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1. £ 0= O ERIA 2.202044 ¥ O|EIZ} £

X p.3 F2UHFE_S Of=2} O| &AL 4

ChargeAmt chargemonth
chargeyear

2014 84843625 31847

2015  1651915.10 148017 72 80 75 73 87 61
Y 2l Y 2l 2l 2l
2016 2310761.70 206993 12°=
69 73 73 71 76 88
2017  2931181.45 266746
2018 3623706.65 337090
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I Appendix p.5 74447]5|_LTV

1.LTVvER?

: Life Time Value, 1174 /80lj 7t2| 2 AtEAL 1HE A{H| 20X O|E5t7| 7R R =5t
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2. LTV A[LHA]

ARPA(Average Revenue per Accout)2h? LN ARPA
M| AZY WP HES £oHs 20|12 SAA LIV'=" Glstomer Ghum Rate
oM 2 | 223t ARPUCIAT B2
0 =) CiA|st= A&

IMPLIFIED: ,
( Sum of all customer MRR / Total # of customers |
LTV =

W

ARPUE 71215 0| 3t ZHoj| L5t TF 2Tt SARSED
Al 24 2 A E Al (o) Z{0] AOIA

:tl- A0l AojlM SUBA2| ChE2Ql %8 A H= ‘\# of customers who churned / Total # of customers |
gt2.e|0f L, | |

EXAMPLE

191 13]41°0]2+ ZA0| T O[AF HYE| [ $100 ARPA

why?
BT JE0A ARPULELE LTV = .
C}3| M HIGISE ARPAZ EAIALQ| 40l M2 WILSH= 20| — | = $1000 LTV

et 0.1 Churn Rate
geottts 40| A|7|ElLt, | '
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I Appendix p.6 £4712_tjo|e] Z23| & 0]Aka| A

In [455]: df.i=snull (). sun()

out [455] 0 Unnamed: 0
Customer | d
Contract|D
CustomerLTY
ChurnScore
Satisscore
ChurnLakel
Gender
hae
haeGroup
Married
Dependent =
nolependent s
Referrals
noReferral s
Contract
FaperlessBilling
PayvmentMet hod
OnlineSecurity
0On | ineBackup
DeviceProtection
TechSupport
UnlimitedData
dalown | oadGB
TotalRefund
Total ExtraDataCharge
fvglongli stanceCharae

In [471]: df["EndDate"]

out 4711 gi-oi—zgpg | 9f ["ChurnCategory”]

04-01-2020

0

1 .
5 0501 -2070 Compet | tor
3

4

Dissatisfaction
Compet | tor df ["ChurnReason”]

C Conpet ' tor Competitor offered higher download speeds
F029 T Conpet itor Product dissatisfaction

I
l
5040 hah C Z Attitude of support person
} 5031 Hah R079 aM ?1 Compet itor had better devices

s hal D030 Matl Conpetitor offered nore data

a1 Mak e030 el

i NG Matl E31 Nl
R032 Hah

[y [Y8Y
N= HA=2 5 AH| ek EF L} El
Total LonaDi stanceCharge Na = i IE'I-'I_ I-7IOIII |_| Ol ul- OI O|1T Y
Tt artNato
ChurnCategory e h2tA 2=2|7} Of'c a4
ChurnReason 4136
LI¥_categary u 24
ﬁugﬂhirge 0

02-01-2020
0z2-01-2020

= L a— O

o o e e s s s e e e e e s e e e e e s e e e s e s



I AppendiX p.6 £4721_Data Setz} mpa4

AH EHA
[ Data Set ] [ DPH 4 ]

Variable Description Type . PN
CustomeriD RN o5 Variables Descrlptlon
ChargeAmt g (&) d% TotalCharge 3 A=H((H 712 Telco_charge®| 2= (&)2| S8
Cust LTV il ZH| Ty a5 o o
ChumScore ChumE+ i AvgCharge e A=E T°ta'c'"a‘ge (AR
ChurnLabel Churnoll—‘f'— %-I—;l:— TotalRevenue % []H% =§ I.J.OH + i7|'7‘| %O_II-I +
SatisScore HEE Of & Fe| etz - et=2
AgeG HYC Bl 2 =

e = e TenureMonths A717HE) A3RU(E) 7IZ2 HE
Dependents B 77 H LTV_category IO [TV A HE3} (2000 ~ 5500) 500CHe = EHF3t

noDependents BLA O &F _ _
T —e EFTRAES o[ At DownloadGB_category CIREC & HE35 (15 ~90) 15 tHe|= EHE3}
Contract Aot/ A HaT R o251 = =3 siE= =3
efund_catego 23 = &) H3| 312510 1, OlL|H 022 H=3|
PaperlessBilling 50|85 %*E.LO:I—'T'— EES gon s(EE S Bs T
OnlineSecurity MH|2 72 H3 AVG_Distance_category 23712 st W) (10 ~ 50) 10CH9| 2 HES}
OnlineBackup MH| A ZFQlEE e i 25|
. . B =< - = =
DeviceProtection MHE|X (17| 2 2) = Total_Distance_category 22 (AHz| M3} 2oH) (500 ~ 3000) 500cte| 2 HE3}
TechSupport AHIA 7Y P =X &) == CES
Unimitedpata T ISONE s ExtraData_category 23(FIIAE 2%  271AE 3odo| glow 0, Yow 12 B}
33l
AvgDownloadGB Download &F o= T - -
e W 2o olz ChurnS_category Churn Score 33} (10 ~ 100) 10CHY| 2 HFE3}
TotalExtraDataCharge QLEEEIHRE M) ol TotalRevenue_category Z 0 HE5 (1000 ~ 12000) 1000t = HE3}
StartDate 7t LRt =R = 7L.210H =3
EndDate SHX| 2R} R} TotalCharge_category = I'_hi.ﬂ_.(ﬁ 71ZH (2000 ~ 8000)2000He| = H s}
z;
ChurnCategory ChurnZ}g|112| HZ= a2
ChurnReason ChurnALS: =S AvgCharge_category o 2F () "2t (30 ~ 120) 3022 HZF3}
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I Appendix p.7 ClO|E{ &AM EDA histogram

1. Zldgi2i0]| ¢|O|E| & =19l .

e b 71 Lo
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STAY
ouT
500
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o T T T
20 40 60 BO 100

ChumScore
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650]5} : 74| / 65~80 : =CI/80 0|4 : O|EF
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2500
2000
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i) T
Mo Yes
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B AAL7} 91 ulf . 2Eo| Lzt

= L.

1750
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SatisScore
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30/2:0jE /34 S Ct/3 =T /4

STAY
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2500
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1500 1
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A E UoUESE =3
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I Appendix p.7 ClO|E{ &AM EDA histogram

1. b0l ¢|O|E{ 2 &

e b
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[ Referrals ]
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1200
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00
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e 2 a0 @ a0
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I Appendix p.7 ClO|E{ &AM EDA histogram
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I Appendix p.7 ClO|E{ &AM EDA histogram
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I Appendix p.7 ClO|E{ &AM EDA histogram

2. Churn Label2} 2 o

1750 = U= ds
I}IE!' .
[ Satis Score ]
OIEéi-g'I q'hll' 1250 1 - 2%'.' oI%I_E E$ oIEal.
[ Churn Label ] i Q|Ek
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I Appendix p.7 tio|e| 24 EDA_RF, DT, GB

AvgCharge
noReferrals

TotalCharge

AvgDownloadGB
TotalLongDistanceCharge
AvglLongDistanceCharge

Age

Importance

AvgCharge
noReferrals

AvgDownloadGB

TotalCharge

0.302
0.208
0.111

0.079

TR F o

OnlineSecurity
AvgCharge
noReferrals

TenureMonths

TotalRevenue
Referrals
Dependents
CustomerLTY
AvgDownloadGB

PaperlessBilling

0.049

0.045

0.019

e
0.013

32



I AppendiX p.7 tiole] £4 EDA_PCA

Li]
1
z
3
4
B
L]
T
8
B

Feature

wDependents
noReferrals
AvgDowmioadGB
TotalRefund
TotalExtraCrataCharge
AvgLongDistanceCharge
TotalLongDistanceCharge
AuwgCharge

TotalCharge
TotalRevenue
Tenurekonths
Gender_Female

ender_hale
AgeGroup_20C4
AgeGroup_30C4
Agecroup_aory
AgeGroup_S0CH
AgeGroup_&0CH

AgeGroup_70C4

Prinl

-0.026

-0.126

-01.154

0.00G

-0.005
-0.034
-0.160

Prin2

-0 272

Prin3

-0.083

-0.083

-0.183

Prin4

Prins

-0.378

0151

-0_1659

Pring
-0.11E
0.041

-(1.0338

Dep. Variable:
Model:

Method:

Date:

Time:

No. Observations:

Df Residuals:
Df Model:
Covariance Type:

Prob{Omnibus):
Skew:
Kurtosis

OLS Regression Results

SatisScore

oLs

Least Squares
Mon, 31 May 2821
23:47:52

5823

5019

3

nonrobust

182.359
8.066

R-squared:
Adj. R-sguared:
F-statistic:

Prob (F-statistic):

Log-Likelihood:

Durbin-Watson:
Jarque-Bera (JB):
Prob{JB):

Cond. HNo.

1.493e:04
1.4950+04

of the errors is correctl
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3. Random Forest, Decision Tree, Gradient Boosting

Y = ChurnlLabel

GBL| = H

noReferrals

AvgCharge

TenureMonths

Married

TechSupport

TotalRevenue

TotallLongDistanceCharge

AvgLongDistanceCharge

TotalRefun

0.036

d

0.011

noReferrals
AvgCharge

TenureMonths

TotalRevenue

TotalLongDistanceCharge
Referrals

TechSupport
OnlineSecurity
AvgDownloadGB

Married

=
=)

=
o

noReferrals

TenureMaonths

Referrals

TotalLongDistanceCharge

TechSupport

AvgLongDistanceC

TotalRevenue
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SatisScore
noReferrals

AvgCharge

TotalCharge

TotalRevenue

AvgCharge

AvgLongDistanceCharge 0.030

TotalLongDistanceCharge 0.014
- . 35



Accuracy: 0.967
Confusion matrix:
[[1672 0]

[ 66 27211
a=272/(66+272)
b=272/(272)

("recall

c=2*{a*hb) /{a+h)

("F1 score

recall : @.885
precision : 1.000
F1 score : @.892

{'u;;cif:é-

I AppendixX p.7 cllo|e{ £41 EDA RF, DT, GB, NN

Accuracy: 0.972
Confusion matrix:
[[1230 g]

[ 34 235]]

c=2*{a*b) /{a+b)
("F1 score

recall : 8.874
precision : ©.967
F1 score : ©.918

y pred = gb final.

('Accuracy: {:.3f}'.

('Confusion matrix: °

Accuracy: 0.968
Confusion matrix:
[[1233 5]

[ 43 226]]

a=226,/(43+226)
b=226/(5+226)
("recall : {:.3f
("precision [
c=2*{a*b)/(a+b)
("F1 score

recall : B.848
precision : ©.978
Fl score : 0.904

X|= Neural Network

Accuracy on traiming set: 8.993694
Accuracy on test set: @.961

Shome/piaifanaconda3/1lib/python3 . 8/5

'warnings.warn[
|
Confusiom matrix:
[[1641 31]
[ 47 291]]

recatl

recatl

@.8609467455621301

0.8816161818181817

L1*precision)/{re
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0= (SatisScore) O] CH st

Variables for each SatisScore

df AwgDownloadGB. (column

<AxesSubplot:title={"center": 'AvglownloadGcB '}, xlabel='[SatisScore] = ?_I'—i—Eo'" [[I‘E-I' ]gﬂ' E‘"OIE‘I
A2 /20|35t cr2ct
> B2 E 7} e $2 §|o|E

Aol 3Lt
> CllojE{of] 22t=

UZof K2t S 0jE2
2[0]5}2| =Lt

[ column="TotalCha , by=['Satis®
<hxesSubplot:title={

|_ o
Boxplot gigped by Satisscore > EI.:_E?I_ Iil-%

<AxesSubplot:title={'center’:'TotalCharge'}, xlabel='[SatisScore]'=

Boxplot gﬁmﬁgééatusscm ]
8000 T T
G000

[SatisScore]

> H|gZte 23
> GlO[E{LE S7LAMH|A B2

SetE20| e Frt

1

T
5

AvgCharge?} SatisScoreM| C
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Referrals
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12342 1322, 4,582 4402 YN HEE H0|E 5 aﬂmiﬂﬂsaraq.
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HTEM_AH|A 47 + SA|3H C|0|E]

support itemsets 16 0.130 (OnlineSecurity, OnlineBackup, TechSupport)
0 0.350 {OnlineSecurity) 17 0.180 (OnlineSecurity, OnlineBackup, UnlimitedData)
1 047 (OnlineBackup) 18 0.135  (OnlineSecurity, DeviceProtection, TechSupport)
2 04n (DeviceProtection) 18 0.183 (OnlineSecurity, DeviceProtection, UnlimitedData)
3 0354 echSupport A JIOIX} =
(TechSuppor) 20 0174 (OnlineSecurity, UnlimitedData, TechSupport) MH| A 7R S
a | 0876 (UnlimitedData) D K|S O|O| B ZFIXREZ}
_ _ ) 21 0.138 (OnlineBackup, DeviceProtection, TechSupport) N —
5 0.208 (OnlineSecurity, OnlineBackup) 7 |_7é} El_l- (@) A _T_Il.g Ol 7 |_Io|- 3 El_
& 0.08 (OrlneSennity, DevePrmiRgim) 22 0211 (OnlineBackup, DeviceProtection, UnlimitedData) °— == '
7 0.202 (OnlineSecurity, TechSupport) 23 0.130 (OnlineBackup, UnlimitedData, TechSupport)
8 0304 (OniineSecurity, UnlimitedData) 24  0.191 (DeviceProtection, UnlimitedData, TechSupport)
9 Dot (OnlineBackup, DeviceProtection) 25 0.091 (OnlineSecurity, DeviceProtection, OnlineBacku...
10 0.211 (OnlineBackup, TechSupport)
26 0.116 (OnlineSecurity, DeviceProtection, OnlineBacku...
11 0.357 (OnlineBackup, UnlimitedData)
12 092 (DeviceProtection, TechSuppor) 27 0.112  (OnlineSecurity, UnlimitedData, OnlineBackup, ...
13 0.3265 [DE‘JiEEP[GtECﬁDI‘I, Unlimited[}axa} 28 0.118 {GnlinES'EEUI'iTy. l_.lnlimited[}ata. DeviceProtecti...
14 0304 {(UnlimitedData, TechSupport) 29 0.118 (OnlineBackup. UnlimitedData. DeviceProtection...
15 0.133 (OnlineSecurity, DeviceProtection, OnlineBackup) 30 0.079 (DeviceProtection, TechSupport, OnlineBackup, ...
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Mg L
TotalRefund
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