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정혜영1

1서울대학교 기초교육원
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요 약

의료 진단 및 생물 정보학 분야에서 얻어지는 자료에 존재하는 관계, 속성 및 개체들은 근본적으

로 퍼지 (fuzzy)하다. 이러한 자료를 다루기에 적합한 이론이 퍼지 집합 이론이다. 퍼지 집합 이론은

경계의 불확실성 및 분류의 불확실성을 다룰 수 있도록 창안된 이론으로 명확한 경계와 분류를 가지는

기존의 집합 이론을 포함하는 확장개념으로 여겨진다. 본 논문에서는 퍼지 집합 이론에 기반 한 퍼지

접근법이 의학 진단 및 생물 정보학 분야의 자료에 어떻게 적용될 수 있는지 살펴보고 지금까지 성공

적으로적용되어온다양한사례에대해소개하고자한다.

주요용어: 불확실성, 생물정보학, 의학진단, 퍼지집합이론.

1. 서론

우리의 현실 세계는 흑과 백, 0과 1, 참과 거짓으로 표현할 수 없는 부드러움 (softness)으로 표현할

수 있는 경우가 대부분이다. 두가지 값을 사용하는 부울 논리의 딱딱함 (hardness)으로 이러한 부드러

움의 현실 세계를 모델링 하게 되면 연속적인 공간에서 두가지 값을 가지는 부울 논리로의 변환이 일어

나게 되는데 이 과정에서 중요한 정보와 정밀도가 손실된다 (Barro와 Marin, 2002). 자료를 퍼지 집합

으로 표현하는 것은 부정확 (imprecision)하거나 불확실 (uncertainty)한 것 또는 애매하고 모호한 것

(vagueness)을 부울 논리로 구분하지 않고 자연스럽게 그 정도에 대한 값을 매긴 것으로 이를 통해 확실

성과정확성을구하는작업이다. 한원소가특정집합에속하느냐속하지않느냐하는부울논리로는우

리 삶의 극히 일부분만을 표현할 수 있을 뿐이다. 실제 우리의 생활 현상을 표현하기 위해서는 자연 언

어로 이루어진 자료를 수학적으로 표현할 수 있는 확장된 집합의 개념이 필요하다. ‘두통이 심하고 열

이 나며 오한이 드는 환자가 방문할 경우 몸을 시원하게 해 주되 따뜻함을 유지할 수 있도록 얇은 이불

을 덮어주십시오‘ 라는 진술을 처리하고 모델링하기 위해서는 고도의 프로그래밍 기술 및 부울 논리 이

상의 무엇인가가 요구된다. 이러한 자연 언어를 처리하고 자료가 지닌 모호성을 표현하기 위해 Zadeh

(1965)는 퍼지 집합의 개념을 도입한다. 퍼지 집합은 원소가 속하는 정도가 얼마인가를 다루는 집합으

로보통우리가다루는집합의일반화이고보통집합은퍼지집합의특수한경우가된다.
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이 성과는 2018년도 과학기술정보통신부의 재원으로 한국연구재단의 지원을 받아 수행된 연구임 (No.
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이러한 퍼지 집합의 표현이 자연스럽게 느껴지는 가장 대표적인 분야가 바로 의학 진단 및 생물 정보

학 분야이다. 우리는 질병의 메커니즘에 대한 완전한 이해가 부족하고 건강 (또는 병) 상태에 관한 완전

한 정보를 얻을 수 없으며 정상적인 (그리고 비정상적인) 범위의 부정확성, 그리고 의학적 개념과 용어

와 관련된 내재적 모호성 및 애매 모호성을 지니고 있다. 또한 질병 진단에도 명확한 경계를 내릴 수 없

는 부정확성과 불확실성이 존재하게 되며 같은 증상인 경우에도 다른 질병을 나타내거나 그 반대인 경

우도 많이 나타난다. 이처럼 의학에서 나오는 자료는 거의 대부분이 명확한 경계를 가지고 나눌 수 있

는자료가아니며반드시하나의집합에만정확하게분류되지않는자료이므로거의대부분의자료가퍼

지 자료라고 해도 과언이 아닐 것이다. 생물 정보학에서도 실제 자료를 얻는 과정에서 경계의 명확성이

없는경우가많고생물학적으로그역할들에대해서명확하지않거나여러가지기능을동시에하는경우

가많기에이또한대부분퍼지자료인것이다. 정밀의학을향해서나아가고있는작금의현실에서인간

의사고와감정을그대로반영하는퍼지이론을이용한퍼지접근법으로자료를분석하고해석하는일은

이분법적 구분에 기반한 기존의 접근법으로 해결할 수 없거나 혹은 잘 표현할 수 없는 부분을 해결해 줄

수있는바람직한해법이될것이다.

2. 퍼지 집합 및 퍼지 논리

퍼지 집합은 수학자이자 전산학자인 캘리포니아 버클리 대학교 전산학과 교수 Zadeh (1965)에 의해

처음제시된이후로많은연구자에의해연구가이어져왔다 (Negoita와 Ralescu, 1975; Yager와 Filev,

1994; Klir와 Yuan, 1996; Reznik, 1997; Pedrycz와 Gomide, 2007; Nguyen와 Walker, 2000). 퍼지

집합은한원소가하나의집합에속하는가? 속하지않는가? 라는이진논리가아니라원소가그집합에

속하는 정도가 얼마인가를 다루기 위한 집합이다. 즉 속하면 0, 속하지 않으면 1로 소속의 정도를 표현

하는소속함수의값을속하는정도에따라서 [0, 1] 사이의다양한값을매길수있도록보통집합을확장

한 집합의 개념으로 퍼지 집합은 보통 집합의 일반화이고 보통 집합은 퍼지 집합의 특수한 경우에 해당

한다.

‘열’에 대해 생각해보자. 보통 집합이 열이 38도 이상일 경우 열이 나는 것으로 분류를 하게 된다고

할 때, 37.9도는 36.5도와 동일하게 열이 나지 않는 것으로 분류된다. 이것을 퍼지 집합으로 표현하게

되면 38도 이상부터는 정확히 열이 나는 것으로 소속정도 1의 값을 가지지만 37.9인 열도 36.5도 보다

는 ‘열이 난다’는 집합에 대해 높은 소속 정도를 가지는 것으로 표현할 수가 있게 된다. 우리는 ‘열’을

Figure 2.1과같이 ‘absent’, ‘medium’, ‘high’의세가지언어적용어 (linguistic term)를가지는언어적

변수 (linguistic variable)로표현할수있다. 37도를넘지않을때는열이없는것으로간주한다면 37도

보다 낮은 열은 정도의 차이가 없이 열이 없음을 의미하는 ‘absent’라는 집합에 소속 될 가능성을 모두

1로 표현할 수 있다. 하지만 37도와 39도 사이의 열이 날 경우 고열은 아니지만 어느 정도 열이 난다는

것을 의미하게 되나 37.1도의 열과 38도의 열이 정도의 차이가 없이 동일하게 ‘medium’이라고 표현되

는 것은 자연스럽지 않다. 따라서 우리는 ‘medium’이라는 퍼지 집합을 정의하여 37.1도의 열과 38도의

열에 대한 소속 정도를 다르게 표현할 수 있게 된다. 뿐만 아니라, 38도의 열은 1의 소속정도를 가지고

‘medium’의 집합에 속하지만 아직 고열은 아니므로 ‘high’의 집합에는 소속 정도 0를 가진다. 하지만

38도가넘는열이나게되면점점 ‘medium’집합에소속될정도는작아지고 ‘high’집합에소속될정도는

커지게 된다. 결국 열의 정도에 따라 구분을 해줄 뿐 아니라 한 사람이 여러 집합에 동시에 소속되는 것

을 허용함으로써 더욱 현실적으로 실제 현상을 반영할 수 있게 되는데 이것이 퍼지 집합 이론을 사용해

야 하는 근본적인 이유이다. 이처럼 실수로 주어지는 자료를 언어적 표현으로 나타내어 퍼지 집합에 의

해 표현하는 것은 퍼지 집합의 응용에 있어 중요한 역할을 하며 특히 approximate reasoning에 있어서

는 필수적이다. ‘젊다’, ‘따뜻하다’, ‘많이’, ‘적당히’ 등과 같은 언어적인 표현도 퍼지 집합으로 표현하는
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Figure 2.1 An example of a linguistic variable (Massad et al., 2009)

것이 가능하기에 우리 삶의 다양한 생각과 의견을 자연스럽게 분석할 수 있는 도구로 퍼지 집합은 사

용되어지고있다.

Figure 2.2와 2.3은 ‘건강하다’와 ‘건강하지않다’라는분류과정을보통집합과퍼지집합으로나타낸

그림이다. 제시 된 그림을 통해 ‘건강하다’ 와 ‘건강하지 않다’는 명확한 경계를 가지고 나눌 수 있는 개

념이라기 보다는 서로 겹치는 부분이 있으며 건강한 정도 (또는 건강하지 않은 정도)를 나타내는 퍼지

집합으로 표현하는 것이 더욱 자연스러운 표현임을 알 수 있게 된다. 특히 의학과 생물 정보학 분야의

경우, 사용되어지는 각 개념과 개념간의 관계에 대한 명확한 정의나 설명을 제공하는 것이 불가능한 경

우가많기때문에보통집합보다퍼지집합을사용하는것이적합한경우가많다.

Figure 2.4는 상파울로 병원의 역학자들이 호흡 곤란을 묘사하기 위해 사용한 포스터이다. 이 그림을

통해 호흡 곤란의 정도는 ‘absent’, ‘slight’, ‘moderate’ and ‘severe’와 같은 언어적 용어를 갖는 언어적

변수로 표현되는 것이 자연스러운 표현임을 알 수 있다. 이들 각각은 0, 1, 2, 3의 숫자로 단계적으로 변

하는 값을 나타내며 막대기의 색깔이 각각의 상황에 따라 연속적으로 점진적으로 변화됨을 나타내고 있

다. 이처럼 ‘호흡 곤란’이라는 의학적 용어의 값이 가지는 점진적인 전환은 용어 자체의 모호함을 나타

내며퍼지집합으로표현될수있음을알수있다.

Sadegh-Zadeh (2015)는 의학 지식은 피할 수 없는 불확실성에 의해 특징 지워진다고 주장한다. 이

불가피한 불확실성에 대한 많은 이유가 존재하지만 가장 중요한 이유는 정보 부족, 부정확한 정보 및 서

로상반된결과를얻을수있는모순된특징으로부터기인하는필연적인모호함에있다. 퍼지논리는이

러한 모호함을 해결하며 단독으로 혹은 하이브리드 방식으로 응용되고 있다. Figure 2.5는 퍼지 논리를

사용한 퍼지 추론 시스템의 과정을 보여준다. 퍼지 추론 시스템은 시스템의 모호성을 처리하기 위해 퍼

지 집합을 사용하는 규칙 기반 시스템 (Klir 등, 1988)으로 실수로 입력되는 값을 퍼지값으로 변환한 후

퍼지 추론 과정을 통해 결과값으로 퍼지값을 얻고 다시 실수로 그 값을 변환해주는 일련의 과정을 의미

한다.

실수로 얻은 자료를 퍼지화하여 퍼지 접근법을 쓰거나 처음부터 퍼지 집합으로 표현되어야 하는 용어

에 이르기까지 의학 및 생물 정보학 분야에서 사용하는 개념들은 퍼지 집합으로 표현하는 것이 더 적합
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Figure 2.2 Sets to illustrate the health classificatory process in the classical approach (Massad et al., 2009)

Figure 2.3 Sets to illustrate the health classificatory process in the fuzzy approach (Massad et al., 2009)

Figure 2.4 Poster in use by epidemiologists in the Sao Paulo Hospital of Clinics to describe the breathing

discomfort (Massad et al., 2009)
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Figure 2.5 The process of fuzzy inference system

(http://www7.inra.fr/mia/M/fispro/fisprodocen/QUICKSTART/img31.png)

하고자연스러우며정보의손실이덜하다는것을앞서제시된예시들을통해알수가있었다. 이제퍼지

집합 및 퍼지 논리를 이용한 의학 진단 및 생물 정보학에서의 퍼지 접근법들을 구체적으로 살펴보기로

하자.

3. 의학 진단 및 생물 정보학 분야에서 퍼지 접근법의 적용

의학진단을위해가장많이사용되는분야인데이터마이닝 (Hong 등, 2018)은불완전한자료로부터

다양한 유형의 수치 또는 기호를 얻게 되거나, 부정확하고 모호하면서 이질적인 데이터를 함께 다루게

되는경우가많이발생한다. 퍼지논리는이렇게주어지는잡다한형태의자료를표현할수있기때문에

의학진단분야에유용하다. 퍼지집합과퍼지논리를사용한데이터마이닝기반의퍼지접근방법으로

는 퍼지 서포트 벡터 머신, 퍼지 클러스터링, 퍼지 신경망 분석등이 있으며 기존의 거의 모든 데이터 마

이닝 기술이 퍼지 버전으로 확장되어 경계의 모호함을 가지거나 언어적 표현의 자료들, 하나의 원소가

다양한 역할을 가질 때 등의 기존 방법이 해결하기 쉽지 않는 영역에서 그 역할을 감당하고 있다. 이 절

에서는퍼지접근법이의학진단을위해사용된구체적인사례를제시해보고자한다.

3.1. 의학 진단 분야에서 퍼지 접근법 기반의 연구들

의학진단분야에서의불확실성의근원은다음과같이분류될수있다 (Abbod 등, 2001).

• 환자및가족이제공한환자에대한부정확한과거병력

• 의사가 검사를 통해 환자로 부터 얻는 자료의 많은 경우에 존재하는 정상인과 그렇지 않은 환자
사이의불명확한경계

• 환자의병에대한과장된혹은절제된증상

• 환자는 실제 수학적으로 명확히 정의되는 방식으로 상황을 표현하는 것이 아니라 부정확하고 모
호한용어와언어를사용

• 진단을위해미리설계된범주화된자료형태의시스템을사용하게될때분류의어려움

• 경계가모호한의료영상자료들

의학 진단 분야에서 가장 퍼지 접근법이 활발하게 적용되는 분야가 의료 영상 자료의 분석이다. 의료

영상은의학적진단을지원하는강력한지원요소중하나인데영상에는경계가모호하거나노이즈로인

해 분류가 쉽지 않은 경우가 많다. 이를 위해 퍼지 분류, 퍼지 클러스터링, 퍼지 규칙 기반 방법 및 퍼지



1450 Hye-Young Jung

패턴 매칭 방법등이 사용되고 있다. 퍼지를 이용한 영상 분석이 기존의 분석 방법보다 경계를 더욱 명

확하게 구분해주는 성공적인 사례들이 보고 되고 있으며 뇌종양의 진단 지원, 방사선 영상의 분류, 심전

도 분석에 의한 부정맥의 분류 등에서 퍼지 접근법이 사용되었다 (Comas 등, 2011; Begum 등, 2011;

Kobashi 등, 2002; Kerre 등, 2013; Ganasala 등, 2015).

질병의 진단 및 예후에 많이 사용되는 데이터 마이닝 기술에 대한 Kolce와 Frasheri와 (2012)의 문헌

검토에서 예후의 예측에는 베이지안 알고리즘 및 퍼지 알고리즘이 가장 우수한 것으로 기술되어 있다.

Hedeshi등 (2011)은 Particle swarm optimization (PSO)및고급데이터마이닝기술을의학에서퍼지

논리와 결합하여 암, 특히 뇌종양과 유방암을 탐지하기 위한 목적으로 사용하였다. Yardimci (2009)에

의하면 신경-퍼지 (neuro-fuzzy)의 하이브리드 방법이 가장 많이 사용되는 데이터 마이닝 기법이며 임

상과학 58%, 기초과학 25%, 진단과학 17%로응용사례의비율이보고되고있다.

Klir과 Yuan (1996)은 퍼지 로직에 기반한 의학적 진단 시스템인 CADIAG 시스템을 모델링 하였

고 좀 더 발전된 형태의 진단 시스템 CADIAG-2가 Adlassnig과 KolarZ (1982), Adlassnig 등 (1984,

1985), 그리고 Adlassnig (1986)에의해소개되어졌다. Leite 등 (2000)은이진단시스템의향상된버

전인 CADIAG-II/RHEUMA에 의해 류마티즘을 진단하고 환자의 증상을 다른 특정 진단과 관련시키

는 과정을 소개하였다. 이처럼 퍼지 진단 시스템의 실제 활용에 이르기까지 퍼지 접근법은 의학적 진단

분야에서활발히적용되어지고있다.

3.2. 생물 정보학 분야에서 퍼지 접근법 기반의 연구들

지금까지거의모든생물정보학분야의문제는집합이론에근거한확률적불확실성을다루는통계적

방법으로 구현되어져 왔다. 그러나 실제로 얻어지는 자료들은 확률적 불확실성 뿐만 아니라 다음과 같

은현상들로인해기존의확률적접근법과퍼지접근법이함께고려되어야한다 (Xu 등, 2006).

• 생물시스템에서의본질적인모호성

• 생물학적객체의다중역할

• 생물학적현상에대한 fuzzy descriptions

생물학적 시스템에서 많은 프로세스가 결정론적이기 보다는 본질적으로 모호하다는 증거가 점점 더

많이발견되고있다. 예를들어내성의결과인면역계는자기자신의항원을모두퍼지방식으로인식할

수 있는 것으로 밝혀졌다. 이러한 면역 시스템의 퍼지 특징은 암과 같은 자가 면역 질환의 기전을 밝혀

줄 수 있다. 또한 확률 이론과 퍼지 이론을 결합하여 세포 행동의 가변성을 설명할 수 있는 새로운 유형

의 제어 메커니즘을 제공할 수도 있다 (Samoilov 등, 2005). 생물학적 개체는 여러가지 역할을 수행할

수있으므로퍼지소속함수값이생기게된다. 예를들어베타카테닌은다기능단백질로서세포간부착

과 세포내 신호 전달에 중요한 역할을 한다 (Steinberg 등, 1999). 실제로 생물학적 자료를 사용하여 유

전자를 클러스터링 할 때, 유전자에 대한 퍼지 소속함수 또는 퍼지 클러스터링이 더욱 높은 설명력을 보

여주기도 한다. 이 경우 하나의 유전자가 두 개 이상의 클러스터에 동시에 존재할 수 있으며 각 클러스

터에부분적으로혹은전체적으로속할수있는소속함수값이존재하게된다 (Sasik 등 2001).

생물 정보학에서 유전자 특성은 모호하고 이를 분류하는 유전자 온톨로지 및 유전자와 유전자 온톨

로지 사이의 매핑 또한 모호한 관계를 가질 수 있다. Dweiri 등 (2006)에서는 관계형 퍼지 c-means

(NERFCM)을 사용하여 집단 내의 유전자 산물에 퍼지 소속함수값을 할당하였고 Roychowdhury 등

(2004)에서는 유전자 온톨로지 유사성에 의해 마이크로어레이 실험에서 기능적으로 관련이 있는 발

현 유전자 클러스터를 발견하였다. 온톨로지 기반에 대한 보다 일반적인 퍼지 접근법은 Torres 등

(2006)에 제시되어 있다. 수많은 연구에도 불구하고 단백질의 2차 구조를 정확하게 예측하는 것은 여전



A study on the applications of fuzzy approaches in medical diagnosis and bioinformatics 1451

히 어려운 문제로 남아있다. 퍼지 클러스터링 방법을 사용하여 단백질 2차 구조 예측과 단백질 서열로

부터각아미노산의용매접근성을예측하는방법이 Sim 등 (2005)에의해제시되었다.

Jung 등 (2016, 2017)은 유전자간 상호작용을 밝혀내기 위해 사용되는 MDR (multifactor dimen-

sional reduction) 방법에퍼지집합을접목하여 Fuzzy-MDR 방법을제시하였다. 기존의 MDR 방법은

특정한 기준을 근거로 위험군과 위험하지 않은 군으로 각 유전자 조합을 분류하지만 이 방법은 특정한

기준값 근처에 있는 값을 구분하지 못하는 단점이 있다. 이를 해결하기에 적합한 이론이 퍼지이론이다.

Fuzzy-MDR 방법은 특정한 기준을 중심으로 떨어진 정도에 따라 다른 소속정도를 가지고 위험군과 위

험하지않은군에동시에소속될수있도록허용함으로써더많은정보를반영한판정을하게해준다.

유전자의 발현 정도도 사실은 명확한 경계를 갖지 않는 경우가 많기 때문에 경계의 흐릿함을 반영하

는 퍼지 접근법을 사용하여 유전자의 발현 정도에 따른 차이를 분석하는 방법들이 더 적합할 수 있다.

Hosseini 등 (2018)은생물학적과정에서유전자의기능적관계를밝혀내기위해유전자발현정도에따

른 클러스터링 방법으로 퍼지 클러스터링을 사용하였다. 이처럼 생물 정보학 분야의 부정확성, 불확실

성, 애매함을 표현하기 위한 퍼지 접근법의 잠재력은 앞서 제시한 예제 뿐만 아니라 더욱 다양한 실제

상황을구현하는데있어서여전히진행형이다.

4. 실제 응용 사례 예시 및 유용한 통계 패키지

4.1. 실제 응용 사례

인슐린 저항성 지수에 영향을 주는 유전자 간 교호작용을 찾기 위해, SNP (single nucleotide poly-

morphism, 단일 염기 다형성)의 조합 중 가장 환자군과 대조군을 잘 구분하는 조합을 찾는 비모수적인

통계적 방법인 MDR 방법이 많이 사용되어져 왔다. 먼저, MDR을 사용하고자 할 때, 우리는 환자군

(case)과대조군 (control)의비를이용하게되는데전체집합에대한비와각 SNP 조합에대한비를비

교해서각 SNP의조합을높은위험군과낮은위험군으로분류하게된다. Figure 4.1을보자.

Figure 4.1 Measure membership degrees of multifactor classes using MDR

ni0를 SNP1과 SNP2의 조합에서 나타나는 i 번째 셀에 존재하는 대조군의 수라 하고 ni1를 SNP1과

SNP2의 조합에서 나타나는 i 번째 셀에 존재하는 환자군의 수라 할 때, 전체 환자군의 수/전체 대조군

의 수를 1이라고 한다면 1보다 큰 값을 가지는 셀은 질병에 대한 높은 위험군으로 분류하게 된다. 짙은

회색은 높은 위험군을 뜻하고, 연한 회색은 낮은 위험군을 뜻한다. 이 때, 첫번째 셀에 대한 비 12/4와

8번째셀에대한비 14/11는차이가큰값이지만이들의차이가반영되지못하고그저높은위험군에속

한다라고 분류하게 된다. 우리는 여기에서 퍼지 집합의 적용 가능성을 생각할 수 있다. 각 셀은 정확하

게 높은 위험군, 낮은 위험군의 두 그룹으로 분류하기 힘들 뿐 아니라 환자군/대조군의 비도 각 그룹에

대해 어느 정도의 강도로 속하게 되는지를 나타내는 척도가 되므로 그 정보도 충분히 반영이 되어야 한



1452 Hye-Young Jung

다. 이를 위해 높은 위험군과 낮은 위험군이라는 두 그룹을 퍼지 집합으로 표현하여 각 셀이 이 두 그룹

에 동시에 소속될 수 있도록 허용하고, 각 셀에서 얻어지는 환자군과 대조군의 비의 크기를 반영하고자

한다. 이제 우리는 12/4의 비를 갖는 셀은 높은 위험군에 속하는 정도가 14/11보다 높고, 낮은 위험군

에 속하는 정도는 14/11보다 높지 않도록 퍼지 집합에 속하는 정도를 매길 수 있게 된다. Figure 4.2은

높은 위험군에 속하는 정도를 중심으로 그린 그림이다. 높은 위험군과 낮은 위험군에 속하는 정도의 합

이 1이므로 1에서 높은 위험군에 속하는 소속 정도를 빼면 낮은 위험군에 속하는 정도가 된다. Figure

4.2에서 하얀색은 환자군과 대조군의 수가 같은 경우를 뜻한다. MDR에서는 이러한 셀은 높은 위험군

으로 일반적으로 분류를 했지만 Fuzzy-MDR에서는 각 위험군에 속하는 정도가 0.5씩 주어지도록 함으

로써 우리의 자연스런 사고를 반영하게 된다는 것을 알 수 있다. 이 과정을 통해 판정 된 위험군에 대한

결과를 바탕으로 분류 정확도를 비교하여 인슐린 저항성 지수에 영향을 주는 SNP의 조합을 찾게 된다

(Jung, 2016, 2017).

Figure 4.2 Measure membership degrees of multifactor classes using Fuzzy-MDR

다음으로는 퍼지 논리를 사용한 방법들에 대한 이해를 돕고자 퍼지 논리 규칙의 예를 하나 들고자 한

다.

• Rule 1: 만약암의크기가작다면암에대한위험도는낮다.

• Rule 2: 만약암의크기가적당하다면암에대한위험도는낮다.

• Rule 3: 만약암의크기가적당하다면암에대한위험도는높다.

여기서 ‘작다’, ‘적당하다’, ‘낮다’, 그리고 ‘높다’ 와 같은 언어적인 표현을 가능케 하기 위해 퍼지 집

합이필요하게되고이렇게퍼지집합으로논리를표현하는것을퍼지논리라고부르게된다. 의학진단

및 생물 정보학 분야의 많은 자료들은 실제로는 연속된 수치를 얻는데 어떠한 정해진 범주로 측정을 하

기 때문에 이 범주 기준을 기반으로 분석을 하게 될 경우 자료의 손실이 발생할 수 있다. 실제로 얻어진

연속된 수치를 범주화 된 자료로 바꾸어 분석에 사용하는 것이 아니라 자료를 퍼지 집합으로 표현하고

이렇게퍼지논리에의해그관계를표현하는것이더자연스러울수있다.

이렇게 퍼지 집합이론을 적용한 통계적 방법론을 사용할 때, 우리의 사고 과정을 더 자연스럽게 반영

하게 되고 0 또는 1의 값으로 소속 정도를 매겨서 속하지 않는다/속한다 라고 분류하는 과정에서 발생

하는정보의손실을줄일수있게된다.

4.2. 유용한 통계 패키지

클러스터링을 비롯한 머신 러닝 기법 등과 같은 통계적 분석 방법의 대부분은 0,1을 분류 기준으로 하

는 집합 이론에 근거하고 있다. 이 0,1의 분류 기준을 구간 [0, 1]로 확장하고, 하나의 원소가 여러 그룹
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에 동시에 소속될 수 있도록 허용하는 퍼지 집합 이론을 접목하여 기존 방법의 확장 된 개념으로 퍼지

분석 방법을 사용하게 된다. 퍼지 분석 방법들이 실제 사례에 응용될 수 있도록 유용한 R패키지들을 소

개하고자한다.

• sets : 퍼지논리를사용해서퍼지규칙기반추론시스템을구현할수있다.

• e1071: 퍼지 c-평균알고리즘을구현할수있다.

• fugeR: 유전자알고리즘을사용해서퍼지논리규칙으로이루어진예측모형을구현할수있다.

• frbs: 클러스터링, 신경망, 공간분할등과같은방법을통해데이터를학습시켜서퍼지규칙기반

시스템을구현할수있다.

• fclust: 퍼지클러스터링의다양한알고리즘을구현할수있다.

• ade4: 퍼지대응분석및퍼지주성분분석을구현할수있다.

5. 결론

퍼지 접근법은 근본적인 생물학적 매커니즘이 지닌 모호함을 표현하고 분석 및 예측을 하기 위한 방

법으로의학및생물정보학에존재하는많은문제를해결하기에적합하다. 물론모든경우에서퍼지접

근법의성능이우수하지는않을수있다. 우리는퍼지접근법을사용하는것이더효과적인예시들을이

논문에서 제시하였고 그 잠재력을 감안할 때 앞으로 더 많은 연구가 진행될 것으로 생각된다. 전문가의

의견과 의학 및 생물학적 정보의 결합도 정밀 의학을 구현하려는 21세기의 의료 시스템에서는 필수적으

로 요구되고 있는데 출처가 다른 이러한 자료의 통합에도 퍼지 논리를 이용한 접근법은 좋은 해법이 될

수 있다. 퍼지 접근법의 의료 및 생물 정보학 분야에서의 응용 사례는 매년 증가하고 있다. 그 중 가장

많이사용되는접근법이퍼지논리와인공신경망의혼합모형이다 (Lee, 2015; Yardimci, 2009).

퍼지접근법의주요응용분야는클러스터링및분류연구, 패턴인식및기능선택에대한연구, 이미

지 처리 연구 등이 있는 것으로 조사되었다. 즉 정밀 의학을 향한 모든 의사결정 과정 속에 존재하는 모

호함을처리하기위해퍼지접근법이사용되고있음을알수있다. 퍼지접근법을사용하게됨으로우리

는 더 많은 정보를 분석에 사용할 수 있게 된다. 그러나 퍼지 접근법은 소속 함수의 주관적인 선택에 대

한 문제, 퍼지 의사결정 시스템에 의해 주어지는 퍼지 소속 함수값에 대한 해석의 문제, 자료가 지닌 수

많은차원을해결하기위한컴퓨팅기술의문제등이여전히해결해야할주제로남아있다. 그럼에도불

구하고 퍼지 접근법은 아직도 많은 잠재력을 가지고 있기에 더욱 많은 의학 진단 및 생물 정보학 분야에

적용되기를 바라며 또한 정밀 의학의 구현을 향한 의료 시스템의 구축에 기존의 하드 컴퓨팅 방법과 퍼

지 논리를 기반으로 한 소프트 컴퓨팅 방법의 혼합 사용에 대한 잠재적인 수요가 더욱 가시화되기를 기

대한다.
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Abstract

The relationships, properties, and objects in the data generated from medical diag-

nosis and bioinformatics are fundamentally fuzzy. Fuzzy set theory is an ideal frame-

work to deal with such data. Fuzzy set theory is considered to be an extended set

theory to deal with uncertainty of boundary and classification. In this paper, we illus-

trate how fuzzy approaches based on fuzzy set theory can be applied to data in medical

diagnostics and bioinformatics with various examples.
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