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Abstract. In this paper we show that storing and transmitting data is a complex
practice, especially in an inter-organizational setting. We found 18 data aspects
on which heavy consideration and coordination is important during a software
process. We present these data aspects and point out that these data aspects are
dealt with at different levels within Extended Enterprises. A good software
process embraces the idea that choices have to be made on these 18 data
aspects, and it recognizes the dependencies between the aspects, and the
dependencies between decisions made at different levels in the enterprise.

1 Introduction

Setting up an enterprise is a very complex matter. We distinguish between two views
on an enterprise: fasks that change the state of an enterprise, and dara that maintain
the state of an enterprise (see Simon [1] and Hirscheim [2]). In this paper we draw
attention to the data-side of the enterprise. The complexity of this side follows from
the fact that many data-related decisions have to be made (18 ‘data aspects’ are
presented in this paper), and that many dependencies exist among these decisions.
Decisions on these aspects should thus be aligned. This is, however, not the only
complicating factor: the decisions reoccur along three dimensions (see Figure 1).
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Fig. 1. Three dimensions along which the decisions re-occur (as discussed in [3])

First, decisions are made at the business-side and at the ICT-side of an enterprise.
Secondly, decisions are made at strategic level (general principles and the like),
operational level (decisions for a specific project), and tactical level (decisions valid
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for all projects). Thirdly, we need to acknowledge that companies nowadays integrate
their systems with those of other companies. Data exchanges within so-called
Extended Enterprises (EEs, i.e., collections of partnering companies [4]) are even
more difficult to realize than internal data exchanges. Therefore, a third dimension in
the picture shows decisions are made at the level of an individual enterprise and at the
level of the collection of collaborating enterprises.

The decisions made in the boxes of this figure should be aligned. Every software
development process should therefore recognize 1) the dependencies across different
boxes, and 2) the dependencies among the decisions made within each single box.
That is, decisions makers are dependent upon each other. Therefore, coordination is
needed. Importantly, this is not only true when entirely proprietary software is used,
but also in the case of (1) proprietary software using standards, or (2) Commercial
Off-the-Shelf (COTS) software. (1) Standards are the coordination instrument in a
Business-to-Business setting. However, standards hardly deal with all 18 aspects in all
boxes of Figure 1, let alone that they would deal with the links between the different
boxes. (2) While COTS software packages may deal with all 18 aspects at operational
level at the ICT-side; a fit is still needed with decisions on the 18 aspects made in
other boxes as well.

There are thus a big number of dependencies that need to be managed during the
software process. We note that this ‘dependency-view’ is — at least theoretically — also
acknowledged in the Enterprise Architecture way of working. However, in practice,
the attention there often goes entirely to the architectural descriptions rather than to
the usage of these descriptions to manage dependencies. The dependency-driven way
of working suggested here is to be imbedded in an Enterprise Architecture-driven one.
By doing that, it is acknowledged that architectural descriptions should be
‘Enterprise’-wide in the broadest sense of the word: the descriptions are meant to
manage dependencies across projects, across business- and ICT people, and across the
individual enterprises that form an Extended Enterprise.

In what follows, we first discuss the link between Enterprise Architecture and
dependencies in some more detail. Then we present the 18 data aspects and we
illustrate why coordination on these 18 aspects is important by showing the
(sometimes infinite) range of possible values. Finally, it is acknowledged that making
decisions on all 18 aspects at once is unrealistic, and that ‘decision-components’ need
to be made that are placed in some sequence to get a process.

2 Enterprise Architecture and Dependencies

Cook [5] states that architectural descriptions work like standards: they restrict people in
choices they can make. Standards function as a coordination instrument (see Mintzberg,
[6]). One key question is then ‘what needs to be coordinated?’, or stated differently:
‘what dependencies need to be managed?’ (see Malone and Crowston’s definition of
coordination [7]). We expected to find an answer to this question by assessing important
Enterprise Architecture (EA)-frameworks, and the models they suggest to create (see
e.g. [8,9, 10, 11, 12, 13, 14]). Unfortunately, the answers we found were disappointing.
The suggested models do not seem to be based on a thorough investigation of the
dependencies that exist, and are as such far from complete.
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The renowned Zachman-framework for example [8] is said to be comprehensive.
We argue it is not. While other critique could be added, here we restrict ourselves to
one line of thought. As we stated, there are basically two views on an Enterprise:
tasks that change the state of an enterprise, and data that maintain the state of an
enterprise. In Zachman’s framework a ‘data’ model is something like an ER-diagram.
For one thing, this neglects the fact that data is often not present in structured form,
and often not even made explicit (i.e., implicit/tacit knowledge). More importantly,
this neglects the fact that data is not just there: data is made by a system in a location
at some moment and has to be transmitted using some medium at some moment to
another location for use by another system and this has to happen in a timely,
secure, ... fashion. Data dependencies do thus range much further than just knowing
which data exists in which database so it can be reused in other projects. We note that
such dependencies become particularly visible in an EE setting where different
companies are dependent upon each other with respect to the decisions made on data
aspects.

EA-frameworks do thus not seem to give a good overview of the dependencies
they should manage. Unfortunately, classic dependency-theory [15, 16, 17, 18, 19, 20,
21, 22] seems to be scarcely out of the egg as well. The main focus of such theories is
that one resource put out by one task is needed as an input for another task, and that a
number of dependencies between tasks can therefore be suggested. Unfortunately,
similarly as what we mentioned for Zachman’s framework, classic dependency-theory
only looks at what data is needed for (or created by) what task. It does not assess
when data should be transported using what means to what location, etc.

Having a complete image of choices that need to be made and respected, and links
between those choices is important not only to realize an effective system, but also to
confront enterprise architects with the wide range of options they actually have.
Companies who try to get competitive advantages have to be creative. Creativity
should show in creative enterprise architectures, rather than in creative programming.
While programmers know the building blocks to play with and are creative in using
them, enterprise architects have a hard time to oversee their building blocks and thus
to use them creatively. If one truly manages the building blocks, one will see that the
building blocks can be arranged differently for different companies the company is
doing business with. For example, imagine the case of a supplier with relatively
expensive high-quality products, and who is assessing the ‘data format’ (see below) to
be used. A long-term partner may get the price list in an xml format so it can easily be
entered into his system. Other companies may get a nice graphical brochure with the
prices. The latter 1) makes it harder for them to automatically compare prices across
companies and 2) immediately shows them other information on the product: contents
on which the supplier wants to compete.

In order to get a more complete image of the dependencies that do exist at the data
side, we decided to study literature on diverse Business-to-Business integration
(B2Bi) standards and B2Bi case studies. From this, we derived 18 data aspects that
need to be dealt with. As such, these aspects can be seen as an extension to Enterprise
Architecture frameworks, and to dependency-theory. The aspects are presented in the
following paragraph.
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3 The 18 Data Aspects

Space limitations make it impossible to deal with the aspects in detail. The first three
aspects will be discussed in some more detail, to show the relevance of the three
dimensions shown in Figure 1. We primarily point at issues that are interesting in a
B2B situation.

1. Data content. Companies of course have to determine the content they want to
share. While this may seem straightforward, it is not. For example, data content
alignment is needed between different companies at a high level and at a low level.
Alignment at a high level is for instance illustrated by Hansen, Nohria and Tierney
[23]. They talk about two strategies for content management within companies. One
strategy is to make information on the business itself explicit (to ‘codify’ information)
so that it can be reused. Another strategy (the ‘personalization’ strategy) is to make
information explicit about who knows what. They found that the content management
strategies have to fit the business proposition of the companies. For example,
companies like McKinsey and Bain primarily use the personalization strategy because
they are strategy consulting firms. They are expected not to deal with standard
solutions for standard problems, and thus not to store standard solutions. The market
expects such practices, however, from Ernst & Young for example, which deals with
the same problems over and over again. Once companies know what fype of
information they need to share, they can investigate what concrete information is
needed (i.e. low-level alignment). Please note that in an Extended Enterprise setting, a
collection of companies may want to appear to the outside world as one entity, and
that the content they share with the outside world should reflect this. Also, in an
Extended Enterprise it may be possible to create new content. For example, if an
airline company, a car rental company and a hotel chain together offer trips they
generally only have information on their own sales. By keeping the information
together at the level of the collection of collaborating companies, data is available on
how many customers booked an airplane seat as well as a hotel and a car. This data
may then be linked to data on (individual/grouped) marketing campaigns and the like
to do data mining.

2. Data format. Data has to be transmitted in some format. This first involves choosing
between textual format or graphical format for example. If a textual format is chosen, it
has to be decided whether a proprietary format or a standard format will be used. If a
standard format is to be used, a concrete standard has to be chosen. For example, UBL,
CBL, and ¢cXML all offer standardized business documents. UBL (Universal Business
Language) for example defines seven documents such as ‘order’, and ‘invoice’, and
gives accompanying XML-schema definitions. Interestingly, specifications exist for
automatically rendering a classic visual of the content of the XML documents, for
example as a .pdf document, meant for human usage. This visual can serve as a
boundary object between the business people of the different companies, while the
XML files serve as a boundary object between their computer systems.

3. Roles. Different systems play different roles in a data exchange. In our research we
have identified seven primitive roles. The Needy wants to process some data. The
Needy may differ from the Initiation Event Originator. The latter is a node where an
event originates (e.g., a ‘request’) that initiates the message transmission towards the
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Needy. An Initiation Event Emitter (e.g., a ‘requestor’) is a party that transmits such
an initiation event. This event can be sensed by an Initiation Event Sensor (e.g., an
intermediary that groups requests from many parties). This party receives an initiation
event from outside. The data that is needed by the Needy originates at the node of the
Response Data Originator (e.g., the creator of a requested price list). A party that
sends the data towards the Needy is called a Response Sender. A party that receives
the data is called a Response Receiver. The roles are illustrated in the figure below.

Fig. 2. The seven basic roles in an end-to-end transmission

In practice, one system may play several roles and one role may be played by
several systems (and e.g., only vis-a-vis specific other systems). Roles may be
discussed at the level of entire enterprises, departments within enterprises, specific
people or computer systems within departments, etc.

4. Data distribution. Data may only be stored in one location, or in several locations.
For example, in the health care industry the idea has arisen to share information on
patients among authorized institutions if a patient enters one of these organizations for
help. Because so many different institutions may have information on the patient, an
institution needing information would need to contact all other institutions. Therefore,
a central point has been entered in the network (an additional Provider role) where a
Needy can request information. In the Netherlands, the central point itself does not
have a copy of the patient’s data. However, it has information on where information
on some patient can be found. In the English set-up, however, the central point does
contain information on the patients.

5. Exact physical system location. For each system that is involved, a specific
physical location has to be determined. Data may for example be replicated on the
premises of a close partner, or on the premises of a trusted third party. Also, it may all
be stored together (‘centrally’), it may be stored close to users, in a big city or not, etc.
6. Storage medium. Two angles can be considered per the storage medium: 1) the
availability, reliability, capacity, security, transportability etc. of the medium, and 2)
distinguishing between ICT-systems (ranging from Database-systems to CD-Roms
and USB-keys), people (with knowledge in their minds), paper, etc.

7. Transmission network. Which nodes will be connected directly? For example,
one could connect every node to every other node or connect every node only to one
other node, or connect all nodes to a central node.

8. Transmission area. Through which geographical areas will connections pass? One
may have to pay attention to ‘hostile territories’.

9. Transmission medium. As for the storage medium, two viewpoints can be taken:
1) availability, reliability, capacity, security, etc. of the medium, and 2) distinguishing
between specific media such as telephone, Internet, postal mail, etc. As an illustration,
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note that business people and ICT people may have a different perception of the
medium (e.g., Internet telephony).

10. System availability. A data transmission can only happen during the ‘operational
time’ of nodes and connections and if capacity is available.

11. Initiation events. Different (combinations of) events can initiate and inhibit a
message transmission.

12. Initiator party. Initiating events may originate in different nodes. For instance,
the sending-system (Response Sender) may initiate transmissions itself (e.g., when
sending purchase orders), or initiations may happen by a Needy-system.

13. Immediately or postponed. A transmission may (have to) be started immediately
or the transmission may be postponed for some time (e.g., because messages are not
permanently being processed within the node).

14. Transmission relationships. Messages may be related to each other in different
ways. In short, it has to be assessed whether a message sent to one system
can/cannot/has to be sent to another system as well at the same moment or at a later
moment (i.e., simultaneous start or arrival or not). Also, it should be investigated
whether the transmission of message A can/cannot/has to be accompanied or followed
by the transmission of a message B. In classic database systems development
cardinalities get much attention. In a B2B context, putting cardinality requirements
upon data transmissions rather than on the data itself seems more realistic. For
example, if a supplier receives an order, this order has to be forwarded to his supplier
(not knowing whether he will store the data persistently or not).

15. Unit/Batch. Data can be transmitted in units or in batches. We note this
distinction is different from the one between sending data immediately and
postponing transmissions (see 13. above), although both aspects are often grouped
under the name ‘real-time vs. batch’.

16. Coarse/Fine-grained. The data that is stored and transmitted may be fine-grained
or coarse-grained. Different parties may want to use the data for different purposes
and may desire different levels of granularity for those purposes.

17. Meta-data/Production-data. Data may be meta-data or production data. For
example, an intermediary (e.g., playing the Initiation Event Sensor and the Initiation
Event Emitter roles) may only have meta-data about where requested data is stored.
18. Authorizations. Authorizations may be related to the content that is transmitted,
the party to who it is transmitted, the format, the timing, the location, etc. (i.e.,
authorizations are related to all issues mentioned above).

Now we know the 18 aspects on which coordination is needed, let us have a short
look at their interdependencies.

4 A Dependency-Driven Software Process?

The fact that there are 18 data aspects makes it impossible for decision makers to deal
with all aspects at once. Some order has to be taken, and only a small number of data
aspects can be dealt with during every step. Interestingly, there are interdependencies
between different decisions. Examples of interdependencies are the following:
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(9->5) If a fast transmission medium is available a big distance is acceptable.

(1—>6) If data content is highly confidential use a very secure storage medium.

(2—1) If you use some standard format (e.g. RosettaNet) then you may restrict
yourself to transmitting only the content defined there.

(6—>11) If the storage medium is human it is not desirable to fire a request for
updates every minute, but rather to subscribe.

Given the fact that there are dependencies between the different data aspects
presented above, one would expect that some order could be given to the data aspects,
or at least that some (highly interdependent) data aspects should be dealt with
simultaneously, while others can be treated apart.

In our research we have tried to group data aspects on which decisions are highly
interdependent. While looking for the interdependencies between the aspects we,
unfortunately, found that most aspects are dependent upon most other aspects.
Moreover, the degree of dependence is likely to differ from case to case. From this, it is
clear that it is inappropriate to suggest the existence of components of data aspects that
should be dealt with together in general. Therefore, we have created a ‘tool” (actually an
Excel-sheet) that shows the interdependencies between different data aspects. That is,
for each of the aspects it is investigated how the choice of this aspect depends upon
choices made for each of the other aspects. We have also suggested a value for each
dependency (from O to 9). Remarkably, this value is likely to fluctuate from case to
case. Assumed that values are given, an algorithm could evaluate all possible
combinations of components of data aspects that should be dealt with together.
Although forming components on such a basis is not academically correct, one needs to
be pragmatic in this matter: companies cannot deal with all interdependencies at once,
and need to make abstractions.

5 Conclusions

The contribution of this paper is that it identifies 18 data aspects that can be used
creatively, and on which stakeholders throughout the Extended Enterprise need to reach
agreement. While we cannot claim the 18 aspects are all the data aspects that actually
exist, it seems very unlikely that any important ones would be missing. It is important to
consider the 18 aspects and their interdependencies in every software process.
Moreover, this paper acknowledges that the software process is not just taking place at
the operational ICT level but is an integrated part of the entire Enterprise Architecture
effort. Alignment is needed between business and ICT decisions; between strategic,
tactical and operational decisions; and between decisions made for individual
enterprises and those made for the collection of collaborating companies. Any software
process that is not embedded in this philosophy is likely to result in software that is not
aligned with the business, with other internal projects, or with other parts of the
Extended Enterprise project that are being implemented by partnering companies.
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