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Ab ac : Reo gani a ion of po e gene a ion, he eb eplacing con en ional ene g o ce b
inno a i e ene able ene g o ce , demand a change in di ib ion g id c e and ope a ion.
The fo e een Decen ali ed Ma ked Agen i a ne ole in he ene g ma ke ec o accompli hing no
onl ading on ene g and ope a ing e e e ma ke b al o eg la ing ¯e ibili ie a he di ib ion
g id le el, ch a ene g o age and decen ali ed ene g gene a o , and he eb con ide ing em
e ice and ec ing em abili . Thi pape p e en eq i emen on an IT em o ppo
hi ne ole. We de ign an a chi ec e ma ching he e eq i emen and ho ho Clo d comp ing
echnolog can be ed o implemen he a chi ec e. Thi enable da a conce ning he di ib ion
g id being a oma icall ga he ed and p oce ed b dedica ed algo i hm , aiming o op imi e co
ef®cien ope a ion and he de elopmen of he di ib ion g id.

1 In od c ion

To ma ch he objec i e of he Ge man ene g an i ion [BM1 ], e ce i e change ill be
nece a . Shif ing o a d po e plan ba ed on ene able ene g o ce con eq en l
no onl demand p edominan l inno a i e echnologie b al o a change in he ene g
ppl c e. Tha mean , he c en cen ali ed ene g ppl c e compo ed of

la ge cen al po e plan m be eplaced b a c e con i ing of mo e decen ali ed
po e plan . Th , he di ib ion g id c e, ope a ion, and e pan ion ha e o adap o
ne ene g gene a ion pa e n . Con ide ing he e a i ing o al ead e i ing challenge , he
ne ma ke ole Decen ali ed Ma ke Agen (DMA) i en i ioned in he ene g ec o
[Th15]. The DMA add e e p oblem in coo dina ion of he ne g of ene g gene a ion,
o age em , and a ie of he con me on di ib ion g id le el. Addi ionall , in

o de o en e a co ef®cien ope a ion and e pan ion, he di ib ion g id i elf i an
impo an fac o in f e ene g em . To eali e hi a k, he DMA ha o be ef®cien l
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ppo ed b IT. D ing he pa ea , Clo d comp ing e abli hed i elf a an IT co
a ing al e na i e and enabled companie o foc on hei co e b ine [VHH1 ]. Th ,
Clo d comp ing eem o be a i able ba i e peciall d e o he a ocia ed pa adigm
of apid p o i ioning of IT e o ce co pled i h e pendi e fo onl ac all ed
e o ce . Ba ed on he e fac , e en i ion a Clo d-ba ed pla fo m enabling he DMA
o f l®ll i dedica ed a k. The Clo d-ba ed pla fo m i eali ed b an IT em ha i
aligned and op imi ed o he need of he DMA.

In hi pape , e e emplif he DMA and i en i onmen in Sec . . In Sec . e ab ac
f om he DMA en i onmen and iden if he co e componen and concep , hich ha e
o be ppo ed b an IT em. Ba ed on ha , e de i e eq i emen on a pla fo m in
Sec . 4 and p opo e a pla fo m f l®lling he e eq i emen in Sec . 5. The Clo d- eadine
of ha pla fo m i di c ed in Sec . . Rela ed o k i he foc of Sec . . Finall , e
concl de he pape and p o ide an o look on f e o k in Sec . 8 .

O e ie on he DMA

Wi h ega d o he ene g an i ion he DMA aim o inco po a e all elemen loca ed
on di ib ion g id le el en ing co ef®cien ope a ion. Th , he DMA ep e en
he agg ega ed en i ie a he cen al ma ke and ill no onl ade on ene g -onl and
e e e ma ke , b ill al o con ide em e ice and ec e em abili . B

operate

DMA
•Extension planning:

- power plants,
- storages,
- grid extension,
- flexibility options
•Unit commitment
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Fig. 1: The DMA in he libe ali ed elec ici em [Th15]
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coo dina ing decen ali ed elemen hile im l aneo l ading a he cen al ma ke , he
e pan ion of ene g gene a ion, o age, and o he ¯e ibili capaci ie can be im la ed
ba ed on ma ke incen i e . A he ame ime, he DMA i e pon ible fo an ef®cien

em ope a ion. The ne ac o can bene® f om agg ega ing e i ing info ma ion and,
hence, f om emplo ing mo e ¯e ibili op ion i hin he ann al ope a ion. F he mo e,
agg ega ing info ma ion f om gene a ion, con mp ion, and g id ope a ion addi ionall
enable a mo e em f iendl e pan ion of each di ib ion g id em. The embedding
of he DMA in he libe ali ed elec ici em i p e en ed in Fig. 1. In gene al i become
appa en ha he DMA foc e on o majo ac i i ie : Fi o op imi e a di ib ion
g id in ho e m ched le , i. e., in an in e al of min e , in o de o eg la e i ac al
ili a ion, and econd o op imi e he con c ional de elopmen and imp o emen of he

g id opolog and i ph ical componen . The la e op imi a ion cena io en i ioned o
be pe fo med e e al ime a ea .

Ab ac ed En i onmen of he DMA

Ma hema ical app oache a e he ba i fo ho e m a ell a fo long e m op imi a-
ion. The app oache el on model of he di ib ion g id ha a e op imi ed ba ed on
peci®call de®ned op imi a ion c i e ia. The e c i e ia a e peci®c fo each in ance of
a DMA, i. e., fo each di ib ion g id, beca e he model ha e o ake in o acco n he
local condi ion of he di ib ion g id, hich i managed b he DMA. One op imi a ion
c i e ia co ld be o achie e he co op im m fo he hole di ib ion g id hile ic l
a oiding an di ad an ageo i a ion ha co ld lead o blacko of he g id. In hi
cena io e peciall c i ical fac o ch a ea he condi ion ha e o be con ide ed a he
ha e ong effec on he po e gene a ion b ene able ene gie . Ano he op imi a ion
c i e ia o ld be o minimi e he emi ion of g een ho e ga e . In hi cena io he majo
goal con i of a oiding fo il f el and co e ing a m ch po e gene a ion a po ible
ing ene able ene g o ce . In eal o ld cena io , ho e e , a combina ion of e e al

op imi a ion c i e ia being eigh ed again each o he eem o be fea ible o le e age he
DMA need .

In p inciple en o and ac a o fo m he o majo componen he DMA ha o deal i h.
Sen o a e a io me e , b o gh o in he di ib ion g id ac ing a da a o ce fo
he DMA. Me e a e mainl p op ie a de ice collec ing da a in he e ogeneo fo ma ,
in e al , and de ail . Ac a o on he con a a e ¯e ibili poin in he di ib ion
g id ha can be eg la ed b he DMA. The migh be poin o manip la e he po e
gene a ion i hin he di ib ion g id, ch like block- pe he mal po e a ion o ind
po e plan . Addi ional poin migh be ¯e ibili ie eg la ing po e con mp ion and
o age in he fo m of ba e ie and p mped o age h d o po e a ion . Finall , agen

in e ac ing on ene g ma ke , he e ene g can be aded and old o nea b di ib ion
g id , a e eali a ion of he ac a o concep . Th , he concep of an ac a o b me
e e logic and con ol ni of he di ib ion g id and all o he eg la ion op ion o
in¯ ence he di ib ion g id.
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Fig. : Componen of he DMA en i onmen

The algo i hm implemen ing he ho e m and he long e m op imi a ion ope a e on
hi o ic da a abo he di ib ion g id. The efo e, i i impo an o me e da a f om en o
and o o e hem o e ime. Th , he pla fo m of he DMA can concep all be de c ibed
a a da a o age componen and o op imi a ion componen . The da a o age collec
me e ing da a f om he en o he ea he o op imi a ion componen pe fo m he long
e m and he ho e m op imi a ion . Ba ed on he o come of he ho e m op imi a ion
algo i hm he ac a o a e eg la ed. We call he pla fo m of he DMA PANERO: Pla fo m
fo he Ne ma ke Role. I i ill a ed in Fig. , hich addi ionall ho eigh a ia ion
poin being di c ed in he ne ec ion he e e di c eq i emen on PANERO.

4 Req i emen on he Pla fo m A chi ec e

The main p po e of a DMA i bo h o manage ene g ppl a he le el of a di ib ion
g id and o de elop and e end a di ib ion g id ba ed on op imi a ion c i e ia. To
a oma e da a collec ion and anal i , an IT em i eq i ed. In o al eigh a ia ion
poin ha e been iden i®ed and depic ed a n mbe ed ci cle in Fig. . The empha i e
peci®c eq i emen o PANERO. The eq i emen ha e been de i ed d ing di c ion
in he p ojec and a e ba ed on he e pe i e of he in ol ed coope a ion pa ne f om he
®eld of di ib ion g id , po e plan con c ion, da a anal i , da aba e echnologie ,
and Clo d applica ion a chi ec e. Thi pape p e en he c en a e of he di c ion.
C en l , conc e e eq i emen on ime-con ain a e mi ing. Tha mean , he ma im m
ime, he da a o e ma ake o p oce a q e and he ma im m ime he ho e m
op imi a ion algo i hm ma ake o c ea e command fo he ac a o i no ® ed e .

Belo , elici ed eq i emen a e con ec i el a ed fo all eigh a ia ion poin . The
ange of fea ible eali a ion op ion a e di c ed fo each poin o ho he comple
pace of po ible ol ion , hich, of co e, lead o a a n mbe of po ible conc e e
eali a ion of PANERO. Ne e hele , he mma of eq i emen and po ible ol ion
( ee Sec . 5) doc men majo de ign deci ion o make in o de o a chi ec and de elop an
IT em fo he DMA. The a ed eq i emen and ol ion a e no onl applicable o
de elop PANERO. Since PANERO i onl one eali a ion of an IT em o ppo he
managemen of a di ib ion g id he ai ed eq i emen and ol ion can concep all
be ed a a ba i fo he de elopmen of a hole a che pe of IT em .
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Req i emen 1: S ppo he e ogeneo en o

The en o ( a ia ion poin 1) ma offe hei da a ing a ep e en a ional a e an fe
(REST) o Web Se ice endpoin , o b p o ocol ch a IEC 185 [IE1 ] o IEC 5 -
1 [IE ], hich a e bo h anda d in he domain of digi al con ol em . I m be
po ible o connec all he e en o o he pla fo m o ob ain he al e (R1).

Req i emen : Sec e, loo el co pled, and eliable connec ion o he en o

The connec ion of he en o o he pla fo m ( a ia ion poin ) ho ld be ec e (R a).
Sec i i eq i ed o en e p i ac and a oid manip la ion b hi d pa ie [Fe14a].

The connec ion of he en o o he pla fo m ho ld be loo el co pled (R b). T picall ,
loo e co pling mean a onom in he ca e of pla fo m, efe ence, ime, and fo ma
[Fe14b]. Pla fo m a onom a e ha diffe ence in pla fo m , e. g., ega ding da a ep e-
en a ion o p oce o a chi ec e, a e nimpo an fo he comm nica ion. Tha i eq i ed
o enable he en o and PANERO o be implemen ed on diffe en pla fo m . Refe ence
a onom a e ha he conc e e ne o k add e of an endpoin ho ld no be kno n.
Tha i eq i ed o enable he pla fo m o be caled hen ne en o a e deplo ed d ing
n ime. Time a onom a e ha he ecei e ha no o be online hen he ende i
ending da a. Al o, comm nica ion pa ne ma end and ecei e info ma ion a hei o n
peed, h , if one comm nica ion pa ne an mi info ma ion fa e han ano he one,
bo h emain ope a ional. Fo ma a onom a e ha he da a fo ma ed fo e change
ho ld be nde ood b bo h he ende and ecei e . Tha fo ma ma be diffe en f om
he fo ma ed in e nall .

Since ome en o can p o ide da a abo c i ical inf a c e of a di ib ion g id,
ho e ha e o be eliabl an mi ed o he pla fo m. Reliable an fe ca e o e head in
he comm nica ion. The efo e, i i eno gh o ppo eliable an fe onl fo en o of
hich he al e a e c i ical fo he op imi a ion algo i hm . A a e l , he connec ion ha
o be eliable fo peci®c en o (R c).

Req i emen : Da a o e caling and igge ing capabili ie

The da a o e ( a ia ion poin ) ha o cale i h he connec ed en o (R a). Tha mean ,
if mo e en o a e connec ed o he a e of en o da a i inc ea ed, he da a o e ha o be
able o handle he e inc ea ing load in e m of o age capaci and he n mbe of inp
and o p ope a ion .

The pla fo m ha o be able o igge he ho e m op imi a ion in he ca e e cep ional
da a a i e (R b). E ample fo e cep ional da a a e al e diffe ing b a ce ain h e hold
f om o he al e o al e indica ing an o age of a gene a ion ni .
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Req i emen 4: S i able da a fo ma and ppo fo ime e ie

The da a o e ha o offe ( a ia ion poin 4) he da a in a fo ma eq i ed b he op imi a-
ion algo i hm (R4a). Thi i eq i ed a i i a med ha he da a o e can con e he
da a mo e ef®cien l han he op imi a ion algo i hm . F he , hi eq i emen enable o
in od ce a epa a e of conce n b epa a ing da a p epa a ion logic f om he op imi a ion
logic of he algo i hm . Th , da a p epa a ion logic doe no poll e he op imi a ion
algo i hm o ha de elope can concen a e on he ac al al able logic of he algo i hm .

F he , one en o da e i al a ela ed o one peci®c ime amp, h , en o da a ha in
gene al o be handled a ime e ie . Since da a connec ion o en o a e no g a an eed o
be eliable in ome ca e ( ee a ia ion poin ) and da a ampling a e diffe , he da a o e
ho ld p o ide f nc ionali o in e pola e da a. A a e l he da a o e ho ld offe ime
e ie f nc ionali ch a elec ion of da a ange , agg ega ion of al e , o in e pola ion
of mi ing da a (R4b). Al e na i el , he op imi a ion algo i hm can do he in e pola ion
b hem el e . I i , ho e e , a med ha he da a o e ill pe fo m he e ope a ion
mo e ef®cien han he op imi a ion algo i hm . P o iding ch ime e ie f nc ionali
na i el b he pla fo m al o enable bene® b mean of epa a ion of conce n ega ding
he op imi a ion algo i hm a al ead men ioned abo e fo he p epa a ion of app op ia e
da a fo ma , acco dingl .

Req i emen 5: S ppo fo f nc ion hipping

F nc ion hipping e da a hipping i a di c ion fo gaining pe fo mance peed- p.
F nc ion hipping de c ibe ha f nc ion , hich in ca e of PANERO con ain logic of
op imi a ion algo i hm , a e hipped o pa of a em he e he can op imall n
clo e o he da a in o de o a oid edio da a an fe [O ]. B con a , da a hipping
de c ibe he p oce ha da a i q e ied b a componen and hipped o he componen fo
p oce ing. To achie e pe fo mance imp o emen ega ding he op imi a ion componen
( a ia ion poin 5 and ), i ha o be po ible o hip he implemen ed op imi a ion
algo i hm o he da aba e (R5).

Req i emen : Sec e, eliable, loo el -co pled, and ime-con ain connec ion o
he ac a o

The command en o he ac a o ho ld no be ie able o changeable b hi d pa ie .
The efo e, he connec ion o he ac a o ( a ia ion poin ) ha o be ec e (R a).

I ha o be a ed ha he command a i e a he ac a o . The efo e, connec ion and
da a an fe o he ac a o ha e o be eliable (R b).

The me age fo ma ha o be gene ic o enable loo e co pling be een he pla fo m and
he ac a o (R c). The ame a g men a p e en ed in he con e of R b appl .
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The command en o he ac a o ha e o a i e i hin a ce ain ime f ame. The efo e,
he connec ion o he ac a o ha o offe deli e g a an ee i h e pec o he ma im m
deli e ime (R d).

Req i emen : Pla ibili check

The ac a o ( a ia ion poin 8) ma e ol e d ing he n ime of he op imi a ion algo-
i hm. The efo e, he ac a o ha e o be enabled o do a pla ibili check of he ecei ed
command o a oid impla ible eg la ion (R ). Rega ding ene g gene a ion and o -
age em hi mean ha ac a o g a an ee ope a ion i hin p ede®ned h e hold o
p e en fail e .

5 P opo ed Pla fo m A chi ec e

Fig. p e en an a chi ec e a i f ing he afo emen ioned eq i emen . The gene al
idea of hi a chi ec e i o in od ce (i) da a ga e a e ing a an ab ac ion la e o
co e he comple i of en o and ac a o and (ii) o e me age q e ing o enable
peci®c q ali ie of e ice ega ding he connec ion of he en o and ac a o o he
pla fo m. The da a ga e a i e pon ible o an fo m he da a ga he ed b he en o o
an in e media e fo ma . I i al o ed o an fo m he command ecei ed b ac a o o
hei p op ie a fo ma . F he mo e, me age q e ing i a pop la echniq e o implemen
loo e co pling [HW ]. In he follo ing, e di c ho he p opo ed a chi ec e a i ®e
he eq i emen .

To ppo he e ogeneo en o (R1), a da a ga e a i in od ced. I i a componen
fo ming he ga e a be een conc e e en o a ell a ac a o and PANERO. In ca e
he en o offe hei da a ing a REST endpoin , he can be di ec l connec ed o a
me age q e e. In ca e he en o offe hei da a ing p o ocol ch a IEC 185 , he
can be connec ed ing he OpenMUC pla fo m [Op15], hich i an open o ce of a e
f ame o k fo moni o ing and con ol applica ion in ma g id , and a c om pl gin fo
OpenMUC connec ing o he me age q e e.

To a i f R b (loo e co pling), a me age q e ing em (MQS) [HW ] i in od ced.
The q e e managed b he MQS a e ho n in he ®g e a pipe . B ing a MQS, all he
p ope ie of loo e co pling can be achie ed. Pla fo m a onom i achie ed, ince MQS
implemen a ion a e a ailable fo diffe en pla fo m and can comm nica e i h each o he .
Refe ence a onom i achie ed, beca e he ende p i me age in i local q e e and
he MQS ake ca e abo he o ing. Time a onom i achie ed, beca e he ende ha
o p he me age in i local q e e and he MQS ake ca e abo fo a ding i o he
q e e of he ecei e . Thi a ende and ecei e a e deco pled ince he ecei e can
p oce me age f om i q e e one b one and independen l f om an ende . Fo ma
a onom i achie ed, beca e MQS allo o con e me age o an app op ia e da a
fo ma d ing an fe if eq i ed. When choo ing a conc e e MQS, he em ha o offe
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Fig. : P opo ed Pla fo m A chi ec e

ec i (R a) and op ionall al o eliabili (R c), hich implie ha p o ocol ch a
he Me age Q e ing Teleme T an po (MQTT [OA14]) a e no fea ible in ch ca e .

Ano he op ion o accompli h ec i , loo e co pling, and eliabili , i o e Web Se ice
echnolog i h WS-Sec i and WS-ReliableMe aging [We 5]. T picall , an en e p i e
e ice b [Jo ] i ed o implemen loo e co pling in he con e of Web Se ice .
Al ho gh Web Se ice offe a highe deg ee of in e ope abili e peciall beca e of
he a ailabili of mo e clien , e claim ha me age q e ing em offe eno gh
in e ope abili in he con e of he DMA, hile keeping he o e all a chi ec e mo e
ligh eigh and le comple .

A da aba e em i cho en o a i f R a ( caling da a o e). The c en eq i emen
do no impo e a ce ain pe of da a ba e em. The efo e, an pe of da aba e em
( ela ional o NoSQL [G 1 ]) can be cho en. Fo igge ing an op imi a ion (R b), an
anal i of he inbo nd da a ha o be implemen ed, hich i picall add e ed b a
comple e en p oce ing (CEP) em [L ]. The c en eq i emen do no impo e
elec ion c i e ia fo a conc e e CEP em.

The age of a da aba e em enable he op imi a ion algo i hm o ecei e he da a in
he eq i ed fo ma (R4a), beca e fo ma an fo ma ion can be implemen ed nea he
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da aba e, hile a elec ion c i e ion fo a p ope da aba e em i o p o ide f nc ion fo
ime e ie calc la ion na i el (R4b).

Al ho gh he eq i emen lea e i open he he he op imi a ion componen ho ld be
placed nea he da aba e o can e ide in a epa a e con aine , PANERO ho ld offe a
pl gin po ibili o di ec l deplo op imi a ion algo i hm (R5). Thi migh be eali ed
b o ed p oced e o o he a of igh l co pling implemen a ion and he da aba e

em o bene® f om a cheap da a an fe be een he da aba e and he algo i hm.

The connec ion o he ac a o i done ing a MQS, imila o he connec ion of en o .
When ec ing he connec ion , fo e ample ia an po la e ec i (TLS), hi e ing
en e ec i (R a) and eliabili (R b). The conc e e me age fo ma i no e
peci®ed. When de igning he conc e e fo ma , i ill be able o co e all command
offe ed b he ac a o and ill be e en ible o be able o e p e ne command (R c).
To g a an ee ha command a e a ailable a ac a o i hin peci®ed imef ame he
cho en MQS ha o offe eal- ime capabili ie (R d). Thi migh be he Ac i eMQ Real
Time b-p ojec [Ap15].

The da a ga e a ed a he ac a o enable a pla ibili check of he command (R ).
Thi f nc ionali ha o be implemen ed fo each ac a o ega ding o hei ope a ional
con ain .

Clo d- eadine of he Pla fo m

Clo d comp ing i a ne inno a i e pa adigm fo offe ing and ing IT e o ce : Re-
o ce can be ed on demand and e do no need o ca e abo he nde l ing inf a -
c e [Le 9]. The p ima ea on fo ing Clo d echnolog i he po ibili o mo e

f om capi al o ope a ional e pendi e, hich p omi e o a e mone [A 1 ]. C en l ,
he e a e fo diffe en Clo d offe ing a ailable hich can be di ing i hed a follo :
Inf a c e a a Se ice (IaaS), Pla fo m a a Se ice (PaaS), Sof a e a a Se ice
(SaaS), and Compo i e a a Se ice (CaaS) [Le 9, MG11]. In he ca e of IaaS, ha d a e i
i ali ed and he e ha o in all he of a e componen b him elf. On he con a
PaaS, of a e componen ch a da aba e o me age q e e em a e offe ed b he
Clo d p o ide and he e doe no need o ake ca e abo main enance o calabili .
Ho e e , if a da aba e i offe ed in he Clo d, ome a ho claim ha hi i no a PaaS
offe ing, b a epa a e e ice called Da aba e a a Se iceÐDbaaS [SK11]. Ne e hele ,
e follo he ca ego i a ion b den Haan [dH1 ] and con ide a da aba e offe ing a a

PaaS offe ing. In he ca e of SaaS, a comple e of a e ol ion i offe ed a e ice. If,
ho e e , e ice a e combined aiming o p o ide a ne e ice in he Clo d, hi i called
CaaS.

The a chi ec e of PANERO allo fo deplo ing i componen in he Clo d and, h ,
make e of he bene® of Clo d comp ing. The Da a So ce Connec ion i p o ided a
a i al machine image, hich can be deplo ed m l iple ime depending on he n mbe
of incoming me age pe econd. Fo he da aba e, a da aba e PaaS offe ing can be ed.
He e, he caling, back p and eco e a e en ed b he Clo d p o ide . The p oce ing
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i elf can be ho ed on a i al machine. The hole em ill be offe ed a Compo i e a
a Se ice o enable di ib ion g id p o ide o e p he pla fo m hen eq i ed i ho
he need of man al in e en ion. Fo he a oma ic e p, he Topolog and O che a ion
Speci®ca ion fo Clo d Applica ion (TOSCA) anda d i ell i ed [Bi1 ] a i p o ide
a anda di ed a o package applica ion and hei managemen plan in o o called clo d
e ice a chi e (CSAR). TOSCA p o ide a mean o de c ibe he componen of a Clo d
applica ion, i. e., i compo i e c e, in a Clo d p o ide agno ic a . S mma i ed,
TOSCA enable o ea il deplo applica ion o diffe en Clo d en i onmen .

Rela ed Wo k

Fo big da a anal i , he Lambda A chi ec e [MW15] i a common pa e n di ing i hing
o la e fo he anal i : Fi , he ba ch la e o comp e e l ba ed on he comple e

e of da a. Second, he peed la e o p o ide e l ba ed on ne da a no e a ailable
fo he ba ch la e . The Lambda A chi ec e i applied in he app oach p e en ed b
S ochbach e al. [S 15] pe fo ming po e q ali anal ic , eal- ime g id moni o ing, and
fo eca ing ene g demand. Real o ld applica ion i ho n in he p ojec Big Da a P blic
P i a e Fo m (BIG) [BI15] and Pee Ene g Clo d [PE15]. Fo he peed la e , he e a
CEP em [L ]. In o a chi ec e, he e i no need fo a peed la e a he p oce ing
algo i hm al a q e he mo ecen da a f om he da aba e. A CEP em ma be
ed a he da a o ce connec ion, he e e cep ional e en can igge an anal i a

he p oce ing. In he Pee Ene g Clo d p ojec , e can acce hei me e ed al e .
Sec i in ha con e i di c ed b Ebinge e al. [Eb1 ]. PANERO c en l doe
no e offe i e a da hboa d, b migh incl de one and hen ill e he concep
p e en ed in ha pape .

B emann e al. [B 1 ] p e en a pla fo m fo p oce ing eading of indi id al de ice
deplo ed a ho ehold . Al ho gh being imila o o a chi ec e, he main diffe ence i
o emplo men of loo e co pling be een he en o and he pla fo m, and foc ing on
da a o igina ing f om me e ing de ice of a hole di ib ion g id.

In acco dance o o p opo al, Ha e e al. [Ha1 ] al o ee challenge ega ding he hif
o a d ene able ene gie . The p e en an a chi ec e fo a f e ene g di ib ion

em, b diffe again in he e of loo e co pling echnologie .

G af on e al. [G 14] e he p inciple of Se ice-o ien ed A chi ec e (SOA) in
di ic hea ing b a ion . The e SOA p inciple and he Web Se ice echnolog o
connec en o i h a e e . O app oach, in con a , doe no offe e ice ing Web
Se ice echnolog , b e abli he loo e co pling ing me age q e ing echnolog .

IEC TR 5 [IE1 ] p o ide an o e ie on he anda d b he IEC echnical com-
mi ee 5 ( Po e em managemen and a ocia ed info ma ion e change ). In o
a chi ec e, he e anda d ma be ed fo he comm nica ion of he en o i h he
da a ga e a he e eq i ed. Fo he comm nica ion i h PANERO, e e a MQS and
a gene ic me age fo ma o ed ce he comple i of he e ogeneo da a fo ma of he

8
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en o . Since PANERO onl ha o handle one ell de®ned da a fo ma , hi me hod a e
addi ional effo .

8 Concl ion and O look

Mo i a ed b he idea of a Decen ali ed Ma ked Agen , e de i ed eq i emen on an IT
pla fo m ppo ing he DMA. Ba ed on he eq i emen , e o lined an a chi ec e fo
he pla fo m. The c en eq i emen , ho e e , do no e plici l poin o a d a ce ain
pe of a da aba e em. A a con eq ence, e a e ecen l in he p oce o e al a e
he he ela ional o NoSQL da aba e a e mo e applicable fo he implemen a ion of he

da a o e i hin he pla fo m. We did no di c i e on connec ing ene g ma ke . A
conc e e de c ip ion of he implemen a ion of he e pec i e da a ga e a ill be p o ided
a f e o k. The ne ep i o implemen he pla fo m and e al a e i in eal- o ld
e ing of o diffe en di ib ion g id . O c en e ea ch a e indica e ha he
p opo ed ho e m op imi a ion can be implemen ed b algo i hm ing he capabili ie
of a ime e ie da a ba e. O he e ea ch e l indica e ha i i al o po ible o e
comple e en p oce ing [JZ14]. Th , e ill compa e o implemen ed ol ion i h
CEP-ba ed ol ion . We men ioned he eq i emen on he ec i of ma me e
[Fe14a], b did no do an e al a ion of he p opo ed eali a ion. Thi ill be pa of o
f e o k af e a p o o pe ha been implemen ed.

Ackno ledgmen . The e ea ch leading o he e e l ha ecei ed f nding f om he
Ge man go e nmen h o gh he BMWi p ojec NEMAR ( ET4 18).
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