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7) Dr. Theophile Bindeoue Nasse “The Concept of Consumer Behavior: Definitions in a
Contemporary Marketing Perspective.” 2021. International Journal of Management &
Entrepreneurship Research; Vol. 3 No. 8 (2021); 303-307.
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RAMG AFL Sty PAY F AATkn FrhIo
2. A& o (Crime Prevention)

W Azba AZEe BMAe HY¥L mgoR AATE 3 oA
22 W3 ool BT Yok WA AR, AL A=, 9H S

8) Stephanie Kanowitz, “Social Security to step up fraud detection with predictive analytics”
2014. https://gen.com/data-analytics/2014/04/social-security-to-step-up-fraud-detection-
with-predictive-analytics/297150/

9) 7Z1xJo}j, “O]=+ Center for Medicare and Medicaid Services (CMS)Q] tjjo]g] o]& x| At 1A
2015, A7V AAAIY 7Y (HIRA) AR =8 94 55

10) Kashif Afzal Khan, “Using Analytics to Reduce Fraud in Public Procurement -

Implementing the Fraud Reduction and Data Analytics (FRDA) Act” 2018.
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He 3y 2AE FASE A2ES EYst] &83sta o o]’
AH= ZA AY A®l(decision support system)' o] FF=w )
dEBo] ANRL R o]&E = AT F= WAZEAE of9f 22
A A& HE del &&sta lom AFgF Td g AR F
23E Hols o= yeyal Atk Alx=dle] 3% =X E AY #
BEE 12%, AEE 21% AF =3 32% FAATT Foh

< &8F Ade] HHE st ¥4 >

e mmmm e
How can predictive policing drive proactive crime prevention? iﬁ_g_ i

Manchester

goeucertment i @ 1 2 % 2 10/0 32 %

Ay Aaet my HEAE St =95ty o =4
AETL A HFG 7|EFE vEoE fdEs Hsis 3
O A He BEsta A o Bo| AADFE
7tk Ao 9 71E oldo] HW v HEA HF
Bz FH A4 Aol Hoh I o= =xdAddg s A
S Aol BT BH TR, AL, ALE HIE L
A 7HsA, HE A AR S ]—’l.i sk Predpolo] k=
ARg3tal 9tk o] Predpol2 A& &S 7FH3 A%
FAE AEE vjd HUlo]Esty HoFr}12

11) Jen Clark. “Facing the threat: Big Data and crime prevention” 2017.
12) Issie Lapowsky. “How the LAPD Uses Data to Predict Crime” 2018.
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£ : Sarah Brayne. 2017. “Big Data Surveillance: The Case of Policing”

3. ¥ A Y(Assist in Education)

n] w-8-X(The United States Department of Education)+ nS & 7ol A]
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13) The United States Department of Education, “Enhancing Teaching and Learning Through
Educational Data Mining and Learning Analytics: An Issue Brief” 2012.

_’|4_



SHYSO| A9 BA 9 2Ot HBE M 4 YRS E28 21
d M- AN 71 280 Y0 A7tE ZUMEH. HITE =4
T2o| AME HOIt0] £ MBS YsM JHsst HapAT 2zEHof
ot= 7|2 UFEE YHEH. IS 7I0|ERIe 2 F0{2 EZHo|A
HOHE If B2 =25 e & UM eAdvisorg &olf EUES
11.6% ¥4 £ o SHHS X &(Retention) 84%7HA| Sk4atE| U CH.14)

%A o} Y thsKGeorgia State University)= SS9 8¢ sg% 25
S e Yol YdolE #4e &8st Utk A9

mE2E ZXof Fy g 45 24 JHes HES Graduat1on
Progress System(GPS)& W3l % ]
ol B3l AAH ZAZE TS 4F
YAl BstaS AFdt=
=S AEelof steA o

)2 )
g A7)0l skl B AR o] o] FoiA s

i
ol

K
¥0
fiu)

.
=
2

k
X

b

El
)y o
N
N
re
2

4. F3F <FA(Public Safty)

o MZdA| 25 A(H) AR 24 WA RIHsHA EAstE s
FE ALE =o|7] YI FF R AX(The Department of Public
Health)¢} 1% Y-(The Department of Transportation)oll H1H3F wFALLE
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o] E3] R3zdH waFZ(Protected Intersect10n)15) Z5hstH wl=}
BRed AAA =2 5o WS =4 4+ AUTH16

14) 99, 2019. "w& tlojEet w4 7|H: Al AE SAHQR” shdolgshs] x| 20199 A4
A1z, pp.73-81.
15) Y eAl Ratzelne st} AbEs] Bbe Al RaiAb} AbEAte BelEl HW 2 @izl
st o3 o},
16) Abhi Nemani. "Data-Driven Policy - San Francisco just showed us how it should work.”
2016. https://abhinemani.com/essays/2020/08/28/Data-Driven-Policy-San-Francisco-just-
showed-us-how-it-should-work/
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&% : Abhi Nemani. 2016. "Data-Driven Policy - San Francisco just
showed us how it should work.”
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41) M R Adha, S Nurrohmah, and S Abdullah. 2018. “Multinomial Logistic Regression and
Spline Regression for Credit Risk Modelling.” Journal of Physics: Conference Series 1108
(1): 1. doi:10.1088/1742-6596/1108/1/012019.

42) Qurriyani, Tengku, Early Detection of Potential Bank Bankruptcy Through Financial Ratio
Analysis: Multinomial Logistic Regression Model (January 18, 2013). Available at SSRN:
https://ssrn.com/abstract=2379517 or http://dx.doi.org/10.2139/ssrn.2379517

43) Wang, Yun. 2005. “A Multinomial Logistic Regression Modeling Approach for Anomaly
Intrusion Detection.” Computers & Security, November 1.
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44) o] Algefo]de] AA R Z =& ofefiet Ert.
# Import library
library("caret")
library("nnet")
library("pROC")

# Generate data

N <- 3000

set.seed(3)

category <- sample(c(0, 1, 2), N, replace=TRUE, prob=c(0.7, 0.2, 0.1))

period <- rexp(N, 1)

profit <- rlnorm(N, 1, 0.25)

overdue <- ifelse(category == 1, rexp(N, 1), rexp(N, 10))

tax <- rnorm(N, ifelse(category == 2, 0.08, 0.1), 0.01) * profit

dt <- data.frame(category, period, profit, overdue, tax)

# Split data into train and test set

train.percent <- 0.8

training.rows <- createDataPartition(dt$category, p = train.percent, list = FALSE)
dt.train <- dt[training.rows, |

dt.test <- dt[-training.rows, |

# Estimate parameters using train set
test <- multinom(category ~ period + profit + overdue + tax, data = dt.train)
coef <- summary(test)$coefficients

# Predict probability of each category using test set

expl <- exp(coef[l, 1] + coef[l, c(2:5)] %*% t(dt.test[, c(2:5)]))
exp?2 <- exp(coef[2, 1] + coef[2, c(2:5)] %*% t(dt.test[, c(2:5)]))
ppl <- expl / (1 + expl + exp2)

pp2 <- exp2 / (1 + expl + exp2)

predictl <- as.numeric(ppl > 0.3)

categoryl <- as.numeric(dt.test$category == 1)

roc(categoryl ~ predictl, plot = TRUE, print.auc = TRUE)

confusionl <- confusionMatrix(as.factor(predictl), as.factor(categoryl))
print(confusionl)

predict2 <- as.numeric(pp2 > 0.2)

category2 <- as.numeric(dt.test$category == 2)

roc(category?2 ~ predict2, plot = TRUE, print.auc = TRUE)

confusion?2 <- confusionMatrix(as.factor(predict2), as.factor(category2))
print(confusion?)
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Ag, 9o Ax AHE oA o AYAY AT =3 1189
(= 287 + 90%) % 90/ o] AA oA AGAAT. I HlE 76%= =4
o] == (Negative Predictive Value)gtal g+t 45
Confusion Matrix and Statistics
Reference
Prediction 0 1
0 446 36 (=0
1 28 90 £
Accuracy : 0.8933 © |
95% CI : (0.8658, 0.9169) °
No Information Rate : 0.79
P-value [Acc > NIR] : 1.543e-11 5 2
Kappa : 0.6708 é AUC: 0828
Mcnemar's Test P-Value : 0.3816 °
Sensitivity : 0.9409 o
Specificity : 0.7143
Pos Pred Value : 0.9253
Neg Pred value : 0.7627 2
Prevalence : 0.7900
Detection Rate : 0.7433
Detection Prevalence : 0.8033 T T ‘ ‘ ‘ T
Balanced Accuracy : 0.8276 10 08 06 04 02 00
Specificity
'Positive’ Class : O

8% 1Ye ROC FA®olzkw sl AUCHEHE 33t g4 =39
H5e Brhshe AEE AERTh ROC F4e] tizhilel s Be) ®ojx)

45) 9% 10| SRS BP9 dse FrIste Alwsolth qEdoz AEHE R 7] AlxS HYsh
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Eo]&(Specificity)r= BA] oFg ARt Foll o AGALR o 5E ARIALS] H]&-S Qufsith. & ol5e
(Positive Predictive Value)L ek /\}‘”K}E Oﬂ o AR Oﬂ A 73S ArdAEe] vle2 ofulsitt.

46) ROCE= Receiver Operating Characteristic®] £d2toln] t}okst A A (threshold)of Tfs] Z=o]
58 o] (Specificity), 7171 (Sensitivity)= H7tsto] stte] Mrlo] mag Zolct. ROC Aol
24 glol 912 i 54 xlZleh e 991e olgstel BRsts Zu ch2x| ge ndde
oJojah Z0I0f, ROC 40| TZHIOIN Hodas & A58 Holt nelolahn b

47) AUCE Area Under the Curve_] Zdo|o], ROC 249 ofef&x WAl 37|12 ojulsic}. ofg
ROC/F mAlSIH R u]ms} 4] ehed], AUCE o] 8a}d shte] 242 Ralg ulwa 4 gick
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Z o
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Detection Rate : 0.8367
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Z%] : Renesh Bedre, “DBSCAN clustering algorithm in Python
(with example dataset)”
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DBSCAN K-MEANS

& *] : Abhishek mamidi, “DBSCAN - Density-Based
Spatial Clustering of Applications with Noise”
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drglEoZ thF A<l SVMSupport Vector Machine)o] o] 43 B4 o
2482 F A5

&=*] : Markus M. Breunig, Hans-Peter Kriegel,
Raymond T. Ng, and Jorg Sander, “LOF: identifying
density-based local outliers”

ol A" &Aoo AlANeural Network)S o] €8 % Jtt A A=
Ao FH et vl AT 722 45 949 =& &=

© 7IAEES 3 FPolth AAHS o] &3 o] #FA WHddE
A& YA Y ES A(Generative Adversarial Network, GAN), 2 E<SIFH
(Autoencoder) o] ATt IFoA LEQIIAT I tis] A3, HEA,
r&F, BH3lEe e do] Adeta thsd)

52) Vasudeva Kilaru, 2022. “One Class Classification Using Support Vector Machines”

53) Jaehong Seo, Junsung Park, Joonwoo Yoo, and Heejun Park. 2021. “Anomaly Detection
System in Mechanical Facility Equipment: Using Long Short-Term Memory Variational
Autoencoder”
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(tax_evasion)2 02] #te] 0.979] &&=, -50009] zko] 0.039] &&= Fo
5]5% 23-3}9\51\1:]._ 0e X—]/x]—?(—] o7 /\_1_0}__ /\].%jz}%’ -5000& ;z;q]g.
g Fete AFQALE YH|gth AFEA Y2 ot e} e Ao Wt ALt
= At

= OH
T 1

Ao = 10000 + 15X + 7xQEQIL + 6xHY ALRY + &
99} e AAe mel R ol4atd 100/02) Data® ez AAsm
DBSCAN®| o] @5ahe A7 248 5 lex B2Es) nalch
oA AF@ )= DBSCANE 2719) 3ol salule s et T doly
Apole] Hr) Ae)(epsion& 40002 AAFOM, Ha o] % HolH &

52 AAsttt. DBSCANS Ad3g Ay 4709 #3o] wrEojxlon
1007H2] ®iolE FollA 14707} mol=(o]d )= &7 = AT

DBSCAN clustering for 100 objects.

Parameters: eps = 400, minPts = 5

Using euclidean distances and borderpoints = TRUE

The clustering contains 4 cluster(s) and 14 noise points.

Available fields: cluster, eps, minPts, dist,
borderPoints
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14712] dlolg ZFoA &FA(tax_evasion)e] -5000%1 AlgEo] Luli}t
EZFE A=A A3 Byt ol HVF A4S RoFETh

rr

> table(cluster, tax_evasion)
tax_evasion
cluster -5000 0O

0 3 9
1 0 44
2 0 17
3 0 16
= g 9

Cluster 02 wo|Z(o]xh)z BE= Alg So|t) 147] Fol] &F Ao
500091 AHRA 59 EE7F £gE0] Qe AL B F vk wRdol
00 88 AAE SollA wolz(o]d)ez £/7d AEle e v+
TR AR o] AT o] R ®AIE Tl EAY AAPAE ofEA EHE
T ASAE HoF< A7 2 Aoz AA3n5

AA Atels ER B3sh7] djEl At BEAAA ARIAE 2AE
T AEF HelHE AAsta dagEs Vttdee H B2 38 =9k
& Aot ARt dag]Fol AEHom FAdTE, AF/HA =
Al AASE AR ARS oY BAAY AGA #eEvl 4=
4 9le Ao st

54) o] Algefo]de] AA R L&+ offjel &,
# Simulate Data
N <- 100
set.seed(3)
area <- rnorm(N, 0, 10) + sample(c(100, 200), N, replace=TRUE)
traffic <- rnorm(N, 0, 150) + sample(c(1000, 1500), N, replace=TRUE)
power <- area + runif(N, 100, 200)
tax_evasion <- sample(c(0, -5000), 100, replace=TRUE , prob=c(0.97,0.03))
tax <- 15 * area + 7 * traffic + 6 * power + 10000 - tax_evasion
data <- data.frame(tax, area, traffic, power)

# Perform DBSCAN

library("dbscan")

dbscan_res <- dbscan(data, eps = 400, minPts = 5)
dbscan_res

cluster <- dbscan_res$cluster

table(cluster. tax_evasion)
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2. F H¥Y Atolo FAIE &A

HEE St A M d(array) 2 BEHE oA £ B ot
FEE Aol FLT A WE S| ATH Ze=E & 4 ok #WEHe
TAIEE SASHE g WHo] e, 7IAIsts T vloly #ghel A
fFr&s8tA AHEE T E AR ks AvfE) B

HA FZFgt)ek A8 (Euclidean Distance)= ZHEHHO|A F HEV}

ouals = A Atole] A A2 gu|dth = WETF (X, Xo, ... X0,
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FEE et A Qo= F 3 1o AYE SAHsSe WHom g
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60) olu]x] & ofAle] mo|d FE+= ofefjel Htt.
import cv2
import numpy as np
from scipy.linalg import svd
import matplotlib.pyplot as plt

img = cv2.imread("C:/NTS.jpg")

img_gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
plt.imshow(img_gray, cmap='gray')

plt.show()

Ul, sl, Vtl = svd(img_gray)

plt.xlim(-5, 405)

plt.plot(list(range(400)), s1)

plt.axvline(x = 50, color = 'red', ls=":", lw=2)
plt.show()

U2 = Ul[:, :50]

s2 = sl[:50] * np.identity(50)

Vt2 = Vt1[:50, ]

img_compressed = U2 @ s2 @ Vt2

plt.imshow(img_compressed, cmap='gray')
plt.show()
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(https://anweh.tistory.com/54)
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GAlAE o @He] b4 A Poz mAPT ok v YL
e uEAelo] 4= wAA sAEe] Yk ot dAA8e] B 458
ANASHE ot or1% Aol

CFAAE BAZERA A WE(AAD >

uj = ufj = A A fd O A A 8
FAIRH 700 60 700 70
FAIA2 100 10 80 8
FAIAHS 100 10 100 10
JA|RH 300 25 170 20
FAIR}S 30 3 20 2
JAIRL6 200 19 180 20
IAIRFT 400 44 300 30
FAIAHS 450 4 400 40

AT FAATE ATA] AFE AUAA AL EE 2 g 9

AAY, AR ke @Eol gt AS o]E WAt Wo] We
Stk & WAIA8e] AIF GBSl ofhol And WA A
FABA FAG 5 Yofok B o] F ANAE =AY FAEE
AET 5 Aok AiAbe] FRE sk AT uEs A, b9
MAAe B BAL BAZ AR otk AR olde
Jolo] ARE ol EIEE, AAY/ Do PAW, BHH BANME
rol M MW TP /WL Y AgHE ALD 2AL FAEE

= ts lo 2 FUZE ~AYR
do] HdH FEAAE ol &3l dlolHE A3
st th ATF3LSE HolHZ ARl SAIEE 3k Axby) olg et 2ok

g won

AT FE ge] 2AA FAE

o= o =AM oA off A A

& 1.0000 0.7755 0.9762 0.9812
e R 0.7755 1.0000 0.7484 0.7562
o< 0.9762 0.7484 1.0000 0.9986
o A A 0.9812 0.7562 0.9986 1.0000
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MEAe]l fAEZE B dEda Qo e 38 4 gk =
GAA8e] wlEA Aol EATF UThs molth oA A8l

TC

N
A WA A TAY} Ak AnE B 5 Yt
7

oA FAA8AA oAH Fho] YHEHo|of AT &
dodle He 4 FFL Ay PLRAE ol gsted] ZAAES
T3 2o HolHrt fle dFo] e A §

g S IAH o E FASE Aol RS or|odE T e 83
71 o] EZAEFA|gF, A 3] AHElR a1 Wo] F8E= IEH AHA
517+ (Stochastic Gradient Descent, SGD)ol2l= WHS AREs] Eo.

=
olgA o]l AR FELS Fefista F8 R JdF FE5HH60

A FELS IS F AT olHT SA FE S AFEE HEHEZE Ao
B2 Eéih"’% xF & Ao

23] A ATIL oo}

< ATetd gAAE RIRRA 24 A W D

S uj &A1 o 0fj A A 8
GA|RH 1.9834 1.9711 2.1042 2.0969
GA| A2 -0.8973 -0.7782 -0.7631 -0.7811
FAIRE3 -0.8224 -0.6907 -0.7469 -0.7638
IA|RH -0.1472 -0.1267 -0.1112 -0.1149
GAIALS -1.1615 -0.9869 -1.1575 -1.1755
GA| A6 -0.3551 -0.3398 -0.2644 -0.2697
GA| R 0.5172 0.7410 0.4095 0.3883
FAIRE8 0.7689 0.9040 0.7410 0.7259

= 0.9040 X 19.1002 + 24.4286 =~ 42 (ZALE #HESAH)

ZAE mjEA oz 427} AokE QT GAAF mjE&Ho] 450¢]S Zjl-?_]_g—]_@
A AAFZUE A= oty ufjEA| Yol oid W& e HE
olFo] WAstE Afo=(ddd mEMAeE 45000 YHH 73—‘%)
oj¢} & duglFoE FAXHE dYS FAStL AAT oAE At

% QU6

00{‘
é

0 w

ARk Agstsict
1A Qo] A geold RE 1o SEsc,
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FAE =
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e

RE1=E
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O AEEAE ol 88 I B4

1. AEEH9 Qg

A &R (Survival Analysis)2 o3 Aol WS 71X A= Al 7H|
thall A8t BAISe & A#olth dutE o R o5, AoF T #of
oA M=z AEH Ee Alofo] A HEES =ole ﬂ g37}
A=A A3 Hsl ARSI AR AFEA LS OUd VMBS

A2 314 7] wiol 9%, Aof FoRvl ofyg} Fr LT okl A
&5 Ut oE 50 od Yolo HHE AAE A2} =2 Yol
HEAE AAE A7 2BZAAEE U2 o|F AHES oz w7t 2d
NS SR E ol &st X375 gthed yolrt 7|ge A4
Qi 5 W AR FF AP Hoh AFstA dSsr] fste] A&

ofefol A AERAES s dHs) 2o BHF FE7F oW tide
AL EUEHSIHA Aol @AY w7hx o] At SAHsH HW
A @Az ZAl FHsHA Aot FoA AGE e BlEE A
ol Abdel dojd wi7zkA tids FZHA XY = o B
FA o dojsAu, FHsts o] AddolA mMAATE & =
At oleh A2 =g HOHE HAAE AESEHS on A=

AE AF == o U Ut

olx s o 7}A| o]lFE Aol #ZEHZHA] E3F HolHE AdE AR
(Censored Data)ztar st} 7}&3} wloloj= 1958\ ‘Journal of
the American Statistical’ oA o]¢} & AHAYE B 2HE Y&
()]
AA

=
(Survival Function)®& F=A4& 4+ = HZFAQ0 FHH S A Qo

64) Benda, Brent B. 2003. “Survival Analysis of Criminal Recidivism of Boot Camp Graduates
Using Elements from General and Developmental Explanatory Models.” International Journal
of Offender Therapy & Comparative Criminology, February 1. https://search.ebscohost.c
om/login.aspx?direct=true&AuthType=ip,sso&db=edsgea&AN=edsgcl.100132070&site=eds-live
&scopes=site.

65) Alhajjar, Elie, and Taylor Bradley. 2022. “Survival Analysis for Insider Threat: Detecting
Insider Threat Incidents Using Survival Analysis Techniques.” Computational &
Mathematical Organization Theory 28 (4): 335. doi:10.1007/s10588-021-09341-0.

66) BELP AIRE t9] 4oy, t ARS dol o] BEY 'S Yulsith
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CFAE AT dA D

Strata sex=1 =+ sex=2
1.00
0.75-
2
.-E
@
O
2
S 0.50+
©
>
=
2
w
0.25-
0.00+
0 200 400 600
Time

Z%] : STHDA, “Survival Analysis Basics™ http://www.sthda.com
/english/wiki/survival-analysis-basics

o

H AEFTY dAjolth. F IF Abolo AESTo

=A& #T 4 J= HA ol Nathan Mantelol] 23]

£ log-rank test T+ Mantel-Cox testz}til FET}.

= H13F8 A7 EYo|A ALE= = Cochran-Mantel-Haenszel testE
Nt 2 AF3tste] 283 Aor B 4 U

2
o
3
i,
2
rlr
=
i

&3

zra Ql=d, g 25 Nelson-Aalen =4 %S A3}

AW, JIF, AT, FFd F=9 T/ oo we A 29
T Ad&H, ol9f 2ol gIES ol8st A¥ITE A =3
Cox-proportional hazards model(Cox-PH modeDe]&tar FEt, o
TAHeR ol Hd ofgel At

67) Mantel, Nathan. 1966. "Evaluation of survival data and two new rank order statistics
arising in its consideration". Cancer Chemotherapy Reports. 50 (3): 163-70. PMID
5910392.

68) AP AIRE to] oot tAIAZEA] ABESH Aol tAE AlS Al &ES ofu|gitt.
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At 2 2)= A(t)exp(B2) & log(M

PR ): bz

AZIA At 2 A@TFFolh AR 3o, WY Z2 FolA =
QdEd o8 YEFE WET pLE B4+ LT+ B2 WEH EJ

olty. 2, %y, Zyvm A1ZHTO S HE F Ae A4F adlelH,
Bir By o B 1 FS AEE UE = Aol A= 71A4 HA™
gt4=(baseline hazard function)2tal FEth. Cox-PH modeloll A A,(¢) =

AZrel Serete 7HE flole obFd T e FojekA devhed mRE
2y Zyy o Z,7F 0 O] A1 EQ(: Z=0)= 2, 71A ATt
ZotA =, 2, 4. Z,7F 02 A

37k S8R on
S5 YA, BEE v E 2 F Y=

=
=
L HelgHd = At

<FAE AT 94 >

Strata sex=1 == sex=2

4 B
=
g 31
©
el =
[¢}]
=
© 2-
=5
e
=}
O

1 4

O 4

0 250 500 750 1000
Time

Z7Z] : STHDA, “Survival Analysis Basics” http://www.sthda.com
/english/wiki/survival-analysis-basics

69) Aol et S3wp0] Jafol HellAe 24AQ 7d(Parametric Assumption)& SHA|TH $1¢
g M) A B0l diside off e SHAl @71 ®iEol Cox-PH  model&

Semi-parametric modelz2 o}7|7] & 3t}
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Aee Ao S o AEEM0| o9 BHE VAT £ A
M) Bk o]& S0 004 00FelA 201896l AT AUAES
Adata ool 20219 8AR 9] 713t Foll AA, B Wol HYHYEA
gty o BAh 2o e AFoA 201930 AAE ARAES
AEste] 20224B7H 9] 7|3E Fol AAl, D ol ALYPLAE Bl
b s KA}

2018, 2019929 /WL A 4=+ 300~5007] =l do= F=HJt. F=H
Ayt w2 2018W = 35370e] AFPATE AFSEH A, 2019 o=
37470 AFQAZE MLsEATE MY Al (open_date)> 1€5E 12€ Ao
oA o THE o= HAYEHATt AFY I 7 periodE € T =
FEHAEY, 1=0.019 AFEZINA FEZHAGY MG A A
I 717 detd H Y /\]@(close date)o] H&=dl, #HA Aol 2022
doll e AHgAte g% Ao FE9 AY 99 71 73 FE0]
593 A 99 717E 1=0.015¢ AFEEZZHE ALelY @ x
AFY 891 713E Al o] 8etith (ol IflA F AeEE o] kA )
kAl FHol Yozl ZolAER FoEH 1=0.01d4 F=H 200]
= AE 1=0.015 319 13.30.2 HISIT= 9Ho|t})

|

CAEFCIA H ol B WY

0.015

Probability Density
0.010

0.005

0.000
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o dol Hls 2022 s B8] A whgstr] fg Aotk
#z 710o] AaA A7l wWiEel, #HYG AlF(cose_date)dll= AT
(censoring)e] TAYSHAl HTh 2018l /ML AGA= #HAF Ao
20219 ol A% Adstdom, 2019 AFI AHFAE HY
AFol 2022 ol=d A dAdetdt. mEtA AlgEd o]l AA
ol & F v AEv #FH AY I 7IXHperiod_obs)H ATk of F
(censoring)”7} ®t}.

2018, 201990 AYT AYAEL] BEFSEE FETA vholoj 2zt
AR oz FAste] IYZE ehRw kel ddmst g
20199 AYT AiAel BEFS7} 20189 AYF AdART A=
obel Zoll YT AL FAY 5 YUtk

O

1.0

0.9
|

0.8

Survival Function
0.7

0.6

05

ol& HASHH A*A AFT log-rank testE HAIS| HH Aok 3pA|RE
log-rank test= F F & kol AlZte] Azl 9 gul(Hazard Ratio)7} YA
sttt= proportional hazardse] F<2 o #HAHo| 71 =& ol

T AEYTE BT RS HolA Hoh SHARE 9 I#zo AE
e Bt Zoh =3 e HQ 2022 Tt AEE ol
2ol 7b AP =R o A4l At wEkA AEFY LEE FE
7}&38te] log-rank tests AAlsteE Zo] nvpEAld Ao g HRIY A&
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S0 @ BEZE: HEo) 7153tr] §8 4= Fleming-Harrington®] 54|

y=12 AA3tH H Zo|th.70 o]} 2 HHo =

BAEFE ALt olget 2ok AR FAEF # 372500]‘34 Z

3.0195°|t}. P-valueE Al4Fstd <k 0.001o1th. wabA Fols+F 0.05

I59 AEFTVE st THEE 17“" T °‘K‘r A
a

F9o HEIFTE FYHA Yrke FONT FA7 A

§}l o
o o flo

wlrt(Surv(period_obs, censoring) ~ group,
method="th", data=dt, rho = 0, gamma = 1)
U V_u z trt_group
3.725014 1.52192 3.019478 2

ANEdolde HYYE A3l d DHE dHolHE FHIAT HrEA
G2 HolE7} s Eo ok st AL otYth H oY F&E8)
YHE Hud 5 QJa FEE BT £ o =3 AlEY o
T s VIEe=E 7HC’4 LAE 7|FE UFAAIRE, TLE 7
M AEES A9E, 58, 7EEE vlad 5 o Tk
uj ¥ log-rank testZE i—% 28 glo] 25 o &4 AdEes Ae
HATEE Fold 4 9= WHo] 9t uFE Cox-proportional hazards
model(Cox-PH modeD)< ©] &3t= Z ot

)
ol
S0

23 o BH% dolHE A4 B Ad@reae 249 WF=
RS dFMpOL IS UF BRI, 6 W A2kl
sl 0.0158 0.1 Abele] Qeje] gre FEshe] A5EEe] BFE A
200 - 300 Atole] Yojel Aol e el dolels A HoAAL:
7 WFol AFsE AFRLY mie olZRE AHH HolHY

N
i\ 4?

= olglet 2t 3, wlEA(sales)S 57t 0120 ATEIZEZEE
ko]

2k Ak 100 F3iA HlolEE AT

70) Fleming-Harrington 4120 7}l w,=[S(7)] [1-5(¢)] olct. 289 MET(S(1)=
Apdo] A8 wi7bR| o] Afgto]l ZojAle] et Hadstes RG-S Holetl, p=0, y=122 F£H At
o] AoALLE B w7t ARES e 3 Uk

71) o] AlgelolHo] R ZEL Uhe Zo] Bux Lojo] ‘X Eeold ZE 2.0] 2EstArt.



> table(area, type)
type
area 0 1 2
0 226 237 257
1 290 220 289

> round(lambda, 4)
[1] 0.0212 0.0365 0.0620 0.0668 0.0561 0.0555

AAE 2712 AY, 37Me] AF, wEH HolHE o83ty ATFES o=
3= Cox-PH model& A 3AI1Zl A= ofefje} 2o

coxph(formula = surv(period, censoring) ~ as.factor(area) + as.factor(type) +
sales, data = dt)

coef exp(coef) se{coef) yd P
as.factor(area)l 3.523e-01 1.422e+00 6.120e-02 5.757 8.58e-09
as.factor(type)l 1.434e-01 1.154e+00 7.706e-02 1.861 0.0627
as.factor(type)2 3.994e-01 1.491e+00 7.674e-02 5.204 1.95e-07
sales -1.129e-05 1.000e+00 3.11%e-05 -0.362 0.7174

Likelihood ratio test=68.98 on 4 df, p=3.731le-14
n= 1486, number of events= 1099

A ol ] Likelihood ratio test = 68.98-> Zwutz <l wdlo] {FoA
AA3 7] Y3 A o ) p-valuert 433 Fe Ao E Hol wd
Ay ow fosity AGE 5 Ao FA ] ATE AYHE
jZH(sales)E AL ZE HEEY FAHE A7t Fd Ae

Atk ZF MY p-values B area = 19 A¥ 2] p-valuer}
zZtt}, type = 191 JEFS Fol¢F 0.052 18std p-valuert A

H
229 otz B 4 Adrk type = 29 JEFL A3 ZE p-value
u

oy
oft
Mo > o mg 2 O e

Zt31 Qo). SRR o) & A(sales)= p-valueZ} m$- AX AP E F
5t 2 FFS HA= AR £ 5 Ut

TAHoR AHEA HFY W45 7|Fak(baseline) vlwste] )4
o a3}, area = 19 A HF& area = 02 A Gol Hls)] HYP HPE0

f243sk o= Ao} =3 type = 121
AT type = 0% FFol &) #Hg A@EC] 15% = 1154 - D X

o~
R
RN
Il
~~
=
o~
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(A
|

=
X
—
[
I
X
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o
Hir
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100% 7} O =41, type = 290 Y=L type = 09 4=
AAEC] 49% = (1.491 - 1D X 100% 7}F&F ¥ =oar df
oj¢} e Mo W= A area = 191 A Fol| A= type = 29 CEI*L/I
HYg f1EEc] & "Holgta & & A, o8 X1—@% ?3%‘9] AL =

ANA AMAAL =27F A4 AAIF o vl A& HE o UATh72

3. aLgsioF & A%

ZRAL AL Bad YA
G Thakd Bololq g
A Aol B

ANG o1 F 3 A g @ 7R o F17he AEEA S U
o= sto} ofd @ole] F2 P AR Fopd % 2L Aotk
AAY 54 4F, 54 FE 54 A7 FoF 9oz oo T
St AYAE FHAoE Helaid Ade BAe 2 4 AL Aotk
7R o RO BAld] e BAE 3 2 9

e

B RmAe HolA tha HoluxE, A B

288 = Atk B S0 ofd Hgo] AU

Aol FH A AEE ol 3HE ol 3

AP 2 F Ak B B9E ARAR s A% s
g3 % 2

shth. wlsw wHoR 99 Aol WA P¥sh AHE A
o] §31H o o] WA PT-F AYPEA FAF = Yok
AQASE A%, gAl AL A%, AR 2o 5 AL B
YREol A A% FUoE HrHE APl Utk AW =FY
AAE GEste] of@ Azlo] WAISHE W7k AY A7k FEaT
NS B ool A 9H TPW we 5IL A4S 5 UL

72) o] Alg2olMe] R BEL nle 7o WA Tojo] ‘AlE ol ZE 3 0] ~2ack
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Al & (Pearson X*)olgkal s, 4ol we

2 w20 Zo7b glvtd AF=7F I—1D(J—1D < 7}ol
Ag 225 weEd A T 44 78 X Zolrt v 20l
g o\ o] ¢ A e A Folok sh=H, ol HsiA =
ZHak(Residua)-& AlAbsfioF gttt ®BF 3 o] ZkxH(Pearson Residual)<}
# 3} zbxk(Standardized ResidualE %ol o] &3th kare] Adigtol
2 ~ 3 Hojdr 7|3 ZAdA o] Yoyt o= olsjgint.

X5 vol& FholA

o
o

—~ —~

b = N M .- Ni;— M
— T V(1= /) (1= n /)
ol 2zt g3 23

2. Aelw TE WA &3 40 &

el g e AAol glojokul AFE7) wEel Aol %A B
FRE ANFT TV, #FE, WFLE 5 OGFF B3 At 28
93tk FRolE BE dite] A¥E wE, TR AR 45
SA E3E WG F Qolok A4 WY + Yu HFY Ut
R Ao AEY 5 Uk ol HY AR ERHo Ay
oo FE AAE BASE s 93 A8 240 At

Ao A ol ol TR FHS Ba ATl e A
A4 HUEA MRS AAT AL obeet Boka s B

CAEF QHE A2 ASE TR FEEAD S

k! Ao TV A& aEE j5is
20t} 4% 5% 6% 159
. 30tH 5% 9% 8% 129
2 40t 209 189 109 5%
50ty 109 94 109 79
20ty 109 79 109 149
o1 30Ty 79 8% 4 79
40t} 18% 159 17% 109
50ty 139 119 6% 8%
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27He BAo] glols S ESA oy AHE AL & Utk U=
FREE B9 PP QS Bol AP 2o Holn, AUy} Eo}
AFE TV, A8 5 A% uA7 §83 Aoz ®elrh A A#s
o] &3 A HH37o] HA &S AEEE AW dE o] 200 A4
ool T A EXo] o)zt YEvk? Aolzk UrhH 200h AL
T2 oW 3H ujAE s ZAHT dHE H=TP AA4Ne 1y
st AT FR ojAE Bz Aolsk ATy o)A A T
S olthd FRE pEstalEs b =80 B ol

AA AREA Rl Zolo dis] AR A mE AF e HAEF TR
A et BATE SeAI=A AAS 7] & Cochran-Mantel-Haenszel
TestPE AAstAtt. otefo] AA AAE HH p-valueZt w3 At=
Aes & F dnh ol Aol wEt dHue HEF TR ujA k] BAV}
= s s

> mantelhaen.test(dt)
Cochran-Mantel-Haenszel test

data: dt
Cochran-Mantel-Haenszel MA2 = 23.051, df = 9, p-value = 0.006082

FAHOR VRS As) B, AHOE TR Iol& ol AF

AL Astal BE ol 2Tk WAL p-valuerh Bl §- ol A

A% Fu oA Aok dom ARS WY 5 AW, e
Ag

p-vlaueZ7b 714 ztol7F Avk= = W7l oo

> knitr::kable(dfl,"simple™)

statistic parameter p.value

Male 23.7814 9 0.004660631
Femail 8.035434 9 0.5305793

73) Cochran-Mantel-Haenszel Test= 1 X | X K B&tH7} ZojAH S 0] 2AY =148 AA57] 9st
W % shutolch. Cochran-Mantel-Haenszel Testo] #R7Hde Ko| zF £F0A T2 T w49
BE R 2207} To]2bs Z0ITh (O = Oyyy = o = Oy = 1)
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CEAe d% 3 FHE wWjAE 2o 2Aela Oy D

Media
TV Newspaper Youtube Trasportation

50's

ojfol= ARl wet A8 H= TH Ao #AATVE A=A
A3 ®zp w7 & Cochran-Mantel-Haenszel TestE A A st
p-value7} w3 %& AoE & wj, Ao wt HAEH} HS TR
mjA et AAZE ettty Br] ofH€ua 48 WE F Aok

> mantelhaen. test(new.dt)
Cochran-Mantel-Haenszel test

data: new.dt
Cochran-Mantel-Haenszel MA2 = 0.55701, df = 3, p-value = 0.9062

_79_



olu] ARkl HA A o7}t gtk A& olExonE AFyEE
Flo)AF BAHES AHRE AL & ourt glon), p-valuert AAA

el & FE Ao ot Zo] &8s BTt shATF BE p-valuert
A3 AA A HH A AAH AFE FolE 4 QS B NZS
ARE AL £ k™

> knitr::kable(df2,"simple")

statistic parameter p.value
20's  2.289986 3 0.514442
30's  2.010353 3 0.5702608
40's 3.439041 3 0.3287548
50's  1.605089 3 0.6582364

3. Leslok T AF

BEE o] 43
e FEE 2719 Eiol Wold 4 AEE HEEAE WAk
shel, Bbsshl 54 Aol T A mio] Pojdl FPolt Fue)

74) o] Algelolde] R ZEL e Zof wnA Wojo ‘A gold LE 4.0] FEa}rt
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o = 0| x
U g EHoE 28t o=
I O MM

FAAES 58718, Ad B oA AFsr] Hs vdFd =A
% YHEAFE EEE At SAE BY FHE S Iy AUt
w2 A F7bste BEFolth 2017d oF 3dWE Hdoldd g dAFe
At 2021d ¢F 8HTH Moz FUtstY 53 gH, R4 5
% 2l dgol ZA sont. A 5o ZEUI19Y FFoe=
A3 Zb okl BItHH B H S EXETE FAEHEA 7Y dgoAE
22l Wgo] AsEHI e AR HAt
CFAFE HYA/F g3 9548 8% >,

ELErS I 2017 2018 2019 2020 2021

opRukg 4,880,659 | 5298445 | 5446,302 | 6,349,099 | 4,600,606

25PN 20,532,335 | 26,491,176 | 38.637,909 | 60,510,208 | 63,388,494

ot ALt Y1 A2 999,485 1,243,677 | 1,322,995 | 3,364,573 | 3,778,814

524 889,809 842,265 1,046,958 1,815,125 2,562,929

Doty SEiA 138,297 347,992 764,134 1,594,388 2,010,950

DojulY ¥rg 7| 1,530,779 2,128,274 2,678,106 3,834,727 3,025,427

A 28,971,364 | 36,351,829 | 49,896,404 | 77,468,120 | 79,367,220

WE WAAR BF A5E AT 10 B% 54 ggoy o3
5009cdel Fata gtk e AR WA FOE TAFY WAMFL
FYoz 878 FSols BE A5/ 343 FARIE G g
FAAZ] ARA WAL YFHA BES FYXE B ATA
WA U71d 23 AuADE AT ov, ARAuit vda

75) WA 7|04 AR R3] https://teht.hometax.go.kr/websquare/websquare.html?w2xPath
=/ui/ca/e/c/UTECAECA05.xml&mi=6768
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(1 MM/s ti7]d 222 o] &3 HEAR F+ 9

m

1. vf=Z= FQlo i

npF 3 A 2(Markov Chain)ol@ 3+ AejolA T E AHEH=Z HoldH+=
Al2~E"S BE5F W og Yelhle 54 md o shyoltt. EASH
HEHEZ Hold FES A" HAL AEIZE ofld, AL AE)
oM AAHHAYE EAS 7HXAL oy 2El EolAE, @At AL
HEHE EF AHYS o v BEA AHE dolE &2 dAY
AETS 1HPLS W v Ze AHE HolE FEI FYdg=
oulo|t} o|E 2o T ol ot

P(SH-I’Sz‘): })(St—Fl’St’ Si—1 51)

ofgf &} o] oWl HEjellA TE HH=E HolH+= &5 FHxo|g
(State Transition Probability)e]glar skt e ol g&
TE Y3 222 YEd 5 e, dEE Ueid A A Eol

HH, P & A= 1o He 5A-o] Uk

-

AATY S, NFEALS 47 AR 9D it A 1] A
AolFEL PP Ued S5 3, olde ge EERE ek
St EEE UEh A4S AEdel toloj sy )
< AE Aol tolo] 19 > < A Ao)apd >
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UL Zoz HAT vyt tgrjds RddstsE WHdE A8 R/}
Jor} 7|+ MM/s th7|E =de 83 Bzl st MM/s th7]d
nele gAY Z=o] MH|A A|TAS X3} Juk= EAo] gt} o]
2do zo}l4 =M 2~(Poisson Process)o] wel WIYAES wWES=
IS AASE o uAEo] WESI= AlZE Alole] IHA L X4
EXE wEgay Hrt} o] o] 1y dl= A3ES e o] tholof
axo g Yyeh| ol el Zr}
< MM/s 299 A o] tholoj1d >
A A A A A A
*

v 2y 3u (s-T)u

d Qte A= Al2H Y 119 £AE ou|sh 74 9]
=2 =

X Oii e K
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Mulz AFA 18T po HE= Gy

sHYE EAI357] wjEol Alwl ) 1A 7 A=
s HEE Aul2~ A Fo] SEEHA T AR
s HlE&EZ FAHEAT AB|x A FAFe = A" U

AlEdE ol Ao 1A FAE(V)H ARz d58(n)e 424 28 24
Ao = 22 AAsAT. 18 il 10,0009 2
AR HEE B ®1odt) 10,000 @9 9] Algte] Ade & v E
o AW 1A 19He HF thr] AL 0.33 @9 AZeluth 1
03C = 1/ 033 )%1HEl, ol w9 AT thr]d A
7t e W oA Folnt. ER thr] FES 0.249T
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CElolE BA AY 2 AL D

24| dloje] wal@

dlol8] ¥4 7|&a dlole] EAw} 2A15 A

22 AT ofyeg dE 1¥ e 5= WaEojof ity AA = A
dolHEgddAodes dF T4 ok Ht AAE A&ty don,
NME2L dole 4 HAZS wZFslal APstr|ds R Zo|t). uleli
A w22 S BEA AXSHA HW FA, 58, vloly #sh Fokd
AANE AL 87t Aok 5 A 2 B4 =& dlolg 73}
A8 g7l "o, gEE 7t AdHE A gsof & Aotk
ol FAARIAYHALY EF glo] A E5 dolE(raw data)E
o= F ojof gt o8 A dHolHE 7haeta, A9 Rds 3]
HAsliAdeE oA 2 sts= AlACE sh=d, w4 B e a9
S5 Wolol oA R G8&A o] 53] HolxA F Aojth. ot
o]0l TFE FHAAR, MAARI FE=HAY SE&HA FEE
ZbE 3k HQE oA o] mpH Eojof & Aot}

Zk AF-Aol= dHolE &4, BA T8 AFT Wt Jd¥s 2 &siH
TAH EH @9y iR Z2AERE OF7] o, Al dF
= BAS AFE S Qe Aoz JYdit A EAoHE BE
A FAoA FFOE AEE 5 e ARE o|&3t7] wEol AlF-A
N AHEE 7 AT &4T HOHE o] &3 42 AAE] ofHoh
metA A AFA ALdEY Y F8E FFI = 7 Ave A

A g ATAC AT Bast Aoy A7
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st ARt AEE MASYE b S8E 7 o I FAFR
A8 % shE= Modernized IRS Operationsldl, Al, 28 253}, © o]
B4 5 AEE 7l o]&dte Z2AAE AE3steE Aot E
Core Taxpayer Services & Enforcement Al A% o] E

Aslsla B4 7IHE FEAA Z=A AZIE Adsta AR A4S
A5t g, Al EHS oS53 tes 53X E A o AA=E

RS= dlolg miold& BIFEst Holy ¥ §8§& T2 g

V)

)

A 7%

M dlo pol

AZE H S A8T JAE Foks TE W JThsD

dolg #e2 T FEHRuE R FEo 93 FEHIL e ZoF
oltt. B u§I} FHol Fashy] wEel, 7€ JdHe w58k
o] stE Holy A3 HEol sprlde E Furt wEt
ohey s 73 W Hopolrlo] B AgEo]l Edstm Utk whEA
SAA, 23 GAE AT 24 AAC 24 Holy 24 #d Rz
A2 89S A5402 A8 5 de Aot ada olg 52T
g 245 HEE 7AS Zart o A4k g99Ate] 4F 3 shuE
A58kl olrl A Al A ]l SFo] Ha

PGz S STPEA Ferd o' FL2 olejyolx ddH7
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ol

80) https://www.irs.gov/pub/irs-pdf/p5336.pdf
81) https://www.jobs.irs.gov/resources/job-descriptions/all-it-positions
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AlEHo|M T=

1 ZAR] fAE 2 AP Rs) ABdEolMe sol
import numpy as np

def mf(R, k, n_epoch=5000, 1r=.0003, 12=.04):82)
tol = .001 # Tolerant loss.
m, n = R.shape

# Initialize the embedding weights.
np.random.seed(13)

P = np.random.rand(m, k)

Q = np.random.rand(n, k)

for epoch in range(n_epoch):

# Update weights by gradients.
for u, i in zip(*R.nonzero():
err_ui = R[u,i] - Plu,:].dot(Qfi,:D
for j in range(k):
Plullil +=1Ir * 2 * err_ui * QUIGI - 12/2 * PlulliD
QUIG] += 1Ir * @2 * err_ui * Plullj] - 12/2 * QLlljD

# compute the loss.
E = (R - P.dot(Q.T)**2
obj = E[R.nonzeroOQl.sum(O + Ir*((P**2).sumO +(Q**2).sum0)
if obj < tol:
break
return P, Q

def st(M):
m, n = M.shape
R = np.zeros((m, n))
for i in range(n):
R[:,i] = (ML:,i] - np.nanmean(M[:,i])) / np.nanstd(M[:,i])
np.nan_to_num(R, copy=False)
return R, np.nanmean(M, axis=0), np.nanstd(M, axis=0)

82) mf @i ofel AlolEo) mES Irz ALgSIYC,
Kyle Chung. 2019. “Matrix Factorization for Recommender Systems” https://everdark.gith
ub.io/k9/notebooks/ml/matrix_factorization/matrix_factorization.nb.html
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def cos_sim(M):

m, n = M.shape

cosine = np.dotM.T, M) / np.dot(np.linalg.norm(M, axis=0).reshape(n,1), np.linalg.normM,
axis=0).reshape(1,n))

return cosine, np.median(cosine, axis=0)

def replace(M, ©):
R = M.copy(
R[-1, c[0]] = np.nan
return R

# Original Data, The first row means a tax return in progress.

returns = np.array([[700, 60, 700, 70], [100, 10, 80, 8], [100, 10, 100, 101, [300, 25, 170, 20],
[30, 3, 20, 2], [200, 19, 180, 20], [400, 44, 300, 30], [450, 4, 400, 401], dtype="f")
np.savetxt(filel.csv’, returns, fmt="%d’, delimiter=",")

# Standardize data and Calculate cosine similarity
returns_st, _, _ = st(returns)

sim_matrix, sim_mean = cos_sim(returns_st)
np.savetxt('file2.csv’, np.round(sim_matrix, 4), fmt="%f", delimiter=",")

# Detect an error field
idx = np.where(np.median(sim_mean) - sim_mean > 0.1)
print@dx(01[0] + 1, “®A =& T 3] A2

# Change error value into NaN
returns_nan, nanmean, nanstd = st(replace(returns, idx))

# Predict appropriate value instead of NaN

P, Q = mf(returns_nan, k=3)

predictions = P.dot(Q.T)

np.savetxt(file3.csv’, np.round(predictions, 4), fmt="%f", delimiter=",")

# Compare predicted value to the original value

predicted_value = np.round(predictions[-1, idx[0]] * nanstd[idx[0]] + nanmean[idx[0]], 0)
print(predicted_value[0], “B =7} Hojof & A ZHUth” )

_94_



2. Weighted log-rank test Al E#o]AE 9% R code

library(survival)
library(nphRCT)

# Generate data

set.seed(1)

N <~ floor(runif(2, 300, 500))

open_datel <- floor(runif(N[1], 1, 12))

periodl <~ floor(rexp(N[1], 0.01))

close_datel <- open_datel + periodl

censoringl  <- ifelse(close_datel > 12 * 3, 0, 1

period_obsl <- pmin(close_datel, 12 * 3) - open_datel
open_date2 <- floor(runif(N[2], 1, 12))

period2 <~ floor(rexp(N[2], 0.01))

close_date2 <- open_date2 + period2
close_date2[which(close_date2 > 24)] <- open_date2[which(close_date2 > 24)] +
floor(qexp(pexp(period2[which(close_date2 > 24)], 0.01), rate=0.015))
censoring2 <- ifelse(close_date2 > 12 * 3, 0, 1)

period_obs2 <- pmin(close_date2, 12 * 3) - open_date2

# Draw plot for explaining transformation of data

x <- seq(0, 100, length=100)

yl <- dexp(x, rate=0.01)

y2 <- dexp(x, rate=0.015)

plotx, y1, type=T, Ity=1, col=“blue“, ylim=c(0, 0.015), xlim=c(0, 100), ylab=“Probability
Density )

lines(x, y2, lty=1, col="red)

abline(v = 20, col=“blue”, Ity=2)

abline(v = gexp(pexp(20, 0.01), 0.015), col="red”, lty=2)

legend(80, 0.015, legend=c(“lambda=0.01", “lambda=0.015%), col=c(“blue”, “red®), Ity=1,
cex=0.8)

# Make a data frame

period_obs <- c(period_obsl, period_obs2)
censoring <- c(censoringl, censoring2)

group <- c(rep(1, N[1D,rep(2, N[2])

dt <- data.frame(period_obs, censoring, group)
colnames(dt)<-c(“period_obs®“, “censoring®, “group®)
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# Fit the model and draw survival function
ft <- survfit(Surv(period_obs, censoring) ~ group, data = dt)
plot(ft, Ity = 2, mark.time = TRUE,
xlab = “Months“, ylab = “Survival Function®,
xlim=c(0, 40), ylim=c(0.5, 1), col=c(“red”, “blue”), conf.int = FALSE)
legend(35, 1,
legend=c(“2018d 7§ F*, “2019d 7/WY"), col=c(“red”, “blue”), lty=2:3, cex=0.8)

# Non-weighted log-rank test
survdiff(Surv(period_obs, censoring) ~ group)

# Weighted log-rank test
wlrt(Surv(period_obs, censoring) ~ group, method=“fh“, data=dt, rho = 0, gamma = 1)

3. Cox-PH model Al E# ]S ¢35+ R code

library(survival)

# Generate data
set.seed(3)
N <- floor(runif(6, 200, 300))

area <- c(rep(0, N[1+N[2]+N[3D), rep(1, N[4]+N[5]+N[6])
type <- c(rep(0, N[1D), rep(1, N[2]), rep(2, N[3]), rep(0, N[4]), rep(1, N[5]), rep(2, N[6])
table(area, type)

lambda <- runif(6, 0.01, 0.1)

periodl <- runif(N[1], 1, 12) + rexp(N[1], rate=lambda[1])
censoringl <- ifelse(periodl > 12 * 3, 0, 1
period_obsl <- pmin(periodl, 12 * 3)

period2 <- runif(N[2], 1, 12) + rexp(N[2], rate=lambdal2])
censoring2 <- ifelse(period2 > 12 * 3, 0, 1
period_obs2 <- pmin(period2, 12 * 3)

period3 <- runif(N[3], 1, 12) + rexp(N[3], rate=lambda[3])

censoring3 <- ifelse(period3 > 12 * 3, 0, D
period_obs3 <- pmin(period3, 12 * 3)
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periodd <- runif(N[4], 1, 12) + rexp(N[4], rate=lambda[4])
censoring4 <- ifelse(periodd > 12 * 3, 0, 1
period_obs4 <- pmin(period4, 12 * 3)

period5 <- runif(N[5], 1, 12) + rexp(N[5], rate=lambda[5])
censoringb <- ifelse(periods > 12 * 3, 0, 1
period_obs5 <- pmin(periods, 12 * 3)

period6 <- runif(N[6], 1, 12) + rexp(N[6], rate=lambdal6])
censoring6 <- ifelse(period6 > 12 * 3, 0, 1)
period_obs6 <- pmin(period6, 12 * 3)

sales <- 100 * rexp(sum(N), rate=0.1)

# Make a data frame

period <- c(period_obsl, period_obs2, period_obs3, period_obs4, period_obs5, period_obs6)
censoring <- c(censoringl, censoring2, censoring3, censoring4, censoringb, censoring6)

dt <- data.frame(period, censoring, area, type, sales)

# Fit the Cox-PH model
coxph(Surv(period, censoring) ~ as.factor(area) + as.factor(type) + sales, data = dt)

4. 438 A5 4L ¢33 R code

# Input Data
dt <- as.table(array(c(4, 5, 20, 10, 5, 9, 18, 9, 6, 8, 10, 10, 15, 12, 5, 7,
10, 7, 18, 13, 7, 8, 15, 11, 10, 4, 17, 6, 14, 7, 10, 8),
dim=c(4, 4, 2),
dimnames(dt) <- list(Age=c(“20’s", “30’s“, “40’s", “50's"),
Media=c(“TV*“, “Newspaper®, “Youtube®, “Trasportation),
Sex=c(“Male“, “Female®))))
ftable(. ~ Sex + Age, dt)

# Find association between Age and Media controlling Sex
mantelhaen.test(dt)

s1<-chisq.test(dtl , ,1D
s2<-chisq.test(dtl , ,2D
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df1 <- data.frame(rbind(s1[1:31, s2[1:3])
rownames(dfl) <- c(*Male“, “Femail®)
knitr::kable(df1,“simple”)

mosaic(dtl,,1], residuals = chisq.test(dtl,,11)$stdres, gp=shading_Friendly)

# Find association between Sex and Media controlling Age
new.dt <- aperm(dt, c(3,2,1))
mantelhaen.test(new.dt)

# Chi-squared tests by age

x1<-chisq.test(atl 1, ,D

x2<-chisq.test(dtl 2, ,D

x3<-chisq.test(dtl 3, ,D

x4<-chisq.test(dtl 4, ,D

df2 <- data.frame(rbind(x1[1:3], x2[1:3], x3[1:3], x4[1:3]))
rownames(df2) <- c(“20’s", “30’s“, “40’s“, “50’s“)
knitr::kable(df2, “simple”)

5. M/M/s tl71d =d AEYolAe 93 FolH 3=

import numpy as np
import matplotlib.pyplot as plt

# Set simulation parameters

Im = 2 # Arrival rate
mu = 2 # Service rate
S =2 # Number of servers

sim_time = 10000 # Simulation time

# Initialize the system

state = 0 # Number of customers in the system
queue = 0 # Number of customers in the queue
servers = np.zeros(s) # Status of servers (0 for idle, 1 for busy)

# Initialize simulation clock
time = 0
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# Initialize performance measures

num_arrivals =[]
num_completed = []
num_wait =[]

total_wait_time = []
Probability_of_waiting = []

# Initialize random seed
i=777

# Run simulation
while time < sim_time:

# Set random seed
np.random.seed(i)

# Determine next event (arrival or completion)
next_arrival = np.random.exponential(1/lm)
next_completion = np.inf if state == 0 else np.min(np.random.exponential(1/mu, s))

if next_arrival < next_completion:

# Handle arrival event

time += next_arrival

num_arrivals.append((num_arrivals[-1] if num_arrivals else 0) + 1)
state += 1

if state <= s:
# Customer is served immediately
servers[np.where(servers == 0)[0][0]] = 1
else:
# Customer is queued
queue += 1
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else:
# Handle completion event
time += next_completion
num_completed.append((num_completed[-1] if num_completed else 0) + 1)
state -= 1

if queue > 0:
# Serve queued customer
num_wait.append((num_wait[-1] if num_wait else 0) + 1)
total_wait_time.append((total_wait_time[-1] if total_wait_time else 0) + queue *
next_completion)
Probability_of_waiting.append(num_wait[-1] / num_completed[-1])
queue -= 1

else:
# Free server
servers[np.where(servers == D[0][0]] = 0

# Update random seed
i+=1

# Print results
print(*Average Waiting Time:“, round(total_wait_time[-1] / num_wait[-1], 2))
print(“Probability of waiting:“, round(num_wait[-1] / num_completed[-1], 2))

plt.plot(range(0, len(total_wait_time)), np.array(total_wait_time) / np.array(num_wait))
plt.xlabel('The number of people waiting’)

plt.ylabelCAverage Waiting Time’)

plt.show(

plt.plot(range(0, len(Probability_of_waiting)), Probability_of_waiting)
plt.xlabel(’Probability of Waiting’)

plt.ylabel('The number of people waiting’)

plt.show(
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