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FROM ENVIROMATICS TO SUSTAINABLE INFORMATICS: BEYON D THE
DEFINITION AND CONCEPTUAL DELIMITATIONS

Environmental Informatics — as an integrated donsdiimterest— becomes the only real perspective
of the scientific explanation of the environmentdahe unique “way of thinking substantially dife,
so that mankind can survive.” Environmental Infotiora Systems and Environmental Informatics play
an important role in decision-making in the fidd&jng closely linked with environmental requirengeint
decades and with environmental research methodEpqs part of the sustainable development
management. The discussion on sustainability, gecpi@r environmental research methodologies, aims
to identify characteristic attributes that allowgadssage of environmental data to environmental
information and environmental knowledge; from Epwimental Information System and Environmental
Informatics to Sustainable Informatics, startsriteiest more and more actors and activists focosed
environmental protection — according to the debnitspectrum found on internet exhaustive search.

To improve the management capabilities and enviestial assessments, specialists should be able
to manage and implement the concepts for the eféeeind efficient environment that can be achieved
through information software environment. They dtoalso have a simple and efficient access to
knowledge and current information enabling themta&e the best decisions both for sustainable
development and for the development of economies.

The authors analyze few Romanian contributiondindomain of Sustainable Informatics, which
try to incorporate with the main problems at thieiinational level. The authors propose an integgati
view on the subject under discussion as a dynarpen-@ccess system, able to perform multiple
functions, in particular, to meet the environmergsedtection goals and for users involved in specifi
environmental activities. Sustainable Informaticslpl scientists define the information processing
requirements, analyze real problems, and solveethasblems using informatics.

Keywords: Environmental Information Systems (EISs), Enviremtal Informatics (EI),
Sustainable Informatics (SI).

Problem statement.A lot has been written about environmental scisrexed much more will be
written in the future. In a certain sense, thigdkoh science is the one underlying everything thahkind
has consciously accomplished. Today's civilizatimuld probably have had another appearance without
the considerable contribution of scientific work foore than 2,000 years. The scientific knowledfje o
our world has gradually developed through smalpsteOver the course of time, there have been
numerous scientific discoveries that have contedub the cultural dowry and the progress of sgciet
(fig. 1) [2-5].

Most of the scientific elements are routine obstéona and records, contained in research reports,
administrative and financial communications, eadvitg its own importance within the intimate
mechanism of the information act. The importance afiscovery (as can be considered Environmental
Informatics) is weighed by its impact on the ecoiostate of society or the benefit it brings tcaege
number of people (fig. 2a). It is the case of ramnformation transmission, modern transport, elgty,
and much more, as "mature fruits" of purely scienépochal discovery (fig. 2b) [4, 5].

An important benefit is, of course, the culturaleoMankind raises the level of environmental
understanding on the environment it belongs to, &ndwing it better, learns to value it more and
improve its attitude towards it. The Knowledge ®tgi according to the multidisciplinary nature of
Environmental Science (see fig. 3), cannot be medaover time by the means at its disposal. This i

7



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

mainly because it is based on the exhaustible vesenf fossil fuels, where the progress of society
necessarily imposes further reserves in the futaraddition, the human species risk self-destomgtjust
as a microbe is self-destructing after destroyiregentire organism that has maintained it [4, 5].
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Fig. 1. Evolution of societies from the Hunting Sdety to Super Smart Society{9]
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Fig. 2. The main actors interested in Environmentalnformatics [3, 6, 9, 40]Jare:
a) mixture of industry, government, research areddist of community; b) influence-interest bridge
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The reality approach, consisting of an infinity @lements in a particularly complex
interconnection, by sectors and subsectors, asieamand sub-branches of reality, was the fruthef
first contact and the first perceptions of man altba environment. Subsequently, from the keen éed
knowledge, the scientific branches were dismanittedver more elementary pieces, the thin slices of
reality being ever deeper [5].

But as many elements have become wholly unfathanablone area or another of science,
belonging to practically "frontier science", manshdecided to start a more complex and appropriate
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approach to reality simultaneously in two or morelds. For example: astrophysics, biochemistry,
biophysics, biomathematics, biochemistry etc., ado for disciplines which are part of the
environmental science area. So, Environmental Seié a field of interest that studies environmienta
systems. It is inherently interdisciplinary, dragifrom fields such as chemistry, evolutionary biylo
ecology, physics, mathematics, oceanography, ggepéagth science, and more.

Ethics Ecology

7 =
Environmental
1

Environmental

science studies

Sociology Geology

Anthropology Archaeclogy
a)
Fig. 3. The multidisciplinary nature of Environmental Science(a) and Environmental Studies(b)
[46, 54]

The obvious tendency toward an era of syntheticagmh (global reality) at the expense of the
analytical approach is, in the sense mentioned ebspecific to Environmental Sciences. The latter
address the environmental aspects of what is commerveral domains (as presented in fig. 4) and no

what is specific to them.
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Environmental Informatics — as an integrator domaiirinterest [1, 13] (fig. 5a and fig. 5b) —
becomes the only real perspective of the sciendifjglanation of the environment, and the uniquey‘wa
of thinking substantially different, so that mardkican survive.”
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Fig. 5. Different perspectives for Environmental Iformatics [40] that:
a) brings together science, technology and ressubjentegrates various environmental systems

As we know, EISs and EIl are a new subdomain of iaddhformatics (design as in fig. 6); which
comes with specific methods and tools for obtairpmgcedures that help to investigate, avoid and/or
minimize burdens and environmental damage [1, 23515].

From EISs and Environmental Informatics to Sustaindility Informatics: conceptual
delimitations beyond the definition spectrum. Starting with the United Nations Conference on the
Human Environment (also known as the Stockholm @wmice), which set up the United Nations
Environment Program (UNEP), it became increasinglydent that the collection and analysis of
environmental data are of vital importance for hoitya

“Science and technology, as part of their contrifiutio economic and social development, must be
applied to the identification, avoidance and cohtod environmental risks and the solution of
environmental problems and for the common goodavfkind
Education in environmental matters (...) is ess#nin order to broaden the basis for an
enlightened opinion and responsible conduct byviddils, enterprises and communities in
protecting and improving the environment in it$ ulman dimension.
Scientific research and development in the contdxenvironmental problems (...) must be
promoted in all countries, especially the develgpoountries. In this connection, the free flow of
up-to-date scientific information and transfer ofperience must be supported and assisted, to
facilitate the solution of environmental problenenvironmental technologies should be made
available to developing countries on terms whichuMtoencourage their wide dissemination
without constituting an economic burden on the tbgreg countries.”

(Principle 18-20 from Stockholm Declaration — wwnep.org)

Recently, as a result of the spectacular developroedT and environmental sciences, a new
science has emerged — generically named Envirominémformatics. It has taken on unimaginable
impulses that have opened the way to unpredictataspects, raising and bringing back to the present
on a higher plane and through a more comprehengi@n, environmental issues that need present day
solutions [7, 8]. The enthusiasm of researchers theddynamics of ecological manifestations have
created a climate favorable to science-orienteglres) and applications, coagulated in fig. 7.

Classifications and definitions are objective reguoients of any science, which must often be
reviewed and periodically updated. Classificatiod definition of EISs and EI concepts have beenanad
since the beginning of the environmental systerndystreflecting in general the level of integrated
knowledge about the topic approached at one tirdettaan aim pursued during the research, as presented
in fig. 8.

In this respect, the first classifications weredshsn criteria regarding the structure and role of
different categories of EISs or how the environrakirformation could be framed and supported by
different environmental research sectors.
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Fig. 8. Sustainable Informatics — example of integited environmental computing systems
[2, 3, 9]

Some of the cascading abbreviated definitions ®BlSs are presented below, while also exposing
their source, to complement the examination ané#haustive exploration of the subject:

“ElISs is the umbrella term for those systems used rhonitoring, data storage and access,
disaster description and response, environmentglaith reporting, state of the environment
reporting, planning, simulation modelling and désrs making; (...) are an important factor in
environmental research, decision support, managémed policy; EISs implementations have a
number of requirements which are hard to satiségnewith the information technology of today;

the subject is still growing, in a multidisciplinawork environment which changes quickly, both in
the IT and the environmental sector.”

(International Symposium on Environmental Softwaystems — www.isess.net)

“Environmental Information Systems are computesteyms that use a variety of tools and
technologies to facilitate the management and u$eemvironmentally-related data and
information.”

(ESSA Technologies, Canada — essa.com)

“EISs are concerned with the management of soitewanir and species in the world around us.
This textbook describes a framework for systemedas four phases of data processing: data
capture, aggregation, storage and analysis. Thst firart of the text concerns the collection of
environmental raw data. The second part explains tids raw data is condensed and enriched to
extract semantically meaningful entities. How aggted data is then stored in a file or database
is described in the third part of the text. In fireal section the available information is prepared
for decision support purposes.”
(www.ucl.ac.uk/.../paper7.pdf)

It can be noticed, from the above definitions, tiwre is a complex spectrum of EISs that can be
differentiated on the basis of the nature of trecessed information [1, 4-6, 11-13]:

— control and monitoring systems — which interactselg with environmental processes and serve
to perform automated and control measurements ¢erwar and soil quality, such as noise and exggosu
to radiation, while system control targets to disemvolve at industrial level the supervisionwbrking
conditions and evolution of technological paranster

— conventional information systems — which are o€iest for introducing, storing, structuring,
integrating, saving and presenting different typé€nvironmental information in the form of formal,
semi-formal and informal documents, such as enwiemtal regulations and reference literature;

— information analysis and evaluation systems — sdppbe processing of environmental data
collection using complex mathematical-statisticqalgsis methods and specific modeling techniques;

— decision support and planning support systemseeitljr supports decisions taken by 3rd parties
by providing criteria for assessing alternativesustifying the viability of decisions, includingudit and
eco-management schemes;
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- integrated environmental computing systems — cabeatniquely associated with a single class
of simple systems, proving an affinity for multidiglinarity, integrating an impressive variety qesgific
concepts and components; this category servesibdted environmental computer systems.

EISs emerged roughly around the late 1980s in @eRtrrope. For example, in 1986 Germany's
Gesellschaft fur Informatik (Society for Computasiéhice) created the technical committee Informatik
im Umweltschutz (Computer Science in EnvironmeRtadtection) dedicated to “the whole spectrum of
subjects related to informatics in environmentak@ction” [41].

Since Informatik im Umweltschutz’s inception, otlggoups, both there and in other regions of the
world, were created, including The InternationaViEsnmetrics Society (TIES, founded in 1989) [51]
and the International Environmental Modelling araft®are Society (IEMSs, founded in 2000) [53], as
well as conferences like the International Sympwosion Environmental Software Systems (ISESS,
founded in 1995) [55]. Nowadays, El is a develofiet of science that applies information procegsi
management, and sharing strategies to the intgtiisry field of environmental science. Applicat®
include the integration of information and knowleddghe application of computational intelligence to
environmental data and the identification of theiemmental impacts [11, 13-15].

As a normal scientific process, several definitionave been offered for Environmental
Informatics, especially by universities, as follows

“(...) an emerging field centering around the dephent of standards and protocols, both
technical and institutional, for sharing and integing environmental data.”
(University of California-Berkeley, USA — www.bellkg.edu)

“(...) a new and growing area in the modern envirmntal sciences; it is based on applying
information technology to environmental issues. 3ize and complexity of environmental related
data lead to a need for an advanced computatiopgt@ach which helps to integrate information
from various sources. With environmental informstinew solutions to environmental problems
can be found more effectively, and end users carifbeed a higher level of information.”
(University of Eastern Finland — www.uef fi/.../efmome)

“(...) a relatively young discipline, that uses @owmental data to reveal, quantify and validate
scientific hypotheses, with a panoply of tools fritra Statistics, Mathematics, Computing, and
Visualisation disciplines.”

(University of Wollongong, Australia — niasra.uodueau)

“(...) an integrator of science, methods and teclueis and not just the creation of a new
'knowledge-paradigm' or the result of using infotima and software technology methods and
tools for serving environmental engineering needs.”

(Aristotle University of Thessaloniki, Greece — wwvawth.gr)

“(...) an innovative use of IT to develop a framekvéor information sharing among research
collaborations, and for information and knowledgecass for all stakeholders for environmental
and sustainable development tasks.”

(University of Stanford, USA — web.stanford.edulgutei/index.html)

“(...) apply numerical and analytical technique®in mathematics and the geosciences to model
and simulate environmental phenomena; (...) the afsmathematics and computer modeling to
analyze and represent the Earth's environment;spuply, it can be considered to be the science
and art of turning environmental data into infornwat and understanding; (...) the use and
understanding of quantitative and analytical teciugs founded in mathematics and the
geosciences to describe and predict the envirormhphenomena on planet Earth that continue to
challenge human society.”
(University of Waterloo, Canada — uwaterloo.ca&arth-environmental-sciences.pdf)

“(...) with major topics such as modelling and slation, data analysis, geographical information
systems (GIS) and software development — applisgpuier science methods to environmental
issues.”

(University of Kassel, Germany — www.uni-kassel.de)

“(...) an integrated subject of bio-, eco- and gdormatics in addition to computing.”
(University of Géttingen, Germany — www.uni-goegtim.de)
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“(...) a new interdisciplinary research field thatan facilitate decisions regarding social,
economic, ecological, and environmental goals based variety of IT measures.”
(Technical University of Wien, Austria — ei.infoslgsvien.ac.at)

“(...) the study of information and development ioformation processing tools for the
understanding and sustainable management of humgradts on the environment, and for
addressing environmental challenges with enginggtin

(Technical University, Denmark — www.enviro5teclg/or/env-informatics)

“(...) a mediating discipline that has developeceptime in the context of changing technologies
and environmental challenges.”
(University of Zurich, Switzerland — www.zora.uzh)c

“(...) a part of Applied Informatics that suppontsethods and procedures of IT which contribute to
environmental data analysis and environmental priode.”
“(...) it is also a connection link between natuaad engineering — applying data sampling and
data analysis methods, statistics, simulation neédat decision support systems on environmental
problems and tasks one gets simulation results pnojnoses to explain and to solve
environmental problems. Methods of ElI form a basfs decision making processes for
environmental problems using state-of-the-art caimptechnology.”

(Brandenburg University of Technology at Cottbusdédonia —

www.tfb.edu.mk/.../EI2007.pdf)

“(...) studies how information can be acquired, pessed, modelled and communicated for
environmental sciences and management; it is atsargortant multidisciplinary research field
covering several national research priorities.”

(Griffith University, Australia — www.griffith.ed@wu/.../environmental-informatics)

“(...) applies information science to the managemainatural resources. It includes aspects of
geographic information, mathematical and statidtiomodeling, remote sensing, database
management, knowledge integration, and decisionngdk

(Virginia Polytechnic Institute and State UniveystJSA — www.undergradcatalog.edu)

“(...) a broad range of collaborative research peais with academic, governmental, and nonprofit
partners that integrate cutting-edge informaticolso with knowledge, theory, and data from
ecology, climate science, and other environmerisaiplines.”

(Northern Arizona University, USA — nau.edu/infortima-computing-and-cyber-systems)

“(...) the knowledge, skills and tools which enalormation to be collected, managed and
disseminated to support research in environmeriginge and to promote sustainability.”
(Dalhousie University, Canada — cdn.dal.ca/contefetivironmental-science-program)

“(...) the science of information in ecology and/eanmental science.”
(Columbia University, USA — traitnet.ecoinformatimgy/ecoinformatics)

“(...) an interdisciplinary field of study that ppares industry leaders to develop and use analytica
and computer-based methods to assess and proeeEitth’s natural resources; students learn to
apply these principles across fields as diverses@sal sciences, policy analysis, and terrestrial
and aquatic ecosystem management.”

(University of Michigan, USA — seas.umich.edu/acaibs/ms/ei)

Following the same idea, other definitions have nbedfered, by different institutions and
organizations with implications in environmentabigction and environmental data management:
“(...) science and techniques of data elaboratiomd aof computer processing of information
concerning ecosystems and ecology.”
(European Environment Information and Observatietwdrk — www.eionet.europa.eu)

“(...) the application of research and system depeient focusing on the environmental sciences
relating to the creation, collection, storage, pessing, modelling, interpretation, display and
dissemination of data and information.”

(The UK Natural Environment Research Council — ngug.org)

“(...) an emerging discipline applying informatioscience, ecology, and biodiversity to the
understanding and solution of environmental protdgm
(Korea Long-Term Ecological Reserch Network — wwhteikorg)
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“(...) a trans-disciplinary subject that integratéxology, Computational Science, Informatics and
Social Sciences, in order to improve our undersiamof ecological processes and expand socio-
ecological theory to integrate the Earth’s natusslstems,human values, human health and well-
being.”
(Indian Institute of IT and Management — www.iiitrak.in)

“(...) applies data systems and analytical toolsetdract insights and understanding from large
volumes of environmental data; (...) combines esttenenvironmental science experience with
world-class data analytics to convert environmenthdta into usable information, reliable
predictions and defensible decisions.”

(Battelle NeuroLife™ Technology — www.battelle.argénvironmental-informatics)

“(...) the process that transfers data and informatfrom source to user in any field of knowledge
of activity applicable to environmental problem\gog; (...) the combination of software and
environmental engineering methods and tools fordieation of a new “knowledge-paradigm”
towards supporting environmental well-being at aternational, national, regional, community or
personal level.”

(Siberian Center for Environmental Research anihifrg— www.scert.ru)

In addition to the above definitions, the definiattempts identified in various specialized
publications also have an important role, as follow
“(...) a field of applied computer science that deps and uses the techniques of information
processing for environmental protection, researol angineering.”
(Avouris N. & Page B., 1995)

“(...) the field that deals with the developmengnagement and research on EISs.”
(Haklay M., 1999)

“(...) may be viewed as a merging of biodiversitydaecological informatics with geographic
information systems (GIS) and other environmera d
(Lane M., Edwards J. & Nielsen E., 2000)

“(...) an emerging discipline defined as the desagml application of computational techniques for
ecological analysis, synthesis, forecasting andagement.”
(Recknagel F., 2003)

“(...) an interdisciplinary framework for the manament, analysis and synthesis of ecological data
by advanced computational technology.”
(Recknagel F. 2009)

“(...) the application of data science that usesgka multidimensional, complex datasets to study
environmental problems, which can be discrete amdiguous in space-time.”
(Frew J. & Dozier J., 2012)

“(...) a new term in the science of information tltgescribes the utilization of informatics in the
interest of the natural environment (...) regardsugtainable development.”
(Zacharoula S.A., 2012)

“(...) has the potential to be much broader thaasdical environmental statistics.”
(Cressie N., 2014)

Conclusions.The specialists that work in the environmentatgxetion or other connected domains
need more and more information and knowledge atydegel of environmental processes management
and evaluation. At the same time, in order to alateoand develop a project, they need to know and t
understand the environmental phenomena and alsmtititions. The analysis used must be based on the
best available techniques, methods and data, akhthwledge get from self-experience or from anothe
specialist.

Traditionally, this information and knowledge arbtained, in accordance with the temporary
requirements, by directly accessing databasesrteegod documents, by transferring/sharing inforomat
and knowledge with specialists or by the contadtldished at the workshops, conferences and
symposiums. To improve the management capabibinesenvironmental assessments, it is necessary for
specialists to be able to manage and implementepasidor effective and efficient environment thahc
be achieved through information software environim&hey must also have a simple and efficient axces
to knowledge and current information enabling thémn take the best decisions for sustainable
development for both developed economies.
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The current approach starts from the few Romanatributions in SI domain, trying to rally to
the main concerns of the international level. Wappse an integrative vision on the subject of disimn
as a dynamic open-access system, able to perforttiplaufunctions, particularly to meet the
environmental protection goals of users involved specific environmental activities. Sustainable
Informatics (SI) helps scientists define informatigprocessing requirements, analyze real-world
problems, and solve those problems using inforreatic
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Texuiunuii ynisepcumem m. Knysxc-Hanoxa —
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BIJI EKOJIOTTYHOI IHOOPMATHUKH JO CTAJOT'O PO3BUTKY: 3A MEKAMHU
BU3HAYEHHS I KOHHEINITYAJIBHUX OBMEXEHD

Exonoriyna indopmarnka — sK KOMIUICKCHAa c(epa IHTEpeCiB — CTa€ €IUHOI0 PEalbHOIO
MEPCICKTUBOI HAYKOBOTO TMOSICHEHHS JOBKUUIA 1 YHIKAIBHUM <«CIIOCOOOM pPAIMKAILHO 1HIIIOTO
MUCIICHHS, MO0 JOJCTBO MOTJIO BIXHTH». Ekomorivuni iH(oOpMariifHi CHCTEMH Ta EKOJIOTiYHA
iHpOpMaTHKa BigirpaloTh BaXKIMBY POJNb y NPUHHATTI pillleHb, OCKIIbBKM BOHM TICHO TOB’S3aHi 3
€KOJIOTIYHUMH BHUMOTAMH TPOTATOM IECATHIITH 1 3 METOAOJOTISIMH EKOJIOTIYHHUX JOCHIIKEHb 1 €
CKJIaJIOBOIO YMPABIiHHS CTaJUM PO3BUTKOM. OOrOBOpEHHS MHUTAaHHS CTAJOr0 PO3BUTKY 1 palliOHaIBHOTO
MIPUPOJOKOPUCTYBAHHS, SK OCOOJMBHX METOIOJIOTIH EKOJOTIYHNX HOCHTIDKEHB, CIPSIMOBaHE Ha
BHSIBJICHHSI XapaKTePHUX O3HAK, SKi JTO3BOIIIM TIEPEHTH BiJ EKOJIOTIYHHX MaHWX 10 EKOJOTIdHOL
iHpopmanii Ta CKOIOTIYHHMX 3HaHb; BiI CKOJNOIIYHOI iH(OPMALIHHOI CHCTEMH Ta EKOJOITIHOI
lH(i)OpMaTI/II(I/I z10 iHQOpPMATHKH CTAJOrO0 PO3BUTKY, SKA TIOYMHAE I[IKABUTH BCE OLIBINE CyO €KTIB i
AKTHUBICTIB, 0p1€HTOBaHI/IX Ha OXOPOHY HABKOJNMIIHBOIO CCPCIOBHINA — BIANOBIJHO JIO CICKTPY
BU3HAYCHHSI, 3HAIEHOTO Y Mpolieci BHUCPITHOTO MOIIYKY B mepexi IHTepHer.

J1J1st TOKpaIeHHsT MOXKJINBOCTEH ynpaBmHHﬂ Ta eKOJIOTIYHUX OIIHOK (paxiBIli MOBHHHI MaTH 3MOTY
VIPaBJIATH Ta BOPOBAJHKYBATH KOHUEMIIi JUISI TPOJYKTUBHOTO i €QEKTHBHOI'O JOBKLDIS, IO MOXKHA
OTPHMATH 3a JIOTIOMOTOFO iH(popMmaLLiiiHOro MpOrpaMHOro cepenosuma. Bonn Takox MOBHHHI MaTu
npocTHii 1 eheKTUBHUI TOCTYI 10 3HAHB I MOTOYHOI IH(OpMALi, IO JO3BOISE iM MpUiiMATH Kpalii
PIlICHHST SIK JUISL CTAJIOT0 PO3BUTKY, TaK i JUIsS PO3BUTKY €KOHOMIKH.

Y CTaTTi pO3IIA/A€ThCs HEBEIMKA KUIBKICTh PyMYHCBKHX BHECKIB y chepy iHHOPMATHKH MAIIOro
PO3BHTKY, SIKi HaMararoThCsl 00 €THATHUCS 3 OCHOBHHUMH IpoOJIeMaMu Ml)KHapO,Z[HOFO piBHs. Mu
MPOMOHYEMO 1HTerpaTtvBHe OadeHHs Ha NpeaIMeT OOrOBOPEHHS SIK AWHAMIYHOI CHCTEMH BiAKPUTOIO
JOCTYIy, 3AaTHOT BUKOHYBaTH KijbKa (DYHKIIIH, 30KpeMa, JIJIs JOCATHEHHS IijIed OXOPOHM TOBKIUIS Ta
IUIs. KOPUCTYBaviB, 3aly4€HHX 10 KOHKPETHHX €KOJOTiuHHMX 3axofiB. [HpopmaTHka cTamoro po3BHTKY
JOTIOMara€ BYEHWM BU3HAUYUTH BHMOTH 10 OOpoOKHM iH(oOpmarii, aHami3yBaTH peaibHi mpobiemMu Ta
BHPIIIYBaTH 1Ii IPOOJIEMH 3a JTOIIOMOT0r0 1HPOPMATHKH.

KirouoBi cnoBa: ekosoriuni iHpopmariiiini cuctemn HaBkogumHboro cepenosuiia (EIC),
exoioriuna ingopmaruka (EI), indhopmaruka cranoro po3sutky (ICP).
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