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Abstract 
Changes in business processes correlate with changes in dependencies. The fundamental question we deal with 
in this paper is which dependencies may show up in business processes and how to find those dependencies. 
This paper presents a generic classification of dependencies that may show up in every situation. All of these 
dependencies have to be taken care off through coordination mechanisms. It is argued that starting from a 
classification of dependencies one can search for dependencies that are present in a business process; one can 
introduce new dependencies, or change old dependencies. In this paper we merely present the classification (not 
how to use it). 
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1 Introduction 

The paper at hand concerns research in progress and is meant to position our research and to 
present the first findings of our research. We submit this paper to the research workshop on 
“Coordination and Communication in Business Processes” in order to exchange ideas with 
other attendants of the workshop. 
 
In our research we want to deal with the integration of computer systems in the Extended 
Enterprise1. One important problem in that context concerns coordination: (1) how can 
coordination be done; and more fundamentally: (2) what needs to be coordinated? This paper 
tries to deal with this second question. As the definition of coordination often refers to the 
management of interdependencies (e.g., “the process of managing dependencies between 
activities”, (Malone and Crowston, 1994)) we are trying to find out which dependencies need 
to be taken care of when doing Extended Enterprise integration. However, before we deal 
with the specifics of the Extended Enterprise, we want to create a powerful generic 
classification of dependencies that may show up in any context.   
  
Therefore, the first part of our research is aimed at presenting an appropriate classification of 
dependencies. This paper presents the contours of a generic classification of 
interdependencies. This classification is not specific to (but nevertheless appropriate for) 
Extended Enterprise integration. Presenting a total classification in a paper of this size is 
impossible. Therefore, in this paper we will only discuss a part of the classification in detail, 
just mentioning the other parts.   

                                                 
1 An Extended Enterprise (EE) is defined as a collection of legal entities (N � 2) that pursue repeated, enduring 
exchange relations with one another. A distinction can be made between Extended Enterprise integration, and 
Market B2Bi (another form of B2Bi), and it can be shown that the coordination is likely to take on a different 
form in both cases (Goethals et al., 2005).  
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2 The Classification 

Our classification uses two basic building blocks: objects and tasks2.  
 
Working Definition:  Objects are all kinds of tangibles and intangibles that may serve as an 

input and/or an output for a task. Objects are usually referred to with a 
noun. 

 
Examples of such objects are machines, raw materials, people, etc. In the remainder of the 
paper we will use example objects O1, O2, O3, etc. 
 
Working Definition:  Tasks are activities and functions objects3 perform. Tasks are typically 

referred to with a verb. 
 
Examples of tasks are ‘drilling’, ‘transporting’, etc. In the remainder of the paper we will use 
example tasks T1, T2, T3, etc. Please note that, on occasion, it is not appropriate to use a verb 
to refer to a task and a noun is used. For example, one could use the noun ‘lecture’ to combine 
the task of students to ‘absorb information’ and the task of a teacher to ‘distribute 
information’.  
 
Before getting to a more detailed discussion of the different dependencies that can arise 
between objects and tasks, we have to make a distinction between dependencies that have to 
be managed during the ‘formative stage’ and dependencies that have to be taken care of 
during the ‘operating stage’4.  
 
During the formative stage one thinks in terms of properties of classes of objects rather than 
about specific instances of classes. We investigate whether an object can be the input of a task 
because it has the required properties, rather than assessing whether a specific object is really 
needed/used by a task at a specific moment in time. The latter is taken care of during the 
operating stage. During the operating stage we need to look at specific instances of classes of 
objects (e.g., how a specific instance is passed from one task to another), and at the specific 
execution of a task at a specific moment in time; and we need to investigate issues such as 
cardinalities (e.g., a task needing two instances of an object). That is, in the operating stage 
the allocation problem comes to the fore.  
 
Working Definition: During the formative stage classes of objects and types of tasks have to 

be defined and related to each other.  
 During the operating stage instances of objects and tasks have to be 

related to each other. 
 
We associate the formative stage with the concept ‘usability’ of objects, and the operating 
stage with the concept ‘usefulness’ of objects. With usability we refer to the fact that an 
                                                 
2 Besides the fact that Crowston (1994, 1991, 2003) also uses this distinction, we also find a more fundamental 
justification for making this distinction in the idea forwarded by Simon (1994) about ‘state descriptions’ and 
‘process descriptions’.  
3 As stated, in our framework people can be seen as some kind of object. This is also the approach taken by 
Crowston (2003). Still, this neglects the fact that people (in contrast to machines) can coordinate themselves. In 
general, one can distinguish between classes of objects based on the possibility of the objects to be coordinated 
or to coordinate themselves. For reasons of brevity, this important difference is neglected in this paper.  
4 The concepts formative and operating interdependencies were used by O’Toole and Montjoy (1984), though 
they were operationalized differently.  
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object is an appropriate input or output of a task. Usefulness concerns the fact whether it is 
useful to give a specific object to a specific task given a specific state of the system.       
 
In the remainder of this paper we present the dependencies that may show up between our 
basic building blocks during the formative stage. We start out (Section 2.1) from the simplest 
case: one-to-one dependencies (e.g., one task vs. one object). Next, in Section 2.2, we 
elaborate the discussion to include one-to-many dependencies (e.g., several objects that can 
serve as an input for a task). Bringing an overview of the one-to-many dependencies between 
objects and tasks that have to be managed during the formative stage is the core of this paper. 
During this discussion we will (because of space limitations) primarily pay attention to the 
input-side of the picture5, just mentioning the output-side. That is because a discussion of the 
input-side results in the identification of a number of simple, though important concepts that 
should be considered when designing the coordination of business processes. For example, 
assigning objects to tasks can happen in different ways in the case objects are “shareable” 
then in the case they are “consumed”. We regret there is not enough space to bring an 
exhaustive discussion of the classification. For example, we cannot present an overview in 
this paper of many-to-many networks of dependencies that can be assessed with our 
constructs (although those many-to-many dependencies are part of our classification).  

2.1 First Level: One-to-One Dependencies 
Given the two basic building blocs (objects and tasks), we can distinguish between three types 
of one-to-one dependencies: task-object, object-object, and task-task dependencies. Though a 
discussion of these low-level dependencies is not the goal of this paper, we need to have a 
look at those (simple) dependencies before we can deal with one-to-many dependencies. 

2.1.1 Task-Object Interdependencies 
Two basic forms of one-to-one task-object interdependencies are thinkable: an object that can 
serve as an input for a task, and an object that is an output of a task.   
Concerning the output side of the picture we can be very short (in the one-to-one case): the 
object is dependent upon the task to be put out (produced, transported, etc.) by the task.   
The input side of the picture is a more complex one. A task can only be performed if the right 
inputs are available. An input may be any object ranging from data to people, and from raw 
materials to machines. The important question is when an object can be considered to be 
‘useable’ for a task?  
Referring to the Zachman (1987)6 columns (except for the What, and the Who-columns which 
refer directly to objects), we may say that an object is considered to be useable: 

- (HOW?) if it can perform a function that realizes the task,  
- (WHERE?) if it is available at the right location (WHEN?) at the right moment; and  
- (WHY?) if the object can be motivated to do the function it is required to do.  

 
To perform a task, the object needs to be available at the right location. Therefore, objects 
may need to be transmitted. A special task in our framework is, therefore, the “transportation 
task”. Furthermore, to perform a task, all objects need to be available at the right moment. A 
task is assumed to start the moment all its inputs are available (please note that an input might 
also be some message sent by the foreman to start production, and that this assumption is thus 

                                                 
5 That is, in this paper we look how objects serve as inputs for tasks, rather than discussing how objects are 
outputs of tasks. 
6 The Enterprise Architecture framework of Zachman (1987) is very comprehensive in that building all the 
models mentioned in the framework is assumed to lead to an exhaustive description of the entire enterprise. The 
models refer to the six English questions ‘what?’, ‘how?’, ‘where?’, ‘who?’, ‘when?’, and ‘why?’.  
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a realistic one). Another special task in our framework is, therefore, the “storing task” which 
can hold an input for some time.  
 
At this moment it is important to assess whether it is possible to have dependencies between 
objects and tasks other than those where the object is an input or an output of the task. In that 
case, we would speak about “pooled interdependencies”. Indeed, following Thompson (1967) 
we may say that three types of dependencies exist: pooled, sequential and reciprocal. While 
the latter two involve resource exchanges, pooled interdependencies concern the situation 
where objects do not serve as an output of one task and an input for another task 
simultaneously.  
 
We distinguish between ‘truly pooled’ interdependencies, and ‘apparently pooled’ 
interdependencies. Imagine two competitors selling similar products to a customer. The sales 
task of one company is dependent upon the quality of the products produced by the other 
company (and both are thus dependent upon each other without directly exchanging 
resources). However, this type of dependency is not a truly pooled dependency. After all, if 
one studies the objects and tasks, one can observe the following. The sales task of the 
company coincides with the purchasing task of the customer. Among the possible inputs to 
this purchasing task are the objects created by both companies. As we will see later, these 
inputs are combined through the XOR operator. From this it is clear that the dependency 
between the task and the object is not a direct one; it can be traced back via a number of other 
dependencies. Moreover, we may say that in the end, everything is dependent upon 
everything else. In the example, the company is not only dependent upon the product that is 
created by the other company, but (thus) also upon the materials that are used by the other 
company in its production, and (thus) also upon the person who produced these materials in 
yet another company. Clearly, not all of these dependencies can be managed by a company. 
Still, they can all be detected through an investigation of the chain of objects and tasks. 
Therefore, we call these interdependencies ‘apparently pooled interdependencies’.  
 
Definition: Apparently pooled interdependencies are pooled interdependencies that can be 

detected through an investigation of the web of objects and tasks. 
 
Such dependencies are different from ‘truly pooled interdependencies’ because the latter 
cannot be found by investigating the web of objects and tasks. Imagine the case where a plant 
is manufacturing cars. This plant does not use bombs as an input nor does it have bombs as an 
output. Still, the well-functioning of the plant depends on not having someone putting a bomb 
in the plant. Such pooled interdependencies are present everywhere in the world and are hard 
to foresee. Dealing with such dependencies is usually part of a general security system. 
As stated, in the end everything is contingent upon everything else. Such utterances do, 
however, not help someone in managing dependencies. In our research, we focus on the 
dependencies where coordination is possible. Furthermore, we may say that our classification 
of dependencies can also be used to assess what are the objects a company is most dependent 
upon, and thus which objects need to be protected most by a general security system7.  
It should be noted that pooled task-object interdependencies can, because of their very nature, 
be interpreted as a task-object interdependency, but also as an object-object interdependency, 
or as a task-task interdependency. For example, the bomb-example can also be interpreted as 
the situation where one task is dependent upon other tasks: someone producing the product is 
                                                 
7 Naturally, the explosion of a bomb can be seen as causing the situation where an object is no longer available 
for a task. Clearly, if more than one company can deliver you that object, you are less dependent upon the 
individual suppliers of that object.   
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dependent upon someone placing the bomb (and the bomb exploding). For this reason, we 
will neglect pooled interdependencies when discussing one-to-many task-object 
interdependencies in Section 2.2.1.  

2.1.2 Object-Object Interdependencies 
Object-object interdependencies are (by their very nature) characterized by the fact that there 
is no task giving form to the interdependencies. Following Thompson, we may say these are 
‘pooled interdependencies’. When it comes to Object-Object interdependencies, exhaustivity 
is hard to claim in a classification of dependencies (especially because truly pooled 
interdependencies are not given form through a task). Still, it is our goal to offer a 
classification that is as comprehensive as possible. We distinguish between truly and 
apparently pooled interdependencies.  
 
We discern two types of truly pooled Object-Object interdependencies which occur often, and 
where coordination can be (relatively) easily applied.  
• First, there is the whole-part relationship. In this case the whole can only exist if the parts 

exist. Two cases are then possible: either the whole naturally arises when the parts arise, 
or the whole is created from the parts through some tasks. The latter case is, of course, an 
example of object-task input-output interdependencies. The former case is a case of truly 
pooled interdependencies. An example of this is the definition of the winning lottery 
combination. This lottery combination naturally arises from the different numbers that are 
drawn; these numbers are not put into a task which makes one big number out of the 
separate numbers. Another example is the ‘environment of a company’, which is a 
collection of companies. Of course, the whole-part relationship is generally a one-to-
many dependency (see later). 

• As a side note we mention that the subparts of the whole may be directly dependent upon 
each other (e.g., because resources are exchanged between tasks performed by the 
subparts), or may be dependent upon the whole (in which case the parts are indirectly 
dependent upon each other). For example, if the whole is an organization, and the parts 
are the individual employees, the employees need to be paid from the revenues of the 
entire company, and the employees are thus dependent upon the whole. Moreover, 
because these revenues may be generated by other employees (which may not take part in 
the same process), we may say that all employees are dependent upon each other via the 
whole. That is, the parts are dependent upon the whole, and the whole is dependent upon 
the parts, and therefore the parts are indirectly dependent upon the other parts.  

• Secondly, one must be aware of the fact that one may also make representations of some 
object. If the real object changes, the representation presumably also has to change (or the 
other way around). For example, an airplane seat booking system contains a 
representation of an airplane for some flight. From this it is clear that we should not only 
model an ICT system as an object that is useable for a task, but also as a reflection of 
something in the real world. We note that ICT-systems are not the only ‘copy’ that can be 
made of reality. Another example would be the practice of doing the bookkeeping.  

 
Apparently pooled interdependencies between objects can more easily be detected because the 
objects are connected via one or more tasks. Let us consider the example of a lecture. The 
lecture (a task) will only take place if all inputs (teacher, students, classroom, etc.) are present. 
Therefore, students are dependent upon the number of seats present in the classroom, and 
upon the presence of the teacher. When one is looking at an institution that organizes lectures, 
one will see that someone is taking care of registrations of students, and that someone is 
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mapping registrations with available classrooms so as to make sure all students fit into the 
classroom. The latter is of course a coordination task.  
 
It is interesting to investigate how one comes to the idea that coordination here is needed. It is 
easy to see in a picture of a process how the process looks like, but how does one come to the 
design of coordination tasks in such a process? Why do universities appoint someone to 
assign classrooms to courses? This is not a task present in the collection of tasks a university 
intends to do to achieve its goal: the distribution of information. The classroom allocation task 
is ‘merely’ a coordination task. Still, without this task things will go wrong because 
dependencies are not managed. The need for coordination can be derived from the picture 
showing that the two objects (students and classroom) are inputs to the same task (see the 
discussion in Section 2.2.1). One needs to detect this kind of dependencies during the 
formative stage, and take care of those during the operating stage.  

2.1.3 Task-TaskIinterdependencies 
Because of space limitations we just mention here the obvious type of Task-Task 
interdependencies, namely the case where a task can be split up into a number of 
(independent/interdependent) subtasks. Typically, this will be a 1:n relationship (see Section 
2.2.2).  

2.2 Second Level: the One-to-Many Dependencies 
The one-to-many dependencies (of course) encompass all one-to-one dependencies. These 
dependencies will not be repeated here. In this section we only deal with the additional issues 
that show up when ‘many’ enters the equation. One can distinguish between five types of 1:n 
dependencies: (1) between objects and tasks, (2) one object being dependent upon other 
objects, (3) one task being contingent upon other tasks, (4) an object being dependent upon 
other objects and tasks, and (5) a task being dependent upon other tasks and objects. We will 
only deal with the first type in detail (Section 2.2.1). The discussion on the other types is 
grouped in Section 2.2.2. We note that the 4th and the 5th type can be seen as advanced cases 
of the 1st, the 2nd and the 3rd type.   

2.2.1 Interdependencies between Objects and Tasks 
In this section we move from the one-to-one case to the one-to-many case by combining units 
via the logical operators AND, OR, NOT, and XOR. By doing this we get a more 
comprehensive taxonomy of dependencies than the one presented by Crowston (2003) for 
example. Moreover, by using these operators, we come to a number of concepts that are 
interesting from a coordination point of view.  
 
We distinguish between four types of one-to-many relationships between objects and tasks: 
(1) several objects that are useable by one task, (2) one task putting out several objects, (3) 
one object that is useable for several tasks, and (4) several tasks putting out one object. In 
what follows we will only deal with cases (1) and (3) in detail, so we can give a more full 
account of the input-story.   
 
In our discussion of these types, we will always start out from the simplest case where ‘many’ 
means 2. While we assume the reader is familiar with the meaning of the logical operators, we 
do include the graphical representation of the Venn diagrams here for clarification (see Figure 
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1). These figures may help the reader in understanding the material that is presented below as 
the concepts might get complicated from time to time8.   

A or B A and B A xor B

A not B B not A

A B

A or B A and B A xor B

A not B B not A

A B  
Figure 1: All possible hatchings of two Venn diagrams 

•  (1) Objects-Task Dependencies 

We start out with what seems to be the easiest case: the Objects-Task dependencies. In this 
case, several objects are considered to be useable by one task.  
We can now define the following two concepts: the input-set and the input-collection of a 
task. An input-set of a task is a set of useable objects that together fulfil all input requirements 
of a task. An input-collection for a task is the collection containing all input-sets for this task. 
Again, the question arises when an object can be considered to be useable for a task. 
 
Definition: we say that objects are considered to be useable: 

- (HOW?) if they can perform a function that contributes to the task, and (if 
necessary) other complementary objects can be found so that the contributions of 
the total collection of the functions of the objects make up the task;  

- (WHERE?) if they are available at the right location  
- (WHEN?) at the right moment; and  
- (WHY?) if the objects can be motivated to do the function they are required to do.  

 
With respect to the ‘how?’ question, we see that the different objects must be able to function 
together. For example, to book a sales order in a computer system a person may be appointed 
who copies a paper copy of the order into the system, or an EDI message may be transmitted 
to a parsing computer system. The person can thus contribute to the task, but is only useable if 
he gets a paper copy of the order as well. This person is not useable if he gets the EDI 
message (because EDI messages are in general not understandable for sales people). 
Whether or not the task can be executed depends on the availability of the right objects. We 
start out with the case of two objects: O1 and O2, and the task T1. 
 
OR When applying the OR-operator (1) we see that T1 is performed if O1, or O2, or both 

are available. For example, a bakery can sell sandwiches if sales person O1, sales 
person O2 or both are available. 

                                                 
8 Please note that one should not look at the Venn diagrams as if they contain elements. Rather, these Venn 
diagrams should be seen as showing possible situations (e.g. A, but not B). We note shortly that, in theory, A 
should be seen as a task (or an object) and B as a set of tasks (or objects). This way, B may actually equal A, 
contain A multiple times, contain C and D (which are other tasks (or objects)), etc.  
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AND By using the AND-operator (2) one can express that T1 will only be executed if both 
O1 and O2 are available. For example, both a machine and some raw material are 
needed to do a production task. 

XOR The XOR-operator (3) is appropriate when T1 is only performed if O1 is available, or 
O2 is available, but not if both are available. For example, a machine can be used to 
weight flour (O1) and water (O2), but both should not be weighted simultaneously.  

NOT The NOT-operator (4) leads us to the situation where T1 is performed if O1 is 
available but O2 is not available. For example, a person can do a task unless he gets a 
notice.  

The only remaining possibility is that T1 will always be performed if O1 is available, 
regardless of whether O2 is available. That is, T1 will only be executed if O2 is available if 
O1 is also available. For example, when paper needs to be folded in two, this can be done by 
person O1, or by person O1 operating machine O2. 
 
It is easy to extend the above discussion to the case of three or more objects. All of the 
constructs presented above are then combined. We just illustrate this with one example: A 
task can be executed by the person called O1, or by the person called O3. Still, O1 has no 
experience with this task and needs the manual called O2. 
 
The discussion of these five possible constructs teaches us that one can look for dependencies 
by asking the following questions: 

1) Given some object that is useable for a task, which other objects are needed to create 
an input-set for the task? 

2) Given some input-set for the task, are there any other input-sets which are also useable 
for the task? 

3) Can the task function if more than one input-set is put into the task? 
4) Are there objects that prevent the task from executing although an otherwise valid 

input-set is available? 
5) Are there objects that may enhance the performance of the task by extending an 

(otherwise-already valid) input set? 
 
Coordination will be needed to make sure the tasks get the appropriate input-sets. We note 
that the above situations are believed to be exhaustive when it comes to ManyObjects-
OneTask dependencies, but that they do not show all the issues that need to be taken care off 
when designing a process. That is because a total overview of all the issues that need to be 
considered requires combining all possible one-to-many dependencies (thus for example also 
those where one object may be an input for many different tasks) in many-to-many networks. 
Later on we will start a discussion on the possibility that an object can be useable for more 
than one task. In that context we can mention here that if an object is used by a task, it is 
possible that the object is ‘consumed’ by this task, or that the object can be ‘reused’ by the 
task. Moreover, the reusability of an object may depend on the usage of another object. That 
is, if an object is part of two input sets, the object may be reusable if it was used as part of one 
input set, and it may be consumed if it was used as part of another input set9.  
 

• (2) Task-Objects Dependencies 

One could build a totally analogous discussion about Task-Objects dependencies (one task 
putting out several objects) to the one of Objects-Task dependencies. Space limitations make 

                                                 
9 A formal definition of consumption and reuse will be given later on.  
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it impossible to do this in this paper. As stated, we focus our discussion on the input-side of 
the picture.  
 

•  (3) Object-Tasks Dependencies 

The two previous categories (Objects-Task dependencies, and Task-Objects dependencies) 
concerned the situation where many objects are related to one task. The category we are 
dealing with now, and the one that will be dealt with next (the Tasks-Object dependencies) 
regard the situation where many tasks are related to an object. This situation is more complex 
than the ones dealt with previously. We found that this is because tasks can be executed 
synchronously (i.e., at the same moment in time) or asynchronously (i.e., at different 
moments in time). It is important to distinguish between both situations because activities 
sometimes cannot be performed synchronously, but can be performed asynchronously (and 
the other way around). To illustrate the importance of these categories, imagine the case 
where T1 and T2 are both tasks that drill a hole in the middle of a plank. If the plank can be 
an input for both tasks simultaneously (which we doubt), T1 and T2 should not be performed 
simultaneously. Performing T1 and T2 asynchronously will, however, not give any problems.  
We first look at the situation where the synchronous execution of the two tasks is assessed. 
After this we will look at the asynchronous situation. Please note that in this paper it is 
neglected how much asynchronous the tasks can be (e.g. 3 seconds vs. 2 weeks).  
 
Synchronous Tasks 
OR The simplest case is the case of the OR-operator. In this case, the object can be used 

by T1 or T2, or by both at the same time. An example of this is when a room (O1) can 
be used by T1 and T2 at the same time.  

AND In this case the object can only be used by T1 and T2 together. That is, the object can 
only be used by T1 if it is also used by T2 at that moment, and the object can only be 
used by T2 if it is also used by T1 at that moment. An example of this would be the 
situation where the execution of an object has to be monitored. 

XOR The XOR operator is appropriate in the case where T1 can use the object, or T2 can 
use the object, but not both simultaneously. For example, if a room (the object) cannot 
be used by two tasks at the same time.  

NOT The NOT operator is used if the object is only useable by T1 and not by T2. This 
reduces the case to the 1:1 situation.  

The remaining situation is the one where T1 can use the object, irrespective of whether T2 is 
using it. In this case, T2 can only use the object if T1 is also using it. (Of course, also the 
reverse situation is possible, where T2 can use the object, irrespective of whether T1 is using 
it.) An example of such a situation is when an object can be monitored. 
 
Asynchronous Tasks 
In the asynchronous case the intersection of the Venn diagrams is not unambiguously defined. 
That is, because both tasks are not performed synchronically, the intersection pertains to the 
case where first T1 is performed and then T2, or first T2 is performed and then T1. The order 
of the tasks can have some consequences for the reusability (see below). Therefore, we have 
to check four situations:  

(1) T1 can use the object if T2 has used it,  
(2) T2 can use the object if T1 has used it,  
(3) both (1) and (2) are true, and  
(4) neither (1) nor (2) are true.   
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Please note that, although one only defines the sequence of tasks in the operating stage, the 
relationships between tasks and objects found in the formative stage can force some sequence 
upon the tasks. 
We can now investigate the meaning of the different logical operators.  
OR The OR operator can be used if the object can be used by T1 or T2, or by both. 

Because the intersection is also included, there are three possible situations in the case 
where the object is initially useable for both tasks:   

 OR1:  The object can be used by T1 or T2, or by both if T1 uses it first. Thus, the object 
can still be used by T2 after T1 has used it but not the other way around. Of course, 
the inverse situation is also possible. 

 ORall: The object can be used by T1 or T2, or by both. The object can still be used by T2 
after T1 has used it, and the object can still be used by T1 after T2 has used it.  

AND The AND operator only contains the intersection. Again, three situations can be 
considered: 

 AND1: The object can only be used by T2 after T1 has used it, and T1 can only use it if T2 
is going to use it. This implies that T2 must use it after T1 has used it. Of course, 
the inverse situation is also possible. 

 ANDall:In this case the object can only be used by T1 if T2 has used it or will use it, and 
the object can only be used by T2 if T1 has used it or will use it. There is no 
fundamental ordering relationship between the two tasks, though both tasks will not 
be executed synchronously and will be given some order in practice. Still, it is 
important to remind that the tasks may be swapped.  

XOR The XOR operator is appropriate in the case where T1 can use the object, or T2 can 
use the object, but not both. That is, the object is consumed by T1 vis-à-vis T2, and 
also the other way around: the object is consumed by T2 vis-à-vis T1.   

NOT The NOT operator is used if the object is only useable by T1 and not by T2. This 
reduces the case to the 1:1 situation (and is thus the same as in the synchronous 
situation).  

The remaining situation is the one where T1 can use the object, irrespective of whether T2 
will use it or has used it. (Of course, also the reverse situation is possible.) In this case, T2 can 
only use the object if T1 has used or will use it. In total, three situations are possible:  

(5-1): The object can be used by T1, and then T2 can use it. That is, T2 can only use the 
object if T1 has used it.  

(5-2): The object must be used by T1 after T2 has used it (and the object is no longer 
useable for T2 if T1 has used it); or  

(5-3): There is no order on T1 and T2 but T2 can only use the object if T1 has used it or 
will use it.  

 
Now we have gathered all the possible situations of an object serving as an input for multiple 
tasks, we see that the relationship between the tasks and the object can be characterized by a 
number of properties. We define the following properties: 

Definitions: 

- An object is shareable between two tasks if the two tasks can use the object at the 
same moment in time.  

- An object is bidirectionally reusable vis-à-vis two tasks if after performing (an 
arbitrary) one of the tasks the object is still usable by the other task. In a similar 
vein, one may define the more general term ‘multidirectional reusability’, when 
two or more tasks are involved. A special form of bidirectional reusability is 
‘recursive reusability’ where T1=T2.  
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- An object is monodirectionally reusable vis-à-vis two tasks if after performing 
one of the tasks the object is still usable by the other task, and if the order of the 
two tasks would be swapped the resource would become unusable for the task 
coming second. 

- An object is consumed by a task T1 with regard to another task T2 if the object 
was useable for task T2 before task T1 was performed, but is no longer useable 
after task T1 was performed. Thus, if the properties of the object that are relevant 
for some task are not changed, (regardless of changes to other properties) the 
object cannot be considered to be consumed for this task. However, if these 
properties are changed, the object might no longer be considered useable for that 
task.  

- The relationship between object and tasks T1 and T2 can be described by the term 
obligatory continuation if after T1 has used the object, the object must be used by 
task T2.  

- The relationship between object and tasks T1 and T2 can be described by the term 
obligatory preparation if T1 can only use the object after T2 has used it.  

- If the relationship between object and tasks is characterized by ‘obligatory 
continuation’ and ‘obligatory preparation’, the tasks can be said to be tied vis-à-
vis the object. 

 
These concepts can be found in the following cases: 
• Shareable objects can be found (only) in the synchronous object-tasks relation: in the first 

(OR), the second (AND) and the fifth possibilities. (The XOR possibility here relates to 
non-shareable objects.)  

• Biderectional reusability can be found in the ORall, the ANDall, and the 5-3 possibilities 
of the asynchrounous object-tasks relation. Still, all of these cases are different. We can 
detail the class of ‘biderectional reusability’ as follows: the ANDall case is characterized 
by ‘obligatory bidirectional reusability’ (i.e., the other task has to use it), the ORall 
situation is characterized by ‘optional bidirectional reusability’ (i.e., the other task can use 
it), and the 5-3 case is a combination of both (i.e., if T1 has used it, T2 has to use it; and if 
T2 has used it, T1 can use it) and will be referred to with the term ‘selective bidirectional 
reusability’.  

• The object is consumed vis-à-vis the other task in the XOR, and the OR1 situation of the 
asynchronous object-tasks relation.  

• Monodirectional reusability is present in the OR1 possibility of the asynchronous object-
tasks relation.  

• Obligatory continuation can be seen in the AND1 and the 5-2 possibilities of the 
asynchronous object-tasks relation.  

• Obligatory preparation can be found in the AND1, and in the 5-1 possibilities of the 
asynchronous object-tasks relation. 

• The AND1 instance shows the case where we talk about tasks that are tied vis-à-vis an 
object.  

A special case is where the two tasks actually concern the same task performed at a different 
moment in time (i.e., T1=T2). After all, reusability and consumption can also be investigated 
vis-à-vis the task using the object a first time itself.  



 

International Workshop on Communication and Coordination in Business Processes, Kiruna, Sweden, June 22, 2005 

28

The properties of the object-tasks relationship are important for coordinating the usage of the 
object. If the object can be shared, little coordination is needed. If the object can be reused, 
tasks will have to be placed in some time order. If the object is consumed, only one of the 
tasks will be executable. It is important to note that the properties may change/can be 
changed. For example, it is possible that an object which is currently reusable could be made 
shareable if the activities could be done at the same place. Similarly, by creating a digital 
version of a confirmation order, the older (reusable) paper version of the confirmation order is 
replaced by a shareable object.  

• (4) Tasks-Object Dependencies 

The last type of one-to-many interdependencies between tasks and objects we want to deal 
with here is the case where many tasks put out one object. Again we can distinguish between 
synchronously and asynchronously performed tasks. In the classic example of the traveller 
trying to book an airplane seat and a hotel room through Web services, one may first call the 
‘bookHotelRoom’ Web service, and then the ‘bookAirplaneSeat’ Web service, call both at the 
same time, or change the order of these calls. In any case, the output will be a reservation of 
an airplane seat and hotel room. Clearly, in this case we will also have to distinguish between 
the different forms the intersection may take. Space limitations make it impossible to include 
a more detailed discussion.     

2.2.2 Other One-to-Many Interdependencies 
Space limitations make it impossible to deal with other one-to-many interdependencies in 
detail.  
• The interdependencies between objects are very similar to those presented in Section 3.2.  

• When it comes to interdependencies between tasks we want to mention one issue. As we 
stated above, a task is assumed to start the moment all its inputs are available. In reality, a 
task might be started from the moment a number of input objects are available. That is, 
the task can then be split up into a number of subtasks and one (or more) of the subtasks 
can be started if the inputs it requires are available. One has the choice (1) to model a 
group of activities as a superactivity and to act as if all resources are needed at the same 
time, or (2) to distinguish between different subactivities and thus to distinguish between 
different starting times of such activities. Furthermore, we cannot only look at the input 
side of this picture, but also at the output side. This is for example important when an 
object is an input for a task, and is reusable after the task has been executed. It is possible 
that the object is already reusable for a task after the execution of a number of the 
subtasks, but it is also possible that the object is not reusable until all subtasks have been 
executed.  

• One may also study the interdependencies between an object and other objects and tasks. 
After all, when dealing with one-to-many dependencies starting from one object, it is not 
only thinkable to have many tasks or many objects upon which the object is dependent, 
but also to have many tasks and many objects upon which the object is contingent. The 
latter is clearly a combination of the cases presented above. For example, in some cases 
an object may be useable by different tasks, while it may be the case that the tasks only 
use a (disjunct or overlapping) part of the object. This may have consequences for the 
shareability of the object. Please note that only at this moment we come to a full account 
of the notion of reusability: whether an object (which is useable for T1 and T2) is still 
useable for T2 after T1 has been performed may depend on the other objects that are used 
as an input for the task.  
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• In a similar vein, we may also mention the interdependencies between a task and other 
tasks and objects.   

3 Discussion 

There is no space to give a complete assessment of the classification. Still, we want to 
mention a few things. We believe our classification is a more comprehensive one than any 
other we have seen, as those of Crowston (1991 and 2003), Thompson (1967), Hee-Woong 
Kim (2001), Chisholm (1992) and Tillquist et al. (2002) for example. We note that Crowston 
(1991) also uses the concepts of shareability, reusability and consumption. Unlike us, he 
attributes these concepts to objects alone, not to a combination of objects and tasks.  
Issues such as shareability and reusability are important when considering the coordination 
problem. For example, it is up to every company for itself to assess whether a resource can 
(currently) be considered to be shareable or reusable, and to investigate how the dependencies 
(and coordination processes) would (could) change if some resource could be made shareable.  
As a short illustration of the relevance of our structures for the coordination problem, one may 
think of two ways a task can get a resource (O1). If T1 needs O1 and O2 for execution, the 
person O2 executing T1 could  

(1) ask (=T2) the person (=O3) constructing (=T3) O1 for the object; or  
(2) passively wait for O1 to be delivered, assuming that some other person (=O4) will 

instruct (=T4) O3 to deliver the object when he (O4) thinks T1 needs to be performed. 
Please note that the instructing message (=O5) to deliver a product should also be seen 
as an object10.  

 
When it comes to the design of business processes, models such as Finite State Machines and 
Petri Nets are often used. We believe that many of the dependency issues we have classified 
in this paper can be represented through Petri Nets, and a (smaller) number can be shown in 
Finite State Machine representations. Managing dependencies is a very important issue when 
designing and when changing a process. We believe that a view of a system where the 
dependencies are the central focus can be very powerful, and should not be neglected. Our 
classification of dependencies is meant to show where to look for dependencies. A full 
exploration of the classification of dependencies is beyond the scope of this paper.  

4 Conclusions 

In this paper we have given an overview of the contours of a classification of dependencies. 
We have only dealt with a part of the classification in detail. More specifically, we have 
presented a more detailed discussion of the one-to-many dependencies (that have to be dealt 
with during the formative stage) between objects and tasks. Along the way, new concepts 
(such as ‘formative stage’, ‘bidirectional reusability’, ‘obligatory continuation and 
preparation’) were introduced, and older concepts were given a more accurate definition (e.g., 
‘reusability’).  
 
We believe this classification is very powerful. For one thing, the classification is a generic 
one. Besides this, it can be used at a coarse-grained, as well as at a fine-grained level (by 
endorsing the whole-part dependency). Also, we note that the classification can be applied 
iteratively. For instance, during a first iteration it is defined that for a lecture a professor, 

                                                 
10 This way, a simulation can be made of the enterprise (to assess different coordination mechanisms).  
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students and a classroom form an input-set. During the second iteration it is acknowledged 
that the objects of the input-set are dependent upon each other via the task. For example, the 
size of the classroom depends upon the number of students. It is then decided that this 
dependency has to be managed by a new type of object: a registrar.  
 
The research presented in this paper can be interesting for many reasons. Researchers can for 
example look for patterns by investigating how different coordination mechanisms can be 
used to deal with some type of dependencies. The classification of dependencies (when ready) 
will also be useful for assessing which dependencies may have to be taken care of (possibly 
by software agents) when integrating systems (possibly of different companies).  
 
The classification can also be interesting for practitioners. The classification of dependencies 
we presented can be used to assess the AS-IS situation of the company, but also to develop a 
desired TO-BE model of the company. The classification shows the questions to ask to detect 
which dependencies exist in the company, where coordination is needed to deal with those 
dependencies, how the tasks can be switched (by assessing issues such as reusability, 
obligatory preparation, and obligatory continuation), how dependencies can be changed (for 
example by making a resource shareable), what is a better way to deal with the dependencies, 
etcetera. We note that it is often stated nowadays that business people should be enabled to 
change business process that are embedded in ICT. Some tools offer the business people a 
nice graphical user interface that allows them to move around tasks in a process. However, if 
such tools do not take care of dependencies (and thus of issues such as reusability, 
consumption, obligatory preparation, and obligatory continuation) problems will arise. Such 
tools should thus take care of coordination.  
 
The reality shows a very complex web of dependencies. With a simple, comprehensive 
classification of dependencies, which offers constructs such as those presented in this paper, 
one can trash out the problem. The web of all existing dependencies that exist in real life can 
be traced back to a limited number of dependency constructs. Good software tools (such as 
Enterprise Architecture tools) should make it possible to make some dependencies visible or 
invisible with one click.   
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