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Abstract: A new mixed reliable decentralized supervisory control problem is formulated to tackle the failures of partial

supervisors and controllers in decentralized supervisory control with mixed information. By the modification of the sets of

local controllable and uncontrollable events, new definitions of controllable and reliable co-observable languages are given.

A necessary and sufficient condition that ensures the existences of mixed reliable decentralized supervisors is achieved by a

central constraint which is closed, controllable and reliable co-observable language. Then, by showing the relation between

the central constraint and mixed sub-constraints, a sufficient condition that mixed sub-constraints is satisfied by controllable

and observable predicates and closed, controllable and co-observable languages is given to show the existences of mixed

reliable decentralized supervisors.
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.
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,
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2 (Preliminaries)
DES ,

,

. G = (Q,Σ, δ, q0)
L(G) ,

. , Σ

Σu, Σc, Γ = {γ ∈ 2Σ|Σu ⊆ γ}
(control pattern) , 2Σ Σ .

f : L(G) → Γ DES G , f

DES , , Γ

, ,

. K K, K = K,

K . K KΣu

⋂
L(G) ⊆ K,

K . DES

, M : Σ → Σo

⋃{ε},

Σo . s, s′ ∈ K, σ ∈ Σc,

sσ ∈ K, s′σ ∈ L(G),M(s) = M(s′), s′σ ∈ K,

K (Σc,M)– .

. P ,

wlpσ(P ): wlpσ(P )(q) = 1 δ(σ, q) ∈
P . Re(G,P ) G

q0 P ,

P � Re(G,P ) ∧ wlpσ(P )(σ ∈ Σu) P

. g : Q → Γ DES G

, . DES

, h : Q → Y ,

Y , P

P � h−1(h(spσ(P ) ∧ P )) ∧ spσ(P ), σ ∈ Σc,

P (Σc, h)– , spσ(P ) σ

P ,

P σ (strongest postcondition of

P under σ).

P , Le(P ) = {s ∈ L(G)|∀t �
s, δ(t, q0) ∈ P} P , Le(P )

. L(G) [7] hδ : hδ(s) =
hδ(s′) ⇔ h(δ(s)) = h(δ(s′)), s, s′ ∈ L(G).

P , Le(P ) (Σc, hδ)– [7]

q1, q2 ∈ P, h(q1) = h(q2), σ ∈ Σc, δ(σ, q1) ∈
P, δ(σ, q2)! ⇒ δ(σ, q2) ∈ P .

, P (Σc, h)– Le(P )
(Σc, hδ)– .

, [16].

3 (Synthesis

problem of mixed reliable decentralized su-

pervisory control)
Im = {1, 2, · · · ,m}, In = {m +

1,m + 2, · · · ,m + n}, ∀i ∈ Im

⋃
In,

Mi,

Σic = Mi(Σc), Σiu = Mi(Σu), σ,

Im(σ) = {i ∈ Im|σ ∈ Σic}, In(σ) =
{i ∈ In|σ ∈ Σic}.

m

n ,

( m − k1 , 1 � k1 � m)

( n − k2 , 1 � k2 � n) ,

( k1 ) (

k2 ) ,

(k1, k2)– .

(k1, k2)– .

,

.

1 [11] ∀i ∈ Im

⋃
In,

:

Σ̃m
ic = {σ ∈ Σic||Im(σ)| � m − k1 + 1},

Σ̃m
iu =Σi−Σ̃m

ic =Σiu

⋃{σ∈Σic||Im(σ)|�m−k1},
Σ̃n

ic = {σ ∈ Σic||In(σ)| � n − k2 + 1},
Σ̃n

iu =Σi−Σ̃n
ic =Σiu

⋃{σ∈Σic||In(σ)|�n−k2}.
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, Im, In .

2 [11] Im, In,

:

Σ̃Imc =
⋃

i∈Im

Σ̃m
ic =

{σ ∈ ⋃
i∈Im

Σic||Im(σ)| � m − k1 + 1} =

{σ ∈ ΣImc||Im(σ)| � m − k1 + 1},
Σ̃Imu = ΣIm

− Σ̃Imc =

ΣImu

⋃{σ ∈ ΣImc||Im(σ)| � m − k1},
Σ̃Inc =

⋃
i∈In

Σ̃n
ic =

{σ ∈ ⋃
i∈In

Σic||In(σ)| � n − k2 + 1} =

{σ ∈ ΣInc||In(σ)| � n − k2 + 1},
Σ̃Inu = ΣIn

− Σ̃Inc =

ΣInu

⋃{σ ∈ ΣInc||In(σ)| � n − k2}.

ΣImc =
⋃

i∈Im

Σic, ΣInc =
⋃

i∈In

Σic,

ΣImu =
⋂

i∈Im

Σiu, ΣInu =
⋂

i∈In

Σiu.

,

.

3 K, K(Σ̃Imu

⋂
Σ̃Inu)⋂

L(G) ⊆ K, K (Σ̃Imu, Σ̃Inu)– .

A, KΣAu

⋂
L(G) ⊆ K,

K ΣAu– [11], ΣAu = Σc , K
[16].

, [11]

, [7] n–

, .

4 K, s, s′ ∈ K, σ ∈ Σ̃Imc

⋃
Σ̃Inc, K 3 :

1) σ ∈ Σ̃Imc

⋂
Σ̃Inc, Am

s,σ ⊆ Im, An
s,σ ⊆

In |Am
s,σ| � k1, |An

s,σ| � k2, ∀i ∈ Am
s,σ, j ∈

An
s,σ, sσ ∈ K, s′σ ∈ L(G),Mi(s) =

Mi(s′), hj(δ(s)) = hj(δ(s′)) s′σ ∈ K.

2) σ ∈ Σ̃Imc−Σ̃Inc, Am
s,σ ⊆ Im |Am

s,σ| �
k1, ∀i ∈ Am

s,σ, sσ ∈ K, s′σ ∈ L(G),Mi(s) =
Mi(s′) s′σ ∈ K.

3) σ ∈ Σ̃Inc−Σ̃Imc, An
s,σ ⊆ In |An

s,σ| �
k2, ∀j ∈ An

s,σ, sσ ∈ K, s′σ ∈ L(G), hj(δ(s)) =
hj(δ(s′)) s′σ ∈ K.

K (Σ̃Imc, Σ̃Inc, {fi}i∈Im
, {gj}j∈In

, k1, k2)–

, (k1, k2)–

.

1 k1

k2 [7] 2.

:

5 n = 0 , K 4

, K (Σ̃Imc, {fi}i∈Im
, k1)–

, k1– .

m=0 , K 4 , K

(Σ̃Inc, {gi}j∈In
, k2)– , k2–

.

k1 = m, k2 = n , K 4

, K (ΣImc, ΣInc)– .

4 5 , [11]

[7] n–

4 , 4 [11]

( m = 0 ).

6 A ⊆ Im, B ⊆ In, G

{fi}i∈A {gj}j∈B

:

· ε ∈ L({{fi}i∈A, {gj}j∈B}/G).

· sσ ∈ L({{fi}i∈A, {gj}j∈B}/G) ⇔
s ∈ L({{fi}i∈A, {gj}j∈B}/G), sσ ∈ L(G),

σ ∈ fi(s), σ ∈ gj(s),∀i ∈ A, j ∈ B.

3 4,

.

1 K, k1– fi

k2– gj L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

= K K (Σ̃Imu, Σ̃Inu)– ,

(k1, k2)– ( I ′
m ⊆

Im, I ′
n ⊆ In, |I ′

m| � k1, |I ′
n| � k2).

k1– fi k2–

gj L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) = K, K

.

(Σ̃Imu, Σ̃Inu)– .

∀s ∈ K, σ ∈ Σ̃Imu

⋂
Σ̃Inu sσ ∈

L(G). σ ∈ (ΣImu

⋂
Σ̃Inu)

⋃
(Σ̃Imu

⋂
ΣInu) ⊆

Σu , K sσ ∈ K. σ ∈ {σ ∈
ΣImc||Im(σ)| � m − k1} , ∃I ′′

m ⊆ Im, |I ′′
m| �

k1 I ′′
m

⋂
Im(σ) = φ, ∀i ∈ I ′′

m σ ∈
fi(s). , σ ∈ {σ ∈ ΣInc||In(σ)| � n −
k2} , ∃I ′′

n ⊆ In, |I ′′
n | � k2 I ′′

n

⋂
In(σ) = φ,

∀j ∈ I ′′
n σ ∈ gj(s). σ ∈ {σ ∈

ΣImc||Im(σ)| � m − k1}
⋂{σ ∈ ΣInc||In(σ)| �

n − k2} , σ ∈ fi(s), σ ∈ gj(s),
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s ∈ K = L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

6 sσ ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) = K.

K (Σ̃Imu, Σ̃Inu)– .

(k1, k2) .

∀s, s′ ∈ K, σ ∈ Σ̃Imc

⋃
Σ̃Inc, σ ∈ Σ̃Imc

⋂
Σ̃Inc, ∃Am

s,σ = I ′
m ⊆ Im, An

s,σ = I ′
n ⊆ In |Am

s,σ| �
k1, |An

s,σ| � k2, ∀i ∈ Am
s,σ, j ∈ An

s,σ, sσ ∈ K,

s′σ ∈ L(G),Mi(s) = Mi(s′), hj(δ(s)) = hj(δ(s′)),

fi(s) = fi(s′), gj(δ(s)) = gj(δ(s′)). sσ ∈
K = L({{fi}i∈I′

m
, {gj}j∈I′

n
}/G) σ ∈ fi(s) =

fi(s′), σ ∈ gj(δ(s)) = gj(δ(s′)), i ∈ I ′
m, j ∈ I ′

n.

s′ ∈ K = L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G), s′σ

∈ L(G), L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

s′σ ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) = K. σ ∈

Σ̃Imc − Σ̃Inc, Am
s,σ = I ′

m ⊆ Im, ∀i ∈ Am
s,σ,

sσ ∈ K = L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G), s′σ ∈

L(G),Mi(s) = Mi(s′), σ ∈ fi(s) = fi(s′), i ∈
I ′

m. σ∈Σ̃Inc, , σ ∈
ΣInu

⋃{σ ∈ ΣInc||In(σ)| � n−k2} , ∃I ′
n ⊆ In,

|I ′
n| � k2 σ ∈ gj(δj(s)), j ∈ I ′

n.

L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) s′σ ∈

L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) = K. , σ ∈

Σ̃Inc − Σ̃Imc , s′σ ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}

/G) = K. K (k1, k2)– .

( )

EM(s) = {s′|∃i ∈ Im,Mi(s′) = Mi(s)},
Eh(s) = {s′|∃j ∈ In, hj(δ(s′)) = hj(δ(s))},
∀I ′

m ⊆ Im, I ′
n ⊆ In, |I ′m| � k1, |I ′n| � k2,

:

fi(s) =

Σiu

⋃{σ ∈ Σic|∃s′ ∈ EM(s)
⋂

Eh(s),

Mi(s) = Mi(s′), s′σ ∈ K}, i ∈ I ′
m.

gj(δ(s)) =

Σju

⋃{σ ∈ Σjc|∃s′ ∈ EM(s)
⋂

Eh(s),

hj(δ(s)) = hj(δ(s′)), s′σ ∈ K}, j ∈ I ′
n.

K (Σ̃Imu, Σ̃Inu)– , (k1, k2)–

, L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) = K.

· ε ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

⋂
K .

· s ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

⋂
K, σ ∈

Σ, sσ∈L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)⇔sσ∈K.

sσ ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) , sσ ∈

L(G), σ ∈ fi(s), σ ∈ gj(δ(s)), i ∈ I ′
m, j ∈ I ′

n.

σ ∈ Σ̃Imu

⋂
Σ̃Inu , (Σ̃Imu, Σ̃Inu)–

sσ ∈ K.

σ ∈ Σ̃Imc

⋂
Σ̃Inc , σ ∈ fi(s), σ ∈

gj(δ(s)) ∃s′ Mi(s) = Mi(s′), hj(δ(s)) =
hj(δ(s′)), s′σ ∈ K, i ∈ I ′

m, j ∈ I ′
n, Am

s,σ =
I ′

m, An
s,σ = I ′

n, K (k1, k2)–

, sσ ∈ K.

σ ∈ Σ̃Imc − Σ̃Inc , σ ∈ fi(s) ∃s′

Mi(s) = Mi(s′), s′σ ∈ K, i ∈ I ′
m, j ∈ I ′

n,

Am
s,σ = I ′

m, K (k1, k2)–

, sσ ∈ K. , σ ∈ Σ̃Inc − Σ̃Imc ,

sσ ∈ K. L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G) ⊆ K.

sσ ∈ K ⊆ L(G) , 4 .

σ∈Σ̃Imu

⋂
Σ̃Inu , (Σ̃Imu, Σ̃Inu)

– , sσ∈L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

.

σ ∈ Σ̃Imc

⋂
Σ̃Inc , K (k1, k2)–

, ∃s′ ∈ K, Am
s,σ = I ′

m,

An
s,σ = I ′

n , ∀i ∈ Am
s,σ, i ∈ Am

s,σ, Mi(s) =
Mi(s′), hj(δ(s)) = hj(δ(s′)) s′σ ∈ K,

fi, gj , σ ∈ fi(s) = f ′
i(s

′), σ ∈
gj(δ(s)) = gj(δ(s′)). sσ ∈ L({{fi}i∈I′

m
, {gj}j∈I′

n
}

/G).

σ ∈ Σ̃Imc − Σ̃Inc , K (k1, k2)–

, ∃s′ ∈ K, Am
s,σ = I ′

m ,

∀i ∈ Am
s,σ Mi(s) = Mi(s′) s′σ ∈ K,

fi , σ ∈ fi(s) = f ′
i(s

′). σ∈Σ̃Inc,

σ ∈ Σ̃Inu, (Σ̃Imu, Σ̃Inu)–

, ∃I ′
n ⊆ In, |I ′

n| � k1 ∀j ∈ I ′
n,

σ ∈ gj(δ(s)). L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G)

sσ ∈ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G).

, σ ∈ Σ̃Inc − Σ̃Imc , sσ ∈ L({{fi}i∈I′
m
,

{gj}j∈I′
n
}/G).

K ⊆ L({{fi}i∈I′
m
, {gj}j∈I′

n
}/G).

.

, .

1 K, k1–

fi L({{fi}i∈I′
m
}/G) = K

K Σ̃Imu– , k1– (

I ′
m ⊆ Im, |I ′

m| � k1).

2 K, k2–

gj L({{gj}j∈I′
n
}/G) = K

K Σ̃Inu– , k2– (

I ′
n ⊆ In, |I ′

n| � k2).

, k1 = m, k2 =
n, [7] 3 .
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3 K, fi(i =
1, 2, · · · ,m) gj(j = m+1,m+2, · · · ,m+
n), L({{fi}i∈Im

, {gj}j∈In
}/G) = K

K (ΣImc, ΣInc)– ,

(ΣImu, ΣInu)– .

4
(Reliable decentralized supervisory con-

trol based on mixed sub-constraints)
,

,

,

. K,

K1,K2, · · · ,Km, P1, P2, · · · , Pn,

K = K1

⋂
K2

⋂ · · ·⋂ Km

⋂
Le(P1)

⋂
Le(P2)

⋂
· · ·⋂ Le(Pn).

, [16] ,

.

7 K, ∀s, s′ ∈ K, i ∈ A, σ ∈
ΣAc, sσ ∈ K, Mi(s) = Mi(s′) s′σ ∈ K,

K (ΣAc, {Mi}i∈A)– .

8 P ,

P � Re(G,P ) ∧ wlpσ(P )(σ ∈ ΣAu),

P ΣAu– .

9 P ,

P � h−1
j (hj(spσ(P ) ∧ P )) ∧ spσ(P ), σ ∈ ΣAc,

P (ΣAc, {hj}j∈A)– .

2 ΣAu = Σu, ΣAc = Σc ,

[16] ( ).

[7] , P (Σc, h)– ,

, Le(P ) (Σc, h)– , .

.

2 P (ΣAc, {hj}j∈A)– ,

ΣAu– , Le(P ) (ΣAc, {hj}j∈A)– ,

ΣAu– .

3 P = P1

⋂
P2

⋂ · · ·⋂ Pn,

Le(P ) = Le(P1)
⋂

Le(P2)
⋂ · · ·⋂ Le(Pn) .

Le(P ) ⊆ Le(P1)
⋂

Le(P2)
⋂ · · ·⋂

Le(Pn).

∀s ∈ Le(P ), ∀t � s, δ(t, q0) ∈ P =
P1

⋂
P2

⋂ · · ·⋂ Pn, ∀i ∈ {1, 2, · · · , n},∀t �
s, δ(t, q0) ∈ Pi, s ∈ Le(Pi),

Le(P ) ⊆ Le(P1)
⋂

Le(P2)
⋂ · · ·⋂ Le(Pn).

Le(P1)
⋂

Le(P2)
⋂· · ·⋂Le(Pn)⊆Le(P ).

∀s ∈ Le(P1)
⋂

Le(P2)
⋂ · · ·⋂ Le(Pn), ∀i ∈

{1, 2, · · · , n}, s ∈ Le(Pi), Le(Pi)
∀t � s, δ(t, q0) ∈ Pi, i , ∀t �

s, δ(t, q0) ∈ P1

⋂
P2

⋂ · · ·⋂ Pn = P , s ∈ Le(P ).

,

Le(P ) = Le(P1)
⋂

Le(P2)
⋂ · · ·⋂ Le(Pn).

.

,

.

4 K1,K2,

· · · ,Km, P1, P2, · · · , Pn, ∀A ⊆ Im, B ⊆ In, |A| �
k1, |B| � k2, Ki(i ∈ Im) (ΣAc, {Mi}i∈A)–

, ΣAu– , Pj(j ∈ In)
(ΣBc, {hj}j∈B)– , ΣBu– , K =
K1

⋂
K2

⋂ · · ·⋂ Km

⋂
Le(P1)

⋂
Le(P2)

⋂ · · ·⋂
Le(Pn) (Σ̃Imu, Σ̃Inu)– , (k1, k2)–

.

∀i ⊆ Im,Ki ,
⋂

i∈Im

Ki ,⋂
j∈In

Le(Pj)

, K .

((Σ̃Imu, Σ̃Inu)– ).

∀s ∈ K, σ ∈ Σ̃Imu

⋂
Σ̃Inu, sσ ∈ L(G),

sσ ∈ K. K ⊆ Ki, i ∈ Im,K ⊆ Le(Pj), j ∈
In s ∈ Ki, s ∈ Le(Pi).

σ ∈ ΣImu

⋂
ΣInu , ΣImu ⊆ ΣAu,

ΣInu ⊆ ΣBu, Ki, Pj(i ∈ Im, j ∈ In)
ΣAu, ΣBu , sσ ∈ Ki, sσ ∈ Le(Pj),

sσ ∈ K.

σ ∈ (Σ̃Imu − ΣImu)
⋂

ΣInu , ∀j ∈
In sσ ∈ Le(Pj). σ ∈ (Σ̃Imu − ΣImu)
∃A

⋂
Im(σ) = φ, σ ∈ ΣAu, Ki(i ∈ Im)
ΣAu– , sσ ∈ Ki, sσ ∈ K .

, σ ∈ (ΣImu

⋂
Σ̃Inu − ΣInu) , sσ ∈

K .

σ ∈ (Σ̃Imu − ΣImu)
⋂

(Σ̃Inu − ΣInu) ,

σ ∈ (Σ̃Imu − ΣImu) ∃A
⋂

Im(σ) = φ,

σ ∈ ΣAu, Ki(i ∈ Im) ΣAu–

, sσ ∈ Ki, , σ ∈ (Σ̃Inu − ΣInu)
∃B

⋂
In(σ) = φ, σ ∈ ΣBu, Pj(j ∈ In)
ΣBu– , sσ ∈ Le(Pj), sσ ∈ K

.

((k1, k2)– ).

∀s, s′ ∈ K, s, s′ ∈ Ki, i ∈ Im, s, s′ ∈
Le(Pj), j ∈ In.

σ ∈ Σ̃Imc

⋂
Σ̃Inc, A = Am

s,σ ⊆ Im, B =
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An
s,σ ⊆ In ∀i ∈ Am

s,σ, j ∈ An
s,σ, sσ ∈ K, s′σ ∈

L(G),Mi(s) = Mi(s′), hj(δ(s)) = hj(δ(s′)),

sσ ∈ Ki, sσ ∈ Le(Pj), Ki ΣAc

, s′σ ∈ Ki, Pj ΣBc– ,

Le(Pj) (ΣBc, hδ)– , s′σ ∈ Le(Pj),

K s′σ ∈ K.

σ ∈ Σ̃Imc − Σ̃Inc, A = Am
s,σ ⊆ Im, ∀i ∈

Am
s,σ, sσ ∈ K, s′σ ∈ L(G),Mi(s) = Mi(s′),

sσ ∈ Ki, sσ ∈ Le(Pj). Ki ΣAu–

s′σ ∈ Ki. σ∈Σ̃Inc, σ ∈ Σ̃Inu, σ ∈
ΣInu ⊆ ΣBu , s′ ∈ Le(Pj) Le(Pj) ΣBu–

( Pj ΣBu– ) s′σ ∈ Le(Pj). σ ∈
Σ̃Inu − ΣInu , ∃B ⊆ In, B

⋂
In(σ) = φ,

σ ∈ ΣBu, Pj ΣBu– s′ ∈ Le(Pj) ,

s′σ ∈ Le(Pj) . s′σ ∈ K.

, σ ∈ Σ̃Inc − Σ̃Imc , s′σ ∈ K.

, K (k1, k2)– .

.

1 4, .

5 G, A ⊆ Im, B ⊆ In,

|A| � k1, |B| � k2, K1,K2, · · · ,Km

(ΣAc, {Mi}i∈A)– , ΣAu–

, P1, P2, · · · , Pn (ΣBc, {hj}j∈B)–

, ΣBu– , k1– fi k2–

gj

L({{fi}i∈A, {gj}j∈B}/G) =

K1

⋂
K2

⋂ · · ·⋂ Km

⋂
Le(P1)

⋂
Le(P2)⋂ · · ·⋂ Le(Pn) = K.

4 Ki(i ∈ Im) (ΣAc, {Mi}i∈A)–

, ΣAu– Pj(j ∈ In) (ΣBc,

{hj}j∈B)– , ΣBu–

(Σ̃Imu, Σ̃Inu)– , (k1, k2)–

, 5 4 .

k1, k2, m, n , .

4 G( n = 0), A ⊆ Im,

|A| � k1, K1,K2, · · · ,Km (ΣAc,

{Mi}i∈A)– , ΣAu– ,

k1– fi

L({{fi}i∈A}/G) = K1

⋂
K2

⋂ · · ·⋂ Km.

5 G( m = 0), B ⊆ In,

|B| � k2, P1, P2, · · · , Pn (ΣBc,

{hj}j∈B)– , ΣBu– , k2–

gj

L({{gj}j∈B}/G)=Le(P1)
⋂

Le(P2)
⋂· · ·⋂Le(Pn).

6 G( m = k1, n = k2),

K1,K2, · · · ,Km (ΣImc, {Mi}i∈Im
)–

, ΣImu– , P1, P2, · · · , Pn

(ΣInc, {hj}j∈In
)– , ΣInu– ,

fi gj

L({{fi}i∈Im
, {gj}j∈In

}/G) =

K1

⋂
K2

⋂ · · ·⋂ Km

⋂
Le(P1)

⋂
Le(P2)⋂ · · ·⋂ Le(Pn) = K.

5 (Example)
G 1 , G

Σ = {a, b, c, d, e}, Σc = {a, b, d, e},

Σu = {c},

m = n = 2(m + n = 4), Σ1 = {a, b, c},
Q1 = Q,Σ1c = {a, b}, Σ1u = {c};
Σ2 = {a, d}, Q2 = Q,Σ2c = {a, d},
Σ1u = φ; Σ3 = Σ, Q3 = {A,B, C, E, H},
Σ3c = Σc, Σ3u = Σu; Σ4 = Σ,

Q4 = {A,B, E, F, G,H}, Σ4c = Σc, Σ4u = Σu.

K = a + b + dc + ec,

(1, 1)– .

Σ̃Imc = {a}, Σ̃Imu = {b, c, d};
Σ̃Inc = {a, b, d, e}, Σ̃Inu = {c}.

K (Σ̃Imu, Σ̃Inu)– , (1, 1)–

. 1

,

:

f1(s) =
{{a, b, c}, s ∈ {ε},
{c}, ,

f2(s) =
{{a, d}, s ∈ {ε},

φ, ,

g3(q) =
{{a, b, c, d, e}, q ∈ {A},
{c}, ,

g4(q) = g3(q),

{f1, f2, g3, g4} (1, 1)– ,

L({f1, f2, g3, g4}/G) = K.

1 G

Fig. 1 System G
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6 (Conclusions)
.

,

, ,

, (k1, k2)– ,

(Σ̃Imu, Σ̃Inu)– , (k1, k2)–

.

,

.
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