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@ Introduction by examples: . 7, - A s
Rucket chain

Secure transmission Lines -

@ Basic assumptions on Concurrency:
S:'waplx'c.ft«‘j
Coherence
K-densf'f-j

@ Comlolefe Orders of 5"3na.ls
2 = (H;al,bi,co)

Axioms  Concepts

Infev‘"ore.fa‘tt'on
Perfect nets
H ft?

@ Mathematics of Sv'ﬂna.l Combinatorics: BUCKET C"'fA IN :

Coetoids e I o I Ry

SpL-'nes

(S) Relation to Phjs(cs avd P«-ajmo:h'cs




Safety and Secu rity.
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a marKed graph
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Ce @Ps a marking class . ,uinc
Xi=5uT the net elements.
xeX:  *x = {y| yFx}

x* = (4] xFy}
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an accident
(two trains in the space =segment
which can contain
one [undamasch train only)
(cf. two messages ... etc.)

-t

a contact situation
————

(the situation immediately

before an accident )
Defnition: teT , ceC :
Conto.ct(‘t,c) = *tecc ~t'ncxg
or t'sc Actack g
® O
®— /70 or \J /@

O/’

Note : The def. is F-vreversal - invariant

PROBLEM : HowTo AvoiD ConTacT?
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Sa.{'e.‘{'j and Se,cur-+3 .3 Sa&‘efj o Secwr:'+3 4
How to avoid contact ?

The toKens arve now safe. Ave the trains safe t

v '

t

a WO.rm'nj s«'j nal

[, Tra<ns have nontere Lensth:

L inh lbits the transition”

Am : «;‘4- ;‘::: :,‘(>B

+ At least two seﬁments must be

Not a safe solution !

(Ss’jnals , Like trains may be delajed) i

rTeserved for each train

2. Trains have nonzero mass:

~ <.\ /\%/\%/>

o : A m:5§5§ :{B
a permission s:snal—

& At Least three 5e3ments must be
Proof ; Eve-rnj S-element (sejment) veserved for each train.

A safe solution:

Lies on a basic circuit

The trains are now Su F'Fs'cfenHj SGPa.v'a.l‘e.d .

f‘/a\l Avre ‘Hﬂej safe ¢

which contains one tokKen
(trau'n or Pefwu',t] at the

+ime of COns*‘ruc,J-.'on’-

The roewrmit siﬁnaLs have

(zero mass (Ff elecf‘romajne%'clbut:)'

+there fore in all Later

s fuations,

NONZERO LENGTH
('.DeF. Safe net : no contact n C)

SaFci‘j criterion : AseS on a basic set. TASK : ConsTrRuUCT, DerIN. CRITERION !




Sa.’;eij and Suufl}j .5 Lo Sa,fe,«l—b Omd 5632qu4‘_-) b 8
DeF.. Transjunction (t,c) :& Security Criterion:
. o @ For marked d-‘gralohs:
‘tnc L , .
TP oA tnekyg I Every pair of successive arcs

Examples: must Lie on a basic circuit
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. ‘ . . . @ For(elementarj ) nets: ".l.o\n o
(TV‘O.nslunc+lon s the Conlunc+ron of |':\E— \oj

Every transition with ‘oo —7
m Ln’ou.ts (PfeCondl.‘f‘l.oYlS) amdl
rno ou‘trouts (loo stcondifions)

must Lie on M- basic doma,ans

T LT ferae

conditiOns across a transf‘h'on)
D s

DeF.: Secure (5,T; F,C) :&

AteT,cc-C: -ﬁTroms_jumch'on('l:,c)
(s.snal domains withowt conc:;.v'rcno:))

and — Contact(t,c) . .
wre cover:ns et )

where (S‘T; F) ts a net or d,"a-v-aph
amd C the full ma.rk.-‘nj class,

Example: Secure transmission Line

for mass (ess (e.m.)s-'suo.ls:

Note : The Def's are F-.reversal- invariant. P et
.(—.’('/- s
:_’:‘¢TJ

PROBLEM : Can every vet be meade
e A
secure 2

If so, how ¢ TA\S""KJAA‘T;,'.'Chgro.c'Pcn'ee 9._!‘ secure d-c'sraphs.‘
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CYCLOIDS, T
EXERCISE : DRAW THE CONCURRENCY GRAPH OF THIS

PETRI 1987

CycLOIDS. I

seagll ekl NET. (IT HAS 24 VERTICES AND ONLY 92 EDGES)

Domains and Effects have common stuct-
ural P'ro,oerf-'es which gre may be of mathe-
maticol interest quite apart from Ph:‘] sics

HINT: SPREAD THE 16 S-ELEMENTS OVER A FouR-
DIMENIONAL CUBE AND DRAW FIRST THE EDGES Cols!

or signal systems. Sowe concurrency struct- The graph (X; L) of this (and all) cycloid has
ures are , maihema.t.'ca_uj’ equivalent to the follo w(nj remarkable (imconjunchion!) prop:
”cbctoid_s', as we wiay call those struckures, erties :
similafr te matreids and 3fa.r>h9;c_is> bt bc.'.\j 4. Definable by 153"me+m'c relation (L7; Xe=feld i)
s-'m’ole. undirected GRAPHS with say 24 (ntev- 2. NDefinable = terms of { set @ of 5e.'oara_+«'on 1&&&3.
%Hnj Pror:eft.'c_s which have Prac{-[ca,l 3, Combinatoral (:_nouhe-fe dense)
relevance, when seen i conjunchion. 4. Coherent (Li*=UF)

S. Kdense : Kens(lLi) X% KeMs(L)
The smeallest Cjcfofo! may be denoted 6. Net of rank (; %‘-w o ” ¢

bﬂ the net aari oypele)

% 1 safe-and-live mo.rt-.-uj» class Comr)td‘o-ue From (!
\ oyl €. secure (resp. Markovian)

9. simple = (rreducible : L= G =
4. To - topology i o
1. divectable in precisely 2 consistent-ways
12. coverable bj 4 Eulerian Cjcle'
13, coverable by 1 Hami[tonian cycle
1%, Stronjl.j conmected when divected
AS. regular colour-'njs exist
16. £lnite
1%, u.vaend..'v\j whewn directed

y . 18. ssesses  privdtive £ logies (2)
and LS the 31‘&.‘0}1 with ve-rt.'ces SUT‘, pesse es'p wuTive Topo Oj es

ond edges the relation bi of +hisvet,
(4184 edges!) (Lu)

A9. possesses -'elemen*}uj 't'o-po[03 ‘es (2)
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20: possesses G-Dedekind -cuts, every ;h;ve"
24: s G-Dedekind - continaass (V!oju.mps‘ Mj“’Ps)
22: possesses plam covering bj basi'c Lines
23: possesses pladm c.oV?/h'vtj by vionbac:’s Lines (1) A PPENDIX :

24: possesses two sepavation -quad sets:
@A , awvd Q' comr,\«*I-able frem Q.

Cjc,lo{ds with addihonal number - theoretic Pmpukcb

. ME REMARKS ON
can be szs‘rema:hco.!lj constructed (Yuan, 1989) SemE RE

in CoMP«Jﬂ'nj , Cjclo-'ols resemble securve token 'r't'nés- ¢« CoNTINUITY
In Phgsfcs) ‘H\ej may be Conjeduv-aal to represent e PERATIONAL" ToPoLO@AY

ex'sen‘?undﬁ'ons of the Sthfgdn.MjCT equa}-\'an.
. MATH. PRAGMATICS.

e

A smeall subset of properties 4-2¢+ above (s
subficient to define the concept ,CYCLOID,

La,cku'na (et this moment) the tools of Cor.')hu‘.'a'l‘

o.iﬁebfo,, we Give an untested (r.w-o visional)
~

DEFINITiON: CYCLOID (X;li) :e= (Vee:)
Vvt e i CY1: Ll uecouid = XxX

Literature:
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