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Definition 40. An EN system M is sequential
it #£C' = 1 for all C € Cy;.

Definition 44. An EN system M is concurrency-free
if there do not exist C € C,; and t1,to € Ty such that
{t1,tp} con C and t1 # to

in other words

M is concurrency-free if it has no concurrent steps:
there does not exist C' € Cy; and U C Ty, such that
U con C and #U > 2.
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Fig. 39. An EN system with ... nontrivial subsystems ...



Definition 45. Let M = (P,T,F,Cy,) and M' = (P, T, F',C] )
be EN systems.

M' is a subsystem of M if:
(1) PPCP,T'CT, FFCF, C/ CCj,
(2) Vp € P': nbhy;(p) C nbh,;(p), and

(3) Vpe P': ifpe Cyy, then pe CY .

If, moreover, M’ is a sequential EN system,
then M’ is a sequential component of M.



Lemma 46. Let M = (P, T,F,Cy,) and M' = (P, T, F',C. ) be
EN systems.

(1) M’ is a subsystem of M iff
P' C P, T' = nbh,;(P),
FiF=Fn({(P xTHu(T'x P"), and
C,Zn - Cz'nﬂpl.

(2) If M’ is a subsystem of M then:
for every t € TV, (*t)p = (*t)py NP and (t*)ypr = (E*)py N P/,
for every t €¢ T — T’, nbhy,(¢t) N P = &,
for every p € P, (°p)pp = (*p)ar and (p®) = (0*) ar-
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Fig. 39. An EN system with two nontrivial subsystems:
{p3,p5} (a sequential component) and {p1,p2,p3,p4s}.



Lemma 47. Let M = (P,T,F,C;,) be an EN system and let
S C P.

There exists a subsystem M’ of M with Py =S
iff *S = S°.



Fig. 12. Subsystems: {p1,p>}, the producer; {cq1,cp}, the
consumer; and {p1,p2,c1,co}; otherwise trivial.
The buffer is NOT a subsystem



Lemma 48. Let M' = (S,T',F’,C/ ) be a subsystem of an EN
system M = (P, T,F,C;,,).

(1) Forall C C P, if C € Cjy then CNS € Cyy.

(2) For all t € T', if t € usep;(T) then t € usey (T7).
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Fig. 40, 41. An EN system M and its configuration graph.
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Fig. 40, 42. An EN system M and a subsystem M.
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Fig. 42,43. M, and its configuration graph.
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Fig. 40, 44. An EN system M and a subsystem M>.
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Fig. 44,45. M- and its configuration graph.

14



Theorem 49. Let M = (P, T,F,C;,) be a reduced EN system
and let § C P.

Then the following statements are equivalent.

(1) There is a sequential component M’ of M with Py, = S,

(2) #(CNS) =1 for all C € Cyy,

(3) (i) #(CipnS) =1, and
(i) Vte T :
#E®tNS)=#0G*NS)=1or #(*tNS) =#(*NS) = 0.
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Lemma 50. Let M be a strongly reduced sequential EN system
and let M’ be a subsystem of M.

Then M’ is trivial.
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Theorem 51. Let M be a strongly reduced EN system, and let
M’ be a sequential component of M.

Then M’ has no nontrivial subsystems.
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Fig. 40, 46. An EN system M and a subsystem Ms3.
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Definition 52. Let M = (P, T, F,C;,,) be an EN system.

(1) A set {M+,..., My} of subsystems of M, n > 0O,
with Mi = (SiaTia Fia (Czn)z) for 1 S ) S n,

is a covering of M if

P = U?’;l S,

T = U;(Lzl 13,

F =U!_{ F;, and

Cin = U;nzl(czn)z

(2) M is covered by sequential components
if there exists a covering {Mq,...,Mp}, n >0, of M
such that M, is a sequential component of M for every 1 <1 < n.
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Lemma 53. Let M = (P,T,F,C;,) be an EN system, and let,
for every 1 <1 < n (With n > O), M, = (SZ,TZ,FZ,(C”L)Z) be a
subsystem of M.

Then {My,..., My} is a covering of M
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Fig. 47. A sequential EN system.
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AIM

Theorem b4. For every EN system M there exists

a reduced EN system M’

that is configuration equivalent with M and

that is covered by at most # P,,; sequential components.
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Definition 55. Let M be an EN system and let p,q € P),.

Then p and g are complementary, denoted by p com gq, if

p® = %q and ®°p = ¢°.
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Lemma 56. Let M = (P, T,F,C;,) be a reduced EN system.
For all p,q € P,

{p,q} is a sequential component of M
iff

#(Cin,N4{p,q}) =1 and p com gq.
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