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LOI CAM ON

T6i xin giri 101 cam on sau sic t6i PGS.TS.Nguyén Ha Nam, Truong Dai hoc
Cong nghé - Pai hoc Qudc gia Ha Noi, ngudi thay da danh nhiéu thoi gian tan tinh chi
bao, hudng dan, gitp d& t6i trong sudt qua trinh tim hiéu, nghién ctu. Thay 1a nguoi
dinh hudng va dwa ra nhidu gop ¥ quy bau trong qua trinh toi thue hién luin vin.

T6i xin chan thanh cam on cac thay, ¢6 ¢ khoa Cong nghé thong tin — Truong
Dai hoc Cong nghé - PHQGHN d3 cung cip cho toi nhitng kién thirc va tao cho toi
nhirng diéu kién thuan loi trong subt qua trinh t61 hoc tap tai truong.

Téi ciing bay t6 1ong biét on vé su gitp d& cta lanh dao co quan, dong nghiép da
cung cap dit liéu, tai liéu va cho toi nhimg 101 khuyén quy bau. T6i xin cam on gia
dinh, nguo1i than, ban be va cac thanh vién trong nhém nghién ctru luén dong vién va
tao moi diéu kién tét nhat cho toi.

To1 xin chan thanh cam on!
Ha Ngi, thang 5 ndm 2016

Ho va tén

Nguyén Ngoc Tuan



LOI CAM DOAN

T61 xin cam doan day la dé tai nghién ctru cua riéng to1, thyc hién duéi sy hudéng
dan cua PGS.TS. Nguyén Ha Nam.

Céc két qua néu trong ludn van Ia trung thuc va chua dugc ai cong bd trong bat
cir cong trinh nao khac.

Ha Ngi, thang 5 nam 2016

Ho va tén

Nguyén Ngoc Tuan
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KPDL Khai pha dir li¢u
CSDL Co so dir ligu
OLAP Online analytical processing
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nhdp mang cua thué bao di dong
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- mang VLR va phat sinh doanh thu >3000
GSM Global System for Mobile Communications Mang
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LOI MO DAU

Thué bao roi mang ludn 1a van dé “dau dau” cua cac nha mang trong nudc ciing
nhu trén thé gidi bai 18 khach hang (thué bao) chinh 13 ngudi mang lai doanh thu va
duy tri hoat dong cua cac nha mang. Dé duy tri va phat trién hoat dong kinh doanh cua
minh, cic nha mang phai tim moi cich dé phat trién thué bao méi nhung dong thoi
cling phai tim cach dé duy tri hoat dong cua cac thué bao hién hitu. Theo cac nghién
clru va thyc té trién khai ctia cac nha mang cho thy, tong chi phi dé phat trién mot
thué bao méi cao hon nhiéu so véi viée duy tri mot thué bao hi¢n hitu. Trong khi do,
doanh thu tir cac thué bao hién hitu (dac bi¢t 1a cac thué bao lau nam) cao hon nhiéu so
v6i doanh thu cua cac thué bao mdi (theo thdng ké ctia MobiFone thué bao ldu nam c6
doanh thu trung binh cao hon 48% so thué bao méi). Chinh vi 1y do trén, cdc nha mang
trén thé giéi khong ngimg tim kiém cac giai phap va nghién ctru phét trién cac ung
dung dé xac dinh, du dodn sém thué bao c6 kha ning roi mang dé co bién phap kip
thoi tic dong nham duy tri thué bao d6 hoat dong.

Xuét phat tir yéu cau dat ra di voi don vi minh, toi d thuc hién dé tai luan van
“AP DUNG KY THUAT KHAI PHA DU LIEU DU BAO THUE BAO ROI
MANG TRONG MANG DI DPONG?”. Luan van di siu vao viéc ap dung cac ky thuat
khai phé dit li¢u tr hanh vi st dung cta cac thué bao di dong tir d6 dy bao thué bao co
kha nang ro1 mang.

Luan van gém co phén mé dau, két luan va 04 chuong, cu thé nhu sau:
Chuwong 1: Gi6i thiéu tong quan vé mang di dong va cac van dé lién quan

Chuong nay trinh bay vé tong quan mang di dong, thué bao roi mang. Phat biéu
bai toan va céc nghién cutru 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 dy bdo thué bao ro1 mang. Tim hiéu céc k¥ thuat khai pha dir li€u st dung
trong bai toan phan 16p, du bao (chuén bi dit li€u, lya chon thudc tinh, phan tich dac
trung, cdy quyét dinh, ...) va ap dung k¥ thuat KPDL trén ing dung WEKA.

Chwong 3: Giii phap phat hién thué bao di dong c6 kha nang roi mang

Céc phuong phap dé phat hién thué bao di dong c6 kha ning roi mang bao gom
cac k¥ thuat dua vao dac trung thué bao, phuong phap tng dung ky thuat khai pha dir
liéu.

Chuong 4: Thye nghiém va danh gia két qua



Noi dung chu yéu 1 4p dung cac mé hinh d tim hiéu vao viéc du bao thué bao
ro1 mang. Trudce tién ap dung cac k¥ thuat co ban trén toan bo dir liéu da duoc chuin
bi v6i md hinh phan tich dic trung, cay quyét dinh va dénh gia. Tiép theo sir dung cac
k¥ thuat lya chon thudc tinh dé cai tién toc d6 xur 1y va danh gia d6 chinh xac ctia mo
hinh du béo. Cudi cung tién hanh danh gia két qua du bao cia timg mé hinh va dua ra
mo hinh du bao khuyén nghi dé ap dung vao bai toan thuc té.



Chwong 1 Gi6i thiéu tong quan vé mang di dong va cac kién thirc
co' s¢ lién quan

1.1. Giéi thi¢u vé mang di dong

Hai muoi ndm qua ghi nhan mot thoi gian dai phat trién sbi dong, vuot bac cua
nganh cong nghiép vién thong noéi chung va thong tin di dong noi riéng. Pugc thanh
1ap tir ndm 1993, sau 22 nam phat trién, Tong Cong ty Vién théng MobiFone (tién than
1a Cong ty Théng tin di dong), tir mot doanh nghiép ¢& vira va nho, da phat trién tre
thanh mot doanh nghiép 16n, hang ddu Viét Nam, c6 doanh thu 1én t6i hon 40.000 ty,
loi nhuan hon 6.000 ty VND hang nam va cung cip dich vu vién thong di dong cho
trén 20 triéu khach hang st dung thuong xuyén. Thuong hiéu MobiFone ciling tr&
thanh mot trong nhitng thuong hiéu ¢ uy tin hang ddu. Budc sang nhitng nim dau cua
thap ky méi, ciing voi su bdo hoa cia s6 luong thué bao toan thi trudng, nhitng thach
thirc dang dan tro nén thuc té hon, doi hoi MobiFone phai c6 nhiing su theo ddi sat sao
hon véi tinh hinh kinh doanh. Trong khi ¢ giai doan bung nd ctia thap nién dau cta thé
ky 21, viéc phat trién thué bao 14 kha d& dang khi gan nhu ¢t bo sung thém cac tram
m&i 1 ¢ thé c6 thém thué bao, dén nhitng nam dau thap ky th hai, khi s6 lugng thué
bao trén toan thi truong trd nén bio hoa, mang ludi ciing da phu song gan nhu khap
quéc gia, mdi khach hang tiém ning déu da co 1 hay nhiéu thué bao, viéc phat trién
thué bao méi tré nén kho khian hon bao gio hét. Cac nha cung cip dich vu vién thong
cling canh tranh v&i nhau gay gat, quyét liét, gianh giat nhau timg thué bao, bao gdm
ca cac thué bao dang st dung dich vu ctia mang d6i thi. Chinh vi vy, khong chi viéc
phat trién thué bao ma ngay ca viéc giir thué bao ciing tré nén cap bach.

Vietnamonbil GMobile
VinaPho 4,07% 3,22% M Viettel
17,45% o B MobiFone
BvVinaPhone

OvVietnamobile
B GMobile

Viettel
MobiFone 43,48%

31,78%
Hinh 1-1 Thi phan cac thué bao di dong tinh dén 2013 [2]
1.2. So lwgc tinh hinh nghién ciru trén thé giéi

Xu hudng khach hang ngimg st dung san pham/dich vu ctia cong ty trong mot
khoang thoi gian nhat dinh dugc dinh nghia 1a khach hang roi mang Chandar, Laha,
&KTrishna [5].



Céc cong ty thi luén mudn c6 thém cang nhiéu khach hang cang t6t. Mic du vy, qua
thoi gian, ty 16 khach hang méi / khach hang roi mang c6 xu hudng tién t6i bang 1. Vi

vay, tac dong cua rdo1 mang ngady cang tréd nén manh mé va can dugc quan tam hon.

Viéc roi mang thuong gin lién v6i vong doi cua nganh, khi nganh dang trong giai
doan phat trién, viéc ban hang ting trudng bung nd, sé khach hang méi vuot xa sd
khach hang ro1 mang, nhung khi ¢ giai doan bao hoa, cac cong ty s€ tap trung vao viéc
gidm ti 1€ ro1 mang.

Thoi diém khach hang roi mang s& cho biét khach hang gin bo véi cong ty trong bao
lau, gia tri vong doi ciia khach hang (CLV) d6i v6i cong ty. CLV dugc tinh bang tong
doanh thu ma Cong ty thu dugc tir khach hang trong sudt vong doi ctia khach hang trir
di tong chi phi thu hit khach hang, ban hang, dich vu khach hang (quy ra tién).

Céc nghién ctru trudc ddy di dua ra khai niém khach hang roi mang tir nhiéu quan
diém khac nhau. Theo Olafsson, Li, va Wu[10], c6 2 loai ro1 mang khac nhau. Loai
tht nhat 13 roi mang chi déng (nghia 1a khach hang chu dong chon dimg sir dung dich
vu). Loai thtr hai 1a roi mang bi dong (nghia 1a khi nhiing khach hang khong con 1a

khach hang t6t nita va cong ty Iya chon dirng mdi quan hé nay).

Burez va Van den Poel [9] d4 chia roi mang cha dong thanh 2 nhém: Roi mang do van
dé thuong mai va roi mang do van dé tai chinh. Roi mang do van dé thuong mai 1a
truong hop khach hang khong gia han hop dong c6 thoi han cb dinh cia ho khi hop
d6ng hét han. Roi mang do van dé tai chinh 13 trudng hop khach hang ngimg thanh

toan trong qué trinh thue hién hop dong ma ho dang bi rang budc.

Ngay nay, khach hang roi mang dé tré thanh vin dé quan tdm chinh cta cac cong ty

trong tat ca cac linh virc va cac cong ty budc phai hanh dong dé xtr Iy van dé nay.

Xem xét ty 18 rdi mang ciia cac nganh khac nhau, c6 thé nhan thiy nganh vién thong 1a
mot trong nhitng nganh co ti 1& rdi mang cao nhat voi ti 18 roi mang trung binh hang
nam tir 20% dén 40%. Khach hang roi mang trong linh vuc vién théng duoc hiéu 1a
khach hang chuyén tir nha cung cap ndy sang nha cung cap khac.

C6 2 céach tiép can co ban ddi véi viée quan 1y roi mang. Cach tiép can thir nhét 1a tiép
can khong c6 muyc ti€u dya vao cac san phém ndi troi va truyén thong rong rai dé tang
1ong trung thanh va duy tri khach hang. Cach tiép can thir hai 13 tiép can co6 muc tiéu
dua vao viéc x4c dinh nhitng khach hang c6 kha ning rdi mang, sau d6 cung cip cho
ho nhitng gia tri khuyén khich truc tiép (khuyén mai) hodc tao ra cac géi dich vu phu
hop cho khach hang dé giit ho 6 lai.

10



Cach tiép can c6 muc ti€u gém 2 loai: bi dong va chu dong. Vi cach tiép can bi dong,
cong ty chd cho dén khi khach hang lién hé voi cong ty dé huy dich vu, cong ty sau do
méi dua ra cho khach hang nhitng chinh sach khuyén khich, vi du khuyén mai giam
gia, dé giit khach hang & lai. Vi cach tiép can chu dong, cong ty cb ging xac dinh
nhirng khach hang c6 kha ning roi mang trong mét thoi gian ngén tiép theo. Sau do,
cong ty s& thuc hién nhitng chuong trinh hodc chinh sach dic biét dé giir cho khach
hang khong roi mang. Céach tiép can chi dong c6 nhirng loi ich 1a chi phi khuyén khich
thip (boi vi phan khuyén khich d6 khong can thiét phai cao nhu tai thoi diém khach
hang di quyét dinh s& roi mang rdi) va boi vi khach hang khong duoc chuan bi sin dé
thuong lugng c6 duge mirc khuyén khich tot hon vai 1y do rdi mang. Tuy nhién, cach
tiép can nay s& gay lang phi néu viéc du doan roi mang 13 khong chinh xéc, béi vi sau
d6 cong ty s& phai lang phi mot lwong 16n chi phi dé khuyén khich nhiing khach hang
thuc té van ¢ lai véi mang minh.

bé giai quyét van dé nay, rat nhiéu nd luc di thuc hién dé c6 duoc cai nhin
chinh x4ac hon vé roi mang. Nhin chung, cac nghién ciru trong linh vuc nay déu tap
trung vé mot trong nhitng muc dich chinh sau: tim ra cac nhan t6 anh huong dén khach
hang rd1 mang, hodc xay dung moé hinh cho viéc du doan khach hang ro1 mang.

1.3. Phat biéu bai toan

1.3.1. Chu trinh cta thué bao di dong

Ro1 mang thuong dugce phan thanh 2 loai: rd1 mang chu dong va rd1 mang bi
dong. Roi mang chu dong 1a trudong hop nhitng khach hang chon dé rdi mang, viée roi
mang 13 do lwa chon cua khach hang. Vi du, khach hang chuyén sang mang d6i thu
hoic chuyén ddi sang hop ddng thué bao tra sau. Roi mang bi dong 13 trudng hop
khach hang bi nha cung cap nging cung cip dich vu, thuong 1a vi 1y do gian 14n hodc
ng cude. Roi mang vi 1y do gian 1an dudng nhu rat hiém xay ra. Roi mang do no cudc
thi chi xay ra v6i thué bao tra sau. Nhu da dé cap & trén, trong nghién ciru nay, ching
to1 chi tap trung vao van dé roi mang cua thué bao tra trudc. Vi vay, ro1 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 ctia thué bao tra trudc 1a thiéu mot dinh nghia
du rd rang. Khi xem xét roi mang ddi voi thué bao tra sau, ngay thué bao bi khoa 2
chiéu (ngdy thué bao ngimg két ndi véi mang) chinh 1 ngay roi mang, day la ngay
thué bao thyrc s ngimg str dung dich vu ctia nha cung cap. Tuy nhién, truong hop thué

bao tra trudc, ngay khoa 2 chiéu ciling khong thuc su 1a ngdy roi mang. Piéu nay co
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thé dugc nhin mot cach rd rang hon théng qua cac giai doan khac nhau cta thué bao

tra trudc. Thué bao tra trudce thong thuong sé co 4 giai doan:
- Giai doan 1: Kich hoat, tré thanh thué bao méi

- Giai doan 2: Hoat dong binh thuong (thué bao phat sinh cac giao dich va hoat

dong binh thuong trén mang).

- Giai doan 3: Khoéa 1 chiéu (thué bao chi co thé nhan céac giao dich chiéu dén,
khong thuc hién duogc cic giao dich chiéu di). Trudng hop ndy, thué bao nap
tién tr& lai thi s& quay lai trang thai hoat dong binh thudng (giai doan 2).
Trudng hop thué bao khong nap lai tién, sau mot khoang thoi gian nhat dinh

theo quy dinh, thué bao s& bi chuyén sang giai doan 4 (khéa 2 chiéu).
- Giai doan 4: Khoa 2 chiéu.

6ng prs
giao dich

TB khéa 1 chiéu

TB khoéa 2 chiéu

Hinh 1-2 Vong doi thué bao

Tuy ting loai hinh thué bao ma khoang thoi gian chuyén tir giai doan nay sang giai
doan tiép theo s& khac nhau. Vi du, d6i v4i thué bao MobiQ, thué bao chi can phat sinh
mot giao dich thi s& luén c¢6 60 ngay sir dung & giai doan 2. Trong 60 ngay do, néu
khach hang khong st dung dich vu gi, khong nap tién thi thué bao s& chuyén sang giai
doan 3 (khéa 1 chiéu). Thué bao s& c6 khoang 10 ngay & giai doan 2 nay, néu khong
nap lai tién va str dung lai dich vu thi thué bao s& chuyén sang giai doan 3 (khéa 2
chiéu). O giai doan 3, thué bao s& c6 30 ngay gitt s6 trudc khi bi x6a hoan toan khoi hé
théng. Nhu vay, tir giai doan 2 dén hét giai doan 4, thué bao c6 t61 100 ngay. Thuc té,

thué bao da c6 thé roi mang tai bat ctr thoi diém nao trong 100 ngay nay.
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1.3.2. Phat biéu bai toan

Vi Iy do thoi diém tac dong duge dén thué bao quan trong nén viée xac dinh thoi diém
nao dugc coi 1a rdi mang s& rat quan trong trong viéc du doan roi mang va thuc hién
céc tac dong dé duy tri, ngin chan thué bao roi mang. Trong pham vi dé tai nay, khai
niém “roi mang” dugc xac dinh la truong hop khach hang khong phat sinh cudce
(khong phat sinh bat cr giao dich ndao hodc khong cé bién dong vé tai khoan trong
vong mot thang). Tic 13, thué bao duoc xac dinh 1 roi mang khi c6 thé thuc té vin

dang & giai doan 2. Ly do st dung khai niém ro1 mang nay nhu sau:

Theo kinh nghiém thuc té, thué bao tra trudc chuyén sang giai doan 3 (khoa 1 chiéu)
thi hdu nhu rat kho lién lac, thdm chi da vit bo sim-card ra khoi dién thoai. Do vay,
viéc tac dong dén thué bao & giai doan nay hau nhu khéng c6 hiéu qua.

Mdc “khong phat sinh cude” cho phép du doan thué bao rdi mang khi thué bao vin
con dang ¢ giai doan 2, dam bao con du thoi gian dé thuc hién tac dong trudce khi thué
bao chuyén sang giai doan 3.

Muc dich cua nghién cuu: Phat hién cac thué bao tra trwée lau nam c6 kha ning
roi mang dé cé thé tac dong va duy tri thué bao

Muc tiéu cua nghién cirtu: Dw bao cac thué bao tra trwéce lau nam cé kha nang roi
mang khi vin con trong giai doan 2 ciia vong doi thué bao tirc 13 khong phat sinh
cwoc trong khoang thai gian 1 thang.

1.4. Két luan chwong 1

Chuong nay gidi thi¢u vé bai toan, nhiing yéu cau dit ra can gidi quyét doi voi
bai toan dong thoi trinh bay mdt s6 hudng nghién ctru vé thué bao roéi mang trong
mang di dong, hudng tiép can cua luan van.

13



Chuwong 2 Khai pha dir li€éu va cac ky thuat phan tich du bao
2.1. Khai pha dir liéu

2.1.1. Khai niém KPDL

KPDL la qua trinh khao sat va phan tich mot khdi luong 16n cac dir liéu duoc
luu trir trong cac co sé dir ligu, kho dir ligu.. .dé tir d6 trich xuét ra cac thong tin quan
trong, c6 gia tri tiém an bén trong. Do nhu cau nghiép vu can c6 cach nhin thong tin
trén quy mo toan don vi.

Cac dit liéu nay duoc thu tir nhiéu ngudn, da s 1a tir cac phan mém nghiép vu
nhu: phan mém tai chinh, ké toan, cac hé théng quan 1y tai nguyén doanh nghiép, cac
hé théng quan 1y khach hang hay tir tac cong cu luu trir thong tin trén web. ..

Pay 1a nhimg khdi dit liéu khong 16 nhung nhiing thong tin ma né thé hién ra
thi 16n x0n va “nghéo” ddi véi nguoi ding. Kich thude cua khdi dir liéu khong 16 d6
cling tang voi tbc do rat nhanh chiém nhiéu dung lugng luu trit. KPDL s& giup trich
Xudt ra caC mau dién hinh c6 gia tri va bién chung thanh nhimng tri thirc hitu ich. Qua
trinh nay gém mot sé budc duge thé hién trong hinh sau.

Dinh gid miu

/ 1
J

Ehaipha dirligu

Chuvendol I

Drlisu d3 dwoe chuwen doi

Tiénxily -

Dhtligu d3 dwoc tisn xely

Hinh 2-1 Céc budc xay dung mot hé théng KPDL [1]

Y nghia cu thé cua céc budc nhu sau:

- Lya chon dir li¢u lién quan dén bai todn quan tam.
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- Tién xtt Iy dit liéu, 1am sach dir liéu

- Chuyén doi dir liéu vé dang phu hop thuan loi cho viéc khai pha.
- KPDL, trich xuit ra cac miu dit liéu (mé hinh).

- Panh gia mau.

- Str dung tri thure khai phé duogc.

2.1.2. Nhirng nhém bai toan cia KPDL

KPDL c6 thé dugc dung dé giai quyét hang trim bai toan v&i nhitng muc dich
va nhiém vu khac nhau. Dya trén ban chét tu nhién cua cac bai toan do, nguoi ta co thé
nhom cac bai toan d6 thanh nhirng nhom sau:

Bai toan phan loai

Bai toan phan loai 1a mot trong nhimng bai toan pho bién nhat caa KPDL, vi du
nhu: phan tich xem loai khach hang nio c6 kha ning cao nhat s& chuyén sang dung san
pham dich vu cua d6i thi canh tranh cta cong ty (churn analysis), quan 1y rui ro hay
Iwa chon anh quang c4o nao s& xuat hién ddi vdi mdi loai khach hang. ..

Phan loai 1a to chirc dit liéu trong cac 16p cho trudc, con dugc goi 1a hoc cod
quan sat. Phan loai sir dung cac nhin 16p cho trudc dé sip xép cac ddi tugng. Trong
do, c6 mat tap huén luyén gém cac d6i tuong da duoc két hop v6i cac nhan da biét.
Nhiing thuat todn hoc c6 quan sat s& duoc ap dung cho tap cac ddi twong can phan loai
dé tir d6 mo hinh phan loai ching.

Mot s6 thuat toan ding trong bai todn phan loai nhu: cdy quyét dinh, mang no
ron, mang Naive Bayes.

Bai toan han cum

Bai toan phan cum hay con goi la phan doan. Diém khac véi bai toan phan loai
1a & day cac nhan 16p chua biét va khong c6 huin luyén. Cac ddi twong duoc phan loai
dua trén cac thudc tinh twong dong giita chung. Bai toan phan 16p hay con goi 1a hoc
khong c6 gidm sat.

Bai to4an phan tich luit két hop

Bai toan nay doi khi con goi 1a bai toan phan tich gié hang bdi vi né dugc stir
dung rong rai trong phan tich cac giao dich dir li€u, cac bai toan lya chon hang hoa di
kem...

Phén tich ludt két hop kham pha ra cac ludt két hop thé hién mbi lién hé giira
cac thudc tinh dir li€u thuong xuét hién cung nhau trong cac tap dir liéu.
15



Bai toan hoi quy

Bai toan hoi quy ciing twong ty nhu bai toan phan loai. Piém khac biét 1a hoi
quy du doan cho cac dir li¢u lién tuc.

Bai toan du doan

Dy doan 1a mdt mang quan trong cia KPDL. Dy doan c6 hai loai chinh: mdt
loai 1a dy doan vé& mét sd gia tri dir liéu chua biét hay cé xu hudng sép xay ra, con loai
kia 12 du doan dé phan 16p dua trén mot tip hudn luyén va gia tri thudc tinh cua ddi
tugng. Trong pham vi ludn vin, tac gia s€ sir dung loai du doan thir hai.

Bai toin phan tich chudi

Phén tich chudi duoc sir dung dé tim ra cac mau trong mot loat cic gia tri hay
trang thai roi rac. Vi du nhu viéc chon mua hang cua khach hang co thé mo hinh 1a
mot chudi dir liéu. Hanh dong chon mit hang A, sau d6 chon mit hang B, C... 1a mot
chudi cac trang thai rdi rac. Trong khi d6 thoi gian lai 1a chudi s6 lién tyc.

Phan tich chudi va phan tich luat két hop giéng nhau & chd déu phan tich tap
hop cac dbi tuong hay trang thai. Diém khac nhau 13 mé hinh chudi phan tich su
chuyén cta cac trang thai, trong khi mé hinh lut két hop thi coi mdi mot mat hang
trong gié hang 1a nhu nhau va doc 1ap. V6i mo hinh chudi, viéc chon mit hang A trudce
mit hang B hay chon mit hang B trudc A sau la khac nhau. Con & md hinh két hop thi
cd hai truong hop 1a nhu nhau.

Bai toan phan tich do léch

Bai toan nay con dugc goi 1a phat hién diém bién. Piém bién 1a nhiing ddi
tuong dir liéu ma khong tuan theo cac dac tinh, hanh vi chung. Bai toan phat hién diém
bién mg dung rat nhiéu trong cac tmg dung. Ung dung quan trong nhat cia bai toan
phat hién diém bién 1a bai toan kiém tra x4c nhan thé tin dung...

2.1.3. Ciac buéc xay dung mdt giai phap vé KPDL
C6 rat nhiéu tac gia dua ra cac bude cia mot hé théng KPDL, moi sy phén chia
chi mang tinh chat twong dbi va tu twéng chi dao cia né 1a nhu sau:

- Budc 1: Xac dinh muc tiéu bai toan.

- Budc 2: Thu thap di liéu.

- Budc 3: Lam sach dir liéu va chuyén ddi dit liéu.
- Budc 4: Xay dung mo hinh.

- Budc 5: Panh gia mo hinh hay danh gia mau.
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- Budce 6: Bao céo.

- Budc 7: Dy doan.

- Budc 8: Tich hop vao ung dung
- Budc 9: Quan 1y mo hinh

2.1.4. Ung dung KPDL trong vién thong

La mot nganh céng nghiép voi khdi lugng dir liéu can xtr 1y rat 16n, nganh cong
nghiép vién thong d3 nhanh chong phat trién tir cung cip dich vu dién thoai c¢b dinh dé
cung cép nhiéu dich vu thong tin lién lac toan dién khac. Chung bao gém di dong, dién
thoai thong minh, truy cdp Internet, email, tin nhan vin ban, hinh anh, may tinh va
truyén dit liéu web va cac dir lidu giao thong. Su hoi nhap cua vién thong, mang may
tinh, Internet va nhiéu phuong tién truyén thong khac da duoc tién hanh, thay ddi bod
mat ctia vién thong va dién toan. biéu nay da tao ra mot nhu cau 16n vé khai thac dix
liéu dé giap hiéu s6 liéu kinh doanh, xac dinh m6 hinh vién thong, xac dinh céac hoat
dong gian lan, str dung tdt hon cac nguén luc va cai thién chat luong dich vu. Bai toan
khai thac dir lidu trong vién thong c6 diém twong ddng véi nhitng nguoi trong nganh
cong nghiép ban 1é. Bai toan thuong gip bao gdm xay dung kho dit liéu quy mé 16n,
thuc hién biéu dién da chiéu truc quan, OLAP va phéan tich chuyén sau vé cac xu
huéng, mau cua khich hang va cidc miu tun ty. Cac bai toan nay gdp phan cai thién
kinh doanh, giam chi phi, duy tri khach hang, phan tich gian lan va tim hiéu vé d6i thu
canh tranh. Co rat nhiéu bai toan khai thac dit liéu cung voi cac cong cu khai thac dir
liéu cho vién thong d3 duogc biét dén va s& dong vai trd ngdy cang quan trong trong
kinh doanh ngay nay [6]. Mot s6 bai toan cu thé nhu sau :

2.1.4.1 Phan tich da chiéu s6 liéu ban hang, khach hang, san pham, theo thoi gian, khu
vuc

Nganh vién thong néi riéng va dich vu ban 1& néi chung can nhin cai nhin da
chiéu vé doanh thu ban hang, logi nhuan, san phrflm ... nén viéc phan tich dir li¢u da
chiéu rat can thiét giap cho nhitng nguoi quan 1y nam bat dugc tinh hinh kinh doanh
va thi truong cung cac thong tin hitu ich khac.

2.1.4.2 Phan tich hiéu qué cta cac chuong trinh khuyén mai:

Hi¢n cac chuong trinh khuyén mai va san pham ctia nganh vién thong lién tuc
dugc thay doi1, dé danh gia hi€u qua cac chuong trinh khuyén mai 1a bai todn rat quan
trong clia cac mang vién thong.

2.1.4.3 Duy tri khach hang - Phén tich vé 10ng trung thanh ctia khach hang
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Chung ta c6 thé sir dung thong tin khach hang trung thanh dé ding ky trinh tu
mua hang cta khach hang cu thé. 10ng trung thanh ctia khach hang va xu hudng mua
hang c6 thé duoc phéan tich mot cach hé théng. Hang hoa mua tai giai doan khac nhau
ciia cung mot khach hang c6 thé dugc nhom lai thanh chudi. Tuan ty khai thic mo
hinh sau d6 c6 thé duoc st dung dé diéu tra nhimng thay ddi trong tiéu dung cua khach
hang hoic long trung thanh va dé nghi diéu chinh vé gia ca va sy da dang ctia hang hoa
dé giup giit chan khach hang va thu hit nhimg ngudi méi.

Ngoai ra KPDL con gitp phan tich du bao khach hang roi mang tir 46 dé nghi
diéu chinh vé gia ca va sy da dang cta hang hoa dé gitp giit chan khach hang

2.1.4.4 Xay dung hé thong goi ¥

O nganh vién thong va ban 1é néi chung thi viéc tu van cho khach hang rat quan
trong nhim ting doanh thu. Van dé & day 1a phat hién nhu cau cta khach hang dé co
thé tu van va goi ¥ cho khach hang dung nhu cau, thoi gian va dia diém. Cac tng dung
ctia viec KPDL ¢ dy bao gdm viéc phan tich hanh vi khach hang, phan 16p, ...
2.1.4.5 Phong chong gian 14n va xac dinh hanh vi st dung bat thuong

Trong nganh vién thong thi viéc rat quan trong 1 phat hién gian 1an va hanh vi
st dung bat thuong nham giam thiéu that thoat doanh thu. Bai toan phat hién dau hiéu
bat thuong va phong chong gian 1an dé phat hién cac hanh vi gian 1an cua khach hang
va cac bat thuong cua hanh vi sir dung. Ung dung KPDL 13 st dung cac cong cu phan
16p, phéan tich hanh vi.

2.2. Mot s6 ky thuat KPDL trong phén 16p, du bao

2.2.1. Cay quyét dinh

Cay quyét dinh 1 mot cau tric biéu dién dudi dang cay. Trong d6, mdi nut
trong biéu dién mot thude tinh, mdi nhanh biéu dién gia tri c6 thé co cua thudc tinh,
mdi 14 biéu dién cac 16p quyét dinh va dinh trén cing cua ciy goi 1a gdc.

(Euls

Mutla NUTTrong

MOt 1A Mot la

Hinh 2-2 Biéu dién cay quyét dinh co ban
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Trong linh vuc hoc may, cdy quyét dinh 13 mot kiu mé hinh dy béo, nghia 1a
mot anh xa tir cac quan sat vé& mot su vat/hién tuong to1 cac két luan vé gia tri muc ti€u
cua su vat/hién tugng. Mbi nat trong tuong ung vo1 mot bién, duong ndi gifta nod véi
nat con cia n6 thé hién gia tri cu thé cho bién d6. Mdi niit 14 dai dién cho gia trj du
doén cua bién muc tiéu, cho trude cac gia tri du doan cua cac bién duoc biéu dién boi
duong di tir nat gbe t61 nit 14 d6. K thuat hoc may dung trong cdy quyét dinh dugc
goi 14 hoc bang ciy quyét dinh, hay chi goi véi céi tén ngan gon 13 cay quyét dinh.

Vidu 2.1: Mot ngudi c6 choi tennis hay khong?

ning uam mua
s

e -
Do am co
/\ 7N\
/N / \‘\
/ \ 7/ N,
cao binh manh veu
/ .\ ya N\
/ thuong AN
/ \\ / \\
khong co khong co

Hinh 2-3 Cay quyét dinh cho viéc choi Tennis

Cay quyét dinh 1a mot cdy phan cip c6 cau trac duoc dung dé phan 16p cac ddi
tugng dwa vao diy cac luat. Cac thudc tinh cua d6i tugng (ngoai trir thudc tinh phan
16p) c6 thé thudc cac kiéu dir liéu khac nhau (Binary, Nominal, ordinal, quantitative
values) trong khi d6 thudc tinh phan 16p phai c¢6 kiéu dit liéu 12 Binary hoic Ordinal.

Tom lai, cho dit li€u vé cac doi tuwong gom céac thude tinh cung vai 16p cliia no,
cay quyét dinh sé sinh ra cac luat dé du doan 16p cta cac d6i tuong chua biét.

So voi cac phuong phap KPDL khéc, cdy quyét dinh 1a mot trong nhimg hinh
thirc mo ta dir liéu tuong ddi don gian, truc quan, dé hiéu déi véi ngudi diung nhung lai
hiéu qua nén dugc sir dung nhiéu. Trong nhitng nim qua, nhiéu mo hinh phan 16p dir
liéu da dugc cac nha khoa hoc trong nhiéu linh vuc khac nhau dé xuit nhu mang
notron, md hinh théng ké tuyén tinh /bac 2, cdy quyét dinh, mé hinh di truyén... Trong
) nhitng m6 hinh do, cay quyét dinh dugc danh gid 1a mot cong cu manh, phé bién,
dat biét 1a thich hop cho DM noi chung va cho phan 16p dir li€u noi riéng.

C6 rat nhiéu giai thuat da duoc cai dat sin nhu: CART (Breiman [4]), C4.5
(Quinlan [7])
2.2.1.1 Thuat toan ID3

Thuat toan ID3 (Interative Dichotomizer 3) duoc dé ra bai Quinlan [8] va
nhirng dang biéu dién cua n6 dugc st dung rong rai trong thuit toan ciy quyét dinh.
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bay ciing duoc goi la thuat toan tham lam (greedy algorithm) vi thuat toan ID3 tim
kiém nhirng mé hinh "tham lam" ma trong dé céc thudc tinh dat duoc tdi da lugng
thong tin cho viéc xac dinh nhan 16p cia cac mau trong tap huan luyén. Két qua la ta
thu dugc mot Cay quyét dinh ma gan nhan dang cho mdi miu trong tap huan luyén.

Thuat toan xay dung cay ID3 str dung Entropy lam co s do d6 dong nhat cia tap dir
lidu. Trén co s& Entropy, thudt toan tinh do ting thong tin nhu mirc ting d6 déng nhét,
tir ddy xac dinh thudc tinh tot nhat tai mdi nut.

Pau vao: Mot tap cac mau. Moi mau bao gom cac thudc tinh ro1 rac, mo ta mt tinh
hudng, hay mdt doi tugng nao do, va mot gia tri phan loai ctia no.

e S1latap huin luyén

® Cy,Cy, ..., Cyla cac nhan 16p phan loai
e S5;,S, ..., Sylatap con cua S thudc cac 16p ¢y, ..., ¢y twong ung
o S=U:Z151VéSLOS]=Q)VI¢j
Cac d¢ do:
e pi: x4c suit dé mot phan tir bat ky trong S thudc vé 16p c;.
M
L= (2.1)
pl |S|
e Entropy cua tap dir liéu S
N sl
H(S) = —Z pilog,(p) = = ) orlog, Gop) (2.2)
- L |S| S|
i=1 =1
H(S) dat gia tri cuc dai 1a logy(m) khi cac nhan cq, Cy, ..., ¢y cO xac suét

nhu nhau va gia tri nho nhat ciia H(S) 1a 0 khi tit ca cac ddi tugng c6 chung
mot nhan.

e Dj ting thong tin (Information Gain, ky hiéu IG) 1a chi s6 danh gia do
t6t cua thude tinh trong viée phan chia tap dit liéu thanh nhing tdp con dong

nhat. IG duoc tinh trén d6 ting thong tin theo cong thirc sau:

S
IG(S,A) = H(S) — Z %H(SV) (2.3)

vevalues(A)
Trong do:
- S latap dir liu ¢ nat hi¢n tai
- A la thudc tinh duoc st dung dé danh gia do tt phan chia
- Values(A) la tap cac gia tri cia A
- S, 1a tdp miu con clia S c6 cac gia tri thudc tinh A béng %
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- |S| va |Sy| 14 s6 phan tir ctia cac tap [S], |Sy| twong Gng

Thuat toan ID3 stir dung do tang thong tin dé lua chon thudc tinh tot nhat tai mdi nut,

thudc tinh duoc lya chon la thude tinh mang lai d6 tang thong tin 16n nhét.

2.2.1.2 Thuat toan C4.5

C4.5 1a thuat toan dung dé xay dung ciy quyét dinh duoc dé xuit béi Quinlan

[7] nam 1993 , 13 mé rong ctia ID3. Piac diém cua C4.5:

Cho phép dir liéu dau vao & cac thudc tinh 1a lién tuc

Cho phép thao tac v&i cac thude tinh co dir liéu khong xac dinh (do bi mat mat
dir ligu)

Pua ra phuong phép cit tia cdy va gian luge cac luat & phu hop v6i nhitng bod
dir li¢u 16n

C4.5 stir dung co ché luu trir dir liéu thuong tru trong bd nhd, chinh dac diém
nay lam C4.5 thich hop v6i nhitng co s& dit lidu nho, va co ché sap xép lai dix
lidu tai mdi nut trong qua trinh phat trién cdy quyét dinh.

C4.5 con chira k¥ thuat cho phép biéu dién lai cay quyét dinh dudi dang mot
danh sach sip thu tu cac luat if-then (mot dang quy tic phan 16p dé hiéu). K§
thudt nay cho phép lam gidm bdét kich thudce tap luat va don gian hoa cac luat
ma d6 chinh xac so véi nhanh tuong tng ciy quyét dinh 1 tuong duong.

C4.5 ¢ co ché sinh cay quyét dinh hiéu qua va chit ché bang viée sir dung d6 do Iwra
chon thudc tinh t6t nhit 12 Information Gain. Cac co ché xu 1y v6i gia tri 161, thiéu va
tranh qua phu hop cua dit lidu cua C4.5 cung voi co ché cit tia cdy di tao nén sirc
manh ciia C4.5. Thém vao d¢6, mo hinh phan 16p C4.5 con c6 phan chuyén doi tir cdy
quyét dinh sang luat dang if-then, lam ting d6 chinh xac va tinh d& hiéu cua két qua
phan 16p. Pay 14 tién ich rat co y nghia ddi vdi ngudi sir dung

P9 do GainRatio dugc s dung trong thuat toan C4.5 1a cai tién cua thuét toan ID3 va
dugc xay dung boi Quinlan 13 thude do cai tién cua chi s6 Information Gain.

e Do do nay giai quyét van dé thudc tinh c6 nhiéu gia tri: Trong tip mau huin
luyén bai toan choi Tennis & trén, néu st dung thém thudc tinh ngay thi
thudc tinh nay c6 14 gia tri khac nhau va thudc tinh nay c6 IG cao nhat, va
khi d6 Ngay dugc chon 1am gbc v6i 14 nhanh va khong phan loai dugc cac
ngay tiép theo. Do d6 can tranh thudc tinh co nhidu gia tri. Thanh phan
thong tin chia (Split Information-SI) dugc bd sung dé phat cac thudc tinh c6
nhiéu gia tri:

m

|S:| |S: |

JICHEESY 157 10g2({5) (2.4)

1=
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e Tiéu chuin danh gia thudc tinh GainRatio dugc xac dinh bé'mg cach chia do
tang thong tin cho thong tin chia (khi SI(S,A)=0 thi can c6 phwong 4n xur Iy
riéng)

GI(S,A)

GR(S,A) = m

(2.5)

2.2.2. Phan lép Naive Bayes

Dinh 1y Bayes cho phép tinh xac suit xay ra ciia mot sy kién ngdu nhién A khi
biét su kién lién quan B da xay ra. Xac suét nay dugc ky hi¢u 1a P(A|B), va doc 1a "xac
suét ciia A néu co B". Pai luong nay dugc goi xac suét c6 diéu kién vi né duoc rut ra
tur gia tri dugc cho cua B hoac phu thudc vao gia tri do.

Theo dinh li Bayes, x4c suit xay ra A khi biét B s& phu thudc vao 3 yéu t:

e Xac suit xay ra A cua riéng no, khong quan tdm dén B, ki hiéu 1a P(A) va doc
1a x4c suat cia A. Pay duoc goi 1a xac sudt bién duyén hay xac suit tién nghiém
(prior), nd 13 "tién nghiém" theo nghia rang n6 khong quan tdm dén bat ky
thong tin nao vé B.

e Xac suét xdy ra B cta riéng no, khong quan tim dén A, ki hiéu 13 P(B) va doc 1a
"x4c suat ciia B". Pai luong nay con goi 1a hing s chuan hoa, vi né luén giéng
nhau, khong phu thudc vao su kién A dang muén biét.

e Xac suat xay ra B khi biét A xdy ra, ki hiéu 1a P(B|A) va doc 1a "xac suat cta B
néu c¢6 A". Pai luong nay goi 1a kha ning (likelihood) xay ra B khi biét A da
xay ra. Chti ¥ khong nham 1an giita kha ning xay ra A khi biét B va xac suét
xay ra A khi biét B.

Khi biét ba dai lugng trén, xac suit ctia A khi biét B cho bai cong thuc:

P(B|A)P(A) _ likelihood = prior
P(B) "~ normallisingconstant

P(A|B) = (1)

Tir d6 din t6i:
P(A|B)P(B) = P(4 n B) = P(A)P(B|4) (2)

Khi ¢ n gia thuyét thi:

P(B|Aj)P(4;)
Z}Ll P(B|Aj)P(Aj)

P(A;|B) =

3)

Phuong phap Naive Bayes pht hop cac bai toan ¢ yéu cau vé chi phi xuat hién cia
cac gia tri thudc tinh.

- Thiét ké hé thong phan 16p thudng d& dang hon so vdi cac phuong phéap khac.
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- Cac thudc tinh trong tdp mau hoc phai doc 1ap voi diéu kién.

- Do chinh x4c thuat todn phan 16p phu thude nhiéu vao tap dir li¢u hoc ban
dau.

2.2.3. Mang no ron nhan tao

No ron nhan tao 1a su md phong don gian cta no ron sinh hoc. Mdi no ron nhan
tao thuc hién hai chirc ning: chtrc ning tong hop dau vao va chirc ning tao dau ra. Mdi
no ron c6 mot gia tri ngudng, chirc ning dau vao chinh 1a téng co trong sb cac tin hi¢u
vao két hop voi ngudng dé tao ra tin hidu dau vao. Churc nang tao dau ra dugc thuc
hién bﬁng ham truyén dat. Ham nay s€ nhan tin hi¢u dau vao va tao tin hiéu dau ra cua
no ron.

Mang no ron la mdt hé¢ thong gom nhi€u phan tir xr Iy hoat dong song song.
Chtrc nang ctia n6 duogc xac dinh bdi cau tric mang, do 16n cua cac lién két va qua
trinh x1r Iy tai mdi nit hodc don vi tinh toan.

Mang no ron st dung mang da ting bao gdm ba 16p té bao than kinh. Cac 16p
nay 1a mot 16p dau vao, mot 16p an va mot 16p dau ra. Trong mot mang no ron, mdi no
ron nhan duoc mot hodc nhiéu dau vao va san xuat mot hodc nhiéu két qua dau ra. Mdi
dau ra 1a mot ham phi tuyén don gian ciia tong cac dau vao cho cic no ron.

O

(-
QOutputl
Output 2
Output 3

Input Output

Hidden
layer

Hinh 2-4 M6 hinh mang noron nhiéu 16p

Co ba loai no ron trong mgot mang no ron dugc tao ra véi thuat toan mang no
ron:

No ron dau vao: No ron dau vao cung cap cac gia tri thudc tinh dau vao cho céc
md hinh khai thac dir liéu. Ddi vé6i thude tinh dau vao rdi rac, mot no ron dau vao
thuong dai dién cho mot trang thai don nhét tir cac thudc tinh dau vao. Mot thude tinh
dau vao lién tuc tao ra hai no ron dau vao: mot no ron cho mot trang thai bi thiéu, mot
no ron cho gia tri cta chinh thudc tinh lién tuc d6. No ron dau vao cung cap dau vao
cho mdt hodc nhiéu no ron an.
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No ron an: no ron an nhan dau vao tr cac no ron dau vao va cung cap dau ra
cho céc no ron dau ra.

No ron dau ra: No ron dau ra dai dién cho céc gia tri cua thudc tinh dy doan cua
md hinh KPDL. Di véi cac thugc tinh dau ra 14 rdi rac, mot no ron dau ra dai dién
duy nhét cho mot trang thai du doadn cua thudc tinh du doan, bao gém ca gia tri thiéu.
Néu céc thudc tinh du doan lién tuc tao ra hai no ron dau ra: mot no ron cho mot trang
thai bi thiéu, mot no ron cho chinh cac gia tri cua thudc tinh lién tuc do.

M3di dau vao c6 mot gia tri dugc gan cho no c6 trong s6 1a w, mé ta sy lién quan
gitra dau vao dén cac no ron an hodc cac no ron dau ra.

Mang no ron xay dung lai cAu trac bo ndo c6 kha nang nhan biét dir liéu thong
qua tién trinh hoc, vdi céc thong s6 tu do cua mang cé thé thay ddi lién tuc bai nhiing
thay d6i cia moi trudng va mang no ron ghi nhé gid tri do.

teach/use

Inputs Output

Teaching input
Hinh 2-5 Tién trinh hoc

Trong qua trinh hoc, gia tri dau vao duoc dua vao mang va theo dong chay
trong mang tao thanh gia tri & dau ra.

Tiép dén 1a qua trinh so sanh gid tri tao ra boi mang no ron véi gia tri ra mong
mudn. Néu hai gia tri ndy giong nhau thi khong thay doi gi ca. Tuy nhién, néu c6 mot
sai léch giita hai gia tri ndy vugt quéa gia tri sai s6 mong mudn thi di ngugc mang tir
dau ra vé dau vao dé thay d6i mot s6 két ndi.

Day 1a mot qua trinh 1ap lién tuc va c6 thé khong dirng khi khong tim cac gi tri
w sao cho dau ra tao béi mang no ron bang dung dau ra mong mudn. Do d6 trong thuc
té nguoi ta phai thiét 1ap tiéu chuan duwa trén mot gia tri sai s6 nao d6 cua hai gia tri
nay, hay dua trén mot s6 1an lap xac dinh.

2.2.4. Luat két hop
Khai pha luat két hop: La tim cic mau phd bién, sy két hop, su trong quan, hay
cac cdu trac nhan qua giita cac tap d6i tuong trong cac co sd dit liéu giao tac, co so dit

liéu quan hé va nhiing kho thong tin khac [3].
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Cac tng dung: Luat két hop c6 tng dung trong nhiéu linh vuc khac nhau cia
doi séng nhu: khoa hoc, hoat dong kinh doanh, tiép thi, thwong mai, phan tich thi
truong chimg khoan, tai chinh va dau tu,...

Vi du vé luét két hop:
Bia => Lac (0,5%; 60%)

Luat ndy c6 nghia: Néu mua bia thi mua lac trong 60% trudng hop. Bia va lac
duoc mua chung trong 0.5% tong giao dich.

Thu nhép=60.000.000_max => Tai khodn tiét kiém= yes (20% ; 100%)
Luat nay co6 nghia: Néu thu nhap 16n hon hoac bﬁng 60 triéu mot nam thi khach
hang c6 tai khoan tiét kiém vai do tin cay 1a 100%.

Tu céc luat két hop dugc trich rat tir chinh cac co sé dir li€u giao dich, co so dir
liéu khach hang ma cac siéu thi, cdc ngan hang s& c6 chién lugc kinh doanh (sap xép
cac mat hang, sb lugng cadc mat hang,..), chién luge tiép thi, quang cdo,... dé tir d6
thuc day hoat dong kinh doanh cta minh.

Mot s6 dinh nghia, khai ni¢ém co ban:
Cho | = {iy, iy, i3,... ,in} 14 tp bao gom n muc (Item — con goi 13 thudc tinh -

attribute). X < I duoc goi la tap muc (itemset).

T={t, t,, ..., tn} 1a tdp gdm m giao tac (Transaction — con goi 1a ban ghi -
record).

R 14 mot quan hé nhi phan trén I va T (hay R < IxT). Néu giao tac t co chira
muc i thi ta viét (i,t) e R (hodc iRt). Ta s& ky hiéu D = (T,LR) 1a dit liéu dé khai thac.
V& mit hinh thirc, D chinh 1a mét quan h¢ dang bang. Vé y nghia, mot co s¢ dir liu 1a
mot tap cac giao tac (hay giao dich), mdi giao dich t chira mot tap muc X < |.

Dé hé tro ciia tip muc X
Chodtrlicu D= (T, I, R); X < 1. Goi T(X) la tap giao tac chira X.

Do hd tro (support) cua tap muc X, ky hiéu support(X ) 1a ty s cua sé lugng giao tac
trong co s dit liéu D chtra X trén tong sd cac giao tac trong co so dit liéu D. Hay

_ [T

Support(X) = Card (T(X)) / Card (T) T

(4)

Tép phé bién

ChoD =(T,I,R); minsup  (0,1].
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Tap muc X < I duoc goi 1a mot tap phd bién theo ngudng minsup ( goi tit 13 tip phd
bién) néu support(X) >= minsup.

Ky hiéu FX(T, I, R, minsup) 14 tdp hop cac tap phd bién theo ngudng minsup:
FX(T, I, R, minsup) = { X < | | support(X) > minsup}
Ludt két hop X =>Y

Cho D =(T, I, R)la di liéu dé khai thac. X, Y <I1a cac tap muc thoa min
diéu kién X NY =.

Luat két hop cua X va Y, ky hi¢u X=>Y, day la luat chi kha nang xuét hién Y khi X
xuat hién. Luat két hop c6 hai do do gén v6ino 1a: ¢ hd tro va do tin cay (confidence)
cua luat.

Dé hé tro ciia ludt két hop X => Y

Do hd tro cua ludt két hop X => Y, ky hiéu support(X => Y) 13 ty s cua sb cac
giao tac trong D ¢ chira X U'Y trén sd tit ca giao tac trong D.

Hay

Support(X =>Y) =card (T(X uY))/card(T) = W; (5)

Trong d6 T(X) 1a tap giao tac chura tdp muyc X.
Do tin ciy ciia ludt két hop X =>Y

Do tin cdy (confidence) ciia luat X => Y, ky hiéu: confidence(X => Y) 1a ty s céc
giao tac trong D ¢ chita X U Y trén s cac giao tac chira X. Hay

Confidence(X =>Y) = card(T(X v Y))/card(T(X)) = %; (6)

Vé mait xac suat, do tin cay confidence(X => Y) ciia mdt ludt la xac suét (co
diéu kién) xay ra Y vé6i diéu kién da xay ra X.

Confidence(X =>Y) = P(Y| X) (7)
Luét két hop tin ciy: Mot luat duoc xem 13 tin cdy néu do tin cdy confidence cta nd
16n hon hoac béng mot ngudng minconfe (0,1] nao d6 do nguodi dung xéac dinh.
Ngudng minconf phan 4nh murc d6 xuat hién cua Y khi cho trude X.

Luat két hop can tim 1a lut két hop théa minsup va minconf cho truée. Chung
ta chi quan tam dén céac luat c6 dd hd tro 16n hon dd hd tro tdi thiéu va do tin cay 16n
hon db tin cay t6i thiéu.
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Hau hét cac thuat toan khai pha luat két hop thudng chia thanh hai pha:
- Pha 1: Tim tat ca cac tap muc phé bién tir co s6 dit liéu D tirc 13 tim tat ca
cac tap muc X thoa man support(X) >= minsup.
~ Pha 2: Sinh cac luat tin cy tir cac tdp phd bién d3 tim thay ¢ pha 1.
Cho minconf; X,Y 1a cac tdp muc phd bién tim thay trong pha 1 luét két hop dugc sinh
tr X, Y c6 dang: X =>Y va confidence(X=>Y) >= minconf.

2.2.5. Danh gia d¢ chinh xac thuit toan

Gia st ta c6 bai toan phan 16p v6i dau ra 13 02 16p Tét/X4au (hodc Dung/Sai), két qua
phan 16p trén tdp mau so voi thuc té co 4 kha niang thé hiénError! Reference source
not found.. Bang nay duoc goi 12 ma tran sai s6 (confusion matrix).

Lop dw dodn (predicted class)

Dung Sai

. Dung True Positive (TP) False Negative (FN)
Lop thuc té (actual class)

Sai False Positive (FP) | True Negative (TN)

True Positive thé hién kha ning du doan phan 16p phan 16p diing ciia moét mau du doan
thudc phan 16p Pung, False Positive thé hién kha ning dy doan phan 16p sai cia mot
mau duoc du doan thudc phan 16p Pung.

False Negative thé hién kha nang du doan phan 16p phan 16p diing ctia mot mau du
doan thudc phan 16p Sai, True Negative thé hién kha ning du doan phan 16p sai ctia
mot mau dugc du doan thudc phan 16p Sai.

Ta c6 cac do do danh gia hiéu qua cua két qua phan loai nhu sau:

Tén do do Coéng thirc Dién giai
Do chinh xac TP+TN Ty 1é cac mau dugc phan
Accuracy = A A
TP+TN+FP+FN | 16p dung trén toan bo tap
mau
716 19i FP+FN v 16 ¢4 3 )
Ty 1€ 161 Error Rate = T,y 1€ ?acAmau‘dquc lzhan:
TP+TN+FP+FN | [¢p sai trén toan b tdp mau
Do bao phu Recall = TP Ty 1é cac mau phan 16p Tét
TP +FN dung trén toan bd cac mau
thue sy thudc phan 16p Tt
A 1iA TP 5 1A 1 X A r A
b9 hiéu dung Precision = T?/ 1€ caic m%u p}ianrlofp Zot
TP+ FP dung trén toan bo cac mau
du doan phan 16p Tét

Bang 2-1 Cac d6 do chinh xac
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2.3. Gi6i thiéu vé cong cu weka
Weka (Waikato Environment for Knowledge Analysis) [11] 1 mot phan mém

ma nguén mé viét béng Java, dugc phat trién boi Pai hoc Waikato, New Zealand.

Phién ban Weka dén thoi diém thang 07/2015 14 3.7.12. Weka chira mét tip cac
cong cu mo hinh va thuat toan cho viéc phan tich dit liéu va mo6 hinh du doan, cung
v6i giao dién do hoa cho nguoi st dung dé dang truy cép vao cac chirc ning. Weka
dugc st dung cho nhiéu ung dung khac nhau, phuc vu cho muc dich nghién ctru.

Nhirng wu diém ctia Weka:

e Mién phi cho ngudi st dung;

e HO tro trén nhiéu nén tang hé diéu hanh;

e La mot tap hop xtr 1y dit li€u va ky thuat mé hinh;

e HO trg d6 hoa.

Weka cung cép mot sb cong cu khai pha dir li¢u chuan, xu 1y dir li¢u, phan cum, phan
16p, hoi quy, .v.v. Tat ca cac ky thut cuia Weka duoc xdy dung dya trén cac gia dinh
la dir liéu don hodc 1a dir liéu quan h¢, khi moéi diém dir liéu dugc miéu ta boi maot so
xac dinh céc thudc tinh (thong thuong, 1a dang lién tuc hodc cac thudc tinh dugc chuin
héa, mot vai dang thudc tinh khac cling dugc hd trg). Weka cung cap cach truy cap co
so dit liéu bang cac sir dung két nbi Java Database Connectivity (JDBC) va c6 thé xtr
1y két qua tra vé bd1 mot truy van co s¢ dir licu.

Weka hd trg 4 ché d6 kiém thu:

e St dung tap huin luyén (Use Training Set): danh gia kha nang du doan 16p

clia cac mau duoc huin luyén

e Tap hd tro kiém thir (Supplied Test Set): danh gia kha niang du doan 16p ciia

mot tap kiém tra co ddy du gia tri thudc tinh Out-put

e Danh gia chéo (Cross-Validation): giéng nhu mé ta tai muc 2

e Tach theo ty 1€ (Percentage Split): Chia tap dataset theo ty 1€ quy dinh trudc

v€ s0 mau hoc, sO mau kiém tra

2.4. Két luan chuong 2

Chuong 2 trinh bay mot s6 khai niém co ban va cac kién thic c6 lién quan vé
cac thudt todn thuong dugc ap dung trong KPDL & dang phan 16p, du bao do la: cay
quyét dinh, mang noron nhan tao, phan 16p Naive Bayes va luat két hop.
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Chwong 3 Giai phap phat hién thué bao di dong c¢6 kha nang roi
mang

3.1. Giai phap chung:
Déi v6i cac bai toan vé du doan thué bao rdi mang nédi chung thi déu sir dung mé hinh

nhu sau:

Thu thap dir XU ly va trich M6 hinh phan

lidu xust dit ligu tich Banh gia

Hinh 3-1 Giai phap chung cho bai toan dy bao thué bao roi mang

Trong tit ca cac giai phap trinh bay tiép theo déu sir dung chung giai phap nay va chi
khac nhau trong khéi mé hinh phén tich.

Giai thich céc chuc nang cua céc khoi nhu sau:

Thu thap dir liéu: C6 nhiém vu thu thap dir liéu tir cdc nguodn lién quan dén bai
toan, d6i véi bai toan nay thi dir liéu dugc thu thap tir cac nguén san c6 cua
MobiFone nhu dir liéu CDR tur téng dai, dir li¢u thong tin khach hang, dir liéu
lich str mua hang va khuyén mai, dit liéu lich st khiéu nai ... Cac dit liéu nay
déu duoc cac hé thong tac nghiép cia MobiFone xtr Iy va di dugc luu trir trong
CSDL.

Xtr 1y va trich xuat dit liéu: Budc nay thuc hién tién xir Iy va trich xuat dit liéu
dé dwa vao mo hinh phan tich. Trong khdi dit liéu khong 16 ciia mang di dong
thi t61 da dua vao kinh nghiém lam viéc gén 10 nam tai mang di dong
MobiFone vé cic cong viéc lién quan dén xu 1y, quan 1y dir liéu khach hang
cling nhu tham khao cac chuyén gia trong linh vuc chim soc khach hang dé
chon loc ra nhitng dir li¢u c6 lién quan nhat véi bai toan.

M0 hinh phéan tich: Budc nay sé thuc hi¢n moé hinh héa cac dir liu da dugce xtr
1y tir bude trude dé xay dung cac mo hinh dir licu.

Danh gia: Danh gia két qua thyc hién

Viéc thuc hién giai phap trén 12 qua trinh cai tién lién tuc sau khi danh gia thi ldy

ket qua phan tich nham cai tién gidi phap néu can.

3.2. Giai phap hién tai cia mang MobiFone
Giai phap hién tai cua mang MobiFone nhu sau:
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XU ly va trich Phéan tich dac trung

e xust do lidu dif [i8u v tap luat 2EDDEE

Hinh 3-2 Giai phap hién tai MobiFone dang ap dung

Trong giai phap nay thi cac chuyén gia MobiFone trong linh vuc cham s6c khac hang
da st dung phuong phap phan tich dac trung dir liéu tr d6 tim ra dac trung cia cac
thué bao c6 kha ning roi mang dé ap dung du bao. Phuong phap nay s& sir dung cac
tap luat dé phan 16p dit liéu. Phuong phap nay c6 wu diém 1a don gian, rat dé thyc hién
dé phan 16p, tuy nhién dé xac dinh chinh xéc céac tap luat doi hoi phai rat hiéu duoc dir
liéu nén khong thé tu dong hoa dugc mot khi dir liéu thay doi doi hoi phai c6 chuyén
gia phan tich lai dir liéu nén s& ton rat nhiéu thoi gian dé dua ra duoc tap luat chinh
xéac. Hon nita, d6i v&i nhitng loai dit liéu phtc tap thi phuong phap nay cho d6 chinh
xac khong cao.

3.3. Giai phap dé xuit

3.3.1. Giai phap dé xuit dung ky thuat khai pha dir liéu

MO hinh phan tich

X ly va trich
xuat dir liéu (phan 16p)

Thu thap dit liéu Ky thuat KPDL

banh gia

Hinh 3-3 Giai phap dé xut dung k¥ thuat khai pha dir liéu

Giai phap nay dé xuat sir dung dé giai quyét bai toan. Trong budc mé hinh hoa s& s
dung cac thuat toan KPDL cu thé cac thuit toan phan 16p dé ung dung dy bao thué bao
101 mang. Phuong phap nay c6 vu diém 12 c6 thé ty dong hoa duge tuy nhién thoi gian
xu 1y dir liéu thuong chdm hon phuong phap dua vao dac trung.

3.3.2. Giai phap dé xuit sau khi cai tién

Mo hinh phan tich

T iee 4 Xu‘ly va~ tI:LCh Trich chon dac Thuét toan Khai ’ Bl
xuat dir liéu trung pha dit liéu

Hinh 3-4 Giai phap dé xudt cai tién

Giai phap ndy 1a cai tién cua giai phap dung thuat toan khai pha dir liéu. Pé 1am giam

thoi gian xur Iy dit liéu ddi thi trude khi dua sb liéu 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
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phu hop nhit vé6i cac thuat toan. Ap dung phuong phap nay thoi gian xir Iy dit liéu s&
nhanh hon giai phap dé cap & muc 3.3.1 tuy nhién d6 chinh x4c ca két qua dyu doan c6

giam nhung khong dang ké. Do dir liéu mang di dong thoi rat 16n ma bai toan nay thi
doi hoi thoi gian xir Iy nhanh do vdy wu tién vé thoi gian xtr Iy hon.

Cac thuat toan trich chon thudc tinh:

Trich chon theo Correlation-based: Panh gia gia tri cia mét tap hop cac thudc
tinh bang cach xem xét cac kha ning tién dodn riéng 1& ciia mdi thudc tinh cing
véi mure d6 du thtra gitra chung. (M. A. Hall (1998). Correlation-based Feature
Subset Selection for Machine Learning.) (Trich chon dya vao tuwong quan)
Trich chon theo d6 do GainRatio: Panh gia gia tri cia mot thudc tinh bing cach
do GainRatio cua thudce tinh trong qua trinh phan 16p:

GainR(Class, Attribute) = (H(Class) - H(Class | Attribute)) / H(Attribute).

Trich chon theo d6 do InfoGain: Panh gia gia tri cia mot thudc tinh bang 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 — Phan tich
thanh phan chinh)

3.4. Mo hinh dé xuit ap dung thuec té

X ly va luu
trir div lié

Hé théng thu M6 hinh

thap dit liéu

phan tich

Panh gid va
sir dung két
qua dé duy
tri khach
hang

Hinh 3-5 M6 hinh dé xuit ap dung thyc té

Trong d6 Hé théng thu thap dir liéu 1a hé thdng c6 chirc nang lay dir liéu CDR, thong
tin khach hang, lich sir khiéu nai ctia khach hang
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Hé thdng xir 1y va luu trit dir liéu: DAy chinh 1 hé théng Kho dit liéu cuia MobiFone c6
chtrc nang xu 1y dit li¢u da thu thap va luu trit dudi dang database.

Mo hinh phén tich: Str dung két ndi tr WEKA dén co s& dit liéu cua hé thong Kho dir
liéu dé 14y thong tin phan tich va dau ra 1a két qua dyu bao thué bao rdi mang

Dénh gia va str dung: Danh gia két qua du doan va dua sb lidu du doan dé sir dung
thuc té. Qua vi¢c phan hdi két qua danh gia sé tac dong nguoc lai qua trinh thyc hién
ban dau dé t6i vu mo hinh dy doan. Do dic thu cua kinh doanh luén thay doi anh
huong hanh vi str dung ctia khach hang do khong ¢6 mo6 hinh du doan nao luén ding.
Trong qua trinh thuc hién ddnh gia nham cai tién mo hinh dé phu hop nhét véi tinh
hinh s6 liéu thyc té.
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Chuong 4 Thue nghiém va danh gia két qua

Theo cac phuong phap du bao di trinh bay trong chuong 3, 4p dung vao sb liéu
thue t€ bai toan: du bdo thué bao di déng roi mang, luin van trinh bay cac két qua
thuc nghi¢m dat duoc trén cac phuong phap da néu.

4.1. Chuén bi dir liéu

- Yéu cau thu thap dit liéu: Dt liéu dugc st dung trong ludn van nay la dit li¢u
thue té cua mang di dong MobiFone di duoc bién d6i khi cong bd trong luin vin
nham dam bao tinh bio mat cua dit liéu.

Péi tugng: Thué bao MobiFone 1au nam (kich hoat/hda mang tir 2 ndm tré 1én) khong
phat sinh cudc trong thang 8/2015.

Khoang thoi gian thu thap dir liéu: thu thap dir liéu lich st cua nhiing thué bao nay
trong vong 3 thang, tir thang 5 dén thang 7/2015.

Chi tiét dir liéu can thu thap: 86 truong di liéu chi tiét, gdm: (chi tiét tai Phu luc dinh
kém):

= Goi cude

» Thoi gian kich hoat

= Loai khach hang (c4 nhan/doanh nghiép)

= Trang thai thué bao tai thoi diém xuét dir liéu

= Doanh thu tai khoan chinh va tai khoan khuyén mai (c6 chia dich vu

thoai, sms, data, khac) trong 3 thang gan nhat (thang 5, 6 va 7)

= S6 luong, san luong cudce goi dén/di, sms dén/di trong 3 thang gan nhat
(thang 5, 6 va 7)

= S6 ngay cap nhat VLR, sé ngay phat sinh cude trong 3 thang gan nhit
(thang 5, 6 va 7).

= S6 tién nap/sd 1an nap thé trong 3 thang gan nhat.

= Sb chuong trinh khuyén mai tham gia trong 3 thang gan nhat.

= Va1 sd trudng thong tin khac.
Dir liéu sau khi 1am sach va ldy mau gém gan 2 triéu ban ghi v6i 86 trudng dit liéu chi
tiét.
- Tién xur 1y dir liéu: Dir liéu da duogc xtr Iy boi cac hé thong ctia MobiFone va da

chuan hoa cac thong tin chi tiét nhu sau:
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1. Loai bo nhitng ban ghi c6 thong tin thiéu.

2. Loai bo nhiing cudc goi bét thuong

3. Chuén hoa céc truong dir liéu theo dinh dang quy dinh
4.2. Mo ta dir liéu thuc nghiém
B6 dir liéu thang 8/2015, toan mang MobiFone c6 1.622.229 thué bao kich hoat tir 2
nam trd 1én va khong phat sinh cude. Trong d6, thué bao khach hang c4 nhan chiém da

s6 v6i 98% (twong duong 1.610.136 thué bao) va thué bao khach hang doanh nghiép
chién 2% (12.093 thué bao).

Nham phan tich sdu hon va tim ra nhitng dic diém dic trung cta thué bao trude khi roi
mang, nhom chuyén gia MobiFone da thuc hién phéan tap thué bao khong phat sinh
cudc trong thang 8/2015 thanh 5 nhom dé phén tich, cu thé:

- Nhom I: Thué bao tra sau.

- Nhom II: Thué bao tra trudce co ti€u dung tai khoan chinh (TKC) nhung khong
dat 3k3d vlr trong thang 7/2015.

- Nhém III: Thué bao tra trude chi tiéu dung tai khoan khuyén mai (TKKM)
trong thang 7/2015.

- Nhom IV: Thué bao tra trude khong phat sinh cude trong thang 7/2015.
- Nhoém V: Thué bao tra trude c6 dat chuan 3k3d_vlr trong thang 7/2015.

Thué Thué bao tra trudc
Loai TB bao trd | Khong dat 3k3d vlr trong thang bat 3k3d vir 2
= T Tong
sau trudce trong thang trudc
Nhom Nhém1 | NhomIl | NhémIII | Nhom IV Nhém V
Thué bao 17.244 3.096 2.690 14,578 2.154 39.762
Fastconnect
Thué bao 34821 | 161.527 | 219.993 1.067.414 105.703 1.589.458
thuong
Séluong TB | 52.065 | 164,623 | 222.683 1.081.992 107.857 1.629.220
Ty 1¢ 3.20% | 10.10% 13.67% 66.41% 6.62% 100.00%

Bang 4-1 Nhom thué bao theo dac trung

Tuy nhién trong muyc dich nghién ctru ndy ta chi tap trung vao thué bao tra truéc dong
thoi qua phén tich dit liéu thi nhom 2 s& gdm 2 nhom cé dic trung khac nhau do d6 ta
chia tiép nhém II thanh 2 nhém nhoé (nhém 1 — tiéu dung TKC duéi 3.000d va nhoém 2
— tiéu dung TKC tir 3.0004 trd 1€n)

Ttr bo dir liéu thuc té trén dé ta 14y mau dit liéu dé xt Iy nhu sau:
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Ro1 mang Khong roi man x A
Nhém S6 madu | SO lwgng thuc t& | 14y Uglﬁu (thuég Tor;)ga(()t)hue
(thué bao) (thué bao) bao)

Nhom 1 20.000 93.962 136.000 156.000
Nhoém 2 10.000 67.565 68.000 78.000
Nhom 3 (nhom I11) 20.002 219.993 136.000 156.002
Nhom 4 (nhom IV) 25.001 1.061.729 170.000 195.001
Nhom 5 (nhom V) 20.000 105.703 136.000 156.000
Tong 95.003 1.548.952 646.000 741.003

Bang 4-2 Cac nhom dit liéu mau

Trong d6 s6 liéu khong roi mang 1a nhom thué bao c6 phat sinh cude trong thang 8.

4.3. Két qua thuc nghiém theo phwong phap hién tai

Két qua phan tich cac nhom dit liéu da dugc cac chuyén gia MobiFone tim ra duoc
nhimng dic diém cta thué bao trudc khi roi mang. Sau khi 4p dung cac dic trung nay
vao bo dir liéu kiém nghiém dé danh gia thi két qua nhu sau. Nhu di dé cap ¢ chuong
1, trong pham vi dé tai nay chi tip trung vao nhom thué bao tra truéc ma khong tap

trung vao nhom thué bao tra sau. Do vay, trong phan nay, chi tdp trung vao viéc st

dung cac dac diém da phan tich dé du bao cho cac thué bao tra trudce

Cach thirc thuc hién nhu sau:

Begin

!

Phan tich dac trung

l

D bao theo dac trumg

|

Banh gia két qua

l

End
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- Budc 1: Sir dung tap dit liéu thué bao roi mang trong thang 8 dé thuc hién phan

tich dac trung cua cac thué bao ro1 mang theo tirng nhém thué bao da mo ta tai

muc 4.2.

- Budc 2: Dy bao thué bao roi mang trén 1 tip dir liéu 1dy mau dé danh gia két

qua du bao

- Budc 3: Panh gia két qua theo phuong phap danh gia di néu tai chuong 2, dé

lira chon céac dic trung toi wu. Sau khi danh gia quay lai budc phan tich néu

chua duogc két qua tdi vu.

Viéc thuc hién cac budc trén nhi€u lan cung voi kién thirc chuyén gia vé linh vuc

CSKH cuia mang MobiFone da dua ra cac dic trung (tap luat) dé thuc hién phan 16p

(chi tiét dic trung xem phu luc 2). Sau khi thuc hién dung tap luat dé du doan thi két

qué nhu sau:
Nhom 1:
- Két qua phan 16p
Két qua dir dodn
Roi mang Khong roi mang Téong
Thire 16 Roi mang 16.706 3.294 20.000
' Khong roi mang 8.461 127.539 136.000
Téong 25.167 130.833 156.000
Nhom 2:
- Két qua phan 16p (du bao):
Két qua dir dodn
Roi mang Khong roi mang Tong
Thire 16 Roi mang 9.530 470 10.000
' Khong roi mang 2.375 65.625 68.000
Téong 11.905 66.095 78.000
Nhom 3:
- Két qua phan 16p (du bao):
Két qua dui dodn
Roi mang Khong roi mang Tong
£ Roi mang 19.047 955 20.002
Thuc te " "
Khong roi mang 913 135.087 136.000
Téong 19.960 136.042 156.002
Nhom 4:

- Két qua phan 16p (du bao):
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Két quda du dodn
Roi mang Khong roi mang Tong
Thure 6 Roi mang 22.724 3.953 26.677
‘ Khong roi mang 2.218 167.782 170.000
Téong 24.942 171.735 196.677
Nhom §:
- Két qua phan 16p (du bao):
Két qua dir dodn
Roi mang Khong roi mang Tong
Thue 6 Roi mang 9.861 10.139 20.000
' Khong roi mang | 23.559 112.441 136.000
Téong 33.420 122.580 156.000

Téng hop két qua du bao dir liéu thuc dua vao cac dac diém dic trung cua thué bao

trude khi ro1 mang nhu sau:

Tén do do Nhom 1 Nhom 2 Nhom3 | Nhom4 | Nhom 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 4-3 Tong hop két qua cua phuong phép hién tai

Nhan xét: Tir két qua tong hop ciing nhu phan tich ta thiy cac nhém tir 1,2, 3 va 4 ¢6
d6 chinh xac tuong ddi cao tuy nhién nhém nay theo nhu phan tich lai khong phai 1a
d6i twong chinh cua viée du bao do nhitng nhom nay 13 cac thué bao c6 dau hiéu twong
d6i ro 1a da roi mang. Poi v6i cac thué bao & nhom 5 ddy 1a nhom thué bao trong
thang trudc 1a cac thué bao binh thudng thi ddy 1a dbi tuong can quan tim nhat thi
phuong phéap nay cho két qua khong cao.

4.4. Két qua thue nghiém dua trén khai pha dir liéu

4.4.1. Két qua thwc nghiém duya trén gidi phap khai pha dir li¢u

Trong phan nay, ta s& sir dung tap dir liéu thué bao chua dugc phan 16p (chua duge xac
dinh 13 roi mang hay khong) 1am dau vao cho mé hinh. Sir dung tmg dung WEKA va
thuat toan cy quyét dinh dé thuc nghiém. Ly do sir dung thuat toan cdy quyét dinh vi
day thuat todn c6 thoi gian chay dit liéu nhanh va ddi véi dir liéu nay cho két qua cao
hon so véi phuong phap dang thuc hién tai MobiFone nén phii hop v6i yéu cau cua
MobiFone.

Tap dir liéu chay dugc trich xuat tir bd dit liéu thyuc t& nhu mo ta tai muc 4.1. Trong tap
dir liéu trén ta chia tap train (luyén tap) va tap test (kiém ching) theo nguyén tic nhu
Sau.
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Tap luyén tap: La tap chira 66% s6 liéu ctia bo dir liéu dau vao.
Tap kiém chung: La tap chira 34% s6 liéu ctia bd dir liéu dau vao con lai.

Thuat toan phan 16p: Cay quyét dinh theo thudt toan C4.5 duoc chuong trinh hoa trong
muc phan 16p trén cong cu Weka la J48.

Két qua chi tiét nhu sau:

J
a. Nhom 1
\
A ~ 1A A J4 Nl
Tap dir liéu chay bao gom 156.000 TB, trong do: 20.000 TB ro1 mang, 136.000
A Nt
TB khong ro1 mang
£ 16:08:05 - trees.J48 — O X
- ~
Number of Leawves @ 439
Size of the tree : 877
Time taken to build model: 86.03 seconds
=== Ewvaluatiocn 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 0.2428 %
Kappa statistic 0.9627
Mean absclute error 0.0112
Root mean sgquared error 0.0282
Relative absclute error 5.0177 %
Root relative sgquared error 26.2755 %
Coverage of cases (0.95 lewel) 99.4231 %
Mean rel. region size (0.95 lewvel) 50.8314 %
Total Number of Instances 53040
=== Detailed RAccuracy By Class =—=
TF Rate FF Rate Precision ERecall F-Measure MCC ROC Area FRC Area (Class
0.971 0.005 0.964 0.971 0.968 0.963 0.991 0.953 ¥
0.9495 0.029 0.9948 0.9385 0.9485 0.963 0.9391 0.9498 N
Weighted Awg. 0.992 0.026 0.992 0.992 0.992 0.963 0.991 0.992
=== Confusion Matrix ===
a b <—- classified as
6659 197 | a =%
250 45934 | bB=N W
< >

Hinh 4-1 Két qua nhom 1 ciia giai phap dé xuat

b. Nhom 2:
Tap dit liéu chay bao gém 156.000 TB, trong d6: 20.000 TB rdi mang, 136.000
TB khong rd1 mang
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|| 16:20:52 - trees. )48 = O x
[Wumber of Leaves 0% -
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
=== Summary ===
Correctly Classified Instances 26404 99.56268 %
Incorrectly Claszsified Instances 118 0.4374 %
Keppa statistic 0.9807
Mean absolute error 0.0055
Root mean sgquared error 0.0&838
Belative absolute error 2.4333 %
Root relative sgquared error 18.9569 %
Coverage of cases (0.95 lewel) 99.7285 %
Mean rel. region size (0.95 lewel) 50.2303 %
Total MNumber of Instances 26520
=== Detailed Accuracy By Class ===
TP Rate FFP Rate FPrecision BRecall F-Measure MCC ROC Area FPRC Area Clasas
0.989 0.003 0.978 0.983 0.983 0.%81 0.594 0.597% T
0.397 0.011 0.995 0.997 0.997 0.981 0.3994 0.998 i)
Weighted RAwg. 0.998 0.010 0.996 0.998 0.996 0.981 0.994 0.998
=== Confusion Matrix ===
a b <-- classified as
3394 39 | a=71
77 23010 | E=N
\ A 5 r 5 [y ’ A A
Hinh 4-2 Két qua nhom 2 cua gii phap dé xuat
14
C. Nhom 3:
| £s| 16:34:02 - trees. )48 — | s
Humber of Leawves : 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 absclute error 0.008683
Root mean squared error 0.06877
Relatiwve absclute error 2.8224 1
Root relative sguared error 20.3524 %
Cowverage of cases (0.35 lewel) 99.68682 %
Mean rel. region size (0.95 lewel) 50.3384 %
Total Number of Instances 53041
=== Detailed Accuracy By Class
TP Rate FP Rate FPrecision Recall F-Measure MCC ROC Rrea PRC Rhrea Class
0.3937 0.0138 0.3397 0.9397 0.937 0.377 0.3935 0.993 "
0.982 0.003 0.978 0.982 0.980 0.977 0.985 0.975 T
Weighted Avg. 0.935 0.014 0.995 0.9935 0.9395 0.977 0.935 0.998
=== Confusion Matrix ===
a b <-- clasgsified as
46177 145 | a =N
177 ARQ7 | o= W
< >

Hinh 4-3 Két qua nhom 3 ciia giai phap dé xuat
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d. Nhom 4

| £:] 16:35:34 - trees. )48 — m] =
Humker of Leaves 128 ~
Size of the tree : 251
Time taken to build model: 43.64 seconds
=== Ewaluation on test split =—=
Time taken to test model on training split: 0.42 seconds
=== Summary ===
Correctly Classified Instances 66033 89.5973 %
Incorrectly Classified Instances 287 0.4027 %
Kappa statistic 0.9821
Mean absclute error 0.0068
Root mean sgquared error 0.0611
Relative absoclute error 3.0452 %
Root relatiwve sguared error 18.2742 %
Coverage of cases (0.395 lewel) 99.736 %
Mean rel. region size (0.95 lewvel) 50.313 %
Total Nurker of Instances 86300
=== Detailed Rccuracy By Class ===
TF Rate FF Rate Frecision Recall F-Measure MCC ROC Rrea FPRC Rrea Class
0.996 0.007 0.9399 0.996 0.998 0.982 0.998 1.000 n
0.993 0.004 0.97&a 0.993 0.%84 0.5982 0.9398 0.979 T
Weighted Avg. 0.939& 0.007 0.9398 0.998 0.%39& 0.982 0.939g 0.9397
=== Confusion Matrix ==
a b <-— classified as
57577 2068 | a==HN
61 8456 | b =Y w
< >
1 A 5 z 5 sos 7 A A
Hinh 4-4 Két qua nhém 4 cua gii phap dé xuat
r
e. Nhom 5:
|£] 17:02:00 - trees.)48 — O X
Number of Leaves : 463
Jize of the tree : 925
Time taken to build model: 68.48 seconds
=== Ewvaluaticn on test split ===
Time taken to test model on training split: 0.16 seconds
=== Jummary ===
Correctly Classified Instances 52429 9g8.848 %
Incorrectly Classified Instances 611 1.152 %
Kappa statistic 0.94391
Mean absolute error 0.0149
Root mean sgquared error 0.1031
Relative absolute error 6.6367 %
Root relative sguared error 30.7366 %
Coverage of cases (0.95 lewvel) 99.2232 %
Mean rel. regicn size (0.95 lewvel) 50.7164 %
Total Number of Instances 53040
=== Detailed Accuracy By Class ===
TF Rate FP Rate Precision Recall F-Measure MCC ROC Rrea FRC Area C(Class
0.3462 0.008 0.949 0.362 0.3956 0.345 0.981 0.936 ¥
0.392 0.038 0.394 0.392 0.993 0.345 0.981 0.995 )
Weighted Awvg. 0.388 0.034 0.989 0.988 0.389 0.345 0.981 0.387
=== Confusion Matrix ===
a b «<-- clazsgified as
6598 299 | a=1
352 45831 | =N
£ >

Hinh 4-5 Két qua nhom 5 ciia giai phap dé xudt
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f. Tong hop két qua va danh gia:

Bang tong hop danh gia
Tén do do Nhom 1 Nhéom 2 | Nhéom 3 | Nhéom4 | 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%
Thot gian xdy dung mo 86 16 % 44 68
hinh (giay)
Thoi gian du bao (gidy) 0.2 0.06 0.08 0.42 0.16

Bang 4-4 Bang tong hop két qua theo giai phap khai pha dir liéu

4.4.2. Két qua thwe nghiém dwa trén khai pha dir liéu da cai tién

Trong phén ndy, ta s& st dung tap dir liéu thué bao di duoc chon mau tai muc 4.1 dé

thuc nghi¢m. Cac budc cia qua trinh thuc nghiém nhu sau:

Begin
v

Trich chon thudc tinh

!

Ap dung céc thuat
toan cay quét dinh

l

Panh gia két qua

l

End

% Buoce 1:

o Chay thuat toan dé trich chon dic trung cac thudc tinh. Cac thuat toan da thuc
nghi¢m gém cac thuat todn da néu tai chuong 3. Qua thuc nghi€ém trén bo $6
lidu thue té thi thudt toan GainRatioAttributeEval pht hop nhat véi cac bo sb
li¢u thuc nghi¢m. Sau khi thuc nghiém theo thuat toan nay thi s€ ra dugc danh
sach danh theo thtr tu quan trong cua cac thudc tinh va ta tiép tuc phai tim sd

luong thudc tinh tdi wu.
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o Lua chon s6 thudc tinh trich chon: Lya chon cang nhiéu thudc tinh thi két qua
cang chinh x4c tuy nhién thoi gian xay dung mé hinh lai cang 1au. Bé dam bao
pht hop véi yéu cau ciia MobiFone 14 xir 1y dit liéu nhanh vé6i d6 chinh xac
chfip nhan dugc nén ta phai lya chon ) luong thude tinh vira phai khong lam
giam do chinh xac qua nhiéu nhung thoi gian xay dung mé hinh nhanh.

% Budc 2: Chay k¥ thuit Cay quyét dinh (K§¥ thuat J48 trén mo hinh WEKA) dé
xay dyng mo hinh phan 16p tap dir li€u sau khi trich chon va du bao danh giad mo

hinh da xay dung.

4.4.2.1 Nhom 1:
Tap Training: 156.000 TB, trong d6: 20.000 TB ro1 mang, 136.000 TB khong roi

mang

Két qua sau khi sip sép lai cac truong dir liéu theo xép hang cia thudt toan
GainRatioAttributeEval

|£] 17:35:28 - trees. )48 - O *

Humber of Leaves @ 435

Size of the tree : 269

Time taken to build model: §3.25 seconds

=== Evaluation on test 3plit ===

Time taken to test model on training split: 0.09 seconds

=== Summary ===

Correctly Classified Instances 52804 99,

[ V)

Incorrectly Classified Instances 438
Kappa statistic

Mean absolute error
Root mean squared error
Relatiwe abscolute error

[ R s T s |
(=
[E)

Root relative sguared error 25.96
Coverage of cases (0.95 lewel) 99.43
Mean rel. region size (0.95 lewvel) 50.8444
Total Number of Instances 53040

CLEC U

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area FPRC Lrea (Class

0.971 0.005 0.985 0.971 0.968 0.964 0.992 0.954 Y

0.9495 0.029 0.9%98 0.9495 0.985 0.964 0.9492 0.998 N
Weighted Awg. 0.992 0.026 0.9%2 0.992 0.982 0.964 0.992 0.992

=== Confusion Matrix =—
a b <-- clazsified as

666l 196 | a=71
240 453943 | b =N hd

Hinh 4-6 K&t qua nhom 1 cta giai phap dé xudt cai tién thir nghiém
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Két qua cho thdy d6 chinh x4c ciia thudt toan ting so véi trudc khi sip xép. Thoi gian
xay dung mo hinh giam 3s so v6i1 bo dit licu chua xép hang. Nhu vay c6 nhan xét thuat
toan ciy quyét dinh bi anh huong boi th ty trudng dit liéu dau vao.

Lua chon sd thudc tinh tir xép hang trén vo1 15 thude tinh duoc xép hang cao nhat két

qua thuat toan C4.5 nhu sau:

|5 17:31:10 - trees.J48 - O x

Number of Leawves : 299 (e

3ize of the tree : 587

Time taken to build model: 15.56 seconds

=== Evaluation 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 0.8296 %

Kappa statistic 0.9633

Mean absolute error 0.0123

Root mean squared error 0.0871

Relative absclute error 5.5099 3

Boot relative sguared error 25.972¢8 %

Coverage of cases (0.95 level) 959,54 %

Mean rel. region size (0.95 lewvel) 51.25943 %

Total Number of Instances 53040

=== Detailed Accuracy By Claszs ===
TP Rate FPF Rate Precisicn Recall F-Measure MCC ROC Rrea FPRC Area Class
0.971 0.005 0.3965 0.5871 0.968 0.963 0.9583 0.973 Y
0.995 0.029 0.99& 0.995 0.9495 0.963 0.993 0.998 "

Weighted Awvg. 0.992 0.02& 0.9582 0.992 0.992 0.963 0.9583 0.995

=== Confusicn Matrix ===

a b <-- classified as
6659 198 | a=7Y
242 45941 | BE=N W
£ >

Hinh 4-7 Két qua nhom 1 cia giai phap dé xudt cai tién sau toi uu
Danh gia d6i voi lya chon nay thi két qua do chinh xac thuat todn van twong duong so
v6i bo dir liéu da xép hang. Thoi gian chay so liéu giam tir 83s xudng con 16s
4.4.2.2 Nhom 2:
Tap dir licu: 78.000 TB, trong do6: 10.000 TB ro1 mang, 68.000 TB khong rd1 mang
Két qua sau khi thyc nghiém ap dung thuét toan GainRatioAttributeEval va trich chon

dugc 10 truong dir liéu t8i wu nhu sau:
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[ £ 18:47:38 - trees.J4B — O *

Humber of Leawves EQ ~

3ize of the tree 159

Time taken to build model: 1.72 seconds

=== Evaluation on test split ===

Time taken to test model on training split: 0.07 seconds

—= Summary ———=

Correctly Classified Instances 26200 98.7934

Incorrectly Classified Instances 320 1.2066 %

Kappa statistic 0.9471

Mean absolute error 0.0185

Root mean sguared error 0.1023

Relative absolute error 8.251a %

Root relative squared error 30.4674 %

Coverage of cases (0.95 level) 99,6267 %

Mean rel. region size (0.95 lewel) 53.8124 %

Total Number of Instances 26520

=== Detalled Accuracy By Class ===
TP Rate FP Rate Precision ERecall F-Measure MCC ROC RArea FPRC Area Class
0.968 0.009 0.941 0.968 0.954 0.947 0.993 0.957 ¥
0.991 0.032 0.9495 0.991 0.993 0.947 0.993 0.998 "

Weighted RAwg. 0.988 0.029 0.988 0.988 0.988 0.947 0.993 0.993

=== Cgnfusion Matrix ===

a b <—- classified as
3323 110 | a=7Y
210 22877 | E=N W
£ >

Hinh 4-8 Két qua nhom 2 cua giai phap dé xuit cai tién

Panh gia Thoi gian dyng md hinh giam rat nhiéu so véi giai phap dé xuat nhung do

chinh x4c gan tuong duong.

4.4.2.3 Nhom 3:

Tap dit liéu chay: 156.000 TB, trong do: 20.002 TB ro1 mang, 136.000 TB khong roi

mang

Két qua sau khi thuc nghiém ap dung thuat toan trich chon duogc 12 thudc tinh:
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|£) 19:00:12 - trees. )48 - O

Time taken to build model: £.47 seconds

=== Evaluation on test split ===

Time taken to test model on training split: 0.05 seconds

=== Summary ===

Correctly Classified Instances 52400 98.7915 %

Incorrectly Classified Instances 641 1.2085 %

Kappa statistic 0.9455

Mean absolute error 0.0178

Root mean squared error 0.1002

Relative absclute error 7.9829 %

Root relatiwve squared error 30.1334 %

Cowverage of cases (0.95 lewel) 99.4099 %

Mean rel. region size (0.95 lewel) 50.9926 %

Total Humber of Instances 53041

=== Detailed Accuracy By Class ===
TF Eate FP Rate Precision ERecall F-Measure MCC ROC Area PRC Lrea Class
0.993 0.045 0.9594 0.993 0.993 0.946 0.991 0.998 N
0.955 0.007 0.949 0.955 0.952 0.946 0.991 0.956 Y

Weighted Awg. 0.988 0.040 0.988 0.988 0.988 0.946 0.991 0.992

=== Confusion Matrix ===

a b <-- clasgsified as
45980 342 | a=N
299 8420 | =7

Hinh 4-9 Két qua nhom 3 ciia giai phap dé xudt cai tién

4.4.2.4 Nhom 4:

Tap Training: 195.000 TB, trong do: 25.001 TB ro1 mang, 170.000 TB khong roi

mang

Két qua véi 20 thude tinh Iya chon
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| 2] 19:11:32 - trees. )48

Time taken to build model: 6.96 seconds

=== Ewvaluaticn on test split ===

=== Detailed Accuracy By Class ===

0.994 0.013 0.998
0.987 0.008 0.957
Weighted Awvg. 0.9393 0.012 0.993

=== Confusion Matrix ===

a b <-- classified as
57409 374 | a=»~N
113 2404 | =Y

Time taken to test model on training split:

« 7633

=== Summary ===

Correctly Classified Instances 65813
Incorrectly Classified Instances 48
Kappa statistic 0.
Mean absolute error a
Eoot mean squared error a.
Eelative absoclute error 3
Root relative sgquared error 23.
Coverage of cases (0.95 lewvel) 949,
Mean rel. region size (0.95 lewvel) ol.
Total Number of Instances 86300

0.24 seconds

9676

L0129

07g6

445
B356
2401

[LB T

TF Rate FF Rate FPrecision Recall

0.994
0.9&87
0.993

99.26550 %
0.7345 %

F-Measure MCC

0.994
0.972
0.983

0.968
0.968
0.968

ROC Area
0.998
0.998
0.998

PRC Area Cla

1.000 1)
0.978 Y
0.9397
v
>

Hinh 4-10 Két qua nhom 4 cua giai phap dé xuét sau cai tién

4.4.2.5 Nhom 5:

Tap dir licu: 156.000 TB, trong do: 20.000 TB ro1 mang, 136.000 TB khong ro1 mang

Két qua véi trich chon 7 thudc tinh.
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| £ 19:21:52 - trees. )48 — O »

Iime taken to build model: 6.6€9 seconds ~
=== Ewvaluation on test 3split =—=
Time taken to test model on training split: 0.05 seconds
=== Summary =—=
Correctly Classified Instances 524381 95.9461 %
Incorrectly Classified Instances 559 1.0538 %
Happa statistic 0.9535
Mean absolute error 0.0187
Root mean sguared error 0.0947
Belative absclute error T.4689 %
Root relative squared error 28.2292 %
Coverage of cases (0.95 lewvel) 959.5569 %
Mean rel. region size (0.395 lewvel) 52.13681 %
Total Number of Instances 53040
=== Detalled AZccuracy By Clazz ===
IP Rate FF Rate Frecision Recall F-Measure MCC ROC Area FPRC Area Class
0.966 0.0a7 0.953 0.966 0.9&80 0.954 0.994 0.961 ¥
0.993 0.034 0.995 0.993 0.994 0.954 0.994 0.999 N
Weighted Rwvg. 0.989 0.030 0.990 0.989 0.989 0.954 0.994 0.994
=== Confusion Matrix ===
b «<-— classified as
6627 230 | a =71
329 45854 | b=N w
< >

Hinh 4-11 Két qua nhom 5 cua giai phap dé xuét cai tién

4.4.2.6 Danh gia mo6 hinh
Tu két qua kiém nghiém & myc 3.3, ta da tinh toan do chinh xac cta du doan ddi véi

tung nhom thué bao dua vao cong thurc da dua ra nhu sau:

Tén do do Nhom 1 Nhom 2 | Nhom 3 | Nhom 4 | Nhom S
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%
Thot gian xay flung mo 16 9 8 7 2
hinh (gidy)
Thoi gian du bdo (gidy) 0.13 0.07 0.05 0.24 0.05

Bang 4-5 Tong hop dé chinh xac cua giai phap dé xuat cai tién

45. So sanh danh gia két qua
Dé danh gia két qua da thuc nghiém ta so sanh d6 chinh xé4c (46 do Accuracy)

cua 3 giai phap da thuc hi¢n nhu sau:
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So sanh do6 chinh xac

100% o ] —

080%

060%

040%

020%

000% ol M
nhom 1 nhom 2 Nhom 3 Nhom 4 Nhom 5

@ Phuwong phap hién tai  m Gidi phap dé xuat 1 Giai phap dé xuét cai tién

Biéu dd 4-1 So sanh d6 do Accuracy cua ba giai phap

Nhén xét: giai phap hién tai MobiFone dang sir dung c6 do chinh xac thap nhat, doi
v6i cac nhom 3 va 4 do chinh xac nhoé hon nhung gan tuong duong v6i do chinh xac
cua cac gidi phap dung thudt toan khai pha dir li¢u, nhung ddi voi cac nhom 1,2 va 5
thi d6 chinh x4c thap hon dang ké so véi cac giai phap dung khai phé dir lidu dic biét
nhom 5 thép hon rat nhiéu (78,4% so voi 98,8%). Qua viéc so sanh do chinh xac cua
cac giai phap ta nhan thdy dugc cac ddc trung ctia cic nhém thué bao trong d6 cac
nhom 3,4 1a cdc nhém da dugc nhan dinh 1a cac thu€ bao ro1 mang, nhém 5 nhan dinh
13 nhém muc tiéu chinh dé du béao thi két qua giai phap hién tai cia MobiFone chura
cao trong khi d6 giai phap dé xuit cho két qua rat cao. Po chinh xac cia giai phap dé
xuét va giai phap dé xuit sau khi cai tién twong duong nhau. Dé danh gia tiép vé giai
phap trudc va sau cai tién ta tiép tuc danh gia thoi gian xdy dung mé hinh va thoi gian
du béo gitra hai giai phap nay két qua nhu biéu d6 dudi:

So sanh thoi gian xay dwng mo hinh (gidy)
120

96
100 86

80 68

60
44

40

16 16
20 8 7 7

nhom 1 nhom 2 Nhom 3 Nhom 4 Nhom 5

m Giai phap dé xudt  F1Giai phap dé xuét cai tién

Biéu dd 4-2 So sanh thoi gian xay dung mé hinh cia giai phap dé xuit va dé xuét cai tién
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0,45

0,4

0,35

0,3

0,25

0,2

0,15
0,1

0,05

nhém 1 nhém 2, Nhém 3 ~Nhém4 = Nhém5
m Giadi phap dé xuat = Gidi phap dé xuat cai tién

T T

Biéu dd 4-3 So sanh thoi gian du bao

Qua biéu d6 ta thay rd thoi gian xay dung mo hinh va thoi gian du bao cua giai phap
sau khi cai tién it hon rit nhiéu so véi giai phap trudc cai tién. Do vay giai phap dé
Xudt cai tién da dat dugc muc tiéu dé ra ban dau 1a dua ra giai phap v6i do chinh gan
turong duong (c6 thé giam) tuy nhién thoi gian xay dung mé hinh va thoi gian dy bao
s€ nhanh hon.

4.6. Kétluan chwong 4

Chuong nay trinh bay két qua thuc nghiém dua trén cac phuong phap da thuc
hién & chuwong 3. Qua thuc nghiém ta c6 nhan xét nhu sau: Két qua dung thuit toan
khai pha dir liéu cao hon so v&i phuong phap 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 ciia mang di dong, luan van da dat dugc mot sb két qua chinh sau day:

- Xay dyng mé hinh di bao 4p dung ky thuat khai pha dir liu dé phat hién
nhanh chinh xac cac thué bao di dong c6 kha nang ro1 mang tor d6 4p dung cac giai
phap dé duy tri thué bao.

- Trién khai mé hinh dé xut, 4p dung trén dit liéu thuc té, so sanh voi cac giai
phap di sir dung duogc ap dung. Cac két qua dat duoc di cho thiy duogc tiém ning ap
dung phuong phap dé xuét vao thyc tién

Trong thoi gian tdi ching t61 s€ nghién ctu tich hop cac k¥ thuat nay vao céac
chuong trinh hd trg kinh doanh ciia MobiFone dong thoi cai tién thoi gian dy 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 duogc cai thién hon.
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Phu luc 1 THONG TIN BO DU LIEU

1. Thong tin cac truong dir liéu

STT Tén trwong Y nghia
1 | GRAND_PACKAGE_ID M3 gbi cudc thué bao st dung
2 | STA_DATETIME Ngay bat dau st dung ctia thué bao
3 | CUS_TYPE Loai khach hang (ca nhan /doanh nghiép)
4 | STATUS_ID Trang thdi thué bao
5| IS_MEMBER M3 thé hién c6 tham gia chuong trinh két néi dai lau
6 | RANK_ID Hang thué bao trong chuong trinh két néi dai lau
7 | AREA_SK _PSC_N Khu vyc phat sinh cwdc thang n-1
8 | AREA_SK_PSC_N1 Khu v phat sinh cuéc thang n-2
9 | AREA_SK PSC_N2 Khu vuc phat sinh cudc thang n-3
Doanh thu tai khodn chinh cta dich vu thoai ndi
10 | DTKC_THOAI_NOI_N mang thang n-1
Doanh thu tai khodn khuyén mai cta dich vu thoai
11 | TKKM_THOAI_NOI_N ndi mang thang n-1
Doanh thu tai khoan chinh cta dich vu thoai lién
12 | DTTKC_THOAI_LIEN_MANG_N mang thang n-1
Doanh thu tai khodn khuyén mai cta dich vu thoai
13 | DTTKM_THOAI_LIEN_MANG_N | lién mang thang n-1
Doanh thu tai khoan chinh cla dich vu sms néi mang
14 | DTTKC_SMS_NOI_N thang n-1
Doanh thu tai khodn khuyén mai cta dich vu sms néi
15 | DTTKM_SMS_NOI_N mang thang n-1
Doanh thu tai khoan chinh cta dich vu sms lién
16 | DTTKC_SMS_LIEN_MANG_N mang thang n-1
Doanh thu tai khodn khuyén mai cta dich vu sms
17 | DTTKM_SMS_LIEN_MANG_N lién mang thang n-1
Doanh thu tai khoan chinh cla dich vu data thang n-
18 | DTTKC_DATA_N 1
Doanh thu tai khodn khuyén mai cta dich vu data
19 | DTTKM_DATA_N thang n-1
Doanh thu tai khoan chinh cla dich vu khac thang n-
20 | DTTKC_KHAC_N 1
Doanh thu tai khodn khuyén mai cta dich vu khac
21 | DTTKM_KHAC_N thang n-1
Doanh thu tai khoadn chinh cta dich vu thoai ndi
22 | DTKC_THOAI_NOI_N1 mang thang n-2
Doanh thu tai khodn khuyén mai cta dich vu thoai
23 | TKKM_THOAI_NOI_N1 ndi mang thang n-2
Doanh thu tai khoan chinh cta dich vu thoai lién
24 | DTTKC_THOAI_LIEN_MANG_N1 | mangthang n-2
Doanh thu tai khodn khuyén mai cta dich vu thoai
25 | DTTKM_THOAI_LIEN_MANG_N1 | lién mang thang n-2
Doanh thu tai khodn chinh clia dich vu sms néi mang
26 | DTTKC_SMS_NOI_N1 thang n-2
Doanh thu tai khodn khuyé&n mai cta dich vu sms ndi
27 | DTTKM_SMS_NOI_N1 mang thang n-2
28 | DTTKC_SMS_LIEN_MANG_N1 Doanh thu tai khodn chinh cta dich vy sms lién
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mang thang n-2

Doanh thu tai khodn khuyé&n mai cta dich vy sms

29 | DTTKM_SMS_LIEN_MANG_N1 lién mang thang n-2

Doanh thu tai khoan chinh cda dich vy data thang n-
30 | DTTKC_DATA_N1 2

Doanh thu tai khodn khuyé&n mai cta dich vu data
31 | DTTKM_DATA_N1 thang n-2

Doanh thu tai khoan chinh cta dich vu khac thang n-
32 | DTTKC_KHAC_N1 2

Doanh thu tai khodn khuyé&n mai cta dich vu khac
33 | DTTKM_KHAC_N1 thang n-2

Doanh thu tai khodn chinh cta dich vu thoai ndi
34 | DTKC_THOAI_NOI_N2 mang thang n-3

Doanh thu tai khodn khuyén mai cta dich vu thoai
35 | TKKM_THOAI_NOI_N2 ndi mang thang n-3

Doanh thu tai khoan chinh cta dich vu thoai lién
36 | DTTKC_THOAI_LIEN_MANG_N2 | mang thangn-3

Doanh thu tai khodn khuyén mai cta dich vu thoai
37 | DTTKM_THOAI_LIEN_MANG_N2 | lién mang thang n-3

Doanh thu tai khoan chinh cla dich vu sms néi mang
38 | DTTKC_SMS_NOI_N2 thang n-3

Doanh thu tai khodn khuyén mai cta dich vu sms néi
39 | DTTKM_SMS_NOI_N2 mang thang n-3

Doanh thu tai khodn chinh cta dich vu sms lién
40 | DTTKC_SMS_LIEN_MANG_N2 mang thang n-3

Doanh thu tai khodn khuyén mai cta dich vu sms
41 | DTTKM_SMS_LIEN_MANG_N2 lién mang thang n-3

Doanh thu tai khoan chinh cla dich vu data thang n-
42 | DTTKC_DATA_N2 3

Doanh thu tai khodn khuyén mai cta dich vu data
43 | DTTKM_DATA_N2 thang n-3

Doanh thu tai khoan chinh cla dich vu khac thang n-
44 | DTTKC_KHAC_N2 3

Doanh thu tai khodn khuyén mai cta dich vu khac
45 | DTTKM_KHAC_N2 thang n-3
46 | REMAIN_CREDIT S8 tién con lai trong tai khoan chinh thang trudc
47 | REMAIN_BONUS S6 tién con lai trong tai khodn thudng thang trudc
48 | MONTH_3K3D_NEAREST Thang dat chi tiéu 3k3d gan nhat
49 | NUM_OG_CALLS S8 lwong cudc goi thoai chiéu di thang n-1
50 | SUM_DURATION_OG S6 lugng lwu lwong thoai chidu di thang n-1
51 | SUM_DURATION_IC s6 lugng lvu lwong thoai dén thang n-1
52 | NUM_SMO S6 lugng sms chidu di thang n-1
53 | NUM_SMT S8 lwgng sms chiéu dén thang n-1
54 | NUM_OG_CALLS N1 S6 lugng cudc goi thoai chidu di thang n-2
55 | SUM_DURATION_OG_N1 S6 lugng lwu lwong thoai chidu di thang n-2
56 | SUM_DURATION_IC_N1 s6 luvgng lvu lwong thoai dén thang n-2
57 | NUM_SMO_N1 S6 lugng sms chidu di thang n-2
58 | NUM_SMT_N1 S8 lwgng sms chiéu dén thang n-2
59 | NUM_OG_CALLS_N2 S6 lugng cudc goi thoai chiéu di thang n-3
60 | SUM_DURATION_OG_N2 S8 lwong Iwu luvgng thoai chiéu di thang n-3
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61 | SUM_DURATION_IC_N2 s6 luvgng lvu lwong thoai dén thang n-3

62 | NUM_SMO_N2 S8 lwong sms chiéu di thang n-3

63 | NUM_SMT_N2 S6 lwgng sms chiéu dén thang n-3

64 | SCR_AMOUNT_N S8 tién nap thé thang n-1

65 | SCR_COUNT_N S6 lwgng thé nap thang n-1

66 | SCR_AMOUNT_N1 S8 tién nap thé thang n-2

67 | SCR_COUNT_N1 S8 lwong thé nap thang n-2

68 | SCR_AMOUNT_N2 S6 tién nap thé thang n-3

69 | SCR_COUNT_N2 S8 lwong thé nap thang n-3

70 | DEBIT_N Ng tién ng cuwdc thang n-1

71 | MONTH_DEBIT_N S8 thang no cudc tinh dén thang n-1

72 | DEBIT_N1 No tién no cudc thang n-2

73 | MONTH_DEBIT_N1 S6 thang no cudc tinh dén thang n-2

74 | DEBIT_N2 No tién ng cudc thang n-3

75 | MONTH_DEBIT_N2 S6 thang no cudc tinh dén thang n-3

76 | NUM_VLR_N S6 ngay cap nhat VLR thang n-1

77 | NUM_VLR_N1 S8 ngay cap nhat VLR thang n-2

78 | NUM_VLR_N2 S6 ngay cap nhat VLR thang n-3

79 | NUM_PSC_N S6 ngay phat sinh cudc thang n-1

80 | NUM_PSC_N1 S8 ngay phat sinh cwdc thang n-2

81 | NUM_PSC_N2 S6 ngay phat sinh cwdc thang n-3

82 | PHONE_MODEL Nhan hiéu may khach hang dang dung

83 | PROM_CODE_N S6 chuong trinh khuyén mai tham gia thang n-1
84 | PROM_CODE_N1 S& chuong trinh khuyén mai tham gia thang n-2
85 | PROM_CODE_N2 S chuong trinh khuyén mai tham gia thang n-3
86 | RM Trudng ddnh dau roi mang
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PHU LUC 2 PHAN TiCH PAC TRUNG BO DU LIEU THUC
NGHIEM

1. Nhom 1
MobiFone dua ra tiéu chi thué bao 3k3d vlr dé nham thong ké thué bao sir dung that

va thué bao 4o (thué bao nim trén kénh phéan phdi, thué bao dwgc khach hang mua
dung dé nhén tin rac, ...). Theo d0, thué bao dat chuan 3k3d vlr 14 thué bao théa méan
ddng thoi 2 tiéu chi sau: (1) tiéu dung ti thiéu 3.000d tir tai khoan chinh va (2) cép
nhat vlr (m& may) tbi thiéu 3 ngay. Do vay, mdc tiéu dung 3.000d tir tai khoan chinh
va mdc cap nhat vIr 3 ngay 13 2 méc rit quan trong dé danh gia thué bao.

Trong phan nay, nhom chuyén gia da thuc hién phéan tich nhém thué bao khong phat
sinh cudc trong thang 8/2015 nhung c6 tiéu dung tai khoan chinh va khong dat
3k3d_vlr trong thang trude (thang 7/2015). Nhém nay gém nhing thué bao théa mén
mot trong 2 diéu kién sau:

- Ti€u dung tai khoan chinh dudi 3.000d trong thang 7/2015. Hoac:
- Ti€u dung tai khoan chinh tir 3.0004d tr& 1€én nhung cap nhat VLR duédi 3 ngay
trong thang 7/2015.

Sau khi phan tich nhom da rut ra dwoc cac dac diém ddic trung nhdt cia tdp thué bao

nay trueoc khi roi mang (khong phat sinh cuwoc) nhuw sau:

Tiéu dung tai khoan chinh dwoi 3.000d trong thang truoc.
- Chi dat 3k3d_vilr mot dén 2 lan trong 6 thang lién tuc.

- Khéng phat sinh giao dich hodc chi phat sinh 1 dén 2 giao dich thoai chiéu di

trong thang truoc.
- Khéng phdt sinh giao dich thoai chiéu dén trong thang trude.

- C6 xu hwdng gidm ddn sé luong giao dich thoai chiéu dén trong 3 thdng lién

tuc hodac giam san luong thogi chiéu dén trong 3 thang lién tuc.
- Hau nhw khéng phat sinh giao dich nap thé trong thang lién triedc.
- C6 xu hwedng giam tan sudt nap thé trong 3 thang lién tiép.

2. Nhom 2

Nhom ndy ¢6 67.565 thué bao, trong d6 chiém ty trong cao nhat 1a MobiQ (51,07%),
MobiCard (26,84%), Zone+ (9,55%). Trong co cau thué bao ciia MobiFone hién tai,
MobiQ chiém khoang 49%, MobiCard chiém khoang 12%, Zone+ chiém khoang 12%.
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Nhu vay, rd rang nhoém thué bao MobiCard dang co ti 1¢ rd1 mang cao hon cac nhoém

khac.

Sau khi phdn tich nhém chuyén gia da rit ra dwoc cac dic diém ddc trung nhat cia

tdp thué bao nay truoc khi roi mang (khong phat sinh cudc) nhu sau:

3.

Tieu dung TKC > 3.000d nhung chi tiéu dung TKKM < 3.000d trong thdang

truoc.
C6 mikc tiéu dimg TKKM gidam dan trong 3 thang lién tuc.

Khéng phdt sinh giao dich hodc chi phat sinh 1 dén 2 giao dich thoai chiéu di

trong thang trudc.

Khéng phat sinh giao dich hodc chi phdt sinh 1 dén 2 giao dich sms chiéu di

trong thang trudc.

Khéng phat sinh giao dich thoai chiéu dén trong thang trudc.

C6 xu hwéng gidm dan sé lwong giao dich thoai chiéu di trong 3 thang lién tuc.
C6 xu hwéng gidm dan sé lwong giao dich sms chiéu di trong 3 thdang lién tuc.

C6 xu huéng giam dan sé lwong giao dich thoai chiéu dén trong 3 thang lién

tuc.

Hau nhiwe khéng phat sinh giao dich nap thé trong thdang lién trudc va c6 tan

sudt nap thé giam dan trong 3 thang lién tuc.

C6 xu hwéng gidm dan sé ngdy cdp nhdt VLR trong 3 thang lién tuc.

Nhom 3

Nhom nay gém 219.993 thué bao, trong d6 MobiQ chiém ty trong cao nhat véi

82,16%. MobiQ 1a loai thué bao c6 ngay sir dung linh hoat, do vay rat d& dang cho

khach hang duy tri s6 thué bao ma hau nhu khong can tiéu dung dén TKC.

Sau khi phdn tich nhém chuyén gia rit ra rang phan Ién thué bao thuéc nhém nay cé

thé dang nam trén kénh hodc niam trong ngan kéo (KH di mua nhung khéng sir dung

nita). Pac diém cua nhom nhw sau:

Chii yéu la logi hinh thué bao MobiQ.

Hau nhw khéng dat 3k3d vir trong nhiéu thang lién tuc (chi ¢é 7,5% thué bao
thuéc nhém cé dat 3k3d vir it nhdt 1 lan trong 7 thang lién tiép).

Hau nhw khéng tiéu dimg tai khoan chinh trong 3 thdang lién tuc (ti 1¢ dat trén
90%).
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4.

C6 mire tiéu ding TKKM thdp < 3.000d/thang trong 3 thang lién tuc (ti 1é dat
trén 90%,).

Hau nhw khéng phdt sinh giao dich thoai chiéu di hodc chi phat sinh dudi 3
giao dich (chiém trén 95% trong 3 thang lién tiép).

Hau nhw khéng phat sinh giao dich sms chiéu di hodc chi phat sinh dudi 3 giao
dich (chiém trén 94% trong 3 thang lién tiép).

Hau nhw khéng phat sinh giao dich thoai chiéu dén (chiém trén 96% trong 3
thang lién tiép).

Hau nhuw khéng phdt sinh hodc chi phdt sinh dwéi 3 sms chiéu dén (chiém trén
91% trong 3 thdng lién tiép).

Theo xu hwéng giam san lwong thoai dén trong 3 thang lién tiép (khodng 97%).

Chi mé mdy dwéi 3 ngdy (chiém trén 91% trong 3 thang lién tiép).

Hau nhw khéng nap thé trong thing triede khi roi mang (chi ¢é 0,44% nap thé).

Theo xu hudng giam tan sudt nap thé trong 3 thang lién tiép (khodng 98% thué

bao thé hién xu hirdng nay).

Nhom 4

Ban chat nhom nay di roi mang (khong phat sinh cude) tir thang 7/2015.

Nhom nay gom c6 1.067.414 thué bao, trong d6 chiém ti trong cao nhat 1a MobiCard
(37,69%), MobiQ (27,30%) va Mobi365 (21,02%). Trong khi do6, xét trong ti trong
thué bao PSC trong thang 8/2015 cta toan mang, MobiCard chi chiém 12,23%,
Mobi365 chi chiém 2,64% va MobiQ chiém t6i 48,81%.

Sau khi phdn tich nhém chuyén gia c6 nhdn xét vé ddc diém nhdn dang ciia nhom thué

bao nay nhu sau:

Tiéu dimg TKC it (dwéi 3000d) trong 3 thang lién tiép.
Tiéu dimg TKKM it (dwéi 3000d) trong 3 thang lién tiép.

C6 xu hudng tiéu ding TKC va TKKM giam dan trong 3 thang lién tiép (95%
thué bao thé hién ré xu huwdng nay).

Khéng phdt sinh hodc chi phdt sinh dudi 3 giao dich thoai chiéu di trong 3
théng lién tiép.

Khéng phat sinh hodc chi phat sinh dwéi 3 giao dich sms chiéu di trong 3 thing

lién tiép.
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5.

C6 xu hwdng giam dan sé lwong giao dich thoai chiéu di trong 3 thang lién tiép
(93,26% thué bao thé hién xu hwéng nay).

C6 xu hwéng giam dan sé lwong giao dich sms chiéu di trong 3 thang lién tiép
(93,9% thé hién xu huéng nay).

C6 xu hwdng giam dan sé heong giao dich sms chiéu dén trong 3 thang lién tiép
(91,41% thué bao thé hién xu hwéng nay).

C6 xu hwéng giam dan sé lwong giao dich thoai chiéu dén trong 3 thang lién
tiép (91,41% thué bao thé hién xu huéng nay).

C6 xu huwdng giam dan sé ngay cdp nhdt VLR trong 3 thang lién tiép (88,94%

thé hién xu huéng nay).

Hau nhw khéng nap thé vao thang lién trude va ¢é xu hwdng giam tan sudt nap

thé trong 3 théng lién tiép.

Nhom 5

Nhom nay gém 105.703 thué bao, trong d6 chiém ty trong cao nhat 1a MobiQ
(56,68%), MobiCard (15,32%) va Zone+ (10,87%). Trong sb nay, 10,17% thué bao

héi vién chuong trinh K&t noi dai l1au.

Sau khi phdn tich nhém chuyén gia c6 nhan xét vé ddc diém nhdn dang ciia nhém thué

bao nay nhu sau:

Nhom thué bao nday hau nhw vin hoat ddng rdt binh thuong trén mang: Vin
nap thé, phdt sinh cdc giao dich thoai di/dén véi ti 1é cao, s6 ngdy cdp nhdt
VLR nhiéu (=3 ngay).

S6 tién con lai trong TKC thdp (trén 60% thué bao 6 sé tién trong TKC dudi
3.0004).

Doanh thu TKC tir dich vu sms (ngi mang va lién mang) thdp (duéi
3.000d/thang).

Doanh thu TKKM tir dich vu sms (ndi mang va lién mang) thdp (dudi
3.000d/thang).
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Phu luc 3 Dac trung phan lop cua giai phap MobiFone dang ap
dung

1. Nhom1

2.

3.

Tiéu chi phan 16p: Thué bao tra trude thoéa min dong thoi cac tiéu chi sau:

(@)

(@)

Tiéu dung tai khoan chinh dudi 3.0004 trong thang trudc.
Phat sinh dudi 3 giao dich thoai chiéu di trong thang trudec.

Giam dan s6 luong giao dich thoai chiéu dén trong 3 thang lién tuc lién
trudc (s6 giao dich cua thang sau nho hon hoic bang sd giao dich cua

thang trudc).

Giam dan sb lugng giao dich thoai chiéu dén trong 3 thang lién tuc lién

trudc.

Nhoém 2:

Tiéu chi phan 16p:

(@)

(@)

@)

@)

Tiéu dung TKC > 3.000d trong thang trudc.
Cap nhat VLR < 3 ngay trong thang trudc.
Phat sinh dudi 3 giao dich thoai chiéu di trong thang trudc.

Khong phat sinh giao dich thoai chiéu dén trong thang trudec.

Nhom 3:

Tiéu chi phan 16p:

(@)

@)

Khoéng tiéu dung TKC trong thang trude (Tiéu dung TKC= 0).

Tiéu dung TKKM > 0 trong thang trudce.

Khong nap thé trong thang trude.

C6 tan suat nap thé giam dan trong 3 thang lién tyc lién trude (sé 1an nap
thé ciia thang sau nhoé hon hodc bang s 1an nap thé trong thang trudc).
C6 xu huéng giam dan sb lugng giao dich thoai chiéu dén (hodc giam

dan san luong goi chiéu dén) trong 3 thang lién tyc lién trude.

4. Nhom 4:

Tiéu chi phan 16p:

(@)

Khong tiéu dung TKC trong thang trude (Tiéu dung TKC= 0).
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o Khong tiéu dung TKKM trong thang trudc (Tiéu dung TKKM= 0).

o €6 sd ngay cap nhat VLR giam dén trong 3 thang lién tiép lién trude (sd
ngay cap nhat VLR thang sau nho hon hodc bang s ngay cap nhat trong
thang trudc).

o Khong nap thé trong thang trudc.

o Cb tan suét nap thé giam dan trong 3 thang lién tuc lién trudce (sb 1an nap
thé cuia thang sau nhoé hon hodc bang s 1an nap thé trong thang trudc).

5. Nhom 5:
- Ti€u chi phan l6p:

o Tiéu dung TKC > 3.0004 trong thang trudce.

o Cap nhat VLR > 3 ngay trong thang trudc.

o Cb sb tién con lai trong TKC tai thoi diém cudi thang trude < 5.000d.

o Tiéu dung TKC < 3.000d cho dich vu sms (ndi mang va lién mang) trong
thang trudc.

o Tiéu dung TKKM < 3.000d cho dich vu sms (ndi mang va li€én mang)

trong thang trudc
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