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Part 2

SOS in Component Calculi
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Mathematical Theory of
Components

* Aim.
A model, for verification to be based on

* That is
(Concrete/behavioral) description of
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Compositionality for
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Compositionality for
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Compositionality for
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SOS: Variations
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GSOS-Based
Component Calculi

* Aim: F=PanlAXx_) |

(2,R), GSOS-specification

* 2: algebraic signature ' ' )

% R: set of GSOS rules For each O'EZ,
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GSOS-Based
Component Calculi

* Aim: F=Pan(AXx_) | |
(2, R) , GSOS-specification

—
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N— (Tokyo)
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The State Space

Problem
FX || FY F(XxY) !
Te | Td = el d S
X Y X XY
— N

Hasuo (Tokyo)
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The State Space
Problem

FX | FY F(XxY) !
Te | Td = el d i
Y X xY

g Y (ISyne) |

inS || T {

T x—=>x'inS

T

Lally e |y

Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(X xY) !
Te | Td = _Icld S
Y (X XY

T x—=>x'inS

g Y (ISyne) |

Cz|lySa |y ST ]

Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(XxY) !
TC Td — C d s
X Y X >< Y

wia}'ins y—)y m’T

e (Is¥no) |
LellyDally msS|T

Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(XxXY) !
Te Td = lL.c d ‘
X Y X >< Y

xS a2’'inS y—)y m’T

3y =y }

— (Isync) |
|| y—a I| Yy inS || T

Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(XxY) !
Te | Tda = _lcld ‘
Y (X XY

e b,

y—y inT ¢
. . (lISync) §
Czfly=2 Yy ST |

FX FY F( ) !
Te s Td = i

. b / ."
Y = Y

T x—>x'inS

Hasuo (Tokyo)
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The State Space
Problem

[ F(XxY) !
Te d = _Iclld i

y Sy in T .
T, (IISyne) |
Czfly=2 Yy ST ;

T x—>x'inS

FX FY frte
Tes Tda =

lazAh (VacA) ySy

. b / ."
Y >y

Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(XXY) !
e 1d = _lIcld t

Y 4 y' in T .
EELALE B (Isvxc) |
|ly—=' ||y inS| T ;

T x—>x'inS

FX FY IF(X XY

Te —

. b :
ry —y

= = ] Hasuo (Tokyo)
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The State Space
Problem

FX || FY F(XXY) !
e 1d = _lIcld t

Y 4 y' in T .
EELALE B (Isvxc) |
|ly—=' ||y inS| T ;

T x—>x'inS

FX FY IF(X XY
Tc 5 Td =

lzh VacA) yiy

. b §
ry —y

r— & (1) St ( Tc ) = T i

a
= = ] Hasuo (Tokyo)

le — ' ||l |
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The State Space
Problem

FX | FY F(XXY) !
Te || Td = _ZIcld ﬁ

Y 4 y' in T .
ELALE £ (Isvxc) |
Czfly=2 Yy ST ,

T x—>x'inS

FX FY 'F(X XY
Te 35 T™d =

lzh VacA) yiy

. b §
ry —y

= L |xer x7 xe
= = Hasuo (Tokyo)

. - | (FX) F| 7?7 { X — X2 = X3 o 21
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In Other Words...

Bialgebraic SOS

[Turi&Plotkin, LICS 97]

PRy,

(Conventional)
Process SOS

* Syntactic format:

P SOOI PSS G SR JORRI PO ORIy

* One of the simplest:

. . a b ‘

R 70 PO R COR B /- A
(T1yeeeyTim) BN a’(yfj’”l, cee y?:””)
A ——————

* The GSOS format

[Bloom,Istrail&Meyer,JACM'95]

PAYPORE S SO T PSP Nr R S PUCOE S o <E » S NS

a€A,jE[L,NP]

. b ’

a a, beEB; 4 'S

{x; — Y; J}ie[l,m] {z: }ig[l,m] i J

O(X1yenes @) —> ¢ ) |
Wﬁ—« —ﬁ

~ PR POCRP W~ 1 e

* Categorical format:

% Natural
transformation

(IO FE VST SOOI WIS JITSir o UL LT JOREN I CI R e S PrOw,

-

A
y
SF3FY |

r-

* Categorical GSOS
format [turiepiotkin, Lics'97] J

S(F x id) = Fx* |
_.._.__d

Microcosm SOS

* Categorical format:

% Natural
transformation

(FX x FY 2 F(X x Y))
X,Y €Sets

* Categorical GSOS
format

22

R ——

Hasuo (Tokyo)
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GSOS-Compatible
State Space

* We want, for each process opr. 0€2,

o) : Sets™ —» Sets |
R — '—'-—-d

* that generalizes “par. comp.”:

i) : (X,Y)— X XY |
e

% that is functorial

* that supports
/

[[ ]](FXl FX,, ) (q [)(Xl ..... m)) s

Ter , ...y,  TCm
Xl Xm (X

IR
e i———-—J Hasuo (TOkYO)

Sunday, September 11, 2011



Candidates

K (IO'I)(Xl, AR Xm)
= {all ¥-terms with x; € X; as variables} 77

* =» Too big for (ll) : (X,Y)+— X XY |
= S—

kK

Hasuo (Tokyo)
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Candidates

K (IO'I)(Xl, AR Xm)
= {all 3-terms with x; € X; as variables} 77

* =¥ Too big for (ll) : (X, Y)— X xY |
= ]

b 3 (]O'D(Xl,... ,Xm)

— {all d.-terms with x; € X; as variables} ?9?
that are “reachable”

* =>» involves dynamics, not

o) : Sets™ —» Sets |
e — -—-————-—-d
Hasuo (Tokyo)
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Proposed Solution

* Syntactic approximation of actual
reachable part:

g gy € AT E[1NE] b beB,;
{m’b — Y; }iE[l,m] {.’13@ 7 }iE[l,m]

T(T1yenny, @) —> ¢

* ... formally via term lineage graphs

Hasuo (Tokyo)
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Proposed Solution

* Syntactic approximation of actual
reachable part:

T(T1yenny, @) —> ¢

* ... formally via term lineage graphs
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Proposed Solution

* Syntactic approximation of actual
reachable part:

Py B

| “o evolves into the term ]
* ... formally via term lineage graphs

Hasuo (Tokyo)
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Proposed Solution

* Syntactic approximation of actual
reachable part:

Py B

| “o evolves into the term ]
* ... formally via term lineage graphs

Hasuo (Tokyo)
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Term Lineage Graph
Definition. (Term lineage graph) (TLG)

Let s,t be X-terms. A term lineage graph * Bipar'l'i'l'e graph,

(TLG) p from s to t, denoted by p : s = t, is
an unlabeled directed graph whose nodes are
nodes of s and t (seen as parse trees), such From a .I-erm 1-0 ano.l-her
that:

e any edge is from a node in the domain | * Terms aS parse 'I'rees

term s to a node in the codomain term |
t;

e cach node in s has exactly one outgoing * EXClm P le:

edge;

e the edges are monotone: assume that
the origin of one edge is a descendant (in
the parse tree s) of the origin of another
edge. Then the target of the former is
also a descendant of (or the same as) — — w— —
that of the latter;

e an edge from an operator symbol o goes
into a (not necessarily the same) opera-
tor symbol,;

e an edge from a variable x; in s goes into
the same variable x; in t.

— ————— Hasuo (Tokyo)
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Term Lineage Graph

Definition. (Term lineage graph)

Let s,t be X-terms. A term lineage graph
(TLG) p from s to t, denoted by p : s = t, is
an unlabeled directed graph whose nodes are
nodes of s and t (seen as parse trees), such
that:

e any edge is from a node in the domain
term s to a node in the codomain term ;
t;

e cach node in s has exactly one outgoing
edge;

e the edges are monotone: assume that
the origin of one edge is a descendant (in
the parse tree s) of the origin of another
edge. Then the target of the former is
also a descendant of (or the same as)
that of the latter;

e an edge from an operator symbol o goes
into a (not necessarily the same) opera-
tor symbol,;

e an edge from a variable x; in s goes into
the same variable x; in t.

-——-—-—-——d

w—-_

(TLG)

* More examples:

T2 p(;R: T1;T2

r1; 2] (C2*) ]
—-———)
T ye
L1 _ -t 5T
e :’*
1131’

ravwe y OKYO)

Sunday, September 11, 2011



GSOS Rule = TLG

* A GSOS-rule

o e A el N ARLeIEaro
{z: — y; J}ie[l,gn] 1Ti 7> }iE[l,m] (R)

T(T1yeens @) = T

induces a TLG pr : t[z;/y?’] = (1, -+, Tm)

o l

ol |z

Ly e |

e — 1_________) Hasuo (Tokyo)
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GSOS Rule = TLG

* A GSOS-rule

o e A el N ARLeIEaro
{z: — y; J}ie[l,gn] 1Ti 7> }iE[l,m] (R)

T(T1yeens @) = T

induces a TLG pr : t[z;/y?’] = (1, -+, Tm)

ol |z

|

Lm (successor |-> orig. state) >
Hasuo (Tokyo)
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GSOS Rule = TLG

* A GSOS-rule

o e A el N ARLeIEaro
{z: — y; J}ie[l,gn] 1Ti 7> }iE[l,m] (R)

T(T1yeens @) = T

induces a TLG pr : t[x;/y; ’J] = U(wla cy Tm)

% Opr. symbols
--> 0

! % Variables -->
’ the same var.

Lm (successor |-> orig. state)

Sunday, September 11, 2011



More TLGS

* Identity TLG

idt =1t

* Composition:
PSSt =
T-p :S=U
% Substitution:

plil=u P11 = uq P L L =
plpi/x;] : t{t;/x;] = ulu;/x;]

Hasuo (Tokyo)
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More TLGS
* Identity TLG ‘

ldt =1t

* Composition:
T AR == /MM RN A== )
T-p :S=U
* Substitution:

plil=u p1 ¢ t1 = uq P L L =
plpi/x;] : t{t;/x;] = ulu;/x;]

Hasuo (Tokyo)
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More TLGS

ldt =1t

* Composition:

P r e sy
T-p :S=U .,

* Substitution:

plil=u p1 ¢ t1 = uq P L L =
plpi/x;] : t{t;/x;] = ulu;/x;]

Hasuo (Tokyo)
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More TLGS

ldt =1t

* Composition:

P r e sy
T-p :S=U .,

* Substitution:

plil=u p1 ¢ t1 = uq P L L =
plpi/x;] : t{t;/x;] = ulu;/x;]

Hasuo (Tokyo)

Sunday, September 11, 2011



More TLGS

* Identity TLG
* Composition

% Substitution:
AN A== ) A E N L == ) £ ] Db e = s

asuo (Tokyo)

Sunday, September 11, 2011 |



GSOS-Compatible
State Space

%k R: a set of GSOS rules

* { R-TLG } := { pr | ReER } !
closed under id, comp., subst.

e e

% ‘R-state space:

(o) (X1, oy Xm) 2= 1 [8[( X1y v s Xim) "

p:s=>o, R-TLG

= | |

Hasuo (Tokyo)
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GSOS-Compatible
State Space

%k R: a set of GSOS rules

* { R-TLG } := { pr | ReER } !
closed under id, comp., subst.

e 3'——'4

% ‘R-state space:

() (X1,yenny Xm) 1= I 15[(X1yeeey Xm)
p:s:>, R-TLG ‘

! for each !
| “offspring” s |

i
= il s

Hasuo (Tokyo)
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GSOS-Compatible
State Space

%k R: a set of GSOS rules

* { R-TLG } := { pr | ReER } !
closed under id, comp., subst.

S Bl

% ‘R-state space:

() (X1yeeey Xom) 1= H

for each | lsl: “plain” state space, e.g.

W . '/
- offspring” s | o|(X1,. ..y Xim) = X1 X o X Xm

Sunday, September 11, 2011



GSOS-Compatible
State Space

% Examples:

(1)(X1, X2) = X1 X X |
) A

(3)(X1,X2) = X7 X X2 + X li
= e ——

(I)(X)=XT -'.
:X_|_X2_|_X3_|_...!

Hasuo (Tokyo)
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GSOS-Compatible
State Space

* Examplesi _=3e ) vV ) 2he v Sy

CellySally T 2y ey vy S|y

(||SynNc)

(1)(X1, X2) = X3 x Xz |
- —

(3)(X1,X2) = X7 X X2 + X ’i
N e e—

(I)(X)=XT f
:X_|_X2_|_X3_|_...§

Hasuo (Tokyo)
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GSOS-Compatihle

e Examples r — x (L) y >y (IR) Sz yy

Czlly=saly zllySa|y zlly D a ||y

(||SynNc)

/

(I1)(X1, X2) = X1 x X3 |
- e

(I;[)(X19X2) = X1 X Xo + Xo ’ﬁ
e )

(M)(X)=XT f.
:X—|—X2-|-X3_|_...i

Hasuo (Tokyo)
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GSOS-Compatihla

i Examples r — x’ (L) y >y - gy

Ly Sal|ly ey ey Ly

(11D (X1, _Xz): o

(I|Sy~c)

I =

e > o ) T7 (Ya€ A L

e -
|7y o = 6R) |

b
rsy — vy

(3 )( X1, X2) = X4 X Xz—l— Xz,i-. .,
e et

(X)) =XxT {

:X+X2_.|__‘.).(_?.’._:_I_._°_;_°_J§

Hasuo (Tokyo)
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GSOS-Compa’riha

* Examplesi _=3e ) vV ) 2he v Sy

Ly Sal|ly zlly S|y zlly S|y

(IISy~c)

l .

() (X2, X2) = Xy

r — ' (L) x /A (Va € A) y—b>y’

. GR)
, ,

I
LTy Sy

T2 p(:R:) r1,T2

Hasuo (Tokyo)
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GSOS-Compa’riha

* Examplesi _=3e ) vV ) 2he v Sy

Ly Sal|ly zlly S|y zlly S|y

(IISy~c)

. - . l .

r — x’ (L) x /A (Va € A) y—b>y’
E Ty =y |

Hasuo (Tokyo)

Sunday, September 11, 201 “ |



GSOS-Compatihle
State Spac g

* Examples T — (|IL) y_>y (IR) r — ' yiy,

T

(IISy~c)

Ly Sal|ly zlly S|y zlly S|y

~asuo (Tokyo)

Sunday, September 11, 2011 ‘ |



Microcosm SOS
for full GSOSF:P (Ax_)

* Thm. Given (2,R), GSOS-specificafion

1. Induces categorical GSOS rule

[(FXlxXl)x---x(FmeXm)] ¢

— F((o)(X1,-- ., X)) o \
- ol

2. Induces Coalg » Coalg;

lo] i o
3. Induces Z™ — Z  (coinduction) Coalg?MCoalgF

| !

Sets™ > Sets

B

Hasuo (Tokyo)
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Microcosm SOS
for full GSOS

* Thm. (ctnd) Given (X, R), GSOS-specification

4. Compositionality:

m o] |
Coalg CoalgF -‘

(Sets/Z)™ % Sets

*—-—

5. Extends Bialgebraic SOS. ¢: a Z term.

derived by J
bialg. SOS |

X*7 > /
can. emb.] /
zm [£]
R ———— “———-—-——-J Hasuo (TOKYO)

Sunday, September 11, 2011



Conclusion

* SOS for component calculi:

m o]
Coalg >» Coalg |

‘—'«
a a,q a 2J ’ i 0 : {
* from {z; S y> i Si}iee[f,gf][l Nz A s, Yemm |
T(T1yees®m) St in0(St,...,Sm) i
* le. | ———
(FXlxXl)x---x(FmeXm)] {
= F((o)(X1yeees X)) o )
| eemm——

* Future work:
% Verification framework (FOL repr., thm. prv.)

* Combination with duality-based logics Hasuo (Tokyo)
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Thank you for your attention!
Ichiro Hasuo (Dept. CS, U Tokyo)

http:// WWWw-mmm.is.s.u-tokyo.ac.jp / ichiro/
conciusiun *

* SOS for component calculi:

'}

m O]
Coalg >» Coalg |

‘—M

a a,j a sJ NG b C .
X FrOm {w; S y™ s, }iee[iff][l N tes A i S; }'Egﬁfm] |
o-(wl,...,a:m)it iIlO'(Sl,...,Sm) i

* l.e. S ——

(FX]_XX]_)X"'X(FXmXXm)] 3

— F((o)(X1y.+.3Xm)) X1 500y X i

— SN

* Future work:
% Verification framework (FOL repr., thm. prv.)

* Combination with duality-based logics Hasuo (Tokyo)
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Bialgebraic SOS

(Conventional)

Process SOS } [Turi&Plotkin, LICS'97] I
|SYNQ) N A
all (b+ ) linitial
/ \\ C; w ]
- 0 (b+c) al o X l! ‘
. | ®
\\ / R FI h
0 ” 0 | 4 i e —
I —_— T
<> Microcosm SOS
component 505 i [Hasuo,Jacobs&Sokolova, FoSSaCS08]
{
a ’ b ’ _
o [
x|y alb, z' ||y (ISyne) | | N (CoalgF)2 —— Coalg
—+ :h synchronous parallel composition
> harallel composition of LTSs | A
i P 4 Current work
i (Coalgy)™ LR Coalg -
for any GSOS-specified O
e ——

Sunday, September 11, 2011



In Other Words...

Bialgebraic SOS

[Turi&Plotkin, LICS 97]

PRy,

(Conventional)
Process SOS

* Syntactic format:

P SOOI PSS G SR JORRI PO ORIy

* One of the simplest:

. . a b ‘

R 70 PO R COR B /- A
(T1yeeeyTim) BN a’(yfj’”l, cee y?:””)
A ——————

* The GSOS format

[Bloom,Istrail&Meyer,JACM'95]

PAYPORE S SO T PSP Nr R S PUCOE S o <E » S NS

a€A,jE[L,NP]

. b ’

a a, beEB; 4 'S

{x; — Y; J}ie[l,m] {z: }ig[l,m] i J

O(X1yenes @) —> ¢ ) |
Wﬁ—« —ﬁ

~ PR POCRP W~ 1 e

* Categorical format:

% Natural
transformation

(IO FE VST SOOI WIS JITSir o UL LT JOREN I CI R e S PrOw,

-

A
y
SF3FY |

r-

* Categorical GSOS
format [turiepiotkin, Lics'97] J

S(F x id) = Fx* |
_.._.__d

Microcosm SOS

* Categorical format:

% Natural
transformation

(FX x FY 2 F(X x Y))
X,Y €Sets

* Categorical GSOS
format

22

R ——

Hasuo (Tokyo)
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(Conventional)

Process SOS

* Syntactic format:

* One of the 5|mples’r
{; ﬁ}fgjfm]

aJ a€A,jE[1,N{]
}1,6[1 m]

{a},,,

1.71 an)

s Tom) N a"(yz
 ete———

0'(331, .

* 7y7,

* The GSOS format

[Bloom,Istrail&Meyer,JACM'95]

b
beB; 4
{®i 7 }iciiim i
s Tm) St

——

N a,j aeA,je[l’N{l]
{zi = y; }ie[l,m]

o(xyy...
S ———

Forma’rs

Bialgebraic SOS

[Turi&Plotkin, LICS'97]

* Categorical format:

% Natural
transformation
A y
\
EF-_:> Y |

* Categorical GSOS

format rruriepiotkin, Lics97] 'iﬁ.
[} A 3
- —-———-—d

P14 S D St e AP S B I AL AP ok S 6

- BT SRR I PRSP SRR S PO

:
i
{
3
J
]

Microcosm SOS

* Categorical format:

% Natural
transformation

(FX x FY 2 F(X x Y))
X,Y €Sets

eSm———

* Categorical GSOS
format

22
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(Conventional)

Process SOS

* Syntactic format:

* One of the 5|mples’r
{; ﬁ}fgjfm]

aJ a€A,jE[1,N{]
}1,6[1 m]

{a},,,

1.71 an)

s Tom) N a"(yz
 ete———

0'(331, .

* 7y7,

* The GSOS format

[Bloom,Istrail&Meyer,JACM'95]

b
beB; 4
{®i 7 }iciiim i
s Tm) St

——

N a,j aeA,je[l’N{l]
{zi = y; }ie[l,m]

o(xyy...
S ———

Forma’rs

Bialgebraic SOS

[Turi&Plotkin, LICS'97]

* Categorical format:

% Natural
transformation
A y
\
EF-_:> Y |

* Categorical GSOS

format rruriepiotkin, Lics97] 'iﬁ.
[} A 3
- —-———-—d

P14 S D St e AP S B I AL AP ok S 6

- BT SRR I PRSP SRR S PO

:
i
{
3
J
]

Microcosm SOS

* Categorical format:

% Natural
transformation

(FX x FY 2 F(X x Y))
X,Y €Sets

eSm———

* Categorical GSOS
format
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(Conventional)

Process SOS

* Syntactic format:

* One of the 5|mples’r
{; ﬁ}fgjfm]

ag acA,je[1,N]]
}1,6[1 m]

{331,

1.71 an)

s Tom) N a"(yz
—————

0'(331, .

* 7y7,

* The GSOS format

[Bloom,Istrail&Meyer,JACM'95]

b
beB; 4
{®i 7 }iciiim i
s Tm) St

SE———

N a,j aeA,je[l’N{l]
{®i = 4" icm]

o(x1,...
————

Forma’rs

Bialgebraic SOS

[Turi&Plotkin, LICS'97]

* Categorical format:

% Natural
transformation
A y
\
EF-_:> Y |

* Categorical GSOS

format rruriepiotkin, Lics97] 'i;.
. A
S(F x id) = F5*
- —-———-—d

Microcosm SOS

* Categorical format:

P14 S D St e AP S B I AL AP ok S 6

% Natural
transformation

- BT SRR I PRSP SRR S PO

(FX x FY 2 F(X x Y))
X,Y €Sets

| I ——

* Categorical GSOS

]
i
]
i
!
J format

-

" (FX1XX1)X'°'
X (FXm X Xom)

— F((o)(X1y+-+yXm))

R ———

Sunday, September 11, 2011



SOS: Variations

Process SOS ,

Hasuo (Tokyo)
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SOS: Variations

(Conventional)

Process SOS 1
Y —¥ (sync) |
all b+
SN | Q
- i allo X
e Q
N 2
00 /}
T S
~
N

Hasuo (Tokyo)
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(Conventional)
Process SOS

a / b /

alb
zl|ly —a' ||y

=>

SOS: Variations

Bialgebraic SOS

[Turi&Plotkin, LICS'97]

|SYNC)

all (b+c)

7N

0 (b+c)

all O

B a

"—-—_

O
3
%
Y
~
>
-~
Zz

>1 |
|initial

I
/!
FI |

————

Hasuo (Tokyo)
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SOS: Variations

Bialgebraic SOS

’ [Turi&Plotkin, LICS'97] I

(Conventional)

Process SOS

7 \

r ——, w;lby LN y’ (lIS¥NC)
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SOS: Variations

(Conventional) Bialgebraic SOS

Process SOS 1 [Turi&Plotkin, LICS'97] l
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SOS: Variations

Bialgebraic SOS

[Turi&Plotkin, LICS'97] I
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