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2004 인실리코젠설립

2021 우수 기업연구소 지정 (과학기술정보통신부)

기계학습 관련 특허 3건

최근 5년간 40 편의 연구 논문 출판 (22’~17’)

분석컨설팅, 60종의 유전체 프로젝트 완료

(년간 40 개 이상의 분석 프로젝트 수행)

총 52 인력 (2021. 65억 매출)
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JK LM - 50 New Genomes Finished by ISG

Codes of Life
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빅데이터검색기반생물정보분석
qrDE ��yO 789

QR AS 0123 TUV

!"#$ %&' ()* : +,- 7./ (0

人CoDOM / 人CoBLOG
qrDE�  ��eC¡¢

人CoACADEMY / MyInco
£�¤ �¥¡¢ / £�¤ *3¡¢

§ Wrote 2,000 articles

§ Google search engine

§ Route for advertisement

§ Make sales opportunities

Bioinformatics Platform

¦§¨ -©;70,000ª
ref. google analytics (2020.12)

Off-line 생물정보교육
¤«¬ �®¯ / °±² qrDE �¥ ³M

¤´µY10,000ª
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#FLEX
[사전적의미]구부리다,힘을주다,근육을수축시키다



유연한사고(Free)로, 숨은잠재력을끌어올려(Lift),
구체적인계획(Earn)에의해, 뛰어넘는다는(eXcel) 

새롭게출범하는인실리코젠의
통합서비스개발조직
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서비스기획 UX/UI 마케팅

프론트엔드개발 백엔드개발 AI 모델개발
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Data Analysis AI Modeling
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Osteoporosis Pre-Screening Using Ensemble Machine Learning
in Postmenopausal Korean Women
Youngihn Kwon 1,† , Juyeon Lee 2,† , Joo Hee Park 2 , Yoo Mee Kim 3, Se Hwa Kim 3 , Young Jun Won 3,*
and Hyung-Yong Kim 2,*

1 Insilicogen, Inc., Yongin-si 16954, Korea; yikwon@insilicogen.com
2 AIDX, Inc., Yongin-si 16954, Korea; jylee@aidx.kr (J.L.); jheepark@aidx.kr (J.H.P.)
3 Department of Internal Medicine, International St. Mary’s Hospital, Catholic Kwandong University College

of Medicine, Incheon 22711, Korea; ymkim@ish.ac.kr (Y.M.K.); endojune@ish.ac.kr (S.H.K.)
* Correspondence: yjwon@ish.ac.kr (Y.J.W.); hygkim@aidx.kr (H.-Y.K.)
† These authors contributed equally to this work.

Abstract: As osteoporosis is a degenerative disease related to postmenopausal aging, early diagnosis
is vital. This study used data from the Korea National Health and Nutrition Examination Surveys
to predict a patient’s risk of osteoporosis using machine learning algorithms. Data from 1431
postmenopausal women aged 40–69 years were used, including 20 features affecting osteoporosis,
chosen by feature importance and recursive feature elimination. Random Forest (RF), AdaBoost,
and Gradient Boosting (GBM) machine learning algorithms were each used to train three models:
A, checkup features; B, survey features; and C, both checkup and survey features, respectively. Of
the three models, Model C generated the best outcomes with an accuracy of 0.832 for RF, 0.849 for
AdaBoost, and 0.829 for GBM. Its area under the receiver operating characteristic curve (AUROC)
was 0.919 for RF, 0.921 for AdaBoost, and 0.908 for GBM. By utilizing multiple feature selection
methods, the ensemble models of this study achieved excellent results with an AUROC score of 0.921
with AdaBoost, which is 0.1–0.2 higher than those of the best performing models from recent studies.
Our model can be further improved as a practical medical tool for the early diagnosis of osteoporosis
after menopause.

Keywords: machine learning; feature selection; osteoporosis; postmenopausal women; pre-screening;
risk assessment

1. Introduction
Osteoporosis is a representative disease that accompanies aging and is closely related

to skeletal fractures and deaths [1]. Therefore, a methodology for early diagnosis and
prevention has been proposed. Osteoporosis is diagnosed by measuring bone mineral
density (BMD) using dual-energy X-ray absorptiometry (DXA) equipment [2]. However, the
associated costs are expensive [3]. Hence, with the accelerating growth of aged populations,
the financial burdens of individuals and governments are increasing dramatically [4,5].
Notably, a pre-screening diagnosis method that leverages data from surveys and checkups
to evaluate osteoporosis risk in advance would greatly benefit prevention and treatment
while reducing economic and financial burdens on society. For these reasons, pre-screening
diagnosis methods have been actively studied. Thus, many conventional methods of
predicting osteoporosis risk are used, including the Osteoporosis Self-Assessment Tool for
Asians [6], the osteoporosis risk assessment instrument [7], simple calculated osteoporosis
risk estimation [8], and the osteoporosis index of risk [9,10], because these methods rely
on only two or three features to predict osteoporosis simply. However, because enormous
amounts of medical data are collected nowadays, it is necessary to apply complicated
statistical methods to utilize data in advance for better results [3].

Healthcare 2022, 10, 1107. https://doi.org/10.3390/healthcare10061107 https://www.mdpi.com/journal/healthcare
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Excel, R, Python,…

Bio-sequence, NGS, AI,…

!"# $%&' ( )*"+ ,-. /0 1+234 56.

à O(P,- =Q RS34 D-ET UV;
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• !" #$%&' ()*+, -.
• ./01 2345' 6+ 789 :;
• Battery included. 3< (=5> ?3@A/ 3B
• Prototype à Product 

General, Interpreter language

§ ./ 01 2"$
§ 345 67 89
§ :;< C =/
§ >"?@ AB
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(CD(Python)1 1991E #FGHI! JK @ FL(Guido 
van Rossum)C MN5 OP #FGHQ %&F, 
RST UV-CW !"#$"X, YZ[\-, ]- ^C_,
`+a %&Cb. 

(CDCcd Ce1 JK. fghd ijklMonty Python's 
Flying Circusmno pq rCb.
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• 8cde8f – g[ hi jk jl - “mno”, “pqr”, “str”, “uNHvr”

• TUV wx – yz{, A|F, } ~ 8� ��N���z �S�� "�

• +�=-�� – �&S �) �l. Y� ��r �� �G

• uNHvo – j� h' uN! ��� �,� ��� j�� – AH�- �'

• �o�'� – �'�r[ ,� ¡� ¢2£. – 38 � ¤� =>?_`

• str – ¥¦M §¦¨> S�©s. stª �'�«¬~

• ®j ¯°±C�� �²� M³´ g[ hµi ¶·� z¥s.
– ¸¹´ %º, 6»µ' 8 ¼l.

&'(´ ½¾
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&'(¨> ¿ t ¼À S

But, stu vw xKy
hz{&| }~ �&hd
#FG�nd &�$[ ��.

��hb� C =/!

?@ ABC DE
(C/C++, 

Java, .NET)
F 2GHIJ

GUI 2GHK LM NO
2GHIJ

<=> PQRS DB 2GHIJ78 9:
1+23
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Beautiful is better than ugly.
;<= >?6 @A6B >% C6.

Explicit is better than implicit.
DEFG >?6 HEFG >% C6.

Simple is better than complex.
IJ# >?6 KL# >% M C6.

Complex is better than complicated.
N.# >?6 IJ# >% M C6.

Readability counts.
1+234 OP QRS #6.

Zen of Python

>>> import this

Special cases aren't special enough to break the rules. Although 
practicality beats purity.
!"# $% & '() *+, -./ 01. 23 4567 78#
9:,1 ;<=(.

Errors should never pass silently. Unless explicitly silenced.
>?/ @A B5C DE:D F/1. GH( IJ;D F/ ,.

In the face of ambiguity, refuse the temptation to guess..
KLM# NO;H PQ;R/ ST# UV;=.

There should be one-- and preferably only one --obvious way to do it.
WXY Z@& ;E[ - \]^;H S_, - `a, bc7 d#
e71. 

If the implementation is hard to explain, it's a bad idea.
f`;g hRi jk7=l mn o7ph: oq1.
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Indentation (µÁÂ6)

C�언어

파이썬

���?. �����! 

({} s� ���?)
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&'(�� HÃ�À 89: ÄÅr (Data/Variable Types)

ÄÅr Æp ÇÈ

Boolean (ÉÊ) True gh FalseM ijkl &'( Wm a = True

Numbers (ËÄr) in, on, )n, p=n qj nM r[kl &'( W
m a = 1.0

String (5ÄÌ) s3M 't5u &'( Wm a = 'Hello'

List (ÍÎ) v3, s3, wx qy z{|M }~� � a = ['my', 1, 'one']

Tuple (ÏT) v3, s3, wx qy z{|M }~� �'� ��� n
��. (immutable) a = ('my', 1, 'one')

Set (Ð]) v3, s3, wx qy z{ �' �� �h � a = {1, 2, 3}

Dictionary ("4) �-�j m�M z{ �' �� �h � a = {'one': 1, 'two': 2}
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Coding style

파이썬 코딩 스타일

- 일반변수는 lowercase_with_underbar
- 클래스는 CamelCase
- 들여쓰기는 스페이스 4칸
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Basic packages for data analysis and visualization

�'� OPi Ñ: &'( - Basic packages
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&'(¨> �'�OP:8 �¡,

NumPy(C, Fortran�M ��5u ��3�E�) !" pandas(R data.frame !" #$%

&'()*)# $%&, ' !"( SciPy(C, Fortran+, -./0 12 34 56))
*+,-.&, matplotlib(MatLab !" 78 59)/) 012.3, sckit-
learn
(:;2< =>$? 56) /) 45 6&%7 89&, statsmodels(@;5A 56))
:;<=.&, >?@# PyTables(HDF5 BC DEFG)" AB.& CDE.

FG", H;I >?@J?K(Oracle, MySQL, SQLite)L NoSQL
>?@J?K(MongoDB)# M&, Django(HIJKLM) ) NO?P 89Q
(RK
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&'( ,�

01234 56 (Interactive mode)

$ python3
Python 3.10.6 (main, Aug 30 2022, 05:12:36) [Clang 13.1.6 (clang-1316.0.21.2.5)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>> print(“Hello world”)
Hello world

$ cat mycode.py
print(“Hello world”)
$ python mycode.py
Hello world

789: ;< =6> .py ?@A BC
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Jupyter notebook

Jupyter notebook

Python 3 !"
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Jupyter notebook

Jupyter notebook #$

(CD #FGHQ 4� ��! Happy Python!
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Google Colab!

+�Ò��'¡ bÓ� Jupyter �Ð)~(ÔÕ)
• ;D E0(https://youtu.be/inN8seMm7UI)
• FGH6 I2J KL Jupyter
• MNO PC, mobileAPQ =R ST
• UV6G(WX YZST
• GPUX TPU () KL

- GPU: Nvidia Tesla K80 N" Nvidia Tesla P100
- GPU Memory: 12GB (K80) / 16GB (P100)

ÖÕ[..
• [\ ]^ ¸ 12×Ø.

https://youtu.be/inN8seMm7UI
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1. Colab TU
https://colab.research.google.com/ VW GoogleXY ‘Colab’Z[

2. [0\] – []^_]
3. [`a] – [bc]
• de fg hi : light / dark
• jk5 bc hi : 5l / vim
• mno pq rst uvwG x<’ yr

4. [z{|] – [z{| P} fg] – ‘GPU / TPU’

Colab �� Æ2

https://colab.research.google.com/


&0123 '4 5678 TDD (Test driven development)
03
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Big design up front

Small design

2 kinds of method
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Agile software development
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XP (eXtreme Programming)
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XP (eXtreme Programming)



! 2022 INSILICOGEN, INC. ALL RIGHTS RESERVED. 48

XP Practice
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ÙF] Wz %Ú
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ÛÜ Ýµ¡ Þc� ÈßÀ Ç�' �…
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TDD W6
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• ���nd �� iz| &�� ��hd[n s� �]hd ��C �&�b. (!"�C�.  ¡¢b.) 

• pF ���| £ ��. ¤b. 

• iz +  ¥ ?¦¡ ��� iz| §¨hd[ Z©ª? «�n §¬-! ���. [¢b.  

• ���. �C5 iz. [®+¯$. �Chb. 

• #FG�C °±ª²d[| "³$" ´ + �b(µ1 G¶ =·C ¸b). (Fail early, often) 

• &¹ ?7º »¼£ «, &�� ��£[| ½¾ ¿ÀhKÁ CÂd Ã£º 5b. (Programming by intention) 

• ÄÅ ¥ÆC [Ç Èn b¥ G iz| 89�É £ )C ¿Ê «(µ1 &ËÌ ÍÉ £ )C �º «), ³$ ~Î
£ + �KÁ KÏ4b. (Documentation) 

TDD´ ÔÕ



()* 9:;< 0=>?@ (OOP, Object oriented programming)
04
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Object Oriented

• Programming paradigms

üProcedural programming

üFunctional programming

üObject oriented programming

• Its origin is the modeling of cell

• Modeling of real world à Easy maintain

• The keys : remove duplication, easy management
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Object oriented programming

• Object in Python is a representation of a person, a place, a bank 
account, a car, or any item that the program should handle.

• Object Oriented Programming Recipe: 
• (1) define classes (these are descriptions)
• (2) make object instances out of classes.

Class Car Car instances 
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OOP with a Taxi Example

• To learn OOP, we will use an example of a Taxi. 
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Example Object - Taxi

DATA
• DriverName
• OnDuty
• NumPassenger
• Cities

BEHAVIOR
• PickUpPassenger
• DropOffPassenger
• SetDriverName
• GetDriverName

Every object has two main components:
Data (the attributes about it)
Behavior (the methods)
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• DriverName: string
• OnDuty: Boolean
• NumPassenger: int
• Cities:list

Taxi

• PickUpPassenger():int
• DropOffPassenger(): int
• SetDriverName(string)
• GetDriverName:string
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Creating a simple class in Python

• In a class, we describe (1) how the object will look like, and (2) what 
behavior it will have.

• Classes are the blueprints for a new data type in your program!

• A class should have at minimum*:
• A name (e.g. Class Taxi)
• A constructor method (that describes how to create a new object, __init__)
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Example Class
CLASS NAME

Ob
je

ct
 V

ar
ia

bl
es
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The __init__ method

• __init__ is a special method in Python classes,
• The __init__ method is the constructor method for a class
• __init__ is called when ever an object of the class is constructed.

Programmer 
makes a new 

object

__init__ 
method is 

called

Behaviour within the 
__init__ method 

executes

myTaxi с Taxi(“Aleks”) …
Self.taxiDriver с “Aleks”
…
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Creating an object from the class

• From one class, you make objects (instances).
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Another example - calculate average

Name Korean English Math Science 

smith 80 69 70 88 

neo 92 66 80 72 

trinity 82 73 91 90 

oracle 80 42 100 92 
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Procedural example
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Functional example
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Object oriented example
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smith_score = Score(80, 69, 70, 88)

object = Class()

붕어빵틀붕어빵

Instance(object) and Class
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Yá â� 2
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FASTA r�´ DNA ÄÅ ã� – fasta example

>AJ131283.1 Sabella spallanzanii mRNA for globin 1
GCTCGAAGAATCACCAAGGCACATCAGAAAGTGTACCATCCGACTGGAAGACCATGTTTCGTTTTGCTCT
TCTGTGTGCTTTTGTTGCCGATGCCAGTGCAGAAGGATGCTGCTCCATGGAGGACAGACAGGAGGTTCTC
AATGCCTGGGAGGCTCTGTGGAGTGCTGAGTACACTGGCAGGAGAGTCATGATCGCCCAGGCAGCGTTTC
AAAAACTGTTTGAGAAGGCCCCCGATTCCAAGGCATTGTTTACCCGCGTCAACGTTGATAACATCGGAAG
CCCCCAATTCCGAGCTCACTGTATCCGTGTTACCAATGGTTTCGACACCATCATCAACATGGCCTTTGAC
ACTGATGTTCTGGAAGAGCTACTGACCCATCTGGGCAACCAACACACGAAGTATCAAGGCATGAGAGCTG
CGTACTTGACGCATTTCCGTGAATCTTTCGCTGAGATCTTGCCCCAGGCTATTCCGTGCTTCAACACCGC

>M63452.1 Bovine gamma globin gene and globin (PSI-2) pseudogene, complete cds
GGAGAGTAGAGTTTCTGAGTTTAGACACACTGAATCAGCCAATCACAGATGAAGAGCACTGAGCAACAAG
AGTTCATCTTACATTCCCCCAAACCAATGAACTTGTATTATGCCCTGGGCTAATCTGCTCTCAGAAGCAG
GGAGGGCAGGAGGCTGGGTGGGGCTCACAAGGAAGACCAGGGCCCCTACTGCTTACACATGCTTTTGACA
CAACTTGCAGCTGCACAAACACACATCATGGTGTATCTGACTCTTGAGAAGAAGGCTACTGTCATTGACT
TGTGGAGTAAGATGAGGGTGGCTGAAGTTGGTCCGGATACTGTAGGCAGGCAGGTATTCAACTTACAAGG
CAGGCTGAAGGAGAGTGAATGTCAGTTGGGTGTGTGGGGACAGAGCCATTGCCTGAGATTCTGGCAGGCA
CTGACTCCCTCTGACCTTGTGCTGTTTTCACCCCCTTTGCTGCTGGTCGTCTACCCCTCGACTCAGAGGT
TCTTTGACTATTGTGGGGACTGTCCTTTGCTGATTTATGGGCAATGTTTTACCTTCTTTGTTTCCAGGCA
TAGTTTCCTCTTATTCATTCTTGTTTTTCTCTGTTTGTTCTCTGCAGTATCTTCTTTATATTTAAACATT

>M63453.1 Bovine Beta globin gene and globin (PSI-3) pseudogene, complete cds
GGAGAATAAAGTTTCTGAGTCTAGACACACTGGATCAGCCAATCACAGATGAAGGGCACTGAGGAACAGG
AGTGCATCTTACATTCCCCCAAACCAATGAACTTGTATTATGCCCTGGGCTAATCTGCTCAGAGCAGAGA
GGGCAGGGGGCTGGGTGGGGCTCACAAGCAAGACCAGGGCCCCTACTGCTTACACTTGCTTCTAACACAA
CTTGCAACTGCACAAACACACATCATGGTGCATCTGACTCTTGAGGGGAAGGCTACTTGTCACTGCCCTG
CAGACGAAAATGAGGGTGGCTGAAGTTGGTGTTGAAACCTTAGGCAGGCAGGTATTCAGCTTACAAGGCA
AGGAGAGTGAATGTCAGCTGGGTGTGTGGGGACAGAGCCATTGCCTGGGATTCTGGCAGGCATTGACTCC

( ?@_ `aP
reverse complement 
Pb_ cdeI
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FASTA r�´ DNA ÄÅ ã� – reverse complement
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