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Abstract: Recently, very large-scale decision support systems (DSSs) have been developed,
which tackle very complex problems, associated with very extensive and polymorphic information,
which probably is geographically highly dispersed. The management, updating, modification and
upgrading of the data and program core of such an information system is, as a rule, a very difficult
task, which encompasses many hazards and risks. The purpose of the present work was (a) to list
the more significant of these hazards and risks and (b) to introduce a new general methodology for
designing decision support (DS) systems that are robust and circumvent these risks. The core of
this new approach was the introduction of a meta-database, called teleological, on the base of which
management, updating, modification, reduction, growth and upgrading of the system may be safely
and efficiently achieved. The very same teleological meta-database can be used for the construction
of a sound decision support system, incorporating elements of a previous one at a future stage.

Keywords: very large-scale decision support systems; very large-scale data and program cores
of information systems; meta-database; teleological meta-database; thematic list; indicators list;
computational methods list; geographically dispersed systems; external sources

1. Introduction

Nowadays, there is a considerable number of public and private operators, who make extensive
use of decision support systems (DSSs or DS systems) in a surprising large number of operational
procedures and businesses. These operations include:

• Vehicle or vessel fleet management [1–3];
• Marine services and policies (testing, inspection and certification services in the areas of quality,

health and safety, as well as security, environmental considerations and relevant policy impacts,
etc.) [4–6];

• Management of goods in road, rail, sea and intermodal transportation. These operations are
very complex, involving public and/or private train, truck and ship owner companies, goods
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owners and buyers, transport operators, intermodal terminal operators, infrastructure providers,
safety and security operators, etc. [7–9];

• Handling of emergencies and crisis [10–13];
• Complex engineering tasks and, in general, large and complex sequences of operations and/or

tasks covering very extended geographical areas (e.g., aircraft and sea vessel design and very
large and/or complicated production lines in factories and many more) [14–17];

• Transport planning (estimation of important parameters than cannot be measured, forecasts,
policy making, etc.) [18–21];

• Cost-benefit analyses [22–24];
• Healthcare, a domain that is fundamental for human society, especially nowadays (in 2020) due to

the COVID-19 pandemic [25–27].

These examples of operations constitute only a small number of those encountered in practice.
In addition, in most cases, each associated DSS employs sets of very complex computational models
and algorithms. In essence, a DSS is a special kind of a very complex information system (IS), where an
information system is an integrated set of components for collecting, storing and processing data and
for providing information, knowledge and digital products [28].

The present manuscript is organized as follows:
In Section 2, the authors deal with the recent tendency/necessity to build very large-scale decision

support systems. In fact, it is argued that the advances in information and communication technology
have given the opportunity to engineers to try to develop DSSs that tackle very big and/or particularly
complicated practical problems.

In Section 3, a number of serious difficulties and problems are stated, in connection to specific
properties/characteristics of a very large-scale decision support system. These properties concern the
following:

• The ability to efficiently update a DS system;
• The flexible expansion of the DSS;
• The consistent reducibility of an information system;
• The ability to make changes to the information system;
• The upgrading of the DSS.

In Section 4, crucial characteristics of contemporary, mainstream methodologies for creating
large-scale decision support systems are reported. It is argued that any ad hoc development of a DS
system is bound to suffer from serious intrinsic problems, which only a consistent fully methodological
approach can resolve.

In Section 5, the authors introduce a methodology that circumvents all the aforementioned problems.
In Section 6, the authors state the reasons for which the introduced methodology resolves these

problems associated with very large-scale DSS development.
Finally, in Section 7, the conclusions of the present work are stated.

2. The Tendency to Increase the Volume and Complexity of Data and Program Collection of
the DSS

A considerable number of contemporary DSS applications eventually ask for very large data and
program collections. The tendency to increase the size and complexity of these collections is due to a
variety of factors, such as:

(a) Advances in information technology and communications (ITC) have created a market for DSSs
with very large-scale data and program collections.

In fact, progress in software design and implementation makes possible the almost instant
handling of huge data sets. For example, the conceptual development of balanced, N-ary trees allows
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for accessing a specific entry among trillions of entries in four or five very fast steps only. In addition,
contemporary hardware allows for creating and managing/handling “storages”, that is, devices that
may contain thousands of disks (hard disks or DSSs).

(b) The same ITC advances have opened the way to engineers to attempt to develop DSSs that tackle
very big and/or complicated practical problems. Two related examples follow:

• The effort for developing the European Transport Information System for Policy Support
(ETIS).

Maintaining an efficient transport infrastructure and formulating a common transport policy
are critical elements for the economic and social development of the European Union (EU). In 1994,
the EU Commission adopted a comprehensive proposal for the “Trans-European Networks” (TEN-T)
guidelines [29], which are plans for improving the performance and further development of the
complex EU infrastructure. The first version of these guidelines covered 70,000 km of rail tracks
(including 22,000 km of new and upgraded tracks for high-speed trains), 58,000 km of roads (including
15,000 km of new roads), corridors and terminals for combined transport, 267 airports of common
interest, networks of inland waterways and many seaports. It is evident that these numbers have
greatly increased since the adoption of TEN-T guidelines.

The effort for performance improvement of the Trans-European Networks and the application
of a successful transport policy requires significant information concerning the current status of the
networks and the corresponding inhabited regions. More specifically, this required information includes
passenger and freight transport volumes, traffic congestion, environmental impacts of transport, etc.
It is also necessary to consider reliable forecasts for the time evolution of the aforementioned factors.
The relevant information exists in a large number (more than 500) of dispersed, heterogeneous and
autonomous databases throughout the entire Europe. In addition, more relevant information is
acquired from the results of an ensemble of pertinent scientific studies. The European Transport
Information System for Policy Support has been envisaged as a tool for the support of decision making
on transport policies and policies related to the Trans-European Transport Networks. ETIS must
accommodate policy-related information in a repository that has to be kept up to date by experts.
In ETIS, policy questions are linked to the relevant data sets of the sources via a hierarchical structure
of policy criteria, policy indicators and data variables [20].

• A second example is the information system for the port of Rotterdam. This system includes a
huge amount of geographical information. It is noteworthy that the port of Rotterdam incorporates
more than 5000 docs, an airport, a considerably large storage area for alumina and abundant
apron spaces for temporary storage of goods and containers.

The IS of the port of Rotterdam, called Port Community System (PCS), provides services that focus
on all port sectors, such as containers, break bulk, dry bulk and liquid bulk. Anyone in the logistics
chain can easily and efficiently exchange information through these services. Moreover, the PCS offers
a package of properly tailored services to each of the target groups of clients and operators.

From the entire previous discussion, it is evident that the information involved in the PCS is huge
and very complex [30].

(c) The inclusion and use of data, which are directly or indirectly georeferenced (map-related data),
in a DSS. In the first case, the direct one, the exact co-ordinates of an object are explicitly provided.
On the contrary, in the second case, the indirect one, there is a link to an object, which determines
the data co-ordinates. For example, if an accident takes place at a specific point of a certain road
and then, if the exact co-ordinates of the accident location are registered in an IS, this event is
directly georeferenced. On the other hand, if the registered information is something like the
following: “the accident happened at the 23rd kilometer of the road from city A to city B”, then the
event is indirectly georeferenced.
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Usually, the main bulk of the information is indirectly georeferenced. A surprisingly large part of
the information that should be included in such a DSS is georeferenced, even though this georeferencing
is well hidden at a first glance. For example, in most nations, such as the USA, the laws and directives
may drastically change when crossing state boarders. Even in Greece, where the legislation is much
more uniform, when one travels from an island to the mainland, one faces various changes in authority
jurisdiction and legislation in the interior of the island, the mainland, at ports and on the sea (near-port
area, national waters and international waters).

It is evident that the requirement that a large-scale decision support system handles and uses
map-related information may greatly increase the volume of its data and program core.

(d) Finally, special DSS architecture requirements, like the following:

• Distributed and/or geographically dispersed systems, where properly selected duplication
of part of the information and programs must be implemented, in order to increase the
efficiency of the local systems. For example, a very frequently accessed part of information
by all sub-systems must be preferably kept in every local sub-system.

• Umbrella-type systems that receive and process information in real time from a large number
of heterogeneous, autonomous and, possibly, legacy systems. Sometimes, these systems
may cover a large part or the whole of a continent. Such is the case of a European system for
maritime surveillance, the complexity and size of which is evident.

3. Severe Difficulties Appearing in the Actual Deployment of a Very Large-Scale Decision
Support System

We use the general term “large data collection” in order to describe the extended data core of
a large-scale decision support system. The data collection may include dozens or even hundreds of
groups of loosely related data sets or databases, the content of which may be thematically divergent.

In this work, we will often use examples of large-scale decision support systems for policy support
and decision making in the area of transport. We will do this for two main reasons:

• In many transport DS systems, practically all problems referred to in the present work have
already emerged, due to the huge size and complexity of the involved data. As a first example,
we state the large number (more than 50) of Federated States in the USA. An analogous second
example is the European Transport Information System, which is a DSS for supporting transport
policy decisions in all EU countries.

• Engineers and other scientists that have developed the pioneering versions of the transport DS
systems have faced a considerable number of serious difficulties and problems, many of which
still remain unsolved. It must be emphasized that for a considerable number of these difficulties
and problems, the severity of the resulting hazards may be anticipated.

We would like to mention the following, widely used terminologies in transport DS systems:
The data and program collections are often called “repositories”, “observatories” or “transport
observatories”. Frequently, when the transport observatories cover exclusively the needs of a single
country, they are called “national models” [31–33].

3.1. Early Design Errors and Serious Difficulties Due to the Large Data and Program Collection Characteristics

In this Subsection, we present some serious difficulties/problems, inherent to large data and
program collection characteristics. We will describe below some of the most severe difficulties of
this type:

(a) A prevailing design mentality in connection with the first transport DS systems was the following:
“Get all related or even loosely related data first and then organize them”. Practice, though,
proved that this design mentality leads to disasters. In fact, it turned out that:
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• This way of data acquisition does not guarantee a precise/consistent, methodological
collection of data. On the contrary, the random, heuristic and ad hoc data collection, as a rule,
results in a core with data and programs that are non-interoperable, internally inconsistent,
practically impossible to organize or update properly and impossible to upgrade.

• Due to the aforementioned problems concerning the selected data, the core of the
corresponding DSS practically collapses under the weight of the non-organizable
data collections.

Consequently, this design methodology has been rather quickly abandoned.

(b) It must be pointed out that, after this early approach, the designers of a large-scale decision
support system apply carefully designed data acquisition methodologies. However, it turns out
that in practical cases, there are several characteristics, inherent to the elements of large data
collections, which create severe difficulties and problems to the designers of the information
system to be used as a platform of the DSS. Some of these characteristics will be presented
immediately below.

(i) As a rule, in a very large DS system, the data are multi-thematic; hence, it is logical to
expect a great variability of definitions, meanings and contents associated with the data.

(ii) The aforementioned variability is frequently accompanied by a great diversity of forms
and formats of the elements of the data collection. This diversity practically always asks
for a different handling of each subset of similar data.

(iii) (Complexity is another serious problem associated with large-scale data collections and the
corresponding DS systems. The term “complexity” is used in order to describe data with
a particularly great number of interconnections, inter-relations and interdependencies.

(iv) Data polymorphism can easily destroy an arbitrary DS system. For example, the most
common computer object in transport, the “transport link”, may literally have tenths
or even hundreds of different definitions, meanings and data contents. Thus, the link
between two cities A and B may refer to:

• Various road connections, where each road has its own characteristics (e.g., a highway
with a given number of lanes with or without tolls, a national road, a secondary street,
etc.);

• Various train connections, each one frequently with its own characteristics, such as
high-velocity trains (TGV), intercity trains, local trains, commercial trains, etc.;

• Airplane connections, with airports having different connections with the city center;
• Seaways, where each way frequently includes ferries, container carriers, bulk carriers,

tankers, cruisers, etc.;
• Inland navigation, etc.

In addition, the information concerning a single object in the DSS drastically depends on the
purpose of the use of this object. This fact makes large-scale decision support system designers employ
ad hoc solutions, which usually make upgrades and thematical shifts much more difficult or even
impossible. An efficient solution to this problem will be presented later in Sections 5 and 6 of the
present work.

(c) In many cases, large data and program collections must be distributed in several systems,
which may be geographically dispersed. Achieving an efficient operation of each such sub-system,
as well as maintaining a proper communication among the individual systems, while keeping the
large data and program core healthy and consistent, is a difficult task indeed.

(d) The huge numbers of external data sources of large DS systems: In a considerable number of
cases, the large DSS data core must handle data from a huge number of different, heterogeneous
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and autonomous external sources, such as databases and/or various data collections. For example,
the European Transport Information System for Policy Support (ETIS) receives data from more
than 500 external sources [20], which are indeed heterogeneous and autonomous. Handling this
number of different sources is a very difficult task and, in most cases, tackling this task is by no
means automatic. Indeed, usually, a large initial effort by experts is required, in order to create a
first version of an interoperable, internally consistent data and program core [34].

(e) In a large data collection, a considerable number of differences in the meaning and/or definition
of common variables, coming from different sources, may appear. Thus, the task of defining the
exact meaning and form of the variables that are common to many sources of the DS system may
prove to be extremely difficult.

For example, in the first stages of the ETIS design, it has been proved that the difficulty of defining
the term/variable “long distance trips” [35] was almost insurmountable. In fact, for the Scandinavians,
this term referred to a distance greater than 100 km, while such an option practically excluded trips
in the Netherlands entirely. In addition, other countries expressed a strong desire to associate with
this term the age of the passengers and/or to incorporate in it whether the relevant trip is transit or
not. Today, one may think that the term “long distance trips” must also include as a sub-variable the
information whether the vehicle (automobile, motorcycle or train) is electric or conventional.

Thus, it not a surprise that a new, complete definition of the term “long distance trips” was given
by the Transport General Directory and that Eurostat issued a directive to all EU Members to conform
with this new definition and to always provide all relevant information.

(f) The next difficulty concerns the “level of detail” (abbreviated as LoD) or “granularity”. We shall
try to clarify the content and importance of the term “level of detail” by means of the following
example, concerning Google Maps. In fact, this application starts from offering a global earth
projection. Then, the user may gradually increase the level of detail at an arbitrary point of the
projection, according to his/her desire. At each such selection of the user, a more detailed map of
the associated area appears on the screen. At certain levels, new geographical objects appear on
the screen. For example, one may select a specific country and see its map. Subsequently, one may
choose an area of this country and see the corresponding map in more detail. After a sequence of
successive selections, where each one of them offers a greater level of detail, one may suddenly
see some cities as points and some sketches of roads; hence, new objects appear. Further increase
of the detail may offer more and more dense maps of the desired area. If one selects the option
“satellite”, more and more detailed images of the selected area appear on the screen. In the higher
detail level, the user may see individual public buildings and constructions, houses and details
of them.

In the first steps of large DS system implementation, many designers considered that it is sufficient
to include the higher level of detail only in the information system. However, the two aforementioned
examples, but also many other DS systems that do not necessarily include geographical information,
demonstrate that the approach “include the highest level of detail only” is completely erroneous.
On the contrary, as it will be analytically presented in Sections 5 and 6 of the present work, a sound
and systematic method for handling the levels of detail in a large DS system is to include all necessary
information, associated with any level of detail, according to each issue and problem that the DSS has
to tackle. In other words, the levels of detail in each application of the DSS strongly depend on the
issue and problem in hand; therefore, the corresponding information system must be designed by
keeping this issue dependence in mind.
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3.2. Extreme Problems in Deploying, Managing, Maintaining, Updating and Upgrading Very Large-Scale
Decision Support Systems

The deployment of a (very) large-scale decision support system meets with severe difficulties,
due to the reasons described immediately below, which are in strong accordance with the content and
the observations of [36,37]:

(a) Since the DSS platform is not sustainable in many cases [38], an effort for redesigning the DSS
must be repeated after a short time period, when considerable changes must be accommodated.
We would like to emphasize that the time period, after which it is necessary to redesign a certain
DS system [39] (p. 4) [40,41], may frequently be as short as few years only, for example, 4 or
5 years.

(b) Serious difficulties in updating a large-scale decision support system: In such a system,
the great number of the involved data, the significant complexity and polymorphism of them,
the heterogeneity and dispersion of the data sources, as well as the fact that the various source
data bases have been designed with a different mentality/approach, make the necessary, regular
updating of the overall information system too difficult or even impossible. In fact, the problem is
far more severe. The aforementioned factors render DSS upgrading much more difficult; as a rule,
upgrading comprises improvement of existing data sets and programs, as well as incorporation
of new data sets and programs, so that additional problems can be tackled by the DSS.

(c) Upgrading a large-scale decision support system is, very frequently, impossible: We would like
to point out that, when a serious upgrading of a system is required, then, as a rule, a new DS
system is frequently designed ad hoc, without a systematic methodology; this approach asks
for a migration of the data and program core of the old system to the new one, a task which is
extremely difficult and, in certain cases, impossible to achieve. Evidently, the new DS system will
definitely manifest the very same problems as the old one, concerning updating and upgrading.

(d) The DSS lifecycle may strongly depend on the duration of the incumbency of the decision
authorities: It is very well known that, in western-type democracies, the authorities who take
decisions frequently change in a smooth way. This fact may render the time duration of the
incumbency of the policy makers comparable to the time period, which is necessary for the
deployment of a new or improved DS system. Thus, for example, very often, the policy priorities
may drastically change, as a result of changes in the decision authorities. In this way, a DS system
that has just begun to work may become partially or totally obsolete. Consequently, the DS system
must be drastically changed or even redesigned from the beginning. Hence, it is imperative
to design information systems in such a way so that maximum re-use of the existing data and
programs can be achieved.

4. Contemporary, Mainstream Methodologies for Creating Large-Scale Decision Support Systems

First of all, a complete/thorough analysis and study, concerning the set of the required indicators,
usually precedes the system design. This part of the DSS project is absolutely necessary; otherwise,
corrections and additions at a later stage may be difficult or even impossible. The initial study must
clearly and comprehensively offer information about the following, which will also prove very useful
in the analysis of Sections 5 and 6:

(a) A comprehensive list of the general issues/problems, for which the DS system must provide
support. We will use for it the term “thematic list”.

(b) A decomposition of each one of the aforementioned issues/problems to subcategories, further
subcategories, etc., up to the fundamental, non-separable issues/problems. We will employ for
this process the term “thematic decomposition”. For example, the general transport issue of
“social/environmental impacts of transport” must initially discriminate between the subcategories
“harmful impacts” and “beneficial impacts”. Then, the subcategory of “harmful impacts” must,
among others, include:
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• “Noise”;
• “Congestion”;
• “Pollutant emissions”.

For example, a complete associated path could be the following: transport policy issues →
environmental impacts of transport→ harmful environmental impacts of transport→ noise→ noise
produced at the transport network→ elementary/non-separable issue: noise produced by road traffic
outside of the urban areas→ indicator(s): noise measurements for all links and nodes of the road
network outside of the urban areas.

On the other hand, the subcategory “beneficial impacts” must, among others, include:

• “Improved connectivity” (e.g., better island connectivity);
• “Transport time reduction”;
• “Growth” (e.g., residential or commercial relocation for a better environment, improvement of

trade conditions, economic growth, etc.).

It must be emphasized that the form of an indicator can greatly vary, from a simple set of
numbers (e.g., the former Kyoto indicators for environmental pollution) [42–45] to a complete database
(e.g., a map indicating the road congestion of an area, with seasonal and daily indications).

(c) An ensemble of methods for either acquiring the indicators or computing them from the relevant
data, using proper mathematical models.

(d) A complete list of the data, from which indicators must be evaluated.
(e) A complete list of the corresponding software, that is, programs that will implement the

aforementioned abstract objects.
(f) A sufficient/adequate ensemble of “metadata”, which are necessary for the description of all

indicators, data, acquisition or evaluation methods and the justification of their choice. It must
be emphasized that this step is quite often partially considered or even neglected in the design
of impressively numerous very large-scale information systems. Designing a very large-scale
information system and including a poor/insufficient set of metadata is a grave error that will
practically render the system non-maintainable, non-upgradable and non-modifiable.

The related information is, as a rule, a result of tedious efforts of experts, usually belonging
to numerous scientific disciplines. Evidently, the work of the experts is supported by information
technology and communication (ITS) engineers.

As a next step, ITS experts, using the aforementioned abstract results, implement the following:

• A user interface architectural tier, that is, an adequate number of computer systems to handle the
communication of the users with the DS system. Nowadays, this is achieved through the Internet
and/or an Intranet, if confidentiality reasons dictate so.

• One or more databases and/or data warehouses specifically designed to handle large ensembles of
data. The entire set of these tools is frequently called “data tier”. We note that the data tier may
include specialized hardware, such as hardware “storages” or other similar components.

• A cluster of computer systems, sometimes called “application tier”, implementing the
computational methods for the evaluation of the indicators, using data from the previous
data tier. Additionally, the ITS engineers may include custom software for satisfying particular
needs of the users of a DS system for data visualization and/or specialized processing.

• A set of computer systems for the communication and mediation of the DSS with external
data bases.

Contemporary solutions may include even more advanced software tools, such as “web services”
and “containers” [46]. Moreover, in recent designs, several servers remain totally “in-memory”,
in order to achieve highly increased performance; however, this solution is particularly expensive.
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Next, suppose that a team of engineers implements a DS system ad hoc, without incorporating
a rich set of metadata in it. In fact, without the complete knowledge of the appropriate metadata,
the programs and data of an information system are practically entangled black boxes, to which
corrections, maintenance, improvements, expansion and updating are difficult, if not impossible to be
realized. In addition, a considerable number of users themselves are experts and/or they are supported
by teams of experts; consequently, they will definitely need to know the details of acquisition and
evaluation of the indicators. Thus, we would like to emphasize that the limiting factor in the design
of large-scale decision support systems is not the hardware or software capabilities, but the very
organization of the huge information itself.

5. A Novel, Systematic Methodology for Designing, Maintaining and Upgrading a Very
Large-Scale Decision Support System

It has been previously stated that the design and implementation of a very-large scale decision
support system is realized by means of the following two general stages:

Stage 1: A group of experts, after an extensive analysis of the problems/requirements in hand,
ends up with an abstract structure, which determines all due operations of the DS system.

Stage 2: Based on this abstract structure, a group of ICT engineers produces an ad hoc
implementation of the sought-for information system. However, as it has been more extensively
described in Section 4 of the present work, any ad hoc implementation intrinsically suffers from serious
flaws and problems of maintenance and upgrading of the developed system.

Hence, in the present section, a novel, systematic approach that circumvents these difficulties is
described. This new approach includes the following steps:

(a) Development of a specialized meta-database, able to store the entire aforementioned abstract
structure produced by the experts, using a corresponding template, which is more analytically
described below. For this meta-database, we shall use the name “teleological meta-database” [47]
or simply “meta-database”, for reasons that will become clear in the following steps.

(b) Insertion in this template of the thematic entities/entries of the system and the associated “thematic
decomposition”, which ends up to the “non-separable objects” of the DSS in hand; these actions
and terms will be more extensively analyzed in Section 5.1.

(c) Further filling of the template of the teleological meta-database with all the necessary indicator
descriptions. At the same time, the analytic description of the exact method(s) of acquiring or
evaluating these indicators must be included in this meta-database.

(d) Further inclusion in the teleological meta-database of the complete list of characteristics of the
DSS external sources, together with all necessary information for accessing them.

(e) Incorporation of all the documentation metadata in the teleological meta-database;
this documentation must fully cover the entire set of data, programs and other components and
actions of the DSS.

We would like to emphasize that we render this teleological meta-database the “heart” of the
entire DS system and its operations.

5.1. The Part of the Template that Includes the Compete Thematic Decomposition

As it has been already pointed out in Section 4, the first part of the template concerns the complete
thematic list of the topics or issues for which the DSS must provide information/answers. An exhaustive
thematic decomposition is applied to this list, expressed via a tree-like graph structure, down to
further-non-separable objects/entities. We noticed that in the case of polymorphic data, the final leaves
of the thematic decomposition usually highly depend on the sub-problem in hand. In other words,
a specific object must be further decomposed, when the DSS tackles a certain problem, say A, while it
may be a non-separable entity, when the system offers information concerning another problem, say B.
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An abstract visualization of this tree-like, graph structure that performs such a thematic
decomposition is depicted in Figure 1. In fact, concerning Figure 1, we would like to point out
the following:

• The entire thematic list of the DSS incorporates issues I1, I2, . . . , IN.
• Each such issue is decomposed into successive sub-issues, for example, issue I1 is at the first

level decomposed into sub-issues SI1,1, SI1,2, . . . , SI1,K1. Similarly, issue IN is decomposed into
sub-issues SIN,1, SIN,2, . . . , SIN,KN.

• In an analogous manner, sub-issue SI1,1 is decomposed into SI1,1,1, SI1,1,2, SI1,1,3, . . . , SI1,1,M1,
and so on.

• The decomposition process in connection with each initial thematic issue stops, when all
non-separable objects, associated with this issue have been determined. In this way, for each issue
IJ (J = 1,2, . . . , N), a specific number of paths is obtained. We emphasize that the number of these
paths as well as the depth of each path, as a rule, are not constant. We employ the symbol NS for
the non-separable object of each such path. Thus, for example, issue I1 is eventually decomposed
into F1 non-separable objects, giving rise to “last-leaves” NS1,1, NS1,2,..., NS1,F1.
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We repeat that, often, the length of the path that leads to NS1,1 may be different from the length
that leads to NS1,2, which in turn may be different from the length of the path that leads to NS1,3,
and so on. These differences in length are indicated in Figure 1 by the fact that the non-separable
objects are placed at different levels.

Evidently, issue I2 ends up to the non-separable objects NS2,1, NS2,2, . . . , NS2,F2 and so forth.
We stress that, in many instances, issue IJ may end up to an arbitrary number of non-separable objects
NSJ,R following various different paths. In this case, we choose as length of the path that links IJ with
NSJ,R, the length of the path that connects these two entities, which starts at the higher-most level,
namely, the one closer to IJ, and so on.

• We have used a double arrow to indicate a connection of two arbitrary objects of the tree-like
structure, in order to make clear that each sub-issue must “know” all previous sub-issues and the
initial issue(s) that have generated it.

• We would like to emphasize that each issue and sub-issue is naturally linked to a set of metadata.
• The dotted arrows have been used to indicate that the entire structure is not a tree, but a graph,

most probably, an acyclic one.
• The gray arrows that originate at the final non-separable objects of this tree-like, graph structure

of Figure 1 manifest that this structure is linked to another one, that deals with the indicators
and/or the data of the system.

5.2. The Template Part Covering the DSS Indicators and/or Data and Their Acquisition or Evaluation Method(s)

Each issue and/or each sub-issue, described in Section 5.1 and Figure 1, may be linked (and is
indeed very frequently linked) to an ensemble of indicators, namely, certain quantitative characteristics
of the issues and/or sub-issues in hand. Indicators help the user(s) of the DS system to make decisions
as objectively as possible. As we have already pointed out, a simple, but characteristic, example of an
important indicator is the noise generated by vehicles at various specific points of a road network [48].
Another crucial indicator is the volume of pollutants emitted by vehicles at these points [49].

We will use the term “the complete list of indicators” to express the entire set of indicators,
incorporated in a DS information system.

Each indicator must be associated with (a) the data necessary for its computation and/or (b) the
exact method(s) for acquiring or evaluating it.

As a rule, there are three ways of obtaining indicators, namely:

(a) For each indicator (or group of indicators), the DS system uses a specific computing methodology,
which employs certain data in order to evaluate the indicator(s).

(b) The indicator (or group of indicators) may come directly from external sources, needing no further
(or minimal) processing, and they are stored intact in the DS system.

(c) Finally, there are groups of indicators, which are the results of studies and/or development of
external group of experts. These indicator(s) are also stored intact in the DS system.

An abstract representation of all three methods for acquiring or evaluating indicators is shown in
Figure 2.

As far as this part of the template is concerned, one more important issue must be emphasized.
A very consistent approach to describe a method that computes one or more indicators, so that the
DS system remains maintainable and upgradable, is to decompose each such computational method
into lesser “functional blocks” and describe all the necessary internal communication of these blocks
(i.e., for each block, its input intermediate variables, the origins of these input variables, the output
intermediate variables and the destination of these output variables must be described).

This can be better understood my means of a simple, but fictitious, practical example, which is
schematically shown in Figure 3. In this example, a certain computational method is decomposed into
four (4) well-defined sub-blocks, namely, “model 1”, “model 2”, “sub-method 1” and “sub-method 2”.
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Figure 2. The structure of the meta-database template concerning the indicators, local data and
computational methodologies.
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Figure 3. An example of a first step of decomposition of a computational method. Any indicator and/or
local datum may be compound, i.e., it may comprise a structure of simpler data.

Then, each sub-method (namely, model 1, . . . , sub-method 2) may be further decomposed in an
analogous manner and so on. The decomposition stops when the experts that have initially developed
the system feel that they have described the entire computational method adequately, so that another
expert (or group of experts) can fully understand it at a later stage.

In Figure 4, another example is shown, which is actually encountered in the transport application
area. In fact, the example refers to a specific method that computes the noise levels at a number of
certain road network traffic links.
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Figure 4. Computation of the levels of noise at certain links of a road network.

First, a traffic forecast model uses traffic counts on the links of the network and traffic growth factors
(local data) to forecast traffic volumes for a future planning period. At the next step, a sub-computational
method takes these forecasted traffic volumes and road capacity figures and computes the average
vehicle velocities. Finally, a noise prediction model takes the computed average vehicle velocities,
forecasted traffic volumes at the links of the network, as well as other road network characteristics and
estimates the noise levels at these links of the network for the future planning period. The description
of the computational methods starts at this level of abstraction. The sub-methods, shown in Figure 4,
should be further decomposed. Once more, the decomposition stops when the experts that developed
the system feel that the entire description is sufficient.

5.3. Including the External Sources and the Way to Access Them in the Template

We use the term “external sources” to describe the set of geographically dispersed databases
linked to the main decision support system; these data bases are, as a rule, autonomous and most
probably heterogeneous. Each such database may offer data and/or indicators to the main DS system.
In turn, the main system may use these external data or indicators intact or employ them, in order
to compute and/or generate other data or indicators. The part of the system that implements the
communication of each external source with the main system and, possibly, computes all necessary
quantities, is called “mediator”; the corresponding process itself is called “mediation”.

As mentioned before, each external source provides a part of the data of the main system and/or a
part of the indicators. Consequently, the proposed meta-database must include:

(a) A complete description of the information furnished by the external sources.
(b) A full documentation concerning the method(s), which the mediator employs in order to evaluate

the various indicators or data.
(c) The exact methodology and the frequency with which the data and/or indicators reaching the

main system must be updated.
(d) Since a part (sometimes considerable) of the indicator ensemble may come from studies/R&D

projects, these studies or projects can be considered as an “off-line” kind of external sources. It is
necessary to describe the information associated with these indicators adequately, so that future
expert users of the DS system can clearly and unambiguously understand the following:

• The quality of the indicators;
• Any possible special characteristics these indicators possess;
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• Any limitations of the use of the group of specific indicators.

5.4. Including a Complete, Structured Description of Experts’ Knowledge in the Teleological Meta-Database

Figures 1 and 2 depict a fundamental characteristic of the meta-database, expressed by the fact
that a “metadata box” is attached to every entity in the template. Each such box should incorporate the
relevant knowledge of the experts who built the system and it should explain every choice of them
(such as the thematic list, all issues, sub-issues, indicators, data, computational methods, external
sources, etc.). The content of the “metadata box” should be written in such a way, so that at a later
stage, experts, belonging to the same scientific discipline, can understand any special characteristic
and any limitation of the use of all entities in the decision support system. The level of description
must be detailed enough, so that these other experts can take over the maintenance and upgrade of the
DS system. We must emphasize that confidentiality and/or intellectual property issues can be resolved
by letting:

(a) The external sources control access to sensitive information, that is, information covered by GDPR;
and/or, probably,

(b) The administration of the main core of the DSS have analogous rights.

Preferably, all this information must be further organized by building a specifically oriented
sub-meta-database, which will provide all possible ways for accessing this information (e.g., accredited
keywords, characteristic terms and methodology names). Additionally, a knowledge base [50,51] may
be included in the DS system, with references to other related, important information.

5.5. Incorporating the Proper Documentation and Navigation Information for the Users in the Teleological
Meta-Database

As it has been many times emphasized before, a large-scale decision support system is very
complex. Thus, even a user expert in the related scientific field cannot use the system properly unless
he/she is suitably advised. Therefore, it is rather imperative that specific documentation and navigation
information must be included in the meta-database, so that a user, who is not familiar with the DS
system, can benefit from it with minimal difficulty. There are two aspects of the aforementioned kind
of information:

• The first is scientific: The expert designer of the system has to provide proper content titles or
even content synopses, that can facilitate the unfamiliar user in navigating the DS system easily
and without mistakes.

• The second one is technical: It aims at helping the user to understand the information system and
the user interface. It must be provided by the ITC expert(s) who built the IS.

Overall, the documentation template of the meta-database can be built in such a manner, so as to
assist all user experts and their collaborators to find out themselves how to use the DS system as easily
as possible.

6. Substantial Advantages of a Decision Support System Developed on the Basis of the Proposed
New Teleological Meta-Database

As it has been already discussed, the meta-database must have the following characteristics and
properties:

(a) It must include the purpose and use of the employed indicators and/or of each datum.
(b) It must incorporate the entire thematic list, that is, all issues and sub-issues and the exact way

each one of them is linked to the entities of (a) immediately above.
(c) All software programs of the DSS must be directly linked to the entities referred to in (a) and (b)

immediately above.
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(d) The aforementioned software programs of the DSS must be very well documented, and this
documentation must be properly placed in the template of the meta-database in a clear-cut manner.

Consequently, the proposed metadata structure can be considered as an exact and thorough
content description and functional map of the DS system in hand.

One main novelty of the methodology described here is that during the entire life cycle of the
DS system, a group of experts and engineers, even radically different than the one that developed
the specific information system, may achieve the following, by employing the proposed teleological
meta-database:

(a) Correct and efficient updating of the DS system.
(b) Make changes to the content of the DSS.
(c) Upgrade and/or expand the content of the DS system, by including further classes of issues,

sub-issues, data, indicators, associated computational methods, new external sources, together
with the corresponding mediators, etc. In fact, by exploiting the structure of the meta-database,
one may achieve a consistent, considerable growth of the DS system. Without the use of the
proposed teleological meta-database, there is a serious risk that such growth of the DSS may
render it unmanageable.

(d) Reduce the content of the DS system, by eliminating a subset of the aforementioned entities,
without causing any damage to the remaining system at all.

We would like to emphasize that any change imposed on the system must be accurately
reflected/incorporated in the meta-database template. In this way, the DSS will maintain all the
very good properties mentioned above; in the opposite case, all aforementioned actions concerning the
DS system will not be feasible.

We would like to point out that any part of the information of a DS system based on the
meta-database may be georeferenced/geographical. Actually, the use of the meta-database permits a
very advanced architecture of the georeferenced/geographical information, as it will be described in
another work.

7. Conclusions

Recent advances in information technology and communications allow for the development of
very large-scale decision support systems. However, the complexity, the polymorphism and the size
of the data and/or program core of such a very large DS system generate a number of very serious
problems, which are outlined here. These problems have to do with:

(a) The efficient updating of the DS system;
(b) The flexible expansion of the DSS;
(c) The consistent reduction of the information system;
(d) The ability to modify the system;
(e) The upgradability of the DSS, etc.

Moreover, it is argued that any ad hoc/non-strictly methodological development of a very
large-scale DS system will definitely lead to very serious intrinsic problems.

In the present manuscript, it was shown that only a consistent, fully methodological approach
can resolve all the aforementioned problems and it can drastically minimize the associated risks and
hazards. Such a methodological approach was explicitly introduced here. This methodology was
associated with the development of a very detailed, consistent and rigorous meta-database, which fully
describes the DS system and it includes:

(a) A complete thematic decomposition;
(b) A complete list of all indicators and/or data and their acquisition or evaluation method(s);
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(c) A complete list of all the external sources of the system, together with the way to access them;
(d) An absolutely sufficient and structured description of the experts’ knowledge concerning the

whole system;
(e) The proper documentation and navigation information for users in this (teleological) meta-database.
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