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Market distribution Scenario analysis
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Market distribution Scenario analysis

X ~ N (p,X) returnson asset classes/funds QX =v
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A. Meucci - Fully Flexible Views (Entropy Pooling) I €., oo |

X1 2-yr swap rate !

Market distr. X ~ fx. not returns, not normal, not equilibrium

X2 5-yr swap rate

Focus V=g(X)~ fv |
E_'_ _________ 1 ___________________________________________ V=X,
Views Vo~ fu 2 fur full distribution specification T

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)



A. Meucci - Fully Flexible Views (Entropy Pooling) I €., oo |

X1 2-yr swap rate

Market distr. X ~ fx. not returns, not normal, not equilibrium
""""""""""""""""""""""""""""" X2 5-yr swap rate

Focus V=g(X)~ fv non-linear functions and external factors
S V=X,

Views Vo~ fu 2 fur full distribution specification T

Vil =m{la) == {Vi)

F{V,} _ s {Vi} partial distribution specification

| T{VY=p I+ 0,0 {V}+p,11,

i Qv (u) = Qv (u)

I i = ] i
0.3 0.2 -0.1 u] 0.1 02 0.3

o 2yr swap
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Market distr. X ~ fx.

not returns, not normal, not equilibrium

Focus V=

Views

X1 2-yr swap rate

X 2 5-yr swap rate

-0.1

= 1 i
0 0.1 02 03
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X1 2-yr swap rate

Market distr. X ~ fx. not returns, not normal, not equilibrium

X2 5-yr swap rate
Focus V= i
Views
Posterior f};

: : - ] i
0.4 0.3 0.2 -0.1 0 0.1 02 03
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X1 2-yr swap rate !

Market distr. X ~ fx. not returns, not normal, not equilibrium

X2 5-yr swap rate

Focus V=g(X)~ fv |
E_'_ _________ 1 ___________________________________________ V=X,
Views Vo~ fu 2 fur full distribution specification T

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior f}; ?

relative entropy | ‘ ]
“distance” btw. distributions & (fx;f:h:J = ffx (x) |In fx (x) = In fx [:=:]] dx.
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X1 2-yr swap rate !

Market distr. X ~ fx. not returns, not normal, not equilibrium

X2 5-yr swap rate

Focus V=g(X)~ fv |
E_'_ _________ 1 ___________________________________________ V=X,
Views Vo~ fu 2 fur full distribution specification T

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior f}.; =argmin{€ (f, fx)} least distance from prior

relative entropy | ‘ ]
“distance” btw. distributions & (fx;f:h:J = ffx (x) |In fx (x) = In fx [:=:]] dx.
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Market distr.

X o~ fx. not returns, not normal, not equilibrium
Focus =g(X)~ fv non-linear functions and external factors
Views Vo~ }”v £ fy ' full distribution specification ;
i {Vi} Z fiy /
m{Vi}zm{Va} =z ... = m{Vk}
F{V,) Z 2o {V,} ' partial distribution specification |
TV = p I+ p, TV} +pg11'. L
Qv (u) = Qv (u) "
Posterior fx = argmin {€ (f, fx)} !/ least distance from prior, views satisfied
.f:-'" 4_ __________ .-_ _______________ _II '
| = B e

relative entropy

“distance” btw. distributions & (fx:fx) = ffx (x) -lnfx (x) —In fx [:=:]] dx.
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Market distr.

Focus

Views

Posterior

i fv = fv
W {Vi} Z fiys

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

= Vi)

not returns, not normal, not equilibrium

full distribution specification

partial distribution specification

o

fx = argﬂlvfn{f (f. fx)}

4 =

least distance from prior, views satisfied
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Market distr. X ~ fx. not returns, not normal, not equilibrium

Focus V=g(X)~ fv

Views Vo~ _ﬁ, £ fur. full distribution specification

ﬁ{ik} .:%' lll':".?'.nl'::
m{tzm{hlz.. =m{Vx}
F{Vi} Z w0 {Vi} partial distribution specification

CI{VY=p I+ 0,0 {V} + p,11,

Qv (u) i Qv (u)

Posterior fx =argmin{E€(f fx)} least distance from prior, views satisfied
fev

LIVE
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: L 5 Y 2-yr swap rate !
Market distr. X ~ fx.| o3 RS R 5 Xy 2yrswap :
S ; 0 ;, - X2 5-yr swap rate
% . T

[T O P PP PP RIIIIIE TR -7 » T o 3 - S O :_

3 :

S, opee Cd

0 | | TR

a1 .............. HIRAESCS 1 . oried SUNNNI ............. ............ ......... "

02 S TSN I S SR S "

: _ : 2yr swap .

03 I:'lllIIillIIl|!lIII.IIIllglllllllll..llll.‘.lllll

0.4 0.3 0.2 0z 03

0 estimated |
=== normal fit

[0} . N i -0.25 -0.2 -0.15 -0.1 -0.05 0] 0.05
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Market distr. X ~ fx. X, 2-yrswap rate

R X2 5-yr swap rate

Focus V=g(X)~fv | N
V=X
. 1 | estimated] & ]
S T [ | == normal fit] DR~ AN T T T .
- -0.25 -0.2 -0.15 -0.1 -0.05 0] 0.05 0.1 0.15 0.2 0.2

[0} . . .
2yr swap Syr swap
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Market distr. X ~ fx. X, 2-yrswap rate

X2 5-yr swap rate

Focus V=g(X)~ fv V=X,
Views Em{v}zm{V}Jrﬂzg_z@ bp;

-
-

r“
A}

[ estimated
= normal fit

-0.1 -0.05 [0] 0.05

Syr swap

0.3
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Market distr. X ~ fx. X, 2-yrswap rate

X2 5-yr swap rate
Focus V=g(X)~f _

Views o {V}

[ estimated
= normal fit

N s el e e |

5 -0.2 -0.15 -0.1 -0.05 [0] 0.05 0.1 0.15 0.2 0.
Syr swap

? | | | |

| "4 | | |

| correct
TR T [ = normal fit
:) | |
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Market distr. X ~ fx. not returns, not normal, not equilibrium

Views Vo~ }”v £ fur. full distribution specification
MV} = fho

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argn_1fn{£ (f, f=x)} least distance from prior, views satisfied

P
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Market distr. X ~ fx. not returns, not normal, not equilibrium

Views Vo~ }”v £ fur. full distribution specification

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argn_1fn{£ (f, f=x)} least distance from prior, views satisfied

4 =

Confidence f2 =(1—¢)fx +cfx. multi-user, multi-confidence
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(I T =—=====7 1
! not returns, not normal, not equilibrium

FOCUS V= = Ih| e f\_:
Views Vo~ fu 2 fu full distribution specification

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx =argmin {€(f, fx)}

. A . I o . - -
Confidence f3 =(1- ehfxHefx multi-user, multi-confidence
L--

100(1-c) % of times:
PRIOR
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Market distr.

Focus

Views

Confidence

not returns, not normal, not equilibrium

r . full distribution specification

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

Qv (u) = Qy (u)

f;f[ =(l—-c¢)fx+ c'f};. : multi-user, multi-confidence
L__l

100c % of times:
POSTERIOR
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Market distr. X ~ fx. not returns, not normal, not equilibrium

Views Vo~ }”v £ fur. full distribution specification

m{Vi}zm{Va} =z ... = m{Vk}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argn_1fn{£ (f, f=x)} least distance from prior, views satisfied

4 =

Confidence 2 =(1—c¢)fx +cfx

Pricing P._ =P [_j”{._I, ] delta/gammalvega, full pricing, ...
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Market distr. X ~ fx. not returns, not normal, not equilibrium
Focus V=g(X)~ fv non-linear functions and external factors
Views Vo~ }”v £ fur. full distribution specification

m{W}zm{W}z .. =zm{Vx}
partial distribution specification

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior f}; =argmin{E€(f fx)} least distance from prior, views satisfied
Confidence f2 =(1—¢)fx +cfx. multi-user, multi-confidence
Pricing P._ =P [_j”{._I, ] delta/gammalvega, full pricing, ...

Optimization W = argmax{S (w: fg )} mean-variance, mean-CVaR, ...

wol
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SCENARIO ANALYSIS

THE BLACK-LITTERMAN APPROACH

ENTROPY POOLING - Theory

- Implementation

CASE STUDIES

REFERENCES AND CONCLUSIONS
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Entropy Pooling

Parametric f et -
T fx = argmin & (f, [x) Fully Flexible
Distributions fev Probabilities

fe {fo}sco J A% pitjor
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Entropy Pooling

Parametric .
Distributions fx = ‘u’g;img (f, fx)
fe{felyco

Parametric
Entropy Pooling

[z = argmin & (fy, fo)
VO

fo€V

Implementation
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Entropy Pooling

Parametric . .
Distributions fx = ‘u)gg&mg (fa fX)
fe{felyco

Parametric
Entropy Pooling
[z = argmin & (fy, fo)

Pe®
fa€V

f19 Normal
(+dimension reduction)

Implementation
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Entropy Pooling

Parametric . .
Distributions fx = ‘u)gg&mg (fa fX)
fe{felyco

Parametric
Entropy Pooling
[z = argmin & (fy, fo)

Pe®
fa€V

f19 Normal
(+dimension reduction)

f.lc,x Normal

V' Linear-Quadratic

Implementation
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization W = argmax{S (w: fg )}

myzm{hl = =@ {Vk)
F{Vi} Z w0 {Vi}

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

f}; = argﬂlvfn{f (f, f=x)}

4 =

fx =(1-2¢) fx+cf};_

wol

Analytical implementation
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Market distr. X ~ jx. X~ Np, )
Focus V=g(X)~fv QX GcX
Views V o~ Fo 2

miVil=zm{Va} = = m{Vx}

TV = p I+ p, TV} +pg11'.

S

Qv (u) = Qy (u)

Posterior fx =argmin {€(f, fx)}

Confidence x=1—¢)fx+ecfx

Pricing F .= [_f{._I, ]

Optimization W = argmax{S (w: fg )}
wiel

Analytical implementation



A. Meucci - Fully Flexible Views (Entropy Pooling) Analytical implementation

Market distr. X ~ fx. X ~NpX)
Focus V=g(X]~ fv QX GcX
Views V o~ Fo 2

2{QX) = fiq

m{Wi}=m{h} > .. = m{Vk} Cov {GX} =3

TV = p I+ p, TV} +pg11'.

S

Qv (u) = Qy (u)

Posterior fx =argmin {€(f, fx)}

Confidence x=1—¢)fx+ecfx

Pricing F .= [_f{._I, ]

Optimization W = argmax{S (w: fg )}
wiel
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

myzm{hl = =@ {Vk)
F{Vi} Z w0 {Vi}

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

f}; = argﬂlvfn{f (f, f=x)}

4 =

w* = argmax {S (w; 1% )}
wiel

2{QX) = fiq

Cov {GX) = 3

4 &=

Analytical implementation

p+TQ (Q2Q) 7 (Bg — Qu)
+ 26 ((626¢) 7 6 (G2E)
-(eze)7 ) e

—1
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

m{zm{hl = = m{Vx)
§{Ve} Z #o {Vi}
T{VY=p I+ 0,0 {V}+p,11,
Qv (u) = Qv (u)

fx = argﬂlvfn{f (f. fx)}

4 =

fe=(1—c) fx+efx

2{QX} = fiq

i

>

_ /"][H; )
X ~ C
XN (i %)

Optimization W = argmax{S (w: fg )}

wol

Analytical implementation

p+TQ (Q2Q) 7 (Bg — Qu)
+ 26 ((626¢) 7 6 (G2E)
-(eze)7 ) e

—1

(probability: 1 — ¢}

(probability: ¢)
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

m{zm{hl = = m{Vx)
§{Ve} Z #o {Vi}
T{VY=p I+ 0,0 {V}+p,11,
Qv (u) = Qv (u)

fx = argﬂlvfn{f (f. fx)}

4 =

fe=(1—c) fx+efx

2{QX} = fiq

i

>

_ /"][H; )
X ~ C
XN (i %)

Optimization W = argmax{S (w: fg )}

wol

Analytical implementation

p+TQ (Q2Q) 7 (Bg — Qu)
+ 26 ((626¢) 7 6 (G2E)
-(eze)7 ) e

—1

(probability: 1 — ¢}

(probability: ¢)
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Entropy Pooling

Parametric f — aremin & .
e fx =argmin& (f, [x) Fully Flexible
Distributions Fev Probabilities
\ [

I

P

<.

E
TTTTTTTTT T ]

&

) \
- /
~
_-""I,-'_
joint scenario of N risk drivers probability of joint

scenario
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Entropy Pooling

Parametric /‘ — o : i
ralie fx = argmin & (f, [x) Fully Flexible
Distributions fEy ’ Probabilities
f e {fotoco J oty

Parametric
Entropy Pooling
[z = argmin & (fy, fo)

Pe®
fa€V

Non-Parametric
Entropy Pooling

—

p = argmin € (q, p)
qeV

f19 Normal
(+dimension reduction)

f.lc,x Normal
V' Linear-Quadratic




A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation

Entropy Pooling

Parametric /‘ — o : i
ralie fx = argmin & (f, [x) Fully Flexible
Distributions fEy ’ Probabilities
f e {fotoco J oty

Parametric
Entropy Pooling
[z = argmin & (fy, fo)

Pe®
fa€V

Non-Parametric
Entropy Pooling

—

p = argmin € (q, p)
qeV

Bayesian
networks

Fuzzy Membership
State Conditioning

f19 Normal
(+dimension reduction)

Crisp
Conditioning

Conditioning

f.lc,x Normal
V' Linear-Quadratic
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I probability =1/ num scenarios
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" probability <1 /num scenarios

I probability =1/ num scenarios

B probability > 1/ num scenarios

«— pearish bullish ——»
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I probability =1/ num scenarios

regular market



A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation

" probability <1 /num scenarios

I probability =1/ num scenarios

B probability > 1/ num scenarios

low volatility high volatility
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I probability =1/ num scenarios

market distribution
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I probability =0
I probability =1

market distribution
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Varket distr. X ~ fx. &> X JxNopanel D probabiliies 1/
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Varket distr. X ~ fx. &> X JxNopanel D probabiliies 1/

joint scenario of N risk drivers X — [T [T
X &

HEEEEEEEE IIII

Probability of
joint scenario
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Varket distr. X ~ fx. &> X JxNopanel D probabiliies 1/

joint scenario of —— [TTTTTTTTT]

securities prices

HEEEEEEEE TIII

Pricing F..=FP(X 1) e PP Probability of
joint scenario
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Varket distr. X ~ fx &> X IxNpansl P probsbiltes 17
Pricing F,..,=P(X I,) S P op
Optimization Ww" = argmax {5 (w: fx)} Ne—

wol
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Varket distr. X ~ fx. &> X JxNopanel D probabiliies 1/

iews vmfon nnmmnmnn I

Vil =m{la) == {Vi)

TV = p I+ p, TV} +pg11'.

S

Qv (u) = Qy (u)

Posterior fx =argmin {€(f, fx)}

ey
c

Confidence f2 =(1—¢)fx +cfx.

Pricing F .= [_f{._I, ]

Optimization W = argmax{S (w: fg )}
wiel



A. Meucci - Fully Flexible Views (Entropy Pooling)

Market distr.

Focus

Views

Posterior

Confidence

Pricing

X ~ fx. N

Vil =m{la) == {Vi)

TV = p I+ p, TV} +pg11'.

S

Qv (u) = Qy (u)

N}c; =(1—c¢) fx+cfx.

Optimization W = argmax{S (w: fg )}

wol

Non-parametric implementation

X Jx N panel P probabilities 1/J,

scenario index

|5 1P
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. - 1. N babilities 1/,
Market distr. X ~ fx. S X J x N panel P probabilities 1/.J,
Focus V=g(X)~ fv @ Fj:-‘-' = gk '::.:k"_;i.] e .:k"_j_;-_- }
- ~ i TERREREEEE eg. ----------mo
Views Vo fo. £ fol : | |
fv 7 tv. : Xl 2-yr swap rate
m { Vi } — [T X2 5-yr swap rate

Bz m{h) == V) >

F{Vi} Z 20 (Vi)

v \ \\\
<= asAp=a |

TV = p I+ p, TV} +pg11'. J II :
. : 0 < D. < 1
Qv (u) = Qv (u) | ,Ll_z;\/J pj >l |
- : J: 1
Posterior fx = argmin {& (f, fx)}

Confidence 2 =(1—c¢)fx +cfx

Pricing P...=P(X1I)

Optimization W~ = argmax [1§(w; 5 )}
wel
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Market distr. X ~ fx. N A’ J x N panel P probabilities 1/J.

Focus V=g(X)~ fv N Vig = ge (X1, .., Xjw)
Views V o~ Fo 2

MY} = m{h} = = Ve o
| > <= a=Ap=a
F{Vi} = 2o {Vi}

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx =argmin {€(f, fx)}

£ (Fx.fx) = f};{ (x) :'_n}f”x (x) — In fx [x]] dx.
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Market distr.

Focus

Views

Posterior

TV = p I+ p, TV} +pg11'.

S

Qv (u) Z Qv ()

f}; = argﬂlvfn{f (f, f=x)}

£ (Fx.fx) = f};{ (x) :'_n}f”x (x) — In fx [x]] ix. <&

X J x N panel

Non-parametric implementation

P probabilities 1/J.

a<Ap<a

£(p.p) —Z:ﬂ;[ﬂ'zﬂj —In(p;)]
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Market distr.

Focus

Views

Posterior

m{Vi} zm{Va} = = m{Vx} >

5 {Vi} = o (Vi)

TV = p I+ p, TV} +pg11'.

Qv (u) Z Qv ()

fx = argmin {£ (f, fx)} e—

j =
4 =

£ (Fx.fx) = f};{ (x) :'_n}f”x (x) — In fx [x]] ix. <&

X J x N panel

Non-parametric implementation

P probabilities 1/J.

Vi = ge (Xj1, ..., Xjw)

a<Ap<a

et
t=F
Il
fl'ﬂ
i‘éa
.--'-—-.
ey
"".i
ﬁ
=



Non-parametric implementation
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A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation
Market distr. X~ fx. <> X JxNpanel P probabilities 1/7

V=g(X)~fv e Vik = gi (g1, Ajw)

Focus

Views V o~ Fo 2

MY} = m{h} = = Ve o
| > <= a=Ap=a
F{Vi} = 2o {Vi}

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argmin {€ (f, fx)} <= X P= 3‘_'%1’?1_1{5 f.p)}
£ A-aAlza

Confidence f2 =(1—¢)fx +cfx.

Pricing P...=P(X1I)

Optimization W = argmax{S (w: fg )}
wiel



A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation
Market distr. X~ fx. <> X JxNpanel P probabilities 1/7

Focus V=g(X)~ fv <= Vig =g (Xja, ..., Yix)
Views V o~ Fo 2
mAVe} = iy
m{Vi} zm{l2} =z .- =z m{Vk} o~
| &> asAp=a
TV = p I+ p, TV} +pg11'.
Qv (u) = Qv (u)
Posterior f}; =argmin{E€(f fx)} N X P = 3‘_’_%1’?1__] {£(f.p)}
e ATAFSE
Confidence 5 =(1—¢)fx +ecfx <= X p.=(l—c)p+cp
Pricing F .= [_f{._I, ]

Optimization W = argmax{S (w: fg )}
wiel



A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation

Market distr. X ~ fx. S — X J x N panel P probabilities 1/.J,

Focus V=g(X)~ fv S Vik =g (Xj1,..., Xjx)
Views V o~ Fo 2

Vi) = M1} = o = @ Vi) | .
& azAp=s

F{Vi} Z 20 (Vi)

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argmin {€ (f, fx)} <= X P= 3‘_'%1’?1_1{5 f.p)}
Fonr ACAFCE
Confidence fx ={1—¢)fx+ cfx. S A p:=(l—¢)p+cp

F)cﬁ; P...,=P(X 1) &S Pop
N\

Optimization W = argmax{S (w: fg )}
wiel



A. Meucci - Fully Flexible Views (Entropy Pooling) Non-parametric implementation

Market distr. X ~ fx. &> X JxNpael P probailities 1/

Focus V=g(X)~ fv N Vig = ge (X1, .., Xjw)
Views V o~ Fo 2

a=Ap=a

0

Bz m{h) == V) >

TV = p I+ p, TV} +pg11'.

S

Qv (u) = Qy (u)

Posterior f}; = ar,gg_lvfn{f (f. fx)} Ne— X P = :Eir?ié{g f.p)}
Confidence fz = |1—c]f;.;+cf}; __________________________ <:> XY pe=(l—-c)p+ecp
Pricing P, ;?{I| ______________________________ <:> P Pe

Optimization W = argmax {S (w: f% )} <

wol
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: portfolios from sorts

expected returns efficient frontier
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: portfolios from sorts
Views:  V:E{Ri} 2 E{Rx} = - =2 E{RnN}

Sample means Standard ranking Centroid Entropy Pooling
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E{R}

sample means




A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: implied expected returns

E{R} =~ Cov{R}w,,

market capital. sample means Black-Litterman
weights implied exp. returns
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: implied expected returns
V:E{R} =~Cov{R}wg

market capital. sample means Black-Litterman Entropy Pooling
weights implied exp. returns implied exp. return
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: implied expected returns

V:E{R} =~Cov{R}wg

Expectation -covariance ellipsoids
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5
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Prior (exponential time decay)

v |
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: distributional stress-testing
Prior (exponential time decay)
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Membership (pseudo Gaussian kernel)
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: distributional stress-testing
Prior (exponential time decay)

P o e~ BT ' ' ' ‘
| | | | |

State indicator (2yr swap rate - current level)
| | | |

State indicator (1->5yr ATM implied swaption vol - current level)
| | | | |

Membership (pseudo Gaussian kernel)

T = eXpr(_ﬁ (%t —x7) 07! (x4 _ xr)]") | | ' ‘ ‘Ii
L___m._._ o |

Posterior (Entropy Pooling mixture)

— oy | | |
p = argmin &(q,p'?)
q’' Inm>wv,

time ——




A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: time decay + membership kernel

P&L scenarios L - I T .

: | . T . time =

L
[s] s00 1000 ’ 1500 Z0o00 Zs00

P&L distribution fH < {Wtjpt}tzl,...,T

N T

P&L ex-ante performance statistics | Time decay Kernel Entropy Pooling
Exp. value 0.12 0.05 0.10
St. dev. 1.18 1.30 1.26
Skew. -2.65 -2.56 -2.76
Kurt. 12.58 11.76 13.39
VaR 99% -4.62 -9.53 -0.11
Cond. VaR 99% -6.16 -6.70 -6.85
Effective scenarios 471 1,644 897
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Black-Scholes formula:
deterministic function of risk into price

Cesly. ok, T.r)=yF (d) — ke T F (ds)
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A. Meucci - Fully Flexible Views (Entropy Pooling)

Case study: option trading

Black-Scholes formula:
deterministic function of risk into price

@5 sy

o

£, T.r)=yF (d) — ke ™ F (ds)

dy = ||]I‘l l k) + | —I-@ [2)T) '\.T dr = dy —IEI'-.,-":T:
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Case study: option trading

Cesly. ok, T.r)=yF (d) — ke T F (ds)

di = (In(y/k) + di —av/T;

L

r+02/2)T) [ovT,  ds

In (/ I I‘ o 2
hiy.okT)=o+a ”"3,"-'_“:' —b( ! '“L";'_h’]j

empirical smirk and smile



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

call option price at horizon Fi.. = Cgeo (yee s hiye™s o, + Xo k. T —7): 6, T — 7.7
R BS lﬁ::'lq. |._-:.1‘I. f e 1o ey )

; Ceely.o k. T.r)=yF (dy) — ke~ T F{d,)
Xy = In (yerr /ve) 2 (3.0 R, Tor) = yF (dy)
y = In\Y4+r /Ut

Xo = Oter — 0y d = (In(y/K) + (r+%/2) T) fovT.  dz=di—oVT;
hiy. o kT)=0o+ .::I.ln /%) L b (1:] I'y"::ﬁ}j )
RARARE JT JT



A. Meucci - Fully Flexible Views (Entropy Pooling)

call option price at horizon P,.. = Cge [y

Xy = In(yesr /vt

Portfolio:

Microsoft 1 month
Microsoft 2 months
Microsoft 6 months
Yahoo 1 month
Yahoo 2 months
Yahoo 6 months
Google 1 month
Google 2 months
Google 6 months

Case study: option trading

-h(yffxi_ﬁrf—xﬂ-:ﬁ:.r—'?'] ;,H'_:T—‘T__-:r‘;'

Cesly. ok, T.r)=yF (d) — ke T F (ds)

dy = (;]n '::Sl'.-"'l"‘i] —+ -:r r+o 3211 T:J _.-""5" '»T de =ddy — 0 '-.,T

]. [/ 1: I.h _.". 2 2
hiy.okT)=o+a ﬂl_y'___,#:j —b( 111, ""'*,:l)
VT

SR Il T e

r __ fwrM AL - AL AL 3 - y !
1: LM_T .E]m.i:m.xﬁﬂl... EE"H-E]D‘.HJ:I
H_J

*
curve change (growth/inflation)
not directly in pricing



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

call option price at horizon Fi.. = Cgeo (yee s hiye™s o, + Xo k. T —7): 6, T — 7.7
7 g5 | Ht i » U 71 | R E

Xy = In (Y "Iyt} Cps (y.0:k,T,r) = yF (dy) — ke F (d,)
— L T/

XNg = Tty — 0%

: Inf( .-'II | g ) s i
i h':’*a-'-.U;E}T] =0+a nl'y'TK:I —b( oy, h}) :




A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

call option price at horizon Fi.. = Cgeo (yee s hiye™s o, + Xo k. T —7): 6, T — 7.7
R BS lﬁ::'lq. |._-:.1‘I. f e 1o ey )

; Ceely.o k. T.r)=yF (dy) — ke~ T F{d,)
Xy = In (yerr /ve) 2 (3.0 R, Tor) = yF (dy)
y = In\Y4+r /Ut

Xo = Oter — 0t di = (In(y/k) + (r+0%/2) T) JovT,  d2=d1 —oVT;

]. [/ 1: I.h _.". 2 2
hiy.okT)=o+a ﬂl_y'___,#:j —b( 114, ""'*,:l)

v

(M M M M Sl RN
h:lﬁj‘: -E]m'iﬂm"-’!{ﬁﬂr'"--- é_ﬂl.k‘-gy_i]c.y,:l %"H._TTEJ

I
Iy = Z (T '::DB;'_;.:-; [I{_L; — Lt 7 profit and loss is highly non-linear, highly non-normal
=



A. Meucci - Fully Flexible Views (Entropy Pooling)

call option price at horizon P,.. = Cge (yse™

Xy = In(yesr /vt

X, =

Ttrr — Ot

r— M oA - N g
h:lﬁj‘: -E]m-ﬁim-xﬁm---

I)

I
My =Y wi(Crss(X. L) — Cu)
i=I

Mean-CVaR optimization

Case study: option trading
s hiye™ o, + X 6 T—7):5. T —7.7)
Cesly. o5, T.v)=yF (dy) — ke ™ F (ds)

di = (In (y/k) + *'r? + UE_.-"'EJ T) /o VT, dy =di —ovT;

Iniw/k 13]{“.-"';.;‘] s
hiyorT)=c+a y_j_ ( H, j
VI

VT

e
R 1T

Xay, -Tm-a_,.:'J #N(m X)

?

- no cash upfront

- limit on leverage

E{llw} - ACVaR, {TI }} { long-short delta-neutral



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

Market distr. X ~ fx.

Pricing F..=FP(X 1) ’?

Optimization W =argmax{S (w: fx)} 7

wol



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

call option price at horizon P,.. = Cgc (yse™s. h(y;e™s. o, - X, 6. T — 1 )k, T —7,
t17 BS lﬁ::'lq. |._-:.1‘I. )
_ . Lo Cesly. o5, T.v)=yF (dy) — ke ™ F (ds)
Xy = In | Yt 4/ Wt = Y
Xg = Gter — 0t di = (In(y/k) + (r+0%/2) T) JovT,  d2=d1 —oVT;
In ( In(y/k)\?
hiy.okT)=o+a n(y/x) —b( k '“L:,r'_h’]j
~.,-'T \,-"T
- fwrM oy M oy M M - !
h:lﬁj‘: -E]m-ﬁim-xﬁm--- T!'l.ﬁ.i.-l.l_ ng..-i'l.]ﬁy}
simulations
e o
My = Z w; (Cess (X, L) — Cit) < Pii=Crsa (X It) — Cig,

ax{ A} — ACVaR, {TI }}



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

call option price at horizon P,.. = Cgc (yse™s. h(y;e™s. o, - X, 6. T — 1 )k, T —7,
t17 BS lﬁ::'lq. |._-:.1‘I. )
_ . Lo Cesly. o5, T.v)=yF (dy) — ke ™ F (ds)
Xy = In | Yt 4/ Wt = Y
Xg = Gter — 0t di = (In(y/k) + (r+0%/2) T) JovT,  d2=d1 —oVT;
In ( In(y/k)\?
hiy.okT)=o+a n(y/x) —b( k '“L:,r'_h’]j
~.,-'T \,-"T
- fwrM oy M oy M M - !
h:lﬁj‘: -E]m-ﬁim-xﬁm--- T!'l.ﬁ.i.-l.l_ ng..-i'l.]ﬁy}
simulations
e o
My = Z w; (Cess (X, L) — Cit) < Pii=Crsa (X It) — Cig,

max { {Ilw} — ACVaR, {Tw}} < linear programming



A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

Market distr. X ~ fx. < & b
Pricing F,.,=P(X,1,) S P, p
Optimization W~ = argmax {5 (w: fx)} <> linear programming

wol
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

Market distr. X ~ fx. e A’ J % N panel P probabilities 1/,

Focus V=g(X)~ fv <= Vig =g (Xja, ..., Yix)
Views V o~ Fo 2

MY} = m{h} = = Ve o
| > <= a=Ap=a
F{Vi} = 2o {Vi}

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)
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A. Meucci - Fully Flexible Views (Entropy Pooling) Case study: option trading

Market distr. X~ i & XIxNpaed D probabilties 17
Focus V=g(X)~ fv N Vig = ge (X1, .., Xjw)
Views V o~ Fo 2

m{Vi}zm{Va} =z ... = m{Vk} -
> a=Ap=a

0

5 {Vi} = o (Vi)

TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

Posterior fx = argmin {€ (f, fx)} <= X P= 3‘_'%1’?1_1{5 f.p)}
Fonr ACAFCE
Confidence g =(1—¢) fx +efx — Y p.=(l—c)p+cp

\N/ . .
P}C{g P...=P(X T, e P, Pe

Optimization W = argmax {5 (w: fe 1} S

wol
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A. Meucci - Fully Flexible Views (Entropy Pooling) conclusions

Entropy Pooling:

v Market represented by generic non-linear risk factors, not only returns

v Market distribution fully general, not only normal

v Views/stress-testing on any function of the market, not only linear portfolios

v Views on any feature, not only on expectations: median, volatility, correlations, tails

v Views are equalities and inequalities: ranking is possible

v'Applications span several areas of portfolio management and risk management




