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A pOwer packet i 3 unit of Siocnc power omposad
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0 shis formulztion, we defing qmn: i power
Sabjact ez packetization asa it of power
ectrica by @ ugged puke. Here, power & dighred and
- - In this paper we mmsker packetized
st thery powsr In eetwarks for 3 Buke dumson, gving
thedr cnergies o th AnEHWOrE
Karwords: snucsm s defined using a gmph whiss nodes
[porwees pacied, master, nectwork fiow problem, FEpsDE meners, sowis and desinaions. Fire, wo
ectrical eegy network Ermrmdue B concept of a symbol propagation sairts
{EFM]} In which symboks are sansfiormed at Baks
during unlt dmes Fackestrod power & doscribed as
Aurthor far comzpardance: a neswork Aow In 3 spasio-tosporal stnsciurs. Then,
Sng fawita We sy the problem of sekcting an SPM in erss
= rult aswitsdove e byeiro e p of prensierabilliy, thas &, the possibiley 0 mposent

given cnergies = soumTs and desenanons during
2 Anke dumbon. To selort an SFM, we consider
a nevwork Bow probiem of packetized power. The
jprobilem s fonmalbied 35 an M-oonves submodular
ficw problem which b 2 sclvable generallzadion of
e minimum cost Sow problem. Fimilly, thmwgh
examples, Wi vedfy shat shis formulasion provides
reasonable packetieed power.

1. Introduction

Eleriric powsr has boon comsidensd 25 2 comeinees
Bow basd on cirogk theory, In wiich power fow &
govemed by Elnchhoff Laws and Tellegen's theorem [1).
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. W onnsider alectrical encrgy
Fer packlzzion [6-15)

nage complicaied power Rows
mgulation [16] In the proposal,
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e oncepe of power packet akso
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"Encgy packet networks” werm
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fr & delivemd through discreic
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M, In most of thise proposals,
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o power has boen high-power
ped with: low-pawer and high-
izl layer @nd the logical layer,
(RN powet.

pon cartide (SHC) and galllum
[device operation at poentally
curment St schnology [F3.24]
high-feequency switching over
high-fRquency doreciey. and
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Ehe power at each Bne by wsing the
s 60 identify e diferent kinds
packs beswoen routers [10,14,15)

trnsker: In Shannon’s informasion
Rlznd manmer [3]. Referring 1 this
[Enimem ek Of POWET iRnsiomd
rmibcd ks 2 minimum unit of power,
pnskerred during 2 unlt Sme in the
y determined as a roal susmberl-?
Fmvmsages and cnergy with symbol
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rentation is 3 problem enige o
pd wih a sot of symbol sequenos

ption, wiich was Intmodecad In [12]
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fetwcerks. Then, packetized power s
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Is representod with symbals sont: &
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i prower, wo mefor i @ work about
Eequences [27,28]. In this work, o
‘overa sufcionsly Iong Bee perod
(s ane designed by priorzing the

Hirected acychc graphs whose coges
with sheir maeching probability in

(W CONCEEE b0 nepnesent packetzed
Emporal cormpondents. In power
each symbol has s cnergy 2nd
pora] connecedness: i Imponant in
W st Lo the spadal difierencn
¥ stord In mach pemer Then, we
perability, shat i, B possibilly s
fg the Anie dumdon To seos an
a1, weigheing supplind crergy from
jenergy at much link during each unit
(e proties & fmulied as an M-
pilzation of he minimess oms fow

[ provides maseablc iamsmisson
pwer wih a network Sow problem,
FEY packer meimorks wih queucing
Iy different from our problem, It &
[sing 2 specific sysiem similar wo the
flscuss our famulation meerring o

[ ot w resdmive. Thas, powee b discassd

fmgle spmbol. The proporis e sreisals 6o
iz 1srers 2 sl aretarey of e sy

gg[rpﬂ;m‘,ﬁnﬁq qlduqmpm'vdu =

2 powsr pulse with an information g Hewm, packetized power & spatially and wespomlly
tm@nsfermd & symbols in 3 dighled and guantized manner At mch node, the cnogy &
represenied 25 @w bal amount of energy of symbols which am sent 1o and mosived fom
neighbouring nodes during 2 Bnke durston.

T mathematically mpresent such rrassesbaion of packeirod power, we Intmdeod the 5P,
In which a symbol & eeeskrned at 2 link during 3 unit #me. ¥ SPM, packetized power &
desribed 25 3 network Aow in 2 spato-lempon| sucune. Then, we considered a network. o
probloms for selorting, 2n SFM iniems of iansforbiiey, ot ks, S posslbility @ eprsors given
ENeTRies At sources and desinations during she Anke durbon. In nesworks, packeizod power
appears & suppliod enefgy From Scemrs and s=pplicd encgy w0 desHnatons V1), iensfemad
encrgy 2t aach link during each wnk Hme (¥2). and change of siorad coergy In each muker
[V3). Setting 3 aminar R=dly of subses of nodos In spatio-emporz| sruckam for the mses of
W1 and V3, we can fonmaiae @i problem 35 an M-ronvex submodular Bow problem winich
Is 2 soivabie genenlizaiion of the minimum cost Sow problem. Unlke covenskenal minimum
oo Bow probless, her, we weigieed not only valkses of nenwork Aow (V) ot also valus of
boundary of neswork Bow and thar sime Intcgab (V1 and V3 Fimally, the fomulatdon was
distussid thmegh exampies and & bs shown tha: power cn be packetized 2nd be contmilabie
whille prserving reasonabie propen:ios of power

The eushished packet-ceniric Femowork s comploscly diflement from she cicule sheory,
In which powsr s handkd In 2 continuous manner and & governed by Eichhol Laws and
Tellegen's ehanrem [1]. Here, she ooncept Of 3 power packst s Femduced 35 2 unk of docic
power, svshat power i digkized and geaniined. The msults of this paper sugges 2 mathemasical
fmmewcrk which intogrates energy and informasion in cecrical encrgy networks.
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A power packet is a unit of electric power composed
of a power pulse and an information tag. In Shannon's
information theory, messages are represented by
symbol sequences in a digitized manner. Referring
to this formulation, we define symbols in power
packetization as a minimum unit of power transferred
by a tagged pulse. Here, power is digitized and
quantized. In this paper, we consider packetized
power in networks for a finite duration, giving
symbols and their energies to the networks. A network
structure is defined using a graph whose nodes
represent routers, sources and destinations. First, we
introduce the concept of a symbol propagation matrix
(SPM) in which symbols are transferred at links
during unit times. Packetized power is described as
a network flow in a spatio-temporal structure. Then,
we study the problem of selecting an SPM in terms
of transferability, that is, the possibility to represent
given energies at sources and destinations during
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ermodynamics [2]. Here, energy flow is handled in a continuous manner under the conservation
‘energy. On the other hand, it is shown in Shannon's information thecr}rﬂ'lal ‘all technical
mmunications are essentially digital; more precisely, that all technical communications
e equivalent to the generation, transmission and reception, of random binary digits" [4].
ymmunication networks have been developed in a digitized manner by using packet switching,
hich breaks messages into smaller pieces named ‘packets’, for dynamic assignment of network
sources [5]. If we handle electric power in a digitized manner, power distribution will be
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1 Introduction

1 Introduction

Eloctric power has boon considered as o contimuous flow beed on cireuit thoory, in which power
flow i governed by Kirchhoff Laws and Tellozen's theorem [1]. The circuit theory can be gencralized to
represent varions nonlincar complex systeins in the system topology with energy dissipation and enery
storege as a network thermodynamics [2). Here, encrgy flow i handled in & contimous manner

Electzic power has been considered as 2 continuous flow based o circuit. theory, in which power
flow is governed by Kirchhoff laws and Tellegen's tiseorem [1]. The eircuit theory can be generalized to
represent varions nonlinear complex systems in the systemn topology with energy dissipation and energy
Storage as network thermodynamics (2] Here, encrey flow is handled in 2 contimuous manner under the
conservation of energy. Om the other hand, it is shown in Shamnow's information theory (3] that “al

‘communications are essentially digital; more preeisely, that all technical communications are
it 10 he gmeration, transmmisson, and reception, of random binary digits” [4). Communication

tiacd by wilizing which break:
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into smaller pieces named “packets®, for dynamie assignment of network resourees (5], If we handle
clectrie power in a digitized manner, power distribution will be changed completely different from the
er s digitized and
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