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Part2. Chemical multivariate analysis /
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Chemical multivariate analysis / pattern recognition (Chemometrics) related keywords

eeeeeeeeeeeeeeeeeeee

{EFEINTGA—H—

2/ BRITING A —H—
MR TR F &
BEEE

1/ 7R AH B

iz IEFR LTS
FEm

=V TILE
BRDINGA—F—H
HS5ARE A L—3y
RITEW T4 B/
DHRE TRE

E R

Chemical parameters

2/3 dimensional parameters
Various data analysis methods
Overfitting

Chance correlation

Linear / Nonlinearity

Feature selection,

Minimum number of samples
Minimum number of parameters
Class population

Dimension conversion / compression / reduction
Classification rate / Prediction rate
Factor extraction
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Chemical multivariate analysis / pattern recognition (Chemometrics) related keywords
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(T ILE 1835 2A—53—8)
JRR/N\YT—3Y
ROC/AUC

KY (K-step Yard sampling) %
N—tTrOY
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fth

Auto scaling

Outlier / Inlier

Interpolation / extrapolation problem
Analysis reliability index

(Number of samples / number of parameters)
Cross validation

ROC.~AUC

KY (K-step Yard sampling) methods
perceptron

Back propagation

Genetic algorithm

Bootstrap

Ensemble learning

Fuzzy theory

others
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Current status of data analysis

A2 kOD 14> +a(1): Introduction

HEE (T 2TV IO I 7)) ELEOE (F) A HT-
When the lottery machine (data analysis software) turns,
a ball (solution) comes out.

R ZTOEMR) X, H-YU? TTh?
Is that ball (solution) a hit? Are you off?

All Rights Reserved, Copyright ©
INSILICODATA LIMITED 2019




| (5 &lico Data

eeeeeeeeeeeeeeeeeeeee

AokOMOA>+O(2): Introduction
® T IINT—3F ANNITRTEALNHD

If you put data in the data analysis software, you will always get an answer.
S Thr RO IRZIZERIE 9= This is the most serious problems

#1320 : Misunderstandings

S REAH -T2y atILE—
I'm professional because | got the answer

> —HEEBETHSEET. £BL=G— - Eh=FEERR

Completion of work with one calm. Feeling tired but feeling accomplished

= MEZEMEALT, ROSFTICAIT=HRREL IS5,

\Would you like to analyze the solution and collect information for your next job?
¥ ZABIEL TR KRN G—2 7 BOEBEKEE? 2
Is it okay to do that? ? How reliable is the solution??

= T 3EMFEZHIALAILTERTESID TELESFT (7L

Data analysis techniques can be expanded at the formula level so there should be no mistake

* T — AR FEOERRBEERILAMBETT

The basic principle and operation of data analysis methods are different issues
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A DOA>+A(3): Introduction I“SM
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Beginner: Which data analysis software moves and solutions come out.
The solution came out simply by operating according to the manual ...

*It's wonderful, because the solution has come out. There will be a sense of
accomplishment ...

All Rights Reserved, Copyright ©
INSILICODATA LIMITED 2019



A OO A0 (3): Introduction In Siise.Rass

BRQREICSYF—T2o=E T TRRHYELEAD ?
"BUET—RIZYI T T—EhRT o TV oF=
HET—2DHHIE?
ZOMBHBEL-TNTET AT S LIXBEHLET
0T —32DHFNTEDKSIZLELF=M?
S8/ TRIE, B R FRBELIRICLTEREAN?
Question (1) Isn't she just lucky?
= Missing data was not mixed with numerical data
» Number of digits in numeric data? *
The program will give a solution even if the number of digits changes slightly.
How did you handle the 0 data?
= Are you only interested in classification / prediction rate, correlation / absolute
coefficient?

ORTIN(T—APVAIUOT4ARR)  ELWEAZHTRIIDEHE
Veteran (data scientist): Is there a guarantee that the correct answer will be given’

NI

O ZDHENDMESE  HCE-REELELMHAStmTES N
Individual field researchers: Ability to correctly evaluate / discuss solutions
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Data analysis methods, basic

principles, etc.
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REEBODBEIET EZA Aim of this lecture
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Data analysis technology
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Road traffic law, map, weather
Road (slope, sand, high speed,
gravel, etc.)
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Miracles by the KY-methods
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Application fields

Drug design
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Chemical data science Basics of multivariate analysis / pattern recognition
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OITEAN) IR 1 EIE

TEAR) DR ENT:

E‘f%ﬁ%ﬁ(lﬂ“)dﬁ?ﬁ%“( chemometrics) &% BIBEIZE. #ist=F. BHFE .
ING—2 R T—ARA=V TG EDFEICKY ., ([BED)ILELFIZEITS
R fRRLEDETHREHETHS,

4 FRT 17 &Y :https://ja.wikipedia.org/wiki/5t £ 1L

kB4, chemometrics’E D T, TEFETE ] by Yuta

Chemometrics is the science of extracting information from chemical systems by
data-driven means. Chemometrics is inherently interdisciplinary, using methods
frequently employed in core data-analytic disciplines such as multivariate
statistics, applied mathematics, and computer science, in order to address
problems in chemistry, biochemistry, medicine, biology and chemical
engineering. In this way, it mirrors other interdisciplinary fields, such as
péﬁometrics and econometrics.

https://en.wikipedia.org/wiki/Chemometrics
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Application research field of chemometrics

Z 18 Z RN B TOFZE D E A Basics of research in various fields
(FEAM) VIR IR LGS FH CEHATEANRAY—ILTHD)

(Chemometrics is a general-purpose tool that can be applied in various fields)

1BiE — B 1EMEEY (QSAR)
BiE— =M (QSTR)
1815 — P 1E+HEES (QSPR)
' A2 RO3H R  : Metabolomics
T 122 (REBEE/FEMIE/ADME) RV —=0T
#A28—4 v (off-target) BIZE(Drug design)
T ILFE—5yk (multi-target) Bl 2&
FZ51) RS a3= % (Drug repositioning)
T—o—*—FET) 4% (Tailor-made modeling)
A 51| 8 ZFE (Parallel drug design)
A>221)a>E (Insilicombi)
¥ > E BRI (Medical analysis)
N1 A BEE AT (Bio-related analysis)
Z D fth(Others)

-
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nound information

—7IMAE
Target information

7FaJ IR
Analog information
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Analysis design
ata collection
otocol study

SEERIT
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Multivariate analysis

Pattern recognition
Artificial intelligence

BT
Numerical data

-T—REWFiE
“INTGA—H—
-EREESEH
-Z DAt
= Data analysis method
= Parameter

In * ilico Data

EHIEH
FRTHIY
AROY—=24
Factor information

New design
screening

= Various points to consider

7T IR

Analog information

-BRAT 5 — 47y M

- F—AOBEEMR
-5 ERIE N, K
2O

= Analysis target knowledge
= Data factor analysis
= Extrapolation-related



HEAN)YIRDILESBADE R RE In Oliconate

Principles of application of chemometrics to the chemical field

BRT 2B TOTrEAN VIR ZKERRE

Two major principles of chemometrics in various data analysis

& /7 70—F Treasure box approach
SRISiER 0= X A O EELBENBEA TS

i Important information such as correlation and mechanism is hidden in the treasure chest
* REEEER 7 J0—F (BRFE770—F)

Jemporary verification approach (existing approach)
iR BRI ARREADE.

Require hypotheses about important information before analysis.

O R RE770—F Discovery approach
RRLGEEFREZOEMFETRR(BRR)TS

Discover (search) various important information without hypothesis
% (REERIIA 7 TO0—F (BRE77O0—F)
.\ Slemporary verification approach (existing approach)
HERATRI = (5% BRI oA D IFERAC KNG E
Require some information and knowledge about temporary structure before analysis
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Pattern recognition
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principles of applying multivariate analysis and pattern recognition
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Information equivalence principle

Activity toxicity Side effects
Metabolism Degradability

RRIFH

Results
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Mm ﬁ ilico Data
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inciples of applying multivariate analysis and pattern recognition

5 iy Z {fh [ I

Information equivalence principle

7'0—F: < Discovery approach
|

FEROHPRIE
=552
What's inside the
treasure chest?
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reasure box approach: |
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yrofile data

Activity toxicity Side effects

FERORBRWTFEE Metabolism Degradability
NUMerical parameters Various data analysis methods
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In Dilico Data

HIREREAN LA NONE FRDAA—S

age of compound classification / prediction using discriminant function

SEMESHY ST Active

SETEEEL S FIET Not active

++ ¢ +g x tconst.




21 ﬁ ilico Data

ceptorT o .l{i\, non
BB LRSS A R AR AT

Discriminant function and drag design information analysis

a;xy £ a,x, x = = = £ ax, £ const.

Y : BREREEE S
Activity, toxicity, others

Y =0 Yy <0
-EEHY Active -EMESEL Not active
-BEHY Toxic S EMEL No toxic

O#E — E B/ th&DOHEBEARNT
Structure-activity / toxicity / correlation analysis with others
{R % Coefficient a,=0 {& % Coefficient a, <0
- \SAEXIOFOERIE INGA—EXIDFOHRIE
SEERL. -EERIEER SEMEET. SHETER

Information of parameter Xi is: The information of parameter Xi is:
improvement - Toxicity enhancement fa - Activity reduction, toxicity reduction factor

fEiE — AR, EE— =R

Structure-activity relationship, structure-toxicity relationship




o 75Zﬁ¢ﬁ®%$*ﬂ%ﬁ(3) | SM
Basic concept of binary classification

HIBIEIE, ERIEHNH o DIFHENY H L
Extract information from discriminant function and multiple regression equation
INGA—REDTARARIRILDFIA Using parameters and weight vectors

1. ERMEH S L VERRE(L : /S5 A—42F| FFactor extraction and clarification: use of parameters
AR ERFX R TRL LN TSN TA=2DFEDIEEHRN A D
Evaluation, of information, content: off parameters; used in, final) discriminant: functions and multiple
regression equations

2. F5EDAMME: DITARILILFIFE Direction of contribution: Using weight vectors

MR Coefficient a,=0 > /\TA—2XiD[FH [ The information of parameter: Xi is
1 %Hﬁfﬁl £ 56L"i§ﬁgﬁ1t§tfié ~ Activity improvement or-toxicity, enhancement factor.

@)% Coefficient a,<0 ——> INTA¢—EXiIDEFEDIFHHIE
SEHET. SHETER - Activity reduction, toxicity reduction factor

3. FEDMEMMERME 7 TAFJILF A Relative contribution of contribution: use of weight vector
BB DMEHE LB = & 2 Bk E ST
Evaluation of contribution by comparing absolute values of coefficients
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I

D EEEE Distance between samples

TOHYUTILEDERD
SEEEMEINF—F
K &7%4% ,, Calculation of the

n samples in the N-dimensional
sis of various multivariate
pattern recognition techniques.

C L IRROMATAALBALOEMAL
it B, 2211 5 KERTHEND AR
BU, 274707 ) BHTREND b
D OBNEADEE bO%AR

BALOENLT S,
BIDERE IRk RIEARN) YD M= (2, 1)
BB TULVA, Various metric Ne (1, 4)

nave been developed for calculating
between samples.

) yREEREETATOYY =70y FEM = Dw =( §'4 3" )'"aj, 83
IEEEETHEHITHD
/ an example of distance vF4709 kM = Dy + Do = § ¢ ) =
/ g Euclidean distance and city

Bl 2=2VsFEMEs74709) N
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SVITEET ST REMERET 20 54—42—-) 173
EXOFRLCARIZLY, LTOIEEICHESHhD
Three types of chemical parameters

T /
\N;%[%
nit;f:g Og\l\l'l N/

0 structure

2R TMEXEET—42 SRITMEXRNET—F

T —4 Two-dimensional structural Three-dimensional structural
- — formula related data formula related data
IrILT—4
e 2 S FRBE/ T A—— MRS D49 185 A—5—
y ipropertyl :ta FMRESH LIS A—5— SRTHEEET—4
pe oate BRI/ S5 A—5— NIBBEE/ S5 A—5—
g cata IS5 AR IS A—E— BT L&/ 5A—5—
Molecular formula related parameters  Topographic parameters
'é'ogologlcal parameters 3D structure related data
ubstructure parameter

Force field related parameters

Quantum chemistri-related iarameters

Fragment parameter



In * ilico Data

CEET BIET—4 (K5 A—4—)
al data (parameters) derived from compounds

KEARDINSA—E2—
d from compound structural formula
B bROIALF-S BABRARIML LEaPICEATS

FFMEA /F 202 RFH (RFH) | BEK (BAN) . ) /7N, 2o N A—A—
WANAF 922 M HOSOYAL YT 9 2R, HFRABA /722 AMCH Instrument speetrum ﬁﬁﬁ w'\7} 9

’*z.‘ '/'7171. Mass Objeetive
] MM;«;»;-& IR
ka0 I RENERIMT 5054~
LEWRHE K22 21540, HKAT A7, H-NMR TR
LHEF L 54-2, 20k C-NMR !ﬁ
tamBImE ATFVEALNTA=S, ADME
N OREF-s uv
AFEMTEMALNRT -7 AFRES, 4FA. LOGP, M&, B2 GC wit
AFEW. AFREN, £0R HPLC EBESY
AFRAELOBONERANS 4~ BFER, HOMO, LUMO. f
AL S oLy Pl Raman Ph logical activit
X845 47 armacological activity
B toR0F- O toxicity
BAMRAT A= BARBONK, BANAY, ADME
BARBNGOWA 5 4 - 2 WIHN,
WNAT=21 : RAFMOMBKLNBONEA31-2 (+-x+ Log) Physical properties
WRAGA=22 © ROREFRLOMBENLAS S~ Environmental toxicity

Yi=ngt=3 . HEA)-REONR(1/0) ERTE1T4-2
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NIRRT —FETORNK . A5 —SFiE

ieneral data analysis flowchart: Input data related

* EEYEERX (1.7 2%5T)
* PtET—4

* PHERARIMILT—4

* INAABAET—3

* EREET—Y (EHEE)

* Compound structural formula (1/2 dimension)
* Physical property data,* Instrument spectral data

* Bio-related data,* Medical related data (images, etc.)

* JETEE

* BEEET—45

* BBRARIMILT—4

* INAABET—4

* BEEET 5

* Pharmacological activity,* Toxicity-related data
* Instrument spectral data,* Bio-related data

* Patient related data
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2D structure generation,

In * ilico Data

SRITEERE

3D structure generation

SHITINGA—R—
2D parameters

Molecular parameters, Topological,
Topographical, MO parameters,
Sub-structure parameters, etc.
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}‘/\% processing

S MR NBREE T B) IS A—I—[8E (REdHE)

removal (feature selection) with information unrelated to analysis purpose

INGA—E—ZR (FFEH ) D=5

Implementation of parameter selection (feature selection)

*x R AT —2 I8 : Missing data
RET—R.0MET—2. RHET—42. it
* $f 5T ROALIE : Statistical processing
EAfERE. EHARH. Fishertt. b
x T —ARHTFRIZKHE B EH
Data analysis depended feature selection
ERAFEN . N\—ET AV EBEATILIY X L
* I\NTA—Z—HTDFAZE Digit adjustment
A—kRX45—1)>% Auto scaling

ameters, topological,
MO calculations,
ameters, Calculation
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general—purpose data analysis. Multivariate analysis / pattern recognition

D85 A—5—B
rocessing

1ERDT—RERFE

x FIRI DT —
* £ [A])F ——
x S5 RAR) G

*x 5281 (PCA)
x TyE Y

*x B PEENF %KY
x* 7Y J)Lik
* ZDth

Discriminant analysis, Multiple regression,
Clustering, Principal component analysis (PCA),
Mapping, Stepwise method: KY method,
Ensemble method, Others

FHETILIEE |

Generating prediction model
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e S e N

IWEBRT H/1\FA— 2% L EYEBEX ORI
rameters that make up the prediction model from compound structural formulas
NS FE TELELNNTA—F—([ENER/NNTA—EF—ELTEA

s that cannot be generated from the structural formula are introduced as external

—1)> % %X Autoscaling

Bl Prediction model

».. "
A=)y ‘v
Parameter generation *ﬁﬁ*

LB KV Auto scaling Prediction results

it
s s coprign e

DR A—5— » FREETFI

structures



OIS — ST DRNIX

. BT AN

eeeeeeeeeeeeeeeeeeeeee

Flow chart of general-purpose data analysis:data analysis flow
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A brief introduction to
data analysis techniques
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Funct|onal classification of data analysis methods
et BEEFHROIRWNAICEY T —3BITF LIRS CEHEICHEINSD

1. 2\ AM) Y9 F 3% Parametric methods

FRITICAWS /NS A= —DBERSMIFHRERAWVNTHEN I S2FE
"*ﬁ(IE%E 7HEF)FORER. FYE, 28 SUTILEBIEREVLDARL

;O)@E%’é%ﬁ’ﬁ‘d’é&%l “HFANS

ysis method using population distribution information of parameters used for analysis.

Informatlon such as distribution (normal distribution, etc.), average value,

i samples should be large.
Used when conducting statistical tests.

Il?//l(%)‘b'}“}b%iﬁ Nonparametric method

variance, number of

FRITICAWNSNSA—F—DBER S MIFHRATALIRIR TRITT 5FE

- SmidEREHLL, BUTIILBE/NECTHLERATEE. it
HIRSEENDLZND T, LEHICH->TERATES

EARNCEEEHNT NI —UBHEELTRRASNSGFIREI/DINTAN) YD

Analysis method in an environment where the population distribution information of parameters

used for analysis is unknown.

-wistribution type is possible, even if the number of samples is small, etc.
e there are few restrictions, it can be applied over a wide range.

Basically, the method developed as multivariate analysis / pattern recognition is nonparametric
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L dlld | Y

TO—F DERICHOASLITORFFAIHEND
F i CORENLTAEIANT S

1. Discriminant analysis: two-class classification, multi-class classification
Multiple regression (fitting): single regression, multiple regression
— ster analysis: Hierarchical clustering, non-hierarchical clustering
lous mapping: principal component analysis (PCA), nonlinear mapping (NLM)
display: method = radar chart, face chart, line chart,
on tree: Method = C5.0, CART
ble learning method: Method = AdaBoost, Random Forest
e method: Method = KY method
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S NG |
—/\1‘5(21:14?0)%—%( ’C’l‘%’l&%&l- ﬁé?f’bé

ysis is classified into various methods according to the following criteria:

I ——

52 5—1t H528—1k .
;I:I—i- 7)7|,:i*|);( I HEMﬂ

- _ A O REWE (BUREST NE1GH0 Kenwo)
A Obivision Method () R (TS W40 VT

archical clustering (D EI:E)

ikl o DB o O WA Rt
 JSLELTHASNG () O F0% (Comon o)

on-ararcics e § TR
BHTSERIGHIC O 7= Fik (b derun)
—DEMEAL N O FRE  (ANIE NN
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i, S

21 DabEe FEE Clustering fusion method

-
Di€DuDugDii DussDyDyl 2§ 4 3

D) <Dy <D, <D, DiDyDiDi 1 2 3 | 5
o B0 RERERLE)IRIVSIFRELTUNOT5L DY, BOBELBII2DY JIFRALF Y FOY5
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eristics and application contents of i al methods:
4 ﬁn&%’ﬁ.’m@—ﬁ?ﬁ% 0 ﬁ%&&mﬂﬁﬁ%ﬂ‘ﬁ ri; A 6relahonsl'ms
AEFEDERICKYISRATRERDRECE LT IO TERARTITER

ering results change greatly due to differences in metrics and fusiom methods, be cautious of factor analysiis

£

== =] @) ADMEWORKS Project1 class.amb:2 (= [=@]=]

0.021 05 1 0.007 05 1 "
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G

D16
QUL A AU U
>,_____!L

73 73 4T (PCA)
AEETIZIZ) =T o3 F &k
TILERSROSUTILDOMERBRELE Z ALY

OFILDY T IV ERERET A AREEEATCERERET T
B ABTEERETRITT (INTA—F—) Db (ALY
B e e aaysic

not change the positional relationship of the sample in the sample space

ange the direction of bird’'s—eye view of the original sample space and review the space
is no change in the number of dimensions (parameters) before and after applying PCA

R 2 54% (NLM)
—ABITRIZIE<VE VT (B) Fi%
VT IWNEANBDRIETES R/ =R EIZHE
BT ILERERFIANIZ2/3RTTIZIERET S
BREGERZIE. YUTILEBORTIE2/3RTELD

r mapping (NLM)

nalysis, mapping method

amples in 2D / 3D that humans can see

press the sample space into 2/3 dimensions

ntation of non—linear mapping, the dimension of the sample space is 2/3.
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EDHEHEBERAMRNZA : Non Linear Mapping (NLM)
U, ROIONRTZEMNAI R TE52 0 cEMICERINT=,

the first N-dimensional space was converted into a visible two—dimensional space.

 EONRZZMI=HHE | T
DL BEFEERLDD (8t 1EREN
TR LICBEEIND,

M, the sample is rearranged in a new two— ? ? i 9

thods: Non

pace while maintaining the positional 0 , 6
9ip between samples in the original N— '
al space. 1 ! —_— O 1
2R DB YT I, P — b
DY FIL(1~5, T7~9)ED ro ]

i1 8 BB (22 D B ) ENK
BT SRR LIAL LB, —

sample in the 2D space has the same

onal relationship (distance in space)

// samples (1-5, 7-9) as the m.'J = /7 =179 E*’y‘:HMﬂMﬂ 2 Ri!ﬂ’\m;.

he N-dimensional space.
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EDRFHEBEARNZ : Non Linear

Mapping (NLM)

B (017) $RL019 -, Lo am oot |
TII T0 PRSI —— L ———— (i=1, 2, ~ n)
PBI (XH. XII. x". e xl.l-l.Xl.l} f’g:ﬁl
CeT, N3 I-2OMERT,
DATEMLEDD =M, N 2023 -MMOBMER (Y1, Yi) (i=l~n) ONMF+- EB%EEA
Pil= (Yn. Yu) IE (Y.) . .
PB (Yn. Ylt) ' 2T, =0 (i=l~n: j=1,2) —— )
d .
DXw= T (XumXu) ] —— () Falmbl) = Yo (m) -kdy (n) = ()
i=1
> , L '8 (n)
D2un= w=Yu) 1 — ceThi(m) = =—=— — | T ks03~04
PR t i /| v, ()
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IRy D=2k B RTESNE
)nal compression by neural network

L L Y KRR - 8N

DINTA—Z—h5
M (AIX3) Ik
Fi%&* Method to

ions from N parameters in the
he number of units in the
3 in the figure)

O IZ I )
F—TEhEL

e mutual positional relationship
s is not kept.

RIETIE. —a2a—FIILRVk
)= OB RATERET 5952 T — |
BT BMBERA TS [5-1 /(5070005 k L8N, | AR72 AR
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Characteristics and application contents of individual methods

Fo92 7 )LEEE Ensemble learning method

AdaBoost oS A LIALAMETEASN TLA 8T FE

Analysis methods used in AdaBoost and Random Forest

T
SN MAREREZEZADODOEZHAN. WG IERBRE
BRDAERERT M ELTHERIERLET D,

A number of weak classifiers are used while changing the conditions, and the final
classification result is obtained by integrating individual classification result data

EXDDEFEEHAESHLETESIIAZBITFZITHS,
¥ [KY;E 1D AT FELELD

This is a “meta-analysis method” that uses a combination of conventional
classification methods.

“KY method" is also a meta-analysis method
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scteristics and applicationGOntents of individual methods.

7)lx;1"~u I~'7 7 Neural network

FYET—YFBEMER VNI —IEEEF AL/ A—ET OV E
FHE

OV EGTZ S AR TEENENSILT. R
AYORAEITHELI-7ITA—FELTZa—FI Ry T—IHRE

5 are developed based on perceptrons that use a simple network structure.
nes because it cannot solve simple two-classification problems
Work is proposed as an approach that breaks the limits of perceptron.

rOV I DEEEEL-7TO—F LTSN . RIRBEEIL
*EE) ~DEETHOT-

LAY DT —IEZFDHRZRT. RN —IBENZBIEELL-T-
2B (I —FILRYRT—ID RV T — OB EFSHIZEHICLT-

eveloped as an approach that mimics the function of the brain, and the final goal was

ificial intelligence)

an improved version of the network structure.
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—+ 7 k0O : perceptron
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FYRT—4HZ2—0OVEFETIL
Network neuron model

agawa.ac.jp/teachers/aihara/kouzou.html

http://www.sys.ci.ritsumei.ac.jp/project/theory/nn/nn.html
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ceptron neural network
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mization method: Simplex method
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CFik  BEMTILTY XL
ation method: Genetic algorithm

NRANETE S BRERFEDHETEIIaL—230F57T0—F
h for simulating gene division / growth / mutation

— BEMATLTY) XL —&ma:’nb:m zz.

3

3. R M
4. Wik/BR (S
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FiE EEHTILTY) X L

ation method: Genetic algorithm

|, %8 (MULTIPLICATION) 3, RIER (MUTAT I ON)

CORRERTHAEFON M S 3B TREL T IRE T b,
9, % (CROSS ING-OVER)
T R e LOT10T0010IMIOII001001011] BEFA
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FE: —a—JILxRxy FI—5

ation method: Neural network

vy NI)—OBEEZREI A= —IJILRry kT—7
network with closed network structure
URVUBEUVURTIT4—ILERY K

mann machine and Hopfield net

OR

Bl #2020 /BUK9T24=MF%ky bDZy b =21
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tep Yard sampling methods) D45 : LT D Z K HEZFF D EKYiEEL S

Y method (K-step Yard sampling methods): KY method with the following two major features

ICkY ., BRERFEICEWTH U TILED) YT T hERINDS,
ple group resampling is implemented at each stage due to the characteristics of ().
T—3RNERINDIATT YU TILVEIZETLNS D,

2 ensemble method in that repeated data analysis is performed

DIIViE BRANMRELDZ YT IIVEBERITEIELAL

nsemble method, sample population to be applied does not change

L. HUTIIBEANELEL. ChITHLTT—2EHAERESND

method, the sample population changes, and data analysis is performed against this

DABIMTFELEVNSIRTT U UTIVEERILTH SN, ULTDRTKRKEKELS
1semble method in terms of meta—analysis method, but greatly different in the following points
TYITBATHEHASNSG T —AENMFEEZEZADIEN KD

1 can change the data analysis method applied on a step—by—step basis

VAT, BERAMICERSINSG T 2B FEIRLCFEZRALSD

nethod, basically the same data analysis method is used.



@r

Yilico D:

In

100% 7 FE DRI (4B & THREE

Realization of 100% classification is almost impossible
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pINA—_T7 Mmc/ 3//_4—-/ 93 %H : 'Z/'le /r’ ;JJ I—JS,/:'M_?/A — T Dilico Data
ttern distribution and pattern'dMﬁio

n: When identiﬁdation is impossible

100%5 EFRARLMAE (HBBIB)

o) X
o X X
O , x X X xX xxx
X X
© XX xx x%'x
Q Xoe XoX % % x
@) X § X X X 3{(
e x X X X
O X X x x X Xxx X
o X XXX XXX
o) x XL & X £X
O :Positive X Negative

Y T IVERZRIE T 5
RIThD E‘%ﬁ?f:&b%%? oo%ﬁiﬁwﬂﬂﬁﬁu%&m\

There is almost no possibility of 100% classification even if a new sample space is created,

FEiRILT B,

delinearized, or dimension extended.

g

100% 7DD KR ITHEH THRE

Realization of 100% classification is extremely difficult
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Classification characteristics by combination of AP / AN discriminant functions
.

BHTELMEHEN SEOHERHET B THELMEEN
Extremely reliable Cannot conclude classification Extremely reliable
o
O X o X X x
X0 o o x =% ¥ x X
x X X
X x x X
© x O X x X %X
x O X O X X x X
X X % X X X
o %o x X % X
X
X O X X X X X 5 X
X O X X X X
O X x X X X x XX
O x X X %
O X X
X % X X X
% X&X x X x X X o
X0 % X x X X X X x

Grey, Zone Negative Zone
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L ERYHLTESEERYET 7 TO—F

roach that takes out gray zones and repeats reclassification

“K-step Yard sampling (KY) %"

JL—9UTILEIE.
SERBEDRYIRLSFET,. &2JY
TILD12. 5%IZFELD,

The number of gray samples is
reduced to 12.5% of all samples in a
three—step repeated classification.
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(K-step Yard sampling)iZ[ZDULVT

ge for classification and prediction

K=step Yard 'samplingimethods

The most powerful and advanced data analysis method

—

ample of Ames test samples




plication test of “K-step Yard sampling”

[JSamples

1. Ames test data

2. Sample population
total :6,965
Mutagen; 2,932
Non—mutagen; 4,033

OResult of KY—method
1. Number of steps : 23 steps ; 22 (2 models) + 1 (1 model)
2.Classification ratio : 100 %

[OUsed system
ADMEWORKS / ModelBuilder V 3.0.22

OOUsed parameters (Initial condition)

Number of generated parameters : 838

Number of parameters for step 1 : 98

Confidency index (Samples(6965) / Parameters(98)) : 71.1 > 4.0
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pplication test b
ormal and various D.A. methods

riminant analysis with linear least—squares method

lassification ratio : total; 73.50(6965), Mutagen;73.02(2932), Non mutagen;73.84(4033)
Number of mis—classified : (1846), ( 791) (1055)

VM (Support Vector Machine with Kernel)

Classification ratio : total; 90.87(6965), Mutagen;86.83(2932) Non mutagen; 93.80(4033)
Number of mis—classified : (636), ( 386) ( 250)

Classification ratio : total; 77.24(6965), Mutagen;66.13(2932) Non—mutagen; 85.32(4033)

Number oT miS—cCla Tiea .

|




Classification result by the AdaBoost
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Miracles by the KY-methods

Classification ratio of total 6,965 compounds is 77.24%

[
o]

Wi Sample Descriptors FeatureSelect

Ciraphs

Model Wlindowe

— 1ol =]
1= =]

madel name: Ames test categorisation_SL_&

Mumber of training : 60
Percent features in descriptor set - 7500

Percent correct sample : 75965
Mumber of samples : 6965
MHumber of parameters : 98

Mumber of models : 50
- - >

1]

Co&qctw-classiﬁed

tate | Model name

* correct

alpha

Aames test
Ames test
ames test
Aames test
Ames test
ames test
Ames test
Ames test
ames test
Ames test
Ames test
ames test
Ames test
Ames test
ames test
Ames test
Ames test
ames test
Ames test

IXX XXX XXX XXX XXX XX

For Help. press F1

catezorization_GL_FLORFS_1
categorization_CGL_FLORFS_3
categorisation_CL_FLDRFS_2
catezorisation_GL_FLDRFS 5
categorization_CGL_FLODRFS_7
categorisation_CL_FLDRFS_4
categoriszation_ GL_FLDRFS_ 2
categorization_CL_FLORFS_36
categorisation_SL_FLDRFES_12
categoriszation_ SGL_FLDRFS_26
categorization_CL_FLORFS_30
categorisation_CL_FLDRFS_490
categoriszation_ GL_FLDRFS 19
categorization_CL_FLORFS_ 42
categorisation_CGL_FLDRFS_22
categoriszation_ SGL_FLDRFS_AG
categorization_CGL_FLODRFS_6
categorisation_SL_FLDRFS_14
categoriszation_ ZGL_FLDRFS_40

F51328.
G2 9066.
S5.4508.
549964
GO5312.
G0.1005.
599738,
594657 .
894527
52,7078
55 65065,
0223245
52,1909,
550186,
55,7695,
55834
56 2383
S5.0516...
550753,

0480209
0132316

0024337

=

L] 4 Cancel |

S E P NI

Figure of the ADMEWORKS
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Miracles by the KY-methods

Classification result by the AdaBoost

S ST

Wiews  Sample Descriptors FeatureSelection Graphs Model Window Help

Maodel name: Ames test categorization_GL_A

MHumber of training : B0
Fercent features in descriptor ==t @ 7500

Percent correct zample : 75966
MHumber of =amples @ G965
Mumber of parameters : 98

Mumber of models : 50 -
“ >

Correctry—classified

Mode| name % correct Alpha
B Ames test catesorization_GL_FLORFS_1 751328 0480209
el Ames test catesorisation GL FLDRFES 2 [=1=R=u] 1 0122316

Figure, in the case of a successful complete (100%)
classification of all 6,965 Ames test compounds

"] (oLl (== = e = = = [ E= D (] eyl Y e ER - e LN R =y gy

B Ames test catezorization_GL_FLDRFS_22 56 7E95. 0.030909

B fmes test categorisation_ SL_FLDRFS_ 4G 5062834 0.017795

| Ames test categorisation_CGL_FLDRFS_6 E6.2383... 0043594

Py Ames test categorisation_CGL_FLDRFS_14 BE.0516.. 0.015439

g Ames test categorization_SL_FLDRFS_40 55.0753.. 0024337 -

Ok Cancel |

For Help. pres= F1 AP MUk

Figure of the ADMEWORKS

All Rights Reserved, Copyright ©
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—step Yard sampling (KY) Method”

Starting samples(Total) Mutagen (Initial) Non—mutagen (Initial) Grey sample (Initial)
Final samples Mutagen (Final) Non—mutagen (Final) Grey sample (Final)




—step Yard sampling (KY) Method”

[ 2095 931 1164 2095|

12 1848 829 1019 1848
1848 829 1019 1848

13 1607 733 874 1607
1607 733 874 1607

14 1380 623 757 1380
1380 623 757 1380

15 1028 466 562 1028
1028 466 562 1028

16 787 358 429 787
787 358 429 787

17 529 234 295 529
529 234 295 529

18 392 201 191 392
392 201 191 392

19 279 141 138 279
279 141 138 279

20 184 105 79 184
184 105 79 184

21 112 66 46 112
112 66 46 112

22 66 39 27 66
66 39 27 66

66

39

27




I — b

1 ST ILEER

1P T

ARIEC(Er F=Ouh FFAD F/FUon
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—step Yard sampling (KY)Method”

Classification results by 3 steps

Aadobe PDF OB

[ =

(=== - A

s =
= =

1 | b |42 S0%

aoel s | mE g

= |

- ,|J (RN e S - 11

-im s ou =

=) C|] -l | A e

| =P == 5, o8 %8

e
-

-l [FE | 2 - - A -

|0 s o= || cmeesmsseEy - [ 5 | A b o - . w [

A~

H1 = =i
= B | =) [=] | E F = H I I I ) —
e e R = = e ]
i |
Sample I
~ = ragy N A = o N | = A ] AT = AT T2 AT TS
=
1 nonmutassn nonmutassn mutassn nonmutassn mutassn nonmutassn == A
=
p) mutassn nonmutassn mutassn nonmutassn mutassn nonmutassn L. — L — L —
4
3 mutazen nonmutazen mutasen nonmutasen nonmutazen nonmutazen =L — =L — Bt |
5
Fdl mutasen monmutazen mutazen Ponmutazen mutazen nonmutazen =L — =L — =L —
=]
5 mutasen monmutazen mutazen Ponmutazen mutazen mutazen =L — =L — -
7
= nonmutasen nonmutasen mutasen nonmutasen mutasen nonmutasen ==
=]
i nonmutasen nonmutagen mutagen nonmutasen mutagen nonmutasen Een
=]
= mutagen nonmutazen mutasen nonmutazen mutazen nonmutazen A L — A L — A L —
10
(=) mutasen nonmutasen mutasen nonmutasen mutasen nonmutasen A L — A L — A L —
11
1 mutassn mutassn mutassn mutassn mutassn nonmutassn
1z
11 mutassn nonmutassn mutassn nonmutassn mutassn nonmutassn L. — L — L —
13
1= mutasen mnonmutasen mutasen nonmutazen mutasen nonmutazen = =L — =L —
14
13 mutasen monmutazen mutazen Ponmutazen mutazen nonmutazen =L — =L — =L —
15
14 S —— e S — ronmuseen | = — [
15 =
144w [p= STEER TEST I =1 LN |

[ cAaPsMUOM =




In Oilico Data

4 L 4 - - .

—-step Yard sampling”

10

Summary 1

B Features

/:
I 2. Perfect classification is achieved on ani condition \

‘ 3. Three different types of KY—-methods are available at this time

4. Applicable not only on Binary classification but Fitting methods



In Oilico Data

K-step Yard sampling”
ISummary 2

B Advantages

!. SamEle number free aEEroach \
2. SamEle distribution free aEEroach \

/.
I 3. Perfect classification is achieved in anz condition \
‘ 4. Need not sEatial data anaisis softwares \

Disadvantages

Relatively complex operation to generate discriminant functions
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hod for fitting methods

Starting large sample set )
Inner samples (Gi)

pajeinojen

Observed

. A ew sample space generated
from
outer space samples

~

je|nojen
pajenojen

Observe

=B 1x1+ B 2x24+ + B nxn+Const.




In (gi_lico Data

Miracles by the KY-methods

€KY method for fitting methods

Fish: 96 hours LC50, Number of samples: 791. Log(1/LC50 Mm) (Max/Min) : 6.376 / —2.963

< Data analysis by ordinal linear

Step1:Inner sample set
Number of samples: 779, Number of used parameters:28, Confidance ratio:27.8
R2:728, R:85.3, F-value:71.7, CV:69.6 69. 6

File Edn Ve Sample Descripto

Orginal

Number of Samples = 779 _ -] State Beta | SdBeta t-statistic | t-zquare | p—v ralue | -

Number of Parameters =28 > 52 016 005 70 ) =
R i i ol 01 004 8z 000
{‘ I =7 ‘.‘ o> 010 13 0.00
o< 0o0s a6 0O
o me=dom ?.f o< 003 12 0.00
S of squares # o = o< 00s 343 12 000
A R i s > oos 381 15 0.00
M. ¢ = 33 N ~| > EALI A8y 15 ceend
- - — x 003 411 17 0.00
RT2 Histe b 004 415 17 0.00
o< 004 419 18 o.00

I X 003 429 18 0.00 =1
] o< 004 444 20 0.00
o< 004 480 23 0.00
o< 004 487 24 0.00
o 004 489 24 0.00
% 005 S.16 27 0.00
o> 00s s18 27 0.00
T 004 520 27 D.00

.1 1 Ly IR nre = 21 Ao =4

Recalculate | Model name [loe 1 _c50_mM)_MLR_ S O | Cance |

For Help, press F1

CAP NUM

All Rights Reserved, Copyright ©
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Fitting KY method demonstration experiment

In (gi_lico Data

Miracles by the KY-methods

OTIT AT KYEIC L BEHT (RT—1) Analysis by fitting KY method (Stage 1)

ARTYI1:A42F—H>2T)L Step 1: Inner sample
B TILE: 398, INTA—EE 22,
Number of samples: 398, number of parameters: 22, reliability index: 18.1

R2:96. 2, R:98. 1,

{EREME$E1R:18. 1

R2: 96.2, R: 98.1, F value: 428, Cross validation: 94.4

@y File E Rt Sample Descriptors

FeaturesSeslection

Graphs Model

FIE:428. ~0OZX/N\)TF—3>2:94. 4

W ind o Help

Scatter Plot

Criginal

Absolute of Residuss Plot

i

il

I

i

Humber of Samples = 398

FHumber of Parameters = 22
Samples/Parameters Ratio= 1209
B2 =9617

Adjusted RT2 = 9595

Degr. of freedom for reer = 22

Total deer of freedom = 397

Sum of sguares for regr. = 4 24=+002
Total =um of squares = 4.41=+002
Feeression mean =quare = 1.93=+001

Recalculate

For Help. press F1

Mean sguare error{MSE)= 4 50e—002 -
F2 History Flot
I e

State | Desc Mame

Beta | SdBeta |

t—=tatistic I

t—=quare I

p—walue | -~

SOMST 1.04 ool ag.25 Q9 7e+003 o.oo
E FQLOGP n9z ooz 41.65 1. Fe+0032 n.oo
E S405 —0.41 ooz —24.34 5.9=+002 n.oo
E MOLST n3z2 ooz 17532 21 e=+002 n.oo
¥ PSHG MM nz27v ooz 1722 Zde+002 n.oo
e WTPTD -0.37 0oz —-16.7G 2.8e+002 n.oo
e WTPT3 n:z1 0oz 1591 25=+002 n.oo
e FPHDS nig 0ol 13262 1.9e+002 n.oo
e MDE 22 nzz 0oz 1220 1.8e+002 n.oo
[ FLES 025 ooz 1121 1. 4e+002 o.oo
[ HF 0.z5 ooz 1171 1. 4e+002 o.oo
[ PATH f—ester.. o1s ooz 11.38 1. Ze+002 o.oo
[ PATH O3 -015 ooz —-260 az o.oo
[ PAC b HE 016 ooz oas a0 o.oo
[ PATH SSS . -016 ooz -4 =71 o.oo

[ MDE 11 o014 ooz a1 71 o.oo =
[ PATH SSS . o1 oot .00 21 o.oo
[ DG _LEADL 015 ooz 703 a3 o.oo

[ WIEMZD -017 ooz 784 &1 o.oo =1
[ STE AR = i — ] =] [aluin}

Madel name [loe™ 1cB0_mMI_MLR_S [T R | Cancel |

CAP (MM

All Rights Reserved, Copyright ©
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—_ » J I S R In m%
Q79T 4 T KYEEEER S ’

OTAYTAVTKYEIZ & BT (RT—S1) |

$F1: FPrasS—t, 7 )L
S TJI)LER 393, /INTA—FEL. 29, {EREEIEE 13. 6
R2:64. 7. R:80. 4. F{'E 22 9. AR N)F—9>0:-57. 5

=101 x|
=12 >}

&) Eile  Edt Wiew 3 gl Descriptors FgatreSelectan  Graphs MOt Warhowe olip [ -

i

XXRXXXKXNXXEXXKKKKN o J
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A

A—FRETIVY
ETILOREIL. ETIERICAWN =Y T ILOEBEIZKELIEKE
TILOFREERLIZITHUTIVBERRNOY T ILE BRI ICHEL
BT ENERE
BREREBRDOHAFHRESTLEWVT O TILITEBHEITLIOAELY

DA EFICIST L SPDIL=FiE Dt BEERTIHIEVSHBE
IHRIEEMEULEMERBRLTTFRAETIVERET D

Iiﬂllﬂ%ﬂyj»ﬁ(; H I BEREERL. TATTILEEETS

United States Patent Application 20100145896 : *Yuta June 10, 2010



http://insilicodata.com/themas/PAT%20TEXT/TAILOR%20MADE%20MODELING.txt

In ilico Data
Miracles by the KY-methods

TERTFIEIC LD PRI 7 a—F
(Prediction approach by traditional method)

FEC R COY TV RECT=FRET IV DR
: ction model wh

4> 7 )L 1(Sample 1) =8 1 (Result 1)
Y27 )L 2(Sample 2) E82 (Result 2)
> )L3(Sample 3) P _;ﬂ 553 (Result 3)
€T
B> S )L+ +(Sample - - (Prediction &SR (Result == *)
Y2 F I+ =(Sample - Model) S8 ... (Result---)
t H>2F )L (N—1)(Sample $E R (N-1) (Result(N-1))
L . > 7 JLN(Sample N) fask N (Result N)

e

LT ——————
-

| A (Merit): D50 D FBIET JLYERK (Small number of prediction models are generated )
B (Weakness) : FHRIEOQOREINEETHS (Difficult to achieve high prediction ratio )

>

All Rights Reserved, Copyright ©
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Miracles by the KY-methods

(Prediction approach by “Tailor-Made Modeling”)

4> 7 JL1(Sample 1) / F €T )L 1(Prediction model 1) FiHIEE1 (Result 1)
Y7 JL2(Sample 2) ¥ AET JL2(Prediction model 2) FHlIFEER 2 (Result 2)

> 7 )L 3(Sample 3) F MET IL2(Prediction model 2) FHl$E R 3 (Result 3)

e "j"/j}[x' - .(Samp|e sen) % A1ET )L *(Prediction model"*) %iﬂ“ﬁ%' -(Result *)

Y2 F)L--+(Sample = **) FBET )L+ *(Prediction model* *) T iAl$ER - (Result*)
H> 7 )L (N-1)(Sample (N-1)) ¥ JIE T JLIN-1)Prediction model(N-1)) % BI#ER(N-1) (Result(N-1))
;_ H> 7 JUN(Sample N) F ET JLIN-1)(Prediction model(N-1)) > =, B 4E BN (Result N)

‘, '_! e

|2 (Merit) : PRIENKIEICHR LTS (Hi
M (Weakness): FHEEREIAHH S (Need large calculation time)

h prediction ratio will be achieved)

- All Rights Reserved, Copyright ©
, IINSllLICODATA LIMITED 2019
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ﬂ'l A 'U'Jj’)bd)ﬂﬂ YHLE, T—5—A—FF 3

. |FRARRYUTLERIDEL, mYHshi=-3TvbD
| YoI7LBREHOOD YU I ERBERE,
BRI TILEORYHL T—2—*—FFADREME

FRARETTIL

In i ilico Data



In SlllCO Data

Miracles by the KY-methods

' ) SOV BERMNOFRAYTLTILORYHL

BT ILERM

X
Lipe *Eﬁ&'r’ﬂ'” A

¢ @)
Slmllar compounds have sumllar Actmty

O FRNRTTIL

. sl All Rights Reserved, Copyright ©
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KY (K-step Yard sampling)i%

B —235R57 %KYk :Binary classification KY methods
s —ETJLKY % Two models BC KY method
—ETJLKY%: One model BC KY method
-ETILIY—KYiE; Model free BC KY method

BER (F19 T4 )KY ik Regression KY methods

H BB E = E[BIFKY % ; BC regression KY method

=Y —2EEIFKYE ; Three zone regression KY method
ET )LV —EEIFKYE  Model free regression KY method

O 93AR%2JKYiE; Clustering KY methods
O F R KY%E; Principal component KY methods

O BHERFEHR _ -
SIN—=UKYIE: 2SR D FEREE
-REal—2 32 ) —KYE A REalL—3

O T—5—+*—KETF)>2% (Tailor made modeling)

TREFHEFEA . OIREEEH . BB, T—3— A—FETIV T HHLEE



