Analyze The Future

The Market
Instrument Function

Can you really determine future price movement? This unique method tries to do just
that by analyzing collective patterns that form in a market.

by Alexander Ershov and Aleksey Gerasimov

inancial market analysts often attempt to predict the behavior of a specific financial
asset and provide recommendations for investors. But for practical reasons, the
prediction horizon is frequently limited to several months, if at all. As a result,
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although the current price levels
may be well understood, how that
financial assetachieves alevel may
never be mentioned.

In forecasts prepared by analysts,
oftentimes the data on the price
chart corresponding to the last
trading day is missing. We offer
an approach that allows you to
calculate this missing data with a
prediction horizon that varies from
three to nine years, depending on
the security.

Modern technical analysis may
only be able to advise you on what
should be done ata specific point for
a given day or hour, but it doesn’t
say much about the general future
behavior of an asset. Accordingly,
trading systems are intrinsically
probabilistic, based upon similar
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QUANTITATIVE ANALYSIS

principles. This allows us to analyze the trading systems in-
stead of a financial market, which does not help us to establish
collective patterns of future behavior for prices.

MAIN TASKS
Consider one of the possible models of a marketplace based
on these criteria:

B Atany giventime,any marketassetis characterized by
its price level and the way this level has been reached.
The asset can be described by a graph showing all the
price changes.

B The set of laws affecting price formation can be
separated into an isolated unit. Graphically, this can
be represented by a device that generates its current
price using its own inner laws.

At any given time, we have a history of price changes as
an input, with device A (Figure 1) converting it into an output
signal, helping to determine a future price trend.

Let us assume that if there is a limited and constant num-
ber of collective patterns forming a market, it is possible to
establish a general mathematical law describing future price
movement. To achieve this, we need to look at the history of
price changes and the fundamental market characteristics as
a unification of multiple underlying laws that affect pricing.

This approach is hardly novel, and it has been used in the
analysis of systems. In this method, a function that character-
izes a device converting the input signal into an output signal
is referred to as a device instrument function. In optics, it is
known as a slit function; in electrical engineering as a unit-
impulse response function, or influence function, or Green’s
function. By the same token, a function that converts price
history into predictable future changes could be called a market
instrument function.

THE MARKET INSTRUMENT FUNCTION

For any device that transforms an input signal into an output
signal, it is possible to formulate three main problems by
calculating:

1 The instrument function using an input and
output signal

2 The output signal using an input signal and
the instrument function

3 The input signal using an output signal and
the instrument function.

Cleatly, the first two problems are more relevant to market
forecasting, since they focus on the market device’s hidden
structure and the laws that govern the output movement.
The third is only relevant when you want to determine how
the device distorts the input signal, such as registering light
pulses or photocounts. It may be difficult to calculate these
distortions, but present-day mathematical methods allow us

to do so with a considerable degree of accuracy.

Naturally, it is not easy to say whether an instrument func-
tion of a market exists. Yet we assume that several factors can
help us to define the movement of the market. The following
factors led us to this assumption:

1 Availability of credit, tax, or seasonal cycles; the
periodicity of company reports; Presidential election
cycles.

2 Existence of alarge number of various trading systems
and programs. These are all based on well-known
market indicators.

3 Natural cycles that have always had a significant
impact on the overall market activity and behavior
of its multiple components. This may include the
cycles of solar activity, lunar cycles, and so on. .

~ Device

FIGURE 1: THE BASIC MODEL. At any given time, the history of price changes
is the input, and device A converts this input into an output signal, which helps
. to determine a future price trend.

4 Regular patterns in decision-making behavior typi-
cal of most market participants that is unlikely to
change.

All these and other recurring factors constitute the hidden
internal structure of the device, which we have identified
with the market. Generally, we should not be interested in
the economic principles that control the market mechanism.
It is enough to know that they exist and they are constant.

You may be confronted with the same problem — that is,
the need to take into account each and every law affecting the
market economy. That may be difficult to accomplish with
eachindividual type of security. That would resultin the wrong
superposition of internal factors taken at different times and
combinations, which can lead to unpredictable outcomes.

Luckily, even though the fundamental laws defining the
market may be complex and ambiguous, in reality, we don’t
even have to know all the ins and outs in order to predict future
price movement. It is enough for us to know that these laws
exist! :

Present-day mathematical methods
allow us to calculate these distortions
with a considerable degree of accuracy.
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Combining an input signal, a device, and an output signal
is typical for the mathematical processing of experimental
data. We know that the response of a device to an external
influence can be described by a Fredholm integral equation
of the first kind:

f0 = [f @) E (- (1),

where

f@ is an input signal
f(t) is an output signal

E(T) is adevice instrument function

In terms of mathematics, the device you see in Figure 1
and the integral equation (1) are essentially the same.

If you cannot measure the characteristics of a process, you
would only be able to measure an indirect representation of its
output signal. To overcome this, we would build a theoretical
model that would determine an f (T) function, or an instru-
ment function of that hardware device. This characteristic can
be obtained from the integral equation (1).

But our case is different. We split the history of a market
asset into two and studied the first part as an input signal and
the second as an output signal, or an outcome of the instrument
function. Thus, our task is to solve the integral equation of the
first kind (1) for the E(t) instrument function with the known
parameters f(t) and £ (9. The instrument function may be a
generalized function.

After determining the market instrument function for a

particular security, the function can be applied to historical
prices. This can be represented as a curve of the price move-
ment for the asset in question. :

The mathematical technique used to obtain the instrument
market function and create a chart of future price trend may
seem complicated. For a brief discussion of the mathematical
methodology behind the market instrument function, see the
sidebar, “Mathematical Discussion.”

OUTCOME
Using the principles discussed in the sidebar, we
found a solution to the integral equation of the
first kind with respect to the instrument function
and were able to prepare a forecast for a large
& | set of stock market securities. As a result, we
were able to show the market trend on the last trading day to
obtain the right side of the price chart. These outcomes also
show the time frames within which one trend replaces another.
Even though it was difficult to detect the finer structure of
this movement, the basic trends and shape of the curve for
future prices were determined correctly. Moreover, it was
possible to establish not only the movement of the financial
market as a whole, but the trend of each individual security
for medium-term (from six months to one year) and long-term
(two to five years) periods.

After building the forecast for exchange traded funds (ETFs)
such as DIA (Dow Jones Industrial Average) and SPY (Standard
& Poor’s 500), we realized their recent trends were mostly iden-
tical so future price curves are similar. The forecasts may still
differ, however, sometimes significantly, for each security.

In the charts of two liquid ETFs, DIA (Figure 2) and SPY

Aunnex 1

— SPDR Dow Jones Industrial Avg.
(NYSE Arca: DIA) )

— Forecasted SPY
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FIGURE 2: FORECAST FOR DIA. Here you see the historical prices (blue) along with the projected movement of prices (red) approximately five




ATHEMATICAL DISCUSSION

Several devices in natural systems perform their functions by
responding to an effect fby a signal]f Each device or system of
this type can be represented by an operator A that transforms
an input signal f into an output signalff which is equal to Af.
Naturally, each operator has its own area of

simulate the impulse (sidebar Figure 2), providing certain
natural conditions are met:

720 L fo)de=1 L Fdt =0

perceived signals (the operator domain) and
its own form of response (the codomain). A
convenient mathematical model for a large
class of real processes is alinear shift operator
A, which is translation-invariant.

A is said to be invariant under translations

with oo = 0

where U is a random neighborhood of #=0.
Thedevice A response to anidealized unique

impulse O should be regarded as a function

E(t). The device A responses are approaching

E(1) as the simulation is improving 8. Natu-

an equality
A(T,, f) = T(Af), while
(Tf) % (1) = f (11,

If 7 is time, the ratio AT=TA can be interpreted as suggésting
that the properties of device A are constant over time; the
device response to the f(z) and f(7—t) signals would differ by
a temporal shift only.

There are essentially two main objectives in using device A:

1. To anticipate the device response]7 to an arbitrary
input process f, and

2. To determine the input signal f entering the device
using an output]‘ signal.

Let us consider the solution of the former problem using the
invariant linear translation operator A. To describe the response
of device A to any input f; it is sufficient to know the response
E of device A to an impulse input 0.

The E(t) response to a single impulse input & is called a
device instrument function (or a slit function in optics or unit-
impulse response function in electrical engineering). Generally,
the function E may be a generalized function. It is defined as
a function that renders the 0 function under the action of the
operator A, and it can be called a fundamental solution, or
Green’s function, or the influence
function, or the instrument func-
tion of the operator A.

The discrete impulse can be
represented, for instance, by a
0, function shown in sidebar Figure
1, and this simulation becomes
more accurate as the impulse’s
T 7 duration o changes over time
m with its total energy a é — Il

IMPULSE. This simulation becomes ~ €1ng preserved.
More accurate as the impulse’s dura-

Q=

Instead of step functions, you

can use smooth functions to

(or translation invariant) if, for any function g|peBAR FIGURE 2: SMOOTH FUNCTIONS
ffrom the domain of operator A, there exists T0 SIMULATE IMPULSE

rally, this implies a certain continuity of the
operator A — that is, the continuity of change
in the device response f with a continuous
change of the input f.

For example, by taking the sequence A, (?) of step functions
A,(2) = §,(t) (sidebar Figure 3), and assuming that AA (f) =
E,, we should obtain:

Ad=E=1lim E, =lim AA,
n—co — 00
Now, let us consider the input signal f(sidebar Figure 3) and

the piecewise constant function shown in the same figure.
Since [, — 0 as & — 0, we may assume that

T,=Al,—~ Af=f as h—0

But if the operator A is linear_ and invariant to translations,

‘then

1,(t) = 3f(T) E, (1=T) I

where E, = AJ,.
Thus, as h—0, we should finally obtain

7o)= | B m

Equation (1) solves the first of the two problems mentioned.
It represents the device A responsef(t) in the form of a special
integral that depends on the parameter ¢. This integral function
is fully determined by the input signal /() and the instrument
function E (7) of device A.

From a mathemati-
cal viewpoint, device
A and the integral (1)
arethe samething. The
problem of determin-
ing the input signal
using the outputis now !
reduced to a solution :
of the integral equa- ! E
tion (1). Thisisknown
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Annex 3.

— Standard & Poor's Depository Receipt:
(NYSE Arca: SPY) :

— Forecasted SPY
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2012 to the levels seen in February and March 2009.

(Figure 3), the blue curve represents the actual price move-
ment and the red curve the forecasted movement based on the
instrument function. The time horizonis 1,245 trading days (or
about five years). As you can see, a second wave of the crisis
will begin in the middle of 2011 and reach a low by August
2012, when the market should see the levels of February and
March 2009.

Once the forecast is built, it does not change after historical:
data is added. Remember that the prognosis for DIA and SPY had
been built 1,245 days before the actual prices were plotted. The

FIGURE 3: FORECAST FOR THE SPY. It is evident that a second wave of the crisis will begin in the middle of 2011 and reach a low by August

plots show how accurately the prices follow our forecast.

In Figure 4, the forecast of SPY, was made on March 31,
2008. In Figure 5, the forecast was created on March 31, 2009.
The difference between these two figures is the date of the last
trading day. You can see that in March 2008 we could forecast
to the end of March 2013 (Figure 4), and in March 2009 we
predicted the future movement until the end of March 2014
(Figure 5). Try to visualize a chart with the forecasted move-
ment drawn and the actual prices following it. This may look
like a cyclical occurrence but the appearance of these cycles

Annex §

— Standard & Poor's Depository Receipts
(NYSE Arca: SPY)

— Forecasted SPY

\ ? } 130

3/31/2008

=160
=155
150
145
, - F140

- E135

F125
I =120
f{m\» : g’{§—115
=110
=105
I E100
E95

| ﬁ | e
V’/ ' “l«\ :ﬂﬁ -85
,f 80

: W

=75
=70

B T e jzin g BE R 2hh§l\\lll|\llzb67ll\~l

L o
‘ZUDS

The last trading date is 3/31/2008

Iil\”h‘ﬂbg‘“””“lz‘ﬂao"H\I‘II 2‘0%1“‘ I”"2b;2‘l)lllll‘|2hial—-

in the short term, in the long term they tend to match closely.

56 ° December 2010 ® Technical Analysis of STOCKS & COMMODITIES

&

FIGURE 4: SPY FORECAST FROM MARCH 3, 2008. Here you can see that although there is a deviation between actual and forecasted prices
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FIGURE 5: SPY FORECAST FROM MARCH 31, 2009. You can see the accuracy of the forecast when you compare this chart to that of Figure 4.

On this chart you see the forecasted movement till March 2015.

doesn’t mean a repetition of similar events or the shape of the
price trend at regular intervals. Instead, it means that prices
of the forecasted day may be affected by the current price via
the instrument function. The market is thought to reflect its
own state for the next five years from the current date.
Determining the instrument function should be done on
securities that are sufficiently liquid and with a long trading
history. Securities with a history of fewer than 4,000 trading
days cannot be used to build a forecast using our method.

FINDING THE MISSING DATA

The obvious advantage of the instrument function method
is the ability to build a detailed long-term forecast of price
movement. More important, this forecast is not prone to the
subjective views of market analysts. With the market instru-

ment function, the market is arranged and studied in detail
so its specifics are made redundant and reflect all the major
market properties.

Aleksey Gerasimov was engaged in the research of math-
ematical physics and quantum radiophysics before founding
his own company. Since the late 1990s he has been studying
the world stock market. ‘

Alexander Ershov has been studying the application of
mathematical methods of signal reception to stock market
Jorecasting since the early 1990s.
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Looking Forward To Yesterday’s Action

by Anthony Trongone

Is it possible to determine where prices will move after
analyzing yesterday’s price action? This analysis measures
price movement on the SPIDERS exchange traded fund for
the next three days.
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Sneak preview ...

Making A Good System Great

by Donald Pendergast

Once you have a trading system, you still need to evaluate it.
Apply optimization strategies to increase profitability, reduce
drawdowns, and enhance the stability of your system.

...Coming soon!
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