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ABSTRACT 

An inverter is a power electronic device that converts Direct Current (DC) to Alternating Current (AC). A 

three-leg inverter was used to convert DC to AC in a three-phase form. The increasing need to integrate 

renewable energy into the power grid has increased the demand for this type of converter. In this paper, a 

Laguerre-based Model Predictive Controller (LMPC) is proposed to control a three-leg inverter under 

load variation. The proposed LMPC algorithm was designed to optimize the inverter performance and was 

compared with traditional Sinusoidal Pulse Width Modulation (SPWM) methods. Simulations were 

conducted under various load conditions including resistive (R), capacitive (RC), and induction motor 

loads. The results demonstrate that the LMPC controller outperforms the SPWM methods, providing 

better performance and lower Total Harmonic Distortion (THD) values. The THDs of the voltage and 

current achieved by the LMPC controller were below 1.5%, complying with IEEE 519-2014 standards. 

However, the current THD increased to 7.18% under the induction motor load. 

Keywords-inverter; SPWM; Laguerre MPC; load variation; THD  

I. INTRODUCTION 

The development of new and renewable energy sources has 
made it possible for humans to use them as an alternative 
energy source in the future [1]. Alternative energies that are 
easy and inexpensive to apply without the need for complex 
infrastructure on a small scale are wind and solar power. These 
two types of energy are dynamic, discontinuous, and depend on 
climatic conditions; therefore, in their integration, renewable 
energy from these sources can cause security and stability 
problems in the electricity network. 

Typically, the solar power has to be converted from its 
original Direct Current (DC) form to Alternating Current (AC) 
before it is supplied to the power grid or for other purposes. 
This conversion is crucial because most AC apparatuses and 
power grids operate on AC power. The primary device 
responsible for this conversion is an inverter, which has 

become a focal point of research and development efforts in 
recent years, as documented in multiple studies [2]–[12]. These 
studies explored various techniques and technologies for 
improving inverter efficiency and functionality, underscoring 
the importance of inverters in the broader context of PV energy 
utilization. 

In several publications, the process of generating signals for 
the inverter has been carried out using different types of 
controller devices, each of which has unique features and 
capabilities. Specifically, the signal for the inverter was 
generated using PIC [4], [10], [11], ATMega 16 [9], Arduino 
[8], [13], and EG8010 [7] microcontrollers, whereas other 
devices were not explicitly mentioned [3], [5], [6]. Among 
these, a study published in [8] highlighted the use of an 
ATMega 328 microcontroller within a half-bridge topology to 
generate high-frequency signals in induction heater 
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applications. This approach demonstrates the versatility and 
adaptability of microcontrollers for optimizing the performance 
of inverters in various applications. 

The control of a three-phase inverter is one of the most 
significant and traditional topics in power electronics, and it 
has been the subject of extensive research over the past few 
decades [14]. The importance of accurately controlling a three-
phase inverter lies in its widespread use in various industrial 
and commercial applications where efficient and precise power 
conversion is essential. Numerous control systems have been 
developed to optimize the performance and reliability of 
inverters, reflecting ongoing advancements in power 
electronics technology. 

Several control strategies have been proposed and 
implemented for three-phase inverters encompassing both 
nonlinear and linear approaches. Nonlinear methods, such as 
hysteresis control, offer dynamic and robust performance under 
various load conditions [2]. In contrast, linear techniques 
provide structured and predictable control through methods 
such as proportional-integral controllers using Pulse-Width 
Modulation (PWM) [14], [15], dead-beat control [16], 
multiloop feedback control [17], repetitive-based controllers 
[18], and sliding mode control [19]. Each of these techniques 
presents distinct advantages and is chosen based on the specific 
requirements of the application, highlighting the diverse 
approaches available for achieving an effective inverter control. 

Previous research on inverter control using model 
predictive control was conducted in [20] using a robust 
disturbance observer to control the current output of a grid-
connected inverter. The authors in [21] proposed a new 
maximum power point tracking method for PV modules based 
on Model Predictive Control (MPC) and a finite control set for 
model predictive current control of an inverter. Furthermore, in 
[22], a discrete-time model of the system is presented, able to 
predict the output voltage behavior for all possible switching 
states generated by the inverter. 

Laguerre Model Predictive Control (LMPC) is a specialized 
form of MPC that employs the Laguerre function to enhance 
the optimization of its output. This approach leverages the 
unique properties of the Laguerre function to achieve a more 
precise control in various applications. Notably, this type of 
LMPC has been effectively implemented for managing load 
frequency control [23], buck-boost converters [24], mobile 
robots [25], autonomous vehicles [26], quadrotors [27],  and 
vehicle platoons [28]. The successful application of the LMPC 
in these areas highlights its effectiveness in handling complex 
control tasks. 

Prior research has not explored the application of LMPC for 
inverter control. This study introduces an LMPC algorithm 
designed to control a three-leg inverter connected to a three-
phase grid system. This research aims to accomplish three main 
goals: 1) to develop an LMPC algorithm suitable for inverter 
applications, 2) to apply the algorithm for controlling the 
inverter, and 3) to evaluate the effectiveness of the proposed 
controller. 

The structure of the paper is as follows: The problem 
formulations are outlined in Section 2. Section 3 presents and 

analyzes the simulation results using the LMPC algorithm in an 
inverter. The study concludes with Section 4. 

II. PROBLEM FORMULATION 

A. Inverter Model 

Figure 1 depicts a three-phase inverter with an LC filter and 
unknown load. This model was used to present the 
mathematical relations. 

 

 
Fig. 1.  Diagram of the test system. 

Every leg of the inverter needs to have one switch turned on 
at all times to prevent the phases from shorting out. In fact, the 
switching states of SR, SS, and ST are [10], [12], [17], [18], [22]: 
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Since each leg of the inverter should have one switch 
turned on at all times, (1) is expressed as a vector of the 
switching states S as follows [10], [12], [17], [18], [22]: 

 TSR SSSS 2

3
2      (2) 

Similarly, the inverter output voltage can be expressed as a 
vector and a function of the phase voltages: 

 TNSNRNi VVVV 2

3
2      (3) 

Where the phase voltages to ground are represented by VRN, 
VSN, and VTN and  The switching strategy of the 
inverter results in the development of distinct voltages at the 
input and output. Consequently, the inverter's output voltage 
vector can be considered as the constant input voltage 
multiplied by the switching vector or as follows [10], [12], 
[17], [18], [22]:  

SVV dci       (4) 

Where Vdc is the input's DC-link voltage. It can be inferred 
from (2) and (4) that the inverter produces eight output voltage 
vectors or switching states. The output voltages arising from 
the various switching states are displayed in Table I.  Seven 
distinct voltage vectors were applied for every eight switching 
states, where V0 equals V7. 
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TABLE I.  SWITCHING STATES 

SR SS ST Voltage Vector 
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Table I provides the main aspects of power electronics, 
specifically the relationship between the switching states in the 
inverter and the resulting output voltage vectors. The switching 
states represent the states of phases R, S, and T of the 
semiconductor devices in the circuit. The switches can either be 
"ON" or "OFF," denoted by 1 and 0. The sequence continues to 
cover all possible combinations of the three switches. The 
switches set out a symmetric pair with respect to the voltage 
vectors, including V0 - V7, V1 – V4, V2 – V3, and V5 – V6. 
These pairs are critical for balancing the three-phase output and 
minimizing harmonics in the output waveform. The complex 
vectors in the pair of V2 – V3, and V5 – V6 allow an imaginary 
unit that represents a 90-phase shift at the output voltage. 

B. Load Model 

When modulation techniques are used, the inverter is 
regarded as a continuous form. Similarly, using (2) and (3), it is 
possible to define the load current Io, output voltage (across the 
filter) Vc, and current flowing through the filter IL as both a 
spatial vector and a unit relation based on three phases [10, 12, 
17, 18, 22]. 

 LTLSLRL IIII 2

3
2     (5) 

 oToSoRo IIII 2

3
2      (6) 

 cTcScRc VVVV 2

3
2      (7) 

Equations that are commonly used for predicting the output 
voltage are generated by computing the spatial vectors 
associated with each circuit parameter. Based on Figure 1, 
equations (8) and (9) are obtained using Kirchoff’s law of 
voltage and current: 

ci
L VV

dt

dI
L      (8) 

oL
c II

dt

dV
C      (9) 

In state space, (8) and (9) can be written as follows [22]: 
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Equation (10) is regarded as the ultimate relationship and is 
used to predict the output voltage. 

C. Discrete-Time Model for Prediction 

Most of MPC is running in discrete time. Therefore, it is 
necessary to provide discrete equation (10) for the sampling 
period Ts to predict the output voltage. The discretization 
model is provided in (13) and (14). Then the discrete form of 
the inverter model in (10) is given in (12) as follows [22]: 

)()()()1( kIBkuBkxAkx odqdd    (12) 

sAT
d eA       (13) 


sT

A
d BdeB

0

     (14) 

The predicted output voltage of the inverter Vi can be 
determined using (12). This formula uses measurements to 
determine the voltage and current of the filter, respectively, and 
specifies Vi in accordance with Table I and (4). Given that the 
load is regarded as uncertain, the following relation can be used 
to approximately determine Io [22]: 

 )1()()1()1(  kVkV
T

C
kIkI cc

s

Lo
 (15) 

D. MPC Controller 

An MPC is a multivariable, iteration-based control 
algorithm that counts the number of optimal control moves 
over its prediction horizon by utilizing an objective function, a 
process model, and past control moves. Under certain 
conditions, the objective function must not overcome any of the 
system's specified limitations. MPC is classified as a digital or 
continuous MPC based on signal processing, which can be 
linear or nonlinear depending on the internal model used [21], 
[23], [29], [30]. MPC finds the best solution in the prediction 
horizon Hp with the control horizon Hc, where Hc ≤Hp at all 
times. MPC estimates the variable of interest Hp numbers in 
any time sample and attempts to attain it using the control 
attempt Hc  [22, 23, 29, 30]. 

Low-harmonic sinusoidal voltages are generated when the 
inverter is used with an output LC filter. It requires some skill 
to obtain the inverter's control to operate in an appropriate 
switching state. A systemic model of the inverter with a finite 
number of switching states can be used to easily apply MPC 
[30]. One advantage of MPC voltage management is that it 
does not require load information, irrespective of the type of 
load, and a 50 Hz sinusoidal output voltage is produced. 

A flawless trajectory model was used to design a predictive 
control system [22]. In fact, the cost function J, whose goal is 
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to have the output follow the intended value, is determined by 
the difference between the value produced by the MPC and the 
desired value of the variable. 

The alpha-beta transformation employs the chosen cost 
function J, which is calculated by subtracting the reference 
voltage from the anticipated voltage. A sinusoidal voltage with 
a frequency of 50 Hz was used as the reference voltage. The 
voltage that minimizes the cost function and closely adheres to 
the reference value is considered ideal in this section, as 
follows [22]: 

p
ci

ref
ci

p
cr

ref
cr VVVVJ     (16) 

Where Vp
cr and Vp

ci denote the real and imaginary 
components of the output voltage Vp

c, respectively. 
Additionally, Vref

cr and Vref
ci represent the reference voltages 

Vref
c for the real and imaginary parts, respectively. 

E. Laguerre MPC Controller 

The Laguerre function was used to define the model of the 
MPC controller, which used a model to estimate the behavior 
of the controlled plant. This function is an orthonormal 
function that can be used to construct the model, and it can also 
be used to simulate dynamic systems. This function was used 
to define the model of the MPC controller, which uses a model 
to forecast the behavior of a controlled plant. These 
characteristics are satisfied by Laguerre functions, which also 
exhibit straightforward Laplace transformations. 

A continuous time framework is commonly utilized in the 
construction of a plant model. To be employed in discrete time 
MPC, the model must be discretized within a time sample. The 
Laguerre function, which is mostly used in the research of 
system identification, is primarily produced in continuous time 
by utilizing its network. 

The Laguerre functions were obtained by inverting the z-
transform of the Laguerre networks, as shown in (17). This 
function was formulated by following the dynamic model 
given in (18), where its initial condition is presented in (19). 
The parameters used in (17)-(19) are N, which is the Laguerre 
network's length, a, is the temporal scaling factor, Al is a 
Toeplitz matrix of parameters a and 1-a2, and L is the function's 
state vector [30]. 

1

1

1

1

2

11

1






 















N

N
az

az

az

a
   (17) 

)()1( kLAkL l     (18) 

  11322 1...;;;11)0(  NN
aaaaaL  (19) 

Optimal receding horizon control is achieved by taking the 
minimal solution of an objective function Jc, as in (20). 
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Where k is the sampling instant, m is the prediction time, 
and η ∈ ℜns x N is an optimal solution of the parameter vector. 
The future state variable estimated using the internal model is 
expressed as follows: 

 )()()|( m
TkxAkmkx

m 
   (23) 

Substituting (23) into (20), the objective becomes: 
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The optimal solution to minimize Jc is given by: 
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Furthermore, the MPC gain KMPC for the closed-loop 
system can be found in (27) [30]. 

)()()1( kuBKkAxkx MPC    (26) 

T
MPC LK )0(     (27) 

where A and B are the system matrices, RL is the rate of 
change in the control action weight matrix, and Q is the output 
error weight matrix. 

F. Proposed Work 

An MPC uses an objective function, process model, and 
previous control moves to count the number of optimum 
control moves over its prediction horizon. Under certain 
circumstances, the objective function cannot violate any of the 
stated restrictions on the system. Among the many advantages 
that MPC provides in process control are rapid reaction times, 
resistance to load variations, and parameter uncertainty [23]. 

Several prediction horizons can be considered to enhance 
system behavior, but doing so will increase system complexity 
and computational expense. Given the potential switching 
states of the converter, there can be a sizable number of 
alternative input sequences when a horizon length of Hp is 
employed. Thus, it is challenging to implement the concept of 
system behavior prediction for every potential switching state 
sequence in an actual system. Using Hp=1 is a straightforward 
method to reduce the number of calculations to the total 
number of switching states that the converter can have. 
Nonetheless, it is also possible to consider various prediction 
horizons to enhance system behavior, albeit at the expense of 
higher computational expense and system complexity. 

The large number of prediction horizons will increase the 
MPC's complexity significantly. Applying these numbers to a 
system with fast dynamics when the machine hardware limits 
the computation might raise this issue. The use of the 
prediction horizon Hp=1  Hp>1 in certain special 
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circumstances of first-order systems, as shown analytically in 
[31]. 

The proposed controller is expected to be used in 
microcontrollers, Raspberry Pi, and other digital equipment. 
Therefore, simplification of the algorithm is useful for 
minimizing the processor's work. Based on this necessity, we 
decided to use the MPC's prediction horizon Hp=1, where the 
performance is comparable to a longer prediction horizon in a 
first-order system such as the inverter proved in [32]. 
Therefore, the flowchart of the proposed controller is given in 
Figure 2. 
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Fig. 2.  Flowchart of the proposed controller. 

The given LMPC algorithm can be expressed as a flow 
chart, as shown in Figure 2. The figure shows that the LMPC 
algorithm starts by obtaining the KMPC gain. The step iteration 
is performed in the outer loop. At every step, the inverter 
applies a voltage vector to the length of the sample interval. 
The proposed predictive control uses information from 
measurements made at time k and accounts for the application 
of the new voltage vector in k+1 to create predictions up to 
time k+1. Some calculations are performed to determine the 
objective function based on the predictions of the output 
voltage Vi and the obtained output current Io. 

III. RESULTS AND DISCUSSION 

A. Modelling and Controller Setting 

The system for testing the proposed controller is consistent 
with a full-bridge IGBT MOSFET with an LC filter as 
structured in Figure 1. Several loads consisting of resistive (R), 
resistive-inductive (RL), and resistive-capacitive (RC) were 

applied to the inverter to test its performance. As expected, the 
frequency and amplitude of the voltage were adjusted to 50 and 
500 V, respectively. In addition, the parameters used in the 
simulation were battery voltage Vdc = 850 VDC, reference 
voltage Vref = 500 VAC, capacitor filter Cfilter = 9.49 F, 
inductor filter Lfilter = 2.4 mH, and sampling time Ts = 20 μs. 

A discrete model of the inverter for testing the proposed 
controller on a time sampling of approximately 20 μs was built 
based on the given data. The model was constructed using (10) 
and extended using (12). The inverter model was planned to be 
driven by the proposed LMPC. Another classical method using 
Sinusoidal Pulse Width Modulation (SPWM) was provided as 
a reference for comparing the effectiveness of the proposed 
controller. Both controllers operated at a frequency carrier of 
1500 MHz, where the output frequency was 50 Hz. 

The controller objective for the inverter application was to 
control the output voltage such that it meets the reference 
voltage while maintaining the output frequency constant at 50 
Hz. To do so, some parameters of the LMPC controller were 
set: gain KMPC = -0.9484, time scaling factor a = 0.3, network 
length N = 4, prediction, and control horizon Hp = Hc = 1. 

B. Resistive Loads 

In this simulation, the inverter was tested by placing a pure 
resistive (R) load of 4 kW at the output. The time interval for 
this test was 20 μs; therefore, the total simulation time was 0.1 
s. The simulation results of both voltage and current outputs are 
shown in Figure 3 using the SPWM and LMPC controls in the 
dotted and solid lines, respectively. The Total Harmonic 
Distortions (THD) were measured and are presented in Table 
II. 

TABLE II.  THD RESULTS 

Load Type 
% Voltage THD % Current THD 

VR VS VT IR IS IT 

SPWM 

R 3.35 4.27 3.28 2.92 4.01 3.95 
RC 2.61 3.47 2.43 7.77 8.49 8.48 

Motor 5.17 11.76 8.99 12.86 8.50 16.65 
LMPC 

R 1.16 1.04 1.14 1.16 1.04 1.14 
RC 0.92 1.30 1.20 0.95 1.34 1.23 

Motor 1.46 1.35 1.43 6.99 6.73 7.18 

 
The maximum allowable current THD according to the 

IEEE 519-1992 standard is approximately 15%, whereas the 
voltage THD must not exceed 5% [33]. This standard was 
revised to the IEEE 519-2014 revision, where the acceptable 
THD of the current is 5% for small applications, while the 
voltage THD is increased for lower voltage applications of less 
than 1 kV to 8% [33]. Both the THD of the current and the 
voltage of the inverter were investigated using the revised 
IEEE 519-2014 standard. Figure 3 shows the inverter output 
when a resistive load is applied. The SPWM control results 
show a fairly smooth output voltage with a stable frequency of 
50 Hz. On the other hand, the current produced was also 
sinusoidal, with a maximum magnitude of 4.63 A, although 
there were slight visible defects in the waveform. The 
distortion, which has an impact on the output wave defects, is 
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presented in Table II. It can be seen that the maximum THD for 
the voltage wave was 4.27%, and 4.01% for the current wave. 
Thus, the voltage and current THD do not exceed the 
maximum allowable values of 8% and 5%, respectively, 
according to the IEEE 519-2014 standard. 

 

 
Fig. 3.  SPWM (dot) and LMPC (solid) responses under R loads. 

In contrast to SPWM, LMPC control provides better output 
results by setting the prediction horizon and control horizon to 
1 each, as plotted in Figure 3. It can be observed that the 
inverter output voltage and current waves are smoother than 
those of the SPWM method. This can be validated by the 
resulting THDs, which have maximum values of 1.16% for 
both voltage and current. The action of the controller is shown 
in the first half waves of both the current and voltage outputs, 
which are very noisy. This differs from the SPWM method, 
which is an open-loop control method. On the other hand, the 
LMPC controller can provide a higher output current of up to 
8.01 A, so the load is well supported. Owing to the 
characteristics of the resistive load R, which consumes 
electrical energy, the effect of the R load on the inverter output 
wave of both controllers might be seen in the increase in the 
current waveform. In this case, the R load changes the 
waveform but does not cause a shift in the current or voltage 
phase [20], [22]. 

C. Capacitive Loads 

In this scenario, resistive and capacitive (RC) loads of 4 kW 
and 1 kW, respectively, were attached to the inverter. The 
simulation results obtained using the SPWM method and the 
LMPC controllers are shown in Figure 4. This simulation 
results from using the SPWM method with an almost perfect 
voltage output wave. However, there was a considerable 
distortion in the current output wave. The THD measurement 
results showed that the maximum current THD reached 8.49%, 
whereas the voltage THD was below 5%, with a maximum 
value of 3.47%. The THD of the current is just above the upper 
limit of the IEEE 519-2014 standard. The maximum current 
generated increased to approximately 5.52 A due to the RC 
load. 

 
Fig. 4.  SPWM (dot) and LMPC (solid) responses under RC loads. 

Figure 4 also shows the simulation results with the LMPC 
controller with almost perfect voltage and current output 
waves, where the current waves reach 8.59 A. There was a 
higher distortion in the output current waveform, with a 
maximum value of 1.34%. Although initially, when the load 
was applied, the controller experienced a slightly large 
transient at 8% of the maximum time, later this condition could 
be immediately controlled so that the current THD could be 
better. 

The effect of the RC load on the harmonic waves from both 
controllers reduced the voltage THD value on the inverter 
output wave. However, this type of load does not reduce the 
current THD value because the RC load only cuts off the 
voltage wave ripple [8], [20], [22]. 

D. Induction Motor Loads 

In the final simulation, a 4 HP induction motor with an 
input torque of approximately 0.5 Nm was applied. The 
simulation results are shown in Figure 5 using both SPWM and 
LMPC control, as well as the measured THD, as presented in 
Table II. 

As shown in Figure 5, when the induction motor load was 
loaded, there was a voltage drop of up to 294 V. Even though it 
did not reach its steady state throughout the simulation time, it 
showed an increase. However, the current response was quite 
high and then decreased throughout the simulation time from 
32.11 A to 16.29 A. In this simulation, the voltage distortion 
was very high, reaching 16.65% and 15.17% for the THDs of 
current and voltage, respectively. This distortion implies that 
the SPWM output does not satisfy the IEEE 519-2014 
standards, where the current and voltage THDs should not 
exceed 8% and 5%, respectively. 

Similar to the SPWM voltage response, the LMPC response 
also experiences a voltage drop when starting the motor, but 
the LMPC is more aggressive in solving the drop, resulting in it 
reaching its steady state faster. The current response of the 
LMPC control shows a significant decrease in current from the 
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start to the end of the simulation, from 74.83 A to 8.68 A. As a 
result of the controller's aggressiveness, there is quite a lot of 
distortion in the initial period. Furthermore, after a period of 
0.06s, the system reached a steady-state condition. Then, the 
distortion was greatly reduced in both the THDs of voltage and 
current, reaching 1.46% and 7.18%, respectively. 

 

 
Fig. 5.  SPWM (dot) and LMPC (solid) responses under motor loads. 

Typically, the induction motor load represents an inductive 
load, where the harmonic waves reduce the current THD of the 
inverter output wave. However, this load type does not reduce 
the voltage THD, because the inductive load only cuts the 
current wave ripple. These conditions are visible in the 
simulation results, which show that the voltage ripple is higher 
for both controllers, which results in a high-voltage THD 
compared to the other load types [17], [18], [20], [22]. 

E. Performance Evaluation 

Overall, based on simulations carried out for the 
combination of R, RC, and induction motor loads, the results 
show that the LMPC controller provides more satisfactory 
results than the classical SPWM controller. This evidence is 
proved by the controller's ability to generate greater output 
power following changes in load while maintaining the output 
voltage to meet the reference. 

Furthermore, the generated distortion did not violated the 
IEEE 519-2014 standard, where the distortion exceeded 1.5% 
THD of the voltage. Although the THD of the current is higher 
for motor loads, it does not reach the minimum standard. The 
maximum current and voltage THDs recorded with the LMPC 
controller were 1.46% and 7.18%, respectively, all of which 
were achieved using induction motor loads. 

IV. CONCLUSIONS 

In this paper, a new inverter control strategy based on the 
optimal control of the Laguerre Model Predictive Control 
(LMPC) is presented. The proposed controller was tested on an 
inverter under various resistive (R), resistive-capacitive (RC), 

and induction motor loads at constant frequency and voltage. 
The controller performance was compared with that of a 
Sinusoidal Pulse-Width Modulation (SPWM) controller. 

The simulation results show that the proposed LMPC 
controller has better advantages in meeting the reference 
voltage while providing quality voltage and current with low 
distortion of less than 1.5% and 8.0%, respectively, at various 
loads. The maximum Total Harmonic Distortion (THD) of the 
voltage and current of the LMPC controller were 1.46% and 
7.18%, respectively, for the induction motor loads. Both the 
current and voltage THDs complied with the IEEE 519-2014 
standard for harmonic distortion. Moreover, the proposed 
inverter provided a higher current output for each installed load 
than the SPWM controller. Therefore, LMPC is effective for 
controlling an inverter. 

Although the simulations showed promising results, future 
research should focus on implementing the LMPC algorithm 
on a physical inverter system. This will provide valuable 
insights into the robustness, computational efficiency, and 
practical applicability of the algorithm. 
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