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LOI CAM DOAN
Em xin cam doan dé 4n 13 thanh qua cong trinh nghién ctru doc lap véi su giap
d& cta gido vién hudng dan. Két qua nghién ciu chua timg dugc cong b trong bét
ky cong trinh nao khéc. T4t ca su gitp d& cho viéc thuc hién d& an d3 dugc cam on

va céc thong tin trich dan déu c6 ngudn gbc 10 rang.
TAC GIA BE AN
Anly
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LOI CAM ON

Trude hét, em xin guri 10i cdm on chén thanh t6i Hoc vién Céng nghé Buu
chinh Vién thong, Khoa Dao tao Sau dai hoc va toan thé cac thz“ly co gido cua Hoc
vién d tao diéu kién thuan loi, truyén dat kién thirc va hé trg em trong subt qua trinh
hoc tap va nghién ctru chuong trinh Thac si.

Em xin bay t6 10ng biét on sau sic toi Tién s B3 Thi Bich Ngoc, ngudi di tan
tam huéng din, danh nhiéu thoi gian, cong sitc va dua ra nhitng dinh huéng quy bau,
gitip em hoan thién dé 4n nay mét cach tot nhét.

Em ciing xin chan thianh cim on Ban lanh dao ciing c4c anh chi ddng nghiép
tai Trung tdm giai phap Gido duc sb - Cong ty Cong ngh¢ Thong tin VNPT da Tuon-
hd tro, chia sé kinh nghiém va déng gép nhiéu ¥ kién thiét thuc trong qua trinh em
khao sat va thuc nghiém nghién ciru.

Cubi ciing, em xin giri 161 tri 4n t&i gia dinh, ngudi than va ban bé, nhitng
ngudi da lubn & bén dong vién, khich 1€ va tao chd dua tinh thin ving chic @& em
hoan thanh qua trinh hoc tap va hoan thién dé 4n nay.

Em xin trdn trong cdm on.

Ha Noi, ngay 15 thang 12 ndm 2025
Nguoi viet

Al

Nguyén Thi Quynh Anh
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BAN CAM POAN

Toi cam doan da thuc hi€n viéc kiém tra murc do tuong d(‘“)ng ndi dung dé an
qua phan mém Turnitin mdt cach trung thuc va dat két qua mirc d6 twong ddng ...%
toan bd ndi dung d& 4n. Ban @ 4n kiém tra qua phin mém 14 ban cimg dé 4n da nop
dé bao vé trude hoi ddng. Néu sai t6i xin chiu cac hinh thirc ky luét theo quy dinh

hién hanh ctia Hoc vién.

Ha. .N.(_gl.., ngay /5. thang 42... ndm . 2925
HOQC VIEN CAO HOC/NCS
(Ky va ghi r6 ho tén)

And
Py i @ignb ML
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L. MO DAU
1. Tinh cAp thiét cha dé an.

Trong qua trinh phat trién phin mém, yéu ciu v& chét luong, téc dd phat trién
va kha ning thich tng véi thay dbi ciia hé théng phan mém ngay cang cao. Diéu nay
tao 4p luc 16n cho kiém thir phan mém, vén déng vai trd then chét trong viéc dam
bao san phdm n dinh, déng tin cdy va dép tng yéu ciu ngudi ding.

Kiém thir tir dong ra doi dé giam tai viéc kiém thir thi cong va ting d chinh
xéc, nhung cac phuong phép kiém thir trr dong thong thudng van phu thude nhiéu vao
viéc kiém thir vién (tester) t viét ma kiém thir va dan bdc 16 han ché khi quy mé hé
théng 16n va thay dbi lién tuc. Viéc xdy dung va bao tri kich ban kiém thir ty dong
dodi héi k§ nang 14p trinh, tén nhiu thoi gian va nhan luc, dic biét trong cic md hinh
phat trién phdn mém nhanh nhu Agile/Scrum.

Sur xuét hién ctia cac mé hinh ngdn ngit 16n LLM (Large Language Model)
nhu GPT, Claude hay Gemini d3 mé ra co hoi tmg dung LLM sinh mi kiém thir chirc
ning tr dong tir mé ta y dinh kiém thir (test intent description) [1]. Tuy nhién viéc
chi 4p dung md hinh LLM sinh ma kiém thir chirc ning ty déng ma khéng c6 mot
quy trinh phi hop d& quan Iy dau vao va kiém soat ddu ra c6 thé dan dén nhiéu rii ro:

e Thiéu ngit canh hodc hiéu sai ngit canh kiém thir, sinh mi kiém thir chirc
ning tr déng dya trén ngit canh hién tai khong hiéu duge ngir canh téng thé, quy trinh
nghiép vu, diéu kién tién dé din dén dé sinh mi kiém thir chirc ning sai thir tur, nhay
budc

e Khong co tiéu chi dé danh gia ma kiém thir chirc niing sinh ra: néu khéng
c¢6 chuén d4anh gia cu thé, kiém thir vién (tester) khong thé x4c dinh mi c6 dang ding
yéu ciu khong, ¢6 bo sét buéc nao khong

e Khong kiém soat duge su phu thudc giita cic buée kiém thir: nhiéu ma kiém
thir chtre ning thue té cin c6 cac bude diéu kién trude, néu khéng c6 quy trinh hop
Iy thi khéng nhan biét durge cac phu thude nay

Trung tdm giai phap Gido duc sé ciia VNPT-IT, don vi phat trién hé thong
VNEDU, hién ciing gédp nhiéu thach thie trong viéc m& rong hoat ddng kiém thir tw



dong. Viéc viét ma kiém thtr cho hé théng VNEDU tén nhiéu céng sirc va kho theo
kip tdc do phat trién lién tuc ciia san phim. Hé théng VNEDU 14 nén ting quy md
16m phuc vu hoc sinh, gido vién, phu huynh, cic co sé gido duc va S& Gido duc trén
pham vi toan quéc, do d6 moi thay d_éi tir phia Bo Gido duc va Pao tao déu tac dong
truc tiép dén toan bo hé théng. Theo Thong turr 22/2021/TT-BGDDT, yéu cu thay
d6i hoan toan cach ghi nhin két qua hoc tap va két qué rén Juyén: chuyén thuét ngi
tir ‘hoc luc - hanh kiém’ sang két qua hoc tap - két quéa rén luyén’, dong thoi chuyén
toan bo mirc xép loai két qua hoc tép, két qua rén luyén tir ndm mirc Gioi, Kha, Trung
binh, Yéu, Kém sang bdn muc Tét, Kha, Pat, Chura dat budc hé théng phai cdp nhét
lai phan hé nhr Nhdp diém, Tinh téng két, Théng ké bio cdo,... Theo Thong tur
12/2025/TT-BGDPT yéu cau thay thé cac cum tir “Uy ban nh4n dan cip huyén”,
“Phong Gido duc va Do tao” bang “Uy ban nhan din cip xa”, ddng thoi chuyén débi
md hinh quén Iy tir 64 tinh thanh sang 34 tinh thanh, anh huéng truc tiép dén phan
quyén, dir liéu va ludng nghiép vu tai co s& quan ly gido duc cap xa. Nhimg thay ddi
mang tinh cdu triic nhu vy khién hang loat man hinh, nghiép vu ciia hé théng
VNEDU phéi chinh sira trong thoi gian ngin, lam anh huéng trung binh 20 dén 30%
s6 ma kiém thir chirc ning ctia hé théng VNEDU mdi 14n thay ddi thong tu. |
Truée nhu cdu ngdy cang ting cia hoat dong kiém thir tur dong trong céc hé
thdng phan mém c6 quy mé 16n va thay dbi lién tuc, ciing v&i viéc nhén thiy rd tiém
ning cia cdc mo hinh ngdén ngir 16n LLM trong viéc hd trg sinh ma kiém thir twr dong
tirmo ta ¥ dinh kiém thir [1], hoc vién da Iya chon d& 4n “XAY DUNG QUY TRINH
SINH MA KIEM THU CHUC NANG TU PONG SU DUNG LLM VA AP
DUNG CHO HE THONG VNEDU” huéng t6i xdy dung mot quy trinh sir dung mé
hinh LLM sinh ma kiém thir chirc ning tir c4c budce kiém thir tha cong va tép HTML
chira cdu triic giao dién ctia hé théng, hd tro kiém thir vién khong phai tu viét ma
kiém thur, quéan ly d4u vao diu ra cia hoat dong kiém thir tu dong, dfﬁng thoi hd trg
md hinh LLM sinh mi kiém thir chirc ning, kiém soat chit lwong va luu trit két qua
d4u ra sau khi mé hinh LLM sinh mi kiém thir chirc ning, qua d6 hd tro phat trién

hoat dong kiém thir tir déng trong cdc hé théng c6 quy mo 1én nhr VNEDU .



2. Téng quan nghién ciru.

Kiém thir phan mém 13 mot linh vic quan trong nhim dam bao chat hrong
trGe khi trién khai dén nguoi ding. Hién nay ngly cang nhiéu céc du 4n phin mém
yéu cAu kiém thir ty dong song song v6i kiém thir thi cong. Céc cong cu kiém thir tur
dong phd bién nhu Selenium, Robot Framework hay Katalon Studio yéu ciu kiém
thir vién tu lap trinh va viét cac kich ban kiém thir dudi dang ma 1énh, tir viéc xac
dinh phén tir giao dién dén xay dung céc bude thao tac va kiém tra két qua. Tuy nhién
kiém thir tr dong van ton tai han ché & khau viét kich ban kiém thir, doi hoi tester
phéi c6 k§ nang 1ap trinh va tén nhidu thoi gian viét khi hé thdng thay déi [6][12].
Trong bdi canh d6, sy phét trién manh m& ciia cdc mé hinh LLM d& mé ra kha ning
tu sinh ma kiém thir ty dong tir mé ta ¥ dinh kiém thir [1][7][15]. C4c nghién ciru
[101[11][14] cho thdy LLM mé ra co héi sinh ma kiém thir chirc nang tir ngdn ngit tur
nhién, nhung van ton tai nhitng thach thirc v& db chinh x4c cin dugc giai quyét dé ap
dung trong thuc té. P& tmg dung LLM sinh ma kiém thtr chirc ning tir dong trong
thuce té cin c6 mot quy trinh kiém soét duogc cac yéu td nhr diu vao, str dung k¥ thuit
thiét ké twong tac diu vao (Prompt Engineering) hop 1y [21[31[81[9], kiém soat cht
luong dau ra va td chirc lai ma kiém thir sinh ra dé dé€ tai st dung [4][5][13]. Pay 1a
hudng di cho quy trinh méi giup giam thiéu viée kiém thtr vién phai ty viét ma kiém
thir bang cach sir dung m6 hinh LLM chuyén dbi cic budc kiém thir thi céng sang
kich ban kiém thir tir déng.

Pé dam bio quy trinh sinh ma kiém thir chirc ning tw dong bang mé hinh
(LLM) dat dugc hiéu qua va tinh Urng dung thuc té, cAn xem xét cac yéu td sau day:

e Thu thép céc loai dir li¢u dau vao cén thiét va luu trix tdp trung, tao nén tang
théng nhit dé phuc vu cho cc budce xir 1y va sinh ma kiém thir chirc ning & cac p_hén
tiép theo.

e Phén loai diu vao 12 phan cén thiét dé phan loai vd gom nhém cac budc
kiém thir dugc viét bing ngdn ngit tr nhién, tao co s& cho ky thuat Prompt
Engineering.

o Xéy dung méu prompt 1 phan xdy dung cic thiét ké huéng dan (prompt)



hd tro md hinh LLM hiéu va sinh ma kiém thir chitc ning phii hgp véi timg hanh
dong cu thé bang cach sir dung k§ thuit Prompt Engineering hop ly.

e Tién xir Iy va lién két dir liéu hd trg gitip md hinh LLM hiéu duoc ngit canh
kidm thir thong qua viéc xit Iy déu vao vén dugc viét bang ngdn ngit tir nhién, danh
dAu cac thanh phin trong diu vao tuong img véi céc phin tir giao dién, ddng thoi
danh déu céc bién dit liéu va gom nhém cac buéc kiém thir thit cong 13p lai.

e Sinh ma kiém thir chirc ning tir dong, 13 trong tAm cta quy trinh, trong dé
mo hinh LLM tao ra ma kiém thtr dua trén diu vao ngir canh 13 prompt va dit liéu dhu
vao di duge xir ly.

‘® D& dam bao ma sinh ra ¢ thé thye thi hiéu qua, budc phan tich va chinh
stra ma kiém thtr chitc nang 14 cin thiét nhim danh gi4, tinh chinh va khic phuc céc
15i nghiép vu, ca phap hoic chua phit hop véi hé théng cu thé.

e Budc luu trit va quan 1y ma kiém thir chirc ning déng vai trd ddm bao kha
ning truy xuét, tai sir dung va tich hop vao hoat dong kiém thir tir dong cia td chre.

M&i thanh phin trong quy trinh déu déng vai trd hd trg 13n nhau, tao thanh mét
quy trinh téng thé nhim t1 rru hiéu qua ciia viéc sinh ma kiém thir chtre ning tu dong
st dung LLM.

3. Muc tiéu nghién ciru.

Muc tiéu ciia d& 4n nay 13 xdy dung mot quy trinh sinh ma kiém thir chirc niing
tu dong sir dung m6 hinh LLM két hop k¥ thuat Prompt Engineering, nhim chuyén
ddi mé ta cac bude kiém thir thi cong thanh mi kiém thir chirc ning tu dong. Quy
trinh nay huéng dén viéc hd trg cich twong tc giita ngudi kiém thir va mé hinh ngén
ngit 16n LLM nhim ning cao hiéu qua tao kich ban kiém thir tir dong va c6 kha ning
tng dung trong thuc tién kiém thir phdn mém.

4. P6i twong va pham vi nghién ciru.

e Ddi twong nghién ciru:

Quy trinh sinh ma kiém thir chic ning tu dong st dung LLM, trong d6 tap
trung vao viéc khai thac kha nang sinh mi cia cdc m6 hinh LLM va k¥ thuat Prompt

Engineering dé hd trg kiém thir chirc ning tr déng cho giao dién web



e Pham vi nghién ctru: Tap hop cac budc kiém thtr chirc ning dugc mo ta
bing ngdn ngi ty nhién

e Phuong phép nghién ciru:

o Phuong phap nghién ctu ly thuyét: Thu thdp va phén tich cac tai liéu, cong
trinh nghién cru, sach chuyén khao va bai bao khoa hoc lién quan dén kiém thir ty
dong, md hinh LLM, va k¥ thuét Prompt Engineering nhim x4y dung co s& Iy thuyét
cho viéc xiy dung quy trinh sinh ma kiém thtr chirc ning tir dong

o Phuong phép thire nghiém: Thir nghiém quy trinh sinh ma kiém thir chirc
ning tr dong sir dung md hinh LLM trén tap cac bude mo ta kiém thir thi cong, danh
gid két qua dwa trén cac chi s6 nhur murc do chinh x4c clia mi sinh ra, kha ning thyc thi

o Phuong phap phén tich dinh tinh: Phan tich kha nang 4p dung cla quy trinh
trong mdi trudng thuc t&, tir 46 danh gia hiéu qua ctia quy trinh sinh ma kiém thir tu

déng trong bdi canh cac hé thong phan mém c6 giao dién web



II. NOI DUNG
CHUONG I: KIEM THU CHUC NANG TU PONG VA HIEN
TRANG CUA HE THONG VNEDU

Chuong I trinh bay ly thuyét vé kiém thir chirc ning tu dong, giéi thiéu hé
théng VNEDU va hién trang hoat dong kiém thtr chirc ning tir dong clia hé théng
VNEDU.

1.1. Kiém thir chire ning tu dong

Kiém thir chirc ning (Functional Testing) 12 phuong phap kiém thir phin mém
nhim dam bao cac tinh nang cta hé théng hoat déng ding nhu mo ta trong tai liéu
yéu chu hodc dic ta nghiép vu.

Kiém thtr tu dong (Automated Testing) 12 phuong phép kiém thir phdn mém
trong d6 kiém thir vién doc céc trrdng hop kiém thir (test case) sau d6 dwa trén test
case va giao dién cda chirc nang dé viét cac kich ban kiém thtr twr déng (script) duréi
dang ma, cac m3 nay dugc thuc thi tu dong théng qua cic cong cu kiém thir tr dong
thay vi thuc hién thi cong bdi con ngudi. Céc cdng cu kiém thir tu d6ng thuc hién
cac thao tac trén giao dién theo kich ban kiém thir ty dong dugc 14p trinh sin va ghi
nhan két qua kiém thir tu dong.

Test case 1a mot trudng hop can kiém thir, né bao gdm cac budc kiém thir 13
cac thao tac véi giao dién, tién diéu kién, cac gia tri dhu vao, va két qua mong dgi.
MO&i mét thanh phin trong test case dugc mo ta trong mot cot thé hién du6i dang bang
nhiéu cdt vi du test case Pang nhép thanh cong:

Bing 1.1. Vi du Test case Dang nhip thanh cong

Tén test | Tién dieu | Cac buwéc | Dirliéu dau

s 2 : Két qua mong doi
case kién kiém thi vao q g de

Ding nhdp| 1.Md& trinh | 1. Nhdp tai | 1. Trang: xxx | D#ng nhép thanh cong,

thanh cong | duyét vao khoan 2. Giatritai | khong hién thi nut Pang

trang xXxx 2. Nhép khoén: nhédp trén giao dién
mét khu username

3. Click nut| 2. Gia tri mit

Pang nhap | khau: password




DOM (Document Object Model) 1 mé hinh biéu dién cdu triic ctia mot tai liéu
HTML hoic XML dudi dang cdy phén cip (tree structure). Mdi thanh phan trén trang
web nhu thé div, button, input,... dugc biéu dién dudi dang mdt niit (node) trong ciy
DOM

Xpath 1a mot cu phap duge sir dung dé tim vi tri ciia bit ky phan tr nao trén
trang web trong cAu tric DOM dua trén thudc tinh, nhin (label) cta ph?m th,... Vidu
Xpath tro dén tit ca thé input cé thudc tinh id 1a txtUsername trong DOM:
/linput]@id="txtUsername']

Kich ban kiém thir (test script) 1a mot tp hop cac mi 1énh dugce kiém thir vién
viét bang cong cu kiém thir tu dong dé tyr dong hoa qua trinh thyc thi mt truong hop
kiém thir (test case). Mot test script duge tao ra tir cac budc duge mo ta trong test
case, bao gém tién diéu kién, dix liéu dau vao, cac budc thao tic va Kkét qua mong do1.
Trong test script cac budce thyc hién trong test case s& dugc anh xa thanh cac keyword,
dit liéu ddu vao cua test case dugc truyén vao keyword dudi dang tham sb, cac
keyword két hop v6i cac XPath dé x4c dinh phan tir giao dién can trong téc trén web:

e XPath: dung dé x4c dinh va truy cdp céac phén tir giao dién trén web (button,
textbox, dropdown,...).

e Keyword: dung dé thue hién cac thao tac trén hé théng nhu click, nhap hoic
kidm tra gia tri,... Cac cbng cu kiém thtr ty dong pho bién hd tro hai dang keyword:
keyword c6 sin (Built-in Keyword) vi du nhu (Open Browser, Click Element,...),
Keyword do ngudi dung ty dinh nghia (Custom Keyword) 1a cac keyword kiém thir
vién tu tao ra, thuong duge xay dung tir nhiéu keyword nhé hon

- ® Test data: 1a gia tr1 can kiém tra cta test case (vi du tai khoan, méat khéu)

duoc truyén vao keyword dudi dang tham sb, mdi test case c6 test data khac nhau

Dang_nhap_thanh_cong
[ ] ${site]

Open Browser

Input Text

Input Text f ] M - t ]
Click Element 1ali

Element Should Not Be Visible 14 normalize-space(. )= p'l

Hinh 1.1. Vi du Test Script Ddng nhdp thanh cong

Keyword-driven testing: 1a phuong phap dugc sir dung phd bién trong kiém



thir giao dién web muc dich tao cac test script tir tip tir khoa (Keyword), cac thao tac
duoc kiém thir vién ty déng goéi thanh cac keyword ¢ thé tai str dung dua trén viéc

gom nhom cac hanh dong kiém thtr ding chung & nhiéu test case (Custom Keyword).

TC5@ XO0A THU MUC_HSS

Hinh 1.2. Vi du gom nhom keyword Ddng nhip thanh cong

Céc framework kiém thir tuw dong phd bién gdm Selenium, Robot
Framework, ... h6 trg dinh vi phan tir giao dién théng qua nhiéu co ché nhu XPath,
CSS Selector,... ddm bao c6 thé truy cp chinh xic ddi twong can thao tac, cung cép
tap hop cac keyword c6 san nhu click, nhap,... cho phép kiém thir vién tu viét, cung
cAp bao cao két qua, ghi log chi tiét nham phuc vu kiém thir hdi quy.
1.2. Gi6i thiéu vé hé théng VNEDU

Pé dam bao tinh thuc tién cua dé tai, dé an cin lwa chon mot hé thdng da 16n
va c6 dd phic tap nghiép vu phu hop lam mdi trudng danh gia quy trinh. HE thong
VNEDU dép tmg day du cac tiéu chi ndy nén viéc gidi thiéu téng quan vé hé thdng
VNEDU la can thiét trude khi di vao xdy dung quy trinh va thuc nghiém. VNEDU 1a
hé théng quan ly gido duc s6 duoc xdy dung va phat trién boi Trung tim gidi phap
Gi4o duc sb — VNPT IT, muyc tiéu sd hoa cic hoat dong quan ly day hoc trong nha
treomg. Hé théng phuc vu hon 20 triéu ngudi dung, bao gbm hoc sinh, gido vién, phu
huynh, c4n bd quén ly, ban gidm hiéu va cac co quan quan ly gido dyc trén 34 tinh
thanh véi hon 3 triéu hd so hoc sinh, 9000 truong hoc, bao gbébm hon 30 phan hé
nghiép vy, hang trdm tinh ning nghiép vu va hang trim man hinh giao dién. Mot 56
phén hé tinh ning chinh vi du nhur:

® Quan ly hoc sinh: luu trit va cip nhit hd so hoc sinh, theo d&i qua trinh hoc
tap, diéu chuyén va tiép nhan hoc sinh theo nam hoc

e Quan ly gido vién va chi nhiém: quan ly thong tin gido vién, phan cong chu

nhiém, phan cong gidng day



e S6 hoc ba: téng hop két qua hoc tap, két qua rén luyén va thong tin hoc sinh
theo quy dinh hién hanh, két xuét cac biéu mau dung trong nha trudng

® Quan ly 16p hoc: danh sach 16p, si sb hoc sinh, cdu hinh mén hoc theo 16p

e Tdng két va xét 1én 16p: tinh diém tong két, danh hiéu thi dua, 1én 16p, hru
ban theo ndm hoc

Véi quy mé 16n, sy da dang vé nghiép vu va yéu ciu cdp nhét thudng xuyén
theo thay ddi ciia chinh sach gido duc va chuyén dbi mé hinh chinh quyén, hé théng
VNEDU doi héi viée kiém thir chire nang tu dong phai dugce thuc hién chinh xac va
thudng xuyén.

1.3. Hién trang hoat dong kiém thir tw dong ciia hé thong VNEDU

Hé théng VNEDU hién dang vén hanh véi quy md nghiép vu Ién, bao gbm
hon 300 chirc ning thudc nhidu phan hé tinh ning nhu Quan 1y 16p hoc, Quan 1y hoc
sinh, Quan Iy nhan sy, Nhip diém, Tong két,... mdi tinh ning lai bao gdm nhiéu man
hinh giao dién va ludng xir Iy nghiép vu phirc tap. Hién hé thdng VNEDU duy tri trén
200 test case nghiép vu chinh trong d6 150 test case dugc tir ddng héa tuong g véi
150 kich ban kiém thir tir dong. Hé théng VNEDU duogc phét trién theo mé hinh Agile
v6i chu ky trién khai lién tuc, mbi sprint kéo dai 2 tuan trung binh khoang 100 yéu
cAu. Mbi 14n cip nhat hé théng déu doi hoi cac kiém thir vién vira phai kiém thir chirc
ning va kiém thir ty dong. Tuy hé thdng 16n va c6 nhiéu yéu ciu nhung hién nay d6i
ngii kiém thir vién chi ¢6 5 ngudi ddng thoi thue hién cac nhiém vu kiém thir chirc
ning va kiém thir ty dong.

Mic dir hé théng VNEDU sé hitu sé luwgng chirc ndng I6n va lién tuc mé ring
nhung khi xem xét céc chirc ning trén nhiéu phan hé tinh ning khéac nhau duya trén
tai lidu dic ta yéu ciu (software requirement specification - SRS) bao gdm cac dic ta
vé chirc nang va phi chirc nang ciia hé théng, c6 thé nhén thiy céc tinh ning déu xoay
quanh mét sb dang chirc niing nhu sau:

e Nhém chirc ning ning CRUD (Create - Read - Update - Delete): chiém
khoang 35% téng sb chirc ning vi du tao mai hoc sinh, cdp nhét théng tin 16p hoc,

x6a thong tin gido vién,...
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e Nhém chire ning tra ctru: chiém khoang 25% tdng sb chirc ning vi du nhu
tra ctru hoc sinh, tra ciru diém,...

e Nhém chirc ning théng ké bao cdo: chiém khoang 15% phuc vu bao cdo két
qua hoc tip, chuyén can, xép loai,...

e Nhém chirc ning cAu hinh hé théng: chiém khoang 10% vi du nhu ciu hinh
mon hoc, cAu hinh nhép diém,...

e Nhém chire niang phin quyén va quén 1y tai khoan chiém khoang 8% vi du
nhu tao tai khoan, cip quyén, phin quyén theo vai tro,...

e Nhoém tinh ndng nhafip va xudt dir liéu chiém khoang 7% vi du nhu nhip
danh sach hoc sinh tir Excel, xuét bdo cdo

Mic dit hé théng VNEDU d4 trién khai kiém thir tr dong cho nhiéu chirc ning
nhung hoat dong kiém thir tur dong hién nay van dugc thuc hién hoan toan dwa vao
ning luc lap trinh cia kiém thtr vién, kiém thir vién dira vao test case va giao dién
web thuc té cia hé théng dé viét timg budc kiém thir, chua tan dung cic cong nghé
méi nhu LLM. Mot s6 van dé trong hoat dong kiém thir ty dong can xem xét trudc
khi 4p dung céc cong nghé méi & sinh ma kiém thir chire niing nhu sau:

e Vin dé 1: Pu vio cia hoat dong kiém thir tu dong chua duge thu thap va
Iwru trit tip trung: M&i khi cin viét script cho mét chirc ning, kiém thir vién doc test
case dé hiéu nghiép vu, x4c dinh c4c man hinh giao dién s& twong téc sau d6 m& man
hinh twong Gng trén trinh duyét, bat F12 dung cong cu Kiém tra (Inspect) dé xem ciu
tric giao dién DOM, sau d6 tu xéac dinh ph?m tlr giao dién va viét Xpath, keyword roi
ghép lai thanh testcase. Hién tai hai ngudn dau vao chua duge thu thap va luu trit tip
trung.

e Véin d& 2: Test case c6 cdu triic tach biét nhung test script lai gdp toan bod
thong tin vao mét dang duy nhit: Test case dugc thé hién dudi dang bang bao gdm
cac cOt nhu tién diéu kién, cac bude kiém thir, dit liéu diu vao va két qua mong doi.

e Vin dé 3: Su da dang va phuc tap ciia Xpath, Keyword, Test case: Vi du
Xpath c6 thé dugc trich xudt dia vao thudc tinh dn dinh, dira vao nhan (label) hodc

duoc trich xuét khi thuc hién mdt thao tac tién diéu kién trudc do. Keyword cé thé
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chira thao tac tic dong truc tiép dén trang thai giao dién hodc keyword chi kiém tra
trang thdi giao dién. Test case chi thao tac trén man hinh thugc mdt tinh ndng hodc
test case thao tac trén nhiéu man hinh thudc céc tinh ning khac nhau.

e Vin @ 4: Viéc tao ra test script (ciu tric du 4n, XPath, keyword, test case)
phu thudc hoan toan vao kinh nghiém c4 nhén cia timg kiém thtr vién. Kiém thir vién
phai tu xdy dung céu tric dv an, x4c dinh XPath, tao ra cac loai keyword, ghép test
case dua trén xpath va keyword di xdy dung, mdi kiém thir vién c6 cach xiy dung
khac nhau khong c6 chuan chung cho tirng loai.

e Vin dé 5: Test case bao gdm céc thong tin vé phén tr giao dién, keyword,
dit liéu kiém tra: Trong test case, cic thanh phin nhu phéan tir giao dién, keyword va
dit liéu kiém tra thudng dugc ghi chung trong ciing mot cAu mé ta, khong dwogc dinh
déu hay tich biét dudi bat ky hinh thirc ndo. Kiém thir vién tur xac dinh lién két gitra
cac phén tir giao dién trong test case va xpath bang cach doc test case dé xac dinh
phin tir giao dién sau d6 s& xem cAu trac giao dién DOM & trich xuit xpath trong
mg

e Vin dé 6: Thao tac 1ap lai gifta c4c testcase khong dugce tach thanh keyword
dung chung, céc test case chira cac budce giéng nhau tao ra su du thira 16n, khién céc
thay d6i nhé (vi du thay dbi cach chon gid tri, thay dbi thao tdc mé danh sach) phai
stra tai nhiéu diém khéc nhau.

e Vin dé 7: Co ché luu trit ma kiém thir chirc néing theo céu tric: Viée hru trit
ma kiém thir chirc ning chua c6 mot co ché c4u triic théng nhit vi du xpath luu trong
test case, khong tach riéng ma giao dién, ma nghiép vu. Diéu nay khién qué trinh bao
tri tré nén phirc tap: khi giao dién hodc nghi€p vu thay dbi, rat khé xéc dinh phﬁn nao
bi anh hudng.

e Vin dé 8: Két qua kiém thir ty dong sau moi 1an chay chua dugce hé théng
phén tich hay phéan loai mét cich tu dong. Kiém thir vién phai ty doc thi cong va
phan tich é xac dinh nguyén nhan 13i. Viéc nay tiéu tbn nhidu thai gian, ddi hoi kinh
nghiém ciia tirng kiém thir vién.

Nhitng van dé trén cho thdy viéc str dung mo hinh LLM sinh ma kiém thir chirc
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nang khong chi phu thudc vao khé ning sinh ma cia md hinh ma con chiu anh hudng
béi dir liéu ddu vao va déu ra ciia méi 1dn sinh ma. Phén tiép theo s& trinh bay céc ly
thuyét lién quan dén LLM, k¥ thuat Prompt Engineering va cc cong cu xdy dung
dua trén mé hinh LLM hd tro mo hinh LLM sinh ma kiém thir chirc ndng, quan ly
dau vao va dau ra.
KET LUAN CHUONG

Chwong I d4 trinh bay 1y thuyét vé kiém thir chirc ning tr dong, gidi thiu hé
théng VNEDU. Ddng thoi trinh bay hién trang hoat dong kiém thir chirc ning tr dong
trong hé théng VNEDU, dua ra cic vin & cin xem xét truée khi 4p dung mé hinh

“LLM vao sinh m3 kiém thir chire ning cho hé théng VNEDU.
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CHUONG II: LY THUYET LLM VA SU DUNG CONG CU

LLM TRONG KIEM THU CHUC NANG TU PONG

Chuong II trinh bay Iy thuyét vé LLM k¥ thuit Prompt Engineering. Péng
thoi gidi thiéu vé cac cong cu LLM va lira chon cac cong cu phil hop cho bai toan
sinh ma kiém thir chirc nang ti dong
2.1. Giéi thiéu vé LLM va k¥ thuat Prompt Engineering
2.1.1. Large Language Models (LLMs):

Large Language Models (LLM) 1a cAc md hinh hoc siu quy mé 16n dugc huén
luyén bing phuong phép tu gidm sat trén luong dir lidu vin ban rat 16n, tir d6 hoc
duge cac mau ngdn ngir, cu tric ¢ phéap, ngit nghia va kha ning suy lun. M6 hinh
LLM dugc hudn luyén bﬁng nhiém vu “du doan token tiép theo” (next-token
prediction) @ hinh thanh mé hinh ngén ngit ¢6 kha ning sinh vin ban ty nhién, 14p
luan buée dau (reasoning) va tao ra ndi dung theo yéu ciu ngudi ding. Nho do, mod
hinh LLM sau tién huin luyén c6 thé duoc xem nhu mdt mé hinh nén (foundation
model) c¢6 kha nang hiéu, sinh ngén ngir va suy luan & mitc tbng quét [6].

LLM va co ché In-Context Learning (ICL): Hoc trong ngit canh (in-context
learning) 14 co ché quan trong cho phép mo hinh LLM thich tmg véi nhiém vu méi
chi bing cach thay d6i prompt ma khéng cin huén luyén lai mo hinh. M hinh LLM
¢6 thé chuyén tir vin ban sang tém tit hay sinh ma chi bang c4ch thay dbi noi dung
trong prompt [6]. Nghién ciru [6] mé ta ba dang cta in-context learning:

e Zero-shot: md hinh dugc cung cip mé ta nhiém vu ma khong cé vi du miu.
® One-shot: mo hinh dugc cung cép mot vi du minh hoa.
e Few-shot: m6 hinh duoc cung cip nhidu vi du dé hoc cach suy luan.

Vai trd ctia ngir canh c6 ciu trisc dbi véi LLM: Theo nghién ciru [14], ngoai
ngudn ngif canh 13 vin ban thuln tiy, mé hinh LLM c6 thé két hop thém cac dang dir
liéu ¢6 chu tric (vi du HTML) dé mo rong kha nang suy luin, dic biét trong cac bai

toan doi héi mo hinh phai hi€u cau tric, quan hé va boi canh phire tap.
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2.1.2. Prompt Engineering:

Prompt Engineering 13 ki thuat thiét ké twong tic ddu vao nhim dat dugc diu
ra chinh x4c va én dinh tir LLM. Theo nghién ctru [6], ddy 12 mot yéu t6 quan trong
quyét dinh hidu qua (g dung LLM, bdi mé hinh chi hidu nhiém vu thong qua ngi¥
canh dit liéu dugc cung cdp. Mot sé nguyén tic thiét ké prompt dugc dua ra trong
nghién ciru [6] bao gdm:

e MO0 ta nhiém vu 10 rang: LLM suy ludn nhiém vu tir van ban trong prompt,
yéu ciu mo hd din dén diu ra kém chinh xéc.

e Huéng din mé hinh tr duy: Céc chi dan nhu “suy nghi timg budc” hoic
“phén tich tru6e khi tra 1i” kich hoat kha ning 14p luan, gitip mo hinh tao ra két qua
logic va c6 céu tric.

e Cung cap thong tin tham chiéu: LLM dya vao dit liéu trong prompt dé suy
luén, vi du minh hoa hodc cac théng tin tham chiéu giip mo hinh hiéu nhiém vu tdt
hon nhé co ché in-context learning.

® Quan tim dén dinh dang dAu ra: yéu ciu ddu ra c6 dinh dang cu thé giup mé
hinh sinh két qua nhat quan va tudn thii ciu tric mong muén.

Nghién citru [6] chi ra ring bing cich thay dbi no6i dung va hinh thirc cua
prompt, md hinh LLM c6 thé dugc huéng dan dé thuc hién céc tc vu nhu:

e Text Classification: LLM c6 thé dugc prompt dé phan loai mot doan van
ban vio cac nhém duge xac dinh truéce, ngudi ding mé ta nhiém vu va (néu cn) cung
chp vi du trong prompt, vi mé hinh s& néi suy dé géan vin ban vao nhom tuong Ung.

e Information Extraction: LLM c6 kha ning trich xut thyuc thé dugc dat tén
(named entities) va xdc dinh mdi quan h¢ giita cac thuc thé (relation extraction), tirc
hiéu thuc thé nao lién quan hodc phu thudc vao thuc thé nao

® Text Generation (Text Completion va Text Transformation): Khi prompt
quy dinh rd dinh dang hoiic cti phdp, mé hinh LLM c6 thé sinh ra ndi dung c6 céu
triic cu thé, bao gbém ca viée chuyén dbi tir van ban tw nhién sang ma.

e Question Answering: mé hinh LLM c6 thé tra 1&i cau héi dura trén ngir canh

dugc cung cp. Prompt thudng gdm mot doan vin ban chira cac 1énh, mé hinh LLM
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suy lun dé tao cau tra 15i chinh xac.
2.2. Str dung cong cu LLM trong sinh ma kiém thir chire ning tw dong

Trong thuc tién trién khai, cic cdng cu dua trén mo hinh LLM thuong dugce
phén chia theo cach thirc van hanh cta mo hinh, bao gébm: LLM chay trén cloud va
LLM chay cuc bd. Viéc phan chia theo hinh thirc trién khai gitip nhan dién rd hon
céch méi loai cong cu trrong tic, yéu cau tich hop va mirc do kiém soat ma ngudi
dung co thé dat duoc.

e Cong cu LLM chay trén cloud: M6 hinh LLM dugc véin hanh trén ha tﬁng
ctia nha cung cdp dich vu va ngudi ding truy cép thong qua giao dién ldp trinh img
dung (Application Programming Interface - API) hodc qua cic tién ich tich hop trong
moi trudng phét trién tich hop (Integrated Development Environment - IDE). Hinh
thirc nay cho phép ngudi dung khai thic m6 hinh ma khong cin tr quéan ly viéc cai
dit, luu trit hodc van hanh m6 hinh. Céc ¢ong cu nhu GitHub Copilot, Amazon Code
Whisperer hodc Chat GPT sir dung co ché nay.

e Cong cu LLM chay cuc bd: Pay 1a cdc m6 hinh LLM dugc trién khai truc
tiép trén may ngudi dung, thuong dya trén cic mé hinh LLM ma ngudn mé va duoce
chay théng qua cac céng cu nhu Ollama, LM Studio,... Hinh thitc nay cho phép nguoi
ding toan quyén kiém soét dit liéu va qud trinh van hanh mé hinh LLM, dong thoi
khong phu thudc vao két ndi mang.

Céc cong cu LLM dugc phat trién dua trén nhitng dic trung k¥ thuit khic
nhau, trong d6 c6 mét sé dic trung phit hgp cho bai todn sinh ma kiém thtr chirc ning
tu dong vi du nhu:

e Khé ning xtt 1y va dién giai yéu ciu ngdn ngit tw nhién gitip hiéu va phan
tich test case dudi dang moé ta ngdn ngit ty nhién

e Kha ning sinh mi c6 céu triic, mi tao ra tuan thi ding ct phép va dinh dang
cta framework kiém thir

o Kha nang tiép nhan va két hop nhiéu dang ngit canh khac nhau tir dy 4n nhur
HTML, test case

e Kha ning tich hgp vGi moi trudng phat trién hodc cong cu bén ngoai d€ khai
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thac true tiép ngit canh du 4n.

Khi xem xét cc dic trung nay trong thuc té trién khai, c6 thé thiy ring nhém
céng cu LLM chay trén cloud dap tmg dﬁy dui va bn dinh hon so véi cdc md hinh cuc
bd, béi cac dich vu nhu GitHub Copilot, Cursor hay Chat GPT vira hd tro sinh ma
dura trén ngbn ngit tu nhién, vira bao quat ngit canh dyr 4n thong qua tich hop IDE/API,
ddng thdi mé hinh LLM dugc duy tri va phat trién lién tuc béi nha cung cip, ngusi
dung chi tra phi theo géi dich vu hodc murc sir dung ma khong cén du tir vao ha ting
phén cimg hay chi phi bao tri mé hinh. Do d6, cong cy LLM chay trén cloud durgc
xem la Ira chon pht hop nhét cho bai toan sinh mi kiém thir chirc ning tr déng. Mot
sb cong cu LLM chay trén cloud dién hinh:

e Cursor: 14 mot IDE ra méit nim 2023 va phat trién dya trén ma ngudbn mé
ctia Visual Studio Code. Cong cu b sung mot 16p xir 1y chuyén biét dé két nbi truc
tiép v6i cac md hinh LLM nhu GPT-40, GPT-4 Turbo, Claude 3, Llama 3 cho phép
phén tich va chinh stra toan bg dy an (project) thay vi chi hd trg trong pham vi mot
tép. Nguai dung co thé tuong tac qua dang chat, chinh stra dong (inline) hodc sir dung
c4c prompt dé thuc hién thay dbi da tép trong du 4n. Cursor dugc cung cip theo cac
g6i Free, Pro (20 USD/thang) va Business (40 USD/nguéi/thdng). Cursor cho phép
nguoi ding tuy chon str dung API ciia OpenAl hodc Anthropic truc tiép trong IDE,
do d6 c6 thé phét sinh thém chi phi token bd sung néu sir dung cic md hinh GPT-40
hoic Claude vé6i tin sudt cao

e Chat GPT: ra mit ndm 2022 duoc st dung chii yéu qua giao dién chat hoic
thong qua API, trong trudng hop dung API, toan bd ngir canh phai dugc dén vao mot
yéu ciu duy nhét trudc khi mé hinh xtt ly. Chat GPT hd tro nhiéu mé hinh khic nhau
nhu GPT-3.5, GPT-4, GPT-4 Turbo va GPT-40, cho phép thuc hién céc tdc vu tur tra
101 céu hoi, phan tich tai liéu, hé tro 1ap trinh dén sinh ma theo yéu cdu. Chat GPT
khéng tich hop truc tiép vao IDE nén khong thé tu truy cdp cdu trac dir 4n trir khi
ngudi dung cung cép ma ngudn hoic tép lién quan, céc dit liu sinh ra phai sao chép
bang tay hoic phai tu xiy dung thém co ché luu trir. V& chi phi, Chat GPT dugc cung
cAp theo hinh thirc thué bao c¢b dinh khi st dung giao dién chat (20 USD/thang cho
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ban Plus), trong khi API tinh theo token dya trén lugng dir liéu vao vara

e Github Copilot: duoc GitHub va OpenAl trién khai tir nim 2021 va tich hop
truc tiép trong cac IDE phd bién nhu Visual Studio Code, Visual Studio va JetBrains.
Cong cu vén hanh dya trén cic mo hinh LLM hién dai ctia OpenAl, tir Codex, GPT-
3.5 dén GPT-4 va GPT-40. Nh& d6, Copilot ¢6 kha ning hiéu ngdn ngir tw nhién,
phan tich ngir canh ma ngudn va dua ra goi y ma, giai thich logic hoic dé xuét chinh
sira mot cach thong minh. Bén canh goi ¥ inline, Copilot cung cip Copilot Chat va
ché d6 agent gitip mé6 hinh xir Iy cac tac vu phirc tap, phan tich co s& ma ngudn, doc
cac tép lién quan, d& xuét chinh sira tép va chay céc 1énh va kiém tra diu cudi, tu
dong sira 18i trong mot vong lip cho dén khi tac vu hoan thanh. Céng cu duge phan
phéi theo cac géi Free, Individual (10 USD/thang), PRO (20 USD/thang), Business
(19 USD/ngudi/thang) va Enterprise (39 USD/ngudi/thang), véi wru diém 13 chi phi
¢d dinh, khong phét sinh token va tuén thi diy du céc tiéu chuin bio mat doanh

nghiép cia GitHub
Biéng 2.1. Téng quan vé cic cong cu LLM sinh mi kiém thit chicc ning tw djpng
Dic tinh Chat Gpt Cursor Github Copilot
M6 hinh LLM st | GPT-3.5, GPT-4, | GPT-40, GPT-4 GPT-40, GPT-4.1,
dung GPT-4 Turbo, Turbo, Claude 3, g6i PRO cho phép
GPT-40 Gemini, Llama 3, | dung thém cac md
va md hinh Cursor | hinh nang cao
noi bd GPT-5 series,
Claude 3.x,
Gemini 2.5,...
Tich hop IDE Khéng tich hop IDE riéng, xay Tich hop truc tiép
san dung dua trén VS | vao IDE phd bién
Code VS Code, Visual
Studio, JetBrains
Kha ning doc toan | Chi doc ndi dung | Poc toan b Mot ph?m (dua
b du 4n (project) | ngudidung cung | (project) theo ngir canh cac
cap tép truyén vao)
Co ché agent Co Co C6
Co ché luru trir ddu | Ngudi ding tu sao | M sinhra dusi | Mi sinh ra duéi
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ra chép hodc xay dang xem truéc dang xem trudc
thém co ché dé luu | (preview) dé ngudi | (preview) dé ngudi
trir ding x4c nhan diung x4c nhin
hodc tir chéi lvu | hodc tir chéi Iuu
trix trix
Chi phi API tinh token; Free, 10 USD Free; Pro 20
Chat Plus 20 (Individual), 20 USD/thang;
USD/thang USD (PRO), 19 Business 40
USD (Business), | USD/thang va tinh
39 USD thém phi token khi
(Enterprise) ding API cua
OpenAl/Anthropic

Dura trén céc tiéu chi da phan tich, GitHub Copilot 13 cong cu phit hop nhét dé
ap dung vao bai toan sinh ma kiém thir chirc nang tir dong. GitHub Copilot sir dung
mé hinh GPT-40/GPT-4.1, mdt trong nhitng mé hinh LLM én dinh vi manh trong
viée xtr Iy ngon ngif ti nhién, goéi PRO cho phép lua chon thém nhiéu m6 hinh nhur
GPT-5 series hay Claude 3.x, mang lai kha nang tuy bién va ning cao chit lugng sinh
ma khi cAn thiét. GitHub Copilot c6 giao dién GitHub Copilot Chat dé dang sir dung
va tich hop co ché Agent cho phép xir ly cac tac vu phirc tap. GitHub Copilot c6 kha
ning tich hop céc IDE phd bién nhir VS Code, Visual Studio va JetBrains, giap cong
cu khai thac chinh xac ngir canh cia t&p dang mé ma khong can ngudi ding cung cip
thi cong nhu Chat GPT va ciling khéng budc phai chﬁyén sang mét IDE mdi hoan
toan nhu Cursor. Github Copilot cung cip co ché hién thi ma dudi dang xem trude
(preview) va yéu cdu ngudi ding xac nhin trude khi chén vao tép, chi phi st dung
Copilot cling r0 rang va n dinh theo thang, khong tinh theo token nhu Chat GPT API
va khong phat sinh chi phi API thém nhu khi sir dung cdc mo hinh ning cao trong
Cursor, ddng thoi cho phép tét cac tiy chon giii dir li¢u, ddm bao an toan cho dix liéu
trong de an
2.3. Cong nghé va cong cu sir dung

Trong kiém thir chirc ning tr dong, viéc xay dung va van hanh kich ban kiém

thir doi héi su phdi hop cna nhiéu nhém cong cu khac nhau bao gbm: cong cu LLM
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sinh ma hd trg 1ap trinh, méi trudng phat trién dé tb chuc ciu tric du an kiém thi, va
khung kiém thir (testing framework) dé thuc thi cac kich ban sinh ra. Dua trén céc
phén tich trong chuong 2.2 hoc vién Iua chon Github Copilot Chat ché 36 Agent su
dung md hinh LLM méc dinh GPT4-0 d6ng vai trd 12 cong cu LLM sinh ma kiém thir
chirc niang.

C6 nhidu méi trurdng phat trién hd tro kiém thir tw déng nhur JetBrains PyCharm,
IntelliJ tuy nhién dé 4n Iya chon Visual Studio Code (VS Code) vi ddy 13 IDE nhe, linh
hoat va c6 mirc d6 tuong thich cao nhét véi GitHub Copilot Chat. VS Code cho phép
md va quan ly toan bd khong gian lam vigc (workspace) cua dy an, hd trg nhiéu dinh
dang tép (HTML, txt,...) 1am ngit cdnh cho m6 hinh LLM khi sinh mi. VS Code ¢6
céng cu mo rong (extension) phong phu tich hgp nhiéu framework kiém thir tur dong
nhu Selenium, Robot Framework, kha ning tity bién cao va hoan toan mién phi gitp
VS Code tré thanh Ira chon phit hop nhit cho méi trudng phit trién.

Trong s6 cac framework kiém thir nhu Selenium, Katalon Studio, Robot
Framework, d& 4n lira chon Robot Framework vi dugc tich hop sin trong méi truong
phat trién VS Code, cac 1énh duge xay dung dua trén huéng keyword-driven testing
ré rang va dé doc. Ngoai ra, Robot Framework 14 ma nguf‘)n md, hoan toan mién phi,
dé mé rdng va tich hop v6i SeleniumLibrary cung cdp céc tir khoa thao tac giao dién
web dya trén XPath. Ngoai ra Robot Framework con cung cip bao céo duéi dang cac
tép truc quan rd rang dé doc chira thong tin vé& két qua thuc thi bao gém thoi gian thuc
thi timg test case, s lugng test case dat, sb lugng test case 16i.

KET LUAN CHUONG
Chwong II d3 gi6i thiéu tbng quan vé mé6 hinh LLM va k§ thuat Prompt
Engineering 14 hai yéu t6 then chdt trong viéc dam bio mé hinh hiéu ding yéu ciu
d4u vao va sinh ra mi kiém thir chtrc phit hop. Prompt mé ta nhiém vy va ngit canh
giup mé hinh LLM hiéu dung, chuyén dbi cac cac buéc kiém thir thit cong thanh ma
kiém thir chirc ning tir d6ng. Chuong d3 phan tich viéc sir dung cong cu LLM trong
sinh ma kiém thir chirc niing tur dong, danh gia va xac dinh cic cong nghé va cong cu

phit hop véi bai toan sinh ma kiém thir chirc ning t dong.
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CHUONG III: XAY DUNG QUY TRiNH SINH MA KIEM

THU CHUC NANG TU PONG SU DUNG LLM

Chuong III x4y dung quy trinh sir dung m6 hinh LLM dé chuyén dbi dAu vao
gbm cac tép HTML chira c4u triic giao dién va test case chira cic buée kiém thir thi
cong thanh cic ma kiém thir chirc ning.

3.1. Téng quan cac thanh phin cin thiét dé thuwe hién sinh mi chirc ning
tr dong

Dé x4y dung mét quy trinh sinh ma kiém thir chire nang tr dong bing mo hinh
LLM, truéc hét cin xac dinh ddy du cac thanh phan tao nén quy trinh xtt ly. C4c thanh
phén nhw thu thap dAu vao, phan loai diu vao, xiy dung prompt mau, tién x1r Iy va
lién két dir liéu, phan tich chinh stra két qua sinh ma dugc thyc hién béi kiém thir
vién, nhim dam bao dit liéu diu vao rd rang, ngit canh diy di cho md hinh va dam
bao chat lugng ma do LLM sinh ra. Hai thanh phan sinh ma kiém thir va luu trit quan
ly ma sinh ra dugc tao ra béi moé hinh LLM.

e Thanh phin thu thap déau vao tap hop ma HTML cia giao dién va toan bd
cac bude kiém thir thi cong trong d6 cac bude kiém thir thi cong ban diu dugc chia
thanh 2 tép, t€p keyword chira cic hanh dong kiém thir va d6i tuong kiém tht (mbi
déi trgng kiém thir duoc x4c dinh bdi mot Xpath trong tép HTML), tép test case chira
cac keyword. Két qua thu duge 12 tap thong tin dau vao day di, dugc dua vao mot
khéng gian hru trir théng nhét ding dé 1am diu vao cho mé hinh LLM sinh ma kiém
thir chirc nang.

e Thanh phin phén loai dAu vao muyc tiéu 12 nhan dién va gom nhém céc dang
XPath, cac loai keyword va cac kiéu test case theo mirc do phirc tap, diéu kién Xuét
hién va céach thirc dugce hinh thanh.

e Thanh phan tiép theo x4y dung prompt miu dya trén phan loai dir liéu va
phan ting cAu truc du an: dua trén dir lidu déu vao da duge phan loai theo nhém dic
trung (cac loai XPath, cac dang keyword va cac kidu test case) va céu triic phén ting
ciia toan bd du 4n kiém thi (ting project, ting XPath, ting keyword va tang test case)

trién khai xay dyng bé prompt mau nhim hd trg md hinh LLM sinh ma.
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e Thanh phéin tién xir Iy va lién két dir liéu tip trung vao viéc xir Iy test case
va keyword va danh d4u cac thanh phén dé chuan bi dAu vao cho viéc sinh mi kiém
thir chire nang. Mbi bude kiém thir duge dua vé& mdt nghiép vu duy nhét va cac phin
tir giao dién, hanh dong va dir liéu dugc danh d4u d& mé hinh biét phan nao trong test
case can anh xa voi phan tf HTML hoic keyword twong tng.

e Thanh phén sinh ma kiém thir tir d6ng sir dung ba ngudn thong tin 1am ngir
canh d4u vao cho mé hinh LLM: HTML, céc budc kiém thir thi cong (keyword, test
case), by prdmpt mAu. M6 hinh doc cic loai diu vao va thuc thi cAc 1énh trong prompt
trong tmg dé sinh ra ma kiém thir chirc ning

¢ Thanh phan phén tich va chinh sira ma sinh ra: Kiém thir vién kiém tra ma
chura phu hgp, chua dap ung ding yéu ciu nghiép vu sau d6 cung cip doan m3 sai va
doan ma ding 1am dAu vao dé mé hinh chinh sta.

e Thanh phin luu trit va quan 1y ma sinh ra: M6 hinh LLM sinh ma kiém thir
chirc ning va tr luu lai duéi dang ché xdc nhén dua theo cAu trac thu muc (Xpath luu
trong thu muc Repository, Keyword hru trong thu muc Resource, Test case luu trong
thu muc Testcases) thong qua c4c huéng din trong prompt theo tAng va prompt theo
loai
3.2. Thu thip d4u vao dwa trén danh gia thwe trang

Dua trén danh gia thuc trang vé hoat dong kiém thir tir dong clia hé théng
VNEDU. Kiém thir vién tién hanh thu thap diu vio, gdm hai cong viéc chinh nhim
chuén bj d?ly dua dit liéu cho viéc sinh ma kiém thir chire ning.

e Thu thip HTML cua tirng man hinh giao dién. Kiém thir vién mé giao dién
web cin kiém thir, sir dung cong cu Kiém tra (F12) cia trinh duyét dé 1y HTML ciia
toan bd man hinh giao dién chira cac phé‘m tlr cAn thao tac. Trudc khi luu trir, tester
loai bé cac thong tin nhay cam nhu domain, token, user id. HTML sau khi loai b6
thong tin nhay cam dugc luu lai thanh timg té€p dang html theo diing tén man hinh
trong thu muc HTML, tao ngudn dit lidu théng nhit cho mé hinh LLM sinh XPath
nhan dién phan tir giao dién.

o Thu thdp test case, kiém thir vién thu thap test case va gop cac phén trong
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test case (tién didu kién, cac budc kiém thir, dir liéu kiém tra va két qua mong doi)
thanh cic tép dang txt thu muc STEP_TESTCASE chira budc theo ding trinh tyr
nghiép vu. Ngoai ra, cac budc thao tac ldp lai dugc gom nhom thanh céc keyword
dung dé tai sir dung trong nhiéu test case, mdi keyword dai dién cho mét cum hanh
dong duoc luu trir dudi dang céc file txt tai thu muc STEP_KEYWORD. Nhu vy tir
céc test case ban dau s& duge chia 1am 2 dang dAu vao (test case chira cac keyword,
keyword chira céc budc thao tic va phan tir giao dién)

Thong qua hai hoat dong ndy, d4u vio ciia md hinh LLM bao gbm giao dién
(HTML) va cac buée kiém thir thi céng dugc thu thap ddy di, 1am co s& cho céc thanh
phan xtt Iy tiép theo. Nhir vy thanh phan nay giai quyét vén dé 1 (diu vao phén tan,
khong duge Iuu trir tip trung) va vin d& 2 (test case c6 cAu tric tach biét nhung script
lai gép toan bd thong tin vao mot dang duy nhit) da phan tich trong chwong 1.3.

3.3. Phén loai d4u vao

Thanh phan phan loai nham giai quyét vén dé vé su da dang cua dir liéu. Viéc
phan loai dugc trién khai theo hai huéng: phén loai theo nhém va phan loai theo ting.
Hai c4ch phan loai ndy b sung cho nhau: phan loai theo nhém gitip mé hinh hiéu dic
tinh va su phirc tap cua timg loai dir li€u, trong khi phin ldai theo ting gitip mo hinh
hiéu méi quan hé va vai trd ctia ching trong toan b du 4n kiém thir
3.3.1. Nguyén tic phén logi ddu vao

Dit liéu test case sau khi thu thdp & chuong 3.1 chira thong tin sau: phan tr
giao dién (trong g v&i Xpath), keyword, test case. C4c thong tin nay mang nhimg
dac tinh riéng vé cu tric, cach thirc hinh thanh, pham vi va mirc d§ phirc tap khién
ching khong thé duoc xir Iy theo mét quy tic chung duy nhit. Chinh su khéc biét nay
1a co s& dé kiém thir vién phan chia dit liéu thanh céc nhém tuong Umg.

e Phan loai dya trén dic trung ciu tric: XPath tinh c6 cAu tric ¢b dinh va
khéng chira tham s, XPath dong c6 c4u truc bién ddi theo tham sé hoic ngir canh

e Phan loai dwa trén cach thitc hinh thanh: Cac keyword thao tic giao dién
(nhu click, nhép liéu, chon gia tri) dugc hinh thanh tir cic hanh dong mang tinh thao

tac; trong khi d6 céc keyword kiém tra giao dién lai hinh thanh tir cic buéc x4c nhén
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trang thai va mang tinh kiém tra.

e Phén loai dra trén pham vi va mirc d6 phire tap: Cac test case mét tinh nang
thuong c6 lubng nghiép vu nhd, s lugng budc khong 16n, test case nhiéu tinh ning
bao gdm nhiéu nghiép vu, lién két nhidu man hinh.

3.3.2. Phan loai diu vao

Diu vao ciia mé hinh LLM dugc td chirc theo co ché phén loai theo nhém
nhdm tach bach cac dic trung cia XPath, keyword va test case. Viéc phan loai theo
nhom kiém soét pham vi clia timg loai dit liéu, nhim x4y dung prompt twong tmg véi
ting loai dir liéu va danh gia kha nang sinh ma kiém thir chirc ning ctia mo hinh LLM
déi véi timg dang dau vao.

e Déi véi nhém XPath, dit liéu duge chia thanh hai nhém nhé phan 4nh mirc
do phure tap khéc nhau cta chu tric XPath.

o Nhém XPath tinh: bao gdm cac phan tir c6 thudc tinh ¢b dinh, khong phu
thudc vao dir liéu hay trang thai giao dién, thudng dugce sinh ra tir cac thudc tinh nhu-
id, name hodc class én dinh.

© Nhom XPath dong (con goi 12 XPath chira tham s6), dugc sir dung khi mot
XPath phai thay dbi linh hoat theo dir liéu hodc theo nhiéu gia tri khac nhau; dang
nay thudng c6 ciu tric chira bién, cho phép truyén tham sb vao dé dinh vi nhiéu phan
tir ¢6 cung thudc tinh trong bang, danh sich hay dropdown.

e Nhém Keyword dugce chia thanh hai loai twong tmg véi ban chét ctia hanh
dong kiém thir: nhém thao tac yéu cau sinh ma tic déng dén trang thai giao dién, con
nhém kiém tra chi yéu cu sinh ma x4c minh trang thai giao dién

o Nhoém keyword tuong tac giao dién dai dién cho cac budc kidm thir ¢6 thao
tac trén giao dién nhu click, nhép liéu, chon gia tri, turong tic dropdown hodc thao tac
thay dbi trang thai giao dién.

o Nhém keyword kiém tra giao dién duge sir dung cho céc buéc xdc minh
nhu kiém tra phin tir hién thi, kiém tra gia tri hodc trang thai, va khéng lam thay dbi
giao dién.

e Nhom test case, dir liéu dugc phan chia thanh hai dang dua trén pham vi



24

nghiép vu.

o Nhom test case chira mdt tinh nang 14 cac kich ban tip trung vao mdt chirc
ning (khong tinh chirc ning co ban nhir ding nhip ding xuét, do toan b test case
trong hé théng déu sir dung chic nang nay), co s6 lwgng thao tac ngin, thao tac trrc
tiép v6i mot man hinh hoic mét nghiép vu cu thé.

o Nhém test case chira nhiéu tinh ning bao gdm cac ludng kiém thir dai, lién
quan dén nhiéu man hinh, nhiéu diém chuyén trang thai. Sw phén loai nay giup danh
gid chinh x4c kha nang ctia mé hinh LLM khi sinh ma cho ludng don 1é so v&i ludng
phiic tap, tir 6 phan anh mirc d 4p dung vao thuc té.

Cach phén loai nay sé& giai quyét vin @ 3 trong chuong 1.3 vé su da dang va
phirc tap ciia dir liéu trong hé théng. Viéc phan loai nay nhim tao ra mot tip dit lidu
du vao da duoc phan nhém dé xdy dung cdc prompt mau phi hop cho timg nhém
dir lidu.

3.4. Xay dung miu prompt

Viéc xdy dung miu prompt dugc phét trién dua trén cac ly thuyét Prompt
Engineering d4 trinh bay & Chuong IT bao gdm prompt da ting va prompt theo nhom.
Cich thiét ké nay chia nhé nhiém vu thanh nhiéu 16p xir Iy, mbi 16p giai quyét mot
ph?ln riéng biét ctia bai toan nhim gidm tai cho mé hinh va cai thién do chinh xéc.

e Prompt theo ting:

o Prompt Project dinh nghia té chirc thu muc, nguyén tic quan Iy tai nguyén
dé cac prompt & cac ting tiép theo sinh ma theo dtng cdu tric vi du nhur: thu muc
html dé hru trit dAu véo 1a cac tép HTML chtra céu tric giao dién clia tng man hinh,
step_keyword hru trit ddu vao 12 mé ta keyword ciia timg chirc ning, step_testcase
Iwru trit dAu vao 14 cic test case, repository luu trit xpath cuia tirng man hinh, Resource
liru trit keyword va Testcases dé Iuu trir test case,....

o Prompt Xpath chita cdc 1énh yéu ciu mé hinh phén tich giao dién web &
dang DOM va md ta test case dé trich xuit ra xpath theo quy tic, tach bach viéc sinh
ma giao dién va viéc sinh ma nghiép vu.

o Prompt Keyword tao ra keyword vé6i tén goi kh6p véi mo ta kiém thir, danh
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sach tham s rd rang va céc cau 1énh sir dung chinh x4c XPath twong ung.

o Prompt Testcase sinh ra keyword theo dung thir tir nghi€p vu, truyén tham
s thich hop.

® Prompt theo nhom:

o Véi nhém XPath, hé théng xay dung 2 loai prompt tuong tmg véi 2 dang
XPath ¢6 dic trung xi 1y khac nhau: prompt cho XPath tinh tdp trung vao viéc huéng
din mé hinh LLM tao ra céc bién giao dién dua trén thudc tinh ¢ dinh c6 trong
HTML, prompt cho XPath dong (chira tham s6) huéng din mé hinh sinh ra cAc XPath
c6 chira gia tri dong duoc biéu dién dudi dang tham sb.

o Péi véi nhém keyword, hai loai prompt dugc xdy dung twong Ung véi hai
dang hanh vi kiém thir chinh. Prompt danh cho keyword twong tic giao dién quy dinh
md hinh sinh ra cdc budc thao tac nhu click, nhép liéu hay chon dif liéu. Prompt danh
cho keyword kiém tra giao dién yéu cAu mo hinh chi sinh buéc kiém tra nhur kiém tra
hién thi, kiém tra text hoic trang thai phe“m t, tuyét dbi khoéng duge sinh thao tic 1am
thay dbi giao dién. Ca hai loai prompt déu yéu ciu kém theo viéc anh xa bién XPath
tir cac tép Xpath da sinh ra trude do

o D6i v6i nhém test case, hai loai prompt dugc thiét ké theo pham vi cia
ludng nghiép vu. Prompt cho test case chita mot tinh ning huéng mé hinh sinh ma
theo cAu triic it budrc, chi két hop cac keyword lién quan dén mét chirc ning duy nhit.
Trong khi d6, prompt cho test case chira nhiéu tinh ning yéu cAu m6 hinh doc toan
bd ludng kiém thir phitc tap, két hop nhiéu keyword thudc nhiéu tinh niing khac nhau,
ddng thoi dam bao dugc trinh tir cc bude.

Viéc két hop hai nhém prompt: theo loai dif lidu va theo ting gitip mé hinh
hiéu khéng chi ban chit cia timg loai dAu vao, ma con hiéu rd vj tri, vai trd va mbi
quan hé cua chung trong tbng thé du 4n kiém thir tw dong. Thanh phén nay s& giai
quyét van dé 4, khi truée day viéc xay dung XPath, keyword va test case phu thudc
hoan toan vao kinh nghiém va phong céch c4 nhén ctia kiém thi vién, khong cé chuén
chung cho timg loai. Céc loai diu vao nhur XPath tinh, Xpath dong, Keyword thao tdc

v6i giao dién, Keyword ki€m tra giao dién, Test case chira mot tinh nang, Test case
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chira nhiéu tinh ning dugc xdy dung dua trén prompt chung cho timg loai. Con
prompt phéan tdng, mé hinh LLM ciing x4c dinh dugc ma sinh ra cin dwra vio vi tri:
bién giao dién vio ting XPath, keyword vao ting Keyword, test case vao tang test
case, tach riéng mi giao dién v ma nghiép vu
3.5. Tién xit Iy va lién két dir li¢u hd trg

Do keyword va test case déu xuét phat tir cliing mot ngudn 13 cac budce kiém
thir thi cong, budc tién xir Iy duge chia thanh hai huéng: tién xt Iy cho keyword va
tién xir Iy cho testcase. Muyc tiéu ctia buéc nay 1a tién xr Iy dir lidu va thiét 1ap quy
tic biéu dién théng nht @& mé hinh LLM c6 thé hiéu, anh xa va sinh ma kiém thr
chuc nang

e Tién xir ly Keyword: Mbi keyword dugc viét theo mot cAu triic ban chuén,
keyword ban chuin 13 dang mé ta hanh dong kiém thir duoc chudn hoa mét phén tir
budce kiém thir thi cong. Mdi keyword ban chuén chi biéu dién mot hanh dong duy
nhét, trong d6 cic mo ta twong tmg véi phan tr giao dién duge danh d4u trong diu [],
céc md ta tuong g véi cic dir lidu thay dbi dugc danh d4u trong () nham gitip mo
hinh LLM d& suy lun va lién két dir liéu véi giao dién web. Cac ky hiéu nhu dau
ngodc vudng, ngodc don giit vai trd nhu 16p meta-information (cic thong tin b6 sung
hodc md ta vé dir liéu chinh, ngir canh, cAu truc, hodic cach ma dir liéu d6 duoc tao ra
va st dung) dé mo hinh nhén biét d4u 13 phin tir giao dién can xéac dinh Xpath, dau
1a dit liéu cAn tham sé héa

o Déu ngodc vudng [] duoc sir dung dé biéu dién phén tir giao dién theo tén
gin nghia v&i phén tir trong HTML, ching han nhu dropdown, textbox, button hodc
mot 6 bang. Viéc dung ky hiéu nay gitip mo6 hinh LLM xdc dinh bét cir cum ndo ndm
trong ngodc vudng déu dugc hiéu 1a phén tir giao dién va phai dugc dbi chiéu véi
HTML dé 14y XPath.

o DA4u ngoic tron () dugc dung dé danh diu céc gia tri thay doi theo dit liéu
nhu tén, ngay sinh, cic gia tri trong bd loc. Cac tham sb nay 1 dir liéu dau vao cia
keyword, dong thoi ciing 14 thanh phan chira trong XPath dong. Viéc tach dir liéu

dong vao ngodc tron gitip mo hinh phén biét duge gitra hanh dong va dir liéu, ddng
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thoi dam bao keyword c6 thé tai st dung & nhiéu kich ban khac nhau ma khéng bi ¢b
dinh theo dir liéu cila mot test case cu thé.

e Tién xit Iy Test case: Test case thi cong d6ng vai trd md ta ludng nghiép vu
téng thé, con keyword la don vi thao tdc nho hon, thé hién cac hanh dong cu thé ma
hé théng can thuc hién.

o Céc testcase thi cong dugc phén tach thanh timg budc riéng biét, mdi bude
chi dai dién cho mét hanh dong duy nhét.

o bé gitp mo hinh nhén biét dugc dau 1a keyword, cac cum hanh d0ng trong
testcase dugc dit trong ddu nhay don ¢ °. Dau nay déng vai trd dinh danh, gitip mo
hinh LLM hiéu ring d4y 13 mot 1énh hodic hanh ddng cu thé cin duge 4nh xa t6i
keyword. Vi duy, buéc “DPing nhdp thanh cong” s& 4nh xa vdi keyword
Dang nhap thanh cong.

Thanh phin nay s& giai quyét van d& 5 (mo ta test case mo h(“)); vAn d 6 (khong
phén biét dugc phén tir giao dién, keyword va dir liéu kiém tra) va van d& 7 (cac thao
tac 13p lai khong dugc tach thanh keyword dung chung). Két qua 13 tap test case da
dugc xit Iy va danh ddu dé co6 thé lién két, 1am dAu vio cho LLM sinh ma & cac thanh
phén tiép theo.

3.6. Sinh mi kiém thir chirc ning tr dong

Sau khi hoan thanh c4c buéc phén loai dau vio, x4y dung mau prompt, va tién
xir 1y lién két dir liéu hd tro chuyén sang sinh ma kiém thir chirc ning ty dong. Giai
doan md hinh LLM dugc sir dung dé chuyén déi toan bd ngit canh dAu vio bao gbm
test case da dugc thu thap, phan loai, xt 1y, cac tép HTML va prompt thanh ma kiém
thit chirc ning c6 thé thuc thi. Co ché sinh ma kiém thir chirc ning hoat dong dwa
trén hé théng prompt theo tng va prompt theo loai, viéc sinh ma khong dién ra don
1é ma 1a chudi budc co lién két, dAu ra cia budc trude trd thanh dau vao cho budc
sau.

e Ting Project: md hinh LLM khéng sinh ma kidm thir chirc ning cu thé, ma
sinh ra cdu tric du 4n kiém thir tr dong. Pau vao cho mé hinh LLM la prompt project

md ta ciu trac du 4an, bao gom cic thu muc Repository, Keyword, Resource,
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Testcase,... DAu ra ciia md hinh LLM 1a khung dy 4n kiém thir gdm céc thr muc va
tép cén thiét cia mot du 4n theo nguyén tic vi du nhu thu muc Repository hru trix
Xpath

e Ting XPath sir dung dAu vao 1a cc tép HTML va céc tép md ta keyword
ban chuin dé sinh ra Xpath cho céc phén tir nim trong déu [], trong d6 mé hinh st
dung cac prompt chuyén biét theo tmg nhom XPath: Prompt XPath tinh, Prompt
XPath dong. DAu ra ting nay l1a tap XPath dugc luu trit dudi dang cac bién dugc dat
tén dwa theo tén phan tir nim trong déu [], mdi bién thé hién cho mét phan tir giao
dién duy nhét, phuc vu trure tiép cho viéc anh xa Xpath & tang Keyword

e Ting Keyword dugc thurc hién dua trén diu vao 13 prompt keyword theo
loai (keyword thao téc giao dién hoic keyword kiém tra giao dién), két hop véi tép
md ta keyword ban chuan va cac Xpath dugc sinh ra & tAng Xpath . O ting ndy, mé
hinh anh xa céac phén tir dugc danh diu trong ngodc vudng véi bién XPath duoc sinh
ra & ting Xpath, tham sé hoa céc gi4 tri trong ngogc tron va sinh keyword hoan chinh.

e Ting Prompt Testcase, mé hinh sit dung md ta testcase di duge tién xtr Iy
(c4c keyword d3 dugc dat trong ddu nhdy don) dé sinh ra kich ban kiém thir hoan
chinh. Tang nay thuc hién viéc goi cic keyword d sinh & tAng Keyword va két hop
lai theo ding trinh tu cac buc’k trong mo ta test case. Tuy thudc-vao pham vi nghié¢p
vu clia test case, md hinh str dung dau vao 1 prompt testcase cho mot tinh ning (dbi
v6i cac ludng don, it bude) hodc prompt testcase cho nhiéu tinh ning (d6i voi cac
ludng dai, c6 nhiéu man hinh két hop). Déu ra cia tAng nay 13 test script hoan chinh
tuong Gng véi mot trrdng hop kiém thr.

Thong qua hé théng prompt theo tAng va theo loai, mo6 hinh LLM khéng chi
sinh ma & timg tAng ma con hiéu méi quan hé giita céc ting: XPath - Keyword - Test
case, du ra ctia ting trude 1a dlu vao ciia ting sau, dam bao chudi hanh déng théng
nhét va c6 kha nang thyuc thi. M6 hinh LLM sinh m kiém thir va céc bién dai dién
cho dit liéu kiém thir, khong thuc hién sinh dir liéu kiém thir hodn chinh. Nguyén
nhén 12 dir liéu kiém thir c6 tinh thay ddi cao, viée gan gi tri cu thé cho cac bién dir

liéu vén duogc thuc hién bsi kiém thir vién nham bao dam tinh chinh x4c va phu hop
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v6i nghiép vu thuc té. Day 1a thanh phan cbt 16i ctia quy trinh, dit khéng truc tiép gii
quyét van dé nao trong Chuong 1.3, nhung 13 noi toan b dir liéu d4u vao dugc chuyén
thanh ma kiém thir chirc ning.
3.7. Phén tich, chinh sira ma kiém thir chirc niing tir dong

Mic du mo6 hinh LLM 33 ¢6 khé ndng sinh ma kiém thir chirc ning tir dong
thong qua hé théng prompt theo tAng va theo loai nhung dé ddm bao tinh kha thi khi
trién khai thuc té, toan bd ma sinh ra can dugc phén tich va chinh sura thi cong boi
tester trudc khi duge dwa vao chay chinh thmrc. Budc nay dong vai trd 1a giai doan
hiu xir Iy trong quy trinh, ¢6 nhiém vu kiém dinh, didu chinh va hoan thién két qua
sinh ma, nhim bao dam ring ma kiém thir tir dong khong chi ding ct phap ma con
phtt hgp véi hanh vi nghiép vu thuc té cia hé théng

Nguoi kiém thir ra soat lai ma dugc tao tr dong bfing cach chay thir test script
dé dam bao sur pht hop véi giao dién thuc té va ludng nghiép vu. Véi file XPath,
tester kiém tra xem cac XPath ¢6 trd dung phin tir giao dién, c6 di tinh 6n dinh khi
giao dién thay dbi hay khéong. Vi file keyword, tester kiém tra logic thao tic xem da
dung chirc nang mo ta, thir tw hanh déng c6 phéan 4nh dung ludng nghiép vu. Vi test
case, tester kiém tra sy ddy du cia cac bude va kha ning thuc thi lién tyc. Trong qué
trinh thuc thi test script néu xuat hién 16i runtime nhur XPath khong tr6 ding phin tir,
keyword thiéu tham sd, tester s& st dung truc tiép giao dién chat ctia GitHub Copilot
dé huéng din mé hinh LLM sira sai. Kiém thir vién cung cp cho md hinh ca dong
15i thure té, nguyén nhén 16, va phién ban ding cta doan ma cin thay thé. Nho co ché
ndy, md hinh c6 thé cip nhat phfin ma bi sai trong céc tép, déng thoi hoc duge quy
tic sira 18i ding tir cap dit liéu “18i sai — ma ding”. Diéu nay gitip giam thiéu viée lap
lai 181 & céac 14n sinh ma tiép theo va nang cao d¢ chinh x4c cia mé hinh trong cling
mét dy 4n kiém thir,

Mic du thanh phin nay khéong giai quyét truc tiép mot van dé nao trong
Chuong 1.3, ddy van 14 thanh phin b4t budc vi mé hinh LLM c6 thé sinh ra nhiing
&oan m4i chira hoan toan khép véi giao dién hodc nghi€p vy, va can su kiém tra cudi

cung cta con ngudi d€ bao dam tinh chinh x4c trude khi chuyén sang budc luu trit
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3.8. Lwru trir va quan ly ma
Cac ma kiém thir chirc ning do mé hinh LLM sinh ra khong dugc ghi truc tiép
vao du 4n, ma trudc tién duge hru dudi dang thay déi tam thoi (temporary changes).
Kiém thir vién s& xem lai n6i dung, x4c nhén sy chinh x4c clia timng phén 1di méi chap
nhén lru vao diing thu muc. Viéc hru trit khong dién ra try y ma dugc mo hinh LLM
sinh ra dya theo céu tric du 4n sinh ra trong tdng Prompt Project (Repository,
Resource, Testcases) va yéu ciu trong timg prompt theo loai & cdc ting tiép theo. Vi
du, thu muc Repository lu trit cac file XPath duoc sinh tir ting XPath, trong d6 méi
prompt XPath theo loai luén kém theo yéu cAu nhu: “Tao mot file
XPATH_<TénFile>.robot tai thu muc Repository véi <TénFile> tring tén file
HTML”. Diéu ndy gitip mé hinh sinh ra tén tép, dinh dang tép va luu trir tép sinh ra
& dau, tich biét rd rang bgifra phin tir giao dién (XPath), hanh dong kiém thir
(keyword) va ludng nghiép vu (test case) nham x¥ Iy viéc bao tri va m& rong.
e Repository: chira cic tép XPath, dugc luu trir theo tirmg man hinh
e Resource: chira cac tép keyword dugce luu trir theo tirng tinh néng
e Testcases: chira cac test case, mdi test case dai dién cho mdt truong hop nghiép
vu cén kiém thur
Ngoai trir 3 thu muc Repository, Resource, Testcases con chira cac thu muc
phuc vu céc chirc ndng khic nhu: html d& luru trir dAu vao 14 c4c tép HTML chira cdu
tric giao dién cua tirng man hinh, step_keyword huu trix d4u vao 1a cac keyword ban
chuin ciia timg chirc nang, step_testcase luu trir dau vio 1a céc test case, Results chira
két qua thuc thi ctia cac script, run_test.bat 12 tép ding dé chay tét ca cAc script trong
thu muc Testcases
Thanh phén nay s& giai quyét vin d& 7 trong Chuong 1.3 vé viéc thiéu co ché
Iuu trit c6 cu tric. Nho cdu trac thu muc va viée luu - xdc nhén cta kiém thir vién,

mi sinh ra dugc quan 1y mét cach c6 cau tric, c6 kha nang tai st dung cho 1an sau.
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3.9. Quy trinh sinh ma kiém thir chirc niing tu dong

Cdu tric giao

dién (HTML)
1. Thu thap dau
M ta Keyword vdo tir ddnh
gid thuc
Test case

trang
M6 ta Test case
Xpath tinh
‘\/" Xpath —
Xpath déng — \

Keyword thao tac giao dién N\ N
o ¢ i 2. Phan loai d3u vao — Q,”y tlnh
> Keyword sinh m3
. kiém thir

Ki t ien —

eyword kiém tra giao dién / i

nang tu

Test case 1 tinh nang / dong
>— Test case =

Test case nhiéu tinh nang
Prompt Project

Prompt Xpath (Xpath tinh, Xpath dgng)

3. Xay dyng Prompt
Prompt Keyword {Keyword thao tac
giao dién, Keyword kiém tra giao
dién)

Prompt Test case (Test case 1 tinh
nang, Test case nhigu tinh nang)

Hinh 3.1. Quy trinh sinh md kiém thir chivc ning ty dpng siv dung LLM (1)

Quy trinh sinh mé kiém thir chire niang tw dong st dung LLM duge trién khai
theo bay thanh phan lién tiép tir thu thip dAu vao, phan loai dau vio, xay dung prompt,
sinh ma, tién xir 1y va lién két dit liéu hd tro, phan tich va chinh sita mé dén quan 1y
va luu trir két qua.

Thanh phin déu tién tp trung vao viéc thu thip dau vao cho mo hinh LLM,
bao gdm cic tép HTML cua giao dién web va tap test case thi cong. HTML duge
trich xuét truc tiép tir DOM cua tirng man hinh va luu trit trong mot thu muc, test
case dugc gom nhom thanh hai dang: cac budc keyword lap lai (keyword) va ludng
nghiép vu day du (test case). Viéc thu thap ddy du va luu trit tap trung dit liéu dau
vao gitp xay dung mot nén tang dit liéu hoan chinh va nhét quan cho cic bude

tiép theo.
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Tiép theo, toan bd dir liéu thu thip dugc phén loai thanh cic nhém dic trung
nhdm gidm mirc d6 phiic tap va tao diéu kién cho mé hinh LLM xt 1y hiéu qua hon.
Trong giai doan nay, XPath dugc phan loai thanh XPath tinh va XPath dong, keyword
dugc chia thanh keyword tuong tic giao dién va keyword kiém tra giao dién, con test
case duge tach thanh nhém mét tinh nang va nhiéu tinh ning. Viéc phin loai nay giup
mé hinh nh4n dién dung ban chét ciia timg loai dit liéu va tao nén tang cho viéc thiét
ké prompt phit hop.

Dura trén két qua phan loai, hé théng prompt miu dugc xdy dung theo hai
huéng: prompt theo ting va prompt theo nhém. Prompt theo ting dinh nghia co ché
sinh ma theo cac 16p Project - XPath - Keyword - Test Case, con prompt theo nhom
mé ta cu thé cach sinh ma cho timg loai dit liéu nhu XPath tinh, XPath dong, keyword
thao tac, keyword kiém tra, test case mét hodc nhiéu tinh ning. Thanh phan nay déng
vai trd then chét trong viéc huéng din mé hinh LLM sinh ma theo diing quy tic, dinh

dang va céu tric du an.
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4, Tign xir ly va M& ta keyword

- litn ket dir ligu ~§\
/ % ho trg Mo ta test case

Cau tric du an (Project)

.j 4

/ _—— Xpath (Xpath tinh, Xpath dng)
5. Sinh m3 kiém A7
. __— thir chirc nang tu <
Q';‘Vhtf'f‘ah - déng e Keyword (Keyword thao tic
ks,'? T\ " giao dién, Keyword kiém tra
lecr:;c N \ giao dién)
nang tu

. Testcase (Test case 1 tinh
~ ning, Test case nhiéu tinh
nang)

dong

6. Phén tich va

chinh stra m3
\ kiém thir chire

nang ty dong

- 7, Lu trir va quan 1y ma
Hinh 3.2. Quy trinh sinh md kiém thir chivc ndng tw dopng s dung LLM (2)

Thanh phin tién xir 1y va lién két dit liéu hd trg xur ly md ta test case va
keyword, tach rd rang hanh dong, dit liéu va phén tir giao dién, déng thoi danh dau
chiing bing cc ky hiéu chudn nhim gitip mé hinh LLM hiéu chinh x4c timg thanh
phin, anh xa giita cac bude kiém thir v6i XPath, keyword va HTML twong tng. Hoat
dong tién xur 1y gitp chuyén d6i mé ta ngdn ngit ty nhién thanh dir liéu co cAu truc,
giam mo hd va ting d§ chinh xéac trong qua trinh sinh ma

Dua trén HTML, test case, keyword da xir ly va b prompt mAu, mo hinh LLM
thue hién sinh ma kiém thir theo timg tdng, bao gdm sinh ciu trac du an, sinh XPath
tinh, Xpath dong, sinh keyword thao tac giao dién, keyword kiém tra giao dién, test
case 1 tinh ndng va test case nhiéu tinh ning. Ma dugc sinh theo ciu tric ctia dw 4n

Robot Framework, dam bao tinh tach biét gifra ma giao dién, ma thao tdc va ma ludng
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nghiép vu.

Sau khi mé hinh sinh ma kiém thir chtre niing, kiém thir vién s& kiém tra va so
sanh ma vai nghiép vu thuc té nhim phét hién cac 16i vi du nhu sai tham sb, keyword
khéng phi hop, thiéu budc hoic thira bude. Cac 16i nay dugc cung cAp nguoce lai cho
mo hinh duéi dang vi du ding - sai dé mé hinh chinh sira lai theo co ché few-shot.
Nho d6, ma kiém thir chire nang duge hoan thién din va dat do6 chinh xéc cin thiét dé
thuc thi

Thanh phin cudi cing dam bio mi sinh ra duge luu trit ding chuin ciu triic
du 4n, v6i XPath duoce Iuu trong thu muc Repository, keyword trong Resource va test
script trong TestCases. Mi dugc sinh duéi dang xem trude (preview) dé kiém thir
vién xé4c nhan trude khi luu nhim tranh ghi dé ngoai y muén. Viée td chirc ma theo
chu truc théng nhét giup dé dang truy xudt, bao tri va tai sir dung trong c4c 1an sinh

ma tiép theo, hoan thién toan bd quy trinh sinh ma kiém thir tw dong

KET LUAN CHUONG
Chuong III hoc vién da trinh bay quy trinh sinh ma kiém thir chitc ning tur
dong sir dung LLM, bit du tir thu thip va phan loai dAu vao, xiy dung prompt, tién
xit Iy va lién két dit liéu hd tro, st dung mé hinh LLM dé sinh ma kiém thir chire

ning, phan tich chinh sira m4, va cudi cung 13 luu trlr, quan ly ma sinh ra
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CHUONG IV: THUC NGHIEM VA PANH GIA TREN HE

THONG VNEDU

Chuong IV trinh bay thuc nghiém va dénh gia quy trinh sinh ma kiém thir chirc
ning tuy dong sir dung md hinh LLM trén hé théng VNEDU sau mdt thoi gian trién
khai.

4.1. Thire nghiém quy trinh trén hé théng VNEDU:
4.1.1. Thu thip dau vao:

‘Gom 2 loai dAu vao 1a cic budc kiém thir thi cong va cac file HTML chira cdu
tric DOM giao dién ctia hé théng VNEDU

Dir liéu cac budc kiém thir thi cong dugce trich xuét tir bo test case dang sir
dung tai Trung tAm giai phap Gido duc sé — VNPT IT. Dya trén cdc nhém chirc ning
phén tich & chuong 1.3 b test case dugc chia thanh cic nhém test case c6 dac trung
riéng

e Nhém test case CRUD: Pay 1a nhoém chiém ty 1& 16n nhat dic trung ciia
nhom test case nay 1a cé nhiéu bude nhép liéu, chon gia tri tir danh séch, nhén nat
x4c nhan va kiém tra phan hdi ciia hé théng sau mdi thao tac, 13 co s& dé xiy ding bod
tir khéa thao tac giao dién phong phu (nhép, chon, click, hru, huy bd) va tdp hop
XPath da dang tir c4c truong dir liéu dén céc nit chirc nang.

e Nhém test case tra ciru: Dic trung ciia test case tra ciru 12 thao tac chi yéu
trén bang dir li¢u khong ¢ dinh, bao gém nhip diéu kién loc, chon diéu kién tim
kiém, chon dong, xem chi tiét. Trong goc 4o sinh ma kiém thir chirc ning tu dong,
nhém ndy chira nhiéu XPath dong, dic biét 1a phan tir trong bang c6 chita c4c hang
khong cb dinh, phz“{n tir xuét hién sau thao tac loc.

e Nhom test case thdng ké bao céo: Pic trung ctia nhém nay 13 giao dién
thuong c6 ciu tric bang cb dinh, véi cac cdt va hang dugc dinh nghia sin theo timg
loai bao cdo. Vi cAu tric cot va hang la cb dinh, test case thudc nhém nay wu tién cac
thao tac kiém tra nhw kiém tra dung tiéu dé cot, dung sb dong dir lidu, ding gia tri
trong tung 0.

e Nhom test case cdu hinh hé théng: Dic trung 13 s6 budc thao tic ngin, it
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phirc tap, nhung yéu cau tinh chinh x4c cao vi sai c4u hinh c6 thé gay 15i day chuyén.
Trong kiém thir tu dong, nhém ndy mang lai bd dit liéu 4n dinh dé kiém tra kha nang
sinh m3 vdi céc phr?ln tir giao dién tinh, cidc dropdown cb dinh, va cac thao tac xac
nhan thay ddi.

e Nhom test case phan quyén va quan 1y tai khoan: Dic trung can kiém tra
chinh xac hanh vi dugc phép/khéng duge phép, hién thi hay khong hién thi cac nut,
menu va chirc nang doi hoi md hinh phéi sinh duge XPath chinh xéc tai cac vi tri co
diéu kién hién thi khac nhau va sinh duoc cic bude kiém tra phit hop v6i trang thai
giao dién.

e Nhom test case nhdp va xuét dir liéu: Pic trung clia nhém nay Ia thao tac
ge"m lién vai xir ly t€p, ngudi dung can chon tép d4u vao, kiém tra dinh dang, xac nhin
noi dung t&p xuét ra khép voi dir liéu hién thi trén hé théng doi héi xtr 1y tép & mirc
hé théng (dudng dan tuyét dbi ctia tép déu vio, kiém tra ndi dung file Excel hoic PDF
clia tép xuit ra,.. ).

Viéc lua chon test case chirc ning cho thuc nghi€ém 1a bude quan trong nhim
dam bao m6 hinh LLM dugce danh gia trén mot tap dir lidu dai dién déy dui cho dic
trung nghiép vu cia hé théng VNEDU. Vi vdy, bd test case cin phan 4nh diy du dic
trung vé nghiép vy, phan tir giao dién (duoc thé hién qua XPath), thao tic (dugc thé
hién qua keyword) dé dam bao mé hinh LLM dugc danh gia toan dién dua trén mot
s6 nguyén tic nhu sau:

e Nguyén tic 1: Bao phil cic nhém tinh ning clia hé thdng: bao phit nhém
chirc ning c6 tin suit sir dung cao, anh hudng truc tiép dén hoat déng nghiép vu hing
ngay nhu CRUD

e Nguyén tic 2: Bao phii cdc nhém keyword: Test case dugc chon phai thé
hién diy di cic dang thao tac giao dién phé bién nhur nhdp li€u, chon gi4 tri trong
dropdown, click nut chirc néng,... Cac budc kiém tra phai bao gdm ca kiém tra hién
thi, kidm tra thong béo, kiém tra quyén truy cap theo vai trd. Piéu niy dam biao mo
hinh LLM dugc danh gia trén ca hai nhém keyword quan trong: keyword thao tc va

keyword kiém tra.
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e Nguyén tic 3: Bao phi cdc nhom xpath: Bao pht cic dang phén tir nhu
truong nhap liéu, combobox, nit chirc ndng, bang dir liu ¢b dinh,... ¢ m6 hinh LLM
c6 thé dugce danh gia kha ning sinh ca XPath tinh va XPath dong.

e Nguyén tic 4: Bao phu ca test case mdt tinh ning va test case nhiéu tinh
ning nhim danh gid kha ning mé hinh LLM sinh ma kiém thir chirc ning tir nhitng
thao tic don gian trong pham vi mét tinh néing dén nhitng ludng nghiép vu lién thong
va phirc tap trong thuc t& van hanh ctia hé théng VNEDU

e Nguyén tic 5: Lura chon test case can wu tién nhitng phan hé chirc ning c6
thn suit sir dung cao, 4nh hudng 16n dén qua trinh hoc tip, quin 1y cia nha truong
hodc ¢4 d6 nhay cao véi dir liéu (hoc sinh, nhén su, diém s6,...).

Tu phén loai va nguyén téc lvra chon test case trén, hoc vién 4p dung quy trinh
sinh ma kiém thir chirc nang tu dong cho toan bd 150 test case trong d6 lua chon 75
test case dai dién tir nim nhém (CRUD, tra ctru, théng ké béo cdo, c4u hinh hé théng
va phan quyén ngudi ding) dé mé ta, phén tich va danh gia chi tiét trong dé an. 75
test case dai dién chia ra lam 2 nhom test case 36 test case mot tinh nang va 39 test
case nhiéu tinh ning, trong d6 mdi test case chira tir 5 - 50 Xpath bao gébm ca Xpath
tinh va Xpath dong, 4 -35 keyword bao gém ca keyword thao tic giao dién va
keyword kiém tra giao dién. Riéng nhém nhap/xuit dir liéu khong duge dua vao pham
vi thue nghiém vi phén 16n thao tic ciia nhém nay phu thude vao xir Iy tép & cép hé
diéu hanh, khong phai dang test case dién hinh ma mé hinh LLM cin sinh ma dya

trén giao di€n va mo ta cac budc kiém thir.
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Biing 4.1. 86 lwgng test case thit nghi¢m

Nhoém chirc ning S6 lrgng test case Ty 1€
CRUD 15 20% h
Tra ctru 15 20% |
Théng ké Bao co 15 20%
CAu hinh hé théng 15 20%
Phén quyén va quan ly 15 20%
ngudi dung

Ngoai dit liéu cac budce kiém thtr tht cong duoc trich Xudt tir test case, dé an
con sir dung thém tap dit liéu HTML chtra giao di¢n ctia tirng man hinh trong hé théng
duoc thé hién dudi dang cdy DOM. Cac tép HTML nay dugc kiém thir vién thu thap
tryc tiép tir giao dién hé thong VNEDU béang cach truy cip vao tlimg man hinh va sir
dung cong cu Kiém tra (F12) ctia trinh duyét dé 14y dit liéu cua toan bo ciy DOM.

Hinh 4.1. Vi du tép HTML diu vio
4.1.2. Phén logi ddu vao:

Tir tng s6 75 test case dai dién da dugc lya chon theo cac nguyén tac, dé an

tiép tuc chon ra 5 test case. Nam test case ndy dugc lya chon nguyén tic dugce phan

tich trong chuong 4.1.1.
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Bing 4.2. Testcase dai dién theo nhom chirc nang hé théng VNEDU

Mi Tén test case Loai test case

01 Thém nhan su thanh cong Test case mdt tinh ning

02 Tra ciru hd so hoc sinh Test case nhiéu tinh ning

03 Théng ké ty 1€ hoc sinh nam, nir Test case mot tinh ning

04 C4u hinh sd diém Test case nhiéu tinh ning

05 Phén cong giang day cap THCS (Trung hoc | Test case nhiéu tinh ning
co s&)

Tir bd 5 test case dai dién d3 dugc lua chon, kiém thir vién tién hanh phén tich
chi tiét théng tin diu vao bang cach phén loai dit liéu clia timg bude kiém thtr theo
thong tin vé XPath (bao gbm XPath tinh, XPath dong), thong tin Keyword (bao g6m
keyword thao tac giao dién va keyword kiém tra giao dién), ngoai ra céc thao tac 1ip
lai & cac test case ciing duge phén tich thanh cac keyword dung chung.

Bing 4.3. Vi du phain logi Xpath va Keyword test case Thém nhan sy thanh cong

+ 0 chira placeholder
Tim kiém theo tén,

Mi | Tén test | Thong tin Xpath Thong tin Keyword
case
01 Thém - Xpath tinh - Keyword dung chung:
nhin su |+ button Thém méi | 1: Pang nhép thanh cong
thanh + textbox Ho va tén: | 2: Vao chirc ning Quan ly nhan su
cong + textbox Ngay sinh: | - Keyword thao tic giao dién
3. Click button Thém méi
+ button Luu 4. Nhép gia tri Ho va tén vao 6 Ho va
+ button Yes | tén:
+ button OK 5. Nhép gia tri Ngay sinh vao 6 Ngay

sinh:
6. Click button Luu

tai khoan cna nhén | 7. Click button Yes
su... 8. Click OK

- Xpath dong - Keyword kiém tra giao dién

+ 6 0t thir 2 chira gid | 9. Kiém tra 6 cot thir 2 chira gia tri Ho va

tri Ho va tén

tén

4.1.3. Xdy dung prompt méu:

Dua trén co ché prompt theo ting va theo loai, dé 4n da tién hanh xay dung bd
prompt miu gém' 7 miu nham hd trg mo hinh LLM xtr ly tun tu céc loai dit liéu diu

vao va sinh ra ma kiém thir chirc ning theo ting loai dit liéu.
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Bang 4.4. Prompt miu

Loai Néi dung Prompt
Prompt
Prompt Tao mét project v6i tén 13 <TEN Project> sir dung RobotFramework
Project Quy tic chung : Cac file trong project déu duoc tao véi dudi .robot va

duogc encode UTF8

Céc thu vién can import trong céc file robot:

Library SeleniumLibrary
Library ExcelLibrary
Library String

Library DateTime
Library Process

C4c thanh phén cia project:

1. 1 file bat dugc viét dé chay hét cac testcase trong folder Testcase
va ghi két qua chay vio 1 file

2. 1 Folder Testcases dé luu cic testcase. VD: Testcases_01.robot c6
3 phin: Phén 1 12 phén Settings chita cac thu vién va resource; Phén 2
Variable khai b4o cac bién, Phin 3 Testcase chira céc testcase luu
duéi dang keyword vi du testcase Testcases_01. Cac phén ngan cach
nhau béi cAu triic chuin ciia RobotFramework vé khai bdo thu vién
Settings, khai béo bién Variable

3. 1 Folder Resource dé luu cac ham, thu vién duoc tir viét cho cac
chitc nang. VD: Resource.robot ¢6 3 phan: Phan 1 12 phin Settings
chira cac thu vi€n va resource, Phin 2 Variable khai bao cac bién,
Phin 3 Keywords chira cac Keyword lru duéi dang keyword vi du
keyword Keyword _01.robot. Cac phin ngan cach nhau béi cdu triac
chuln cta RobotFramework vé khai bao thu vién Settings, khai béo

bién Variable, va khai bao keyword duéi dang Keywords
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4. 1 Folder Repository dé lru cac Variable Xpath Locator VD:
XPATH_SAMPLE.robot ¢6 2 phan: Phan 1 12 phén Settings chira cac
thir vién va resource, Phin 2 Variable khai bio cac bién. C4c phan
ngan cdch nhau boi céu triic chudn ctia RobotFramework vé khai bdo
thur vién Settings, khai bao bién Variable

5. 1 thw muc HTML dugc luu trit html cta trang web. VD

HTML _template.html

6. 1 thu muc STEP_TESTCASE d Iuu trit cac budc ciia testcase
manual. VD Testcase_manual.txt

7. 1 thu muc STEP_KEYWORD dé luu trir cAc bude ciia Keyword.
VD Keyword sample.txt

8. 1 thu muc results dé luu trir két qua chay céc testcases

Prompt Poc file .html thu muyc HTML va file .txt thu muc

Xpath STEP_KEYWORD.

tinh Tao mot file XPATH_<Tén File>.robot mdi tai thu muc Repository
¢6 <Tén File> gibng véi tén file .html

Véi mdi phan tir trong [] trong file .txt, xdc dinh ding element trong
HTML va sinh mdt XPath theo quy téc:

- Sinh Xpath cho c4c phén tir thudc céc dong khong chira ()

- Dua vao thé label, button, a, span, div thé hién cac element dang
label hodc text, input, textarea thé hién cho céc element dang nhip;
select thé hién cho cdc element dang dropdown, ul li thé hién cho
element dang list, tr thé hién cho cac element dang hang, th thé hién
cho céac element dang cét.

- Dua vao anchor &n dinh nhu text, label hodc dung /.. dé di lén cha
gin nhét.

- Khéng dugc ding XPath tuyét dbi (/html/body?...).

- XPath tinh khong dugc chira tham sé dang ${}
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Véi mbi Xpath tao bién véi dinh dang

${[ten_the html] [noi_dung_text khong dau cach bang gach duoi
I}

Ghi toan b6 cdc bién XPath vira tao vao file

XPATH <TEN FILE>.robot.

Prompt
Xpath
dong

Doc file .html thu myc HTML va file .txt thu muc

STEP KEYWORD.

Tao mét file XPATH_<Tén File>.robot méi tai thu muc Repository
¢ <Tén File> gibng véi tén file .html

V6i mbi phin tir trong [] trong file .txt, x4c dinh ding element trong
HTML va sinh mot XPath theo quy tic:

- Sinh Xpath cho cac phan tir thudc cac dong chrra ()

- Dua vao thé label, button, a, span, div thé hién céc element dang
label hodc text, input, textarea thé hién cho cac element dang nhép;
select thé hién cho cac element dang dropdown, ul li thé hién cho
element dang list, tr thé hién cho cac element dang hang, th thé hién
cho cac element dang cit.

- Dua vao anchor 6n dinh nhur text, label hoiic dung /.. dé di 1én cha
ghn nhét.

- Khéng duge ding XPath tuyét d6i /html/body/...

- Déu () x4c dinh tham sb ctia phin tr [] vi du [cdt chira gid trj (a)]
duoc thé hién duéi dang //th[contains(normalize-space(.),'${a}")]
Véi mdi Xpath tao bién v6i dinh dang

${[ten_the html] [noi_dung_ text khong dau cach bang gach duoi
13-

Ghi toan bo cic bién XPath vira tao vao file

XPATH_<TEN_FILE>.robot.
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Prompt
Keyword
thao tac
v6i giao

dién

Doc file .txt trong folder STEP_ KEYWORD

Poc cac file XPATH_<TEN_FILE>.robot trong folder Repository
Tao file <TEN FILE Keyword>.robot folder Resource. Khai bao
Resource dé sir dung cac bién va ham trong cic file Repository vi du
Resource XPATH _<TEN_FILE>.robot.

Trong file <TEN FILE Keyword>.robot folder Resource sinh
keyword tir keyword bén chuan duoc ghi trong file <TEN FILE
Keyword>.txt trong d6 goi dén cac file <TEN REPOSITORY> dé 14y
cac xpath 14 gia tri cia bién phir hgp nhét véi cac ndi dung trong []
clia timg budc theo quy tic:

- Chi sinh keyword cho cac buéc KHONG chira tir khéa kiém tra nhur
“kiém tra”, “verify”, “so sanh”, “assert”, “hién thi” hodc cic dang md
ta két qua mong doi.

- Néu phén tir [] ¢6 chira tham sb trong déu (), tham sd nay 14 gia tri
dong ctia chinh phén tir dugc mo ta trong [] va phai dugc dua vao cau
1énh Robot Framework duéi dang argument.

- Str dung céc keyword c6 san nhu Click Element; Input Text, Select
From List, Press Keys... tuong img véi loai thao tc cia tung budce

- M&i keyword bén chuén két thic bai déu.

Prompt
Keyword
kiém tra

giao dién

DPoc file .txt trong folder STEP_KEYWORD

Doc cac file XPATH_<TEN_FILE>.robot trong folder Repository
Tao file <TEN FILE Keyword>.robot folder Resource. Khai bao
Resource dé str dung céc bién va ham trong cic file Repository vi du
Resource XPATH_<TEN_FILE>.robot.

Trong file <TEN FILE Keyword>.robot folder Resource sinh
keyword tir keyword ban chuan dugc ghi trong file <TEN FILE
Keyword>.txt trong d6 goi dén cic file <TEN REPOSITORY> dé 13y

cac xpath 13 gi4 tri ciia bién phii hop nhét véi cic ndi dung trong []
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ctia ting buée theo quy tic:

- Chi sinh keyword cho céc buéc CHUA tir khéa kiém tra nhu “kiém
tra”, “verify”, “so sdnh”, “assert”, “hién thi” hodc céc dang mo ta két
qua mong doi.

- Néu budc c6 chira tham sb trong ddu (), tham s nay 13 gia tri dong
ctia chinh phén tir dwoc mé ta trong [] va phai dugc dua vao ciu 1énh
Robot Framework dudi dang argument.

- Sir dung cac keyword c6 sin nhu Click Element, Input Text, Select
From List, Press Keys... trong tmg véi loai thao tac cia timg buée

- M&i keyword ban chudn két thiic boi déu.

Prompt | Doc file .txt trong folder STEP_MANUAL

test case | Poc cac keyword trong file .robot folder Resource

mdt tinh | Khai bdo Resource dé sir dung céc bién va ham trong file .robot

nang folder Resource. Néu di khai béo roi thi khong cin khai bao lai
Khai bdo ddy du cac bién dé sir dung cac bién va ham trong file
Resource.robot.
Tao file robot <TEN FILE TESTCASE>.robot dé thye hién cac bude
dwoc ghi trong file <TEN FILE TESTCASE>.txt trong d6 goi dén
file .robot folder Resource dé liy cic keyword phil hop nhét véi cac
ndi dung trong " theo quy tic:
- Chi dung cac 1énh/budc 6 trong file testcase. Khong sinh bién tam,
keyword méi

Prompt Doc file .txt trong folder STEP. MANUAL

test case | Poc cac keyword trong file .robot folder Resource

nhidu tinh | Khai bdo Resource dé sir dung cAc bién va ham trong file .robot

ning folder Resource. Néu di khai bao rdi thi khong cin khai b4o lai

Tao file robot <TEN FILE TESTCASE>.robot dé thuc hién cac budc
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duogc ghi trong file <TEN FILE TESTCASE>.txt trong d6 goi dén
file .robot folder Resource dé liy cac keyword phu hgp nhét véi cac
ndi dung trong " theo quy tic:

- Chi dimg c4c 1énh/budc co trong file testcase. Khong sinh bién tam,
keyword méi

- Khi dang goi keyword thudc file .robot A va chuyén sang goi
keyword thudc file .robot B ty dong chén thém méot bude cho 3 gidy
trude khi goi keyword tiép theo

4.1.4. Tién xiv Iy va lién két dir liéu ho tro:

Sau khi tién xir 1y test case dua trén cac quy tic d4 phan tich trong chuong 3.4,
d4u vao cho md hinh LLM sinh ma kiém thtr chirc ning 14 test case duoc chia nhd
thanh hai phan, phan mot cac cac keyword dung chung dugc sip xép theo thir tu ludng
nghiép vu va dugc luu trong thu muc STEP_TESTCASE, thanh phan hai chira cic
keyword duéi dang ban chuén 13 cac bude kiém thu dugc gom nhém lai dé ding

trong nhiéu test case va dugc luu trong thu muc STEP_ KEYWORD

EXPLORER ® = TC10_THEM_NHAN_SU_THANH_CONG.txt ®

~ GENERATION_A! VER10 /! N_E f : P M i N i =
FUNC 1. ‘Dang nhap thanh cong’
ao chuc nang’
ém nhan su’
iém tra thém nhan su thanh céng’

Hinh 4.2. Test case Thém nhin sy thanh cong sau xw ly
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= DANH_SACH_NHAN SU.txt @

“# GENERATION Al _VER10
Them_nhan_su {(He va tén
click [butten Thém moi
nhap giad tri (Ho va té
nhap giad tri (Ho va t

nhan_su_thanh_cong {Ho v

ra © [cot thd 2 ¢o chia gid tri (Ho va tén)].

Hinh 4.3. Keyword ciia test case Thém nhin sy thanh cong sau xie ly
4.1.5. Sinh ma kiém thir chirc ning tw dpng:

Trong thyc nghiém, quy trinh sinh ma kiém thir chitc néng tw dong duoc trién
khai bang mé hinh LLM GPT-40, md hinh dugc tich hop trong cong cu GitHub
Copilot Chat. GitHub Copilot Chat duoc sir dung tryc tiép trong moi truong phét trién
Visual Studio Code cta du 4n Robot Framework, cho phép mo6 hinh LLM truy cép
cac tép ngir canh (context files) va cac prompt va thue hién sinh ma dya trén cAu trac
thuc té cia du an. Thuc nghiém trién khai sinh ciu trac du 4n va 6 loai dir liéu, st
dung cac prompt va cac t¢p ngit canh lam diu vao cho md hinh LLM sinh ma kiém
thir chirc ning tir ddng cho két qua twong g véi 6 loai dit liéu duoc trinh bay trong
bang sau:

Bang 4.5. Sinh md cho cdc logi dit liéu

Loai dir liéu| Prompt ,
. Tép ngit cinh di kém Két qua sinh ma
can sinh mi | sir dung

Project Prompt CAu truc dir 4n gdm:

Project - Thu myc STEP_TESTCASE
- Thu muc STEP_ KEYWORD
- Thu muc HTML

- Thu myc Repository

- Thu muc Resource
- Thu muc Testcases

- File run_test.bat
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- Thu muc results

XPath tinh  |Prompt |- Céc file .html thu muc  |[Xpath tinh tu dong sinh ra va
Xpath HTML luu vao tép .robot thu muc
tinh - Cac file .txt thu myc  [Repository duéi dang chd xdc
STEP_KEYWORD nhén
Xpath dong |Prompt |- C4c file .html thu myc |Xpath dong tir dong sinh ra va
Xpath |HTML Iuu vao tép .robot thu muc
dong - Cac file .txt thu muc  |Repository dudi dang chd xdc
STEP_KEYWORD nhin
Keyword  |[Prompt |- Cac tép .robot thu myc |Keyword thao tac giao dién tur
thao tac giao | Keyword |Repository dong sinh ra va luu vao tép.
dién thao tac |- Céc file .txt thu muc robot thu muc Resource dudi
giao dién [STEP_KEYWORD dang cho xac nhan
Keyword  |Prompt |- Cac tép .robot thu muc |Keyword thao tac giao dién tur
kiém tra Keyword |Repository ddng sinh ra va hru vao tép.
giao dién kiém tra |- Cac file .txt thu muc robot thu muc Resource dudi
giao dién (STEP_ KEYWORD dang chd x4c nhén
Test case Prompt |- Cac tép .robot thu muc |Test script tirong ung v6i test
mdt tinh Test case [Repository case mot tinh nang tw ddng sinh
ning mot tinh |- Céc tép .robot thu muc |ra va luu vao tép .robot thu muc
ning Resource Testcases dudi dang cho xéc
nhén
Test case Prompt |- Cic tép .robot thu muc |Test script trong ung v4i test
nhiéu tinh  |Test case [Repository case nhiéu tinh niing tr dong
nang nhiéu - Cac tép .robot thu muc |[sinh ra va luu vao tép .robot thu
tinh nang |Resource muc Testcases dudi dang chd

xac nhan
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Vi du str dung md hinh LLM ctia Github Copilot Chat trong Visual Studio dé
sinh ma cho loai dit liéu XPath tinh. Ngit canh dau vao ctia md hinh LLM s& dugc
truyén vao thong qua giao dién chat bao gom céc tép .html chia cAu tric giao dién,
cac tép .txt chira cac keyword ban chun, sau d6 md hinh LLM thuec hién c4c yéu cau
va quy tic trong Prompt Xpath tinh dé tao dhu ra 12 tap bién XPath tinh luu trong cic
tép .robot thu muc Repository

2 = DANH_SACH NHAN_S

DANH_SACH_NHAN_SU.htmi

Poc cac file .html, doc cac file.txt thuc

hién cac yeu cau trong
Prompt_Xpath_tinh tao ra file
DANH SACH NHAN SU.robot folder

Repository

Agent v v U8 d‘s B

Hinh 4.4. Vi du sinh md cho logi dit liéu Xpath tinh

E) XPATH_DANH_SACH_NHAN_SU.rcbot X

Hinh 4.5. Vi du sinh Xpath cho test case Thém nhén sy thanh cong
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en_nhan_su}

jtton_them_moi}

thanh_cong

(=2

ten_nhan_su}

Hinh 4.6. Vi du sinh Keyword cho test case Thém nhén sw thanh cong

Hinh 4.7. Vi du sinh test case Thém nhin sy thanh cong

Déi véi dit lidu kiém thir, hé théng khong tw dong sinh dir liéu cy thé ma chi
sinh céc bién khai béo, boi vi gid tri dit liéu phu thude vao titng bbi canh nghiép vu,
timg moi trudng trién khai va timg 1in kiém thir. Viée dé kiém thir vién ty nhép dix
liéu gitip dam bao dir li¢u phu hop thuc t, tranh rdi ro sai léch nghiép vy, déng thoi

ting kha nang tai st dung cta test case cho nhiéu phién ban khéc nhau.
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4.1.6. Phin tich va chinh sira ma:

Nguoi kiém thir ra soat lai ma duoc tao tu dong bing cach chay thit test script
dé dam bao su phu hop véi giao dién thyc té va ludng nghiép vu. Vi file XPath,
tester kiém tra xem céc XPath c6 tré ding phan tir giao dién, c¢6 du tinh 6n dinh khi
giao dién thay ddi hay khong. Vi file keyword, tester kiém tra logic thao tac xem da
dung chitc ning mo ta, thir ty hanh dong c6 phan anh ding ludng nghiép vu. Vi test
case, tester kiém tra sy ddy di ciia cac buée va kha ning thuc thi lién tuc. Trong qué
trinh thyec thi test script néu xuét hién 15i runtime nhw XPath khong tro ding phén tir,
keyword thiéu tham sb, tester s& st dung truc tiép giao dién chat ctia GitHub Copilot
dé huéng din md hinh LLM stra sai. Kiém thir vién cung cip cho mé hinh ca dong
16i thuc té, nguyén nhan 18i, va phién ban ding cua doan ma cén thay thé. Nho co ché
nay, md hinh c6 thé cap nhat phan ma bi sai trong céc tép, ddng thoi hoc dugc quy
téc sira 16i dung tir cip dit liéu “16i sai — ma dung”. Diéu nay gitp giam thiéu viéc 1ap
lai 18i & cac lan sinh m3 tiép theo va ning cao dd chinh x4c ctia mo hinh trong cling

mot du an kiém thr.

Hinh 4.8. Vi du phan tich va chinh stra mda
4.1.7. Lwu trii va qudn ly ma:
Sau md hinh LLM sinh mi kiém thir chirc ning, cdc doan mi khéng luu truc
tiép vao cac tép ma Iuu dudi dang chd x4c nhén, kiém thir vién s& vao phan tich va

chinh stra ma sau d6 maéi luu lai cac ma.
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XPATH_SO_DIEM_TONG_MOPrabot [2] X

Hinh 4.9. Xdc nhdn md trudc khi livu

Hinh 4.10. Xdc nhdn tép truwoc khi luu

Toan bd dau vao va diu ra ctia md hinh LLM duwoc luu trit va quan 1y c¢6 hé
théng nhim dam bao kha ning truy xudt, bao tri, tai sir dung va danh gid két qua thyc

nghiém dya trén cAu triic thu muc d3 duge mo hinh LLM sinh ra & tAng project

GENERATIVE_AI VER3

Hinh 4.11. Céu triic liru trit va qudén Iy diu vio va dau ra ciia mé hinh LLM
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4.2. Phan tich két qua thwe nghiém:

Thue nghiém duge tridn khai trong khoang thoi gian tir thing 09/2025 dén
thang 11/2025 trén méi truong that cia hé théng VNEDU, sir dung Visual Studio
Code tich hgp GitHub Copilot Chat sir dung m6 hinh LLM (Chat GPT 40) va Robot
Framework dé sinh ma kiém thir chirc nang tr dong cho 150 test case clia hé théng
VNEDU trong dé 14y dai dién 75 test case tir nim nhém tinh nang chinh (CRUD, tra
ctru, théng ké bao cdo, ciu hinh hé théng va phan quyén ngudi ding) phén tich va
danh gia thuc nghiém.

Két qua clia quy trinh sinh ma kiém thir chirc ning tu dong sur dung LLM 1a
ma kiém thir duge st dung truc tiép vao hoat dong kiém thtr chitc nang ty dong. Do
d6 dé dam bao quy trinh d& xuit mang lai hiéu qua thuce tién, ma kiém thtr cdn dap
g mot sd yéu ciu sau:

e Yéu ciu vé d6 chinh x4c (Accuracy): Ma kiém thir sinh ra cin thuc hién
dung hanh dong dugc mo ta trong testcase, twong tac ding phin tir giao dién trong
tmg trong HTML, thit tr céc burdce kiém thir ding véi ludng nghiép vu

e Yéu ciu vé dd bao phu (Test Coverage): ma kiém thir chira day du cic dbi
tugng giao dién, khong bo s6t cac bude nghiép vu

e Yéu cau vé thoi gian sinh mi (Generation Time): M4 kiém thir sinh ra cin
duoc tao ra trong khoang thoi gian phil hop dé c6 thé 4p dung trong md hinh phat
trién phé“m mém nhanh nhu Agile/Scrum, déc biét khi cin tao mé6i hodic cdp nhat nhanh
bd kiém thir chirc nang trr dong hdi quy sau mdi thay ddi.

e Yéu cdu vé kha ning thue thi (Execution Time): Mi kiém tht sinh ra cén
c6 kha nang thyc thi ma khéng phat sinh 16i cii phap khién kich ban khong thé chay

e Yéu ciu vé thoi gian thuc thi (Pass Rate): M kiém thir sinh ra cin c6 thoi
gian chay hop 1y, tranh dur thira thao tic lap lai, han ché chd khéng can thiét

Trong d6, Accuracy va Test Coverage dugc kiém thir vién truc tiép dbi chiéu
giita budc kiém thir thii cong, giao dién thuc té va m4 kiém thir chitc nang do mé hinh
sinh ra, sau do tu danh gia va ghi nhin vao file Excel. Hai chi sb phu thudc vao mirc

d6 hiéu ding nghiép vu va kha ning chuyén héa budc kiém thir thii cong thanh ma ty
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dong, vi viy phuong phap d4nh gia thi cong hién van 12 lya chon pht hgp va chinh

x4c nhit.

P B §6 Xpath ding % 100%

ccuracyxparn = Téng s6 Xpath sinhra Q)

| B 58 bwéce ding % 100%

CCUracygeyword = Téng s6 bwéce sinh ra ’
.\ B $6 keyword ding % 100%
CCU,T'aCYTestcase - Té’ng 56 keyWO'rd Sinh ra 0

S8 Xpath sinh ra
Testcoveragexpath = X 100%

Tong s0 Xpath phai sinh ra

S8 bwéce sinhra

Testcoverage = — — — x 100%
YCkeywora Téng s6 bwéce phai sinh ra

Testcoverageresicase

§6 keyword trong testcase sinh ra

= ~ == X 1009
Tong s6 keyword trong testcase phai sinh ra %

Chi s8 Generation Time dugc do bing cong cu m& rong (extension) trong
Visual Studio Code do kiém thir vién tur viét, ghi nhan thoi gian tir e kiém thit vién
bt ddu nhap yéu cau vao giri yéu cdu cho mé hinh LLM thdng qua giao dién cta
Github Copilot Chat cho dén thoi diém maot tép trong dir 4n duge tao méi hoic bi thay
d6i béi mé hinh LLM. Hai chi sb con lai, Execution Time va Pass Rate, dugc 14y truc
tiép tir bao c4o kiém thtr ctia Robot Framework ghi nhén thoi gian thyc thi clia tirng
test case va sb lugng test case chay thanh cong.

Quy trinh sinh ma kiém thir chitc nang tur dong sir dung LLM dugc danh gia &

6 loai thyc nghiém twong tmg véi 6 loai loai dir liéu cin sinh ma d3 trinh bay trong
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chuong 4.1.5. Riéng loai sinh cAu triic du 4n khong dugc dira vao pham vi danh gia

vi ddy 1 phan c6 tinh chét thiét 14p ban dAu, chi dugc md hinh tao mét 1an dé khéi

tao cdu truc thu muc cua du an Robot Framework:

Bding 4.6. Cdc loai thwc nghiém

Loai thwe

Pic diém thwe nhiém

thao tac giao

nghiém
Sinh XPath ¢b dinh tir cAu tric DOM. M6 hinh LLM xé4c dinh phan
XPath tinh  |tir cAn tao XPath thong qua ky hiéu [] trong file STEP_KEYWORD.
XPath duogc tao hoan toan ¢b dinh, khong diing tham )
Sinh XPath c6 tham sb hoa bing () cho cac phan tir ¢6 gia tri thay
XPath dong |ddi. Vin nhén dién phan ti tir [] nhung mé hinh LLM sinh XPath c6
chira tham sé dong trong ()
Keyword duoc sinh dya trén ndi dung cac budc kiém thir thi cong
Keyword

dé x4c dinh hanh dong can thuc hién (click, nhap, chon...). Mbi
keyword s€ anh xa céc phén tir trong [] sang bién XPath tirong tmg

dién )
trong Repository
Sinh keyword kiém tra trang thai ho#c gia tri hién thi trén giao dién
Keyword ) . .. . N en afe ek
"  |(verify text, verify element visible...). Tép trung vao viéc doi chicu
kiemtra giao| =, L s .
die giao dién véi két qua mong doi. Cac phan tir trong [] dugc anh xa
en .4 , .
sang bién XPath tuong ing trong Repository
Test case Sinh test case cho mot tinh nang. Sinh ma dya trén cac keyword
tinh chirc trong mot file trong img véi mot tinh nang. Gom c4c bude chay tuin
nang tu va khong chén budce cho.
T Sinh test case cho nhiéu tinh ning. Sinh mi dua trén cac keyword
est case i N N
N trong nhiéu file trong Ung v6i nhiéu tinh ning. GOm cac budc chay
nhleu tinh A \ A 2 r 3 A n ¢ A R
5 tudn tu va khong chén budce chd, trr dong thém bude cho 3s d€ on
nang

dinh giao dién
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Accuracy Xpath tinh

100,00%

75,00%

50,00%

25,00%

0,00% -

Hinh 4.12. Accuracy Xpath Tinh

Test Coverage Xpath tinh

100.00%
75,00%
50,00%

25.00%

0,00%

Hinh 4.13. Test Coverage Xpath tinh

Két qua thuc nghiém cho thdy viéc sinh XPath tinh dat mitc Accuracy va Test
Coverage twong d6i cao. Accuracy cua XPath tinh chu yéu nam trong khoang 75—
90%, mot sb test case nhu dat 100%. Test Coverage ciia XPath tinh dao dong & mirc
60-85%. Viéc khong sinh dugc ma hodc sinh sai ma chu yéu xuit phat tir cac dic thu
ctia ciu trac giao dién hé théng VNEDU. Nhiéu phin tir c6 cic nhin giéng nhau
nhung lai ndm & hai khung (panel) khéc nhau, khién md hinh sinh ra sinh XPath dung
¢t phap nhung khdng tro dén mot phan tir duy nhat trén giao dién. Cac phén tir khong
chtra text hién thi (nhu icon, hinh 4nh) hogc nam trong ciu tric DOM chira nhiéu thé
16ng nhau khién mé hinh khé x4c dinh phin tir cha thich hop khién md hinh khong
sinh dugc Xpath.
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Accuracy Xpath déng

100,00%

75.00% "

50,00%

25,00%

0,00%
s e R RN R R YS9 oRR BB 88RER
ccao%coséoogoosooocoggggéccosogggggsgooo
0O000O00OCO00O0LVOOOD0LOOLLVULOOD 00 OLUOD
ERERERFPRRPRRPRPRRRERRRRRRFRRFEFFFFRFRFRFRRFREREE

Hinh 4.14. Accuracy Xpath dong

Test Coverage Xpath déng

80,00%

o i |
40,00%

20,00%

0,00% HITHH |

Hinh 4.15. Test Coverage Xpath djng

Két qua thuc nghiém cho thay viéc sinh XPath dong c6 do chinh x4c va muc
bao phu thip hon déng ké so véi XPath tinh. Accuracy cua XPath dong chi yéu dao
déng trong khoang 55-75%, mot s test case dat gan 80%. Test Coverage nim trong
khoang 50—-70%, hiém trudng hop vuot qua 75%. Nguyén nhan chu yéu xuét phat tr
nhitng dic thu sau cua XPath dong. Thir nhét, cac phin tir dong thudong xuat hién
trong bang, danh sach noi vi tri hang cot thay dbi lién tuc tiy theo dit liéu thuc té. Khi
d6, mé hinh d3 sinh XPath dua trén chi s vi tri ¢é dinh nhw cot 1 (tr[1]) va din dén
sai 1&ch khi thém hodc x6a hang. Thir hai, phén gia tri cin tham s6 héa nam trong diu
() ddi khi khong dwge mé hinh nhan dién chinh x4c hoac dugc gén sai vi tri trong
XPath, khién XPath dting ct phap nhung khong khép phin tir thyc té. Bén canh do,

mot s& phan tir chi xuét hién sau céc thao tic cu thé (nhu chon bd loc, ddi tab) nén
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HTML dugc thu thap khong chira day du cac phén tir ny tai thoi diém kiém thtr vién
thu thap HTML. Khi md hinh LLM khéng nhin thiy cic phan it d6 trong dit liéu dau
vao, test coverage giam vi khéng thé sinh XPath cho cac phén tir chua hién thi trong
cac tép HTML. D4y l1a mot nguyén nhan dic thu chi xay ra véi XPath 1a phén tir phu

thuéc manh vao trang thai giao dién.

Accuracy Keyword thao téc giao dién

100,00%

75,00%

25,00%

Hinh 4.16. Accuracy Keyword thao tdc giao dién

Test Coverage Keyword thao tac véi giao dién

100,00%
75.00%
50,00%-

25,00%

Hinh 4.17. Test Coverage Keyword thao tic véi giao dién
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Test Coverage Keyword kiém tra giao dién
100,00%

75,00%

50,00%

25.00%

Hinh 4.18. Accuracy Keyword kiém tra giao di¢n

Test Coverage Keyword kiém tra giao dién
100,00%

75,00%
50,00%

25,00%

Hinh 4.19. Test Coverage Keyword kiém tra giao di¢n

Két qua thyc nghiém cho thiy Accuracy dao dong 75-100% dbi voi keyword
thao tac giao dién va 85-100% dbi v6i keyword kiém tra giao dién, céc keyword sinh
sai cht yéu do viéc ca hai loai keyword chita Xpath dong c6 tham s6 nhung mé hinh
LLM sinh thiéu tham sé. Bén canh d6, Accuracy giam con xuat phat tir viéc mo hinh
sinh sai loai thao tac, vi du thay vi sinh Click Element lai sinh cdc [énh khéng phu
hop nhu Run Keyword And Ignore Error khién hanh d6ng khong dung ngit nghia.
Ngoai ra, Test Coverage dao dong 70 - 85% véi keyword thao tac va 80 - 100% vai
keyword kiém tra, chi s6 Test Coverage bi kéo xubng do md hinh sinh thira keyword
khéng xuét hién trong md ta test case nhu cac hanh dong cho phén tir xudt hién sau
d6 méi click vao phan tit, 1am 1éch sb lwong bude so véi cac bude kiém thir thii cong

khién Test Coverage giam do md hinh thém hanh dong khéc.
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Hinh 4.21. Accuracy Test case nhiéu tinh ndng

d
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I

Accuracy Test case mét tinh nang

100,00%
75.00%
50.00%

Hinh 4.20. Accuracy Test case m

Test Coverage Test case 1 tinh néng

100.00%
75,00%
50.00%

Accuracy Test case nhiéu tinh nang
25.00%

100,00%
75,00%
50,00%

G001
€001
LL00L
49004
Z900L
9001
29001
08001
85001
45001
6Y001
£700L
001
6E€001
92001
¥Z00L
22001
0zZ0oL
11001
SLOOL
£LOOL
60001
P00DL
10001

0,00%

~

t tinh ndang

)

Hinh 4.22. Test Coverage Test case m
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Test Coverage Test case nhiéu tinh ning
100,00%

75,00%
50,00%
25,00%

0,00%

TCO05
TCOoOE
Tcoo?
TCoNM
TC012
TCo18
TCO027
TCO28
TC029
TCO30
TCO31
TC032
TCO33
TC034
TCO36
TC037
TCO38
TCco4s
TCo48
TC047
TC048
TC052
TCO53
TCOo54
TC058
TC059
TCO6S
TC063
TC064
TCO65
TC069
TC070 !

Hinh 4.23. Test Coverage Test case nhiéu tinh ning

Két qua thuc nghiém cho thiy nhom test case mot tinh ndng c6 Accuracy va
Test Coverage tuong dbi cao (80—-100%), nhom nhiéu tinh ning chi con khoang 70—
80%. Cac sai 16ch nay chil yéu xudt phat tir mot sb6 nguyén nhan. Thr nhét, nhidu test
case str dung keyword chira Xpath dong nhung mé hinh sinh thiéu tham s6, din dén
test case goi dung tén keyword nhung khong truyén da dit lidu dau vao. V&i cac test
case dai chira nhiéu keyword nhur céc test case vé nghiép vu nhip diém téng két phai
thao tac qua nhiéu bude tir tao 16p, tao hoc sinh, cAu hinh mén hoc, nhap diém theo
tirng mon ting hoc ky, mo hinh doi khi sinh thiéu mot vai budc con do do dai mo ta
va khéi thong tin can xir Iy vurgt qui kha ning ghi nhd cia cira s6 ngit canh. Mic du
GitHub da cong bb riang Copilot Chat khi st dung GPT-40 hd trg ctra s6 ngir canh
1én t6i 64k token, mirc dung luong ndy van co thé khong du dbi v6i nhiing test case
¢6 nhidu buée sit dung nhiéu keyword thudc nhiéu ludng nghiép vu khac nhau. Khi
lugng thong tin dau vao vurgt ngudng, md hinh c6 xu hudng rit gon, bo sot bude hodc
khong sinh diy di chudi thao téc, din dén viéc sinh thiéu mot s6 budc so véi cde
bude kiém thir tht cong. Thit ba, & nhém test case nhiéu tinh ning, cling mot test case
thuong goi dén nhidu keyword c6 tén gidng nhau nhung thudc vé 2 ludng nghiép vu
khac nhau (vi du ciing 12 “Chon khéi” nhung 1a Chon khéi khi Tao 16p va Chon khéi
khi Xem sd hoc ba), md hinh d& 4nh xa nhdm sang keyword ¢6 tén gibng nhung thudc

nghiép vu khic khién nhiéu budc trong test case nhicu tinh ning bi sai mac du cau
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trac téng thé cia test case van dung.

Generation Time

50,00
40,00
30,00
20,00

10,00

0,00

TC001

TC023
TCO034
TC045
TC056
TC062
TCO073

TC012

Hinh 4.24. Generation time

Biéu ¢ Generation Time cho thdy thdi gian mo hinh sinh mé kiém thir chirc
ning gitta cac lan thuc thi dao dong trong khoang tir 10s dén 50s, nguyén nhin cla
su dao dong do nhing yéu cau ngan, it budc va it thong tin (vi du Xpath tinh, Keyword
kiém tra giao dién, Test case mdt tinh nang) thi mo hinh LLM x1r Iy nhanh hon, trong
khi cac yéu cau dai, chira nhiéu budc hoic mé ta phirc tap (vi du Xpath dong,
Keyword thao tac giao di€n, Test case nhiéu tinh ning) khién mb hinh phai phan tich
nhiéu hon nén thoi gian sinh mi ting 1én. Bén canh do, thoi gian phan héi khong chi
phu thudc vao ndi dung diu vao ma con bi chi phdi bdi cach thirc vén hanh ciia md
hinh LLM trén nén tang cloud. Do m6 hinh phai phuc vu dbng thoi lugng 16m nguoi
ding, nhitng thoi diém hé thong qua tai c6 thé 1am tang thoi gian sinh ma ngay ca khi
yéu cdu dau vao khong thay d6i. Bén canh do, thoi gian phan hdi ciing chiu tac dong
tir chit Iuong két ndi mang ciia ngudi ding trong qua trinh trao ddi dir liéu v6i may

chii, dn dén viéc thoi gian sinh ma d6i khi chdm hon hodc khéng on dinh.
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C ® Tép E/GENERATIVE_Al VER3/GENNERATION_FUNCTION_TESTCASE/results/report_20251209101448.htm!

H [0 Thumpcmdi  #° Congeuddmkitn. @ ChaGPT @ Mire YOPmail renderem.. % Napkinrenderpptx 4 Céngng-!

Status: 20 tests failed
Start Time: 20251209 10:14:45.231
End Time: 20251209 11:04:30.765
Elapsed Time: 00:49:41.534
Log File: log_20251209101448 htrnl

Total Statistics Elapsed ¢ Pass/ Fail/ Skip

00:49:32  em—

All Tests

Statistics by Tag

Elapsed # Pass [ Fail ! Skip

No Tags

Statistics by Suite
Testcases 75 55
Testsses TCIOTHEMNHAN SUTHANHCONG " 771" 1
Testases. TC11 SUA NHAN SU THANH CONG ‘
Teoses. TCA2 XOA NHAN SU THANH CONG 7
Tesases. TC13 DANG XUAT THANH CONG

Testeases. TC14 THAY DOI MAT KHAU THANH CONG
Teskeases. TC15 SUA THONG TIN TRUONG THANH CONG

rman s e ng

T 00:00:19  ——

Hinh 4.25. Pass Rate va Execution Time

Biéu db thé hién ty 16 Pass Rate v&i 73% tuong (mg v6i 55/75 test case chay
thanh cong, thoi gian thuc thi 75 test case trung binh Ia gan 50s. Khi phén tich cac
trudng hop 16i, nguyén nhan xudt phat tir viéc mé ta cac budc kiém thir tha cong
khéng bao gbm cac budc chd hodc diéu kién dé tai xong giao dién. Trong mdi truong
web, nhiéu thao tic nhu mé chirc ning, hién thi bang, hodc cip nhat trudng nhép liéu
can c6 thoi gian dé hoan tét, trong khi md hinh chi dya trén mo ta cac budc kiém thir
thu cong nén khong thé tu suy ra chinh xé4c céc diém cin cho, thoi gian chd 12 bao
lau. Hau qua 13 m3 kiém thir chirc niing sinh ra thudng thuc thi nhanh hon tbc d6 phan
hdi ctia giao dién, din dén 18i nhu khong tim thdy phn ti, thao tac sai thoi diém hogc
kiém tra giao dién khi dir liéu chwa dugc hién thi diy dt. Mt han ché khéc phat sinh
trong qua trinh thuc thi kiém thir ty dong 1a mot s kich ban dugc chay trén cac thiét
bi ¢6 do phan giai thap hoic cira s6 trinh duyét chua dwge mé toan man hinh, dan dén
viéc giao dién khong hién thi ddy du cac phan tir can twong tac, cic keyword nhu

Click Element, Input Text hodc Element Should Be Visible c6 thé bi 16i do khong tim
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duge d6i tugng, cin phai bd sung budc Maximize Browser Window & dau mbi test
case nhim dam bao giao dién dugc hién thi diy di va ddng nhit trurée khi thuc hién
céc thao téc.

Trong hoat déng kiém thir chirc ning tr dong théng thudng, ma kiém thir dugc
kiém thir vién tir xdy dung dua trén viéc phan tich chi tiét test case va giao dién hé
théng. Cac thao tac kiém thir, phén tir giao dién va thir tw nghiép vu duoc kiém soat
chit ché thong qua kinh nghiém ciia ngudi viét ma, thue nghiém trén 75 test script
duoc viét boi 5 kiém thir vién cho két qua vé do chinh x4c 13 90-100%. Khi 4p dung
quy trinh sinh ma kiém thir chitc nng tu dong sir dung LLM cho két qua vé do chfnh
x4c 12 70-100%, kiém thir vién khong can ti viét ma kiém thir ma chuyén sang vai
trd kiém tra ma kiém thir do mo hinh LLM sinh ra va huéng dan mé hinh diéu chinh
lai m3 kiém thir sinh ra khi ma kiém thir sinh ra ¢6 18i. Véi quy trinh kiém thir tw dong
thong thudng, thoi gian trung binh dé xiy dung hoan chinh mdt test case chitc ning
dao dong tir 30 dén 45 phiit, bao gbm Viét XPath, keyword va test case, ddng thdi yéu
cau kiém thir vién c6 k¥ ning 1ap trinh trong dbi cao. Didu nay gy khé khan khi sb
luong test case 16n hodc khi hé théng thuong xuyén thay déi theo chinh sich va
nghiép vu méi. Trong khi d6, véi quy trinh sinh ma kiém thir chirc ning tur dong str
dung LLM, thoi gian sinh ma va hoan thi¢n mot test case gidm xudng con khoang 10
dén 30 phut, bao gdm ca thdi gian kiém thir vién kiém tra va tinh chinh mi sinh ra.
Nhu vdy, quy trinh d& xuét cho phép kiém thir vién tap trung vao viéc d4nh gia nghiép
vu va x4c nhan két qua thay vi viét ma chi tiét, qua d6 giam déng ké cong sirc va su
phu thudc vao nhéan lyc c¢6 chuyén moén cao, ddng thoi ting kha ning md rong bo
kiém thr trong thoi gian ngén.

Qua thuc nghiém quy trinh sinh méa kiém thir chirc ning ty dong st dung LLM
trén 150 test case hé théng VNEDU, quy trinh di dugc tmg dung truc tiép vao hoat
dong x4y dung va bao tri bd kiém thir chirc ning tu dong cla hé théng VNEDU.
Trong hoat dong kiém thir chirc ning tu dong thong thudng, kiém thir vién thudng
phai thwe hién thi cng cac cong viéc nhu phan tich giao dién dé xc dinh XPath, viét

keyword thao tac/kiém tra va ghép ndi thanh kich ban kiém thir theo ludng nghiép vu,
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déng thoi khi hé théng thay ddi, viéc cap nhit test script thudng doi hoéi ra soat va
chinh sira trén nhiéu tép. Quy trinh sinh- ma kiém thir chirc ning tir dong st dung
LLM h3 trg sinh mé theo c4u truc, giam thao tic viét ma thi cong. Nho viée tach
bach giita giao dién (XPath), hanh ddng (keyword) va nghiép vu (test case), khi hé
théng VNEDU thay dbi giao dién hodc didu chinh nghiép vy, kiém thir vién c6 thé
cip nh4t nhanh & tAng phii hgp (XPath/keyword) hodc tao test case ma khong phai
viét lai toan bo kich ban, qua d6 thé hién rd tinh Gmg dung clia quy trinh trong bbi
canh van hanh thue té ciia hé théng VNEDU.

Sau khi tién hanh thuc nghiém va danh gi4 két qua, ddi chiéu lai cac vén dé da
néu trong Chuong 1.3 dé xem mirc d6 ma quy trinh c6 thé xtr Iy. Két qua cho théy
bay vén d& diu tién bao gdm viéc thu thap va td chirc ddu vao chua tip trung, kiém
thir vién phdi tu viét Xpath, Keyword, test case, sir khac biét giira chu trac test case
va test script, tinh da dang cua XPath - keyword - test case, sur phu thudc vao kinh
nghiém c4 nhén, chua c6 co ché danh dAu lién két dir lidu trong cac buéc mo ta kiém
thir, sur tring ldp thao tac gifra cac test case, viéc kiém thir vién phai tiy hru trit ma
kiém thir du duogc giai quyét dang ké théng qua quy trinh. Vén d@ thir tam lién quan
dén viéc phan tich két qua kiém thir sau mdi 14n chay van chua thé giai quyét do ban
chét cna két qua kiém thir phu thudc vao nhiéu yéu té ngoai pham vi sinh ma nhu
trang thai moi tredng, dir liéu thoi diém chay, d6 dn dinh cna giao dién va ngit canh
18i nén mé hinh LLM khé dua ra dénh gi4 chinh xAc chi dua trén két qua kiém thir.

KET LUAN CHUONG
Chuong IV di trinh bay thuc nghiém quy trinh sinh ma kiém thir tr dong st dung
mo hinh LLM cho hé théng VNEDU va danh gia két qua thuc nghiém trong mét
khodng thoi gian.
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KET LUAN VA HUONG PHAT TRIEN

Chuong nay sé trinh bay két qua thu dugc sau qua trinh sir dyng va huéng phat
trién quy trinh sinh m3 kiém thtr fr dong st dung LLM trong twong lai

Két qua khi ap dung quy trinh sinh ma kiém thir chitc ning tir dong sir dung
LLM so véi kiém thir tw dong thong thudong: kiém thir vién khong phai tr viét ma
kiém thir, mé hinh LLM dya trén prompt mau, cdc budc kiém thir thii cong va cac tép
HTML chira ciu tric giao dién tr déng sinh ma kiém thir chirc ning bao gbém 6 loai
dir liéu (Xpath tinh, XPath dong, Keyword thao tic giao dién, Keyword kiém tra giao
dién, Test case mot tinh nang, Test case nhiéu tinh ning) va chu trac du an kiém thir
tur dong.

Két qua khi ap dung quy trinh sinh ma kiém thir ty dong sir dung LLM trong
mo hinh phét trién phin mém Agile/Scrum: Khi dua quy trinh vao bdi canh phat trién
phin mém theo mé hinh Agile/Scrum, kiém thir vién 6 thé sit dung md hinh LLM
sinh ma kiém thir chirc ning tr dong ngay khi c6 mo té cac bude kiém thir va giao
dién HTML mdi, rat ngin thoi gian x4y dung kich ban kiém thir ty déng trong mdi
Sprint

Hudng phat trién trong lai:

e Tuddng kiém tra lai (validate) ma kiém thir sau khi sinh: Mot huéng phat trién
thue t& ciia quy trinh 13 bd sung prompt tr déng phan tich va dé xuét stra 16i
cho mi kiém thtr chirc ning ma mé hinh LLM d4 sinh ra. Trong twong lai, ¢6
thé yéu ciu md hinh LLM phan tich lai doan m kiém thir chirc nang da sinh
ra theo cac tiéu chi cu thé nhu tinh hop 18 ctia ct phép, su tdn tai cta cdc bién,
cAu tric tham sb ctia keyword hodc nhitng 18i thudng gip trong test case.

e Tu dong sinh Test Data: M6 rfng kha ning sinh ma kiém thir chtrc ning sang
pham vi tu dong sinh dir li€u kiém tra (test data). Hién tai quy trinh chi sinh
bién khai bdo di liéu kiém tra (test data). Trong twong lai, mé hinh c6 thé dugce -
str dung dé tir dong dé xuét gia tri phit hop cho timg trudng dir liéu dya trén

quy ludt dir liéu phd bién hodc label ctia phén tir.
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BO THONG TIN VA TRUYEN THONG ~ CONG HOA XA HOI CHU NGHIA VIET NAM
HOC VIEN CONG NGHE Djc 1ap - Ty do - Hanh phic
BUU CHINH VIEN THONG

BAO CAO GIAI TRINH
SUA CHUA, HOAN THIEN PE AN TOT NGHIEP THAC Si

Ho va tén hoc vién: Nguyén Thi Quynh Anh
Chuyén nganh: Hé théng théng tin
Khoa: 2024 dot 1
Tén dé tai: Xay dung quy trinh sinh ma kiém thir chire ning ty dong sir dung LLM
va ép dung cho hé théng VNEDU
Ngudi hudng din khoa hoc: T.S DS Thi Bich Ngoc
Ngay bao vé: 24/01/2026
Céc ndi dung hoc vién da sira chira, bd sung trong dé 4n tdt nghiép theo kién

déng gop ciia Hoi ddng chdm dé an tt nghiép:

TT Y kien héi dong Sira chira ciia hoc vién
1 Can 1am rd c4c yéu ciu cia ma ki€m thir va dénh gia | P4 b6 sung yéu céu ciia ma

cac yéu cau d6: so sanh d6 chinh x4c, tdc dd so véi kiém thu trang 48, trang 52.
quy trinh cii Di bd sung danh gid cic yéu
ciu do6: so sanh dd chinh x4c,
tbc do so v6i quy trinh cii

trang 63

2 Can 1am 16 tng dung ctia phwong phép dé xuft vao | P4 bd sung tmg dung cia
hé théng VNEDU phwong phap dé xuit vao hé
théng VNEDU trang 63+64

3 | Cn b sung tai liéu tham khéo hé thdng VNEDU | P4 bd sung tai liéu tham khao
hé théng VNEDU muc [16]
trang 64
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BO KHOA HQC VA CONG NGHE CONG HOA XA HQI CHU NGHIA VIET NAM
HOQC VIEN CONG NGHE Pjc lip - Ty do - Hanh phic
BU‘U CHINH VIEN THONG

_BIEN BAN _
HOP HOI PONG CHAM DE AN TOT NGHIEP THAC SI
Cin ctr quyét dinh sb Quyét dinh s6 3299/QD-HV ngiy 26 thang 12 nim 2025 cia
Giam déc Hoc vién Cong nghé Buu chinh Vién théng vé viéc thanh 14p Hoi ddng chim dé
4n tht nghiép thac si. Hoi ddng da hop vao hodi .40... gidr ..30.. phit, ngay 24 théng 01 nim
2025 tai Hoc vién Cong nghé Buu chinh Vién théng d& chim dé 4n t6t nghiép thac s cho:
Hoc vién: Nguyén Thj Quynh Anh
Tén d& 4n 6t nghiép: XAy dung quy trinh sinh ma kiém thir chirc niing ty déng sir dung
LLM va ap dung cho hé théng VNEDU

Nganh: H¢ thong thong tin M3 sb: 8.48.01.04
Céc thanh vién ciia Hoi ddng chém @2 4n t6t nghiép c6 mit: ...02./ 05

TT HQ VA TEN TRACH NHIEM TRONG HD GHICHU
1 | PGS.TS. Lé Hitu Lip Ch tich

2 | TS. Nguyén Xuin Dirc Thu ky

3 | PGS.TS. Nguyén Quang Uy Phén bién 1

4 | PGS.TS.Ds Ning Toan Phan bién 2

5 | TS.Lé Vin Vinh Uy vién

Cée ndi dung thye hi¢n:

1. Chn tich Héi d("ing didu khién budi hop. Cong bd quyét dinh cia Giam dbc Hoc vién
Céng nghé Buu chinh Vién thong v& viéc thanh 14p Hoi ddng chdm dé 4n t6t nghiép
thac si.

2. Ngudi huéng din khoa hoc hoiic thw ky doc 1y lich khoa hoc va céc diéu kién béo vé dé
4n bt nghiép cia hoc vién (C6 ban 1y lich khoa hoc va két qua cic mén hoc cao hoc
ctia hoc vién kém theo).

3. Hoc vién trinh bay tém tit d& 4n t6t nghiép.

4. Phan bién 1 doc nhan xét (c6 vin ban kém theo)
5. Phan bién 2 doc nhén xét (c6 viin ban kém theo)
6
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7. Tra 1&i cua hoc vién:
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8. Thu ky doc nhan xét v& qué trinh thyc hién dé 4n tt nghiép ciia hoc vién (cd vdn bdn
keém theo).

9. Hoi déng hop riéng:
- Biu Ban kiém phiéu:

st v
1. Truéng Bankiém phiéu: .. 30..Now Xu&‘m-'})m ..............
2. Uy vién Ban kiém phiéu: .JGS.TS.... W Qaong: ...

3. Uy vién Ban kiém phiéu: TS&V"megv ......................
- Hbi dbng chdm dé 4n t6t nghiép bing b6 phiéu kin.
- Ban kiém phiéu lam viéc:
- Truéng Ban kiém phiéu bao co két qua kiém phiéu (¢ Bién ban hop Ban kiém
phiéu kém theo)
- Piém trung binh ciia dé in t6t nghi¢p: 0 1 Y
Két lnjn:
1. Cécnbi dung cén chinh stra, hoén th1én sau bao vé dé 4n t6t nghiép:
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CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 1ap - Tw do - Hanh phuc

NHAN XET CUA CAN BQ PHAN BIEN
D& 4n t6t nghidp thac si k§ thuit

Ho va tén cén bd phan bién: Nguyén Quang Uy

Cong tac chuyén mén: Gidng day, nghién ctru

Hoc ham, hoc vi: PGS, TS

Don vi cong tac: Vién Cong nghé thng tin & Truyén théng - Hoc vién KTQS.

Nhén xét dé 4n t6t nghiép cao hoc
Tén luin van: Xiy dung quy trinh sinh ma kiém thir chirc ning tw ddng sir
dung LLM va dp dung cho H¢ thong VNEDU
Hoc vién: Nguyén Thi Quynh Anh
Chuyén nganh: Hé thdng thong tin
Co s& dao tao: Hoc vién Cong nghé Buu chinh Vién théng

Ung dyng md hinh ngén ngit 16n trong phat trién phat trién phin mém 14 mét
trong nhitng linh vye duge quan tim nghién clru rAt nhidu gin ddy. Dic biét,
mét trong nhiing bai todn ¢6 nhidu gié tri 12 bai toan kiém thir chic ning tw dong
str dung cdc m6 hinh ngén ngir 16n. P& tai clia d& 4n nghién cu xay dung quy
trinh sinh m& kiém thit chirc ning sir dung LLM va 4p dung cho hé théng
VNEDU vi vy ¢6 ¥ nghia khoa hoc va thyc tién.

Nbi dung d2 4n t6t nghiép gdm 4 chuong trong d6, Chuong 1 trinh bay vé
kiém thir chirc ning tr dong va hién trang cla hé théng VnEdu, Chuong 2 trinh
bay ly thuyét v& LLM va sir dung céng cy LLM trong kiém thir chirc ning tu
ddng, Chuong 3 x4y dung quy trinh sinh méi kiém thir chirc ning ty dong sir



dung LLM, Chuong 4 tién hanh thyc nghiém va dénh gia két qua trén hé théng
phin mém VnEdu.

Ut diém cia dé an:

- P& 4n hudéng dén giai quyét mot véin dé thuc té trong tmg mé hinh ngén
ngit 16n trong phét trién phin mém, cu thé 13 tmg dyng md hinh GPT-4.0-0 trong
phét hién trong sinh m kiém thir chirc ning cho hé thong phin mém VnEdu.

- C4c nghién ctru va thi nghiém trong d& 4n dugc tién hanh khé can than va
c6 tinh hop 1y. Cac két quéa trong Chuong 4 cho thiy hiéu qué ciia viéc tmg dung
mb hinh ngdn ngi¥ 16n trong sinh ma kiém thir cho hé théng phin mém VnEdu.

M6t s6 han ché ctia d8 4n bao gém:

- D& 4n chua d4nh gi4 r rang kha ning tmg dung ctia viéc 4p dung LLM dén
viéc sinh ma kidm thir ty dong. C6 nghia 13 lidu viéc sinh mi d6 c6 thay thé
duoc viée viét mi do con ngudi khong?

- Mét sb noi dung trong dé 4n chua dugc trinh bay 16 ching han nhu c4c test
case trong trang 20 duoc sinh thé nio? Bang 4.4 13 cia mét-prompt hay nhiéu
prompt. Néu 13 cita 1 prompt thi cé gip vén dé v& giéi han Token khong? Céng
thirc trong phén 4.2 trang 48 dang khéng diing.

Két ludn: Noi dung ctia dé 4n dép tmg dugc yéu cdu ctia d& 4n thac s ky

thust. Toi ddng v cho hoc vién bao vé.

Ha Nbi, ngay 22 thang 1 nim 2026
NGUOI NHAN XET

a..///;?/ﬁ@,/’/

PGS.TS Nguyén Quang Uy



BO THONG TIN VA TRUYEN THONG CONG HOA XA HOI CHU NGHIA VIET NAM
HOC VIEN CONG NGHE Dgc lap — Tu do — Hanh phiic
BUU CHINH VIEN THONG

BAN NHAN XET LUAN VAN TOT NGHIEP THAC SiI
(Diing cho nguoi phdn bién)

Tén 48 tai Iuén vin: Xay dung quy trinh sinh m3 kiérp thi chirc ning tr ddng sir
dyng LLM va 4p dung cho h¢ thong VNEDU..........._
Chuyén nganh: He théng théng tin
Ma 56: 8.48.01.04................
Tén hoc vién: Nguy&n Thj Quynh Anh
Ho va tén ngudi nhin xét: D3 Ning Toan e
Hoc ham, hoc vi: PGS. TS
Chuyén nganh: Hg théng théng tin ..
Co quan cdng tic: Vién Cobng nghé thong tin-Vién Han 1am KH&CN Viét Nam......

I/ Co 56 khoa hoc va thyc tidn, tinh cap thidt cia da tai
Kiém thir luon 13 vén d8 diit ra trong viéc phit trién c4c hé théng thong tin. Viee
¢6 dwoc dit ligu kiém thir phit hop dbi véi cae chire ning cia hé théng nhim
phat hién cdc 16i 06 thé 13 vén d& diit ra.
Luén vin nhim hé théng héa mét s§ vén dé trong x4y dung quy trinh sinh ma
kiém thir chirc néng st dung LLM 13 vin d c6 y nghia.
I/ V& nfi dung, chit Iugng cha ludn vin, céc két qua dat dugce (so véi d@é
cuong di dugc duyét)
Noi dung chinh ctia lun van 13 trinh bay khai quat v& kidm thir bai toan kiém
thir h¢ théng VNEDU, hé théng hoa mét s vin d& trong sinh ma kiém thir tur
dong dua vio LLM, cai dat chuong trinh thi nghi¢m theo md hinh d3 hé théng
héa duge.
Bé cuc lugn vin twong dbi phit hop, néu duoc ndi dung chinh cia luén vin. Tai
liéu tham khéo dAy du cin hiéu chinh va trich d&n ddy du trong ludn van.
N6i dung Iuén van phit hop véi dé crong da dugce duyét.
III/ Nhitng vén d& cin giai thich thém
M# kiém thir dugc sinh cin phai dat yéu cdu ndo? Quy trinh sinh m3 c6 dam
bio cac yéu cdu d6 khong?
Céin mé ta két qua ma kidm thit sinh ra cho hé théng VNEDU?



IV/ Két lugn
Nhitng két qua néu ra trong ban ludn vin ctia hoc vién Nguyén Thj Quynh Anh

¥
a2

dép ting duoc nhitng yéu cu co ban cia mdt ban Ingn vin Thac st k¥ thuat dinh
huéng g dung, chuyén nganh: Hg théng thong tin, M3 sé; 8.48.01.04.

o~
n

T6i ddng ¥ dé hoc vién Nguyén Thi Quynh Anh duoc bao vé lugn vin truge
Hi déng chim Iugn van thae sf,

Ha Ngi, ngdy 19 thang 01 ngm 2026
CAN B0 PHAN BIEN
(% va ghi ré ho tén)

=

PGS. TS. P5 Niing Toan

Ciu héi;
1) Pdu vo cia hé théng sinh ma kiém thir 13 gi? C6 rang buoc gi?
2) Cée yéu céu riéng cho viée sinh ma kiém thir hé théng VNEDU 13 gi?






