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Benoite de

Saporta @ Fundamental approach
e fundamental economic principles

Motivation

@ Technical Analysis approach
@ past prices behaviour

@ Mathematical Approach
e mathematical models

Compare the performance of technical analysis versus
miscalibrated mathematical models
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Benoite de rISky aSSGt dSt - /L(t)Stdt + UStdBt
Saporta
Motivation @ B standard Brownian motion,

@ 4(t) € {p1, p2} independent of B,

@ 7 € {0,1} proportion of the wealth invested in the risky
asset

@ W/ wealth when strategy = is applied

Maximise the expected utility of the terminal wealth I
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Moving average

Motivation
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o If Sq>M] buy

sssss

o If St <M sell T e
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Alocation BLANCHET, DIoP, GIBSON, KAMINSKI, TALAY, TANRE (2005)

Motivation One change of drift
o ut)y=pift<r
@ ut)=ppift >7
with P(7 > t) = e~

detect 7 I

p1 = —0.2, up =0.2, 0 =0.15,
A= 2.
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S @ theoretical study of the value function

Benoite de

Saporta @ theoretical study of detecting the change of drift

Motivation

@ numerical comparisons of strategies
e well calibrated detection
@ miscalibrated detection
@ moving average

@ Moving average strategy can overperform miscalibrated
mathematical strategies

@ Range of misspecifications for which this is true
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@ Several changes of drift
(&2n41) iid Exp(Ar)
(&2n) Tid Exp(A2)

Framework T0 = 0, Th = 51 + o+ gn

Ben

t) — M1 if 2n <t< T2n+1
o M Tonp1 S <7onyo

@ Transaction costs 4y = —02, up = 0.2,

@ Jo1 buying cost 0=0.15 1 =X =2.
@ 0o selling cost ’
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| Control process: m; € {0, 1} proportion of the wealth
Benoite de . . .
Saporta invested in the risky asset

Framework

7 must be F°-adapted

Problem
Fe # F¢ =o(Bu,u<t)

— Change of framework




Filtering Theory

Optimal Optional Projection: Fi = P(u(t) = uy | FY)

_ 1 S t o
B = g(log §; —/O (1aFs + po(1 — Fs) — 7)ols)

Portfolio
Allocation
12/27

Benoite de
Saporta

Proposition

Framework -
@ B is a (F°) Brownian motion
o FS =78

ds _
S_tt = (,ulFt + ,uz(l — Ft))dt + od By

’

KuRTZ, OCONE 1988

dFc = (= MFi+ (1 - F))dt+ 2R (1 - F)dB,

v
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State: pair (Wi, Ft)

Dynamics:
Framework dw.” _
Wﬂt' = (Wt(ulFt—i—,uz(l—Ft))—l-(l—ﬂ't)r)dt—l-ﬂ'tO'dBt
t—
— 9015(A7rt = 1) — 9105(A7Tt = —1)
dFt = (= MFe+ (1 — Fp))dt + 22—

L7121 F)dB,
o

Criterion: expected utility of the terminal wealth
Utility: U(x) =x*, a €0, 1]
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13/27 Control process:
Beno

State: pair (W, Ft)

Dynamics:
Framework dw.” _
Wﬂt' = (Wt(HlFt +M2(l*Ft))—l-(l—ﬂ't)r)dt—l-ﬂ'tadBt
t—
— 9015(A7rt = 1) — 9105(A7Tt = —1)
dFt = (= MFe+ (1 — Fp))dt + 22—

L7121 F)dB,
o

Criterion: expected utility of the terminal wealth
Utility: U(x) =x*, a €0, 1]
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13/27 Control process:
Beno

State: pair (W, Ft)

Dynamics:
e ‘3/\\;\? = (m(paFe + pa(1 — F)) + (1 — m)r)dt + modBy
— go10(Am = 1) — g106(Am = —1)
dFt = (= MFe+ (1 — Fp))dt + 22—

L7121 F)dB,
o

Criterion: expected utility of the terminal wealth
Utility: U(x) =x*, a €0, 1]



Optimal
Portfolio
Allocation
14/27

Mathematical
Results

e Mathematical Results



Definition

Optimal
Portfolio
Allocation
15/27

0%, x,f,m) = EUMWT)|WT =x,F =f]

Benoite de
Saporta

If - = 1

Mathematical Jl(t7x7f,7r) = IE[U (W'FF) | Wtﬂ; =X, Ft = f]
Results

Value Function

VO(t,x,f) = SupE[U(WT)|m- =0,W" =x,F=f]

Vit x,f) = SupE[U(WF)|m- =1,WT =x,F =f]
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VO(t,x.f) = VIt (1 go)x. )
Vl(t,X,f) > Vo(t7 (1 — glO)X7f)
Mamemetical Continuity
Foralli € {0;1},
0<t<t<T,
X,X >0,
o<f,f<1:

IVIE, %, f) = Vi(t,x,f)|
< CEA+XTHHRTH(IR — x|+ x(f — | + [ - 1/2))

v
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min { — 2 — £0VO; VO(t,x, ) = VA(t,x(1 - gon),F)} =
mm{ £1V1 Vl( )_Vo(tvx(l_glo)vf)} =
athematical
ge;ults : Locp(t,x7f) = xra—(p(t,x,f)—i-(—Alf—&—)\z(l—f))z—f(t,x,f)—&—
1 o?
2(maﬂ2)f (-G txD

0 0?
Lro(t,x,f) = x(u1f+u2(1—f))8—f(t,x,f)+ XZUZTf(t x,f)

9 &
—|—( — )\1f + )\2(1 — f))—(t,x,f) + X(/,L]_ — /,Lz)f(l — f)m(t,x,f)

1/p— 20%p
+z (B2 ~ )f(l—f) Z2tx,h)
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T (P)  F(t.x,v(t,x), Dev(tx), Dv(t,x), D?V(t,x)) = O
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Benoite de
Saporta

@ V is a viscosity sub-solution of (P) if

Mathematical F(f,)_(vv( X), DtSD( X), D‘P( X), D? ( X)) <0

Results

for all (t,x) and all functions ¢ C*?2 such that (t,X) is a
local maximum of v —

@ V is a viscosity super-solution of (P) if

for all (t,X) and all functions ¢ C12 such that (t,X) is a
local minimum of v — ¢
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e Ve : set of continuous functions ¢ on [0; T] x [0; +-00[X[0; 1]
Eolelos satisfying ¢(t,0,f) = 0 and

Saporta

A

sup lo(t, x, ) — (t, %, )|
[0:T]x]0+o02x[0;1]2 (1 + X1 4 Xa=1)(|x — X[ + x|f —1])

Mathematical
Results

(VO V1) is the unique viscosity solution of HIB equation in
V, x V, satisfying

VO(T,x,f) =VYT,x,f) =U(x) = x®
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Vi(t,x,f) = sSup E[U(WH* ™)) = xevi(t,1,f)

Benoite de
Saporta

Numerical Scheme

o VO(T,fy=VYT,f)=1

Numerical
Results
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Vi(t,x,f) = sSup E[U(WH* ™)) = xevi(t,1,f)

Benoite de
Saporta

Numerical Scheme
o VO(T,fy=VYT,f)=1
Numerical

Results e With the PDE part in HJB, compute VO(t, ) et V(t, )
from VO(t + dt, ) and V1(t +dt,-)
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Vit x,f) = sup E[U (W Wt = xevi(t, 1,f)
Saporta

Numerical Scheme
o VO(T,fy=VYT,f)=1
Resuls @ With the PDE part in HJB, compute VO(t, ) et V1(t, )
from VO(t + dt, ) and V1(t +dt,-)
@ Comparison
o if VO(t,f) > (1 — gor)*VI(t,f
otherwise VO(t,f) = (1 _—g 1
o if Vi(t,f) > (1 —g10)*VO(t,f
otherwise V1(t,f) = (1 — gao

), set VO(t,f) = VO(t,f)
01)°V1(t,f)
), set Vi(t,f) = Vi(t,f)
)°VO(t, f)




Value Function V?°

S
=

Shape

2,0 =0.15,

p2 =—p1 =02, A1

T=3
0.01

Parameters
Jo1 = Y10
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Value Function V°

Regularity |

Optimal Transaction costs go; = g10 = 0.01

Portfolio

Agosc/azti;n Zoom betweent =25andt=3=T

noite de
Apor
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Value Function V°
""""""""""" Regularity Il
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Benote de . B Sections att = 2.90,
L Sectionatf = 0.05 t=201,t=292t=2093

uuuuu

Numerical
Results
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penote e @ Compute V0, V1

@ Estimate F; from the
stock

@ Compare VO(t,Fy) et
Vl(t, Ft):

Numerical
Results

. @ buy if A .
VO(t,Fy) = (1 — go1)*Vi(t,F)
A o sellif ) .
Vi(t,Fy) = (1 —g10)*VO(t, Fy)

w1 =—0.2, up =0.2, 0 =0.15,
M=2,20=2,T=3
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E‘;zﬂf{;‘@ e time discretization step 10~°
e space discretization step 103

@ 10° Monte Carlo simulations of the Efficient Strategy

Numerical Fo 0 0.1 0.2 0.3 0.4 0.5
Results VO 1.061 | 1.057 | 1.053 | 1.049 | 1.045 | 1.043
Strategy | 1.061 | 1.056 | 1.052 | 1.049 | 1.045 | 1.043

Fo 0.6 0.7 0.8 0.9 1
VO 1.041 | 1.039 | 1.038 | 1.037 | 1.036
Strategy | 1.040 | 1.039 | 1.038 | 1.037 | 1.036




Miscalibrated Efficient Strategy vs Moving
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Numerical

Resuits miscalibrated parameters: miscalibrated parameters:

1 = —0.18, yp = 0.18, i1 = —0.18, pp = 0.18,
0=015A\ =4\ =4 c=025X\ =4 =4

Real parameters: ;1 = —0.2, up = 0.2, 0 = 0.15, \; = 2,
AN=2,T=3,=0.8

100000 Monte Carlo Simulations

transaction costs: gg; = g0 = 0.001
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