MUC LUC

LOT CAM ON .....oooiiiieieeeeeee sttt sttt n et 0
DANH MUC TU VIET TAT ..ottt 0
0101 0\ (O 27N 6T 1
CHUONG 1: TONG QUAN VE KHAI PHA DU LIEU ..........cooovoiviieiesee. 3
1.1 Dinh nghia khai pha dlt li€U .....coeviiiiiiii 3
1.2 Quaé trinh khai pha tri thirc trong co s& dif li€U ......eevvveivviiiiiie 4
1.3 Céc k¥ thuat tiép can trong khai pha dif i8U........cc.eveveeviveerereeeeere e 5
1.4 Ung dung cta khai pha dif TiBU .......ovvveveviresieeeseeeeseeesee e 6
1.5 Cau trac cta Call Detail Records (CDR) ......c.ovuvvevveereereiciecesseeseesssessensenseneseens 7
1.5.1  Gidi thiBu CDR ...ooocveivieeesceeesieeee ettt snsssesse st 7
1.5.2  CAUIUC ClA CDR ..ottt 8

CHUONG 2: LY THUYET THONG KE VA MOQOT SO THUAT TOAN UNG

DUNG TRONG KHAI PHA DU LIEU.........cc.cocooiiiiieeieieeeeeeeeese e 10
2.1 Ly thuyét thONg K8....v.eveveeveeeeieeieeeseeteeee et s sttt enee s 10
2.1.1  TOong quan V& thONg Ke.......oveveevereverieeeeeiesseseeseeseseesesssesee s 10
2.1.2  Chlrc nANg cla thONZ K&....cv.vveveverierereeeeeeeeese s sessesees s 10
2.1.3 Cac khai ni€m Can DAN .........cccceeeeiiiiiiiic e 11
2.1.4  Cap bac do ludong va cac thang do dif i8U ..........eevvrereerererereeeeeieeinenn, 12
2.2 Mot s6 thuat toan trong khai pha dit HeU........covevveereirereeesee e 13
2.2.1 Thuat toan phan hoach K-MEANS ..., 13
2.2.2 Thuat toAn PAM ..ottt 15
2.2.3  Thut todn CLARA .......ooii e 18
2.2.4  Thuat todn CLARAS ... 19

2.2.5 Thuattodn K - PROTOTYPE ... 22



CHUONG 3: CHUONG TRINH THU NGHIEM VA PANHGIA ................ 25

3.1 Gi6i thiéu khai quat v& phan mem SPSS .......coveueeeeieeeeeeeeeeeeeesee e, 25
3.2 K&t qUa thuc NGRIEIM ...v.vvevevcecececeeee ettt 27
3.3 DANN GIA Kt QUA...eeeeieeeeeeee ettt 36
KET LUAN ..ottt n st en s 39

TAILIEU THAM KHAO..........ooooiiioieeoeeeeeeeeeeeeee ettt 40



DANH SACH HINH VE

Hinh 1: Céc giai doan khai pha tri thirc trong co & dit i€u ...coovvvveivveeiiiiiecien, 5
Hinh 2: CAu tric cac thudc tinh clia CDR .....vveeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeneeeneneens 8
Hinh 4: Giao dién ctia SPSS khi Kh&i dOng ........coovvvviiiiiiiiiiiiii e 25
Hinh 5: MG file dfr HEU.....coooeee i, 26
Hinh 6: DTt 11§u trong SPSS ... 26
Hinh 7: Phan cum K-Me@aNS.........coooiiiiiiii e, 27
Hinh 8: Tam Kh&1 ta0 ClUQ CUM .....cccoiiiiiiiciiiiiiec et 27
Hinh 9: Qua trinh thay d6i tAM CUML.......cccoveveveerereeeeeeeeesees e, 28
Hinh 10: TAM CUGi CUNE CUA CUIM ..ot eeseeneesee e 28
Hinh 11: Céac ban ghi thudc CAC CUM ....oooiiviiiiiiiiii e 29
Hinh 12: Sé ban ghi thuQC CAC CUM ... 30
Hinh 13: Théng ké s6 cudc goi theo dd dai CUOC Oi......vveveiveeerieereereeesiereseeene 31
Hinh 14: Thong ké s6 cudc goi theo gid trong NEAY .........o.ovvvvevreerreernrnsenennenn, 32
Hinh 15: Thong ké s6 cudc 201 thEO NOAY ......vveeeeeceeeeeeeeee e, 33
Hinh 16: Hinh anh st dung dién thoai cua khach hang theo ngay goi va gio goi
..................................................................................................................... 34
Hinh 17: S6 cudc goi ctia mdi khach hang téi cac thué bao ........c.oceeveeeeereenee, 35
Hinh 18: Khéach hang stir dung dich vu dién thoai IP ..........cccoeeviiiiiiniiiiiiee, 35



LOI CAM ON

Trudc hét em xin guri 101 cam on dén Ths. Nguyén Trinh Dong, ngudi thay da
huéng dan em rat nhidu trong sudt qua trinh tim hiéu nghién cru va hoan thanh d6 4n
t6t nghiép tir Iy thuyét dén tng dung. Sw huéng dan cua thiy da giup em c6 thém duoc
nhimg hiéu biét khai pha dir liéu va Gmg dung cia nd trong phan tich cudc goi dién

thoai.

Pong thoi em ciing xin chan thanh cam on cac thiy co trong bd mon ciing nhu
cac thay co trong truong di trang bi cho em nhirng kién thirc co ban can thiét dé em co

thé hoan thanh tot do an.

Em xin gt 101 cam on dén gia dinh, ban be da tao moi di€u kién thuén loi dé

em c6 thé xdy dung thanh cong d6 an nay.

Hai Phong, Ngay 10 thang 7 nam 2010

Sinh vién thyuc hién

Nguyén Thu Ha



DANH MUC TU VIET TAT

Ky hiéu viét tat Giai thich
CDR Call Detail Records
CSDL Co s¢ dir licu
KDD Khai pha tri thirc trong co sé dir 1iéu
KPDL Khai pha dir li¢u




Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

LOI MO DAU

Cudc cach mang cua k¥ thuat sé cho phép sb hoa thong tin dé dang va chi phi
Iwu trir thap. Vi su phét trién cia phadn mém, phan cing va trang bi nhanh hé thong
may tinh trong kinh doanh. Sé lwong dir liéu khong 16 dugc tip trung va luu trit trong
co s& dit liéu trén céac thiét bi dién tir nhu: dia cung, bang tu, dia quang, CD-ROM,...

Téc d6 tang dir liéu qua 16n [4].

Dt liéu sau khi phuc vu cho moét muc dich nao d6 dugc luu lai trong kho dit
liéu va theo ngay thang khdi luong dit liéu duoc luu trit ngdy cang 16n. Trong khoi
luong dit liéu to 16n nay co rat nhiéu thong tin c¢6 ich mang tinh tong quat, thong tin co
tinh quy ludt van con dang tiém an ma ching ta chua biét. Tir khéi luong dir lidu rat
16n can c6 nhitng cong cu tu dong rat cac thong tin va kién thirc ¢6 ich. Mot hudng
tiép can c6 kha ning giup cac cong ty khai thac cac thong tin c6 nhiéu ¥ nghia tir cac

tap dir liéu 16n d6 1a khai phé dir 1iéu (Data Mining).

Vién thong 1a mot nganh da c6 nhimg budc phét trién ngoan muc, trong nhiing
nam gan day. S6 lugng cac thué bao va cac dich vy vién thong kém theo dang ting
mot cach chong mit. Cac cong nghé méi cling phat trién mot cach manh mé. Pay 1a
nganh co ty I¢ tin hoc hoa cao, hau hét cac giao dich, thao tac hoat dong déu duoc luu
lai trong co s dit liéu. Tt d6 luong dir li¢u thu thap va luu trit duoc vé cac hoat dong
san xudt kinh doanh ciing tr& nén ngay cang khong 16. Tiém 4n bén trong luong dir

liéu nay 1a nhing tri thirc hét sirc quy bau vé thi trudng, khach hang, san pham...

Dbi voi nganh vién thong, thi phan va khach hang 1a hai yéu t6 hét sirc quan
trong, quyét dinh su thanh cong cia doanh nghi¢p. Chinh vi vay viéc nidm duoc céac
nhu ciu s& thich ciia khach hang ciing nhu nhitng xu hudng bién dong cua thi truong
1a mot 1gi thé to 16n cho cac doanh nghi¢p canh tranh va m¢ rong thi trudng ciia minh.
Khai pha dit liéu chinh 12 mot trong nhitng k¥ thuat hitu ich nhat dé giai quyét nhiing

van dé nay.

Ngay nay, cac cong ty vién thong khong ngirng ning cao, cai tién cac dich vu
cua minh va tim kiém dich vu mé1 dé dap img nhu cau ngay cang 16n ctua khach hang.

Sv: Nguyén Thu Ha 1
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

Céc cong ty vién thong c6 mot nguodn dir liéu rat quy gia 13 cac ban ghi chi tiét cudc
goi (Call Detail Records - CDR). Hang ngay hang triéu cudc goi dugc ghi nhan tai cac
tong dai v6i muc dich trudce tién 1a dé tinh cude cho khach hang va quan 1y mang.
Nguén dir liéu nay chira dung thong tin ctia khach hang, cach ma khach hang sir dung
mang, cac san phém va dich vu vién thong. CDR khong chi cho biét khi nao mot dich
vu dugc sir dung ma con cho biét dich vu d6 sir dung nhu thé ndo. Véi cac thong tin d6
s& gitp cho cac cong ty vién thong 1ap ké hoach phét trién dich vu chdm soéc khach
hang dé khach hang yén tam vé6i dich vu, gin bo 1au dai v4i cong ty. Pong thoi thu hut
dugc nhiéu khach hang méi. Tao diéu kién phat trién va mé rong thi truong... D6 1a 1y
do vi sao nhiéu cong ty vién thong di tién hanh xt 1y 14y cac thong tin nay phuc vu

cho viéc kinh doanh ctia minh [2].

Van dé dit ra: Lam thé nao c6 thé trich rit duoc théng tin ¢é ich tir kho dir
lidu 1a cac ban ghi chi tiét cudc goi dién thoai? Trong d6 an tot nghiép nay em trinh
bay tng dung khai pha dir li€u trong phan tich dir li¢u cudc goi di¢n thoai. Tur d6 tim
ra quy luét str dung dich vu cta khach hang. Lam co s& dé hd tro ra quyét dinh cho céac

cong ty vién thong.

Sv: Nguyén Thu Ha 2
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

CHUONG 1: TONG QUAN VE KHAI PHA DU LIEU

1.1 Dinh nghia khai pha dir li¢u

Khai phd dit liéu (Data Mining) 13 qua trinh tim kiém cac miu mdi, nhiing
thong tin tiém 4n mang tinh du doan trong cac khéi dir liéu 16n cho cac don vi, to
chtrc, doanh nghiép,... Tir d6 lam thuc day kha ning san xuat, kinh doanh, canh tranh
cho cac don vi, t6 chirc nay. Cac tri thirc ma khai thac dit liéu mang lai gitp cho cac
cong ty kinh doanh ra cac quyét dinh kip thoi va c6 thé tra 101 nhitng cau hoi trong linh
vuc kinh doanh ma trude day tén nhiéu thoi gian dé xir Iy. Su phan tich mot cach ty
dong va mang tinh du bdo cua céac dit li¢u c6 uvu thé hon han so véi phan tich thong

thuong dua trén sy kién trong qua khtr ctia cac hé hd tro quyét dinh trude day.

Gido su Tom Mitchell da dua ra dinh nghia ctua khai pha dir li¢u (KPDL) nhu
sau: “KPDL 1a viéc s dung dir liéu lich sir dé kham pha nhiing qui tic va cai thién
nhimg quyét dinh trong twong lai” [10]. Vi mot cach tiép can tng dung hon, Tién si
Fayyad da phat biéu: “KPDL thuong duoc xem 13 viée kham pha tri thirc trong cac co
so dit lidu, 1a mot qua trinh trich xuat nhitng thong tin an, trudc ddy chua biét va cd
kha ning hitu ich, dudi dang cac qui luat, rang budc, qui tic trong co so dit liéu.” [8]
No6i tom lai, KPDL 1a mot qua trinh hoc tri thirc moéi tir nhitng dit liéu da thu thap

duoc.

Khai pha dit liéu 1a sy két hop cua nhiéu nganh nhu: Co s¢ dit liéu, hién thi dir
liéu, may hoc, tri tu¢ nhan tao, ly thuyét thong tin, xac suit théng ké, tinh toan hiéu
ning cao, va cac phuong phap tinh toan mém, ... Khai pha dit liéu duoc dinh nghia 1a
qua trinh tim kiém thong tin (tri thirc) ¢6 ich, tiém an va mang tinh dy doan trong cac
khéi CSDL 16n. Mot s6 nha khoa hoc xem khai pha dir liéu nhu 1a mot cach goi khac
ciia mot thut ngir rat théng dung 1a kham pha tri thie trong CSDL (Knowlwdge
Discovery in Data bases - KDD), vi cho rang muc dich cta qua trinh kham pha tri thirc
1a thong tin 1a tri thirc c6 ich, nhitng ddi twong ma ching ta phai xt 1y rit nhiéu trong
subt qua trinh kham pha tri thirc lai chinh 1a dir li¢u. Mot s6 nha khoa hoc khac thi xem

khai thac dir liéu nhu mdt budc chinh trong qua trinh khdm pha tri thue.

Sv: Nguyén Thu Ha 3
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

1.2 Qua trinh khai pha tri thirc trong co sé dir liéu

Kham pha tri thirc trong CSDL ( Knowledge Discovery in Databases - KDD) la
linh vyc lién quan dén cic nganh nhu: thong ké, hoc may, CSDL, thuat toan, truc quan

hoa dir li¢u, tinh todn song song va hi¢u nang cao,...
Qua trinh KDD c6 thé phén thanh cac giai doan sau [5][9]:

Trich chon dir liéu (Data selection): La budc trich chon nhiing tap dir liéu can
duogc khai pha tir cac tap dir liéu 16n (databases, data warehouses, data repositories)

ban dau theo mot s6 tiéu chi nht dinh.

Tién xir ly dir liéu (Data preprocessing): La budc 1am sach dir liéu (xu 1y voi
dir liéu khong day du, dir liéu nhiéu, dit liéu khong nhat quan,.v.v.), rat gon dir lidu (sir
dung ham nhom va tinh téng, cac phuong phap nén dit liéu, sir dung histograms, 1y
mau,.v.v.), ri rac hoa dit liéu (roi rac héa dya vao histograms, dya vao entropy, dua
vao phan khoang,.v.v.). Sau budc nay, dit li¢u s€ nhét quan, déy du, dugc rat gon, va

duoc roi rac hoa.

Bién déi dir liéu (Data transformation): La budc chuan hoa va lam min dit liéu
dé dua dit liéu vé dang thuan loi nhat nham phuc vu cho cac k¥ thuat khai pha ¢ budc

Sau.

Khai pha dir liéu (Data mining): La budc ap dung nhiing ky thuat phan tich
(phan nhiéu 1a cac k¥ thuat ciia hoc may) nham dé khai thac dir liéu, trich chon dugc
nhirng mau thong tin, nhirng mbi lién hé dic biét trong dir li¢u. Pay dugc xem la budc

quan trong va ton nhiéu thoi gian nhét ciia toan qua trinh KDD.

Panh gia va biéu dién tri thire (Knowlwdge representation and evaluation):
Dung cac k¥ thuat hién thi dir liéu dé trinh bay nhitng mau thong tin (tri thirc) va mdi
lién hé trong dir liéu da dugc kham pha & budc trén duge chuyén dang va biéu dién ¢
mot dang g?ln glii véi nguoi st dung nhu dd thi, cay, bang biéu, luat... Bé)ng thot budc

nay ciling danh gia nhiing tri thirc kham pha duoc theo nhiing tiéu chi nhét dinh.

Sv: Nguyén Thu Ha 4
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Ung dung khai pha dir li¢u trong phan tich dir li¢u cude goi di¢n thoai
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Hinh 1: Cac giai doan khai pha tri thirc trong co s¢ dir liéu

1.3 Céc k¥ thuit tiép cin trong khai pha dir liéu

Néu dimng trén quan diém ctia hoc may (Machine Learning), thi cac k¥ thuat

trong Data Mining, bao gém [5][9]:

Hoc c6 giam sat (Supervised learning): La qua trinh gan nhan 16p cho cc phan
tir trong CSDL dua trén mot tap cac vi du huan luyén va cac thong tin vé nhin 16p da
biét.

Hoc khong cé giam sat (Unsupervised learning): La qua trinh phan chia mot
tap dir liéu thanh cac 16p hay 1a cum (clustering) dit liéu twong ty nhau ma chua biét
trudc cac thong tin vé 16p hay tap cac vi du huan luyén.

Hoc nira giam sat (Semi - Supervised learning): La qua trinh phan chia mot tap
dwr li¢u thanh cac 16p dua trén mot tdp nhd cac vi du huén luyén va mot s6 cac thong

tin vé mot s6 nhan 16p da biét trudc.

Sv: Nguyén Thu Ha )
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

Neéu can ctr vao 16p céc bai toan can giai quyét, thi Data Mining bao gom céc k¥

thuat sau [5][9]:

Phin 16p va du doan (Classification & prediction): xép d6i twong vao mot
trong cac 16p da biét trude. Vi du: phan 16p loai cudce hodc loai dich vu dya trén )
may bi goi cia cudc goi, phan 16p khu vuc dya trén sé may chi goi, phan 16p gio cao
diém, thap diém duya trén gio bat ddu dam thoai... Phan 16p 13 mot linh vuc rat quan
trong trong khai thac dit liéu. Phan 16p con duoc goi 1a hoc ¢6 giam sat, hudng tiép can
nay thudng duoc st dung mot s ki thuat cia hoc may nhu cdy quyét dinh (decision

tree), mang no ron nhan tao (neural network)...

Luit két hop (Association rules): La dang luat biéu dién tri thirc ¢ dang tuwong
d6i don gian. Vi du: “70% khach hang goi lién tinh thi c6 99% trong sé khach hang d6

g0i ndi tinh”. Luat két hop c6 kha niang ing dung trong rat nhiéu linh vuec.

Khai thac miu tuin tu (Sequential/temporal patterns): Twong ty nhu khai thac
luat két hop nhung c6 theo tinh thir ty va tinh thoi gian. Mot luat mo6 ta mau tuan tu c6
dang biéu dién X—>Y phan anh sy xuét hién cta bién cb X s& dan dén viéc xuét hién

ké tiép bién c¢o0 Y. Hudng ti€p can nay co tinh du béo cao.

Phan cum (Clustering/segmentation): Sap xép cac dbi tugng theo timg cum.
Céac dbi tuong dugc gom cum sao cho muc dJ tuong ty gitra cac ddi tuong trong cung
mot cum 13 16n nhat va mac do tuong tu gilra cac ddi tuong nam trong cac cum khac
nhau 14 nho nhit. Phan cum con dugc goi 1a hoc khong gidm sat (unsupervised

learning).

1.4 Ung dung ciia khai pha dir liéu

Khai phé dit liéu c6 nhiéu tng dung trong thuc té. Mot trong sé tng dung dién
hinh nhu:

Tai chinh va thi truong chirng khoan: phén tich tinh hinh tai chinh va du bao gia
clia cac loai c6 phiéu trong thi trudng chimg khoan. Danh muyc von va gid, i suat, dir

liéu thé tin dung, phat hi¢én gian lan...

Phén tich di liéu va hd tro ra quyét dinh.

Sv: Nguyén Thu Ha 6
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

bicu tri va chdm soéc y té: Mt s thong tin vé chuan doan luu bénh trong cac hé¢
thong quan ly bénh vién. Phan tich moi lién hé gitra triéu chiing bénh, chuan doan va

phuong phap diéu tri (ché do dinh dudng, thudc..).

Text mining & Web mining: Phan 16p vin ban va cac trang web, tom tit vin

ban...

Linh vuc khoa hoc: Quan sat thién van, dir licu gene, dir li€u sinh véat hoc, tim
kiém, so sanh cac hé gene va thong tin di truyén, mdi lién h¢ gene va mot s6 bénh di

truyén.

Mang vién thong: Phan tich cac cudc goi dién thoai va hé thé)ng giam sat 16i,
phat hién gian 1an, cac tng dung quan 1y va cham séc khach hang, phat hién su cb dé

dua ra bién phap phat trién chat luong dich vu...

1.5 Céu tric cia Call Detail Records (CDR)

Nganh vién thong luu trir mot khoi dir liéu khéng 16 ban ghi chi tiét cudc goi
(Call Detail Records). Nhiing thong tin nay c6 thé cho ta nhan dién dugc nhiing
dic tinh ctia khach hang va thong qua d6 co6 thé dua ra cc chinh sach chim soc khach

hang thich hop dua trén du doan hoac c6 mot chién lugc tiép thi hi€u qua.
1.5.1 Giéi thiéu CDR

Hang ngay tai cac téng dai dién thoai, c6 mot sb luong rat 16n cac cudc goi dién
thoai duoc ghi nhan d6 ban ghi chi tiét cudc goi va thudng duoc viét tat 1a CDR [1].
Céc thong sb lién quan t6i cude goi duoc ghi lai tai cac tong dai co thé cho ching ta
biét chat luong cua dich vu, cach sir dung dich vu ctia khach hang. CDR la mét khdi
dir liéu 16n va rat quan trong.

Khi mét khach hang nhac may quay sb thi tong dai s& thiét 1ap mot duong ndi
giita hai s6 dién thoai. Cudc goi duoc bat dau khi viéc két ndi duoc thuc hién xong va
két thiic khi mot trong hai khach hang két thuc cudc goi [12].

Sau khi mdt cudc goi dién thoai két thuc thi cac sb liéu lién quan toi chi tiét

cudc goi do nhu: sb dién thoai goi, s6 dién thoai bi goi, thoi gian bat dau goi, thoi gian

Sv: Nguyén Thu Ha 7
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Ung dung khai pha dir li¢u trong phan tich dir liéu cudc goi di¢én thoai

két thuc cudc got,... Pugc luu xudng by nhé cua tong dai. Chi tiet cac cudc goi cua

khach hang dugc téng dai luu lai dudi dang tap tin theo ciu tric quy dinh trudc.

Chung duoc goi la CDR.

1.5.2 Céhu trac cia CDR

CDR c6 hang triéu ban tin, mdi ban tin ¢6 39 thudc tinh [6].

Lép: CT1002

1D Field name Tvpe Width D Field name Tvpe Width
1 REC _TYPE Character 2 21 IYPE_SIGN Character 1
2 CAUSE _OUTP | Character 1 22 | EXCHANG_ID | Character 3
3 | REC _NTUMBER | Character 2 23 OUT ROUTE Character 7
4 CALL ID XNO Character 3 24 INC ROUTE Character 7
5 REC_SEQ _NO Character 3 25 REROTUTE Character 1
[i] A SUBS Character 18 26 DEST _CODE Character 1
7 | A_CATEGORY | Character 2 27 FORCE_DISC Character 1
8 TYPE_A SUB Character 2 28 TYPE A NO Character 3
0 B _SUBS Character 26 20 TYPE B NO Character 3
10 | B_CATEGORY | Character 2 30 REDIRECT Character 18
11 | FATULT CODE | Character s 31 ORI CALLED Character 18
12 CALL STATS Character 1 32 TAR SWITCH | Character 1
13 | ABNORM _RLS | Character 1 33 | CAUSE_CODE | Character 3
14 DATE Character 1] 34 LOCATION Character 2
15 START TIME Character i 35 | CALLED SUB | Character 1
16 STOP_TIME Character ] 36 | TELEC SERV | Character 3
17 TIME REGIS Character ] 37 | NO _MESSAGE | Character 1
18 DURATION Character ] 33 SEIZ _EOS Character 3
19 INTER_TIME Character ] 30 [ NETWOREK_NO | Character 1
20 | CHARG_PART | Character 1
Hinh 2: C4u tric cac thudc tinh cia CDR
Sv: Nguyén Thu Ha 8
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Trong d6 mdt s6 thudc tinh lién quan t6i thong sb k¥ thudt caa cudc goi nhu:
- Call_stats: Cugc goi thanh cong hay khong thanh cong.
~ Redirect: Cudc goi di hodc dén theo hudng nao.
~ Fault_code: M 13i cudc goi bao gdm cac thong s6 bao 16i tring, chap chon. ..

- Telec_serv: Céac loai dich vu dugc ghi nhan gém c6 goi tu dong IDD, dién thoai
IP 177,178,177...

Mot sb thudc tinh dé xir 1y tinh cudce cho khach hang:
~ A _subs: S dién thoai cuia khach hang goi di.
~ B_subs: Sé dién thoai khach hang goi dén.
- A _category: Phan loai khach hang goi di.
~ B_category: Phén loai khach hang goi dén.
- Type_a_subs: Loai dich vu ctia khach hang goi dén.

- Date: Ngay thuc hién giao tac cac cudc goi di¢én thoai. dinh dang thudc tinh
date.

~ Start_time: Thoi diém luc bat dau thuc hién giao tac (chinh xac dén timg giy)
~ Stop_time: Thoi diém luc két thiic thyc hién giao tac (chinh x4c dén timg giay).

- Inter_time: B0 dai cudc goi dugc dinh dang 1a [hhmmss] véi h,m,s lan luot 1a

gio, phut, gidy, (chinh xac dén ting gidy)

- Duation: B¢ dai cudc goi dugc lam tron theo phut.
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

CHUONG2: LY THUYET THONG KE VA MOT SO
THUAT TOAN UNG DUNG TRONG KHAI PHA DU LIEU

2.1 Ly thuyét thong ké
2.1.1 Téng quan vé thong ké

Théng ké 13 mot nhanh cia toan hoc lién quan dén viéc thu thap, phan tich, dién
giai hay giai thich va trinh bay cac dir liéu. Thong ké duoc van dung trong nhiéu linh
vuc khoa hoc x4 hdi va nhan van. Thong ké ciing dugc sir dung dé ra quyét dinh trong

tat ca moi linh vuc kinh doanh va quén tri nha nuée [3].

Théng ké 1a hé thong cac phuong phap dung dé thu thap xir 1y va phan tich cac
con sd (mat lugng) cua nhitng hién tugng s6 16n dé tim hiéu ban chat va tinh quy luat

vbn c6 ciia chung (mat chat) trong diéu kién thoi gian va khong gian cu thé.

Moi su vat hién tuong déu c6 hai mat chat va luong khong thé tach roi nhau va
khi chiing ta nghiém ctru hién tuong, diéu ching ta mudn biét d6 13 ban chat cua hién
tugng. Nhung mit chat déu an bén trong con mit luong biéu hién ra bén ngoai dudi
dang cac dai lugng ngau nhién. Do d6 phai thong qua cac phwong phap xir 1y thich hop
trén mit luong cua sb 16n don vi cdu thanh hién tuong, tac dong cua cac yéu té ngiu
nhién méi duge bu trir va triét tiéu, ban chit cua hién twong maoi boc 10 ra va ta cod thé
nhan thirc diing dén ban chit, quy luat van dong cua no.

2.1.2 Chikc niing ciia thong ké

Théng ké mo ta: 13 phuong phép sir dung dé tom tat hodc mo ta mot tap hop dir
liu.

Théng ké suy dién: 13 phuong phap mé hinh hoéa trén cac dit liéu quan sat dé
giai thich dugc nhimng bién thién “dudng nhu ” ¢6 tinh ngiu nhién va khong chac chan
clia cac quan sat va dung dé rit ra cac suy dién vé qua trinh hay vé tap hop cac don vi
duogc nghiém ctru.

Théng ké mo ta va thong ké suy dién tao thanh thong ké trong tmg dung. Con

théng ké toan 1a linh vuc nghiém ctru co so 1y thuyét ciia khoa hoc théng ké.
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

2.1.3 Cac khai niém can ban
2.1.3.1 Téng thé va don vi do tong thé
Téng thé thdng ké (con goi 1a téng thé chung) 13 tip hop cac don vi (hay phan

tr) thudc hién tugng nghiém ciru, can quan sat, thu thap va phan tich mit lugng cua

ching theo mét hodc mot sb tiéu thirc nao do.
Céc don vi (hay phan tir) cau thanh tong thé thong ké goi 1a don vi tong thé.

Vi du: mudn tim do dai trung binh cta cac cudc goi dién thoai trong khoang
21gio — 22 gid ngay 14/2/1010 tai tong dai cia VNPT thi tong thé sé& 13 toan bo céac
cudc goi dién thoai trong khoang 21 giod — 22 gid ngay 8/3/2010 tai tong dai cua
VNPT.

Vay thuc chit cta viéc xac dinh tong thé 1a xac dinh cac don vi tong thé. Pon vi
tong thé 1a xuat phat diém cua qué trinh nghiém ctru thong ké vi né chira dung nhiing
thong tin ban dau can cho qua trinh nghiém ctu [3].
2.1.3.2 MAiu va don vi miu

Mau la téng thé bao gém mét sb don vi dugce chon ra tir téng thé chung theo
mot phuong phap 1dy mau nao d6. Cac dic trung mau duge sir dung dé suy rong ra cac
dic trung cua tong thé chung [3].

Quan sat 14 co so thu thap s6 lidu va thong tin can nghiém ctru. Chang han trong
diéu tra chon mau, mdi don vi mau s& duoc tién hanh ghi chép, thu thap théng tin dugc
goi la mQt quan sat.
2.1.3.3 Dir liéu dinh tinh va dir liéu dinh lwgong

Dir liéu dinh tinh phan anh tinh chat, sy hon kém ctia ddi tuong cua cac dbi
tuong nghiém ctru, 13 cac dit liéu ban dau khong dugc thé hién dudi dang sd.

Dit liéu dinh luong phan dnh mic do hon kém, 1a cac dit lidu co thé can, do,
dong, dém duoc.. Vi du do dai cude goi dién thoai c6 thé dém chinh xac tGi tung giay.

Dir liéu dinh tinh dé thu thap hon dit liéu dinh luong, nhung dit liéu dinh lugng
thudng cung cdp nhiéu thong tin va d& ap dung nhiéu phuong phap phén tich hon. Khi
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

thuc hién nghi€ém cutu, trong giai doan lap ké hoach nghiém ctru va thu thap dir liu,
ngudi nghiém ctru can xac dinh dugc cac phuong phap phén tich can sir dung dé phuc
vu cho muc tiéu cua minh, tir d6 xac dinh loai dit liéu can thu thap dé thu nhan dugc

dir liéu mong mudn.
2.1.3.4 Tiéu thirc thong ké

Tiéu thire thong ké 1a khai niém dung dé chi cac dic diém cta don vi tong thé.
Vi du khi phan tich chi tiét cude goi di¢n thoai c6 céc ti€u thic nhu: s6 dién thoai goi,
s6 dién thoai bi goi, ngay thuc hién cudc goi dién thoai, thoi gian bat dau thuc hién

cudc, thoi gian dam thoai, thot gian két thac cudc goi. ...
Tiéu thirc thong ké dugc chia thanh 2 loai [3]:

- Tiéu thuac thudc tinh: 1a ti€u thirc phan anh tinh chat hay loai hinh cua don vi
téng thé, khong co biéu hién truc tiép béng cac con sb. Vi du: tiéu thuc loai

khach hang, loai dich vu cudc goi, 16i cudc goi... 1a cac tiéu thic thudc tinh.

_ Tiéu thirc s6 luong: 1a tiéu thie co thé biéu hién truc tiép béng con sb. Vi du: sb
dién thoai khach hang goi di, so dién thoai khach hanh goi dén, thoi gian bat
dau, thoi gian dam thoai, thoi gian két thuc. ..
2.1.4 Cip béc do lwong va cac thang do dir liéu
2.1.4.1 Thang do dinh danh

La loai thang do dung cho céc tiéu thirc thudc tinh. Nguoi ta sir dung cac mi sb
dé phan loai cac dbi tuong, chung khong mang y nghia nao khéc.
Thude do do tap trung duy nhat 1a mode, dd phan tan thong ké co thé do bang cac ty
1¢, khong tinh duoc d6 1éch chuan.
2.1.4.2 Thang do thir bac

La loai thang do dung cho cic tiéu thic thudc tinh va cac tiéu thic s lwong.
Trong thang do nay, giita cac biéu hién cia tidu thirc ¢ lién quan thir bac hon kém. Su
chénh léch giita cac biéu hién khong nhat thiét phai bang nhau. Thudc do do tap trung

13 mode hay trung vi, trung vi cung cip nhiéu thong tin hon mode.
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

2.1.4.3 Thang do khoing

La loai thanh do dung cho céc tiéu thirc s6 lwong va cac thang do thudc tinh.
Thang do khoang 13 thang do thir bic c6 cac khoang cach déu nhau. Khuynh huéng
trung tAm cta dit lidu thu thap tir thang do khoang c6 thé 13 mode, trung vi va trung
binh cong. Trong dé trung binh cong chira nhiéu thang do nhat.
2.1.4.4 Thang do ty 1€

La loai thanh do dung cho dit liéu sé lugng. Thang do ty 18 c6 ddy du cac dic
tinh cua thang do khoang, tirc 12 c6 thé 4p dung cc phép tinh cong trir. Ngoai ra, thang
do nay c6 mot gid tri 0 “that”, cho phép lay ty 18 so sanh giita hai gia tri thu thap cho
nén goi la thang do ty 1&. Pay la thang do cao nhét trong céc loai thang do. Khuynh
hudng trung tdm cua dir li¢u thu thap la mode, trung vi va trung binh cong, trong do

trung binh cdng chtra nhiéu thong tin nhat.

2.2 Mot so thuit toan trong khai pha dir liéu
Théng ké 12 hé thdng cac phuong phap dung dé thu thap xir 1y va phan tich cac
con sd dé tim hiéu ban chét va tinh quy luat von c6 ciia chiing. Mot trong cac phuong
phap dé xur 1y, phan tich, khai pha dir liéu d6 1a sir dung thuat toan.
Ta tim hiéu mot s thuét toan khai pha dir liéu.
2.2.1 Thuat toan phan hoach K-MEANS

Thuét toan phan hoach K-Means do MacQeen dé xuét trong linh vuc théng ké
nam 1967.

Tu tudng cua thuat toan K-Means 1a sinh ra k cum di liéu {Cq, C,, ...,Cy} tu

moét tap dir li€u chra n ddi tuong trong khong gian d chiéu X; = (X1, Xi2s ---» Xig)

_— 9 k , 9
(i=1n), sao cho ham tiéu chuan: E=>"Y _ D’(x-m,) dat gia tri t5i thiéu. Trong
i=1

xeC;
do6: m; la thm cta cum C; D 1a khoang céach giira hai dbi tuong.

Tam ctia mot cum 1a mot véc to, trong d6 gid tri ciia mdi phan tir cuia no 1a trung

binh cong ctia cac thanh phan tuong tng cua cac ddi twong vecto dir liéu trong cum
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

dang xét. DO do khoang cach D giita cac ddi tuong dit liéu thuong duge sir dung dung
1a khoang cach Euclide, boi vi day 1a mé hinh khoang cach d& dé l1dy dao ham va xac
dinh céc cuc tri ti thiéu. Ham tiéu chuan va d6 do khoang cach co thé duoc xac dinh
cu thé hon tuy vao Gmg dung hoic cac quan diém cta nguoi dung.

Céc bude tién hanh thuat toan K-Means [5][9]:

Input: Téap dit liéu chira n doi tuong, s6 cum k.

Output: Tam cac cum C; (i =1 k ) va ham tiéu chudn E dat gia trj toi thiéu.

Thuat toan K-Means bao gom cac budc co ban sau:

Bude 1: Chon k tAm {m;}*;-; ban du trong khong gian R? (d 1a s6 chiéu cua dit
li¢u). Viéc lya chon nay cé thé 1a ngau nhién hoic theo kinh nghiém.

Budée 2: Doi véi mdi diém X; (1<=i<=n), tinh toan khoang cach ciia n6 t6i mdi
tam m; j=1,k. Sau d6 tim tAm gan nhat dbi v6i mdi diém.

Bude 3: Dbi v6i mdi j=1,k, cap nhat tdm cym my bﬁng cach xac dinh trung binh
cOng cua cac vecto doi tuong dir lidu.

Buéc 4: Lip cac bude 2 va 3 dén khi cac thm ctia cum khong thay doi.

Thuat toan K-Means tuan tu trén c6 d6 phirc tap tinh toan 1a: O( (Bnkd)z T ﬂ°p)
Trong d6: n 1a s6 d6i twong dit lidu, k 12 s6 cum dir liéu, d 13 s6 chiéu, 7 14 s6 vong lap,
T " 14 thoi gian dé thuc hién mot phép tinh co sé nhu phép tinh nhan, chia, ... Nhu
vay, do K-Means phan tich phan cum don gian nén c6 thé ap dung d6i vai tap dit liéu
16m. Tuy nhién, nhuogc diém cua K-means 1a chi ap dung véi dit liéu c6 thude tinh $6
va kham ra cac cum c6 dang hinh cau, K-means con rat nhay cam véi nhiéu va cac

phan tir ngoai lai trong di liéu.

Chat lugng phan cum dir li€u cua thuat toan K-means phu thudc nhiéu vao céc
tham s6 dau vao nhu: s6 cum k va k tdm khoi tao ban dau. Trong truong hop, cac tam
khoi tao ban dau ma qua léch so vai cac tdm cum tu nhién thi két qua phan cum cua
K-Means 1a rat thip, nghia 13 cac cum dit liéu dugc kham pha rat 1éch so véi cac cum

trong thuc té. Trén thuc t& ngudi ta chua c6 mot giai phap t6i uu nao dé chon cac tham
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Ung dung khai pha dir li€u trong phan tich dir li¢u cudc goi dién thoai

s0 dau vao, giai phap thuong dugc sir dung nhat 1a thir nghiém véi cac gia tri dau vao

k khac nhau rdi sau d6 chon giai phéap tot nhat.
2.2.2 Thuat toin PAM

Thuét toan PAM duoc dé xuit boi Kaufman va Rousseeuw. PAM (Partitioning
Around Medoids) 1a thuat todn mé rong cua thuat toan K-means, nhim c6 kha ning xir
Iy hiéu qua d6i véi dir liéu nhiéu hoic cic phan tir ngoai lai.

Tw twéng: Thay vi st dung cic tAm nhu K-Means, PAM sir dung cac d6i tuong
medoid dé biéu dién cho cac cum dit liéu, mot ddi twong medoid 1a d6i twong dit tai vi
tri trung tAm nhét bén trong ctia mdi cum. Vi vay, cac ddi twong medoid it bi anh
huong cua cac dbi tugng & rat xa trung tim, trong khi d6 cac tam cuia thuat toan K-means
lai bi tic dong boi cac diém xa trung tdm nay. Ban dau, PAM khdi tao k ddi tuong
medoid va phan phéi cac d6i twong con lai vao cac cum voi cac ddi tuong medoid dai
dién twong tng sao cho ching twong ty véi ddi twong medoid trong cum nhat
[51[91[10].

Thi du: Néu O; 14 d6i tugng khong phdi 1a medoid va Oy, 1a mot ddi tugng
medoid, khi do ta né1 O; thugc vé cum c6 dbi tuong medoid 1a Oy, lam dai dién néu:

d(G;j, Om) = Ming.d(Q;.O,)- Trong do: d(Q,.O,) 1a do phi tuong tu gitta Oj va O,

MiNge 12 gid tri nho nhat cia do phi trong tu giira Oj va tat ca cac d6i twong medoid
clia cac cum dit liéu. Chat luong cua mdi cum duoc kham pha dugc danh gia thong
qua d6 phi twong tu trung binh giita mot d6i twong va déi twong medoid twong tmg voi
cum cia no, nghia 1a chat lugng phan cum duoc danh gia thong qua chat luong cua tat
ca cac ddi twong medoid. Do phi trong tu & day thong thuong duoc xac dinh bang do

do khoang cach, thuat toan PAM thuong dugc &p dung cho dir li¢u khong gian.

Dé xac dinh cac medoid, PAM bét dau bing cach lwa chon k ddi twong medoid
bat ky. Sau mdi budc thuc hién, PAM cb gang hoan chuyén giita dbi tuong medoid Oy,
va mot ddi tugng O, khong phai la medoid, mién 1 sy hoan chuyén nay nhiam cai tién
chat luong ctia phan cum, qua trinh nay két thic khi chat lugng phan cum khong thay
d6i. Chét lugng phan cum duoc dénh gia thong qua ham tiéu chuan, chat lugng phan

cum tot nhat khi ham tiéu chuén dat gia tri tdi thiéu.
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Xét vi du: Cho hai dbi tuong medoid A va B. Ddi voi tat ca cac ddi tuong Y
thudc cum véi doi tuong medoid dai dién A, chung ta tim medoid ctia cum gﬁn nhat dé
thay thé. C6 hai truong hop c6 thé x4y ra, hoic Y duoc chuyén t&i cum dit lidu c6 dai
dién 12 B hoic dugc chuyén toi cum dit lidu c6 dai dién 14 M. Tiép dén, ching ta xét
lan luot cho tit ca cac dbi tuong trong cum co6 dai di¢n 1a A. Tuong tu nhu vay, ddi voi
tat cac cac dbi tuong trong cum cé doi tuong dai dién la B, ching ta c6 thé di chuyén

ching t61 cum c6 dai dién 1a M hodc 1a ching ¢ lai B. Thi du nay c6 thé biéu dién nhu

hinh duoi day:
M
Case 2 M A
A /"
b
Case 4
.
Y \
- |7
Case 1l B
Case 3

Hinh 3: Biéu dién vi du cho huat todn PAM
Mt s6 bién duge st dung trong thuat toin PAM:
- O, Ladbi tuong medoid hién thoi can duoc thay thé.
- O, La ddi tugng medoid méi thay thé cho Oy,

~ Oj: La d6i tugng dit liéu (khong phai 1a medoid) c6 thé duoc di chuyén sang
cum khac.
- 0j2: La d6i tugng medoid hién thdi gan d6i twong O; nhat ma khong phai 1a cac
d6i twong A va M nhu trong vi du trén.
PAM tinh gia tri Cjyp cho tat ca cac d6i tuong O;. Cjmp 0 day nham dé lam can
ctr cho viéc hoan chuyén giita O, va O,. Trong moi truong hop Cimp duoc tinh vo1 4

cach khac nhau nhu sau:
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Trwong hop 1: Gia sir O; hién thoi thudc vé cum c6 dai dién 1a O,, va O; twong
tw v6i Oj, » hon O, (d(O;, O,)>d(0;, O;,)). Trong khi d6, O;, 1a déi twong medoid
tuong tu xép tht 2 t6i O; trong s6 cac medoid. Trong truong hop ndy, ching ta thay
thé Oy, boi ddi tugng medoid méi O, va O; s& thude vé cum c6 dbi twong dai dién 1a
Oj2. Vi vay, gia tri hoan chuyén Cjmp dugc xac dinh nhu sau:

Cimp = d(O;, O;2) — d(O;, Opy).

Gia tri Cjmp la khong am.

Trwong hop 2: O; hién thoi thudc vé cum co dai dién 1a O, nhung O; it twong
tw véi O so v6i O, (Nghia 13, d(0;, 0,)<d(0;, 0;2)). Néu Oy, dugc thay thé bsi O,, thi
O; s€ thudc vé cum co dai dién 1a Oy,. Vi vay, gia tri Cjmp dugc xac dinh nhu sau:

ijp: (Oj, Op) - d(Oj, Om)

Cimp 0 day co thé 13 4m hodc duong.

Trwong hop 3: Gia su O; hién thoi khong thudc vé cum c6 ddi twong dai dién
la O, ma thude vé cum co dai dién 1a O; 2. Mat khac, gia su O; twong tu voi O;, hon so
v6i1 Op, khi do, néu Oy, duoc thay thé boi O, thi O van s& & lai trong cum c6 dai dién 1a
Ojlg. Do do:

Trwong hop 4: O; hién thoi thudc vé cum c6 dai dién la Oj2 nhung O; it tuong
tw t6i O;, hon so véi O, Vi vay, néu ching ta thay thé Oy, bdi O, thi O; s& chuyén tir
cum Oj, sang cum O,. Do do, gia tr1 hoan chuyén Cimp dugc xac dinh la:

ijp: (Oj, Op) - d(Oj, Oj,Z)'

Két hop ca bdn trudng hop trén, téng gid tri hoan chuyén O, bing O, dugc xac

dinh nhu sau: TCrp =>_C
j

imp *

Input: Téap dit lidu c6 n phan ti, s cum k.

Output: k cum dir liéu sao cho chit luong phan hoach 14 t6t nhét.
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St dung cac khai niém trén, thuat toan PAM c6 cac budc thuc hién sau
[51[9][10]:
Buéc 1: Chon k déi tugng medoid bat ky.

Buéc 2: Tinh TCy,, cho tat ca cac cap doi twong O, Op, Trong d6 Oy 1a doi

tuwong medoid va O, 1a d6i twong khong phai 1a modoid.
Buéc 3: Chon cip dbi tuong O, VA Op. Tinh mingy,, Mingy, TCryp.

Néu TCp la 4m, thay thé O,, bai O, va quay lai bude 2. Néu TCyyp duong,

chuyén sang budc 4.

Buéc 4: Voi mdi d6i tugng khong phai 13 medoid, xac dinh d6i twong medoid

tuong tu v4i nd nhat dong thoi gan nhian cym cho chung.

Do phirc tap tinh toan cua PAM 1a O(Ik (n-k)?), trong d6 1 1a sb vong lap. Nhu

vay, thuat toan PAM kém hi¢u qua vé thoi gian tinh toan khi gia tri cia k va n 1a 16n.
2.2.3 Thuat toan CLARA

CLARA (Clustering LARge Application) dugc Kaufman dé xuat nam 1990 [5],
thuat toan nay nham khac phuc nhugc diém cta thuat toan PAM trong truong hop gia

tri cua k va n 1a 16n.

Tw twéng: CLARA tién hanh trich miu cho tap dit liéu c6 n phan tir, nd ap
dung thuat toan PAM cho mau ndy va tim ra cac cac dbi twong tim medoid cho mau

duoc trich tir dir liéu nay [5][10].

Nguoi ta thiy rang, néu miu dit liéu duoc trich theo cach ngau nhién, thi cac
medoid ctia n6 xap xi voi cac medoid ctia toan bo tap dir liéu ban dau. Pé tién téi mot
xép xi tbt hon, CLARA dua ra nhiéu cach léy mau va thyc hién phan cum cho mdi
truong hop va tién hanh chon két qua phan cum tot nhat khi thuc hién phan cum trén
cac mau nay. Pé cho chinh xic, chat lugng cia cac cum dugce danh gia thong qua do
phi trong tir trung binh cta toan bo cac dbi tuong dit liéu trong tap ddi trong ban dau.
Két qua thyc nghiém chi ra rang, 5 mau di liéu c6 kich thudc 40 + 2k cho cac két qua

tdt.
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Input: Tép dit liéu n phan tir, cac mau cua tap dir licu..

Output: k cum dir li€u sao cho chét lugng phan hach tdt nhat.

Cac budc thuc hién cia thuat toan CLARA [5][10]:

Buéc 1: Liy 5 miu dit liéu c6 kich thudc 40 + 2k.

Buoéc 2: Lfiy mot mau ¢ 40 + 2k dbi twong dir liéu ngau nhién tr tap dir lidu va
ap dung thuét toan PAM cho mAu dir liéu ndy nham dé tim cac ddi tuong medoid dai
dién cho cac cum.

Bude 3: D6i vi mdi dbi twong O; trong tap dir liéu ban dau, xac dinh ddi tuong
medoid tuong tir nhat trong sé k di twong medoid.

Buéc 4: Tinh d6 phi twong tu trung binh cho phan hoach cac d6i tuong & budc
trude, néu gia tri ndy bé hon gia tri toi thiéu hién thoi thi st dung gia tri nay thay cho
gia tri tdi thiéu & trang thai trude, nhu vay, tap k dbi tuong medoid xac dinh & budc
nay 1a t6t nhat cho dén thoi diém nay.

Budc 5: Quay tro vé buédc 2 rdi tiép tuc thuc hién to1 khi duyét hét 5 miu dir
liéu co kich thudce 40 + 2k.

Do phie tap tinh toan cua né 1a O(k(40+k)® + k(n-k)), va CLARA c6 thé thuc
hién d6i véi tap dir liéu 16n.

Chu ¥ d6i voi ki thuat tao mau trong PCDL: két qua phan cum c6 thé khong
phu thudc vao tap dit liéu khai tao nhung né chi dat t6i uu cuc bo. Thi du: Néu cac ddi
tugng medoid cua dir liéu khoi tao khong nam trong mau, khi d6 két qua thu duoc
khong dam bao 1a tot nhat dugc.

2.2.4 Thuat toain CLARAS

Thuat toan CLARANS dugc Ng & Han d& xuit nim 1994 [5], nham dé cai tién
cho chat luong ciing nhu mé rong ap dung cho tap dir liéu 16n. CLARANS ciing sir
dung cac doi tuong trung tdm medoids lam dai dién cho cac cum dir ligu.

Nhu da biét, PAM la thuat toan phan hoach c6 kiéu K-medoid. N6 bat dau khoi

tao k tdm dai dién medoid va lién tuc thay thé mdi tam boi mot ddi tuong khac trong
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cum cho dén khi 1a tong khoang cach cua cac dbi twong dén tdm cum khéng giam.
CLARAS 14 thuat toan PCDL két hop thuat toan PAM véi chién lugc tim kiém kinh
nghi¢m moi.

Tu twéng: CLARAS khong xem xét tat ca cac kha ning c6 thé thay thé cac doi
tuong tAm medoids béi mot ddi twong khac, no ngay 1ap tirc thay thé cac ddi tuong
tam nay néu viéc thay thé nay c6 tac dong tot dén chit lugng phan cum chtr khong can
xac dinh céach thay thé tdi wu nhat. Mot phan hoach cum phat hién dugc sau khi thay
thé d6i twong trung tdm duoc goi 1a mot lang giéng (Neighbor) cta phan hoach cum
trude d6. S6 cac lang giéng dugc han ché boi tham s do ngudi dung dua vao 1a
Maxneighbor, qué trinh Iya chon cac lang giéng nay 1a hoan toan ngau nhién. Tham sb
Numlocal cho phép ngudi ding xac dinh sd vong lip t6i vu cuc bd duoc tim kiém.
Khong phai tat cac cac lang giéng duoc duyét ma chi c6 Maxneighbor sb lang giéng

duogc duyét [5][9].

Gia st O 1a mot tap co n doi tuong va M < O 1a tap céc doi tuong tdm medoid,
NM = O - M 1a tap cac ddi twong khong phai tam. Cac dbi tuong dit liéu sir dung trong
thuat toan CLARANS 1a cac khdi da dién. Mbi d6i tuong duoc dién ta bﬁng mot tap
cac cach, mdi canh dugc xac dinh béng 2 diém. Gia st P c R® 1a mot tap tat ca céac
diém. No6i chung, cac d6i tuong & ddy 1a cac ddi twong dit liéu khong gian va ching ta
dinh nghia tdm ctia mot dbi twong chinh 14 trung binh cong toan hoc cua tat ca cac

dinh hay con goi la trong tam:
Center: O ——P
Gia st dist 1a mot ham khoang cach, khoang cach thuong dugc chon ¢ day la
khoang cach Euclidean : dist: P x P> Ry"
Ham khoang cach dist cé thé m& rong cho cac diém cta khdi da dién thong qua
ham tam: dist: O x O— R," sao cho dist (0;, 0;) = dist (center(0;), center(o;))

Mbi d6i twong duogc duoc gan cho mot tAm medoid cia cum néu khoang cach

tir trong tAm cua ddi twong d6 toi tim medoid cua n6 13 nho nhit. Vi vy, chung ta
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dinh nghia mét tdm medoid nhu sau: medoid: O— M sao cho medoid (0) = m;, m; e M,
v m; eM: dist (o, m;) < dist (0, m;), o O.

Cudi cung, ching ta dinh nghia mot cum véi tdam medoid m; tuong Ung 1a mot
tap con cac ddi tugng trong O voi medoid(o) = m;.

Gia str Co 1a tap tit ca cac phan hoach cua O. Ham tong dé danh gia chat luong
modt phan hoach duoc dinh nghia nhu sau: total distance: Co— Ry" sao cho
total_distance(c) = X X dist (o, mi) véi m; e M, o e cluster(mi).

Input: O, k, dist, numlocal, maxneighbor.

Output: k cum dir liéu.

Cac budc thuc hién:

Budc 1: Chon ngau nhién k ddi tuong medoil tir n dbi tuong dir li€u.

Budc 2: Thay thé mot doi tugng tam cum medoil cli boi doi tuong khac trong
khi s6 phan hoach nho hon maxneighbor.

Buéc 3: Tinh toan sy khac nhau vé tong khoang cach gitta phan hoach hién thoi
(Neighbor) va phan hoach cum trudc do.

Buéc 4: Hoan doi gitra ddi tuong tAm cum medoil voi di twong khong phai
medoil néu khéng c6 su khic nhau giita phan hoach hién thoi (Neighbor) va phan
hoach cum truéc do.

Buwéc 5: Tinh tong dé danh gia chat lwong cua mdi phan hoach. Néu téng d6

nho hon chat luong phan hoach cho trudc thi cap nhat chét lugng phan hoach nay.
Buwéc 6: Lip lai bude 1 numlocal lan.

Qua trinh hoat dong cia CLARANS tuong tu v6i qua trinh hoat dong cua thuat
toan CLARA. Tuy nhién, ¢ giai doan lya chon céc trung tdm medoid ctia cum dir li¢u,
CLARANS lya chon mdt giai phap t6t hon bang cach 1y ngiu nhién mot ddi twong
ctia k d6i tugng trung tim medoid ctia cum va cb gang thay thé né véi mot ddi tugng

dugc chon ngau nhién trong (n-k) ddi twong con lai, néu khong co giai phap nao tot
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hon sau mot s6 c6 gang lya chon ngau nhién xac dinh, thuat toan dirng va cho két qua

phan cum to61 uu cyc bg.

Trong trudng hop té nhit, CLARANS so sanh mot dbi twong véi tat cac dbi
tuong Medoid. Vi vay, do phuc tap tinh toan cuia CLARANS Ila O(knz), do vay
CLARANS khéng thich hop véi tap dit liéu 16n (khi trudng hop xdu nhét xay ra).
CLARANS c6 uwu diém 1a khong gian tim kiém khong bi giéi han nhu d6i voi
CLARA, va trong cting mot luong thoi gian thi chit lugng cua cac cum phan duoc 1a

16n hon so véi CLARA [5].
2.2.5 Thuit toan K - PROTOTYPE

Thuat toan K-Prototypes 1a thuat toAn mo rong cua thuat toan K-Means dé lam
viéc voi tap dir liéu hdn hop gifra thudc tinh sb va thudc tinh hang muc. Thuat toan
K-Prototypes str dung cac d6i tuong mau (prototype) dé biéu dién cho cic cum thay
vi str dung cac ddi teong tm nhu trong thuat toan K-Means. Céac d6i tuong dit liéu 1an
luot dugc phan phéi cho céc cum dir liéu sao cho chung tuong tu nhat véi doi tuong

mau tuong tmg v4i cum dit liéu ma chiing duge phan phai.

Tw twéng: Ban dau, chon k d6i tuong mau theo ngéu nhién hodc theo kinh
nghiém, giai doan tiép theo chiing ta phan phdi lan luot timg ddi twong dir liéu cho cac
cum Ung véi ddi twong mau ma chung twong ti nhét, sau mdi 1an phan phdi d6i tuong
dir li€u cho cac cum, ching ta cap nhat gia tri cho cac ddi tuong mau. Sau khi tat cac
cac dbi tuong da dugc phan vé cho céc cum dit liéu, ching ta lan luot kiém tra lai tung
d6i tuong dir lidu cho cac cum, néu d6i tugng dit lidu nao phan phdi chua phu hop thi
ta tién hanh di chuyén ddi tuong d6 sang cum thich hop va tién hanh cép nhat lai cac
ddi tuong mau dai dién cho hai cum nay. Qua trinh kiém tra nay duoc lap cho dén khi
chung ta chuyén dén trang thai tat ca cac dbi twong da dugc phan vé ding cum cia
minh. Cac ddi twong miu c6 mo hinh gidng nhuw md hinh cta cac ddi twong dit liéu,
nghia 1a ching dugc biéu dién bang vecto va duoc xac dinh nhu sau: Mdi gi tri ctia
cac thudc tinh sb duoc tinh bé“mg trung binh cdng cua cac gia tri cac thudc tinh sb

twong tng cua cac doi tugng trong cum. Trong khi d6, mdi gia tri cua cac thudc tinh
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hang muc duogc tinh b?mg tan suét gia tri 1on nhét cua gid tri thudc tinh hang muc
tuong ng cta cac d6i tuong trong cum.

Thi du vé xac dinh céc gia tri thudc tinh cho ddi twong mau nhu sau:

Xét mot cum dit lidu c6 cac d6i twong dir liéu 13 ban ghi chi tiét cude goi c6 cic
gia tri thudc tinh 1an luot 13; do dai cude goi, thot gian goi, loai dich vu cudc goi:

X1=(5,8, 171); X, =(3, 10, 178); X3 = (6, 13, 171); X4 = (7, 14, 171).

Luc nay, d6i twong mau dugc xac dinh nhu sau: Prototypes = (21/4, 45/4, 171).

Thuat toan K-Prototypes la thuat todn phan cum phan hoach str dung ham tiéu
chuan E va cach thirc biéu dién cum bang ddi tuong mau.

Input: Tap dit liéu ban dau X va sé cum k.

Output: k ddi twong mau sao cho ham tiéu chuan dat gia tri tdi thiéu.

Cac budc thuc hién [5][9]:

Buéc 1: Khoi tao k dbi trong miu ban dau cho X, mdi dbi tuong miu dong vai
tro 1a tAm dai dién ctia moi cuym.

Buéc 2: Phan ph6i mdi d6i tuong trong X cho mdi cum sao cho chiing gan nhat
voi dbi tuong mau trong cym, déng thot cap nhat lai doi tuong mau cho mdi cum.

Buée 3: Sau khi tat ca cac ddi twong di duoc phan phdi hét cho cac cum, kiém
tra lai do twong tu cia cac doi tuong trong mdi cum véi cac ddi tuong mau, néu c6 mot
d6i twong miu tuong tu nhat véi né ma khac véi d6i tuong mau ctia cum hién thoi thi
di chuyén d6i trong dang xét ndy sang cum tuong tmg v6i doi twong mau ma nd gan
nhat va dong thoi cap nhat cac dbi tuong mau cho hai cum nay.

Budéc 4: Lip budc 3 cho dén khi khong c6 d6i tuong nao thay doi sau khi da
kiém tra toan bd cac d6i tuong.

Thuat toan K-Prototypes 1a thuat toan dya trén Iugc dd cua thuat toan K-Means
nhim ap dung cho tap dir liéu 16n c¢6 kiéu hdn hop. Vi vdy, K-Prototypes rat ¢ ¥ nghia
trong ngit cach hau hét cac hé quan tri CSDL hién nay déu chira dit liéu c6 kiéu hdn

hop. Giéng nhu K-Means, cac nhuoc diém ctia K-Prototypes 1a rit nhay cam véi cac
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gia tri khoi tao cua cac prototypes va khoéng tim ra cac cum voi hinh dang bat ky.
Ngoai ra, trong mot sé trudng hop, K-Prototypes kha nhay cam voi nhidu va phan tir
ngoai lai trong dir liu, dé khic phuc nhugc diém nay ta cé thé cai tién ham tinh do
tuong ty cua cho thuat toan hoac la cai tién cach cap nhat lai doi tuong mau cho thuat

toan.
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CHUONG 3: CHUONG TRINH THU NGHIEM VA PANH GIA

Hién nay c6 rat nhiéu thuit toan tmg dung khai pha, phan tich dit liéu. Ciing c6
rat nhiéu phan mém hd tro cho viéc phan tich dir liéu. Vi thoi gian nghiém ctru c6 han
nén em chua thé xiy dung dugc phin mém méi khai pha dit liéu. Trong do 4n ndy em
stt dung phan mém SPSS dé phan tich dir liéu cudc goi dién thoai. Tir d6 hd tro cho

viéc ra quyét dinh cta cong ty vién thong.

3.1 Giéi thiéu khai quat vé phin mém SPSS

SPSS 14 tén viét tit ciia cum tir Staticscal Package for the Social Sciences. Pay
la mot phén mém dugc sir dung rong rai nhét trong nghiém ctru khoa hoc tu nhién va

khoa hoc xa hdi noi chung [11].

SPSS 1a mot hé thong phan mém théng ké toan dién duoc thiét ké dé thuc hién
tat ca cac budc trong phan tich thdng ké tir thong ké mé ta (liét ké dir liéu, 1ap do thi)

dén thong ké suy luan (twong quan, hdi quy...).

Giao dién cua SPSS khi khoi dong.

E vy
- | | b
| | Li
|

LLLLLLLLLLLLELLLLLLLLY

>
k=
>
¥
-~

Hinh 4: Giao dién cta SPSS khi khdi dong
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Céc tép tin c6 thé mo:
_ Céc bang tinh worksheet dugc thiét 1ap trong Execl hoic Lotus.

Co s¢ dir liéu duoc lap duoi dang dBASE va SQL.

~ Cac file dang text ASCII véi kiéu Tab-dliminated.

Céc file trong dang SPSS duoc 14p trong cac hé diéu hanh khac.

- Cac file dir liéu SYTAT.

Open File HE
Look in: | ‘=4 sample_files ] & &5 E

bankloan. zaw CEramics. sav
basketball. sav cereal. sav 0
brakes.sav clathing_defects.sav digtstudy. zav
callwait sav contacts. sav dizchargedata. zav
Cars. av credit_card.zav dvdplayer. sav

IEos SF

Foz ' i
cellular zav creditpromo. saw exatizf.zav

File marne; Ideml:l.sa\-' Dpen

Files of tupe: ISPSS [* zaw) =] Paste |
Cancel |
i

T
[E| crozs_zell saw

|  EEEEEE

Hinh 5: M¢ file dir liéu

Dt li¢u dugc luu dudi dang cac ban ghi.

Data Editor [ (O] x|
File Edit “iew Data Transform Analvze Graphs  Utilities  Window  Help
BR8] B ol L] =k s ElE BkE %2l
|13:age |33
age marital address income inccat CE;I

1 37 1 12 35.00 2.00 1

2 33 1 12 29.00 200

3 42 1 21 34.00 2.00

4 o8 0 28 49.00 2.00

5 o6 0 9 57.00 3.00

B 4B 0 =) 39.00 2.00

7 47 1 4 aR.00 3.00 1

B B2 1 1R 250.00 4.00 1
TlTl\gata\;‘iew f%ariable View} K] ij | i o e[

Hinh 6: Dix liéu trong SPSS
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3.2 Két qua thue nghiém
Tap CDR bao gdm hon 10 nghin ban ghi mdi ban ghi ¢6 30 thudc tinh, nhung ta
chi dung mét vai thudc tinh quan trong nhu dg dai cudc goi, ngay va gio goi... do la

nhiing thong tin rat quan trong ma ching ta can khai pha dé dua ra quy lut.

Ta c6 thé phan cum gia tri d§ dai cudc goi dya trén thoi gian goi.

m

WT Yariables: oK

@ B_5UB I & INTER_TIME .
Paste

@A CATEGORY E

# B_CATEGORY Beset

4 TYPE_A_SUB F—

P FALLT_CODE Label Cases by Hel

@ Call_S5TATS E elp

@ DATF _ Il @ TIME

Mumber of Clusters: 3 tethad

™ lterate and classip 7 Clazzify only

Cluster Centers

[ Read initial fram
[ wiite final as

Iterate. . | Save.. Options. ..

Hinh 7: Phan cum K-Means

Thuat toan phan cum phan hoach K-Means dugc dua vao trong SPSS dé phan
cum dir liéu. Ta phan lam 3 cum dua vao gia tri d0 dai cudc goi cO cac tam khoi tao

lan luot 1a: 2, 16, 31.

Initial Cluster Centers

Zluster
1 2 3
IMTER_TIME 2 16 KX

Hinh 8: Tam khoi tao cuia cum
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Véi 4 bude 1ap dé thay doi tm cum.

lteration Histon/

Change in Cluster Centers
[teration 1 2 3
1 2377 3184 2.407
2 000 240 1.814
3 000 a78 2.2490
4 000 .oon .oon

Hinh 9: Qua4 trinh thay ddi tim cum

Cac tam cudi cung cta cum lan luot 13: 4, 12, 24.

Final Cluster Centers

Zluster
1 2 3
IMTER_TIME 4 12 24

Hinh 10: Tam cuodi cung ctia cum
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MGi trudng hop tuwong tmg v6i mot ban ghi trong kho dit liéu. Sau khi két thuc

thuat toan cac ban ghi duoc dua vé cac cum.

Cluster Membership

Case Mumber TIME Cluster Distance
1 1 1 aTT
2 1 1 3623
3 1 2 188
4 1 1 rir
g 1 1 3623
6 1 1 3623
7 1 2 2198
8 1 2 198
g 1 1 2377
10 1 1 3623
11 1 1 3623
12 1 2 198
13 1 2 1.802
14 1 2 3.802
15 1 1 2377
16 1 1 377
17 2 1 1.623
18 2 2 2198
19 2 K] 4,485
20 2 3 44389
21 3 1 2377
22 3 1 rir
23 3 1 1.623
24 4 1 2377
25 4 1 2377

Hinh 11: Cac ban ghi thudc cac cum

Trong Hinh 3.8 ¢6 25 ban ghi dugc phan vé cac cum: ban ghi s61,2,4,5,6,9,
10, 11, 12, 13, 14, 18, 19, 20, 21, 22 duoc phan vé cum 1. Cum sb 1 ¢6 tdm cum 1a 4
phan theo dd dai cude goi tuong udng véoi do dai cudc goi ¢ muce trung binh. Cac ban
ghi s6 3, 7, 8, 12, 13, 14, 18 duoc phan vé cum 2. Cym 2 ¢6 tdm cum 1a 12 phan theo
do dai cudc goi tuong trng vai dd dai cudce goi dién thoai & mirc do cao. Cac ban ghi $6
19, 20 dugc phan vé cum 3 ¢6 sb thm cum 1a 24 phan theo d§ dai cudc goi tuong tng

v6i do dai cude goi & muc do rat cao.
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Théng ké s ban ghi trong mdi cym.

Humber of Cases in each Cluster

Cluster 1 g409.000
2 1493.000
3 225,000
Yalid 10127.000
Miz=ing .0oo

Hinh 12: S6 ban ghi thudc cac cum

Két qua sau khi phan cum dit liéu s& cho thiy tai tirng thoi diém thoéi quen sir
dung dién thoai cua khach hang nhu thé nao. Véi viée phan cum dd dai cudc goi dién
thoai theo thoi gian goi s& thiy duoc tai khoang thoi gian nao khach hang goi dién véi
do dai cudc goi lon, khoang thoi gian nao khach hang goi dién véi do dai cudc goi

nho. Két qua thir nghiém cho thay:

- BG dai cudc goi thudc muc trung binh c6 8409 cudc goi, chiém 83,04% téng $6
cac cudc goi, phan b trong tit ca cac gid trong ngdy nhung tap trung chil yéu
vao khoang 7 gio 30 phat dén 10 gid va khoang 14 gio t6i 16 gio 30 phut.
Khoang thoi gian d6 thudc gio hanh chinh. Cac co quan, cong ty va khach hang

khac c6 nhu cau sur dung dién thoai cao.

~ Do dai cude goi thude mirc cao ¢ 1493 cudc goi, chiém 14,75% tdéng sb CAc

cudc goi, phan bd ddng déu trong tat ca cac gio trong ngay.

- bg dai cudc goi thude mirc do rit cao ¢6 225 cudc goi, chiém 2,21% téng cac
cudc goi, phan bd chu yéu vao thoi gian ngoai gio hanh chinh. Khoang 21 gio
t6i 1 gior sang ngdy hom sau. Khi d6 khach hang c6 nhiéu thoi gian ranh nén ho

c6 thé goi dién voi khoang thoi gian 16n.
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D9 dai cudc goi dién thoai 1a ddc trung co ban thé hién viéc st dung dién thoai
ctia khach hang. Cac két qua thong ké do dai cudc goi dién thoai cho thiy duoc céc

dac diém cua d6 dai cac cudc goi dién thoai.

3,000 —

2,500 —

2,000+ —

goi

1,500 —

A
O cuoc

S

1,000 =

a00—

I

o771
2 4 B

.HmmﬁﬁﬁT |
a8 10 12 14 16

| T
18 20 22 24 26 28 30 3
Do dai cudc goi (phat)

Hinh 13: Thong ké sb cudc goi theo d6 dai cudc goi
Véi @6 thi trong hinh 13 cho chung ta thiy viéc sir dung dién thoai cta khach
hang. Céc cudc goi dién thoai c6 do dai dudi 4 phut rat nhiéu sau d6 giam dan trong
doan tur 6 phut té1 8 phut. Trong khoang thoi gian 16n hon 10 phut, 46 dai cudc goi

giam nhanh chong.
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Téng sb cac cudc goi theo gior bit dau trong ngay thé hién thoi quen sir dung

dién thoai cua khach hang.
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Hinh 14: Thong ké sb cudc goi theo gid trong ngay
Theo d6 thi trong hinh 14 thi khach hang goi nhiéu nhat khoang 8 gio téi 10 gio
va khoang 14 gid t6i 16 gid. Pay 1a khoang thoi gian 1am viéc hanh chinh nhu cau sir
dung dién thoai rat 10n tai cac vin phong, co quan. Trong khoang tir 20 gid t6i 22 gio
s6 cudc goi tuong ddi 16m, d6 1a khoang thoi gian khach hang cé thé goi dién noi
chuyén hoi thaim nhau. Trong khoang 0 gid t&i 5 gid nhu ciu st dung dién thoai rat

thap.
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Téng sb cac cude goi theo ngay.

1,500~

1,200+

900 -

¢ go

=1

cu

0

S

600 —

300+

| I I [ I I | I
05/03/2010 06/03/2010 07/03/2010 080372010 0900372010 10032010 11/032010 120372010
Ngay goi

Hinh 15: Thong ké s6 cudc goi theo ngay
Trong hinh 3.4 ta thay dugc khach hang goi nhidu cic ngdy trong tuan. Riéng
ngay 3/8 nhu cau sir dung dién thoai ciia khach hang 16n. Ngay 6/3 d6 1a ngay tha 7, s6
cac cudc goi giam. Ngay 7/3 thudc ngdy chu nhét, s cac cudc goi giam rat nhiéu. Cac

ngay khac trong tuan s6 cudc goi twong ddi dong déu.
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Hinh anh str dung dién thoai cua khéach hang.
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Hinh 16: Hinh anh str dung dién thoai ctia khach hang theo ngay goi va gio goi

Véi hinh trén ching ta c6 thé thiy duogc tong quan vé thdi gian khach hang st
dung di¢n thoai.

Thdng ké s6 cudc goi cua timg khach hang theo thodi gian goi trong ngay. Khi
d6 ta co thé xac dinh duoc théi quen goi dién cua tirng khach hang dé co thé dua ra
nhiéu dich vu cham soc khach hang ngay cang tét.

Théng ké sé cudc goi cua khach hang theo thoi gian goi va d6 dai cude goi dé
tim ra quy luat st dung dién thoai ctia khach hang: ho thuong goi dién vao thoi gian

nao? Thoi gian dam thoai 1a bao 1au?...
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Thong ké s6 cudc goi cua moi khach hang té1 cac thué bao di dong va cac thué

bao thudc cac tinh khac nhau.

Thue bao
Hai Phaong

Thue bao
Cluang Minh

Thue bao
Hai Duong

Thue bao
Thai Hink

Thue bao
Thanh Hoa

Thue bao
di dong

3131171451
313118111
313118485
313118585
313118851
313118885
3131210149
31312189
313123092
313123099
313124563
313125025
313126026
313126200
313126210
313126262
3131268145
3131268149
313129029
313129200
313129210
313129226
313129292
313130700
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Hinh 17: S6 cudc goi cua mdi khach hang tdi cac thué bao

Théng ké sd cudc goi ciia khach hang t6i cac thué bao khac theo céch st dung
dich vu dién thoai IP. S6 dién thoai goi dén thudc cac thué bao di dong, thué bao thudc
tinh Hai Phong, Quang Ninh, Hai Duong, Thai Binh va Thanh Héa. Phan 16n khéch
hang str dung dich vu dién thoai IP 171, 178 dé goi dén cac thué bao thudc tinh Quang
Ninh, Hai Duong, Thai Binh va Thanh Hoa.

1] 171 1748
Thue bao Hai Phong 38494
Thue bao Guang Minh 11 244 167
Thue bao Hai Duong 362 226
Thue bao Thai Binh g 30 204
Thue bao Thanh Hoa 16 261 173
Thue bao di dong 3235
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3.3 Danh gia két qua

Sau khi phan tich va théng ké trén tap dir liéu nhan dugc thoéi quen str dung dién

thoai ctia khach hang:

Khéach hang thuong goi dién véi do dai cude goi ¢ muc trung binh (dudi 4

pht).

Thoi gian sir dung dién thoai chu yéu cua khach hang 1 khoang 8 gio toi 10 gio
30 phat va khoang 14 gio t6i 16 gio 30 phut.

Ngay 5/7, 9/7, 10/7, 11/7, 12/7 nhu cau st dung dién thoai cua khach hang
tuong doi dong déu. Ngay 6/3 thudc ngay thit 7 nhu cu s dung dién thoai giam.
Ngay 7/3 thudc ngay chi nhat nhu cau st dung dién thoai thip. Riéng ngay 8/3 nhu

cau str dung tang dot bién.

Véi két qua dat dugc sé& hd tro cho viée ra quyét dinh cta cong ty. Cong ty nén
mo rong nang cap bang thong nhu thé nao dé co thé dap tng tot nhu cau st dung cua
khach hang. Vi nhimg khoang thoi gian khach hang c6 nhu cau str dung dich vu 16n
nhu khoang 8 gid téi 10 gid 30 phit va khoang 14 gid t6i 16 gio 30 phut cong ty cn
6 bién phap xtr 1y that tét dé dam bao chat luong mang khi dam thoai khi d6 khach
hang c6 thé yén tdm véi dich vu minh d3 lya chon. trong nhitg ngay 18 16n nhu cau sir

dung.

Trong bang thong ké sb cudc goi ciia khach hang theo ngay goi, thoi gian goi va
dd dai cudc goi. nhan dugc mot s6 khach hang thuong xuyén st dung dich vy, khach
hang thuong xuyén goi dién vdoi d dai cude goi 1on va thoi quen goi dién cua ho.
Théng ké mot s6 khach hang thudng xuyén goi dién tai cac thoi diém:
~S6 thué bao 313226623 goi 3 cudc vao khoang 6 gid, 4 cudc vao khoang 13 gio,
1 cudc vao khoang 18 gid, 1 cudc vao khoang 21 gid, 3 cudc vao khoang 23 gio
va 1 cudc vao khoang 24 gio.
- S6 thué bao 313313700 goi vao hau hét cac gid trong ngdy cd 2 cudc vao
khoang 5 gid, 2 cudc vao khoang 6 gio, 6 cudc vao khoang 8 gio, 4 cudc vao

khoang 9 gio, 2 cudc vao khoang 10 gid, 2 cudc vao khoang 11 gio, 1 cudc vao
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khoang 12 gi¢, 3 cudc vao khoang 13 gid, 2 cudc vao khoang 15 gid, 1 cude
vao khoang 16 gid, 2 cudc vao khoang 18 gio, 2 cudc vao khoang 19 gio, 2

cudc vao khoang 20 gi0, 6 cudc vao khoang 21 gio.

-S4 thué bao 3137170 ¢6 sb lugng cudc goi rat 16m. co 2 cudc goi vao 2 gio, 1
cudc vao 3 gio, 3 cudc vao khoang 6 gio, 2 cudc vao khoang 7 gio, 14 cudc vao
khoang 8 gi0, 3 cudc vao khoang 9 gio, 4 cudc vao khoang 11 gio, 4 cudc vao
khoang 13 gi¢, 6 cudc vao khoang 15 gid, 3 cudc vao khoang 17 gid, 5 cude

vao khoang 19 gio, 4 cudc vao khoang 20 gid, 4 cude vao khoang 21 gio.

~S6 thué bao 313710177 goi 1 cudc vao khoang 1 gidy, ¢6 1 cude vao khoang 4
gi0, 2 cudc vao khoang 7 gio, 3 cudc vao khoang 8 gid, 3 cudc vao khoang 15
gi0, 4 cudc vao khoang 16 gio, 1 cudc vao khoang 18 gi0, 2 cudc vao khoang
19 gio, 2 cudc vao khoang 20 gid, 3 cudc vao khoang 21 gio, 2 cudc vao

khoang 22 gio va 1 cudc vao khoang 23 gio.
Théng ké mot s6 khach hang thuong xuyén goi dién va co thoi gian goi 16n:

_ S6 thué bao 313313741 goi 4 cudc c6 do dai khoang 2 phut, c6 2 cudc do dai
khoang 4 phut, c6 3 cudc dg dai 6 phut, 1 cudc do dai 8 phut va 2 cudc c6 do dai

16n hon 30 phut.

-S4 thué bao 313726210 goi 10 cude c6 do dai khoang 2 phut, 7 cudc c6 do dai
khoang 4 phut, 1 cudc c6 do dai khoang 6 phut, 1 cudc c6 do dai khoang 10
phut, 1 cudc goi c6 do dai khoang 12 phut va 2 cudc goi c6 do dai 16n hon 30

phut.

~ Sb thué bao 313073107 goi 4 cude co do dai khoang 2 phit, 3 cude co do dai
khoang 4 phut, 5 cudc co6 do dai khoang 6 phut, 6 cudc goi c6 do dai khoang 8
phut, c6 1 cudc c6 do dai khoang 18 phut va 1 cudc cé do dai khoang 20 phut.

Vi bang thong ké sb cudc goi cua khach hang theo ngay goi, thoi gian goi va
do dai cude goi. Co thé tim duoc nhitng khach hanh thuong xuyén st dung dich vu va
khach hang thuong goi dién véi dg dai cudc goi 16n. Tur do co thé dua khach hang vao

nhom khéach hang dic biét, dua vao bao cdo vé nhom khach hang nay bd phan chim
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soc khach hang co6 thé dua ra ban ké hoach chién lugc cung cap dich vu va cac chuong
trinh khuyén mai riéng nham dam bao sy bén viing két no1 gitta khach hang va cong

ty.

Phan 16n khach hang goi td1 cac thué bao thudc ngoai tinh st dung dich vu dién
thoai IP 171, 187. Két qua nay c6 thé hd tro cho viéc ra quyét dinh nang cip phat trién
dich vu cua cong ty BCVT Viét Nam (dién thoai IP 171) va cong ty dién tir vién thong
Quan doi (dién thoai IP 178).
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KET LUAN

Linh vyc khai pha dit li¢u 1a linh vuc con mé1 & Viét nam. Pac biét ddi véi sinh
vién chiing em. Véi thoi gian han ché d6 4n da dat dugc mot sb két qua nhu: Tim hiéu
tong quan vé khai pha dir liéu; Gng dung cta khai phé dit liéu dé phat hién tri thire; cdu
trdc cua CDR (Call Detail Records) trong tong dai dién thoai...Trong dd 4n ndy em
thuc hién quy trinh khai pha dir liéu trén tap dit liéu CDR véi phan mém SPSS dé phan
tich dir liéu cudc goi dién thoai cho cic thué bao VNPT Hai Phong tir d6 nam bt duoc
quy luat sir dung ciing nhu nhu cau ciia khach hang dé doanh nghiép c6 thé dam bao
chat luong dich vu hoac trién khai thém cac dich vu méi.

Do dir liéu cia CDR chua bao gom tat ca thong tin khach hang nén chua thé
danh gia duoc tiém niang khach hang theo ving.

Khai pha dit liéu 1a mot nganh khoa hoc ¢6 ung dung rat nhiéu trong thyc té, va
dem lai nhiéu lgi ich.

Huéng nghién ctru tiép theo: Tiép tuc tim thém nhiéu tiéu chi danh gia; co thé
gom nhom khach hang theo tong thoi gian st dung dich vu; ap dung khai phé dir liéu

rong rai trong nhidu nganh khac. ..
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