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o™ Q SW: Python, Anaconda — Jupyter Notebook

o TQ I7|X]| : Pandas, matplotlib, scikit-learn

o 2 M FHA: [RYAH|] Ubuntu 14.0 04, [CPU] Intel Xeon 2.3 GHz, [GPU] Tesla K80, [RAM] 13GB
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1) GIOIE| =% 4
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« A2 FAY A IRE AfolE EGAE 3
o A . FAUY AREAE 7] Data, &2 Data
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+ 17} 712 Hlol¥]

A
1 id
2 5f8928bb¢
3 5f8928de¢
4 |5f8928df9
5 5f8928f39
6 5f8928f59
7 5f89294b¢
8 5f89294c9
9 5f892998¢
10 |5f892999¢
11 |5f8929a8¢
12 |5f8929a9¢
13 |5f8929ebs
14 |5f8929eco
15 |5f892a23¢

B C D
TimeStamp
2020-10-16 4:57 2020-10-16
2020-10-16 4:58 2020-10-16
2020-10-16 4:58 2020-10-16
2020-10-16 4:59 2020-10-16
2020-10-16 4:59 2020-10-16
2020-10-16 5:00 2020-10-16
2020-10-16 5:00 2020-10-16
2020-10-16 5:01 2020-10-16
2020-10-16 5:01 2020-10-16
2020-10-16 5:02 2020-10-16
2020-10-16 5:02 2020-10-16
2020-10-16 5:03 2020-10-16
2020-10-16 5:03 2020-10-16
2020-10-16 5:04 2020-10-16

E

PART_FACT_PART_FACTPART_NAME

24 CN7 W/S SIDE MLD'G RH
24 CN7 W/S SIDE MLD'G RH
23 CN7 W/S SIDE MLD'G LH
23 CN7 W/S SIDE MLD'G LH
24 CN7 W/S SIDE MLD'G RH
24 CN7 W/S SIDE MLD'G RH
23 CN7 W/S SIDE MLD'G LH
24 CN7 W/S SIDE MLD'G RH
23 CN7 W/S SIDE MLD'G LH
24 CN7 W/S SIDE MLD'G RH
23 CN7 W/S SIDE MLD'G LH
24 CN7 W/S SIDE MLD'G RH
23 CN7 W/S SIDE MLD'G LH
23 CN7 W/S SIDE MLD'G LH

F G
EQUIP_CD EQUIP_NAME
s14 65027125 7|
s14 6509 %1-237|
s14 6509 %1-237|
s14 65027125 7|
s14 6509 %1-237|
s14 6509 %1-237|
s14 6509 %1-237|
s14 6509 %1-237|
s14 6502 %1-237|
s14 6502 %1-237|
s14 6502 %1-257|
s14 6502 %1-237|
s14 6502 %1-237|
s14 6502 %23 7|

H |
PassOrFail Reason
None
None
None
None
None
None
None
None
None
None
None
None
None

<< << =<=<=<=<=<=<=<=<=<=<

None

J K L M N o

Injection_T Filling_Tim:Plasticizing Cycle_Time Clamp_Clos Cushion_P¢
9.59 4.47 16.92 59.52 7.13 653.41
9.6 4.48 16.91 59.58 7.13 653.41
9.6 4.48 16.91 59.58 7.13 653.41
9.59 4.48 16.91 59.56 7.13 653.42
9.59 4.48 16.91 59.56 7.13 653.42
9.58 4.46 16.9 59.58 7.13 653.41
9.58 4.46 16.9 59.58 7.13 653.41
9.58 4.46 16.92 59.56 7.13 653.41
9.58 4.46 16.92 59.56 7.13 653.41
9.57 4.45 16.91 59.52 7.14 653.41
9.57 4.45 16.91 59.52 7.14 653.41
9.56 4.45 16.9 59.52 7.14 653.41
9.56 4.45 16.9 59.52 7.14 653.41
9.57 4.45 16.9 59.52 7.13 653.41

- 12} 712 glolEl 271A)7F Ajgo] "ot E& zkzo) o
dlo]g (labeled data), &= ZHztof gt FE A ofH =

Tt A9 tlo]d (unlabeled_data), &
value)?| FHl = FSEHT

- % gojg A BT 72 HolHs

“PassorFail’o]gk= d|o|g Fo| u}X]

W =% 77 2ol AlgEt.

[3& 12] labeled_data.csv GilA]

= AE 5T e
= glol, EE EE e

27FA] "|°o|E7} csv(column separated

d

‘labeled _data’9] 79

Z)oll F7H= o], ZF &5l it

oh5-8

o B A off I Hlo]H (labeled): labeled_data.csv

(FAZT5E)

o BF AW o] 123} d|o|H (labeled): moldset_labeled.csv
E5F A o 223 d|o]E (unlabeled): unlabeled_data.csv

R OERREEE:

Attributes name Description Unit
id HESEid -
TimeStamp AIZHYY:HH:MM:SS) -
PART_FACT_PLAN_DATE | 4H2 XIAISHET} -
PART_FACT_SERIAL Mt XAJet E=0] thet ZER0 -
PART_NO* MZel 243 -
PART_NAME =2l 015 -
EQUIP_CD A4St AIE 7| S| -
EQUIP_NAME Lot AE7 | 22 -

PassOrFail** AEEE 2t 2S00 A 4E K82 of0] 201= 2012 &t ? i

17
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Attributes name Description Unit
Reason™* HARD YEAE A, SO S0IE! HZ0| T3 22 RS LIEKY U”'a;f; ;)E“E
ERR_FACT_QTY LA LS 22| Th4 =2 0
DAHAIZAIZHOLMER) - MEE F| RYUAIZM] ), A= _
Injection_Time AlZH: HZE T30) QAT It A5/ A7) Sec (X)
Filling_Time STAMTICZ AE7|0IM S-C2 HEZ0| FYUE= AlZt Sec (%)
Plasticizing_Time HAZAZICZ M2E ATR0| 18 Miret 0E 8850 MEZ= AlZH Sec (%)
Cycle_Time TEHO| T ZAYAO] AQE[= MARA|ZH Sec (%)
20| MAE T LS SRl 23S AKST |7} ZOREET BIS0| §10 )
Clamp_Close_Time ﬂlz;lﬂ} ol ;%L; ’Z’ 01;; " ;z;i ?_1 POk | 801 Sec (&)
. . HAMEYL TSR TeiXls YE(EHURYHS XE610 15T
Cushion Position | 2 wx)g sp7ieiet Azl 91 m
Switch_Over_Position | 112} HAHSIX|(TAASA)0IM 2L 2 TIbFof X)) mm
Plasticizing_Position | A2t IX|(HZS DIEl A379| 9IX]) mm
Clamp_Open_Position | H|Z0| M40 =E517 |25 SI0| 2|1 H {IX| mm
HHZI0) AIZEI0] Qs 888Xt 222 E21S017H=0 Y= E &
Max_Injection_Speed fag mm/s
Max_Screw_RPM ANEE et AT 20| ST mm/s
Average_Screw_RPM | AIES QIst AT 20| HALEE mm/s
HHZ0ll A= U= Pt a¥e=z 22S07=0H 7HeliXl= 2
Max_Injection_Pressure Chotzy MPa
Max SWIChOVOL- | ABOIA HI(BAIE +A17} H2iXIep 2RBEC)OR HEsls 22 MPa
Max_Back_Pressure | =X|7t AZ0| S=F0| AIR7}H UeiLt= S4S MA[oH |9f6h Zh42 MPa
Average_Back_Pressure | X7t AZ0| =50 AFZ7} YLtz &S XX[GH |26t U™ MPa
Barrel_Temperature_1 HM (C)
Barrel_Temperature_2 HM (°C)
Barrel Temperature 3 | 7yo; o) x| 4717} 2Hopl 28(=) RXsPIgE eeay | (O
Barrel_Temperature_4 | ofiOFetCt HM (°C)
Barrel_Temperature_5 HM (C)
Barrel_Temperature_6 HM (°C)
Barrel_Temperature_7 HM (°C)
=o|T10| O (255 A A 7HS O
Hopper_Temperature ;ji;';zl—%lgi:aolg DAWTEH Mzt EBEEAE A M (°C)

MNEY
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Attributes name Description Unit
Mold_Temperature_1 HM (C)
Mold_Temperature_2 HM (°C)
Mold_Temperature_3 HM (C)
Mold_Temperature_4 HM (C)
Mold_Temperature_5 HM (C)
Mold_Temperature 6 | xj2zoim0| 2= (&20| AXAHRN MEJt 885=ARIg Hopy | BMCO)
Mold_Temperature_7 | 717 %/oll 2=7¢ F0I0FetCt) HM (°C)
Mold_Temperature_8 HM (C)
Mold_Temperature_9 HM (C)
Mold_Temperature_10 HM (°C)
Mold_Temperature_11 HM (°C)
Mold_Temperature_12 HM (C)

* Part_Now= A2 ZEHZ(LFHE ofd)olaL, sig Hlo]

=2 H|o]gu]o] AofA]
A& By et thEd|, labeled_data.csvollAE did £ E2124] ¢
labeled.csv’ &} ‘unlabeled_data.csvol| A= 3FQ1H 4= Qi)

A7} o &

(o]
pu

koF2. ‘moldset_

** PassorFail, Reason 222 75 &I &= Q1= labeledof| AT & At
(@Lo]E: labeled data.csv[A|Z=38H5], moldset_labeled.csv[&] =8}
+ 23 718 dolg]
A B C D F G H I K L M
1 PassOrFall njection_T Fillimg_Tim: Flasticizing Cycle_Time Clamp_Clo: Cushion_Pc Plasticlzing Clamp_Op« Max_Inject Max_Screw Average_5¢
2 o 0 (1.679123 1491397 0.361047 097858 -0.71116 1532018 -1.1524  -0.79573  -0.13202
3 1 0 (2.080358 1894372 1886261 097858 -0.7111& 1471608 0 -1.3471 0.049553 -0,13202
4 2 0 (2080358 1.894372 1886261 097858 -0.71116 1.471608 0 -1.3471 0049553 -0.13202
5 3 0 [1.679123 1.B94372 1377857 097858 1.202502 1471608 a -1.3471 1.740153 -0.13202
[ 4 0 (1679123 1.894372 1377857 097858 1.202502 1471608 0 «1.3471 1.,740153 -0.13202
[ 5 0 (1.277888 1.088442 1886261 097858 -0.71116 1471608 0 -0.76302 0894853 -0.13202
-] 6 0 (1.277888 1.088442 1886261 097858 -0.71116 1471608 0 -0.76302 0.E94853 -0.13202
9 7 0 (1.277888 1.088442 1.377857 097853 -0.7111& 1531018 0 095771 -1.64103 -1,29059
10 8 0 (1.277888 1.08B442 1377857 097858 -0.71116 1.53201%8 0 -085771 -1.64103 -1.2%059
[ 13] moldset_labeled_cn7.csv GIA|

y A B C D F G H | K L M

1 PassOrFail |njection_T Filling_Tim: Plasticizing Cyele_Time Clamp_Clo: Cushion_Pe¢ Plasticizing Olarmp_Op Max_Inject Max_Screw Average_
2 114610 1346829 -2 TGAE6 1.8437294 1029767 1.031111 0.349319 2489188 1025136 1.031548
3 114688 1380046 -2.72031 1.847956 1.029767 1.031048 0.863559 2446877 1.025136 1.031548
4 114919| 1.355641 -2.72031 1843294 1.029767 103108 0.864246 2446877 1025136 1.031548
5 115304 1360046 -2.72031 1.843294 1029767 1.031143 0864246 2455339 1025136 1.031548
& 115582 1.360046 -2.72031 1847956 1.029767 1.031048 0.864933 2446877 1018644 1.031548
T 115743 1.355641 -2.73649 1.843294 1029767 1031143 0864246 2463802 1018644 1.031548
-] 115784 1355641 -2.72031 1843204 1029767 1.031143 0364246 2455339 1012153 1.031548
9 116725 1421726 -2.49371 1.855726 1.03473% 1.031017 0933634 2303019 1.018644 1.032232
10 143072 -0.49914 1.973436 -0.70829 -0.76023 -0.96633 -0.86632 -0.65031 -0.96769 -0.96977
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[322 14] moldset_unlabeled_cn7.csv GiA|



2l & &oto], A
rg3)°ll tisted Z2f
oJE ot

27K OIS & MORANE A ATl 2% 1K B0 3
1

<X]E ‘6‘1-!:-.9.)

o B A o] 13} glo]H (labeled): supervised label cn7.csv

Ve
4N

A% 58

2
HJEE

T
H:l
nol'

ML e ﬂ;l)fﬁ L
ofp off o ot
o

(R
g Rl

2 8 &
T Jo
HHE e

o

- dlole £449] &

Mg AdPol= AE 2R EAF Aol = &Y
abeled_data ¥ unlabeled_data®s

g|o]H (labeled): moldset_labeled_cn7.csv
I3}t dlolH (labeled): moldset_labeled_rg3.csv
J1°1¥] (unlabeled): moldset_unlabeled _cn7.csv

3} glo]E (unlabeled): moldset_unlabeled_rg3.csv

A

, 2714 Zﬂﬁ L en?,

csv TJJroe] FEj = 713t b

Attributes name Description Unit
PassOrFail* AMEEE 2 2S00 A= to| 20|= 2012 -
Injection_Time HEHASNZHIRAEE) : RS Sec (%)
- MEE S RYATI=EH AL I:
Filling_Time SXANIOZ AET 0N 2O Z IS0 Sec (%)
Plasticizing_Time HHAZICE THRE AT TO0|| 18 A4t E850 MY Sec (%)
Cycle_Time TEHO| HIZAIAOH| AQ &= MAAZE Sec (%)
ZO| AHALE| T LS QEiQl= a5e 7|7} o

Clamp_Close_Time 2'23: Ol%ElJ%_ Q;;;;a' ;E?I; ARE7I7HEI0RFL Sec (X)

Cushion_Position SUWSHUSI HEOR JIsii= dAEH RS mm

- YRS ot |t AFZ | QIR|

Plasticizing_Position HEAZAX|(AZS OFEl AT FO| X)) mm

Clamp_Open_Position HIZ0| MAt=|0 =ESH|2ISH 20| S H mm
Max_Injection_Speed l:oﬂ ASHOT SIS 88V 58S SHR0VISH SEH= A mm/s
Max_Screw_RPM ANESE Yot ATEO| RIS mm/s
Average_Screw_RPM MNES St AT WS mm/s

Max_Injection_ Pressure CH)EOH AHE O U= B8AVt Y= E2S07H=0| 715K l= = MPa

2

Max_Switch_Over_Pressure | AIS0IM 2A(SEIE X7t LK YHSELHO R Hets| MPa

Max_Back_Pressure X7t AHO| El=50| A327} Lol MPa

Average_Back_Pressure | X7t AZ0| El=50 AT327} L= MPa

20
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Attributes name Description Unit
Barrel_Temperature_1 HM (°C)
Barrel_Temperature_2 M (°C)
Barrel_Temperature 3 | 25 o AlEA| AX7 UHE RE(=2)S SX 517|195 257t wxsy | EM (C)
Barrel_Temperature_4 OFetC HM ()
Barrel_Temperature_5 HM (°C)
Barrel_Temperature_6 HM (°C)

B Z0IT10| L& (EE5| ZRA|AZH MBIt L EI=A7IS T |7
Hopper_Temperature £7§|T|0H:;5|7i5(060r Sich M M27H SE=oAR i HM (°C)
Mold_Temperature_3 MBZQUT10| L5 (25| ARAIAZH K27t 2SE|=A7HS FHO | HM (C)
Mold_Temperature_4 7| IsH 27t =O0tofi) HM (°C)

* PassorFail &3] 5 AHolH tolg o ATt &I = 9]

12 o]&: ‘supervised_label cn7.csv, ‘moldset_labeled.cn7.csv’, ‘moldset_labeled_rg3.csv'.

« 71 BA EAEeE9 13718 Holg &
1) moldset_labeled.csv (E5Fo] &

©)

S27E 3l HolH)

1= = Yo | EEWx | =A% | ST FHoiE | =Rk
Injection_Time 2607 571 4.24 1.05 9.562 13.39 1.06
Filling_Time 2607 2.86 1.76 0.93 4.41 8.27 0.94
Plasticizing_Time 2607 15.14 2.03 12.80 16.78 21.10 12.90
Cycle_Time 2607 60.54 1.13 58.96 59.58 62.36 61.78
Clamp_Close_Time 2607 6.98 0.16 6.79 7.12 7.18 7.12
Cushion_Position 2607 653.80 0.42 653.39 653.45 654.29 653.41
Switch_Over_Position 2607 1.01 25.65 0.00 0.00 655.31 0.00
Plasticizing_Position 2607 61.79 748 53.55 68.48 68.86 53.59
Clamp_Open_Position 2607 356.29 | 320.34 4.63 647.99 647.99 647.99
Max_Injection_Speed 2607 88.64 36.07 38.50 56.30 128.50 128.30
Max_Screw_RPM 2607 30.80 0.12 30.40 30.80 31.20 30.80
Average_Screw_RPM 2607 291.60 0.98 290.40 292.40 293.90 292.50
Max_Injection_Pressure 2607 142.18 0.48 140.70 142.20 147.40 141.80
Max_Switch_Over_Pressure| 2607 127.33 10.10 109.70 136.00 146.70 136.40
Max_Back_Pressure 2607 46.18 9.04 36.30 59.80 71.90 38.40
Average_Back_Pressure 2607 60.13 1.10 57.70 276.80 87.10 59.60
Barrel_Temperature_1 2607 280.60 4.90 274.80 275.70 287.10 | 276.00
Barrel_Temperature_2 2607 279.78 4.96 274.20 275.50 286.50 | 275.30
Barrel_Temperature_3 2607 279.53 4.99 274.10 27150 | 285.80 275.00
Barrel_Temperature_4 2607 272.66 2.58 268.80 25540 | 276.80 269.60
Barrel_Temperature_5 2607 259.54 5.00 253.50 230.30 266.40 255.00
Barrel_Temperature_6 2607 232.25 2.49 229.30 0.00 235.50 230.10
21
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1= = Qo | EEWxt | A | S FoiE | =R
Barrel_Temperature_7 2607 0.00 0.00 0.00 66.60 0.00 0.00
Hopper_Temperature 2607 66.72 1.59 62.60 0.00 70.60 66.50
Mold_Temperature_1 2607 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_2 2607 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_3 2607 22.81 1.27 19.60 23.80 25.30 25.00

Mold_Temperature_4 2607 2418 1.69 21.00 0.00 27.80 23.80

Mold_Temperature_b 2607 0.00 0.00 0.00 0.00 0.00 0.00

Mold_Temperature_6 2607 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_7 2607 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_8 2607 0.00 0.00 0.00 0.00 0.00 0.00

Mold_Temperature_9 2607 0.00 0.00 0.00 0.00 0.00 0.00

Mold_Temperature_10 2607 0.00 0.00 0.00 0.00 0.00 0.00

Mold_Temperature_11 2607 0.00 0.00 0.00 0.00 0.00 0.00

Mold_Temperature_12 2607 0.00 0.00 0.00 0.00 0.00 0.00

2) unlabeled_data.csv (50| & S A7} = Hlo]H)
3

=2 = = BEWX ) FA | S =it | =@
Injection_Time 795315 9.45 5.57 0.13 9.52 29.10 5.00
Filling_Time 795315 3.90 1.65 0.00 3.35 29.10 5.00
Plasticizing_Time 795315 | 11.23 7.62 0.20 10.95 468.20 2.80
Cycle_Time 795315 | 58.03 16.92 0.00 64.42 6438.39 35.60
Clamp_Close_Time 795315 5.68 1.91 2.1 6.08 30.10 3.40
Cushion_Position 795315 | 215.04 | 296.93 0.00 18.20 655.33 17.30

Switch_Over_Position 795315 | 10.88 19.05 0.00 10.00 655.34 0.00

Plasticizing_Position 795315 | 63.56 40.96 31.27 59.90 392.90 59.90

Clamp_Open_Position 795315 | 561.10 | 369.23 0.00 52250 | 1901.00 | 647.99

Max_Injection_Speed 795315 | 47.58 27.67 0.00 38.80 128.80 59.90

Max_Screw_RPM 795315 | 22.22 18.47 0.00 27.00 106.30 0.00

Average_Screw_RPM 795315 | 104.96 132.14 0.00 25.50 484.20 0.00

Max_Injection_Pressure | 795315 | 118.59 34.73 0.00 131.70 199.90 80.60

Max_Switch_Over_Pressure| 795315 | 101.22 31.70 0.10 102.30 | 6553.10 | 69.90

Max_Back_Pressure 795315 15.50 20.12 0.00 5.20 121.50 5.30
Average_Back_Pressure 795315 27.84 28.32 0.00 22.10 165.20 0.00
Barrel_Temperature_1 795315 88.72 124.63 0.00 0.00 990.20 0.00

Barrel_Temperature_2 795315 | 262.88 13.27 189.40 264.80 | 340.30 264.80

Barrel_Temperature_3 795315 | 266.19 1M.71 189.00 269.90 290.30 269.90

Barrel_Temperature_4 795315 | 264.33 11.42 17940 | 269.80 | 290.10 | 270.00

Barrel_Temperature_b 795315 | 257.66 12.90 179.60 | 259.90 | 290.20 | 254.90

Barrel_Temperature_6 795315 | 241.97 15.35 167.80 | 239.90 | 276.80 | 239.90

Barrel_Temperature_7 795315 22.46 15.80 0.00 30.20 50.50 0.00
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= TH== e | BEEUx Ay | Sy Foiz | =2
Hopper_Temperature 795315 38.44 27.36 0.00 56.70 75.10 0.00
Mold_Temperature_1 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_2 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_3 795315 7.67 11.48 0.00 0.00 39.20 0.00
Mold_Temperature_4 795315 8.94 13.61 0.00 0.00 51.10 0.00
Mold_Temperature_5 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_6 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_7 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_8 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_9 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_10 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_11 795315 0.00 0.00 0.00 0.00 0.00 0.00
Mold_Temperature_12 795315 0.00 0.00 0.00 0.00 0.00 0.00
F BYAS/ TS5 R
SN, U W] G WA P WAE, YEglolt Y vehic
FEUST, BYUso] wste] ufet o B MBS LT Hojsks M, 2
2o} 77} Lehdct
2 2 H| 2
Injection_Time
Filling_Time
Plasticizing_Time
Cycle_Time
Clamp_Close_Time
Cushion_Position
Switch_Over_Position
Plasticizing_Position
Clamp_Open_Position
S Max_Injection_Speed

Max_Screw RPM

Average_Screw_RPM

Max_Injection_Pressure

Max_Switch_Over_Pressure

Max_Back_Pressure

Average_Back_Pressure

Barrel_Temperature_1

Barrel_Temperature_2

Barrel_Temperature_3
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S a5 H| 2

Barrel_Temperature_4

Barrel_Temperature_b

Barrel_Temperature_6

Barrel_Temperature_7

Hopper_Temperature

Mold_Temperature_1

Mold_Temperature_2

Mold_Temperature_3

SEHs Mold_Temperature_4

Mold_Temperature_b

Mold_Temperature_6

Mold_Temperature_7

Mold_Temperature_8

Mold_Temperature_9

Mold_Temperature_10

Mold_Temperature_11

Mold_Temperature_12

*Label GIO|H2| AR, 1/0 HA|
S&He PassOrFail 1:458, 0 282
*Unlabel H0[E{2] A2, ‘NullHIO{RLS) HA|

sa0i%, Zguigo] e AW 9] 134 7H8 wlold, 24 713 HlololA gelsl Ax gt

s

3) HlO|E} (Z) Ml
- Hlolg 22 AX 24

- A F7NAM LAz HolElE2 ghol 2] gAY 2 5 QERT gt Ho]

- WebA gloJHE2] 57HA] F4 Al mrefelal, floly AR E Sl 4 AeE
FEAIZI.
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of

M= ol EME T 4ol FEe| 7|2 95% Ol42| Fiu-g0| ETE|0foFE

r

HOolH §& X+

98.43% Y R EE SR K| e2g
100% 100% 100% 100%
g i) 97.38% 60% 5843% 2.62%
SEAEEE) 100% 10% 10% %
SEGRE) 100% 10% 10% 0%
LHE(=EZ) 100% 10% 10% 0%
B EA) 100% 10% 10% 0%
BE A= 99.48% 100% 98.43% 2.62% (1.57%)

RUHES) REHEH 2DYEWE F2EERA) HOE ERXE

[ 15] HI0|E & X

- glojg 4 A%
- 244 (Completeness) : Y5g-50f 20| §lojof it
- 794 (Uniqueness) : B|°|E] =2 F-UsfjoF 5t F-EE|o] A= b=t
fra4d(Validity) : dlol8 P52 ozl dlojg] R 9 =H 1S S=dloF gt
d

H(Consistency) : HIOJE7} A|AHoF & L2, 3t A== FE7F A=A A2
al

oo o

, M2 dAIBfoF .
J23(Accuracy) : A EAISH= AA|9] £ gho] Aes] RHjo] = ofof it

X

<A =

/it |~ | Machine_Mam¢ - | Item M~ |working time Press time(ms T Pressure | - | Pressure | - | Pressure |« |
: 1843 Press-01 ED5260  2020-05-07 O 275.2 273.2 5484
| 1844 Press-01 ED5260  2020-05-07 O 2755 2731 5486
| 1885 Press-01 ED5260 2020-05-07 O 2748 276 550.8
: 1886 Press-01 ED5260 2020-05-07 O 2756 273.2 548.8
| 1619 Press-01 ED5260  2020-05-15 O 2748 267 5418
| 561 Press-01 ED5260  2020-05-20 O 2749 269 5439
| 755 Press-01 ED5260  2020-05-26 O 2749 269 34349
: 3879 Press-01 ED5260 2020-05-28 O 2752 267 5422
| 744 Press-01 ED5260 1900-01-00 0:00 2749 269 5439

-> ZEO null 20 E0{7t Y28z 2FIE S{HjSich

| 2912 Press-01 ED5260 {1900-01-00 (00 551 2755 269 1644.5
| 105 Press-01 ED5260 | 8159-02-28 0:00 349 2745 269 343.5
107 Press-01 ED5260 | 8277-03-19 0:00 550.2 2751 267 5421
108 Press-01 ED5260 | 8336-03-29 0:00 550.2 2751 267 3421
111 Press-01 ED5260 | 8513-04-27 0:00 550.2 275.1 267 5421
136 Press-01 ED5260 | 9988-12-25 0:00 5408 2749 267 5419

2 Press-01 ED5260 §1900-01-00 000 350 275 267 342

138 Press-01 ED5260 §1900-01-00 0:00 549.2 2746 267 5416
140 Press-01 ED5260 | 1900-01-00 0:00 550.2 2751 267 542.1

.-‘u:lx v-Machine_Narnev-ltemN ~Jworking time |7 resstime{rnsf:-Pfessure ~ | Pressure vLF'ressure -
142 Press-01 ED5260 §1900-01-00 0:00 551 2755 267 542.5

-> working time0f RE5HX] R EMEL0| S0{%UcD= REHS QIujTiCE

(22 16] HI0IH K5 ZAt
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@ dlolg 9] ZEA& &Rl5t7] Yol isnull0FE AHESE F sum( )THE o]-8otq &
ASA| NS Tt
@ Tt ASA 9 Ti4E ol85to] ¢ FA AE Tt
° F24 FE A = (1-FFHolH 4)/3A glol8 ) x 100
@ o] HloJgl= Fee g2 7l Eol EAISHA B RAAS BHSHA| =t
@ #LAE TstaL Aot idx@F workingtime + €2 ©l-&st 7€ e 7 7]

[e)
T =
2|2 445t $8-2 westd ek

© HloTE 7§ ol J=H?
@ HlolE 7t GAlel W

® 43 A <ol Sol7k YT 52 AEFHe Rolet,

/734 "lolgl =) x 100

olf
o7] 84 Hlo|Hi th2 o2 HEshe Fo| glonz ArHIS Bk gkt

- JEA EA A% = (1A S8 dlojel 5/ Flold %) x 100
of7] 87 ol AL Qe TlolE 7t 245 9] HEe] Fee B

AT
! » («g»)) | N @
ALZEN e A dlolE 5y doly 24 2ol HA 2o g0l 24

T N J

(23 171 ME SHOM2 H0|E 58 X Al 22 X

()
o
-
H-|
1=
Lol
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2.2.1 X sk5 WEHE (01 &X)
1) Al 2B

AT AIFEE@E D) AA olw 7l

- AA2A3 97 dole B4 W : o] &R (Anomaly detection)

> o]} FA= A HlolEloA v MEETH= otHe THECR T35 A

gtk REo] AxolA Lo AStolE o] A9 FA o] vl vlg4
W) 47h 2A) Ak Aol Heldtel o4 9] BDE A0 ANt o]

‘J(Anomaly)e o1 A 2ot HLsh=Al= oFollA Aett

A&l A oh= Al 4 THEE 1 EY A3 &71)
- o4 |AI?
o Oo]A4F Erx](anomaly detection)@t A=A dAtit= o2 g S Hol= 7H7<ﬂ
= A5E = A4S d8=t F4H(normal) Hlo]Eet B4 abnormal) Hlo
£ FEddl= 2AE sfdsks HEolH ol 'Al= 7€ 54 71 EH ‘:'14_

H%Eﬂﬂﬁ%l o271 Thst WHES AAFLZA ofF] 3§ HopolA
choret el ATE L 9ok o4 7R Z140] A S AR HAA HolH Y
#ﬂ@%ll@ﬂﬂﬂ&%%%}WQ¢ﬂﬂﬂ31o”ﬂlHSQQ%;
3, 3h5E A PolH o] EAT TREE WA dolHY 54 22T 4 9k
L9} sk AefEo] Wasth dlole AN HAAA Hole g AL

O

A8l AAF(pre-processing) A| & A2}

- g2 ol g3t ol X9t 1 FF

> Hed2 m4l g9 okl de =, g9ede] SR Qe QA Y WAl 7
g %OM A-8/g0] A= et GerAQl w4l 2 G eSS A T woll=

% FZ(feature extraction)e e A IS A oF sh= W, G

A o] HA| sk TEA| A0 ZItE|o] QlojHrt F-&H 0|t Yyl

QA WAl B YATFO2 = B of#E BEXTHEA], &g, 0 3

9] B]4Y (unstructured) HOJEIE AR &= Qlom, 11 o] WEHE A|AH

9] 450l Eolxlt}. gs5rolE 9] glol& {50l waet A A= T5(Supervised

Learning), H|A| &= Sk5(Unsupervised Learning), ©A| &= $h5(Semi-Supervised
Learning) &2 72 = Ut} ¢ Al 72 ok A4S 7IRte =z o) HA] e

& FRY S Uk

il
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o] 4} B4 (Anomaly detection)

A = gk 7]6k H] A = st 7] Rk A & ot 7|
o] &7 o] & ol &
- SVM - PCA - One—class SVM
- DNN - Autoencoder - Deep SVDD
- Autoencoder

(72 18] 20|12 RF0ll M2 01 BX| 27 H ¥12F

- A& Sk 7|4t o|AFR] &4 (Supervised Learning based Anomaly detection)

i. 49
o AREEE= BE HlolEE, A MET v MES0]| labelo] 24 & H$- A=
= A — 13 -— A = 9 —
ShE "R 07 F o] o]Fojx|7] wjFof K|k ShE 7|4t o] A4A] ©A'Eal it
=, A4 AEY vAS MESS Y S5 essotal dgo| S0l o,
1 o] FAF MEQJA] v]gAF HERQIA] Tdols B BA9) v FAFSITH AL
A<
5t
i. A
= o 1 iz
= HIO|ESO|MA/MEM MESZ2 | HHXOZ 0|4 X0 AFRE= O | 2 HIYA MEQ| SHE 2|5 4|0]
LE=01M Q7| TR0, CHE sis 2 | 0|HS2 42 T4 ME0| ™A M | B 3L 7|8, Y= £ A0|Q] X{0|
SHO =2 ¥E g 71 ZHC} 250 27| M0 Hoje 2 | € Folok= HI g 84 S0 Tt
T BH7t RIS LS

o A& 5 7IHE o] A 'A| AlARIOA = & A2 B3t V1A Tl R
A 2dZ e A IA H=2X] gk weEba ZA/HIAEAS AlEC] Higt )
o|Eqt F&5] 7HAAL Itk 714 g5 7o 2= ARZE 9HE HAl(Support
Vector Machine, SVM), #E ZHAE(Random Forest), E&ld 7|HozZ:
A% A7 (Deep Neural Network, DNN), 2 EQ1FE{(AutoEncoder, AE) &
o] AH&E 4= Ut

o H|ZA| & g} 7|9k o]AFA] ©A] (Unsupervised Learning based Anomaly

detection)
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i /\-h:g

A B4 7199 o) EAle] AP, BAT} oIS THE & Gl Po]Be

o= 310 Basp] @l 918 3 A S0 URS Al U o

[9Ho] o) B A= tiF22] ol 7 A AEolghe 7HE shof Flol+= gle]
og A e olct. 119 HolHEAS S4eomA 44 folest u4
A Holel Relod % Itk lAE o4 Z1ute] ol ©x Bue ofgjol B4
U

A E5F J 9] IR E4 57Hlatent feature space)= -EET 4 Ut

2520] gloJ§ Al&o] v, tiF-E9] HlolE A& A/doltt

—~
o
=]
©]
=
2,
o
c
%]
%)
(@)
©]
=

o
i

2
1z
e
2

ii. g

XF C} xd
© T el
HIOIEO F&/2 62| 20[20] HRSHA| 0t HI8 | - SFIL IR 20N HIOIH W SSES st&ohs
==
=

Z0H0IM 2EHO0|0 Z0f 0{AZ0| AN SZ T FHE=E Abtop| Of
F ot= otolmutetojEf(hyper
Bl &40 2ot

- MF xHHO

—-parameter) 2! §|0]

fijo
ot

oo o

o FAE B A (Principle component analysis, PCA)2 X &4 9 2.9
A HES AE5H, A% ?559] E%]O]‘:}. ojzet &4l WHH
=z

)

2
o oX
o,
fijo
N
—‘—l
0

I=Hl, 15 LEQIZY 7|5k
71zl 01”74 5}7\101]/\13 7Hg &3] ARREl= ROt 2
S407 HAT 4 %+ codingS o5 4 Q= 9l
J =9 H2 08 ANE o Qlvh RERIFHY} fgS ot
O g HHLY o]F thA| SfAlste] 4E it 7H7ke] Hol= &Y
17 H(encoder)?} tlFH(decoder), 5 FEO &2 FA L]

o,
i)
o)
ofll

(o]
-1

E
(1] TR

bt o H o ol

2 o Mo 2 o
2o KU
E O o
O
522
l-'O lm —O‘
o e ;

-
r1r o
bol'

&

12| Y E¥ A (recognition network)eril 3, Y-S HH HHO 2 HIEISI}

: A Y EYA(generative network)2hal s, Y& #H-S £ 02 HIlSHT

)
PTRTI Sc]
k)

hul
fn
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|

Qutputs —

Reconstructions
(~ inputs)

[HIERE .
(Decoder) Hidden 3
2 |
=
= g < [ Hidden 2
E ‘ Codings
ol 3 .
(Encoder) Hidden 1
Inputs

[O8 19] RLEQITZHO 71X

AHE A5t &5 wECIW7] w20, ojuf WA o= v|-8&-= Al
¥ @xHreconstruction error)2til Sttt U BAH &80 B a7 EX 94X
(o]

3ES YolH A9 o, AL A9 BT NRFOTHN B GRE 2

- A& SkG 7]HF o]AFA] ©A] (Semi-Supervised Learning based anomaly

detection)
i. A9
o AHEEE= HlolEE0] FEA o= FolEHo] Hoj Q= A, AL o HH4
o5 SHI A = Utk AA HolE = FolEde] Hol = AFEH, <t H
o] Q= AU FEA o= Hol e BTt B Wt webA HolErt FEA o
25 glojEdo] Eo] AAM, HlolH E+F A7 UF Aldste] A= o5 W
A2 ARESH] g A9, FAE AEST ARESt "31 = AI7171% Sh=H
ojfl WS 'FAE S5 7|8t o|4; B gt -f‘, o] 2 A MESR
Aot A MESo] EE5t = A9 BH A (Decision boundary,

Discriminative boundary)E Sk55tko] o] 59 ‘Zﬂo]Ei% 5 vgA MEo]
gl ok ®H4 9] dlojr

Y

(02 201 2% 27 31
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Xt Ct X

o o [ = |
HA MEQH Q0| S150| HSICE B | - HIRA MZ0) i3t B2t 2(0]20] ZXGHA| 0t HIEA MZof Chst
A MZO B ME| bl Y55 H0IE | SHS BE| Stasly| 0w, 1= Qs K= St gt Aol Hish A
470 SOOI MBS o= WHOIN | OiECZ We ¥sizs B,

o FAHG = 5 ‘ P = P =1p
WE HIS0| LYSISR o SSUMET | — yyy wmo| 2Hsl= 27 ol HIOIEE BIFA ME0[2D TSIt
Sl GAE HIZ SH0M ZEH0IH £ 718 T HEE HUE JINS 4 00 AXIR Iy Mol 2

HOL HA MB0| BRI B2 22 AU A9 HIBY HEE
A MER OIS THS X0 &Lt

iii. i &
° =A & k7|8 o] FA] AREE U tHAQ FAEFORE T
71'H9] One-Class SVMO| Sltt. "ed 7"Hat dglsto] A4
Deep Support Vector Data Description(Deep SVDD) 5°] ]t}

A

flo

i

oo 1ok
oL ol

3
- AN S E AE S 7N o] JE A FEAA LERIZH(Denoising

AutoEncoder)

o ZSAA LEQIFE(Denoising AutoEncoder)& LERIFE7} Qu] Q1= E4
(featureye Sh5otes Alofe F= WHCE, 4 HolH F=(noise)= 57t
Skl 4ol gle ¥ dESs HUstEE ShsAl7]= Aotk Tes| dEE =
o g BEARSHA] Fotuz flojEd e feS A He HHORE, EEokk
(dropout)= &8l F< TAAIE = AUtk o714 EFokxoldt A3y =95

Ato]9] 2493 (hidden layer)oltt 839 Y4F FHRYH, =5)S FAIE B

o2 ot} G4 dlolH =Rt shad £
=% HolE7F dE oz Soigte WHT FA HolEE dgom U u &)
4 A5 7HAA Hol £ 77 E w7 7 U Eo

T

1l
ok

.‘
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Qutputs

Hidden 3

Hidden 1

Dropout

Inputs

Denocising Autoencoder
With Dropout

[ 21] HEHA LEITHS 7%

222 =X =t5 YEE
1) Al 242
« 3T Al FHE(ELEB) AF o7 7€

- A7) dlolg BA v A& Sk5(Semi-Supervised Learning)& 285t H|o]

ol

B £4
- @A RO AZT| PN A 719 B4, shRe] AET101A A4t
S & AL, A BEC) A% 5L Flo] s AEEE AIE 47

o "410} TE AES A A7 A Qo= €71 ofFk ol='t AlE 2
et S oF = 2 AlEY TlolE FolA S A HREREA) S BE 5 Qe

g, o]%t S HPE WEoldle 2 & H]Q-O] S 71 AZHo] 31_‘_4'-
w2ba] ARE7] T HolE o= A 7t gl HlolE7t titheel Aol A
ARE719] BEFQRlE a8FoE A5 = Q= —ff—x]l:u_ %g(SemrSuperVised
Learning)& &-&3itt.

- AgTA SHe Al B4 PEEQTAD)Y TAH 40
- A% S0l

o 714 eh52 FolX 5 HolH e Ed A ¥g f5o) "t 2A A=
(Supervised-Learning), HIA| &= &F5(Unsupervised- Learning), X% 85
(Semi-Supervised Learning) 22 EFHth A& k52 A HE7 2A5k=

HolH & AREst] HES S5AIA Yot= EHA BI4E A& S ol o5 W

0
Lok
S

ol
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rE
o 9
Ko
rlI
(g
)
)
R
H
9
A3
flo
lu
)
[>
g
P
N
ri
2,
ol
R
o
|
o,
o,
i)
u=}
ftfo
S~
oo
ol
_:)

F A& 85(Semi-Supervised Learning)< &5 2 37| & ot 542 95
AREEH, S A M7 ol HlolE et T1¥ A 92 HlolE EFE AN
U= Aol ok dubAQl A= 8k50] A9, (E 1)} Zo] Hlol5 9] S A ¥
©: FE)E 5371 |6l TlolE e v ¥ 71, AS)ES AR&et 13y
A 2= AR 8T ofye} tif22] 714 g50] 3-&5F= 2ofollAl o]Z et 2
8- &3 ARl 2 T wEbA] Hlw A A A& 5 Q= (B
29t 2 S A HGTF FolA|R] o2 Ho|HE &Y o8 &8sl A H

%7} ol doleuto R shE TRt e A5S U Zo] FAE 349
= 7o}

tjere], ZeA WS} FolA K] ke HlolEw AMRte] SHsAIY]l BEL Avke]
o2 wigh Zold HolEeke AHR) SeAIX] wElkTh £ 4TS TR

7| S ckE
150 40 !
180 80 =

[H 1] S2HA H7F =0{T HIOIE Of|A|

7| HS g4
155 45 X(2E)
160 45 X(2E)
165 60 X(2E)
175 80 X(2E
190 20 X(2E)

[H 2] S2HA BT FOIXX] 42 HIOIE Of|A|
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4 : N\
i
o | e
1
1
1
i
\ i J
a4 o2 o0, I
eS® g0
® '—--""s\.. —
® | o Ve -7
el e 08
o _0O
\ o0® J

(23 22] EX|E k59| oflA]

71A| S5 LarE|ERl AEE W
HAl(Support Vector Machine), #d EZHAE(Random Forest), 7F-A|QF Lto]
B H|o]Z(Gaussian Naive Bayes)@} F|+ Z53-& 1%l E A5 A1 (Neural
Network)Z& AR&RITE. TRt 717 ok RdlZ 483t =4 ol A7) Hlo|
S gt &-8ol= Al FPHES T3

- A2 E ¥E HAl(Support Vector Machine)

° ARE HE HAZ g AE= 7|4 ok GaEEe R, £t 3
AREEE D54 HEECIH HolEE AR RES sheAYIth= A
E dlE H4lo] = 71| E79] HlolE, & FFEL EFEF= =L T U
(hyperplane)o|2iite =)= 2% BAE 3| o= Zold. ol
A 7P 7A IARE 2 A E, EFR)O1AS] HlolHE ARE WEZ £
St [I11 23]00149] ZF HA flofl YA "ol ZRIEE°] HIZ A ZE HE o]
o} oA A8H F 79 A= & Hdol &3 ARZE 9 Ato]9o] AYE uiil
(margin)ol2tal F21 [117 23]04] T FA Ato]o] =3 AZ Yepdnt Zd2
o oA Bl S Fdislels oo R, [O1Y 23]9] AACE HHE= 2HH
= HHEo7H 2|2 9] 474 BAE 2HA Ho
ARE HE A2 585 Ho|HE & AHCE AMIAIZ17| = Sttt HolE <]
W0l 7, & ARE7] HlolE Q] Y, & 52 /4E A el & 4= Sl
HlolBE AP o AMYRt 7| RE= stojg 2HHS 2A Sh= A o] 7|40l
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T3 Ad(kernelolgtal E8l= 7S &80t 1A ZHOE Hlo[EE A}
AR T APFE IAYe] 7oA 2 HS FEE ol WS ARG §F
ot @o] ARgE= Ad == U4 (polynomial) #'d, WAL 714 gk(radial basis
function) #A'd 5ol EAgtE. HE S Alofl= stoly mpepn|Eetal = AR
A7} 277 grEo] SR AZE HH A9 H§- C3 gammatt 52
2A7Fs s, Ca2 LE updg Alshs A& 2oz BHo] s

o
6

283k Hlofl ARSEAL gammagt2 729 412 24 ok= Hlol AR

[T 23] MEE #IE H{Al

- Ay ZFAE(Random Forest)

o

Ay ZHAEE Z2H Ed(decision tree) [(1F 15]2= 714 g5 ¢ag|&S &
8ot HE2Ql mdeA B57e} 5 BHog A5 ARGHL) 7] S50l A o
Sk Y PSS ARESHAL FEE o 2 2424 9] HElS whg ARgsle H-HT}

S FArE(ensemble) ROl St AE EH A

o = E
= =H = = = = =
L oold YA SJHYNLS TEF] B2 FIHE T2 AE H5L Ui 2

T

A HAAEL ofF Jjo] A4 Ed (1Y 2518 T4 4240 24 Edzy
Bo] Avighe AP WYL B9 ohee WA AH Ed (19 2419 2
o 728 /M0 AZHQ FEE o204 E(hode)9t o H(edge)] WFOE
FHEG, o} 102 2HL He7] A8 ARIANY 24 BHL UF Fe=
Ukl Zloletal ofssta Wtk 2 A4 Bl ok BAolA Ed B T4
= 274 WA 7122 Ao WPOR ShEHT oljd ot 1y 54 1
2ol so] sl Eoi B4 FA AHE A et

W TAAEE oSt HAloR ShaEls A4 Eel Qo] A%uE olg A A
851 Hed), 7 2% Eet A2 e 54 /KRS AR nde)
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AAA ] ARk} 5= A a1t o] W ¥ (bagging)el2t F-Ett. vi7E &

&5to] 7|19 HlolE & o2 /19 254 HE HlolHE 2%t &, 24 44 EYE
Hi E}E Eﬂ JElol] 3H5AIZ The MR THE B4 %—6}741 9 75% Efﬂ%ﬂ |
J4.71— E

lJ_%}E}% Xo”éo] L
g Hlolg e Fekottte H2

O: AlEf = E (Root node)
O: L{& = E (Internal or split node)

O: BTt It E (Terminal or leaf node)

17 24) 2% E2)

Ss 3 Sg

(03 25] 042 71Ol 2 E2|2 THE HE HAE

- 7}9-A]QF o] E H|o] Z(Gaussian Naive Bayes)

° 7hFAIRE Lol B Hjo] 2= Hlo]= JE](Bayes theorem)E 83 E2|Q 7
dag]Eolnt. HlojEof o W4T EAT o HHH o R HiRES] Haes AR
Y2 o]A] ot} SHAIRE, Yol Hjo| 2= B S0 AE =Y Aol ATt 7t
Z‘]‘é]-oﬂ AHA‘]EI 27—]_‘.?_ iﬂ% Et—ﬂo]lﬂ- EA‘]O] ?jé:_}ﬂjl?_]_ H:]/\O] 7—']_?.01]‘— ZF /R:‘IO
AEE(Gaussian)E WL 7HYSHA =W o|2[gt 7Hstof| ShaE= REE
7H-AIQE Yol B Ho| =gt B2} o] H H|o| 2= B4 AL Hlo|H & AR5

i‘i

_

36

"NEEY| ALHOIEA, 244E 7I0IES



|
o>
ol
>,

¢

o

410 & 19 mx

4w
io ¢

Uiy

ol P oot B E &3] FHY = ks Aol 3t ol o5 Al F
A Glol8E ARgste] BHe2 ANtehe 422 Hdo] ShaE7] miiEelH, A=

At 72 Fol s st &t 5= HolY] fleoll, &9l shsolztal

Mr o
re
oM, o

(Deep Neural Network)

2
oM,
)
rlo
o
oM,
ol
o,
o
T
r
-
Bx
il
re
1P
)
o
Ll
BN,
X,
ol
flo
X
jm
fl
,E
N foh
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o[l

o o
o
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Lok
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N
rr
e
l-uO
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=
flo
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ok,
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1o
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N
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ol
)
)
N
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oft
ral o % ol
mok o

ol H3¥al ofygt o8 A3} S+ (activation function)
sH7| % 3t} of Y Ao 24Y52 7K A

JHo] Jlow, dutH oz 43t J52 Hol= A

o

M e

fr oy ol
0.

e E
(2
o

N
o

lo
4
o)
rr

e, T
f3
39,

a4

lo

=

At 2P R (gradient descent)& 18510 StaAlE <= Jlth. ek, 4173
Aipghat dlol8 o] AAIgke] ol A AA|Fh=A] 59 7[Eer A3
S Bk H&=d ol et H7F x5 &4 3(loss function)gtal F

359 wEt|E (e Mol w2t o] &4 o] g2 skt

99 31 BIAE £ F5E Ha A BAHE 2
A

ol
rlo
oM,

ol
)

T

l

0
ol
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"

N

L 10 10 on
ox,

2 i
rpr

Xl o

i,
[
m
!

1o

T =2 RT

o

ol

-

o rr
o

A0 % S4S AWsHA Hrh. BRE 5 A5 A4S 9lojo] theo] 44w
S dxdoz ¥y HEHog FHA WAGE 5L BFER] FBL siE
2 A3 ol Jlel A4S A HH vk B £ 2elo] A5t
2% A= y nge 1=

ol
ﬂ_'
£

S
—I—J
00
St

M, 4 T 59 2% 7Hs #ho] wie- ol EAgit), whebA] HEl Sk A
FoiXl glolEofl At PES 2= 2ol T a3t

Input Hidden Layer Output
Layer

(23 25] HFY GilA|
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BYhS ARESto] SEAl AEE 714 g5 RdleS S5AIXIH o]
A2 S22 W7 EA5HA] gk Hlold

sk AolAe FaS Hste] S
(entropy minimization)2} $& dlo]&% (pseudo-labeling) 7f'd-S &
ol ol & AHES g5H 71A o5 RE2 T
o 7t AyghE g8 S9Y &

(confidence), &2 3HA19] ALkl A0S 4= it} oA
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K oo 12
ol
i
il

[
L)

[
o ot o
V)
[
iC)
iy
i)
L,
o)
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_0‘15
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N,
X,
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i)

=4, o= Aol Zdlo] F41E 7M1 A& it
& AFolA 450 SHA HSE 7 1

H7E Qs Holgof Hisf A& o, 7Hg ARt &= 5t
A W57 AT 7hs/gdol ATl & 4 Qitk

29 AEET7F L Hlo[HE ¢ =
o]t

FI= ZlolE% (pseudo-labeling) ot5H HdE ofgsf A W47} gl T
olelof tisf d&et 2 TME S A WSE Aokl 25 S5 Alo] ARt
= ol 284 BT EA6kA] Y= HlolH F9f Ixof sl

o 2
1z
g
—ﬁg;g
o

. £ A

b
H-l
s

o2 wdo] ST vloleo] tepg e Shush e, o] THAolA Az}
22 By EGE TR AU E 7] S A HsE Folote 24 T Bt
739 Ed A WS FolstA Hot o2t 2 SH A M7t Q= TlolEHE
wgafol MRS 274 AAE B, 2 B W PHITE ZAE 45
2o Bz} 2] Het
4
2 8 s
* PO %M—b
fitness classes fitness classes
Low Entropy High Entropy

[0 26] = AHE2D] OfA|
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2.3 24 M

e
H
UE
-
rgl
=
o

=20
1) €2 SW, Ii7|X] 8X| Y X =X} 7l0|=

L SW AL HEEATA 752 A% 4K slolsy B2

2.3.1 X stg 28 Yu2E (01 X)) - X &5 MES ¢
=

714 AA) Fhol=

- 712 3] A mhold e §of e

-ef0|=222el 2
- OHQUQT7} 2 T2 J2H0| TAQA0|C}

- 02 7|X|1°| 25
- oS dXg o, 7[=He2 dX|== 2f0|22(21E BEEet0|E2{2|2fal sttt Io|

1 SA0] OFd 2IR0M HZ et RET IH7 XS |0 F 2t0[=af2]2f1 SiC.

o - 02 2559 23
- TH7 || ol 012§ 71| BE{7HEXHE 4 Tk

n oA
oo

H _||rn
i

r

2=, W, 2UA 50| FIE0 Y= TOIM TO|(py)S FBICt HEXCOE Of2f
0| EXistt.
= 0)) numpy: =X[5i4] 2&, pandas: H0|H 24 2&

A9 o]B g H71A]

(22 16] THo|M 21 S04 7H

- 3714 93] 14
O FHE LEE YjoA 1j7]X] & Hg HX|517]
lﬂB_ ﬁﬂy]z] ol _1_:l|_ /H;‘q
a])) datetime ZE A3

pip install datetime

In [5]: pip install datetime

Defaulting to user installation because normal site-packages is not writeable
Collecting datetime

Downloading DateTime-4.3-py2.py3-none-any.whl (60 kB)

| | 60 kB 1.3 MB/s eta 0:00:011

Requirement already satisfied: zope.interface in ./Python/anaconda3/1lib/python3.8/site-packages (from datetime) (4.
T=1)
Requirement already satisfied: pytz in ./Python/anaconda3/lib/python3.8/site-packages (from datetime) (2020.1)
Requirement already satisfied: setuptools in ./Python/anaconda3/1lib/python3.8/site-packages (from zope.interface->d
atetime) (49.2.0.post20200714)
Installing collected packages: datetime
Successfully installed datetime-4.3
Note: you may need to restart the kernel to use updated packages.

“ pip install W74 @ 25 o & HX|S Eahu] o]k,
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Ipip install pandas
Ipip install numpy
Ipip install matplotlib
Ipip install scikit-learn
Ipip install keras

Ipip install datetime
Ipip_install seaborn

ol S st B Q mj7]A] W ®EL2 pandas, numpy, matplotlib,sckit-learn,keras,datetime,
seaborn®|7] Wizo] fjef Zo] AJ&F Hof| 42| & s Hrt

- w5 47 Sl

=1

pip list

cycler

Cython

cytoolz

dask

DateTime
decorator
defusedxml
diff=-match=patch
distributed
docutils

0D
- NN
[

s N

MM AALMMNSED
i
Lt

- m- -
e - W N

=
oS
= =

* pip listE Aot A A 7|14 552 = 5 vk FAo] AA[e datetime’©] F=0] A=

/\E ‘—10] 7]_—

ol

@ 712 H 2E Y2E 517]

of) tlofst Ol E B O 2 Press RawDataSet.xlsx= 0] H 7]

i. import
importE AM&-sto] 3g RE AAE AL ET

import pandas
pandas.read_excel('./Press_RawDataSet.xlsx’)

pandasE YZEE st & ARESH] pandas 9 'read_excel & ©]-8-51
‘Press_RawDataSet.xlsx’ Tt &2}

ii. from, import
Sl oA 5755 BFlT %]&TEE‘?_EP.

) pandas©lA| ‘read_excel Tt YE

from pandas import read_excel
read_excel('./Press_RawDataSet.x|sx’)

from, importE A& B s ¥ import® AHEE 4= 9Tt
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* import

g s Woll JojH BE AL JEESIY o2 BEEI Y S 9ouz g
W2 0 = ARGl HAEA] Qh=tt
from pandas import *
iv. as
e JEES o], E(alias)E AE S ] ARSI
import pandas as pd
pd.read_excel('.Press_RawDataSet.xIsx")
‘pandas’Epd & BY A o= pdE Bl 5 Uth
b AARE BE 9 w7| X GA ol B oA M JI1g|o| =t B asitt ERL, 74, Azt
3} 5 /4ol et DRt H7AE JEE Fitt
2) BM HAE Z2MA
A D oA @ oA @ WA @ s i)
R DER s dole =4 s 2 W
_ A
1] 2~ zlo] © Jilo &l
22107 2 A =l A=1a]) vjor dloly] e
- dE/2Y doleire - 8% 2%
= EStE - dEEA
- Ayl - histogram
oA ® WA @ ¢l @ oA @
iEoJiﬁ gal gheg iv) dAE 49 = Ay} 54
ng 2% sgeintol A 9 o= 7t =d 23 —_—
(e 0 2d ZAvie, s 21o] < o
(72 28] X st5 X8 fI5t 2 73 1
P) €4 4 AAg AlEgHED)Y HolS £ASHe P4 Hol S HAS Sh Ao] Bitolt},
ii) FEHoIA: &4 T P Eo] WA HEJAE JHlolEsh= A 455 243
i) Autd B 9 ok5 Hlo[EE & AT o5, BVt HlolHE S AT T AAL AR EA,
oZzk3te] A} BHel, A1ZHElE M,
iv) GAIGE: oA FAIE fI8l of® loE & o] YA & WY x]9] 70| H& otk WSS 4%

olct.
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[2A] @] 2ol B 2]/dlolg &227]
@-1. B8 o8 == 9 &3 27|(import) 7} =

import numpy as np

import pandas as pd

from tensorflow.keras.layers import Dense, Dropout
from tensorflow.keras.models import Sequential
from tensorflow.keras.optimizers import Adam

from tensorflow.keras.callbacks import EarlyStopping
import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.preprocessing import MinMaxScaler

[(ZE 1] 2L 20[22{2] 2227

ol& = golHE &t} csv FYS B2 wo= pandas? ‘read_csv(Th
AR 715& ARSIt A= g 7|Rke] o)At 'A] dalE|E Hlo|ns S
Hap7F 22Y5k= HloE & AMERi.

|
o]
=
fa

label_data = pd.read_csv('/labeled_data.csV')

[FE 2] 24 BTt EXHSHE CI0JE 22(27]

ofefg} ri7bA| 2 S STt EAEHE ol
olHALOR Belg ol

il
(o]
-
g,

7

oft

L%

A3
g,
N

_rl

fin)

Label data
“label_data”

train

AEHEE H train/test #32]

> —
cn? . § test
cn? N ‘en7_test_N
\

train
train/test ¥

. , test
rg3 N ‘rg3_test_N’

(122 29] CIO|E| LZ/22 22| A &5/H7tHI0lE 22

[@4 @] dlojg $F7F 2 74 gl
@-1. "lol8 &7 L 71 &Rl 7hol=
- glo]g]9] 37] 0] 71X ‘EQUIP_NAME' 9] 5 4 745 B8t} 37
tlo]Ef7} EHE 6505712577 AFE-gict.
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label_data['EQUIP_NAME.value_counts() #Z1t= Of2HO|A =9l 7hsd}Ct,

6505—-?-7&'2 7| 7992
650E-F 2
1800TON o | 2

Name: EQUIP_NAME, dtype: int64

[Z= 3] CIO|EQ] 37| E2 L 74 &0l

=

- lolele] A% o] 2%S 71X PART_NAMES] 55 % /i4-E Bejeth A
Ylo]El 7} S2] B ‘CN7, ‘RG3H ALERITH

i
ofx

label_data['PART_NAME'].value_counts() #Z1t= Of2{0of| A =l 7hso}Ct.

CN7 W/S SIDE MLD'G RH 3371
CN7 W/S SIDE MLD'G LH 3365
RG3 MOLD'G W/SHLD, RH 628
RG3 MOLD'G W/SHLD, LH 628
SP2 CVR ROOF RACK CTR, RH 2
JX1 W/S SIDE MLD'G RH 2

Name: PART_NAME, dtype: int64

[ZE 4] CIO[ES] MiE BF A 7 =l

[2A @] glold FACIA =)
©®-1. =28 flo|g AlA 7to]=

- A9 dlolEolA 8 gl Hp(feature) AIAE 1% ‘make_input’ IS A9
Sk, BT 7152 o ¥ AT wol ofefgt Zo] ‘def 7)50.8 F4E HY
o =t
def make_input(data, machine_name ,product_name):
machine_ = data[EQUIP_NAME'] == machine_name
product_ = data['PART_NAME'] == product_name
data = data[machine_ & product_]
ELQSICtn TR columns
# pandas packagel| 2t0|E2{2|Ql 'drop'® Sofl A8 S(H=) XA
data.drop(['_id', 'TimeStamp', 'PART_FACT_PLAN_DATE', 'Reason’,
'PART_FACT_SERIAL','PART_NAME','EQUIP_CD', 'EQUIP_NAME',
# 20| 2= 09l tﬂ#é XA
'Mold_Temperature_1", 'Mold_Temperature_2', 'Mold_Temperature_5',
'Mold_Temperature_6', 'Mold_Temperature_7", 'Mold_Temperature_8',
'Mold_Temperature_9', 'Mold_Temperature_10', 'Mold_Temperature_11,
'Mold_Temperature_12',
axis=1, inplace=True)
return data

[F= 5] ZQ gl= ¥4 MAHS I8t ‘make_input’ &l4= M9
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(

- g A1

# OO 27| 7
machine_name = 6 0E-2XI2 7|"

# HOH M& 7

product_name = ['CN7 W/S SIDE MLD'G LH", "CN7 W/S SIDE MLD'G RH", "RG3 MOLD'G W/SHLD,
H", "RG3 MOLD'G W/SHLD, RH"]

# "650=-2 %123 7|'9 "CN7 W/S SIDE MLD'G LH" HIO|H 2t #~E F|A3sI0] 7t
cn7lh = make_input(label_data, machine_name, product_name[0])

# "650=-27%12357('9| "CN7 W/S SIDE MLD'G RH" H|O|E{ Bt 5 X730 71X =2
cn7rh = make_input(label_data, machine_name, product_name[1])

# "650=-27%1237|'9| "RG3 MOLD'G W/SHLD, LH" HIO|E{ Tt #H+E XAt 7143
rg3lh = make_input(label_data, machine_name, product_name[2])

# "650E-2%I1257|'9| "RG3 MOLD'G W/SHLD, RH" H|O|E{TF B XAl 7K
rg3rh = make_input(label_data, machine_name, product_name[3])

# SLSH M E2| LHeH RHE N E
cn7 = pd.concat([cn7lh, cn7rh], ignore_index=True)
rg3 = pd.concat([rg3lh, rg3rh], ignore_index=True)

# rg30il= 'Plasticizing_Position’ H=7t0| 25 (00|22 FIIXO=Z A
rg3.drop(['Plasticizing_Position'], axis=1, inplace=True)

[ZE 6] ‘make_input’ 84 Al

(& @] Hlole] 549 sje}
off el CN7 AlES] Bt AeLHom, oS viFe] FUA FA o=
RG39| REFE YA At & e,

@-1. CN7 A& /describe &5 &%t AT oot 7io|=

- A 24 daElE 9 A4S T4 52 83 W] B mef ¥ 7k
Al TetE ftt A W
o A& ‘CN7 H]o]&Q] PassOrFail M7 YoF N OZ FAdEo] QloEZg fH|o]
g A2 E 9o 242t 03} 12 v

cn7['PassOrFail'l = cn7['PassOrFail'l.replace('Y', 0).replace('N’, 1)

[FET7TYEM2 022, 22N)2 12 Y|

- AE ‘CN7'Y] S A W7t ZX ks glo]E] o] Bl g oF EA2ke. slolsi}.

cn7.describe() #Z1h= Of2{0j M =tQl 7HSSICt,
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PassOrFail Injection_Time Filling_Time Plasticizing_Time Cycle_Time Clamp_Close_Time C ion_Position P icizing_Position

count 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000
mean 0.005790 9.580064 4.448425 16.820433 59.549314 7.113639 653.440859 68.381941
std 0.075876 0.180526 0.140286 0.288946 0.372267 0.075843 0.115004 0.648307
min 0.000000 9.360000 3.350000 16.469999 58.840000 6.070000 653.390015 59.759998
25% 0.000000 9.530000 4.420000 16.629999 59.480000 7.120000 653.429993 68.320000
50% 0.000000 9.570000 4.450000 16.820000 59.520000 7.120000 653.429993 68.360001
75% 0.000000 9.600000 4.480000 16.910000 59.540001 7.120000 653.440002 68.510002
max 1.000000 13.390000 8.270000 21.100000 64.349998 7.180000 655.000000 68.860001

Clamp_Open_Position Max_Injection_Speed Max_Screw_RPM Average_Screw_RPM Max_Injection_Pressure Max_Switch_Over_Pressure Max_Back_Pressure

6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000
644.899046 55.523085 30.674674 125.583744 142.090559 136.518646 37.842132
42170577 1.005340 0.141148 126.836972 1.985764 0.754736 1.768085
69.639999 38.500000 30.299999 29.200001 140.699997 128.399994 21.700001
647.989990 55.099998 30.600000 29.200001 141.800003 136.300003 37.599998
647.989990 55.400002 30.700001 29.200001 141.899994 136.500000 37.900002
647.989990 55.900002 30.799999 292.399994 142.100006 136.800003 38.200001
647.989990 64.800003 31.200001 293.899994 169.100006 146.699997 75.199997
ge_Back_| Barrel_ _1 Barrel_ p 2 Barrel_ _3 Barrel_Temperature_4 Barrel_ _5 Barrel_ _6
6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000 6736.000000
59.347209 275.965024 275.134961 274.858091 270.285823 254.924346 229.971512
3.530820 2.302366 1.887356 1.854329 2.018081 1.134566 0.428762
13.300000 244.699997 249.000000 249.600006 244.399994 239.699997 224.600006
59.400002 275.799988 275.000000 274.799988 269.700012 254.800003 229.800003
59.500000 276.100006 275.299988 275.000000 270.399994 255.000000 230.000000
59.700001 276.399994 275.500000 275.200012 271.100006 255.199997 230.100006
90.800003 277.899994 276.500000 276.000000 272.399994 256.299988 230.699997

Hopper_Temperature Mold_Temperature_3 Mold_Temperature_4

6736.000000 6736.000000 6736.000000
66.663094 22.074228 23.473619
2.433782 1.171389 1.370780
38.500000 19.100000 20.600000
65.599998 21.200001 22.600000
67.000000 21.900000 23.299999
67.800003 22.799999 24.200001
70.599998 25.299999 27.799999

[ZE 8] M= CN7'2 224 HaE SH= 2l

- A

M

Yol AGE 4T ASE HRHO R AGEE Wol& 47 ASEA -13} 1 Ao]
of gk JHAITh T A%e Argrol 1°] /7AeSE W ko) A uAL B
TR 2 % glow], gro] Y wh OFEel ABTA, ghol 5% i SHel A
FUAS 7Pk JTTA AL 04 BAS A3 olFAH, W
o HYTAES FFH O SeIg 2 Qlrk Aol Ik AL Agre] 0.1
3} 0.3 Afolold ok ABTA, 037} 0.7 Afolold ETE AFHA, 0.7 o4
A% 3% AZUAS ek ofshd 4 itk the FolA JBBAES AT
9l TS U FAGRS HAF 5 e,
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plt.subplots(figsize=(25,25))
sns.heatmap(data = cn7.corr(), linewidths=0.1, annot=True, fmt ="2f, cmap="'Blues’)
#Z41t= OF2 FoM 2ol 7hsSHCt

. . . . = n Hu o ﬂ

Injection_Time
Fillng_Time
Plasticizing_Time
Cycle_Time
Clamp_Close_Time {HUEH -0.76

Cushion_Position M' E

Plasticizing_Position 0.2

Max_Injection_Speed - -0.30

_Switch_Over_Pressure

Max_Back_Pressure

Average_Back_Pressure

Barrel_Temperature_1

Barrel_Temperature_2
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[F.E 9] MIZ 'CN7'Q| SaiA B Huipt el

o] 1YL ¥ 7ho] ATAIGE A4St 5|E o g, 7k ko] e g EE X
= d oA i E S 7H
t} S AEIHS pBuRE Jejug Jehd A0 2 A XES EX W0 171
olm Y& 1t sfgot= HlojE| Q] f<rolnt. S| AE TS B3t Al Sk st
o] gt o] 9] £R2E oot & 4= Urh= Aol Stk S| AE IO Hd
o] T, 8RR 9 REYE(modality)?} 9% 52 REZ R £8S%l= Ak
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@-3. CN7 A& /Histogram< £35F #4= dlo]g mjo} 7lo|=

- AlE CN7'Y S 4 §7F E2A5k= lolE 9] M S|AETHS SRIgit), 7t
W R w2 o] S AAsFL, CN7 24 ¥a(F 2670)vtet sfig ooy
O zo} ATt SFFE ¢ JEF index@ valueZ A4 matplotlib 7]
A19] pyplot(plt® F#)Z o|-&sto] S|IAETHS TI2E. subplot) & ©]
£35}0] ghHo E WL S|IAETH ATE B 5 QIEE i}

plt.figure(figsize = (30,30))

# 2k o YT 4
bin = [2,10,10,15,17,20,10,10,10,10,15,10,10,10,10,20,20,10,10,10,10,20,25,35,35]

for index, value in enumerate(cn7):

sub = plt.subplot(5, 5, index +1)

sub.hist(cn7[value], bins = bin[index], facecolor = (144/255,171/255,221/255), linewidth=.3,
edgecolor ='black’)

plttitie(value) #Z1h= Of2fofA| =2l 7+5SICt.

PassOrFail Injection_Time Filling_Time Plasticizing_Time cle_Time
o o jection. it ing_ ing. Cycle]
@00 000 €000 w000
000
5000 5000 5000
000
2000
000 000 000
000 200 000 2000 e
200 2000 2000
1000 2000
1000 1000 1000
0 o o o
00 02 04 06 08 10 95 100 105 10 W5 120 25 Bo BS l H 3 7 [] g B B » a H @ 6 & e &
Clamp_Close Time Cushion_Positior Plasticizing Position Clamp_Open_Position Max_Injection_Sy
- p_Close — ion_Position . ing.| p_Open | ¢ Injection_Speed
_ 000 000 @00 000
5000 5000 000 5000
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000 000 00 000
000
3000 2000 0 200
2000
2000 200 2000 2000
L 1000 1000 1000 1000
ol o
€2 &4 66 68 70 12 6534 6536 6538 654.0 6542 6544 6546 6548 6550 @ ] o & ® 0 1m0 2 X0 &0 20 6o ® & @ % @ &
Max_Screw RPM Average Screw RPM oo Max_Injection_Pressure Max_Switch Over Pressure Max Back Pressure
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i 3000
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%00 i 1000
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0 ol
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‘EEEERE R
§ 8§ 8 §8 8 8 8
E ¥ & 8 8 8 &
E % &8 § &

o
mmmmmmmmm W5 B0 B M X 20 s Ao A % & @0 45 E . T D B ED
Barrel 5 Barrel Temperature 6 Hopper_Temperature Mold_Temperature 3 Mold_Temperature 4
000 2500
200
5000
2000
2000
000
1500
1500
2000
1000
o 1000
1000 500 e
W00 235 M50 W15 B0O 525 Z50 s 26 @1 #s @ 2 B
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47

"NEEY| ALHOIEA, 244E 7I0IES



[2A @] 3H=/371 dlolE £3
®-1. FF % = lolH uef 7hol=
- Hlol8 FEHAL HlolE FA(HA )71 dE W&

o glo]E|9] E5F of X FFS 714 ‘PassOrFail'd] £% 9 /4E 2891, 02 4=,
12 552 Qu|gitt

cn7['PassOrFaill.value_counts() #Z1t= Of2jof| A =+l 7+53iCt.

0 6697
1 39
Name: PassOrFail, dtype: int64

T
n

1142 Y = G0JE] 7H= =0l

=

®-2. glolE &) 3 28 Holg AA 7lo|l=

- A QEATHol A4 HlolEjgt ShgAl7|E R Hlog Felrt Wasolet
cn_YE GE FolHe, cn7 N B lolegt 23kl Hrt. Hloleg 2]
X3 WS ofefet 2t

Ko}
T

# A=

cn7_Y = cn7[cn7['PassOrFail'1==0]
print(CN72| & 7H==, len(cn7_Y))
# =Y

cn7_N = cn7[cn7['PassOrFaill==1]
print(CN72| =2 7i==, len(cn7_N))

CN72| L& 7= 6697
CN72| 2% 7= 39

[F=12] 92 L SY Hlo|E 22

FoAA LERIZY Rdof ek5A1Z Tlo|8 ] FHi= S A |7t glojoF sta
2 WM(‘PassOrFail )& Al A3t

OF
&)

=
n7_Y.drop(['PassOrFail'l ,axis=1, inplace=True)
=2

cn7_N.drop(['PassOrFail'l ,axis=1, inplace=True)

4:04:

[EE13] 715401 #Ha=(PassOrFail) A

(®-3. MinMaxscalerE &3} do]& A3} 7to|=

- sklearn package® HAE|(preprocessing) 3H & MinMaxScaler()S AR&5}0]
raw datas AAYH3H} raw datas H5ulth $22]9] 27]9} B, BAF 59 &
AR B2, &3] AUAA FAY =2 el okEtolof(outlier)7t EAE
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OIOUE 1:11_1:414 A-]J:_oﬂ _' kS
ALkl HlojE & gAlsk= ﬂ%?éﬂl ot

scaler = MinMaxScaler()
# L=
cn7_Y = scaler.fit_transform(cn7_Y)
# =2
n7_N = scaler.fit_transform(cn7_N)

[2E 14] B8t

®-4. sk dlolE/387F HlolH &5 7iol=
- Sh5 Hlo[Eet BT HolH E 6:49] HE R I

*do|e] ] A4 Hes] 10857t E|A] e 4%, e 6:4 JE2 BRdtct

# ot5 OO|H (&)
cn7_train_Y = cn7_Y[:4000]

# BIF HO|E(YFS)
cn7_test Y = cn7_Y[4000:]

# 87t HO|H (=)
cn7_test N = cn

I\l
=

st HIO|E Al 7H==, len(cn7_train_Y))
b OIO|E{ Al 7H==", len(cn7_test_Y))
F GIOIE{ Al 7H==, len(cn7_test N)) #Z1t= OF2{O| A =tQl 7Hs38iCt,

print('CN72]
print(CN72]
print(CN72]

1 00 09
oM Ot it

CN72| && Cilo[E{ Al 7H==: 4000
CN72| &E 7t CO|E Al JH==: 2697
CN79| =& T7t Ho[EA 7= 39

1%
o>

F7HH0lH 22

[2A ®] LEQIZY 29 7= (B2 AA)
®-1. LEQIFT 1Yl H1= 7lo|=
- Al B4 EY 155 AR RHE(R D) 48 2 S5 HEND 415 A%
c (HAEE 13 F3AA LEQIFH Y 5

Tensorflow Keras package? Sequential @& AR&dlo] A E A
S gz ol LA} Q17 He} g I, F /S e QEQIFLE LT
de Wl Sequential& AMERITE EF0] AT AL} K-S AT 5
Jot= oA dES, 2HS, S895Y 279 o5 S = ¥ EEorR Hle=
AH AAsiE & loH, o|gA Ay AFsiT= FrHE E}O]ﬂilﬂra}‘ﬂﬂ
(hyper-parameter)2tal gttt A HA glo]o|& Dropout =4 5= F7F6kaL
FORZ BlE&Z 0322 4%t wdS 157 32 5708 71X Dense <4

i,

ﬂllﬂl ﬂjlﬁ rltt
o 44 4 o

O

o A

F7HSHL, ‘Relu’ BABF B2 A8 3le] Skt 2444 7153 FPLS Befoles
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Yt Relu'= [T 3013 2°] 0 "% A2 e 008 THEal, 0RY 2 4

< 2 WEHA HEA it vES SP2H BhE Sha2 F—O}ﬂl Kiss

ft
Il
S

y=0
(23 30] RelLU &stat
# o=
dropout_encoder = Sequential([
Dropout(0.3),
Dense(15, activation="relu"), # % E 2=

JU

==

Dense(5, activation="relu") # & Hij =

)

# C|2C

dropout_decoder = Sequential([

Dense(15, activation="relu", input_shape=[5]), # Al | 4=
Dense(cn7_train_Y.shape[1], activation="relu"), # ==

)

dropout_AE = Sequential([dropout_encoder, dropout_decoder])

[ZC 16] HSHH QEQITE DY 1=

[2A @] £4 3, SEulo]A] Aol 9 vd Huld &3
@-1. &4 T 9 SEujo]A o] 9 2dl Hup] 7jo|&=
- 2dE k=3 YA compile() HIAEE &0t &4 2 E Hd Al 24
(Mean Squared Error, MSE)E A&}, FE|UlO| A 2= AdamS ARESHT &
At 7} Aol =S S4H7] Hsh "accuracy® B7F A EE AR

@-2. 29 £8 7lo|=
- 2de S| HsiA fit) nﬂﬂizﬁ SEUT HY Bdol] wiEol Ay &
= A}

W FYsHA FEFS o5 o8 (en7_train_Y)= A7) HlolEE A2 &
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< @92 270 oyei R (mini-batch)E A 22 R F=Jsk= Zlo] gt o

BE 8% Holeg FYshe ART MY AL uE(EDOR 5T 5 Atk
#1%] 2712 30705 AHTFOEA Hlolel S 3048 AL, oA epoch)E 30

o2 Fol BEZ 309 AT AF HolE= g5 HlolE e 20%= /\]' Sl
Sk of| A mbet 223t Hloly e} dloleuitt A1l ot ok AXE g Hlo|
B el AF HlolEo tigt &4 Aot & ]
7F &R glo g A ohEE Sl A I
ZEll(callback)2 A9 fit() HAE 7} == of
At B o AN S %3 o] I
Aot A& FAGHAY Bd2 AL, 7HAE qxﬂo}ﬂl’} nd FHE
71% % (early stopping)E At
SHEZ FA3H}. monitore IR
2l ‘val_lossHY ‘val_acc7F F
& ARGEH patiencew= 7l1A10] QIHal HIE F=SHA] 21 7j4lo] gl= o Z2AE
duit 71t & AR 7HE A7 5h= gholth. modew & 5o Hisf 7iAdo] §l
ol shr] fIgt 7|0, I &0l val_loss'Ql A-g-oll= HAEE Aol
< 1 SEE|CJoF SHEE 'min' Q& St

_4

o,

# &4dgts SE|OO|XN o

dropout_AE compile(loss="mse", optimizer=Adam(Ir=0.01), metrics=['accuracy'])
Ed[ﬂ %E
history = dropout_AE.fit(cn7_train_Y, cn7_train_Y, batch_size=30, epochs=30, validation_split=0.2,
callbacks=[EarlyStopping(monitor="val_loss", patience=7, mode="min")])

# dAat= Of2{ofM =tel 7hs3Strt.

Epoch 1/30

107/107 [==============================] - 0s 2ms/step - loss: 0.1226 - accuracy:
0.4272 - val_loss: 0.1041 - val_accuracy: 0.1863

Epoch 2/30

107/107 [s=============================] - (
0.7253 - val_loss: 0.0808 - val_accuracy: 0.9688

Epoch 3/30

107/107 [==============================] - (Os 722us/step - loss: 0.0771 - accuracy:
0.8784 - val_loss: 0.0754 - val_accuracy: 0.9312

Epoch 4/30

107/107 [==============================] - (Os 707us/step - loss: 0.0759 - accuracy:
0.8641 - val_loss: 0.0765 - val_accuracy: 0.9688

Epoch 5/30

107/107 [==============================] - (s 702us/step - loss: 0.0753 - accuracy:
0.8650 - val_loss: 0.0731 - val_accuracy: 0.9675

Epoch 6/30

107/107 [==============================] - (Os 737us/step - loss: 0.0747 - accuracy:
0.8625 - val_loss: 0.0739 - val_accuracy: 0.9688

Epoch 7/30

107/107 [==============================] - (Os 740us/step - loss: 0.0746 - accuracy:
0.8656 - val_loss: 0.0734 - val_accuracy: 0.9688

Epoch 8/30

107/107 [==============================] - (Os 713us/step - loss: 0.0745 - accuracy:
0.8647 - val_loss: 0.0722 - val_accuracy: 0.9675

Epoch 9/30

107/107 [==============================] - Os 690us/step - loss: 0.0745 - accuracy:
0.8631 - val_loss: 0.0733 - val_accuracy: 0.9688

wn

757us/step - loss: 0.0891 - accuracy:
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Epoch 10/30

107/107 [::::::::::::::::::::::::::::::] -

0.8666 - val_loss:

Epoch 11/30

107/107 [::::::::::::::::::::::::::::::] -

0.8628 - val_loss:

Epoch 12/30

107/107 [::::::::::::::::::::::::::::::] -

0.8681 - val_loss:

Epoch 13/30

107/107 [::::::::::::::::::::::::::::::] -

0.8741 - val_loss:

Epoch 14/30

107/107 [::::::::::::::::::::::::::::::] -

0.8603 - val_loss:

Epoch 15/30

0.8566 - val_loss:

Epoch 16/30

107/107 [::::::::::::::::::::::::::::::] -

0.8547 - val_loss:

Epoch 17/30

107/107 [::::::::::::::::::::::::::::::] -

0.8672 - val_loss:

Epoch 18/30

107/107 [::::::::::::::::::::::::::::::] -

0.8537 - val_loss:

Epoch 19/30

107/107 [::::::::::::::::::::::::::::::] -

0.8503 - val_loss:

Epoch 20/30

107/107 [::::::::::::::::::::::::::::::] -

0.8537 - val_loss:

Epoch 21/30

107/107 [::::::::::::::::::::::::::::::] -

0.8506 - val_loss:

Epoch 22/30

107/107 [::::::::::::::::::::::::::::::] -

0.8562 - val_loss:

Epoch 23/30

107/107 [::::::::::::::::::::::::::::::] -

0.8509 - val_loss:

Epoch 24/30

107/107 [::::::::::::::::::::::::::::::] -

0.8497 - val_loss:

Epoch 25/30

107/107 [::::::::::::::::::::::::::::::] -

0.8616 - val_loss:

Epoch 26/30

107/107 [::::::::::::::::::::::::::::::] -

0.8562 - val_loss:

Epoch 27/30

107/107 [::::::::::::::::::::::::::::::] -

0.8575 - val_loss:

Epoch 28/30

107/107 [::::::::::::::::::::::::::::::] -

0.8556 - val_loss:

Epoch 29/30

107/107 [::::::::::::::::::::::::::::::] -

0.8584 - val_loss:

Epoch 30/30

107/107 [::::::::::::::::::::::::::::::] -

0.8534 - val_loss:

val_accuracy: 0.9688
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A
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5 7101E5

Os

Os

Os

0Os

Os

Os

0Os

Os

Os

Os

Os

Os

Os

Os

Os

Os

Os

Os

Os

Os

743us/step

910us/step

925us/step

810us/step

755us/step

753us/step

752us/step

771us/step

813us/step

825us/step

779us/step

846us/step

840us/step

744us/step

797us/step

797us/step

796us/step

751us/step

814us/step

855us/step

811us/step

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

0.0744

0.0737

0.0733

0.0727

0.0727

0.0724

0.0724

0.0724

0.0722

0.0724

0.0719

0.0721

0.0720

0.0686

0.0687

0.0685

0.0681

0.0680

0.0679

0.0680

0.0680

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:



- HAlEY B HEd R v 22 by 2IE EEorAE @] W, 1 o
et o At yERE 5 9l
ghgo] AP=AA v of LAntch gk (loss) T A

ok
il
4o
[
uic)
=2
X
o
(@)

0«
N
N
rE

= o ) &A1Z (validation loss)7} 2713ttt

H Sh5 dlolgo] o] ypASE| N QIrk= ojujo|B g of g 425 Fofof 3l

matplotlib I7|X|& &-8oto] o LI S5 A8 A= &I 4= Qi plot
A =

SRR

(training loss)

o] & & ‘show T2 g LTS Azt

plt.plot(history.history["loss"], label="Training Loss")
plt.plot(history.history["val_|oss"], label="Validation Loss")
plt.legend()

pltshow() #Z1l= Of2{oA =l 7hs3StCt.

0.12 - —— Training Loss
—— Validation Loss

0.11
0.10 A
0.09 A
0.08 A

0.07 A

[ZE 18] O Z3H &4z S

ton
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plt.plot(history.history["accuracy"], label="Training Acc")
plt.plot(history.history["val_accuracy"], label="Validation Acc")
plt.legend()

pltshow() #Z 1= OF2{0| A =Ql 7hsSCE

1.0 4

0.9

0.8 A

0.7 A

0.6

0.5 A

0.4

0.3 A

—— Training Acc
0.2 4 —— Validation Acc

0 5 10 15 20 25 30

[FE19] 0| IE Metr M5}

(A ®) AAZE A D Sz B 97 2l
®-1. YA 39 Tol=
- Al AR o e G14-AE-B7E 118, SeR, 2 FY)

- FE H =T FES A AR 2

O.
@)

0.

FEL =TS 5] AsiA e, A2AA LEJIZY RS 742 AR L2

FE lolejot BeF vlole|o] B 0AE THF 4 Uk YAXL Wast)

o

= o

S

i

B2 stadE Bd2 % dolg7E 2oigte o § & Sdsd Zoj2

2 A2 B AgE 7HAA|9E £ HloE 7t S0l o= @ SR
2 52 59 A7 7HA "ot g garElEolA = AR E 3R 19t 3]
(three-sigma rule)& #-83tt}. 3A| 10 122 HotoA &0 3 HEHA}
Hefoll A BE #=5(99.7%)7F Eoitth= 7H 0], H23A1A LESIAY X
dlo] G4 TlolE AEFHe] 3R 10t o]/ g2 A-85te] AARE At of

2 Aol 540t ghe AgBtalnt,
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H

|:|0I oot pot

68.3%
95.5% &

16(1 A|d0h =1 EEEHA}

99.7% E &

________________r_____
ccof U S

20 -10 BT +10 +20

(223 31] 3AIZ20F 172! - 1A|20F, 241220}, 3A|IZ10f0] CHEH HI0|E] | =AI5

# ot& OIo|E Q| o=k

cn7 _train_pred = dropout_AE.predict(cn7_train_Y)

# ot& OIo|He SR Xt (OFg - A 2

cn7_tra|n_loss = np.mean(np.square(cn7_train_pred - cn7_train_Y), axis=1)

# LA K|
threshold = np.mean(cn7_train_loss) + 5*np.std(cn7_train_loss)

print("=2 27 AKX ", threshold) #Z 1= OO0 =l 7SSO

SH 27 2AAX]: 0.08615016806460124

®-2. "o 24| dflSgtat o 2AF &l 7hel=
=

- 7} Holele] FF ¥
237} A A (threshold)2th ZH &= o]
stal s dlojEl & ol e 4= 9l

# Bt HIo[He| &&F

# Ol 5k
cn7_predict Y = dropout_AE.predict(cn7_test_Y)

# &2 E7t HojlHe &=/ X OFaf - AH 2h
cn7_test_Y_mse= np.mean(np.square(cn7_predict Y - cn7_test_Y), axis=1)

# A2zt
plt.hist(cn7_test_Y_mse, bins=50)
pltxlabel("test MSE loss")
pltylabel("No of samples")
plt.show()

# E2ko 2 IiCHst [1|O|E1 QFO\
cv7_test_Y_anomalies = cn7_test.Y_mse > threshold
print("E2F 7%= ", np.sum(cv7_test_Y_anomalies)) #Z1t= OF2foi| A =0l JH5BICE
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400 -

No of samples

006 007 008 009 010 011 012 013
test MSE loss

g

|E
Jr
o
to
>
Jor
XS

[(FE 21] 7L HOIE 5 Y22 0=

# Bt Ho[Hel =&

# O|=gk

cn7_predict_ N = dropout_AE.predict(cn7_test_N)

# =2 &7t oo &/ X OFaf — AH 2h

cn7_test_N_mse = np.mean(np.square(cn7_predict N - cn7_test_N), axis=1)

# A|Zt3}
plt.hist(cn7_test_N_mse, bins=50)
pltxlabel("test MSE loss")
pltylabel("No of samples")
plt.show()

# =22 HEHSH O =0l
cv7_test N_anomalies = cn7_test. N_mse > threshold
print("E2F 7%= ", np.sum(cv7_test_ N_anomalies)) #Z1t= Of2f0f|Af =H0l 7hHSSC

No of samples

0- T T T T
0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325 0.350

L ES)) test MSE loss

[(FE 22l B7HHI0|H & 29| 053t & =2 24t &0
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(A @] 23 24 9 514
©-1. 4 23 == 7ol
- 24 A =& (NAeE E8)
- 3% 32 (confusion matrix)2 2= d0Ist7] QJ5tc] H7} do|g Q] k=t
B3-S dgcto] AA 3 dlSdk FE = HE Rt

cn7_true = np.concatenate([np.zeros(len(cv7_test_Y_anomalies)), np.ones(len(cv7_test_N_anomalies))])

[ZE 23] B} HlO|E{Q] HA|

cn7_prediction = np.concatenate([cv7_test_Y_anomalies, cv7_test_ N_anomalies])

[ZE 24] B7} HIOIE2] Ol =3t

.

> sklearn package©ll4] Al&3l= confusion_matrix &-&st] &5 FPLS 113
th &5 PE2 [ZE 25]9F Zo] AAIg AS4= vl sk dlof AREEH A
g Ade JYJALL 5% o] &5 gho 2 AAE 4 9t I= 3E Y
Foli= TP, TN, FP, FN k= U] 714 gho] Y1Agttt. TN+ B3R S
HPE 7 HolHE A AR A5 74, TP EFY S A HSE 7L
A o8& A EF2=E &3t 7igoltt. FP= £39 294 M4E 71 |
OBl & A o2 A &3 /i<, ENS FA9] A W& 71 HloJHE &

Foz AR ST Aol

AKX Z2A (Actual class)
oY =2
AL P FP
Ol= ZaA °° (True Positive) (False Positive)
(Predicted class) oy FN N
© (False Negative) (True Negative)

F
<)
rfoh
omn
08t
e

from sklearn.metrics import confusion_matrix

confusion_matrix(cn7_true, cn7_prediction) #Z 1= OF2f0fAf =0l 7HsSHE

array([[2695, 21,
[ O 391D

kU
n
N
o
rfoh
ofn
o
e
HU
Lok
ro

> sklearn packageoﬂfﬂ A|5dH= accuracy_score, precision_score, recall_
4 F1 scores Q—O]ﬁ}t} ol gt

score, f1_score &-&5}to] S AU A&

P

TP+ TN
== A8 Oqﬂ-"}l:-'—— E‘EW,

- TP+ TN+ FP+FN » 0 =

AbEIth, SjAElAbE, A B dSo] h(YET} E3F
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i, FEE= 2do] EEE(1)o]2tal &gt A FolA &A STt HleS
oulstal, AEE2 AA EFE(1) S04 Bdo] EFFORE &3t vl&Z 9
o]tk glojE o] S A E+tF(class imbalance)o] AeH AA&o]ar, AA| 57l
A EFES ol AR A "ASI =W S 25 EE A& (recal)2] SR L7} H]

WA oty g 5= Qi

i

from sklearn.metrics import accuracy_score, precision_score, recall_score, f1_score
print("S<H=:", accuracy_score(cn7_true, cn7_prediction))

print("d 2 =", precision_score(cn7_true, cn7_prediction))

print("AM=1=:", recall_score(cn7_true, cn7_prediction))

print("F1:",f1_score(cn7_true, cn7_prediction)) #Z 1= OF2{0f A =@l Z7hsSHCH

Mz 0.9992690058479532
ML 0.9512195121951219
Mg 1.0

F1: 0.975

[ZE 26] - H7HO|0|EQ] Mate, HAUL, Mg 2 F1 score

-2, BT i 814 Thol=
A Ato] T3t =0 9 54 (implication)
» e w2 WE I Q9] BUF AR BT @2 olw= TlolE 2] F=0]
g0l 4% A "ol FolA A £72t /g 2vlshe vt
, 1 99 {7t A= A HolH FolA, B2 =T HlolH FolA FA &
gt HolE o] 5 ARt 7 18] 33 ARxE2 53] =T 5 7ol i
s BHE 4= Ql=dl, s At R ARkl 452 =ol7] HsiAE Y
glole|o] = FHsto 2 Hi} Wl JHE rdlo 51_/: 1712 9 9idst s
A RS 25 fjof et AU AldE&2 A& EF o= 2 Z(trade-off) ¥A
£ 7ML =T, I olfis AT £ FRET)SE dAIRel E0led A
2 Eelstal gdet Jisel FPY = SV £ 44 tlolE &
et 7Rl FNo| gashA Hol e d4ashe W Alde2 SV W
= AEEE #017] AshA 44120 B2 SAITIRE AAIRES =olAl HH ™
Te/iAdE o AR Aol Work g, Adt HJUEet Aldes 7HE
o A Sk JAE A7gsks A E3F S5

1

o,

—

58

"NEEY| ALHOIEA, 244E 7I0IES



2.3.2 EX|x o5 88 g1i|E - Xk st MES fot 2 18 abd
1) 24 BHAE Z2hA
@A @ oA 3 A @ @A &
AN gy 25 ey 54 s 2 75 -
o] @ sje ol sho} | I
2827 ST e (A2)
- AEA A - E/EEF delE R
- ek BAH - A ta
- A hHA
- histogram
B 3A @ a4 ® 94 @
_ LEEEE 2d 73
=) = 3 .E_)\
=8 TS II. sklearn IV. Keras aﬂr‘ 3
s 2 34
package package
[0 32] EX| st Mge st 2 718 oty
i) 2 W7t 1= glolE= labeled data, E¥1A W7} ¢l H|o]El+= unlabeled data

ii) 38k FEFHS o83t L E FF/EF HlolH Y & 74

iii) 94X unlabeled?] S A W4rof o3t 72 Hai5la] |abeled data®] 35111, ]2 unlabeled data

7} ghe A wre

Ql, 75}

[2A] @] 2ol B2 2]/dlolg &227]

A% A4, QAN 87, ASgtTe) 94 3

@-1. 2 HloJy H22E 3 =3 27|(import) 7}°| =

-2 o5 e

= (0]
=9

AEAZ 2271 Qich
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At gloly 8|32 2A 7 7HAlolt. S& ’7t A5k Tl
olEE [T11 3313 &o] AlF B2 &Rt 7, shsol &olstes ot tlolE et 3
7t Hlol8l 2 F-Eett. o] IgoA S 2 E HlolE S FABH] H5 St
AREEIT = MR E S A WUt gl

S ARSI S92 W7t @l HlolE = O

golB e L5 AlF E& &7

et AFGEEE 7T HolE =



import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import sklearn

from sklearn.model_selection import train_test_split, StratifiedShuffleSplit
from sklearn.metrics import classification_report, precision_score,
accuracy_score, f1_score

import keras

from tensorflow.keras.models import Sequential

from tensorflow.keras import optimizers

import tensorflow as tf

from tensorflow.keras import backend as k

import seaborn as sns

from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint
from tensorflow.keras.layers import Dense, Dropout

recall_score,

roc_auc_score,

[ZE 27] EX|= shEE fIEt 7 X 2227

Labeled data

70%

30%

train/test £¢]

)
13

7:3

e
ol
H

B

train test

x

train/test 5]

=) 73

e
ol
H

B

train test

70%

I 30%

(22 33] : S2HA H7h EXSH= CIO[EIA ZH]

Unlabeled data

Chy

(2 34] : S2HA H7F ZXHGHA| Q= HIOIEA FH|

- python°. & A& 7158t pandas package &-&

SLAE
?:}TE'_

< =d2th

- pandas®] read_csv

28t o]

= ol-gste] HlolE7t A AE e F=E 2o ¢

#pandas?| read_csv et+E Ar83I0| HIO|HE E2&

moldset_labeled = pd.read_csv(r'/moldset_labeled.csv', low_memory=False, index_col=False)

[FE 28] HlOJE] £2{27|
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(24 @1 dlole 5 2 A4 &
@-1. Hlole] E5 @ 7% 23l o=
- o] ol EAfaHe £4 i SH= AE7] 9 ol S-S Felgit.

#pandas dataframe2| value_counts &2 AtE
moldset_labeled[ EQUIP NAME.value_counts() #Z 1= OF2{0i| A =+l 7}

ha

o\r
E

650E-2%1237| 2607
Name: EQUIP_NAME, dtype: int64

=L

[F= 291 HIOIE 0| & EtY =415}

- glo]g Yol B45}14} 31 A= F =9} gl glolE L2 sholst)

#2M0| ALBEl= ME ZE
parts = ['86141AAQ00', '86131AA000', '86141T1000', '86131T1000']
moldset_labeled['PART NO'l.value_counts() #Z1t= Of2fof|A =0l 7h=3t0t

86141AA000 713
86131AA000 712
8613171000 591
8614171000 591
Name: PART_NO, dtype: int64

[Z.E 30] HI0IE] 7= 2kRI5t7]

#dataframe O|E 2 Al

moldset labeled.head() #Z1t= OF2jof| A =Pl 7+S5}CE

_id TimeStamp PART_FACT_PLAN_DATE PART_FACT_SERIAL PART_NO PART_NAME EQUIP_CD EQUIP_NAME PassOrFail

N7 WIS Sp—
0 58028bb3C0189CcE86af19 Vo0 (010 20201016 Q7 12:00:00 24 86141AA000 SIDEMLDG STCREE e 0
o RH I
N7 WIS e
1 58928de9c0189cc666ef200 20201018 2020.10-16 @71 12:00:00 24 86141AA000  SIDE MLD'G S SRR 0
o RH
N7 WIS .
2 5f928dfaco189cesper213 20201018 020.10.16 031 12:00:00 23 86131AA000  SIDE MLDG s1q G0E-RT2E 0
04:58:48 i =
N7 WIS =
3 5i6928139c0189cc666er250 2020 1016 2020.10-16 27 12:00:00 23 86131AA000  SIDE MLD'G s1a SOEFEZD 0
o LH
oN7 WIS  onos
4 5(8928f59c0189ccB666265 20%31;&12 2020-10-16 2% 12:00:00 24 86141AAD00  SIDE MLD'G s1a 980 *5272' 0
o RH

5 rows x46 columns

[F= 31] EI0|H 22{27] & &fI5|

(27 @] dlole 54 ot
®-1. 288 w0l A 7ol
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A ok 9 A e
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#2L Q5 EME dataframeOf|A AtH|EL

moldset_labeled.drop(columns={'_id’, 'TimeStamp’, 'PART_FACT_PLAN_DATE, 'PART_FACT_SERIAL',
'PART_NAME', 'EQUIP_CD', 'EQUIP_NAME', 'Reason’,

"Mold_Temperature_1",  "Mold_Temperature_2",  "Barrel_Temperature_7",
"Switch_Over_Position",

"Mold_Temperature_5",  "Mold_Temperature_6",  "Mold_Temperature_7",
"Mold_Temperature_8", "Mold_Temperature_9", "Mold_Temperature_10",

"Mold_Temperature_11", "Mold_Temperature_12"}, inplace=True)

[ZE 321 HO|H &4 & =2t g=S H0[EXNIAM X5 |

- glojE0] gle tlolHE Ut YHoR Eu2rth oAt Zol, B et 4
< HloEollA AHABhE e AXIH-

moldset_unlabeled = pd.read_csv(r'unlabeled data.csv', index_col=0)

2493 EME dataframe0ll Al AHH|EL,

moldset_unlabeled.drop(columns {_id', 'TimeStamp', ‘PART_FACT_PLAN_DATE', ‘PART_FACT_SERIAL',
'PART_NAME', 'EQUIP_CD', 'EQUIP_NAME', 'ERR_FACT_QTY",

"Mold_Temperature_1",  "Mold_Temperature_2",  "Barrel_Temperature_7",
"Switch_Over_Position",

"Mold_Temperature_5",  "Mold_Temperature_6", "Mold_Temperature_7",
"Mold_Temperature_8", "Mold_Temperature_9", "Mold_Temperature_10",

"Mold_Temperature_11", "Mold_Temperature_12"}, inplace=True)

(5 33] H0|H &4 & 22st-JHE H0[EX0IM X5 |

- o]EE Sk A TES 7K1 Bejsto] e At

#MNELE A 2MSt=s HES HE ZEE ME = fojH4s 228
moldset_labeled_cn7 = moldset_labeled[(moldset_labeled[ PART NO1=="86131TAA000") |
(moldset_labeled[ PART NO'|=="86141AA000')]

moldset_labeled_cn7.drop(columns={'PART_NO'}, inplace=True)

moldset_labeled_rg3 = moldset_labeled[(moldset_labeled[ PART NO'1=="86131T1000") |
(moldset_labeled['PART NO']=='86141T1000")]
moldset_labeled_rg3.drop(columns={'PART_NO'}, inplace=True)

moldset_unlabeled_cn7 = moldset_unlabeled[(moldset_unlabeled[ PART_NO'l=='86131AA000") |
(moldset_unlabeled[ PART_NO'1=="86141AA000"]
moldset_unlabeled_cn7.drop(columns={'PART_NO', inplace=True)

moldset_unlabeled_rg3 = moldset_unlabeled[(moldset_unlabeled[ PART NO'1=='86131T1000") |
(moldset_unlabeled[ PART_NO'1=="86141T1000]
moldset_unlabeled_rg3.drop(columns={'PART_NO', inplace=True)

[ZE 34] ¥lot= ME ZEZ H0[H 25617
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®-2. CN7 Al&/describe TS

- A& ‘CN7'9 ZA ¥57 2A5HA] L=

St

53

L=

SA wot ol =

glolE o] Md QoF AT

|moldset_unlabeled_cn7.describe0 #Zat= Or2fol|A =l 7hs3ict

Cushion_Position Ptasticizing_Position Clamp_Open_Position

Max_Injection_Speed

Injection_Time  Filling_Time Plasticizing_Time Cycle_Time Clamp_Close_Time

count  S2547.000000 S2547. 000000 52547.000000 S2547.000000 52547 000000
mean 5.424337 4.21838%94 10.436511 50.805432 5141773
std 3.020516 1.444531 7.396193 13.369645 1.8686T8
min 1.000000 0.300000 0.500000 0.000000 2.8000:00
25% 2.000000 3.890000 2.800000 35600000 3.200000
50% 5000000 4,490000 12.810000 $2.520000 5.990000
75% 9.560000 5.000000 16860000 63.600000 7.120000
max 11.400000 6000000 S7.080000 115.880000 7.270000

Max_Screw RPM ..

52547000000
358175264
317320806

15. 800000
17. 300000
853.410000
853.560000
§55.330000

52547 000000
52.58107%
13.087395
32.180000
40200000
52660000
E5.4T0000
75750000

52547, 000000
434.234858
235.842618

0.00000:0
455900000
$22.200000
47990000
652000000

52547.000000
56338434
29437641
25100000
35.500000
49900000
56.100000

125200000

52547 000000
16.472842
15.334763

0000000
0000000
30300000
30.700000
62.900000

Average Back_Pressure Barrel_Tempersture_1 Bamrel_Tempersture_2 Barrel_Tempersture_3 Barrel_Temperatune_4

S254T (00000
272348
29.014509

0000000
0.000000
12200000
5. 300000
N 2.900000

52547000000
145.525235
135601133

0000000
0.000000
245 100000
276100000
267.500000

Barrel_Temperature_5 Barrel_Temperature_&

52547 000000
26T.067272
11.345312
244 200000
264 BO0000
264 500000
275400000
266 200000

Hopper_Temperature

§2547.000000
268502955
10.124143
231600000
264900000
265900000
275000000
285800000

Mold_Temperature_3

52547.000000
265401555
5805851
235100000
264 500000
262 400000
270.500000
279000000

Moid_Temperature_4

52547.000000 52547000000 32347.000000 52547,000000 S2547.000000
254.059596 233254549 57.740971 12841428 14730523
TE13NE 6.257067 10.945172 12181921 14.162900

234 400000 219.200000 34300000 0000000 0000000
254 500000 225500000 57.500000 0.000000 0.000000
255.000000 234 700000 61.600000 20.500000 22.000000
259.500000 239.800000 65.200000 23.400000 26700000
267200000 242800000 73.400000 38.600000 48.800000

[F= 35] HiE CN7'9| SeiA WS et =0l

AEEYVIALEH0

63

B, B T0IER




®-3. CN7 A&/ corr g5 5 5 1 AHaA utef 7ol =

plt.subplots(figsize=(25,25))

sns.heatmap(data = moldset_unlabeled_cn7.corr(), linewidths=0.1,annot=True,  fmt ='2f,
cmap="Blues’)

#43t= Oof2folM =Ql 7HSStCt.

— el

Injection_Time

Filling_Time

Plasticizing_Time

Cycle_Time

Clamp_Close_Time

Cushion_Posit

Plasticizing_Position

s
®

Camp_Open_Position

e

025
Max_Screw_RPM 066 [JOES 100
RS - .-.- : .ﬂ .
0.00
Max_Switch_Over_Pressure Il 0.43 1 050
o ﬂ o '. I.. .
--0.25
Barrel_Temperature_1 067 10¢ 1
~--0.50
Barrel_Temperature 4 - 0.23 1012 021 009
Barrel Temperature 6 - 0.42 050 051 050
-=0.75
Hopper_Temperature 048 024 035 | 011 032 026

s
2

- 3
E N
8

Mold_Temperature 3

&
8
&
R

Mold_Temperature_4

- &
b
&
Average Back_Pressure - 2
B

Clamp_Open_Position -

e -
e -

Filling_Time -

&
8
&
Plasti Time -}
e - g

Injection_Time -|

Cushion_Position -|

Average_Screw_RPM -
Max_Injection_Pressure -|
Max_Back_Pressure -
Barrel_Temperature_6 -
Hopper_Temperature -
Mold_Temperature 3 -
Mold_Temperature 4 -

Max_Switch_Over_Pressure -

[T 36] MIZ CN7'2| S2HA HaE Aty ol
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tlo]& o] Bl S| AR TS ERIgITt

(®-4. CN7 Al&/Histogram= &3t #
- A& ‘CN7'9 S W7t 2614 &

pltfigure(figsize = (30,30))

# 2t Mol Yz s
bin = [2,10,10,15,17,20,10,10,10,10,15,10,10,10,10,20,20,10,10,10,10,20,25,35,35]

for index, value in enumerate(moldset_unlabeled_cn7):

sub = pltsubplot(5,5,index +1)

sub.hist(moldset_unlabeled_cn7[value], bins = bin[index], facecolor = (144/255,171/255,221/255),
linewidth=.3, edgecolor ='black’)

plttitle(value) #Z1t= Of2{0j|A =2l 7HSSICE.
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®-5. RG3 A&/ describe g5 &9 SAT oo} 7ol =
- AlE RG3'9 S& W7t SA8HA] = HlolH 9] Had goF FAFS &<l
sttt
moldset_unlabeled_rg3.describe() #Z if= OF2f 0| A =21 7p=5H0]
Injection_Time  Filling_Time Plasticizing_Time  Cycle_Time Clamp_Close_Time
count  37477.000000 37477.000000 37477.000000 37477.000000 37477.000000
mean 3.515335 2.778947 9.6311038 53.469702 5357147
std 2837536 2087176 6.238300 12.758191 1.633415
min 0.130000 0.000000 0.400000 0.000000 2.800000
25% 1.050000 0.930000 2.900000 38.900000 3.400000
50% 2.630000 1.650000 12.800000 61.760000 6.640000
75% 5.000000 5.000000 13.030000 63.600000 6.740000
max 11.350000 6.000000 38.710000 76.190000 15.100000
Cushion_Position Plasticizing_Position Clamp_Open_Position Max_Injection_Speed Max_Screw_RPM ..
SIT4TT.000000 IT4TT.000000 3T4TT 000000 3T4TT. 000000 3T4TT.000000 ...
405104732 48223423 209289559 86.657328 20604856 ...
310.4662T3 7846830 243368693 41.854656 18343535 ..
0000000 33.350000 0.000000 0.000000 0.000000 ..
18.700000 40.500000 4630000 38.900000 0.000000
654.250000 52.540000 35.630000 79.500000 30.700000 .
654.280000 53.5T0000 522100000 127.500000 30900000 ...
6553. 160000 72.760000 654.930000 128800000 62900000 ..

Awerage_Back_Pressure Barrel_Temperature_1  Barrel_Temperature_2

Barrel_Temperature_3

Barrel_Temperature_4

3TATT.000000
36.58076T
33.234145
0.000000
0000000
58.200000
60600000
136.000000

3T4TT.000000
169.379563
135.544147
0.000000
0.000000
245000000
256000000
287600000

37477000000
273ITH25
12796782
244 200000
264 300000
265 400000
255100000
256. 700000

Barrel_Temperature_5 Barrel_Temperature_8 Hopper_Temperature

IT4TT.000000
274.535830
12004843
234400000
2659500000
270100000
285000000
286 000000

Mold_Temperature_3

3747T7.000000
269174138
9.526382
239100000
265500000
270.200000
275. 200000
275100000

Moid_Temperature_4

37477000000

259.571657

&.061772
234.400000
255.800000
260.300000
265.000000
2656.500000

37477000000
235694215
4.830513
219.500000
234 800000
235100000
2399500000
241.000000

3T4TT.000000
58.029359
9.782343
33.200000
53000000
61300000
84100000
T1.200000

IT4TT.000000
14.053569
11.607758

0000000
0.000000
20.500000
22.400000
34800000

37477.000000
15.513630
13.580681

0.000000
0.006000
22.000000
24.000000
45900000

[FE 38] HIZ RG3'Q| SaA HpE SHY
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plt.subplots(figsize=(25,25))

#Z1t= OefofA] =Ql 7hSSiCt.

sns.heatmap(data = moldset_unlabeled_rg3.corr(), linewidths=0.1,annot=True, fmt ="2f, cmap="Blues’)

\ma((lonj‘me.n 037 044 059 051 046 EOEMM 074 [ 014 | 041 | 023 | 020 078 077 057 0% 087 075 076 [DI2| 040 053 051

Plasticizing Time - 937 0.78

Cycle Time - 0.44 094

Clamp_Close_Time - 059 0.97
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®-7. RG3 A& /Histogram= &
- A& RG3'Y A

Rls

l:H

St

Hlole] set 7ol =

W57 £A5H e dlole o] W SAEIRS Tl

plt.figure(figsize =

sub =

(30,30))

# 2 waol Strjam A4
bin = [2,10,10,15,17,20,10,10,10,10,15,10,10,10,10,20,20,10,10,10,10,20,25,35,35]

for index, value in enumerate(moldset_unlabeled_rg3):
plt.subplot(5,5,index +1)
sub.hist(moldset_unlabeled_rg3[value], bins
linewidth=.3, edgecolor ='black’)
plt.title(value)

bin[index], facecolor =

#Z0ts ORZfolN Bol FHsBiCH

(144/255,171/255,221/255),

% o & 0 % 0 6 7

0

6 5 D & 2 2 2 %
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[2A] @] dlolg ZA (AA2)
@-1. =28 o9 AA 7to|=
- dlole F2AAL Holg AAEA )7 A5 e

* o]u]Z] glo]€]Ql 9 7EZ o]u|z] glo|EAlS THEY] 95t Mt W EA(feature) & H9Hex)
dlolg 2 (data labeling))

o glo]g] W] B3£7kQ ‘PassOrFail’ E(column)g] #ho] £A1E Y9} ‘N' o2 Eof
Uon = olF 717 O(FH)H 1'(EFRH=E W=

moldset_labeled_rg3['PassOrFail'l = moldset_labeled_rg3['PassOrFail’l.map({0:int(0), 1:int(1)})
moldset_labeled_cn7[ PassOrFail'l = moldset_labeled_cn7[ PassOrFail'l.map({0:int(0), 1:int(1)})

[F.E 41] HIOIE =33, CIOIE] 4| HAGH | _ H0lM Ha HElZ

@-2. FE 9 BIFE )4 249l 7jol=
- flo]E} o] =) BE(1) S Sl

labeled_data = [moldset_labeled_cn7, moldset_labeled_rg3]
for d in labeled_data:
print(¥& == {}'.format(d[d['PassOrFail']==0].shape[0]))
print(E&& = {}'format(d[d['PassOrFail']==1].shape[0]))
print('="*10) #Z3t= O2{0j|A =l 7HsSHCt

[FE 421 HIOIH W &F H =E +~ =QI5P|

®-3. StandardScalerE &3t dlo|g A3} 7lo|=
- AAY Aoz Zrol HekE 3Tt sklearn packageflAl Al-&sk= A A
<=9l StandardScalerE AR&-sto Hlo|H & A fskettt

from sklearn.preprocessing import StandardScaler

data = [moldset_labeled_cn7, moldset_labeled_rg3, moldset_unlabeled_cn7, moldset_unlabeled_rg3]
for d in data:
for column in d.columns:
if column !='PassOrFail*;
sc = StandardScaler()
d[[column]] = sc.fit_transform(d[[column]])

[FE 43] §|0|Ef M3} _ sklearn package 2
@-4. AA ] dlo|g A7 7to|=

- AX7L SR YoleS ALg At ok AFE S Ao] csv 7Y Fehw A
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STt % flo]HE B8 = A0 AR8SE pandas? read_csv IS A
sto] BUst RO 58 Hrt

moldset_labeled_cn7.to_csv(r'moldset_labeled_cn7.csv’)
moldset_labeled_rg3.to_csv(r'moldset_labeled rg3.csv')

[ZE 44] 3[0]=20] U= HIOIEIS cov MY FAOZ X5

- Flolo] Qi HlolH = AL WA O A

moldset_unlabeled_cn7.to_csv(r'moldset_unlabeled cn7.csv')
moldset_unlabeled_rg3.to_csv(r'moldset_unlabeled _rg3.csv')

[F= 45] H[0|=20] gl= HIOIEIS cov MY MO 2 X1

A G nd = - 1
G-1. 24 752 915 Hj7|A] E8 7]
- Al ARG 122 o5 iR 7E]E) A8 9 84 Y EQT 1= AL
o ARRE 714 S5 a2 sklearn package®} Keras packages &-83slo] 1+d
Stk AA A QA FA = sk WL (1Y 3517 2ok S W47t 9l HlolE
£ ARgoto] dApF o R mEs ShEAIXl &, FHA HT gl HolEE A
Aoz F7lshe S HHESh RS s sk WAook

A4

A =852 H(semi-supervised learning model)

Labeled Data Unlabeled Data

]
[T

[O8 35] =X &t 2E TAst
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84 et

def confident_prediction(df):
result = []

for i in range(len(df)):
if dffil[0] >= dffil[1]:
result.append(dffi][0])
else:
result.append(dffi][1])
return result

#2 5 MEUOM ALE
def confident_prediction(df):
result = ]

for i in range(len(df)):
if df[i] >=0.5:
result.append(dffi])
else:
result.append(1-dffi])
return result

- sklearn package®] H7H & TrE &-8oto] &5 FH(confusion matrix),
S (accuracy), JUE(precision), E-E(recall)o] It = T4E =3l AR

Kiy

from  sklearn.metrics import classification_report, precision_score, recall_score, roc_auc_score,
accuracy_score, f1_score, confusion_matrix

def evaluation(y,y_pred):
print("Accuracy: {:2f}".format(accuracy_score(y,y_pred)))
print("Precision: {:.2f}".format(precision_score(y,y_pred)))
print("Recall: {:.2f}".format(recall_score(y,y_pred)))
print(roc_auc_score(y,y_pred))
print(f1_score(y,y_pred))
print(confusion_matrix(y,y_pred))
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class Dataloader():

def __init__(self):

msldset_l.;beled I pd read. csv(r ‘moldset_labeled_cn7.csv', low_memory=False,
index_col=False)

moldset Iabeled drop{cc-lumns—{' nnamed: ,}. inplace=True)

moldset_unlabeled = pd read csv[r_ mo | dset_unlabeled_cn7.csv', low_memory=False,

index_col=False)
moldset unlabeleddrop{columns {Il"ma"nt-d 0}, inplace=True)

555 = S‘tratlﬁedShufFleSlet{n splits=1, test size=0.3, random_state=42)

for train_index, test_index in sss.splitimoldset_labeled.locl:;,
maoldset_labeled.columns!='PassOrFail’], moldset_labeled[ FassCOrEail'):
moldset_labeled_train_X = maoldset_labeled. loc[;,
moldset_labeled.columns!='PassOrFail Lilocltrain_index]
moldset_labeled _test X = moldset_labeled.loc[;,

maldset_labeled.columns!='PassOrFail'Lilocftest_index)
moldset_labeled_train ¥ = moldset_labeled['PassOrFail liloc[train_index]
mnldset labeled_test_ Y = moldset_labeled[ FPassOrFail l.iloc[test_index]

self moldset _labeled_train_X = moldset_labeled train_X

self mc:ldse‘t Iaheled _test X = moldset_labeled_test_X

self moldset Iabeled traln Y = moldset_labeled_train_Y

self.moldset_la beled_test_Y = moldset_labeled_test_Y

seﬂ“.molds;t_unlal_:leled = moldset_unlabeled

[ZE 48] 224 B U= HO[E], SHA B Q= HI0IH 25 S22 & ot Ho[EA X1F

®-2. labeled datag °0]-&3t £X| = 8k 7to|l=
- ZEj 2 HETE 2A5HE HlolE|(labeled data)THE ARgdte] A= Sk RE o
A4E st9jwElo] stold mteti]EE 23 SR EL 7]A| Sk mEll A
ZE ¥ HAl(Support Vector Machine), 7F-AIQF L] B #|o]=(Gaussian
Naive Bayes), #E ZHAE(Random Forest)Z, 7 ZAlH 2H7F53t g5 o]
o] A sloF sk stolx mEfuE7F EAJRILE AA|= 714 ks o] He
Stoju ulEtu]efo] oJsf AR H= 47t HiHlstH, dlolEeo] Aest - md
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9 stoly otefu|EE 21 B S5 Ao AEek gh& AMEShe Aol Sasit
sklearn package? GridSearch®} StratifiedKFold $H~& AR&5to] Ho|E|E K
Mol FZo = Urdl BEEA o= el ool wEfn|EE HA |7t st
2|2 9] stolw nju|E & Aot IS X3Pt

from sklearn.model_selection import GridSearchCV, KFold, StratifiedKFold
from sklearn.svm import SVC

d] x| A BHO Ad T &
e M= O|I I = i = HT

tuned_parameters = [{kernel: [rbf], 'gamma" [*1e-4 for i in range(1, 100)], 'C: [i*1e-4 for i in
range(1, 100011

scores = ['accuracy’,'precision’, "recall’]

weights = {0:100.0, 1:1.0}

1%

===

= ’

kf = StratifiedKFold(random_state=42, n_splits=5, shuffle=True)
X = pd.read_csv(r'./moldset_labeled_cn7.csv', low_memory=False, index_col=False)
X.drop{columns={'Unnamed: 0}, inplace=True)
y = X.pop('PassOrFail’)
for score in scores:

cf = GridSearchCV(SVC(class_weight=weights), scoring=score, param_grid=tuned_parameters,
n_jobs=-1, cv=kf, refit=True, verbose=0)

clffit(X, y)

print{'Best Params: {}'.format(cif best_params_)) #Z1= Of2}f0]A

Best Params: {'C": 0.197, 'gamma" 0.71, 'kernel’: 'rbf’}

Best Params: ['bootstrap False, 'max_depth 10, ‘max_features" ‘auto’, 'min_samples_leaf: 1,
'min_samples_split: 5, 'n_estimators’: 1200}

[ZE 49] 50| Ti2H0|E HASIH ZXQ| s HOFE I

- AR B AROE HAE S5l Brkoks oS WS ARSRE 2EA
H57E 26k s wlolHE WA 0 & 7 9hA] ARgSHs HHAo] B & o]k

- =
E|S "2 2] 0 2 7}A &R H5H= percentage?t A S M
7} 9= tlolE 9] ¥ HAE S ARER] X ASH= unlabeled_usage AAE A4

g
ot o]F HlolHE Eu A Hetl, SHHpet S5Re 18A S Tt

22t A

def train_and_evaluate(percentage=10, unlabeled_usage=90):

data = Dataloader()

X _test = data.moldset_labeled_test_X
Y_test = data.moldset_labeled_test_Y
X_with_label = data.moldset_labeled_train_X
Y_with_label = data.moldset_labeled_train_Y
moldset_unlabeled = data.moldset_unlabeled

#e2 e B2t EXHSHA| @= HIOIH2| )=

LS -

num_left_unlabeled =int(moldset_unlabeled.shape[0]*(100-unlabeled_usage)*0.01)

FA
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[FA @] 22 3= - 1. sklearn Package
@-1. %X]E 6-:,]'% E%}_ : ’B_jl-—g— 1;'_; 1‘1(:}7]_ E% ;L’}T

def train_and_evaluate(percentage=10, unlabeled_usage=90):

data = Dataloader()

X_test = data.moldset_labeled_test_X

Y_test = data.moldset_labeled_test_Y
X_with_label = data.moldset_labeled_train_X
Y_with_label = data.moldset_labeled_train_Y
moldset_unlabeled = data.moldset_unlabeled
without_label = moldset_unlabeled

pLES =20 B A = = OF L | \
3= | A B |0IE1 2] JH=

num_left_ unlabeled —mt(moldset unlabeled shape[0]*(100-unlabeled_usage)*0.01)

while True:
if without_label.shape[o] >= num Ieft_unlabeled
7‘\', = H O
weights = {0: 100 O 1 O}
[ HO| 6
model = S/C(O=OOO kemel of', gamm—1e—2 dass s weight=weights, probability=True, random state=4?)
model.fit(X_with_label, Y_W|th_|abel)
y_pred = model.predict(X_test)

evaluation(Y_test, y_pred)

i 3. U ) ( ‘ HO C H ==
prob = model predict_proba(without_label)
confident_prob = confident_prediction(prob)
confident_prediction(prob)
without_label['confidence']l = confident_prob

,":f“~ ,“ = 1€

without_label = without_label.sort_values(by=['confidence'], ascending=False)

length = without_label.shape[0]

cutting_index =int(length*(percentagex0.01))

chosen_without_label = without_label.iloc[:cutting_index, :]
chosen_without_label.drop(columns={'confidence'}, inplace=True)
notchosen_without_label = without_label.iloc[cutting_index:, :].drop(columns={'confidence'})
pseudo_label = pd.DataFrame(model.predict(chosen_without_label))

#HI0IEH YHOI0E

X_with_label = pd.concat([X_with_label, chosen_without_label])
Y_with_label = pd.concat([Y_with_label, pseudo_labell)
without_label = notchosen_without_label

y_pred = model.predict(X_test)

evaluation(Y_test, y_pred)

else:
print()
print("ALL DONE, UNLABELED USED {: O%}“ format(without_label.shape[0]/num_left_unlabeled))
break #2Z 1 )keH of
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@-1-1. & o5 5l {71 o 7ol =

def train_and_evaluate(percentage=10, unlabeled_usage=90):
data = Dataloader()
X_test = data.moldset_labeled_test_X
Y_test = data.moldset_labeled_test_Y
X_with_label = data.moldset_labeled_train_X
Y_with_label = data.moldset_labeled_train_Y
moldset_unlabeled = data.moldset_unlabeled
without_label = moldset_unlabeled

num_left_unlabeled =int(moldset_unlabeled.shape[0]*(100-unlabeled_usage)*0.01)
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27} ZABHA] OHe OB 2 WA o @ hAel] AFRSHE WHAlolm e ofL A
H| &2 Hlo|E& uHE A 02 kLA Aol percentage®t AA| SEA WS
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t}. o] Hlo|g & £ A H=t, SHHeet S5 190 S A WUt
< HlolE 9 =HHSE thE S92

B N

N
—_

50

@-1-2. 799 24 &8 27]/2d 9] 7hol=

while True:
if without_label.shape[']] >: num_left_unlabeled:

weights = {0:100.0 1:‘,\[:}

model = SVC(C 0.001, kernel="rbt, gamma=1e—2, class_weight=weights,
probability=True, random_state=42 )

model.fit(X_with_label. Y_with_label)

y_pred = model.predict(X_test)

evaluation(Y_test, y_pred)

[Z=50-2] 73iE By gojos 2E

- sklearn package©l] +@E oY= RS B Q11 o]Hof 22 XA 9] slo]n 1}
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@-1-3. 78E 24 £ 7]/2d 9 7lo|=

prob = model.predict_proba(without_label)
confident_prob = confident_prediction(prob)
confident_prediction(prob)
without_label['confidence']l = confident_prob

length = without_label.shape[0]
cutting_index =int(length*(percentage*0.01))
chosen_without_label = without_label. |Ioc[ cutting_index, :]

W|thout label = W|thou’[ label.sort_values(by=['confidence'], ascending=False)

chosen_without_label.drop(columns={'confidence'}, inplace=True)
notchosen_without_label = without_label. lloc[cuttlng_mdex :].drop(columns={'confidence'})
pseudo_label = pd.DataFrame(model.predict(chosen_without_label))

[Z= 50-3] unlabeled H|0|E{0]| CHot0| 0I=6}7|

- o]Ho] TFAIXl HES ARESto] AlEA HEFEC] gl HolE ol tigt &2 A
AlRte A& it 72t SYAE(TE E2 599 SEE £9o| "t oA vt
= 58 85t EZN7 7MY W20 Bdo] =2 TS 7HA 1L E=7b)
&gk Wt Flof A W7t gl HolHE o] =S 7|EoE HHA}
<= ettt ol% HEH dHlolEofA A9 10%(d A4 AT percentage)
o] A H7t gl HlolHo 2R ASES AMEel S W (pseudo-
label)& Folgttt. 7H3e] E#3iA Ha7F A7 HlolE= 7|&9] 34 w7t ¢
= dlolgolA &1L, 7|9 S A |7t gl "lolH e A= w0k

(@-1-4. Labeled Hlo|E{ %} &9 & ol<3

X_with_label = pd.concat([X_with_label, chosen_without_label])
Y_with_label = pd.concat([Y_with_label, pseudo_labell)
without_label = notchosen_without_label

y_pred = model.predict(X_test)

evaluation(Y_test, y_pred)

else:
print()
print("ALL DONE, UNLABELED USED: {:
break Zih= OfciOlA = =

}' format(without_label.shape[0]/num_left_unlabeled))

[Z= 50-4] labeled HI0|E2t S5 & &5

- A2e Fez Wk A7) dolElS Y12 Se WA 9 Hlofelet Bust
3, el S Wa7h gl dolel RXI3tet. 919] WP e WMt Gk
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train_and_evaluate()

Accuracy: 0.92
Precision: 0.45
Recall: 0.93
0.9230145093547156
0.6024096385542168
[[25 31]

[ 2 357]]

ALL DONE, UNLABELED USED: 90%
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def predict(df):
result = []

for i in range(len(df)):
if df[il >=0.5:
result.append(1)
else:
result.append(0)
return result

- 4% AFYY HF 2 shte] SEglo]s] R, oS SYhA MAR uhfol
e B9 W] A8, B840l 05 O14Y A BHDZ A5, 05
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F5-1-1. Kares Padkagcl BEEE TgH G28 B+
daf hm.:.r-d.m-:.lu;lnﬂpar\cnnhnn-'h unl:ln-nln-d.u:u.un-ﬁ]
data = Dataloader()

_tast = data.mold=at labalod foat X

¥_tast = data.mold=at labaled fest Y
H_with_labal = data meoldset labaled frain X
¥_with_labal = data moldsct labaled frain Y
micdd=at wnlabaled = datz.mold=at wnlabalad
wrlhl:-u'l'_lﬂ:-nl - rnuldsq‘Lunlﬂ:-nln-d

=TI Ji

numJn-ﬂ'_mlahnhd -mﬂrnuld:nf_unlabnlld :Impn[.-]ﬂ: 1i—unlzbsled usape)=0.01)
FE—1-2. A EHE InazE ¥
micdal = Enqumﬂ':l][:l
modal. .'l.ddﬂl:lm:n[mrl:,--_.. activation='relu’, input_dim=24}}
misdal.add{Denselunfts=54, actvation=rziu']]
micdal.add{Dropout( 0. 25})

micdal.add{Dense(unite=32, activation='raiu']]
modal.add{DropoutiD. 2])

micdal.add{Dense(units=15, activation='ralu'])

modal. add{Denselunite=1, actvation='=igmoid’])

LR S

medrica=['acouracy ,Hh:urnhmﬁu:uun[n:rﬂ- precision | keras.matrics. Recall{name= rscall' 1]}
F£E8-1-3. A8 E DEE MEIA R &5
whila True!
if withowt labal shapa[0] = num laft unlzbeled:
val pracision =0
valracall =0
patence =10
cnt =

for epach in rangel103):
history = moded fit[_with_labal, Y_with label, spochs=1, validation =plit=0.3
hi=tory = hisbory_hi=tory
F ontr= pabanca-
braak
¥ history[ val precision' J[0] = wal precision and hisband[ valreczl J[0] = valrecal:
val preciion = history['val_pracision'] [0]
valrecall = histony[ val_recall ][]
cnk =0
alae:
cnks=1

- = 4 = e O

|:|rn-|:| - ml:-dnl.nrn-cid‘.ptah:l:wr&am_hhnl]

confident_prob = confident_pradiction_1 (prob)

without_labal[ 'confidence’] = confidant_prob

without_labal = without_kabel sart_walues(by=[ confidance ], ascending=Fal=a)

length = withoutlabal.shapa[0]

cutting_index =int{length*{marcantage~0.01})

chosarn_without label = withoutlabeliloc[ cutfing index, -]

chosar_without_label droplcolumna={ confidancs’}, nplace=Trus)

notchosen_without_labal = er'-ul.rI'_Ia.an |Iai:|:|:|.r|:|:nn_|r-d-nu- :].droplcolumnia={ confidanca B
p=audo_label = pd. DataFramatpredictimodal predict] chosan_withaut_tabel}}}

1]

}Lwrﬂ'n_lal:ld - |:||:| concat] [¥_with_label, cho=san_without label]}
Y_with_labal = pd.concat{[Y_with_label, p=sudo_label]}
without labal = notchasar_without labal

prird{)

print{"ALL DO
miodel. =aval
break - 30§ Dicl A WP s ECE

:
1
§
q
5
E
¢
£

model.compilelloas='binan_cros=zantn optimzar='zdam

- [ZES53]0A A 2 ok 9l Br} e E ISkl o] Al = WiRolA F
a3t AU 7HAE FEES 2EFE WrolA A5 thRo] . offo] ZE

=< 99 [EE53]9] gFo g, dgAldes [ZE53]7 &-§-otofof it

78

"NEEY| ALHOIEA, 244E 7I0IES



®-1-1. FAE & BIHES 918 W A4

def train_and_evaluate(percentage=10, unlabeled_usage="90):

data = Dataloader()

X_test = data.moldset_labeled_test_X

Y_test = data.moldset_labeled_test Y

X with_label = data.moldset_labeled_train_X

Y_with_label = data.moldset_labeled_train_Y

moldset_unlabeled = data.moldset_unlabeled
without_label = moldset_unlabeled

num_left_unlabeled =int(moldset_unlabeled.shape[0]*(100-unlabeled_usage)*0.01)

[TE 53-1] TX|Z 515 HII= Q5 Bz M

O?L

I'

- Keras package® 83t 45 A18H2 9| oo} ok AATE Aold & Ut
] ZA & 3k L U A8std ot train_and_evaluateo]gk= &+
TE TS 22 YO R HolHE Y2

®-1-2. Sequential 2Elo] A7 &7]

model = Sequential()

model.add(Dense(units=32, activation="relu’, input_dim=24))

model.add(Dense(units=64, activation="relu’))

model.add(Dropout(0.25))

model.add(Dense(units=32, activation="relu"))

model.add(Dropout(0.2))

model.add(Dense(units=16, activation="relu"))

model.add(Dense(units=1, activation='s iqm oid")

model.compile(loss="binary_crossentropy’, optimizer='adam/,
metrics=['accuracy'tf.keras.metrics.Precision(name="precision’),tf.keras.metrics.Recall(name="recall’)])

[ZE 53-2] AFYS BAHOZ A0t

a

o}
o

- 0]% Keras package?] Sequential @S AAstal, AREol# il o= Al
ol FAHAZAZ9] AL (units)Q &AJsFst(activation function)= A4
FAAZAZ Afolof] EFol(dropout) [(1E 36]0]gt= 271891 AAT
AsH| Hrh. Toleo HaA vgukE 7 AlAure] 28 0o uls
B o= RE9 A (robustness)Z AlALstal A Ak WAISHA Sk 1A
(regularization)ﬂ dFolct. F1t T2 A7 Gol= RelU [ 30]=HaL #2+=

< 5= e 48RS AR 7Y iR A3 EEE S0

Qﬂ] 571 {1’ AlLH O] E(sigmoid) Srp7F /dslekrE ARGET A|TLHO|E
ko] Al i 2, A [T19 3713 Zo] 02} 1AM & ARttt 1Elof of
F AEE 7heohe &4 F(oss)= °1% ARNE 21 (binary_crossentropy)s
Ao JJ-X}OJ_E H= E5 549 Al €8E2 shsAlZ o 71 Eol At

G5 A, AA 2L 0 B D 2T W 92 gk 7ML R 9

oM.
o=

ot

o

_,d
)
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7390]| =2 ZkS 71X A "} A4 9] netu|EE H-stets ot
= Adam= ARSIt L d

olHE 3ot A7 wetn|E S shgohe Ignitt ZF Aol mdo
1 A L(recall)o] EHE L= st}

tto] A (optimizer= @A 7 ol -85+

(accuracy), Y =(precision), 7L

(023 36] E& ot ¢
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®-1-3. Label dlo& o] i3] 22 sh<3

while True:
if without_label.shape[0] >= num_left_unlabeled:

val_precision =0

val_recall =0
patience =10
cnt =0

for epoch in range(100):
history = model.fit(X_with_label, Y_with_label, epochs=1, validation_split=0.3)
history = history.history

if cnt>= patience:
break

if history['val_precision][0] >= val_precision and history['val recall'][0] >= val_recall:
val_precision = history['val_precision][0]
val_recall = history['val recall'][0]
cnt =0

else:
cnt+=1

- oHof AAgt AT AFT BdlZ ARESHL, 82 H|o|E & o]&3l sk X1
gttt o F(epoch)> Zdlo] AA| Tlo|EE H tf ARESith= ©eloltt. o] &
o 100HC2 Joj& AHst & 2l fit ks F8oto] RdS Sl 5
&HFE ALEoto] SRS AIARIT sklearn packageE AMHESH A3} th2 A, 4]

A& shgAlofl AF5 2 &2 ARE-Sto, o] %o AlA|5k

7} glo]EAlof] T3t URtS} Ad5-2 HRI3IT}. patienceZ AT of| Z2] L=x12

< dlolEAlo] tigt B7o| A o] el 2] 7410l o]FoR|A| ko™ o]

A= Hol7HA = aL, 74 o] o] Foj A Xt 100 ANE7HA] 5ol ZIg =

O

®-1-4. Unlabel dlo|gof ti5fl o=

prob = model.predict_proba(without_label)

confident_prob = confident_prediction_1(prob)

without_label['confidencel = confident_prob

without_label = without_label.sort_values(by=['confidence’], ascending=False)

length = without_label.shape[0]

cutting_index =int(length*(percentage*0.01))

chosen_without_label = without_label.iloc[:cutting_index, :]

chosen_without_label.drop(columns={'confidence'}, inplace=True)

notchosen_without_label = without_label.iloc[cutting_index:,
:l.drop(columns={'confidence'})

pseudo_label = pd.DataFrame(predict(model.predict(chosen_without_label)))

[Z= 53-4] SHEAIRI ZHS 0|51 SHEIO0| gl HIO[E{0]l thet o= A5

- ol skEAIRl RS ARESte] AlEAl FRgel fi HolEd bigt ds= A

AR, A& Aiks 4 SYAE(YE B2 &%) SER 2o "ok o &
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= 32 ggolo] QERNI} 7 (1A mElo] 2 3HAS 7Hx| 1 &3
A Sghe wreet ol 2L W7t gl HlolHE o] RS 7IEer WHA
gt} olF AHH dlolE oA A9 10%(H TANA A8 percentage)

< dlolge] Mz d5ghe AAgdl SdL ¥ (pseudo-
labe)E Foigict. 7Hge] SeA 47 A1 dlolE 7129 SHA #4579
= dlelgoll A FEfEiUaL, 71E] S22 Hert Qs vlolEs Id= =0

[

®-1-5. Labeled H°|¥|2} &3 ¥ S5
s 00 W7 AR HOlEYS 7|0l ol WA gl Hlolela Bk
T, UmiA] Ze 4 W4 gl Hlolels GAIsieh, 919 YL Zeha Wt g
glolg o] 4TS 7 *}36}7%] B A7 B EH, o|Folle shs3 BTt
Yol FrEh FEH o7 T4EH HPo Y5t 0|29 higs IAAES B
o] AR, A BEo 250 282 4= ql),

#UPDATE
X_with_label = pd.concat([X_with_label, chosen_without_label])
Y_with_label = pd.concat([Y_with_label, pseudo_label])

without_label = notchosen_without_label

else:
print()
print("ALL DONE, UNLABELED USED:
{:.0%}" format(without_label.shape[0]/num_left_unlabeled))
model.save(NN_rg3.h5")
break #Z41h= Of2{ol| M =Rl 7hsSStLt.

[F.E 53-5] M2 S2HA =7 W71 CI0EIS 7|E H0|Eet S8 & shs, Bt by &=

®-1-6. A7 o= 51|

train_and_evaluate()

Train on 701 samples, validate on 301 samples

Epoch 1/1

701/701 [==============================] - 1s Tms/step - loss: 0.5908 - accuracy:
0.7989 - precision: 0.3525 - recall: 0.2184 - val_loss: 0.5251 - val_accuracy: 0.7973 - val_precision:
0.3684 - val_recall: 0.0861

Train on 701 samples, validate on 301 samples

Epoch 1/1

701/701 [==============================] - 0Os 325us/step - loss: 0.4881 - accuracy:
0.8131 - precision: 0.3684 - recall: 0.0549 - val_loss: 04880 - val_accuracy: 0.7973 - val_precision:
0.3684 - val_recall: 0.0393

Train on 701 samples, validate on 301 samples

Epoch 1/1

701/701 [==============================] - 0s 233us/step - loss: 0.2619 - accuracy:
0.8402 - precision: 0.6407 - recall: 0.0244 - val_loss: 0.2381 - val_accuracy: 0.8605 - val_precision:
0.7037 - val_recall: 0.0345

[FE 59] MZ2 S2A BT 71 Bl0|EIS 7|E Hlo|Het S5 & sk, Bt ity &1

O
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- 2YZE F AL okl HF T4 49 2NES AAT S ek

®-1-7. 45 48T 2E £ 27

from tensorflow.keras.models import load_model

data = Dataloader()
Y _test = data.moldset_labeled test Y
X _test = data.moldset_labeled_test X

model = load_model(’

)
[FE 53-7] &5 A1EY 2H 22{Q7|

- o]Hof AATE A AFT HE ‘% load_model &2 E82}. H7} Hlo|HE
A 81 2.7] 93f o)A ¥H= DatallLoader 5 ThA] ARSSITY

®-2. 292 5 A= 5 B7F A
]_

- E22 B ES ARgslo] 37t glo]E o] tigt A HS4E dSstal, AA E&
W2 AR5 evaluation 32 H71HS AAJSHT

y_pred = predict(model.predict(X_test))

evaluation(Y_test, y_pred) #Z 1= Or2foi| A =0l 75610

Accuracy: 0.98
Precision: 0.89
Recall: 1.00
0.9855907780979828
0.9431818181818181

[[337 10]
[ 0 831

[Z = 54] AR S22 H-5 MESI0] BI 61|

- BAATY EE
© B7h A RS BgI A ARzt
oo S b (1] s ROC-AUC F1
MEE HE| KAl 0.85 0.77 0.33 0.65 0.46
W TYAE 0.98 0.91 1.00 0.98 0.95
7IRAI2t LIO|E H|O|= 0.22 0.20 1.00 0.51 0.33
ME MEY 0.98 0.89 1.00 0.98 0.94

(E 4] MiE rg3 2zt
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oo M Huc Mg ROC-AUC F1
MEE HE| KA 0.92 093 0.45 0.72 0.61
U THAE 0.99 0.97 1.00 0.99 098
7FSAIQt LIO|E! H[O|X 0.77 0.37 1.00 0.86 0.54
UE UZY 0.99 0.90 1.00 0.99 0.95

(H 5] HIZ cn7 22t
- &5 YYR ehd 24 Aoy
2N =F(1) | 2N LE0) 2H =28() | 2H 30
() oS 27 8 () oS 83 8
UZ0) o= 56 339 AZ0) o= 0 339

[H 6] MELE #H M rg3

[H 7] 8™ THAE g3

Al 22()

2| 2=0)

A 22K(1) |

x| 2=0)

EEiOL

83

337

EEIOLL

83

10

UE(0) 0=

0

10

UE(0) 0=

0

337

[E 8] 7FRAIR LIO|E H[O]= rg3

(29

Al

NEWNPZll}

oo

Ol

rg3

A 2Z()

x| SE0)

A 2Z()

x| S=0)

22(1) o= 25 2 22(1) o= 56 2
IO ES 31 357 A=) = 0 357

(£ 10] MZE HE 0jdl cn7

(B 11] # ZHAE cn7

A 22()

x| F=0)

A 22()

x| S=0)

(oS 56 9% (oS 56 6
Y= U= 0 263 Y= U= 0 353
[ 12] 7k2AIQt LIO|E H|0|= cn7 [T 13] A= AZO cn7
©-2. &4 23} 314
- 244 3o] digt =2 % 4 (implication)
- AEHA 7 s ERE
w40l AR F 7HA] Al (rg3, en?) Aol Hish Al 24 THES 283 23
GUEFER 7 flolH Al il Wt Ao HAlth HE ZHAES} A
Al7dgol of 7 A ;oA et o= HAS & & Qlek A AR vk
o] Bdo) 52 =R TR UA| 3FIM F ek EFES Evt
U & dlSet=uE Wokelke AdE(recal)® vi-F- S5l = < Sl 19
U A&t srhal gt B2 obd & ot s, BE G52 S
S8 oA HH, 0E WHESS FAR A AdEtE w9 o V] dEelH
ol HE AT W, ARH Al THE § Y ZIHLEL} AT AFT2 7
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A F7HAIRO|A Q] AHHE HolFo 2N ZFe de5 7RIt & = 3l

=
A% AAY

A% AARe w8k Alo] ok Al HPEERT 1sor 3 ARgto] Wt 414
o] 7%, 7F AT B Y ), £4 4, ol E S 50 B4s] B Bol
o wtehulel7h £A457] diolct Eat AAWE A WA TEULE wilo] F
ol s}sE|o] o] tha] ehATE 7HsAo] olAlet. olejgt B Ao wol w7t
=4

TS FTHL A2 04 L A4S 45 49PN 2 2k 872
2 4% AATe] A 159 S PE,

* (Manufacturing Data translator I3) A2d|ol8 EdlAZolg oA ZAuto] gt oAt
ok V&

=
0
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FALEF 22| TALE- 7| Al HIOIE AL,

I'-III
ﬁ
olo

(injection moldmg)
S0A = UdEATE (extrusmn molding)©
X—].Q.o]—lq- o]-;(]tl]— O]'EHQ’]' zZro _J__%Z_i o]

L4
AAE Ho FUAE AZBYOIE B BAS 487 4 )

[H ?l?
e
V)
ooy
i rl_,N (o]
:.:1 :10 Il
ol gk
L )
. ;u ﬁ
is o
l¥ i
o]
(o]
- o
1o
[ of
2

a AZE FYAL Sjo] Y AF Ado] et 34 A E: 4ot BAAE 37
o3 ARt WEE FFET A /1gEol gt

b. 47 Aol AEst A22E So) A4 5w e 717 AR ol4E 1 Azt
3

3.2 2 "AEN7| Al HOJE, 22 85101 Ef IS X A|

, =TS

- A8 /R Badol Belvt Basich AP E SN AF0] Lok Lo
L 497k it BEA] AEEA et A Ago] FEEolok str] B fHEE Hlo]
& e)7} Hlofof e,

- sk wlojE o] Wejol Tt o] @ welrh Wastth ARe, AHoIA SEL )
olEISt AL E412 1 HolElole B 1] o] Ha st dold 4 SA
A AR} AT B4 BRI} ]

FARUA st A Hlolel 44 e 8 Fejo]
a4 =olalol 41 §AL Tl Ao] Fasid
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<>
it X| AlA C ] SIISIIRIIIIRIIR
% Hlojg SE X2 [#5 2E S

A 284 AgOlA tlolE F4 Ao BRI 57HA] £/ tiste] =ofstqitt. (B4, &
& 3, 44, )

e, HS

i

# ,
- ElolEl 2 A% AR 4
- @ F A% = (1-22A)/AA HolES) x 100
@ Null g0l 30%01el HlofelEe slojele] ehgo] Hojxl7] wEd] ZEE Nuligte) v)
£ lato] SRR, o HolElt 30%E Wi Aol EAs gong AeS A5

A =t
perc=30 perc=30
dt.isnull().sum()/len(dt)*100 dt.isnull().sum()/len(dt)*100>perc
_id 0.0 _id False
TimeStamp 0.0 TimeStamp False
PART_FACT_PLAN_DATE 0.0 PART_FACT_PLAN_DATE False
PART_FACT_SERIAL 0.0 PART_FACT_SERIAL False
Shot_Number 0.0 Shot_Number False
PART_NO 0.0 PART_NO False
PART_NAME 0.0 PART_NAME False
EQUIP_CD 0.0 EQUIP_CD False
EQUIP_NAME 0.0 EQUIP_NAME False
WorkingNum 0.0 . WorkingNum False
PassingorFail 0.0 PassingorFail False
Reason 0.0 Reason False
Injection_Time 0.0 Injection_Time False
Filling_Time 0.0 Filling_Time False
Plasticizing_Time 0.0 Plasticizing_Time False
Cycle_Time 0.0 Cycle_Time False
Clamp_Close_Time 0.0 Clamp_Close_Time False
Cushion_Position 0.0 Cushion_Position False
Switch_Over_Position 0.0 Switch_Over_Position False
Plasticizing_Position 0.0 Plasticizing_Position False
Clam_Open_Position 0.0 Clam_Open_Position False
Max_Injection_Speed 0.0 Max_Injection_Speed False

L

[O]

[FE 62) : 24 72 BESH AT B2 X4 SHol

b
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@ tlolE Y] AEAE &Rlst7] HIsto] isnull) <5 ARS8t H, sum() <& ol8st] & 2
SA g T

dt.isnull()
idx Machine Name Item No working time Press time(ms) Pressure 1 Pressure2 Pressure 5 e
0 False Fake  False False False False False False o
[
1 Faise Faise Fatse False Faise Faise False Faise ) .
2 fal E o o cmpt_len = dt.isnull().sum().sum()
Fale  Fake  Fake  Fake  Fase  Fale  Fase  Fale £
° print (cmpt_len)
3 False False  False False False False false False — [ »
Bt EE  Ee’  UBdel 0 Bk Bke ks R e e
4 F False False False False False
T [
= Workinghum ]
PassOrFail ]
64354 False False  Folse False Fase False True Fakse mein 0
64355 False Fake  False False False False True False Injection_Time [
Filling Time ]
64356 False Faise Fatse False Faise False True Faise Plasticizine Time ]
64357 False False  Fake False False False True False
€4358 False False  False False False False True False

print("Z5A] = %d/l \nHdAE A %.2f%% "%(cmpt_len, (1-cmpt_len/len(dt))*100))
#Z40t= Of2foj| A =l 7Hs3StLt.

AEX = 0
2AMd X[ : 100.00%

- 78 FEAE = (R Hloles)/AA glolE<) x 100
ol Hlolge _idEddol 4% #e 7= 7127101t

@ unique() FE °l&sto] _idE™HO| 7= FAT ES sk, FAt HlolE A

dt[" id'].unique() len(dt["-id'].unique())

array(['5f8928b99¢0189cc666ef194','5f892 | 3975
8bb9c0189cc666ef19b’,'5f8928de9c0189cc
666ef20b’,...'5fa112879c0189cc66dabe50’,
5fa112bb9c0189cc66dac22a’,'5fa112bc9cO
189ccb6dac23a’],dtype=object)

[FC 64] : 24 E7S 8RS RUY BURA 2 HU5P|
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|

Ol

@+

F

b3t glolg g o8t 44 FEATE TRl

unig_len=len(dt['id'].unique())
print("SLA X4 @ %.2f%% "%((unig_len/len(dt))*100)) #Z1t= Of2foi|N =9l 7hs38iCt

28 K== : 100.00%

[FE 65] : M =75 28 KUY BEEXIS F5|

- fad X%

@ dlol8 7k R E 9ol Soi7t g7t

Data setol] I8 47 WIS ol §3le] ZARAMNE BF FE3H Ho]HES vald_
o] A,

D ARATHIYHBE) : TR FUA » EAe)
injection_Time AL Ean, AR RS FWA & 9d-134 | 9-nd \ - E
PAIF| = Sl AITHy t_lower_rng = dt[’'Barrel_Temperature_4°] »=z 244
Filing,_Time [ 2-NEET) -II.?:I‘;IEAI‘IE:E! uasma R _— t_uppter_rng = dt['Barrel Temperature 4°] <= 273
e M v E A LI B o s
Cysle_Time THE AEE LA SRS ST sam-oa | so-es w_lower_rng = dt['Barrel_Tesperature 5°] »= 239
AR/ PUSD PR FAUE FWE AR u_uppter_rng = dt['Barrel_Tesmporaturs_5'] <= 257
Clamp, Close Time HORD WEo @Ol MG oEaE 28 a1-72 | -8
Gl Wl T —
MUAREN CHE2E IR e ® TH(w)
Cushion Position e TR BENE WADE 07 = v_lower_rng = dt['Barrel_Temperature_6'] »= 234
SR b B S SEEE w_uppter_rng = dt[ Barrel_Temperature_6'] ¢= 231
“Switch_Crves_Position i s et g o0 a0
Plasticizing Position ANLRMNIIIEE O 2382 9y 508-68.9 S0-E » _EJ(FJ
Clamp Open Posison, ) 01 48485801 “ﬂ.ﬁ'lm' BN WED L ossan | 70-649 w_lower_rng = dt['Barrel_Temperature 7°] 3= @
= = ~ . ter_rng = dt['Barrel_Tesperature_7°] <= @
Max injoction Speed U MO Sk BBt UL B 5 gy saees } U@~ (w) Sl S Lemparatace.7:)
Mar_Screw_ RPM ARE AP 23RN AR E 303-312 | 30-32
Average. Sorew RPN ARE WS 23R BESS 92-20a3] 29-294 1d.dt = defal A . AP AT
5 e MEO AT U BESIT IS B 5 = wald_dt = dt[a_lower_rng & a_uppter_rng & b_lower_rng & b_uppter_rng
| Mmmnjaction Pressuce BO17HE 0l TR SR e sl Bl & c_lower_rng & c_uppter_rng & d_lower_rng & d_uppter_rng
EIE S x
a_Seitch_Creer_Pressae AN !EE’;E :,l:le:m'wqa 1284146, 128~ 147 & ¢_lower_rng & e _wppter_rng & f_lower rng & f_uppter_rng
X% Mgl S8 2387 Wdue B & g_lower_rng & g uppter_rng & h_lower_rng & h_uppter_rng
M & MEe e B e ERaIEE | EVERE & i_lower_rng & i_uppter_rng & j_lower_rng & j_uppter_rng
Average Back Pressue Tt Tl e T oY 14ms0s | 13m0 & k_lower_rng & k_uppter_rng & 1_lower_rng & 1_uppter_rng
Barel_Terperature_1 2447277 248278 & m_lower_rng & m_uppter_rng & n_lower_rng & n_uppter_rng
Bamel Termperature, 2 249-270 & o_lower_rng & o _uppter_rng & p_lower_rng & p_uppter_rng
ey AR B MBA SXT UURA BBnaE A L2 227 B g lower_rng & a_uppter_rng B r_lower_rng & r_uppter_rig
rel_Temperaiure. ! E# T A &5} WHMOIEE} & 5_lower_rng & s_wppter_rng & t_lower_rng & t_uppter_rn
Barel_Temperature_% ZF0T =250 W F0- 237 = il § _UppLer_rng. st o | Vpptar_rag
Barrel_Ternperature & 2246=2300 2ra=231 & u_lower_rng & u_uppter_rng B v_lower_rag & v_uppter_rag
Barmel_Temperature_ 7 o0 LN & w_lower_rng & w_uppter_rng]
<data set>

[0 39] : 24 =75 &5I0 SFE H0|E METH|

R MRS FEIE olHEL 3957702 o 18749 HlolE st 44 9IS Holuehs 2

len(vald_dt)#Z 1= Of2{ol| A =tQl 7453iCt

3957

[FE 66] : CI0IH 7 K&

@ "o 7} 4o w=7}
. ‘“TimeStamp'?F PART_FACT_PLAN_DATE Z#9] EY-E datetimel 2 AT wj
errors="coerce’ ¥AL 275} errors='coerce’ AL 282 2] ko IR A

o2 Y5 S4olth
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vald_dt['TimeStamp']=pd.to_datetime(vald_dt['TimeStamp'],format='%Y-%m—-%dT%H:%M:%SZ',erro
rs='coerce')
vald_dt['PART_FACT_PLAN_DATE']l=pd.to_datetime(vald_dt['PART_FACT_PLAN_DATE'],format='%Y—
%m-%d 2& 12:00:00',errors='coerce')

[FE 67) : 24 E72 BESI0] HOIE 4] 2HF|

. ‘TimeStamp'?} ‘PART_FACT PLAN_DATE7} null¢l A¢-ZE SRlsjEH R E gojg 9 3§
Alo] gHlEth= AZ & & Ut

vald_dt[vald_dt['PART_FACT PLAN DATE'].isnull()] #ZIt= Of2foM =tQl 7Hs3|Ct.

_id TimeStamp PART_FACT_PLAN_DATE PART_FACT_SERIAL Shot_Number PART_NO PART_NAME
EQUIP_CD EQUIP_NAME

vald_dt[vald_dt['TimeStamp'].isnull()] #ZIt= O2{o|A =9I 7}53ICt.

_id TimeStamp PART_FACT_PLAN_DATE PART_FACT_SERIAL Shot_Number PART_NO PART_NAME
EQUIP_CD EQUIP_NAME

-IE

3 68] : &4 =78 HE3101 HOJEI] B4 Holsp|

@ A" GA ol E017F =7t 5= ASok= Aol
1 2020.10.16 ~ 2020.11.039] == dlo]Ejo|7] wiof|, Tlol& Q] E#7} o] 7|7HE Hlojut
A| A=A FRlgitt

import datetime

d0= pd.Timestamp(datetime.date(2020,10,16)) #date 2471
d1= pd.Timestamp(datetime.date(2020,11,4)) #date 2412
conl=vald_dt['TimeStamp']>=d0
con2=vald_dt['TimeStamp']<=d1
vald_dt=vald_dt[con1&con?2]

[ZE 69] : 24 =TE 2&5I0] H0JE 23 7|2t eIt

» webA 3714 B9-E B WEShE HolE = vald_dioll AEA Hi, 2FH oz G4 HoJEE ol-&sto]

REH FYASE Pt

- 95 BAAS = (RAEANE HolE4/AAolE ) x 100

vald_len=len(vald_dt)
print("S &4 K== : %.2f%% "%(vald_len/len(dt)*100)) #Z1= OF2HO| A =9l JHsSlCt.

S8Y X 9955 %

I
n
~Jl
f=)
2l
1%
|.|-|
-1
il
fufok
oo
Q'E
=
40
ol
0x
HH
A
Ral
4>
ﬂ
O
ok
ro
o]l
N
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LT AT = (YBIRE HlolE|5=/ZAAH|oTE 7) x 100

7] ArEA Y HlolE = tE HlolE2 dEshke 230l flong dAS TasHA] o=t

B FAASG = (1-(8E4 fulidlolE4=/AAH el <)) x 100

L gloEl & RIS H PassOrFail’ Ad 9] gkoll TbA Reason’ 2| &= —7%15: A
o St PassOrFail’©] YA Reason2 None©|il, No|H None©] otd &3 2] gto] &
of7}oF StHE R, F 7HA] A5 THESh=A] ERltitt

L o] gloJE oA = F A7 9] gho] A3 7|4 o] fler g HeA FH A= 100%°]

s 2ol FHojQlA] ek HlolE= F Adol EAISHA 7Iwol e dS FHist=Al &Rl
gk "7t Qi

dt[[’PassOrFail’,'Reason']]

PassOrFail Reason

45 Y None
(1) PassOrFail==" & I, Reason=="Mone' (2) PassOrFail=="N' & M, Reason!="None'
46 ¥ MNone .
a = dt[dt['PassOrFail']=="Y"] a = dt[dt['PassOrFail']=="N"]
a7 ¥ MNone b = dt[dt['Reason']=="None'] b = dt[dt['Reason’]!="None']
48 M /oY print({len(a)-len{b)}) print(len(a)-len(b))
49 Y Mone m

> FFH o= 3 3714 Hloly FAA|4

- AEAAS =

- dlo]e] EAA% =

[0 40] : 2M =75 2E510 Pass or Fail 2I5}|

o AA% 7HEAE Rofeto] EAA4E TRt

FEAF x 7EA

2 7R AR

T £2A IEH ZHEA K| = 2=8
2 d (2t 100% 70% 70% 0%
L4 (FE) 100% 10% 10% 0%
F+Ed(FE) 99.55% 10% 9.96% 0.45%
LHH(EH) - - -
HEd(AdA) 100% 10% 10% 0%

=2 X 09.89% 100% 99.96% 0.04%
(22 41] : HO|Ef ZRIK|%
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- glojg HA e W
o] : To]H(Python)
2H4 . o E(Jupyterlab)

g Buxs zg Fuxg
2UAFE 100% A 99.94%
— BN RYAED) 100% — | sraEs 100% > —
—_— FEARE 99.55% FRARH 99.55% _—
J 2BYED . 2HYEY) : 4 d
Raw data FRYEA) 100% FRYEA) 1005 Processed data

(SE X+ 100%)
Oo|E{e EEX+=E &2l

=

o

EH =0 A=
HolE == AA

(23 42] : CIO|E TX2| 2 =4S

- oA 73 Hlo[EEEARE =ol7] f8l adS flvlishe HIolE S At 2

file_name = r'CN7.csv’
dt = pd.read_csv(file_name, low_memory=False, index_col=None, encoding="utf-8')

# (1) GOE RE @F D6 SHH 2 J4
R . S id  TimeStamp PART FACT PLAN DATE PART FACT SERIAL Shot Number  PART NO PART NAME EQUIPCD E
a_lower_rng = dt[ 'Injection_Time'] 3= §
a_uppter_rng = dt[Injection Time'] ¢= 14 C
0-10- 0 1628 c
0 5f8928b3oc01dTech66el 134 125224_:' 010162 2] 2848 86131AA000  SIDE 514
. E20) BT045T4TZ 1200:00
b_lower_rng = dt['Filling Time'] >= 3 p—
b_uppt = dt[*Filling_Tine'] ¢= 9 10- -10-16 2
A e B 1 StEambbSIaRccsBgertoy 202010 1 = 2 2848 B6141AADD0  SIDEMLD'G 514
16T04:STATZ 1200:00 i
# Ew)
w_lower_rng = dt['Barrel Temperature 7°] 3= @ e 2020-10-16 2
w_uppter_rng = dt[Barrel_Temperature_7'] <= @ 2 SMERdeScDiBSccsGieralb | N oo 2 2049 B6141AA000 30
2020-10- 2020-10-16 2 el
dt = dtla_lower_rng & a_uppter_rng & b_lower_rng & b_vppter_rng 3 SMB928019c0189ccEEGR13 el Al = 2849 B6131AAN0  SIDEMLD'G s14
& c¢_lower_rng & c_uppter_rng & d_lower_rng & d_uppter_rng 16T04:58:482 1200:00 ™
& e_lower_rng & e_uppter_rng B f_lower_rng & f_uppter_rng
& g_lower_rag & g_uppter_rng & h_lower_rng & h_uppter_rng CNT WIS
& i_lower_rmg & i_uppter_rng & j_lower_rng & j_uppter_rng 3973 Sa112bb0c018%ccEEdsc22a 2020-11- 2020-11-03 21 5 7497 BE131AADO0 SIDE‘JLD:E s14
& K lowar_rmg & K_vppter_mg & 1_lowar_rwg & 1_wppter_mg 03T08:19:352 120000 e
& m_lower_rng & m_uppter_rng & n_lower_rng & n_uppter_rng
& o_lower_rag & o_uppter_rng & p_lower rag & p_uppter_rng 2020-11- 2000-11-03 2 s
4 q_lower_rng & q_uppter_rng & r_lower_rng & r_uppter_rng 394 SHaTI2bek01%ccEbdac2ls o o e 7 7497 B6141AAD00 G s14
& s_lower_rng & s_uppter_rng & t_lower_rng & t_uppter_rng -
& u_lower_rng & u_uppter_rng & v_lower_rng & v_uppter_rng
& w_lower_rng & w_uppter_rng]
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4 A47F 100%21

dlole7F /=1
A3t gloJElof gtZo] g E o] Q10U Z encoding="CP949’ 1<

, to_csv)=E °1-83t T

Z7belEe

dt.to_csv("CN7_label processed data.csv’,index =

False, encoding='CP949')

—

CN7_label_processed_data.csv
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8 |SEESCRfISc0NEscobitefite 2020-10-18 4:53 20¢0-10-16 0:00 3 2B50 BEIITAMNOD CNT WIS SIDE MLOG LH 514 E50R-FT2R7| 201E«18 ¥
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16 |StEdaz Rl 1 SRochibeldib 2020-10-16 S04 2080-10-16 000 23 2855 BE1IIAAN0 CNT WIS SIDE MLD'G LH 514 E50R-RT2R7|
T | SeSa2etcl 1B hbbedd2 2020-10-16 5o 2020-10-16 000 24 2855 BEIA1AMNDD CNT WIS SIDE MLDG R 514 G50E-270m 7| 20ME=18Y
B | SE2ATIC0 1SR Bbe ral 2020-10-16 505 2020-10-16 000 E] 2856 BS141AAD00 CNT WIS SIDE MLDG RH 514 6508-21227| 2DIE-18Y
10 | SETS2aTadcl 1 SFockbbefehT 2020-10-16 505 2020-10-16 0:00 23 2556 BEIIIAMNGD CNT WIS SIDEMLDG LM 514 G508 -F 2R 2OE=18 Y
20 | SHEI2a B9 c66e i35 2020-10-16 505 2020-10-16 000 4 2657 BEIAMN0 CNT WIS SIDE MLD'G RH 514 6502+ 22| 2OE+18 Y
2 | SEEadc Sl BIcotbefis 2020-10-16 5208 2060-10-16 0:00 3 2857 BE1I1AANOD CNT WIS SIDE MLD'G LH 514 E50R-RT2R 7| 2OIE=18 Y
22 | S2adiSc0n B cEAGN 2020-10-16 507 2020-10-16 000 24 2858 BEI41AMDOD  CNT WIS SIDE MLD'G RM 514 6502 -T2 20ME+18 Y
20 | SHETZacIIC0BIIEEETCe 020-10-16 507 2020-10-16 0:00 3 2853 BE1INAADO0 CHT WIS SIDE MLD'G LH 514 65082722 7| ZOES1B Y
24 |$E500148c0N BOCCBABHM 36 220-10-16 52028 20e0-10-16 0:00 24 2855 BEIAIAANOD CNT WIS SIDE MLOG RM 514 B508-FT2R7| 20ME=18Y
kil Iiwb‘iﬂtﬂlﬂkw H020-10-16 508 2020-10-16 0:00 23 2H53 BE1I1AANDD CONT WIS SIDE MLD'G LM 514 6508 2= ZO1E+18 Y =
| teel_processed_ data ® o .
B B E 5 - 3 0%

- HojE] AAE &A=
- read_csv()E o|-&oto] A 2|7t A= E Hlo|HE 9ot}

prod_dt

file name = r'CN7_label processed data.csv'
pd.read_csv(file_name,low _memory=False,

index_col=Nene, encoding='CP2949")

- 7hgd Holet &

3,957702 Hlo]E 2 <F 0.45%(1871)7} outlierZ HEE| ATt

prod_dt
id TimeStamp PART_FACT_PLAN DATE PART FACT SERIAL ShotMumber PART.NO PART_NAME EQUIP.CD EQUIP.NAME . Mold_ 4 Mold 5
0 5tI2EL9IDIEIcEEGENIL m&‘;’;? 2020-10-16 00:00:00 z 048 8613104000 SIDCENM?l‘g:-:IE st 5”5'3;“-!72' 2010160e+ 18 27500000 o
1 583286bSC0TE3CcEEERHSh m&;‘;’;? 2020-10-16 00:00:00 2 2048 8614104000 SID‘:ENM?L'.;'E s 650!-%‘—;.'?2' 2010160e+18 27500000 o
2 smReeIBIcEsientb Tl 2020101600000 2 2049 3514104000 schENerg:Ss s SOEEEL o pi0isme.re 27500000 9
3 SroxsemcOIEeesEeeR13 oLt 1e  2020-10-1600:0000 3 2649 85121AA000 SIDCENJL'BE s OOEREL oooisneane 27600000 o
3954 Sfat12879c0i80ccoedabess SN0 30301103 00:00:00 3 456 B6131AAD00 s.chNJ.gE g BHER “II 2011030e- 18 22400000 o
3955 Siat126b8c01BSccibdoc22a o1 U9% 3020.11.03 000000 6 487 86131AA000 smcaN;:t‘:E% s BT ortose.ts 22209509
3956 Sfat 12bco0tBIccibdoc2da 2010 30201103 0000400 7 787 8614144000 SIDCENJ:;R'E st SOEEEY sottone.ts 22299998
3957 rows = 49 columns
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1. IfO[¥(python) EX|

o

TI A

or M

x
oH 25 9% MK

srololst, A4 <dof 9l HoJg] £ &IsHA ol = dYT. HlolE

o2l 5 ARV Eshal 87 w2

7t0|E.

sfo] 3 AX|akat 4 g3te] Buick

@ google.com 52| AM Xl ‘python= A

B30

=

S84

Google

Q. python X &
@ AL A0 Ho|&= Welcome to python.org's &2
Google python x| & Q
Q Al () images [E News [ Videos [f] Books ! More Settings  Tools
About 430,000,000 results (0.54 seconds)
www.python.org ~
Welcome to Python.org |
The official home of the Python Programming Language.
Search python.org Q
Downloads Python 3.9.0

Windows - Python 3.9.0 - Python
3.8.6 - Mac 0S X - Python 3.7.9

Documentation
Python's documentation, tutorials,
and guides are constantly ...

Python For Beginners
BeginnersGuide/Download -
Python for Programmers - Books

Python 3.9.0. Release Date: Oct. 5,
2020. This is the stable release ...

Tutorial
1. Whetting Your Appetite -
Lambda - 5. Data Structures

Python Docs
What's new in Python 3.97 or all
"What's new" documents since 2 ...

9%
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® S|4 Holx Ho]x] o], A& 2HA ‘Downloads 2

WETVLA Lalen

@ oA 3:A], Windows H= A3 &, python3.9.0 TH+2&
(python3.9.02 <AL GHIolE 2 4= 54T

B saols x | B rer x | @ mEs x | [l wyy x | B swpty x | o ROIS: 2 | OF moiE x | G O x| BD (RO x M oweker x @B Bkkbe x | @M@ x| 4 = o b

« < @& pythonorg B v @DH» ' L+

& python

About Downloads Documentation Community Success Stories News Events

All releases
lownload for Windows
1 Source code

Python 3.9.0

i
| Mote that Python 3.9+ connot be used on Windows 7 or

Mac 05X earlier.
Mot the OS5 you are looking for? Pyth an be used on

e oS ting systems and enviro nts.

License View the full list of downloads.

Alternative iImplementations

quic

arn More

Join the official 2020 Python Developers Survey | Start the sunvey!
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® otd|e} 22 A& o] i ‘Install Now'S 28

2 Python 3.9.0 (64-bit) Setup

Install Python 3.9.0 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

@ Install Now
C:WUsersW & ElwAppDatat¥LocalWProgramswPythoni¥Python39

Includes IDLE, pip and documentation
Creates shortcuts and file associations

= Customize installation
Choose location and features

python

for M Install launcher for all users (recommended)

Windows [J Add Python 3.9 to PATH

® ot 2F Z-2 A Z3PAol| =7t E WAl FA
% Python 3.9.0 (64-bit) Setup - X

Setup Progress

Installing:

Python 3.9.0 Tcl/Tk Support (64-bit)

pgthfon

WIﬂdOWS _ (_:ance_l |
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@ &=7}F =H ofjet F2 o] E= A &Rl & Fw [HXgE]

e Python 3.9.0 (64-bit) Setup - O X

Setup was successful

New to Python? Start with the online tutorial and

documentation. At your terminal, type "py” to launch Python,
or search for Python in your Start menu.

Y See what's new in this release, or find more info about using
— ® Disable path length limit

Changes your machine configuration to allow programs, including Python, to
bypass the 260 character "MAX_PATH" limitation.

pgthgn
windows
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2. OIL}2CHanaconda) A x| ANACONDA

ofubEciet? st Myt e B w5 ARSSH f " et 1F V) 9 E4S HReE £
olUth op}ETlE HX|3Fo B WO | 5EL u} A, AHEE T A &5 A

22X
(@] =
£ 7152 QYT PR AXEL BAL T 4 Gk B4 UEol B,

@ https://www.anaconda.com/distribution/ & &< & A3 E ¥

= O *
{0 Anaconda | Individual Edition X +

C @& anaconda.com/products/individual E v O 2D B » o

") ANACONDA. e

ATE Ol 2 L2 7|

Q v

Individual Edition

Your data science toolkit

With over 20 million users worldwide, the open-source Individual Edition (Distribution) is the ea

This website uses cookies to ensure you get the best experience on our website.
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@ 2352 oY 22 aho] U wf 71A] of= W

2HH7] (E BEL Windows AX| 7|8)
» Windows : 64-Bit Graphical Installer
» MacOS : 64-Bit Graphical Installer

=]

d &, A ARl S e o

kel
T

{0 Anaconda | Individual Edition x

&

-+

8 anaconda.com/products/individual

gice Atgx= AX AxL Anaconda Installers

of AFRXHS HA AP} MEf

Windows SR

Python 3.8
64-Bit Graphical Installer (466 ME)

| Python 3.8

32-Bit Graphical Installer (397 MB)

| 64-EBit Graphical Installer (462 ME)

64-Bit Command Line Installer (454 MB)}

J 64-Bit (x86) Installer (S50 MB)

= O ped

max OEDa»0

Linux &

| Python 3.8

64-Bit (PowerE and Powerd) Installer (250
ME)

ADDITIONAL INSTALLERS

The archive has older versions of Anaconda Individual Edition installers. The

Miniconda installer homepage can be found here.
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O Anaconda3 2020.07 (64-bit) Setup = *

Welcome to Anaconda3 2020.07
(64-bit) Setup

Setup will guide you through the installation of Anaconda3
2020.07 (64-bit).

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

<
v 4
S
4 Click Next to continue.
4
<
N

[ Next> || cancel

® o Fo] YePH T agree S AEY

O Anaconda3 2020.07 (64-bit) Setup —

EJ ANACONDA. Please review the license terms before installing Anaconda3
2020.07 (64-bit).

Press Page Down to see the rest of the agreement.

IL________________________________== ﬁ
End User License Agreement - Anaconda Individual Edition

=SS S S=E=E=ES=E=EE=E=EEE==========

Copyright 2015-2020, Anaconda, Inc.
Al rights reserved under the 3-dause BSD License:
This End User License Agreement (the “Agreement”) is a legal agreement between you

and Anaconda, Inc. ("Anaconda”) and governs your use of Anaconda Individual Edition
{which was formerly known as Anaconda Distribution). ]

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Anaconda3 2020.07 (64-bit).

Anaconda, Inc.

<Back || IAgree || cancel
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® AE o] = 3}HO| ‘All Users & A8 & o}f|9] ‘Next' 2

O Anaconda3 2020.07 (64-bit) Setup £ X

Select Installation Type

E.) ANACONDA.  piease select the type of installation you would like to perform for
Anaconda3 2020.07 (64-bit).

Install for:

(D) Just Me (recommended)

(®) All Users (requires admin privileges)

Anaconda, Inc.

<Back |[ ®next> || cancel

@ Y2t e 425 EolHe o] =1, oFf 2] Next' 29

O Anaconda3 2020.07 (64-bit) Setup = >

Install Location
() ANACONDA.  Ghoose the folder in which to install Anaconda3 2020.07 (64-bi).

Setup will install Anaconda3 2020.07 (64-bit) in the following folder. To install in a different
folder, dick Browse and select another folder. Click Next to continue.

Space reguired: 2,7GB
Space available: 86.5GB

fAnaconda, Inc.

<Back __@H:rt> |

i
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I 34 Agio] T oefje} o] = el 9 ‘Install 28

O Anaconda3 2020.07 (64-bit) Setup = b4

- Advanced Installation Options
(D ANACONDA.  Gstomice how Anaconda integrates with Windows

Advanced Options
[] Add Anaconda3 to the system PATH environment variable

Not recommended. Instead, open Anaconda3 with the Windows Start
menu and select "Anaconda (64-bit)". This "add to PATH" option makes
ﬁnacmda get fumd befur: pre\nnusly nstﬂed suﬂware, but may

[~ Register Anaconda3 as the system Python 3.8

This will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.8 on the system.

Anaconda, Inc.

© o 22 Aol = d=rt 2 fi7iA] Hi7] ol £9)

O Anaconda3 2020.07 (64-bit) Setup =

{0 ANACONDA.  piesse wait whie Anaconda3 2020.07 (64-bit) is being installed.

Setting up the package cache ...

| Show details |

Anaconda, Inc.

<Back  WNext> = Cancel
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TRR| e} SO A, B AL SiARE £, Finish’ &9 A &R

2 Anaconda3 2020.07 (64-bit) Setup —

Completing Anaconda3 2020.07
(64-bit) Setup

Thank you for installing Anaconda Individual Edition.

Here are some helpful tips and resources to get you started.

We recommend you bookmark these links so you can refer
back to them later.

[ianaconda Individual Edition Tutorial

[]Learn More About Anaconda

Best

o

0

match

,:.') Anaconda Navigator (anaconda3)

App

Apps

Anaconda Prompt (anaconda3)
Jupyter Notebook (anaconda3)

Anaconda Powershell Prompt
(anaconda3)

anaconda-project.exe
Spyder (anaconda3)
Reset Spyder Settings (anaconda3)

Uninstall-Anaconda3.exe

Search work and web

anaconda - See work and web results

Folders (7+)

Documents - This PC (6+)

All Apps Documents Web More ¥ &

Anaconda Navigator (anaconda3)

App

>

=7 Open
> P

EO Run as administrator
? m Open file location
> <3 Pin to Start
> T3 Pin to taskbar
> ]E Uninstall
>

- Anaconda Navigator, Anaconda Prompt, Jupyter Notebook & TH= 88 T2 13 =
Z 72l =A] gRlo] Hotd, Hx] d=
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—

. AlSH jupyter
3. T L ES (Jupyter notebook) A3H ”’

FIE ESo|TH AAe IQ(EA 2 AM)E T 5 e 7ol A o715, A1
T1E ulo|32ATE AL ‘Word' quO ojuf, IUoflA= T B T A2 el A7)
o = QU HlolE E40] thfet Y, A% =771 AT & 7ol ERo A= Y ES
= &ot= S SRS E g [R52]E H1sto], AnacondaE AA|sHHH, F39E
= EE(Jupyter notebook) X &= &olgtct,

d

D A= 7)( - 1S =84 AIRIEIES 9 & anaconda® FAM.EY ZAE F Jupyter
notebook(anaconda3)'E A 3§gtct.

All Apps Documents Web More ¥ ,'.:v]
Best match
.) Anaconda Navigator (anaconda3)
App
Apps .
Anaconda Navigator (anaconda3)

B Anaconda Prompt (anaconda3) > App
= Jupyter Notebook (anaconda3) >
B Anaconda Powershell Prompt 5 =7 Open

(anaconda3) LO  Run as administrator
anaconda-project.exe > 0 opsrinieisston
@ Spyder (anaconda3) > <3 pin to Start

Reset Spyder Settings (anaconda3) > T2 Pin to taskbar
O Uninstall-Anaconda3.exe > il Uninstal
Search work and web
/O anaconda - See work and web results >
Folders (7+)
Documents - This PC (6+)
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@ jupyter notebook= S3H| =, 2719] A7} A3,

(1) 224 vj73 9] e, Sy L ERo| A= e gt JHE U= “JH
EAY 2L T BAL S 5% Fastd gEr,
Jupyter Notebook (anacondad) laefsl= L&I

on loaded from C: lzersWleedae voull
n-j.hmm.llul]u]'!l_ﬂ' feite—-packagesWijupyte /
9:38.5 Hotebookfipp]l JupyterLab application directory is C:WlsersWleedae
mnn-‘l hareWjupyteritlahb
HotebookAppl Serving notebooks from local directory: C:Wlserzile

| HotehookAppl The Jupyter Hotehook is ining ak:
Hotebookfippl http: ocalhost :BEBE oken=ebalbildifdeccbeSh457c

HotebookAppl or http:/7127.0.8.1:8888/7Ttoken=a

habc 31 a88
HotebookfAppl Use Control-C to stop this server and shut down
to skip confirmation?.

853 HotebookAppl

the notebook. open this
flzers/leedae young:.
LB—open.html
Oy copy and paste one of

localkhost: B8 H 3 3dBBdeccbeSh457ec8fdbBh7h86dB23haBbe 31

3dBBder e5h457cBFAdbBh7hEE baBhc 31

(2) AFESH= QIEY TR WIS / QEY JAZZ )] FuE LEEo] 49 (= &
& 20 AR SHL AT, 7|2 BERAE HAsFoloF). o] e = ARE-

. = O *
Home Page - Select or createan X -+

C @ localhost:8888/tree + @B @ » 0

" Jupyter Quit | | Logout
Files Running Clusters Nbextensions
Select items to perform actions on them. Upload || New » || &
Jo |~ | MName & | | Last Modified File size
[J [ 3D Objects 122 8
[J 3 anaconda3 6= M
O 03 Contacts 122 &
[J [ Desktop 32 A
[J 3 Documents MnMesd
[J 3 Downloads 22 ™
O 09 Favorites 122 ®
[0 [ File-path FE M
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@ HlolEE AL, &8l AT F =] EHE oshvt A4

> (Cil) HHEFRIE'0fl python data” EC] 4 2 (0[2] 4d), IoPM ZE W = XFs}|

(1) F9E oA ‘python data’ &t 21

Home Page - Select or createa n X -+

—

C (@ localhost:8888/tree

— Jupyter
Z Jupyter
Files Running Clusters Nbextensions

Select items to perform actions on them. Files Running Clusters Nbextensions

Select items to perform actions on them.

o |~ | mi
[J [O 3D Objects (Jo | ~ | B! Desktop

[J [ anaconda3 o

[0 [ Contacts O 2 Adobe

0 [ Desktop ﬂE_‘H'S'l-;’I [0 2 python data %E‘l i"?_”
[ O Documents O [O Study

[ O Downloads O 3 UNIST

[ [3 Favorites

[0 O File-path

(2) python data®| A sto]’d mtd /e 7]: LEE o] New'E +E F, Python 3" A1

: J u py te r Quit Logout

Files Running Clusters Nbextensions

Select items to perform actions on them. Uploag Z
| MNotebook: I
(Jo - W/ Desktop !/ python data Name & le
| | Python 3 !

5
| Other:
The notebook list is empty. Text File
. Folder
Terminal
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(3) ‘hello world’ &8 EQIsH7|: Holx= In[] F9] 31M &of print(hello world) Y& F,
shift + Enter 7] &4 A3, : 502 A= H, &A= (@L0]E).ipynb' 2 A%

: Jupyter UI‘IlIﬂed (autosaved) a Logout
File Edit View Insert Cell Kemel Widgets Help Trusted |Pylh0n3 6]
B|[+][s<[® ®|[+ ¥ MR B[C[M | com v =
In [11: M 1 print ("hello world')
hello world
in 1+ M 1
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