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LOI CAM DOAN

TOi cam doan day la cong trinh nghién clru cta riéng toi. Noi dung cia luan
van c6 tham khdo va st dung mdt so6 thong tin, tai li€u tor cadc ngudn sach, tap chi

duogc liét ké trong danh muc céc tai liéu tham khéao va dugc trich dan hop phap.

To1 cling cam doan da thyc hién viéc kiém tra murc d6 tuong déng ndi dung
luan vin qua phan mém DolT madt cach trung thuc va dat két qua tuong dong 1a 8%
toan by ndi dung luan van. Ban luan van kiém tra qua phén mém 13 ban cung luan
van da nop dé bao vé trude hoi déng. Néu sai t6i xin chiu cac hinh thirc ky luat theo

quy dinh hién hanh cua hoc vién.

Ha Noi1, ngay 17 thang 6 nam 2021

Hoc vién cao hoc

Hoang Manh Hung
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LOI CAM ON

Em xin guri 161 cam on va tri an t6i cac thiy co gido, can bd cua Hoc vién Cong
nghé Buu chinh Vién thong di gitp d5, tao diéu kién tét cho em trong qua trinh hoc
tap va nghién ctru chuong trinh Thac si.

Em xin guri 161 cam on sdu sic téi PGS. TS. Tran Quang Anh d3 tin tinh hudng
dan, giup d& va dong vién em dé hoan thanh tot nhat Luan vin “UNG DUNG MAY
HOC BE DU POAN NGHE NGHIEP CUA THUE BAO DI DONG”.

Do vén kién thtrc 1y ludn va kinh nghiém thuc tién con chua du sau rong nén
luan van khong tranh khoi nhing thiéu sot nhat dinh. Em xin trin trong tiép thu cac y

kién cua céc thay, c6 dé luan van dugc hoan thién

Tran trong cam on.

Tac gia

Hoang Manh Hung
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CHUONG 1 - TONG QUAN NGHIEN CUU

1.1. MSb ta chung vé nghién ciru

1.1.1 Giéi thiéu

Viéc xac dinh duoc khéach hang la ai hién la mbi quan tam hang dau cua cac nha
cung cip san pham va dich vu ban hang. Nho xac dinh duoc chan dung khach hang ma
cac doanh nghiép co thé dat dugc hiéu qua tdi da khi thuc hién cac chién dich quang ba
san pham, nhim vao nhitng d6i tugng cu thé va c6 cac cach tiép can hop 1y nhat. Céc
nha quang céo ciing s& c6 co sé dé quyét dinh quang cao cua minh s& c6 ndi dung nhu
thé nao, dat & dau, thoi gian nao.. dé c6 thé tiép can duoc tap khach hang toi da nhat.

C6 rat nhiéu bién phap dé xac dinh rd rang mot birc tranh hoan chinh vé chan
dung khach hang, nhung trong nghién ctru nay toi s€ tap trung vao viéc xac dinh chan
dung khéach hang tir tip thué bao vién thong. Pong gop chinh trong cong viéc cia toi la
phat trién mot mo hinh dy doan nghé nghiép cua thué bao di dong, giup cac nha khai
thac vién thong du doan duoc ddi tuong khach hang ctiia minh, tir dé cé thé dua ra cac
6i san pham phu hop cling nhu cung cép cac dich vu gid tri gia ting khac dé thu hut
cling nhu gitr chan khach hang, gia tang loi nhuan doanh nghiép.

Mo hinh duoc phat trién trong nghién ctru nay st dung céac ki thuat hoc may cho
muc dich phan 16p nhi phan dya trén bo dir li¢u 1a cac dac trung dugc xay dung tir toan
bd cac ban ghi chi tiét vé cudc goi, str dung dich vu dé du doan mot thué bao c6 1a sinh

vién hay khong. Dé do ludong hiéu suat cia mo hinh, thudc do tiéu chuan AUC dugc sir



dung va gid tri AUC dat dugc 1a 94,6% dua trén thuat toan XGBoost. M6 hinh dugc
chuan bi va thir nghiém théng qua ung dung Spark va H20 va lam viéc trén bo dir li¢u
16n duge cung cAp va ma hoa tir mot trong cac cong ty vién thong hang dau tai Viét
Nam. Bo dir liéu chira tat ca cic thong tin CDR cua khach hang da duoc ma hoa sb
thué bao dé dam bao tinh bao mat va ATTT cua khéach hang duogc su dung dé huén
luyén, thtr nghiém va dadnh gia moé hinh. Nghién ctu cling thir nghi€ém 4 thuat toan:
Ring ngiu nhién, m6 hinh tuyén tinh tong quat (GLM), may ting cuong Gradien
“GBM” va ting cuong do doc cao “XGBoost”. Tuy nhién két qua tot nhat da thu dugc
béng cach st dung thuat toan XGBoost, va thudt toan nay s€ dugc su dung dé phan loai
nghé nghiép trong bai nghién ciru nay.

1.1.2 Dit van dé va giai quyét bai toan

Vién thong 1a mot nhan t6 quan trong trong cong cudc phat trién cong nghé sb
va hoi nhap kinh té. Trong d6 Dich vu vién thong da phat trién manh trong thap ky qua
va thi truong Vién thong truyén thong nhitng nim gan ddy da trd nén bdo hoa. Nam
2019 dat 125,8 triéu thué bao di dong mit dat, 1on hon ca dan sb hién tai 1a hon 96
triéu nguoi, trong d6 3 cong ty 1én VNPT, Viettel, Mobifone chiém hon 97% thi phan
[2]. Dé phat trién va ton tai, cac cong ty vién thong khong chi tim cach phat trién thué
bao mai, gitt chan thué bao cli ma con can phat trién manh mé céac dich vu gia tri gia
tang, danh tring vao ting dbi tugng cu thé nham ting trai nghiém khach hang va chat
lugng dich vu. Do d6, nhu cau dinh danh khach hang 1a mot mbi quan tam lon cua cac
cong ty vién thong. Viéc xac dinh rd chan dung khich hang s& giup cac cong ty vién
thong hiéu rd nhu cau, mong mudn cua tung doi tuong cu thé. Tir d6, ho co thé phuc vu
dé nang cao trai nghiém cua khach hang, cai thién hiéu qua cta cac chién luoc tiép thi
ctia ho va phat trién cac ngudn doanh thu méi. Vi cac thong tin vé sé thich, hanh vi va
xu hudng cua khach hang, cac cong ty c6 thé ting loi nhuan va doanh thu trén toan bo
chudi gia tri vién thong - tir phat trién san pham va van hanh mang lué6i, dén ban hang,

tiép thi va dich vu khach hang. Ngoai ra, viéc dinh danh khach hang con gitip cac cong



ty vién thong phat trién manh m& mang quang cdo, khi ho di c6 sin ha ting va mang
ludi quang b, va muc do tiép can gin nhu dat téi muic tdi da vi hau nhu ai ciing c6 it
nhat 1 thiét bi di dong.

Viy céac cong ty vién thong, ho cé trong tay mot khoi lwong dit liéu vo cung 16n
thu thap duogc tir cdc hanh vi st dung dich vu tir khach hang cta ho, ho lai cang khao
khat khai ph4 thong tin mot cach ménh liét hon bao gio hét. Vi thé, cic nha mang
khong chi phat trién riéng cac ung dung ndi bo, ma dong thoi con thué cac dbi tac bén
ngoai t6i dé c6 thé khai thac mot cach toi da va hiéu qua nhat. Trong du 4n nay toi
cling duoc cung cip cac dit liéu lién quan téi cac hanh vi st dung dich vu vién thong
ctia cac thué bao di dong, tir d6 t6i c6 thé xdy dung cac mo hinh du doan chan dung
khach hang mot cach toan dién va chinh xac.

Trong bai nghién ciru nay, tdi s& tip trung vao mot phan nho trong birc tranh
tong quat vé chan dung khach hang 1a nghé nghiép ciia thué bao di dong, cu thé 1a danh
gia xem thué bao d6 co phai 1a sinh vién hay khong. Toi chuyén vé bai toan phan loai
nhi phan dé don gian héa qué trinh Iya chon va danh gia mé hinh. Dit liéu dugc sir
dung bao gdm tat ca cac CDR cua thué bao trong sudt 6 thang trudc thoi diém 14y mau.
Céac dit liéu dd dugc ma hoa sb thué bao dé dam bao tinh bao mat vé an toan thong tin
cho ngudi dung, phu hop vdi cac chinh sach va yéu cau bao vé dir liéu c4 nhan tir Bo
TT&TT. Khéi luong cua tap dit lidu nay 1a hon 50TB, dugc luu trit trén hé thong tép
phan tan Hadoop (HDFS). Tdi s& sir dung tap dit liéu ndy dé tong hop va trich xuat cac
dic trung cho timg khach hang, sau d6 st dung cac mé hinh hoc may dé du doan xem
mot thué bao c6 1a sinh vién hay khong. M¢ rong ra, do cac nha mang khac ciing co
cung bo dir li€u tuong tu, nén tuy thudc vao tap mau duoc lua chon, nghién ctru nay sé
gitip cho cac nha phat trién cé cach nhin téng quéat vé phuong hudng xir 1y cac loai dir
lidu, cach thic tong hop va trich chon dic trung phu hop ciing nhu dua ra thuét toan
hiéu qua nhat dé du doan vé chan dung ctia mot thué bao di dong.

1.2. Cé&c dic diém vé dir liéu nha mang



1.2.1 Gi6i thiéu vé dix liéu ciia nha mang

La mot trong 3 ¢6ng ty vién théng 16n nhat Viét Nam [2], ddi tac cua tdi co rat
nhiéu loai dit liéu bao gém ca dir liéu st dung dich vu ctia nguoi dung 1an dir liéu hoat
dong cua hé théng. Céc loai nay dugc phan loai nhu sau :

- Dit liéu khach hang: Né chira tit ca cac thong tin lién quan dén dich vu va hop
d6ng cua khach hang. Bao gdm thong tin vé cac gbi cude da timg dang ki, cac khuyén
mai va uu dai da dugc nhan. Hon nira N6 con chira cac thdng tin duoc tao ra tir hé
théng CRM (thong tin nhan khau hoc cua khach hang nhu dia chi, ngay sinh, gidi tinh
cling nhu cac gidy to phap 1y lién quan nhu hinh anh, ching minh thu, cin cudc cong
dan ...)

- Dit liéu vé vi tri: Thong tin vé vi tri xay ra cac sy kién ctua nguoi dung cling
duoc Iuu lai dudi dang ma vi tri. T ma vi tri ndy co thé anh xa ra kinh do, vi do cling
nhu dia chi cu thé ctua nguoi dung toi cac muc x3 phuong.

- Dit liéu vé khiéu nai, cham séc khach hang: Bao gom céac thong tin phan anh
dich vu tir khach hang, ciing nhu cac khiéu nai lién quan toi cude, goi dich vu ma
khach s& hiru, quan tam.

- Dir li€u nhat ky mang: Chura cac thong tin vé tinh trang hoat dong cua hé
théng, cac ban ghi luu lai lich st hoat dong cua ung dung, log chi tiét vé hé théng,
cling nhu lich sir thay d6i ciia cac phién ban nang cap hé thong.

- Dit liéu chi tiét cude goi: Chtra cac thong tin chi tiét vé& cudc g01, sms, mms,
truy cap internet, vasp.. D@ li¢u ndy dugc tao ra dudi dang van ban

- Thong tin thiét bi di dong : N6 chira thong tin vé thuong hiéu, kiéu may, loai
dién thoai di dong, dung 1 sim hay 2 sim, hd tro 4g hay khong..

Céc dir liéu nay c6 kich thudc rat 16n va chira rat nhidu thong tin vé né. Tuy
nhién, do cac van dé bao mat va an toan dit liéu cho ngudi dung, ciing nhu cac van dé
vé an toan thong tin cho chinh doanh nghiép vién thong, t6i chi c6 thé tiép can mot s6

loai dir liéu nhu dir li€u vé vi tri, dit li€u vé thiét bi di dong va dit liu ve chi ti€t cudc



goi. Nhung d6 van chira mot khdi luong rat 16n thong tin vé cac hanh vi va théi quen
stt dung dich vu cta khach hang. T6i di phai danh rat nhiéu thoi gian dé tim hiéu va
phan tich vé cach thirc luu trit, tAn suit xuét dit liéu cling nhu ¥ nghia cta timg loai dir
lidu. P6 ciing 1a mot thach thire 16m vi lwong dir liéu ndy dugc thu thap tir nhiéu ngudn

khac nhau va thiéu céc tai liéu mo ta lién quan.

1.2.2 Khéi lwong dir liéu 16m va phire tap

Vi t6i khong biét thong tin nao c6 thé hitu ich cho qua trinh xy dung mé hinh,
vi thé tOi phai xur 1y tat ca cac dir liéu phan anh hanh vi va hoat dong cia tat ca céc
khach hang. Cac ban ghi vé cudc goi thoai, SMS, MMS, Internet, VAS, giao dich
cudc.. déu phai dugc tim hiéu va xir Iy. Cac trudng thong tin phai duoc hiéu chinh xac
va can k&. Diéu nay thuc su 1a mot kho khan va mat thoi gian, vi ¢6 nhitng bang chira
tGi vai tram cot, va tai liéu mo ta thi khong day du. Ngoai ra, doi khi do viéc chuyén
giao giita cac nhan vién nha mang khong dugc day du, nén c6 mot sé truong khong thé
tim dugc tai liéu lién quan.

B dit liéu t6i str dung dugc ldy trong vong 6 thang dén thoi diém 1ay mau. Tuy
nhién, ddy van 13 mot khéi lwong khong 16, véi trung binh mdi ngay xip xi 300GB
dang text, twong duong véi viéc tdi phai xtr 1y tat ca hon 50TB dit liéu thd. Vi vay toi
d3 sir dung hé thdng quan tri cua Cloudera trén nén tang tép dit liéu phan tan Hadoop
(HDFS) dé quan 1y va nang cao hiéu suat xir 1y, luu trit dit lidu cling nhu cung cap
nhiéu 1oi ich cho cac qua trinh khai pha dit liéu sau nay.

1.2.3 Dir liéu da dang va trung lap

Dit liéu CDR duge dén tir nhiéu nguén khac nhau, do cach léy, cAu truc, cling
nhu cach luu log khac nhau tir ngudn cung cép dir liéu. Do d6, dit liéu bao gom rat
nhiéu thong tin tring 13p va phan tan cta cing mét loai dir liéu. Vi du nhu cung 12 mot

dir liéu tin nhan SMS, ¢6 nguon dit li¢u chi luu cac ban tin phat sinh cudc, c6 nguén dix



liéu chi ghi cic ban tin roaming, c6 ngudn dit liéu luu day du cac ban ghi nhung lai
thiéu vai truong dit liéu so v6i cac ngudn thong tin khic. Vi vay, tdi phai xir 1y tat cac
cac ngué)n dit liéu, hiéu né va sau d6 so sanh va chon mot hodc két hop nhiéu nguén dir
liéu vé mot bang thong nhét. Giai doan thuc hién ETL dir liéu nay thyc sy rat vat va va
mat thoi gian, nhung két qua dat duogc 1a da rat gon di duoc 1 nira s6 bang va trudng dit

lidu triung 1dp va khong can thiét.

1.2.4 Tép dir liéu khong cin bang

Tap dit liéu dugc tao khong can béng vi n6 1a mgt truong hop dac bi¢t cua bai
toan phan loai trong d6 sy phan bd ciia mot 16p thuong khong dong nhat véi mot 16p
khac. Tap dit liéu 1 khong cin bang néu mét trong cac danh muc ctia né nho hon hoic
bang 10% so v&i tap con lai.

Mic du cac thuat toan hoc mdy thudng duoc thiét ké dé cai thién do chinh xac
bang cach giam sai s, nhung khong phai tat ca ching déu tinh dén viéc c¢6 céc tap
khong can bang va diéu d6 co thé cho két qua khong tot. N6i chung, cac 16p can duoc
can duoc coi 1a can bang dé c6 tim quan trong nhu nhau trong huin luyén dit liéu.

1.2.5 Gia tri bi mat

Céc khach hang khac nhau c6 thé co cac g61 dich vu khac nhau. Vi thé, co thé co
khach hang c6 nhitng gbi cude, dich vu hodc san pham ma khach hang khac khong co,
trong khi ho lai c6 mét sé thir khac.

Ngoai vi¢c gia tri bi mat, con c6 thé xay ra truong hop dir liu bi mat. D6 c6 thé
do 1y do khach quan nhu 15i hé thdng, mét log, thiéu log hodc 16i chu quan nhu xur Iy
sai dit liéu, dt duong truyén khién mot s6 ban ghi bi mat ma khong thé khoi phuc lai.

Nhiing truong hop nay déu gy khé khin va gdy anh hudong dén chét luong cua
mo hinh.

1.2.6 Gia tri ¢ dinh



Sau khi khai phé dit liéu, t6i nhan thdy rang khoang 50% bién sé chira mot hodc
hai gia tri ro1 rac va khoang 80% tat ca cac bién phan loai c6 it hon 10 danh muyc, 15%
bién s6 va bién phan loai chi c6 mét gia tri. Co nhitng bién ma hau hét gia tri cua chung
1a 0 hodc 1a hing sd. Toi thay rang c6 khoang 77% cac bién sb co6 hon 97% gia tri cua
chung 14 0, 13 hing sb hodc rong. Nhitng két qua nay chi ra ring, mot luong 16n cac

bién ¢6 thé loai bo do chung khong co gia tri hoac gia tri c¢d dinh.

1.3.  Phéin nh6ém nghé nghiép va dir liéu miu
1.3.1 Ly thuyét chon mau
Tong thé 1a tap hop tit ca cac ddi twong khao sat. Mau 1a mét tap hop

nho nhitng phan tir dugc ldy ra tir mot tong thé 10n, nguoi ta s& nghién ciru nhitng miu
d6 dé tim ra dic trung cua mau. Cac dic trung cua mau dugc sir dung dé suy rong ra
cac dic trung cua tong thé do né dai dién. Khi thuc hién nghién ctru, chiung ta khong
thé diéu tra toan bo cai tong thé do ton kém rat nhidu chi phi va thoi gian, cong sirc. Vi
vay, chiing ta s& thuc hién chon mau, n6 cho phép ta van dat duoc do chinh xac twong
d6i ma lai tiét kiém thoi gian va ting téc do nghién ctru. Tuy nhién, vi chi 1d mot phan
nhé cua téng thé nén han ché cua viée léy mau 12 ton tai mot sai sé chon mau.

C6 hai cach chon mau : Chon mau theo xac suit va chon mau phi xac suét

- Chon méu theo xac suat 13 phuong phap chon miu ma kha ning dwoc chon
vao tong thé cua tat ca cac don vi tong thé 1a nhu nhau. C6 4 cach chon mau theo xéac
suét 1a : Chon mau ngﬁu nhién don gian, chon mau hé théng, chon mau phan téng va
chon mau tap trung.

- Chon mau phi xac suit 1a phuong phap chon mau cac don vi trong téng thé
chung khong c6 kha ning ngang nhau dé lya chon vao mau nghién ciru. Ciing co 4
cach chon mau phi xéc suét 13: Chon mau thuan tién, chon miu theo phan doan, chon

mau tich lily nhanh, va chon mau theo dinh muc[5].



1.3.2 MAu nghién ciru

Trong nghién ctru nay, véi dinh hudng 1a s& du doan nghé nghiép cho toan bo
thué bao ctia mot nha mang vién thong cu thé. Tuy nhién, do diéu kién thoi gian va kho
khin trong ldy mau dé nghién ciru. Toi s& thu nho lai bai toan 1a du doan mot thué bao
cé la sinh vién hay khong.

Nam hoc 2018-2019 ca nudc c6 237 truong dai hoc, 58 truong cao déng vo1
tong s6 1,526,111 sinh vién dai hoc va 33,239 sinh vién cao dang trai dai trén khap céc
mién cia dt nudce [1]. Vi vay, dé thu thap duoc s6 mau dai dién cho tat ca 1a rat kho
khan, tdi di str dung phuong phap chon mau phi xac suit — chon mAu thuén tién dé lya
chon mAu. . Cu thé, t6i lya chon ra 7,388 sinh vién thuoc nha mang ma ti xem xét tir
cac truong Pai hoc Ha Noi, Pai hoc Y Ha Noi va DPai hoc Pa Nang. Sau d6 t6i lua
chon thém hon 8000 mau dbi lap dé tao thanh hon 15000 nhan. Nhung sau khi thuc
hién 14y dic trung, t6i chi con 6438 mau sinh vién va 6990 mau ddi 1ap cho tong thé
13428 mau. Mot s mau do khong tim dugc thong tin trong nha mang, hodac da bi
ngung hoat dong, chuyén sang nha mang khac trong thoi gian théng ké nén toi da loai
bé. Cach léy mau nay co uu diém 14 chon mau mét cach thuén tién, dé tiép can va léy
thong tin. Nhung c6 nhuoc diém 1a khong xac dinh dugc sai s6 1dy mau va khong két
luan duogc tong thé tir két qua mau. Toi s& phai cai thién bang cach thu thap thém nhiéu
mau ngau nhién hon, loai bo cac dic trung co thé bi phan lap vao nhan dé dam bao mo
hinh ¢6 thé dat duoc két qua tdt nhat.

1.4. Kétluan

Nhu vay, dir li¢u cia nha mang la rat phuc tap va dd s0. Viéc chuan hoa dix liéu
nay hét sirc mat thoi gian va cong strc. Dé co thé tong hop ra nhiing dic trung manh mé
c6 tinh phan loai cao, t61 phai thir di thur lai nhiéu thuat toan vdi cac tham sb khac nhau
dé dat duoc mot mé hinh tdt nhat. Béng viéc st dung phé“m mém hd trg H20, t6i ¢ thé
déy nhanh qué trinh huén luyén va kiém tra. Ché d0 manh m& nhit cua H20 la

AutoML, ché d6 nay sé so dung 4 moé hinh co ban la eXtreme Gradient



Boosting(XGBoost), Gradient Boosting Machine (GBM), General Linear Model
(GLM), Distributed Random Forest (DRF) dé thyc hién huan luyén. Toi s& gi6i thiéu
mo hinh 1y thuyét va cach thie thyc hién huin luyén va kiém tra mé hinh tmg véi cac

thuat toan nay trong cac chuong sau.

CHUONG 2 - MOT SO THUAT TOAN HQC MAY LIEN QUAN
Trong chuong nay ching ta s¢€ tiép can mot s6 thuét toan vé hoc may, tur cac
thuat toan don gian nhu cay quyét dinh dén thuat toan phtrc tap hon nhu XGBoost.
2.1 Cay quyét dinh
Cay quyét dinh (Decision Tree) la mdt mo hinh thuoc nhém thuat toan Hoc co
giam sat (Supervised Learning). Cay quyét dinh 1a mot cAy phan cap c6 cdu trac dugc
dung dé phan 16p cac dbi tuong dira vao diy cac luat. Cac thudc tinh cta dbi tuongncd
thé thudc cac kiéu dir liéu khac nhau nhu Nhi phan (Binary) , Pinh danh (Nominal),
Thi tu (Ordinal), S6 lwong (Quantitative) trong khi dé thudc tinh phan 16p phai co kiéu
dir 1iéu 1a Binary hodc Ordinal. Tém lai, cho dir li¢u vé cac d6i tuong gém cac thudc
tinh cung véi 16p (classes) ciia nd, cay quyét dinh sé sinh ra cac luat dé du doan 16p cua

cac dur liéu chua biét.

' 32 9'9"YY 99
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Hinh 2.1 Mb hinh diéu dién ciy quyét dinh

C6 nhiéu thuat toan khac nhau dugc dé xuat va s dung dé hinh thanh ciy quyét
dinh. Trong phan nay sé gidi thiéu vé thuat toan ID3 (Iterative Dichotomiser 3) do
Ross Quinlan phat trién va c6 mot phién ban cai tién goi la C4.5. Nhiém vu cua thuat
toan hoc 12 xay dung cdy quyét dinh pht hop vé6i tap dir liéu huan luyén, tiac 1 ciy
quyét dinh c6 dau ra gidng (nhiéu nhit) voi nhin phén loai cho trong tip miu. Dé bit
déau, thuat toan hoc lua chon thudc tinh cho nut géc. Thuoc tinh duoc Iva chon la thudc
tinh cho phép phan chia tot nhat cac d6i twong thanh nhimng tap con, sao cho mdi tap
con cang dong nhit cang tot. Thuat toan ID3 sir dung entropy lam mirc do do ddng nhat
cua tap dir liu.

Entropy 1a thuat ngt thudc Nhié¢t dong luc hoc, 1a thudc do cua su bién d6i, hon
loan ho#c ngau nhién. Nam 1948, Shannon [3] dd mo rong khai niém Entropy sang linh
vuc nghién ctru, thong ké vai cong thirc nhu sau:

V&1 mgt phan phéi xac suit cia mot bién roi rac x ¢6 thé nhan n gia tri khac
nhau x; x, .., x,. Gid sir rang xac suat dé X nhan cac gia tri nay 1a p; = p(X=x;).

Ky hiéu phan phéi nay 13 p = (py, P2s..., Py)- Entropy ctia phan phdi nay dugc
dinh nghia la: H(p)= -Xn=1pilog(p;)

Str dung entropy nhu d6 do mirc déng nhat cua tap mau, ta c6 thé danh gia do
tt cia thudc tinh bang cach so sanh entropy trudc va sau khi tdp mau dugc phan chia
thanh tap con theo gia tri ciia thudc tinh. Su chénh 1éch entropy trude va sau khi phan
chia mot tap dir licu béng mot thude tinh nao dé duogc goi 1a do tang thong tin. Do tang
thdng tin (Information Gain) ki hiéu 14 IG 1a chi s6 danh gia do t6t cua thudc tinh trong
viéc phan chia tap dir liéu thanh nhiing tdp con dong nhat. Dé xdy dung mot ciy quyét
dinh, ta phai tim tat ca thudc tinh tra vé IG cao nht.

Pé x4c dinh cac nat trong mé hinh cay quyét dinh, ta thuc hién tinh IG tai mdi

nut theo trinh tu sau:
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Budére 1: Tinh toan hé sé Entropy ctia bién myc tiéu S ¢6 N phén tir véi N phan
tr thudc 16p ¢ cho trudce:

H(S)= — X"e=1 (Ne/N) log(Ne/N)

Bwéc 2: Tinh ham sb Entropy tai mdi thudc tinh: v6i thude tinh x, cac diém dir
liéu trong S dugc chia ra K child node Sy, S,, ..., Sk véi s6 diém trong mdi node con
lan lugt la my my ..., mg , ta co:

H(X, S) = ¥ k=1 (M / N) * H(Sy )
Bwéc 3: Chi s6 1G duoc tinh bang:

IG(x, S) = H(S) — H(x,S)

Gia tri cua IG dugc stir dung lam ti€u chi dé lua chon thudc tinh tot nhat tai mdi
nut. Theo thuat toan ID3, thudc tinh duoc lua chon 1a thude tinh c6 gia tri IG 16n nhét
[11].

2.2 Rirng ngiu nhién

Rirng ngiu nhién 13 phuong phap xay dung mét tap hop rat nhiéu cay quyét dinh
va str dung phuong phap bau chon dé dwa ra quyét dinh vé bién muc tiéu can duoc du
bao. Random Forest (RF) 1a mot tap hop cua hang tram cay quyét dinh (DF), trong d6
mdi cay quyét dinh duoc tao nén ngiu nhién tir viée tai chon mau (chon ngiu nhién
mot phan cia dir liéu dé xdy dung) va ngau nhién cac bién tir toan bo cac bién trong

trong dir li¢u.



12

Random Forest Simplified

Instance

\
§ - |
/ f

7 ,

ik dntils

Tree-2

Class-A Class-B Class-B
l”Ma_ion't_\;-\c'oting“; |

|Final-Class |

Hinh 2.2. M6 hinh biéu dién rirng ngiu nhién

V&i mot co ché nhu vay, Random Forest cho ta mot két qua chinh xac rit cao
nhung danh d6i bang viéc ta khong thé hiéu co ché hoat dong ctia thuat toan nay do cau
truc qué phuec tap cia mé hinh nay - do vay thuat toan nay la mét trong nhitng phuong
thire Black Box - tirc ta s& bo tay vao bén trong va rat ra duge két qua chir khong thé
giai thich duoc co ché hoat dong cia mé hinh [8].
2.3 M6 hinh tuyén tinh tong quat

Mo hinh tuyén tinh tong quat ( GLM ) 1a mét su tong quat hoa linh hoat cta hoi
quy tuyén tinh thong thuong cho phép céc bién dap tng c6 mo hinh phan phdi 16i khac
v6i phan phdi chuan . GLM téng quat hoa hdi quy tuyén tinh bang cach cho phép mo
hinh tuyén tinh c6 lién quan dén bién phan hoi thong qua mot ham lién két va bang
cach cho phép do 16n ctia phuong sai ctia mdi phép do 1a mot ham cia gia tri du doan

cua no.
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M6 hinh tuyén tinh tong quat dwgc xdy dung boi John Nelder va Robert
Wedderburn nhu mét cach thong nhat cac moé hinh théng ké khac nhau, bao gdm hoi
quy tuyén tinh , hdi quy logistic va hdi quy Poisson [3]. Ho dé xuit mot phuong phap
binh phuwong nhé nhat duoc tai trong sb lap di 1ap lai dé udc tinh kha ning tdi da cia
cac tham s6 mo hinh. UGc tinh kha ning t6i da van phd bién va 1a phwong phap mic
dinh trén nhiéu goi tinh toan thdng ké. Cac cach tiép can khac, bao gdm cach tiép can
Bayes va binh phwong nho nhat pht hop v6i phuong sai 6n dinh phan hoi, di dugc
phat trién.

Trong mo hinh tuyén tinh téng quat (GLM), mdi két qua Y cia cic bién phu thudc
duoc gia dinh duogc tao ra tir mot phan phéi cu thé theo mét ho ham mii , mot 16p cac
phan phdi xéc sudt nhu phan phdi chuan, nhi thire, phan phdi Poisson va gamma... Gia
tri trung binh (i) ctia phan phdi phu thudc vao cac bién doc lap X Ia:
EYIX)=p= g (XP)

trong d6 E(Y|X) 1a gia tri ky vong cua Y c6 diéu kién trén X ; XB 1a cong cu du béo
tuyén tinh, mot to hop tuyén tinh ctia cac tham sé chua biét B ; g 1a ham lién két.
Khi do, ham phuong sai V dugc dinh nghia :

Var(Y1X) = V(i) = V(g™ (XP))
S& rat thuan tién néu V 1a mot ho phan phdi theo cdp sé nhan, nhung né co thé don
gian 1a mdt ham cua gié tri dy doan.
Mot sb dic diém ctia mo hinh tuyén tinh tong quat hoa:

« Uédc lugng Maximum Likelihood: Khac v6i md hinh tuyén tinh binh thuong,
mo hinh tuyén tinh tong quat hoa khong sir dung udc luong binh phuong t6i thiéu
(least square estimation) dé udc lugng gia tri ciia hé s6 beta. Thay vao do, né sir dung
uoc lugng Maximum Likelihood (Maximum likelihood estimation: MLE).

« Haé s6 xéac dinh (Coefficients of Determination): Trong mé hinh tuyén tinh binh
thuong, hé sb xac dinh (Coefficient of Determination), ky hiéu 1a R?, duoc st dung dé

giai thich va phan tich y nghia ciia mé hinh. Tuy nhién, trong md hinh tuyén tinh tong
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quat hoa, khong thé sir dung R? dé phan tich va 1y giai cho mé hinh. Thay vao do,
nguoi ta st dung do 1éch (deviance). Mot trong nhitng do 1éch hay dugc st dung trong
hdi quy logistic 1a chi sé Nagelkerke.

Nhu vay, viéc chuyén cic mé hinh thong thuong vé mé hinh tuyén tinh st dung
cac ham ndi goi 1a md hinh tuyén tinh tong quat héa. Hai mo hinh thuong gap nhat 1a
mé hinh hdi quy Logistic va mé hinh hdi quy Poisson (phan tich tuyén tinh log: log
linear analytics).

2.3 Cac thuat toan Boosting

Co6 hai thuat toan boosting dugc gidi thi¢u trong chuong nay la Extreme
Gradient Boosting (XGBoost) va Gradient Boosting Machine (GBM). Ca hai thuét
toan déu phat trién tir thudt toan may tang cudng d6 doc (gradient boosting). Tuy nhién
XGBoost thuong cho két qua tét hon, do né st dung phuong thirc chinh thircc héa mo
hinh mot cach chinh quy hon dé kiém soat viéc qua vira dit liéu (over-fitting).
XGBoost 1a thuat toan state-of-the-art nham giai quyét bai toan hoc cé gidm sat
(supervised learning) cho do chinh xac kha cao. XGBoost nhan dau vao 1a bang dir liéu
v6i moi kich thude va dang dir liéu bao gdm ca categorical ma dang dir liéu nay thuong
dugc str dung nhiéu hon trong thuc té. Bén canh do, XGboost c6 tdc do huin luyén
nhanh, c6 kha ning scale dé tinh toan song song trén nhiéu server, c6 thé ting toc bang
cach sir dung GPU, nho vay ma Big Data khong phai 1 van dé ctia mo hinh nay.

2.3.1 Phat biéu bai toan

yla bién ngau nhién cho dau ra: nhén, phan loai, phan nhém.
x = {x1,%,,..,%1} 12 cac vecto dic trung cta dit liéu dau vao.
{y;, x;} 12 mau dir liéu dung dé huin luyén mé hinh.

F*(x) 1a ham muyc tiéu anh xa X sang Y.

L(y, F(x)) 1a ham mat mat:

« Sai s6 toan phuong : (y — F)2.
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e Saisbtuyétddi: |y —F|,y € R (hoi quy).

« Negative binomial log-likelihood: log(1 + e=?¥F),y € {—1,1} (phan loai).
Muc tiéu cua chung ta tim dugc ham muc ti€u F* sao cho cuc tiéu hoa ky vong cua
ham 16i.

2.3.2 Boosting
Y twéng: thay vi xay dung mot mo hinh dy doan (chang han descision tree) c6 do
chinh xéc twong ddi, ta di xdy dyng nhiéu mé hinh du doan c6 do chinh xac kém hon
(weak learner) khi di riéng 1¢ nhung lai cho d6 chinh xac cao khi két hop lai.Ta c6 thé
hinh dung mdi weak learner gdm hoc sinh yéu, kha, gioi va thay gido. Trong do, trong
s6 uy tin vé kién thirc cua thay gido s& 1 cao nhat va hoc sinh yéu s& 1a thip nhat. Khi
ban dat cau hoi nao d6 va can nhitng ngudi nay dua ra két luan, néu nhiéu nguoi cing
c6 chung két luan hodc uy tin cia nhimg ngudi dua ra két luan cao hon tap thé thi ta c6
thé tin két luan nay 1a dung.
Vi du trong thuat toan AdaBoost, moi lan huin luyén trong tap c6 do chinh xac kém
hon, mo hinh s€ tinh lai trong sb cho céc diém dir liéu da bi phan 16p sai, dé nhiing luot
huan luyén tiép theo nhimg diém dir liéu ndy s& c6 co hdi nhiéu hon dugc phan 16p
dung. Dué6i day 13 mé hinh dy doan tong quat:
H(x) = sign(<; hy(x) + <, hy(x)+ ..+ < h(x))
2.3.3 Gradient descent
Muc tiéu la di tim vector cac tham sb sao cho tdi wu hoa ham muc tiéu cu thé nao do:
P* = argminp®(P)
Phuong phap Gradient descent:

. Gradient: g, = {gjm} = a(p(P) Dp=rppi}

o Parameters: P,, = —pm9m

- Learning rate: p,, = argmin,®(Pmy,_1 — pGm)
« Target parameters: P*= YM_ P,
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Nhu vay, két qua cua gradient descent 1 két hop cac trong s cua cac gradient.
2.3.4 Két hop hai hwéng tiép can
Nhu vay, muc ti€u ctia chung ta la di xay dung mot mo hinh phu gia (additive model):

M

F(x; {:Bml am}g/l = Bmh(x; ay,))

m=1

Nhung s& rat khé néu ta huan luyén truc tiép dé tim tap parameters trong khong gian
tham s0.Vi vdy, ta s& ding greedy-stagewise trong khong gian ham so dé giai:

(Bm!am) = argminﬁ,azl L(Yi!Fm—l(xi) + ﬂh(xi; a))

i=1
khi do : E,(x) = Fp,_1(x) + Bnh(x;ay)
2.3.5 Thuat todn Gradient boosting (GBM)
Thuat toan ndy nham X4p xi gradient thdng qua mot ham tham sé hoa h(x; a,,,).
Tai mi vong lap, ta tinh gradient 3,,. Ta xem {— %X} 1a tap ding dé huan luyén
ham h(x; a,,).. T do, ta c6 thé du doan —¥,, tir x.
Thuat toan Gradient Boost dugc biéu dién nhu sau:
Gradient_Boost()
Fo(x) = argmin, XL, L(y;, p)
For m=1to M do:
# gradient step

_ [aL(yi'F(xi))]

OF (xy) i=1LN

F(x)=Fm—1(x)
Am = argming g %[y — Bh(x; a)]
# boosting step

}7:

Pm = argmin, ZﬁlL(yi'Fm—l(xi) + ph(x;; an)
Fm(x) = Fm—l(x) + pmh(X; am)
endFor
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EndAlgorithm

Nhu vay, 7; vira 1a gradient trong khdng gian ham s vira 1a nhan trong khéng
gian tham sb. B 14 tbc d6 hoc may (leanring rate) dé tim tham s a,,, Va p,, 1a tbc do
hoc may dé boosting mé hinh phu gia F,, (x). Tir thudt toan co s¢ nay, ta ¢ thé mo
rong cho cac mo hinh khac thong qua cac ham mat mat duoc dinh nghia trude [9].

2.3.6 Trién khai thuat toan XGBoost

target function f(x) and prediction of previous trees D(x) residual R(x) and prediction of next tree d,, (x)

0.5 0.5 0.5 0.5

Tree depth: 4 Number of built trees: 3
e—— e —

Hinh 2.3 M6 hinh XGBoost
bat:
o n:sd luong miu huin luyén.

« m:s6 luong dic trung (features).

D = {(x;, y;,)} latap dix liu véi D] = n,x; € R™,y; €R

q : cau truc cua mdt cay, anh xa mau dit li¢u vao nut 14 tuong ung.

T : s6 lwong nit 14 trén cay.

fie : CAu trlic cac cay k doc 1ap cia mo hinh.

w; : trong sb cua nut 14 thi i.
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o 9 : gia tri du doan cuia instance thi i tai vong lap thi .
e f#(x;) : dao ham bac 2 cua ham f.

« I, = {ilq(x;) = j}: tap cac gia tri tai nat la j

o [, :tap gia tri nut 14 bén trai.

o I : tap gia tri nut 14 bén phai.

I=1, U I
Khi dé :
e I=1, U I
e Mo hinhhoc: §; = 0(x;) = Yk_i fi(x), fi € F
Trong 6, F = {f(x) = wy}(q@:R™ - T,w € R”
« Hamhoc: L(@) = X; 1 (P, y:) + Xp 2(fi)
Trong d6, 2(f) = yT + %AH(UHZ
o Tién trinh hoc:
LO = Z?=1l(yi'5}i(t_1) t ft(xi)) + 00
LO~ T LI + gife ) + ShfECD] + 0(F)
voi, g; = Og-pl(ye 9 V) va hy = 95yl 9¢7)
LO =3 [g:fe(x) + %hiftz(xi)] + AT + %AZ};l ]

1
LO = ,T-=1[(Zie1jgi) w; + 5 (hy + Doyl + AT

A K- e e . Zieljgi
o Trong s0 toi vu tai moi nut la: w; = — c———
Ziezjhi+/'l
. x. ., . . A ~ 1 Cier; 90)?
« Ham 13i tinh trén toan b cay: £®(q) = —=¥T_ ——~—— + AT
277 Sierjhit A

2 2 2
. DPidu kien r& nhénh: o = 1|[Eieng) | (Fieee) Bieyo0) |
' SPUE ™ 2 [Sier kit 2 © Tierghit A Lierjhit 2
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XGBoost va Gradient boosting déu dua trén cing ¥ tuéng d6 13 boosting thong
qua gradient descent trong khéng gian ham sd. Tuy nhién, diéu 1am nén hiéu suat an
tuong va kha ning tinh toan cua XGBoost nim & ba yéu to:

« Engineering dé tranh qua vira dir liéu (overfiting) nhu: 14y mau phu theo hang,
theo cot, va cot trén mdi cip d6 phan chia, ap dung ting cudng chinh quy véi ca L1 va
L2.

« Kha ning tan dung tai nguyén hé thong: tinh toan song song trén CPU/GPU,
tinh toan phan tan trén nhiéu server, tinh toan khi tai nguyén bi gi6i han, toi vu bd nhé
dém dé tang toc huan luyén.

« Va cudi cung 1a kha ning xtr Iy cac gid tri dit liéu bi thiéu, tiép tuc huan luyén
bang mo hinh d3 duoc xdy dung trudc d6 dé tiét kiém thoi gian.

Tuy nhién, xgboost thuc su dé cap dén muc tiéu k¥ thuat dé déy gi61 han tai
nguyén tinh toan cho céc thuét toan cdy dugc ting cudng. D6 13 1y do tai sao nhicu
nguoi sir dung xgboost [12].

2.4 Danh gia mo hinh

bé danh gia hiéu qua cua mo hinh, ta can ¢6 céc tiéu chi hay cac d6 do sy hi¢u
qua. C6 nhiéu do do khac nhau c6 thé sir dung, tiiy vao ing dung cu thé ctia thuat todn
phan loai hodc hdi quy trong timg truong hop. Phan nay s& gisi thiéu mot s6 do do
thong dung nhét.

2.4.1 Do do dung trong phan loal

Khi xay dung mot md hinh Machine Learning, ching ta can mot phép danh gia
dé xem mo hinh sir dung c6 hi¢u qua khong va dé so sanh kha ning clia cac mé hinh.
Trude tién, xét trudng hop phan loai hai 16p, trong d6 mdi vi du co thé nhan nhan
duong hodc am. Vi mdi trudng hop vi du ma mé hinh du doan nhan, c6 bon kha ning
xay ra nhu li¢t ké trén Bang 2.1, trong d6 nhan that 1a nhan cta dir liéu va nhan dyu
doan 1a do mo6 hinh tinh toan ra:

Bang 2.1. Ma trin nham lan
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Actual Values

Positive (1) Negative (0)

Positive (1) TP FP

Negative (0) FN TN

Predicted Values

Theo Bang 2.1, néu mot vi du loai duong dugc moé hinh du doan la duong thi
dugc goi 1a duong dung (true positive: TP), néu duoc du doan 13 4m thi goi 13 4m sai
(false negative: FN). Mot vi du loai 4m néu dugc md hinh dy doan 1a duong thi goi 1a
duong sai (false positive: FP), néu dugc du doan 1a am thi goi 13 am ding (true
negative: TN). Sir dung cac khai niém TP, TN, FP, FN nhu trén, c6 thé dinh nghia mot
s6 do do hiéu qua phan loai nhu sau (luu y: ta s€ st dung TP, TN, FP, FN dé ky hi¢u sb
vi du duong dtng, Am dung, duong sai, 4m sai, N 1 tong s6 mau):

« N=TP+FP+FN+TN

Y U g Xe FP+FN
o Tyléloi: error = —
A 1s , TP+TN
o DG chinh xéac : accuracy = =1-—error
Ti I¢ dwong dung: tpr = ——
* - g dung: PT = TpiFN
. FP
Tilé i r=
. ¢ duong sa fp e
A , / - - .. TP
« Do chinh x&c precision: precision =
TP+FP
R X: TP
o DG thu hoi: recall = = tpr
TP+FN
n recision+recall
e DodoF: F — measure = & .
o DO nhay: sensitivity = ——— = tpr
0 Nhay. Y= pirn p
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TN
FP+TN

« Do cuy thé: specificity =
Céac do do néi trén déu c6 gia tri nam trong khoang [0, 1]. Trong cac d6 do ndi
trén, cac do do accuracy, recall va precision thudng duoc st dung nhat. B do accuracy
dugc dung khi ta chi quan tdm t&i d6 chinh xac noi chung. Bo do precision va recall
duogc dung khi ta quan tam td1 hi¢u suit phan loai cho mot 16p cu thé. Vi du, khi phan
loai email thanh “thu rac” va “thu binh thuong”, ta cAn quan tdm t6i ty 18 thu rac phat
hién duoc, tirc 1a d§ do recall, va ty 1€ thu rac phat hién dung trong sb thu rac duoc du
doan, tic 1a do do precision. Can chu y rang, khi recall tang thi precision thuong giam
va nguoc lai. Vi du, trong truong hop loc thu rac, ta co thé du doan tat ca thu 1a thu
rac, khi d6 recall dat gia tri cyc dai bang 1. Tuy nhién, khi d6, gia tri p’ ciing ting lén
va do vAy precision s& giam di. o do F cho phép tinh t&i vin dé nay bang cach lay
trung binh cua hai gia tri precision va recall [10].

Trong truong hop phan loai nhiéu 16p, cac dg do recall, precision, sensitivity, va
specificity cho mdi 16p duoc tinh bang cach coi d6 1a 16p duong va tat ca cac 10p con
lai dugc gdp chung thanh 16p am.

2.4.2 ROCva AUC

buong cong ROC (Receiver operating characteristic) va AUC (Area under
Curve) duogc st dung dé udc lugng va tinh toan hiéu ning ctia mé hinh phan loai. N6
do luong kha nang phan bi¢t (discrimination power) cua md hinh phan loai. N61 mot
cach don gian, n6 kiém tra kha ning phan biét cac su kién trong mé hinh phéan 16p.

Puong cong ROC biéu dién ty 1& dwong tinh dung (tpr) so voi ti 1& dwong tinh
sai (fpr). AUC duoc tinh 13 dién tinh phia dudi dudng cong ROC. AUC cung cip mot
thudc do tong hop vé hidu suat trén tat ca cac ngudng phan loai c6 thé co. Nhu hinh
bén dudi, AUC duoc tinh la phﬁn dién tich mau xam. Trong nhiéu md hinh hoc may,

AUC duoc str dung lam thuée do chinh dé danh gia mé hinh.
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Hinh 2.4. Pwong cong ROC va AUC

2.4.3 Panh gia mé hinh bang kiém tra chéo

Khi str dung cac thuat toan phan loai va hdi quy, mot cong doan quan trong 13
danh gid do chinh xac ctia md hinh. Viéc danh gid mé hinh 13 can thiét do hai 1y do.
Thé nhat, cAn biét mo hinh duoc xay dung va huin luyén c6 do chinh xac ra sao, co
dap Gmg yéu cau ciia bai toan dit ra khong, trude khi sir dung mo hinh dé giai quyét bai
toan. Thu hai, thong thuong ta ¢6 thé ¢6 nhiéu mo hinh phan loai hodc hdi quy va can
lra chon mé hinh t6t nhét trong s6 d6 cho bai toan can giai quyét.
Mot trong nhiing cach danh gia mé hinh 13 huan luyén mé hinh trén toan b tap dir liu
huén luyén, sau d6 thir nghiém d6 chinh xac trén cing tap dit liéu d6 bang cach dung
mo hinh da huan luyén dé du doan gia tri diu ra cho cac vi du huan luyén va so sanh
gia tri du doan véi gia tri thuc cta dau ra cho cac vi du. Tuy nhién, cach danh gia nay
1a khong hop 1y va khong nén str dung. Ly do 1a cach danh gi nay khong cho két qua
khach quan néu mo hinh bi qua vua dir liéu, tic la cho do chinh x4c cao trén dir li¢u

huan luyén nhung lai cho két qua kém chinh xac trén dit liéu méi.
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Thay vi danh gi4 m6 hinh trén cung bo dir liéu dd dung huin luyén mo hinh,
cach danh gia khach quan hon 1a kiém tra chéo (cross-validation). C6 2 phuong phap
kiém tra chéo thuong duoc sir dung.

a. Kiém tra chéo véi tp kiém tra tach riéng (hold-out cross validation)

Phuong phéap nay c6 thé goi 1a kiém tra chéo don gian, 1a phwong phap kiém tra
chéo don gian nhét va duge thue hién nhu sau:

o Chia tap dir li¢u huén luyén S ban dau mot cach ngﬁu nhién thanh hai tap con:
tap th nhét S,; dugc goi 1a tap huan luyén, va tap tht hai (phan con lai) Sy, goi
1a tap kiém tra. Thong thuong, S,; gém 70% tap dit liéu ban dau va Sy, gém
30% con lai.

« Huén luyén mé hinh can danh gia trén tap Sy,

« Panh gia d6 chinh x4c cia m6 hinh hi trén tap kiém tra S,

« Chon md hinh c6 d6 chinh x4c cao nhit trén tap kiém tra dé sir dung (néu muc

dich 1a lga chon mo6 hinh).
b. Kiém tra chéo k-fold

Mot nhuge diém cua phuong phéap st dung bo dir lidu kiém tra riéng 1a phan
dung dé huén luyén (tip Sy,;) chi con khoang 70% tap ban dau va do vay bo phi qua
nhiéu dir liéu dé kiém tra. Do d6 ngudi ta thudng mot phwong phap kiém tra chéo khac
cho phép sir dung it dit liéu kiém tra hon. Cac budc thuc hién nhu sau:

« Chia ngau nhién tap di liéu ban dau S thanh k tap dir liéu ¢ kich thudc (gan)

bang nhau Sy, S5, .., Sk.
o Liplaithatucsauk lanvéii = 1,..,k:
o Dung tap S; lam tap kiém tra. Gop k-1 tap con lai thanh tap huan luyén.
o Huén luyén mé hinh cin dénh gia trén tap huan luyén.
o Panh gia d chinh x4c ctia m6 hinh trén tap kiém tra.

« Do chinh xac ciia md hinh dugc tinh bang trung binh cong do chinh xéc trén k

lan kiém tra & budc trén.
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e Chon mo hinh cé do chinh xéc trung binh 16n nhét.

Uu diém chinh ctia kiém tra chéo k-fold 14 nhiéu dit liéu hon duoc sir dung cho
huén luyén. Méi vi du duoc sir dung dé kiém tra ding 1 lan, trong khi dugc str dung
trong tap huan luyén k - 1 1an [7]. Nhuoc diém ciia phuong phép nay 1a can huin luyén
va danh gia mé hinh k 1an, do vay doi hoi nhiéu thoi gian.

Thong thuong, phuong phap nay dugc stir dung vai k= 10. Gia tri nay vira cho
két qua danh gia khach quan vira khong doi héi huan luyén mé hinh qua nhiéu.

2.5 Két luan

Trong chuong nay t6i di gidi thiéu cac thuat toan tir co ban dén nang cao s&
dugc ap dung dé huan luyén mé hinh. Pong thoi toi ciing dua ra cac chi s6 dé danh gia
chat luong mo hinh, tir 6 t61 co thé quyét dinh lya chon sit dung mé hinh nao cho
budce cudi cung la huan luyén va dy doan toan tap thué bao. Khi da chuan bi duoc dit
liu, lya chon dugc cac thuat todn sé st dung, toi bt dau tién vao bude cudi cung,
budc thuc nghiém. Tur dir 1i€u da co, téi phai trich xuét ra cac dic trung, sau do lya
chon céc dic trung manh mé, cudi ciing ap dung cac thuat toan di gidi thiéu trong

chuong nay dé tién hanh huan luyén, kiém tra va rat ra két luan cudi cung.
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CHUONG 3 - UNG DUNG HOC MAY PE PHAN NHOM NGHE
NGHIEP
3.1 M hinh dé xuat

Co rét nhiéu thuat toan c6 thé duoc st dung cho bai toan phan loai, nhat 13 bai
toan phan loai nhi phan. Pé co thé danh gia xem thuat toan nao dat chat luong tdt nhat,
t6i st dung phan mém H20 trén nén tang ciia R. H20 cho phép hé thong tu dong lua
chon cac thuat toan phé bién nhat trong danh sach bao gém XGBoost, GBM, GLM,
DRF (bao gdm DF va XFT), chay lip di lip lai nhiéu 1an va sip xép chung theo do
chinh xac AUC giam dan. Sir dung H20 c6 thé giup t0i ddy nhanh qua trinh training va
testing, tr do c6 thoi gian tap trung vao viéc xu ly dir lieu va xay dung dac trung phu
hop, nang cao chét lwong mo hinh.

3.2 Xir ly dir ligu
3.2.1 Céac bang dir liéu chinh

Dir liéu telco ma toi can xir Iy duoc chia lam rat nhidu bang véi cac truong
thong tin khéac nhau, chiing ta sé di khao séat cac bang chinh sau:
3.2.1.1 Dir liéu voice, sms

Pay la cac dir liéu phat sinh do hanh dong goi thoai, nhén tin sms, mms cta thué
bao. Dit liéu gdc bao gdm rat nhiéu bang phan ra cac hanh dong riéng biét nhu thoai,
thoai roaming, thoai tra sau, nhén tin thuong, nhén tin mat phi, nhén tin roaming ... Vi
vay, trong qua trinh ETL (xtr 1y va lam sach dir 1i€u),t0i da phai loc cac dir li¢u trung
lap, cac truong du thira c6 gia tri rong, bo di cac trudng mo ta thong tin hé thng, cac
truong c6 gia tri hang sd.. dé chi giir lai cac thong tin thé hién su khac biét vé hanh vi
nguoi dung. Thong tin cc trrong co ban cua bang call va sms nhu trén Bang 3.1.

Bang 3.1. Bang call va sms

Tén cit Kiéu dir liéu M5 ta Vidu
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from_isdn_key |int S thué bao thuc hién cudc goi | 123456789

to_isdn_key int S6 thué bao nhan cudc goi 156273643

start_time timestamp | thoi gian bat dau cudc goi 2020-02-01
12:23:34

call_duration int Thoi gian goi (gidy) 36

imei string imei cua thiét bi 35932006097721
36

calling_prefix_n | string dau sb thué bao goi 97

umber

called_prefix_nu | string dau sb thué bao nhan 83

mber

price_plan_id int ma goi cude chinh 430

roaming_numbe | int théng tin roaming 11

,

chage_basic_acc | int s tién trir trén tai khoan chinh | 0

t

pre_basic_bal int s tién trudc cude goi 375605174

basic_bal int s tién sau cudc goi 375605174

cell_id int vi tri phat sinh cudc goi 125367

call_type int hudng cudc goi 1
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log_type string loai cudc goi pre_call_out

data_date_key int Ngay xu ly dir liéu 20200201

3.2.1.2 Dir li¢u vé s6 du hang ngay
Diy 1a bang luu trit vé s6 du hang ngay cua timg thué bao dit liéu duoc xuit ra

voi1 tan suat moi ngay mot lan. Céac trudong co ban cua bang balance nhu sau:

Bang 3.2 Bang balance

Tén cot Kiéu dix liéu Mb ta Vi du
isdn_key int S6 thué bao dang ma hoa 123456789
active_date timestamp thoi gian kich hoat 2019-02-01

12:23:34

price_sub_id int Go6i cude chinh 430
sub_state string Trang thai thué bao A
bal_1 int tai khoan chinh 13700
bal_10 int tai khoan khuyén mai 0
data_date_key |int ngay xuit dir liéu 20200201

3.2.1.3 Dir li¢u vé tiéu dung hang thing
Day la bang tong hop cac thong tin sir dung cude cia thué bao trong mot thang.

D1t liéu dugce xuat hang thang. Cac trudng co ban ciia bang consume nhu sau:
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Bang 3.3 Bang consume

Tén cot Kiéu dir liéu Mb ta Vi du
isdn_key int S6 thué bao dang ma hoa 123456789
t_org_cost int Téng tiéu dung trén tai khoan | 49142

chinh
t_prom_cost int Téng tiéu dung trén tai khoan | 2491

khuyén mai (KM)
v_org_cost int Cudec thoai tai khoan chinh 49142
V_prom_cost int Cudec thoai tai khoan KM 1491
v_int_org cost |[int Cudc thoai ndi mang 43102
v_ext_org_cost |int Cudc thoai ngoai mang 16040
v_intn_org_cost | int Cudc thoai qudc té 0
s_org_cost int Cudce sms tai khoan chinh 0
S_prom_cost Cudce sms tai khoan KM 1000
s_int_org_cost |int Cudc nhan tin ndi mang 1000
s _ext_org_cost |int Cudc nhin tin ngoai mang 0
s_intn_org_cost | int Cudc nhin tin qudc té 0
data_date_key |int Ngay xuat dir liéu
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3.2.1.4 Dir liéu vé sir dung Internet

Day la dir liéu chi tiét vé thoi gian truy cap va luu lugng sir dung mang internet

cua thué bao. Cac truong co ban cia bang g22 nhu sau:

Bang 3.4 Bang g22
Tén cot Kiéu dix liéu M6 ta Vi du
isdn_key int S6 thué bao dang ma hoa 123456789
begin_time timestamp | thoi gian bat dau phién 2020-02-01
12:23:34
imei string Imei thiét bi di dong 35453009031929
2
cell_a int vi tri bts cia thué bao 14367
up_data int dung lugng kb tai lén 667642
down_data int dung luwong kb tai xubng 224297
total_bytes int tong dung luong trao ddi 891939
charge_basic int cude st dung 0
price_plan_id int g6i cudc chinh 430
ip string ip ndi b 10.136.97.20
data_date_key |int ngay xuét dit lidu 20200201




3.2.1.5 Dir liéu nap thé

Day 1a bang mo ta chi tiét vé cac 1an nap thé cia thué bao. Céc trudng co ban

cua bang recharge la:
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Bang 3.5 Bang recharge

Tén cot Kiéu dix liéu M6 ta Vi du
isdn_key int S6 thué bao dang ma hoa 123456789
sta_datetime timestamp thoi gian nap 2020-02-01

12:23:34
charge int s6 tién nap 20000
party_code string ngudn nap MMLSERVER
data_date_key |int ngay xuit dir liéu 20200201

3.2.1.6 Dir li¢u vng tién

Khi mét thué bao tra trudc cb sé tién trong tai khoan chinh nhé hon 1000 dong
thi ¢ thé ung trudc mdt khoan tién cua nha mang dé co thé tiép tuc su dung dich vu

ma khong bi gian doan. Cac trudong co ban cua bang loan nhu sau:

Bang 3.6 Bang loan

Tén cjt Kiéu dir liéu M6 ta Vi du
isdn_key int S6 thué bao dang ma hoa 123456789
loan_time timestamp | thoi gian tng tién 2020-02-01

12:23:34
pay_time timestamp thoi gian tra 2020-02-03
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21:32:19
loan_type string 0: g tién | 1: tra tién 0
loan_money int tién Ung -10000
prebal int tai khoan trudc tng 34
bal int tai khoan sau Gng 10034
data_date_key |int ngay xuit dir liéu 20200201

3.2.1.5 Dir liéu st dung dich vu vasp

Pay 1a bang thé hién chi tiét cac hanh vi st dung dich vu gia trj gia ting cta
thué bao, nhu dang ki, hay, gia han dich vu.. Thong tin cac truong co ban cua bang
vas_2g3g va vas_mps nhu sau:

Bang 3.7 Bang vas_2g3g va vas_mps

Tén cot Kiéu dir liéu M5 ta Vi du
isdn_key int S6 thué bao dang ma hoa | 123456789
request_time timestamp thoi gian dang ki 2020-02-01 12:23:34

response_time | timestamp | thoi gian phan hoi két qua | 2020-02-01 12:23:34

response_code | int ma 16i khi ding ki 0
service_name string ma dich vu GAME9029
sub_service_na |string chi tiét dich vu GAME_VNG1

me
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cmd string hanh dong REGISTER
price int cude st dung 10000
provider_name | string nha cung cap VAS GAME
data_date_key |int ngay xuit dir liéu 20200201

Ngoai ra, tir cac bang trén, tdi xy dung thém 2 bang din xuét vé thong tin IMEI
ctia thiét bi ma thué bao sir dung nhu s6 tac, tén thuong hiéu, tén thiét bi, hé diéu hanh,
phién ban hé diéu hanh, thoi gian st dung.. va thong tin vi tri ciia ngudi ding nhu tén
tinh, huyén, thoi gian xudt hién, s6 1an xuat hién...

3.2.2 Xay dung dic trung

Sau qua trinh khao sat va danh gia dir liéu, cac ban ghi log can duoc xir Iy dé
chuyén tir trang thai tho thanh cac dic trung dé c6 thé sir dung trong cac thuat toan hoc
may. Qua trinh mét nhiéu thoi gian nhat do s6 luong bang va cot 1a rat 16n. Cac dic
trung nay dugc tao ra tu tat ca cac loai CDR, chéng han nhu muc trung binh cua cac
cudc goi khach hang thyc hién mdi thang, mirc trung binh ctia truy cap internet tai 1én /
tai xubng, s6 lwong goi di dang ky, s6 lwong dich vu vasp st dung, sé luong cac khoan
vay, nap tién, ty I¢ cudc goi tinh trén s6 SMS va nhiéu tinh nang duogc tao ra tu dit liéu
tong hop cua cac CDR. Ngoai ra, tdi con chia nho cac dit lidu ra thanh nhiéu khung
thoi gian nhd hon nhu ngay, gid, phat va tong hop tat ca cac thong tin lai mot 1an nira.

Khong phai tit ca cic thong tin déu dugc st dung dé xay dung dic trung, toi
nhan thiy c6 hon 77% céac trudng cd hon 97% cac gia tri cua nd bang 0, rdng hoic 1a
mot hang s6 ¢b dinh. Céc thong tin nay khong c6 gia tri hitu ich cho qua trinh hoc may,
nén tdi xo6a cac truong nay ra khoi danh sach xdy dung dic trung. Di v6i cac truong
co gid tri thiéu trén 60%, tdi loai bo nod ra khoéi mé hinh. Doi véi cac truong hop con lai

t6i ciing loai bo cac dong twong Umg véi gid tri thiéu do.
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Sau khi d khao sat dit liéu, t6i bat ddu xay dung cac dic trung va dit tén chung

theo cu phép sau:

{ten_bang} {td hop} {gi4 tri do}

Ngoai ra, c6 mot sé dic trung khac cdu tric ciing duge bd sung vao sau. Cu thé

nhu trén Bang 3.8.

Bing 3.8 T6 hop cac dic trung

Tén bang To hop Gia tri do Vi du
- call - outgoing: so cudc goi di - contacts: so thué | call_outgoing_contact
- sms - incoming: s6 cudc goi dén bao S
- h{xx}: tong hop theo khung | - times: s& cudc | call_h0O_incoming_ti
gi0 XX gol1 mes
- h{xx}-h{yy}: tong hop tir | - duration: thoi | call_h20_h24 dates
khung gio xx-yy gian goi
- ratio: ti 1& so v&i to hop 16n | - hours: s6 gio ghi
nhét nhan
- weekend: do vao cudi tudn | - dates: sb ngay
- weekday : do vao trong tuan | ghi nhan
- months:  sb
thang ghi nhan
Balance |- le {x'k : s6 du it hon x |- dates: s6 ngay | balance_le_050k_date
ngan dong ghi nhan S
-ge {x}k:sddutrénxngan. | -  avg_balance: | balance_weekend_
- weekend: chi ldy cudi tudn | trung binh s6 du | le_020k_dates
- weekday: chi lay trong tuan balance_ratio_le_005
- ratio: ti 1€ k_dates
consume | - min - cost: tong tiéu | consume_origin_cost
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- max dung consume_min_origin
-avg - voice cost: cude | _cost
- origin: tk chinh thoai consume_min_origin
- internal: n¢i mang - sms_cost: cudc | _external
- external: ngoai mang sms _voice_cost
- international: qudc té
g22 - ips : 6 ip - hours: s6 gio ghi | g22_dates
-up_data: tong up nhéan g22_h00_down_data
- download_data: tong down | - dates: sb ngay | g22_h22_total_data
- total_data: tong sir dung ghi nhén
- charge: s tién - months: s
- zero_charges: s6 lan charge | thang ghi nhan
=0
- non_zero charge: sb lan
charge >0
recharge |- {party code}: ngudn nap | - times: sO lan nap | recharge_times
the - charge: s tién | recharge_hours
- b6 sung thém cac khung | nap recharge_mmlserver_
thoi gian - hours, dates, | hours
months: thoi gian
loan - loan: tién vay times, dates, | loan_loan_months
- pay: tién tra hours loan_pay_money
- diff: chénh léch vay va tra loan_pay_times
- b6 sung cac khung thoi gian loan_h07_diff_money
vas_2g3g | - charge: tién str dung dich vu | times, dates, | vas_2g3g_charge
vas_mps |- services: dich wvu -|months vas_2g3g_weekday c
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providers: nha cung cap harge
- b6 sung céc khung thoi gian vas_2g3g_times
vas_mps_months

vas_mps_dates

imei - b6 sung cac khung thoi gian | - tacs: sd ma tac | imei_dates
tac times, dates, | imei_weekday hours
months, hours tac_weekday _tacs

tac_weekday_dates

Trén day 1a cac to hop co ban nhat dé tao ra cac dic trung cho timg bang. Ngoai
ra, t6i con két hop thém mot sé bang trich din khac dugc tao ra tir cac bang co ban dé
b6 sung thém mbi lién két giita cac thong tin. Cac dic trung dugce phan nhé theo timg
khung thoi gian dé phat hién cac thoi quen sir dung ctia nguoi dung, tir d6 c6 thé c6 cac
dac trung manh mé cho tung ddi tuong cu thé. Két qua, toi da xay dung dugc mot bd
hon 5000 dic trung dé phuc vu cho budc tiép theo ciia bai toan.

3.2.2 Trich chon dac trung

Trong budc trude, t6i da tip hop duge hon 5000 dic trung tit ca. Tuy nhién
trong hoc may, khong phai ctr cang nhiéu dic trung thi do chinh xac cang cao, ma
nguoc lai né con gy nhidu va khién qua trinh hoc may t6n thoi gian hon va thiéu chinh
x4c hon. Vi vay, tdi di phai rit gon b6t cac dic trung ma van dam bao duoc tinh hidu
qua cua mo hinh.

Toi sir dung phuwong phép trong s6 dau hiéu (WOE - weight of evidence) dé
trich chon cac dic trung. Phuong phap nay s& xép hang cac dic trung thanh manh,
trung binh, yéu, khong tac dong,... dua trén kha nang, strc manh dy doéan. Tiéu chuin
xép hang sé& 1a chi sb gia tri thong tin IV (information value) dugc tinh toan tir phuong

phap WOE. Pong thdi md hinh ciing tao ra cc gia tri features cho mdi bién. Gia trj
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nay s& do luong sy khac biét trong phan phdi giira good va bad. Phuong phap WOE sé&
c6 cac ki thuat xir Iy khac biét dbi vai bién lién tuc va bién phan loai:

- Truong hop bién lién tuc, WOE s& gan nhin cho mdi mot quan sat theo nhin
gia tri bins ma nd thudc vé. Céac bins s& 1a cac khoang lién tiép dugc xac dinh tir bién
lién tuc sao cho sé lugng quan sat & mdi bin 13 bing nhau. Dé xac dinh cac bins thi ta
can x4c dinh sb luong bins. Chung ta c6 thé hinh dung dau mut cia cac khoang bins
chinh la cac quantile.

- Trudng hop bién phan loai, WOE c6 thé can nhiac mdi mot class 1a mot bin
hodc c6 thé nhom vai nhom ¢ sb lugng quan sat it vao mot bin. Ngoai ra muc do
chénh léch giita phan phéi good/bad dugc do ludng thong qua chi s6 WOE ciing c6 thé
duogc st dung dé nhan dién cac nhém co cung tinh chat phan loai. Néu gia tri WOE cua
chung cang gan nhau thi c6 thé chung s& dugc nhom vao mot nhém. Ngoai ra, trudng
hop Null ciing c6 thé duoc coi 1a mot nhom riéng biét néu sé lugng cia nd 1a dang ké
hodc nhém vao cac nhém khéac néu né 1a thiéu sb.

%Good

Ta c6 thé tinh WOE = In
%Bad

Trong nghién ctru ngdy, chung ta c6 thé coi Good 1a nhan cua gia tri 13 sinh
vién, va bad la nhan cua gia tri khong phai 1a sinh vién.

Gia tri thong tin (IV — Information Value) 1a mt trong nhitng k¥ thuét hitu ich
nhit dé chon cac dic trung quan trong trong mo hinh du doan. No gitp xép hang céc
dic trung trén co sé tim quan trong ctia chiing. IV duogc tinh theo cong thirc sau:

IV =Y",(%Good; — %Bad;) * WOE;

Ta nhdn thdy IV luén nhan gia tri duong vi WOE va (%Good-%Bad) luén dong
bién. Gia tri IV s& cho ta biét mirc do chénh léch ctia %Good va %Bad ¢ mdi bin la
nhiéu hay it. Néu IV cao thi sy khac biét trong phan phdi gitra %Good va %Bad sé& 16n
va dac trung s€ hiru ich hon trong viéc phan loai mé hinh va trai lai IV nho thi dac
trung it hitu ich trong viéc phan loai mé hinh. Mot so tai lidu ciing dua ra tiéu chudn

phan loai sttc manh cua bién theo gia tri IV nhu bén dudi:
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<=0.02: Bién khong c6 tac dung trong viéc phan loai
0.02-0.1: yéu
0.1 - 0.3: trung binh
0.3 - 0.5: manh

=> 0.5: Bién rit manh, tuy nhién truong hop nay can duoc diéu tra lai dé tranh

treong hop bién c6 mébi quan hé truc tiép quyét dinh tinh phén loai.

Bang cach nay tdi s& rit gon va 13y ra dugc cac dic trung manh mé nhat dé xay

dung mé hinh. Thuc hién cong viéc véi mdi bang va lay ra top 100 dic trung tot nhat,

t6i rat gon con 811 dic trung dé phuc vu cho giai doan tiép theo.

isdn__ke_y !_abel

140210475
139428761
175807197
160554310
152913189
116201750
124637675
130703688
136241880
122153068

=

< Z2 << << ZZ =<

Bang 3.9 Bang mo ta dac trung

sim_age_months sim_age_days

127
56

61
45
66
63
96
133
63

3.3 Thuc nghiém va két qua

3865
1709

1859
1374
2036
2087
2950
4064
1920

balance_weekday_ge_010k_d ates

17
37
-1
44
49

7
0
61
52
0

x
balance_dates

92
92
-1
92
92
92
92
92
92
92

Sau khi xur 1y dit liéu va trich chon xong cac dic trung, t0i tién hanh budc cubi

cung 1a huan luyén va danh gia mé hinh.

Data Groups

Feature Selection

Merge Dataset

Train Model

Deployment

Sparkly, R, H20, MLFLow

Hinh 3.1 Quy trinh danh gia mé hinh
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Pé thuc hién nhanh viéc huin luyén va kiém tra mo hinh, toi st dung phén mém
H20 trén nén tang R. Pay 1a nhitng cong cu manh mé gitip cac nha phat trién dé dang
thir nghi¢m céc mo hinh mdt cach don gidn va nhanh chong.

AutoML cua H20 c¢6 thé duoc st dung dé tu dong hoa cic quy trinh hoc may,
bao gdém dao tao ty dong va didu chinh nhiéu mé hinh trong gidi han thoi gian do
nguoi dung chi dinh. AutoML co6 thé thuc hién mot loat cac hanh dong huén luyén va
kiém tra duwa trén rit nhiéu thuat toan nhu Ngoai ra, AutoML con cung cip 2 mé hinh
Stacked Ensemble — mot bd dua trén tat ca cac mé hinh da duoc dao tao trude do, mot
bo khéac dua trén cac md hinh t6t nhit ctia mdi loai thuét toan va thong thuong, ching
s& cho ra két qua tdt nhat trong cac mo hinh duoc chay. Cac thuat toan s€ dugc sir dung
bao gdm eXtreme Gradient Boosting(XGBoost), Gradient Boosting Machine (GBM),
General Linear Model (GLM), Distributed Random Forest (DRF) .. Tuy vao thoi gian
thiét lap cho phép ma AutoML s€ chay duogc s6 cac thuat toan khac nhau, sau d6 no sé
xép hang chung theo tiéu chi tét nhat & trén dau bang.

TOi chia dir liéu thanh hai nhém: nhoém dao tao va nhom thir nghiém. Nhom dao
tao gém 90% tap dir ligu nham muc dich dao tao cc thuit toan, nhom kiém tra chira
10% tap dir liéu str dung dé kiém tra cac thudt toan. Cu thé, dir liéu thuc té cua t6i bao
gdm 12102 ban ghi danh cho viéc huin luyén va 1286 ban ghi danh cho viéc kiém thir.
Céc tham sb cua thuat toan dugc toi vu héa bang cach st dung xac thuc chéo K-lan
(K=9). T6i sir dung R dé thyc thi H20. Dit liéu dé huan luyén cua tdi bao gom 811 dic
trung.

Sau khi cho H20 chay AutoML, t6i thu duoc mot bang xép hang theo do chinh xac
AUC cua cac thuét toan XGBoost, GBM, GLM, DRF v&i cac tham sb khoi chay ngﬁu

nhién. Bang 3.10 12 danh sach 11 thuét toan c6 d chinh xac cao nhat.
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Bang 3.10 Danh sach céc thuit toan trién khai

model_id auc logloss aucpr mean_per_class_
B StackedEnsemble_AllModel 8.9497677153738137 0.28606582852759394 ©.9469150884481346 ©.1170641982526
1 StackedEnsemble_Bestl 9.9473811855311 8.2914783571570633 0.9439508755675965 ©.1212370710144
2 XGBoost_grid__1 AutoML_2821¢ ©.9457839076817162 0.2976812808622501 ©.9418718025765045 ©.12336856027237
3 __1_AutoML @.94422566T8268377 0.30215738936474423 0.940926021236419 ©.1249655324988
4 XGBoost ©.9435283995213612 0.3030208159114568586 ©.9396156578251059 ©.1273219511608%
5 NGBoost_grid__1_AutoML_ 9.9426119282657425 0.30664183062520885 0.338%862440830209 ©.1275566744436
6 GBM_grid__1_AutoML_282 ©.94246279074856016 ©.308773301€0129674 ©.9350695254959427 ©.1283738377720
7 XGBoost_grid__1_AutoML_ ©.9418519252099509 ©.319720089333174195 0.3381840493688117 ©.1296144799173
a ©.9413080226643136 0.3111425804265272 ©.9391739941825811 ©.1385564B59386
g ©.9417687371256536 0.3080618315331768 ©.3388137867177171 @.1298012691640
18 GBM_grid__1_AutoML_ 9.9415701648462729 0.3098118191897934 ©.9352789838171573 ©.130812265120081

C6 thé nhan thiy, ngoai moé hinh StackedEnsemble 13 mé hinh tong hop cac ho dic
trung tot nhat dya trén H20 thi cAc md hinh ¢6 d6 chinh xac cao nhat 13 st dung thuat
todn GBM va XGBoost. Trong qué trinh hudn luyén, md hinh XGBoost dang cho két
qua tot nhat véi gia tri AUC dat 94.6%, GBM dat gia tri AUC t6t nhét 14 94.4%. Toi s&
chon mé hinh c6 két qua tot nhat cia 4 thuat toan XGBoost, GBM, GLM va DRF dé
tién hanh xem xét va danh gia chi tiét.

Trudc hét ching ta hdy xem xét dudong cong ROC validation sau khi thyc hién
xéac thuc 10-fold, c6 thé nhan thay ca ba mé hinh déu c6 kha ning phén loai rat tot.
Trong d6, & qua trinh kiém thtr, XGBoost 1a t6t nhat véi mirc AUC = 94.5%, GBM dat
92,3%, DRF dat 91,5%, con GLM thi t& nhit nhung van dat 89,4%.

XGBoost GBM

*ROC CURWVE - CROSS VALIDATION METRICS . AUC = O.

tpr

DRF
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-~ ROC CURWE - CROS5S VALIDATION METRICS . AUC = O.ES * ROC CURWVE - CROSS VALIDATION METRICS . AUC = 0.91

i3
tpr

Hinh 3.2 Pwong cong ROC validation
Nhu vay ta co thé théy, thuat toan XGBoost dang dat hi¢u qua cao nhét. St
dung mo hinh nay ching ta kiém tra lai két qua trén tap dung dé thir nghiém da duogc
tach ra tir trude cho két qua nhu trén Bang 3.11.
Bang 3.11 Ma trin nham l4n khi thwe hién dw doan trén miu kiém thir
»~ PREDICTION - CONFUSION MATRIX ROW LABELS:

& 588 : A2 ©.1239 82 / 662 8.88
1 a2 551  @.1295 B2 J 633 8.87
Total (662 @ 633 | 8.1266 164 / 1,395
Recall @.88 @.87

Chuing ta c6 thé thidy, mo hinh XGBoost di doan trang duoc 1131 méu trong
tong s6 1295 quan sat, d6 chinh xac ma mo hinh dat dugc 1a 87,3%. Sir dung cac gid tri
ciia bang ma trin nham l4n, ching ta dung nén biéu dd duong cong ROC va tinh ra

dugc AUC = 93.8%.

*ROC CURWVE

2.2

tpr
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Hinh 3.3 Puong cong ROC cho miu kiém thir
Nhu vay, thuat toan XGBoost dd dung nén mdt mo hinh phan loai tdt. Bude tiép theo
t6i s& xem xét cac dic trung quan trong nhat ma mo hinh da st dung.

* VARIABLE IMPORTANCES

sim_age_moenths

=t more aris=i

recharge_ratio_times_charge
call_ho7_contacts

1l_ratio_dates_h3Z_hl8_weekday_dates
consume_min_origin_cost
vas_2g3g_dates_nel_dates

consume_min_veoice_call_duration

variabl e

consume_max_min_mpre_origin_data_cost

wvas_2g3g_ratio_months_dates

recharge_ratio_dztez_charge
£22_ratio_datez_h83_dstes
call_h86_hours
consume_voice_call_duration
consume_min_mpre_origin_vas_cost

o]
0,1
2
3

- 1 ] - o o
=]

.0

=] =] =] =1 =] —

o]
@
.
o

scaled_importance
Hinh 3.4 Top cac dic trung theo d§ quan trong

C6 thé thdy, tudi sim (sim_age months) dang c6 trong sd cao nhét trong mo
hinh, diéu nay c6 1& dang khi da phan sinh vién déu 1a ngudi méi str dung dién thoai,
hodc c¢6 thoi quen thay doi sim lién tuc, khong giéng nhu 16p ngudi di lam, thuong sé
su dung ¢d dinh mot s6 di dong. Tiép theo 1a ti 1€ st cudc dung dich vu gié tri gia tang
(vas) va cude dung 3g (consume ratio origin_cost mpre_ origin data cost), ti 1€ cudc
goi ndi mang (consume origin_internal voice cost) trén tong cudc thoai, ti 18 sd lan
nap tién trén téng so tién nap (recharge ratio times charge), s ngudi goi trong khung
gio 7h (call_h07 contacts) .. Cac chi s6 niay kha pht hop véi lich trinh va diéu kién
sinh hoat chung cua sinh vién.

Sau khi xac dinh duoc cac dic trung, ching ta phai quay lai bude tong hop dic

trung, xem cac dic trung co phan bd hop 1y hay khong, c6 dic trung ndo bi thién 1éch.
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Sau khi loai bo cac dac trung thién Iéch, ching ta lai quay lai huén luyén mo hinh. Lam

di 1am lai cac budc nhiéu 1an, ching ta s& dat dugc mo hinh tot nhat dé ap dung du

doan cho toan bd tap thué bao.

Phan bo ctia mgt s6 dac trung co6 trong so cao nhat :

1.0e-04-
0015
7.5¢
).010 -
label label
N N
Y Y
0000~ 0.08+00
0 50 160 150 08400 20105 48405 Be105
sim_age_months consume_origin_voice_cost
04
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label label
N N
¥ ¥
0- 0.0~
10 05 00 0 10 0 10 20 30
g22_ratio_non_zero_charges_h00_non_zero_charges vas_2g3g_ratio_months_dates
0.15-
e-00-
0.10
label \abel
H y .
v Y
02400 -
0.00-

26109 36408 26409 56408

recharge_ratio_times_charge

06400 1el09

0 50 100
call_h07_contacts

200

Hinh 3.5 Biéu dé histogram

Nhu vay, ta ¢6 thé thiy phan bd cac gid tri cua dic trung 13 trong ty nhau giira

cac nhan. Pi€u nay thé hién cac dac trung trén c6 thé dai dién cho sy phan hoa cua
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nhan, hay cé thé noi thuat toan di hoat dong kha tbt, cac dic trung lya chon da kha
chinh x&c, va chiing ta c6 thé lira chon thuat toan XGBoost dé thyc hién cong viéc du
doan trén toan b tap dir licu.
3.4 Két luan

Nhu vay, sau qua trinh thyc nghiém, t61 da chon ra dugc mo6 hinh XGBoost 1a
mod hinh c6 chét lugng tot nhat. Str dung mé hinh nay dé ap dung cho toan bo dir liéu
clia nha mang, qua trinh ndy ciing mat rat nhiéu thoi gian va cong stc, vi khoi luong dir
lidu 13 v6 cung 16n, vi vay hé thdng chay rat 1au méi c6 két qua. Sau khi da phan loai
dugc thué bao, t6i di thuc hién goi dién dé kiém tra bang tay. Két qua ciing kha kha
quan, khi ti 1¢ dat 1a 80%. Vi vay, trong thot gian toi, dé nang cao chit luong san phém,
t6i s& tiép tuc toi wu phan xu ly dir liéu va xay dung dic trung. Ngoai ra, dua vao nén
tang c6 sin tir du 4n nay, toi c6 thé phat trién sang cac nganh nghé khac, cac bai toan

khac trong dy &n bai toan dir liéu 16n cia nha mang.
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KET LUAN

Cac nha mang vién thong c6 mot khdi luong dir li€u 16n va da dang vé cach
hanh vi sir dung di dong cua khach hang. Bang céc cong cu hoc may hién dai, chung ta
c6 thé trich xut ra rat nhiéu thong tin hitu ich tir 46, nhu chan dung khach hang, thoi
quen, s¢ thich hodc xu hudng cua ho.

Dong gbp cua bao céo nay 1a t6i di cho thiy sir dung thuit toan XGBoost dua
trén mot bo cac dic trung cé tinh phan 14p manh mé tir cac ban ghi tho cua dit liéu vién
thong phtic tap dé phan loai cac thué bao co 1a sinh vién hay khong. Toi di danh gia
811 dic trung nay, va thdy rang ching c6 kha ning bao pha cho kha nhiéu miu danh
gia khac nhau. T d6, khong chi 1a dy doan rang mot thué bao c6 1a sinh vién hay
khong, t6i co thé 4p dung cho viéc du doan cac nghé nghiép khac tiiy thudc vao mau
thu thap, hodc t6i con co thé ap dung cac bai toan khac nhu dénh gid so thich, diém tin
dung ca nhan, diém tich cuc ctia mot thué bao...

Viéc xac dinh cac dac trung la tuy thudc vao tirng ca nhan, tirng nhiém vu cu
thé, vi viy ngoai cac dic trung da co, tdi van phai tiép tuc nghién ctru dir liéu va tim
hiéu thém céc dic trung méi. Boi dir lidu 1a vo cung, va cach két hop dit liéu 1a vo tan,
nén dinh huéng tiép theo ctia nghién ctru t6i van 1a xay dung dic trung méi, danh gia

hiéu qua mo hinh trén thyc tién va hiéu chinh mé hinh khi can thiét.
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