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A proposal for adopting environmental adaptation of IoT terminals
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Abstract We proposed the concept of environment-adaptive software, which automatically converts and config-
ures software code written for normal CPUs in order to operate appropriately where it is deployed. This paper
proposes a method for automatically building IoT services from user-specified processing logic and IoT data, aiming
at incorporating IoT devices with few resources into environmental adaptation. On the basis of the user’s selection of
basic services, the proposed method discovers common functions required for services using function block detection
technology, combines them with user-specified processing logic, and configures processing in the IoT PF and IoT
GW to build a service. The effectiveness of the proposal is shown by comparing the numbers of lines written when
building a service manually and building a service using the proposed method.
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L& PREVVBBELRD, RFEOY 7+ = 7HMEICL 5T

Al (Artificial Intelligence) Db HD, a7 o CPU
(Central Processing Unit) 721} T% <, w1927 CPU, GPU
(Graphics Processing Unit), FPGA (Field Programmable
Gate Array) FEDANTRI =T RABRN=FD 2 7H, Z2{ D7
TV r—yaiZHVWLNS K512/ 5T, Microsoft 1t
13 FPGA OMRFHFOM D MA%Z LT3 L [1], Amazon
ik, 77 v MR X [2]-[7), FPGA % GPU 4
VARV AERBELTNS 8. 2, ATRY=ZT AN
P72 LT, 7785V —&7213Ti%< loT #&EFEDADY
V—=ZADFNA ZSFAPEZTWS ([9]-[19] ).

L2L, NTaY=2F7 A= R 27 BHRILFHT

1%, BEpvE. < F a7 CPU TlE OpenMP (Open Multi-
Processing) [20], GPU Ti& CUDA (Compute Unified Device
Architecture) [21], FPGA TlX OpenCL (Open Computing
Language) [22], ToT #88TiZ7 > 7V % IoT PF OXli
MBI 5T B2 2MNENW.
ANTBIZFRABN=F 27 %2 XDEH LTV DI,
EERIFRER 2R VETEOY 7 by 2 TEE TS, T
ERARCEHTELLS51CT D277y b7+ —LHRELE
5. FEiE»R a7 CPU kAo v Y v 7 TUMZ LR
LY 7 bw 7%, 7HLTC, AT 255 (GPU, FPGA,
IoT #485%) hbE T, WUNCEH, BREZITV, REICHE
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JGU-EER XE 2%, 77y b7 4 —LDHBITITS Z
EWSHRDENTNL.

Z2T, W, —EIRRLAETYSsa— e, EELR
5i®D GPU % FPGA %2 fIHTE 2 X512, £, VYV —2R
B, BEREZBETTY, BEsE s, BIEESY 7 b
V7 Darvel ERBELTWS. AbET, REHEEY 7
P27 DERE LT, a—NL—TXNOERET vy 7 %,
GPU, FPGA KXH#A 70— F 52 5NEREL L T L
TW3 [23]-[27]. LA L, ZHF TOFADREGESMRAF R
ik, ~Fa7 CPU, GPU, FPGAD7 27+t 5L —&Xk L
THRAT A2 A=Y 27 DL 70— FEIFT, IoT %D
DY Y= 2D TANL ZAEKEBETTH o 72. GPU R FPGA OF|
B R AR E 2 DX R EHFEED, ToT Hde® v
72 IoT H—E ZOWE D BIEZ DGR BE RO DBBIRT
H5.

DY REREZ, AR, IoT s 2 BREEIGICHAA
DHEEPAEL, 2V ORETZUErY v 75, [oT H—F
2% BT T 2 AR T 5. BEAKE, 2—F ok
AP — P RBERICEDE, — P RICHERILENSRE Y 2 —
PFREDUEr Y v 7 ZilAaEDHE, 10T PF & IoT GW IZ/L
HERET I TH—Ex{td3. BEAAT, T HHz
BUSHEISICHAAA, F—L 2L TE2 2%, ERERR
DY IV TV r—a Y OEHIMEREEL THREST 2. F
BTV — L ABEROERITHRE, BEHRXNTOV— L 2H
R OERITE R LS 5 2 2 T, HEOEEZRT.

2. BIEH M

2.1 HHE

GPU Z—&MEIEIZH W5 GPGPU (General Purpose
GPU) 28] 3B b, ZDEHIIC NVIDIA 1% CUDA %2t LT
W3. FPGA, GPUEATOY =7 2N N— KV 7 2@
AN S Ak 2 LT OpenCL 3% %. OpenCL % CUDA &,
SRR LT, A= LIS FPGA Fr KX
b2 FEEN S CPU OO X £V IBROBITR E E2iR T 223,
N—=RY 2 7HFBEIDLE L 725, OpenCL % CUDA ZHf##EL
TVWELTH, BB GPUEEHVWLZENTEL LSCT S
720, T4 L2754 7T GPUMHERITH>T2IEE LT, T4
L2 T4 TIEDNWTay 1 I, GPUFEDONALFU T 74
NEVERT 2D #ADH 5. OpenMP % OpenACC [29]
DHFRDS, ZNEMBIREITT 5 gee  PGI[30] FDOa v 4 5
NH5.
ANTAI=TABN= Ry 2 7 2MAIFTETS, MREdeE
WBABTROODPEIRTH 5. Intel 2284 F [31] FiF, i
LRI REI L — TR Bolr, RO a2 7IUEEZ{ThETW»
5. 2L, 7—Xavr—Fickb, BZWFTcL— e
LTHHRIHIE LRV EHZ V. wLF a7 CPU THL,
GPU % FPGA DOFRIZXE Y $ Rig 3720 & h T, Mk
#121% OpenCL % CUDA ZER{f L FEF 2 —= > 7 DE
7%, ZOWT, L—FXDGPU A 7r—FKE LT, L—
IO GPU ILIREFRR T BEb 3 2 M lAa e LT, FE

1-2. Analyze application code Application B N
2. Extract offloadable area and ‘ mr):ode 1-1. Specify application code
output intermediate file
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Environment
3. Deploy execution files and Adaptation
Measure performance to function

search appropriate patterns A Test case DB

VAN B
(EX"SLT)?\E;‘HEL) 4. Determine resource sizes

6-2. Extract test cases and
Run to verify behaviors

|« Facility resource DB

Verification environment

[cpy v [reca [ iorow

6-1. Deploy final files to
roduction environment

s = )

T
- . 6-3. Provide price and 7
Production environment [ performance to a user to judge
T user

X1 BE#ELY 7 Y7 02k

HELFHETETH 2B 7 L) X4 (GA) [32) Z VW
A7u—FEZHRELTVS

GPUR FPGAZED7 7t 5L —&XThHL, XEVHEDY
V— 2B IR VIHRNZ N IoT $— L Rd, AT aI=7 AR
N—=KY =7 OFHTHZ. IoT BT 2IEHEY LT, M2M
77 v b7 % — 21D oneM2M [33] BIEEHELINT VWS, 10T
tUHEEIFO e bary LT, HTTP X h&EEAZ MQTT
(Message Queuing Telemetry Transport) [34] DR XN T
W3, IoT ¥—ERIZTY, B, i, ~VLRA77ETELD
P —E2APERINTELED, 0T oty 77—
&% 10T GW TEHLTMQTT ® HTTP %070 kaiLT
229 RIZED, 7 A& RFEOHENUEIE Y 5 Y F
LD 10T PF 70, BELRT —XINTEONELME 71 7
Z 1% 10T PF ORETIT T, ZORREBEFLED 12—
FIZZ 5T ROV —NTERRTBENZ L.

IoT PF & LT, KFZ 77 FFEHED Amazon X Microsoft
A, AWS IoT % Azure 10T [35] ¥ D 10T PF %2 57 FOf}
MY —E R LTIRELTED, 7777 P REZ VX —RIZ
WL oTW5. HARENTIX, SORACOM 2L Tw3
IoT PF %, #ifE*x v V7 THENIT 2 I2=r—>arxR
73 Enterprise Cloud _Ei2> 27 AR LT, IoT PF #RE% 12
MELTVS. IoT GW & LTI, ZL DLV E2EHL, Z
IO AV TT—XEI 5T RISEET 2 Z e AR EREE
T, Intel ££D IoT GW 7 v b~—2 772 / #:®D Armadillo
IoT GW [36] &43% 273, IoT PF 12N IoT GW 3% <L D
oL TEB D, "HEEEHTZ V. GW T loT 77— X%
BRI TR, MFEEERE BF AT 255, —XRFTHELE
%3 54803, GPU 2## L7z NVIDIA #® Jetson [37] %,
Java T7'1 2'F L A[EEZR Raspberry Pi @ Raspberry Pi
ENDH 5.

DiamicE#1L, BEHELY 7 by 2700 e LT, K1 O
SREBERE L. BEEIGY 7 Y = 7 OUHLE, FHEEHD
PRt 2 BRIREISSEE R HPD . LT, PAIERIR, MriE, o—
K% —> DB, #f#)Y Y —A DB, FZ k% —2Z DB &
ELTITbh 5.

2.2 AFBOFEDOEE

AROEEEIET 2. AT I =7 ARANA—F 7 27 OF|
HETFHTORMEARERTH 5. EHRIREHEEY 7 h Y =
TDartF N EMUAREL, L— 7 XHED GPU ® FPGA
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ANDOHEF 7 - FARERIEL TWED, SFETE 775
L—ZBRRTHD, VY =250 ToT 2% 0 BRI HE)IE
EMFEN I THWRY., —F, THO IoT ¥ — v XBFICH
EHETZ L, ¥ 2V 7 4 FOHBHINIRIE Azure 2 AWS &
D IoT PF IZ{EH, IoT 2> ¥ 2567 —X&EH L THTTP %
MQTT HEpiE#¥EFn b aLE ML TIoT PFIZF—X%2%£3
DX IoT CW DT KEFHEPERE Lo TETVWSE. 2D
728, 7Ty T VEOY VY BROHEIIAERLD, oT PF S
IoT GW DEELREHGESUBEL - TETBY, TS OHEK
H&H % Sler 12 IoT —EABRZEET 2020, Zh
LOEREPIEZ, AT, ToT #is % BRELHEEICE D AR,
BE RSN — D Sler ICEZ T B, T—FDT0
T2V E R IoT =L AL TE L2 X —F vy b
5. &, ToT BAfERICIE, FRT B0, FHESLT7 L — L4
V—2, TyoTmr 5T ROT0rT AREBOREERN 4 iR
B D 508, BIFEFEGE WS YD OTHEA, GPU % FPGA
L AR BELZ RBICKET 3 5.

3. IoT HERDIRIFEIN

EFEEHEZ, BREEICY 7 v 70arve S M EEKRET 37
®HIZ, ZThETIZ, V—7XD GPU, FPGA HEjA 7ua—F
FRIBELTCEL. Zho OBERFM T, RO E R
WL THEZGITH - RFHATE 2700 BEMGICHLD #
ATETED, oT BEROBREHIETH ZDEZIIBEICT 5.

3.1 IoT RIFELAHNDIEET

IoT 4 —ERIEZL OFEHIDDH 20, —»OETHIEL T
BHNEA 7K, F— 2 HRFEOIBEILEL ToT PF AR L #
b, RO VYT E2EHN L TEE ST F 21T 0T PF
ICHEET 20D IoT GW RAYKBRLfFbNs. LL,
IoT PF % IoT GW 29 255 IEEER D DT, loT H—V
Z DRI EN S DHERERED Sler IENDELRFENZ . Z
T, =BTV WHBLEIZ 2 —F 8 CPU AT &
FRE DB THENH T 223, ToT PF % IoT GW IZBI 5 2 WAl
WAL TH, IoT Y —VE AL TEBZZ L HARETH .

ZIZT, -, AL R29—L 2R, AT 22—
PO T T —R e 2—VPHMEMEERIEET 2L, F—ELRIZ
B2 BB I BEAREE 7 o v Z AT K D L T,
I—PHENE  HAEDETH - 2T 2 REERT 3.

X2 ZHWT, RBEAAZFMHAT 5.

HANC, REGHOAREZ IR S 2 — U RBEEH X, HHO
IoT 4 —ERATHW? Z & T & ZHEARY — U R & HdrHaE
BT 5. BAY -V 2 0T F— XML LTHERR, M
TLTHKLBNSED Y 7> a v 23 350REZ 60, D
P 2EMBPL LD DTH 3. BN, 7— X5/
RFRR, X —VEHE, EEROY—CRATHHTE 25ETH
D, 10T PF HFTHAF TR 2E 05 L TH 5.

(a) £F, 2 —WIIEAF— 2 2R, EBIEE, Web &
2uZEN ORI ERET 20, SEILERFIRIEITRAN
35, HARY—vR, T-2%EEEL, 2-PHEES R
77 LTMIL, #RERRT 2FDOY — L ROHELRHEH

(@) Specified by user

user specified
program

user data loT data show basicservice

average_ Total the data —» Computation — Web application show

temperature.| Py
user_readdata i P4 read user specified show
ey |
P addresses and readdata program showdata
ports of IoT GWs usershowdata
——7

(b)  Prepared by platform

Search actual program using | SearchInput
similarity detection technology
r.ea.d e (e.g. Deckard) s.ho.w. o

Search target of common functions

Use as specified

average_
userreaddata || SEESe read.py show.py
[Creaddata | [showdata_] ,
Check threshold value of similarity
read.py show.py
Usage
| | e ] [howsata ]

Total the data —» Computation— Web application show

(C) Built Application

average_
temperature.py

read.py show.py

e =
user_showdata —
Location | Sensor loT GW loT PF Cloud
(e.g. Omron) | [ (e.g. Armadillo) (e.g. Azure loT Hub) (e.g. Azure VM)

K2 IoT BFEEETN. (a) 2—FHE, (b) 77 v b7 4+ — LU,
() BT TV r—>av.

R Tw3., 22T, 2—FIEEARY - R 22 —F AT
WER S X513 57D, MHAT S 0T 7—&% & 2 —FHE
T ro LAREET 5. HlZIE, IoT 7— XX user_readdata
TERINDZIBET—XFTHY, 2—-FHEET0 T 7 413
user_readdata DREDEIFEEF1H L user_showdata IZZ
BT 2FDL—FPITOIWLETH 5. 10T 7— X DIFE
TlE, B33 5% 0T GW O 7 FL AR R— M HSEHIHES
3.

(b) Z—HPIHEE I NEHE I, Y —CRHEE R
$577 v b 74— L0 loT BREECLAKREZ, ¥ —E 2RI
WELRRER RS, 7 & 2Hit 35, MRERRTI2FOR
Y — PRI E N R, BBV - XTHHTE 3
HIBHIPRRE T H 272, WS NBFICZY T2 FEFEO T 1
77 K%, BPMERE T v v Z IR 2 o TR T 5. filx
¥, Azure IoT PF T7 — & &&1% Web "% 175 python 7
vz 2ENEONL. FUBKREE T vy 2 BRAEGN, 17, F
1], SR, Taro sz s o 7 XR—2AETHRE 1 v
o BEBIEZ AN 2 50T, MREWSIRR—2 D C FiE, Java
v 'S A Deckard [38] F03dh 5. L —HFITHEE I hiz,
0T F—&R e a—PHET N7 L3 ZDFEMAT 5.

(c) FER I NIHBEIRERE L 2 —THRE T 0 7T L2 BARY —
L 2O (Main BIEAHY) 12ih > THAGDE S HTH—
P 2{tF 5. IoT GW 2 & HfE X 17z user_readdata %, ¥
RENT-HBIBEEED read.py THEHL, 2—HfEE 07
LD average_temperature.py TEEZFHEL, ZOMREIHE
WAIMEAED show.py TRRT 3. I T, HEAY—ERICIEH
WHEHOEET 25 bIEINTE D, SUHEIZZ DBATICE
EXNb., ZOEARY—-LRDEGAE, 777 FTHRERTT
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3728, HOMREFRRO URL X, ¥—VY ABWKGIEREE 75
v R TR I NRIC, 2P IOBEMENS. 2 —F B ERE
SRS TERIIREEIREEITITV, M T 2 4% L1k, &
B THEFAIRIRIC IoT — L 2RI 3.

ZDE5RSFRICT BT, 2—FF IoT PF % IoT GW
DFMEAS T L D 10T ¥ —E LA TE, IoT ZRELEILD
MRICTES. ZIT, FReT— XENEFDILBHIFKARE
I—HFOMEICLEWEAEFX, 2 —FRBIRAZA XDPRBE
B0, ME»LEINNS.

4. FAY-IL

RENAEMRT 2D ORETOVTHNT L. T
7V —are LT, HfioVFERERRT SV -2 a
VB Y, FATHHINEZY —LVEEFHHT 3.

B ¥, Omron 2JCIE-BUO1 [39] ZH\2%. Omron
2JCIE-BUOL i, #48t > 2 7HliT & 23 li-R— N T, @A,
e, WE, SFE, BE, SEEE, eTVOC, FMRiER, &
FREERE, IREERESHNTE S, S, 2007 —
A2 oimE, BEOHEE ZDVEZ2FRIHNWS.

IoT GW &, Armadillo-ToT G3L [36] ZH\>%. Armadillo-
IoT G3L & Debian Linux 10 #5#{® IoT GW T®H 5. #H D
Linux # & [AFRIC IP 7 FLADRETE . SN USB i
A7z Omron 2JCIE-BUOL Ot > H1EHEZEN L, Internet
ENLT, 779 FLED 0T PFIZT—XEET 5.

IoT PF &, Azure IoT [35] ZFHW 3. Azure IoT 13#% <
DD VY —ERD3DH 505, K= L5731 PaaS D IoT Hub &
aPaaS @ IoT Central 2% 3. 7 —XUHET, HrWILEH %
179 728 Azure IoT Hub @ REST API ZFHWTHEER{TS.
MIU77—XOREREFLRFEX, FIU Azure 7 77 KD Azure
VM T Web IRE N 5.

HET 5 IoT 77— XDFERIX JSON (JavaScript Object
Notation), 7—&Z@ED 71 b 2/LIZ HTTP 2V 5.

HBAIMREFE RIS, BOMERE 7 v v 7 BN 2 v 3 28,
Deckard v2.0 [38] # i\ 3. Deckard i%, HEIHRYE 253557
a—F (EAY-ERAFORL#E) &, DBICE#HREINIza—F
GLErvtERE) ORET v v ZHLEZ, MR SORR— 2 T
EL, BUEELZRRT 5. AT 2B 95%FDOMEN Lo
&, BHEHET 2 L5127 3.

=YY I TR MEZ, 0T — b R{LONIEAT S FEik
%, Python 3 Tf75. %3, Python ZENAMN I ZSETH
b, ¥ F—&% JSON XFHTELEIE, 2—¥7F—%D
HITERDPEL TH, 2—FHEEOWE T 1 7 F A TEHREIT
S5TEMNTES. 20RO X512, 2—%F—XDOHEFERD
TERIGEE, AL TXWV.

5. FF i
BEFRCTH O IV RDZ 7TV —y a yHIHHTYH—L

2R 2%, RO, R#EGXTOY — 2L TrERITED 7%
Y —bLREHR 2 FHEMRET 5.

l |

Verification loTGW
machine
loT devices environment Environment || Environment
adaptation functions sensor sensor
Name Hardware CPU RAM 0s
Verification | LEVEL-F039- T‘::Z d'ii‘:;ee“r 4GB Ubuntu
machine LCRT2W-XYVI 2090WX 16046 LTS
IoT PF Azure IoT
Armadillo-IoT | Arm Cortex—A7 Debian
[oT GW G3L *2 1GB | GNU/Linux 10
Environment Omron
sensor 2JCIE-BUO1
3 FF i R 5
5.1 &Ffli & &
5.1.1 FHEi SR & FHETFE

PR SR, D EANRY - RXTH S, FRAERKOD
T=RERT TV r—arved s, loT 7—XekREt V¥
o&ED, ToT GW 245 LT IoT PF IZ3%(EL, 10T PF T
I—FPHEET U ZIT WV, fR%E Web RIRT 20D T, %
DY —VLRIZGHTEZZ XA T FR 5.

HEAY - R 10T 7—2FRY— L R,

4 > : Omron 2JCIE-BUOL % & 1 S ICEREEIEM DI,
e, MR, SUE, B, 3#EE, ¢TVOC, THIEs,
B, RN IR,

ToT GW : Armadillo-ToT G3L.

IoT PF : Azure IoT. 7 — & ALEEL, Azure IoT Hub O
REST API 2/t L TiThh, FERFRFE T Azure ® VM 127
b

KERE 7 1 v 7 A BIEMA © Deckard v2.0.

I—FIES R Y L IRE, BEOPMERERE L THI.

RE, 1BEOFIED Web THEREN TV 5 FHOHEHIME
&, BETITS. abeT, #RARNCLD, BB T ¥—
VLT ES Z e 2R T 2729, FEHT LT - 2{LL%
BROERATE Y, $RR AT IoT ¥ — ¥ 2{b L 2B DB T4
Z, V=L TAhHVYFLTHKT 3.

5.1.2 FF fii B} 5

AHHBREE & 2Ry 7 2K 31TRT. ToT GW IZBSE £ > i
USB ##t X1 T\ 5. Verification machine &, IoT GW &
X, LAN OF—t 7' X > b RicE#HiE N TE D, Internet 2N
LTZ 7Y FDIoT PF &ifELTWA. ZIZT, Verfication
machine Z W23 12—, - R{LL7z0WEAY - %
BIRL, 2—YIRET 075 L1E2IEET 5. [FU Verification
machine I X N BBEBGEICHEREDS, HLEIERER R E Y
LT, IoT PF % IoT GW IZ&RET 5 Z & T, IoT +—L 21tk
T5.
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522 Lines |-
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5.2 fERCER
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£ 113, 25N TIoT y— 21b% L=BoBE % s
327:00, FHCTEERERRT TV r—>a VEERLZY
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BT 2 BERHERSDET, Sler (XY — ¥ ARSRZIRIES 2
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Effsh s 51 5.
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AT, BARELTWS, V7 by =7 2BRIEICHENHE
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r—raYEREATAREHEILY 7 Va7 OERLLT, Y
YV = 2P0 ToT Hds OIREHEIS N2 HEFR LT,

HEHRTIE, FACH— L RHEEDR, y—bLRDITL R
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