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THE APPLICATION OF CORRELATION FUNCTION IN FORECASTING
STOCHASTIC PROCESSES

Annotation. One of the most important applications of the correlation function is establishing a prediction model for stochastic
process. Stationary property makes predicting the stochastic process entirely possible based on the correlation function. This
predictive model is interested in cases, where the observation data are assumed to have no measurement errors. We provided some
processing to make the forecasting model usable. It is proposed to calculate the value of the standardized correlation function in
accordance with the actual observed sample and to estimate the necessary values of averaged correlation function that they cannot
be calculated from the sample. We replaced the unknown values by their estimates, which we found using one of the predictive tools
suitable for the time series. Theoretically, for the stationary stochastic processes, the correlation function and the standardized
correlation function depend only on the time distance between two sections, without depending on the specific time value of each
section. However, in this application, when we consider an observation process to be a stationary stochastic process, it means that
we have approximated this observation process with a stationary stochastic process. Therefore, when calculating for a specific
observation sample, the values of the sample correlation function and the sample standardized correlation function between two
sections can fluctuate according to time values of each section, although time distance between two sections unchanged. The sample
standardized correlation function of a section has been computed as the arithmetic mean of all values of the sample standardized
correlation function between two sections. In this article, the prediction model is linear interpolation and extrapolation model and it
is obtained by least squares method. The task for application of this model is to give the highest indexes of daily average temperature
in July during last three years 2017-2019 in some localities in northern Vietnam using this forecasting model. The data has been
compiled from the data source of the General Department of Meteorology and Hydrology of Vietnam. For processes occurring in the
atmosphere and hydrosphere, their hypothesis of stationarity is relatively well satisfied in a time and distance that is not very large.
Because of that, we selected the aforementioned data set to apply to the forecasting model. The calculation results are obtained by
Matlab software.
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. Introduction normal distribution that are common in practice, the

Forecasting issues are posed in all areas of
science and practice [1-5]. The predicted
phenomenon usually involves a system that evolves
over time and space, which at each time and place it
is a random variable. Therefore, the forecasting
problem is placed in the random function prediction
in general and in particular, the stochastic process.
In the theory of the stochastic processes, the
correlation function plays a very important role,
especially in the problem of the stochastic process
prediction ([6-9]).

Given a stochastic process X = {X;,t € T}, for
t # s, the correlation function R x(t,s) or the
standardized correlation function 1% (t,s)
characterizes the linear dependence level between
two sections X;, X;. Therefore, in many application
problems, it is sufficient to know the mean function
and the correlation function of the stochastic
processes especially for stochastic processes with
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average function and the correlation function are
general features of the stochastic processes [9-11].
In chapter “Stochastic Modeling (Time Series
Analysis) and Forecasting” [12], prediction of future
observations is done by constructing relevant models
based on stochastic process concepts. Stochastic
processes can be classified as stationary and non-
stationary. Special classes of linear models of
stationary stochastic processes are: Auto-regressive
processes (AR), Moving-average and Auto-
regressive and moving average processes (ARMA).
Stochastic process may be described as a
phenomenon unfolding in ‘time' according to certain
probability laws. Here, the word 'time' is used as a
real variable which may not always stand for time. A
geological process may be viewed as a stochastic
process because it is associated with different
geochemical elements-each of which can be treated
as Random Variable having a probability
distribution. Here the observations are not in time,
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but in space. Even then, we can apply the time
domain models of stochastic processes (time series
analysis) to geological processes. The applicability
of a stochastic process and in particular, the
subclasses, viz. AR, MA and ARMA, depends on
the behavior of the relevant autocorrelation function
(act) and the partial autocorrelation function (pact)

The approach of modeling the correlation as a
hyperbolic function of a stochastic process has been
recently proposed, reviewed this novel concept and
generalize this approach to derive stochastic
correlation processes (SCP) from a hyperbolic
transformation of the modified Ornstein-Uhlenbeck
process [13]. In the article [13] they determined a
transition density function of this SCP in closed
form which could be used easily to calibrate SCP
models to historical data. They computed the price
of a quantity adjusting option (Quanta) and
discussed concisely the effect of considering
stochastic correlation on pricing the Quanta. In [13]
they had revised concisely some stochastic
correlation models. Market observations give strong
evidence that financial quantities are correlated in a
strongly nonlinear, non-deterministic way. Instead of
assuming a constant correlation, correlation has to
be modelled as a stochastic process. They discussed
first the general stochastic correlation model
proposed in [14] and proved that the stochastic
correlation process in [15] can be obtained by
applying this general approach. They generalized the
approach [14] to derive a stochastic correlation
model from a hyperbolic transformation of the
modified Ornstein-Uhlenbeck process allowing for a
transition density function in a closed form and an
easy-to-handle calibration to historical data. As an
example, they computed the fair price of a Quanto
Put-option  with  stochastic correlation. The
numerical results showed that the correlation risk
caused by using a wrong correlation model cannot
be neglected.

In this paper presented an application of the
correlation function for predicting stationary
stochastic processes and illustrate by forecasting the
highest daily average air temperature. For processes
occurring in the atmosphere and hydrosphere, their
hypothesis of stationarity is relatively well satisfied
in a time and distance that is not very large ([6]).
Because of that, we selected the aforementioned data
set to apply to the forecasting model.
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Il. Stochastic processes analysis and
forecasting model
1. The correlation function and the

standardized correlation function of the
stochastic process
Let X = {X,,t € T} be a stochastic process. For
each t € T, the random variable X; is called the
section at t,
m(t) = mx(t) = my () = E(Xy),
is called the average function of the stochastic

process. Denote:
UX(t) = DX(t)!

where: Dy(t) = E(X, — mX(t))2 is the variance
function.
The correlation function of the stochastic
process X is:
Rx(t,s) = cov(X¢, Xs)
= E{(Xt — mx(t))(XS — mx(s))}, t,seT.
The standardized correlation function of the

random process X is:
Ry (t,s
(e, 5) = o)

ox(t).ox(s)

2. The sample correlation function and the
sample standard correlation function of the
stochastic process

For the random process X = {X;,t € T}, at
different times

t1, o st (g <ty < - < ty),
we have sections X, , X;, ...,Xtmwhich arem
random variables.

Suppose at every section Xe; has n observations
(n shown):

Xe;(1), X¢,(2), o, Xp; ().

We then consider the following important
statistical characteristics of the stochastic process ([6].
— Sample mean function:

— = AIo"
® =X =" XD,
) n i=1
— Sample correlation function:
— 1 n — —
Rx(t5) = =5 ) [Xe(® - Rl - X,].
1=
— The sample variance for a section is
$2(x,) (or D(X)) = Ry (t,0)

1 Z” YD) — T 2
Th-1 i=1[ (D) t] .
— Sample deviation:

S(Xy) (or Ex(t)) = /52(Xp).

— Standardized correlation function:

— _ Ex(t,s)
x(t.8) = 55 sy
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3.Stationary stochastic process

The stochastic process X = {X,,t € T} is called
a stationary stochastic process (in the narrow sense),
if its dimensional finite distribution does not change
through the steady translation of time [7; 8; 16], i.e.

F(x1, i, Xy t1 + h, o, tp + h) =
=F(xq, ., Xy t1y s b))
Vhitj+h€T,vj=1m,
for every finite distribution function
F(x1,%2, o, X t1,t, ey tin)-

The nature of stationaryness can be stated as
follows: observe at any point of the system (vector
(X¢,, Xt ., Xe,)) and observe at m time after
which any time h (vector (X;, +n, X¢,+hs - Xe, +1))
have the same distribution.

The stationary stochastic process

X={X,teT},
has the following remarkable properties:

my(t) = my = const;
Rx(t,s) =Rx(1) (t =t —s),
Vt,seT
SO:
Rx(—7) = Rx(7);
Dx(z) = Dx(0);

R
7%ﬂ=§%%;
ry(0) = 1.

These are very important properties of the
stationary stochastic process. In terms of application,
it is simplified to investigate and calculate the values
of the mean and the correlation functions. Therefore,
these properties are used to define a random process
that stationary in a broad sense.

It is convention that when talking a process
X ={X.,t €T} it is understood that a stationary
stochastic process in a broad sense ([7; 8]), i.e. for
this process:

my(t) = my = const;
Rx(t,s) = Rx(1) (t =t — ),

Vt,s €T.
For t # s, the correlation function Ry (t, s) or the
standardized correlation function ¢ (t,s)

characterizes the linear dependence level between
two sections X;, X;. Therefore, in many application
problems, it is sufficient to know the mean function
and the correlation function of the random process.
Especially for random processes with normal
distributions common in practice, the mean function
and the correlation function are general features of
the random process.

270 Information technologies and computer systems

4, The forecast model without the

measurement errors

In the theory of stochastic processes [6; 7; 11],
the correlation function plays a very important role.

Let X = {X,,t € T} be a stationary stochastic
process, with the average my and the correlation
function Ry(t) are known. Suppose at m times
ti,ty, st (B <ty <+ < ty), get m expressed
values (m observed values): x; ,x¢,, .., x¢ . They
are assumed to have no measurement errors.

In order to predict the expressed value x; of
the process at a time t, (interpolation, extrapolation
predictions without observed errors), we use a linear
prediction model [1]:

Xty = k=1 kXt )

in which the coefficients a; (k = 1,m) are found
by the least square method.
Thereby leading to the system of equations
determining the coefficients ay is:
YTy eyt — tr) = 1y (to — t)- (2)
Average square error of interpolation,
extrapolation above is:
o2 (ay, .., ay) =
= Ry (0) — Xkq ax - Ry (to — tr)- 3)
For the forecasting problem, when my average
and Rx(t) correlation are not known, in practice,
they are replaced by the corresponding statistical
characteristics of the sample mean my and the
sample correlation function Ry (7). Therefore (1) is a

predictive model with the coefficients a, (k = 1,m)
found from the system of equations:

m
Z- 1a]- '?X(tj - tk) =Tx(to — ty),
J:

(k =1,m), (2a)
and the formula (3) for the average squared error of
internal, extrapolation in actual calculation is
replaced with:

B a2 (ay, ey On) =
= Rx(0) — X1 ax - Rx(to — ti).  (39)
In fact, the following index (3b) is often used to
measure interpolation, extrapolation errors:

2
= Tt — 1 — B, ap T (to — ).

Em = Rx(0)
(3b)
5. Some issues need to be addressed in the
forecasting model

When using the forecasting model (1), there are
some issues that need to be addressed:

a) In fact the function ry(z) is unknown and
when ty # t, Vk = 1,2, ...,m, the right side of the
equation system (2a) will have the values 7y (t, —

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)



Herald of Advanced Information Technology

2019; Vol. 2 No. 4: 268-277

Intellectual Information Technologies: Neural Networks, Machine Learning, Forecasting

tr) undetermined, because the stochastic processes
X ={X;,t € T} has not been observed at t, yet.
Therefore, the system of equations (2a) has not been
solved. To fix this problem, we replace the unknown
values by their estimates, which we find using one
of the predictive tools suitable for the time series.

b)  Theoretically, for the stationary stochastic
processes {X,}, the correlation function Ry (t,s) and
the standardized correlation function ry(t, s) depend
only on the distance T = |t — s| without depending
on the specific value of t and s. However, in the
application, when we consider an observation
process to be a stationary stochastic process, it
means that we have approximated this observation
process with a stationary stochastic process.
Therefore, for a specific observation sample, when
calculating, the values of the sample correlation
function Ry(t,s) and the sample standardized
correlation function rx(t,s) can fluctuate according
to t and s, although 7 =|t—s| unchanged.
Therefore in (2a) and (3a), we compute ry(t) as the
arithmetic mean of all values of 7x(t,s) where:
|t —s| =r1.

I11. Implementation and experiental result

1. Pre-processing data

In the data source of the General Department of
Meteorology and Hydrology of Vietnam on average
daily air temperature in the months of years from
2008 to 2017 at 11 measurement stations of the
northern provinces of Vietnam [17], we are
interested in the figures in July every year (the
month is considered to be the hottest of the year in
Vietnam). The problem is based on data from 2008
to 2016, to forecast the highest index of daily
average air temperature in July of 2017, 2018, 2019
in the above 11 stations.

In order to solve this problem, from the data
source [17], we synthesize the following data table
on the average daily temperature index of the
highest days in July from 2008 to 2017 at 11
measurement stations above (Table 1, 2). In this
table, the measurement stations are numbered: Bac
Ninh (1), Cao Bang (2), Cua Ong (3), Ha Dong (4),
Hai Duong (5), Lao Cai (6), Lang Son (7), Luc Ngan
(8), Mong Cai (9), Van Ly (10), Vinh Yen (11). The
data of the years from 2008 to 2016 is used to
forecast the highest daily average temperature index
for July from 2008 to 2019 at each measurement
station (2017 Figures used to control forecasts).
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Table 1. Highest daily average temperatures
(t,°C) in July of 2008-2017

(°C) The measurement stations

Nl @ (@ @ 6 [0

2008 316 | 289 | 30.2 315 [ 309 |299
2009 32.0 | 29.8 | 31.0 319 | 318 |31.2
2010 33.8 | 314 | 319 33.7 [ 334 | 323
2011 324 | 30.2 | 304 329 | 323 | 323
2012 319 | 29.7 | 30.8 335 [ 327 |311
2013 30.5 | 29.7 | 295 31.2 [ 310 | 314
2014 316 | 30.3 | 304 323 [ 319 |31.2
2015 329 | 304 | 318 347 | 344 | 331
2016 315 | 311 | 30.9 329 [ 33.0 | 328
2017 30,5 | 299 | 30.1 329 | 330 | 326

Table 2. Highest daily average temperatures
(t,°C) in July of 2008 — 2017

t (°C) The measurement stations

Ye

M 1@ [ [0 1) | x,
2008 29.2 | 31.2 | 304 |300 |31.6 |305
2009 29.7 | 31.7 | 303 | 313 |315 |311
2010 30.8 | 331 | 313 313 |336 | 324
2011 30.1 | 323 | 304 |31.0 |325 |315
2012 29.7 | 313 [30.0 | 324 |325 | 314
2013 28.7 | 304 |286 |304 |31.1 |302
2014 295 | 314 |29.2 |317 |31.7 |31.0
2015 314 | 33.0 | 326 |341 | 329 | 328
2016 304 | 31.8 | 318 | 32.6 | 326 | 319
2017 29.7 | 317 | 305 | 326 |31.8 |314

2. Setting up forecasting model

Let X; is denoted as the highest index of daily
average air temperature in July of year t in the
region of 11 observation stations in northern
Vietnam. The Table 1 is the table of expressed
values for 10 sections

Xe Xty oo Xeyy)
(¢, = 2008, t, = 2009, ..., t;, = 2017).

Of the random process X = {X;,t € N} that it
is considered to be a stationary stochastic process.
Each section X;, has 11 expressed values:

Xe, (1), x4, (2), e, xg, . (11)

Observations are assumed to have no
measurement errors. Forecasting model for the

highest index of daily average temperature of July at
an observation station of year t is:

J?to = 22:1 Ay Xty - 4

Information technologies and computer systems 271
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Table 4. Matrix of sample standardized

From (2a), we get the system of equations to correlation coefficients
determine the coefficients a4, a,, ..., aq, in the case

of this problem is: Tx(t,s) | 2008 2009 2010
0 2008 1]0.864811 | 0.892584
Zl_laj.Fx(tj—tk)=FX(t0—tk), 2009 | 0.864811 1] 0.871165
/= (k= T9) ©) 2010 | 0.892584 | 0.871165 1
e 2011 | 0.814873 | 0.883549 | 0.919543
The error of the internal and extrapolation 2012 | 0.751356 | 0.876107 | 0.761973
forecast (4) is assessed by the index: 2013 | 0.545881 | 0.787467 | 0.757626
, 2014 | 0.65416 | 0.880152 | 0.792261
g = ZELN = 1 — YRy Fulto — ). (6) 2015 | 0.766173 | 0.752474 | 0.7802
2016 | 0.510854 | 0.672146 | 0.546585

2. Proceeding with the forecast and
experiental result Table 5. Matrix of sample standardized

correlation coefficients
From Table 1, the sample mean values for the

sections X,, (k = 1,2,...,9) are calculated using the Tx(t,s) | 2011 2012 2013
following formula and shown in Table 3 2008 0.814873 0.751356 0.545881
1 —it 2009 | 0.883549 | 0.876107 | 0.787467
Xp, = Ez x, () (k =1,2,..,9). 2010 | 0.919543 | 0.761973 | 0.757626
-
' 2011 | 9 0.810547 | 0.885129
In order to find the predictions by the formula 2012 | 0810547 |1 0.80056
(5), it is need to calculate the values of the sample 2013 | 0885129 | 0.80056 | 1
standardized correlation function 7y (¢, s). 2014 | 0856178 | 0.924191 | 0.920149
These values are calculated using the following > ' ' :
formula: 015 | 0.828203 | 0.725507 | 0.617823
2016 | 0.737348 | 0.790627 | 0.806162
— EX(tJ S) R R
Tx(t,s) = m = Table 6. Matrix of sample standardized
Lo ls correlation coefficients
Zi1=11[xt(i)_it][xs(i)_is] —
e T x(t5) | 2014 2015 | 2016
|(EE: e @-%e)") (B s0-%sT)] 2008 | 065416 | 0.766173 | 0.510854
2009 | 0880152 | 0.752474 | 0.672146
Table 3. The sample mean values 2010 | 0.792261 | 0.7802 | 0.546585
2011 | 0856178 | 0.828203 | 0.737348
X, |305 2012 | 0.924191 | 0.725507 | 0.790627
x, |311 2013 | 0.920149 | 0.617823 | 0.806162
X, | 324 2014 | 4 0.608032 | 0.73878
X, |3815 2015 | 0,608032 | 1 0.70082
X, | 314 2016 | 073878 | 0.70082 | 1
%, |30.2 -
= 310 By Matlab software, the values of 74 (¢, s) are
Zt 32.8 shown in the Tables 4; 5 and 6.
fts : Determining the values of rx(t): As
xg, | 319 mentioned above, we consider the value of 7y () to

be the arithmetic mean of those values of 7y (t,s)
that |t—s|=7, 7=0,12,..,8. Because the
standardized correlation matrix (7x(t,s))gxg IS @
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symmetric matrix, 7x(t) is determined by the
following formula

1 9-1
T =— ry(t, t + 1),
@ =5= ), Tttt
t=012..,8.

Thus each value of

7%(0),7x(1) ,...,Tx (8) is the average of the
numbers on the same diagonal line that is parallel to
the main diagonal of the matrix (rx (t, s))oxo-

Such as

1
rx(3) = 3 (0.814873 + 0.876107 + 0.757626 +

+0.856178 + 0.725507 +
0.806162 = = 0.806075,

7x(5) = %(0.545881 +0.880152+

+0.7802 + 0.737348) =
= (0.735895.

In order to estimate the highest index of daily
average temperature in July of 2017; 2018; 2019,
when solving the system of equations (5), we still
need the values 7y (9),7x(10), 7x (11).

However, these values are related to
unobserved years (2017; 2018; 2019), so they cannot
be calculated from the sample. After selecting the
estimation methods, we replace 7x(9),7x(10),
Tx(11) with their estimates that are found using the
3-level moving average method ([9; 11]), i.e.:

1
7x(9) = 5(7_")((6) +7rx(7) + 7_”)((8))'
Tx(10) = = (Fx (7) + ¢ (8) + Tx(9),
Tx(11) = 3 (Fx(8) + 7x(9) + ¢ (10)).

Obtain from there the required values of 74 (1)
in the Table 7.

Table 7. Values of the arithmetic mean rx (1)

74(0) 1
7 (D) 0.811953
7 (2) 0.814861
7 (3) 0.806075
T (%) 0.789983
74 (5) 0.735895
74 (6) 0.651073
75 (7) 0.71916
74 (8) 0.510854
74 (9) 0.627029
74(10) | 0.619014
74(11) | 0.585632

Replace the values of 7(7) found in Table 7
into the system of equations (5), with Matlab
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software, we find the values of a; (j =1,2,...,9)
corresponding to the years in the Tables 8; 9 and 10.

Table 8. Values of the coefficients Q;

a oy oy o3
2008 1 0 0
2009 8.10E-16 1 -1.01E-16
2010 -2.81E-16 -3.45E-17 1.00E+00
2011 -3.33E-16 1.90E-16 1.07E-16
2012 -4,03E-16 4,45E-16 -3.03E-16
2013 -3.05E-16 9.33E-17 1.98E-16
2014 3.71E-16 -4.28E-16 1.07E-16
2015 3.53E-16 -1.61E-16 3.25E-17
2016 | -2.72E-16 1.77E-16 -8.83E-17
2017 1.123788 -1.24839 0.385304
2018 0.872549 -0.1746 -0.70935
2019 0.739827 -0.03077 0.138435
Table 9. Values of the coefficients oy
a oy Os O
2008 0 0 0
2009 | -757E-17 | -3.79E-16 | 3.50E-16
2010 7.33E-17 1.05E-16 | 4.62E-17
2011 1 1.05E-16 | 4.62E-17
2012 -5.57E-17 1| 5.13E-16
2013 2.23E-16 1.13E-16 1
2014 0 1.21E-16 | 1.70E-16
2015 -4.46E-16 -1.44E-16 | 3.85E-16
2016 1.11E-16 3.12E-16 | 1.52E-16
2017 -0.39124 -0.24863 | 0.198257
2018 0.006413 -0.53602 | 0.056921
2019 -0.98551 -0.14532 -0.36797
Table 10. Values of the coefficients 0
a oy og g
2008 0 0 0
2009 4.48E-16 | -7.41E-16 | 6.97E-16
2010 -5.86E-16 1.40E-16 | 9.18E-17
2011 | -5.86E-16 1.40E-16 | 9.18E-17
2012 -1.04E-16 7.61E-16 | -6.55E-16
2013 -5.50E-16 1.32E-16 | 8.61E-17
2014 1 -6.50E-16 | 3.26E-16
2015 -1.79E-16 1| 3.75E-16
2016 7.74E-17 1.24E-16 1
2017 | 0.383919 -0.45711 | 1.267619
2018 0.6005 0.074048 | 0.779919
2019 0.33545 0.31072 | 0.971142
The errors ¢, of internal, extrapolation

according to the years are shown in the Table 11.

The obtained forecasting results, which are the
highest index of average daily temperature in July
(the hottest month of the year) at the 11 observation

Information technologies and computer systems
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stations in Vietnam from year 2008 to year 2019, are
shown in the Tables 12 and 13. The obtained
forecasting results at the observation station 2 are
illustrated by Fig. 1.

Table 11. Errors g, of interpolation, extrapolation

Year €m

2008 0

2009 0

2010 0

2011 0

2012 0

2013 1.11E-16

2014 0

2015 1.11E-16

2016 1.11E-16

2017 0.063994

2018 0.143273

2019 0.140577
a5 i
- -== predicted
05

% 30.0

E 295 '\

% 2.0 .'\ .
8.5 .'. J;,
8.0 llxur’i

2008 010 2012 014 016 018

year
Fig. 1. Chart of the highest index of average
daily temperature in July at the observation
station 2 in Vietnam
Table 12. The forecasting results at the
observation stations 1-5 in Vietnam

Observation stations

Year | (1) (2) 3) (4) (5)

2008 | 316 | 289 | 30.2 | 315 | 30.9
2009 32 29.8 31 31.9 | 318
2010 | 338 | 314 | 319 | 33.7 | 334
2011 | 324 | 30.2 | 304 | 329 | 323
2012 | 319 | 29.7 | 30.8 | 335 | 32.7
2013 | 305 | 29.7 | 295 | 312 | 31.0
2014 | 316 | 303 | 304 | 323 | 31.9
2015 | 329 | 304 | 31.8 | 347 | 344
2016 | 315 | 31.1 | 309 | 329 | 33.0
2017 | 305 | 29.8 | 29.6 | 31.6 | 31.3
2018 | 289 | 278 | 283 | 29.9 | 29.9
2019 | 30.1 | 289 | 29.7 | 31.2 | 31.3
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Table 13. The forecasting results at the
observation stations 6-11 in Vietnam

Observation stations
Year |6) | (D) | (@) |9 |10 |(11)
2008 | 29.9 |29.2 | 312 |304 |30 31.6
2009 | 31.2 | 29.7 |31.7 |30.3 |313 |315
2010 | 32.3 | 30.8 | 331 |31.3 |313 | 336
2011 | 323 |30.1 |323 |304 |31 32.5
2012 | 31.1 | 29.7 |31.3 |30.0 |324 | 325
2013 | 314 | 28.7 | 304 |28.6 |304 |31.1
2014 1312 | 295 | 314 |29.2 |317 |317
2015 | 33.1 | 314 | 330 |326 |341 |329
2016 | 328 | 304 |318 |31.8 |326 | 326
2017 | 30.8 | 29.2 | 30.6 |30.6 |30.6 |31.8
2018 | 29.7 | 28.0 | 29.3 294 | 30.3 |29.3
2019 | 29.8 | 28.8 | 30.1 |30.9 |30.9 |30.8

Conclusions

The article has mentioned an important

application of the correlation function of the
stochastic process that is the problem of prediction
of stochastic process. In which, we provided the
solutions to ensure the system of equations (2a) be
solved:

— propose how to calculate the values of sample
standardized correlation function r (t);

— replace the unknown right sides 7x(t, —
tawith their estimates by selecting the appropriate
estimation method.

A forecasting model has been established to
predict the highest index of the daily average
temperature in July every year of the observation
stations in northern region of Vietnam using the
aggregate data from the General Department of
Meteorology and Hydrology of Vietnam. The actual
observation process cannot perfectly satisfy the
theoretical conditions set for the model, such as the
stationarity. Therefore, we propose a way to
calculate the wvalues of 7(r)of the sample
standardized correlation function as in the above
presented content of the article. As the references
have pointed out, for processes occurring in the
atmosphere and hydrosphere, their hypothesis of
stationarity is relatively well satisfied in a time and
distance that is not very large. By examining the
sample standardized correlation matrix, it can be
found that the more stationarity of the observation
process is satisfied, if on each diagonal line that is
parallel to the main diagonal, the less the elements
oscillate. Then the estimates that are received from
the forecasting model (1) are even more accurate.
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3ACTOCYBAHHS ®YHKII KOPEJISILII Y MEPEJBAUEHHI
BUIIAJKOBHUX IMPOLIECIB

Anomauia. OOHUM 3 HAUBAXNCIUGIWUX 3ACMOCY8AHb KOpeNAYiliHoi YHKYIT € 6CMaHO61eHHA MOoOeNi NPOSHO3VEAHHS
cmoxacmuunozo npoyecy. Cmayionapia e1acmugicms pooums NpocHO3Y6AHH CMOXACMUYHO20 NPOYeCy YLIKOM MOJNCIUBUM HA
ocHogi (ynryii kopersyii. L] mooens npo2Ho3yeans 3ayikasiend y mux 6UNaoKax, Koau 6 OaHUX CNOCMEPeNCeHb He ICHYE NOMULOK
sumiprosanv. Mu Hadanu 0esxy obpobky, wod 3pobumu Mooenb NPOSHO3VE8AHHA KOPUcHoto. IIpononyemscs obuuciumu 3HaueHHs
cmandapmu306anoi QyHKYii Kopenayii 6i0nosioH0 00 GAKMUUHO CROCMEPeNCYEaHOI 8UBIPKU ma oyiHumu HeoOXIOHI 3HAYEHH S, KD
BOHU He MOJICYMb Oymu obuucieni 3 ubipku. Mu 3aminunu HegiooMi 3HAUEHHS IX OYIHKAMU, KL MU 3HATUWLIU 3 OONOMO20I0 0OHO20 3
IHCMpPYMEHmi6 NPOSHO3YBAHHS, NPUOAMHUX 05 Yaco8UX psaoie. Teopemuuno, 0 cmayioHapHUX 6UNAOKOBUX NPOYecie KOpesyiiHa
@yuryia i cmandoapmuzoeana Koperayitina QyHKYia 3aiexcams mintbKu i0 4acogoi 8i0CMamni Midc 080Ma CeKYiAMU, He 3aedHCamu
610 KOHKDEMHO20 3HAYeHHs 4acy KodcHol cexkyii. OOHAK 6 ybomy 000amKy, KOIU MU PO32NS0AEMO NPOYEC CNOCMEPedCeHHsl SIK
CMAYIiOHAPHULL CIMOXACMUYHULL Npoyec, ye O3HAYAE, WO MU ANPOKCUMYBANU Yeli Npoyec CROCMEPENCEeHHs CMAYIOHAPHUM
cmoxacmuunum npoyecom. Omoice, npu po3paxyHKy Osi KOHKPEmHOI UGIDKU CROCMeEPediceHb 3HAYeHHS KOPeIsyiiuHoi QyHKyil
BUOIPKU | CIAHOAPMU3068AHOI KOPETAYIUHOL PYHKYIL GUOIDKU MINC 080MA CEKYIAMU MONCYMb KOAUBAMUCS 8IONOBIOHO 00 3HAUEHb
uacy KOJICHOT ceKyil, Xoua uacoea 6i0CManb Midc 080MA CEKYIAMU 3ANUMAEMbC He3MIHHUM. Bubipkosa cmandapmusosana
KOpenayiiuna QyHKyis po30iny 6yna obuuciena sk cepedHe apupmemuyne 6Cix 3HaUeHb UOIPKOBOI CIAHAAPMU308AHOI KOPENAYIHOT
GyHKyii mixe 06oma posdinamu. Y yiti cmammi MoOenb NPOSHO3VEAHHS - Ye MOOelb JIHIUHOL iHmepnoasyii i excmpanonsayii,
OMPUMAHA MEMOOOM HAUMEHUUX K8aopamis. 3a80anHs 3aCmocy8ants yieci Mooeni nonseae 6 momy, wob 3a 00nomo2ow yici Mmooeni
NPOSHO3YBAHHA Oamu Haueuwyi NOKAHUKU CepedHb0000060i memnepamypu 6 aunui 3a ocmanni mpu poxu 2017-2019 ¢ oeaxux
HaceleHux nyHkmax nigHiuno2o B'emuamy. [ani Oynu 3ibpani 3 doxcepena oanux I'enepanvro2o denapmamenmy memeopono2ii ma
eioponoeii B'emnamy. [ns npoyecis, wo iodysaromuvcsa 6 ammocgepi ma 2iopocghepi, ix cinomesa npo cmayioHapHicmy NOPIBHAHO
000pe 3a00601eHa 3a Yac ma 8i0CMaHb, AKi He Oydce seauxi. Yepes ye mu eubpanu suweseadanuli HAbip Oanux O 3aCMOCY8AHHS
00 MoOeni npocHo3yeanHs. Pesyismamu po3paxynxie ompumyoms npozpamte 3abesnevenns Matlab.
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IMPUMEHEHWE KOPPEJAIIMOHHON ®YHKIIUU B ITIPOTHO3UPOBAHUN
CTOXACTHYECKHUX TPOLECCOB

Annomayun. OOnum u3 Haubonee GANCHLIX NPUMEHEHUN KOPPEIAYUOHHOU QYHKYUU s6I1emcsi co30anue Mooenu
npoeHo3uposanust 0asi cayuainozo npoyecca. Cmayuonapnoe ceolicmeo oOendaem npeoCKa3aHue CmoXACMuYecKkoeo npoyecca
NOJIHOCMBIO BO3MOICHLIM HA OCHOBE KOPPEIAYUOHHOU QYHKYUU. Dma npocHOCmuYeckas Mooeib uHmepecua 8 mex Ciyudsx, Ko2od
npeonoiazaemcsi, ymo OanHvle HAOMOOeHUll He umerom owubox usmepenus. Mol npedocmasuiu Hekomopyio oopabomxy, umoobsi
coenams MoOeib NPOSHO3UPOBAHUSL NPULOOHOU OISl UChOAb308aHusl. [Ipednazaemes paccuumams 3HaA4eHUe CMAHOAPMUUPOBAHHOU
KOPPENAYUOHHOU QYHKYUL 8 COOMEEMCMBUU ¢ (PAKMUUECKOU HAOI00aeMoll 8b100PKOU U OYeHUmb HeoOX00uMble 3HAYEHUs, YMOoObl
ux Henv3s OvLIO paccuumams no evlbopre. Mvl 3aMeHUNU Heu38eCmHble 3HAYEHUS UX OYEHKAMU, KOMOpble Mbl HAULTU C NOMOUbIO
00HO20 U3 UHCMPYMEHMOS8 NPOSHOZUPOSAHUsL, NOOXOOSWUX Olisl 6peMeHHbIX psdos. Teopemuuecku, O CMAYUOHAPHBIX
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CMOXACMUYECKUX NPOYECco8 KOPPeIAYUOHHAS PYHKYUA U CMAHOAPMUZUPOBAHHAS KOPPENAYUOHHAA (PYHKYUS 3A8UCAM MOJLKO OMm
BPEMEHHO20 PACCMOAHUS MENHCOY OBYMS CEKYUAMU, He 3ABUCS 0N KOHKPEMHO20 3HAUEHUs. BpeMeHlU Kaxcoou cekyuu. OOHAKo 6 Imom
NPUNOdICEHUU, K020a Mbl pACCMAMPUBAeM npoyecc HabaI0eHUs. KAk CMAyUOHAPHBII CIOXACMUYECKUL npoyecc, 3o o3Havaen, 4mo
Mbl ANIPOKCUMUPOBATU IMOM NPOYECC HAONI00eHUs CIMAYUOHAPHbIM cmoxacmuyeckum npoyeccom. CrnedosamenvHo, npu pacueme
07151 KOHKPEeMmHOU 8blOOPKU HAOMOO0EeHUL 3HAUEHUsT KOPPETAYUOHHOU DYHKYUU GbLOOPKU U CMAHOAPMUSUPOBAHHOU KOPPEIAYUOHHOU
@ynryuu 8b160pKU MeAHCOY O8YMS CEKYUAMU MO2YM KOIeDAMbCs 8 COOMBEMCMBUU CO 3HAYEHUAMU 8PEMEHU KAICOOU CeKyuU, XOms
BPEMEHHOE PACCNOAHUE MEHCOY 08YMA CEKYUAMU OCMAENmCs HeUSMeHHbIM. Boibopounas cmandapmusuposannas KoppersyuoHHas
@ynxkyusi pazdena 6vlia GbIMUCIEHA KAK CpeoHee apumemuyeckoe 6cex 3HAYeHUll 6blOOPOUHOU CMAHOAPMUIUPOBAHHOU
KOPPENAYUOHHOU (DYHKYUU MencOy 08yMsi pazderamu. B smoii cmamve mMoOenb NpoOSHO3UPOSAHUS. - MO MOOeNb JUHEUHOU
UHMEPNONAYUY U IKCIMPANONAYUY, NOLYYEHHAS MEMOOOM HAUMEHbUUX K6aOpamos. 3adaya npumeHeHus 3moil MoOenu cOCmoum
mom, YmooObl ¢ NOMOWBIO SMOU MOOEIU NPOSHO3UPOBAHUA OGAMb CaMble 8bICOKUE NOKA3AMENU CPeOHECYMOYHOU meMnepamypbl 6
urone 3a nociednue mpu 200a 2017-2019 6 nekomopvix HaCeNeHHbIX NYHKMAX cegepHo2o Bvemnama. /lannvle Ovinu cobpanvl uz
ucmounuKa Oanuvix 1 1asno2o ynpasnenus memeopono2uu u cuopoio2uu Beemuama. /s npoyeccos, npoucxoosuux 6 ammocgepe u
auopocgepe, ux eunomesa 0 CMAyUOHAPHOCIU OMHOCUMENLHO XOPOULO BbINONHACMCS 60 6PEMEHU U HA PACCMOAHUU, KOMOpOe He
ouenvb 6enuxo. Hz-3a 3mozo muvl 6bl0panu SLIUEYNOMAHYMbI HAOOP OAHHBIX ONA NPUMEHEHUs K MOOenu NPOSHOZUPOBAHUS.
Pesynvmamol pacuemos noiyuenst ¢ NHOMOWbI0 NPopamMmno2o obecnevenus Matlab.
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