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The Black-Litterman approach has received much attention in the investment
management community as the reference methodology to process subjective views on
the markets, in a way that gives rise to sensible portfolios. However, the application of
the Black-Litterman approach is not always straightforward, as multiple steps are
involved to implement the approach.

Furthermore, the Black-Litterman approach is ideal for views on expected returns in
normal markets, but not suitable for more general settings, such as views on correlations
and volatilities and/or views in non-normal markets.

In this presentation we walk through the separate conceptual steps of the Black-
Litterman approach. Then we discuss a theoretical framework based on relative entropy
minimization that allows us to process arbitrary views on markets with arbitrary
distributions. Third, we discuss implementations of the above theoretical framework



Quant toolbox > Black-Litterman

Kl Black-Litterman versus entropy
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® number of realizations: ¢ = 1,599
® number of instruments: 7 = 2

® 7 (= confidence level in the prior) and ¢ (= confidence level in the
views) vary
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Quant toolbox > Black-Litterman > Equilibrium prior distribution

Equilibrium prior distribution
Rlup ~ N(Pr)oh) ©
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Quant toolbox > Black-Litterman > Equilibrium prior distribution

Equilibrium prior distribution
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Quant toolbox > Black-Litterman > Views

Black-Litterman linear views

expert’s view true value
Hoyicw Vulp
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Quant toolbox > Black-Litterman > Views

Black-Litterman linear views

expert’s view N true value
Hoyicw Vulp

k x @ “pick” matrix
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Quant toolbox > Black-Litterman > Views

Black-Litterman linear views

expert’s view N true value
Hyicw Vulp

)

k x @ “pick” matrix
(Boicwlt = [0pp li +ne X [/ diag(vua o)l ©

—2 very bearish
—1 Dbearish
1 bullish
2 very bullish
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Quant toolbox > Black-Litterman > Views
Black-Litterman linear views

expert’s view N true value
Hoyicw VuMp
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view’s error  Ur = M yjey — v, Mg ~ N(0,0R) ®
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Quant toolbox > Black-Litterman > Views
Black-Litterman linear views

expert’s view N true value
Hoyicw VuMp

/
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view’s error  Ur = M yjey — v, Mg ~ N(0,0R) ®
2
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Quant toolbox > Black-litterman > Sanity check

Sanity check

. . 2
Correlation matrix corr(v,ovy,)
I
. . A2
Normalized eigenvalues Wy = s~z
m=1"m
I
Effective rank eff _rank(corr(v,g?v),)) = e = wnloswn ®
i)
Sanity condition eff _rank(corr(v,a®v),)) > a ®
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Quant toolbox > Black-Litterman > Posterior distribution

Posterior distribution

R|“view _ MRlﬂ/mew 4 UR

4

: 4
Rip"™" ~ fa ~ N(ag, o4")

® |
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Quant toolbox > Black-Litterman > Posterior distribution

Posterior distribution

R|Hview _ MRlﬂ/Uiew 4 UR
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Quant toolbox > Black-Litterman > Posterior distribution

Posterior distribution

R|Hview _ MRlﬂ/mew 4 UR
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Quant toolbox > Black-Litterman > Limit cases
High confidence in prior

Limit cases

® High confidence in prior
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Quant toolbox > Black-Litterman > Limit cases
Low confidence in views

Limit cases

® High confidence in prior

,QBL 2 Q
RNN(/‘LR , O ) Tjoo RNN(HRaQR) ©
® Low confidence in views
1
R~ N(pg' 6%") — R N(pg, (14 )gR)  °
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Limit cases

® High confidence in prior

R~ N(pg',6%") — R~N(p,o%)

T—r00

® Low confidence in views
1

R~ N(pg,aw") — R~N(p,,(1+ =)o)
o2view _y g r -
® Full confidence in views
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Limit cases

® High confidence in prior

R~ N(pg 6%") — R~N(pg,o%)

T—r00

® Low confidence in views

_ 1
R~ N(pg' 6%") — R~ N(pp, (1+ -)ak)

o2view _y g
® Full confidence in views
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Limit cases

® High confidence in prior

R~ N(pg',6%") — R~N(p,o%)

T—r00

® Low confidence in views

_ 1
R~ N(pg' 6%") — R~ N(pp, (1+ -)ak)

o2view _y g
® High confidence in views

R~ N(H’R , 723L) —> R~ N(ﬂ;WEBL’ a,ﬁsure[j’[,)
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with regression

R=BZ+U
\)

=v,R
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Quant toolbox > Black-Litterman > Limit cases
full confidence in views

Relationship with regression

R=BZ+U
\)

= UMR
I
R|(v R = p"*") ~ N(@h'™, a2romt)
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with regression

R=BZ+U
)
= UHR
4
R|(v R = p"*") ~ N(@h'™, a2romt) N
=ppt IRV (VT RUL) T (" — Vupty) .
__ —sureBL .
= NR "
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with regression

R = ﬁf +U
=v. R
I
Rl(uR = ™) ~ N o3 .
l 2 2 1 2 1\=1/ 2
=0Rr — ORVL(VuORVL) VuOR N
75 a—_%sureBL Y
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Quant toolbox > Black-Litterman > Limit cases
full confidence in views

Relationship with partial views

Minimum relative entropy

fr(:) = argmin E(f||f) ,2)
fEV R R

st. B {v, R} = p""

ARPM - Advanced Risk and Portfolio Management - arpm.co This update: May-03-2018 - Last update


https://www.arpm.co/lab/redirect.php?permalink=quant-toolbox-part
https://www.arpm.co/lab/redirect.php?permalink=lbl-black-litterman
https://www.arpm.co/lab/redirect.php?permalink=lbl-limit-cases
https://www.arpm.co/lab/redirect.php?permalink=full-confidence-in-views
https://www.arpm.co/lab/redirect.php?permalink=ep-min-ku-leib
https://www.arpm.co/lab/redirect.php?permalink=asfiofaf
https://www.arpm.co/lab/redirect.php?permalink=asfiofaf3
https://www.arpm.co
https://www.arpm.co
https://www.arpm.co/lab/

Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with partial views

Minimum relative entropy

fr(:) = argmin E(f||f) ,2)
fEV R R

st. B {v, R} = p""

1®

R|(E{vuR} = p"") ~ fr ~ N(ag"", o 5""")
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with partial views

Minimum relative entropy
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Quant toolbox > Black-Litterman > Limit cases
Full confidence in views

Relationship with partial views

Minimum relative entropy

fr(:) = argmin E(f||f) ,2)
fEV R R

st. B {v, R} = p""
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Quant toolbox > Black-Litterman > Generalizations

Black-Litterman original model on linear returns

Generic variables

X

Original
Black-Lit.
model

Linear returns

X =R

{4

K via market
equilibrium

Invariants

X:€t

{4

O “via exponential
smoothing

R~ N(p,a?)
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Quant toolbox > Black-Litterman > Generalizations

Generalizations

From linear returns to risk drivers
From linear returns to risk drivers
From stock-like to generic asset classes
From normal to non-normal markets

From linear equality views to partial flexible views
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