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Abstract—During building model process, it is difficult to
construct a multiple regression model (MRM) while the
response variable(Y) is proposed as a vector of (r.v),
(Y1,Y2,Y5,.....,Y,) in an experiment. So that a single response
(MRM) is not able to perform multi-response data (MRD)
separately (one for each response), this is because of the linear
dependency(LD) among responses, then (MRRM) which was
proposed by (Len Beirman, & Freidman 1997) has better
performance to detect effects and patterns for the factors,
(Explanatory)(X; , X5, X5 ,.....X, )that are introduced to the
(MRRM) system on the (r.v) altogether. This Study was
applied (MRRM) on an agricultural experiment through
(450m2) in west Sulaimani- Kurdistan Region-Iraq.

Keywords: Multiple regression model (MRM), Response
Vector (r.v) Multi-response Data (MRD). Linear dependency
(LD), Multi-response Regression Model (MRRM), Kronecker
Product, Analysis of Variance (ANOVA), Coefficient of
Determination (R2), Eigen Values (EV), Eigen Vector (EV).

I. INTRODUCTIONP B[]

The plot of land that was experienced upon owns specifics
of agricultural land in general and the land area of experiment
was (450m2). It is located in the west of Sulaimani, and area
called Farmanday-Gshty. In order to apply the experiment, the
area was divided into (36) equal blocks. The area of each
block was (12m2), and a large area had been chosen to avoid
the interaction between the pieces of the experiment units. The
factors are (3) different levels of nitrogen (N), (4) different
levels of phosphorus (P), and (3) different levels of potassium
(K). We took all combinations of three outputs between them
which are equal to (36) combinations, each combination
consists of three levels of (N, P, and K) and was given to a
piece of land. We had to measure the average number of
leaves as (Y), average height of plant as (Y,), average
circumference as (Y3), and the average weight of sweet corn

flower as (Yy), all per block of the plants. Each experimental
block contained (30) plants, the response variables indicates
the average of each experimental block, the circumference of
each plant was taken from three different points which are
bottom, middle and top , then taking average of them for each
plant in the experimental block. The experience duration time
was (60) days. The data that had been collected as described in
previously are used to perform appropriate (MRRM), and
analysis. (matlab v.7.0 and R v.3.2.4 were used).

I-1 Hypotheses

(MRRM) is one of more sensitive type of regression
because of the independency between the factors(Xi,
i=1,2,...,k), also is a type of regression that deals with more
than one response(r.v) as a dependent variable which are
linearly dependents by the effect of factors affects these
responses as a vector at once. Moreover in order to make sure
that the (r.v’s) are linearly dependent, this hypothesis must be
tested statistically.

I-2 Objective of the study

The aim of this study is to diagnose and define the
behaviors and patterns in data experiment by fitting them in a
statistical model that is characterized by multi-response
regression model. Also using the fitted model to determine the
aggregate properties of the material experience (sweet corn) in
terms of (Y1,Y,,Y3,Y, ), and at the same time comparing the
results of the experiment in both cases (single response, for
each Y1,Y,,Y3,Yy ) separately through the use of (MRM) and
all responses together(MRRM).

I-3 Statistical Technique for (MRRM)

When more than a response variable exists, it is not easy to
estimate postulated models for all responses. (Leo. Breiman,
and Jerom. H. Friedman, 1997) proposed a new technique for
such studies that have more than one response variables
depending on assumptions of linear modeling and its
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hypotheses to predict multi-responses in a system of linear
equation.

Let (N) be the number of experimental trails and (R) be the
number of response variables and (K) be the number of
explanatory variables, and then assuming that the responses
variables can be shown as polynomial regression model in the
value of (Xj) within a certain regression (7. 181, {20}, [13],

II. THEORY:

11-1: The response model Estimation formula:™"!
Yi=7ZBi+E (1

2]

Where:
Y; is an (Nx1) vector of observation on (i) response.
Z; is an (NxP;) matrix of rank (P;) with known function
of standardized variables.
B;is a (P; x 1) vector of unknown constant parameters.
Eis a random error vector associated with the (i)
response. Also we assume that:
E(Ei) =0
Var (¢) =9Iy, 1=1,2,3,.....1

Cov (g, ) = d;lniyj = 1,2,3,......1, i 2)
Then the (rxr) matrix whose (i,and j)"element is ()
will be denoted by( ).
Also we can rewrite the equation (2.1) as follow:

Y=ZB+¢ 3)
Where:
Y=(Y,:Ys:....... Y,
B=(B:Bh:.......B})’
e=(€:€r: .6
Z=d1ag( Z] 5 Zz g eeeeees . Zr)

From equation (2) we can see that (€) has the variance-
Covariance matrix:

Var-Cov () =Y ® Iy 4)

Where Kronecker product is denoted by &), is an operation on
two matrices of arbitrary size resulting in a block matrix. It is
a generalization of the outer product (which is denoted by the
same symbol) from vectors to matrices, and gives the matrix
of the tensor product with respect to a standard choice
of basis. In order to get best linear unbiased estimator (BLUE)
we should apply the following formula:
B=(Z'A'Z) 7’y 5)
Var-Cov (B) = (Z'A~'Z)! (6)
But (¥) must be known in both eq. (5, 6)
If (¥) is unknown as it is usual case then the an estimate of B
can be obtained by replacing (3)) in eq.( 6)by estimating Y5
provided that this estimate is non-singular , this criteria was
proposed by Zellner(1962), and is given by  3°%*=8;"
Where:
8™ =Y [IN-Zi(ZiZ)7'Z;] [ IN - Z;(Z;Z;) "' Z;] Yi/N
ij=12,..r (7
We note that (8;*") is computed from the residual vector
which resulted from an ordinary least squares fit of the
(i*") and (j**) single response model to their respective
data sets, using this estimate of (})in eq(6) we get the

estimate :
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A=Y ® Iy ®)
Hence

AT =3TI® In (€))
Where (A) is a kronecker product matrix which

diagonal contains (}}), and this matrix makes the multi-

response model studies the parallel effect of all
explanatories or all response variables, then it can be
said that the responses act under the explanatories at the
same time.

11-2 Linear Dependency among the Responses [ [4 [°]

Suppose that we have (m) relationships among
responses and they are represented as:

B(Yu: Yo ooooon Y =C,:u=1,23,....N (10)
B is an (mxr) matrix of rank (m<r) of constant

coefficients (Yui: Yuw: ........ Yy is the (ut?) row of the
(Nxr) data matrix (Y).
C is an (mx1) vector of constants.

Then eq.(10)can be shown as :

BY=1,®C (11)
We can detect linear dependencies by Eigen value
analysis. Let's suppose that rounding errors in the
response” values exists and they are distributed

independently and uniformly over interval (-3, J) the
quantity (8) is equal to one half of the last digit reported
when all the multi-responses values are rounded to the
same number of significant figures.
Let (A) denote a small Eigen value of (DD’) where
(DD’) is a matrix of Eigen values which would be zero
if it were not for the rounding error.
Where:

D= Y[ IN — (151y)/N] (12)
11-3 Test of Lack of Fit in Multi-response Regression P! !
In regression model lack-of-fit will exist when it fails to fit the
functional relationship between the explanatory variables and
the response variable.
Lack-of-fit may occur when two different values of response
variable have the same quantity of treatment, for example if
we have a sample of size (20) or any other size using
headache’s drug for each person in the sample due to their
age. It will be inadequate to give drug (500 mg) to a person
whose (10) years old and to a person whose (30) years old,
unusually large residuals result from fitting the model might
be occurred. That is why lack-of-fit test is required in these
cases; also every linear or nonlinear model requires lack of fit
test to increase the accuracy of the model under study. In
multi-response regression model the test is similar to the test
in single response linear regression model in addition to some
differences in this model application.
Let we have a multi-response model as follow:

Y=wl+3§ (13)
Where:
Y=[Y;:Yy:....: Y. ]
wW=1[Z:Zy: ... .: 7.
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O=[er6&:....: €]
I'=[B,B, ..., B/],andlet,C=(C,,C,, ....... , C,)’be an
arbitrary non zero rx1 vector.
From equation (10) we obtain the model:
Yc=wQc+ec (14)

Where:
(Ye = Yc) is a vector of (N) observations on the single
response.
The multi-response model in (13) is an adequate if and
only if the single models in (14) are adequate for all (c #
0). Equivalently, if some (¢ = 0) model (14) is
inadequate, then the multi-response model (13) is also
inadequate. Since (Y.) has the multivariate normal
distribution N (0, 8%Iy).
Y.=XioCiYi , Q=IrC ,
(0, 8 In)].
The test of lack of fit of eq(14) can be written as :

F(c) = Ve SSLof(c) / V14¢SSpe (c) ,where ¢ #0 (15)

SSpe (c) and SSLof{(c) are pure, and lack of fit error (Lof) sum
squares respectively. (V,., Vi) are degrees of freedom for
pure and lack of fit error respectively.

€ . = 8. Where [e .~N

SSpe (c) =YK Y (16)
SSLof(c) =Y [IN —w; (w;w;)~'w;-k] Y (17)

Where K = diag (k; ,k; , ....... , ko, 0)
K=1I;-(IN) T . i=1,2,......n (18)

Where (J,;) is the matrix of one’s of order (v; x v;) and
(v;) is the number of observations at the (i™) repeat run
side (i=1,2 ....... n).

The matrix of (W) in eq(17) is not necessary to be a full
column rank , then we denote the quadratic form in both
eq(17, 18) by (G; and Gy) respectively.

G= Y [IN -w; (w;w;) " *w;-k]Y (19)
G,=YKY (20)

Then the test statistics of eq(15) will be rewritten as :
F=(Vpe CG O)/ (Vir C' G, C) (21)

If the model (14) is correct then F(c) has the F-
distribution with (Vi and V) degrees of freedom. A
large value of F(c), or equivalently, a large value of
(CG; C / CG, C) leads us to believe that eq(14) is
inadequate and eq(13) is considered inadequate if at
least one of the models in eq(14) is inadequate for some
(c#£0) ,then model(13) has a significant (LOF), if Max
(C'G,C/C'G; C) exceeds a certain critical value.

I11. APPLICATION

Multi-response linear regression was used to study the
effects of  (Nitrogen, Phosphorus, Potassium) in
different levels as explanatory variables on responses
[average number of leaves as (Y;), average height as
(Y,), average circumference as (Y3;) and the average
weight sweet corn flower as (Y4)] of the plants at the
same time, multi-response linear regression is different
from the other models in technique, it can handle more
than a single response at the same time and its output is

JUHD | https://doi.org/10.21928/juhd.v4n2y2018.pp46-52
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a system of linear models according to the numbers of
the response variables in the study. The data that had
been collected as described in previous sections are used
to perform a multiple response regression model
analysis. (matlab v.7.0 and R v.3.2.4) were used.

I11-1 Multi-response linear regression algorithm:

The procedure of Multi-response linear regression can be
shown in following steps

First step: standardize the explanatory and response variables.
Second step: fitting models for each response separately.
Third Step: calculating kronecker product (A~1) where its
dimensions is (144x144) from eq (9).

Fourth Step: calculating fisher matrix( Z’A~1Z) " *using
kronecker product and steps above respectively gets the
following matrix.

3.45E-05 1.67E-07 1.36E-03  3.17E-08
(zA'Z)™ 1.67E-07  7.11E-09  9.48E-06  5.33E-10
- 1.36E-03  9.48E-06 2.89E-01  5.65E-06
3.17E-08  5.33E-10  5.65E-06  7.63E-10

Fifth Step: calculating (B) by performing eq(13), where (B)is
the estimated parameters of the four models together.

-0.36446  0.170529  -0.49591 1.008166

50 0.318848  0.613716  0.620585  0.281032

N -0.23337  0.273046  -0.80172  0.187157
-0.0932 -0.06955 1.603784  -0.76545

The first column of (B) matrix is the estimated

parameters of the average number of leaves in plant per
block, the second, third and fourth columns are the
estimated parameters of the average height plant per
block, average circumference plant per block and
average weight of sweet corn flower of plant per block
respectively.

Sixth  step:  Testing  Significance of  Explanatory
variables by using the T-test, the (V-Cov of B) is equal
to( Z’A™*Z)™! , now it is easy to perform the test by
dividing the (B) matrix by the root square of [V-
Cov(B)] as it is shown below:

As it is obvious from the above table that the calculated
values of (t-test) is greater than (-table) value which is
equal to (1.36) and this leads to say there is no reason to
accept he null hypotheses that says the parameters is
equal to zero, all parameters (B) are significant in the
system.

Seventh step: Identify Detection of System Models.
This step needs to calculate Order condition, and rank
condition which calculated as follow:

Table (1) Summary of t-test for the significance of parameters
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Models B S.EofB t-test value
-0.36446 0.005312626 78.03
First 0.318848 2.28E-05 26.29
model -0.23337 0.002505092 58.25
-0.0932 9.95E-07 14.95
0.170529 2.28E-05 611.08
Second | 0.613716 7.92E-05 7340.31
model | 0.273046 1.75E-05 3189.18
-0.06955 3.12E-06 317.23
-0.49591 0.002505092 4.35
Third 0.620585 1.75E-05 3.59
model -0.80172 0.537581365 5.46
1.603784 1.05E-05 3.63
1.008166 9.95E-07 39719.93
Fourth | 0.281032 3.12E-06 10186.83
model 0.187157 1.05E-05 6997.07
-0.76545 2.53E-05 30251.73

Order condition:
Table (2): Shows the
the system models

calculation of order condition of

G K M G-1 | K-M
Model-1 4 7 4 3 3
Model-2 4 7 4 3 3
Model-3 4 7 4 3 3
Model-4 4 7 4 3 3

From Table (2) it is clear that the four models are identified,
order condition is satisfied (K-M = G-1).

Table (3): The rank condition calculation of system models

Y2 =0.170529+ 0.613716 Z1 +0.273046 Z2 — 0.06955 Z3

22)
Y3=-0.4959127+0.62058521-0.80172Z2+ 1.603784 73
Y4 =1.008166+ 0.281032 Z1 + 0.187157 Z2 — 0.76545 Z3

Yl | Y2 | Y3 | Y4 | Intercept X1 X2 X3

M"fel' 1 Lo | o | ol 0364 |-3188] 0233 | 0094
Model- _

5 0o | 1 0 | 0| 0171 | e | 0273 | 0.069
Model- _

s 0| o 1 0 | 049 | o5 | 0802 | -1.60
Model- _

p o |lo| o L] <1008 | oo | 0187 | 0765

Since there exist at least, one sub non-singular matrix in
the four postulated models, then the system of models is
exactly identified.

[11-2 Multi-response Model Fitting, Results Summary:
Applying the multi-response linear regression algorithm
to carry out a system of models at the same time that is
discussed previously after standardizing all wvariables
under consideration, obtaining these estimated system
models bellow:

The above models represent estimated models for
average number of leaves per block, average height
plant per block, average circumference plant per block
and average yield plant per block respectively. After
fitting the four models it is required to test each of them
separately as comes from the estimation and testing of
multi-response  technique, for this purpose(ANOVA)
table and coefficients of determination (R?) is calculated
for each model. for the first model, testing the null
hypothesis Hy: the model is not significant.

I11-3 First model significant testing:

From table (4) it is clear that the value of F-calculated is
equal to (205.2217), this implies that there is no reason
to accept the null hypothesis, also (R?) is equal to
(0.951) which means that the average number of leaves
in plant is changed by the amount (0.951) due to
changing in composts (N,P, and K), so this model can
depend on predicting the average number of leaves in
plant.

Table (4): ANOVA (first model)

Source d.f SS M.S F-Test
SSR 3 2109838 | 7032795 | o0 55
SSE 32 | 1096.616 | 34.26925
SST 35 22195

5 Avrage number of leaves

19 21 23 25 27 29 31 33 35

—=@=—Y] e=@==Y1 hat

Fig.1: Actual and estimated values of average number of leaves plant
per block

111-4 Second model significant testing:

Table (5): ANOVA (second model)
af | ss | ms |

| Source | F-Test

Y1 =-0.36446 +0.318848 Z1 —0.23337 Z2 — 0.0932 Z3
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SSR 3 1241694 | 413898.1 2927936
SSE 32 | 4523.575 | 141.3617
SST 35 1246218

From Table (5) it is clear that the value of F-calculated
is equal to (2927.936) and F-table d.f (3,32), and level
of sign. (0.95) is equal to (2.92) it is far smaller than F-
calculated, this implies that there is no reason to accept
the null hypothesis that the model is not significant, also
(R%is equal to (0.9964) which means that the average
height of plant is changed by the amount (%99.64) due
to changes in composts. Therefore this model can
depend on predicting the average height of plant.

Average height plant

1113 1517 19 21 23 25 27 29 31 33 35

—@—=Y) e=@==Y? hat

Fig.2: Actual and estimated values of average height of plant per block

111-5 Third model (Significant testing):

From table (6) it is clear that the value of F-calculatedis
equal to (32563009.7), F-table (3,32,0.95) is equal to
(2.92) is much smaller than F-calculated this -implies
that there is no reason to accept the null hypothesis, also
(R?) is equal t0(0.9999997) it means that the average
circumference of plant is changed by the amount
(%99.99997) due to changing in composts. Therefore
this model can depended upon to predict the average
circumference of plant.

Table (6): ANOVA (third model)

Source d.f SS M.S F-Test
SSR 3 542.7598 | 180.9199 32563009.7
SSE 32 0.000178 | 5.56E-06
SST 35 542.76
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Average circumference of plant
6
4 M
2

1 35 7 911131517192123252729313335

e=@=Y3 hat e=@==Y3

Fig.3:Actual and estimated values of average circumference plant per block

Figure (3) represents the actual and estimated values of
average circumference plant per block, it is clear that
from the first point to the last point the actual and the
predicted values are rather matched approximately.

111-5 Forth model (Significant testing):

From table (7) it is clear that the value of F-calculated is
equal to (285.9704) and F-table (3, 32, and0.95) is equal
to (2.92) it is smaller than F-calculated, this implies that
there is no reason to accept the null hypothesis, also
(R?) is equal to(0.964) it means that the average crop of
plant is changed by the amount (%96.4) due to changing
in composts. Therefore this model can be depended
upon to predict the average crop of plant.

Table (7): ANOVA of fourth model

Source d.f SS M.S F-Test
SSR 3 1367497 | 455832.4 285.9704
SSE 32 51007.51 1593.985
SST 35 1418505

Average crop weight of flower
sweet corn

57 9 11131517 192123 252729313335

—=@=—Y/] e=@==Y4 hat

Figure (4): Actual and est. values of average crop weight of flower sweet corn
/ block

111-6 Linear dependency Test among Responses:

The value of (3,,> and pA) is equal to (0.00083, 0.02905)
respectively by using (8=0.05), where (8,.)is a rounded
error variance, (u,)is the expected value of(u,;)is a small
Eigen value of matrix (DD"). Then calculating the Eigen
value and Eigen vectors of (DD') matrix which has been
calculated.
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Table (8): the Eigen values and Eigen vectors of (DD") matrix

Eigen value Eigen vectors
1.4144 0.3752 -0.7746 | -0.0710 | 0.5042
2.4202 -0.8367 | -0.0915 0.1834 0.5079
5.0646 0.3895 0.4539 0.6293 0.4962
131.1008 0.0865 0.4308 -0.7519 | 0.4916

From the above table it is obvious there is no Eigen value of
(DD") matrix which falls within four to five values of ()
from (W), hence, no Eigen value of (DD") may be regarded as
zero. This indicates that no linear relationship exists among
the four responses.

I111-7 Lack of Fit Test: Testing the multi-response regression
in order to detect if the models suffer from lack of fit or not
we should calculate lack of fit and pure error as (G,G5)
matrices respectively according to eq.( 19, 20) to test the
hypophysis below:

Hy: The model doesn't suffer from lack of fit.

H,: The model suffers from lack of fit.

The matrices of ( G;), ( G,) and (G5 1G,) are showed below:

51

3 Y2,Y3,Y4 1.5630 0.43764 0.423
4 Y1,Y2,Y4 7.9853 2.235884 | 0.114
5 Y1,Y3,Y4 0.6732 0.188496 | 0.823
6 Y1,Y2 10.4033 2.912924 | 0.102
7 Y1,Y3 4.5003 1.260084 0.22

8 Y1,Y4 1.8600 0.5208 0.478
9 Y2,Y3 6.3404 1.775312 | 0.1067
10 Y2,Y4 9.9763 2.793364 | 0.1007
11 Y3,Y4 2.4500 0.686 0.7604
12 Y1 3.4000 0.952 0.248
13 Y2 3.8600 1.0808 0.2835
14 Y3 8.6523 2422644 | 0.127
15 Y4 2.4500 0.686 0.743

-23.1149  20.6098 -19.9665 -22.1829
G- -20.6098 -17.8999 -17.1215 -19.2101
-19.9665 -17.1215 -15.2866 -18.5552
-22.1829 -19.2101 -18.5552 -21.3507

Where (G;) is the lack of fit error which is calculated by
performing the equation (20).
Where (G,) is the lack of fit error which is calculated by
performing the equations (19, 20).

-0.36723  -0.57386 -0.74056 -0.52834
Go1g.= |0-026295 0.049945 -0.29956  0.201096
2 717 1011951 0.056884 0.598074 -0.04324
-0.50600 -0.35004 -0.30418 -0.52882

Also the calculated Eigen values and Eigen vectors of (G5 1G;)
is shown in table (9) below.

Table (9): Shows the Eigen values and eigenvectors of (G5 1G;)

Eig-values Eig-vectors
-0.9324 | 0.64783828 | -0.41684 | 0.141741 | -0.60046
0.6261 -0.1460923 | -0.40645 | 0.686737 | 0.738479
-0.1202 0.07702793 | 0.807697 | -0.07349 | -0.25327
0.1784 0.7436594 | 0.093086 | -0.70915 | 0.173044

Table (10): Shows the combinations of the models test of lack of fit

No Subset emax(G;1G,) | F-Value | P-Value
1 | YLY2Y3,Y4 0.6261 0.175308 0.854
2 Y1,Y2,Y3 2.7302 0.764456 | 0.652

From Table (10) it is obvious that none of the responses are
contributing lack of fit then there is no reason to reject Hy. The
table (10) shows the lack of fit test according to the number of
the responses in the procedure of multi response linear
regression analysis, in the first step the four responses have
been inputted and tested, and then the combinations of all
three responses at once have been inputted and tested, then the
combinations of all two responses at once have been inputted
and tested. Finally the single response has been inputted one
by one and tested, the matrix of (G;) and (G;) have been
calculated in each of the fifteen steps and the results of the
fifteen combinations model analysis tests were accepting the
null hypothesis which means the model doesn't suffer from
lack of significance.

26.41577 2291441 2222107 22.45285
G, = 2291441 22.47612 21.29689  20.23854
2222107 21.29689  22.36547  19.15687
2245285  20.23854 19.15687  24.0715

IV. RESULTS ANALYSIS

After using multi-response regression in this study, the
researcher introduced some conclusions due to the application
part of the agricultural experiment. So later in the study the
researcher added some important points as follow:

1-Multi response regression is a pathological technique to
carry out the production of more than one linearly dependent
response (Multi-response) because it can produce more than
one response parallel at the same time.

2- The researcher concluded that from the first model which
was for the average number of leaves in plant per block, the
min. number of leaves in plant per block was
approximately(17) at the time that the composts (N, P, K)
equaled (30, 0, 0) grams respectively. The maximum is
approximately (26) as an average per block for each plant
corresponding to the composts skill (N, P, K) by (50, 0, 20)
grams per plant.

3-From the previous conclusion it is clear that nitrogen has a
positive relationship with the average number of leaves in
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plant per block by (0.318848). See first postulated system
model equations (22).

4-From the second model which was for the average height of
plant per block, minimum average is equal to (161.5815 cm)
when the composts (N, P, K) equal (0, 0, 50) grams per plant
respectively. The maximum average height is (215.624 cm)
when (N, P, K) equal (50, 50, 0) grams.

5-After predicting (Y2 (average height of plant per block), (N,
P, and K) and were being sorted, we found out that (N and P)
have a positive relationship with the average height of plants
by (0.613716, 0.273046).See the second postulated model.
6-From the third model which is the average circumference
plant per block, the minimum average of circumference plant
per block is equal to (2.502 cm) when composts (N, P, K)
equal (0, 0, 0) grams for per plant respectively. The maximum
is (5.6123 cm) when (N, P, K) equal (50, 50, 50) grams.

7-The composts (N, P and K) also have a positive relationship
with the average circumference plant per block.

8-The researcher concluded from the forth model which was
for the average crop weight of sweet corn flower, the
minimum weight is (183.27) grams per flower when the
composts (N, P, K) equal (0, 0, 50) grams per plant
respectively and the maximum is (258.8443) grams when (N,
P, K) equal (50, 50, 0).

9-After sorting (Y4, N, P, and K) we found out that the
composts (N and P) have a positive relationship with the
average weight crop by (0.281032, 0.187157).See the forth
postulated model.

10-Both of Y2 and Y4after being compared with each other
were minimum (N, P, K) equal (0, 0, 0) grams per plant
respectively and maximum when (N, P, K) equal (50, 50, 0)
grams for both.

11-Since (A™1) is a function of (V-COV) matrix of residuals
then one can say that (A™1) is a solution to remove auto-
correlation problem if it exists in the system or in other word
(A™1) is similar to (GLS) method.

12-Multi-response regression have the best performance when
it is compared with a single response multiple regression
model because the single model is unable to study the parallel
multi-response in the model so it is not able to study the side-
effects of the reflections for explanatory. At the same time the
multi-response regression model is able to detect all patterns
(good or bad), (positive or negative) effects after the
experimental data under consideration.

13- As the researcher’s suggestion, the results of this study can
be tried to expand into another (system of linear
programming), and optimizing these products, by solving the
linear system using simplex method of solution.
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Abstract—Electricity is counted as a one of the most important
energy sources in the world. It has played a main role in developing
several sectors. In this study two types of electricity variables have
been used, the first was the demand on power energy, and the second
was the consumption or energy load in Sulaimani city. The main goal
of the study was to construct an analytic model of the recurrent neural
network (RNN) for both variables. This model has a great ability in
detecting the complex patterns for the data of a time series, which is
most suitable for the data under consideration. This model is also
more sensitive and reliable than the other artificial neutral network
(ANN), so it can deal with more complex data that might be chaotic,
seismic....etc. this model can also deal with nonlinear data which are
mostly found in time series, and it deals with them differently
compared to the other models. This research determined and defined
the best model of RNN for electricity demand and consumption to be
run in two levels. The first level is to predict the complexity of the
suggested model (1-5-10-1) with the error function as (MSE: mean
square error, AIC, and R?: coefficient of determination). The second
level uses the suggested model to forecast the demand on electric
power energy and the value of each unit. Another result of this study
is to determine the suitable algorithm that can deal with such
complex data. The algorithm (Levenberg-Marquardt) was found to be
the most reliable and has the most optimal time to give accurate and
reliable results in this study.Keywords: recurrent neural network
(RNN), artificial neutral network (ANN), Levenberg-Marquardt
Algorithm.(LMA).Mean square error (MSE).Akaike information
criteria(AIC).Coefficient of Determination (R2). Feed forward Neural
Network (FFNN).

I. INTRODUCTION 48

This Artificial Neural Networks are comparatively crude
electronic models based on the neural network structure of the
human brain. The human brain essentially learns from
experience. It is natural proof that some issues are beyond the
domain of current computers are indeed solvable by small
energy efficient packages. Human brain modeling also
promises less technical way to develop machine solutions.
This new approach to computing also provides more nimble
degradation during system overload than its more traditional
counterparts(1), it differs from conventional (digital or analog)
computing machines that serve to replace, develop or speed-up
human brain computation without regard to organization of

the computing elements and of their networking. Still, it can
be accentuated that the afforded of simulation by neural
networks is very great(2), furthermore, Recurrent Neural
Networks (RNNs) are sensitive type of artificial neural
network models that are well suitable for pattern classification
functions whose inputs and outputs are sequences.. RNNs are
very expressive and can implement arbitrary memory-bounded
computation, and as a result, they can likely be configured to
achieve nontrivial performance on difficult sequence
functions. However, RNNs have turned out to be difficult to
train, especially on problems with complicated long-range
temporal structure — precisely the setting where RNNs ought
to be most useful. Since their potential has not been realized,
methods that address the difficulty of training RNNs are of
great - importance (3). (RNNs) are subclass ANNs
connectionist models that capture the dynamics of sequences
via cycles in the network of nodes. Unlike standard feed
forward neural networks, recurrent neural networks keep a
state that can represent information from an arbitrarily long
context window. Although RNN have been difficult to train,
and often contain millions of parameters, recent advances in
network architectures, optimization techniques, and parallel
computation have enabled successful large-scale learning with
them. In recent years, systems based on short-term memory
(STM) and Dbidirectional (BRNN) architectures have
demonstrated ground-breaking performance on tasks as varied
as image captioning, language translation, and handwriting
recognition.

II. THEORY

2.Recurrent Neural Networks (RNNs)

2.1 Mathematical model for (RNN) ! €1 171:

The Recurrent neural networks formally define the standard
which forms the focus of the work, Given a sequence of input

the nets (X;, X5, ,.eec.ee. , Xr), the network computes a
sequence of hidden state (H;,H; ,.....,Hr) , and a sequence of
prediction or estimation (¥,%,....... ,Y7), by iterating the
equations.

Ti=WhyxXitWppHy_4 +Bp, (1)
H=E (T;) (2)
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Z= Wy Hit B, 3)
7= f(Z)) (4)

Wy The weight matrices between input layer and hidden
layer.

Wyp: The weight matrices between hidden layer and output
layer.

Whyn @ The matrix of recurrent weights between the hidden
layer nodes at adjacent time steps. And f : The activation
functions. Bj: Bias of hidden layer.

Output

Edge 1o next
ttme step

— e e e

]

Similar to supervised learning-instead of being provided with
the correct output value for each given input; In reinforcement
learning, the learning of an input and output mapping are
performed through continued interaction with environment
due to minimize a scalar index of performance.

2.2 Weights

Each neuron has a specific weight and it directly effects on
our input. Compared to a biological neurons quantity weight
which is corresponding to strength of synaptic connection;
weight values are associated with each vector and node in the
network, and these values constrain how input data are related
to output data. Weight values associated with individual nodes
are also known as biases. These values are determined by the
iterative flow of training data through the network, i.e., these
are established during a training phase in which the network
learns how to identify particular classes by their typical input
data characteristics. Relative to biological neurons, weight
values (parameters) are corresponding to the strength of
synaptic connections; this is explained in figure (2), so the
effect of (Xi) inputs on (Y) can be possibly determined by
using its weight values. For example, cases like impressed
giving in the banks, the importance of salary and age of the
person who takes the impress can be determined by
component weight then compared with output.

Net=y7_1 xjw;j, Yj= Xi-qXjw;; or =xw ®)

Cutput Netwotk

Fig.2: the weight values corresponding to the strength of synaptic connections

2.3 Bias™®
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Another parameter will be added to the net function and the
bias improves the performance of the neural networks. This
neuron lies in one layer, which is connected to all the neurons
in the next layer, but none of the previous layers. Since the
bias neuron emits 1 the weights, connected to the bias neuron,
are added directly to the combined sum of the other weights. If
the bias is present then the net is calculated as:

Net= X", xjw;j +b, y;— ¥i_1 xjw;; b or §=xw +b  (6)

n
Output Network.

|

Bias

Fig.3: the network with bias 1*!

2.4 Difference between RNNs and FFNNs )

As described in the neural networks, they can be classified
into two types; feed-forward neural networks (FFNNs) and
Recurrent Neural Networks (RNNs). FFNNs differ from
RNNSs regarding to feedback connection between the neurons
in the latter. In FFNNs there are not any feedback connections
between its neurons. In contrast RNNs allow feedback
connections among its neurons at least once, in which the
network topology can be very general; each neuron can be
connected to each other, even to itself. It is allowing the
presence of feedback connections between neurons, which has
an advantage; it leads naturally to an analysis of the networks
as dynamic systems. A recurrent neural network is another
artificial neural network (ANN), while connections between
units are from a directed cycle with having loops in the
networks as shown below.

Fig.4: shown the differencing between RNNs and FFNNs

2.5 Levenberg-Marquardt algorithms (LMA) 1!

The perceptron can be trained by adjusting the weights of the
inputs with Supervised Learning. In this learning technique,
the patterns to be recognized are known in advance, and a
training set of input values are already classified with the
desired output. Before commencing, the weights are initialized
with random values. Each training set is then presented for the
perceptron in turn. For every input set the output from the
perceptron is compared to the desired output. If the output is
correct, no weights are altered. However, if the output is
wrong, we have to distinguish which of the patterns we would
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like the result to be, and adjust the weights on the currently
active inputs towards the desired result. The LMA, also known
as the damped least-squares (DLS) method, is used to solve
non-linear least squares problems. These minimization
problems arise especially in least squares curve fitting. While
back-propagation is a steepest descent algorithm, the LMA is
a variation of Newton’s method. The advantage of Gauss—
Newton over the standard Newton’s method is that it does not
require calculation of second-order derivatives. The
Levenberg-Marquardt algorithm trains an ANN faster (10—100
times) than the usual back-propagation algorithms. This
algorithm is used in many software applications for solving
generic curve-fitting problems. However, as for many fitting
algorithms, the LMA finds only a local minimum, which is not
necessarily the global minimum. The LMA interpolates
between the Gauss—Newton algorithm (GNA) and the method
of gradient descent. The LMA is more robust than the GNA,
which means that in many cases it finds a solution even if it
starts very far off the final minimum.

2.6: Some types of Performance measure to choose the best
network ™4
1. Akaike Information Criterion (AIC)

The statistical measure named by (Akaike Information
Criterion), which is one frequently used criterion for nonlinear
model identification. AIC formula is given by:

AIC= -2logL+2m @)

Where: m: is the number of weights (parameters) used in
RNN, and also:
2logL = -2 [T, [log(2m) + log a2+ 2222 ] (®)

02 : The error of variance. y,: Desired output to the network.
¥:: The network output at time (t), n: The number of input
observation to train the network.

Or
AIC =n*In (SSE / n) + 2m 9)
Such that:

n: The number of training cases.

m: Denotes number of parameters of weights in suggested
(RNN).

m=n (nh +1) +2nh +1

nh: The Number of nodes in hidden layer(s).

The measure of Fitness model is given by:

Fitness = 1 / Testing set (MSE), 0< Fitness < o (10)
The decision of disability for these (RNNs) was made with
respect to the accuracy measure values (Fitness and AIC) for
each design, maximum fitness corresponding minimum AIC
value indicates the best RNN architecture performance. These
measures of accuracy were used for all (RNN), which
candidate during this study is (R).

2 _ SSresidual

R I- SStotal (11)
2.7 Non-linear
(NARMA) 2

In this case focus on nonlinear of ARMA model for
recurrent neural network and how to apply (NARMA) model
in RNN. Let us have a simple non-linear generalization of
ARMA (p,q) model:

autoregressive moving average model
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X, = S(xt_l,xt_z, ey Xe—pr €61, €2, ...,et_q) + € (12)

x¢: denoted the set of observation depend on time (t).

€;: denotes random noise, independent of past (x;).

§: is an unknown smooth function with the assumption the
best (MSE).

The prediction equation is:

e = O0(Xp—1,Xe—2s vos Xe—ps €¢—1, €—2s ooy Er_gq)

wjj: denotes the coefficients of a full matrix weights.

(13)

f: denotes the activation function.

If the model 8(xt_q1, Xtz ) Xt—p)€t1)€togyouer €r_g)is
chosen, then the RNN approximate it as.

J?t:6(xt—1' Xt—2) - .xt-p)=2§=1 W; f(Z?:l WijXe—j +
SO Wl (e = Rej ) (14)

This model is a special case of the fully interconnected
RNN

Xe= §=1 W; f(Zﬁ-Ll Wi,j"xt—j)

(15)
2.8: Recurrent Neural Networks versus Feed-forward
Models **!

When using neural Networks in a dynamical system context
it is important to decide about the model structure. In the
context of Input/ Output models it’s important to make a
distinction between NARX (Non-linear Autoregressive with
exogenous) and NOE (Non-linear Output Error) models. In
NARX models one has.

0:=f(04-1,0;—2, e, Oy L1, Ir—3, ..., Ie—g)

O, denotes the true output at discrete time instant (t).

I;: denotes the input at time (t).

0,: denotes the estimated output at time (t).

q: denotes the number corresponds to the order of the

system.

In NOE models one has.

Ot:f(ot—ln 0t—2a"'a Ot—qn It—l'It—Z! R It—q) (17)

Note that one has a recursion now on the variable (0,) in
constraint with the NARX model. From a neural networks
perspective, the NARX model may be considered as a FENN
model, while the (NOE) model is Recurrent Neural Network.
Then, models for time series prediction are closely related to
these models by omitting the input variable (I), one obtains
then:

(O, 0r1 ) 04—g) (18)

Which is parameterized by a (Multi-Layer-Perceptron,
MLP), given by:

O¢41=W'tanh(V [0y, Oy, ..., Or—g] + B) (19)

V: Nonlinear function, or activation function (squash
function).

It is not necessary that the past values(O;, O¢_1, ..., Or_q)
are subsequent in time certain values could be omitted or
values as different time scales could be taken. In order to
generate prediction, the true values (O;)are replaced then by
the estimated values (0,) and the iterative is generated by the
RNN.

O¢41=W'tanh( V[0, O;_y, ..., 0,41 + B) (20)

For a given initial condition Instead of Input/ Output

(16)
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models one may also take discrete time non-linear state space
descriptions.
{Xtu =f (Xt'lt) Q1)
Or=g (XAt)

Recurrent Neural Network models are used in control
application, where one first identifies a model and then design
a controller based upon the identified model and applies it to
the real system, either in a non-adaptive or adaptive setting.
When using neural networks in a dynamical systems context,
one should be aware that even very simple Recurrent Neural
Networks can lead to complex behavior such as chaos. In this
sense stability issues of multi-layer RNNs are important e.g.
towards applications in signal processing and control. The
training also more complicated than for FFNNs. In the RNN
case a cost function is defined on a dynamical system
(iterative system) which leads to more complicated analytic
expressions for the gradient of the cost function.

III. APPLICATION

In order to designate the best architecture for an (RNN)
model that gives a best performance for data under
consideration, then the following steps must be applied:

3.1Recurrent  Neural  Network Designing:
Description

The data were collected from the province of Sulaimani /
Directorate of control and communication for electricity
during the January of 2013 to July of 2015 in the average of
daily power energy (load and demand) as (940 consecutive
Obs.) as at time series (t=1,2,....,940). The data is measured
by Ampere (A).

3-2 The Application Steps of Recurrent neural Networks

This part includes the application for creating Recurrent
Neural Networks (RNN) for time series prediction. The
Matlab software (R2014a V.8.3.0.532) has been used to apply
(RNN) for data that described above. The application of
Recurrent Neural Network for time series prediction in this
thesis was done with the following steps:

First step

In this case, we identify data within MATLAB software,
because we need two types of data in (RNN) (input data is
demand on power energy(Xt; t= 1,2,3,4,.....,940)), and target
data is load power energy (Yt; t= 1,2,3,4,.....,940)), the data
that we have contains two types (Demand power and Load
power) in this thesis, the input data as the Demand power (Xt)
and target data as a Load power (Yt).

Second step: Normalization of data

The goal of this step is to normalize the data and make them
bounded between (-1, 1), or (0, 1) this coding depend on the
behavior of the type of ANN or RNN that we make use of,
especially if the data under consideration contains complex
patterns as we have in our data under consideration it may be
more flexible to use the first type of normalization above. This
process is only for coding the observations of time series data
to make them understandable inputs for all layers to the
recurrent neural network layers. The equation below is a type

Data
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of normalization for input time series data in the range (-1, 1).

:( xi—min(xi) %2 ) -1 (22)
Zi: normalized observation. (i=1,2,3,...,n) , Xi= origin obs.
Max (xi): Maximum value of series (Xi), Min (xi):
Minimum value of series (xi).

Note: (data files were taken from center of electric power
energy distribution in Sulaimani).

Third step: Data Partitioning

In artificial neural networks generally two types of
partitioning can be used the first type is named by sequential
partition that divided the data sequentially from first
observation to the last with the order themselves using the
proportion that the researcher suggested it as (%70) for
training set, and (%15) for each testing and validation set
respectively the second type is randomly partitioning as the
researcher used it in this thesis. The random partition is better
than the other because the only random partition can recognize
the complex patterns in prediction or forecasting models. But
the only disadvantage of the random partition is the researcher
can’t return to the steps of application during the process that
is because of the random choose of sets which are made by the
software in the partition. Then numerically the partitions for
the ratios are as follow. The first set for training the network
with input data is equal to (658) observations, the second set
for testing the network with input data is equal (141)
observations and the third set for validation chosen with input
data is equal (141) observations.

Forth step: Create the Network architecture

In this case, the structure of the recurrent neural network
that contains three layers (Input layer, Hidden layer(s) and
output layer). At this stage we choose the best way for the
performance of the network, two important measures, the first
is the (AIC), and the second is the fitness coefficient value for
choosing best recurrent neural network having the best
performance that recognized all complex patterns exists,
which depends on minimum (AIC) and maximum (fitness), in
this study the best RNN chosen to analyze data, two hidden
layers network is used, which is explained in table (2) and
figure (5) below.

max(xi)—min(xi)

Table (2) Represent the best architecture of (RNN)

Layers Nodes Activation function
Input layer |
Hidden 5 Tansig (hyperbolic)
layers 10 Tansig (hyperbolic)
Output layer 1 Purelin (linear)
Hidden 1
= Oty
tnput(t) y‘i ) ‘L‘i* = Outpustit)
1 / 1
) 1
N ——

Fig.5: represent the best architecture RNN model (1-5-10-1)
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The best Network is [1-5-10-1], depend on Maximum fitness,
Minimum AIC and mean square error for (training, testing,
validation and overall data set). By using applying the
activation function between layers and change the number of
nodes between layers we get the best model is [Tan-sigl Tan-
sig2Purelineoutput].

MSE MSE MSE | MSE R2 R2 R2 R2
(tr) (ts) (val) (all) (tr) (ts) (val) (all)
0.000 | 0.000 | 0.000 | 0.001 | 0.999 | 0.999 | 0.9994 | 0.999

478 239 78 5 05 02 6 1

MSE (train), MSE (test), MSE (validation), and MSE (all
sets): Mean Square Errors for (Training, Testing, Validation,
and all data set).R2tr, R2ts, R2val, and R2all: Coefficient of
determinations for (Training, Testing, Validation, and all data
set).
Fifth step: Training suggested network

In this case during training suggested the Recurrent Neural
Network, the data would be analyzed and change weights
among nodes to reflect dependencies and patterns. In this
section we made use of training algorithm. Then we choose
the best algorithm named by (Levenberg-Marquardt) which is
explained in figure (6) that shows the best training state. It is
clear that the best efficiency is occurred in epoch 12. The
learning function of learning data is shown in repetition 12 in
Fig (6) below:

Ciraciant = 0 000GET 16, @ apech 13

ant
§- 10*
10"
10

Mu = 1a.0f. a1 epoah 13

' o r ——
o

10

=
= &

Fig.6: the training set

The variation of the gradient error (0.00066116) and
validation checks at epoch (12) equal to (6).The diagram of
learning errors, assessment errors and test errors and the best
training performance with the best validation performance for
(RNN), shown in figure (7).

In this figure below the best of training network performance
is (0.00028243) at epoch (6) because the minimum global
located at epoch (6).

..
:
3

o

Figure (7): The training performance

The performance for this model equal to MSE= 0.0015 for all
model. From the table (3): that represents finding the best of
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the best stages of architecture model in (RNN) for data under
consideration. By using all techniques such as, changes of
(number of nodes, hidden layers and activation function)

Regression Plot:

The regression plot in figure (8) consists of (R2 training, R2
testing, R2validation and R2 for all data) with the model
output for each cases, (see figure below).

Training: KR=0.99006

Output =1 Target+ 0002
5 o

L) an
Target

AL PO 2991

i
.
5

Fig.8: regression plot of (training, testing, validation, and all over data)

From the figure (8) that contains the regression plot of
(training, testing, validation, and all data) shows the best
performance of the detected recurrent neural network (1-5-10-
1) model, also it represents the optimal architecture that
represents all sets as describe above this regression plot, also
tells as how can the model that we suggested is the best one
among several trails for finding the best architecture moreover
also the regression plot tells us that the errors that may be
produced from this (RNN) is approximately distributed
normally, also their weights for all layers in suggested
network.

3.3 Prediction and Forecasting

From the figure above it represents as that the error
produced after comparing the actual and the output of the
suggested network is distributed normally that makes the
result more efficient than any other weight distribution. This
makes us to decide that the network in general if the errors are
distributed normally it really comes from a normal weight set
that was estimated for the suggested network. This also makes
us to state that the model (1-5-10-1) is more generalized than
the others that are not distributed normally, we can also state
that if the errors are random then they tend to be distributed
normally. The randomness of error that is necessary for fitting
any best model.

JUHD | https://doi.org/10.21928/juhd.v4n2y2018. pp53-60



58 Journal of University of Human Development (JUHD)

Figure (9) : errors histogram in training step.

I i aining
B v niation
I Tt

Foro Emor

Table (3): finding the best architectures of RNN model

Net Rtr R’ts R?val R7all MSEtr MSEts MSEval MSEall AIC Fitness | Itera.
0998 | 0999 | 0999 | 0.998 | 0.00081 0.00035 | 000042 | 0.0016 | -4156.04 | 2844707 | 17
I} 0.998 | 0999 | 0998 | 0.998 | 0.00077 | 0.00054 | 0.00037 | 00017 | -4116.15 | 184737 | 10
h 0998 | 0999 | 0999 | 0.998 | 0.00075 | 0.00049 | 0.00049 | 0.0017 | -4116.15 | 2038.944 | 40
_ 0999 | 0999 | 0999 | 0.999 | 0.00045 0.002 0.00042 | 0.0028 | -3717.81 500 18
2: 0999 | 0995 | 0998 | 0998 | 0.00078 | 0.00043 | 0.00043 | 00016 | -4086.04 | 2299.221 | 14
- 0.998 | 0999 | 0998 | 0.998 | 0.00074 | 0.00061 | 0.00047 | 0.0018 | -4008.54 | 1649.811 | 25
_ 0999 | 0999 | 0999 | 0999 | 0.00048 | 0.00024 | 0.00078 | 0.0015 | -4234.51 | 4176.063 | 10
E 0999 | 0994 | 0999 | 0998 | 0.00075 | 000043 | 0.00059 | 0.0018 | -4018.54 | 2334.485 | 11
- 0999 | 0998 | 0993 | 0998 | 0.00077 /| 000039 | 0.00047 | 0.0016 | -4096.04 | 25382 | 166
_ 0.998 | 0999 | 0999 | 0.998 | 0.0008 0.00042 | 000038 | 00016 | -3976.04 | 2389.772 | 11
; 0998 | 0999 | 0998 | 0998 | 0.00077 | 0.00038 | 0.00055 | 0.0017 | -3936.15 | 2647.113 | 13
- 0999 | 0994 | 0999 | 0998 | 000075 | 000051 | 0.00049 | 0.0018 | -3898.54 | 1970.172 | 101
4| 0998 | 099 | 099 | 0998 | 00007 | 0.00059 | 0.00034 | 00017 | -3846.15 | 1704216 | 48
=1 0008 | 0999 | 0999 | 0998 | 000075 | 000067 | 000043 | 00018 | -3808.54 | 1489603 | 13
Table (4): The result (summarized table for some obs.) Recurrent Neural 7 1 w631 | 07507 | 57 | 0730310 | 07367
Network for time series prediction where the (R2) and (MSE) for the model
(1-5-10-1) R2=0.9991, MSE= 0.0015 respectively. 8 | -044057 | -0.4268 | 58 | -0.12256 | -0.1033
- — - — 9 | -054721 | -0.5355 | 59 [ 0887074 | 0.9071
No- | pagar | Prediction | No- |y | Prediction 10 | 0256599 | 0269 | 60 | 009349 | o0.1112
1| 077366 | 07661 | - | e | e 110363957 [ 03721 | - | coeeeeme | oo
2 | 093769 | 09344 | - | cooeome | oo 12 | 010777 | -0.0884 | - | coooes | oo
3 | 074725 | 07392 | 53 | -0.82219 | -0.8157 13 | 044942 | 04544 | 138 | -0.63548 | -0.6254
4 | 058468 | 05737 | 54 | 0873516 | 0.892 14 | 040331 | -0.3888 | 139 | -0.81128 | -0.8046
5 | 0582171 | o848 | 55 | 0035043 | 0.0547 15 | 0593851 | 0.5965 | 140 | -0.14145 | -0.1223
6 | -026887 | 02516 | 56 | -0.01613 | 0.0032 16 | -0.35806 | -0.3426 | 141 | -0.14688 | -0.1278
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1.5

1

e Actual

== Prediction

Fig.10: The difference between Actual data and prediction

From the table (5) that represents the prediction of demand
on electric power energy to show the performance of
suggested model (1-5-10-1) that gives as MSE= 0.0015, R2=
0.9991for over all data (training, testing, and validation set)
comparing this result by the others which gives us the best
among the epochs used in our data. From the figure (10) that
shows the difference between the actual data (demand on
electric power energy this data normalized by the equation
(22) and prediction for (141 days) in the validation set.

Table (5): Forecasting for two months, the result of applying the (RNN)
model (1-5-10-1) for (60) observation after (940), for normalized actual data
observations, using equation (22)

No. Actual Forecast No. Actual Forecast
Data* Data Data* Data
1 0.8709 0.8274 31 -0.163 -0.1961
2 0.9001 0.8598 32 -0.268 -0.2934
3 0.9446 0.9094 33 -0.292 -0.3165
4 0.9994 0.9706 34 -0.197 -0.227
5 1 0.9713 35 -0.257 -0.2834
6 0.955 0.921 36 -0.028 -0.0704
7 0.6705 0.6101 37 -0.037 -0.0785
8 0.7312 0.6749 38 -0.806 -0.8026
9 0.7213 0.6642 39 -0.747 -0.7471
10 0.749 0.694 40 -0.388 -0.406
11 0.8436 0.7973 41 -0.235 -0.2628
12 0.9671 0.9345 42 -0.334 -0.3552
13 0.951 0.9165 43 -0.167 -0.1996
14 0.7881 0.7365 44 -0.042 -0.0833
15 0.8359 0.7889 45 -0.052 -0.0927
16 0.8713 0.8279 46 0.0235 -0.0224
17 0.7894 0.7379 47 -0.07 -0.1091
18 0.6952 0.6364 48 -0.183 -0.2147

59
19 0.6491 0.5875 49 -0.45 -0.4645
20 0.6071 0.5437 50 -0.48 -0.4934
21 0.3884 0.3234 51 -0.54 -0.5501
22 0.3971 0.3319 52 -0.471 -0.4849
23 0.4974 0.4315 53 -0.465 -0.4786
24 0.3777 0.3129 54 -0.39 -0.4083
25 0.3015 0.2392 55 -0.815 -0.8113
26 0.1884 0.1317 56 -0.951 -0.9401
27 -0.037 -0.0788 57 -1 -0.9855
28 -0.319 -0.3417 58 -0.989 -0.9756
29 -0.129 -0.1638 59 -0.794 -0.7916
30 0.0482 0.0005 60 -0.708 -0.7096
150 Actual Data & Forecast Data

50

0

100 %

14 71013161922252831343740434649525558

e Actual

e FOrecast

Figure (11) represents the actual data and forecast data for two months.

Table (7): The differences between actual data and forecasting for two months
(Diff.= Actual data — Forecast data).after using suggested (RNN)

No. Diff. No. Diff. No. Diff. No. Diff.
1 -1.886 16 -1.886 31 -0.809 46 -1.1785
2 -1.877 17 -2.007 32 -0.8047 47 -0.9286
3 -1.91 18 -2.249 33 -0.8202 48 -0.7986
4 -2.037 19 -2.372 34 -0.7943 49 -0.9487
5 -2.038 20 -2.471 35 -0.7996 50 -0.9456
6 -1.926 21 -2.532 36 -1.0237 51 -0.8911
7 -2.316 22 -2.547 37 -1.0016 52 -0.9483
8 -2.15 23 -2.616 38 -0.4327 53 -0.9493
9 -2.178 24 -2.511 39 -0.5029 54 -0.9137
10 -2.104 25 -2.301 40 -0.9115 55 -0.4242
11 -1.913 26 -1.852 41 -0.7931 56 -0.3374
12 -1.95 27 -1.0007 | 42 -0.8569 57 -0.2954
13 -1.92 28 -0.843 43 -0.8067 58 -0.3064
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14 -2.01 29 -0.8391 44 -0.9891 59

-0.4443
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IV. RESULTS ANALYSIS

Some important results of application are explained from
below:

1-The predicted model RNN (1-5-10-1) and its results give
us an idea that the power energy system cannot be expanded in
their usages because during the comparison between the load
power energy and the demand, there is a very small error of
prediction that we can see it in table (7), then we can
recommend that if the governorate could not expand and
develop the system then they will not able to provide a new or
some new service and productive institutions factories because
up until present time, there is a balance which can be seen
clearly between electric power energy consumption and the
actual power energy in use for Sulaimani.

2-The study found the best model of for data under
consideration through (RNN) model is (1-5-10-1) where (1)
nodes for input layer, (5) nodes for first hidden layer, (10)
nodes for second hidden layer and (1) nodes for output layer
with the activation functions between layers are [Tansigl
Tansig2 Pure-lineoutput], as shown the table (2), and the
figure (5) represents the best architecture of (RNN) model.
The suggested recurrent neural network (1-5-10-1) as required
for detecting pattern of the data has a performance scale
withR2 = 0.9991, MSE = 0.0015, Fitness model = 4176.063
and AIC = -4234.51 as shown the table (3).

3- Figure (8) the plot of regression consists of (R2 training,
R2testing, R2validation and R2 all data) with the model output
for each cases and shows the best performance of the detected
recurrent neural network (1-5-10-1) model. Also the
regression plot tells us that the errors produced from this
(RNN) are approximately distributed normally.

4- Table (4) represents the result of applying the (RNN)
model (1-5-10 1) for (141) observation in (validation set) for
electric power energy on demand and show the result
Recurrent Neural Network for time series prediction for
validation set in electric power energy demand and figure (10)
the difference between actual data and prediction where the
(R2) and (MSE) for the model (1-5-10-1) are the R2= 0.9991,
MSE=0.0015.

5- In partial application of this study, and fitting a
prediction model RNN (1-5-10-1) and using it for forecasting
for nearly two months (60days) and comparing these forecast
values with actual data for the same time period is a guide that
the estimated RNN above is as perfect as possible to enable us
to state that this model is un optimum and therefore it can be
used to forecast the quantity of demand on electric power
energy to know how much energy the governorate in
Sulaimani needs in the future, this makes the governorate to
construct an idea to treat and recover the electric power energy
demand for Sulaimani.
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