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TOM TAT— Trong linh vuc vién théng, viéc thué bao roi bd nha mang 1a sw ¢§ rit d4ng quan tAm vi van d@ nay c6 thé anh
hwéng dén lgi nhuan cia cdng ty. Tuy nhién, dic diém dit liéu mat cAn bang trong bai toan dw do4n thué bao rdi bé nha mang
gay kho khin cho viéc phat trién mot mé hinh phan 16p hiéu qua dé gidi quyét bai todn nay. Trong nghién ctru nay, ching toi
thtr 4p dung giai thuat Rirng ngiu nhién cé diéu chinh ham chi phi (cost-sensitive weighted random forest - CSWRF), v6n da
thanh cong trong bai to4dn phat hién gian 14n thé tin dung (credit card fraud detection) d€ giai quyét vin dé dir liéu mat cAn
bang trong bai toan du doan thué bao roi bé nha mang. Ngoai ra, ching tdi so sanh hiéu qua cta giai thuadt CSWRF v&i cach
tiép can 14y mau dir liéu: két hop gidi thuat Rirng ngiu nhién véi k§ thuat 1dy mau ting SMOTE (Synthetic Minority
Oversampling Technique). K&t qua thwc nghiém trén hai bo dir liéu mau cho thdy déi véi bai toan du doan thué bao roi bé
nha mang, v&n 1a bai todn mat can bang dir liéu, hiéu qua phan 16p cla giai thudt CSWRF thudc cach tiép cin diéu chinh ham
chi phi (cost-sensitive learning) t6t hon phwong phap SMOTE két hop giai thuat Rirng ngau nhién.

Tir khéa— dit liéu mat can bing, du doan thué bao r&i bé nha mang, rirng ngau nhién, cach tiép can diéu chinh
ham chi phi, 14y mau ting SMOTE.

I. GIOTI THIEU

Quan Iy méi quan hé khach hang (customer relationship management - CRM) 1a cach tiép can chién lwgc nhim
phét trién nhitng méi quan hé dai 1au, hitu ich v&i nhitng khach hang trung thanh ctia céng ty. Do tinh trang thi
truedng bao hoa va canh tranh manh mé, ngdy cang c6 nhiéu cong ty nhin ra tim quan trong cua viéc quan ly méi
quan hé khach hang va nguén di liéu ctia cac hé thdng CRM rit hitu ich d€ ra quyét dinh vé mat quan ly. Ngay
nay, sw phat trién nhanh chdéng cta cic k§ thuit hoc may dem lai nhitng co hoi dé hiu biét sdu hon vé khach
hang va xay dwng nhirng hé thong quan Iy mdi quan hé khach hang hiéu qua.

Dw dodn thué bao roi bé nha mang (telecom customer churn prediction) nhw la mét phén cia céng tac quan ly
md&i quan hé khach hang da tré thanh mot chi dé dang quan tam hién nay. Trong linh vuc vién thong dién thoai
di dong, thuat ngit “roi bé” noi vé sw ra di cia nhirng thué bao dich chuyén tir nha cung cip nay sang nha cung
cip khac trong mot khodng thoi gian nhat dinh. Do viéc gitr lai dwoc nhirng khach hang hién hanh thi c6 lgi hon
viéc thu hit thém nhitng khach hang méi, nén cong viéc xady dung moét mo hinh dw doan thué bao roi boé nha
mang hiéu qua 1a rat quan trong d€ sém nhin dang nhitng khach hang cé khuynh hwéng roi bé cong ty.

Cac cbng trinh nghién ctu lién quan dén dw doan thué bao r&i bé nha mang thwong st dung cac kj thuét khai
pha dit liéu, nhw mang no ron, gom cum, cdy quyét dinh, gidi thuit k-1an cin gan nhit, hodi quy logistic, may
vector hd tro, va td hop (ensemble) nhiéu phwong phap hoc may d€ dem lai sw dw bao chinh xac [1].

Tuy nhién, trong bai todn dw doan thué bao roi bé nha mang, tap dit liéu dwoc dung d€ huin luyén md hinh phan
16p thwong mdt cdn bing (imbalanced), tirc 12 nhém thué bao khéng roi bé chiém dai da s6 trong tap dit liéu.
Cac phuwong phap phan 16p truyén thdng thwdong khong thé ng phé véi van dé nay vi ching c6 khuynh huéng
phan 1&6p mau thir vé I6p da s6 (majority class) va xem cadc mAu thudc I6p thiéu s6 (minority class) nhu 13 nhiéu
hay la nhitng diém ngoai bién (outlier). Khuynh hwéng nay da khién cho cong tac phan 16p trong bai todn dw
doan thué bao r&i bdé nha mang tré nén khong hiéu qua [2]. Do d6 xt 1y hiéu qua van dé dit liéu mat can bing
trong bai todn phan l1&p rit quan trong sé giup cai tién do chinh xac phan 16p trong nhiéu rng dung cé y nghia
thuec tién nhw chdn doan bénh hiém c6, phat hién gian 1an, phat hién xAm nhap mang trai phép, dw doan thué bao
roi bo cong ty, dl_l’ doan cong ty pha sén, dy doan nhan vién bé viéc.

Trong nhitng nam gan day, nhiéu giai phép da dwoc dé xudt dé giai quyét vin dé phan 16p voi di liéu mat can
bing bao gdm cac giai thuit phan lép va cac phlrcmg phép t6 hop (ensemble method) Cac phlrcmg phap nay
dugc chia 1am hai loai: nhom phwong phép Idy mdu di liéu (data sampling) nham can bang dir liéu trudece giai
doan huin luyén va cac phwong phap diéu chinh ham chi phi (cost-sensitive learning) nhidm chinh sta c4ch tinh
chi phi twong déi cia nhitng 16i sai phan lép trong giai doan huan luyén. Gan day, mot cong trinh khao sat bing
thwc nghiém [3] chi ra rdng cach ti€p cin diéu chinh ham chi phi dem lai mdt hiéu qua cao hon cach tiép can 1dy
mau dit liéu khi xtt Iy vAn dé dit liéu mat cAn bang trong bai toan dw do4n thué bao roi bé nha mang.

DPugc goi cdm hirng tir cong trinh [4] cta Devi va cac cong sw (2019) dé xuit giai thuat Rirng ngau nhién c6 diéu
chinh ham chi phi (Cost-Sensitive Weighted Random Forest - CSWRF) dé gidi quyét bai toan phdt hién gian ldn
thé tin dung (credit card fraud detection). Trong nghién ctru nay, ching t6i thir &ng dung giai thuat CSWRF cho
mot b8i cAnh khac: bai toan du doadn thué bao r&i bdé nha mang, ma cé cung dic diém 13 dit liéu mat can bing.
Ngoai ra, ching t6i tién hanh so sdnh hiéu qua phan 1ép cla gidi thudt CSWRF véi phwong phap két hop ki thuét
14y mAu ting SMOTE va giai thuat Rirng ngiu nhién thuin tiy cho bai todn dw doan thué bao roi bé nha mang .
Két qua thwc nghiém trén hai bo dit liéu miu chuin Telco va Cell2Cell cho thiy vé&i bai toan du doan thué bao roi
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b6 nha mang, hiéu qua phan 1&p cla giai thudt CSWRF tdt hon hiéu qua phéin 1ép ctia phwong phap SMOTE két
hop véi gidi thuat Rirng ngau nhién.

Phin tiép theo cla bai bdo dwgc td chirc nhw sau: Muc II giGi thiéu cic cong trinh lién quan vé x ly dir liéu mat
can bing trong bai toan duw doan thué bao r&i bé nha mang; Muc 11l mé ta cach tiép can dé xuat 1a st dung gii
thuat Rirng ngiu nhién cé diéu chinh ham chi phi (CSWRF); Muc IV trinh bay két qua thwc nghiém so sanh hiéu
qua phan 16p ctia giai thuat CSWRF véi phwwong phap két hop ki thuat 1y miu ting SMOTE va giai thuat Rirng
ngiu nhién; Muc V néu mot vai két luan va cac huéng phat trién cia deé tai.

II. CAC CONG TRINH LIEN QUAN

A. PHUONG PHAP HOC MAY PE DU’ DPOAN THUE BAO RO'1 BO NHA MANG

D& hiéu biét cac nghién ctru xdy dwng nhirng mo hinh khac nhau cho bai todn dy dodn thué bao roi bé nha mang,
tiéu muc nay diém qua mot sd cong trinh nghién cttu lién quan nhw sau:

Sharma va Panigrahi (2013)dé xuit mdt md hinh mang no ron cho bai toan dw dodn thué bao r&i bé nha mang
[5]. Zhao va céac cong sw, nim 2005 [6] dé xudt may vector hd trg mot 1ép (one-class support vector machines)
dé du doan thué bao r&i bé nha mang. Chat lwong dw doan ciia méd hinh may vector hé tro dwoc so sanh véi
mang no ron nhan tao, ciy quyét dinh va phwong phap Naive Bayes. Zhang va cic cdng sw, nim 2007 [7] st
dung mé hinh lai gitra giai thuat k-14n cin gan nhit va hoi quy logistic dé€ dw dodn thué bao roi bé nha mang. Mot
nghién ctru khac (Lu va cac cong su, 2014 [8]) st dung giai thuit boosting dé xay dwng mo hinh dw doan thué
bao r&i bé nha mang. Estes va Mendes-Moreia (2016) [9] so sanh hiéu niang ctia siu giai thuit phan 16p, gom k-
lan can gan nhat, Naive-Bayes, Cay Quyét Pinh C4.5, AdaBoost, mang no ron va giai thuat Rirng ngiu nhién cho
bai toan dw doan thué bao roi bé nha mang.

Cac cong trinh nghién ciru néu trén, phin 16n chi tip trung str dung mét phwong phéap khai pha dir liéu duy nhit
nhw phén 1&p hay gom cum d€ phéan tich dit liéu dw doan thué bao r&i béd nha mang. Chi c6 mét vai céng trinh ap
dung nhiéu hon mét phwong phap dwa vao phan 1¢p hay gom cum, thi du, Li va Deng (2012) da két hop gom
cum va ciy quyét dinh d€ dw doan thué bao r¢i bé nha mang cho cong ty China Telecom [10].

Tuy nhién, tit ca cac céng trinh néu trén c6 mot nhwgc diém chung 1a chwa dé y dén viéc gidi quyét van dé mat
can bang di liéu khi phan 1ép, do d6 hiéu qua phan lép clia ching con thip, chwa dap ng dwoc yéu cau thuc té
cta bai toan du doan thué bao r&i bé nha mang.

B. XU’ LY MAT CAN BANG DU’ LIEU

Trong nhitng ndm gan day, nhiéu cich ti€p can di dwoc dé xuit dé gidi quyét van dé mat can bang dit liéu khi
phan 16p va tir d6 da nang cao dwoc hiéu qua phan 1ép cho nhiéu trng dung gip phai dit liéu mat can bang. Cac
phwong phap nay dwoc gom thanh hai nhém nhw sau:

1. LAY MAU DU LIEU

Cac phwong phap Idy mdu dir liéu (data sampling) lai dwgc chia 1am ba loai: ldy mdu gidm (under-sampling) va
ldy mdu tdng (over-sampling) va s két hop gitta 14y mau gidm v&i 14y mau ting. LAy mAu gidm loai bé bt mot
s6 mau thudc 16p da sé trong khi 14y mau ting tao ra thém mot s6 mau méi cho 1ép thiéu s6. Ca hai phwong phap
1dy mau dit liéu déu nhidm dén viéc gidm bét hiéu (rng x4u ctia phan bd 1ép bi léch (skew distribution) trong qua
trinh huén luyén.

Mbt s6 phwong phap 14y mau dit liéu duwoc wa chudng c6 thé ké nhw sau. Chawla va cac cdng sw nam 2002 [11]
dé xuit mot phwong phap 14y miu ting SMOTE (Synthetic Minority Oversampling Technique). C6 hai phwong
phap 14y mau gidm kha don gidn nhwng rat hiéu qua 1a phwong phap Ly mAu gidm ngiu nhién (Random Under-
Sampling - RUS) ma thuc hién viéc loai b6 mot cach ngiu nhién moét s6 miu thudc 16p da s6 (do Tahir va cac
cong sw dé xuit nam 2009 [12]) va phwong phap 14y mau gidm dwa vao gom cum dé thu gidm mot s6 mau trong
16p da s (do Lin va cac cong sy dé xudt nam 2017 [13]). Theo bai bdo tong quan (review) [14], Haixiang va cac
cong sw, ndm 2017, nhan xét rang cac phwong phap 14y mau ting dwoc stt dung phd bién hon cac phwong phap
14y mAu gidm va khi s6 lwong mAiu ctia 16p thiéu s6 kha nhé so véi s6 lwgng cia lép da s6 thi phwong phap 14y
mau tang SMOTE 13 mot lwa chon thich hep.

2. PIEU CHINH HAM CHI PHi

Trong nhiéu rng dung khai pha dit liéu, ké ca du doan thué bao r&i bé nha mang, nhitng mau thudc 16p thiéu sé
déng vai tro rat quan trong. Ham chi phi (cost function) hodc ham méit mat (loss function) cta giai thuit phan
16p ma khéng quan tAm dén diéu nay sé khong thé hoat dong hiéu qua trong nhirng tinh huéng nhw vay. Mot
cach tiép can dé gidi quyét vin dé 1a dp dung nhitng phwong phap diéu chinh ham chi phi (cost-sensitive
learning). Nhitng phwong phap nay gan chi phi cao cho sy phan 16p sai cAc mau thudc 1ép thiéu s8 so véi cac
mau thudc 1ép da s6 va do d6 cd ging t6i thi€u héa nhirng 16i chi phi cao. Nhitng phwong phap diéu chinh ham
chi phi cé thé tich hop vao khia canh dit liéu hay khia canh giai thuit hoéc c4 hai [15].

Vai phwong phéap diéu chinh ham chi phi tiéu biéu c6 thé liét ké nhw sau. Lin va cac céng sw nam 2017 [16] dé
xuit mot phwong phap diéu chinh ham chi phi stt dung Focal Loss, mot dd do 16i dwa vao entropy, dé giai quyét
vin dé mit cin bang dir liéu trong bai todn nhan dang d6i twgng (object detection) bing bd nhin dang
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RetinaNet. Wang va cic cdng sw ndm 2020 [17] dé xut hai phwong phap: sir dung Focal loss vao giai thuat
XGBoost (mot giadi thuit t6 hop bd phin 16p) [18] va skt dung Cross-entropy loss cé trong sd vao giai thuit
XGBoost dé giai quyét van dé mat cin bing dit liéu. Cong trinh [17] thir nghiém hai phwong phap dé xuit trén bo
dir liéu chan doan bénh Parkinson, 1a b6 dit liéu mat can bang véi ti s6 1/3, va nhan thiy ca hai phwong phap nay
déu dem lai hiéu qua phan 1ép kha tét va dd tdt clia ching ngang bang nhau. Tuy nhién cho dén nay vin chwa c6
cong trinh nghién cu nao so sanh hiéu qua cua hai phwong phap XGBoost st dung Focal loss va XGBoost st
dung weighted cross entropy loss v&i cac phwong phap diéu chinh ham chi phi dwa vao cac giai thuat phan 16p
t6 hop khac nhu AdaBoost hay Rirng Ngiu Nhién.

C. GIAI THUAT RUNG NGAU NHIEN VA CAC PHIEN BAN MO’ RONG

Giai thuat Rirng ngdu nhién (Random Forest), dwgc phat trién béi Breiman nim 2001 [19], 1a mét t6 hop
(ensemble) nhitng ciy quyét dinh. Rirng ngau nhién 13 mot giai thuat phan lép néu gia tri dau ra 1a gia tri roi rac
va 12 mot giai thuat dw bao néu gia tri du ra 1a mot gia tri lién tuc. Rirng ngiu nhién lam viéc v&i hai giai doan.
DAu tién, gidi thuit tao ra nhitng tip huin luyén con (training subset) tir tAp huin luyén géc dwa vao ky thuat 1ay
mau boostrap va sau d6 xy dwng nhitng ciy quyét dinh thanh phan tir nhitng tdp huin luyén con. Trong qua
trinh xy dung mot cy quyét dinh thanh phin, mdi ndt trong ciy dwoc tich dwa vao mot tp con cac dic trung
dwoc chon tir tap dic trung ban dau. Trong giai doan hai, cho mot miu tht, giai thuat sé thuc hién mét chién
lwoc bau phiéu don gidn: gadn mAiu thir vao nhin lép ma chiém da s& phi€u bau tir tit ca nhitng ciy quyét dinh
thanh phan. Hinh 1 minh hoa cach van hanh cta Rirng ngau nhién.
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Hinh 1. Minh hoa cich vdn hanh ctia Rirng ngdu nhién

Rirng ngiu nhién phan 1&p véi hiéu qua cao hon cac giai thuat phan 16p khac nhw k-1an cin gan nhit, Naive-
Bayes, ciy quyét dinh, AdaBoost, va mang no ron véi bai todn dw doan thué bao roi bé nha mang [9].

Cho dén nay, c6 mot vai cong trinh 4p dung Rirng ngiu nhién dé dw doan thué bao r&i bé nha mang. Dau tién la
cong trinh clia Lariviere va Van den Poel, nim 2005 [20] 4p dung Rirng ngau nhién dé dw doan thué bao roi bo
cdng ty dich vu tai chanh & Chau Au, tuy nhién céng trinh nay khong xir Iy vdn dé mat can bang dit liéu c6 xay ra
trong rng dung. Gan day, c6 mot s8 cong trinh ¢ ging cai tién giai thuat Rirng ngiu nhién dé xt ly vdn dé mat
can bang dit liéu trong bai toan dw doan thué bao r&i bé nha mang. Effendy va cac cong sw, nam 2014, dé xuit
mot cach tiép can két hop 14y mau di liéu véi Rirng ngiu nhién c6 gan trong s6 (weighted random forest) dé giai
bai todn dw dodn thué bao réi bé nha mang [21]. Paining va cac cong sw, nim 2018 so sanh hiéu qua ctia mot so
phwong phap 14y miu dir liéu két hop véi gidi thuat Rirng ngau nhién dé phan 1ép dit liéu mat can bang [22].
Agusta va Adiwijava (2019) [23] &ng dung mot ki thuat 14y mau gidm dwa vao gom cum cho mdi Ian tao tap
hu&n luyén con trong giai thuat Rirng ngau nhién dé cai tién giai thudt nay cho bai toan dw doan thué bao roi bé
nha mang. Devi va cac cong sw nam 2019 [4] dé xu4t giai thuat Rirng ngiu nhién c6 diéu chinh trong sé cho bai
toan phat hién gian 1an thé tin dung, cling 12 bai toan cé dic tinh m4t can bang dit liéu.

I1I. CACH TIEP CAN PHAN LOP DE XUAT CHO BAI TOAN DU’ POAN THUE BAO RO'1BO
NHA MANG CO DAC TINH MAT CAN BANG DU’ LIEU

Mdt trong nhitng muc dich chinh clia nghién cttu nay 12 thr 4p dung giai thuat Rirng ngiu nhién cé diéu chinh
ham chi phi (CSWRF) dwgc dé xuit bdi Devi va cac cdng sw [4] cho bai todn phat hién gian 14n thé tin dung sang
mot béi canh khac: bai todn dy dodn thué bao roi boé nha mang. Giai thudt CSWRF sé dwoc gidi thich chi tiét
trong muc nay.
Giai thuat CSWRF bao gom hai giai doan chinh: giai doan huin luyén va giai doan phan 16p (giai doan thi).
A. GIAI DPOAN HUAN LUYEN

Trong giai doan hun luyén, giai thuat Rirng ngau nhién chuén dwoc céi tién bang cach thiét 1ap cach tinh ham
chi phi dwa vao ti 1é phan 16p sai ctia cic mau.
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Ti 1& phan lép sai clia cic mau dwoc tinh dua vao s6 am sai FN (false negative) va s6 duwong sai FP (false
positive) trong ma trdn diing sai (confusion matrix) cia moi cdy quyét dinh thanh phin trong giai doan huin

luyén.

cost(T) = (FN(T) + FP(T)/|size(T)| (1)
v&i FN(T) 12 s6 am sai ctia cay T, FP(T)1a s6 dwong sai clia cAy T, va |size(T) | 1a s6 lwgng mau trong tap con huin
luyén cida cay T.
Sau d6, mot ki thuat dwa vao sai s6 sé& gan trong s6 cho mdi cay quyét dinh. Sai s6 dugc tinh dwa vao hai s6 hang:
téng sai s6 hudn luyén (overall training error) va téng sai s6 hudn luyén lép dwong (positive training error). Lwu
y 1a & day 16p dwong dm chi 1ép thiéu sd.
Téng sai s6 hudn luyén dwgc tinh dwa vao téng s6 mau bi phan 1&p sai béi mot cdy quyét dinh. Téng sai s6 hudn
luyén 16p dwong dwoc tinh dwa vao tdng s6 mau thudc 16p dwong bi phan 1ép sai bdi mot ciy quyét dinh. Cong
thic tinh cta hai tdng sai s6 néu trén dwoc mo ta nhuw sau:

_(L:if y(x;) # class(x;)
err_ov(x;) = {0: if y(x;) = class(x,) (2)

1:if y(x,,) # positive
0:if y(x,,) = positive 3)

Véi x; 12 mot mau thudc cay quyét dinh, y(x;) 1a 16p dwoc gan cho mau x; bdi cay quyét dinh, x, 1a mot mau thudc
16p thiéu sd cua ciy quyét dinh.
Trong trweong hop hai hay nhiéu ciy quyét dinh c6 ciing téng sai s6 huin luyén thi cdy quyét dinh nao c6 tong sai
s6 16p dwong nho hon sé dwgc gan trong sé cao hon.
Ham chi phi thé hién kha niang phin 1&p cia ciy quyét dinh. Cach tinh trong sd cta ciy thé hién dé tin ciy cla
cy. Cay quyét dinh c6 kha nang phan 1&p cao nhit va do tin ciy cao nhit dwgc coi nhw ciy quyét dinh t6t nhit.
Toan bd qua trinh huin luyén dwoc mo ta trong Giai Thuit CSWRF_1.
Giai Thuat CSWRF _1
Input: S1a tip dir liéu, Smin 12 tAp dit liéu 16p thiu s6, Sme; 1 tp dit liéu 1¢p da s, n: s6 cdy quyét dinh.
Output: Tap cy quyét dinh di dwgc gin trong sé: {weight(T): T 1a mét ciy quyét dinh}
1. T4ch tip S thanh tip huin luyén train va tip thi test.
2. Bang cach 18y mAu dwoc phép trung 13p dé chia tip train thanh n tap huin luyén con, médi tap dwoc ky hiéu la
T.
3.fori:=1tondo

(a) Tach tap T thanh Tne gdm cdc mAu 16p da s8 va Timin g0m cadc mAu 16p thidu s6: Ting S Smaj, Timin < Smin.

(b) Hun luyén bang tap T dé tao ra mdt cay quyét dinh twong tng.

(c) Tinh t6ng sai s6 hudn luyén cta ciy T dwa vao cdng thirc (1) va cong thirc (2) nhw sau:

N

err_pos(x,) = {

err_ov(T) = Z err_ov(x;) * cost(T) 4)
m=1

N =tdng s6 mau cla cay T.
(d) Tinh t6ng sai s6 huin luyén 16p dwong ciia cdy T dwa vao cong thirc (1) va cdng thirc (3) nhu sau:
P

err_pos(T) = Z err_pos(xy,) * cost(T) (5)
m=1
p = téng s6 mau thudc 16p thiéu s6 cla cay T.
(e) Tinh trong s6 cho cy T; vGi cong thirc Wezght(T,) 1/err ov(Ty)
CAy v6i tdng sai s6 huin luyen nho hon sé c6 trong sd cao hon.
(f) Trong truwdng hop téng sai s6 huin luyén cta hai hay nhiéu ciy bang nhau, thi trong sé ctia chiing sé dwoc
tinh bing cong thirc sau:
weight(T;) = 1/err_pos(T;)
Nhuw viy, mot dic tinh n6i bat cla giai thuadt CSWRF 1a viéc gan trong sd cho tirng ciy quyét dinh thanh phin c6
tinh dén tong sai s6 huin luyén 16p thiéu sé cta ciy do.

B. GIAIDOAN PHAN LOP

Trong giai doan phan lép, két qua cia mdi miu trong tip thir dwoc quyét dinh bing cach ding mdi ciy quyét
dinh da dwgc huin luyén dé phan 16p maiu thir va gom lai tit ca két qua duoc xac dinh béi tat ca cac cay dé dua
ra két qua sau cung.
D&i véi giai thuat Rirng ngiu nhién thuin tay, két qua (nhin 16p) cudi cing ciia mot maiu thir dwoc xac dinh dwa
vao phiéu bau da s6 (majority voting) cla tit ca cac két qua tlir moi ciy quyét dinh. Tuy nhién, trong giai thuit
CSWREF, két qua cudi cung dwgc quyét dinh dwa vao trong s6 cia mot cay quyét dinh dic biét. Cho mot mau tht,
X', quyét dinh cudi cling ctia mau thir ndy, F(x’) dwoc tinh nhw sau:

F(x’) f[x’) tir cay T; | welght(T) 16n nhat (6)
tire 12 két qua tir cdy quyét dinh c6 trong sé Ién nhdt ddi véi mau thir sé dwoc xem nhu két qua cudi cling clia mau
thir.
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Toan bo qua trinh phan lép dwoc mo ta trong Giai Thuat CSWRF_2.
Giai thuat CSWRF_2
Input: test 1a tip dit liéu thir, W= {weight(T)} la tip hop cac trong s6 ctia moi ciy quyét dinh T.
Ouput: tip thir ma moi mau thir da dwoc phan 16p
1. Phan 1¢'p moi mAu trong tap test bang tit ca cac ciy quyét dinh thanh phan
2.V&i mbi mau thir X’ trong tap test

(a) v&i méi cay quyét dinh T; trong rirng ngau nhién

Ghi nhan nhan 1ép nhw 1a y(x) = f{x') tr cay T;

(b) xac dinh két qua cudi ciing, F(x’) bing cach dung cong thirc (6).
Mot dic tinh ndi bat dang lwu y cla gidi thuat CSWRF 1a viéc huin luyén mébi cAy quyét dinh thanh phan trong
rirng ngau nhién cé thé dwoc tién hanh mot cach doc lap.

IV. KET QUA THU'C NGHIEM

Muc dich chinh thit hai clia nghién ctru nay 1a khao sat bing thwc nghiém hiéu qua phan 16p cla giai thuat
CSWREF trong bai toan dw doan thué bao roi bé nha mang va so sanh hiéu qua cda giai thuat CSWRF c6 st dung
céch tiép can diéu chinh ham chi phi (cost-sensitive learning) véi hiéu qua cta su két hgp phwong phéap 14y mau
tdng SMOTE véi giai thuat Rirng Ngiu Nhién thuan tady.

A. TAP DU LIEU THU'C NGHIEM

Vé&i bai toan dy doan thué bao roi béd nha mang, cac thwe nghiém trong nghién ctru nay dwegc thyc hién trén hai
b6 dir liéu mau: Telco Customer Churn va Cell2Cell, 1a hai bd dir liéu thwong dwoc dung béi cong ddng nghién
clru vé bai toan dw doan thué bao roi bé nha mang.

Bang 1. Nhitng dic diém cta hai tip dit liéu miu

Tap dit liéu Telco Customer Churn Cell2Cell
Ngudn IBM 3Eiifersity
Trang web Kaggle Kaggle

SO dic trung 19 58

Téng s6 mau 7043 51047
Téng s6 mau khong roi bé 5174 36336
Téng s6 mau roi b 1869 14711

Cac gia tri bi mat khong c6

Tap dit liéu Telco Customer Churn dataset la tir cong ty IBM. BO dit liéu nay duwoc thu thap tir thué bao cta cic
nha cung cdp dich vu vién thong khong diy va dir liéu lién quan dén cic cudc goi ma thué bao thwc hién. Bo dir
liéu dwgc hoan chinh béi Kaggle [24].

Tap dir liéu Cell2Cell dwoc cung cip bdi trung tim dir liéu Teradata Center cho bai todn quan 1y quan hé khach
hang cta trwong Pai hoc Duke. Tap dit liéu nay dwoc thu thap tir cAc thué bao cta cdng ty vién thong Cell2Cell.
Cell2Cell 12 mdt trong nhitng cdng ty 16n nhat ctia Hoa Ky vé lanh vuc vién thong khong day va ti 1é thué bao roi
bo hang thang la 4%.

Hai tap dit liéu trén dwoc tai xudng tlr trang web ctia Kaggle [24]. Nhitng dic diém cta hai tp dit liéu vién thong
nay dwoc mo ta & Bang 1.

B. CAC PHU'ONG PHAP PHAN LOP POI SANH

Chung t6i thwc nghiém giai thuat Rirng ngau nhién cai tién CSWREF trén hai tp dir liéu vé thué bao r&i bé nha
mang nhw dd moé ta & muc IV.A. D& danh gid hiéu qua phan 16p cta giai thuat CSWRF, ching tdi so sanh hiéu qua
clia giai thuat nay véi hai phwong phap so sanh: cay quyét dinh (ky hiéu 1 Decision Tree) va Rirng ngau nhién
thuan tay (ky hiéu 1a RF), 1a hai phwong phap chua stt dung ki thuat gidi quyét van dé dit liéu mat can bing. D&
so sanh hiéu qua cua hai cach ti€p cAn nham xir ly vAn dé mat can bing dit liéu, ching tbi so sdnh hiéu qua cla
cach tiép can diéu chinh ham chi phi, tirc 12 gidi thuat CSWRF, véi cach tiép can 14y mau dir liéu, tirc 1a két hop
giai thuat Rirng ngau nhién thuin tiy véi phwong phap 14y mau ting SMOTE (ky hiéu 1a RF + SMOTE).

Véi phwong phéap két hop Rirng ngau nhién véi SMOTE, trwdce khi 4p dung giai thuat Rirng ngiu nhién, k§ thuat

SMOTE duwoc dung dé gia ting s6 mau trong lép thiéu sé cta tap dit lidu. Y twéng chinh cta ky thuat SMOTE
dwoc mb ta nhuw sau.
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SMOTE lam giau 16p thiéu s6 bing cach chon tirng mau trong 16p thiéu s8 va sinh ra nhitng mau méi dwa vao
nhitng doan thing ndi tir mau d6 dén bat ky hodc tit cd k miu lan cin nhit clia né. Twong (rng véi s6 lwong 13y
mau ting mong mudn, cac 1an can tir k 1an can gan nhit sé dwoc chon mot cach ngiu nhién. Mot thi du don gian
clia SMOTE dwoc minh hoa trong Hinh 2. Mt mau thudc 16p thiéu s6 x; dwoce chon 1am diém cin ban dé tao ra
nhigu diém miu méi. Dwa vao mot dd do khoang cach, nhiéu 1an cin gan nhit thudc cung lép thiéu s (cac diém
tlr xi; dén xi4) dwoc chon tlr tip huin luyén. Sau d6, do sai biét gitra x; va nhirng diém lan cin gin nhit cta né
dugc tinh va nhan véi mot gia tri ngau nhién trong tim [0, 1] d€ sinh ra nhirng mau méi tir r; dén ry. Nhitng chi
ti€t rd hon vé phwong phap SMOTE dwgc mé ta trong bai bao [25].

T4t ca cac thwc nghiém phan 16p trong nghién ciu ndy dwoc tién hanh dung qui trinh kiém tra chéo 10-phin
(10-fold cross validation).

Xy

Xig

Hinh 2. Minh hoa cich tgo ra nhitng diém mau tong hop bing phwong phip SMOTE [24] véi k=4

D. CAC TIEU CHI PANH GIA

Khi xt Iy dit liéu mat can bing trong bai toan phan lép, dd chinh xac phan 1ép toan cuc (overall classification
accuracy) thwong khong phai la do do hiéu qua thich hgp. Vi do do nhuw vay, mét bo phan 16p thong thwong
phan 16p moi miu déu thudc lép da sé thi van dat duwoc dd chinh xac cao. Trong nghién cttru ndy, ching toi st
dung nhirng d6 do nhw ti 1é 4&m ding (true negative rate), ti 1&¢ dwong ding (true positive rate), precision, do truy
hoi (recall), do chinh xac (accuracy), G-mean va F-measure (con dwoc goi 1a F1-score) dé danh gia hiéu qua cia
cac phwong phap phan 16p trén dit liéu mat can bing. Vi trong ngit cdnh phan lép dic biét ndy, chung tdi nhim
téi dat dwoce chit lwgng tot cho ca hai 1ép, nén can phai phéi hop nhiéu dé do riéng 1é cho ca hai lép: 16p thiéu s6
(16p dwong) va lép da sé (16p 4m). Do d6, ching toi coi trong hai dd do: F-measure va G-mean. T4t ca cac d6 do
dwa vao ma tran dung sai (confusion matrix) dwoc mo ta & Bang 2. Cac hang trong ma tran dién ta cac 16p thuc
sur va cac cdt trong ma tran dién ca cac 16p dwoc du doan. Dua vao ma tran ding sau & Bang 2, cac do do danh
gia dwoc tinh bang cac cong thirc nhu sau:

TN
True Negative Rate (Acc™) = TN T TP (7)
True Positive Rate (Acc?t) = _Tr

TP +FN (8)
Precision = L 9

TP + FP
Recall = L (10)

TP + FN
TP +TN

(11

A =
Uy = TP Y TN+ FP + FN
2 X Precision X Recall

F- = 12
measure Precision + Recall (12)

G-mean = 1/ Acc” X Acc’ (13)
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Bang 2. Ma trdn diing sai

Predicted class
P N
Actual | P TP(True Positive) | FN(False
class N | FP(False Positive) | TN ~ (True

E. KET QUA THU'C NGHIEM

Trong phin thwc nghiém, s6 lwgng ciy quyét dinh trong giadi thuidt CSWRF dworc chon 1a 100. Sy lwa chon nay la
théng qua thwc nghiém: chiing téi thit nghiém giai thuadt CSWRF v&i nhiéu s6 lwong ciy khac nhau va tim thiy
gia tri 100 1a phu hop nhit. Theo cic cong trinh di trudce, s6 lwgng cdy khéng anh hwdng nhiéu dén chit lwong
phan 1ép cta Rirng ngau nhién ma c6 dnh hwéng dén thi gian thwc thi cda gidi thuat nay.

Chutng t6i hién thwc Cay quyét dinh va Rirng ngiu nhién dwa vao thw vién scikit-learn. Chiing t6i hién thuc
SMOTE vé&i cong cu imbalanced-learn [26] va hién thuc giai thuat CSWRF véi ngon ngit 1ap trinh Python.

Trong nghién cru nay, ching toéi st dung F-measure (positive class) lam d6 do danh gia chinh. Ngoai ra, F-
measure (negative class), G-mean va Accuracy dwgc dung nhw la nhirng d¢ do danh gia phu.

Bang 3 va Bang 4 trinh bay nhitng d6 do két qua (trung binh) ctia cac phwong phap phéan 16p déi sanh khi xt 1y
van deé dit liéu mat can bang trén hai tip dit liéu miu Telco va Cell2Cell. Nhitng két qua thuc nghiém dwoc in
d4m la nhitng két qua ctia phwong phap dat hiéu qua trung binh cao nhit.

Bang 3. Két qud vé cdc d6 do trén tdp dir liéu TELCO

Acc G- F- F-measure
Mean measure (Pos)
(Neg)
Decision Tree | 0.7243 | 0.6281 | 0.8117 0.4841
RF 0.7894 | 0.6615 | 0.8624 0.5509
RF +SMOTE 0.7828 | 0.6729 | 0.8560 0.5582
CSWRF 0.8028 | 0.7322 | 0.8663 0.6240

Bang 4. Két qud vé cdc do do trén tdp div liéu CELL2CELL

Acc G- F-measure F-measure
Mean (Neg) (Pos)
Decision Tree | 0.6200 | 0.5511 | 0.7300 0.3534
RF 0.7202 | 0.2989 | 0.8322 0.1593
RF +SMOTE 0.7199 | 0.3207 | 0.8312 0.1778
CSWRF 0.7659 | 0.7044 | 0.8353 0.5957

Tl nhitng két qua thwc nghiém & Bang 3 va Bang 4, chiing ta c6 thé thiy:

e Nho vao su diéu chinh ham chi phi, giai thuat phan 1&p Rirng ngiu nhién cai tién (CSWRF) da dem lai
hiéu qua phan lép t6t hon hai giai thuat truyén théng chwa quan tAm dén vin dé mait can bing dit
liéu: Cay quyét dinh va Rirng ngiu nhién trong bai toan du doan thué bao roi bé nha mang. Két qua
thwe nghiém con cho thiy giai thudt CSWRF khéng chi hiéu qua khi x 1y bai toan phat hién gian 1an
thé tin dung ma con hiéu qua khi xir ly bai toan dy doan thué bao r&i bé nha mang.

e Hiéu qua phan 16p cia giai thudt CSWRF dwa vao su diéu chinh ham chi phi khi phan 1é&p dit liéu mat
can bang thi t6t hon hiéu qua phan 16p ctia phwong phap dwa vao 14y miu dir liéu, tiec 12 két hop 13y
mAu gidm SMOTE trwéc khi 4p dung giai thuat Rirng ngiu nhién.

Thoi gian hudn luyén va thoi gian phan 16p (tinh bang mili-gidy) cia bdn phwong phap ddi sanh trén hai bo dit
liéu mAu dwoc cho & Bang 5 va Bang 6.

T Bang 5, chiing ta c6 thé thiy thoi gian huidn luyén cta giadi thudt CSWRF cao hon ddi chit so véi gidi thuit RF
trén 2 tap dir liéu mau va thoi gian huin luyén cta phwong phap RF+SMOTE cao hon nhiéu so véi CSWRF. Thoi
gian huin luyén ctia RF+SMOTE cao hon nhiéu so véi CSWRF 1a do phwong phap 14y mau ting SMOTE giy ra
mot chi phi tinh toan dang ké cho cong tac 1am ting s6 lwong mau cia 16p thiéu sb. Thoi gian huin luyén cda ca



binh Minh Hoa, Duong Tuin Anh 65

ba phwong phap RF, RF+SMOTE va CSWRF déu cao hon Cay quyét dinh 1a vi Rirng ngiu nhién bao gom 100 cay
quyét dinh.

Bang 5. Thoi gian hudn luyén ctia 4 phwong phdp trén hai tdp dir liéu

Telco Cell2Cell
Decision Tree 348 12250
RF 6720 146786
RF +SMOTE 9000 191652
CSWRF 6780 152216

Bang 6. Thoi gian phdn 16p clia 4 phwong phdp trén hai by div liéu

Telco Cell2Cell
Decision Tree 1 5
RF 321 261
RF +SMOTE 31.3 272
CSWRF 1 6

T Bang 6, ching ta c6 thé thdy thdi gian phan 1ép cia CSWRF th4p hon nhiéu so véi RF trén 2 tip dir liéu mau
va thoi gian phan 16p ctia RF+SMOTE cao hon rit nhiéu so véi CSWRF. Thoi gian phan 16p ctia CSWRF thip hon
nhiéu so véi RF 12 vi viéc danh trong s6 moi ciy cia CSWRF giup ra quyét dinh 1ép cho mAu thi nhanh hon cach
dwa vao nguyén tic da s6 phiéu ctia RF. Thoi gian phan 1ép ctia RF+SMOTE cao hon rat nhiéu so véi CSWRF 1a vi
khi phan 1&6p RF+SMOTE lam viéc trén bd dit liéu véi s6 lwong miu clia 16p thiéu sé 1én hon rat nhiéu so véi s6
lrong mau clia lép thiéu s6 c6 trong CSWRF.

V.KET LUAN

Giai thuat Rirng ngiu nhién cai tién CSWRF, dwoc dé xuat b&i Devi va cac cong sw ndm 2019 [4] dé xt Iy van deé
mat cin bing dit liéu théng qua diéu chinh ham chi phi cho bai todn phat hién gian 14an thé tin dung. Trong
nghién ctru nay, chiing téi rng dung giai thuat CSWRF vao bai toan dw doan thué bao roi bd nha mang va so sanh
hiéu qua cua giai thuat CSWRF véi mot phwong phap xir ly van dé mét can bang dit liéu thong qua ky thuat 14y
mau dit liéu: Rirng ngdu nhién két hop SMOTE. Két qua thwc nghiém trén hai tap dit liéu mau cho thdy giai thuat
CSWREF c6 xtt ly vAn d& mAt can bang dit liéu phan 1&p hiéu qua hon hai phwong phap truyén thdng khong xt Iy
van dé mit can bing dit liéu: CAy quyét dinh va Rirng ngiu nhién. Ngoai ra két qua thwc nghiém con cho thy giai
thuat CSWRF dwa vao sw diéu chinh ham chi phi hiéu qua hon phuong phap dwa vao ky thuat 14y maiu di liéu
nhw Rirng ngiu nhién két hop SMOTE. Thoi gian huén luyén cta giai thuat CSWRF thip hon so v&i phwong phap
Rirng ngau nhién két hgp SMOTE ciing cho th4y tinh kha dung cao ctia CSWRFR trong nhitng (rng dung thuc té.
To6m lai, mot két ludn quan trong rit ra tir cong trinh nay 1a giai thudt CSWRF khdng chi hiéu qua ddi véi bai todn
phéat hién gian 1an thé tin dung ma con hiéu qua ddi véi bai todn dw doan thué bao roi bd nha mang .

Trong twong lai, chung tdi dw dinh mé rong giai thuat nay bang cach tich hgp thém k§ thuit lwa chon dic trung
dé giai thuat co6 thé 1am viéc véi nhirng tip di liéu s6 chiéu nhiéu [27]. Tiép theo, ching tbi dv tinh sé so sanh
hiéu qua cia giai thudt CSWRF vi gidi thudt XGBoost két hop Focal loss trong bai toan phat hién thué bao roi bo
nha mang. Ngoai ra, chiing t6i dw dinh hién thwc giai thuat CSWRF trén moi trudng GPU (Graphics Processing
Unit) dé ting toc qua trinh tinh todn cha giai thuit.
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ABSTRACT— In the telecommunication industry, customer churn is of great interest since this problem can affect the
company’s profit. However, the imbalanced data in customer churn prediction caused difficulties in developing a good
prediction model for solving this problem. In this work, we proposed a random forest-based approach for classification with
imbalanced data in telecom customer churn prediction. This approach utilizes the cost-sensitive weighted random forest (
CSWRF), which was proposed for credit card fraud detection prediction. We compare the performance of CSWRF against one
data resampling method: random forest combined with data sampling SMOTE (Synthetic Minority Oversampling Technique).
Our experiments on two benchmark datasets reveal that for churn prediction in telecom which is an imbalanced data

problem, the classification performance of CSWRF method is better than that of SMOTE combined with random forest..

Keywords— Imbalanced data, customer churn predicion, random forest, cost-sensitive learning, SMOTE.
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