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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
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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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P P, [ [ —— I [ — " S——. [ ——————— T~

DAY DEER

DX DESE
,.“ﬂ%ﬁiﬁ Ii@iﬁ%

HaDrE

COBITIETICFIET &
W28 2M13&

-
::ﬁ
-
-

EBTRIELE

TORCID ]

—DPIIFEREE DREH
EHEEDED

10



1. #FMII1=5—930 QMRXEREDELSBEDD, jpcoar
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framework which integrates energy and information in electrical energy networks.
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Power packet transferability via symbol propagation matrix

Shinya Nawata! Atsuto Makifand Takashi Hikihara®

Abstract

Power paket is a unit of electric power transferred by a power pulse with an information tag. In
Shannon's information theory, messages are represented by symbol sequences in 2 digitized manper
Refersing to this formulation, we define symbols in power packetization as a minimm unlt of power
transforred by a tagged pulse. Here, power is digitized and quanized. In this paper, we consider
packetized power in networks for 2 finite duration, giving symbols and their energies to the networks
A network steucture is defined using A graph WhOS NOdeS TepreSert FOULEES, SOURCes, and destinations.
First, we introduce symbol propagation matrix (SPM) in which syrbols are transferred at links during
umit. times. Packetized power is described s 2 netwark flow in 2 spatio-temporal structure. “Then, we
study the problem of seleeting an SPM in terms of trassferability, that is, the possibility 1o regrosent
given energies at sources and destinations during the finite duration. “To selcet an SPM, we consider
a network flow problem of packetized power. The problem is formulated 25 an M-conves submodular
flow problerm whieh is known 2 generalization of the minimim eost fiow problem and solvable. Finlly,
through examples, we vesily that this formulation provides reasonable packetized power.

Keywards

power packet, router, network fiow problem, eleetrical crergy network

1 Introduction

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:

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

e nm in power
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Power packet transferability via symbol propagation matrix

Shinya Nawata? Atsuto Maki' and Takashi Hilihara®

Abstract

A power packet is a unit of electric power composed of a power pulse and an information teg. In
Shennon's information theory, mewages ere representod by symbol soquence in o digitised manner.
Referring to this formulation, we define symbols in power pucketization as  minimum unit of power
transforrod by o tegged pulse. Horo, power is digitized and quantised. In this paper, we consider
packetized power in networks for a fnite duration, giving symbols and their energics to the networks.
A network structure is defined using a graph whose nodss represcnt routers, sources and destinations.
First, we incroduce the concept of a symihol propagation maeix (SPM) i which symbols are transferred
at Tinks during wnit times. Packetized power is deseribed ss o notwork flow in a spatio-temporal
structure. Then, we study the problem of scleeting an SPM in terms of transferability, that is, the
possibility o represent given energies at sources and destinations during the finite duration. To sclect

an SPM, we consider s network flow problem of packetizod power. The problem is formulated ss an M-
convex submodular flow problem which is a solvable gencralization of the minimum cost flow problem.
Finally, through cxamples, we verify that this formulation provides reasonable pecketized power.

Keywords

power packet, router, network flow prablem, elctrical energy network

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
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