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LOI CAM DOAN

T6i xin cam doan: Khoa luan tét nghiép véi dé tai “MQT SO THUAT TOAN HQC
MAY TRONG PHAN LOAI HANH VI SU DUNG GOI CUOC DATA VIEN
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MO PAU

Ngay nay, trong ky nguyén ki thuat sd, véi su bung nd cua thong tin, s lwong dit
liéu do con ngudi tao ra ngay cang khong 16. S6 lugng dién thoai smartphone va thiét
bi két ndi ting nhanh chéng, nganh cong nghiép vién thdng tran ngap vai sé luong
dit liéu khong 16. Ngudn gbc cua sb lwong dir liéu khong 16 nay bao gom dit liéu luu
luong truy cap mang, mé hinh sir dung dir liéu cua khach hang, dix liéu vi tri, (g
dung da tai vé,... Nganh cong nghiép vién thong dang ngay cang thay d6i va phat
trién khong ngimg. Dién thoai thong minh da trd thanh mot nhu cau co ban caa moi
ngudi trong cudc séng ngay nay. Moi nguai c6 thé két ndi véi nhau & bat ¢t noi nao
trén thé gisi, x6a bo rao can khoang cach. Moi thong tin déu c6 thé duoc thu thap va
xtr Iy nhanh hon bao gio hét. Va phan tich dix liéu 16n s& tao diéu kién cho cac nganh
cdng nghiép vién thdng phat trién manh mé trong thé gisi ki thuat sb. Céac ang dung
cua phan tich sb liéu trong linh vuc vién thdng, di liéu I6n 1a mot co hoi chuyén doi
nganh vién thong sang huéng hoat dong hiéu qua hon nhd gia ting mirc do hai l1ong
ctia khach hang, tang doanh thu nho tang san luong va loai hinh dich vu cung cip, cat

giam chi phi van hanh, giam thiéu thiét hai.

Trong khuén khé luan vin tap trung vao cac ky thuat xir Iy dix liéu Ion va cac thuat
toan phan 16p dix liéu bao gdm: Phan loai tuyén tinh, Hoi quy logistic, Phan loai Naive
Bayes, Rung ngau nhién (RF). Ung dung thuat todn hoc may trong linh vuc kinh
doanh vién théng sir dung dit liéu lich sir caa tap khach hang dé xay dung cac mo
hinh ¢6 kha niang phan loai, dy doan nhu cau sir dung ciia khach hang. Tap két qua
d6 s& duge dung dé hd tro cac don vi kinh doanh truyén thdng dua ra quyét dinh trong

cac chién dich kinh doanh cua doanh nghiép.
C4u trlc cua bai luan vin 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 di liéu, hé thong xu ly di

liéu phan tan va cac phuong phap xtr ly dit liéu.



Chuwong 2: Mé hinh hanh vi va mét sé thuat toan hec may: Chuong nay sé di sdu

vao tim hiéu 3 thuat toan Ia rirng ngau nhién, phan loai Naive Bayes, hdi quy Logistic.

Chwong 3: Thir nghiém va danh gia: Chuong nay sé néu muc tiéu thir nghiém bai
toan, y nghia cac chi s6 do va thtr nghiém xay dung mé hinh dy doan 1an luot véi 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
1.1 Gidi thiéu bai toan
Céc tng dung cua phan tich s liéu trong linh vuc vién thong, di liu 16n 1a

mét co hoi chuyén d6i nganh vién théng sang hudng hoat déng hiéu qua hon nhd gia
tang muarc d6 hai Iong cua khach hang, tang doanh thu nho tang san lwong va loai hinh
dich vu cung cap, cit giam chi phi van hanh, giam thiéu thiét hai. Trong khuén khé
luan van tap trung vao cac k¥ thuat xir ly dir liéu 16n va céc thuat todn phan 16p di
liéu bao géom: Phan loai tuyén tinh, Hoi quy logistic, Phan loai Naive Bayes, Rirng
ngau nhién (RF). Ung dung thuat toan hoc may trong linh vuc kinh doanh vién thong
str dung dix liéu lich sir cua tap khach hang dé xay dung cac md hinh c6 kha ning
phan loai, dy doan nhu cau sir dung cua 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.
1.2 Tong quan quy trinh phan tich dix liéu
1.2.1 Tong quan
- Swr kién bat dau: Kinh doanh giri PYC thyc hién du éan.
- Sw kién két thac: Trién khai theo ddi két qua va hanh vi sau tac dong.
- Pau vao: Tai liéu danh gia pham vi myc tiéu cua chuong trinh tng dung kinh doanh
dua trén phan tich di liéu.
-Paura:

e Bang di liéu sau qué trinh m6 hinh dy doan

e Chuong trinh kinh doanh tac dong dén khach hang cudi dya trén phan tich di

liéu.
e Béo cao két qua danh gia churong trinh.

e Trién khai mé rong va xay dung cac chién dich dinh ky



1.2.2 Quy trinh trién khai bai toan phan tich da 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 1€ take up rate.

2. X4c dinh yéu cau, pham
vi va cac KPI muc tiéu can
dat

Pon vi kinh doanh: Dat ra muc tiéu dau ra mong mudn
vé ca doanh thu va ty 1¢ take up rate.

Xac dinh cac KPI va con sé dé danh gia mo hinh du
doan trong bai todn phan tich.

Xac dinh cac KPI vé két qua trién khai cia campaign

ung dung phan tich di liéu.

3.Phan tich mod ta

(Descriptive analytics)

Hypothesis testing

Lam sach dit liéu, Kham pha dit liéu, tim hiéu va chuan
bi dir liéu

Ké hoach phan tich

Phan tich va chitng minh gia thiét

4.Xay dung dac trung dir

liéu (feature engineering)

TT PTDL dua ra danh sach dic trung lién quan dén di
liéu.
TTSP sir dung két qua truc quan hda va kinh nghiém

vé mit kinh doanh giup déng vai tro tu van

5Xa&y dung model du

doéan phu hgp véi chuong

TT PTDL xay dung md hinh du doan theo cac dac

trung dit liéu da théng nhat.




Hoat dgng chinh

Cac ngi dung quan trong

trinh (Predictive

analystics)

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

y&u cau

TT PTDL truc quan hoa dac tinh cua cac thué bao

duoc du doan.

Thuyét phuc don vi kinh doanh vé két qua dau ra

7.Xay dung kich ban
truyén théng

Lua chon san pham, offer pht hop véi dac tinh ting

nhém thué bao

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

diém, trigger tac dong...

8.Trién khai va theo doi

két qua

Phéi hop véi cac don vi P.QLDT, TTSP, TKCS dé

khai bdo campaign tac dong dén khach hang cubi.

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

d6ng va Control Group - dé va theo ddi

Xay dyng Dashboard dé theo d&i cac chi s6 KPI va

dién bién hanh vi thué bao sau tic dong

9.B4o céo két qua

B4o céo két qua chuong trinh t6i BTGD

10.Trién khai m& rong,
dinh ky

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

dung thanh ludng dinh ky hang ngay/hang thang




1.2.3 Luweu do quy trinh thgc hién dw an ieng dung phan tich di li¢u
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Hinh 1.1: Lwu dé quy trinh thuc hién dw an &ng dung phan tich dit liéu
1.3 X ly dir li¢u phan tan véi Spark
1.3.1 Gigi thiéu

Apache Spark 1a mot khung lam viéc m& nguon ma tinh toan phan tan duoc
phét trién so khéi vao nam 2009 bai AMPLab tai dai hoc California. Sau nay, Spark
da dugc trao cho Apache Software Foundation vao nam 2013 va dugc phét trién cho
dén nay. NG cho phép xay dung cac mo hinh dy doan nhanh chéng véi viéc tinh toan
duogc thuc hién trén mot nhdm cac may tinh, cé c6 thé tinh toan cuing Ic trén toan bo
tap dir liéu ma khong can phai trich xuat mau tinh toan thir nghiém. Téc do xu ly cua
Spark c6 dugc do viéc tinh toan duoc thuc hién cing IGc trén nhiéu may khac nhau.
Pdng thoi viée tinh toan dugc thuc hién & bo nhé trong (in-memories) hay thuc hién

hoan toan trén RAM.

Cac ngdn ngir lap trinh dugc hd tro bai Spark bao gom: Java, Python, Scala
va R. Thong qua spark céc lap trinh vién va cac nha khoa hoc dit liéu c6 thé truy van,
phan tich, va chuyén doi dit liéu mot cach nhanh chéng. Cac task thuong xuyén duoc

sir dung két hop véi spark nhu ETL va SQL dé thuc hién cac cau lénh truy van tuan



tu trén nhitng tap di liéu 16n, xtr ly dong dit liéu tir cac cam bién, hé thdng tai chinh

hay cac task Machine learning.

Spark Spark MLIib GraphX
SQL Streaming Machine Graph
Learning

Apache Spark

Hinh 1.2: Cac thanh phan chinh ciaa Spark

Thanh phan chinh caa Spark la Spark Core: cung cp nhitng chirc ning co ban
nhét caa Spark nhu 14p lich cho cac tac vu, quan ly bo nhé, khic phuc 161, twong tac
VGi cac hé thong luu trix.. . Dac biét, Spark Core cung cap API dé dinh nghia RDD
(Resilient Distributed DataSet) la tap hop cua cac item duoc phan tan trén cac ndt cua
cum va c6 thé duoc xu ly song song.

Spark c6 thé chay trén nhiéu loai quan ly cum nhu Hadoop YARN, Apache
Mesos hoac trén chinh quan Iy cum duoc cung cap bai Spark duoc goi 1a Standalone
Scheduler.

. Spark SQL cho phép truy véan dix liéu ciu trdc qua cac cau lénh SQL. Spark
SQL c6 thé thao tac véi nhiéu ngudn dit liéu nhu Hive tables, Parquet, va JSON.

. Spark Streaming cung cip API dé dé dang xur ly dit liéu stream,

. MLIib cung cap rat nhiéu thuat toan cua hoc may nhu: phan loai nhan, héi quy,
phan loali, loc cong tac...

. GraphX 14 thu vién dé xtr Iy do thi.

1.3.2 Co ché hoat déng

Pé tim hiéu spark chiing ta s& bat d¢au véi lich sir hinh thanh va phat trién cua
n6. Trude Spark chung ta di timng biét toi MapReduce- mot khung xu ly dix liéu phan
tan gitp Google thiét 1ap cac chi muc trong sy bung nd cua noi dung web, trén céc

cum may chu lon.



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

Hinh 1.3: Co ché hoat ddng cia wng dung Spark

C6 ba khéai niém cét 18i trong chién lugc cua Google:

D ligu phan tan: Khi moét tép dir liéu duoc tai 1én cum, nd sé€ duoc chia thanh

c4c phan dugc goi 1a data block sau d6 dwoc phan phéi chay trén cac data nodes

va nhan rong trén cac cluster.

Tinh toan phan tan: nguoi dung chi dinh map function dé xu ly dir liéu dua

trén céac cip key/value. Dé tao ra mot tap cac cap key/value va két hop ching

vé6i reduce function thi tat ca cac gia tri trung gian duoc lién két véi cing mot
khoa. Mot chuong trinh dugc viét theo cau triic nay sé tu dong chay song song
trén 1 cum cluster 16n theo céach sau:

- Qua trinh mapping chay trén mdi node dit liéu duoc chi dinh, chi hoat dong
trén mot block dix liéu tir mbi distribute file.

- Céc két qua tir qué trinh mapping dugc guri téi Reducer trong mot quy trinh
dugc goi la “shuffle and sort”: cac cap key/value tir qué trinh mapping sé
duogc sap xép theo key, duoc phan ving theo s6 luong reducer, sau d6 duoc
giri qua hé théng network va duoc danh sach key da dugc sap xép sé duoc
ghi lai trén reducer node.

- Qua trinh reducer thuc hién trén cac node duoc chi dinh. Output cua qua

trinh reducer sé dugc ghi vao 1 file input.



e Khd néng chiu 16i: ca dit liéu va tinh todn c6 thé duoc chiu 16i bang cach chuyén
sang node khac cho ca dix liéu va tién trinh tinh toan.
1.3.3 Spark application
Biéu dd bén dudi biéu dién ludng chay cia mot tng dung Spark chay trén mot
cum cluster.
e MGi tng dung spark chay dudi dang céc quy trinh doc lap duoc diéu phéi boi
Spark Session.
e Trinh quan ly tai nguyén hay quan ly cluster s¢ phan céng nhiém vu cho cac
worker, mot task cho mot phan vang.

e Mobi task dugc giao cho 1 phan khoi luong cua dataset trong partition cua né
Vva output s& s& duoc xuat ra & phan ving dataset mai.

o Két qua duoc guri tro lai driver application hodc c6 thé dugc luu vao 6 dia.

. MAPR NODE
Driver Program
Application
Session Cache
»
1
Y

Resource
Manager/Spark
Master

MAPR NODE

Executor

Cache

Hinh 1.4: Ludng hoat dong cia ing dung Spark
1.4 Céc chi s6 danh gia hiéu ning mé hinh
1.4.1 Ma trgn nham ldn (Confusion matrix)

Ma tran nham 1an (confusion matrix) 1a mot chi s6 do hiéu suat co ban dé danh

gi& hiéu nang du doan cia mot mé hinh. N6 la mot ma tran vudéng kich thudc 2x2
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chaa bdn t6 hop duoc tao ra boi 2 phan 16p nhi phan. Cac chi s6 do khac nhu do chinh
xac, do phu hay cac phuong phap do nhu ROC ciing dugc xay dung dya trén ma tran
nham Ian. Tir yéu cau bai toan 1a phan loai nhi phan véi hai nhan 1a 0 va 1 hoic
Yes/No. Cac du doan dau ra cho nhan s& dugc chia thanh hai loai 1a du doan “tich
cuc” va dyu doan “tiéu cuc”. Két qua du doan ciia mé hinh dwogc chia thanh 4 nhém

nhu hinh bén dudi:

Positive Negative

TP

Positive

Predicted Class

Negative

Hinh 1.5: Ma tran nham lan

True Positive (TP): S luong du doan chinh x4c nhin 1

True Negative (TN): Sé lwong dy doan chinh x4c nhén 0

False Positive (FP): Sb luong du doan sai nhan 1

True Negative (TN): S6 luong du doan sai nhén 0
1.4.2 Céc chi sé Accuracy, Precision, Recall va F1 score
Accuracy: Chi sé danh gia d6 chinh xé4c tong thé caa mé hinh. Gia tri caa do chinh
x&c nam trong khoang 0 dén 1. Vai 1 1a gia tri 6 chinh xac tét nhat va 0 1a gia tri do

chinh xac thap nhit cia mot mé hinh du doan. Do chinh xac (ACC) dugc tinh bang

s6 tat ca cac du doan dung chia cho tong sé dy doan cua tap dit liéu.
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TP+TN
TP+TN+ FP+FN

ACC =

Precision: Chi sé danh gia tong s6 du doan chinh xac nhan 1 chia cho tong sé du
doan duoc dy doan 13 nhan 1. Gid tri Ién nhét cua d6 chinh xac 12 1 va nho nhat 13 0.
Dé tinh Precision ta str dung céng thirc sau:

TP

Prec = ———
T TPy FP

Recall: Chi sb thé hién md hinh du doan dting bao nhiéu phan nhan 1 trong tong sb
lwong nhan 1 cua ca tap. N6 con cd tén goi 1a Ti 1é dwong tinh thuc (TPR). Pé tinh
recall ta sir dung cong thirc sau:

TP

Recall = ——
eCat = TP ¥ FN

Fl-score: Chi sb két hop giita 2 chi s6 Precision va Recall. Bé tinh F1-score ta sir

dung cong thuc sau:

Precision * Recall

F1-S = 2
core * Precision + Recall

1.4.3 Pwong cong ROC
Puong cong ROC (receiver operating characteristic) la biéu d6 thé hién hiéu
nang phan loai nhan cia md hinh trén tat ca cac ngudng diém phan loai. Biéu do duoc

tao nén tur hai truc chara gia tri True Positive Rate va False Positive Rate.

True Positive Rate (TPR) hay chinh 1a Recall da duoc trinh bay ¢ phan trén.
Cong thtrc tinh TPR:

TPR = ——
TP +FN
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False Positive Rate (FPR) dugc tinh bai cdng thic:

FPR= ————
FP+TN

Biéu d6 duong cong ROC dugc vé bai cac gia tri khac nhau cua TPR va FPR
trén mdi ngudng cit khac nhau cia phan 16p. Viéc ha thap ngudng phan loai s& phan
loai nhiéu dugc nhiéu nhin duong tinh song ciing 1am tang c4 ding nhin dwong tinh

va sai nhan duong tinh.

TP vs. FP rate at
/ s | one decision
7’ | threshold

-~

1" Rate
™

/ \“\ TP vs. FP rate at
another decizion
! | threshold

0

FP Fate

Hinh 1.6: Pwong cong ROC
Pé danh gia mot mo hinh nguoi ta sir dung AUC: Area Under the ROC Curve.
AUC duoc tinh bang dién tich phan hinh nim bén dudi duong cong. Gia tri dién tich

d6 nam trong khoang [0,1].
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TP Rate

0 FP Rate 1

Hinh 1.7: Dién tich bén duwéi dwong cong ROC
AUC la d6 do dé danh gia hiéu suat dy doan trén tat ca cac ngudng phan loai
c6 thé c6 cua md hinh dy doan. Hay néi mot cach khac thi AUC 14 x4c suat ma mo
hinh xép hang mot mau duong tinh ngiu nhién cao hon mot mau &m tinh ngau nhién.
000000000000000000000000000000 @ Actual Negative
NNNNNNNNNNNNNNNPNPNPNPNPPPPPPP] o Actual Positive
1

|
O_IO QOutput of Log. Reg. model 10
Hinh 1.8: Xé&c suit phan loai nhan
Hinh trén md phong mét tap ban ghi duoc sip xép theo thu ty ting dan vé
diém sb xac suat phan loai nhan. AUC c6 gia tri tir 0 dén 1. Mot md hinh du doan sai
100% s& c6 AUC = 0 va du doan dang 100% s& c6 AUC = 1. AUC ¢ thé cho ching
ta thay hiéu suat du doan cia mo hinh trén toan bo ngudng diém do méd hinh tra ra

nhung lai khdng cho ta biét ngudng diém mé hinh du doan chinh xac nhat.
1.4.4 Biéu do Lift
Biéu d6 lift 1a phuwong phap danh gia hiéu qua cua md hinh phan loai dua trén

viéc danh gia ti I& phan hoi, hay so sanh céc két qua phan loai c6 dugc tir viéc st dung

md hinh so vai khéng st dung mé hinh. Khac vai nhitng phuong phap do hiéu qua
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mo hinh khéc thi lift tinh toan, dinh luong d6 do hiéu qua theo % cua tap dit liéu tong
thé va két hop truc quan hoa qua d6 thi. Mbi diém trén trén biéu d6 lift duoc tinh
bang cach tinh x&c suat ma mdi don vi dit liéu dwoc phan loai Positive sau d6 sap xép
cac don vi dir liéu nay theo tha ty giam dan ang voi gia tri ti & vira tinh sau d6 tinh
lift cho tirng mau. Biéu db lift dwgc xay dung tir viéc tinh gia tri liy ké theo quy mé
mau dit liéu ting dan. Do d6 chiing ta s& c6 mot sé don vi dit liéu trong tong thé duoc
phan loai theo phan I6p ay va khi tién gan dén 100% thi lift giam dan dén 1. Luc nay
mo hinh khong con phan loai dit liéu theo nhian duong tinh do da phan loai hét cac
don vi di liéu can phan loai. Bé so sanh gitta ca&c md hinh phirc tap dé tim ra mé hinh
hiéu qua nhat thi bicu d6 lift 1a mot huéng tiép can thich hop véi co sé 1a cling xét tai

vi tri phan vi bat ky thi d thi ndo c6 lift cao hon s& hiéu qua hon.

4.5

GIA TRI LIFT

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

Hinh 1.9: Biéu dd lift
1.4.5 Biéu do Gain

Biéu dd Gain két hop voi biéu db Lift dé thé hién rd hon do hiéu qua cua mo
hinh phan loai. Biéu do Gain cung cap cho ching ta thong tin Ia trong % s6 don vi
téng thé ching ta co thé dat dugc bao nhiéu % don vi dit liéu duoc phan loai chinh
xé&c. Dya trén két qua tinh toan ¢ budc xay dung biéu d6 Lift ching ta s& xay dung

duoc biéu d6 Gain tuong ung.
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100

80

60

40

% GAIN DAT PUOC

20

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

Hinh 1.10: Biéu d6 Gain

Vi du nhu trong hinh v& trén thi tai khoang 40% dit liéu tong thé thi ¢ khoang

85% s6 don vi duoc phan loai chinh xac.

1.5 Cac phwong phap xay dung dac trung dir liéu
Xay dung dic trung dir liéu 12 tién trinh lya chon cac dac tinh cua tap dir liéu

hay giam s6 luong cac trudng dix liéu trong qua trinh xay dung cac md hinh du doan.
V&i muc dich giam thoi gian tinh toan, chi phi va cai thién hiéu nang du doan cia mo
hinh. C6 nhiéu phuong phap dé lya chon dic trung dit liéu nhung c6 thé chia ching
thanh ba nhém chinh:

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

- Phuong phap dong goi: Phuong phap nay xem xét viéc lya chon mot tap cac dac
trung nhu mot van dé tim kiém. Vi du nhu thuat todn dé quy loai bo tinh ning.

- Phuong phap nhing: Phuong phap nhing stir dung cac thuat toan c6 cac phuong
phap lra chon dic trung duoc tich hop san. Vi du nhu Lasso va RF ¢ cac phuong

phap lya chon dac trung riéng cta no.
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1.5.1 Cdc phwong phdp thong ké lwa chon diic trung dir ligu Véi phuwong
phap loc

Cac phuong phap thong ké lya chon dic trung dir liéu voi phuong phép loc
thudng stir dung cac chi s6 thé hién mire do tuong quan gitta cac bién dau vao va bién
dau ra dé lam co s& cho viéc lya chon dic trung. Do d6 viéc lya chon cac phuong
phap thdng ké phu thudc nhiéu vao kiéu dit liéu cua céac bién. Céac kiéu dit lieu phd
bién bao gom dir liéu dang sé va dit liéu dang phan loai, mdi loai c6 thé chia thanh
nhiéu kiéu dir liéu nhu dang sé nguyén, dang sb thap phan cho dit liéu dang sé va

dang nhi phéan, thir tu va dinh danh cho di liéu dang phéan loai.

1.5.1.1 Hé sb twong quan Pearson’s

Hé s6 tuong quan 1a mot chi s6 thong ké do mbi lién hé twong quan giira hai
bién s6. Gia tri cua hé s6 twong quan r ( -1 <r < 1). Hé s6 tuong quan cang gan 0
hoic bang 0 c6 nghia 13 hai bién dang xét khong c6 mdi lién hé gi voi nhau; ngugc
lai néu gié tri cua hé sb trong quan cang gan 1 hoic -1 nghia 1a hai bién ¢6 méi quan
hé tuyét dbi. Néu hé s6 twong quan c6 gia tri am thi d6 13 hai bién nghich bién va hé
s6 twong quan duong thi d6 13 hai bién dong bién. Hién nay cé nhiéu cong thic dé
tinh hé s6 twong quan giira hai bién nhung thong dung nhét la cong thuc tinh hé s6

tuong quan Pearson. Tuwong quan Person sé& xac dinh mot duong thang phi hop nhat
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véi mdi quan hé tuyén tinh cua hai bién. Xét hai bién s x va y duoc lay tir n mau, hé

s6 twong quan Pearson s& dugc tinh bang cong thic sau:

r = i-1(xi —X)(yi —y)
G~ R 5~ )

Vi du: Tinh hé sé twong quan giira hai truong dit liéu dan sé va thu nhap

## Population Income
## Alabama 3615 3624
## Alaska 365 6315
## Arizona 2212 4530
## Arkansas 2110 3378
## California 21198 5114
## Colorado 2541 4884

CU phép tinh hé sb trong quan pearson trén python:

rl = Correlation.corr(df, "features", "spearman")
Két qua:
## Population Income

## Population 1.0000000 0.2082276

## Income 0.2082276 1.0000000

1.5.1.2 Hé s6 tuong quan hang Spearman

Hé s6 tuong quan hang Spearman duoc sir dung thay thé hé s6 tuong quan
Pearson dé kiém tra méi quan hé gitra hai bién duoc xép hang hoac mét bién duoc
xép hang va mot bién do luong. St dung khi phan phéi caa tong thé dugc gia st
khong phai 12 phan phdi chuan hoic trong trudng hop c6 cac gia tri quan sat bat

thuong (I6n qué hoac nho qua).
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I

spearman,,, = N 1)

Trong d6 d; 1a hiéu hang cua 2 bién duoc tinh bang:
d; = rankX; — rankY;

Vi du: Tinh hé s twong quan giita hai trudng dit liéu dan sé va thu nhap

## Population Income
## Alabama 3615 3624
## Alaska 365 6315
## Arizona 2212 4530
## Arkansas 2110 3378
## California 21198 5114
## Colorado 2541 4884

Bang tinh twong quan giita hai trudng dan sb va thu nhap

Bang 1.2: Twong quan giira hai trwdng dan sé va thu nhap

Population Income | rgX | rgY d d2 Spearman_cor
2 365 6315 1 50 | -49 | 2401 0.12461
50 376 4566 2 29 | -27 729 0.12461
45 472 3907 3 12 -9 81 0.12461
8 579 4809 4 37 | -33 | 1089 0.12461
28 590 5149 5 46 | -41 | 1681 0.12461

1.5.1.3 Kiém dinh chi binh phuong (Chi squared)
La phuong phap tinh hé s6 tuong quan giira cac bién doc 1ap va bién phu thudc.
Cac bién duoc chon lam dic trung cua tap dit liéu 1a cac bién c6 hé sé Chi binh

phuong 16n. Cong thuc tinh Chi binh phuong:




Trong do: 0; la cac gia tri quan sat

n

vz - 2 (0; — E;)?
: E;
=1

E; 1a c&c gia tri ky vong

Vi du: Tinh gia trj chi binh phuong cho hai bién la giéi tinh va bang cap.

Bang 1.3: Bang tinh gié tri chi binh phwong

Bing cip

Cao dang Pai hoc Sau dai hoc
- Nam 6 35 15
Gioi tinh
N 4 34 6
Bang tinh x&c suat cho tung sy kién:
Bang 1.4: Bang tinh xac suat cho tirng swr ki¢n
Bing cap
Cao dang Dai hoc Sau dai hoc | Xac suat
Nam 6 35 15 56%
Giédi tinh
Nt 4 34 6 44%
X&c suat 10% 69% 21% 100%




Bang tinh gia tri ky vong cho tung su kién:

Bang 1.5: Bang tinh gié tri ky vong

Bing cip
Cao dang Pai hoc Sau dai hoc | Xac suat
Nam 5.6 38.64 11.76 56%
Gigi tinh
Nt 4.4 30.36 9.24 44%
Xac suat 10% 69% 21% 100%

Ap dung cbng thirc tinh da néu & trén ta tinh duoc hé sé6 Chi binh phuwong = 2.873

1.5.2 Cdc phwong phdp théng ké lwa chon diic trung dir ligu Véi phuwong
phap dong goi

bé quy loai bo dac tinh (Recursive Feature Elimination-RFE) la mot trong
nhitng phuong phép lua chon dic trung dit liéu phd bién nhat hién nay. RFE s loai
bo cac trudng dir lidu co twong quan yéu ddi vai bién phu thugc cho téi khi dat ti sb
luong trudng dit lidu can thiét do nguoi dung xac dinh tir trude. Vai s6 luong truong
dir liéu it hon mo6 hinh du doan s€ chay hiéu qua hon, giam tai nguyén, thoi gian chay
va d6i khi 12 nang cao hiéu ning dy doan. RFE hoat dong bang cach tim kiém mot
tap con cac truong dir lidu bat dau bang viéc sir dung tat ca cac truong dit liéu. Sau
mdi lan huan luyén mé hinh, cac truong dir liéu s& dugc sap xép theo thi tu giam dan
cuia mirc do quan trong. Sau dé cac truong dir liéu mac d6 quan trong thap s& duoc

bo ra va lap lai qua trinh huan luyén.

Trong Python ta c6 thé st dung ham make_classification() véi cac tham sb
truyén vao nhu n_samples: sb luong ban ghi, n_features: s6 luong thudc tinh dau vao,
n_informative: s lwong thudc tinh lya chon, n_redundant: sé lugng thudc tinh loai

trir, random_state: gié tri khai tao cho viéc lay mau ngau nhién.
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1.5.3 Cdc phwong phdp thong ké lwa chon diic trung dir ligu Véi phuwong

phap nhing
Str dung thuat toan Rirng ngau nhién dé tinh mire d6 quan trong cua cac thuoc
tinh. Ddi véi thuat todn rirng ngau nhién mai 1an thyuc hién phan chia tai ndt cha s&

tao ra hai 1op con c6 chi sé do thuan khiét GINI nho hon ndt cha.

Cong thuc tinh do thuan khiét GINI:

= zn: (1 —py)

Gini impurity

- xi)

2% %i* (1

Xi
Hinh 1.11: Po thi biéu dién d thuan khiét GINI
Tai mdi nét chi s6 danh gia mic d6 quan trong cua thudc tinh s& duoc tinh
bang cong thuc:
I = Gparent - Gsplitl - Gsplitz
Trong d6: Gparen: 1& 46 thuan khiét cua nét cha
Gspui1 12 d0 thuan khiét cia nét con thir nhat
Gspuirz 12 d0 thuan khiét ciia nét con thir hai
Chi s6 mtrc d6 quan trong cua thudc tinh trong mot ciy duoc xac dinh boi

cong thuec:
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=Znij
Znik

fi
Trong do f;, la chi s6 mae d6 quan trong cua thudc tinh i
n;; la chi sb mie d6 quan trong cua nét chaa thudc tinh i
n;, 1a chi s mie do quan trong cua tat ca cac not chira thudc tinh i

Cong thac chuan hoa chi s mae d6 quan trong caa thugc tinh trong mot cay:

fi;
normf;, = L

T3S,

Trong d6 normf;, la gia tri chuan héa muac do quan trong caa thudc tinh i
fi; 1achi s6 mic do quan trong cua thudc tinh i
fi; lachi sb mire do quan trong cua tat ca cac ndt thugc tinh

Chi s6 mtrc 6 quan trong cua thudc tinh trong thuat todn Rung ngau nhién s&

dugc tinh bang trung binh cong cua céc chi sé mie d6 quan trong trén ting cay.

Y. normf;,

RFfy, ==—

Trong do RF f;, 1a gia tri mirc d6 quan trong cua thugc tinh i trong mo hinh

normf; la gia tri chuan héa mtc d6 quan trong caa thudc tinh i

trong céac cay
T 1a tong sé luong cay
1.6 K¥ thuat tién xir ly dir liéu
Ky thuat tién xu ly dir liéu 1a mot trong nhitng ky thuat tdi quan trong trong

qua trinh xay dung cac md hinh dy doan vai cac thuat toan hoc may. Ching ta déu

biét rang cac thuat toan hoc may sé dua vao tap di liéu dau vao dé dua ra két qua du
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doan. Nhung van dé Ién nhat ma cac mé hinh nay gap phai & chét luong dit liéu dau
vao khong du tot. D6 chinh 13 1y do chling ta danh phan 16n thoi gian trong qua trinh
xay dung mé hinh du doan cho tién trinh tién xa Iy dit liéu. CAc k§ thuat tidn xir Iy
dir liéu 1a diém khac biét 16n gitra md hinh du doan tét va mé hinh du doén khong
tot.

Cac ky thuat tién xu ly dit lidu duoc ra doi véi hai muyc tiéu chinh:

- Chuan bj dit liéu dau vao thich hop, twong thich v&i yéu cau cta cac thuat toan
hoc may.

- Nang cao hiéu nang du doan cua mé hinh

1.6.1 X ly thiéu gia tri

Céc truong dit liéu bi thiéu gia tri 1a mot trong nhitng van dé ching ta s& thuong
xuyén dbi mat trong qué trinh xt 1y di liéu dau vao cho mé hinh hoc may. Nguyén
nhan cua viéc thiéu gid tri trén cac truong dir lidu co thé do 15i cia ngudi nhap di
liéu, 15i ludng téng hop dit lidu, cac nguyén nhan dén tir quyén riéng tu cia ngudi
ding. Cho du 1a véi ly do gi thi viéc thiéu dit liéu ciing s& anh hudng dén hiéu nang
du doan cua cac mo hinh hoc may. Mot vai thuat toan hoc may sé tu dong bo cac ban
ghi thiéu gia tri trong qua trinh huan luyén dan téi giam hiéu niang do sb lugng mau
huan luyén giam. Pa s6 cac thuat toan hoc may khdng chap nhan nhiing tap dit liéu
dau vao bi thiéu gia tri.
1.6.1.1 Loai bo céc ban ghi thiéu dix liéu

Giai phap don gian nhat dé xu ly tap dit liéu thiéu gi tri d6 1a bo di nhirng ban
ghi hogc tham chi 1a ca truong dir liéu thiéu gia tri d6. C6 thé thiét lap gia tri ngudng
cho viéc quyét dinh c6 loai bo ban ghi hay truong dir liéu thiéu ra khoi tap dit liéu
huan luyén hay khong. S& loai bo cac ban ghi hay truong dit lidu c6 ti 1¢ thiéu dit liéu

I6n hon ngudng ma ta thiét 1ap.

Vi du: Thiét 1ap gia tri ngudng = 0.7 va loai bé cac truong hay ban ghi co ti lé

thiéu dir liéu 16n ngudng thiét 1ap. Cl phép thuc hién vai ngén ngir lap trinh python.
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threshold = 0.7
#X6a cac cdt voi ti 1é thiéu d liéu > 70%

data = data[data.columns|[data.isnull () .mean() < threshold]]

# Xba cac cot voi ti 1é thiéu da liéu > 70%

data = data.loc[data.isnull () .mean (axis=1) < threshold]

1.6.1.2 Thay thé cac truong dit liéu dang sb

Thay thé cac trudng dit liéu bi thiéu bang mét gid tri 1a phuong phap duoc ua
thich hon phuwong phap loai bo dit lidu trong tién trinh tién xtr ly. Tuy nhién, viéc lya
chon gia tri thay thé cho dit liéu bj thiéu 1a diéu tdi quan trong. Gia str chiing ta c6
mot truong dir liéu chi gom gia tri 1 va NA thi ching ta sé tién hanh thay thé gia tri
NA bang gia tri 0. Ngoai ra c6 thé thay thé cac gi4 tri thiéu bang gié tri trung binh,
trung vi, tan sb cua trudng dit lidu. Hodc cling c6 thé 1a két hop thay thé gia tri thiéu

bang nhiéu gia tri khac nhau.

Thay thé hoi quy 1a phuong phap thay thé dya vao méi lién hé giira truong dir
liéu dang bi thiéu va cac truong dir liéu khac. Hay noi cach khac 1 st dung gia tri &
cac truong khac dé hoi quy tim ra gié tri can thay thé. Khdng gidng nhu nhitng phuong
phap thay thé di liéu thiéu bang trung binh hay trung vi 13 dwa phan b gia tri tai
chinh truong dir liéu dang xét.

Tong hop mot sé phuong phap thay thé ¢ng véi ting kiéu dir lidu duoc trinh

bay ¢ bang bén dudi:

Bang 1.6: Cac phwong phap thay thé

Gi4 tri nho nhat/ Gia tri Ion nhat  Gia tri lién trude, sau
Gia tri trung binh, trung vi Gi4 tri tan sb

Thuat toan hoi quy Thuat toan phan loai
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1.6.2 Xar ly gia tri ngogi lai

Truéc khi bat dau vai viéc xu Iy cac gia tri ngoai lai nhu thé nao thi phai néi
rang cach tot nhat dé c6 thé nhan dién ra cac gia tri ngoai lai d6 1a truc quan dix liéu.
Viéc nhan biét cac gia tri ngoai lai tir trec quan dir liéu mang lai d6 chinh xac 16n hon
S0 V6i cac phuong phap thong ké thong thuong. Tuy nhién trong khuén kho bai luan
nay toi s& noi sau hon vé cac phuong phap thdng ké dé xac dinh gia tri ngoai lai. Cu

thé 1a str dung do léch chuan va gia tri phan tram.

1.6.2.1 Xac dinh gia tri ngoai lai voi do léch chuan

Néu cac gia tri cia mot truong dit liu c6 khoang cach téi gia tri trung binh
I6n hon x 1an gia trji ciia d6 léch chuan thi ta c6 thé coi d6 1a gia tri ngoai lai. Khdng
6 cach chon chinh xac cho gia tri x nhung thong thuong ta thuong chon gia tri 2 <x

< 3. Céng thire tinh d6 léch chuan:

Trong d6: x; 1a gia tri cua diém dit liéu
X 1a gia tri trung binh cia truong dir liéu dang xét
N 12 s6 diém dix liéu
Hozc c6 thé sir dung z-score thay cho cong thirc trén dé quy vé dang phan phéi
chuan. Céng thuc tinh z-score:

X — p
o

Z — Score =

Trong d6: x 1a gié tri cua diém dit lidu
u la gid tri trung binh cua truong dir liéu dang xét

o 1a d¢ léch chuan cua tap dit liéu

1.7 Thuit toan giam chiéu dix liéu (PCA)
Thuat toan giam chiéu dix liu PCA (Principal Components Analysis) 1a ky

thuat chuyén doi cac truong dir liéu trong tap dit liéu thanh cac truong dit liéu méi
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goi 1 cac thanh phan chinh (Principal Component). Muc tiéu chinh 1 s6 trudng di
licu méi giam tdi thiéu nhat c6 thé so véi sé luong trudong dir liéu ban dau ma van
chira du nhitng thong tin dai dién cho ca tap dir liéu. Hay ndi cach khac PCA la k¥
thuat gop cac truong dit liéu hién hanh. Mai truong dit liéu mai 1a té hop c6 trong sé
cua céc truong dir liéu gde. Cac PC duogc hinh thanh theo cach gén trong sb 16n hon

cho cac PC thanh phan c6 tinh dai dién 16n hon cho di liéu goc.

Hinh 1.12: M6 phong thuat todn PCA
Hinh v& trén mo phong tap dit lidu chi gém hai trueong di liéu, nhiém vu cua
thuat toan PCA 1a tim ra truong dit liéu méi c6 dang biéu dién nhu mot duong thang
di qua nhiéu diém biéu dién truong dir liéu ban dau nhat c6 thé. Dé théa man diéu

kién d6 thi tong khoang cach tir cac diém dit liéu dén duong thang phai la nhé nhét.

Gia str ul 1a vecto can tim ¢ kha niang dai dién cho hai truong dir liéu. Ching
ta can tim khoang céch nho nhét tir cac diém biéu dién hai truong dir liéu ban dau dén
vecto ul. Huéng cia vecto ul chinh 1a huéng cua PC1 thay thé cho 2 truong dit liéu
goc. i 1a toa do cua cac diém dir liéu trong hé truc. Ap dung dinh Iy Pitago dé tinh

khoang cach tir diém biéu dién dix liéu téi ul.



27

Ham muc tiéu dé tinh khoang cach nho nhat:
1 n
minG- ) (7% — (%))
i

Gia tri nho nhat dat duoc khi gia tri caa u bang gié tri vecto riéng ctia ma tran

hiép phuong sai cua X.

»

Hinh 1.13: M6 phéng cach tinh khoang cach nhé nhat trong thuat toan PCA
KET CHUONG

Chuong nay tap trung chu yéu trinh bay cac noi dung lién quan téi:

e Tbng quan quy trinh phan tich di liéu

e Céc chi s6 danh gia di liéu va hiéu nang mo hinh
e Ky thuat tién xu ly di lidu

e Cac phuong phap xay dung dac trung dix li¢u

e Cong nghé Hadoop cho xtr ly dit liéu phén tan

e Thuat toan giam chiéu dix liéu (PCA)
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CHUONG 2 - MO HINH HANH VI
VA MOQT SO THUAT TOAN HQC MAY
2.1 Thuét toan rirng ngau nhién (Random Forest)
2.1.1 Cay quyét dinh
2.1.1.1 Khai niém

Cay quyét dinh (Decision tree) 1a mot mé hinh hoc c6 giam sét (supervised
learning), c6 thé duoc &p dung vao ca hai bai toan phan loai nhin va hoi quy. Viéc
xay dung mot cay quyét dinh trén dix liéu huan luyén cho truée 1a viée di xac dinh
cac cau hoi va thr ty cua ching. Cay quyét dinh c6 thé 1am viéc dugc voi tap dit liéu
¢6 dic trung dang danh muc va dang sb. Cay quyét dinh Ia thuat todn c6 cau tric dang
cdy, trong d6 mdi nat thé hién cho mot thudce tinh dix liéu, mdi nhanh con caa nat biéu
dién gia tri cua thudc tinh va mdi nét 1a sé chira nhén.
2.1.1.2 Y tudng thuat toan
Buéc 1: Bit dau véi viéc set tap dix liéu S & nat gbe
Budc 2: Lap lai viéc tinh toan Entropy(H) va Information Gain(IG) vai tirng thuoc
tinh
Budc 3: Lya chon thudc tinh ¢d Entropy nho nhat hodc Information Gain 16n nhat
lam nat géc
Buéc 4: Chia tap S theo tirng thudc tinh da duoc lua chon dé tao ra céc tap con dir
liéu
Budc 5: Thuat toan lap lai trén mdi tap con va chi xem xét cac thudc tinh chua duoc
lya chon 1am nat gbc trude do.
2.1.1.3 Co so ly thuyét

a. Ham sb Entropy
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Cho mot phan phéi X4c sudt ciia mot bién roi rac X c6 thé nhan n gia tri khac nhau
x1,x2,....xn. Gia sir rang xac suat dé X nhan cac gia tri nay 1a pi=p(x=xi). Ky hiéu phan

phéi nay 1 p=(p1,p2,...,pn). Entropy ctia phan phdi nay la:

n
Hp) = - Z p; log?
i=1

0.5
PriX=1)

Hinh 2.1: Po thi cia ham Entropy

b. Information Gain

Information Gain dugc tinh dua trén su giam caa ham Entropy khi tap dir liéu
dugc phan chia trén mot thude tinh. Bé xay dung mot cay quyét dinh, ta phai tim tat
ca thudc tinh tra vé Infomation gain cao nhat. Do H(S) 1a khong ddi véi mdi tang, ta

chon thudc tinh f c6 Entropy nhé nhét dé thu duoc Gain(x,S) 16n nht.

Grsy = Hi) — Heesy

Trong d6: H(S) 12 Entropy tong cta toan bo tap data set S.
H(x,S) 1a Entropy dugc tinh trén thudc tinh x.

2.1.2 Thudt toan rirng ngdu nhién (Random Forest)
2.1.2.1 Khai niém

Rung ngau nhién 13 mot tap hop cac moé hinh (ensemble) gom nhiéu cay quyét
dinh (decision tree). M6 hinh rirng ngau nhién rat hiéu qua cho cac bai toan phan loai
vi n6 huy dong cung lac hang tram mo hinh nhé hon bén trong véi quy luat khac nhau

dé dua ra quyét dinh cudi cing. M&i mé hinh con ¢6 thé manh yéu khac nhau, nhung
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theo nguyén tic “wisdom of the crowd”, ta s& c6 co hoi phan loai chinh x4c hon so

vé6i khi sir dung bat ki mot mé hinh don 1¢ nao.
Nhu tén goi cia nd, rirng ngau nhién dua trén co so :
- Random = Tinh ngau nhién
- Forest = nhiéu cay quyét dinh (decision tree)

Pon vi ciia RF 14 thuat toan cay quyét dinh, vai sé luong hang traim. Mdi cay
quyét dinh dugc tao ra mot cach ngau nhién tir viéc: Tai chon mau (bootstrap, random
sampling) va chi dung mot phan nho tap bién ngau nhién (random features) tir toan
bo cac bién trong dir liéu. O trang thai sau cung, mé hinh RF thuong hoat dong rat
chinh x4c, nhung doi lai, rat kho dé c6 thé hiéu duoc co ché hoat dong bén trong mo

hinh vi c4u trdc qua phuc tap.
2.1.2.2 Y tuwong thuat toan
Budéc 1: Lua chon ngau nhién mot mot tap dir liéu con tir tap dit liéu mau

Budc 2: Thuit toan sé tao cay quyét dinh cho ting tap dir liéu con. Sau d6 nhan lai

két qua tir mdi cay quyét dinh
Budc 3: Thuc hién voting cho cac két qua du doan

Budc 4: Cudi cuing chon két qua duoc du doan nhiéu nhat 1am két qua cudi cing.
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:> 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
2 ~

Prediction

Hinh 2.2: Y twéng thuat todn Rirng ngau nhién
2.1.2.3 Uu diém, nhugc diem

Uu diém:

- Giam thiéu rui ro qua khap (overfitting) vi thuat toan dua trén voting cua tat ca cac
cay quyét dinh

- Rirng ngau nhién c6 thé duoc str dung trong ca hai bai toan phan loai va hdi quy.

- Ring ngau nhién ciing ¢ thé xir ly cac gia tri con thiéu.

- Thuat toan c¢6 d6 chinh xac cao trén tap dir liéu 16n

- Céc cay c0 thé dugc xay dung song song
Nhuoc diém:

- Tdc d6 du doan cham do c6 nhiéu cay quyét dinh, mdi khi du doan, tat ca cac cay
trong ring phai dua ra du doan cho cting mét dau vao cho trude va sau d6 thuc hién

bo phiéu trén d6 (tuy nhién c6 thé khac phuc néu chay trén méi truong song song)
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2.2 Thuat todn Naive Bayes

2.2.1 Suy dién Bayes

Suy dién Bayes 1a mot phuong phap suy dién thdng ké, trong d6 dinh ly Bayes
duogc str dung dé cap nhat xéac suat/kha niang xay ra cia mot gia thuyét khi cang nhiéu
dit lieu/thdng tin vé gia thuyét d6 duoc cung cip day du. Suy dién Bayes duoc hinh
thanh dua trén xac suat c6 diéu kién. Biét rang A va B 1a hai su kién xay ra, khi do
X4c Xuat xay ra A véi diéu kién B biét truée dugce tinh bang cong thuc:

P(A|B) P(A)

P(A|B) = P )

Trong d6: P(A|B): 1a xac suat hau nghiém (posterior probability)
P(B|A): 1a xac suat hop Iy (likelihood probability)
P(A): la x4c suat tién nghiém (prior probability)
P(B): la thuc chang (evidence)
Vi du:
Véi dir liéu vién thong sin cua mot nha mang, ude luong Xac suat kha ning
dung goi data d6i véi ddi twong hoc sinh sinh vién 1a khach hang. Khi d6 su kién A
la hoc sinh sinh vién, su kién B ding géi data. Can tim P(A|B) khi biét cac gia dinh
sau day:
+ X4c suat dung goi data P(A) = 0.2186
+ X&c suat |1a hoc sinh sinh vién P(B) = 0.4077
+ X4c suat 1a hoc sinh sinh vién trong nhitng khach hang sir dung data P(B|A)
= 0.4678
X&c suat sir dung data trong nhom ddi twong 13 hoc sinh sinh vién P(A|B) =
0.251
Tuy nhién trén thyc té, liéu toan bo dir licu déu co day da nhan phan loai,
khach hang nao hoc sinh sinh vién, khach hang nao c¢6 dang ky dung data trong thang.
Khi day suy dién Bayes tro nén hiru ich trong viéc suy dién thong ké trén toan b tap

quan thé.
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2.2.2 Co sé ly thuyét

Déi voi cac bai toan phan loai trong hoc may, phuong phap Naive-Bayes dugc
dung tuong d6i phd bién va dem lai két qua kha quan. Trong thuat todn nay, xac suét
c6 diéu kién duoc tng dung dé xac dinh x&c suat xay ra tai tirng nhan va chon ra nhan
¢ xac suat cao nhat véi diéu kién 1a cac truong dit liéu thudc tinh cua mot diém dix
liéu. Gia sur thuat toan phan loai Naive-bayes chi ra nhan Y cho béi cac diém dix liéu,
x1, x2, ...xn Va X&c suit hau nghiém trong suy dién Bayes (coi theta ® 13 Y, va data

la x1,X2,..Xn) véi X4c suat xay ra nhu sau:

P(xy,@0,...,2,|Y)P(Y)

P[II1T1 ..... -Tn}

data|®) x P(©)
P(data)

P(B®|data) = P

Tuy nhién dé don gian hoa qua trinh tinh toan xéac suat (do dir liu gém nhiéu
chiéu), xéac suat P(Y|x1,x2,...,xn) — tac phan phdi caa cac diém dit liéu trong nhan,
duoc gia str cac thanh phan (cac chiéu) trong diém dir liéu (bién ngau nhién) 1a doc
lap véi nhau va dugc cho boi nhan Y cho trude. Khi day:

P(xy,29,...Y) = P(x1|Y)P(29]Y)...

Do d6, xac suat thuat toan chi ra nhan Y dua trén céc chiéu cua diém dit liéu

cho trude duoc viét lai nhu sau:

P(21]Y)P(z2]Y). .. P(z,|Y)P(Y)

P(Yl|zy,x9,...,2,) = P(zy,xg,...,2n)

P(Y)ITiy Pa:]Y)

IJEJ:I:J"E:-' -:Iu}

x P(Y) H P(x:|Y)
=1

Ban chat cua Suy dién co thé duoc hiéu nhu sau. Vi nhitng nhan dinh gia str

dugc cho trudc vé X4c suat xay ra cua mot su Kién (prior probability), sau d6 danh
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gia nhan dinh d6 vai dir liéu thu thap duoc (likelihood). Dya trén nhirng gi quan sat
duoc, nhan dinh ban dau duoc cap nhat (khi d6 prior probability tré thanh posterior
probability).

Prediction error

-\/- -

£
<

'

'

Prior !

Likelihood

Posterior

Expectation Estimate Reality

Uncertainty Noise

A\ 4

Hinh 2.3: M0 ta suy dién Bayes

Viéc cap nhat nay c6 thé thuc hién mot lan hay nhiéu lan, tuy thudc vao lugng
data c6 sidn ban dau. Trong truong hop dit liéu méi duoc bo sung, xac suat hau nghiém
tim ra lai tr thanh tién nghiém va xac suat hau nghiém méi sé duoc cap nhat lai. Xac
suat hau nghiém duoc xem nhu 1a su thoa hiép (compromise) giira tién nghiém va
kha nang xay ra (likelihood).

e Khi lugng dix liéu it, phan phéi caa hau nghiém sé& Iéch vé gan véi phan phoi

cua tién nghiém.
e Khi lugng dit liéu nhiéu, phan phdi cua hau nghiém s& léch vé gan véi phan

phdi cua kha nang xay ra (likelihood).
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Prior Distribution Updated with Some Evidence

— Evidence
Prior Probability for Theta
— Posterior Probability after 10 ppl

- Postenor Probability after 100 ppl
as 4 Posterior Probability after 1000 ppl
Postenor Probabllity after 10000 ppl! |
Most Plausible Theta
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Hinh 2.4: Phan bd Bayes

Nhu hinh trén, ta co thé thdy duoc Xac suat xay ra cua tién nghiém 1a 0.15
(dwong mau vang). Tuy nhién véi cac lwgng mau Ién hon (tir 10, 100, 1000 dén
10000) thi xac suat nay dwoc cap nhat thanh (hau nghiém) va c6 xu huéng co vé véi
dix liéu thuc té.

2.2.3 Ung dung ciia Bayes trong phan tich d ligu

Trong cac bai toan phan tich dix liéu, treong phan loai (nhan) trong tap di liéu
gdc thuong khong bao gom day du cho cac diém dit liéu. Do vay, viéc phan tich va
udc lugng X4c suat trén mot tap mau (tap c6 day du nhan) va suy doan trén toan tap
I6n (population) 13 hoan toan can thiét.

Thuc vay, d6i véi cac bai toan ang dung phan tich dit liéu hién tai, ¢ nhiéu
nguyén nhan dan dén viéc tap dix liéu khong co day da théng tin. C6 thé ké dén truong
hop, tap khach hang da dang va nam ngoai vung dit liéu vién théng. Do d6 khi phan
tich hanh vi vién théng cua khach hang thi chi mai chi ra duoc dic diém khéach hang
va s& suy doan trén nhom khéach hang sir dung cac nha mang khac. Mat khéc, ddi véi

cac bai toan phan khuc khéach hang, sau khi da phan loai ra dugc tirng phan khuc thi
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muc tiéu tiép theo 1a nhit ra duwoc nhdm khach hang tiém ning trong cac phan khic
cd ty 1é cao nham tang hiéu qua tac dong. Khi d6 suy dién Bayes c6 thé thyc hién dé
du doan xac suat ty 16 khach hang tiém ning dé nhit ra nhing nhom dbi tuong tac

dong chi dinh.

2.3 Thuat toan Logistic Regression
2.3.1 Khai nié¢m

Logistic Regression (Hoi quy logistic) 12 mot mé hinh héi quy nham dy doan
phan I6p gié tri dau ra tng véi mot vector dau vao. Noi cach khac, muyc tiéu phuong
phap nham phan loai cac ddi tugng vao céc 16p twong (ing. Pau vao caa mo hinh la
mot tap dit liéu véi cac bién phu thudc va bién doc 1ap. M6 hinh s& sir dung gia tri
ctia cac bién phu thudc dé du doan gia tri cua bién doc 1ap. Béi voi bai toan Hoi quy
logistic thi dau ra cua bai toan 1a x4c suat du doan tng vai ting gia tri cua bién doc

A

lap.

Vi du, nhan xét xem mot khach hang cé kha nang ngtrng st dung dich vu hay
khong. O day ta coi dau ra la y=1 néu khach hang nging st dung dich vu ciia cong
ty, y=0 Ia khach hang van duy tri dich vu cta cong ty. Pau vao x la céc dir liéu vé

tiéu ding cua khach hang, chat lugng dich vu, cac yéu té hanh vi. ..

2.3.2 Co'sé ly thuyét
Str dung phuong phap thong ké ta ¢ thé cho rang kha nang mot d6i twong co

cac thudc tinh x nim vao mot nhém yo0 1a xac suat caa nhom yo khi biét x: p(y,|x)
Dua vao cdng thirc xac suat co diéu kién ta co:

p(x [y0) P(vo) _ p&x 1yo) p(vo)
p(x) p(x [y0) p(o) + p(x |y1) P(1)

p(Yolx) =

Néu ta dat:

p(x |yo) (¥o)
p(x |y1) p(y1)
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Ta co:

1
pOmM)=1+eﬂé=OW)

Ham & trén duoc goi 12 ham sigmoid cua bién a, khi v& phan phéi cua a va

ham sigmoid, ta co:

Hinh 1. D& thi ham sigmoid o(a)
Hinh 2.5: P$ thi ham sigmoid
C6 thé thay dai xac suat dau ra ludn nam trong khoang [0,1]. Dya vao ting bai
toan, chling ta s& xac dinh 1 diém cat 16p k, véi xac suat p < k, chiing ta coi véi bo s6
dau vao x twong tng, dau ra (bién y,) s& duoc gan nhén 1a 0, trudong hop con lai v,

dugc gan nhan 1.

KET CHUONG

Chuong nay tap trung chu yéu trinh bay cac noi dung lién quan téi:

e Phaét biéu bai toan

e Gigi thiéu, mo ta di liéu

e M0 hinh hanh vi nguoi dung

e Thuat todn ring ngau nhién

e Thuat toan phan loai Naive Bayes
e Thuat toan hoi quy Logistic
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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 thong sir dung
dit liéu lich st cua tap khach hang dé xay dung cac md hinh c6 kha ning phan loai,
du doan nhu cau sir dung cua khach hang. Tap két qua do s& duoc dung dé hd trg cac
don vi kinh doanh truyén théng dua ra quyét dinh trong cac chién dich kinh doanh

cua doanh nghiép.

Xuat phat tir cac yéu cau cia don vi kinh doanh sau qua trinh phan tich sé liéu
va hanh vi tap khach hang thi bai toan sé€ co ban dugc dinh hinh vai nhirng tiéu chi
nhu tap khach hang tic dong la ai, danh séach san pham truyén théng 1a gi, thoi diém
truyén thong la bao gio. Thay vi viéc phai truyén théng toan bo tap khach hang Ion
véi chi phi I6n va hiéu qua khong cao thi viéc xay dung cdc md hinh dy doan trudc
nhu cau st dung dich vu vién thong, sé thich cua khach hang s& gitp nang cao hiéu
qua cua cac chién dich kinh doanh. Néu nhu céc don vi kinh doanh chi danh gia hanh
vi ctia khach hang bang cac phuong phap thong ké co ban trén mot vai truong dir liéu
thi mé hinh hoc may cé kha nang danh gia dua trén hang tram, hang nghin truong di
licu. Tir ¢6 nhan dién hanh vi cua khach hang mot cach rd rang hon giap cac chién
dich kinh doanh tac dong ding nguoi can, dang san pham khach hang mong mudn

st dung, dem lai hi¢u qua cao hon.

3.2 Xac dinh bai toan

Muc tiéu bai toan: Xay dung mé hinh du doan tap khach hang c6 nhu cau sir dung
gia tang vé luu luong, tiéu ding dich vu. Song song vai d6 1a xay dung mé hinh dé
Xuat san pham vién théng phu hop véi nhu ciu gia tang tiéu dung cia khach hang.
Thir nghiém xay dyng md hinh du doan lan luot voi 3 thuat toan 1a Hoi quy tuyén
tinh, Phan loai Naive Bayes va Rung ngau nhién (RF). Tir d6 so sanh hiéu ning dé
tim ra thuat toan phd hop nhét vai bo dir liéu dang xét. Sau d6 ung dung két qua dy
doan cua mo hinh vao thuc té so sanh hiéu qua dua trén céc chi sé va ti 1& du doan

dung tu nhién.



39

Piéu kién loc dir lidu:

TB di dong tra truée hoat dong 2 chiéu, tudi TB > 6 thang, thué bao st dung thiét bi

smart phone;
Loai bo nhém thué bao dac biét:

- Thué bao nghi ngo sur dung multisim
- TB c6 sir dung bat ky g6i Data/Combo/Thoai/SMS nao trong ca 2 thang (tn-1,
tn-2)

Nguén dir liéu: Dit liéu dugc st dung tir bang téng hop dix liéu lich st xt dung dich
vu vién théng trong thang caa khach hang. Bao gom cac nhom dit lidu lién quan toi

st dung dich vu data, thoai, nhan tin, tiéu dung. Céc dir liéu c6 trong dataset:
- Dit liéu vé céc thué bao: trang thai thué bao.
- Dit liéu hanh vi str dung: luu lugng thoai, tin nhan, data, vas trong qua khu.
- Dit liéu tiéu dung: doanh thu thoali, tin nhan, data, vas trong qua khu.
- Dit liéu nap thé: s6 1an nap thé, ménh gid, tong doanh thu nap thé trong qua khi

Piu ra: Bang dir liéu chira théng tin khach hang bao gom: sb thué bao, xac suat sy
kién c6 nhu cau dung ting luu lugng, X4c suat tirng san pham muc tiéu twong tng véi

mdi khach hang.

3.3 Quy trinh xay dwng md hinh hoc may

Quy trinh xay dung mot mé hinh hoc may co ban s& gom cac budc sau:
Budc 1: Tién xu ly dix liéu

Budc 2: Phan tich, khai pha dix liéu va lua chon thudc tinh dir liéu

Budc 3: Lya chon thuat todn hoc may phl hop véi tinh chat dit liéu va yéu cau bai

toan

Budc 4: Xay dung va huan luyén mé hinh hoc may.
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Budc 5: Banh gia hiéu nang dy doan ciia moé hinh
Budc 6: Biéu chinh tham s6 mé hinh.

Buéc 7: Ung dung trién khai két qua du doan tir md hinh.

Algorithm Training Evaluation

selection

EDA & Feature T

Engineering Tuning

Data

Preprocessing D=t

Hinh 3.1: Cac budc xay dwng mo hinh hec may
3.4 Thuc nghiém

3.4.1 Nhdp vao cdc thw vién

%pyspark

from pyspark.sql import SparkSession

import pyspark.sql.functions as F

from pyspark.sql import SQLContext

from pyspark.ml import Pipeline

from pyspark.ml.regression import
RandomForestRegressor,LinearRegression,GBTRegressor

from pyspark.ml.classification import RandomForestClassifier
from pyspark.ml.feature import VectorIndexer

from pyspark.ml.evaluation import RegressionEvaluator

from pyspark.ml.evaluation import BinaryClassificationEvaluator
from pyspark.ml.feature import OneHotEncoder, StringIndexer, VectorAssembler

from pyspark.ml.tuning import CrossValidator, ParamGridBuilder
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from sklearn.metrics import precision_score, recall_score, confusion_matrix,
precision_recall curve

from sklearn.metrics import roc_curve, auc

from matplotlib import pyplot as plt

from pyspark.sql.types import IntegerType, FloatType

from pyspark.sql.functions import *

spark = SparkSession.builder.appName("tuanng_model").getOrCreate()

sc =spark.sparkContext

import seaborn as sns

import pandas as pd

import math

import builtins

from namnt54.DAC_utils import DAC_utils

import dac_automl

from dac_automl.autotuning.classification_model_selector import
ClassificationModelSelector

from dac_automl.autotuning.regression_model_ selector import
RegressionModelSelector

from dac_automl.autotuning.base_model_selector import BaseModelSelector

from dac_automl.feature_selection.feature_selector import FeatureSelector
3.4.2 Khai b&o bien ngay thang

%pyspark
PARALLEL_LEVEL_TRAIN = 128
PARALLEL_LEVEL_TEST = 128

spark.conf.set("spark.sql.shuffle.partitions"”, PARALLEL_LEVEL_TEST)
spark.conf.set("spark.default.parallelism", PARALLEL_LEVEL_TEST)

df_month_n = sqlContext.sql("""Select
date_Format(date_add(last_day(add_months(current_date, -2)),1), 'yyyyMMO1l') as
month_n""")

df _month_n_1 = sqlContext.sql("""Select
date_Format(date_add(last_day(add_months(current_date, -3)),1), 'yyyyMMO1l') as
month_n_1""")

df_month_n_2 = sqlContext.sql("""Select
date_Format(date_add(last_day(add_months(current_date, -4)),1), 'yyyyMMol')as

month_n_2""")
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df_month_n_3 = sqlContext.sql("""Select
date_Format(date_add(last_day(add_months(current_date, -5)),1), 'yyyyMMol')as
month_n_3""")

df_month_n_4 = sqglContext.sql("""Select
date_Format(date_add(last_day(add_months(current_date, -6)),1), 'yyyyMMol')as

month_n_4""")

partition_n = df_month_n.collect()[0][9]

partition_n_1 = df_month_n_1.collect()[0][0]
partition_n_2 = df_month_n_2.collect()[0][0]
partition_n_3 = df_month_n_3.collect()[0][9]
partition_n_4 = df_month_n_4.collect()[0][9]

month_n = df_month_n.select(df_month_n.month_n.substr(5,2)).collect()[0][0O]
month_n_1 =
df_month_n_1.select(df_month_n_1.month_n_1.substr(5,2)).collect()[@][Q]
month_n_2 =
df_month_n_2.select(df_month_n_2.month_n_2.substr(5,2)).collect()[0][Q]
month_n_3 =
df_month_n_3.select(df_month_n_3.month_n_3.substr(5,2)).collect()[0][0]
month_n_4 =

df_month_n_4.select(df_month_n_4.month_n_4.substr(5,2)).collect()[0][Q]

year_n = df_month_n.select(df_month_n.month_n.substr(1,4)).collect()[0][@]
year_n_4 =

df_month_n_4.select(df_month_n_4.month_n_4.substr(1,4)).collect()[0][0]

%pyspark
MODEL_NAME = ‘'upgrade_sim_4g'
MODEL_VERSION = partition_n

CLASS_COL = '4g_next_month'
CLASS_NAME = '4g_next_month'

# update parameters every month

TRAIN_VALID_MONTH = [int(month_n_3),int(month_n_2)]
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TEST_MONTH = [int(month_n_1)]
INFER_MONTH = [int(month_n)]

DATASET_MONTH = TRAIN_VALID _MONTH + TEST_MONTH + INFER_MONTH
DATASET_YEAR = [year_n, year_n_4]
DATASET_PAR =

[int(partition_n_3),int(partition_n_2),int(partition_n_1),int(partition_n)]

model_path =

"/work_zone/upsell core/data_all/adp_model {} {}".format(MODEL_NAME,
MODEL_VERSION)

model n_1 =

"/work_zone/upsell core/data_all/adp_model {} {}".format(MODEL_NAME,

partition_n_1)
3.4.3 Import co so dir ligu

%pyspark

#base 2 danh cho ¢360_v1 9, month tiU thang 8 trg di
query = "'

select a.*, b.telecom_service id, b.status, b.age_tb, b.is_dcom, b.post,
b.register_infra_2g, b.register_infra_3g, b.register_infra_4g,
b.type_infra_home,

case when b.os_type = "SmartPhone" then 1 else 0 end as os_type, b.act_status,
b.is_3k3d, b.is_4g thuc, b.is_attach, b.is_khm, b.sub_segment, case when
b.sex_id = "nam" then 1 else © end as sex_id

,b.is_sim_4g, b.is_mocha, b.change_sim4g, b.change_device, b.is_multisim
,case when b.lv_area = "Thanh thi" then 1 else @ end as lv_area

from

(select * from test_db.c360 vl 9 where year = 2020) a

inner join

(select *

from f_sub_info_d

where (sub_id is not null) and (trim(sub_id)!="") and (isdn is not null) and
(trim(isdn) !="")

and (act_status not like '%3%') and status ='2' and (is_dcom == @) and
is_multisim == 0@

and status = 2

and device_type like '%4G%'
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and partition in ('20200731', '20200831'))b

on a.p_isdn = b.isdn and a.month = substring(b.partition,5,2)

print(query)

base2 = sqlContext.sql(query)
3.4.4 Tiéen xar ly di ligu

Khai bao ham tim kiém cac truong dir liéu chi gom mat gia tri duy nhat hoac
chtra nhiéu gia tri NULL.

%pyspark
def drop_null columns(df, no_drop):

This function drops all columns which contain 1/3 null values.

param df: A PySpark DataFrame

null counts = df.select([F.count(F.when(F.col(c).isNull(), c)).alias(c) for
c in df.columns]).collect()[0].asDict()

to_drop = [k for k, v in null_counts.items() if v > no_drop]

return to_drop

def drop_only 1 value_cols(df):

count_distinct_df =
df.select([approx_count_distinct(x).alias("{@}".format(x)) for x in
df.columns])

dict_of_columns = count_distinct_df.toPandas().to_dict(orient="1list")

distinct_columns=[k for k,v in dict_of columns.items() if v == [1]]

return distinct_columns
Loai bo cac truong di lidu c6 s6 luong ban ghi NULL nhé hon 500000

%pyspark
no_drop =500000

a = drop_null_columns(base2,no_drop)

base = base2.drop(*a)

base.columns
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Loai bo cac truong dit liéu chi gdom duy nhat mot gia tri

b = drop_only 1 value_cols(base)

base = base.drop(*b)
Ep kiéu dit liéu véi ting truong dir liéu chi dinh

%pyspark

base = base.withColumn("sin_month", base["sin_month"].cast(FloatType()))

base = base.withColumn("cos_month", base["cos_month"].cast(FloatType()))
base = base.withColumn("total_charge_max_price_pkg_current_month",
base["total_charge max_price_pkg current_month"].cast(FloatType()))
base = base.withColumn("total _charge_max_price_pkg month_n_1",
base["total_charge _max_price pkg month_n_1"].cast(FloatType()))
base = base.withColumn("total _charge _max_price_pkg month_n_2",
base["total_charge_max_price_pkg month_n_2"].cast(FloatType()))
base = base.withColumn("total_charge_max_price_pkg month_n_3",
base["total_charge_max_price_pkg month_n_3"].cast(FloatType()))
base = base.withColumn("total _charge _max_price_pkg current_qgtr",
base["total _charge _max_price pkg current_qgtr"].cast(FloatType()))
base = base.withColumn("total_charge_max_price_pkg gtr_1",
base["total_charge max_price_pkg qtr_1"].cast(FloatType()))

base = base.withColumn("flag change_in_province_current_qgtr",

base["flag _change_in_province_current_qtr"].cast(IntegerType()))
base = base.withColumn("flag change _in_province_current_month",

base["flag change_in_province_current_month"].cast(IntegerType()))

Thay thé cac gia tri NULL bang -1

%pyspark

base =base.fillna(-1, subset =

['p_age', 'p_is_dcom','p_is_199 197','p_is_vip', 'p_is_attach’

,'v_out_used_cell topl_ latitude','v_out_used_cell top2_latitude', 'flag _data_non
_cycle_month_n_1'

, 'flag data_non_cycle month_n_2','flag data_non_cycle month_n 3','flag data_non

_cycle_current_gtr'])

Thay thé cac gia tri NULL bang 0
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%pyspark

base =base.fillna(@, subset =

[ "number_distinct_viettel products_current_month', 'number distinct viettel prod
ucts_month_n_1'

, 'number_distinct_viettel_ products_month_n_2', 'number_distinct_viettel products
_current_qtr'

, 'delta_number_distinct_viettel products_current_month', 'delta_number_distinct_
viettel products _month n 1'

, 'delta number _distinct_viettel products month n 2','delta number_distinct_viet
tel products_current_qtr', 'delta_perc_number_distinct_viettel products_current_

month'])

Thay thé cé4c gia tri NULL bang 1

%pyspark
#fill null vao multisim

base =base.fillna(l, subset = ['group_number_of_isdn'])

Tao nhan khi tiéu dung data thang hién tai = 0, thang ké tiép I6n hon 0, c6 sir dung
goi

%pyspark

main3 = sqlContext.sql(" select *, case when

((data_total cost_adjust_refund_next_month >

data_total cost_adjust_refund_current_month) and
(type_data_package_current_month in ('goi_n_ngay')) and
(type_data_package_next_month in ('goi_combo_thang"',

‘goi_thang_co_mua_them', 'goi_thang_ko_mua_them')) and

(nvl(normalised _price_of_max_normalised price_data_product_next_month,0) >=
nvl(normalised_price_of max_normalised price_data_product_current_month,0)) and
nvl(normalised_price_of max_normalised price_data_product_current_month,0) > ©
) then 1 else @ end as upgrade_next_month_normalized_price from main2 where
nvl(data_total cost_adjust_refund_current_month,0) > @ and

type_data_package_current_month in ('goi_n_ngay') ")
Chia tap dir liéu huan luyén, test va infer

%pyspark
test_df = df.filter("""year = {} and month in
({}H)""".format(year_n,"',"'.join(map(str, TEST_MONTH))))
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train_df = df.filter("""year in o and month in
({})""".format(year_n, "', "'.join(map(str, TRAIN_VALID MONTH))))
infer_df = df.filter("""year = {} and month in

({}H)""".format(year_n,',"'.join(map(str, INFER_MONTH))))

Chia tap dit liéu train va valid biang céach iy ngau nhién tir cing mét tap dix liéu véi

ti 1€ xac dinh

%pyspark
#chia train set_ test set
def train_val_split(df, train_fraction, val_fraction, class_col):
df: dataframe
train_fraction: fraction used for training [0-1)
val fraction: fraction used for validation [©-1)
class _col: col name for class
if train_fraction + val_fraction > 1:
raise ValueError('Train val fraction must have sum less than or equal
to 1')
train = df.sampleBy(class_col, fractions ={@: train_fraction, 1:
train_fraction}, seed=2019)
left_over = df.subtract(train)
valid_fraction_from_left = val fraction / (1 - train_fraction)
valid = left_over.sampleBy(class col, fractions ={0:
valid_fraction_from_left, 1: valid_fraction_from_left}, seed=2019)
return train, valid
TRAIN_FRACTION = 0.5
VAL_FRACTION = 0.2
# SAMPLING_RATIO = 9
train, valid = train_val split(train_df, TRAIN_FRACTION, VAL_FRACTION,
CLASS_COL)
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df _writer =
pyspark.sql.DataFrameWriter(infer_pred_export.select(['p_sub_id',CLASS_COL, 'pro
bability', 'partition']))
df_writer.partitionBy('partition').saveAsTable('f upgrade _all goi n_ngay monthl
y_auto', format='parquet', mode='overwrite',

path="'/work_zone/upsell core/data_all/tungnx15/f_ upgrade_all goi_n_ngay_monthly

_auto')
3.5 Két qua thuc nghiém

Trong khudn kho bai luan van em d thir nghiém xay dung 3 mé hinh du doan
nhu cau dung tang dich vu data cua nha mang Viettel. Vi cing mét bo dix liéu huan
luyén mé hinh bao gom cac dit liéu lién quan t6i lich sir st dung data, goi thoai, nhin
tin, nap tién cua cac thué bao st dung dich vu vién thdng caa nha mang Viettel. Ca
ba tap dit liéu dau vao 3 mo hinh nay la gidng nhau va cing duoc tién xu Iy dir liéu
nhu nhau dé dam bao cong bang trong viéc so sanh hiéu ning du doan cia cac md
hinh.

Duéi day lan luot 14 biéu d6 ROC cua thuat toan phan loai Naive Bayes, hoi

quy Logistic, ring ngau nhién.

upgrade_normalized propensity to buy Train upgrade_nermalized propensity to buy Validation upgrade_normalized propensity to buy Test
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Hinh 3.2: ROC thuat toan Naive Bayes
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Hinh 3.3: ROC thuat toan héi quy Logistic
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Hinh 3.4: ROC thuat toan rirng ngau nhién

Biéu d6 cumulative thé hién ti 1¢ tong sé du doan dung khach hang c6 nhu cau

dung tang dich vu trong tong s khach hang c6 nhu cau dung ting dich vu trén tirng

tap dit liéu. Theo tha tu 1an luot 14 két qua trén tap xac thuc, tap huan luyén va tap

kiém tra.

Cumulative Gains chart test set

Cumulative Gains chart training set
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Hinh 3.5: Cumulative gain thuat toan Naive Bayes
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Hinh 3.7: Cumulative gain thuat toan rirng ngau nhién
Biéu db biéu dién do do precision va recall thé hién ti I& dy doan dung va do
phi cia md hinh trén hai tap di liéu huan luyén va xéac thuc. Tir mdi diém trén hinh
ta s& xac dinh dwoc ttng Vi tirng phan tram cua tap dit liéu dy doan thi s& co do chinh
xé4c va do phu 1a bao nhiéu. Néu phan trim cua tap di liéu cang 16n thi do chinh xéc

cang giam va do phu cang tang.
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Hinh 3.9: Precision-Recall thuat toan hai quy Logistic
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potential_customer precision-recall curve validation

potential_customer precision-recall curve train
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Hinh 3.10: Precision-Recall thuit toan rirng ngau nhién

Biéu dd Lift thé hién hiéu qua du doan chinh xac so véi ti 1é du doan tu nhién
trén ting phan tram cua tap di liéu du doan. Pudng mau xanh duoc vé tir két qua dy
doan ctia md hinh con duong mau do6 1a ti 1& du doan ty nhién. C6 thé thiy duong
mau xanh c0 ti Ié dy doan dung cao hon duong mau do ¢ nhitng phan traim dau cua
tap dir liéu du doan va giam dan & nhitng phan trim sau do mé hinh d3 nhan dién
duogc cac khach hang c6 nhu ciu dung tang dich vu data va gan xéc suét su kién giam
dan cho nhitng khach hang it nhu cau dung ting va khong c6 nhu cau. M6 hinh nao
cho ra ti 1& chénh léch so vai du doan ty nhién cang Ién & nhitng dai diém dau ching
t6 kha nang phan loai nhan cang tbt. Viéc nay sé gitip don vi kinh doanh trién khai

céc chién dich véi quy md nho hon ma van dam bao mang lai hiéu qua Ion hon.
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Hinh 3.12: Biéu do Lift thuat toan hdi quy Logistic
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Hinh 3.13: Biéu dé Lift thuat toan Ring ngau nhién
3.6 Xay dung hé théng
3.6.1 Gigi thiéu h¢ thang
Muc dich: Xay dung hé thdng quan ly ludng cong viéc caa tng dung hoc may, bao
gom toan bo cac qua trinh huan luyén, thir nghiém, du doan ma mot nha khoa hoc dit

liéu thuong phai thuc hién.
M@t s6 muc tiéu cu thé:

- Cung cap giao dién quan ly cac tién trinh huan luyén, thir nghiém, du doan
- Cung cap giao dién quan ly cac mé hinh hoc may
- Co ché str dung AutoML dé ty dong chon ra mé hinh va bo tham sé téi vu

- Co ché khai bao thi céng tham sé va huan luyén nhiéu mé hinh dong thoi

Cac chire nang chinh:

» Tao méi mo hinh:
- Tao m&i cac md hinh véi 2 ché d6: nguoi dung tu khai b4o tham s, hodc sir dung
AutoML ty dong chon lga tham )
- Khi tao m&i mé hinh xong c6 thé chon ddng thoi cac tuy chon dé huan luyén, thi
nghiém hoac du doan
- Chon tap dir liéu twong tng vadi cac tiy chon trén

- Chon dia chi luu trit trén HDFS dé luu trit bdo cdo va dau ra
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» Str dung m6 hinh:
- Chon mé hinh trong danh sach mé hinh da dugc huan luyén
- Khi chon md hinh xong c6 thé chon déng thoi cac tuy chon dé huan luyén, thi
nghiém, dy doan
- Chon tip huén luyén tuong tng véi cac tiy chon trén
- Chon dia chi trén HDFS dé luu trit bao céo va diu ra

» Quan ly cac md hinh:
- Hé thong luu lai va quan 1y cac mo hinh da dugc huan luyén
- Hé thdng hién thi danh sach cac md hinh cua ngudi ding
- Hé thong hién thi chi tiét cta timg mo hinh (tham sd, diém huan luyén, diém xac
nhan, ...)
- Hé thong luu lai logs, bao cdo cho céc 1an chay

» Quan ly cac du an:
- Cac md hinh s& thudc 1 du 4n nao d6 v6i muc tiéu gom nhoém va quan ly dé dang
3.6.2 Biéu do ca sir dung hanh vi ngwoi ding

Gilp giam thiéu qué trinh thao tac véi ma ngudn, tranh sai s6t trong qué trinh

trién khai chién dich. M6 hinh hanh vi ngudi ding dugc biéu dién dudi ba chirc ning
chinh 13 ding nhép, ding xuét va st dung giao dién phan mém dé xay dung cac md
hinh dy doan. Hé théng duoc sinh ra khdng chi dé danh cho cac ki su phén tich dix
lieu sir dung dé xac dinh mo hinh ban dau ma con 1 co s dé cac don vi phan tich
nghiép vu kinh doanh dua ra quyét dinh kinh doanh dua trén cac két qua dy doan tir

mo hinh.

Data

5ot
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Hinh 3.14: Biéu d6 ca sir dung hanh vi ngudi dung

3.6.3 Biéu do ca sir dung giam sat du 4n

O ca sir dung chirc ning giam sat du 4n mdi ngudi dung 6 thé xem toan bo
danh sach dy &n hién tai, xem chi tiét thong tin cua ting du an, khoi tao dy an mai,
chinh stra dir &n va x6a nhing dir an khdng con st dung nita. Tuy nhién dbi véi ting
vi trf, chirc nang nhiém vu cua mdi c& nhan & trong du &n s& duoc cip quyén khéc
nhau. Vi du nhu chi vi tri quan Iy du 4n méi duoc phan quyén diy du con voi cac
thanh vién du &n thi s& duoc cap it quyén tac dong téi du an hon. Tranh nhing trudng

hop su ¢ dang tiét do 15i ca nhan.

View project list

WView project detail

Create new
project

Data
scientist

Edit project

Delets project

Hinh 3.15: Biéu do ca sir dung chirc ning giam sat dw an
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3.6.4 Biéu do ca sir dung giam sat mé hinh

Ca sir dung chtrc ning gidm md hinh bao gdm cac md-dun hién thi phién ban
mé hinh, hién thi théng tin trang thai md hinh, xem théng tin lién quan téi mé hinh
géc, theo ddi tién trinh hiéu chinh mé hinh, xem tham sé6 mé hinh, xem céc théng tin
cua tap dir liéu huan luyén, kiém tra va thdng s6 hiéu nang du doan cua mé hinh du
doan. Tir cdc mo- dun ké trén ngudi sir dung co thé dé& dang xem lai lich st huan
luyén md hinh, két qua huan luyén mé hinh va thay doi tham sb, ti 1¢ train test dé tim

ra mo hinh dap ng tét nhat céc yéu cau cua bai toén.

iew list of trained
models

Filter trained

models Track model

. version
=zincludes=

Reschedule run <<\nc|u'&e*->
fime L View model status

S <<includes!

#" s<includes> e
. =<include>»

-
- P -
i ==include> - .
Monitor models b __ i ) U View model FI
] _.(VIEW modal detail |- - == <=include>
< <<includes= e

==include=>

(b

Data
scientist

, <lncudess View funing
N . progress
: ) ) +,_<<include==
. " Edit model info ™, e
==include==.
s .

=<include==

*, View model
parameters
Cancel/Restart
model progress

View frain,

validation, test
score

Delee a frained
model

Hinh 3.16: Biéu d ca sir dung giam sat mé hinh



3.6.5 Giao dign Home

Introduction

AutoML Tool

Recent projects

PO1. Dy an SOHO churn T11

P02. D én upsell data Viettel Pay
PO3. D dn phét trién m&i FTTH
P04. Dummy project 1

P05. Dummy project 2

Recent models

Model name Project

Soho churn P01. Dy &n SOHO

Soho churn v3 PO1. Dy an SOHO

Soho PTM T11 PO3. Dy an phét tr
Model upsell T10  P02. D an upsell

Mode! upsell new P02. Dy an upsell
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Run models Monitor

Dashboard

Execution info

Number of
waiting models

Estimated time
till your next one

Your last
running duration

1 h 23 min

Model chart

2 jobs 29 min

Status Progress Updated Task

Pending T 28 minutes ago = View model
| Running | B 5 minutes ago = Stop

20%

[Cancetlea| 5 minutes ago I: € Restart

Ready _ 25 minutes ago L e
| Running | - B 29 minutes ago Ll a

Task Train  []Test  []inference

Running

Pending || Cancelled Ready

3.6.6 Giao di¢n thanh diéu hwéng

AutoML Tool

Introduction

AutoML Tool

Introduction

Run models Monitor

Run new models

Run existing model

Run models Monitor ¥

IMonitor projects

Monitor models




3.6.7 Giao di¢n thong tin chung

AutoML Tool

Introduction

© o

Information ‘

[ Browse data source |
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Monitor

Run new model

[setect festures, iavel | [

Select project

Project (*) - adp_soho ftth

Model Information
Model name (%)

SOHO chum model

Model description

This model is automatically selected using AutoML algorithm on soho churn monthly data

Run note

First time running

Task (*)
Train Test
Schedule
@ Set schedule ©Run now
Minute Hour Day of month Month
5 4

"At 04:05 on Sunday”

Next at: 2020-11-15 04:05:00

Selectmodels |

e New

Inference

Day of week

0

Select saved location |
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3.6.8 Giao di¢n nguén da liéu

AutoML Tool Introduction Monitor

Run new model

o @ o o o

Information | ‘ Browse data source | ‘ Select features, label ‘ | Select models ‘ ‘Se\e:tsaved location |

Browse existing connection

Connection (*) ~ adp_soho connection e New

Set parameters

Use pytnon code 1o Set parameters

partition = (datetime.datetime.now().replace(day=1).stritime("%Y%m%d')
Show parameter

partition_n1 = (datetime.datetime. now().replace(day=1) +

dateutil relativedelta relativedelta(months=-1)) stiftime (%Y %m%d') Param Value
pariition_n2 = (datetime datetime. now() replace(day=1) + partition 20201101
dateutil relativedelta relativedelia(months=-2)) stritime (%Y %m%d")
partition_n1 20201001
partition_n2 20200901

Select data table

| Training table  ~ tmp_soho_churn_c360_v3 = 'Cgﬁm Show sample
T oot el — il = -
T eVl iyt = Rl <o
T e A i et — el = v

Next
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3.6.9 Giao di¢n théng tin mo hinh

AutoML Tool Introduction Run models

Model detail

Model detail

Model name Created time

SOHO PTM T10 08 Jan 2018

Description

This project is create as requested to solve the problem of FTTH service enhancement

Project
g User
SOHO FTTH; Upsell FTTH:; Project 1
NamNT54
Type Mode
RandomForestClassifier AutoML

2]
@
=

Current task Current status

Inference Running

Current run note Last updated time

First time running 3:23 PM, 15 Jan 2020

Location Schedule

fwork_zonefadp_soho/tmp/model_inference_ptm_t10 At 04:05 on Sunday. Next at- 2020-11-15 04:05:00

History

Run note Train/Val/Test Score Task Detail Log Infer table Export

SiF dung feature G360 (AUC) 072/0.71/069 tmp_soho_churn_infer g E‘f
Runinfer trén dataméi  (F1)05/04/04 0 dummy_infer HE

Model TDSP (Precision) 0.23 0.2/ 0.11 i ZE
Model PTM (AUC) 0.84/ 0.84/ 0.82 0 tmp_sono_churn_infer (2] ¥
Model PTM newdata  (AUC) 0.76/0.78/0.73 ] imp_sono_chum_in‘er i () [F¥

Task

[ Test

Train

D Inference
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3.7 Két qua trong trién khai thuc té
3.7.1 Céc chi sé tinh higu qua trién khai
» ARPU UPLIFT
ARPU uplift = ARPU after/ARPU before -1
*ARPU before: ARPU truéc trién khai 1a tong tiéu ding géc trung binh/khach hang
trong vong 30 ngdy truwdc ngay trién khai
*ARPU after: ARPU sau trién khai duwoc tinh bang gid géi khdch hang ding ky(viéng
26i ST30K thi gid g6i quy déi thang sé 1a 90k)

» REVENUE UPLIFT
REVENUE uplift = (ARPU after - ARPU before) * Number of Take-up Customer
*ARPU before: ARPU trueéc trién khai la tong tiéu ding gac trung binh/khach hang
trong vong 30 ngdy truéc ngay trién khai
*ARPU after: ARPU sau trién khai diwoc tinh bang gid géi khdch hang dang ky(riéng
26i ST30K thi gid g6i quy déi thang sé 1a 90k)

*Number of Take-up Customer: Sé lwong khach hang mua goi

» TAKE-UP RATE (TUR)
TAKE-UP rate = Number of Take-up Customer/Number of Receivers*100
*Number of Take-up Customer: Sé lirong khach hang mua goi

*Number of Receivers: Sé lirong khach hang nhén duwoc tin truyén thong goi
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3.7.2 Két qud trién khai thuc té
San pham MIMAX90

SO SANH TAKE UP RATE (TUR) VA CHi
SO ARPU UPLIFT RATIO

2.000 1.797

1.500

0.828
1.000 0.672

TUR

B MODEL m BAU

0.416

ARPU UPLIFT

San pham ST70

SO SANH TAKE UP RATE (TUR) VA CHi SO
ARPU UPLIFT RATIO

25 231
2
15
1 0.87 0.748
. L]
TUR ARPU UPLIFT

m MODEL m BAU
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KET CHUONG

e Muc dich thir nghiém danh gia

e Phét biéu y nghia céac chi s6 do do

e Thur nghiém

- Xay dyng mé hinh dy doan kha ning gia ting nhu cau sir dung dich vu voi
thuat toan Rung ngau nhién

- Xay dung md hinh dy doan kha ning gia ting nhu cau sir dung dich vu voi
thuat toan Naive Bayes

- Xay dung mé hinh dy doan kha ning gia ting nhu cau sir dung dich vu voi
thuat toan Hdi quy Logistic

e Xay dung urng dung

e K&t qua trien khai trong thuc té

KET LUAN CHUNG
Cic két qua thu dwoc trong luin viin
Sau khi thir nghiém 14an luot 3 thuat todn phén loai Naive Bayes, hoi quy Logistic,
rimg ngau nhién d6i trén cing mot tap dir liéu thi thuat toan rig ngau nhién cho két
qua du doan chinh xac nhét sau d6 téi thuat toan hdi quy Logistic va thuat toan Naive

Bayes cho két qua du doan kém chinh xac nht.

Hién nay cac bai toan mo hinh upgrade tuong ddi tét va da dat t6i ngudng gan
nhu khong thé improve bang cac ki thuat thong thuong ma chi c6 thé improve dya
trén viéc xay dung céac features c6 gia tri phan loai tot hon; thém vao do cach xay
dung mé hinh upgrade trong d6i don gian nén trudc mat chua co6 phuong phap dé
improve mé hinh nay. Thém vao do, viéc mat can ddi giita s6 lwong cic san pham
trong mo hinh ciing anh huéng 16n dén performance chung ctia mé hinh khi dua ra
du doan cho cac san pham thiéu sd.

Pinh hwéng nghién ciru tiép theo
Dua trén nhirng vin dé d6 dinh huéng hién tai dang thir nghiém cac phwong phap

Sau.
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- Tubd pl thu duge twrong tng véi tirng san pham, gia dinh dau tién 13 véi score
pl cao hon twong tng Véi thué bao c6 kha ning mua san pham ay cao hon.
Chon ra san pham c6 p1 cao nhat dé tién hanh back test. Két hop két qua back
test véi phan tich cluster.

- Tur két qua thu dugc cia trial Ist cling nhu tir performance caa cac model riéng
biét. Panh gia ring cac mé hinh thu dwoc hoat dong tot trong kha ning du
doan xu huéng st dung goi cia thué bao, tuy nhién dé dua dén mot xép hang
score cudi cling rang san pham nao s& dugc mua thi can mot phuong phép rd
rang va chinh xac hon. Vi vay, thtr ap dung cdc mé hinh phan 1ép cho bo score
pl thu duoc tir cac model trén véi muc tiéu 1a khi d6 c6 thé xay dung duogc
mét “MODEL MASTER?” ¢6 kha ning tong hop két qua tir cac mé hinh nho.

Tir két qua quan sét tai cac thir nghiém trudce ciing nhu qua trinh xay dung mo

hinh riéng biét, nhan thay: Tuy cac model déu bi anh huang béi hién tugng imblance
va da str dung cac phuong phap Downsampling dé cai thién performance. Nhung cac
yéu t6 c6 thé anh hudng dén ranking scores ciia cac moé hinh khéng chi la ti 1¢ nhan
gitta 0 va 1 (0:1) ma con mot yéu t chua dugce dé cap t6i do chinh 1a sb lwong tuyét
d6i cua cac nhan trong md hinh. Bai s6 lugng cac thué bao c6 mua goi ngay/n-ngay

s0 v6i s6 lwong céc thué bao mua goi thang cd sb lugng chénh léch dang ké.

Vi vay, dé calibrate thanh cong két qua cac mé hinh can mot ham cé kha niang
cover duoc tat ca cac yéu td trén. Tur 4o, tién hanh nghién cau tim hiéu cac phuong
phap calibrate khac thudng duoc &p dung. Két qua la mot s6 phuong phap pho bién
nhu Platt’s Scaling va Isotonic Regression da duoc dé cap dén trong nhiing tai lidu

calibration khac.
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BAN CAM DOAN

To6i cam doan di thuc hién viéc kiém tra mac d6 twong dong noi dung luan
van/luan &n qua phan mém Dol T maét céch trung thuc va dat két qua mirc do twong
ddng 10% toan bo noi dung luan van/luan an. Ban luan van/ luan an kiém tra qua
phan mém 1a ban ctng luan van/ luan 4n d3 ndp dé bao vé truéc hoi ddng. Néu sai toi

xin chiu cac hinh thic ky luat theo quy dinh hién hanh caa hoc vién.

Ha No6i, ngay thang nam 2020
HOC VIEN CAO HQC/NCS
(Ky va ghi rd ho tén)



