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This talk discusses on going work to build a formal and
flexible definition of refinement to encompass as much
of software development as we can.

Entities are Operations or Machines
Operational semantics.
Verification and Validation

Contexts and observations are parameters to an
abstract theory of interaction. Fix the contexts and
observations fix a the theory.

Morphisms between theories.
What we have learnt about particular theories.
Conclusion J
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#® We develop a general theory of entities. An entity can
be a single operation or a machine consisting of a set of

operations. (process, object, an ADT or a (Event-)B
machine).
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Operational semantics

We develop a general theory of entities. An entity can T
be a single operation or a machine consisting of a set of
operations. (process, object, an ADT or a (Event-)B
machine).

One relation/ LTS have many interpretations.

An interpretation can be formalised by a refinement
relation.

Partial relations can be interpreted as partially or totally
correct.

An LTS can represent handshake, broadcast or
method-calling actions.

|
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Operational semantics

-

Operational semantics as a common ground for state- and
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ini in out del

\ /

full full full full full

Memp emp M emp  emp Y emp ful\j‘ull
1

Alpg, = {in, out}

/ N \ / IN \
emp By  full emp B¢ full—del—_1
out out —

Npry = {(n,R) | n € Alpsa A (X,y) ER < xi>y}

Ta = {(x,n,y) | (n,R) € Npra A (x,y) € R}
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General Theory
fIn the General Theory we define: T
1. Refinement C c ) contexts-=, observations-0

Relational theory/ Testing theory

Theory morphisms
Determinism/Specification/Implementation
On the operational semantics of Machines
@ -+-  5- --

(b) Abstraction or Hiding (_\T)

(c) Use Cases/Simulation (HHS)

ok WD
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General Theory
fIn the General Theory we define: T
1. Refinement C c ) contexts-=, observations-0

2. Relational theory/ Testing theory
3. Theory morphisms
4. Determinism/Specification/Implementation
5. On the operational semantics of Machines
@ -+-  5- --
(b) Abstraction or Hiding (_\T)
(c) Use Cases/Simulation (HHS)

We can use the general theory both to compare and to
LCombine special theories. J
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Refinement A C C
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1. Any user of A will not be able to observe if they had
actually been given C in its place
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Refinement A C C
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. Any user of A will not be able to observe if they had
actually been given C in its place

. We first place an entity A in a context x € = written [A],.
Let A and x interact privately. Observe them both oO.

A E(E,o) C£Vx e EO([C]X) C O([A]X)

. This abstract definition of refinement can be specialised
by fixing both = and 0.

. We have defined (Z,0) pairs so that the C =

refinement is well known. Failure, singleton Failure,
Abstract Data Type, Broadcast.

|
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Refinement — testing — theory
f 1. Which of the very many Semantics should we use? T
2. Our definition of Refinement is a Testing Semantics.

3. From our definition of Refinement we can define a
relational semantics:

[Alz0 = {(x,0) | x € 5,0 € O([A])}

4. These are not the relations from UTP.

5. Refinement becomes implication in a logical theory
based on giving entities a = x O relational semantics.

o |
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Theory morphisms/ Galois connections

o -

1. Semantic mapping [_], interprets, high-level E, entities as
low-level entities E, and vA interprets, low-level entities as
high-level entities.
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Theory morphisms/ Galois connections

o -

1. Semantic mapping [_], interprets, high-level E, entities as
low-level entities E, and vA interprets, low-level entities as
high-level entities.

P|_'|. L —)QH\— L H —’VA[[QH]]V_ Ly _)VA(RL)

Ev EV VA VA

A A
Lu=Llg, 0, [[EH]]V :E[[EH]]V,[[OH]]V

H T L guarantees that the high-level va-interpretation of
entity L behaves like entity H when in context x € =, and
L only Oy observationsare are made. J

a ~ Wb
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Subset Morphisms
-

1. Subset of relational semantics
=a X Op € =¢c X Oc

(@) [-J(zc\=,,00\0,) €Mbeds the abstract in the concrete
(b) vA(Zc\=a, Oc\On)_ projects back to the abstract
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a -€ a ~€ \ >E
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b -f p————f b\\ —f
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Subset Morphisms
B -

1. Subset of relational semantics
=a X Op € =¢c X Oc

(@) [-J(zc\=,,00\0,) €Mbeds the abstract in the concrete
(b) vA(Zc\=a, Oc\On)_ projects back to the abstract

ZA Ona =c Oc¢
a - a -
..‘Y
b >f b >
C ~J C >0
2. X

3. What is unusual is the addition of new observations J
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What have we found out?
-

Data refinement (guarded ops) is not sF refinement
Refinement can add Features or fix interpretations:

s 1SO-Z fixed to WoD-Z or BoD-Z

» add new operations

s Mmix operations of different interaction style

s fix size of data type

s change atomic operations into value passing

Much of retrenchment can be done by refinement

Implement one style of interaction using another style of
Interaction

Handshake process algebras (CSP,CCS...) differ from
most models in how they define determinism J
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Deterministic Entities

-

The behaviour of a deterministic entity in a deterministic
context is determined.

Let =, be the set deterministic contexts:
D Is deterministic iff [D]=, o IS a function.

| is Implementable iff it is deterministic

These definitions in special theories:

» QOperations - as expected

s ADT ( B machines) - as expected

» Broadcast processes - as in CBS Prassad
» Handshake processes - Not as expected

|
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Determinism and CSP/CCS/ACP
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» Determinism as defined: n——x A n——y = x =y



Determinism and CSP/CCS/ACP
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Determinism and CSP/CCS/ACP

/ez /O— C >€» B /O— y >-€>
C a C
s—a ~0o] sC nP s—3~-0o]
b a b
< P e, “o-pb-e1 Q No-x -84

® Hoare’s view

“*nondeterminism: it arises from a deliberate
decision to ignore the factors which influence the
selection”

|
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Determinism and CSP/CCS/ACP

/ez /O— C >€» B /O— y >-€>
C a C
s—a ~0o] sC nP s—3-ol
b a b
< P e, “o-p-€;1 Q No-x -84

® Milner's comment about determinism:

“Whatever its precise definition, it certainly must
have a lot to do with predictability; if we perform
the same experiment twice on a determinate
system — starting each time in its initial state —
then we expect to get the same result, or
behaviour, each time.”
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Determinism and CSP/CCS/ACP

/ez /O— C >€» o
C a C
s—a ~0o] sC nP s—3-ol
b a b
< P e, “o-p-€;1 Q No-x -84

® Milner's comment about determinism:

“Whatever its precise definition, it certainly must
have a lot to do with predictability; if we perform
the same experiment twice on a determinate
system — starting each time in its initial state —
then we expect to get the same result, or
behaviour, each time.”

# If PIs a valid experiment then Q is not deterministic!

o |
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Determinism and CSP/CCS/ACP
=

® Our definition 1s no more than a formalisation of Milner’s
comment

-

® Deterministic behaviour Let p be a sequence of
observable events

t

[1]

det_behz(A) £ n=r A n=t = 1 =

VA € D.Vx € Zp.det_beh=_([Alx)
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® Our definition 1s no more than a formalisation of Milner’s
comment

® Deterministic behaviour Let p be a sequence of
observable events

det_behz(A) 2 n=5r A=t =1 ==t

[1]

VA € D.Vx € Zp.det_beh=_([Alx)

® As entities and contexts are “the same” this i1s condition
not a definition!
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Determinism and CSP/CCS/ACP
=

Our definition 1s no more than a formalisation of Milner’s
comment

Deterministic behaviour Let p be a sequence of
observable events

det_behz(A) 2 n=5r A=t =1 ==t

[1]

VA € D.Vx € Zp.det_beh=_([Alx)

As entities and contexts are “the same” this Is condition
not a definition!

Only handshake theories CSP/CCS/.. . do not
distinguish cause and effect in ~.

|
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Vertical implementation

-

Theory morphisms can be used to “implement” one
Interaction style on another.

-

o |
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Vertical implementation
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Implement ADTs on a Broadcast theory (layer)

b2t S o
X =0 S o __O—ab?—€ S—ith? —0—ab!l—¢€

o |
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Vertical implementation

-

Implement ADTs on a Broadcast theory (layer)

X . bgmx)s-~=——--- b ————- ~€ S——-———- b ———-- ~e
>§</ o7 '\;O S/ o .-\*O— ab? —e s— th? ..','o ab! —>e
~ rbl — rb,? - .
~0— d2 —~€
Roby < VAN Robotyy B
S——C“’O———bl———’o— dl~€ S--C-—-0--Dp1--0--(1 ~€
o . b9 o e
tbl' o— abl? —0-- g1 —€ th1! /70 ablz=o=-dl
rbl’? o =_d—1b1?
S——c--9 Rob [ g S——C-—0
c < tb2| L H]]B =8¢ Robot,

o |
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Implement ADTs on a Broadcast theory (layer)

X . bgmx)s-~=——--- b ————- ~€ S——-———- b ———-- ~e
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Operations

-

2. The Interpretation can be fixed by
(a) defining refinement and/or
(b) lifting and totalising the relations.

1. Partial relations have many interpretations.

Contexts an
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Operations

-

1. Partial relations have many interpretations.

2. The Interpretation can be fixed by
(a) defining refinement and/or
(b) lifting and totalising the relations.

3. Observing individual states is not observing behavior
{x =1,x =2,x’ = 1,x’ =2} observing a sequence of
statesis {(x =i,x' =f)}.

o |
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Operations
f 1. Partial relations have many interpretations.

2. The Interpretation can be fixed by
(a) defining refinement and/or
(b) lifting and totalising the relations.

3. Observing individual states is not observing behavior
{x =1,x =2,x’ = 1,x’ =2} observing a sequence of
statesis {(x =i,x' =f)}.

o (i, f) . () s
J ‘(j) j\
4. () () () 0

L - start — Stop

Contexts and Observa

|
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f8

as Chaos

Operations ST

interpretations - 4 with _L as Nontermination and 4 with L

a [[U]]pu— o/ a [[U]]t“— -
b b’ b b’
1 1’ 1 1/
a [Ullpg_ . [Ul_ -
b b’ b b’
1 1’ 1 1’

Partial relation

Contexts and Observa

-
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as Chaos

Operations ST

interpretations - 4 with _L as Nontermination and 4 with L

a [U]pu - . [U]w_ "
b b’ b... b’
L L 1 ik
a [U]pg o (U]l L
by b b/
[T 1 ik

+ nontermination

Contexts and Observa

-
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as Chaos

Operations ST

interpretations - 4 with _L as Nontermination and 4 with L

TR I ) P
it b/ i, b/
L A L ik
[Ulps_ | [Vl |

a ~a

b b’ b... b’
L K L ik

+ outside of precondition

Contexts and Observa

-
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Operations ST
-

f8 Interpretations - 4 with L as Nontermination and 4 with L
as Chaos

a [[U]]pu_...%a’ a [[U]]tu_...;a’
il b’ i, b/
N §J_/ e L
[Y]pe [V

a ~a

b b’ b-. b’
e §J_/ e L

Strict lifting L. as nontermination

|
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Operations ST
-

f8 Interpretations - 4 with L as Nontermination and 4 with L
as Chaos

U U
o O
b ................ )b/ b ............. ;b,
o §J_/ J_ ............. iJ_/
W, e
b b’ b.. b
J_..............':%J_/ J_.'.O ............. L

Unstrict lifting L a chaos

|
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Refineing interpretations

-

Lifting: introducing L is a subset morphism [_| o) where
lLexAnleo

-

[[U]] / [[U]]({b,J_},{b,J_}) — [[U]]puc p
>a a ;a

b ..... e .'-:;b/

J_ ............... ' éj_,

o |
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Refineing interpretations

-

Lifting: introducing L is a subset morphism [_| o) where
lLexAnleo

-

[[U]] / [[U]]({b,J_},{b,J_}) — [[U]]puc p
>a a ;a

b ..... e .'-:;b/

J_ ............... ' éj_,

[U] (46,11 .46,13) = [U]puec OT U Egp 11 46, 11)= [U]puc

o |
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Refineing interpretations

-

Lifting: introducing L is a subset morphism [_| o) where
lLexAnleo

-

[[U]] / [[U]]({b,J_},{b,J_}) — [[U]]puc p
>a a ;a

b ..... e .'-:;b/

J_ ............... ' éj_,

[U] (46,11 .46,13) = [U]puec OT U Egp 11 46, 11)= [U]puc
[Ulpwe E [Ulpun E [U]pgn & [U]ign

o |
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1. 7 not seen or blocked -  not seen or performed.



Event based unobservable

o N

1. 7 not seen or blocked -  not seen or performed.
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Event based unobservable

-

1. 7 not seen or blocked -  not seen or performed.
2. Removing ¢ operations Is Restriction _op, .
3. Removing 7 operations is Hiding or Abstraction _\T.

s—a-l—e—4  sqal e
C +\ &\ b\
2-b-3 C\{x} “2-b33

o |
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Event based unobservable

f 1. 7 not seen or blocked -  not seen or performed. T
2. Removing ¢ operations Is Restriction _op, .
3. Removing 7 operations is Hiding or Abstraction _\T.

s—a-l—c—4 Sca-l—c—4
c \, N

Q bo)
Yp-3 C\{x) So-p33

4. Three ways to hide r-loops:

A A
. . . X s S

(a) Fair - CCS,ACP, Fair Failure \/é a/ \

(b) Chaotic - CSP= Eager Lazy &

L (c) Chaos free CFFD,NDFD
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Conclusion

o N

# We have built a General Theory

#® The General Theory can be specialised to known
theories

o |
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Conclusion

o N

# We have built a General Theory

#® The General Theory can be specialised to known
theories

# By implementing this General Theory as a tool we could
have a common back end to many special tools

o |
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