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Abstract

This paper describes a pairs trading strategy using cointegration approach. If
cointegrated pairs are thought of as such pairs, whose linear combination is a stationary
process, that is, a process with stable statistical properties, then any deviation from these
characteristics will be transient. If you know that such a deviation has happened, that is, a
departure from the long-term equilibrium, you can forecast the direction of stock price
movements and execute lucrative trades accordingly. When the difference between stock
prices exceeds the prediction, we must sell the overpriced asset and acquire the undervalued
one, then close the deals when the price ratio returns to long-term equilibrium. This is one
form of statistical arbitrage trading strategy. During the research, it was discovered that
cointegration is dependent on a variety of factors, including the time period under
consideration, and that this is not the only issue. When more recent data is given more weight,
it is suggested that methods for determining cointegration be developed. The importance of
setting the conditions for entering and terminating a transaction, as well as the possibility of
“disappearing” cointegration are also noted as issues with employing cointegrated pairings for
pair trading.
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Introduction

Data mining is a modern method of obtaining and identifying ideas about the
functioning of an object. In cases of working with dynamic objects, multidimensional time
series serve as a source of information. Analysis of the dynamics of time series and
forecasting their evolution are of great importance for managing various processes in social
(for example, election campaigns), economic (stock, futures and commodity markets) and
sociotechnical systems (for example, social networks) [1].

The use of the mathematical apparatus for the transformation of many economic and
social processes makes it possible to identify qualitative relationships between various factors
and the surrounding space that generates information. Dynamic analysis of digital information
makes it possible to develop and implement models to rationalize the control of individual
parameters, taking into account the specifics and properties of the object in question. In
particular, intelligent algorithmization makes it possible to rationalize the behavior of subjects
in specific periods of time by processing a large amount of data and identifying temporary
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elements, for example, in the context of building investment strategies or mathematical
processing of the information environment [2,3].

When predicting the state of some object system, we are faced with time series. One of
the directions in the development of forecasting methods is based on the search for
interdependencies between time series. If there is a linear combination of time series that has
the properties of a stationary process, it means that these time series are cointegrated. The
issues of forecasting cointegrated time series are covered in a number of sources both in
general form [4,5,6] and in relation directly to economic [7,8,9] or technical parameters
[10,11,12,13].

Methods

The derivation of a functional dependence is used to anticipate processes (economic,
technical, and biological) defined by time series. Changes in the values of time series occur in
real life due to a variety of reasons and variables. It is not always possible to construct a
multifactorial model of the classical type due to their multiplicity and the difficulty of
recognizing relationships with the resulting variable. It is not always possible to construct a
multifactorial model of the classical type due to their multiplicity and the difficulty of
recognizing relationships with the resulting variable. As a result, when it comes to time series,
it's common to believe that internal patterns in the growth of process create the cumulative
influence of factors [14].

The time series' value should then be decided by the current time or the values of the
indicators that are known at that time. An autoregressive series is one that is dependent on its
own past values:

Ye = QY1+ & (1)

where the random component & has zero mathematical expectation and stable variance &
~N(0,07).

When using statistical methods, consistency of mathematical expectation, variance and
autocorrelation is a common criterion. The stationary character of process is defined by these
conditions. It ensures that an appropriate mathematical model to represent the dynamics of
this process is chosen. Many economic processes, however, are non-stationary; yet, if the
values of the time series develop gradually over time, the time series can be made stationary
by eliminating the trend line. This transformation is called difference-stationary [15] if it
results in a stationary series. The series will usually become stationary if you proceed from
the original series to its initial differences

Ayt =¥t — Vi1

Ayt =Vt —Vi-1 = & (2)

Let us go on to the cointegration description, presuming we've decided what we mean
by stationary time series and how to make a non-stationary time series stationary.

They are called cointegrated if a linear combination [ (1) of time series Y; =
(Vit» Var - VYne) T has the features of a stationary series.

B"Ye = Biyie + BaYar -+ BnYne ~1(0) (3)

If there is at least one such vector £, then the data set is considered to be cointegrated. It
is clear that if the original series are non-stationary, then for their linear combination to be
stationary, then it must include at least two time series. The use of a large number of time
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series in the cointegration relation is complicated by interdependencies between non-
stationary time series, which causes the effect of multicollinearity.

It is clear that any cointegration vector is not unique, because:

k- ﬁTYt = (ﬁ*)TYt ~I 4)

Usually, the cointegration relation leads to the expression of the dependence of one time
series on others, then the cointegration vector can be written as:

B=Q,~Bz -, B)" 3)
Thus, the cointegration relation can be represented as:
BTY: = Y1t — B2Yar — = BnYne ~1(0) (6)
or
Vit = BaYar + Bayae + 4 Bn¥ne + U (7)
where u, = BTY,~I(0)

It turns out that we assume the existence of some kind of long-term equilibrium
equation:

Vit = B2Yar + B3Yse + -+ BnYne (8)

The fact that some pairs of financial assets are interrelated or dependent on one set of
external factors explains cointegration between financial time series. If the presence of
cointegration necessitates the formation of a stationary process by the combining of time
series. It goes without saying that if there are many time series, there can be multiple such
combinations, hence we refer to a set of cointegrating vectors as follows:

Ty, Uit
BTY, = : =( : >~I 9)

-;I;Yt uTt

The time series dependence model can be described in the form of an error-correction
model (ECM) in the situation of cointegration of I(1) series [16]. That is, a functional
dependency can be formalized as follows:

Ayie = fV1e-1 — (B2Yat-1 + B3Yae-1 + -+ BnYne-1)) = f(Ue—1) (10)

The random component u; has no mathematical expectation, but the value of the random
component in the previous step determines the next change in the time series. As a result, if
the processes are cointegrated, they gravitate to the values established by the long-term
equilibrium (8). Returning to the financial market, if two stock prices are cointegrated, their
price ratio may be violated at different times, but it will eventually return (tend) to a
recognized level. You can use this to monitor the value of the random component u;, and if its
analysis shows that this value began to behave differently than a stationary process at some
point, you can suspect the occurrence of some changes in the processes, that is, fix a violation
of the long-term equilibrium. In technology, this could mean a breakdown, an accident, the
need to replace equipment, and so on, and in the economy, it could mean some structural
changes. While the procedures for evaluating time series for stationarity and cointegration are
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widely documented while methods for anticipating changes in cointegration relationships are
not.

Results

The process of identifying cointegration between time series requires mathematical

justification. The presence of visual similarity of the series and strong correlation does not
guarantee the existence of causal relationships.

Price Analysis BKR vs WHD
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Fig. 1 Stock price dynamics and values 60/120/240 daily
Values pairwise correlations for BKR and WHD assets

Price Analysis NFLX vs AMZN
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Fig. 2 Stock prices dynamics and values 60/120/240 of daily pairwise
correlations for NFLX and AMZN assets from 2018-01-02 to 2021-09-01

There is more similarity between the BKR and WHD stock price charts (Fig. 1) than
between the NFLX and AMZN stock price charts (Fig. 2) and the value of the correlation
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coefficient is higher in the first pair of stocks, however, the Engle-Granger test shows that

there is no causal relationship in the first pair. connections (Fig. 3), and in the second pair
there is (Fig. 4).

Engle-Granger test: BKR(t) = 8 * WHD(t) + a + r(t)

ADF p-value (BKR): 0.3905
& Hy not rejected => BKR is probably I(1) process
ADF p-value (\WHD): 0.6656

= Hy not rejected == WHD is probably 1{1) process
Cointegration p-value: 0.5643

® 95% confidence: Hy not rejected == cointegration test not passed

® 99% confidence: Hg not rejected => cointegration test not passed

Regression coefficient a: 5.626160
Regression coefficient B: 0.472343
Regression RZ: 0.7227
Regression Adjusted RZ 0.7216

Fig. 3 Engle-Granger test results for BKR and WHD assets

Engle-Granger test: AMZN(t) = § * NFLX(t) + a + r{t)

ADF p-value (AMZN): 0.8285
& Hg not rejected => AMZN is probably I{1) process
ADF p-value (NFLX): 0.4908

& Hg not rejected == NFLX is probably I(1) process
Cointegration p-value: 0.0079

EI/ 95% confidence: Hy rejected == cointegration test passed

B 99% confidence: Hy rejected == cointegration test passed

Regression coefficient a: -597.308000
Regression coefficient B: 7.273440
Regression R? 0.3043
Regression Adjusted R 0.9042

Fig. 4 Engle-Granger test results for assets NFLX and
AMZN for the period from: 2018-01-02 t0:2021-09-01

Let us look at several cointegration-based trading strategies. Pair trading, or
cointegration-based trading, is when trades are conducted with each of the assets in a pair
[17]. Private cointegration was utilized by Clegg, M., and Krauss, C. (2018) to select trading
pairings and create buy and sell signals. They note that such a trading strategy has good
performance indicators. “We compared private cointegration with several classic pair trading
options from 1990 to 2015 on a data set for S&P 500 participants. The annual return was
more than 12 per cent after operating costs.

These results can only be partly explained by common sources of systematic risk, and
are significantly superior to classical distance or cointegration-based pair trading options in
our dataset [18].

When a temporal divergence happens, the higher performing stocks (stocks that have
increased in value) must be sold, while the lower performing stocks (stocks that have
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decreased in value) must be bought at the same time. At the same time, it's important to
remember that the spread between the two equities will eventually equalize (8). This will
occur either as a consequence of the higher performing stocks falling back, or as a result of
the lower performing stocks increasing, or both, resulting in a profit on your transaction.
There is no profit or loss if both equities move up or down at the same time without changing
the spread between them [19].

The spread value is the u; = yi; — (B2V2r + B3V3: + -+ + BpYne) from formula (7) in
general and in particular in pair trading

Uy = y1e — (b1 + byyar), (1T)

where y,, V., are share prices of the cointegrated pair, by, b, are coefficients of the regression
equation that determine the relationship between them, then the spread has the properties of a
stationary process.

Therefore, trading in pairs can be considered as a market-neutral trading strategy that
allows traders to profit in different market conditions: rising and falling markets or sideways.
This strategy belongs to the category of statistical arbitrage trading strategies.

If the strategy tracks the relationship between the returns of a pair of market assets, then
it remains to consider how stable such a relationship is over time. The essence of the strategy
is that they can deviate from some of their long-term equilibrium, but return to it. Therefore,
trading in pairs can be viewed as a market-neutral trading strategy that allows traders to profit
in different market conditions: rising A divergence within a pair can be caused by temporary
changes in supply/demand, large buy/sell orders for one security, a reaction to important news
about one of the companies, etc.

Due to market neutrality, this trading strategy can be very safe (provided it is
diversified) and immune to a global market crisis, even when the entire market or sector
collapses. If you trade enough pairs at the same time, your pairs trading portfolio can perform
well in difficult market situations as well.

Indeed, in order for the strategy of trading in concatenated pairs to be profitable, no
matter in what direction the market or stock prices within the pair move, the main thing is that
the linear combination of a stock pair In cases where the difference between stock prices turns
out to be greater than the forecast, we need to sell the overvalued asset and buy the
undervalued one, and when the price ratio returns to long-term equilibrium, close the deals.
known to us can be described as a stationary process with a stable mathematical expectation.

Consider the situation of losing trades. Losses can occur when the cointegration ratio
has changed or the cointegration between rows has disappeared. However, rapid market
changes can break the relationship (namely a structural gap), which will further lead to huge
losses in intraday trading. [20]. That is, if transactions are made for a pair of assets in some
ratio, in the hope that the current deviation (10) from this ratio (9) will eventually become 0
(for example), and ratio (9) has changed under the influence of some factors and is no longer
a long-term equilibrium, then these transactions will incur losses. It must be understood that
cointegration can appear and disappear. Let's consider specific examples. For example, Fig. 2
and 4 show a pair of stocks of Netflix, Inc. and Amazon.com, Inc. and when analyzing the
entire period From:2018-01-02 T0:2021-09-01, cointegration is observed. Engle-Granger test
indicates the presence of a causal relationship. The same test for the period From: 2018-01-02
To: 2018-12-31 indicates a lack of communication (Fig. 5, 6).
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Price Analysis NFLX vs AMZN

Fig. 5 Stock price dynamics and 60/120/240 daily pair correlations for
BKR and WHD assets over the period from 2018-01-02 to 2018-12-31

Engle-Granger test: AMZN(t) = B * NFLX(t) + a + r(t)

ADF p-value (AMZN): 0.2089
= Hy not rejected == AMZN is probably I{1) process
ADF p-value (NFLX): 0.2243

& Hy not rejected => NFLX is probably 1{1) process
Cointegration p-value: 0.6790

® 95% confidence: Hy not rejected == cointegration test not passed

® 99% confidence: Hy not rejected == cointegration test not passed

Regression coefficient 638.845000
Regression coefficient p: 3.139750
Regression R 0.5089
Regression Adjusted R 0.6074

Fig. 6 Engle-Granger test results for assets NFLX and AMZN
for the period from 2018-01-02 to 2018-12-31

The regression equation and the coefficient of determination have also changed.

Conclusion

An analysis of the possibilities of using cointegrated pairs for pair trading showed a
number of problems that need to be solved for their successful use.

The first problem associated with determining which period to take for analysis is more
general than the problem of analyzing cointegrated pairs. This aspect is important for the
analysis of any kind of time series. It seems promising to give more recent data more
importance in the analysis, as, for example, is done with exponential smoothing.

Even if we assume that the cointegration ratio is stable, and we believe that it will not
change in the future, then the question remains of determining the values of the entry and exit
criteria for transactions and whether these criteria will change.

The next objective of the researchers should be to address the fact that the cointegration
ratio or the presence of cointegration as a whole can alter (cointegration can “disappear”), and
that this process must be anticipated (forecast). As a result, the trader must be given the
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conditions by which he can stop considering the pair to be cointegrated and stop using it for
pair trading. If we assume that the cointegration ratio is constant and will not change in the
future, the question of calculating the values of transaction entry and exit criteria as well as
whether these criteria will change or remains.
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MMPOBJEMBI HCIIOJIb30BAHUSI KOMHTET PUPOBAHHBIX
TIAP JIUISI HAPHOT'O TPEIMHT A

®daiizyaiaun P.B.
MUPDA - Poccutickuili mexHoao2uyeckuil yHugepcumemn

B cratbe paccmarpuBaeTcsi BO3MOXKHOCTb HMCIOJB30BaHUS KOMHTETPUPOBAHHBIX Map
JUTsl TApHOTO TpeiauHra. Eciu nmoa KOMHTErpupoBaHHBIMY MapaMH TOHUMAIOTCSI TAKUE Taphl,
TUHEHAsT KOMOMHAIMS KOTOPBIX MPEACTABISAIOT COO0M CTAllMOHAPHBIN MPOIIECC, TO €CTh KaK
MPOLIECC CO CTAOMIBHBIMU CTaTUCTHYECKHMH XapaKTePUCTHKAMH, TO MOJPa3yMeBaeTCs 4TO
BO3MOXXHO€ OTKJIOHCHHE OT JTHX XapakTEPUCTUK OyAeT BpeMeHHbIMU. Eciam 3HaTh 4TO
MPOU3OIIIO TAKOE€ OTKJIOHEHHE, TO €CTh OTKJIOHEHHE OT JIOJITOCPOYHOTO PABHOBECHUS, TO
BO3HUKAET BO3MOKHOCTh CIPOTHO3UPOBATH HAMPABJICHWE U3MEHEHMI LIEH aKIUi U CIeNaTh
COOTBETCTBYIOIIME BBITOJHBIE CACTKH. B Tex ciiyyasx, Korja pa3sHulla MeX1y LIeHaMU aKIuh
OKa3bIBa€TCsl OOJIbINIE MPOTHO3HOW, HAM HEOOXOAUMO MPOJAaTh NMEPEOLICHCHHBI aKTHUB M
KY[IUTh HEJOOLEHEHHbI, a KOorJa COOTHOIICHHE II€H BEpHETCA K JOJTOCPOYHOMY
PaBHOBECHIO, 3aKPBITh CIEIKH. JTO OAWH U3 BUAOB CTATUCTHYECKUX apOUTPaKHBIX TOPTOBBIX
cTpareruid. B xonme wuccienoBaHHsi pAacCMOTPEHO UYTO KOMHTEIrpalus 3aBUCUT OT psjla
rapaMeTpoB, B TOM YHUCJIE OT pacCMaTpUBAEMOro MEpUOa U 3TO ABIISIETCS HE €UHCTBEHHOU
npobnemMoii. Bo3Hukaer pexomeHaamnus pa3pabOTKH METOJIOB pacyeTa KOMHTETPAIlMu KOT/a
Oojiee CBEXKMM JaHHBIM TpuaaeTcs Oonbmuii Bec. Takke B KadecTBe MpoOiIemM
WCIMOJIb30BaHUSI KOMHTETPUPOBAHHBIX Map JI1 MApHOrO TPEWJMHra BBIJEIEHBI Ba)KHOCTb
ONpEACIICHUs KpUTEPUEB BXOAbl M BBIXOJA M3 CIEIKH, a TaKXe BO3MOXXHOCTh
«HUCUE3HOBEHUS» KOMHTEIPALIUH.

Kntouegvie cnosa: mapHbli TpPEWIMHT, KOMHTErpanus, KOWHTETPUPOBAHHBIC MAapHI,
BPEMEHHBIE PSJIBI.
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