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MO DAU

Véi sy bung nd cong nghé nhu hién nay, c6 rat nhiéu giai phap cong nghé
duoc nghién ctru va trién khai nhdm phuc vu nhu cu cua ca nhan va doanh nghiép.
Trong d6 Data Mining (Khai phé dir li¢u - KPDL) 1a mdt trong nhiing linh vyc quan
trong nhat trong cong nghé. KPDL la qua trinh chon loc, xur ly dir li€u tho, sép xép,
phan loai cac tap hop dit liéu 16n qua d6 dé xac dinh cac miu va xay dung cic mdi
quan hé cua dit liéu dé giai quyét cac van dé bang cach phan tich dit liéu. Viéc tung
dung KPDL cho phép cac don vi, doanh nghiép c6 thé du doan trudc duoc xu
hudng trong tuong lai.

Trong linh vuc vién thong, mot moi truong c6 nhicu sy canh tranh vé sb
lugng thué bao, chit lugng dich vu trong mang di dong (cudc goi thoai, sms, data...)
nhu hién nay. Cac doanh nghiép vién thong can phai nhanh chéng ung dung céc
giai phap mai, va nhat 1a khai pha dir lidu trén tap hanh vi s dung dich vu di dong
cua khach hang dé hoach dinh r5 cac chién luge kinh doanh khéc nhau trén tung tap
khach hang.

Trong bdi canh hién tai, cac cong ty nhan théy r::ing ho phai c6 dugc cai nhin
“tr toan canh dén chi tiét” vé khach hang cia minh tr nhu cau, s& thich, hanh vi,
thai do, nhan thuc, ... cua khach hang. Sau do, cadc hoat dong san xuét, sales,
marketing phai tinh chinh sao cho théa méan cic nhu cau ciia khach hang. Day s& la
loi thé canh tranh can huéng dén.

Van dé dat ra 1a d6i voi ting nhom khach hang cu thé, cac doanh nghiép vién
thong can c6 co ché, chinh sach, va chién luge kinh doanh khac nhau dé gilt chan,
va dap ung duoc nhu cau sir dung dich vu cua ting nhém khach hang dé mang lai
chat lugng phuc vu tot nhat cho timg nhém khéach hang.

La mot nguoi dang cong tac trong linh vyuc vién thong, vi vay dé hd trg cho

cong viéc hién tai, va dé gitp cong ty xac dinh rd timg phan khuc khach hang st



dung dich vu di dong ctia Vinaphone Tay Ninh. Nén xin dé xuat dé tai nghién ctru
vé “Xéac dinh sb cum tdi wu vao bai toan phan khuc khach hang st dung dich vu di
dong tai VNPT Tay Ninh”.

Nganh vién thong va thong tin di dong 13 mot trong cac nganh nghé kinh té -
k¥ thudt quan trong cta dat nedc nham dam bao an ninh thong tin quéc phong cua
qudc gia. Trong mot moi trudng canh tranh khoc liét giita cac nha cung cap mang di
dong nhu hién nay, dé dap tng dugc cac loai san phém, dich vu thich hop téi tung
khach hang thi cac nha quan 1y tiép thi cAn phai xac dinh dugc nhitng phan khiic
khach hang va muc tiéu ¢t 16i ma doanh nghiép mudn thu hut khach hang.

Khi ma phan khac khach hang hiéu qua thi qua d6 doanh nghiép c6 thé dé
dang gi6i thiéu, khuyén nghi, tiép thi cic san pham, dich vu pht hop nhat v6i nhirng
nhu cau, mong mudn ddi véi timg nhém khach hang.

Do d6 muc tiéu chinh cda bai luan nay la tim hiéu céc thuat toan phan cum,
cac phuong phap xac dinh sé cum t6i vu va sau d6 tmg dung vao bai toan phan
khac khach hang st dung dich vu di dong tai Vinaphone Tay Ninh. Cac ndi dung cu
thé cua dé tai bao gdm:

- Nghién ctru cac bai bao vé bai toan phan cum.

- Nghién ctru c4c tai li¢u vé thuét toan phan cum: K-means, K-medoids.

- Nghién ctru céc toan vé lua chon sb cum tdi wu: Elbow method, Average

silhouette method.

- Nghién ctru cac bai bao, thuat toan vé cac phuong phap danh gia so luong

cum: Do do bong (Silhouette), B§ do Davies — Bouldin, D6 do Dunn.

- Ung dung cac thut toan vao tap dir liéu khach hang st dung dich vu di

dong tai Vinaphone Tay Ninh, tién hanh danh gia va chon phan khuc
khach hang t6i wu nhat.



Tong két cac két qua nghién ctru lién quan trudc diy va sau d6 danh gia
hiéu qua cuia cac phuong phéap. Tién hanh ap dung thuc té dé kiém tra va

danh gia két qua.

Noi dung dé tai bao gébm 4 chuong:

Chuwong 1: Tong quan

Chuwong 2: Co s6 ly luan

Chwong 3: Ap dung cac thuat toan xac dinh s6 cum tbi uu vao bai toan
phan khtc khach hang st dung dich vu di dong tai VNPT Tay Ninh

Chuwong 4: Panh gia - két luan va hudng phat trién



Chuong 1: TONG QUAN

Noi dung & chuong nay s& xoay quanh chu dé vé bai toan phan khuc khach hang
tai VNPT Tay Ninh, néu dugc mét cach téng quan vé cac phwong phap nghién ctru
cling nhu cac ddi tugng can nghién ciru trong lun van, va quan trong 1a tra 10i dugc
cau hoi tai sao can phai xac dinh s6 cum tdi vu trong bai todn phan khac khéach hang.
Céc noi dung sé& trinh bay bao gom:

- Tong quan vé bai toan phan khuc khach hang str dung dich vu di dong.

- Tai sao phai xac dinh s6 cum t6i wu vao bai toan phan khtc khach hang.

- Cac ddi tuong trong pham vi nghién ctru.

- Cac phuong phép nghién ctru bai toan phan khuc khach hang.

1.1 Bai toan phan khic khach hang dua trén hanh vi sit dung dich vu di
dong

VNPT hién 1a Tép doan Buu chinh Vién thong hang dau tai Viét Nam duoc
thanh 1ap vao nim 1996, Cong ty Dich vu Vién thong 1a mot cong ty truc thudc Tap
doan Buu chinh Vién thong Viét Nam (VNPT) hoat dong trong linh vuc thong tin di
dong, cung cép cac dich vu GSM, 3G, 4G, nhan tin,... va nhiéu linh vuc vé cong nghé
thong tin khac, va c6 tén cho mang dich vu di dong 1a Vinaphone. VNPT la mdt cong
ty cung cap dich vu vé mang vién thong va di dong dau tién & Viét Nam, c6 thé noi
VNPT d3 dit nén moéng cho su phat trién chung ctia nganh, va qua d6 ciing déng gop
vai trd then chét trong viéc dua Viét Nam tr thanh 1 trong 10 quéc gia c6 toc do phat
trién Buu chinh Vién thong nhanh nhat toan ciu.

Tuy vy, o thoi diém moi xuat hién thi thong tin di dong van con 1a khai niém
xa la d6i v6i da s6 nguoi tidu dung, s6 luong thué bao cua mang di dong nay khong
nhiéu do ving phua séng han ché(dd phu cua cac tram BTS con it) va gia cudc cling
nhu thiét bi dau cubi(dién thoai di dong) con dit do.

Ké tir khi Viettel bat dau tham gia cung cip dich vy thong tin di dong vao nim

2004 thi sy bung nd cua thi trudng thong tin di dong Viét Nam méi bat dau dién ra. Va



nhd sy canh tranh d6 gia cude di dong Viét Nam dd giam hon 3 1an trong 20 nim qua.
Két qua cua viéc canh tranh khoc liét gitta cdc nha mang da gitp cho Viét Nam trd
thanh nudc c6 muc cude thudoc hang ré nhét thé gi61, mang lai lgi ich cho ngudi ti€u

dung.

1.2.1 Thi phdn thué bao cac doanh nghiép cung cap dich vu dién thoai di déng mat dat

MaobiFone
18,54% Khac (Indochina, Gtel)
\ 1,44%

VNPT
23,79%

Vietnamobile
3,71%

Nguén: Bé Théng tin va Truyén théng

Hinh 1.1: Thi phén vién thong Vi¢t Nam tinh dén nim 2021(Nguon: Sach Tring cong
nghé thong tin va Truyén thong 2021)[1]

Chinh vi sy canh tranh khdc liét, va ty 1€ ro1 dich vu cta khach hang ngay cang
c6 xu huong tang va viéc gilr chan khach hang kho khan hon trudc, cac cong ty mang
vién thong ngay nay phai lién tuc phat trién cac dich vu, san phAm mé&i mét cach linh
hoat dé dap ng cac nhu cau thay d6i lién tuc cta khach hang. Cac doanh nghiép vién
thong can phai nhanh chong tng dung cic giai phap mdi, va nhat 1 khai pha dir liéu
trén tap hanh vi st dung dich vu di dong cua khach hang dé hoach dinh 16 cac chién
lugc kinh doanh khac nhau trén tung tap khach hang. Mot trong cac cong cu dugc s
dung do 1a phan khuc khach hang.

Va vi thé “Phan khuc khach hang” dugc coi 1a mot cong cu marketing mang tinh

“khac biét”. N6 cho phép cac td chirc hiéu hon vé khach hang ciia minh xay dung céac



chién luoc marketing, sales “khac biét” theo cac dac diém, tinh chit, hanh vi cia tung
khach hang[2].

Hién nay c6 nhiéu phuong phap dé phan khuc khach hang nhu:

- Phan khic theo nhan khau hoc: gidi tinh, tuéi, nghé nghiép, trinh d§ hoc Vén,
tinh trang hon nhan, thu nhap hang thang, tinh trang bat dong san

- Phan khuc theo dia ly

- Phan khiic theo hanh vi (sit dung va thanh toan): phan khuc theo 1an gan nhat
st dung dich vy, s6 14n sir dung trong tuan, thang, s6 tién mdi lan s dung hay téng sb
tién sir dung trong thang ...

- Phan khuc theo gia tri: phan khic theo gia tri trung binh mdi 1an sir dung dich
vu, téng gia tri st dung dich vy moi thang; s6 du trong tai khoan;...

- Phan khtc theo nhu ciu sir dung: phan khuc theo cac nhu cau st dich dich vu

goi thoai, sms, data, cac dich vy gia tang,...

Hinh 1.2: Phin khic khach hang



Nganh vién thong khong co du thong tin khach hang c4 nhan hay dit liéu nhan
khau hoc doi dao. Vi thé, luan van nay chi tap trung vao phan khic theo nay vi st dung
dich vu, va phan khuc theo gia tri moi lan str dung dich vu cta khach hang
1.2 Tai sao cin xac dinh sé cum tdi wu vao bai toian phéan khic khich hang
1.2.1 Tai sao phdi phan khuc khdach hang

Trong linh vuc vién thong khi st dung mot phuong phap tiép thi, uvu dai, chinh
sach khuyén mai chung chung cho tit ca cac khach hang, cho du d6 1a chién lugc théng
minh nhat thi cling ¢6 thé khong mang lai két qua nhu mong mudn. Bét ké nd lyc tiép
thi cua doanh nghiép c6 hiéu qua dén dau d6i voi mot s6 khach hang, chung van co thé
that bai khi ap dung voi nhitng ngudi khac. Day 1a lic doanh nghiép can 4p dung phan
khuc khach hang. Néu 1am ding, n6 c6 thé mang lai cac loi ich sau cho doanh nghiép:

- Cac chién dich tiép thi tot hon: Phan khuc khach hang cho phép cic doanh
nghiép tao ra cac thong diép tiép thi tip trung hon, tity chinh cho ting phan khic cy thé.

- Céc dé xuit cai tién: C6 y tudng rd rang vé dbi trong khach hang va ho mudn
nhan dugc gi khi sir dung san phém/dich vu cua ban. N6 cho phép ban tinh chinh va tdi
uu hoa cac dich vu. Nho d6, ban c¢6 thé dap tng nhu cau va mong doi ciia khach hang,
tir do cai thién sy hai long cia khach hang.

- Kha niang mé rong: Hay phan khic khach hang tiém nang va khach hang hién
tai thanh cac nhom nhoé cu thé. Nho dé, doanh nghi¢p co thé hiéu rd hon vé nhirng diéu
khach hang c6 thé quan tam. Piéu nay s& thuc ddy viéc mo rong cac san pham va dich
vu méi sao cho phu hop véi ddi trgng muc tiéu cua doanh nghiép.

- Giit chan dugc nhiéu khach hang hon: Phan khiic khach hang cé thé gitp
doanh nghiép phat trién nhiing chién lugc giit chan khach hang muc tiéu t6t hon bang
cach xac dinh nhiing khach hang tra tién nhiéu nhat cua cong ty. Tir d6, tao phiéu mua
hang dugc ca nhan héa cho ho hodc thu hat lai nhitng nguoi da khong mua hang kha

A

lau.



- Téi wu héa gia ca: Xéac dinh tinh trang x3 hoi va tai chinh cta khach hang. N6
gitip doanh nghiép dé dang dinh gia phii hop cho cc san pham/dich vu ma khach hang
cua ho cho 1a hop 1y.

- Tang doanh thu: Danh it thoi gian, ngudn luc va nd luc tiép thi vao cac phan
khuc khach hang it sinh 101 va danh thém thoi gian vao cac phan khuc khach hang
thanh coéng nhét cia cong ty. Két qua 1, n6 1am ting doanh thu, loi nhuan ciing nhu
giam chi phi ban hang cho doanh nghiép.

1.2.2 Tqi sao phii xdc dinh s6 cum t6i wu cho bdi todn phén khiic khdch hang

Khi Ira chon duoc sb lugng phan khic khach hang(sé cum t6i wu) du t6t s& gitp
doanh nghiép giam chi phi cho cac phuong phap tiép thi, ban hang. Qua do, ciing 1am
tang thém doanh thu cling nhu 191 nhuén cho doanh nghiép.

Ngoai ra khi chon dugc s6 phan khuc khach hang tét s& gitup cho doanh nghiép
giam bot thoi gian, tap trung duoc tdi da ngudn luc va phan bd chi phi mot cach hop 1y
nhit vao cac tap khach hang tiém nang.

Sau day 1a hé qua doanh nghiép s& gip phai phai néu chon sé lugng phan khiic
khach hang khong téi wu:

- Truong hop néu sb luong phan khic khach hang qua it s& 1am cho doanh
nghiép s& phai tiép can voi tap khach hang qua 16m, va diéu do6 s& lam tang chi phi tiép
thi, chinh sach, uvu dai...

- Truong hop néu chon sé luong phan khuc khach hang quéa nhiéu: S& lam cho
tap khach hang tiém nang bi bam nho, 1am ting thoi gian tiép thi cling nhu thoi gian
1am chinh sach ddi véi tig.

1.3 Poi twong va pham vi nghién ciru

D061 tugng nghién ctru:

- Tap dir liéu khach hang sur dung dich vu di dong

- Cac bai toan phan cym

- Cac bai toan veé xac dinh s6 cum toi uu.



Pham vi nghién ctru:

- Pé tai duoc thuc hién trong pham vi trén tap dir li€éu khach hang st dung dich
vu di dong cia VNPT Tay Ninh

- Céac giai thuat phan cum trong khai pha dir li¢u

- Céc thuat toan vé xac dinh s6 cum tdi wu
1.4 Phwong phap nghién ctru

Nghién ctru céac tai li€u, img dung cdc mo hinh ly thuyét va ching minh bang
thuc nghiém:

- Nghién ctru cac bai bio vé bai toan phan cum

- Nghién ctru cac tai liéu vé thuat toan phan cum: K-means[3], K-medoids[4]

- Nghién curu céac toan vé lya chon sd cum tdi wu: Elbow method[5], Average
silhouette method.

- Nghién ctru cac hoc thudt, cac bai bao, luan vin vé cac phuong phap danh gia
) luong cum: Do do bong (Silhouette), D& do Davies — Bouldin, P do Dunn.

- Ung dung céc thuat todn vao tap dir li¢u khach hang st dung dich vu di dong
tai Vinaphone T4y Ninh, tién hanh danh gia va chon phan khiic khach hang téi wu nhat.
Tong két cac két qua nghién ctru lién quan trude ddy va danh gia hiéu qua cua timg

phuong phép. Tién hanh thyc nghiém dé kiém tra va danh gia két qua.
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Chuong 2: CO SO LY LUAN

Chuong ndy sé& gidi thiéu cac kién thirc va noi dung, khai niém co ban vé kham
pha tri thire va KPDL. Pay 1a céac kién thirc va nén tang co ban dé phuc vu cho viéc tim
hiéu va xay dung hé théng KPDL. Céc ndi dung cu thé bao gdm: cac giai doan ciia qua
trinh kham pha tr1 thirc, cdc cong doan cua qua trinh KPDL, cac phuong phap KPDL
va cac k¥ thuat thuong 4p dung trong KPDL. Ngoai ra, n¢1 dung chuong ciing di sau
vao gidi thi¢u vé phan cum dir liéu, mot s6 khai niém can biét trong phan cum dir liéu
va cac yéu cdu can thiét cua phan cum dir liéu.

2.1 Tong quan vé khai pha dir liéu

Trong hai thap ky qua, s6 luong dit liéu duoc luu trit trong CSDL ciing nhu s6
lugng cac tmg dung vé CSDL trong cac linh vuc kinh doanh va khoa hoc d3 ting lén
rat nhiéu lan. Su bung nd vé sb lugng dir li¢u dugc luu trir nay la nho sy thanh cong
cua mo hinh di¥ 1iéu quan h¢ cung véi do 1a sy phat trién va hoan thién cta céac cong cu
truy xudt va thao tac dir liéu. Trong khi cong nghé luu trit dit liéu phat trién nhanh
chong dé theo kip nhu ciu, thi viéc phat trién phan mém dé phan tich dit liéu van con
rat it, cho dén gan déy thi cic cong ty nhan ra rang an bén trong nhitng khéi dit liéu nay
13 mot ngudn tai nguyén dang bi bo qua.

Hién tai, cac hé théng quan ly CSDL duoc st dung dé quan 1y cac tap dir liéu
nay chi cho phép nguoi dung truy cap thong tin hién thi rd rang trong CSDL, tirc 1a dir
lidu. Dir lidu duoc luu trir trong CSDL chi 1a mot phan nhé cia 'tang bang thong tin'.
An chira trong dir liéu nay la kién thirc vé mot s6 khia canh cta hoat dong kinh doanh
cua ho dang cho duogc khai thac va stir dung dé hd tro ra quyét dinh kinh doanh hiéu qua
hon. Viéc trich xuét kién thirc tir cac tap dir lidu 16n nay duoc goi 1a Khai pha dir liéu
hodc Kham pha tri thirc trong Co s& dir liéu va dugc dinh nghia la viéc trich Xuét
nhirng thong tin tiém 4n, chua biét trudc ddy va co thé hitu ich tir dir lidu. Thay ré duoc
nhirng loi ich mang lai, nén da c6 nhiéu ngudn lyc tap trung vao KPDL, va kéo theo d6

1a sy phat trién chung ctia nganh nay.
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Mot cach ngan gon KPDL, con dugc goi 1a kham pha tri thuc trong co so dit
liéu (Knowledge discovery in databases - KDD), 1a linh vyc khdm phd thong tin mdéi va
hitu ich tir mot luong 16n dir liéu. Khai thac dit liéu di duoc ap dung trong rat nhiéu
linh vuc, bao gdm ca ban 18, tin sinh hoc va chéng khing bd. Ngoai ra ciing ¢6 nhiéu
thuat ngit duoc dung cling ¢6 ¥ nghia véi KPDL nhu Knowledge extraction (chat loc
tri thirc),data dredging (nao vét dit liéu), data/pattern analysis (phan tich dit liéu/mau),
Knowledge Mining (khai pha tri thirc), data archaeology (khao ¢ dit liéu), ...

2.2 Qua trinh kham pha tri thirc, khai pha dir li¢u
2.2.1. Kham phad tri thurc
Qua trinh kham pha tri thic[6], gdm cac budc:

Panh gia két qua man
Khai thac dir
s g
Chuyen dai dir liéu
Tien xir ¥, . i
 Tri thulre

Lira chon : ]
= I
A | Mau |
| I 1

| Kiy |
o " D liéu :
1 Dirligu 1 chuyén dartg !
Mosra ool tidnxkly ' T !
i D lign dicha AR i "
[ ] | [ |
A ; I ] | | |
I Dir lieu ! i | I i
| i i | I I
| [ 1 1 I [
i o e s o i i b i g i ol v s o i e M

Hinh 2.1: Qua trinh kham pha tri thirc

Buée 1. Phat trién va hiéu vé ung dung (Developing and understanding the
application domain): Budc ndy bao gém viéc hoc kién thirc o lién quan trude do va
muc tiéu ctia nguoi dung cubi ma kién thirc da kham pha s& mang lai cho ho.

Buéc 2. Lua chon dir liéu muc tiéu(Creating a target data set): O day, cong cu

khai thac dir liéu chon mét tap hop con cac bién (thudc tinh) va diém dir liéu (cac miu)
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s€ dugc su dung dé thyuc hién cac tac vu khai pha. Budc nay thuong bao gém truy van
dit liéu hién c6 dé chon tap hop con mong mudn.

Buée 3. Lam sach va tién xu 1y dir liéu(Data cleaning and preprocessing): Dit
liéu sau khi dugc thu thap s€ dugc lam sach, rat gon va roi rac hoa. Phan 16n dir liéu
gbc déu & dang hon loan, c6 thé thiéu thong tin hodc thong tin sai léch, do vay can
dugc xu 1y trude khi dua vao cac mo hinh thuat toan. Dir 1i€u sau khi dugc xtr Iy budce
nay sé nhét quan, sach s¢, dﬁy du, duogc rut gon va duogc roi rac hoa.

Buéc 4. Giam va chiéu dir liéu(Data reduction and projection): Budc ndy bao
gbm viéc tim kiém cac thudc tinh hitu ich bang cach ap dung cac phuong phap bién doi
va giam sai s6 dir liéu, dong thoi tim cach biéu dién bat bién cta dir lidu.

Buéc 5. Chuyén d6i dir liéu (Data Transformation). Chuyén dbi dir liéu 1a mot
ky thuat tién xir 1y dir liéu thiét yéu phai dugc thyuc hién trén dir liéu trudc khi khai thac
dir liéu dé cung cip cac mau dé hiéu hon. O budc nay dit liéu dugc lam min va chuin
hoa dé phuc vu cho cac budc sau.

Budc 6. Lya chon thuat toan khai thac dir liéu(Choosing the data mining
algorithm). Nguoi khai thac dir liéu s& chon cac phuong phap dé tim kiém cac miu
trong dit liéu va quyét dinh cac mo hinh va thong sd cta cac phuong phap s& duoc sir
dung dé c6 két qua phu hop nhat.

Buéc 7. Khai pha dir liéu(Data mining). Pay 1a cong doan quan trong va ton
phan 16n thoi gian cta ca qua trinh KPTT, ¢ budc ndy cac chuyén gia KPDL sé& ap
dung cac phuong phép, cac thuat toan khai pha(phan 16n 1a cac k¥ thuat cia machine
learning) dé khai pha, trich chon duoc cic mau (pattern) thong tin can thiét va cac moi
lién hé trong dir li¢u.

Buwéc 8. Panh gia va biéu dién tri thirc (knowledge representation & evaluation):
O giai doan nay, dé trinh bay mot cach truc quan va dé hiéu, cac chuyén gia sé& sir dung

cac k¥ thuat biéu dién va hién thi dé truc quan héa cac tri thirc da thu thap duoc dudi
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dang gan giii v6i con ngudi nhu d6 thi, cdy, bang biéu, luat,... cho nguoi dung. Ngoai
ra, & budc ndy ciing s& danh gia dugc nhiing tri thirc khai pha theo cac tiéu chi da dé ra.

Két qua ma KPTT mang lai cho gidi kinh doanh 1a khong hé nho, do ¢6 KPTT
duoc xem nhu 13 mot nhu cau tit yéu cta cac doanh nghiép, tip doan 16n. Tuy nhién vé
mit k¥ thuat, dé co mot két qua tot tir KPTT d6 thuc su 1a mot kho khan va thach thirc
dbi vé6i cac doanh nghiép ciling nhu cac chuyén gia. Vi KPTT phai duoc xay dung dua
trén cac giai thuat méi, dinh hudng theo nhu cdu cta ting doanh nghiép dé no giai
quyét cac bai toan vé kinh doanh cho doanh nghiép. Mot sb ki thuat dang duoc nghién
ctru va sir dung dé KPDL hién nay nhu: phan 16p dit liéu, phan cum dir liéu, cay quyét
dinh (CART, CHAID, AID), mang neuron, phuong phap lang giéng gin nhat(K
Nearest Neighbour), cac luat suy dién (suy dién tién, suy dién Iui),...

2.2.2. Qua trinh khai pha dir liéu

KPDL Ia mét bude quan trong trong qua trinh KPTT. Cong viéc chinh cua giai
doan nay thyc hién 1a 4p dung cac k¥ thuat khai ph4, sau d6 sé trich chon ra cac mau
thong tin(pattern), cic moi lién hé véi nhau trong dit liéu. Két qua sau khi thuc hién
giai doan nay 1a ta s& tim ra dugc cac dit kién thong tin méi, hitu ich an chira trong
CSDL, va tir két qua c6 duoc s& dung dé phuc vu cho mé ta va du doan. Va day ciing 1a
giai doan duy nhat trong ca qui trinh dé tim ra dugc thong tin méi.

- M6 ta dir li€u la cong viéc tom tat cac van ban hodc biéu dién mot cach truc
quan dé hiéu nhiing dic diém chung cua nhiing thudc tinh dit liéu ma con ngudi co thé
dé dang hiéu duoc.

- Du doan 1a dya trén nhitng dit kién hién cé dé tir 46 ta c6 thé doan ra duge cac
quy luat tr cac mdi lién hé gitra cac thudc tinh cua dir li¢u, va ta co thé rut ra duoc céac
pattern(mau). Du doan duoc nhitng gia tri ma ta chua biét hoic nhiing gié tri trong qua
khir hodc nhiing gia tri c6 thé dung trong tuong lai cua dit lidu.

Qua trinh KPDL gbm cac budc:

- Buwéc 1: Xac dinh nhiém vu: O bude nay ta can xac dinh chinh xac, o rang

cac van dé, nhiém vu ma ta can phai giai quyet.
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- Buwéc 2: Xac dinh cac dir li¢u, dir kién 1ién quan: Trich chon céc dir li¢u, dir
kién c6 lién quan dé str dung chiing va xdy dung cac giai phap hop 1y.

- Buéc 3: Thu thap va tién xu 1y dir lidu: Thu thap dir liéu dé dao tao mo hinh
ML 1a budc co ban trong qua hoc may. Céac du doan dugc cho ra két qua tot
khi cac dir liéu ma ching da dugc dao tao du tét. Sau khi duoc thu thap, dit
ligu s€ dugc xur 1y trudc thanh mot dinh dang ma thuat toan hoc may co thé
sit dung duoc. Nghe tuy rat don gian, nhung khi bat tay vao thyc hién ta s&
gip cac van dé phat sinh cn phai giai quyét nhu: trung 13p dit liéu, quan 1y
tap cac dit liéu 16n, phai lap lai nhiéu 1an toan bd qué trinh (néu nhu md
hinh dit liéu c6 thay d6i), v.v..

- Buwée 4: Tién hanh khai pha béng thuat toan KPDL: lua chon cac thuat toan
can thiét va thyc hién viéc KPDL dé tim duoc cic mau(patterns) cé y nghia,
cac mau nay duogc biéu dién dudi dang luat két hop, luat san xuét, biéu thirc

hoi qui, cdy quyét dinh... twong tmg vdi y nghia ciia no.

Thing ké tom tit

]

Xic Xac Thu thip Giai thuat

dinh p dinhdir || va tién khai pha

nhiém liéu lién xir Iy dir dir liéu »
vu quan liéu

Hinh 2.2: Qua trinh KPDL

2.3 Cac phwong phap khai pha dir li¢u

Néu theo quan diém cua hoc may (Machine Learning), thi cic k§ thudt trong
khai pha dir liéu, bao gom:

- Hoc c6 giam sat (Supervised learning): 12 mot nhom thuat toan st dung dir li¢u

duoc gan nhan nham mo hinh héa moi quan hé gitra bién dau vao (x) va bién dau ra (y).
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Hai nhém bai todn co ban trong hoc c6 gidm sat la classification (phan loai) va
regression (hdi quy), trong d6 bién dau ra cua bai toan phan loai ¢ cac gi tri roi rac
trong khi bién dau ra cta bai toan hdi quy co cac gia tri lién tuc. Vi Supervised
Learning, bén canh xay dung cdc md hinh manh, viéc thu thap va gan nhan dir li¢u tdt

va hop 1y ciing dong vai tro then chét dé giai quyét cac bai toan trong thuc té.

Di¥ liéu gan nhan Thuat toan hoc > M hinh

Hinh 2.3: M6 hinh hgc c¢6 giam sat

- Hoc khong c6 giam sat (Unsupervised learning): 12 mQt nhém thudt toan sir
dung dit liéu khong c6 nhin. Céc thuat toan theo cach tiép can nay hudng dén viéc mo
hinh hoéa duoc cau tric hay thong tin an trong dir liéu. Hay noi cach khac, st dung céac
phuong phap nay thién vé viéc mé ta tinh chat hay dic tinh cia dit liéu. Thong thuong,
cac thuat toan nay dua trén nhitng thong tin sau: M6i quan hé tuong ty (similarity),

Xéc suat dong xuat hién cua cac doi tuwgng, Cac phép bién doi ma tran dé trich xuat cac

dac trung,...
e
@ @
o ® %
R
® Algorithm
®
@
®

Hinh 2.4: M6 hinh hoc khong giam sat

- Hoc ntra gidm sat (Semi - Supervised learning): Hoc nira giam sat 1a mot cach

tiép can hoc may két hop mot lwgng nho dir licu dugc gén nhan véi moét lugng 16n dir
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lidu khong duoc gian nhan trong qua trinh dao tao. Hoc nira giam sat nim giira hoc tip
khong giam sat (dit liéu khong duoc gan nhan) va hoc tap co giam sat (dit lidu c6 gan
nhan). Pay 1a mot trudng hop dic biét cia viéc giam sat yéu..

Néu cidn cir vao 16p cac bai toan can giai quyét, thi khai pha dit 1iéu bao gdm cac
ky thuat &p dung sau:

- Phan 16p va dy doén (classification and prediction): Phan 16p 1a x4c dinh danh
muc hodc cac nhan cua mdt tap dir li€u huan luyén. Dau tién, mot tap dir lieu duoc su
dung 1am dir liéu huan luyén. Tap dir liéu huan luyén bao gom dir liéu dau vao va céac
két qua dau ra(nhan) twong (mg cung cap cho thuat toan. Sau khi huan luyén thi két qua
thu duoc 12 mé hinh. Cac mé hinh c6 thé 13 cy quyét dinh, cong thirc toan hoc hoic
mang no-ron. Trong Phan 16p, khi dit liéu chua dugce gan nhan duoc cung cip cho mo
hinh, n6 s€ tim ra nhan cho dir li€u do, va day 1a muc ti€u cua bai toan.

- Luat két hop (association rules): 1a mot thu tuc nham tim kiém cac mau, mbi
tuong quan, lién két hodc ciu tric nguyén nhan - két qua tir cac tap dir liéu trong céc
loai co s¢ dit liéu khac nhau nhu co s& dit liéu quan hé, co s& dit li€u giao dich va cac
dang dir li¢u khac. Luat két hop dugc tng dung nhiéu trong linh vuc nhu: ban hang
trong kinh doanh, y hoc, cac linh vuc vé tai chinh, chiing khoan, .v.v.

- Phan cum (clustering/ segmentation): Phan cum la mdt Thuat toan dya trén
Hoc may khong duogc giam sat bao gff)m mot nhém céac diém dir liéu thanh cac cum dé
cac ddi twong thudc ciing mot nhom. Phan cum giup chia dir liéu thanh nhiéu tip con.
Mai tap con nay chira dit liéu twong tu nhau va cac tap con nay duogc goi 1a cac cum.

- Khai ph4 miu tuan tir (Sequential Pattern Mining): Mau tudn tu 13 mot tap hop
co s& dit liéu ¢ cau truc tap phé bién Xay ra tuan tu voi thtr tu cu thé. Co so dir lidu
trinh tu 1a mot tap hop cac thanh phﬁn hoac su kién co thir tu, duwgc luu trir c6 hoac
khong c6 thoi gian cu thé. Mdi tap hop chira mot tap hop cac muc bao gom cing mot
gia tri thoi gian giao dich. Trong khi cidc mo-dun lién két chi ra cac moi quan hé ndi bo

giao dich, cac cau hoi tuan ty thé hién moi tuong quan gitra cac giao dich. Khai thac
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theo mo hinh tuan tu (SPM) [7] 13 qua trinh phan tach cac mo hinh tudn ty nhit dinh c6
murc hd trg vuot qua ngudng hd tro ti thiéu duoc xac dinh trudc. Ngoai ra, khai thac
mAu tuan ty gitp trich xuat cac trinh ty phan anh cac hanh vi thudng xuyén nhat trong
co s& dit lidu trinh tu, do d6 c6 thé duoc hiéu 1a kién thirc mién cho mot sé muc dich.

- Tryc quan héa (Visualization): truc quan héa dir liéu 1 biéu dién d6 hoa cua
dir liéu va thong tin dugc trich xudt tir khai phé dir liéu bang cach sir dung cac yéu t6
truc quan nhu dd thi, biéu do va ban dd, cong cu truc quan hoa dir liéu va cac ky thuat
gitip phan tich lugng 16n thong tin va dua ra quyét dinh vé thong tin do.

- Tong hop (Summarization): Tong hop dit liéu ¢ thé duge dinh nghia 1a viéc
trinh bay mot ban tom tt / bao cdo dir litu duoc tao ra mot cach dé hiéu va déy du
thong tin. bé chuyén tiép thong tin vé tap dir liéu, ban tom tat duoc léy tur toan b tap
dir li¢u. Bay 1a mdt ban tom tat duoc thuc hién can than s& truyén dat cac xu huong va
mau tir tap dir liéu theo cach don gian hoa.

- M6 hinh rang budc (Dependency modeling): M6 hinh rang budc bao gém viéc
tim kiém mot mé hinh moé ta sy phu thudc dang ké giira cac bién. M6 hinh phu thudc
tdn tai & hai cép do: (1) cép dd cAu tric ciia mé hinh cu thé (thuong ¢ dang dd hoa) cac
bién nao phu thudc cuc bg vao nhau va (2) cép do xac thuc cua mo hinh xac dinh do
manh cua cac yéu td phu thuoc béng cach st dung mot s ti 18.

- Banh gia m6 hinh (Model Evaluation): Panh gid mo6 hinh 1a qué trinh sir dung
céc chi s danh gia khac nhau dé hiéu hiéu suat cia mé hinh hoc may ciing nhu diém
manh va diém yéu cia né. Panh gia mo hinh 1a quan trong dé danh gia hiéu qua cua
mot md hinh trong cac giai doan nghién ctru ban dau, va nd ciing dong mot vai tro
trong viéc giam sat mo hinh.

2.4 Phan cum dir liéu
2.4.1 Phan cum la gi? Muc dich ciia phin cum dir liéu
Phan cum dir 1iéu[8] 1a viéc phan nhom cac d6i twong cu thé dua trén cac dic

diém va diém tuong dong cua ching (thuong 1a cac thudc tinh cua dit liéu). Poi vai
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khai pha dir liéu, phuong phap nay phan chia dit liéu phi hop nhét véi phan tich mong
muén béng cach sir dung mot thuat toan ndi dic biét. Phan tich nay cho phép mot doi
tuong thudc hodac khong mét cum, duoc goi 1a phan cum cing.

Phan cum dir li¢u dugc xem la hoc khong giam sat(Unsupervised learning), vi
n6 phan nhom céc dbi tuong khong duoc gin nhin va thuc hién cong viéc phan nhom
chi dua vao dic tinh caa cac dit liéu dau vao thuong 1a dya vao d6 do muc do tuong
dong cua dir lidu.

Phan cum duoc cac chuyén gia st dung dé phan loai khach hang, phan khuc
khach hang theo nhiing dic diém vé khach hang da xac dinh tir trude vi du sir dung
phan cum dé phéan khic khach hang dwa theo diém tin dung (credit scores) trong
nganh tai chinh ngan hang, hay phan khuc khach hang trong nganh vién thong,
nganh ban 1¢ dya trén mé hinh RFM (Recency-Frequency-Monetary Value) dé xac
dinh nhém khach hang chi tiéu nhiéu, dén nhom khach hang chi tiéu thap, khach
hang st dung dich vu thudong xuyén dén khach hang khong st dung dich vu,... dé
danh gia tong quat.

2.4.2 Cic buwéc co bin dé phin cum

- Chon lwa dic trung: 1a mot ki thuat can thiét dé giam van dé vé kich thude
trong tac vu khai pha dir liéu. Cac dic trung can phai duoc tién xur Iy(xt 1y nhiéu, tring
lap,...) trudc khi duge dung cho cac budc tiép theo. Két qua phan cum sé& khac nhau
néu cac dic trung dugc chon khac nhau. Do d6 viéc lya chon cac déac trung hop ly 1a
dua vao kién thtrc va kinh nghiém cua cac chuyén gia.

- Chon d6 do: Ung voi ting phuong phap phan cum khac nhau ma ta lya chon
céc do do phu hop dé cho ra két qua phu hop nhat.

- Tiéu chuén phan cum: Ung v&i moi tap dir liéu khac nhau sé tao ra cac cum
khac nhau va tir d6 ta c6 cac tiéu chudn phan cum khac nhau. Tir cac ham chi phi(tinh
do do gitra cdc cum) ma ta co thé tinh ra dugc chi phi va chon ra tiéu chuin phan cum

hop 1.
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- Thyc thi thuat toan phan cum: cédc giai thudt phan cum khéac nhau sé duoc st
dung & giai doan ndy, véi muc tiéu 1 1am sang to cac cau tric cum cua tap dir liéu dau
vao.

- Cong nhan két qua: Sau khi thyc thi cac thuat toan phan cum va thu duogc két
qua phan cum thi ta phai kiém tra tinh dung dan va hop 1y cua nd. Cac kiém dinh phu
hop sé& duoc st dung & giai doan nay dé lya chon va cong nhan két qua.

- Giai thich két qua: Dya vao kinh nghiém thuc té va két qua phan cum vua dat
duoc, cac chuyén gia trong linh vuc tmg dung phai két hop nhitng bang chimg thuc
nghiém va k¥ niang phén tich dé dua ra cac két qua ding dan va hop 1y nhat.

2.4.3 Cac wng dung cua phdn cum
- Hiéu cac dir liéu(Understanding)
+ GOp nhom céc tai li¢u lién quan.
+ Nhom cac gen va protein c6 chirc nang twong ty vé mat sinh hoc.
+ Phan cum cac ¢ phiéu co gia bién dong tuong tu.
+ ...

- Tém tat dit ligu: Giam kich thudc dit lidu.

- Hb tro giai doan tién xu 1y dit liéu (data processing).

- Nhan dang mau(pattern recognition).

- Phan tich dir li¢u khong gian(spatial data analysis).

- Xt ly anh(image processing).

- Phan manh thi truong(market segmentation).

2.4.4 Cdac phwong phdp phédn cum dir liéu
a. Phwong phap phan cum Phan cip(Hierarchical clustering)

Phan cum phan cap (hierarchical clustering) Phan cum phan cép, con dugc goi
la phan tich cum phan cép, 12 mot thudt toan nhom céac dbi tuong tuong tu thanh cac

nhém dugc goi la cum. Bi€m cudi 1a mét tap hop cac cum, trong d6 moi cum khac biét
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voi1 tirng cum khac, va cac doi tugng trong moi cum tuong ty nhau. Co hai hudng ti€p

can ddi v6i phuong phap phan cum phéan cap nay: Agglomerative va Divisive.
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Hinh 2.5: Phan cum theo cich tiép cin top-down/bottom-up va dendrogram biéu dién

cAy phan céap ddi twong {a,b,c,d,e}

- Agglomerative clustering: Phuong phap tiép can tir duéi lén(bottom-up)
Nghia 13, mdi ddi twong ban dau duoc coi nhu mot cum don nguyén t6 (14). G mdi
budc cua thudt toan, hai cum gidng nhau nhat dugc két hop thanh mét cum (nat) méi
16n hon. Quy trinh nay duoc lap lai cho dén khi tit ca cac diém chi 1a thanh vién cia
mot cum 16n duy nhét (nat gdc).

- Divisive clustering: Ngugc lai voi agglomerative, Con dugc goi 13 cach tiép
can tir trén xudng. Thuat toan nay ciing khong yéu cau xac dinh trude s6 luong cum.
Phan cum tir trén xudng yéu cau mot phuong phap dé tach mot cum chira toan bo dir
liéu va tién hanh béng cach tach thanh cac cum con va thuc hién dé quy cho dén khi
cac nut con dugc tach thanh cac cum don 1¢.

Ta c6 thé st dung cac phuong phap xac dinh méi lién két sau dé xac dinh
khoang cach gitra cac cym:

1) Single linkage: Khoidng cach gitta hai cum dugc xac dinh 1a khoang cach
ngan nhat gitra hai diém trong mdi cum. Lién két ndy c6 thé dugc sir dung dé phat hién
cac gia tri cao trong tap dit liéu, nhitng gid tri ndy c6 thé 1a gia tri ngoai 1 vi chiing s&
duoc hop nhét & cudi.

2) Complete linkage: Khoang cach gitra hai cum dugc xac dinh 1a khoang cach

xa nhat gitra hai diém trong moi cum.



21

3) Average linkage: Khoang cach gifra hai cum dugc xac dinh 1a khoang céach
trung binh giita mdi diém trong mot cum véi moi diém trong cum khéc.

4) Centroid-linkage: Tim tdm cta cum 1 va tdm cua cum 2, sau d6 tinh toan
khoang céach gitta hai trude khi hop nhat.

Céc thuat toan dién hinh cho phuong phap phan cum phan cap géom c6 CURE,
BIRCH, ROCK, AGNES, DIANA va Chameleon.

b. Phwong phap phan cum Phan hoach(Hierarchical Partitional)

Phuong phap phan hoach (partitional clustering) 1a tao ra cac phan vung khéc
nhau va sau d6 danh gia chung theo mot sé tiéu chi. Ching ciing duoc goi 1a khong
phan cép vi mdi ca thé duoc dat trong chinh xac mot trong k cum loai trir 1an nhau. Béi
vi chi c6 mot tap hop k cum la dAu ra cua thuat toan phan cum phan hoach dién hinh,

ngudi ding duoc yéu cau nhap sé lugng cum mong mudn (thudng dugc goi 1a k).
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Hinh 2.6: Vi du phan hoach véi k=3

Mot trong nhimng thuat toan phan cum phan hoach duoc sir dung pho bién nhét
la thuat toan phan cum K-Means do c¢6 uu diém 12 mot giai thuat don gian dé cai dat,
va cho ra két qua d& hiéu. Tuy nhién kha ning chiu nhidu khong tét, cung véi d6 1a dé
bi anh hudng boi cac phan tir nhidu, ngoai 18, nén diy c6 thé xem 1a nhugc diém cua
thuat toan nay.

Thuat toan PAM (Partitioning Around Medoids) tim kiém k dbi twong dai dién
trong tap dir liéu (k tm) va sau d6 gan timg d6i trong cho tdm gan nhat dé tao thanh

cac cum. Muc dich cua n6 1a giam thiéu tong diém khong giong nhau gilta cac doi
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tuong trong mdt cum va trung tdm cua cung mdt cym (medoid). N6 duoc biét dén 1a
mot phién ban manh mé cua k-means vi n6 dugc coi la it nhay cdm hon véi cac ngoai
1€.

Ngoai ra, cac giai thuat nhu CLARA, CLARANS ciing cho ra két qua phan cum

tot.

c. Phuwong phap phan cum dua trén mat d¢ (Density-based clustering)

Phan cym duya trén mat d6 dé cap dén mot trong nhitng phuong phéap hoc khong
giam sat pho bién nhat dugc sir dung trong cac thuét toan xdy duyng mé hinh va hoc
may. Céc diém dir liéu trong vung cach nhau boi hai cum c6 mat do diém thép duoc
coi 14 nhidu. Moi truong xung quanh cé ban kinh & ctia mot doi twong nhat dinh duoc
goi 1a ving 14n cén € ctia dbi trong. Néu & ving 14n cin cua d6i twong bao gdm it nht
mot sb tdi thiéu, MinPts cua cac ddi tuong, thi né duoc goi la dbi tuong bt 16i.

Céac phuong phap phan cum dua trén mat do 1a rat tot vi ching khéng chi dinh
trudc s6 lugng cac cum. Khong gidng nhu cac phuong phép phan cum khac, chung két

hop khai niém vé céac gia tri ngoai lai va co6 thé "loc" chung ra.

.
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Hinh 2.7: Cac cum cé hinh dang bat ky

Mot s6 thuat toan pho bién cho phuong phap phan cum dua trén mat do nay la:

DBSCAN, HDBSCAN, OPTICS, DENCLUE.

d. Phwong phap phian cum dua trén lu6¢i(Grid-based Clustering)
Céac phuong phép tiép can dya trén mat do va/hodc dua trén ludi phd bién ddi
voi cac cum khai thac trong mét khong gian da chiéu rong 16n, trong d6 cac cum duoc

coi la vung day dic hon so v&i1 méi truong xung quanh ching.
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D9 phtrc tap tinh todn cua hau hét cac thuat toan phan cum it nhét 1a ty 1¢ tuyén
tinh v6i kich thuGe cua tap dit liéu. Uu diém 16n cua phan cum dua trén ludi la giam
dang ké do phtrc tap tinh toan, dac biét la ddi véi phan cum cac tap dir liéu rat 16n.

Cach tiép can phan cum duya trén ludi khac vaoi cac thuét toan phan nhém thong
thuong & chd no khong quan tdm dén cac diém dir liéu ma quan tdm dén khong gian
gia tri bao quanh céc diém dir liu. Noi chung, mot thuat toan phan cum dya trén ludi
dién hinh bao gdm niam budc co ban sau (Grabusts va Borisov, 2002):

Buée 1: Tao cdu tric ludi, tirc 13 phan vang khong gian dir liéu thanh mot sd 6
hiru han.

Buwéc 2: Tinh mat d6 6 cho mdi 6.

Buée 3: Sip xép cac 6 theo mat do cua ching.

Budc 4: Xac dinh cac trung tdm cum.

Budc 5: Truyén qua cac 6 lan can.

e. Phwong phap phan cum cé dir liéu rang budc
Sy phat trién ctia phan cum khong gian trén co s& dit lidu 16n da cung cép nhiéu

cong cu tién loi dé phan tich thong tin dia 1y, tuy nhién hau hét cac thuat toan nay cung
cAp rat it cach dé nguoi dung xac dinh cac rang budc trong thé gidi thuc can dugc thoa
mén trong qua trinh phan nhom. Pé phan cum khong gian hiéu qua hon, can phai thyuc
hién nghién ciru bd sung dé cung cap cho nguoi dung kha ning két hop cac rang budc
trong thuat toan phan cum.
2.4.5 Cac thach thirc phdn cum
a. Nhirng thach thirc chung trong khai pha dir li¢u:

Nhung thach thire thuong gap trong khai pha dir li€u[9]:

- Dt liéu bi nhiéu va khéng ddy di: Dix liéu bi thiéu hodc khong day du thi kha
pho bién. Viéc bod qua cic truong hop c6 gia tri bi thiéu thuong dan dén thong tin bi
mat, diéu nay di ngugc lai voi viée phat trién mot mo hinh KPDL tét. C6 nhiéu phuong

phap théng ké dé xtr 1y dit lidu bi thiéu va x4c dinh cac gia tri thudc tinh bi nhidu.
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- Lam sach va tién xir ly dir liéu: Trong qua trinh nay, dir li¢u nhiéu va dir liéu
khong lién quan duoc loai boé khoi bd suu tap. N6 dién cac gia tri bi thiéu, dong thoi
xac dinh cac gia tri ngoai 1¢, nd s& lam giam nhiéu va sira cac diém khong nhat quan
trong dit liéu. Lam sach dit liéu bao gébm quy trinh hai buéc lip di lip lai bao gdm:
phat hién su khac biét va chuyén d6i dir lidu.

- Qud khép (Overfitting): Mb hinh rat hop 1y, rat khép véi tip hudn luyén nhung
khi dua ra dy doan véi dir liéu méi thi lai khong phu hop. Nguyén nhan cé thé do ta
chua du dir liéu dé danh gia hodc do mé hinh cua ta qua phirc tap. M6 hinh bi qua phtic
tap khi ma mé hinh cua ta sir dung ca nhiing nhiéu 16n trong tap dir liéu dé hoc, dan t&i
mat tinh téng quat cia mo hinh.

- Dit lidu da dang va khéng dong nhat: Céac ky thuat khai pha dit liéu trude day
duoc st dung dé khai pha cac mau chua biét va cac mbi quan hé cac tap dir li¢u nhd, co
cAu tric, déng nhét. Sy da dang 1a mdt trong nhitng dac diém quan trong cua dir li¢u
16n. Pay 1a két qua sy tong hop ctia gan nhu khong gidi han cac nguon dit liéu, hé qua
tat yéu cua hién tuong nay 1a su khong dong nhat cua dir lidu.

- Théng tin han ché: dit liéu thu duoc tuy c6 nhung khong day du khién cho két
qua dau ra khong chinh xéc.

- Quy mo dir liéu: Dung luong va quy mo 1én chua tung c6 cua dir li¢u 16n doi
hoi cac cong cu quan 1y va khai pha dir liéu phai dugc cai tién twong ing. Piém quan
trong 13 v6i quy mo cuc 16n thi ta c6 nhiéu co hoi dé kham pha nhiéu tri thitc hon trong
dir liéu thong thudng (quy mo nho). Nhitng hudng tiép can dudi day néu dugc ap dung
hop 1y s& dem lai hiéu qua trong khai phé dit liéu 16n: (1) dién toan dam may két hop
v6i tinh todn song song; (2) twong tac ngudi dung (46 hoa - GUI hodc dua trén ngdn
ngir) - giup viéc twong tac gitra nguoi dung va hé théng tré nén nhanh chéng va hiéu
qua.

- Viéc két hop cac kién thirc nén: Viée doc két qua, thuc hién lya chon céac dac

trung, thudc tinh dé tién hanh khai pha dir liéu can phai c6 mét kién thirc nén twong dbi
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dé doc két qua mot cach chinh x4c véi thuc té nhat. Vi vay ngoai cac kién thurc chuyén
mon vé khai pha dit liéu thi cAn phai nam hodc phéi hop véi cac chuyén gia trong linh
vuc d6 dé co két qua dau ra tot nhat.

- Tryee quan héa dir liéu: Nhiém vu chinh & giai doan nay 1a truyén thong va
trinh bay két qua thu duoc mot cach ro rang va hiéu qua cho ngudi ding cudi thong
qua d6 hoa nhu 1a cac bang biéu hoic biéu dién bang dd thi. Bang biéu thudng duoc
dung khi xem xét hoic do ludng gid tri ctia mot bién. Két qua thu duoc 1a dit liéu phuc
tap tré thanh duogc thé hién mot cach d& hiéu hon. Nguoi st dung co thé dé dang thyc
hién phan tich nhu tao phép so sanh dit ligu.

- Toc dé/tinh chuyén dong lién tuc: Dboi vé6i dir lidu 16m, toc d(f)/chuyén dong lién
tuc thuc su quan trong. Kha nang truy nhap nhanh va khai pha dit li¢u 16n khong chi 1a
mong muén chu quan ma la mot nhiém vu xu 1y dac biét ddi voi cac dong dir li€u (data
stream) (moQt dinh dang phé bién cua dit liéu 16m) - chiung ta phai hoan thanh vi¢c xu
ly/khai pha dong dit liéu d6 trong mot thoi gian nhat dinh, bai néu khong thi két qua xur
Iy/ khai pha d6 tré nén it c6 gia tri hodc tham chi 1 vo gid tri. Chang han, Gng dung doi
hoi chay theo thoi gian thuyc nhu dy doan dong dat, du doan thi truong chung khoan,
thi truong ngoai hoi...

- Ngén ngir truy van khai phd dit liéu: Ngon ngit truy van dong mét vai trd quan
trong trong viéc tim kiém mét cach linh hoat. N6 s& tao diéu kién thuan lgi cho viéc
dac ta cac bo dit li¢u c6 1ién quan dé phan tich.

- Bdo mdt dir liéu riéng tw: Di liéu riéng tu luon 1a van dé can xem xét trong
khai pha dir liéu. Van dé nay con nghiém trong hon khi cac tng dung khai pha dit liéu
16n thuong doi hoi cac thong tin ca nhan dé tao ra cac két qua c6 lién quan dén timg céa
nhan nhu cac dich vu dya trén dia diém (chang han quang co). Hon nira, trong cac di
lidu c6 duoc tir cac phuong tién truyén thong hay mang xa hoi, cac thong tin c4 nhan
ctia nhiéu nguoi thuong cé lién quan dén nhau va dé dang bi "dao x6i“ boi cac ung

dung khai pha dir liéu. Mot vi du don gian, cac giao dich trong cudc séng hang ngay



26

cua ching ta dang duogc dua 1én mang va dugc luu vét & d6: email, tin nhén, blog,
Facebook, mua sdm, thanh toan hoa don truc tuyén, s6 dién thoai, dia chi nha, ngay
sinh...

- Gidi thich két qua: Pau ra khai thac dir liéu c6 thé yéu cau cac chuyén gia giai
thich chinh xéac két qua dau ra.

b. Cac thach thirc trong phan cum dir li€u:

- Xdc dinh cdch tinh khodng cdach[10]: D6i v6i cac thude tinh s6, cac thude do
khoang cach c6 thé dugc sir dung 1a cic phuong trinh tiéu chuin nhu euclidean,
manhattan va thuéc do khoang cach t6i da. Ca ba déu 1a truong hop dic biét cua
khoang cach Minkowski.

- Xdc dinh sé luong cum: Vié¢c xac dinh $6 lugng cac cym la mdt nhiém vu kho
khan néu khong biét trude s6 lwong nhan 16p. Can phén tich can than s6 lugng cac cum
dé dua ra két qua chinh x4c. Diéu nay co thé 1a tham hoa néu phuong phap dugc sir
dung 1a phan cap.

- Thiéu nhén: Dbi véi cac tap dir ligu thuc (Vé ban chét 1a quan h¢ vi ching cé
cac bo gia tri va cac thudc tinh), viéc phan phdi dit lidu phai duoc thuc hién dé hiéu cac
nhan 16p ¢ dau?

- Cdu tric ciia co sé dir liéu: Trong thyuc t& dir lidu co thé khong phai lac nao
cling chira cac cum c6 thé nhan dang r6 rang. Ngoai ra, th ty sip xép cac bo gia tri co
thé anh huong dén két qua khi mot thuat toan dugc thyc thi néu thude do khoang cach
duogc st dung khong hoan hao. Tham chi viéc xac dinh s6 luong cac cum thich hop sé€
khong mang lai két qua tét.

- Cac loai thugc tinh trong co so dir lieu: Co so dir 1i€u co thé khong nhat thiét
phai chtra cac thudc tinh s6 hodc phan loai rd rang, chung ciing c6 thé chira cac loai
khac nhu danh nghia, thir tu, nhi phan, v.v. Vi vay, cac thudc tinh nay phai duogc

chuyén d6i thanh loai danh muc dé lam cho viéc tinh toan tré nén don gian.
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- Chon tam cum khdi tao ban dau: Di voi phuwong phap phan cum phén hoach,
ta théy réng hau hét cac thuat toan dé cap dén “k vi tri ban dau” duoc chon ngau nhién.
Ngoai ra, néu cac “vi tri ban dau” khong dugc chon dang cach, thi sau mot vai lan lap
lai, ngudi ta thay rang c6 thé xuat hién cac cum khong c6 phan tir.

2.5 Thuat toan phan cum K-Means
2.5.1 Tong quan vé thudt todn

Thuat toan phan cum K-Means 1a mdt thudt toan Hoc tap khong dugce giam sat,
nhiém vu cua n6é nhom cac tap dir liéu khong dugc gén nhan thanh cac cum khac nhau.
O day K xac dinh sb luong cum dugc x4c dinh trude can duoc tao trong qua trinh nay,
nhu néu K = 2, s& ¢6 hai cum va d6i v6i K = 3, s& c6 ba cum, v.v. . Thuit toan duoc
dua trén ¥ tuong vé viée tinh toan khoang cach cua cac ddi tugng dir liéu trong mot
cum. NO 1a mdt thuat todn dya trén tam cym, trong do mdi cum duoc lién két voi mot
tam. Muc dich chinh cta thut toan nay 1a giam thiéu tong khoang cach gitta diém dir
liéu va cac cum tuong ing cua chung.

Y tuong cia thut todn k-means:

- Bwée 1: Chon s K dé quyét dinh s6 luong cum mong mudn.

- Buée 2: Chon K diém hodc trong tam ngﬁu nhién. (NO co thé khac véi
tap dir liéu dau vao).

- Buwée 3: Gan mdi diém dix liéu cho tdm gén nhét cta ching, s& tao thanh
cac cum K duoc xac dinh trudc.

- Buéc 4: Tinh khoang cach va dit trong tAm mdi ¢ mdi cym.

- Budc 5: Lap lai Bude 3 va Bude 4 cho to1 khi vi tri cia tdm cum khong
thay d6i hodc tAm cua tat ca cac diém dir liéu khong thay dbi.

- Budc 6: Thu duge mo hinh phan cum.
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Hinh 2.8: Phin cum k-means véi k =3

Vi K-means 13 hoc tip khong giam sat, nén chung ta khong biét nhan (label) cua
tirng diém dir liéu. Muc dich 1a phan dir li€u thanh cac cum (cluster) khac nhau sao cho
dir liéu trong cung mdt cum c6 tinh chit gidng nhau.

Muc dich cua thuat toan K-means la sinh k cum dir liéu {C1, C2, ..., Ck} tir mot
tap dit liéu chira n d6i twong trong khong gian d chibu  ={ 4, 5,..., }i=1+=

n, sao cho ham ti€u chuan:

dat gia tri toi thiéu, trong 46 14 trong tdm cta cum , D 1a khoang céach giita hai d6i

tuong.
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2.5.2 Han ché ciia K-Means
Thuét toan k-Means c¢6 mot sb han ché do6 1a:

- Ching ta can phai xac dinh trudc s6 cum cho thuét toan: Vi b dit liéu cua
chung ta chua duoc gan nhan nén duong nhu chung ta khong c6 thong tin nao vé sb
luong cum hop 1y. Ching ta chi ¢ thé thuc hién phuong phap thir va sai (try and error)
va xac dinh s6 cum thong qua mot phuong phap chang han nhu Elbow.

- Vi tri tam cua cum s& bi phu thudc vao diém khoi tao ban dau cua ching:
Nhitng vi tri khéi tao khac nhau cé thé dan t&i cach phan cum khac nhau, mac du thuat
toan c6 cung thiét 1ap sé cum.

2.6 Thuéat toan K-Means++

M6t nhuoce diém cd hitu cua thuat toan K-means 13 nd nhay cam véi viéc khéi
tao céac trong tam hodc cac diém trung binh. Vi vay, néu mot tim cum duge khéi tao 1a
mot diém “xa”, n6 co thé chi két thiic khong co diém nao duoc lién két voi nd va dong
thoi, nhiu hon moét cum co thé két thic véi mot tdm duy nhat. Tuong tu, nhiéu hon
mot trung tam co thé duoc khai tao vao cung mot cum dan dén phan cum kém.

Dé giai quyét nhugc diém trén cia thuat toan K-means thi mot thuat todn xéac
dinh tAm cum K-means++ duoc dé xuit. No duoc dé xuit vao nam 2007 bsi David
Arthur va Sergei Vassilvitskii.

Thuat toan nay dam bao khoi tao tdm cum thong minh hon va cai thién chat
lugng ciia phan cum. Ngoai phan khoi tao, phan con lai cua thuat toan giéng nhu thuat
toan K-means tiéu chuan. D6 1a K-means++ 13 thuat toan K-means tiéu chuan két hop
voi viée khoi tao centroid thong minh hon.

Cac budc thuc hién la:

Budc 1: Chon ngau nhién tam dau tién tir cac diém dir licu.

Buéc 2: Doi v6i mdi diém dit lidu, tinh toan khoang cach ciia nd tir trung tim
gén nhét, d3 chon trudce do.

Buwée 3: Chon centroid tiép theo tir cac diém dir liéu sao cho xac suit chon mot

diém lam tam ty 1¢ thuan véi khoang cach ctia n6 tir tim gan nhat, da chon trude do.
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(tirc 1a diém c6 khoang cach tdi da tir tAm gan nhat c6 nhiéu kha niang dugc chon tiép
theo lam tam).

Budc 4: Lap lai cac budc 2 va 3 cho dén khi k cum duoc léy mau
2.7 Cic thuit toan xac dinh sé cum t6i wu
2.7.1 Phwong phdp khuy tay(Elbow method)

Elbow method dugc minh hoa dudi dang db thi dudng cong voi truc hoanh la )
k cac cum, tryc tung s& 1a tiéu chi danh gid bao gébm SSE, Silhouette. O phan nay
chung ta tim hiéu trudc vé SSE — (Sum Squared Error) — do ludng su khac biét gitra
cac diém trong cluster[10][11]. Trong k-means clustering, SSE duoc tinh 13 tong céac
khoang cach tinh tir cac diém trong cluster dén diém trung tdm Centroid cua cluster,
tinh tt ca cac cluster, dya theo cong thirc Euclidean. Khi cac diém dit liéu hay cac dbi
tugng, cac quan sat cang gan nhau thi s& c6 dic diém gan giéng nhau, duoc phan trong
mot cum, thi cum do6 ching to “chat luong” va nguoc lai.

k N
SSE = Distance?(x;;, m;)
i=1xjj Cj

Trong do:
k: 1a s6 cum t0i da can phai tinh SSE, thOng thuwdng k sé chay tr 1-20
n;: 1a s6 lwgng phan t&r clia cum C;
Xjj: 1a cac diém trong cum C;
m;: 1a tdm cla cum C;
Distancez(xij, m;): 1& binh phwong khodng cach cla diém X t&i tm
cum m;
S& co k cluster can tinh gia tri SSE thuong k sé& chay tir 1 dén 10 hay 20. Nhu
vay voi mdi k chiing ta s& ¢ 1 SSE. Minh hoa cac cip k va SSE 1én d6 thi. S6 k t6i wu
chinh 1a diém ma & d6 SSE bat dau giam déu, nhin trén d6 thi n6 1a diém “turning

point”, diém nam & vi tri “cui cho” s& 1a s6 k can tim.
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Cac budc thuc hién cua thuat toan dugc minh hoa nhu sau:

Budce 1: Tinh toan thuat toan phan cum (vi du: phan cum k-means) cho céc gia
tri khac nhau cua k. Vi du: bﬁng cach thay doik tir 1 dén 10 cum.

Budéc 2: Vi mdi k, hdy tinh tong ciia binh phuong khoang cach trong mot cum
(SSE)

Buéc 3: V& d6 thi duong cong ciia SSE theo sé cum k.

Buéc 4: Vi tri cia mot khiic quanh (khuy tay) trong do thi duoc coi 1a sb luong

cum thich hop dé thuc hién phan cym.

600

500 |
400 |
ﬁ 300 -
200

100 +

1 2 3 4 5 6 7 8 9
Number of cluster

Hinh 2.9: Xdc dinh s6 cum tbi wu la 3 bing phwong phap Elbow method

2.7.2 Phwong phdp diém hinh béng trung binh(Average silhouette method)
Piém hinh bong(Silhouette) dugc sir dung dé danh gia chat lugng cua cac cum
duoc tao béng thuat toan phan cum nhu K-Means vé mirc d6 tot ctia cac mau duoc
nhoém véi cac mau khac twong tu nhau. Piém hinh bong dugc tinh cho ting miu cua
cac cum khéc nhau. DBé tinh diém hinh béng cho moi diém quan sat / dir liu, can tim ra

cac khoang cach sau cho moi lan quan sat thudc tat ca cac cum:
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Khoang cach trung binh 14 khoang cach giita quan sat va tit ca cac diém dir liéu
khac trong cting mot cum. Khoang cach nay ciing ¢ thé dugc goi 1a khoang cach trung
binh trong cum. Khoang cach trung binh dugc ky hiéu bang a(i).

Khoang cach trung binh giita quan sat va tit ca cac diém dir liéu khac ctia cum
gan nhat tiép theo. Khoang cach nay ciing c6 thé dugc goi 1a khoang cach cum gan
nhat trung binh. Khoang céach trung binh duoc ky hiéu 1a b(i).

Diém hinh bong trung binh - S, cho mdi miu dugc tinh theo cong thire sau:

O- 0O
{ O O}

()=

Trong do:

a(i) 1a khoang cach tir diém i trong cum A dén diém trung tAm ciia cum A.

b(i) 1a khoang cach tir diém i trong cum A dén diém trung tdm cta cum B.

Cum tuong trng v6i b(i) nay dugce goi la cum hang x6ém cua 1.

Gia tri ciia diém hinh bong thay ddi tir -1 dén 1. Néu diém 1a 1, cum nay day dic
va tach biét tot hon cac cum khac. Gia tri gén 0 dai dién cho cac cum chéng chéo vabi
cac mau rat gan vai ranh gidi quyét dinh cua cac cum lan can. Piém am [-1, 0] chi ra
ré“lng cic mau c6 thé di duoc gan cho cac cum sai.

Mot cach ngan gon, phuong phép tinh d6 hinh bong trung binh cia mot cum 1a
xac dinh mac d6 phu hop ciia mdi dbi twong nam trong cum cia néd. Piém hinh bong
trung binh cao cho thdy sy phan nhom tot. Phuong phap tinh d6 hinh béng trung binh
quan st cho cac gia tri khac nhau cta k. S6 cum t6i uu k 13 cum t6i da hoa hinh bong

trung binh trén mot pham vi cac gia tri c6 thé cho k.
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Optimal number of clusters
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Hinh 2.10: Xac dinh s6 cum ti wu la 2 biang phwong phip Average silhouette

Sau day 1a mot s6 két luan rat ra vé phuong phap tinh diém hinh bong trung

Piém hinh bong cho mot tap hop cac diém dit liéu mau duoc st dung dé do
luong murc do day dic va dugc phén tach rd rang cua cac cum.

Piém hinh bong xem xét khoang cach trong cum gitta mau va cac diém dir liéu
khac trong cting mot cum ( a ) va khoang cach lién cum giita mau va cum gan
nhat tiép theo (b).

Diém hinh béng nam trong khoang [-1, 1].

Piém hinh bong bang 1 ¢ nghia 1a cac cum rat day dic va dugc phan tach doc
d4o. Piém 0 c6 nghia 1 cac cum trung nhau. Piém nho hon 0 c6 nghia 1a dir
liéu thude cac cum c6 thé bi sai / khong chinh x4c.

Cac dd thi hinh bong céd thé dugc st dung dé chon gia tri t6i wu nhat cua K (sé
cua cum) trong phan cum K-mean.

Céc khia canh can cha y trong biéu d6 Hinh bong 1a diém s6 cum thap hon diém
s6 hinh bong trung binh, su dao dong 16n vé kich thuéc cta cac cum va do day

cua 0 hinh bong.
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2.8 Cac phwong phap danh gia két qua phan tich phan cum
2.8.1 Tai sao phdi dénh gid két qua phén tich phén cum

Dé ¢ két qua phu hop, chinh xac, dang tin cdy thi cdn c6 phuong phéap cu thé
dé danh gia két qua dat dugc sau khi tién hanh phan cum dit liéu. Tuy nhién quyét
dinh bao nhiéu cum can phan nhu thé nao dé t6i vu nhat va cac cum c6 duoc khi két
thuc thuat toan clustering dugc danh gia l1a phu hop, chinh xac, dang tin cay thi cuc
ky quan trong va can c6 phuong phap cu thé. Néu qua trinh chon k duoc thuc hién
chi dua trén kinh nghiém phan tich, kién thuc chuyén mon, va muc dich kinh doanh
ma khong dya trén chinh dac tinh cua dir li¢u thi khd ndng cao viéc ung dung
clustering s& khong mang lai gia trj nhu mong doi khi céc cluster c6 thé khong phan
anh t6t cac quy luat, cic mbi quan hé nhimng d6i twong quan sat trong ty nhién dang
tiém an trong tap dir lidu. Vi thé viéc danh gia két qua dat dugc 1a vo cing quan
trong.

2.8.2 Cdc phwong phdp dinh gid két qua phéin cum

C6 mét s6 phwong phap dénh gia phan cum nhu sau:

- Panh gi4 trong (internal evaluation): 1a phuong phap danh gia két qua dua trén
chinh dit li¢u dugc phan cum béng cach su dung cac dai lugng danh gia su gén két cum
nhu mat do (density), khoang cach giita cac phan tir trong cum hay khoang cach giita
cac cum vo1 nhau.

- Panh gia ngoai (external evaluation): 1a phuong phap danh gia két qua dya vao
tap dir liéu chuén(dﬁ liéu mau) da dugc phan cum tur trude d6, con dugc goi 1a tap
benchmark.

- Ngoai ra ta c6 thé danh gia viéc phan cum bang cach so sanh véi cac két qua
phan cum khéac duoc sinh ra boi cing mot thuat toan nhung véi cac gi tri tham sd dau
vao khac nhau.

2.8.3 Cdc dé do ddnh gid trong két qua phan cum
a. D¢ do Silhouette
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Chi sb Silhouette Index 1 chi sé danh gia cac két qua phan cum phd bién va
duoc str dung nhiéu nhat. Phan tich chi sé Silhouette muc dich dé do luong mac do tbi
uu khi mot quan sat, mot diém dir liéu duogc phan vao cac cluster bat ky. Cu thé,
phuong phap Silhouette, v6i tén nghia tiéng Viét “hinh bong”, s& cho ching ta biét
nhimg diém dir liéu hay nhiing quan sat nao nam gon bén trong cum (t6t) hay nam gan
ngoai ria cum (khong tot) dé danh gia hiéu qua phan cum.

Silhouette do luong khoang cach ctia mot diém dit liéu trong cum dén Centroid,
diém trung tAm cua cum, va khoang cach cta chinh diém d6 dén diém trung tim cua
cum gén nhét (hoac dén cac diém trung tdm cua cac cum con lai, va chon ra khoang
cach ngin nhat). D6 1a trudng hop do ludng cho K-means clustering.

Néu cac cluster duoc tim khong phai dya trén clustering, thi Silhouette ciing s&
do luong theo cach twong tu nhung thay vi tinh khoang cach giita diém d6 voi diém
trung tAm, thi chung ta s& tinh khoang cach trung binh voi tat ca cac diém con lai trong
cluster ciia diém do, va khoang cach trung binh véi tit ca cac diém con lai cia céc
cluster khac (1ay khoang cach trung binh ngin nhat).

bJ do hinh bong duogc tinh véi cong thire nhu sau:

O- O
{ O O}

()=

Trong do:

a(i) 1a khoang cach tir diém i trong cum A dén diém trung tAm ctia cum A.

b(i) 1a khoang cach tir diém i trong cum A dén diém trung tdm cta cum B.

Cum tuong tng véi b(i) nay dugc goi 1a cum hang x6m cua i.

Khi do:

=> s(i) nam trong doan [-1,1]. s(i) cang gan 1 thi node i cang phu hop v&i cum
ma né duoc phan vao. s(i) = 0 thi khong thé xac dinh dugc i nén thude vé cum nio giita
cum hién tai va cum hang x6m cua no. s(i) cang gén -1 thi ching té 1 bi phén sai cum,

n6 nén thudc vé cum hang xé6m chir khong phai cum hién tai.
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b. Do do Davies — Bouldin
Pé tinh chi sé6 DB, ching ta phai do ludng mirc do phan tan va tuong dong cua

cac cum.

Do do Davies-Bouldin dugc tinh theo cong thirc:

n: la sO cum.
: 1a trong tdm cua cum x.
: 1a trung binh khoang cach cua tat ca cac phan tir trong cum x tdi trong tam

( . ) lakhoang cach gitra hai trong tdm ctia cum i va j.

=> Gia tri DB cang nho thi chit lugng phan cum cang tét.

c. D¢ do Dunn

Do do Dunn, day 1a phuong phap danh gia cluster pho bién khac sir dung thong
tin bén trong tap dit liéu. P6 do Dunn dugc 1a phuong phap don gian nhit. Cach danh
gia dua trén vi¢c so sanh gitra kich thudc (size) cua cac cluster voi khoang cach gitra
cac cluster voi nhau. Cac cum cang xa nhau, so voi kich thude cta chung, chi s6 cang
16n thi két qua phan cum sé& cang chinh xac.

D§ do Dunn duoc tinh theo cong thire:

_ SS{ - S(;)'()}}

d(i, j) 1a khoang cach gitra hai cum 1 va j, thuong dugc tinh 1a khoang céch gitra hai

tdm cum i va j.
d’(k) 1a khoang céach trung binh bén trong cum k.
n 1a s cum.

=> D cang 16n thi phép chia cum cang tét.
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Chuwong 3: AP DUNG CAC THUAT TOAN XAC PINH SO CUM
TOI UU VAO BAI TOAN PHAN KHUC KHACH HANG SU
DUNG DICH VU DI PONG TAI VNPT TAY NINH

Trong chwong nay s& tién hanh thu thap dir liéu va mo ta dir liéu lién quan dén
tinh hinh str dung dich vu di dong cua khéach hang. Tién hanh ap dung cac thuit toan
phan cum, cac thuat toan lga chon s6 cum toi wu vao tap dir liéu khach hang sir dung
dich vu di dong da thu thap duoc. Sau d6 danh gia két qua dat dugc bang cac phuong
phap danh gia s6 cum téi vu. Trinh bay két qua dat duoc. Phac thao so dd giai quyét
bai toan nhu sau:

- Tién hanh thu thap dir ligu vé hanh vi st dung dich vu di dong cua ting khach
hang trong thang gan nhat.

- M6 ta dit li¢u thu thap duoc.

- Lam sach di liéu néu can.

- Chon céc truong dir li¢u muc tiéu.

- Trién khai phan cum doi tuong khach hang dua béng thuat toan K-means, K-
medoids. Ap dung cac thuat toan xac dinh s6 cum t6i vu 1a: Elbow method va Average
silhouette method.

- Panh gia cac két qua dat dugc trén ting thuat todn bang cac do do danh gia sb
cum toi uu.

- Chon ra dugc s6 cum t6i wu nhat cho bai toan.

3.1. Gidi thi¢u
Dé giai quyét bai toan yéu cau, chiing t6i xy dung mot ma ngudn code véi cac
ddc diém nhu sau:
- CSDL: file csv trich xuét tir dit liéu khach hang.
- Ngon ngtr 1ap trinh: Python

Cac phan mém ho trg:
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- Phan mém Weka phién ban 3.8.6
3.2. Cac thir nghiém
- Thuyc hi¢n phan cym khach hang thanh cac cum khac nhau cho 19 chu ky bang 2
giai thuat xac dinh s6 cum t6i wu cling véi phuong phap phan cum k-means.
- Dung phuong phép thuc nghiém dé danh gia tim s6 cum t6i wu.
- So sanh 2 giai thuat xac dinh cum t8i wu trén cac tiéu chi khac nhau.
3.3. Thu thip dir liéu vé hanh vi sit dung dich vu di dong ciia khach hang
trong thang gin nhat
Giai doan thu thap va xu ly dit liéu ban dau ludn la mét giai doan quan trong

trong quy trinh khai pha dit liéu. Dit liéu 1a mot trong hai thanh phan cua phan 16p dir
lidu. Truy cap dit liéu thyc hién viéc trich xuat va thu thap dir liéu can thiét cho mo
hinh phan cum khach hang. Thong tin khach hang can thiét dé phan cum khach hang
goém: quan 1y dit liéu khach hang thué bao, chi tiét dir lidu str dung dich vu ctia thué bao,
thanh toan va khuyén mai cua thué bao. Tir cac dir liéu khac nhau, ta tién hanh phan
cum lan lugt dya trén cac tiéu chi d3 chon.

Dt li¢u thu thap dugc sau khi loc va loai bé cac thong tin khong chinh xac,
khong can thiét thi gdm cac thong tin:

- Dt li¢u quan 1y khach hang: loai thué bao, buu cuc thu, thoi gian hoat dong.

- Dit liéu thanh toan: tién phat sinh cho cudc goi, tién phat sinh SMS, tién phat
sinh dit liéu di dong, tién phat sinh cac dich vu gia ting khéc, tong tién phat sinh tir tai
khoan chinh, tong sd tién phat sinh, sb tién dugc khuyén mai, tong tién con lai trong tai
khoan chinh.

Sau day la dir liéu thu thap va tién xir Iy cta tap dir liéu khach hang st dung di

dong tra trudc do Vinaphone Tay Ninh quan ly.
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SUBSCRIBER_ID PROVIBTS_NAME TOTAL_CALL TOTAL SMS TOTAL DATA TOTAL VAS TOTAL OTHER TOTAL TKC TOTAL CORE_TKC_CALL TKC_SMS TKC_DATA TKC_VAS TKC_OTHER COS GROUP MA_CSHT

813634419 TNH  3G_CTHO7IM_TNH 0 0 0 o o 0 35721.57 0 o 0 0 0 VINAGIO CSHT_TNH_00547
914479709 TNH  3G_GDA026M_TNH 117288.98 700 1584 o 118147.2 32437.26  117288.8 700 158.4 0 0 VINACARD_201 CSHT_TNH_00059
918864464 TNH 2G_CTHO26M_TNH 107073.68 0 35.2 o 0 103107.2 19722.03 103072 o 35.2 0 0 MYZONE_KM_2 CSHT_TNH_00233
907671477 TNH |4G-TBAO47M-TNH 1 136086.06 15849 1408 o 0 1285015 71466.86  112860.7 15500 140.8 0 0 VINAGIO CSHT_TNH_00377
948976578 TNH  4G-TCHO54M-TNH 0 0 0 o o 0 115.23 0 o 0 0 0 VINAGIO CSHT_TNH_00418
835517859 3G_HTHO10M_TNH 23490.06 19950 0 1000 0 39728 59499.47  19585.6  19142.4 0 1000 0 VINACARD_KM CSHT_TNH_00009
817543901 BTE  3G_GDAO10M_TNH 0 0 0 0 0 0 11.65 0 o 0 0 0 VINACARD_KM CSHT_TNH_00106
833343467 TNH  4G-HTHO36M-TNH 8950.57 350 1925.2 0 0 112256 53403.78 8950.4 350 1925.2 [ 0 MYZONE_KM_2 CSHT_TNH_00385
) 888475204 TNH 2G_GDAOLIM_TNH 3703 0 0 o o 3703 26812.34 3703 o 0 0 0 VINACARD_KM CSHT_TNH_00297
918561152 TNH  2G_TBAD29M_TNH 1002.74 0 0 0 0 0 4115017 0 o 0 [ 0 VINACARD  CSHT_TNH_00093
918743508 TNH  3G_TBIO39M_TNH 851 0 0 0 0 851 665.12 851 o 0 0 0 VINACARD CSHT_TNH_00248
859343943 DLC  2G_HTHO40M_TNH 31222.5 3495 0 1500 15440  51657.5 27 312225 3495 0 1500 15440 VINAG30 CSHT_TNH_00053
946346657 TNH  2G_HTHO16M_TNH 29153.19 0 0 o [ 29152.7 28269.65 29152.7 o 0 o 0 VINAG90 CSHT_TNH_00226
855131280 A4G-TNIOG2ZM-TNH 0 0 211.02 0 0 211 9789.04 0 0 21 o 0 VINAG90 CSHT_TNH_00402
946586120 TNH  3G_CTHO82M_TNH 0 0 0 o [ 0 3.96 0 o 0 0 0 VINAXTRA_201! CSHT_TNH_00489
949954482 TNH  2G_TBAO13M_TNH 100896.7 0 0 0 0 96894.8 12476.59 96894.8 [ 0 o 0 VINAG90 CSHT_TNH_00224
§ 854614958 TNH  2G_BCAQ0SM_TNH 25075.12 0 0 5000 [ 34075.1 32092.02 25075.1 o 0 9000 0 VINACARD_KM CSHT_TNH_00312
" 843845497 HCM  2G_TNI041M_TNH 271324.22 0 0 5000 0 250323.8 26627.22  241323.8 0 0 9000 0 STUDENT_MIG CSHT_TNH_00149
[} 234667664 LAN  3G_TBAOO7M_TNH 59292.84 500 17050 150000 0 264024.6 112241 56474.6 500 17050 190000 0 VINAXTRA_201 CSHT_TNH_00108
823623598 TNH  2G_TBIOA4M_TNH 96372.67 6410 0 1500 0 96281.4 1.54 88721.4 6060 0 1500 0 MYZONE_KM  CSHT_TNH_00373
915925863 TNH  4G-TBAO18M-TNH 2935.5 0 264 19000 0 219619 57 2935.5 o 26.4 19000 0 VINAXTRA_KM_CSHT_TNH_00191
943992397 HCM  2G_TBAD27M_TNH 47537.06 0 0 71000 0 1165653 203579 455653 o 0 71000 0 VINAXTRA_KM CSHT_TNH_00185
919813287 HCM  2G_TNI022M_TNH 0 0 0 0 0 0 13.59 0 o 0 0 0 VINAXTRA_KM_CSHT_TNH_00142
819473662 TNH  2G_TNI0OSM_TNH 10035.64 L] 0 300 0 103355 3096.65 10035.5 o 0 300 0 VINACARD_KM CSHT_TNH_00029
941379936 TNH  4G-TBI034M-TNH 4753.27 0 8564.74 52200 0 632451 168.61 24804 0 85647 52200 0 VINAGI0 CSHT_TNH_00042
500 0 500 0 8000

947756487 TNH  2G_HTHO03M_TNH 39803.02 0 8000 48303 46152.23 39803 0 VINAXTRA_KM_CSHT_TNH_00147

Hinh 3.1: Dir liéu thue té vao thang 11/2021

3.4. Mo ta dir li€u thu thap dwoc
- Dit lidu duoc cac tong hop tir cac hé thong thong tin cta doanh nghiép, trong

d6 dir liéu cude phat sinh da duoc xir Iy nhidu bang mét s bién phap nghiép vu dic thu
nhu: bam, tring, chom, ché, ap gia, tinh toan khuyén mai, ...

- Tur dix liéu trén tién hanh 1am sach dir liéu béng cach loai bd cac dong dir licu
c6 truong trong hodc null, cac trudng dir liéu xuat hién nhiéu gia tri 0 c6 anh hudng
dén qué trinh chay mé hinh. Loai bo mot sd truong mang tinh bao mat nguoi dung: ho

tén, dia chi, sé dién thoai... Tién hanh chuyén dbi kiéu dit liéu tir dang chit (chudi) sang

14
A

dang sb bang cach mi hoa cac ki tu bang so.
- S6 dong dir lidu: 709,820 dong
- S6 truong dir licu: 14

Béang 3.1: Mo ta tirng trwong dir liéu

STT Tén truwong M0 ta Kiéu dir liéu

1 | SUBSCRIBER ID S6 dién thoai

Ky tu

2 | PROVINCE CODE DD M tinh

Ky tu

3 TOTAL CALL Téng chi phi thuc hién cude goi

S thuc

Tong chi phi thyc hién gii tin

4 TOTAL SMS ,
- nhan SMS

S6 thuc
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Tong chi phi sir dung dit liéu di ,
5 TOTAL DATA So thuc
dong
Tong chi phi sitr dung cac DV ,
6 TOTAL VAS o SO thuc
Gia tri gia tang
7 | TOTAL _OTHER Tong chi phi khac S thyc
Tong chi phi da sir dung trong ,
8 TOTAL TKC SO thuc
tai khoan chinh
9 | TOTAL CORE BALANCE | Tong tién con lai S thyc
Tong tién da sir dung TKC dé ,
10 | TKC CALL _ _ So thuc
thuc hién cudc goi
Tong tién di sir dung TKC dé ,
11 | TKC _SMS , So thuc
thyc hién guri tin nhan SMS
Tong tién da str dung TKC cho ,
12 | TKC DATA SO thuc
dir liéu di dong
Tong tién di sir dung TKC cac ,
13 | TKC_VAS o So thuc
DV Gia tri gia tang
14 | MA CSHT Ma khach hang tai tinh Ky tu
Béang 3.2: Gia tri min - max, va trung binh cua tirng truong
Min Max Trung binh
STT Tén trwong (VND) (VND) (VND)
1 SUBSCRIBER 1D
2 PROVINCE CODE DD
3 TOTAL CALL 0 3,358,522.64 35,965.15
4 TOTAL_SMS 0 1,456,550.00 3,039.27
5 TOTAL DATA 0 1,320,000.07 23,282.08
6 TOTAL VAS 0 7,736,500.00 13,701.85
7 TOTAL OTHER 0 672,370.00 451.32
8 TOTAL _TKC 0 9,050,749.20 73,638.12
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9 TOTAL CORE BALANCE 0 20,891,749.61 35,073.39
10 | TKC CALL 0 3,298,520.50 33,425.74
11 | TKC _SMS 0 1,390,144.10 2,796.51
12 | TKC DATA 0 1,319,999.90 23,264.93
13 | TKC VAS 0 7,736,500.00 13,699.62
14 | TKC_OTHER 0 672,370.00 451.32

3.5. Tién hanh phan cum bing k-means va tim kiém s6 cum t6i wu bing
Elbow method va Silhouette Score method

3.5.1 Két qua xdc dinh sé cum t6i wu khi siv dung Phwong phdp khiiy
tay(Elbow method) trén tap dir liéu

TOTAL_CALL TOTAL_SMS TOTAL_DATA
\
S \
T T L . T
TOTAL_VAS TOTAL_OTHER TOTAL_TKC
\ y \
\ i Y
™ \\ h
\\\\ \ \\
1 2 3 & 5 L
TOTAL_CALL, TOTAL CALL,
TOTAL_CORE_BALANCE N TOTAL_SMS, TOTAL_SMS,
TOTAL_DATA TOTAL_DATA
\ TOTAL_VAS,
\ TOTAIL_OTHER
.
\\.

..... ear o cluster

..................

Hinh 3.2: Biéu d0 hién thi két qua xac dinh s6 cum t6i uu

bang phwong phap khity tay




Bang 3.3: Két qua xac dinh s6 cum t6i wu khi sir dung Phwong phap khiy tay
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SO cum toi wu véi

STT Tén trwomg S6 dong dir liéu
phwong thire Elbow
Thuc hién phan cum tirng trwong dir li¢u
1 TOTAL _CALL 709,820 3
2 | TOTAL SMS 709,820 3
3 | TOTAL DATA 709,820 3
4 | TOTAL VAS 709,820 3
5 | TOTAL OTHER 709,820 3
6 | TOTAL TKC 709,820 4
TOTAL CORE BA
! LANCE 709,820 3
Thue hién phan cum két hop céc truwong dir liéu
'"TOTAL CALL',
'"TOTAL _SMS',
8 |'TOTAL DATA/, 709,820 6
'"TOTAL VAS',
"TOTAL_OTHER'
"TOTAL_CALL',
9 |'TOTAL_SMS, 709,820 4

"TOTAL DATA'
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3.5.2 Két qua xdc dinh so6 cum toi wu khi siv dung phwong phdp diém hinh
bong(Silhouette Score) trén tap dii liéu
Bang 3.4: Két qua x4c dinh s6 cum to6i wu khi sir dung Phwong phép diém hinh
bong(Silhouette Score)

S6 cum tdi wu véi
STT Tén trwomg S6 dong dir liéu phuong thirc diém hinh
bong(Silhouette Score)
Thuyc hién phan cum tirng truwong dir li€u
1 | TOTAL CALL 709,820 3
2 | TOTAL _SMS 709,820 3
3 | TOTAL DATA 709,820 19
4 | TOTAL VAS 709,820 3
5 | TOTAL OTHER 709,820 5
6 | TOTAL TKC 709,820 6
TOTAL CORE BA

! LANCE 709,820 3

Thue hién phan cum két hop cac truong dir liéu

'TOTAL_CALL),
'TOTAL_SMS,
8 | 'TOTAL DATA 709,820 3
'TOTAL_VAS,
'"TOTAL_OTHER'

'TOTAL_CALL),
9 |'TOTAL SMS,, 709,820 6
'TOTAL_DATA'
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3.5.3 So sdnh két qua lwa chon cum téi wu giita hai phwong phdp Khiiy tay va
phwong phap tinh diém Silhouette
Bang 3.5: So sanh két qua ciia hai phwong phap

. , S6 cum tdi wu véi cach tinh
S0 cum toi wu véi i
STT Tén truong diém Silhouette(d¢ do
phuong thirc Khuy tay
Euclidean)

Thuc hién phian cum tirng trudong dir li€u

3 TOTAL CALL 3 3

4 TOTAL_ SMS 3 3

5 TOTAL _DATA 3 19

6 TOTAL VAS 3 3

7 TOTAL OTHER 3 5

8 TOTAL TKC 4 6

TOTAL CORE BAL
9 ANCE 3 3

Thue hi¢n phan cum két hop cac truong dir ligu

'TOTAL CALL,
'TOTAL_SMS',
11 |'TOTAL DATA 6 3
'TOTAL VAS',
'TOTAL OTHER'

'TOTAL CALL,
12 | 'TOTAL SMS', 4 6
'TOTAL DATA'
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3.5.4 Tién hanh phan cum véi sé luwong cum 10i wu thu thép dwoc cung voi do
ap dung thudt toan K-Means++ dé khdi tao tam cum va phdn cum

Céc truong chi yéu dugce str dung trong phan khiic khach hang tap trung vao cac
truong quan trong sau: TOTAL CALL (Tong chi phi goi), TOTAL SMS(Téng chi phi
giri tin nhdn SMS), TOTAL DATA( Téng chi phi s dung dit liéu di dong). 3 truong nay
duoc sir dung vi day 1a 3 truong dit li€u chinh ctia mét tai khoan di dong, ndé phan anh muic do
st dung dich vu cta khach hang.

a. Phan cum véi thugc tinh TOTAL_CALL

So luong cum: 3

Thuat toan: K-Means++

Bang 3.6: Phan khic v6i thude tinh TOTAL_CALL(don vi: ngin dong)

Thudc tinh Phéan khuc 1 Phan khic 2 Phan khic 3
(628,717 thué bao) (5,972 thué bao) (75,132 thué bao)
TOTAL _CALL 16,338 509,455 137,184
+/-20,127 +/-247,249 +/-56,841

PHAN KHUC VO'1 DU LIEU TOTAL_CALL

B Phan khic KH 1 M Phan khtc KH 2 M Phan khic KH 3

Hinh 3.3: Ti 1¢ phan khiic khach hang theo tong chi phi cudc goi




b. Phan cum véi thugc tinh TOTAL_SMS

Sd lugng cum: 3

Thuat toan: K-Means++
Bang 3.7: Phan khuc véi thudc tinh TOTAL_SMS(don vi tinh: VND)

Thugc tinh Phén khic 1 Phén khic 2 Phan khic 3
(700,563 thué bao) (8,110 thué bao) (1,148 thué bao)
TOTAL_SMS 1,370 82,328 318,333
+/-40,96 +/-38,833 +/-146,213

PHAN KHUC VOl DU’ LIEU SMS

B Phan khic KH 1 M Phan khtc KH 2 M Phan khic KH 3

Hinh 3.4: Ti 1 phan khiic khach hang theo tong chi phi sms

c. Phian cum v6i thudc tinh TOTAL_DATA
Sd lugng cum: 3

Thuat toan: K-Means++
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Bang 3.8: Phan khic v6i thudc tinh TOTAL_DATA(don vi tinh: VND)

Thudc tinh Phéan khuc 1 Phan khic 2 Phan khic 3
(566,482 thué bao) | (10,864 thué bao) | (132,475 thué bao)
TOTAL_DATA 2,186 255,210 78,312
+/-6,873 +/-97,347 +/-26,979

PHAN KHUC VO'1 DU LIEU TOTAL_DATA

M Phan khic KH 1 M Phan khdc KH 2 M Phan khic KH 3

Hinh 3.5: Ti 1 phan khiic khach hang theo tong chi phi goi

d. Phin cum véi thugc tinh TOTAL_CALL, TOTAL_SMS, TOTAL_DATA

So luong cum: 4

Thuat toan: K-Means++
Bang 3.9: Phan khiic véi thuge tinh TOTAL_CALL, TOTAL_SMS,

TOTAL_DATA (don vi tinh: VND)

Thugc tinh Phéan khic 1 Phén khic 2 Phén khic 3 Phén khic 4
(522,646 thué (5,342 thué (119,915 thué (61,918 thué
bao) bao) bao) bao)
TOTAL _CALL 13,502 527,403 43,151 138,455
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+/-19,165 +/-255,232 +/-44,015 +/-61,024
TOTAL_SMS 999 29,186 4,438 12,635

+/-5,472 +/-86,251 +/-16,817 +/-43,003
TOTAL DATA 3,757 36,150 99,466 4,864

+/-10,649 +/-67,776 +/-61,396 +/-13,237

PHAN KHUC V&1 DU LIEU KET HOP
TOTAL_CALL, TOTAL_SMS_TOTAL_DATA

M Phan khic KH 1 M Phan khtc KH 2 M Phan khtc KH 3 B Phan khic KH 4

Hinh 3.6: Ti 1¢ phan khiic khach hang theo tong chi phi dit liéu di déng

So lugng cum: 6

Thuat toan: K-Means++
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Bang 3.10: Phan khic véi thudc tinh TOTAL_CALL, TOTAL_SMS,
TOTAL_DATA(don vi tinh: VND)

Thugc | Phan khic | Phan khic Phéan Phén Phéan khiic | Phén
tinh 1 2 khic 3 khuc 4 5 khuc 6
(501,450 | (5,342 thué (5,310 (128,981 | (2,251 thué | (60,591
thué bao) bao) thué bao) | thué bao) bao) thué bao)
TOTAL 13,134 520,751 68,430 37,995 112,624 137,763
_CALL | +/-18,710 | +/-256,049 | +/-91,888 | +/-38,002 | +/-126,998 | +/-58,788
TOTAL 1,040 15,511 6,832 3,264 236,618 5,919
_SMS +/-5693 +/-32203 | +/-21316 +/-8698 | +/-133043 | +/-14533
TOTAL 2,148 28,905 251,469 77,965 24,502 3,593
_DAT +/-6,802 | +/-49,872 | +/-97,285 | +/-26,480 | +/-47,550 | +/-10,771
A

PHAN KHUC VO1 DU’ LIEU KET HOP
TOTAL_CALL, TOTAL_SMS, TOTAL_DATA

M Phan khic KH 1 M Phan khdc KH 2 M Phan khic KH 3
M Phan khic KH 4 M Phan khic KH 5 M Phan khic KH 6

Hinh 3.7: Ti 1¢ phan khiic khach hang theo tong chi phi
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3.6 Panh gia két qua phan khiic khach hang

Theo nhu két qua dat dugc & chuong nay ta rat ra duge mot so két qua sau:

+ O tat ca cac truong hop phan khuc trén, luong khach hang khong st dung
hoic it sir dung cac dich vu c6 phat sinh chi phi dang chiém ti 1& cao nhat(>70%). Chi
phi phat sinh hang thang d6i vi nhom nay 1a <45,000VND/thang. Trong d6 Cudc goi
<30,000; SMS<5,000 VND/thang; Data < 8,000 VND/thang. Pay la nhém khach hang
con rat nhiéu tiém nang dé phat trién va 1a nhom khach hang trong tim khi trién khai
cac chuong trinh khuyén mai, cac goi tién ich dé nang cao doanh thu cho don vi. Tuy
nhién ddy cling 1 nhom khach hang chiing ta can xem xét vé van dé c6 thé roi mang,
nhat 13 cac thué bao khong phat sinh chi phi & nhiéu ky lién tiép.

+ V61 nhiing phan khiac khach hang thugc nhém co6 chi phi st dung dich vu
hang thang roi vao khoang > 500,000VND/thang. Pay 14 nhimg dbi tuong khach hang
VIP cia don vi. P6i v6i nhimg d6i twong ndy chung ta can tip trung nang cao chat
luong dich vu, thudng xuyén chim soéc khach hang dé khach hang cam thiy hai long
nhat véi chi phi ma ho d3 bo ra.

Vé viéc lya chon sb lugng phan khuc khach hang cho ting ti€u chi sir dung dich
vu:

+ Dbi v6i riéng tung dich vu Goi di dong, gui SMS, va dir li¢u di dong ta cod thé
chon s6 cum ti vu 14 3 va xdy dung cac model riéng cho timg trudng dir lidu.

+ Pbi v6i viee két hop ca 3 trudng Goi di dong, giri tin nhan SMS, va dir lidu di

dong ta c6 2 phuong an chon phan khic 1a 4 va 6.
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Chuwong 4. KET LUAN VA HUONG PHAT TRIEN

Noi dung chinh trong chuong nay tap trung dénh gia tong quan vé cac két qua
da dat duoc trong luan van, trinh bay cac han ché ma luan van gap phai dé tim hudng
khic phy. Va qua d6 tim ra hudng phat trién t6t hon trong trong twong lai.

4.1 Két luan
Pé tai trinh bay mot cach khai quat vé KPDL, cac phuong phap KPDL va tng

dung k¥ thuat phan cum va mot sb ky thuat KPDL khéac dé hd trg cho doanh nghiép
vién thong.

Luan vin da trinh bay tong quan vé bai toan phan khuc khach hang sir dung dich
vu di dong ndi chung dya trén chi phi sit dung hang thang & cac nhom dich vu khac
nhau. Tir @6 dua trén cac tiéu chi ma chon ra s6 luong phan khuc t6i wu doi voi ting
dbi twong khach hang str dung dich vu. Doanh nghiép co6 thé dé dang trién khai céac
chinh sach, vu d3i, khuyén maii trén timg d6i twong khach hang dem lai tinh hop 1y va
thoa man tirng nhém khach hang.

Luan vin d3 giai quyét duoc bai toan xac dinh sé cum tdi vu trong phan khuc
khach hang ddi voi tuong loai dich vu riéng biét. Dt li€u st dung trong luan van duogc
thu thap thuc té trén dir liéu vé chi phi cta thué bao di dong tra trudc cua Vinaphone
trén dia ban tinh Tay Ninh.

Tir viée nghién ctru nhitng yéu cau dit ra trong cong tic phan khuc khach hang
cua nha mang di dong Vinaphone, luan van da dat dugc mot s6 két qua chinh sau day:

e Xay dyng duoc mé hinh phan khiic khach hang, c6 thé 4p dung theo khoang
thoi gian mong mudn.

e Trién khai mo hinh dé xuét, ap dung trén dir liéu thuc té, so sanh véi cac giai
phap di sir dung duoc 4p dung. Cac két qua dat duoc da cho thay duoc tiém

ning ap dung phuong phap dé xuat vao thuc tién.
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Trong thoi gian té1 ching t61 s€ nghién ctru tich hop cac k¥ thudt nay vao céc
chuong trinh hd tro kinh doanh cuia Vinaphone T4y Ninh bén canh d6 ciing dong thoi
cai tién thuat toan phan khuc khach hang dé cho két qua nhanh va chinh xac hon.

4.2 Han ché ciia d@ tai va hudng phat trién trong twong lai

Pham vi cta nghién ctu nay chi tp trung tai Tinh Tay Ninh, va trong mot
khoang thoi gian nhit dinh nén két qua chi mang tinh chat twong dbi, tinh khai quat
chua cao, c6 thé dung trong thoi gian nghién ciru, nhung vé 1au dai thi c6 thé khong
con dap Gng duoc. Pé co nhitng quyét dinh chinh xac hon cn c6 nhimg nghién ciu
thém trong tuong lai.

Véi rt nhiéu tng dung thyc té ctia khai pha dit liéu trong nganh vién thong, dic
biét 1a vé phan khiic khach hang. Véi thoi gian ¢6 han luan van méi chi nghién ctru va
thuc nghi€m trén 2 thuat toan xac dinh s6 cum t6i wu dé phan khuc khach hang, vi vay
yéu cau v6i bai toan trong twong lai 1a 4p dung cac thuat toan khac nhu hdi quy du béo,
ap dung mang noron xay dung cdc md hinh dy bdo...

Vi su ing dung rong rai cua khai pha dir liéu trong nganh vién thong nhu da
trinh bay thi con rat nhiéu bai toan c6 thé tim hiéu va nghién ctru thém trong tuong lai
nhu: Xac dinh thué bao ro1 mang, Phan khuc khach hang voi nhiéu tiéu chi hon( thoi

gian thyc hién cude goi, chi phi tiing cudc goi, vi tri thuc hién cudc goi,...) .
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PHU LUC

MA NGUON

Bio céo sir dung Ngon ngit Python dé tinh toan cac gia tri va cai dit chuong trinh.

Phén nay trinh bay cac doan ma nguén dugc thuc hién trong bao cdo

Code cai dat thuat toan Kmean cho tirng trueong dir li€u véi elbow method

import pandas as pd

import os

from sklearn.cluster import KMeans

import matplotlib.pyplot as plt

import numpy as np

from sklearn.metrics import silhouette score

def clean_dataset(df):

assert isinstance(df, pd.DataFrame), "df needs to be a pd.DataFrame"

df.dropna(inplace=True)
indices_to_keep = ~df.isin([np.nan, np.inf, -np.inf]).any(1)
return dffindices to keep].astype(np.float64)
fileDir = os.path.dirname(os.path.realpath('__file "))
datafile = '\\data\\dulieu_result.csv'
datafile = os.path.join(fileDir, datafile)
# load the CSV file as a numpy matrix
dataset = pd.read csv(datafile, delimiter=",")
print(dataset.shape)
# separate the data from the target attributes
df = pd.DataFrame(dataset, columns= [TOTAL CALL,

'TOTAL_SMS/,
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'"TOTAL DATA', '"TOTAL VAS', '"TOTAL _OTHER', '"TOTAL TKC',
"TOTAL_CORE BALANCE, '"TKC_CALL, '"TKC_SMS, '"TKC_DATA/,
'"TKC_VAS', 'TKC_OTHER'))
#df = pd.DataFrame(dataset, columns= ["TOTAL SMS'])
clean_dataset(df)
#data =
dff[ TOTAL CALL',"TOTAL SMS'TOTAL DATA'TOTAL VAS''TOTAL OTHE
R,'TOTAL TKC''TOTAL CORE BALANCE''TKC CALL',TKC SMS''TKC DA
TA'TKC VAS','TKC OTHER']]
data = df[[ TOTAL CALL'TOTAL DATA''TOTAL SMS'].head(120000)
print(data[:0-10])
sse = {}
for k in range(1, 10):

kmeans = KMeans(n_clusters=k, max_iter=1000).fit(data)

data["clusters"] = kmeans.labels

#print(data["clusters"])

label = kmeans.labels

sse[k] = kmeans.inertia_ # Inertia: Sum of distances of samples to their closest

cluster center

#sil_coeff = silhouette score(data, label, metric="euclidean')

#print("For n_clusters={}, The Silhouette Coefficient is {}".format(k, sil coeff))
plt.figure()
plt.plot(list(sse.keys()), list(sse.values()))
plt.xlabel("Number of cluster")
plt.ylabel("SSE")
plt.show()
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Code cai dat thuat toan Kmean cho tirng truwong dir li€éu véi Silhouette Score

import pandas as pd

import 0s

from sklearn.cluster import KMeans
import matplotlib.pyplot as plt
import numpy as np

from sklearn.metrics import silhouette score

def clean_dataset(df):
assert isinstance(df, pd.DataFrame), "df needs to be a pd.DataFrame"
df.dropna(inplace=True)
indices_to_keep = ~df.isin([np.nan, np.inf, -np.inf]).any(1)
return dffindices_to keep].astype(np.float64)
fileDir = os.path.dirname(os.path.realpath(' _file "))
datafile ='\\data\\dulieu result.csv'
datafile = os.path.join(fileDir, datafile)
# load the CSV file as a numpy matrix
dataset = pd.read_csv(datafile, delimiter=",")
print(dataset.shape)
# separate the data from the target attributes
df = pd.DataFrame(dataset, columns = [TOTAL CALL', 'TOTAL _SMS',
"TOTAL_DATA', '"TOTAL_VAS', "TOTAL_OTHER', '"TOTAL_TKC',
'"TOTAL_CORE _BALANCE!, "TKC_CALL, '"TKC_SMS', '"TKC _DATA,
'"TKC VAS','TKC OTHER'])
#df = pd.DataFrame(dataset, columns= ["TOTAL SMS'])
clean dataset(df)
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#data =
df[[ TOTAL _CALL.TOTAL SMS'TOTAL DATA''TOTAL VAS',TOTAL OTHE
R',TOTAL TKC''TOTAL CORE BALANCE''TKC CALL'TKC SMS''TKC DA
TA',TKC_VAS','TKC_OTHER']]

data = df[['TOTAL_CALL'"]].head(50000)

for n_cluster in range(2, 11):
kmeans = KMeans(n_clusters=n_cluster).fit(data)
label = kmeans.labels
sil_coeff = silhouette score(data, label, metric="euclidean')
print("For n_clusters={}, The Silhouette Coefficient is {}".format(n_cluster,

sil_coeft))
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