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Executive Summary : 7+1 steps of Machine Learning”

O NAND SI Validation2] @ SX 1} 11d 0|5l @ I/0 Parameter?] SA4 & £XM (3) Feature
selection Edll H|0|E{2] E/d 22l U Model T += A= HEIE FHK 2|

O UIE 05T &= U= Regression model?| @ fitting X ‘A5 ™719| BHE @ Grid search2
Hyper-parameter tuning®to{ *| X5}

O XXzt £l Model2] UI 0= Z1} 24 3 XIS} processet SEeh e UM Gk B

Part O Part 1 Part 2 Part 3

Select a model
Train the model Get predictions
Gather the Data ™%  Prepare the Data =% —>

Evaluate the model New perspective !

Tune parameters

[1] “The 7 Steps of Machine Learning, Towards Data Science”, Towards Data Science, Yufeng G., last modified 01.11.2017., accessed 22.07.2021. 1/22


https://towardsdatascience.com/the-7-steps-of-machine-learning-2877d7e5548e
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0. NAND SI Validation - 2 &2} 1™
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1-1. Data Preprocessing
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1-2. Data Preprocessing— Outlier check

O Operation model} Process 'E Boxplot graphO|A| Outlier points check Z1}
O (1, SS)2| AL %X H0| 2=, Failo]l sist= outlier point HE

O (1, SS)2| Outlier= Input voltage=in_vol 1 I & (172] Fail point Zg&)
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[1] "Box Plot", EZ BioCloud, ChunLab Inc., last modified 17.04.2020., accessed 23.07.2021. 5/7


https://help.ezbiocloud.net/box-plot/

1-2. Data Preprocessing— Outlier check
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1-2. Data Preprocessing— Outlier check
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1-2. Data Preprocessing— Outlier check
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1-2. Data Preprocessing— Outlier check
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1-3. Data Preprocessing —
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1-3. Data Preprocessing — Feature Selection

e
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1-3. Data Preprocessing — Feature Selection

O Model training®]l E 2%t parametertE MESI7| 2|50 importance X|& 2%

®@ Scikit-learn2| F-test score
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1-3. Data Preprocessing — Feature Selection

A
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1-3. Data Preprocessing — Feature Selection
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2-1. Model Fitting and Evaluation

O Decision tree, Random forest, XGBoost models (Metric : MAE)

O RF2t XGBE hyper parameter tuning2 £ optimize 7I's
RF MAE : 0.00783 XGB MAE : 0.00939

DT MAE : 0.00857

pred_xgb_y

pred_ty
pred_rf_y

test y

est y

Est y
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2-2. Model Fitting and Evaluation — Optimization methods

@ Implementation of Early stopping, Cross validation : Overfitting 2X]
- Error?} k' 0|4} iterate £|O{ &= 7| ME|X] 52 ™ trainingS HFEEE ol= A
- Error A4t Al fold = 23 A L4510 O] E2| & X|F metric 2 5t= A

Validation Training
Fold Fold
'y 1st — Performance,
Error
(Loss) Underfitting Overfitting ®
: . 2 2nd —» Performance
Zone Zone Validation 2 ?
3
® 3rd —» Performance3 | performance
- o 5
Training = - % Z Performance,
. o 4th — Performance 4 I
early stopping point Epochs "
5th —» Performance 5

[2] “"Deep Learning Tips and Tricks cheatsheet”, Standford Edu CS230-Deep Learning, Afshine Amidi and Shervine Amidi, accessed 26.07.2021.
[3] "“Model Selection”, http://ethen8181.github.io, accessed 26.07.2021.
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https://stanford.edu/~shervine/teaching/cs-230/cheatsheet-deep-learning-tips-and-tricks
http://ethen8181.github.io/machine-learning/model_selection/model_selection.html

2-2. Model Fitting and Evaluation — Optimization methods

@ ldea of using Averaged model
- RF, XGB, LGB model2| prediction2| & X|E £ E5l= AVG model2 M model2]

LFRe EAX|ELCH &2 @7 E 7HX|= synergy effect 22l H

0.012 0.0112
MAE : 0.00866
0.01 0.00939
i 0.00866 0.00857
0.008
% | 0.006
3 0.004
[
| 0.002
P 0
1 T T AVG RF XGB LGB
test_y
AVG model prediction MAE error of Base models(RF, XGB, LGB) & Averaged model
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2-3. Model Fitting and Evaluation — Hyper-parameter Tuning

O Grid search on epoch number, tree depth, learning rate

O RF model2 TEIYO0| O Z0{ XGB model0f| CHsH A2k

At 2ol

O 15t Best modell} 2nd Best model2| Averaged model2 O|S X C}t %2 Error 7+

: 15t Best model’s hyper parameter

P[6, 8, 10, 12]

Grid Search
@
*an o (&) o
o wab_param_arid = {
fg . ° ® ‘n_estimators’
g ‘learning_rate’
é ‘max_depth'
= (6} e o) 1
e |

Important parameter

Validation Error (MAE)

03
0.25
0.2
0.15
0.1

0.05

0.00861 0.00782 0.00764  0.00759 0.00759

0
0 100 200 300 400 500

XGB grid search result : 15t Best model

pred_xgb_grid_y

+ [1800, 2000, 2400, 3000].
»[0.02, 0.05, 0.1, 0.2].

rf_param_grid={

:[6,8, 10, 12],
©[100, 200, 500,

‘max_depth’

'‘n_estinators 1000],

‘min_samples_leaf':[1,2],
‘min_samples_split':[2,3,4],
‘criterion':['mae']

MAE : 0.00759

test_y

1st, 2nd MAE : 0.00759, 0.00761

MAE : 0.00757

pred avg

test vy

Averaged model of 15t&2"d Best XGB models

[4] "Random search for hyper-parameter optimization”, Bergstra, J., Bengio, Y.. Journal of Machine Learning Research 13, 281-305 (2012)
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3-1. Utilizing Model Prediction — Input sweep?| [I}£ Margin check

O Operation mode®} Process 8 ZE = BEXE 74 Al fe+F 99.2%0| & & X]|
O MAE error 0.006-0.008 O|2t0|{ (0, SS)UIA] Z|CH X} 24 . &S

2 Y¥S0U=s R

count 0 . process : process FF count 0 . process: process 5F count 0 , process:process FS  count 0

test set
[ prediction

, process : process 55 count 0 . process: process TT
test set ]
[ prediction

test set
1 1 prediction

y|

test set

test set
| = prediction

J [ prediction

Ul

ul YT

Ul
count 1, process:process FF count 1 |, process:process SF count 1 |, process: process FS count 1 |, process: process S5 count 1 . process:process TT
test set 1 test set test set test set test set
[ prediction | &= prediction "1 [ prediction [ prediction [ prediction
o T T T t 0 T T M\ : 0 o T T T T o
Ul Ul Ul Ul Ul
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3-1. Utilizing Model Prediction — Input sweep?| [I}£ Margin check

O DatasheetO|M 25 E BEZ=HXI7I MAE errorECt 2 parameter?!
NAND speed| CHsll input2 +10% sweepStH 2 I UIo| &= 20l
A

O NAND speed = speed_40|A| £+10% sweepSt™ UIS| H= A H ZHAulet 23
O ML model2M &S NIl =Z=2HE SH Fedts 2t =58
NAND speed : speed_4 + 10% sweep NAND speed : speed_4 *+ 10% sweep
count ui -
NAND speed 1 ’J_‘ ’J_‘ ’J_‘
= speed_4_[4,5,6,7,8,9]
. speed_4_[1,2,3]
| 1111111
0 T T T T T T NAND speed

Ul
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3-2. Utilizing Model Prediction — Align with Automation Process

O Score return test0|= Regression model, Pass/Fail test= Classification model
M & 7155t R, Test result datasheet AU test 37 &= Al ML model2 X5 4/d

O NAND =g C}st M| E 9| Validation process automation2| $ 1}7H0| & £ QAUS.

1st Test Case 2"d~ Test Case

Report
Physical Test
‘ Feature Selection Re-traindt0]| 7§ 75
Test H|& BZ&
Data . Data Encoding ™ Model

XGB Model Train *

DB l ¢ l with Grid Search

Result

Validation2| ML model 4’4 Automation I}0| = 2}0l
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