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MO DPAU

Véi sy bung nd cong nghé nhu hién nay, c6 rat nhiéu
giai phap cong nghé dugc nghién ciru va trién khai nham phuc
vu nhu cdu ctia cd nhan va doanh nghiép. Trong dé Data
Mining (Khai phé dir li¢u - KPDL) 1a mét trong nhiing linh vuc
quan trong nhét trong cong nghé. KPDL 1a qua trinh chon loc,
xur 1y dit lidu tho, sap xép, phan loai cac tap hop dit liéu 16n qua
d6 dé xac dinh cac mau va xay dung céac mbi quan h¢ cua dir
lidu dé giai quyét cac van dé bang cach phan tich dir liéu. Viéc
g dung KPDL cho phép cac don vi, doanh nghiép co6 thé du
doén trudc duge xu hudng trong twong lai.

Van dé dat ra 1a d6i véi tung nhom khach hang cu thé,
cac doanh nghi¢p vién thong cAn c6 co ché, chinh sach, va
chién luge kinh doanh khac nhau dé giit chan, va dap tmg duoc
nhu cau st dung dich vu cua timg nhom khach hang dé mang
lai chat lugng phuc vu tdt nhét cho tung nhom khéch hang

La mot ngudi dang cong tac trong linh vuc vién thong,
vi vay dé hd trg cho cong viéc hién tai, va dé gitip cong ty xéac
dinh 10 ting phan khuc khéach hang str dung dich vu di dong
ctia Vinaphone Ty Ninh. Nén xin dé xuat d¢ tai nghién ciru vé
“Xac dinh s6 cum t6i wu vao bai toan phin khiic khach
hang st dung dich vu di dong tai VNPT Tay Ninh”

Do d6 muc tiéu chinh cta bai luan nay 1a tim hiéu céac
thudt toan phan cum, cdc phuong phép xac dinh s6 cum tdi vu
va sau d6 Ung dung vao bai toan phan khuc khach hang st
dung dich vu di dong tai VNPT Tay Ninh. Cac ndi dung cu thé
ctia dé tai bao gom.

- Nghién ciru cac bai bao vé bai toan phan cum

- Nghién ctlru cac tai li¢u vé thuat toan phan cum: K-
means, K-medoids



- Nghién ctu cac toan vé lya chon s6 cum tdi wu:
Elbow method, Average silhouette method;

- Nghién ctru cic bai bao, thudt toan vé cac phuong
phép déanh gia ) luong cum: Do do bong (Silhouette), DO do
Davies — Bouldin, P§ do Dunn.

- Ung dung cac thuat toan vao tap dir liéu khach hang
str dung dich vu di dong tai Vinaphone T4y Ninh, tién hanh
danh gia va chon phan khuc khach hang t6i uu nht.

- Tong két cac két qua nghién ctru lién quan trudc day
va sau d6 danh gia hiéu qua ciia cac phuong phap. Tién hanh
ap dung thyc té dé kiém tra va danh gia két qua.

Luén van dugc trinh bay thanh 4 chuong:

Chuong 1. Tong quan: Gidi thi¢u Bai toan phan khic
khéch hang dua trén hanh vi str dung dich vu di dong. Xéc dinh
muc tiéu, ndi dung va phuong phap nghién ciru cua dé tai.

Chwong 2: Co s¢ 1y luan. Chuong nay s€ gioi thiéu cac
kién thuc va noi dung, khai niém co ban vé kham pha tri thirc
va KPDL. Pay la cac kién thirc va nén tang co ban dé phuc vu
cho viéc tim hiéu va xay dung hé thong KPDL.

Chwong 3: Ap dung cac thuat toan xac dinh s6 cum tdi
uu vao bai todn phan khic khach hang stir dung dich vu di dong
tai VNPT Tay Ninh. Trong chuong nay sé& tién hanh thu thap
dir liéu va mé ta dir liéu lién quan dén tinh hinh str dung dich
vu di dong cia khach hang.

Chuwong 4: Két luan va khuyén nghi: Panh gia vé cac
két qua dat duoc va hudng phat trién tiép theo ctia dé tai.



Chwong 1. TONG QUAN

1.1 Bai toan phan khic khach hang duwa trén hanh vi
str dung dich vu di dong

VNPT hién 1a Tap doan Buu chinh Vién thong hang
dau tai Viét Nam duoc thanh 1ap vao nam 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, nhin tin,... va
c6 tén cho mang dich vu di dong 1a Vinaphone

Ké tir khi Viettel bat dau tham gia cung cdp dich vu
thong tin di dong vao niam 2004 thi sy bung no cia thi truong
thong tin di dong Viét Nam moi bat dau dién ra. Két qua cua
viéc canh tranh gilta cdc nha mang da gitp cho Viét Nam tr&
thanh nudc c¢6 mic cude thudc hang ré nhat thé gidi, mang lai
loi ich cho nguoi ti€u dung.

Dé giit chan khach hang, cic doanh nghiép vién thong
can phai nhanh chéng tmg dung cac giai phap méi, va nhit 1a
khai pha dir li€u trén tap hanh vi st dung dich vu di dong cua
khach hang dé hoach dinh rd cac chién lugc kinh doanh khac
nhau trén ting tap khach hang. Mot trong cac cong cu dugce st
dung do 1a phan khtc khach hang.

Va vi thé “Phan khuc khach hang” duoc coi 1a mot
cong cu marketing mang tinh “khéac biét”. N6 cho phép céc to
chic hiéu hon vé khach hang cua minh xdy dyng cac chién
lugc marketing, sales “khéac bi¢t” theo cac dac diém, tinh chét,
hanh vi cta tung khéach hang

Nganh vién thong khong co du thong tin khach hang ca
nhan hay dir liéu nhan khau hoc doi dao. Vi thé, luan van nay
chi tdp trung vao phan khiic theo nay vi st dung dich vy, va
phan khuc theo gia tri mdi 1an sir dung dich vu ctia khach hang



Pé c6 két qua phan khuc khach hang nhanh va chinh
xac thi viéc ung dung cac cong nghé mai, dic biét 1a khai pha
dir liéu 1a phuong an tdi wu nhét. Trong d6 phan cum dir liéu 1a
phuong phap dé phan khuc khach hang nhanh va manh mé. Vi
thé, trong ludn van nay s€ su dung cac thuat toan phan cum dé
tién hanh phan khuc khach hang.

Song song v&i do, thi viéc tim ra s6 lwong cum tdi vu
nhét ciing 1a mot van dé quan trong. Vi vay, ludn vin ndy ciing
sé trinh bay va ung dung cac thuat toan xac dinh s6 cum tbi wu
vao bai toan phan khuc khéach hang.

1.2 Poi twong va pham vi nghién ciru

Déi twong nghién ctru:

- Tép dit liéu khéach hang st dung dich vu di dong,

- Céac bai toan phan cum

- Céc bai toan vé xéac dinh s cum tdi wu.

Pham vi nghién ctru:

- Pé tai duoc thuc hién trong pham vi trén tdp dir licu
khach hang sir dung dich vu di dong cua Vinaphone Tay Ninh

- Cac giai thuat phan cum trong khai pha dir licu

- Céc thuét toan vé xac dinh sb cum tdi wu

1.3 Phwong phap nghién ciru

Nghién ciru cac tai liéu, tng dung cdc md hinh 1y thuyét
va chirng minh bang thuc nghiém:

- Nghién ciru cac bai bao vé bai toan phan cum

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

- Nghién ctu cac toan vé lya chon s6 cum tdi wu:
Elbow method[5], Average silhouette method;



- Nghién ctru céc hoc thuat, cic bai bdo, luan van vé cac
phuong phép danh gia s6 lugng cum: Do do bong (Silhouette),
Do do Davies — Bouldin, B§ do Dunn.

- Ung dung cac thuat toan vao tap dir liéu khach hang
su dung dich vu di dong tai Vinaphone Tay Ninh, tién hanh
danh gia va chon phan khuc khach hang t6i uu nhat.

Téng két cac két qua nghién ciru lién quan trude day va
danh gia hiéu qua cua timg phuong phap. Tién hanh thyc
nghiém dé kiém tra va danh gia két qua.



Chwong 2: CO SO LY LUAN
2.1 Tong quan vé khai pha dir liéu

Trong hai thap ky qua, sb lugng dir licu duge luu triv
trong CSDL ciing nhu s lugng cac tmg dung vé CSDL trong
céc linh vuc kinh doanh va khoa hoc da ting 1én rat nhiéu lan.
Su bung nd vé sb lugng dir liéu dugc luu trit nay 1a nho su
thanh cong cia mo6 hinh dir 1iéu quan hé cung vdi do 1a sy phat
trién va hoan thién cta cac cong cu truy xuat va thao tac dir
liu.

Dt liéu duoc luu trit trong CSDL chi 1a mot phﬁn nho
clia 'tang bang thong tin'. An chira trong dit liéu nay l1a kién
thic vé mot sd khia canh cua hoat dong kinh doanh cua ho
dang chd dugc khai thac va st dung dé hd trg ra quyét dinh
kinh doanh hiéu qua hon. Viéc trich xuat kién thirc tir cac tap
di¥ liéu 16n nay duoc goi 1a Khai pha dir liéu hoac Khadm pha tri
thtrc trong Co s¢ dir 1iéu va dugc dinh nghia 1a viéc trich xuét
nhiing thong tin tiém an, chua biét trude day va c6 thé hitu ich
tu dir lidu.

Nhiing thudt ngir dugc dung cling c6 y nghia véi KPDL
nhu Knowledge extraction (chat loc tri thic),data dredging
(nao vét dir liéu), data/pattern analysis (phan tich dir liéu/mau),
Knowledge Mining (khai pha tri thirc), data archaeology (khao
co dit licu), ...

2.2 Qua trinh kham pha tri thirc, khai pha dir liéu
2.2.1. Kham pha tri thirc[6]

Qua trinh kham pha tri thirc, gdm céc budc:

Budc 1. Phét trién va hiéu vé ung dung

Budc 2. Lua chon dir liéu muc ti€u

Budc 3. Lam sach va tién xu 1y dir liéu



Buéc 4. Giam va chiéu dit liéu

Budc 6. Lua chon thuit toan khai thac dur liéu.

Budc 7. Khai pha dir liéu(Data mining).

Budc 8. Panh gia va biéu dién tri thuc.

KPTT phai dugc xay dung dua trén cac gidi thuat mai,
dinh hudng theo nhu ciu cia ting doanh nghiép dé no giai
quyét cac bai toan vé kinh doanh cho doanh nghiép. Mot s ki
thuat dang dugc nghién ctru va st dung ¢ KPDL hién nay nhu:
phan 16p dir li€u, phan cum dir liu, cay quyét dinh...

2.2.2. Quda trinh khai pha dir liéu

KPDL Ia mét budc quan trong trong qua trinh KPTT.
Cong viéc chinh cua giai doan nay thuc hién 1a 4p dung céc ky
thuat khai ph4, sau d6 sé& trich chon ra cic mau thong
tin(pattern), cac moi lién hé véi nhau trong dit lidu. Va day
cling 14 giai doan duy nhit trong ca qui trinh dé tim ra dugc
thong tin mai.

- M6 ta dir li¢u 1a cong viéc tom tit cac van ban hodc
biéu dién mot cach tryc quan dé hiéu nhiig dic diém chung
ctia nhitng thudc tinh dir liéu ma con nguoi c6 thé dé dang hiéu
duoc.

- Du doan 1a dya trén nhiing dir kién hién c6 dé tir 46 ta
c6 thé doan ra dugc cac quy ludt tir cac mdi lién hé giita cac
thudc tinh cua dit liéu, va ta c6 thé rat ra dugc céac pattern(mau).
Du doan dugc nhitng gia tri ma ta chua biét hodc nhitng gia tri
trong qua khir hodc nhimng gia tri c¢6 thé dung trong twong lai
cua dur liéu.

Qua trinh KPDL gdm cac budc:

- Budce 1: Xac dinh nhiém vu

- Buodc 2: Xac dinh cac dir li¢u, dir kién lién quan

- Bué6c 3: Thu thap va tién xur 1y dir liéu

- Budc 4: Tién hanh khai pha bang thuat todan KPDL



2.2 Qua trinh kham pha tri thirc, khai pha dir liéu

Néu theo quan diém ctia hoc may (Machine Learning),
thi cac k¥ thuat trong khai pha dit liéu, bao gom:

- Hoc c6 gidm sat (Supervised learning): la mgt nhom
thuat toan st dung dir liéu dugc gan nhan nhdm md hinh hoa
mdi quan hé giita bién dau vao (x) va bién dau ra (y). Hai nhom
bai toan co ban trong hoc c6 giam sat 1a classification (phan
loai) va regression (hoi quy).

- Hoc khong c6 giam sat (Unsupervised learning): 1a
mot nhom thuat toan st dung dit liéu khong c6 nhan. Céc thuat
toan theo cach tiép can nay huéng dén viéc mo hinh héa duge
cAu tric hay thong tin an trong dit liéu.

- Hoc ntra gidm sat (Semi - Supervised learning): Hoc
ntra giam sat 1a mot cach tiép can hoc may két hop mdt luong
nho dit liéu duoc gan nhin voi mot lwong 16n dir liéu khong
dugc gan nhin trong qua trinh dio tao.

Néu can cir vao 16p cac bai toan can giai quyét, thi khai
pha dir liéu bao gdm cac ky thuat ap dung sau:

- Phan 16p va du doan (classification and prediction):
Phan 16p 1a x4ac dinh danh muyc hodc cac nhan ciia mdt tap dir
liéu huin luyén. Trong Phan 16p, khi dir liéu chua duoc gin
nhan dugc cung cép cho mo hinh, n6 s€ tim ra nhan cho dir liéu
do, va day la myc ti€u cua bai toan.

- Luat két hop (association rules): 1a mot thu tyc nhim
tim kiém cac mau, mdi tuong quan, lién két hodc ciu truc
nguyén nhan - két qua tir cac tap dit lidu trong céc loai co sé dit
liéu khac nhau nhu co s¢ dir li¢u quan hé, co s& dir liéu giao
dich va cac dang dir liéu khac.

- Phan cum (clustering/ segmentation): Phan cum la
mot Thuat toan dua trén Hoc mdy khong dugc giam sat bao
gém mot nhom céac diém dix liéu thanh cac cum dé cac ddi



tugng thudc cung mot nhém. Mbi tap con nay chua dir liéu
twong ty nhau va céac tap con nay dugc goi la cac cum.

- Khai pha miu tuan ty (Sequential Pattern Mining):
Mau tudn tu 12 mot tap hop co so dir li€u co cAu trac tap phé
bién xay ra tuan tu véi thit tu cu thé. Trong khi cdc mo-dun lién
két chi ra cac mdi quan hé ndi bd giao dich, cac cau hoi tuan tu
thé hién mdi tuong quan giita cic giao dich.

- Truc quan hoéa (Visualization): truc quan hoéa dir li€u
12 biéu dién dd hoa cua dit liéu va thong tin dugc trich Xuét tir
khai pha dir liéu bang cach sir dung cac yéu t tryc quan nhu
dd thi, biéu do va ban do, cong cu truc quan hoa dir lidu va cac
ky thuat gitp phan tich lugng 16n thong tin va dua ra quyét
dinh vé thong tin do.

- Tong hop (Summarization): Tong hop dit liéu co thé
dugc dinh nghia 13 viéc trinh by mot ban tom tat / bao cdo dir
liéu duoc tao ra mot cach dé hiéu va day du thong tin

- Mo hinh rang budc (Dependency modeling): M6 hinh
rang budc bao gé)m viéc tim kiém mot md hinh mé ta su phu
thudc dang ké giira cac bién.

- bBéanh gid mo6 hinh (Model Evaluation): DPanh gia mo
hinh 13 qua trinh sir dung céc chi s6 danh gia khac nhau dé hiéu
hiéu suat ctia mé hinh hoc méy ciing nhu diém manh va diém
yéu cua né.

2.4 Phan cum dir li€u
2.4.1 Phén cum la gi? Muc dich ciia phan cum dir li¢u

Phan cum dir liéu[8] 1a viéc phan nhém cac ddi tuong
cu thé dua trén cac dic diém va diém tuong dong cia chung
(thuong 1a céc thudc tinh cta dir 1iéu). bdi v6i khai pha dir liu,
phuong phép nay phén chia dit liéu phit hop nhét véi phan tich
mong mudn bang cach st dung mot thudt toan ndi dic biét.
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Phan tich nay cho phép mdt dbi tuong thugc hoac khong mot
cum, dugc goi la phan cum cing.

Phan cum dir li€u dugc xem la hoc khong giam
sat(Unsupervised learning), vi nd phan nhém céc d6i tugng
khong dugc gin nhin.

Phan cum dugc céc chuyén gia st dung dé phan loai
khach hang, phan khic khach hang theo nhimng dic diém vé
khéach hang da xac dinh tr trude vi du sit dung phan cum dé
phan khiic khach hang dwa theo diém tin dung (credit scores)
trong nganh tai chinh ngan hang, hay phan khuc khach hang
trong nganh vién thong, ...

2.4.2 Cdc bwéc co ban dé phin cum

- Chon lya dac trung: 1a mdt ky thuat can thiét dé giam
vén dé vé kich thude trong tac vu khai pha dir liéu.

- Chon d6 do: Ung voi timg phuong phap phan cum
khac nhau ma ta Iyra chon dé cho ra két qua phu hop nhit.

- Tiéu chuan phan cum: Ung voi moi tap dir liéu khac
nhau s& tao ra cic cum khac nhau va tir d6 ta c6 cac tiéu chuan
phéan cum khac nhau.

- Thuyc thi thuat todn phan cum: cac giai thuat phan cum
khéc nhau s€ dugc sir dung & giai doan nay, v4i muc ti€u la
1am sang t6 cac cu trac cum cia tap dit liéu dau vao.

- Cong nhéan két qua: Sau khi thuc thi cac thuat toan
phan cum va thu duoc két qua phan cum thi ta phai kiém tra
tinh dung dan va hop 1y cua no.

- Giai thich két qua: Dya vao kinh nghiém thuc té va
két qua phan cum vira dat dugc, phan tich dé dwa ra cac két qua
dung din va hop 1y nhat.

2.4.3 Cac vrng dung cua phdn cum
- Hiéu cac dit liéu(Understanding)
+ GOp nhom céc tai li€u lién quan
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+ Nhém cac gen va protein c6 chirc ning twong tu vé
mat sinh hoc
+ Phan cum cac cd phiéu c6 gia bién dong twong tu
- Tém tat dit lidu: Giam kich thuée dit ligu
- Hb tro giai doan tién xr Iy dif liéu (data processing)
2.4.4 Cac phwong phap phan cum dir li¢u
a. Phuwong phap phan cum Phéan cip(Hierarchical

clustering) )
Phan cum phéan cap (hierarchical clustering) Phan cum

phan cép, con dugce goi 1a phan tich cum phan cép, la mot thuat
toan nhom céc ddi twong twong tu thanh cac nhém duoc goi 1a
cum. Piém cudi 1a mot tap hop cac cum, trong do mdi cum
khéc biét véi tung cum khéc, va cac dbi tugng trong mdi cum
tuong ty nhau. C6 hai huéng tiép can ddi voi phuong phap
phan cum phan cép nay: Agglomerative va Divisive

- Agglomerative clustering: Phuong phap tiép can tir
dudi 1én(bottom-up) Nghia 13, mdi dbi twong ban dau duge coi
nhu mét cum don nguyén tb (1a). O mdi budc cua thult toan,
hai cum giéng nhau nhat duoc két hop thanh mot cum (nut)
m&i 16n hon. Quy trinh nay dugc lap lai cho dén khi tat ca cac
diém chi 1a thanh vién cia mot cum 16n duy nhat (nat gdc).

- Divisive clustering: Nguoc lai véi agglomerative, Con
dugc goi 1a cach tiép can tir trén xudng. Thuit toan ndy ciing
khong yéu cau xac dinh trude sé luong cum.

Ta c6 thé sir dung cac phuong phap xac dinh mdi lién
két sau dé xac dinh khoang cach gitta cac cum:

- Khoang cach gitra hai cuym dugc xac dinh 1a khoang
cach ngin nhét gitra hai diém trong mdi cum.(Single linkage);

- Khoang cach gitra hai cum dugc xac dinh 1a khodng
cach xa nhét giita hai diém trong mdi cum. (Complete linkage):;
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- Khoang cach gitra hai cum dugc xac dinh 1a khodng
cach trung binh gitra mdi diém trong mot cum véi moi diém
trong cum khéc. (Average linkage).

- Tim tdm cta cum 1 va tdm cda cum 2, sau do6 tinh
toan khoang cach giita hai trudc khi hop nhit.(Centroid-linkage)

Céc thuat toan dién hinh cho phuong phap phan cum
phan cép gom c6 CURE, BIRCH, ROCK, va Chameleon

b. Phuwong phap phian cum Phan hoach(Hierarchical
Partitional)

Phuong phap phan hoach (partitional clustering) 1a tao
ra cac phan vung khéac nhau va sau dé danh gid ching theo mot
s6 tiéu chi. Chung ciing duoc goi 1a khong phan cap vi mdi ca
thé duogc dat trong chinh xac mét trong k cum loai trur 14n nhau.

K-Means la mgt trong nhirng thuét todn phan cum phan
hoach dugc sir dung phé bién nhit 1a thuat toan phan cum dé
cai dat, va cho ra két qua dé hiéu. Nhugce diém 1a dé bi anh
huéng boi cac phan tir nhidu, ngoai 18.

Thuat toan PAM (Partitioning Around Medoids) tim
kiém k ddi tuong dai dién trong tap dir liéu (k tdm) va sau do
gan timg dbi twong cho tim gan nhit dé tao thanh cac cum.

Ngoai ra, cac giai thuat nhw CLARA, CLARANS ciing
cho ra két qua phan cum t6t.

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

Phan cum duva trén mat d6 dé cap dén mot trong nhirng
phuong phap hoc khong giam sat phd bién nhit duge sir dung
trong cac thuat toan xdy dung mo hinh va hoc may. Cac diém
dir liéu trong vung cach nhau baéi hai cum c6 mat do diém thép
duoc coi la nhidu. Mbi truong xung quanh c6 ban kinh & clia
mot ddi tuong nhét dinh duoc goi 1a vung 1an cén € cua ddi
tuong.
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Céc phuong phap phan cum dua trén mat do 1a rat tot vi
chung khong chi dinh trude sd lwong cac cum.

Mot s6 thuat toan phd bién cho phuong phap phan cum
dya trén mat do nay la: DBSCAN, HDBSCAN, OPTICS,
DENCLUE.

d. Phuwong phap phian cum dua trén lu6i(Grid-based
Clustering) )

Céc phuong phap ti€p cin dua trén mat d va/hodc dua
trén ludi phod bién ddi véi cac cum khai thac trong mot khong
gian da chiéu rong 16n, trong d6 cac cum dugc coi 1a ving day
dac hon so véi mdi truong xung quanh ching.

Do phuc tap tinh toan ctua hau hét cac thuat toan phan
cum it nhat 1 ty 1 tuyén tinh vé6i kich thudc cua tap dir licu.
Uu diém 16n cua phan cum dya trén ludi 1a gidm déng ké do
phtrc tap tinh toan, dac biét la ddi voi phan cum cac tap dir li¢u
rat 16n.

Thuat toan phan cum dya trén ludi bao gom nam budc
co ban sau (Grabusts va Borisov, 2002):

B1: Tao céu trac ludi.

B2: Tinh mat d6 6 cho mbi 6.

B3: Sip xép cac 6 theo mat do cua ching.

B4: Xac dinh céc trung tam cum.

B5: Truyén qua cac 6 1an can.

e. Phuong phap phén cum co dir li¢u rang buge

Dé phan cum khong gian hleu qua hon, can phai thyc
hién nghién ctru bd sung dé cung cap cho ngudi ding kha ning
két hop cac rang budc trong thuat toan phan cum

2.4.5 Cac thach thirc phan cum

a. Nhirng thach thirc chung trong khai pha dir li¢u [9]:
- Dt li¢u bi nhieu va khong day du.
- Lam sach va tién xir 1y dir liéu.
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- Qua khop (Overfitting)

- Dit liéu da dang va khong dong nhit.

- Thong tin han ché.

- Qui mo dir licu.

- Viéc két hop céc kién thirc nén.

- Truc quan hoéa dir ligu.

- Téc do/tinh chuyén dong lién tuc.

- Ngbn ngit truy van khai pha dit liéu.

- Bdo mat dit liéu riéng tu.

- Giai thich két qua.
b. Cac thach thirc trong phan cum dir liéu[10]:

- Xéc dinh céch tinh khoang céch.

- X4c dinh s6 luong cum.

- Thiéu nhan.

- CAu trtc cta co so dit liu.

- Cac loai thudc tinh trong co sé dir liéu

- Chon tdm cum khéi tao ban dau.
2.5 Thudt toan phan cum K-Means
2.5.1T 5ng quan vé thudgt todn

Thuét toan phan cum K-Means 12 mot thuat toan Hoc
tdp khong dugc giam sat, nhiém vu cia ndé nhém céc tdp dir
liéu khong dugc gan nhin thanh cac cum khac nhau.
Y tudng cua thuét toan k-means:

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

- Buée 2: Chon K diém hoac trong tdm ngﬁu nhién. (N6 c6
thé khéac vai tap dir lidu dau vao).

- Buée 3: Gan mdi diém dir liéu cho tAm gin nhit cia
chung, s€ tao thanh cac cum K duoc xac dinh trudc.

- Buéc 4: Tinh khoang cach va dit trong tAm méi & mdi
cum

- Bwoe 5: Lap lai Budc 3 va Budc 4 cho tdi khi vi tri clia
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tam cum khong thay doi hodc tim cia tit ca cac diém di liéu khong
thay doi.
- Buwée 6: Thu duge mo hinh phan cum

Muc dich cua thuat toan K-means la sinh k cum dir li¢u {C1,
C2, ..., Ck} tor mot tap dir li€u chira n ddi tuong trong khong
gian d chiéu ,i= 1+ n, sao cho ham tiéu chuan:

dat gié tri tdi thiéu, trong d6 1a trong tdm cua cum , D la
khoang cach gitra hai ddi tuong
2.5.2 Han ché ciia k-Means

Thuét toan k-Means ¢6 mot sd han ché do6 la:

- Chung ta can phai xac dinh trudc sd cum cho thuat
toan: Vi by dir liéu cua chung ta chua dugc gan nhan nén
dudng nhu chung ta khong c6 thong tin nao vé sb lwong cum
hop 1y.

- Vi tri tAm cta cum sé& bi phu thudc vao diém khoi tao
ban dau cua ching.

2.6 Thudt toan K-Means++

Pé giai quyét nhuoc diém trén cua thuat todn K-mean 13
nhay cam véi viéc khoi tao cac trong tam thi thudt todn xac
dinh tAm cum K-mean++ duoc dé xuét.

Thuat todn nay dam bdo khoi tao centroid thong minh
hon va cai thién chét luong ctia phan cum. K-mean ++ 13 thuat
toan K-mean tiéu chuan két hop véi viéc khai tao centroid
thong minh hon.

Cac budc thuc hién la:

B1: Chon ngau nhién tam dau tién tir cac diém dir lidu.
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B2: Ddi v6i mdi diém dit liéu, tinh toan khoang cach
clia né tir trung tdm gan nhat, da chon trudc do.

B3: Chon centroid tiép theo tir cac diém dir liéu sao cho
xé4c sudt chon mét diém 1am tdm ty 1€ thuan véi khoang cach
cua no tur tam gén nhét, da chon truge do.

B4: Lap lai cac budc 2 va 3 cho dén khi k cum duoc léy
mau
2.7 Céac thuit toan x4c dinh s6 cum t6i wu
2.7.1 Phwong phap khuy tay(Elbow method)

Tu tudng chinh cua phuong phap phan cum phan hoach
(nhu k-means) 1a dinh nghia 1 cum sao cho tong bién thién
binh phuwong khoang cach trong cum 1 nho nhat, tham sd nay
la WSS (Within-cluster Sum of Square). Elbow method chon
s6 sum k sao cho khi thém vao mot cum khac thi khong lam
cho WSS thay d6i nhiéu..[10][11]

SSE dugc tinh nhu sau:

k N
SSE = DiStancez(Xij, mi)
i=1 j=1

Cac budc thuc hién cua thuat toan dugc minh hoa nhu sau:

Buédc 1: Tinh toan thuat toan phan cum (vi du: phan
cum k-mean) cho céc gia tri khac nhau cta k. Vi du: bang cach
thay d6i k tir 1 dén 10 cum

Budc 2: V6i mdi k, hdy tinh tong cua binh phuong
khoang cach trong mét cum (SSE)

Budc 3: V& do thi dudng cong cua SSE theo sd cum k.

Budc 4: Vi tri ciia mot khiic quanh (khily tay) trong do
thi duoc coi 1a sd lugng cum thich hgp dé thuc hién phan cum
2.7.2 Phwong phdp diém hinh béng trung binh (Average
silhouette method)
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Diém hinh bong(Silhouette) duoc str dung dé danh gia
chat luong cia cic cum dugc tao bang thudt toan phan cum
nhu K-Means vé muc dd tdt ciia cic miu duoc nhom véi cac
mau khac twong tu nhau

Piém Silhouette, S, cho mdi mau duge tinh theo cong
thirc sau:

_ b—a
" max(a,b)

a: Khoang cach trung binh gitta mOt mau va tét ca cac
diém khéc trong cling mot nhom.

b: Khoang cach trung binh gilta mot mau va tt ca cac
diém khéc trong cum gan nhat tiép theo.

Gia tri cla diém hinh bong thay d6i tlr -1 dén 1. Néu
diém 1a 1, cum nay day dac va tach biét tot hon cac cum khéc.

2.8 Cac phwong phap danh gia két qua phén tich phan
cum
2.8.1 Tai sao phdi dinh gid két qud phén tich phan cum

Pé ¢o két qua phu hop, chinh xac, ddng tin cdy thi can
c6 phuong phap cu thé dé danh gia két qua dat dugc sau khi
tién hanh phan cum dir li¢u. Tuy nhién quyét dinh bao nhiéu
cum can phan nhu thé ndo dé tdi uu nhat va cac cum c6 duoc
khi két thiic thuat toan clustering duwgc danh gia 1a phu hop,
chinh x4c, dang tin cdy thi cuc ky quan trong va can c6 phuong
phap cu thé.
2.8.2 Cac phwong phap danh gia két qud phén cum
C6 mot s6 phuong phap danh gia phan cum nhu sau:

- Béanh gia trong (internal evaluation

- Banh gia ngoai (external evaluation)
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- Ngoai ra ta c¢6 thé danh gia viéc phan cum bang cach
so sanh vé6i cac két qua phan cum khac duoc sinh ra boi ciing
mot thudt todn nhung véi cac gia tri tham sb dau vao khac nhau.
2.8.3 Cdc dp do danh gid trong két qua phéin cum
a. Dg do Silhouette

Chi s6 Silhouette Index 1a chi s6 danh gia cac két qua
phan cum phd bién va duoc str dung nhiéu nhét. Phan tich chi
s6 Silhouette muc dich dé do ludng muc do toi wu khi mot
quan sat, mot diém dit liéu duge phan vao céc cluster bat ky.

Do do hinh bong dugce tinh vdi cong thire nhu sau:

0-0
O=—7T0o"O

Trong do: i o

a(i) 1a khoang cach tir diém i trong cum A dén diém
trung tdm cua cum A. i o

b(i) 1a khoang cach tur diém i trong cum A dén diém
trung tam cua cym B

Cum tuong tng véi b(i) nay dugc goi 1a cum hang x6m
cuai.
Khi dé:
=> 5(i) nam trong doan [-1,1]. s(i) cang gan 1 thi node i cang
phtl hop véi cum ma né dwoc phan vao. s(i) = 0 thi khong thé
xac dinh duoc i nén thude vé cum nao gitta cum hién tai va
cum hang xém ciia né. s(i) cang gan -1 thi ching t6 i bi phan
sai cum, n6 nén thudc vé cum hang xém chir khong phai cum
hién tai.
b. D¢ do Davies — Bouldin

Pé tinh chi s6 DB, chung ta phai do luong mirc d6 phan
tan va tuong dong cua cac cum.

D¢ do Davies-Bouldin dugc tinh theo cong thirc:
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n: 1a s cum.
: 1a trong tdm cua cum x
: 1 trung binh khoang cach cia tit ca cac phan tir
trong cum x tdi trong tam
( , ):lakhoang cach gitra hai trong tdm cta cum i
vaj.
=> Gia tri DB cang nho thi chét luong phan cum cang
tot
c. Py do Dunn
Do do Dunn, day 13 phuong phap danh gia cluster phd
bién khac st dung thong tin bén trong tap dir licu. D6 do Dunn
dugc 14 phuong phap don gian nhat. Cach danh gia dya trén
vi€c so sanh giira kich thudc (size) cua cac cluster véi khoang
cach gitra cac cluster véi nhau. Cac cum cang xa nhau, so véi
kich thudc ciia chung, chi sé cang 16n thi két qua phan cum sé&
cang chinh xac.
Do do Dunn dugc tinh theo cong thirc:

N Y S 05 B}

d(i, j) 1a khoang céach gitra hai cum 1 va j, thuong dugc tinh la
khoang cach gitra hai tam cum i va j.

d’(k) 1a khoang céch trung binh bén trong cum k.

n 12 s6 cum.
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Chuong 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

3.1. Gidi thi¢u

Dé giai quyét bai toan yéu cau, ching t6i xay dung mot
ma ngudn code voi cac dic diém nhu sau:

- CSDL: file csv trich xuat tir dir liéu khach hang,

- Ngon ngir 13p trinh: Python

Céc phan mém hd tro:

- Phin mém Weka phién ban 3.8.6

3.2. Cac thir nghiém

- Thyc hién phan cum khach hang thanh cac cum khac
nhau cho 19 chu ky bang 2 giai thuat xac dinh s6 cum tdi vu
cung v6i phuong phap phan cum k-means.

- Dung phuong phap thuc nghiém dé danh gia tim s
cum tdi uu.

So sanh 2 giai thuat xac dinh cum t6i wu trén céc tiéu
chi khac nhau.

3.3. Thu thap dir liéu vé hanh vi sir dung dich vu di
dong ciia khach hang trong thang gan nhat

Giai doan thu thap va xir 1y dir liéu ban dau ludn 13 mot
giai doan quan trong trong quy trinh khai pha dir li¢u. D@ li¢u
12 mot trong hai thanh phan cua phan 16p dit liéu. Truy cap dir
liéu thue hién viée trich xuét 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 gém: quan 1y dit liéu khach hang thué
bao, chi tiét dir liéu st dung dich vu cta thué bao, thanh toan
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va khuyén mai cta thué bao. TUr cac dir liéu khac nhau, ta tién
hanh phan cum 1an luot dua trén céc tiéu chi da chon.

Dt li€u thu thap dugc sau khi loc va loai bd cac thong
tin khong chinh xéac, khong can thiét thi gdm cac thong tin:

- D@t liéu 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 dir liéu di dong, tién phat sinh
cac dich vu gia ting khac, tong tién phat sinh tir tai khoan
chinh, tong sb tién phat sinh, sd tién duoc khuyén mai, tong
tién con lai trong tai khoan chinh.

3.4. Mo ta dir liéu thu t!l@p dugc )

Dt liéu dugc cac tong hgp tir cac h¢ thong thong tin ctia
doanh nghiép, trong d6 dir li¢u cudc phat sinh da duge xtr ly
nhidu bang mot sd bién phap nghiép vu dic thu nhu: bam,
trung, chom, ché, ap gia, tinh toan khuyén mai, ...

T dit liéu trén tién hanh lam sach dit liéu bf?mg cach
loai bo cac dong dir lidu c6 trudng tréng hodc null, cac truong
dir liéu xuat hién nhiéu gia tri 0 c6 anh huéng dén qué trinh
chay mé hinh. Loai bé mét sé trudng mang tinh bao mat nguoi
dung: ho tén, dia chi, s6 dién thoai... Tién hanh chuyén ddi kiéu
dir liéu tir dang chit (chudi) sang dang sd bang cach ma hoa cac
ki tu bang so.

S6 dong dir liéu: 709,820 dong

S6 truong dit liéu: 14

Bang 3.1: Mo ta tirng truong dir liéu

ST | Tén trwong Mo ta Kiéu dir
T liéu

SUBSCRIB | Sé dién thoai

ER ID Ky tu
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) PROVINCE | Ma tinh KY tu
_CODE DD Y i
3 TOTAL CA ang chi phi thyc hién cudc S6 thue
LL 201
TOTAL SM | Tong chi phi thuyc hién gui |
4 S tin nhan SMS 86 thyc
5 TOTAL DA Tf)n{% chi phi st dung dir li€u S6 thue
TA di dong
TOTAL VA | Tong chi phi sa dung cac £
6 S DV Gi4 tri gia tdng 50 thye
TOTAL OT | Tong chi phi khac z
7 HER S6 thue
TOTAL TK | Tong chi phi di st dung £
8 C trong tai khoan chinh 50 thye
TOTAL _CO | Tong tién con lai
9 | RE_ BALAN S thyc
CE
10 | TKC CALL | Fong tién da st dung TKC | oo o
- de thuc hién cudc goi
T?)ng tién da so dung TKC )
11 | TKC SMS deé thuc hién gui tin nhan | SO thyc
SMS
12 | TKC DATA | Fong tién da su dung TRC | ooy o
— cho dir li¢u di dong
Tong tién da sir dung TKC £
13 | TKC_VAS cac DV Gia tri gia ting 80 thye
14 | MA_CSHT | Ma khach hang tai tinh Ky tu
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3.5.1 Két qua xdc dinh so cum t6i wu khi siv dung Phwong
phap khiiy tay(Elbow method) trén tdp dii li¢u

."lm‘.\
TOTAL EAL TOTAL_SMS o\ TOTAL_DATA
\ ;] \
\ u-‘
T T e e e S — *
TOTAL_VAS TOTAL_OTHER TOTAL_TKC
\
\
\
7 1 H 3 4 s & 1 & %
TOTAL_CALL \ TOTAL_CALL,
TOTAL CORE_BALANCE TOTAL_SMS, TOTAL_SMS,
TOTAL_DATA, il TOTAL_DATA
TOTAL_VAS, -
TOTAL_OTHER

i 3 4 3 & 7 @ @

T 2 3 4+ 3 & 3 & =&

Hinh 3.2: Biéu dé hién th két qud xdc dinh sé cum t6i uu
bang phwong phap khiy tay

Bang 3.3: Két qua xac dinh s6 cum t6i wu Kkhi sir dung

Phwong phap khuy tay
) S6 cum toi
ST Tén trudn So6 dong dir wu voi
T & liéu phuwong thirc
Elbow
Thuwe hién phan cum tirng trwong dir li€u
TOTAL CALL 709,820 3
TOTAL SMS 709,820 3
TOTAL DATA 709,820 3
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4 | TOTAL VAS 709,820 3
5 | TOTAL OTHER 709,820 3
6 | TOTAL TKC 709,820 4
7 | TOTAL CORE BALANCE 709,820 3
Thue hién phan cum két hop céc truong dir lidu
'"TOTAL_CALL',
'TOTAL_SMS,,
8 | 'TOTAL DATA,, 709,820 6
'"TOTAL_VAS',
'TOTAL OTHER'
'TOTAL CALL',
9 | 'TOTAL_SMS, 709,820 4
'TOTAL DATA'

3.5.2 Ké;t qua xdc dinh so6 cum toi wu khi siv dung phwong
phap diém hinh bong(Silhouette Score) trén tdp dir liéu

Bang 3.4: Két qua xac dinh s6 cum t6i wu Kkhi sir dung
Phwong phap diém hinh béng(Silhouette Score)

S6 cum toi wu
O véi phwong thire
S]:l" Tén truong Sd(:?dli)gll:g diém hinh
: bong(Silhouette
Score)
Thuc hién phian cum tung truong dir liéu
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
7 TOTAL CORE BALANC
E 709,820 3
Thuc hién phan cum két hop céc truong dir lidu
'TOTAL_CALL/,
8 'TOTAL SMS', 709,820 3
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'TOTAL_DATA',
'TOTAL_VAS',

'"TOTAL OTHER'
'TOTAL_CALL,
9 | TOTAL SMS!, 709,820 6
'TOTAL DATA'

3.5.3 So sanh két qud lwa chon cum t6i wu gitta hai phwong
phap Khiiy tay va phwong phap tinh diém Silhouette

) £ S6 cum tdi wu
SO cum toi uu e s .
S v(ri.phu'(rng voi cach tinh
T Tén trwong thire Khity diém
T tay Silhouette(do
do Euclidean)
Thuc hién phan cum tirng treong dir liéu
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
9 TOTAL _CORE B
ALANCE 3 3
Thue hién phan cum két hop cic truong dir liéu
'"TOTAL CALL',
"TOTAL_SMS,
11 | ' TOTAL DATA, 6 3
"TOTAL_VAS,
'"TOTAL OTHER'
'"TOTAL CALL',
12 | 'TOTAL _SMS', 4 6
'"TOTAL DATA'

3.5.4 Tién hanh phin cum véi sé lwong cum téi wu thu thip
dwgc cung voi do ap dung thudt toan K-Means++ dé khoi tao
tdm cum va phéan cum
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a. Phan cum véi thudc tinh TOTAL_CALL

S6 luong cum: 3

Thuat toan: K-Means++
Béang 3.6: Phan khuc v6i thuge tinh TOTAL_CALL(don vi
tinh: VND)

Thugc tinh

Phan khuc 1

Phan khuac 2

Phan khuc 3

(628,717 thué (5,972 thué (75,132 thué
bao) bao) bao)
TKC CALL 16,338 509,455 137,184
+/-20,127 +/-247,249 +/-56,841

b. Phan cum véi thugc tinh TOTAL_SMS

S6 luong cum: 3

Thuét toan: K-Means++
Bang 3.7: Phan khuc vé4i thuge tinh TOTAL_SMS(don vi

tinh: VND)
Thugc tinh Phian khic1 | Phéin khic2 | Phin khuc 3
(700,563 thué (8,110 thue (1,148 thue
bao) bao) bao)
TKC _SMS 1,370 82,328 318,333
+/-40,96 +/-38,833 +/-146,213

c. Phin cum véi thuge tinh TOTAL_DATA

S6 luong cuym: 3

Thuat toan: K-Means++
Bang 3.8: Phan khuc vé6i thugce tinh TOTAL_DATA(don vi

tinh: VND)
Thudc tinh Phan khic1 | Phéan khiic 2 | Phéan khuc 3
(566,482 thu¢ | (10,864 thué¢ | (132,475 thué
bao) bao) bao)
TKC DATA 2,186 255,210 78,312
+/-6,873 +/-97,347 +/-26,979
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d. Phan cum véi thudc tinh TOTAL_CALL, TOTAL_SMS,
TOTAL_DATA
S6 lugng cum: 4
Thuét toan: K-Means++

Bang 3.9: Phan khuc vé6i thuge tinh TOTAL_CALL,
TOTAL_SMS, TOTAL_DATA(don vi tinh: VND)

Thudc tinh | Phan khic Phan Phan khuc Phin
1 khuc 2 3 khiic 4
(522,646 (5,342 (119,915 (61,918
thué bao) | thu€ bao) | thuébao) | thué bao)
TKC CALL 13,502 527,403 43,151 138,455
+/-19,165 +/- +/-44,015 | +/-61,024
255,232
TKC _SMS 999 29,186 4,438 12,635
+/-5,472 | +/-86,251 | +/-16,817 | +/-43,003
TKC DATA 3,757 36,150 99,466 4,864
+/-10,649 | +/-67,776 | +/-61,396 | +/-13,237

S6 luong cum: 6
Thuat toan: K-Means++
Bang 3.9: Phan khuc vé6i thuge tinh TOTAL_CALL,
TOTAL_SMS, TOTAL_DATA(don vi tinh: VND)

Thu Phan Phéan Phéan Phan Phan Phéan
oc khic1l | khiac2 | khiac3 | khic4 | khuc5 | khic 6
tinh | (501,45 | (5,342 (5,310 | (128,98 | (2,251 | (60,591
0 thué thué thué 1 thué thué thué
bao) bao) bao) bao) bao) bao)
TKC | 13,134 | 520,751 | 68,430 | 37,995 | 112,624 | 137,763
_CA +/- +/- +/- +/- +/- +/-
LL 18,710 | 256,049 | 91,888 | 38,002 | 126,998 | 58,788
TKC 1,040 15,511 6,832 3,264 | 236,618 | 5,919
_SM | +/-5693 +/- +/- +/- +/- +/-
S 32,203 | 21,316 8,698 | 133,043 | 14533
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TKC | 2,148 28,905 | 251,469 | 77,965 | 24,502 3,593
_DA | +/-6,802 +/- +/- +/- +/- +/-
TA 49,872 | 97,285 | 26,480 | 47,550 | 10,771

3.6 Pdnh gid két qud phin khiic khdch hang

Theo nhu két qua dat dugc & chuong nay ta rat ra duoc
mot sb két qua sau:

+ O tit ca cac truong hop phan khuc & trén, lugng
khéach hang khong str dung hodc it sir dung céc dich vu c6 phat
sinh chi phi dang chiém ti 1¢ cao nhat(>70%). Chi phi phat sinh
hang thang d6i véi nhom nay 1a <45,000VND/thang. Trong d6
Cudc goi <30,000; SMS<5,000 VND/thang; Data < 8,000
VND/thang. Day 1d nhom khach hang con rat nhiéu tiém ning
dé phat trién va 1a nhém khach hang trong tdm khi trién khai
cac chuong trinh khuyén mai, cac géi tién ich dé nang cao
doanh thu cho don vi. Tuy nhién day cting la nhom khéach hang
chung ta can xem xét vé vin dé c6 thé roi mang, nhét la cac
thué bao khong phat sinh chi phi & nhiéu ky lién tiép.

+ V61 nhitng phan khac khach hang thugc nhém c6 chi
phi su dung dich vu hang thiang roi vao khoang >
500,000VND/thang. Pay 1a nhung ddi twong khach hang VIP
ctia don vi. DP6i véi nhitng dbi twong nay ching ta can tap trung
nang cao chat lugng dich vu, chiam séc khach hang dé khach
hang cam thay hai 10ng nhét véi chi phi ma ho di bo ra.
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Chuwong 4. KET LUAN VA HUONG PHAT
TRIEN

4.1 Két luan

Pé tai trinh bay mdt cach khai quat vé KPDL, céc
phuong phap KPDL va g dung k¥ thuat phan cum va mot s6
ky thuat KPDL khac dé hd tro cho doanh nghiép vién thong.

Luan vin di trinh bay tong quan vé bai toan phan khiic
khéch hang st dung dich vu di dong noéi chung dua trén chi phi
st dung hang thang ¢ cdc nhom dich vu khac nhau. Tur d6 dua
trén céac tiéu chi ma chon ra sé lugng phan khic t6i vu di voi
timg d6i tugng khach hang sir dung dich vy. Doanh nghiép c6
thé d& dang trién khai cac chinh sach, uu dai, khuyén mai trén
timg dbi tugng khach hang dem lai tinh hop 1y va thoa mén
tung nhom khach hang.

Luén van da giai quyét duoc bai toan xac dinh sb cum
t6i wu trong phan khic khach hang dbi v6i tuong loai dich vu
riéng bi¢t. DI li€u st dung trong ludn van duoc thu thap thuc
té trén dir liéu vé chi phi cua thué bao di dong tra trudc cia
Vinaphone trén dia ban tinh Tay Ninh.

Tir viéc nghién ciru nhitng yéu ciu dit ra trong cong tac
phén khuc khach hang cua nha mang di dong Vinaphone, luén
van di dat dugc mot sé két qua chinh sau day:

Xay dung dugc mo hinh phan khuc khach hang, cé thé
ap dung theo khoang thoi gian mong mudn,

Trién khai mo hinh dé xuét, ap dung trén dit liéu thuc té,
so sanh v&i cac giai phap da sir dung duoc ap dung. Cac két
qua dat duoc di cho thiy dugc tiém niang ap dung phuong phap
dé xuét vao thuc tién

Trong thoi gian tdi ching t6i s€ nghién curu tich hgp cac
ky thuat ndy vao cac chwong trinh hd trg kinh doanh cia
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Vinaphone Tay 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 dé tai va hwéng phat trién trong twong
lai

Pham vi cua nghién ctru nay chi tap trung tai Tinh Tay
Ninh, va trong mot khoang thoi gian nhat dinh nén két qua chi
mang tinh chat twong ddi, tinh khai quat chwa cao, ¢ thé dung
trong thoi gian nghién ctru, nhung vé 1au dai thi c6 thé khong
con dap umg dugc. Pé c6 nhitng quyét dinh chinh xac hon can
c6 nhitng nghién ctru thém trong tuong lai.

Véi rat nhiéu ung dung thuc té cua khai pha dir li¢u
trong nganh vién thong, dic biét 1a vé phan khic khach hang.
Vi thoi gian c6 han ludn van méi chi nghién ctru va thuc
nghiém trén 2 thuat toan xac dinh sé cum ti wu dé phan khic
khach hang, vi vay yéu cu vdi bai toan trong tuwong lai 1a p
dung céc thudt toan khic nhu hdi quy du bao, 4p dung mang
noron xay dung cac mod hinh du bdo...

Véi sy ing dung rong rai cua khai pha dir li€u trong
nganh vién thong nhu da trinh bay thi con rat nhiéu bai toan c6
thé tim hiéu va nghién ctru thém trong tuwong lai nhu: Xac dinh
thué bao roi mang, Phan khuc khach hang véi nhiéu tiéu chi
hon( thoi gian thyc hién cudc goi, chi phi tirng cude goi, vi tri
thyc hién cudc goi,...)
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