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LOT CAM DOAN
Hoc vién xin cam doan dé an “Nghién ciru kiém thtr ty dong phan mém va
ung dung tai cong ty Al Consulting” 1a cong trinh nghién ctru ctia hoc vién dudi su
huéng dan cua giang vién huéng dan, khong sao chép lai ciia nguoi khac. Cac tai
liéu duoc dé an tham khao, ké thira va trich dan déu duoc liét ké trong danh muc cac

tai liéu tham khao.

Hoc vién xin chiu hoan toan trach nhiém vé 1oi cam doan néu trén.

HaNo6i, ngay  thang nam 2025

Hoc vién

Nguyén Thi Nu
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LOI CAM ON

Em xin giri 101 cam on chan thanh t&i cac thay c6 gido tai Hoc vién Cong nghé
Buu chinh Vién thong, dic biét 1a cac thay co thudc bd mén Cong nghé Thong tin,
nhitng ngudi da ludn tan tuy giang day, hd trg va tao diéu kién thuan loi nhat cho em
trong subt qua trinh hoc tap tai Hoc vién.

Em dic biét biét on TS. Vil Van Thoa — ngudi thay di tan tim hudng dan khoa
hoc, luon déng hanh, chi bao va hd trg em trong sudt thoi gian thyc hi¢n va hoan
thién dé tai nay.

Em ciling xin chan thanh cdm on cac anh chi va ban be trong khoa cao hoc da
luon sin long giup dd, chia sé kinh nghiém quy bau trong qua trinh em hoc tip va
thuc hién dé tai.

Em xin tran trong cam on!

Ha N6i, ngay thang nam 2025

Nguoi viét

Nguyén Thi Nu
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MO PAU

Trong béi canh céng nghé s6 phat trién manh mé, nhiéu t6 chtrc dang chuyén
d6i cac quy trinh kinh doanh sang hinh thirc s6 hoa dé bt kip véi xu huéng toan cau.
Su chuyén d6i nay khéng chi gitp téi vu héa quy trinh 1am viéc ma con mé ra co hoi
phét trién méi cho doanh nghiép. Tuy nhién, dé dam bao rang cac san pham va dich
vu 6 dap ng yéu cau vé chat luong va hiéu suat, kiém thir phan mém tro thanh yéu
t6 then chét.

Kiém thir phan mém déng vai tro thiét yéu trong viéc dam bao chat lwong va
hiéu suat cua cac san pham phan mém. Pay 1a qua trinh danh gia va xac minh céc
chtrc nang cua phan mém thdng qua nhiéu phuong phap, bao gdbm kiém thi thu cong
va tu dong, cung vai viéc su dung cac cong cu nhu Selenium, Katalon, ...

Kiém thir khong chi gitp phat hién va khac phuc 16i ma con dam bao rang san
pham cudi cing dap tmg dwoc nhu cdu va mong doi cua nguoi ding, tir d6 nang cao
trai nghiém khéch hang. Tir d6, gitr vitng vi thé canh tranh cua doanh nghiép.

Tuy nhién, viéc ap dung kiém thir trong méi truong chuyén doi sé ciing gap
phai nhiéu thach thirc, nhu sy phirc tap cua cac hé théng tich hop va tée do thay doi
nhanh chéng caa cong nghé. Pong thoi, chuyén doi sb ciing mang dén co hoi dé cai
tién quy trinh kiém thtr thong qua viéc ap dung cong nghé méi, nhu tu dong hda va
phan tich dit liéu, nham nang cao hiéu qua va do chinh xac cua kiém tht, gop phan
vao sy thanh cong cua cac di an chuyén doi sb.

Vi vay dé tai “Nghién ciru kiém thir tw déng phin mém va @ng dung tai
cong ty Al Consulting” duoc thuc hién v6i muc dich nghién ctru vé vai trd va tam
quan trong caa Kiém thir phan mém trong béi canh chuyén doi sb. Dé tai sé phan tich
cac phuong phap kiém thi hién ¢, danh gia hiéu qua cua ching trong viéc dam bao
chat luong san pham va dich vu sb, dong thoi xac dinh nhitng thach thic ma cac

Doanh nghiép gap phai trong qué trinh nay.
Poi twong nghién ciru: Tap trung vao cac phuong phap va cong cu kiém thi
phan mém tu dong, so séanh véi kiém the tha cong.

Pham vi nghién ciru: T4p trung vao kiém thir ty dong cho tmg dung Odoo ERP.



Phuong phap nghién ctru: Nghién ciru cac tai liéu va sach chuyén nganh lién
quan dén kiém thir phdn mém tu dong, cac cong cu va phuong phap méi nhat. Xay
dung cac kich ban kiém thu cong, kich ban kiém thir tu dong cho céac chuc nang chinh
ctia phan mém, dam bao rang chung phan anh dang yéu cau cia ngudi ding va tiéu
chuan chat luong.

Ttr myc ti€u, nhi¢m vu nghién ciu, dé 4n s& duoc ciu trac véi ba chuong ndi dung
chinh nhu sau:

Chuwong 1: Tong quan vé kiém thtr phdn mém va cac van dé lién quan.

Chuwong 2: Nghién ctru ki thuit va cong cu kiém thir tr dong.

Chuwong 3: Ung dung kiém thtr tw dong tai Céng ty Al Consulting.



CHUONG 1: TONG QUAN VE KIEM THU PHAN MEM
VA CAC VAN PE LIEN QUAN
Chirong 1 dé én sé khdo sat cac van dé lién quan dén kiém thir phan mém, lam co
so cho cac nghién ciru chuyén sdu o cdc chuwong sau.

1.1 Tong quan vé kiém thir phin mém

1.1.1 Khai niém

Kiém thir phan mém 1 qu4 trinh danh gia dé xac dinh xem mot san pham phan
mém co dap Gmg ding cac yéu cau da dé ra hay khong, dong thoi phat hién va loai bo
cac 161 hodc sai st co thé xay ra. Qua trinh nay bao gdm viéc quan sat, phan tich,
kiém tra va danh gia nhiéu khia canh khac nhau ctia phan mém.

Nguoi thyc hién kiém thtr (Tester) thuong két hop sir dung céc cong cu kiém
thir tht cong va tu dong nham ning cao hiéu qua. Sau khi hoan thanh qué trinh kiém
thir, cac két qua s& duoc bao cdo lai cho nhém phat trién dé ¢ bién phap xir 1y kip
thoi1. Muc ti€u chinh 1a phat hién cac 11, diém chua hoan thién hodc nhirng yéu cau
chua duoc dép tng so véi mong doi ban dau.

N6i mot cach dé hiéu, kiém thir phan mém 1a chudi cac hoat dong nham dam
bao chwong trinh méy tinh van hanh ding nhu myc dich thiét ké, dong thoi khong
xay ra cac hanh vi ngoai y muén. Day 1a mot giai doan then chét trong chu trinh phat
trién phan mém, gitup ca nha phat trién va khach hang danh gia duogc mic d6 hoan

thién va tinh pht hop cta hé thdng so v6i cac yéu cau ban dau. [4]
1.1.2 Muc dich cia qué trinh kiém thir
Qua trinh kiém thir phdn mém nham céc myc dich sau day.

- Tim céac bug phat sinh do dev tao ra khi code.
- Nham dam bao dd tin cdy va cung cap cai nhin rd rang vé chat luong cia
phan mém.

- Dé ngin ngira 16i.



- Kiém thir phan mém giup dam bao rang san pham duoc phat trién ding voi
yéu cau da dé ra tir phia doanh nghiép va ngudi ding cudi, dong thoi 1 co so
dé tao dung 10ng tin noi khach hang thong qua chat lugng phan mém.

Kiém thtr phan mém gitp dam bao rang ing dung hodc san pham duoc phat trién
phu hop v6i cac yéu cau kinh doanh va mong doi ctia ngudi str dung. Théng qua qua
trinh kiém thir, cac 161 va thiéu sét c¢6 thé dugc phat hién va khic phuc kip thoi, tir d6
nang cao chat lugng san pham

Kiém thir phan mém cho phép tao ra nhitng danh gia khach quan vé mic do phu
hop cuia hé thong cac yéu cau da néu va thong sé ky thuat. Kiém tra xdc nhan rang hé
thng dap tng cac yéu cau vé chirc ning, hiéu suit, do tin cdy, an toan, kha ning sir
dung va nhu vay xac nhan nay dwogc thyc hién dé dam bao rang chung t6i dang xay
dung hé thdng phu hop. Mit khéc, cac thong tin tir cac kiém thir phdn mém giup quan
1y rti ro. [4]

1.1.3 Cac nguyén tic co ban caa kiém thie phan mém

Testing shows
the presence
of defects

Testing

Absence of
errors fallacy

Testing is e o

context Pesticide
dependent paradox

Hinh 0.1: C4c nguyén tic co ban caa kiém thir phan mém

Nguyén tic 1: Kiém thir phdn mém chiing minh sy hién dién cta 15i



Kiém thtr chi c¢6 thé chirg minh duoc rang san pham c6 161, nhung khong thé
ching minh rang san pham khong con 16i. Nghia 1a san pham luén c6 16i cho du co
kiém thir nhiéu bao nhiéu. Do d6, diéu quan trong 13 ching ta phai thiét ké cac truong
hop kiém thtr (test case) sao cho ¢ thé tim dugc cang nhiéu 18i cang tot.

Nguyén tic 2: Kiém thtr toan bo 1a khong kha thi

Kiém tra can kiét (két hop ca dau vao va tién diéu kién) 1a khong kha thi ngoai
trir nhitng truong hop nho. Trong khi hau hét cic san pham ngay nay rat da dang va
phuc tap do dugc phat trién trén nhiéu nén tang, cong nghé phong phi ciing nhu kha
nang luu trit két ndi dit liéu 16n, khién viéc kiém thtr tré nén kho khin va viée kiém
thir toan b 13 gn nhu khong thé. Thay vi kiém thtr toan bd, viée phén tich rui ro va
dua trén sy mirc do uu ti€n chung ta c6 thé tap trung viéc kiém thir vao mot sé diém
can thiét, co nguy co 18i cao hon.

Nguyén tic 3: Kiém thir cang sém cang t6t

Nguyén tic ndy yéu cau bat dau thir nghiém phan mém trong giai doan dau
ctia vong doi phat trién phan mém. Cac hoat dong kiém thir phan mém tir giai doan
dau sé& gitp phat hién bug sém hon. N6 cho phép chuyén giao phan mém theo yéu
cau dung thoi gian voi chat lugng du kién.

Nguyén tic 4: Sy tip trung cua 16

Thong thuong, 18i tip trung vao nhitng module, thanh phan chirc nang chinh
cua hé théng. Néu xéac dinh duoc diéu nay ban s€ tap trung vao tim kiém 16i quanh
khu vuc dugc xac dinh. N6 dugc coi 1a mdt trong nhitng cach hiéu qua nhét dé thuc
hién kiém tra hiéu qua.

Nguyén tic 5: Nghich 1y thudc trir sdu

Néu ban st dung cting mot tap hop cac trudng hop kiém thir lién tuc, sau d6
mot thoi gian cac trudng hop kiém thir khong tim thay 16i ndo méi. Hiéu qua cua cac
truong hop kiém thir bat dau giam xuéng sau mot s6 1an thuc hién, vi vay luon ludn
chung ta phai luén xem xét va stra doi cac truong hop kiém thir trén mot khoang thoi
gian thuong xuyén.

Nguyén tic 6: Kiém thtr phy thudc vao ngir canh



Theo nguyén tic nay thi viéc kiém thir phy thudc vio ngit canh va ching ta
phai tiép can kiém thir theo nhiéu ngir canh khac nhau. Néu ban dang kiém thir tng
dung web va tng dung di dong bang cach sir dung chién lugc kiém thtr gidng nhau,
thi d6 1a sai. Chién lugc dé kiém thir ing dung web s& khac vai kiém thir tng dung
cho thiét bi di dong ctia Android.

Nguyén tic 7: Khong co 16i — Sai 1am

Viéc khong tim thay 15i trén san pham khong dong nghia véi viéc san pham da
san sang dé tung ra thi trudng. Viéc khong tim thay 131 ciing c6 thé 1a do bo trudng
hop kiém thir dwgc tao ra chi nhim kiém tra nhitng tinh ning dugc lam ding theo yéu

cau thay vi nham tim ki€m 16i mai. [9]

1.2 Quy trinh, k§ thuit kiém thir phin mém va cac van dé lién quan

1.2.1 Quy trinh kiém thir phan mém

Muc tiéu chinh ciia kiém thir phan mém la xay dung mot tap hop cac truong
hop kiém thtr ¢6 kha niang phat hién 18i mot cach hiéu qua nhat. Viéc thiét ké cac
truong hop kiém thir can dam bao bao phu dy du cac chirc ning va tinh hudng co
thé xay ra, nham ting kha ning phat hién sai sot trong phan mém.

Dé dam bao chat lugng kiém thir va dat duge két qua dang tin cdy, qua trinh
kiém thir cAn duoc chuan bi k§ ludng théng qua cac budc nhu 1ap ké hoach kiém thir,
thiét ké chi tiét cac ca kiém thir va chudn bi dir lidu dau vao twong tng. Nhitng yéu
t6 nay déng vai trd quan trong trong viéc dam bao do chinh xac va hi¢u qua ciia toan
b quy trinh.

So d6 dudi day minh hoa quy trinh kiém thtr phidn mém véi cac bude cu thé
tir chuén bi dén thyc thi. Pay 1a chudi hoat dong logic, dong vai trd 1a dau vao cho
qua trinh kiém thtr chinh thire. Giai doan cubi cing trong quy trinh nay 1a viéc lap
“bao cao kiém thir’ — mot tai lidu tong hop day du cac ca kiém thir da thuc hién, dir
lidu sir dung, két qua dau ra mong doi va két qua thuc té, tir d6 danh gia mirc do dat

yéu cau cua phan mém.



QUY TRINH KIEM THU PHAN MEM

Phan tich Panh gia Hoan tat
va thiét ké va béo cédo kiém thir

Hinh 0.2: Quy trinh kiém thir phan mém.

Quy trinh kiém thir bao gdm mét s6 giai doan:
Lap ké hoach kiém thir: Bugc dau tién la lap ké hoach cho tat ca cac hoat dong
s€ dugc thuc hién va cac phuong phép duoc sur dung.

Vén dé quan trong nhat d6i voi ké hoach kiém thu:

e Muc tiéu: Xac dinh rd pham vi kiém thir, phwong phép ap dung, ngudn lyc sir
dung va lich trinh thuc hién cac hoat dong kiém thur.

« Tai liéu lién quan: Danh sach céc tai liéu duoc tham chiéu dé xay dyng ké
hoach kiém thir.

« Thuét ngir va dinh nghia: Lam rd cac khai niém duogc sir dung trong ké hoach
dé dam bao sy thong nhit vé cach hiéu.

« Tong quan vé xdc minh va thim dinh (V&V): Bao gom co ciu t6 chiec,
phan bd ngudn lyc, trach nhiém ciia timg bén lién quan, ciing nhu cac cong cu,
k¥ thuat va phuong phap kiém thir dugc sir dung.

« Vong doi xac minh va thim dinh: Trinh bay chi tiét cic hoat dong, dau vao
va dau ra twong (mg trong ting giai doan cta vong doi phat trién phin mém.

« Bé&océo V&V: Quy dinh noi dung, dinh dang va thoi diém can thiét dé tao lap
cac bao cdo xac minh va thim dinh phan mém.

e Thu tuc quan ly: M6 ta cac chinh sach, quy trinh, ti¢u chuan, thuc hanh va

quy uéc dugce st dung dé diéu hanh va kiém soat qua trinh kiém thi.



Giai doan b tri nhan vién kiém thir: Viéc kiém thtr thudng phai tién hanh mot
cach doc 1ap va cac nhom ddc 1ap co6 trach nhiém tién hanh cac hoat dong kiém thu,
goi 14 cac nhom kiém thur.

Thiét ké cac truong hop kiém thur: Cac truong hop kiém thir 13 cac dic ta dau vao
cho kiém thtr va ¢au ra mong doi ctia hé thong cing véi cac cau 1énh dugc kiém thir.
X 1y do luong kiém thir bang cach thu thap dir liéu. Danh gia san pham phan mém
dé xac nhan san pham c6 thé san sang phat hanh dugc chua.[9]

1.2.2 Cac k¥ thuit kiém thir phin mém

Trong qua trinh phat trién phén mém, viéc lua chon ky thuat kiém thur phu hop
dong vai trd quan trong trong viéc phat hién 16i va dam bao chat lwong san pham. Céc
k¥ thuat kiém thir phd bién hién nay duoc phan thanh ba nhém chinh: kiém thir hop
den (Black-box Testing), kiém thir hop tring (White-box Testing) va kiém thir hop
xam (Gray-box Testing). [9]

Kiém thtr hop tring (White-Box Testing), con duoc goi 1a kiém thir cau tric
hoic kiém thir logic, 1 phuong phap kiém thir tap trung vao viéc kiém tra cac thanh
phan bén trong ctia tmg dung. Muc tiéu chinh 1a dam bao rang tat ca cac cau lénh va
diéu kién trong ma nguén déu duoc thue thi it nhat mot 1an trong qua trinh kiém
thur.

Day 1a phuong phéap kiém thir dya trén viée hiéu rd cau triic bén trong va logic
xir 1y cia phan mém. Nguoi kiém thir s& truy cdp vao mi ngudn va thiét ké cac ca
kiém thtr dua trén ludng diéu khién, diéu kién ré nhanh, vong ldp va cau trac di liéu
noi tai. Phuong phap nay con duogc biét dén véi cac tén goi khac nhu kiém thir hop
thiry tinh (Glass-box Testing) hay kiém thir trong sudt (Clear-box Testing).

Muc ti€u chinh cta k¥ thuat nay 1a ddm bao tat ca cac doan ma, diéu kién va
nhanh trong chwong trinh dwgc thuc thi it nhdt mot 1an trong qua trinh kiém thtr. Tuy
nhién, viéc bao phu toan bo cac dudng dan logic cia chuong trinh thudng khong kha
thi, dac biét doi voi cac hé théng 16n c6 nhidu diéu kién phan nhanh.

Uu diém cta kiém thir hop trang 13 c6 thé phat hién cac 15i logic va 15i 4n sau

bén trong mi ngudn. Tuy nhién, k¥ thuat ndy yéu cau nguoi kiém thir c6 kién thirc



chuyén sdu vé 1ap trinh va cdu trac hé thong, dong thdi doi hoi chi phi va thoi gian
tuwong dbi 1on.

Kiém thir hop den (Black- Box Testing) 1a mot phuong phap kiém thir phan
mém duoc thuc hién ma khong biét dugc cu tao bén trong ctia phan mém, 1a cach ma
cac kiém thir vién kiém tra xem hé théng nhu mot chiéc hop den, khong c6 cach nao
nhin thay bén trong ctia cai hop.

Kiém thir hop den 1a k¥ thuat kiém thir dya trén dic ta bén trong cua chuong
trinh, dira vao mé ngudn, cau tric chuong trinh. Kiém thir hop den thudng phat hién
cac 161 14p trinh. Loai kiém thir nay kha kho thuc hién va chi phi cao. Vi cac module
quan trong, thyc thi viéc tinh toan chinh cua hé thong, phuong phéap nay 1a can thiét.
Céc dit liéu phuc vu kiém thir duoc 1y tir cac tai liéu dic ta phan mém 6 ting cip do
phat trién, cu thé 13: ddc ta yéu cdu cho kiém thtr hé théng, dic ta thiét ké cho kiém
thir tich hop, va dic ta chi tiét module cho kiém thir don vi.

Trong k¥ thuat ndy, ngudi kiém thir xem phdn mém nhu 13 mot hop den. Nguoi
kiém thir khong can biét phan mém dugc xay dung nhu thé ndo bén trong, ma chi can
kiém tra xem né c6 thuc hién dung theo nhitng gi d3 duoc mo ta trong tai lidu yéu
cau hay khong. Nguoi kiém thir chi biét nhitng chtrc ning phan mém du kién thyc
hién va nhirng chtrc nang khong thuc hién, ma khong thé nhin vao bén trong xem no
hoat dong nhu thé nao. Vi thé dir liéu kiém thir s& xuit phat tur dac ta.

Kiém thur hop den s€ thuc hién kiém thir d€ tim cac 161 sau:
- Thiéu chuc nang
- Thiéu giao dién

- Thiéu cu trac dit liéu, 13i truy cap co s dit liéu, 13i thi hanh, 15i khéi

tao hodc két thuc
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KIEM TRA HOP DEN

Dau vao Chu’O’ng trinh Pau ra
thue thi

Hinh 0.3: Kiém thir hop den.
Uu diém:
- Hé théng that su vdi toan bd yéu cAu ctia n6 duge kiém thir chinh XAc.
- Thiét ké kich ban kiém thtr kha nhanh, ngay khi ma cac yéu cdu chirc ning
duoc xac dinh.

Nhwoc diém:

- Dir liéu dau vao yéu cau mot khdi luong mau khé 16n.

- Kho viét kich ban thir do can xac dinh tit ca cac yéu to dau vao va thiéu ca
thoi gian cho viéc tap hop nay.

- Kha ning dé ban than k¥ su lac 16i trong khi kiém thir 1a kha cao.

Mbi ky thuat kiém thir déu co nhirng diém manh va han ché riéng. Do do, dé
dam bao chét luong hé théng khi trién khai dén ngudi dung cudi, thuong can két hop
nhiéu phuong phép kiém thir khac nhau.

Kiém thir hop xam: Day 1a mot k§ thuat kiém thir méi dua trén nhitng dic
tinh cta ca kiém thtr hop den va kiém thir hop trang. Muyc tiéu chinh cta kiém thu
hop xam 13 kiém thir cac ing dung trén nén web.

U'u diém:

- Quan diém kiém thir ctia kiém thir hdp xdm 1a tr quan di€m cua nguoi dung.

- Cung cép cac loi ich cua ca thir nghiém hop den va hop trang cing nhau.
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- S& dua trén cac dac ta churc nang, mo ta ciia nguoi dung va so dd kién trac hé
thdng, tir d6 xac nhan cac yéu cau ngay tir ban dau.

- Viéc kiém tra s& tuong minh vi s& ¢6 nhiéu sy quan tAm giita nguoi kiém thir
phan mém va ngudi thiét ké hodc k¥ su.

Nhuoc diém:

- Kiém tra hop xam ciing c6 thé mat nhiéu thoi gian dé kiém tra tirng dudng din
va doi khi diéu nay 1a khong thyc té.

- Rét khé dé lién két 16i khi thyc hién kiém tra hop xam cho mét ing dung ¢
hé théng phén tan.

- Thong thudng s& dan dén pham vi kiém tra thép hon so v&i thue hién kiém tra
hop tring va den riéng biét.

- C6 thé khong phu hop dé thir nghiém mot s6 loai chirc ning.

1.2.3 Mikc dd kiém thir

Hinh 1.4 dudi ddy mo ta cac murc do kiém thir trong qua trinh kiém thir phan

mém.

Levels of Testi
Unit Test m@

Test Individual Component

Integration

1L Test IntegratedComponent

System Test
Test the entire System

Acceptance
Test

Test the final System

Hinh 0.4: Mtrc d6 kiém thir phin mém.

Phén 16n cac phuong phap thiét ké phan mém hién nay déu ap dung nguyén

tac phan tach h¢ théng thanh cac don vi nho, goi 1a "unit", mdi don vi ¢6 chire nang
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riéng cung voi dir liéu dau vao va dau ra doc lap. Trén cac don vi ndy ching ta s& tién
hanh kiém thir don vi.

Khi phan 1ap trinh ciia mot don vi phin mém hoan tat va hd so kiém thir da
san sang, viéc kiém thir don vi s& dugc tién hanh. Viéc kiém thir dua trén cac test case
da chuan bi trudc, va két qua s& dugc cap nhat vao bao cao kiém thr.

Khi phét hién 16i hoac sy khong twong thich trong qua trinh kiém thir don vi,
don vi phﬁn mém can duoc chinh stra va kiém thir lai. Qué trinh nay s€ lap lai cho
dén khi tit ca cac ca kiém thtr duoc liét ké trong tai liéu kiém thir don vi déu duoc
thuc hién thanh cong.

Kiém thtr don vi (Unit Test): Mot don vi (Unit) 1a mot thanh phan phan mém
nho nhit ma ta c¢6 thé kiém thir duge, vi du: cac ham (Function), thu tuc (Procedure),
16p (Class), hoac cac phuong thirc (Method).

Kiém thtr tich hop (Integration Test) dugc thuc hién bang cach két hop cac
don vi riéng biét lai v6i nhau dé kiém tra sy twong tac giira chiing. Khong giéng nhu
kiém thtr don vi — von tap trung vao tirng phan riéng 1é — kiém thtr tich hop danh gia
kha nang phéi hop va trao doi dit liéu giita cac thanh phan trong hé thong.

Kiém thtr hé thong (System Test): Myc tiéu ctia kiém thir hé thong 1a danh gia
toan bd phan mém sau khi tich hop hoan chinh dé dam bao rang n6 dap tng diy du
cac yéu cau di dé ra. Giai doan nay khong chi kiém tra cic chirc ning chinh ma con
kiém tra cac thudc tinh phi chirc nang nhu dg tin cay, hi¢u ndng, bao mat va kha nang
su dung. Kiém thi hé théng chi dugce tién hanh sau khi toan bd cac thanh phﬁn da
duogc tich hop thanh cong.

Kiém thtr chdp nhan san pham (Acceptance Test): Muc tiéu cta kiém thir chap
nhan 1a x4c minh rang phan mém dap (mg cac yéu cau nghiép vu da thong nhat voi
khach hang va co6 thé dugc ngudi dung cudi chap thuan dé dua vao sir dung.[4]

1.2. 4 Thiét ké testcase

Biéu mau testcase gom céac ndi dung:

- Muyc dich kiém thur

- Cac budc thuc hién
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- Két qua mong mudn
- Két qua thuc té
Cac k¥ thuat thiét ké testcase:

- Phén ving tuong duong: mot phwong phap kiém thir phan mém, trong d6 céc
gia tri ddu vao duoc chia thanh cac nhém hop 1¢ va khong hop 1¢. Tir mdi
nhom nay, chung ta s€ lya chon céc gié tri dai dién dé xay dung céc kich ban
kiém thtr phu hop.

- Phén tich gia tri bién: 1a mot k§ thuat kiém thir phdn mém c6 lién quan dén
viéc x4c dinh bién (ranh gi6i) cua diéu kién mo ta cho cac gia tri ddu vao va
chon gia tri & bién va bén canh gia tri bién lam dir licu kiém th.

- Bang quyét dinh: 14 dung bang dé hién thi danh sach cac thao tac phan mém
duoc quyét dinh trén cac diéu kién khac nhau.

- Poan 156i: Phuong phap doan 16i khong dya trén quy tac kiém thir cu thé nao
ma phu thudc vao kinh nghiém va su linh hoat ctiia nguoi kiém thir. Cac test
case thuong dugc thiét ké dya trén tinh hudng thuc té hodc theo quy trinh cong
viéc dugc mo ta trong tai liéu chirc nang.

Muc dich cua céac ky thuat thiét ké testcase: Giam thiéu sd lugng testcase thura,

tiét kiém thoi gian kiém thir ma vin dam bao chat luong phan mém. Chon duoc ding
testcase dai dién can test ma van bao phu dugc cac trudng hop. [9]

1.3 Tong quan vé kiém thir phan mém trong bdi canh chuyén ddi s6

Chuyén doi sé (Digital Transformation) 13 qua trinh 4p dung toan dién cong
nghé s6 vao tit ca cac linh vuc hoat dong cua td chtre, doanh nghiép nham thay doi
mo hinh van hanh truyén thng sang mé hinh hién dai hon, hiéu qua hon. Qua trinh
nay bao gém ba khia canh chinh: céng nghé, quy trinh va con nguoi. Vé mat cong
nghé¢, cac td churc ap dung nhiing nén tang hién dai nhu tri tu¢ nhan tao (Al), dién
toan ddm may (Cloud Computing), dir li¢u 16n (Big Data), va Internet van vat (IoT)
dé tang cuong kha nang thu thap, phan tich va xt 1y dir liéu. Vé quy trinh, chuyén do6i

sO thuc day tu dong hoa, loai bd cac thao tac thu cong, giam thi€u sai s6t va nang cao



14

hiéu sudt 1am viéc. V& con ngudi, doi héi sy thay di trong tu duy, k¥ ning va cach
thirc phdi hop gitta cac bo phan dé thich ing v6i mé hinh van hanh mai. [1]

Trong boi canh d6, phin mém giit vai trd trung tAm nhu mot cong cu két ndi
va van hanh toan b hé sinh thai sé ctia doanh nghiép. Tir hé théng quan tri ngudn luc
(ERP), quan 1y quan hé khach hang (CRM), dén cac tmg dung web, mobile phuc vu
ngudi ding — tat ca déu phu thudc vao phan mém. Khi vai trd cia phan mém ngiy
cang 16n, yéu cau vé chat luong phan mém ciing trd nén nghiém ngit hon. Mot 16i
nho trong phan mém c6 thé anh hudng truc tiép dén quy trinh kinh doanh, gy mat
dir liéu, giam trai nghiém ngudi dung va anh huéng dén uy tin thwong hiéu.

Chinh vi vy, kiém thtr phin mém tré thanh mot hoat dong khong thé thiéu
trong qué trinh phét trién va trién khai cac giai phap sb. Tuy nhién, qua trinh kiém
thir trong chuyén dbi s6 cling d6i mat v6i nhiéu thach thic. Trude hét 13 yéu cau vé
tde do — phén mém can duoc kiém thir nhanh chong va lién tuc dé dap Ung cac chu
ky phat hanh ngan. Tht hai 1a méi trudng hé thong ngdy cang phtc tap, tich hop
nhiéu cong nghé va nén tang khac nhau, doi hoi phuong phéap kiém thtr linh hoat va
toan dién. Thir ba 1a ky vong ngay cang cao tir phia nguoi dung vé tinh on dinh, hiéu
suat va bao mat ctia phan mém.

Kiém thir phan mém tro thanh mot hoat dong khong thé thiéu trong qua trinh
phat trién va trién khai cac giai phap s6. Tuy nhién, qua trinh kiém thir trong chuyén
d6i s ciing d6i mat voi nhiéu thach thue.

Thach thirc vé chat lugng phin mém
- Téc do phat trién nhanh chéng va chu ky phat hanh ngin: Ap luc tir thi
truong va yéu cau chuyén doi sé nhanh chéng dan dén viéc phan mém can
dugc phat trién va trién khai v6i toc do cao. Dicu nay khién thoi gian danh cho
kiém thtr bi rat ngin, d& din dén bo sot 16i va anh hudng dén chit lwong cudi
cung.
- Swr phirc tap ciia hé thong: Cac giai phap s6 thuong tich hop nhiéu cong nghé
(Al, Cloud, IoT, Big Data), nén tang va hé thong cii (legacy systems), tao ra



15

mot moi truong phic tap. Viéc dam bao sy tuong thich va van hanh tron tru
giita cac thanh phan nay 1a mot thach thirc 16n vé chét lugng.

Dir liéu 16n va da dang: Véi viéc ap dung Big Data, phin mém phai xt 1y
khéi lugng dit liéu khong 16 va da dang. Pam bao tinh chinh x4c, nhat quan va
bao mat cua dir liu trong moi trudng hop 1a mot yéu té quan trong clia chat
lwong phan mém.

Yéu cdu vé trai nghiém ngwoi dung (UX) va hiéu suat: Nguoi dung ngay
cang c6 ky vong cao vé trai nghiém muot ma, téc dd phan hdi nhanh va kha
nang hoat dong 6n dinh cua phan mém. Bét ky sy chim tré hay gian doan nao
cling c6 thé dan dén sy khong hai 1ong va mat khach hang.

Riii ro vé bao mat: Khi cic hé thong trd nén két ndi hon, nguy co vé cac cudce
tan cong mang va ro ri dit liéu ting 1én. Pam bao an toan thong tin 1a mot yéu

t0 song con cua chat lugng phan mém trong bdi canh chuyén doi so.

Thach thire vé kiém thir phin mém

Kiém thir lién tuc trong chu trinh DevOps/Agile: M6 hinh phat trién nhanh
(Agile) va van hanh tich hop (DevOps) doi hoi kiém thir phai duge thyuc hién
lién tuc, tir giai doan dau phat trién dén khi trién khai va van hanh. Diéu nay
dit ra ap luc 16n 1én doi ngii kiém thir dé tich hop chat ché vao quy trinh va
cung cip phan hoi nhanh chéng.

Kiém thir tich hop va diu cudi: Vi viée tich hop nhiéu hé thdng va cong
nghé, viéc kiém thir sy twong tac giita cac module (kiém thtr tich hop) va toan
bo ludng nghiép vu tir ddu dén cudi (kiém thir ddu cudi) trd nén phic tap hon
rat nhiéu.

Thach thirc vé mdi truwong kiém thir: Thiét 1ap va duy tri méi truong kiém
thir phan anh chinh xac moi trudng san pham véi day du dir lidu va cau hinh
phtrc tap 1a mét viée ton kém va doi hoi nhiéu cong suc. Pac biét khi hé théng

str dung cac dich vu ddm may hoac microservices.
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- Thiéu hut k¥ niing kiém thir chuyén biét: Cac cong nghé méi nhu Al IoT,
Blockchain doi hoi cac k§ nang kiém thir chuyén biét. Ngudn nhan luyc c6 dua
kién thirc va kinh nghiém vé kiém thtr cac hé théng nay con han ché.

- Quan ly dir liéu kiém thir: Tao ra va quan 1y dit liéu kiém thi phu hop véi
khdi lugng 16n va su da dang cda dir li¢u trong moi truong s6 1a mot thach
thirc 16n.

- Chi phi va hiéu qua: Vi¢c dau tu vao cong cy, ha téng va nhan luc cho kiém
thir trong bdi canh chuyén d6i s6 c6 thé rat 16n. Pam bao ring viéc kiém thir
duoc thuc hién hi¢u qua va mang lai gia tri cao 1a mot thach thurc vé quan ly.
Trong bdi canh d6, kiém thtr ty dong duoc xem 14 giai phap tdi wu dé giai

quyét nhitng yéu cau khat khe vé toc 6, pham vi va do chinh xac. Viéc ap dung céc
cong cu kiém thir tw dong nhu Selenium, Katalon, TestNG khong chi gitip tiét kiém
thoi gian va chi phi ma con nang cao do tin cdy ctia phan mém. Ty dong hoa kiém
thir con hd tro trién khai cdc mo hinh kiém thtr hién dai nhu kiém thir lién tuc
(Continuous Testing), tich hop lién tuc (Continuous Integration), tir 6 dam bao phan
mém ludn duge kiém tra va san sang hoat dong trong moi diéu kién trién khai thuc
té.

Tom lai, kiém thir phan mém trong bdi canh chuyén doi sé khong chi 1a mot
budc ki thuat, ma con 1a mot ph?m chién lugc trong viéc dam bao su thanh cong cua
cac du 4n s6 hoa. Viée Iyra chon phuwong phap va cong cu kiém thir phu hop 13 yéu t6
then chdt gitp doanh nghiép duy tri chit luong san pham, t6i wu hiéu suit va ning
cao nang lyc canh tranh trén thi truong sb. [2]

Cic budc trién khai chuyén doi s6

Qud trinh chuyén doi s6 gom 5 budc:

Budc 1: Panh gia hién trang va 1én ké hoach dé chuyén doi s6
Budc 2: Xay dung chién luoc chuyén d6i sb

Budc 3: SO hoa quy trinh va dit liéu

Budgc 4: Chuan bi sin sang t6 chtrc chuyén doi sb

Budc 5: DPanh gia cai thién
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e F e BB

BUAC 1 BUdC 2 BUdC 3 BUAC 4 BUOC 5

Hinh 0.5: Quy trinh trién khai Chuyén déi sb.
1.4 Két luan chwong 1

Trong chuong nay, dé 4n da trinh bay nhirng co sé Iy thuyét nén tang vé kiém
thir phan mém va chuyén d6i s, bao gdbm cac khai niém, vai trd, quy trinh thue hién
cling nhu nhitng thach thtrc lién quan trong thuc tién.

Trén co so ndi dung da nghién ctru & chuong 1, chuong tiép theo ciia dé an sé
tap trung vao viéc nghién ciru chuyén sau vé k¥ thuat va cong cu kiém thir ty dong

nham nang cao hiéu qua va chat lugng trong qua trinh kiém thir phan mém.
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CHUONG 2: NGHIEN CUU KY THUAT VA CONG CU
KIEM THU TU PONG
2.1 Tong quan vé kiém thir tw dong

2.1.1 Khai niém

Kiém thir ty dong phan mém (Automation Testing) 14 qua trinh sir dung phan
mém dé diéu khién viéc thyc thi cac kich ban kiém thir, so sanh két qua thuc té voi
ky vong, va tao ra bao cao ma khong can su can thiép truc tiép tir ngudi kiém thir
trong mdi 1an chay. Ttrc 13, sau khi thiét 1ap mot bo test script, chiing c6 thé chay lip
lai nhiéu 1an dé kiém tra cac chirc ning mot cach nhat quan, nhanh chéng va chinh
Xac.

Khac voi kiém thir thi cong — noi tester can thao tac tryc tiép trén hé théng —
kiém thu tu dong co thé duoc 1ap trinh dé thuc hién hang loat budc nhu click chuot,
nhap dir liéu, chuyén trang, xac nhan noi dung... Diéu nay dac biét hitru ich trong kiém

thtr hoi quy — noi can kiém tra toan b hé thong sau moi 1an cap nhat.

2.1.2 Vai tro

Kiém thir tw dong dong vai tro chién lugc trong toan b vong doi phat trién
phan mém. Trong bdi canh doanh nghiép chuyén ddi s6 va cac phan mém duoc phat
hanh nhanh hon (mdi tuan hodc mdi ngdy), viéc kiém thr thu cong s& khong thé dap
g duoc toe d6 va do tin ciy can thiét.

Mot 6 vai tro ¢t 161 cua kiém thir tuw dong gom:

« T6i wu héa thoi gian kiém thir: Thay vi phai kiém thir lai thi cong hang trim
ca kiém thir sau mdi lan cap nhat, cac tap I¢énh tu dong co thé thyc thi chi trong
vai phut.

« Ting @) chinh xac: Do khong c6 yéu t6 cam tinh nhu kiém thir tha cong,
kiém thtr ty dong mang lai két qua 6n dinh va dang tin ciy.

« Tich hop kiém thir vao CI/CD: Gitip kiém tra phan mém lién tyc sau mdi lan

commit hodac build.
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« Giam chi phi dai han: Mic du chi phi ban dau cho kiém thir tw dong cao (thiét
1ap cong cy, viét script, dao tao nhan su), nhung vé 1au dai lai tiét kiém nhiéu
hon.

« Cai thién dd bao phii kiém thir: Do c6 thé tu dong hoa kiém thtr trén nhiéu
dir liéu, trinh duyét, thiét bi nén ting kha ning bao phu kiém thir so véi giéi

han cua con nguoi.

2.2 Céc ky thuat kiém thir tw dong

Trong linh vuc kiém thir phan mém, viéc ap dung dung k¥ thuat kiém thu 13
yéu t6 quan trong dé dat duoc hiéu qua va tinh bao phu cao. Pic biét trong kiém thir
tu dong, cac k¥ thuat dugc lua chon khong chi dua trén yéu cau kiém tra ciia hé théng
ma con phu thudc vao kha nang tai st dung, mirc do tu dong hoa va murc do phuc tap
ctia chic nang can kiém thir. Dudi day 1a ba k¥ thuat kiém thtr tr dong tiéu biéu va

pho bién nhat trong thuc té trién khai. [9]
2.2.1. Kiém thir hdi quy (Regression Testing)

Kiém thir hoi quy 1a k¥ thuat duoc sir dung nham dam bao rang cac chirc ning
da hoat dong diing trudc d6 sé& tiép tuc hoat dong chinh xac sau mdi lan thay d6i ma
nguén. Su thay doi nay co thé 1a do stra 13i, cap nhat tinh nang hodc thay ddi kién trac

hé théng.

Regression Testing

Retest Regression Prioritization
All Test Selection of Test Cases

Hinh 0.1: Chién lugc trong kiém thir hoi quy
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K§ thuat nay giup kiém soat rui ro phat sinh 16i khéng mong mudn trong qua
trinh phét trién va bao tri phan mém. Trong moi truong phat trién phan mém hién dai
v6i chu ky cép nhat lién tuc va thoi gian dua san phdm ra thi trudng ngan, kiém thu
hoéi quy 1a mot yéu cau bat bude. Viée ty dong hoa kiém thir hoi quy cho phép chay
céc bo test case dd dugc xdy dung mot cach nhanh chong, nhat quan va lap lai nhiéu
1an sau mdi thay d6i.

Quy trinh kiém thir hoi quy

Quy trinh kiém thtr hdi quy thudng bao gdm céc bude:

Budc 1: Xac dinh pham vi kiém thtr hoi quy: Lua chon cac tinh nang, module hoac
ludng nghiép vu bi anh huéng tryc tiép va gian tiép boi thay doi.

Budc 2: Tai st dung bo test case san cO: St dung lai céc kich ban kiém thur (test case)
da duoc xay dung va xac nhan tir cac chu ky phat trién trudc.

Budc 3: Thyec thi kiém thr: Tién hanh chay kiém thir trén toan bd hodic mot phan hé
théng theo chién luge xac dinh.

Budc 4: Panh gia két qua va phan tich 16i: So sanh két qua thuc thi voi két qua mong

doi, ghi nhan 15i phét sinh va danh gia mtc do nghiém trong.

Tw dong héa trong kiém thir héi quy

Trong thyc té, kiém thir hoi quy thudng phai ldp lai nhiéu 1an mdi khi c6 thay doi,
va khéi luong kiém thir c6 xu hudng ting dan theo thoi gian. Do d6, viéc tu dong hoa
kiém thir hoi quy 1a giai phap tat yéu nham:

o Tiét kiém thoi gian va chi phi nhan sy trong dai han.

o Ting d6 bao phu kiém thir, dic biét & cac hé thong 16n, phirc tap.

« Nang cao d6 chinh x4c va tinh nhat quan trong qua trinh thyc thi kiém thi.

« Diép ung yéu cau kiém thir lién tuc (Continuous Testing) trong mdi trudng

DevOps.



21

Céc cong cu phd bién duogc st dung dé ty dong hoa kiém thir hdi quy gom co:
Selenium, TestNG, Katalon Studio, JUnit, Appium, két hop cliing cac nén tang CI
nhu Jenkins, GitLab CI/CD dé tich hop vao pipeline phat trién.

2.2.2. Kiém thir API

Kiém thir API 1a ky thuat tap trung vao viéc xadc minh hoat dong cua cac giao
dién lap trinh mg dung — noi cac thanh phan trong hé théng phan mém tuong tac va
trao doi dir liéu v6i nhau. Khong giéng nhu kiém thir giao dién ngudi ding, kiém thir

API tap trung vao 16p trung gian gitra giao dién va co sé dit li¢u hodc logic xur 1y.

Kiém thir API 12 mot k¥ thuat trong tim trong dam bao chét lugng phan mém,
tap trung vao viéc xac minh hoat dong cua cac giao di¢n 13p trinh ing dung (API).
Pay 1a nhitng diém ma cac thanh phan trong hé théng phan mém twong tac va trao
d6i dir liéu v6i nhau. Khac véi kiém thir giao dién ngudi dung (UT), kiém thir API tap
trung vao 16p trung gian nam giita giao dién ngudi dung va 16p co so dit liéu hodc
logic xur Iy nghiép vu. [5]

K¥ thuat nay danh gia toan dién cac khia canh quan trong ctia hé thong, bao gom:

« Kha ning d4p ung (Responsiveness): Dam bao API phan héi nhanh chéng va
hiéu qua.

« Do chinh xac cua dir liéu tra vé (Data Accuracy): Xac minh tinh ding din cta
dit liéu duoc API tra vé sau moi yéu cau.

o Tinh toan ven (Integrity): Pam bao dir liéu dugc duy tri nhat quan va khong
bi sai 1éch trong qua trinh trao doi.

« Bao mét (Security): Kiém tra cac 16 hong bao mat tiém an trong giao tiép giira

cac h¢ thong, bao v€ dir liéu nhay cam.

Moét wu diém noi bat cia kiém thir API 13 kha nang thuc hién sém trong chu ky
phat trién phan mém. Piéu nay giup phat hién 15i tir giai doan dau, tir d6 giam dang

ké chi phi va cong suc stra 101 ¢ cac giai doan sau.
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Hon nita, kiém thir API cuc ky phu hop dé tu dong héa do nhitng dic tinh sau:

« Khong phu thudc vao giao dién do hoa: Viéc kiém thir khong yéu cau giao
dién nguoi ding, giup loai bo sy phirc tap va do tré lién quan dén UL.

« D@ thyc hién song song: Cac kiém thir API c6 thé chay dong thoi, rat ngan
dang ké thoi gian kiém thir tong thé.

o Kha ning mo rong tot: D& dang mé rong pham vi kiém thir dé bao quét nhiéu

kich ban va API khac nhau.

API Testing

. Hinh 0.2: Cach hoat dong cua API
Quy trinh kiém thu API
Quy trinh kiém thtr API tiéu chuan thuong bao gdm cac budc:
Bude 1: Xac dinh cac API can kiém tht: Xac dinh rd cac endpoint, phwong thic
HTTP (GET, POST, PUT, DELETE...), dinh dang dir liéu, yéu cau xac thuc.
Budc 2: Thiét ké kich ban kiém thir (Test Case Design): Bao gdm cac truong hop
dung (positive testing) va sai (negative testing), kiém thtr bién, kiém thu dir liéu
thiéu/khong hop 1é.
Budc 3: Thue thi kiém thir: Guri yéu ciu (request), phan tich phan hoi (response), ddi
chiéu véi két qua mong doi.
Budc 4: Panh gia va ghi nhin két qua: Xac dinh mtc do dap ung, 16i phat sinh va

hiéu suét cua APL.
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2.2.3. Kiém thir hi¢u niing (Performance Testing)

Kiém thtr hiéu ning 14 k¥ thuat kiém thir phi chirc ning dung dé danh gia kha

nang van hanh cua h¢ thong phan mém trong dicu kién thyuc té, dudi nhi€u tinh huéng

tai khac nhau. K¥ thuat nay khong chi tip trung vao téc d6 phan hdi ma con kiém tra

tinh 6n dinh, kha ning mé rong va do bén viing cua hé thong trong thoi gian dai sir

dung.

Kiém thir hiéu ning dugc chia thanh nhiéu hinh thirc khac nhau, mdi hinh thirc

phuc vu mgt muc ti€u cu thé trong qua trinh danh gia hi¢u suit hé thé)ng:

Kiém thir tai (Load Testing): Duoc sir dung dé danh gia kha ning xt Iy coa
hé théng khi phai tiép nhan mot luong ngudi dung hodc yéu cau truy cip &
mirc gidi han thiét ké.

Kiém thir ap lwe (Stress Testing): Nhim xac dinh ngudng chiu tai cuc dai
ctia hé théng bang cach gia ting luong tai vuot xa mirc thong thuong, qua do
danh gia kha nang phan hoi va phuc hoi sau qua tai.

Kiém thir dd bén (Soak Testing): Puoc thyc hién bang cach cho hé théng
chay lién tuc trong thoi gian dai dudi tai 6n dinh nham phat hién cac van dé
phat sinh nhur 1o ri bo nhé, suy giam hiéu suat hodc 15i tich liy.

Kiém thir kha ning mé rong (Scalability Testing): Dung dé danh gia kha
ning hé thdng c6 thé mé rong vé sb lwong ngudi dung, dung lwong dit lidu

hodc tai nguyén phan cling ma van duy tri hiéu nang 6n dinh.

Viéc thyc hién kiém thir hiéu ning khong chi gitip dam bao rang phadn mém dap

ung dugc yéu cau ky thuat da dé ra, ma con gop phan nang cao do tin cay, hi¢u qua

dau tu va kha nang duy tri chat luong dich vu (QoS — Quality of Service). Kiém thir

hi¢u nang con dong vai tro trong vigc:

Phat hién sém cac van dé hiéu suit tiém an, tir d6 giam thiéu rai ro trude khi
hé théng dugc trién khai chinh thuc.
Hb trg quyét dinh ning cip hodc tdi uu tai nguyén hé théng, tranh lang phi

hodc thiéu hut trong van hanh.
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e (Cai thién trai nghiém nguoi dung, dac biét trong cac thoi diém cao diém nhu

chuong trinh khuyén mai, sy kién truc tuyén, hodc ky tuyén sinh.

2.3. Cac cong cu kiém thir ty dong

Viéc lwa chon cong cu kiém thir phit hop 1a mot yéu to quan trong dé trién khai
kiém thur tu dong thanh cong. Trén thi trudng hién nay co nhiéu cong cu hd trg kiém
thtr tu dong, moi cong cu lai phuc vu cho cadc muc dich khac nhau nhu kiém thir giao
dién nguoi dung, kiém thir API, hodc kiém thir hiéu niang. Tuy vao muc tiéu kiém
thir, quy mo hé théng va ning lyc k¥ thuit cua doi ngli ma doanh nghiép c6 thé lya
chon cong cu phu hop.

Trong muc ndy, d& an Mot sé cong cu kiém thtr ty dong phd bién bao gdm

Selenium, Katalon, Postman va Jmeter.

2.3.1 Selenium

Selenium duoc phat trién 1an dau vao nim 2004 boi Jason Huggins tai
ThoughtWorks voi tén goi ban daula «J avaScriptTestRunner”. Sau do, cong cu duoc
mé rong thanh mét du 4n ma ngudn ma cé tén Selenium va phat trién qua nhiéu phién
ban: Selenium RC, Selenium Gird, Selenium IDE va Selenium WebDriver — phién

ban hién dai nhat va duoc sir dung pho bién hién nay. [14]

Selenium
Suite

Selenium Selenium i Selenium
IDE RC WebDriver Grid

wged ¥
Selenium

2

l New and Improved

Selenium 3

!

Selenium 4

Hinh 0.3: Cé4c thanh phan cta Selenium
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Selenium IDE:
- Mot tién ich m& rong cho trinh duyét (Firefox/Chrome), cho phép ghi — phéat
lai cac hanh dong trén trinh duyét.
- Phu hop v6i ngudi méi bat dau va cho cac test case don gian.

Selenium RC:

- Cho phép kiém thir ty dong trén trinh duyét web thong qua mot server trung
gian.

- N6 hd trg nhiéu ngon ngir 1ap trinh nhu Java, Python, C#, PHP,... Tuy nhién,
RC c¢6 nhiéu han ché nhu tdc d6 cham, ciu hinh phuc tap va kho tuong tac voi
cac cong nghé web hi¢n dai.

- Hién tai, Selenium RC di ngimg phat trién va duoc thay thé hoan toan bai

Selenium WebDriver.

Selenium WebDriver:
- La thanh phan c6t 15i dung dé viét script kiém thir tur dong trén trinh duyét.
- Giao tiép truc tiép v6i trinh duyét thong qua API gbc cia tirng trinh duyét.
- HO tro hau hét cac trinh duyét hién nay nhu Chrome, Firefox, Safari, Edge,...
Selenium Gird:
- Cho phép chay test song song trén nhiéu may, trinh duyét va hé diéu hanh khac
nhau.
- Hitu ich trong kiém thtr phan tan (distributed testing) va ting tbc qué trinh
kiém thir.
Pic diém va chire niing chinh:
- Ma nguén md, mién phi: Selenium la cong cu kiém thur tu dong ma nguén mo,
dugc cong df’)ng phat trién rong rai va lién tuc cap nhat.
- HO tro kiém thtr giao dién ngudi dung (UI): Cho phép mé phong hau hét cac
thao tac ciia nguoi dung trén trinh duyét nhu click chudt, nhép li€u, kéo — tha,

di€u huong gitta céc trang,...
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- Tuong thich da trinh duyét va da nén tang: Selenium h trg kiém thir trén nhiéu
trinh duyét phé bién (Chrome, Firefox, Safari, Edge, Internet Explorer,...) va
hé diéu hanh (Windows, Linux, macOS).

- Pangdn ngit 1ap trinh: HS tro viét test script bang cac ngdn ngi 1ap trinh phd
bién nhu Java, Python, C#, Ruby, JavaScript, gitip linh hoat trong viéc Iya
chon cong nghé phi hop voi doi ngii phat trién.

- Kha niing tich hgp cao: D& dang tich hgp véi cac cong cu CI/CD nhu Jenkins,
GitLab CI, Bamboo,... dé thuc hién kiém tht lién tuc trong chu trinh DevOps.

- Kha ning md rong manh mé: Co thé két hop véi cac thu vién va framework
hd tro nhu TestNG, JUnit, Cucumber, Allure Report,... dé tang cuong kha

ning bao cdo, t6 chlrc va quan 1y test case. [6]

2.3.2 Katalon Studio

Katalon Studio dugc phat hanh chinh thirc nam 2015 béi Katalon LLC, dugc
xay dung dya trén nén tang cta Selenium va Appium, nham don gian héa quy trinh

kiém thtr ty dong cho ca k¥ su kiém thir va nguoi khong chuyén.

Pic diém va tinh ning chinh:

Hassle-free deployment @ Quick & easy set-up

Better & faster results o . . @ Flexible modes

- L

Ease of use —e ‘ . Multi-OS application

KATALON STUDIO =
. '
Hinh 0.4: Tinh nang chinh cua Katalon
Simple deployment: Katalon Studio cung cap mot goi cai dit duy nhat, trong

d6 tich hop day du cac cong cu can thiét dé trién khai mot giai phap kiém thu ty dong
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toan dién. Nguoi ding khong can cai dat thém thanh phan nao khéc, gitp rat ngin
thot gian chuin bi hé théng.

Quick & easy set-up: Khong chi cai dat nhanh, Katalon con cho phép ngudi
kiém thir d& dang thiét 1ap moi truong lam viée. Vi cac mau test ¢6 sin, cung kho
doi twong va thu vién tir khéa duoc dung sin, ngudi dung co thé khoi chay kich ban
dau tién ma khong mat nhiéu thoi gian tim hiéu.

Faster & better results: Nho ¢6 cdu tric mau va huéng dan rd rang, tester ¢6
thé nhanh choéng tao va thuc thi cac kich ban kiém thir tu dong. Tu khau tao du an,
viét kich ban, thuc hién kiém thir dén tao bao céo va bao tri — moi cong doan déu
duoc hd tro hiéu qua va t6i wu vé thoi gian.

Flexible modes: Katalon Studio dap mg linh hoat nhiéu ddi twong nguoi
dung. V&i ngudi méi, cong cu ghi thao tac va thu vién tir khoa 1a nhitng tinh ning hd
trg hiéu qua. Trong khi d6, nguoi kiém thir chuyén nghiép c6 thé st dung méi trudng
phat trién tich hop (IDE) dé viét cac kich ban ning cao.

Ease of use: Giao dién than thi¢n va cach sir dung don gian gitip ngay ca nhitng
nguoi it kinh nghiém 1ap trinh cling c6 thé khai thac hiéu qua cong cu nay. Viéc hoc
va str dung Katalon khong doi hoi qua nhiéu k¥ thuat chuyén siu.

Cross-browser application: Katalon Studio hd tro kiém thtr trén nhiéu nén
tang va trinh duyét phd bién hién nay. Coéng cu twong thich voi ca hé diéu hanh
Windows (32-bit, 64-bit — cac phién ban 7, 8, 10) va macOS (tir phién ban 10.5 trd

1én), dam bao kiém thir chéo trinh duyét dién ra muot ma.
2.2.3 Playwright

Playwright 1a mét framework hién dai cho kiém thir tr dong héa UL cho phép
kiém thir web trén nhiéu trinh duyét khac nhau (Chromium, Firefox, WebKit). Ra doi
sau Selenium, Playwright dugc thiét ké dé khac phuc cac van dé cuia cac cong cu cii
nhu tbc do cham, test khong on dinh. [11]

Dac diém noi bat
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- Kién tric da nén tang, da trinh duyét: Playwright dugc thiét ké dé hd tro ba
trinh duyét chinh 1a Chromium, Firefox va WebKit. Piéu nay cho phép cac to
chite ¢6 thé thuc hién kiém thir tuong thich trinh duyét mot cach toan dién, bao
g6m ca trinh duyét Safari trén macOS thong qua WebKit — diéu ma nhiéu cong
cu khéc chua lam tot

- Pa ngodn ngit 1ap trinh: Playwright hd tro nhiéu ngdn ngit nhu JavaScript,
TypeScript, Python, Java va C#, gitp cic nhoém phat trién d& dang tich hop véi
ngdn ngit quen thudc, dong thoi tdn dung duoc hé sinh thai thu vién phong
phu cia cac nén tang nay.

- Kiém thir song song va da tab: Mot diém manh ndi bat 1a kha ning kiém thir
da tab, da phién (multi-context), phu hgp v61 cac ing dung web c6 tinh nang
nang cao nhu ma& popup, xur 1y session song song.

- Tu dong cho (Auto-waiting): Playwright tu dong cho cac hanh dong nhu DOM
load, animation complete, element visible,... giup giam thiéu viéc viét cac 1énh
wait() tha cong, tir 6 1am cho test case 6n dinh va dé bao tri hon.

- Tich hop gia lap thiét bi va kiém thir mobile web: Du khong phai cong cu kiém
thir mobile native, Playwright van hd tro mé phong nhiéu thiét bi di dong, bao
gdm thay d6i do phéan giai, user agent, va hd tro kiém thir trong ché do gia lap

mang cham.
Tinh nang chinh:

- Chuyp anh, quay video va log test case tu dong, phuc vu muc dich debug va
bao cao 16i.

- HO tro kiém thtr component riéng biét (Component Testing), gitp test ting
phan nho trong tmg dung SPA (Single Page Application).

- Cho phép ghi lai thao tac dé tao test script ban dau, gitp ting toc qua trinh xay
dung kich ban kiém thir cho ngudi méi.

- Kha nang tich hop CI/CD dé dang théng qua CLI, ciu hinh YAML, phu hop
vo1 GitHub Actions, GitLab, Jenkins,...
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- Snapshot Testing: So sanh giao dién thuc té va giao dién mong doi, phat hién

16i giao dién (UI regression).
2.3.4 Cypress

Cypress 1a mot framework kiém thir tw dong giao dién nguwoi dung (UI) hién
dai, duoc thiét ké chu yéu dé kiém thir cac tng dung web viét bang JavaScript. Khac
v6i Selenium — von chay bén ngoai trinh duyét va diéu khién trinh duyét tir xa —
Cypress chay truc tiép bén trong trinh duyét, cung ngit canh voi Gng dung, gitp

viéc kiém thir nhanh chéng va chinh xac hon. [12]

- Kién trtc dya trén trinh duyét that: Cypress hoat dong bén trong trinh duyét
ngudi dung, thay vi kiém soat trinh duyét tir bén ngoai nhu Selenium. Diéu
nay gitp ting d6 chinh x4c va hiéu suat ciia kiém thtr, dic biét trong viéc twong
tac DOM, xir 1y JS async va céc tinh hudng phirc tap trong SPA.

- Than thién véi frontend developer: Puogc viét bang JavaScript va chay truc
tiép trong trinh duyét, Cypress rat pht hop cho cac dy an frontend hién dai
(React, Angular, Vue) va d& dang tich hop vao vong doi phat trién (Dev —
Test — Deploy).

- GUI Test Runner manh mé&: Cho phép xem tryc tiép ting budc kiém thir voi
kha ning tua lai cac budc, highlight DOM tuong tng, gitp dé dang debug va
phat hién nguyén nhan 1.

- Mock/stub dir liéu linh hoat: Véi 1énh cy.intercept(), Cypress c6 thé mé phong
cac request/response API, gia 1ap cac kich ban khac nhau nhu 16i mang, 15i dir

liu,... ma khong can server backend thuc su.

Tinh nang chinh:

- Time Travel Debugging: Cho phép quan sat lai trang thai Gng dung & tirng

budc kiém thir, gidng nhu xem lai video tirg bude.
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- HOJ tro kiém thtr API song song voi Ul Cypress c6 thé giri request API,
validate response, sau d6 thuc hién kiém thir giao di¢n, dam bao test bao phu
toan bo ludng ngudi dung.

- Tich hop screenshot/video khi test fail, hd tro phan tich 15i trong pipeline CI.

- Kha nang chay test song song va phan tan thong qua Cypress Dashboard (c6
phi) dé téi uu toc do.

- Hé sinh thai plugin phong phu: Hd tro accessibility testing, visual testing,

performance testing thdng qua plugin community.
2.3.5 Appium

Gidng nhu Selenium, Appium ciing 1a mét cong cu kiém tra ty dong ma ngudn
mo, nhung danh cho cac ing dung di dong. St dung giao thirc day JSON di dong,
Appium cho phép ngudi dung viét cac bai kiém tra giao dién nguoi dung tu dong cho

cac ung dung di dong goc, dua trén web va két hop trén ca Android va i0S. [13]

- Cross-platform test thuc su: Appium cho phép viét mot bo test script c6 thé
chay dugc trén ca Android va i0S ma khéng can chinh sira nhiéu. Pay 13 vu
diém ndi bat trong viée kiém thir cac ing dung di dong da nén tang.

- Kién trac plugin héa (Modular Architecture): Appium 2.0 gigi thiéu co ché
plugin driver giup nguoi dung cé thé mé rong, nang cp va cau hinh kiém thir
cho cac nén tang khac nhau nhu Espresso, XCUITest, Flutter, Windows,
Mac,... mot cach linh hoat.

- HJ tro nhiéu framework test phd bién: Appium d& dang tich hop véi JUnit,
TestNG, Cucumber, Mocha,... va cac thu vién assertion dé viét test dé dang
theo nhiéu phong cach khac nhau (unit, BDD, keyword-driven).

- Hoat dong trén thiét bi that va gia 1ap: Appium twong thich tét véi
emulator/simulator ciing nhu thiét bj vat 1y, pht hop véi ca kiém thir phét trién

(local) 14n kiém thtr phan tan qua cloud (BrowserStack, Sauce Labs).

Tinh nang chinh:
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- Tich hop véi Selenium WebDriver, ké thira API chuan gitp dé hoc v6i ngudi di co
nén tang automation.

- Hotrg kiém thur gesture va tuong tac nang cao nhu vudt, kéo, cham, xoay, cam bién,...

- Kha ning kiém tra log, ghi lai man hinh va chup anh trén mobile trong qua trinh kiém
thr.

- Tich hgp CI/CD dé dang thong qua CLI va framework ho trg, chay dugc trong
Jenkins, GitHub Actions...

- Kha ning kiém thir cac cong nghé UI méi nhu React Native, Flutter, Ionic... thong

qua plugin driver tuong Ung.
2.3.6 Postman

Postman duogc phat trién vao nam 2012 boi Abhinav Asthana nhu mot tién ich
trén trinh duyét Chrome nham don gian hoa viéc kiém thir API. Sau d6, Postman
nhanh chong phat trién thanh mot nén tang toan dién hd trg kiém thir API RESTful,
hién c6 hon 20 triéu ngudi ding trén toan thé gidi.

Trong bdi canh hién nay, cic hé thdng phan mém ngay cang dugc xdy dung
theo kién trac microservices va hudng dich vu (SOA), cic API déng vai tro 1a cau
nbi giao tiép chinh giita cac thanh phan phdn mém. Do d6, viéc kiém thir API chinh
xac, hiéu qua 1a vo cung quan trong nham dam bao tinh 6n dinh, dd tin cay va hi¢u
ning cua toan bo hé théng. Postman da trd thanh cong cu khong thé thiéu giup cac
nhom phat trién va kiém tht thuc hién nhiém vu nay mdt cach hiéu qua, giam thiéu
16i va ting cuong tu dong hoa trong quy trinh phét trién phan mém.

Kién tric va cac thanh phén chinh:

Postman duoc xay dung dya trén kién trac client-server véi cac thanh phan

chinh bao gdm:

- Giao dién nguoi dung (UI): Cung cip méi truong truc quan dé thiét ké,
guri cac yéu cau HTTP, va xem phan hoi. Giao dién nay hd trg da nén tang,
bao gdm tng dung desktop trén Windows, macOS va Linux, ciing nhu tién

ich m¢ rdng trén trinh duyét.
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- Bo xir Iy logic kiém thir: Cho phép nguoi ding viét cac doan ma kiém thir
tu dong str dung JavaScript, gitip tu dong kiém tra cic gia tri tra vé, ma
trang thai, thoi gian phan hdi, va cac diéu kién nghi¢p vu khéc.

- Co ché Iru trir va dong bd dir liéu: HO tro luu trit collection (bd suu tap
cac yéu cau API), méi truong (environment) va cac bién toan cuc (global
variables) trén cloud hoic local, gitip dé dang chia sé va tai st dung trong
nhom.

- Tich hop véi cac hé thong CI/CD: Thong qua coéng cu dong 1énh
Newman, Postman c6 thé dugc tich hop trong pipeline clia cac cong cu tu
dong hoa nhu Jenkins, GitLab CI, CircleCI nham chay kiém thir tu dong

lién tuc.
Cic tinh niing noi bat:

- Chuyén dung cho kiém thir API (REST, GraphQL, SOAP).

- HO trg cac phuong thtuee HTTP: GET, POST, PUT, DELETE,...

- G request, kiém tra phan hoi, kiém tra ma trang thai (status code), thoi
gian phan hoi.

- Cho phép viét kiém thir tw dong bang JavaScript trong phan “Tests”.

- Tich hop dé dang v&i méi trudng CI/CD va ho trg chay test hang loat qua

Newman CLI.
2.3.7 Apache Jmeter

Apache JMeter dugc phat trién boi Stefano Mazzocchi tai Apache Software
Foundation va phat hanh lan dau nim 1998. Ban dau, JMeter duoc thiét ké dé kiém
thir cac Gmg dung web, nhung hién nay di mé rong ra nhiéu giao thirc khac.

Apache Jmeter | cong cu kiém thtr hiéu ning pho bién va manh mé. JMeter c6
thé mo6 phong hang tram dén hang nghin ngudi dung truy cap ciung luc dé do luong

toc do phan hoi, kha nang chiu tai va d§ 6n dinh cia hé thong dudi ap luc cao.
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Tuy thudc vao nhu cau thuc té, to chirc c6 thé Iya chon mot hodc két hop nhiéu
cong cy nham dam béao do bao phu kiém tht va dat duoc hiéu qua tdi uu trong viéc
danh gia chat luong phan mém.

Trong cac hé théng phr:in mém hién dai, dic biét 1a cac ung dung web va dich vu
tryc tuyén, hiéu niang déng vai tro then chét trong viéc dam bao trai nghiém ngudi
dung, duy tri tinh canh tranh va dap (mg yéu cau kinh doanh. Apache JMeter la cong
cu pho bién va déng tin cdy trong viéc danh gia hidu nang hé théng thong qua cac bai
kiém thtr m6 phong tai (load testing), kiém thtr strc bén (endurance testing), kiém thir
ap luc (stress testing), va kiém thtr khdi luong (volume testing).

IMeter gitp céac t6 chirc va nhém phat trién danh gia kha ning chiu tai, thoi gian
phan hoi, thong lwong va do 6n dinh ciia hé théng khi phai xir Iy dong thoi hang traim
dén hang nghin yéu cau truy cap, tir 46 phat hién som cac van dé hiéu suat va t6i wu
ha tang k¥ thuat.

Cac chirc nang chinh:

Apache JMeter cung cap mot tap hop phong phu cac tinh nang phuc vu cho kiém

thir hi€u nang:

Kiém thir tai (Load Testing): M6 phong nhiéu nguoi dung 4o truy cap
vao hé thdng trong ciing mot khoang thoi gian dé danh gia hiéu suit xir 1y.
Kiém thir sirc bén (Soak Testing): Panh gia d6 6n dinh ciia hé thong trong
thoi gian dai khi duy tri tai cao.

H§ tro da giao thire: Bao gdm HTTP/HTTPS (web), JDBC (co so dit
li¢u), SOAP/REST (dich vu web), FTP, SMTP (email), v.v.

Thu thap va hién thi s6 liéu hiéu ning: Bao gom thoi gian phan hoi trung
binh, sé lwong request mdi gidy (Throughput), ty 1 15i (Error Rate), thoi
gian toi da/téi thiéu, phan tram phan tram (percentile), v.v.

Két xuit bao cdo: HO tro xuit bao céo kiém thir dudi dang bang dir li¢u,
db thi, va HTML twong tac phuc vu cho viéc trinh bay va phan tich két qua.
Kha ning mé rong cao: C6 thé chay kiém thir phan tan trén nhiéu may dé

tang s6 lugng ngudi ding mo phong.
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moi l1an trién khai.

Tich hgp CI/CD: Dé dang tich hop véi Jenkins, GitLab CI, hodc cic cong
cu DevOps khac dé thuc hién kiém thir hiéu nang dinh ky hodc tu dong sau

2.4 So sanh va danh gia cac cong cu kiém thir

Mbi cong cu kiém thtr ty dong c6 nhitng wru diém va han ché riéng. Dé dua ra

quyét dinh lga chon cong cu phu hop, can tién hanh so sanh dua trén cac tiéu chi co

ban nhu: muc do dé st dung, kha nang md rong, ho trg da nén tang, cong dong ho

trg, tich hgp CI/CD, chi phi va tinh nang k¥ thuat.

Bang so sanh tong hop mét sé cong cu phd bién:

Bang 0-1: So sanh cong cu kiém thir

Cong cu Uu diém Han ché

Selenium | Ma ngudén mo, linh hoat, hd trg da | Yéu cau ky nang lap trinh, khong
trinh duyét va ngoén ngtt, tich hgp | c6 giao dién nguoi dung truc
CI dé quan

Katalon | Giao dién than thién, hd trg da nén | Mot s6 tinh nang nang cao chi cé
tang, dé hoc ¢ ban thurong mai

Postman | Dé su dung, manh vé kiém thur API, Khong hd trg kiém thu giao dién
hd trg viét test script va xuat bao | nguoi dung
cao

JMeter Manh vé kiém thir tai, hiéu nang, c6 | Giao dién chua than thi¢n, can
kha ning m& rong tot thoi gian lam quen

Trong sb cac cong cu trén, Selenium nodi bat voi tinh nang manh mé trong

kiém thtr UL kha ning mé rong va tily bién cao. Day 1a cong cu dugc dé an lua chon

vi phtt hop véi muc tiéu kiém thir giao dién web, dé tich hop vao quy trinh DevOps

va co cong dong nguoi dung dong dao, tai liéu phong phu hd tro trién khai thyc té.

2.5 Loi ich va thach thirc khi 4p dung kiém thir tw dong
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2.5.1 Lgi ich

Tang hi¢u qua kiém thir: Véi kha nang thuc hién hang tram, tham chi
hang nghin truong hop kiém thir trong thoi gian ngan, kiém thir tu dong
gitip rit ngin dang ké thoi gian va cong st so v6i kiém thir thi cong.
Ting tinh nhat quan va dd tin ciy: Cac tap 1énh kiém thir khi duogc lap
trinh chinh x4c s& ludn cho ra két qua dong nhat, loai bo sai sét do yéu t6
con nguoi gay ra.

HS tro kiém thir hdi quy hiéu qua: Céc test case cii ¢6 thé duoc chay lai
nhiéu 1an sau mdi thay d6i phan mém ma khong can ton thém tai nguyén.
Tich hop vao quy trinh DevOps/CI-CD: Kiém thtr c6 thé dugc kich hoat
tur dong mdi khi c6 thay d6i ma ngudn, dam bao phan mém ludn duoc kiém
tra trude khi dua vao moi truong thuc té.

Tiét kiém chi phi vé lau dai: Du chi phi dau tu ban dau c6 thé cao, nhung
vé dai han s& giam thiéu nhan sy kiém thir, tiét kiém thoi gian va han ché

101.

2.5.2 Thach thiac

Chi phi trién khai ban diu cao: Bao g@)m viéc lya chon cong cu phu hop,
thiét 1ap moi truong kiém thir, va dao tao doi ngil kiém th.

Yéu ciu ki ning ky thuit cao: Kiém thir ty dong khong chi doi hoi kién
thire kiém thir ma con can kha ning lap trinh, hiéu biét vé& hé thong, va k§
nang st dung cong cu.

Bio tri test script ton thoi gian: Khi giao dién hodc logic cia phdn mém
thay doi, cac tap 1énh kiém thir can dugc cip nhat dé dam bao tinh chinh
Xac.

Khéng phi hop véi tat ca loai kiém thir: Mot sé dang kiém thir yéu cau
danh gia trai nghiém nguoi ding, thim my giao dién, hodc cam nhan hanh

vi khong thé tu dong hoa hiéu qua.
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Sai 1am khi lam dung tw déng héa: Néu khong dugc thiét ké hop 1y, hé
thong kiém thtr ty dong c6 thé tré thanh ganh ning va giy ra chi phi bao

tri 16n hon so voi kiém thir thii cong.

2.6 Két luan chwong 2

Chuong 2 d3 trinh bay téng quan vé kiém thir ty dong phdn mém, bao gdm
khai niém, vai tro, cac k¥ thuat kiém ther phd bién nhu kiém thir hdi quy, kiém thu
API va kiém thtr hiéu ning. Ddng thoi, chwong ciing phén tich cac cong cu kiém thu
ty dong dang dugc sir dung rong rai nhu Selenium, Katalon Studio, Postman va
Apache JMeter, kém theo danh gia so sanh dua trén nhiéu tiéu chi thyc tién.

Ngoai ra, chuong ciing chi ra nhirng loi ich ndi bat khi ap dung kiém thur tir
dong trong quy trinh phat trién phan mém hién dai, song song véi nhitng thach thic
ma t6 chirc ¢6 thé gap phai khi trién khai.

Nhitng ndi dung trong chuong 2 s& 1a nén tang dé chuong tiép theo tap trung
vao irng dung kiém thir tir dong véi cong cu Selenium trong thwe té, tir d6 danh

gi4 hiéu qua va dé xuat hudng ap dung phu hop trong chuyén doi so tai doanh nghiép.
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CHUONG 3: UNG DUNG KIEM THU TU PONG PHAN
MEM TAI CONG TY A1 CONSULTING
3.1 Giéi thi¢u vé Cong ty A1 Consulting
3.1.1 Lich sir hinh thanh va phat trién

Al Consulting 13 doanh nghiép hoat dong chuyén sau trong linh vuc tu van
va trién khai hé théng quan tri doanh nghiép dua trén nén ting ma ngudn mé Odoo.
Cong ty co lich sir phat trién dang cha ¥ voi qua trinh chuyén ddi va mé rong chién
lwge trong sudt hon mot thap ky.

Tién than ciia A1 Consulting 12 Onnet Consulting, mét trong nhitng don vi
tién phong tai Viét Nam trong viéc dua Odoo — phan mém ERP mi nguén mo phd
bién toan cau — dén gan hon voi cong dong doanh nghiép Viét. Onnet dugc biét dén
nhu mdt trong s6 it don vi dau tién tai Pong Nam A tham gia vao h¢ sinh thai dbi tac
chinh thtrc ctia Odoo Bi, v6i nhiéu thanh tuu trién khai Odoo tai thi trudong noi dia.

Sau mot giai doan sap nhdp va van hanh dudi thuong hiéu AHT Tech, cong
ty tiép tuc mé rong quy mod hoat dong, cai tién ning lyc phét trién san pham va chuan
hoa quy trinh trién khai dy an. Dén nam 2024, cong ty chinh thirc d6i tén thanh Al
Consulting nhu mot budce chuyén minh chién luge dé khang dinh vai trdo méi: khong
chi 12 nha cung cép dich vu trién khai Odoo ma con 13 ddi tac tu van tong thé cho

chuyén d6i s6 doanh nghiép tai Viét Nam va khu vuec. [3]

3.1.2. Linh vuc hoat dong va vi thé hién tai

Hién nay, A1 Consulting tap trung chil yéu vao cac dich vu:
o Trién khai va tuy bién hé théng ERP Odoo;
« Tu véan quy trinh nghiép vu doanh nghiép (tai chinh — ké toan, san xuat, kho
van, nhan su...);
o Xay dung cong tich hop dit liéu, giai phap phdn mém mo rong (POS, E-
learning, elnvoice...);

o Dich vu bao tri, hd trg k¥ thuat va dao tao van hanh Odoo.
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Vé6i d6i ngii chuyén gia chuyén sdu ca vé nghiép vu va ky thuat, A1 Consulting
hién duoc cong nhan 1a don vi dan dau thi trwong Viét Nam vé trién khai Odoo,
va 13 mot trong nhitng nha cung cip Odoo c6 sb luong du an thanh céng nhiéu nhat
khu vuc Pong Nam A. Hé thong khach hang cua cong ty bao gdm hang loat doanh
nghiép tur vira dén 16n, trai dai nhiéu linh vuc: san xuét, phan phéi, dich vu logistics,

gido duc, y té, ban 1¢. ..

3.1.3. Thuc trang kiém thir phan mém tai A1 Consulting

Do dic thu 14 cong ty trién khai giai phap phdn mém c6 mirc d6 tuy bién cao,
d6i ngii k¥ su tai Al Consulting thuong xuyén phat trién, sira d6i va mé rong cic
module theo yéu cau cu thé cia ting khach hang. Qua trinh nay doi hoi kha ning
kiém thtr linh hoat va chinh xac, dic biét trong cac hé thong ERP c6 nhiéu ludng
nghiép vu phtrc tap va tich hop da chiéu. [3]

Tuy nhién, cho dén gan day, phan 16n qué trinh kiém thtr tai A1 Consulting van
duoc thuc hién theo hudng thu cong — tire tester thuc hién truc tiép ting budc kiém
thir, ghi nhan két qua va bao céo 15i theo cach truyén thong. Han ché chinh cia
phuong phap nay bao gom:

Chi phi nhan su 16n khi can kiém thir 13p lai hang chuc lan.

Kho duy tri tinh nhat quan trong méi truong c6 nhiéu tester va nhiéu
khach hang.

Khéng thé dap ung kiém thir hdi quy & quy mé 16n, dic biét khi hé thong
thuong xuyén cap nhat.

Thiéu tinh tich hop véi quy trinh DevOps va cac cong cu CI/CD dang
duoc ap dung trong cic nhom phat trién Agile.

Vi xu hudng chuyén d6i s6 trong ndi bo, ciing muc tiéu nang cao chét lwong dich
vu va toi uu chi phi kiém thir, A1 Consulting da trién khai 4p dung kiém thir tuw dong
trong quy trinh kiém thir phadn mém — bat dau tir cac hé théng web duoc phat trién noi
bo dua trén Odoo, va mo rong dén ra cac dy an khach hang.

Viéc tmg dung kiém thtr ty dong duoc ky vong sé& giup:
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Tang toc d6 kiém thir trong cac dot phat hanh (release) lién tuc;

Cai thién chat lugng phan mém bang cach giam 15i phat sinh do kiém thir
thiéu sot;

Giam chi phi kiém thtr dai han;

Tang kha ning tich hop va gidm sat quy trinh kiém thir trong chudi DevOps
— CI/CD hién c6.

3.2 Gi6i thiéu phan mém lwa chon dé thwe nghiém kiém thir

Trong pham vi dé an nay, phan mém duoc lya chon dé thyc nghiém kiém thir
tu dong 1a Odoo, mot hé théng ERP ma nguén mé ¢6 kién triic mo-dun linh hoat va
duoc str dung rong rii trong cac to chirc va doanh nghiép trén toan thé gii. Dé an tap
trung kiém thir trén hai phan hé cdt 15i: Sales (Ban hang) va Purchase (Mua hang)
- hai phan hé dai dién cho quy trinh van hanh chinh trong chudi cung tng cua doanh
nghiép.
3.2.1. Gioi thiéu phan hé Sales va Purchase trong Odoo

Nén tang quan tri doanh nghiép Odoo (trudc day 1a TinyERP) duoc phat trién
boi cong ty Odoo S.A., ¢o tru s& tai Bi, ra mat phién ban dau tién vao nim 2005. T
nam 2014, phén mém chinh thic duge doi tén thanh Odoo va lién tuc phat trién, trd
thanh mot hé théng Hoach dinh Ngué)n luc Doanh nghi¢p (ERP) toan dién vdi kha
ning mo rong cao. Dén nay, Odoo d3 phat hanh t6i phién ban 17, tich hop hang trim
mO-dun phuc vu da dang cac linh vyc quan tri doanh nghi€p nhu K& toan, Ban hang,
Mua hang, Quan 1y kho, Nhan sy, San xuit, v.v. Cac phan hé nay duoc thiét ké dé
hoat dong lién mach, tao nén mot hé sinh thai déng bo giup tdi wu hoa cac quy trinh

van hanh va nang cao hi¢u qua kinh doanh.
3.2.1.1 Phan h¢ Sales (Ban hang)

Phéan hé Sales (Ban hang) trong Odoo 1a mot cdu phan trong tim, cho phép
doanh nghiép quan 1y toan bo chu trinh ban hang mot cach hiéu qua, tir giai doan tiép

nhan yéu cau tir khach hang cho dén khi hoan tat xuat hoa don. Phan hé nay c6 méi
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lién két chit ch& v6i cac phan hé khac trong hé théng Odoo, dic biét 14 Kho
(Inventory), Ké toan (Accounting) va Quén Iy quan hé khach hang (CRM), dam

bao ludng di liéu va quy trinh nghiép vu duoc dong bd xuyén sudt.
Cic chirc ning chinh ciia phan hé Sales bao gom:

« Quan ly thong tin khach hang va diéu khoan thanh toan: Hé thdng cho
phép luu trit chi tiét hd so khach hang, bao gom thong tin lién h¢, lich st giao
dich va cac diéu khoan thanh toan cu thé ap dung cho timg ddi twong khach
hang.

o Tao, giri va xac nhan bao gia: Ngudi dung c6 thé dé dang tao cac bao gi tuy
chinh, guri truc tiép cho khach hang qua email va theo ddi trang thai phan hdi.
Khi bao gia dugc chp thuan, c6 thé chuyén ddi truc tiép thanh don hang ban.

« Quan Iy don hang ban (Sales Order): Quan 1y tip trung tit ca cac don hang
ban, tir lac khoi tao dén khi hoan thanh, voi kha ning diéu chinh s6 luong, gia
ca va cic mit hang theo yéu cau.

« Theo déi trang thai don hang va tinh trang giao hang: Phan hé cung cip
cai nhin tong quan vé trang thai hién tai ciia tng don hang, bao gdm qua trinh
chuan bi hang trong kho, déng géi, van chuyén va xac nhan giao hang, tich
hop voi phan h¢ Kho véan.

o T dong héa viéc tao hoéa don va lién két véi phan hé Ké toan: Dua trén
don hang ban va tinh trang giao hang, Odoo tu dong tao héa don, dam bao tinh
chinh x4c va dong bo dir liéu v6i phan hé Ké toan, gitp giam thiéu sai sot thu
cong.

« Bé&o céo va phan tich ban hang: Cung cip cac bao cdo da dang vé doanh thu,
cac san phﬁm ban chay nhat, hiéu suét cua doi ngli ban hang va phan tich xu

huéng ban hang theo thoi gian, hd tro ra quyét dinh kinh doanh.
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3.2.1.2 Phan h¢ Purchase (Mua hang)

Phéan hé Purchase (Mua hang) trong Odoo duoc thiét ké dé quan 1y toan bo
quy trinh mua sim hang héa va dich vu ctia doanh nghiép, tir khau phat sinh yéu cau
mua cho dén khi hang héa dugc nhan vao kho va héa don thanh toan dugc xtr 1y.
Phén hé nay dong vai trd quan trong trong viéc toi ru hoa chi phi, ning cao hiéu qua
quan 1y nha cung cip va dam bao su tich hop truc tiép voi cac phan hé Kho
(Inventory) va K¢é toan (Accounting).

Céc chirc nang chinh cta phian hé Purchase bao gom:

« Quan Iy danh sach nha cung cip va diéu khoan thanh toan: Hé thong cho
phép duy tri mot co s& dit lidu toan dién vé cic nha cung cip, bao gdm thong
tin lién hé, lich sir giao dich va cac diéu khoan thanh toan, chiét khau dic biét.

« Tao va xic nhin yéu ciu bio gia (Request for Quotation — RFQ): Nguoi
ding c6 thé d& dang tao va giri cic yéu cau bao gia dén nhiéu nha cung cip
khac nhau dé so sanh gia va diéu kién, dam béo lya chon dugc nha cung céip
t6i wu.

o Tuwddng chuyén d6i RFQ thanh don mua hang (Purchase Order): Sau khi
nhan duoc bao gia va lya chon dugc nha cung cap, hé thong cho phép chuyén
doi tryc tiép yéu cdu bao gia thanh don mua hang chinh thirc, tiét kiém thoi
gian va giam thiéu sai sot.

o Theo ddi qua trinh nhin hang va ghi nhan héa don mua: Phan hé cung cip
kha ning theo ddi chit ch& qua trinh giao nhan hang tir nha cung cip, tich hop
v6i phan h¢é Kho dé cap nhat tdn kho tic thoi. Sau khi hang dugc nhan, hé
thong hd tro ghi nhan héa don mua hang mot cach nhanh chéong.

o Tich hop véi phian hé Kho dé cip nhat ton kho: Moi hoat dong nhép hang
thong qua phan hé Mua hang déu duoc tu dong cap nhat vao phan hé¢ Kho,
dam bao dir liéu tdn kho ludn chinh xac va hd tro viéc quan ly hang hoa hiéu

qua.
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o Phan tich hiéu suit nha cung cip va chi phi mua hang: Cung cip cic cong
cu bao cdo va phan tich giup danh gia hiéu suat ciia ting nha cung cép (thoi
gian giao hang, chat lugng san pham) va tong hop chi phi mua hang, tir d6 hd

trg viéc dam phan va t6i uu hoa chi phi.

3.2.2 Yéu cau va cong cu thir nghiém

Pé danh gia hidu qua cia kiém thir ty dong trong moi trudng trién khai thye
té, d& an tién hanh thuc nghiém trén hai phan hé Sales va Purchase cta hé thong
Odoo. Viéc luya chon hai phan hé nay nham muc tiéu bao pht toan bo chu trinh don
hang — tir mua sim dau vao dén ban hang dau ra — vbn 13 quy trinh nghiép vu cdt 15
trong hau hét cac t6 churc.

Yéu cau thir nghiém

DPé dam bao chat luong va do 6n dinh ctia hé théng Odoo, cac yéu cau thir nghiém

can duogc dap Gmg bao gom:
e Tu dong héa kiém thir giao dién nguwdi dung (UI):

Céac thao tac trén giao dién nhu nhap li¢u, dang nhap, thao tic voi don hang,
diéu hudng gitta cdc man hinh phai duoc kiém thur tu dong nham tang hiéu qua,
giam sai sot va tiét kiém thoi gian so v6i kiém thir thu cong. Tu dong héa ciing

gitp thuc hi¢n cac kiém thur lap lai nhiéu lan trong cac vong phat trién khac nhau.
e Quin Iy va té chirc bd test case linh hoat:

Can mot cong cy hd trg phan nhom, quan 1y test case va chay theo cac cau hinh
test suit khac nhau dé dé dang thyc hién kiém thir theo tung giai doan hodc theo

module ctia hé thong.

e Kiém thir API va backend:
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Pé x4c minh tinh ding din cua cac chic ning nghiép vu lién quan dén dir lidu va
trang thai hé thong, can kiém thir cac API noi bo. Viée ndy gitp phat hién 15i tir tang

backend trudc khi giao dién hién thi cho ngudi ding cubi.
e Dir liéu thir nghiém nhit quan va c6 kiém soat:

Viéc sir dung bo dir lidu thir nghiém mau chuan bao gém khach hang, nha cung
cap, san pham, don hang sé& giup dam bao tinh nhat quan va tai sir dung trong céc lan
kiém thir khac nhau. Piu nay lam giam rai ro do dit liéu khéng hop 18 hoic khong

ddng nhét anh huong dén két qua kiém thu.
e Bio cio két qua chi tiét va dé hiéu:

Can c6 cac bao cao tong hop két qua test, thong tin chi tiét vé& céac test case da
chay, 18i phat sinh dé nhanh chéng phan tich va xu 1y.
Cong cu thir nghiém dwge sir dung
Pé dap ung yéu cau k¥ thuat va dam bao kha ning mé rong trong twong lai,
dé an str dung két hop cac cong cu kiém thir sau: [10]

Béang 0-1: Cong cu thir nghiém dugc st dung

Cong cu Vai tro va iwng dung
Selenium Tu dong hoa cac thao tac giao dién trén trinh duyét, dac biét
WebDriver hitu ich cho cac budc nhap liéu, xac nhan don hang va diéu

hudng giao di¢n nguoi dung trong Odoo

TestNG (Java) Hb tro quan 1y va to chic b test case, cAu hinh kiém thur

theo nhom (suite), cung cip bao cao két qua chi tiét

Postman (bé tro) Puoc sir dung dé kiém thtr mot s6 API ndi bd hodc khi can
xac minh trang thai hé thong & backend, chang han nhu xéac

thuc viéc tao don hang hodc truy xuét dit liéu san phém
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A

Dit liéu thir nghiém | Bao gom cac tap dit liéu vé khach hang, nha cung cap, san

mau

pham va don hang dé dam bao thir nghiém lap lai, nhat quan

va deé kiém soat.

3.3 Trién khai thyc nghiém

Sau khi danh gia téng thé cac dic diém cua hé théng can kiém thtr — cu thé 1a

phan hé Sales trong Odoo, vdi giao dién web dong, co nhiéu thao tac chuét, biéu mau

phuc tap va ludng nghiép vu xuyén sudt — céng cu Selenium da duoc lya chon dé

trién khai kiém thir ty dong. [5]

Selenium duoc vu tién do:

H) tro kiém thir trong tic ngudi dung truc tiép trén trinh duyét;
Tuong thich tot v&i hé thdng Odoo;
HO tro nhiéu ngdn ngilr 1ap trinh (Java, Python, C#, v.v.);

Tich hop dé dang vao quy trinh CI/CD (théng qua Jenkins, GitLab CI...).

Bén canh viéc lya chon cong cy, mo hinh Page Object Model (POM) cling dugc

&p dung trong qua trinh thiét ké bd kiém thtr ty dong. POM 1a mo hinh t6 chtrc ma

kiém thir theo hudng tach biét giira phan thao tac giao dién nguoi dung va phan logic

kiém thir, nhd d6 gitp:

Tiing kha niing bao tri: thay d6i giao dién chi can cap nhat & mét noi (trong
16p Page);

Tai sir dung cao: nhiéu test case c6 thé dung chung ham thao tac;

Quin 1y ré rang: dé tich, quan 1y, mé rong khi co nhiéu chirc ning kiém thir
khac nhau.

Ting kha ning bao tri: thay doi giao dién chi can cap nhit & mot noi (trong

16p Page);

Kién tric kiém thir ap dung:

Page Classes: dinh nghia cac locator va hanh dong trén ting trang cu thé (vi

du: LoginPage.java, CreateOrderPage.java);



45

o Test Classes: thuc hién kiém thir theo luéng nghiép vu béng cach goi lai cac
Page da dinh nghia;
« Base & Utility Classes: xir Iy khai tao WebDriver, thiét 1ap bao céo, log, chd
doi;
« Test Framework: sir dung TestNG dé to chirc test suite, bdo cédo két qua va
thuc hién assertion.
Viéc Iya chon Selenium két hop mé hinh POM 1a giai phap phu hop véi thuc trang
dur 4n tai A1 Consulting: can kiém thtr thudng xuyén, khéi luong 16n, giao dién c6
thé thay d6i nhung ludng nghiép vu tuong ddi 6n dinh. Cach tiép can nay ciing tao

nén tang t6t dé tich hop vé sau vao quy trinh DevOps hién c6 tai cong ty. [14]

3.3.1 Xay dwng kich ban kiém thir thii cong cac tinh ning wng dung Kiém thir tu
dong

Trudc khi phat trién hé théng kiém thu tu dong, can thuc hién tién hanh xay
dung day du cac Kich ban kiém thir thii cong dé xac dinh luong nghiép vy, kiém tra
d6 on dinh cta hé théng, va dam bao réng cac budce kiém thir ¢6 thé chuyén hoéa chinh
xac thanh test script tw dong. [8]
Quy trinh xay dung kich ban kiém thtr thi cong bao gdm:

o Phan tich yéu ciu nghiép vu tir dic ta phan mém (SRS) va tai liéu quy trinh
noi bo cua hé théng Odoo. Viéc phan tich giup liét ké toan b cac churc nang
chinh va phuy, tir d6 x4c dinh cac ludng nghiép vu can kiém thir.

« Xac dinh cac ludng kiém thir chinh: Sau khi da hoan tat budc phan tich yéu
cau nghiép vu, bude tiép theo trong qua trinh x4y dung kich ban kiém thtr thu
cong 1a xac dinh cac ludng kiém thir chinh cho ting chirc ning. Viéc x4c dinh
ludng kiém thtr giup dam bao hé théng duoc kiém tra mot cach toan dién & ca
tinh huéng 1y tuong 13n cac tinh hudng ngoai 1¢, tir d6 giam thiéu rui ro va ting

do tin cay cuia phan mém.

Phin loai ludng kiém thir
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- Ludng chuan (Happy Path): La luong nghiép vu chinh, trong d6 ngudi dung
thao tac dung theo quy trinh duoc dinh nghia va hé thong phan hoi dung nhu
mong doi. Day 14 co s¢ dé kiém tra tinh dung dan co ban cta hé thong.

- Ludng ngoai 1¢ (Exception Path): La nhirng tinh hudng sai 1éch c6 thé xdy ra
trong qua trinh str dung hé théng, nhu thiéu thong tin bét budc, dit liéu khong
hop 1€, thao tac sai thu tu... Viéc kiém tra luéng ngoai 1€ giup dam bao h¢

thdng c6 kha nang xir Iy 161 mot cach hop 1y va an toan.

Pé d¢am bao xdy dung bo test case co do bao phu day di nhung van tbi vu vé sb
lwong va chi phi kiém thir, can két hop cac ky thuat thiét ké kiém thir dd dugc chudn
hoa trong thue tién. Cac ki thuat nay khong chi gitp xac dinh dwgc day du cac ludng
kiém thir can thiét (bao gdm ca ludng chuan va ludng ngoai 18), ma con gop phan phat
hién céc 13i tiém an c6 thé khong dugc néu rd trong tai lidu yéu cau. Cac k¥ thuat
duoc ap dung gdm: Phan ving twong duong, Phan tich gia tri bién, Poan 15i. Viéc
két hop linh hoat giira cac k¥ thuat trong qua trinh xdy dung test case gitp ting cudng
tinh bao phu ctia kiém thir ma van dam bao hiéu qua vé chi phi va thoi gian. Day la
nhirng k¥ thuat thiét yéu, dic biét quan trong trong béi canh kiém thir thu cong dong

vai tro nén tang dé phat trién hé thong kiém thir ty dong sau nay.

o Thiét1ap dir liéu kiém thir: gdm khach hang mau, san phim, mirc gia, phuwong
thirc thanh todn, trang thai don hang.

« Viét test case chi tiét: mdi budc kiém thir bao gém muc tiéu, diéu kién dau
vdo, thao tac thuc hién va két qua mong doi.

Céc chire ning chinh duoc dua vao kiém thir gom:

« Ding nhéap hé théng

« Tao mdi yéu cau ban hang

« Xéc nhan yéu cu ban hang

o Tim kiém don hang

« Xéc nhan phiéu Xuét kho

« Tao yéu cau mua hang
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e Xéc nhan don mua hang

« Xac nhan phiéu Nhap kho

e Quy trinh Tra hang

Kich ban kiém thir thi cong khong chi 1a co s& dé phat trién test script tu dong,
ma con 14 tai liéu tham chiéu dé danh gia d6 chinh x4c ctia hé théng kiém thir sau khi

duoc tu dong hoa.

Kich bin FE

Bang 0-2: Kich ban kiém thir FE

Ma kich Tén kich ban Cac bwée thue hién Két qua mong doi
ban
TCO1 Dang nhép bo 1. Truy cap vao hé théng | Hé thong hién thi
tréng Tén dang 2. Pé trong ca hai truong | thong bao 1i yéu
nhap va Mat khau | “Email” va “Mat khau” | cau dién thong tin.
3. Nhén nit “Pang nhép”
TCO02 Ding nhap khi 1. Truy cdp vao hé théng | Hién thj thong bao
nhap sai Tén dang 16i
nhap 2. Nhap “Erqnail” sai
va “Mat khau” dting
3. Nhén nit “Dang nhap”
TCO3 Ding nhap khi 1. Truy cap vao hé théng | Hién thj thong bao
nhap sai Mat khau 16i
2. Nhép “Email” dtng
va “Mat khau” sai
3. Nhén nit “Pang nhap”
TCO04 Ping nhap thanh | 1. Truy cdp vao hé thong | Pang nhap thanh
cong cong
2. Nhap “Email
va “Mat khau” hop 1é
3. Nhén nat “Pang nhap”
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TCO0S Tao yéu caumua | 1. Truy cdp vao phan hé Tao don mua hang
hang thanh cong | Mua hang thanh cong
2. Nhan nit Méi
3. Nhap thong tin hop 1¢: | | ¥ 40ng sinh ma
Chon Nha cung cép, chon don hang
san pham, nhap SL
4. Nhan nat Luu
TCO06 Tim kiém yéu cau | 1. Vao man hinh danh Hién thi don hang
mua hang thanh sach yéu cau mua hang tuong Gng
cong 2. Nhap ma don hang hop
1é
3. Nhén Tim kiém
TCO7 Tim kiém yéu cau | 1. Vao man hinh danh Hién thi thong bao
mua hang véi ma | sach yéu ciu mua hang khong ¢ két qua
khong hop 1¢ 2. Nhap mé don hang tim kiém
khong hop 1€
3. Nhén Tim kiém
TCO8 Xac nhan yéu cau | 1. Vao man hinh danh Pon chuyén trang
mua hang thanh sach yéu cau mua hang thai “Pon ban
cong 2. Chon don hang can xac | hang”, tao phiéu
nhan nhap kho
3. Nhén nat X4ac nhan
TCO09 Xac nhan phiéu | 1. M& phiéu nhép kho Phiéu kho cép nhat

Nhap kho c6 tach

kién

2. Nhép SL hoan tit <
Nhu ciu
3. Nhéan nat Xac nhan

4. Chon tach kién

sang trang thai Hoan

tat
DPong thoi sinh
phiéu kho méi véi

SL con lai
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TC10 Xéc nhan phiéu | 1. M6 phiéu nhap kho Phiéu kho cép nhat
Nhap kho khong | 2. Nhap SL hoan tat < sang trang thai Hoan
tach kién Nhu ciu tat

3. Nhan nit X4c nhan ,

4. Chon Khong tich kign | <nong sinh phicu
kho méi véi SL con
lai

TC11 Xac nhan phiéu 1. Mo phiéu nhap kho Phiéu kho cap nhat
Nhap kho khi SL | 2. Nhap SL hoan tit = sang trang thai Hoan
hoan tit = SL yéu | Nhu céu tat
cau 3. Nhén nat X4ac nhan

TC12 Tao yéu cau ban 1. Truy cdp vao phan hé Tao don ban hang
hang thanh céng | Ban hang thanh cong

2. Nhan nat Méi

3. Nhap thong tin hop le; | ¥ 90ng sinh ma

Chon Khéch hang, chon don hang

san phém, nhap SL

4. Nhan nat Luu

TC13 Tim kiém yéu cau | 1. Vao man hinh danh Hién thi don hang
ban hang thanh sach yéu cau ban hang tuong Gng
cong 2. Nhap ma don hang hop

1é

3. Nhan Tim kiém

TC14 Tim kiém yéu cau | 1. Vao man hinh danh Hién thi thong bao
ban hang véi md | sach yéu cau ban hang khong ¢ két qua
khéng hop 18 2. Nhap mi don hang tim kiém

khong hop 1€
3. Nhan Tim kiém
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d3 hoan tat

2. Nhéan nt Tra hang
3. Nhép s6 luong cho
tirng san pham

4. Nhan nit X4c nhan

TC15 Xéc nhan yéu cau | 1. Vao man hinh danh Pon chuyén trang
béan hang thanh sach yéu cau ban hang thai “Pon ban
cong 2. Chon don hang can xac | hang”, tao phiéu
nhan nhap kho
3. Nhén nat Xac nhan
TC16 Xac nhan phiéu | 1. M6 phiéu xuét kho Phiéu kho cap nhat
xudt kho c6 tdch | 2. Nhap SL hoan tat < sang trang thai Hoan
kién Nhu cau tat
3. Nhan nat Xé4c nhan Pong thoi sinh
4. Chon tach kién phiéu kho méi véi
SL con lai
TC17 Xéc nhan phiéu | 1. M& phiéu xuat kho Phiéu kho cap nhat
xuat kho khdng 2. Nhép SL hoan tat < sang trang thai Hoan
tach kién Nhu cau tat
3. Nhan nat X4c nhan Khéng sinh phiéu
4. Chon Khong tach kién | kho mé&i véi SL con
lai
TC18 Tao don trd hang | 1. Truy cép don giao hang | Tao don tra hang

thanh cong.

Kich ban BE

Bang 0-3: Kich ban kiém thir BE

Ma kich

ban

Tén kich ban

Cac budc thuc hién

Két qua mong doi
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TCO1

bPang nhap bo
trong Tén ding

nhap va Mat khau

1. Truyén vao
{
"params": {
Illoginll: llll,

"password":

¥

}
2. Call API:

http://localhost:8069/web/

login

Loi Xac thuce
“Missing login or

password”.

TCO2

Dang nhdp khi
nhap sai Tén dang

nhép

1. Truyén vao

{

"params": {

"login™: "admin",
"password":

"admin1123"

¥

}
2. Call API:

http://localhost:8069/web/

login

Hién thi thong bao
16i: “Wrong

login/password”.

TCO3

bang nhap khi
nhap sa1 Mat
khau

1. Truyén vao

{
"params": {
"login": "admin123 ",
"password": "admin"
}

¥

Hién thi thong bao
16i: “Wrong

login/password”.
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2. Call API:
http://localhost:8069/web/
login
TCO04 Ping nhap thanh | 1. Truyén vio bang nhdp thanh
cong { cong: Tra vé
"params": { session_id, user_id,
"login™: "admin", thanh cong.

"password": "admin™

}

}

2. Call API:

http://localhost:8069/web/

login

TCO0S Tao yéu caumua | 1. Truyén vio - Tao méi yéu cau
hang thanh céng | { mua hang thanh
"partner_id": 5, cong
"order_line": [ - Response tra vé ID
{ don hang

"product_id": 12,
"product_gty": 10,
"price_unit": 15000

}
]
}2. Call API:
http://localhost:8069/purc
hase/order/create
TCO6 Tao yéu cau ban | 1. Truyén vio - Tao méi yéu cau
hang thanh céng | { ban hang thanh cong

"customers_id": 5,
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"order_line": [
{
"product_id": 12,
"product_gty": 10,
"price_unit": 15000

- Response tra vé ID

don hang

}
]
}2. Call API:
http://localhost:8069/purc
hase/order/create
TCO7 Tim kiém yéu cau | 1. Truyén vao Response hién thi
mua hang thanh | { "name": "PO0001" } chinh xac két qua
cong 2. Call API: tim kiém theo M4
http://localhost:8069/purc | don hang
hase/order/search
TCO8 Tim kiém yéu cau | 1. Truyén vio Response hién thi
ban hang thanh | { "name™: "SO0001" } chinh xac két qua
cong 2. Call API: tim kiém theo Ma
http://localhost:8069/purc | don hang
hase/order/search
TCO09 Tim kiém yéu cdu | 1. Truyén vao Response tra vé
mua hang khi { "name": "PO000" } mang trong ([])
nhdp Ma don 2. Call API:
hang khong hop | http://localhost:8069/purc
1€ hase/order/search
TC10 Xéc nhan yéu cdu | 1. Truyén vao: { - Hé thong cap nhat

mua hang thanh

cong

"order_id": 102 }
2. Call API:

[sale/order/confirm.

yéu cdu mua hang
sang trang thai Don

ban hang
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- Sinh ra phiéu Nhap

kho tuong ting.

3.3.2 Xay dung kich ban kiém thir tw dong theo cac kich ban thi cong da

xay dung.

Sau khi hoan thién hé thdng kich ban kiém thir thii cong cho ting chirc nang, kich
ban kiém thir tw déng duoc xay dung dua trén cac test case di xac thyc. Qua trinh
chuyén d6i tir kiém thir thu céng sang kiém thir tr dong dam bao rang:

o Cac budc nghiép vu duoc mo phong day da va chinh xac;

« Logic xit ly va dit lidu ddu vao gidng hét kich ban thi cong;

 Daiu ra (két qua mong doi) dugc kiém tra ty dong thong qua diéu kién assert.
Cac kich ban duogc chia thanh hai nhém chinh:

« Kiém thir frontend (UI): Cac thao tac thong qua trinh duyét, thyc hién boi
nguoi diung cudi, bao gdm: dang nhép, tao don hang, xac nhan phiéu kho, tim
kiém bao gia...

o Kiém thir backend (API): Cac ludng xir 1y hé thdng, khong qua giao dién
ngudi dung, bao gdm: login APL tao don hang qua API, xac nhan don, xir 1y
phiéu kho, tra hang...

Budée 1: Khéi tao cdu triic dw an kiém thir tw dong

Heé thdng kiém thir chirc nang ty dong trong dé an dugc xay dung dya trén mo
hinh t6 chirc chuan Maven. Viéc chia tach rd rang giita phan kiém thu giao dién
(frontend) va phan kiém thtr nghiép vu (backend) giup dam bao ma ngudn kiém thir
dé doc, d& mé rong. Cau trac du 4n duoc chia thanh cac phan rd rang, mdi phan dam
nhan mot vai tro cu thé trong toan bo luéng kiém thu.

Viéc t6 chirc cdu truc kiém thir theo chuidn Maven két hop v6i phan tang rd
rang gitra kiém thir giao dién (FE) va kiém thir API (BE) 13 yéu t6 then chét giup thuc
hién kiém soat tt ma ngudn kiém thir. Nho d6, céc test case duoc phat trién nhanh
chong, d& quan Iy va c6 thé d& dang mo rong, tich hop véi hé théng kiém thir lién tuc

vé sau.[10]
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Project -

v [ OdooERP
> [J.idea
v [Osre
v [ main
JEVE]
> [ pages
> [ utils
v [Dtest
JEVE]
> [] backend
> [Dtests
> [ utils
v .2 resources

{} delivery_input.json

{} order_data.json

target
(£ OdooERP.iml
pom.xml
testng.xml
testng_BE.xml
> (b External Libraries
= Scratches and Consoles

Hinh 0.1: C4u trtic thu muc dy 4n Odoo ERP
Budc 2: Xay dung 16p Page Object va 16p Test Class

Trong kiém thtr giao dién nguoi dung (frontend), Page Object Model (POM) —
1a mot trong nhitng md hinh chuan kién trac dugc khuyén nghi trong kiém thir tu
dong véi Selenium. Mdi man hinh (giao dién) s& duoc 4nh xa thanh mot 16p (class)
riéng, noi tap trung dinh nghia:

o Céc phan tir giao dién (locator),

o Céac hanh dong twong tac (ham click, nhap dir liéu, 1dy két qua...).
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Page Object Model
(POM)

Base Page Base Test

Page 1 Test 1
Page 2 Test 2

Hinh 0.2: Mb hinh céc thanh phéan trong du 4n kiém thir ty dong.

So d6 trén minh hoa mé hinh t6 chirc kiém thir giao dién ngudi dung theo kién
triic Page Object Model (POM). Viéc 4p dung mo6 hinh nay gitip phan tach r0 rang
giita phan xr Iy giao dién (Page) va phan kiém thir (Test), tir d6 nang cao tinh tai sir
dung mi ngudn va don gian hoa quy trinh bao tri. [14]

Khi ¢6 thay doi trong giao dién nguoi ding, chi can cap nhat 16p tuong tng
trong phan Page ma khong can diéu chinh cac 16p kiém thir. Cach t6 chirc nay giup
giam thiéu rai ro phat sinh 15i khi sira d6i hé thong va tiét kiém dang ké thoi gian bao
tri.

Bén canh do6, viéc md rong pham vi kiém thir cling tré nén dé dang hon. Cu
thé, chi can xay dung thém mét 16p Page ké thira tir 16p co sd va dinh nghia cac phan
tir cting hanh vi trong tng. Sau do, trién khai cac 16p kiém thtr twong tng ké thira tir
16p kiém thir co s6. Cach tiép can nay mang lai sy linh hoat, dong thoi dam béo tinh

hé théng va kha niang mé rong cho bo kiém thi.
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LoginPage java

time.Duration

LoginPage {

WebDriver

t.until(E

i .findEl
.until(Ex

Hinh 0.3: Kiém thir chirc ning ding nhap trong 16p LoginPage
Ting ludng nghiép vu sé duoc anh xa thanh mot 16p kiém thir (Test Class)
riéng biét. Trong 16p ndy s& goi cac hanh dong tir Page Object dé kiém tra dy du
ludng giao dién.

LoginTest.java

ChromeDri;

w LoginP

.getErrort

Hinh 0.4: Kiém thir chirc niang dang nhap trong 16p LoginTest
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Trong mé hinh Page Object Model, mdi 16p kiém thir (Test Class) khong thao
tac truc tiép v6i cac phan tir giao dién (locator). Thay vao do, tit ca cac thao tac nhu
nhap dir liéu, click nat, 14y théng bao 16i déu duoc goi thong qua cac ham xir 1y da
duoc dinh nghia trong Page Object.

Céch tiép can nay giup tach biét 1 rang giira logic giao dién (giao tiép voi hé
thong) va logic kiém thir (kiém tra nghiép vu). Nho d6, khi giao dién thay doi, chi
can sira tai mot noi (Page Object), con toan bd ma kiém thir van giir nguyén.

Buwéc 3: Xay dung kiém thir backend (API)

Bén canh kiém thtr giao dién ngudi dung (frontend), hé théng con dugc kiém
thir & ting nghiép vu xr Iy phia may chu (backend). Muc tiéu cua viéc kiém thir
backend la ddm bao cac churc nang 161 nhu tao don, xac nhan don hang, xir 1y kho, tra
hang... van hanh dtng logic, dit liéu phan hdi chinh xac, va khong c6 16i xay ra & ting
sdu cua hé thong, ngay ca khi khong cé giao dién ngudi dung.

Trong pham vi dé an nay, kiém thir backend duoc thue hién thong qua viéc
gui tryc tiép cac yéu cau HTTP (GET, POST) dén cac API ndi bo cua hé thong Odoo,
xtr 1y phan hoi, va ddi chiéu voi két qua mong doi bang cac 1énh kiém tra tu dong
(assert).

TAt ca céc 16p kiém thtt backend duoc dat trong thu muc
src/test/java/backend/, mdi 16p dai dién cho mot nghiép vu chinh, dwoc tach biét dé
d& bao tri. Mbi 16p kiém thir gdm nhiéu phurong thirc @ Test, mdi phwong thirc 1a mot
tinh hudng kiém thir (test case) cu thé, duoc anh xa truc tiép tir danh sach kiém thir

thu cong.
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LoginTest.java CreateOrderBETest.java ConfirmOrderBETest.java

e backend;

com.fasterxml.jackson.databind.ObjectMapper;

port java.util.Map;

ss ConfirmOrderBETest {

Map<String, Object> body = Map.of(

. Map.of(

c firm",
bject[1[1{{orderId}},

, Map.of(
, Map.of(

Hinh 0.5: Kiém thir BE trong 16p Test

3.3.4 Thuec thi kiém thir

Sau khi hoan thién cac 16p kiém thir chirc nang ty dong cho ca giao dién ngudi
dung (frontend - FE) va xir 1y phia may cha (backend - BE), hé théng kiém thir duoc
t6 chirc thuc thi theo tirng khdi chirc ning twong tmg. Qué trinh thuc thi dwoc cu
hinh théng qua tép testng.xml, cho phép kiém thtr dugc trién khai linh hoat theo ting
16p kiém thur, tung chic nang nghi¢p vu riéng 1€, hoac toan bg h¢ théng. Sau khi thuc
thi, hé¢ théng tu dong tao bao cdo ghi nhan két qua kiém thur.

Dé 4n s dung framework TestNG dé diéu phdi qua trinh kiém thir. Day 1a
cong cu hd trg to chirc va quan 1y test case mot cach hiéu qua, cho phép thiét 1ap cac
kich ban chay theo tirng don vi kiém thir (<test>), theo ting 16p (<class>) hoic theo
trinh tu nghi€p vu duoc xac dinh trudc.

Céc 16p kiém thir duoc phan chia 1 rang theo muyc dich kiém thir, bao gom:
« Frontend (FE): kiém thir cac thao tac ctia ngudi dung thong qua trinh duyét

véi su ho tro cua Selenium. [6]
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« Backend (BE): kiém thir logic nghiép vu bang cach giri truc tiép cac yéu cu
HTTP (API) t6i hé théng Odoo.
Tt ca cac 16p kiém thir déu duoc khai bao va quan 1y tap trung trong tép testng.xml,

dong vai trd nhu tép diéu phdi chinh cuia toan bo quy trinh kiém thir ty dong.
3.4 Két qua kiém thir

Sau khi hoan thién 28 kich ban kiém thir tu dong cho cac chirc nang trong yéu
nhu ding nhap, xt Iy don hang, kiém tra kho va xac nhén dit liéu, qua trinh thyc
nghiém dugc trién khai trong 8 tudn véi tin suat thuc thi 2 1An/tuén, tong cong 16
dot chay kiém thir toan bo hé thong.

Tong két két qua kiém thir ty dong nhu sau:
o Tong s lwot kiém thir thwe hién: 448 lugt (28 test case x 16 1an).
« Tong s 16i dwoc phat hién: 12 15i, trong do:

o 415ilién quan dén giao dién ngudi dung (UI): bao gdm mat nut, giao
dién hién thi 1éch, khong phan hoi dung khi thuc hién thao tac.

o 516ilién quan dén xir Iy logic hé thong: bao gom diéu kién sai, khong
kiém tra dir liéu tréng, xir Iy dau vao khong hop 1& giy treo hé théng
tam thoi.

o 3 15i thudc nhém diéu hwéng va thong bao sai: khong chuyén trang
sau thao tac, hién thi thong bao khong chinh xac hodc khong co thong
béo khi thao tac 16i.

« Ty I¢ thanh cong sau lan chay thir 5: dat 100%, cho thiy hé théng da on
dinh sau khi phat hién va khac phuc cac 16i ban dau.

« Thoi gian thue thi trung binh méi lwgt: ~7 pht.

« Thoi gian kiém thir thi cong twong dwong: khoang 65-70 phut/luot

— Nhu vay, hé thong gitip tiét kiém trung binh 58-63 phut méi lwot, tuong

duong 928-1.008 phut (~15-17 gio) trong toan bd qua trinh thir nghiém
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Cac test case duoc thuc hién béng cong cu Selenium WebDriver két hop véi
TestNG, to chitc ma ngudn theo mo hinh POM dé téi wu kha ning béo tri va tai

su dung.

3.5 Panh gia két qua

Trude khi ¢6 kiém thir ty dong, mdi 1an cip nhat hé théng (upcode) déu yéu cau
doi kiém thur chay lai toan b cac kich ban churc nang dé dam bao khong c6 16i phat
sinh ngoai y mudn (regression). Trung binh, mdi 1an nhu vay can:

o 6 gid 1am viéc dé kiém thir toan bo bang tay (3 gid trén méi trudng staging, 3

gi0 trén production).

e V6i tan suét 2 1an cap nhat/tudn — 12 gid/tudn, tirc 96 gid trong 8 tuén chi

riéng cho hdi quy.
Sau khi 4p dung kiém thir ty dong:

« Thoi gian hdi quy giam con 2 gio/ldn, gdm 1 gio chay test tw dong va 1 gid

test thil cong bd sung.

« Tong thoi gian con lai 1a 32 gio/8 tuin.

— Giam dwoc 64 gid (66.7%) thoi gian kiém thir hoi quy, tir d6 ting toc do phat
hanh va giam ap lyc cho doi kiém thir.

Qua trinh xay dung va bao tri testcase

Vé xay dung testcase:

Viéc xdy dung test case ban dau doi hoi thoi gian va ngudn luc 16n do doi kiém
thtr phai 1am quen cong cu (Selenium + TestNG) va md hinh Page Object Model
(POM). Tuy nhién, hiéu suat dugc cai thién dang ké sau mdi tuan:

 Tuin 1: xay dung duoc 13 test case don gian (chu yéu 1a dang nhap va diéu

huodng).

« Tuén 2 va 3: hoan thién toan bo 28 test case ban dau theo ké hoach.

« Thoi gian trung binh xay dung 1 test case: tir 1.5-2 gio luc dau — giam con

~1 gid khi quen quy trinh.

Vé bao tri testcase:
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« Giai doan diu: mat trung binh 6 gio' dé diéu chinh lai 20 test case sau khi hé

thdng thay doi.

e Giai doan tuln 8: toan bd 28 test case chi can 4 gi0 bao tri, nho to chtrc code

hop 1y, tai st dung t6t theo md hinh POM.

— Thoi gian bio tri giam hon 33% so voi giai doan dau, dam bao tinh bén viing

khi m¢ rong quy mo.

Bang 0-4: Panh gia két qua

Tiéu chi

Trwéce khi ap dung

kiém thir tw dong

Sau khi ap dung

kiém thir tw dong

Mikc céi thién

thtr hoi quy 8 tuan

Thoi gian kiém thtr 6 gi0 (3h staging + 3h | 2 gio (1h ty dong + | Giam 66.7% (4
hdi quy mdi 1an production) 1h thu c6ng) gio/lan)

Tan suat kiém thir hdi | 2 lan/tudn 2 lan/tuan Khéng doi

quy

Tong thoi gian kiém | 96 gio 32 gio Giam 64 giod

S6 test case xdy dung

13 test case don gian

8 (28 test case)

tuan 1

Téng sb test case 0 28 test case Hoan thi¢n toan
hoan thién tuan 3 bo

Thoi gian xay dung 1.5-2 gio ~1 gio Tiét kiém 0.5-1
trung binh/test case gio/test case
Thoi gian bao tri ban | 6 gio - -

dau (20 test case)

Thoi gian bao tri tuan | - 4 gioy Giam >33%

3.6 Két luan chwong 3

Trong chuong ndy, dé an trinh bay qua trinh tng dung kiém thir ty dong vao

hé théng Odoo ERP trong bdi canh chuyén doi s6, véi muc tiéu danh gia hiéu qua va

rit ra bai hoc thuc té. Két qua thuc nghiém cho thay kiém thtr ty dong gitip phat hién
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16i som, tang d6 on dinh hé thong, va tiét kiém thoi gian so véi phuong phap thu

cong.
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KET LUAN

Két qua dat dwoc ciia dé an

Pé an “Nghién ctru kiém thir tw dong phin mém va ving dung tai cong ty Al
Consulting” da budc dau tiép can va trién khai kiém thir ty dong trong méi truong
doanh nghiép, gop phan nang cao hiéu qua kiém thir, rat ngan thoi gian va hd trg

kiém soat chat lwvong phan mém t6t hon. Cu thé dé an da dat duoc cac két qua sau:

« Tiét ki¢ém thoi gian kiém thir hdi quy: Thoi gian kiém thir hoi quy giam tir
6 gio mdi lan xubng con 2 giv, twong duong giam 66.7%, tiét kiém 64 gio
trong 8 tuan. Piéu nay gitp ting toc d6 phat hanh san pham va giam tai cong
viéc cho doi ngli kiém thu.

o Hiéu qua xay dung va bao tri test case: Str dung mo hinh Page Object Model
phéi hop voi Selenium va TestNG gitp t6i wu hoa viée t6 chirc va tai sir dung
ma ngudn test case, giam thdi gian bao tri hon 33% sau 8 tuan van hanh, dong
thoi nang cao d6 6n dinh va kha ning mo rong cta bo test.

o Phét hién 15i sém, niang cao chit lwong: Kiém thir tr dong hd tro phat hién
16i som trong qua trinh phat trién, giam thiéu 18i phat sinh va cai thién do 6n
dinh ctia hé théng.

o Giam thiéu cong sirc kiém thir thi cong: Giam dang ké khoi lugng cong viée
thil cong, gitip d6i kiém thir tap trung vao cac kich ban phirc tap va sang tao
hon.

o Danh gia tinh kha thi cia cong cu va moé hinh: M6 hinh Page Object Model
va cong cu Selenium dugc chirng minh phu hop va hi¢u qua khi ap dung trong

moi trudng thue té doanh nghiép.
Huwéng phat trién tiép theo

Dé tiép tuc nang cao hiéu qua va md rong pham vi ap dung ctia hé thong kiém thir

tr dong, dé an dé xuat mot sd hudng phat trién trong twong lai nhu sau:
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« Moé rong pham vi kiém thir: Phat trién thém cac test case dé bao phii toan
dién hon cac chtrc nang, bao gdm céc tinh hudng dic biét (edge cases), di liéu
bién (boundary values), ciing nhu cac bai kiém thir hiéu ning va bao mat.

« Tich hop quy trinh kiém thir vao hé thong CI/CD: Thiét 1ap co ché kich
hoat kiém thir ty dong ngay khi c6 thay d6i trong mi ngudn (continuous
testing), ddm bao phan hoi sdm va lién tuc trong qua trinh phat trién phan
mém.

o T6i wu hoéa thoi gian thwe thi: Nghién ciru 4p dung kiém thtr song song
(parallel testing) va da trinh duyét (cross-browser testing) nham rat ngin thoi
gian thuc hién va dam bao kha ning trong thich cta hé théng trén nhiéu moi
truong khac nhau.

« Ning cao truc quan héa két qua kiém thir: Tich hop cac cong cu bao cao
nang cao nhu Allure Report hodc ExtentReports dé hién thi két qua kiém thir
mot cach tryc quan, dé theo ddi va thuén tién cho viéc danh gia va phan tich.

« XAy dung hé thong kiém thir hoan toan tw ddng: Tién t4i trién khai quy
trinh kiém thtr khép kin bao gdm khai tao dit liéu dau vao, thuc thi kiém thtr,
xé4c minh két qua va don dep mai trudng sau khi kiém thir, qua d6 giam thiéu

tdi da sy can thiép thu cong.

Céc dinh huéng trén khong chi gitip hoan thién hé thong kiém thir tw dong hién
c6 ma con tao nén tang dé nhan rong va ap dung & quy mo 16n hon, dap tmg yéu cau
phat trién phdn mém hién dai trong bdi canh DevOps va Agile ngay cang pho bién,

noi ma téc d6 va chit lwong déu 1a nhitng yéu té then chdt.
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BAN CAM DOAN

Tbi xin cam doan da thuc hién kiém tra mirc d6 trung ldp ndi dung cua dé 4n thong
qua phan mém kiém tra tai liéu mot cach trung thuc, va két qua cho thiy muc do tring

lap 14 12% so v6i toan bd ndi dung cua dé an tot nghiép.

Ban dé an di duogc kiém tra bang phan mém 14 ban ctng chinh thic da nop dé bao vé
trudc Ho1 déng. Tbi xin hoan toan chju trach nhiém vé tinh trung thuc cua cam két
nay. Néu co sai sot, tdi xin chap nhan moi hinh thirc xtr Iy theo quy dinh hién hanh

cua Hoc vién.

Ha Noi, ngay ...... thang ...... nam ......

HOQC VIEN CAO HQC
(Ky va ghi ro ho tén)
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