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TOM TAT

Xu hudng hién nay, nghién ciru va ap dung cac mé hinh may hoc vao cac linh vuc trong
cudc song dang duoc quan tdm bai ca hai cong ddng: nha khoa hoc va doanh nghiép. Trong
bai bao nay, chung t6i tién hanh tim hiéu va 4p dung mé hinh may hoc cho linh vuc vién
thong. Cu thé, ching toi st dung cac md hinh phan 16p dé du doan hanh vi cua thué bao.
Chung t6i thuc hién danh gia trén 10 mé hinh may hoc khac nhau dya trén cac gia tri danh gia
F1-Score, Precision, Recall, va Accuracy. Panh gia duoc thuc hién dya trén 6000 mau tap tin
khac nhau duoc thu thap tir Trung tdim Cong ngh€ Thong tin, VNPT Hai Duong. Thuc nghiém
chung to rang sir dung cac mo hinh hoc mdy cho bai toan 1a mét cach tiép can phu hop. Dic
biét, m6 hinh Gradient Boosting cho do h01 tudng (recall) rat cao — 0.986. Day thuc sy 1a mot
két qua 4n tuong va la tién d& dé cai tién, phat trién cac mo hinh moi dat hiéu qua cao hon
trong twong lai nhdm gitup doanh nghiép c6 thé dua ra nhitng quyét dinh kinh doanh phu hop
hon véi tung loai khéach hang.

Tir khoa: hanh vi thué bao khach hang, khai pha dir liéu, may hoc, mé hinh phan lop, phan [6p

USING MACHINE LEARNING MODELS TO
PREDICT THE CONSUMER BEHAVIOR IN TELECOMMUNICATION

ABSTRACT

Researching and applying machine learning models in real-life domains tend to attract
communities such as scientists and businesses. This paper describes the results of our analysis
of applying machine learning models to the field of telecommunications. Specifically, in our
research, we used classification models to predict consumer behavior and performed evaluation
on 10 different machine learning models based on F1-Score, Precision, Recall, and Accuracy.
Experiments have been carried out on 6000 different samples collected from the Center of
Information Technology, VNPT Hai Duong. We found that using machine learning models for
the problem is a very promising approach to predict consumer behaviors in telecommunication.
In particular, the Gradient Boosting model provides a very high recall — 0.986. This significant
result is the premise to improve and develop new models with higher efficiency in the future for
businesses to make more suitable business decisions for each type of customers.

Keywords: classification, consumer behavior, data mining, machine learning, telecom
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1. PAT VAN PE

Hién nay, cac doanh nghiép vién thong
trong nuéc va quoc té dang timg budc chuyén
minh theo xu thé méi, giai doan méi do 12 giai
doan cong nghé sb, dich vu s6. 0 giai doan
nay, song song phat trién cac nhém dich vu
s0 méi van tiép tuc ting cudong canh tranh,
cing c¢6 thi phan cac dich vu vién théng
truyén thong va dic biét chu trong ting cuong
Ung dung giai phap cong nghé thong tin dé
nang cao chét luong cac chuong trinh khuyén
mai, cham soc khach hang va ha tang dich vu.

Khéi dir liéu khéng 16 cua cac nha cung
cip dich vu bao gdm nhiing thong tin tir nhan
khéu hoc dén thong tin hanh vi st dung dich
vu vién thong, déu duoc luu trit mot cach chi
tiét nham phuc vu cac hoat dong kinh doanh
va van hanh hang ngay. Néu dit liéu d6 duoc
khai pha, chiing ta s€ c6 duoc tri thirc quy bau
vé thi trudng, khach hang, san phim dé giup
t6 chie co quyét dinh phu hop déi véi qua
trinh kinh doanh va hoach dinh chién lugc
phat trién. Str dung cac k¥ thudt phan tich,
khai pha dit liéu (KPDL) cung cac cac thuat
toan va md hinh may hoc phu hop cho phép
cic nha mang dua ra cic quyét dinh thong
minh, hiéu qua va kip thoi. Cé6 kha nhiéu cac
bai toan phan tich trong linh vuc vién thong
phuc vu cho cac hoat dong diéu hanh va kinh
doanh, duoc chia thanh cic ba nhom chu dé
chinh sau:

Tiép thi, ban hang va quan hé khach hang:
Dit liéu ctia cac nha cung cdp dich vu c6 mot
lwong 16n dit liéu hop dong, chi tiét cude goi
cta tirng khach hang, qua d6 c6 co hoi tao hd
so khach hang véi cac diém sd, phan khuc va
phan loai khiach hang bang cach st dung
nhiéu phuong phap va k§ thuat KPDL. Sau
d6, cac mau va mo hinh duoc khai phé trong
dit lidu d6 c6 thé duoc st dung cho cac muyc
dich tiép thi, ban hang va chim so6c khach
hang. Vi du nhu: phan cong va quan 1y chién
dich, cai thién hiéu qua kénh, phat trién
chuong trinh khach hang than thiét, du doan
doanh sb ban san phdm va xu hudng cua
khach hang, du doan va quan ly thoi gian,
cham soc khach hang tt hon. Tat ca nhimg
hoat dong nay s& dong gop dang ké vao viée
tang loi nhuan, cai thién hiéu qua tai chinh va
kha ning tuong thich, thich ing véi nhu cau
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cia khach hang (Kabakchieva, 2009). Mot
trong nhiing nghién ctru dién hinh cua chu dé
nay la ciia Cong ty Vién thong Syriatel: Phan
tich du doan sir dung dir licu lon (Big Data)
dé ting long trung thanh cua khach hang
(Wassouf & nnk., 2020).

Phdt hién gian ldn vién théng: Gian lan
vién théng dugc dinh nghia 1a “bat ky hoat
dong nao sir dung dich vu vién thong ma
khong c¢6 y dinh tra tién” (Hilas &
Mastorocostas, 2008). Gian 1an 1a mot vin dé
nghiém trong va né khong chi din dén that
thoat doanh thu cho cac nha cung cép dich vu
vién thong ma doi khi con 1a ganh ning cho
khach hang. Cac phuong phap phd bién nhit
dugc str dung dé phat hién gian 1an dya trén
phén tich hoat dong cua nguoi dung, so sanh
hanh vi méi so v6i hanh vi cli. Con Weiss
(Weiss, 2009) phan loai gian 1an vién thong
“gian lan dang ky: xay ra khi khach hang mo
tai khoan véi ¥ dinh khong bao gid tra tién va
gian 14n chdng chat: xay ra khi thu pham truy
cap bat hop phap vao tai khoan ctia mot khach
hang hop phap. Gian lan chdng chat duoc coi
1a van dé quan trong hon va do d6 no6 thuong
1a chu dé co ban cua cac nd luc nghién ctu”.
K§ thuat phat hién sai 1éch va phat hién bat
thuong rat thuong duge ap dung dé phat hién
gian 14n chong chéo. Mot s6 phuong phap
dugc ap dung gan diy bao gdm sir dung két
hop chit ky cua khach hang, phan cum dong
va phat hién do léch; nhan dang mau béng
cach st dung cac cong cu truc quan dé nhan
dang cac mau bat thuong. Mot ing dung cu
thé di dugc VNPT dua ra giai phap gitip chin
200.000 cudc goi gia mao mdi thang dua trén
dir lidu vé hanh vi, dic diém cudc goi (cac
thong tin khai thac khong phai thong tin riéng
ctia ngudi st dung), dau code sb dién thoai
khong ding quy dinh véi tiéu chuan quéc té,
ddng thoi ap dung cac thuét toan du doan trén
ha téng Big data, May hoc, Tri tué nhan tao
(AD) t6i tat ca cudc goi ndi mang va ngoai
mang, VNPT xéc dinh thué bao phat tan cudc
goi rac hodc lura dao va ngéan chan trong thoi
gian thuc (VNPT, 2020).

Quan ly glam sdt mang: Dé tang trudng va
duy tri ty suét loi nhuin trong nganh vién
thong doi hoi tang hiéu qua mang téi wu va
dam bao do tin cay cua mang ngay cang cao.
Cac cong cu phan tich tri tué doanh nghiép
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(Business Intelligence — BI) va KPDL da
dugc ching minh 14 rat hiéu qua dé so sanh
mot loat cac chi sb hoat dong trong hé théng
mang, tao bao cdo thoi gian thuc dé xac dinh
cac van dé can chu y ngay lap tic va tao canh
bao dé thong bao tirc thi vé cac tinh hudng
khan cdp can phan tng nhanh. Qua trinh
KPDL ciing phan tich trinh tw, dir liéu chudi
thoi gian va phan loai ching; tap trung vao
viéc trng dung cac phuong phap khai pha dir
lidu dé phat hién nhimg thay doi vé chat
luong dich vu dua trén cac phép do mang
dugc tao ra trong cac hé théng hoat dong. Véi
sy phat trién vugt bac cia cong ngh¢ Vlen
thong hién nay, mang 5G da dugc dan trién
khai rong rai tai nhiéu qudc gia trong do co
Viét Nam. Mot trong nhimng nha san xuat h¢
thong di dong hang dau thé gidi Ericsson di
dan ddu mot nghién ctru dé phan tich tinh tién
tién, ky vong ap dung AL May hoc cua cac
nha khai thac mang di dong va cac nha cung
cip dich vu vién thong toan ciu. Nghién ctru
cho thdy cac nha khai thac s& chu 'yéu su dung
Al, May hoc nhu mot cong cu dé chuyén doi
sang hé thdng mang 5G va dam bao tdi vu hoa
dau tu. Hon nita v6i 4G, 4.5G viéc quan ly
mdt s luong 16n cac thiét bi va lwong dir liéu
khong 16 ngay cang trd nén phire tap. Cac nha
khai thac dang rat hy vong tng dung Al va
May hoc s€ giup gidm bdt sy phire tap trong
viéc quan ly giam sat (Haidine & nnk., 2021).

Nhom bai toan du doan hanh vi thué bao
luén la nhom bai toan duge quan tam trong
linh vyc vién thong (thuoc nhém chi dé
“Tiép thi, ban hang va quan hé khdch
hang”). Loi ich dem lai tir két qua KPDL
trong linh virc ndy hd trg cong tac tiép thi, ban
hang va cham s6c khach hang nham:

— Tang doanh thu dich vu.
— Giam chi phi truyén thong.
— Giam thué bao roi mang.

— Tiép can hop Iy va tranh 1am gay phién ha
tdi khach hang,
— Chiém linh thi phﬁn mang dich vu vién
thong.
Dé thuc hién duoc bai toan nay viéc tiép
can cac nguon dir li€u hiru ich ctua cac hé
thong nghi€p vu lién quan rat quan trong.
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Viéc phan tich va hiéu rd dit liéu thu thap 1a
bude tién dé dé co dugc két qua thanh cong
cling nhu tng dung mo6 hinh d6 vao trong
cong viéc thyuc té.

Trong nhom bai toan nay, ching toi lua
chon mdt bai toan cu thé dé dua vao thuc
nghiém va danh gia nhiing giai thuat phu hop
cho no la: du dodn hanh vi huy cua thué bao
do chat lwong dich vu. Vi y nghia thuce tién
gilip nguoi quan tri, nhén vién quan ly dich
vy, nhén vién quan ly dia ban co6 thé ung
dung, giam sat thuong xuyén s6 lidu dé co
phuong an k thuat ti vu kip thoi, chinh sach
thu hat hop 1y nham giir chan khich hang
trude khi ho dua quyét dich huy dich vu.

Song song vdi viée tim hiéu bai toan la
qué trinh tiép can thu thap dir liéu tir nhiéu
ngudn khac nhau dé dam bao dit liéu thu thap
dang va da cho budc thuc nghiém.

ba c¢6 mot vai nghién ctru tai Viét Nam
quan tam téi viée dung cac md hinh hoc may
dé KPDL trong tap khach hang. Cu thé, trong
luan van thac si tai Truong Pai hoc Cong
nghé, Pai hoc Quéc gia Ha Noi, tac gia
Nguyén Ngoc Tuan (Nguyén Ngoc Tuan,
2016) da sir dung thuat toan ciy quyét dinh
C4.5 dy bao thué bao rdi mang trong mang di
dong. Tac gia Poan Vian Tam (Poan Vian
Tam, 2019), trong luan van thac si tai Trudng
DPai hoc Cong nghé, Pai hoc Quéc gia Ha No6i
da xdy dung mo6 hinh du doan khach hang
tiém ning cho cac gbi cudc trong mang di
dong théng qua mot sé md hinh may hoc:
Decision trees, support vector machine,
KNN, va két hop cac mo hinh phan 16p.

Trong bai bao nay, chiing t6i lya chon va
xtr Iy 6000 mau tap tin khac nhau duoc thu
thap tir thuc t& va tién hanh thuc nghiém trén
10 m6 hinh hoc may cho bai toan phan 16p
(classification problem): Logistic Regression
(LR), Naive Bayes (NB), K Neighbours
Classifier (KNN), Decision Tree Classifier
(DT), Random Forest Classifier (RF), Support
Vector Classification (SVC), AdaBoost (AB),
Bagging Classifier (BC), Extra Trees Classifier
(ET), Gradient Boosting Classifier (GB). Tinh
toi thoi diém hién tai, theo nhu hiéu biét cua
chiing t6i, bai bao nay da thyc hién tim hiéu va
ap dung nhiéu md hinh _phan 16p nhét cho bai
toan khai pha dir liéu vién thong.
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2. PHUONG PHAP NGHIEN CUU

2.1. Thu thap dit liéu

Dit liéu thué bao trong linh virc vién thong
la mét bai toan dir liéu da dich vu va thuong
xuyén phai tai céu trac dé phu hop v6i hién
trang thyc té trién khai. Ve khdi lugng dir liéu
dich vu khach hang 1a rat 16n tir nhitng nguon
dir liéu chu dich vu khac nhau, né duoc tong
hop va d(‘)ng bd v6i ngudn dit liu tép trung,
thong nhat danh cho viéc xay dung cac hé
thng quan 1y tap trung. Boi véy tham chiéu
dir liéu thué bao n6 bao gdbm ngudn dir lidu
tap trung la nhitng dit liéu dang tong hop ctia
thué bao va dit liéu phan tan 1a dit liéu chi tiét
v str dung dich vu cua thué bao dat tai cac hé
théng chu dich vu.

Dé thyuc hién quy trinh hoa viéc cip phat
dir liéu cho cac bai toan, ching t6i sir dung

mo hinh data warehouse (DWH). Vi DWH,
viée két ndi voi cac ngudn dit liéu tai Staging
area, sau d6 qua qua trinh ETL (Extract —
Transform — Load) dit li€u st dung cong cu
PDI (Pentaho Data Integration — mi ngudn
mé cua Hitachi) dugc luu trir thanh 3 dang
metadata, summary data, raw data tai
Warehouse, cudi cung cdp phat dit liéu cho
cac bai toan khai pha dir liéu, bao cao BI tai
kho dir li€éu nho gon (data marts) (Fatima,
2019) dudi dang dit liéu chu dé, cac budc
dugc mo ta nhu tai Hinh 1.

pé phuc vu bai toan thuc nghiém, ching
t6i trich xudt dir liéu 6000 mau dir lidu (bao
gdm 15 truong thong tin) theo ddi qua trinh
bién dong trong 15 thang, dit liéu bao gdm
bang tong hop sy kién (fact table) va mot sd
bang dit liéu dugc 1ay tir kho dir lidu.

Data Sources Staging Area Warehouse Data Marts Users
= .- lﬁl
— o | |

Operational . Purchasing e
System ,ﬂ-_‘,:f nalytics
- === - -
less _- Metadata — -
= T = =S
= N
= = =
Operational = =y Sales e
System Summary Rawdata eporting
data
l A
Flat Files Inventory Mining

(Nguon: panoply.io)

Hinh 1: M hinh Data wareHouse dwgc ap dung dé quy trinh héa qua trinh
cap phat dir liéu cho cac bai toan KPDL, BI

2.2. Trich chon cac dic trung quan trong
Hinh 2 thé hién dit liéu phan phdi cua ting
truong voi di ligu nhan
LDHUY CHATLUONG can phan loai cho
bai thuc nghiém. Quan sat trén biéu dd, phan
phdi co mau d6 1a phan phdi clia cac dic trung
ctia thué bao di bi hity. Nguoc lai, phan phdi
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c6 mau xanh 14 phan phdi cua cac dic trung
cta thué bao chua hily. Truc hoanh cua biéu
d6 bao gom cac gia tri khac nhau ciia cac dic
trung, va truc tung la tan suét xuét hién cta
cAc gia tri ung véi truc hoanh. Qua biéu dd
trén c6 thé thay, phan phdi cac dic trung ctia
hai nhan hoan toan khac nhau. Vi du nhu dac
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trung TG_XULYTB c6 thé thiy phan 16n cac
thué bao bi huy la do thoi gian xir ly trung
binh nam trong khoang 0 dén 5 ngay. Bén
canh d6, nhiing thué bao khong bi hily thuong
¢6 TG XULYTB la tir 5 d&én 10 ngay. Hodc
nhu dac trung NGAY TB SUCO, cac thué
bao bi huy ¢6 s6 ngay gip sy cd trai dai tir 80

THUEBAO_ID KHACHHANG_ID
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dén 400 ngdy, va phan 16n thué bao bj hiy
déu gap su cd tir 400 ngay. Piéu nay cling
that dé hiéu vi cang gip nhiéu su ¢, cang
¢6 nhiéu thué bao bi huy. Noi tom lai, qua
cac phan phdi trén, ta danh gia duoc lidu mo
hinh may hoc cua ta co thé hoat dong tt
hay khong.

DICHVU_ID DOITUONG_ID
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Hinh 2: Truc quan phén phéi dix liéu thu thap tirng trwdng véi dir liéu nhin
LDHUY_CHATLUONG: dé6-nhéan 0, xanh-nhén 1

Tuy nhién, 15 truong dit liéu nay ta khong
thé 1iy va huin luyén mé hinh tit ca duoc.
Mot s dic trung co thé gy ra overfiting.
Dién hinh nhu dic trung THUEBAO ID, véi
mdi mot ID nhur vay ta co thé xac dinh duge
mot thué bao di hiy dich vy hay khéng. Diéu
nay la khong tt ddi v6i cac md hinh may hoc.
bac trung LYDOHUY_ID ciing vay, dua vao
phan phéi trén co thé thay nd mang nhiéu gia
tri khac nhau tir 0 (khong hity) dén 8 (hity véi
cac ly do khac nhau). Tuy nhién, bai toan tap
trung vao hanh vi cua khach hang l1a c6 hay
do chét luong dich vy hay khong, tir d6 co
huéng di phit hop ddi véi cac khach hang tiép
tuc st dung hodc da huy cac dich vu. Thay vi
loai bo hoan toan déc trung nay, ta xt ly lai
n6 khién n6 chi mang hai gia tri 0 (khong huy
do chat luong) va 1 (dd hiy do chat lugng
dich vu), ta goi dac trung da dugc xur ly nay
la LDHUY CHATLUONG.
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Tiép dén, thuc hién nap va tién xur ly dir
liéu thu thap dugc bﬁng mot sb k¥ thudt voi
ngoén ngit python trén mdi truong google
colab. Sau d6 thuc hién danh gia thong qua
hé sb tuong quan Pearson (Pearson
correlation coefficient) dé xac dinh do tuong
quan gilta cac truong dir licu (Kent State
University).

Sau khi d3 co duoc cac tinh duoc hé sb
tuong quan gitta cac truong di li¢u voi di
liéu nhan can Xac dinh la
LDHUY CHATLUONG. Péi véi 2 dic
trung 1la DONVI _ID va KT NHANVIEN ID
mang gia tri twong quan rat thip, 1an luot Ia
0.008511 va -0.002382. Qua d¢ trich chon
ra mot sd trudng dit liéu c6 mbi twong quan
v6i két qua dé 1ay 1am dic trung quan trong
cho bai thyc nghiém, bao g@)m 11 déc trung
nhu Bang 1.
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Bang 1. Cac dac trung quan trong trich chon dwoc

TT Pic trung Mbo ta
1 KHACHHANG _ID ID khach hang, mot khach hang c6 thé ding nhiéu thué bao
2 DICHVU ID ID dich vu
3 DOITUONG _ID ID cua ddi twong khach hang
4 MUC_CUOC Mtc cudc cua thué bao
5 KHUVUC ID bia ban quan ly
6 SO NGAY_SD Sb ngay sir dung dén luc hay
7 ARPU ID ID murc doanh thu trung binh ctia khach hang
8 TONG_SUCO S6 luong sy c¢b, hong hoc khach hang bao trong thoi gian ldy mau
9 TONG TG GIANDOAN Téng thoi gian gian doan dich vy trong thoi gian 1dy mau
10 TG XULYTB Thoi gian trung binh stra chira ctia thué bao trong thoi gian 1ay mau

11 NGAY TB SUCO

Sb ngay trung binh phat sinh sy ¢ tir thoi diém st dung dich vu

2.3. M6 hinh thyc nghiém

Cac budc thuc hién cua moé hinh thuc
nghiém trén Hinh 3 dugc mo ta nhu sau: Voi
tap dir liéu thu thap dugc sé dugc tach lam 2
tap hudn luyén va tap kiém thir véi ti 16 80/20.
Dit liéu 2 tap nay lan luot qua cac budc tién
xt 1y dit liéu, trich xuit dic trung va quan
trong 1a trich chon dugc déc trung quan trong

(muc 2.2 d4 néu). Rdi 1an luot ap dung 10 giai
thuat dé tim ra 10 mé hinh may hoc tuong
mg trén dir liéu tap huin luyén. Sau d6 ap
dung 10 m6 hinh d6 v6i dir liéu kiém thir dé
cho ra két qua phén loai ctia timg mo hinh,
cudi cung sir dung ma tran danh gia confusion
matrix (s& d& cap tai muc 3.1) dé danh gia két
qua cua tung mo hinh thong qua cac d6 do.

Tap dir liu

Téch thanh 2 tap dit li¢u

thué bao

HUAN LUYEN
MO HINH
Model Training

Tién xir 1y dix lidu

Trich xuét dic trung

!

KIEM THU'
MO HINH
Model Testing

Tién xir 1y dix liéu

Trich xuét dic trung

v

!

y

Lua chon déc trung

s |— (RG] [foones

Két qua va
DPanh gia

Ap dung cac m hinh

LR KNN “ine RF GBM
} | .
M¢ hinh M6 hinh M hinh M6 hinh
GBM

LR KNN | -~- | RF
l

Hinh 3: M6 hinh cac bwéc thye hién bai toan thye nghiém
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3. KET QUA VA THAO LUAN
3.1. Ma trin danh gia (confusion matrix)

Chung t6i st dung phuong phap danh gia
thong qua cac do do cia ma tran danh gia
(confusion matrix) (Stehman, 1997) dé danh
gi4 két qua thu duoc cia cac md hinh. Bang
2 duéi déy 1a cac chi sb cua confusion matrix
trong qua trinh so sanh gitta dir liéu thyc té
voi dir liéu du doan.

Béang 2. Ma tran danh gia
(confusion matrix)

Positive Nevative

Du doan Du doan
Positive | True Positive | False Negative
Thuec té (TP) (FN)
Negative | False Positive | True Negative
Thuyc té (FP) (TN)

Ttr nhitng chi sb trén, confusion matrix da
dua ra cac do do nhu: Accuracy, Precision,
Recall, F-score (F1) dé danh gia sy hiéu qua
ctia mot md hinh may hoc. Cu thé y nghia cua
moét sb d6 do nhu sau:

Accuracy (d0 chinh xac): S6 dit liéu do
mo hinh du doan dung / Tong so dit li¢u mo
hinh dy doan (Bao gom ca positive va
negative).

A _ TP + TN
Y = TP FN + FP + TN
— Precision: S6 dit liéu do md hinh dy doan
dtng positive / Tong so dir liéu mo6 hinh dy
doan positive.

TP
TP + FP
— Recall (D6 hdi tuong): S6 dit liéu md hinh
du doan dltng positive / Tong so dir li€u thuc
te positive.

Precision =

TP
TP + FN

— F-score (F1): La d6 do hai hoa gilra do
chinh xac va d¢ hoi tuong cia mo hinh.

Recall =

2 x Recall x Precision
F1 =

Recall + Precision

Trong bai toan thuc nghi€ém chung t6i st
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dung do hoi tuong (recall) dé danh gia két qua
clia cic md hinh, & phan két qua va danh gia
chung t6i s€ giai thich 1y do lya chon d¢ do
nay trong viéc danh gia mo hinh.
3.2. Thuc nghiém

Sau khi da trich chon déc trung é muc 2.1,
tiép dén tién hanh tach dit liéu ra thanh hai tap
dir liéu: hudn luyén/tap kiém tra 1a 80/20
(huin luyén 1a 4800 khach hang va kiém tra
la 1200 khach hang).

pé tang do chinh xac va su hoi tu cho mo6
hinh may hoc, chung t6i thuc hién chuin hoa
dir liéu (Normalization) dé dua dit liéu cua
cac thudc tinh vé doan [0, 1]. Cac md hinh
may hoc trong thue nghiém déu st dung thu
vién Sklearn.

Chung toi cai dat bai toan thuc nghiém véi
10 thuat toan phan 16p trén thu vién sklearn
(Sklearn , 2021), bao gbém: Logistic
Regression (LR), Naive Bayes (NB), K
Neighbours Classifier (KNN), Decision Tree
Classifier (DT), Random Forest Classifier
(RF), Support Vector Classification (SVC),
AdaBoost (AB), Bagging Classifier (BC),
Extra Trees Classifier (ET), Gradient
Boosting Classifier (GB). Chung t6i ciing dé
cac tham sé mic dinh. Tai thoi diém chung
to1 thuc nghiém, sklearn dang c6 phién ban
scikit-learn0.24.2.

3.3. Két qua va d4nh gia

Vi két qua thuc nghiém c6 duoc trén cac
mo hinh may hoc trén b dir li¢u thu thap,
thong qua confusion matrix ¢é dugc cac do
do cua cac mo hinh va ching t6i dat gia dinh
positive 1a huy do chat lugng dich vy tirc nhin
du doan LDHUY CHATLUONG =1, ltc do
cac do do can tong hop dugc ¢ Bang 3 phia
dudi. Quan sat truc quan bang trén, chiing ta
nhan thiy két qua cac do do cua ca 10 mo
hinh giai thudt déu cao, didu nay cho thiy mo
hinh may hoc 1a cach tiép can diy hira hen
cho bai toan du doan hanh vi thué bao trong
linh vyuc vién thong.

Bang 3 cho ching ta thiy ring mé hinh
Gradient Boosting cho két qua tot nhat trén ca
ba d6 do Accuracy, Recall, va F-score. Thuc
nghiém nay ciing phu hop vé mit 1y thuyét
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khi m6 hinh Gradient Boosting 1a mdt trong
nhiing m6 hinh manh mé nhat trong cac mo
hinh hoc may.

bac biét, vdi y nghia bai toan thyc nghiém
nay cac don vi vién thong s& quan tAm tim
dugc mo hinh véi két qua du doan hay véi ly
do “Chat lwong dich vu” voi xac suét bo sot
it nhét (Tha bdo nham con hon bé sétf). Do
vay, cac don vi vién thong s& quan tim do do
Recall hon so v6i cac @ do khac. Chinh vi
vdy, mo hinh Gradient Boosting c6 d¢ hoi
tuong cao nhat 1a 0.986 s& 1a mo hinh ly
tuéng dé tiép can du doan hanh vi cua khach
hang cho bai toan vién théng dugc d& cap
trong bai bao nay.
Bang 3. Cic s6 do két qua ctia 10 mé hinh

may hoc (S6 liéu bdi dam chi két qua t6t
nhit cia d do)

Mo hinh  Accuracy Precision Recall Fl-score

LR 0.925 0918 0911 0915
NB 0.893 0.884 0.874 0.879
KNN 0.944 0914 0956 0.935
DT 0.948 0.954 0.930 0.942
RF 0.966 0.947 0975 0.960
SvC 0.958 0.933 0970 0.952
AB 0.960 0.937 0970 0.954
BA 0.961 0.943 0967 0.955
ET 0.966 0.952 0969 0.961
GB 0.968 0939  0.986 0.962
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Hién ndy van con it nhitng nghién ctru va
ap dung cac mo hinh may hoc dé khai pha di
lidu trong bai todn vién thong. Qua qua trinh
tiép can, tim hiéu dir liéu chung t6i da dua ra
phwong 4n quy trinh hoa viéc cip phat dit liéu
doanh nghiép vién thong cho cac bai toan
thong minh doanh nghiép (BI) va khai pha dit
liéu.Tiép do, chung t6i ciing tién hanh thuc
nghiém trén dir li¢u thuc té thu thap duoc dé
du doan hanh vi thué bao khach hang thong
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qua 10 giai thuat phan 16p: Logistic
Regression, Naive Bayes, K Neighbours
Classifier, Decision Tree Classifier, Random
Forest Classifier, Support Vector
Classification, AdaBoost, Bagging Classifier,
Extra Trees Classifier, Gradient Boosting
Classifier. Tinh t6i thoi diém hién tai, theo
nhu nhiing hiéu biét cta ching t6i, bai béo
nay da thuc hién tim hiéu va ap dung nhiéu
md hinh phén 16p nhit cho bai toan khai pha
dit liéu vién thong.
Ching t6i rut ra duge hai két luan sau:

1) Dung mo6 hinh may hoc vao khai pha dit
liéu, cu thé trong bai toan dy doan hanh vi ctia
khach hang — muén hiy dich vy hay khéng —
1a phu hop;

ii) M6 hinh Gradient Boosting c6 d6 hdi
tudng (recall) 1a rat cao — 0.986.

Véi nhitng gi dat dugc, ching toi sé tiép
tuc nghién ciru vé bai toan nay. Cu thé, ching
to1 s€ tiép tuc thu thap dit liéu va da dang hoa
dit liéu. Tiép nita, ching toi con dy dinh phan
tich dic trung nio s& mang lai nhidu dong gop
quan trong trong bai toan nay. Tir d6 thuyét
phuc t6 chirc str dung nhitng phat hién ciia mo
hinh may hoc dé dua ra cac diéu chinh phu
hop véi khach hang, va chién lugc phat trién
kinh doanh.

TAI LIEU THAM KHAO

Bloice, M. D., & Holzinger, A. (2016). A
Tutorial on Machine Learning and Data
Science Tools with Python. Lecture Notes
in  Computer  Science, 435-480.
DOI:10.1007/978-3-319-50478-0 22.

Poan Van Tam. (2019). Xdy dung mo hinh
di dodn khdach hang tiém ndng cho cdc
g0i cudc trong mang di dong. Luan van
Thac si, Pai hoc Cong nghé, Pai hoc
Qudc gia Ha Noi.

Fatima, N. (2019). Data Warchouse
Architecture: Types, Components, &
Concepts. Truy cap tr

https://www.astera.com/type/blog/data-
warehouse-architecture/ abgerufen.



¥ KHOA HOC TU NHIEN

Garg, R. (2018). 7 Types of Classification
Algorithms. Truy cap i
https://analyticsindiamag.com/7-types-
classification-algorithms/ abgerufen

Haidine, A., Salmam, F. Z., Aqqal, A., &
Dahbi, A. (2021). Attificial Intelligence
and Machine Learning in 5G and beyond:
A Survey and Perspectives. In Moving
Broadband Mobile Communications
Forward - Intelligent Technologies for
5G and Beyond.
DOI:10.5772/intechopen.98517

Hilas, C. S., & Mastorocostas, P. A. (2008).
An application of supervised and
unsupervised learning approaches to
telecommunications fraud detection
Knowledge-Based Systems, 21(7), 721—
726. doi:10.1016/j.knosys.2008.03.026

Kabakchieva, D.  (2009).  Business
Intelligence  Applications and Data
Mining Methods in Telecommunications:
A Literature Review. Bulgaria. Truy cap
tu:https://core.ac.uk/download/pdf/71542
208.pdf abgerufen

LibGuides: SPSS  Tutorials:  Pearson
Correlation. (n.d.). (20. July 2021). Uni.
Von Kent State University. Truy cap tu
https://libguides.library kent.edu/spss/pe
arsoncorr. abgerufen

Maimon, O., & Rokach, L. (2005). Data
Mining and Knowledge Discovery
Handbook: A Complete Guide for
Practitioners and Researchers.

Nguyén Ngoc Tuan. (2016). Ap dung ky
thudt KPDL dy bdo thué bao roi mang
trong mang di dong. Luan van Thac si,
Dbai hoc Cong nghé, PHQGHN.

Singh, H. (2018). Understanding Gradient
Boosting Machines - Towards Data
Science. Medium. Truy cap 04/11/2018 tir
https://towardsdatascience.com/understa
nding-gradient-boosting-machines-
9be756fe76ab. abgerufen

S6 01 (2021): 7179

Sklearn. (2021). Supervised learning. Truy
cap tu: https://scikit-learn.org/stable/
supervised_learning.html abgerufen

Stehman, S. V. (1997). Selecting and
interpreting measures of thematic
classification accuracy. Remote Sensing
of Environment, 62 (1), 77-89.

Supervised learning. (n.d.). Scikit-Learn.
Truy cap 20/07/2021 tu https:/scikit-
learn.org/stable/supervised learning.html
abgerufen

VNPT tng dung giai phap Al chan 200.000
cudc goi gia mao mdi thang. (2020). Cong
Nghé va Poi Séng. Truy cap tir
http://congnghevadoisong.vn/vnpt-ung-
dung-giai-phap-ai-chan-200000-cuoc-
goi-gia-mao-moi-thang-d34218.html
abgerufen

Wassouf, W. N., Alkhatib, R., Salloum, K.,
& Balloul, S. (2020). Predictive analytics
using big data for increased customer
loyalty: Syriatel Telecom Company case

study. Journal of Big Data, 7(1).
doi:10.1186/s40537-020-00290-0

Weiss, G. (2009). Data Mining in
Telecommunications.

THONG TIN TAC GIA
TS. Nguyén Vin Hau
- Nghién ctru sinh v& biéu dién va lap
luan tri thirc tai khoa Khoa hoc may tinh,
Truong DPai hoc Ki thuat Dresden

(Technische Universitite Dresden -
TUD), CHLB bc.

- Truong khoa Cong nghé Thong tin,
Truong Dai hoc Su pham Ky thuét Hung
Yén. Giam doc Trung tam AL

- Linh vuyc nghién ctu: Boolean
satisfiability problems (SAT), Constraint
Satisfaction Problems (CSPs); Data
Mining, Machine Learning, Artificial
Intelligence.

ap chi khoa hoc
DAI HOC HA LONG

79



