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Introduction to MPT
Modern Portfolio Theory

Harry Markowitz “남친짤”

• “Portfolio Selection” by H. Markowitz (1952)

• Risk-averse(위험회피형) 투자자에게 ‘최적’의

포트폴리오는?

• 분산투자(diversification)을통해 risk를최소화하고

기대수익률을극대화할수있는포트폴리오

• N개의자산으로이루어진포트폴리오의

기대수익률(expected return), 분산(variance),

상관관계(correlation)를기반으로 ’최적’의

포트폴리오도출

• Nobel Prize

Source: Wikipedia, YIG
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Diversification and Risk Reduction
Modern Portfolio Theory

• 자산별평균수익률과변동성(risk)의관계는양의상관관계를가짐 (변동성이높은자산일수록평균수익률이높음).

Source: Investment Theory, YIG
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Diversification and Risk Reduction
Modern Portfolio Theory

• S&P 500을 500개의개별구성종목으로세분화해분석시 diversification의 risk 절감효과를확인할수있음.

• S&P 500의평균수익률과 500개구성종목의평균수익률은유사하지만, S&P 500의변동성(risk)은구성종목의평균변동성보다낮음.

à즉, 500개개별주식의분산투자형태인 S&P 500은 diversification을통해 risk를절감.

Source: Investment Theory, YIG
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Portfolio’s Expected Return and Variance
Modern Portfolio Theory

Source: Investment Theory, YIG
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Portfolio’s Expected Return and Variance
Modern Portfolio Theory

Example: Portfolio(P) comprised of A(30%) and B(70%)

𝐴 ∶ 𝐸 𝑟! = 15%, 𝜎!= 25%

𝐵 ∶ 𝐸 𝑟" = 7%, 𝜎"= 14%

𝐸 𝑟# = 30% ∗ 15% + 70% ∗ 7% = 9.40%

𝜎$# = 0.3$ ∗ 0.25$ + 0.7$ ∗ 0.14$ + 2 ∗ 0.3 ∗ 0.7 ∗ 𝜌!," ∗ 0.25 ∗ 0.14

Correlation between A and B

Source: Investment Theory, YIG
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Modern Portfolio Theory
Portfolio’s Expected Return and Variance: Effect of Correlation

• 상관관계가 1인경우 (완전양의상관관계)

• A와 B의가격변동이완벽히일치함을의미à선형관계를형성함.

• 포트폴리오의변동성이증가하면기대수익률또한증가.

Source: Investment Theory, YIG
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Modern Portfolio Theory

• 상관관계가 0인경우

• A와 B의가격변동이서로아무연관성이없음을의미à A, B의가격이함께움직이는방법에일관된패턴이없음.

• 포트폴리오의변동성감소와기대수익률증가가모두가능한구간존재.

Portfolio’s Expected Return and Variance: Effect of Correlation

Source: Investment Theory, YIG
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Modern Portfolio Theory

• 상관관계가 -1인경우 (완전음의상관관계)

• A와 B의가격변동이완벽히반대됨을의미à A의가격이오르면 B의가격은떨어짐.

• 포트폴리오의변동성감소와기대수익률증가가모두가능한구간이존재하는것을넘어 0 risk 포트폴리오구축가능.

Portfolio’s Expected Return and Variance: Effect of Correlation

Source: Investment Theory, YIG
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Modern Portfolio Theory
Minimum Variance Frontier (MVF)

• MVF: 구성자산의조합이달성할수있는기대수익률마다변동성을최소화하는포트폴리오의집합.

• 특정기대수익률을기준으로최소변동성을갖는포트폴리오(MVP)의자산비중계산à달성가능한모든기대수익률에반복.

• -1 ≤ 𝜌 ≤ 1이기때문에모든 MVF는삼각영역안에존재함.

• 두자산의상관관계가낮을수록 diversification으로부터얻는 benefit이커짐.

Source: Investment Theory, YIG
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Modern Portfolio Theory
Minimum Variance Frontier (MVF): Three-Asset Portfolio

𝐸 𝑟# = 𝑤!𝐸 𝑟! + 𝑤"𝐸 𝑟" + 𝑤&𝐸 𝑟&

𝜎$# = 𝑤$
!𝜎$! + 𝑤$

"𝜎$"+ 𝑤$
&𝜎$&

+2𝑤!𝑤"𝜌!,"𝜎!𝜎" + 2𝑤"𝑤&𝜌",&𝜎"𝜎&+ 2𝑤!𝑤&𝜌!,&𝜎!𝜎&

Source: Investment Theory, YIG
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Modern Portfolio Theory
Minimum Variance Frontier (MVF): All Risky Assets

• 시장에있는모든 risky asset으로구성된포트폴리오의 MVF는 ‘Global MVP’를기준으로대칭인 hyperbola임.

• MVF는 ’Global MVP’ 기준상단이최적 MVP들을담은 ‘Efficient MVF’가됨.

• 같은변동성을갖는두개의포트폴리오중기대수익률이높은포트폴리오로구성되었기때문.

Source: Investment Theory, YIG
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Separation Property
Modern Portfolio Theory

• J. Tobin (1958)

• Risky asset과 ‘Risk-free asset’을동시에

포함하는포트폴리오는?

• 포트폴리오선정은 2-step으로가능:

• 1) Risky asset만으로구성된최적

포트폴리오(Optimal Risky Portfolio) 도출

• 2) Optimal Risky Portfolio와 risk-free asset 각각

비중선정 (투자자의 risk aversion 기반)

James Tobin “훈남짤”

Source: Wikipedia, YIG
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Separation Property: Step 1
Modern Portfolio Theory

• Optimal Risky Portfolio는어디에?

• Risky asset으로구성된모든최소분산포트폴리오(MVP)는 MVF위에있음à이중최적의포트폴리오는?

• Remember: 최종포트폴리오는 Optimal Risky Portfolio와 risk-free asset으로구성à즉, MVP 중 risk-free asset과조합이가장좋은
것이 Optimal Risky Portfolio.

• Optimal Risky Portfolio = risk-free asset과 MVP를지나는직선(CAL) 중기울기가가장가파른직선을만드는 MVP à접선위에있는
포트폴리오(Tangent Portfolio).

• à해당과정은 Sharpe Ratio가가증큰포트폴리오를찾는과정과동일.

𝐸 𝑟! = 𝑟" +
𝐸 𝑟# − 𝑟"

𝜎#
∗ 𝜎!

Sharpe Ratio of T

𝒓𝒇와 T를지나는직선(𝑪𝑨𝑳𝑻)의공식:

Source: Investment Theory, YIG
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Separation Property: Step 2
Modern Portfolio Theory

• Optimal Risky Portfolio 도출후 Optimal Risky Portfolio, risk-free asset 각각의비중선정.

• à 𝐶𝐴𝐿!위있는점선정.

• T에가까울수록위험자산의비중이많아짐à risk aversion이낮은투자자에게적합.

Source: Investment Theory, YIG



17

DB GAPS
Application to DB GAPS

Source: DB GAPS, YIG
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Excel Implementation
Application to DB GAPS

Source: Quantiwise, YIG
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Excel Implementation
Application to DB GAPS

Source: YIG
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Excel Implementation
Application to DB GAPS

Source: YIG
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Python Implementation
Application to DB GAPS

Source: YIG
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Model in Action
Application to DB GAPS

Source: YIG


