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PSO

function z=sumsum(A,N1,N2,N3,N4,x)
for i=1:28
Asum(i)=A(,x(1));
N1sum(i)=N21(i,x(i));
N2sum(i)=N2(i,x(i));
N3sum(i)=N3(ix(i));
N4sum(i)=N4(i,x(i));
end
%z=sum(Asum).”2+(38720-sum(N1sum)).*2+(8740-sum(N2sum))."2+(540-sum(N3sum)).*2+(11680-
sum(N4sum)).”2;
z=sum(Asum);

end

96%%6%%6%%6% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %% %o
Reading the Excell file

sheetNumber = 2; % second sheet counting from the left

excelFileName ='data.xlsx’;

[numbers, text, textAndNumbers] = xlsread(excelFileName, sheetNumber);

numberOfRow = size(textAndNumbers,1);

A=[textAndNumbers(4:31,10),textAndNumbers(4:31,17)];

A=cell2mat(A);%% convert array to cell
A(isnan(A))=10000;%% Substituting NaN with 10000

% Reproducable SOURCES
N1=[textAndNumbers(4:31,6),textAndNumbers(4:31,13)];
N1=cell2mat(N1);

N1(isnan(N1))=0;
N2=[textAndNumbers(4:31,7),textAndNumbers(4:31,14)];
N2=cell2mat(N2);

N2(isnan(N2))=0;



N3=[textAndNumbers(4:31,8),textAndNumbers(4:31,15)];

N3=cell2mat(N3);

N3(isnan(N3))=0;

N4=[textAndNumbers(4:31,9),textAndNumbers(4:31,16)];

N4=cell2mat(N4);

N4(isnan(N4))=0;

%%%%%%%%% % %% % %% % %% % %% % %% % %% % %% % %% % %% % % %% % % %% % %% % %% %% %
Cost Function

funcost=@(al,a2,a3,a4,a5,a6) sumsum(al,a2,a3,a4,a5,ab);

%%%96%%%6%%%%%% %% % %% % %% % %% % %% % %% % %% %6 %% %% %% %% %696 % %696 % %% %% %
PSO CODE

%%%696%%%%%% % %% %% % %% % %% % %% % %% % %% % %% %6 %% % % %% %% %696 % %696 % %% %% %
Constriction Coefficients

kappa =1,

phil = 2.05;

phi2 = 2.05;

phi = phil + phi2;

chi = 2*kappa/abs(2-phi-sqrt(phi”2-4*phi));

nvar=1;

varsize=[28 1];

NPOP=10;

varmin=1; % lower bound

varmax=2; % upper bound

NUMIT=10; %number of iteration

w=chi;

cl=chi*phil;

c2=chi*phi2;

%%%%%% %% %% %% % %% % %% % %% % %% % %% % %% % %% % %% % % %% % % %% % %% %% % %% %
PSO Structure

empty_particle.Position=[ ];

empty_particle.Velocity=[ ];

empty_particle.Cost=[ ];

empty_particle.Best.Position=[ ];

empty_particle.Best.Cost=[ ];

particle=repmat(empty_particle,NPOP,1);

GlobalBest.Cost=inf;

%%%9%0%%%%%%%%% %% %% %% %% % %% % %% % % %% %% %6 %% % % %% % % %690 % %690 % %% %% %

Initial Particles



for i=1:NPOP
particle(i).Position= randi([varmin varmax],28,1);
end
%%%96%%%6%%%%%% %% %% %% %% % %% % %% % %% % %% %6 %% %% %% %% %696% %696 % %% %% %
for i=1:NPOP
Yoparticle(i).Position=[unifrnd(varminl,varbase,1),unifrnd(varbase,varmax1,1)];
particle(i).Velocity=zeros(varsize);
particle(i).Cost=funcost(A,N1,N2,N3,N4,round(particle(i).Position));
particle(i).Best.Position=particle(i).Position;

particle(i).Best.Cost=particle(i).Cost;

if (particle(i).Best.Cost<GlobalBest.Cost)
GlobalBest=particle(i).Best;
end
end
BestCosts=zeros(NUMIT,1);
%%%%%%%%%% %% % %% % %% % %% % %% % %% % % %% %% % %% % % %% % % %% % %% % %% % %%
Main Loop
for it=L:NUMIT
for i=1:NPOP
particle(i).Velocity=w*particle(i). Velocity+c1*rand(varsize).*(particle(i). Best.Position-
particle(i).Position)+c2*rand(varsize).*(GlobalBest.Position-particle(i).Position);
particle(i).Position=particle(i).Position+particle(i).Velocity;
particle(i).Position=max(particle(i).Position,varmin);
particle(i).Position=min(particle(i).Position,varmax);
%% Forcing particle positions within the bound
% Updationg the positions
templ=round(particle(i).Position);
temp2=templ,;
for j=1:28
if A(j,templ(j))==10000
if templ(j)==1
temp2(j)=2;
else
temp2(j)=1;
end

end
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end

particle(i).Position=temp2;

%% Calculating CostFunction
particle(i).Cost=funcost(A,N1,N2,N3,N4,(particle(i).Position));

if (particle(i).Cost<particle(i).Best.Cost)
particle(i).Best.Position=(particle(i).Position);
particle(i).Best.Cost=particle(i).Cost;
end
if (particle(i).Best.Cost<GlobalBest.Cost)
GlobalBest=particle(i).Best;
end

end

BestCosts(it)=GlobalBest.Cost;
w=1*w;
end
hold on
plot(1:it,BestCosts,*")
%% Results
BestCosts;
modes=GlobalBest.Position;
%% Converting array to cell
model=num2cell(GlobalBest.Position);
%% Adding new columns
fori=1:28
day(i)=A(i,modes(i));
end

dayl=num2cell(day);

%9%0%%%% %% %% %% % %% %% %% %% % %% %% % % % %% % %% %% % %% %% % %% %% %% %% % % %

MODE(1,1)={'mode'};

MODE(2,1)={"};

MODE(3,1)={"};

for i=4:31
MODE(i,1)=model(i-3);

end

MODE(32,1)={0};
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%%%%%%%%%% %% %% %% %% % % %% %% % %% % % %% % %% %% %% % %% %%
DAY(1,1)={'days'};
DAY(2,1)={"};
DAY(3,1)={"};
fori=4:31
DAY (i,1)=dayl(i-3);

end
DAY (32,1)={sum(day)};
%%%%%%%%%%%%% %% % %% % %% % %% % %% % % %% %% % %% % % %% % % %% % %% % %% % %%
ADD NULL COLUMN
fori=1:32

nullcolumn(i,1)={"};
end
%% Saving the results in Sheet3
newData = [textAndNumbers,nullcolumn,MODE,DAYT;

xlswrite('data.xlsx’,newData,'Sheet3’, '‘Al");
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R R e A b e dh b e S S A S IR I S SR i S R S S R S S R S S I S S R S dh R S IR R S AR e S SR S IR S SR b R I S IR S S R S S R S S R S A R S 4 4

file with basedata : mml0_.bas

initial value random generator: 19747

R R e a b e dh b e ah b e S IR I S SR S R S S R S S R S b R S S I S dh R S IR R S AR R S SR S IR S SR S SR B S IR S S R S S R S S R S A R S S 4

projects 1
jobs (incl. supersource/sink ): 12
horizon 77
RESOURCES
- renewable : 2 R
- nonrenewable : 2 N
- doubly constrained : 0 D

R IR e I b I b S S S b S b S b I S b I S b I S b I Sb b b Sb b I SR S b S S R S b S b S b I Sb R b b S 2b b S 2b S db S b S

PROJECT INFORMATION:
pronr. #jobs rel.date duedate tardcost MPM-Time
1 10 0 17 9 17

R I e A 2 dh b S db I S b I A IR S R S S b S S R S S R S S R S b S dh R S b S SR I S b B S b b b B S R S S S S S S R S 2 S 4 4

PRECEDENCE RELATIONS:

jobnr. #modes #successors successors
1 1 3 2 3 4
3 2 5 11

3 3 2 5 11

4 3 2 9 11

5 3 1 6

6 3 3 7 8 10
7 3 1 9

8 3 1 9

9 3 1 12
10 3 1 12
11 3 1 12
12 1 0

R I I e S b e S b S b S b I S b S b S S b S S R S S R S S S b S IR e S b S SR S SR I S b S b B S SR I S R S S S S b S 2 S 2 4

REQUESTS/DURATIONS:
jobnr. mode duration R 1 R 2 N1 N 2
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using ExcelDataReader;

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.lIO;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;
using Autodesk.Navisworks.Api.Automation;

namespace MRCPSP_File_Reader
{

public partial class Form1 : Form

{

private Func<object, ExcelDataTableConfiguration> ConfigureDataTable;
public NavisworksApplication NwApp { get; private set; }
public Form1()

{

InitializeComponent();

private void labell_Click(object sender, EventArgs €)

{

private void textBox1_TextChanged(object sender, EventArgs €)
{
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DataTableCollection tableCollection;

private void buttonl_Click(object sender, EventArgs e)
{
using (OpenFileDialog openFileDialog = new OpenFileDialog() { Filter = "Excel 97-2003
Workbook|*.xIsx|Excel Workbook|*.xIsx" })

{
if(openFileDialog.ShowDialog()==DialogResult.OK)

{
txtFilename.Text = openFileDialog.FileName;
using (var stream = File.Open(openFileDialog.FileName, FileMode.Open, FileAccess.Read))

{

using (IExcelDataReader reader = ExcelReaderFactory.CreateReader(stream))

{

DataSet result = reader.AsDataSet(new ExcelDataSetConfiguration());
{
ConfigureDataTable = () => new ExcelDataTableConfiguration() { UseHeaderRow =
true };
h
tableCollection = result.Tables;
cboSheet.ltems.Clear();
foreach (DataTable table in tableCollection)
cboSheet.ltems.Add(table. TableName);

private void comboBox1_SelectedIndexChanged(object sender, EventArgs €)

{
DataTable dt = tableCollection[cboSheet.Selecteditem.ToString()];

dataGridView1.DataSource = dt;

private void Form1_Load(object sender, EventArgs e)

{
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private void dataGridViewl_CellContentClick(object sender, DataGridViewCellEventArgs €)
{

private void btStart MouseUp(object sender, MouseEventArgs €)

{

NwApp = new Autodesk.Navisworks.Api.Automation.NavisworksApplication();

NwApp.Visible = true;

private void btAppend_MouseUp(object sender, MouseEventArgs €)

{
try
{
var dg = new OpenFileDialog();

if (dg.ShowDialog() == DialogResult.OK)

{
NwApp.AppendFile(dg.FileName);

}

catch (Exception exception)

{

MessageBox.Show(exception.Message);

protected override void OnClosing(CancelEventArgs e)

{
NwApp.Dispose();

base.OnClosing(e);

private void btClose_MouseUp(object sender, MouseEventArgs e)

{
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NwApp.Dispose();



Abstract

Multi-mode Resource-Constrained Project Scheduling Problem (MRCPSP) is
one of the most complex and useful problems in the knowledge field of project
scheduling due to the lack of resources and Predecessor between project
activities. The goal of solving this problem is to find a suitable sequence for
performing the activities of a project and select the operating modes for each
activity, in such a way that the various constraints of the project are
simultaneously satisfied as well as certain measurement metrics, including time
and cost of project execution. In the last decade, Building Information
Modelling (BIM) has played a crucial role in the development of construction
industry. The main purpose of this study is to present an integrated approach
based on Building Information Modelling Technology to solve Multi-mode
Resource-Constrained Project Scheduling Problem with the aim of minimizing
the project completion time. In the present study, first data are extracted to solve
the problem, with the help of Building Information Model created in Autodesk
Navisworks Manage, and in the next step, the problem model is programmed
and solved in Matlab using Particle Swarm Optimization (PSO) using first step
data. Finally, with the Application Programming Interface (API), which
is written in visual studio and C# language, the issue output is transferred to the
TimeLiner to 4D modelling and simulation of the construction process. Then
the framework is implemented on an assumed model and the validation of the
results of the research is done using the opinions of experts in the field of
BIM and scheduling. These results show the effectiveness of the algorithm used
in solving the MRCPSP problem and increasing the speed and accuracy in
extracting data and facilitating the changes and updating the model.

Keywords: Multi-mode Resource-Constrained Project Scheduling Problem,
Building Information Modeling, Particles Swarm Optimization, Application
Programming Interface
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