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Definition 40. An EN system M is sequential

if #C = 1 for all C ∈ CM .

Definition 44. An EN system M is concurrency-free

if there do not exist C ∈ CM and t1, t2 ∈ TM such that

{t1, t2} con C and t1 6= t2

in other words

M is concurrency-free if it has no concurrent steps:

there does not exist C ∈ CM and U ⊆ TM such that

U con C and #U ≥ 2.
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Fig. 39. An EN system with ... nontrivial subsystems ...
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Definition 45. Let M = (P, T, F, Cin) and M ′ = (P ′, T ′, F ′, C ′
in)

be EN systems.

M ′ is a subsystem of M if:

(1) P ′ ⊆ P , T ′ ⊆ T , F ′ ⊆ F , C′
in ⊆ Cin,

(2) ∀p ∈ P ′ : nbhM(p) ⊆ nbhM ′(p), and

(3) ∀p ∈ P ′ : if p ∈ Cin, then p ∈ C′
in.

If, moreover, M ′ is a sequential EN system,

then M ′ is a sequential component of M .
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Lemma 46. Let M = (P, T, F, Cin) and M ′ = (P ′, T ′, F ′, C ′
in) be

EN systems.

(1) M ′ is a subsystem of M iff

P ′ ⊆ P , T ′ = nbhM(P ′),

F ′ = F ∩ ((P ′ × T ′) ∪ (T ′ × P ′)), and

C′
in = Cin ∩ P ′.

(2) If M ′ is a subsystem of M then:

for every t ∈ T ′, (•t)M ′ = (•t)M ∩ P ′ and (t•)M ′ = (t•)M ∩ P ′,

for every t ∈ T − T ′, nbhM(t) ∩ P ′ = ∅,

for every p ∈ P ′, (•p)M ′ = (•p)M and (p•)M ′ = (p•)M .
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Fig. 39. An EN system with two nontrivial subsystems:

{p3, p5} (a sequential component) and {p1, p2, p3, p4}.
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Lemma 47. Let M = (P, T, F, Cin) be an EN system and let

S ⊆ P .

There exists a subsystem M ′ of M with PM ′ = S

iff •S = S•.
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Fig. 12. Subsystems: {p1, p2}, the producer; {c1, c2}, the

consumer; and {p1, p2, c1, c2}; otherwise trivial.

The buffer is NOT a subsystem
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Lemma 48. Let M ′ = (S, T ′, F ′, C ′
in) be a subsystem of an EN

system M = (P, T, F, Cin).

(1) For all C ⊆ P , if C ∈ CM then C ∩ S ∈ CM ′.

(2) For all t ∈ T ′, if t ∈ useM(T) then t ∈ useM ′(T ′).
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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 M1.
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Fig. 42,43. M1 and its configuration graph.
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Fig. 40, 44. An EN system M and a subsystem M2.
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Fig. 44,45. M2 and its configuration graph.
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Theorem 49. Let M = (P, T, F, Cin) be a reduced EN system

and let S ⊆ P .

Then the following statements are equivalent.

(1) There is a sequential component M ′ of M with PM ′ = S,

(2) #(C ∩ S) = 1 for all C ∈ CM ,

(3) (i) #(Cin ∩ S) = 1, and

(ii) ∀t ∈ T :

#(•t ∩ S) = #(t• ∩ S) = 1 or #(•t ∩ S) = #(t• ∩ S) = 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 M3.
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Definition 52. Let M = (P, T, F, Cin) be an EN system.

(1) A set {M1, . . . , Mn} of subsystems of M , n ≥ 0,

with Mi = (Si, Ti, Fi, (Cin)i) for 1 ≤ i ≤ n,

is a covering of M if

P =
⋃n

i=1 Si,

T =
⋃n

i=1 Ti,

F =
⋃n

i=1 Fi, and

Cin =
⋃n

i=1(Cin)i.

(2) M is covered by sequential components

if there exists a covering {M1, . . . , Mn}, n ≥ 0, of M

such that Mi is a sequential component of M for every 1 ≤ i ≤ n.
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Lemma 53. Let M = (P, T, F, Cin) be an EN system, and let,

for every 1 ≤ i ≤ n (with n ≥ 0), Mi = (Si, Ti, Fi, (Cin)i) be a

subsystem of M .

Then {M1, . . . , Mn} is a covering of M

iff P =
⋃n

i=1 Si.
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AIM

Theorem 54. 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 #PM sequential components.
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Definition 55. Let M be an EN system and let p, q ∈ PM .

Then p and q are complementary, denoted by p com q, if

p• = •q and •p = q•.
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Lemma 56. Let M = (P, T, F, Cin) be a reduced EN system.

For all p, q ∈ P ,

{p, q} is a sequential component of M

iff

#(Cin ∩ {p, q}) = 1 and p com q.
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