
CCS proces - vněǰśı pohled

Co je CCS proces pro své okoĺı?

CCS proces je výpočetńı agent, který může komunikovat s okolńım
prosťred́ım prosťrednictv́ım svého rozhrańı.
Rozhrańı = Sada komunikačńıch port̊u/kanál̊u, spolu s informaćı, jestli
jsou použ́ıvány pro vstup nebo výstup.

Př́ıklad: poč́ıtačový vědec

Rozhrańı procesu:

coffee (vstupńı port)

coin (výstupńı port)

pub (výstupńı port)
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Základy CCS (sekvenčńı fragment)

Nil (or 0) proces (jediný atomický proces)

akčńı prefix (a.P)

jména a rekurzivńı definice (
def
= )

nedeterministická volba (+)

Toto stač́ı k popisu sekvenčńıch proces̊u

Každý konečný LTS může být popsán za použit́ı výše uvedených operaćı.
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Nápojový automat

V1
def
= 10k.10k.(coffee.collect.V1 + tea.collect.V1)

V2
def
= 10k.10k.coffee.collect.V2 + 10k.10k.tea.collect.V2
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Nápojový automat

V1
def
= 10k.10k.(coffee.collect.V1 + tea.collect.V1)

V2
def
= 10k.10k.coffee.collect.V2 + 10k.10k.tea.collect.V2

V3
def
= (10k.10k+ 20k).(coffee.collect.V3 + tea.collect.V3)
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V3
def
= (10k.10k+ 20k).(coffee.collect.V3 + tea.collect.V3)

V4
def
= 10k.10k.(coffee.collect.V4 + tea.collect.V4)+

20k.(coffee.collect.V4 + tea.collect.V4)
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Nápojový automat

V1
def
= 10k.10k.(coffee.collect.V1 + tea.collect.V1)

V2
def
= 10k.10k.coffee.collect.V2 + 10k.10k.tea.collect.V2

V3
def
= (10k.10k+ 20k).(coffee.collect.V3 + tea.collect.V3)

V4
def
= 10k.10k.(coffee.collect.V4 + tea.collect.V4)+

20k.(coffee.collect.V4 + tea.collect.V4)

V5
def
= 10k.10k.V6 + 20k.V6

V6
def
= coffee.collect.V5 + tea.collect.V5
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Nápojový automat

V1
def
= 10k.10k.(coffee.collect.V1 + tea.collect.V1)

V1
10k 10k

coffee

tea

collect
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Nápojový automat

V1
def
= 10k.10k.(coffee.collect.V1 + tea.collect.V1)

V1
10k 10k

coffee

tea

collect

V2
def
= 10k.10k.coffee.collect.V2 + 10k.10k.tea.collect.V2

V2

10k

10k

10k

10k

tea

coffee

collect
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Nápojový automat

V4
def
= 10k.10k.(coffee.collect.V4 + tea.collect.V4)+

20k.(coffee.collect.V4 + tea.collect.V4)

V4
10k 10k

20k

coffee

tea
collect
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Nápojový automat

V4
def
= 10k.10k.(coffee.collect.V4 + tea.collect.V4)+

20k.(coffee.collect.V4 + tea.collect.V4)

V4
10k 10k

20k

coffee

tea
collect

V5
def
= 10k.10k.V6 + 20k.V6, V6

def
= coffee.collect.V5 + tea.collect.V5

V5 V6
10k 10k

20k

coffee

tea
collect
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Základy CCS (paralelismus a p̌rejmenováńı)

paralelńı kompozice (|)
(synchronńı komunikace mezi dvěma komponentami = handshake
synchronizace)

restrikce (P r L)

p̌rejmenováńı (P [f ])
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Definice CCS (kanály, akce, jména proces̊u)

Označme:

A množina jmen kanál̊u (channel names) (nap̌r. tea, coffee jsou
kanály)
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Definice CCS (kanály, akce, jména proces̊u)

Označme:

A množina jmen kanál̊u (channel names) (nap̌r. tea, coffee jsou
kanály)

L = A ∪A množina návěšt́ı (labels), kde

A = {a | a ∈ A}

(prvky A jsou jména (names),
prvky A jsou doplňková jména (co-names))
podle konvence a = a
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Definice CCS (kanály, akce, jména proces̊u)

Označme:

A množina jmen kanál̊u (channel names) (nap̌r. tea, coffee jsou
kanály)

L = A ∪A množina návěšt́ı (labels), kde

A = {a | a ∈ A}

(prvky A jsou jména (names),
prvky A jsou doplňková jména (co-names))
podle konvence a = a

Act = L ∪ {τ} je množina akćı (actions), kde

τ je vniťrńı (internal) nebo také tichá (silent) akce

(nap̌r. τ, tea, coffee jsou akce)
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Definice CCS (kanály, akce, jména proces̊u)

Označme:

A množina jmen kanál̊u (channel names) (nap̌r. tea, coffee jsou
kanály)

L = A ∪A množina návěšt́ı (labels), kde

A = {a | a ∈ A}

(prvky A jsou jména (names),
prvky A jsou doplňková jména (co-names))
podle konvence a = a

Act = L ∪ {τ} je množina akćı (actions), kde

τ je vniťrńı (internal) nebo také tichá (silent) akce

(nap̌r. τ, tea, coffee jsou akce)

K je množina jmen proces̊u nebo konstant (process names, constants)
(nap̌r. V5).

M. Kot (VŠB-TUO) Modelováńı a verifikace 27. února 2025 7 / 15



Definice CCS (výrazy)

P := K | procesńı konstanty (K ∈ K)
α.P | akčńı prefixy (α ∈ Act)∑

i∈I Pi | sumy (I je libovolná množina index̊u)
P1|P2 | paralelńı kompozice (parallel composition)
P r L | restrikce (restriction) (L ⊆ A)
P [f ] | p̌rejmenováńı (relabelling) (f : Act → Act) tž.

f (τ) = τ

f (a) = f (a)
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Definice CCS (výrazy)

P := K | procesńı konstanty (K ∈ K)
α.P | akčńı prefixy (α ∈ Act)∑

i∈I Pi | sumy (I je libovolná množina index̊u)
P1|P2 | paralelńı kompozice (parallel composition)
P r L | restrikce (restriction) (L ⊆ A)
P [f ] | p̌rejmenováńı (relabelling) (f : Act → Act) tž.

f (τ) = τ

f (a) = f (a)

Termy vygenerovatelné touto gramatikou nazýváme procesńı výrazy CCS
(CCS process expressions) a množinu všech těchto výraz̊u znač́ıme P.
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Definice CCS (výrazy)

P := K | procesńı konstanty (K ∈ K)
α.P | akčńı prefixy (α ∈ Act)∑

i∈I Pi | sumy (I je libovolná množina index̊u)
P1|P2 | paralelńı kompozice (parallel composition)
P r L | restrikce (restriction) (L ⊆ A)
P [f ] | p̌rejmenováńı (relabelling) (f : Act → Act) tž.

f (τ) = τ

f (a) = f (a)

Termy vygenerovatelné touto gramatikou nazýváme procesńı výrazy CCS
(CCS process expressions) a množinu všech těchto výraz̊u znač́ıme P.

Notace

P1 + P2 =
∑

i∈{1,2} Pi Nil = 0 =
∑

i∈∅ Pi
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Priority

Priority operátor̊u

1 restrikce a p̌rejmenováńı (nejvyš̌śı priorita)

2 akčńı prefix

3 paralelńı kompozice

4 suma

M. Kot (VŠB-TUO) Modelováńı a verifikace 27. února 2025 9 / 15



Priority

Priority operátor̊u

1 restrikce a p̌rejmenováńı (nejvyš̌śı priorita)

2 akčńı prefix

3 paralelńı kompozice

4 suma

Př́ıklad: R + a.P |b.Q r L znamená R +
(

(a.P)|(b.(Q r L))
)

.
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Definice CCS (definuj́ıćı rovnice)

CCS program

CCS programem nazýváme sadu definuj́ıćıch rovnic (defining equations)
tvaru

K
def
= P ,

kde K ∈ K je procesńı konstanta a P ∈ P je procesńı výraz CCS.

Povolena jen jedna definuj́ıćı rovnice pro každou procesńı konstantu.

Je povolena rekurze – nap̌r. A
def
= a.A | A.

M. Kot (VŠB-TUO) Modelováńı a verifikace 27. února 2025 10 / 15



Sémantika CCS

Syntaxe

CCS
(sada definuj́ıćıch rovnic)

−→

Sémantika

LTS
(ohodnocené p̌rechodové
systémy)

JAK?
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Strukturálńı operačńı sémantika CCS

Strukturálńı operačńı sémantika (SOS - Structural Operational
Semantics) – G. Plotkin 1981

Tzv. small-step operačńı sémantika, kde chováńı systému je odvozeno s
využit́ım pravidel ř́ızených sytax́ı.
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Strukturálńı operačńı sémantika CCS

Strukturálńı operačńı sémantika (SOS - Structural Operational
Semantics) – G. Plotkin 1981

Tzv. small-step operačńı sémantika, kde chováńı systému je odvozeno s
využit́ım pravidel ř́ızených sytax́ı.

Pro danou sadu definuj́ıćıch rovnic definujeme následuj́ıćı LTS
(Proc,Act , {

a
−→| a ∈ Act}):

Proc = P (množina všech procesńıch výraz̊u CCS)

Act = L ∪ {τ} (množina všech CCS akćı včetně τ)

p̌rechodová relace je dána SOS pravidly tvaru:

PRAVIDLO
p̌redpoklady

závěr
podḿınky
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SOS pravidla pro CCS (α ∈ Act , a ∈ L)

ACT
α.P

α
−→ P

SUMj

Pj
α

−→ P ′
j

∑
i∈I Pi

α
−→ P ′

j

j ∈ I

COM1 P
α

−→ P ′

P |Q
α

−→ P ′|Q
COM2 Q

α
−→ Q ′

P |Q
α

−→ P |Q ′

COM3 P
a

−→ P ′ Q
a

−→ Q ′

P |Q
τ

−→ P ′|Q ′

RES P
α

−→ P ′

P r L
α

−→ P ′
r L

α,α 6∈ L REL P
α

−→ P ′

P [f ]
f (α)
−→ P ′[f ]

CON P
α

−→ P ′

K
α

−→ P ′
K

def
= P
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Odvozeńı p̌rechodu v CCS

Necht’ A
def
= a.A. Potom

(

(A | a.Nil) | b.Nil
)

[c/a]
c

−→
(

(A | a.Nil) | b.Nil
)

[c/a].

M. Kot (VŠB-TUO) Modelováńı a verifikace 27. února 2025 14 / 15
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LTS procesu a.Nil | a.Nil

a.Nil | a.Nil

Nil | a.Nil a.Nil |Nil

Nil |Nil

a

τ

a

a a
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