DAl HOC QUOC GIA HA NOI
TRUONG PAI HQC CONG NGHE

NGUYEN NGQC TUAN

AP DUNG KY THUAT KHAI PHA DU LIEU DU BAO THUE BAO ROl MANG TRONG
MANG DI PONG

LUAN VAN THAC ST CONG NGHE THONG TIN

Ha Ngi - 2016




DAl HOC QUOC GIA HA NOI
TRUONG PAI HQC CONG NGHE

NGUYEN NGOQC TUAN

AP DUNG KY THUAT KHAI PHA DU LIEU DU BAO THUE BAO ROl MANG TRONG
MANG DI PONG

Nganh: Cong nghé Thong tin
Chuyén nganh: Hé thong Thong tin

M3 s6: 60480104

LUAN VAN THAC ST CONG NGHE THONG TIN

NGUOI HUONG DAN KHOA HQC: PGS.TS. NGUYEN HA NAM

Ha Noi - 2016




MUC LUC

LOI MO DAU ... 2
Chuong 1. Gidi thiéu tong quan vé mang di dong va cac kién thirc co s& lién quan...........cc.cocevevenee. 3
1.1.Giéi thiéu vé MANG A1 QONE...cveiiiiiie e e nr s 3
1.2.S0 lugc tinh hinh nghien ciru trén the GIGi........oveveeceeieeeecisieeeeeee e 3
1.3.PhAt DICU AT TOAN.......oueveeiieiieiieeiiseiess e 3
1.4, KEt TUAN CRUONE 1 oottt saenean 3
Chuong 2 Cac Kién thirc co SO TIBN QUAN ......cvuvvceeeceereecesesese ettt s s sensensens 4
2.1 KNAT PhA QT LIEU ...t bbbt b bt n e n e 4
2.1.1. Khai nIEM KPDL......oiiiiiiiiic s 4
2.1.2. Nhitng nhom bai toan ctid KPDL ... s 4
2.1.3. Céc budc xay dung mot gidi phap V& KPDL.........cc..ovueuereeeeciereeeeeesesesees e, 4
2.1.4. Ung dung KPDL trong VIEN thONE.........ceveveeveeveresesssssssseesesssssesssssssssssssssssssssssssssssssssssnsnsenns 4

2.2. M6t s6 k§ thuat KPDL trong phan 10P, dU DAO......c..c.eeeereeeeereisieieiseee s esessesssssesse s 4
2.2.1. CAY QUYSE QNN cooovoviveeteeeeee sttt sttt en ettt 4
2.2.2. Phan 18P NAIVE BAYES .....ueeviiiiiiiiiiieiie ettt sn e sn e nn e e 4
2.2.3. Mang N0 10N NNAN TA0 .....eiiuiiiiiiiiiiieetee ettt ettt sb e bt s te e s e s b e b e e b e e sbeesbeesbneanneenreenneens 5
2.2, LUAL KEENOP 1ottt n et 5
2.3.Gi6i thiéu vé CONEZ CU WK ...ttt b e b e sh e s b e s b et e e sbeesbeeneeas 5
2.4 KE TUAN CHUONE 2...ooooveee et na s enaen e seeneas 5
Chuong 3  Giai phap phat hién thué bao di dong c6 kha nang roi MaNg ........coceevreiereiniineiseeeeeae 6
3.1 G1AT PRADP CIUNG: ... e 6
3.2.Giai phap hién tai ciia mang MODIFONE. ..ot s 6
3.3.GHAL PRAP G XUAL ...voveoeeeecieecee ettt s st es s ens st ssenenes 7
3.3.1.  Giai phap d& xuat ding ky thuat khai pha dit T8U ........cc.eveeeveereeeeeceeseeeeeeeesesee e 7
3.3.2.  Giai phap d& Xuat Sau Khi CAT tHEN.......ovecveeveececiee e et 7
3.4.M6 hinh dé Xudt 4P dUNG thUC t&......vuvveeveereeeeceeieeeeeee st ens s seeneees 8
Chuong 4 Thuc Nghi¢m va dAnh @IA KEE QUAL.........eveeveeeeeeeeeeecees et 9
4.2 MO ta dir li€u thurc NZRIGIM ......viiiiiiie ittt e e be e nbeesreeneeas 9
Trong d6 s6 liéu khong roi mang 1a nhém thué bao c6 phat sinh cudc trong thAng § ............ccceveneeee. 10
4.3 Két qua thuc nghiém theo phuong PhAp NieN tai .......c..vveeveveeveecee e 10
4.4 Két qua thyc nghiém dua trén khai pha dif HEU ....occvveveiiii e 12
441 Két qua thuc nghiém duya trén giai phap khai pha dif HeU.........cevveereeeeeereereeeeeee e 12
442  Két qua thuc nghiém dua trén khai pha dir 1iéu d& A1 tin .......o.ooveveeeeeeeeeeeeeeeeeeeee e, 15
4.5 S0 SAND FANN ZIA KEE QUA....cve.veeceecreeeeeeee ettt 19
4.6 KBt TUAN CRUONIZ 4ottt ettt s 20
KET LUAN .ottt ettt ettt ettt et et et e et et e et et e et et e e et et eees e e et et eees e e e et nesseneeeeeeneeeseneeeens 23



LOI MO PAU

Thué bao roi mang ludn 1a van dé “dau dau” cta cic nha mang trong nude ciing nhu trén thé giéi
boi 1€ khach hang (thué bao) chinh 1a ngudi mang lai doanh thu va duy tri hoat dong ctia cac nha mang.
Dé duy tri va phat trién hoat dong kinh doanh ctia minh, cac nha mang phai tim moi cach dé phat trién
thué bao méi nhung dong thoi ciing phai tim cach dé duy tri hoat dong ciia cac thué bao hién hitu. Theo
céc nghién ciru va thyc té trién khai ciia cic nha mang cho thay, tong chi phi dé phat trién mot thué bao
méi cao hon nhiéu so véi viéc duy tri mot thué bao hién hitu. Trong khi do, doanh thu tr cac thué bao
hién hiru (dic biét 1a cac thué bao 1au nim) cao hon nhidu so v&i doanh thu cta cac thué bao méi (theo
thdng ké ctia MobiFone thué bao l4u nim c6 doanh thu trung binh cao hon 48% so thué bao méi). Chinh
vi Iy do trén, cac nha mang trén thé gi¢i khong ngimg tim kiém cac giai phap va nghién ctru phat trién cac
ung dung dé xac dinh, du doan sém thué bao c6 kha nang roi mang dé co bién phép kip thoi tac dong
nham duy tri thué bao d6 hoat dong..

Xuét phét tir yéu cau dit ra d6i voi don vi minh, t6i da thuc hién d8 tai luan vin “AP DUNG KY
THUAT KHAI PHA DU LIEU DU BAO THUE BAO ROI MANG TRONG MANG DI PONG”.
Luan van di sau vao viéc ap dung céc k¥ thudt khai pha dir li€u tr hanh vi st dung ctia cac thué bao di
dong tir d6 du bao thué bao c6 kha nang roi mang

Luén van gom c6 phan m¢ dau, két luan va 04 chuong, cu thé nhu sau:
Chuwong 1: Gi6i thiéu tong quan vé mang di ddng va cac van dé lién quan

Chuong nay trinh by vé tong quan mang di dong, thué bao rdi mang. Phat biéu bai toan va cac
nghién cuu lién quan

Chuong 2: Khai pha dir li€u va cac ky thuat phan tich du bao

Nghién ctru cac co s 1y thuyét KPDL, cac van dé lién quan dén KPDL trong bai toan du bao
thué bao roi mang. Tim hiéu cac k¥ thuat khai pha dit lidu str dung trong bai toan phén 16p, du bao (chuin
bi dif lidu, lya chon thudc tinh, phan tich dic trung, cay quyét dinh, ...) va ap dung k¥ thuat KPDL trén
ung dung WEKA.

Chwong 3: Giai phap phat hi¢n thué bao di dong c6 kha ning roi mang

Céc phuong phap dé phat hién thué bao di dong c6 kha ning roi mang bao gom cac ky thuat duya
vao ddc trung thué bao, phuong phap ung dung k¥ thuat khai pha dit liéu

Chuwong 4: Thue nghiém va danh gia két qua

N6i dung chii yéu 1a ap dung cac mo hinh di tim hiéu vao viéc du bao thué bao roi mang. Trudc
tién ap dung cac k¥ thuat co ban trén toan bo dit lidu da duoc chuan bi véi mé hinh phan tich dic trung,
cdy quyét dinh va dénh gia. Tiép theo sir dung cac k¥ thuat lya chon thudc tinh dé cai tién téc do xur 1y va
danh gia do chinh xac ctia md hinh du béo. Cudi clng tién hanh danh gia két qua du bdo cta timg md
hinh va dwa ra mé hinh dy bao khuyén nghi dé ap dung vao bai toan thuc té



Chuong 1. Gi6i thiéu tong quan vé mang di dong va céc kién thirc co so lién quan

1.1. Gi6i thiéu vé mang di dong

Hai muoi nim qua ghi nhan mot thoi gian dai phét trién soi dong, vugt bac ciia nganh coéng
nghiép vién thong noéi chung va thong tin di dong noi riéng. Puogc thanh 1ap tir nim 1993, sau 22 nim
phat trién, Tong Cong ty Vién thong MobiFone (tién than 1a Cong ty Thong tin di dong), tir mot doanh
nghiép cd vira va nho, da phat trién tré thanh mot doanh nghiép lon, hang dau Viét Nam, c6 doanh thu 1én
t6i hon 40.000 ty, loi nhuan hon 6.000 ty VND hang niam va cung cdp dich vu vién thong di dong cho
trén 20 triéu khach hang st dung thuong xuyén. Thuong hi¢u MobiFone ciing tré thanh mot trong nhiing
thuong hiéu c6 uy tin hang dau. Budc sang nhitng nim dau cia thap ky mai, ciing voi su bao hoa ciia sb
lugng thué bao toan thi truong, nhiing thach thic dang dén tré nén thyuc té hon, doi hoi MobiFone phai cé
nhitng sy theo ddi sat sao hon véi tinh hinh kinh doanh. Trong khi & giai doan bung nd cua thip nién dau
ctia thé ky 21, viéc phat trién thué bao 1a kha dé dang khi gan nhu ct bd sung thém cac tram méi 14 c6 thé
¢6 thém thué bao, dén nhitng nam dau thap ky thar hai, khi s lugng thué bao trén toan thi trudng tré nén
bdo hoa, mang ludi ciing da phu séng gan nhu khip qudc gia, mdi khach hang tiém ning déu da co 1 hay
nhiéu thué bao, viéc phat trién thué bao méi trd nén khé khin hon bao gio hét. Cac nha cung cap dich vu
vién thong ciing canh tranh v6i nhau giy git, quyét liét, gianh giat nhau timg thué bao, bao gdm ca céc
thué bao dang sir dung dich vu cia mang ddi thu. Chinh vi vay, khong chi viéc phat trién thué bao ma
ngay ca viéc giit thué bao ciing tré nén cip béach.

1.2.  So luge tinh hinh nghién ctru trén thé gi6i

1.3. Phat biéu bai to4an

Néu vong doi phat trién thué bao tra trude va mdc thoi gian dé .

Ph
TB hoat dong

6ng P/
giao dich

TB khéa 1 chiéu

Muc dich ctia nghién ciru: Phat hién cac thué bao tra truéc lau nim c6 kha ning roi mang dé
¢6 thé tac dong va duy tri thué bao

Muc tiéu cia nghién ctru: Dw bao cac thué bao tra trwéce lau nim c6 kha nang roi mang khi
van con trong giai doan 2 ciia vong doi thué bao tirc 1a khong phat sinh cwéc trong khoing thoi
gian 1 thang.

1.4. Két luan chwong 1

Chuong nay gi6i thiéu vé bai toan, nhitng yéu cau dit ra can giai quyét d6i v6i bai toan dong thoi
trinh bay mot s6 huéng nghién ctru vé thué bao roi mang trong mang di dong, hudng tiép can cua luan
van.



Chwong 2 Cic kién thirc co s6 lién quan
2.1.  Khai pha dir li¢u

2.1.1. Khainiém KPDL

KPDL 14 qua trinh khao sat va phan tich mét khéi lugng 16n cac dit lidu dugc luu trit trong cc co
so dir liu, kho dit lidu...dé tir d6 trich xudt ra cac thong tin quan trong, c6 gid tri tiém an bén trong. Do
nhu cau nghiép vu can c¢6 cach nhin thong tin trén quy mé toan don vi.

2.1.2. Nhirng nhom bai toan cia KPDL

2.1.3.  Cac buwéc xay dung mot giai phap vé KPDL
C6 réat nhiéu tac gia dua ra cac budc ciia mot hé thong KPDL, moi Sy phan chia chi mang tinh
chat twong dbi va tu tuong chu dao cua nd 1a nhu sau:

- Budce 1: Xac dinh muc tiéu bai toan.
- Budc 2: Thu thap dix liéu.
- Budc 3: Lam sach dir liéu va chuyén ddi dir liéu.
- Budc 4: Xay dung mo hinh.
- Bu6c 5: Panh gia mo hinh hay danh gia mau.
- Budc 6: Bao céo.
- Buéc 7: Dy doan.
- Budce 8: Tich hop vao tng dung
- Buoc 9: Quan 1y mé hinh
2.1.4. Ung dung KPDL trong vién théng
2.2. Mot s6 ky thuat KPDL trong phan 16p, du bao

2.2.1. Cay quyét dinh

Cay quyét dinh 1a mot cAu trac bidu dién dudi dang cdy. Trong d6, mdi nit trong (internal node)
bidu dién mot thudc tinh, mdi nhanh (branch) bidu dién gia tri c6 thé c6 cua thude tinh, mbi 14 (leaf node)
biéu dién cac 16p quyét dinh va dinh trén cling ciia ciy goi 1a gbc (root).

2.2.2. Phin lop Naive Bayes

Dinh 1y Bayes cho phép tinh xac suét xay ra cia mot su Kién ngau nhién A khi biét sy kién lién
quan B d3 xdy ra. Xac suit nay duoc ky hiéu 1a P(A[B), va doc 1a "xé4c suit ciia A néu c6 B". Dai luong
nay duoc goi xac sudt co didu kién vi né dugc rat ra tir gia tri dwoc cho cua B hodc phu thude vao gia tri
do.

Phuong phép Naive Bayes pht hop cac bai toan c6 yéu cau vé chi phi xudt hién cua cac gia tri thudc tinh.

- Thiét ké hé théng phan 16p thuong d& dang hon so véi cac phuong phap khac.
4



- Céac thudc tinh trong tap mau hoc phai doc lap véi diéu kién.
- D6 chinh xéc thuat toan phan 16p phu thudc nhiéu vao tap dit liéu hoc ban dau.

2.2.3. Mang no ron nhan tao

Neural nhéan tao 1a sy moé phong don gian cta neural sinh hoc. Mdi neural nhan tao thyc hién hai
chtre ning: chire ning téng hop dau vao va chirc ning tao dau ra. Mdi neural c6 mot gia tri ngudng, chirc
ning dau vao chinh 13 tong co trong s6 cac tin hiéu vao két hop véi ngudng dé tao ra tin hiéu dau vao.
Chure ning tao dau ra duoc thuc hién bang ham truyén dat. Him nay s& nhan tin hiéu dau vao va tao tin
hiéu dau ra cua neural.

C6 ba loai neural trong mot mang Neural dugc tao ra vai thuat toan Microsoft Neural Network:

Neural dau vao: Neural dau vao cung cap céc gia tri thudc tinh dau vao cho cac mo hinh khai thac
dir lidu. Di véi thude tinh dau vao roi rac, mot neural dau vao thuong dai dién cho mét trang thai don
nhit tir cac thude tinh dau vao. Mot thudc tinh dau vao lién tuc tao ra hai neural dau vao: mot neural cho
mot trang thai bi thiéu, mot neural cho gid tri cua chinh thudc tinh lién tuc d6. Neural dau vao cung cap
dau vao cho mét hoac nhiéu neural an.

Neural an: neural 4n nhan dau vao tir cac neural dau vao va cung cip dau ra cho cac neural dau ra.

Neural diu ra: Neural dau ra dai dién cho cac gia tri cua thudc tinh du doan ctia mé hinh KPDL.
Ddi véi cac thudc tinh dau ra 1a roi rac, mot neural dau ra dai dién duy nhat cho mét trang thai du doan
cua thudc tinh du doan, bao gdm ca gia tri thiéu. Néu cac thudc tinh du doan lién tuc tao ra hai neural dau
ra: mot neural cho mot trang thai bi thiéu, mot neural cho chinh céc gia tri cia thudc tinh lién tuc do.

Mbi dau vao c6 mot gia tri duoc gan cho nod cé trong s6 1a w, mo ta Sy lién quan giira dau vao dén
cac neural an hodc cac neural dau ra.

2.2.4. Lujt két hop

Khai pha luat két hop: La tim cac mau phd bién, su két hop, su tuong quan, hay cic ciu triic nhan
qua giita cac tap ddi twong trong cac co s dir liéu giao tac, co sé dit liéu quan hé, va nhimg kho thong tin
khac.

Céc tng dung: Luat két hop co wng dung trong nhiéu linh vuc khac nhau ctia doi séng nhu: khoa
hoc, hoat dong kinh doanh, tiép thi, thuong mai, phan tich thj tredng ching khoan, tai chinh va dau tu,...

2.3.  Gié6i thiéu vé cong cu weka

2.4. Kétluan chwong 2

Chuong 2 trinh bay mét s6 khai niém co ban va cac kién thirc c¢6 lién quan vé cac thuat toan
thuong duoc 4p dung trong KPDL & dang phan 16p, du bao d6 1a: cdy quyét dinh, mang noron nhan tao,
phan 16p Naive Bayes va luat két hop.



Chuong 3 Giai phap phat hién thué bao di dong c6 kha ning roi mang
3.1. Giai phap chung:

Dbi véi cac bai toan vé thué bao roi mang néi chung thi déu sir dung mé hinh nhu sau:

Thu thap dir
ligu

M® hinh phéan
tich

X ly va trich
xuat di liéu

Panh gia

Hinh 3-1 M6 hinh xtr 1y dir li¢u chung

Trong tat ca cac giai phap trinh bay tiép theo déu st dung chung mé hinh nay va chi khac nhau trong khbi
mo hinh phan tich.

Giai thich cac chirc nang cta cac khoi nhu sau:

Thu thap dit liéu: C6 nhiém vy thu thap di lidu tir cac ngudn lién quan dén bai toan, dbi voi bai
toan nay thi dir liéu duoc thu thap tir cac ngudn sén c6 cia MobiFone nhu dir liéu CDR tir tong
dai, dir li¢u thong tin khach hang, dir liéu lich sir mua hang

va khuyén mai, dit liéu lich sir khiéu nai ... Cac dit liéu nay déu dugc cac hé thdng tac nghiép cua
MobiFone xtr 1y va da dugc luu trir trong CSDL.

Xt 1y va trich xuat dit liéu: Budc nay thyuc hién tién xir Iy va trich xuét di liéu dé dua vao mo
hinh phan tich. Trong khéi dix liéu khéng 16 cua mang di dong thi toi da dya vao kinh nghiém lam
viéc gan 10 nam tai mang di dong MobiFone vé cac cong viéc lién quan dén xir 1y, quan 1y dit
liéu khach hang ciing nhu tham khao cac chuyén gia trong linh vuc chim séc khach hang dé chon
loc ra nhitng dit liéu co lién quan nhat voi bai toan.

M0 hinh phan tich: Budc nay sé thuc hién mo hinh hoa cac dir liéu da duoc xir Iy tir budce trudc
dé xay dung cac mo hinh dit liéu.

Panh gia: Panh gia két qua thyc hién

3.2. Giai phap hién tai cia mang MobiFone

Giai phap hién tai cia mang MobiFone nhu sau:

XUr ly va trich
xuat dir lidu

Phan tich dac trung
dir liéu va tap luat

Thu thap dit liéu banh giad

Hinh 3-2 M5 hinh xi Iy hién tai

Trong giai phap nay thi cac chuyén gia MobiFone trong linh vuc cham s6c khac hang da st dung phuong
phap phén tich dic trung di liéu tir d6 tim ra dic trung cua cac thué bao c6 kha ning roi mang dé ap dung
du bao. Phuong phap nay s& str dung cac tap luat dé phan 16p dit liéu. Phuong phéap nay c6 vu diém la
don gian rat dé thyuc hién dé phan 16p tuy nhién dé xac dinh chinh xac cac tap luat doi hoi phai rat hiéu
dugc dit liéu nén khong thé ty dong hoa dugc mot khi dit liéu thay ddi doi hoi phai ¢ chuyén gia phan
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tich lai dit liéu nén sé& tén rat nhiéu thoi gian dé dwa ra duoc tap luat chinh xac. Hon nita ddi véi nhirng
loai di liéu phtic tap thi phuong phap nay cho d6 chinh xac khong cao.

3.3. Giai phap dé xuit
3.3.1.

Thu thap di liéu

Giai phap d& xuat dung ky thuat khai pha dir liéu

XUr ly va trich
xuat dir lidu

M6 hinh phan tich

Ky thuat KPDL
(phan lap)

banh giad

Giai phap nay dé xuét sir dung dé giai quyét bai toan. Trong budc mé hinh hoa sé& sir dung cac thuét toan
KPDL cu thé cac thuat toan phan 16p dé (mg dung du béo thué bao rdi mang. Phuong phap nay c6 wu
diém 1a c6 thé ty dong héa duoc tuy nhién thoi gian xir 1y dit liéu thudng cham hon phwong phap dwa vao

dac trung.

3.3.2.

‘ Thu thap di¥ liéu

X Iy va trich
xudt di¥ liéu

Giai phap d& xuét sau khi cai tién

Trich chon déc
trung

M6 hinh phan tich

Thuét toan Khai
phap di¥ liéu

1 Panh gia

Giai phap nay la cai tién cua giai phap dung thuat toan khai pha dir liéu. Dé lam giam thoi gian xu 1y dix
liéu ddi thi trude khi dua s lidu vao xir Iy bang thuat toan khai pha dir liéu ta s& st dung cac thuat toan
trich chon dic trung dé tim ra nhitng thudc tinh phu hop nhét voi cac thuat toan. Phuong phap nay thoi
gian xir 1y dit liéu s& nhanh hon giai phap dé cap muc 3.4 tuy nhién két qua dy doan s& khong chinh xac
bang. Do dir liéu mang di dong thoi rat 16n ma bai toan nay thi doi hoi thoi gian xir Iy nhanh do vy wu
tién vé thoi gian xu 1y hon.

Céc thuat toan trich chon thudc tinh:

—  Trich chon theo Correlation-based: Panh gia gia tri cia mot tap hop cac thudc tinh bang cach

xem xét cac kha ning tién doan riéng r& ciia mdi thudc tinh ciing véi mirc do du thira giita ching.

(M. A. Hall (1998). Correlation-based Feature Subset Selection for Machine Learning.) (Trich

chon dua vao twong quan)

- Trich chon theo @6 do GainRatio: Panh gia gia tri cia mot thudce tinh bfmg cach do GainRatio cua

thugc tinh trong qua trinh phan 16p:
GainR(Class, Attribute) = (H(Class) - H(Class | Attribute)) / H(Attribute).

- Trich chon theo d0 do InfoGain: Panh gia gia tri cia mét thude tinh b::ing cach do InfoGain lién

quan dén cac phan 16p.

InfoGain(Class,Attribute) = H(Class) - H(Class | Attribute).
Trich chon theo phuong phap PCA (principal components analysis — Phéan tich thanh phan chinh)



3.4. M0 hinh dé xuét ap dung thuec té

Hé th&ng thu

thap dir liéu

Panh giava
strdung két
qua dé duy
tri khach
hang

Trong d6 Hé thong thu thap dit liéu 1a hé thong c6 chirc nang 14y dir liéu CDR, thong tin khach hang, log
khiéu nai cua khach hang

Hé thng xur 1y va luu trit dit liéu: Pay chinh 1a hé thdng Kho dir liéu ciia MobiFone ¢6 chic niang xir 1y
dix liéu da thu thap va luu trir dudi dang database.

Mo hinh phén tich: Sir dung két ndi tir WEKA dén DB cua hé thong Kho di liéu dé iy thong tin phan
tich va dau ra 1a két qua dy bao thué bao roi mang

Danh gia va sir dung: Panh gia két qua du doan va dua sb lidu du doan dé sir dung thuc té. Qua viéc phan
hoi két qua danh gia sé tac dong nguoc lai qua trinh thuc hién ban dau dé téi vu mé hinh dy doan. Do dic
thu ctia kinh doanh luén thay doi anh hudng hanh vi sir dung ciia khach hang do khong c6 mé hinh du
doan nao ludén ding. Trong qué trinh thyc hién danh gia nham cai tién m6 hinh dé phu hop nhat véi tinh
hinh sé liéu thyc té



Chwong 4 Thue nghiém va danh gia két qua

Theo cac phuong phap du bao da trinh bay trong chuong 3, 4p dung vao s lidu thyuc té bai toan: du
bao thué bao di dong roi mang, luan van trinh bay cac két qua thuc nghiém dat dugc trén cac phuong phap
da néu.

4.1 Chuén bi dir liéu

Yéu cau thu thap dir liéu: Dir lidu duoc str dung trong luan van nay 1a dir lidu thyc té cua mang di dong
MobiFone d duoc bién dbi khi cong b trong luan vin nham dam bao tinh bao mat cua di liéu.
Dbi twong: Thué bao MobiFone 1au nim (kich hoat/hdoa mang tir 2 nam tré 1én) khong phét sinh cudc
trong thang 8/2015.
Khoang thoi gian thu thap dix liéu: thu thap dix liéu lich st ctia nhiing thué bao nay trong vong 3 thang, tur
thang 5 dén thang 7/2015.
Chi tiét dir liéu can thu thap: 86 truong dit liéu chi tiét, gdm: (chi tiét tai Phu luc dinh kém):
=  Goi cuoc
= Thoi gian kich hoat
= Loai khach hang (c4 nhan/doanh nghiép)
= Trang thai thué bao tai thoi diém xuat dix lidu
* Doanh thu tai khoan chinh va tai khoan khuyén mai (co chia dich vu thoai, sms, data,
khac) trong 3 thang gan nhét (thang 5, 6 va 7)
= S luong, san lugng cudc goi dén/di, sms dén/di trong 3 thang gan nhat (thang 5, 6 va 7)
= S ngay cap nhat VLR, s ngay phat sinh cu6c trong 3 thang gan nhit (thang 5, 6 va 7).
=S4 tién nap/sd 1an nap thé trong 3 thang gan nhit.
= S chuong trinh khuyén mai tham gia trong 3 thang gan nhat.
= Va1 s6 truong thong tin khac.
Dit liéu sau khi 1am sach va 1y mau gom gan 2 triéu ban ghi véi 86 truong dir liéu chi tiét.
- Tién xtr Iy dix liéu: Dit liéu da dugc xir 1y boi cac hé thong cia MobiFone va d chuan hoa cac
thong tin chi tiét nhu sau:
1. Loai bo nhitng ban ghi c6 thong tin thiéu.
2. Loai bo nhitng cudc goi bt thuong
3. Chuan hoa céc truong dit lidu theo dinh dang quy dinh
4.2 M ta dir liéu thuc nghiém

B0 dit liéu thang 8/2015, toan mang MobiFone ¢6 1.622.229 thué bao kich hoat tir 2 nam tr¢ 1én va khong
phat sinh cudce. Trong do6, thué bao khach hang ca nhan chiém da sé vé6i 98% (twong duong 1.610.136
thué bao) va thué bao khach hang doanh nghiép chién 2% (12.093 thué bao).

Nhim phén tich siu hon va tim ra nhimg dic diém dic trung cia thué bao trudc khi roi mang, nhoém
chuyén gia MobiFone da thyc hién phan tap thué bao khong phat sinh cudc trong thang 8/2015 thanh 5
nhom dé phan tich, cy thé:

- Nhom I: Thué bao tra sau.

- Nhom II: Thué bao tra trude ¢o tiéu dung tai khoan chinh (TKC) nhung khéng dat 3k3d_vlr trong
thang 7/2015.

- Nhom III: Thué bao tra truéc chi tiéu dung tai khoan khuyén mai (TKKM) trong thang 7/2015.
- Nhom IV: Thué bao tra trudc khong phat sinh cudc trong thang 7/2015.

- Nhom V: Thué bao tra trude ¢ dat chuan 3k3d_vlr trong thang 7/2015.
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Thué bao tra truoc
. Thué bao Pat 3k3d vir
Loal TB . o 3 2 _ i
a tra sau Khong dat 3k3d_,vlr trong thang trong thang Téng
truoc .
truoc
Nhom Nhom I Nhom 11 Nhom ITII | Nhom IV Nhom V
Thué bao
Fastconnect 17.244 3.096 2.690 14.578 2.154 39.762
Thué bao 34.821 | 161527 | 219.993 | 1.067.414 105.703 1.589.458
thudng
S luong TB 52.065 164,623 222.683 1.081.992 107.857 1.629.220
Ty l¢ 3.20% 10.10% 13.67% 66.41% 6.62% 100.00%

Bang 4-1 Nhom tiéu dung

Tuy nhién trong muc dich nghién ctru nay ta chi tip trung vao thué bao tra trudc dong thdi qua phén tich
dir liéu thi nhém 2 s& gom 2 nhém co dic trung khac nhau do d6 ta chia tiép nhom II thanh 2 nhom nho
(nhém 1 — tiéu dung TKC duéi 3.000d va nhom 2 — ti€u dung TKC tir 3.0004 tré 1€n)

Tir bo dit lidu thuc té trén dé ta ldy mau dir liéu dé xir Iy nhu sau:

Ra&i mang )
Nhom Lay miu £ 1 i Khéng roi mang Tong
chay So li¢u dang co
Nhém 1 20,000 93,962 136,000 156,000
Nhom 2 10,000 67,565 68,000 78,000
Nhoém 3 (nhom I11) 20,002 19,993 136,000 156,002
Nhém 4 (nhom V) 25,001 1,061,729 170,000 195,001
Nhém 5 (nhém V) 20,000 105,703 136,000 156,000
Téng 95,003 1,548,952 646,000 741,003

Trong d6 so liéu khéng rdi mang 1a nhom thué bao ¢6 phat sinh cude trong thang 8
4.3 Két qua thuc nghiém theo phwong phap hién tai

Két qua phan tich cic nhom dir lidu da cac chuyén gia MobiFone tim ra dugc nhiing dic diém cua
thué bao trude khi roi mang. Sau khi 4p dung cac dic trung nay vao b dit liéu kiém nghiém dé danh gia
thi két qua nhu sau. Nhu da dé cap o chuong 1, trong pham vi dé tai nay chi tap trung vao nhém thué bao
tra trwéc ma khong tap trung vao nhom thué bao tra sau. Do vay, trong phan nay, chi tip trung vao viéc sir

dung cac dic diém da phan tich dé du bao cho cac thué bao tra truéc
Cach thtc thuc hién nhu sau:

Begin

*

Phan tich d&c trung -

I

Duw bdo theo dic trng

l

Danh gid k&t qua

|

End
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- Budc 1: St dung tap dit liéu thué bao roi mang trong thang 8 dé thuc hién phan tich dic trung cta

cac thué bao roi mang theo ting nhom thué bao da mo ta tai muc 4.2.

- Budc 2: Dy béo thué bao rdi mang trén 1 tap dir liéu ldy miu dé danh gia két qua dy bao

- Budc 3: Banh gia két qua theo phuong phap danh gid da néu tai chuong 2, dé lvya chon céc dic

trung toi wu. Sau khi danh gia quay lai budc phan tich néu chwa dugc két qua tdi uu.

Viéc thuc hién cac budc trén nhiéu lan cing véi kién thic chuyén gia vé linh vuc CSKH cua mang

MobiFone di dua ra két qua téi vu nhu sau (chi tiét cac dic trung dugc néu tai luc luc 3):

Nhom 1:
- Két qua phan 16p
Két qua dir dodn
Roi mang Khéng roi mang Tong
Thue t4 Roi mang 16.706 3.294 20.000
e Khéng roi mang 8.461 127.539 136.000
Téng 25.167 130.833 156.000
Nhom 2:
- Két qua phén 16p (du bao):
Két qua dir dodn
Roi mang Khéng roi mang Téng
Thurc t4 Roi mang 9.530 470 10.000
e Khong roi mang 2.375 65.625 68.000
Téng 11.905 66.095 78.000
Nhom 3:
- Két qua phan 16p (du bao):
Két qua dir dodn
Roi mang Khéng roi mang Tong
Thue té Roi mang 19,047 955 20,002
e Khong roi mang 913 135,087 136,000
Téng 19,960 136,042 156,002
Nhém 4:
- Két qua phan 16p (du bao):
Két qua du dodn
Roi mang Khéng roi mang Tong
Thurc t4 Roi mang 22.724 3.953 26.677
e Khéng roi mang 2.218 167.782 170.000
Tong 24.942 171.735 196.677
Nhém 5:
- Két qua phan 16p (du bao):
Ket qud du doan
Roi mgng Khoéng roi magng Tong
Thire t8 Roi mang 9.861 10.139 20.000
e Khong roi mang__| 23.559 112.441 136.000
Tong 33.420 122.580 156.000
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Téng hop két qua du béo dit liéu thuc dua vao

cac dic diém dic trung cua thué bao trudc khi roi mang

nhu sau:
Tén dj do Nhom 1 Nhom 2 Nhom 3 Nhom 4 Nhoém 5
Accuracy 92,5% 96,4% 98,7% 96,9% 78,4%
Error_Rate 7,5% 3,6% 1,3% 3,1% 21,6%
Recall 83,5% 80,1% 95,1% 91,1% 49,3%
Precision 66,4% 95,3% 95,1% 85,2% 29,5%

Bang 4-2 Tong hop két qua ctia phuong phap hién tai

4.4 Két qua thwc nghiém dua trén khai pha dir liéu
4.4.1 Két qua thuc nghiém dua trén giai phap khai pha dir li¢u

Trong phan nay, ta s& sir dung tap di liéu thué bao chua dugc phan 16p (chua dugc xac dinh 1a roi mang
hay khong) 1am dau vao cho mé hinh. Sir dung tng dung WEKA va thuit toan ciy quyét dinh dé thuc
nghiém. Ly do sir dung thuat toan cay quyét dinh vi ddy thuat toan cé thoi gian chay dir liéu nhanh va dbi
VGi dir liéu nay cho két qua cao hon so voi phuong phap dang thyc hién tai MobiFone nén phu hop voi
yéu cau ciaa MobiFone .

Tap dit liéu chay duogc trich xuat tir bo dir liéu thuc t& nhu mé ta tai myc 4.1. Trong tap di lidu trén ta
chia tap train (luyén tap) va tap test (kiém chtng) theo nguyén tic nhu sau:

Tap luyén tap: La tap chira 66% s6 liéu cua bo dit lidu dau vao.

Tap kiém ching: La tap chira 34% sé liéu caa bo dir liéu dau vao con lai.

Thuét toan phan 16p: Cay quyét dinh theo thuat toan C4.5 dugc chuong trinh hoa trong muc phan 16p
trén cong cu Weka la J48.

Két qua chi tiét nhu sau:

r
a. Nhom 1
Tap di liéu chay bao gom 156.000 TB, trong d6: 20.000 TB roi mang, 136.000 TB khong roi
mang
|2 16:08:05 - trees.)48 — O >
- -~
Humker of Leaves 439
Size of the tree : 877
Time taken to build model: £6.03 seconds
=== Ewvaluaticn on test split ===
Time taken to test model on training split: 0.2 seconds
=== Summary ===
Correctly Classified Instances 52593 99.1572 %
Incorrectly Classified Instances 447 0.8428 %
Kappa statistic 0.9827
Mean absolute error 0.0l1z
Root mean sgquared error 0.08s82
Relative absolute error 5.0177 %
Root relative sguared error 26.2755 %
Cowverage of cases (0.35 lewel) 99,4231 %
Mean rel. region size (0.95 lewel) 50.8314 %
Total Humber of Instances 53040
=== Detailed Rccuracy By Class ===
TIF Rate FP Rate FPrecision Recall F-Measure MCC ROC Lrea PFRC Area Class
0.971 0.005 0.9684 0.971 0.96a8 0.9683 0.991 0.953 T
0.985 0.029 0.998 0.985 0.995 0.9683 0.991 0.998 N
Weighted Awvg. 0.992 0.028 0.992 0.992 0.992 0.9683 0.991 0.992
=== Confusion Matrix ===
a b «<-— classified as
6659 187 | a=71
250 45934 | b =N w
£ >
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Nhom 2:

Tap dir liéu chay bao gém 156.000 TB, trong d6: 20.000 TB rdi mang, 136.000 TB khong roi

mang
| £ 16:20:52 - treesJ48 - m} X
[Hurber of Leaves 108 -
Size of the tree : 211
Time taken to build model: 16.15 seconds
=== Evaluation on test split ===
Time taken to test model on training split: 0.06 seconds
=== JUmmary ===
Correctly Classified Instances 26404 99.5626 %
Incorrectly Classified Instances 116 0.4374 %
Kappa statistic 0.9807
Mean absclute error 0.0055
Root mean sguared error 0.0636
Relative absclute error 2.4333 %
Root relative squared error 18.9569 3
Coverage of cases (0.95 level) 99,7285 %
Mean rel. regicn size (0.35 level) 50.2803 %
Total Number of Instances 26520
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Rrea PRC Area Class
0.989 0.003 0.978 0.989 0.983 0.981 0.994 0.979 ¥
0.997 0.011 0.998 0.997 0.997 0.981 0.994 0.998 "
Weighted Awvg. 0.998 0.010 0.998 0.996 0.998 0.981 0.994 0.998
=== Confusion Matrix ===
a b <-- classified as
3394 38 | a=7Y
77 23010 | b=N v
7 2 r 2 4t A <\ r r
C. Nhém 3: TB tra trudc chi tiéu dung TKKM trong thang trudc
| £ 16:34:02 - trees. )48 — O =
Humber of Leaves : 252
Size of the tree : 503
Time taken to build model: 96.29 seconds
=== Ewaluation on test split ——
Time taken to test model on training split: 0.08 seconds
=== Summary ——=
Correctly Classified Instances 52774 99.4966 %
Incorrectly Classified Instances 267 0.5034 %
Kappa statistic 0.9773
Mean absoclute errcr 0.0063
Root mean sguared error 0.06877
Relative absclute error 2.8224 3
Root relatiwve sgquared error 20.3524 %
Cowverage of cases (0.95 lewel) 99.6682 %
Mean rel. region size (0.95 lewvel) 50.3384 %
Total Humber of Instances 53041
=== Detailed Rccuracy By Class =—=
TF Rate FF Rate Frecision Recall F-Measure MCC ROC RArea FPFRC Area Class
0.997 0.013 0.937 0.937 0.997 0.977 0.995 0.999 N
0.982 0.003 0.978 0.982 0.980 0.977 0.995 0.975 T
Weighted Awvg. 0.995 0.01& 0.9395 0.995 0.995 0.977 0.995 0.996

Confusion Matrix

a b <-— classified as
45177 145 | a=MNH
177  AS497 | o= ¥

£

d. Nhom 4

13




| £ 168:5%:34 - trees. 48 _ O %

Humber of Leawves : 126 ~
Size of the tree : 251
Time taken to build model: 43.64 seconds
=== Evaluation on test split ===
Time taken to test model on training split: 0.42 seconds
=== Summary ===
Correctly Classified Instances 86033 99.5973 %
Incorrectly Classified Instances 267 0.4027 %
Kappa statistic 0.9821
Mean absolute error 0.00688
Root mean sguared error 0.0811
Relative abaolute error 3.0452 %
Root relative squared errcr 18.2742 %
Coverage of cases (0.95 level) 99.736 %
Mean rel. region zize (0.95 lewvel) 50.313 %
Total Number of Instances 66300
=== Detailed RAccuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area FPRC Area Claas
0.996 0.0a07 0.999 0.996 0.93%8 0.982 0.998 1.000 ol
0.993 0.004 0.976 0.993 0.984 0.982 0.998 0.97% T
Weighted Avg. 0.996 0.007 0.99¢ 0.996 0.93%36 0.982 0.998 0.9397
=== Confusion Matrix ===
a b <-- classified as
57577 206 | a=0N
61 E4548 | E=Y w
£ >
’
e. Nhom 5:
|£2) 17:02:00 - trees.)48 - O >
Humker of Leaves : 483
S5ize of the tree : 925
Time taken to build model: &8.42 seconds
=== Evaluaticon on test split ==
Time taken to test model on training split: 0.16 seconds
=== Sumrmary ===
Correctly Classified Instances 52429 95.848 3
Incorrectly Classified Instances 611 1.152 %
Kappa statistic 0.9491
Mean absclute error 0.014%
Root mean squared error 0.1031
Relative absclute error 6.6367 %
Root relatiwve sgquared error 30.7366 %
Coverage of cases (0.95 lewel) 99,2232 %
Mean rel. region size (0.585 lewel) 50.7164 %
Total Number of Instances 53040
=== Detailed Accuracy By Class ===
TF Rate FF Rate Precision Recall F-Measure MCC ROC Zrea PRC Area Class
0.9682 0.008 0.94% 0.982 0.958 0.9439 0.981 0.938 ¥
0.992 0.038 0.954 0.9%2 0.9393 0.94% 0.981 0.935 H
Weighted Avy. 0.988 0.034 0.989 0.988 0.989 0.9439 0.981 0.987
=== Confusion Matrix ===
a b <-- classified as
6598 259 | a=71
352 45831 | b=N
£ >
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f.  Téng hop két qua va danh gia:
Bang tong hop danh gia

Tén do do Nhom 1 Nhom 2 Nhom 3 Nhom 4 Nhom 5
Accuracy 99.2% 99.6% 99.5% 99.6% 98.8%
Error_Rate 0.8% 0.4% 0.5% 0.4% 1.2%
Recall 97.1% 98.9% 99.7% 99.6% 96.2%
Precision 96.4% 97.8% 99.7% 99.9% 94.9%
Thoi gian xﬁy Adl_mg mo hinh 86 16 96 44 68
(giay)

Bang 4-3 Bang tong hop két qua theo giai phap khai pha dit liéu
4.4.2 Két qua thuc nghiém dua trén khai pha dir li¢u da cai tién

Trong phan nay, ta s& sir dung tap dit liu thué bao da dugc chon miu tai muc 4.1 dé thuc nghiém. Cac

budc cua qua trinh thuc nghiém nhu sau:

Ap dung cac thuat toan
cay quét dinh

Danh gid két qua

oChay thuat toan dé trich chon dic trung cac thudc tinh. Cac thuat toan da thuc nghiém gdém cac
thuat toan dd néu tai chuong 3. Qua thyc nghiém trén bd sb liéu thuc té thi thut toan
GainRatioAttributeEval pht hop nhét véi cac bo s6 liéu thuc nghiém. Sau khi thuc nghiém theo
thuat toan nay thi s& ra dugc danh sach danh theo thir tw quan trong caa cac thudc tinh va ta tiép

+ Buéc 1:

tuc phai tim s6 lwong thudc tinh ti wu.
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o Lua chon s thudc tinh trich chon: Lwa chon cang nhiéu thudc tinh thi két qua cang chinh xac tuy
nhién thoi gian xay dung mé hinh lai cang lau. Bé dam bao phu hop véi yéu cau cia MobiFone
la xtr 1y dit liéu nhanh véi d6 chinh xac chép nhan dugc nén ta phai lya chon s6 luong thudc
tinh vira phai khong 1am giam do chinh xac qua nhiéu nhung thoi gian xay dung mé hinh nhanh.

< Budc 2: Chay k¥ thuat Cay quyét dinh (K¥ thuat J48 trén mo hinh WEKA) dé xdy dung mo hinh
phan 16p tap dir li¢u sau khi trich chon va du bao danh gia mo hinh da xay dung.

Nhom 1:
Tap Training: 156.000 TB, trong d6: 20.000 TB roi mang, 136.000 TB khong roi mang

Két qua sau khi sap sép lai cac truong dir liéu theo xép hang cua thuat toan GainRatioAttributeEval

|| 17:35:28 - trees.)48 — O X
-~

Humber of Leawves 435

5ize of the tree : 869

Time taken to build model: 83.25 seconds

=== Ewvaluaticn on test split ===

Time taken to test model on training split: 0.09 seconds

=== Summary ===

Correctly Classified Instances 52804 99.178 %

Incorrectly Classified Instances 436 0.822 %

Kappa statistic 0.9636

Mean absolute error 0.011

Root mean sguared error 0.0871

Relative absoclute error 4.932 %

Root relative squared error 25.9677 %

Cowverage of cases (0.95 lewvel) 99.4382 %

Mean rel. region 3ize (0.95 lewel) 50.24468 %

Total Number of Instances 53040

=== Detailed Accuracy By Class =—=
IF Rate FF Rate Frecision Recall F-Meagure MCC ROC Area FPRC Area Claas
0.871 0.005 0.965 0.971 0.968 0.5964 0.9492 0.954 b
0.985 0.029 0.998 0.9935 0.985 0.984 0.932 0.9398 n

Weighted Avg. 0.992 0.028 0.9%32 0.992 0.992 0.9684 0.992 0.932

=== Confusion Matrix ===

a )+ «—-— classzified as
6661 198 | a=7Y
240 45943 | b=N W
< >

Két qua cho thy do chinh xac cuia thuat toan ting so véi trudc khi sap xép. Thoi gian xay dung mé hinh
giam 3s so véi bo dit liéu chua xép hang. Nhu vdy c6 nhan xét thuit toan cdy quyét dinh bi anh huéng bai
thir ty treong dir liéu dau vao.

Lya chon sé thudc tinh tir xép hang trén véi 15 thudc tinh dugc xép hang cao nhit két qua thuat toan
C4.5 nhu sau:
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£ 17:31:10 - trees. )48 — ] >

Nurber of Leawves @ 299 2
S5ize of the tree : 587
Time taken to build model: 15.5& seconds
=== Ewyaluation on test split ===
Time taken to test model on training split: 0.13 seconds
=== Summary ===
Correctly Classified Instances 52600 99,1704 %
Incorrectly Classified Instances 440 .8296 %
Kappa statistic 0.9633
Mean absolute error 0.0123
Root mean sguared error 0.0871
Relative absolute error 5.5058% %
Root relatiwe sguared error 25.9726 %
Coverage of cases (0.95 lewel) 99.54 %
Mean rel. region size (0.95 lewvel) 51.2943 %
Total Humber of Instances 53040
= Detailed Accuracy By Class =
TF Rate FP Rate Precision BRecall F-Measure MCC OC Area FPRC Area Class
0.971 0.005 0.965 0.871 0.968 0.963 0.993 0.973 T
0.995 0.029 0.998 0.9395 0.995 0.963 0.993 0.998 iy
Weighted Awvg. 0.992 0.0268 0.992 0.992 0.992 0.963 0.993 0.985
=== Confusion Matrix ===
a b <—— classified as
6659 185 | a=71
242 45941 | b=N W
< >

Danh gia dbi véi lva chon nay thi két qua do chinh xac thuit toan van tuong dwong so véi bo dit lidu da
xép hang. Thoi gian chay sb liéu giam tir 83s xudng con 16s

Nhoém 2:
Tap dir liéu: 78.000 TB, trong do6: 10.000 TB roi mang, 68.000 TB khong roi mang

Két qua sau khi thuc nghiém ap dung thuat todn GainRatioAttributeEval va trich chon dwoc 10 truong dir

liéu t61 vu nhu sau:

=] 18:47:38 - trees 48 — ] >
- -~

Humber of Leawves : an

Size of the tree 3 159

Time taken to build model: 1.72 seconds

=== Ewaluation on test split =—=

Time taken to test model on training split: 0.07 seconds

=== Summary ===

Correctly Classi ed Instances 26200 98.7934 3

Incorrectly Classified Instances 320 1.2066 %

Kappa statistic 0.9471

Mean absclute error 0.0185

Root mean sguared error 0.1023

EFelatiwve absclute error 8.2518 %

Root relative sguared error 30.4674 %

Coverage of cases (0.95 lewvel) 29,6267 3

Mean rel. region size (0.95 lewvel) 53.68124 %

Total Humber of Instances 26520

=== Detailed Accuracy By Class ==
TF Rate FF Rate Frecision Recall F-Measure MCC ROC Rhresa FRC Area Class
0.983 0.009 0.941 0.9&83 0.954 0.947 0.993 0.957 ¥
0.991 0.032 0.9495 0.991 0.9493 0.947 0.993 0.998 joy

Weighted RAvg. 0.988 0.029 0.988 0.988 0.988 0.947 0.993 0.993

=== Confusion Matrix ===

a )= <—— classified as
3323 110 | a =¥
210 22877 | =N L")
< >

Hinh 4-1 Két qua nhom 2 cua weka
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Thoi gian dung md hinh giam d6 chinh xac giam nhung khong dang ké
Nhém 3:
Tap dir liéu chay: 156.000 TB, trong d6: 20.002 TB roi mang, 136.000 TB khong roi mang

Két qua sau khi thuc nghiém ap dung thuat toan trich chon duoc 12 thudc tinh:

5| 19:00:12 - trees. )48 — O =
Time taken to build model: 8.47 seconds o~
=== Ewvaluation on test split ===
Time taken to test model on training split: 0.05 seconds
——— Summary ———
Correctly Classified Instances 52400 98.7915 §
Incorrectly Classified Instances a4l 1.2085 %
Kappa s3tatistic 0.9455
Mean absolute error 0.0178
Root mean sguared error 0.1002
Relatiwve absolute errcr 7.9829 %
Root relative sguared error 30.1334 %
Coverage of cases (0.395 lewvel) 99,4099 3
Mean rel. region size (0.95 lewel) 50.9925 %
Total Number of InsStances 53041
=== Detailed Rccuracy By Class ===
TF Rate FFP Rate Frecision Recall F-Measure MCC ROC Area FPRC Area Class
0.993 0.045 0.994 0.993 0.993 0.946 0.991 0.998 "
0.355 0.007 0.943 0.955 0.852 0.94¢ 0.331 0.9548 Y
Weighted Avg. 0.3988 0.040 0.988 0.988 0.988 0.94¢ 0.991 0.932
=== Confusion Matrix ===
a b «—— classified as
45980 342 | a =N
293 8420 | b =%
~
< >

Nhom 4:
Tap Training: 195.000 TB, trong d6: 25.001 TB roi mang, 170.000 TB khong roi mang

Két qua vai 20 thudc tinh lwa chon

| €] 19:11:32 - trees.)48 — O >
Time taken to build model: 6.96 seconds 2
=== Evaluation on test split ===
Time taken to test model on training split: 0.24 seconds
Summary
Correctly Classified Instances 65813 99.2655 %
Incorrectly Classified Instances 437 0.7345 %
Kappa statistic 0.9676
Mean absolute error 0.0129
Root mean squared error 0.07E8a
Relative abaolute error 5.7633 %
Root relative sgquared error 23.493% %
Coverage of cases (0.95 lewel) 99.8356 %
Mean rel. region size (0.95 lewvel) 51.8401 %
Total Number of Instances 66300
Detailed Accuracy By Class
TF Rate FP Eate Frecision Recall F-Measure iCC ROC Area FPRC Area Cla
0.994 0.013 0.998 0.994 0.994 0.968 0.998 1.000 N
0.987 0.00& 0.9857 0.987 0.972 0.9&68 0.998 0.978 ¥
Weighted Avg. 0.993 0.012 0.993 0.993 0.993 0.968 0.998 0.997
=== Confusion Matrix ===
a b <-- clazgzified as
57409 374 | a==N
113 2404 | =Y W
< >

Hinh 2 Két qua nhém 4 ctia weka
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Nhom 5:

Tap dix liéu: 156.000 TB, trong do: 20.000 TB roi mang, 136.000 TB khong roi mang

Két qua véi trich chon 7 thudc tinh.

| £ 19:21:52 - trees.J48

Time taken to build model: 6.469 seconds
=== Evaluaticn on test split ===

Time taken to test model on training split: 0.05 seconds

=== Summary ===

Correctly Classified Instances
Incorrectly Classified Instances 5559
Kappa statistic . 9535
Mean absolute error .0167

a
a
Root mean sgquared error 0.0947
7
g

Relative absolute error L4689 %
Root relative sguared error 28.2292 %
Coverage of cases (0.95 lewel) 959.5569 %
Mean rel. region size (0.95 lewvel) 52.1381 %

Icotal Number of Instances

=== Detailed Accuracy By Class ===

=== Confusion Matrix ===

a b «<-- classified as
6627 230 | a=%Y
329 45854 | b=N

IF Rate FF Rate Precision Recall

0.968 a.007 0.953 0.966 a.

0.993 0.034 0.995 0.993 a.
Weighted Lwg. 0.989 0.030 0.990 0.989 0.

98.59461 %
1.0539 %

F-Measure MCC

960 0.954
994 0.954
989 0.954

ROC Area FPRC Area Class
0.994 0.961 Y
0.994 0.999 N
0.994 0.994

Hinh 3 Két qua nhom 5 ciia weka

Panh gia m6 hinh

Tir két qua kiém nghiém & muc 3.3, ta di tinh toan do chinh x4c cta dy doan ddi voi timg nhém thué bao

dua vao cong thirc da dua ra nhu sau:

Tén do do Nhém 1 Nhém 2 Nhém 3 | Nhom 4 Nhém 5
Accuracy 99.2% 98.8% 98.8% 99.3% 98.9%
Error_Rate 0.8% 1.2% 1.2% 0.7% 1.1%
Recall 96.5% 98.8% 99.3% 99.4% 96.6%
Precision 97.1% 94.1% 99.4% 99.8% 95.3%
Thoi gian xé}fAdl_mg mo hinh 16 5 8 7 7
(gidy)

Bang 4-4 Tong hop do chinh xac cta giai phap dé xuat

4.5 So sanh danh gia két qua

Dé danh gia két qua da thuc nghiém ta so sanh do chinh xac (d6 do Accuracy) ctia 3 giai phap da thuc

hién nhu sau:
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So sanh dé chinh xac
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Phuwong phap hién tai W Giai phap dé xuat [1Gidi phap dé xuat cai tién

Nhan xét: giai phap hién tai MobiFone dang sir dung c6 d6 chinh xac thdp nhat, d6i véi cac nhom 3 va 4
d6 chinh xac nho hon nhung gan twong dwong véi do chinh xac cua cac giai phap dung thuat toan khai
pha dit liéu, nhung ddi véi cac nhom 1,2 va 5 thi dd chinh x4c thap hon dang ké so Véi cac giai phap ding
khai phé dit liéu dic biét nhém 5 thap hon rat nhiéu (78,4% so véi 98,8%). Qua viée so sanh d6 chinh xac
clia cac giai phap ta nhan thiy duoc cac dic trung cua cac nhoém thué bao trong d6 cic nhom 3,4 1a cac
nhom da duoc nhan dinh 1a cac thué bao roi mang, nhém 5 nhan dinh 13 nhém muc tiéu chinh dé du bao
thi két qua giai phap hién tai cia MobiFone chwa cao trong khi d6 giai phap dé xuat cho két qua rit cao .
Do chinh xac cua giai phap dé xuat va giai phap dé xuat sau khi cai tién twong dwong nhau. Dé danh gia
tiép Vé giai phap trudc va sau cai tién ta tiép tuc danh gid thoi gian xay dung mo hinh giira hai giai phap
nay két qua nhu biéu d6 dudi:
So sanh thi gian xay duwng mé hinh

120

100

80
60
40
20
A P P
o iz — T Z iz
nhém 1 nhém 2 Nhom 3 Nhom 4 Nhém 5
m Giai phap truée cai tién Giai phdp sau cai tién

Qua biéu do ta thy rd thoi gian xdy dung mo hinh ctia giai phap sau khi cai tién it hon rat nhiéu so voi
giai phap trude cai tién. Do vay giai phap dé xuat cai tién da dat dugc muyc tidu dé ra ban dau 1a dua ra
giai phap voi do chinh gan twong duong (c6 thé giam) tuy nhién thoi gian xay dung mo hinh s& nhanh
hon.

4.6 Két luan chwong 4

Chuong nay trinh bay két qua thuc nghiém dua trén cac phuong phap di thyuc hién ¢ chuong 3. Qua thyc
nghiém ta c6 nhan xét nhu sau: Két qua dung thudt toan khai pha dit liéu cao hon so véi phuong phép
hién tai dang thuc hién
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KET LUAN

Tir viéc nghién ciru nhitng yéu cau cap thiét dit ra trong cong tac duy tri va phat trién thué bao cua mang
di dong, luan vin da dat dugc mot s6 két qua chinh sau day:

- Xay dyng md hinh dy bao ap dung k¥ thuat khai pha dit liéu dé phét hién nhanh chinh xac cac
thué bao di dong c6 kha nang roi mang tir d6 4p dung cac giai phap dé duy tri thué bao.

- Trién khai mo hinh dé xuit, ap dung trén dit liéu thuc té, so sanh vé&i cac giai phap da sir dung
duoc ap dung. Cac két qua dat duogc da cho théy duoc tiém nang ap dung phuong phap dé xuét vao thuc
tién

Trong thoi gian t6i chung t6i s& nghién ctru tich hogp cic ki thuat ny vao cac chuong trinh hé tro

kinh doanh cia MobiFone dong thoi cai tién thoi gian du bao ciing nhu két qua du bao. Trong thoi gian
t6i toi s& tiép tuc cap nhat mo hinh véi dir liéu cua MobiFone dé két qua du doan duoc cai thién hon
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