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Semantics of Positive Fragment
» based on pomsets

t=pB if t € lin(B)

t |:p strict(S;, &) if dty, .t e |in(t1 ; tz) A1y ):p SN ):p S
t |:p seq(Sl, SQ) if Elt]_,tz .te |in(t1 13 tz) Al ):p S_L Nt ):p Sz
t ‘:p par(Sl, Sz) if Eltl,tz .te |in(t1 ” tz) Al ):p S_L At ):p Sz

tepalSL,S)  iftEpSIViE S

» same as in Storrle’s and the STAIRS approach

» similarly for other interaction operators
(opt, loop, ignore, consider, break, critical)
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Semantics of Negation: Positive Satisfaction

t =p neg(S ift=c¢
t =passert(§ iftl=pS

» same as in the STAIRS approach
» for every interaction there is a positive trace
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Semantics of Negation: Negative Satisfaction
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Semantics of Negation: Negative Satisfaction

t F=n seq(S1, &)
if 3tg, . telin(ty;=t2) A ((th En S1) A (2 ):p SV EnS))V
(b Fp S AL )

seq La Negative traces (STAIRS)

: »a-b-t foralteT

L= > » a-b-c
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Semantics of Negation: Negative Satisfaction

tEnalt(S,S) ftEnSIAtES
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Semantics of Negation: Negative Satisfaction

tEnalt(S,S) ftEnSVtES
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Negative traces (STAIRS)
> none

> a



Semantic Properties

» There are inconclusive traces
» strict(—, —) and seq(—, —) associative
» par(—, —) and alt(—, —) associative and commutative
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Semantic Properties

» There are inconclusive traces
» strict(—, —) and seq(—, —) associative
» par(—, —) and alt(—, —) associative and commutative

Overspecified interactions JteT.t=p SAtE=nS

sd
ex]yy)
strict) ? ?
neg) | .
=
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Reduction to Positive Satisfaction

Replace neg(—) by Empty a(9)
> e.g. o(neg(S) = Empty
> t=p S iff tl=po(9
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Reduction to Positive Satisfaction

Replace neg(—) by Empty a(9)
> e.g. o(neg(S) = Empty
> t=p S iff tl=po(9

Introduce classical negation not(—)

> t=pnot(§ if thp S
» derived operators and(—, —), Any, None

Express negative satisfaction by positive satisfaction v(S)
> e.g. v(strict(S;, S)) = alt(strict(v(Sy), Any), strict(c(S1), v(S2)))
> tE=nS iff t=p (9
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Implementation of UML 2.0 Interactions

Process | implements interaction S =S
» Jtelin(l).t=S
» vtelin(l).t=n S

In UML 2.0 e.g., cooperating state machines

Alexander Knapp: UML 2.0 Interactions



Implementation of UML 2.0 Interactions

Process | implements interaction S =S
» Jtelin(l).t=S
» vtelin(l).t=n S

In UML 2.0 e.g., cooperating state machines

» Unimplementable strict(neg(B), B)
» Overspecified interactions may be implementable
alt(strict(neg(B), B), strict(neg(B), B'))
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Refinement of UML 2.0 Interactions
Model-based notion of refinement

Interaction S refines interaction S S~ 8
»Viel.l=ES=1ES
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Refinement of UML 2.0 Interactions
Model-based notion of refinement

Interaction S refines interaction S S~ 8
»Viel.l=ES=1ES

Example at(S, )~ S and at(S, )~ S

Properties of S~ S
» Less positive traces
VteT. .t SVtEnS=tEp SVt S
» More negative traces if S implementable
VteT.tEnS=>tERS
» Keeping a positive trace if S implementable
JteT.tp SAtE S
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Comparison to STAIRS Approach

Interaction S STAIRS-refines interaction S S-S
>ty S=tEpSVtER S
>t ':n S=t ):n SI

» encompasses “narrowing” and “supplementing”
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Comparison to STAIRS Approach

Interaction S STAIRS-refines interaction S S-S
>ty S=tEpSVtER S
>t ':n S=t ):n g

» encompasses “narrowing” and “supplementing”

In general, ~~ and > incomparable

> S neg(S but S+ neg(§
» par(§ S) # strict(S S) but par(S S) ~ strict(S S)
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Ongoing Work

» Compositionality of refinement
S~p§ S~S

seq(St, ) ~+p seq(S;, ) seq(Sy, ) ~» seq(St, S))

» Operational semantics

» Sound and complete global operational semantics
» Process-oriented, local operational semantics

(alt) I : alty(S1, S) “p S

if2¢ h(p,f) Ab = h[(p,f) — {1}]
(@) I : alty(S1. S) Sp S

if 1¢ h(p,f) Ab = h[(p,f) — {2}]

» Equational theory
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Conclusions and Outlook

» Semantics of UML 2.0 interactions
» Implementation and refinement relations
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Conclusions and Outlook

» Semantics of UML 2.0 interactions
» Implementation and refinement relations

» Implementation relation in UML 2.0

» based on, e.g., one of the formal semantics for state machines
» points of interaction: event occurrences

» Relation to OCL(/RT)
» points of interaction: message specifications
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