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Process Algebra

B A process algebra consists of
4+ a set of operators and syntactic rules for constructing processes

4 a semantic mapping which assigns meaning or interpretation to
every process

<+ a notion of equivalence or partial order between processes

B Advantages: A large system can be broken into simpler
subsystems and then proved correct in a modular
fashion.

+ A hiding or restriction operator allows one to abstract away
unnecessary details.

+ Equality for the process algebra is also a congruence relation;
and thus, allows the substitution of one component with another
equal component in large systems.
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Notations

B A system is described as a set of communicating processes
+ Each process executes a sequence of actions
+ Actions represents either inputs/outputs or internal computation steps

B AsetofactionsAct=LUL U{7}

+« L ={a,b,...} is a set of names and L’ ={a’,b’,...} is a set of co-names
* ae L can be considered as the act of receiving a signal
« a’e L' can be considered as the act of emitting a signal
» 7 Is a special action to represent internal hidden action

+ Act — {7} represents the set of externally visible actions
B Operational (transitional) semantics of CCS process
+ Define the “execution steps” that processes may engaged in
+ P —a-> P’ holds if a process P is capable of engaging in action a and
then behaving like P’
+ Define —a-> inductively using inference rules for operators
e premises
-------------- (side condition)
conclusion
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Operators for Sequential Process

The idea: 7 elementary ways of producing or putting together
labelled transition systems

1.Nil 0 No transitions (deadlock)
Prefix Prefix
2.Prefix  a.P (ae Act) In.out.0 —in-> out.0 —out-> 0
embpt in O\ out R
Prefix ( ----- P y) O = ©
o.P —o->P
3.Defn A=P Buffer = in.out.Buffer

Buffer-in->out.Buffer-out->Buffer

out

KAIST

CS750 Software I
Model Checking 4
Copyright © 2006




Operators for Sequential Process (cont.)

4.Choice P+Q BadBuf = in.(t.0 + out.BadBuf)
Prefix
Buf —=in-> 1.0 + out.BadBuf

. P -a->P’ Bad
Cholee, e (o ] [Choe
. Q-o->Q -=> 0 or —out-> BadBuf
Choicey -----=---------
P+Q -a-> Q

Obs: No priorities between t’s, a'sor a’s !
May use X notation to comactly represent sequential
rocess _
P P = Zai B
el
KAIST
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Example: Boolean Buffer of Size 2

Action and Process Def.
In, :0Is coming as input

In, :1is coming as input
out, :0 is going out as output
out, :1 is going out as output

Buf?2 : Empty 2-place buffer

Buf?, : 2-place buffer holding O

Buf?,,: 2-place buffer holding
0 at head and 1 at tail

input 1 0 output

—_— e

Buf?,,
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Buf¢ = in,.Buf, +in,.Buf?;
Buf?,

out,.Buf? +
Buf’, = out,.Buf’ +
Ing.Buf?,, + in,.Buf?
Buf?,, = out,.Buf?,
Buf?,, = out,.Buf?;
Buf?,, = out,.Buf?,
Buf?,; = out,.Buf?;




Ogerators for Concurrent Process

5. Composition

Par P -o->P
" PIQ-a->PQ
Dar Q-a->Q
" PIQ -a->P|Q
P-a->P’, Q—a’->Q
Parz ----------------m-oooeeee-
PIQ -7>P'|Q

Buf, = in.comm.Buf;
Buf, = comm’.out.Buf,

: Buf, | Buf,
E-m -> comm.Buf, | Buf,

-7 > Buf, | out.Buf,

EK-out-> Buf, | Buf,

But also, for instance:

E&Buf1 | I,3uf2

E—Comm -> BUfl | Out.BUfZ

comm.Buf,|Buf,
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(0 comm.Buf,|out.Buf,

comm
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Ogerators for Concurrent Process gcont.z

6. Restriction  P\L Buf, = in.comm.Buf,
Buf, = comm’.out.Buf,
P -a->P’
RS --x--reeeommmaeee g LUL’ (Buf, | Buf;){comm}
P\L -a-> P'\L -in-> (comm.Buf, | Buf,)\{{comm}
comm.Buf,|Buf, -r-> (Buf; | out.Buf,)\{comm}

-out-> (Buf; | Buf,)\{comm}

Buf, [Buf; But not:
(Buf, | Buf,)\{comm}

out  Buf,Jout.Buf, -comm’-> Buf, | out.Buf,

(Bufl | Buf2)\{comm} : a design for buffer with separated input/output ports
RegBuf = in.out.ReqBuf : a requirement for buffer design

(Bufl | Buf2)\{comm} == ReqBuf means that buffer design satisfies the requirement
KAIST
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Ogerators for Concurrent Process gcont.z

/. Relabelling P[f] Buf =in.out.Buf
Buf, = Buffcomm/out]
Rel SR = in.comm.Buf,
Buf, = Buffcomm’/in]
= comm’.out.Buf,

Relabelling function f must preserve complements:
f(@) =1f(a)

Relabelling function often given by name substituti
on as above
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Example: 2-way Buffers

1-place 2-way buffer:
Buf,, = a,.b’.Buf,, + b,.a’.Buf,, Buf,. =

Buf_[c./b,,c/b,b/a,b./a]

LTS: (Obs:simultaneous substitution!)

a, " b’

D Sys = (Bufy, | Bufy)\{b,,b}

a'_—__ b, a, " p b —_ ¢

a’ : b, 4_: C,
.Buf, T b,
Buf,, But what’s wrong? Deadlock occurs
'Buf,, Inother words, Sys == Buf,.?
KAIST
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Summarz of CCS Semantics

ACL  --mooemmoeeos in.P -in-> P
a.P—a>P
P -o->P’ --> : -
Choice, ------ A Choiceg 2 IN.P + out.Q -In-> P or —out-> Q
P+Q -a-> P’ P+Q -a-> Q
5 P-o->P Sar Q-a->Q
LA - P A S . S Ll N i o
L PIO e PO R PIQ -a-> PO’ IN.P|in’.Q -in->P|in’.Q or —in’-> in.P|Q
P-a->P’, Q—-a’->Q
Parr --------------ecmeeemeene- _ o
PlQ 'T‘> P1|Q1 In.P | In .Q 'T'> PlQ
P -a->P1 1 . . . .
Res ooy egb UL (in.P | in.Q)\{in} - ==> (P|Q)\{in} only
P -a->P
R S P in.P [out/in] -out-> P[out/in]
KAIST
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Inference of Process Execution

Proof of ((a.E + b.0)| a’.F)\{a} -=> (E|F)\{a}

ACt -
a.E-a>E
Choice| ---------m--mmmmmmmmmmeeo ACH =mmmmmmmmmmmmmmee
(a.E+Db.0)-a->E a.F-a->F
P AT —---—mmmmmmmmmmm i mmmmmm e e e mmmmmmn
(a.E + b.0)| a'.F -t-> (E|F)
RES ==
((a.E + b.0)| a’.F)\{a} -t-> (E|F)\{a}
KAIST
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Exercises

B Derive following process execution from the
Inference rules
+(@E+Db0O)|a.F-a>E|a.F
+(@E+b.0O))|a.F-a->(a@aE+b.0O)|F
+(@E+Db.0O))|a.F-b->0]a.F
£ ((a.E + b.0) | a.F)\{a} -b-> (0 |a’.F)\{a}

B Draw corresponding labeled transition diagrams
+(@.E+Db.O)|a.F
+ ((a.E +b.0) | a.F)\{a}
+A=ac.A,B=c.b'.B

* AlB, (AlB)\{c}

KAIST

CS750 Software I
Model Checking 13
Copyright © 2006



Proof 1

Proof 2

Proof 3
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Proofs

Prefix
a.E —a-> E

(a.E + b.0)) —-a-> E
"(@E+b.0)|a.F-a>E|a.F

Choice,

Par

Prefi
S @ F-a->F

“(@.E+Db.0))|a.F-a->(aE+Db.0)|F

Par

Prefix

.0 —b->0
(a.E + b.0)) —b->0
(a.E+Db.0)|a’.F-b->0]|a.F

Choiceg

Par,
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Labeled Transition Systems

Proof 2 I a.E+b.O)|a.F
3 ProofN

Proof 1
a

E+b0)|a F)\a
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