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Standard approach: Modern Portfolio Theory

R = ZE:fwan- Portfolio Return = weighted average of asset returns
w* = argmax(E{R} — AV{R}). Optimal Portfolio = optimal mean-variance weights
wee [ v\ under constraints

E{R} = w'pp V{R} = w'Tpw

T N

7 x 1 vector of expected asset returns 7 x 7. matrix of asset covariances
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Trend 1: From asset-based allocation to factor-based allocation

R— Zi:lbka AT, Portfolio Return = Linear factor model
- (factors: momentum, value, ...,PCA,...
= 2 _k—0b% Pk, strategies,...)
= Zkbkpka
b* = argmax(BE{R} — AV{R}). Optimal Portfolio = optimal mean-variance
beC \ exposures under constraints
E{R} =¥t p; V{R} =0 Xrb

T T

%k % 1 vector of factor premia L % % matrix of factor covariances
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Trend 2: from mean-variance to risk parity, or diversification management

R — Zzzlwnﬂn_ Portfolio Return = weighted average of asset returns

My = Ty = - - - Optimal Portfolio = equal “contributions” to risk

1 OSd{R} w,[Epwl,
Sd{R} Ow,  wZpw ’

e

i X 7. _matrix of asset covariances

“contributions” to risk
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F.=wR.

Diversification: Effective Number of Bets
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N
Rr=wR. Var{R,} # Z Var {w,.R,}

A n=l1
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if correlations 70
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Re=wR
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e'e=l1 variance portfolios

Rw=wR
principal portfolio 2 Y= COV{R}

v — f

S =EAE bCA
E
E
g
S % E=le..... ex) eigenvectors
é ! | : . : .: II
" Lk TR e, = argmax {E"EE} uncorrelated, maximum

i NS

e'Ye; = 0. for all existing e,

A = diag (M,....A\5%) eigenvalues



A. Meucci - Factor-based Portfolio Management

security 2 return

security 1 return

A = diag (A2, 2%

Diversification: Effective Number of Bets
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A2 = Var {e/ R}
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REr=wR
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0

A2 = Var{e/ R} principal variances



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

T =EAE BCA

security 2 return

principal portfolios

L) % - 3 * -
-
security 1 return

principal variances



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

Rr=wR.
X= COV{R}
b
'S =EAE’
R=FE 'R return of principal portfolios



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

F.=wR.

% =Cov{R}

'
'S=EAE’

R=E 'R return of principal portfolios

W = E—'w. weights of original portfolio on principal portfolios



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

F.=wR.

% =Cov{R}

'
'S=EAE’

R=E 'R return of principal portfolios

W = E—'w. weights of original portfolio on principal portfolios



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets
N
R =w'R. Var {R. } Z Var {w, R, }
n=1
total ] ]
variance . _Varanceconcentrationcurve
; mT T T .
[ el o 9 o
D Uy, = wfz_,lﬁ .
- _--
- ] [ [ [ ] ]
a 10 15 210 29 30
principal portfolio number
R=—E'R return of principal portfolios o
F. = wR
w = E~'w. weights of original portfolio on principal portfolios
Uy = WAL variance concentration curve =
contribution to original portfolio variance from n-th principal portfolio: Var {Hw} = Z Un
- n=1




A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets
Rr=wR.
total N .
volatility volatility concentration curve
. o — — — I ;"_":';'“_“:----—%"————-; _______
L B ~ o v
B _ € 8 T
P
m , , | |

principal portfolio number

R=E 'R return of principal portfolios

w = E~'w. weights of original portfolio on principal portfolios

— w3y 2 . .
U, = WAL variance concentration curve
W2 g
| s, = ——"= volatility concentration curve
Sd{R.}

contribution to original portfolio volatility from n-th principal portfolio: “hot spots”

R. =

w'R.



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

F.=wR.

diversification distribution
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Diversification: Effective Number of Bets

diversification distribution
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effective number of_bets

N
Nens = exp (— Fl oy In p,,_)
II n=1

diversification

R=E 'R return of principal portfolios

W = E—'w. weights of original portfolio on principal portfolios

— 2 . .
U, = WAL variance concentration curve
ey 2 ﬂ
WAL - .
| s, = ——"= volatility concentration curve
Sd{R.} 0
=] i
ws A . re L . . -
., = ———— diversification distribution: “probability mass”
Var{R,}




A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets

) / full concentration | Nz 21

effective number of_bets

N
Nens = exp (— Fl Dy In By,

n =1

. ‘ H weights H

ﬂn.\g i
t“"n’}‘ﬂ

=—20% _ dijversification distribution: “probability mass”
Pr = Yar {R.} P y



A. Meucci - Factor-based Portfolio Management Diversification: Effective Number of Bets
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effective number of bets / full concentration Nz 1
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Assets Factors
Premia Modern Portf. Theory Factor-Based Allocation
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Assets Factors
Premia Modern Portf. Theory Factor-Based Allocation
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i) Factors on Demand R = Zizlbkﬂ: + U/, best portfolio-specific linear factor model
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Assets Factors
Premia Modern Portf. Theory Factor-Based Allocation
: 1) Marg. Contribs 1) Mang, Contribs ..
Parity 9] Eifeotive Num, Beis %) Factors on Minimal
' Demand Torsion Bets

i) Factors on Demand R = Zizlbkﬂ: + U/, best portfolio-specific linear factor model

ii) Minimal Torsion Bets: F' ;7 = £,,7F. uncorrelated factors closest to factors
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Effective Number of Bets
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The Effective Number of PCA Bets in The Effective Number of Minimal
the S&P500 is close to 1, since the Torsion Bets in the S&P500 yields
first PCA factor loadings are similar intuitive results
to the weights of the stocks in the
S&P500
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Assets Factors
Premia Modern Portf. Theory Factor-Based Allocation
: 1) Marg. Contribs 1] Mg, Contibs ..
Parity 9} Eifeotive Num, Beis %) Factors on Minimal
' Demand Torsion Bets
Traditional Effective Number of Bets
Risk contrib. Marginal Contributions Diversification Distributions
, _ bo(Zb) _ (e b)olinrErb)
Expression m = s 5 p = ML >TSS b
. spurious contributions proper contributions
Meaning ;i v % ;
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Effective Number of Bets: http://symmys.com/node/199

Factors on Demand: http://symmys.com/node/164

Minimal Torsion Bets: http://symmys.com/node/599
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