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Flexible IoT Computing Model
for Overall Optimization of Cloud and Edges
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Abstract: The IoT system is classified into cloud-centric IoT computing model (CC-IoT model) for optimizing the entire system
and edge-centric IoT computing model (EC-IoT model) for optimization within the edge domain. In social systems such as energy
management systems and intelligent transportation systems, it is necessary to achieve both optimizations by the cloud and the
edges. However, until now, loT computing models to satisfy both optimizations have not been proposed. In this paper, we propose
a flexible IoT computing model (FL-IoT model) that combines the CC-IoT model and the EC-IoT model to achieve optimizations
of the cloud and the edges at the same time. In the FL-IoT model, the cloud optimization and the edge optimization in the IoT
system are considered as Pareto optimization problem. Under this idea, we propose some formulations for the optimization problem
and an intelligent protocol for exchanging information between the cloud optimization and the edge optimization. And we also
discuss the usefulness of the FL-IoT model for the energy management system and the intelligent transportation system.
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SML
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OBL
(a) Cloud-centric IoT Computing Model
Device Edge Cloud
BSL
|
| APL |
SML
] OAL |
OBL
(b) Edge-centric IoT Computing Model
BSL: Business Layer, APL: Application Layer,
SML: Service Management Layer, OAL:
Object Abstraction Layer, OBL: Object Layer
Fig.1 IoT Computing Model
Table.1 Example of Cloud Optimization
and Edge Optimization
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Acceptable Cost Range of Edge Optimization

EC-loT Model
Proposed FL-loT Model
Acceptable Cost Range
of Cloud Optimization
CC-1oT Model

Cost of Cloud Optimization

Cost of Edge Optimization

Fig.2 Concept of Flexible [oT Computing Model (FL-1oT)
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Fig.4 Intelligent Protocol of FL-IoT

power plant

RA: Resource
Aggregator

Edge

EMS ems | [ 77 || ems

Consumers (Buildings, Factories, Home)

EMS: Energy Management System

Fig.5 Energy Management System (DR)

TRNAX—EFHIATAIRBITDY 77 Fix
2 B RIS 2 LU TSR

ik =

& 7T U NikiE{bod= A bk

0T, 1y &0 Ty

cost. (v, v.) =

NO)

o ffilfugft
Ce(t) = 0,D(t) = 0,R, () = 0,5(t) = 0

ZZT
S(t) : EhGE

Di(t) : BATEFX k OHBRE =

Ce(t) ENTER kx5 B HINEE &
R, EBNFEF k OEITHIRN &

n BHTHEZOK

770U FEifbd = 2 MR OE 1 HIE, Fh T A
IR a2 NTHY, BARKLENTFEOEIIG LT
AMPRESND. DFD, T|HNAT CABBNTSEIC
NRENLNT 4 —OaR NRFEATSH. FH2HIE, 2=—
NP —ERUFED A NTHY, BEEEOBHHIREN



TS B TE R
IPSJ SIG Technical Report

BT A HIBEBBEOEI S OEERZETHD. Tihbb,
FEEFY— Xm0 B E LS
A NBFAETS.

BlZ_XF T 4 —na

2 Ty IR
TARNLF—FH AT A
B & il St A BA RIS,

BiFox=y UkiEfboa &

o Ty UkiE{bd =X NI

wmw“@=2f{O_Qm»+4mm+gm—mm>
k=1

Ry Ry

+Z<Uka)+6@a)—lh(0)
Ry

o %M
—C(t) 2 0,Bi(t) =2 0,U(t) =0
Dy (t) = B(t) = C =2 0, D (t) — U () = G = 0

ZZT

D(t) : BATER k OHEE =

Ce(t) ENTEF KT 2B HEHIB RS &
n ENTEEZ DO

B (t) E/HEN—ZAm— R}

Up(t) -EBHEEY—27 n— RN LR

n BT ER DK

x,whenx >0
Z(x) = {0, when x < 0}

Ty VhE LD A NI 3 OEN LR IND.
% 1L RA 26 OHIREEFE~OERKIZHEDL A N THY,
FEEOHEENHIREFE B L2 A IR/ D,
52T, PRuEtE - AEEMICRA IR NTHY, %@@
%T%%%ﬁ@®ﬁﬁﬁ%A%XU%F%TEOK
NPT =D A NNFEAT D, F3HETE =M %

LaRANTHY, FBEEZVPHOLNUDRDIENHE L —
g a— K& LA AT —Da 2 AT
D.

3) YRATLEHEEIL
TRAFX—EFHY AT AOERE#ELD 2 2 b EIEIX
Ty VKRBICOEMEAE 1L LT, 777 FEE{bo=

Z ML =y VREILO = A FEEMA LD LTS,

cost,(vg, v, V) = cost.(vs,v.) + cost, (v, v,)
B, ATV e haricky, 77U KE

Ty VMR DV = TAEKIE, TRIRT LI, &
TWEFXOHEEE, BEIHEHREEREERD.

(©2018 Information Processing Society of Japan

Vol.2018-DPS-174 No.27
Vol.2018-CSEC-80 No.27
2018/3/6

Total Cost

1.6
1.4
1.2
(Case']) - (CaseZ)
1
(Case3)
0.8
stepl step2

Fig6. Example of Simulation Result
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