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Definition 13. Let M = (P, T, F,C;,,) be an EN system.

(1) Let U CT. U is a disjoint set of transitions, notation disj(U),
if 1. U# o
and 2. for all transitions t1 # t> € U: nbh(t1) Nnbh(ty) = @.

(2) Let U CT and let C C P. Then U has concession in C
(or U can be fired in C, or U is enabled in C) if

1. disj(U), 2. *UCCC, and 3. U*NC = @.

Notation: U con C.

(3) Let UCT and let C,D C P.

Then U fires from C to D, written as C[U)D, if

1. Ucon C and 2. D= (C —-°*U)UU®".

If #£U > 2, then U is a concurrent step from C to D.



Lemma 14. Let M = (P,T,F,C;,) be an EN system. LetU C T
and let C, D C P.
Then C[U)D holds iff disj(U), C — D =°U, and D — C = U®.



Fig. 12.




Lemma 15. Let M = (P, T, F,C;,,) be an EN system. Let C C P
and let U C T with U # @. Then U con C iff

(1) t con C for all t € U, and

(2) for all t1 Zt>o € U, *t1 N®%> =@ and t1°*Ntx* = O.



Lemma 16. Let M = (P, T,F,C;,) be an EN system. Let
C,DCP,and let U CT. Let {U1,U>} be a partition of U.
If C[U)D, then there is E C P such that C[U;1)FE and E[Us)D.

*U=U,UU>, U1NU; = < and Ul,UQ#@



Fig. 17. A diamond.



Lemma 17. Let M = (P,T1,F,C;,) be an EN system. Let

C,DCPandletUCT.
If C[U)YD, then C[t1---tn)D for each ordering (t1,..

elements of U.

.,tn) Of the



Definition 18. Let M be an EN system. The configuration
graph of M, denoted by CG(M), is the edge-labelled graph
(V, I, X, v;,), Where

V =Cyy,

Uin — (Cin)Mr

> = use(T),), and

r={(C,U,D)|C,DeCy, UCTy, ClUuD}.



Fig. 18. A configuration graph.
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Fig. 16. A sequential configuration graph.
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Lemma 19. Let M = (P, T, F,C;,) be an EN system. Let C C P
and let s,t € T.
If st con C' and t con C, then {s,t} con C.
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Theorem 20. Let M = (P, T,F,C;,) be an EN system. Let
C,DCPandlet U CT with U = @. Then

(1) U con C iffty---tn con C for every ordering (¢1,...,tn) Of the
elements of U, and

(2) ClUYD iff C[ty1---tn)D for every ordering (t1,...,tn) Of the
elements of U.
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Theorem 21. For EN systems M and M/,
SCG(M) = SCG(M") iff CG(M) = CG(M").
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Fig. 19, 20. Causality.
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Fig. 21. Concurrency.



Fig. 22. Concurrency, the complete picture.
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Fig. 23. Input-conflict.
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Fig. 24. Output-conflict.
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Definition 22. An EN system M = (P, T, F,C,;,) is conflict-free
if, for every C € Cy; and all transitions t1,t, € T
{t1,tp} con C whenever t; con C and ty con C.
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Fig. 25. A conflict-increasing confusion.
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Fig. 26. A conflict-decreasing confusion.
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Definition 23. Let M = (P, T,F,C;,) be an EN system. Let

C € Cys, and let t € T be such that ¢t con C.
Then cfi(t,C) = {t' € T | t' con C and — {t,t'} con C} is the
conflict set of t in C.
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Definition 24. Let M = (P, T,F,C;,) be an EN system. Let
C e Cys, and let tq,to € T.

The triple (C,tq,t>) is called a confusion (in C) if

1. ¢1 7 o,

2. {t1,tp} con C, and

3. cfi(t1,C) # cfi(t1, D), where CJtp)D.

M is confused in C if there is a confusion in C.
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Definition 25 Let M = (P,T,F,C,;,,) be an EN system. Let
C eCy and t1,to € T.
Let v = (C,t1,t2) be a confusion and CJty)D.

(1) ~ is a conflict-increasing confusion, ci confusion for short, if
cfi(t1, D) 2 cfi(t1,C).

(2) ~ is a conflict-decreasing confusion, cd confusion for short,
if cfl(t1,D) & cfi(t1,C).
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Fig. 27. A confusion which is neither ci nor cd.
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Fig. 28. A symmetric confusion.

Definition 26. Let M = (P, T,F,C;,) be an EN system. Let
C e€Cy and t1,to €T. Let v = (C,t1,t>) be a confusion.

~ is symmetric if (C,t>,t1) is also a confusion, otherwise ~ is

asymmetric.
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Consider the EN system Mutex (Figure 5).
Give CG(Mutex) and
determine all confusions (C,t1,t2) with C' € Cppytex-

Give - if possible - examples of confusions which are
conflict-increasing, conflict-decreasing, neither
and in addition (a)symmetric.

Prove: every confusion which is not ci is symmetric.
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