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 The standard approach to discretionary portfolio management (Black-
Litterman, Entropy Pooling ) processes subjective views that refer to the
distribution of the market at a specific single investment horizon.

 The standard approach to multi-period portfolio management with market
impact (Garleanu-Pedersen) processes non-discretionary (systematic)
signals

« Dynamic Entropy Pooling is a quantitative approach to perform dynamic
portfolio management with discretionary, multi-horizon views
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The profit-and-loss (P&L)

 We assume the single-period P&L is a set of exposures multiplied by the
increments of the risk drivers over the rebalancing period:

i1 = biAX 14

 The set of risk drivers can be extended to include also external factors that
do not affect directly the P&L of the instruments. On such additional factors
we can express views that influence the P&L through correlation. The
corresponding entries in the exposures vector will be set to zero.
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The profit-and-loss (P&L) Equities

 We assume the single-period P&L is a set of exposures multiplied by the
increments of the risk drivers over the rebalancing period:

i1 = biAX 14

 The set of risk drivers can be extended to include also external factors that
do not affect directly the P&L of the instruments. On such additional factors
we can express views that influence the P&L through correlation. The
corresponding entries in the exposures vector will be set to zero.

« Consider an equity share or an index. Then the risk driver is its log-value:
Xt — In V%

« The P&L of a portfolio with hn,t shares in the n-th asset is:

Vi
;41 = Zn hont Vit X(VLH — 1) ~ ann,tAXn,t—l—l
\ ~ J/ n,t

\ >

bn,t v
AXp ¢

 More in general, in terms of a style/risk linear factor model:

. style style
1 =) pbe; AXpio
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The profit-and-loss (P&L) Fixed-Income

 We assume the single-period P&L is a set of exposures multiplied by the
increments of the risk drivers over the rebalancing period:

i1 = biAX 14

 The set of risk drivers can be extended to include also external factors that
do not affect directly the P&L of the instruments. On such additional factors
we can express views that influence the P&L through correlation. The
corresponding entries in the exposures vector will be set to zero.

e Suppose that the n-th asset is a fixed income instrument. Its value at the
first order satisfies

1, 141 = —Zk dv01 n,k,tAYk,t—i—l

where Yk,tis the k-th key-rate on the yield curve, dv01 n.k.tiS the dollar-
sensitivity of the n-th instrument to Yk,t

» Then the P&L due to a set of fixed income instruments is:
Mep1 & ) (=22, e dv01 ket ) AX g 141

A\ >4
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The profit-and-loss (P&L) Options

 We assume the single-period P&L is a set of exposures multiplied by the
increments of the risk drivers over the rebalancing period:

i1 = biAX 14

 The set of risk drivers can be extended to include also external factors that
do not affect directly the P&L of the instruments. On such additional factors
we can express views that influence the P&L through correlation. The
corresponding entries in the exposures vector will be set to zero.

» For a stock option, the risk drivers are the log- value of the underlying and
the implied volatility X; = In V; and szp

« Then for a portfolio of stock options, the P&L is:
mpl
Ht—l—l ~ Znhn,tfsn,tvn,tAXn,t—l—l + Znhn,tvn,tAE;ﬂfgq_l
A J/ N s

~~
o
bi,t bn,t

where 5n,t and Un,t are the delta and vega of the n-th option.
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Market model Multivariate Ornstein-Uhlenbeck (MVOU) process

« Consider a book of assets driven by a set of 72 risk drivers X ; (interest
rates, implied volatility surfaces, log-prices, etc.)

 We assume that the drivers follow a MVOU process:

« Choose a set of discrete monitoring dates ¢, 4+ 1,...,1

« Stack the process at the monitoring times as follows:

« Then the process is jointly multivariate normal at all times

thf|'it ~ N(,’l’twf7 waf)
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Market model MVQOU expectation and covariance

« The expectation vector of the is

e—oethr(Hﬁ_e—oe)e—lu

—16 —160 —1
— e x:+(I7z—e (7]

e—(f—t)emt+(]1n;e—(f—t)e)e—lu

e The covariance matrix is

/ ’ - /
0'8 0’86_9 0’86_29 : a%e_(t_t)g
/ - /
2 6—90_(2) a% 0'%6_9 : a%e_(t_t_l)e
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— —1 —(050)T

vec(o ) =(0®0)  (I;2 —e (OBO)™Y pec(a?)
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Market model Posterior distribution from general prior

We extend the Entropy Pooling approach in Meucci (2010) to the case of
multiple horizons

 The prior: assume a model for the joint distribution of the
process at the monitoring times:

thf|it ~ f

 The views: are statements (constraints) on the yet-to-be defined distribution
of the process:

g €V

« The posterior: is the closest distribution to the prior that satisfies the views:

f =argmin .\, {€ (g, f)}

where the “distance” is the relative entropy

g(gaf)zfg($t,...,wg)ln g(mt’::"’wt)
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Market model Posterior distribution from MVOU prior

We extend the Entropy Pooling approach in Meucci (2010) to the case of
multiple horizons

 The prior: assume a MVOU model for the joint distribution of the
process at the monitoring times

thf“’t ~ N(I’l’twf7 0-?""*{)

« The views: are statements (constraints) on the yet-to-be defined distribution
of the process :

V, { Eg{vﬂatxtwf} = I“’m'ew;t
t -

g N — 2
Cvt {vU;tXtWt} = O yiew;t-

where U, tand Vs t are matrices that defines arbitrary linear combinations of
the process at the times for the views.

 The posterior: is the closest distribution to the prior that satisfies the views:

f= argmin, .y, 1€ (g, f)} = Xewglte ~ N(fy.5, 5'3«,»{)
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Market model Posterior distribution from MVOU prior

thflit ~ N(ﬁtw{? &?W'E)

« For the expectation, we introduce the pseudo inverse matrix of U ¢

+ 2 7 2 —1
’UM’t p— Utwtvﬂjt(vﬂjtotwt'v#’t)

we define the two complementary projectors:

_ + L —
Pu: = (I[ﬁ,(f—t-l—l) — 'U,u,t'vu,t) Pu,t = Vp,tUpst

Then

— — T T
My .t = Pﬂ,tl-“’twf + Pu,t(vu,tu’view;t)

 Similar, for the covariance we introduce the pseudo inverse of Vs ¢

+ 2 2 7 \—1
Vot = twtva,t(vd,to-twtvo,t)

and the two complementary projectors:

P i)

_ _ + —
Pa,t = Hﬁ,(t—t+1) — V5,tVo,t ot = Vo, tVo,t

Then

5-?«»1? — Po’,to-gwfpla,t —~_ Pj'_,t(v;"_,ﬁo-iz)‘iewﬁ(v;’_pt)l)(Pj_’t)’
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Portfolio construction Objective

 Asin Garleanu and Pedersen (2013), the satisfaction functional is an infinite
sum of discounted trade-offs:

(VM) oo —A(s—t) (T . = : — .
S = 2o TIE{ M g g ylde} — SV o oyylde} — SE{MI|i}]
where the market impact is a quadratic function of the exposure rebalancing

MI, = a® + Ab;czAbt

with c? a suitable positive definite matrix. Note the term a, which represents
the average cost of maintaining constant exposures
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Portfolio construction Objective as function of exposures

o Given that the P&L is linear in the exposures [y = b;AXt—l—l, we
need to solve for the optimal policy of exposures as functions of information

{bs = pi(is)}oxe

where

{pi}sze =argmaxy, 3 . co By > e M p (1) wEA{AX 41}
— %ps(IS)’w@US{AXSJrl}w'pS(IS) — 2 Ap, (IS)'C2ApS (Is)]}

 Asin Garleanu and Pedersen (2013), the satisfaction functional is an infinite
sum of discounted trade-offs:

(VM) oo —A(s—t) (T . = : — .

S = 2o TIE{ M g g ylde} — SV o oyylde} — SE{MI|i}]

where the market impact is a quadratic function of the exposure rebalancing
MI, = a* + Ab,c*Ab,

with ¢2 a suitable positive definite matrix. Note the term 2 which represents
the average cost of maintaining constant exposures
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Portfolio construction General solution

o Given that the P&L is linear in the exposures [y = b;AXt—l—l, we
need to solve for the optimal policy of exposures as functions of information

{bs = pi(is)}oxe

where

{pi}sze =argmaxy, 3 . co By > e M p (1) wEA{AX 41}
— %ps(IS)’w@US{AXSJrl}w'pS(IS) — 2 Ap, (IS)'C2ApS (Is)]}

 Dynamic programming with a quadratic value function yields a recursive
problem with time-dependent coefficients

Us+1(Dsy Ts 1) = _%b,swbb,sbs—i_b,sd)bx,sms—}—l+%m,s+11rb:c:c,sw8+1+¢Z),sb8+q/);,sw8+1+w0,8
— ws—l — gs(¢3)

» The optimal policy of exposures then reads
be = (ywoiw' +nc’ +e Py, )T netba
’ N——

legacy exposures

+ \(wﬁg +e wbx 3(6 + I )) (w +e wbx,s)as + 6_)\’I,bb78/:

7 N

vV
current rlsk drivers (x) future views
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Portfolio construction Special case: no market impact

o Given that the P&L is linear in the exposures [y = b;AXt—l—l, we
need to solve for the optimal policy of exposures as functions of information

{bs = pi(is)}oxe

where

{pi}sze =argmaxy, 3 . co By > e M p (1) wEA{AX 41}
— %ps(IS)’w@US{AXSJrl}w'pS(IS) — 2 Ap, (IS)'C2ApS (Is)]}

* With no market impact, we obtain a series of myopic one-period problems

» The optimal policy is a sequence of mean-variance optimizations based on
the posterior distribution of the risk drivers process

I _e—08
b: — %(wO'QUJ) 1W(PM78)8+1,.A[,L§N(Z‘%QT6Tm<—( Hﬁ—__w ) (9_111’_338)

~" d Hﬁ—ei(fis)e
bLongTerm
s
1 ~2 /-1 1 VzewMean +
+ ;(wasw ) W(P )S-l-l A""swt U, sMview;s — Ts
bViewMean
s
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Case studies

Meucci — Nicolosi

bPTz'or
t
1.00 3.02
— — - Long term mean
< 050 12.72
o —_
* X
@
S o000 2425
[ o
8 >
o o
x h w
w -0.50 212
-1.00 1.82
bLo'n,gTerm
t
1.00 3.02
— — - Long term mean
< 050} 12.72
o —_
* X
(]
S o000 242%
[ o
8 >
o o
x -
w -0.50 212
-1.00 : ' ' L 1.82
0 0.1 0.2 0.3 0.4
t(years)

Exposure (x1 04)

Exposure (x1 04)

1.00

One risk driver, one view

o
o
o

0.00 |

1.00

0.2 0.3

bfuiew Mean
t

0.4

o
o
=)

0.00

2.66

2,38

N
10y rate (%)

1.84

— — - view mean level

0.2 03
t(years)

. 1.56
0.4

Dynamic Entropy Pooling: Portfolio Management with Views at Multiple Horizons



Case studies Two risk drivers (one investable), two views
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