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Abstract. A contract specifies an interorganizational process together
with a distribution of responsibilities for the activities among the parties
involved. In this paper, we formally show how a party can implement
its part of the contract such that the implementation accords with the
contract. We propose a formal notion of a contract and give a criterion
for accordance between a local implementation and a contract such that,
if all local implementations accord with the contract, the overall process
is deadlock-free and it is always possible to terminate properly. Then, we
sketch a technique for automatically checking the proposed accordance
criterion. Finally, we present accordance-preserving transformation rules.
These rules can be used to implement a part of the contract while pre-
serving the accordance criterion.

1 Introduction

Today’s corporations often must operate across organizational boundaries. Phe-
nomena such as e-commerce, extended enterprises, and service-oriented comput-
ing stimulate cooperation between organizations [1–8]. Therefore, the importance
of workflows distributed over a number of organizations is increasing [9–12]. In-
terorganizational workflow support offers companies the opportunity to re-shape
business processes beyond the boundaries of their own organizations. However,
interorganizational workflows are typically subject to conflicting constraints. On
the one hand, there is a strong need for coordination to optimize the flow of work
in and between the different organizations. On the other hand, the organizations
involved are essentially autonomous and have the freedom to create or modify
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workflows at any point in time. To address this issue, the notion of a contract in
the form of an agreed upon process model was introduced in [9, 10], for instance.

To illustrate the idea of having a contract, we use the example shown in
Fig. 1(a). The example shows a contract expressed in terms of a Petri net [13].

The Petri net is partitioned over three parties: customer, supplier, and shipper.
Each party has a part of the contract which can be seen as a service. Different
services are connected through interface places that model asynchronous message
passing. Interface places model message buffers and are depicted on dashed lines
in Fig. 1(a). As a formalism, we use open workflow nets (oWFNs) [14] which
extend the well known concept of workflow nets (WFNs) [15] with interface
places. However, the concepts are not limited to oWFNs and can be translated
into other languages using message passing as a communication paradigm.
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Fig. 1. The running example.

In our example, the customer creates an order (transition a). As a result,
the supplier sends a notification to the shipper (transition g). After sending the
order, the customer sends the delivery address. Then, the supplier makes a choice
by selecting the desired form of shipment. This is signaled to the shipper by
sending either a normal shipment request or a priority shipment request. In case
of a priority shipment, the shipper sends a confirmation shipment to the supplier
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and only then the supplier sends an invoice to the customer. For normal orders,
there is no confirmation and the invoice can be sent immediately. Then, the
customer pays (payment) and receives the shipment.

Assuming a contract as shown in Fig. 1(a), each party will implement its part
(its public view) of the contract. Clearly, the implemented version, the private
view, may deviate significantly from the public view. For example, the task rep-
resented by transition a may be implemented by a subprocess containing dozens
of detailed activities that are only of local interest. Obviously, this local mod-
ification has to accord with the contract. In [10], however, it was shown that
this local modification is a nontrivial task as it may cause global errors such as
deadlocks. For example, changing the order of transitions d and e in Fig. 1(a)
leads to a deadlock in the process. To guide the user during the modification
process, in earlier work [16, 17], it has been proposed to use projection inheri-
tance for WFNs for relating the actual realization of a contract to the contract
itself [9, 10]. Projection inheritance (see [16, 17]) uses abstraction and branching
bisimulation as a mechanism to establish subclass-superclass relationships be-
tween processes. In contrast to many other notions of inheritance, it primarily
addresses the dynamic behavior rather than data types or method signatures. It
was proven that if private and public view are related by projection inheritance,
then the party can execute this private view and other parties are not effected
by this change. Based on this notion, several inheritance-preserving transforma-
tion rules have been defined. These rules correspond to design patterns when
extending a superclass to incorporate new behavior: (1) adding loops, (2) in-
serting methods in-between existing methods, and (3) putting new methods in
parallel with existing methods. They can be used by a party to implement its
part of the contract while preserving projection inheritance.

However, it turns out that in practice the notion of projection inheritance is
too restrictive. This is mainly caused by the fact that projection inheritance looks
at “methods” rather than the exchange of messages. For example, when messages
are sent, their order does not really matter. This is caused by the fact that we
consider asynchronous message passing; that is, messages may be consumed in
a different order than they were produced. Nevertheless, projection inheritance
will differentiate between the different orderings of sending messages. As an
example, N

′
cust in Fig. 1(b) is a valid implementation of the net Ncust in Fig. 1(a).

In Ncust, the customer first sends the order and then the address information. In
N

′
cust, these two messages are sent concurrently. However, this change does not

raise any problems for the other parties. Consequently, any environment that
can cooperate with the public view can also cooperate with this private view.
However, Ncust and N

′
cust are not related by projection inheritance.

The contribution of this paper is threefold. Firstly, we present a more generic
notion of a contract using oWFNs. In contrast to WFNs, oWFNs explicitly model
the interface and have less syntactical restrictions. Secondly, we define a notion
of accordance between an implementation of a contract and the contract itself.
An oWFN N ′ accords with an oWFN N if it has the same set of interface
places and any environment that can cooperate with N can also cooperate with
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N ′. Moreover, we show how accordance can be computed for acyclic finite state
oWFNs. Thirdly, we prove that projection inheritance implies accordance. As
a consequence, inheritance-preserving transformation rules presented in [9, 10,
16, 17] imply accordance. However, we also provide additional (more powerful)
transformation rules that guarantee accordance but do not preserve projection
inheritance.

The remainder of this paper is structured as follows. Section 2 defines oWFNs
and contracts. The notion of accordance is defined in Sect. 3 where it is applied to
relate the private and public views of a contract. Section 4 presents an algorithm
to decide accordance using operating guidelines. Section 5 discusses the relation
between projection inheritance and accordance and accordance-preserving trans-
formation rules. Related work is presented in Sect. 6. Finally, Sect. 7 draws the
conclusion.

2 Formalizing Contracts

An interorganizational process couples interacting processes handled by different
parties. To design the overall process, the involved parties specify a public view
of this process together with a distribution of responsibilities for the activities
among them (i.e., a partitioning). The public view and its partitioning serve as a
contract. Each party will modify its part of the process; that is, it will implement
a private view of its part. Obviously, this local modification has to stand to the
contract, meaning, the behavior of this part has to be preserved. In [10], it was
shown that this local modification is a nontrivial task, as local changes may cause
global faults such as deadlocks. Therefore, a formal framework, which guides the
user during the modification process, is needed.

For specifying the overall interorganizational process and the processes it
consists of, we use the concept of open workflow nets (oWFNs) [14]. We consider
the overall process as self-contained. This fact is reflected by its representation
as an oWFN with empty interface. An immediate alternative to our approach
would be to represent a process within the much more established framework
of workflow nets. This framework would, however, cause more involved techni-
calities for the approach presented below. Thus, we use oWFNs in the technical
parts of the paper and discuss the implications for workflow nets (e.g., to [18])
in a more pragmatic fashion later on.

We start with the definition of classical (place/transition) Petri nets (see [13],
for instance) and define then oWFNs.

Definition 1 (Petri net). A Petri net N = (P, T, F,m0) consists of

– two finite and disjoint sets P and T of places and transitions,
– a flow relation F ⊆ (P × T )∪ (T ×P ), for which we introduce the following

notation to denote the preset and postset of places and transitions: •x = {y |
(y, x) ∈ F} and x• = {y | (x, y) ∈ F}, and

– an initial marking m0, where a marking is a mapping m : P → N.
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As usual, places are depicted as circles, transitions as boxes, the flow relation
as arrows, and markings as distributions of (black) tokens on the places. The
behavior of Petri nets is defined next. A transition is enabled if each place of its
preset holds at least a token. An enabled transition t can fire in a marking m by
consuming tokens from the preset places and producing tokens for the postset
places, yielding a marking m′.

Definition 2 (Behavior of Petri nets). Let N = (P, T, F,m0) be a Petri
net. Transition t ∈ T is enabled in marking m if, for all p ∈ •t, m(p) > 0.
If t is enabled, it can fire leading to marking m′, where m′(p) = m(p) − 1
for p ∈ •t \ t•, m′(p) = m(p) + 1 for p ∈ t• \ •t, and m′(p) = m(p), other-

wise. The described firing relation is denoted m
t
−→ m′. A marking m′ is reach-

able from a marking m if there is a sequence t1, . . . , tn of transitions and a
sequence m = m1, . . . ,mn+1 = m′ of markings such that, for all i ∈ {1, . . . , n},

mi
ti−→ mi+1. With RGN (m) we denote the set of markings that can be reached

from m by firing any number of transitions.

Now we define oWFNs, a special class of Petri nets.

Definition 3 (Open workflow net). An open workflow net is a Petri net
N = (P, T, F,m0) together with

– an interface defined as a set I ⊆ P of input places such that •p = ∅ for any
p ∈ I and a set O ⊆ P of output places such that p• = ∅ for any p ∈ O and
I ∩ O = ∅,

– a set Ω of final markings such that no transition of N is enabled in any
m ∈ Ω. We further require that m ∈ Ω ∪ {m0} implies m(p) = 0 for all
p ∈ I ∪ O; that is, in the initial and the final markings the interface places
are not marked.

We use indices to distinguish the constituents of different oWFNs (e.g., Ij

refers to the set of input places of oWFN Nj). As an example, the whole process
shown in Fig. 1(a) represents an oWFN with I = O = ∅. Ncust in Fig. 1(a) is an
oWFN with interface I = {invoice, shipment} and O = {order, delivery address,
payment}.

In the definition of oWFNs, interfaces do not play a distinguishing role. This
is possible because, when composing oWFNs, the interface places of one oWFN
are connected to the interface places of other oWFNs. As a result, the interface
places can be internalized and no special provision is needed for them. In other
words, the semantics of an open system is only defined when the open system is
closed by adding an appropriate environment. The role of the interface itself is
clarified through the concept of composition further down in this section.

In order to assign a reasonable meaning to final markings, we restrict our
approach to such oWFNs where a marking in Ω does not enable any transition.

For the oWFN depicted in Fig. 1(a) we have m0 = [p1, p7, p15] and we define
Ω = {[p6, p20]}. It is easy to check that, for any marking reachable from the
initial marking shown in Fig. 1(a), the final marking is reachable. This means
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that it is always possible to terminate properly. This property is formalized in
the following definition.

Definition 4 (Weak termination). Let N be an oWFN with empty interface
(I = O = ∅). N weakly terminates if, from every marking reachable from the
initial marking, a final marking can be reached.

For the composition of oWFNs, we assume that all constituents (except the
interfaces) are pairwise disjoint. This requirement can be easily achieved by re-
naming. In contrast, the interfaces intentionally overlap. For a reasonable concept
of composition of oWFNs it is, however, convenient to require that all commu-
nication is bilateral; that is, every interface place p ∈ I ∪ O has only one party
that sends into p and one party that receives from p. For a third party C, a com-
munication taking place inside the composition of parties A and B is internal
matter. These considerations lead to the following definitions of composable and
composition.

Definition 5 (Composable set of oWFNs). Let N1, . . . , Nk be oWFNs with
pairwise disjoint constituents, except for the interfaces. N1, . . . , Nk are compos-
able if, for all i ∈ {1, . . . , k},

– p ∈ Ii implies that there is no j 6= i such that p ∈ Ij and there is at most
one j such that p ∈ Oj, and

– p ∈ Oi implies that there is no j 6= i such that p ∈ Oj and there is at most
one j such that p ∈ Ij.

Definition 6 (Composition of oWFNs). Let N1, . . . , Nk be a composable set
of oWFNs. The composition N = N1 ⊕· · ·⊕Nk is the oWFN with the following
constituents:

– P = P1 ∪ · · · ∪ Pk,
– T = T1 ∪ · · · ∪ Tk,
– F = F1 ∪ · · · ∪ Fk,
– I = (I1 ∪ · · · ∪ Ik) \ (O1 ∪ · · · ∪ Ok),
– O = (O1 ∪ · · · ∪ Ok) \ (I1 ∪ · · · ∪ Ik),
– m0 = m01

⊕ · · · ⊕ m0k
, and

– Ω = {m1 ⊕ · · · ⊕ mk | m1 ∈ Ω1, . . . ,mk ∈ Ωk}.

For markings m1 ∈ N1, . . . ,mk ∈ Nk which do not mark the interface places,
their composition m = m1 ⊕ · · · ⊕ mk is defined by m(p) = mi(p) if p ∈ Pi.

Fig. 1(a) can be interpreted as a single oWFN with an empty interface or as
three oWFNs: Ncust, Nsupp, and Nship. Places on the dashed lines are the interface
places of each of the three oWFNs. We assume the final marking of the oWFNs
being [p6], [ ] (i.e., the empty marking), and [p20], respectively. Clearly, the three
oWFNs are composable: N = Ncust ⊕Nsupp ⊕Nship is the overall contract shown
in Fig. 1(a).

Note that any subset of a set of composable oWFNs is composable as well.
Furthermore, we have N1 ⊕ N2 ⊕ N3 = (N1 ⊕ N2) ⊕ N3 = N1 ⊕ (N2 ⊕ N3), and
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N1⊕N2 = N2⊕N1. In other words, the composition of oWFNs is associative and
commutative. Thus, composition of a set of oWFNs can be broken into single
steps without affecting the final result.

Basically, we see a contract as an oWFN where every activity is assigned to
one of the involved parties. We impose only one restriction: If a place is accessed
by more than one party, it should act as a directed bilateral communication
place; that is, one party produces tokens, another party consumes tokens, and
there is no third party accessing the place. In the following, |X| denotes the
cardinality of a set X.

Definition 7 (Contract). Let A be a set representing the parties involved in a
contract. Then, a contract [N, r] consists of an oWFN N = (P, T, F, I,O,m0, Ω)
with an empty interface (I = O = ∅) (the agreed public view of the process)
and a mapping r ∈ T → A (the partitioning) such that, for all places p ∈ P ,
|{r(t) | t ∈ •p}| ≤ 1 and |{r(t) | t ∈ p•}| ≤ 1. For technical purposes, we further
require that N has only one final marking, Ω = {mf}.

The oWFN shown in Fig. 1(a) is an example of a contract involving A =
{customer, supplier, shipper}. The dashed lines in the figure show the partitioning
of transitions over the parties involved in the contract; r(a) = customer, r(f) =
supplier and r(l) = shipper, for instance.

A contract can be cut into parts, each representing the agreed share of a single
party. Every part is an oWFN, this time typically with a nonempty interface. In
accordance with terminology of service-oriented computing [8], we consider the
contribution of a party to an interorganizational business process as a service.
Correspondingly, the agreed version (specification) of the service is called public
view while an actual local implementation is called private view of the service.

Definition 8 (Public view). Let [N, r] be a contract with N = (P, T, F, I,O,
m0, Ω), Ω = {mf}, and r ∈ T → A, and let A ∈ A be a party. The public view
of A’s share in the contract is the oWFN NA where

– PA = {p ∈ P | ∃t ∈ •p ∪ p• : r(t) = A},
– TA = {t ∈ T | r(t) = A},
– FA = F ∩ ((PA × TA) ∪ (TA × PA)),
– IA = {p ∈ PA | ∃t ∈ •p : r(t) 6= A},
– OA = {p ∈ PA | ∃t ∈ p• : r(t) 6= A},
– m0A

= m0|PA
(i.e., the restriction of m0 to the places in PA), and

– ΩA = {mf |PA
}.

The contract shown in Fig. 1(a) involves three parties. Hence, there are three
public views on the contract: Ncust, Nsupp, and Nship. N

′
cust shown in Fig. 1(b) is

an example of a private view of Ncust in Fig. 1(a). The private views N
′
supp and

N
′
ship are not provided here.

For a set A = {A1, . . . , Ak} of parties and a contract [N, r], it is easy to see
that NA1

⊕ · · · ⊕NAk
= N . In this respect, the restriction that Ω contains only

one element is indeed crucial, as otherwise NA1
⊕ · · · ⊕ NAk

could have final
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markings which result from recombining final markings of different parties but
which are not final markings of N .

It should be noted that the definition of a contract is much more generic
than the definition given in [9, 10]. In [9, 10], both the public and private view
need to be workflow nets [15]; that is, Petri nets with a unique source and
sink place, and with every node on a path from source to sink. In this paper,
we do not impose such syntactical restrictions. Nevertheless, it may be wise to
“massage” the contract such that each of the resulting public views is in fact
connected. This can easily be done by adding implicit places as shown in [9, 10].
The implicit places do not change the behavior of the contract. However, when
partitioning the contract into public views, the resulting oWFNs more clearly
show the responsibilities of each partner.

3 Accordance Between Public and Private View

In this section, we define the notion of accordance. This criterion is used to
compare the public view (agreed specification of the service) and the private view
(actual implementation of the service) on a party’s share of a contract. The goal
of the accordance notion is to preserve weak termination (see Def. 4) of the overall
process N . Formally, weak termination of N and accordance of each private view
N ′

A with the corresponding public view NA should imply weak termination of
N ′

A1
⊕ · · · ⊕ N ′

Ak
which models the overall process as actually implemented.

Consider for example the weakly terminating contract shown in Fig. 1(a) which
is split into three public views: Ncust, Nsupp, and Nship. If each of these public
views is replaced by a private view such that the private view accords with the
public view, then the composition of these private views N

′
cust ⊕ N

′
supp ⊕ N

′
ship

should yield a weakly terminating oWFN.
To define a suitable notion of accordance, we introduce the concept of strate-

gies.

Definition 9 (Strategy). An oWFN N is a strategy for an oWFN N ′ if
N ⊕ N ′ is weakly terminating. Strat(N) denotes the set of all strategies of N .

Note that Strat(N) may correspond to a large (in fact infinite) set of oWFNs;
that is, it is the set of all potential partners of N . Ncust in Fig. 1(a) and N

′
cust in

Fig. 1(b) are two examples of strategies for Nsupp ⊕ Nship.
If [N, r] is a contract with A = {A1, . . . , Ak} and N is weakly terminating,

then NA1
⊕. . .⊕NAi−1

⊕NAi+1
⊕. . .⊕NAk

is a strategy for NAi
. These properties

of the strategy concept justify the following definition of accordance.

Definition 10 (Accordance). An oWFN N ′ (private view) accords with an
oWFN N (public view) if it has the same interface (I ′ = I and O′ = O) and has
at least the strategies that N has; that is, Strat(N ′) ⊇ Strat(N).

Ncust can be seen as the public view and N
′
cust as the private view. Clearly,

N
′
cust accords with Ncust (and vice versa). The following theorem shows that

Ncust can be substituted by N
′
cust without jeopardizing weak termination in the

contract.
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Theorem 1 (Implementation of a contract). Let [N, r] be a contract be-
tween parties {A1, . . . , Ak} where N is weakly terminating. If, for all
i ∈ {1, . . . , k}, N ′

Ai
(the private view of Ai) accords with NAi

(the public view
of Ai), then N ′ = N ′

A1
⊕ · · · ⊕ N ′

Ak
(the actual implementation) is weakly ter-

minating.

Proof.
Let {A1, . . . , Ak} be the set of involved parties and N (j) = N ′

A1
⊕ · · · ⊕ N ′

Aj
⊕

NAj+1
⊕ · · · ⊕ NAk

for j ∈ {0, . . . , k}. Note that N (0) = NA1
⊕ · · · ⊕ NAk

= N
and N (k) = N ′

A1
⊕ · · · ⊕ N ′

Ak
= N ′.

We show by induction that N (j) is weakly terminating for any j ∈ {0, . . . , k}.
Clearly, this holds for j = 0: N (0) = N is weakly terminating. Assume

that N (j) is weakly terminating and 0 ≤ j < k. Let N ′ = N ′
A1

⊕ · · · ⊕ N ′
Aj

⊕

NAj+2
⊕· · ·⊕NAk

; that is, N (j) without NAj+1
. N ′ is a strategy for NAj+1

since
N (j) = N ′ ⊕ NAj+1

is weakly terminating; that is, N ′ ∈ Strat(NAj+1
). Since

N ′
Aj+1

(the private view) accords with NAj+1
(the public view), Strat(NAj+1

) ⊆

Strat(N ′
Aj+1

). Hence, N ′ ∈ Strat(NAj+1
) ⊆ Strat(N ′

Aj+1
), indicating that N ′ is

a strategy for N ′
Aj+1

. Therefore, N ′ ⊕ N ′
Aj+1

= N (j + 1) is weakly terminating.

By induction this implies that N (j) is weakly terminating for any j including
j = k. Hence, N ′ = N (k) is weakly terminating. �

The value of the theorem is that it gives each party a criterion (accordance
of N ′

Ai
with NAi

) that can be locally verified for asserting a global property
(weak termination of the overall process as actually implemented). For example,
any combination of arbitrary private views N

′′
cust, N

′′
supp, and N

′′
ship according with

the corresponding public view (i.e., N
′′
cust accords with Ncust, N

′′
supp accords with

Nsupp, and N
′′
ship accords with Nship) yields a weakly terminating realization of

the contract shown in Fig. 1(a).

4 Checking Accordance

In this section, we demonstrate that the property of accordance can be veri-
fied automatically, at present time subject to restrictions. Checking accordance
relies on the concept of operating guidelines [19, 20]. The original purpose of
an operating guideline of a service N is to characterize the set of all services
M such that the composition of N and M behaves “correctly”. Thereby, “cor-
rectly” means weak termination in [19] or deadlock-freedom in [20]. The results
in [19] are restricted to services with acyclic and finite behavior while there are
only marginal restrictions for the approach in [20]. As we are interested in weak
termination in this paper, we use the approach in [19] thus inheriting the re-
striction to acyclic finite state services. Such a service may have while loops in
its operational description as long as every iteration produces states that are
different from other iterations, for example, different counter values. In ongoing
research, we work on an extension of the approach in [20] to weak termination,
so the current restriction to acyclic finite state services may be only temporary.
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An operating guideline OGN of an oWFN N is basically an annotated au-
tomaton; that is, a transition system where transitions are labeled with interface
places of N representing send or receive actions to N , respectively. Each state
of the transition system is annotated with a Boolean formula which has places
p ∈ I ∪ O of N as propositions.

Definition 11 (Annotated automaton). [Q,C, δ, q0, Φ] is an annotated au-
tomaton iff Q is a nonempty set of states, C is a set of message channels,
δ : Q × C 6→ Q is a (partial) transition relation such that every state q ∈ Q is
reachable from q0 via transitive applications of δ, q0 ∈ Q is the initial state, and
Φ is an annotation function, where, for all q ∈ Q, Φ(q) is a Boolean formula
with propositions in C.

The goal of an annotated automaton is to represent a set of automata. Con-
crete automata are created by removing nodes, arcs, and annotations. Function
Φ provides a Boolean formula for each state indicating which combinations of
outgoing arcs are allowed to be present in a concrete automaton. Note that
each oWFN corresponds to an automaton. Hence, an annotated automaton can
describe a set of oWFNs (e.g., Strat(N)).

In order to simplify the presentation, we make the assumption that each tran-
sition of an oWFN is connected to at most one interface place. This assumption
does, however, not restrict generality as every oWFN can be transformed into
an equivalent one that obeys this restriction [20].

A service described in terms of an oWFN matches with OGN iff its behavior
can be embedded into OGN such that the annotations touched by this embedding
evaluate to true.

Definition 12 (Matching). Let M be an oWFN that obeys the restriction
stated above and let AΦ = [Q,C, δ, q0, Φ] be an annotated automaton with C =
IM ∪ OM . Let X be the set of all reachable markings of the Petri net obtained
by removing all interface places of M . Then M matches with AΦ iff there is a
mapping ρ from the set X to Q such that the following conditions hold:

1. ρ(m0M
) = q0;

2. If t is a transition of M not connected to any interface place, m,m′ ∈ X,

and m
t
−→ m′, then ρ(m′) = ρ(m);

3. If t is a transition of M , c ∈ IM , c ∈ •t, m,m′ ∈ X, and m+[c]
t
−→ m′, then

(ρ(m), c) ∈ dom(δ) and ρ(m′) = δ(ρ(m), c);

4. If t is a transition of M , c ∈ OM , c ∈ t•, m,m′ ∈ X and m
t
−→ m′ +[c], then

(ρ(m), c) ∈ dom(δ) and ρ(m′) = δ(ρ(m), c);

5. For all m ∈ X, at least one of the following properties holds:

– A transition not connected to any interface place is enabled in m;

– Φ(ρ(m)) evaluates to true for the following assignment β to propositions
(i.e., channels): let β(c) = true iff there is a transition with c ∈ •t that
is enabled in m + [c], or a transition with c ∈ t• that is enabled in m.
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In the formal definition, ρ represents the informally described embedding.
The assignment used for evaluating an annotation represents transitions that
leave the considered marking in M .

Definition 13 (Operating guideline). An annotated automaton is an oper-
ating guideline OGN of an oWFN N iff Strat(N) is exactly the set of all oWFNs
matching with OGN .

If OGN is an operating guideline of an oWFN N , then for any oWFN M : M
matches with OGN iff M ⊕N weakly terminates. The operating guideline of the
oWFN Ncust of Fig. 1(a) consists of 25 states and 61 transitions and is too large
to be depicted here. As an example, we consider the final part of the customer’s
oWFN Ncust (oWFN N1 in Fig. 2(a)) and computed its OG (Fig. 2(b)). It consists
of 4 states with the annotation depicted inside the states.

d

e

p4

p5

p6

payment

shipment

(a) N1.

q0: ?payment ∨ !shipment

q1: !shipment q2: ?payment

q3: true

?payment !shipment

!shipment ?payment

(b) OG of N1.

e

d

p4

p5

p6

shipment

payment

(c) N2.

s0: !shipment

s1: ?payment

s2: true

!shipment

?payment

(d) OG of N2.

Fig. 2. Two oWFNs N1 and N2 and their operating guidelines. An annotation starting
with “!” (“?”) refers to a sending (receiving) event. Any strategy for N1 (N2) matches
with the operating guideline of N1 (N2). N2 does not accord with N1, since it excludes
the strategy that first expects the payment, followed by sending the shipment.

In [19], we presented an algorithm to compute, for each acyclic finite state
oWFN N , an operating guideline OGN . The algorithm is implemented in our
tool Fiona [21]. Since an operating guideline represents the set of strategies,
it is natural to use OGN and OGN ′ for comparing Strat(N) with Strat(N ′).
Informally, N ′ accords with N iff OGN ′ can be embedded into OGN such that
the annotations in OGN ′ imply the annotations of OGN .

Theorem 2 (Accordance check with OGs). Let N and N ′ be two acyclic
finite state oWFNs with OGN = [Q,C, δ, q0, Φ] and OGN ′ = [Q′, C, δ′, q′0, Φ

′].
Then, Strat(N ′) ⊆ Strat(N) iff there is a mapping ξ : Q′ → Q such that

1. ξ(q′0) = q0;
2. if ξ(q′) = q and δ′(q′, c) = q′1, then there is a q1 such that δ(q, c) = q1 and

ξ(q′1) = q1; and
3. for all q′ ∈ Q′, the formula Φ′(q′) ⇒ Φ(ξ(q′)) is a tautology.
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For the proof of this theorem, we rely on a fact about operating guidelines
as constructed in [19]. As we cannot repeat the whole approach of [19], we just
state this fact without proof.

Proposition 1 ([19]). For every service N with operating guideline OGN =
[Q,C, δ, q0, Φ] and all q ∈ Q, the formula Φ(q)

1. uses only propositions c where δ(q, c) is defined, and
2. is satisfied for the assignment assigning true to all propositions.

Proof (of Thm. 2 (Sketch)).
Implication. Let OGN ′ = [Q′, C, δ′, q′0, Φ

′] and OGN = [Q,C, δ, q0, Φ], and let
Strat(N ′) ⊆ Strat(N).

We can construct an oWFN M whose behavior corresponds exactly to the
transition system [Q′, C, δ′, q′0]. This can be achieved by using Q′ ∪ C as set of
places (with C being the interface of M), and having, for each q′1, c, and q′2 with
δ′(q′1, c) = q′2 a transition tq′

1
,c,q′

2
that moves a token from q′1 to q′2, and removes

(produces, resp.) a token from (on) c if c is an output (input) place of N ′. Let
mq′ denote a marking of M where there is a token on place q′ and no token
elsewhere. Let mq′

0
be the initial marking of M . By induction, it can be shown

that, for all q′ ∈ Q′, mq′ is reached by Def. 12, with ρ′(mq′) = q′.
Since there is a transition for each c where δ′(q′, c) is defined, we can derive

from Prop. 1 that all annotations evaluate to true when M is evaluated according
to Def. 12. Consequently, M matches with OGN ′ and hence M is a strategy for
N ′ and thus, by assumption, a strategy for N .

Being a strategy for N , there is a mapping ρ from the markings of M to
Q. Define ξ : Q′ → Q such that ξ(q′) = q iff ρ(mq′) = q. By the structural
similarity of Def. 12 and Thm. 2, it is easy to see that ξ satisfies the first two
items required in Thm. 2. For verifying the third item, let q′ ∈ Q′ and let β be
an arbitrary assignment to propositions occurring in Φ′(q′) where Φ′(q′) is true.
Remove from M all those transitions tq′

1
,c,q′

2
where β(c) is false. By Def. 12, the

resulting oWFN is still a strategy for N ′ and thus a strategy for N , too. Using
Def. 12 again, we can see that Φ(ξ(q′)) is true as well. Thus, Φ′(q′) ⇒ Φ(ξ(q′))
is a tautology.

Replication. Consider a mapping ξ as required and let M be a strategy for
N ′. We show that M is a strategy for N , too. By Def. 12, there is a mapping ρ′

from the markings of M to Q′. Let ρ(m) = ξ(ρ′(m)). For all markings reached
by Def. 12, Φ′(ρ′(m)) evaluates to true for the assignment described in Def. 12,
and by the third item of Thm. 2, so does Φ(ρ(m)). Consequently, M is a strategy
for N . �

With the help of Thm. 2, we can easily verify accordance of N
′
cust with Ncust of

Fig. 1. In fact, the two corresponding operating guidelines are equal. Therefore,
we conclude that Strat(N ′

cust) = Strat(Ncust). As a counterexample, we consider
the oWFN N1 shown in Fig. 2(a). N1 represents the final part of the customer of
Fig. 1(a). The oWFN N2 of Fig. 2(c) reverses the order of the transitions d and
e. If N1 is the public view, then N2 is a wrong implementation since it excludes
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strategies. This is reflected by the corresponding operating guidelines, depicted
in Fig. 2(b) and Fig. 2(d). Applying the mapping ξ, the state q1 of the OG of
Fig. 2(b) has no counterpart in the OG of Fig. 2(d). This violates the second
item of Thm. 2.

For an implementation of the criteria in Thm. 2, finding the mapping ξ is
the crucial task. As both OGN and OGN ′ are deterministic (i.e., in each state
q there is at most one c-successor), this task actually amounts to a depth-first
search through OGN ′ which is mimicked in OGN . The time and space required
for finding ξ is thus linear in the number of states and edges of OGN ′ . This size,
in turn, is equal to the number of states and edges of a particular strategy for
N [19]. The accordance check based on Thm. 2 has been implemented in our
tool Fiona [21].

5 Derive a Private View From a Public View

In the previous section, we presented a method to check accordance. Using op-
erating guidelines we can check whether some oWFN representing the private
view accords with the oWFN representing the public view. However, instead of
checking accordance after creating the private view, it is also possible to guaran-
tee accordance by using transformation rules. This idea is inspired by the earlier
work on projection inheritance [9, 10, 16, 17]. Accordance is a weaker notion than
projection inheritance. This was illustrated already using Fig. 1 where N

′
cust ac-

cords with Ncust but N
′
cust and Ncust are not related by projection inheritance. In

the following we explain the general approach of using transformation rules (cf.
Sect. 5.1). Then, we give a retrospection of projection inheritance in Sect. 5.2. In
Sect. 5.3, we prove that projection inheritance implies accordance, and therefore,
all inheritance-preserving transformation rules presented in [17] also preserve ac-
cordance. We will show these rules by reformulating them to fit into the setting
of this paper. Afterwards, in Sect. 5.4, we will formulate dedicated transforma-
tion rules that take the sending and receiving of messages into account while
still guaranteeing accordance. Finally, the applicability of the presented trans-
formation rules is demonstrated by help of a case study (cf. Sect. 5.5).

5.1 The Transformation Approach

According to Thm. 1 in Sect. 3, every party of a contract can implement its
public view and finally it has to check accordance between the private and the
public view. In the following, we present a different approach: The public view
is incrementally transformed into a private view. To this end, fragments of the
public view are incrementally replaced by other fragments until the private view
is designed. In this approach, a fragment N ′ of a party is called a pattern and
will be replaced by another fragment N ′′. We will prove that if N ′′ accords with
N ′, then replacing N ′ by N ′′ preserves weak termination of the overall contract.

First of all, we formally define an oWFN pattern N ′ of an oWFN N . There-
fore, the set of interface places of N ′ is divided into two sets: one set contains all
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places that are interface places of N for communicating with other parties (i.e.,
subsets of I and O) and the other set, R ∪ S, contains all places that serve as
an interface to the rest of N . R is the set of input places from the other parts of
N , and S is the set of output places. We first define a subnet of an oWFN and
then an oWFN pattern which is a restricted subnet.

Definition 14 (Subnet). Let N = (P, T, F, I,O,m0, Ω) be an oWFN. An
oWFN N ′ = (P ′, T ′, F ′, I ′, O′,m′

0, Ω
′) is a subnet of N iff

– P ′ ⊆ P ,
– T ′ ⊆ T ,
– F ′ = F ∩ ((P ′ × T ′) ∪ (T ′ × P ′)),
– I ′ = I|P ′ ,
– O′ = O|P ′ ,
– m′

0 = m0|P ′ , and
– Ω′ = {m′

f | m′
f = mf|P ′ ,mf ∈ Ω}.

Definition 15 (oWFN pattern). Let N = (P, T, F, I,O,m0, Ω) be an oWFN
and N ′ = (P ′, T ′, F ′, I ′, O′,m′

0, Ω
′) a subnet of N . N ′ is an oWFN pattern of

N iff

– m′
0 = [ ],

– I ′ = I|P ′ ∪ R with R ⊆ P ′ \ I,
– O′ = O|P ′ ∪ S with S ⊆ P ′ \ O,
– Ω′ = {[ ]},
– for all p ∈ P ′ \ R, there is no t ∈ T \ T ′, (t, p) ∈ F ,
– for all p ∈ P ′ \ S, there is no t ∈ T \ T ′, (p, t) ∈ F , and
– for all t ∈ T ′, there is no p ∈ P \ P ′, (p, t) ∈ F or (t, p) ∈ F .

The next theorem states that if the public view of a party participating in a
contract has an oWFN pattern N ′ and there is another oWFN pattern N ′′ with
N ′′ accords with N ′, then we can replace N ′ by N ′′ and the modified contract
is still weakly terminating. Such transformations can be applied incrementally
and thus we can derive a private view from a public view just by transforming
the public view and the resulting private view is correct by construction.

Theorem 3 (Justification of transformation rules). Let [N, r] be a con-
tract between parties {A1, . . . , Ak} where N = NA1

⊕· · ·⊕NAk
is weakly termina-

ting. Let N ′
p be an oWFN pattern of NAi

, 1 ≤ i ≤ k, such that there exists an
oWFN Nrest with NAi

= N ′
p ⊕ Nrest . Let further N ′′

p be an arbitrary oWFN.
Then, if N ′′

p accords with N ′
p, the modified contract N ′ = NA1

⊕ · · · ⊕ NAi−1
⊕

(N ′′
p ⊕ Nrest) ⊕ NAi+1

⊕ · · · ⊕ NAk
is weakly terminating.

Proof.
The theorem is an application of Thm. 1. In contrast to Thm. 1, we do not
replace a party’s public view by a private view but an oWFN pattern of a party’s
public view by another oWFN pattern.

Since N ′′
p accords with N ′

p and the rest of the contract; that is, NA1
⊕ · · · ⊕

NAi−1
⊕Nrest ⊕NAi+1

⊕· · ·⊕NAk
remains unchanged, the modified contract N ′

is by Thm. 1 weakly terminating. �
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During the next sections we will present several transformation rules whose
correctness is justified by Thm. 3.

5.2 Projection Inheritance

Inheritance is one of the key concepts of object-orientation. In object-oriented
design, inheritance is typically restricted to the static aspects (e.g., data and
methods) of an object class. In many cases, however, the dynamic behavior of
services is of prime importance. Therefore, in [17], four inheritance notions fo-
cusing on the dynamics have been defined. One of these notions is projection
inheritance. The four notions of inheritance allow for comparing two process
models: the subclass and the superclass. The subclass process is indeed a sub-
class if it inherits particular dynamic properties of its superclass. Although these
four inheritance notions are notation-independent, in [17], they have been de-
fined in terms of Petri nets and process algebra. The four inheritance relations
use branching bisimulation [22] (to compare processes) in combination with the
notions of encapsulation and abstraction. Encapsulation corresponds to blocking
tasks, whereas abstraction corresponds to hiding tasks. In this paper, we only
focus on projection inheritance. Projection inheritance is based on branching
bisimulation and abstraction. The assumption is that the subclass adds meth-
ods to the superclass such that after hiding the additional methods both are
equivalent. The basic idea of projection inheritance can be characterized as fol-
lows: “If it is not possible to distinguish the behaviors of x and y when arbitrary
methods of x are executed, but when only the effects of methods that are also
present in y are considered, then x is a subclass of y” [17].

Projection inheritance was defined for workflow nets, but in this definition
projection inheritance refers to “methods” rather than the “sending and receiv-
ing of messages”. However, it is easy to reformulate projection inheritance in
terms of the setting of this paper by the following mapping: A method present
in both the superclass and subclass corresponds to a transition that is connected
to an interface place and these are the only transitions that are connected to
an interface place. That way, we reformulate projection inheritance for open
workflow nets. As branching bisimulation compares the transition systems of
two oWFNs, we need to consider closed systems; that is, oWFNs with empty
interface. For this purpose, we define the notion of the inner of an oWFN N .
To compare transitions of two oWFNs, transitions connected to interface places
need to have distinguishable labels. Obviously, the labeling function has to guar-
antee that two transitions connected to the same set of interface places have the
same label. In contrast, transitions not connected to an interface place (i.e., in-
ternal transitions) are labeled with τ . This leads to the following definition of a
labeled oWFN.

Definition 16 (Labeled oWFN). Let N = (P, T, F, I,O,m0, Ω) be an oWFN,
t ∈ T , p ∈ (I ∪ O) an interface place of N , and Intt = {p | p ∈ •t ∪ t•}
be the set of interface places connected to t. Then, l : T → P(I ∪ O) is a
function which labels every t with its interface places Intt . If Intt 6= ∅, then
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l(t) = {g ◦ p | g ∈ {!, ?}, p ∈ Intt , g =? if p ∈ I, g = ! if p ∈ O} (where ◦ is the
concatenation operator), else l(t) = τ . Then, N ′ = (P, T, F, I,O,m0, Ω, l) is a
labeled oWFN.

To distinguish the labels of transitions connected to an input place a and
an output place a, we extend the label with “?” and “!”, respectively. For
example, the labeled oWFN of the modified customer in Fig. 1(b) had labels
l(a) = {!order}, l(c) = {?invoice}, l(x) = l(y) = τ , etc.

Obviously, the definitions we presented for oWFNs can be easily extended to
labeled oWFNs. We only define the composition of labeled oWFNs.

Definition 17 (Composition of labeled oWFNs). Let N1, . . . , Nk be a com-
posable set of labeled oWFNs. The composition N = N1 ⊕ · · · ⊕Nk is defined as
for oWFNs (see Def. 6) and the labeling function l is l : T → P(I ∪ O).

Next, we define the inner of a labeled oWFN N that results from eliminating
all interface places from N .

Definition 18 (innerN ). Let N = (P, T, F, I,O,m0, Ω, l) be a labeled oWFN
and let J = P \ (I ∪ O) the set of internal places of N . Then,
innerN = (J, T, F ∩ ((J × T ) ∪ (T × J)),m0, Ω, l).

As an example, consider the inner of the customer Ncust (see Fig. 1(a)) and
the modified customer N

′
cust (see Fig. 1(b)) depicted in Fig. 3.

To compare the behavior of two labeled oWFNs N and N ′ with respect
to branching bisimulation, we have to check whether innerN and innerN ′ are
branching bisimular. The following definition formalizes the notion of branching
bisimulation. This definition takes into account that, for each final marking of
innerN , there exists a final marking in innerN ′ and both markings are related
by branching bisimulation.

Definition 19 (Branching bisimulation). Let N , N ′ be two labeled oWFNs
and N1 = innerN , N2 = innerN ′ the inner of these two nets. Let further m0N1

,
m0N2

be the initial marking of N1 and N2, respectively. N1 and N2 are branching
bisimular, denoted N1 ≈bb N2, iff there exists a symmetric relation R such that
m0N1

R m0N2
and for all mN1

, mN2
holds:

If mN1
R mN2

and mN1

α
−→ m′

N1
, then either

– α = τ and m′
N1

R mN2
or

– there are m′
N2

,m′′
N2

such that mN2

ǫ
−→ m′

N2

α
−→ m′′

N2
, mN1

R m′
N2

, and
m′

N1
R m′′

N2
(where ǫ is a (possible empty) sequence of τ transitions).

Furthermore, for each final marking mfN1
∈ ΩN1

holds: If mfN1
R mgN2

, then
either mgN2

∈ ΩN2
or every transition sequence starting from mgN2

contains a
state m′

gN2
∈ ΩN2

with mfN1
R m′

gN2
.

The nets shown in Fig. 3 are not branching bisimular. Intuitively, the inner
of N

′
cust has more behavior than the inner of Ncust. As an example, for marking

[p21, p24] in Fig. 3(b) there is no corresponding marking in Fig. 3(a).
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a

b

c

d

e

p1

p2

p3

p4

p5

p6

{!order}

{!delivery address}

{?invoice}

{!payment}

{?shipment}

(a) The inner of Ncust.

x

y

d

e

p1

p3

p5

p6

a

p21

p23

b

p22

p24

c

p4

{?invoice}

{!payment}

{?shipment}

{!order} {!delivery address}

(b) The inner of N
′

cust.

Fig. 3. The inner of the customer and the modified customer (cf. Fig. 1).

To decide whether two labeled oWFNs are related by projection inheritance,
it is sufficient to check if the inner of these oWFNs are branching bisimular.
In contrast to [17], we do not need to define an abstraction operator. In our
mapping, the comparison of the two oWFNs is restricted to the transitions that
are connected to an interface place. We abstract from all other transitions by
labeling them with τ . The labeling, however, is fixed in the definition of a la-
beled oWFN and thus no additional definition of an abstraction is necessary.
Consequently, we can define projection inheritance of two oWFNs as follows:

Definition 20 (Projection inheritance). Let N , N ′ be two oWFNs, let Nl,
N ′

l their respective labeled oWFNs, and let N1 = innerNl
, N2 = innerN ′

l
. N and

N ′ are related by projection inheritance, denoted N ≈pj N ′, iff N1 ≈bb N2.

Classical projection inheritance, as defined in [17], specifies a subclass-super-
class relation between two WFNs. This relation, however, restricts the approach
to either removing transitions (i.e., the resulting WFN is a superclass) or adding
transitions (i.e., the resulting WFN is a subclass). In Def. 20, we have defined
projection inheritance for oWFNs in a more generalized way, allowing for adding
and removing transitions. So the resulting oWFN might be neither a subclass
nor a superclass. Consequently, we do not have a subclass-superclass relation.
However, in our setting this generalization is necessary, because it is important
to know whether adding or removing internal transitions to/from an oWFN
changes the interactional behavior of the resulting oWFN.
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Consider again the two nets depicted in Fig. 3. Since they are not branching
bisimular, we can conclude that Ncust and N

′
cust in Fig. 1 are not related by

projection inheritance.
From the definition of projection inheritance we can conclude the following

proposition.

Proposition 2. Let N , N ′ be two oWFNs. If N and N ′ are related by projection
inheritance, the following necessary but not sufficient conditions hold:

(1) N and N ′ have the same set of interface places (I = I ′ and O = O′).
(2) If a transition of N (N ′) is connected to a set of interface places, then a

transition connected to the same set of interface places is present in N ′ (N).

5.3 Inheritance-Preserving Transformation Rules

Based on the notion of projection inheritance, three inheritance-preserving trans-
formation rules have been defined in [17]. These rules correspond to design pat-
terns for extending a superclass to incorporate new behavior: (1) adding loops,
(2) inserting methods in-between existing methods, and (3) putting new meth-
ods in parallel with existing methods. In [9, 10, 16, 17], these rules are defined
and/or applied.

Instead of redefining these rules formally, they are exemplified in Fig. 4.
Figure 4(a) represents an oWFN pattern M0 of an oWFN M . M0 contains tran-
sitions a, b, and c. By Def. 15, there are no other connections of a, b, c, p1, and
p2 than those shown in Fig. 4(a). Ai = (•a) ∩ IM is the set of input places of a,
Ao = (a•)∩OM is the set of output places of a, etc. Ai, Ao, Bi, Bo, Ci, Co do not
need to be disjoint. R = (•a) \ IM and S = (c•) \OM are (by Def. 15) the places
connecting M0 to the rest of M . Similar remarks hold for the other three oWFN
patterns M1, M2, and M3. For example, M1 is obtained by adding transition d

to M0.

a

R

p1

Ai

Ao

b

p2

Bi

Bo

c

S

Ci

Co

(a) M0.

a

R

p1

Ai

Ao

b

p2

Bi

Bo

c

S

Ci

Co

d

(b) M1: Adding
a loop to M0.

a

R

p1

Ai

Ao

b

p2

Bi

Bo

c

S

Ci

Co

p3

d

p4

(c) M2: Putting me-
thod d in parallel to b.

a

R

p1

Ai

Ao

b

p2

Bi

Bo

c

S

Ci

Co

p3

d

(d) M3: Inserting method
d in-between a and b.

Fig. 4. Accordance-preserving transformation rules based on projection inheritance.
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M0 in Fig. 4 may be replaced by any of the three other oWFNs M1, M2,
and M3 without changing the set of strategies; that is, M1 accords with M0,
M2 accords with M0, M3 accords with M0, and vice versa. More precisely, any
of the four nets can be replaced by one of the other nets without violating
accordance. If one generates the labeled oWFNs and ignores the interface places
(e.g., constructs the inner of the respective oWFNs), then M0, M1, M2, and M3

are branching bisimular. Thus, M0, M1, M2, and M3 are related by projection
inheritance. However, as an example, M1 and M2 are only in our setting related
by projection inheritance but not in the setting of [17]. The reason is, M1 is
neither a subclass nor a superclass of M2 and vice versa. It is easy to see that
projection inheritance implies accordance.

Theorem 4 (Projection inheritance implies accordance). Let N and N ′

be two oWFNs. If N and N ′ are related by projection inheritance, then N ′ ac-
cords with N and vice versa.

The intuition behind this theorem is that the interface places of an oWFN N
only restrict the behavior of N . Hence, the actual behavior after composing N
with another net is included in innerN . Consider the labeled oWFNs Nl and N ′

l

of N and N ′, respectively. Since only visible transitions (i.e., transitions that are
not labeled with τ) are connected to interface places, and the firing of any visible
transition in Nl can be followed by the same transition in N ′

l and vice versa,
both Nl and N ′

l are identical when it comes to the production or consumption
of tokens in interface places. Moreover, since the final markings are related, the
termination of Nl can be followed by N ′

l and vice versa. For the proof of Thm. 4,
we need the following two lemmata.

Lemma 1. Let N , N ′, M be labeled oWFNs. Let further N and M as well as
N ′ and M be composable. Then, innerN ≈bb innerN ′ implies innerN⊕M ≈bb

innerN ′⊕M .

Proof.
We prove this lemma by contradiction. Assume innerN⊕M and innerN ′⊕M are
not branching bisimular. We will show, this implies that innerN and innerN ′ are
not branching bisimular and thus contradicting the assumption.

Let N⊕M = (P, T, F, I,O,m0, Ω, l) and N ′⊕M = (P ′, T ′, F ′, I ′, O′,m′
0, Ω

′, l′).
Let further RGN⊕M (m0) and RGN ′⊕M (m′

0) be the reachable states of innerN⊕M

and innerN ′⊕M , respectively. From innerN ≈bb innerN ′ it follows IN = IN ′ and
ON = ON ′ . Thus, I = I ′ and O = O′, meaning, both compositions have the same
interface. Consequently, innerN⊕M and innerN ′⊕M have the same visible tran-
sitions. To check whether the transition systems of innerN⊕M and innerN ′⊕M

are branching bisimular, one has to relate their respective initial states m0 and
m′

0 and then apply Def. 19.
Assume that innerN⊕M and innerN ′⊕M are not branching bisimular. Thus,

applying Def. 19, there exist markings m ∈ RGN⊕M (m0), m′ ∈ RGN ′⊕M (m′
0)

violating branching bisimulation. Let m and m′ be the first markings violat-
ing branching bisimulation. The transitions that cause this violation must be
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transitions of N and N ′ rather then transitions of M , because M can only be-
have differently in the two compositions if it is controlled differently by N and
N ′, respectively. This is, however, only possible if N and N ′ are not branching
bisimular and thus contradicts our assumption. Therefore, the assumption that
innerN⊕M and innerN ′⊕M are not branching bisimular is wrong and the lemma
holds. �

Lemma 2. Let N , N ′ be two labeled oWFNs with empty interface; that is,
innerN = N and innerN ′ = N ′. If N ≈bb N ′, then N weakly terminates iff
N ′ weakly terminates.

Proof.
Let N ≈bb N ′.

Implication: Let N be weakly terminating. Thus, (by Def. 4) from every
marking, a final marking can be reached. Let m′ ∈ RGN ′(m0N′ ) be an arbitrary
marking in N ′. Since N ≈bb N ′, there exists a marking m ∈ RGN (m0N

) with
m R m′. From N being weakly terminating we derive that there exists a transi-
tion sequence σ with m

σ
−→ mf , mf ∈ RGN (m0N

) and mf ∈ ΩN . Since N ≈bb N ′

we can derive that there is a marking m′
f ∈ RGN ′(m0N′ ) with mf R m′

f and a

transition sequence σ′ such that m′ σ′

−→ m′
f . By Def. 19, m′

f ∈ ΩN ′ . Thus, N ′ is
also weakly terminating.

Replication: Same argumentation as in the implication. �

With the help of the two lemmata, we can prove Thm. 4.

Proof (of Thm. 4).
Let Nl and N ′

l be the respective labeled oWFNs of N and N ′. Since N and N ′ are
related by projection inheritance, innerNl

≈bb innerN ′
l

holds. N ′ accords with N
and vice versa if and only if Strat(N) = Strat(N ′). To show that N and N ′ have
the same set of strategies, it is sufficient to prove Strat(N) ⊆ Strat(N ′) and
Strat(N ′) ⊆ Strat(N). For the case Strat(N) ⊆ Strat(N ′), let NS ∈ Strat(N)
be an arbitrary strategy. It is sufficient to show that NS ∈ Strat(N ′). Let NSl

be the labeled oWFN of NS.
From innerNl

≈bb innerN ′
l

and by Lemma 1 we derive innerNl⊕NSl
≈bb

innerN ′
l
⊕NSl

. Since S is a strategy for N , it follows N ⊕ NS and also Nl ⊕ NSl

is weakly terminating. By Lemma 2 we can conclude that N ′
l ⊕ NSl

is weakly
terminating, too. Therefore N ′ ⊕NS is weakly terminating and hence, S is also
a strategy for N ′.

The proof for the case Strat(N ′) ⊆ Strat(N) follows the same argumenta-
tion. Hence, Strat(N) = Strat(N ′) and the theorem holds. �

Theorem 4 justifies that adding and removing transitions that are not con-
nected to an interface place with respect to branching bisimulation preserves
accordance.

In [9, 10, 16, 17], several inheritance-preserving transformation rules are pro-
vided. We would like to emphasize that the simplified examples shown in Fig. 4
do not do justice to these rules. The actual rules are much more generic. However,
a detailed discussion of these is outside the scope of this paper.
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5.4 Accordance-Preserving Transformation Rules

Projection inheritance implies accordance and, therefore, the inheritance-preser-
ving transformation rules can be used to incrementally build a private view
that accords with the public view of a service. However, inheritance-preserving
transformation rules are limited in the sense that they do not allow to change
the order of messages. In the following, we present seven accordance-preserving
transformation rules. Five of these rules preserve accordance in both directions
and two rules preserve accordance only in one direction. Given an oWFN N ,
each transformation rule specifies a pattern N ′ of N (see Def. 15) which can
be replaced by another pattern N ′′, yielding a new oWFN Nnew . Theorem 3
justifies that this replacement does not violate the overall contract.

The first oWFN pattern, N3, we consider sequentially sends n messages
a1, . . . , an and is defined as follows.

Definition 21 (N3). Let n > 0. Then, N3 = (P, T, F, I,O,m0, Ω) is an oWFN
pattern with

– P = I ∪ O ∪ {p1, . . . , pn−1},
– T = {t1, . . . , tn},
– F = {(r, t1) | r ∈ R}

∪ {(tn, s) | s ∈ S}
∪ {(ti, pi), (pi, ti+1) | i = 1, . . . , n − 1}
∪ {(ti, ai) | i = 1, . . . , n},

– I = R,
– O = {a1, . . . , an} ∪ S.

N3 is depicted on the left hand side of Fig. 5. The next oWFN pattern, N4,
results from merging transitions t1, . . . , tn of N3 to a single transition t. Thus,
N4 sends all messages a1, . . . , an simultaneously.

Definition 22 (N4). Let n > 0. Then, N4 = (P, T, F, I,O,m0, Ω) is an oWFN
pattern with

– P = I ∪ O,
– T = {t},
– F = {(r, t) | r ∈ R}

∪ {(t, s) | s ∈ S}
∪ {(t, ai) | i = 1, . . . , n},

– I = R,
– O = {a1, . . . , an} ∪ S.

N4 is depicted on the right hand side of Fig. 5.
The first transformation rule is depicted in Fig. 5 and specifies that a sequence

of sending events can be merged and the events can be sent simultaneously. Thus,
N3 can be transformed into N4 and vice versa. Rule 1 preserves accordance in
both direction. Consequently, Strat(N3) = Strat(N4).
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Fig. 5. Rule 1: A sequence of sending events (N3) can be sent simultaneously (N4).
Strat(N3) = Strat(N4).

Lemma 3 (Rule 1: Merging of sending events). Let N3 and N4 be as de-
fined. N3 accords with N4 and N4 accords with N3.

Proof (Sketch).
It is sufficient to prove Strat(N3) ⊆ Strat(N4) and Strat(N3) ⊇ Strat(N4).

Strat(N3) ⊆ Strat(N4): Let U = (PU , TU , FU , IU , OU ,m0U
, ΩU ) ∈ Strat(N3)

and N3 is not dead in N3 ⊕ U ; otherwise, we could trivially replace N3 by N4

without violating accordance. We have to show: U ∈ Strat(N4). Since N3 is not
dead in N3 ⊕ U , U has to mark places R in N3 in order to enable t1. The final
marking of N3 is the empty marking; thus, all transitions t1, . . . , tn in N3 have
to be fired. Consequently, U has to consume all tokens from the output places of
N3. Consider now N4. N4 has the same interface and the same final marking
as N3 and t is enabled if and only if t1 is enabled (because •t = •t1). Therefore,
U enables t in N4 ⊕ U . Since t has the same effect as t1, . . . , tn and there is no
interaction between U and N4 (and U and N3) than sending, U can consume all
tokens from the output places of N4, too. The reason is, any transition tU in U
with p ∈ •tU and p ∈ IU that can be enabled in N3 ⊕ U will also be enabled in
N4 ⊕ U . Thus, U ∈ Strat(N4).

Strat(N3) ⊇ Strat(N4): Follows the same argumentation than above. Any
transition tU that is enabled in N4⊕U will be eventually enabled in N3. Therefore,
U ∈ Strat(N3) and hence the theorem holds. �

As Rule 1 preserves accordance in both directions, we can derive that a
sequence of sending events can also be reordered or it can be sent concurrently.
Reordering of sending events and executing sending events concurrently also
preserve accordance in both directions. It is worthwhile mentioning that N3 and
N4 reflect exactly the Murata reduction rule Fusion of Series Transitions (see
[23]).

Next, we redefine N3 and N4; that is, sending events are changed to receiving
events. The corresponding oWFN pattern, N5 and N6, are formalized as follows.
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Definition 23 (N5). Let n > 0. Then, N5 = (P, T, F, I,O,m0, Ω) is an oWFN
pattern with

– P = I ∪ O ∪ {p1, . . . , pn−1},
– T = {t1, . . . , tn},
– F = {(r, t1) | r ∈ R}

∪ {(tn, s) | s ∈ S}
∪ {(ti, pi), (pi, ti+1) | i = 1, . . . , n − 1}
∪ {(ai, ti) | i = 1, . . . , n},

– I = {a1, . . . , an} ∪ R,
– O = S.

Definition 24 (N6). Let n > 0. Then, N6 = (P, T, F, I,O,m0, Ω) is an oWFN
pattern with

– P = I ∪ O,
– T = {t},
– F = {(r, t) | r ∈ R}

∪ {(t, s) | s ∈ S}
∪ {(ai, t) | i = 1, . . . , n},

– I = {a1, . . . , an} ∪ R,
– O = S.

N5 and N6 are depicted on the left and right hand side of Fig. 6, respectively.
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tn
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a1
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t
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a1

an

=

N5

N6

Fig. 6. Rule 2: A sequence of receiving events (N5) can be merged (N6). Strat(N5) =
Strat(N6)

Like a sequence of sending events (see Lemma 3), a sequence of receiving
events can be executed simultaneously, too. Thus, N5 can be transformed into N6

and vice versa, and this transformation preserves accordance in both directions.
Consequently, Strat(N5) = Strat(N6). This is specified by Rule 2 in Fig. 6.
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Lemma 4 (Rule 2: Merging receiving events). Let N5 and N6 be as de-
fined. N5 accords with N6 and N6 accords with N5.

Proof (Sketch).
It is sufficient to prove Strat(N5) ⊆ Strat(N6) and Strat(N5) ⊇ Strat(N6).

Strat(N5) ⊆ Strat(N6): Let U = (PU , TU , FU , IU , OU ,m0U
, ΩU ) ∈ Strat(N5)

and N5 is not dead in N5 ⊕ U ; otherwise, we could trivially replace N5 by N6

without violating accordance. We have to show: U ∈ Strat(N6). Since N5 is not
dead in N5 ⊕ U and the final marking of N5 is the empty marking, all transi-
tions t1, . . . , tn in N5 have to be fired. Thus, U has to mark all input places in
N5 and consume all tokens that are produced by N5 on the places S. Consider
now N6. N6 has the same interface and the same final marking as N5 and t is
enabled if all input places of N6 are marked. Since U receives no response from
N5 until all input places of N5 are marked (i.e., until tn is enabled), U will also
enable t in N6 and then consume tokens on S which are produced by N6. Thus,
U ∈ Strat(N6).

Strat(N5) ⊇ Strat(N6): Follows the same argumentation than above. There-
fore, U ∈ Strat(N5) and hence the theorem holds. �

From Lemma 4 we can derive (as for a sequence of sending events) that a
sequence of receiving events can be reordered or the events can be executed
concurrently while preserving accordance in both directions.

For the third transformation rule, we consider an oWFN pattern N7 that
first receives some events in sequence and then sends some events in sequence.
N7 is defined as follows.

Definition 25 (N7). Let n > 0 and 0 ≤ j ≤ n. Then, N7 = (P, T, F, I,O,m0, Ω)
is an oWFN pattern with

– P = I ∪ O ∪ {p1, . . . , pn−1},
– T = {t1, . . . , tn},
– F = {(r, t1) | r ∈ R}

∪ {(tn, s) | s ∈ S}
∪ {(ti, pi), (pi, ti+1) | i = 1, . . . , n − 1}
∪ {(ai, ti) | i = 1, . . . , j}
∪ {(ti, ai) | i = j + 1, . . . , n},

– I = {a1, . . . , ak−1} ∪ R,
– O = {ak, . . . , an} ∪ S.

n is the number of all messages being sent and received by N7 and j defines the
number of messages being received.

N7 is depicted on the left hand side of Fig. 7. Next, we define N8 that results
from merging all transitions t1, . . . , tn in N7 to a single transition t. Thus, all
sending and receiving events are executed simultaneously in N8.

Definition 26 (N8). Let n > 0 and 0 ≤ j ≤ n. Then, N8 = (P, T, F, I,O,m0, Ω)
is an oWFN pattern with
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– P = I ∪ O,
– T = {t},
– F = {(r, t) | r ∈ R}

∪ {(t, s) | s ∈ S}
∪ {(ai, t) | i = 1, . . . , j}
∪ {(t, ai) | i = j + 1, . . . , n},

– I = {a1, . . . , ak−1} ∪ R,
– O = {ak, . . . , an} ∪ S.

n is the number of all messages being sent and received by N8 and j defines the
number of messages being received.

N8 is depicted on the right hand side of Fig. 7.
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S

ak-1

ak

a1

an

Fig. 7. Rule 3: A sequence of receiving events followed by a sequence of sending events
(N7) can be executed simultaneously (N8). Strat(N7) = Strat(N8).

The third accordance-preserving transformation rule, Rule 3, specifies that
N7 can be transformed into N8 and vice versa without violating accordance; that
is, Strat(N7) = Strat(N8). Rule 3 is shown in Fig. 7 and its correctness is proven
by the following lemma.

Lemma 5 (Rule 3: Merging receiving and sending events). Let N7 and
N8 be as defined. N7 accords with N8 and N8 accords with N7.

Proof (Sketch).
Follows the same argumentation as Lemma 3 and Lemma 4. �

It is worthwhile mentioning that Rule 1 and Rule 2 are special cases of Rule 3
with the set of input and output places being empty, respectively. More precisely,
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if in N7 and N8 the parameter j is set to 0 (n), the set of input (output) places
is empty.

From Lemmata 3–5 we can derive that every oWFN pattern that has a
transition connected to more than one interface place can be transformed into
an equivalent oWFN pattern which has only transitions connected to a single
interface place. In the following, without loss of generality, we therefore restrict
ourselves to patterns where each transition is connected to at most one interface
place.

So far, we excluded the possibility that a sending event is followed by a
receiving event. For the next transformation rule, we define oWFN patterns N9

and N10. N9 first sends a message a and then receives a message b. In N10, in
contrast, sending a and receiving b is executed concurrently.

Definition 27 (N9). Let N9 = (P, T, F, I,O,m0, Ω) be an oWFN pattern with

– P = I ∪ O ∪ {p},
– T = {ta, tb},
– F = {(r, ta) | r ∈ R}

∪ {(tb, s) | s ∈ S}
∪ {(ta, a), (ta, p), (p, tb), (b, tb)}

– I = {b} ∪ R,
– O = {a} ∪ S.

Definition 28 (N10). Let N10 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with

– P = I ∪ O ∪ {p1, p2, p3, p4},
– T = {ta, tb, t1, t2},
– F = {(r, t1) | r ∈ R}

∪ {(t2, s) | s ∈ S}
∪ {(t1, p1), (t1, p2), (p1, ta), (p2, tb), (ta, a), (b, tb), (ta, p3), (tb, p4), (p3, t2),
(p4, t2)},

– I = {b} ∪ R,
– O = {a} ∪ S.

N9 and N10 are depicted on the left and right hand side of Fig. 8, respectively.
Rule 4 presented in Fig. 8 specifies that sending messages followed by re-

ceiving messages (transition ta and tb in N9, respectively) can also be executed
concurrently (N10) and vice versa. Rule 4 preserves accordance in both directions
and hence Strat(N9) = Strat(N10).

Lemma 6 (Rule 4: Send and receive in parallel). Let N9 and N10 be as
defined. N9 accords with N10 and N10 accords with N9.

Proof (Sketch).
It is sufficient to prove Strat(N9) ⊆ Strat(N10) and Strat(N9) ⊇ Strat(N10).

Strat(N9) ⊆ Strat(N10): Let U ∈ Strat(N9) and N9 is not dead in N9 ⊕ U ;
otherwise, we could trivially replace N9 by N10 without violating accordance.
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Fig. 8. Rule 4: Send and then receive (N9) can be executed concurrently (N10).
Strat(N9) = Strat(N10).

We have to show: U ∈ Strat(N10). There is only one run in N9 possible (first
ta then tb) and this is a run of N10, too. Thus, if U ∈ Strat(N9), then also
U ∈ Strat(N10).

Strat(N9) ⊇ Strat(N10): Let U ∈ Strat(N10) and N10 is not dead in N10⊕U ;
otherwise, we could trivially replace N10 by N9 without violating accordance. We
have to show: U ∈ Strat(N9). Assume U /∈ Strat(N9). We will show that such
an U does not exists and thus we contradict the assumption. Obviously, U has
to take advantage from the fact that ta and tb can be executed concurrently in
N10. In order that tb can fire before ta, U has to send b before it receives a.
However, in this case U is a strategy for N9. As there is no other possibility for
U to behave differently, every strategy for N10 is also a strategy for N9. Hence,
Strat(N9) = Strat(N10) and the lemma holds. �

Sending and receiving simultaneously can also be transformed into first send-
ing and then receiving. This is formalized in the next transformation rule, Rule 5.
With it, we formalize oWFN pattern N11 which sends a and receives b simultane-
ously. N11 results from merging transitions ta and tb of N9 to a single transition
tab.

Definition 29 (N11). Let N11 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with

– P = I ∪ O,

– T = {tab},
– F = {(r, tab) | r ∈ R}

∪ {(tab, s) | s ∈ S}
∪ {(tab, a), (b, tab)},

– I = {b} ∪ R,

– O = {a} ∪ S.
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Fig. 9. Rule 5: Send and then receive (N9) cannot be executed simultaneously (N11).
Strat(N11) ⊆ Strat(N9).

N11 is depicted on the left hand side of Fig. 9.
Rule 5 illustrated in Fig. 9 only preserves accordance in one direction. This

is formalized by the following lemma.

Lemma 7 (Rule 5: Sending and receiving simultaneously). Let N9 and
N11 be as defined. N9 accords with N11.

Proof.
It is sufficient to prove Strat(N11) ⊆ Strat(N9). Let U ∈ Strat(N11) and N11

is not dead in N11 ⊕ U ; otherwise, we could trivially replace N11 by N9 without
violating accordance. We have to show: U ∈ Strat(N9). Since N11 is not dead
in N11 ⊕U and the final marking of N11 is the empty marking, U has to enable
tab (i.e., mark places R and b) and after firing tab it has to consume all tokens
from the output places of N11 (i.e., places a and S). N9 and N11 have the same
interface and the same final marking. Consequently, if we substitute N11 by N9,
Q enables transitions ta and tb in N9 ⊕U . Furthermore, U consumes all tokens
from the output places of N9. Hence, U ∈ Strat(N9). �

Although N9 accords with N11, N11 does not accord with N9. The oWFN
pattern depicted in Fig. 10(b) is a strategy for N9 but it is no strategy for N11.

Now, let us consider N12 depicted on the right hand side of Fig. 10(a). N12

results from changing the order of sending and receiving in N9. It is worthwhile
mentioning that neither N12 accords with N9 nor N9 accords with N12. The
oWFN depicted in Fig. 10(b) is a strategy for N9 but no strategy for N12. The
oWFN depicted in Fig. 10(c), in contrast, is a strategy for N12 but not for
N9. From Strat(N9) 6= Strat(N12) and Lemma 6 we can derive Strat(N10) 6=
Strat(N12). That means, transforming N12 into N10 or transforming N10 into
N12 violates accordance.

However, we can merge transitions ta and tb in N12 to a single transition and
this transformation preserves accordance in both directions. This is, in fact, an
application of Lemma 5.

The next rule, Rule 6, specifies how an alternative branch can be added to
an oWFN pattern N13 depicted on the left hand side of Fig. 11. The pattern N13

first receives a and then enters either the left or the right branch. In each branch,
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Fig. 10. Counterexample.

messages are sent (b and c, respectively), and then messages are received (d and
e, respectively).

Definition 30 (N13). Let N13 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with

– P = I ∪ O ∪ {p1, p2, p3},
– T = {ta, tb, tc, td, te},
– F = {(r, ta) | r ∈ R}

∪ {(td, s) | s ∈ S}
∪ {(te, s) | s ∈ S}
∪ {(a, ta), (ta, p1), (p1, tb), (p1, tc), (tb, b), (tc, c), (tb, p2), (tc, p3), (p2, td),
(p3, te), (d, td), (e, te)},

– I = {a, d, e} ∪ R,
– O = {b, c} ∪ S.

The pattern N13 can be transformed into N16 (the net depicted on the right
hand side of Fig. 11) by adding an alternative branch. In this branch, d is re-
ceived, and then a message f is sent. Afterwards, this branch can be arbitrary;
that is, there can be any continuation (including direct continuation in S) of this
net illustrated by the frame.

First of all, we define an oWFN pattern N14 specifying the alternative branch
to be added to N13. N14 is very general. It is only required that N14 contains
places R and S. N14 is concretized by defining its subnet N15. Afterwards, N15,
the subnet contained in N14, is defined. Finally, N16 is defined by merging N13

and N14.

Definition 31 (N14). Let N14 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with R,S ⊂ P , with R = RN13

and S = SN13
.
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Definition 32 (N15). Let N15 = (P, T, F, I,O,m0, Ω) be a subnet of N14 with

– P = RN14
∪ {p5, d, f}, p5 /∈ SN14

– T = {t′d, tf},
– F = {(r, t′d) | r ∈ RN14

} ∪ {(d, t′d), (t
′
d, p5), (p5, tf ), (tf , f)} and in N14 there

are no other arcs connected to RN14
, p5, t′d, tf except outgoing arcs for tf ,

– I = {d} and d ∈ IN13
,

– O = {f}.

oWFN pattern N16 results from merging patters N13 and N15 and is defined
as follows.

Definition 33 (N16). Let N16 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with

– P = PN13
∪ PN14

,
– T = TN13

∪ TN14
,

– F = FN13
∪ FN14

,
– I = IN13

∪ IN14
,

– O = ON13
∪ ON14

.
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Fig. 11. Rule 6: Adding an alternative branch to N13 starting with an receiving event
results in N16. Strat(N13) ⊆ Strat(N16).

Rule 6 specifies that N13 can be transformed into N16 while preserving ac-
cordance. More detailed, Strat(N13) ⊆ Strat(N16). The correctness of this rule
is justified by the following lemma.

Lemma 8 (Rule 6: Adding an alternative branch). Let N13 and N16 be
as defined. N16 accords with N13.
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Proof (Sketch).
It is sufficient to prove Strat(N13) ⊆ Strat(N16). Let U = (PU , TU , FU , IU , OU ,
m0U

, ΩU ) ∈ Strat(N13) and N13 is not dead in N13 ⊕ U ; otherwise, we could
trivially replace N13 by N16 without violating accordance. We have to show:
U ∈ Strat(N16).

We will prove the lemma by contradiction. Assume that U is no strategy
for N16. This implies that the composition of U and N16 can deadlock because
of choosing the (newly added) left branch (i.e., N14) in N16. Consider how U
interacts with N13: U cannot send d or e before it has received b or c. The
reason is, the oWFN pattern N13 decides if b or c is sent. Only by knowing that
decision, U can react to message b and c being sent by N13 by sending d and e,
respectively. As a result, U cannot control (i.e., it cannot enter) the left branch
of N16. Thus, N16⊕U cannot deadlock and therefore U is also a strategy for N16.
This contradicts the assumption and hence, Strat(N13) ⊆ Strat(N16) holds. �

However, N13 accords with N16 does not hold in general: Assume the left
branch of N16 is controllable in isolation. Then there is at least one strategy U ′

for N16. U ′ had to put a token on place d and thus to control the left branch.
This is, in fact, not possible for any strategy for N13. Thus, U ′ /∈ Strat(N13).

The intuition behind the next transformation rule (Rule 7) is the possibility
to add (remove) “dead code” to (from) a service. To motivate this transformation
rule, consider a party that wants to reuse an existing service in the contract. This
service may provide functionality to other parties not involved in the current
contract. Technically, in the first step, this party makes internal all interface
places of this service that are not used and in the second step, it looks for
transformation rules justifying the service to be a valid private view.

To formalize Rule 7, we have to define oWFN patterns N17–N21. N17 receives
a message a, then sends a message b, and finally it can behave arbitrarily. For
this purpose, N17 is defined quite general and concretized by its subnet N18.

Definition 34 (N17). Let N17 be an oWFN pattern. Let further
N18 = (P, T, F, I,O,m0, Ω) be a subnet of N17 with

– P = RN17
∪ {p1, a, b},

– T = {ta, tb},
– F = {(r, ta) | r ∈ R} ∪ {(a, ta), (ta, p1), (p1, tb), (tb, b)} and in N17 there are

no other arcs connected to RN17
, p1, ta, tb except outgoing arcs for tb,

– I = {a},
– O = {b}.

The oWFN pattern on the left hand side of Fig. 12 illustrates N17. The
arbitrary part of N17 is depicted by a frame.

The oWFN pattern N21 results from adding an alternative branch to N17.
This branch can be entered if place c is marked. Afterwards, the branch may
behave arbitrarily. In the end, both branches are synchronized in S. However,
c is an example of an internal place with empty preset (it is a former interface
place). Thus, transition tc will never be enabled.

31



First of all, we define oWFN pattern N19, the branch that is added to N17.
N19 shares the initial and final marking with N17.

Definition 35 (N19). Let N19 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with R,S ⊂ P , with R = RN17

and S = SN17
.

N19 contains a subnet N20 which concretizes N19.

Definition 36 (N20). Let N20 = (P, T, F, I,O,m0, Ω) be a subnet of N19 with

– P = RN19
∪ {c},

– T = {tc},
– F = {(r, tc) | r ∈ RN19

} ∪ {(c, tc)} and in N19 there are no other arcs
connected to RN19

and tc, except outgoing arcs for tc,
– I = ∅,
– O = ∅.

Finally, N21 depicted on the right hand side of Fig. 12 results from merging
the patterns N19 and N17.

Definition 37 (N21). Let N21 = (P, T, F, I,O,m0, Ω) be an oWFN pattern
with

– P = PN17
∪ PN19

,
– T = TN17

∪ TN19
,

– F = FN17
∪ FN19

,
– I = IN17

∪ IN19
,

– O = ON17
∪ ON19

.

ta

p1

R

a

=

ta

p1

atc

c

R

tb btb b

S
S

N17 N21

Fig. 12. Rule 7: Adding an dead code to N17 results in (N21). Strat(N17) = Strat(N21)

Rule 7 preserves accordance in both directions, meaning neither adding nor
deleting “dead code” will change the set of strategies for N17 and N21. Conse-
quently, Strat(N17) ⊆ Strat(N21).
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Lemma 9 (Rule 7: Adding / Removing dead code). Let N17 and N21 be
as defined. N17 accords with N21 and N21 accords with N17.

Proof (Sketch).
It is sufficient to prove Strat(N17) = Strat(N21).

Place c in N21 is an internal place and the preset of c is empty (i.e., •c = ∅).
Since c is not marked in the initial marking of N21, there will never be a token
on c and thus transition tc is dead. Consequently, N19 is dead. Since “dead
code” does not affect the set of strategies, we can conclude that Strat(N17) =
Strat(N21). �

The seven transformation rules presented in this section reflect the crucial im-
pact of the order of sending and receiving messages. The first two rules show that
sequences of sending events and sequences of receiving events can be executed
simultaneously while preserving accordance in both directions. This was our mo-
tivation to consider only oWFNs where each transition is connected to at most
one interface place. Transforming first-send-then-receive into send-and-receive-
concurrently preserves accordance in both directions (Fig. 8). However, first-
send-then-receive cannot be transformed into send-and-receive-simultaneously.
In contrast, receive-and-send-simultaneously can be transformed into first-send-
then-receive while preserving accordance (Fig. 9). Consider first-receive-then-
send next. It can be transformed into receive-and-send-simultaneously (Fig. 7),
but it cannot be transformed into receive-and-send-concurrently.

5.5 Case Study

In this section, we demonstrate how accordance-preserving transformation rules
can be applied to derive a private view of the customer from its respective public
view, taken from the running example in Fig. 1(a). On first sight, the generated

customer depicted in Fig. 13(b) and the (original) customer (depicted again in
Fig. 13(a) to ease the comparison) are not very similar. We will now show that
the generated customer was derived from the original customer by applying the
transformation rules defined in the last two sections:

– The messages order and delivery address can be sent simultaneously to the
supplier by transition tab (transitions created by merging transitions of the
public view are depicted in light gray). The merging of transition ta and tb
is justified by Rule 1.

– Sending the payment and receiving the shipment can be done concurrently.
Therefore we had to add two new internal transitions x and y (newly-added
transitions are depicted in dark gray). This transformation is justified by
Rule 4.

– After receiving the invoice the customer can check the invoice arbitrary times.
This is modelled by the newly added loop transition g.

– Finally, a new branch was added to the customer, starting with transition
f. Intuitively, this branch models additional behavior that is available when
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Fig. 13. The public view (a) and a private view (b) of the agency of Fig. 1(a).

the generated customer is running in a different environment. When cancel-

lation is an input place for messages sent from a (modified) supplier service,
the newly-added branch can be triggered by messages. Thus, the generated

customer can be reused in a different contract. However, place cancellation is
not exposed as interface place, and as it is not marked, the branch is dead.
Therefore, the addition is justified by Rule 7.

As all rules applied are accordance-preserving, the generated customer in
Fig. 13(b) is a correct private view of the customer in Fig. 13(a), and thus
accords with the running example contract (cf. Fig. 1(a)).

6 Related Work

As already mentioned in the introduction, the work presented in this paper
mainly builds on results presented in [9, 10] where classical workflow nets [15]
are used as a formal model and projection inheritance [16, 17] is used for relat-
ing the implementation of a contract to the original contract. In this paper, we
presented a more generic notion of a contract using open workflow nets. Thus, a
public workflow is not restricted to be a workflow net and therefore “massaging”;
that is, transforming a possible unconnected net (i.e., a net that consists of sev-
eral parts) into a workflow net is no longer necessary. Furthermore, our notion of
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accordance is weaker than projection inheritance since it uses asynchronous mes-
sage passing rather than synchronous communication as an interaction model.
Consequently, we could define accordance-preserving transformation rules which
are less restrictive than the rules presented in [9].

The accordance preserving-transformation rules presented in Figures 5–7 can
be seen as an enhancement of existing rules for structural refinement and ab-
straction of Petri nets as presented in [23, 24].

The concept of contracts is also related to the problem when a service can
be substituted by another service. Most of this work, however, is restricted to
synchronous communication [25–27] whereas we consider asynchronous message
passing. Benatallah et al. [27] present four notions of substitutability. In this
paper, we cover two of them: equivalence and subsumption. Equivalence in our
notion means that both services have the same set of strategies and subsumption
means the inclusion of the set of strategies.

Fournier et al. present in [28] a refinement relation for CCS processes between
a specification S and an implementation I of asynchronous message passing soft-
ware components. This relation is called stuck-free conformance and formalizes
(like weak termination) deadlock-freedom of the system. It further satisfies the
substitutability property: If I conforms to S and E is an environment such that
the composition of E and S is stuck-free, then the composition of E and I is
stuck-free, too. In contrast to accordance, this relation does not allow (similar
to inheritance) the re-ordering of sending or receiving events. To check confor-
mance, the model checker Zing [29] is used.

The ComFoRT framework [30] analyzes whether a software component S
implemented in the programming language C can be substituted by another
software component S′. S can be substituted by S′ if the following two crite-
ria hold: (i) every behavior possible in S must also be a behavior of S′, and
(ii) the new version of the software system must satisfy previously established
correctness properties.

The idea of using annotated automata as a representation of a set of au-
tomata has been first published in [31]. However, to the best of our knowledge,
there exists no approach which uses the novel concept of operating guidelines to
characterize when a service N can be substituted by a service N ′.

7 Conclusion

In interorganizational cooperation the involved parties specify a public version of
the overall process which serves as a contract. Later on, each party implements its
part of the contract (i.e., the public view). Such a local modification is nontrivial
as it may cause global errors such as deadlocks. This shows the necessity for a
formal framework which guides the user during the modification process.

In this paper, we proposed a formal notion of a contract based on open work-
flow nets. Our correctness criterion, weak termination, guarantees the ability to
always be able to terminate properly (e.g., the overall process cannot run into

35



a deadlock or livelock). To decide if the public view N of a party can be sub-
stituted by a modified version, the private view N ′, we presented the notion of
accordance. N ′ accords with N if N and N ′ have the same interface and any
environment that can cooperate with N can also cooperate with N ′. The value
of our accordance notion is that it can be checked locally and guarantees that
the overall workflow preserves the weak termination property.

To check accordance automatically, we introduced our concept of operat-
ing guidelines. The operating guideline of an oWFN N , OGN , characterizes all
oWFNs M (called strategies) such that the composition of M and N weakly
terminates. We proved for acyclic finite state oWFNs N and N ′ that N ′ accords
with N if the operating guideline of N ′ characterizes at least the strategies that
are characterized by the operating guideline of N .

In addition, we also presented accordance-preserving transformation rules to
derive N ′ from N . Accordance guarantees that the overall process will always
terminate properly; that is, the overall process cannot run into a deadlock or live-
lock. We showed that some of the rules preserve accordance in both directions
while other preserve accordance only in one direction. We discussed that the no-
tion of accordance generalizes the notion of projection inheritance [9, 10, 16, 17].
As a consequence, we showed that projection inheritance implies accordance and
therefore the inheritance-preserving transformation rules preserve accordance.

In ongoing work, we want to generalize our accordance check to cyclic oWFNs.
For this purpose, our correctness criterion must also guarantee the absence of
livelocks which is more challenging than checking deadlocks. Furthermore, we
look for other correctness criteria than weak termination. Moreover, we want to
relate the notion of accordance to other equivalence notions described in litera-
ture.
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