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HE= ofu|eit

Hlgolg]e] ERogl iR (Volume), &k (Velocity), T¥A(Variety)
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A, B PF 9 A9 wAoldE =g A ol WA PEEHL,

WAy BUST dTEES APt SREL
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MLOps (Machine Learning Operations)2tll F2m0 gF o|& fJdf 4l

Y A"dEe 9ER FEle 1T FA7 ol A7 e FAlolH.



= 1R ool 7|z FAHE AET efas FAREA dofotth

@ 190} O] 40| W7 |X| 2 4, LT 2 B4 2lof

FEUCS QBUC CfErol 24 0|0}t 26{E WEMO] o] JHLE RS B4 U J24H|50|
SOh S O OfL|2t X| 8§ DR S K|RITICE RE ARS XL HESIH 2| X§ F21861K 2|s
S 8EE = lony, 10,3000 0]42] I X8 U3 e = AUCH20164H 1Y), £3t R2 -8}
JEE TEE o U ETE £F0| D20 & N Zot= FHEO0| 20t

zQ B3 h isti

-i} i
O

2 194 24 o] g2l ¢ e DelE B 23 §5 MSok= 12|
K| EqH)

@ Et2| =F S S5k 28 U XE s

@ 7IE RS 71 2 BHHoIRT 22| 2| / &= /HEY
52 22 H20 £&= Sparkg R interface 8§ E8 2{H

[ 2-6] Relefe] &7 2 54

|.}L|l;!0[l 23 JF 23 pjdlaid oY o

OHO|MEZ 1989'A L2 TRl A& ¢ 20| ofs] AHEE QHI2|H Y42 A3TE HHO|CE

Clyst S E oM AHR 71510, 2t0| 2 2|(2 8)7 2 5610 JH'Y WiHdo| 0L, Coo=E

10 @02 =7 upojWofM B &2 M2 2HsE B=o(ch

F8 EX(Key Characteristics)

3 PYo| ETTHX] 0t R XS 2 03512 4|8

(5 ofO| M2 R} Java 212 HEAULS, TAL2| Hu@a X}
o2z A BFES FAN S

% CH2 AFZI0| RS A A I CH 084512] 419, 25 =Y of
FL Epor Mg

—

Guido van Rossum

[Z1% 2-7] Python oje] A7 € EF



HAalggd2 d8AEe g #okr 7IE HolHE 7RteR d5s
&g FyPste A2H 9 I F1eEe AFsts J]&olth My Hof

o QTAZEL P HolHEL JWoR dSolt AaPS mE

7 n o= 719
A% o5 Qe olol et ZARIE ADE

(supervised) "™ (mapping)sh= F4+E SH5oH= I
HIZE g &9 glo] detteg ndd FE5ho] Shy

unsupervised) — H|o]Eufo]d o] R EO] 7|Ho] o]
23

(reinforcement) 3t PSS stE = Hest= o< v

g
ol
kit
=T
,
N
N
2
™
£
)
=
o
_\.E
2
1o
s
i
filo




st} A

2 &

5

KNN

SVM

Decision

Tree

A3

.1

22X AH
3

Clustering

o
=]

5

H|A| =

o4l

\\“—'—— Classification Kk——]

\ Regression

2] 37 EA(regression analysis) = of

ol

EENE

[€)

ZAS
'—‘——’:‘

Ao

tol %

[

Tod

ol

—

H

o
=

a)
s

o]

o7 24 (simple

fpolx Eguiss
Shtbol 3 Egu4T} ol

S

0 %% W7t

—_—

regression analysis), E&H57}

gt

39 EA(multiple regression analysis)©]=2t1l



140

120

> 100

80

60

. il |

-2 -1 o] 1 2

0.5

"

e

6

4 o 2 4

2
(1™ 2-10] 2X]4AE 3] (Logistic Regression)

)

+ @



3 Agolet.

1

th2-8 oAFA AU (Decision Tree) HHEZo]

AT o 2 B=(classification)sHA

O JAPEAUE (Decision Tree)= 2JAFE A 712 (decision rule)& Ez] B2
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oz Fxakste] AU ABE ol
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U oA Z(prediction)2 FYst= 24
O A EAU = 017 HolHE g or FEHpe; SY¥pete]
AE ol UHFE ABEsHH, 24 k= 747 59 ¥ 9 245 7,
npREke] ¢l krEE F& W9 YAt gE S 7HIth
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S Iy = {2,3,5}
i ]
2 g2,h2 . Gy=g2+ 95+ 9s
— L={1} 2=} Hy=hythg+hs
3 Q g3,h3 Gi=gq Ga =g

H1 Ih.l H4 Ih_,;
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g5,h5

The smallerthe score s, the betterthe structure is
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(198 2-13] XGBOOST (Extreme Gradient Boosting) ZZA[A

_13_



2 SVM(Support Vector Machine) BH2of tf
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O SVMe B dho] A8e 4 9= AEsky 2doln HEE w
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2.2.2 A2 Ak Ag o=
ol 78E A 871 o5 i AE) AF-AR ol

B AReAE 287t Ag WO GFe F A0 JyuEE T1Fe
olg S talie dole AAAES Fo Adel= RS Gy Ag
sha, Agels 29 PES 915 KAPE NARA oz Auede 59

A S5 A=E ASsHrt

NAZHA dlolHE 7fte=z A5 H|

Ed}t 2A~Es ARG 22§ A8 871 WF fEe 2oh @ 5 9l
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El
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L
E
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EEREE!

=44 A dHET 2 ALY
dedolg 1 76.29% T5.60%
dgdele 2 76.32% T261%
Agdelg 3 76.29% T2.63%
A8dolg 4 76.18% 75.69%
Agdelg 5 76.39% T0.69%
Wyt (tEF A 76.294%(£0.07 75.654%(0.035)
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o)
filo

€ C/Users/socsoft/Desktop/at = 54 B 24 - Rstudio = ] X
File Edit Code View Plots Session Build Debug Profile Tools Help
o .oyl - BTl Es .
Console  Terminal (5 Envionment History  Connections e
4 # [ #importDataset - | & List -
"} Global Environment =
R version 3.4.2 (2017-09-28) -- "short Summer"
Copyright (C) 2017 The R Foundation for Statistical Computing
Platform: x86_64-wb4-mingw32/x64 (64-bit)
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.
R is a collaborative project with many contributors.
Type 'contributors()"' for more information and
'citation()' on how to cite R or R packages in publications.
Type ‘demo() ' for some demos, "help()’ for on-Tine help, or :‘SN p:’:z F:hg:“ MI’RVM am =
'help.start()"' for an HTML browser interface to help. ki) s E"ami ":A mf'
Type 'q()’ to quit R. G Users  socsoft  Desktop 5SS @0l ¥
4 Name Stze Maodified
5 4
*| Ristory 188 KB Now 28, 2017, 10:07 AM
Rproj.user
data
file
result
seript
AL L EHE NS 2188 Nov 28, 2017, 9:12 AM
Gk s SEE 253MB Now 24, 2017, &:03 PM
— o el Alsl 5
(19 3-15] =2AE utel As) 35}
- d > I =
obtfe ARy m2As dAEE RAATE FiE]D
.
" Files ,Plots Packages Help Viewer -
@ NewFolder | @ Delete | Rename \,} More =
G Users  socsoft  Desktop ST S UEZ WS 24 _MEN  soipt K
& Mame Size Modified
g 3
@7 00. Load PackageR 14 KB Nov 21, 2017, 3:47 PM
@7 01. Load Data.R 934 B MNowv 28, 2017, %:40 AM
@ D2. Data Preprocessing.R 44 KB Nov 29, 2017, 1:31 PM
@1 D3, Exploratory Data Analysis.R 23 KB Nov 29, 2017, 10:11 AM
9| 03.1. Exploratory Data Analysis_Zf==R 33KB MNaw 27, 2017, 1:47 PM
9] {4, Classification Data Analysis.R 5.9 KB MNov 27, 2017, 4:04 PM
@ D41, Final Medel Selection.R 23 KB Nov 29, 2017, 3:53 PM
@ 05, Model Assessment.R 1.7 KB Dec 1, 2017, %40 AM
9] 06 SHHTUZLAER 21KB Nov 28, 2017, 1:25 PM
9706 NEEE BaMER 3.7KB Dec1, 2017, %03 AM
@ Hab 54 AHE HEESR T4 KB Dec, 2017, 10:42 AM

[(1¥ 3-16] RAETQ BEAnd It gAE
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dlolel AAE] dANAE 4F He AT A 25A &l 9 AA
59 5o 244 ol A A4se 1 ohe dolE EeHwain data
validation data, test data), SH-§& HO|ENES] over samplings I35}t

o SQlek
a2 RIAEOA A Holy AS JREst= &Y @Al
wtl_pipe_leak_gwanaju <- data.table(wt|_pipe_leak_gwangiu)

¥ ZEd B
colSums(is.nalwt|_pipe_leak_gwangju))

[Z27 3-17] R&FHeA Holg gzt oA

oL glo) W] wet A2 ASE Estt Shuolt

#t OBJECTID FTR.COE  FTR_IDN  HID_CDE  SHT_NUM  MNG_CDE  IST_YMD

#i 0 0 0 1 0 0 2
#t  SAA_CDE  MOP_COE  PIP.DIP  PIP_LEN  JHT_CDE LOW_DEP  HGH_DEP
#i 0 0 0 a0 0 0 0
f#t CNT_NUM - SYS_CHC  PIP_LBL  PIP_NUM  PIP_DEP  PIP_STT PIP_END
#i 0 0 0 10408 0 0 0
#t  MND_CDE  COM_NAM  RSM_CDE  TAGNUM  FTR_USR  FTR_TIM  PRS_ARE
#i 0 0 0 58543 0 0 0
f#t BLK_NAM  INO_COE SHAPE_LEN  ROAD_CD CMSMR_CNT WTLKG_CNT WTLKG_CHK
#i 0 0 0 a0 0 24478 24478
it LEK_YMD

#i 54554

[ 3-18] 232 23k

?l

Lot
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=2 B dlolg MojlA] spReg AYAdsh= dAolt.

#BE FHES MY

date <- now() # &0 S ==

now,.vear <- year(date) # &0 55 ==

wt|_pipe_leak_awangjufLEK_Y <- as.numeric(substriwt|_pipe_leak_gwanaiuLEK_YMD, 1, 4)) # F==~
wt|_pipe_leak_gwangju$PIP_Y <- as.numeric{substriwt|_pire_leak_gwangiuBIST_¥MD, 1, 4)) # Gf&
wtl_pipe_leak_gwangjulis.nalLEK_¥) == T, PIP.Y := now.vear - PIP_Y] # =50 2= ZZH 2
wtl_pipe_leak_gwangiulis.nalLEK_Y) == F, PIP.Y := LEK_Y - FIF_Y] # F==stA/EHAZ BE ZFHS
wtl_pipe_leak_awangjul[LEK_Y < PIP_Y, PIP.Y ‘= now.vear - PIPY] # ==2A/E O/ 42 HEE 2

¥ EtEE e Ht ML

whtl_pipe_leak_gwangjul, LEAK = "N'] # &0/ S0 2= ZEs FANHE
whl_pipe_leak_owangiu[WTLKG_CHK > 0, LEAK = "Y"] # @& 0 & 2T =425
whl_pipe_leak _awangjul[LEK_Y < PIP_Y, LEAK = "N"]

wt|_pipe_leak_gwangju$LEAK <- as.factor{wt|_pipe_|eak_awang] uSLEAK)
table(wt|_pipe_leak_awangjufLEAK)

(27 3-19] RART Qo) TS 44 B

thee 919 BYol et AEA AL FYshe shEold,
#t
#t N ¥
it 54576 3967
(13 3-20] B2X] gt sl

B2 AT WSE T 2l WeY tHYE JFoR AE st

[ 3-6] A4PE 4 4TS A4 7%

% % Arpds
tolelo] gl B2 AAAEe A A dES W ds
AN AN dEg W ds

orolelo] gl B

1—

AR olFel] A2 uiAE B Ao




otz dA2 HAHe Tl 248 oy Mg HF BAsts DAl

& HE T

wtl_pipe_leak_awangjuSWTLKG_CNT <- ifelse(is.na(wt| _pipe_leak_owangjuSWTLKGCNT) == T, 0, wtl_pipe_|eak_awangjuSWTLKG_CNT)

wt|_pipe_|eak_gwangjuROAD_CD <- as.factor(wt|_pipe_|eak_awangjuSROAD_CD)
levels(wt|_pipe_leak_owangju$ROADCD) <= c("DET2", "JAHHOIHTR", "2AH0A4T2", "B 2", "SCU A"

wt|_pipe_|eak_gwangju_ant <= wt|_pipe_leak_owangjul ,c("SAA_COE", "MOP_CDE", "PIPDIP", "PIP_LEN",
"JHT_COE", "PIP_DEP", "FTR_ION", "ROAD_CD",
"ONSMR_CNT", "WTLKG_CNT", "LEAK", "PIP.Y")]
wt|_pipe_|eak_gwanaju_ant¥MOP_CDE <- as.character(wt|_pipe_leak_gwanaju_antSHOP_CDE)
wt|_pipe_leak_owanaju_ant <= wt|_pipe_leak_owangju_ant [MOP_CDE == "MOPOOB" | MOP_CDE == "MOPOO1" |
MOP_CDE == "MOP01S" | MOP_CDE == "MOP013"
MOP_CDE == "MOPO04" | MOP_CLE == "MOPODS"
MOP_CDE == "MOP043" | MOP_CDE == "MOPO44"
MOP_CDE == "MOPOS0" | MOP_CDE == "MOP0RB"
MOP_CDE == "MOPO10" | MOP_CDE == "MOP0O"
MOP_CDE == "MOPO11",]
wt|_pipe_|eak_owangju_antIMOP_CDE <- as.factor(wt|_pipe_|eak_owanaju_ant§MOP_COE)

g HNZF s WA

colSums(is.nalwt|_pipe_leak_gwangiu_ant))

[ 3-21] RaFHe A REY o[l A4 &4

2 Mg E=ohe shdol.

I

99| el et A

rlo

o

#t  SAACDE  MOP_CDE PIP.DIP  PIP_LEN  JHT_CDE PIP_DEP  FTR_IDN

i 0 0 0 0 0 0 0
#t ROAD_CD CNSMR_CNT WTLKG_CNT LEAK PIP.Y
i 0 0 0 0 1

ol

Lot

[Z1% 3-22] 253 Ayt
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3.3.4 Hloly 2

4 A g Fske 29 WS gedE Hold

ﬁ
ot
N
o,
HZI

JAog2 SH-E(Train data), AZE(Validation data), HIAE-8(Test
data) FE|= F-ZloF gt
SHg HolHA|E(train dataset)= HPF9| Ayt B4 =4
%8 dlo]JHA|E(validation dataset)= metu|e] St ¥ A= 1y A
glof] AREEAL EHAER HoHA|E(test dataset)= 2 Ayt 2y AHo]
2 5 HF 2 oF FES T fs) A
HolEE THL 60%, AZE 20%, HAESR 20%2 erh

thee BAE dolgeld 2d FAR(Train) dolH7 nd HAES

(Test) HolEIE Aa= Ao},

# testdata & fralndata M (holdout E'E)

set. seed(l 23)
parts_gwangiu <— createDataPartition{wt|_pipe_leak_gwangiu_antBLEAK, p = 0B}
trainbata_awangiu <— wtl_pipe_leak_gwangiu_ant[parts_gwangiufResanplel, 1) table(trainData_gwanaiu$LEAK)

fH
i M Y
¥¥ 32484 2376

testData_gwanaju <= wtl_pipe_leak_gwangju_ant[-parts]_gwangiufResanplel, 1 table(val idationData_gwangjuSLEAK)

bagd
i N
## 11239

w
@
=<

[1% 3-23] Train data & Test data A4
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O £H& dlo]EAES] @HME" (over—sampling) =4

M= HokRel 8 wloly A9 ol ZxE 4 = o,
70 gl AYEENCE B/DEY F34 ojFo] gl FoBr(YR
277t o e Bl & o et ol ARE A=
ot
Folih) ol S HlEo] AiHoR St e,
= 74

ThA] ol i) dlolE7 F471 Sl
HS o o]t HolHe E+d AdEl=
ATk 1A o] FEoAel ZAE fAst] <
(over—sampling) B2 -85}t

—
CIEE

(73] 3-24] QEA=g

o dole A% st

0% age onA

dlolEAEe] 31 2

RE AR

e

o] A= O89S ¢
] AATBRNC R E7)Q F2wg (YR ®7])9

(over—sampling)<

Mg #edor 9a Aol

_44_
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3.4 dsEd B 9 4587t

341 A5 29 B4

rf_owangiu <- randomForest(Class ~ MOP_CDE + PIF_DIF + PIP_OEP + CWSMRE_CNT + FIF.Y + ROAD_CD,
data = trainData_gwangju_up, importance = TRLE,
ntres = 500, mtry = 2)

print{rf_gwangiu)

iy
I Call:
it randomForest(formula = Class ~ MOP_CDE + PIP_DIP + PIP_DEP +

f CNSMR_CNT + PIP.Y + ROAD_CD, data = trainData_awangju_up.
#t  importance = TRUE, ntree = 500, mtry = 2}

Bis

isig Twpe of random forest: classification
bim) Number of trees: 500

it No, of variables tried at esach split: 2

hisi3

ity 008 estimate of error rate! B.5%

# Confusion matrix:

b3 N Y class.error

N 29753 2741 0.08435403
MY 2786 29708 0.08573891
plot{rf gwangiu) # LIEHH FE HHE

var lmpP lot{rf_gwangju) # 85858 =0 L

(78 3-25] AP R AE walo] A
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lol
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o
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Error
011
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0.09
I

0 100 200 300 400 500
trees
o S [e]
[27 3-26] Q9] vy mg o2&
ol 1Pe mPe] AgH W FAEES Ee shdold.
PIP.Y o PIP.Y o
CNSMR_CNT o CNSMR_CNT o
MOP_CDE ° PiP_DIP o
ROAD_CD o MOP_CDE o
PIP_DIP o PIP_DEP o
PIP_DEP o ROAD_CD °
T T T T T T T T T
200 250 300 350 400 0 2000 4000 6000
MeanDecreaseAccuracy MeanDecreaseGini

(18 3-27] Rao] ALEE Hey Zon
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22 G xHAE(Random Fores) 2P H7lsh= A o]t

#t confustion matrix
rf_pred_gwangju <- predict(rf_gwangiu, newdata = validationData_gwanaiu)
printiconfusionMatrix(rf_pred_awanaju, validationData_awangju$LEAK))

# Confusion Matrix and Statistics

ity

biais Reference

it Prediction N ¥

i# N 10811 105

g ¥ 728 279

ity

dinis Accuracy © 0.9283

i 95% €| : (0.9235, 0.933)

it No Information Rate : 0.967
bisg P-Value [Acc > NIR] : 1

i3
1813 Kappa : 0.3711
B Mcnemar's Test P-Yalue | <2e-16
it
iy Sensitivity @ 0.9352
iy Specificity @ 0.7266
913 Pos Pred Value : 0.99M
bt Neg Pred Value @ 0.2771
it Prevalence @ (.9670
it Detection Rate : 0.9043
1113 Detection Prevalence @ 0.9134
a3 Balanced Accuracy @ (.8309
it
bisid 'Positive’ Class : N
#s
(13 3-28] AEEH2E =Y W7}

2.5 ROC CurveE AAsH= RAAFTE shHolt),
## ROC curve
rf_prob_gwanaju <- predict{rf_owangju, newdata = validationData_gwanaju, tvpe = "prob")[,2]
rf_roc <= roc.curve{validationData_owana juSLEAK, rf_prob_awanaiu, col =2, Iwd = 2, Ity = 1)%auc

(1" 3-29] ROC Curve A FE
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Faise positive rate

(718 3-30] ROC Curve A Az}

2o nyol 4% W AL ASH NS 24T shuiolr)

print{paste("irea under the Curve", ":", round(rf_roc, 431}

# (1] "Area under the Curve @ 0,322"

#t Fl-score

rf_precision <- posPred¥alue(rf_cred_gwangju, walidationData_owangiuSLEAKD
rf_recall <- sensitivity(rf_pred_gwangju, validationData_gwangjuSLEAK)
rf_F1 <= (2 * rf_precision * rf_recall) / (rf_precizion + rf_recall)
print{paste("Fl-score", ":", round(rf_F1, 41}

#tt [11 "Fl-score @ 0.9513"

## Ol EEXL
vhat_rf <- ifelse(rf_pred_gwangju == "¥", 1, 0}
(hin_dev_rf <- binomial _deviance(v_ocbs, vhat_rfl})

## (1] 15348.59

[O9 3-31] Y 5 &9 F&
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SR 5 PR ASEAS BREAEAAY A8, 19
9, g EYAE)RG 7S 45 vl 2 Prlste

[# 3-7] 2dE A5

Hlw 2 g7}

H7IAX]®E  Logistic Regression Gredient

Boosting  Random Forest

Aste 78.87% 79.24% 93.99%
F-score 0.8563 0.8688 0.9361
o] FHz} 50087.60 46164.04 24243 .67

AUC 0.8016 0.8084 0.8568
o= AEPE mPHZ H| WSk ROC Curve©]tt.

True positive rate

08 10

08

04

02

0.0

ROC Curve

— Exag gAEA
— aE=Y2as

Jrgs w2y

T T T
0.0 0.2 0.4

T T
06 08

False positive rate

(13 3-32] BARdd
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3.43 2F 29 A

KA, A= golgAl 24287 22 A8 3]7 (Logistic Regression), 1
A E EAH (Gredient Boosting), #1E ZHAE (Random Forest) 5ol
A A& Aol 7MY et diE ZYAE oS HHES A5t

ol= &k (Accuracy)7t &3l F-scoregto] Eom, o|FHEAT} 22> A}

7b eron] 2% BAE SAE thevt g,

b A Random Forest
ez 86.74%

F-score 0.9241

ol |t 28296.176
AUC 0.856

ROC curve

10

08

True positive rate
06

04

02

Area Under Curve(AUC) : 0.856

00

T T T T T T
00 02 04 06 08 10

False positive rate

(19 3-33] 3F A9 ¥ ROC Curve

ASIL 7} 86.74%, F-score= 0.92412 =& 218 7HX|E2 ngyo] Asn

7F w2 o, AUCE 0.856% B7F 55 (Good) HA| &2 FFolth
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3.5.2 243 A1Zst
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= A
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ofefer go] stefsAl

=3
A2 3 45'
T A AE=EE9
dd3 &7 ot HAETF
2t
FTR_IDN IST_YMD
15183 18840101 MOPD10
38429 189840101 MOPO10
659001553 19810804 MOP0O0O3
1630305 19830101 MOPO10
39884 18840101 MOPO10
15169 19910727MOP013
38207 19890101 MOP0O13
1630515 189830101 MOPO10
1630362 19880101 MOPO0O1
15175 18860706MOP0O13

i 3-9] &

130 114.91JHT002
150 175.62JHT002
100 68.57JHTO04
350 T1.71JHT002
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30 30.5JHT000
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40 61.97JHT000
A= Aede 24
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ABSTRACT

A Study on the Establishment and Verification of
the Prediction Model for Water Leakage Risk
through the Analysis of Big Data

Park, Jin-Woo

Major in Smart Convergence

Technical Consulting
Dept. of Smart Convergence Consulting

Graduate School of Knowledge Service

Consulting

Hansung University

Looking at the various cases in the public and private sectors where
the big data predictive analysis model is applied, the performance
verification by the model evaluation of the machine learning predictive
analysis model is basically included, but there are fewer realistic
verification cases than expected to confirm that the results of the analysis
predicted by the machine learning technique actually fit the data.

Therefore, we would like to look at the cases in each field that predict
crime rates, overdue charges, movie shows, online sales, and floating
population, and look for implications and development directions so that
we can establish them as a "Realistic Verification Evaluation Methodology
for Predictive Models" for effective practical verification.

[(Keywords] Big data analysis, water leak risk, machine learning,
predictive model, public big data
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