
cond-mat/9902044   3 Feb 1999

H
ow

to
reco

n
cile

M
a
rk
et

E
�
cien

cy
a
n
d
T
ech

n
ica

l

A
n
a
ly
sis

A
le
x
a
n
d
r
a
Ilin

s
k
a
ia

�
a
n
d
K
ir
ill

Ilin
s
k
i �
�

�
Q
u
a
n
tita

tiv
e
A
n
a
ly
sis�

A
u
stra

lia
a
n
d
N
e
w
Z
ea
la
n
d
In
v
e
stm

e
n
t
B
a
n
k
�

L
o
n
d
o
n
o
�
ce
�
U
n
ited

K
in
g
d
o
m

�
S
c
h
o
o
l
o
f
P
h
y
sic

s
a
n
d
A
stro

n
o
m
y
�
U
n
iv
e
rsity

o
f
B
irm

in
g
h
a
m
�

E
d
g
ba
sto

n
B
�
�
�
T
T
�
B
irm

in
g
h
a
m
�
U
n
ited

K
in
g
d
o
m

A
b
s
t
r
a
c
t

W
eak

fo
rm

o
f
th
e
E
�
cien

cy
M
arket

H
y
p
oth

esis
�E
M
H
�
ex
clu

d
es

p
red

ic�
tion

s
o
f
fu
tu
re
m
a
rket

m
ovem

en
ts
from

h
istorical

d
ata

an
d
m
ak
es
th
e
tech

n
ical

a
n
aly

sis
�T
A
�
ou
t
of

law
�
H
ow

ev
er

th
e
tech

n
ical

a
n
aly

sis
is
w
id
ely

u
sed

b
y

trad
ers

an
d
sp
ecu

lators
w
h
o
stead

ely
refu

se
to

con
sid

er
th
e
m
ark

et
as

a
�fair

ga
m
e�

a
n
d
su
rv
ive

w
ith

su
ch

b
eliev

e�
In

th
e
p
ap
er

w
e
m
ake

a
con

jectu
re

th
a
t
T
A

an
d
E
M
H

co
rresp

on
d
to

d
i�
eren

t
tim

e
regim

es
an
d
sh
ow

h
ow

b
oth

tech
n
ical

a
n
aly

sis
p
red

iction
s
for

sh
ort

tim
es

a
n
d
realistic

statistical
d
ata

for
larg

er
tim

es
ca
n
b
e
o
b
tain

ed
in

a
sim

p
le
sin

gle
sto

ck
m
o
d
el
of

G
au
ge

T
h
eory

of
A
rb
itrag

e�

K
ey

w
ord

s�
tech

n
ical

an
aly

sis�
arb

itrage�
m
ark

et
eq
u
ilib

riu
m

�
In
tro

d
u
c
tio

n

F
or

m
an

y
d
ecad

es
p
eop

le
w
h
o
d
eal

w
ith

secu
rites

are
d
iv
id
ed

in
to

tw
o
grou

p
s�

T
h
e

�
rst

grou
p

�feels�
th
e
m
ark

et�
listen

s
h
ow

th
e
m
ark

et
�b

reath
es�

an
d

treat
th
e

m
arket

as
alive

b
ein

g
����

T
o
d
o
th
is

th
ey

an
aly

ze
h
istorical

d
ata

for
p
rices

an
d

volu
m
es�

d
raw

p
attern

s
an

d
con

stru
ct

in
d
icators�

i�e�
m
ak

e
u
se

of
m
ach

in
ery

of
th
e

tech
n
icalan

aly
sis

�T
A
	
�
�

���
T
h
ey

are
tech

n
ician

s�
If
som

eb
od

y
ask

s
th
em

w
h
eth

er
th
e
p
rice

is
a
ran

d
om

p
ro
cess

th
e
an

sw
er

w
ill

b
e
em

otion
al

an
d
stron

gly
n
egative�

N
o
on

e
trad

er
w
ou

ld
agree

th
at

h
is

job
is

eq
u
ivalen

t
to

th
row

in
g
a
d
ice�

In
th
e

sam
e
tim

e�
th
e
secon

d
grou

p
�
rou

gh
ly

sp
eak

in
g�

assu
m
es

th
at

th
e
p
rice

is
a
ran

d
om

p
rocess�

th
e
gam

e
is

fair
an

d
th
e
m
ark

et
is

e�
cien

t�
In
d
eed

�
ev
en

w
eak

form
of

th
e

E
�
cien

t
M
arket

H
y
p
oth

esis
�E

M
H
	
sais

�
�
th
at

th
e
all

relevan
t
in
form

ation
cam

e
from

h
istorical

d
ata

is
en

cod
ed

in
th
e
cu

rren
t
p
rice

an
d
�
h
en

ce�
th
e
on

ly
in
gred

ien
t

�
E
�m

a
il�

k
n
i�

th
�p
h
�b
h
a
m
�a
c�u

k

�



w
h
ich

is
ab

le
to

in
�
u
en

ce
th
e
fu
tu
re

p
rices

is
a
n
ew

in
form

ation
�
T
h
e
in
form

ation
is

u
n
p
red

ictab
le

an
d
ran

d
om

�
T
h
is

ex
clu

d
es

p
red

iction
s
of

fu
tu
re

m
ark

et
m
ovem

ents
from

h
istorical

d
ata�

i�e�
m
ak

es
th
e
tech

n
ical

an
aly

sis
ou

t
of

law
�
E
M
H

lais
in

a
b
asis

of
th
e
�
n
an

cial
an

aly
sis

�
�
��

��
w
ith

m
an

y
ou

tcom
es

su
ch

as
m
od

ern
p
ortfolio

th
eory

����
an

d
d
erivative

p
ricin

g
�����

T
h
e
con

�
ict

lasts
for

y
ears�

M
an

y
e�

orts
h
ave

b
een

m
ad

e
to

ch
eck

E
M
H
�
T
h
is

lead
ed

to
b
elieve

th
at

�th
e
ev

id
en

ce
for

w
eak

�form
m
ark

et
e�

cien
cy

is
v
ery

stron
g�

an
d
th
at

�tech
n
ical

an
aly

sts
are

d
elu

d
in
g
th
em

selv
es

ab
ou

t
th
eir

ab
ility

to
p
red

ict
fu
tu
re

p
rice

m
ovem

en
ts�

�
��
In

th
e
sam

e
tim

e�
th
ere

is
a
n
u
m
b
er

of
statistical

estim
ation

s
of

T
A

p
red

iction
accu

racy
�see�

for
ex
am

p
le

����
���	

w
h
ich

ex
clu

d
es

p
u
re

ran
d
om

p
rocess�

S
h
ortly�

T
A

m
ore

often
is

righ
t
th
an

w
ron

g
b
u
t
still

it
is

n
ot

a
�H

oly
G
rail�

�����
S
u
m
m
arizin

g�
trad

ers
an

d
sp
ecu

lators
m
ain

ly
stick

w
ith

tech
n
ical

an
aly

sis
w
h
ile

fu
n
d
m
an

agers
an

d
q
u
an

titativ
e
an

aly
sts

b
ase

th
eir

strategies
on

E
M
H
�
T
h
ere

d
if�

feren
ce

b
etw

een
p
layers

su
ggests

th
at

th
e
con

�
ict

is
d
u
e
to

d
i�
eren

t
tim

e
h
orizon

s�
F
rom

th
is

p
oin

t
of

v
iew

�
th
e
T
A

p
red

iction
s
ex

ists
d
u
e
to

an
in
tern

al
d
eterm

in
istic

d
y
n
am

ics
w
h
ich

b
rin

gs
th
e
m
ark

et
to

eq
u
ilib

riu
m
�
T
h
e
m
ark

et
h
as

a
lon

g
en

ou
gh

m
em

ory
��
�

an
d

th
e
d
y
n
am

ics
is

n
ot

so
fast

as
E
M
H

assu
m
es�

W
e
sh
ow

in
th
e

p
ap

er
th
at�

in
fact�

T
A

an
d
E
M
H

can
b
e
ob

served
in

th
e
sam

e
m
od

el
for

a
m
ark

et
relax

ation
an

d
th
e
regim

e
d
ep

en
d
s
on

ly
on

a
tim

e
scale�

M
ore

p
recise�

w
e
sh
ow

th
at

T
A

in
d
icators

an
d
th
e
corresp

on
d
in
g
p
red

iction
s
d
o
ex
ist

for
sh
ort

tim
es

w
h
ile

for
large

tim
es

th
e
m
od

el
p
rod

u
ces

E
M
H

state
w
ith

realistic
statistical

d
ata�

In
a
certain

sen
se�

th
e
situ

ation
w
ith

E
M
H

an
d
T
A

sligh
tly

resem
b
les

a
con

�
ict

b
etw

een
S
ch

r�od
in
ger

an
d
L
ap

lacian
d
eterm

in
ism

in
th
e
b
egin

n
in
g
of

th
e
cen

tu
ry

in
p
h
y
sics�

L
et

u
s
rem

in
d
th
at

th
e
L
ap

lacian
�or

classical	
p
ictu

re
im

p
lies

th
e
p
ossib

ility
to

d
eterm

in
e
a
fu
tu
re

state
of

a
d
y
n
am

ical
sy
stem

p
recisely

su
b
ject

to
th
e
con

d
ition

th
at

th
e
cu

rren
t
state

is
com

p
letely

k
n
ow

n
�
T
h
e
S
ch

r�od
in
ger�s

d
eterm

in
ism

im
p
lies

th
at

on
ly

th
e
p
rob

ab
ility

of
th
e
fu
tu
re

states
of

th
e
sy
stem

can
b
e
p
red

icted
�
T
h
e

con
�
ict

is
d
u
e
to

th
e
fact

th
at

all
w
e
can

see
arou

n
d
u
s
is

d
eterm

in
istic

�ex
actly

as
ex
trem

e
ap

ologist
of

T
A

m
ay

say
	
b
u
t
th
e
th
eory

p
red

icts
v
ital

in
�
u
en

ce
of

q
u
an

tu
m

�
u
ctu

ation
s
for

lon
g
en

ou
gh

tim
es

�for
ex
am

p
le�

a
car

can
tu
n
el

th
rou

gh
a
w
all

if
w
e

w
ait

lon
g
en

ou
gh

	�
H
ow

ever�for
sm

allen
ou

gh
tim

es
an

y
q
u
an

tu
m

sy
stem

b
eh

aves
as

classical�
F
ollow

in
g
th
is
lin

e
w
e
sh
ow

in
th
e
fram

ew
ork

of
G
au

ge
T
h
eory

of
A
rb
itrage

th
at

as
tim

e
goes

th
e
d
eterm

in
istic

T
A

regim
e
is
su
b
titu

ted
b
y
E
M
H
regim

e
in

cou
rse

of
a
relax

ation
eq

u
ilib

ration
p
rocess�

R
ecen

tly�in
p
ap

ers
�������th

e
G
au

ge
T
h
eory

of
A
rb
itrage

�G
T
A
	
w
as

in
trod

u
ced

to
d
escrib

e
relax

ation
p
rocesses

in
�
n
an

cial
m
arket�

T
h
e
ap

p
roach

u
ses

m
eth

od
s
of

q
u
an

tu
m

�
eld

th
eory

an
d
b
ased

on
th
e
ob

servation
th
at

th
e
d
iscou

n
tin

g
p
roced

u
re

can
b
e
con

sid
ered

as
a
p
arallel

tran
sp
ort

in
a
com

p
licated

sp
ace

an
d
cu

rvatu
re

of
th
is

sp
ace

is
con

n
ected

w
ith

v
irtu

al
arb

itrage
op

p
ortu

n
ities�

T
h
is

allow
s
u
s
to

m
ap

th
e
th
eory

of
cap

ital
m
ark

et
on

to
th
e
th
eory

of
q
u
an

tu
m

sy
stem

of
p
articles

w
ith

p
ositive

�secu
rities	

an
d
n
egativ

e
��d

eb
ts�	

ch
arges

w
h
ich

in
teract

w
ith

each
oth

er
th
rou

gh
electrom

agn
etic

�
eld

�gau
ge

�
eld

of
th
e
arb

itrage	�
In

th
e
case

of
a
local

v
irtu

al
m
isp

ricin
g
m
on

ey
�
ow

s
in

th
e
region

of
con

�
gu

ration
sp
ace

�m
on

ey
p
oor

in
th
e
p
ro�

tab
le
secu

rity
	
w
h
ile

�d
eb

ts�
try

to
escap

e
from

th
e
region

�
E
n
terin

g
p
ositive

ch
arges

an
d
leav

in
g
n
egative

on
es

screen
u
p
th
e
p
ro�

tab
le

�
u
ctu

ation
an

d
restore

th
e
eq

u
ilib

riu
m

in
th
e
region

w
h
ere

th
ere

is
n
o
m
isp

ricin
g
an

y
m
ore�

i�e�
sp
ecu

lators






w
ash

ed
ou

t
th
e
p
ro�

tab
le

op
p
ortu

n
ity�

It
is

im
p
ortan

t
to

n
ote

th
at

in
sim

p
lest

ap
p
rox

im
ation

of
ab

sen
ce

of
m
on

ey
�
ow

s
G
T
A

is
eq

u
ivalen

t
to

th
e
assu

m
p
tion

ab
ou

t
th
e
log�n

orm
alw

alk
s
of

assets
p
rices�

M
ore

realistic
statisticalch

aracteristics
of

p
rice

series
ap

p
ear

if
th
e
m
on

ey
�
ow

s
are

taken
in
to

accou
n
t
�
���

W
e
d
iscu

ss
G
T
A

in
m
ore

d
etails

in
section

��
T
h
e
p
ap

er
is

organ
ized

as
follow

s�
In

th
e
n
ex
t
section

w
e
m
ain

issu
es

of
E
M
H

an
d
T
A

to
m
ake

th
e
con

sid
eration

self�con
tain

ed
�
In

section
�
w
e
give

m
otivation

of
G
T
A

con
sid

eration
an

d
in
trod

u
ce

th
e
G
T
A

m
od

el
follow

in
g
����

���

���

W
e
sh
ow

h
ow

th
e
m
od

el
lead

s
to

T
A

b
eh

av
iou

r
in

th
e
sh
ort

tim
e
lim

it
an

d
d
em

on
strates

a
q
u
an

titative
agreem

en
t
w
ith

m
ark

et
statistical

d
ata

for
large

en
ou

gh
tim

es�
T
h
e

p
ap

er
is

con
clu

d
ed

w
ith

�
n
al

rem
ark

s�

�
T
e
c
h
n
ic
a
l
A
n
a
ly
sis

v
s
M
a
rk
e
t
E
�
c
ie
n
c
y

�
��

T
e
c
h
n
ic
a
l
A
n
a
ly
sis

T
h
e
tech

n
ical

an
aly

sis
�T

A
	
in

gen
eral

can
b
e
d
e�

n
ed

as
a
set

of
m
eth

od
s
for

p
re�

d
iction

s
of

fu
tu
re

p
rices

w
h
ich

is
b
ased

on
�m

ath
em

atical�
rath

er
th
an

econ
om

ical
calcu

lation
s�

It
w
as

fou
n
d
ed

for
p
u
re

u
tilitarian

p
u
rp
oses�

i�e�
to

get
a
p
ro�

t
from

sp
ecu

lation
s
p
lay

in
g
w
ith

stock
s
an

d
�
later�

w
ith

fu
tu
res�

In
th
e
sam

e
m
easu

re
as

th
e
fu
n
d
am

en
tal

an
aly

sis
is

a
job

for
econ

om
ists�

th
e
tech

n
ical

an
aly

sis
is

a
�
eld

for
en

gin
eers�

It
d
oes

n
ot

m
ean

�
h
ow

ever�
th
at

th
ere

is
n
ot

p
lace

for
a
fu
n
d
am

en
tal

eco�
n
om

ic
in
form

ation
in

T
A
�
In

p
ap

er
����

w
e
sh
ow

ed
h
ow

to
in
corp

orate
fu
n
d
am

en
tal

in
form

ation
s
on

a
correlation

of
com

p
an

ies
sh
are

p
rices

in
to

T
A

to
con

stru
ct

n
ew

correlative
in
d
icators

on
th
e
ex
am

p
le

of
tw

o
p
rin

cip
le

en
ergy

su
p
p
ly

com
p
an

ies
in

R
u
ssia�

W
e
b
elieve

th
at

th
e
b
ack

grou
n
d
for

a
gen

eral
m
u
ltiasset

con
sid

eration
is

given
b
y
M
an

tegn
a�s

u
ltram

etric
trees

���
as

it
w
as

con
stru

cted
for

stock
s
in

D
JIA

an
d
S
�

P
���

in
d
ex

�
K
eep

in
g
asid

e
p
attern

s
of

classical
tech

n
ical

an
aly

sis�
E
lliott

w
ave

th
eory

���
an

d
Jap

an
ise

can
d
lestick

s
����

w
h
ere

a
recogn

ition
of

a
p
attern

is
q
u
ite

su
b
jective�

it
is

p
ossib

le
to

say
th
at

T
A

con
sists

of
a
set

of
sim

p
le
in
d
icators

calcu
lated

from
p
rev

iou
s

volu
m
es

an
d
p
rices�

T
h
e
in
d
icators

p
rod

u
ce

�b
u
y
�
an

d
�sell�

sign
als

an
d

can
b
e

veri�
ed

on
h
istorical

d
ata

�th
is

d
oes

n
ot

im
p
lies�

h
ow

ever�
th
at

th
e
in
d
icators

w
ill

w
ork

in
fu
tu
re	�

It
is

clear
th
at

th
ere

is
a
h
u
ge

n
u
m
b
er

of
com

b
in
ation

s
of

p
rices

an
d
volu

m
es

w
h
ich

can
b
e
p
oten

tial
in
d
icators

b
u
t
on

ly
few

of
th
em

su
rv
iv
e
after

real
d
ata

tests�
M
ath

em
atically

T
A

is
very

sim
p
le

an
d

can
n
ot

b
e
com

p
ared

w
ith

com
p
licated

�
n
an

cial
m
ath

em
atics

in
volved

in
p
ortfolio

th
eory�

p
ricin

g
an

d
h
ed

gin
g
th
eory�

T
h
is

cau
ses

a
certain

d
isb

eliefin
T
A
�A

n
oth

er
sou

rce
of

d
ou

b
ts

is
a
p
ossib

ility
to

con
stru

ct
a
trad

in
g
p
lan

�
i�e�

an
algorith

m
w
h
ich

w
ill

su
b
stitu

te
a
trad

er�
In
d
eed

�
th
e
m
ark

et
con

sists
of

h
u
m
an

b
ein

gs�
re�

ects
h
u
m
an

p
sy
ch
ology

an
d
can

n
ot

b
e
p
u
t
in

a
�
n
ite

set
of

sim
p
le

eq
u
ation

s�
S
u
p
p
orters

of
T
A

argu
e
th
at

th
e
b
asic

p
rin

cip
les

of
econ

om
ic

th
eories

are
n
ot

v
ery

com
p
licated

as
w
ellth

ou
gh

th
ey

d
evelop

ed
to

d
escrib

e
th
e
sam

e
m
arket�

C
on

cern
in
g
th
e
trad

in
g
p
lan

�
th
ere

is
an

op
in
ion

th
at

th
e
p
lan

is
u
sefu

l
to

save
�
n
an

cial
an

d
em

otion
al

p
oten

tial
of

trad
ers

in
u
n
certain

an
d
fastly

ch
an

gin
g

in
form

ation
al

en
v
irom

en
t
����

In
a
sen

se
it

is
an

alogu
es

to
w
alk

in
g
in

a
forest

w
h
en

�



som
eb

od
y
lost

h
is

w
ay

�
it

is
b
etter

to
go

straigh
t
ah

ead
in
stead

of
m
ak

in
g
loop

s
after

loop
s
as

a
d
ru
n
k
sailor�

P
u
ttin

g
sh
ort�

T
A

b
ein

g
a
con

traversial
su
b
ject�

is
p
op

u
lar

am
on

g
in
vestors

an
d

w
id
ely

u
sed

b
y
p
rofession

al
trad

ers�
It

is
n
ot

risk
�free�

C
lear

sign
als

d
o
n
ot

com
e

very
often

an
d
it

is
h
ard

to
collect

statistics
an

d
m
ak

e
m
on

ey
of

it�
T
h
e
situ

ation
on

a
m
arket

ch
an

ges
w
ith

th
e
tim

e
an

d
it

is
im

p
ortan

t
to

ad
ju
st

T
A

toolk
it

to
it�

T
h
is

fact
also

sm
ears

th
e
statistics�

H
ow

ever�
T
A

is
m
ore

often
righ

t
th
an

w
ron

g
an

d
th
ere

are
certain

m
ark

et
p
attern

s�
L
et

u
s
n
ow

to
d
escrib

e
a
few

T
A

in
d
icators

to
illu

strate
th
at

w
as

said
ab

ove�
F
irst

w
e
con

sid
er

W
illiam

�s
�

R
in
d
icator

W
n
for

n
p
eriod

s
�e�g�

d
ay

s	
w
h
ich

con
stru

cted
from

p
rev

iou
s
p
rices

on
ly�

It
is

given
b
y
th
e
form

u
la�

W
n
�
�
����

H
n �

C

H
n �

L
n

w
h
ere

C
is

a
last

closin
g
p
rice�

H
n
an

d
L
n
are

h
igh

est
an

d
low

est
p
rices

for
last

n
d
ay

s�
T
h
e
in
d
icator

oscillates
b
etw

een
in

th
e
ran

ge
b
etw

een
����

an
d
��

U
n
d
ervalu

ed
zon

e
lay

s
in

ran
ge

����
an

d
�����
�	�

overvalu
ed

zon
e
sp
an

s
from

�
�
to

��
T
h
e
�b

u
y
�

��sell�	
sign

al
com

es
w
h
en

th
e
in
d
icator

leaves
th
e
u
n
d
ervalu

ed
�overvalu

ed
	
zon

e�
T
h
e
m
eth

od
is

very
sim

p
le

an
d
is

easy
to

u
se�

A
n
oth

er
ex

am
p
le

of
T
A

toolk
it

are
P
ositiv

e
V
olu

m
e
In
d
ex

�P
V
I
	
an

d
N
egative

V
olu

m
e
In
d
ex

�N
V
I
	
���

w
h
ich

w
e
u
se

in
th
e
p
ap

er�
T
h
ey

are
d
e�

n
ed

b
y

th
e

follow
in
g
ru
les�

P
V
I
n
�
P
V
I
n
�
� ��

�
��V

n �
V
n
�
� 	�

r
n 	

�
��	

N
V
I
n
�
N
V
I
n
�
� ��

�
��V

n
�
� �

V
n 	�

r
n 	

�
�
	

w
h
ere

r
n
an

d
V
n
are

th
e
retu

rn
an

d
trad

e
volu

m
e
in

n
�th

p
eriod

�
an

d
��x

	
is

th
e

H
eav

y
sid

e
step

�fu
n
ction

d
e�

n
ed

as
��x

�
�	

�
�
w
ith

zero
valu

e
oth

erw
ise�

O
n
e

of
in
terp

retation
s
of

th
e
P
V
I
assu

m
es

th
at

in
th
e
p
eriod

s
w
h
en

volu
m
es

in
creases�

th
e
crow

d
of�u

n
in
form

ed
�
in
vestors

are
in

th
e
m
ark

et�
T
h
ese

d
ay

s
con

trib
u
te

to
th
e

P
V
I
�
C
on

versely�
on

d
ay

s
w
ith

d
ecreasin

g
volu

m
e�

th
e
�sm

art
m
on

ey
�
is

q
u
itely

tak
in
g
p
osition

s
w
h
ich

is
re�

ected
b
y
N
V
I
�
H
ow

ever�
it

is
im

p
ortan

t
to

rem
em

b
er

th
at

th
is

is
ju
st

on
of

p
ossib

le
in
terp

retation
s
of

th
e
in
d
ices

an
d

th
ey

can
w
ork

b
ecau

se
of

oth
er

reason
s�

W
e
sh
all

see
in

section
�
th
at

th
e�classical�

d
y
n
am

ics
of

th
e
m
od

el
w
e
an

aly
ze

rev
eals

p
red

iction
s
of

th
e
N
V
I
an

d
P
V
I
in
d
icators

th
ou

gh
th
e
ab

ove
in
terp

retation
h
ard

ly
can

b
e
u
sed

th
ere�

�B
u
y
�
an

d
�sell�

sign
als

ap
p
ear

w
h
en

th
e
in
d
ices

cross
th
eir

ow
n

m
ov

in
g
averages�

S
tatistical

estim
ation

s
of

th
e

in
d
icators

accu
racy

an
d
fu
rth

er
referen

ces
can

b
e
fou

n
d
in

R
ef�

����

�
��

E
�
c
ie
n
t
M
a
rk
e
t
H
y
p
o
th
e
sis

In
th
e
In
trod

u
ction

w
e
form

u
lated

a
con

�
ict

b
etw

een
T
A

an
d

E
�
cien

t
M
arket�

In
d
eed

�
if�

accord
in
g
to

E
M
H
�
an

y
relevan

t
in
form

ation
is
in
clu

d
ed

in
p
rices

alread
y�

th
en

th
ere

is
n
o
w
ay

to
p
red

ict
p
rices

from
h
istorical

d
ata�

as
T
A

assu
m
es�

W
e
sh
ow

n
ow

th
at

th
e
con

�
ict

is
ap

p
aren

t
an

d
steam

s
from

an
in
accu

rate
E
M
H

d
e�

n
ition

�
L
et

u
s
d
e�

n
e
E
�
cien

t
M
arket

follow
in
g
�

�

as
a
su
p
erp

osition
of

th
e
R
ation

al
E
x
p
ectation

H
y
p
oth

esis
an

d
O
rth

ogon
ality

p
rop

erty�
R
a
tio

n
a
l
E
xp
ecta

tio
n
H
y
p
o
th
�

esis
states

th
at�

�



��
A
gen

ts
are

ration
al�

i�e�
u
se

an
y
p
ossib

ility
to

get
m
ore

th
an

less
if
th
e
p
ossi�

b
ility

occu
r�


�
T
h
ere

ex
ists

a
p
erfect

p
ricin

g
m
od

el
an

d
all

m
arket

p
articip

an
ts

k
n
ow

th
is

m
od

el�

��
A
gen

ts
h
ave

all
relevan

t
in
form

ation
to

in
corp

orate
in
to

th
e
m
od

el�

U
sin

g
th
e
m
od

elan
d
th
e
in
form

ation
th
e
ration

al
agen

ts
form

an
ex
p
ectation

valu
e
of

th
e
fu
tu
re

retu
rn

E
t R

t�
� �

T
h
is

ex
p
ectation

valu
e
can

d
i�
ers

from
th
e
actu

al
valu

e
of

th
e
retu

rn
R
t�

�
on

a
estim

ation
error

�
t
�

R
t�

� �
E
t R

t�
� �

T
h
e
O
rth

o
go
n
a
lity

p
ro
p
erty

im
p
lies

th
at�

��
�
t�

�
is

a
ran

d
om

variab
le

w
h
ich

ap
p
ears

d
u
e
to

com
m
in
g
of

n
ew

in
form

ation
�


�
�
t�

�
is

in
d
ep

en
d
en
t
on

fu
ll
in
form

ation
set

�
t
at

tim
e
t
an

d

E
t ��

t�
� j�

t 	
�

�
�

If
agen

ts
h
ave

a
w
ron

g
m
od

el
th
en

th
e
m
od

el
gives

a
sy
stem

atic
error

an
d

som
e

serial
correlation

of
�
t�

�
an

d
�
�
�w

ith
�
�
t
�

�	
em

erges�
F
or

ex
am

p
le�

if

�
t�

�
�
�
�
t
�
�
t

w
h
ere

�
is

a
p
aram

eter
of

th
e
serial

correlation
an

d
�
t
is

a
w
h
ite

n
oise�

th
en

�

��
E
t ��

t�
� j�

t 	��
�
an

d


�
E
t R

t�
�
is

n
ot

a
b
est

ex
p
ectation

�
i�e�

th
e
m
od

el
is

w
ron

g�

In
d
eed

�
w
e
can

im
p
rove

th
e
m
od

el
u
sin

g
 E
t R

t�
�
as

a
n
ew

m
od

el
ex
p
ectation

�

 E
t R

t�
�
�
E
t R

t�
�
�
��R

t �
E
t
�
� R

t
�
� 	
�

If
agen

ts
d
o
n
ot

im
p
rove

th
e
m
od

el
in

th
is
w
ay

th
ey

are
irration

al
an

d
th
ere

ex
ists

a
p
ossib

ility
of

a
su
p
erp

ro�
t�

T
h
at

is
w
h
y
som

e
tests

of
th
e
m
ark

et
e�

cien
cy

con
cen

�
trate

on
th
e
ex

isten
ce

of
th
e
serial

correlation
s
an

d
th
e
su
p
erp

ro�
t�

E
x
celen

t
rev

iew
of

variou
s
tests

an
d
resu

lts
can

b
e
fou

n
d
in

�

��
A
lm

ost
all

of
th
em

sh
ow

th
at

E
M
H

d
oes

n
ot

h
old

�
at

least
u
sin

g
th
e
ex
istin

g
p
ricin

g
m
od

els
as

a
can

d
id
ates

for
th
e
role

of
th
e
p
erfect

m
od

el�
W

h
at

is
im

p
ortan

t
for

ou
r
goal

h
ere

is
th
at

th
e
p
erfect

p
ricin

g
m
od

el
E
t R

t�
�

is
form

ed
u
sin

g
all

relevan
t
in
form

ation
an

d
�
in

p
articu

lar�
h
istorical

d
ata�

L
et

u
s

con
sid

er
an

ex
am

p
le�

If
arrival

of
n
ew

in
form

ation
in
creased

a
retu

rn
of

a
secu

rity
com

p
arin

g
w
ith

oth
er

secu
rities

w
ith

th
e
sam

e
m
easu

re
of

risk
�
th
en

ration
al

trad
ers

b
u
y
th
e
p
ro�

tab
le

secu
rity

an
d
sell

oth
ers

u
n
til

th
e
retu

rn
s
w
ill

n
ot

eq
u
alize�

T
h
is

eq
u
alization

�relax
ation

	
p
rocess

is
n
ot

in
�
n
itely

fast�
it

tak
es

som
e
tim

e
an

d
h
as

to
b
e
accou

n
ted

in
th
e
p
erfect

p
ricin

g
m
od

el�
T
h
e
k
n
ow

led
ge

of
h
ow

th
e
relax

ation
goes

can
b
e
ob

tain
ed

from
availab

le
in
form

ation
an

d
h
istorical

d
ata�

It
m
ean

s
th
at

th
e
an

aly
sis

of
h
istorical

d
ata

an
d
u
n
d
erly

in
g
m
arket

forces
are

ex
trem

ely
im

p
ortan

t
to

con
stru

ct
a
m
od

el
of

fu
tu
re

p
rices

d
y
n
am

ics
or�

m
ore

p
recise�

th
e
d
y
n
am

ics
of

th
e

ex
p
ected

fu
tu
re

p
rices

�����
A
t
th
is
p
oin

t
w
e
retu

rn
to

th
e
T
ech

n
ical

A
n
aly

sis�
w
h
ich

�



is
a
set

of
em

p
irical

�p
h
en

om
en

ological	
ru
les

for
ex
p
ected

fu
tu
re

p
rices

p
red

iction
s

an
d
th
e
corresp

on
d
in
g
in
vestm

ent
d
ecision

s�
T
h
e
com

p
arison

of
ch
aracteristic

tim
es

of
th
e
retu

rn
�
u
ctu

ation
s
an

d
th
e
m
ark

et
relax

ation
d
e�

n
es

th
en

th
e
ap

p
licab

ility
of

T
A
�
If
w
e
assu

m
e
th
at

th
e
relax

ation
tim

e
is

m
u
ch

sm
aller

th
an

th
e
relax

ation
on

e�
w
e
retu

rn
to

th
e
sim

p
li�

ed
E
M
H

d
e�

n
ition

w
ith

all
relevan

t
in
form

ation
in
clu

d
ed

in
th
e
p
rice

an
d
th
e
corresp

on
d
in
g
p
rice

ran
d
om

w
alk

�
F
ollow

in
g
th
is

lin
e
w
e
can

say
th
at

it
resolve

th
e
con

�
ict

b
etw

een
th
e
T
ech

n
icalA

n
aly

sis
an

d
th
e
M
arket

E
�
cien

cy�
S
u
m
m
arizin

g�
th
e
T
ech

n
ical

A
n
aly

sis
can

b
e
con

sid
ered

as
a
p
h
en

om
en

ological
m
eth

od
of

con
stru

ction
of

a
m
ean

p
rice

m
od

el
for

fu
tu
re

p
rices�

It
u
ses

p
rice

h
istory

to
estim

ate
th
e
m
ark

et
relax

ation
an

d
is

valid
w
h
en

th
e
relax

ation
tim

e
is

n
ot

zero�
R
eal

p
rices

are
stoch

astically
d
istrib

u
ted

arou
n
d

th
e
m
ean

p
rice

an
d

th
is

con
stitu

tes
th
e
E
�
cien

t
M
arket

H
y
p
oth

esis�
N
ow

w
e
sh
ow

h
ow

th
ese

T
A

p
red

iction
s

for
sm

all
tim

es
an

d
E
M
H

realistic
d
istrib

u
tion

fu
n
ction

for
p
rices

can
b
e
ob

tain
ed

from
th
e
sam

e
m
od

el�
T
h
is

m
od

el
is

costru
cted

in
th
e
fram

ew
ork

of
G
au

ge
T
h
eory

of
A
rb
itrage

�G
T
A
	
�����

w
h
ich

w
e
d
escrib

e
in

th
e
n
ex
t
section

�

�
G
T
A

m
o
d
e
l

W
h
en

a
m
isp

ricin
g
ap

p
ears

in
a
m
ark

et�m
arket

sp
ecu

lators
an

d
arb

itrageu
rs

rectify
th
e
m
istak

e
b
y
ob

tain
in
g
a
p
ro�

t
from

it�
In

th
e
case

of
p
ro�

tab
le

�
u
ctu

ation
s
th
ey

m
ove

in
to

p
ro�

tab
le

assets�
leav

in
g
com

p
arab

ly
less

p
ro�

tab
le

on
es�

T
h
is

a�
ects

p
rices

in
su
ch

a
w
ay

th
at

all
assets

of
sim

ilar
risk

b
ecom

e
eq
u
ally

attractiv
e�

i�e�
th
e

sp
ecu

lators
restore

th
e
eq

u
ilib

riu
m
�
If
th
is
p
rocess

occu
rs

in
�
n
itely

rap
id
ly�

th
en

th
e

m
arket

corrects
th
e
m
isp

ricin
g
in
stan

tly
an

d
cu

rren
t
p
rices

fu
lly

re�
ect

all
relevan

t
in
form

ation
�
H
ow

ever�clearly
it
is
an

id
ealization

an
d
d
oes

n
ot

h
old

for
sm

allen
ou

gh
tim

es
�
���

H
ere�follow

in
g
�����

w
e
giv

e
a
�m

icroscop
ic�

m
od

elto
d
escrib

e
th
e
m
on

ey
�
ow

s�
th
e
eq

u
ilib

ration
an

d
th
e
corresp

on
d
in
g
statistical

d
y
n
am

ics
of

p
rices�

T
h
e
gen

eral
p
ictu

re�
sk
etch

ed
ab

ove�
of

th
e
restoration

of
eq
u
ilib

riu
m

in
�
n
an

cial
m
arkets

resem
b
les

screen
in
g
in

electrod
y
n
am

ics�
In
d
eed

�
in

th
e
case

of
electrod

y
�

n
am

ics�
n
egativ

e
ch
arges

m
ove

in
to

th
e
region

of
th
e
p
ositive

electric
�
eld

�
p
ositive

ch
arges

get
ou

t
of

th
e
region

an
d

th
u
s
screen

th
e
�
eld

�
C
om

p
arin

g
th
is

w
ith

th
e

�
n
an

cial
m
ark

et
w
e
can

say
th
at

a
local

v
irtu

alarb
itrage

op
p
ortu

n
ity

w
ith

a
p
ositive

ex
cess

retu
rn

p
lay

s
a
role

of
th
e
p
ositiv

e
electric

�
eld

�
sp
ecu

lators
in

th
e
lon

g
p
osi�

tion
b
eh

ave
as

n
egativ

e
ch
arges�

w
h
ilst

th
e
sp
ecu

lators
in

th
e
sh
ort

p
osition

b
eh

ave
as

p
ositiv

e
on

es�
M
ovem

en
ts

of
p
ositiv

e
an

d
n
egative

ch
arges

screen
ou

t
a
p
ro�

tab
le

�
u
ctu

ation
an

d
restore

th
e
eq

u
ilib

riu
m

so
th
at

th
ere

is
n
o
arb

itrage
op

p
ortu

n
ity

an
y

m
ore�

i�e�
th
e
sp
ecu

lators
h
ave

elim
in
ated

th
e
arb

itrage
op

p
ortu

n
ity�

T
h
e
an

alogy
is

ap
p
aren

tly
su
p
er�

cial�
b
u
t
it

is
n
ot�

It
w
as

sh
ow

n
in

����
th
at

th
e
an

alogy
em

erges
n
atu

rally
in

th
e
fram

ew
ork

of
th
e
G
au

ge
T
h
eory

of
A
rb
itrage

�G
T
A
	�

T
h
e
th
eory

treats
a
calcu

lation
of

n
et

p
resen

t
valu

es
an

d
asset

b
u
y
in
g
an

d
sellin

g
as

a
p
arallel

tran
sp
ort

of
m
on

ey
in

som
e
cu

rved
sp
ace�

an
d

in
terp

ret
th
e

in
terest

rate�
ex

ch
an

ge
rates

an
d
p
rices

of
asset

as
p
rop

er
con

n
ection

com
p
on

en
ts�

T
h
is

stru
ctu

re
is

ex
actly

eq
u
ivalen

t
to

th
e
geom

etrical
stru

ctu
re

u
n
d
erly

in
g

th
e

electrod
y
n
am

ics
w
h
ere

th
e
com

p
on

en
ts

of
th
e
v
ector�p

oten
tial

are
con

n
ection

com
�

p
on

en
ts

resp
on

sib
le

for
th
e
p
arallel

tran
sp
ort

of
th
e
ch
arges�

T
h
e
com

p
on

en
ts

of
th
e

corresp
on

d
in
g
cu

rvatu
re

ten
sors

are
th
e
electrom

agn
etic

�
eld

in
th
e
case

of
electro�

�



d
y
n
am

ics
an

d
th
e
ex

cess
rate

of
retu

rn
in

case
of

G
T
A
�
T
h
e
p
resen

ce
of

u
n
certain

ty
is

eq
u
ivalen

t
to

th
e
in
trod

u
ction

of
n
oise

in
th
e
electrod

y
n
am

ics�
i�e�

q
u
an

tization
of

th
e
th
eory�

It
allow

s
on

e
to

m
ap

th
e
th
eory

of
th
e
cap

ital
m
ark

et
on

to
th
e
th
eory

of
q
u
an

tized
gau

ge
�
eld

in
teractin

g
w
ith

m
atter

�m
on

ey
�
ow

	
�
eld

s�
T
h
e
gau

ge
tran

sform
ation

s
of

th
e
m
atter

�
eld

corresp
on

d
to

a
ch
an

ge
of

th
e
p
ar

valu
e
of

th
e

asset
u
n
its

w
h
ich

e�
ect

is
elim

in
ated

b
y
a
gau

ge
tu
n
in
g
of

th
e
p
rices

an
d
rates�

F
ree

q
u
an

tu
m

gau
ge

�
eld

d
y
n
am

ics
�in

th
e
ab

sen
ce

of
m
on

ey
�
ow

s	
is

d
escrib

ed
b
y
a

geom
etrical

ran
d
om

w
alk

for
th
e
assets

p
rices

w
ith

th
e
log�n

orm
al

p
rob

ab
ility

d
is�

trib
u
tion

�
In

gen
eral

case
th
e
con

sid
eration

m
ap

s
th
e
cap

ital
m
ark

et
on

to
Q
u
an

tu
m

E
lectrod

y
n
am

ics
w
h
ere

th
e
p
rice

w
alk

s
are

a�
ected

b
y
m
on

ey
�
ow

s
an

d
resem

b
le

real
trad

in
g
d
ata�

In
sim

p
le

term
s�

w
e
con

sid
er

a
com

p
osite

sy
stem

of
p
rice

an
d
m
on

ey
�
ow

s�
In

th
is

m
od

el
�m

on
ey

�
rep

resen
ts

h
igh

freq
u
en

cy
trad

ers
w
ith

a
sh
ort

ch
aracteristic

trad
in
g
tim

e
�in

vestm
en

t
h
orizon

	
!

�for
th
e
case

of
S
�
P
���

b
elow

w
e
u
se

���
m
in

as
th
e
sm

allest
h
orizon

	�
T
h
e
p
articip

an
ts

trad
e
w
ith

each
oth

er
an

d
in
vestors

w
ith

lon
ger

tim
e
h
orizon

s�
T
h
is

sy
stem

is
ch

aracterized
b
y
th
e
join

t
p
rob

ab
ility

d
istrib

u
tion

of
m
on

ey
allocation

an
d
p
rice�

If
w
e
n
eglect

th
e
m
on

ey�
th
e
p
rice

ob
ey

s
th
e
geom

etrical
ran

d
om

w
alk

w
h
ich

is
d
u
e
to

in
com

in
g
in
form

ation
an

d
lon

ger
tim

e
h
orizon

s
trad

ers�
T
h
e
trad

er�s
b
eh

av
iou

r
on

tim
e
step

!
at

p
rice

S
is

d
escrib

ed
b
y

th
e
d
ecision

m
atrix

of
n
on

�n
orm

alized
tran

sition
p
rob

ab
ilities

�����

	
�!

	
� �

�
t
� S

�
��

�

t
� S
�
�
��

�
�

�
��	

w
h
ere

th
e
u
p
p
er

row
corresp

on
d
s
to

a
tran

sition
to

cash
from

cash
an

d
sh
ares

an
d

low
er

row
gives

corresp
on

d
in
g
p
rob

ab
ilities

for
a
tran

sition
to

sh
ares�

P
aram

eter
t
�

an
d
t
�
rep

resen
t
th
e
tran

saction
costs�

b
id
�ask

sp
read

an
d
can

m
od

el
an

y
p
articu

lar
in
vestor�s

d
ecision

m
ak

in
g
w
h
ich

w
e
w
an

t
to

in
clu

d
e
in

th
e
m
od

el�
B
elow

w
e
n
eglect

th
e
b
id
�ask

sp
read

an
d
tran

saction
costs

b
u
t
m
od

el
in
vestor�s

d
ecision

as
it

sh
ow

n
b
elow

�
T
h
e
p
aram

eter



is
a
�
ttin

g
p
aram

eter
p
lay

in
g
th
e
role

of
th
e
e�

ective
tem

p
eratu

re�
A
t
th
is

stage
d
i�
eren

t
trad

ers
are

in
d
ep

en
d
en
t
of

each
oth

er�
W
e
in
trod

u
ce

an
in
teraction

b
y
m
ak

in
g
h
op

p
in
g
elem

en
ts
d
ep

en
d
in
g
ad

d
ition

ally
on

ch
an

ge
in

trad
ers

con
�
gu

ration
�
T
h
is

in
teraction

can
m
od

el�
for

ex
am

p
le�

th
e
�h

erd
�
b
eh

av
iou

r
for

large
ch
an

ges
an

d
m
ean

�rev
ersion

an
ticip

ation
for

sm
all

ch
an

ges�
In

th
is

case
th
e

sim
p
lest

ch
oice

of
p
aram

eters
t
�
an

d
t
�
�

�
is

t
�
�
t
�
�

�
�
e
�
� �n

�
�M
�
�
�
�
�
�
�
� �
�n

�
�M

�
�
�
�
�
�

�
��	

w
h
ere

n
�
is

a
n
u
m
b
er

of
m
on

ey
am

ou
n
ts

�each
am

ou
n
t
eq

u
ivalen

t
to

th
e
sh
are

lot	
w
h
ich

h
ave

b
een

left
in

cash
for

th
e
ch

aracteristic
tim

e
!

an
d
�
� ��

�
are

som
e

n
u
m
erical

con
stan

ts�
It

is
clear

th
at

E
q
n
��	

d
escrib

es
�h

erd
�
b
eh

av
iou

r�
for

large
sales

�b
u
y
o�

	
an

in
vestor

is
also

b
iased

to
sale

�b
u
y
	�

i�e�
to

follow
th
e
�h

erd
��

In
th
e
sam

e
tim

e�
sm

all
n
� �M

�
��


say
s
th
at

th
e
m
arket

is
in

a
stab

le
p
h
ase�

T
h
en

�
if
som

e
n
u
m
b
er

of
trad

ers
are

sellin
g
an

d
low

erin
g
th
e
p
rice�

an
in
vestor

con
sid

ers
th
e
situ

ation
as

a
good

op
p
ortu

n
ity

to
b
u
y
an

ticip
atin

g
th
at

th
e
p
rice

�
n
ally

w
ill

retu
rn

to
its

stab
le

valu
e�

W
e
w
ill

sh
ow

in
section

�
th
at

th
e
sim

p
le

m
od

el
����	

is
ab

le
to

p
rod

u
ce

very
accu

rate
d
escrip

tion
of

p
rob

ab
ility

d
istrib

u
tion

fu
n
ction

of
real

p
rices

�
���






E
ach

trad
er

p
ossesses

a
certain

lot
of

sh
ares

or
th
e
eq
u
ivalen

t
cash

am
ou

n
t�

T
h
e

form
u
lation

of
th
e
m
od

el
is

com
p
leted

b
y
say

in
g
th
at

th
e
tran

sition
p
rob

ab
ility

for
th
e
m
ark

et
is

a
p
rod

u
ct

of
th
e
geom

etrical
ran

d
om

w
alk

w
eigh

t
for

p
rice

an
d
th
e

m
atrices

��	
for

each
p
articip

an
t�

T
h
e
total

n
u
m
b
er

of
p
articip

an
ts

w
e
assu

m
e
eq

u
al

to
M

�
T
h
e
m
atrix

	
�!

	
h
as

ex
actly

th
e
sam

e
form

as
th
e
h
op

p
in
g
m
atrix

for
ch
arged

p
articles

in
Q
u
an

tu
m

E
lectrod

y
n
am

ics�
T
h
is

form
can

also
b
e
d
erived

from
th
e

assu
m
p
tion

th
at

trad
ers

w
an

t
to

m
ax

im
ize

th
eir

p
ro�

t
�����

In
gen

eral�
it
is
p
ossib

le
to

in
trod

u
ce

risk
aversion

in
th
e
m
od

el
b
u
t
w
e
d
o
n
ot

d
o
it
h
ere

sin
ce

it
is
irrelevan

t
for

ou
r
p
u
rp
ose�

W
e
also

d
o
n
ot

in
clu

d
e
m
an

y
in
vestm

en
t
tim

e
h
orizon

s
as

it
w
as

d
on

e
in

�
��
to

get
correct

scalin
g
b
eh

av
iou

r
of

th
e
p
rob

ab
ility

d
istrib

u
tion

fu
n
ction

�
W
e
retu

rn
to

th
is

p
oin

t
in

section
��

T
h
ere

ex
ist

sev
eral

m
od

els
w
h
ich

d
escrib

e
p
ricin

g
in

m
ark

et
w
ith

m
an

y
in
ter�

actin
g
agen

ts�
T
h
e
gau

ge
m
od

el
h
as

a
featu

re
w
h
ich

d
i�
ers

it
from

earlier
on

es�
T
h
e
featu

re
is

th
e
h
om

ogen
eity

of
th
e
trad

ers
set�

In
earlier

m
od

els
trad

ers
h
ave

alw
ay

s
b
een

d
iv
id
ed

in
to

�sm
art�

�w
h
o
trad

e
ration

ally
	
an

d
�n

oisy
�
�w

h
o
follow

a
fad

	
��
�

��
��

W
e
b
elieve

th
at

for
th
e
con

sid
eration

of
sh
ort

tim
es

trad
es

th
is

d
i�
eren

tiation
is

n
ot

ap
p
rop

riate�
In
d
eed

�
all

h
igh

�freq
u
en

cy
m
arket

p
articip

an
ts

are
p
rofession

al
trad

ers
w
ith

y
ears

of
ex
p
erien

ce�
U
n
su
ccessfu

l
trad

ers
q
u
ick

ly
leave

th
e
m
ark

et
an

d
d
o
n
ot

a�
ect

th
e
d
y
n
am

ics�
A
t
th
e
sam

e
tim

e�
each

of
th
e
trad

ers
h
as

th
eir

ow
n
v
iew

on
th
e
m
arket

an
d
th
eir

ow
n
an

ticip
ation

s�
T
h
at

is
w
h
y
th
eir

p
articu

lar
d
ecision

can
b
e
on

ly
m
od

eled
in

a
p
rob

ab
ilistic

w
ay

d
istrib

u
tin

g
trad

er�s
d
ecision

s
arou

n
d
th
e
ration

al
�tru

e	
on

e�
In

th
is
sen

se
th
e
trad

ers
are

n
eith

er
�sm

art�
�ration

al	
n
or

�n
oisy

�
b
u
t
a
m
ix
tu
re�

L
et

u
s
state

th
e
resu

lts
for

th
e
m
od

el�
T
h
e
con

stru
cted

m
od

el
allow

s
u
s
to

ex
p
lain

q
u
an

titativ
ely

th
e
ob

served
h
igh

�freq
u
en

cy
retu

rn
d
ata�

In
R
ef

�
��
F
igs�

��

sh
ow

th
e
form

of
th
e
d
istrib

u
tion

fu
n
ction

for
ch

an
ges

in
th
e
S
�
P
���

m
arket

in
d
ex

�
w
h
ich

is
a
p
rice

of
th
e
p
ortfolio

con
sistin

g
of

th
e
m
ain

���
stock

s
trad

ed
on

th
e
N
ew

Y
ork

S
tock

E
x
ch

an
ge�

T
h
e
ch

an
ges

in
p
rice

h
ave

b
een

n
orm

alized
b
y
th
e

stan
d
ard

d
ev

iation
�
In

th
e
ap

p
rox

im
ation

th
at

th
e
ch

an
ges

are
m
u
ch

sm
aller

th
an

th
e
in
d
ex

itself�
w
h
ich

is
ob

eyed
w
ith

very
h
igh

accu
racy�

th
e
d
istrib

u
tion

fu
n
ction

of
th
e
n
orm

alized
ch

an
ges

can
b
e
con

sid
ered

as
th
e
d
istrib

u
tion

fu
n
ction

of
th
e
retu

rn
on

th
e
p
ortfolio�

n
orm

alized
b
y
th
e
stan

d
ard

d
ev
iation

of
th
e
retu

rn
�
T
h
e
retu

rn
on

th
e
p
ortfolio

d
u
rin

g
th
e
p
eriod

!
is

d
e�

n
ed

as
r�!

	
�

�S
�t

�
!
	�

S
�t		�S

�t	�
In

R
ef

�
��
it

w
as

also
sh
ow

n
th
at

th
e
d
istrib

u
tion

fu
n
ction

ob
ey
s
th
e
scalin

g
p
rop

erty
an

d
th
at

th
is

p
rop

erty
is

re�
ected

in
th
e
d
ep

en
d
en

ce
on

tim
e
of

th
e
p
rob

ab
ility

to
retu

rn
to

th
e
origin

�
It

w
as

d
em

on
strated

th
at

for
a
tim

e
p
eriod

b
etw

een
�
m
in

an
d
����

m
in

�tw
o
trad

in
g
d
ay

s	
th
e
p
rob

ab
ility

d
ecrease

as
t
�
�
w
ith

th
e
ex
p
on

en
t

�
�

��
�
�
��
��

S
im

ilar
scalin

g
resu

lts
h
ave

b
een

ob
tain

ed
in

R
ef�

�
��
for

th
e
h
igh

�
freq

u
en

cy
retu

rn
for

th
e
"#D

M
ex
ch

an
ge

rate
w
ith

d
i�
eren

t
valu

es
of

th
e
ex
p
on

en
t�

T
o
get

th
e
correct

scalin
g
b
eh

av
iou

r
�see

F
ig

�
in

R
ef

�
��	
d
i�
eren

t
tim

e
h
orizon

s
h
ave

b
een

in
trod

u
ced

to
th
e
m
od

el
w
ith

th
e
sam

e
d
y
n
am

ical
ru
les�

In
th
is

p
art

th
e
m
od

el
follow

s
th
e
F
raction

al
M
arket

H
y
p
oth

esis
�F

M
H
	
�
��

w
h
ich

states
th
at

a
stab

le
m
ark

et
con

sists
of

trad
ers

w
ith

d
i�
eren

t
tim

e
h
orizon

s
b
u
t
w
ith

id
en
tical

d
y
n
am

ics�
T
h
e
�m

icroscop
ical�

electrod
y
n
am

icalm
od

elis
a
m
od

elfor
th
e
d
y
n
am

ics�
In

th
e
ap

p
roach

th
e
F
M
H

su
b
stitu

tes
th
e
in
form

ation
cascad

e
su
ggested

recen
tly

to
ex
p
lain

th
e
scalin

g
p
rop

erties
of

th
e
"#D

M
ex
ch

an
ge

rate
�
���

�



H
ow

ever�to
get

th
e
realistic

p
ro�

le
of

th
e
d
istrib

u
tion

fu
n
ction

of
retu

rn
s
it
is
su
f�

�
cien

t
to

u
se

th
e
m
od

el
w
e
d
escrib

e
ab

ove
w
ith

th
e
on

ly
on

e
tim

e
h
orizon

�
If
ch

oose


as



�

��
an

d
take

th
e
n
u
m
b
er

of
trad

ed
lots

in
�
n
ite�

w
e
can

p
lot

th
e
p
rob

ab
ility

d
istrib

u
tion

fu
n
ction

of
retu

rn
s
for

S
�
P
���

as
d
ep

icted
on

F
ig�
�

T
h
e
sam

e
an

aly
sis

lead
s
to

sim
ilar

resu
lts

for
th
e
"#D

M
ex
ch
an

ge
rate

�
��
w
ith

sligh
tly

d
i�
eren

t
valu

es
of

th
e
p
aram

eters�
It

is
easy

to
see

th
at

th
e
th
eoretical

an
d
ob

served
d
istrib

u
tion

fu
n
ction

s
coin

cid
e
ex

actly
w
ith

th
e
ob

served
d
ata

accu
racy�

T
h
is
d
em

o
n
stra

tes
th
a
t

th
e
ga
u
ge

m
o
d
el
is

a
ble

to
p
ro
d
u
ce

rea
listic

sta
tistica

l
d
escrip

tio
n
o
f
rea

l
p
rices

in

E
�
cien

t
M
a
rket

p
h
a
se�

N
ow

w
e
tu
rn

to
th
e
T
ech

n
ical

A
n
aly

sis�
It

is
sh
ow

n
in

A
p
p
en

d
ix

th
at

in
th
e
lim

it
of

sm
alltim

e
T
th
e
calcu

lation
of

th
e
tran

sition
p
rob

ab
ility

is
red

u
ced

to
th
e
solu

tion
of

th
e
follow

in
g
�classical�

eq
u
ation

s
w
h
ich

d
e�

n
e
th
e
d
y
n
am

ics
of

th
e
sy
stem

�

d
yd
t
�


�!



�M

���
�
�	�


�
� q

���
�	�

sin
h
�v

�
y
	
�

�
d
�y
�
�
�
�
�

d
t

�


�


����
�
�		��	

�
d
vd
t
�

� q
�
����

�	� q
���

�	��	
cosh

�v
�
y
	�


 q
���

�	�
sin

h
�v

�
y
	
�

d
�d
t
�


 q
���

�	�
sin

h
�v

�
y
	
�

��	
H
ere



is

a
volatility

of
th
e
retu

rn
�
y
�t	

�
�
� �

�


�
ln
S
�t	

�it
giv

es
th
e
retu

rn
as

d
�y
�
�
�
�
�

d
t

�

	�
v
�t	

is
th
e
velocity

of
th
e
m
on

ey
�
ow

s
an

d
��

��t	
is
a
relative

n
u
m
b
er

of
sh
are

lots
after

th
e
last

trad
e�

S
olu

tion
s
of

th
e
sy
stem

��	
are

p
resen

ted
on

F
ig�
�

W
e
can

see
th
at

th
e
solu

tion
s
oscillate

w
ith

th
e
tim

e�
T
h
e
p
eriod

of
th
e
oscillation

s
d
ep

en
d
s
on

th
e
p
aram

eters
of

th
e
m
od

el�
T
h
e
retu

rn
is

sh
ifted

on
a
h
alf

of
th
e

p
eriod

w
ith

resp
ect

to
��r	�

P
rice

oscillation
s
fad

e
w
ith

tim
e
w
h
ich

lead
s
to

th
e

m
arket

eq
u
ilib

ration
�

O
u
r
goal

n
ow

is
to

sh
ow

th
at

th
e
solu

tion
s
of

th
e
d
erived

eq
u
ation

s
��	

in
d
eed

resem
b
le
th
e
situ

ation
in

th
e
real

�
n
an

cial
m
ark

et
an

d
are

con
sisten

t
w
ith

stan
d
ard

tech
n
ical

an
aly

sis
tools�

T
h
e
�
rst

p
oin

t
h
ere

con
cern

s
th
e
con

n
ection

b
etw

een
p
rice

m
ovem

en
ts

an
d
trad

in
g
v
olu

m
es�

N
ow

w
h
en

w
e
h
ave

ascertain
ed

th
at

p
rices

an
d
volu

m
es

m
ovem

en
ts

w
ell

re�
ect

th
e
real

m
ark

et
situ

ation
w
e
can

estim
ate

th
e
p
erform

an
ce

of
stan

d
ard

T
A

in
d
icators

for
ou

r
m
o
d
el�

T
h
e
�
rst

triv
ial

ex
am

p
le

is
th
e
P
rice

R
ate�of�C

h
an

ge
�R

O
C
	
in
d
ica�

tor
���

w
h
ich

is
sim

p
ly

th
e
retu

rn
�
S
o
w
e
get

�b
u
y
�
an

d
�sell�

sign
als

at
p
oin

ts
w
h
ere

th
e
secu

rity
retu

rn
lin

e
crosses

som
e
p
re�d

e�
n
ed

levels�
O
n
e
can

see
th
at

for
ou

r
id
ealized

d
escrip

tion
th
ese

sign
als

an
ticip

ate
rev

ersals
in

th
e
u
n
d
erly

in
g
secu

rity
�s

p
rice�
T
w
o
in
d
icators

w
e
d
escrib

ed
in

section
�
can

b
e
also

easely
recogn

ized
for

ou
r

m
od

el�
T
h
ey

are
P
ositiv

e
V
olu

m
e
In
d
ex

�P
V
I
	
an

d
N
egative

V
olu

m
e
In
d
ex

�N
V
I
	

given
b
y
form

u
lae

���
	�
B
asin

g
on

th
e
p
rev

iou
s
d
iscu

ssion
on

th
e
v
olu

m
e
b
eh

av
iou

r
w
e
p
lot

N
V
I
an

d
P
V
I
for

ou
r
m
o
d
el

an
d
estim

ate
th
e
con

n
ection

b
etw

een
th
eir

b
eh

av
iou

r
an

d
p
rice

m
ovem

en
ts

�see
F
ig��	�

F
irst

of
all�

on
e
can

see
th
at

b
oth

P
V
I
an

d
N
V
I
tren

d
in

th
e
sam

e
d
irection

as
p
rices

w
h
ich

agrees
w
ith

T
A

argu
m
en
ts�

A
n
oth

er
im

p
ortan

t
p
oin

t
is
th
at

N
V
I
�s
reversal

p
oin

t
in

th
is
m
od

el
alw

ay
s
an

ticip
ate

P
V
I
�s
on

es
w
h
ich

is
very

reason
ab

le
if

w
e
com

p
are

th
e
b
eh

av
iou

r
of

crow
d
�follow

in
g
an

d
in
form

ed
in
vestors�

In
d
eed

�
calcu

latin
g
N
V
I
w
e
take

in
to

accou
n
t
on

ly
d
ay

s
w
h
en

th
e
volu

m
e

d
escrib

es
an

d
th
e
�sm

art
m
on

ey
�
is
b
eliev

ed
to

take
p
osition

s�
P
V
I
�on

th
e
con

trary�
cou

n
ts

on
ly

d
ay

s
w
h
en

volu
m
e
in
creases�

i�e�
crow

d
�follow

in
g
in
vestors

are
in

th
e

�



m
arket�

T
h
at

is
w
h
y
it
seem

s
to

b
e
n
atu

ral
th
at

N
V
I
�
w
h
ich

re�
ects

�sm
art

m
on

ey
�

b
eh

av
iou

r�
reacts

early
to

ch
an

gin
g
of

th
e
m
arket

situ
ation

th
an

P
V
I
�

P
rev

iou
s
an

aly
sis

sh
ow

s
th
at

th
e
ga
u
ge

m
o
d
el
is
co
n
sisten

t
w
ith

T
A
p
h
en
o
m
en
o
�

lo
gica

l
ru
les

o
f
th
e
m
a
rket

rela
xa
tio

n
fo
r
sm

a
ll
en
o
u
gh

tim
e�

T
o
an

sw
er

th
e
q
u
estion

w
h
y
T
A

toolk
it
w
ork

s
also

on
su
�
cien

tly
large

tim
es

w
e
h
ave

to
retu

rn
to

th
e
m
od

el
w
ith

m
an

y
tim

e
h
orizon

s�
A
t
ch

aracteristic
tim

e
T

th
e
m
arket

p
articip

an
ts

w
ith

com
p
arab

le
w
ith

T
in
vestm

en
t
h
orizon

s
are

resp
osib

le
for

b
oth

th
e
form

ation
of

th
e
sh
ap

e
of

th
e
d
istrib

u
tion

fu
n
ction

an
d
T
A

p
red

iction
s
w
h
ile

on
ly

all
togeth

er
in
vestm

en
t
h
orizon

s
p
rod

u
ce

correct
scalin

g
b
eh

av
iou

r�

�
R
e
su
m
e

In
th
e
p
ap

er
w
e
con

sid
ered

relation
of

th
e
M
arket

E
�
cien

cy
an

d
ap

p
licab

ility
of

th
e
T
ech

n
ical

A
n
aly

sis�
W
e
tried

to
sh
ow

th
at

th
ese

tw
o
issu

es
are

n
ot

con
�
ictin

g
b
u
t
com

p
lem

entary
to

each
oth

er�
T
h
ere

is
a
p
ractical

ou
tcom

e
of

th
e
con

clu
sion

�
T
o
con

stru
ct

statistical
m
od

els
of

th
e
m
ark

et
b
eh

av
iou

r
it

is
im

p
ortan

t
to

take
in
to

accou
n
t
q
u
asid

eterm
in
istic

m
ark

et
b
eh

av
iou

r
on

sh
ort

tim
es�

T
h
e
p
ractical

sou
rce

of
in
form

ation
ab

ou
t
th
e
b
eh

av
iou

r
com

es
from

every
d
ay

trad
in
g
p
ractice

w
h
ich

is
su
m
m
ed

u
p
in
to

tech
n
ical

an
aly

sis
p
h
en

om
en

ological
ru
les�

T
h
ese

ru
les

can
p
lay

a
role

of
criteriu

m
to

con
stru

ct
e�

ectiv
e
m
od

els
for

th
e
secu

rity
p
ricin

g�
It

m
ean

s
th
at

to
m
od

el
a
p
articu

lar
secu

rity
it

is
im

p
ortan

t
to

con
stru

ct
th
e
action

fu
n
ction

al
in

su
ch

a
w
ay

th
at

th
e
corresp

on
d
in
g
�classical�

eq
u
ation

s
w
ou

ld
b
e
in

agreem
en
t
w
ith

m
ost

accu
rate

T
A

tools
tested

for
th
e
secu

rity�

A
c
k
n
o
w
le
d
g
m
e
n
ts

W
e
are

gratefu
l
to

E
�K

lep
�
sh

an
d
A
�S
tep

an
en

k
o
for

d
iscu

ssion
s
of

th
e
su
b
ject�

W
e

th
an

k
R
�M

an
tegn

a
for

sen
d
in
g
u
s
ex
p
erim

en
tal

d
ata

u
sed

in
F
ig

��
T
h
is

w
ork

w
as

su
p
p
orted

b
y

th
e
U
K

E
P
S
R
C

G
ran

t
G
R
#L


����
an

d
th
e
R
oyal

S
ociety

#N
A
T
O

P
ostd

octoral
F
ellow

sh
ip

A
w
ard

�

A
p
p
e
n
d
ix

In
R
ef

����
it
w
as

sh
ow

n
th
at

th
e
tran

sition
p
rob

ab
ility

from
th
e
state

w
ith

th
e
p
rice

S
��	

an
d
�n

� �m
� 	

trad
ers

in
�cash

�sh
ares	

to
th
e
state

w
ith

th
e
p
rice

S
�T

	
an

d
th
e

corresp
on

d
in
g
trad

ers
d
istrib

u
tion

�n
�m

	
can

b
e
w
ritten

in
term

s
of

th
e
fu
n
ction

al
in
tegral�

P
�S

�T
	��n

�m
	jS

��	��n
� �m

� 		
�

�
n
�m

� R
d
�
d
$�

$�
n
�

�
��
$�
m

�

�
�� �

n�
�N
�
m�
�N
e
�

	�
N
�
N
�

	�
�
�
�
I
�
$���

�S
��	�S

�T
			�

��	

T
h
e
fu
n
ction

al
in
tegral

I
�
$���

�S
��	�S

�T
			

h
as

th
e
form

�

I
� $����S

��	�S
�T

			
� Z

D
y
D
�
� D

�
� D

$�
� D

$�
� e

s
�
	

��



w
ith

th
e
action

s
�
�

�




� Z

T

�
%y
�d
t
� Z

T

�
d
t� d

�
��

d
t
�
�
�
d
�
��

d
t
�
�
�

t
�

!
e
�
y�

��
�
�
�

t
�

!
e
�
�
y�

��
�
� 	

��	

an
d
th
e
b
ou

n
d
ary

con
d
ition

s
for

in
tegration

tra
jectories�

�
i ��	

�
�
i
�

$�
i
�

$�i
�

y
��	

�
ln
�S

��		
�

y
�T

	
�
ln
�S

�T
		
�

T
h
e
tran

sition
am

p
litu

d
es
t
� �t

�
are

d
e�

n
ed

as
��	�

t
�
�
t
�
�

�
�
ex
p��

� ��
��
�
� �M

�
�	�

�
� ��

��
�
� �M

�
�	

�	
�

w
ith

M
is

a
n
u
m
b
er

of
trad

ed
lots

�b
oth

m
on

ey
an

d
sh
ares	�

In
th
is

ap
p
en

d
ix

w
e

d
erive

classical
eq

u
ation

s
of

m
otion

��	
for

th
e
m
arket

on
sm

all
en

ou
gh

tim
es

from
th
e
fu
n
ction

al
in
tegral

rep
resen

tation
for

th
e
tran

sition
p
rob

ab
ility

���
��	�
T
o
th
is

en
d
w
e
�
rst

of
all

con
sid

er
con

tin
u
ou

s
lim

it
an

d
ch
an

ge
y
to



y�

ln
t
�
w
h
ich

resu
lts

in
th
e
follow

in
g
tran

sform
ation

of
th
e
action

s�

s
�
�

�




�


� Z
T

�
� d
ln

e
yt

�

d
t

	
�d
t
� Z

T

�
d
t� d

�
��

d
t
�
�
�
d
�
��

d
t
�
�
�

�!
e
y�

��
�
�
�

�!
e
�
y�

��
�
� 	
�

T
o
ex

tract
sh
ort

tim
e
b
eh

av
iou

r
w
e
n
ow

m
easu

re
tim

e
t
in

term
s
of

sm
allest

tim
e

in
terval

in
th
e
sy
stem

�
i�e�

in
u
n
its

of
th
e
tim

e
h
orizon

!
�
A
t
su
ch

sm
all

tim
es

�in
a

stab
le

m
ark

et	
th
e
�h

erd
�
e�

ect
can

n
ot

p
lay

an
y
valu

ab
le

role
an

d
w
e
can

d
rop

ou
t

th
e
term

w
ith

�
�
in

ln
t
� �

S
in
ce

th
e
fu
ll
n
u
m
b
er

of
asset

u
n
its

M
is

large�
w
e
also

ch
an

ge
�
eld

s
�
�
��

to
th
e
�h

y
d
rod

y
n
am

ical�
variab

les
�
an

d
�
w
h
ich

h
ave

m
ean

in
g

of
d
en

sity
an

d
velocity

of
th
e
m
on

ey
�
ow

s�

�
�i
� q

M
�
i e
�
i
�

�
i
� q

M
�
i e
�
�
i
�

T
h
e
variab

le
�
i �t	

is
p
rop

ortion
al

to
a
d
en

sity
of

th
e
m
on

ey
�
ow

s
in

th
e
p
oin

t
i
at

th
e
m
om

en
t
t�

w
h
ile

�
� �t	�

�
� �t	

gives
th
e
corresp

on
d
in
g
velo

city
of

th
e
�
ow

s�
In

th
is

variab
les

th
e
action

tak
es

th
e
form

�

S
��
��

	
�
M Z

T

�
d
t��

�




�!



�M

%
y
�
�
� �

�
��

d
�
�

d
t
�
� �

d
�
�

d
t
�
� �


 p
�
� �

�
cosh

��
� �

�
� �

y
		

��	
u
p
to

b
ou

n
d
ary

term
s
w
h
ich

d
o
n
ot

con
trib

u
te

to
th
e
eq
u
ation

s
of

m
otion

�
T
h
e

fu
n
ction

al
in
tegral

th
en

can
b
e
rew

ritten
as

I
�
$���

�S
��	�S

�T
			

� Z
D
y
D
�
� D

�
� D

�
� D

�
� e

s��
��
�y
�
�

A
p
p
earan

ce
of

th
e
large

ex
tern

al
m
u
ltip

lier
M

is
a
key

p
oin

t
for

th
e
calcu

lation
of

th
e
ab

ove
fu
n
ction

al
in
tegral

b
y
sad

d
le

p
oin

t
m
eth

od
�
In
d
eed

�
if
M

ten
d
s
to

in
�
n
ity

th
e
on

ly
relevan

t
con

trib
u
tion

to
th
e
in
tegral

are
given

b
y
th
e
�classical�

tra
jectories

w
h
ich

are
d
e�

n
ed

b
y
th
e
m
in
im

ization
eq
u
ation

s�

�s�y
��
��

	

�y
�

�
�

�s�y
��
��

	

��
i

�
�
�

�s�y
��
��

	

��
i

�
�
�

��



It
m
ean

s
th
at

th
e
eq

u
ation

s
d
e�

n
e
th
e
join

t
d
y
n
am

ics
of

p
rices

an
d
m
on

ey
�
ow

s
for

sh
ort

en
ou

gh
tim

es�
U
sin

g
ex
p
licit

form
��	

it
is
easy

to
ch

eck
th
at

th
e
last

eq
u
ation

s
can

b
e
w
ritten

as

�




�!



�M

d
��y

�
�
� �

� 	

d
t
�

�
p
�
� �

�
sin

h
��

� �
�
�
�
y
	
�

�
�

���	

�
�
�




�!



�M

d
��y

�
�
� �

� 	

d
t
�

d
�
�

d
t

� q
�
� ��

�
cosh

��
� �

�
�
�
y
	
�

�
�

d
�
�

d
t

� q
�
� ��

�
cosh

��
� �

�
�
�
y
	
�

�
�

�
d
�
�

d
t
�

 p

�
� �

�
sin

h
��

� �
�
�
�
y
	
�

�
�
d
�
�

d
t
�

 p

�
� �

�
sin

h
��

� �
�
�
�
y
	
�

�
�
���	

F
irst

im
p
ortan

t
n
ote

con
cern

s
eq
n
����	�

In
d
eed

�
com

b
in
in
g
eq
n
s
���	

an
d
���	

w
e

�
n
d
th
e
eq

u
ation






�!



�M

d
�y

d
t
�
�

d
�
�

d
t
�
d
�
�

d
t
�


�
�



�!



�M

d
��

�

d
t
�

w
h
ich

�
after

in
tegration

�
gives

u
s
th
e
�
rst

ord
er

d
i�
eren

tial
eq
u
ation

d
yd
t
�

M


�!



�



��

� �
�
� 	

�
� d�y

�
�
� �	

d
t

�
M


�!



�



��

� �
�
� 		��	

�

S
econ

d
th
in
g
to

n
ote

is
th
e
fact

th
at

d
�
�

d
t
�

d
�
�

d
t
�

��
i�e�

�
�
�
�
�
�
con

st�
��

T
h
is

can
b
e
ch
ecked

b
y
tak

in
g
su
m

of
th
e
eq
n
s���	�

It
allow

s
u
s
to

ex
p
ress

�
�
as

��
�
�

an
d
�
n
ally

lead
s
to

eq
n
s��	�

d
yd
t
�


�!



�M

���
�
�	�


�
� q

���
�	�

sin
h
�v
�
y
	�

� d�y
�
�
� �	

d
t

�


�


����
�
�		��	

�

d
vd
t
�

� q
�
����

�	� q
���

�	��	
cosh

�v
�
y
	�


 q
���

�	�
sin

h
�v

�
y
	
�

d
�d
t
�


 q
���

�	�
sin

h
�v

�
y
	
�

H
ere

w
e
in
trod

u
ced

th
e
n
otation

s
��

�
�
for

th
e
relative

n
u
m
b
er

of
�trad

ers�
in

cash
an

d
v
�
�
� �

�
�
for

th
e
v
elocity

of
th
e
m
on

ey
�
ow

s�

R
e
fe
re
n
c
e
s

���
R
�B

�R
oosevelt�

M
etap

h
ors

F
or

T
rad

in
g�

T
ech

n
ical

A
n
aly

sis
of

S
tock

s
�

C
om

�
m
od

ities�
�
�
�
N


�����	�

��&

�
�
T
�S
�
C
h
an

d
e
an

d
S
�
K
roll�

T
h
e
N
ew

T
ech

n
ica

l
T
ra
d
er�

J
oh

n
W

iley
�

S
on

s�
����&

���
S
�B

�
A
ch
elis�

T
ech

n
ica

l
A
n
a
ly
sis

fro
m

A
to

Z
�
Irw

in
P
rofession

al
P
u
b
lish

in
g

����&

�




���
T
�N

�
M
an

tegn
a�

H
iera

rch
ica

l
S
tru

ctu
re

in
F
in
a
n
cia

l
M
a
rkets�

p
rep

rin
t
con

d
�

m
at#���

���

����&
availab

le
at

h
ttp

�##x
x
x
�lan

l�gov
#ab

s#con
d
�m

at#���

��&

���
R
�R

�
P
rech

ter�
Jr�

an
d
A
�J�F

rost�
E
lliott

w
ave

p
rin

cip
le
k
ey

to
m
ark

et
b
eh

av
ior�

N
ew

C
lassics

L
ib
rary�

����&

���
T
�H

artle�
O
p
en

in
g
p
osition

�
T
ech

n
ical

A
n
aly

sis
of

S
tock

s
�

C
om

m
od

ities�
�
�
�

N
�
�����	�

�&

�
�
D
�
B
lak

e�
F
in
a
n
cia

l
M
a
rket

A
n
a
ly
sis�

M
cG

raw
�H

ill�
����&

���
S
�
L
u
m
b
y�
In
vestm

en
t
a
p
p
ra
isa

l
a
n
d
�
n
a
n
cia

l
d
ecisio

n
s�
C
h
ap

m
an

�
H
all�

����&

���
D
�
D
u
�
e�
D
y
n
a
m
ic
A
sset

P
ricin

g
T
h
eo
ry�

P
rin

ceton
U
n
iv
ersity

P
ress�

���
&

����
E
�J�

E
lton

�
M
�J�G

ru
b
er�

M
o
d
ern

p
o
rtfo

lio
th
eo
ry

a
n
d
in
vestm

en
t
a
n
a
ly
sis�

J
oh

n
W

iley
�

S
on

s�
����&

����
J�C

�
H
u
ll�

O
p
tio

n
s�

fu
tu
res

a
n
d
o
th
er

d
eriva

tives�
P
ren

tice
H
all

In
tern

ation
al�

In
c�

���
&

��
�
J�B

�
D
e
L
on

g�
A
�
S
h
leifer�

L
�H

�
S
u
m
m
ers

an
d
R
�J�

W
ald

m
an

n
�
N
oise

T
rad

er
R
isk

in
F
in
an

cial
M
arkets�

J
o
u
rn
a
l
o
f
P
o
litica

l
E
co
n
o
m
y�
�
�
�
N
��

�����	�

���


��&

����
P
�
B
ak

�
M
�
P
aczu

sk
i�
M
�
S
h
u
b
ik
�
P
rice

variation
s
in

a
stock

m
arket

w
ith

m
an

y
agen

ts�
P
H
Y
S
IC
A

A

���

N
�����

����
	
�������&

����
G
�L
�
M
orris�

C
a
n
d
lestick

C
h
a
rtin

g
E
xp
la
in
ed�

Irw
in

P
rofession

al
P
u
b
lish

in
g

����&

����
A
�Ilin

skaia
an

d
K
�Ilin

sk
i�
R
u
ssia

n
S
ecu

rities
M
a
rket

J
o
u
rn
a
l�
�
�
�
����
	�

''&

����
M
�J�

P
rin

g�
In
vestm

en
t
P
sy
ch
o
lo
gy

E
xp
la
in
ed�

Joh
n
W

iley
�

S
on

s�
����&

��
�
A
�
A
rn
eod

o�J��F
�
M
u
zy

an
d
D
�
S
orn

ette�
C
a
u
sa
l
ca
sca

d
e
in

th
e
sto

ck
m
a
rket

fro
m

th
e
�
in
fra

red
�
to

th
e
�
u
ltra

vio
let��

p
rep

rin
t
con

d
�m

at#�
����
&
availab

le
at

h
ttp

�##x
x
x
�lan

l�gov
#ab

s#con
d
�m

at#�
����
&

����
K
�
Ilin

sk
i�
G
a
u
ge

T
h
eo
ry

o
f
A
rbitra

ge�
Ip
h
y
s
G
rou

p
w
ork

in
g
p
ap

er
IP

H
Y
S
����
�

���
&

����
K
�

Ilin
sk
i�

P
h
y
sics

o
f
F
in
a
n
ce�

p
rep

rin
t

h
ep

�th
#�
��'''�

availab
le

at
h
ttp

�##x
x
x
�lan

l�gov
#ab

s#con
d
�m

at#�
����
&
to

ap
p
ear

in
E
d
ited

volu
m
e
on

E
con

op
h
y
sics�

K
lu
w
er

P
u
b
lish

in
g
����&

�
��
P
�
W

ilm
ott�S

�H
ow

ison
an

d
J�D

ew
y
n
n
e�
T
h
e
M
a
th
em

a
tics

o
f
F
in
a
n
cia

l
D
eriva

�

tives�
C
am

b
rid

ge
U
n
iversity

P
ress�

����&

�
��
T
�E
gu

ch
i�
P
�B

�
G
ilkey

an
d
A
�J�

H
an

son
�
G
rav

itation
�
gau

ge
th
eories

an
d
d
if�

feren
tial

geom
etry�

P
h
y
sics

R
ep
o
rts�

�
�

N
��


��
�����	&

B
�A

�
D
u
b
rov

in
�
A
�T

�
F
om

en
k
o�

S
�P
�
N
ov

ikov
�

�M
od

ern
G
eom

etry
�

M
eth

od
s
an

d
A
p
p
lication

s��
S
p
rin

ger�V
erlag�

����&

��

http://xxx.lanl.gov/abs/cond-mat/9802256
http://xxx.lanl.gov/abs/cond-mat/9802256
http://xxx.lanl.gov/abs/cond-mat/9802256
http://xxx.lanl.gov/abs/cond-mat/9708012
http://xxx.lanl.gov/abs/cond-mat/9708012
http://xxx.lanl.gov/abs/cond-mat/9708012


�

�
M
�
C
reu

tz�
Q
u
a
rks�

glu
o
n
s
a
n
d
la
ttices�

C
am

b
rid

ge
U
n
iversity

P
ress�

����&

�
��
K
�

Ilin
sk
i

an
d

A
�

S
tep

an
en

ko�
E
lectro

d
y
n
a
m
ica

l

m
o
d
el

o
f
qu
a
si�e�

cien
t
m
a
rket�

p
rep

rin
t
ew

p
��
n
#������
�

����&
availab

le
at

h
ttp

�##w
u
econ

b
�w

u
stl�ed

u
#ep

rin
ts#�

n
#p

ap
ers#����#������
�ab

s

�
��
K
�
Ilin

sk
i
an

d
G
�
K
alin

in
�

B
la
ck�S

ch
o
le
s
equ

a
tio

n
fro

m
G
a
u
ge

T
h
eo
ry

o
f

A
rbitra

ge�
p
rep

rin
t
h
ep

�th
#�
�
���&

p
rep

rin
t
ew

p
��
n
#�
�
���&

availab
le

at
h
ttp

�##x
x
x
�lan

l�gov
#ab

s#h
ep

�th
#�
�
���&

�
��
E
�E
�
P
eters�

F
ra
ctio

n
a
l
M
a
rket

A
n
a
ly
sis�

Joh
n
W

iley
�

S
on

s�In
c��

����&

�
��
G
�
S
o�

an
os�

In
d
ex

A
rb
itrage

P
ro�

tab
ility�

N
Y
S
E

w
ork

in
g
p
ap

er
�����&

T
h
e

Jou
rn
al

of
D
erivatives�

�
�
N
�
�����	&

�

�
K
�
C
u
th
b
ertson

�
Q
u
a
n
tita

tive
�
n
a
n
cia

l
eco

n
o
m
ics�

Jon
h
W

iley
�

S
on

s�
����&

�
��
S
�
G
h
ash

gh
aie�

W
�
B
rey

m
an

n
�
J�

P
ein

ke�
P
�
T
alk

n
er

an
d
Y
�
D
od

ge�
T
u
rb
u
len

t
cascad

es
in

foreign
�ex

ch
an

ge
m
ark

ets�
N
a
tu
re

�
�
�
�
�����	


�
�

�&

�
��
R
�N

�
M
an

tegn
a

an
d

H
�E
�
S
tan

ley
�

S
calin

g
b
eh

av
ior

in
th
e
d
y
n
am

ics
of

an
econ

om
ical

in
d
ex

�
N
a
tu
re�

�
�
�
�
�����	

�����&

����
S
om

e
au

th
ors

agree
th
at

T
A

sh
all

b
e
accou

n
ted

in
th
e
p
ricin

g
m
od

el
b
u
t
th
ey

argu
e
th
at

th
e
p
u
rp
ose

of
it

is
to

accou
n
t
a
p
resen

ce
of

�n
oise�

trad
ers

w
h
o

u
se

T
A
�
T
h
is

scen
ario

also
lead

s
to

reem
ergin

g
of

T
A

p
attern

s�
T
h
is

d
oes

n
ot

con
trad

ict
to

th
e
p
oin

t
of

v
iew

elab
orated

in
th
e
m
ain

tex
t
w
h
ere

th
e
p
attern

s
are

associated
w
ith

collectiv
e
m
ark

et
forces

sin
ce

th
ese

forces
can

b
e
cau

sed
b
y

th
e
q
u
asi�ration

al
�p
artially

n
oise	

trad
ers

w
h
ose

p
resen

ce
w
e
accou

n
t
in

G
T
A

m
od

el�

��

http://xxx.lanl.gov/abs/ewp-fin/9805007
http://wueconb.wustl.edu/eprints/fin/papers/9805/9805007.abs
http://xxx.lanl.gov/abs/hep-th/9712034
http://xxx.lanl.gov/abs/ewp-fin/9712001
http://xxx.lanl.gov/abs/hep-th/9712034


F
igu

re
cap

tion

F
IG

��
�R

ef
�
��	

C
om

p
arison

of
th
e
!

�
�
m
in

th
eoretical

�solid
lin

e	
an

d
ob

�
served

�
��
�sq

u
ares	

p
rob

ab
ility

d
istrib

u
tion

of
th
e
retu

rn
P
�r	�

T
h
e
d
ash

ed
lin

e
�lon

g
d
ash

es	
sh
ow

s
th
e
gau

ssian
d
istrib

u
tion

w
ith

th
e
stan

d
ard

d
ev
iation



eq
u
al

to
th
e
ex

p
erim

en
talvalu

e
�������

V
alu

es
of

th
e
retu

rn
are

n
orm

alized
to


�
T
h
e
d
ash

ed
lin

e
�sh

ort
d
ash

es	
is

th
e
b
est

�
tted

sy
m
m
etrical

L
ev
y
stab

le
d
istrib

u
tion

�
���

F
IG

�

S
olu

tion
of

q
u
asi�classical

eq
u
ation

s
of

m
otion

��	�
S
olid

lin
e
rep

resen
ts

th
e
tim

e
d
ep

en
d
en

ce
of


ln
S
�t	�d

ash
ed

lin
e
sh
ow

s
a
d
ev
iation

of
th
e
relativ

e
n
u
m
b
er

of
in
vestors

in
�
�
from

its
eq
u
ilib

riu
m

valu
e
����

In
itial

con
d
ition

s
are

y
��	

�
����

v
��	

�
���

an
d
���	

�
��
�

In
itial

valu
es

of
�
rst

d
erivatives

are
eq
u
al

zero�
T
im

e
is

m
easu

red
in

u
n
its

of
!
�
T
h
e
p
aram

eter
�
is

eq
u
al

to
���

an
d
M


�!



�
�


��

F
IG

��
P
rices

an
d
v
olu

m
es

from
th
e
q
u
asi�classical

eq
u
ation

s
of

m
otion

��	�
S
olid

lin
e
rep

resen
ts

th
e
tim

e
d
ep

en
d
en

ce
of


ln
S
�t	�

d
ash

ed
lin

e
sh
ow

s
trad

in
g
volu

m
es

as
given

in
th
e
m
ain

tex
t�

F
IG

��
P
V
I
�lon

g
d
ash

es	
an

d
N
V
I
�sh

ort
d
ash

es	
con

stru
cted

from
p
rices

an
d

volu
m
es

as
in

F
ig��

S
olid

lin
e
is


ln
S
�t	���


