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TAssmmnnaimu Ao lgadnsUAAEN I ey AN ADYYDIgNAT NITiANENLEEY
Telco iffunnsimznanyanaemAianaIan iy Sefinazuaunng AnsizfidiAgmnans
fumon WaiaseAuannaruun A siaysuataniunseenuuuiulaauazannuuy
FUMLUNMSUEAINALAT LU AFU1N3BN19A 1T

3.1 mﬁ%l,quﬁﬁymjmyfm CRISP-DM

3.2 LLNumWﬂizLLﬂgﬂsﬂ@ Data Flow Diagram

3.3 MasenuuUiL m

3.4 unaqy

R iy
3.1 MNATIENLBYAATY CRISP-DM

ﬂ‘jxuqumiﬁmiﬁzﬁﬂy@g@g'm CRISP-DM %3® Cross Industry Standard Process for
Data Mining Wenwn2 wlud a.a. 1996 Taaaansoniievss 3 USEnAS Daimler ChOrysler,
SPSS uaz NCR Aifinnawmmnitis Workflow s1msgudmiunisvimilsaya Usznaunis
6 dumpundn @ Fafl

5.1.1 34nuazi11alugania (Business Understonding) iiudumenusnassnszuaunis
Anounluiiniainamanlanszuamnianisgafalngsanydnszraayainamiala i
Toyminey ustuasnisdinsnznaayanis Data Mining Tnsnistiaanznaaya iuaziful
fia NalATZRTeNaAEANEYIRIgnANTianAnEe NeNANLEN1T Belinayasan ST
FIUNNTTINNA 7,045 518077 Y Nsnunanvinasinn latueeyafifiasdureulaesg
590159 19 AENNNINIINgRANENANLE N Ay smantang

5.1.2 dpifiunazaausineayalnAsy (Data Understanding) 3 1maunisdmifunay
SIUTIHVDYA AADAIHNITAINTOIRTaFanITRmuTuTeR nraimundulendimsy

TATIENVBYAAINAIBY ABIGNAT NTEANEILTEN Telco Waianansfi oy uazAne

sTueANaYAse e feiuaeun1sine ez iegad A eeesTuL vinlnnns
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apnuuuszun il naenaassiuaHasInsraesly Iaefliilanaseunquly
4] o
1389779 7 Ai

KALATIENL YAV IN1TIILIINYDY AN BRI DU 2By AT (naniules kaggle.com
Faduwiulenfifusrusongnayanis o Wnurassan Datasets W3e gA2aya HIM5U
Anaaw Machine Learning 7itneyfigatulanunenile Sveyanndsznn wanezidu Datasets
Gfuwmmmd Finance, Business, Physics, Biology, Sports, News %dLﬁuﬂﬂﬂj@ﬁLﬂmwﬂ To ey

wlranasmanihgneeya UAnswdednsisimandaslsmina

= kaggle Q searcn Signin
+ Create

@ ELASTCHAR - UPDATED § YEARS AGO ~ 2266 New Notebook & Download (176 kB) I}
@ Home

Competitions

2 Comp Telco Customer Churn
@ Datasers Focused customer retention programs
<> Code
EI Discussions
& Leamn Data Card  Code (1011)  Discussion (17)
v More

About Dataset Usability ©

8.82
Context License

Data files ® Original Authors

"Predict behavior to retain customers. You can analyze all relevant customer data and develop focused customer

|—"_:| View Active Events retention programs.” [IBM Sample Data Sets] Expected update frequency

A 3.1 Bulaa kaggle.com

(‘ﬁm: https:www.kaggle.com)
FareyanisiunngnAienianvdansegfidiunrays 7,045 518073 Usznaumas
21 uaan3iav Usznaunas customerlD (iﬁﬂ@uﬂﬁ;ﬁ) gender (LWﬂﬂm@JﬂﬁTﬁ) Partner (Wi5%
f179) Dependents(r 9% 148 1n152) tenure(328219a1) PhoneService (U5 n151n3AWN)
MultipleLines (N3 MInaneae) IntemetService (u%m‘j@umg%t,ﬁm) OnlineSecurity (N195N47
ﬂ')ﬂmﬂﬂﬂmﬁ/ﬂﬂﬂufﬂﬁ) OnlineBackup (ﬂﬂ’ﬁﬁ’l’imﬂyﬂﬁ@ﬂﬂuf@ﬁ) DeviceProtection (L%
A HATEIRUNT0L) TechSupport (MMFAITLAYUAIMNATA) StreamingTV (475 8fl 9717)
StreamingMovies (FFEnAeNNEWAS) Contract (Uszinmaeyay) PaperlessBilling (A15E8NLEL
Fuuuulsnszas) PaymentMethod (38119%719213314) MonthlyCharges (ATUBN19918LHDW)

TotalCharges (ATUEN9YI9MNA) Churn (AINHANBEYIDIZNAN)
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WA_Fn-UseC_-Telco-Customer-Churn [Campatibility Mode] - Excel (Product Activation Failed) = - x
Formulas Data Review View Q o do... Signin £ Share
B 3 Cut T x o ==M|s- |= . E-—| T T 22 ZAutoSum - A p
1 B < Calibri : 11 A A = f_ ¢ Wrap Text General - d-- . ’_:_:J ? ‘EEIR E‘: F@t Do SZ;Y& -~
" Framrine ® 7 U S 84 S22 S Bueacns - $-% 0 (W SIS e o, e
Clipboard ) Font [ Alignment ) Humber [ Styles Cells Editing ~
F37 e £ 72 e
A B C D E F G H 1 J K L M N o P Q R S T u -
1 |customerlgender  SeniorCiti Partner tenure MultipleLi OnlineSec OnlineBar Devi hSupp i ing Contract Pap: Y MonthlyC TotalChar, Churn
2 |7590-VHV Female 0 Yes No 1No No phone DSL No Yes No No No No Month-to- Yes Electronic  29.85 29.85 No
3 |5575-GNV Male 0 No No 34 Yes No DSL Yes No Yes No No No One year No Mailed ch 56.95 1889.5 No
4 |3668-QPYiMale 0 No No 2 ves No DSL Yes Yes No No No No Month-to-Yes Mailedch  53.85  108.15 Yes
5 |7795-CFOtMale 0 No No 45 No No phone DSL Yes No Yes Yes No No One year No Bank tran¢ 42.3  1840.75 No
6 |9237-HQITFemale 0 No No 2 ves No Fiber opti No No No No No No Month-to-Yes Electronic 707 15165 Yes
7 |9305-CDStFemale 0 No No 8 Yes Yes Fiber apti No No Yes No Yes Yes Manth-to-Yes Electronic 99.65 820.5 Yes
8 |1452-KIO\Male 0 No Yes 22 Yes Yes Fiber opti: No Yes No No Yes No Month-to- Yes Credit can 89.1 1943.4 No
9 |6713-0KO Female 0 No No 10 No No phone DSL Yes No No No No No Month-to-Na Mailed ch 29.75 301.9 No
10 7892-POO Female 0 Yes No 28 Yes Yes Fiber opti: No No Yes Yes Yes Yes Month-to- Yes Electronic 104.8  3046.05 Yes
11 6388-TAB(Male 0 No Yes 62 Yes No DSL Yes Yes No No No No One year No Bank tran¢ 56.15 3487.95 No
12 9763-GRSkMale 0 Yes Yes 13 Yes No DSL Yes No No No No No Month-to- Yes Mailed ch 49.95 587.45 No
13 | 7469-LKBC Male 0 No No 16 Yes No No No interni No interni No interniNo interniNo interni No interni Two year No Credit can 18.95 326.8 No
14 8091-TTVZMale 0 Yes No 58 Yes Yes Fiber opti: No No Yes No Yes Yes One year No Creditcan  100.35 5681.1 No
15 | 0280-XJGEMale 0 No No 43 Yes Yes Fiber opti No Yes Yes No Yes Yes Manth-to-Yes Bank tran¢ 103.7 5036.3 Yes
16 5129-JLPIE Male 0 No No 25 Yes No Fiber opti Yes No Yes Yes Yes Yes Month-to- Yes Electronic 105.5 2686.05 No
17 2655-SNQ Female 0 Yes Yes 69 Yes Yes Fiber opti Yes Yes Yes Yes Yes Yes Two year No Creditcan  113.25 7895.15 No
18 8191-XWS Female 0 No No 52 Yes No No No interni No interni No interniNo interni No interni No interni One year No Mailed ch 20.65 1022.95 No
19 9959-WOF Male 0 No Yes 71 Yes Yes Fiber opti Yes No Yes No Yes Yes Two year No Bank tran: 106.7 7382.25 No
20 4190-MFLIFemale 0 Yes Yes 10 Yes No DSL No No Yes Yes No No Month-to-Na Credit can 55.2 528.35 Yes
21 4183-MYFIFemale 0 No No 21|Yes No Fiber opti No Yes Yes No No Yes Month-to-Yes Electronic 90.05  1862.9 No
22 8779-QRD Male 1 No No 1No No phone DSL No No Yes No No Yes Month-to- Yes Electronic 39.65 39.65 Yes
23 |1680-VDC Male 0 Yes No 12 Yes No No No intern:No intern: No intern: No intern: No intern: No intern: One year No Bank trans 198 20225 No |

Worksheet @ 0 ¥
AN 3. 2 YDYAANANDEYBIGNAT

3.1.3 LASUNYDHAMNTBNIBI1M (Data Preparation) 1 uApNN13ULU 99D AT (A

sousannuaziients ey lugluuufinsand s iuamssiiuduneunafiln Tagnis

k4
v A

yinlmifuaoyaiignaas Taunavin Data cleaning fiumamud

5.1.3.1 ¥innnsdadentaya (Data Selection) ABnsAAEDNIBYAT AT
Aenunlalunistinanznaeys ginsizieayaiinisdadandteya wazvianig Data
Cleaning Tngidpaand (udnduaanmmdaianizaoyafisndulunisdinsznlunimes
Fauau 14 waaniian taun gender(un AUBIG N A1) PhoneService(us n151n3 ANWN)
MultipleLines (113 W5naea18) InternetService (UBNN9BWWIBIIR) OnlineSecurity (N195N47
Aandaaaduaaulan) OnineBackup (119813899 3 aanulatl) DeviceProtection (W%
V{N mmqﬂﬂﬁm() TechSupport (mmﬁ’uawumyml,wﬂﬁﬂ) StreamingTV (&%13 ## 971 7)
StreamingMovies (A#EHAINTNEWAS) Contract (Usznmaeyay) PaperlessBilling (N193 8Ly
Gununlanszany) PaymentMethod (38n15919243%) Chum (ﬂ’)ﬁuﬂ\?@%ﬂﬂﬁ@]ﬂﬂyﬂ) Fauiin

sayaiisninlunisiiaeegm
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A | B | c | D | E | F | 6 | H | 1 | J | K L M | N
1 gender PhoneSer MultipleLines InternetService Onli onli DevicePrc TechSupp Streaming StreamingMovies Contract Paperless PaymentMethod Churn
2 Female No No phone ser DSL No Yes No No No No Month-to-month Yes Electronic check No
3 |Male Yes No DSL Yes No Yes No No No Oneyear No Mailed check No
4 |Male Yes No DSL Yes Yes No No No No Month-to-month Yes Mailed check  Yes
5 |Male No No phone ser DSL Yes No Yes Yes No No Onevyear No Bank transfer (au No
6 |Female Yes No Fiber optic No No No No No No Month-to-month Yes Electronic check Yes
7 |[Female Yes Yes Fiber optic No No Yes No Yes Yes Month-to-month Yes Electronic check Yes
8 |Male Yes Yes Fiber optic Na Yes No Na Yes No Month-to-monthYes Credit card (autor No
9 [Female No No phone ser DSL Yes No No No No No Month-to-month No Mailed check No
10 Female Yes Yes Fiber optic No No Yes Yes Yes Yes Month-to-month Yes Electronic check Yes
11 Male Yes No DSL Yes Yes No No No No Oneyear No Bank transfer (aut No
12 Male Yes No DsL Yes No No No No No Month-to-month Yes Mailed check No
13 Male Yes No No No interniNo interni No interni No interni No interni No internet service  Two year No Credit card (autor No
14 Male Yes Yes Fiber optic No No Yes No Yes Yes Oneyear No Credit card (autor No
15 Male Yes Yes Fiber optic No Yes Yes No Yes Yes Month-to-month Yes Bank transfer (aut Yes
16 Male Yes No Fiber optic Yes No Yes Yes Yes Yes Month-to-month Yes Electronic check No
17 Female Yes Yes Fiber optic Yes Yes Yes Yes Yes Yes Two year No Credit card (autor No
18 Female Yes No No No interni No interni No interni No interni No interni No internet service  One year No Mailed check No
19 Male Yes Yes Fiber optic Yes No Yes No Yes Yes Two year No Bank transfer (autNo
20 [Female Yes No DSL No No Yes Yes No No Month-to-month No Creditcard (autor Yes

AN 3.3 N3AAEENYaYA (Data Selection)

L3

NI IBLUTuNaN SPSS ntiudwsTunisdanuasvaiaafianiunanisdnauls

AIHANBYUBIFNAT

B8 Untitied [DataSet0] - SPSS Data Editor - X
File Edit Yiew Data Transform &nalyze Graphs Ltlities Add-ons  Window  Help
CHA T 00 LBk A G4 S0H $09

12 [ [visibie: 0 of 0 Variables

e | I

Data view | Veriable view |
SPSS Processor is ready |

AWt 3.4 Tsunss SPSS
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1 [ A P2
15199 3.1 LapAaNLsEAnan1Tnnney

Coefficients”
Standardized
Unstandardized Coeflicients Coefficients

Model B Std. Error Bata i Sig.

1 (Constant 1.386 041 34.425 .00o
gender ooy .00g o7 .6ag 491
Fhoneservice -.0ay 018 -038 -3.168 00z
MultipleLines .00o 0o 014 1.341 180
InternetSerice =100 011 =107 -3.849 .00o
CnlineBackup 00z 00z 011 1.019 308
DeviceProtection .00o 0o o7 0o 484
TechSuppont om 001 015 1.360 74
Streaminghlovies .00o 0o 01E 1.47% 140
Caontract A7z n0a 325 28.054 .0on
FaperlessBilling A0z 010 14 10.390 .00o
Faymentidethod 048 004 126 10,826 .00o
Streaming TV Q0o 000 017 1.861 18

| 1 o & ! ! o Qa‘
INAITNA 3.1 UFAIANNNUSLAVISNITaRnaY Lﬁu@"lﬁ"lﬂﬁl,l,ﬂ(ﬂﬂﬂ"lﬂ&lﬁ‘i:ﬁﬁ‘ﬂﬁﬂ’ﬁ

[

AANDEABNAILUTDNTLUARL AT WANNTTH AT

Model  ENANTHANITALATIZN

B ANFHUTEANE N190A0818IFLLTBRTUA R AR NHIFTA
ANN1INEINTD B9LiTuAn Unstandardized Coefficient %Lﬂumm%ummi?ugﬁ
AL UNWALWEBAN3Y

Beta AN ST ANE N15aRnanInIiaul SR AT uARSAfi ez iN NES g
Nﬂm’iwmﬂ’iiﬁ %QﬁﬂStondordized Coefficient %Lﬁuﬂ’l’ﬂﬁﬁuﬂmm’i?ugﬂ AU
NPITFIH

t AN dR t (TuaaRTlasaUInsawlsa sy Taunsiannnsn Tanengol
fauspalanne ifunsmeseumduszavsnisonnss (B) Tnefaumfgmnisg
VAREUSIR

Hy : B; = 0 wde sausBasssind i uftnanadaudaniy (I

v ¢ o v
mm‘msfﬁwmmmmLL‘}Jim'me)
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H; : Bi # 0 daudsdaszsiad i dnanasdaulsnis (snunsaly
wensasaulsnnin)

o/ ! . a < o !
nnsagUuazsindula azissufiauan Sig. Tuwanisdinsnzniuan

FLAUNERNAYNNETF( O ReuiINuannd 0.05) AINANITIATITINLIIAT Sig.

|
=

fiausniian o avufias Hy eensy Hpuanendaudadassdan i inanada

o o

v LA v ! o a
SIETC by, (’Nqﬂq‘iﬂ?ﬁWﬂqﬂ‘iM) 9’]’3LLﬂ‘iWqN\EﬂﬂﬂqQﬁuﬁﬂqV"IQJVI'NN‘GW

Sig. arannaziulunisufiasannsigis Hg filnannnisdiuan

INVBYARID T W WWBLATNEDR t Tilameaeausawlsdaseiaunsiianssaly

v

wensisauUsens Tune sadunmessuaidndszavanisonney (B AUt

a1 o wguan Ufies Ho sansu Hy : Biz 0 uamsandaudadaszsiaf | Snanada

wsmu (Fmsaly nengod) saulsann lneanefiteddmynnea@n wie Biz 0

5.1.3.2 ¥iinnanaunsastaya (Data Cleaning) Apnnevinarinazenmaeya v

NTTLINNITATITRBUUAZNITUN (2 (WEBAL) ﬁﬁﬁﬂﬁﬁﬂwﬂﬂﬂ‘ﬁl\tﬁ\iQﬂgﬂdﬂﬂﬂrﬂﬁﬁﬂﬁﬂ"ﬂyﬂﬁjﬂ
psEnguaeys dufudnddguesgmaoya

3.1.4 §I1UULSIRDY (Modeling) UABUNNTNINRIULN N ATAFERS Uas &R
Lﬁ@m'ﬁmm:ﬁgﬂa‘j@ Tngannsn T AfAAEN19ANg 1 B A199LUN (Classification) NS
LLLINﬂ’N;N (Clustering) UWANNTASNAMNANINUS (Association rule)

@T’iLquﬁﬁy@g@ﬁLﬂiq:ﬁﬁyﬂgaﬁmﬂﬁﬁqmﬁ@wymj@u:m_l Data Classification 1l
yinsuulusnisfndnresiadefiaunsnrinig laandiuangnaifisnianuanis a9n

WAANI3IIUUNUSLANTBYA AI8N13HI19IHIAR Decision Tree LRI ANgHY DY AT

prnaNWsTn Tnalylusunsanleyinmileseyamsygaueyaiidaden
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PhoneSe InternetServic Contract Paperless PaymentMethod Churn
No DsL Month-to-month Yes Electronic check No
Yes DsL One year No Mailed check Mo
Yes DSL Month-to-month Yes Mailed check Yes
No DSL One year No Bank transfer {automatic) No
Yes Fiber optic Month-to-month Yes Electronic check Yes
Yes Fiber optic Month-to-month Yes Electronic check Yes
Yes Fiber optic Month-to-month Yes Credit card (automatic) MNo
No DsL Month-to-month No Mailed check Mo
Yes Fiber optic Month-to-month Yes Electronic check Yes
Yes DSL One year No Bank transfer (automatic) No
Yes DSL Month-to-month Yes Mailed check No
Yes No Two year No Credit card (automatic) Mo
Yes Fiber optic One year No Credit card (automatic) No
Yes Fiber optic Month-to-month Yes Bank transfer (automatic) Yes
Yes Fiber optic Month-to-month Yes Electronic check No
Yes Fiber optic Two year No Credit card (automatic) MNo
Yes No One year No Mailed check MNo
Yes Fiber optic Two year No Bank transfer (automatic) MNo
'

a ¥ dl o/ A o a ¢ ¥
NNT 3.5 YALBYRTIAALRBNNIYINNITIATIENYDYA
91n5UNNT 3.5 dsznauaig 6 weanaton A
~ PhoneService WaAIAITATAITUBNITINIANT Usznaumay 2 A1 AB yes
“Toﬁ” No “TNT%”
~ InternetService uaAIFTAIaUEN19BMINETIR Usznauny 3 Afe No”
Ty DSLanalnsdmn” Fiber optic’ane tiuasaan@n”
- Contract UWEANLTLIOVINYEYT Usenaunlg 3 A1 Aa Month—to—Month”LAaw
AaFaW” One Year”1d” Two Year”2{”
oy ¥ = = @ a ¥ ¥
- PaperlessBilling uamsgnandann1sBeniiuRuuuulsnszane Usenauniy
2 a1 Fa yes “To” No “Tule”
-PaymentMethod uaig7gnang1szda Usenauluaay 4 A1 A Bank
Withdrawal’3uan’ Credit Card "17m51A5AR” Electronic check”1a14i31” Mailed Check”
d ”
A
- Chumn wamsnsfinAulaAuAsagyIIgnAnfluinisne Usznaunds 2

a1 7o yes “Tma” No “Iulxma”

¥ [ [% an <A o o % o
ﬂqﬁﬂiqﬂTNLﬂﬂ Decision tree 9:VMN19AAABNLEAVIHAIRNHANHNANAUT TUANTS

MnfigeRusIulnauLgaEeg Tree (root node) nasanniufiazniusanaion dalEes q
Wn1srmHANNuRrasLesnataniiazlasiadn A3anan Information Gain (IG) ANFIATWID

2

v o 2
Tnananni9eil
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15199 3.2 ANNITNITNIANNANNRTUBILEANS TR

ANTATUI AN
Entropy entropy(c1) = -plc) log plcl) Az plc2) Ao Arrrmsesiduems o1
IG (parent, childy = entropy(parent) — [plcT) x entropy(cl) + ple2) x
Information Gain
entropyl(c2) + .|

mafsamuRazLeavatonisuiunaaionsuanatoniisian 16 sn figaun
(1334 root 2849 Decision fiudananyainalns lsnadwaidulsneuas inlime fil

1. AIUI0HAT IG BB9UEANETIaR PhoneService 9INTBYARINITARIUIAT IG (R

il

—o(Tem®)*log, p(lame) + p(Glems)*log, p(lnlzme)
-[0.27 * log, (0.27) + 0.74 * log, (0.74)]
-[0.27 * - 1.89 + 0.74 * - 0.43]
=0.83

entropy(churn)

entropy(phone = yes) —p(T%Gifﬂ)*Iogg p(ef%(ﬁi'ﬂ) + p(fﬂ%&ifﬂ)*logg p(fﬁ?%@%ﬂ)

-[0.27 * log, (0.27) + 0.73 * log, (0.73)]
-[0.27 * = 1.89 + 0.73 * — 0.45]
= 0.84

—p(T%G;fﬂ)*Iogz p(%’lﬁifﬂ) + p(\fa\;bf%(ﬁ‘;ﬂ)*logg p(TNIT%G}E)
_0.25 * log, (0.25) + 0.75 * log, (0.75)]

-[0.25* -2 +0.75 * - 0.42]

=0.82

entropy(phone = no)

IG(churn , phone) = entropy(churn) — [p(phone = yes) * entropy(phone =

yes) + p(phone = no) * entropy(phone = no)]
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=0.83 - [0.89 * 0.84 + 0.1 *0.82]
=0.83 - [0.75 + 0.08]
=0.83-0.83

=0

ATWITNAT 1G 2B9UAN3T9s InternetService AINTBYATINITARIWIAT G (9

PN

entropy(churn) = —p(T‘z?&i@)*logz p(sf‘?}/@;'ﬂ) + p(fﬁ?%&;@)*logg p(ﬁfﬁﬁ%@%@)
= -[0.27 * log, (0.27) + 0.74 * log, (0.74)]
= -[0.27 * - 1.89 + 0.74 * - 0.43]
=0.83

entropy(intemet = DSL) = —p(af%ﬁi@)*logz p(sf%(%i@) + p(fsiﬁf”gﬁiﬂ)*logz p(ﬁfﬁff%@iﬂ)
= -[0.19 * log, (0.19) + 0.81 * log, (0.81)]
= -[0.19 * - 2.39 + 0.81 * - 0.3]
=0.7

entropy(internet = fiber) = —p(sf%&;@)*logz p(sf"l?&;@) + p(fﬁ?%@iﬂ)*logz p(fs\llef{fjﬁiﬂ)
= -[0.42 * log, (0.42) + 0.58 * log, (0.58)]
=-[0.42 * - 1.25 + 0.58 * - 0.79]
=0.98

entropy(internet = no) = —p(sf%&;@)*logz p(sf"l?&;@) + p(fﬁ?%@iﬂ)*logz p(fs\llef{fjﬁiﬂ)

= -[0.07 * log, (0.07) + 0.93 * log, (0.93)]
= -[0.07 * - 3.84 + 0.93 * - 0.12]
=0.38
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IG(churn , internet) = entropy(churn) — [p(internet = DSL) * entropy (
internet =DSL) + p(internet = fiber) * entropy(internet = fiber) + p(internet = no) *
entropy(internet =no)]
=0.83 - [0.34 * 0.7 + 0.44 *0.98+0.22*0.38]
=0.83-0.75
=0.08

3. A1u904An IG BasuaAvETan Contract mﬂﬁymj@mmﬁaﬁqmmm G Tagistl
entropy(churn) = —p(af%ﬁi@)*logz p(T“gGiﬂ) + p(\faff%(%i@)*logz p(faff%@%@)
= -[0.27 * log, (0.27) + 0.74 * log, (0.74)]
=-[0.27 * - 1.89 + 0.74 * - 0.43]
=0.83

entropy(contract = month-to-month) = —p(sf‘?}/@;'ﬂ)*logz p(%ﬁ}@) + p(fﬁ?%&;@)*logz
o(luTama)
= -[0.43 * log, (0.43) + 0.57 * log, (0.57)]
= -[0.43 * - 1.222 + 0.57 * - 0.81]
=0.98

entropy(contract = one year) = —p(sf"gﬁiﬂ)*logz p(%@%ﬂ) + p(fﬁ?%@iﬂ)*logz p(fﬁ?%

79)

-[0.11 * logy (0.11) + 1 * log, (1)]
-[0.11* =318 + 1 * = Q]

=0
entropy(contract = two year) = —p(Gfﬁyﬁiﬂ)*logQ p(sf‘?;(;%ﬂ) + p(fﬁf%@%ﬂ)*IOQQ p(fﬁﬁ‘ﬁy
na)
= -[0.03 * log, (0.03) + 1 * log, (1)]
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=-[0.03 * - 5.1+ 1* - O]
=0

IG(churn , contract) = entropy(contract) — [p(contract = month-to-month) *
entropy (contract = month-to-month) + p(contract = one year) * entropy(contract = one year)
+ p(contract = two year) * entropy(contract = two year)]

=0.83 - [0.55 * 0.98 + 0.21 *0 + 0.24 * 0]
=0.83-0.55
=0.28

o ! Aa L4 . v o I 'Y
4. AUIAT IG IBILBANITLIA PoperlessBHlmgmﬂﬂmjﬂmmmmmmm |GT@I

i

entropy(churn) = —p(af%ﬁi@)*logz p(T“gGiﬂ) + p(\faff%(%i@)*logz p(faff%@%@)
= -[0.27 * log, (0.27) + 0.74 * log, (0.74)]
= -[0.27 * - 1.89 + 0.74 * - 0.43]
=0.83

entropy(paperbill = yes) = —p(sf%&;@)*logz p(sf"gﬁiﬂ) + p(f:kllsf%(f;@)*logz p(fﬁ?%@%@)
= -[0.34 * log, (0.34) + 0.66 * log, (0.66)]
=-[0.34 * - 1.56 + 0.66 * - 0.6]
=0.93

entropy(paperbill = no) = —p(sf%ﬁi@)*logg p(sf"gﬁ;'ﬂ) + p(fﬁ?%@iﬂ)*logg p(fﬁ?‘gﬁ;@)

= -[0.16 * log, (0.16) + 0.84 * log, (0.84)]
=-[0.16 * - 2.64 + 0.84 * - 0.25]
= 0.63
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IG(churn , paperbill) = entropy(churn) — [p(paperbill =yes) * entropy(paperbill
=yes) + p(paperbill = no) * entropy(paperbill = no)]
=0.83 - [0.59 * 0.93 + 0.41 *0.63]
=0.83 - 0.81
=0.02

5. AWIneA 1G 989uenv3dan PaymentMethoda1Nasaa IN190AIuItAN G [0

Fa

entropy(churn) = —p(af%ﬁi@)*logz p(T“gGiﬂ) + p(\faff%(%i@)*logz p(faff%@%@)
= -[0.27 * logy (0.27) + 0.74 * log, (0.74)]
= -[0.27 * - 1.89 + 0.74 * - 0.43]
=0.83

entropy(payment =bank) = —p(sf‘?}/@;'ﬂ)*logz p(sf‘?}/@;'ﬂ) + p(fﬁ?%&;@)*logg p(ﬁfﬁﬁ%@%ﬂ)

= -[0.17 * log, (0.17) + 0.83 * log, (0.83)]
=-[0.17 * - 256 + 0.83 * - 0.27]
= 0.66

entropy(payment =credit card) = —p(T%G;fﬂ)*logg p(bf?;(i}ﬂ) + p(fﬂ%&ifﬂ)*logg p(faicf%

)

= -[0.15 * log, (0.15) + 0.85 * log, (0.85)]
= -[0.15 * - 2.74 + 0.85 * - 0.23]
= 0.61
entropy(payment =electronic check) = —p(sf"gﬁ;ﬂ)*logg p({fﬁ;ﬁ%@) + p(fﬁ?%@iﬂ)*logz p(
Tlame)

= -[0.45 * log, (0.45) + 0.55 * log, (0.55)]
= _[0.45 * — 1.15 + 0.55 * - 0.86]
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entropy(payment =mailed check) —p(Tgﬁiﬂ)*logz p(ef‘&’@%ﬂ) + p(faisf%&;ﬂ)*logz p(

Taloma)
_[0.19 * log, (0.19) + 0.81 * log, (0.81)]
_[0.19 * = 2.39 + 0.81 * — 0.3]

=0.7

IG(churn & payment) = entropy(payment) — [p(payment = bank) *
entropy (payment = bank) + p(payment = credit card) * entropy(payment = credit card) +
p(payment = electronic check) * entropy(payment = electronic check) + p(payment = mailed
check) * entropy(payment = mailed check)]
=0.83 - [0.23 * 0.66 + 0.22 *0.61 + 0.34 * 1 +
0.23 * 0.7]
=0.83-0.79
= 0.04
INNTAHIAN IG ﬂ@mﬂl,l,ﬂmw’%ﬁqﬁwuﬁwéw G ¥asuBAYi3ian Contract(sLnm
Neyay) :ﬁéflmﬂﬁqm (0.28) FariAaAnnuenyatas Contract Brm1uTulymun Root uas
arapavinnsuAnfisann Ty root ﬂfﬂﬂfﬁ@u{mj@i‘uw}m‘[ﬂuﬂ APaFAIMaUEEIIW A9
nasss e lussAudalUasuaayadan Contract
NNIATHIIATUARZLEAVE DA LT 2 ﬁ’uﬁmqu{ﬂaﬂ@ﬁgwumim% nadnEIn
Churn (N3smanlamuAseLrasgnAfilaL3nisme)
1. AanuAn IG apeuamyaTian Contract LAE PhoneService @Wﬂ"ﬂymjﬂﬂﬂiﬂﬂﬁﬂ
Aruatemn 1G Tadadl
entropy(contract = month-to-month) = —p(%ﬁiﬂ)*logz p(éf%ﬁﬂ) + p(faisf%@%ﬂ)*logg
o(lulama)
= -[0.43 * log, (0.43) + 0.57 * log, (0.57)]
= -[0.43 * - 1.22 + 0.57 * - 0.81]
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=1

entropy(phone = yes) = —p(sf{i/&f;ﬂ)*lo% p(Tgﬁiﬂ) + p(faisf%&;ﬂ)*logg p(fﬁ?%ﬁ%ﬂ)
= -[0.43 * log, (0.43) + 0.57* log, (0.57)]
= -[0.43 * - 1.23 + 0.57 * - 0.81]
=1

entropy(phone = no) = —p(af%ﬁi@)*logz p(T“gGiﬂ) + p(\faff%(%i@)*logz p(faff%@%@)
= -[0.41 * log, (0.41) + 0.6 * log, (0.6)]
=-[0.41* -1.29 + 0.6 * - 0.74]
=1

IG(contract & phone) = entropy(contract & phone)-[p(phone= yes) *entropy
(phone =yes) + p(phone = no) * entropy(phone = no)]
=1-[1%1+0.1%]
=1-1
=0
2. ﬁwmmﬂlﬁ IG ﬂ@\iLLﬂG]‘Vl%ﬁfJ(g Contract L&y InternetService @’“lﬂ"llyﬂ}luﬂﬂ’m’ﬁﬂ

ANUIIAT IG (RAT

entropy(contract = month-to-month) = —p(sf"l?&;@)*logz p(%@%ﬂ) + p(fﬁ?%@iﬂ)*logg
o(lulama)
= -[0.43 * log, (0.43) + 0.57 * log, (0.57)]
= -[0.43 * - 1.22 + 0.57 * - 0.81]
=1

entropy(internet = DSL) = —p(sf%ﬁﬂ)*logz p(sf%(f;@) + p(fﬁi?%ﬁiﬂ)*logz p(ﬁfﬂ%@%ﬂ)
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= _[0.32 * logy (0.32) + 0.68 * log, (0.68)]
= _[0.32 * - 1.64 + 0.68 * - 0.56]
-1

—o(Tem®)*log, p(lame) + p(lulEne)*log, p(lnlzme)
-[0.55 * log, (0.55) + 0.45 * log, (0.45)]
_[0.55 * - 0.86 + 0.45 * - 1.15]

entropy(internet = fiber)

=1
entropy(internet = no) = —p(af%ﬁi@)*logz p(sf%(%i@) + p(fsiﬁf”gﬁiﬂ)*logz p(ﬁfﬁff%@iﬂ)
= -[0.19 * log, (0.19) + 0.81 * log, (0.81)]
= -[0.19 * - 2.39 + 0.81 * - 0.3]
=0

|G(contract & internet) = entropy(contract & internet) — [p(internet = DSL) *
entropy ( internet =DSL) + p(internet = fiber) * entropy(internet = fiber) + p(internet = no) *
entropy(internet =no)]
=1-[0.32*1+0.55*1+0.14 * 0.7]
=1-0.96
=0.03

o ! o a s . . ¥
3. ATUITUAN |G 2BNLBANIUIR Contract LAy PaperlessBilling IINVDYANTNIGD

ANUIAT IG (RAT

entropy(contract = month-to-month) = —p(%ﬁiﬂ)*logz p(éf%ﬁﬂ) + p(faisf%@%ﬂ)*logg
o(lulama)
= -[0.43 * log, (0.43) + 0.57 * log, (0.57)]
= -[0.43 * - 1.22 + 0.57 * - 0.81]
=1
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entropy(paperbill = yes) = —p(Gf%Gi@)*logg p(sf%@i@) + p(TziT%@i@)*logz p(fﬁ?%@%@)
= -[0.48 * log, (0.48) + 0.52 * log, (0.52)]
=-[048 * -1+ 0.52 * - 1]
=1

_o(Tem®)*log, p(lame) + p(Glame)*log, p(lnlzme)
~[0.32 * log, (0.32) + 0.69 * log, (0.69)]
_[0.32 % — 1.64 + 0.69 * - 0.54]

entropy(paperbill = no)

=1

IG(contract & paperbill) = entropy(contract & paperbill) — [p(paperbill = yes) *
entropy(paperbill =yes) + p(paperbill = no) * entropy(paperbill = no)]
=1-10.67*1+0.33 * 1]
=1-1
=0

4. Auauan 1G reiaav3dan Contract uaz PaymentMethod 91NBHANIHITY

ANUIAN |G (PRl

entropy(contract = month-to-month) = —p(T%Gifﬂ)*Iogz p(T‘g@i’ﬂ) + p(fsiefﬂﬁyﬁiﬂ)*logg

o(luTama)
= -[0.43 * log, (0.43) + 0.57 * log, (0.57)]
=-[0.43 * - 1.22 + 0.57 * - 0.81]
=1
entropy(payment =bank) = —p(sf"gﬁ;ﬂ)*logz p(sf"gﬁ;'ﬂ) + p(fﬁ?%@iﬂ)*logg p(fﬁ?‘gﬁ;ﬂ)

= -[0.34 * log, (0.34) + 0.66 * log, (0.66)]
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= -[0.34 * - 1.56 + 0.66 * - 0.6]
= 1

entropy(payment =credit card) = —p(Gf%Gi@)*logg p(T%G%@) + p(TziT%@i@)*logg p(fsff%

79)

= -[0.33 * log, (0.33) + 0.67 * log, (0.67)]
= -[0.33 * - 1.6 + 0.67 * - 0.58]
=1
entropy(payment =electronic check) = —p(T“gGiﬂ)*logz p(sf?;(i%frﬂ) + p(\faff%(%i@)*logz p(
Tuloma)
= -[0.54 * log, (0.54) + 0.46 * log, (0.46)]
= -[0.54 * - 0.8 + 0.46 * - 1.12]
=1
entropy(payment =mailed check) = —p(T%G;fﬂ)*logg p(bf?;(i}ﬂ) + p(fsiefﬂﬁyﬁiﬂ)*logz p(
TuToma)

1032 * log, (0.32) + 0.68 * log, (0.68)]
-[0.32 * - 1.46 + 0.68 * - 0.56]

=1

IG(contract & payment) entropy(contract & payment) — [p(payment =
bank) * entropy (payment = bank) + p(payment = credit card) * entropy(payment = credit
card) + p(payment = electronic check) * entropy(payment = electronic check) + p(payment =
mailed check) * entropy(payment = mailed check)]

-[0.15*1+0.14 *1+0.48 * 1+ 0.23 * 1]

=1-1
=0



58

AINNTAIUINAT 1G ﬂﬂmmmmw%ﬁqﬁwudm‘ﬂ IG ¥esuaAi3ian IntemnetService
(aiATUANaRmn SR Samaniiga (0.08) Aviudadanuanaton IntemetService AN
iulna Root uazazaawinnsuanfivann Tnua root asnlauaeyaluunasivia faaia
FmpuiReaiu Awiniasssmeiussdudalvesuanviten IntemetService

AMTAUIMALARE LA TN (HaEAUT 3 dudiuauaeyavionualaels nadnsiu
Churn (Masmanlanuasagasgnanfilauaniane)

1. ANHIWAN IG 289ue@yiadam Contract kA% InternetService A% PhoneService

AINVBYAFTHITARIUIUAT IG [AFil

entropy(contract & internet = DSL) = —p(T‘z?&i@)*logZ p(%ﬁ}@) + p(fﬁ?%@iﬂ)*logz p(
Tulome)

-[0.32 * log, (0.32) + 0.68 * log, (0.68)]
-[0.32 * — 1.64 + 0.68 * - 0.56]
=1

—o(Tam®)*log, p(lame) + p(Glems)*log, p(lnlzme)
-[0.29 * log, (0.29) + 0.72* log, (0.72)]
(029 * - 1.79 + 0.72 * - 0.47]

entropy(phone = yes)

=09

—o(Tam9)*log, p(lame) + p(tulamm)*log, p(lnTme)
~[0.41 * og, (0.41) + 0.59 * log, (0.59)]

_[0.41 * ~1.29 + 0.59 * - 0.76]

1

entropy(phone = no)

IG(contract & internet & phone) = entropy(contract & internet & phone)-
[p(phone=yes)*entropy (phone =yes) + p(phone = no) * entropy(phone = no)]
=1-10.7*0.9 + 0.3 *1]
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=1-0.9
=0.08

o ! o a i . o
2. ATUIUAN |G 2BNLBANIUIR Contract Las InternetService wae PaperlessBilling

IINVBYANIHITAAINIUAT |G [AASH

entropy(contract & internet = DSL) = —p(T‘z?&i@)*logZ p(%ﬁ}@) + p(fﬁ?%@iﬂ)*logz p(
Tulane)
= -[0.32 * log, (0.32) + 0.68 * log, (0.68)]
= -[0.32 * - 1.64 + 0.68 * - 0.56]
=1

entropy(paperbill = yes) —p(af%ﬁi@)*logz p(T“gGiﬂ) + p(\faff%(%i@)*logz p(faff%@%@)

-[0.34 * log, (0.34) + 0.65 * log, (0.65)]

-[0.34 * - 1.56 + 0.65 * - 0.62]
=1

entropy(paperbill = no) = —p(sf%&;@)*logz p(sf"gﬁiﬂ) + p(f:kllsf%(f;@)*logz p(fﬁ?%@%@)
= -[0.29 * log, (0.29) + 0.71 * log, (0.71)]
=-[0.29 * - 1.79 + 0.71 * - 0.49]
=1

IG(contract & internet & paperhbill) = entropy(contract & internet &
paperbill) — [p(paperbill = yes) * entropy(paperbill =yes) + p(paperbill = no) *
entropy(paperbill = no)]

=1-[06*1+04*1]
=1-1
=0
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o ! aa < .
3. ANUIUAN IG 2ENLBFNSLIR Contract AL InternetService WAz PaymentMethod

AINVBYANIHITAANIUAT |G [AASH

entropy(contract & internet = DSL) = —p(Gf%Gi@)*logz p(T%G%@) + p(fﬂ?%@i@)*logz p(

Tulawia)
= -[0.32 * log, (0.32) + 0.68 * log, (0.68)]
= -[0.32 * - 1.64 + 0.68 * - 0.56]
=1
entropy(payment =bank) = —p(sf‘?}/@;'ﬂ)*logz p(sf‘?}/@;'ﬂ) + p(fﬁ?%&;@)*logg p(ﬁfﬁﬁ%@%ﬂ)

= —[0.2 * log, (0.2) + 0.8 * log, (0.8)]
= _[0.2% - 2.32 + 0.8 * - 0.32]
=1

entropy(payment =credit card) = —p(af%ﬁi@)*logz p(sf?;(i%frﬂ) + p(\faff%(%i@)*logz p(faicf%

)

= -[0.27 * log, (0.27) + 0.73 * log, (0.73)]
= -[0.27 * - 1.89 + 0.73 * - 0.45]
=1
entropy(payment =electronic check) = —p(sf"gﬁiﬂ)*logg p(ﬁf"g@}'ﬂ) + p(f:kllsf%(f;@)*logz p(
Tulane)
= -[0.4 * log, (0.4) + 0.59 * log, (0.59)]
=-[0.4* - 1.32 + 0.59 * - 0.76]
=1
entropy(payment =mailed check) = —p(sf%ﬁﬂ)*logg p(sf‘?;(;%ﬂ) + p(fﬁﬁ%ﬁiﬂ)*logz p(
Tulane)

= -[0.31 * log, (0.31) + 0.69 * log, (0.69)]
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-[0.31 * - 1.69 + 0.69 * - 0.54]
=1
IG(contract & internet & payment) = entropy(contract & internet & payment) —
[p(payment = bank) * entropy (payment = bank) + p(payment = credit card) *
entropy(payment = credit card) + p(payment = electronic check) * entropy(payment =
electronic check) + p(payment = mailed check) * entropy(payment = mailed check)]

-[0.16 *1+0.15 %1+ 0.45 * 1 + 0.3 * 1]

=11
=0
INNTAIHIAN IG mmmmmw‘%ﬁqﬁwuéwéq IG ¥93uBAYI3TaN PhoneService
(qsiAsLAnnsnadn) fAnmnndiqn (0.08) Ashdudenuanvatan PhoneService nniiiu
Ty Root wazazaawinisuanivann ua root sanlUauseyaluunazlmn Saaa
Fapauiieaiii 3sinniassnsuntussdudnlionsuanyatan PhoneService
MafTUIAUARLEAYEATaR MaTALT 4 fudinannayavimanlaely nadnsuiu
Churn (miéfmﬁu%mmma@éﬁmgﬂﬁ:ﬁcﬁ“gﬁmié@)
1. AuIeuAn IG 289ueAYEEaA Contract WA InternetService WAz PhoneService
uaz PaymentMethod aNYByasINIanAHanAn IG Tasail
entropy(contract & Internet &pohone = no) = —p(%@%ﬂ)*logz p(%@%ﬂ) + p(fsff%@iﬂ)*
log, p(fsicf%@iﬂ)
_[0.41 * log, (0.41) + 0.59 * log, (0.59)]
-[0.41 * - 1.29 + 0.59 * - 0.76]

=1

entropy(payment =bank) —p(sf"gﬁ;ﬂ)*logz p(sf"gﬁ;'ﬂ) + p(fﬁ?%@iﬂ)*logg p(fﬁ?‘gﬁ;ﬂ)

-[0.33 * log, (0.33) + 0.67 * log, (0.67)]

-[0.33 * - 1.6 + 0.67 * - 0.57]

=1
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entropy(payment =credit card) = —p(sf{i/&f;ﬂ)*lo% p(%@%ﬂ) + p(faisf%&;ﬂ)*logz p(fa\llef%

A1)
= -[0.31 * log, (0.31) + 0.68 * log, (0.68)]
= -[0.31* - 1.69 + 0.68 * - 0.56]
=1
entropy(payment =electronic check) = —p(sf%@i@)*logz p(T%G%@) + p(TziT%@i@)*logz p(
Tuloma)
= -[0.5 * log, (0.B) + 0.5 * log, (0.5)]
=-[05*-1+05*-1]
=1
Entropy (payment =mailed check) = —p(af%ﬁi@)*logz p(sf?;(i%frﬂ) + p(fsiﬁf”gﬁiﬂ)*logz p(
TuToma)

-[0.34 * log, (0.34) + 0.66 * log, (0.66)]
-[0.34 * - 1.56 + 0.66 * - 0.6]
=1

IG (contract & internet &phone & payment) = entropy (contract & internet &phone &
payment) — [p (payment = bank) * entropy (payment = bank) + p(payment = credit card) *
entropy(payment = credit card) + p(payment = electronic check) * entropy(payment = electronic
check) + p(payment = mailed check) * entropy(payment = mailed check)]
=-[014 %1+ 0.15 *1 + 0.47 * 1+ 0.24 * 1]
=1-0.9
= 0.01

2. AIWINAN IG 2B9uBAYIB09R Contract waE InternetService WAz PhoneService
WAy PaperlessBilling ’Vﬁﬂ‘ﬁyﬂﬁ@ﬂ’m’ﬁﬂﬁ’]mmﬁﬁ IG T@T@'ﬁ‘j
Entropy (contract & Internet &phone = no) = —p(T{flﬁ%ﬂ)*logz p(ef{flﬁ%ﬂ) + p(fﬁi?%@%ﬂ)*
log, p(TJ:IT%G;ﬂ)
= -[0.41 * log, (0.41) + 0.59 * log, (0.59)]
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-[0.41* - 1.29 + 0.59 * - 0.76]

=1

—o(Tam®)*log, p(lame) + p(Glene)*log, p(lnlzme)
-[0.44 * log, (0.44) + 0.56 * log, (0.56)]

-[0.44 * - 1.18 + 0.56 * — 0.84]

=1

entropy(paperbill = yes)

—o(Tam®)*log, p(lame) + p(Glems)*log, p(lnlzme)
_[0.34 * log, (0.34) + 0.66 * log, (0.6)]

_[0.34 * — 1.56 + 0.66 * - 0.6]

1

entropy(paperbill = no)

IG(contract & internet &phone & paperbill) = entropy(contract & internet
&phone & paperbill) — [p(paperbill =yes)* entropy(paperbill =yes) + p(paperbill = no) *
entropy(paperbill = no)]

=1-106*1+0.36 * 1]
=1-1
=0

IINNTAIHINAT |G 289uann3Da6 ContractUssunvaeyayn) uae InternetService(
UBNNTRITATBILABIINGA) WAy PhoneService(UBN19aASIYI9A W) way PaymentMethod(33
F19219U) LAY PaperlessBilling(miL%ﬁﬂLﬁm’ﬁmmuf‘;ﬂimw) :ﬁmmﬂﬁ'qm (0.07) ﬁﬂﬁuﬁa
@onuesviatas PaymentMethod 23siiulimuatuazdufl 4 apannliunsiui 3 uay Tiwn
qmvﬁyﬂﬂﬁmmmw%ﬁwﬁ PaperlessBilling vianisuanfisarntiuntuszsud 3 eanly wm'”ﬂjymj@
Tuunalmnfinaiadpeuideaduuas Ao wadwsidu Chum (nasinAnlanaunsegues

gnAntunslzuinisng)
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Contract

Month te-Tonth

InternetService

L
Fibenoptic

PhoneService

k PaymentMethod
Bapk
PaymentMethod No
Electrpnic
No
Bahk Mixiled
Electronic PaperlessBilling
No

No

Yes

Cradit No No
Yes
PaperlessBilling
YES N No
Yes No
Yes Mo

A 3.6 qUuunliea Decision Tree a1nn13ATWAND

3.1.5 NMaUszifiuna (Evaluation) Winumeunewinnasned naindunewi 4 T T
NG @Tfmmiﬁfmmzﬁm%wmmwaﬁwﬁﬁf&?ﬁ’ué’mqﬂﬁmﬁﬁé}gﬁf;sfuﬁgumﬂuLnﬂfiwﬁﬁfm’ﬂﬁfy
niaannuundadeuinuaniiedds aasnisUszdunasnnlusunanagnaedalusy
Aiasren laviniamaaesiuiag Wi adaUssansani nseiuaaunesnts deni9dn
UseAnsnnmagia Self-Consistency Test Nz dnsu T NN AR LT L AN Lﬁ"'fﬂ@
uualinmaslinafiasnsdn uasfloinneyasmagay (Testing data) fulUsunasdisiiaenz
Lz‘ﬁﬂﬂmwmﬂﬂuﬁ’wymd@ﬁmumﬁm’m:ﬁﬂy@gm}ﬂmmﬁm Data Mining 9111198319 MA8
Decision Tree Asti19ayafanana umaaauiullsunss Repoid Miner 9.0 wazlisunsn

Weka 3.9.6 Tagai



1. Tdsungu RapidMiner Studio 9.0

Contraci

Month-to- month

Twvo yasr
InternetService
Oneyes
Mo
i Mo
PhoneService Fiber optic Mo
Mo Yes
No
Mo
PaymentMethoco —m PaymentMethoco —
o
Bank transfer (zutomatic Bank tranzfer (autonatic) Mzled check
- Credit cand [automatic)
Okt ot Electronic check R Blectronic check
redit card (swtomatic) Maided check
No
PaperlessBillin —
Mo PaperlessBillin
No
No Yz Mo ez
- Yes Mo Yes
I

AN 3.7 qu wuuluiam Decision Tree Tlusungu RapidMiner

Tree

Contract = Month-to-month

InternetService = D5SL

PhoneService = HNo

PaymentMethod = Bank transfer (automatic): No {No=35, Yes=1T}
PayvmentMethod = Credit card (automactic): No {No=3%, Yes=18}
PaymentMethod = Electronic check

| PaperlessBilling = No: No {Ho=282, Yes=18}

| PaperlessBilling = Yes: Yes {No=€0, Yes=&9}

PaymentMethod = Mailed check: HNo {No=61, Yes=31}

PhoneService = Yes: No {No=606, Yes=241l}

InternetService = Fiber optic

1 PaymentMethod = Bank transfer (automatic): Mo {No=178, Yesz=149}

1 PaymentMethod Credit card (automatic): Mo {No=171, Yes=1l22}

1 PaymentMethod = Electronic check
I
I
I

1 PaperlessBilling = No: No {No=125, Yes=122}
1 PaperlessBilling = Yes: Yes {No=39%3, Yes=€€7}
PaymentMethod = Mailed check: ¥Yes {No=859, Yes=102}
InternetService = HNo: No {Ho=425, Yes=5S}
Contract = Cme year: No {No=1307, Yes=l&c}
Contract = Two year: Mo {No=1647, Yes=48}

AN 3.8 ATUSTYLRNE LI Decision Tree 288 RapidMiner
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2. TU5ungn Weka 3.9.6 F9HIUAaUN1TINN A5

Supendt 119alU5un9n Weka 3.9.6

& Program Visualization Tools Help Weka.. — O
Applications

Explorer

Experimenter

WEKA

IME UNIVERSITY OF

- WAIKATO
BB 5 s o ke KnowledgeFlow
NEW ZEALAND
Workbench
Waikato Environment for Knowledge Analysis
Version 396
{c) 1999 - 2022 .
The University of Waikato Simple CLI

Hamilton, New Zealand

ﬂ’l‘W‘l?ll 3.9 LLNWQﬂW‘iLﬂﬂTﬂ’iLLﬂ‘EN Weka 3.9.6

@ Weka Explorer - [} hs
Preprocess  Classify  Cluster  Associate  Select attributes  Visualize
Open file... Open URL... Open DB... Generate... Undo Edit... Save...

Filter

Choose |None Apply Stop
Current relation Selected attribute

Relation: None Attributes: None Name: None Weight: None Type: None
Instances: None Sum of weights: None Missing: None Distinct: None Unigue: None
Attributes

A None nvert Pattern
~ | Visualize All
Remove
Status
Welcome to the Weka Explorer Log Jﬁ“ x0

AN 3.10 uaAIn15tE5unTN Weka 3.9.6
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v 1
[ =

dusani 2 inmneyafiladneionl Taaidendl Application > Explorer > Open file

v v

AennavayafinaenisinnmasauaIHa W uaznaseninlUsunIHLans YuneeTeya

1
ANNATNT
@ Weka Explorer - o X
Preprocess  Classify Cluster Associate  Select attributes  Visualize
Open file... Open URL... Open DB... Generate... Undo Edit... Save...
Filter | @ Open X
Choose |None Apply Stop
Current relation | Lookln: Project v| M oA K|S
Relation: None Ipe: None
. FM- BIS Invoke options dialog E X
Instances: None |ue: None
New folder I
Attributes ooooooo
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Associate  Select attributes  Visualize

Open DB... Generate... Undo Edit... Save...
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© Weka Explorer
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Supplied test set Set...
'® Cross-validation Folds | 10

Percentage split % | 66
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23:42:00 - trees.J48

Status
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Select attributes  Visualize
Classifier output
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=== Stratified cross-validation —

=== jummary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean sgquared error
Relative absclute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===
TF Rate FP Rate
0.895 0.574
0.426 0.105

Weighted Rvg. 0.771 0.445

=== Confusion Matrix ===

a b <-- classified as
4630 544 | a = No
1072 797 | b = Yes

0.0& seconds

5427
1616

7

3

7043

-3532
-3003
-3881
-0232 %
87.3%

071 &

Precision Recall
0.812
0.594
0.754

0.895
0.428
0.771

F-Measure MCC

70

77.0552 %
22.9448 %

ROC Area PRC Area Class

0.351 0.361 0.797 0.909 No
0.497 0.361 0.797 0.533 Yes
0.757 0.361 0.797 0.80%

Log W x0

AT 3.14 UAPIIWISBNARNTYBI HIAAN1TTANgHYBEALUL Decision Tree: J48

FINNAFINTNITNARDINUIUNATRA Decision Tree: J48 TiﬂN@ﬁWﬁﬂq’ﬁ’ﬁqLLuﬂﬂ’JqNﬂﬂ

BYYBIGNAT Yes LA No HAugnansils 77.0552%
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Clasgifier model (full training set) ===

Contract = Twoyear: No (16%5.0/48.0)

Contract

Oneyear: No (1473.0/166.0)

Contract = Month-to-month

InternetService = DSL: No {1223.0/394.0)
InternetService = No: No (524.0/95.0)
InternetService = Fiberoptic

PaymentMethod = Banktransfer{automatic): No (327.0/145.0)
PaymentMethod = Mailedcheck

| PaperlessBilling = Yea: Yes (143.0/67.0)

| PaperlessBilling = No: No {58.0/26.0)

PaymentMethod = Creditcard(automatic): No (293.0/122.0)
PaymentMethod = Electroniccheck: Yesa ({1307.0/518.0)

1 o 7 v (% o 1 A
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| I

Mo (147301 EE-D)‘ InternetService

=D5L = Mo = Fiberoptic
Mo (1 223.01394.0)‘ No (524.0@9_0)‘ Paymentvethod
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No (327 0/149.0) Paperiessailling No (203,011 22.0) ¥es (1307.0518.0)
=es =Mo
Py ~

Yes (143.0/67.0) Mo (28.0/26.0)

AT 3.16 uansgLuLLTaAa Graph Decision Tree Tuliisunas Weka 3.9.6

NAIIINKAATIEADANITNAFBUUTTRNEATNYDY Model A98A% Self Consistency
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3.2 LLN%ﬂﬁWﬂimLﬂ;@ﬂa Data Flow Diagram
LAUATWNTEUATBYA (DFD) 8841910 Data Flow Diagram iuipdasieidelasasns
flrussnsnmsanasszuulnsuaasiuaennfsieessTLLMEe INaLA(process) 21y
UWMRITIAAYDIIBNA N1TINATBTDYA UATENNIDYA N19AUTDYALAZNITUITEHIANA
1aya lngazgasuansununn anrayanieiniy ezl iureyalaiig feclade
TULLDHATENINNIBENITUHUN TN TEUEIBHAVTD WHUNTHUARIATHLAR DL YD
Vo3A
Foydnuoifilaluniafeuunsnmnssusaoyasin Uaznaunty 4 dydnuol Aa nns
U92HNIANA (Process) LguWﬂﬂﬂ’I‘iTMﬂ?l@dﬂyﬂﬁ@ (Data Flows) &?f'Jme?ij@ (External Agents)
uazwasdAfuIaYA (Data Store) TnelnfnnsAnunAnammimuAgnisaganeuun unfi
upsgIul 2 naw Toun gadyAnuomnaTg iR lag Gone and Sarson (1979) uazyA
Feydnuoiu1nsgIni Wannlag DeMarco and Yourdon (DeMarco, 1979; Yourdon and
Constantine, 1979) Tnefdyanen: fam19nsit 3.2

M151991 3.2 AeyANuY o NN @NuNLNTS (e IDITeYa

DeMarco & Yourdon Gane & Sarson ALY

»
Process : 4uUAduUMTIINIU

EI: Data Store : unaifoyanmige

PR 3 3
whuldiaateyauazgudoya

(File or Database)

External Agent : iaduwie

v - - .
AR NUMNANT=NUAD

Jzul

E—  —— Data Flow : idun1amsnaves
doya uamINimIvaItayaIn

z - &y o~ -
FduapuMsInunielddaen

» .
o -
VUADUH U

7N : https://sites.google.com/site/krittiyaporn8345/4-2-dfd (2551)
3.2.1 WWRAIWLEUY Context Diagram
LAWATWUEUN (Context Diagram) FLURANNIN AL TINTEULIBINITWAUITZUULZN S

TANTFIHYBYAAINASBLUBIPNAT AINTNT 3.9
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NINT 3.18 UNUATNNTLUALRYATLALT O (Data Flow Diagram Level 0)

INANA 3.18 URASUNUNINNTEURYBYATEAUT O (Data Flow Diagram Level O)
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