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Abstract. Current e-business technology enables the execution of in-
creasingly complex coordination processes that link IT services of dif-
ferent companies. Successful design of cross-organizational coordination
processes requires the mutual alignment of the coordination process with
a commercial business case. There is however a large conceptual gap
between a commercial business case and a coordination process. The
business case is stated in terms of commercial transactions, but the co-
ordination process consists of sequences, choices and iterations of actions
of people and machines that are absent from a business case model; also,
the cardinality of the connections and the frequency and duration of ac-
tivities are different in both models. This paper proposes a coordination
process design method that focusses on the the shared physical world
underlying the business case and coordination process. In this physical
world, physical deliveries take place that realize commercial transactions
and that must be coordinated by a coordination process. Physical deliv-
ery models allow us to identify the relevant cardinality, frequency and
duration properties so that we can design the coordination process to
respect these properties. In the case studies we have done so far, a phys-
ical delivery model is the greatest common denominator that we needed
to verify consistency between a business case and a coordination process
model.

1 Introduction

Current e-business technology enables the execution of increasingly complex
cross-organizational business processes that link IT services provided by dif-
ferent companies. The complexity of these networks makes it important to make
a business case that shows for each partner that it is economically sustainable
to participate in the network, and to make this case before operational details
of the coordination infrastructure are designed. A coordination process need be
designed only if the business case is positive for each of the partners. But it
is hard to design a coordination process based on a multi-party business case
only, because the conceptual gap between the two is very large [1]. Where a
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business case makes an estimation of numbers of commercial transactions and
their monetary value over a period of time, a coordination process consist of
operational activities performed at particular times satisfying specific cardinal-
ity, frequency and duration constraints. But despite this conceptual gap, the
coordination process must be designed to be consistent with the business case,
and this alignment must be maintained during the entire period of cooperation
between the businesses.

Recent proposals to design coordination processes based on business case mod-
els [2,3,4] recommend that the process designer analyze a business case model
to identify transfers of ownership before designing the coordination activities
needed to implement a business case model. The reasoning is that the coor-
dination process must realize the ownership transfers involved in commercial
transactions, and that it therefore pays off to analyze ownership transfer first.
However, the concept of ownership is very complex. Asking a process designer to
analyze it before designing a coordination process does not simplify the process
design task. Moreover, important process design information such as cardinality,
frequency and duration properties of the coordination process are not uncov-
ered this way. In this paper we take a less complex route, that nevertheless
yields more information for the process designer. We start from the observa-
tion that the business case and coordination models are views on one shared
physical world, where physical deliveries take place (section 5). Each commer-
cial transaction is realized in physical deliveries, and the coordination process
must coordinate these deliveries. Physical delivery modeling makes it easier to
think about cardinality, frequency and duration properties of deliveries, and this
in turn makes it relatively simple to design coordination processes that realize
these deliveries (section 6). Our case studies provide support to the hypothesis
that physical delivery models provide a shared semantic structure for proving
mutual consistency between business case and coordination models (section 7).

In section 2 we describe our running example and in sections 3 and 6 we
present a business case model and coordination model of this example, respec-
tively. There are several notations for business case modeling, such as the e3-value
notation [5] used in this paper, REA [6] and BMO [7]. Our argument does not
depend on the notation used as long as the business case model contains estima-
tions of the value and number of commercial transactions between the business
partners over a period of time. We explain the e3-value notation in section 3.
Well-known notations for coordination modeling are Petri Nets [8], BPMN [9]
and UML activity diagrams. In this paper we use UML activity diagrams, be-
cause we want to show who is waiting for which activity, and which objects are
passed around.

2 Running Example

Our running example concerns electricity distribution in the Netherlands: Elec-
tricity suppliers provide electricity to consumers by obtaining it from producers
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and having a distributor deliver it at the consumer’s home. Consumers pay for
electricity as well as for the use of the distribution network, and see this in their
bill, where distribution is charged explicitly. However, they do all payments to
the supplier, which then forwards payment for the distribution to the distribu-
tor. In the Netherlands there is one electricity distribution network per geograph-
ical region, but there are several suppliers and producers the consumer can choose
from.

3 Value Modeling

An e3-value model of a networked business case consists of a diagram, called
a value model, that represents the businesses participating in the network for a
period of time, what they exchange of value in this time, plus a set of estimations
of the number and value of the exchanges, that allows us to calculate the net
present value (NPV) (see e.g. [10] for an explanation of the NPV concept) of
the revenue generated by these exchanges for each business. We call the time
period represented by the value model the time extent of the model, or extent for
short. The value model allows NPV estimations of revenue for the time extent
of the model only. It is possible to consider a sequence of value models over
subsequent time extents, where for example the first model represents initial
investments and start-up and the second model represents exploitation of this
initial investment.

Figure 1 shows a value model of electricity distribution. Rectangles represent
economic actors that can have needs and can offer something in value in return,
such as money, to meet those needs. Actors in a value model can be businesses
or consumers. Stacked rectangles represent market segments, which are sets of
economic actors with the same needs.

Fig. 1. Value model for electricity delivery. The value transfers have been numbered
for ease of reference.
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Actors are connected by value transfers. If the source or destination of a
value transfer is a market segment, this means that all actors in this segment
can produce or consume this transfer. Value transfers are transfers of so-called
value objects. A value object can be a good, service, data, experience, or any-
thing else of value to the receiver. What are value objects depends on the
specific actors in case. Music may be of value to one actor and be a nuisance
to another. The arrow may even be reversed in different value models involv-
ing the same value object. For example, a hotel may offer a wireless access
provider the opportunity to provide wireless access to its guests—a captive mar-
ket, which is of value to the access provider, who therefore pays the hotel for
this. However, another hotel and another access provider, or the same two ac-
tors in another time period, may view this differently: The access provider takes
care of a service regarded by all guests as normal infrastructure, and there-
fore the hotel pays the provider for this. What, in a given time extent, is of
value to whom, is depends on the needs and desires of those actors in that time
period.

Value transfers enter or leave an actor through a value interface, which is a
unit of atomicity: In the time extent of the business case, when one transfer
occurs, the other occurs too in that same period. e3-value does not allow us to
say when these transfers occur, only that they occur in the time extent of the
business case. This is sufficient for the purpose of business case modeling, where
we only need to estimate how often commercial transactions occur in the time
extent of a business case, not when they occur.

Actors can have needs, represented by a dot placed inside the actor rectangle.
An actor can have this need any number of times in the time extent of the
model. When placed inside a market segment, the dot means that any actor
in this segment can have this need. The commercial transactions required to
meet a consumer need are linked by a dashed line called a dependency path
to the consumer need. A bull’s eye indicates the model boundary, i.e. further
transactions such as those with suppliers down the value chain are not considered
in this business case. This means that the business case developer does not view
these transactions as having any impact on this business case. In general, a
dependency path is an acyclic graph with and-or nodes. We will illustrate and-
nodes in the health insurance example.

We believe that each conceptual model should have a single purpose and
should contain all and only the information needed to fulfill this purpose. The
purpose of an e3-value model is to make a business case, and the graphical value
model of figure 1 and the supporting computational techniques (not treated here)
are exactly what is needed to do the NPV estimation of the revenue generated
for each of the business actors in the case. The value model shows what is
happening commercially, but does not tell us how this is done operationally. We
use coordination models for that.
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4 Cross-Organizational Case Coordination

In this section we use a variation of activity diagrams that retains the root
of these diagrams in statecharts [11]. As pointed out earlier, we choose this
statechart-like variation of activity diagrams because it makes explicit when
an actor is performing activity and when it is waiting for someone else to do
something. Figure 2 contains the legend.

Figure 3 shows a coordination process involving four named actors, a consumer
c, supplier s, producer p and distributor d (in the lower half of the diagram). The
process runs over a period of a year, i.e. the time extent of our business case. We
indicated the parts of the coordination process that correspond to commercial
transactions by dashed rounded rectangles. Payments 2 and 3 involve an monthly
interaction between supplier and consumer and a further yearly interaction (one
in this example) between the supplier and distributor. Payment 5 consists of
a quarterly interaction between supplier and distributor. Delivery of electricity
(value transfer (1)) and access to the distribution network (service provision(6))
are started in parallel to the payment procedures and stop at the end of the
contract period (1 year). The case handled in this coordination process is the
consumer need for electricity during one year.

The coordination model has no owner. No single actor is responsible for its
execution. It is the joint responsibility of all actors that it is executed, and if
each actor does what promised to do, then the coordination process occurs. The
process in figure 3 makes the assumption that all actors are trustworthy, i.e. do
what they should do. This is a simplifying assumption that we return to later.
First, we turn to the central topic of this paper, which is how we can design a
coordination process starting from a business case model.
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Fig. 2. Legend for the version of activity diagrams used in this paper
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5 Physical Delivery Modeling

We define a physical delivery model as a representation of the physical events by
which business actors get access to a value object; a physical event is one that
can be described using the standard physical measurements (meters, kilograms,
Ampères, seconds). We will not use physical terms to describe physical objects
(“rectangular piece of paper”) but their socially defined names (“money”). But
the objects and flows indicated by these names must be physical.

We claim that coordination modeling is facilitated by making a physical deliv-
ery model first, because the business case and coordination model are both views
of a network of physical deliveries. Ultimately, every business case describes an
economic view on the physical world, and every process model describes events
in the physical world. Software is a state of hardware, and data is a state of the
physical world too. Money is physical too, realized by means paper, metal, or
computer hardware as digital money. Human services such as coaching, teaching,
consultancy, providing help through a help desk, providing financial services, etc.
consist of physical processes too, including people moving to places, advice being
produced in the form of sounds, reports being written, and money being passed
around or stored. Each of these processes has a physical realization, even though
we usually talk about them as disembodied entities with certain financial, logical
or semantic properties. But if there would be no physical events, none of these
disembodied entities and events would exist.

Commercial transactions are usually accompanied by a system of legal rights
and obligations, permissions and prohibitions that are treated by stakeholders
as non-physical. However, creation of these norms must be done by a physical
process (e.g. signing a document); we maintain physical evidence of the exis-
tence of these norms in the form of physical documents; and the norms govern
physically observable behavior of people and goods in the real world, such as
buying and selling, listening to music or watching a movie. The non-physicality
of these legal norms is a useful fiction that allows us to abstract from complex
physical processes.

Views such as a value model or a coordination process model represent part
of the shared conceptual models by which people organize themselves. But to
understand the relation between two models that are so fundamentally different,
we must understand what each of these models means in terms of a shared
physical world. We do this by means of physical delivery models, that will allow
us to understand which physical activities realize commercial transactions and
therefore need to be coordinated by a coordination process.

5.1 Physical Objects and Their Delivery

To help identifying the physical deliveries that realize commercial transactions,
we distinguish the following kinds of physical objects.

– Discrete goods are identifyable entities that can form a set. Examples are
physical products such as chairs and cars, but also inert physical entities
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such as houses and airport runways. The distinguishing feature is that when
two physical goods are put together, they form a set of two elements.

– Cumulative goods do not preserve their distinctness when put together. When
you add water to water, the result is still water. Ultimately, cumulative goods
consist of atoms that form a set, but at the level of phenomena that interests
us for physical delivery modeling, we will be talking about cumulative goods
such as water or electricity. Where discrete goods can be measured by count-
ing them, cumulative goods must be measured by choosing a measurement
unit.

The distinction is not a metaphysical statement about the ultimate structure of
the physical world but a hint what to look for when modeling physical deliveries.
It is not important to allocate a physical object to exactly one of these two
categories: What is important is to identify the physical objects to be coordinated
in realizing commercial transactions. Cumulative goods can always be parceled
into discrete units. For example, teaching is cumulative, but we usually parcel
it into numbered lessons, which can be viewed as discrete goods.

Lexical objects are a particular kind of discrete goods, that have a meaning
for stakeholders. Lexical objects are physical information carriers such as paper
documents, states of a computer (digital documents), traffic signs, money coins,
paper money, digital money, etc.

5.2 Delivery Scenarios

Figure 4 shows a delivery model for the business case of figure 1. Rectangles
represent actors, which must be the same actors as those of the value model. We
treat actor names as type names, and individuals can be represented by declaring
proper names for them. So in figure 4 we represent four individuals named c, s,
d and p. If there would have been, say, two producers p1 and p2, then we could
have represented these as two distinct rectangles in the diagram, labeled by p1
and p2. And if we would have wanted to represent a set of producers of arbitrary
size, then we could have represented the Producer type as a rectangle without
a proper name for any individual producer.

c: Consumer

s: Supplier

d: Distributor

p: Producer

Money
12 times

Money
4 times

Electricity
1 year

Electricity
1 year

Money
1 time / year

 2 

3

5

6

1

 3

4

Distribution network
one year

Fig. 4. Physical delivery scenario of an electricity consumer need. The numbers inside
comment boxes refer to value exchanges in figure 1.
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Figure 4 actually represents one delivery scenario. It shows what deliveries
must occur to satisfy the need of consumer c in the time extent of the business
case. This is the delivery scenario corresponding to the coordination scenario of
figure 3, which shows how this consumer need is handled.

Another consumer could receive electricity from two producers, one produc-
ing “green” electricity and one producing “dirty” electricity, which would repre-
sented in that delivery scenario by means of two producer boxes. Alternatively,
we could take the point of view of a particular supplier and show the network
of deliveries that this supplier is involved in. In the Netherlands, this supplier
would interact with many consumers and producers and with one distributor.
Each of these scenarios has important consequences for the internal business
processes performed by the actors.

In our delivery scenarios we will always take the point of one consumer, and
more in particular of one consumer need, because the business network exists to
satisfy this need. Our value and coordination models show the commercial and
operational feasibility of meeting this need. The delivery scenario of a consumer
need shows the deliveries in the network required to satisfy that need.

The delivery scenario abstracts from much of the infrastructure used to realize
the business case. For example, banks used to make payments are not represented
in figure 4. The reason is that a delivery model contains the same actors as a
business case model; and the business case of this example ignores the payment
infrastructure because the cost of using it does not impact the business case.

5.3 Types of Deliveries

Deliveries are represented by arrows pointing from provider to receiver. A phys-
ical delivery starts at the point in time when the receiver is able to physically
handle the delivered object, which we will call access. This can happen in two
ways: The physical object moves to the receiver, or the receiver moves to the
physical object. The money and electricity transfers in figure 4 are of the first
kind, because these are transported to the receiver. Delivery of the distribution
network is of the second kind. The consumer probably obtained access to the
electricity network because he/she moved into a house that is connected to the
network. Connection of a network to a house and movement of the consumer
into this house is out of scope of the business case and therefore out of scope of
physical delivery modeling.

We distinguish time-continuous from time-discrete delivery, represented by
double-headed and single-headed arrows, respectively. Time-continuous delivery
takes place over a period of time and time-discrete delivery takes place at one
instant of time of zero duration. All deliveries stop at some time, because our
value models, and therefore their corresponding delivery models, have a finite
time extent. But time-continuous deliveries stop some time after they are started,
whereas time-discrete deliveries stop at the point in time when they are started.
Labeling deliveries as time-continuous or time-discrete is choosing a granular-
ity of time, because what is taken to be time-discrete at one level of granularity is
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a period at a lower level. The distinction is important because coordination for
these two kinds of deliveries must guarantee different timing properties.

Deliveries are named after the physical entity that the receiver receives ac-
cess to. This still leaves the modeler a choice what the physical entity received
actually is: energy, electrons, atoms, metal, paper, coins, bank notes, money, a
payment? All of these can be regarded as names of physical entities, albeit in-
creasingly abstract names. Choosing an abstraction level is unavoidable in any
modeling activity, but this is not an arbitrary choice. To choose a name, we first
rule out names of which the meaning depends on the value or process models, be-
cause the delivery model should only represent basic information that is needed
to understand these model. If we would now include in the delivery models infor-
mation that can only be understood by first understanding a value- or process
model, we would have introduced a vicious circularity. This rules out “payment”
as a delivery name, for this is defined in terms of a commercial transaction in
the value model.

Second, among the remaining possibilities we choose an abstraction that tells
us what stakeholders want to be able to observe in any realization of the business
case model. In all cases, energy, electrons and atoms are being delivered, but this
is not what stakeholders want to observe. The supplier wants to observe a delivery
of money from the consumer, and so this is the name of the delivery. In another
case, such as one in which coin collectors are described, we could have selected
“coins” as name for a delivery because this is what the collector wants to observe.
They want to observe this because this is the physical event that they are willing
to provide a reciprocal value object for, as indicated in the value model.

Because receivers are paying (in the form of some value object sacrificed by
the receiver) for the delivery, they usually not only want to observe but also to
measure the delivery. In the electricity example, the amounts of money trans-
ferred and of electricity delivered are what stakeholders want to measure when
the value model is realized. They want to measure these phenomena because
this is what the business case rests on; Participants can verify whether the busi-
ness case is satisfied by observing these deliveries. The commercial transactions
counted in the value model have a particular value that can then be observed at
the delivery points in a delivery model, i.e. at the points where deliveries enter
the receiver.

So the arrows in a delivery model represent observations, and possibly mea-
surements, that stakeholders want to make in physical reality. Figure 4 tells
us that in the time extent of the model, they expect to make 12 observations
of money transfer from consumer c to supplier s, 1 year of electricity delivery
of the distributor to the consumer, etc. The physical network is actually fitted
with measurement instruments (electricity meters, information systems) that
make and record these observations.

5.4 Frequency and Duration Properties

For one scenario, we can represent frequency and duration information. For time-
discrete delivery we can state how many times delivery occurs in the time-extent
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of the business case, and for time-continuous delivery we can state how long a
delivery takes place and how many times this takes place. Frequency and dura-
tion information provides us with an important guide for process design later.
For example, the delivery scenario of figure 4 shows that the supplier collects
consumer payments made monthly, and forwards them to the distributor 4 times
a year. This requires therefore the distributor to maintain stores (databases) of
information about payments and to execute a distributor process which processes
batches of consumer payments.

5.5 Cardinality Properties

Instead of modeling a scenario from the point of view of one actor we can repre-
sent cardinality properties of deliveries in a viewpoint-independent model. Fig-
ure 5 shows a delivery model that does not take the point of view of any actor.
All nodes represent types, except the distributor node because in our example
there exists only one distributor. The diagram represents cardinality properties
in the same way as is done in ER models [11]. The cardinalities in the diagram
have the following meaning;

Consumer

Supplier

d: Distributor

Producer

Money Money

ElectricityElectricity

Money

Distribution network

1
1..*

1

1

1

1

Fig. 5. Model of delivery cardinalities. See text for the semantics of cardinalities.

– Each consumer can transfer money to exactly one supplier. (Different con-
sumers may transfer money to different suppliers.) Each supplier may receive
money from any number of consumers.

– Each supplier can transfer money to at least one producer and each producer
can receive money from any number of suppliers.

– Each consumer can receive electricity from exactly one distributor, each
supplier can transfer money to exactly one distributor, and each producer
supplies electricity to exactly one distributor. This is the meaning of the
cardinality 1 at the distributor side of the connections to Distributor.

– Because we have named the distributor d, the model also says that all con-
sumers receive electricity from the same distributor, all suppliers transfer
money to the same distributor, that this is the same distributor that all
consumers receive electricity from, etc.
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5.6 Semantic Relation between Value–, Delivery– and Coordination
Models

The physical delivery models provide a physical meaning to the commercial
transactions identified in a value model and the activities represented in a coor-
dination model. This is an informal meaning relation that the analyst can nev-
ertheless make as precise as needed. The physical meanings of the commercial
transactions in the electricity value model are listed in figure 6. These defini-
tions do not follow from the models. Rather, the models allow the analyst to
provide these definitions and use them to achieve a shared understanding with
all stakeholders.

– In commercial transaction (1, 2) of figure 1 the supplier ensures that the consumer
gets electricity and receives payment for this from the consumer. As shown in figures 3,
4 and 5, this is physically realized by the consumer transfering money to the supplier
12 times in the business case time extent (one year), and by the distributor delivering
electricity to the consumer during this period.

– In commercial transaction (3, 4), the distributor makes available its distribution infras-
tructure to the consumer and the consumer pays for this. This is a time-continuous
delivery of a discrete good, the distribution network. Payment by the consumer goes
in two deliveries via the supplier. The supplier sends money to the distributor once a
year.

– In commercial transaction (5, 6) the producer sells electricity to the supplier against
a payment. Since the supplier only buys the electricity in order to provide it to the
consumer, the producer delivers the electricity to the distributor, which can then pass
it on to the consumer.

Fig. 6. Informal semantics of commercial transactions in terms of physical delivery
models

6 Coordination Modeling

A coordination scenario is designed by first following the dependency path of a
consumer need in the value model, and modeling the delivery scenario required
to realize these transactions, including frequency and duration constraints. This
in turn is then used to create a coordination scenario such as shown in figure 3,
taking into account the meaning of each value transfer in terms of physical
deliveries. The coordination model scenario gives more detailed, operational in-
formation than the delivery scenario and shows that commercial transactions
occur according to well-known patterns, such as delivery of a service after a re-
quest for service, and payment after reception of an invoice. The coordination
scenario operationalizes deliveries in terms of a number of objects that cross the
boundaries between actors in figure 3, that realize the deliveries of the delivery
scenario of figure 4. The coordination process satisfies the frequency and duration
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– Each consumer needs to be able to pay one supplier (not necessarily the same supplier
for all consumers) by transferring money 12 times. Scenario example: Consumer c must
pay supplier s in 12 installments per year. Each consumer must be be able to access
the distribution network and receive electricity from distributor d for a year.

– Each supplier must be able to receive money from any number of consumers as payment
for electricity delivered and for the access to the distribution network, and forward the
distribution fee to the distributor d. Scenario example: supplier s must be able to receive
money payments from consumer c 12 times a year and forward the fee due to d once
a year. Each supplier must also be able to pay for electricity bought from one or more
producers. For example supplier s must pay producer p 4 times a year.

– Each producer must be able to receive money payments for electricity from any num-
ber of suppliers. Scenario example: Producer p must be able to receive payment for
electricity 4 times a year. Each producer must also be able to provide electricity to
distributor d. For example, producer p must be able to provide electricity to d for 1
year.

– The distributor must be able to supply electricity to any number of consumers through
its distribution network, provided by any number of producers. It must be able to
receive payments from suppliers for electricity delivered. Scenario example: It must be
able to receive a yearly payment from supplier s for electricity delivered to a client of
s.

Fig. 7. Coordination requirements for the business actors

requirements of the delivery scenario have been satisfied by loops (for payment
in installments) and by start and stop actions (for time-continuous delivery).

As pointed out before, a coordination process is not owned by any actor; it
is a joint responsibility to execute it, and it is actually executed by each actor
performing its own business processes. Moreover, other scenarios may be needed
to serve other consumers. A consumer who wants electricity from two producers
(a “green” and a “dirty” one) will have a different delivery scenario and therefore
a different coordination scenario, etc. Because these coordination scenarios are
performed by every business actor performing its own business processes, the
coordination scenarios are actually coordination requirements on these internal
business processes. And the viewpoint-independent cardinality model of figure 5
imposes additional requirements, concerning the number of partners that an
actor should be able to interface to. We summarize the coordination require-
ments requirements for each actor in figure 7, where the frequency and duration
requirements of the delivery scenario are stated as examples. Note that the mis-
matches in cardinality of received and provided deliveries indicate a requirement
to maintain buffers and do batch processing, for example for the supplier.

7 Discussion and Further Work

To summarize, we start from a situation where a business case has been made
that is positive for each partner, for example in the form of an e3-value model.
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Before operationalizing this in terms of coordination scenarios, we propose mod-
eling delivery scenarios first.

We have shown that delivery modeling can be used in the electricity delivery
example, but can it be used in other examples? So far, we have done three other
cases with delivery modeling: a health care insurance case, international trade
with a bill of lading, and handling landing and docking at an international air-
port. These cases have a very diverse mix of commercial services and products
exchanged among partners, and in all cases delivery modeling simplified coor-
dination process design. Further case studies must indicate the limitations on
applicability of delivery modeling.

Modeling physical flows is actually a very old idea, common in logistics, and
used in earlier information system requirements methods such as ISAC and struc-
tured analysis in the 1970s [12]. Delivery modeling (and value modeling) are
particular ways to do early requirements engineering, in which we identify busi-
ness goals and needs to be supported by IT [13]. Current approaches to early
requirements concentrate on transforming dependencies between business goals
into system requirements and architectures and do not consider delivery coordi-
nation structures as we do [14].

There is some resemblance of delivery models to Jackson’s problem frames [15].
Both kinds of models structure the world into domains (business actors in delivery
models) that share phenomena at their interfaces (physically observable deliver-
ies in delivery models). However, where problem frames are used to show how a
machine inserted in a domain causes satisfaction of requirements, delivery models
are used to show what observable deliveries must occur to satisfy a business case.

Zlatev, Wombacher [16] and Bodenstaff [17] defined reduced models as se-
mantic structure in which to interpret e3-value models and coordination models
to prove that they are consistent. In the cases we have done so far, their reduced
models turned out to be our physical delivery scenario models, without the car-
dinality, frequency and duration constraints. We think the reason for this is that
reduced models represent the information shared by business case and coordina-
tion models, and that this shared information is exactly the physical deliveries
that realize the value model and that must be coordinated by the coordination
process. Further work is needed to show conclusively that reduced models are
physical delivery models. In order to evaluate the usability of our approach, we
plan to do an experimental evaluation of physical delivery modeling compared to
other approaches that use legal concepts to arrive at a coordination process [2,4].
Although we emphasized the difference between physical and legal activities, it
may turn out that for more complex models we may have to combine the two
approaches, for example if we include physical ownership certificates. Even in
this paper, some physical objects (coins, bills) are indicated by a legally defined
name (“money”).

In all our models we assume that all actors will do what they promise to do,
e.g. will perform their business processes according to coordination requirements.
In practice this is not a realistic assumption [18,19]. Actors may be unreliable
because they intend to get a free ride from others, or because they lack the
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resources to live up to their promises. Either way, we must assess the risk of
actors not satisfying the coordination requirements. The less trust we have in
an actor, the higher we will assess the risk of doing business with this actor.
For every trust assumption that we drop, we may have to add new business
actors (e.g. trusted third parties) to the business case, or new activities (e.g.
control mechanisms) to the coordination process, that will reduce the risk of the
cooperation [20]. In our future research we will investigate what role delivery
modeling can play in assessing trust assumptions and designing risk mitigation
mechanisms.

Another very interesting further development is to identify different elements
in a coordination process. In this paper we only introduced the parts of a coor-
dination process that realize value object deliveries. There are many additional
parts of a coordination process, such as activities to reduce the risk of fraud [20],
handling exceptions, setting up and tearing down communication connections,
setting up and tearing down membership of business networks, etc. [21].
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