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Tém tit

Nganh dwoc liéu truyén thong dang déi mdt voi
nhiéu thach thirc nhu dwoc lidu gia, chat luong
khong dong déu va thiéu minh bach trong chudi
cung vmg, gdy anh hiedng dén sire khée cong dong
va niém tin ciia nguoi tiéu ding. Nghién ciru nay
dé xudt va trién khai mot mé hinh hé thong qudn
Iy va truy xudt nguon goc duwoc liéu duwa trén cong
nghé Blockchain, sir dung nén tang Ethereum két
hop véi Hop dong Théng minh. Hé thong cho
phép ghi nhan va luu trit cac thong tin quan trong
trong vong doi duwge liéu, bao gom nguon goc
trong trot, thoi diém thu hoach va két qua kiém
sodt chat heong (QC), trén sé cdi phdn tan nham
ddam bdo tinh toan ven va khd ndng truy vét div
liéu. Mé hinh dwoc trién khai va danh gid trong
moi trueong thir nghiém mé phong chudi cung iing
véi nhiéu bén tham gia. Két quad thie nghiém cho
thdy hé thong dat thong lwong giao dich t6i da tiv
45 dén 51.2 giao dich méi gidy tai cdc thoi diém
tdi cao, cung voi do tré & mirc chdp nhan duoc,
ddc biét hiéu qua déi véi cdc giao dich truy véan
nguon goc. Két qua cho thay mé hinh cé tiém ning
vng dung thiee té trong quan Iy diege liéu.

Tu kh(')a:~ Blockchain, truy xudt Nguon goc, diroc
liéu, chuoi Cung wng, Ethereum.

Abstract

The traditional herbal medicine industry faces
significant challenges, including counterfeit
products, inconsistent quality, and a lack of
transparency in supply chains, which undermine
public health and consumer trust. This study
proposes and implements a blockchain-based
system for herbal medicine management and

traceability using the Ethereum platform

combined with smart contracts. The system
records and stores critical information throughout
the  herbal

cultivation origin, harvesting time, and quality

medicine lifecycle, including
control (QC) results, on a distributed ledger to
ensure data integrity and traceability. The
proposed model is deployed and evaluated in an
experimental environment that simulates a multi-
stakeholder supply chain. Experimental results
indicate that the system achieves a peak
transaction throughput ranging from 45 to 51.2
transactions per second during high-load periods,
with acceptable transaction latency, particularly
for read-dominant traceability queries. These
results demonstrate that the proposed approach is
technically feasible and shows strong potential for
practical application in enhancing transparency
and reliability in herbal medicine supply chain
management.

Keywords: Blockchain, traceability, herbal
medicine, supply chain, Ethereum.

1. Mé diu

Duoc liéu truyén thdng dong vai trd quan trong
trong cham séc stc khoe va diéu tri bénh tai nhiéu
qudc gia. Tuy nhién, chudi cung tmg duoc lidu thudng
¢6 cAu trac phirc tap, bao gdm nhiéu chu thé va khau
trung gian, dan dén nhimng thach thirc dang ké trong
cong tac quan 1y chat lugng va truy xuat ngudn gdc
[4]. Su thiéu minh bach va kiém so4t hiéu qué trong
c4c khau nay 1am gia ting nguy co dugc lidu kém chit
lugong hodc bi gid mao, tir d6 anh huong truc tiép dén
d6 an toan, hidu qua diéu tri ciing nhu niém tin cta
nguoi tiéu dung [1].

Cong nghé sb cai phan tan (Distributed Ledger
Technology - DLT), dac bié¢t 1a Blockchain, mang lai
c4c dic tinh quan trong nhu tinh bt bién, minh bach
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va kha niang chdng stra d6i dir liéu. Trong sb cac nén
tang Blockchain hién nay, Ethereum 1a mot nén tang
phd bién [6] cho viéc trién khai cac img dung phi tap
trung nho kha niang hd trg Hop dong Thong minh linh
hoat va h¢ sinh thai phat trién rong lon. Viéc str dung
Hop ddng Thong minh trén Ethereum cho phép tu
dong hoa cac quy trinh nghiép vu, ddng thoi dam bao
dir liéu dugc ghi nhan mdt cach minh bach va khong
thé thay doi sau khi xac nhan.

Xuat phat tir nhiig van d¢ trén, nghién ctru nay
hudng tdi cac muc tiéu chinh sau:

- Pé xuat mot kién tric hé théng quan 1y va truy
xudt nguon géc dugc lidu dya trén cong nghé
Ethereum.

- Phén tich vai tro ciia Hop dong Thong minh
trong viéc ty dong hoa cac quy trinh kiém soat chat
luong (Quality Control - QC).

- Danh gia hiéu suét ki thuat cia mé hinh trién
khai thong qua cac chi ) thong lugng, d6 tré giao dich
va chi phi gas trong moi truong thir nghiém.

2. Kién triic mé hinh quan 1y dwoc liéu trén
Blockchain

M6 hinh hé théng duoc dé xuit st dung nén tang
Ethereum, mot Blockchain hd trg trién khai cac ung
dung phi tap trung thong qua Hop dong Thong minh
(Smart Contract). Ethereum cho phép Iuu tri va thuc
thi cac logic nghiép vu mot cach minh bach, bat bién
va c6 thé kiém ching cong khai, pht hop cho céac hé
thdng truy xuét ngudn gdc trong chudi cung tmg duogc
lidu voi nhidu bén tham gia nhu nha san xuat, phong
kiém nghiém va nha phan phdi [2]. Trong m6 hinh nay,
viéc dinh danh va phan quyén truy cap duoc thyc hién
thong qua cac dia chi vi va co ché kiém soat quyén
trong hop ddng théng minh.

Kién trac hé thong dugc thiét ké theo mo hinh
phan 16p, bao gdm bdn 16p chinh (Hinh 1) nhu sau:

-Lé6p Dit lidu dau vao (Data Acquisition Layer):
L&p nay chiu trach nhiém thu thap va chuan héa cac
dir liéu lién quan dén dugc lidu, bao gdm thong tin 16
hang, ngudn gbc trong trot va két qua kiém soat chat
lwong. Dit liéu duge nhéap vao hé théng thong qua giao
dién tng dung hoac cac dich vu trung gian trudc khi
duoc ghi nhan 1én Blockchain.

- L6p Blockchain/S6 cai Ethereum: Lép nay bao
gdbm mang lu6i cac nit Ethereum chiu trach nhiém
xéc thuc giao dich va duy tri s cai phan tan. Moi giao
dich ghi dit li€éu déu duoc dong goi, xac thuc thong
qua co ché ddng thuan cua Ethereum va luu trit vinh
vién trén Blockchain. Viéc ghi dit liéu phat sinh chi
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phi gas, trong khi cac giao dich truy van chi doc dit
liéu khong 1am thay doi trang thai sd cai.

- Lop Hop ddéng Thong minh (Smart Contract
Layer): Cac Hop ddng Thong minh dugc trién khai
bang ngdn ngit Solidity, dinh nghia cic quy tic nghiép
vu cdt 18i cua hé théng, bao gém tao 16 duoc liéu
(CreateBatch), cap nhat trang thai trong chudi cung
tmg (UpdateStatus) va xac nhan két qua kiém soat
chat luong (VerifyQuality). Cac hop ddng nay dam
bao viéc thuc thi nghi¢p vu duoc tr dong hoda, minh
bach va khong thé thay déi sau khi dwoc trién khai.

- Lép Ung dung (Application Layer): Lop tung
dung cung cdp giao dién Web/Mobile cho cac bén
tham gia trong chudi cung tng dé nhap dir liéu, theo
doi trang thai 16 hang va thyc hién cac giao dich véi
Blockchain. Pong thoi, hé théng ciing cung cip giao
dién truy xuat cong khai cho nguoi tiéu ding, cho
phép quét md QR hoic tra ctru thong tin ngudn gbc
dugc li€u dua trén dir liéu da dugc ghi nhan trén
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Hinh 1. M6 hinh qudn ly dwoc li¢u trén nén ting
Blockchain

3. Quan Iy chit lwgng va truy xuét ngudn goc
dugec liéu

Quan 1y chat lugng va truy xuat ngudn gbe duoc
liéu doi hoi kha nang theo ddi xuyén sudt toan by vong
doi san phém, tr khau tréng trot, thu hoach, kiém dinh
cho dén phéan phdi téi ngudi tiéu dung cudi. Trong mo
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hinh d& xut, mdi 16 dugc liéu duge gan mot ma dinh
danh duy nhat (Batch ID) ngay tir giai doan dau, dong
vai tro 1a khoa lién két cac thong tin lién quan trong
sudt chudi cung tng.

Cac dit liéu quan trong nhu thong tin ngudn gdc
tréng trot, thoi diém thu hoach, phuong phap so ché -
ché bién va két qua kiém soat chit luong (Quality
Control - QC) dugc thu thap tai Lép Dir liéu dau vao
theo quy chuan qudc gia [8] va sau d6 duoc ghi nhan
1én Ethereum thong qua cac giao dich goi dén Hop
ddng Thong minh. Dé t6i wu chi phi luu trit va dam
bao tinh toan ven dit liéu, cac tai liéu kiém dinh chi
tiét (vi du: Gidy chung nhan QC) duogc luu trit ngoai
chudi (off-chain), trong khi gia trj bim (hash) ciia cac
tai liéu nay duoc ghi truc tiép 1én Blockchain.

Quy trinh quan 1y chét lugng dugc ty dong hoa
thong qua cac Hop dong Thong minh trién khai bang
ngdn ngir Solidity. Cu thé, hop dong cung cap cic ham
nghiép vu chinh nhu CreateBatch dé khoi tao 16 duge
lidu, UpdateStatus dé cap nhat trang thai cua 16 hang
trong chudi cung tmg, va VerifyQuality dé x4c nhén
két qua kiém dinh tir phong thi nghiém hodc co quan
¢6 thAm quyén. Mdi giao dich ghi dit liéu déu yéu cau
chi phi gas va chi duoc thuc thi khi thoa mén cac diéu
kién phan quyén di duoc dinh nghia trong hop dong.

Mbi 16 duoc ligu di qua cac giai doan quan trong,
duogc ghi lai trén Blockchain béng cach thuc thi cac
Hop ddng Thong minh [4] theo Hinh 2.
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Hinh 2. Quy trinh dwoc ligu cin xdc minh nguén géc
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Nho dic tinh bat bién va minh bach cta Ethereum,
cac thong tin da dugc xac nhan khong thé bi chinh stra
hodc x6a bo, gitp ngan chan hi¢u qua cac hanh vi gian
1an hodc gid mao dir li¢u. Nguoi tiéu dung va cac bén
lién quan c6 thé truy xuét lich s ddy di cua timg 16
duoc liéu thong qua giao dién tng dung hodc quét ma
QR, tir d6 kiém chimg ngudn gdc va chat lugng san
pham mot cach nhanh chong va dang tin cay.

Céch tiép can nay twong dong véi cac nghién ciru
trude d6 vé chdng gia duge pham duya trén Blockchain,
trong d6 Blockchain dugc sir dung dé ghi nhan bt
bién thong tin 16 san phim va hd trg truy xuit ngudn
gbc xuyén sudt chudi cung tng, nhu cac mé hinh xéac
minh thudc duge dé xuat trong [3], [5], [7].

4. Phuong phap thue nghiém

Nghién ctru nay trién khai va danh gia hé thong
quan 1y va truy xuat ngudn gbc duoc lidu trén nén tang
Ethereum nham phan tich tinh kha thi va hiéu sut k§
thuat cia mo hinh dé xuat trong diéu kién mo phong
gan véi kich ban tmg dung thyc té. Cac thi nghiém tap
trung vao viéc do luong kha nang xur 1y giao dich, o
tré va chi phi thyc thi ciia cac Hop dong Thong minh
trong moi truong Ethereum.

4.1. Thiét lgp thir nghiém

Pé danh gia hiéu ning va kha ning tng dung cua
hé thdng trong bai toan quan 1y va truy vét dugc lidu,
mdt moi truong thir nghiém dugc xay dung mo phong
chudi cung tmg v&i nhiéu bén tham gia, bao gdbm nha
san xuét, phong kiém nghiém va don vi phan phbi.
Céu hinh thir nghiém bao gém cac thanh phan chinh
vé ha ting Blockchain, Hop ddng Thong minh va cong
cu do ludng hiéu suét, dugc mo ta chi tiét nhu sau:

-Mang Blockchain: H¢ théng duoc trién khai trén
mang Ethereum, sir dung cac nit Ethereum dé xac
thuc va ghi nhan giao dich 1én s6 cai phan tan. Viéc
dinh danh cac bén tham gia dugc thyc hién thong qua
dia chi vi Ethereum, trong d6 mdi bén dugc cap quyén
thuc hi¢n céc chirc nang tuong ung theo logic phén
quyén duge dinh nghia trong Hop dong Thong minh.

- Hop ddng Thong minh (Smart Contract): Céc
Hop ddng Thong Minh duoc phat trién bing ngdn ngit
Solidity, tap trung vao céc chtic ning nghiép vu cbt 16i
cua hé théng, bao g(“)m: khoi tao 16 duogc liéu
(CreateBatch), cap nhat trang thai trong chudi cung
mg (UpdateStatus) va xac nhan két qua kiém soat
chét luong (VerifyQuality). Cac giao dich ghi dit liéu
yéu cau chi phi gas va chi duoc thuc thi khi théa man
cac diéu kién kiém soat quyén truy cap.

-Céng cu do ludong va danh gia hiéu suat: Cac chi
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s6 hiéu sudt nhu théng lugng giao dich, do tré va chi
phi gas dugc thu thap thong qua viéc theo ddi cac giao
dich gti 1én mang Ethereum trong qué trinh thu
nghiém. Dir li¢u giao dich dugc phan tich nham danh
gia muc d6 pht hop cia mo hinh d6i véi cac kich ban
truy xuat ngudn gdc, trong d6 cac giao dich doc chiém
ty 18 16n tir phia nguoi ding cubi.

Céc thu nghiém dugc thuc hién trén moi truong
Ethereum Sepolia testnet nham danh gia xu hudng
hiéu ning twong d6i va hanh vi thyc thi ctia hé thong,
thay vi phan anh chinh xac hiéu suat tuyét déi cia
mang Ethereum cong khai (mainnet). Do d6, cac két
qua thu dugc mang tinh tham khao nhung van du tin
cdy dé danh gia tinh kha thi ciia mé hinh d¢ xut.

Hinh 3 1a Giao dién hé théng d trién khai.

Minh bach ngudn

goc ; :
Dugc pham & Y té

Hinh 3. Giao dién trang chii hé thong

4.2. Kich bdn thir nghiém

Dé danh gia toan dién hanh vi thyc thi va xu hudng
hiéu ning cua hé thong quan 1y va truy xuat ngudn gdc
duoc lidu trén nén Blockchain Ethereum, nghién ciru xay
dung cac kich ban thir nghiém dya trén dac diém van
hanh thuc t& ciia chudi cung tng. Cac kich ban thir
nghiém tap trung vao hai nhom giao dich chinh la giao
dich ghi dit liéu (write transactions) va giao dich truy van
dit liéu (read transactions), dong thoi theo doi chi phi gas
phét sinh trong qua trinh thuc thi cac Hop dong Thong
Minh trién khai trén mang Ethereum Sepolia testnet.

Trong qua trinh thir nghiém, cac giao dich duoc
gui lién tyc tir nhiéu tai khoan Ethereum dai dién cho
céc bén tham gia trong chudi cung tmg, bao gdm nha
san xuat, phong kiém nghiém va don vi phan phdi.
Téng sb giao dich dwoc phan bd déu trong khoang thoi
gian thir nghiém nhim mé phong tai hoat déng cua hé
thdng trong diéu kién gan véi thuc té, ddng thoi han
ché anh hudng cia cac bién dong ngiu nhién trong
qua trinh gui giao dich.

Hai kich ban thir nghi€m chinh dugc xay dung nhu
sau:

- Kich ban 1 - Tai ghi dit liéu chiém wu thé
(Write-heavy workload): Trong kich ban nay, 70% s6
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giao dich 14 giao dich ghi, bao gdm cac thao tac tao 16
dugc liéu (CreateBatch), cap nhat trang thai
(UpdateStatus) va xac nhan kiém so4t chit luong
(VerifyQuality). Cac giao dich con lai (30%) 1a giao
dich doc, phuc vu truy van thong tin nguén gbc. Kich
ban nay mé phong giai doan dau cta chudi cung tmg,
khi dir liéu dugc cap nhat lién tuc va phat sinh chi phi
gas cho mdi giao dich ghi.

-Kich ban 2 - Tai truy van chiém uu thé (Read-
heavy workload): Trong kich ban nay, 70% s6 giao
dich 1a giao dich doc, thyc hién truy van lich sir va
thong tin chi tiét cua cac 16 dugc lidu di duge ghi nhan
trén Blockchain. 30% con lai 1a cac giao dich ghi
nham cap nhat trang thai bé sung. Kich ban nay phan
anh hanh vi sir dung pho bién ctia ngudi tiéu ding va
cac bén lién quan & giai doan cudi chudi cung ung,
trong d6 cac giao dich doc khong lam thay doi trang
thai s6 cai va khong phét sinh chi phi Gas.

Trong ca hai kich ban, cac chi sb hiéu suét duoc
thu thap bao gom thong lugng giao dich, d6 tré giao
dich va chi phi gas trung binh dbi véi timg loai giao
dich ghi. Cac két qua thu dugc dugce st dung lam co
s dé phan tich kha ning dap ung cua hé thong va
danh gia mtrc d6 pht hop ctia mé hinh d& xuat ddi véi
bai toan quén 1y va truy xuat ngudn gbe duoc lidu trén
nén Ethereum, thay vi danh gia hiéu suat tuyét ddi cua
mang Blockchain cong khai.

5. Phan tich thir nghiém va két qua

Sau ddy la phén tich cac két qua thuc nghiém thu
duoc tir qua trinh trién khai hé thong quan 1y va truy xuat
ngudn gbe duoc lidu trén nén tang Ethereum. Cac danh
gia tap trung vao ba chi sb hiéu suét chinh, bao gdbm
thong luong giao dich (Throughput), do tré giao dich
(Latency) va chi phi gas, nham phan anh kha ning dap
tmg ctia hé thong trong céc kich ban tai khac nhau.

5.1. Két qud thong lwong (Throughput) va dé
tré giao dich (Latency)

Kiém tra thong luong trén 2 kich ban dugc thé hién
trong Bang 1.

Tir Bang 1, két qua thyc nghiém cho théy, trong
Kich ban 1 (Write-heavy workload), hé théng dat
thong lwong on dinh véi do tré giao dich trung binh
cao hon so voi kich ban doc, do céac giao dich ghi yéu
cau thyc thi Hop dong Thong Minh va tiéu t6n chi phi
gas. Nguoc lai, trong Kich ban 2 (Read-heavy
workload), d6 tré giam dang ké do phan 16n cac thao
tac 1a truy van dix liéu chi doc, khong lam thay déi
trang thai s6 cai va khong yéu cau xac nhan giao dich
trén Blockchain.
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Bing 1. Higu suit mang trén nén ting Ethereum

i ) o Théong lwong dinh Do tré giao dich TB  Chi phi Gas TB
Kich ban Ty 1€ Ghi/Doc . .
(TPS) (gidy) (ghi)
Kich ban 1 (Write-heavy) 70% Ghi/30% Doc 45.6 1.85 Cao
Kich ban 2 (Read-heavy) 30% Ghi/ 70% Doc 51.2 0.45 Thép
Bing 2. Chi phi Gas va mikc d tiéu thu tai nguyén trén nén ting Ethereum
. ; o Chi phi Gas L
Hoat dong Kich thuée dir liéu (KB) .. Ghi chu
(twong doi)
Tao 16 hang (CreateBatch) ~5 (Dt liéu + Hash) Cao Ghi dir liéu maéi 1én Blockchain
Cép nhat trang thai . 2. e A1
~1 Trung binh Thay d6i trang thai 16 hang
(UpdateStatus)
B vz o Chi doc dit liéu, khong thay déi trang
Truy van nguon goc (Read) ~1 Rat thap /0

thai

5.2. Phan tich chi phi Gas

Chi phi gas 1a yéu t6 quan trong anh hudng truc
tiép dén kha nang trién khai va mé rong hé thong trén
nén tang Ethereum. Trong qué trinh thir nghiém, chi
phi gas duogc ghi nhén cho tung loai giao dich ghi, bao
gdm tao 16 dugc liéu (CreateBatch), cap nhat trang
thai (UpdateStatus) va xac nhan kiém soét chit lugng
(VerifyQuality).

Tir Bang 2 c6 thé thiy rang chi phi gas cua céac
giao dich trong hé thdng phu thudc chu yéu vao loai
thao tac va muc do thay ddi trang thai trén Ethereum.
Céc giao dich ghi dir li¢u, déc biét la thao tac tao 16
hang (CreateBatch) tiéu ton chi phi gas cao hon do
yéu cau luu trir dit liéu méi va thuc thi logic hop dong
thong minh. Nguoc lai, cic giao dich truy van nguon
gbc chi doc dir liéu khong 1am thay doi trang thai so
cai nén hau nhu khéng phat sinh chi phi gas. Két qua
nay cho thiy mo hinh dé xuat phu hop véi kich ban
mg dung thuc té, trong d6 cac giao dich truy vén tir
nguoi tiéu dung chiém ty 1& 16n, giup tdi wu chi phi
véan hanh trong khi van dam bao kha ning truy xut
ngudn gdc minh bach va dang tin cay.

5.3. Trat nghtem ngwoi ding cudi (truy xudt
nguon goc)

Tir goc do nguoi ding cudi, kha ning truy xuat
ngudn gdc nhanh chong va minh bach 14 yéu t6 quan
trong nhat. Trong hé thong dé xuat, ngudi tiéu dung
¢6 thé sir dung giao dién Web/Mobile hodc quét ma
QR duogc gfm trén san phém dé truy vén toan bo lich
sir cta 16 dugce lidu tryc tiép tir dit liéu da duoc ghi
nhéan trén Ethereum.

Quy trinh thyc hién quét QR dé truy xuat ngudn
gbc duge thé hién trong Hinh 4.
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Ngudi tiéu dung chi can quét ma QR duoc in trén
bao bi dugc lidu hodc trén hé thdng tim kiém (Hinh 5)
s& hién thi thong tin ngudn gdc xuét x cia duge lidu
(Hinh 6).

Hinh 4. Quy trinh thwe hién quét Ma OR va hién thi
lich sk truy xudt nguén goc

M3 Tem Truy Xust

Hinh 5. Quét mi QR

A = SR
O Aosopenss: + @

i
?
O MediTrack 2

e v vy

(® Hanh trinh sén pham

@ sinxust bé1 G5K
ca:21 01212025

(@ Chayén dén Cong ty <6 phan
duge ang The

Hinh 6. Két qud hién thi thong tin dwoc ligu
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Coéng nghé s6, tw dong héa va rng dung hang hai

Két qua thir nghiém cho thiy céac truy van dugc
thyc hién véi thoi gian phan hdi ngén va khong phat
sinh chi phi gas, mang lai trai nghiém thuan tién cho
ngudi dung. Pong thoi, viée dir liéu duoc Iuu trir trén
sO cai phan tan gitip nang cao murc d9 tin cdy va minh
bach, gép phan ciing ¢b niém tin ctia nguoi tiéu ding
vao chat lwong va ngudn gbe duoc liéu.

6. Két luan va hwéng phit trién

Két qua thyc nghiém cho thdy mé hinh quén 1y va
truy xuat ngudn gdc duoc lidu dya trén Blockchain
Ethereum c6 kha ning dap tng hiéu qua cac yéu cau
vé tinh minh bach, toan ven dit liéu va kha nang truy
vét xuyén sudt chudi cung tng. M6 hinh dic biét phu
hop véi cac kich ban tmg dung thuc té, trong d6 cac
giao dich truy van ngudn gbc chiém ty 1¢ 16n va khong
lam thay ddi trang thai s6 céi, do d6 khong phat sinh
chi phi gas. Pic diém nay gop phan lam giam chi phi
van hanh khi hé thong dwoc s dung rong rii boi
nguoi tiéu dung va cac bén lién quan.

Mic du dat duoc cac két qua tich cuc, nghién ctru
van tdn tai mot s6 han ché can dugc xem xét. Thi nhét,
chi phi gas cua cac giao dich ghi dir li¢u trén mang
Ethereum c6 thé bién dong theo tinh trang tai cua
mang va co ché dinh gia gas tai timg thoi diém, tir d6
anh huong dén chi phi van hanh khi trién khai trén
mang cong khai (public Ethereum). Thr hai, do tré
giao dich phu thudc vao thoi gian xac nhan khéi, khién
hé thdng kho dép ting yéu cau thoi gian thuc tuyét doi
trong cac kich ban cin phan hdi tirc thoi. Thi ba, do
han ché vé dung luong luu trir trén Blockchain, nghién
ctru hién chi luu trit gia tri bam cla céc tai liéu kiém
dinh trén chudi, trong khi dir liéu chi tiét duoc luu trix
ngoai chudi (off-chain), din dén sy phy thudc nhat
dinh vao cac hé théng luu trix bd tro.

Ngoai ra, cac thur nghiém duogc thuc hién trén
Ethereum Sepolia testnet véi so luong tai khoan va
mrc tai giao dich gidi han, do dé chua phan anh dﬁy
du tac dong cuia quy mo6 mang 16n va hanh vi nguoi
dung phirc tap trong méi truong trién khai thuc té.
Trong tuong lai, cac nghién ctru tiép theo c6 thé xem
xét tich hop cac giai phap mo rong nhu Layer-2,
sidechain, hodc mang Ethereum riéng (private
Ethereum network) nhdm giam chi phi gas, rat ngén
do tré giao dich va nang cao kha nang mo rong cua hé
théng. Bén canh do, viéc két hop véi cac co ché luu
trit phan tan nhu IPFS hoac cac mé hinh quan Iy danh
tinh phi tap trung ciing 1a hudéng phat trién tiém nang
cho hé thong trong cac ing dung truy xuit ngudn goc
duoc liéu quy mo 1on.
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