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MO DAU

Ngay nay, trong ky nguyén k¥ thuét sd, voi su bung nd cua thong tin, s lugng dit liéu do
con ngudi tao ra ngdy cang khong 16. S6 luong dién thoai smartphone va thiét bj két ndi ting
nhanh chéng, nganh cong nghiép vién thong tran ngap véi sb lugng dir liéu khong 16. Ngudn
gbc ctia s luong dir liéu khong 16 nay bao gdm dit liéu luu lwong truy cdp mang, mé hinh st
dung dit liéu cua khach hang, dit liéu vi tri, ing dung da tai vé,... Nganh cong nghiép vién
thong dang ngay cang thay doi va phat trién khong ngimg. Pién thoai thong minh da tré thanh
mot nhu cau co ban ciia mdi ngudi trong cudc sdng ngay nay. Moi ngudi co thé két ndi voi
nhau & bat ctr noi ndo trén thé gidi, x6a bo rao can khoang cach. Moi thong tin déu c6 thé
duogc thu thap va xir Iy nhanh hon bao gio hét. Va phén tich Big Data sé tao diéu kién cho céc
nganh cong nghiép vién thong phat trién manh mé trong thé giéi k¥ thuét sd. Cac ung dung
cua phan tich s6 lieu trong linh vuc vién thong, dir liéu 16n 1a mot co hoi chuyén doi nganh
vién thong sang hudng hoat dong hiéu qua hon nho gia ting murc d6 hai long ctia khach hang,
tang doanh thu nho tang san luong va loai hinh dich vu cung cdp, cat giam chi phi van hanh,
giam thiéu thiét hai.

Trong khudn khé luan vin tip trung vao cac k¥ thuat xir Iy dit liéu 16n va cac thuat toan
phan 16p dit liéu bao gom: Phan loai tuyén tinh, Hoi quy logistic, Phan loai Naive Bayes,
Ring ngau nhién (RF). Ung dung thuat toan hoc may trong linh vuc kinh doanh vién thong
sir dung dit liéu lich sir cua tap khach hang dé xay dung cac mo hinh c6 kha nang phan loai,
du doan nhu cau sir dung cua khach hang. Tap két qua do s& dugc dung dé hd tro cac don vi
kinh doanh truyén thong dua ra quyét dinh trong cac chién dich kinh doanh ctia doanh nghiép.

CAu trac cua bai luin van gdm 3 chuong:

Chuwong 1: Tong quan vé bai toan phan loai hanh vi sir dung dich vu vién théng: Trong
chuong nay trinh bay tong quan quy trinh phan tich dit liéu, hé thong xu 1y dit liéu phan tan
va cac phuong phap xu 1y dit ligu.

Chuwong 2: M6 hinh hanh vi va mgt s6 thuit toan hoc may: Chuong nay sé& di siu vao tim
hiéu 3 thuét toan 1a ring ngiu nhién, phan loai Naive Bayes, hdi quy Logistic.

Chuong 3: Thir nghiém va danh gia: Chuong nay s€ néu muc tiéu thir nghiém bai toan, y
nghia céc chi s6 do va thir nghiém xay dung mé hinh dy doan lan luot voi 3 thuat toan néu

trén va danh gia két qua.



CHUONG 1: TONG QUAN VE BAI TOAN PHAN LOAI HANH VI
SU DUNG DICH VU VIEN THONG

0.1. Gidéi thiéu bai toan

Céc ung dung ctia phan tich s6 liéu trong linh vyc vién thong, dir liéu 16n 1a mot co hoi
chuyén ddi nganh vién thong sang huéng hoat dong hiéu qua hon nho gia ting mirc d6 hai
long cua khach hang, tang doanh thu nho tdng san lugng va loai hinh dich vu cung cép, cat
giam chi phi van hanh, giam thiéu thiét hai. Trong khuén khé luan vin tap trung vao cac ki
thuat xtr 1y dir liéu 16n va cac thuat toan phan 16p dit liéu bao gdm: Phan loai tuyén tinh, Hoi
quy logistic, Phan loai Naive Bayes, Rung ngau nhién (RF). Ung dung thuét toan hoc may
trong linh vyc kinh doanh vién thong str dung dit liéu lich st ciia tap khach hang dé xay dung
cac md hinh c6 kha niang phén loai, du do4n nhu ciu str dung cta khach hang. Tap két qua do
s& dugc dung dé hd trg cac don vi kinh doanh truyén thong dua ra quyét dinh trong cac chién
dich kinh doanh cua doanh nghiép.
0.2. Tong quan quy trinh phan tich dir liéu
1.2.1. Tong quan
- Sw kién bit dau: Kinh doanh giri PYC thyc hién du 4n.
- Swr kién két thiic: Trién khai theo ddi két qua va hanh vi sau tac dong.
- Pau vao: Tai liéu danh gia pham vi muc tiéu cua chuwong trinh Gng dung kinh doanh dwa
trén phan tich dir ligu.
- Pau ra:

e Bang dir li¢u sau qua trinh m6 hinh du doan

e Chuong trinh kinh doanh tic dong dén khach hang cudi dua trén phan tich dit liéu.

e Bio cao két qua danh gia chuong trinh.

e Trién khai mé rong va xay dung cic chién dich dinh ky
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1.2.2. Quy trinh trién khai bdi todn phan tich dii liéu

Bang 1.1: Quy trinh trién khai bai toan phan tich dir liéu

Hoat dgng chinh

Cac ngi dung quan trong

1. Pua ra yéu cau bai toan

Pon vi kinh doanh: dua ra yéu cau bai toan, mo ta rd
hién trang va muc tiéu dau ra mong muén vé ca doanh

thu va ty I¢é take up rate.

2. Xéc dinh yéu cau, pham
vi va cac KPI muc tiéu can
dat

Don vi kinh doanh: Bat ra muc tiéu dau ra mong muén
vé ca doanh thu va ty 1¢ take up rate.

Xac dinh cac KPI va con s6 dé danh gia mo hinh dy
doan trong bai toan phan tich.

Xac dinh cac KPI vé két qua trién khai ciia campaign

urng dung phan tich dir liéu.

3.Phan tich

(Descriptive analytics)

mo ta

Hypothesis testing

Clean data, Explore Data, data understanding and

preparation
Plan phan tich

Phan tich va chitng minh gia thiét

4.Xay dyng dac trung dir

liu (feature engineering)

TT PTDL dua ra danh sach dic trung lién quan dén dix
liéu.
TTSP st dung két qua truc quan hoa va kinh nghiém

vé mit kinh doanh giup dong vai tro tu van

5.Xay dung model du
doan phu hgp voi chuong
trinh (Predictive

analystics)

TT PTDL xa&y duyng md hinh dy doan theo cac dac

trung dit liéu da thong nhat.




Hoat dong chinh

Céac ngi dung quan trong

6.Truc quan hoa két qua,
thuyét phuc véi don vi ra

yBu cau

TT PTDL truc quan hoéa dac tinh cta cdc thué bao

duoc du doan.

Thuyét phuc don vi kinh doanh vé két qua dau ra

7.Xay dung kich ban

truyén thdng

Lya chon san pham, offer pht hop véi dic tinh ting

nhom thué bao

Xay dung kich ban tac dong, ndi dung tin nhén, thoi

diém, trigger tac dong...

8.Trién khai va theo dbi

két qua

Phoi hop voi cac don vi P.QLDT, TTSP, TKCS dé

khai bao campaign tac dong dén khach hang cudi.

Chia tap tac dong thanh 2 tap Target Group — dé tac

dong va Control Group - dé va theo dai

Xay dyng Dashboard dé theo ddi cac chi s6 KPI va

dién bién hanh vi thué bao sau tac dong

9.B4o céo két qua

B4o c4o két qua chuong trinh téi BTGD

10.Trién khai m& rong,
dinh ky

Néu két qua chuong trinh tot, trién khai mo rong va

dung thanh luong dinh ky hang ngay/hang thang

1.2.3. Lwu dé quy trinh thwe hién dw dn ieng dung phén tich div liéu

Don vj kinh doanh
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Hinh 1.1 Luu @6 quy trinh thuc hi¢n dw an #ng dung phan tich dir ligu




0.3. Xirly dir liéu phan tan véi Spark
1.3.1. Gidi thi¢u

Thanh phan chinh cta Spark 14 Spark Core: cung cap nhiing chtrc ning co ban nhat
cua Spark nhu 13p lich cho cac tdc vu, quan 1y bd nhd, fault recovery, tuong tac vdi cac hé
thdng luu trir...Dic biét, Spark Core cung cap API dé dinh nghia RDD (Resilient Distributed
DataSet) 13 tp hop cua cac item dwoc phén tan trén cac node cua cluster va co thé duoc xir
ly song song.

Spark c6 thé chay trén nhiéu loai Cluster Managers nhu Hadoop YARN, Apache

Mesos hodc trén chinh cluster manager duoc cung cip boi Spark dugc goi 1a Standalone

Scheduler.
Spark Spark MLIib GraphX
SQaL Streaming Machine Graph
Learning

Apache Spark

Hinh 1.2: Cac thanh phan chinh ciia Spark
1.3.2. Co ché hoat dpng
Pé tim hiéu spark ching ta s& bat dau vai lich sir hinh thanh va phat trién caa né. Trudc
Spark chung ta da tirng biét toi MapReduce- mot framework xir ly di liéu phan tan gidp Google

thiét 1ap cac index trong su buing nd cua noi dung web, trén cac cum may cha on.

Node 1 Node 2 Node 3
Reducing Process Reducing Process Reducing Process

Hinh 1.3: Co ché hoat ddng cia wng dung Spark



1.3.3.
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C6 ba khai niém cét I8i trong chién lugc cua Google:

Distribute Data: Khi mot tép dir liéu duoc tai 16n cum, né s& duoc chia thanh cac phan
duoc goi 1a data block sau d6 duoc phan phdi chay trén cac data nodes va nhan rong
trén céc cluster.

Distribute computation: ngudi dung chi dinh map function dé xir ly dit liéu duya trén
cac cap key/value. Dé tao ra mot tap cac cap key/value va két hop ching véi reduce
function thi tat ca c4c gia tri trung gian duoc lién két véi cing mot khda. Mot chuong

trinh dugc viét theo cau tric nay s& tu dong chay song song trén 1 cum cluster 16n.

Spark application

Biéu dd bén dudi biéu dién ludng chay cua mot ang dung Spark chay trén mot cum

cluster.

M®i tng dung spark chay duéi dang cac quy trinh doc 1ap duoc didu phdi boi Spark
Session.

Trinh quan ly tai nguyén hay quan ly cluster s¢ phan cong nhiém vu cho cac worker,
mot task cho mot partition.

M®i task duoc giao cho 1 phan khdi luong cua dataset trong partition caa né va output
s& s& duoc Xxuit ra ¢ partition dataset mai.

Két qua duoc gui tro lai driver application hoac cd thé duoc luu vao 6 dia.

. MAPR NODE
Driver Program
Application
Session Cache
A
J
Resource
Manager/Spark

Master
MAPR NODE

Executor

Cache

Hinh 1.4: Ludng hoat déng cia &ng dung Spark
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0.4. Cac chi sé danh gia hiéu ning mé hinh

1.4.1. Ma trgn nhim lin (Confusion matrix)

1.4.2. Cdc chi so Accuracy, Precision, Recall va F1 score

Accuracy: Chi sé danh gia d6 chinh xac tong thé cia mo hinh. Gia tri cia d6 chinh xac nim
trong khoang 0 dén 1. Vi 1 1a gia tri d6 chinh x4c tot nhat va 0 1a gia tri d6 chinh xac thap
nhét cia mot mé hinh du doan. P chinh xac (ACC) dugc tinh béng s6 tat ca cac du doan
dung chia cho tong sé du doan cua tap di liéu.

TP+TN
TP+TN+FP+FN

ACC =

Precision: Chi s danh gia tong s6 du doan chinh xac nhén 1 chia cho tong s6 du doan duoc
du doén 1a nhan 1. Gia tri 16n nhét ciia d6 chinh x4c 1a 1 va nhd nhat 1a 0. D¢ tinh Precision
ta st dung cong thuc sau:

TP
TP + FP

Recall: Chi s6 thé hién mo hinh du doan ding bao nhiéu phan nhan 1 trong tong sd lugng

Prec =

nhan 1 cia ca tap. N6 con co tén goi 1a Ti 1¢ duong tinh thuc (TPR). Dé tinh recall ta sir dung

cOng thirc sau:

Recall = i
T TPYEN
F1-score: Chi s két hop gitra 2 chi sé Precision va Recall. Dé tinh F1-score ta sir dung cong
thirc sau:
Precision * Recall
F1—Score = 2 * —
Precision + Recall
DPuwong cong ROC

Puong cong ROC (receiver operating characteristic) 1a biéu do thé hién hiéu niang phan
loai nhan ctia mo hinh trén tit ca cac ngudng diém phan loai. Biéu dd duogc tao nén tir hai truc
chua gia tri True Positive Rate va False Positive Rate.

True Positive Rate (TPR) hay chinh 1a Recall d3 duogc trinh bay & phan trén. Cong thirc

tinh TPR:

B TP
~ TP+FN
False Positive Rate (FPR) dugc tinh boi cong thuec:

TPR



FpP

FPR= 257N

Biéu d6 dudng cong ROC dugc vé& boi cac gid tri khac nhau cia TPR va FPR trén mbi

ngudng cit khac nhau cta phan 16p. Viéc ha thip ngudng phan loai s& phan loai nhiéu duoc

nhiéu nhan duong tinh song ciing 1am ting ca dung nhan dwong tinh va sai nhan duong tinh.

1" aite

0

——
— -

- S ————
’ ' TP vs. FP rate at
P one decision
# threshold
’ L
Py

’ |
/ TP vs. FP rate at
ancther decizion

! threshold
f L . A
|:|‘ FP RETE 1

Hinh 1.5: Puwong cong ROC

Pé danh gid mot mo hinh nguoi ta sir dung AUC: Area Under the ROC Curve. AUC

dugc tinh bang dién tich phan hinh nim bén dudi dudng cong. Gia tri dién tich d6 nam trong

khoang [0,1].

TP Rate

0 FP Rate 1

Hinh 1Error! No text of specified style in document..6: Dién tich bén dwéi dwong cong

ROC
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AUC 14 d6 do dé danh gia hiéu suat dy dodn trén tit ca cac ngudng phan loai c6 thé c6
cua mo hinh du doan. Hay n6i mot cach khac thi AUC 1a xac sudt ma mo hinh Xép hang mot
mau duong tinh ngau nhién cao hon mdt mau am tinh ngau nhién.

@ Actual Negative

00000000000000000000000000000
NNNNNNNNNNNNNNNPNPNPNPNPPPPPP ® Actual Positive

To

|

D_ID QOutput of Log. Reg. model 10
Hinh 1Error! No text of specified style in document..7: Xdc sudt phan loai nhin
Hinh trén mo phong mot tap ban ghi dugc sap xép theo thu ty ting dan vé diém s6 xac suat
phan loai nhan. AUC c6 gia tri tur 0 dén 1. Mot mo hinh dy doan sai 100% s& c6 AUC =0 va
du doan dung 100% s& c6 AUC = 1. AUC c6 thé cho chung ta thay hiéu suat dy doan cia mo
hinh trén toan bd ngudng diém do mé hinh tra ra nhung lai khong cho ta biét ngudng diém
mo hinh dy doan chinh xac nhat.
1.4.4. Biéu db Lift
Biéu do Gain két hop véi biéu d6 Lift dé thé hién rd hon d6 hiéu qua caa mé hinh phan

loai. Biéu do Gain cung cép cho ching ta thong tin 1a trong % sb don vi tong thé ching ta
c6 thé dat duoc bao nhiéu % don vi dit liéu dugc phan loai chinh x4c.

1.4.5 Biéu dé Gain

Biéu d6 Gain két hop voi biéu dd Lift dé thé hién rd hon do hiéu qua caa md hinh
phan loai. Biéu @4 Gain cung cip cho ching ta théng tin 1a trong % sé don vi tong thé ching
ta c6 thé dat dugc bao nhiéu % don vi dit liéu duoc phan loai chinh xac. Dya trén két qua tinh

toan & budc xay dung biéu @6 Lift ching ta s& xay dung duoc biéu do Gain twong Gng.

100

80

60

40

% GAIN DAT DUQC

20

0 20 40 60 80 100
PHAN TRAM DON V| TONG THE

Hinh 1Error! No text of specified style in document..8: Biéu dd Gain
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1.5 Cac phwong phap xay dung dac trung dir li€u
Xay dung dac trung dir li¢u la tién trinh lwa chon cac dic tinh cua tap dir liéu hay giam )

lugng cac truong dir li¢u trong qué trinh xay dung cadc mo6 hinh du doan. V61 muc dich gidm
thoi gian tinh todn, chi phi va cai thién hiéu ning dy doan ctia mé hinh. C6 nhiéu phwong
phap dé lya chon dic trung dit liéu nhung co thé chia ching thanh ba nhém chinh:

- Phuong phap loc: Xac dinh mot sb chi sb6 nhat dinh va dua trén céc chi s6 d6 dé lya chon
dic trung. Vi du nhu dua vao chi sé twong quan hodc chi binh phuong.

- Phuong phap dong goi: Phuong phap nay xem xét viéc lya chon mot tip cac dac trung
nhu mot van dé tim kiém. Vi du nhu thuét toan dé quy loai bé tinh nang.

- Phuong phéap nhung: Phuong phép nhung sir dung cac thuat todn c6 cac phuong phap lya
chon dic trung duoc tich hop san. Vi du nhu Lasso va RF c6 cac phuong phap lua chon dic
trung riéng cua no.

1.5.1 Cic phwong phdp thong ké lwa chon dic trung dir ligu véi phwong phdp loc

Céc phuong phap thong ké lra chon dic trung dir liéu véi phuong phép loc thuong sir
dung céc chi s6 thé hién mic d6 twong quan giita cac bién dau vao va bién dau ra dé 1am co
s& cho viéc lya chon dic trung. Do d6 viéc lya chon cac phuong phéap thng ké phu thudc
nhiéu vao kiéu dit liéu caa cac bién. Cac kiéu dit liéu pho bién bao gom dix liéu dang s6 va dir
licu dang phan loai, mdi loai c6 thé chia thanh nhiéu kiéu dit liéu nhu dang s6 nguyén, dang
s6 thap phan cho dit liéu dang s6 va dang nhi phan, thir tu va dinh danh cho di liéu dang phan

loai.

1.5.1.1 Hé sb twong quan Pearson’s

Hé s6 tuong quan 1a mot chi s6 thong ké do mdi lién hé twong quan giita hai bién s6.
Gia tri ctia hé s6 twong quan r (-1 <r< 1). Hé sb twong quan cang gan 0 hoic bang 0 ¢ nghia
14 hai bién dang xét khong co mdi lién hé gi vo1 nhau; nguoc lai néu gia tri cua hé sb tuong
quan cang gan 1 hodc -1 nghia 14 hai bién c6 mdi quan hé tuyét d6i. Néu hé s tuong quan cd
gia tri Am thi d6 1a hai bién nghich bién va hé sé tuong quan duong thi d6 13 hai bién dong
bién. Hién nay c6 nhiéu cong thirc dé tinh hé sb twong quan giita hai bién nhung thong dung
nhit 13 cong thirc tinh hé s twong quan Pearson. Twong quan Person s& xac dinh mot dudng
thang pht hop nhét véi méi quan hé tuyén tinh ciia hai bién. Xét hai bién s6 x va y dugc lay

tor n mau, hé so twuong quan Pearson s€ dugc tinh bang cong thirc sau:
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r = i-1(xi —X)(yi —y)
G~ R 5~ )

1.5.1.2 Hé sb twong quan hang Spearman

Hé s6 twong quan hang Spearman duoc sir dung thay thé hé sd twong quan Pearson dé
kiém tra mbi quan h¢ gitra hai bién duoc xép hang hodc mdt bién duoc xép hang va mdt bién
do ludong. St dung khi phan phdi cua tong thé duoc gia str khéng phai 1a phan phdi chuin
hoic trong truong hop cé cac gia tri quan sat bat thuong (16n qua hodc nhod qua).

67 df
nn?—1)
Trong d6 d; 1a hidu hang caa 2 bién duoc tinh bang:
d; = rankX; — rankY;

spearmang,, = 1

1.5.1.3 Kiém dinh chi binh phuong (Chi squared)
La phuong phap tinh hé sé twong quan giira cac bién doc 1ap va bién phu thudc. Cac
bién duoc chon lam dic trung cua tap dir li¢u 1a cac bién ¢6 hé sé Chi binh phuong l6n. Cong

thirc tinh Chi binh phuong:

n

X2 = Z (0; — E;)*
E;

i=1
Trong do6: 0; la cac gia tri quan sat

E; la cac gia tri ky vong

1.5.2 Cdc phwong phdp théng ké lwa chon diic trung div liéu véi phwong phdp dong goi

bé quy loai bo dac tinh (Recursive Feature Elimination-RFE) 1a mot trong nhirng
phuong phap Iya chon dic trung dit liéu phd bién nhat hién nay. RFE s& loai bo cac truong
dir liéu c6 twong quan yéu dbi véi bién phu thudc cho toi khi dat téi s6 luong truong dit ligu
can thiét do nguoi dung xac dinh tir truge. Véi s6 luong truong dit liéu it hon mé hinh dy
doan s€ chay hiéu qua hon, giam tai nguyén, thoi gian chay va doi khi la nang cao hiéu nang
dur doan. RFE hoat dong bang cach tim kiém mét tap con cac truong dit liéu bat dau bang viéc

str dung tat ca cac truong dit liéu. Sau mdi lan huan luyén moé hinh, cac truong di liéu s& duoc
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sap xép theo thir ty giam dan cua mirc d6 quan trong. Sau d6 cac truong dir liéu mic d6 quan

trong thap s& duoc bo ra va lap lai qua trinh huén luyén.

1.5.3 Cic phwong phdp thong ké lwa chon dic trung di ligu véi phwong phdp nhiing
Sir dung thuat todn Ring ngau nhién dé tinh mic ¢ quan trong caa cac thudc tinh.
Déi véi thuat toan rirng ngau nhién mdi lan thuc hién phan chia tai nét cha s tao ra hai 16p

con c6 chi s6 d6 thuan khiét GINI nhé hon ndt cha.

Cong thirc tinh do thuan khiét GINI:

n
G = Zpi(l - D)
i=1

Gini impurity

- Xi)

*xi * (1

2

xi
Hinh 1.9: P thi biéu dién dd thuan khiét GINI
Tai mdi ndt chi sé danh gia mac d6 quan trong cua thudc tinh s& duoc tinh bang céng
thuc:
I = Gparent - Gsplitl - Gsplitz
Trong do: Gpgrent 12 d0 thuan khiét ctia nét cha
Gsprir1 12 d0 thuan khiét ctia nét con thtr nhét
Gpuirz 12 d0 thuan khiét ctia nét con thir hai
1.6 K§ thuit tién xir ly dir li¢u
K§ thuat tién xu ly dit liéu 12 mot trong nhirng k§ thuat tdi quan trong trong qua trinh

xay dung cac md hinh du doan voi cac thuat toan hoc may. Chiing ta déu biét rang cac thuat

toan hoc may sé& diwra vao tap di liéu dau vao dé dua ra két qua du doan. Nhung van dé 16n



13

nhat ma cac md hinh nay gap phai 1a chat luong dit liéu ddu vao khong du tét. P6 chinh 1a 1y
do chiing ta danh phan Ién thoi gian trong qué trinh xay dung mé hinh dy doan cho tién trinh
tién xir ly dit liu. Cac ky thuat tién xu ly dir liéu 1a diém khac biét Ion gitta mé hinh dy doan
t6t va md hinh du doan khéng tot.

1.7 Thuét toan giam chiéu dit liéu (PCA)

Thuat toan giam chiéu dix lieu PCA (Principal Components Analysis) 1a ky thuat
chuyén d6i cac trudng dit liéu trong tap dit liéu thanh cac truong dix liéu méi goi la Principal
Component (PCs). Muc tiéu chinh 1a sé truong dir liéu méi giam tdi thiéu nhat c6 thé so V6i
s6 luong truong dir liéu ban dau ma van chta da nhirng thong tin dai dién cho ca tap di liéu.
Hay ndi cach khac PCA la k§ thuat gop cac truong dir liéu hién hanh. Mbi truong dit liéu méi
1a t6 hop ¢6 trong s6 cua cac trudng dit lidu gdc. Cac PC dugce hinh thanh theo cach gan trong

s6 16n hon cho cac PC thanh phan c6 tinh dai dién 16n hon cho dit liéu gdc.

Hinh 1.10: M6 phoéng thuat todn PCA

Két chwong
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CHUONG 2: MO HINH HANH VI
VA MOT SO THUAT TOAN HQC MAY

2.1 Thuit toan rirng ngiu nhién (Random Forest)
2.1.1 Cay quyét dinh
2.1.1.2 Khai niém

Cay quyét dinh (Decision tree) 1a mot mé hinh supervised learning, cé thé dwoc &p dung
vao ca hai bai toan classification va regression. Viéc xay dung mot decision tree trén dir liéu
huan luyén cho truéc 1 viée di xac dinh cac cau hoi va tha tu caa ching. Decision tree c6 thé
lam viéc duoc vai tap dir liéu co dac trung dang categorical va dang numerical. Decision Tree
| thuat todn c6 cAu tric dang ciy, trong 6 mdi internal node thé hién cho mét thugc tinh dit
licu, m&i nhanh con cua node biéu dién gia tri cua thudc tinh va mdi leaf node sé& chua class
label.
2.1.1.2 Y tudng thuat toan
Buéc 1: Bat dau véi viée set tap dir liéu S ¢ root node
Budc 2: Lap lai viée tinh toan Entropy(H) va Information Gain(IG) vai tung thudc tinh
Budc 3: Lya chon thudc tinh c6 Entropy nhé nhét hodc Information Gain 16n nhat lam internal
node
Budc 4: Chia tap S theo tirng thudce tinh da duoc Iva chon dé tao ra cac tap con dir liéu
Budc 5: Thuat toan 1ap lai trén mdi tap con va chi xem xét cac thudc tinh chua duoc lya chon

lam internal node trudc do.
2.1.1.3 Co s¢ Iy thuyét
a. Ham sb Entropy
Cho mét phan phéi x4ac suat ctia mot bién rdi rac X c6 thé nhan n gia tri khac nhau x1,X2,...,Xn
. Gia sir rang x4c sudt dé x nhan cac gia tri nay 1a pi=p(x=xi). Ky hiéu phan phéi nay 1a p=(p1

p2,...,pn). Entropy ctia phan phdi nay la:

n
Hey = _Zpi loggi
i=1



15

0.5
Pr(X = 1)
Hinh 1.11: Pé thi ciia ham Entropy

b. Information Gain

Information Gain dugc tinh dya trén sy giam ctia ham Entropy khi tap dir liéu dugc
phan chia trén mot thudc tinh. Dé xay dung mot cay quyét dinh, ta phai tim tit ca thudc tinh
tra vé Infomation gain cao nhat. Do H(S) 1a khong d6i voi mdi tang, ta chon thudc tinh f co
Entropy nhé nhat dé thu duoc Gain(x,S) 16n nhét.

Girs) = Hes) = His

Trong d6: H(S) 13 Entropy tong clia toan bd tap data set S.

H(x,S) 1a Entropy dugc tinh trén thudc tinh x.
2.1.2 Thudt todn rieng ngau nhién (Random Forest)
2.1.2.1 Khai ni¢m

Random forest 14 mot tdp hop cac md hinh (ensemble) gdm nhiéu ciy quyét dinh
(decision tree). M6 hinh Random Forest rat hiéu qua cho cac bai toan phan loai vi né huy
dong cung ltc hang trim md hinh nho hon bén trong vé&i quy lut khac nhau dé dua ra quyét
dinh cubi cing. M&i md hinh con ¢6 thé manh yéu khac nhau, nhung theo nguyén tic “wisdom
of the crowd”, ta s€ c6 co hdi phan loai chinh x4ac hon so véi khi st dung bat ki mot md hinh
don 1¢ nao.

Nhu tén goi cia nd, Random Forest (RF) dua trén co so :

- Random = Tinh ngau nhién

- Forest = nhiéu cay quyét dinh (decision tree)

Pon vi cia RF 1a thuat toan cay quyét dinh, v6i sé lwong hang tram. Mdi cdy quyét
dinh duoc tao ra mot cach ngau nhién tlr viée: Tai chon mau (bootstrap, random sampling) va

chi dung mot phan nho tap bién ngiu nhién (random features) tir toan b cac bién trong dir
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liéu. O trang thai sau cung, mo6 hinh RF thuong hoat dong rat chinh xac, nhung dbi lai, rat
kho dé c6 thé hiéu duoc co ché hoat dong bén trong mé hinh vi cdu tric qua phc tap.

2.1.2.2 Y tudng thuat toan

:> Training Training | Training
Sample 1 Sample 2 Sample n
Training Set v l l
Training Training | ......... Training
Sample 1 Sample 1 Sample 1
Test Set
_ 3 ~

Prediction

Hinh 1.12: Y twéng thudt todn Rirng ngéu nhién

2.1.2.3 Uu diém, nhuoc diém
2.2 Thuat toan Naive Bayes
2.2.1 Suy dién Bayes

Suy dién Bayes 1a mot phuong phap suy dién théng ké, trong d6 dinh 1y Bayes duoc
sir dung dé cap nhat xac suat/kha ning xay ra ciia mot gia thuyét khi cang nhiéu dir liéu/thong
tin vé gia thuyét d6 duoc cung cip day du. Suy dién Bayes duogc hinh thanh dua trén x4c suit
c6 diéu kién. Biét rang A va B 1a hai su kién x4y ra, khi d6 xac xuét xay ra A véi diéu kién B
biét trudc duoc tinh bang cong thirc:

P(A|B) P(A
P(A|B) = —( IL(;) )
Trong d6: P(A[B): 1a x4c sut hau nghiém (posterior probability)
P(BJA): 1a x4c suat hop 1y (likelihood probability)
P(A): 1a x4c suét tién nghiém (prior probability)

P(B): 1a thuc ching (evidence)
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2.2.2 Co s6 1y thuyét

Déi véi cac bai toan phan loai trong machine learning, phwong phap Naive-Bayes dugc
dung twong dbi pho bién va dem lai két qua kha quan. Trong thuat toan nay, Xac suét co diéu
kién duoc wng dung dé xac dinh xac suit xay ra tai tirng nhan va chon ra nhan c6 xac suit cao
nhat véi diéu kién 1a cac trudng di liéu features caa mot diém di liéu. Gia str thuat todn phan
loai Naive-bayes chi ra nhan Y cho boi cac diém dix ligu, x1, x2, ...xn va xac suat hau nghiém

trong suy dién Bayes (coi theta ® 13 Y, va data 13 x1,x2,..xn) v6i X4C SUat Xdy ra nhu sau:

P(data|®) x P(O)
P(data)

P(®|data) =

2.2.3 l'fng dung cuia Bayes trong phdn tich dir liéu

Trong cac bai toan phan tich di liéu, trudng phan loai (nhan) trong tap di lieu gbc
thuong khéng bao gom day du cho cac diém dix liéu. Do vay, viéc phan tich va udc luong xac
suat trén maot tap sample (tap c6 ddy du nhin) va suy doan trén toan tap 16n (population) Ia

hoan toan can thiét.

2.3 Thuat toan Logistic Regression
2.3.1 Khdi niém

Logistic Regression (Hoi quy logistic) 1a mdt mé hinh hdi quy nham du doan phén 16p
gia tri dau ra tng v6i mot vector dau vao. Noi cach khac, muc tiéu phuong phap nham phan
loai cac d6i tuong vao cac 16p tuong tmg. Pau vao ctia mo hinh 1a mot tap dit liéu voi cac
bién phu thudc va bién doc 1ap. M6 hinh sé& sir dung gié tri cta cac bién phu thudc dé du doan
giatri cuia bién doc lap. Ddi véi bai toan Logistic regression thi déu ra cta bai toan 1a xac suit
du doan g véi timg gia tri cua bién doc 1ap.
2.3.2 Co 56 Iy thuyét

Str dung phuong phap théng ké ta c6 thé cho rang kha ning mot d6i trong c6 cac thudce
tinh x nam vao mot nhom y0 1a xé&c suat caa nhdm yo0 khi biét x: p(y,|x)

Duya vao cong thirc xéac suat c6 diéu ki¢n ta co:
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p(x1yo)) (o) _ p(x 1yo) p(¥o)
p(x) p(x [yo) p(vo) + p(x |y1) P(¥1)

p(yolx) =

Néu ta dat:

o = 1n P& 1Y) POo)
p(x ly1) p(1)

Ta co:
x) = = og(a
p(yolx) Tt oa (@)
Ham & trén duoc goi 13 ham sigmoid cua bién a, khi v& phan phdi ctia a va ham sigmoid,
ta co:
I sicmoid function
1.0
b 05
0.4

Hinh 1. Db thi ham sigmoid o{a)
Hinh 1Error! No text of specified style in document..13: Pé thi ham sigmoid

Két chwong
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CHUONG 3: THU NGHIEM VA PANH GIA
3.1 Pit van dé

Ung duyng thuat toan hoc may trong linh vuc kinh doanh vién théng str dung dir liéu lich
st cua tap khach hang dé xay dung cac mo hinh cd kha nang phan loai, di doan nhu cau sir
dung cua khach hang. Tap két qua do s& dugc dung dé hd trg cac don vi kinh doanh truyén
thdng dua ra quyét dinh trong cac chién dich kinh doanh cua doanh nghiép.

3.2 Xac dinh bai toan

Muc tiéu bai toan: Xay dung md hinh du doan tap khach hang c6 nhu cau st dung gia tang
vé luu luong, tiéu dung dich vu. Song song voi d6 1a xay duyng mo hinh dé xuat san pham
vién théng phl hop vai nhu cau gia ting tiéu dung cua khach hang. Thir nghiém xay dung mo
hinh du doan 1an luot véi 3 thuat toan 1a Hoi quy tuyén tinh, Phan loai Naive Bayes va Ring
ngau nhién (RF). Tir d6 so sanh hiéu niang dé tim ra thuat toan phu hop nhit véi bo dir lidu
dang xét. Sau d6 tng dung két qua du doan caa md hinh vao thuc té so sanh hiéu qua dua trén

c4c chi sb va ti 1é dy doan dung tu nhién.

3.3 Quy trinh xay dung mé hinh hgc may

Quy trinh xay dung mot mé hinh hoc may co ban s& gom cac budc sau:

Algorithm
selection

Training Evaluation

EDA & Feature BT

Engineering Tuning

Data

Preprocessing Dl it

Hinh 1Error! No text of specified style in document..14: Cac buwéc xay dwng md hinh hec may
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3.4 Thue nghiém
3.5 Két qua thwc nghiém

Trong khuén kho bai luan van em da thir nghiém xay dung 3 mé hinh dy doan nhu cau dung
tang dich vu data cua nha mang Viettel. V&i cung mot bo dit li¢u huin luyén mo6 hinh bao
gém cac dir liéu lién quan tdi lich st stir dung data, goi thoai, nhén tin, nap tién cua cac thué
bao str dung dich vu vién thong ctia nha mang Viettel. Ca ba tap dit liéu dau vao 3 mé hinh
nay 1a giéng nhau va ciing dugc tién xtr Iy dit liéu nhu nhau dé dam bao cong bang trong
viéc so sanh hi€u nang du doan cua cac mé hinh.
Biéu db biéu dién do do precision va recall thé hién ti I& du doan dung va do phu cua

md hinh trén hai tap dir liéu huin luyén va xac thuc. Tir mdi diém trén hinh ta s& xac dinh
duoc trng voi tirng phan tram cua tap di liéu du doan thi s& ¢ d6 chinh xac va do phu la bao
nhiéu. Néu phan tram cua tap dir liéu cang lén thi do chinh xac cang giam va do phu cang

tang.

10 upgrade_normalized precision-recall curve train
D

1 ﬂupgrade_normalized precision-recall curve validation
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Hinh 1.15: Precision-Recall thuat toan Naive Bayes
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Lo potential_customer precision-recall curve train 10 potential_customer precision-recall curve validation
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Hinh 1.16: Precision-Recall thuat toan héi quy Logistic

potential_customer precision-recall curve train 10 potential_customer precision-recall curve validation
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Hinh 1.17: Precision-Recall thuit toan rirng ngau nhién
3.6 X4y dung hé thong
3.6.1 Gidi thiéu hé thong
Muc dich: Xay dung hé thong quan ly machine learning work flow, bao gom toan bo cac qua

trinh training, testing, inference 1 data scientist thuong phai thuc hién.
M@t s6 muc tiéu cu thé:

- Cung cap giao dién quan ly cac tién trinh training, testing, inference
- Cung cép giao dién quan ly cac model machine learning
- Co ché sir dung AutoML dé ty dong chon ra model va bo tham s t6i wu

- Co ché manual define tham sé va training nhiéu model dong thoi
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Cac chirc nang chinh:
» Tao mdi model:
- Tao méi cac model véi 2 ché do: nguoi dung ty define tham sb, hodc sir dung AutoML ty
dong chon lya tham )
- Khi tao mé&i model xong c6 thé chon ddng thoi cac option dé train/ test hodc inference
- Chon dataset trong rng v61 cac option trén
- Chon location trén HDFS dé luu trit report va output
» Su dung model:
- Chon model trong list model da dugc train
- Khi chon model xong c6 thé chon dong thoi cac option dé train/ test hoic inference
- Chon dataset tuong irng vdi cac option trén
- Chon location trén HDFS d¢é luu trit report va output
» Quan ly cac model:
- Hé thong luu lai va quan 1y cac model di duoc train
- Hé thong hién thi chi tiét cta timg model (tham s, training score, validation score, ...)

- Hé thong luu lai logs, report cho cac lan chay
3.6.2 Biéu do ca si dung hanh vi ngwoi dung
3.6.3 Biéu do ca sir dung gidm sdt dw dn
3.6.4 Biéu dé ca siv dung gidm sdat mé hinh
3.6.5 Giao dién Home

3.6.6 Giao dién thanh diéu huéng

3.6.7 Giao dién thong tin chung

3.6.8 Giao dién nguén div liéu

3.6.9 Giao dién thong tin mo hinh

3.7 Két qua trong trién khai thuc té

3.7.1 Cac chi s6 tinh hiéu qua trién khai
3.7.2 Két qua trién khai thue té

Két chwong
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KET LUAN CHUNG
Ciac két qua thu dwoc trong luiin viin
Sau khi thir nghiém 1an luot 3 thuat toan phan loai Naive Bayes, hdi quy Logistic, rimg
ngau nhién dbi trén cung mot tap dir liéu thi thuat todn rimg ngau nhién cho két qua du doan
chinh xac nhét sau d6 t6i thuat toan hdi quy Logistic va thuat toan Naive Bayes cho két qua

du doan kém chinh xac nhét.

Hién nay cac bai toan mo hinh upgrade twong dbi tot va di dat t6i ngudng gan nhu
khong thé improve bang cac ki thuit thong thudng ma chi c6 thé improve dya trén viée xay
dung céc features c6 gia tri phan loai tot hon; thém vao d6 cach xay dung mé hinh upgrade
turong d6i don gian nén trudc mat chua c6 phuong phap dé improve mé hinh nay. Thém vao
d6, viéc mét can dbi gita s6 luong cac san pham trong mo hinh ciing 4nh huéng 16n dén
performance chung ctia md hinh khi dua ra du doan cho cac san pham thiéu sd.

Pinh hwéng nghién ciru tiép theo

Dua trén nhitng van dé d6 dinh hudéng hién tai dang thir nghiém céc phuong phéap sau:

- Tubd pl thu dugc tuong Gng Vai tirng san pham, gia dinh dau tién 1a vai score pl cao
hon twong ng véi thué bao ¢ kha ning mua san pham 4y cao hon. Chon ra san pham
c6 pl cao nhat dé tién hanh back test. Két hop két qua back test véi phan tich cluster.

- Tur két qua thu duoc cua trial 1st cling nhu tir performance caa cac model riéng biét.
Panh gia rang cac moé hinh thu dugc hoat dong tot trong kha ning du doan xu hudng
str dung goi cua thué bao, tuy nhién dé dua dén mot xép hang score cudi cling rang san
pham nao s& duoc mua thi can mot phuong phép rd rang va chinh xac hon. Vi vay, thir
ap dung cdc mo hinh phén 16p cho bd score pl thu dugc tir cac model trén véi muc
tiéu 1a khi d6 c6 thé xay dung duoc mot “MODEL MASTER” ¢6 kha ning tdng hop
két qua tir cac mo hinh nho.

Tir két qua quan sat tai cac thir nghiém trude ciing nhu qua trinh xay dung mé hinh riéng
biét, nhan thy: Tuy cac model déu bi anh huang boi hién twong imblance va da sir dung cac
phuong phap Downsampling dé cai thién performance. Nhung cac yéu t6 c6 thé anh huong
dén ranking scores ciia cac md hinh khéng chi la ti 1& nhan giira 0 va 1 (0:1) ma con mot yéu
t6 chua dugc dé cap téi d6 chinh 1a sé lugng tuyét ddi cua cac nhan trong mé hinh. Boi s6
lwong cac thué bao c6 mua gdi ngay/n-ngay so véi sé lwong cac thué bao mua gdi thang co

s6 lwong chénh léch dang ke.
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Vi vy, dé calibrate thanh cong két qua cac mé hinh can mot ham cé kha niang cover
duoc tat ca cac yéu to trén. Tir do, tién hanh nghién ciru tim hiéu cac phuong phap calibrate
khac thuong dugc ap dung. Két qua 1a mot s phuong phap phd bién nhu Platt’s Scaling va

Isotonic Regression d duogc dé cap dén trong nhitng tai liéu calibration khac.



