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Dissertation Title :  Multi-Layered Blockchain Framework for Performance and Energy

Efficiency Evaluation: Development of Tourism

Program : Doctor of Philosophy in Information Technology

Dissertation Advisor . Assoc. Prof. Paniti Netinant, Ph.D.
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Abstract

This research adopts a holistic research approach to design a multi-layered blockchain framework for tourism
services. The framework integrates theoretical inquiry with empirical scrutiny. The research process begins with a
comprehensive literature review and problem identification. Subsequently, a multi-layered blockchain framework for
tourism services is designed, drawing upon a prototype multi-layered blockchain framework. A prototype tourism service
system is developed and evaluated, focusing on GPU optimization. GPU optimization is a complex and crucial factor that
significantly impacts system energy consumption and performance. To evaluate GPU performance in various scenarios
and configurations, experiments were conducted using different GPU models and mining software. Multiple regression
analysis was employed to investigate the intricate relationships between key performance indicators, including energy
consumption, temperature, speed, hash rate, energy efficiency, and performance efficiency. The findings reveal that fine-
tuning GPU hardware, including core clock speed, temperature, RAM clock speed, fan speed, and power consumption,
significantly impacts computational performance variables (p = 0.000 and R2 = 0.962). Additionally, core clock speed,
temperature, RAM clock speed, fan speed, and power consumption significantly influence energy efficiency (p = 0.000
and R2 = 0.989). This research contributes to the theoretical framework for developing blockchain-based applications
using a multi-layered blockchain framework. The layered architecture facilitates the development, enhancement, and
scaling of systems to meet varying performance requirements. Each layer comprises diverse components, enabling
customization to suit specific organizational or operational needs. Furthermore, the proposed multi-layered blockchain
framework for tourism services introduces a multi-signature smart contract, enabling the deployment of smart contracts
across diverse blockchain networks. Additionally, the study provides practical guidance on optimizing GPU
configurations to reduce energy consumption, mitigate the environmental impact of blockchain operations, and contribute
to ongoing research on performance optimization in consensus-based blockchain applications.

(Total 86 pages)
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Features Records Mean StdDev Min 25% 50% 75% Max
GPU card (Recode) 7992 2.81 0.97 1.00  2.00 3.00 4.00 4.00
ETASH (MH/s) 7992 2.00 0.82 1.00  1.00 2.00 3.00 3.00
Memory (GB) 7992 8.00 0.00 8.00 8.00 800 8.00 8.00
Core speed (MHz) 7992 1499.10  125.47 1300 1400 1500 1600 1750

Core memory (MHz) 7992 3535.48 2283.37 1750 2050 2100 6800 7200

Ambient temperature (%) 7992 27 0 27 27 27 27 27
Bandwidth (Mbps) 7992 265.89  62.54 192 192 256 352 352
Core units (CU) 7992 3699.89 976.04 2304 2560 4352 4608 4608
Fan speed (RPM) 7992 2919.34  588.89 2200 2600 2700 2900 4700
Fan (%) 7992 90.98 435 64.00 85.00  92.00 95.00 95.00

Core temperature (°C) 7992 51.26 4.87 44,00 44.00 54.00 55.00 55.00

Used Vdc (mV) 7992 877.48 11.5 800 875 880 880 910
Vdc (mV) 7992 977.61 70.57 780 920 980 1040 1100
Energy (Wh) 7992 129.6 20.14 100 108 130 153 163
Hash rate (MH/s) 7992 53.93 6.64 43.67 47.15 53.80 60.87 64.80
EES (MH/s/Wh) 7992 0.418 0.017 0.380 0.406 0.431 0.457 0.482
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Kurtosis
Variable Skewness Kurtosis Skewness Interpretation

Interpretation
GPU card (Record) -0.23 -1.05 Fairly symmetrical Less outliers
ETASH (MH/s) 0.00 -1.50 Fairly symmetrical Less outliers
Memory (GB) 0.00 0.00 Fairly symmetrical Less outliers
Core speed (MHz) 0.14 -1.02 Fairly symmetrical Less outliers
Core memory (MHz) 0.86 -1.25 Moderately skewed Less outliers
Ambient temperature (%) 0.00 0.00 Fairly symmetrical Less outliers
Bandwith (Mbps) 0.29 -1.33 Fairly symmetrical Less outliers
Core units (CU) -0.42 -1.76 Fairly symmetrical Less outliers
Fan speed (RMP) 2.56 4.98 Highly skewed More outliers
Fan (%) -0.76 -0.26 Moderately skewed Less outliers
Core temperature (%) -0.77 -1.33 Moderately skewed Less outliers
Used Vdc (mV) -3.29 20.45 Highly skewed More outliers
Vdc (mV) -0.08 -0.83 Fairly symmetrical Less outliers
Energy (Wh) 0.24 -1.37 Fairly symmetrical Less outliers
Hash rate (MH/s) 0.08 -1.26 Fairly symmetrical Less outliers
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Core Speed MHz
\ i .
Core Temperature
0.041 (0.000) VSR Ipend W Intercept
-1.125 (0.000) I
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__0.086 (0.000)
ETASH Core memory MHz — 0.622 (0.000)
0.137 (0.000
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Fan Speed Fan Speed 0.118 (0.000)
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Features Standardized SE T Value p-Value 2.5% 97.5%
Coefficients

Core Speed (MHz) 0.041 0.000 18.283 0.000 0.002 0.002
Core Temperature (%) =111 0.003 446.168 0.000 -1.541 -1.527
Core Memory (MHz) 0.666 0.000 250.511 0.000 0.002 0.002
ETASH (MH/s) 0.056 0.018 25.681 0.000 0.421 0.490
Fan Speed (%) 0.137 0.000 56.671 0.000 0.001 0.002
Used Vdc (mV) 0.069 0.001 30.440 0.000 0.038 0.043
Intercept (W) 0.000 1.206 67.879 0.000 79.496 84.224
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@UNIT Standardized Coefficients
c2 (4-1)
B = b(g)
y
A [y a Q‘{ . .
4o B = uNUAFVU52aNT Standardized Coefficients
b =unumauilszaninmsonnes

02 = unualsilsivvesaulsoassy

02y = unuansdsiuvesaasau

d@1N13 Standard Error (SE)

SE =4/ (0?m) (4-2)

11® SE = Standard Error (SE)

02 = unuasUsiuuednlods

n=UNUNUIUAIDE

qduN13 T Value

t=(n/SE) (4-3)
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1o t=T Value
b=duilszansonnooiuay (Unstandardized Regression Coefficient)
SE = Standard Error (SE)
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Features Standardized SE T Value p-Value 2.5% 97.5%
Coefficients

Core Speed MHz 0.079 0.000 64.962 0.000 0.012 0.013
Core Memory MHz 0.622 0.000 431.810 0.000 0.005 0.006
Core Temperature -1.144 0.006 836.190 0.000 -4.739 -4.716
Fan Speed 0.087 0.000 66.205 0.000 0.003 0.003
Used Vdc mV 0.118 0.002 95.549 0.000 0.203 0.211
Intercept 0.000 1.982 72.259 0.000 139.335 147.105

=

: 4390, 2567



71

% Ao a a g A g 2 A 3
a5 Core Speed MHz uadulseansiduuinnantios ‘D”NﬂTﬁLW‘Nﬂ’JTMLﬁ’ﬂu
[l A [ [ a A @ ] A v o w <3 ] [
ﬁ'ﬁuﬂaNL‘Iﬂ@MIﬂiﬂ‘UﬂTi‘iJi‘]J'IJ?QGluﬂﬁzﬁ‘l’l‘ﬁﬂ11/‘11/]1@1/‘!@\1\111!@81\1%1!8?(1?]&0&@ﬂufJfJ "I
1A A 2 < ' ] o Ao o
Core Memory MHz AUBIUINNUATNIN ‘]5’31ﬂ’)13J!,3’3511EN‘Hu’)ﬂﬂ313Jﬁ]1lﬂuﬂﬁ]ﬁ]ﬂﬂﬁ1ﬂﬂﬂuﬂ']i

AMUUALTLANTNINNIINAITU

v
1 a

o 1A I ' v o W 3
TI'I\WI?QﬂH%’I‘JJﬂ']L‘]N‘U')ﬂ Core Temperature L‘iJ‘LlﬂiJE]EJ'Nﬁ‘LlfJﬁ'I 2] %'J'lﬂ'li!WiJ"UEN

Y [ a

) Y Y o
gaIneY ﬁ“ﬂiﬂlﬂ@fl]’]ﬂﬂj'luﬁa\clﬂ'liclaﬁwa\3

[

QUUANHAN anlss@NTNINNIINANIUDE1IN

y A

9y Y o 2
fl'gﬂ'lflﬂ'ﬂ‘lﬁ@u‘ﬂ@@Qi%Wﬁ\i\i’lHN’]ﬂﬂlu

o o A a 1 dy < T o Tt
ANUTUNUTNBIVINTEHIN Fan Speed t1ae Used Vdec mV Glfclﬁjl‘i’iu')'lﬁ?!l,ﬂﬁﬂ"iﬁ'lﬁ

a A [

o A Y1 1 < ] o o 4
ﬂQLWﬂJﬂigﬁ'Vl‘ﬁﬂ'lWVI'l\‘iW’ﬁ\‘N'luUl@glj LHJ’J'li]‘éif!}’ﬂﬂﬂ??ﬂ??u!i?ﬂuﬂﬂﬂﬂ’luﬂ’l'ﬂﬁﬂ Lﬁ@\ﬁnﬂ

'
o @ A

3 v Y o 9y 9 [ A 49! =
AJTULTIINADN llﬂLGIf’E]llTENﬂ‘llﬂ'liigU1flﬂ’J']lli’ﬁ]ulla31/]11Wﬂ151GHWﬁQ\31HLW3J"Uu U
o v Jda [ a A @ [ g < 1
ANUTUNUTIFIVINNVUTLANTAINNIINAIIY Glglj'f]ﬁ\uﬂﬁul!,ﬁﬂ\‘iFLﬁ}!WU'J'Iﬂ'Iiig‘U'IEJﬂ'JHJ
9 [l = Aa A = Aa a [ o Y 1
SounguYszansMua TS uYsEANTMINN NI Iﬂﬂﬂ?iﬁﬁuﬁﬂﬂigﬂﬂﬁwa
a Jd o !
nandinungegald
[ A d A o [ 1T A & 2’.« [ - A =
G])"Nﬂ']']llHf’ﬂllu‘ﬂllﬂﬂﬁ']ﬁillnﬂﬂ']&%ﬁﬂ’]ﬂ“lﬁﬂﬁ@ﬂﬂ@ﬂ@fiLL@]LTJ@?L“BHUlVIﬁTI 2.5 99
Y 3 ] dyd ] ° ] o v I Y dy ' (=
97.5 Llﬁﬂxﬂﬁlﬁu’l']ﬂ']ﬁﬂiglnmuﬂﬂ'J'UJLL?JHEJ']@?J'NM']ﬂ ﬂ'J']iJﬁﬂJWH‘EVILEUiN'JﬂuW‘U'J']ll?JN

1 A ) A v o J
wmﬂmmwauuim naanULaUgUY



k4
unaluazveiauanus

5.1 a3UlwamsId

5.1.1 tWevonuuulasIsransounUIAAUA T Ua 18T uaInS Ul szl u
szansmnuaznainu
[ a <3 3’/ o o a Aa A o
TA59519nT 0 VUUIAAVAD N UHAF U NS UMTU TN U TEFNTANLAZ AU
[ g‘; 1 g’/ =3 [ dy a % < =~ 9 ~
Tasuarurazuaaz¥ullsnovaadl o watn¥uuaontsy U013 1¥NUNHaINvae

[ o [ a

a A J a a  aa w
ﬂi@ﬂﬂqn@gﬁuiaﬂﬁﬁﬂﬁ NITNU fﬂiﬁﬂ‘kﬂ ANANUAING GIFITUFV LASNINTY AYYIDINTYL
=2 g o Ao g Y < oA v v
(Smart Contract) G]NLﬂuﬁtytgmmmu"lwuuaam%mmzmmmmmumimﬂ@ﬂwium
1y A o 1 Y s =K A ' [ A 1 Yo o L. i
Tag'ludeatidinaia mmmm“lmwuaqmmﬂﬂwqumawaamﬁnuﬂﬂﬂmﬂﬂ (Limited) (1@

aa o

< a ad < @ [l [
mﬂ%’mmﬂuaqamuﬂwa MIuATAUGoNFU AIDE1UFY Hyperledger Fabric, Hyperledger
~ A 3 { o o
Besu, Enterprise Ethereum, Quorum, Ant i8¢ Corda uwﬁﬁmﬂuiﬂim%'wﬁugmmmumi
Y] < ad 1 dy Y] g’/ % PR 1
adralagiuvaonau Taasudsaniaitisessusuna IndunuannaINale 154 Proof of
Work (PoW), Proof of Stake (PoS), Delegated Proof of Stake (DPoS), Proof of Authority (PoA)
Hazduq Fwaazna lnlgaaummzanionouaueInNUTIMed1uANUlaoanoaz N3
a ] 1 <3 Y 1 [
UIHITIATOUIY 1ATVIUADNIFY AI081344 Y Ethercum, Binance Smart Chain 4@ 114
AT 0UIIAINITNNIIUTINAY Ethereum Virtual Machine (EVM) #3%28 19 17an 15911914
1 % a gj.; @ [ a 1 3 I~ 1 ¥
52uRU (Interoperability) agmsaaaIdyonsez ladedu doyaneluudenunaiiign
v & & < = ° s Ia ' < .
Tanuluuaen FIauIToMINvUUszVUseduIsNvaInvate 1131921314 Windows,
Linux #3052 UUU{1ANI15UuUDNT218 (Distributed Operating System) W11 199 1u5 101y
A Y 1A 4 4 <3 o J
szuumaTuTaga1en laeded a1sauri anndeenssuuaensudives ligmstszuiana
1 H 1 =) g

1UUNT2918 (Distributed Computing) LtaztiuIna 11uNF N1 1oARDNNIAY (Edge Computing)
2 d ° -] Yo VoA ) 2
Futlunmsihinsiszurananazmstanudoya 1 Indnunvasiuivesdoyaniniu ns
Uszu7anatuUNTLIBNANVUANAIIIINTLUULVY Client-Server N2 11 nazdalinisiasy

a A 4 a Qy { I
Y2 ANTAMAIZVVAANIALALTLVUADNTNIAWUUNEN (Hybrid Computing) N 1¥nswens

A A (o 9 a J I ) 1 ) J Y
LLa%Uﬁﬂ’liﬂﬂﬁUﬂIUW@]qﬂWWUﬂulﬂﬂﬁlu@ ﬂ13u1ﬁu’38ﬂ55ﬂ')@ﬂﬁﬂﬁ’]7‘lﬂﬁ (GPU) WaULUN



73

) < A g v Y Ao o 1A
NUANUAYNITUTEVUETAUNAYDIVADNITY ﬂﬂlﬂuﬂ?’]uﬂ’nﬁu’l‘ﬂﬁWﬂﬂJ IﬂﬂlﬂWWz@ﬂ’l\iﬂ\i
<3 4 1 a J
Gluiz‘uuuaﬂﬂwmmu Proof of Work (PoW) Lﬁ@\?ﬁﬂ']ﬂ ﬁu’)ﬂﬂﬁgujaWaﬂi’]ﬂﬂﬁﬁﬂﬁ’]u/ﬁuﬂﬁﬂ
% 1 ' a A <
Glum'iﬂizmawau‘uummu (Parallel Processing) GT);Q'E’NWﬁﬂﬂﬂi$ﬁﬂ‘ﬁﬂ1WlLﬁ$ﬂ'J"IiJ§'Jﬂlﬁ'Jqlu

1 1 [

o <3 Aa Y
NITATUIUUDIVADNIFU FIYLTINITATIVADUTINTIUUASNTISUIUNITAUNING u@ﬂﬂWﬂﬁ
v A o o

1 a Y o = g < Y A A
nielszuranansWlnadal ﬂﬂﬂ?WiUﬂWiﬁﬂi%WﬂﬂﬂH FUYUY5LAUAIUANNGITUN

o o A <
ﬁ1ﬂﬂulsl,1‘lﬂ15ﬂnuu\ﬂ‘11lﬂaﬂﬂ!‘lfu

o { y o o Y o [ A
i]'lﬂﬂi'E]'UﬂTﬂ/]'N']‘L!ﬁLLEJﬂGlﬂlﬂu%TiﬁﬂWiW@Nu’l!LagﬂiﬂﬂEQ INUVHIN V1IN INY
EY 4 a A o < o A ' '
GIENﬂ?ﬂ%@\ﬁl@\‘lﬂigﬁﬂ‘ﬁﬂTWﬂ"Ii‘VI'I\TI‘L!GUE]Qi$1J1J1J Uﬁ@ﬂlﬁﬁu@WLUUﬂW{I@S{@ﬂ'NQ18L‘W51$ﬂ15
o 1 ?zl.: =\ 4 ~ = 1 1 @ Y Y o 4 A
TI1\311JGIJ@\1LLG]§I$GHU§JfNﬂ‘l]53ﬂf]‘]J‘Vl‘Via’lﬂWaﬁlGINi]gﬁ'\?WﬁG]f]fﬂi‘l]i‘lJi‘ViHﬂﬂ‘]J'ENﬂﬂiWi@\ﬂu

Tudhyazaee laetamuzay

d' L a a i d' v Y \
5.1.2 1M NUUVIAIIT NI LNUIAAMIUIMIMIINe N agl¥dunuulaseig
IR UNMIAAVANFUHANBT HAIHSUYszivssansmnuazwasanu
Myoonuuy InTIT19nToULUIAANITUTMTMTNounel TasldauuuuInsasia
a < gl.l a
nseuuuInUdsnruratesu ldeonuuuTasd1esanilaenisuss UL TAUNAUD
] Y v = A @ s A A Y
maTuTaguaenau §398 (2567) F39an11lnnIsuNToTUNMIoBNUVID LA NNEITI
[ a @ < ad < [ Aa KR = T 9 4 4
1 wedwarnduudenyy suATAUANITY 9ANDINY 1AT0V18 Voya FoWALITIZU
s o s v d A = o . <
g15au25 tazalszmumunnudssy e lumesitelnamyuuasnyy lasn1seantuy Iasa
v Y
SNNTPULUIAAMTUTMIMIneudion Tusudyandinios Inoenuuudyansansezuuuiia

a 4 l X o o @ a [
Aauiineuunsn nanfe lunilsszutausaiidyoinses llaindyaruwnieie

< { 1 o ] { o o o G
vaenwuitanaanu1a Taomieviensesiumsiauvesdyansnso:

A o v a T oA v o g Ay
5.1.3 teaNANBDUMIUIMsMsaaiielaglimaluadude s uuimnsevia
= =
QILGIEHEY
Y o a g A q 9 Y '
sEUUAULUDMOUUWma Ty Taguaona e 14 un15a3195305 5052 1IN
unneufeazd 1Huims laeass Joyamsinginisuiiudy109nsozunuon Tuia
v XK A ] = =) < o 1 A Yqg Y a Y
nazgniuiinasluniovrediseSonuaonau inveunenazd1dusnisausom
9 o Y [ A o =< <3 Y o
asavdoudoyanmsiigsnssunaz Inilunangulumssudunses Fazmiulaimsih
a a3 a 1 = o Y Y 4 vo9
maluTadudenwum luszuvuinisnmisneaunerinliud ludgyrusesnsaedoyain

analldadliuioms Tasawnsoaaanuianainvinmsdedoeyavesdununais s ld



74

I A Y a vy A ) wa a g o q VY
uﬂﬂ@\uﬂﬂ?l!azEﬁﬁﬂﬁﬂ’]ﬁllﬂellﬂyaﬂﬁﬁqﬂu ﬂ?ﬂﬂﬂ!ﬁuﬂﬁﬂlﬂﬂlﬂﬂiuiaﬂﬂa@ﬂﬁfu‘ﬂ’]ﬁlﬁﬂlﬂaa

e Tsdla ansanstaaon’ld

d' =® a a A v v v < :'J
5.1.4 maﬁmenuazﬂigmuﬂ‘szammwmi‘lmwmam“luimaainUaamwmumu

a d o d
NGaNM 311911 (Proof-of-Work: PoW) vaanuiailszauianansilng

Iﬁj ulﬂ“l/l'lﬂ']i’)ﬂ‘ﬂi gansmwuazmsilse wﬂﬂwmqm“lumﬂuiawaam%uuu

U

o a o o a 4 v d o Aa A
na lnAuMmuANgauMIa mMsinsziradniifieanausuTeuvenlszdnTamms
° [ = 4 A a3
MU vilelszunanansiing melunsouvounnaluladudenisuiuy Proof-of-Work
(PoW) Taenlunse@nsnn (Performance) Azl @ns 1M 1 N8 9911 (Energy Efficiency )
o Jay ¥ a @ ! ) = ° !
HaansN laninmsnansanmsoaneevatedwds ¥elianlvdawansznuvesmsmvuaa

] a s A 1 o 1 o 1 1 4 <
'H‘L!'Jﬂ‘]JiSﬁll'JﬁNﬂﬂiTWﬂﬁ NUANATWNNU @]'E]fnﬁ'ﬂ'l\i'luf]fl'l\im@l,ﬁ@\ﬁl@\'ﬁgﬂﬂﬂﬁ’E]ﬂL‘]fu

&Y A

@ a Y o <
Na511ENLL‘N@u11‘1/\1‘1/9\(1!,!,6185Qm‘ﬂ{]llﬁ6‘]JiZﬁ‘nﬁﬂ1Wmﬂ“]fwmﬂwuaﬁua’aﬂwuuuu

Y
=<

S

% 1 [ 1 a a 9 (% 1
Proof-of-Work (PoW) msaaamsau I 1igeiiudinaanilszaninimmsldnasanu a
o a £ Y I A 9 1 1 dy v o
ﬁilﬂigﬁﬂ‘ﬁﬂlﬂﬂlLiQﬂuleﬂ'l (Vde mV) Wuay taziia p-value®8gn31 0.001 TIFANUTNNUT

H Y ! '
nuanandiany maasawsau i vz auiemuilseansaimms ldwasaulums

< A o w 1 @ I v v Y a £
Ya (Mining) Lﬂanﬁ']ﬂﬂJu@]@ﬂ'J'nJﬂqgum@\iigﬂﬂuaﬂﬂl‘;ﬁu 1Uﬂ1ﬂﬂaﬂﬂuﬂ1ﬁuﬂ§$ﬁﬂﬁ

A -

%% o A g T @ 1 U a
‘ﬂ')’]i]ﬁllwu‘ﬁﬁlﬂun’]ﬂ@ﬂ’mﬁuﬂﬁ’]ﬂiy (p-Valuefl}’e]EJﬂ’N 0.001) ﬁgﬁ'l'lﬂqmﬁgﬂllﬂi‘lﬂﬁgujﬂwa

Y I X

E4
nuMstansauiou Fldduiennudingvesmsaruauanuiousdelilszaniaw

e ldmsyaduiu il ldedeiilszansam

I 1 A A [ <
A3 LT (Core Memory MHz) ﬁﬂﬂ§$E’f“l/]‘ﬁﬂTWfﬂﬁi%WﬂQQTUT@QUa@ﬂLGHULLU‘U

[

av o 1 ' a £ < <
Proof-of-Work (PoW) HaN15328NaUNWUIN AmMaudszansvesnnussuuay (p-value

9

' 2 v W aas v < J 1 Aa A
cﬁl)’fJEJﬂ’J”I 0.001 %’J”IﬂTJ”I?JﬁZJWMﬁ’TINﬁ andl m)ﬂWiﬁﬂﬂﬁ1MlillLiN@1ﬂﬁﬂNaa@]@ﬂizﬁ‘ﬂﬁﬂ”l‘w

Y o
M3 ldwasanu
a o 1A v o J v o aadA w o '
NFAATIEHNUNUANVTUWUTN WA VA UNIaDANN T8 31] (p <0.001) 52N
< ] ad 4 a A o dydy
ﬂ')nJli'JGU’ENL!ﬂuﬂa'l\‘lﬁluﬁuﬁfll,llﬂ“’Lﬁiﬁ%&!ﬁ$ﬂi$ﬁ“ﬂ‘ﬁﬂ1w NN u‘]fiﬁlﬁu')ﬂlllllﬂWi
a a @ A i v d =2 d
iﬂﬂi ﬂu')’lﬂ'ﬂllli')‘ﬂﬁ'\i"lluﬂ “I/I'IGI, ﬂi CANTNINNNNAINTUINUVU NAANTUDINITANHIU

7

o o w ' < @
ﬂmﬁﬂﬂmwummmﬁuwu “ﬁfluﬂﬁ'lﬂiy (p<0.001) 52 1INNANNLTIVOINAANLAY



75

Aa A o W 1 a a i o a Y] 4
dsganiam TaoniuanudagvesszunszuieanuiouniilszanimmieSnunandum

myiumiiesluszaugaga

o ' ] a s 9 o A < Y o

ﬂ']ﬁﬂ'lWuﬂﬂ’lﬁu'JfJTJﬁ%iJ'JaWaﬂﬁ“"lﬂ?ﬁﬂ‘]f'lﬂalﬂﬂ']ﬁVﬂH’i’ll@\‘]‘UafJﬂl%uj‘ﬂﬂaqﬂﬂuﬂW

aa 4 o I ' o A Yo o @ o ¢ A
HANFIUNITNNIY Lﬂuhlﬂ’ﬂﬂ'lﬂﬂﬂﬂuulﬂiﬂﬂ'liﬁﬂﬂﬁwui]'lﬂﬂﬂﬂﬁ'l‘l‘lﬂizﬂﬂﬂ (UBDIYINNT

@ a <3 a o

m’mﬁﬁmwamzwummusmu”lﬂ% UNYU uazmmmammmwmmmmﬂ%’wawm 1P
9 o o I o Y J a a ] N 4 9
L"U'lclfl]ﬂ'J'I‘JJ?fllWuﬁﬂcﬂﬂcﬁﬁluigﬂ'ﬂﬁﬂigﬁTI'ﬁﬂ'lWSU’t’]\?‘ﬂu')fJﬂigll'JaWﬁﬂﬁ’W\lﬂﬁ uazmﬂﬂf

o I v o 1 o a o Q¥ o o
NAWNTU L]JHGI'JU'W]'N’(,:[ﬂTiW@]u']LWﬂuﬂﬂ’]ﬁﬂ’ll’ﬂﬁ@ﬂﬁﬂlﬂfwa\%ﬂu@'l

anudiayveInsdsuussanidaenssussuuasaunaveInulglszulana
a d o [ Aa A Y @ < o A X ]
ﬂiW\lﬂﬁ’c’fmi‘Uﬂizﬁ“ﬂﬁmwmuwawmiumﬁmuaEmmm mm’c’fmiymmﬁmuhlnmi}

Y 4 a3 o w Yo a A 3
FNIINETHRY lﬁa\‘iﬂqﬂ!ﬂﬂiuiaﬂﬂaaﬂlwuﬂTﬁ\1Ul@51]?]’311]“81“;1/\]N%ucluﬂaﬂlﬂ?gﬁﬁ']wﬂiill LUag

[

' dyzu 9 o o o ¥ a g = { 9 ' 2
ﬂi%“].l’)uf‘ﬂi!‘ﬁﬁWUMﬂFLGH‘Wﬁ\‘NWHiHLl’JL!ll'Iﬂ ANUUAANTTI ﬂu%\‘lilﬂ’JWilLﬁﬂ’JﬁlJE]\iﬁ)fJNEN

P
o 1 o A X

a 2 ~ v W 9 o e 9 I~ ~ o A 9
NTUIRYUIYIN \W]503Wﬁﬂﬂuclﬁﬂ']iﬂ']!uuxi']u@nuUﬁﬂﬂl%uﬂﬂ?’]i\lﬂ\iEJUENEUU Iﬂﬂﬂ']iﬂUWWﬂﬁ

J 1 ] = J o Jd o o {
fJ‘VI‘ﬁﬂTiWﬁNWﬁWUiZ‘H’JNWu’JﬂﬂigﬂlaNaﬂiW\Iﬂﬁllaz“h’ﬂwml,?liﬁiﬁiﬂﬂ”lii!ﬂﬁl‘ﬁiﬂzﬁil

'
a oad v

A A o v W Y < o Jas A
nga ﬂ15°Vlﬂa'(’]\1llﬁ']uﬁWﬂﬂJusluﬂWiWaﬂﬂu11’7Q@]ﬁﬁ’iﬂiiﬂﬂa@ﬂlsﬁUWuVLﬂiGﬁ’J‘ﬁﬂi‘]Uﬁ‘ﬂENEJL!

Y 9
=2 Aav A

1 a <3 ¥ o @ a
R MY QTH'J%EJ‘L!U@ﬂﬂ1ﬂE’JﬁlﬂLL‘]JUIﬂ5\331\3ﬂﬁ@ﬂlluaﬂﬂﬂﬁ@ﬂl%u‘ﬁﬂWﬂsﬁu’L’ﬂﬂﬁ‘llﬂ?ﬁﬂﬁglllu

D-

Uszansmnuaznaau tazeonuuuIns1519NT0UUUIAANITUI N1TN1TNoune Taeld
1 a < g’/ [ a
AuuuuTATI919NTDUUUIAAVADNFUNAIEFU HASWAUITSUUAULUUAITUINITAT
1 d' ] 9 d' a a a 1 ]
voufen daiulinisdszdiudse@niamuosmsnaunaiusgninanulelszuiana
A s I A g ' o . Aa A a
nANTLas s NAINITAII) BAUIFAAINFA IMUA (Configuration) NUTLANTAINGIA
Aa v dyw =\ ~ Y v Y . ~ I Al YA 1
uazuIveiidaiiithvaneNezad1enaioya (Data Repository) Naziduilse Teminohlau
1 =1 v A ¥ ] a J 4 4
1&d1u1F e (Stakeholders) Tunisaaauladonsonuislszurananiinduazsondnds

AMFUMIYR DA NIFUDINNYRAIADNAY
) Aa v d
5.2 dorauanuzlumsinwaanidae il ¥use e

1 a a J ~ 9 a2 a3
5.2.1 IasaseansauuuIAani1susmsmsneaiedlaslsmalulaguaentsu uu
IA30Y18B150ioNIAZIFINTTUNTRUAeTNARUAYNA ETC Tagausnaseon l1waun

I a @ A A = 2 a a ' ~ o o 1
Wy namFuuULene 9NNINTOULUIAANITUTNITNITNOUNYD u?llﬂW@lHTW'ﬂcluﬂTﬁ



76

o 4 7 a Ay o '
Wﬁlu'l"lf’f]ﬂﬂlﬂﬁ‘l’jﬂl!‘ll‘laﬁﬂﬂ33J61°L!WaTﬂﬁa'lfJ]jﬁﬂﬂTlﬂfJ\?ﬂTﬁﬂ'J'lﬂJﬂa@ﬂﬂfJ LlazﬂﬁﬁJIﬂﬁﬂﬁlﬁ

D)
VIUDYa

' 9 A ' A 9 P
5.2.2 ENNTDARERANNAULLUMIUS MINMIneune TasldimaTuTadudonsuuu
A 1 ~ ~ 9 a A A Y @ o 1 A Y a Y 9
wseiwdiseiienlinasunguuimsiineadesnineuiioasdliusms Idawnsaly
NUTINDESS
rf’d‘ ] d‘

] a ] 1Y 4 9
5.2.3 ﬁﬂ‘bl'lﬂ'JTiJﬁ'TiJTiﬂﬂJ@\‘]’HH'JEJ“]JiZiJ'JﬁNﬁﬂﬁTV\Iﬂﬁ%iu%l‘lﬂLﬁﬁﬂuﬂULﬁﬂﬂUﬂ15

q

Y oA o o a A 9 o < A T [
GNﬂ'l‘VIL'HiJ'ISﬁﬁlJﬁ"lWi‘]J‘]JiSﬁﬁVl‘ﬁﬂTWLm‘éﬁﬂ151"]§\ﬂu‘waQiuﬂ’li"ljlﬂ‘ﬂa@ﬂiumiﬂﬂ]’lﬂﬂﬁﬁ]ﬂl‘]ﬂu

5.3 YatauouuzlumMIA uHHNUIdMaKIN

] < 1 Aa a 1 A Y a g
2619 130911 TAT95 19930 VLUIAAMISUT NI neuned Tagldna Tu Taguasnasy
pazmsnaszuudunuuel hinaouaquns 19U YeITLUUNTNOUNEMUUATUINT
= o AR A 1 A & o o
HAZAITANEIDANDINNNLUANAIDIN Proof of Work (PoW) tiieitlun1adises lumswanell
a o < o R & 9 1 a Jd 3 d o Y] o <
wasuuaonyy Tasmiananis lymiielszuranansiilaailuginssidmsuiinyavasn

A a A Y o A g a 1A 9
medseansnmuazmslnasnuniuinsaoduinasy



UIIUIUNIN

ﬂﬁ%“l/lﬁ'Nﬂ'lﬁ“l/l'ﬂ\‘llﬁfJ'JLLa%ﬁWl (2563). Z‘Tﬂ7‘lJﬂ75ﬂjﬂ7571'9\7!1?1'835116\771525!7/1?7'77/18] ?ﬁilﬂﬁ
1/2563. AUAUIN https://www.mots.go.th/news/category/609

FAfiRe maunsua’. 2567). msszvnnaves Tada-19. duduan

https://shorturl.asia/OmpdO

Aini, Q., Manongga, D., Rahardja, U., Sembiring, 1., & Efendy, R. (2023) Innovation and key
benefits of business models in blockchain companies Blockchain Frontier Technology,
2(2), 24-35. https://doi.org/10.34306/bfront.v2i2.161

Alkaeed, M.K., Alamro, Z., Al-Ali, M.S., Al-Mohammed, H.A., & Khan, K.M. (2020) Highlight
on cryptocurrencies mining with CPUs and GPUs and their benefits based on their
characteristics. In Proceedings of the IEEE 10th International Conference on System
Engineering and Technology (pp.67-72). Shah Alam, Malaysia.
https://doi.org/10.1109/ICSET51301.2020.9265386

An, S., & Sco, S.C. (2020). Highly efficient implementation of block ciphers on graphic
processing units for massively large data. Appl. Sci, 10(11), 3711.
https://doi.org/10.3390/app10113711

Androulaki, E., Barger, A., Bortnikov, V., Cachin, C., Christidis, K., De Caro, A., . . . Manevich,
Y. (2018). Hyperledger fabric: A distributed operating system for permissioned
blockchains. In Proceedings of the Thirteenth EuroSys Conference (pp. 1-15). Porto,
Portugal. https://doi.org/10.48550/arXiv.1801.10228

Androulaki, E., Cachin, C., De Caro, A., & Kokoris-Kogias, E. (2018). Channels: Horizontal
scaling and confidentiality on permissioned blockchains. In 23rd European Symposium on
Research in Computer Security, ESORICS (pp. 111-131). Barcelona, Spain.
https://doi.org/10.1007/978-3-319-99073-6 6

Ang, LM, & Seng, K.P. (2021). GPU-based embedded intelligence architectures and
applications. Electronics, 10(8), 952. https://doi.org/10.3390/electronics 10080952

Asadi, S., Amiri, S.S., & Mottahedi, M. (2014). On the development of multi-linear regression
analysis to assess energy consumption in the early stages of building design. Energy

Build., 85, 246-255. https://doi.org/10.1016/j.enbuild.2014.07.096



78

UIIUYNIN (610)

Bartoletti, M., & Pompianu, L. (2017). An Empirical Analysis of Smart Contracts: Platforms,
Applications, and Design Patterns. In Financial Cryptography and Data Security (pp.
494-509). Cham, Switzerland. https://doi.org/10.1007/978-3-319-70278-0 31

Belotti, M., Bozic, N., Pujolle, G., & Secci, S. (2019). A Vademecum on blockchain
technologies: When, which, and how. IEEE Commun. Surv. Tutor., 21(4), 3796-3838.
https://doi.org/10.1109/comst.2019.2928178

Bessani, A., Sousa, J., & Vukolc, M. (2017). A byzantine fault-tolerant ordering service for the
hyperledger fabric blockchain platform. In Proceedings of the 1st Workshop on Scalable
and Resilient Infrastructures for Distributed Ledgers (pp. 1-2). New York, United States.
https://doi.org/10.1109/DSN.2018.00018

Bohme, R., Christin, N., Edelman, B., & Moore, T. (2015). Bitcoin: Economics, technology, and
governance. J. Econ. Perspective., 29(2), (pp.213-238).
https://doi.org/10.1257/jep.29.2.213

Bucea-Manea-Tonis, R., Martins, O.M.D., Gheorghita, C., Kuleto, V., Ilic, M.P., & Simion, V.E.
(2021) Blockchain technology enhances sustainable higher education. Sustainability
13(22), 231-258. https://doi.org/10.3390/su132212347

Cocco, L., Pinna, A., & Marchesi, M. (2017). Banking on blockchain: Costs savings thanks to the
blockchain technology. Future Internet, 9(3), 25. https://doi.org/10.3390/f19030025

Desai, H., Kantarcioglu, M., & Kagal, L. (2019) A Hybrid Blockchain Architecture for Privacy-
Enabled and Accountable Auctions, In 2019 IEEE International Conference on
Blockchain (pp. 34-43). Atlanta, GA, USA. doi: 10.1109/Blockchain.2019.00014

Drakopoulos, G., Marountas, M., Liapakis, X., Tzimas, G., Mylonas, P., & Sioutas, S. (2020)
Blockchain for mobile health applications acceleration with GPU computing. In
Advances in Experimental Medicine and Biology (pp. 389-396). Cham, Switzerland.
https://doi.org/10.1007/978-3-030-32622-7 36

Eyal, 1., & Sirer, E.G. (2018) Majority is not enough: Bitcoin mining is vulnerable.

Communication of the ACM, 61(7), 95-102. https://doi.org/10.1145/3212998



UIIUYNIN (610)

Far, S.B., Rad, A.L, & Asaar, M.R. (2023). Blockchain and its derived technologies shape the

future generation of digital businesses: A focus on decentralized finance and the

metaverse. Data Sci. Manag, 6(3), 183—197. https://doi.org/10.1016/j.dsm.2023.06.002

Gatomatis, D.P., & Bogonikolos, D.N. (2020) Blockchain for reorganization of electronic
business entrepreneurship. Journal of Business& Economic Policy, 7(4), 13-16.
https://doi.org/10.30845/jbep.v7ndp3

Ghosh, E., & Das, B. (2019). A study on the issue of blockchain’s energy consumption. In
Proceedings of the International Ethical Hacking (pp. 63-75). Kolkata, India.
https://doi.org/10.1007/978-981-15-0361-0_5

Gupta, C., & Mahajan, A. (2020). Evaluation of Proof-of-Work Consensus Algorithm for
Blockchain Networks. In 2020 11th International Conference on Computing,
Communication and Networking Technologies (ICCCNT) (pp. 1-7). Kharagpur, India.
https://doi.org/10.1145/3152824.3152830

Hardjono, T., Lipton, A., & Pentland, A. (2019) Toward an interoperability architecture for
blockchain autonomous systems. /EEE Trans. Eng. Manag, 67(4), 1298-1309.
https://doi.org/10.1109/tem.2019.2920154

Hijma, P., Heldens, S., Sclocco, A., van Werkhoven, B., & Bal, H.E. (2023) Optimization
techniques for GPU programming. ACM Computing Surveys, 55(11), 1-81.
https://doi.org/10.1145/3570638

Iliakis, K., Koliogeorgi, K., Litke, A., Varvarigou, T., & Soudris, D. (2022). GPU accelerated
blockchain over key-value database transactions. IET Blockchain, 2(1), 1-12.

https://doi.org/10.1049/blc2.12011

Ju, Y., Raoofy, A., Yang, D., Laure, E., & Schulz, M. (2022). Exploiting reduced precision for

79

GPU-based time series mining. In Proceedings of the 2022 IEEE International Parallel

and Distributed Processing Symposium (pp.124-134). Lyon, France.
https://doi.org/10.1109/IPDPS53621.2022.00021



80

UIIUYNIN (610)

Junaidi, N., Abdullah, M.P., Alharbi, B., & Shaaban, M. (2023) Blockchain-based management
of demand response in electric energy grids: A systematic review. Energy Rep., 9, 5075—
5100. https://doi.org/10.1016/j.egyr.2023.04.020

Kamble, S.S., Gunasekaran, A., & Sharma, R. (2020). Modeling the blockchain enabled
traceability in agriculture supply chain. The International Journal of Information
Management, 52, 101967. https://doi.org/10.1016/j.ijinfomgt.2019.05.023

Khan, A.A., Laghari, A.A., Liu, D.-S., Shaikh, A.A., Ma, D.-D., Wang, C.-Y., & Wagan, A.A.
(2021). EPS-Ledger: Blockchain Hyperledger sawtooth-enabled distributed power
systems chain of operation and control node privacy and security. Electronics, 10(19),
2395. https://doi.org/10.3390/electronics 10192395

Khan, F., David, 1., Varro, D., & MclIntosh, S., (2022) Code Cloning in Smart Contracts on the
Ethereum Platform: An Extended Replication Study. [EEE Transactions on Software
Engineering, 4, 2006-2019. doi: 10.1109/TSE.2022.3207428

Kiayias, A., Russell, A., David, B., & Oliynykov, R. (2017). Ouroboros: A provably secure
proof-of-stake blockchain protocol. In Advances in Cryptology-CRYPTO 2017 (pp. 357—
388). Cham, Switzerland. https://doi.org/10.1007/978-3-319-63688-7 12

Kitsantas, T., & Chytis, E. (2022). Blockchain technology as an ecosystem: Trends and
perspectives in accounting and management. J. Theor. Appl. Electron. Commer. Res.,
17(3), 1143-1161. https://doi.org/10.3390/jtaer1 7030058

Kohler, S., & Pizzol, M. (2019). Life cycle assessment of bitcoin mining. Environmental Science
& technology, 53(23), 13598-13606. https://doi.org/10.1021/acs.est.9b05687

Konstantinidis, I., Siaminos, G., Timplalexis, C., Zervas, P., Peristeras, V., & Decker, S. (2018).
Blockchain for business applications: A systematic literature Review. In Business
Information Systems (pp. 384-399). Cham, Switzerland. https://doi.org/10.1007/978-3-
319-93931-5 28

Krichen, M., Ammi, M., Mihoub, A., & Almutig, M. (2022). Blockchain for modern applications:

A survey Sensors, 22(14), 5274. https://doi.org/10.3390/s22145274



&1

UIIUYNIN (610)

Krishnaswamy. (2020). D. Performance considerations for edge blockchain systems in emerging
5G data networks. In Proceedings of the 21st International Conference on Distributed
Computing and Networking, Kolkata, India. https://doi.org/10.1145/3369740.3372767

Krupa, J., Lin, K., Acosta Flechas, M., Dinsmore, J., Duarte, J., Harris, P., . . .Klijnsma, T. (2020)
GPU coprocessors as a service for deep learning inference in high energy physics. Mach.
Learn. Sci. Technol., 2, 035005. https://doi.org/10.1088/2632-2153/abec21

Kuznetsov, A., Shekhanin, K., Kolhatin, A., Kovalchuk, D., Babenko, V., & Perevozova, I.
(2019). Performance of hash algorithms on GPUs for use in blockchain. In Proceedings
of the IEEE International Conference on Advanced Trends in Information Theory
(pp-166-170). Kyiv, Ukraine. https://doi.org/10.1109/ATIT49449.2019.9030442

Lacity, M., & Khan, S. (2019). Exploring preliminary challenges and emerging best practices in
the use of enterprise blockchains applications. In Proceedings of the 52nd Hawaii
International Conference on System Sciences (pp. 720-732). Maui, HI, USA.
https://doi.org/10.24251/HICSS.2019.563

Lasla, N., Al-Sahan, L., Abdallah, M., & Younis, M. (2022). Green-PoW: An energy-efficient
blockchain proof-of-work consensus algorithm. Computer. Networks, 214, 109118.
https://doi.org/10.1016/j.comnet.2022.109118

Masanet, E., Shehabi, A., Lei, N., Smith, S., & Koomey, J. (2020). Recalibrating global data
center energy-use estimates. Science., 367, 984-986.
https://doi.org/10.1126/science.aba3758

Matsenko, O., Tanashchuk, M., Piven, V., Matiushchenko, M., & Melnyk, L. (2020). Economic
issues of blockchain use in business: Challenges of industry 4.0. In Proceedings of the
RTU 63rd International Scientific Conference on Economics and Entrepreneurship
Proceedings (pp. 68-76). Riga, Latvia. https://doi.org/10.7250/scee.2022.007

Mora, C., Rollins, R.L., Taladay, K., Kantar, M.B., Chock, M.K., Shimada, M., Franklin, E.C.
(2018). Bitcoin emissions alone could push global warming above 2 °C. Nature. Climate.

Change, 8, 931-933. https://doi.org/10.1038/s41558-018-0321-8



82

UIIUYNIN (610)

Tian, N. (2017) A supply chain traceability system for food safety based on HACCP, blockchain
& Internet of things. In 2017 International Conference on Service Systems and Service
Management (pp. 1-6). Dalian, China. doi: 10.1109/ICSSSM.2017.7996119

Netinant, P., Saengsuwan, N., Rukhiran, M., Pukdesree, S. (2023) Enhancing Data Management
Strategies with a Hybrid Layering Framework in Assessing Data Validation and High
Availability Sustainability. Sustainability, 15(20), 15034.
https://doi.org/10.3390/su152015034

Pan, Z., Zhang, F., Zhou, Y., Zhai, J., Shen, X., Mutlu, O., & Du, X. (2022) exploring data
analytics without decompression on embedded GPU systems. /[EEE Trans. Parallel
Distrib. Syst., 33(7), 1553—1568. https://doi.org/10.1109/tpds.2021.3119402

Pandey, M., Fernandez, M., & Gentile, F. (2022) The transformational role of GPU computing
and deep learning in drug discovery. Appl. Sci., 10(11),

711; https://doi.org/10.3390/app10113711

Pandya, S.B., Sanghvi, H.A., Patel, R.H., & Pandya, A.S. (2022). GPU and FPGA based
deployment of blockchain for cryptocurrency-A systematic review. In Proceedings of the
2022 International Conference on Computational Intelligence and Sustainable
Engineering Solution (pp. 18-25). Greater Noida, India.
https://doi.org/10.1109/CISES54857.2022.9844407

Pathirana, A., Halgamuge, M.N., & Syed, A. (2020) Energy efficient bitcoin mining to maximize the
mining profit: Using data from 119 bitcoin mining hardware setups. In International
Conference on Advances in Business Management and Information Technology (pp. 7-14).
Istanbul, Turkey. https://iraj.doionline.org/dx/IJAECS-IRAJ-DOIONLINE-16933

Powel, N., Shaikh, 1., & Dash, A. (2023). Impact of proof of work (PoW)-based blockchain
applications on the environment: A systematic review and research agenda. J. Risk

Financial Manag, 16(4), 218. https://doi.org/10.3390/jrfm16040218



&3

UIIUYNIN (610)

Powell, L.M., Hendon, M., Mangle, A. & Wimmer, H. (2021). Awareness of blockchain usage,
structure, & generation of platform’s energy consumption: Working towards a greener
blockchain. Issues in Information Systems, 22(1), 114-123.
https://doi.org/10.48009/1 iis 2021 114-123

Ronkin, M.V., Akimova, E.N., & Misilov, V.E. (2023). Review of deep learning approaches in
solving rock fragmentation problems. AIMS Math., 8(10), 23900-23940.
https://doi.org/10.3934/math.20231219

Saberi, S., Kouhizadeh, M., & Sarkis, J. (2019). Blockchains and the supply chain: Findings from
a broad study of practitioners. I[EEE Eng. Manag. Rev., 47(3), 95-103.
https://doi.org/10.1109/emr.2019.2928264

Sarkodie, S.A., Amani, M.A., Ahmed, M.Y., & Owusu, P.A. (2023) Assessment of bitcoin
carbon footprint. Sustain. Horiz., 7, 100060. https://doi.org/10.1016/j.horiz.2023.100060

Schinckus, C., Nguyen, C.P., Ling, F.C.H. (2020). Crypto currencies trading and energy
consumption. Int. J. Energy Econ. Policy, 10(3), 355-364.
https://doi.org/10.32479/ijeep.9258

Shanbhag, A., Madden, S., & Yu, X. (2020) A study of the fundamental performance
characteristics of GPUs and CPUs for database analytics. In Proceedings of the 2020
ACM SIGMOD International Conference on Management of Data Portland (pp. 1617-
1632). New York, NY, USA, 2020

Shrimali, B., & Patel, H.B. (2022). Blockchain state-of-the-art: Architecture, use cases,
consensus, challenges and opportunities. Journal of King Saud University, 34(3), 6793—
6807. https://doi.org/10.1016/].jksuci.2021.08.005

Shuaib, M., Badotra, S., Khalid, M.I., Algarni, A.D., Ullah, S.S., Bourouis, S., . .. Gundaboina,
L. (2022). A novel optimization for GPU mining using overclocking and undervaluing.
Sustainability, 14(14), 8708. https://doi.org/10.3390/sul14148708

Sikorski, J.J., Haughton, J., & Kraft, M. (2017). Blockchain technology in the chemical industry:
Machine-to-machine electricity market. Applied. Energy, 195, pp. 234-246.
https://doi.org/10.1016/j.apenergy.2017.03.039


https://doi.org/10.1016/j.jksuci.2021.08.005

&4

UIIUYNIN (610)

Stachowski, M., Fiebig, A., & Rauber, T. (2021) Autotuning based on frequency scaling toward
energy efficiency of blockchain algorithms on graphics processing units. J.
Supercomput., 77, 263-291. https://doi.org/10.1007/s11227-020-03263-5

Stoll, C., Klaaflen, L., & Gallersdorfer, U. (2019) The Carbon Footprint of Bitcoin. Joule., 3(7),
1647-1661. https://doi.org/10.1016/j.joule.2019.05.012

Swan, M. (2018). Blockchain for business: Next-generation enterprise artificial intelligence
systems. Advances in Computers, 111, 121-162.
https://doi.org/10.1016/bs.adcom.2018.03.013

Syed, T.A., Alzahrani, A., Jan, S., Siddiqui, M.S., Nadeem, A., & Alghamdi, T. (2019) A
comparative analysis of blockchain architecture and its applications: Problems and
recommendations. IEEE Access, 7, 176838—-176869.
https://doi.org/10.1109/access.2019.2957660

Tapscott, D. & Tapscott, A. (2016) Blockchain Revolution: How the Technology behind Bitcoin Is
Changing Money, Business, and the World. Portfolio: New York, UK

Tariq, U., Ibrahim, A., Ahmad, T., Bouteraa, Y., & Elmogy, A. (2019) Blockchain in Internet-of-
things: A necessity framework for security, reliability, transparency, immutability and
liability. IET Commun, 13(19), 3187-3192. https://doi.org/10.1049/iet-com.2019.0194

Tkachuk, R.-V, Ilie, D., Robert, R., Kebande, V., & Tutschku, K. (2023). On the performance
and scalability of consensus mechanisms in privacy-enabled decentralized renewable
energy marketplace. Ann. Telecommand., 79, 271-288. https://doi.org/10.1007/s12243-
023-00973-8

Tran, V.D., Ata, S., Tran, T.H., Lam, D.K., & Pham, H.L. (2023). Blockchain-powered
education: A sustainable approach for secured and connected university systems.
Sustainability, 15(21), 15545. https://doi.org/10.3390/su152115545

Treiblmaier, H. (2018). The impact of the blockchain on the supply chain: A theory-based
research framework and a call for action. Supply Chain Manag. Int. J., 23(6), 545-559.

https://doi.org/10.1108/scm-01-2018-0029



&5

UIIUYNIN (610)

Xia, J., Li, H., & He, Z. (2023). The effect of blockchain technology on supply chain
collaboration: A case study of lenovo. Systems, 11(6), 299.
https://doi.org/10.3390/systems11060299

Xiang, F., Huaimin, W., Peichang, S., Xue, O., & Xunhui, Z. (2021). Jointgraph: A dag-based
efficient consensus algorithm for consortium blockchains. Sofiw. Pract. Exp., 51(10),
1987-1999. https://doi.org/10.1002/spe.2748

Yli-Huumo, J., Ko, D., Choi, S., Park, S., & Smolander, K. (2016). Where is current research on
blockchain technology? - A systematic review. PLoS ONE, 11(10), 1-27.
https://doi.org/10.1371/journal.pone.0163477

Zamani, H., Tripathy, D., Bhuyan, L., & Chen, Z. (2020) SAOU: Safe adaptive overclocking and
undervaluing for energy-efficient GPU computing. In Proceedings of the ACM/IEEE
International Symposium on Low Power Electronics and Design (pp. 294-307). Boston,
MA, USA. https://doi.org/10.1145/3370748.340653

Zhang, R., Xue, R., & Liu, L. (2020). Security and privacy on blockchain. ACM Comput. Surv.,
52(3), 1-34. https://doi.org/10.1145/3316481

Zheng, 7., Xie, S., Dai, H., Chen, X., & Wang, H. (2017). An overview of blockchain
technology: Architecture, consensus, and future trends. 2017 IEEE International
Congress on Big Data (BigData Congress) pp. 557-564. Honolulu, HI, USA. doi:

10.1109/BigDataCongress.2017.85.https://doi.org/10.1109/BigDataCongress.2017.85



A
¥O

[ A S a
U heu Tina

Usz3Ad3e

N300 Yy as

2 FUNAN 2522

86

aomiina WIarals Uszndlne
Usziamsdnun aonunsigsruasund
Sy Imanmanstiuna
AVIFINGNIADUNUADS, 2546
UNINGIABY TN
WyanImemansuniuma
AV IBWNA 11 laga 1 aung, 2554
flogilagiiu 56 Vil 5 SuanABINZINT T
81NOMAZINGY I IANLIFUNT )
aouiian i Ineauma luTagsyuena aziueen
dumiatagiu Wanthenuamnmssams lataanduay

o aa o J
FNNAYTUAING AUSHUBIMNTAILAL

danueaas



	Titlepage
	Acknowledgements
	Abstract
	Contents
	Chapter 1
	
Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Reference
	Profile

