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Abstra
t. For a pair of alternative pro
esses, late 
hoi
e means that they pro
eed 
on
urrently in 
o-operation until

one of them exe
utes an a
tion on whi
h the other is not able or not allowed to syn
hronize. In in
remental system

spe
i�
ation, late 
hoi
e is the key 
on
ept. We show how it 
an be spe
i�ed in E-LOTOS, a standard language

for spe
i�
ation of 
on
urrent and rea
tive systems. The proposed solutions are helpful also in spe
i�
ation of

dependen
e-based a
tion ordering. The dis
ussion is limited to a Basi
-LOTOS-like sublanguage of E-LOTOS.
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Spe
i�ka
ija poznega izbora v jeziku E-LOTOS

Povzetek. Za par alternativnih pro
esov pozen izbor pomeni, da

te�
eta vzporedno in sodelujeta, dokler kateri od njiju ne izvede

ak
ije, na katero se drugi ne more ali ne sme sinhronizirati. Pri

inkrementalni spe
ika
iji sistemov je pozen izbor klju�
ni kon-


ept. V �
lanku poka�zemo, kako ga je mogo�
e opisati v jeziku

E-LOTOS, standardnem jeziku za spe
i�ka
ijo vzporednih in

reaktivnih sistemov. Predlagane re�sitve pomagajo tudi pri spe
i-

�ka
iji vrstnega reda ak
ij glede na njihovo medsebojno odvis-

nost. V razpravi se omejimo na podjezik jezika E-LOTOS, ki je

podoben osnovnemu delu jezika LOTOS.

Klju
�

ne besede: vzporedni sistemi, formalna spe
i�ka
ija, E-

LOTOS, pozen izbor, odvisnostno urejanje ak
ij

1 Introdu
tion

When a user 
ommuni
ates with a server, she/he usu-

ally expe
ts that its behaviour is deterministi
. In other

words, whenever the server 
hooses between a pair of

possible s
enarios on its interfa
e, it is supposed to de-

lay the 
hoi
e until the s
enarios begin to differ. So when

spe
ifying su
h a system by gradually extending the set

of its exe
ution s
enarios, it is 
onvenient if the employed

spe
i�
ation language 
ontains an operator of late 
hoi
e.

LOTOS [1℄, a standard pro
ess algebrai
 language for

spe
i�
ation of 
on
urrent and rea
tive systems, 
ontains

no su
h operator, although one has been proposed by

I
hikawa & al. [3℄. In E-LOTOS [2, 8℄, the enhan
ed

su

essor of LOTOS, there is also no su
h operator, but

below we show that late de
isions 
an in many 
ases be

spe
i�ed indire
tly. The dis
ussion is limited to a Basi
-

LOTOS-like sublanguage of E-LOTOS.

The paper is organized as follows. Se
t. 2 is a brief

introdu
tion to the employed sublanguage of E-LOTOS.

Re
eived 8 Mar
h 2004

A

epted 14 De
ember 2004

Se
t. 3 de�nes the 
lass of pro
esses for whi
h we would

like to implement delayed de
isions, and the desired en-

han
ed operational semanti
s. Se
t. 4 des
ribes a trans-

formation for en
oding the enhan
ements in the original

E-LOTOS.

2 Spe
i�
ation Language

In this se
tion, we brie�y des
ribe the employed basi


types of E-LOTOS pro
esses.

�stop� denotes ina
tion.

�null� denotes su

essful termination.

A �G� spe
i�es an observable a
tion, i.e. an intera
-

tion of the spe
i�ed pro
ess at gate G. Intera
tions may

be asso
iated with data, and gates may be typed with the

type of the values they 
an 
ommuni
ate.

A �B

1

[℄B

2

� denotes a pro
ess behaving as B

1

or as

B

2

, where the 
hoi
e is made upon the �rst event.

A �B

1

;B

2

� denotes sequential 
omposition, i.e. B

1

upon its su

essful termination followed by B

2

. A

shorthand for an in�nite sequen
e of pro
esses B is

�loop B endloop�.

A �B

1

j[G

1

; : : : ; G

n

℄jB

2

� denotes pro
esses B

1

and

B

2

running in parallel and syn
hronized on gates

G

1

; : : : ; G

n

. The usual shorthands for pure interleaving

and full syn
hronization are �B

1

jjjB

2

� and �B

1

jjB

2

�, re-

spe
tively.

A �B

1

[>B

2

� denotes pro
ess B

1

potentially disabled

upon the start of B

2

.

A �rename gate G

1

is G

0

1

: : :gate G

n

is G

0

n

in B endren� denotes pro
ess B with some of its a
-

tions renamed as spe
i�ed. More sele
tive renaming 
an

be a
hieved through gate typing. With this operator, one
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null

Æ
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Æ
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Æ
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Æ
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1
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2

O
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0
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B
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0

1
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Æ
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Æ
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Æ
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Æ
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! null

B

2

O

! B

0
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B

1

[>B

2

O

! B

0

2

B

1

O

! B

0

1

rename R in B

1

endren

New(O;R)

! rename R in B

0

1

endren

B

1

Æ

! B

0

1

rename R in B

1

endren

Æ

! rename R in B

0

1

endren

Figure 1. Original pro
ess semanti
s.
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Figure 2. Desired pro
ess semanti
s.


an also 
hange the type of a gate, merge a set of gates or

split a gate.

We sometimes use �[℄� or �jjj� as a pre�x operator,

where 
omposition of an empty set of pro
esses is sup-

posed to be equivalent to stop.

3 The Desired Pro
ess Semanti
s

3.1 De�nition

Let O denote the universe of gates O for a
tions whi
h

we 
all ordinary a
tions, as opposed to spe
ial-purpose

a
tions introdu
ed in Se
t. 4. 
 denotes a subset of O.

For a B, O(B) denotes its gates in O.

We assume that pro
esses in whi
h de
isions

are to be delayed 
ontain only the following 
on-

stru
ts: �stop�, �null�, �O�, �B

1

;B

2

�, �B

1

j[
℄jB

2

�,

�loop O endloop�, �B

1

[℄B

2

� where neither B

1

nor

B

2


an su

essfully terminate initially, �B

1

[> B

2

�

where B

2

never su

essfully terminates initially, and

�rename gate O

1

is O

0

1

: : :gate O

n

is O

0

n

in B

1

endren� where the renaming introdu
es no gate merg-

ing or splitting.

The original semanti
s of su
h pro
esses is given in

Fig. 1, where Æ denotes su

essful termination, i denotes

an anonymous internal pro
ess a
tion and New(G;R) is

the new name of aG as generated by renamingsR (equals

G for the non-renamed G). In the following, let i and i

0

denote two different members of f1; 2g.

In Fig. 2, we de�ne the desired modi�ed pro
ess se-

manti
s. �B

1

[℄B

2

� is enhan
ed into �B

1

[
℄B

2

�, a gener-

alization of �B

1

[;℄B

2

�, i.e. of �B

1

[℄B

2

�. As long as B

1

and B

2

are both ready to exe
ute an O in 
, it 
an be ex-

e
uted only as their 
ommon a
tion and doesn't resolve

the 
hoi
e. Only when a B

i

exe
utes an a
tion without


o-operation of B

i

0

, it be
omes the sele
ted alternative.

We require that 
 is su
h that the 
hoi
e is made before

B

1

or B

2

be
omes ready to su

essfully terminate.

Likewise, �B

1

[>B

2

� is enhan
ed into �B

1

[
>B

2

�.

As long as B

1

and B

2

are both ready to exe
ute an O in


, it 
an be exe
uted only as their 
ommon a
tion and

doesn't 
ause disabling ofB

1

. Only whenB

2

exe
utes an

a
tion without 
o-operation of B

1

, B

1

is disabled. Anal-

ogously, when B

1

exe
utes an O in 
 individually, B

2

is 
an
elled. We require that 
 is su
h that the 
hoi
e is

made beforeB

1

or B

2

be
omes ready to su

essfully ter-

minate. �B

1

[>B

2

� is now a shorthand for �B

1

[;>B

2

�,

and no longer represents the original �B

1

[> B

2

�, whi
h

is equivalent to �hide O in (B

1

;O)[O>B

2

endhide�

with the hidden O present neither in B

1

nor in B

2

.

To simplify implementation, we also modify the se-

manti
s of su

essful termination, and 
onsequently of
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D

P

[[stop(As)℄℄ := (jjj

A2(As\P )

loop Æ

A

endloop)

D

P

[[A℄℄ := ((jjj

(A

0

2P )^I(A;A

0

)

loop Æ

A

0

endloop)[>(A; (jjj

A

0

2P

loop Æ

A

0

endloop)))

D

P

[[B

1

;B

2

℄℄ where (((A(B

1

) [ P ) \ A(B

2

)) = ;) := (rename forall A 2 A(B

2

) : gate Æ

A

is A endfor

in D

P[A(B

2

)

[[B

1

℄℄ endren

j[A(B

2

) [ fÆ

A

j(A 2 P )g℄jD

P

[[B

2

℄℄)

D

P

[[B

1

j[As℄jB

2

℄℄ := (D

P

[[B

1

℄℄j[As [ fÆ

A

j(A 2 P )g℄jD

P

[[B

2

℄℄)

D

P

[[B

1

[℄B

2

℄℄ := (D

P

[[B

1

℄℄[fÆ

A

j(A 2 P )g℄D

P

[[B

2

℄℄)

D

P

[[B

1

[>B

2

℄℄ := (D

P

[[B

1

℄℄[fÆ

A

j(A 2 P )g>D

P

[[B

2

℄℄)

Figure 3. Implementation of dependen
e-based a
tion ordering.

b

a

d

d

D { d } B 1
] ][ [

c

d

d

D { d } B 2
] ][ [

d

D { } B 3
] ][ [ D { d } B 1 [ > B 2

] ][ [

b

a

d

d

d

d

c
c

c

c

D { } ( B 1 [ > B 2 ) ; B 3
] ][ [

b

a

c
c

c
c

d

d

d

c

d
b

c

Figure 4. Example implementation of dependen
e-based a
tion

ordering.

sequential and of parallel 
omposition. The idea is to

eliminate the need for Æ, the only event whi
h has a spe-


ial status in the original pro
ess semanti
s. So null now

rather stands for an in�nite sequen
e of spe
ial-purpose

a
tions �. Unlike Æ, � 
an be subje
t to renaming and

optional syn
hronization, like any other a
tion.

3.2 Appli
ations

3.2.1 In
remental Spe
i�
ation

The generalized 
hoi
e operator �[
℄� is a generalization

of the pro
ess merge operator � de�ned in [3℄, whi
h

is equivalent to �[O℄� and is hen
e not a generalization

of �[℄�. For the most typi
al appli
ation of late 
hoi
e,

whi
h is in
remental system design, � is just the right

pro
ess merging operator, but as indi
ated in [3, 6℄, one

has to stay within the universe of deterministi
 pro
esses.

In our setting, the safest way to a
hieve that is to take 
are

that in every �B

1

j[
℄jB

2

�, �B

1

[
℄B

2

� or �B

1

[
>B

2

�,

(O(B

1

) \ O(B

2

)) � 
.

3.2.2 Dependen
e-Based A
tion Ordering

[7℄ introdu
ed a pro
ess algebra supporting dependen
e-

based a
tion ordering. In that algebra, sequential 
ompo-

sition of pro
esses is weak, i.e. in any �B

1

;B

2

�, mutual

independen
e of an a
tion A

1

in B

1

and an a
tion A

2

in

B

2

implies that they 
ommute. Su
h pro
ess 
omposition


an also be regarded as parallel 
omposition where every

a
tion A in B

2

is syn
hronized with a spe
ial permission

Æ

A

issued by B

2

.

Let A denote the universe of a
tions A, and A(B)

su
h a
tions of a B. All A and Æ

A

are members of O.

B

G

! B

0

L

N

[[B℄℄

G(x)

��! L

N

[[B

0

℄℄

�

G 2 (O [ f�g)

x : nat

�

B

O

!; B 6

�

!

L

N

[[B℄℄

O(x;true)

������! L

N

[[stop℄℄

�

O 2 N

x : nat

�

B 6

O

!; B 6

�

!

L

N

[[B℄℄

O(x;false)

�������! L

N

[[stop℄℄

�

O 2 N

x : nat

�

Figure 5. Implementation semanti
s.

A permission Æ

A

issued by a �B

1

[℄B

2

� (or a �B

1

[>

B

2

�) is either a 
ommon a
tion of B

1

and B

2

or, if a

B

i


urrently doesn't provide it, an a
tion of B

i

0

, whi
h

thereby be
omes the sele
ted alternative. Hen
e the 
om-

position is a
tually �B

1

[
℄B

2

� (or �B

1

[
>B

2

�) with 



onsisting of a
tion permissions.

In a �B

1

;B

2

� or a �B

1

j[As℄jB

2

� (where As � A),

every Æ

A

is stri
tly a 
ommon a
tion of B

1

and B

2

. The

most simple pro
ess �stop(As)� provides just permis-

sions Æ

A

for A in As. An individual a
tion pro
ess

�A� initially provides just permissions for A

0

indepen-

dent from A, while other permissions be
ome available

after exe
ution of A.

TheD

P

[[B℄℄ in Fig. 3 takes an ordinary pro
ess B and

relaxes the ordering of its a
tions as mu
h as allowed by

the independen
e relation I . P is the set of a
tions A for

whi
hD

P

[[B℄℄ is supposed to generate permissions Æ

A

. It

depends on the 
ontext in whi
h B is embedded. If B

is not further 
ombined, P is empty. With a restri
tion

on sequential 
omposition (whi
h 
an be 
ir
umvented

by gate merging on the highest level), we have been able

to keep the generated pro
esses within the s
ope de�ned

in Fig. 2. Hen
e they 
an be translated into E-LOTOS

as des
ribed in Se
t. 4. An example implementation

of dependen
e-based a
tion ordering is given in Fig. 4,

where I(b; d) and I(
; d), but not I(a; d).

4 En
oding in E-LOTOS

4.1 Implementation Semanti
s

For every O, we introdu
e three new gates, O, A

O

and

A

O

. We expe
t that L

N

[[B℄℄, an E-LOTOS en
oding of a

pro
essB with semanti
s de�ned in Fig. 2, behaves as de-
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L

N

[[stop℄℄ := (jjj

O2N

loop O(any : nat; !false) endloop)

L

N

[[null℄℄ := loop �(any : nat) endloop

L

N

(O) := ((O(any : nat);L

N

(null))[℄([℄

O

0

2N

(O

0

(any : nat; !(O

0

= O));L

N

(stop))))

L

N

[[loop O endloop℄℄ := (loop O(any : nat) endloop[>([℄

O

0

2N

(O

0

(any : nat; !(O

0

= O));L

N

[[stop℄℄)))

L

N

[[rename R in B

1

endren℄℄ :=

rename forall fOj((O 2 O(B

1

)) ^ (New(O;R) 6= O))g : gate O is New(O;R) endfor

forall fOj((New(O; R) 2 N) ^ (New(O;R) 6= O))g : gate O is New(O;R) endfor

in L

fOj(New(O;R)2N)g

[[B

1

℄℄ endren

Figure 6. Implementation of simple pro
esses.

Split(G(x

1

; : : : ; x

m

)! fG

0

(y

0;1

; : : : ; y

0;k

0

); : : : ; G

n�1

(y

n�1;1

; : : : ; y

n�1;k

n�1

)g) :=

forall z 2 f0; : : : ; n� 1g : gate G(?j : mod z n; !x

1

; : : : ; !x

m

) is G

z

(!(j div n); !y

z;1

; : : : ; !y

z;k

z

) endfor

Figure 7. Gate splitting.

L

N

[[B

1

;B

2

℄℄ := rename forall O 2 O(B

1

) : gate A

O

is O endfor forall O 2 N : gate A

O

is O endfor

in C

1

j[O(B

2

) [ f�g [ fOj(O 2 N)g℄jC

2

endren

C

1

:= rename forall O 2 O(B

1

) : gate O is A

O

endfor forall O 2 N : gate O is A

O

endfor

Split(�! (O(B

2

) [ f�g [ fO(false)j(O 2 N)g [ fO(true)j(O 2 N)g))

in L

N

[[B

1

℄℄ endren

C

2

:= L

N

[[B

2

℄℄

Figure 8. Implementation of sequential 
omposition.

a

B 1

a

B 2

b

a

B 1 ; B 2

b

a

a

b a ( f a l s e )

a ( f a l s e )a ( t r u e )

a ( f a l s e )

L { a }
] ][ [ B 2

a

b

a

( f a l s e )a

a ( t r u e )

a ( t r u e )

a ( f a l s e )

a ( f a l s e )

a ( f a l s e )

L { a } B 1 ; B 2
] ][ [

a , b , a ( t r u e ) ,

a ( f a l s e ) ,

A a

C 1

A a ( t r u e )

A a ( f a l s e )

a

C 2

b a ( f a l s e )

a ( f a l s e )a ( t r u e )

a ( f a l s e )

a ( f a l s e )

C 1 | [ a , b , a ,    ] | C 2

a

b

A a

a ( t r u e ) a ( f a l s e )

a ( f a l s e )

A a ( t r u e )

A a ( f a l s e )

a

L { a }

a ( t r u e )

a ( f a l s e )

] ][ [ B 1

Figure 9. Example implementation of sequential 
omposition.

�ned in Fig. 5 (for simple pro
esses, that 
an be en
oded

as in Fig. 6):

Every a
tion must 
arry an auxiliary parameter fa
il-

itating its splitting (see Se
t. 4.2). The parameter must

be of type �nat�, i.e. ranging over all natural numbers,

in
luding 0.

If an a
tion G, where G is an O or �, redu
es B to

a B

0

, G(x) (where x is the gate-splitting parameter) must

redu
e L

N

[[B℄℄ to L

N

[[B

0

℄℄ (or any other pro
ess with the

same behaviour).

For any O inN , an auxiliary a
tion O(x; y) (where x

is the gate-splitting parameter) must redu
e L

N

[[B℄℄ to a

pro
ess equivalent to L

N

[[stop℄℄, thereby modelling dis-

ruption ofB upon anO exe
uted by a 
ompeting pro
ess.

Hen
e N is supposed to be the set of all O potentially

disruptive for B. It depends on the 
ontext in whi
h B

is embedded. If B is not further 
ombined, N is empty.

The se
ond parameter y must be a boolean value indi
at-

ing whether L

N

[[B℄℄ 
ould as well exe
ute an O(x) in its

present state, i.e. indi
ating the 
urrent (un)readiness of

B for O. When L

N

[[B℄℄ starts indi
ating su

essful ter-

mination of B by�, it stops exe
utingO a
tions.

Auxiliary a
tions 
an be removed from an L

N

[[B℄℄ by

a 
on
urrent pro
ess 
onstraining its behaviour to ordi-

nary a
tions and � [9℄. Auxiliary a
tion parameters 
an

be removed by a
tion renaming.

4.2 Spe
i�
ation Style

From various well-known spe
i�
ation styles (see [9℄),

we 
hoose the 
onstraint-oriented style. In this style, a

pro
ess is de�ned by a set of 
onstraints on its a
tions,

represented as 
on
urrent pro
esses syn
hronized on the

a
tions they 
olle
tively 
ontrol.

In everyL

N

[[B

1

�B

2

℄℄, where ��� is some 
omposition

operator, there is a 
onstraintC

i

for everyB

i

(see Figs. 8,

10, 12 and 13). Every C

i

is an L

N

i

[[B

i

℄℄, where N

i

is N

enhan
ed to meet the needs of B

i

0

with respe
t to ���.

Every a
tion of L

N

i

[[B

i

℄℄ is split into all kinds of a
tions

of L

N

[[B

1

�B

2

℄℄ in whi
h it might have to parti
ipate.

In E-LOTOS, gate splitting is renaming of a
tions

on a gate a

ording to the data they 
arry. Therefore we

furnish every gate with an auxiliary parameter serving

for its splitting. In Fig. 7, where type �mod z n�

denotes natural numbers j with ((j mod n) = z),
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L

N

[[B

1

j[
℄jB

2

℄℄ := rename forall O 2 N : gate O(?x : nat; ?y : bool; et
) is O(!x; !y) endfor

in C

1

j[
 [ f�g [ fOj(O 2 N)g℄jC

2

endren

C

i

:= rename forall O 2 N : Split

i

(O) endfor

Split(�! (fO(false;�i)j(O 2 N)g [ fO(true;�i)j(O 2 (N n
))g [ f�g))

in L

N

[[B

i

℄℄ endren

Split

i

(O) := if O 2 
 then Split(O(false)! fO(false); O(false; i); O(false;�i

0

)g)

Split(O(true) ! fO(true); O(false; i

0

); O(false;�i

0

)g)

else Split(O(false)! fO(false); O(true; i

0

); O(false;�i

0

)g)

Split(O(true)! fO(true); O(true; i); O(true;�i

0

)g) endif

Figure 10. Implementation of parallel 
omposition.

b

B 1 | [ a ] | B 2

a

b

a

B 2

b

b

B 1

a

a

L { a , b }

b a ( f a l s e ) , b ( t r u e )

a ( t r u e ) , b ( f a l s e )
a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

] ][ [ B 2

b

C 1

a a ( t r u e ) ,
b ( f a l s e ) ,

a ( f a l s e , 2 ) , a ( f a l s e , - 2 ) ,
b ( t r u e , 2 ) , b ( f a l s e , - 2 )a ( f a l s e ) ,

b ( t r u e ) ,
a ( f a l s e , 1 ) , a ( f a l s e , - 2 ) ,
b ( t r u e , 1 ) , b ( t r u e , - 2 ) a ( f a l s e ) , a ( f a l s e , 1 ) , a ( f a l s e , - 2 ) ,

b ( f a l s e ) , b ( t r u e , 2 ) , b ( f a l s e , - 2 )
a ( f a l s e ) , a ( f a l s e , 1 ) , a ( f a l s e , - 2 ) , b ( f a l s e ) , b ( t r u e , 2 ) , b ( f a l s e , - 2 )

a ( f a l s e , - 1 ) , b ( f a l s e , - 1 ) , b ( t r u e , - 1 ) ,

a

C 2

b
a ( t r u e ) ,

b ( f a l s e ) ,

a ( f a l s e , 1 ) , a ( f a l s e , - 1 ) ,

b ( t r u e , 1 ) , b ( f a l s e , - 1 )

b ( f a l s e ) , b ( t r u e , 1 ) , b ( f a l s e , - 1 )
a ( f a l s e ) , a ( f a l s e , 2 ) , a ( f a l s e , - 1 ) , b ( f a l s e ) , b ( t r u e , 1 ) , b ( f a l s e , - 1 )

a ( f a l s e ) , a ( f a l s e , 2 ) , a ( f a l s e , - 1 ) ,

a ( f a l s e ) ,
b ( t r u e ) ,

a ( f a l s e , 2 ) , a ( f a l s e , - 1 ) ,
b ( t r u e , 2 ) , b ( t r u e , - 1 )

a ( f a l s e , - 2 ) , b ( f a l s e , - 2 ) , b ( t r u e , - 2 ) ,

b

L { a , b }

a

ba ( f a l s e ) , b ( t r u e )

a ( t r u e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( t r u e )

B 1 | [ a ] | B 2
] ][ [

b

C 1 | [ a , a , b ,    ] | C 2

a

ba ( f a l s e , 2 ) , b ( t r u e , 2 )

a ( t r u e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

a ( f a l s e , - 2 ) , b ( f a l s e , - 2 )

a ( f a l s e , - 2 ) , b ( t r u e , - 2 )

b

L { a , b }

a a ( t r u e ) , b ( f a l s e )

a ( f a l s e ) , b ( t r u e ) a ( f a l s e ) , b ( f a l s e )

a ( f a l s e ) , b ( f a l s e )

] ][ [ B 1

Figure 11. Example implementation of parallel 
omposition.

L

N

[[B

1

[
℄B

2

℄℄ := rename forall O 2 (O(B

1

) [ O(B

2

)) : gate O(?x : nat; et
) is O(!x) endfor

forall O 2 N : gate O(?x : nat; ?y : bool; et
) is O(!x; !y) endfor

in C

1

j[O(B

1

) [ O(B

2

) [ fOj(O 2 N)g℄jC

2

endren

C

i

:= rename forall O 2 O(B

i

) : if O 2 
 then Split(O! fO;O(i)g) else Split(O ! fO(i)g) endif endfor

forall O 2 (N nO(B

i

0

)) : Split

i

(O) endfor forall O 2 (O(B

i

0

)nN) : Split

0

i

(O) endfor

forall O 2 (O(B

i

0

) \N) : Split

00

i

(O) endfor

in L

N[O(B

i

0

)

[[B

i

℄℄ endren

Split

i

(O) := Split(O(false)! fO(false); O(true; i

0

)g) Split(O(true)! fO(true); O(true; i)g)

Split

0

i

(O) := Split(O(false)! fO(i

0

)g)

if O 2 
 then Split(O(true)! fO(true; i)g) else Split(O(true)! fO(i

0

)g) endif

Split

00

i

(O) := Split(O(false) ! fO(i

0

); O(false); O(true; i

0

)g)

if O 2 
 then Split(O(true)! fO(true); O(true; i)g)

else Split(O(true)! fO(i

0

); O(true); O(true; i)g) endif

Figure 12. Implementation of 
hoi
e.

we de�ne a fun
tion Split generating the renam-

ings ne
essary for splitting a gate originally de�ned

as a G(x

1

; : : : ; x

m

) into gates originally de�ned as

G

0

(y

0;1

; : : : ; y

0;k

0

); : : : ; G

n�1

(y

n�1;1

; : : : ; y

n�1;k

n�1

)

(where a G() may be shortened into G). In our graphi
al

examples (Figs. 9, 11, 14 and 15), the gate-splitting

parameter of a
tions is omitted. Where a transition

is labelled with more than one a
tion, they should be

interpreted as alternatives.

5 Con
lusion

We have demonstrated that for pro
esses exe
uting only

ordinary observable a
tions, late 
hoi
e and dependen
e-

based a
tion ordering 
an be easily en
oded in the origi-

nal E-LOTOS. A more detailed des
ription of the method

is given in [4℄. We have employed similar ideas as in [5℄,

where we des
ribe a very general method for E-LOTOS-

based spe
i�
ation of further non-standard forms of pro-
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L

N

[[B

1

[
>B

2

℄℄ := rename forall O 2 (O(B

1

)n
) : gate A

O

is O endfor

forall O 2 ((O(B

1

) \ 
) [ O(B

2

))) : gate O(?x : nat; et
) is O(!x) endfor

forall O 2 N : gate O(?x : nat; ?y : bool; et
) is O(!x; !y) endfor

in C

1

j[(O(B

1

) \ 
) [ O(B

2

) [ fOj(O 2 Ng℄jC

2

endren

C

1

:= rename forall O 2 O(B

1

) : if O 2 
 then Split(O ! fO;O(1)g) else gate O is A

O

endif endfor

forall O 2 (N nO(B

2

)) : Split

1

(O) endfor forall O 2 (O(B

2

)nN) : Split

0

1

(O) endfor

forall O 2 (O(B

2

) \N) : Split

00

1

(O) endfor

in L

N[O(B

2

)

[[B

1

℄℄ endren

C

2

:= rename forall O 2 O(B

2

) : if O 2 
 then Split(O ! fO;O(2)g) else Split(O! fO(2)g) endif endfor

forall O 2 (N n(O(B

1

) \ 
)) : Split

2

(O) endfor forall O 2 ((O(B

1

) \ 
)nN) : Split

0

2

(O) endfor

forall O 2 (O(B

1

) \ 
 \N) : Split

00

2

(O) endfor

in L

N[(O(B

1

)\
)

[[B

2

℄℄ endren

Split

i

(O), Split

0

i

(O) and Split

00

i

(O) as in Fig. 12.

Figure 13. Implementation of disabling.
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C 1 [ a , b , a ] C 2

a ( t r u e )

a ( f a l s e )b ( 1 )

a

a ( t r u e , 2 ) , a ( 2 )

a ( f a l s e )

Figure 14. Example implementation of 
hoi
e.


ess 
omposition.

a
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a

a

B 1

b

b

B 1 [ a > B 2

a

a

a

a

L { a }

a a ( t r u e )

a ( t r u e )

a ( f a l s e )

a ( f a l s e )

] ][ [ B 2

L { a }

a ( f a l s e )

a ( f a l s e )

b
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a ( t r u e )

a ( f a l s e ) a ( t r u e )

B 1 [ a > B 2
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C 1

A b

a ( t r u e , 1 ) ,a ( t r u e ) ,

a ( 2 ) , a ( f a l s e ) ,
a ( t r u e , 2 )

a ( 2 ) , a ( f a l s e ) ,
a ( t r u e , 2 )
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C 2

a , a ( 2 )

a , a ( 2 )
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a ( t r u e ) ,
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a ( 1 ) , a ( f a l s e ) ,
a ( t r u e , 1 )
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a ( t r u e , 1 )

C 1 [ a , b , a ] C 2

A b

a ( 2 )

a
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Figure 15. Example implementation of disabling.
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