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LOI CAM DOAN

To61 xin cam doan:

1. Téi xin cam doan rang tat ca ndi dung va két qua duoc trinh bay trong dé
an nay 1a san pham cua chinh t6i, duoc thuc hién trén co s nghién ctru, phén tich va
danh gia nghiém tac dudi sy huéng dan tan tinh cia c6 TS. Phan Thi Ha.

2. T6i khing dinh khong sao chép, bién soan ndi dung tir bat ky ngudn tai liéu
nao khac ma khong trich dan day du. Nhiing thong tin, tai liéu tham khéo tir cac ngudn
khac di dugc toi trich dan 16 rang tén tac gia, tén cong trinh, thoi gian cong b trong
dé 4n.

3. Néu phat hién bat ky hanh vi sao chép khong hop 1 hoic vi pham quy dinh
vé dao tao, t6i xin hoan toan chiu trach nhiém trudc nha trudng va cac co quan co

tham quyén.

Ha Noi, ngay thang nam 2025

Hoc vién thuc hién dé an

Vii Van Dam
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LOI CAM ON

Trudce hét, t6i xin bay to long biét on chan thanh dén Ban Giam hiéu nha
trwong cing Quy thay, ¢é gido Khoa Pao tao Sau dai hoc di tin tinh giang day,
truyén dat kién thirc va tao moi diéu kién thuan loi cho toi trong sudt qué trinh hoc
tap va thyc hién dé an tot nghiép nay.

T6i xin bay to 161 cam on sau sic dén ¢6 TS. Phan Thi Ha — ngudi d3 tan
tinh hudng dan, dong hanh, hd tro va dong gop nhiéu y kién quy bau gitp t6i hoan
thanh tot d¢ 4n.

T6i ciing xin gui 161 cam on dén Vién Thong Nam Pinh di tao dicu kién
thuan loi cho t6i tham gia hoc tap, dong thoi hd trg cac van dé lién quan trong qua
trinh thuc hién dé an.

Cubi cuing, toi xin chan thanh cam on gia dinh, ngwoi than, ban bé va dong
nghiép di luén quan tam, dong vién, ung ho toi trong sudt thoi gian hoc tap va nghién
clru.

Nam Binh, ngay thang nam 2025

Hoc vién thuc hién dé an

Vii Van Pam
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MO PAU
1. Ly do chon dé tai

VNPT Nam Dinh 13 don vi thanh vién ctia T4p doan Buu chinh Vién thong
Viét Nam (VNPT), chuyén cung cip céac dich vu vién théng nhu Fiber VNN, My TV,
dién thoai ¢ dinh, kénh truyén sb lidu, MegaVNN, cung cac dich vu cong ngh¢ thong
tin gdm hé thong quan 1y vin ban diéu hanh, hé théng quan 1y bénh vién, hé thong
quan ly cong churc vién churc, hda don dién tur, va nhiéu dich vu khac. Hién nay, VNPT
Nam Dinh 1a mdt trong ba nha cung cép dich vu Internet 16n nhét trén dia ban tinh
Nam Dinh.

Trong bdi canh thi truong vién thong gan nhu di budc vao giai doan bio hoa,
viéc phat trién thué bao méi gip nhiéu khé khan khi phan 16n khach hang mai dén tir
nhom chuyén doi tir cic nha mang dbi thi. Do d6, chi phi dé phat trién mot khach
hang méi thudng cao hon dang ké so vai chi phi can thiét dé duy tri va giit chan khach
hang hién tai. Vi vay, cong tdc cham séc va gitt chan khach hang ludén dugc cac nha
mang, trong d6 c6 VNPT Nam Dinh, xac dinh 1a nhi¢m vu trong tam.

Theo béo céo thong ké cia VNPT Nam Pinh [5], tinh dén ngay 30/11/2023,
sb luong thué bao dang sir dung dich vu Internet FiberVNN dat 133.405 thué bao. So
liéu phat trién thué bao va lugng thué bao roi mang trong sau thang dau nam 2023
nhu sau:

e Thang 1: phét trién mdi 1.148 thué bao, roi mang 1.247 thué bao.

e Théang 2: phat trién méi 1.161 thué bao, rdi mang 1.396 thué bao.

e Thang 3: phat trién méi 1.192 thué bao, rdi mang 1.265 thué bao.

e Théang 4: phat trién méi 1.231 thué bao, rdi mang 1.312 thué bao.

e Thang 5: phat trién moi 1.128 thué bao, rdi mang 1.346 thué bao.

e Théng 6: phét trién méi 916 thué bao, rdi mang 1.218 thué bao.

Nhirng con s trén cho thay tinh trang thué bao roi mang c6 xu hudng cao hon
hoac xép xi s6 lugng thué bao phat trién mai, dit ra thach thirc 16n ddi vai cong tac

chdm soc khach hang va duy tri thué bao cia VNPT Nam Dinh trong thot gian téi.
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Hinh 1: S6 lwong thué bao phat trién méi, roi mang 6 thang dau nim 2023 tai
VNPT Nam DPinh|5].

Trong 6 thang dau nam 2023, ty 1€ thué bao ro1 mang dich vu FiberVNN tai
VNPT Nam Dinh 1uén cao hon ty 18 thué bao phat trién méi. Thuc trang nay dit ra
nhitng thach thirc khong nho cho cong tac duy tri va phét trién thué bao cua don vi.

Trude tinh hinh d6, 1dnh dao VNPT Nam Pinh di trién khai nhiéu giai phap
ca vé nghiép vu 14n cham soc khach hang nham gitr chan va phat trién thué bao. Cu
thé, don vi da thuong xuyén td churc cac chuong trinh dao tao ndi bo cho ddi ngii can
b, k¥ thuat vién, nhan vién kinh doanh vé k¥ ning cham soc khach hang va nang cao
chét lugng dich vu. Dinh ky hang tuan, VNPT Nam Dinh thuc hién théng ké, bao cao
) luong khach hang da ro1 mang va gui vé cac don vi truc thudc dé trién khai cac
bién phap cham sdc, thuyét phuc khach hang quay lai sir dung dich vu. Bén canh do,
hang thang don vi con giao chi tiéu sé lwong phiéu B2A cho nhan vién k¥ thuat tai
cac dia ban dé khao sat, ghi nhan y kién phan hoi ciia khach hang vé chat luong dich
vu ma VNPT cung cap.

Tuy nhién, c4c giai phap trén van mang tinh thii cong, chua tin dung dugc cac
cong cu phan tich dir li€u hién dai nham dy doan sém va chinh xé4c cac khach hang

c6 nguy co roi mang. Xuét phat tir thuc té do, trong dé an nay t6i lwa chon ap dung



cac phuong phap hoc may dé phan tich va dir bao kha ning roi mang cua khach hang
st dung dich vu FiberVNN tai VNPT Nam Dinh. Day ciing chinh 1a Iy do t61 chon
dé tai nghién ctru:

“ Dw bao khach hang roi mang dich vu Fiber VNN tai VNPT Nam Dinh”

2. Téng quan vé vin dé cin nghién ciu

Dé ¢6 thé du doan chinh xac, hoic dat ty 1€ chinh xac cao vé khach hang co
nguy co ro1 mang dich vu FiberVNN tai VNPT Nam Dinh, dé an tap trung nghién
ctru va phan tich cac thudc tinh, hanh vi cua khach hang c6 kha ning tac dong dén
quyét dinh roi mang. Céac yéu té dién hinh dugc xem xét bao gdm: s 1an bao hong
dich vu, tinh trang no cudc thanh toan, cac phan anh ctua khach hang vé chat luong
dich vy, cling nhu phan hdi vé thai do va chat luong phuc vu cta do1 ngli nhan vién
cham soc khach hang tai dia ban. Trén co s¢ d6, dé an hudng t6i viéc dé xuat cac giai
phap chiam séc khach hang phii hgp nham gia ting sy hai 10ng va khuyén khich khach
hang tiép tuc st dung dich vu cua don vi.

Sau khi x4c dinh va phan tich cac truong thong tin c6 kha ning anh huéng dén
nguyén nhan khach hang roi mang, dé 4n tién hanh nghién ctru vé cac phuong phap
hoc may (machine learning) va lya chon céc thuat toan hoc may phu hop dé ap dung
cho bai todn dy bdo. Cac thuat toan nay s€ duoc su dung dé huan luyén va xay dung
mo hinh du bdo kha nang rd1 mang cua khach hang.

Bén canh d6, d¢ an ciling tham khao va ké thira nhitng két qua nghién ctru khoa
hoc di duoc cong bd trong nudce va qudc té vé viée tng dung cac mé hinh hoc may
cho bai toan dur bao khich hang rdi mang trong linh vuc vién thong, ciing nhu trong
céc linh vuc khéc ¢ lién quan, nhdm b sung co s& Iy thuyét va hoan thién mé hinh
nghién ctru.

2.1. Cac nghién cvru trong nwoc
Mot s6 luan van va dé tai nghién ctru trude day da ap dung cac thuat toan hoc

may dé du bao kha ning roi mang cta khach hang:



- Tiéu biéu 14 luan van tdt nghiép thac siky thuat chuyén nganh Hé théng thong
tin cda tac gia Duong Minh Ly (ndm 2023), thyc hién tai Hoc vién Cong ngh¢ Buu
chinh Vién théng - Co s& TP. Hb Chi Minh, véi tén dé tai:

“Du bao khach hang str dung dich vu FiberVNN cua VNPT Tay Ninh c6 nguy
co 101 mang”.

Trong nghién ctru ndy, tac gia di str dung phan mém Weka dé thyc hién tién
xtr Iy dit liéu va phan mém Azure Machine Learning dé xay dung va huan luyén mé
hinh dy bao. Sau khi nghién ctru, so sdnh mot s6 thuat toan hoc may va can cur vao
dic diém dit liéu thuc té cia VNPT Tay Ninh, tac gid lga chon thuat toan Two-Class
Boosted Decision Tree dé xay dung mo hinh dy bao. Dir liéu duoc chia thanh hai tap:
80% dir liéu dé huan luyén va 20% dir liéu dé kiém thir. M6 hinh du bao thu duoc két
qua kha quan vdi cac chi sb: accuracy dat 99,5%, recall dat 98,7%, precision dat
99.,4% va F1-score dat 99,0%.

- Bén canh do, trong nam 2022, nhém tac gia gom Vo Pirc Vinh (VNPT Dong
Nai) va Tran Van Lang (Truong Pai hoc Ngoai ngit - Tin hoc TP. H6 Chi Minh) da
cong bd bai bao khoa hoc véi tiéu dé “Du bao khach hang thué€ bao ro1 mang dich vy
Fiber” trén Tap chi Khoa hoc HUFLIT [4]. Bai bao trinh bay vi¢c &p dung cac cong
cu trong linh vuc hoc may, két hop véi thudt toan cdy quyét dinh dé xay dung mé
hinh phan tich dit liéu, nham dy bao sém cac thué bao c6 nguy co rdi mang. Mé hinh
duoc xay dung trén co sé khai thac dir liéu lich str vé cac thudc tinh dugc xac dinh 1a
nguyén nhan din dén sy roi mang ctia thué bao tai VNPT Ddng Nai. Két qua thuc
nghiém cho thdy mé hinh ¢ kha ning du bao khich hang c6 nguy co roi mang vai
ty 1€ chinh xac rt cao so voi sb liéu thuc té, khfmg dinh tinh kha thi va hiéu qua ctua
phuong phap tiép can nay.

- Mot nghién ctru khac tiéu biéu 1a luan van thac si cia tic gia Nguyén Thi
Nhu Ngoc (ndm 2014), thuc hién tai Truong Pai hoc Cong ngh¢ - Dai hoc Qubc gia
Ha N¢i, véi dé tai:

“Phan tich dit li¢u thué bao di dong hudng dén dy bao thué bao roi mang vién

thong” [2].



Trong nghién ctru nay, tac gia da ap dung cac thuat toan hoc may gom C4.5
(Decision Tree), Naive Bayes, SVM va Neural Networks dé xay dung m6 hinh phan
16p dy doan kha ning roi mang cia cc thué bao vién thong. Két qua thuc nghiém
cho théy, mo hinh phan 16p st dung cac thuat toan trén dat do chinh xac du bao
khoang hon 60%, qua d6 phan 4nh nhitng thach thirc cia bai toan trong diéu kién di
lidu va cong cu xir 1y tai thoi diém nghién ciru.

2.2. Cac nghién cwru ngoai nudc.

- Mot nghién ctru qudc té tidu biéu khac 1a bai bao “Churn Prediction in the
Telecommunications Sector Using Support Vector Machines” dugc cong bd nim
2013 bdi nhom tac gia lonut Brandusoiu va Gavril Toderean thudc Technical
University of Cluj-Napoca [6]. Bai bao trinh bay mot phuong phap tién tién nham dy
doan kha niing roi mang ctia khach hang trong nganh vién thong di dong. Tap dit lidu
duogc st dung trong nghién ciru bao gdm céc ban ghi chi tiét cudc goi, v6i 3333 ban
ghi va 21 thudc tinh cho mdi ban ghi. M6 hinh du bao duoc xay dung dua trén thuat
toan Support Vector Machines (SVM) véi bon loai ham nhan khac nhau. Hiéu suét
clia cac mo hinh dugce danh gia va so sanh thong qua chi sé gain measure, cho thay
tinh hiéu qua va tiém ning Gng dung cta phuong phap trong thuc té.

3. Muc dich nghién ciru

Dé an tap trung nghién ctru, thu thap va khai thac dir liéu khach hang da ro1 mang
dé 1am co so phan tich, xdy dung cong cu du béo khach hang c6 nguy co roi mang.
Dir li¢u dugc thu thap, truy XUAt tir phr?m mém quan 1y ndi bd cua VNPT Nam Dinh
dén thoi diém 31/03/2025 nham dam bao tinh day da va cap nhat.

Trén co so dit liéu da thu thap, dé 4n tién hanh nghién ctru cac phuong phéap hoc
may va lwa chon nhitng thuit toan hoc may phu hop c6 thé ap dung cho bai toan dy
bao khach hang ro1 mang. M6 hinh dy bao dugc xay dung dua trén tap dir liéu khach
hang hién co tai don vi, voi muc ti€u phat hién sém nhirng khach hang c6 kha nang

r01 mang.



Két qua du bao duoc cung cip dinh ky cho bo phan chim séc khach hang va nhan
vién phu trach dia ban dé tir 46 chu dong trién khai cac bién phap chim soc, thuyét
phuc va giit chan khach hang, gop phan 6n dinh va phat trién thué bao cta don vi.

4. Pbi twong va pham vi nghién ctu

e Ddi twong nghién ciru ciia dé an 1a tdp khach hang hién dang st dung dich
vu FiberVNN va tap khach hang da ngung st dung dich vu (ro1 mang) tai VNPT Nam
Dinh. Nhom khach hang nay c6 day du dit liéu vé qua trinh st dung dich vy, hanh vi
va cac dic diém lién quan, qua d6 tao thanh ngudn dit liéu chinh dé phan tich va xay
dung mo6 hinh du bao kha ndng r61 mang

e  Pham vi nghién ctru gidi han trong khach hang da va dang sur dung dich vu
FiberVNN cta VNPT Nam Dinh, khai thac dir liéu tir hé théng quan 1y ndi b cua
don vi. Dé an chi tap trung vao dich vu FiberVNN va khu vuc tinh Nam DPinh, khong
xem xét cac dich vu vién thong hodc cong nghé thong tin khac cia VNPT Nam Dinh.
5. Phuwong phap nghién ciru

e Nghién ctu Iy thuyét: Tim hiéu co sé 1y thuyét vé hoc may (Machine
learning) va céac thuat toan hoc may co thé ap dung cho bai toan du bao khach hang
r0i mang. P& an tap trung nghién ctru hai thuat toan chinh gom thuat toan Cay quyét
dinh (Decision Tree) va thuat toan May vector hd tro (Support Vector Machine -
SVM) nham xac dinh thuat toan tbi uu cho viée xay dung mé hinh du bao.

e Phuong phép thuc nghiém: Xay dung mo6 hinh du bao khach hang ro1 mang
dua trén hai thuat toan da nghién ctru. M6 hinh duogc huan luyén va danh gia trén tap
dir liéu ndi bo cia VNPT Nam Dinh, nham kiém chtng kha nang (mg dung thuc tién

cua céc thuat toan trong du bao khach hang c6 nguy co ro1 mang.



Chuong 1. TONG QUAN VE BAI TOAN DU BAO KHACH

HANG ROI MANG DICH VU

Trong chuong nay, dé an s& gidi thiéu téng quan vé VNPT Nam Binh, tinh
hinh cung cép dich vu Internet cia VNPT ciing nhu ctia cac nha cung cap dich vu
khéc trén dia ban tinh Nam Dinh. Bén canh do, chuong nay cling trinh bay co so 1y
thuyét vé hoc may (machine learning) va nghién ciru mot sé thuat toan hoc may co
thé ap dung cho bai toan dy bao khach hang roi mang. Pay sé& 1a nén tang quan trong
phuc vu cho viéc xay dung md hinh dy bao trong cac chuong tiép theo cua dé an.
1.1. Tong quan vé VNPT Nam Pinh.
1.1.1. Gidi thiéu.

VNPT Nam DPinh 1a don vi hach toan phu thugc Tap doan Buu chinh Vién
thong Viét Nam (VNPT), tién than 1a Buu dién tinh Nam Dinh dugc thanh lap tir nam
1945. Dén thang 01 ndm 2008, Buu dién tinh Nam Dinh dugc chia tdch thanh hai don

vi: Vién thong Nam Binh va Buu dién Nam Dinh.

Hinh 2: VNPT Nam Dinh

VNPT Nam Dinh c6 chirc nang nhiém vu kinh doanh va cung ca”ip cac dich vu

vién thong - cong nghé thong tin (VT - CNTT) trén dia ban tinh, phuc vu nhu cau



thong tin lién lac cua cac cip uy Pang, chinh quyén, co quan, doan thé, doanh nghiép
va nhan dan tinh Nam Dinh.

Linh vuc kinh doanh chinh cia VNPT Nam Dinh bao gém:

e Cung cép cac dich vu vién thong: dich vu dién thoai c¢d dinh, dién thoai di
dong, Internet bang rong (Home Internet, FiberVNN), dich vu truyén hinh MyTV.

o Cung cip cac dich vu cong nghé théng tin: VNPT-CA, VNPT-IVAN, s
lién lac dién t&r vaEdu, VNPT-iOffice, VNPT-iGate, dich vu tin nhén quang ba SMS
Brandname...

e Td chuc xay dung, quan ly, van hanh, lép dat, khai thac, bao dudng, sua
chita mang vién thong trén dia ban tinh.

e Kinh doanh va cung cép cac dich vu vién thong, CNTT theo nhu cau cua
khach hang.

e San xuit kinh doanh, cung tmg, 1am dai 1y vat tu, thiét bi vién théng - CNTT
phuc vu san xuét kinh doanh ctia don vi va nhu cau thi truong.

e Kinh doanh dich vu quang céo, dich vu truyén thong.

e T6 chiic phuc vu thong tin dot xuat theo yéu cau ciia cip iy Pang, chinh
quyén dja phuong va cip trén.

o Kinh doanh céc nganh nghé khac khi duoc Tap doan Buu chinh Vién thong
Vi¢t Nam cho phép.

1.1.2. Tong quan vé dich vu Internet tai Nam Binh.

Theo bao cao théng ké ctia VNPT Nam Dinh, tinh dén cudi nam 2023, trén dia
ban tinh Nam Dinh c6 ba nha cung cip 16n trong linh vyc dich vu Internet cap quang,
gdm: VNPT, Viettel va FPT. Thi phan cu thé cta timg nha cung cip nhu sau:

e VNPT chiém khoang 38% thi phan
Viettel chiém khoang 41% thi phan
FPT chiém khoang 18% thi phan

Céc nha cung cap khac chiém khoang 3% thi phan trén toan tinh.



THI PHAN INTERNET TAI NAM PINH
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Hinh 3: Thi phan Internet tai Nam Dinh

Thi trudng Internet tai Nam Dinh hién nay gan nhu da budc vao giai doan bao

hoa, s6 lugng khach hang méi phat trién thém chit yéu 14 do chuyén di tir nha cung

cap khac sang. Trong bdi canh dé, viéc giit chan khach hang khong chi gop phan nang

cao uy tin va thuong hi¢u cua nha cung cap, ma con mang lai hiéu qua kinh té 10 rét,

bai chi phi dé phat trién mot khach hang méi thudng cao hon déng ké so véi chi phi

duy tri, chdm s6é¢ mot khach hang hién hiru..

Bang 1.1: Chi phi phat trién mét khach hang méi

STT Loai chi phi Chi phi
1 | Chi phi ldp dit + hoa hong - Lap dat: 100.000d /1 Khach hang
- Hoa hong: 100.000d/1 Khéach hang
2 | Day cap quang (50 -100 mét) [400.000d /1 cudon (1000 mét)
3 | Day mang LAN(10 mét) 5.000d/ 1 mét
4 | Modem 800.0004 - 1.200.000d
5 | Chi phi hoa mang 300.0004
Tong chi phi 1.370.000d

Theo tinh toan thuc té, chi phi téi thiéu dé lip dat va hoan cong mot khach
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hang méi tai VNPT Nam Dinh hién nay vao khoang 1.370.000 dong. Trong khi do,
néu ap dung cac chinh sach wu d3i, chang han nhu giam gia cudc cho khach hang st
dung 1au ndm (vi du: giam cude 150.000 dong/thang trong 3 thang lién tiép), thi tong
chi phi van thap hon dang ké so v6i chi phi dau tu dé phét trién mot khach hang méi.

Nhan thirc duge tam quan trong cua viéc gitt chan khach hang, lanh dao VNPT
Nam Dinh d trién khai nhiéu giai phap nhdm nang cao chit luvong dich vu va chim
soc khach hang tot hon. Mot sb giai phap tiéu biéu hién dang duoc ap dung tai don vi
gom:

e Trién khai cap nhat phiéu B2A: Giao dinh ky hang thang cho nhan vién ky
thuat dia ban dén ting nha khach hang dé cham soc, lay y kién phan anh ciia khach
hang vé dich vu ma VNPT dang cung cép. Bén canh d6 s€ thu thap, cap nhat vao hé
thong diéu hanh noi bd dé co ké hoach kip thoi xur 1y nhiing thac mac ma khach hang
phan anh.

e Chu trong cham séc cac nhém khach hang co dau hiéu roi mang: Pac biét la
nhitng khach hang thuong xuyén bao hdng, ng cude, khong phat sinh luu lugng str
dung hoac dang ¢ trang thai tam khoa, tam ngung dich vu. Tuy nhién, trén thuc té,
phén 16n cac khach hang thuéc nhém nay da ro1 mang, do do viéc thuyét phuc ho
quay lai str dung dich vu gip nhiéu khé khan.

Trén co s dit liéu d3 thu thap duoc vé cac khach hang roi mang véi cac thudce
tinh lién quan nhu s6 1an bao hong, suy hao tin hi€u cao, xtr 1y su cd qué han..., dé
an nay tap trung nghién ciru va ung dung hoc may (machine learning) dé phan tich,
xay dyng mo6 hinh du bao khach hang c6 nguy co ro1 mang tai VNPT Nam Dinh, tur
d6 ho trg cong tac chim soéc va giit chan khach hang mot cach chu dong, hiéu qua
hon.

1.2. Tong quan vé hoc may.

Hoc may (Machine Learning) [3] la kha ndng ctia chuong trinh may tinh ty cai
thién hiéu qua cong viéc ciia minh trong tuong lai thong qua kinh nghi¢m, quan sat
hodc dir li¢u trong qua khir, thay vi chi thyc hién cac thao tac theo ding cac quy tic

da duoc lap trinh san. Vi dy, trong viéc hoc choi co, chuong trinh c6 thé quan sat cac
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van c& cung voi két qua thing - thua dé cai thién kha ning danh co va gia ting ti 18
thang trong nhitng van co tiép theo. O day, kinh nghiém chinh 12 qua trinh hoc hoi tir
cac van cd trong qua khir dé nang cao hiéu qué choi co, véi tiéu chi danh gia 1a sb
vén thing.
Cac phuwong phap hoc may:
Hoc may duoc chia thanh ba nhom phuong phap chinh:

- Hoc c6 giam sat (supervised learning): Pay 1a phuong phap ma tap dir liéu huan
luyén duoc cung cép dudi dang cac vi du kém theo gia tri dau ra hodc gia tri dich.
Muc ti€u cua thuat toan 1a xay dung mot mo hinh (hodc ham dich) tur dir licu huin
luyén dé c6 thé du doan chinh xac gia tri dau ra cho céac dit liéu méi.

e Néu gia tri dau ra 1a roi rac, bai toan duoc goi la phan loai (classification)

e Néu gia tri dau ra I lién tuc (sd thuc), bai toan duoc goi 1a hoi quy

(regression).

- Hoc khong giam sat (un-supervised learning): O phuong phéap nay, tap dit liéu
chi bao gém cac vi du ma khong co6 gia tri dau ra di kém. Thuét toan hoc may dua
trén do twong tu gitra cac vi du dé phan nhém chung thanh cac cum (cluster) sao cho
céc vi dy trong cung mot cum c6 tinh chét tuong déng.

e Mot hinh thirc pho bién 1 phan cum (clustering), vi du dwa vao chiéu cao, con
ngudi c6 thé duoc nhom thanh “ngudi cao” va “ngudi thip”.

e Ngoai Mot hinh thirc khac 1a khai thac luat két hop (association rule mining).
Vi duy, phan tich dit liéu mua hang siéu thi co6 thé tim ra luat két hop nhu: P(Bo | Banh
mi) = 80%, nghia la 80% nhiing ngudi mua banh mi cling mua bo.

- Hoc tang cuong (reinforcement learning): Trong phwong phéap ndy, hé thong
khong duoc cung cap truc tiép dau ra dung cho mdi tinh huéng ma phai hoc thong
qua tuong tac véi moi truong. Hé thong nhan duoc cac phan thudng (reward) sau moi
chudi hanh dong va phai hoc cach Iya chon hanh dong sao cho téng phén thudng nhan
dugc 1 16n nhat. Vi dy, trong trd choi ¢ vua, hé thong khong duoc chi ddn nudc di
dung trong ting truong hop cu thé ma chi biét két qua cudi cung (thing hay thua) cta

cd van co, tir d6 tu hoc chién lugc choi hi¢u qua.
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Hinh 4 : Cac phwong phap hoc may.
1.3. Nghién ciru mét s6 thuit toan hoc may ap dung cho bai toan du bzo.
1.3.1. Hoc cdy quyét dinh [3]

Trong phan nay, dé tai tip trung nghién ctru k¥ thuat hoc may cu thé 1a hoc
cay quyét dinh. Pay 1a mot phuong phap hoc ¢ giam sat, duoc tmg dung rong rii
trong cac bai toan phan loai va du doan. Mic du do chinh xac cua cdy quyét dinh
khong ludn cao bang mot sé phuwong phap hién dai khac nhung phuong phéap nay van
duogc danh gia cao nho tinh don gian, d& trién khai, cling nhu kha nang giai thich két
qua mot cach tryc quan va dé hiéu ddi voi ngudi st dung.

Cay quyét dinh cho phép xay dung mo hinh phén loai duéi dang ciu truc cdy,
trong d6 mdi nut bén trong dai dién cho mot thudc tinh kiém tra, mdi nhanh thé hién
két qua ctiia phép kiém tra, va mdi 14 cay tuong tng v6i mot nhin phan loai. M6 hinh
nay thuc chét 1a mot xép xi cia mot ham phéan loai voi dau ra roi rac. Nho dic diém
d& minh hoa va dé tiép can, phuong phap hoc ciy quyét dinh thudng duoc sir dung
nhu budce khoi dau dé giai thich nguyén 1y hoc bo phan loai tir dit lidu.

Trong khuon kho dé tai, mot sb thuat toan tiéu biéu trong hoc ciy quyét dinh
duoc gi6i thiéu, bao gdbm ID3 va C4.5. Pay la nhirng thuit toan nén tang, dugc sir

dung pho bién dé xay dung cay quyét dinh dua trén cac tiéu chi nhu Information Gain
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hodc Gain Ratio, nham chon ra thudc tinh phan tach tdt nhat tai moi nat cay.

Khai niém cy quyét dinh

Cay quyét dinh (decision tree) 1a mot ciu triic ra quyét dinh c6 dang cay, duoc
st dung rong rii trong cac bai toan phéan loai va hdi quy trong linh virc hoc may. Cay
quyét dinh nhan dau vao 1a mot bo gia tri thudc tinh mo ta mot dbi tuong hoac mot
tinh huéng, va tra vé mot gia trj roi rac, goi 1a nhan phan loai. Mdi bd gia tri thudc
tinh dau vao duoc goi 1a mot mau (sample) hodc mot vi du (example), trong khi dau
ra chinh 1a nhan phan loai (label).

Céc thudc tinh dau vao (con goi 1a dic trung, feature) c6 thé nhan cac gia tri
r0i rac hodc lién tuc. Pé don gian, trude tién thuong xét trudng hop thude tinh roi
rac, sau do mo rong cho cac thudc tinh lién tuc.

Trong céc phan trinh bay tiép theo, tap thudc tinh dau vao dugc ky hiéu dudi
dang véc to x, nhin phan loai dau ra duoc ky hiéu 13 y, va cay quyét dinh dugc xem
nhu mdt ham anh xa: f(x)=y

Cay quyét dinh dugc biéu dién dudi dang mot ciu triic cay. Mdi nut trung gian
(nat khong phai nut 14) trong Gng voi mot phép kiém tra gia tri ciia mot thudce tinh
nao d6. Mdi nhanh phia dudi nut trung gian twong tng voi mot gia tri cy thé cua thudce
tinh, hodc két qua cta phép kiém tra tai nat d6. Nguoc lai, cac nut 14 khong chira
thudc tinh ma luu trit nhan phan loai.

Dé xac dinh nhan phan loai cho mot mau cu thé, mau d6 sé "di chuyén" tir nut
géc cua cay xuéng cac nhanh dya trén gia tri cua cac thudce tinh, cho dén khi dén duoc
mot nit 14. Nhan phan loai duoc gan cho mau chinh 1a nhan tai niit 14 ma mau do di
toi.

Vi du, cdy quyét dinh minh hoa trong Hinh 5 dugc x4y dung tir bo dit liéu mo
ta trong bang 1.2. Cdy nay dung dé phan loai cac budi sang thanh “phu hop” hoic
“khong phu hop” cho viée choi tennis, dua trén cac diéu kién thoi tiét trong ngay.
Thoi tiét dwoc md ta thong qua bon thudc tinh: Troi (Outlook), Nhiét do
(Temperature), P dm (Humidity), va Gié (Wind).

Céu tric cdy quyét dinh giup dé dang suy luan va giai thich cac quyét dinh
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phan loai, ddng thoi truc quan hoa cac quy tic phan loai dua trén gia tri thudc tinh.
Day ciing 1a mot trong nhimng 1y do khién cdy quyét dinh dugc Gmg dung rong rai

trong thuc tién.

Tron
ning u am mura
Po am co (10
cao binh manh veu
thuong ' ‘
kKhong cO khong co

Hinh 5: Vi du ciy quyét dinh cho bai toin “Choi tennis” [3]

Gia sir ta c6 vi du < Troi = mua, Gi6 = yéu> => ciy quyét dinh xép xubng nut
ngoai cung bén phai va do vay dugc xac dinh 14 “co6 choi”.

Biéu dién twong dwong dwéi dang biéu thirc logic

Cay quyét dinh khong chi c6 thé dugc biéu dién dudi dang cdu tric cay ma
con ¢6 thé duoc biéu dién twong duong dudi dang cac quy tic hoic biéu thirc logic.
Cu thé, cdy quyét dinh c6 thé dugc viét dudi dang:

Cay Quyét DPinh(x)&(P1(x)VP2(x)V--VPn(x))

Trong d6 mdi P (x) 1a mot biéu thtrc hoi (conjunction) cac phép thir thude tinh

tuong ung voi mot duong di tir nat gde dén nut 14 ma tai nit 14 d6 nhan phan loai co
gia tri duong (hoac "dung", true).

Vi du, cdy quyét dinh minh hoa trong Hinh 5 ¢6 thé dugc biéu dién tuong
duong duédi dang biéu thirc logic nhu sau:

(Troi=nangAPo dm=binh thudng) V (Troi=u am) V (Troi=muaAGidé=yéu)

Ngoai ra, cdy quyét dinh ciing c6 thé duoc biéu dién dudi dang céac luat suy
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din kiéu "Néu... Thi...", vn gan giii va d& hiéu ddi v6i con ngudi trong qua trinh ra
quyét dinh va phan loai. Cy thé:

o Néu (Troi = ndang) va (PJ dm = binh thwong) thi ¢6 choi.

o Néu (Troi = nang) va (Pg am = cao) thi khéng choi.

o Néu (Troi = u dm) thi ¢6 choi.

o Néu (Troi = muwa) va (Gié = manh) thi khéng choi.

o Néu (Troi = mua) va (Gié = yéu) thi c6 choi.

Viéc biéu dién cay quyét dinh dudi dang cac quy tic dang nay khong chi gitp
don gian hoa qua trinh suy luan ma con 1am cho mé hinh trd nén dé giai thich va dé
kiém chung. Pay 1a mot wu diém quan trong cta cay quyét dinh khi dugc ung dung
trong cac hé thong ra quyét dinh dua trén tri thirc.

Thuit toan hoc ciy quyét dinh

Trudc khi ap dung, cay quyét dinh can duoc xay dung tur dir li¢u hudn luyén
thong qua qua trinh "hoc". Co nhiéu thuat toan hoc cay dugc dé xuit, phén 16n dua
trén nguyén tac tim kiém tham lam, xay dung cdy tir don gian dén phirc tap.

Trong dé tai ndy, ta tip trung vao thuit toan ID3 (Iterative Dichotomiser 3),
mot trong nhitng thuat toan hoc cay co ban, dai dién cho cach tiép can xay dung cay
theo hudng phan chia tuan ty. ID3 do Ross Quinlan phat trién va sau nay duoc cai
tién thanh thuat toan C4.5, phé bién hon trong thuc té.

Dir liéu huan luyén

Dit liéu huan luyén (training data) duge cung cap dudi dang tip hop gém n
mau hay n vi du huin luyén. M3i vi du duoc biéu dién dudi dang cap (xi ’ yi), trong

do xi la véc to cac gia tri thudc tinh mo ta doi tuong hodc tinh huéng, va 7i 1a nhin
phan loai tuong ung.
Chang han, véi bo dit liéu minh hoa trong bang 1.2, tap huin luyén bao gdm
14 vi dy, tuong ung voi 14 dong dir licu. Trong do:
o Cot dau tién ciia bang chira s6 th tw ctia vi du va khong tham gia vao qua trinh

xay dung ciy quyét dinh.



o Bén cot tiép theo 1an lugt chira gia tri cua bdn thudc tinh dau vao (vi du: Troi,

Nhiét @3, Bo am, Gid).

o Cot cudi ciing (ngoai cling bén phai) chira gia tri nhin phan loai cua tirng vi dy.

Trong truong hop bd dir li€u nay, nhan phan loai thudc loai nhi phan (binary

label), va c6 thé nhan mét trong hai gia tri: “c6” hodc “khéng” (twong ng véi viée

diéu kién thoi tiét trong ngay d6 c6 phu hop dé choi tennis hay khong).

Viéc t6 chure dir liéu huan luyén dudi dang nay khong chi thuan tién cho qua

trinh huan luyén mo hinh cay quyét dinh, ma con giup dé dang kiém tra, ddnh gia

va truc quan hoa cac quy tac phan loai duoc trich xuat tir cdy.

Bang 1.2 Bo dir liéu huin luyén cho bai toan phén loai “Choi tennis” [3].

Ngay Troi Nhiét do Po Am Gi6 Choi tennis
D1 Ning Cao Cao Yéu Khong
D2 Ning Cao Cao Manh Khong
D3 U 4am Cao Cao Yéu Co
D4 Mua Trung binh Cao Yéu Co
D5 Mua Thap Binh thuong | Yéu C6o
D6 Mua Thap Binh thuong | Manh Khong
D7 U am Thap Binh thuong | Manh Co
DS Ning Trung binh Cao Yéu Khong
D9 Ning Thap Binh thuong |  Yéu C6o

D10 Mua Trung binh | Binh thuong Yéu Co

D11 Ning Trung binh | Binh thuong | Manh Co

D12 U am Trung binh Cao Manh Co

D13 U am Cao Binh thuong |  Yéu C6

D14 Mua Trung binh Cao Manh Khong
1.3.1.1. Thudat toan ID3

Thuat toan ID3 (Iterative Dichotomiser 3) dugc sir dung dé x4y dung cdy quyét
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dinh tir tap dit liéu huan luyén sao cho két qua phan loai dau ra pht hop nhat v6i nhin
c6 san. Véi s6 luong thudc tinh 16n, viée liét ké va kiém tra tat ca cac cay quyét dinh
13 khong kha thi. Do d6, ID3 4p dung chién lugc tham lam, x4y dung cay theo hudng
tur trén xuéng, chon thudc tinh t6t nhat tai mdi bude.

Qua trinh xiy dung ciy dién ra nhw sau:

Chon thuoc tinh cho nut géc: Lua chon thudc tinh gitip phan chia dit li¢u thanh
cac tap con dong nhit (cdc mau cung nhan).

Phan chia dir liéu: Tap dit liéu duogc chia thanh cac nhanh con dua trén gia tri
cua thudc tinh vira chon.

DPé quy: Vi mdi tap con, thuat toan lip lai qué trinh chon thudc tinh, loai b
cac thudc tinh d3 st dung, va tiép tuc xay cdy.

Qua trinh dung khi:

Tap dir liéu con tai mdt nit c6 cung nhan — gan nhan dé cho nut 14.

Khong con thudc tinh dé phan chia, nhung dir liéu van con nhiéu nhan — gan

nhan chiém da so cho nut.

Diu vao: Tap dir liéu hudn luyén
Piu ra: Cay quyét dinh
Khoi dau: nut hién thoi 1a nat goc chira toan bo tap dir liéu huan luyén
a. Tai nut hién thoi n, Iva chon thudc tinh:
+  Chua duoc sir dung & nut t6 tién (tirc la nat ndm trén duong di tir goc
toi nat hién thot)
* Cho phép phén chia tap dir liéu hién thoi thanh cac tdp con mjt cach
tot nhat
b. Véi mdi gia tri thuge tinh dugc chon:
*  Thém mot nut con bén dudi

*  Chia cac vi du ¢ nat hién thoi vé cac nit con theo gia tri thudc tinh
duogc chon

c¢. Lip (dé quy) vai mdi nit con cho tGi khi:
» Titca cac thudc tinh da dugrc sir dung & cic nat phia trén, hodc
e Tatcavi du tai nat hién thoi cé cung nhan phan loai

 Nhin caa nut duoc lay theo da sd nhan cua vi du tai nat hién thoi

Hinh 6. Thuit toan xdy dung ciy quyét dinh[3]
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Thuét toan ID3 duoc thuc hién theo cach d¢ quy qua nhiéu vong. Tai mdi budc,
thuat toan lya chon thudc tinh t6t nhat dé phan chia tap dit lidu tai nut hién tai, nham
tao ra cac tap con dé)ng nhét nhat c6 thé. Qua trinh nay duoc lap lai cho dén khi dat
dén cac nut 14, tirc 12 khi xay ra mot trong hai diéu kién ding da néu ¢ trén:

Tap con dit li€u c6 cung nhan phan loai.

Khong con thudc tinh dé phan chia, thuit toan gan nhin chiém da sb cho nut.

Lua chon thudc tinh tét nhat.

Mot budc quan trong trong thuat toan ID3 1a Iya chon thudc tinh phan chia tai
mdi niit sao cho hiéu qua phan loai 14 cao nhat. Trong trudng hop 1y tudng, thudc tinh
duoc chon s€ phan chia dir li¢u thanh cac tap con chi chira mot nhan phan loai. Trong
thuc té, tiéu chi lya chon 13 thudc tinh tao ra cac tap con c6 do déng nhét cao.

Pé do d6 dong nhat, ID3 sir dung khai niém entropy. Dua trén entropy, thuat
toan tinh dg tang thong tin (information gain) khi st dung mét thude tinh, tir dé xac
dinh thudc tinh t6t nhat dé phan chia.

Vi bai toan phan loai nhi phan (cac nhan + va -), entropy cua tap dir liu

Thong qua viéc tinh entropy va do tang thong tin, thuat toan ID3 x&c dinh
thudc tinh gitp cai thién d6 dong nhat cta dir liéu nhiéu nhét tai mdi budc phan chia.
V61 bai toan phan loai nhi phan (cac nhan + va -), entropy cua tap dir liéu S dugc tinh
theo cong thuc:

H(S) = —p*\log,p™ — p~\log,p~

trong d6 p+ va p- 1a x4c suat quan sat thiy nhan phan loai + va -, dugc tinh
bang tan suit quan sat thdy + va — trong tap dit liéu.

Trong truong hop tong quat voi C nhan phan loai c6 xac suat lan luot 1a

P1, P2, -, Pc entropy dugc tinh nhu sau:
c

H(S)= - l_glpi logzpf
Trong phuong phap hoc cay quyét dinh, mot trong nhitng ky thuat pho bién dé
danh gia mirc do tot cua thudc tinh trong viéc phan tach dir liéu 13 sir dung entropy

nhu mot d6 do mirc dong nhét cua tap mau. Cu thé, entropy phan anh mic d6 hon
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loan hay khong thuan nhat cua tap dit liéu: entropy cang thap thi tap dir liéu cang
dong nhat.

Dé lira chon thudc tinh phén tach tai mdi nut cia ciy, ta so sanh entropy cua
tap mau trude va sau khi dugc phan chia thanh céac tap con dya trén gia tri cua thudc
tinh d6. Murc chénh I¢ch entropy trudc va sau khi phan chia chinh la d§ tang thong
tin (Information Gain), ky hiéu 1a IG.

bJ ting thong tin thé hién mirc do ma thudc tinh giip giam su hon loan cta
dir liéu sau khi phan tach, qua d6 danh gia do t6t cua thudc tinh trong viéc phan chia
tap dir liéu thanh nhirng tap con thuan nhat hon. Thudc tinh ¢6 IG cao nhét s& duogc

chon dé phan tach tai niit cay.

H(S,)
IG(S,A) = H(S) - v Evalues(A) |S| 4

Trong do6:
S 1a tap dir li€u ¢ nat hi¢n tai
A 1a thudc tinh

values(A) 1a tap cac gia tri cia thudc tinh A.
Sv 1a tap cac mau co gia tri thudc tinh A b::ing V.

S| va ]Sv| 1a luc lugng cua cac tap hop tuong tng.

Gia tri cua Information Gain (IG) duogc st dung lam tiéu chi chinh dé lwa chon
thudc tinh tot nhat tai mdi nit ctia cdy quyét dinh. IG phan anh mirc d6 ma mot thudce
tinh gitip giam sy khong thuan nhét (entropy) cua tap dit liéu sau khi phan chia.

Theo thuét toan ID3, tai mdi budc xay dung cay, thudc tinh dugc lya chon dé
phan tach tai nut hi¢n tai chinh 1a thudc tinh c6 gia tri IG 16n nhat. Viéc lua chon nay
dam bao rang tap dir liéu dugc phan chia theo cach lam giam entropy nhiéu nhét, tirc
lam cho céac tap con thu dugc trd nén thuan nhét nhat c¢6 thé. Qua trinh nay dugc thuc
hién d¢ quy cho dén khi cay dat diéu kién dung (vi du: tap dir li€u tai nat da thuan

nhét hoan toan, hodc khong con thudc tinh nao dé phan tach).
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Vi du minh hoa.

Dé minh hoa cho phuwong phap tinh d6 ting thong tin (Information Gain - 1G)
va quy trinh lya chon thudc tinh tot nhat tai mdi nut cua cdy quyét dinh, ta st dung
b6 dir liéu hudn luyén duoc trinh bay trong bang 1.2. Ta can, xac dinh thudc tinh t6t
nhét tai nut gdc cho dir liéu trong bang 1.2 bang cach tinh IG cho céc thudc tinh.

e Vi thudc tinh Gio:
Values(Gid) = {yéu, manh},
S=[9+,5-], H(S)=-(9/14)(9/14) —(5/14) (5/14) =0.94

Sséi={6+2-], H( véir) =(6/8)(6/8) — (2/8) (2/8) = 0.811
S anh=[3+3-], H( man)=(3/6)(3/6) — (3/6) (3/6) = 1

o 1G(S,Gi6) = H(S) — (8/14)H( yéi) — (6/14)H(" mann)
— 0.94-(8/14)*0.811-(6/14)* 1= 0.048
* V61 thugc tinh Troi:
Values(Troi) = {Nang, U 4m, Mua}
S=[9+,5-], H(S)= -(9/14)(9/14) — (5/14) (5/14) = 0.94
S Ning=[2+ 3-], H(" Ning) =-(2/5)(2/5) — (3/5) (3/5) = 0.971
S v an=[4+,0], HC v an)=-(4/4) (4/4) =0

Sstea=(3+2-1. Conea) =315 3/5) — (3) () =0.971

o TG(S,Troi)=H(S)-(5/14)H(> Ning) ~(4/14YH(S 1 dm)~(5/14YH( vea)
= 0.94-(5/14)*0.971-0%(4/14)-(5/14)*0.971 =0.246

e Vi thude tinh Do 4m:
Values(P6 4m) = {cao, binh thudng},
S=[9+,5-], H(S)=-(9/14)(9/14) —(5/14) (5/14) =0.94

S cao=[3+,4-1, HC cao) =-(#/7)(4/7) — (3/7) (3/7) = 0.985

 Bink thiong=[6+,1-], H(" Binh theong)=-(6/7)(6/7) — (1/7)(1/7) = 0.591



21

o 1G(S,D6 4m) = H(S)—(T/14)H( cao) (/14 H( Bink tucimg)
= 0.94-(7/14)*0.985-(7/14)*0.591= 0.152
e Vi thudc tinh Nhiét do:
Values(Nhiét do) = {Cao, trung binh, thap}
S=[9+,5-], H(S)= -(9/14)(9/14) — (5/14) (5/14) =0.94

S car=[2+,2-], HC cao) =-(2/4)(2/4) — (2/4) (2/4) = 1
S Trung binh=[4+,2-], H(" Trung binky=-(4/6)(4/6) — (2/6) (2/6) = 0.918
Smap=[3+,1-], HC miv)=(3/4) (3/4) — (1/4) (1/4) =0.811

= IG(S,Gi6) = H(S) — (4/14) H(Saw) —(6/14) H(STrung binit) —(4/14) SThdb
=0.94-(4/14)*1-(6/14)*0.918-(4/14)*0.811=0.028
IG(S,Troi) 6 gia tri 16n nhat => thudc tinh tt nhat 1a Troi dugce sir dung 1am nut gdc.
Tinh IG cho cac nhanh con cta thudc tinh gbc “Troi”. Troi = Nang — can xét tiép
thudc tinh (Nhiét do, Do am, Gid), Troi = Mua — can xét tiép thudc tinh (Nhiét do,
Do am, Gio), Troi = U 4m — tat ca déu “C6” nén khong can xét tiép.

e Nhanh I: Troi = Néng, Snéng=[2+,3-]

=> H(Sncfng)z—(2/5)(2/5) —(3/5)(3/5) =0.971
Xét gi6 trong nhanh Nang:
- Yéu: [2+,0-]=>H=0
- Manh: [0+, 3-]=H=0
IG(Sm?ng, Gi6)=0.971 — (2/5*0 + 3/5*%0) = 0.971
Xét d6 am trong nhanh Nang:
- Cao: [1+, 2-]==H=-(1/3)(1/3) —(2/3) (2/3) =0.918
- Binh thuong: [1+, I-]=>H =1
S .
IG( ndng, Do am) =0.971 — (3/5%0.918 + 2/5*1) = 0.021

Xét Nhiét d6 trong nhanh Néng:
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- Cao: [1+,1-]=>H =1.
- Trung binh: [1+,0-]=>H=0
- Théap: [0+,2-]=>H=0

s
IG(" ning, Nhiét do) = 0.971 — (2/5*1 + 1/5*0 + 2/5*0) = 0.571

= IG(Smfng, Gi) trong nhanh Nang cao nhét nén chon thudc tinh Gi6 lam
nut goc trong nhanh Ning.

Nhanh 2: Troi = Mua , ° Mea= [3+,2-] => H(> Ma) = 0.971

Xét Gi6 trong nhanh Mua:

- Yéu: [3+, 0-] => H=0

- Manh: [0+, 2-] => H=0

IG(SMu‘a, Gi10) = 0.971 — (3/5*0 + 2/5*%0) = 0.971

Xét Do am trong nhanh Mua:

- Cao: [2+, 2-] => H=1

- Binh thuong: [1+, 0-] => H=0

IG(SMLI’L'!, D6 4m) = 0.971 — (4/5*1 + 1/5*%0) = 0.971 — 0.8 = 0.171

Xét Nhiét do trong nhanh Mua:
- Trung binh: [2+,2-] => H=1
- Thép: [1+,0-] => H=0

1G(> Mea, Nhiét d§) = 0.971 — (4/5%1 + 1/5%0) = 0.971 — 0.8 = 0.171

= IG(SMM’LI, Gid) trong nhanh Mua cao nhat nén chon thudc tinh Gié lam nit

gbc trong nhanh Mua.

Két qua hoc cay day du duoc thé hién trong hinh
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Troi
Niéng U am Mua
Gio Co Gio
Manh Yéu Manh Yéu
Khong Khong Khong Co

Hinh 7. Vi du xay dung ciy quyét dinh
1.3.1.2. Thuat toan C4.5

C4.5 1a mot thudt toan xay dung cdy quyét dinh duoc phat trién tir thuat toan
ID3 boi J. R. Quinlan vao nam 1993 [7]. P4y 1a mot trong nhitng thuét toan ndi tiéng
va duoc tmg dung rong rii trong cac hé théng phan loai nhd kha ning xu 1y linh hoat
va hiéu qua cao.

Dic diém chinh cta thuat toan C4.5:

e Sirdung Gain Ratio (thay vi Information Gain nhu ID3) dé Iya chon thudc
tinh phan chia tai mdi nuit trong qua trinh xay dung cay.

e (o kha nang xu ly tdt ca hai loai thudc tinh: thudc tinh roi rac va thude
tinh lién tuc.

o Xir Iy duoc dit liéu khong day du, tic 13 dit liéu co thé thiéu gia tri tai mot
s6 thudc tinh. Trong truong hop ndy, C4.5 cho phép dai dién cho gia trj thiéu bang
dau héi (?) va bo qua cac gié tri nay khi tinh todn Information Gain hozc Gain Ratio.

e (it tia cay (pruning) sau khi xdy dung dé loai bé nhirng nhanh cay khong

thuc su ¥ nghia, giup giam thiéu tinh trang overfitting va lam cay tré nén gon nhe
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hon.

Y nghia cia Gain Ratio (GR):

k bl (Ip,|
H(C)==2 plog(p)=—2. log
b k=1 kK T2k k=1 [D] 72

H . .
j=1 D] P, i
1G,(c] F) = H,(C) - H[)(C/Fi)

. E (F
Splitting entropy cua thudce tinh Fi, ky hiéu S D( i):
% DI (ID]
SE (F) = — —1
olF) = T & To1°% T

. . R F
Khi d6, Gain Ratio ky hiéu ¢ D(Cl i)

IGD(C|F[_)

GRD(C|FI_): SED(FI_)

Tiéu chi Information Gain trong thuat toan ID3 thuong c6 xu huéng wu ti€n
lua chon céc thudc tinh ¢6 nhiéu gia tri phan biét (mién xac dinh 16n). Nguyén nhan
1a do khi thudc tinh c6 nhiéu gié tri, tap dit liéu s& dugc chia thanh nhiéu tip con nho
hon, dan dén entropy sau phéan chia giam manh, tir d6 1am cho Information Gain tré
nén cao. Piéu nay co thé khién cay quyét dinh chon thudce tinh khong thuc su co6 v
nghia trong phan loai ma chi vi n6 chia nho di liéu nhiéu hon.

Thuat toan C4.5 d khic phuc han ché nay bang cach st dung chi sé Gain
Ratio. Gain Ratio dugc tinh bang cach liy Information Gain chia cho Splitting
Entropy (ky hiéu SED(Fi)) ctua thudc tinh. Splitting Entropy phdn 4nh mtrc d§ phan
tan cua tap dir liéu khi phan chia theo thudc tinh do.

Thudc tinh c6 nhiéu gia trj s& lam cho Splitting Entropy 16n, dan dén Gain
Ratio nho hon, tir d6 han ché kha nang nhirng thudc tinh nay dugc chon néu chung
khong thyc sy mang lai hi€u qua phan loai. Nguoc lai, thudc tinh co6 it gia tri nhung

gitip phan chia dir liéu hi¢u qua s€ c6 Gain Ratio cao hon, tang kha nang duogc lua
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chon. Co ché nay gitp cdy quyét dinh do C4.5 xay dung tré nén hop 1y va tranh
duogc tinh trang overfitting.
- Uu diém cay quyét dinh:

o D& hiéu, dé giai thich: Cay quyét dinh gan giéng cach con ngudi tu duy
logic (néu... thi...). D& trinh bay cho nguoi khong chuyén.

o Khong can chuin hoa dit liéu: Khong yéu cau chuin hoa (scaling) hay xir
Iy bién dic biét. Xt Iy tt ca dir liéu dang sé va dang phan loai (categorical).

o C6 thé xir 1y gia tri thiéu: Mot s6 thuat toan (C4.5, CART) van hoat dong
duogc khi dit li¢u c6 gia tri thiéu.

o Nhanh véi tap dir liéu nhé hodc vira: Tbc d6 huan luyén nhanh so vdi nhiéu
thuat toan khac.

- Nhuoe diém ciy quyét dinh:

o D@ bi overfitting: Cay qua sau dan dén mo hinh khdp chit dit liéu hudn
luyén, kém tong quat trén dit liéu méi. Giai phap: cét tia cAy (pruning), gidi han do
sau.

o Nhay cam véi dit liéu nhidu: Chi mot vai diém dir liéu nhiéu c6 thé 1am
thay d6i cau tric cy rat nhiéu.

o Kém 6n dinh: Mot thay d6i nho trong dir liéu huan luyén c6 thé tao ra cay
khéc hoan toan.

o Thién 1éch voi thudce tinh ¢ nhiéu gia tri: Trong ID3, thudc tinh c6 nhiéu
gia tri duy nhit (nhiéu levels) thuong c6 IG cao — d& bi chon du khong thuc su
quan trong.

o Hiéu qua kém voi dif liéu lién tuc nhiéu chiéu: Khi dit liéu gdm nhiéu bién
lién tuc (vi du 100+ features dang s6), cdy quyét dinh don gian thudong khong du
manh.

1.3.2. Thudt toan SVM (Support Vector Machine) [8]

Support Vector Machine (SVM) 1a mét trong nhiing thuat toan hoc may c6

giam sat manh mé&, dugc sir dung rong rii trong cac bai toan phan loai va hoi quy.

Thuat toan dugc dé xuat lan dau bdi Vladimir Vapnik va cac cong sy vao nhiing
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niam 1990, v6i nén tang 13 1y thuyét hoc théng ké (Statistical Learning Theory).

Muc tiéu ctia SVM la tim mot siéu phang t6i wu (optimal hyperplane) dé phan
tach dir liéu thanh cac 16p khac nhau voi khoang cach bién (margin) 16n nhat giira
hai 16p.

o Siéu phing va phan tach tuyén tinh

Gia st bai toan phan loai nhi phan véi tdp huin luyén:

{(xi,yi) | X, ER", yiE {-l,l}}i:lm

Mot siéu phang trong khong gian R” dugc biéu dién bai:

w-x+ b=0

Trong do:

w la vector trong sd (vector phap tuyén).

b 12 hang s6 diéu chinh d6 l1éch (bias).

x la vector dac trung.

Dit liéu dugc phan tach tuyén tinh néu ton tai mot siéu phing sao cho:

yi(w X + b)zl,V’.

o Ham muc tiéu: Téi da hoa bién (Margin)
Khoang cach tir mot diém x dén siéu phang la:
| w-x+b |
[l
SVM tim siéu phang sao cho khoang cach nay dugc téi da hoa, tuong duong
v6i bai todn tdi uu:
min—||w||*
w,b véi diéu kién: yl_(w R +b) 21
o Trudng hop khong phan tach tuyén tinh.
Trong thuc té, dit liéu thuong khong hoan toan phan tach tuyén tinh. SVM st
dung soft margin dé cho phép mot s6 diém vi pham diéu kién phan 16p:

]. m
TN
b * + iglgf voi y(wx, tb)21-§,8 20
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Tham s& C>0 diéu khién mirc d6 chép nhén sai sb:

C 16n: vu tién phan loai chinh xéac (dé overfit).

C nho: chap nhan mét sd 15i dé margin rong hon (regularization tot hon).
o Uu diém:

- Hiéu qua cao trong khong gian dic trung c6 sb chiéu 16n.

- T6t khi s6 mau it hon s6 chiéu (high-dimensional space).

- C6 thé linh hoat v&i cac loai kernel khac nhau.

o Nhuoe diém:

- Can chon kernel va tham sb phu hop (v, C).

- Hiéu qua kém khi dir liéu co nhiéu nhiu hoic chéng lan.

- Khong phu hop véi tap dir 1iéu cuc 16n (chi phi tinh toan cao).

Tong két chwong 1: Chuong 1 di néu tong quan vé VNPT Nam Pinh va céc dich
vu ma don vi dang cung cép, tinh hinh san xuat kinh doanh dich vu FiberVNN tai
Nam Dinh cua cic nha mang. Bén canh do, da néu téng quan vé hoc may va trinh
bay chi tiét 2 thuat todn ap dung cho bai toan du bao d6 1a Decision Tree va Support

Vector Machine.
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Chuwong 2.
PHUONG PHAP DU BAO KHACH HANG ROI MANG

Chuong nay s& trinh bay téng quan vé cac budc thuc hién xay dung mé hinh dé dy
bao khach hang roi mang. Noi dung gdm cac budc, tién xir Iy dir liéu, huin luyén,
thir nghiém trén hai thuat toan hoc may l1a Decision Tree va Support Vector Machine
sau do lwa chon thuét toan tt nhat dé xay dung mo hinh dy doan va danh gia mo
hinh.

2.1. Gioi thiéu

So do tong quan cua hé thong

Bl o B2 P
Chon thude tinh Tien xir Iy dir lién
Data >

Chia tip dir lifu

k.

Data(80%)

Thuét toan Support
Vector Machine

v

o
E..
g
.g,

Thust toan Decizion
Tree

Brdnh gia thuit toan

h

Xay dymg md hinh vai |
thust todn tot nhit

BSl

/Két qué mé hinh dur ba'c:/

Hinh 8: So' d6 tong quan hé thong

Ludng xir 1y chinh gém 8 budc.

B1. Viéc chon loc thudc tinh 13 budc quan trong nham giam chiéu di liéu va
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nang cao hi¢u qua moé hinh. Céc thudc tinh dac trung cta dir li€u khach hang duogc
danh gia dya trén céc chi s6 nhu Information Gain, Gain Ratio va Gini Index dé xac
dinh mtrc d¢ dong gép vao qua trinh phan loai. Nhitng thudc tinh c6 gié tri thong tin
cao s& duoc uu tién Iya chon. Tuy nhién, qué trinh ndy can két hop véi kién thirc
nghiép vu va kinh nghiém phan tich dit liéu dé dam bao tinh phu hop va hiéu qua
trong thuc té.

B2. Lam sach va chuin héa dir liéu 1 budc tién xtr Iy nham dam bao chat
lugng dit lidu dau vao cho mé hinh. Qua trinh ndy bao gém xur 1y gia tri tring lap,
gia tri khuyét thiéu, va chuyén d6i dinh dang dit liéu sao cho phu hop véi yéu cau
ctia cac thuat toan dy bao. Viéc chuan hoa gitp giam sai léch, dong thoi ting do
chinh xac va hi¢u qua cua md hinh hoc may.

B3. Chia tap dir liéu thanh tap huan luyén (80%) va tap kiém thir (20%).
B4. Huan luyén mo hinh béng thuat toan Decision Tree va thuat toan SVM véi tap
dir liéu huan luyén (80%).

B5. Kiém tra, ddnh gia va so sanh két qua cua 2 thuat toan di duogc huin
luyén. Cac phép do thong thuong dé danh gia mo hinh phan loai bao gdm d6 chinh
xac (accuracy), do nhay (recall), do chinh xac (precision) va F1-score

B6. Xay dung mé hinh du doan véi thuat toan t6t nhat.

B7. Str dung tap kiém thtr (20%) dé du bao khach hang roi mang.

B8. Két qua mo hinh.

2.2. Xay dung mo hinh du bao khach hang roi mang.
2.2.1. Thu thép va tién xir Iy dir li¢u.

Dt liéu duoc truy xuét tir hé théng ndi bd cua VNPT Nam Dinh té1 ngay

31/03/2025 bao gom 140320 khach hang dang va da st dung dich vu Fiber.

v a FECM 2 €< H fa-E-BT
|THUEBAOID __[MA TB | TEN_TB [DIACHTB [NGANHNGHE ID _|
1 9764798 gty_gpon6802061 Luong Van Hiéu Xém 18, Xa Hong Thuan, Huyén Gizo Thily, Tinh Nam Binh 999 |
2 12000693 hhu_gpon7727260 Pham Vén Nghia X6m 11, Hai Léc, Hai Hau, Nam Dinh 999
3 11995433 yyn_gpon915516 V@ Vén Giang D6 Hoang, Yén Thanh, ¥ Yén, Nam Dinh 999
4 11998304 ndh_gpon436528 Pham Thi Mai Huong 115, Thén Déng Mac, Léc Ha, Nam Binh, Nam Binh 999
[ 12020607  ntc_gpon721120 | Luu Quang Hoing Nam Xa, X6m 12-Nam Dien, Dién X3, Nam Truc, Nam Binh 1002
6 Trinh Buc Canh 585, Déng Xudn Bang, Clra Nam, Nam Binh, Nam Dinh 1001
7 Vi Van Dic Xém 7, Xuan Ph, Xuan Truéng, Nam Binh 999
8 78 | Pham Xuan Thanh - Canh Uy Ban, Xém 1, Truc Khang, Truc Ninh, Nam Dinh - 999
g 12134160 yyn_thu0368101131 Nguyén Thi Thu Trinh X3, Yén Ninh, Y Yén, Nam Dinh 1001
10 11998542 hhu_gpon7727193 Pham Van Tuyét PUN, X6m 3, Hai Chau, Héi Hau, Nam Binh 999
1 12002765 hhu_gpen7727298 | Pham Khanh Hung Khu 1, TT Can, Hai Héu, Nam Dinh 1018
12 10188950 | ndh_gpon7131977 Tran Ngoc Nhung Xém A, Thén Phiic Trong, X& My X3, Thanh Phé Nam Dinh, Tinh Nam i - 1018
13 12257967  tnh_gpen7523156 Vii Manh Céng x6m 1 An My, Trung Déng, Truc Ninh, Nam Dinh 1018
14 12245698 yyn_gpon22673 Trinh Vén Sau Luong Déng, Yén Luang, Y Yén, Nam Dinh 1005
15 10167633 ndh_gpon7221978 - Tran Gia Giang 43, Tran Phd, Phutng Tran Dang Ninh, Thanh Phé Nam Dinh, Tinh Nam -~ 999
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Hinh 9. Data trich xuét tir hé thong néi bd.

Tap dir licu gém 33 ¢ot duge mo ta cu thé nhu sau:

STT: S6 tht tu

THUEBAO _ID: Ma cua thué bao khach hang.

MA TB: Ma thué bao dich vu FiberVNN cua khach hang.
TEN_TB: Tén thué bao (tén khach hang)

DIACHI _TB: Dia chi thué bao (dia chi khach hang)
NGANHNGHE _ID: Mi nganh nghé (mi nganh nghé ctia khach hang)
NGANHNGHE: Tén nganh nghé (tén nganh nghé cua khach hang)
NGAY SN: Ngay sinh cua khach hang

TUOI: Tudi

KHUVUC _ID: Ma khu vuc (ma khu vyc quan 1y dia ban)
KHUVUC: Tén khu vuc (tén khu vuc quéan 1y dia ban)

LOAIKH ID: Ma loai khach hang

LOAIKH: Phan loai khach hang. (chi tiét mé ta & bang 2.1)
KHDN: 1-Khéch hang doanh nghi¢p; 0-Khach hang ca nhan.
MANGKHAC: 1- c6; 0-khong.

SO DV _KHAC: S dich vu khac cia VNPT ma khach hang st dung ngoai
FiberVNN.
GOI_DADV: Goi da dich vu 1- c¢6; 0-khong. Str dung goi tich hop hay khong,
tich hop ( MyTV, di dong, Mesh...) hay khong.

GOICUOC: Go1 cuodc dich vu
GIACUOC: Gia cudc dich vu
NOCUOC_2THANG: S thang no cudc.

TRATRUOC: Pang thanh toan cudc hang thang hay st dung goi tra trude

nhiéu thang.1: D4 thanh toan trudc cude 6 thang, 12 thang. 0: thanh todn cudc hang

SOTHANG TRATRUOC CONLALI: Sé thang tra trudc con lai.
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SOLAN BAOHONG: S6 1an goi bao hong do su ¢ (dut cap, khong truy cap
dugc internet, mang cham...).

SOLAN_GOI KIEM: Sb lan goi kiém tra chit lvong dich vu.

SOLAN _GOI KIEM HL: Sé lan goi kiém, khach hang phan hdi hai long.

SOLAN_GOI KIEM KHL: Sé lan goi kiém, khach hang phan hoi khong hai
long.

SOLAN TAM_NGUNG: S6 lan tam ngung dich vu.

THANG]_SD: Sé thang st dung.

KO _ PSLL: Khong phat sinh luu lugng: Nha mang ghi nhan khach hang
khong phat sinh luu luong sir dung 5 ngay lién tiép (do hong modem, di vang, mat
dién,...) dé thuc hién kiém tra chat lugng dich vu.

SOLAN_ GIAHAN: S6 lan khach hang gia han dich vu.

TRANGTHAITB_ID: Trang thai thué bao ID.

TRANGTHAI TB: Trang thai hoat dong ctia thué bao (chi tiét mé ta & bang

.n)
THANHLY:: Trang thai cua thué bao: 0- Pang hoat dong, 1- Da thanh ly.
Bang 2.1: Danh sich d6i twong khach hang
ID Tén doi twong
1 Khac
2 Cong ty nha nudc
3 Hanh chinh su nghi¢p khac
5 Thuoc giao duc
7 Thuoc UBND xa
10 Thudc Y Té
53 Khéi co quan Tinh, Thanh phd tryc thudc Trung wong: Tinh ty, Thanh
iy, Hoi dong nhan dan, UBND (bao gdm céc co quan chuyén mon thudc
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UBND cép Tinh/TP nhu s, ban, nganh)

56 Cong ty tu nhan
57 Cong ty cb phan
60 Cong ty TNHH
62 Tap doan, tong cong ty
68 HO can ngheo
80 Trudng trung hoc cong 1ap
82 Truong tiéu hoc cong 1ap
Bang 2.2: Trang thai thué bao ID
ID Tén trang thai
1 Dang hoat dong
6 Tam dung
7 Thanh 1y theo yéu cau
9 Thanh 1y cudng biic

Luwa chon thugc tinh

Bing kinh nghiém, nghiép vu khach hang ciing nhu kinh nghiém xu 1y dir

liéu tién hanh chon lua cac thudc tinh va 1am sach dit liéu. Cac thudc tinh duge lua

chon dé huin luyén bao gff)m 22 cot, cdt 23 1a ¢t Churn(thanhly), ¢t nay la cot g.'fm

nhan cua tap dir li¢u, cot dé nhan biét 1a thué bao c6 roi mang hay khong?

("NGANHNGHE ID","KHUVUC ID","LOAIKH ID","KHDN","MANG

KHAC","GOI DADV","TRATRUOC","TRANGTHAITB_ID","THUEBAO _ID",
"TUOI","SO_DV_KHAC","GIACUOC","NOCUOC _2THANG","SOTHANG T
RATRUOC CONLAI","SOLAN BAOHONG","SOLAN GOI KIEM","SOLAN
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_GOI_KIEM_HL","SOLAN_GOI KIEM_KHL","SOLAN TAMNGUNG","THA
NG _SD","KO PSLL","SOLAN_ GIAHAN"))

Xir ly dir liéu:

Muc dich chinh cua tién xit 1y dit li€u 1a cai thién chét luong dir licu va
chuén bj cho cac bude tiép theo trong qua trinh phan tich dit liéu va xay dung mo
hinh. Cac buéc tién xtr Iy dit liéu bao gom:
+> Loc dong dir liéu khong hop 18: Dbi véi nhitng dong ma cot KHUVUC_ID
trong hodc LOAIKH_ID bang 0 s& duoc loai bo dé tranh anh hudng téi két qua dy
bao.

Code python x1tr 1y:

before rows = input data.shape[@]
input_data = input data[~(input data["KHUVUC ID"].isna | {input data["LOAIKH ID"] == @))]

after r
print(f"[clean data] P& lo y {before rows - after rows} dong khong hgp 1&.")

Hinh 10: Xir ly dong khong hop 1€
+> Pién gia tri thiéu:
Dién cac gia thi thiéu trong file Data, NGANHNGHE ID=999 (khac).
LOAI ID=1(Khac).
Code python xur ly:

input_data["NGANHNGHE_ID"] = input_data["NGANHWGHE ID"].fillna(99%9)

input data["LOAIKH ID"] = input data["LOAIKH ID"].fillna(1l)

Hinh 11: Xir Iy dién gia tri thiéu.
+> Lam sach trudng tudi khach hang:
V6i khach hang c6 do tudi <= 10 -> gia tri duoc gan NaN, gia tri khong hop 18.
stt dung thu vién numpy trong python dé lam sach truong tudi khong hop 16.

Code python x1r 1y:

input_data["TUOI"] = np.where(input data["TUOI"] <= 18, np.nan, input data["TUDI"])
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Hinh 12: Xir 1y 1am sach tudi

+> Chia Data thanh 3 nhém chinh:
selected_features: list[str] = numeric_features + categorical features + [target]
Trong do:

numeric_features: La bién so

numeric

Hinh 13 : Bién s

categorical features: La bién phan loai

categorical_features
"NGANHNGHE_ID",

Hinh 14: Bién phan loai
target="THANHLY"
- Chia Data thanh 2 phan:
File DamVV_Dataset 2025 80.csv: Dung d¢é training
File DamVV_Dataset 2025 20.csv: Dung dé du bao

2.2.2. Hudin luyén va kiém thiv mé hinh.

Dé an tap trung vao 2 thuat toan: Decision Tree va Support Vector Machine
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(SVM). Sau khi Training lua chon thuit toan t6t nhat dé xay dung mé hinh du bao.
Trong qua trinh xay dyung va kiém thir mé hinh dy bao, viéc sir dung cac chi s6
danh gia 1a can thiét dé do ludong hiéu qua ctia mo hinh. Mot trong nhitng chi s6 co
ban va quan trong nhat do 1a:

o Accuracy (D6 chinh xac): Pay 1a chi s6 dugc sir dung phd bién dé danh
gi4 hiéu sut tong thé ctia méd hinh phan loai. Accuracy duoc tinh bang ty 1¢ giira sb
luong mau dir lidu dugc phan loai dung so véi tong s6 mau dit liéu trong tap kiém
thir. Cong thure tinh nhu sau.

56 lwong mau dy doan ding TP+ TN
Tong s6 mau "~ TP+TN+FP+FN

Accuracy =

o TP (True Positive): S6 khach hang roi mang mé hinh dy doan ding.

o FP (False Positive): S6 khach hang roi mang mé hinh du doan sai.

o TN (True Negative): SO khach hang sir dung mé hinh dy doan ding.

o FN (False Negative): S6 khach hang stir dung mé hinh dy doén sai.

o Kappy (Cohen’s Kappa): La mot chi s6 thong ké dung dé do ludng mirc
do déng thuan gitra hai bo phan loai (hodc gitra m6 hinh du doan va thuc té), o tinh
dén sy dong thuan xay ra ngiu nhién. Pugc phat trién boi Jacob Cohen (1960), nén
con goi la Cohen’s Kappa. Kappa khong chi do ti 1€ dung (accuracy) ma con xem
xét kha nang mot két qua dang chi do ngau nhién

N e
1 — FP.

Trong do:

o Po: Ti 1é quan sat dong thuan thyc té (accuracy).

o Pe: Ti 1¢ dong thuan ngau nhién ky vong.

o MCC (Matthews Correlation Coefficient): 1a hé s6 twong quan giira gia tri
thuc va gia tri du dodn ctia mo6 hinh. MCC dénh gid mtrc d6 lién hé gitra dy doan va
thuc té theo cach can d6i vdi ca true positives (TP), true negatives (TN), false
positives (FP) va false negatives (FN). MCC thuong duogc coi l1a thudce do toan dién
nhat cho bai todn phan loai nhi phan, vi n6 khong bi anh huéng béi sy mat cin bang

gitra cac 16p.
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(TP x TN) — (FP < FN)

MCC =
V(TP + FP)(TP + FN)(TN + FP)(TN + FN)

Trong do:

o TP: S6 khach hang roi mang mé hinh dy doan dung

o TN: S6 khach hang sir dung mé hinh dy doan dung.

o FP: Sb khach hang ro1 mang mo hinh dy doan sai.

o FN: S6 khach hang st dung mé hinh du doan sai.

St dung thu vién PyCaret, Pandas nham don gian hoa quy trinh xdy dung,
huéin luyén va trién khai cac mo hinh may hoc, xtr Iy dir li€u dau vao, dinh nghia céac
dac trung dau vao, thiét 1ap moi truong PyCaret dé huan luyén, tao mo hinh hodc so
sanh nhiéu mo hinh, luu lai md hinh tot nhat. sir dung ham setup() ctia PyCaret dé
thiét 1ap méi trudng hudn luyén cho bai toan phén loai, tién xu 1y dit liéu (xt 1y
thiéu, chuan hoa, can bang dit liéu, phan loai dic trung...), chuan bi pipeline machine
learning hoan chinh.

Code Python x1r 1y:

clfl = setup(
data:churn_rate_dataJ

target=target,
categorical_features=categorical_features,
numeric_features

imputation_type=

numeric_imputation

fix_imbalance=

use_gpu=
index=

Hinh 15: Sir dung ham setup trong thw vién PyCaret
Tao mot md hinh Decision Tree (cdy quyét dinh) bang PyCaret, hun luyén

no6 trén dir liéu da qua setup()

Hinh 16: Tao mo6 hinh Decision Tree

St dung 5-fold cross-validation. Nghia 13 dir liéu s& chia 1am 5 phan, huan



37

luyén trén 4 phan va kiém tra trén 1 phan, ldp lai 5 1an va ldy trung binh két qua.

Luu m6 hinh sau khi d3 huan luyén.

siontree*
Accuracy AUC Recall
Split
CV-Train 1.0808
1.60068

nooooo
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Hinh 17: Két qua huan luyén mé hinh Decision Tree.

Tao méd hinh SVM (Support Vector Machine) bang PyCaret, huan luyén nod
v6i 5-fold cross-validation. Luu m6 hinh SVM d4 huén luyén vao file c6 tén "churn-
rate-supportvectormachine"

Code Python xtr 1y:

rmachine*
svm = create model(estimator="svm', fold=5, return train score=True)
save_model(svm, ‘churn-ra chine')

Supportvectormachin

A acy AUC Recall

split Fold
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Hinh 19: Két qua huén luyén mé hinh Support Vector Machine
So sanh giita giira hai mé hinh sau khi huan luyén.

Code xu ly:



best = compare_models(include=["s

Hinh 20: So sanh giira Decision Tree va Support Vector Machine

xy-x.:-*yx;sx«ztm;x)!*se sanh Decisiontre

Model Accuracy
dt Decision Tree Classifier 0.9648
Svm SWM - Linear Kernel 0.5902

Kappa MCC TT (Sec)
dt ©.0000 ©.0000 2.864
svm ©.8014 ©.0013 4.651

Hinh 21: Két qua so sanh giira Decision Tree va Support Vector Machine.
= Ta théy thuat toan Decision Tree c6 hiéu suit dat 96,48% va thoi gian
thuc hién huan luyén la 2.864s. Thuéat toan duoc lya chon dé xay dung la thuat toan
Decision Tree.
- XAy dung, kiém thir md hinh dv bao khach hang roi mang:

o Tai file CSV

uploaded file = st.file uploader("m Tai file CSV

Hinh 22: Upload file CSV
o Poc file CSV thanh DataFrame + hién thi bang dir liéu dau vao.

input_df = pd.read_csv(uploaded file)
st.subheader(" g DIt liéu d&u vao")
st.dataframe(input_df)

Hinh 23: Poc file CSV
o Lam sach va chuén bi dit lidu: Xir 1y dit liu (vi du: loai bo gia trj thiéu,
chuan hoa), Néu cot THANHLY ton tai (label thuc té), loai bo trudc khi du doan.

cleaned_df = clean_data(input_df)

if 'THANHLY® in cleaned df.columns:
cleaned_df = cleaned df.drop( THANHLY', axis=1)

Hinh 24: X ly dir li¢u.
o Du doan bang md hinh: Ding mé hinh da load (hodc train trudc do) dé

du doan.
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predictions = predict model(model, data=cleaned df)

Hinh 25: Dv doan bing mé hinh.
o Ghép két qua du doan vao dir liéu gdc: Thém cot du doan thanh 1y va xac

suat du doan vao bang két qua

full result = input df.copy()
label_col = next((col for col in predictions.columns if 'lab in col.lower
score_col = next((col for cel in predictions.columns if ° in col.lower

if label col:

full_result["DU THANHLY"] = predictions[label col]
if score_col:

full_result["XAC_SUAT"] = predictions[score_col]

Hinh 26: Ghép két qua du doan vao dir liéu gbc.
o So sanh véi thuc té (néu co6 cot THANHLY). Tao c6t SO SANH dé biét

du doan diang hay sai.

Hinh 27: So sanh véi thue té.
o Hién thi két qua: Hién thi bang két qua voi dy doan.
v

st.subheader (" B 1a dy
st.dataframe(full_result)

Hinh 28: Hién thi két qua.
o Hién thi va t6 mau dong sai néu c6: Tuy kich thudc dir liéu, chi hién

dong sai hodc hién toan b va highlight dong sai

" in full result.columns:

st.subheader(" # So sanh dy dodn véi

Hinh 29 : Hién thi t6 mau dong sai néu co.

o V& Dbiéu db hinh tron: V& biéu dd hinh tron so sanh ty 1& dung/sai.
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hole=8.4
)

st.plotly_chart(fig, use_container_width=True)

Hinh 30: Biéu do so sanh ty 1¢ diing/sai.
o Cho phép tai két qua: Tai két qua vé dudi dang CSV hoic Excel.

csv_result = full result.to (inc se).encode( 'utf-8")
st.download button(” g Tai ', data=csv_result, file name="du d churn_ v, mime='

«cel buffer = B o)
with pd IWri cel buffer, engine=
_result.to excel(w
st.download_button("M Tai k
file name=
mime="a

Hinh 31 : Tra két qua dwéi dang CSV hoiic Excel

o Xir Iy 16i: Hién thi thong bao néu qua trinh xtr 1y ¢6 15i.

Hinh 32: Hién thi thong bao 15i

Dir liéu sau khi du doan gom céc trudong thong tin
STT: So thir tu
THUEBAO_ID: Ma cua thué bao khach hang
MA_TB: Ma thué bao
TEN_TB: Tén thué bao
DIACHI_TB: bia chi thué bao
NGANHNGHE _ID: M3 nganh nghé
NGANHNGHE: Tén nganh nghé
NGAY_SN: Ngay sinh cua khach hang
TUOI: Tudi
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KHUVUC ID: Ma khu vuc

KHUVUC: Tén khu vuc

LOAIKH ID: Ma loai khach hang

LOAIKH: Phan loai khach hang. (chi tiét mé ta & bang 2.1)

KHDN: 1-Khéch hang doanh nghiép; 0-Khach hang ca nhan.

MANGKHAC: 1- c6; 0-khong.

SO DV _KHAC: S6 dich vu khac cia VNPT ma khach hang su dung ngoai
FiberVNN.

GOI DADV: Géi da dich vu 1- c6; 0-khong. Str dung g6i tich hop hay khong, tich
hop ( MyTV, di dong, Mesh...) hay khong.

GOICUOC: Goi cude

GIACUOC: Gia cudce

NOCUOC 2THANG: Sé thang ng cudc.

TRATRUOC: Pang thanh toan cudc hang thang hay st dung géi tra truéc nhiéu
thang.1: Pa thanh toan trudc cude 6 thang, 12 thang. 0: thanh toan cudc hang thang.
SOTHANG TRATRUOC CONLALI: Sé thang tra trude con lai.

SOLAN BAOHONG: S6 lan goi bao hong do sy c¢6 (dut cap, khong truy cap duoc
internet, mang cham...).

SOLAN_GOI KIEM: S6 lan goi kiém tra chat luong dich vu.
SOLAN_GOI KIEM HL: Sé lan goi kiém, khach hang phan héi hai long.
SOLAN_GOI KIEM KHL: Sé lan goi kiém, khach hang phan hoi khong hai 1ong
SOLAN TAMNGUNG: S6 lan tam ngung dich vu.

THANG SD: Sé thang str dung.

KO PSLL: Khong phat sinh luu lwgng: Nha mang ghi nhan khach hang khong phat
sinh luu lwong sir dung 5 ngay lién tiép (do hong modem, di vang, mat dién,...) dé
thuc hién kiém tra chét lugng dich vu.

SOLAN_ GIAHAN: S lan khach hang gia han dich vu.

TRANGTHAITB_ID: Trang thai thué bao ID.

TRANGTHAI TB: Trang thai hoat dong cua thué bao.
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THANHLY:: Trang thai cua thué bao: 0- Bang hoat dong, 1- Pa thanh 1y.
SO SANH: Pung, sai so voi két qua thuc té

Tong két chwong 2: Chuong 2 d trinh bay chi tiét quy trinh xay dung mé hinh
du bao khach hang r61 mang, bao gém céc bude tién xir 1y dit li€u, lya chon dac trung,
chia tap dir li€u, huin luyén va kiém thtr. Dé 4n ap dung hai thuat toan hoc may chinh
12 Cay Quyét dinh (Decision Tree) va May Vector H tro (SVM), so sanh hiéu qua
dua trén cac chi sb nhu Accuracy, Precision, Recall, F1-score dé lya chon mo hinh
t61 wu. Noi dung chuong niy dong vai tro nén tang cho viée trién khai cai dat va danh
gia mo hinh & Chuong 3

Chuong 3: CAI PAT VA THU NGHIEM

Chuong nay sé trinh bay chi tiét vé qua trinh cai dat méi truong thuc nghiém,
xay dung mé hinh du bao thir nghiém, ciing nhu cac phuong phéap va két qua danh
gi4 hiéu qua mo hinh du bao khach hang roi mang. Noi dung bao gdm céc budc thiét
lap phﬁn mém, cong cu hd tro, cAu hinh m6 hinh, qua trinh huén luyén, kiém thtr va
phan tich cac chi sb6 danh gia nham xac dinh chét lugng cua mo hinh dugc xay dung.
3.1. Cai dat moi trudng.

Hé thong dugc trién khai trén nén tang may chii voi cau hinh nhu sau:

- Hé diéu hanh: Windows Server 2019

- Bo xur Iy (Processor): Intel® Xeon® Gold 5318Y CPU @ 2.10 GHz (02
processors).

- B6 nhd RAM: 32 GB

- Hé thong: 64-bit Operating System, x64-based processor

Moi truong 1ap trinh str dung:

- Ngon ngi: Python 3.11

- C4c thu vién chinh dugc cai dat va su dung:

o pandas: hd trg xtr ly, phan tich dit liéu dang bang

o numpy: hd trg tinh toan s6 hoc hiéu ning cao

o streamlit: xay dung giao dién web don gian dé hién thi két qua va truc

quan héa mo6 hinh
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3.2. Cai dat mo hinh thir nghiém
Dé trién khai md hinh du bao khach hang ro1 mang, h¢ théng duoc cai dat va

thiét 1ap méi trudng thir nghiém theo cac bude sau:

Cai dat Python: 3.11

o Phién ban sir dung: Python 3.11

o Truy cap trang tai Python:

https://www.python.org/downloads/release/python-3110/

o Tai file cai dat: Windows installer (64-bit)

o Tién hanh cai dat:

= Chay file .exe, tick chon: Add Python to PATH

= Béam Install Now

= Xac minh: python --version

Cai dit thw vién can thiét:

Céc thu vién chinh dugc st dung dé xu ly dir li€u va xay dung giao dién:

o pip install pandas

o pip install numpy

o pip install streamlits

Cai dat ngrok:

Ngrok gitip tao mot dia chi URL tam thoi (public) dé truy cap tmg dung chay

trén may cuc bd (localhost)

o Tao tai khoan Ngrok: Vao: https://ngrok.com -> Ding ky tai khoan (mién

phi)-> Sau khi dang ky, vao Dashboard — 1dy AuthToken
o Cai dat Ngrok: Vao: https://ngrok.com/download-> Tai ban phu hop véi

hé diéu hanh-> Giai nén va dit file ngrok vao thu muc mong mudn.

o Cau hinh token: Sau khi cai, chay: ngrok config add-authtoken
YOUR AUTHTOKEN

o Chay app v6i Ngrok:

App chay ¢ localhost:8501 (Streamlit méc dinh)


https://ngrok.com/
https://ngrok.com/download-
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(Ctrl+C to quit)

opn

1

Hinh 33: Chay iwng dung véi Ngrok
Ngrok sé tra URL: https.// 7abc-113-175-171-43.ngrok-free.app

’ Du doan khach hang réi mang dich vu FiberVNN
tai VNPT Nam DPinh

Tai file CSV dif liéu khach hang:

D d drop file h
rag and drop file here Browse files

Hinh 34:Giao dién Ung dung dung dv doan khach hang roi mang dich vu
FiberVNN

3.3. Thir nghiém va danh gia
o Giao di¢n ting dung du dodn khach hang ro1 mang dich vu Fiber VNN tai
VNPT Nam Dinh.


https://9328-113-175-171-43.ngrok-free.app/
https://9328-113-175-171-43.ngrok-free.app/
https://9328-113-175-171-43.ngrok-free.app/

4

VNPT
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Du doan khach hang rdi mang dich vu FiberVNN
tai VNPT Nam Pinh

Tai file CSV dif liéu khach hang:

Drag and drop file here

Browse files
Limit 200MB per file » CSV
A r \ ,
o Chon Browse files dé chon file khach hang du doan:
Tai file CSV dif liéu khach hang:
Drag and drop file here
& P Browse files
Limit 200MB per file »
DAMVV_Dataset 2025 20.csv 7.8 X
N /’\ A
Hinh 35: Chon file huan luyén.
2\ 2
~ 1A A \ A r
o Dir liéu dau vao dé du béo:
‘ Ny e S p
® Difliéu dau vao
STT  THUEBAOID MA_TB TEN_TB DIACH_TB SHULLES,
0 1 12228999 mlc_gpon217792 Tran Dic Vinh xudng nhdm Viét Ha, ré lang Hop, Hau Bdi Tay - My Phic, My Phic, My Léc, Nam Dinh
1 2 12258291 tnh_gpon7525716  Doan Thi Hién(Cq) Bac Hong, TT Cat Thanh, Tryc Ninh, Nam Dinh
2 3 12265900 ndh_gpon52666 Nguyén Thi Kim Loan (bdc Thinh) 51 M§ Tho, Khu dé thi Théng Nhat, Théng Nhat, Nam Binh, Nam Dinh
3 4 12050114 nhg_gpon2956 Vi van Ky (vg Nguyén ThiAnh)  gan nha vin hda dfi 4 Truc Thudn, Khu Phd 1, Thi tran Liéu D&, Nghiia Hung, Nam Din
4 5 12236921 ndh_gpon5798799  Lé Biic Hung M§ Lgi 2, Nam Phong, Nam Binh, Nam Binh
5 6 12199170 xtg_gpon7984542  TranVan Khiét Xom 3, Xuan Chau, Xuan Trudng, Nam Dinh
7 9764058 ndh_gpon7073012  Tran Thi Théu 60 K, O 18, Phuting Ha Long, Thanh Phd Nam Binh, Tinh Nam Binh, Viét Nam
7 8 12275615 tnh_gpon75761678 Tran vin chung Hung L&, Tryc Hung, Tryc Ninh, Nam Binh
8 9 12236841 nhg_gpon898345  ViiVan Céng DG 6 Ddng Liéu, Nghiia Lac, Nghia Hung, Nam Binh
9 10 11780007  tnh_adsl1603088 Nguyén Van Hiéu XOm 9, X3 Truc Thai, Huyén Tryc Ninh, Tinh Nam Binh
Y ~ A }\ Y
Hinh 36: Dir liéu dau vao.
7
A 5 r
o Két qua du bao:
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(KHL SOLAN_TAMNGUNG THANG_SD KO_PSLL SOLAN_GIAHAN TRANGTHAITB_ID TRANGTHAI_TB THANHLY DU_DOAN_THANHLY XAC_SUAT SO_SANH

0 0 11 0 2 1 Hoatddng binh thudng 0 0 1 & bing

1 0 0 6 0 0 1 Hoat déng binh thudng 0 0 1 [ bing
2 0 0 4 0 0 1 Hoatddng binh thudng 0 0 1 & bing
0 0 41 0 3 1 Hoat déng binh thudng 0 0 1 [ bing

4 0 0 10 0 2 1 Hoatddng binh thudng 0 0 1 4 bing
0 0 17 0 2 1 Hoat déng binh thudng 0 0 1 [ bing

0 0 85 0 6 1 Hoat ddng binh thudng 0 0 1 4 bing

7 0 0 1 0 2 1 Hoatddng binh thudng 0 0 1 [ bing
0 0 10 0 2 1 Hoatddng binh thudng 0 0 1 [ bing

0 0 85 0 0 1 Hoatddng binh thudng 0 0 1 4 bing

Hinh 37: Két qua du bao
o So sanh du bao véi thyc té: Chi hién thi dong béo sai
So sanh du doan vdi thuc té

i D@ liéu quad I6n. Chi hién thj dong du doan sai.

KH LA GUN {AN KO_F LAN_GIAHAN ~ TRANGTH D TE THANHLY = DU_DOAN_T LY C_su 0
0 0 15 0 0 1 Hoat déng binh thudng 1 0 1 X sai
2 0 1 11 0 0 6 Tamding 1 0 1 X sai
202 0 0 16 0 0 1 Hoat ddng binh thuding 1 0 1 X sai
237 0 1 107 [1] L] 6 Tamdlng 1 0 1 X sai
0 0 22 0 0 1 Hoat dong binh thuging 1 0 1 X sai
0 1 16 0 0 6 Tamdimng 1 0 1 X sai
278 0 0 25 0 3 1 Hoatddng binh thuding 1 0 1 X sai
i 1 28 [ 2 6 Tamdiing 1 0 1 X sai
0 0 1 0 0 1 Hoat déng binh thudng 1 0 1 X sai

Hinh 38: So sanh du bio roi mang véi thue té
o Biéu db hinh tron, ty 1& dy bao ding sai: Mau xanh 1a dung, mau do 12 sai
(gl Bi€u dd hinh tron: Du doan dang vs sai
Ty 1& dyf doan ding va sai

B [ oing
MW Xsai

Hinh 39: Biéu d6 duw bao ding sai
Ti 1€ du bao dung dat 98,3% , ti I¢ du béo sai la 1,75%.
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Tong két chwong 3: Chuong 3 dd mo ta quy trinh cai dat moi truong va thi
nghiém mé hinh dy bao, bao gém c4u hinh phan cimg, thiét 1ap phan mém, cac thu
vién hd tro (Python, Pandas, NumPy, Streamlit), va cac budc trién khai mo hinh.
Két qua thir nghiém cho thiy céc thuat toan duoc ap dung c6 kha ning du bao khach
hang roi mang véi d6 chinh xac cao, dong thoi cung cap co sd dé lwa chon giai phap

mo hinh héa phu hop cho VNPT Nam Dinh

KET LUAN

Sau qua trinh tim hiéu, nghién ctru cic phuong phap khai pha dir liéu, ky
thuat tién xt 1y dit liéu, cling nhu cac phuong phap hoc méay va thuat toan du bao
nham xay dung mo hinh du bao khach hang c6 nguy co roi mang, déng thoi tham
khao cac cong trinh nghién ctru ¢6 lién quan, dé an da dat dugc mot so két qua chinh
sau:

o Thu thap va xdy dung co s& dit liéu khach hang, bao gdm cac thong tin
dic ta nhu: dbi tuong khach hang, loai hinh khach hang, goi cudc st dung, tinh trang
no cude, s6 luong dich vu dang str dung va cac dac diém lién quan khac.

o Rt trich cac thudc tinh dic trung, xac dinh cac yéu to c6 kha ning anh
huong dén nguy co roi mang cua khach hang, qua d6 xay dung tap dir liéu huén
luyén phuc vu cho viéc xay dung va danh gia mo hinh du béo.

o Nghién ctru va tim hiéu vé thuét toan Decision Tree va Support Vector
Machine. Thuat toan Cay quyét dinh (Decision Tree): D4 tim hiéu nguyén 1y hoat
dong cua thuat toan, cac ti€u chi tdch nhanh (nhu Information Gain, Gini Index, Gain
Ratio), cdu tric cdy nhi phan va da nhanh, vu nhuoc diém cua cay quyét dinh ciing
nhu kha ning gidi thich ctia mé hinh. Thuat toan May vector hd trg (Support Vector
Machine - SVM): P nghién ctru nguyén 1y cia SVM trong viéc tim siéu phang tdi
wu nham phan tach céc 16p dir li¢u, cac ham kernel (nhu linear, polynomial, RBF)
dé xur 1y cac bai toan phan loai phi tuyén, cling nhu vu diém ciia SVM trong viéc xir

1y dit li€u ¢6 kich thudc 16n vai s6 luvong mau han cheé.
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o Tién xtr 1y dir liéu va xay dung mo hinh du bdo c6 do chinh xéc cao, cu
thé xay dung mo hinh dy bao véi thuat toan Decision Tree d6 chinh xac 96.48%.

Huwéng phat trién cia dé 4n trong twong lai.

o Tiép tuc nghién ctru va thir nghiém cac mo hinh bang cac thuat toan nhu
Random Forest/ Gradient Boosting / XGBoost / LightGBM / CatBoost, Logistic
Regression, K-Nearest Neighbors (KNN), Neural Network (Mang no-ron nhan tao)
Dé tim ra thuat toan tdi wu nhat cho bai toan.

o Du bao va thtr nghiém trén cac dich vu khac cia VNPT Nam Dinh nhu
MyTV, Dién thoai di dong...

o Gui thong bao dén nhan vién quan 1y dia ban vé thong tin khach hang c6
nguy co roi mang dé tién hanh cham soc va thuyét phuc khach hang tiép tuc str dung

dich vu cua don vi.
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