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Abstract

Autoscaling of Container-Based Virtualization towards

Heterogeneous IoT Systems

In recent years, with the development of IoT, a new paradigm called fog computing
has been payed attention to. As a background, the centralized processing method in the
server based on the conventional cloud computing is not realistic due to a large amount
of data and network congestion in the IoT system, and can not satisfy stringent latency
requirements such as real time processing. For this reason, processing on the edge
device side is currently required, but edge devices are poorer in performance than cloud
servers and it is impossible to satisfy the same requirements as centralized processing
on a standalone basis. In addition, because there are many heterogeneous properties
of devices such as lack of neccesary library, it is very difficult to build and manage a
system.

Therefore, we propose maintain stable performance by dynamically scaling the
required resource amount of Pod itself by the load ratio, realizing an increase in the
requested resource amount, and relocating to the new node when there is no resource
required for the current node.

Performance evaluation was conducted using five Raspberry Pi’s, and the average
time of resource adjustment was 7.238 sec., including changing time of the resource

amount and regeneration time of the Pod.

key words IoT, heterogeneous, scaling
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V=V Fz—VERBEL LRV, AV TFAA=VIXBFEORB~Y D1 A=V L
BT BENSLBRB. ZDZENS, VY —AWDRNED T 1 v H—T) v b, #
BN KELBRBIZONTARTI A=Y VADHEBLITEF 2V T DAY Y NHPIERFIZKE
{725%.

ZD &SI, v T FRUALII RO L IR U 72 E R AV y hE LT, AEVY,
CPU, BEUA ML —YDHMEDOWH EAFFETH D, T 2T FIENA RX—=N A FRIDHID
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bO—)L\y 7 Tt TE 5.
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2.4 kubernetes

scheduler

=

IController-manager|

2.3 Kubernetes D7 —FT5F 7 F ¥

2.4 kubernetes

Kubernetes & &, Google #2308 L7727 7V r—YarvaysF+orFr7uA, Ar—1
VIRAVAVINEIGIA—T VI =AY T NI 2T THD. SEIEFRAVITANT
JFXICOEERHWUEARANDI FARMT, 77V r—YavavsrForsaf, A
=)V F RAVA VN EHEIT SO T I T A —L UTRETEZ 2 HW

& L TW5. Kubernetes D&% X 4.1 IZ/RT.

Kubernetes (&7 7V r—>a>voF a4, A7—V V7, XXV AV NEFTI2HD A

N=ALEFOTRMET E72D1Z, HEOERABEZEZEHZE LTS, M41DT7—F577
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2.5 JYRAYDAVE—FT K

Kubernetes TIEHl#HI 7L —> DY R—3 > h % Master EFEFATWA. ZHhix/ — K
W UTO IAREBRDY AT LR EE OO, EHEANDEE LRIV X7 ML
THEBEL T\ 5. Master I3 — R OEHBOT Y VIZHBRTH I TEL. ZOaAVFE—*%
VEREEITLUTWEY —N—ZIE 7 I AXDEEEMEZEHL, AT LKL EET 57
DIZFHEINDE N DPDYF —EARH 5.

scheduler

APl server
Controller-manager

X 2.4 <AXOEEN

2.5.1 APIH—N

API #—NiZa—¥»% < ® Kubernetes ®'7 —2 10— K L {I A TR TE 5 L 512
T 272027 7 ARXEEROEBEZEIHARA Y MZRoTWS, £/ eted DIFHE S &I2T 7
OAINZAYTFeY—VCRADFHEMIE B L TVWENE D P 2HERT A MABR>TW
5. 77 ARRRDEHREEZHMR L, HRkE a~v Y FORKRETS oDarR—3 v
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FEZTV w2 UTHRET 5. APIL Y — N Restful 1 Y X 72— A2 FELTWBE7ZH,

B2 =V T74 750 L HMENELTH 5.

2.5.2 etcd

eted 3B R Key Value Store (KVS) T#H 5. Kubernetes Tl&, 7 7 AXNDK

J— RWPERT AT — 22 BINT2720IBHTE. 2T —EAT 1 ANV
HHTES E £33V R—2 YV MIEHGERBERE LOHMKT 27201289527 7 220K
BEREOZ N TE S, HifliZe HTTP/JSON APLIZ & - T, & HE X/ IXHET 57280
DEBA VR =T 2 ADRPEINT VWS, SAXHADIFLALED Y R—32 > M eted A
BRICHE—D AR Y =N RIS T2 2 e b EBOT Y VIZpiT s ETE S,

2.5.3 scheduler

scheduler 3RV ¥ — SGEQR RO Y2 EHR/ L2V —27 00— NEFOKETDH D, WH
P, NI A= VA, BIUOBRRIIKRERHELGRA5. AT7Va—J1% ZOEAENRY
Y — A Y — CAREEME, A= R 27V 7 b 2T R Y=, BB X O
WD ERE, T — & /A, V—2u— R T8, HRRE 2 ZEE T 50ERDH 5.

2.5.4 controller-manager

EHEDORHEDO-DIZTNETADI Y o —F—D 70t AFNEHINTE D, TR
THR1LDDONAFVIZAVRANEN, 1 DO TAXATEFINTWVWS., ZhsDa
> b B —7 —1& Node Controller, ReplicationController, EndpointsController, Service

AccountToken Controllers & A TW5. /J — R KBX 7V UG L TnS 217725,

e Node Controller
J—FRarvhua—JiF/ —FIZCIDR EH 4T, NER/ — F U X b OIREEES, / — K

REDEM 21T 5.
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e ReplicationController
VATFLADTRTOLV IV r—yarvaryhag—54 7Yz MZXUTIEL WD
Ry FeifRid 5.

e EndpointsController
Endpoints 7 7Y 7 b2EKTHILI2&>T, Y=LKy K2HEETS.

e Service Account & Token Controller

FHUWLIZEMOREDT I N API T 7 A =2 VAREHRT 5.

26 J—RYy—n\pavErE—zxv

Kubernetes Tl&, V—2 10— N2FE{T79 5% —N% Node] 8L [Worker] &FEIEH
%. Node l& Master IV R—2 > M Dilifs, IV TFDxy N7 —F v O, 8L
ZTNHIZE DB TONZEROY — 70— ROFEITITHEREM 2D,

e | [rboron

2.5 /— NOWZEX
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2.6.1 kubelet

kubelet 1327 7 AZNDZENZTND /) — FTHEIELTED, Thida T+ 5 Pod N TH
FEINTVWENEMERTHEY2a—)LThb. kubelet I¥, TEIEFRAN=ZALIZELST
PRALI NS —3H D Pod OREZEEL, T 5D Pod DREIZFBRINT WS IV T F A
EiihThsr e, BIOEELRRETHL I L2 RFET 5.

2.6.2 kube-proxy

kube-proxy 1ZHF A N ETCEM T AT —T 1 VI DFETL Ry NT =270V —)VOEH %17
5 Z &IZ& 5T, kubernetes ¥ —C2ADHIGILZETS> B DTHS. kube-proy 4%/ — K
ETEITINTVS. ZhiE, %/ — FO kubernetes ® API TEHZINTWAHY—L A%
KL, HiffiZe TCP/UDP A M) —ADHEE Ny 7 LY FTOIMEEFITTEDH LD
HoTWb, Y=V RAIFTAZXDIP 7 RLVALKR— I FSFI, VY—ELATOFUIZEoT
NI Nz, K— MEED O DEREEZT®H 5 Docker-link-compatible 12 & > THiH X
NnNad., N6 7 AXIPIZRUTI I AXDNS 284564 7Y aF V7 RAVEH
5. TRFVEHRETD72DIT1E API server 25 AP ZH L CTH —E A2 EE T 5 M E
NHb.

2.6.3 DNS

kubernetes DNS (&2 5 A & |- T DNS @ Pod & Service # A7 Y a—)LL, fiixDav
THIZDNS Y —CADIP 7 FLAZMHL TR A A V12— LR ZE1T72 D & 512 kubelet
HAETSH. DNS HHEZED, 7T AXHNDTARTOF —E R RAA 23— LHvE DY
Toh, T7HNITE, 27472 O DNSKEY Z M, Pod [EHO4RZEME 27
FARDT T ANV RALYBREENT WS, #ilk LT, namespace” bar ” D Service ”
Foo” 7% % £ LT, namespace” quux ’ %*© namespace ~ bar ” WD Service ” foo” 127

X ALTWEE, DNS D2 ) i3 foo.bar” & 742 5.
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Namespace : bar

Namespace : quux
Query is “foo.bar

2.6 kube-dns 27 =V 4

7z, kubernetes I3¥ A 70V —EAT—F T F ¥y E2REHALTWVWED, F£HF—L A
IZHH T 720D IP T RV AR K- MESET 7 ATHED LS ITHBT 5 WS/
DD D, ZOMERMBRT LZMAEMAL LT AT+ AANY DAMARHD-TE
H, DNS OBEEZFIH U CTEHL TWA. #le LT, K2.7 D& 512, myapi &\ ZETD
Service THNIE, FUHHETZEMTHNIL http: //myapi &5 URL T Service IZ7 7 ¥
ATBHIENTES. X2.7, 28 DLSIZT A MNHOARIEME 70X 7 NHOLRTZER &
Wo 7z k512, BOZFTZERTEI/EL TWa Pod ThHhNIE, [H U Service 4 TH-THT 2
BATHIENAETH 5720, HBOBRBEOHMENETRHIIREL Vo722 Y hddH 5.
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Pod Service

http://myapi

Pod

Namespace : test

2.7 test ZEEIZBIFET 7L

Pod Service

http://myapi

Pod

Namespace : product

2.8 product ZEEIZBITET I A
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{ —

Docker Engine

containerd

application

application

X 2.9 rkt & docker ® 7ut A€ F I
2.6.4 container runtime

Kubernets TD / — ROH ML A VY —iZida v Froghs K tEILE2T25 Y 7 b
TITHHY, INEAVTF IR LLIER, 2018 FHRERDIER LTI AV T T
7 v & A Lk Docker TH B, HHNIZADLDE THRERIAVTFI VXA LEZERTLI L
MTEDLLDITH>T WS, Kubernetes TIFELDAVTF I VXA LIEBHIIT 7 &
ATED L5282 2P TE% CRI (Container Runtime Interface) ZfiZCTH b, H
AUNAINELTIED BB, A3V TF IV B LEfHTEIEDAREL R TE
D, Docker ZFHHWAHGH XD BMDI L TFH IV RA LEAVEGEPRWT — A F1E
3 5. kubernetes (XHI/E, Docker & rtkt D 2 DD T VXA L% Y KR—bMLTW5. Docker
1kt DL RAETNVOENEK 2.9 IZRT.

Docker 7—E V33 V7 F BAEOEFIXNIE %2 17HF, containerd 23K D IZALEE L T
B, APIRUOHLIZE>TrunC Z2HWT I YT+ 2457 5. rkt i& Docker 12X LT

— 23 —



26 /J—FK¥—nRoarvirR—xv >

init 7 —EVFEERET, 74TV MA o3y TF2EERET 5720, systemd,

upstart 72 & D init ¥ AT L& BN D 5.

Pod

Kubernets TOEARKZ AT Y a—1) v 7B TPod]l &FEENS. ThidarTr4k
INZAVE—F Y MIEWHSN 2282208 TES. VT FAKRMEA MZHED
LTonNdZ eidm, RoDIZEBIZEELZ Pod NELHoNd I LIZ4%. Pod i3,
—IZE—D [7 TV r—vay] EUTHIEINERE 1D, £ 3EHOa Y THER
LTWa.

ZOMEMITIZED, HETEZTRTCOIVTFFRREUASAN ETATFYVa—LaInsg.
zholda=y b ULTEHI N, BELZ2LEGLTED, FIZAIEH 210 DESITRY a—L4
EIP EMZLELTCWED, B—DT7 7V r—varve L TT TaA BLXUOART— LT
5ZLPTED.

# 21X Wordpress 7 7V r— a Y OEETH UL, nginX & MySQL, Wordpress @ 3
Y7+ M Pod & LTHbNS.

Volume

2.10 Pod

D Pod DEHEL LT, Y= T2 AT 7 A NVERENDHERT 71 Vir S ERT
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B2 ENHEET, ERIFCY Y —ADMHEEIRET SN TES. CPU VY —A0Dff
FHEIZ 1% Request & Limit @ 2 2292 Z 2 HTE, Request 1213 Pod 23 TE %
RIEDOV Y —AfHifHE (Rifg) 2EET5Z M TE, Limit (I3fFHHTE 5 RFMER 5
ET S, VY —ADHIRZ2F77 5 Z & T, M Pod DI Z EEETS, VY —ADEEZ<
ZLINTEB.

Service

Kubernetes ETORAN LT — RANT U MDY FFDT NS X —& L THERE
5=y k& LT [Service] WEZEINTWD. Service IX[F UREZ EiT L CTH—~DT
T4 T4 UTERT SN Pod 2 2 OTI/N—T{T5. ZHIZLD, TRTD
Ny 2TV ROAYTFERBBLTVWAY—L A=y M 2EE&EL T, Service B3> 5 F
WX LUThNI 74y 2280 Y THRTIENTES. MET TV r—Yavik, B—07 7%
ARA Y MZODOWTDALE T BERBRERDEN, AT —F T NViaNNy Ty NERIX BE
IR TAT Y FT7 I R TEBINY IV RORE.RZIT5. Yy —EADIP 7 F L AL
ELUZEET, /— R KDPHEBL7ZY Pod WEAT Y 2a—LINZH LTHEPodDIP 7 R L
ADEFIFMWELEINE. Y=V ARZKAVTFIN—=TADA VR T2 —ATHbH, 2—Y
T —DT 72 AL UM EEBETE2HERN V. Y- RAEZEMTEILIL-T, R
BoMEm LI, aVvT PG EfFRMT S LN TES.

Replication Controller

Kubernetes (21 Pod ® L 7'V A & £ UfRi 9 5 [Replication Controller] DHEREAS

H5.

Pod %% 9 £ 5454, ReplicationController |2 & - CTEI X 1172 Pod DT H 74 bh,
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2.11 Service

2.12 replication cotroller

DT EBLGEIERIC S & 512 Pod OAESEATTRbINE. FEITIERS 17z Pod &
720, Pod KM, HIBR, M TREICEoTHAT 2L HBIZHERI NS, il LT
N=FNDT Y TTV—=RRBREDT A AT TT 14 TRITAEDETH>TH /) — N ETHERK
IND. ZOBREIZE T, HED Pod ¥H LIHWL TH FOHELTH WL 7Y A E
T Pod "EAEK I Node (I2F 7041 &bz, 7 7) r—ya voREEPEEZATY
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TF% 1DHIBRL, L7V 2 EEED [19).
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2.12 @ & 5 12 ReplicationCotroller {ZXf U T app=nginx ® 7 N)L & £fD Pod IZ
Desired count ¥ LT, 2252 % % 2 DD Pod &K S 1, W 2 DD Pod 25#EE) L T
WAHIRREL 72 5.

2.7 Kubernetes l[cBITBZRT—Y V5

Kubernetes (2817 %5 27— ¥ 7% Horizontal Pod Autoscaler & X415 Pod D A
T HANEET S, Ik —FEEHL, TD CPUHARIZEIWT/ —FD
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2 ODIEK 214 D K DI N— R D =2 T &2 A 72/ — R TOMIEA B Pod A3
WD/ —RNIZBERINBGETHS. GPU L&D (CPUIIXULT) FiELN—FYx
TERMA T2V TOMENTRbD Z & 2 fF L7254, kubernetes TIZE DR %
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2.8 &

il
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Heapster

TARBIOEK ) —RDEZXY V2 %75 Pod TH 5. £7-Pod ZELDE=Z Y ¥
FIBHEEIUTH Y, CPU ALY X E Y HHRE L DA N 2 2 % & M I
LT, F— R R—ZAAERFERT> TV, CPU IR % BT 242, APT Server i

T Heapster ~& Curl 2/ HWCT7 27 A§5Z & &L, CPU KOG %24T>.

ConfigChanger

Heapster 2* 54/ — K@ CPU fiHE 2 € IIZHR L, A DEW/ — FD Pod @
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Ths.
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/services/heapster/api/vl/model/nodes/$NODE_NAME/metrics/cpuinfo
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ABETIHEELUZAT = v 7 HADOFM % 17 5 72912, Raspberry Pi 5 5%\ T
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ANTOY =T AREORSEE L U T AR 2525 Z 212 & > TEEREOMERZEL 2 EH
5. F7o, FHli7 7V r—a & UTIE Web % —/V% Pod & UTRLEZH, Web H—
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RS 5.

4.3 FMRE
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4.3 FHHERE

Docker

proxy

_FBERK J—=

Docker

4.1 FHHT A Ry R
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API server

Scheduler
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® Droxy

kubelet
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e Docker
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4.3 FHHERE

e flannel
® proxy

e kubelet

#*4.1 (S OMEEE

CPU ARM Cortex-A53

A€ 1 GByte

sy b7 —2 | 1000Mbps

IR DC 5V

0OS HypriotOS
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4.4 PR

LM 23 % Pod @ Manifest 1 XA FTH 3.

kind: ReplicationController
metadata:
name: nginx
spec:
replicas: 2
selector:
app: nginx
template:
metadata:
name: nginx
labels:
app: nginx
spec:
containers:
- name: nginx
image: nginx

resources:

requests:
cpu: "250m"
limits:
cpu: "500m"
ports:

- containerPort: 80

4.4 FHEFER
FLAMAS R 2 R 4.2 1ZRT.

#* 4.2 EATHH

real time | user time | system time

7.238 5.2583 0.5324

FAWEEINAREREEN 42, 43 SRT. TA NNy RI2B13 5, REOKR, Bk,
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4.5 HH

Limits:
cpu: 5068m

Requests:
cpu:

4.2 A=V v IHIOIREE

Limits:
cpu: 1

Requests:
cpu: 5868m

M 4.3 A7r—V v BolRE

Y= 7z A MDHELER, Pod DFAERD—HD T H L AIZE T B EFERRIZ 7.238 B &
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KIFETIEAZ ) T R— A TOBBEREEIZR>TWEED, 21T+« TEHTOFEES:
7528 IE > TZDOMENHRESND L EXT WS, AT, Pod 2HIRT 2D TIE%L,

)Y — ZADME % kubernetes ERSEBEMUTWL &5 2 MAZREAT S Z R TE NI,
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4.6 #3
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IOV TI7 47 AV a—T 14 VIIEEPEESTETWS. TOHHE LT, fE
KD I RAVa—T 4 LB —N"TOEFLIE LRI, SHD 0T Y AT LT
FRETDHREDT—XP1y b7 —2 OlFEEEZE L TS N TV 72 D B LM T I3
WZ EeRHIFoND. DEICIk IoT iIZEmI N T WAL > 2B HEE DT N1 A0EH 2 T
TP N MU EDT—REAEKLTED, 2020 4£F TIZ 500 EE< D €] A V&R —
Iy MIERHRIND L VWbNTE D BRREBIESBE L 25, £720 TIVEA LR Y
DLWV A Ty BERE T ZENTERY. TUIH LTI A7 ava—T1 VS

— 40 —



i, Db F Uy EEEBESR LYV MRy Ra—-Y Y- RREHTLE L
TAVITIANI I F Yy DREEFEODLIIEEZHEBETH LRI XA LEZLINT VWSO
TH5 B 2Dk, WS, Ty JUITORMDIHEIKRD SNT WD,

UL UARDS, 0T REIZAVWSNE T Y VTN ATHIMAAT AT LR ENZT T
RIREIZHWS NS T — N TR 2 LRI EREL S > TE D, VY — ADHIFIA L L
WZ ER—BIIZHI SN T WD, Dn) Y — AR GG T 5 72038 RN 7 7
J—2avOlgE, VAT = a v EnROoNT WS, LErLARLVS, T/N1 A
DANTOY =T AWITHINA T, EZR EDIBEREEIZ X > T CPU OMEXEL I NS 720,
BHELTWABNT 4 = VAR I N WA DRH B, 72, Ty VT NNAZATHWS
NBHAABEER TIEATR L2 Y — 2GR OBIRN S, &7 7V 5 — a VML %2 56X T
EBLDI, VY —ADMRETD ZEDVEHETHS. TDRD, PRINLAMIIHLTL
RV —AREZRMESZ LT, AMICHIGTES L5175, ULrLABES VE[MVIET
ETCLES> L, E—=JHRDUAMTIEFAL TRV Y —ZARKREIZHEELTLEF V2RO
HERE UTHENZ <RoTULEDS. U Lahs, RES DIEgENPDRT E5GE, &
NEMBEVAMZBEITLES , ZOMY AT LAIFWLBEIB WO N T ER I N RN T
DIHDHFED SR VATHEMERAE U B, FEREUTH—EALVRLVOETE2FL L L5,
Pod 07 7V r—>a vhnEe$59Y — A& %2{EHT 5720121%, Pod KOV Y —
EEBRICELSE, E—FRICEBRERY Y —ARZMRIE S I L TRESRULHEE I
ERNETED LT HMHEMARBETH S.

ayFFRERE R WAHHE LT, "= Rz T VY =A%V 7 NI TS DT
EHRZLITMAT, X" T —IIN=Y 7 b0z T72EEDON— RNV 277 —FT7F ¥
ETCEGTEHIENTES. v T FRUAELIEZ N A N =N BRI A(RIZ R L T, A
WYY — 2B, JERICE RN A VAR A LR E DR ELRH B, AT, I T FIE
RIS Vi EDIRFEA A=V XD ENSI WD, K0 EWT TV r—rarvs iUy —v
ADEDYTEAGRL LTS, 2056 &0, 0T BLUO 747 a0 Ea—T1 0 7IZBW

THEIZANTHEIENEZS.

— 41 —



A TIEZ D& S Bk & UTar 7 A8 L2 F\Wz Kubernetes[8] TD AT — 1)
VIRAERREL, AT OV TARBRETD [0T VAT AIIBWVWT, £4DT Y VT NA
AT TVIr—a vOAMIZELETHMIZ) Y —ADMHHEZ2EHFL, ATHY=T A
IoT Y AT L 2RO Az m LIE2 I L 2RE L.

ubernetes 1& Google #£2SBAF L7z, 7 SV r—yavarvsFoFrraq, Ar—1) v,
RAVAVINEIGIA—T VI =AY T V2T THD. SEIEBRAVITANIIF ¥
OB UERAND I IARMT, 7V r—yavavsytror7uA, A=
VI RATVAV N EHEMETS720DT Iy b T — L UTRMETEIEEZHNE LT
W5, Sllday 7 R L E W T W5 kubernetes Z W TAT B Y =T X ToT ¥ A
T LD EIT R o 7.

REFETIE, Pod DE=X Y V72 HERTR->TED, 100ms T&IZA MY 2L LT
CPU iR ZMET 5. ZOMRE 1 FTLIZT —XR—AZEHZLTWS. CPU %
D I0%NEL BT 72 5 7255512 Pod OFAEKZT2S 22 L, fHiZ2f5c EREIELZ L
L7z,

Z DfEHR X LT Raspberry Pi 5 &% fHI\WT kubernetes 7 7 A X # L L, AT0 V=7
AT Y AT LDTHNRATDT ARy REREE LML 72, Pod BB L T5Y Y —
Z D Request Z Pod @ CPU {#H*RIZH U T LT, Request A FEFEEZD Pod 34
RENDZ L ZMHER L. T A MRy NIZE 5, (REOKA, HIFR, ~=7 = X b DFARK,

Pod OFERDO—ED 70X 2I2E 1T 2 FHEHIZ 7.238 B & e o7z,

— 42 —



5

ARFRIZHNT, HEHE L U THE P SBYI TEIZTHREL T2 o A HEEEIZ
DEOHE#EL BT ET. ZRRRPSBMEEICARD, BLTHE S A HIREICEE
SETCVWAEETTHECH VBB VET. EL 1 F£ORIZIZ, PDPTA TOXIERD
Bz, BIELWIZHEO ST, HEZDoTHRHNICDEH > T W E F Lz FERICH
URZBRWREFS L [FRHIZ, B OKGEIZS I 2 HEEDOEIREEIX® 71 7« YV IR DO RUN
FER DT, SHBOESOEERDOM EEZBETROVERITAD LA BERMEI
LREFIIODWTHIN THEEZ WAL E, HEIIN L TORBEEHETIRVERTL .
O THEHANTLEWVWD Z LT, HORD DT KNS A0 6, HMTORMRETLTLEZX
D, REBMEHZRD £ U7,

IR T, KRFERICEZLTHS, WAWA L HBETRITEAH Y - 72128 5
boT, THHWERETEZZEEFEICZDDRZSECTVWET. HLUWIIET — v DRED,
Bk Y BODOWEEZED D IZH7z>T, FHRAEHMIHEOLST, 7 RS Z 2R L
WD LT LENEEA.

72, FEROFRERXNORIEZBL EZITIHE, IS EARXOEIEEZ BRI &%
Tz, FEEAHESER, IR AR HEBIR IR O AR L 7. T — Y E2EAEL
ZIZEPPDST, EKFELTHED VNS TS VWELE

WMHERETORME LT, HIZA26 THOZEW, HashBiK, BHEAEK, (CEE
ZUET. RiclaKiZlE, 201 ERPOBZEBMERITRD E U BRI, 2ED720
CREZRBHEZBEBELTES T, MEEKLLKOVTERKEZ L TW R I 2it&->TA
DELHXEEL LN TETVWILE-STHMETIED D FHA. BHEKIZIK, HIEED
FAFEEZRELUTIT R TWEEE, RYIZHO NS TIVE L. FRIVPLERE LS50 H
BAEETHEREMINIZLTLZI Y, IEZETOEELRHBIZIT A 72O EHKDO BT TT.

F, HRETOREL LT, HEPS TN ETHES XL, BL 1 FOKEKDPAK,

— 43 —



Eif

HEERK, BEMEK, ¥4 4 FOERK, BIFEKFR, MK, SRR,
FIHSR, P4 3 O REINK, MEEKRK, REEAK, MHTHEK, SIHEEKC
BN UET. BTADSROITEEZIMGLTED 9

BBIZIEZRD LD, BHEHEXA T ES ok, BEERLIERICLOL LA L LT

£9.

— 44 —



22 3 H

[1] https://mono-wireless.com/jp/tech/Internet_of _Things.html, "ToT & 17 |

2]

3]

4]

[10]

[11]

IoT : Internet of Things (€ ./ DA Y X —3v ) OFEIEK,” 2018 42 H 1 H.
https://enterprisezine.jp/article/detail/9917, “2017 £ D IoT i I
4,850 &M, 2020 4£i121F 1 Jk 3,800 fEHAN & SPLR——ITR FH#l, ” 2018 42 H 2 H.
https://www.asahi.com/articles/ASKBWACQ4KBWPPTB0O8.html,” I o T T & kn
FRSFY  ZEFEE - MRS, =ETT 7, 2018 £ 1 H 30 H.
https://www.cisco.com/c/dam/en_us/solutions/trends/iot/docs/
computing-overview.pdf, "Fog Computing and the Internet of Things: Extend
the Cloud to Where the Things Are,” 2018 4£ 1 H 30 H.

H. Chang, A. Hari, S. Mukherjee, T. V. Lakshman, ”Bringing the cloud to the
edge”, Proc. IEEE Conf. Comput. Commun. Workshops (INFOCOM WKSHPS),
pp- 346-351, May 2014.

Maarten Botterman. Internet of things: an early reality of the future internet.In
Workshop Report, European Commission Information Society and Media, 2009.
Bruzual Balzan, Daniel, “Distributed Computing Framework Based on Software
Containers for Heterogeneous Embedded Devices,” Service Design and Engineering,
Aalto University, October 2017.

Google. Inc, “Kuberntes,” https://kubernetes.io, December 2017.

Asad Javed, “Container-based IoT Sensor Node on Raspberry Pi and the Kuber-
netes Cluster Framework,” ICT Innovation, Aalt University, June 2016.

M iz, HET FK, “a > 7 F R LER BT A & BT Pl A 7 A [Tetris) DRHFE,”
55 78 (B4 E K& FEER SCE, vol.1, pp. 11-12. May 2016.

Maarten Botterman. Internet of things: an early reality of the future internet.In

— 45 —



275 SCHR

[13]

[15]

[16]

[17]

[18]

[19]

Workshop Report, European Commission Information Society and Media, 2009.
Daniele Miorandi, Sabrina Sicari, Francesco De Pellegrini, and Imrich Chlamtac,
”Internet of things: Vision, applications and research challenges,” Ad Hoc Net-
works, pp. 1497-1516, 2012.

Mario Di Francesco, Na Li, Long Cheng, Mayank Raj, and Sajal K Das. ” A frame-
work for multimodal sensing in heterogeneous and multimedia wireless sensor net-
works,” In World of Wireless, Mobile and Multimedia Networks, IEEE Interna-
tional Symposium, pp. 1-3. 2011.

P. Levis, S. Madden, J. Polastre, R. Szewczyk, K. Whitehouse, A. Woo, D. Gay,
J. Hill, M. Welsh, E. Brewer, and D. Culler, "TinyOS: An Operating System for
Sensor Networks,” pp. 115-148. Springer Berlin Heidelberg, Berlin, Heidelberg,
2005.

Adam Dunkels, Bjorn Gronvall, and Thiemo Voigt, ”Contiki - a lightweight and
flexible operating system for tiny networked sensors,” In Proceedings of the 29th
Annual IEEE International Conference on Local Computer Networks, LCN 04, pp.
455-462, Washington, DC, USA, IEEE Computer Society, 2004.
http://www.vsolution.jp/vmware/virtualization_guide/01/, ” {RA8{k & 1 {r]
7, 2018 4E 2 H 2 H.
http://www.kernelthread.com/publications/virtualization/, “An Intro-
duction to Virtualization, ”2018 4£ 1 H 30 H.
https://www.digitalocean.com/community/tutorials/
an-introduction-to-kubernetes, “Large-scale cluster management at Google
with Borg,” 2018 4 1 A 31 H.
https://static.googleusercontent.com/media/research.google.com/ja/
/pubs/archive/43438.pdf, “Large-scale cluster management at Google with

Borg, 7 2018 4£ 1 H 30 H.

— 46 —



275 SCHR

[20] https://mono-wireless.com/jp/tech/Internet_of_Things.html, "ToT & 17 |

IoT : Internet of Things (£/ DA X —%xv k) DK 2018 42 A 2 H.

— 47 —



