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AbstractN A Rainbow is a complex service ecosystem of OloveO, OheartO, OsoulO are notions without which we
interdependent components of CloufiFogbDew Computing ~ Humans would not be able to live properly irciailized
paradigm layers that all work together to enalle a seamless society, together with OimaginationO and OintuitionO, and
system of globakservices. ] that all those properties are not existing lire tcomputer
This paper widely and freely (technological and the  pagyare/software we develop. Will we ever be able to
Philosophica) considers visions and perceptions in order to 04 Snrogramme love or empathy or ethics or intuition
liberate conceptualscintillation or imagination. The main aim . . ..

into future computers? But without those prerequssite

is not to give strict solutions, but to point towards the extreme
broadnes of present day Computer Science and have to be extremlgareful of how much power over our

computer/digital electronics usage, to point towards some Own lives and ourliving environment we give to pure
possible future development avenues, and to give a simple OtechnicalO solutions.
analogy as a broad conceptual systematical overview, but Consequently in addition to a lot of OhowsO, we also have to
including  some  concrete  architectural  guidelies.  solve a lot of OwhysO! Or, actually, presently it is the
The paper presents the IEEE Dew Computing Special moment to put much more intellectual effort in the OwhysO.
Technical Community (IEEE DewCom STC) as a virtual g actyally there are two major aspects of future
éc'em'f"?'reseamh and development environmentfor Dew o\ 010nment of Computer Science: The Technological and
omputing platform and application developmentas well as a - - . . . .
collaboration model consideration. the Philosophical. In this article we will take a slightly
unconventional approach, using Cybernetic principles, to
shed some light on the overall areaigh in present day
Keywords—Cloud computing, Fog Computing, Dew must be covered by Computer Science. We will talk about
Computing, Rainbow Service, serveware Ecosystems,EMV spectrum and Rainbowsising these
analogies to state the necessity of integrating various fields
of human endeveaours regarding the present day spread of,
. INTRODUCTION primarily, digital electronics. Though the basic comgnts

re in the very field of Ectronics, digital technology, and

There are generally two main questions, or better to s& :
problems, to be answered and solved in Computer Sciencierefore actually Computer Science, covers a huge area

The one often tackled is ®W do we do it?O. In this area [fTOM interconnecting those electronic components into
our civilization is in early stageas much effort is put into 2Ctivé units, up to enabling freelephone and videophone

imagining gadgets of all sorts and then solving the OHowscsOnversations through free wireless connection points
However, a much more rarely asked question indicates a bif? nature, an ecosystem is composed of living and
generic problem, spreading from philosoptbypsychology nonliving entities that are connected e}nd work togef[her.
and from societal behavior to the very physiéthe soil we Natural ecosystems are stable, as there is a hpme_o_statlc loop
live on and the air we breathe. This over important and ofteflySten between all their components (as said, living and
under regarded question is actually OWhat do we want RPNliving). Thesecondand even more important component
achieve as aivilization?0 OWhat is our final goal?® OWh4ll ecosystenstability is the setbrganization and between

kind of human living environment do we wish?® OWhat afband its wider environment. However, the area of usage of
our civilization aims?0 digital electronics and ternetworking of all kinds of things

It is the direct responsibility of us Computer Scientists an@OWs stochastically without regard to global inter

of the Computer Science itself to involve itself in the COMPpatibility, and even less with regard to possible
philosophy and ethics of what we do. It is also our directnknown unwanted consequences on our lives and our
responsibility to find proper means of education of futureEnvironment. — -

generations towards the vast possibilities of proper, ethicallgs_already said, itis the role and responsipiif Computer

and philosophically correct computer usage for the benefipCieNce to propose, test and apply a consisigbérnetic

of not only humankind, but alsof our own planet and its system which would enable stable development of thedut

environment. Wemay not forget that OempathyO, Oethics&!obal Services Ecosystem, represegithe Smart Service
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System, which would integrate Human Knowledge ancComputing layers that all work together to enable a
Intelligence andComputerStubbornnesand Exactitude, for seanless system of globa&mart Service System (SSS),

the benefit of the humacivilization and all individuals, by  proposed namRainbow.

enabling but not forcing, giving more liberty and freedomThe Rainbow global service ecosystem will offiew

and not less, to be a fascinating and powerful tool in ouapplications and respond to changing business needs and

hands, but not by forcing itselhto us as a master. support new business models, it will offer new possibilities
Let us call this ecosystem The Rainbow Computingof serviceprocesses development and information usage for
Ecosystem. a very broad user base, it will enable proper maintenance of

essential natural and humgenerated ecosystems, and
enable huge savings and optimization in many areas of
Il. DISTRIBUTED SYSTEM E\OLUTION living and effort. Well integrated tflic systems, well cared

for plants, efficient usage of energy, higher health level of
Modern day computing paradigms foster for a hugegeneral population, disease prevention, catastrophe
community of involved participants from almost the whole ~ warning/prevention, faster essential services,... all can be
spectrum of human endeavour. Fosmputing and data achieved by proper architectural means inside a Rainbow
processing there grendividual computers, theirlasters, Service Ecosystem([2,3].

scientific Grids, and, finally, the Clouds/Fogs/DewSor  However the most significant amount of information

pure data communication there is the Internet, and for thgrocessing all around us is done on the lowest possible
Humanunderstandable Inforation Communication ishe  computing level, outright connected to the physical

World Wide Web. The stunning development of actuallyenvironment and mostly directly controlling our human
extremely powerful hantield mobile devices connected t0 jmmediate surroundings. These "invisible", "embedded"

the Internet enabled the "lowering” of certain parts ofinformation processing devices we find in everything from
Clouds into the so called 'thin clients’, andl leo the  our car's motor, over air-conditioners, wending machines up
development of the Fog Computincarpdigm as well as to  to  traffic-controls and woodburning stoves, and
the ideas of Internet of Things (IoT) and the wish towardgpiquitously all over the industry. These s, which are
the Internet of Everything (loEwhat we propose to npeither at the Cloudtig edge, nor even at the mobile edge,

cowering by new Dew Computing paradigithe tendency pyt rather at the physical edge of computing are the basis of
toward Dew computing is force by dynamic development othe DewComputing Paradigm.

mobile computingthe decreasing availability and cost of ) _ ) e ) )

computers and the huge number of networked component§he merits of including those "dew"” devices into the Cloud
devices and sensors in the networked environment. Defy0d - Dew hierarchy are hugdor individuals, the public
computing § a distributed service technology as a ground"”d mdu_strlal sectors, the SC|ent|f|c community and the
part of architecture in cloud/fog/dew service high client ~commercial —sector, Dby bettering the physical and
data/info is processed at the periphery of the network, giommunicational, as well as the intellectual, immediate
source/process close as possible. human environment.

. WHY RAINBOW?

As the Sun by seemingly whitéght shines on Earth and

L] = v S gives it life, so the idea oRainbow global distributed
— ) Cloud serviceis to incorporate all fields and segments of Computer
] Science into a unified entity, which will bring advancement

Q: and betterment of the quality of life of all peo@ed our

0k ], Planet.

Closed and Open access loT Decentralised As different frequencies of the Sunlight give different
centralized networks, open access colours (spectrum) so different segments of Computer
lOngg’\éorkS Centrazl'éi%dwd Dew ngr;gumg Science have important roles for the whole to function

harmoniously. So let us borrow the analogy of Rainbow and
its Colours for pecific fields of Computer Science.

I"#8 1"#$%"&'$()bperation network!evolution! It is important to note here, that, in accordance with what
| was said before, irRainbow Computing we necessarily
' include both the OtechnicalO and the OphilosophicalO aspect,
Dew computingis a new computing paradigm appeared t0pr, in other words, both the Machines andthanans.
fulfill applications at the edge of networln widely | the following two sections we will describe theerall
acceptance ofcloud computing vertical hierarchyDew  Ecosystem from two major aspects: an integrated living
computing concerns the distribution of workloads betweeryggig] (human and machine) system, which we vislialize
Cloud/Fog servers and local computers, and its focus is thjging the analogy of a Rainbow, i.e. sunlight Spectrum, and

application software organizatiorf éocal computers. The  an architectufamore technically oriented, viewpoint.
goal of Dew compuiting is to fully realize the potentials of

local computers in Cloud-og-Dew symbiosig1].

Fig 2 presenting a complex service ecosystem of
compatible federated components of Cldddrog B Dew
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The Colours of Rainbow Green DEnvironment and Health.

Red DBasic Hardware. Computer Science in the area of care for the general
environment, environment control and maintenance and

The general machine architecture layer, including hardwarénProvement of population health and general wellbeing.

and associated machine code programming principles, partly _ ) )

gadgets, environmental sensors (and effectors), for example

Present day computing hardware is mostly based of€NsOrs in waterways reacting on specific unwanted
principlesand architectures developed in the early days ofhemicals, raircomposure sensors (e.g. rain acidity), light,
computing, when many obstacles were to be overcome foumidity, temperature etc. sensors for closed environmental
get a viable computing machine. Nowadays it is essential tgontrol, etc. - _ o
rethink much of the present ddyardware platforms, as On the architectural plan_, this area would be primarily
many possible avenues of computer architecture have ngpvered by Dew Computing, due to the fact that most of
yet been experimented with, and the present daywese devices directly sense and influence the physical state
independent multicore  serial processors approactf human and environmental vwleing.

specifically due to a complete lack of proper human o

oriented  multiprocessor/miti-computer ~ programming Bl/ue ®Communication.

principles and languages, is in many cases very inefficient. ) o
This is the area of all kinds of communication and

Orange DThe Creativity Pool. communication  networks, including, naturally, the
communication betweewsomputersand humans and vice

Collection of creative ideas, with specific attention on novelV€rsa. o _ _

approaches to teaching and education. Although generally it is that Computer Science is closely
related to Cybernetics and InformatiBgience, modern day

Many a problem, first regarded asparate and nonsolvable, development is aimed primarily towards Data. Data is,

suddenly got solved through some solution in a completeli)a“_”a”% not Information, as it lacks the context/megmmng,

different area. Only if people have developed Creativity it i<0"> if you prefer, the Met®ata. Present day communication

possible to have such insights, and Creativity is the maiRoth between humans and computers and between

driving force of ourcivilization. But for proper ad safe ~Computers thmselves lacks generic compatibility on the

future the Creativity shall be primarily oriented towards!evel ofwhatis exchanged, as well asvhat is to be done.

high level integrated visions and properly established OwhyO ) )

and Odo we really want/need/wish itO, and only#digo BCooperation and Ethics.

consequently the Ohowsducation has also to be oriented

towards the developmeat Creativity. This area covers high level services based on compex
communication interactions, the collection of huge
DThe Appropriateness Filter. quantities of Information (not Data, as is presently in

vogue!) and the usage of that Information storage and
Weighting of the level of concrete contribution of somePrOCessIng. _
advancement. An important aspect of future Computer Science

development in this area will be the OpruningO of

An idea,coming from the Orange layer must pass throughrédundancy, and definition of long term safe reduray
the Appropriateness Filter, to test if its usage rea||))evels of information important to our civilisation.
contributes to comete betterment of a specific field, or not,

or could it in a wider context even be counterproductive or )

dangerous. Some ideas can be fanciful, exciting, beautiful/ Binterference, Optics, Quanta.

but it is not necessarily that they contribute in a positive ) )

sense to the civilisation chges, they may even be Protectionand Expansion.

counterproductive in societal or environmental sense, and o ]
leading to worse general human living conditions.OUr civilization is every day more and more, in some areas

Generally, it seems that this area of Computer Science Ren already completely, dependent on computers and
well underdeveloped, and rarely the philosophical andetworks. We I|_ven awprld w_her_e even shorter disruptions
primarily ethtal wider consequences of introduction andOf energy or information distribution systems can lead
interconnection of different new ideas and technologies ar®wards huge problems, from industry and traffic down to
seriously considered, as they should be, at |ea§|mple Ilfe_at home. However, _much of our elgctromc
scientifically, and consequently by recommendations angduipment is verysuspect abléo failure due tcelectric or

standards, in the most serious cases everms; la electromagnetic discharges. _ S
This failure suspectability, and its prevention is an

extremely important area of future research and
development due to our overall dependence on electrical
systems, computer systems, wireless and satelite
communicéions
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IV. THE ARCHITECTURE OFRAINBOW SERVICE

Architecturally speaking, Computer Science has alread S T sss B
developed necessary defined notions and is intensivel N Smart Senvice System, ~ S\
exploring necessary principles and solutions for a generi " g D
layered approach which can be developetb ia firm P P ——cerated cioud; 4
fundament of the Rainbow Computing Ecosystem, a: &~ 7

explained metaphorically through the above cited Colours ¢ W7 4 gmbqService
a Rainbow Spectrum. 4 /)
In the area of Basic Hardware, those are presenittyarily y
Clusters, Grids an@PU. However, a huge lack of a simple |
and consistent approach towards programming paralle
distributed systems has a consequence of necessitating ht
human efforts for attaing wished results. A generic
ontology, as proposed for the Rainbow Ecosystent an Fog Computing Networs
appropriate high level human oriented language based

this ontology, with well defined grammar and semantics

and with a human approachable large dictionary (amount ¢

recognizeddefined words) would allow proper integration Dew Cornputing Apelcatons
of a myriad of generidy heterogeneous devices, human
users and the natural environment.

As basic architectural components presently we have th
Cloud, Fog and Dew Computing layers. Rainbow is a
complex service ecosystem of interdependent componen
of Cloud B Fog b Dew Computing layers that all work
together toannounce the possibilitgf globalservices As
already mentioned, in nature an ecosystem is composed ot
living and nonliving entities that are interactively
interconnected and work together to perform as a stable

homeostatic and selforganisingybemetic system. The Al three architectural machine levelthe Cloud, the Fog

Rainbow service E_cosystem consists of hardware and,\4 theDew have to grow into a compatible and inter
software platforms/infrastructures/servewareas well as understandable Information System, integrated through
service customers, engineers, consultants, integrator

. i érgonomics and linguistics with the other two essential
providers and users, together with theman and natural o honents of our civilisation: the human world, society,

enwronmgnt._ To achieve the homeostatic balan_ce _a”Hroduction, consumption, politics, econonayd the natral
selforganisation ~between those extremely  differing,q 4 wellbeing of all other inhabitants of our Planet, and
components, consisting of three major grodpsiuman  popinterference into freedom of living and expression, both
made machines, natural humans and the planet Eartfygman and nohuman (i.e. animals, plants, the Planet etc.).
nature (and with space expliom and satellitte Eyen today the Cloudservices are really more complex
overcrowding even part of the outer space), each of thefyen their generic descriptions, and the description of Cloud
with their hugely different own specificities inside each Computing also needs to include the vast array of service

group, it is essential to define a consistent system of f“turﬁroviders service federations. harmonizations and

development towards the computing/services infrastructurg,.hestrations. i.e. the human component.
being a simple and consistent, Robtrusive and benevolent |}, Fog systém based primarily on an almegountable
helper ~ for  humarriented  technical  civilisation 56 nt of individual programmable devices, has to provide

development. _ . seamless integration of both Dew Computing layer devices,
Now time Cloud-FogDew Computing defines important jq,q Computing and individual Humans. Hierarchically,

princ_iples, but i_s usually thought of i_n terms of three broad,ost of the ergonomics, language usage, information
service areas- infrastructureasaservice (1aas), platform  gjering and distibution shall be done in this layer, as it is

asaservice (PaaS) and softwameaservice (SaaS). the prime Rainbow Ecosystem layer connected directly to
However, these are not integrated as a unified OSMafe yymans, in constant communication with them.

Services SystemO, and even less as a OGlobal Servigfs pew ’Computing components are, rather than
EcosystemO. Naturally, the huge effort put into theommynicating with Humans, actually the most sensitive

development of these basic components promises a soligte 0t computing, as they are directly communicating, by
base for the high level integration provided by the Ra'”bo"‘éensing and effecting, with the physical and natural

Service Ecosystem. environment, often being able to directly change certain
living conditions. The enormous vastness of very different
sensing and effecting conditionand principles will

necessarily generate an overwhelming amount of individual

| i i X .
' TO enable th? proper_mtegrauor_w of all c_:omponents . data. If we do not introduce a consistent ontology of meta
OservewareO, a service operational middleware, will ha\ﬁ%ta and a linguistical framework of coordination

to be developed.

Figure 2. Global Distributed Service Hierarchy
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programming, filtering and sending/receiving, that is, if we V. |IEEEDEwCOM STCCOLLABORATION MODEL
do not $art to use Information communication, providing |
each set of Data with appropriate Context, it will be;

impossible to properly integrate the Dew, Fog and Clou\j . . . .
Computing layers in a machine basis of the Rainbo CI:EEE Cor_npultjer Sé)c'etéTDgW C(;)mputlng_ Sp_ecel J\;achmcal
Service Ecosystem. ommunity (DewCom ) under coordinatiohY. Wang

Generally the full Ecosyste architecturally consists of five and K. Skala represgram open commumty_ and forum for
basic layers: NaturBew-HumanFogCloud. researchers, professionals, and students in thechrbaw

To enable the proper integration of all componebys Computing and related distributed computing/service topics.

OservewareO, a service operational middleware, will have ‘to
be developed. This serveware would be the prime
information accss, filtering and distribution component,
and would include the full Rainbow Global Services
Ecosystem ontology, as well as necessary linguistis
elements (language) for humaomputer and computer
computer communication (which shall be compatible, i.e
understandableby both humans and computers), and by
which Information can be retrieved, processed and usei
This may be achieved by selforganising autonomou:
service, which would organise the upward and downwar
information and request flow from Nature told& Human

to Fog to Cloud and vice versa.

In the previous section of this article a much more thoroug!
description of scientific and human efforts, and the
principles of proper integration of the human and natura,
world was done on a basis of analogieshwZolours of a
Rainbow. It is essential to mention that, similar to the M"#$%& (I"#S "##S%" &SP (") *+",-# !
Cloud-FogDew layerisation of the machine aspect of al

Global Services Ecosystem, or, as we call it poetically théThe development of the Dew Computing paradigm as well
Rainbow Ecosystem, it is necessary to do propeas thevision of establishing a global smart seessystem
layerisation and dafie efficient interaction and (SSS) will be considering, developingmplementing
intercommunicatiomprinciples for the human components of through the IEEE DewCom Special Technical Community.
the emerging Global Ecosystem. For now STC has 43 members fromcdalintries presenting
Generally speaking we could enlist several layers of humarin fig.4. These virtual scientific resedr community
computer interaction levels: Users (simple or power)establishing a collaborative platform for the realization of

Visions/Common Goals

DewCom Issues

Issue Champion-drivers

Management/Coordination

Human Capacity

R&D Actions

Resources Projects

Application Accelerators

Scientists ihnovators researchers, students...), theDew Computingaradigm angbossiblyRainbowvision.
Infrastructuralists (networking, clustering...), |
Applicationists, Producers (in any production area), Nomber of merbers of DewCor EEE Computer Society

Dew Computing Special Technical Community by country

Companies (which necessary follow Economic trends),
Societies (usage in Politics, everyday life, wading etc.).
These layersthough it may not be obvious from the first,
are an essential field area of Computer Science, as the
development of the future computing infrastructure has to be
driven by and has to be controlled by these (broadly stated) @ ﬁ,
OlayersO of human society. 1 @
Therdore it is necessary to have an architectsygdtem, w @ g
which includes individual layer architectures (models) for
all machine and human Computer Science fields, and
includes an overall architecture, defining a viable %’

@ IEEE STC

selforganisingcyberneticecosystem ofthe future human

civilization.
!

"#$%$&'()'*+,"-$."+/*")0/"12 I"# |

!
The Dew Computing development in organized manner
intends, through Research, Innovation and Development, to
explorethe realm of possibilities of De@omputing,solve
the basic problems of integration of the "dew" level with the
higher level DewFogCloud hierarchy, with special
attention tdthe necessity of information (and not data)
processing and communication, ardemonstrate the
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viability and high effectiveness ofthe developed of creativity education... all can be achieved by proper
Architecture in several areas of human endeavor through architectural means insideRainbow Service Ecosystem.

real life implementations. Finally, the IEEE STC
collaborative action willdefine and, in cooperation with
standardization/dictionary bodies, try to standardize the
basics necessary ftiie seamless integration of the emerged
Information Processing Architecture into the Dew, Fog and o )
Cloud Paradigms, as a way towards the abovementione! Nis researg:h has beeupport_ed by the M|n|stry of Science
civilization goals. Our intention is to work together as an2nd Education of the Republic of Croatia under the grant
virtual Research and development grougrtate, organize, 53_319150007 (Centrg of Research Excellence for Data
share, and collaborate on projects and articles and develS¢i€nce and Cooperative Systems) #8HE Computer

our effectivelEEE DewCom STQollaboration model. Society Dew Computing Special Technical Community
(IEEE DewCom STC),
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