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Tém tit: Nghién ciru gidi quyét bai todn kiém thir t dong thiéu on dinh trén iing dung
web phong phii (RIA) va vmg dung trang don (SPA). Sw thay déi DOM lién tuc va trang thdi
di liéu bat dong bé gay ra 16i chdp chon (flaky tests) & cdc cong cu truyén thong. Nghién ciru
dé xuat hé thong kiém thir tw dong tich hop mé hinh huéng div liéu (Data-Driven Testing) va
khung Playwright. Hé thong dp dung thudt toan dong bé héa trang thdi giao dién véi tang
mang thong qua co ché chan bat API (network interception) va tw dong cho. Thudt toan nay
loai bo hoan toan viéc sw dung do tré thoi gian tinh. Két quad thuwc nghiém trén cac ung dung
React, Vue va Angular ghi nhdn ty 1é kich ban thanh cong dat 98,67% va gidi han ty 1¢ 16i
chdp chon & mike 1,33%. Co ché chay da luong lam gidm 62,8% tong thoi gian thiee thi. Cdu
triic tép cdu hinh JSON tdch biét cho phép mé rong hé thong sang cdc img dung méi véi chi
phi bao tri 0 dong ma (0 LOC).

Tir khéa: kiém thir tw dong, mé hinh hwéng dir liéu, Playwright, img dung Web phong phii

(RIA), trng dung trang don (SPA)
I. Pit van dé

Su chuyén dich tir kién tric web
tinh truyén thong (Ricca & Tonella, 2001)
sang ung dung Web phong phu (RIA) va
rng dung trang don (SPA) da 1am thay dbi
hoan toan phuong thic thiét ké phan mém.
Thay vi dya vao may chu dé nap lai trang,
RIA sir dung JavaScript va AJAX dé két
xuat ndi dung dong truc tiép & phia may
khach (Mesbah va cong su, 2008; Mesbah
& van Deursen, 2008). Dac tinh nay cai
thién trai nghiém nguoi dung nhung pha

v co ché hoat dong ctia cac phuong phap
kiém thir tw dong truyén thong.

Khac véi web tinh, RIA thay do6i
trang thai DOM lién tyc ma khong lam
thay d6i URL (Artzi va cong su, 2008,
2008a). Qua trinh xir 1y dit liéu bat dong
bd sinh ra hién tugng “chip chon” (flaky
tests) trong kiém thu, khi cac 1énh tuong
tac duoc thuc thi trude khi DOM kip tai
(Mesbah & Roest, 2012; Fard & Mesbah,
2013). Cac nghién ctru trude ddy chu yéu
tap trung vao thudt toan thu thdp dir licu
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(Dincturk va cdng su, 2014; Amalfitano
va cong su, 2008; Roest va cong su, 2010)
va suy ludn may trang thai (Choudhary
va cong su, 2012; Fard & Mesbah, 2013),
nhung viéc duy tri hang tram kich ban
kiém thir tuan tu doi hoi chi phi bao tri rat
16n (Ocariza va cong su, 2013; Stocco va
cong su, 2015).

Nghién ctru nay dé xuit hé thong
kiém thir tu dong 4p dung mo hinh hudng
dir liéu (DDT) két hop véi Playwright,
nham thiét 1ap mot bd khung duy nhat co
kha ning chay kiém thir song song cho
nhiéu tng dung RIA thong qua diéu chinh
tép cu hinh, tir d6 tdi uu héa chi phi tai
str dung ma ngudn va giam sai s6 do do
tré mang.

IL. Co 6 1y thuyét

2.1. Kién tricc iing dung Web phong
phii (RIA) va thdch thirc kiém thi

Kién trac RIA va SPA dich chuyén
logic giao di¢n tir médy chu sang may khach
thong qua cac framework JavaScript hién
dai (Li va cong su, 2020; Kim va cdng su,
2021). Ung dung duy tri ludng giao tiép
ngam bang XHR hoic Fetch API (Mesbah
& van Deursen, 2009). Khi nhan dir liéu
phan hoi, ma JavaScript cap nhat truc tiép
trén DOM. Qua trinh nay hoan toan bt
dong bo, tao ra khong gian trang thai giao
dién v6 han (Benjamin va cong su, 2011).

Su thay ddi trang thai dong gy ra
ba thach thirc chinh. Thtr nhét, bai toin
bung nd khong gian trang thai khién
crawler kho bao phil toan b ludng nghiép
vu (Choudhary va cong su, 2012; Fard &
Mesbah, 2013a). Thur hai, ma JavaScript
phtic tap 1am ting nguy co 16i giao dién
trén cac trinh duyét khac nhau (Mesbah
& Prasad, 2011; Choudhary va cong su,
2012; Choudhary va cong su, 2013) va

tao ra 16 héng bao mat DOM-based XSS
(Bau va cong su, 2010; Lekies va cong
su, 2013). Tht ba, su thiéu déng bo vé
thoi gian 1am kich ban kiém thir d& giy
dd (Stocco va cong su, 2015); viéc chén
1énh tam dung tinh (hard sleep) lam giam
hiéu nang va khong dam bao do chinh xéac
trén moi trudong mang cé do tré khac nhau
(Fard & Mesbah, 2012).

2.2. Mé hinh kiém thiv hwéng di
liu (Data-Driven Testing) va khung
Playwright

DDT la phuong phap phan tach
hoan toan ma 1énh c6t 15i va b dit ligu
dau vao. Logic hé théng dugc biéu dién:
Result = Z; Script(Data;), voi Data; 1a tép
cAu hinh JSON/YAML chira tham sb dic
thu cua tung Ung dung. DDT gitp mo
rong quy mé kiém thir cho nhiéu SPA/RIA
ma khong lam gia taing dong ma (Qian va
cong su, 2018).

Dé xtr Iy van dé kiém thir chap chon
(Mesbah & Roest, 2012), nghién cuu su
dung Playwright v6i hai co ché chinh.
Thir nhat, Auto-waiting kiém tra vong lap
trang thai DOM; Iénh tuong tac chi thuc
thi khi phan tir hién thi, on dinh va c6 kha
nang nhan sy kién (Li va cong su, 2020).
Tha hai, Network Interception cho phép
truy cip ting mang cua trinh duyét (Kim
va cong su, 2021); thay vi ding bo dém
thoi gian, kich ban cho phan hoi mang cé
diéu kién (vi du: cho API tra vé ma 200).
Viéc tich hgp DDT vao Playwright giai
quyét dugc rao can bt dong bo ciia web
hién dai.

III. Phwong phap va Vit liéu
nghién ciru

3.1. Vit ligu va moi truong thuc nghigm

Nghién cuu chon ba Ung dung dai
dién cho ba kién trac két xuat phd bién:



React]S, VuelJS va Angular. Cac ung
dung nay st dung JavaScript dé nap
ndi dung dong, cap nhat trang thai qua
AJAX/Fetch va khong thay doi URL khi
chuyén trang (Mesbah, Boender & van
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Deursen, 2008; Mesbah & van Deursen,
2008; Artzi va cong sy, 2008), mo phong
chinh xac bai toan bung nd trang thai
va thiéu dong bo thoi gian (Mesbah va
Roest, 2012).

Test Orchestrator (CI/CD Pipeline)

Test Runner / CLI

l Test Frameworks [

‘ ‘ Playwright Engine

HTTP Testing / API Client

Direct Request

System Under Test (Rich Web ;Application)

v v

API Layer / Endpoints

WebDriver Protocol

DOM / Ul Layer

o CDP / Browser Enging------------- - Piercing Shadow DOM

A v

Shadow DOM / Web Components

Hinh 1: So do6 hé thong thir nghiém

Phan tich va Lwa chon cong cu kiém thir

Bang 1: Két qua lya chon cong cu so bo

Tiéu chi HTTP testing Selenium automation Playwright

Tang kiém thir Network / API Ul automation Ul + network
M6 phong ngudi dung Khong Co Co

Kha nang kiém tra JavaScript Khong Co Co
Kiém tra DOM dong Khong Co6 nhung kho Tot

SPA / AJAX Khong phu hop Han ché Rat tot
Kiém tra workflow end-to-end Khong Co Co

Kha nang intercept API C (truc tiép) Han ché Co
Debug Ul Khong Co Rat tot

Sau khi danh gid ba phuong phap

client-side

(Mirshokraieva cong su,

kiém thir dua trén kha nang can thi¢p
mang, md phong hanh vi va xi ly DOM
dong (Marchetto, Ricca, & Tonella,
2008a, 2008b), nghién cu nhan thiy:
(1) Kiém tha HTTP hoat dong tét ¢ ting
mang nhung khoéng thyc thi JavaScript

2013), khong phu hop véi SPA (Qian va
cong su, 2018). (2) Selenium hd trg UI
automation nhung thiéu co ché can thiép
API ngﬁm, phu thude vao hard sleep, lam
tang ty 1€ flaky tests (Choudhary va cong
su, 2012). (3) Playwright cung cip giai
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phap toan dién nhét nho giao tiép truc tiép
qua CDP, cho phép kiém soat ddng thoi UI
va network, dong thoi ¢ kha nang chin
bat API manh m& va co ché cho DOM tu
dong. Do d6, nghién ctru chon Playwright
lam cong cu 161

Moéi truong thuc nghiém: may tram
Intel Core i7 (8 nhan), RAM 16GB, SSD
NVMe; hé diéu hanh Ubuntu 22.04 LTS;
Node.js 18.x; Playwright Test 1.39.0; trinh
duyét Chromium. Viéc gidi han mot trinh
duyét nham tap trung do luong do on dinh
cua thuat toan xu ly bat déng b0, loai trir
sai sO do 16i twong thich chéo trinh duyét
(Mesbah va cong su, 2008).

3.2. Phwong phdp thiét ké hé thong
kiém thir hwong div liéu (Data-Driven
Framework)

Hé théng gdm ba 16p doc lap, tudn
thi nguyén tic thiét ké phin mém (Ricca
& Tonella, 2001):

Lép thi nhat: Lép cdu hinh
dir liéu (Data Configuration Layer).
Lop nay chura céc tép dinh dang JSON.
Mbi dbi tuong JSON dai dién cho mdt
mg dung web cu thé. Cau trac dir lidu
dau vao duoc dinh nghia bang tap hop
cac tham soO: c={4,, . Ubase’Eapi’Ldom}'
Trong do:

* 4 .Téndinh danh img dyung.

* U, Diachi URL géc.

* E,; Chudi bicu thic chinh quy
(Regex) biéu dién diém cudi API (API
endpoint) chiu trach nhiém cung cép dit
liéu cho giao dién.

* L, :Taphop cz%c bd chon phan tir
(CSS Selectors) dung dé dinh vi giao dién
(vi du: nt dang nhap, bang dir liéu, thong
béo 131). Cu tric nay tach biét hoan toan
dir liéu cua timg rng dung khoi ma ngudn

thuc thi (Amalfitano va cong su, 2008;
Roest va cong su, 2010).

Lép thi hai: Lép tién ich 16i
(Core Utilities Layer). Lép nay dinh
nghia cac ham tuong tac véi trinh duyét
dua trén Playwright API. Nhiém vu c6t
161 cta 16p nay la dong gobi cac thao tac
phirc tap cua kién trac RIA thanh cac 1énh
goi ham don gian. Nghién clru tap trung
phat trién thuat toan dong bo hoa trang
thai giao dién va trang thai mang (trinh
bay chi tiét tai muc 3.2.2).

Lép thw ba: Lép thuce thi vong
1ap (Runner Layer). Lép nay chiu trach
nhiém nap di li€u tr t€p JSON, khoi
tao mdi trudng trinh duyét va phan phdi
ludng kiém thtr. Hé thong ap dung co ché
ngtr canh doc l1ap (Browser Context) cua
Playwright. Thay vi khoi dong lai toan bo
trinh duyét cho mdi ung dung, hé théng
tao ra cac ngir canh 4n danh (Incognito
Contexts). Moi ngir canh so hitu khong
gian luu trt Cookie, LocalStorage va
SessionStorage riéng biét. Cach tiép can
nay ngan chan hién tugng ro ri trang thai
(state bleeding) giita cac kich ban, dong
thoi tdi wu hoa chi phi khi tao phan cing
(Fard va Mesbah, 2013c).

Thudt todn xir Iy trang thdi bat dong
bé trong RIA Thach thirc 16n nhat trong tur
dong hoa RIA 1a x4c dinh thoi diém DOM
hoan tat két xuét sau khi nguoi ding tuong
tac (Mesbah & van Deursen, 2009; Fard &
Mesbah, 2013a). Cac cong cu cii thuong
su dung ham sleep(t) vdi 1la mot hé“mg
s6 thoi gian. Phuong phap nay gy lang
phi tai nguyén néu mang phan hdi nhanh,
va gay 16i kich ban néu mang phan hoi
cham. (Fard & Mesbah, 2013b)

Nghién ctru thiét ké thuat toan dong
bd hoéa dua trén su ki€n (Event-driven
Synchronization) két hop hai co ché:



waitForResponse va waitForSelector. Thuat
toan hoat dong theo trinh tur bon budc:

1. Hé thong ghi nhan ludng dir liéu
ctia ngudi dung (vi du: thao tac nhp chudt
vao nut “Pang nhap”).

2.Ngay trudc khi thao tic nhap
chudt xay ra, hé théng khoi tao mot
ham ling nghe su kién mang (Network
Listener) & ché do cho (Promise pending)
Ham nay su dung tham s6 E,, tutép ciu
hinh JSON d¢é loc cac gdi tin HTTP

3. Hé thong thuc thi thao tac nhép
chudt. Ung dung SPA bit dau giri yéu cau
AJAX ngﬁm (Gu va cong sy, 2013; Kim
va cong su, 2021).

4. Ham ling nghe mang. Hé thong
kiém tra ma trang thai HTTP (vi du:
HTTP 200 OK). Ngay sau khi mang hoan
tat, hé thong chuyén sang budc kiém
tra cdy DOM. Co ché Auto-waiting ctia
Playwright quét lién tuc cdy DOM cho
dén khi phan tir dich (xac dinh boi tham s6
L dom) chuyén saqng trang thai hién thi dﬁy
du (visible) va on dinh (stable).

Cong thtc do luong thoi gian cho
dong T . cua hé théng duoc tinh bang:

w~ait:T netwo,rk+7:"ender Trong 46 7, 1a d0
tr¢ thyc t€ cua APl va 7 la thoi gian
trinh duyét tinh toan va v€ lai Virtual
DOM. Thuat toan nay triét tiéu hoan toan
su can thiét cta céc hé“mg sb thoi gian tinh,
loai bo nguyén nhéan gbc ré gay ra 16i chap
chon (flakiness) trong kiém thir phan mém
hudng su kién (Mesbah va cong su, 2008;
Choudhary va cong su, 2012).

Quy trinh thie thi kich ban kiém
thir hang loat : Hé théng phan tich tép
JSON chita N ciu hinh, sinh dong N
bd kich ban kiém thtr. Kich hoat chay
song song v&i *W = 4* ludng trén 4 15i
CPU. Playwright ghi nhan moi ngoai 1¢
JavaScript hodc 16i mang (CORS, 404,
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500) tir console, bu dip 16 héng cua
phuong phap chi phan tich bé mat DOM
(Ocariza va cong su, 2013).

3.3. Thiét ké Po lwong va Cic tiéu
chi danh gia

Pé dinh luong hiéu qua cua hé
théng dé xuit (phuc vu cho viéc thao luan
tai Muc IV), nghién ctru thiét l1ap ba nhom
tiéu chi do luong toan hoc chinh. Cac phép
do dugc thuc hién 1ap lai 50 1an (50 vong
chay/img dung) nhim dam béo tinh toan
ven cua théng ké hoc.

Tiéu chi 1: PY on dinh va Ty 1é thanh
céng (Stability and Pass Rate) Do 6n dinh
ctia hé théng duge do bang kha ning vuot
qua 11 chép chon (flaky tests) do bat dong
bd mang.

Ty 1€ thanh cong Prqre = Tpass + 100%,

Ttotal

Ty 1& chap chon Frge = ’; 19K % 100%.
Mot kich ban duo*c phan loai la ‘chap
chon” (flaky) néu né thit bai trong lan
chay dau tién nhung thanh cong trong lan
chay lai (retry) ma khong c6 bat ky su can
thiép thay d6i ma ngudn nao(Stocco va
cong su, 2015).

Tiéu chi 2: Hiéu nang thuc thi
(Execution Performance) Nghién cuu do
luong tong thoi gian hoan thanh (Total
Execution Time - 7 ) khi kiém tra toan
bd mang N tng dung. Phép do nay so sanh
truc tiép gitra hai ché do:

Thuec thi tudn tu (Sequential Mode):

Tseq = §V=1 L
Thuyc thi song song (Parallel Mode):
N
Tpar = =5 2‘ 15 (v6i W 1a s6 ludng thuc thi).

Su chénh lech gitra I,vaT, . chimg minh
kha ning t6i wu hoa tal nguyen phan cimg
ctia Playwright két hop mé hinh DDT.
Tieu chi 3: Chi phi bao tri va Kha
nang mo rong (Maintenance Cost and
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Scalability) Chi phi bao tri dugc lugng hoa
thong qua chi s6 Dong ma 1énh (Lines of
Code - LOC). Khi céan tich hop tmg dung
thit N+1 vao hé thong ty dong hoa, nghién
ctru dém s6 lugng LOC can viét thém.
Theo phuong phap Selenium/Hard-coded
truyén thong, viéc thém tmg dung méi doi
hoi phai viét lai toan bo cau trac kich ban
méi, 1am ting quy mé LOC tuyén tinh. D6i
v6i mo hinh DDT dé xuét, chi phi LOC
muc tiéu chi gidgi han ¢ viéc khai bao thém
cAu trtc dit liéu tinh trong t¢p JSON. Tham
s6 nay danh gia gia tri kinh té va tinh kha
thi 4p dung thyc tién cua nghién ctru dbi
v&i cac quy trinh tich hop lién tuc (CI/CD)
tai doanh nghi€p (Qian va cong sy, 2018).

Cubi cung, ddi véi cac kich ban that
bai, hé théng luu trir tép tin Playwright
Trace. Tép tin nay dong goi toan bd anh
chup man hinh cuc bo (DOM snapshots),
nhat ky mang va ngin xép cudc goi (call
stack) tai tng mili-gidy. D@t liéu nay dugc
dbi chiéu voi thong s6 “Debug UI” trong
Bang 1, cung cép co s6 vat lidu dé thao
luan vé nang luc g& 16i giao dién truc quan
ctia hé thong dé xuét so voi phuong phap
luu trit log van ban truyén thong.

IV. Két qua va thao luin

Hé¢ théng thyc thi thuc nghi¢m trén
ba ung dung mau (React, Vue, Angular).
Heé théng chay lap lai 50 vong cho mdi
g dung, tao ra tong cong 150 kich ban
kiém thir doc lap.

4.1. Pdnh gid higu qud ciia hé thong
kiém thir @é xudt trén cdc iing dung RIA

Két qua vé d on dinh va thoi gian
thuec thi

Két qua do ludng cho thdy hé théng
dat do 6n dinh cao. Trong 150 lugt chay,
hé théng ghi nhan 148 lugt thanh cong
ngay tr lan dau tién. Ty 1¢ thanh cong
(P) dat 98,67%. H¢ thong ghi nhan 2
lugt chay that bai do may chu phan hoi
ma 16i HTTP 503, nhung thanh cong &
lan chay lai (retry). Ty 1& chap chon (F )
dung ¢ muc 1,33%.

Vé hiéu nang, hé théng do luong
thoi gian thuc thi kich ban trén ba tng
dung. Trong ché do chay tudn tu (w=1),
tong thoi gian (,,,) dat 45,2 gidy. Khi kich
hoat ché¢ do da luong (W=4), tong thoi
gia’n (T,,) giam xudng con 16,8 gidy. Hi¢u
suat thoi gian cai thién 62,8%.

Bdng 2: On dinh test

Tiéu chi HTTP testing Selenium Playwright
Test flakiness gan nhu 0 cao thap
Dong bo async khong can phai tu wait auto-wait
DOM dynamic khong test dé 16i 6n dinh

Thao luan: Ty 1€ chip chon
1,33% chtng minh tinh dung din cua
thuat toan d@)ng bd hoa trang thai dé
xuat tai Muc 3.2. Viéc Playwright
bat tryc tiép ludng phan hoi API gitp
kich ban kiém thu khong bi pha v&
khi mang c6 do tré (Mesbah & Roest,
2012). Két qua nay khic phuc triét dé
diém yéu cua phuong phap dung ham
sleep() tinh trong cong cu truyén

théng (Stocco va cong su, 2015;
Fard & Mesbah, 2013b). Trinh duyét
khong con thao tac trén cac phan tur
DOM rdng. Bén canh do, viéc phan
tach cac ngir canh trinh duyét 4n danh
(Incognito Contexts) két hop chay
song song da ludng tdi wu héa phan
cing, giai quyét bai toan nat thit cd
chai vé thoi gian khi kiém thtr quy mo
16n (Choudhary va cong su, 2012).



Kha nang mo réng va Toi wu héa
chi phi bao tri kich ban

Pé kiém ching kha ning mé rong,
hé thong thuc hién nap thém ung dung
thir tu (mot hé théng quan tri ndi dung
bang React) vio méi truong thir nghiém.
Hé théng khong yéu cau lap trinh vién
viét thém bat ky dong ma TypeScript nao
(0 LOC). K§¥ su chi can bd sung mot ddi
tugng JSON gdom 8 dong cau hinh (chira
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URL, diém cudi API va 4 bd chon DOM).
Hé thong ty dong khoi tao kich ban, chay
va bao cao két qua chinh xAc.

Heé théng ciing thu thap dugc 12 canh
bao 16i JavaScript (Console Errors) tir tmg
dung VueJS. Cac 16i nay phat sinh ngam
trong qué trinh két xuét Virtual DOM. Khung
kiém thir tyr dong ghi nhan va danh dau that
bai céc kich ban nay ma khong can viét thém
ham xéc nhan (assertion) cu thé nao.

Bang 3: So sanh chi pht

Tiéu chi HTTP testing Selenium Playwright
D¢ phirc tap script thap cao trung binh
Béo tri test thap cao trung binh
Phu thugc Ul khong rat cao cao
Phu thugc DOM selector khong cao thép hon

Thao ludn: Sy chénh léch vé LOC
chung minh mé hinh Data-Driven Testing
(DDT) giai quyét thanh cong rao can vé chi
phi bdo tri (Qian va cong su, 2018). Viec
tach biét cau hinh khoi mi ngudn logic
gitp hé théng mo rong tuyén tinh vé khbi
luong kich ban nhung gilt nguyén do phutc
tap cia ma nguén (Amalfitano va cdng su,
2008; Roest, Mesbah va cong sy, 2010).
Kha ning bét 16i JavaScript ngdm chtng
to Playwright can thi¢p sau vao 16p may
khach (client-side), cung cip d6 bao phu 16i
t6t hon phuong phéap kiém tra bé mit giao
dién don thuan (Ocariza va cong su, 2013).
Dbi v6i 2 luot chay chap chon, tinh ning
Playwright Trace xuit ra tép tin nén chira
toan bd DOM snapshots va vong do1 mang.
Tinh ning ndy cung cip bang chimg truc
quan, gitp k¥ su g& 16i (debug) chinh xac
trang thai DOM tai mili-gidy xdy ra su cd,
thay vi doc tép log van ban dai dong(Artzi
va cOng su, 2008; Ricca & Tonella, 2001).

V. Két luin
Nghién ctru thiét ké va thir nghiém
thanh cong hé théng tw dong hoa kiém thir

huéng dir liéu danh riéng cho kién truc
Web phong phti (RIA/SPA). Két qua thuc
nghiém xac nhan ba diém ndi bat ciia hé
thong. Thir nhat, thuat toan dong bo hoa
trang thai mang va trang thdi DOM triét
tiéu nguyén nhan giy ra 16i chap chon,
day ty 1¢ thanh cong 1én 98,67%. Thi hai,
co ché da ludng giam hon 60% thoi gian
thuc thi téng thé. Thu ba, cAu tric tép cAu
hinh JSON loai b hoan toan chi phi viét
ma lap lai, cho phép thém mdi ing dung
vao quy trinh kiém thir v6i chi phi 0 LOC.
Nghién ctru cung cAp mot giai phap
thuc tién, kinh t& va on dinh cho cac to
chtrc phat trién phan mém. Bo phan Dam
bao chét lugng (QA) 4p dung mé hinh nay
dé quan 1y hé sinh thai tng dung quy mo
16n (Micro-frontends) ma khong doi hoéi
d6i ngti nhan sy 1ap trinh qua dong dao.
Nghién ctru khuyén nghi cac nhoém
phat trién tich hop hé théng cau hinh nay
tryc tiép vao cac pipeline CI/CD (nhu
Jenkins, GitHub Actions) dé van hanh
kiém thir hoi quy hang ngay. Hudng
nghién ctru tiép theo can tap trung vao viéc
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ung dung Hoc may (Machine Learning)

dé phan tich sy thay doi ciia cdy DOM.

Muc tiéu tién t6i 1a tu dong hoa qua trinh

cap nhat cac bg dinh vi (locators) trong t&p

JSON, hinh thanh co ché tu phyc hdi kich

ban kiém thir (self-healing) khi giao dién

web bi thay d6i ma ngudn ngudn (Li va

cong su, 2020; Kim va cong su, 2021).
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AUTOMATED TESTING OF NEXT-GENERATION
WEB APPLICATIONS

Chu Dang Dinh', Pham Tien Huy?, Do Xuan Thu?, Pham Viet Trung?

Abstract: This research addresses the instability of automated testing in Rich Internet
Applications (RIA) and Single Page Applications (SPA). Continuous DOM manipulations
and asynchronous data fetching generate flaky tests when using traditional testing tools. The
study proposes a scalable automated testing system that integrates the Data-Driven Testing
(DDT) model with the Playwright framework. The system implements a synchronization
algorithm linking user interface states directly with the network layer through APl interception
and auto-waiting mechanisms. This approach entirely eliminates the reliance on static time
delays. Experimental results across React, Vue, and Angular applications demonstrate a
98.67% execution pass rate and limit the flaky test rate to exactly 1.33%. Furthermore, the
parallel execution configuration reduces the total processing time by 62.8%. The decoupled
JSON data structure successfully scales the testing framework to new web applications with
a zero lines of code (0 LOC) maintenance cost.

Keywords: automated testing, data-driven testing, rich internet applications (RIA), playwright,
single page applications (SPA)
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