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Abstract. One of the major improvements of UML 2.0 over UML 1.5 is the
reengineering of Activity Diagrams. It is claimed in the standard that they now
have a Petri-net like meaning. In this paper, this claim is examined by defining a
denotational semantics for Activities based on Colored Petri-nets. The definition
closely following the UML 2.0 standard. It covers flat control-flow, and data-
flow, but excludes exception-handling, expansion-regions, and procedure-calling.
Going along, several points are raised that require clarification in the standard.
Keywords: UML 2.0, Activity Diagrams, denotational semantics, data-flow,
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1 Introduction

1.1 Motivation and goal

Modeling business processes and workflows is an important area in software engineer-
ing, and, given that it typically occurs very early in a project, it is one of those areas
where model-driven approaches definitely have a competitive edge over code-driven
approaches. Activity Diagrams are widely considered as appropriate for this task, and
similarly, they are the natural choice (within the UML), when it comes to modeling
web-services, and system-level behaviors.

Compared to UML 1.5, the concrete syntax of Activity Diagrams in UML 2.0 has
remained mostly the same, as far as flat control-flow is concerned. Everything else,
however, has changed dramatically. The changes affect the concrete syntax of data-
flows, all of the abstract syntax, and, particularly, the semantics: while in UML 1.5,
Activity Diagrams have been defined as a kind of State Machine Diagrams, there is now
no such connection between the twéctivity replaces ActivityGraph in UML 1.5.

(cf. [24, p. 292]) and Activities are redesigned to use a Petri-like semantics instead of
state machin€qcf. [24, p. 292]). But is the semantics reallipétri-like’? How far does

the analogy reach: to which degree can Petri-nets actually be considered the semantics
of Activity Diagrams?

1.2 Approach

In order to find out, we examine the UML 2.0 standard and try to define a formal
semantics in terms of Petri-nets. Traditional P/T-nets, however, are not suitable since
Activity Diagrams also feature procedure-call and data-flow facilities. While the issue



of procedure-calling has been addressed in [31] using the notion of procedural Petri-net
systems, this paper turns towards the data-flow issue. There are several extension to
the basic Petri net model that are capable of modeling data-flow, generally subsumed
under the title of “higher-order nets” [20], with [19, 16] probably being the best known
dialects.

1.3 Related work

While there is a rather large body of work on UML 1.x Activity Diagrams, it seems
that so far, hardly any work (except [3] and [31]) has been published on the UML
2.0 Activity Diagrams—and the UML standard has been written from scratch as far as
Activity Diagrams are concerned. Yet, some considerations and ideas of previous works
still apply, and so it is worthwhile looking at the previous work on UML 1.x Activity
Diagrams, too. Here, there are four distinct categories of contributions.

First, there are “pragmatic” approaches that look into the pragmatics of Activity
Diagrams, examining their usage either for comparing the expressive power of Activ-
ity Diagrams with that of (commercial) workflow description languages and workflow
management systems (e.g. [8, 1, 14]), or for examining their methodological relation-
ship to other diagram types of the UML (e.g. [27]). The main contribution of these
approaches lies in exploring the potential of Activity Diagrams for certain purposes,
and to interpret and develop the standard in such a way that the specific requirements
of some particular purpose are better realized. While indeed discussing some semantic
issues in doing so, the approaches in this category do not provide a semantics. Also,
the new standard now defines the semantic model in mind—Petri nets—and lists the in-
tended usage areas of Activities, namgbydcedural computatioris” workflows, and
“system level processeggf. [24, p. 284]). Thus, considerations as to the appropriate-
ness of particular semantic domains or about the modeling requirements of one way of
modeling versus the other have now become obsolete.

Second, there are some approaches (e.g. [28]) that treat Activity Diagrams as a sub-
class of StateMachines, as declared by UML 1.x. This has always been a controversial
issue, and has now disappeared from the standard.

Third, there are “operational” approaches, defining the meaning of Activity Dia-
grams “by interpreter”, that is, to give them a meaning in terms of some execution
mechanism such as a (commercial) workflow execution system, or a more or less for-
mal execution algorithm (cf. [12, 11]) or analysis procedure (cf. [21, 9, 30, 10, 13]).

Fourth, there are those contributions that define a formal semantics in the proper
sense, that is, some kind of mapping from Activity Diagrams or ActivityGraphs into
some formal domain, e.g. [2,6,5,4,9, 10, 15]. These approaches may be categorized
along the following three axes:

domain the semantic formalism into which Activity Diagrams are mapped,;

rigor the degree of formality employed in defining the mapping, ranging from a set
of examples to a mathematical function;

expressivenesghe degree of coverage of Activity Diagram notions that is mapped,
i.e., control-flow, non well-formed control flow, data flow, and hierarchy
(flat/macro-expansion-style vs. procedure call).



See Figure 1 for a direct comparison of the contributions of the last two categories.

authors, referencesemantic stylssemantic domain expressiveness rigor
control flow data flowhierarchy
Allweyer et al. [1] |by example - wf Vv Vv low
Apvrille et al. [2] |by algorithm LOTOS wf - - medium
Borger et al. [6] |denotational ASM wf - Vv |medium
Bolton & Davies |by compiler CSP wif - - low
[4.5]
Eshuis & Wieringainformal algorithm wf, nwf - - high
[9,10] T
Eshuis & Wieringaby algorithm LTS wf, nwf - - high
[12,11]
Gehrke et al. [15] |by example PN wf, nwf ) - mediur
Rodrigues [30] |informal FSP wf - - low
Lietal. [21] by algorithm LTS wif ) - high
Stirrle [31] denotational | procedural PN| wf, nwf - Vv high
[this paper |denotational | colored PN | wf,nwf [ v/ | - [ high |

Fig. 1. Comparative categorization of the previous work (wf means well-formed, and nwf means
non well formed, other abbreviations explained in text).

Let’s look at some of the contributions of the fourth category in more detail. Gehrke
et al. [15] also use Petri nets as their semantic domain, but interestingly, they use places
to represent ActivityStates (Activities in UML 2.0), possibly misled by the passive
sounding name in the UML 1.5 metamodel. Their work being focused on other issues,
Activity Diagrams are treated only in passing and many interesting features are left out,
including hierarchy and data-flow.

Borger et al. [6] use Abstract State Machines as their semantic domain, and this is
the only other semantics that treats SubactivityStates, i.e. procedure calling of Activ-
ities. However, the mapping is only given by example, based on concrete syntax and
excludes non well-formed control flow. And, of course, it is based on UML 1.3, not on
UML 2.0.

Eshuis and Wieringa [9, 10] have published a spate of papers dealing with various
aspects of Activity Diagrams, including a kind of operational semantics using labeled
transition systems. Again, hierarchy and data-flow are left out. See Figure 1 for a com-
parison of the approaches mentioned.

Surprisingly, all of the formal semantics have left out data-flow, possibly underes-
timating both the practical importance and the theoretical richness of this aspect. For
practical purposes, modeling of data-flow is instrumental—industrial applications sim-
ply need this facility in all but the simplest settings. This is acknowledged by the fact
that authors with a practical background (like [1]) include this aspect.

! These authors also cover other aspects of practical value which, unfortunately, cannot be cov-
ered here due to lack of space.



The same is true for industrial workflow definition languages, and for languages for
describing web-services (cf. [26, 35, 22]) even if they lack industrial perspective.

2 Activity Diagrams in UML 2.0

In this section, we discuss Activities in UML 2.0 with a particular emphasis on the
differences to UML 1.x. The Activity Diagram shown in Figure 2 (abridged from the
standard) will serve as a running example throughout this paper.

receive order

Order ]
{reject}

[accepted]

fill order ){orderfill ()}

v

{order.pay() }

T

(e )¢—(_close order ){orderclose()}

Fig. 2. A sample Activity Diagram with data-flow annotation, adapted from [24, p. 303, Fig. 219].

2.1 Concrete syntax

The concrete syntax of Activity Diagrams is changed only slightly with respect to
control-flow, but has some interesting (and problematic) differences with respect to
data-flow. One notable extension is the flexibility now provided by swim lanes, which
are close to simulating a kind of use case maps (cf. [7]). It does not influence the be-
havior of an Activity, however, and may thus be ignored here. SubactivityStates have
vanished, nesting now being accomplished by calling subordinate Activities from the



Actions that define the behavior of superordinate Activities. Control-flow is now de-
noted by ObjectNodes and ObjectFlows.

The standard allows three different notations for data-flows (cf. Figure 3). First,
there is a notation similar to that of UML 1.5, where data-flows are specified explicitly.
The only difference in UML 2.0 is that dashed arrows have been replaced by solid

) CJC JC

| {expr} {expr} Typer {expr}
[guard] [quard] [guard]
A4 effect
™ |ow
| {expr} {expr} {expr}
[guard] [guard] [guard]

C ) COCOC

Fig. 3. Concrete syntax for data-flows: UML 1.5 notation (left), and in alternative equivalent
UML 2.0 notations (all others), including “attached data-flow"-, and “pin”-notations (third and
fourth).

Second, there is a simplified version that allows to attach a data-flow item to a
control-flow edge, speaking in terms of visual representation. This notation is particu-
larly convenient from a practical point of view since with this notation, it is very easy
to first specify control-flows and then later to selectively add data-flows, leaving the
control-flow untouched. In fact, there are similar procedures for many other parts of the
UML, one can view this as give rise to a kind of incremental methodology.

It is not entirely clear though, what this notation really means. Two interpretations
are possible. First, “attaching” an ObjectNode to an existing ActivityEdge could be
interpreted as introducing the ObjectNode and two ObjectFlows to and from it (the Ob-
jectFlows are not represented visually). Second, it could be interpreted as introducing
the ObjectNode andeplacethe one ActivityEdge by two ObjectFlows. The first in-
terpretation seems to be closer to the intuition, particularly to the incremental method
of creating Activity Diagrams hinted at above. The second interpretation, on the other
hand, would avoid “invisible” arcs. Either interpretation, however, only affects the tran-
sition from concrete to abstract syntax, but not the one from abstract syntax to seman-
tics.

Third, data-flows may be specified using Pins, cf. Figure 3 (right). Pins are a sub-
class of ObjectNode, and act as as a kind of “parameter” of Activities (that may be
called by the Actions that are executed in lieu of the ActivityNodes that have the Pins).
The purpose of this notation becomes more understandable in the context of procedure
calling, see Figure 4.



Fig. 4. Pins are are ObjectNodes for refinement.

The standard is not very explicit about the inscription language. In fact, there is not
a single example of the concrete syntax, and references to the “action semantics” are
scarce. So, we more or less had to make up an inscription language. It is fairly straight-
forward, and close to Standard ML [25] for practical reasons. The details are explained
in the section on data-flow. The standard also does not specify timing annotations.

2.2 Abstract syntax

The metamodel for Activities has been redesigned from scratch in UML 2.0. The main
concept underlying Activity Diagrams is now called Activity aneplaces Activity-
Graph in UML 1.5? (cf. [24, p. 292]). Activity is not a subclass of StateMachine
any more, but is fedesigned to use a Petri-like semantics instead of state machines.
(cf. [24, p. 292]). The metamodel defines six levels increasing expressiveness. The first
level (“BasicActivities”) already includes control flow and procedurally calling of sub-
ordinate Activities by ActivityNodes that are in fact Actions (see Figure 5), the second
level (“IntermediateActivities”) introduces data flow. This paper is restricted to Basi-
cActivities.

The basic two entities are Actions and Activities. While an Actithe fundamen-
tal unit of executable functionalityfcf. [24, p. 280]), an activity providesthe coordi-
nated sequencing of subordinate units whose individual elements are a¢ttrj24,

p. 280]). This coordination is captured as a graph of ActivityNodes connected by Activ-
ityEdges (see figure 5). Data-flow is represented using ObjectNodes and ObjectFlows,
which are subclasses of ActivityNodes and ActivityEdges, respectively. See Figure 5
for the portion of the metamodel relevant for Activity Diagrams. For all instances of
metaclasses, we the usual dot-notation is used to access the fields of the instances, i.e.,
to extract the state of a given ObjectNagleve writeo.inState and so on.

For convenience, we assume that an Activity is presented as a graph in the
mathematical sense, i.e., in the for(dctivityNodes, ActivityEdges), where the
ActivityNodes and Activity Edges are again partitioned into the respective metaclasses.
That is, ActivityNodes is really a tuple{EN,iN, f N, BN, CN, ON) again, where:

EN the set of ExecutableNodes (i.e. elementary Actions);
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effect: {C, R, U, D}

FinalNode TypedElement
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MergeNode
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Fig. 5. A small portion of the UML 2.0 metamodel: Activities either have Actions or a graph of
ActivityNodes and ActivityEdges (left); kinds of nodes and edges (right).

iN, fN the InitialINodes and FinalNodes (of which there may be only one);

BN the set of branch nodes, including both MergeNodes and DecisionNodes;

CN the set of concurrency nodes, subsuming ForkNodes, JoinNodes and
ForkJoinNodes;

ON the set of ObjectNodes;

and ActivityFEdges is a pair(AE, OF), where:

AE the set of plain ActivityEdges between ExecutableNodes and ControlN-
odes;

OF the set of ObjectFlows between ExecutableNodes and ControlNodes on the
one hand, and ObjectNodes on the other.

So, all in all, Activities have the forf EN,iN, fN, BN,CN,ON), (AE,OF)).

2.3 Intuitive semantics

The semantics has changed even more than the abstract syntax: Activitiesseowa “
Petri-like semantics instead of state machihésf. [24, p. 263]). Unfortunately, the
standard does not elaborate on this promising statement. So, the semantics defined in
this paper is also an attempt to fill in the blanks.

3 Semantics of control-flow

In this section the formal semantics of basic control flow is defined, that is, sequencing,
branching, and concurrency. In order to keep this semantics simple, we impose some re-
strictions on the concrete syntax. So, it is assumed that merging control flows is always



properly modeled by a MergeNode (see the DecisionNodes of the Activity Diagram in
Figure 7). Procedure calling is ignored here—the treatment in [31] is orthogonal, and
may thus be added ad lib. Also, connectors, and send, receive, and time events are omit-
ted. We demand, that there are unique initial and final nodes in Activities. Finally, we
require that all elements are named with globally unique names.

3.1 Semantic domain

The standard declares thaf\ctivities are redesigned to use a Petri-like semantic
(cf. [24, p. 281]). Thus, we define the dom&N of Petri net as a tupléP, T, A) where
P, T, andA have the usual meanings (places, transitions, and flow arcs, see [23]).

3.2 Semantic mapping

For basic control-flow of Activities, the mapping is rather simple. Intuitively, Exe-
cutableNodes become net transitions, ControlNodes become net places or small net
fragments, and ActivityEdges become net arcs, possibly with auxiliary transitions or
places. See Figure 6 for an intuitive account of the translation.

The formal semantics is also straightforward. Recall that the abstract syntax repre-
sentation of an Activity has the structw@ N, iN, fN, BN,CN,ON), (AE,OF)).
The translation for basic Activity Diagram thus [iENodes, Edges)]|cr = (P, T, A)
where

P={iN,fN}UBN U {p,|a € Edges,{a1,a2} N (EN U CN) # 0},
T =ENUCN U {t,|a € Edges,{a1,a2} C BN U{iN,fN}},
A= {<x(from,to)7 t0>7 <fr0m7x<from,to>> | <f7n0ma t0> € Edges}7

similar to the definition presented in [31]. Observe that the semantic function is indexed
CF to indicate that this is the control-flow translation.

We use the shorthangl anda; to denote the first and second element of a pair.
Observe that ActivityEdges are used as indexes for names for some PN places—this
might seem awkward at first, but it simplifies the definition. For the resulting Petri net,
the tuple is treated as an atomic symbol, and just serves as an index to create a unique
name.

For an example, reconsider the Activity from Figure 7 and its translation into a
colored Petri-net shown in Figure 8. For the time being, ignore the inscription, and
consider just the net-structure. A more detailed definition of the control-flow semantics
with additional aspects is presented in [31].

4 Semantics of data-flow

As for the mapping for control-flow, there are also restrictions we impose for data-flow.
First, we use one notation for data-flow only, namely the one with ObjectFlows attached
to ActivityEdges (third variant in Figure 3). All other notations are considered as syn-
tactic sugaring. For simplicity, we assume that there are no data-flows ActivityEdges
from InitiaINodes and to FinalNodes, though this would translate nicely into Petri-nets.
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Fig. 6. The intuition of the semantic mapping for control- and data-flow of Activities.

Then, only those ObjectNodes and ObjectFlows are translated, that are actually
present in an Activity. Implicit ObjectNodes and ObjectFlows that a human observer
might add in his mind are not translated. In practical settings, one would rarely fill in
all the details of an Activity Diagram, but expect a human to understand the intuition.
Figure 2 shows an example for this: a human reader would simply gloss over the incom-
plete and sloppy annotation. For a formal semantics, this can not be tolerated, however.
So, for the purpose of this paper, we assume that no elements are elided. The complete
and correct example would thus be as shown in Figure 7.

Here, we have also added a minuscule class diagram that specifies a signature which
for a concrete executable model will be turned into something like a Sigma-algebra for
the inscription language later on.

4.1 Semantic domain

The data-flow facilities of Activities may be represented by any dialect of high-level
Petri nets [20, 19, 16]. For pragmatic reasons—availability of good tool support to name



{o.init()} o.Order[ ]

Order [ Jo: Order

filled: Bool

billed: Bool o: Order[ ]

paid: Bool

shipped: Bool fill order

reject(): VOi(.j |:|°3 Order {0.ﬁ||()}
accept(): void v

same (Order): Bool .

fill (Order): Order Order (1] .,|:.|o. Order
bill (Order): Order — send invoice )

pay (Order): Order ( Shlp g°°d5 |:| - ord
ship (Order): Order . Ord o Eo_e[;i”()}
same (Order, Order): Bool o: Order[ ] recelvea ment

init (Int): Order o.shi .,

join (Order, Order): Order { P()}‘ [0.id = 0'.id] [Jo': Order

y {o'.pay ()}
[TOrder {join(o, 0')}

{o.close()} <
0:Order  |[_1Order

(D= dlose order)

Fig. 7. A more diligently specified version of the Activity Diagram presented in Figure 2.

but one—colored Petri-nets (CPNs) are chosen as the semantic domain here (see Fig-
ure 8 for an example).

Definition 41 (structure of colored Petri-nets)
Atuple (N, SigAlg, color, guard, effect) is a colored Petri-net (CPN), iff

N is a Petri ne{ P, T, F) of places, transitions, and flow arcs;

SigAlg is aX-algebra(X, Op) of sorts and operations;

color is a total functionP — X assigning a type ¢olor”) to each place;

guard is a total functiorl’ — Expr assigning a boolean expression to each tran-
sition;

effect  is a total functionA — FExpr assigning a expression to each arc, its type
being the color of the place of the arc.

For conveniencegolor, guard, and effect may be specified partially, with black-dot
tokens as the default. That is, dblor(p) is undefined, therolor(p) = TOKEN is
intended, and analogously fot.ard andeffect. m



order

color ORDER =
product INT * BOOL * BOOL * BOOL * BOOL;

var id: INT;
var order, order2: ORDER;

fun init () = (1, false, false, false, false);

fun £fill (ol:ORDER) :ORDER =

(#1 ol, true, #3 ol, #4 ol, #5 ol); order order

fun bill (ol:ORDER) :ORDER =
(#1 ol, #2 ol, true, #4 ol, #5 ol);

fun pay (ol:ORDER) :ORDER =

ORDER
(#1 ol, #2 ol, #3 ol, true, #5 ol);

order

fun ship (ol:ORDER) :ORDER =

] (#1 o1, #2 ol, #3 ol, #4 ol, true);

bill (order)

fun same (0l:ORDER, 02:ORDER) :BOOL =
(#1 ol)=(#1 02);

fun join (0l:ORDER, o02:ORDER) :ORDER =
(#1 o1, #2 ol orelse #2 o2,
#3 ol orelse #3 o2,
#4 ol orelse #4 o2,
#5 ol orelse #5 02);

ORDER

[ same (order,order2) ]

order2

join (order, order2)

order

Fig. 8. The Petri net representing the Activity of the Activity Diagram in Figure 7 (right).

The definition of the behavior of CPNs is a little more complicated, as we now need
to take into account the values of tokens and the meanings of operations on them. A
marking of a CPN is multiset (or word) ovéip,v) |p € P,v € color(p)}. As we
lack the space for a complete definition, we have to make do with an example: consider
Figure 9 for a sample run of the net of Figure 8, representing the Activity Diagram of
Figure 7.



Formally, the Class Diagram shown in Figure 7 (left) maps into a signatusand
that is all we know about the inscriptions. At some point during refinement of the ini-
tial Activity Diagram, however, the modeler must provide more details. For simplicity,
we assume that this is done in terms of code fragments that define the meaning of the
sort- and operation-symbols of. See the text to the upper left of the net in the exam-
ple shown in Figure 8. Since we use G@N Toolset, the programming language of
these code fragments is Standard ML [25]. Observe that by convention, E is type of the
traditional black-dot token. The net in Figure 8 is fully operational.

Observe, that the net-elements for CPNs are orthogonal to those of procedural petri
nets. Thus, the semantics for data-flow defined here may be combined with procedure
call semantics defined in [31].

4.2 Semantic mapping

Intuitively, the semantic mapping creates a net place for an ObjectNode, their type (a
Classifier) becoming the place’s color. ObjectFlows are simply net arcs, their guards
are moved up- or downstream to the next net transition. The effects, selections and
transformations remain at the resulting net arc. See Figure 6 for an intuitive account of
the translation.

Now we may supplement the definition pf - from above by the mapping]pr
for translating the data-flow. It is defined as follows.

[(Nodes, Edges)| pr = (N, SigAlg, color, guard, effect)
WhereNop = <PCF7TCF7ACF> = [[<N0d€8, Edg85>]]cp in

N :<PCFUON,TCF,ACFUOF>

SigAlg = ({o.type | 0 € ON}, {a.transformation |a € OF})

color = {o+ o.type|o € ON}

effect = {a — a.transformation |a € OF'}

guard = {t— N\, neor a-selection A\, ,ycor a-selection|a € OF }.

Recall thatNodes = (EN,iN, fN, BN,CN,ON) andEdges = (AE,OF).

At this point, it is time to have a closer look at the inscription language. Keep in
mind, that the standard does not specify a concrete syntax for the inscriptions. In Fig-
ure 7, there are basically three kinds of inscriptions. First, there are type declarations on
ObjectNodes, some of which declare a variable (in the example simply called o) repre-
senting instances of the type that may reside in the ObjectNode. The types correspond
directly to the colors of the respective net places, and the variables of the ObjectFlows
adjacent to an ActivityNode constitute the name space for the Action the ActivityNode
executes (assuming it is an ExecutableNode).

Second, there are effect functions in curly braces on ActivityEdges. All we can
reasonably know about them is that they work on a given name space, changing the state
of some of the objects in it, possibly augmenting or reducing the name space in doing
so. The modeler must fill in the exact meaning of these functions, the effect expressions
are simply handed down through the translation and mapped into effect expressions
attached to the arcs going out of the transition representing the ActivityEdge.



Third, there are guard functions in square brackets on ActivityEdges. They sim-
ply access the name space, and may read states of the objects in it. Again, the exact
meaning is up to the modeler, and the expressions are turned into guards (boolean ex-
pressions) over the variables defined by the arcs adjacent to the transition representing
the ActivityEdge.

If o.upperBound is defined for an an ObjectNode o, it translates into a place capacity
of the place representing o (canonical construction).

Initial and final markings for the CPN resulting from a translation could be con-
structed by restricting the corresponding places to color TOKEN, (i, e) and
(fN,e), see Figures 8. A sample run of this net is shown in Figure 9.

(iN, e)
| receive_order,e = o
<p17 <17H7 ff? ff? ff>>
| fill_order, order = (1, ff, ff, ff, ff)
(p2, (1, tt, fF, fF fT))
| fork, order = (1, ff, ff, ff, fT)
(ps, (1, tt, fF, fF, ) (ps, (1, tt, fF, T, fT))
| send_invoice, order = (1, tt, ff, ff, ff)
(ps, (1, tt, fF, fF, fT)) (ps, (1, tt, tt, fF, fT))
| ship_goods, order = (1, tt, ff, ff, ff)
| receive_payment, order = (1, tt, tt, ff, ff)
(pa, (1, tt, £, fF, tt)) (p7, (1, tt, tt, tt, fT))
| join, order = (1, tt, ff, fT, tt),
order2 = (1, tt, tt, tt, ff)
(ps, (1, tt, tt, tt, tt))
| close_order,e = o

(fN,e)

Fig. 9. A run of the net in Figure 8, representing the Activity Diagram of Figure 7.

From a Petri-net point of view, the net in Figure 8 is very dull indeed, as it has
only a single net process, and only three (terminal) traces. It would be very easy to
increase the initial marking,thus allowing several Orders to flow through the system
concurrently. The way the net is modeled, different Orders would be isolated by their
identifiers (the first element in the tuple denoting the object state of instances of Order).
In fact, the way they are defined now, Activities are closer to workflow instances than
to workflow types.

Having larger initial markings would also allow to apply formal analysis and ver-
ification techniques on Activities (cf. [9, 10, 13]) in a natural way. In particular, time
analysis (see e.g. [21])and stochastic analysis, but the standard does not treat these is-
sues. Itis not obvious, how the concrete and abstract syntax are best extended to include
such information in a satisfactory way.



The JoinNode.joinSpec defaults to “and”, and so JoinsNodes are translated as reg-
ular transitions. Any exceptions from this rule (see e.g. [24, Fig. 264, p. 341]) must
be specified explicitly, and may be translated into guards of the transition representing
the JoinNode. Interestingly, there is no corresponding construct for ForkNodes, i.e., for
splitting up sets of values to concurrent streams of tokens. This might be interesting in
conjunction with streaming/buffering.

5 Conclusions

In this paper, a denotational semantics of Activities in UML 2.0 is defined based on
colored Petri-nets. The semantics covers flat control-flow and data-flow, but not proce-
dure call, exception handling and other advanced features. Since CPNs are orthogonal
to procedural Petri-nets, the semantics for procedure calls of Activities as defined in
[31] can be easily combined with the data-flow semantics presented here.

There have been several proposals for semantics of Activity Diagrams in UML 1.x
so far, but none for UML 2.0. Some of proposals however interpreted the old standard
rather liberally, and therefore still fit the new standard to some degree. These proposals,
however, generally do not cover data-flow.

There are some questions raised by the results in this paper. First, behavioral
descriptions must be aligned with static and functional descriptions, i.e. use cases,
parts/ports (“architecture diagrams”), and classes. The same applies for inscriptions
in various parts of the UML.

Second, the standard defines three fundamentally different, but tightly integrated
views of behavior: StateMachines, Activities, and Interactions. Their formal semantics
should also be compatible, but it is currently unclear, how this is best achieved. Some
of the problems are:

— Each of the views has its own “natural” semantic domain, e.g. sequences for Inter-
actions, Petri nets for Activities, and state machines for StateMachines. Bringing
them together in a way that is meaningful for intuition and useful for practical pur-
poses raises a number of issues.

— While most of the simpler parts of UML 2.0 Interactions are fairly well understood
by now (cf. [33, 34]), there are definitely open questions both for Interactions (cf.
[32]) and Activities. Also, even if at first sight, StateMachines don’t seem to have
much changed from UML 1.5 to 2.0, this must be examined, and possible repercus-
sions to the other parts of the behavioral semantics must be assessed.

Third, we have seen that it is quite straightforward to defineedri-like semantics
for simple Activities with only control-flow. But already for data-flow, some problems
popped up (workflow type vs. instance, inscription semantics, initial markings/data-
flows on initial edges). For the other, more powerful constructs proposed in the stan-
dard, it is entirely unclear whether a semantics may be defined based on Petri-nets—
think of exception handling (InterruptibleActivityRegion), isolated concurrency (Ex-
pansionRegion) and transactionality (StructuredActivityNode, LoopNode) in their var-
ious flavours. There might be a way of uniformly treating these by net unfoldings and/or
procedure calling, but this definitely requires further work.
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