ;?ressurel}
OR (J:::F t.hecondf.td.onof the rnfmsource connected to

;-!

the mfmt;;.ransportis no_sensory_2data
;'J:'HElNreflection(the flow~function connected. at
the input of the mfmtransport, input:, :!.eakage})
is faulty)

1;-

THEN inforrnthe operator for the next 2 seconds that
"t.ransport [the name of the mfm~ransport] has low flow
- leak"

M-TD0invoke storq_ge rules
AND invoke source rules
AND concLude that the state of the,mfmtransporl" is

fault_leakage
AND start set_manager (the state of the mfmtJ:ansport

,"",II[the name of the mfmtransport]")

FAULT._TRANSPORT~CONNECTION

IF the condition of any mfmtransport is high_flow
AND (IF there exists a mfmconnection connected to the

mfmtransport
THEN (the in_condition of the mfmconnection connected

to the mfmtransport is low_flow
OR the in_condi tton of the mfmconnecti6n oonriact.ed

to the mfmtransport is'low_pressure
OR the in_condition of the mfmconnection connected

to the mfmtransport is low_flow_.low_pressure
OR the in_condition of the mtmconnection connected

to the mfmtransport is low_flow_high_pressure
OR the in_cpndition of the mfmconnection connected

to the mfmtransport is normal»
THEN inform the operator for the next 2 seconds that

"transport [the name of the mfmtr,ansport] has high flow
....leak or check sensorslt
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AND invoke sink ::rules
A1i'D conclude that the state of the mfrntransport is

fault_leakage.
AND start set_manager (the state of the ntfmtransport, It [the

name of the mfmtransport] ","11)

IF the condition of any mfmtransp.ort is
high_flow_low_pressure
AND (IF there exis,ts a mfmcormaot.Lon connected to the

mfmtransport
THEN (the in_condition of the mrmconnectrd.on',',?onnected

to the mfrnt r'arrspoxt;is '
low_flow~lOw_pressure

OR the in_condition of the mfmconnection connected
to the mfmtransport is low_flow»

THEN' inform the opera.tor for the next 2 secop..ds that
"transport [the name of the mfmtrallsportJ hijl.shigh flow

r ,' .1

and low pressure _ leak"
AND st.ate of t:he mfmtransport is'\\fault_leaka.ge
AND start set._manager (the state of the mfmtransport I II [the

name Of the mfmtransport","")

IF the condition of allY mfmtransport is
high_.flow_low_pres sun)
AND (IF there exi5ts a mfmconnectiort i!connected to the

"):>
/<""

-~../

THEN (the in_condi tioii·;:of th~J[,;:rlf):ntransportis
,'., \. <i

high_pr~t:9~
\\. "" \'. . . ,. \ \ ...OR the in_cond:ttion :o~ T:~;r"itCHconnection connected

to the mfmtransport 1[[,;t~~,normal) )
THEN inform the operator for t~e n@xt 2 seconds that "

mfrntransport

"transport [the name of the rnfmtransport] has high flow
and lOW pressure "

AND invoke stora~e rUles
AND invoke source rules

92



AND conclude that the start set_manager (the state of the
mfmtranspot:tt II [the name of the mfmtransport}")

IF the condition d'f any mfmtra;::sport is high_.pressure
AJ:\)J) (IF there exists a mfmconnectien connected to the

ro,frntransport
TEEN (th8 irt_condit.ion of the mfmconnection connected

to the mflntransport is low_pressure
OR 'chein_condition of the mfmconnection connected

to the mfmtransport is low_flow_low_.pressure))
THEN inform the opeX'1,tor for the next Z seconds that "

,I

transport [the name of the mfmtransport] has hi~rh
pressure - blocked "

AND invoke storage rules
AND invOke source rules
AND conclude that the state of the mfmtransport is

fault_blockage
AND conclude that the state of the mfmtransport is

f auLt_,hlockage
AND start set_ma119ger (the state of the mfrnt.xariapoz-t; I II [the

name of the mfmtransport] ","")

IF the condition of any mfmtransport is high_pressure
Al'ID (IF there exists a mfmconnection conne,cted to the

mfmtransport
THEN (the'in_condition of the mfmconnection connected

to the mfmtransport is leri,'Uow
1\ '

OR the in_condition of the mfrnconrfect.Lon ccnnoot.ed
;2\

to the mfmtransport is low_flow_high_pressure
OR the in_condition of the mfmtransport is normal))

1\
Ii

,'l'HEN inform the operator for the next 2 seconds that "
transport [the name of the mfmtransport] has high
.pressure - leak II

AND invoke storage rules
AND invoke source rules
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ANDconclude that the state of the mfmtransport is
fault_lea~age

ANlf sta.rt set_manag~~r (the spate of the mfmtransport I II

II [the name of mfmtransportI", Ii I')

i,\'·<·,

r..:;~_(

IF the condition of any mfmtransport is
high_f',.low_.high_pressure
AND(IF there exists a mfmconnection connected to the

mfmtransport
THEN(the in_condition of the mfmconnection connected

to the mfmtransport is 10w_press1..lxe
OR the in_corfditir,;n of the mtmconnact.Lon connected

to the mfmtransport is 10w_flmolT
OR the in_.cond::-tion of tJle mfmconnection connected

to the mfmtransport is low~flow_low_pressur;,e ::0

OR the in_condition of the .n'..fmconnection com}.ected
to the lnfmtrarisport is low_flow_high_pressllpa

9R the in_ccnldition of the mfmconnection connected
to the m)}mtransport is )'Lnorma1.))

T!iENinform the operator for the ncxt 2 G8cOndSthat"
H

transport [the name of the mfmtrarisport] has hiqh flo~
and high p:r.:eS,~ure- leak~\'

ANDinvoke sink rules
AND.conc Lude that the state of the mfmtransport is fault

leakage
1'.JSlD start set manager (the stsat,c of the mfmt:c."anspo:et,{~'[tt:,e'

name of the mfmtransport] ","")

IF the condition of any mfmtransport is
low_flow_high_pressure

'\AND(IF there exist, s a mfmconnection conn\;~cted to the
:mfmtransport .·.l
THEN(in_condition of the mfmconned\tion '6onnecteq to

" !I
the mfmtrans;;';0rt is" low__pressure
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OR the il'l:.._cenditien Of the mfmco.nnectien connact ed
to. the mfmtranspert is levLflew_lew_pressure

0:8,the in_cenditien of the mtmconnectrf.on co.nnectecl.,
to. the mfmtransport is lew_flew)

THENinfdrrn the operator fer the next 2 seconds that"
traliSI1)o.rt [the name of the mfmtranspo.rt} has low flo.w
and h4-gh pressure ... blocked"

ANDinve~:e sink :eules
ANDocnc Lude that the state of the mfmtranspo.rt is

ifa·~tlt.j...blockage
ANDsl:.ar~: set~IJ'dnager (the state of the mfmt,ranspert, " [the

I j'

name 6£ the mfmtranspo.rt] II I II u )

IF the condjitLon of any rofmtransport is
lew_flow~_hi,;rh....pressure
AND (IF 1:',he1::-eexists a mfrnoonnact Lon cennected to. the

C)

mfmtranspo.rt
TIiEN (the ift_conditien of the mfmco.nnectien connected

to. the mfmtranspo.rt is high_flow
OR the in_(',~enditien of the mfmco.nnection cennected

to. the lmfmtranspo.rt is high_flew_lew_pres'sure
in_cenditien o.f. ~he mfmcennectien cennected
the mfmtranspo.rt is high_flow_high_press1.1re
in_conditien Qf the mfmcennection co.nnected
the mfmtranspert is high_flew
in_cenditien of the mfmcennectien co.nnected
the mfmtransport is normal) )

THENfn.~6'rm the operator fo.r the next 2 seconds that
"transpert [the name of the rnfmtranspert,;J has lo.w flo.w
and high pressure II

A~D invoke seurce rules
AA~ invoke sterage rules
Am') conc Lude that the state of the mfmtransport is fault
ANDstart set_manager (the state ef the

mfmtranspert] II , "fthe name of the mfmtran~pert] II.)

OR the.
to.

OR the
to.

OR tne
to
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IF the cclndition of any mfmtransport is high_flow
AND (IF there exists a mfmsi.nk connected to the mfmtra,~sport

THEN (the condition of the mfms~rk connected to the
\\ .,mfmtra!:l?J?JrQt",~isloW_flow

=r: -:;.;:~
OR the condition of t4e mfift~fnkconnected to the

mfmtransport is low_pre)tsure
OR the condition of mfmsig}i/connected to the

mfmtransport is low_flow_low_pre$sure
i'

OR the condition of the mfmsink connected to the
mfmtransport is low_flow_high_pressure

if OR the condition of the mfmsink connected to the
mfrntransport is normal»

THEN :ij\nformthe operator for the next 2 seconds that
"tr'i,':msport[the name of the mfmtransportJ has h1.gh_f 10\,<1

~ l!';lakQr check sensors II

AND invoke sink rules
AND coneLude that the state of tr'~emfmtransport is

fault_leakage
AND start: set_manager (the state of the mfmtransport, II [the

name of the mfmtransportJ","")

IF the condition of any mfmtransport is
high_f low_low_pres sure
AND (!F there exists a mfmsink Connected to the mfmtransport

THEN (the condition of the mfmsink connected to the
mfmtransport is low_flow_low_pressure

OR the condition of the mfmsink connected to the
mfmtransport is low_flow»

THEN inform the operator for the next 2 seconds that"
transport [the name of the mfmtransport] has high,floW
and low pressure - leak"

AND invoke sink rules
AND concLude that the state of the mfmtransport is
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fault._lea}:;flge
,ANDst.art set_Inaqager (the state of the mfmtranspo,rt," [the

name of the mfmtransport] ",IOU)
{i

IF the condition .of any mfmt;ransport is
high_fl0w~fbw_pressure
AND(IF there exists a mfmsink connected to the mfmtransport

THEN(the condition of the mfmsink'connected to the
mfmtransport is high_pressure

OR the conditiol1 of the mfmsink connected t.o the
mfmtransport is normal))

THENinform the operator for the next '2 secqnds that
Utrans:Qort [the name of the mfmtransport] has high flbw
and low pressurell

~ID invoke storage rules
ANDinvoke source rules

~~'''"'/'ANDc"onclude that the state of the m~rntranspo:tt l:).s fault
ANDstart set:,:manager (the state of the mfmt:t;ans\port I II (the

nSJne of themfmtransport] ,"11 [the name of the
mfmtransport J II )

IF the condition of any mfmt:r::ansport is high_pre~'S§lire-C--~
AND(IF there exists a mfmsink connected to the mfmtra.nsport

THEN(the condition of the mfmsink conl}ected to the
mlmtransport is low_pressure

OR the conddt.Lon of the "mfmsir.k cormect.ed to the
mfmtransport is low__flow_low_pressure))

THENinform the operator for the next .2 section that
"transport: [the name of the mfmtransport] has n.igh
l;:>Jress11r'€'l.: 'blocked II

ANDinvoke storage rules
ANDinvoke sourcg rules

\i ::)1

]I.NDconclude that the state of the mfmtransport is
fault_block.age
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ANDstart" set_rnanager (the state of the mfrntransport, ,I' [the
name of the rnfmtransport]","")

IF the con.dition of any mfrntrarrspozt; is high_pressure
Al\i'D (IF, there exists a mfrnsink connected to the rnfrntransport

,['HEN(the, condition of the mfmsink connected to t:he
"
()

fufmtransport is low_flow "
OR the condition of the mfmsink connected to the

mfmtransport is lov.,_flow_high_pressur~
OR the "condition of the mfmsillk connected to the

mfmtransport is normal»
THENinfcirm the operator foY..'th~l next, 2 seconds that

\'

"transport [th~ name of tb,e nlJcmtransportJ has high
preSSUre - lea.k"

Nm /invoke storage !,;ulGS
~ND invoke source rules
AND\\conclude, I::hi3.S tli~'9 state of i,the mfmt:r:anspo~~t is

fault_leakage
ANDstart set_manager <t;:p.estate of the 1(!f!l~c:r.:4nsport,"[the

name of the mfmtransportJ "; "'t)

IF' the condition of any m:emtransport is
high_flow.._high.-pressure
AND (IF there exists a mfrasink connected to the mfmtransport

THEN(the condition of the mfmsink connected to the
'..:

mfmtransport is lOW_pressure
Qll the condition of the :mfmsink connected to the

i)

mfmtransport is low_flow

OR the cO~di.tio~ of the mfmsink Gonne~~:~~d.-::-!~o:<th~}
mfmtransPQ;-t is low_:f;l()w_low_pressure

r>

OR the eondd.t.d on of the mitnsink :connected to the/i~; ;1 I)

mfmtran$port is low_flO"'Lh~.gh_pr~ssure
OR the condition Of the mfmsink connected to the

rnfmtransport is normal»
THENinform the operatO~ for the next); 2 seconds that"
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transport [the name of the mfmtransport] has hi'gh flow
and high pressure - leak II

AND invoke sink rules
AND conclude that thecstate of the mfmtransport is

fault~leakage
AND start set_manager (the state of the mimtransport, "[the

name of the mfmtransport]",IIH)

IF the condition of any mfmtransport is
low_flow_high_pressure
AND (IF there exists a mfmsink connected to the mfmt:t,anSporto

THEN (the condition of the mfmsink connected to the
mfrntransport is low ,J>ressure

OR the condition of the mimsink connected to the
mfmtransport is low_flow_low_preSsure

OR" the condition of,the rnfmsink connected to the
mimtransport is low_flow)),

THEN inform the operator for the next 2 that "transport
[the name of the mfmtransport] has lovv_flow and T,lligh
pressure - bloCked II (, -:

~~ invoke sink rules
"AND conclude that the st~te of the mfrntransport is

fault_blockage
AND start \)et_manager (the state of the mfmtransport, 01 [the

name of~the mfmtransportJiI,"I1)

I) I~'XF the' condit,.,t,dhof any mfmtransport is
,,' >:' I..

low_f16w_high_pressu~e
AND (IF thete exists a mfmsink connected to the mfmtransport

(the condition of the mfmsink connected to the
mfmtransport is hi~rh_flOW

OR the condition of the m:j;rnsinkconnected to the
mfrotransport is hig.h_.flow_low_pressJre

OF.; the condition of the rnfmsink"corineotredto the
mfmtransport. is high_f low_high_prE:sJsure',

'I
!/
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OR the condition of the I11fmsinkconnected to the
mfmtr'ansport is high __):low

OR the condition of the mfmsink connected to the
mfmtransport is normal))

THEN inform the o;;erator for the next .2 seconds t~at
"transpo;r:-t[the name bf the mfmtransportJ has low flow
and high pressure "

AND invoke source ::::uH~s
AND invoke storage rules
AND conclude that th~ state of the mfmtransport is fault

c

AND start~ set_manager (the '~tate of the mfmtransport," [the
name of the mfmtransportJ"," [the name of the
mtmt:ranspol:t]")

FAULT2TRANSPORT_CALCULATZON

!F the condition 'he any mfmtransport is low_flow_low..__pressure
o . (~ .

AND (IF there exists a mfmcalc connected at the output to the
mfmtranspprt

THEN (the condition of the mfmseuxce connected at the l
input of the mfmtransI(c:;>rtis
high_flOw~hi~h..__pressure Jl

OR the condition of the mfmca':Lcconnected at the
input of the mfmtransport is high..__pressure

OR the condition of the mfmcalc connected at the
input Of the,mfmtranspcrt is high_flow

OR the condd.t.Lon of the mfmcal·C connected at the
" ',' , , ' ," ; >,;:;,,' " , ' " ' , \") ", Y"-,-..,. •a.nput;o:I1>,themfmtr!;lnspore·y'l.s
high_flovLlqw..__pressure"

OR (IF the condd tLon of the mfrncado connected at
the input of the mfmtransport is
'no_sensory_dat.a
THEN reflection (the flow_.function connected at
the inpuj: of the rnfmtransport, input. leakage»
is faulty»

. ,
u

THEN inform the operator for the next 2 seconds that"

I,
))
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transport [the name df the mfmtransport] has low flow'
and low pre.sS'Llre- leak"

AND invoke storage rules
A1~ invoke source rules
AND conclude that the state of the mfmtransport is

fault~leakage
AND start set_manager (the state of the rnfmtransport,"u,

U [the 'name of the rnfmtransport]")

IF the condition of any mfmtransPQrt is lOW_flow_low_pressure
AND (IF there exists a mf:mcalc connected at the input of the

mfmtransport
THEN (the condition of the mfmq.alc conneCted at the

Lnput; of the mfmtransport is low_flow_high_pressure
OR the condition of the mfmcalc connected at the
input of th~ mfmtransport is high_pressure
OR (IF the condition of the m:fmcalC connected at

the input of the mfmtrar1'sportis
no_sens6ry_data
THEN re£lection(the flow_function connected at
the input of the rnfmtransport, input,
blockage)) is faulty))

THEN inform the operator (the name of the mfmtransport has
low flow and low pressure - blocked"

AND Lrrvcke storage rules
AND invoke source rules
AND conclllde that the state of the mfmtransport is fault
A.I.'\ID .start set_manager (the state of the

mfmtran::'1portI II II , " [the name of the mfmtransport I" )

IF the condieion of any m;;:mtransport'is low_floW:>/
ANn (IF there e:X::i\ftsa lnfmcalc connected at the input of the

I,mfm~iLansport
\'r'HEI;if(the cor~<;litionof the mfmcalc connected at the

";::\

input the mfmt~ansPort is high_flow_high_pressure
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OR the condit:Lon of the mfmcal.c connected at the
input of the mfmtransport is high~flow

OR the condit:Lon of the mfmcalc connected at the
:Lnput of the mfmtransport is

Q"dgh_f low_low_pres sure,\
OR the Condition of the mfmca Lc .connected at the

input, of the Infmtransport is high_pressure
OR (IF the condition of the mfmcalc connected:'at

the input of the mfmtransport is
no~sensqrY_data
THEN reflection(the flow~function connected at
the input of the mfmtransport, input, leakage))
is fattlty)}

THEN infqrm the operator. for th~ next 2 ~,econds that
"transport] has low flow - leak"

AND invoke source rules
AND conclude that the state of the ttI~mtransport is

Ii

fault_leetkage
AND fi't,art,set_manager (the state of the

, f, '
mfmtransport, II .11 , "[the name of the mfmtransport] ")

;

IF the condition of any mfmtransport is
lOW.,fl0W_higt''fressure
,Mi'D (IF there/exists a mf mca.Lo connected at the inl?ut of the

:mfmtransport
THEN (the condition of the mfmcalc connected at,the
input of the mfmtransport is high_flow~high........pressure

OR the condit:Lon of the mfmcalc connected at:fhe
input of the mfmtransport ;i..shigh_floW

OR the .condition of the mfmcalc connected at the
.,\ .'

input o~ the mfmtransport is
high_f low_low_pres sure

O~I (tF the condition of the mfmcalc connected at
o 0

the input of the mfmtransport is
no_s ensory_d ata;
.,THENreflection (the flow.....function connected at
the input of the m:emtransport, input, leakage)
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i'"
i . "-

is '£~ul,ty))
THEN inform the o.:r;:I:eratorfor the next 2 seconds that

IItransport [the name of the mfmtransport] has low flovJ'

AND invoke storage rUles
{'-,

AND conclude that the state of the mrmtransport is
AND invoke source rules

fault__leakage
AND start set.._mahager (the state.of the mfmtransport

,"11," [the name of the mfmtrp.nsportIU)

IF the condition of any mfmtransport is low__pressure
AND (IF' therci,',i:il'zistsa mfrncaLc conhected at the input of the

i" f .

mfmt,rattfJport
THEN (the condition of the mfmcalc connected at the
input the mfmtransport is h:i.gh_flbw_high_pressure

OR the condition of the mfmcalc connected at the
input the mfmtransport :i.shigh.;_flow

I

OR the condition of the mfmcalc connected at the
input of the mfmtransport is
high_flow_low_pressure

OR the condition of the mfmcalc connected at the
~:::.

input of the.mfmtransport is higb__pressure
.-./,\

03- (IF the 'bdndition of the mfmcalc connected itt
'". the input of the mfrnt.rariapo'rt;is

no_sensory._data
rL'HENreflection(the flOW_function connected at
the input of the.mtmcransport:., input, leakage))
is faulty))

THEN inform the operator for the next 2 seconds that
ntrcirispo;:t(the name of the mfmtransport] has low flow
- leak't ....(,;

AND invoke\~storag@,<rules
\~ ,

AND invoke source rules
AND conclude that the state of the mfmtransport. is

fault_leakage
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AND start set_manager (the state of the mfmtz:;ans:port
I " If , " [the name of the mfmtransport] II ) II

IF the condition of any mfmtransport is hi.gb_floW
AND (IF ,there exists a mfrncaLc connecte¢i at the output the

mfmtra'nsport
THEN (the condition 6f.,the mfmcalc connected at the
output of the mfmtransport is low_flow

OR the condition of the mfmcalc connected at th~
output of the mfmtransport is low_pressure

c-
OR the condition of the mfrnca.l.cconnected at the

output of the mfrotransport is
low_f 1ow_low_pres sure

,",

OR the condition of the !!3!~calcconnected at the
output the mfmtransport is
clow_flow_high_pressure

OR the condition of the mfmcalc connected at the
output of the mfmtransport is normal

OR (IF the condition of the mfmcalc connected at
tJ:i:eoutput of the mfmtransport is
no_sensory_data,
THEN reflection(tb.e flow_function connected at
the output of the mfmtransport, output,
leakage)) is faulty))

THE:tirinform the opeJtator for the next 2 seconds t.l{at
"transport [the!hame of the mfrotransPQrt] has high_flow

"- leak or check sensoi:$·i
AND invoke sink rules
AtmD conclUde that the state of the mfmtransport is

fault_leakage
AND start s:'5lt_manager(the state of the mfmtransport, II [the

name of the mfmtransportJ","")

IF the condition of any m:fmtransport is
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high_tlow_low_pressure
AND (IF there exists a mfmcalc connected at the outp~~ of thQ

mfmtranspo~t
,,·../·~·-t

THEN (the)';~;ondit:.ion
cCi;? i L,

outpub"Sf the mfmtratisport is
of the mfmcalc Connected at the

low_flaw_low_pressure
OR the 90ndition of the mfm~?tlc connected at the

output of the mfmtransport is lOl,<,'_flow
OR (Ilf the condition of the'Jmfmcalc connected at

... ~"" .. ' , . ~the ot...:tputof th~ mfmtransport "zs

\\

no_s ens aryLdat a
THEN reflection(the flow_function connected at
the· output of the mfmtransport, output,

'i

leakage)) if;"gaulty) )
THEN' inform the operator for th:enext 2 seconds that"

transport [the name' of the mfmtransportJ has high flow
(') 'i

and low pre~sure - leak"
AND invoke sink .rules(_)
AND conclude that tp.e state ol the mfmtransport is

fault"':'_:;;'ea.kage
AND start set_manager (the state of tl:';temfmtransport, II [t'he

name of the mfmtransport] II, ".")

IF the condition of any mfmtransport is high_pressure
"AND (IF ther.e exists a mfmcalc connected at the output of. the
mfmtransport

THEN (the condition of the mfmcalc connected at the
output of the mfmtransport is low_pressure

v
OR the condition of the mfmcalc connected at the
output of the mfmtransport {':'low_flow __low_pr.essure
OR (Xl? the condition of the mtm,yalc connect ..eO:"at

!,{"the output of the mfmtransp,lprt i,p
Ji t:

,no_senSOry_data e, ," . • • ((. " ;?>
~·ITHEN reflect~8~:;~/t.ihe.ifl~~?~UnC~ior~~onrie(]ted
I)' the outPut \:o,f th~J:mfmt:fianSPQ17t".;,out;'P.\1:1t,
1 I:, <\ ',' I) , Jl

\' :J

at
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)~~J_OOkag~» is fault,}) "! '." .'
THEN info)::",.(the operator for th\ riext; ~,,:.f?ectJronthat

"transport [the name of the mfmtran~~plbrtf bas high
hi

(t
\1

pres sure - blocked I,
ANDinvoke storage rules
ANDinvoke source rules
lL~ conolude that the state of the mfrotransport is

faul t_J::>lockage
ANDstart set_manag.qr tthe state of the ;'':'lfmtransport, " [the

'-.,'-,~
>name of the mfmtransport] n, "")

IF the condition of any mfmtransP,"Tt is high__:pressure
AND(IF there exf.st.s a mfmcalc connected at the output of the

mfmtranpport
/' '.' - d

THEN(the condition of t'hEimfmcalc connected
output of the, mfmt.ransport is low_floW

II

at the",

OR the oondition of the mfmcalc connected at the
output of the mfmtransport is
10w_flOw_high_pressure

OR the condition.ofethe mfmcalc con;nected at the
output of the mfmtransport is normal

OR (IF the condition of the mfmcalc cO!!t');ect;~dat
the output of the mfmtransport is
no_sensory_data
THEN reflection(the flow_function connected at
the output of the mfmtransport, output,
leakage») is faulty))

THENinform the "operator for the next 2 seconds th?~~
"transport [the name of the mfmtransport] has high
pressure - leak"

r-il'® invoke storage rules
l
I(AND invoke source rules
ANDconolude that the state of the mfmtransport is,

fault_leakage
AND start set_manager (the state of the mfmtransport, ,.[the

name of the mfmtransport]", "")
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IF the condition of any mfmtranspo:rt is
high_flot1..:,high_preseure .C: ,_,

, I;

,AND .,(IFthere exists a mtmca.lo connected at the outpuc'/ >le
\.

m~r:rarlsport • _ ':')
II r;.i:'HEN (the oondition 0;2 the rnfmcalc oonneoted at t:he'

,-,!\ -' /': - - - - - - - " - - - - - '''' _.: - _" - - - __:. .. :' ,_" - - - - - - - - ,'_ - ., - , - I,'". o...tput of the mf;';ntrat)''SPct>rtis low_preosure .)
.- - -- ~_ I,

OR the condition of lithemfmcalc connecc}aq. at the
output of the mfmtra,J).sportis low_ffbw

OR the conditiort of the mfmcalc conneoted at the
output of the mfmtransport is
low_flow_low_pressure

\ ~
OR the condition'! of the mfrnca Lo connect~1d at the

output the ntfmtranspo+.t i~
low~fldw __high_presstJxe

OR the condition of the mfmcalc connected at the
-'-1" :,output themfmtransp<'l.);r-tis normal

OR (IF the condition o f the :mfmcalc connectfed at
the Qutput of .the mfmtransport is
no.....;sensory_datci
THEN reflection(t:he flow_function connected at
the output of the mfmtransporc, output,
leakage)) is faulty))

THEN inform the operator for the next 2 seconds that."
transport [the name of the mfmtransport] has high flow
and hj_gh pressure - leak"

AND invoke sink rl.l.les
AND conclude that ":he state of the mfr,ttransport is

fault_leakage
'. /AND start set_manager (the state of the mfmtrapsports" [the

name of the :'mfmtransport) ", II")

IF the condition of!,any mfmtransport is.. . ,
··low_flow_high.....Pressure

AND {IF there exists a mfmcalc connected at the output of the
mfmtransporb
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THEN (the condition of the nifmcalc connected at the
>:~~::_':-c-<~ D '
output of the mHltransport is low .....P:re.ssure

-z-

OR the .condition of the mfmcalc connected at the
output of the mfmtransport is

\\
lOW_flow_low.....Pres·sure
the condition of the mfmcalc cOnnected at theOR

«.

out:but 'of the mfmtransport is 10\tV_flow,
QR (IF' the CQ:nd;l.\tion'¢/r. tJ;1.emfnfcalc connected at

the qutput of the lXtJ.,>;ltrcfnsportis
no_sensory_data
THEN reflection(the flow_function connacned at
tbe output fff the mfmtransport, output,
blockage)) (,ts faulty))

". .,r

(} THEN inform the oper.ator .for the next 2 that II transport
\.1

[the name of tbe mfmtransport] has 'loW_floW and high

pressu~e - blocked"
ANDinvoke sink rules
A.Nt>" conclude that the state of the mf:rntransport Ls

fault~b~ockage
- .... '. (:;~~

ANDstart set..l~ma~ager (the state of the mfmtranspm::t I II [the
\,

name of the mfmtranspo:r,-tJ",III1)

"; I;
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G. 3 storage Rules '.~-'

Rules used to determine when a mfmStorage function has a
fault and the type of fault.

XF' the condi'tion oEc,.?-nymfms,torage is low_level
AND .,(IF tb.ere exist:,s a mfmtra:i:lsport connect.ed at "the input of

the mfmst0rage
'."i . . "

rl"HE~N"( the condition of the mfmt,ransport connected at
the input of the mfmstorage is high __flow

,?;~::::.~
OR the condition of the mfmtransport conri;')cted at th~

~.. - \~:1.npul;:of the rc\fmstorage is, high_flow...:..high__pressure
,:,.,,> "

OR the condition of the mfmtl1snSport connected at. the
input of the mfmstorage" is high_flow_low__pressure

(\

OR (IF the condition of the mfmtransport connected at
thl';l input of the' !Jlfmstorage is no_s~~nSory_datcf
THEiN reflect/lon (the flO!J.)'function connected at t.he,_/ .. .-

input of the mfmstorage, input I, H~aka~e» is
faulty) )

THEN inform the operator for the next 2 seconds that II

storage [the name of the rr-£mstorage] has low' level -
leak "

~ID invoke transport rUles
ANDconclude that the state of the mfmstorage is

fault_leakage -:ANDstart set_manager (the $t:.ate of the mfmstorag€', u u I

"[the name of the mfmstorag 1")

IF the condition of the mfmstorage is low_level
AND(IF there exists a mfmtrans:port connected at the input; at:

the mfmstorage
THEN (the condi~ion of the mfmtransport connected at
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tJleinput (ioftl'helt1fmstorageis high_pressur~
'OR the oondition Of the input of the mfmsto:t;a~ is

low_flow~high_pressure
,/)

OR (tF the oCinditiol\of th~/mfmtransport connected at
the input of the mfmstorage' is no_senso.ry~data
~THEN refle,ction(the flow_function connected at; the

\)

input of the rnfmstorage, input, blockage» is
faulty) )

THEN i.nform the operator for tl}enext 2 seconds that
u

"storage [the name of the mfmstorage ] has loW level -
blocked 1,'

.Al\lD inv(Jke transport rules
AND conclude that the state of the mfmstorage is

fault_blookage
AND start set_manager (the state of the mfmstorage, "", o

II [the name of the m~mstorageJ ")

IF the CQ,l'lditionof any mfmstorage is hig{t,_level
AND (IF there exists a mfmtransport connected at the output

',ofthe mfms torage
TBEI'h: (the condition of the 111fmstorageconnected at the

d'utP1.1tof ,the mfmstorage is low_flow
OR th~ condition of the mfmtransport connected at the

ou~put of the mfmstorage is low_pressure. n
OR the 'Condition of the mfmtransport connected at the

output of the mfmstorage id low_flow_low_pressure
OR (IF the condition of ~he mfmtransport connected at

the output of "the mfrostorage is no_sensory_data
frHEN :r:-eflection(the flow_function connected at the

.output of the mfmstorage, output, blockage» is
faulty) )

THEN :j.nformthe operator for the next 2 seconds that 1I

storage [the name of the mfmstorage) has high level -
blocked"

AND invoke transport rule8
AND conclude that the state .ofthe mfmstorage is
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))

fault_blockage
AND start()set_manager (the state of'the.mfmstorage,ltll,

II [the"name of the mfmstoragef")

IF the condition of any mfmstorag(\ is high_pressure
AND o( TF there exists a mfmtransport~;t;:!onnectedat the outputIr \~.

of t'hemfmstorage
THEN (the condition of the mfmtra;ns;~;ttconnected at.. /.', ,.~'/

c. the output of the mfmstorage is low_pressure
OR the condition of the rnfmtransport connected at the

output of the mfmstorage is loW_flow_low_pressure
OR the condition of 'the mfmtransport connected'at the

output 9f the mfmstorage is low_flow
OR ,,(:IF the condition of the mfmtransport connected at

the output Of the mfmstorage is.Ilo_sensory_data
THEN reflection(the flo",,_functionconnected at the

output of the mfmstoragel Qutput( blockage)) is
faulty) )

THEN Lnf'or ..rm the operator for the next 2 seoonds that II

: storage [the name Of the mfmstorage] has high pressure"
AND invoke transport :eules
AND invoke source rule~s
AND conclude that the state of the mfmstorage is

fault_blockage
AND start set_manager (tJ:i)~state of the mfmstorage I II [the

name of the mfmstorage] ",UIf) o

IF the condition of any mfmstorage is low_pressure
AND (IF there exists a mfmtransport connected at the Lnput; of

othe mfmstorage
THEN (the condition of the mfmtransport connected at

the input of the mfmstorage is
high_:'f1ow.......low_p ressure

1"\

OR the condition of the mfmtranspo~·t connected ~itthe
input O.r: the mfmstorage is high_flow_high.....:pi·essure
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OR .,thecortdJ.t::'O.llof the tnfmtransport connected at the
input of the mfmstorage is h::i.gh_flo~l

OR (IF the condition of the mfmtransport connected at
the input of the mfmstorage is no......senso~cy_data
THEN reflection (the flow_function connected at the

input of the mfmstorage, input, leakage) is
faulty) )

THEN inform the operator for the next 2 ~ye£'ondSthat "
storage [the name of the mfmstorage] has loW pressure -
leak 11

AND invoke transport rules
AND conclude that the state of t,hemfmstorage i

fault_leakage
AND start set__manager (the state of the rofmstorage,U[the

name of th,emfmstorage.] 01, 1101)

IF the condition of any mfmstorage is low.._pressure
AND (IF there exists a.mfmtransport connected at the input of

'Ithe mfimsto\r,.p.ge
\(

THEN (the condition 0f the mfmtransport connected at
the input of the mfmstorage is high_pressure

OR the condition of the mfmtranspt-.?rtconne{::;'cedat the
Lnput; of the mfmstorage is lOW_flOw_h'h.._presstlre

OR (IF the ?ondition of the mfmt:rarlsportconnected at
!,\',\

the input of the mfmstorage is no_sensory_da"ta
THEN reflection (the :How_function connected at the

input of the mfmstorage, 11nput, blockage)) is
faulty) )

r.rHEN inform the operator for the next 2 seconds that
"storage [the name of the mfmstorage] has low pressure
-blocked II

AND invoke transport rules
AND conclude that the state of the mfmstorage is

fault_blockage
AND start set_manager (the state of the mfmstorage,"H,

II [the name of the mfmstorage] ")
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.,IFthe condition of any ntFmstorage is low_level_lowc.._Press,ure
AND (IF'there ~xPsts a mfmtranspo:r:.toonneot.ed 'a.tan ±:b~;i!~\of

J
'r"herofmstbrage j ~

1'( THEt:".! (the condition of the mfmtransport connected ae\
\:-,." ,,"r:>-'.",;;;the input of the mfmstorage is

high_floW_highJ>ressur~
,.

OR the condition of the rnfmtransport connected at the
input.:of the mfmstorage is hign::'_flow

OR the cond.ition of the mfmtrarisport connected at the
input of the mfmstorage is high_flow~low_pressure

OR the condition of the mfmtransport connected at the
Lnput; of the mfmstOrclge is normal

OR (IF the condition of the mfmtranspo:rc connected at
the input::.of the mfmstorageis no_sensory ....data
TB:E;N reflect~on(the flow_function connected at the

input of the mfmstorage, input, leakage» is
faulty) )

THEN inform the operator for the next 2 seccuds that
"storage [the normal of the mfrostorage] has low level
and low pressure ~leak "

AND in)lTr'{etransport rules
""oM" ,{

AND conclude that the state of the mfmstorage is
fault_leakage

AND start set....-manager(the state of the mfmstorage
II [the name of the mfmstorgge] ")

II II

IF the condition of any mfmstorage is low_level_low__pressure
AND (IF there exists a mfmtransport connected at an input of

the mfmstorage
C)

THEN (the oondd t.Lon of the mfmtransport connected at
the input of the mfmstorage is high_pressure

"J""

OR the condition of the mfmtransport connected at the /;::::,/
/ .

input of the mfmstorage is low_flOW_high_preSf?Ur~\\
OR (IF the condition of the mfmtransport connected at

the input of the mfmstorage is no_sensory_dat~
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()

THEN:rreflectiori (the flow_function conneotred at the
input of the mf:mstorage/.c input, blockage» Ls
faulty» n

.c

THEN.,inform the 6perato.r for the next 2 seconds that
c,

"storage [the nCl:r.neof the mf:mstorg;tgeJhas low level
lc,w preasure - blocked."

AND irivo~e tra~i'sport rules
AND co:qclude that the state of the rttfmstorage is

fault_wlockage
)/

~D start" set~mapager (the estate· of the :mfms.torage, u II I

II [the name of the 'mfmsto:r:ag~':\')\ .. ./

\
\

IF the condition of .any mfmsto...·;je is;;
hi gh_leve l.._::high....PFessure

(IF there exists a mf:rntransport connected at the output
of the mfmst6rage

THEN(the condition of the mf:mtransport connected at
the" output of .the mfms torage is

(I

low_flow_low-Pressur
OR. the cond.ition 9f the ,.ransport connected at the

output of' "he rofros,t;.orageis lo'V,Lflow
OR' (IF the condition o'f the rofrotrans1i?ort cormected at

the Qutpue of the mfro!~tori:{geis no_senSory~data
" 'WHEN reflection(t~e flo\A,t~fu:rJ.ctioncconnected at the

\\ output of the rofrostClrageI output I leakage») is
faulty) )

rrHEN inforn:t the operator for the riext; 2 seoonds- that
II storag~ [the name of the'1nfrostorage] has' high· levelr,
and high 'Q,reSsure -leak ..

ANDinVOke transport rules \
,\,

ANDconclude that the state of thG irlfmstorage is
fault_leakage

"
ANDstart set2,manager (the state of the rofmstorage/" [the

name of the rofmstorage]",III1)
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.:::J:Fthe condition of any mfmstorage
'0" high~level_h~gh_pressur'e (I

AND (IF there exists a mfmtransport connected at the output
of the mfmstorage

{~~

THEN (the condition of the mfmtransport connected at
\"~\ .' .:the output of the mfmstorage i,slow_pressure

OR the 'qondition of the mfmt:sansport connecte~ at the
I) , . • . • ., \output of the mfmstorage is lOW__flow_low_t>ressure

OR (IF the condi.tion of the mfro~~ransportconnected at'?
the output of the rfifmstorage.is no_sensory_datar:

THEN reflecl;:.ion(theflow_functionconnected at the
output of the mfmstorage, output, leakage)) is
f aui ty,} ) ;~

THEN inform Ute operator for the next. 2 seconds that"
I"~

storage [the name Qf the mfmstorage] has high level ,and
Ii

high" press,ure "-blocked "
,ANr;J, invoke transpqrt ruh)s

._,_. n·AND conclude tnat tl)e state of the m;r;mstorageis
fault_block.age

ID>W start set_manager (the state of the mfmsl:orage, "[the
name of the mfms torage] "til" )

, ". V';
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G ..4 Cal.culation :Rules

Rules used to determine when a mfm calqplation function has a
fault and the type of fault.

IF the condition of any mfmcalc is low_flow
AND (IF there exists a mfmtransport connected at the input of

the mfmcalc'
r.rHEN (the cendf.t.Lon of the m-emtranopcrt connected at

the inpG.t of the mfmcalc is high_~flow
OR the condition of the mfmtransport connected at the

input of the mfmca Lc is high__::flow_):l,;i.gh_press'ure
OR the C'0ndition of the mfmtransport IC6nnected at the

o

input of the mfmcalc is high_flow~.low_pressure
I,

OR (IF the condition of 'the mfmtransport connected at
the input 'of .the mfmcalc is no_sensory~data
rl'HEN reflectio!l (the flow_f\lnction connected at the

input of the mfmcaln, input, leakage) is
" faulty) )

I'

CI

THEN inform the operator for the next 2 seconds that"
storage [the name of the mfmcalcJ has loW flow - leak "

AND invoke transport rules·
Ai~~ conclude that the state of the mfmcalc is

fault_leakage
AND start set_manager (the state of the mfmcalc, 'til I "[the

name of the mfrnca.Lcl ")

IF the condition of the mf~calc is low_flow
AND (IF there exists a mfmtransport con.nected at the input of

the mfmca l,c "

THEN (the condition of ..the mfmtransport connected at
the input of the mfmcalc is high_pressure

OR the condition of the input of the mfmcalc is
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loW_flow_high_pressure
OR (IF the condition of the mfmtransport connected at

the input of the mfmcalc is no_sensory_data
THEN reflection(the flow_function connected at the

input of the mfmcalc, inpu.t, blockage)) is
faulty) )

WEN inform the operator for the next 2 seconds that
IIstorage [the name of the rrrfimcaLc ] has low flow _
blocked 11

AND invoke transport ru.les
MD conclude 'that the state of the mfmcalc is

fault_blockage
AND start set_manager (the state of the mfmcalc, '1 II ( II [the

name of the rnfrrtcaLc'l II )

IF the condition of any mfmcalc is high_flow
AND (IF there exists a mfmtransport connected at the output

of the mfmcalc
THEN (the condition of the mfrncalc connected at the

output of the mfmcalc is low_flow
OR the condition Of the mfmtransport Connected at the

output of the mfmcalc i8' low_pressur.e
OR the condition of the(..nfmtransport conneot.ed at the

output of the ntfrncaLc id low._flow_low_pressure
OR (J,Fthe cond.it.Lon of the ritfmtransport .connected at

the output of the mfmcalc is no_sensory_data
THEN reflection(the flow_function connected at the

out.put;of the'mfmcalc, output, blockage)) is
faulty) )

THEN infOl."1Tlthe operator for the next 2 seconds that"
storage [the name of the mfmcalc] has high flow ~
blocked"

AND invoke t.ranSPort rules
AND conclude that the state of the mfmcalc is

fault_blockage
AND start set_manager (the state of the mfmcii:<lc,"","[the
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nane Of..the mfmcalcJ ")

IF the condition of any mfmcalc is high..:_pressute
AND (IF thereex;Lsts a rq:t"mtransportconnect~g. at the output

of the mfmcalc
THEN (the condition of the mfmtranspOl."'tconnected at

the ou.tput of the mfmcalc is low_pressure
Ii. . . .' ....'

OR the condition of the mfmtransport connected at the
output of the mfmcalc is low_flow low_pressure

OR' the condition 0·£ the IP.fmtransportconnected at th0
output ofo the mfmca~;c is low_flow

OR (IF'the cond.Lt.Lonof the It}fmtransportconnected at
the output of the mfmcalc is no_sensor:l_data
THEN r.eflection(the flow_function connected at the

output of the mfmoa.Lc, =9~UJa;>Utfleakage») is
faulty) )

THEN inform the operator for thehnext 2 seconds that"
.,storag'e [the name of the mfmcalc] has high pre,ssure"

(JAND Lnv'olcetransport rules.
AND invoke source rules
A1>ID conclude that the state of the mfmcalc is

fault_leakage
A1>ID start set_.rnanager (the state of the mfmcalc I" [the

name of the mfmcalc}", ii II)

IF the condition of any mfmca l.ej,slow_pressure .:
AND (IF there exists a mfmtransport conneot.ed at the input of

the mfmcalc
THEN (the condition of the mfmtransport connected at

\~:;.the input of the ,mfmcalc is high_flow_~8!)'L.P:tessure

OR the conditi.)n of the mfmtransport connected at the
input of the mfmcalc is high_floW_high_pressure

QR the condition of the mfmtransport Connected at the
inp'lJtof the mfmcalc is high_flow
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OR (IF the: condition of themfmtransport connected at
othe input Of the .mfmcaJc is no_sensocy .....data

THEN reflection (the flow_function connected at t.Jle

(1

input of the mfmcalc, input, leakage» is
faulty) )

THEN inform the operator for the riext..'2 seconds tha.t II

storage [the name of the mfmcalc] has low pre~sure -
leak II

AND invoke transport rules
AND conClude that the state of the mfmcalc is

fault_leakage
AND start set_mantlg'er (the state of the mfmcalc, "[the name

of the mfmcalc] It I "")

IF the condition of any mfrncaLc is J.ow__pressure
I'

AND (IF there exists a mfmtransport connected a~ the input of
·the mfmcalC

THEN "the dondition of the mfmtranspolit connetted at
the input of the mfrncalc is high_pressure

OR the condition of the mfmtransport connected at the
input of the: mfmcalc is 10w_flow_1":!igh_pressure

OR (IF the condition of the mfmtransport connected at
the output 0'£ the mfmcalc is no_sensory_data
THEN reflection(the flow_function connected at the

output of the mfmcalc/ output, blockage}) i~
faul<ty))

THEN inform the oPerator for the next 2 seconds that
"storage [the name of the mfmcale] haa low pressure -
blocked "

AND invoke transport rules
AND conolude that the state of the mfmcalc is

fault~blockage
~J~ start set_manager (the state of the mtrncaLc , "II, "[the

name of the rnfrncaLc l II)
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IF the condit.ion bf aL:Wmfmca.Lois lOW_,.flow_low._.pressure
~j ,~~' there. exists a mfmtranspor,t /O"''Pnected at 'dn input of

I~"')i\:1;.hemfmca.lc .,'-:
THEN(the condition of the mfmtransport connected at

the input of the mfmca.Lcis high_floW.,J1.igh__pressure

\~:/
OR the (90n9.~rtion of the mfmtra:tJ.sport connected at thE'

i~1.putUof the mfrncad.c is high_flo~'i
OR the condition of the mfrntransport Connected at the

,1nput of. the mfznoa.Lcis high_flow_low__presSu.re
OR ]the condit.ion of the mfmtransport\ connected at the

1(' '..:,. . 'l,,' \ .., c", .'

input of tHe ,utfmcalc"is normal
OR (IF ~h~ conditi£n of the mfmtranSPQrt connected at

the eJ.n.put of the mfrncaLc is no_~Jnsory _data
THEN"i1eflg.ctiqn (the flbw_function connected at the

>""input of themfmcalc, input, 1ea.~age» is
if - ,

nfa.ulty) )
,.

THENi:r;tform the ope.ratol~¢for the next 2 seconds that
,'\

"storage [th~'normal of the mfmca:r_e]has low flow and
lOWpressu:t.'e -leak .(

ANDinvoke tfans\~or.t; rules
ANDconc l.ude that' the st4·.·.'\9of the mfmcalc is

fault_lea:l<.age
ANDstart set_manager' (the<>sj~ate of the mfmcalc "II "'(the

name of· the mfrncaLcl Ii )
(I,

;
it

IF the condition of any mfmcalc is low_f1ow_low_pressure
AND (IF., there exists. a mfrntransport connected at an Lnput; of;

the rnfmcalc
THEN(the condition of the mfmtransport connected at

the input of the mfmcalc f,s high,~..pressure
OR the condition of the mfmtransport connected at the

input of the mfmcalc is low_f1ow_higp._pres.~ure
," . ( ,

OR (IF the condition of tne rnfmt'.cansport conii~c..itedat
the input of the mfnicalc is nO_sensory _data
THENrefJ.ectinn(the flow_function connected at the
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input of th.lmfrncaLc, input, blockage)) is
faulty) )

,THEN inform the operator for the/next 2 sedbnds that
"storage [the name of the'mfmcalc] has low flow and low
presl:mre.- blocked u

MID invoke) transport rules
AND conolude that,.the (state of the mfmcalc is

fault_blookage
AND start $.et_manager (the state of the mfmcalc, U ", II (the

name of the mfrnca.LcI")

IF tb"e condition of any mfmcalc is
high_flQ.~_high_pressure

AND (IF' there exists a mfmt:riansportconnected at the output
of the mfmcalc

THEN (the condition of the mfmtransport connected at
the .output of the mfmcalo is low_flow __low._pressure

OR the condition of the mfmtransport connected at the
output of the mfmcalc is low_flow

OR (IF the condition of the mfmtransport connected at
the output of the mfmcalc is no_sensor.Y_data
THEN reflection(the flow_function connected at the

output of the rnfmcalc, output, leakage») is
faulty) )

'I'HENinform the'i operator for the next 2 seconds that
),"stcrage [the name of the mfmcalc] has high flow and
high pressure -leak II

AND inVOke transport rules
AND conclude that the state of the mfmcalc is

faul t._leakage
AND start set_manager (the state of the rnfmcalc,"[the name

of the rnfmcalc]","")

IF the condition of any rnfrncalcis
low_flow_high_pressure
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AND (J;Fthere exists a mfrntransport connected at the output
of"the mfmcalc

THE~J (the condition of the,mfmtransport connected at
,t:qebutput of the mfmcalc is lovJ'_..pressure

OR the condition bf the mfmtransport connected at the
output of themfmcalc is loW.....flow_low...J;:>ressure

OR (tF the condi~iop of the mfmtransport connected at
the output of the mfmC9clc is no_s.ensory_data
~HENrefleptibn(the flow_function connected at the

output of the mfmcalc, output, blockage)) is
faulty) }

THEN il?;fo:rmthe operator for the next 2 seconds that"
stOX"age [the nama of the mfrnca.lcl has .high flow and
high pressure -bloc:ked "

AND invoke tran'sport rules
AND cono.l.ude, that the state of the mfrncaLc is

fault_blockage
"AND start set~manager (the state of the mfmcalc, "[th~"name

of the mfrnd:tlc]","")
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G.5 SiIlk :R.u~es

Rules used to determine" \'lhen a mfrn sink function has a fault
and the ,type of fault.

F.AUl.oT_s:rNK

IF the condition of any mfmsink is low_flow
AND«the condition of the rnfmtransport connected to the

mfms:Lnkis high_flow
ORthe condft.Lon of the mfmtrahsport connected to the

mfmsink is high_flow_})igh_preSsure
ORthe condition of the mfmtrai'lsport connected to the

mfmsihR',is high_flbvclow_pressure
OR (IF the condition of themfmtransport conhecte~ to

'CO

!i

the :rnfmsink is no_sensory_data
'\\

THENreflection (the flow_function connected to the \\
mfrnca.Lo , input, leakage)) is faulty))

THEN inform t+-;teoP,erator for the next 2 seconds that "sink
[ths name of the name of the mfmsinkl has low flow -
leak"

AND invoke transport rules
'(i

ANDconclude that the state of the mfmsink is fault_leak
ANDstart set_manager (the state of the mfimsLnk, II ",,\, [the

name of the mfmsinkJ ")

IF the condition of any mfmsLnk is low_flo\-ll
AND« the condi tion of the mfmtransport cod~ected to the

mfmsink is low......flovchigh_pres8ure
ORthe condition of the mfmtransport connected to the

mfmsink is high-P;t:'essure
OR (IF the condition of the mfmt,ransport" connected to

the mfmsink is no_sensory_data
THEN reflection(the flow_function connected to the

mfrnca Lc; input, blockage) is faulty))
THEN inform the oper:ator for the next; ,2 seconds that ':i" sink

,123



[the name ()fthe mfms;ink] has low flow - blockE~d"
AND invoke transport rules

oAND conclude that the state of the mfmsink is
fault_blockage

'>AND ,Start set_manage~" (the state of the mfmsink, "", II [the
name of the mfmsink]")

IF the copdition of any mfmsink is high_p:r;essure
THEN inform the operator for the next 2 seconds that "sink

[the name of the mfmsirik) has high preSsure - bl.ocked"
AND invoke transport rules
AND conclude that the state of the mfmsink is

fault_blc'ckage
AND" start set_manager (the st at.eof the mfmsill.k,"[the name

Of the mfmAink] tI," [the name of the mfmsink,l")

IF the condition of any mfmsink is low_pressure
lum (the condit,:i.;onof the mfmtransport connected to the

mfmsink is high_flow_low_p:res$ure
" ~OR the con¢lition of the "rnfmtransport connected to the

mfmsink is high_flow_high_pressure
OR the condition of the rnfmtransport connected to the

mfmsink is high_flow )p
OR (IF the condition of the rnfmt:r:ansportconnected to

the mfmsink is no_sensory_data
THEN reflection(the flow_function connected to the

mfrncalc, input, leakage)} is faulty»)
THEN inform the operator for the next 2 seconds that It sink .'

[the name of the mfmsink] has low pressure - leak II

ANn -Lnvoka transport r'ulas
"

AND ccnoLude that the sta,teof the rnfmsi'pkis fault_leak
AND start set_manager (thet/'~tat~

name of the mfmsink] "l
of the m\\sink~ "", II [the

,\
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XI;<'the<1ndition of any .mfrns'Lnk is low.;~Jressure
AND((the condition of the l'i.1f~transport connected to the

mfmsd.nkis low_floW_high_pressure to c,"

OR the conditiQ\1. of the mfmtransport connected to the
mfmsink is high_pres'sure

OR (IF the condition of the mfmtranspo:t;:t connected to
the mfmsink is no~sensory_data
THENreflection (the flow_function concec~ed"b? the

mfmcalc, input, blockage» is fauit~'}'J
THEN inform the operator for the next 2 seconds thal it sink

[the name of the mfmsinkl has 10vl pressure?" blocked"
ANDinvoke t ranspbrt rule,s
ANn'conclude that the state of the mfmsink is

fa'lfrlt:..blocked
ANDsta:t;';t set_manager (th~ state of th~mtmsink,""," [the

name of the mfmsink] ")

IF the condition of any mfmsink is low:._flow_low_pressure
') , r; /1

AND((the condition of the mfmtransport cotfhected to the
.,; '. .~ . (,

mfmsink is high_flow_high_;p!:essure
OR the condition of the mfrntransp6rt connec?ed'to the

mfmsink is high_flow
OR the condition of the mfmtransport! connected "t.o.t.he

If

mfrns i.nk is high_flow low:_pressure Y
OR (IF tns condition ,of the mfmtransport connected to

the mfmsipk is no_sensorY~.data
THEN reflection (the flow_f'lmction connected to the

mfmcalc, input, leakage» is faulty»
'7) "

THEN inform the operator for the next 2 seconds that "sink
I", \" I',

[the name of the rnfli\sinkJ has low flow and 1,'ow- pr~ssure
-'leak"

ANDinvoke tranSpo,rtL; rules r ",~, ~7
ANDconclude that the sate of th~ mfmsink is fault_~-~;;gk
ANt> start set_manager (the state of the mfmsink, 1111, "[the

name of the mfmsinkJ ,,)
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IF the condition of any mf;msink is low_flOw_low"-pr~ssur:e
AND «(the condition of the m:EmtransPol:'tconnected,to the

mfrosink is low_flow_hish_Pl:'essure
OR th~ condition of the mfmtransport connected to the

mfms Lnk is hig'h_pressilre
O~_) (IF the condition of the mfmtl:'ansportconnected to

t11.ewfmsink is rio_sensory_data
THEN reflection(the flow_function cOnnected tb the

::.i

c.:.,

mfrncalc, irtput,blockage)) is faulty»
TR$N inform tfJJoperator for the next 2 seconds that "sirtk

"

- blockeo:3
[the narne"'of,themf+';lsinkJhas low flow and low

1,1

pressur~

)
()

AND invoke transport rules
AND concLude •.that the state of the mfrns Lnk is

fault_blockage
A.."f\l]) start set_manag~r (the state of the mfmsink, ""I " [the

name of the mfmsinkJ ")

IF the condition of any mfmsink is low_flow_high_pressul:'e
THEN inform the operator for the next 2.seconds. that "sink

[the name of the mfmsinkJ has low flow and high
pressure - blocked"

AND conclude that the state of the mfmsink is
fault_blockage

AND start set_manager (the state of the mfmsink,"
of the mfmsink] ", II [the name of the mfmsinkJ")

<?
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Appendix H··.
')

Process Ma:nageni.ent Rule.s.

This apper.:dixcontains thE! ruleS used for process
managements.

MANAGEMENT_RULES

:IF the condition of any flow_function is fault_flow_sensor
AND state of th§ flow~function is not: fault_:Elow)sensor

tl.'HENconclude that the statE'!of the flow function is
fault_flow_sensor

AND <inform the o.per?l.torfor Uie next 5 seconds that 11 [the
nam~ of the fi,Qw,,_function]hasa faulty flow sensor,
CheCk the sensor ana once the

ji

agaiA, then reset
flow_function] ,"

sensor is operational
4'the state of :Lthe name of the

Ji
\'

IF the condition o f, any flow_function is £aulty_1evel_sensor
AND tHe state of the flow_function is not faul tY_.level_.sensor

THEN conclude that the state of the flow_function is
faultY_level_sensor

/, II
AND inform the operator for tf?e next; 5 seconds that "[the

name ot the flow_function] has. a faulty l.evel sensor.
Check the sensor and once j:he sensor is operational
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'.1

.1.;:;1 ,<~·t~,(.then reset the state of (the name of the
,,~,('. ,--~.l - - _-__ _ __4 __-.- _ - _ .-_ tI;,w_funct::Lon]e-
~.\/' , '\I

IF the! condition of any fJ~m"_function is
.... I)

faulty_pr~ss:ure_sensor(;
AND the state of the flow_function is not

,:.faulty.....Pressure~$ensor
THEN-cOnclude that the state of the

faulty_pressure~sensor
ANd·infol:.'1Uthe operator for the next 5 seconds that"

'"::\:\-,
flow_functidh is

[the
name of tb8 flOW_function] has a faulty pressure
senSO~. Check the sensor and once the sensor is
operational again, THEN reset the state of (the name of
tli'eflow_function] .II

'_i

IF the state of any mfrnmanager is ok
AND the name of the mfmgoal connected to the mfmmanager is

not I-goal
THEN conclude that the system. of the mfmgoal connected to

the mfmmanager = "OK"

If the Bystem of any mfmgoal/="0K"
AND the name of the mfmgoal is not l~goal

THEN conclude that the syst.em of l-goal,_,=the system of
the mflt\goal

IF the state of any mfmmanager is not ok
THEN conclude that the system of the mfmgoal cpnnected to

the mfmmanager = "the goal of the system is :qpt been
meet since, there is a [the state of the mfxmnanager]
between fthe faultl of the mfrnrnanager] and (the fcult2
of the mfmmanager]"
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Appendi~ I

Reset Rules

B.ules used to a.utomatically reset Lridi,"lridual flow functions
when a ;fault condition has been cleared.

J)

KNOWLEDGE-ROLES-GENERAL

IF the clear_state,-counter of an:;, m::E.~source> clear_time
;" ).

THEN conclude chat the st-ate of the mfrnsource is oR:

IF the clear_state __counter of any rnfrnstorage > clear_time
.'

THEN conclude that the state of th~ mfmstorage is ok

IF the clear_state_counter of any mfmtransport > clear~time
THEN conclude()that the state of the mfmtransport is ok

.IF the clear_state_counter of any mf'ms Lnk > clear_time
THEN conClude that the state of the mfmsink is ok

IF th~ st at e of the ntfmsounce is ok
ANDfault1 = I' [the name of the mfmsource] II

':;"-11

THEN concj.ude that fault1 == "none"
II
)1
({

IF the sta.te of any mfmstorage is ok
ANDfaultl = II [the name of the mfmstorage] "

'I'HENconclude that faultl == Unone"

IF the state Of any mfmtrahspO:tt is ok
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Al\lDfaultl =: II (the name ,of the rnfrntransport] u

THEN conclude that fault1 :: "none"
(J

IF the state of the rnfrnsink is ok
AND faultl = II [the name of the mflusink] "

THEN conclude that fault1 ~ Unone"
~,[

IF the stati.(eof the mfmsorrroe is ok
,~ ~

~D .a:q}llt2)'="[the name' of the mfrnsource] "
~.~....".~~.THE1\[conclUde that fault2 = "none"

IF the state of the r.nfr:rt~torageis ok
AND fa'ult2 = .. Lthe name (;dI .t.hemfmstor€tge] "

,THEN conclude that fault2 ::."none"
\)

IF the state of the rnfrnt:t;"ansportis ok
AND., fa1.1lt2 = "[the name; of the mfmt.xanapoz t; ]11 ii

THEN conClude that fault2 - unone"
o

'\AND fault2 :::;II [the name of the rnfmsink] II ~
\1

IF the'state of the mfmsink is ok

TH;I?Nconclude that fault2 . "none"
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Appendi.x .J

Ftinct.i.ons Osed

Funct,ions used in th~ knowledge base.
~/

,I

iJ .. 1. !i'unction: CON

This function dJ=terrnines the condi tion of the individual flow
functi;ions. Two functions are used one for flow and the other
for level.

FUNCTION

con (who) =

(IF the low_flow of who = the high_flow of who
AND the low..._pressureof who = the high_pressure of who

THEN the symbol no_sensory~data
ELSE

(IF the flow of who> (:rua}{.(O,50.5* extrapolat(who) +
()

extrapolat (who))
OR the flow of who < (extrapolat (who) - max

(0.5 f 0 .5*extrapQlat (who) )
THEN the symbol faulty_flaw_sensor
ELSE {IF the pressure of who> (max(O.5,O.5*
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II extrapo:E:at,,_Pres(who}) +
l .t\,;

extrapolat__pres(who»)
OR the pressure of who < (extrapolp.t__pres (wh~) -

<:<

max (0.5,0. 5*e::<tra:polat__preswho n)
THEN the symbol faulty~pressure~sel1sor
ELSE {IF the flow O'f who < the low_flow" of 'who

TB:EN(IF the pressure of who < the low_pressure of
who
'C:;EN the syrob5l low~f1.ow~loww;>ressure
ELSE (IE'the pressure of who> the

high__pressure of who
THEN t'he aymbo l, low_flow_high__pressvre
ELSE the symbol low_flow»

,~LSE (IF the flloW of who> the high_flow of whp
THEN (IF the prf.!Ssure of who < t):1elow_pressure

of who
THEN the symbol high_flow_low__pressure
ELSE; (IF the pressure of who > the

. .
hi,gh_pregsure cif who
THEN the symbol low_flow_high_pressure
ELSE the symbol low_flow»

ELSE IF \the flow Olf'who> the hign.::::_flm..rof who
THEN '~IF the p'. essure o.f WhO the

1c\lw...:.:;pressureof who .
T~EN the symbol high_flOW_16w-pressure
ELSE (IF.the pressure of who> the

high-pressure of whO
THEN the sYl®Dl

high_f 1ow_high_pres sure
ELSE the symbol high_flow»

ELSE IF the pressure of who < the
low_pressure of the
THEN the symbol lo~_pressure
ELSE (IF the pressure of who > the

high_..pressure of wh9'
\

THEN the symbol high~ressure
ELSE the symbol normal»»»
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cbnd~level (who) =

(IF the low_level of who :::;the high_lev'el of Wh.0

Al\iTI the low.,_pressure of who = the, high......eressure of Who
THEN 'j;;he symbol 'no_sensory_da ta"

"ELSE II
(IF the level of wh~,,> (max(0.5 to. 5*extrapolat._level

(who)) + extrap017at:..._.le&-el(who)'''
OR the level of who < (extrapOlat_levei (who) -

i') ,

max.(O.5,0. 5*,e~itrapolat_level (who)»
~.. . .' . . __ c- ........ ,

'PHEN the sy.robol fault;:.y~.leveL,-sensor
:iy',_, -,',. . " .. ','

ELS:E (IF the pressurJ;tl Q)f 'I,'1ho> (max(0. 5, 0.5*
extrapolJ~\......p.res(who) + extl:·~~plat__pres (vJho))

OR the pressu:r~: of who < (ext:~apola~__pres (who) ~
max(o.5,B.5~extrapolat_pres(whO»)

THEN the symlJol\faulty_pressure_sensor
ELSE (IF the level of who ~ the low_level of who

THE;N!, (IF the., pressure of who "\'3, the low__pressure Cl
1,;:;(.-,

of w:r\tr~;! "
~I ,1

THEN 1L'hesymbo l, low~level_low,J(~essure ',I

ELSE (IF'iJthepreSsure of who > the
high_pressure of who
THEN the symbol 10w_level_high_pressure
ELSE the symbOl low_level})

ELSE (!.F the level of who> the high_levei of
who
THEN (IF the pressure of who < the

low_pressure of who
THEN the symbol"high_leyel_low_pressure

,..... .;;,,/

ELSE (;fF the pressure~f who). ehe
high_pressure of who
THEN the symbol

high_level_high_pressure
ELSE the symbol high_level» c

ELSE IF the pressure of who < the
low_pressure of who
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~/'-""Nthe sytr]bollow_pressure
'-, ''\

ELSE (IF the pressure of who> the
(: high_pressure of;.who

THEN the symbol high_pre.ssure
ELSE the sYmbol normal)))))

v

1I

(\
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J.2 Function: EXTRAPOLA'l'

;_:"This function predi9ts the next lueasurement by extra:p(}~a.t;j_on.
'l!hreefunl:ti~6nsare used ror flow, pressure and, the other for
leveL (f

extrapolat (who) ~
the value of the flow o/f.who as of 5 ago
- 5 * the value of the flow of who as of 4 ago
-(- 10* the value of the flow of who as of 3 ago

10 .I< the value of the flew of Who as of 2 ago
+ 5* the value of the flow of who as 1 ago

extrapolat_level (who) :::
'ehe Vcill1.eof the level of who as of 5 ag
- 5* tp.evalUe of the J.evel of who as or 4 age

of 3 ago
of 2 ago

" + 5'"the value of the level of who, ~S of 1 ago

+ 10* the value of the levGl of who as
<i

- 10* the value of the level of who as

eXrt,:rapalat_pres(Who) :::
the value of the pressure of who as of 5 ago

//

- 5*the value of the pressure of who as of 4 ago
+ 10* the value af the pressufe of Wb.a as of 3 ago
- 10* the value of t1-;oepressure of who as of 2 ago,
+ 5* the value of the pressure of who as 0f 1 ago

j )
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J..:3 Fu.nction: REFltECTION

This fUncticn reflects the condition of neighbcuring flow
functicns.

reflecticn(whc1direction,type) =
(IF the who. is a ccnne:bticn
THEN

(IF type = b19ckage';
THEN!.'

(IF direct.ion =
THEN

rJ

qutP}lt

(IF the cut~condition of who. is
low_flow~16w_preSsure

OR the out_ccnditicn of wbc is low..:.:flQW

o

(}

n
OR the cut_ccnditicn~ of 'Who.is low_pressure

I)

OR the out_ccnditicn of who is
OR the out_cQl;?,diticn of who. is

nozma.l,

low_18vel_Tow_pressure
OR the cut,.....conditionof who is l.co/_level
THEN

the symbol fau"!ty
ELSE

ELSE
(IF the in_conditicn cf who\is

low_f low_high_pres sure
OR the ir(..pondition of who. is high_pressure'
OR the in_condition cf who is

high_level....;high_pressure
OR the in_condition cf who is high_level
THEN

the symbol faulty
:(_l

ELSE
the symbol n,orrnal))

ELSE
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(:CFtype = leakage
THEN

(IF directi.on = output
TJiEN

(IF the out~condition (;)f who is
low_flow~low""p:r-essure

OR the out_condition of who is low_flow
OR the out_condition of who 'Itsnormal
OR the out_condition of who is

low_level_low_pressure
OR.the oub_condition of who is low_level
THEN

the symbol faulty
E)t..SE

Ii
the symbol normal)

ELSE
(IF

(I

the("in_condition of who is
high~flow~low_pressure

OR the in_condition of who is high_floy.]
OR the in~condition of who is

low~level_low__pressure
OR the in~conditic)n_of .who is low_level
THEN

the Symbol faulty
ELSE

the symbol normal)))
ELSE

THEN
(:CFwho is a mfrns.LnkOR who is a rnfmsource

'11 .(IF the condition of who i..S no_sensory_data:'
N
("

THEN
the symbol faulty

ELSE
reflection(the flow function connected at the

direction Of who/direction/type))
ELSE
(IF type = bloc,kage
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THEN
(j"(IF direction = output

THEN
(IF the condition of who is

low_flow_low_pressure
dR the condition of who is low_flow
OR the condition of 'who is low_pressure
OR the condit~RP of who is normal

\"

OR the condition of who Ls

low_level_low_pressure
OR the co:rfditionof who is low~.level

n

THEN
the s~nbol faulty

ELSE
the synfuol normal)

ELSE
(IF the cpndition of 'who is

low~flow_high_press~re
OR the condition of who is high_pressur,~
OR the" condition of who is

high...:...level_higb._pressure
OR the condi.tion of who is high_leve],
THEN

the symbol faulty
ELSE

the symbol normal»
I

ELSE
(IF type = leakaQ:/i;!
'l'HEN

(IF direction = output
THEN

(IF the condition of who is
low_f 1oW_low_p ressure

OR the condition of who is low_flov:
OR the condition of who is normal
OR the \,condition of Who is
low_l evel~.low__pres'sure
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OR the condition of'wh9 is low_level
THEN

u

the symbol faulty
ELSE r-

the sYmbol normal)
ELSE

(IF the condition of who is
high .......flo'W_19w_pressure Q

OR the condition of"who is "high_flow
OR the condition of who is
low_level_low,__pressure ij

if

OR the condition of who is low_1evrJl
THEN

the symbol faulty
ELSE

the :symbol normal))))

reflection_s.econdaCY(condition, who, direction) ::

(IF the condition of who is no_sensory_data
AND who, is not a mfmconn~ction
AND who is not a mfmsink
AND who is ~ot a mfmsource
THEN

(,

reflection_secondary(condition,the flow fUnction connected
at the direction of who,direc<tion)

ELSE

(CASE (condition) of

low~flow:
BEGIN

(IF who is a connection
THEN
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(IF directi<Dh = output
THEN

(IF the
()

IJ
out_condition of Who is

I, ::-;)

loW~flow_high.....pressure
OR the out_condition of who is high_press.ure
OR the out_condition of who is

high_level_high_pre$sure
OR the out_condition of ,who is hi,gh_level
OR the out __condition of who is high_j;:>ressure
'rHEN

the symbol faulty
ET.JSE

the symbol norm~l)
ELSE-l\

.';:';-
(:tF the ih,_condition of who is

l.ow_flow_low_pres sure
OR the in_condition of who is low_p:tessure

G OR ,·thein_condition of who is
low~level_low~ressure

OR the- iJ."l._conditionof who is low_level
THEN

the symbol, faul,ty
I)

ELSE
the J;:symbolnormal))

1/

ELSE hv
(:r:F direction = output
THEN

(IF the condition o:Ewho is low_flow_high_pressure
OR hi gh._pressure
OR high~level_high_pressure
OR the condition of who is high_level
OR the condd tion of who is higll.......Pressure
THEN

the symbol faulty
ELSE

the condition of who is
trie condition "of who is

the symbol normal)
ELSE
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of who is
of who i$.:

0of wbo is

the syrnbol'fauilty
ELSE

the symbol).nozmat j r )
El'ID;

lOW_flow_l0'i.:...Pressure:
-JBEGIN

(IF who ,is a connection
:r'HEN

.\ •.(l;,Fthe in_condit;t.onof whO is
low_floW_low_p,ressure

OR ~he in_condition of who is,low_pressure
OR the in_cqndition of wno is

low_level_low~ressure
OR the in_condition of who is low_level
THEN

the symbol faulty
ELSE

the symbol normal)
ELSE

(n' the condition of who is low_flow_low_pressure
OR the condition of who is low_pressure
OR the condition of who is low_level_low_p.t:essure
OR the condition ot; who is low_level
THEN

the symbol faulty
(J

ELSE \'

the Symbol normal»
END;

low_flbw_high_pressure:
BEGIN
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(IF whO is a connection

i.\
\.'

$LSE
the f:jymbolnormal) II

(IF the condition of who is low_flow_2high_pres~u::r.e
OR the condition of who is high_presSu~e
OR the condition of who is high_level_ulgh __pressure
OR the condition of who ;i. hitgh~level~s
OR the condition of whd is high_pressure

the symbol faulty
E;LSE

the symbol normal))
END,

lov.,_pressure:
BEGIN

(IF who is a connecnf.on
THEN

(IF dire,ction = output
'I'HEN

(IF the out_condition of who is
high_flow_low_pressure

OR the out_condition of who is high_flow
THEN

the symbol faulty
ELSE
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the symbol norma l.)

ELSE '~

_~_~~),' i"(IF the.in_condition of who is
low_flow_low.....vressure

OR the '('In_conditionof who is low.....vressu:r:e
.OR the ih_condition of who is

(.low_level_low_pressure
OR,the in_condition 0f who is low_level
OR the in_condition of who is low_flow
THEN

the symbol ,fi~)l ty
"r'"."'~"'.'

ELSE
'"the symbol normal)

ELSE
'0.(IF direction == output

THEN
';'(I:r? the condition of who is high_f10w,._10w__pressure
OR the .,condition of wl;;lois high_flow
THEN

the symbol faulty
ELSE

the syrrIbolnorrnaj.)
. '\\

ELSE,
(IF' the condition of,who is lC)w_flow_low.....vressur~
QR the cqp.diti~t who is low.....vressUre
OR the condition of who is low_~p.vel_low_pressure

10vLlevel
low_flow

OR the condition of who is

OR the condition of who is
THEN

the symbo), faul ty
ELSE

the symbol normal»).)
END;

'-;low_level:
BEGIN

(!F who is a connection
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THEN
(IF d~recti6n = output
THEN

(:tFthe Ol.),t~conditionc)of who is
high_flOW~high~resSure

OR the out_co~~tion of who
O~ 'iC:he:'lo'Ut_conditionof who is

is.high_flow

high_£low_low__preBsure
THEN

the symbol faul~y
ELSE

the symbol normal)
ELSE

~\

{IF th~ in_condition of who is
low_flow_low~ressure

OR the in_condition of who if; low__pressure
OR the in_condition of y.zhois .,:*ow_flow
THEN

the symbol faulty
ELSE

the s.ymJ:;olnozma.L))
ELSE

(IF direction = output
THEN

(IF the cOndition of who is high__.floW_high_.pressure
OR the condition of who is high_flow
OR the eonddc i.on of who is high_flow __low_pressure
THEN

the symbol faulty
ELSE

the symbol norItlal)
ELSE

(IF the condition of who is low_flow_low_pressure
OR the condd tLor, of who is low__pressure
OR the condition of who is low_flow
THEN

the Symbol faulty
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ELSE
the symbol :normal») L~

END;

.,/,.;:"",.>:-=:;~~

low.:_level..._loWw...pressu,)fe!
, .:' '''~J 11

BEGl1\r" \\

(IF who is a Connection
"rREN

(IF .direction = Otl,tput
THEl\f

(IF the out_condition of who is
high_flow_high__pressu:re

OR theout_condition of who is high_flow
OR the out_condition of who is

high_flow_low~ressure
THEN

the symbol faulty
Ei\~;;

"'~he symbol normal)
ELSE

(IF the in_condition of who is
IIlow_flow_low~ressure

OR th~ in_condition of who is low_pressure
OR the in_qondition of who is low_flow
THEN

the symbol faulty
ELSE

the symbol normal»
ELSE

(IF direction = output
THEN

(IF the cpnuitio:ri of who is high_flow_high~ressure
~. ~

OR the condition o~)who is high_flow
OR the conditioY'(>5'fwho is high,.._flow_low_pressure\. ."",',;.t
THEN

the symbol faulty
ELSE
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(Jhe symbol normal)
ELSE

;>~;;::::--:::)
.: (IF. J::_hecondition of who is low~flow_low__pres.sure

/~)

OR the condition of who is 10w__:pre§s1Jre-
OR t:p.econdition of who is low~f10W
THEN

~\the sYmh0l fault~
ELSE

the symbol normal»))
END;

high,d~flow'!
BEGIN o

o (IF who is a connection
THEN o

(IF direction == output
THEN

(IF the out:.:_condition of Who is
(j

\)

high_f 1ow_low_pres sure
OR the out_condition of who is high_flow
OR the out.2.COndition of wh~' is

<3:
low_l evel_low_pres stire,;:>

OR the o',\&t_.pondit~8flof who is low_levelG
OR th~ out_condition of who is low_pressure

II

I \
the syl:n601 faulty

ELSE
the sYlnbol normal)

ELSE

high_flow_higl;l_pressure
OR the in_condition of who is high_press1Jre
OR the in_,condition of who is

high_l eVe l_high_pres sure
OR the in_condition of who is high_level
THEN

the symbol faulty
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ELSE
the symbol normal) )

"ELSE
I) (IF direction = output
TEEN

(IF' the condition of who is high_flOw_low_pressure
OR the condition of who'is high_fJow

"OR the condition of who is low_level..._lOw..,..pressure
low_level
lOW_.k)ressure

OR the condition of who is
()

OR the condition of who is
THEN

<.,"the symbol faulty
ELSE

,the aymbo L normal) "
ELSE' 0

(:tFthe condition of who is high_flow_high_pressure
OR the c6i~dition of who is high-pressure

high_level_high_pressure
high_leVQl

OR the condlt.1,onof who is
OR the oondition of Nho is
THEN'

the symbo L faulty
ELSE

the synfuol normal)))
END;

r,
'.'

h:i/lr.;,'_f1ow_l oW."'pressure :'
(

'0EGIN
(IF who is a connection
THEN

(IF the out_conditid~A of who is
high_floy.1_.).'ow....pressure

OR the out_condition of who is high_flow
OR the out._condition of who is

low~level_low_pressure
OR the out_oondition of who is low_level
(\R the out_oondition of who is low..,..pressure
THEN
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the synibol 'faulty
ELSE

(\1.J synibol normal)
ELSE
() (IF direction ;:'.output

THEN
(IF the condition of w):'iois high~f1ow~low_pressure
OR ..the oondd t.Lcn of ,who is high__flow
OR the condition of who is low~level_lo¥T_pressure
ORthe condition of who is low_level
ORthe condition of who is low_pressure
'rHEN

the symbol faulty
ELSE

the symbol normal)))
END;

high_flow_high_Pressur8:
BEGIN/1(I/I who is a connection,..

THEN
(IF the in_condition of wl~pl)s

high_f1ow_high_pressure
OR.t.he in__condition of who is high_pressure
OR the i-n..;..conditionof who is

high_level_high_pressure
i)

ORthe in_condition of who is high_l~~ve1
THEN

the ..symbol taul ty

the symbol normal)
ELSE

(IF direction - output
THEN

(IE' the condition of who is high_f1ow_high.:.:_pressure
ORthe condition ()f who is high_pressure
ORthe condition of who is. high~level_high_pressure
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ORthe condition of who is
'l'HEN

the symbol' faulty;:;

the symbol normal))
END;

high_pressure:
BEGr7N

(:tF who is a connection
.THEN

(IF direction ~ output
THEN.

(IF the out_cc>rtdition of who is
1ow_f.1ow_high_pres sure

OR the out_condition of who is
)J.igh.:._level_higl;Ll)!,essure

c-- - - ,I

OB,"the out_condition of who is high_press.u:r:e
OR.the OtJt_condition 0(,who is high_level
OR the out_condition of who is low_flow
.~HEN

the symbol faulty
,).ELSE

the symbol normal)

(IF the in_condition of who is
<>

high_l evel_high_pres sure
OR.·the in_conditi6n of who is high_level
THEN

the.symbol faulty
ELSE

the s:Ymbolnormal) )
ELSE

(J:F direction - output "
'EBEN

(\
(IF the condition of who is 10w,.....,f1.6w_high_pressure

\')

ORthe condition of who is high_l'favel_:h,tgh_presSure
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'!;; "

OR the condition of who is
OR the ccndi,tion of who is
OR th'e condition \~Qf who is

high_pressure
high_level
low_.flow

THEN
the symboL fa.ul ty

the symbol norma.l)
ELSE

ELSE
(IF the condition of who.is

high_level_high~pressure
OR the condition'of who is high_level
THEN

the Symbol' fd:"illty

END;

high_level:

B~Q;r.N {f

, I (IF' wti6 is a ccnnect}!on
THEN"

(IF direct±:9!l'::: output
THEN

(IF th~ 01..lt_condition of who is
'high~..flow_high._J):t:'~Ge.u;~- \

OR the out._condition of who is high_floW
OR the out~_condition of who is

hig;h_level_high__pressure
\\ OR the out_.condit;ion of who is
\ '

h,igh_level_high_pressure
OR the out_condition of who i,s high_high
OR the out_condition of who is high__presfsure
THEN

the symbol faulty
ELSE

the symbol normal)
ELSE



(IF the in_condition of who is
high_f low_high_pres sure

OR the in_condition of whO is high_pressure
OR the in_condition of who is high_floW
THEN

the symbol faulty
ELSE
,.;. the symbol nozma.li )

ELSE
(IF direction ~ output
THEN

(IF the condition of who is high_flow_high_pressure
OR the condition of who is high_flow
OR the condition of who is high_level_high_pressure
OR the condition of who is high_level_high~resSure
OR the condition of who is high ..._high
OR the condition of who is high_pressure
THEN

the symbol fauYty
ELSE

the symbol normal)
EL,SE

(IF the condition of who is high_flow_high_pressure
OR the condition of who is high_pressure
OR the condition of who is high_flow
THEN

the symbol faulty
ELSE

the syrnbc.lsnc.rmaLj j )

END;

high_lElVel_high_pressure:
BE:IJIN

(IF who
THEN

(IF

is a connection

di);'ection ':at:put
THEN
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(IF the out~condition of who is
high~flow_high_pressure

OR the out_conditi1,1n of who is high_floW
OR the out_conditidt-i of who is

high_level~high_pressllre
OR the out_condition of who is

high_level_hig}1_pressure
OR the out_condition of w'!3.ois high_high

,

OR the ou\:_c,ondition of who is high_pressure
THEN

the symbol faulty II

ELSE
the symbol normal)

ELSE
(IF the in_condition of who is

hi gh_flow_high_pre ssure
OR the in_condition of who is high_pressure
OR the in_condition of who is high_flow
THEN

the symbol faulty
ELSE

th~ symbol normal)
ELSE

II(IF a'irection = output
THEN

(IF the condition of who is high_flow_high._pressure
OR the condition of who is high_flow
OR the condition of who is high_level_high_pressure
OR the condition of who is high_level_h:i.gh_pressure
OR the condition of who is high_high
OR the condition of who is high~.pressure
THEN

the symbol faulty
ELSE

the symbol nOrmal)
ELSE

(IF the condition of who is high_flow_high_pressure
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END;
END

OR the- cO!ldition of who is hi gh___pres Sure
OR the co.add.t.Lon of who is high_flow
THEN

(.;;)
the symbol faulty

ELSE
the symJ:;jolnormal))
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J.4 Function: Camel(

This function determines the next value of the
clear_state_counter fO:r each flow fUnctions.

check (who) = c .1_\

the value of the clear_state_counter bfwho as of 1 ago
+ (IE the condition of who is normal

TI1EN 1

ELSE. (-the value of the cleqr_state_cQunter of who as
of 1 ago»)

154







Author: BracherStephen.
Name of thesis: Multilevel flow modelling as a generalized modelling technique.

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the Un ive rs ity of th e Witwa te rs ra nd, J0 han nesb u rg Li b ra ry website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.


