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I probability =1/ num scenarios

B probability > 1/ num scenarios
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Market distribution

Views
X ~ N (u,X) returnson asset classes/funds Qu ~ N(v, )
poo Nim, 72
Bayes’ formula
X|v;Q ~N(ptsz. Zx51)
pgr = w+TEQ (7QEQ + Q) v — Q)
Ypr =

(1+7)Z-72Q (1QEQ' + Q) Q%

Optimization

! r
W = argmax{w flg; — AW Zgrw}h

T
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Market distribution Views/Scenarios
X .H”\w“/“ E] returns on asset classes/funds Q L — v +uncertainty

Market is not just returns

Market is not just normal: fat tails, skewness, tail-risk codependence,...

Optimization

W, = argmax {w g — Aw Tw}
wel
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Market distribution Views/Scenarios

w\‘a i )( returns on asset classes/funds Q LL = v +uncertainty

/

X

Market is not just returns
Market is not just normal

Market is not just equilibrium: historical estimates, implied values, ...

Optimization

W, = argmax {w g — Aw Tw}
wel
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Market is not just returns
Market is not just normal
Market is not just equilibrium

Views are not just linear: generic functions

Optimization
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Market distribution Views/Scenarios
m\‘a m )( rehrns/on asset classes/funds \ / \ / — v +uncertainty
/ /\ 7N\ /\

Market is not just returns

X

Market is not just normal
Market is not just equilibrium
Views are not just linear

Views are not just on expectations: correlations,
volatilities,
tail behavior,
copulas,

Optimization

W, = argmax {w g — Aw Tw}
wel
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Market is not just returns

X

Market is not just normal

Market is not just equilibrium
Views are not just linear

Views are not just on expectations

Views are not just equalities: stock ranking, qualitative views

Optimization

W, = argmax {w g — Aw Tw}
wel
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Market distribution Views/Scenarios

\ A ret\urns/on asset classes/funds \ / \ / \ / + uncertaint
“/““’( y 4 G I\ /N 7 y

Market is not just returns

X

Market is not just normal

Market is not just equilibrium
Views are not just linear

Views are not just on expectations

Views are not just equalities

Optimization is not just mean variance: mean-CVaR, mean-VaR, ...

Optimization

Wy = \r tﬁn [w'p — dw'Ew}
AN
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r---- @, cteeeee

Pricing P...,=P(X1I,) delta/lgammalvega, non-linear, ...! duration + convexity |

___________________________
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X1 2.yr swap rate |

Market distr. X ~ fx. not returns, not normal, not equilibrium :
i X2 10-yr swap rate !

=== €.g. --mmmmmmoee- :

Pricing P, =FP(X I delta/lgammalvega, non-linear, ...: duration + convexity
Optimization W =argmax{S (w: fx)} mean-CVaR trade-off, utility,... | mean-variance

wiel
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Focus V=g(X)~ fv non-linear functions and external factors
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Market distr. X ~ fx. not returns, not normal, not equilibrium - Xy 2yrswap rate

! X2 10-yr swap rate

Focus V=g(X)~ fv non-linear functions and external factors
_______________________________________________________ . V = X2 — X1 slope
Views V o~ Fo 2 full distribution specification

m Vi) _ oy o view on expectations (BL), medians
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Market distr.

not returns, not normal, not equilibrium

Focus V= = IK| e f\_:

Views V o~ Fo 2
(V) Z T
m {11} = m {15

full distribution specification

view on expectations (BL), medians

ranking

X1 2-yr swap rate

i X2 10-yr swap rate
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Market distr. X ~ fx. not returns, not normal, not equilibrium | Xy 2yrswap rate

i X2 10-yr swap rate

Focus T=g(X) ~ fv
Eh ___________________________________________ V =X, — X slope
Views V ~ fur % for full distribution specification

m{V oy g view on expectations (BL), medians

m{Vil zm{h} =z =zm{Vx} ranking

F{Vi} £ 20 {Vi} views on volatilities
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Market distr. X ~ fx. not returns, not normal, not equilibrium
----------------------------------------------------- ! X2 10-yr swap rate
Focus T=g(X)~ fv non-linear functions and external factors
e V =X, — X slope
Views V o~ Fo 2 full distribution specification
m{ Vi } _ [T view on expectations (BL), medians

m{Vil zm{h} =z =zm{Vx} ranking
F{Vi} Z 20 {Vi} views on volatilities

C{Vy=pI+p,0{V}+p,11. correlation stress-testing
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Market distr. X ~ fx. not returns, not normal, not equilibrium | Xy 2yrswap rate

i X2 10-yr swap rate

Focus T=g(X) ~ fv | i

Eﬁ ___________________________________________ .V =X, — X slope |

Views V ~ fur % for full distribution specification
m{ Vi } _ [T view on expectations (BL), medians

m{Vil zm{h} =z =zm{Vx} ranking
F{Vi} Z 20 {Vi} views on volatilities
C{Vy=pI+p,0{V}+p,11. correlation stress-testing

"~

Qv (u) = Qv (u) view on tail behavior
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Focus V=g(X)~ fv non-linear functions and external factors

Views Vo~ }”v £ far. full distribution specification
\

m{WVi}z=m{W} = =zm{Vk}
F{Vi} £ 20 {Vi} » partial distribution specification

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

Qv (u) Z Qv (u) )
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- distance btw. distributions fx. fx
- structure imposed on ,?x

- generalize Bayesian approach
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Views Vo~ }”v £ far. full distribution specification
\

m{WVi}z=m{W} = =zm{Vk}
F{Vi} = 20 {Vie} } partial distribution specification

TV = p I+ p, TV} +pg11'.
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(negative) relative entropy : £ (fx:fx) = f}"x (x) 1n fx (x) —In fx [:=:]} dx.

- distance btw. distributions fx. fx
- structure imposed on ,?x

- generalize Bayesian approach
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Market distr. X ~ fx. not returns, not normal, not equilibrium

Focus T=g(X) ~ fv non-linear functions and external factors

Views V o~ Fo 2  full distribution specification

Az m{a) == m{Vi)

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

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

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

(negative) relative entropy £ (fx:fx) = f}"x (x) 1n fx (x) —In fx [:=:]} dx.

- distance btw. distributions fx. fx
- structure imposed on ,?x

- generalize Bayesian approach
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----------------------------------------------------- ! X2 10-yr swap rate
Focus V=g(X)~ fv non-linear functions and external factors | |
e .V =X, — X slope |
Views V ~ fur % for full distribution specification
)
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Posterior fx = argn_1fn{£ (f, fx)} least distance from prior, views satisfied
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X1 2-yr swap rate

Market distr. X ~ fx. not returns, not normal, not equilibrium
"""""""""""""""""""""""""""" X2 10-yr swap rate
Focus T=g(X)~ fv non-linear functions and external factors
e V =X, — X slope
Views V ~ fur % for full distribution specification
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5V} = o (V) > partial distribution specification
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Posterior fx = argn_1fn{£ (f, fx)} least distance from prior, views satisfied

Confidence ﬁf{ =({l—¢)fx+ cfx. multi-user, multi-confidence
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X1 2-yr swap rate

Market distr. X ~ fx. not returns, not normal, not equilibrium
"""""""""""""""""""""""""""" X2 10-yr swap rate
Focus T=g(X)~ fv non-linear functions and external factors
e V =X, — X slope
Views V ~ fur % for full distribution specification
s B = \
T'F{Tl"':} o ey ke
m{V1} = m{13] =m{Vi}
5V} = o (V) > partial distribution specification

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

"~

Qv (1) = Qv (u) }
Posterior fx = argn_1fn{£ (f, fx)} least distance from prior, views satisfied
Confidence f& =(1-¢)fx+ecfx multi-user, multi-confidence

Pricing P, =PFP(X I delta/lgammalvega, non-linear, ...: duration + convexity !
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

F{Vi} Z 2o {Vi}
TV = p I+ p, TV} +pg11'.

"~

Qv (u) = Qy (u)

not returns, not normal, not equilibrium

full distribution specification

> partial distribution specification

mean-CVaR trade-off, ...

p-o--- e.g.

X1 2-yr swap rate

X2 10-yr swap rate

duration + convexity

mean-variance
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Focus

Views

Posterior

Confidence

Pricing
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X~ fx. X ~ N (. )

F{Vi} Z 2o {Vi}
TV = p I+ p, TV} +pg11'.
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

m{iyz=m{a) = = m{Vi)
F{Vi} Z 20 {Vi}
TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

o

fx = EI.T%‘[_‘J_IETL{E (f. fx<)}

2{QX) = fiq

Cov {GX]} = 3¢
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Market distr. X ~ fx. <> /A Jx N opanel P probabilities 1/J
Pricing F..,=FP(X, 1] N— .
Optimization W* = argmax {5 (w; fx)} N—

wiel
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Focus

Views

Posterior

Confidence

Pricing

Optimization
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Qv (u) = Qy (u)

o
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A J % N panel

I probabilities 1/.J.
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

= 2m{Ver}
F{Vi} Z 2o {Vi}
TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

o

fx = EI.T%‘[_‘J_IETL{E (f. fx<)}

o

A J % N panel

scenario index

I probabilities 1/.J.
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

m{iyz=m{a) = = m{Vi)
F{Vi} Z 20 {Vi}
TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

o

fx = EI.T%‘[_‘J_IETL{E (f. fx<)}

A J % N panel

o €-------2 """

< Ap <a

I probabilities 1/.J.

: """""""" eg __________ 1

: Xl 2-yr swap rate

X2 10-yr swap rate

EVEXZ—Xl slope

_______________________________
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Market distr. X ~ fx. N A J % N panel P probabilities 1/.J.

Focus V=g(X)~fv e Vik =gk (Aj1, .., Aj~)

Views V o~ Fo 2 )

F{Vi} Z 50 {Vi}

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

"~

Qv (u) = Qy (u) }
Posterior fx =argmin {£(f, fx)}

& (fxfx) = f}“’x (x) :;n}”x (x) — In fx [:=c]] dx.
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Market distr. X ~ fx. N A J % N panel P probabilities 1/.J.

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

N a<Ap=a

m{Vilzm{Vh} =.-- 2m{Vx} >
o {Vi} — o {Vi}

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

Qv (u) = Qy (u) }
Posterior fx =argmin {£(f, fx)}

T
& (fx. fx) = f}“’x (x) |In fx (x) = In fx [:=c]] ix. <>  £(B.p)=)> 5 n(F;) —In(p,)]

j=1
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Market distr.

Focus

Views

Posterior

& (fxfx) = f}“’x (x) :;n}”x (x) — In fx [:=c]] dx.

m{iyz=m{a) = = m{Vi)
F{Vi} Z 20 {Vi}
TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

o

fx = EI.T%‘[_‘J_IETL{E (f. fx<)}

X Jx N panel P probabilities 1/J,

Vie =g (Xja, ..o, )

a<Ap=a
X p = argmin {£ (f p)}
A= AFZE

i

Ep.p)=> p;[In(p;)—Inip;)]

LI
Il
[



X, ~N(0.1)

- Iimplementation

Attilio Meucci - Fully Flexible Views...

a=AfZE

p= argmin {&£ (f, p)}

arjgir_l__in{g (f fx)}

_;Hf;.;z

prior

N simulstions
— analydcal
posterior

Posterior
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

F{Vi} Z 2o {Vi}
TV = p I+ p, TV} +pg11'.

Qv (u) = Qy (u)

o

fx = EI.T%‘[_‘J_IETL{E (f. fx<)}

o

A J % N panel

I probabilities 1/.J.

p =argmin{&(f. p)}
A= AFZE
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Market distr. X ~ fx. <> X Jx N panel P probabilities 1/,
Focus V=g(X)~ fv S Vieg =ge(Xj1,. ... &)
Views V o~ for 2 far \

N a<Ap=a

F{Vi} Z 50 {Vi}

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

Qv (u) Z Qv (u) }
Posterior fx = Ell'gé]lﬂ{rlffj{} ______________________ <:> X p= zi%ﬂjié{i f.p)}
Confidence f2 = Il—c]fx+cf}; __________________________ <:> Y p.=(l—c)p+cp
Pricing | EP?{:I| _______________________________________

Optimization W~ = argmax [§(w; f5 )}
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Market distr. X ~ fx. N A J % N panel P probabilities 1/.J.

Focus V=g(X)~fv e Vik =gk (Aj1, .., Aj~)

Views V o~ Fo 2 )

N a<Ap=a

F{Vi} Z 50 {Vi}

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

"~

Qv (1) Z Qv (w) }
Posterior f}.; =argmin{& (f, fx)} e i P = EF_%T-l_?l{E f.p)}
£ ALATSA
Confidence  f5 =(1—¢)fx +cfx e X  p.=(l-cjp+cp

F)Cﬁ] Fo..=PF {_i-.I: ) N— ,E' Pe
N\

Optimization W = argmax [§(w; f5 )}
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Market distr.

Focus

Views

Posterior

Confidence

Pricing

Optimization

F{Vi} Z 2o {Vi}
TV = p I+ p, TV} +pg11'.

"~

Qv (u) = Qy (u)

0

X Jx N panel P probabilities 1/J,

Vie =g (Xja, ..o, )

a<Ap=a

X p=argmin{£(f p)}

a“Af<H
X p.=(1—-cip+cp.

D Pe
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expected returns efficient frontier
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- case study: option trading

Black-Scholes formula:
deterministic function of risk into price

Cesly.ok,T.vr)=yF (d) — ke T F (d,)

dy = (In{y/k)+ (r+*/2)T) fo VT d

[E=]
Il
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- case study: option trading

Black-Scholes formula:
deterministic function of risk into

Clzs

-

Y

i

ok, T.r) = yF (dy) — ke "7 F(d;)

dy = (In[gffk) + (r+{aP/2) T) [oV'T.
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Cesly.ok,T.vr)=yF (d) — ke T F (d,)

dy = (In (y/k) + dy —oT;

e

r+0o2/2)T) /ovT. dn

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

empirical smirk and smile
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call option price at horizon F;.. = Cge (yse™ s h(ye™s. 0, + X, 6, T —

Xy = In [yt+1-_.-"'ytj

dy = (In(y/k) +

e

.Y,-J _— l:r'l_'_"' - |:lr1_'

hiy.okT)=o+a =

Cgs(y.o:x,T.r)=yF (dy) — re™

r+02/2)T) jov

Vi, T —7.7)
"TF (d,)
T- -!I'T: =
In y_.-".i-:‘Jj :
Lp | —2L
("%
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call option price at horizon Pi.. =Cpgz (e s, h(ye™s. 0, -+ Xo k. T —7):6.T —7.7)

Xy = In [yt+1-_.-"'ytj

.Y,-J _— l:r'l_'_"' - |:lr1_'

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

Cesly.ok,T.vr)=yF (d) — ke T F (d,)

dy = (In(y/k)+ (r+0%/2)T) /oVT.,  da=d;

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

r — [ M oA - A
x = L_T .E]W.Egm.}fﬁm..

v

- ;
- - 3
- -3 3 < G ng. -Th"]':'*y,:l

f
curve change (growth/inflation)
not directly in pricing
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call option price at horizon Pi.. =Cpgz (e s, h(ye™s. 0, -+ Xo k. T —7):6.T —7.7)

Xy = In [yt+1-_.-"'ytj

X; =

Tier — T¢

In(y/x&) ; (l:] [_y__.-".ﬁ::]} : :
T T ) |

hiy.okT)=o+a

.

Cesly.ok,T.vr)=yF (d) — ke T F (d,)
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call option price at horizon Pi.. =Cpgz (e s, h(ye™s. 0, -+ Xo k. T —7):6.T —7.7)

Xy = In(yeer/ve)
.Y,-J E l:r'l_'_"' - |:lr1_'

r— M oA - N g
h:lﬁj‘: -E]m-ﬁim-xﬁm---

I
My =) wi(Cos:(X. L) — Ci)
i=]1

Cesly.ok,T.vr)=yF (d) — ke T F (d,)

di = (In (y/k) + *'r'“ + UE_.-"'E:J T) /e VT dy =di —ovT;

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

VT

.
R T

Xay, -1‘:1[;-;_,.3'J #N(m X)

f)

profit and loss is highly non-linear, highly non-normal
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call option price at horizon F;. .. =Cg: (y,effa_ h liyffxa. g+ XN, T —7):8, T — T,7)

Xy = In(yesr/ye) Css (.05, T.7) = yF (di) — ke "7 F (dy)
vy = 1nj r Ut}

— di = (In{y/k)+ (r+0%/2)T) /ovT,  ds

Xo = 0¢er — 0 di —av'T;

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

VT

- (M M M M -G - v o w
h:lﬁj‘: -E]m'iﬂm"-’!{ﬁﬂr'"--- é_ﬂl.k‘-gy_i]c.y,:l #"HEWEJ

I
e = E w; (Crsi (X, T:) — Ciz) 7
i=]1

Mean-CVaR optimization ?

Wiy = Aa
biBwIh - no cash upfront
- limit on leverage

rgmax {E {Ilw} — ACVaR, {IIw}} { long-short delta-neutral
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Market distr. X ~ fx.

Pricing F...=FP(X I 7

Optimization W* = argmax {5 (w: fx)} r)

wiel
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call option price at horizon Pi.. =Cpgz (e s, h(ye™s. 0, -+ Xo k. T —7):6.T —7.7)
Y o= ; P Cesly. o6 T.v)=yF (di) — ke ™ F(d;)
vy = In(yeer/yz)
Xy = 0ter — 03 di = (In(y/k) + (r+0%/2) T) fovT,  d2=di —oVT;
In ( In(y/c))’
hiy.okT)=o+a n(y/x) —b( ] '“L:,r'_h’]j
~.,-'T v
- __ fxrM s AM - M M Y
h=|-;1( -E]m-izm-xﬁm--- -r!"'l:Tm Xﬂy-ilﬂly}
simulations
e y
I = Z 1wy ':5535:-; IEL: — Lt @ -D_i- i =Cgs :I' { It:' — Ci s,

w, = argmax {E{[I} — ACVaR, {II,}}

b<Bw<b
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call option price at horizon Pi.. =Cpgz (e s, h(ye™s. 0, -+ Xo k. T —7):6.T —7.7)
_ . Lo Cesly. o6 T.v)=yF (di) — ke ™ F(d;)
Xy = In | Yt 4/ Wt = Y
_'5;;"'5r — Tii- — (Tt dy = (;]n '::Sl'.-"'l"‘i] + -:r'f + 0'3__-"'2:1 T:.I _.-".G"»-"T- fds = di — GF'-.,-""T:
hiy, ok T) —ﬂ'—alnly ) _b(ln I-y:":“:]j:
v T VT
s (M oy M M M -
h:lﬁj‘: -E]m-ﬁim-xﬁm--- T!'l.ﬁ.i.-l.l_ ng..-i'l.]ﬁy}
simulations
! R
My =) wi(Cos:(X. L) — Ci) &S Pii = Crss (X, Tt) — Cis,
w = argmax {Z{Ilw} — ACVaR, {II+ }} S linear programming

b<Bw<b
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Market distr. X ~ fx. e A P
Pricing F...,=P(X I, ’? S PP
Optimization W~ = argmax [§(w; fx)} r) S linear programming

wiel
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Attilio Meucci - Fully Flexible Views... - case study: option trading

Market distr. X ~ fx. <> X Jx N panel P probabilities 1/,
Focus V=g(X)~ fv S Vieg =ge(Xj1,. ... &)
Views V o~ for 2 far \

m{Vitzm{V} = =2m{Vx} m
> a< Ap<a

0

F{Vi} £ 20 {Vi}

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

Qv (1) = Qv (u) )
Posterior f}.; =argmin{& (f, fx)} e i P = EF_%T-l_?l{E f.p)}
£ ALATSA
Confidence f2 =(1-c¢)fx+ecfx < X p:=(l—c)p+cp.

P}ci{g P...=P(X T, N P pe

Optimization W = argmax {5 (w; fe 1l &S
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Attilio Meucci - Fully Flexible Views... - conclusions

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

v Market distribution fully general, not just normal

v’ Market reference model fully general, not just based on equilibrium
assumptions

v Views/stress-testing on any function of the market, not just linear
combinations

v' Views on any feature, not just on expectations: median volatility,
correlations, tail-behavior, ...

v Views are equalities and inequalities: ranking is possible

v Optimization is fully general, not just mean variance: mean-CVaR,
mean-VaR, ...

v Repricing is not necessary: complex derivatives handled
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