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Forecast the Number of Unemployed in Thailand Classified

by Education Level using Differential Equation Model
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Abstract

The purpose of this study were 1) to construct the appropriate model forecasting for the number of
unemployed in Thailand classified by education level using differential equation model , the primary and lower
education, junior high school, senior high school, vocational certificate, high vocational certificate and higher
education, and 2) Predict the number of unemployed people in Thailand classified by education in the future
using information from the website of the National Statistical Office from 2001 to 2017, totally 17 values. Is
divided into 2 sets, set 1 is data from year 2001 to year 2016, 16 values for creating differential equations to
predict the number of unemployed in Thailand check the relationship between the differential equation model
and the real value and the suitability of the forecasting model with the correlation coefficient (R), coefficient
of determination (Rz) coefficient of improvement decision (R2 - Adjusted), estimation of standard error of
regression equation and analysis of the recession, respectively. Set 2 had 5 values from 2013 to 2017 for
comparing accuracy of the forecasts via criteria of the lowest root mean squared error (RMSE) and mean

absolute percentage error (MAPE).
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The research found that
1. Differential equation model for forecasting the number of unemployed by qualification achieved
in Thailand

Primary and lower education is ¥, (t) = —0.173t3 + 2.425t? — 11.593t + 98.335

Junior high school is ¥, (t) = 0.063t% + 0.750t> — 8.874t + 85.717

Senior high school is ¥3(t) = 0.077t% + 0.610t? — 5.729t + 49.191

Vocational certificate is Y, (t) = 0.013¢® + 0.238t%> — 1.598t + 18.844

High vocational certificate is Y5(t) = 0.030t> + 0.352t% — 3.029¢ + 32.082

Higher education is Y¢(t) = 0.119¢3 + 0.791t? — 4.567t + 83.141

2. Number of unemployed graduates’ primary and lower education have a tendency to decrease but

the unemployed graduates junior high school graduation, senior high school graduation, vocational certificate

graduation, high vocational certificate graduation and higher education graduation upward trend.

Keywords: differential equation, unemployed , forecast

1. Introduction

Population is a resource national manpower
that plays an important role in success or failure to
develop the country. Therefore, it is very important
to analyze the current situation of population,
manpower, labor and unemployment in order to set
guidelines for solving problems from the
unemployment situation, termination and demand
for labor surveyed by national statistical office.
The results of the labor force survey in April
2017 found that the number of people aged from —
15 years up to 55.89 million people who live in the
labor force or those who are ready to work 37.89
million people. Which consists of 37.09 million active
people, 4. 73 thousand hundred unemployed people
and 3.24 hundred thousand people waiting for the
season, while those outside the labor force or those

who are not ready to work 18.00 million people,

including house wife, student, and elderly people.
In April 2017, the unemployment situation were
4.73 hundred thousand people, or 1.2 percent of the
unemployment rate, compared to the same period in
2016. The number of unemployed increased by 7.7
ten thousand people (from 3.96 hundred thousand
to 4.73 hundred thousand people) and compared to
March 2017, the number of unemployed decreased
by 2.3 thousand people (from 4.96 hundred thousand
people to 7.73 hundred thousand people) when
comparing the unemployment rate with the same
period of the previous year. The result of the
unemployment rate increased (from 1.0 percent to
1.2 percent) compared to the previous month. The
unemployment rate decreased (from 1.3 percent to
1.2 percent). Unemployment according to the level
of education achieved in April 2017, it was found

that the unemployed higher education graduated
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1. 92 hundred thousand people ( 2. 3 percent
unemployment rate), followed by the upper junior
high school, 1.08 hundred thousand people (1.7
percent), junior high school graduated 8.9 ten thousand
people (1.4 percent), primary education graduated
6.0 thousand people (0.7 percent) and those who do
not have education and lower than 2.2 ten thousand
people (0.3 percent) compared to the same period
0of 2016. Found that, the number of detractors In the
senior high school graduated increased by 2.8 ten
thousand people, higher education increased by 2.6
ten thousand people, primary education graduated
increased by 1.9 thousand people and junior high
school graduated increased by 8.0 thousand people
for those who do not have education and lower than
primary education graduated, the number of
unemployed reduced down 4.0 thousand people [1].

For this research, the researcher wanted to
study the movement of the number of unemployed.
In the past, to create a model for differential
equations to predict the number of unemployed in
the country. Separating the qualification achieved
to know the trend of the number of unemployed
how it looks if the number of unemployed in the
future decreases would have a positive impact on
national development planning. For that reason, the
researcher therefore is interested in studying the
formation of differential equations. To predict the
number of unemployed by classifying graduates
who are primary education graduated and lower,
junior high school graduated, senior high school
graduated, vocational certificate graduated, high

vocational certificate graduated and higher education

graduated in the creation of differential equations to
predict the number of unemployed will determine
the trend equation that is suitable for the number of
unemployed by the level of education achieved and
then apply the trend equation to create the differential
equation model In the construction of the differential
equation model, this is a forecast of future
unemployment trends for information on various
agencies, including education, government, private

sector, public sector and related sectors.

2. Materials and Experiment

This research is conducted to create a
differential equation model to predict the number of
unemployed. By using statistical achievement program
the data used in the study were obtained from the
website, social database and quality of life system,
the office of the Economic Development Board and
National society is a time series of unemployed
people that are aged 15 years and over (thousands),
classified by graduated level achieved from the year
2001 to year 2017, data 16 valve, the researcher has
divided the data into 2 sets, which is set 1 is the data
from 2001 to year 2016, 15 values. [2] For creating
differential equations by wusing the statistical
achievement program create a scatter diagram to
study the movement of time series is a preliminary
consideration of what time series has changed. What
time- series components are there (trends, seasonal,
cyclical or unusual events) based on the graph of
time series versus time for the proper selection of
statistical methods for further data analysis [ 3]

calculates the trend equation that fits the time series
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of the number of unemployed. Classified by graduated
level achievement and then apply the trend equation
to create the differential equation model checking
the relationship of the value of the equation model
and the true value to calculate the correlation
coefficient (R), coefficient of determination (Rz),
coefficient of determination (R - Adjusted), standard
error estimation of regression equation ( Standard
error of the estimate) and check the suitability of the
differential equation model with real values by the
regression analysis. Set 2 is the year 2013 to year
2017, 5 values for precision checking used by
considering the mean absolute percentage error
(MAPE) and the square root of the root mean squared
error (RMSE). Both values must be low. Therefore,
being classified as a model that is suitable for the
time series [4].

100

nz

nz
t=1

et

Show as followsMAPE = v
t

1 on
and RMSE = ’n—zztjlef

When e, =Y,—7,
Y; means the actual value in time period t,
Y, means the forecast values for time
period t.

t represents the time period, which has a
value from 1 to n,, where n, represents the amount
of data in the time series, set 2 [5].

The researcher determined the differential
equation model for forecasting the number of
unemployed in Thailand by qualifying as follows.

To Y,(t) Instead of the differential

equation model for forecasting number of unemployed

who have completed primary and lower education
at the time t determined by

dEs(t)

AGE di

+ Es(t)

To Y,(t) Instead of the differential

equation model for forecasting number of
unemployed who have completed Junior high

school at the time t determined by

- djh
7.0 =22 4 jace

To Y5(t) Instead of the differential
equation model for forecasting the number of

unemployed who have completed senior high

school at the time t determined by

B dHs(t)

Y3(®) dt

+ Hs(t)

To Y,(t) Instead of the differential
equation model for forecasting the number of
unemployed who have completed vocational

certificate at the time t determined by

dVs(t)
dt

IAGCE + Vs(t)

To Ys(t) Instead of the differential
equation model for forecasting the number of
unemployed who have completed high vocational

certificate at the time t determined by

- dH
Ys(t) = ;(t)

+ Hv(t)

To Y¢(t) Instead of the differential
equation model for forecasting the number of
unemployed who have completed higher education at

the time t determined by
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- dH
7o) = 2o

Es(t),Jh(t), Hs(t),Vc(t), Hv(t)

+ He(t)
When and
He(t) Is the trend equations of unemployed who
have completed primary education and lower,
Junior high school graduates, senior high school
graduates, vocational certificate graduated, higher
vocational ~certificate

graduated and higher

education graduated at the time t.

3. Results and Discussion

3.1 The results of the creation of differential
equation models for forecasting number of
unemployed classified by education.

3. 1. 1 Differential equation model for
forecasting the number of unemployed who have
completed primary education and lower.

Consider the scatter diagram of the
number of unemployed. Graduated from primary
education and lower than the year 2001 to year

2016, as shown in Figure 1.

number of unemployed graduated in primary education and lower (1,000 people)

700
600 o
500
400
300 O o)

200 e} o
100

2001 2002 2003 2004 2005 2006 2007

2008

o
© o o o o o o©

2009 2010 2011 2012 2013 2014 2015 2016

Figure 1 The scatter diagram for the number of unemployed graduated in primary education and lower.

Which creates a trend equation Es(t)
which is suitable for the number of unemployed
who have completed primary and lower education

can be used to create a differential equation model

as follows
~ dEs(t)
Yi(t) = it + Es(t)

= —0.173¢3 + 2.425¢* — 11.593t +
98.335

When Es(t) = —0.173t3 + 2.943t% —
17.478t + 115.813

at the time t

The graph shows the relationship ¥; (t)
between the number of unemployed who have
completed primary education and lower. As shown

in Figure 2.
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700 number of unemployed graduated in primary education and lower (1,000 people)
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O actual data e forecast value
500
400
300
200 - Q
Qe O o
100 O
Y O O =0
0
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Figure 2 Graph of ¥ (t) and number of unemployed who have completed primary education and lower.

Check the relationship between the values

of ¥, (t) and the number of unemployed who have

standard error estimation of the regression equation

by showing in the Model Summary as shown in

completed primary education and lower by to Table 1.
calculation the R value, R’ value R’ - Adjusted, the
Table 1 Model Summary
R R Square Adjusted R Square Std. Error of the Estimate
0.9955 0.9909 0.9888 11.7252

From Table 1, it is found that the value of
R, R’ and value R’ - Adjusted values are approaching
1, indicating that the value Y, (t) and the number
of unemployed who have completed primary

education and lower have a positive correlation.

Check the suitability of the value of ¥, (t)
for use in forecasting the number of unemployed
who have completed primary education and lower
by to calculation Regression analysis which is

shown in the form of the ANOVA as shown in

Table 2.
Table 2 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 195397.4218 3 65132.4739 473.7609 0.0000
Residual 1787.2351 13 137.4796

Total 197184.6569 16
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From Table 2, it is found Y, (t) that it is
appropriate to predict the number of unemployed
who have completed primary education and lower
with statistical significance at . 01 level (F =

473.7609).

Check the accuracy of the forecasting
model. By applying forecast values 171 (t) to compare
with the actual data of the number unemployed who
have completed primary education and lower in
Thailand in the years 2013 to year 2017, as shown
in Table 3.

Table 3 Forecasting values Y, (t) and actual data of the number of unemployed who have completed primary

education and lower in Thailand than in year 2013 to year 2017 (thousands of people), MAPE and RMSE.

duration 2013 2014 2015 2016 2017 MAPE RMSE
actual data 61.47 76.65 75.52 77.64 93.4
_ 12.23 12.58
Y1(0) 79.73 79.44 78.82 76.85 72.48

From Table 3, the mean absolute percentage
error and the square root of the mean square error
are acceptable low values. Shows that the forecast
value Y, (t) is accurate in predict the number of
have

unemployed who completed primary

education and lower in Thailand.

3. 1. 2 Differential equation model for
forecasting number of unemployed who have
completed junior high school.

Consider the scatter diagram of the
number of unemployed who have completed junior
high school than the year 2001 to year 2016, as

shown in Figure 3.

number of unemployed graduated in junior high school (1,000 people)

250

200

150

100

50

2001 2002 2003 2004 2005 2006 2007

2008

2009 2010 2011 2012 2013 2014 2015 2016

Figure 3 The scatter diagram for the number of unemployed graduated in junior high school.
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Which creates the trend equation Jh(t) When Jh(t) = 0.063t3 + 0.561t? — 9.995¢ +
95.712

which is suitable for the number of unemployed

o at the time t
who have completed junior high school can be used

. . . The graph shows the relationship ?2 ®)
to create a differential equation model as follows.

> djh(t) between the numbers of unemployed who have
7.0 = L2+ (o)
= 0.063t3 + 0.750t2 — 8.874t + completed junior high school. As shown in Figure 4.
85.717
250 number of unemployed graduated in junior high school (1,000 people)
200 (0]
O actual data e forecast value
150 o)
o o
100 o
) O
50 o O O O

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 4 Graph of YA2 t and number of unemployed who have completed junior high school

Check the relationship between the values value, R’ value, R’ - Adjusted value, standard error
of ¥,(t) and the number of unemployed who have estimation of regression equation by showing in the
completed junior high school by to calculation R Model Summary table as shown in Table 4

Table 4 Model Summary

R R Square Adjusted R Square Std. Error of the Estimate
0.9302 0.8652 0.8342 14.5288
From Table 4, it is found that the value of Check the suitability of the value ¥, (t)
R, R* andR’ - Adjusted values are approaching 1, for use in forecasting the number of unemployed
indicating that the value ?2 (t) and the number of who have completed junior high school by to
unemployed who have completed junior high calculation Regression analysis which is shown in

school have a positive correlation. the form of the ANOVA as shown in Table 5.
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Table 5 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 17619.9030 3 5873.3010 27.8240 0.0000
Residual 2744.1020 13 211.0850
Total 20364.0050 16

From Table 5, it is found that Y, (t) that
it is appropriate to predict the number of
unemployed who have completed junior high

school with statistical significance at .01 level (F =

27.8240).

Check the accuracy of the forecasting
Y,(t)

compared with the actual data of the number of

model. By applying forecast values
unemployed who have completed junior high
school in Thailand in the years 2013 to year 2017,

as shown in Table 6.

Table 6 Forecast value ?2 (t) and actual data of the number of unemployed who have completed junior high

school in Thailand than in year 2013 to year 2017 (thousands of people), MAPE and RMSE.

duration 2013 2014 2015 2016 2017 MAPE RMSE
actual data 59.02 72.93 65.50 78.71 87.9
" 8.65 6.31
Y, t 66.28 68.02 73.16 82.08 95.16

From Table 6, the average absolute error
percentage and the square root of the mean square
error are acceptable low values. Shows that the
forecast value Y, (t) is accurate in predicting the
number of unemployed who have completed junior

high school in Thailand.

150

50

2001 2002 2003 2004 2005 2006 2007

2008

3.1.3 Differential equation model for
forecasting number of unemployed who have
completed senior high school.

Consider the scatter diagram of the
number of unemployed who have completed senior
high school than the year 2001 to year 2016, as

shown in Figure 5.

number of unemployed graduated in senior high school. (1,000 people)

2009 2010 2011 2012 2013 2014 2015 2016

Figure 5 The scatter diagram for the number of unemployed graduated in senior high school.
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Which creates a trend equation Hs(t)
which is suitable for the number of unemployed
who have completed senior high school can be used

to create a differential equation model as follows:
dHs(t)

Y3(t) = dt

+ Hs(t)

= 0.077t> + 0.610t* — 5.729t + 49.191

150

100

2001 2002 2003 2004 2005 2006

2007

e} (@]
MO
50 Q.

2008

When Hs(t) = 0.077t3 + 0.378t2 — 6.484t +
55.675

at the time t
The graph shows the relationship ?3 ®)
between the numbers of unemployed who have

completed senior high school. As shown in Figure 6.

number of unemployed graduated in senior high school.(1,000 people)

e forecast value

\}M

actual data

2009 2010 2011 2012 2013 2014 2015 2016

Figure 6 Graph of 173 (t) and number of unemployed who have completed senior high school.

Check the relationship  between the
values of Y3(t) and the number of unemployed
who have completed senior high school by to

calculation the R value, R’ value R’ - Adjusted, the

Table 7 Model Summary

standard error estimation value of the regression
equation by showing in the Model Summary table

as shown in Table 7.

R R Square

Adjusted R Square

Std. Error of the Estimate

0.9003 0.8106

0.7669

9.4420

From Table 7, it is found that the value of
R, R® andR’ - Adjusted values are approaching 1,
indicating that the value Y5(t) of the number of
unemployed who have completed senior high

school have a positive correlation.

Check the suitability of the value Y5 (t)
for use in forecasting the number of unemployed
who have completed senior high school by to
calculation Regression analysis which is shown in

the form of the ANOVA as shown in Table 8.
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Table 8 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 4960.0650 3 1653.3550 18.5460 0.0000
Residual 1158.9580 13 89.1510
Total 6119.0230 16

From Table 8, it is found Y5 (t) that it is
appropriate to predict the number of unemployed
who have completed senior high school with
statistical significance at the level of .01 (F =

18.5460).

Check the accuracy of the forecasting
model. By applying forecast values }73 (t) compare
with the actual data of the number unemployed who
have completed senior high school in Thailand in

the year 2013 to year 2017, as shown in Table 9.

Table 9 Forecast value ?3 (t) and actual data of the number of unemployed who have completed senior high

school in Thailand than in year 2013 to year 2017 (thousands of people), MAPE and RMSE

duration 2013 2014 2015 2016 2017 MAPE  RMSE
actual data 39.86 4355 52.93 54.01 66.03
_ 10.39 8.64
Y5(t) 40.93 4537 5331 65.24 81.60

From table 9, the average absolute error
percentage and the square root of the mean square
error are acceptable low values. Shows that the
forecast value Y5(t) is accurate in predicting the
number of unemployed who have completed senior

high school in Thailand.

50

40

O

30 o) o

20

2001 2002 2003 2004 2005 2006 2007

2008

3.1.4 Differential equation model for
forecasting number of unemployed who have
completed vocational certificate.

Consider the scatter diagram of the
number of unemployed who have completed
vocational certificate than the year 2001 to year

2016, as shown in Figure 7.

number of unemployed graduated in vocational certificate graduates. (1,000 people)

2009 2010 2011 2012 2013 2014 2015 2016

Figure 7 The scatter diagram for the number of unemployed graduated in vocational certificate graduates.
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Which creates trend equations Vc(t)
which is suitable for the number of unemployed
who have completed vocational certificate can be
used to create a differential equation model as

follows

- dVe(t)
Y,(t) = T + Ve(t)

= 0.013¢3 + 0.238t% — 1.598¢t + 18.844

50
o

20

40 Q O tual dat:
o actual data
30 o)
O

When Ve(t) = 0.013t3 + 0.199t2 — 1.996t +
20.840

at the time t

The graph shows the relationship YA4 t
between the numbers of unemployed who have
completed vocational certificate. As shown in

Figure 8.

number of unemployed graduated in vocational certificate graduates. (1,000 people)

e forecast value

=)

2001 2002 2003 2004 2005 2006 2007

e} o) [®) O (@]

2009 2010 2011 2012 2013 2014 2015 2016

Figure 8 Graph Y, (t) and number of unemployed who have completed vocational certificate.

Check the relationship between the values
of ¥, (t) and the number of unemployed who have

completed vocational certificate by to calculation the

Table 10 Model Summary

R value, R’ value, R’- Adjusted value, the standard
error estimation of regression equation by showing

in the Model Summary table as shown in Table 10.

R R Square

Adjusted R Square

Std. Error of the Estimate

0.8629 0.7446

0.6857

4.2227

From Table 10, it is found that the value of R, R’
and R’ - Adjusted values are approaching 1, indicating
that the value Y, (t) of the number of unemployed
who have completed vocational certificate have a

positive correlation.

Check the suitability of the value Y, (t)
for use in forecasting the number of unemployed
who have completed vocational certificate level by
to calculation Regression analysis which is shown

in the form of the ANOVA as shown Table 11.
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Table 11 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 6759110 3 225.3037 12.6353 0.0004
Residual 231.8069 13 17.8313
Total 907.7179 16

From Table 11, it is found Y, (t) that it is
appropriate to predict the number of unemployed
who have completed vocational certificate with
statistical significance at the level of .01 (F =

12.6353).

Check the accuracy of the forecasting
model. By applying forecast values ?4 (t)compared
with the actual data of the number of unemployed
who have completed vocational certificate in
Thailand in the year 2013 to year 2017, as shown in
Table 12.

Table 12 Forecast value YA4 t and actual data of the number of unemployed who have completed vocational

certificate in Thailand then in year 2013 to year 2017 (thousands of people), MAPE and RMSE.

duration 2013 2014 2015 2016 2017 MAPE RMSE
actual data 14.10 16.10 16.10 21.90 27.2
= 14.80 2.75
Y,(t) 17.07 18.39 20.57 23.69 27.82

From Table 12, the average absolute error
percentage and the square root of the mean square
error are acceptable low values. Shows that the
forecast value Y ,(t) is accurate in predicting the
number of unemployed who have completed

vocational certificate in Thailand.

3. 1. 5 Differential equation model for
forecasting number of unemployed who have
completed high vocational certificate.

Considering the scatter diagram of the
number of unemployed who have completed high
vocational certificate than the year 2001 to year

2016, as shown in Figure 9.

number of unemployed graduated in higher vocational certificate. (1,000 people)

80
(@]
60 o
o o o
40 O
(@]

20
0

2001 2002 2003 2004 2005 2006 2007

2008

2009 2010 2011 2012 2013 2014 2015 2016

Figure 9 The scatter diagram for the number of unemployed graduated in higher vocational certificate.
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Which creates trend equations Hv(t)
which is suitable for the number of unemployed
who have completed high vocational certificate can

be used to create a differential equation model as

When Hv(t) = 0.03t3 + 0.262t? — 3.552¢t +
35.634

at the time t
The graph shows the relationship ?5 ®)

between the numbers of unemployed who have

follows.
N dHv(t) completed high vocational certificate. As shown in
Ys(t) = + Hv(t)
dt . ) Figure 11.
= 0.03t> + 0.352t* — 3.029¢ + 32.082
80 number of unemployed graduated in higher vocational certificate. (1,000 people)
@)
60
(\N (e}
40 O
° o -5 o
20 O O

2001 2002 2003 2004 2005 2006 2007

Q actual data e forecast value

2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 11 Graph of Y5 (t) and number of unemployed who have completed higher vocational certificate.

Check the relationship between the values
of Y5 (t) and the number of unemployed who have

completed high vocational certificate by to calculation

Table 13 Model Summary

the R value, R’ value, RZ-Adjusted value, the standard
error estimation of regression equation by showing

in the Model Summary table as shown in Table 13.

R R Square

Adjusted R Square

Std. Error of the Estimate

0.8691 0.7554

0.6990

6.5868

From Table 13, it is found that the value of R value,
R* and R® - Adjusted values are approaching 1,
indicating that the value Y5(t) of the number of
unemployed who have completed high vocational

certificate have a positive correlation.

Check the suitability of the value Y5 (t) for
use in forecasting the number of unemployed who
have completed high vocational certificate by to
calculation Regression analysis which is shown in

the form of the ANOVA as shown Table 14.
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Table 14 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 1741.9557 3 580.6519 13.3833 0.0003
Residual 564.0203 13 43.3862
Total 2305.9760 16

From Table 14, it is found Y5 (t) that it is
appropriate to predict the number of unemployed
who have completed high vocational certificate

with statistical significance at the level of .01 level

(F=13.3833).

Check the accuracy of the forecasting
model. By applying forecast values Ys(t)
compared with the actual data of the number of
unemployed who have completed high vocational

certificate in Thailand in the year 2013 to year 2017,

as shown in Table 15.

Table 15 Forecast value YA5 t and actual data of the number of unemployed who have completed high

vocational certificate in Thailand then in year 2013 to year 2017 (thousands of people), MAPE and RMSE.

duration 2013 2014 2015 2016 2017 MAPE RMSE
actual data 29.56 2383 2928 2922 4533
_ 15.45 5.7
Y5() 27.55 29.54 33.14 38.54 45.92

From Table 15, the average absolute error
percentage and the square root of the mean square
error are acceptable low values. Shows that the
forecast value Y5 (t) is accurate in predicting the
number of unemployed who have completed high

vocational certificate in Thailand.

3.1.6 Differential equation model for
forecasting number of unemployed who have
completed higher education.

Consider the scatter diagram of the
number of unemployed who have completed higher
education than the year 2001 to year 2016, as shown

in Figure 12.
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150 number of unemployed graduated in higher education. (1,000 people)

130

110 o © o o
90
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Figure 12 The scatter diagram for the number of unemployed graduated in higher education.

Which creates trend equations He(t) When He(t) = 0.119¢t3 + 0.435t? — 5.437¢t +
88.579

which is suitable for the number of unemployed

. . At the time t.
who have completed higher education can be used

. . . The graph shows the relationship ¥ (t)
to create a differential equation model as follows.

_ dHe(t) between the numbers of unemployed who have
Ye(t) = + He(t)
dt 3 5 completed higher education. As shown in Figure 13.
= 0.119¢t° + 0.791¢t° — 4.567t + 83.141
150 number of unemployed graduated in higher education. (1,000 people)
130
®)
110 0]
®)
0 ©) o o) [®)
70 o) o
50 QO actual data e forecast value
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Figure 13 Graph of 176 (t) and number of unemployed who have completed higher education.
Check the relationship between the values value, R*, R*- Adjusted value and the standard error
of ?6 (t) and the number of unemployed who have estimation of the regression equation by showing in
completed higher education by to calculation the R the Model Summary table as shown in Table 16.

Table 16 Model Summary

R R Square Adjusted R Square Std. Error of the Estimate

0.8797 0.7739 0.7416 10.5732
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From Table 16, it is found that the value of R value,
R’ and R - Adjusted values are approaching 1,
indicating that the value Y (t) of the number of
unemployed who have completed higher education

have a positive correlation.

Check the suitability of the value Y (t)
for use in forecasting the number of unemployed
who have completed higher education by to
calculation Regression analysis which is shown in

the form of the ANOVA as shown Table 17.

Table 17 ANOVA
Sum of Squares df Mean Square F Sig.
Regression 5356.1666 2 2678.0833 23.9559 0.0000
Residual 1565.0896 14 111.7921
Total 6921.2562 16

From Table 17, it is found Y (t) that it is
appropriate to predict the number of unemployed
who have completed higher education with

statistical significance at the level of .01 (F =

23.9559).

Check the accuracy of the forecasting
model. By applying forecast values }76 (t) compare
with the actual data of the number unemployed who
have completed higher education in Thailand in

year 2013 to year 2017, as shown in Table 18.

Table 18 Forecast value 176(15) and actual data of the number of unemployed who have completed higher

education in Thailand then in year 2013 to year 2017 (thousands of people), MAPE and RMSE.

duration 2556 2557 2558 2559 2560 MAPE RMSE
actual data 79.53 89.63 10121 116.04 130.84
_ 10.91 14.66
Ye() 85.11 94.89 109.81 130.57 157.89

From Table 18, the average absolute error
percentage and the square root of the mean square
error are acceptable low values. Shows that the
forecast value Y4(t) is accurate in predicting the
number of unemployed who have completed higher

education in Thailand.

3.2 Predict the number of unemployed in
Thailand
From the table to check the accuracy of
the forecasting model Y, (t), Y, (t), Y5 (1), V4 (t),
Ys(t) and ?6 (t) find that it can accurately predict

the number of unemployed classified by education
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is primary education and lower, junior high school ,

senior high school, vocational certificate, high

vocational certificate and higher education

respectively as shown in Table 19.

Table 19 Forecasting the number of unemployed classified by education in Thailand (thousand people) the

year 2018 to year 2022
number of unemployed classified by education in Thailand (thousand people)
duration —

7,00 [0 75(0) 7,() 7o) Ye®
2018 64.68 112.78 102.86 33.03 55.46 192.48
2019 52.42 135.32 129.48 39.42 67.34 235.05
2020 34.65 163.15 161.91 47.04 81.77 286.32
2021 10.36 196.67 200.61 55.99 98.84 346.98
2022 -21.51 236.24 246.05 66.33 118.83 417.76

From Table 19 found that the number of
unemployed who have completed primary
education and lower have a tendency to decrease but
the unemployed who have completed junior high
school, senior high school, vocational certificate,
high vocational certificate and higher education

upward trend.

4. Conclusions

This research presents the creation of
differential equations that are suitable for time
series, number of unemployed classified by education:
primary education and lower, junior high school,
senior high school, vocational certificate, high
vocational certificate and higher education by using
data from the website of the National Statistical
Office from year 2001 to year 2017, 17 values, the
researcher has divided the data into 2 sets, set 1 is
the data from the year 2001 to year 2016, 16 values

for creating differential equations to predict the

number of unemployed in Thailand check the
relationship between the differential equation model
and the real value and the suitability of the
forecasting model With the correlation coefficient
(R), coefficient of determination (R%) , coefficient
of improvement decision (R® - Adjusted), estimation
of standard error of regression equation and analysis
of the recession, respectively. Set 2 is the year 2013
to year 2017, 5 values for precision checking. By
considering the MAPE and RMSE. Both values
must be low, found that the differential equation
model  Y,(£),Y,(t),Y5(t),Y,(t),Ys(t) and
Y¢(t) the relationship the same high level is
appropriate. and accurate in forecasting Y, (t), Y, (t),
Y3(0),7,(t),Y5(t) and Y¢(t) the number of
unemployed classified by the education that
graduated: primary education and lower, junior high
school, senior high school, vocational certificate,
high vocational certificate and higher education,

respectively, as shown in Table 1 to Table 18 when
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using forecast values and used to predict the trend
of the number of unemployed -classified by
educational in Thailand. Found that the number of
unemployed who have completed primary
education and lower have a tendency to decrease but
the unemployed who have graduated from junior
high school, senior high school, vocational
certificate, high vocational certificate and higher
education upward trend which is consistent with the
summary for the working population management
in April 2017 that says the number of unemployed
at the senior high school increased by 2.8 ten thousand
people, higher education increased by 2.6 thousand
people. Primary education and lower increased
by 1.9 ten thousand people and junior high school
increased by 8.0 thousand. For those without education
and lower than primary education the number of
unemployed decreased by 4.0 thousand, however,
the number of unemployed has always changed.
Therefore, when there is current information, the
researcher should apply to improve the differential
equation model. In order to obtain a model of
differential equations that are suitable for
forecasting and add more precision to be used to

predict the number of future unemployed [1].
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Abstract

The purpose of this research was to study and compare the forecasting methods for the sale
price of gold bar. The data was gathered from website Gold price today during January, 2012 to
December, 2019 of 96 values which were used and separated into 2 groups. The first group contained 93
values from January, 2012 to September, 2019 for comparing and searching for forecasting models. There
were forecasting methods: Box-Jenkins, Single exponential smoothing, Holt’s exponential smoothing
method, Brown’s exponential smoothing method, and Damped trend exponential smoothing method.
The second set had 3 values from October, 2019 to December, 2019 for comparing and finding the most
suitable forecasting method via criteria of the lowest root mean square error and mean absolute
percentage error. Then the selected suitable method was used to determine the most suitable
forecasting period the lowest mean absolute percentage error was used as the criteria of each period. The
result indicated that Box-Jenkins method was the best method. It was implemented for forecasting 1, 3

and 5 months. Showed that the method was suitable for advance 3 months.

Keywords: Forecasting, Gold bar, Box-Jenkins method, Holt’s exponential smoothing method,

Mean absolute percentage error
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foyaiivindlnasentu TnefidrasiinsusuiFouresdissdu (@) Tnglid 0 < « < 1 Bilmnzdmivdoyaillid
duusznevvesuwnlfunazdndseneuvasnnuiunlsmuggnia Saunsnensainieisnatarminiinan ¢
Feaunisi (2) (Taesombut, 2006, p. 210)

¥,,, = a¥,+ (1 — a)¥, (2)

Wie ¥, Unu aunsuian e e £ T, WnuatneInsad s aan £ + 17, unuemensal o van ¢

n1snennsailaedTuSuSeudndlnuuuilduaveslaant (Holt’s exponential smoothing method)

ad v a 2 o a ¢ o Aa Y A g

BUSussuEndlnuuudsavedlaal daumanzauiveynsuainidiuysznevvaawuiliuiniy
Wunssaglifidusgnouresnnuiuiusnuggnia daasiinisiuiuisey 2 i fe Arrsiinisuiuiseuvesen
seav (a) wagAIANIsUSUS 8uRIAIANNTY (1) Auuulleulaneaunisn (3) wavsakuuneginsalleula
F9aNN159 (4) Keerativibool (2013 as cited in Manmin, p. 427)

¥e= By + Bt + & (3
1’?r+r1-. = a; + b;(m) @)

dlo ¥, uny BUNTULIAT QU 1381 £, By, WAY ) WU WIS TABTURIMILUULARITEUEARLNY bavAI Nty
Y0IUILUN AIUAINU £ LY auﬂimnmmaammmmmm?{auﬁﬁmiu,a]ﬂLmUiﬂaLLaszJuﬁaisﬁu faeAade
whﬁuﬂuéuaxmmLLUiUiauﬂaﬁnﬂﬁaaLaaﬂ P, i anennsel et £ £m taefl m wnusiwaugaaand
Fosnsnensalludnanddn a, way b, wnu AIUSTNN B 180 £ 289 WSTWeS B, waz B, auddu Tned
g, = a¥ + (1 — g,y +5e_ )b = vla, —ar_ ) + (1 — )by, & wae y WU AASTinIsUSusou tned
D<a<luay0<y<l tuny daaa dadirdiud 18 n Tnefl n wusaudoyalusynsunayad 1
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nsnennsallaedSusuSeudndlnuuuideavasusnid (Brown’s exponential smoothing method)
FUSuS s S lnuuuBsaveIus1Y ﬁmmmmvauﬁ’uaumunmﬁﬁéauﬂivﬂawammiﬁm

Wuduese welaifidmsy ﬂawaﬂmmmmmsmuqmma WuRenuIsUSUS suleng Ll uaveslaad wasins

fmunldanaaiinisusuBeuresdseiu uavAmsfinisUSuBsuesmanuduiniy faduerananilddn 3aUsu

LiEJULEJﬂ"UKIWLL‘LJ'NL“Uﬁﬁ‘UEN‘Ui'TJuLﬂUﬂimWLﬁH"UENﬂ’lﬁﬂiULiﬂULEJﬂ‘UIWLLUUL"UEJasUENIE[aGI GI'JLL'U'UW'EJ'WﬂﬁmLEUEJuVLW
faaun1s9 (5) Riansut (2018b as cited in IBM Corporation, 2014, p. 205)

Frum = Gz + by [(m — 1) +3] (5)

dlo Vi, Wiy Anensel o 1387 £ +m laefl m uwnu Srwautanaiiifesnisnenselludramiin g,
WAy b WU AIUTTUIA AU 1A EUDINITIALADS Bouaz B miuandu taed
a, = aV; + (1 — ala,_ b = nr{nr ap_ + (1 —albe_y, o Ny ArAafinasusuisuveAsedu Taed
0 <@ < Ltunu 9290281 Fadlendous 1 89 nn unu Fruudeyalusynsunaadi 1

miwmnimimmsﬂimiauLansuiwu,uuwaammmfﬂumwumm (Damped trend exponential
smoothing method)

BuiuBsudndlnuuudsaiiuualiiuuuuey faumngauiueynsuaiidinuszneue i
Adudunse uilifdmusznovvesnnuiuuusauggnia wazildasnisiiiuty (Mieanas) Wasuwlasinngy
sty (deanad) veunliufifudunsdimaimsusudeu 3 § fo mainsusueuvessysu @ Amdl
mM3UTuSeuTeAIAud (y) wazaaiinisuiuSeuresrianuduuuusa (Damped Trend) (@) Sauuunensal
Feuld  Weaunsdi (6) Riansut (2019 as cited in 1BM Corporation, 2014, p. 205)

?Hrr. =a +b Eur'réj.q:'l. (6)

lo F.,,. wnu amensal s van £ +m laedl m wnu s1untsnariidesnsneinsalludimin a, was
by WML ANUSENI U 138 £ V09 WISTneS B, waz B, mudeu Taedl a, = a¥, + (1 — a)la_, +db,).
by = yla, — a,_) + (1 — 1) b,_p. ey WAE G UNUAIAIANISUSUISEU LTl 0<a <10 <y <1 uay
0 < ¢ < Lt uy B Seileioust 1 8en, n wn Suuteyalusynsunantedi 1

nsSeuisuaNMwiug1vasAIeINIal

mMATafsdld@nwiusuiiusuuunennsaifivanzaufuoynsuna ensisuifleunasisnues
Aamaedeuiddecads (RMSE) uazinaisisosazmamandeudiysailade (MAPE) imilgnainisnisneinsal
73 538 FauvuneInsaififian RMSE wag MAPE fiian %LﬂuﬁmwﬁﬁmmmmsauﬁuaqﬂiuL'Jmsqumnﬁqm
\lesanliAmennsaliifinnuunndsiudouasieesiign Fanmei RMSE waz MAPE duallddaannsdi (7)
(Ket-iam, 2005, pp. 8-9)

— e
RMSE = [+ (V- V) was MAPE = E2 L|_(|

Wle ¥, Wnu AYR98UnTuIeT a4 1081 £ 7 unu ddnensal e 13an £on und 9uiuteya

NaLAZaAUTIEHANTIIY
namsAnydnuaznsdeuluvasayn AN
9nnIsiasandnuairnaiedoulmueteynTuAIBITIANIBNB ALY audlFouun Ay 1A,
2555 Aafaufiug1ou w.a. 2562 $1uu 93 A1 YrunaaununIwnIsEIe At 1 nudeynsunandiuudli
anasldtaaftouunsiag we. 2555 fadeutusnsu wa. 2561 wasduwltufutulug Weunaiau wa. 2561 fs
Wouiugeu w.a. 2562 wilifiduyseneuvesnuiuisniugania
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dl o ] gj oA = A
AN 1 LHUNINNTTNTEINYUDITIANVIENDIALNY AALALADUNNTIAN W.A. 2555 09 LODULUWIEU W.A. 2562

UBNAINNITNANTUNLHUNINATNTLANLVDIBUN TR 38N TIvavaUNsuATINTdIuYTENDY
vowwluuardulsznevresnnuiuwsnuggmadsl menwenesduviduusasUlifinsuanuauuuy and
(Kolmogorov-Smirnov Z=0.204, p-value = 0.00) nagsuAisegIuvesaunsuiIatluliazl Ingld Kruskal-
Walls wui1 s1a1v1eveseunslundazddddsegiunnndefuegaddoddgyAsedu 001
(%= 58.535,p — value < 0.0001) ANy sunsuAYALTdLUznoUTBILIlY TAENBsA LY
luumagifaunaainidauualineanaisn1smswad ldiinswanuasuuuysni (Kolmogorov-Smirnov Z=0.121,
p-value = 0.002) lansrvaeunamenesuvidhuisazfoulidisoguliuaniaiuegiidodfgfisedu 0.01
(¥*=8.973.p — value = 0.624) wmemmd’]aumunmsqmﬁhiﬁehuﬂssﬂawmmmﬁuuﬂimuqama

nan1swensallagistond-taufud

dlefinsannsm ACF uaz PACF fanwdl 2 wud1 eunsunanline ilesndidndsenevveauunliu

Aetiuawdasdeyamenisminasiisdudui 1 (d = 1) lains1wl ACF uag PACF vasaunsuafiuladayaudn
ARSI 3

2 - u u 1 |
2 —] n n =
2 —] n 2 - -
2 - a i
m = - 2 '
] | I a n m
" ] I " " 0
b ] 1 i
" [} - " | !
1 [ | s | [
" 1 1 u ] 1

RS 1 ] R

L ] = LN 1 u
N - 1 " ] -
10 | | 1 | |
s = ] s ] ]
h — = h o u
i — -' : B o
5 1 s = 7
; ] 3 L =
g ' S : o -

Residual Residual
AN 2 N5 ACF wag PACF ‘Uaﬂa‘gﬂiuna’] AN 3 N5 ACF way PACF maﬂa‘l«}ﬂﬁllna’]
o 1 o 1 A U U v a
FIANVIYNBDIATLN FIANYIYNDIATLNILU DU INAN N UAUN 1

9NN 3 aqﬂsmamﬁé’ﬂwmsmﬁ Feaunsarmuadawuunensaidulule wloutuuszuna
AR TnefMUAFILUUNEINSAITINTEY Ao ARIMA(O,1,0) wiauRuUssunaAmisdiwmesTufLuy Ao
fAAsia (6) Sldwindu -31.26554 fifien BIC frflgn (BIC = 12.7253) wazdid1adf Ljung-Box Q laifldaddnyd
5¥#U 0.01 (Ljung-Box Q i lag 18 = 12.45, p-value = 0.82) A1 RMSE = 551.99 waz @1 MAPE = 2.13 iile
mnaaquﬁwmwmmmﬂmﬂm?{aumﬂmswmmai ﬁisﬁuﬁ'ﬂﬁﬁ@ 0.01 WUANUAIIALAFEUTINITLINLAS
Usn# (Kolmogorov-Smirnov Z = 0.0556, p-value = 0.2) finsiedsulnnfudaseiu (Runs Test: 7=-2.097,
p-value = 0.036) ﬁd%a?awﬁﬁuﬂuﬁ (t = 0.00, p-value = 0.9999) LLa:ﬁmmLLUsUiauﬂﬂﬁnﬂﬁdaﬂLam (Levene

Statistic = 0.6134, p-value = 0.8123) fatiu F5Uond-lauiud.duisviinnumanzaudwmsunisnensalsiauie
PNDIALIS TIAIUUNINTAILEAINIFUNTTT (8)
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¥, = —31.2655434782600 + ¥,_, (8)

Wie ¥, unudine1nsed s a0 ¢ wag Yooy wnu aunsuian o an £ — 1

wan1swensallaeATusuissudndlnuuniloastgiedng

nnnsaseinuulagISusuSsuBndlnuuuldeang1edny wuln BIC fAwindu 12.72 uazilAain
Ljung-Box Q laliitfuddayfisesu 0.01 (Ljung-Box Q au lag 18 = 12.59, p-value = 0.76) A1 RMSE = 563.49 uax
A1 MAPE = 2.18 lag & = 0.9990034520307 32 Lﬁammﬁ]aauqmé’ﬂwmwmmmmmmLﬂﬁauq}wnnﬁwawrwiai
fisgdutfodidny 0.01 nuitauAaInAdeuin1swanuasUsn@ (Kolmogorov-Smirnov Z= 0.06, p-value= 0.20)
finsindeulnufudaseiu (Runs Test: Z= -2.19, p-value =0.03) ﬁﬂ'%a?ﬂ'ﬂm’ﬁuqué (t = -0.53, p-value = 0.60)
wazfinuuUsUsIuAsiinng2919a1 (Levene Static = 0.64, p-value = 0.79) fadudsusuBsuidndlnuuuidea
9t19418 flaumunzaudmsunIsnensaisIAenesrILre Tnefisimuenesrius éiy’nLLGiLﬁauaa’mu .4,
2560 fiA1Uszana 21,854.00 U

wan1swensallaedsusuiseudndlnuuuiduavaslaad

MnnsaseiwuulngISUSusSsudndlnuuwdsavedlaad wuin BIC Awinfu 12.7745uazdA@07
Ljung-Box Q laliifuddayfisziu 0.01 (Ljung-Box Q a lag 18 = 12.56, p-value = 0.70) A1 RMSE = 565.97 uax
A1 MAPE = 2.16 lnofl @ = 0.099987884401656, = 0.000932396030076521 \flensadeunndnvnz v
AILAAIAWABLIINNSHENSal TisyRuadify 0.01 wulAueaIAAdeuin1TLINKAIUING (Kolmogorov-
Smirnov Z=0.06, p-value= 0.20) fnsndeulundudasyiu (Runs Test: Z= -2.19, p-value = 0.03) fiAade
wirduaug (t =0.09, p-value = 0.93) wazflauulsUTIuANNYaa1 (Levene Statistic =0.64, p-value =
0.79) fthAEUSuSsudndlnuuuduavetloas fanumunzadmiUNsNEINsalsIAUIENoIRILTis Fadnuy
wenselanIa@unIs T (9)

Veom = 21854.0068087774 + 501.401900895019 (m) 9)

W9 ¥y AOANEINTA! 00 1380 £ +m Lag?l m = 1 (A0U AaAL w.A. 2562)

nan1snensailagdSuSuSeudndlnuuuiduavesusiay

PNnnsaseinuulngISUSuSsudndlnuLTBaYeIUSIIY WU BIC HAwvindy 12.8960 uagiiAaha
Ljung-Box Q lalfifuddayfiszdiu 0.01 (Ljung-Box Q o4 lag 18 = 21.61, p-value = 0.20) A1 RMSE = 616.24 uax
A1 MAPE =2.38 lng o = 0.6503255772318 Lﬁammaa‘uqmé’ﬂwmwaqm’mﬂamm%"aumamﬁwmmiﬁ
fisgfuiladdty 0.01 nuAILARIAAADUTINITUINKAIUINA (Kolmogorov-Smirnov Z= 0.08, p-value= 0.09)
finsiedoulwndudasyiu (Runs Test: Z= -1.56, p-value =0.12) ﬁmm?{mmﬁu@ué (t = 0.23, p-value = 0.82)
LLazﬁmmLLﬂsUsaumﬁﬂqnmnm (Levene Statistic = 0.74, p-value = 0.70) FaAzUSUSs U N Inuuwdea
Y09US1Y HANMUINANEINSUNITNEINSAITIAVENDIRIUNS TeFaLUUNENTRILERIIEUNIST (10)

Prom = 21661.7452045041 + 505.739546594704 [(m - D+ —————]  (10)

D.65032557T23LE

e Frpp ABAIMEINTA) 04 1387 £ +m Laefl m = 1 (Hounainu w.A. 2562)

nan1swensallaedsuudsudndnuuudeafiduusluwuuuay

PnMsaseiawuulnedusudeud ndinuuudsaiivunliuuuuwng wudn BIC fidwindu 12,7744 uaz
fiAnadf Ljung-Box Q laifitfudndayfisedu 0.01 (Lung-Box Q o lag 18 = 10.62, pvalue = 0.78) A1 RMSE = 552.29
agA1 MAPE = 2.12 I@EH?]I g = 0.990003688385653, y = 0,0900715099451182, ¢ = 0.221328958030827
\denTradeunudnvurreIANAAIALARaUIINNNTHEINTE] ATefuedidny 0.01 nud1 AnuAaInLAFoud
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A154ANLIUINA (Kolmogorov-Smirov Z= 0.06, p-value= 0.20) finmsndeulnndudaseiu (Runs Test: Z= -0.73,
pvalue = 0.47) fAwad giviiuaug (t =-0.41, p-value = 0.68) LLasﬁmmLLUsUiaumﬁﬁqmmnm (Levene Statistic =
0.52, p-value =0.88) FaAgusuFousndlnuuudsaituunluwuuney Sanuwansaudmsunisnennsal
FIPVENDIRIUNS FeFauuUNEINTRILER I IEUNST (1)

¥,.m = 21854.0003074765 + 29.9383514840203 ¥ ,(0.221328958030827)° (11)

(10 ¥,y AOANEINT0] 4 A0 £ +m Lol m = 1 (feu nanau w.e. 2562)

wan1sUssuisuANNLLUg1 v IR TNeINTal
nNstETwuUneInsallagdsvend-lauiud I5USussudndlnuuudeandneity 5USuISULEND
Tnuuudeanuulaas 33Uueudndlnuuudoavesusin wazidufussudndinuuudeadiauunlduuuuiay
Tuannsfl (8) fa aunnsil (11) dwisunismennsaifeyayail 2 Aeaynsunarmmuenesius dausditousaia
SafousunAL WA, 2562 ST 3 o YsnmuIaA RMSE wasA1 MAPE uanafan1sned 1

M19199 1 A1ATIUAZAINEINTA] TIAVILNBIATLIN (VM) AILARABUARIAY D9 LB SUIAN W.A. 2562 A1 RMSE
LagAT MAPE

, 371Av18 A5N15NEINTAITIANVIENDIATLIAG
vawam NDIAMIS  ARIMA(0,1,0) Simple Holt Brown Damped Trend
f.A. W.A. 2562 21,505.56 21,822.73 21,854.00 22,445.41 22,439.42 21,860.63
W.8. W.A. 2562 21,111.54 21,791.47 21,854.00 23,036.81 22,945.16 21,862.09
5.A. W.A. 2562 21,203.85 21,760.20 21,854.00 23,628.21 23,450.90 21,862.42
RMSE 539.2671 604.2495 1867.9326 1759.1182 611.8590
MAPE 2.4398 2.7344 8.3078 7.8751 2.7707

91015199 1 nudwan1sSeuiiisuauwivgivesaanensal 3svend4auiud danuwiugives
mwmmaﬁmaﬁqm o s nilan RMSE wazdn MAPE ﬁwﬁqm YAsnMswennsaltumngaensnennsalaemeing
winzay lewuaianisnensaleenidy 3 419 AB9293a71839tn 1 e 3 e wag 5 1ieu lagfiasanann
An¥erarAnannAAeuduysaiiadn (MAPE) finnfign dauandlumsed 2

A15199 2 NsSEULBUTINISNEINTAlATTNIN Y EN IR o UBNG-Launud

, $1ANVY Y29NgINTUAIUTN TUNNTWEINTA! IANVIBNBIATLTS (UN)
v NDIAMNY 1 oy 3 Aoy 5 1hiou

d.a. W.A. 2562 21,824.07 20,598.36 20,598.36 20,598.36
n.8. W.A. 2562 21,854.00 21,792.80 21,792.8

0.0, W.A. 2562 21,505.56 21,822.73 21,822.73

W.8. N.A. 2562 21,111.54 21,791.47

5.A. N.A. 2562 21,203.85 21,760.20
MAPE 5.6163 2.4571 2.6031

NA15197 2 WUINITUBND- Lﬁ]uﬁué TANMUUALIEAUTUNSNEINTUAINUN 3 1HBU vB991n1AA1 MAPE
°wﬁam mswmmmﬁmmwaqmLmqmummummmu U .. 2563 Dafauiunny U w.A. 2563 LanIndnnsg

i
ﬁ 3 LLa“’ﬂ’l‘W‘V] 5 ANa1AU “lNNﬁﬂ’]S‘WEﬂﬂSﬂAﬂN‘u‘W‘U’N IV NBIA LSl TNaAAY
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ABSTRACT

The purpose of this research was to construct the appropriate forecasting model for the
number of new students Valaya Alongkorn Rajabhat University under the Royal Patronage. The
data was gathered from Administrative Affairs and Registration of Valaya Alongkorn Rajabhat
University under the Royal Patronage during academic year, 1997 - 2019 of 23 values which were
used and separated into 2 sets. The first set contained 20 values from academic year, 1997 - 2016
for constructing the forecasting method by Simple moving average of three academic year, Linear
trend equations method, Parabola trend equations method, Single exponential smoothing, Holt’s
exponential smoothing method, Brown’s exponential smoothing method and Damped trend
exponential smoothing method. The second set had 3 values from academic year, 2017 — 2019
for comparing accuracy of the forecasts via criteria of the lowest mean absolute deviation and
mean absolute percentage error. The results showed that the Damped trend exponential

smoothing method is most accurate. Which the tendency of new students tend to decrease.

Keywords: Forecasting, Number of new students, Damped trend exponential smoothing

method, Mean Absolute Percent Error

’ Corresponding Author; E-mail: kachin@vru.ac.th
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smoothing method: Holt)
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(Damped trend exponential smoothing method: Damped)
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Abstract

The objective of this study was to determine optimal models for forecasting the number of tap water
users of the Provincial Waterworks Authority Phathum Thani Branch. In this study we applied 5 forecasting
techniques to analyze the data. These include Linear trend analysis method, Quadratic trend analysis method,
Cubic trend analysis method, Exponential trend analysis method and Power trend analysis method. Our raw
data were secondary data, which were taken from the Data Center and Information Technology Planning Division
the Provincial Waterworks Authority Phathum Thani Branch. All 91 values were separated on a monthly basis
between from January 2012 and July 2019 which were used and separated into 2 sets. The first set contained
84 values were separated on a monthly basis between from January 2012 and December 2018 for comparing
and finding the most suitable forecasting method via criteria of the lowest Mean Absolute Deviation (MAD) and
Mean Absolute Percent Error (MAPE). Then the selected suitable method was used to determine the most
suitable forecasting period by the second group which contained 7 values were separated on a monthly basis
between from January 2019 and July 2019. The lowest MAPE was used as the criteria of each period. The result
indicated that Cubic trend analysis method was the best method. Which the forecasting model is Y5 (t) =
—0.007t3 — 1.01t? + 243.173t + 43423.657 . When t represents time. From that method, it was
implemented for forecasting 3, 5 and 7 months and it showed that the method was suitable for advance 7

months.

Keywords : Forecasting, Number of new students, Cubic trend analysis method, Mean Absolute Deviation,

Mean Absolute Percent Error
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Picture 1 The movement of the number of tap water users of Provincial Waterworks Authority Phathum Thani
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supply users and the predicted values Y3 (t) supply users and the predicted values Y, (t)
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Figure 6 The relationship between the number of real water supply users and the predicted values ?5 ()
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Table 1 Forecasting accuracy

Forecasting model MAPE MAD
Linear trend equations method: ¥, (t) 0.3008 149.2802
Quadratic trend equations method: ¥, (t) 0.2726 137.2230
Cubic trend equations method: Y5 (t) 0.2564 131.3655
Fxponential trend equations method: ¥,(t) 0.5546 2826517
Power trend equation model : ¥;(¢t) 2.9610 1540.8224

AN 1 NUIINITNEINTAIREATAUNTUUALTUAIS Y Fallduuunensal Ae P, (¢) {Wuisniainy

wiiugunIge e NdlA1 MAPE wagA1 MAD ffian

3.8 429N15WYINTUAIUTN NN AN
ASAANTANVIYIINITNENTAIMUNZEN IRfINUATaNeINTaloandu 3 139 AB TIIANA1UTA 3 LHDu

5 iou way? wou lagldinaeinisiansan A1 MAPE Wisiige Asuandlunisai 2

Table 2 Comparison of suitable forecasting intervals using cubic trend equation model

Forecast period (months) MAPE
3 0.1767
5 0.1773
7 0.1638
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THE USE OF ALGEBRA TO PROOF THE NINE-POINT ELLIPSE CONSTRUCTED
BY RIGHT-ANGLED TRIANGLE CONFORMITY OF THE NINE POINT THEORY

Kachin Kokanotapron v

Abstract

This research aims to study and present the proof of the nine-point ellipse
theorem which constructed by right-angled triangle by using algebra, and to show incenter,
centroid and nine-point center which associated with generalization of the Euler line. The result
showed that the nine-point all lie on circumference of the ellipse and incenter, centroid and
nine-point center associated with generalization of the Euler line.

Keywords: Algebra, Ellipse, Nine-point Ellipse
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wanaiingn G,1,J,K, L kag M fenIni 4

k"
» X

A
0,0
c(a+2bic)
, )
. 2(atb+e). 2(atbic)
G(0,7) F be
Et - |
.-
M
T T bc
\ —)
y b 2(a+b+c)
K¢ , ¥,
. x 2(a+b+c) 2(a+b+c) b -
4 A0 D 1,0 B(b,0)

A9 4 WP G,1,J,K, L uag M

YUNBUN 4 U153 IAgas1NaNNTNUININGIaRaaIRIUS

AX 4+ Bxy+Cy? + DX+ Ey+F =0 8 ABC,D,EER oo (8)
. 1 , C, B D E F
U1 —xduns(8); X +—y +—xy+—X+—y+—=0 .. 9
A ( ) Ay A y A Ay A ( )
v B C D E F .
Wa=—>Db==0c=—0d=—uay e, =— unualuaunis (9
Y b AT A% T %A (©)
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Fala axy+hy +ex+dy+e =—x* o a,b,c.d.e R (10)
Tyfaunns (10) W1ugn 90 D[i,o],E[o,b—c],G[o,E], | [9,0] uaz
v a-+c a+b 2 2
bc bc
K ;
2(a+b+c) 2(a+b+c)
2.2
RIRTY D[ be ,0]; [i]cﬁrel be = (11)
a+c a+c (a_|_c)
2.2
AR E[O, be ]; be > b1+[ be ]d1+e1:0 ............ (12)
a+b) |(a+b) a+b
. c ¢’ c
NIUYA G|0,—; — —|d,+¢=0 L. 13
q [ 2] [4]b1+[2]1+1 (13)
. b b b?
W 1|=,0[; - = — Q@ B 14
v 1[3.9 Se+e=-5 (14)
. bc bc b%c’ b%c’ bc
H1WRn K , ; 5 b+ C
2(a+b+c) 2(a+b+c) 4(a+b+c) 4(a+b-+c) 2(a+b+c)
bc b*c?
—ld, e = L 15
2(@ibtc) " 4(a+b+c) )
Nnauns (11) fa (15) ldndninauainsses (Cramer’s rule) MAn a,by,c,,d, waze,
0 0 P 0 1
a+tc
2.2
0 b°c : 0 bc 1 a
(a+b) a-+
Y ¢’ c R
W A= 0 h 0 y 1| X =|c |ua
4 2
b d
0 0 > 0 1 e
b%c? b%c? bc bc
4(a+b+c)2 4(a+b+c)2 2(a+b+c) 2(a+b+c)
b%c’
(atc)
0
B= (;2 Ieiszuvauns AX =B e det(A)laenssanemamdnil 2 (j = 2)
b*c?
_4(a+b+c)2
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5
det(A) = Zaizciz =a,,C}, +a,,C,, +a,Cy +2,Cyy +25,C,

i=1

A
a+c
b2c? 0 bc
b2c? (a+b) a+b
—aﬁzcsz:m ,
e o £ 4
4 2
0 E 0 1
2
b%c? bc 1
(a+b) a+ 0 0 1
b%c? [ bc c? c b| b%? bc
= - hil R | _ 1
4(a+b+c)|l a+c)| 4 2 2|(a+b)” a+b
0 0 1 o c
L S
4 2
B h2c? b*c*(a—b) b*c*(a—b)
4(a+b+c) |4(a+c)(a+b)  8(atb)
7 b?c? —b?*c*(a—b)(a—c)| —b'c®(a—b)(a—c)
4(a+b+c)|| 8(a+c)(a+h)® | 32(a+c)atb)(atbtc)

—b'c®(a—b)(a—c)

L9 det(A) =
) = S (e o)(a +b) (axb o)

2.2
B b°c : 0 bc 0 1
(a+c) atc
2.2
0 b°c : 0 bc 1
(a+c) a+b
N{ A1: 0 i 0 E 1
4 2
2
<« 0 b 0 1
4 2
y b?c? b?c? bc bc
4(a+b+c)’ 4(a+b+c)2 2(a+b+c) 2(a+b+c)

men det(A ) 1EI5NsAuihueafeaiunsme det(A)
b*c® (bc—ac —ba+a’*)
16(a+c)’ (a+b) (a+b+c)

g det(A)=>"a,C,=—

5
i=1
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o ¥ d 2b(bc —ac—ab +a*
PatiU @ = eUA) _ ( )
det(A) (a+c)(a—c)(a—h)
2.2
0 b : bc 0 1
(a+b) atc
a+b
W A= 0 0 0 % 1
2
0 —b— E 0 1
4 2
b%c’ ~ b bc bc
4(a+b+c)  4(a+btc) 2(@a+b+c) 2(a+bc)

men det(A,) T9Bmsmuamyihusadeiiunsme det(A)

b°c*(a—b)(a—c)
32(a+b+c) (a+c) (a+b)

Fald det(A)=—

Y b — det(A,) b(a+b)
det(A) c(a+c)
2.2
0 0 B b°c 0 1
(a+c)
2.2
0 b°c : 0 bc 1
(a+b) a+b
Tt A= 0 i 0 ¢ 1
4 2
2
0 0 —b— 0 1
4
b%c? b?c? \ h?c? bc
4a+b+c) 4(a+b+c)  4(a+b4c) 2(a+b+c)

men det(A,) I¥BnsAwavihieudyItunsman det(A)

b*c® (—3¢’ +a’ +2ac)(a—b)
64(a+b+c)(atc)(atb)
b(—3¢c® +a’ + 2ac)

2(a+c)(a—c)

GG

det (A) =

faid ¢, = det(A) __
“ 7 det(A)
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@00

b?c?

a+of

0
b2

4
b%c?

a+c
2.2
0 bc : 0
(a+b)
WA=l o ¢ 0
4
0 0 b
2
b*c? b*c? bc B
4(a+b+c) 4(a+tbrc) 2(atbtc)  4(atbtc)

men det(A,) T9BmMsmumihueadeliunsme det(A)

e b°c®(a—c)(—3b* +a’ +2ab
al¢l det(A,)= ( )(2 - )2
64(a+b+c) (a+b) (a+c)

ATuNg Innumansel

b?c?

e t b(—3b* +a® +2ab
o o = 2et(A) b )
det(A) 2(a+c)(a—b)
%
0 0 _bc
a+tc
2.2
0 b°c : 0
(a+b)
2
A= 0 L 0
4
0 0 E
2
b’c® b’c? bc
4(a+b+c)2 4(a+b+c)2 2(a+b+c) 2(a+b+c)

men det(A) I¥BMsAwaihieusgiiunsmean det(A)

atlé det(A)——— 2 c3=0)a=D)

__dm(A) b
Y det(A)  2(a+tc)

©
gee

64(a+b+c) (a+b) (a+c)

2b(bc—ac—ab+a2) b(a-+b)

s o))
b(—30° +a’ + 2ab) b?
= — oy e, = ——
' 2(a+c)(a—b) ' 2(a+c)

NnaunT (10); axy+by* +cx+dy+e =—x°

c(aJrc)'C T

_4(a+b+c)2

b(—3c2 +a’+ 2ac)

€ luauns (10)

2(a+c)(a—c)
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auv , |2b(bc—ac—ab+a’) b(a+b)] , | b(-3¢’+a’+2ac)
Al x? + Xy + Y2+ |- X+
(a+c)(a—c)(a—h) c(a+c) 2(a+c)(a—c)
b(—30° +a’ + 2ab) bZc
~ 2(atc)(a-b) 2(a+c)|

[2c(a+c)(a—c)(a—b)|x* +|4bc(a—c)(a—b)|xy+[2b(a—c)(a—b)(a+b)|y* -

[bc(a-+3c)(a—c)(a—b)|x— [bc(a+3b)(a—b)(a—c)|y+[b’c’ (a—c)(a—b)]=0
dnguaunis
[2¢(a-+c)|x* +[4bc]xy +[2b(a+b)] y* —[bc(a+3c)|x—[be(a+3b)]y +[b*c*]=0 ... (16)

asavdeudaNnis (16)iuaunisiivseldlaverfuaudfinisduunyssinnvesnadansie
seluil NNFUNINNNAGERADAIUUT AX + Bxy +Cy? + Dx+Ey + F =0 Duaunisiding
Wuguass 61 B2 —4AC <0 (A3yns waaladey wazyudng Uredies, 2544) 31naun1s (16) 1o
A=2c(a+c),B=4bc uaz C=2b(a+b)
W58 B _ [4oc] = b <1 #9997 a,b,c>0;
4AC  4[2c(a+c)|[2bc(a+b)] (a+c)(a+b)

39§ B? <4AC tfufle B2—4AC <0
Aatiy aunns (16) Wuaunneds

NAN15398
1NNNTIVENUT
1. 984@n3i19n D,E,F,G,1,J,K,L 4ag M @0nAdodaunisies 31naun1sies
(16);

2
#1507 90 D[i,o]; [20(a+c)][ﬂ] —[bc(a+3c)][ﬂ]+bzcz—0
a+c a+tc a+tc

b%c?
a+c

[2c—a—3c+a+c]=0

0=0 1Juass
alg9n 9 D[i,o]aamﬂé’aaaumﬂﬁ (16);

a+c
dwmsuin E,F,G 1,J,K,L uaz M 19i5n1suanainuedifediunisuansingm D

HOAAGBIANNTTIS (16)
oty 39 D,E,F,G,1,J,K,L waz M @onndesaunIsss

2. aguansingaaudnaniniglu (H) 9a5u (G') uay 9aAudna1ess (N)
donndasdnvariluveadusesians
MIAAUINANNTDIT NAUMTNUUAGIdR3a0 YT AX® + By +Cy® + Dx+Ey +F =0
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2CD-BE 2AE -BD
e uagk="———
B*—4AC B*—4AC
(F1ma 533U, 2542) INAUNTIS (16) 4l A=2c(a+c),B = 4bc,C = 2b(a+b),
D =bc(a+3c) uaz E=bc(a+3b)

_ 2CD-BE _ 2[2b(a+b)]|[—bc(a+3c)|—[4bc][bc(a+3b)] b(a+b+2c)

1 B? —4AC = 0 90AUINANYINIARANTIERAD h=

B°—4AC  [4bc] —4[2c(atc)2b(a+b)  4(a+b+c)
_2AE-BD _ 2[2¢c(a+c)|[-bc(a-+30)]—[4be][— bc(a+3c)]:c(a+2b+c)
—4AC [4bc}2 —4[2c(a-+c)|[2b(a+b)] 4(a+b+c)
o ¥ aw b(a+b+2c) c(a+2b+c)

Ay Ainega N

4(a+b+c) 4(a+b+c)

eefifingn G/ FuAnandudniuvesdiuvendunss Cl Audiuvendunss BG 14353
b c
5’5}
wwaned19n H,G’ wag N aguudunsudeniulay ImeJLLamdmﬂﬁjmaaﬁgwﬂgﬂamﬁmmsﬁu
be c(a+2b+c)
a+b+c 4(a+b+c) c(a—2b+c)
bc b(a+b+2c) b(a+h-2c)
a+b+c 4(at+b+c)
bc c

wvueLAgIRUAUNTMANAIR H Al Aifagn G’ Ag

Wil st m. =

NAITUIAIINTY m_ = a+bt3:+c g _ ;Ealib 1;3
o a =
a+b+c 3

clatrabtce) ¢

ATanAINTY m, = Afatb+c) 3 c(a-2b+c)
" b(atb+2c) b ba+b-2c)

4(a+b+c) 3

NN Mg = Mey = Mg ot 30 H,G' waz N eguudunsufediu .. (17)

TWARNII ‘m‘:3‘ !

-

\/bZ(ZC—a~b)2+cz(2b—a—c)2

4(a+b+c)

bc _c(a+2b+c)2
a+b+c 4(a+b+c)

bc  b(ath+2c)f
a+b+c 4(a+b+c)

\/bz(ZCfafb)Z +02(2b7a7c)2
B 12(a+b+c)

ca+2b+c) ¢

4(a+b+c) 3

4(a+b+c) 3

b(a-+b+2c) br
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\/bZ(ZC—a—b)ZJcm(Zb—a—c)z

1 AN 4la+b+c) _12(a+b+tc)
WITTEUN = =
|NG| \/b2(2c—a—b) +02(2b—a—c) 4(a+b+c)
12(a+b+c)
ol ‘m‘:3|NGI| ............ (18)

NEUNT (17) wazaunis (18) Faladn 3 H,G’ uar N aeardednumznilivendusesiaes

HININT 5

A®0,0) D ! B(b,0)

2ni 590 H,G’ uaz N aeaafasinvmllvendusesiass

A7UuarauTeNanIsIdY

f\nﬂmamﬁﬁsasﬂLLazaﬁﬂiwmalé’fé’qﬁ

1. f\]mmwmwaﬁﬂmaammaammmrﬂm 7 lolurl amﬂa’maqmumwLmqmmmawm
goATHIEATB ALY aﬂmﬂmwmmumam uaz RnaNwendussTianaIngaseaisaiy
agusnananluiafngaeguuidusousund Semenndestunamsidoves filva A Jataes (Vichael,
2006) Nd1337 ALNYABYUULHUTBUIUVRINIARANTIY Uarfidanndeeiuauifeves aguns
Tnnymasel (2559) filddnw1ide 13es msldRwadelunisfigaisdiingn nanmsisenuin gevane
YDUAUNTITLUIAIINTBIgABEATIIETL QATTaNaTITRIRLTIAN uay YATnansandunsaTiainan
wenamiugnguinansnglustafngaeguudusouslad

2. qaausnananislu a5 uas gaFuinatwenss Taamneguudunsafieaty
Lazdenadesautidnvazimluveudusesiasi deaenadesiunanisidoves diva @ Jaiaed
(Michael, 2006) na1ingnAudnateniely Insmuae JaaudnavenadanTy denafosauTRves
dnwazihllvendusesians wazdiaonadesiunuideues auns Innyminsal (2559) Aldfnuiide
509 msldfvadinlunisiigadassiinge nan1s3denuin gagudnataniglu 9asumia uaz 90
AudnasensITauneg iU LA fularasnndasdnuneThlurondusesiaes
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darauauuy

forausuuzlunsidonsd

Tunsiigauifiseldvensiuasdsaiendamans suadamain (The geometer’s
sketchpad) lumsyharuidlanguinounisiigay 1lun1snegd uasldfvadaiAentu ssozma
5eWINNgRADIYn AfAv0sgRRsnans AudureLduATs ANNSUAUATS 293 aunTTvLNAIdsaes
@osuUs M UUNYIEANYINAGANTIE IAFUENaNIBINARANTIY aivAeNnd Y lendnuaiues
afdurilinnuveseiam uasndninnusinsiues Tumsfigad fiaulaasdnuasdesdauiiuguludes
fanan ganleenadiiumside figainguileeisaulddn laun msfigauilagisunade

orausuuzlunsitonduioly

nafigathsaiigalunuideatul afegeiafanglandsuguaini 4 3
ansaduiunSidedolulpgaisgevadlasanundssle o
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FIYAT WISy wozrudng Uieifles. (2544). Isunadindiasiesiuaznisideunsiv 2 §id, 3 G3
ANAANEASAINTUIAINTINUALINGIAENS. NTANN; Rz,

$1ma 535ULa3Y. (2542). uraRdaLALisYIAdRILATIZY AUl 1. ngamme: Fvingns R,
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