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Abstract . | ¢

HYDROSCOPE is a Greek nation-wide research programme with 14 participat-
ing organisations aiming at the development of a national distributed database
system for meteorological, hydrological and hydrogeological information.
Available modern computer technologies such as powerful workstations, high
speed wide-area networks, relational distributed database management systems,
client-server architecture, graphical user interfaces and fourth generation pro-
gramming languages have been used throughout the project. In parallel, a hu-
man network consisting of scientists and engineers from all participating organi-
sations, universities, ministries, research centres and public agencies, has been
set up. In this paper we present the two-year experience from the project, both
at technical and human level, the achievements made and the problems encoun-
tered, as well as the perspectives up to the year 2000.

1. Introduction

Over the last decade, resource handling issues and environmental concerns be-
gun to play an increasingly important role in every aspect of human activities.
Thus, availability of reliable information and processing tools appeared to be a
mandating necessity for water resources management, environmental impact
assessment and policy formulation in the public and private sector.

Advances in both hardware and software technologies allow the develop-
ment of modern information management systems, Relatively new concepts
such as relational distributed database model, client-server architecture, visuali-
sation and windowed environment, multi-platform development, object-oriented
programming and expert system integration, attempt to satisfy today’s informa-
tion management requirements.
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HYDROSCOPE employs a mix of the above mentioned technologies, in
order to come up with a solid and viable answer to the modernisation of the hy-
‘drometeorological information management in Greece. It also addresses many
administrative idiosyncrasies, inherent in the public sector in this country.,

2. System Description

HYDROSCOPE is a joint research project aiming at the development of a na-
tional databank for hydrometeorological information (Tolikas et al.’). Among
the partners in this. project are ministries, public agencies, research centres and
universities (Table 1). The National Technical University of Athens, Division of
Water Resources, is the main partner responsible for the co-ordination and
monitoring of the project, as well as for the system design.

Technically speaking, HYDROSCOPE is a distributed database system
based on a high-speed wide area network (WAN; see Figure 1). The network
includes at the moment one node for every partner in the project. Every node is
consisted from a host computer (typically a Hewlett-Packard 9000/7XX work-
station) acting as database server, and a local area network linking several MS-
Windows client PCs and optionally, additional workstations and peripherals.
The logical union of these local databases with the aid of specific mechanisms,
form the distributed system. We use digital data lines and routers to link all the
‘sites (i.e. nodes) and provide global connectivity.

An important goal also, was to create a human resources co-operation
network within the public sector, to promote scientific research and operational
efficiency while keeping up with the technological advancements. It is more
than-abvious that even the most advanced and efficient systems are useless if
there is no provision for user acceptance. This can be especially true in technol-
ogy-suspicious environments commonly found in this type of organisations.

At the time of this writing, Phase I of the project has just been completed.
During this first phase, all the necessary infrastructure has been established. The
equipment has been put in service and all necessary client/server applications
have been developed and tested. In the forthcoming Phase 11, most of the avail-
able data will be entered to the system. In addition, there are plans for further
improvements, which will facilitate the multi-level access of the database, inte-
grate artificial intelligence and further enrich the set of available processing
tools.

3. Administrative aspects

3.1 Partnership issues

Profile The participating organisations fall to one of the following three cate-
gories as indicated in Table 1.
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) Partners in HYDROSCOPE
Universities; Academic | Ministries, Public Research Centres
Institutions Agencies _ _ _
National Technical Uni- | Ministry of Agriculture National Observa-
versity of Athens (MA) tory of Athens
(NTUA), Dept. of Ministry of Environment, (NOA)
Water Resources, Hy- | Physical Planning and National Research
dr‘au}ic az_ld Maritime Public Works (MEPPW) Centre for
Engineering Ministry of Industry, En- Physical Science
Aristotle University of ergy and Technology “Demokritos”
Thessaloniki, Dept. of (MIET) (NRCPS “D™)
Hydraulic and Envi- | National Meteorological Centre for Renew-
- ronmental Eng. Service (NMS) able Energy
(AUT/DHEE) Sources (CRES)

Aristotle University of
Thessaloniki, Dept. of

Public Power Corporation
(PPC)
Water Supply and Sewage

Hellenic Agency
for the Local

Energy (AUT/DE) Corporation of Athens Development
University of Athens (WSSCA) and Local Gov-

(UA), Dept. of Ap- ernment |

plied Physics | (HALDLG)

(CAUTIDE

— — (AUT/DHEE)

PUBLIC

NETWORKS

DATA

ARIADnNet, ITEnet

14.4 Kbps leased circuit
64 Kbps leased circuit
= =« 10 Mbps Ethernet LAN

Figure 1 The HYDROSCOPE WAN topology (see Table 1 for abbreviations)

Situation until now Collection and archiving of hydrometeorological data in
Greece, is performed by the organisations shown in Table 1, second column.
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Owing to lack of co-ordination and assignment of responsibilities, ad-hoc and
sporadic activities regarding hydrometeorological monitoring have evolved to
less or more organised units within these organisations.

The main volume of the collected data, accounting for more than 450 mil-
lion measurements, is currently stored in paper form (logbocks, strip charts
etc.). It includes hourly and daily measurements of more than 25 variables,
dated from 1890 up to now.

With HYDROSCOPE now in place, data retrieval and processing will be
easier, much less time consuming, reliable and efficient. For the partners per-
sonnel it simply requires access to the local area network with a PC or a work-
station.

Flexibility and diverse interests Regarding the collection and archiving of
data, each agency has its own objectives and point of view, which in turn is
translated into specific needs. For instanice the Public Power Corporation is fo-
cused in dam studies and construction, while Ministry of Agriculture is inter-
ested in land use and extreme phenomena prediction and avoidance. On the
other hand, the National Meteorological Service’s main duty is to compile and
publish weather reports and conduct climatic studies. Thus the diversity and
multitude of user needs should be addressed in order to provide a real-world
solution. The latter has been taken into account early in the design of
HYDROSCOPE and is expected to show its results shortly after the system will
be put in operational use.

Autonomy and exchange of information A basic design goal of the system is
to ensure autonomy, while promoting data accessibility (Tolikas et al’. Pa-
pakostas et al.'). Since a strict technical approach would probably lead to a
centralised database system, this could seriously endanger the existence of the
whole project. Competition, conflicts and overlapping authorities among public
agencies along with insufficient and ambiguous legislation would never allow
the creation of such a centralised system. In contrast,. the distributed database
approach employed by HYDROSCOPE (explained in the next section), satisfies
most user needs while maintaining the “ownership” of data. This is accom-
plished thanks to the distributed nature of the system, which enables each public
agency to have complete control over the physical storage and administration of
its data. At the same time a comprehensive security and accounting sub-system
establishes the rules of a fair co-operation among the partners and provides the
necessary options for future transaction billing,

Experience, know-how and expertise of potential users An other significant
question which arises is: Are potential users technologically up-to-date and
ready to adopt new concepts and, in certain cases, innovative methodologies?
We have found that official daily duties and bureaucratic procedures, in concert
with the lack of internal training programmes, increase the knowledge gap be-
tween academic and public institutions, thus leading to a negative answer to this
question. It was therefore inevitable for us (a) to promote user participation in
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every phase of the project (analysis, design, implementation, testing, quality as-
surance, documentation) and (b) to implement carefully designed training pro-
grammes to bring potential users up-to-date.

3.2 Project management

Structure Management of the project was organised higrarchically with the
Steering Committee being the heading unit, A four-member Co-ordination Sec-
retaniat was assigned the duty to co-ordinate and monitor the project on a day
to day basis. Other administrative units include the Scientific Committees and
the Executive Council (a sort of partners assembly). The actual work was un-
dertaken by the Workgroups, one for each partner,

Motivation One of the most challenging tasks throughout this project, was to
invent motivation policies and provide incentives to get the best results from the
available human resources. Job satisfaction, a term almost unknown to the pub-
lic sector, plays an important role in a project like this one. Most of the part-
ners’ personnel responded positively.

Funding and administrative overheads The project is funded by the EC
(70%) and Greek authorities (30%). Cash-flow proved to be a major problem
for the management of the project, since significant delays were noticed regard-
ing funding, with an immediate impact in the progress of the actual develop-
ment. Project management had also, among other duties, to report to the su-
pervising authority during the course of the programme. Regular reports in-
cluded yearly forecasts and budgets, quarterly statements by partner, category
of expenses and so on. Owing to the different accounting practices of partners,
‘it is easily understood the complexity and the overhead imposed in every single
transaction,

4. Technical aspects

4.1 Design issues

Distributed database model as a diplomatic solution To accommodate
autonomy and “ownership” of data, it was imperative for us to design the sys-
tem around the distributed database model. The implementation of the distrib-
uted database system has been based on the INGRES Relational Database Man-
agement system. In HYDROSCOPE, we have exploited in full its distributed
database capabilities, enabling the users to access a set of apparently networked
databases as if it was only one. User location is thus irrelevant to the system,
since, assuming the same privilege level is granted, any user from any node on
the wide-area network has transparent access to the data residing to his own
and every other node. Insertions, updates and deletes in the database are under
the administrative control of the “owning” organisation. Remote execution of
this type of transactions is rejected by the system (Papakostas'), thus ensuring
operational autonomy and avoidance of institutional conflicts. On the other
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hand, local or distributed queries can freely execute in the system, the only
limitation being the maximum number of rows of the resulting table which will
travel across the network. The purpose of this limit is twofold: to maximise the
available bandwidth of the communication channels for a number of concurrent
users, and at the same time to discourage potential attempts to transfer mas-
sively data from a node to another bypassing the primary security mechanisms.
This upper limit can be adjusted by the system administrator according to net-
work traffic patterns and available channel bandwidth. In addition, specially im-
plemented remote procedure calls minimise traffic and processor load,

Client/Server architecture Distinction between client and server applications
apart from being state-of-the-art in today’s software systems, seems to be a rea-
sonable choice when dealing with a large and ambitious database system, like
HYDROSCOPE. Server applications for instance can embody all the security
and integrity features devised during the design phase, without prior notification
of client (or user) application developers. At the same time features such as the
distributed access, user-defined data types and software triggers can transpar-
ently be shared among many application programmers. Client/server architec-
ture enables also the multi-platform development and operation, since client
tools run even in PC environment under MS-Windows.

Graphical Environment One of the application design goals was to provide
the user with a rich set of integrated client applications employing leading-edge
technologies in man-machine interaction and user-interfacing. Pursuing this
goal, we developed all the client applications exclusively in windowed environ-
ments (OSF-Motif for UNIX stations, MS-Windows for PC clients), following
specific standards in user-interface design in each of these environments. Ac-
cording to our experience, the overhead imposed by this decision, is easily justi-
fied by the increased user-satisfaction. The tool we have used for the application
development is INGRES Windows-4GL, an integrated environment with an
event-driven object-oriented graphical 4GL, a visual editor, a debugger, code
sharing facilities, and version control system suitable for multi-user develop-
ment, |

New methodologies and techniques In the course of the project, we had the
challenge to come up with specific solutions to certain types of problems:

1. User-defined data types: Hydrometeorological database applications need
sometimes increased flexibility in the definition of data types. For instance the
geographical co-ordinates is a data type not implicitly supperted by any com-
mercial database management system, Fortunately INGRES provides the means
for the system programmer to define and integrate any kind of data type in the
heart of the database server. The system programmer has also to define mathe-
matical operations that refer to the newly created data type. The whole opera-
tion consists of writing code in C and link it to the database server executables.
2. The Differential-Linear Data Storage (DLDS) technique (Tsakalias®) is a
method specially devised to overcome certain limitations of the relational data-
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base model when dealing with time series data. It attempts a) to standardise the
representation of a time-series in a relational database environment; (b) to im-
plement a generalised scheme of a time-series with a varying time step; {c) to
cope with the intermittent nature of time-series; (d) to create a set of SQL com-
posite queries that substitute the typical simple queries in a manner that they are
consistent with the data interdependence within a time-series; and (¢) to provide
a set of procedures for typical calculations of a time-series. In addition, the
technique takes advantage of the property often exhibited in certain time inter-
vals of hydrological series to have a constant (e.g. dry spells in rainfall) or ap-
proximately linearly varying magnitude (e.g. runoff during dry periods) thus
providing a notable reduction (up to 60 - 90%) in the storage space and in the
network load (in the case of a distributed data base).

3.  OPSIS (Tsakalias®) is a sub-system which establishes a representation of
hydrological data series as objects with standard characteristics, and a protocol
that hydrological procedures should follow when acting on such objects. It
performs a variety of typical hydrological and statistical computations through a
consistent and user-friendly interface. Also, it provides many data visualisation
alternatives which enable the user to perform interactively data checking and
analysis. _

4. PINAX s an embedded expert system module that performs homogeneity
control on hydrological data sets. It also identifies nonstationarities and detects
outliers of a time series. In addition, it performs curve fitting under nonstation-
ary conditions (e.g., it identifies stage-discharge curves for nonstable river
beds). The system uses a novel approach, quite simpler and more effective than
a pure statistical approach.

Network Communications ‘A distributed database system has usually severe
requirements for speed and bandwidth. Although carefully designed after exten-
sive simulation, HYDROSCOPE requires 64 Kb/s digital links among the nodes
with large databases, while 14.4 Kb/s analog lines provide an adequate service
level for all the other connections (Figure 1), Hi-speed digital lines were first
introduced in Greece while HYDROSCOPE was in its second year of develop-
ment. Thanks to the Public Telephone Company, we were given the opportunity
to become the test bed for the hi-speed digital lines. In this way, we had the op-
tion to explore without significant charges, for about one year, this new com-
munication service.

4.2 Implementation issues

System integration Trying to find the optimal mix of equipment for the project
needs, we realised that a multi-vendor solution was appealing. To be able to
implement the system as it was originally planned, we had to deal with and inte-
grate several hardware components’(workstations, PCs, file servers, printer
servers, routers, modems, LAN’s). We also paid much attention to provide
software compatibility among different communication components (protocols,
drivers etc.) mainly in the PC environment.
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Productivity, Metrics Monitoring programmers’ productivity was a task that
revealed many interesting aspects. Once again classical software engineering
estimations (Shooman®), have been confirmed. We have found that individual
programmer’s productivity varied in our case from 15:1 up to 25:1. That means
that an experienced programmer produced about twenty times the output of a
poor programmer. The results for run-time performance are more astonishing,
reaching a ratio of 50:1, which is contributed mainly to inadequate training. We
experienced also productivity problems due to the fact that software develop-
ment was decentralised, taking place in five different sites.

5. Conclusion and future development

HYDROSCOPE, despite any administrative or technical problems encountered,
finally managed to reach the initially set targets both at technical and human
level. HYDROSCOPE now has an operational infrastructure including comput-
ing and data communications equipment as well as software applications for hy-
drometeorological information management. o

Forthcoming phase 1I of the project will include the massive data entry
and processing. Apart this, new developments will take place such as Geo-
graphical Information System integration, on-line telemetry network design and
development, and expert system integration. Additional equipment installation is
planned, to provide third party access through a variety of paths.
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