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ABSTRACT: With the increase of injection of scattered products in the power network, attention to this level of 

products in the load distribution of the power system has also increased. In this chapter, it is assumed that the values of 

scattered source output or the active and reactive power consumed by the system are AC and numerical and point-to-

point values are not available for these input variables. However, in this chapter, real data has been used to model the 

AC model to model the distributed generation source. In this section, with the aim of estimating the AC model, the 

voltage range and angles of the power system buses, the active and reactive powers passing through the lines and the 

reactive power produced by the PV buses, the AC load distribution method has been used. In this method, linearization 

of nonlinear load distribution equations is used to find the output variables of the problem. 
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I. INTRODUCTION 

 

Load distribution analysis is one of the most important aspects of operation and planning in the power system. In 

definite load distribution, all powers injected into the power system and network topology are considered as specific 

values. This is in the context that system mode variables are random in nature due to random changes in load and 

scattered output, inaccurate estimation of system load and network parameters. By taking into account the uncertainties 

in the load and the output of the power system, it is possible to improve the load distribution that is done as usual. 

Possible load distribution in the power grid is divided into three general categories: numerical, analytical and 

approximate methods. In probabilistic load distribution, random variables are considered as probabilistic distribution 

functions. Of course, some researchers model random variables in the power system as random processes and use 

sequential Monte Carlo methods to solve the problem and consider the temporal correlation between the variables. In 

modelling the load and output of the power system, the changes of each variable must be properly simulated separately, 

the probabilistic distribution function, and the relationship between the load and the output of the system. Conventional 

methods for modelling the relationship between variables include the independence of variables, linear relationship 

between variables, and other complex methods. The use of analysis in simulating power system parameters is gradually 

increasing. On the other hand, due to the increase of distributed generation units in the power grid and the knowledge 

of the time dependence between distributed distribution and system load, AC can be used to analyse the load 

distribution in the power system. Once performed, a definite load distribution cannot check all possible operating points 

in a system. In previous studies, the load and output of the system have been used sequentially and sequentially, by 

distributing consecutive loads. By having information about system variables over a period of time or model simulation, 

the relationship between load variables and system output will be easily modelled. But using this method requires 

playing multiple loads. For example, if the load is distributed on an hourly basis, we will need 8760 loads per year. 

 

II. PROPOSED LOAD DISTRIBUTION METHOD 

 

The proposed method uses linearization of all nonlinear parts in the load distribution equations. In fact, this method is a 

continuation of the methods of formulations 1, 2 and 3. In this method, to find the points around which linearization 

takes place, it averages a definite load distribution around the points. In a definite load distribution, the values known in 

the equation include the active injection power in all buses except the slack bus, the reactive injection power in all PQ 

buses, and the voltage range in all bus generators. 

Load distribution equations can be written in general equations 1 to 5. 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                         | e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 7.569| 

   || Volume 11, Issue 1, January 2022 || 

    | DOI:10.15680/IJIRSET.2022.1101007 | 

 

IJIRSET © 2022                                                        |     An ISO 9001:2008 Certified Journal   |                                                 64 

 

𝑃𝑖 = 𝑉𝑖 ∑ 𝑉𝑘(𝐺𝑖𝑘 cos 𝜃𝑖𝑘 + 𝐵𝑖𝑘 sin 𝜃𝑖𝑘)𝑛𝑘=1 (1) 𝑄𝑖 = 𝑉𝑖 ∑ 𝑉𝑘(𝐺𝑖𝑘 sin 𝜃𝑖𝑘 − 𝐵𝑖𝑘 cos 𝜃𝑖𝑘)𝑛𝑘=1                 (2) 

Where i = 1,2,…, n. 𝑃𝑖𝑘 = −𝑡𝑖𝑘𝐺𝑖𝑘𝑉𝑖2 + 𝑉𝑖𝑉𝑘(𝐺𝑖𝑘 cos 𝜃𝑖𝑘 + 𝐵𝑖𝑘 sin 𝜃𝑖𝑘) (3) 

𝑄𝑖𝑘 = 𝑡𝑖𝑘𝐵𝑖𝑘𝑉𝑖2 − 𝐵𝑖𝑘′𝑉𝑖2 + 𝑉𝑖𝑉𝑘(𝐺𝑖𝑘 sin 𝜃𝑖𝑘 − 𝐵𝑖𝑘 cos 𝜃𝑖𝑘) (4) 𝑄𝑖(𝑠ℎ) = 𝑉𝑖2𝐵𝑖(𝑠ℎ)(5) 

where in: 

B_ik: The imaginary part of the ik element of the admin matrix 

B_ (i (sh)): The imaginary part of parallel admittance on the bass i 

〖B_ik ^ ^ ': half of the ik line susceptance 

G_ik: The real part of the ik element of the admin matrix 

n: Number of basses 

P_i: Injectable active power in the bass 

P_ik: Active power across line i-k 

Q_i: Injectable reactive power at bus i 

Q_ik: Reactive power across line i-k 

Q_ (i (sh)): Reactive power injected by a parallel element in the bus i 

t_ik: Tap transform ratio 

V_i: Voltage range at bus i 

θ_ik: The difference in angles between the basses i and k. 
 

 

In convolution technique based on analytical load distribution methods, an attempt is made to convert nonlinear 

equations 3 to 3 into equations that contain only the sum or difference of independent random variables. Finally, use 

the convolution technique to find the density functions of unknown problem variables. But this chapter uses this 

linearization of equations in a different way. In the linearization of load distribution equations in Formulation 4, unlike 

the previously proposed methods, the relationship between active and reactive powers is considered, which will have a 

significant effect on improving the voltage responses and reactive power of the lines. 

First, to determine the linearization steps in this method, we consider two random variables X and Y, which are 

multiplied together to create a new random variable Z: 𝑍 = 𝑋𝑌     (6) 

Now if the mean values of the random variables X and Y are X_0 and Y_0, respectively, and ∆X and ∆Y show the 
changes of these variables around the mean point: 𝑋 = 𝑋0 + ∆𝑋                  (7) 

𝑌 = 𝑌0 + ∆𝑌                       (8) 𝑍 = (𝑋0 + ∆𝑋)(𝑌0 + ∆𝑌) ≈ 𝑋0𝑌0 + 𝑋0∆𝑌 + 𝑌0∆𝑋= 𝑋0𝑌 + 𝑌0𝑋 − 𝑋0𝑌0(9) 

Now this technique can be used to linearize the angles and voltages of the power system due to the small change in 

random variables. 

According to Equations 37 to 39 for Equations 10 and 11, linearization is performed: 𝑉𝑖𝑉𝑘 = 𝑉𝑖0𝑉𝑘 + 𝑉𝑘0𝑉𝑖 − 𝑉𝑖0𝑉𝑘0(10) 
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𝑉𝑖 2 = 2𝑉𝑖0𝑉𝑖 − 𝑉𝑖02(11) 

We will also have equations 12 and 13 for the McLaren series: (12) sin 𝜃𝑖𝑘 ≈ 𝜃𝑖𝑘 − 𝜃𝑖𝑘36  

cos 𝜃𝑖𝑘 ≈ 1 − 𝜃𝑖𝑘22 (13)           

By applying equations 6 to 9 to linearize the expressions 12 and 13 we will have: cos 𝜃𝑖𝑘 = 𝑎𝑖𝑘 + 𝑏𝑖𝑘𝜃𝑖𝑘(14)            

(15)             sin 𝜃𝑖𝑘 = 𝑐𝑖𝑘 + 𝑑𝑖𝑘𝜃𝑖𝑘 

where in𝑎𝑖𝑘 = 1 + 𝜃𝑖𝑘022  ،𝑏𝑖𝑘 = −𝜃𝑖𝑘0 ،𝑐𝑖𝑘 = 𝜃𝑖𝑘033  ،𝑑𝑖𝑘 = 1 − 𝜃𝑖𝑘022  

As can be seen in Equations 10 and 11, as well as 14 and 15, linearization has been performed for the angles and voltages of 

the system around the mean point. 

However, according to the nonlinear load distribution equations, in this method, the expressions 𝑉𝑖𝑉𝑘 cos 𝜃𝑖𝑘 ،𝑉𝑖𝑉𝑘 sin 𝜃𝑖𝑘must 

also be linearized, which we will have according to the relations 10, 14 and 15: 𝑉𝑖𝑉𝑘 sin 𝜃𝑖𝑘 = 𝑎𝑖𝑘′ + 𝑏𝑖𝑘′𝜃𝑖𝑘 + 𝑐𝑖𝑘′𝑉𝑖 + 𝑑𝑖𝑘′𝑉𝑘(16) 

𝑉𝑖𝑉𝑘 cos 𝜃𝑖𝑘 = 𝑎𝑖𝑘′′ + 𝑏𝑖𝑘′′𝜃𝑖𝑘 + 𝑐𝑖𝑘′′𝑉𝑖 + 𝑑𝑖𝑘′′𝑉𝑘(17) 

that 𝑎𝑖𝑘′ = 2𝑉𝑖0𝑉𝑘0(13 𝜃𝑖𝑘02 − 1) 𝑏𝑖𝑘′ = 𝑉𝑖0𝑉𝑘0(1 − 12 𝜃𝑖𝑘02) 𝑐𝑖𝑘′ = 𝑉𝑘0(𝜃𝑖𝑘0 − 16 𝜃𝑖𝑘03) 𝑑𝑖𝑘′ = 𝑉𝑖0(𝜃𝑖𝑘0 − 16 𝜃𝑖𝑘03) 𝑎𝑖𝑘′′ = 𝑉𝑖0𝑉𝑘0(32 𝜃𝑖𝑘02 − 1) 𝑏𝑖𝑘′′ = −𝑉𝑖0𝑉𝑘0𝜃𝑖𝑘0 𝑐𝑖𝑘′′ = 𝑉𝑘0(1 − 12 𝜃𝑖𝑘02) 𝑑𝑖𝑘′′ = 𝑉𝑖0(1 − 12 𝜃𝑖𝑘02) 

The equation of active power injected into the basses can be written as follows: 𝑃𝑖 = ∑ 𝑓𝑖𝑘′𝜃𝑖 −𝑛
𝑘=1 𝑓𝑖𝑘′𝜃𝑘 + 𝑔𝑖𝑘 ′𝑉𝑖 + ℎ𝑖𝑘′𝑉𝑘 + 𝑒𝑖𝑘′(18) 

where in: 𝑒𝑖𝑘′ = 𝑎𝑖𝑘′′𝐺𝑖𝑘 + 𝑎𝑖𝑘′𝐵𝑖𝑘 𝑓𝑖𝑘′ = 𝑏𝑖𝑘′′𝐺𝑖𝑘 + 𝑏𝑖𝑘′𝐵𝑖𝑘 𝑔𝑖𝑘′ = 𝑐𝑖𝑘′′𝐺𝑖𝑘 + 𝑐𝑖𝑘′𝐵𝑖𝑘 ℎ𝑖𝑘′ = 𝑑𝑖𝑘′′𝐺𝑖𝑘 + 𝑑𝑖𝑘′𝐵𝑖𝑘 

Equation 18 can also be changed to form 19: 
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𝑃𝑖 = ∑ (−𝑓𝑖𝑘′𝜃𝑘) + ∑ 𝑓𝑖𝑘′𝜃𝑖𝑛
𝑘=1≠𝑖

𝑛
𝑘=1≠𝑖 + ∑ ℎ𝑖𝑘′𝑉𝑘𝑛

𝑘=1≠𝑖 + (ℎ𝑖𝑖′ + ∑ 𝑔𝑖𝑘 ′𝑛
𝑘=1 ) 𝑉𝑖

+ ∑ 𝑒𝑖𝑘′𝑛
𝑘=1 (19) 

 

A similar equation to the form of Equation 19 can also be found for the reactive power injected into the system buses. Finally, 

the equations obtained for P_i and Q_i can be written in the following matrix form: [𝑃𝑄] = [𝑀′ 𝐿′𝑁′ 𝐽′] [𝜃𝑉] + [𝑅′𝐻′] (20) 

Where each of the variables P and Q contains n components. Equation 3-20 can also be written by changing the general form 

of Equation 21: [𝑆𝑙𝑆𝑔] = [𝑀′′ 𝐿′′𝑁′′ 𝐽′′] [𝑋𝑙𝑋𝑔] + [𝑊𝑙′𝑊𝑔′] (21) 

where in: 𝑆𝑙 = [ 𝑃𝑄𝑙] ،𝑆𝑔 = [𝑄𝑔𝑃𝑠 ] ،𝑋𝑙 = [ 𝜃𝑉𝑙] ،𝑋𝑔 = [𝑉𝑔𝜃𝑠] (22). 

The vectors P and θ above include all buses except the slack bus, P_l and Q_l include the PQ, Q_g and V_g buses including 
all PV buses and P_s and θ_s include the slack bus. 
 

Formulation of the proposed method 
Common analytical load distribution methods are based on mathematical calculations and the use of convolution techniques. 

In these methods, the function of distributing variables as input and the function of distributing system mode variables and 

power passing through lines is also the output of this method. One of the most important problems of this method is modeling 

the relationship between variables in different basses. In the proposed method, the aim is to find the proposed multivariate 

model for system mode variables including voltage and phase amplitude and power passing through network lines. That is 

why the formulation method introduced is used. This method linearizes the load distribution equations around the mean 

points and considers the relationship between active and reactive power. Previously, linearization of the proposed method was 

used to calculate the probabilistic distribution function of system state variables. But in this chapter, considering the proposed 

model, this method is used in a different way. In this method, the proposed model of load and system products and their 

placement in load distribution equations are used directly. In this method, it is assumed that the input injection powers to the 

system buses are given in the form of proposed models, that is, the active injection powers in PV busbars and the active and 

reactive injection powers in PQ busbars are available as proposed models. Also here, the amplitude and angle inputs of the 

slack bus as well as the voltage range of PV buses are considered as a fixed number, which can be interpreted as the existence 

of regulators that keep the busbar voltage constant. After inserting the proposed input models, the proposed multivariate 

output models including amplitude and phase voltage, reactive power injected into the PV bus, and line-passing powers can 

be obtained. To find the proposed model of amplitude and voltage phase, Equation 21 can be written as follows: [ 𝑃𝑄𝑙] = 𝑀′′ [𝜃𝑉𝑙] + 𝐿′′ [𝑉𝑔𝜃𝑠] + 𝑊𝑙 ′                (23) 

According to the hypotheses above and the stability of some parameters, it can be concluded that the expression 𝐿′′ [𝑉𝑔𝜃𝑠]is a 

fixed vector and we have the following equation: [ 𝑃𝑄𝑙] = 𝑀′′[ 𝜃𝑉𝑙] + (𝐿′′𝑋𝑔 + 𝑊𝑙 ′)(24) 

Since equation 23 is established between the variables of the equation both at time t and at times t-1 and t-2 tn, ،, 
then equation 23 can be used this time with indices t and t-1 as 24 and 25 rewrote: [ 𝑃𝑡𝑄𝑙𝑡] = 𝑀′′[ 𝜃𝑡𝑉𝑙𝑡] + (𝐿′′𝑋𝑔 + 𝑊𝑙 ′)(25) 

[ 𝑃𝑡−1𝑄𝑙𝑡−1] = 𝑀′′[ 𝜃𝑡−1𝑉𝑙𝑡−1] + (𝐿′′𝑋𝑔 + 𝑊𝑙 ′)(26) 

Equation 24 can now be written as Equation 26 to find the output variables [𝜃𝑡𝑉𝑙𝑡]: 
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 [𝜃𝑡𝑉𝑙𝑡] = 𝑀′′−1 [ 𝑃𝑡𝑄𝑙𝑡] + 𝑀′′−1(−𝐿′′𝑋𝑔 − 𝑊𝑙 ′)(27) 

As mentioned earlier, since all the active and reactive power of the known basses are assumed to be AC, the input can be 

represented as a matrix and multivariate of Equation 27: [ 𝑃𝑡𝑄𝑙𝑡] = 𝐹1 [ 𝑃𝑡−1𝑄𝑙𝑡−1] + 𝐹2 [ 𝑃𝑡−2𝑄𝑙𝑡−2] + ⋯ + 𝐹𝑛 [ 𝑃𝑡−𝑛𝑄𝑙𝑡−𝑛] + 𝐺0 [ 𝜖𝑃𝑡𝜖𝑄𝑙𝑡] + 𝐺1 [ 𝜖𝑃𝑡−1𝜖𝑄𝑙𝑡−1] + ⋯ + 𝐺𝑚 [ 𝜖𝑃𝑡−𝑚𝜖𝑄𝑙𝑡−𝑚] + 𝐶0(28) 

where in 

  C_0: AC constant component vector, 

F_1 to F_n: The coefficient matrix for the moments t-1 to t-n are in the variable S_l, 

n: is the maximum amount of time delay in the input coefficients, 

G_0 to G_m: The matrix of MA coefficients for moments t to t-m for the Gaussian noise variable, 

m: The maximum amount of time delay in the coefficients is the input AC. 

Now by placing relation 27 in relation 26 we will have: [𝜃𝑡𝑉𝑙𝑡] = 𝑀′′−1𝐹1 [ 𝑃𝑡−1𝑄𝑙𝑡−1] + 𝑀′′−1𝐹2 [ 𝑃𝑡−2𝑄𝑙𝑡−2] + ⋯ + 𝑀′′−1𝐹𝑛 [ 𝑃𝑡−𝑛𝑄𝑙𝑡−𝑛] + 𝑀′′−1𝐺0 [ 𝜖𝑃𝑡𝜖𝑄𝑙𝑡] + 𝑀′′−1𝐺1 [ 𝜖𝑃𝑡−1𝜖𝑄𝑙𝑡−1] + ⋯+ 𝑀′′−1𝐺𝑚 [ 𝜖𝑃𝑡−𝑚𝜖𝑄𝑙𝑡−𝑚] + 𝑀′′−1𝐶0 + 𝑀′′−1(−𝐿′′𝑋𝑔 − 𝑊𝑙 ′)(29) 

 

Therefore, multivariate models are obtained according to Equation 28 for the voltage and phase amplitude state variables. But 

as it turns out, Equation 28 is not the conventional equation of multivariate models. Because the variables on the right side of 

the equation are not seen on the left side of the equation and the matrix of the voltage and phase amplitude variables is not 

seen at the time of successive delays in this equation. To solve this problem, the following method is used to find the 

multivariate model coefficients according to Equations 24 and 25. 

Since Equation 24 is valid for all moments t, t-1 and t-n. By placing relations 24, 25 and similar equations at consecutive 

latencies in Equation 28, we have: [𝜃𝑡𝑉𝑙𝑡] = 𝑀′′−1𝐹1𝑀′′[ 𝜃𝑡−1𝑉𝑙𝑡−1] + 𝑀′′−1𝐹1(𝐿′′𝑋𝑔 + 𝑊𝑙 ′) + 𝑀′′−1𝐹2𝑀′′[ 𝜃𝑡−2𝑉𝑙𝑡−2] + 𝑀′′−1𝐹2(𝐿′′𝑋𝑔 + 𝑊𝑙 ′) + ⋯ + 𝑀′′−1𝐹𝑛𝑀′′ [𝜃𝑡−𝑛𝑉𝑙𝑡−𝑛]+ 𝑀′′−1𝐹𝑛(𝐿′′𝑋𝑔 + 𝑊𝑙 ′) + 𝑀′′−1𝐺0 [ 𝜖𝑃𝑡𝜖𝑄𝑙𝑡] + 𝑀′′−1𝐺1 [ 𝜖𝑃𝑡−1𝜖𝑄𝑙𝑡−1] + ⋯ + 𝑀′′−1𝐺𝑚 [ 𝜖𝑃𝑡−𝑚𝜖𝑄𝑙𝑡−𝑚] + 𝑀′′−1𝐶0+ 𝑀′′−1(−𝐿′′𝑋𝑔 − 𝑊𝑙 ′)(30) 

Now if we define the final optimal model as Equation 30, which is a multivariate model for the output variables, we will have: [𝜃𝑡𝑉𝑙𝑡] = 𝐶1 [𝜃𝑡−1𝑉𝑙𝑡−1] + 𝐶2 [ 𝜃𝑡−2𝑉𝑙𝑡−2] + ⋯ + 𝐶𝑛 [𝜃𝑡−𝑛𝑉𝑙𝑡−𝑛] + 𝐸0 [ 𝜖𝜃𝑡𝜖𝑉𝑙𝑡] + 𝐸1 [ 𝜖𝜃𝑡−1𝜖𝑉𝑙𝑡−1] + ⋯+ 𝐸𝑚 [ 𝜖𝜃𝑡−𝑚𝜖𝑉𝑙𝑡−𝑚] + 𝐶         (31) 

By comparing Equation 29 with Equation 30, we can obtain the target model unknowns and we will have: 𝐶1 = 𝑀′′−1𝐹1𝑀′′  𝐶2 = 𝑀′′−1𝐹2𝑀′′ 
. 

. 

. 𝐶𝑛 = 𝑀′′−1𝐹𝑛𝑀′′ 𝐶 = 𝑀′′−1(𝐶0 + (−𝐿′′𝑋𝑔 − 𝑊𝑙 ′)) + 𝑀′′−1(𝐹1 + 𝐹2 + ⋯ + 𝐹𝑛)(𝐿′′𝑋𝑔 + 𝑊𝑙 ′)(31) 

But since the E_0 matrix in all models must be in the form of a single matrix, to find the variance of the noise component we 

need to use the rules for addition or subtraction of independent random variables. Using Equations 33 and 34, which are true 

for independent random variables in probability, the variance of the output random noise variable can be obtained: 𝑉𝑎𝑟(𝑌) = 𝑎2𝑉𝑎𝑟(𝑋) 

𝑉𝑎𝑟(𝑋1 ± 𝑋2) = 𝑉𝑎𝑟(𝑋1) + 𝑉𝑎𝑟(𝑋2)(32) 

According to Equations 35 to 37, the output noise variance is equal to the quadratic of each of the H matrix elements 

multiplied by the input noise variance: 
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𝐻 = 𝑀−1𝐺0 

𝐻 [ 𝜖𝑃𝑡𝜖𝑄𝑙𝑡] = 𝐸0 [ 𝜖𝜃𝑡𝜖𝑉𝑙𝑡] 
𝑣𝑎𝑟 ([ 𝜖𝜃𝑡𝜖𝑉𝑙𝑡]) = 𝐻.^2 𝑣𝑎𝑟([ 𝜖𝑃𝑡𝜖𝑄𝑙𝑡]) 

Similarly, we have the following equation for the matrix of coefficients E_1, E_2,…, E_m: 𝐸1 = 𝑀−1𝐺1𝑀𝐸2 = 𝑀−1𝐺2𝑀    …     𝐸𝑚 = 𝑀−1𝐺𝑚𝑀 

 

III. NETWORK SIMULATION 

 

In this section, the IEEE multi-bus network is selected to find the output variable model. The data of the studied system and 

network topology are presented in the appendix. Changes have been made in the study network to suit the type of problem. 

AC voltage and phase amplitude models are selected as output state variables and the method proposed in the previous 

section is used to find unknown coefficients in the model. The model of active and reactive loads on all network buses is 

assumed to be a simple model. The average values of the load model equal to the IEEE standard network data are selected. 

The model coefficients for all system loads are 0.3. Only the coefficient for injection power in bus number 2 is 0.2. The 

standard deviation values of the noise component are considered as a coefficient of the average values of active and reactive 

powers injected into the network. The variance for the injectable active and reactive power models is shown in Table 1 and 2. 

Also, according to the selection of the SOCP model to simulate the output power of the wind turbine and large changes in 

production power, the amount of 15 MW of injectable power has been considered as a constant for bus number 8. 

 

Table 1: Random noise component variance for input injection powers 

 

 
 

 

Assuming the existence of active and reactive power injection models in network buses and according to the proposed 

method, a multivariate model can be obtained for network mode variables including amplitude and voltage phase. This 

method requires linearization of load distribution equations around mean points. These average points are obtained by a 

Newton-Raphson load distribution for average values of active and reactive power in network buses. For bus No. 8, 
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where the injection power has changed from the IEEE standard network, the average active injection power is 

considered as the sum of a constant power of 15 MW and the average wind turbine power output of 3,948 MW. 

  

Table 2: Stability and variance of the random time output noise component 

 

 
The coefficient matrix for the first and twelfth time delay components is also shown in the following tables. In the 

display of these matrices, very small coefficients are omitted and these coefficients are considered zero. 

 

Finally, the following method is used to check the correctness of the answers and models presented in the output. 

Output models can be simulated for amplitude and voltage phase variables. Input models of active and reactive power 

injected into the network can also be simulated, and input data can be used to find the point-to-point output of the 

amplitude and phase voltages by Newton-Raphson load distribution. Finally, by comparing the answers, the correctness 
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of the proposed method can be guaranteed. There are different ways to compare the answers obtained. The numerical 

values of the answers in the time domain can be compared. Other methods include comparing the probabilistic 

distribution function of the output variables and the selected model coefficients for the output data. Due to the possible 

nature of the AC load distribution problem, we receive different answers each time the output model is simulated. This 

can be explained by the randomly selected AC model noise component. However, to evaluate the accuracy of the 

proposed method, the data related to the random noise component used to simulate the active power and reactive input 

models can be used to simulate the output AC models in the proposed method. In other words, the components of 

random noise are considered in the same way in these two methods. The following figures show the point-to-point 

response values in the time domain for both AC and Newton-Raphson load distribution methods. As can be seen in the 

figures below, each simulation was performed for 100 time intervals. The continuous lines show the response of the 

Newton-Raphson method, and the circular lines show the shape of the response resulting from the proposed method. 

 
Figure 1: AC corresponding to bus angle No. 3 using parity of random noise values 

 
Figure 2: AC corresponding to bus angle No. 6 using parity of random noise values 

 

 
Figure 3: AC corresponding to bus voltage range No. 10 using parity of random noise values 
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Figure 4: Ac related to bus voltage range 13 using parity of random noise values 

 

The following figures show the probabilistic distribution function to compare the responses of the two methods. Each 

simulation was performed for 10,000 samples. An improved kernel method has been used to estimate the point-to-point 

data distribution function. In comparing the probabilistic distribution function of the responses, the random noise 

values are considered differently. Also, the continuous response line of the Newton-Raphson method and the dashed 

lines are the response of the proposed method. 

 
Figure 5: Probable bass angle distribution function number 3 

 
 

Figure 6: Probabilistic bus angle distribution function number 6 
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Figure 7: Probable distribution voltage range of bus voltage number 10 

 

 
Figure 8: Probability distribution function of bus voltage range No. 13 

 

The table below also shows the adapted AC model coefficients for the output AC model simulation data and the 

responses obtained from the proposed method. Here, the values for the random noise components are assumed to be the 

same for both methods. 

 

Table 6: Comparison of model coefficients matched to the answers 

 

Initial coefficients Secondary coefficients 

Variables 
AC 

Newton-

Raphson 
AC 

Newton-

Raphson 

0.0407418 0.0421778 0.341461 0.339963 3  

0.031978-  0.029732-  0.398428 0.396185 6  
0.0739606-  0.0730485-  0.428088 0.426977 10V

 
0.0320419 0.0342445 0.260705 0.257789 13V  
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IV. RESULTS 

 

The problem of network rearrangement in power systems 
Rearranging or restructuring the network is one of the least expensive ways to reduce losses and increase the capacity 

of lines in the power network. Distribution networks in the power system are designed radially, but in order to increase 

the reliability of the subscribers, sometimes different power supply paths are considered for different loads in the 

network. Due to the variety of loads in the distribution system, including domestic, industrial and commercial loads, 

there are different types of load profiles in the network. Each of these loads will have different load profiles depending 

on different seasons, days of the week and different hours. The network is rearranged for various purposes such as 

reducing losses, improving the voltage profile in the network, balancing the load in the feeders and also due to 

improving some reliability indicators. Network restructuring is done by changing the status of existing switches on 

power system lines. So that by performing appropriate maneuvers, the percentage of network losses can be reduced. 

Load distribution calculations are required to calculate losses in the power grid. In distribution networks, where the 

problem of rearrangement is often raised, two general Newton-Raphson methods and the proposed load distribution 

algorithm are used. The Newton-Raphson load distribution method does not respond well to some networks at the 

distribution level and may lead to divergence. In power grid rearrangement methods, some system constraints must be 

considered so that the proposed topology can withstand the minimum network conditions. Different constraints apply to 

different issues, but the most important limitations that arise between almost all rearrangement issues include voltage, 

current, network radius, and power supply limitations for all system loads. The equations for the allowable voltage and 

current limits in the power system are shown below: 𝑉𝑚𝑖𝑛 ≤ |𝑉𝑓𝑖| ≤ 𝑉𝑚𝑎𝑥             𝑓 = 1, … , 𝑁𝐹              𝑖 = 1, … , 𝑁𝐵 𝐼𝑚𝑖𝑛 ≤ |𝐼𝑓𝑙| ≤ 𝐼𝑚𝑎𝑥                𝑓 = 1, … , 𝑁𝐹              𝑙 = 1, … , 𝑁𝐿 

 
In this equation N_F is the number of feeders, N_B is the number of buses and N_L is the number of branches or 

network lines. Similarly, in each step and by performing load distribution for each of the network topologies, the losses 

related to the dth day, in feeder f and line l can be calculated according to the following equation 𝑃𝑙𝑜𝑠𝑠𝑓𝑙 (𝑑) = 𝑅𝑓𝑙 |𝐼𝑓𝑙(𝑑)|2
 

The losses for the annual interval are then calculated from Equation 3. 

365

1 1 1

( )
F LN N

l

f

d f l

Tloss Ploss d
  

  

Various methods have been proposed to solve the problem of rearrangement of the power network, which is one of the 

large and difficult issues. Extensive innovations have been made in the use of analytical and non-analytical methods in 

solving optimization problems bound to the restructuring of the power network. Finally, the purpose of solving the 

optimization problem is to minimize expression 4: 𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = min (𝑇𝑙𝑜𝑠𝑠) 

 

Proposed algorithm 
In this section, the proposed combined method, which is one of the non-analytical methods, is used to solve the 

optimization problem. This method is based on the formation of consecutive and appropriate populations from the 

problem answer space to the optimal answer. The proposed method uses operators based on the values of the objective 

function for each member to update the members of the population in a generation. If the ith member in this problem is 

represented by the vector 𝑥𝑖 = (𝑥𝑖1, 𝑥𝑖2 , … , 𝑥𝑖𝐷)will indicate the open or closed status of each switch, and D is the 

number of switches in the network. Also, according to the best values of the objective function obtained from previous 

generations for the i member, the status of the corresponding switches is stored in the variable 𝑝𝑖 = (𝑝𝑖1 , 𝑝𝑖2, … , 𝑝𝑖𝐷). 

The vector 𝑣𝑖 = (𝑣𝑖1, 𝑣𝑖2, … , 𝑣𝑖𝐷) also indicates the rate of change or probability of change of status for each of the 

switches from one generation to the next, for the i member. Since the nature of the vector 𝑣𝑖 = (𝑣𝑖1, 𝑣𝑖2 , … , 𝑣𝑖𝐷)in 

binary mode can indicate the probability that the switches are one, a conversion function is used to limit the range of 

members of this vector to the range of zero and one. The Sigmoid function defined as 𝑆(𝑣𝑖𝑑𝑛𝑒𝑤) = 11+𝑒−𝑣𝑖𝑑𝑜𝑙𝑑is used to 

update the v_i vector. According to the index for the end of this algorithm, all the steps to create a new generation 

continue until the answer is reached. In BPSO algorithm, the constants c_1 and c_2 are the training coefficients and w 

is the inertia coefficient. The coefficient of inertia changes the boundaries of the response space, so that smaller 

coefficients tend to local responses and values of larger inertia coefficients tend to absolute optimal responses. 
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Proposed model in network rearrangement 
In this chapter, the proposed model is used to model the system loads, which can consider the effect of synchronization 

of loads and the relationship between different loads in the system. In other words, instead of considering the annual 

load profile, the proposed models are used. In this section, it is assumed that the proposed model for each of the 

network loads can simulate the active power values on a daily basis over a year. Reactive power of system loads are 

also modeled as active loads. For model simplicity. Selected for modeling all times in the network. The aim of the 

optimization problem is to find the best network topology over a period of one year so that the sum of the average daily 

losses during the year has the lowest value for this network. The proposed method is also used in MATLAB software to 

solve the optimization problem. To solve this problem, in the proposed method, the status of network switches is 

changed in such a way that the radial nature of the studied network is maintained and also all network loads are fed and 

none of the loads are left without power supply. To apply the radial condition to the optimization method, all loops with 

N.O. switches must be applied. Form at least one of the switches is open. Also, for the correct condition of feeding all 

the network loads, except for the end loads of the feeders, the rest of the network loads must be connected to at least 

two lines whose switches are closed. Here, the proposed convective load distribution method is used to solve the AC 

load distribution problem in each iteration. At each stage of load distribution, the problem constraints that include the 

thermal allowance for the lines or the maximum flow through the lines must be checked. Also, the voltage regulation 

limit and the maximum and minimum allowable voltage must be observed separately. The constraints on the voltage 

and current limits are shown in Equation 1. 

 

As mentioned in Chapter 3, since the AC load distribution method is based on the linearization of the proposed method, 

the load distribution equations must first be linearized around an average point. These average points are selected 

according to the model average. If all the inputs of this method are in the form of a model, the load distribution output 

will be the model, which includes an analytical model of the voltage range and angles of each of the network buses. 

Thus, if the input model in this method can simulate the loads of the sample system during a year and on a daily basis, 

the analytical output models will be able to simulate the voltage range and angles of the system buses during a year 

Since in this case the goal is to find the losses related to a sample system during a year and for a specific network 

topology, this method can be used to solve the load distribution problem. Because according to the obtained model for 

each of the network topologies and performing numerical simulations for each of the voltage and bus angle variables, 

the current and then the network losses can be easily estimated. 

The steps of rearranging the sample network and using the AC load distribution method are as follows: 

1- Creating suitable models for active and reactive loads of the sample system and selecting constants related to the 

proposed method to solve the optimization problem. 

2- Performing load distribution by Newton-Raphson method for the average input model for linearization of load 

distribution equations in the formulation method 

Selecting a random primary population for possible topologies in the sample system 

4- Using the proposed algorithm to find the optimal switching status in the system 

5- Checking the restrictions related to voltage and current limits in the load distribution problem 

6- If the limit constraints are violated, the value of the objective function related to that member is not considered 

7- Check the number of iterations to end the problem algorithm 

 

Simulation results comparison 
In this study, a 69-bus radial bus, which is an 11 kV distribution network, was selected for simulation. The study 

network is proposed. The appendix shows the 69-bus network topology and information about loads and lines. Each 

line is assumed to have a separate switch, so there are 79 switches in the network for the total number of lines. The 69-

bus network has 11 switches that are normally open, and closing these switches creates loops in the network. So the 

other 68 switches on the network are normally closed. This network also has 4 main feeders that have different loads on 

each feeder. In these simulations, the constants in the proposed method, including the inertia coefficient w equal to one 

and the training coefficients c_1 and c_2 equal to 2, have been selected. The number of members in each generation 

and the number of repetitions or the number of generations in this issue are considered in two cases of 30 members and 

40 members, as well as the number of 50 repetitions. The autoregressive coefficient in the model for simulating all 

active and reactive loads in the network is considered equal to 0.3. Also, the values of standard noise deviation related 

to each of the variables are selected as 0.1 of the model average. The average of the model is also selected according to 

the definite information, for the active and reactive loads that are available in the 69-bus network. Below is the status of 

the simulations for 30 members in each generation and 50 replicates. The annual loss rate for the standard network 

topology is 83.045 MW and for the network with the new topology in the proposed method is 74.498 MW. This 
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represents a 10.3% reduction in annual losses for the network. Also, the status of open or closed network switches 

before and after rearrangement. 

 

The minimum and maximum voltage values during the year are 0.905 and 1 per unit for the standard network and 0.925 

and 1 for the restructured network, respectively. Also, the simulation status of 40 members in each generation and 50 

replications are checked below. In this case, the models are simulated separately and independently of the previous 

mode. The annual loss is 74,435 MW, which is a decrease of 10.4%, almost the same as before. The status of network 

switches is also shown in Table 1. The minimum and maximum voltage values for one year for the proposed network 

topology in this case are 0.927 and 1 per unit, respectively. 

 

Check the correctness of the proposed method 
In order to check the correctness of the proposed method, input simulation in the problem has been used. In this way, 

they are first numerically simulated over a period of one year. Then, using the AC load distribution method and 

considering the voltage and current constraints, the annual losses for the sample system are calculated. Finally, as in the 

first part of the problem, the proposed algorithm is used to find the optimal switching in the system. To test the 

simulations with 30 and 40 members, the above method has been used to find the optimal network response. In 

performing the simulations in this section, the noise values related to the simulations in the proposed method are used, 

but as mentioned above, the noise values are different for the 30 and 40 member modes. The annual network losses in 

these two cases are 73,793 and 74,435 MW, respectively, which shows a decrease of almost 10%. The following table 

shows the results related to the status of network switches in these two different modes. 

Also, the minimum and maximum voltage values in the network buses are 0.931 and 1, respectively, in the case of 30 

members, and 0.927 and 1, respectively, in the case of 40 members. According to the results, the values of the objective 

function are reduced appropriately, but the switching situation is not the same in these two methods. As in the first 

situation with 30 members, although the target function is reduced for both modes, the status of the switches is not the 

same throughout the network. But in the case of 40 members per generation, both methods have reached a single 

response and the same switches in the network have been selected to stay open. But the advantage of using the load 

distribution method is to perform less load distribution for each member and given topologies. In order to use the 

Newton-Raphson load distribution method, according to the number of members of each generation and the number of 

iterations of the problem, it will be necessary to perform a large number (365 members of each generation, the number 

of iterations) to solve the problem. While using the load distribution method, we will need a smaller number (number 

of members per generation, number of repetitions) of load distribution and (number of members per generation, number 

of repetitions) load, Newton-Raphson load distribution will be used. Therefore, due to the fact that load distribution 

provides an annual analytical model of system variables, we will not need to perform load distribution for each day in a 

year. However, according to the linearization in the load distribution method, if the input data deviates from the mean 

values used to linearize the equations, the amount of computational error can affect the results. To compare the 

execution time of Newton-Raphson load distribution and AC load distribution in this method, 40 members and 80 

repetitions are considered. This case is checked for two time intervals of 365 days and 1000 days and the time related to 

the implementation of each is given in the table below. 

 

Table 9: Comparison of execution times of load distribution methods in the problem of power network restructuring 

 

Program execution time in minutes Model 

82.1 Newton-Raphson load distribution (365 days)  

67.6 Load playback (365 days)  

213 Newton-Raphson load distribution (1000 

days) Load playback  

98.44 Load playback (1000 days) 

 

V. CONCLUSION  

 

The purpose of this paper is to focus on the use of analytical and numerical models in the power system. Because due 

to changes in load and production in the power system and in the time domain, modeling these variables in the time 

domain will be appropriate. Now, if these modeling are done properly, they can simulate the relationship between 

different variables in the power system. As we know, one of the main topics in power system load distribution studies 

is to consider the relationship between input variables in the problem. On the other hand, due to the dependence of 
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output mode variables including voltage and phase amplitude, multivariate models need to be used to model these 

variables. In this paper, AC input models have been used directly in load distribution studies, so that the output is an 

analytical and multivariate model of amplitude and voltage phase. In order to perform load distribution, linearized 

equations have been used in the proposed method. In the fourth chapter, the load distribution introduced in this paper is 

used to perform rearrangement at the level of a distribution network. One of the advantages of using AC load 

distribution method in this issue is reducing the number of definite load distributions. Network rearrangement issues 

expand as the network size increases. So that the need to play consecutive loads is felt. In this chapter, the problem of 

distribution network restructuring is solved by using load distribution and the answers are compared correctly with a 

definite method. Existence of parameters with discrete values in the power system requires proper modeling in the time 

domain and by models. Some of these variables include the location of the pulse transformer, the output power of the 

CHP dispersed production units, and the capacitive banks. Existing models can not properly simulate these variables. 

The models used so far to simulate discrete variables are mostly based on discrete Markov models. One of the 

disadvantages of this method is the increase in the number of unknown parameters with increasing problem size. 

Therefore, the need for an alternative model in this area is felt. The model used in this paper, according to the modeling 

steps of this method, simulations must be performed for a long period of time. Because if these models are simulated in 

a relatively short period of time, the mismatch of the simulated data density function will be significant. 

 

 

Appendix 
IEEE 14-bus network information 

The following tables show the 14-bus network data used in this paper. 

 

Table: 14 bus network data 

 

Load Reactive 

power (MVar) 

Active power (MW) Voltage 

p.u. 

Busbar 

Load Generation Type Number 

---- ---- ---- 1.06 Slack 1 

12.7 21.74 40.04 1.045 PV 2 

19 94.2 ---- 1.01 PV 3 

-3.9 47.8 ---- ---- PQ 4 

1.6 7.6 ---- ---- PQ 5 

7.5 11.2 ---- 1.07 PV 6 

---- ---- ---- ---- PQ 7 

---- ---- 15 ---- PV 8 

16.6 29.5 ---- ---- PQ 9 

5.8 9 ---- ---- PQ 10 

1.8 3.5 ---- ---- PQ 11 

1.6 6.1 ---- ---- PQ 12 

5.8 13.5 ---- ---- PQ 13 

5 14.9 ---- ---- PQ 14 

 

Table: Data for 14 bus lines 

 

Transformer 

Tap (%) 

Susceptance 

p.u. 

Reactance 

p.u. 

Resistance 

p.u. 

Busbar 

Receiving Sending 

---- 0.02640 0.05917 0.01938 2 1 

---- 0.02640 0.22304 0.05403 5 1 

---- 0.02190 0.19797 0.04699 3 2 

---- 0.01870 0.17632 0.05811 4 2 

---- 0.01700 0.17388 0.05695 5 2 

---- 0.01730 0.17103 0.06701 4 3 

---- 0.00640 0.04211 0.01335 5 4 

---- ---- 0.20912 ---- 7 4 
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---- ---- 0.55618 ---- 9 4 

---- ---- 0.25202 ---- 6 5 

---- ---- 0.19890 0.09498 11 6 

---- ---- 0.25581 0.12291 12 6 

---- ---- 0.13027 0.06615 13 6 

---- ---- 0.17615 ---- 8 7 

---- ---- 0.11001 ---- 9 7 

---- ---- 0.08450 0.03181 10 9 

---- ---- 0.27038 0.12711 14 9 

---- ---- 0.19207 0.08205 11 10 

---- ---- 0.19988 0.22092 13 12 

---- ---- 0.34802 0.17093 14 13 

---- ---- -5.26000 ---- 9 9 

 

 

 
Figure: IEEE standard 14-bus single-line network display 

 

69 bus network information 

 

The table of load and line information for the 69-bus network and the topology of this network is given below. Also, 

the values of the allowable current passing through the lines and the minimum and maximum voltage in different bus 

buses are given below. 

Table: Information on loads and lines in the 69-bus network 

 

Branch 

number 

Elementary 

bass 

number 

End bass 

number 

Resistance 

(ohm) 

Inductance 

(ohm) 

Active 

power 

(kW) 

Reactive 

power 

(kW) 
1 1 2 1.097 1.074 100 90 

2 2 3 1.463 1.432 60 40 

3 3 4 0.731 0.716 150 130 
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4 4 5 0.366 0.358 75 50 

5 5 6 1.828 1.79 15 9 

6 6 7 1.097 1.074 18 14 

7 7 8 0.731 0.716 13 10 

8 8 9 0.731 0.716 16 11 

9 4 10 1.08 0.734 20 10 

10 10 11 1.62 1.101 16 9 

11 11 12 1.08 0.734 50 40 

12 12 13 1.35 0.917 105 90 

13 13 14 0.81 0.55 25 15 

14 14 15 1.944 1.321 40 25 

15 7 68 1.08 0.734 100 60 

16 68 69 1.62 1.101 40 30 

17 1 16 1.097 1.074 60 30 

18 16 17 0.366 0.358 40 25 

19 17 18 1.463 1.432 15 9 

20 18 19 0.914 0.895 13 7 

21 19 20 0.804 0.787 30 20 

22 20 21 1.133 1.11 90 50 

23 21 22 0.475 0.465 50 30 

24 17 23 2.214 1.505 60 40 

25 23 24 1.62 1.11 100 80 

26 24 25 1.08 0.734 80 65 

27 25 26 0.54 0.367 100 60 

28 26 27 0.54 0.367 100 55 

29 27 28 1.08 0.734 120 70 

30 28 29 1.08 0.734 105 70 

31 1 30 0.366 0.358 80 50 

32 30 31 0.731 0.716 60 40 

33 31 32 0.731 0.716 13 8 

34 32 33 0.804 0.787 16 9 

35 33 34 1.17 1.145 50 30 

36 34 35 0.768 0.752 40 28 

37 35 36 0.731 0.716 60 40 

38 36 37 1.097 1.074 40 30 

39 37 38 1.463 1.432 30 25 

40 32 39 1.08 0.734 150 100 

41 39 40 0.54 0.367 60 35 

42 40 41 1.08 0.734 120 70 

43 41 42 1.836 1.248 90 60 

44 42 43 1.296 0.881 18 10 

45 40 44 1.188 0.807 16 10 
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46 44 45 0.54 0.367 100 50 

47 42 46 1.08 0.734 60 40 

48 35 47 0.54 0.367 90 70 

49 47 48 1.08 0.734 85 55 

50 48 49 1.08 0.734 100 70 

51 49 50 1.08 0.734 140 90 

52 1 51 0.366 0.358 60 40 

53 51 52 1.463 1.432 20 11 

54 52 53 1.463 1.432 40 30 

55 53 54 0.914 0.895 36 24 

56 54 55 1.097 1.074 30 20 

57 55 56 1.097 1.074 43 30 

58 52 57 0.27 0.183 80 50 

59 57 58 0.27 0.183 240 120 

60 58 59 0.81 0.55 125 110 

61 59 60 1.296 0.881 25 10 

62 55 61 1.188 0.807 10 5 

63 61 62 1.188 0.807 150 130 

64 62 63 0.81 0.55 50 30 

65 63 64 1.62 1.101 30 20 

66 62 65 1.08 0.734 130 120 

67 65 66 0.54 0.367 150 130 

68 66 67 1.08 0.734 25 15 

69 9 50 0.908 0.726 ----- ----- 
70 9 38 0.381 0.244 ----- ----- 
71 15 46 0.681 0.544 ----- ----- 
72 22 67 0.254 0.203 ----- ----- 
73 29 64 0.254 0.203 ----- ----- 
74 45 60 0.254 0.203 ----- ----- 
75 43 38 0.454 0.363 ----- ----- 
76 39 59 0.454 0.363 ----- ----- 
77 21 27 0.454 0.363 ----- ----- 
78 15 9 0.681 0.544 ----- ----- 
79 67 15 0.454 0.363 ----- ----- 
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Figure: 69-bus network 

 

The minimum and maximum allowable voltage values in each of the 69-bus network buses are 0.85 and 1.05 per unite, 

respectively. Also allowed current of branches 1 to 8, 270 amps, branches 9 to 16, 208 amps, branches 17 to 23, 270 

amps, branches 24 to 30, 208 amps, branches 31 to 39, 270 amps, branches 40 to 51, 208 amps, branches 52 to 57, 270 

amps, branches 58 to 68, 208 amps and branches 69 to 79, 234 amps. 
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