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o & %= (Abstract)

A Study on Predictive Optimization based on Swarm

Learning in a Distributed Edge Computing Environment

Rongxu Xu

Department of Computer Engineering, Jeju National University, South Korea

Today, contextual information about a person or their surroundings is collected
and analyzed with the help of technologies such as the Internet of Things (IoT) to
improve their lifestyle. This information is collected through IoT devices such as
sensors, actuators, and other embedded devices. Nevertheless, IoT devices have
limited computing, network, or power resources. Moreover, each manufacturer
contributes to the diversity of IoT devices by manufacturing devices that support
various types of platforms and communication protocols. Therefore, convergence
research that combines machine learning with the Internet of Things to analyze
data and provide services to meet users’ needs and enhance the quality of
experience is attracting a lot of attention.

Machine learning plays a role in employing intelligence in the IoT by training a
model that recognizes the user’s state, behavior, and demand using the contextual
data collected through IoT devices. However, the challenge of machine learning in
IoT realization is its need for a lot of data for model training and high computing
resources. In addition, the realization of IoT has another challenge of user data
privacy during contextual data collection.

The problem of scarce computing resources is solved using cloud computing and

,iX,



its complementary technologies by making [oT flexible in terms of data storage
space and computing resources. The prepared model is based on cloud computing,
and data is transmitted from the edge to the cloud for predictive analysis.
However, the centralized cloud computing architecture does not guarantee the
safety of sensitive personal information and data privacy. In addition, cloud
computing-based IoT infrastructure will lead to a rise in network latency due to
being located in a distant data center. Recently, Edge Intelligence (EI) got a lot of
attention from industry and academia researchers to perform intelligent data
insights by employing most of the edge network resources without relying on the
cloud. Using EI, machine learning, and Al, predictive mechanisms, applications have
been developed in many fields such as real-time video analysis, precision
agriculture, and smart home.

The model is trained through the federated learning method in edge computing
to ensure the safety of personal information data. However, learning the global
model by updating the model trained on the local edge node using the weighted
average method requires numerous computational resources on the central server.
Moreover, it cannot learn the knowledge of all the data in the edge computing
network.

In this thesis, we propose an improved swarm learning (SL) method and particle
swarm optimization (PSO) based on predicted mean vote (PMV) optimization
techniques for edge computing environments. The global model update method
trains a single model using data from all nodes in the edge computing network.
Since there is no model update function in the central server, bandwidth and
computing power demand are reduced. Thus a more intelligent model is created
using data from all nodes in the edge computing network. In addition, instead of
passing data, we pass the model to ensure the safety of the data.

The optimization technique based on machine learning actively provides the
service that meets the user’s demand. Furthermore, integrating edge computing into

the IoT satisfies the computing resources of edge devices and expands storage



space. As proof of concept, we developed a graphical user interface (GUD-based
web application that can intuitively manage edge computing services to facilitate
and control functionalities of the edge environment.

First, we implemented a distributed digital twin edge computing environment for
performance comparison. Hence, the execution status of edge gateways and IoT
devices running in the edge computing network can be monitored in real-time
through the web application.

Next, the PMV model is trained through swarm learning using devices registered
in the edge computing network and local data collected from each device. The
smart home environment contextual data is collected and applied to the
optimization algorithm to maintain an appropriate smart home environment. As an
optimization solver, the PSO algorithm is utilized to maintain the PMV environment
of the smart home in an optimized state.

Finally, for comparative performance analysis, the swarm learning parameters
were optimized using different experimental setups, such as training the model by
setting the number of rounds to 1, 10, and 100. The model trained through the
existing federated/swarm learning strategy is the best in terms of performance of
0.3, but the model trained with the swarm learning approach improved the
performance to 0.2. Furthermore, the performance of the PSO optimization
algorithm in a smart home-based simulation environment was also measured using
the developed emulator. Moreover, the optimization technique also impacts the
thermal comfort level of the smart home emulator by setting it between -0.6 and
-0.8; without optimization, the thermal comfort level result is between -1.2 and -
1.4. The optimization technique adaptation results show that indoor temperatures
and humidity maintain a higher thermal comfort level, which is not the case

without adaptation.
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IoT
M2M
D2D
OCF
CoAP
HTTP
DNN
ANN

Al

DL

SL
ECS
EGMS
T™MA

Internet of Things

Machine to Machine

Device to Device

Open Connectivity Foundation
Constrained Application Protocol
Hyper Text Transfer Protocol
Deep Neural Network

Artificial Neural Network
Machine Learning

Artificial Intelligence

Deep Learning

Swarm Learning

Edge Computing Supervisor
Edge Gateway Management Supporter
Task Management Agent
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Disconnected Dataand Parameter Dataand

parameter central Parameter
central at edge
(a) Local learning (b ) Central learning ( ¢ ) Federated learning (d ) Swarm learning
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LR

N

N,

o F#¢ Brhshe © AR (81]

PSO 4aelZe Algh Bivle Holg e BFelA HAHT Ytk PSOE 9
Aetn BeE 71 e AR weo] o EFTh PSOSIA, 7 AAHE ol He] Hae
Bt ol% E AA TH An9 oW My YHE AN HBHOE 27
ek [82] oA AFYS ABALUL oA oA ABAEY Tubo] 2o HFH, 2

@xo] Qi e Aol PSO YuEL ustn FESY) Ae HAH u
o] &

2] Foltt [83] 71 Ao pdste] & Wl waA Sl Ha, A H

o] romz oz HFH AN FEZZIPOT AFPsle] Mu|AE A Fs]
of A3l 99 RS 2AZES B3t /MAAZEL Aolsly] i SEHO
2 ~utE F 749 Wt wkgd i, AFAY He £E& 1t st
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AEAEY] AEHoR Z7
AUES o] ga7] flate] oA AFE 71&e Aesn Atk oled BAHNAN £
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P 24 OAE EY oA HAFELS 19 313 2ol A< oA HHFE 4

Eda #4S 7HEste] Aol @A 7HEe oA AFE UEYD e

Bl oA AFE UESNZ $HE o8 oA HFE Au2E ddste 9
A Alo]ES o] (Edge Gateway)E¥ Alo]Egolo] AZAH o ALEQJIEY tnfo] 2
2 (IoT Device) T4 gt oA Alo]ESo] 18] AHES
zug] o] 49} gr=2ulg] o] 3o ¢
71 Stoltol & Fato] ghpE et AAst

Vg Al HAFE HEHD 4L £2F dYEE HelHE sMsste] 23
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)
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rr
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Virtual Edge Computing Network

VEG 1

VieT2

VioT 1

Physical Edge Computing Network

Edge Gateway2 ey ’;

. Edge Gateway 3

s 0 4GB e B 4G Ranrypis § 4GB
loT Device 3 |oT Device 4 /\
\

4
5 N

ey UGB et § 4GB e § 4GB . 11 ]
loT Devicel  |oT Device 2 loT Device 5 loT Device 6

a8 31 AbEdE 7 24 gAE B oA HFR AEE 7=
=22 A AFE HEHD S 7HEsker] A% Mulz9 T Fxs

AFEIE Y ¢lzgt= (0T Infrastructure) AFESIE|Ul TlHlo] A5 AL &3t= ~m)
E £ (Smart Home), 2~vtE F74 (Smart Factory), 2~rtE ® 4 (Smart Building), 2
mtE 78] (Smart Grid) 5 2 & 4 Aok

oA AFE U EHZ (Edge Computing Network):= ThFSH o 2] Alo|Eg o] 2
TAEHIL Yok A AolEfele =7 (Docker) 7|¥ke] oA AFHE AB|AEH
STEAN2ES 23t Ytk EA 7lEe =7 A (Docker Engine)oll <3t
ojul A 7|gkel MBI 2F9] EF, WEHA AdS #Hefdinth

o 2] Mol oA HFH FHulo]A (Edge Computing Supervisor, ECS) &= &
ARl oA AFE HEYHI AdS 7Msee HA"E EY LBAE YA
(Digital Twin Object Generator), A E|E REUEHH+= ZYUEHH 7|5, A AoEY
ole] #elE Adste oA AoEdo] el A YA (Edge Gateway Management
Supporter, EGMS), & AA# Ade T & UEE e Y HIPA (Task

Operator), 2=¢ < (Swarm Learning)7]% 181 dlo]gulo] =~ 7]%5S Al 33}
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Edge Server Client
Edge Computing Supervisor Digital Twin Object
Digital Twin Object Generator | D || swarmLearning 5 5
Service ~ Controller loT Edge perf < ng |
L = Device Gateway ENQrmAtce =
Connecting — Task Statistics =
- gl i Model Training
Edge Gateway ~ W N I
™~ Learning Deploy =
Task Operating
Edge Gateway Management Supporter = _—
i i Bootinj
A Edge GatewavIReglstratlo oting L TaskO. erator
Service Terminating Repository Task Information Task
Initialization ! Collection Deploy Diata Visialization
i
$RESTRul AP ovepHTML |

Edge Computi n‘g)qetWﬂ rk

Edge Gateway1
ﬂm Edge Computing Services

Volume Container
Network Tmage

Edge Gateway N

EE Edge Computing Services

Volume Container
Nerwork Image

Volume
Network

$ResTiul AP over loTivity, HTML

Internet of Things Infrastructure

‘ loT based Smart Home

‘ loT based Smart Factory ‘ ‘ loT based Smart Building ‘ | IoT based Smart Grid ‘ = e e

% 32 B4 HA" EQ 7Nk oA AR Vs F&
I8 332 oA AClEde] FFol g 7ls tholojadelnt. AHEAE GUI
(Graph User Interface)& T3t oA AlO]EHolE 5
B ardutolA i oA Ale]Edo] T AXIEE st ok A
gho]AES ¢ Bet¢AE ol&ste] oA HFH FHulo| A M AlFs)
= ¢ HolAE BEFT oA AFE wHiolA= =AU oA AolES o]
ARE AET 7 e § HolAE AFIh AEATE HARE U3}
< BUd oA AFE FHHlolA Y HAE EY QBAE YA EF A
25H HA2E AolESe] 55 84S gt BEE HolEu o]z A%E7
A HA FEIEE oA ACESe]Y AYFEHE It UAE EY QBAE
A= A% (validation) 7|52 3l oA Alo]Eg o2} EGMSY HEHIE &<l
gk oA AlolEgole oA AFE AMB2ES APste FAFoIY FHIEE
oAz AlelEfolel A oA HE] A~ AYHT A B FHE HAARE
Aotk aYEE BAAeR APHa gloH ECGMSE F3td SE3tE e AlolE
dolel A oA AFE Au2sEs AY=E b EGMS= A3 (booting)7] &S
o]g3ta] oA Alo]E o] Au2ES AYAZITE AR 2Eo] YA T HYPHH
Ao ® AR ERE YYE HolHE HolHH o2 AT WIE o]

AClESCI7F B A Fom AHgAA 5T F gl €8s dgsia
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N
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g :{m

=
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Edge Gateway Registration ‘

Graphic Interfaces over HTTP

Edge Computing Supervisor

Digital Twin Object Generator //(—‘_‘\\

Edge Gateway ‘ Service ‘ | Controller ‘ \\\‘_—_——-——/
Validation Gpeatetdge - Database
Gateway Task | Connecting
Gateway H EGMS Status | 5 Task ‘
Saving ‘ loT Device
Service H Controller ‘

| History

Edge Gateway Management Supporter ‘ Edge Computing Network
‘ Edge Gateway H loT Device ‘

Edge Gateway Registration Service | Booting ‘
- _ [ Terminating | Repository :
[ validation ][ Register | \ Initialization | R R

Edge Gateway

Docker Container

Edee Computing Serviee 1| | Edge Computing Service 2 | ‘ Edge Computing Service3 | = = =
Ve Comainer
Network Image

a9 33 &4 gAY EL 7Ink oA Alo]ESe] §F VT T&

EGMSE @0l %A 2713t @AlE A3t EGMSE oA Alo|EgoloA A
ot oA HFE Aulzed g Ao 75 AFh A HAFE A ~Ee
FRE JYZ EGMSel AEdth I8 EZ EGMSE 2713 GAldlAM oA HAFH
M 2E Aojstes FrlE A3 EGMS 2713t @Al ZA oA AlolEg ol A
B z7|3le} of|A] Alo]ESo] A 275} AR ol Qi)

a9 34% oA AClES ] AR %73t A2 troloj o]t} oA Ao ES
o] AR Z7|sle= WA vlolHuo| 22 HE] FFH oA ACJEde] FRE A
o 55" BEVF glod 273 dAE vix 1 AYAAE Y. SEH Aol
Edo]E9 HEE HolHuo|2ZRE ngtwon 74749 Ao|Eg ol P F4H
Hol| ZAs £ oA Alo]ESo] tiute]2~g FAAH FRE @A oA
AClESol7F AdatA] FAY dlej7t Jod dA FZE FUIIL thE Ao ES
ol tig FZE AYdrh HRIL FFH R WEto] HU AHA
o8 FARE AA

PN'
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| Edge Gateway Management Supporter Database | Edge Gateway
‘ lnitialllizer | lRepolsitory‘ | Edge Gateway Client | Ealn?f.: Gaﬁ]ﬂfay I Docker Engine

Query édge gateway information from database

—

c Reponse with edge gateway information with address and port

loop |

Edge Géteway Infon'natlom

Invoke functlon to
get specific information of—»

edge gateway —Get request to collect information of a edge gateway—-
i ! M e ey Reponse with json---—--—-----romoeeeoq
e ---Reponse with json--------- '
opt ]
[response != null]
= Generate |

i a edge gateway élass
iﬂ_to store information

: Save :
| _edge gateway |

information
to repository

18 3.4 oA Ay (Edge Gateway Management Supporter)S E3F of A
Al Efo] 2713} AAZ~ tholo] 14

oAA AClES el Fo] MH2EL =7 7|wke]l ZH el (Containerization)
H mpolZ2 MulAEolth AHAEL TV AFste VEYL, EF, 18 o
Aulzo] gk &8-S 7HAT Ytk AR =EY AdS 7HEsisy] fste] A
4 RYE AFEHE gE29E AHyste] AYRAS 24 FE Aol oA AOE
o] A8 z7|stolt}. oA Alo|ESe] A 27|38 A= WESA, EF 181
T2 AH| 2o the AA Y-S 94 (Parsingstes AARE AR HA 1
A& VESA, EF 1ea MRI2SE TRt 44 ARSo] FAFCE A4
A A HAAE ARE AFLdAM QT8 Ul R WEsty AR, 944"
BEE oA AlolEdolol A7 st AFLERE oA Ao]ES o] HEE

T3 oA AolESol el A7 HAS AYste HAo] FrE PH. o
2 Alo]Ego] Z8to]dE (Edge Gateway Client)E E3le] o)A Alo]Egole] =A
AR} AFde Foh el YES A, BF, AHlZ HEoly (Containen)E A4 st

i
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rr

FRE AEstd oA AlolES 0] A3 273 dAE S4IT 2713 G
© EGMS7} o] ddo s FTdo] HAAU Alzde] s g Al&stde o
Al 2-'lo] BAARl $¥S BAEy] st g

a" 35% oA AolEdel vESA 2AH 273 AldE tholojiioltt
EGMS= HEH A 44 AEE vste] AT O3 AZLZRE oA A5
B UEYI e AlEde] ARE =33th. x3H Ao|E o] Hr o
Al ESo] Sl EES Fato] oA ACJES AN HEHNAE T3 T3
719l A WA FEstE e MEA I EASEAE 23T T UMEHDT &

AsA gow ol AL Yt AT 4P FRAh

Edge Gateway Management Supporter | Edge Gateway

’—Eagﬂateway
Client

‘ Initializer‘ | Network initializer ‘ [Repository

‘ Docker Engine

—Parsing network—s

loop |
Networks 1 _—
Parsing netwprk from description file
"_' Save network
™ to Repository™ "

| Get edge gateway

| information
- Reponse with _____
edge gateway

| information
loop J
Edge Gateway Information ;

. Invoke create network function__,. GET Request to

by name E inspect network—s

| by nanme i
<---Reponse with json---1

opt J
[response code > 200]

POST Request to
create a network I

< --Reponse with json---+

a3 3.5 dA AH (Edge Gateway Management Supporter)&
ANA Al]ESe] YEHNA 27|35} A2 tho]o] 19

of
ok

%2718 NP2 tolo]adlelth EGMSE EBF

)
d A4 JRE At AFAT. 28 AZEERE oA HAFE HE D



A= AClEd ] AHE =3|3th 23H Alo|ES ] FHS} oA AlolES ] St
OJAES Foto] oA AloJES A EFS HAEIH. EF°] oln] EAT=AE

glstr] fste] =5 EA AFE =3I EASA dow s, led

A FRA
Edge Gateway Management Supporter | Edge Gateway
| Initializer | | Volume initializer | | Repository | | Edge Gateway Client | | Docker Engine |

—Parsing volume—=

loop |
Volumes

1
Parsing volume from description file
il
Save volume
" to Repository ™
Get edge gateway

informations *

Reponse with
<--edge gateway ----

information
loop ]
Edge Gateway Information !
—Invoke create volume functlon_.
by name

GET Request to
inspect volume by nanme

— Reponse with json-------
wt )
[response code > 200]

POST Request
to create a volume

«------Reponse with json

a9 3.6 oA A1 (Edge Gateway Management Supporten)E E3 ol 2|
Aol Ego] BF =713} AlA 2 tholo] 17

a" 372 oA AlolEdel F A4 %73 A¥Zz tfolojagelrt. EGMSe
EdgeX miold= AMul2 #d A4 FAEE gdAste] AAIT. 28i AR L2 HE
ANA HFE UEY A A= AloJEd ] ARE =3t} =3)d Alo|Ed o] X
S} oA Alo]ES ] FHOIAEE Tt oA AloJEL ol AHl=Ee] zE ol

UE A4 HeeuE A4l M WA Mulzrt EAst=AE 233,
EA8HA o s, Jloew YL FRY F v MHIEE AHIH BE

,2’77



AMulze] HEolvrt AFHY 273 dAE TEIH.

Edge Gateway Management Supporter | Edge Gateway

{ Initializer J l Service initializer ‘ lﬂepository| l Edgf:l?:::way ‘ Docker Engine
| = i . - - - ettt L —

~Parsing service>
¢ lloop |

Services —
Parsing service from description file

Save service
~to Repository ™

Get edge gateway
" informations

Reponse with
=-edge gateway---
. information

loop |
Edge Gateway Information

Invake create service function ;
B e " GET Request to inspect

container by nanme

AR ey Reponse with json---------

opt ]
[response code > 200]
POST Request
to create a container

<-------Reponse with json

a9 3.7 9A AW (Edge Gateway Management Supporter)E 53 of X
Al EQo] Aul2 2713} AlE 2 tholo] 1

A AolEYelE YAE EY ZHE (Digital Twin Platform)ol| 523 74
S 39 3894 AP tolojadoz MAuysith AMgAE HEgSAE Fahe] o
A AelEde]l 5% 23S UANY EY QHAE YRR Bt A& WA
EGMS$} ol =] Alo]Eel7t ARAcr dysta A=AE AF 7Ise T3t &
gt AFol FHEA EGMSE F3ate] oA Alo]Eg ol A o2 HAFE AH|2=
=< AYs=F ok EGMSe AHEA7E 4 e AR 278t oA Alo]Eg o]
S} AAE st A ARE eI aHE FRE AL AT FHoE A
H

E ARt AZadA 2718 DAA ¢l Mul: RS etk MElZES
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ofEA ] fle MHIEEE2RY Az dydn. A7 oA 1A oA AlolE
Aol =7 AR Mulz= FEE olge Tt 23T AuHl=7 A3 E o

A Eoks W AYsteF HHES ALty AFHOE AH| 2T oA Ao]Eg o]
A AdYEnE gAE EY QBAE AYATL oA Alo|ES ] FEE HOlEH O]
22 AAstal ARE AHgA A dEdi.

[Web Browser | Digital Twin Object Generator/ Edge Gateway| | Microservice Managemant Provider | Edge Gatewny | | Databaze |
Ceen | || [ veiasion | [ seing | | |[Bige oy Reghuim sevie ] [Ge Gtowsy c | Rapesto | || _Docke rgne | | Edg Gy ot |
i . | - L 4 = Peddarindnticl]
register  —»
edge gateway - Query edge gateway information by name or sddres
with form data: « Returr \rtl\tm fﬂrrr1|an
o
[edge gateway Information Is none]
Requesat to check status- T -
Return with pang
DFt ¢

POST request to

o gl e peway | invoke function ta
iy 5

Get request to
colléct informationof a edge gatéway
by addres: i % Reporisa with json

[omt
| Irespanse 1= null]
Save edge gateway information to repository——»
Return true or faise results
—lnwake start service function- Retrieve
riers
[sarvices)
| [Statis = “runaing]
returm;
o
Lomt
[ prem e —— POST Request
"_to stan containser by name_
Response with jcon
Response trug of falie results
oot
[Response « » trus]
Imvoke save function —
o save edge gaeway 1T Save e uauqateway information
infotmation = 1+ Response status o aperatio:

Response status of the cperaton

1% 38 oA AME T oA AloJESC] TF A2 tolo 1y

a9 39 Avlz, HEEY a1 AYe HAE EY SHFN 58 7
T TEOT UAE EY FHES AEAdEY Hupol 29k oA Alo]Ed o] #yt of
Uzt 8 dolgel ZAste o=
ARl zdM E28d ARE = 7
B o Z (Task oz st oA Alo|Edolol wjEdth An=s} AEE
He o]lEF F4 9o o=E 3l iz AlA o]5L A2 HIdl Hol
Efglo] 2ol AT 22 Folx oA Alo|ES 0t AbEIEYl Huto]lx T

=2

A AdstE = Mulzg HEEHE AAste] AFIT Anlzet AEEHE T5

Z2 (Controller) Z18]x o3t 715< 4
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20 5 ol 5 5 okl Z=H slol A= Al
s =2 WAL #fsto] HolE o] 2o A At dA THSH SdHAE 4
=7 = o = = o = o)
AT WM E A FESES &I
Web Client Edge Server R
(Web Browser) Digital Twin Object Database
Generator of " ot
< uery Information of service
Request with name, address, and Edieuse[:zig::ﬂlg by name or address
resources
Controller >
Registration Reshonse with peratectatis Service Return related information Service
A e S T SR R SR R —— Information
Query Information of Controller
by name or address
Request with name, address, and sensor
Service Return related information
Reglstration Response with operate status Controller S R S e e e R S IR e s e ]Cfontro!tl_er
nrormation
e S S S S S S ST R AR AT 2
) ) Save information
Reguest with name, selected loT device,
service or controller and edge gateway Task Information
Task Return operate status
; 3 ) Task
Registration Response with operate status F S,
P .
\\‘—__/
o =] L
™ 3.9 oA AWl Aulx, HEEY a8a Y $FSe 7le TE

7% 3108 ALY Hutel s} o)A Aol Eglole] AAL s AU Thol
ofadelth AgAE ECSE AFSE GUE Fakd =ela A= =F

(Drag-and-drop)7] &<

ol-gate] AEAEY Hulo]2st x| Alo|Egole] AAE

SYsEA AAS W4T 5 Aok 92 ado] B(SE W2HW UAg =9 on
AE 4
55 2193,

22 7Y A

A4 (Connecting)’] 52 F&H< &Ustr] flste] dHolEHuo]~2 =
AAHE dolgrt glow Agd 2EA (D) 7|Re=E volH o]
ARE x3%Th 239 FRE tutolx Auj2E ALtk oint
Add BEE A AolEdold] FTEIJEE oA Ao]E ol A

v ele]o] €] (Core Metadata) AWl 84§ HWith FdHo

o] MulA=

= UAY EQ onAE gage] dA75AM AT 23T
74 ARZ go|guo)A2g A3}
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Web B‘mwm‘ D»glnal Twin Objecl Generator/ Connecting | Device Service \ Database | [ Vidrg' 6uimuy

— = = = b = 3T === ————— - _ : =
ont | i swing | g ation sarvice Edge Compuling Netwark Edge Gatoway oY Diévica

] ¢ | d
d Informatian | Information Information | | Core Metadata |
Fequest 1o
—connect a loT devices
with Edge Gateway Query 10T device information from édge computing network by id of edge gateway——s

Return related information

opt
(16T device infarmation is none or

16T device Id do not match Use id of reques
i Lot e B Guery IoT device information by id
§ information

Query edge gatew
Return refated information

Generate data to connect
loT device and edge gatewy

Request to register [oT device 1o a edge gateway

Generate o device registseation command

Request to rc91 ter loT dL‘ e Io metadata service of edge gateway
created |
Retusn status of operation

Irvoke Function 1o save
connected information tow
edge computing netwark

Generate insert statement

—request to save data >
R se-status of 1 ratiol
Response esponse status of the operation

. Resporsestatus © status of the operation
of the operation

29 310 A2 Y trte]29) oA Ao Eslole] AAL s AR
thol ol 13

2. 24 CXIE E2l x| ArEolMel A 22| ofF|HIX

UA" EY oA HFY S Y wY opgH el
Be] 715 PIRA 5EF oA AFY VENDY RS 2A
gl BYHQ oA YES D MEFEE AQUTE A Be) YEUE
£ Ay 55, ME, Y A 21 AY @3 dolE A J%e AT
oA AFY MEAAE oA AFY AusEe]l ARSI Y= oA Aol
FAARLE S ARABY Oule| 252 FHHD dth 4Ue oA A=
dlolo] Wzstel AAAEY Huto] 2o ZHNA HolHE FUsIL Aelshe]
2 AHEEE AT NED AP AW AA Ao Esloll A WYstn At
e HolEuol sz Mgtk Aol AYUE YATHOE FAT 5 AT A

HolH & Al4stE o] AR&AtelAl AlgHt.
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Virtual Edge Computing Network

Task Management Virtual Edge Computing Network Database

Virtual Edge Gateway 1 Virtual Edge Gateway 2

— 4 o=
| ‘ - ] I::> Task  Computing
‘ | | profle  Network

~ Virtual Edge (:mwavs Virtual Edge Gateway n <r‘:| Profile

! l
‘ 10T Devices I J 10T Devices I
7% 311 =93 oA AHF

it

a9 3125 &Y #g dlo]dE (Task Management Agent, TMA)S] 75 TF%E
F@g} oA AolEgoldA AdYste SEEZZ I F shfoltt

Edge Gateway

REST APIs

Operate Task Terminate Task ﬂ Operate SL Terminate SL

|| Performance Results
Export

Results

Task Generation . SL Flow Generation

| Edge Computing Service 1 Edge Computing Service 2 Edge Computing Service 3 |

717 312 oA AelEdoldl vMlZ3 AHe BEste colHE T 7=

e HYZHE AAT ZAAES odlA AolEdeld wjzstay Hdstr] 8t
TMAZ} B estth. TMAE 2 B 25E Ade vz wod AgS 43T + 2
=5 A4 AA (Task Generation)”]s& B3t #A WHAE A4 AHE B
Hole A4 A¥ (Operate Task)7]sol wel ~HE JEHE wrEH o= APHAT]
AR AP dolHE A3 HxE (Results Publish)7] 5ol ¢Jate] ECSY ©
olg o] 22 AAgitt TMAOIA FAlo A +3 st T JEF SL Flow
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L=

Generation, Operate SL, Terminate SL, Z12]il Performance Results Export 7]%&-&

A &3t

o

3. EdgeX 7|t 2AF Of|X| HEE 1A 2=

713 3132 EdgeX 7IWk #4F oA HAFHE &4 7w EFolvh. 1" ol 9
A AFE HEYAE oA AESclEE FAHIL At oA Alc]EH o= A
AFE MU2ES ST2HEE 5otk B AFA oA Alc]Ed oA Ast
= oA AFE AHlae Od EdgeXA Rl 2Eolth. EdgeX ARI2=E& AHEQH
Ul tuto] 28} AA7]5E AlFshe tute] s AHl2, oA AFEAA HEshe A
=AY Yue]zo] Ao #HZ W& AFs= ol wEHHOlE  (Core
Metadata), AFEQIEYl Culo]~ZRE dlo|HE AHAsta Eulshs Zof HolH
(Core Data), 7183l AFEQIEIYl tnrlo]l 27} Al FdtE AR 2E HEFo] F2loz ¥
g3t Agsls Fof AWME (Core Command) L o= AZFIHE Al FdE A

Z+4 (Repository)7} At

=

Edge Gateway (1)

1
1 | Applications Task Management Agent Swam Learning Server
]
!
] 5
E" e P Core Services
== VL, - e ey { CoreDara Core Command
bise Gansiisy. () s e =
: — ent
K 14 = Commands Retrieve
E— = e
= = e
i . - ‘ Delete | | ZeroMAQ Client |
____ Pl I
f dar
Edge Gateway (1) Core Metadata
_— EdgeX Device
e [me] [we ] [ ] [w=]
Data || Command
Repository Device Service Device Profile Repository
Core Metadata
= Register Register
Retrieve Upda Retrieve Undal
A Delete Delete

A
| Device Service

1% 313 EdgeX 7|8 £4F oA Alo]Edo] 75 F&

2ol ANENAE AZABY Hutols, ABAEY Hufo]z Z2 el Hulol

2 MEls AR B £3), §%, A4, 2ga fJUClE Jlee 44 AT
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713 S&ZEIAFPOR HolHE WEdte 7lee AT o AWMEE A=

AEY Hupo] 27 AFdhe Aul 2o e 23], HE 7sS AT

4. OCF loTivity 7|9+ A= QIE{Ul

lok

3 75

719 314+ OCF IoTivity 719k &4 o2 AFE &7 7% EFolth. AHESH
d gulo]l 2 AxAb wel M2 g2 Z2EZS ALY o]H3 gk e 3§
Astr] 9t FE3F GAQl OCFAAE TYdE E&& A4dT. 28
Zyd9 A+ loTivityelth. IoTivityw SeholAES} AW P08 FAS o
EdgeX ol# #H#F8 Aulxe dulolx Mu[2E §ste] AMERIEUl tnlo] 299
dE2S AAEIY. loTivitysAle Adstr] #fste] tutolx AujzolAM = loTivity
ClientE Fd3lal AFEQIE Yl tynfo] 2o A= [oTivity ServerE &3t}

’ Initializer/Registration Service Command Executor
,’ ‘ Selfregistration H Device registration | Rest APls
’
4 ‘ Edge Gateway Connector | Comman d Handler
Edge Computing Supervisor Client
_ Senbaicekion Betver
ceerss T
[ |[— T L e
Task Operator
F [ Init }[ Discover ] { Get Request I PostRequest H PutRequest
Mansgerunt Suppocie: Databas
e
Swarm Learming -
Data Visuakzation Handler
§ remancer [ DiscoverResponse }[GetﬁespmnsEHandler M PostResponse ][Putﬁespmnseﬁandler]
Edge Computing Network Handler Handier
PR — Sage ooy 2 [omE—
== | | v —— RESTARS
T s s e 1 loTivity Device
$ rerlsponertoTui BT | REST
e Initializer Actions
‘ i ‘ ‘ R Sesst | ‘ i | ‘ sl 5 ) O Init Device Register { GetResponse PostRespanse PutREspunseJ
Y Handler
N [ Get RequestHandler ] [ PostRequest Handler ] [ PutRequestHandler
\ |
\ i " .
\ Device Driver
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Edge Server Edge Computing Supervisor ) .
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Edge Gateway Management | Task Operator ‘ 7
Database
SURPORLEL | Swarm Learning ‘
Graphic Interfaces over HTTP
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Hardware Software
0S Ubuntu 20.04 64bit Programming
Quad Core 1.5GHz Python 3.8
CPU 64bit Language
Memory 4GB Application VlsuEIO(ietudlo
Raspberry Pi 4 Framework Flask
TensorFlow 2.6
MicroSD Card 16GB Docker &
Platform
Docker
Compose
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Hardware Software
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Quad Core 1.2GHz 8 g Java 1.8
CPU 64bit Language
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% 3.3 9 A A8 (Edge Computing Supervisor) 7§37

Hardware Software
(ON) Ubuntu 18.04 64bit Programming
CPU Intel® core ™ Language Python 3.8
i5-8500 3GHz
Desktop L Visual Studio
(Virtual Machine) Memory 8GB Application Code
. Framework Flask
Hard Disk 100GB Bootstrap
Database MariaDB
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Digital Twin Edge Computing Network Environment

1. Register Edge Computing Network Compositions

Edge Gateway 10T Device

[ ame [ sdore: |
| Resource ||DESC""Pt"°“5‘ 3. Visualize Edge Computing Network

Compositions

Monitoring
@ Registered Information -
loT Device Info Edge Gateway Info

‘ Virtual Object ‘ | Virtual Object |
Generation Generation

2. Virtualize Registered Edge Computing Network Compositions

‘ Validation | Qlu?rv | Validation | Qlu:rv

Digital Twin Object Generator @ o nfo

Edge Gateway loT Device =

loT loT Device
‘ Validation Saving ‘ | Validation Saving | Cévica Request @ @ﬁ Edge Gateway
Edge Gateway Management Supporter [:> Database

Check Edge Gateway Provision Executing Booting EdgeX Edge Gateway
Status Environments Services Edge loT Device Information "

Information

Gateway
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DIGITAL TWIN Environments
PLATFORM

# Environmont

Edge Gateway

Edge Platform

Controller TOT D'E"l.-"'l ce

Servicn

MO REGISTERD 10T DEVICES

Operating Tasks

1% 3.18 oA AH (Edge Computing Supervisor)®] %713} =] 2ls}H
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Edge Gateway
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wdge devics regaiared Juccessfully

Register loT Device

1aT Device
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loT Device
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Device Connection

loT Devices Edge Gateway
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Edge Gateway

192.168.0.13:4327 192.168.0.14:4327 192.168.0.17:4327

loT Device
oTDEVICE k-1 oToRvce K A3 oToRvICE KRN0
192.168.0.22:8888 192 168 o 22:8889 192.168.0.22:8903 192.168.0.22:8904
temperature humidity IH
192.168.0.22:8905 192.168.0.22:8906 192.168.0.22:8907
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L) DIGITAL TWIN Environments
PLATFORM

Edge Gateway

192.168.0.13:4327 192.168.0.14:4327 192.168.0.17:4327

loT Device

192.168.0.22:884 p.22:8889 192.168.0.22:8903 192.168.0.22:8904
temperature T H

p.22:8906 192.168.0.22:8907
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192.168.0.22:89(
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e DIGITAL TWIN Environments
PLATFORM

e Edge Gateway
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() DIGITAL TWIN loT Device Informations ol
PLATFORM
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) DIGITAL TWIN Environments
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@ Environment
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Task Registration Service Registration
| Name ‘ | Name ‘
| Edge Gateway | ‘ loT Device ‘ | Address ‘ | Sensors ‘
e —
Task @ Service Database
Task Service
Edge Computing Supervisor Sardire Information
Digital Twin Object Generator Task Operator E> Task Information
‘ Task Information Collection | <]
Edge Gateway Management Supporter ‘ Task Deploy | History Data

-@ Task Sensing dataZ i}

Edge Gatewa
& ¥ EdgeX Core Core Command S Task Management Agent
Data Core Metadata ] > Operate Task .
D ——————| Results Publish

Terminate Task

{ Device Services } Command

Sensing data T 1 Command

loT Devices
HTTP Temperature Device loTivity Humidity Device
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e DIGITAL TWIN Register Services
PLATFORM

Service
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work registered successfully

IAdd a Work
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Select Edge Node

edgex01

Select Resource

Select Resource
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Operating Tasks
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PMV g =% (air temperature), B+ EHAF 2% (mean radiant temperature), %
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=3

¥ 41 PMVollA Atg3l= dolg EA4

Definition Description
Top Indoor air temperature
Rh Indoor relative humidity
Met Metabolic rates of activity
Va Air speed
Clo Clothing insulation
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19 42 ANE 29%E A 71E A9 mdeg A va
. . Proposed Swarm
Federated Learning Swarm Learning .
Learning
Central Server A dedicated server | Dynamically selected Manually choose
Same as other node
Computing Power High High on edge computing
network
Data Local edge node Local edge node Local edge node
Model training Parallel Parallel Sequential
Updating mechanism | Weight averaging Weight averaging SGD

09 43 oA AolEdele ~YEE 7T £E5S UEWH. 29 TG AY
Swarm Learning Server, SLS)= oA Alo]Egl|o]ol|A TMA®S} o] AdPste] 2~HT
F< A

Edge Gateway
Task Management Agent
REST APis
Operate Task H Terminate Task | Results ‘ Operate SL H Terminate SL ‘ perforifiante Rasilts
Task Generation Publish SL Flow Generation Bxipre
Swam Learning Server

REST APls s e
‘ Model Training | ‘ Model Validation | | Model Storing ‘ | Optimization ‘
‘ Model Transfer | ‘ Model Repository ‘ | PMV Inference |
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0S 64bit Language
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. Quad Core . Visual Studio
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Initiate iteration number, global weights,
local weights and edge gateways

Choose a edge gateway
as a leader
+

Send the global model to edge gateways

f\

Receive model from edge gateways Receive model from leader

Build a model and
Training it with local
datasets

Is there global
weights ?

Training the global model with local
datasets

|

Send the trained model to leader
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Validation received model and

Training local model with local datasets
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Choose a edge gateway
as a start point and
initiate iteration number
{
Train the first global model with local
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local model
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Comparing performance MAE
results and choose best one to
replace global and local models

Is iteration
done ?

!

Send the global model to next edge
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Tuning global model with
local datasets

09 412 AN 29ts AT SAE
MR 298k Ao W 35F 1,10 283 100802 Agste mdg
Fdstd HeS AT 19 413& VAT 2H%E AT SAEEAAE Ko
4% 24ATE Bgke W 110, & 10039 92 s)5es BPehy BaolA
Mg ~98ks AgFoE FTHst Rdo Aso] ¢ AR AS AT + Utk
Proposed Swarm Learning
0.6
"
0.5
=
= 04 =
s L =
@ =
=03 = =
@ = - =
z = = =
= 02 — = .
@ . N = R N
& N N = —
N e
0
1 2 3 4 5 G 2 8 3 10 11 12
Number of experiments
=Rounds =1 M Rounds = 10 ¥ Rounds = 100
O9 413 WA ~9sks de g = (MAE) 2%

,79,



A WA APl 19 whE 3ag Fdg mdo] mAg xol2 F& 45

89 PMV

01 2 -
o1 1 on 0768705
01 14 129 0236143
ci :t ég: 0.246064
w11 oo 0.299259
01 11 072 -04445
o " 0640523
a1 s 0556509
01 11 086 0498769
01 11 139 -0.08677

01 11 1082857
01 11 N t?i -046347
01 11 104 0344777
E: gi lai 0506496
1 i C. -
01 11 139 041632
a1 11 153 -0.08473
’J‘i H CEE 0.381985
E! 11 150 -0.18687
01 11 077 0115982
01 12 104 0.276005
01 11 132 021621
Top RH Va met clo_tot 0113831
2494881 491 01 125 0985 001384
— 560704
Model Training g:ggégq
0199812
Wij Wij 0865689
> T 0.180886
L2 00474
e 0100064
< > Pl - || 0423969
S S 068403
S /

s — 0454743
— 0172801
E 0910077
- 0.286532
0548441

19 4145 229 FAHS 33 HolHAES mdo] nE 3t
Haafe] AXSt dx4 2ds A4sta HolHAES 34 Eddt. EdS

Fotel mAe] 7heA gte] HHE cx3 SFRg drlelBdY. B HolH
o

,80,



w
N
A
re
o
>
o
Jo
i
]
S|
>
o
[>
fo
ol
of>
0x
or
o
Kl
AL
x

18 415+ Z2ZA A RdS s5sls W3 FedAVGE AHgste] mdS &9

L
<
>
© N
o N N
r_:"a 0.8 = S
= Y N >
2 NI R\
306 = N N\ N
g " . -k k
0.4
0,2
0 - BE B = 2 = 2
1 2 3 a4 5 6 7 8 9 10 11 12
Number of experiments
# Proposed SL-1 m | OCAL-10 & FL-FedAVG-1 +SL-FedAVG-1

I 415 E4F oA As BAF6A T1E A= B A" 2gss A

Al (13])

O3 4162 Z2AA TS 2Ho o X35 10072 MHASIa, EAF 37390 A

,81,



F< o
= AF 1A

Ao} 5 A RE

°

[¢)

=

shel 4

S

1 24 oxZaE 1002 AA

°

-1;(6]

o] B¢ W7kA 040149 Hee HoFa o 1

0.4017¢2] e HAAT A ddolA 0.40]

FREEERREE PP RRE IR EEED
u\\\\\\\\\\\\\\\\\\\§

B S|-FedAVG-10

FEbbe bbb bbb bibtbbed -

“\\\\\\\\\\\\\\\\\\\\§

L0000 0000000000004

VA7,

J

it o o o o o

Number of experiments

\\\\\\\\\\\\\\\\\\\\\§

TETTCTT AT ICTICCD G D DDA

.‘\\\'\\.\N\\\g. .....

P T T T T AT T AT T TTTTITTTTTTT TN
A e 0

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\E

e e A A A A

\\.\\\\\\\\\\\\\\\\\.\\\\\\\

RO05000000000000000000000000000000000000000000

LS LSS LSS SIS AL

PGP IPLLEPOEPILPDELRELIERILOPEPRELLERILEOOLDOEE

\\\\\\\\\\\\\\\\\\\\\E

MR 0000000000R0R00000000000000000000000004000008

VA

b ~
jan] (=

< % ©
= L

IV O 3njeA sy nsay

1.2
1

12

10

2 FL-FedAVG-10

N LOCAL-100

8 Proposed SL-10

o

v

A
Tor

BAAA 71E

=
o

19 416 4F oA A

IE 100 =

B2 342 100, 22 AEIE 1002 EH

s

dsHla (103)

20 A TH3 mdo] o

1

.

Y 417

bole o
b4

S

ks

AR

1

Ha

__OT_

Jo

zel

o]
o

-

ok
w
l

O

s} ekl HlolEle] 47}

1€ 24

Ho]

=
=

o]

v g

_‘|

A
vl

298t Aol W

1
— 532 —

0]
pa

1%

A
Lt

FARE A 371 )

i<

S BRoF1 9tk



Aol F

28

=
v—]—u ) .

& Aol

293}

13

Lo A A

=N
L

o

AL ﬁ

R R

w\\\w\wwmww&wﬁ;

I e

s

Bee HoFa Ut

HH

—

IRt E

1=l
=

L

1

9]
pil

JVIA 1O anjeAs1Nsay

]

o

L

bS]

(aal

SI-FedAVG-100

Number of experiments
% FL-FedAVG-100

<« LOCAL-1000

# Proposed SL-100

wr

&

AJm
Tor

BN 71E

b oA A

A
gl

O™ 417 &

Hl 2 (1003))

Jo

jzel

A

}

k<]
pi

oA melg

Aoty 7|E 2~

1

9]
pil

o

N
o

AA VESZ HHFHE

o

=

el =g

[

2Yshs A2

ki3

13

aLell A 74

=R

A=A Alo]ES ]Sl EAHE o]

Jo

o|J

o
ofp
o)

iy

,83,



Process time for learning model (seconds)

SR/

2 3 4 5 6 7 8 S 0 11 12

Number of experiments
BProposed SL  NFL-FedAVG % SL-FedAVG
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Input: currenttemperature and humidity.

Output: optimized temperature and humidity.

Instantiation PMV model as pmv

Initialize target PMV value and targeterror as target and target-error

forparticlei =1, ...,5do
Initialize the particle's position with random vector from input: x;
Initialize the particle's best known position to its initial position: p; < x;
Initialize the particle's velocity: v;

o o e BN

end for

iy
o

. while a termination criterion is not met do:

11. foreachparticlei=1,...,5do

12. if abs(pmv{x;)-target) <abs(pmv(p;)-target) then
13. Update the particle's best known position: p; €& x;
14. if abs(pmv(p;)-target) <abs(pmv(g)-target) then

15. Update the swarm's best known position: g ¢ p;
16. if abs(pmv(g)-target) <=target-error then

17. break

18. Update the particle's velocity.

19. endfor

20.  Update the particle.

21. end while

22. Output set optimized temperature and humidity fromg.
23. returnoutput.

a9 51 PMVE 53 PSO 7232=

Ll
o
rlo
o
Do
rir
B
i
ac)
2
™
lo
>
Og(:",
=
ol
tlo
N
olr
Uz
Ju
|o
fru
=31
el
o
vl
[A U
2
rlo
b
o



57 dgEd 27|38 9AE Adst=0| Search space”} space I~E2AE YA
2=
=]

=, 3w PMV g, §18 W9, 28 4R s dE delvH=

Qe

ok A AenE exd FEE o 27] gto] AMAE o] position & 91
of WEl oz AAdr. HHH 25 5 S H5te] Pbest A8, Gbest A
g, A3 Hrt 283 YAE JHOE dAE WE J5uE dkEow At
t}. PbesteE YAES stutstt zropa AAle] 7hzl Pbest #¥ @Al 74X A g
o] PMV # oAl 3%& PMV ghato] Apol7h A Ao w WAt Gbest®= vzt
7}AZ Gbest # W74 S WA Fitness & A dA7E 714 A g F &=

Ao exst 58 AF9) A2 WA YAES YuolEE YASL U

Optimization Engine

Space

Particles Ghest Position
‘Search Space it Phest Position

Position Move Position

; Velocity et

‘ fitt spica Phest value p;ilaioi !
: TE
| t [E=TwTt

Phbest Gbest

Search each Get PMV value Search each Get PMV value
particle form fitness particle form fitness
Update

| | | check |
N Update Pbest value and position e
o particles | | break ‘ ek i Update Ghest value and position

—=3

[ ] Move Faies

Update
Velocity |H

Search each

Fitness
particle
[ IV Inference Model J

(] (5] [oe | (o T ] mm ]| || oot

TA Expected PMV value

TE Acceptable error for PMV value

7% 52 PSO H#As3l Azle 7]

olr
A
Jhu

,8’77



2. AOIE 20| PMV = X3 HZHLE 8

a9 53& BaeA Akste PMV 7)Hke) PSO SuE]ES H2ESEH F8
7 FxE AWt oA AolESelet ~utE F o EHC|EHIE AE T olE
T WO’ A PSO HA3 dueFe Ass SAHI

oA AolEs el AntE & oEHolE A HeolHE 2435t PSO 4udF
ol g3te] HA AU & FE & A O AEEZHE HolEHE Y
goh 2PtE F dEHCIHE AUE F 4 HHAEE 7R E Ay 2%
D, 4d s&= (H), 49 &= O, 49 5= (OH), 3/ ®Yg (HP) HelHE A
A3} oA Alo]E ol AAET HAY AU & F& @S 7INeR AEE
2 E o]&ste AU A ®WSLE gt wistd AU 27 gerEls oA Ao
EdoZ OA Hgs o] HAEY HA3E HolHE AEH AT

ot

N\
ot

et

o

l

Edge Server
Edge Computing Supervisor
Edge Computing Gateway I 1
EdgeX Framework - Task Management Agent
Core Comman: d
Core Dat:
Core
Device Servi

IoT Devices [~ = [=[=]~] (o T [ [oforfonlw]

Smart Home Emul ator

Environment Parameters Generator I Controller

— i

5
8 283 FAYs AT 5 AR At HAH 2ol A AA I}
 H oA o AdET. A AAE AAFstr] st HAHSE Aol ddE oA Al
olESo], AHERIEIYl Yulel, A2~ O81 AEER] ARE HolEHo] 225



B w33t AYE oA AlclEgold wixd & Ut vlolHH]AERH 3
AERES AR FHA3 Aol Bad HelHES FHse HES 443
a8l FHE HolHE HAS Mulzo] dYste] HAsH €S d=FE HHo
£ A% riAtte g 299 HA3 HolHE HEEHE YYsies HHAE A
d3th HAH3 2 AHo APE WHAE2 oA ACEM oo wlzH WHEZ
o2 sty Ay HH3 Aol ddqH= A 3" "oy 2 HF
3} gt E = dolEol g AT AHEAE 7HAEE HolH O ZAst H
Azl Ao HgAHE RUEE & + Aok

i

s

1. Register Optimization Task

Task Service

| Name ‘ ‘ Name ‘ 4, Execute Task

‘ Edge Gateway H loT Device ‘ ‘ Address ‘ ‘ Sensors ‘ —— Execute Feed Datato
Optimization

Sensing Commands

Controller Commands
Name ‘ Execute Feed Data to Controller Commands ‘
‘ Address | ‘ Resources ‘ ‘ Send Results to Database |
@@ O ﬁTask Information with
Commands
2. Visualize Optimization Task 3. Task Deploy
Feed Data t
Task Task Generate Data ser a0
Information Sensing Commands Optimization
Query Edge Query Query Query g Commands
Gateway Info 1oT Device Info Service Info | | Controller Info ,_I\ ‘ Fe DAt TG CANETOler G = ‘
eed Data to Controller Commands
P : “
| Virtual Object Generation ‘
(2\) ‘ Task Deploy ‘
gt

1Y 54 PSO <alg]E< o83 PMV HZ 3 4% A

dugFe 45& HZE 87 fste] g3 22 AR FHIE @k 19 55
£ PSO &ael&S AMulzg HEEYE ECSOl 53t gdolth. 1% 19 as
A5 AHlz FEFHoIT AMHl2 olge  “optl”, HE  Fie

r?ﬂ

“192.168.0.13:9002” , 1&]a1 Au]jze] HQSE AA Holg ARE T, HE XA
o

fr
o

EEY SE3Wolt. 7AEEY o]F2 “SimulatedSmrtHome” o]
“192.168.0.2:9002 o]ar 283 AA oy AHe A 2= (D),
= (0, 43t Add &= O, HAst 4d 55 OH), 49 25 0D,
= (OH), 38 7Y HP)Z A3} A2 99 MARAES E319 HH3} A

[
o

i)
A
-
rlr

X

>

>
o =

oy

,89,



Hl 2ot AEZYIL AR SEHASE

service registered successfully

Register Services

Service

——

- miH
B L RS L TR R R LAV AT
(a) PMmv Z[F 2t MH| A SESHH
controller registered successfully
Register Controllers
Controller

latedSmantto

LR T EE TR A
|

(b) AE=2 S52iH

% 55 PSO ¢ag]E Mul 28 HE

EEY 5531

Baro A AQkshs PMV 7]uke} PSO # &g dae]F o L3k7] 9lske]
Y 569 dol A3} FuF L AEHE HAES AEHA FE HAE F
~EE $EIT

g

o H

ol

ok

,90,




work of service registered successfully

Add Test

Add Test

(a) Pmv X|Z 3} O] E 2

work of service registered successfully

Add Test

(b) PMV E|F 5} A8

19 5.6 PSO 7|4k PMV ¥ A3 438 52314

a9 as HAHS AHIEE AESHA ¥E5 §FH HXIECH olFd
“SHwithoutOPT” 2 A ASIH L Aul2x MefAlgo] s ofFAE HestA] ok}
2

a8a HEEHE fdA 53 Ae Addn. nAHo H2ET APT oA

,91,



Aol Edlel= “EdgeGW-KR-INU-001" & A1€]sit).
% be HAHI AHAE AMEStE H2EOTH o] “SHwithOPT” 2 &%
39, Mul2Es “optl” & Agdth 1l Ymx
ARGt o] & lste] HAH3 duEF S HAEste FHE 4R
A3 7|HE H2ES = < I¥ 573 2t HeolEd HA 7HE A
st A AHEsHA B A F le H2EZE 2dEHA A AdEe A
(task), 3 (operate), Hlo|E AHPO R FE3l] FAIT. 24 AP HXZE 9]

g2 UehT Qo 29 BHe WECEA 2 A4S APy FaT >

i‘l

Atk 17 as HAS 7He 2UE o 283514 fv HEES ddstes A
£ vehln 28 b AHE AHE 20E Fo M3 B2ES AYste A
HE Uetin. dloly 22 HAEdA 33 HolHE Edsts HOE oF
st Ja HEo|h
Operating TEST
Tasks

(a) pPMv X3} 0|5 HE
Operating TEST
Tasks

[ opmres

(b)PMy Z|E3l HE Ay

719 5.7 PSO 719k PMV 235} A3 APzt

29 588 A WS svE

ol

of A&st= BZEdA 3T HolHE Al

,92,



Ztshd Aol o}

T IH
|l|||_|||||‘||| Il‘lllll‘llllll
(a) 2 2E (b)) &=
HP opt_IT
(c)olE H (d)=Hz 2U 2=
oT OoH
.lllllllll‘lll‘ || |
(e)de 2 (fl e &=
opt_IH pmv
B | I||I||III lIlII
I||III||I ‘I‘l\ '
(g)=Hzt 4 & (h)Pmy

7% 58 £~utE FollA PMV A3t AE AF A7

,93,



A% 9ol HAE olFo] EAHL Ytk Ay 2 (D), AW &= (H),
S (OT), 49 #5 (OH), 318 A8 HP), A5 A 5 (optID), HA3} 4y

1>

T 3 2 ARE Uea YREE HolH g BEE xdsta

153] 2o HRE Ho F3

|||||IIIII|I|._
(a) 2 2= (b)Y &=
| : .||||||||||||||
(c)olH T (d)PMV
oT OH
IIIIIII|||||||| _ || |
(e} 28 &% (F)AQ &5

1% 59 20E FolA PV H25 v48 4 A%

,94,

% (opt ), @ A @ PMV) 59 dlolElsl iy £X Hele ¥dHT 9
o XHE

AT &



I8 5.9% HAs 7IHs 2nE Foll A EsA G H2EdA £33 HlolE
g ANZAsRE Aot Ay 2= (D), AW 5 (H), 249 == O, 4
(OH), 318 A8 HP), & H= #2 PMV) 59 dolgr} ghy] = gz &
H1 gtk 99 H2ES nprvlA R XFEE 3 2 AERE JERI YHEE G
olf] F ARE mds Stk A 2EE 19914 21Abe]9] e HFa x
AU FEE 36914 38A0]9] S HolFa gtk A9 2xE oA -HAo] o] Fh
S BAFI A9 F2E %6014 98Ake] 9] gh& vEb L Tk d1H M E 2 35904
S BT 9Jom PMVEE2 -1.3¢4 -L.2Akel¢] & Yehfa Qi

Azte] EEE MY THY 5+ =S FAF BASE BB AZ OE 4

w
(@p]
>
o
Lo
)

3. Mekst PMV £[H3L HIFLE ds &4

Ay
ol
rot
1
=
rfo
bri

a9 5102 2ntE & olEdolHd HA3} 7He A8
glole] (O] Watel HZ 3 7He AEsA ¥= AU 2= (T

she ol

S
i
2
i
=
El

Temperature

Indoor Temperature °C

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Number of Experiments

— = —0IT

719 510 PMV HA3 A& ofFo @& Ay 2= £ 23 v

T 339 AAA £JT HolHY @& EXE e HA3 7P A8

,95,



1
HA3 7ME FL3A Fe AU 2% HolHE 5AT Aot Z+7 dHolg 9
HA (min), H3 (max), B+ (avg), EF WA (standard deviation) #<S FA ST
FAE 7] =EE ol &3ty AP FEV] st AE & B 9
5

Temperature

22.64540203
21.42641551 #
20.30767699

22.18049444

20

Indoor Temperature °C

0.469988136 0.654304166

o R

=min ®Fmax  Favg standard deviation =minopt # maxopt «avgopt #standard deviation opt

19 511 PMV HA 3 A& oFo e AW 2= 5 23 §A

a9 512¢ HAS} 7IHE AE3 ~vE F o EHOIHY AU FE HolE
(OIH) ¢} HA3 7S ZHL3A g= Ay = (H) HolEE nlusdtes =30t
AW F= HolEHE 7R F 3539 HlolHE FHET HAs 7HE A&

A $EE AHOE BAFAL, M = A = ge YHoE =

ol

,96,



A A 40 olskel goR FAST Atk w2 HHE AMe e AEEs
AAE AFD 50 90 o HolduTh HAF MS AET AvtE
gHolHE A48 He Aan 4e gug A S5 LE RO 445

4 e Ae ¢ 5 Aok

Humidity

60

w
=

—

i
=

e e — —
T — e — e i | i M D s, s i

w
=

Indoor Humidity %

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Number of Experiments

= +JH =——OIH

39 512 PV A58 4§ oo BE A $= A% vw

I9 5132 A48 M 48T AW &= dloles AA5 SEE 485
=
o

Humidity

51.788443934
49,56082885

46.75

45.76237206

38.59133766

&
a8

36.0327721

w
a

Indoor Humidity %

[
51

-

0

2.659051672

1.520782172
I

0

Ilmin = max avg standard deviation = min opt max opt #avgopt M standard deviation opt

29 513 PMV A3 48 o %ol me Ay = A% 57

HolBeE H% & olsistr] skl zh2h vlolele] HA (min), i (max), B

,9’77



of TAFPL Azkel ghe TEH] Al AR O B o2 ek

HA, HAdl, Fo & ZE WA HA3 7IHE HEF 2vtE F olEdelH A
]_

a9 514 HA3 7S A8 € A A8 (OPMV) ¢ HA3 7|He A&
A F= € AA #@8 PMV)E Hwsts =xoltt HA 3 7|HEs 283
R HE&skA = € AH Hide dHdos st 7

3. HAg VM S AEsle W 2rtE F dEdEelEe & A @2 0.6

_|_,
1154

4
2

B9t dng gEel fAST U8 ¢ & Ao
LA %

5]
ot
9
4
i)
A,
&
e
v
o
EUR
o
T
X0
o

A2 1200 0% gEd d A1 @ae) 47

-1.181392036

EPMV 1l OPMV

PMV

1 2 3 4 B 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

—PMV - - OPMV

a9 5.14 PMV HZ 3} 2§ o Fo e & 2= 23 Hlu

a9 5155 A3 AMe H8d S8 @Y OHPY HA3 7ML Aes

¥
Gt SH AE HPE Masts SEelth HAH JMS A8sAS Wet HAg

,98,



B ke o Aol msd duAg

9

&

@ s Wl @

er

=

=

353] 9

C

Fol 2 ol 14 4]

%

9]
yi

w o}F w3

o

=

sh9le o 3609 HHst WS S

S

&
FA

i<

57 9

9

T
dehdth 49 A%e AEn 5% 350 ke e dehin gloh

o

=

EEEDE

9

_8__
o 35932 A3 7HES &

=

o)

)0} O
=) =

[e)

1

3 HgaiA

o

I

hoe

S

o2 Bgre W AAs P A4S

gils o B gEE GRS oA 4w

py

m“' 35.93208214

m HP 1 QHP

Energy AVG

ZERE
35.09475484

T

|

Energy

\////////////////////

VVVVVVVVV/VVVZVVVV/V

SNSRIV

OOONOONIINIRRNANY

AN

f/////\////f%//////f//

/.VVVVVVVVVVVVWVVVVVV

habbibbbbb bbb bbb b
AOAROOONONRNMNINNY

OO

AANONONRIRRRRANNNNAN

/VV//////W/\////V/////

VVVVVMVVVMVVVVVVVVMV

ASERREARTNAECAIRRINNEY
NN NNANANNANRNNNY

ORIV

FASRARRRIARARRARANEERAN

V/////V///////V//////

VVVZVVV.VVVVV.VVVVZVVV

RASLERARSNNRRCENNNNEY
///////////f/////////,

AN

ESARARRARRRSAARRRARANY

V/////V///////V/l/////

VVVVV/VVVZVVVVVVVVZV

AR
OO

Pabibbbb bbb bbb bbb

AR,

‘VVVVV/VVVZVVVVVVVVZV

AASSERARIRRSRINERNANY

333333

35

34

33

30 31 32

5 26 27 28 18

24

S8 A4 A3 ¥w

=

L

18 19 20 21 22 23
,99,

lE HP % OHP

19 515 PMV HA3} A& ofF o w}

3 14 15 16 17

e e

9 10 11 12

8



VI. 48

=M 1A 24 gAE EL oA HAFE B FE] HAste &4

FE FrHtolA, oA Alo]Eg ]
o OAE EY oA #FE e 5o AH&A= GU
TR, S oA AClES ], AbEEYl Huto] o] A
& AAeE RUHPT ¢ e ¥R oy, FAdS AAsta]l AR oA AlolE

Aolell Mz 4 Atk E4 UAE EY oA HAFE S4S o83t &4 do]

ko
ol
od
=7
oM
s
nft
rlo
N
2
[
v}
.
i)
=
=2
N
ol
=
oM
=
m
o
fu
=2
Y
o
it
Cal
rld
i)
o
Au)

dlolg ] Alelgmel o A= Fepck
aga F4F gAY ELY X AR SAHS Sote loTivityet HTTPE T3
SERE

J frlo] 2ol A HolHE FHEed a8 ARE AL oA

AFE UEAIANA A% =9 35

m mpAEto 2 PSO HA3t duEF] Ae: SASGAT dHoldH £ Ay ARt

2 103]9] H2EE Aty loTivity ZadYa

Al o]l mE 1xuwke] 2H¢) NS R FAd loTivitys LZ42 TPy
=

2A AHEQIHY Oulo]2F Yo F FF 3}

- 100 -



JEZRE Z2F 5 =S Aok HITPE ol 4ohe] AHESIEN Cinto] g} 27
N s H e oTivity SeteldEd A 2o WEYZ & DTivityA o)
zko] WAys T,

559 492 WARES APste] BS we AA A

°

sto] ofolHel AGAREH Azd F2 Ausiel Holge] bHe AEwT
22 P Jue] A WS Agse] 2ntE Fo MY 3L ABOE A7
o AUE §AFH FA U £HE TESE PAe AP LD FE

g oA AlclES 0] AYE SHst] TF A3 g5 e Y ot Aok

- 101 -



i
R
i
rl (

[1] LeCun Y, Bengio Y, Hinton G. Deep learning. nature. 2015
May;521(7553):436-44.

[2] Deng L, Yu D. Deep learning: methods and applications. Foundations and trends
in signal processing. 2014 Jun 30;7(3-4):197-387.

[3] Networking CV. Cisco global cloud index: Forecast and methodology, 2016-2021.
White paper. Cisco Public, San Jose. 2016.

[4] Chen, Jiasi, and Xukan Ran. “Deep Learning With Edge Computing: A
Review.” Proc. IEEE 107.8 (2019): 1655-1674.

[5] Ray PP. A survey of IoT cloud platforms. Future Computing and Informatics
Journal. 2016 Dec 1;1(1-2):35-46.

[6] Satyanarayanan, Mahadev. “The emergence of edge computing.” Computer 50.1
(2017): 30-39.

[7] Jeans, David. “Related” s Hudson Yards: Smart City or Surveillance City?.“ The
country’ s largest development has officially arrived, but so too has the debate
over Related” s plans for user data.” The Real Deal (2019).

[8] Satyanarayanan, Mahadev, et al. “The case for vm-based cloudlets in mobile
computing.” IEEE pervasive Computing 8.4 (2009): 14-23.

[9] Shi W, Cao J, Zhang Q, Li Y, Xu L. Edge computing: Vision and challenges.
IEEE internet of things journal. 2016 Jun 9;3(5):637-46.

[10] Naveen, Soumyalatha, and Manjunath R. Kounte. “Key technologies and
challenges in IoT edge computing.” 2019 Third international conference on
[-SMAC (IoT in social, mobile, analytics and cloud)(I-SMAC). IEEE, 2019.

[11] Wang X, Han Y, Wang C, Zhao Q, Chen X, Chen M. In-edge ai:

Intelligentizing mobile edge computing, caching and communication by

- 102 -



federated learning. IEEE Network. 2019 Jul 24;33(5):156-65.

[12] Li E, Zhou Z, Chen X. Edge intelligence: On-demand deep learning model
co-inference with device-edge synergy. InProceedings of the 2018 Workshop
on Mobile Edge Communications 2018 Aug 7 (pp. 31-36).

[13] Ananthanarayanan G, Bahl P, Bodik P, Chintalapudi K, Philipose M,
Ravindranath L, Sinha S. Real-time video analytics: The killer app for edge
computing. computer. 2017 Oct 3;50(10):58-67.

[14] Ha K, Chen Z, Hu W, Richter W, Pillai P, Satyanarayanan M. Towards
wearable cognitive assistance. InProceedings of the 12th annual international
conference on Mobile systems, applications, and services 2014 Jun 2 (pp.
68-81).

[15] Cao J, Xu L, Abdallah R, Shi W. EdgeOS_H: a home operating system for
internet of everything. 2017 IEEE 37th international conference on
distributed computing systems (ICDCS) 2017 Jun 5 (pp. 1756-1764). IEEE.

[16] Li L, Ota K, Dong M. Deep learning for smart industry: Efficient manufacture
inspection system with fog computing. I[EEE Transactions on Industrial
Informatics. 2018 Jun 1;14(10):4665-73.

[17] Svozil D, Kvasnicka V, Pospichal J. Introduction to multi-layer feed-forward
neural networks. Chemometrics and intelligent laboratory systems. 1997 Nov
1;39(1):43-62.

[18] Dean J, Corrado G, Monga R, Chen K, Devin M, Mao M, Ranzato MA, Senior
A, Tucker P, Yang K, Le Q. Large scale distributed deep networks. Advances
in neural information processing systems. 2012;25:1223-31.

[19] Yang Q, Liu Y, Cheng Y, Kang Y, Chen T, Yu H. Federated learning.
Synthesis Lectures on Artificial Intelligence and Machine Learning. 2019 Dec
19;13(3):1-207.

[20] McMahan, Brendan, et al. “Communication-efficient learning of deep networks
from decentralized data.” Artificial intelligence and statistics. PMLR, 2017.

[21] Warnat-Herresthal, Stefanie, et al. “Swarm Learning for decentralized and

- 103 -



confidential clinical machine learning.” Nature 594.7862 (2021): 265-270.

[22] L. Farhan, R. Kharel, O. Kaiwartya, M. Quiroz, A. E. Alissa, and M.
Abdulsalam, A Concise Review on Internet of Things (IoT) - Problems,
Challenges and Opportunities. 2018. doi: 10.1109/CSNDSP.2018.8471762.

[23] A review of Internet of Things: qualifying technologies and boundless horizon i
SpringerLink.” https://link.springer.com/article/10.1007/s40860-020-00127-w
(accessed Nov. 20, 2021).

[24] “(4) (PDF) A survey on application layer protocols for the Internet of
T h i n g S 7
https://www.researchgate.net/publication/303192188_A_survey_on_application_laye
r_protocols_for_the_Internet_of_Things (accessed Nov. 16, 2021).

[25] “Perci: Pervasive Service Interaction with the Internet of Things | IEEE
Journals & Magazine i [EEE Xplore.”
https://ieeexplore.ieee.org/document/5262929 (accessed Nov. 20, 2021).

[26] C. M. Fernandez, M. D. Rodriguez, and B. R. Mufioz, “An Edge Computing
Architecture in the Internet of Things,” 2018 IEEE 21st International
Symposium on Real-Time Distributed Computing (ISORC), 2018, doi:
10.1109/isorc.2018.00021.

[27] K. Dolui and S. K. Datta, Comparison of edge computing implementations: Fog
computing, cloudlet and mobile edge computing. 2017, p. 6. doi
10.1109/GIOTS.2017.8016213.

[28] J. Xu, B. Palanisamy, H. Ludwig, and Q. Wang, “Zenith: Utility-Aware
Resource Allocation for Edge Computing,” in 2017 IEEE International
Conference on Edge Computing (EDGE), Honolulu, HI, USA, Jun. 2017, pp. 47-
54. doi: 10.1109/IEEE.EDGE.2017.15.

[29] Y. Ai, M. Peng, and K. Zhang, “Edge computing technologies for Internet of
Things: a primer,” Digital Communications and Networks, vol. 4, no. 2, pp. 77
-86, Apr. 2018, doi: 10.1016/j.dcan.2017.07.001.

[30] “(2) (PDF) Fog Computing and the Internet of Things: A Review.”

- 104 -



https://www.researchgate.net/publication/324280213_Fog_Computing_and_the_Inter
net_of_Things_A_Review (accessed Nov. 17, 2021).

[31] F. Bonomi, R. Milito, J. Zhu, and S. Addepalli, “Fog Computing and Its Role in
the Internet of Things,” p. 3.

[32] M. Saad, “Fog Computing and Its Role in the Internet of Things: Concept,
Security and Privacy Issues,” 2018, doi: 10.5120/1JCA2018916829.

[33] R. Morabito, R. Petrolo, V. Loscri, and N. Mitton, “LEGIoT: A Lightweight
Edge Gateway for the Internet of Things,” Future Generation Computer
Systems, vol. 81, pp. 1-15, Apr. 2018, doi: 10.1016/j.future.2017.10.011.

[34] M. Villari, M. Fazio, S. Dustdar, O. Rana, and R. Ranjan, “Osmotic Computing:
A New Paradigm for Edge/Cloud Integration,” IEEE Cloud Computing, vol. 3,
no. 6, pp. 76-83, Nov. 2016, doi: 10.1109/MCC.2016.124.

[35] M. Satyanarayanan, “The Emergence of Edge Computing,” Computer, vol.
50, no. 1, pp. 30-39, Jan. 2017, doi: 10.1109/MC.2017.9.

[36] “Introduction - EdgeX Foundry Documentation.”
https://docs.edgexfoundry.org/2.1/ (accessed Nov. 20, 2021).

[37] “An Extensible Edge Computing Architecture: Definition, Requirements and
E n a b 1 e r S 7
https://www-live.dfki.de/web/forschung/projekte-publikationen/publikationen-filter/
publikation/9381 (accessed Nov. 20, 2021).

[38] E. Varga, B. Blagojevi¢, and D. Miji¢, “Composing Internet of Things
Platforms in Smart Grid,” MATEC Web of Conferences, vol. 208, 2018, doi:
10.1051/matecconf/201820802007.

[39] G. Klas, “Fog Computing and Mobile Edge Cloud Gain Momentum Open Fog
Consortium, ETSI MEC and Cloudlets,” 2015.
https://www.semanticscholar.org/paper/Fog-Computing-and-Mobile-Edge-Cloud-G
ain-Momentum-Klas/147b98a16391c658cfb2e401f340b99126971df1 (accessed Nov.
20, 2021).

[40] M. Satyanarayanan, P. Bahl, R. Caceres, and N. Davies, “The Case for

- 105 -



VM-based Cloudlets in Mobile Computing,” p. 9.

[41] A. Rasheed, P. H. J. Chong, I. W.-H. Ho, X. J. Li, and W. Liu, “An Overview
of Mobile Edge Computing: Architecture, Technology and Direction,” KSII
Transactions on Internet and Information Systems (TIIS), vol. 13, no. 10, pp.
4849-4864, 2019, doi: 10.3837/tiis.2019.10.002.

[42] “Azure 10T - Internet of Things Platform | Microsoft Azure.”
https://azure.microsoft.com/en-us/overview/iot/ (accessed Nov. 20, 2021).

[43] “Edgent Incubation Status - Apache Incubator.”
https://incubator.apache.org/projects/edgent.html (accessed Nov. 20, 2021).

[44] “CORD Platform i Central Office Rearchitected as a Datacenter | ONF,”
Open Networking Foundation. https://opennetworking.org/cord/ (accessed Nov.
20, 202D).

[45] S. K. Polu, “OAuth based Secured authentication mechanism for IoT
Applications,” p. 409, Jan. 2018.

[46] C.-H. Chen, M.-Y. Lin, and C. Liu, “Edge Computing Gateway of the
Industrial Internet of Things Using Multiple Collaborative Microcontrollers,”
IEEE Network, 2018, doi: 10.1109/MNET.2018.1700146.

[47] “Azure IoT Central I Microsoft Azure.”
https://azure.microsoft.com/en-us/services/iot-central/ (accessed Nov. 20, 2021).

[48] “CORD Archives,” Open Networking Foundation.
https://opennetworking.org/tag/cord/ (accessed Nov. 20, 2021).

[49] “Platform.”  https://www.edgexfoundry.org/software/platform/ (accessed Nov.
20, 2021).

[50] N. Dragoni et al, “Microservices: Yesterday, Today, and Tomorrow,” in
Present and Ulterior Software Engineering, M. Mazzara and B. Meyer, Eds.
Cham:  Springer International  Publishing, 2017, pp. 195-216. doi:
10.1007/978-3-319-67425-4_12.

[51] P. D. Francesco, P. Lago, and 1. Malavolta, “Migrating Towards Microservice

Architectures: An Industrial Survey,” 2018 IEEE International Conference on

- 106 -



Software Architecture (ICSA), 2018, doi: 10.1109/ICSA.2018.00012.

[52] S. Newman, Building microservices: designing fine-grained systems. 2015.
Accessed: Nov. 20, 2021. [Online]. Available:
http://public.eblib.com/choice/publicfullrecord.aspx?p=1938300

[53] C. Santana, B. de M. Alencar, and C. V. S. Prazeres, “Microservices: A
Mapping Study for Internet of Things Solutions,” 2018 IEEE 17th International
Symposium on Network Computing and Applications (NCA), 2018, doi:
10.1109/NCA.2018.8548331.

[54] F. Liu, G. Tang, Y. Li, Z. Cai, X. Zhang, and T. Zhou, “A Survey on Edge
Computing Systems and Tools,” Proc. IEEE, vol. 107, no. 8, pp. 1537-1562,
Aug. 2019, doi: 10.1109/JPROC.2019.2920341.

[55] A. Musaddiq, Y. B. Zikria, O. Hahm, H. Yu, A. Bashir, and S. Kim, “A Survey
on Resource Management in [oT Operating Systems,” I[EEE Access, 2018, doi:
10.1109/ACCESS.2018.2808324.

[56] W. Sun, H. Zhang, R. Wang, and Y. Zhang, “Reducing Offloading Latency for
Digital Twin Edge Networks in 6G,” [EEE Transactions on Vehicular
Technology, vol. 69, mno. 10, pp. 12240-12251, Oct. 2020, doi
10.1109/TVT.2020.3018817.

[571 Y. Lu, X. Huang, K. Zhang, S. Maharjan, and Y. Zhang, “Low-latency
Federated Learning and Blockchain for Edge Association in Digital Twin
empowered 6G Networks,” I[EEE Trans. Ind. Inf., vol. 17, no. 7, pp. 5098-
5107, Jul. 2021, doi: 10.1109/TI1.2020.3017668.

[58] K. Zhang, J. Cao, and Y. Zhang, “Adaptive Digital Twin and Multiagent Deep
Reinforcement Learning for Vehicular Edge Computing and Networks,” IEEE
Transactions on Industrial Informatics, vol. 18, no. 2, pp. 1405-1413, Feb. 2022,
doi: 10.1109/T11.2021.3088407.

[59] M. Savi and F. Olivadese, “Short-Term Energy Consumption Forecasting at
the Edge: A Federated Learning Approach,” IEEE Access, vol. 9, pp. 95949-
95969, 2021, doi: 10.1109/ACCESS.2021.3094089.

- 107 -



[60] S. Deng, H. Zhao, W. Fang, J. Yin, S. Dustdar, and A. Y. Zomaya, “Edge
Intelligence: The Confluence of Edge Computing and Artificial Intelligence,”
[EEE Internet of Things Journal, vol. 7, no. 8, pp. 7457-7469, Aug. 2020, doi:
10.1109/J10T.2020.2984887.

[61] S. Warnat-Herresthal et al, “Swarm Learning for decentralized and
confidential clinical machine learning,” Nature, vol. 594, no. 7862, pp. 265
270, Jun. 2021, doi: 10.1038/s41586-021-03583-3.

[62] Zhou, Zhi, et al. “Edge intelligence: Paving the last mile of artificial
intelligence with edge computing.” Proceedings of the IEEE 107.8 (2019):
1738-1762.

[63] Breiman L. Random forests. Machine learning. 2001 Oct;45(1):5-32.

[64] 0. Jiang, Zongmin, Yangming Guo, and Zhuqing Wang. “Digital twin to improve
the virtual-real integration of industrial IoT.” Journal of Industrial Information
Integration 22 (2021): 100196.

[65] 1. Lim, Kendrik Yan Hong, Pai Zheng, and Chun-Hsien Chen. “A
state-of-the-art survey of Digital Twin: techniques, engineering product
lifecycle management and business innovation perspectives.” Journal of
Intelligent Manufacturing 31.6 (2020): 1313-1337.

[66] 2. Qi, Qinglin, and Fei Tao. “A smart manufacturing service system based on
edge computing, fog computing, and cloud computing.” IEEE Access 7 (2019):
86769-86777.

[67] 3. Huang, Huiyue, et al. “Digital Twin-driven online anomaly detection for an
automation system based on edge intelligence.” Journal of Manufacturing
Systems 59 (2021): 138-150.

[68] 4. Mourtzis, Dimitris, et al. “A cloud-based approach for maintenance of
machine tools and equipment based on shop-floor monitoring.” Procedia
Cirp 41 (2016): 655-660.

[69] 5. Kammerer, Klaus, et al. “Anomaly detections for manufacturing systems

based on sensor data—insights into two challenging real-world production

- 108 -



settings.” Sensors 19.24 (2019): 5370.

[70] 6. Lu, Yuqian, et al. “Digital Twin-driven smart manufacturing: Connotation,
reference  model, applications and research  issues.” Robotics and
Computer-Integrated Manufacturing 61 (2020): 101837.

[71] 7. El Saddik, Abdulmotaleb, et al. “Dtwins: a digital twins ecosystem for health
and well-being.” IEEE COMSOC MMTC Commun. Front 14 (2019): 39-43.

[72] 8. Costanzo, Alfio, et al. “Mobile cyber physical systems for health care:
Functions, ambient ontology and e-diagnostics.” 2016 13th IEEE Annual
Consumer Communications & Networking Conference (CCNC). IEEE, 2016.

[73] 9. Martinez-Velazquez, Roberto, Rogelio Gamez, and Abdulmotaleb El Saddik.
“Cardio Twin: A Digital Twin of the human heart running on the edge.” 2019
[EEE International Symposium on Medical Measurements and Applications
(MeMeA). IEEE, 2019.

[74] Talbi, El-Ghazali. Metaheuristics: from design to implementation. Vol. 74. John
Wiley & Sons, 2009.

[75] Makhadmeh, Sharif Naser, et al. “Optimization methods for power scheduling
problems in smart home: Survey.” Renewable and Sustainable Energy
Reviews 115 (2019): 109362.

[76] Makhadmeh, Sharif Naser, et al. “Particle swarm optimization algorithm for
power scheduling problem using smart battery.” 2019 IEEE Jordan international
joint conference on electrical engineering and information technology (JEEIT).
[EEE, 2019.

[77] Ranjini, A., and B. S. E. Zoraida. “Intelligent residential energy management in
smart grid.” Indian Journal of Science and Technology 9.45 (2016).

[78] Lugo-Cordero, Hector M., et al. “Particle swarm optimization for load balancing
in green smart homes.” 2011 IEEE Congress of Evolutionary Computation
(CEC). IEEE, 2011.

[79] Zhao, Zhuang, et al. “An optimal power scheduling method for demand

response in home energy management system.” IEEE transactions on smart

- 109 -



grid 4.3 (2013): 1391-1400

[80] Nawaz, Fahad, et al. “An optimal Home energy management system based on
time of use pricing scheme in smart grid.” Int. J. Sci. Eng. Res 8 (2017):
882-894.

[81] Makhadmeh, Sharif Naser, et al. “Multi-objective power scheduling problem in
smart homes using grey wolf optimiser.“ Journal of Ambient Intelligence and
Humanized Computing 10.9 (2019): 3643-3667

[82] Huang, Yantai, Lei Wang, and Qidi Wu. “A hybrid PSO-DE algorithm for smart
home energy management.” International Conference in Swarm Intelligence.
Springer, Cham, 2014.

[83] Yi, Liu. “Study on an improved PSO algorithm and its application for solving
function problem.” Int. J. Smart Home 10.3 (2016): 51-62.

[84] Shakarami, Ali, et al. “A survey on the computation offloading approaches in
mobile edge/cloud computing environment: a stochastic-based perspective.”
Journal of Grid Computing 18.4 (2020): 639-671.

[85] Kibria, Mirza Golam, et al. “Big data analytics, machine learning, and artificial
intelligence in next-generation wireless networks.” IEEE access 6 (2018):
32328-32338.

[86] Faul, Anita C. A concise introduction to machine learning. CRC Press, 2019.

[87] He, Ying, Nan Zhao, and Hongxi Yin. “Integrated networking, caching, and
computing for connected vehicles: A deep reinforcement learning approach.”
IEEE Transactions on Vehicular Technology 67.1 (2017): 44-55.

[88] Berg, Ivan A, et al. “Machine learning in smart home control
systems-Algorithms and new opportunities.” AIP Conference Proceedings. Vol.
1906. No. 1. AIP Publishing LLC, 2017.

[89] Uddin, Md Zia, and Mi Ryang Kim. “A deep learning-based gait posture
recognition from depth information for smart home applications.” Advances in
Computer Science and Ubiquitous Computing. Springer, Singapore, 2016.

407-413.

- 110 -



[90] Liang, Tiankai, et al. “An unsupervised user behavior prediction algorithm
based on machine learning and neural network for smart home.” IEEE Access
6 (2018): 49237-49247.

[91] Salhi, Lamine, et al. “Early detection system for gas leakage and fire in smart
home using machine learning.” 2019 IEEE International Conference on
Consumer Electronics (ICCE). IEEE, 2019.

[92] Jiang, Rong, et al. “Energy-theft detection issues for advanced metering
infrastructure in smart grid.” Tsinghua Science and Technology 19.2 (2014):
105-120.

[93] Liu, Yang, Yuchen Zhou, and Shiyan Hu. “Combating coordinated pricing
cyberattack and energy theft in smart home cyber-physical systems.” IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems 37.3
(2017): 573-586.

[94] Li, Weixian, et al. “A novel smart energy theft system (SETS) for IoT-based
smart home.“ IEEE Internet of Things Journal 6.3 (2019): 5531-5539.

- 111 -



	I. 서론
	II. 관련 연구
	III. 분산 디지털 트윈 에지 컴퓨팅 환경 구축
	1. 분산 디지털 트윈을 위한 에지 컴퓨팅 가상화
	2. 분산 디지털 트윈 에지 컴퓨팅에서의 작업 관리 아키텍처 
	3. EdgeX 기반 분산 에지 컴퓨팅 환경 구축
	4. OCF IoTivity 기반 사물인터넷 환경 구축
	5. EdgeX와 OCF IoTivity 기반 디지털 트윈 에지 컴퓨팅 환경 구축 및 결과
	6. EdgeX와 OCF IoTivity 기반 디지털 트윈 에지 컴퓨팅 성능 분석

	IV. PMV 예측을 위한 개선된 스웜학습 전략
	1. 심층 신경망 선형 회귀 기반 개선된 스웜학습 전략
	2. 기존 연합/스웜 학습과 개선된 스웜학습을 이용한 PMV 예측 메커니즘
	3. 기존 연합/스웜 학습과 개선된 스웜학습 성능 비교분석

	V. PSO 알고리즘 기반 PMV 최적화 메커니즘
	1. PMV 최적화를 위한 PSO 알고리즘
	2. 스마트 홈에 PMV 최적화 메커니즘 구현
	3. 제안한 PMV 최적화 메커니즘 성능 분석

	VI. 결론
	참고문헌


<startpage>17
I. 서론 1
II. 관련 연구 7
III. 분산 디지털 트윈 에지 컴퓨팅 환경 구축 21
 1. 분산 디지털 트윈을 위한 에지 컴퓨팅 가상화 21
 2. 분산 디지털 트윈 에지 컴퓨팅에서의 작업 관리 아키텍처  31
 3. EdgeX 기반 분산 에지 컴퓨팅 환경 구축 33
 4. OCF IoTivity 기반 사물인터넷 환경 구축 34
 5. EdgeX와 OCF IoTivity 기반 디지털 트윈 에지 컴퓨팅 환경 구축 및 결과 35
 6. EdgeX와 OCF IoTivity 기반 디지털 트윈 에지 컴퓨팅 성능 분석 64
IV. PMV 예측을 위한 개선된 스웜학습 전략 66
 1. 심층 신경망 선형 회귀 기반 개선된 스웜학습 전략 66
 2. 기존 연합/스웜 학습과 개선된 스웜학습을 이용한 PMV 예측 메커니즘 70
 3. 기존 연합/스웜 학습과 개선된 스웜학습 성능 비교분석 81
V. PSO 알고리즘 기반 PMV 최적화 메커니즘 85
 1. PMV 최적화를 위한 PSO 알고리즘 85
 2. 스마트 홈에 PMV 최적화 메커니즘 구현 88
 3. 제안한 PMV 최적화 메커니즘 성능 분석 95
VI. 결론 100
참고문헌 102
</body>

