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different applications, as is shown in Fig. 3.8Ca).
The readability of this system is shown in the example

in Fig. 3.8Cb) of a telephone exchange.

APPUL. | APPLI | AppLl | APRLL LANGUAGE
CATION | CATION | CATIOR | CATION | ~»++ | ODEFINTION i
NO.{ | NO.2 | NO.3 | KO TABLES ;
{
i

REQUINEMENTS
SPECIFICATIONS PRETYY-PRINTED REPOATS
WAITTEN N mereemt|  ALP | s 2ND
AFPLICATION- CONSISTENGY ERROR REFORTS
ORIENTED LANGUAGE ‘ ta.)

INTEGRATED
SYSYEN DESCRIPTION
{FSNBASED)

The raguiremants lanquage pracessor,

10LE
WAIT FOR CALLING . PARTY 10 GO__OFF._HOOK
JF SYSTEM 15 SATURATED, THEN DISCORNEC
ELSE CALLIG..PARTY RECEIVES DIAL_TONE
VIAIT FOR CALLIHG_PARTY 10 GO__0N,._HOOK. OR
CALLING . PARTY DIALS LOCAL __NUNBER
JF CALLING __PARTY IS ON.__HODX, SYSTEM 1S 1DLE
ELSE IF CALLEQPARTY IS BUSY.
THEN CALLING_PARTY RECEIVES BUSY._TOHE.
WAIT FOR CALLINGPARTY 10 GO_.ON 100X,
SYSTEM 1S IOLE
ELSE CALLING_PARTY RECEIVES RIMGBACK TaKE.
CALLED._PARTY RECEIVES RING..TONE
WALT FOR CALLING.PARTY 10 GO,..0H_.HOOK, O8
CALLEO__PARTY 10 GO_QFF_HOOK
1E CACLING.PARTY IS O, HOOK,
THEN SYSTEM 1S IDLE.
ELSE EMMNECT CALLED.PARTY AND CALLING,PARTY
WHILE CALLED...PARTY IS OFF,_HOOK tb.)
WAIT FOR CALLED.PARTY 10 GO,.0N LMOOK. OR v
CALLING __PARYY 10 GO,_OH._HOOX.
1E CALLING.PARTY 1S OH,_HQOR,
THEN DISCONNEGT PARTIES,
WAIL FOR CALLED,_PARTY TO GO..0,..500K
SYSTEM IS JOLE
ELSE WAIT FOR CALLMG,..PARTY 10 GO,_ON_HOOK, OR
CALLED_PARTY 10 GO_.OFF . HOOK

-

. . Alocal telephone call,

Fig. 3.8 RLP ~ example

(Davig, 1982)

3.2.10 Motus Quirk system

Of all the specification systems discussed up to now,

very few cater for distributed computer control

The SREM system can deal with parallel

systems.
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processes but the special problems of 4 distributed

system is not provided for.

Motus (1982) uses a model developed by Quirk (19773 to
specify distributed computer control systems. Quirk's

model 1is based on the conception that a system is a

family of interacting subsystems. These subsystems
form a hierarchy. A system will function correctly
if:

- each subsystem functions

- the subsystems Interact cooperatively.

The system is analyzed until each subsystem s
responsible for evaluating a single conceptual entity;
a state of the system, This subsystem is called a
process. It is assumed that this state is evaluated
correctly in a specified time. A channel provides the
interaction between the processes. This implies that

the state of the supplier process is coupled to the

requestor process through the channel.

Quirk identifies three types of channels, while Motus

uses four types. It is, howevwer, stated that this is

only a subset of the types of available chennels. The

following channels are defined:

- wqull channel, which forces the requestor and

supplier to have the same time set, with an

empty .ransfer

forces

gyachronous channel, which again
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requestor and supplier to have the same time
set, and the transfer contains a predetermined
number of elements

- sgemi~synchronous channel, which is gimilar to the
synchronous channel except for the processes
that exncute cofrequently

- asynchronous channel, which transmits a
predetermined number of elements but the requestor

and supplier execute in different time sets.

Motus concentrates on the modelling of the <channels,.
The st;ueture used concists of parallel processes
interacting cooperatively. The following precgsses
are important in process control systems:

- e@gvent~driven processes

- time cyciic driven processes

- process~driven processes.

3.2.11 GCrafcet

A system designed for use on Programmable Logic .
Controllers (PLC) s availablo as a recommended
standard (Grafcet, IEC SC63A/WGE). This methodology is

based on Petri nets, discussed in appendix B of this

thesis.

this methodoleogy is8 designed for use on PLC's,

Since
it is suitable for sequence control of a plant or
machine. The example shown in Fig. 3.9 is for the

62
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sequencing of a press. An overview - is shown in

Fig. 3.9(a) and the detail in Fig. 8.9(b). An older
standard, (DIN 40719), is used for the detail design.

Datail of this standard is shown in Fig. 3.9Cc).

Fig. 3.9(d) shows how this method caters for parallel

execution and selection. For example, either the loop

starting with T1 or Ti0 ox Ti12 is executed, while the

loops starting with 85, 511 and 512 are executed in

parallel.

st Materialeingabe

EE ey Y ) -—q_---——‘—'----‘---‘-‘!

Tl Material bereit

S2 Oberan $t8mp8| absenken C:—:._::

ot o 9 0 1l 0 o 90 £ A

Ti 4= Druckende

S3 Oberer Stémpel nach oben

I e iaialatdodadebale o

I ke

13 wb- Stempel oben

54 © Matrize absenken

- - o - --“-«---.-—-.n—-.uu--p----u-a-_un--------——u---.p

T4 ~- Matrize unten

85 Entnahme
o L_.J

B

6 Matrize wieder nach oben : um&l L

..---...-.....--...-..-u-..-a--u.....-..-‘.-...-.......--m.--..-....n

o v o o O 0 A 2

15 == Entnahmeende

[ i

16 Matrize oben

50
Fig. 3.9(a) Grafcet - exampie (overview)

(Leidigkeit, undated)
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This system is based on Petri nets butf does not hse

the tokens to svaluate the dynamics of the designed

system. It only uses the structure of Petri nets to

take care of concurrency.

o TRANSITION 2 DRUCKENDE ?
1

- ENOSCHALTER —o & = AUTOSFR

52

1 ENDSCHALTER =€ 54 UNTERE STEMPELSTELLUNG

- AUTO/SFR it 2333 AKT. SCHRITTMERKER

g T3
“ / SCHRITT 3 ENTNAHME OES FERTIGEN TEILS
i -t AUTORFR —] o
ST NOTAUS =t =1 .
i 55 » =
I HANDIRE! — &
=~ = TS HANDS i
N NGTAUS =m = e VERTIUM
- %
16
AKT SCHRITTMERKER

AUTOAER =M 233\

NOTAUS wE 81

0 \ HANDIFREL «d 15
HAND-S wE 87

: \ VENTIUM =4 60

NOTAUS [AUSGAENGE JBSCHALTEN)

ENTNAKME

Fig. 3.9(b) Grafcet - example ‘detail)d

(Leidigkeit, undated)

A practical system using this methodology is described

by Letdigkeit (undated).
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Conclusion

following important factors emerged from all the

systems tha! were considered:

specifying the requirements of & system is
difficult Dbecause it must communicate tc the user

f

and the <designer and they do not talk the same
language.

modelling of the environment is most important as
this is where the changes occur.

quick prototyping is an atlvantage. It is much
aasi;r for the user to specify if a prototype ié
available.

a top-down C(hierarchical) apprcach‘to deal with

complexity is beneficial in the design procass.

1 Moniloiing

Ol prezsute | l

e e ot
o e e e s st W, (o s ———y.—..——-—.—.—-«.—-.—.—.—_.—..—..—-—.—‘a

Diive OFF
J | mm——— 3 Centrol

$ 3

0 £ HS | Motor clockwise l
L] 10
Anti=lockwite ou‘&l o NS | Mot anecockwae |
]

1 1[0

Clock.ase O

¢

L v s ot po s o e a2

Fig. 3.9lc) Grafcet - example (sefjuence control)

(Siemens, undated)
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]'_Jl"l
[

]
> —l— " e i'\l
n m ne
o tia
wtny na
L "
E
—rs 1Y :
A{

)
=]
5
&

B

2 ]
™
st

)
m

-]

3

B

Fig. 3.9(d) Grafcet - example (concurrency)

(Leicdigkeit, undated)

The systems discussed are all different. Each one has .
a different application in mind and caters for a

different phase in the life cycle. Onelcould compare

the wvarious methods to different vriteria. The

following could, for example, be compared:

- data dominance V. control dominance systems

- sequential Vv. parallel processzes

- wverification of specification

- mathematical base of methodology

66
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- applicability to process control systems

- applicability

cycle.

to the different phases of the life

Different criteria may be used for each of these

factors

alaborate comparison
since the comparisons
and Ludewig (1978).

only been done on the

stated. 1t is,

however, felt that an

will not produce any new results
were done by Ramamoorthy (15978)
The comparison in table 3.1 has

base that is used by the system.

Paragraph System Base

3.2.1 SADT data flow, control flew

3.2.2 ° PSL/PSA ————

3.2.3 SREM stimulus response

3.2.4 MASCOT cooperating parallel
processes

3.2.9 PAlSLey cooperating parallel
processes

3.2.6 FSM state machines

3.2.7 ESPRESO computer language

3.2.8 EPOS ————

3.2.9 RLP computer language

3.2.1¢0 Motus-Quirk| cooperating parallel
processes

3.2.11 Crafcet Petri nets

Table 3.1

As

base is

absent

Comparison of specification systems.

can be seen from the table, a sound mathematical

in most cases. The systems with a
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mathematical base such as FSM and Grafcet, do not use
it in the predictive sense. SREM has welaborate
simulatiom capabilities with which it is possible to

gain confidence for the design by exercising it, but

which cannot be used to predict the ~outcome. The

Grafcet methodology uses the static capabilities of
Fetri nets put not the dynamic or predictive
capabilities. The proposed A-nets of chapter 4 provide
a base for a design methodology that can overcome

these deficiencies.
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A 2e2ign methcdology based on augmented Petri nets
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Definition of the marking
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4.1 Introduction

In chapter 3 it was shown that one of the deficiencies
of specication systems is the lack of a mathematical
base for the design methodology used. Chapter 2
illustrated that the design process is complex and
difficult to model. 1t was indicated that a design
methodology should be based on a hierarchical approach
to allow for the limitations of the attention span of
the human designer. A graphical representation is one
of the other important factors that helps the designer

to cops with complexity as well as to ¢reate

innovative designs. ,

The mathematical base of A-nets is developed in this

chapter. 1t is proposed that these A-nets can be useéd

as a base for design methodology. They are related to

Petri nets and share the same mathematical foundation.

A hierarchical approach is also possible by using
gubneis. A-nets and Petri nets can be represented
graphically as well as mathematically, as has already

been mentioned. It is therefore proposed that a design
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methodology based on A-nets fulfils the needs of a

design methodology.
4101 Advantages of using a Petri net based system

A-nets are based on augmented Petri nets. Petri nets
are discussed in detail by Peterson (1881}, Appendix B
provides a summary of the relevant Petri net theory.
The €fcollowing features of Petri nets make them well-
suited for the modelling of complex systems:

~ hierarchical representation

- graphical representation

+~ mathematical representation

- representation of concurrent processes

Graphical representation allows a visual
representation of the struéture of the problem. 1t was
fliustrated in chapter 2 that a graphical
representation is desirable for complex probiem

representation. It results in the use of both sides of

the brain.

Mathematical representation allows analysis of the

dynamics of the problem. Many problems to be modelled

nets are well-suited ~to

have parallel parts and Petri

e Y o 15 > = e IR -

deal with concurrency.

——

e e e g s

A large amount of theoretical work has been done to

analyse Petri nets for conditions like deadlock, for
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example {Hack, 19762, (Brauer,

(Girault, 1981).

£.1.2 Petri net deficiencies

Petri net deficiencies are the following:

no zero testing ability

transitions fire in zero time

random firing of enabled transitions

the token represents only binary values.
The first three deflciencies are rectified by
extensions to Petri nets and are recorded in
appendix B. They are the following:

inhibitor arcs

timed transitions

pricrities added to transitions.

Activator arcs are also added to be able to produce a

more understandable and clear graphical

representation.

Tokens represent only binary values because in Petri
nets all tokens are exactly the same and they are
undistinguishable. Berthelot (1982) introduced tokens
with attributes. The net, however, stayed the same and
the graphical representation became complex. These
tokens with attributes fulfil the need to represent

certain theoretical problems.
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4.1.3 A-net proposal

tokens with

A-nets are augmented Petri nets where

attributes C(A-tokens) are used. This chapter will

introduce these A-tokens a3 well as the special

transitions that are used to operate on them in an

informal way. The formal definition is followed by an

example of the use of A-nets on a FIFO buffer.

4.2 Informal description

The introduction of tokens with attributes (A-tokens)

constitutes the major difference petween A~nets and

The attributes of an A-token are typed

Petri nets.

and have a value. An attribute may be as simple as a

single integer or it may be a structured entity like &

net token is indicated by a dot

message. A Petri

in a place ag is shown in Fig. 4.1¢a). As is

residing

indicated, it is only possible to model binery values.

Fig. 4.1(b) shows an A-token with attributes, al,..aq.

Each attribute has a value.

(b.) A-token

(a.) Binary token

Fig. 4.1 Symbols for tokens
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The transfer transition used in Petri nets acts on a
token as a complete entity. Special transitions are
defined that will, on firing, have an influence on the
attribute make-up of an A-token. Various new
transitions wil)l be described in the next paragraph,
for example:

-~ the merging of attributes in a ftoken

- the separation of an A-token into different

A-tokens

- operations on the value of attributes.

The places are defined in such a way that they may

only contain A-tokens of a certain type.

A-nets therefore allow the modelling of data flow. as
well as of the fiow of control. Data flow modelling is

difficult to achieve in normal Petri nets.

N
AN

4.3 TFormal description of A-nets

1
:

Gt

The following parts of A-nets arve formally described:

- Definition of the A-net structure

- Dpefinition of the marking

Py A ?

-« Definition of A-tokens

- pefinition of transitions

Ry A ye——r————

- Dpefinition of transition types.
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4.3.1 Definition of the A-net structure

The A+~net structure is defined in the same way as the
Petri not structure. Definitions B.1 and B.5 is used

as they were defined for Petri nets.

4.3.% ’Definition of the marking

The marking of an A-net is defined in the same way 88
for a Petri net. pefinition B.2 is used as it was

defined for Petri nets.

4.3.2 Definition of A-tokens

This is the area where A-nits and Petri nets differ.
Tokens for Pe¢ ¢i nets are all alike. A-tokens consist
of attributes. The value of each attribute as well as

the ‘type of attribute may differ in different A~

tokens.
Definition 4.1. The marking u of -~ an A-net, C,
consists of A-tockens. An A-token consists of

attributes. For 8 specific net, a set of attributes

A = lul. aa.......,..aqi is defined.

Tt is convenient to consider an A-token as a vector as

it will facilitate the formulation of tramsiticns.

76
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Definition 4.2. An A-token of an A-net, C, is a

vactor:

P ‘131 + eaaz+...+ eqaq.

where ‘h (h = 1 to q) is the value of the attribute 8y -

This value €y of attribute ay is of a specified type

and is a function of its definer, “h' and of its

magnitude, vh.

Def:nition 4.3. The wvalue Gh of an attribute ah is a

function of mh and vh.

h h h'

whare “h is either v when ah is defined for this

tokern, or w when ah is not dsfined, and vh is the

magnitude of the value of attribute ay-

To be able wo do calculations, the following three

values are to be defined:

- unit value

- nil value

- don't care value.

Definition 4.4. A_ upit value v is defined in such a

way that:

»* = .
v Vh Vh
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Pefinition 4.5. A nil value w is defined in such a
way that:

x =
w vh W

w + 9= v
Definition 4.6. A don't care value © is defined in
such a way that:

X =
o vh n
¢ + v, = vh
and o ¢ v
for all vh.
The places in an A-net are defined to contain a
certain type of A-token. The type of A-token s
defined by the allowable attributes. This typing is

similar to data-typing in a language like Pascal.

Definition 4.7. A set of A-token types, B, is defined

for an A-net such that

B = (B, By.......-By} -
and:
- - _ o '1 -l 1
B, | = | %11 %g2---"%gq 8y
B, Koy Xpg--- - -%aq 8
B o Xy X a .
i v i vl “vi2 val | q

78
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where = v when the attribute is assigned to A~

“hd
token type Bh'

for

and = » when the attribute is not assigned,

*nhd
h =1 to vand d = {1 to q.

Places form subsets that may only contain A~tokens of

a certain type.

Definition 4.8. A place pi € P may only contain A-
tokens of a specified A-token type:

P = PBi (5] pBZ U oL UPBv

[p1’ pa LR pn}'

where th' h=1to v, is the subset of places that

may contain A-tokens of type Bh- Fig. 4.2 shows the

symbol to be used for places with A-tokens.

b 4

Fig. 4.2 Symbol for A-net place

Tokens for Petri nets may be considered as binary

tokens in A-nets. A binary token is present or not

present, and the attributes are all of the don't care

type. Places where binary tokens reside will be

indicated with circles.
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Definition 4.9. A binary token is defined as a vector

» whera:

¢ = o for all ah.

4.3.4 Definition of trangitions

The transitions of an A-net are more complex than

those of a Petri net. A-net transitions must operate

on the attributes of tokens. A transition may be in
any one of the following states:

- disabled

~ u-enabled

- a-enabled

- firing.

These . states are illustrated in the state diagram of

The definition for a u~enabled transition is similar

to definitions B.3 and B.6. However, the definition to

replace definition B.2 is given to clarify the

differences.

Au-enabled
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Definition 4.10. A transition tj ¢ T in a marked A-

net with marking v is u-enabled to fire if for all

P, € P

{
u Pi) z # (pi. lN(tj)

In order to define the tokens produced after firing,
an a-enabling function as well as a token~produced
function are defined. Each transition type will have

a specified a~enabling and token-produced fuction.

Definition 4.11. The a-enabling function, FE(tj). of

a transition‘tj € T in an A-net is:
FE(tj) = FE(xi.Az...xw)'

where LI% (b = 1 to w) is the A-token on input b of the
transition ti that caused it to be u-enabled. The a-
enabling function is a binary function with true or
false valiues. F._(t.) = true when B (¢ ' € .. € ) is

E" "} g 1g 2g wg

true, for attribute g(g =1 to q) and Bg is a binary

function defined for each transition type.

The new marking after a transition has fired is
defined in the same way as for Petri nets.

Definitions B.4 and 3.7 therefore apply for A-nets.

The attribute make-up of the A-token produced when a

transition fires depends on the type of transition. A

transformation function s defined for each type of

transition.
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Definition 4.12. The A-token produced (on when a
transition t3 ¢ T in an A-net fires, is:

A, S TT(xipxz.....x 3,

0 w

where LYY (b = {1 to w) is the A-token on input b of the

transition tj and TT is the transformation function of

transition ti' Each transition type will have a

transformation function defined in such a way that the

output A-token:
ha. 1y,

*o B8, PP + ....cqaq
is a function of the input A-tokens:
- T _ - 1 ™ 1
Ay = €44 ‘12"“"€1q a,

. € a

22 €aq €227 %2q 2

and Oq = A(siq. czq"‘wq) and A is a specified

function for a transition type.

4.3.% Definition of transition types

The following useful transitions are defined:

- Transfer transition, TN

- Merge transition, TM

- Seperate transition, TB

Arithmetic operation transition, Th
- Conditional firing transition, TC

- Select transition, TS

- Subnet trangition.

For each transition type the a-enabling function as

IR e e
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well as the token produced will be defined. Transfer

nsitions form the basic operations of the

and mevrge tra

transitions and is explained in appendix A.

Transfer transition

Definition 4.13. A transfer transition, TN' has an

a-enabling function FE(TN) always true, and

I w
i = II ¢ for = 1t
! ®g " nhz1 “hg g ° 4

in the token-produced equation 4.1.

Take as &an example the transfer transttion

¥

ig. 4.4. Three input tokens 2, Ao and Mg are

present. I1f the input tokens have four attributes:

y - '1 - T
A ] €14 €12 13 ‘14 ay

A €21 €22 €23 ‘24 22

*3 €34 €32 “33 ‘34 b3

then thé token produccd

ZZA ZZB ZZC ZZD ] &11




€11¢21%01

zZ2

1]

€92€22%32

22

“13€23%33

22y
= 4424
‘ Py
P2 !
Pa “
Y
P3
(a.) Enabled (b.) After firing
Fig. 4.4 Transfer transition

When x, and Ay are all binary tokens then all ¢

1’ 2
would be o (don't cares). This would imply that the

token produced:

*0

t

Q

Q

Q

Q
1

fo
|

34 .

h -
This is a binavy token. This i1s the case as it would

have been for petri nets.

84
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L3 and A, are binary tokens, then € €97 €iq°

<14, €pqr €337 €pa €oy is equal to o.

The output token produced would then be:

This implies that the A-token » has been transferred

with the binary tokens Ay and Ap present.

Marge transition

Definition 4.14. A merge transition, Tﬁ, has an

a-enabling function FE(TM) always true, and

g = g: € for g = 1
g h=1 hg

in the token-produced equation 4.1,

to g

Take as an example the merge transition tj in

Fig. 4.9. Three input tokens, namely Moo Ap and L

are present. If the input tokens have three attributes ,

- 1T ] .
Al T far “r2 "1:‘3-1 84

22 €21 €22 23 a2

A ¢ ¢ ¢ a ,
] 3 ] ] 31 32 33 i1l 3 ]

then the token produced will be:




(a.) Enabled (b.) After firing

Fig. 4&.5 Merge transition

1f each input token only had one attribute

ol _ - -y - 1
Ay W = €y @ ) a,

A W €aa W aa

Ka W W €33 Las v

ro = 1411 €2z €a3] 1*1 %z %af -

This i3 the merging of attributes into one token that

was required.

1f the input tokens were:
3 b

Al el fr @ &y

A W €52
o

Mg o J

then the output token will be:

a, a .
1 zJ

b4
H

0 = J¢11 “a2




This shows that two tokens Ki and A, are merged when a

Boolean token, L is present.

Arithmetic transition

Definition 4.15. An arithmetic transition, TA' has an

a-enabling function FECTA) always true, and

w

ag = A(chgl for g = 1 to q

n

$ ]

in the token-produced equation 4.1. A is

arithmetic function.

(:?fa (:)N
\ Pz ~*h<:3%3 P —**4I,%3
<E€>ﬂ» t <::}a»' Y

{a.) Enabled (b.) After firing

Fig. 4.6 Arithmetic transition

Fig. 4.6 presents an arithmetic trausition t) with

input places Py and pz as an example.

Let:
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1f ACx,y) was defined to be x+y,
then:
Ag = (e11+e213a1 . '
This gives the capability of arithmetic functions.

Definition 4.16. A conditional firing trangition, Tc.

has an a-enabling function, FE(TC) = true when
gg(‘hg) = trge (for g = 1 to q), where
4] is a binary function defined for each
attribute a_.

g
og = 0o it FE(TCJ = true (for g = 1 to qJ

in the token~produrced equation 4.1.

Py '
M O’l_ .
| 0 w | T,
|

(a.) Enabled (b.) After firing

Fig. 4.7 Conditional firing transition

k]

For example, in Fig. 4.7, if the input tokens are: 4

'r a | =]t v a, W iﬁ‘*
A 2w W 3, {
% ] ““

and B was defined in such a way that:

1

B(‘11' ca‘J true when <,, > €,y

= and
then FE(tj) true an

A. = (o g 0 ) (al &8 as) .

0
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1£ FE(tj) = false,

then no output token would have bheen produced,

Select transition

Definition 4.17. A select trangsition, TS, is a two

input transition with an a-enabling function
FE(TSJ = true vwhen
B(cng = czg for g = 1 to q and
Gg = clg when elg ¢ €2g
and ag = ‘zg when ezg 2 Gxg .

(a.) Enabled (b.) After firing

Fig. 4.8 Select transition

For example if:

- - v - by T
LR I €12 €13 3y
. 7\2 v a g aa
Y ¢ 4 € a
] n i ni na nSJ i 3 ]

A mask Ay was provided in P, to select one of the many

tokens in pltzi.xn). The mask in this example was set

89
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up to select a value y for attribute a, - Attributes

aa and a3 were set to don't cares (o). The token

selected was xl because its valus for attribute a,

matched that of the mask.

Subnet transition

To .e able to deal with complex A-nets, a subnet
capability is defined. The method of producing a
hierarchical system to combat complexity was stressed

in chapters 2 and 3.

Definition 4.18. A subnet transition is a subnet that

will execute on the conditions at the input.

(a.) Enabled (b.) After firing

Fig. 4.9(a) Seperate subnet (overview)

One could de#fine a seperate transition but it would be
complex and it is easier dealt with as a subnet.
Fig. 4.9 shows a subnet that will seperate an A-token
L into jts three parts ‘x01. LY and ‘oz
Fig. 4.9Ca) shows the general symbol for a separating

transition while Fig, 4.9(b) shows the detail of the
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subnet that will execute.

Fig. 4.9(b) Seperate subnet (detail)l

The A-token on the input is:

2y 0= €449, + €,,8, + €ga34 and it
consists of three attributes. The seperating

transition must produce three A-tokens each with onily

one attribute:

| 201 W = [ » I w ] i a, T
Zoz () (22 W 82
L*osJ L“’ w ‘33 | L"“s “

The input A-token is placed in P, - Places Py Py and

Py contain a separating mask with & unit value for the

attributes to Dbe seperated and nil values for the
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attributes that are not to be transferred by ta; t4
and ts. Transition tz is required to remove the input
token to the token bucket after the seperation process
has been completed. A detailed discussion of this

subnet is provided in appendix A.

4.4 Design methodology

A-nets are used in the following way as an aid in the
design of real-time computer control systems:

-~ the plant is modelled

.

- the control system is modelled by using a state

diagram approach. This state diagram is implemented

by means of A-netis. ,

~ analysis is done by using the mathematical me thods

developed for Petri nets.

The design methodology is explained by means of

examples in chapters 5 and 6.

4.3 Example of an A-net

A simple example will be used to demonstrate some of
the capabilities and the use of A-nets. The example of

a buffer in appendix B is extended to be a FIFO buffer

for this example.

The graphical representation of the A-net model s

92
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given in Fig. 4.10. The data to be entered is
submitted wvia transition ti' It is saved in the
buffer, Py with a sequence number supplied when t,
fired. Requestz for output is done via transition t‘.
The correct one is selected with a sequence number

when t3 fires.

Fig. 4.10 FIFO buffer

A formal mathematical formulation follows:

Q
n

¢(p, T, 1, O

T o= (b, tye tae by tgr tgl
1gCt,) = tpyr Pyl
IgCty) = tpyp!
1Ct,) = tpgl
I Ctg) = fPgr Pg!
93




The attributes are:

A = tai.aa!

where a, is a sequénce number

and az is the data to be stored.

The token types are defined as follows:

B1 = Y] V) a1
Ba v W &z .
B3 W \V
B w w
AR B | .

The places where the different token types may
are defined as follows:

P

tt

B1
Pgp = 1Py Pgr Ppr Pyl
Ppg = tPy)

Pgg = tPyr Pg) -

The transitions:

=3
)

-

ol
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tel

Initial marking:

“0 = (0, 0, 0, n, ¢1,0>, <0,0>, ¢i,0%,¢0,0>, 0,0) ,
where n+2 = size of the buffer.

Two loops exist to generate sequence numbers, namely

loop Pg: ts, Pgr Py for the input sequence number and

Pqr tB' Pgr Pyg for the exit select sequence number .
Only the input sequence number generator will be

explained. A regquest for a new sequence number will
be placed in ps. after which transition t5 will be
enabled to fire. On firing it will wuse the old
gequence number in pa and the constant 1 in Py will be

added to it. The new updated sequente number will be

fn Pg and the request for a new sequencs number in Py

will be consumed.

s
(22

New data will be presented to t, (not shown). Py

is empty it will be allowed into Py 1f the buffer

(pz) still has some space, D, will not be empty and ta

will be enabled to fire. It will merge the data from
p1 with the sequence number from Pg and place it in
the buffer, P,- [t will censume a token from P,

indicating that another space in the buffer has Dbeeén

will also produce a request for 8 new

taken, it

gequence number in Pg-

958
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Requests for data from the buffer are dome via t4 (not
shown). The data in Py will then be transferred. 1f
Py is empty and data is present in the buffer, pa, t3
will be enabled to fire. The seguence number in Pg is
used as a mask to select the proper data piece out of
the buffer P, and place it in Py - A token is sent to
Py to indicate that a place is available for a new
input. A request for a new sequence number is

generated in Pio-

4.6 Conclusion

A formal definition of A-nets has been presented and
explained by means of a simple example. Where Petri
nets can only handle tokens with binary values, A-nets
can deal with tokens with multi-attributes and zach
attribute may be multi-valued. Where Petri nets were
useful to model sequencing type problems, the rangs of
modelling has béen extended by the introduction of A-
nets, 80 that more complex data type problems can be

dealt with.

The use of A-nets is demonstrated in chapters 5 and 6.
Chapter 5 consists of the solving of a software
analytical problenm of & communication system in a
distributed computer control system, Chapter 8
presents the application of A-nets to the design of a
apftware engineering product as the computer osontrol

of an industrial system.
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c H A P T E R 5

MODELLING OF THE REAL-TIME COMMUNICATION SYSTEM
8.1 Introduction

Appendix C contains information on a praposed
distributed computer c¢ontrol system (DCCS3. This
system .was developed by Kopetz (1982) and MaclLeod
(1983 and forms part of a DCCS research projaect

(Rodd, 1982). .

The problem of conzistency, coordination and
synchronization was discussed by Machsad (1983, 1In a
distributed computer system, each node is dependent on
the siate of the other nodes. DBecause the states of
nodes may change without the other hodes knowing it,
inconsistency may occur. This problem is sol"ad by
sending a state message with a wvalidity period
assigned to it. The gender node now commits itself not
to change state until the end of the validity period.
At the end of this validity period, the message 1is
removed from the system. This mechanism implies that a

global real-time is available to all the nodes.

The message transfer primitives of this system, as

89
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The communication sy s tem

discussed in ¢€.3.2, form part of the real-time
communications system. In this chapter A-nets arve used
to model these message primitives. The sender, channel
and receiver are modelled seperately. A combined model
for the communications channel is then provided as a

subnet.

8.2 Sender

The sendsr uses the output statement (C.1) to send a

message. This statement is modelled in Fig. 5.1. The

.

sender supplios the message m and the validity period

vp. The validity peripd is added to the real-time

3

(rs) at the sender in tl to create the validity time

v. The wvalidity time and the message m is merged in

ta to create the message to be delivered in place P,

!
14 " j
r - 3
Ps I P2 i
mrionean ] . !
M m,v '
(' > !
|
V i
' o
Py Pm }.
m rs i real - time at sender
Vp: vaildity period

m : massage |
y valldity time

Fig. 5.1 Sender

8.3 Channol

The model of the channel is shown in Fig. 5,2. Two
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-5.3~ The communication sws tem

independent paths can be traced through the model.
The first, pa. can be traced to tEM for event messages
and the second, Pyyr to tSM for state messages. The

use of event and state information was discussed in

aprendix C.

£vant mansage
ingul

Stais meishige
inpuy

Fig. 5.2 Channel

§.3.1 Ever .. messages

The event message in Py i{s merged with &a Bsequence

when t4 fires. Transition t4 can only fire

when the buffer is not full. This iy done by having a

number

place p g with tokens to indicate the buffer length.

The sequence numbers for merging with the message a8

well as for selecting, is done in the same way 4s was

101

Pty a . . . B e L et S F .\x"" L




-5 _ 4~

The communication sys tem

discussed for the FIFO buffer in paragraph 4.4.
Selection of the appropriate messége out of the buffer
takes place when t5 fires. Transition t5 may only
fire when Pg is embpty. The message in pg is consumed
by the receiver when tEM fires. This message is also
automatically removed by the system when the validity
period has expired. This was one of the requirements
stated in appendix C. The validity time is stripped

from the message in t_, and is then compared with the

6
receiver real~time. As soon &s the real-time axceedy
the wvalidity time, th fires to removs the message
from Pg-

§.3.2 State messages .

The state message in Pyy is seperated into its message

and validity time attributes in til‘ The message m is

placed in Pya for further use, The validity time v is

compared with the real-time in tlZ' As soon as the

real-time exceeds the validity time, the message in

P, is removed. The entering of a new message in Py .
before the message in p12 has expired will generate

the following sequence of events:

Transgition t14 will fire to remove the old message and

its associated validity times from Pyp and Pyg- With

vacant, t11 is enabled to fire to seperzte the new

Pi2
message and its validity time.
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5.4 Receiver

The receiver may employ various ways of wusing the
message. This was explained in appendix C where the
INPUT statements.‘ as well as the distinction that was
made between event and state messages, were discussed.

The receiver decides to use a message as a state or

event message. This will determine the hook to the
channel model . State messages are hooked to tSM and
svent messages to tEM in Fig. 5.2. Transition tch is

used as a general transition for both in the following

discussion.

The sollowing basic receiver constructs are modelled:

simple input (statement C.2)

input with timeout period (statement C.3)

input with a filter expression (statement C.4J.

3.4.1 Simple input

teh
s iy < ;pma
a. INPUT msg END: :
Fig. 5.3Ca) Receiver (simple INPUT)

Fig. 5.3fa) models the simple input of statement C.2.

The receiver waits until a message is available.

o . ) o
- P N PN N ,.&"mﬁn_,u“‘\(:____‘_‘ ok, e o e, ,4“_% . » Y A e
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Transition tch fires and the message is placed in Pma
for the receiving module.

5.4.2 Input with timeout period

Fig. 5.3(b) models the input of statement C.3. The

timeout period in Py is added to the real-time in tbl
and compared with the real-time in th' 1{f a message
is available or becomes available before this period

has elapsed, & fires and the message is available in

ch
pmb' 1f the timeoui: period elapses, tba fires and a
token is available in pnb'
Pt Py2 Vit .
Phi !
+ Pnb
Prb fr/‘ P&

"ch Opmh

b, INPUT msg => normal seq
AFTER time »> 1lmeoul seq END:

Fig. 5.3(b) Receiver (timeout period)

5.4.3 Input with a filter expression

Fig. 5.3(c) models the input statement C.4. For this
discussion the following filter expression was taken

as an example:

y

P > B9 > P

104




The model provides a hook p . if the message does not
comply with the filter expression. This hook is not

asked for in statement C.4.

The available message is placed in Poy when tch fires.
It is then compared with the wuser-supplied filter

expression in tci' On compliance the message is

placed in Poc’ otherwise a token is placed in |
W

Statement C.4 is the basic input statement. Statement
&.% is a combination of C.4 and timeout and statement
¢.6 a combination of C.4 and a filter expression,
Different- and more complex combinations are possible

but that would only re-use the existing models in a

combined way.

fe2 Pme

>

1 gyt > event message o
feh 1 fgy4* > dtofe mesaage he
Pp#im request message

Ppf®1e massoge
Pne:® message not avallable Py
Pay 1# waiting time on massoge

Pix Pty 1= firer values

fFr 1» tecalver racl-time ‘ <-——>p“

Fig. 5.3(¢c) Receiver (INPUT with filter)
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8.9 Combined channel model

A combined channel model is developed in this section

to provide s subnot that will be available to the user

when modelling his system.

valid)ty period
AFTER time

l no vaild
Channsl |

°“""”() B ~—( )

FILTER flirer exp

:

Fig. 5.4¢a) Combined model C(subnet)

Fig. 5.4 shows the subnet that is available to the

user. Fig. 5.4Ca) shows the interface and Fig. 5.4(b3

the detail of the interface between the channei and

the receiver. The detail for thas sender and the

channel is the same as wWas previously presented in

Fi,. 5.1 and Fig. 5.2.

sender supplies the message ~and the wvalidity

The
period as part of the OUTPUT statement. The receiver
may use any of the three basic methods as well as

combinations thereof to retrieve a message from the
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channel . The receiver must also decide whether it is
a state or event message by placing a token in the

appropriate place,

This universal interface supplied by the subnet to the
receiver, and shown in Fig. §5.4(b), will now be

discussed for the three cases of input statements.

Chonnsl User Pat
—{ AFTER time
[ ty
'
! :
2 P2 13 :
P %
-+ ﬂ
fp ——dl u ) no valid Q!
A
L [? 7 k 8
! 7 INPUT
A
is 'ﬁ 1
e !
:

( Event msg

Stata mag

msg

not withia fliter

/ll tilter not used

A FILTER

b. Oetall

Fig. 5.4(b) Combined model (detail)

For INPUT statement C.2 the following applies:

- ; t
Pyt °WP y
- no filter between pg and Pg

-~ @& token arrives at P,




The communication sy s tem

With Pat empty and a token in p.. ty will fire,
placing a token in Py- This will prevent t3 from
firing. The message from either the event or state
channel will be transferred to Pg when tEM or iy

fires, depending on the selection of either a state or
event message. With the token in Pg and a filter not
present, Pg will also regeive a token. Transition ts

is now enabled and the mcassage is transferred to the

receiver.

For INPUT statement C.3 the following applies:

R contains a value

no filter between Py and Pg

a token arrives at P,-

The timeout period is added to the real-time when tz

fires. This time is compared with the real-time in
t3' Transition ta will fire if a valid message is not
available within the timeout period. If a wvalid
message is available or becomes available, the

transfer of the message takes place as was described

for the previous case.

For INPUT statement C.4 the following applies:

= Pyt empty

a filter between Pg and Pg

- 8 token arrives at P,-

W

since Pat is empty, the first part of case

RN R REUNEIDA s
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applicable. The message is transferred to Pg and
compared with “he filter expression supplied. I1f the
message complies with the filter requirements it s
transferred to the user. 1f the message i3 filtered

out, P will noi receive a token and ts will fire to
indicate to the user that the message is not within

the allowable filter range.
3.6 Conclusion

This chapter has shown the modelling oif a feal-time
communication system with A-nets. The use of subnets
helps with the hiefarchical breakdown of the design

process.

The use of A-nets as a modelling tool for this

software analyfical problem haa the following

advantages:

- & graphical representation is provided to give a
better insight into the problem

- a mathematical representation «f the problem can be
derived from the graphical repraescntation. This

mathematical representation is available for

analysis based on Pctri net theory which, in turn,

may for example be used to predict a deadlock fﬁ R

gituvation.

- the modei may be executed through which Dbetter
insight 1into the system is gained and during which

improvements may be tried before implementation.

iog
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MODELLING EXAMPLES

6.1 Introduction

In the previous chapter the modelling power of A-nets

was communication

demorstrated in connection with a

Eystem for rezxl-time applications. Yau (1983)

ﬁemonstrated that Petri net based modelling is useful

Eor the design of scftware for distributed systems.

a model of the

As was indicated in chzpters 2 and 3,

environment to be controlled is also important. This

chapter will provide examples of the modelling of the

environmeant and the control.

This chapter provides examples of the application of
A~-net modelling to industrial control engineering
It is shown how this method helps to

product design.
deal with complexity by using a hierarchical approach.

The advantages of & hierarchical approach have been

discussed in chapter 2.

6.2 Pressure vessel

A pressure vessel at the end of a pipeline is used to

111
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transfer material. Fig. 6.1 shows the vesse)l with its
associated <control valves and sensors. In this

example A~nets with binary tokens are used.

6.2.1 Description of operation

+ Material
release vuive
/,7" Vel ‘
ultra high Va i
high pressure sensor i
low Vs

vy
. ultra high
level sensor high
fow

?Alr pressure
\_ —1s~Material tlow

Fig. 6.1 Pressure vesgsel

With valves Vl. V2 and V3 closed and Vq and Vs- open,

material enters the vessel through VQ until a high

signal is given. vV, and V5 close and V, and Vé

level 4
open to allow pressure build-up. As soon as the
pressure is high, vV, opens to allow material flow. As

soon as the level sensor is on low, V1 and Vz close

and the pressure is allowed to fall to low before V.,

closes. Then VQ and V5 open to repeat the whole cycle.

Al i . F
A Y ar - -




- level ultra high may cause

6.2.2 Model of the process

-6.3- Mode1l1l ing examp l e s

The fcllowing mishaps may OGCuUr:

vessel blockage

- @pressure ultra high may cause vessel rupture.

presaure
faw

moteriol pressure
nfiow butid=up
material [ pressure
eutflow pressure relsase
ultra high
13ec
'6 vussal e
unblocklng reptured repalr .
compieted completed °
(a) maoterict flow (b} alr pressure
volve open Vi closed
losed
close commond V2 -t L SR
V3 closed 2 material Inflow
open 4 V4 open
opan
JLL-LLL
volve clotad \L
almilor for
- matarial cuttlow
- pressure bulld-up
(&) Ganfrol valvas {1..8) = pressure relegse
4

Fig. 6.2 Plant description

{d) lntarfaca definitions

The
seperately:

- material flow (Fig.

sl . B -

following parts of the process are modelled

6.2Ca))

~ air pressure (Fig. 68.2(b))

control valves (Fig. 6.2Cc)).




~6.4- Model l ing exampl e s

These parts are then connected with diagrams like
Fig. 6.2(d). A subnet known as "&" is used to make the
diagram more readable. This subnet provides a logical
AND~-functlion. The realisation of a 5-input AND-
function will give a complex A-net. Fig. 6.3Ca) shows
an AND~-function for two inputs. Since logical
functions are important and since they demonstrate the

subnet principle, subnets for OR- and exclusive OR-

functions are shown in Fig. 6.3(b) and (c).

Py

xm-—«{Z) i
1

O—
O—

p,O__. P;Q_.
oo 510

(a.) AND {b.} CR (c.) XOR

Fig. 6.3 Logical function subnets

This model of the process is a first order

.

spproximation model only. The material inflow is for

P O

example taken to be a function of time only, while in

ot i

practice it may for instance be & function of the type

_ PN . . Y. N T P on n/m%&:m\
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of material and the humidity. This also demonstrates
the limitations of using binary tokens only. A better
approximation is possible with A-tokens. The humidity
value could for example be used to select one of a

couple of transitions with different times attached to

it.

A description of the material fiow follows. Assume
that the level low contains a tokeR. As soon as the
conditions are fulfilied for material inflow, the

trangition t1 will fire. After two minutes, the token
will be produced in level high. Normally the material
inflow should now be stopped for the discharge. 1f,
however, the material inflow remains on for another
two minutes, the level ultra high condition will come
on. [f it stays on for 30 seconds, the vessel will be
blocked and a ménual unblocking process will have to
take place. A similar chain of events will take place

on material outflow. The other parts of the model are

self-explanatory.
6.2.3 Model of the control

The control has the following signals as inputs:

- level low

- level high

- level ultrahigh
-  pressure low

- pressure high

115
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-~ pressure ultrahigh
- sgtart transfer command

- gatop transfer command.

The control sends commands to the valves for opening

and closing and may sound an alarm under certain

conditions.

stop

start

material inflow mode

lavel high

pressure bulld-up mode

pressure high

pressufe

low material outflow mode

level low

prassure release mode

Fig. 6.4(a) Control description (Modes)

Fig. 6.4 shows the partial model of the <control

system. Fig. 6.4Ca) shows the different modes the

control system may assume. This is basically a state

P A s e Fe
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diagram. Fig. 6.4(b) gives the alarm logic and
Fig. 6.4(c) presents the materials inflow mode . This

is an example of all the other mode diagrams.

level ultra
high
Alarm

pressure
ultre high

level url‘tm e O

igh C, " /

pressure
- ultra high 9

Fig. 6.4(b) Control description (alarm)

Yy close command

V2 close command

material Inﬂgw
mode Vaz close command

.

start
_...V4 opan command

Vg open command

Fig. 6.4(¢c) Control description (material inflow)

6.3 Conveyor system

A conveyor control system is now used to demonstrate

some of the capabilities of A-nets for the design of a
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system. Fig. 6.5 shows a part of a large harbour with
a conveyor system for materials transfer (Kruger,

1979) and (Kruger; 1985).

6.3.1 Description of operation

Al A2 A3 A4

Wagon
Wil wa| W3j w4 Unloaders

{' ¢t c2
B!

B2 e CONVEYOT

; —ﬁ——# Moving head
- ¥ ’L——-*- E1 .
1"5” T—-— Tripper

Stockplie i

iL‘ - E2

LAl

D1

D2

St s2 S3

Ship loaders

Fig. 6.8 Conveyor system

The material is unloaded from the wagons at Wi to W4.
A conveyor route is set up where the feeder and
receiver devices are given to the system by the
operator. The route is then automatically selected
aceording to certain criteria. The conveyors are
started up beginning with the receiving device and

terminating with the feeder. The shut-down of a route

e e PN . N F U YRR 39 W
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is done in the reverse prder.

§.3.2 Model of the process

The plant consists of many different devices like
conveyors, moving heads, trippers eotc. For this
exercise a mode of the electrical control
(Fig. 6.6C(a)) of a conveyor has been constructed
(Fig. 6.6(b)). As can be seen, the conveyor may be
sglected for manual or antomatic <control. It may
change from either of these modes to not healty if

something fails, or to running when selected to run.

| Srert s10p Mon, H
G o .
1'—-—-}/ Q Convayor
motor

Compuger fun Auto,
1--——-0/0—————-'—""" L anen :

- o%

Fig. 6.6(a) Electrical control (circuit diagram)
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Fall

Fall,

Healthy {TT. Lub. Vent)

Fig. 6.6(b) Electrical control (A-net model)

6§.3.3 Model of the control

The model of Athe design follows a hierarchical
approach in this case. The overall design of the
system; is given with various subnets included. The
detail désign of one of these subnets is then

presented in more detail.

Overall design

Fig. 6.7 gives an overall picture of the design. The
following subneats are mapped to specific tasks:

- route setup (tl)
- route selector (ta)

- sgtart-up (ta)
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- shut~down (t4)

- accumulate runtime (ts).

Unavailable
oIV,

Routs setup

Avallable
)
Sejscted P
cant, 8 Failed
/ \ COoNnve j
3 l Start-up \ /
tie
tr
t4 Shut - down
Y Accumulata .
-] runtlne
L times

Fig. 6.7 Conveyor system - overall picture

The conveyors, as main components of a route, are

mapped according to their status in places. For
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example place Py contains the selected conveyors. The
conveyors may be in any of the following states:

- unavailable (pa)

- available (94)

- Selected (ps)

- .runiiing (ps)

- failed (pa).

The route setup subnet (ti) is the interface to the
conveyor operations personnel. A feeder (pi) and a
receiver (pz) device are selected by the operator.
These devices are used by the route selector (ta) to
select the route out of the available conveyors (p4).
The route se}ector uses lhe conveyor with the least
run time (p7) if more than one conveyor is availgble.
The selected conveyors (ps) are used by the start-up
subnet (ta) te gét the route in the running mode. The
run times of the running conveyors (ps) are
accumulated by the accumulate run time subnet (ts);

Shut-down (t4) takes place on reguest or on an alarm

condition.

Detailod design

The start up subnet (Fig. 6.8(a)) is developed further

in order to demonstrate the detailed design.

The selected conveyors are started up in sequence.
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The sequence numbers were added by the route selector
toutine. The loop P+ Py and t, genecrates the
sequence numbers for start-up. The selected conveyors
are transferred to P, and Pg - The two adjacent
conveyars are in Py and Pg- The moving head or
tripper between these two adjacent conveyors 1is8 moved
to the correct position by subnet tii' The start
conveyor routine (tlz) uses p5 to start the conveyors

in the right sequence.

Py From selected
conveyors

Move
moving heads | 1

a trippers

Sta
h2 conv

r
eyor

Fallure Conveyor running i

Fig. 6.8(a) Conveyor system - detail (start-up)

Fig. 6.8(b) shows the detail of the start conveyors
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subnet (tlz)‘ The conveyor in pg generates a start-
up signal toe the conveyor via tzz. A time delay is
started, When the time delay expires, t21 will fire
if the conveyor speed-up switch is on. 1f not, t23
will fire to generats a failure message in Pyg- The

electrical control model of Fig. 6.6(b) wuses the

start-up signal to start the appropriate conveyor.

Ps
BT ' tz22
(;.-: E
?:}" | P ;
X ‘!f U}V‘\\W 25 |,
= 23 t2
) ) Tl
L de?;;
t ‘> t24
Pay Pax (Pzz Pog
T v
Speed up Falluve OK Stari - up
Signal to convayor
i
Fig. 6.8(b) Conveyor system ~ detall (start-up)d

This illustrates the ability of A-nets to model a
hierarchical (top-down) design wpproach. The eventual

low level model can be linked to the model of the

CONvVeyor previously presented.
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6.4 Access control to a building

6.4.1 Description of operation

Access control is applied to areas as is indicated in

Fig. 6.9. Requests to enter an area are made and only
if a person is authorised to enter, will the door be ’
opened. Only persons that have entered will Dbe

allowed to lesave.

£9)
-+ @ |
o/

Fig. 6.9 Access control to an area

6.4.2 Model of the control

Fig. 6.10(a) shows a model for a single door. Subnets
t1 and tz appear nn the entry and exit doors
respectively. The door sends an enter request as well
as a demand for the identification of the person about
to enter. A signal is sent back to open the door or
for the alarm to sound if the entrénce is illegal. In

this example a person is allowed to enter if his name
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appears in the authorised person file and if he has

already entered an adjacent area with access control.

The detail of the subnet is shown in Fig. 6.10(h).
Transition til selects whether a person is authorised
to enter and t12 selects whether he has already entered the

adjacent area.

Allowed In N
in N+l

 Soou—— Tl LR O L

|at—~——~ anter request enfry door
e Gpen doof o N¢t
alarm

Allowed . ‘ '

InN
Alarm
in

Nel

| —¢——— name to enter
' e anter request exit deor
2 b 0pen door from N+1

 Se—— 114, ]

Fig. 6.10Ca) Access control - overall dizgram

8.5 Conclusion

This chapter has illustrated the ability of A-nets to
model the process as well as the control of three
different process control systems. The graphical

representation helps to deal with complexity and
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allows the designer to create innovative designs.
These advantages were discussed in chapter 2. A-nets
may be considered ag a blueprint for the design of the
software for complex industrial control problems. Chu
(1982) has used this analogy of engineering blueprint
extensively for his methodology used for data-

processing systems.

Allowed

< ) ~ame to enter

—e anter reques!

t3

s
open doqr
L ‘%__/_,. alorm
-/

Alarm
tils

Fig. 6.10(b) Access control - door subnet

A mathematical representation of the model is
possible. This mathematical representation may be
analysed to predict the perfdrmance of the design -
deadlock situations may for example be disclosed. The
argument for predictive capabilities was presented in

chapter 1.

The A-net models are executable. The designer can play
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“*what ... if" games on his design to improve certain
characteristics. It is therefore a quick protoiyping
system. 1t was shown in chapter 2 that a prototype is

an aid in producing a product to satisfy a need. The
user can make a better judgement with regard to the

fulfilment of his nesds when he watches the

performance of a prototype.

The perception that the system designer has of the
environment of the control system is also modelled
with A-nets. This has the following advantages:

- the'user and designer can agree on the environment
since both can understand the model and discuss it
before the control is designed. .

- misconceptions of the environment is clear to the
designer and wuser once the operation phase is
entered.

- changes in the environment during the operation
phase can be modelled and the effect on the control

system can be evaluated.

A-nets allow for a hierarchical approach and it is5 an
effective method to deal with complgxity. as was
il1lustrated in paragraph 2.2.1. In this methodology,
as was demonstrated in the examples of this chepter,

the concepts of the state of the system as well as

state changes are used.

We can conclude from these examples
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discussion that the use of A-nets is beneficial during
the following life c¢ycle phases of the industrial
control system:

- requirements (needs) 2nalysis
- architecture design

- detail design

- evaluation and test

- operation and maintenance.
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CTONCLUSION

7.1 Introduction

This chapter firstly describes future work to be
undertaken to create an automated specification system

based on A-nets. Concluding remarks then follow.

7.2 Future work

Looking closely at the examples in chapters 5 and 6,
jt 1is evident ghat an automated system is required to
assist the designer. Creating and deating the
graphical representation in a manual way is time-

consuming and error prone.

The use of static tests to predict certain factors

such a3 deadlock is also required. A complete set of

static tests must be implemented.

The execution of the A-net te ostablish certain

factors and to debug the design is important. The
axecution @lso renders a prototype that is valuable in

discussionsg with the user to establish his real needs.
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Conclusion

The system described in the following paragraphs is
proposed to perform the above-mentioned functions.
This system, however, is not implemented as part of

the study for this thesis.

7.2.%4 Structure of the system

The structure of the system is shown in Fig. 7.1. it
consists of:

- an editor

- a filer

~ a8 simulator.

Editor

The editor allows one to enter a new A-net or to
modify an existing one. It also allows one to display

the net in graphical form.

Filer

The filer is used to do maintenance on the saved A-

nets. An A-net can be saved, retrieved, or filed.

Simulator

The simulator executes an A-net and displays results

to the designer in an interactive way. It also includes
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the static tests for analysis.

Automated
A-nats
Edltor Filar slmu}uwr 1
Ra!Eﬂv' Save Delete
- .
|mlvrl —J Maodlly Dispioy . Execute ; Display

Fig. 7.1 Design systen structure

7.2.2 Modelling of A-nets

The following information is required to build
mndels:

- attributes of A-tokens

= places

- transitions.

This is illustrated by the conveyor example

ghapter 6.
Define attributes:

al

conveyor_name;

ad sequence_number;

Define places:
pl: foeder_device;

attributes: conveyor_name;

initially: wempty;
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pad: ...

Define transitions:
ta: route_selector;
type: subnet; ‘

transfer inputs: pt14:

activator inputs: Pyr Py Pgyr Py Pqgi
inhibitor inputs: empty:

outputs: Py’

priority: 13

duration: 1

7.2.3 Summary of future work .

Paragraphs 7.2.1 and 7.2.2 give an explanation of the
short-term work required to create an automated tool

for the wuse of this methodology for the design of

industrial control systems.

The longer term research consists of the following:
- . The examination of the wuse of artificial

intelligence principles in the design proecess as

was discussed by Borgida (198851).
- The examination of the application of A-nets in a
wider application area. Petri nets are used to

model systems guch as a harbour complex (Totn,
1981). The examples in chapter 6 have illustrated

that the A-nets can be used to model the
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environment of various systems. It is therefore
proposed that A-nets may be used to model many
different types of systems. Of direct importance is
the design of data-processing systems. Verification

of this claim 1is to be confirmed in future

research.

7.3 Concluding remarks

Distributed Computer Control Systems have recantly

become a very important means to implement industrial

.

computer control, Driving factors are the advantages

of these systems, such as fault tolerance as well as

compatibility with the distributed nature of the plant

to be controlled. A proper design methodology is,

however, important for further advances and to take

full advantage of the Dbenefits ¢f the cheaper
hardware. The benefits of cheaper computer hardware
can only be beneficial if more reliable software can
be produced more cheaply. This study has proposed A-
nets as a way of modelling distributed systems to make

the advantages of distributed computer control systems

more accessible to different applications.

A new design methodology has been introduced in this

thesis. The key jdea of this thesis is to provide &

design methodology with a firm mathematical base. The

mathematical formulation of Petri nets forms the

necessary theoretical base of this methodology.
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Although it has not been done in this thesis, Pétri
net theory can be used for static analysis to predict
certain features of the design. 1t has been
illustrated that A-nets can be used to model various

types of cohtrol systems.

This thesis provides a theoretical introduction to A-
nets. A-nets are based on Petri nets with a wvast
amount of theoretical work available for analysis.
This allows one to predict the outcome of the design
at an eariy stage of the design process, Apart from
the fa;t that Petri nets are used to model various
systems, they also provide a hierarchical method for

modelling a complex system in levels aof finer detail.

The erzcution of A-nets can be automatsed. This
provides a way of executing the specifications of a
system modelled with A-nets. Executing this model
provides the opportunity to remove discrepancies. It
also provides the user with a quick prototyping system
where the designer and specilier may see the outcome
of the design before it is gmplemented. This
increases the information base of the control ©problen

as well as of the proposed design of the contreol

strategy.
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BASIC TRANSITION OPERATIONS

A. Introduction

A-tokens are considered to be represented by vectors.

For example take the generalized transition of

Fig. A.1. 1f we assume that the attributes are

defined as:

A = f{a

y-..8_1 (A. 1)
q

Fig.A.1 GCeneralized transition

+ &€ @, ....¢ a

Let token li = Glial 12%2 14%q
and ua = 421a1 + ezzaz....iaqaq
and ln = ‘niai + enzaz....enqaq
139
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