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MO PAU

Dich vu thong tin di dong ngay cang phat trién manh mé, tro thinh mot phan
tat yéu trong cudc song cua mdi ngudi dan Viét Nam. Quan 1y khach hang ngay
cang nhan duogc su quan tam vi viéc gitt chan khach hang hién tai mang lai lgi
nhuan va quan trong ddi v6i cac cong ty vién théng. Chi phi dé tim khach hang méi
16n hon nhiéu so véi chi phi dé giit chan khach hang hién tai trong kinh doanh, dic
biét 1a trong thi trudng vién thong bio hoa. Hon nita, khach hang dai han it bién
dong hon trong thi truong canh tranh, vi du: nhiitng khach hang lau nam it c6 xu
huéng chuyén sang cong ty khac vi dugc khuyén mai va gép nhiéu lgi nhuan hon

cho cong ty hién tai.

Vi nhiing nhu cau dit ra, cac cong ty vién thong dang rat chu trong va dau tu
nhiéu hon vao viéc phat trién mot mé hinh dy bao khach hang rd1 mang. Nhiéu
phuong phap tiép can may hoc di dugc cac nha nghién ctru dé xut dé dy bao khach
hang rdi mang, dic biét 1 trong linh vuc kinh doanh vién thong. Cac phuong phap
tiép c4n mdy hoc nhu vdy bao gém cac phwong phip phan 16p truyén thong nhu
thuat toan Random Forest (RF), Naive Bayes (NB), Logistic Regression (LR) va
Support Vector Machine (SVM) [2],[3].[ 4].

Tuy nhién, véi trng md hinh dy bao déu c6 nhiing han ché riéng, vi du NB
can luong dit liéu 16n dé dat do chinh xéac cao hay SVM c6 thoi gian thuc thi cao va
d6 phuc tap 16n [5]. Bé c6 thé giai quyét nhitng han ché do, trong nhitng nam gan
day nhiéu nha khoa hoc ciing bat ¢au nghién ciru cac phuong phap khai pha dit liéu
dwa trén su két hop cua hai hay nhiéu phuong phap khai phé dir liéu da co. Sy két
hop nay budc dau di mang lai nhitng két qua tich cuc khi cac phuong phap khai pha
dir lieu két hop da phat huy duoc phan nao nhitng uu diém ciing nhu khic phuc

duoc mot s6 han ché cua ting phuong phap khai pha dit liéu don 1é.

Nham muc dich tim hiéu vé hudéng tiép can mai nay trong linh vuc khai phé
dir liéu, cling nhu kha niang ung dung vao thuc té, luan van xin trinh bay vé phuong

phap dy bao dir liéu khach hang roi mang két hop giira md hinh Logistic Regression



(LR) va Support Vector Machine (SVM), cuing &ng dung md hinh két hop nay vao
du bao khach hang roi mang tai Vién Théng Tay Ninh.

Pbi twong nghién cau cua dé tai tap trung vao cac md hinh du béo dir liéu
khéch hang roi mang, dac biét 1a md hinh LR, thuat giai SVM va phuong phap két
hop m6 hinh LR va SVM trong du bao dir liéu khach hang roi mang. Bén canh do
dé tai con trinh bay két qua ap dung cdc md hinh du béo dit liéu khach hang roi

mang vao trong thuc té dua trén bo dit liéu duoc thu thap tai Vién Thong Tay Ninh.

Pham vi nghién ctru cia dé tai gigi han trong viéc tim hiéu va @ng dung cac
md hinh du bao dir liéu khach hang roi mang, md hinh LR, thuat giai SVM va mo
hinh két hop LR va SVM.

Tuy pham vi nghién ctiu cua dé tai gidi han trong viéc tim hiéu va tng dung
cac md hinh du béo dit liéu khach hang roi mang nhung dé tai cling ¢a mang lai mot
s6 y nghia vé khoa hoc va thyc tién. V& khoa hoc, két qua thuc nghiém cua dé tai
cling ¢o thém tinh dang din cia hudng tiép can két hop cac mé hinh du bao dir liu
khach hang roi mang néi chung va mé hinh du bao khéach hang roi mang két hop
LR va SVM noi riéng. Vé thyc tién, két qua du bao ciaa md hinh két hop LR va
SVM gidp ich cho Vién Thong Tay Ninh du bao duoc khéch hang roi mang dé co

thé 1én ké hoach tiép can va khuyén méi hop ly nham giir chan khach hang.
Luan van duoc trinh bay thanh 4 chuong:

Chirong 1. Tong quan: Gidi thiéu vé khach hang roi mang va du bao khéch
hang roi mang. Trinh bay vé tinh hinh nghién ctru trong va ngoai nudc, Xac
dinh nhiing van dé con ton tai trong cac mé hinh dy khach hang roi mang.

Xac dinh muc tiéu, ndi dung va phuong phap nghién ctru cua dé tai.

Chirong 2: Md hinh két hop Logistic Regression va Support Vector Machine:
Gioi thieu vé mé hinh két hop Logistic Regression va Support Vector

Machine trong du bao khach hang roi mang.

Chirong 3: Dy b&o tagi Vien Théng Tay Ninh: Gigi thiéu vé van dé can dy
bao va tng dung mé hinh két hop Logistic Regression va Support Vector

Machine vao duy bao tai Vién Thong Tay Ninh.



Chirong 4: Két lugn va khuyén ngh;: Danh gia vé cac két qua dat duoc va

huéng phat trién tiép theo cua dé tai.



Chuwong 1. TONG QUAN

Trong chuong nay s& trinh bay cac khai niém vé khach hang roi mang, téng
quan vé cac phuong phap du bao khach hang roi mang. Ngoai ra chuong nay
con trinh bay vé nhitng khé khan, thach thic con ton tai trong cac mé hinh dy

bao khach hang roi mang.

1.1 Khéach hang roi mang va du bao khach hang rai mang
1.1.1 Khéach hang roi mang
Trong nganh vién thong di dong, thuat ngit khach hang roi mang (churn
customer), con dugc goi 12 khach hang tiéu hao hoac x&o tron thué bao, ding dé
chi hién twong mat khach hang. Qua trinh di chuyén tir nha cung cap dich vu
vién théng nay sang nha cung cap khac thuong xay ra do gia hoic dich vu tot

hon, hoic do céc loi ich khac nhau ma cong ty d6i thi canh tranh cung cap.

Pé thu hut thué bao mai, cac mang di dong phai thi nhau khuyén mai
lién tuc cac thang trong nam. Tuy nhién, sau khi két thiic mdi dot khuyén mai,
sO lwong thué bao sir dung hét tai khoan ngay lap tirc roi mang, tam ngung hoic
chuyén sang mang khac lai ting 1én dang ké, s6 thué bao roi mang nhiéu hon s6
thué bao hoa mang méi. SO luong thué bao dang hoat dong ting giam bat
thuong, doanh thu khong ting theo toc do phét trién cua sb lugng thué bao. Pay
1a kiéu canh tranh dang di nguoc lai véi xu thé hoi nhap ciia nganh thong tin di
dong Viét Nam. O goc d6 quan 1y vi mo, thyc trang trén cho thay tiéu cuc thi

truong va giy lang phi ngudn lyc cta nganh.

Ty pht Jeff Bezos tung noéi: “Ching t6i coi khach hang cia minh 1a
khéch ctia mdt bira ti¢c, va ching t6i 1a chi nha. Cong viéc ctuia chung t6i hang
ngdy 1 1am cho moi khia canh trai nghiém khach hang tro nén t6t hon mét chut
“_Cai thién ty 1¢ gilr chan khach hang 1a mot qua trinh lién tuc va hiéu duoc ty

1¢ khach hang roi mang 1a bude dau tién ding hudng.



1.1.2 D bdo khach hang roi mgng
Trong mot thi truong gan nhu bdo hoa, cac cong ty dang sir dung chién
lugc tiép thi dé giir khach hang hién tai. Pé dat dugc diéu nay, can mot phuong
phap c6 thé xac dinh nhitng khach hang c6 nhiéu kha ning bo di nhat dé cé thé
trién khai cac chién dich giir chan mot cach cha dong. Pé ti da hoa hiéu qua va
giam chi phi cao lién quan dén céc chién dich giit chan nay, du doan khach
hang roi mang phai cuc ky chinh xac, dé dam bao rang cac khuyén mai chi dat

duoc nhitng khach hang c6 nhiéu kha nang d6i nha cung cap dich vu cta nhat.

Trong du bao khach hang roi mang, nhirng gia tri trong qua khir duoc thu
thap va phan tich dé tim ra cac mé hinh phi hop. Gia tri twong lai ciia khach
hang roi mang dugc du bao tir cic mo6 hinh d6. Do @6, dir liéu trong qua khi
anh huong rat 16n dén qué trinh xay dung mé hinh va cai thién két qua du bao

cua mo hinh.

1.2 Tinh hinh dw b&o khach hang roi mang
Chinh vi ¢6 nhiéu y nghia quan trong nén tir 1au da c6 nhiéu nha khoa hoc
tim hiéu, nghién cttu va mé hinh héa khéach hang roi mang dé (ng dung trong
phan tich, du b&o. Trong nhitng nim gan diy nhiéu mé hinh, phuong phap
duoc dé xuat dé cai thién két qua, tang do chinh xéac cho dy bao dit liéu khach
hang roi mang nhung nhin chung cac mé hinh, phuong phap dy bdo di liéu
khéach hang roi mang tap trung vao cac hudng nghién cuu chinh la:

- Céc m6 hinh dy béo dya trén md hinh xac suat, théng ké nhu mé hinh
hoi quy logistic (Logistic Regression) [9].

- Cac md hinh may hoc (Machine Learning) nhu mé hinh Random Forest
[6], thuat giai SVM (Support Vector Machine)[7].

- M6t hudng nghién ciru khéc c6 nén tang dua trén Iy thuyét logic mo, 1a
phuong phap du khach hang roi mang Neuro — Fuzzy [8].

- Hudéng nghién ctu két hop cac mé hinh du béo khach hang roi mang.
Tiéu biéu 1a md hinh két hop du béo dir liéu tuyén tinh va phi tuyén
Bayesian Model Averaging (BMA) va Frequentist Model Averaging
[10].



1.3 Nhitng van dé con ton tai

MJ3i mot md hinh, phuong phap du bdo khach hang roi mang déu chi co thé
phl hop véi mot sé dang dit liéu dic thd, ma chua c6 mot mé hinh ndo cé thé
dur bao tét dugc cho tat ca cac dang dit liéu, vi du nhu nhitng md hinh dya trén
xé&c xuat théng ké nhuw mé hinh hdi quy Logistic Regression chi phi hop dé du
bao cho céc dir liéu dang tuyén tinh (linear), con cac md hinh méay hoc nhu
SVM lai chi phi hop dé du bdo cho cac dang dit liéu phi tuyén tinh [11]. Mat
khac, dit liéu trong thuc té da s6 déu tinh tuyén tinh va phi tuyén tinh, nén viéc
chi st dung mét md hinh, phwong phap dé du béo dit liéu khach hang roi mang
thuong chuwa mang lai két qua nhu mong doi. Do d6 viéc tim hiéu va ap dung
két hop cac md hinh, phuong phap du bao dir liéu khach hang roi mang vao
trong thyc té 1a can thiét dé tang do chinh xéac cua két qua du béo.

Tha hai, véi tinh hinh thi truong vién thong hién nay, dir liéu vé khach
hang vién thong rat Ion. Véan dé dat ra can xay dung mot md hinh téi vu vé thoi
gian dé cd thé dap tng ngay 1ap tic nhu cau tde d6 du bao cua vién théng hién
nay.

1.4 Muc tiéu, ngi dung, phwong phap nghién ciru

Muc tiéu cua dé tai nham tim hiéu va ap dung két hop mé hinh Logistic
Regression va SVM song song trong du béo dit liéu khach hang roi mang. Ung
dung mé hinh nay vao du béo sé khach hang sir dung dich vu vién thong cua
Vién Thong Tay Ninh. Ly do d¢ tai lya chon md hinh Logistic Regression va
phuong phap SVM song sing dé két hop dy bao vi:

- Mb hinh LR va phuong phap SVM trong udc luong hoi quy déu la
nhitng mé hinh, phuwong phéap du béo khach hang roi mang cho két qua
dur bao tuong ddi tét. TUy thudc vao dic tinh cua dir liéu khach hang roi
mang ma mé hinh LR va phuong phiap SVM thudng duoc lya chon dé
thuc hién du bdo. M6 hinh LR duoc chon dé du bao cho thanh phan
tuyén tinh cua dir liéu khach hang roi mang, con phuong phap SVM
thudng duoc chon dé dy bao cho thanh phan phi tuyén tinh caa dit liéu
khéch hang roi mang. Do d6 ma mé hinh két hop LR va SVM trong duy

bao dir lieu khach hang roi mang hy vong sé& phét huy dugc cac uu diém



cia md hinh LR ciing nhu phuong phap SVM dé cho két qua du bao
chinh xac hon la sir dung mét moé hinh, phuong phap du bao don 1¢é.
Thuc té da c6 nhitng nghién ctu va ang dung cho thay hiéu qua cua
phuong phap két hop LR va SVM trong dy bao nhu Ung dung md hinh
két hop LR va SVM trong du béo tin dung [12]. M6 hinh két hop LR va
SVM trong du bao cac chung bénh tim mach trong y té [13]. T4t ca céc
nghién ciru va tng dung trén déu cho thy két qua du bdo cua mé hinh
két hop LR va SVM hiéu qua hon so véi cac md hinh, phwong phap du
bé&o don 1¢.

Tuy nhién véi han ché vé @6 phtc tap va thoi gian cia SVM, mé hinh
s& rat ton tai nguyén khi sir dung SVM truyén thong. Chinh vi vay viéc
cai dat s& st dung SVM song song thay thé cho SVM truyén théng.
SVM song song st dung cac GPUs nhiam ting toc do tinh toan nhung
van dat duoc d6 chinh xac twong duong vi SVM truyén thong [14].

M6 hinh LR va phuong phap SVM déu 14 nhitng mé hinh, phuong phap
du bao dir liéu khach hang roi mang hiéu qua va da dugc nghién ciru tir
1au. Do d6 ma cac thu vién hd tro cai dit cac mo hinh, phuong phap nay
trong cac ngbn ngit lap trinh ndi chung va ngdn ngir R noi riéng la
twong d6i day du. Chinh vi vy ma viéc cai dat va thir nghiém mé hinh
két hop LR va phuong phap SVM 1a tuwong dbi thuan loi va nhanh
chong. Bén canh d6 cac tai liéu nghién ciu vé mé hinh LR va phuong

phap SVM ciing rit da dang va phong phu.

Noi dung nghién ctru cua dé tai bao gom:

Tim hiéu cac md hinh du béo dit liu khach hang roi mang, tap trung
tim hiéu vé mé hinh LR, md hinh SVM va md hinh két hop LR véi
SVM.

Tién xu ly dit liéu dé bién d6i dit liéu vé dang phl hop véi cac mé hinh
du béo.

Tién hanh cai dat va tha nghiém cac mé hinh du bao dwa trén tap di

licu dugc thu thap tur dir liéu caa Vién Thong Tay Ninh.



- So sanh, danh gia két qua dy bao cia cac mé hinh vai nhau va véi dir

lieu thuc té.
Phuong phap nghién ctru ciia dé tai:

- Tim hiéu cac mé hinh, phuong phép trong du bao khach hang roi mang.

- Tim hiéu mé hinh LR.

- Tim hiéu vé SVM va SVM song song.

- Tim hiéu phuong phéap két hop mé hinh LR va SVM d¢é ting d6 chinh
xéc két qua du béo.

- Cai dat tha nghiém cac mo hinh, phuong phap du b&o dir liéu khach

hang roi mang.



Chuong 2. MO HINH KET HQP
LOGISTIC REGRESSION VA SUPPORT VECTOR MACHINE

Ca md hinh Logistic Regression va thuat giai Support Vector Machine
(SVM) déu 14 nhitng mé hinh, phuong phap ndi bat trong linh vuc du bao. MJi
mo hinh déu mang nhimg dic diém riéng biét phi hop véi ting loai hinh di
liu khac nhau. Trong chuong nay sé trinh bay chi tiét vé hai mé hinh du bao
dir liéu 12 LR va SVM, giéi thiéu vé SVM song song, ciing nhur mé hinh két
hop LR va SVM.

2.1 M0 hinh Logistic Regression
M6 hinh LR 1a mot md hinh dwgc s dung nhiéu trong s6 cac md hinh dy
bao dit licu khach hang roi mang. Trong muc nay sé trinh bay vé mé hinh LR

va gidi thiéu mé hinh LR.

2.1.1 Gidi thigu
Trong théng ké, mo hinh logistic (hay mé hinh logit) duoc sir dung dé lap
md hinh xé&c suat caa mot 16p hodc sy kién nhat dinh dang ton tai nhu dat /
khong dat, thang / thua, séng / chét hoiac khoe manh / bénh. Diéu nay c6 thé
duoc mé rong dé moé hinh hda mot sb 16p sy kién nhu xac dinh xem mat hinh
anh c6 chtra meo, cho, su tir, v.v. Mbi di twong dugc phat hién trong hinh anh

s& duoC gan mot xac suat tir 0 dén 1, véi tong la 1.

Logistic Regression 1a mot md hinh théng ké & dang co ban sir dung mot
ham logistic & mo hinh héa mot bién phu thuoc nhi phan. Trong hoi quy
logistic, udc luong cac tham sé caa mé hinh logistic. Vé mit toan hoc, mé hinh
logistic nhi phan c6 mot bién phu thudc véi hai gia tri cé thé cé, chang han nhu
dat / khong dat duoc biéu thi bang mot bién chi bao, trong d6 hai gia tri duoc
gan nhan "0" va "1". X&c suat twong (ng cua gia tri duoc gan nhan "1" c6 thé
thay doi gitta O (chac chan 1a gia tri "0") va 1 (chic chan 1 gia tri "1"), do d6
viéc ghi nhan; ham chuyén d6i ty Ié thanh xac suat 1a ham logistic. Dic diém

xac dinh ctia mo hinh logistic 12 viéc ting mot trong cac bién doc 1ap nhan 1én



ty 1& caa két qua da cho vai ty 1& khong d6i, vai mdi bién doc 1ap c6 tham sb

riéng; d6i véi mot bién phu thudc nhi phan, diéu ndy tong quéat ty 1& chénh léch.

2.1.2 M0 hinh Logistic
Xét mot mo hinh logistic véi cac tham sé cho trude, sau d6 xem cach cac
hé s6 ¢6 thé duoc ude tinh tir dit lieu. Hay xem xét mot md hinh c6 hai yéu tb
dur bao: X; va X, va mot bién nhi phan Bernoulli Y vé&i tham sé p=P(Y = 1). Ta

gia dinh méi quan hé tuyén tinh giira cac bién dy bao vaty ¢ logit 1a Y = 1.

Méi quan hé tuyén tinh nay c6 thé dugc viét & dang todn hoc nhu sau.
Trong d6 ¢ la ty Ié logit, b 1a co s6 logarit va f8; 1a cac tham s6 caa mé hinh. Ta

co:

= logy = Bo + P1x1 + Box;

1-p
Ta c6 thé khoi phuc ty 18 logit bang cach lily thira ca hai vé trén:

L = pBotBix1+B2x2
1-p

Chuyén vé p dé ta c6 xac suat Y = 1:

bﬁ0+ﬁ1xl+ﬁzx2 1
pP= bBotBix1+B2x2 4 1 - 14+ p~(BotBix1+B2x2) = Sp(Bo+ frxs + 'BZXZ)

trong d6 dang thuc tha hai theo sau bang cach chia tir s6 va miu sb cua

phan sé cho bPot+Brxi+B2x2 vj trong d6 S, 14 ham Sigmoid véi co sb b.

Cong thic trén cho thay rang mot khi B; ¢b dinh, ching ta c6 thé dé dang
tinh toén ty 18 logit Y = 1 cho mot quan séat nhat dinh hoic xac suat Y = 1
cho mot quan sat nhat dinh. Truong hop st dung chinh cia md hinh
logistic 1a dwa ra mot quan sat x va udc tinh xac suat p ma Y = 1. Trong
hau hét cac tng dung, co s6 b cua logarit thuong dugc coi 1a e. Tuy
nhién, trong mot s6 truong hop, két qua c6 thé dé dang hon bang st dung

co sO 2 hoac co so 10.



2.1.3 Ham Sigmoid
Ham sigmoid la mot ham toan hoc c6 duong cong hinh chir "S" hoac

duong cong sigmoid dic trung.

Mot vi du phd bién vé ham sigmoid la ham logistic dwoc hién thi trong
hinh d4u tién va dugc xac dinh boi cong thic:
X

1 e
S(x) = = =1-5(—
) 1+ e™* e*+1 (=)

Ham sigmoid 1a mot ham ¢é gigi han, c6 thé phan biét, thuc duoc xac dinh
cho tat ca cac gia tri dau vao thuc va c6 dao ham khong am tai mdi diém va
chinh xac mot diém udn. Mot "ham"™ sigmoid va mot "duong cong" sigmoid dé
cap dén cing mot ddi twong. Mot ham sigmoid 1a don diéu, va co6 dao ham cap
mot 13 hinh chudng. Nguoc lai, tich phan cua bat ky ham lién tuc, khdng am,
hinh chubng nao (v&i mét cuc dai cuc bo va khdng cé cuc tiéu cuc bo, trir khi
suy bién) s& Ia dau hiéu. Do d6, cac ham phan phdi tich lity cho nhiéu phan
phdi xac suat chung la sigmoidal. Mot vi du nhu vay la ham 15i, c6 lién quan
dén ham phan phéi tich lity ciia phan phéi chuan; mot ham khac 1a ham arctan,

c6 lién quan dén ham phan phéi tich lity cua phan phéi Cauchy.

2.1.4 Ham mdt mdt va phwong phdp téi wu
Ham logistic 1a mot ham sigmoid, nhan bat ky dau vao thyc té nao va xuat
ra gia trj tr 0 dén 1. D4i vai logit, diéu nay duoc hiéu 1a 13y ty Ié logit dau vao
Va cO X4&c suat dau ra. Ham logit tiéu chuan: o: R — (0,1) dugc dinh nghia nhu
sau:
et 1

t) = =
o(t) et+1 14+ et

Db thi cua ham logistic trén khoang t (—6,6) dugc thé hién trong Hinh 2.1.



Hinh 2.1: P thi ham logistic trong khoang t(-6,6)

Gia sr t 1a mot ham tuyén tinh caa mot bién giai thich duy nhat x (trudng
hop t 1a mét t6 hop tuyén tinh cia nhiéu bién giai thich duoc xu 1y twong tu).
Sau do, ta c6 thé biéu dién t nhu sau:

t= Po+ Bix
Ham logit tiéu chuan: o: R — (0,1) duoc Viét lai nhu sau:

1
p() = 0() = TG mm

Trong mo hinh logistic, p(x) duoc hiéu 1a xac suat cua bién phy thudc Y
bang mot truong hop thanh cong chir khdng phai 1a mot truong hop that. R

rang 1a cac bién phan hdi Y khong duoc phan phéi gibng nhau.

Véi mé hinh logistic, ta c6 thé gia sir rang xac suat dé mot diém dir liéu x
roi vao lop 1 1a f(wTx) varoivao l6p01a 1 — f(wTx). Véi mo hinh dugc gia
st nhu vay, Véi cac diém dir lidu training (da biét du ra y), ta cd thé viét nhu

sau:

P(yi = 1|xi; w) = f(wtxi) (1) P(yi = 0|xi; w) = 1 — f(wTxi)

trong d6 P(yi = 1|xi; W) duoc hiéu 1a x4c suat xay ra su kién dau ra
y; = 1 khi biét tham s6 mé hinh w va di liéu dau vao x;. Muc dich cua ching ta

la tim cac hé s6 w sao cho 1a f(w”x;) cang gan véi 1 cang tot véi cac diém dix

lieu thudc 16p 1 va cang gan vai 0 cang tbt vai nhitng diém thude 16p 0.



Ky hiéu z; = f(w”x;) va viét gop lai hai biéu thizc bén trén ta co:
P(yi = 1|xi; W) = z/{(1 — z)'7i

Ta can md hinh gan véi dir liéu da cho nhat, tic 12 Xac suat nay dat gia tri
ca0 nhat. Xét toan bo training set V&i X =[xy, %y, ..., x,] € RN pay =

[V1, V2, -, V] ta CAn tim w dé biéu thirc sau day dat gia tri 16n nhat:
P(ylX;w)

2.2 Support Vector Machine
Support Vector Machine (SVM) la mét thuat giai quan trong va dwoc biét
dén nhiéu trong linh virc may hoc. SVM duoc tng dung rong réi trong rat nhiéu
linh vuc khac cua khoa hoc mdy tinh nhu trong cac bai toan vé nhan dién hay
trong cac bai toan vé phan 16p, gom cum,...Trong muc nay s& giéi thiéu vé

thuat giai SVM va ung dung.
2.2.1 Gidi thigu
Trong khong gian 2 chiéu, ta biét rang khoang cach tir mot diém cé toa

do (xo, Vo) t6i duong thang c6 phuong trinh wyx + w,y + b = 0 duoc xéc

dinh boi:

|wixo + wyyo + b|

2 2
\/W1 + w;

Trong khong gian 3 chiéu, khoing cach tr mot diém c6 toa

do (xo, Vo, Zo) t6i moOt mat phang c6 phuong trinh wyx + w,y + wsz + b =

0 duoc xac dinh boi:

|wixg + Wy yo + W32y + b|

\/W12+W22+W32

Hon nira, n€u bé tri tuyét déi ¢ tir s0, c6 thé xac dinh dugc diém dé nam
ve€ phia nao cua duong thang dang xét. Nhitng diém lam cho biéu thirc trong tri

tuyét d6i mang ddu duong nim vé cung 1, nhitng diém 1am cho biéu thirc trong



dau gid tri tuyét doi mang dau am nam veé phia con laiNhiing diém nam

trén duong thing s& 1am cho tir sb ¢o gid tri bang 0, tic khoang cach bang 0.

Viéc nay co thé duoc tong quat 1én khong gian nhiéu chiéu: Khoang cach
tir mot diém (vector) c6 toa dd x, toi siéu mat phang (hyperplane) c6 phuong

trinh wx + b = 0 dugc xac dinh bai:

wlxg + b

||W||2

Véi |lwl|, = / ¢ w? véi d 1a so chiéu ctia khong gian.

Gia sir rang c6 hai 10p khac nhau duoc mé ta boi cac diém trong khong
gian nhiéu chiéu, hai 16p nay phan tach tuyén tinh, tirc ton tai mot siéu phing
phan chia chinh x4c hai 16p d6. Hiy tim mot siéu mat phang phéan chia hai 16p
do, tirc tat ca cac diém thudc mot 1op nam vé ciing mot phia ciia siéu mat phang
d6 va nguoc phia vai toan bg cac diém thudc 16p con lai. Thuat toan Perceptron
Learning Algorithm (PLA) [15] c¢6 thé lam dugc viéc nay nhung n6 c6 thé cho

chung ta vo s6 nghiém nhu Hinh 2.2.

Van dé dit ra 1a: trong vo sd cac mit phan chia, dau 1a mat phan chia tot
nhat theo mdt tiéu chuan nao d6? Trong 3 dudng thang minh hoa trong Hinh
2.8 phia trén, c6 hai duong thang kha 1éch vé phia 16p hinh tron d6. Diéu nay c6
thé khién cho 16p mau do khong thda mén bi 1an nhiéu qua. Liéu c¢6 cach nao dé

tim duoc dudng phan chia ma ca hai 16p déu cam thda man nhat hay khong?



T2

Hinh 2.2: Cac mit phén cach hai lop

2.2.2 D¢ rgng cia margin

Néu ta dinh nghia d6 thoa man cua mat 16p ti 1¢ thuan véi khoang cach
gan nhét tir mot diém cia 16p d6 t6i dudong/mit phan chia, thi & Hinh 2.2 tréi,
16p tron do s& khong thda man vi duong phan chia gan né hon 16p vudng xanh
rat nhiéu. Chung ta cin mot duong phan chia sao cho khoang cach tir diém gan
nhat cua mdi 16p (cac diém duoc khoanh tron) téi duong phan chia 13 nhu

nhau. Khoang cach nhu nhau nay dugc goi la margin.

Z2
M)
|

Hinh 2.3: Margin ctia hai lép

Xét tiép Hinh 2.2 bén phai khi khoang cach tir dwdng phéan chia téi cac

diém gan nhét cia mdi 16p 1a nhu nhau. Xét hai cach phan chia boi duong nét



lién mau den va dudng nét dut mau lyc, duong nao sé 1lam cho ca hai 16p thda
man. RS rang d6 phai 1a duong nét lién mau den vi né tao ra mot margin rong

hon.

Viéc margin rong hon s& mang lai hiéu qua phan 16p t6t hon vi sy phan
chia giita hai 16p 1a rach roi hon. Bai toan téi uu trong SVM chinh 1a bai toan
di tim dudng phan chia sao cho margin 13 16n nhat.

3.2.3 Tim kiém siéu phing tdi wu
Gia str rang céac cip dit liéu cua training set la:

(x1, V1), (X3, V3), ., (Xy, Yy) VOi vector x; € R thé hién ddu vao cia
mot diém dir liéu va y; 12 nhén cua diém dit liéu do, d 1a s6 chiéu cua dir liéu
va N 1a sd diém dit liéu. Gia sir rang nhan ctia mdi diém dir liéu duoc xac dinh

bdiy; = 1 (16p 1) hodc y; = —1 (I6p 2) gidng nhu trong PLA.

Pé dé hinh dung, chiing ta cing xét trudng hop trong khong gian hai
chiéu dudi day. Khong gian hai chiéu dé dé hinh dung, céc phép toan hoan

toan c6 thé duoc tong quat 1én khong gian nhiéu chiéu.

Gia su ré“tng cac diém vudng xanh thudc 16p 1, cac diém tron do thudc
16p -1 va mat wix + b = wyx; + wox, + b = 0 1a mit phan chia gifta hai
16pes (Hinh 2.3). Hon nita, 16p 1 nam vé phia duong, 16p -1 nam vé phia
am ctia mit phan chia. Néu nguoc lai, ta chi can doi ddu ciawvab. Chl y

rang chung ta can di tim cac hé s6 w va b.

Z2




Hinh 2.4: Phén tich bai toan t6i wu SVM

Ta c6 mot diém quan trong sau day: véi cip dir liéu (x,, y,) bat ky,

khoang cach tir diém d6 t6i mat phén chia 1a:

Yn(W'xy + b)

||W||2

Gia sir & trén, y, ludn cung ddu voi phia cia x,,. Tir d6 suy ra y, cling
dau véi (WTx,, + b), va tir s6 luon 1a 1 s6 khong 4m. Vi mat phan chia nhu
trén, margin duoc tinh 1a khoang cach gan nhat tir 1 diém toi mit do (bat ké

diém nao trong hai 16pes):

. YaWTx, +b)
margin = min
n ||W||2

Bai toan toi wu trong SVM chinh 1a bai toan tim w va b sao cho margin
nay dat gid tri 16n nhat:

Yn(Wxn + b)}

w, b) = arg max{min
(. b) ‘-"w.b{n T

L (2:8)
=arg r‘rllvix {m min YnW'x, + b)}
Viéc truc tiép giai bai toan nay s& rat phuic tap, nhung ta thiy co cach dé

dua vé bai toan don gian hon.
Nhan xét quan trong nhat:

Néu ta thay vector hé sé w boi kw va b boi kb trong d6 k 1a mot hang
s6 duong thi mat phan chia khong thay d6i, tac khoang céch tir timg diém dén
mit phan chia khong d6i, tec margin khong d6i. Dua trén tinh chat nay, ta co

thé gia sir:
y,wWlx, +b) =1

V6i nhitng diém nam gan mat phan chia nhat nhu Hinh 2.4 duéi day:



L2

Hinh 2.5: Cac diém gan miit phin cach nhit ciia hai l6p
Nhu vay, véi moi n, ta co:
yowlx, +b) =1

Viy bai toan tdi vu (2-8) c6 thé dua vé bai toan tdi wu c6 rang budc

sau day:

1
(w, b) = arg max (2-9)

whb |[wl],
Véi diéu kién: y,(wTx, + b) > 1,vn=12,..,N
Bang 1 bién ddi don gian, ta ¢ thé dua bai toan ndy vé bai toan dudi
day:

1
(w,b) = arg min=||wl|3 (2-10)
w,b 2

Véi diéu kién: 1 —y,(w'x,, + b) <0,vyn=1,2,..,N

O day, ta lay nghich ddo ham muc tiéu, binh phuong n6 dé dugc mot

ham kha vi, va nhan vai 1/2 dé biéu thic dao ham dep hon.

Quan sat quan trong: Trong bai toan (2-10), ham muc tiéu la mot ham
15i (convex function) [16]. C4c ham bat ding thic rang budc 1a cac ham tuyén

tinh theo w va b, nén ching ciing 1 cac ham 18i. Vay bai toan tdi wu (2-10) c6



ham muc tiéu 1a 161, va cac ham rang budc cling 1a 161, nén nd 1a mdt bai toan
10i. Tuy nhién, viéc giai bai toan nay tré nén phirc tap khi so chiéu d cua

khong gian dir liéu va sd diém dir liéu N tang 1én cao.

Nguoi ta thuong giai bai toan dbi ngiu Lagrange ctia bai toan nay. Pau
tién, bai toan ddi ngu co nhirng tinh chét thi vi khién né duoc giai hiéu qua.
Thir hai, trong qua trinh xdy dung bai todn d6i ngu, ta thdy rang SVM c6 thé
duge ap dung cho nhirng bai toan ma dit liéu phi tuyén, tirc cac dudng phan

chia khong phai 1a mot mit phang ma c6 thé 1a cic mit ¢ hinh phirc tap.

Xéc dinh 16p cho mot diém dir liéu méi: Sau khi tim dugc mit phan
cach w'x, + b = 0, 16p cua bat ky mot diém nao s& duoc xac dinh don gian

bang cach:
class(x) = sgn(w'x,, + b)

Trong d6 ham sgn 1a ham x4c dinh ddu, nhan gia tri 1 néu dbi sb 1a

khéng &m va -1 néu nguoc lai.

Trong thyc té, dit liéu thuong khong phan chia tuyén tinh nhu am
thanh bi nhiu, ... Nén ta cling mong muén rang SVM c6 thé lam viéc voi dix

lidu gan tuyén tinh nhu Logistic Regression.

2.2.4 Phwong phap Lagrange multipliers

Pé tim nghiém theo cong thirc chung ta sé dung bai toan ddi ngiu

Lagrange, cong thirc Lagrange dugc biéu dién nhu sau:
A = argmax; g(1),voi: A = 0va ¥V 1,y, = 0(2-21)

Trong d6 g(A) = —%ATK)L + 174, voi K = VTV, K la ma tran nita xac
dinh duong, V 1a ma tran két hop cua hai tap dir liéu dau vao.
Dé giai bai toan téi wu nay ta sir dung phuong phap Lagrange multipliers,

ham Lagrange duoc biéu dién nhu sau [16]:



Lx,y,A) = f(x,y) — A g(x,y)

(3.32)
=2—-x*=-2y’=Ax+y—-1)
Phuong trinh dao ham riéng cua ham Lagrange
VL(x,y,A) = Vf(x,y) — A Vg(x,y) =0 (3.33)
Céac dao ham riéng cua ham Lagrange
0
—L(x,y,A) =—-2x—21=0 (3.34.1)
0x
d
—L(x,y,A)=—4y—-1=0 (3.34.2)
dy
d
aﬁ(x, yA)=x+y—1=0 (3.34.3)
Giai h¢ phuong trinh (3.34.1), (3.34.2) va (3.34.3) ta tim duoC x = =;y =

1 4 ., ., 2 1 4 X N . L=k 2 1 4 .
-; A= —-vagiatr Cuaf(—;—) = - . Dén day ta chi biét duqcf(—;—) =-1la
3 3 3°3 3 3°3 3

mot cuc tri caa ham f. Dé kiém tra xem g c6 phai 1 gia tri 16n nhat cua ham f
hay khéng, ta s& tinh gia tri caa ham f tai mot diém bat ky thoa ham g, sau d6
so sanh két qua véi cyuc tri ma ta tim duoc. g(0;1) = 0; £(0; 1) = 0. Vay

2 1 4 . ., cr s X ” N
f (gig) =3 la gia tri I6n nhat caa ham f.

Tuy nhién dit liéu trong thuc té thuong bi tac dong caa nhiéu yéu td, dan
dén dir lieu thuong xuyén bi nhiu va khong dugc phan 16p mot cach tuyén
tinh. Vi vay ma thuat giai SVM c6 thém hai cai tién 1a Soft margin va Kernel

dé thich nghi véi cac dac tinh cua dir liéu.

2.2.5 Soft Margin va Kernel
Soft Margin: Hinh 2.6 1a mét vi du vé trudng hop phan Iép dit liéu trong
d6 co6 2 diém dir ligu nhidu 12 x; va ;. Trong trudng hop nay néu xem hai diém
dir liéu nhiéu nay 1a cac diém dir liéu binh thuong va ap dung thuat giai SVM

s& dan dén két qua 1a khong tim duoc mét siéu phang téi vu nao dé phan lép dir



licu. Vi vay ma thuat giai SVM duoc cai tién cho trudng hop phan 16p dir liéu
bi nhiéu nhu sau:

Minimize @ +C X, &
subject to y;(W.x, + b) =1 — & and & > 0 (3.42)
(Vil<i<n)
Trong d6 C 1a mot hang s6 dugc dung dé tinh chinh van dé overfitting. Bai

toan t6i uu nay duoc giai theo cach twong tu nhu bai toan téi wu (3.29). Margin

Class 1 _WTK +b=0
wlix+b=—-1

Hinh 2.6: Vi du vé Soft Margin

trong truong hop nay dugc goi la Soft Margin.

Kernel: Trong thuc té c6 rat nhiéu dit liéu khdng tuyén tinh, dit liéu c6 the
khong dugc biéu dién trong khong gian vector. Trong khi d6, ham phan 16p
tuyén tinh thi don gian va thuan loi hon nhiéu. Diéu nay di dit ra yéu cau phan

I6p ma rong cho phi tuyén.



Y tuong co ban cia Kernel SVM [9] va cac phuong phép kernel néi chung
la tim mot phép bién d6i nao d6 lam cho dit liéu ban dau phi tuyén tinh duoc
bién sang khong gian méi. O khdng gian mai, dit liéu tré nén tuyén tinh.

Xét vi du dudi day vai viéc bién dir liéu phi tuyén tinh trong khong gian
hai chiéu thanh tuyén tinh trong khéng gian ba chiéu bing cach gigi thiéu thém

maot chiéu méi.

B s e

Hinh 2.7: Vi du vé Kernel trong SVM

Khong gian dau vao ban dau cé thé duoc anh xa téi mot sé khong gian
vector ndo d6, goi 1a khong gian dic trung c6 nhiéu chiéu hon ma tap huin

luyén c6 thé tach roi duoc, bang cach sir dung ham f nhu sau:
f(x) =<w,0(x) >+b (2-12)

Trong d6 f(x) 1a tuyén tinh trong khong gian dic trung. @ 1a mot ham phi
tuyén duoc dinh nghia bai 4nh xa ®:x — @(x). Véi mdi anh xa nay, xem xét
tat ca céc tich cua cac cip < 6(x),0(x") >. Két qua 1a mot bo phan 16p co

dang ham phan tach bac hai c6 dang:

f(x) =) yia; <6(x;),0(x)
Z (2-13)

> +b



Véi w = )T y;a;x;, nghia 1a cac vector trong sO cia mot mat phang phan

tach v6i bién do 16n co6 thé duge bicu dién nhu mot té hop tuyén tinh cta cac

di€ém huan luyén.

Ham kernel duoc dinh nghia nhu 1 mot chirc ning twong Gmg véi mot doi

tugng diém cua hai vector dic trung trong mot sé khong gian dic trung mo

rong. Nhu vay ham kernel k(x, x") c6 dang la:
k(x,x') =< 0(x),0(x") >

Kernel cho cac dir liéu thuc

Dir liéu thuc 1a dir 1iéu ma cadc mau la cac vector ¢6 so chiéu xac dinh.

C6 4 loai Kernel pho bién:

Linear kernel:

K(x; xj) = x{ x;

Polynomial kernel:

K(x,x) =1+ x]x)P

Gaussian (Radial-Basis Function (RBF)) kernel

|| _xj”Z
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K(xi,xj) = exp(— )

Sigmoid:

k(x,x") = tanh(Box{ x; + B)

(2-14)

(2-15)

(2-16)

(2-17)

(2-18)

Trong d6, da thtc kernel va Gaussian kernel duoc sir dung phd bién nhit.

a. Pa thuc kernel

Bac d cua da thirc kernel dugc dinh nghia la:



kg‘(l){lynomial(x’x,) — ((< x,x' > +k)d (2-19)

k 13 thuong dugc chon 13 0 (dong nhat) hoic 1 (khéng déng nhat). Khdng gian
dic trung cho cac ham kernel khong ddng nhat bao gom tét ca cac don thic bac
nhé hon d. Nhung, thoi gian tinh toan cta nd 1a tuyén tinh véi sé chiu cua
khong gian dau vao. Kernel voi d =1 va k = 0, biéu hién bang klinear, 13 kernel

tuyén tinh dan dén mot ham phan tach tuyén tinh.

Bic cua kernel da thic kiém soat su linh hoat ctia bo phan 16p (Hinh
2.14). Pa thirc bac thap nhat 1a kernel tuyén tinh. Ham kernel nay khong du tot
néu khong gian dic trung 1a phi tuyén. Ddi v6i cac dir lidu trong Hinh 2.14 ¢ da

thirc bac 2 da du linh hoat dé phan biét giita hai 16p v6i mot bién cong tét hon.
b. Gaussian kernel:

Gaussian kernel dugc dinh nghia la:

, 1 2-20

kgauSSlan(x, xl) — exp(_ g le _ xr”)z ( )

Trong d6 § > 0 1a mot tham s6 diéu khién do rong cua Gaussian. N6 dong

mot vai tro tuong tu nhu bac cua kernel da thirc trong viéc kiém soat sy linh

hoat ctia bo phan 16p (Hinh 2.15). Gaussian kernel co ban 1a bang 0 néu khoang
cach binh phuong |x — x’|? 14 16n hon nhiéu so véi 8.

2.2.6 SVM song song va bg cong cu ThunderSVM

Mic di SVM du duoc st dung rong rai trong nhiéu tng dung, nhung viéc
du bao va huan luyén SVM cho nhitng bai toan voi sd chiéu khong gian dir liéu
16n 1a rat phtic tap va chi phi vo cing dat do. Bo xu 1y do hoa GPUs dugc str
dung dé gia tdc cho nhiéu giai phap xur Iy cta cac tng dung trong thé gidi thuc

nho vao viéc giai toan da nhan va bang thong bd nhéd 16n cua GPUES.

Str dung loi thé cia GPUs, gidi thi€u mot bd cong cu goi 1a ThuderSVM
[18] dung dé khai thic GPUs va CPUs da nhan. Nhiém vu cua bd cong cu nay
la dé gitip nguoi dung c6 thé dé dang Gmng dung SVMs mét cach hiéu qua dé



giai quyét cac bai toan. T d6 chi ra rang c6 thé huan luyén SVM nhanh hon
bang cach st dung xap xi kernel SVM va tim mot phép bién d6i sao cho dit liéu
ban dau 1a khong tuyén tinh dugc bién sang khong gian méi. O khong gian mai
nay, dit lidu trd nén tuyén tinh. ThunderSVM hudng t6i viée tim kiém mot giai
phap chinh xac. ThunderSVM hd tro tit ca cac chirc ning ma cong cu LibSVM
cung cap nhu SVC, SVR va don 16p SVMs cling véi cac tham s6 dau vao nhu
nhau, tir d6 gitp cho ngudi dung dd quen voi LibSVM hién tai ¢6 thé d& dang
chuyén d6i sang ThunderSVM.

Ngoai ra, ThunderSVM con hd trg nhidu API trén cic nén tang ngdn ngit
khac nhau nhu C/C++, Python, R, MATLAB, Java, ... gitip cho lap trinh vién
c6 thé linh dong trong viéc 4p dung vao bai toan ctia minh. ThunderSVM c6 thé
chay trén cac hé diéu hanh nhu Linux, Windows hay Macintosh c6 hodc khong
c6 GPUs. Cac két qua thuc nghiém cho thdy ThunderSVM nhin chung chay

nhanh hon gap nhiéu lan so v6i LibSVM trong tat ca cac tac vu.



2.2.7 Minh hea thudt toAn SVM song song

input: tip dit liéu hudn luyén A
output: dit lién x d3 dueoc bién d61 trong khong gian mdn bang ham sé H(x)

Chia t3p dit liéu hudn luyén A thanh & | | |
| tip nho: Ai, Ao, A i

Load timg tap Ai & CPU

v

' Sao chép Ai tr CPU sang GPUs
i 0 +

Tinh toan song song kernel A;

i1 | Véiméi Ai(x, z) tinh ham kernel
| i D)

v

Sao chép @x) tir GPUs sang CPU |

}‘%;Ise ‘

Kim tra 16 wvu &(x)
vii

i | Dit ligu x @3 duoc bién dbi trong khéng gian méi ‘

Hinh 2.8: Minh hea ludng tac vu ciia SVM song song
Hinh 2.8 md ta ludng tac vu cua thuat toan SVM song song. Dau vao input 1a
tap dir liéu can huan luyén A, du ra output caa thuat toan chinh 1a di liéu da
duoc bién doi trong khong gian méi bang ham sé ¢ (x). Thuat toan tién hanh

theo cac budc sau:

— Budc 1: (Thuc hién & GPU) Chia nho tap dir liéu A thanh k tap nho.
— Budc 2: Sao chép tirng tap nho sang GPUs
— Buoc 3: Lap tung A;

e (Thuc hién & GPUs) Tinh todn song song kernel A;

e V6i moi A tinh toan ham kernel ¢ (x)

e Sao chép ¢(x) tu GPUs sang CPU

e Kiém tra toi wu ¢(x). Néu da t6i wu két thic vong lap va qua

budc 4, néu chua tdi vu quay lai tinh toan & buéc 3 va st dung
lai dir liéu luu trén bo nhé dém caa GPUs

— Budc 4: Tra vé dit lidu x da duoc bién doi ¢ khdng gian moi



2.3 M6 hinh két hep Logistic Regression va Support Vector Machine
2.3.1 Gidi thigu

Nhu di trinh bay trong chwong 1, dit liéu khach hang di dong trong thuc té

thuong bi anh huong hoic tac dong bai nhiéu yéu té khac nhau.

Thi nhét 1a yéu té phat sinh tir trong doanh nghiép va cong ty, yéu té nay
yéu té chinh thuong xuyén chi phéi su thay dbi cua khach hang. Vi du nhu gia
cd phiéu cua mét cong ty, tinh hinh kinh doanh cua cong ty, cac chinh sach
khuyén mai, khiéu nai hoic bao vé khach hang... Cac yéu té nay quyét dinh dic

tinh tuyén tinh cua dit liéu.

Thi hai 1a cac yéu t6 ngoai doanh nghiép, cac yéu té nay thudong ngau
nhién va bat ngo d6i véi doanh nghiép vién thong. Vi du cac thay doi vé dia
diém cu tri cua khach hang, nhu cau st dung trong gia dinh,... . C4c yéu tb tnay

quy dinh dic tinh phi tuyén tinh cua dir liéu.

Chinh vi dir liéu ludn c6 nhiing dac tinh tuyén tinh va phi tuyén ma két
qua dy b&o cta cac mo hinh riéng biét doi khi khong dugc nhu mong doi. Ly
do 12 boi cac m6 hinh du bao riéng biét thuong chi phu hop dé du bao cho mot
s6 thanh phan caa dit liéu. Vi du mo hinh LR chi pht hop dé du béo cho thanh
phan tuyén tinh, trong khi thanh phan phi tuyén tinh mé hinh LR thuong bo
qua, khong du bao dugc. Nguoc lai, cac md hinh may hoc nhu SVM hay mang
neural lai thich hop dé du bao cho thanh phan phi tuyén tinh cua khach hang roi
mang hon 1a thanh phan tuyén tinh. Vi vay ma viéc can thiét 1a tim céach két
hop cac mo hinh du béo riéng biét nay lai véi nhau sao cho c6 thé phét huy cac

wu diém cling nhu khic phuc dugc cic nhuoc diém cua tieng md hinh.

M6 hinh két hop LR va SVM la mét trong nhitng md hinh tiép can theo
huéng trén. M6 hinh nay str dung md hinh LR dé dy béo cho thanh phan tuyén
tinh cua dit liéu, dong thoi sir dung phuong phap SVM dé du bao cho thanh
phan phi tuyén tinh caa dit liéu. Sau d6 két qua du bao cua hai md hinh nay s&

duoc két hop lai voi nhau dé cho két qua du bao sau cung.



2.3.2 Ngi dung
Dé dy bao dir liéu khach hang roi mang st dung mé hinh két hop LR va
SVM. O day, str dung phuong phap xép chong, chia dit liéu thanh hai phan
tuyén tinh va phi tuyén dé huan luyén. Trong viéc xép chong nhiéu I6p md hinh
hoc may duoc dit chong 1én nhau trong d6 mdi md hinh chuyén céc dy doan
ciia chung dén md hinh & 16p phia trén va md hinh I6p trén cing s& dua ra

quyét dinh dwa trén két qua dau ra ciia cac md hinh & 16p bén duéi.

1

)

el

X

Hinh 2.9: Vi du minh hea két hep LR va SVM

Dit liéu x; bao gém hai thanh phan tuyén tinh L; va phi tuyén N.. Do d¢ dit

liu c¢d thé md hinh héa thanh: x,= L, + N..

Pau tién LR dung dé du béo cho thanh phan tuyén tinh L; caa dit liéu. Goi
d, 1a két qua du béo cua LR.

Thanh phan con lai e; cua di liéu sau khi trir di két qua du béo cua LR

duoc xac dinh:
er=xy— di

Tiép theo du béo e; chinh Ia thanh phan phi tuyén cua dit liéu bang SVM.
Goi d, la két qua du bao cua SVM



Sau cuing, két qua dy bao caa mé hinh két hop chinh 1a tong hop két qua
du bao cua LR va SVM:

yi=di+d;

2.3.3 Mgt sé két qud tham khdo va ddnh gid
M6 hinh két hop Logistic Regression va Support Vector Machine da dwgc
nghién ctu va eng dung trong mot sé linh vie nhu du béo tin dung, dy béo stc
khoe, ung thu,...Sau day 1a két qua du béo cua mé hinh két hop nay trong mot

sb nghién ciru da duoc cdng bé.



Bang 2.1: Dy bao chan do4n ung thw vi

Loai mé hinh Do chinh xéac
SVM R 0.77
SVM L 0.80
Hybrid 0.89

Chu thich: Bang so sanh dugc trich dan tur [19]. Hybrid: SVM + LR, SVM L: SVM
tuyén tinh, SVM R: SVM phi tuyén

Bang 2.2: Dw b4o rwou vang

Loai mo hinh Do chinh xac
SVM 94.29
SVM Linear 94.29
SVM Poly 94.29
Logistic Regression 54.29
Hybrid SVM - LR 97.14

Ch thich: Bang so sanh dugc trich dan tir [20]

Dua trén céac két qua nghién ctu trén c6 thé thady md hinh két hop LR va
Support Vector Machine cho két qua du bao tét hon so v&i cac mé hinh riéng
biét. Do d6 co thé sir dung mo hinh két hop nay dé du bdo khach hang roi
mang. T nhimg uu diém va két qua dy bao cua mé hinh két hop LR va
Support Vector Machine chwong tiép theo cua bao cdo sé& trinh bay maot ng

dung cu thé cia mé hinh nay vao du béo tai Vién Thong Tay Ninh.



Chuwong 3. DU BAO KHACH HANG ROl MANG

TAI VIEN THONG TAY NINH

Chuong nay s& trinh bay vé mot ung dung cu thé cia md hinh két hop
Logistic Regression va Support Vector Machine trong du bao dir liéu khach
hang roi mang nham danh gia két qua du béo caa mé hinh két hop nay tai Vién
Thong Tay Ninh.

3.1 Giéi thiéu vé cong ty va bai toan dw bao

D3 gan khoang 30 nam, ké tir khi Vinaphone - mang di dong dau tién cua
Viét Nam chinh thirc di vao hoat dong. Tai thoi diém d6, di dong con 1a khai
niém xa la voi da sb nguoi tiéu dung, sb lugng thué bao cua mang di dong
khong nhiéu vi viing phi song han ché va gia cudc ciing nhu thiét bi dau cudi
con cao. Pién thoai di dong rat hiém, gia mdi may khéa cao khoang 1.000 USD.
Ngoai viéc khan hiém may, tién thué bao va cudc cudc goi di dong ciing rat dat,
phi hoa mang 200 USD/thué bao, thué bao thang khoang 30 USD, cudc cudc
goi cho no1 hat TP HO Chi Minh hodc Ha Néi 1a 0,3 USD/ phut. Riéng voi cac

cudce goi lién tinh, mirc cudce phi 1a 0,3 USD/ phut + cudc lién tinh.

Su bung nd cua thi truong thong tin di dong Viét Nam chi thyc su dién ra
trong 10 ndm tré lai day, khi Viettel chinh thirc budc chan vao thi truong di
dong nam 2004. Theo thong ké, gia cude di dong Viét Nam trong 30 nim gan
day da giam hon 3 lan. Cudc canh tranh tré nén nong hon trén thi truong di
dong da dwa Viét Nam tir nude co gia cude thude hang cao trén thé gidi da tro

thanh nudc c6 muc cudc thudc hang ré nhat thé gidi.



Bang 3.1: Tinh hinh phét trién di dong tai Viét Nam dén nim 2017 [1]

TT

Don vi
Chi tiéu 2015 2016 2017
tinh

S6 thué bao di dong phat

1 Thué bao | 126.499.499 | 128.996.179 | 120.016.181
sinh luu lugng
S6 thué bao di dong phat

2 % 137,90 139,20 128,08
sinh luu lugng/100 dan
S6 thué bao di dong chi

3 |phat dinh luvu luong | Thuébao | 94.552.934 | 92.807.762 | 72.265.524
thoai, tin nhan
S6 thué bao di dong phat A

4 Thué bao | 31.946.565 | 36.188.417 | 47.750.657

sinh luu lugng dir liéu

Nhin vao Bang 3.1 ta c6 thé thay chi tiéu vé thoai va SMS c6 xu huéng
giam tir khoan 94 triéu thué bao & nam 2015 xudng con khoan 72 triéu thué bao
0 ndm 2017, tuy nhién thué bao phat sinh luu lugng (data) c6 xu hudng tang tur
khoan 31 triéu thué bao nam 2015 1én khoan 47 triéu thué bao nam 2017 do
ngudi ding ngay cang st dung dién thoai théng minh nhiéu va luén c6 mot ng
dung OTT (Zalo, Viber, Facebook, ...) trén dién thoai dé phuc vu viéc goi dién
thoai hoac nhan tin gop phan lam doanh thu tir mang vién thong ciing ting nhe.
Tinh dén hét nim 2017 doanh thu dich vu di dong trén ca nuée 1a 4.539,34 triéu
USD [1] va ¢6 xu hudng giam qua tirng nam, nhin chung du dich vy data cé
ting nhung doanh thu cac nha mang van sut giam vi doanh thu data van chua
bl lai duoc doanh thu thoai va SMS. Pay la van dé tat yéu khi cong nghé ngay
cang phét trién va van dé dat ra 1a cac nha mang phai c6 dinh huéng cho twong
lai v& dich vu cua minh khi ma céc dich vu truyén thong Ia thoai va SMS khong

con nira.




Khach hang roi mang thuong dugc phan thanh 2 nhom: chu dong roi
mang va bi dong roi mang. Chua dong roi mang la truong hop nhitng khach
hang chon dé roi mang, viéc 101 mang l1a do chinh Iya chon cta khach hang. Vi
du, khach hang chuyén sang mang dbi thii hoac chuyén d6i sang hop dong thué
bao tra sau. Bi dong roi mang 1a truong hop khach hang bi nha cung cp ngimg
cung cap dich vy, thuong 1a vi 1y do gian 14n hoic no cude. Roi mang vi 1y do
gian lan duong nhu rat hiém xay ra. Roi mang do ng cudce thi chi xay ra voi
thué bao tra sau. Nhu da dé cap o trén, trong nghién ctru nay, chi tip trung vao
van dé roi mang cua thué bao tra trude. Vi vay, roi mang bi dong xay ra khi

khach hang khong nap lai tién trong mot khoang thoi gian du dai theo quy dinh.

Mot trong nhitng van dé quan trong nhat ciia thué bao tra trudc 13 thiéu
mot dinh nghia du rd rang. Khi xem xét roi mang d6i vi thué bao tra sau, ngay
thué bao bi khoa 2 chiéu (ngay thué bao ngimg két ndi véi mang) chinh 13 ngay
ro1 mang, day la ngay thué bao thyc sy ngung st dung dich vu cua nha cung
cap. Tuy nhién, trudng hop thué bao tra trude, ngay khoa 2 chiéu ciing khong
thuc sy 12 ngay roi mang. Piéu nay c6 thé dugc nhin mot cach rd rang hon

thong qua cac giai doan khac nhau cua thué bao tra trudce.

Vi Iy do thoi diém tac dong dugc dén thué bao quan trong nén viéc xéac
dinh thoi diém nao duoc coi 1 rdi mang sé rat quan trong trong viéc du doan
r01 mang va thuc hién cac tic dong dé duy tri, ngdn chan thué bao rd1 mang.
Trong pham vi dé tai nay, khai niém “roi mang” dugc xac dinh 1a truong hop
khach hang khong phat sinh cudc (khong phat sinh bat cir giao dich nao hoic
khong c6 bién dong vé tai khoan trong vong mot thang). Ly do st dung khai

ni¢m ro1 mang nay nhu sau:

Theo kinh nghiém thuc té, thué bao tra trudc chuyén sang giai doan khoa
1 chiéu thi hau nhu rat khé lién lac, thdm chi da vt bo thé sim ra khoi dién
thoai. Do vay, Viéc tic dong dén thué bao & giai doan nay hau nhu khéng co

hi¢u qua.



Mébc “khong phat sinh cudc” cho phép du doan thué bao roi mang khi thué
bao van con dang & giai doan dang str dung, dam bao con du thoi gian dé thuc

hién tac dong trude khi thué bao chuyén sang giai doan khéa 1 chiéu.

Muc dich ctia nghién ctru: Phat hién cac thué bao tra trudce 1au nam c6 kha
nang rdi mang bang cach phan 16p kho thué bao nay vai nhan gan trude 1 “roi

mang” va “khéng roi mang” dé c6 thé tac dong va duy tri thué bao.

Muc tiéu cta nghién ctru: Du doan cac thué bao tra trudc dai han c6 kha
ning roi mang khi van dang ¢ giai doan dang str dung cua vong doi thué bao,
tirc 1a khong phat sinh cudc trong thoi gian 30 ngay. Sau khi ¢c6 mé hinh phén
tich tot va chinh xac cho dix liéu, do kho dit liéu rat 16n nén sé tim giai phap day

nhanh qué trinh huan luyén nham t4i vu thoi gian chay mé hinh.

3.2 Chuan bi va tién xir ly dir liéu

Giai doan chuan bi va xt ly dit liéu ban dau lubn 12 mot giai doan quan
trong trong quy trinh khai pha dir liéu. Dit liéu 1a mét trong hai thanh phan cua
phan 16p dix liéu. Truy cap dir liéu thuc hién viéc trich xuat va thu thap di liéu
can thiét cho viéc phan 16p mo hinh thué bao giri di. Thong tin khach hang can
thiét dé du doan thué bao roi mang bao gdm: quan Iy dit liéu khach hang thué
bao, chi tiét dir liéu sir dung dich vu cua thué bao, thanh toan va khuyén mai
cua thué bao, dir liéu thué bao roi mang. Tu cac dir liéu khac nhau, mot co so
dir liéu dua ra du doan vé viéc roi khoi mang dugc xay dung véi dir liéu thu

thap muc tiéu.

Dir liéu thu thap dugc sau khi loc va loai bé cac thong tin khong chinh
xac, khong can thiét thi gdm cac thong tin:
Dit liéu quan ly khach hang: loai thué bao, buu cuc thu, thoi gian hoat

dong.

Dich vu sir dung dir liéu di dong: sé luong dich vu sir dung, goi ndi mang,

ngoai mang, qudc té, ndi mang, ngoai mang, qudc té, SMS.



Dit liéu thanh toan: tién phét sinh goi ndi mang, tién phat sinh goi ngoai
mang, tién phat sinh goi quéc té, tién phat sinh SMS, tién phat sinh Data, tong

sO tién phat sinh, so tién dugc khuyén mai.

£ Results {13 Messages
PHONE  GRAND_PACKAGE_ID AREA_SK_PSC_N TOTAL_TKC DTKC_THOAINOIN TKKM_THOA_NOLN DTTKC_SMS_NOIN DTTKM_SMS_NOI_N

1 912898810 | XTRA ThanhPho 369136 239451 0 750 0
2 942836827 XTRA Huyen 99 0 0 99 0
3 944612352  VINAG9O ThanhPho 807179 470005 0 198 0
4 913052762 XTRA Huyen 24836 24836 0.0800000000017462 0 0
5 824984039 CARD ThanhPho 904933 157433 0 750 0
6 943819615 VINA3GS Rayen 73450 100 996.75 350 1050
7 919012501 CARD Huyen 1619447 158564.7 0 3380 0
8 945917875 XTRA Huyen 1118018 413268 12000.14 0 0
9 949049478 XTRA ThanhPho 1104726 864197 0.630000000004657 5250 0
10 942983801 CARD Huyen 1406944 644298 0 270 0
11 815219315 XTRA Huyen 10337.7 10337.7 0 0 0
12 944838752 XTRA Huyen 747785 523806 0.209999999999127 250 0
13 911486624 XTRA ThanhPho 52809.4 375509 0 99 0
14 919749202 CARD ThanhPho 2135554 1587654 9999.95999999999 290 0
15 849927992 XTRA Huyen 7341 73322 0.0299999999997453 0 0
16 813613806 MYZONE Huyen 97039 7039 0.0299999999999727 0 0
17 917323330 CARD Huyen 1002757 0 0 0 0
18 852000407 MYZONE Huyen 1057308 843908 0.529999999998836 1340 0
19 813205679  SINHVIEN Huyen 39998.2 18482 0 0 0
20 947191057 CARD ThanhPho 1114995 150054 0 0 0

Hinh 3.1: Dir li¢u thuc té SQL tai VNPT Tay Ninh

Dit liéu thu thap 1a dit liéu di dong tra trudc vinaphone tai don vi tong hop
tir nhiéu nguén nhu: thong tin thué bao, lich sir nap thé, lich st goi, SMS, ...
trong 6 thang tir thang 07/2019 dén 12/2019. Chi tiét cac truong dit liéu duoc
mo ta trong Bang 3.2.

Bang 3.2: M0 ta cac trwong dir li¢u

STT |Méta Kiéu dir liéu

1 Noi phat sinh cudc Chudi

2 S0 dién thoai Chudi

3 Goi dich vu Chudi

4 Thoi gian bat diu hoa mang Ngay gio

5 Khu vyc phat sinh cudc Chudi

6 Tai khoan chinh S6 thue

7 Doanh thu goi ndi mang tai khodn chinh Sé thuc

8 Dg_anh thu goi nd1 mang tai khoan khuyén S6 thue
mal

9 Doanh thu sms ndi mang tai khoan chinh S6 thuc




Doanh thu sms ndi mang tai khoan khuyén

10 i S6 thuce
11 Doanh thu data tai khoan chinh Sé thuc
12 Doanh thu data tai khoan khuyén mai S thuc

13 Doanh thu GTGT tai khoan chinh S6 thue
14 Doanh thu GTGT tai khoan khuyén mai S thyc

15 Doanh thu tai khoan chinh khéc S6 thue

16 Doanh thu tai khoan khuyén mai khac S thuc

17 Tai khoan con lai S6 thuce
18 S6 lugng cudc thoai chiéu di S6 nguyén
19 S6 lugng luu lugng thoai chiéu di S6 nguyén
20 S6 lugng luu lugng thoai chiéu dén S6 nguyén
21 S6 lugng SMS chiéu di S6 nguyén
22 S6 lugng SMS chiéu dén S6 nguyén
23 S6 tién nap the S thyc
24 S6 luong thé nap S6 nguyén
25 Théng S6 nguyén
26 Trang thai ro1 mang 1: Roi mang

-1: Khong roi mang

Tur bang di liéu 3.2 tién hanh 1am sach dix liéu bang cach loai bo cac dong

dix liéu ¢ truong tréng hoidc null, cac trudng dix lidu xuat hién nhiéu gia tri 0 c¢d

anh huong dén qué trinh chay mé hinh. Loai bé mot sé truong mang tinh bao

mat ngudi dung: ho tén, dia chi, so dién thoai... Tién hanh chuyén doi kiéu dix

liéu tir dang chit (chudi) sang dang sd bang cach ma héa cac ki ty bang sd.




Bang 3.3: Bang dir liéu va ma hoa dir liéu

GRAND_PACKAGE_ID

Goi dich vu

VINAG9O: 0, XTRA:
1, MYZONE: 2,
CARD: 3,
SINHVIEN: 4,
VINASG0: 5,
EZCOM: 6, DAILY:
7, HOCSINH: 8,
VINAO08S: 9

AREA_SK_PSC_N

Khu vyc phat sinh cudc

Thanh phé: 0, Huyén:
1

3| TOTAL_TKC Tai khoan chinh Du6i 10k: O, Trén
10k: 1
4 | DTKC_THOAI_NOI_N | Doanh thu goi ndi mang tai | C4: 1, Khéng: 0
khoan chinh
5| TKKM_THOAI_NOI_N | Doanh thu goi ni mang tai | Co: 1, Khong: 0
khoan khuyén mai
6 | DTTKC_SMS_NOI_N Doanh thu sms ndi mang Co: 1, Khong: 0
tai khoan chinh
7 | DTTKM_SMS _NOI_N | Doanh thu sms ndi mang Co: 1, Khong: 0
tai khoan khuyén méi
8 | DTTKC _DATA N Doanh thu data tai khoan | C6: 1, Khéng: 0
chinh
9 | DTTKM_DATA_N Doanh thu data tai khoan | C6: 1, Khéng: 0
khuyén mai
10 | DTTKC _GTGT Doanh thu GTGT tai Co6: 1, Khong: 0
khoan chinh
11 | REMAIN_CREDIT Tai khoan con lai Co6: 1, Khong: 0
12 | NUM_OG_CALLS S6 lwong cudc thoai chiéu | Co: 1, Khdng: 0
di
13 | SUM_DURATION_OG | S6 lugng luu lugng thoai | Cé: 1, Khong: 0
chiéu di
14 | SUM_DURATION_IC S6 lwong luu luong thoai Co6: 1, Khong: 0

chiéu dén




15 | SCR_AMOUNT N S6 tién nap the Co: 1, Khong: 0

16 | RM Trang thai roi mang Roi mang: 1, Khong
roi mang: -1

Thu duoc két qua ¢ dang ma hoa theo chuin dau vao huin luyén va dy bao cua mo
hinh:

(3 Resuts [J3y Messages
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2 1 1 0 0
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Hinh 3.2: Dir liéu dau vao da mi hoa

3.3 Dw bao
M6 hinh két hop Logistic va Support Vector Machine thyc hién hai budc
du bao. Budc dau tién sir dung mo hinh LR dé dy bao thanh phan tuyén tinh,

Budc thir hai str dung phuong phap SVM dé du bao thanh phan phi tuyén.

3.3.1 Dur béo thanh phan tuyén tinh bang mé hinh LR
Nhu da trinh bay trong chuong 2, mé hinh LR ¢6 thé du bao cho dit liéu
tuyén tinh. Pau tién xay dung mo hinh LR dé du bao cho phan tuyén tinh cua
dir liéu:
M6 hinh P§ chinh xéac
Logistic Regression 0.830

Chu thich: M4 ngudn va théng sb st dung tir phan mém R



3.3.2 Dur béo thanh phan phi tuyén bang SVM
Sau khi di bao thanh phan tuyén tinh bang md hinh LR, tiép tuc huin
luyén du bao thanh phan phi tuyén biang SVM.

M6 hinh P§ chinh xac Thaéi gian (s)
SVM 0.829 200.4576
SVM song song 0.828 0.36385

Ch thich: Céc gi4 tri duoc tinh bang phan mém théng ké R

3.3.3 Két hgp cac két qud du bao
Két qua du béo cua md hinh két hop Logistic Regression va Support
Vector Machine 1a tong hop két qua du béo cua thanh phan tuyén tinh bang mo
hinh LR va két qua du b&o cua thanh phan phi tuyén bang SVM. Nhu di mé ta
vé md hinh két hop. M6 hinh lai gitra LR va SVM sau khi huan luyén va du bao
cac mo hinh riéng 1&, md hinh Iép trén s& s dung hai két qua du bao cua ting

md hinh riéng I¢ dé két hop lai tao thanh mét md hinh méi.
3.4 Két qua dw béo va danh gia
3.4.1 Dj chinh xé&c cua thudt toan

Cach don gian va hay duoc sir dung nhat 1a accuracy (46 chinh xéc).
Cach danh gia nay don gian tinh ti I gitta s6 diém dugc dy doan ding va tong

sb diém trong tap dix liéu kiém thtr.
Gia sir ta ¢6 bai toan phan 16p véi dau ra 1a 2 16p Plng/Sai, két qua phan
16p trén tip mau so vai thuc té co 4 kha ning thé hién ... Bang nay duoc goi la

ma tran sai sO (confusion matrix).



Bang 3.4: Bang ma tran sai s6

Lép du doan (predicted class)

Pung Sai
Lép thuec té Pung True Positive (TP) False Negative (FN)
(actual class) Sai False Positive (FP) True Negative (TN)

True Positive thé hién kha ning dy doan phan 16p phan 16p ding ctia mot
mau du doan thudc phan 16p Pung, False Positive thé hién kha niang dy doan

phan 16p sai cia mot mau duoc dy doan thudc phan 16p Pung.

False Negative thé hién kha ning du doan phan 16p phan 16p dung cia
mot mau du doan thudc phan 16p Sai, True Negative thé hién kha nang dy doan

phan 16p sai ctia mot mau duoc dy doan thude phan 1ép Sai.

Ta c6 d6 do danh gia hiéu qua cua két qua phéan 16p nhu sau:

Bang 3.5: Cach tinh dg chinh xac

Tén dé do Cong thire Dién giai

Ty I¢ céac mau duoc phan
16p dung trén toan bo tap
mau

Do chinh Accuracy = TP+ TN
X&c Y = TP+TN+FP +FN




3.4.2 Két qud duw bdo va dinh gid

Bang 3.6: Két qua dw bao ciia cic md hinh

M©é hinh Do chinh x4c | Thoi gian(s)
Logistic Regression 0.830 10.2433
SVM 0.828 36.0965
Logistic Regression + Naive Bayes 0.831 10.3104
Logistic Regression + Random Forest 0.787 11.8493
Logistic Regression + SVM 0.914 50.4576
Logistic Regression + ThunderSVM 0.914 9.36385
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Hinh 3.3: Biéu d6 so sanh d chinh xac ciia cac thuit toan phén 16p

Bang 3.6 1a két qua du bao caa cac mé hinh dua trén cac d6 do duoc trinh
bay trong muc 3.3. Tir két qua du bao nay cé thé thly mé hinh két hop LR va
Support Vector Machine cho két qua du bao tot nhat trén cing maot tap di liéu
S0 V&i cac md hinh khéc 1a mé hinh LR, md hinh SVM, mé hinh két hop LR va
NB, mé hinh két hop LR va RF.
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Hinh 3.4: Biéu dé so sanh thai gian huin luyén cia cac thuat toan phan
l6p (don vi gidy)
Piéu d6 ching to md hinh két hop LR va SVM phu hop dé du béo cho dit
liéu tai Vién Thong Tay Ninh. Do d6 c6 thé sir dung mé hinh két hop LR va
Support Vector Machine vao du bao sé khach hang roi mang theo ting thang,

quy hozc nim véi toc do ti wu nhét.



Chuwong 4. KET LUAN VA HUONG PHAT TRIEN

4.1 Két luan
Két qua du béo sé khach hang roi mang cing ¢b thém tinh ding dan caa
huéng tiép can két hop cac md hinh dy bao dit liéu khach hang néi chung va
md hinh dy bao dir liéu khach hang roi mang két hop Logistic Regression va

Support Vector Machine noi riéng.

M6 hinh két hop Logistic Regression va Support Vector Machine thé hién
két qua du bao vuot troi hon so véi cac mo hinh khac nhu mé hinh LR don 1¢
hay md hinh SVM don 1é trong du b&o dit liéu khach hang roi mang. Phuong
phap Support Vector Machine gitip tang do chinh xac va cong cu ThunderSVM
st dung GPUs vira gitip cho két qua du bao ciing nhu thoi gian huan luyén cia

mo hinh.

Ly do chinh gitp két qua dy bao caa md hinh két hop Logistic va Support
Vector Machine vuot troi hon so véi cac mod hinh khac la do dir liéu khach
hang roi mang trong thuc té thudng bao gom hai phan tuyén tinh va phi tuyén
tinh. Néu mot mé hinh dy béo chi c6 thé du bao tét cho mét trong hai phan d6

thi két qua du béo thuong khdng chinh xac véi thuc té.

Mic di két qua du béo caa mo hinh két hop Logistic Regression va
Support Vector Machine 1a vuot troi hon so véi cdc md hinh khac nho st dung
vao GPUs tang téc d6 huan luyén nhung ciing sinh ra chi phi dé xay dung mo
hinh két hop ciing 16n hon so véi cac md hinh don 1¢ khac. Viéc lap rap hai md

hinh c6 thé rat kho va tén thoi gian dé thuc thi & cac doanh nghiép.

Tir viéc nghién ciru nhitng yéu cau cap thiét dit ra trong cong tac duy tri
va phat trién thué bao ctia mang di dong, luan vin da dat duoc mot sd két qua

chinh sau day:



« Xay dyng mo hinh du bao ap dung k¥ thuat khai pha dir liéu dé phat
hién nhanh chinh xac cac thué bao di dong c6 kha nang roi mang tir 36 ap dung

cac giai phap dé duy tri thué bao.

« Trién khai mé hinh d& xuét, ap dung trén dir liéu thuce té, so sanh véi
cac giai phap da sir dung duoc 4p dung. Cac két qua dat dugc di cho thiy duoc

tiém ning ap dung phuong phap dé xuét vao thuc tién

Trong thoi gian té1 chiing t61 s€ nghién curu tich hop cac k¥ thudt nay vao
cac chuong trinh hd tro kinh doanh cta Vinaphone Tay Ninh dng thoi cai tién
thoi gian dy bao cling nhu két qua dy bao. Trong thoi gian tdi toi s& tiép tuc cap
nhat mé hinh véi dir liéu cua Vinaphone Tay Ninh dé két qua dy doan duoc cai
thién hon.

4.2 Huwéng phat trién
Trong hau hét cac nghién ctu hay ttng dung vé md hinh két hop Logistic
Regression cho dit liéu tuyén tinh va cac phuong phap mdy hoc nhu Support
Vector Machine cho dix liéu phi tuyén, su két hop nay chi dung lai ¢ viéc tong
hop cac két qua dy bao ciia cac mo hinh don 1¢ lai véi nhau dé cho ra két qua

du bao cudi cung, nén gitra hai md hinh nay khéng c lién két gi voi nhau.

Do d6 dé két qua du bao hiéu qua hon can c6 sy két hop chit ché gitta cac
md hinh sao cho cdc mé hinh nay cé thé hd tro cho nhau trong viéc du bao.
Chinh vi vay ma van dé 1am thé nao dé két hop chit ché cac phuong phéap du
bao trong cac mo hinh két hop ciing 1a mot huéng phét trién cua dé tai. Ngoai
ra, cling c6 thé phét trién mé hinh dugc két hop tir 3 hoic hon cac mé hinh don

Ié dé tang do chinh xac caa mé hinh két hop.
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PHU LUC

MA NGUON
Bé4o céo sir dung phian mém théng k& RStudio phién ban 1.4.1717-3 dé
tinh toan cac gia tri va cai dat chuong trinh. Phan nay trinh by cac doan ma

ngudn duoc thyuc hién trong béo céo.

Cai dit md hinh dy bio biang Logistic Regression

library (caret)

churn <- read.csv('C:/R/data csv.csv', header =

TRUE, colClasses="factor")
str (churn)

intrain<-

createDataPartition (churn$RM,p=0.7,1ist=FALSE)
set.seed (2017)
training<- churn[intrain, ]

testing<- churn[-intrain, ]

start time <- Sys.time()

LogModel <- glm(RM ~

., family=binomial (1ink="1logit"),data=training)
end time <- Sys.time()

end time - start time

testing$SRM <- as.character (testingS$SRM)



testingSRM[testing$RM=="0"] <- "Q"
testing$SRM[testing$SRM=="1"] <- "1"

fitted.results <-

predict (LogModel, newdata=testing, type='response')
fitted.results <- ifelse(fitted.results > 0.5,1,0)

misClasificError <- mean(fitted.results !=

testingSRM)
# Measured

print (paste ('Logistic Regression Accuracy',1l-

misClasificError))
print ("Confusion Matrix for Logistic Regression");
table (testingSRM, fitted.results > 0.5)

Cai @it mo hinh dv bao bang SVM
# Load library

library(caret)

# Read file

data = read.csv("C:/R/data csv.csv", header =

TRUE, colClasses="factor")
summary (data)

ind = sample (2, nrow(data), replace=TRUE,
prob=c (0.8, 0.2))

trainData = datal[ind==1,] #Training Data

testData = datal[ind==2,] #Testing Data

# Train

start time <- Sys.time ()



svm. model svm <- train(RM ~., data = trainData,
method = "svmPoly", trControl = fitControl,

preProcess = c("center","scale"))
end time <- Sys.time()

end time - start time

# Predict

pred <- predict(svm.model,trainData)

# Measured

caret::confusionMatrix (pred, trainData$RM)
Cai dit md hinh két hop Logistic Regression va Naive Bayes
#Loading the required libraries

library('caret')

#Seeting the random seed

set.seed (1)

#Loading the dataset

data processed<-read.csv('C:/R/data csv.csv',

header = TRUE, colClasses="factor")

#Splitting training set 1into two parts based on

outcome: 75% and 25%

index <- createDataPartition(data processedS$RM,

p=0.75, list=FALSE)

trainSet <- data processed[ index, ]



testSet <- data processed[-index, ]

#Defining the training control

fitControl <- trainControl (

method = "cv",
number = 10,
savePredictions = 'final', # To save out of fold

predictions for best parameter combinations

classProbs = T # To save the class probabilities

of the out of fold predictions

#Defining the predictors and outcome

predictors<-c ("GRAND PACKAGE ID", "AREA SK PSC N",
"TOTAL TKC", "DTKC THOAI NOI N","TKKM THOAI NOI N",
"DTTKC SMS_NOI N","DTTKM SMS NOI N","DTTKC DATA N",
"DTTKM DATA N","DTTKC_ GTGT","DTTKM GTGT", "DTTKC KHA
C N","REMAIN CREDIT","NUM OG CALLS","SUM DURATION O
G","SUM DURATION IC","SCR AMOUNT N")

outcomeName<-'RM'
#Training the naive bayes model

model nb<-
train(trainSet|[,predictors], trainSet[, outcomeName],

method="'nb', trControl=fitControl, tunelLength=3)

#Training the logistic regression model



model lr<-
train(trainSet|[,predictors], trainSet[, outcomeName],

method="'glm', trControl=fitControl, tuneLength=3)

#Predicting the out of fold prediction

probabilities for training data

trainSet$SOOF pred nb<-
model nb$predS$SY[order (model nb$predSrowIndex) ]

trainSet$SOOF pred lr<-

model lrS$pred$¥Y[order (model lrSpredSrowlIndex) ]

#Predicting probabilities for the test data

testSetSOOF pred nb<-
predict (model nb, testSet[predictors],type="prob')s$Y

testSetSOOF pred lr<-

predict (model lr,testSet[predictors],type="prob')sY

#Predictors for top layer models

predictors top<-c('OOF pred nb', 'OOF pred 1r')

#Logistic regression as top layer model

model glm<-
train(trainSet[,predictors top],trainSet[,outcomeNa

me] ,method="'glm', trControl=fitControl, tuneLength=3)



#predict using logistic regression top layer model

testSetSglm stacked<-
predict (model glm,testSet[,predictors top])

#confusion matrix LR

confusionMatrix (testSet$SRM, testSetSglm stacked)

#Naive bayes as top layer model

model nbb<-
train(trainSet[,predictors top],trainSet[,outcomeNa

me],method="nb', trControl=fitControl, tuneLength=3)

#predict using naive bayes top layer model

testSetSnb stacked<-
predict (model nbb,testSet[,predictors top])

#confusion matrix LR
confusionMatrix (testSetSRM, testSetSnb stacked)
M6 hinh dw bao két hop giira Logistic Regression va Random Forest

#Loading the required libraries

library('caret')

#Seeting the random seed



set.seed (1)

#Loading the dataset

data processed<-read.csv('C:/R/data csv.csv',

header = TRUE, colClasses="factor")

#Does the data contain missing values

sum(is.na(data))

#Splitting training set into two parts based on

outcome: 75% and 25%

index <- createDataPartition (data processedSRM,

p=0.75, list=FALSE)
trainSet <- data processed[ index, ]

testSet <- data processed[-index, ]

#Defining the training control

fitControl <- trainControl (

method = "cv",
number = 10,
savePredictions = 'final', # To save out of fold

predictions for best parameter combinations



classProbs = T # To save the class probabilities

of the out of fold predictions

#Defining the predictors and outcome

predictors<-c ("GRAND PACKAGE ID", "AREA SK PSC N",
"TOTAL TKC", "DTKC THOAI NOI N","TKKM THOAI NOI N",
"DTTKC SMS NOI N","DTTKM SMS NOI N","DTTKC DATA N",
"DTTKM DATA N","DTTKC GTGT","DTTKM GTGT","DTTKC KHA
C _N","REMAIN CREDIT","NUM OG CALLS","SUM DURATION O
G","SUM DURATION IC","SCR AMOUNT N")

outcomeName<-'RM'

#Training the random forest model

model rf<-
train(trainSet[,predictors], trainSet[, outcomeName],

method='rf',trControl=fitControl, tunelLength=3)

#Training the logistic regression model

model 1r<-
train(trainSet|[,predictors],trainSet [, outcomeName],

method="'glm', trControl=fitControl, tunelLength=3)

#Predicting the out of fold prediction

probabilities for training data

trainSet$SOOF pred rf<-
model rfSpred$¥Y[order (model rfSpredSrowIndex) ]



trainSet$SOOF pred lr<-

model lr$predS$SY[order (model lr$predSrowlIndex) ]

#Predicting probabilities for the test data

testSetSOOF pred rf<-
predict (model rf,testSet[predictors],type="prob')sY

testSetSOOF pred lr<-
predict (model 1r,testSet[predictors],type="'prob')sSY

#Predictors for top layer models

predictors top<-c('OOF pred rf', 'OOF pred 1lr')

#Logistic regression as top layer model

model glm<-
train(trainSet[,predictors top], trainSet[,outcomeNa

me] ,method="'glm', trControl=fitControl, tuneLength=3)

#predict using logistic regression top layer model

testSetSglm stacked<-

predict (model glm, testSet[,predictors top])

#confusion matrix LR

confusionMatrix (testSet$SRM, testSet$Sglm stacked)



#Random forest as top layer model

model rff<-
train(trainSet[,predictors top],trainSet[,outcomeNa

me] ,method="'rf',trControl=fitControl, tunelLength=3)

#predict using random forest top layer model

testSetSrf stacked<-

predict (model rff,testSet[,predictors top])

#confusion matrix random forest

confusionMatrix (testSetSRM, testSetSrf stacked)
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#Loading the required libraries

library('caret!')

#Seeting the random seed

set.seed (1)

#Loading the dataset

data processed<-read.csv('C:/R/data csv.csv',

header = TRUE,colClasses="factor")

#Splitting training set into two parts based on

outcome: 75% and 25%



index <- createDataPartition(data processedSRM,

p=0.8, 1list=FALSE)
trainSet <- data processed[ index, ]

testSet <- data processed[-index, ]

#Defining the training control

fitControl <- trainControl (

method = "cv",
number = 10,
savePredictions = 'final', # To save out of fold

predictions for best parameter combinations

classProbs = TRUE # To save the class

probabilities of the out of fold predictions

#Defining the predictors and outcome

predictors<-c ("GRAND PACKAGE ID", "AREA SK PSC N",
"TOTAL TKC", "DTKC THOAI NOI N","TKKM THOAI NOI N",
"DTTKC SMS NOI N","DTTKM SMS NOI N","DTTKC DATA N",
"DTTKM DATA N","DTTKC GTGT","DTTKM GTGT", "DTTKC KHA
C N","REMAIN CREDIT","NUM OG CALLS","SUM DURATION O
G","SUM DURATION IC","SCR AMOUNT N")

outcomeName<-'"'RM'

#Training the svm model



model svm <- train(RM ~., data = trainSet, method =
"svmPoly", trControl = fitControl, ©preProcess =

c("center", "scale"))

#Training the logistic regression model

model 1r<-
train(trainSet|[,predictors], trainSet[, outcomeName],

method="'glm', trControl=fitControl, tuneLength=3)

#Predicting the out of fold prediction

probabilities for training data

trainSetSOOF pred svm<-

model svmSpredSY[order (model svmSpredSrowIndex) ]

trainSet$SOOF pred lr<-
model lrS$pred$¥Y[order (model lrSpredSrowlIndex) ]

#Predicting probabilities for the test data

testSet$SOOF pred svm<-
predict (model svm, testSet[predictors],type='prob')S$
Y

testSet$OOF pred lr<-
predict (model 1lr,testSet[predictors],type="'prob')sY

#Predictors for top layer models

predictors top<-c('OOF pred svm', 'OOF pred 1lr')



#Logistic regression as top layer model

model glm<-
train(trainSet[,predictors top],trainSet[,outcomeNa

me] ,method="'glm', trControl=fitControl, tuneLength=3)

#predict using logistic regression top layer model

testSetSglm stacked<-

predict (model glm,testSet[,predictors top])

#confusion matrix LR

confusionMatrix (testSet$RM, testSetSglm stacked)

#SVM as top layer model

model svmm<-
train(trainSet[,predictors top],trainSet[, outcomeNa
me], method = "svmPoly", trControl = fitControl,

preProcess = c("center","scale"))

#predict using SVM top layer model

testSetSsvm stacked<-

predict (model svmm, testSet[,predictors top])

#confusion matrix SVM



confusionMatrix (testSet$RM, testSetSsvm stacked)

M6 hinh két hop giira Logistic Regression va SVM Song song

library (hydroGOF)
library (ggplot?2)
library(el071)
library(plyr)
library (corrplot)
library (ggplot?2)
library(gridExtra)
library (ggthemes)
library (caret)
library (MASS)
library (randomForest)

library(party)

train <- read.csv('C:/R/Train.csv', header =

TRUE, colClasses="factor")

train svm <- read.csv('C:/R/TestLR.csv', header =

TRUE, colClasses="factor")



test <- read.csv('C:/R/Test.csv', header =

TRUE, colClasses="factor")

# Forecasting use LR

LogModel <- glm(RM ~

., family=binomial (1ink="1logit"),data=train)

pred.LogModel <- predict (LogModel,n.ahead=15)

# Calculated Residuals

residuals <- train svmSRM - LogModelS$pred;
# ThunderSVM function

check location <- function() {

if(Sys.info () ['sysname'] == 'Windows"') {

if(!file.exists ("C:/Users/Sang/thundersvm/build/bin
/Debug/thundersvm.dll")) {

stop("Please build the library first (or
check you called this while your workspace is set

to the thundersvm/R/ directory)!")

dyn.load ("C:/Users/Sang/thundersvm/build/bin/Debug/
thundersvm.dl1l")

} else if(Sys.info () ['sysname'] == 'Linux') {



if(!file.exists("../build/1lib/libthundersvm.so")) {

stop ("Please build the library first (or
check you called this while your workspace is set

to the thundersvm/R/ directory)!")

dyn.load("../build/lib/libthundersvm.so")

} else if(Sys.info () ['sysname'] == 'Darwin') {

if(!file.exists("../build/lib/libthundersvm.dylib")
) {

stop ("Please build the library first (or
check you called this while your workspace is set

to the thundersvm/R/ directory)!")

dyn.load("../build/lib/libthundersvm.dylib")

} elsef

stop ("OS not supported!")

check location() # Run this when the file is

sourced

svm train R <-



function (

svm type = 0, kernel = 2,degree = 3,gamma = 'auto',
coef0 = 0.0, nu = 0.5, cost = 1.0, epsilon = 0.1,
tol = 0.001, probability = FALSE, class weight =
'None', cv = '-1",

verbose = FALSE, max iter = -1, n cores = -1,
dataset = 'None', model file = 'None'

check location ()

if(!file.exists (dataset)) {stop ("The file

containing the training dataset provided as an

argument in 'dataset' does not exist")}

as.

as

as.

as.

as.

res <- .C("train R", as.character (dataset)

integer (kernel), as.integer (svm type),

as.integer (degree), as.character (gamma),

.double (coef0), as.double (nu),

as.double (cost), as.double(epsilon),

double (tol), as.integer (probability),

as.character (class weight),

’

integer (length(class weight)), as.integer(cv),

as.integer (verbose), as.integer (max iter),

integer (n cores), as.character (model file))



svm predict R <-
function (

test dataset = 'None', model file = 'None',

out file = 'None'

check location()

if(!file.exists(test dataset)) {stop("The file
containing the training dataset provided as an

argument in 'test dataset' does not exist")}

if(!file.exists(model file)) {stop("The file
containing the model provided as an argument in

'model file' does not exist")}

res <- .C("predict R",
as.character (test dataset),

as.character (model file), as.character(out file))

# Forecasting use ThunderSVM
index <- 1:15

svm <- svm train R(residuals ~ index,residuals,

cost = 100, gamma = 0.5)

pred.svm <- svm train R(svm)

# Continue forecasting LR



pred.LogModel <- predict (LogModel,n.ahead=30)

pred.LogModel <- pred.LogModelS$Spred([16:30]

# Combine two results

pred <- pred.LogModel + pred.svm;

# Print results

caret::confusionMatrix (pred, train$RM)



