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Figure 6.11. Arbitrary traveling scenarios: (a) 79 km travel distance, (b) 92 km travel 

distance, and (c) 120 km travel distance. 

  

The traveling scenario “a” (79 km travel distance) here was taken for the 

optimization case due to its shortest travel distance. The constraint for the allowable 

retrofit cost, based on the equation 5.13, was US$71.085 million.   

Optimization model 2 for event M7.1 

For the event M7.1, Given all the strategies for the bridges are set to “do-

nothing,” the failure probability for traveling and the total retrofit cost are as follows: 

Pf travel TotalRetrofitCost 

0.0530 0 

Table 6.14. Failure probability of traveling and total retrofit cost for all strategies are set 

as “do nothing” (opt. model= 2, event M7.1) 

 

Setting the GA maximum iteration to 80 and number of populations to 10, 

neglecting the retrofit cost, the GA results and iterations is shown as in Figure 6.12 and 

Table 6.15. 

(c) 
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Figure 6.12. GA iteration for improving failure probability of travelling and neglecting 

total retrofit cost (event. = M7.1, opt. model= 2, w=1, max. gen. =80, pop. =10, ATR= 

US$71.085 million) 

 

Pf travel TotalRetrofitCost 

0.02775 US$54.8 million 

Table 6.15. Improved sum of scores (event. = M7.1, opt. model= 2, w=1, max. gen. =80, 

pop. =10, ATR= US$71.085 million) 

 

Based on the epicenter and magnitude of the earthquake for M7.1, the estimated 

failure probability of traveling is small even without any implementation for the retrofits. 

Therefore, the event M7.3 become the focus of this study cases. 

Optimization model 2 for event M7.3 

For the case M7.3, Given all strategies for the bridges are set to “do-nothing,” the 

failure probability for traveling and the total retrofit cost are as follows: 

Pf travel TotalRetrofitCost 
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Figure 7.1. GUI to visualize the transportation network and seismic contour 

 

 The GenerateBridgeFragilityCurves_GUI appeared only after 

ModelingNetworkANDDemand_GUI  has finished running. 

GenerateBridgeFragilityCurves_GUI only has one field to be filled, which is the ID of 

the bridge. Bridge specific fragility curves and location of the selected bridge will be 

shown on plots based on the user’s input. GenerateBridgeFragilityCurves_GUI generates 

plots such as shown in the figure 4.2 and 4.3, and generates table in excel file in the 

working directory which, such as shown in Table 3.5.  
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Figure 7.2. GUI to generates fragility curves 

 

 SelectOptimizationModel_GUI appears only after only after 

GenerateBridgeFragilityCurves_GUI has finished running. SelectOptimizatioModel_GUI 

only has one field to be filled, which presently has two options for selecting the 

optimization mathematical model as shown in the Figure 7.3.  

 

 

Figure 7.3. GUI to select an optimization model 

 

 Depending on the user input on the field in SelectOptimizatioModel_GUI, either 

the interface CalculateBridgeConditionANDCost_GUI (Figure 7.4) or 

Calculate_PfTravel_Cost_GUI (Figure 7.5) will appear. If the optimization model was 
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set to 2, CalculateBridgeConditionANDCost_GUI will appear. 

CalculateBridgeConditionANDCost_GUI has two fields to be filled by the user. Both 

fields are related to the number of simulations required to calculate the failure probability 

of each bridge under the study domain and retrofitting cost for each bridge.  

 

 

Figure 7.4 GUI to calculate bridges condition and retrofitting cost 

 

 Calculate_PfTravel_Cost_GUI has several fields to be filled by the user to 

calculate retrofitting cost, configure and visualize traveling paths with bridges 

intersecting the traveling paths, and choose the path to optimize. 

Calculate_PfTravel_Cost_GUI generates plots such as shown in the figure 6.11.  
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Figure 7.5. GUI to calculate retrofitting cost for each bridge, configure and visualize 

traveling paths, and choose traveling path to optimize. 

 

 Both CalculateBridgeConditionANDCost_GUI and 

Calculate_PfTravel_Cost_GUI eventually converges to the final GUI, i.e., 

Optimization_GUI, which appears only after only after the previous GUI has finished 

running. Optimization_GUI has several fields to be filled by the users. In the first set of 

task, the user can input an arbitrary retrofitting combination and run the objective 

function one time to see the result of the desired combination. A field called 

“DataToExcel” generates a table in Excel file that consists of detail comparative data 
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Figure 7.9. Run objective function using GUI for the same combination as in table 6.10 
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plot_endPoint=plot(nnode(ActualArriveIndex,2),nnode(ActualArriveIndex,3),'.c','

MarkerSize',30,'DisplayName','arrival point'); 

           hold on 

        title(strcat('Path Option ', num2str(routeNum),... 

            ' , Travel Distance= ', num2str(Selected_distanceSum(i)))); 

        set_legend=[set_legend plotbridge plotroad plot_startPoint 

plot_endPoint]; 

        xlabel('UTM X');ylabel('UTM Y');legend([plot1 set_legend],'Location', 

'southeast'); 

         

    end 

    assignin('base','Selected_list_route',Selected_list_route); 

end 

%Programmed by Nixon Wonoto 

if optModel==2 

    j=NBI_UsedBridgeData2(:,14) 

Bridge_IndexIntersectTravelPath=find(j>=5 & j<=28) 

    AllowableTotalRetrofitCost=0.5*(sum(PercentRetrofitCost(3,3)/100*... 

        CostRepairBridge(Bridge_IndexIntersectTravelPath))) 

    arr_elem=path; 

    TravellingNode=nnode; 

    NBI_UsedBridgeData2(:,10); 

    BridgeScore_centrality=zeros(length(NBI_UsedBridgeData2(:,10)),1); 

    for i=1:length(NBI_UsedBridgeData2(:,10)) 

        for j=1:length(NBI_UsedBridgeData2(:,10)) 

            [BCdistance, 

BCshortestPathIndex]=dijkstra(TravellingNode,arr_elem,NBI_UsedBridgeData2(i,10)

,NBI_UsedBridgeData2(j,10)); 

            

[Lia,Locb]=ismember(BCshortestPathIndex,NBI_UsedBridgeData2(:,10));%if any 

shortestpath nodes is in bridge list 

            Locb(Locb==0)=[]; 

            BridgeScore_centrality(Locb)=BridgeScore_centrality(Locb)+1; 

        end 

        i 

    end 

     maxCentral=sum(BridgeScore_centrality) 

    

    Bridge_readNBI_historicalImportance=xlsread('NBI_SC_Bridges.xls', 1, 

'AO5:AO9342'); 

    Bridge_NBI_historical=6-

Bridge_readNBI_historicalImportance(NBI_UsedBridgeData2(:,1)); 

     maxHS=sum(Bridge_NBI_historical);    

  

    Bridge_ADT=NBI_UsedBridgeData2(:,13); 

     maxADT=sum(Bridge_ADT);  

    %CALCULATE PROBABILITY OF FAILURE OF BRIDGES 

    bridgesi_retrofitj_condition=[];bridges_condition=[]; 

    for i =1:length(NBI_UsedBridgeData2(:,1)) 

        bridgesi_retrofitj_condition=[]; 

        bridgesi_condition=[]; 

        

randNumToCompare=(rand(nsim_BridgeConditions,length(bridge_ProbAtLeastCertainDa

mage5{i})))'; 

        for j=1:length(bridge_ProbAtLeastCertainDamage5{i})            

            bridge_condition = bridge_ProbAtLeastCertainDamage5{i}(j,3) > 

randNumToCompare(j,1:end); 

            bridgesi_retrofitj_condition={[i j bridge_condition]}; 
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bridgesi_condition=[bridgesi_condition;bridgesi_retrofitj_condition]             

        end        

        bridges_condition=[bridges_condition;{bridgesi_condition}] 

    end 

    %%   

    assignin('base','maxCentral',maxCentral); 

    assignin('base','Bridge_NBI_historical',Bridge_NBI_historical); 

    assignin('base','Bridge_ADT',Bridge_ADT); 

    assignin('base','BridgeScore_centrality',BridgeScore_centrality); 

    assignin('base','maxHS',maxHS); 

    assignin('base','maxADT',maxADT);    

    assignin('base','bridges_condition',bridges_condition); 

    

assignin('base','Bridge_IndexIntersectTravelPath',Bridge_IndexIntersectTravelPa

th);  

    assignin('base','nsim_BridgeConditions',nsim_BridgeConditions);   

    assignin('base','AllowableTotalRetrofitCost',AllowableTotalRetrofitCost);   

end 

 

Optimization GUI 

 
function varargout = Optimization_GUI(varargin) 

%Programmed by Nixon Wonoto 

gui_Singleton = 1; 

gui_State = struct('gui_Name',       mfilename, ... 

                   'gui_Singleton',  gui_Singleton, ... 

                   'gui_OpeningFcn', @Optimization_GUI_OpeningFcn, ... 

                   'gui_OutputFcn',  @Optimization_GUI_OutputFcn, ... 

                   'gui_LayoutFcn',  [] , ... 

                   'gui_Callback',   []); 

if nargin && ischar(varargin{1}) 

    gui_State.gui_Callback = str2func(varargin{1}); 

end 

if nargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 

else 

    gui_mainfcn(gui_State, varargin{:}); 

end 

function Optimization_GUI_OpeningFcn(hObject, eventdata, handles, varargin) 

handles.output = hObject; 

guidata(hObject, handles); 

function varargout = Optimization_GUI_OutputFcn(hObject, eventdata, handles)  

varargout{1} = handles.output; 

function txt_RetrofitStrategy_Callback(hObject, eventdata, handles) 

function txt_RetrofitStrategy_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function btn_CalculateObjFun_Callback(hObject, eventdata, handles) 

set(handles.txt_Result1RunObjFun,'string','Computing Objfun, please wait'); 

NBI_UsedBridgeData2=evalin('base','NBI_UsedBridgeData2'); 

figure_num=evalin('base','figure_num'); 

bridges_condition=evalin('base','bridges_condition'); 

Bridge_IndexIntersectTravelPath=evalin('base','Bridge_IndexIntersectTravelPath'

); 

nsim_BridgeConditions=evalin('base','nsim_BridgeConditions'); 
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optModel=evalin('base','optModel'); 

PercentRetrofitCost=evalin('base','PercentRetrofitCost'); 

CostRepairBridge=evalin('base','CostRepairBridge'); 

bridge_ProbAtLeastCertainDamage5=evalin('base','bridge_ProbAtLeastCertainDamage

5'); 

TriangRandNum_S1=evalin('base','TriangRandNum_S1'); 

TriangRandNum_S2=evalin('base','TriangRandNum_S2'); 

str_Variable_StrategyRetrofit=get(handles.txt_RetrofitStrategy,'string'); 

Variable_StrategyRetrofit=str2double(regexp(str_Variable_StrategyRetrofit,'\d*'

,'match')'); 

if any(Variable_StrategyRetrofit < 1 | Variable_StrategyRetrofit > 8) 

    error_message2='Please input between 1 to 8'; 

    set(handles.txt_Result1RunObjFun,'string','Please input between 1 to 8'); 

elseif length(Variable_StrategyRetrofit) < 

length(Bridge_IndexIntersectTravelPath) | length(Variable_StrategyRetrofit) > 

length(Bridge_IndexIntersectTravelPath) 

    error_message2=strcat('total bridges= 

',num2str(length(Bridge_IndexIntersectTravelPath)), ' , number of inputs must 

equal number of bridges'); 

    set(handles.txt_Result1RunObjFun,'string',error_message2); 

else     

    DataToExcel=str2num(get(handles.var_DataToExcel,'string')); 

    if optModel==2 

maxCentral=evalin('base','maxCentral'); 

Bridge_NBI_historical=evalin('base','Bridge_NBI_historical'); 

Bridge_ADT=evalin('base','Bridge_ADT'); 

BridgeScore_centrality=evalin('base','BridgeScore_centrality'); 

maxHS=evalin('base','maxHS'); 

maxADT=evalin('base','maxADT'); 

        weight_ADT=str2num(get(handles.var_weight_ADT,'string')); 

        weight_HS=str2num(get(handles.var_weight_HS,'string')); 

        weight_Central=str2num(get(handles.var_weight_Central,'string'));                    

        if isempty(weight_ADT) | isnan(weight_ADT) | isempty(weight_HS) | 

isnan(weight_HS) | isempty(weight_Central) | isnan(weight_Central) 

            weight_ADT=1; 

            weight_HS=1; 

            weight_Central=1; 

            set(handles.var_weight_ADT,'string',num2str(weight_ADT)); 

            set(handles.var_weight_HS,'string',num2str(weight_HS)); 

            set(handles.var_weight_Central,'string',num2str(weight_Central)); 

            set(handles.txt_Result1RunObjFun,'string','now running program'); 

            Objfun_RetrofitCost_Pf; 

            objfun_results=strcat('sum of score= 

',num2str(objfun1_BridgeScore),' || TotalRetrofitCost= 

',num2str(TotalRetrofitCost)); 

            set(handles.txt_Result1RunObjFun,'string',objfun_results); 

            if DataToExcel==1 

                filename = 'dataANDresults_fromGUI.xlsx'; 

                arr_damagedADTopt=arr_damagedADT; 

                arr_damagedHSopt=arr_damagedHS; 

                arr_damagedCentralopt=arr_damagedCentral; 

                arr_RetrofitCostopt=CostRetrofit; 

                Pf_bridgesConditionopt=Pf_bridgesCondition; 

                Variable_StrategyRetrofitopt=Variable_StrategyRetrofit; 

                

Variable_StrategyRetrofit=(ones(1,size(NBI_UsedBridgeData2,1)))' 

                Objfun_RetrofitCost_Pf 

                arr_damagedADTdoNothing=arr_damagedADT; 

                arr_damagedHSdoNothing=arr_damagedHS; 

                arr_damagedCentraldoNothing=arr_damagedCentral; 
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                Pf_bridgesConditiondoNothing=Pf_bridgesCondition; 

                ComparingResults=[(1:size(NBI_UsedBridgeData2,1))' 

NBI_UsedBridgeData2(:,2) Variable_StrategyRetrofitopt 

Pf_bridgesConditiondoNothing Pf_bridgesConditionopt... 

                    Bridge_ADT arr_damagedADTdoNothing arr_damagedADTopt... 

                    Bridge_NBI_historical arr_damagedHSdoNothing 

arr_damagedHSopt... 

                    BridgeScore_centrality arr_damagedCentraldoNothing 

arr_damagedCentralopt arr_RetrofitCostopt]; 

                

Title_Results={'Order','NBI_StructNumber','Variable_StrategyRetrofitopt','Pf_br

idgesConditionDamageddoNothing','Pf_bridgesConditionWhenopt'... 

                    'UndamagedADT', 

'DamagedADTdoNothing','DamagedADTOptRetrofit'... 

                    

'UndamagedHS','DamagedHSdoNothing','DamagedHSOptRetrofit'... 

                    

'UndamagedCentral','DamagedCentraldoNothing','DamagedCentralOptRetrofit','Retro

fitCostForOpt'}; 

                xlswrite(filename,Title_Results,2,'A1:O1'); 

                xlswrite(filename,ComparingResults,2,'A2');  

            end 

        elseif sum([weight_ADT weight_HS weight_Central])~=3 

            set(handles.txt_Result1RunObjFun,'string','Error. The sum(weightADT 

weightHS weightC) must= 3'); 

        else 

            set(handles.txt_Result1RunObjFun,'string','now running program'); 

            Objfun_RetrofitCost_Pf; 

            objfun_results=strcat('sum of score= 

',num2str(objfun1_BridgeScore),' || TotalRetrofitCost= 

',num2str(TotalRetrofitCost)); 

            set(handles.txt_Result1RunObjFun,'string',objfun_results); 

            if DataToExcel==1 

                filename = 'dataANDresults_fromGUI.xlsx'; 

                arr_damagedADTopt=arr_damagedADT; 

                arr_damagedHSopt=arr_damagedHS; 

                arr_damagedCentralopt=arr_damagedCentral; 

                arr_RetrofitCostopt=CostRetrofit; 

                Pf_bridgesConditionopt=Pf_bridgesCondition; 

                Variable_StrategyRetrofitopt=Variable_StrategyRetrofit; 

                

Variable_StrategyRetrofit=(ones(1,size(NBI_UsedBridgeData2,1)))' 

                Objfun_RetrofitCost_Pf 

                arr_damagedADTdoNothing=arr_damagedADT; 

                arr_damagedHSdoNothing=arr_damagedHS; 

                arr_damagedCentraldoNothing=arr_damagedCentral; 

                Pf_bridgesConditiondoNothing=Pf_bridgesCondition; 

                ComparingResults=[(1:size(NBI_UsedBridgeData2,1))' 

NBI_UsedBridgeData2(:,2) Variable_StrategyRetrofitopt 

Pf_bridgesConditiondoNothing Pf_bridgesConditionopt... 

                    Bridge_ADT arr_damagedADTdoNothing arr_damagedADTopt... 

                    Bridge_NBI_historical arr_damagedHSdoNothing 

arr_damagedHSopt... 

                    BridgeScore_centrality arr_damagedCentraldoNothing 

arr_damagedCentralopt arr_RetrofitCostopt]; 

                

Title_Results={'Order','NBI_StructNumber','Variable_StrategyRetrofitopt','Pf_br

idgesConditionDamageddoNothing','Pf_bridgesConditionWhenopt'... 

                    'UndamagedADT', 

'DamagedADTdoNothing','DamagedADTOptRetrofit'... 
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'UndamagedHS','DamagedHSdoNothing','DamagedHSOptRetrofit'... 

                    

'UndamagedCentral','DamagedCentraldoNothing','DamagedCentralOptRetrofit','Retro

fitCostForOpt'};     

                xlswrite(filename,Title_Results,2,'A1:O1'); 

                xlswrite(filename,ComparingResults,2,'A2');                 

            end 

        end 

    elseif optModel==1         

        set(handles.txt_Result1RunObjFun,'string','now running program'); 

        Objfun_RetrofitCost_Pf; 

        objfun_results=strcat('pf travel= ',num2str(PfTravel),' || 

TotalRetrofitCost= ',num2str(TotalRetrofitCost)); 

        set(handles.txt_Result1RunObjFun,'string',objfun_results); 

        if DataToExcel==1 

            filename = 'dataANDresults_fromGUI.xlsx';             

            arr_RetrofitCostopt=CostRetrofit; 

            Pf_bridgesConditionopt=Pf_bridgesCondition; 

            Variable_StrategyRetrofitopt=Variable_StrategyRetrofit; 

            

Variable_StrategyRetrofit=(ones(1,size(Bridge_IndexIntersectTravelPath,1)))' 

            Objfun_RetrofitCost_Pf 

            Pf_bridgesConditionDoNothing=Pf_bridgesCondition; 

            ComparingResults=[(1:size(Bridge_IndexIntersectTravelPath,1))' 

NBI_UsedBridgeData2(Bridge_IndexIntersectTravelPath,2) 

Variable_StrategyRetrofitopt... 

                 Pf_bridgesConditionDoNothing Pf_bridgesConditionopt 

arr_RetrofitCostopt]; 

            Title_Results={'Order','NBI_StructNumber', 

'Variable_StrategyRetrofitopt', ... 

                'Pf_bridgesConditionDamageddoNothing', 

'Pf_bridgesConditionWhenopt','RetrofitCostForOpt'}; 

            xlswrite(filename,Title_Results,3,'A1:F1'); 

            xlswrite(filename,ComparingResults,3,'A2'); 

        end 

    end 

end 

function var_NumParetoPoints_Callback(hObject, eventdata, handles) 

function var_NumParetoPoints_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_LBvalue_Callback(hObject, eventdata, handles) 

function var_LBvalue_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_UBvalue_Callback(hObject, eventdata, handles) 

function var_UBvalue_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_MaxGen_Callback(hObject, eventdata, handles) 

function var_MaxGen_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
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    set(hObject,'BackgroundColor','white'); 

end 

function var_NumPop_Callback(hObject, eventdata, handles) 

function var_NumPop_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_CrossOver_Callback(hObject, eventdata, handles) 

function var_CrossOver_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_ElitismRate_Callback(hObject, eventdata, handles) 

function var_ElitismRate_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_MutationRate_Callback(hObject, eventdata, handles) 

function var_MutationRate_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_WeightObjfun_Callback(hObject, eventdata, handles) 

function var_WeightObjfun_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function btn_RunGA_Callback(hObject, eventdata, handles) 

set(handles.txt_ResultGA,'string','GA is running, please wait'); 

NBI_UsedBridgeData2=evalin('base','NBI_UsedBridgeData2'); 

figure_num=evalin('base','figure_num'); 

bridges_condition=evalin('base','bridges_condition'); 

Bridge_IndexIntersectTravelPath=evalin('base','Bridge_IndexIntersectTravelPath'

); 

nsim_BridgeConditions=evalin('base','nsim_BridgeConditions'); 

optModel=evalin('base','optModel'); 

PercentRetrofitCost=evalin('base','PercentRetrofitCost'); 

CostRepairBridge=evalin('base','CostRepairBridge'); 

bridge_ProbAtLeastCertainDamage5=evalin('base','bridge_ProbAtLeastCertainDamage

5'); 

TriangRandNum_S1=evalin('base','TriangRandNum_S1'); 

TriangRandNum_S2=evalin('base','TriangRandNum_S2'); 

AllowableTotalRetrofitCost=evalin('base','AllowableTotalRetrofitCost'); 

LBvalue=str2num(get(handles.var_LBvalue,'string')); 

UBvalue=str2num(get(handles.var_UBvalue,'string')); 

if LBvalue>8 | LBvalue<1 

    set(handles.txt_ResultGA,'string','please input LB value between 1 and 8'); 

elseif UBvalue>8 | UBvalue<1 

    set(handles.txt_ResultGA,'string','please input UB value between 1 and 8'); 

else 

    max_generation=str2num(get(handles.var_MaxGen,'string')); 

    num_population=str2num(get(handles.var_NumPop,'string')); 

    crossover_method=str2num(get(handles.var_CrossOver,'string')); 

    elitism_rate=str2num(get(handles.var_ElitismRate,'string')); 

    mutation_rate=str2num(get(handles.var_MutationRate,'string')); 
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    weightObjfun1=str2num(get(handles.var_WeightObjfun,'string')); 

    plotresult=1;    

    var_AllowableRetrofitCost = 

str2num(get(handles.var_AllowableRetrofitCost,'string')); 

    if isempty(var_AllowableRetrofitCost) | isnan(var_AllowableRetrofitCost) 

        AllowableTotalRetrofitCost=evalin('base','AllowableTotalRetrofitCost') 

        

set(handles.var_AllowableRetrofitCost,'string',num2str(AllowableTotalRetrofitCo

st)); 

    else 

        AllowableTotalRetrofitCost= var_AllowableRetrofitCost;           

    end 

    AllowableTotalRetrofitCost       

    if optModel==2 

 maxCentral=evalin('base','maxCentral'); 

 Bridge_NBI_historical=evalin('base','Bridge_NBI_historical'); 

 Bridge_ADT=evalin('base','Bridge_ADT'); 

 BridgeScore_centrality=evalin('base','BridgeScore_centrality'); 

 maxHS=evalin('base','maxHS'); 

 maxADT=evalin('base','maxADT'); 

        weight_ADT=str2num(get(handles.var_weight_ADT,'string')); 

        weight_HS=str2num(get(handles.var_weight_HS,'string')); 

        weight_Central=str2num(get(handles.var_weight_Central,'string')); 

        if isempty(weight_ADT) | isnan(weight_ADT) | isempty(weight_HS) | 

isnan(weight_HS) | isempty(weight_Central) | isnan(weight_Central) 

            weight_ADT=1; 

            weight_HS=1; 

            weight_Central=1; 

            set(handles.var_weight_ADT,'string',num2str(weight_ADT)); 

            set(handles.var_weight_HS,'string',num2str(weight_HS)); 

            set(handles.var_weight_Central,'string',num2str(weight_Central)); 

            GA12_uniqueElitism_GUI 

            opt_objfun1=store_data(size(store_data,1),5); 

            opt_objfun2=store_data(size(store_data,1),9); 

            opt_variables=store_data(size(store_data,1),10:end); 

            opt_results=strcat('opt_objfun1= ',num2str(opt_objfun1),' || 

opt_objfun2= ',num2str(opt_objfun2), ' || opt_variables= 

',num2str(opt_variables)); 

            set(handles.txt_ResultGA,'string',opt_results); 

            assignin('base','figure_num',figure_num);    

            assignin('base','weight_ADT',weight_ADT); 

            assignin('base','weight_HS',weight_HS); 

            assignin('base','weight_Central',weight_Central); 

        elseif sum([weight_ADT weight_HS weight_Central])~=3             

            set(handles.txt_ResultGA,'string','Error. The sum(weightADT 

weightHS weightC) must= 3'); 

        else 

            GA12_uniqueElitism_GUI 

            opt_objfun1=store_data(size(store_data,1),5); 

            opt_objfun2=store_data(size(store_data,1),9); 

            opt_variables=store_data(size(store_data,1),10:end); 

            opt_results=strcat('opt_objfun1= ',num2str(opt_objfun1),' || 

opt_objfun2= ',num2str(opt_objfun2), ' || opt_variables= 

',num2str(opt_variables)); 

            set(handles.txt_ResultGA,'string',opt_results); 

            assignin('base','figure_num',figure_num);  

            assignin('base','weight_ADT',weight_ADT); 

            assignin('base','weight_HS',weight_HS); 

            assignin('base','weight_Central',weight_Central); 

        end 
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    elseif optModel==1 

        GA12_uniqueElitism_GUI         

        opt_objfun1=store_data(size(store_data,1),5); 

        opt_objfun2=store_data(size(store_data,1),9); 

        opt_variables=store_data(size(store_data,1),10:end);         

        opt_results=strcat('opt_objfun1= ',num2str(opt_objfun1),' || 

opt_objfun2= ',num2str(opt_objfun2), ' || opt_variables= 

',num2str(opt_variables));  

        set(handles.txt_ResultGA,'string',opt_results); 

        assignin('base','figure_num',figure_num); 

    end     

end 

function btn_GeneratePareto_Callback(hObject, eventdata, handles) 

set(handles.txt_QueriedParetoPoint,'string','Generating Pareto frontier, please 

wait'); 

NBI_UsedBridgeData2=evalin('base','NBI_UsedBridgeData2'); 

figure_num=evalin('base','figure_num'); 

bridges_condition=evalin('base','bridges_condition'); 

Bridge_IndexIntersectTravelPath=evalin('base','Bridge_IndexIntersectTravelPath'

); 

nsim_BridgeConditions=evalin('base','nsim_BridgeConditions'); 

optModel=evalin('base','optModel'); 

PercentRetrofitCost=evalin('base','PercentRetrofitCost'); 

CostRepairBridge=evalin('base','CostRepairBridge'); 

bridge_ProbAtLeastCertainDamage5=evalin('base','bridge_ProbAtLeastCertainDamage

5'); 

TriangRandNum_S1=evalin('base','TriangRandNum_S1'); 

TriangRandNum_S2=evalin('base','TriangRandNum_S2'); 

AllowableTotalRetrofitCost=evalin('base','AllowableTotalRetrofitCost'); 

LBvalue=str2num(get(handles.var_LBvalue,'string')); 

UBvalue=str2num(get(handles.var_UBvalue,'string')); 

if LBvalue>8 | LBvalue<1 

    set(handles.txt_ResultGA,'string','please input LB value between 1 and 8'); 

elseif UBvalue>8 | UBvalue<1 

    set(handles.txt_ResultGA,'string','please input UB value between 1 and 8'); 

else 

    max_generation=str2num(get(handles.var_MaxGen,'string')); 

    num_population=str2num(get(handles.var_NumPop,'string')); 

    crossover_method=str2num(get(handles.var_CrossOver,'string')); 

    elitism_rate=str2num(get(handles.var_ElitismRate,'string')); 

    mutation_rate=str2num(get(handles.var_MutationRate,'string'));   

    var_AllowableRetrofitCost = 

str2num(get(handles.var_AllowableRetrofitCost,'string')); 

    if isempty(var_AllowableRetrofitCost) | isnan(var_AllowableRetrofitCost) 

        AllowableTotalRetrofitCost=evalin('base','AllowableTotalRetrofitCost') 

        

set(handles.var_AllowableRetrofitCost,'string',num2str(AllowableTotalRetrofitCo

st)); 

    else 

        AllowableTotalRetrofitCost= var_AllowableRetrofitCost;    

    end 

    AllowableTotalRetrofitCost 

    if optModel==2 

  maxCentral=evalin('base','maxCentral'); 

 Bridge_NBI_historical=evalin('base','Bridge_NBI_historical'); 

 Bridge_ADT=evalin('base','Bridge_ADT'); 

 BridgeScore_centrality=evalin('base','BridgeScore_centrality'); 

 maxHS=evalin('base','maxHS'); 

 maxADT=evalin('base','maxADT'); 

        weight_ADT=str2num(get(handles.var_weight_ADT,'string')); 
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        weight_HS=str2num(get(handles.var_weight_HS,'string')); 

        weight_Central=str2num(get(handles.var_weight_Central,'string'));    

        if isempty(weight_ADT) | isnan(weight_ADT) | isempty(weight_HS) | 

isnan(weight_HS) | isempty(weight_Central) | isnan(weight_Central) 

            weight_ADT=1; 

            weight_HS=1; 

            weight_Central=1; 

            set(handles.var_weight_ADT,'string',num2str(weight_ADT)); 

            set(handles.var_weight_HS,'string',num2str(weight_HS)); 

            set(handles.var_weight_Central,'string',num2str(weight_Central)); 

            plotresult=str2num(get(handles.var_PlotGAiterations,'string')); 

            numDataPoints=str2num(get(handles.var_NumParetoPoints,'string')); 

            ParetoPlot_IterativelyRunGA_GUI; 

            set(handles.txt_QueriedParetoPoint,'string','Finished generating 

Pareto Frontier'); 

            assignin('base','numDataPoints',numDataPoints); 

            assignin('base','arr_paretoData',arr_paretoData); 

            assignin('base','figure_num',figure_num); 

            assignin('base','weight_ADT',weight_ADT); 

            assignin('base','weight_HS',weight_HS); 

            assignin('base','weight_Central',weight_Central); 

        elseif sum([weight_ADT weight_HS weight_Central])~=3 

            set(handles.txt_QueriedParetoPoint,'string','Error. The 

sum(weightADT weightHS weightC) must= 3'); 

        else 

            plotresult=str2num(get(handles.var_PlotGAiterations,'string')); 

            numDataPoints=str2num(get(handles.var_NumParetoPoints,'string')); 

            ParetoPlot_IterativelyRunGA_GUI; 

            set(handles.txt_QueriedParetoPoint,'string','Finished generating 

Pareto Frontier'); 

            assignin('base','numDataPoints',numDataPoints); 

            assignin('base','arr_paretoData',arr_paretoData); 

            assignin('base','figure_num',figure_num); 

            assignin('base','weight_ADT',weight_ADT); 

            assignin('base','weight_HS',weight_HS); 

            assignin('base','weight_Central',weight_Central); 

        end 

    elseif optModel==1 

        plotresult=str2num(get(handles.var_PlotGAiterations,'string')); 

        numDataPoints=str2num(get(handles.var_NumParetoPoints,'string')); 

        ParetoPlot_IterativelyRunGA_GUI; 

        set(handles.txt_QueriedParetoPoint,'string','Finished generating Pareto 

Frontier'); 

        assignin('base','numDataPoints',numDataPoints); 

        assignin('base','arr_paretoData',arr_paretoData); 

        assignin('base','figure_num',figure_num); 

    end        

end 

function var_QueryParetoPoint_Callback(hObject, eventdata, handles) 

function var_QueryParetoPoint_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_PlotGAiterations_Callback(hObject, eventdata, handles) 

function var_PlotGAiterations_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 
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function pushbutton4_Callback(hObject, eventdata, handles) 

function btn_QueryParetoPoints_Callback(hObject, eventdata, handles)     

    numDataPoints=evalin('base','numDataPoints'); 

    arr_paretoData=evalin('base','arr_paretoData'); 

    figure_num=evalin('base','figure_num');  

    QueryParetoPoint=str2num(get(handles.var_QueryParetoPoint,'string')); 

    if QueryParetoPoint<1 | QueryParetoPoint>numDataPoints 

        set(handles.txt_QueriedParetoPoint,'string', strcat('please input 

between 1 to ', num2str(numDataPoints))); 

    else 

        

paretoPointRetrofitVariablesToShow=arr_paretoData(QueryParetoPoint,4:end); 

        set(handles.txt_QueriedParetoPoint,'string',strcat('Optimum candidate 

ID= ',... 

            num2str(QueryParetoPoint), '= ', 

num2str(paretoPointRetrofitVariablesToShow))); 

    end 

function txt_ShowQuery_Callback(hObject, eventdata, handles) 

function txt_ShowQuery_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function edit17_Callback(hObject, eventdata, handles) 

function edit17_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function txt_QueriedParetoPoint_Callback(hObject, eventdata, handles) 

function txt_QueriedParetoPoint_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function txt_ResultGA_Callback(hObject, eventdata, handles) 

function txt_ResultGA_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_AllowableRetrofitCost_Callback(hObject, eventdata, handles) 

function var_AllowableRetrofitCost_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_weight_ADT_Callback(hObject, eventdata, handles) 

function var_weight_ADT_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_weight_HS_Callback(hObject, eventdata, handles) 

function var_weight_HS_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_weight_Central_Callback(hObject, eventdata, handles) 
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function var_weight_Central_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

function var_DataToExcel_Callback(hObject, eventdata, handles) 

function var_DataToExcel_CreateFcn(hObject, eventdata, handles) 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

 

CalculateObjectiveFunction 

 
%Programmed by Nixon Wonoto 

if optModel==1   

    CostRetrofit=[]; 

    %COMPUTE RETROFIT COST AS FUNCTION STRATEGY 

    for i = 1:length(Bridge_IndexIntersectTravelPath) 

        %RETROFIT COST AS FUNCTION STRATEGY 

        if Variable_StrategyRetrofit(i)==1  

            CostRetrofit=[CostRetrofit; 

PercentRetrofitCost(2,1)*CostRepairBridge(Bridge_IndexIntersectTravelPath(i))]; 

        elseif any(Variable_StrategyRetrofit(i)==[4 5])==1  

            CostRetrofit=[CostRetrofit; 

mean(TriangRandNum_S1*CostRepairBridge(Bridge_IndexIntersectTravelPath(i)))]; 

        elseif any(Variable_StrategyRetrofit(i)==[2 3 6 7 8])==1  

            CostRetrofit=[CostRetrofit; 

mean(TriangRandNum_S2*CostRepairBridge(Bridge_IndexIntersectTravelPath(i)))]; 

        end 

    end 

    CostRetrofit2=[Bridge_IndexIntersectTravelPath 

NBI_UsedBridgeData2(Bridge_IndexIntersectTravelPath,2) 

Variable_StrategyRetrofit CostRetrofit]; 

    CostRetrofit2_Table=array2table(CostRetrofit2,... 

        

'VariableNames',{'BridgeIndex','BridgeStructNumber','RetrofitStrategy','Retrofi

tCost'}); 

    %--------------------------------------------------------------------------

---------------------- 

    %RETROFIT COST AND PROB. OF EXCEEDENCE AS FUNCTION STRATEGY 

    

bridge_ProbAtLeastCertainDamage6=bridge_ProbAtLeastCertainDamage5(Bridge_IndexI

ntersectTravelPath); 

    bridge_ProbAtLeastCertainDamage7_StrategyImplemented=[]; 

    for i=1:length(Bridge_IndexIntersectTravelPath) 

        

bridge_ProbAtLeastCertainDamage7_StrategyImplemented=[bridge_ProbAtLeastCertain

Damage7_StrategyImplemented;... 

            

bridge_ProbAtLeastCertainDamage6{i}(Variable_StrategyRetrofit(i),:)]; 

    end 

    Bridge_CostAndPfWithRetrofit=[Bridge_IndexIntersectTravelPath 

NBI_UsedBridgeData2(Bridge_IndexIntersectTravelPath,2)... 

        NBI_UsedBridgeData2(Bridge_IndexIntersectTravelPath,13) 

Variable_StrategyRetrofit CostRetrofit 

bridge_ProbAtLeastCertainDamage7_StrategyImplemented]; 
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Bridge_CostAndPfWithRetrofit_Table=array2table(Bridge_CostAndPfWithRetrofit,... 

        

'VariableNames',{'BridgeIndex','BridgeStructNumber','ADT','RetrofitStrategy','R

etrofitCost'... 

        'ExceedSlight','ExceedModerate','ExceedExtensive','Complete' }); 

    TotalRetrofitCost=sum(Bridge_CostAndPfWithRetrofit(:,5)); 

    bridges_condition_StrategyImplemented=[]; 

    for i =1:length(Bridge_IndexIntersectTravelPath(:,1)) 

        

bridges_condition_StrategyImplemented=[bridges_condition_StrategyImplemented;br

idges_condition{i}{Variable_StrategyRetrofit(i)}]; 

    end 

    bridges_condition_StrategyImplemented; 

    ArrPfNode=[]; 

    for i=1:size(bridges_condition_StrategyImplemented,1) 

        PfNode= [bridges_condition_StrategyImplemented(i,1), 

sum(bridges_condition_StrategyImplemented(i,2:end))]; 

        ArrPfNode=[ArrPfNode;PfNode]; 

    end 

    sumHorizontally=sum(bridges_condition_StrategyImplemented(:,2:end),2); 

    sumHorizontally; 

    Pf_bridgesCondition=sumHorizontally/nsim_BridgeConditions  

    

PfTravel=sum(Pf_bridgesCondition)/length(Bridge_IndexIntersectTravelPath(:,1)) 

end 

if optModel==2 

    CostRetrofit=[]; 

    %COMPUTE RETROFIT COST AS FUNCTION STRATEGY 

    for i = 1:length(NBI_UsedBridgeData2(:,1)) 

        %RETROFIT COST AS FUNCTION STRATEGY 

        if Variable_StrategyRetrofit(i)==1  

            CostRetrofit=[CostRetrofit; 

PercentRetrofitCost(2,1)*CostRepairBridge(i)]; 

        elseif any(Variable_StrategyRetrofit(i)==[4 5])==1  

            CostRetrofit=[CostRetrofit; 

mean(TriangRandNum_S1*CostRepairBridge(i))]; 

        elseif any(Variable_StrategyRetrofit(i)==[2 3 6 7 8])==1  

            CostRetrofit=[CostRetrofit; 

mean(TriangRandNum_S2*CostRepairBridge(i))]; 

        end 

    end 

    bridge_ProbAtLeastCertainDamage6=bridge_ProbAtLeastCertainDamage5; 

    bridge_ProbAtLeastCertainDamage7_StrategyImplemented=[]; 

    for i=1:length(NBI_UsedBridgeData2(:,1)) 

        

bridge_ProbAtLeastCertainDamage7_StrategyImplemented=[bridge_ProbAtLeastCertain

Damage7_StrategyImplemented;... 

            

bridge_ProbAtLeastCertainDamage6{i}(Variable_StrategyRetrofit(i),:)]; 

    end 

    Bridge_CostAndPfWithRetrofit=[(1:length(NBI_UsedBridgeData2(:,1)))' 

NBI_UsedBridgeData2(:,2)... 

        NBI_UsedBridgeData2(:,13) Variable_StrategyRetrofit CostRetrofit 

bridge_ProbAtLeastCertainDamage7_StrategyImplemented]; 

    

Bridge_CostAndPfWithRetrofit_Table=array2table(Bridge_CostAndPfWithRetrofit,... 

        

'VariableNames',{'BridgeIndex','BridgeStructNumber','ADT','RetrofitStrategy','R

etrofitCost'... 
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        'ExceedSlight','ExceedModerate','ExceedExtensive','Complete' }); 

    TotalRetrofitCost=sum(Bridge_CostAndPfWithRetrofit(:,5)); 

    %BRIDGES CONDITION AFTER RETROFIT STRATEGY IMPLEMENTED [METHOD WHERE MONTE 

CARLO RUN ONCE IN WHOLE PROGRAM] 

    bridges_condition_StrategyImplemented=[]; 

    for i =1:length(NBI_UsedBridgeData2(:,1)) 

        

bridges_condition_StrategyImplemented=[bridges_condition_StrategyImplemented;br

idges_condition{i}{Variable_StrategyRetrofit(i)}]; 

    end 

    bridges_condition_StrategyImplemented; 

    ArrPfNode=[]; 

    for i=1:size(bridges_condition_StrategyImplemented,1) 

        PfNode= [bridges_condition_StrategyImplemented(i,1), 

sum(bridges_condition_StrategyImplemented(i,2:end))]; 

        ArrPfNode=[ArrPfNode;PfNode]; 

    end 

    sumHorizontally=sum(bridges_condition_StrategyImplemented(:,2:end),2); 

    sumHorizontally; 

    Pf_bridgesCondition=sumHorizontally/nsim_BridgeConditions;   

    norm_BridgeScore_Pf=Pf_bridgesCondition; 

    BridgeScore_Pf=norm_BridgeScore_Pf; 

    maxPf=length(NBI_UsedBridgeData2(:,1)); 

    minPf=0; 

   arr_damagedADT=[]; 

   arr_damagedHS=[]; 

   arr_damagedCentral=[]; 

   for i = 1:length(NBI_UsedBridgeData2(:,1)) 

       damagedADT= ((1- Pf_bridgesCondition(i))*Bridge_ADT(i)); 

       damagedHS=((1- Pf_bridgesCondition(i))*Bridge_NBI_historical(i)); 

       damagedCentral=((1- Pf_bridgesCondition(i))*BridgeScore_centrality(i)); 

        

       arr_damagedADT=[arr_damagedADT;damagedADT]; 

       arr_damagedHS=[arr_damagedHS;damagedHS]; 

       arr_damagedCentral=[arr_damagedCentral;damagedCentral]; 

   end 

   score_damagedADT=weight_ADT*(sum(arr_damagedADT)/maxADT); 

   score_damagedHS=weight_HS*(sum(arr_damagedHS)/maxHS); 

   score_damagedCentral=weight_Central*(sum(arr_damagedCentral)/maxCentral); 

     

    objfun1_BridgeScore=sum([score_damagedADT score_damagedHS 

score_damagedCentral]) 

     

end 

 

GA Optimization 

 
%Programmed by Nixon Wonoto 

start_time=clock; 

if optModel==1 

    lb=ones(1,length(Bridge_IndexIntersectTravelPath)); 

    ub=8*ones(1,length(Bridge_IndexIntersectTravelPath)); 

elseif optModel==2 

    lb=ones(1,length(NBI_UsedBridgeData2(:,1))); 

    ub=8*ones(1,length(NBI_UsedBridgeData2(:,1))); 

end 

elitism_active=1; 

%DEFINE NUMBER OF BITS REQUIRES 

ub_int_numdigits_vect=[]; 
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power_n_vect=[]; 

for i=1:size(ub,2) 

    ub_numdigits=numel(num2str(ub(i))); 

    ub_coma=strfind(num2str(ub(i)),'.'); 

    power_n=ub_numdigits-ub_coma; 

    if isempty(ub_coma) 

        power_n=0; 

    end 

    ub_integer=ub(i)*(10^power_n); 

    ub_int=dec2bin(ub_integer); 

    ub_int_numdigits=numel(num2str(ub_int)); 

    ub_int_numdigits_vect=[ub_int_numdigits_vect;ub_int_numdigits]; 

    power_n_vect=[power_n_vect;power_n]; 

end 

%% 

%GENERATE INITIAL RANDOM INDIVIDUALS 

individual=[]; 

pop=[]; 

for i=1:num_population 

    individual=[]; 

    for j=1:size(ub,2) 

        ub_coma=strfind(num2str(ub(j)),'.') 

        if isempty(ub_coma) 

            var_j=randi([lb(j) ub(j)]); 

        else 

            rr=rand(1,1); 

            var_j=ub(j)*rr+(1-rr)*lb(j); 

        end 

        individual=[individual,var_j] 

    end 

    pop=[pop;individual]; 

end 

pop; 

%BEGIN GENETIC ALGORITHM 

GA_done=0; 

iteration=0; 

store_data = []; 

store_data2=[];bridge_scores=[];violateConstraint=[]; 

store_data_analysis=[];  

store_data_analysis2=[];  

kept_individuals=[]; 

while ~GA_done 

    iteration=iteration+1; 

    %BINARY OF INITIAL POPULATION 

    round_pop=[]; 

    round_pop_vect=[]; 

    int_round_pop_vect=[]; 

    bin_pop=[]; 

    for i=1:size(ub,2) 

        round_pop=pop(:,i); 

        round_pop=round(round_pop,power_n_vect(i)); 

        if any(round_pop>8)==1 || any(round_pop<1)==1 

            round_pop(round_pop>8 | round_pop<1)=randi([1 8], 1,1) 

        end  

        round_pop_vect=[round_pop_vect,round_pop];               

        int_round_pop=round_pop*10.^power_n_vect(i); 

        int_round_pop_vect=[int_round_pop_vect,int_round_pop]; 

        int_round_pop_vect_j=int_round_pop_vect(:,i); 

        bin_pop_i=dec2bin(int_round_pop_vect_j,ub_int_numdigits_vect(i)); 

        cell_bin_pop_i={bin_pop_i}; 
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        bin_pop=[bin_pop, cell_bin_pop_i]; 

    end 

    %CALCULATE FITNESS 

    objfun_set=[]; 

    arrPfTravel=[]; 

    arr_objfun1_BridgeScore=[]; 

    arrTotalRetro=[];   

    for i_obj = 1:size(round_pop_vect,1) 

        %CALCULATE VALUE OF FITNESS 

        Variable_StrategyRetrofit=(round_pop_vect(i_obj,:))'; 

        if any(Variable_StrategyRetrofit>8) ==1 

            Variable_StrategyRetrofit(Variable_StrategyRetrofit>8)=1; 

        end 

        if any(Variable_StrategyRetrofit<1) ==1 

            Variable_StrategyRetrofit(Variable_StrategyRetrofit<1)=1; 

        end 

        Objfun_RetrofitCost_Pf;      

        %DEFINE VARIABLE CONSTRAINTS 

        if optModel==1 

            if any(Variable_StrategyRetrofit>8) ==1 

                PfTravel=1; 

                TotalRetrofitCost=AllowableTotalRetrofitCost; 

            end 

            if any(Variable_StrategyRetrofit<1) ==1 

                PfTravel=1; 

                TotalRetrofitCost=AllowableTotalRetrofitCost; 

            end 

            %DEFINE CONDITIONS OF CONSTRAINTS AND PENALTIES 

            if TotalRetrofitCost > AllowableTotalRetrofitCost 

                PfTravel=1; 

                TotalRetrofitCost=AllowableTotalRetrofitCost; 

            end 

            arrPfTravel=[arrPfTravel;PfTravel]; 

            arrTotalRetro=[arrTotalRetro;TotalRetrofitCost]; 

            data_analysis={num2str([iteration, Variable_StrategyRetrofit', 

PfTravel, TotalRetrofitCost])};  

            store_data_analysis=[store_data_analysis;data_analysis]; 

        elseif optModel==2 

            if any(Variable_StrategyRetrofit>8) ==1 || 

any(Variable_StrategyRetrofit<1) ==1 

                objfun1_BridgeScore=0.01; 

                TotalRetrofitCost=AllowableTotalRetrofitCost; 

                violateConstraint=1; 

            else 

                violateConstraint=0; 

            end 

            if TotalRetrofitCost > AllowableTotalRetrofitCost 

                objfun1_BridgeScore=0.1; 

                TotalRetrofitCost=AllowableTotalRetrofitCost;     

            end           

            

arr_objfun1_BridgeScore=[arr_objfun1_BridgeScore;objfun1_BridgeScore]; 

            arrTotalRetro=[arrTotalRetro;TotalRetrofitCost]; 

            data_analysis={num2str([iteration, Variable_StrategyRetrofit', 

objfun1_BridgeScore', TotalRetrofitCost])};  

            store_data_analysis=[store_data_analysis;data_analysis]; 

  

            data_analysis2={num2str([iteration, objfun1_BridgeScore', 

TotalRetrofitCost violateConstraint])}; 

            store_data_analysis2=[store_data_analysis2;data_analysis2]; 
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        end                         

    end 

    if optModel==1 

        arr_objfun1=arrPfTravel; 

    elseif optModel==2 

        arr_objfun1=arr_objfun1_BridgeScore; 

    end    

    for i=1:length(arr_objfun1) 

        if optModel==1 

            normTotalRetro=((arrTotalRetro(i)-0)/(AllowableTotalRetrofitCost-

0)); 

            normPfTravel=(arrPfTravel(i)-0)/(1-0); 

            objfun=1/(1+(weightObjfun1*normPfTravel+... 

                (1-weightObjfun1)*normTotalRetro)); 

        elseif optModel==2 

            normTotalRetro=((arrTotalRetro(i)-0)/(AllowableTotalRetrofitCost-

0))*3'; 

            objfun=  weightObjfun1*arr_objfun1_BridgeScore(i)+... 

                1/(1+(1-weightObjfun1)*normTotalRetro);  

        end 

        objfun_set=[objfun_set;objfun]; 

    end 

    objfun_set 

    [A1,I1]=max(objfun_set);  

    data1 = 

[iteration,min(arr_objfun1),mean(arr_objfun1),max(arr_objfun1),arr_objfun1(I1),

... 

        

min(arrTotalRetro),mean(arrTotalRetro),max(arrTotalRetro),arrTotalRetro(I1),...  

        int_round_pop_vect(I1,:)]; 

    store_data = [store_data;data1]; 

    %RELATIVE FITNESS 

    fitness_set=objfun_set(:,1); 

    relative_fit_set=[]; 

    for i=1:size(fitness_set,1); 

        relative_fit=1*(fitness_set(i,1)/sum(fitness_set)); 

        relative_fit_set=[relative_fit_set;relative_fit]; 

    end 

    %ELITISM [KEEP THE TOP 20% INDIVIDUAL TO BYPASS CROSSOVER & MUTATION 

PROCESS] 

    bin_pop_nplets=[]; 

    if elitism_active==1 

        sorted_fit_set=sort(relative_fit_set) 

        top_quartile_value=sorted_fit_set(floor(((100-

elitism_rate)/100)*size(sorted_fit_set,1)), 1) 

        top_quartile_index=find(relative_fit_set >= top_quartile_value) 

        for i=1:size(bin_pop{1},1) 

            row_bin_set=[]; 

            for j=1:size(ub,2) 

                row_bin={bin_pop{j}(i,:)}; 

                row_bin_set=[row_bin_set,row_bin]; 

            end 

            bin_pop_nplets=[bin_pop_nplets;row_bin_set]; 

        end 

        kept_individuals= bin_pop_nplets(top_quartile_index,:);        

        %TAKE ONLY UNIQUE INDIVIDUALS FROM KEPT_INDIVIDUALS IN ELITISM 

        kept_individuals2=kept_individuals; 

        char_individuals=[]; 

        for i = 1: size(kept_individuals2,1) 

            individual1=kept_individuals2(i,:); 
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            string_individual=strcat(individual1{1,:}); 

            char_individuals=[char_individuals;string_individual]; 

        end 

        char_individuals; 

        [C,ia,ic]=unique(char_individuals,'rows');  

        kept_individuals=kept_individuals2(ia,:); 

    end 

    %TAKE FITTER PARENTS 

    matingpool=[]; 

    percent_fitness=floor(100*num_population*relative_fit_set); 

    for i=1: size(percent_fitness,1) 

        for j=1:percent_fitness(i,1) 

            matingpool=[matingpool;bin_pop_nplets(i,:)]; 

        end 

    end 

    fitparent=[]; 

    for i = 1:size(percent_fitness,1) 

        pick1 = randi([1 size(matingpool,1)]); 

        fitparent=[fitparent;matingpool(pick1,:)]; 

    end 

    %CROSSOVER PROCESS [method=1 do singlepoint; method=2 do uniform] 

    if crossover_method==1 

        %DO SINGLE POINT CROSSOVER 

        child_set=[]; 

        for i=1:size(fitparent,1)/2 - size(kept_individuals,1)/2 

            pickparent1=randi([1 size(fitparent,1)]); 

            parent1=fitparent(pickparent1,:); 

            pickparent2=randi([1 size(fitparent,1)]); 

            parent2=fitparent(pickparent2,:); 

            child_i=[]; 

            for j =1:size(fitparent,2)  

                child_ij=[];  

                split_index=ceil(rand()*(ub_int_numdigits_vect(j)-1)); 

                child1=[parent1{j}(1, 1:split_index), parent2{j}(1, 

split_index+1:ub_int_numdigits_vect(j))]; 

                child2=[parent2{j}(1, 1:split_index), parent1{j}(1, 

split_index+1:ub_int_numdigits_vect(j))]; 

                child_ij=[child_ij; {child1}; {child2}]; 

                child_i=[child_i,child_ij];  

            end 

            child_set=[child_set;child_i];  

        end 

        child_set; 

    end 

    %TWO POINT CROSSOVER 

    if crossover_method==2 

        %DO TWO POINT CROSSOVER 

        child_set=[]; 

        for i=1:size(fitparent,1)/2 - size(kept_individuals,1)/2 

            pickparent1=randi([1 size(fitparent,1)]); 

            parent1=fitparent(pickparent1,:); 

            pickparent2=randi([1 size(fitparent,1)]); 

            parent2=fitparent(pickparent2,:); 

            split_index1=randi([2 size(fitparent,2)-2]) 

            split_index2=randi([split_index1+1 size(fitparent,2)-1]); 

            child1=[parent1(1, 1:split_index1), parent2(1, 

split_index1+1:split_index2), parent1(1, split_index2+1:ub_int_numdigits)]; 

            child2=[parent2(1, 1:split_index1), parent1(1, 

split_index1+1:split_index2), parent2(1, split_index2+1:ub_int_numdigits)]; 

            child_set=[child_set;child1;child2]; 
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        end 

        child_set; 

    end 

    %UNIFORM CROSSOVER 

    if crossover_method==3 

        %DO UNIFORM CROSSOVER 

        fitparent 

        display('after uniform crossover') 

        child_set=[]; 

        for i=1:size(fitparent,1)/2 - size(kept_individuals,1)/2 

            pickparent1=randi([1 size(fitparent,1)]); 

            parent1=fitparent(pickparent1,:); 

            pickparent2=randi([1 size(fitparent,1)]); 

            parent2=fitparent(pickparent2,:); 

            child1=[]; 

            child2=[]; 

            for j=1:size(fitparent,2) 

                child_1k=[]; 

                child_2k=[]; 

                for k=1:size(fitparent{i,j},2) 

                    crossover_prob=rand(1,1); 

                    if crossover_prob < 0.5 

                        child1_gene=parent1{j}(1,k); 

                        child2_gene=parent2{j}(1,k); 

                    elseif crossover_prob >= 0.5 

                        child1_gene=parent2{j}(1,k);  

                        child2_gene=parent1{j}(1,k); 

                    end 

                    child_1k=[child_1k,child1_gene];  

                    child_2k=[child_2k,child2_gene]; 

                end 

                child1=[child1,{child_1k}];  

                child2=[child2,{child_2k}]; 

            end 

            child_set=[child_set;child1;child2]; 

        end 

        child_set; 

    end 

    %MUTATION 

    child_set; 

    display('after mutation') 

    for i = 1:size(child_set,1) 

        for j=1:size(child_set,2) 

            for k=1:size(child_set{i,j},2) 

                mutation_prob=rand(1,1); 

                if mutation_prob < mutation_rate  

                    if child_set{i,j}(k)=='0' 

                        child_set{i,j}(k)='1'; 

                    elseif child_set{i,j}(k)=='1' 

                        child_set{i,j}(k)='0'; 

                    end 

                end 

            end 

        end 

    end 

    child_set; 

    %ELISTISM [REINSERT ELITE MEMBERS TO CHILD_SET] 

    if elitism_active==1 

        child_set=[child_set;kept_individuals]; 

    end 
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    child_set; 

    %PREPARE FOR NEXT ITERATION 

    pop=[]; 

    for i=1:size(child_set,1) 

        pop_row=[]; 

        for j=1:size(child_set,2) 

            child_int=bin2dec(child_set{i,j}); 

            int_round_pop=child_int; 

            pop_ij=int_round_pop*10^-power_n_vect(j); 

            pop_row=[pop_row,pop_ij]; 

        end 

        pop=[pop;pop_row]; 

    end 

    pop; 

    if iteration==max_generation 

        GA_done=1; 

    end 

end 

num2str(store_data) 

norm_objfun1=[]; 

norm_objfun2=[]; 

for i = 1:size(store_data,1) 

    norm_objfun1=[norm_objfun1; (store_data(i,5)-min(store_data(:,5)))/... 

        (max(store_data(:,5))-min(store_data(:,5)))] 

     

    norm_objfun2=[norm_objfun2; (store_data(i,6)-min(store_data(:,6)))/... 

        (max(store_data(:,6))-min(store_data(:,6)))] 

end 

if plotresult==1 

    if optModel==1 

        figure_num=figure_num+1; 

        figure(figure_num);clf 

        

plot1=plot(store_data(:,1),store_data(:,5),'Color','red','DisplayName','Min(f1)

');; 

        xlabel('Iteration Number'); 

        ylabel('Optimum PfTravel'); 

        legend([plot1],'Location', 'northwest') 

        title('GA objfun=Pf Travel') 

        figure_num=figure_num+1; 

        figure(figure_num);clf 

        

plot1=plot(store_data(:,1),store_data(:,9),'Color','red','DisplayName','Min(f2)

'); 

        xlabel('Iteration Number'); 

        ylabel('Optimum Cost'); 

        legend([plot1],'Location', 'southwest') 

        title('GA objfun=Total Retrofit Cost') 

    elseif optModel==2 

        figure_num=figure_num+1; 

        figure(figure_num);clf 

        

plot1=plot(store_data(:,1),store_data(:,5),'Color','red','DisplayName','Max(f1)

'); 

        hold on 

        

plot2=plot(store_data(:,1),store_data(:,3),'Color','blue','DisplayName','Avg(f1

)'); 

        xlabel('Iteration Number'); 

        ylabel('Optimum BridgeScore'); 



 

 

151 

 

        legend([plot1 plot2],'Location', 'southwest') 

        title('GA objfun=Retrofit Score') 

        figure_num=figure_num+1; 

        figure(figure_num);clf 

        

plot1=plot(store_data(:,1),store_data(:,9),'Color','red','DisplayName','Min(f2)

'); 

        hold on 

        

plot2=plot(store_data(:,1),store_data(:,7),'Color','blue','DisplayName','Avg(f2

)'); 

        xlabel('Iteration Number'); 

        ylabel('Optimum Cost'); 

        legend([plot1 plot2],'Location', 'southwest') 

        title('GA objfun=Total Retrofit Cost') 

    end 

end 

assignin('base','store_data',store_data); 

start_time 

end_time=clock 

 

ParetoFrontier 

 
ParetoAddWeight=0; 

Coordinate_ParetoObjfun=[]; 

arr_ParetoVariablesRetrofit=[]; 

arr_store_data=[]; 

for i=1:numDataPoints 

    ParetoIncrement=1/numDataPoints; 

    ParetoAddWeight=ParetoAddWeight+ParetoIncrement; 

    weightObjfun1=ParetoAddWeight; 

    GA12_uniqueElitism_GUI; 

    if optModel==1 

        ParetoObjfun1=store_data(size(store_data,1),5); 

        ParetoObjfun2=store_data(size(store_data,1),9); 

        ParetoVariablesRetrofit=store_data(size(store_data,1),10:end); 

    elseif optModel==2 

        ParetoObjfun1=store_data(size(store_data,1),5); 

        ParetoObjfun2=store_data(size(store_data,1),9); 

        ParetoVariablesRetrofit=store_data(size(store_data,1),10:end); 

    end 

    arr_store_data=[arr_store_data;{store_data}] 

    Coordinate_ParetoObjfun=[Coordinate_ParetoObjfun;ParetoObjfun1 

ParetoObjfun2]; 

    arr_ParetoVariablesRetrofit=[arr_ParetoVariablesRetrofit;weightObjfun1 

ParetoVariablesRetrofit]; 

end 

maxObjfun1=max(Coordinate_ParetoObjfun(:,1)); 

minObjfun1=min(Coordinate_ParetoObjfun(:,1)); 

maxObjfun2=max(Coordinate_ParetoObjfun(:,2)); 

minObjfun2=min(Coordinate_ParetoObjfun(:,2)); 

norm_Coordinate_ParetoObjfun=[]; 

for i=1:size(Coordinate_ParetoObjfun,1) 

    objfun1_i=Coordinate_ParetoObjfun(i,1); 

    norm_objfun1_i=(objfun1_i-minObjfun1)/(maxObjfun1-minObjfun1); 

    objfun2_i=Coordinate_ParetoObjfun(i,2); 

    norm_objfun2_i=(objfun2_i-minObjfun2)/(maxObjfun2-minObjfun2); 
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    norm_Coordinate_ParetoObjfun=[norm_Coordinate_ParetoObjfun;norm_objfun1_i 

norm_objfun2_i]; 

end 

figure_num=figure_num+1; 

figure(figure_num); 

plot1=plot(norm_Coordinate_ParetoObjfun(:,1),norm_Coordinate_ParetoObjfun(:,2),

'r.'); 

hold on; 

labels=[1:numDataPoints]'; 

hold on 

if optModel==2 

    arr_paretoData=sortrows([norm_Coordinate_ParetoObjfun(:,1),... 

        norm_Coordinate_ParetoObjfun(:,2) arr_ParetoVariablesRetrofit(:,:)],1) 

    text(arr_paretoData(:,1),arr_paretoData(:,2),num2str(labels)); 

    paretoFrontierPoints=[]; 

    for i=1:numDataPoints 

        if any(arr_paretoData((i+1):end,2)<arr_paretoData(i,2))==0 

            paretoFrontierPoints=[paretoFrontierPoints;... 

                arr_paretoData(i,1) arr_paretoData(i,2)]; 

        end 

    end 

end 

if optModel==1 

    arr_paretoDataX=sortrows([1-norm_Coordinate_ParetoObjfun(:,1), 

norm_Coordinate_ParetoObjfun(:,1),... 

        norm_Coordinate_ParetoObjfun(:,2) arr_ParetoVariablesRetrofit(:,:)],1) 

    arr_paretoData=arr_paretoDataX(:,2:end) 

    text(arr_paretoData(:,1),arr_paretoData(:,2),num2str(labels)); 

    paretoFrontierPoints=[]; 

    for i=1:numDataPoints 

        if any(arr_paretoData((i+1):end,2)<arr_paretoData(i,2))==0 

            paretoFrontierPoints=[paretoFrontierPoints;... 

                arr_paretoData(i,1) arr_paretoData(i,2)]; 

        end 

    end 

end 

plotParetoFront=plot(paretoFrontierPoints(:,1),paretoFrontierPoints(:,2)); 

if optModel==2 

    xlabel('Optimum Sum Score'); 

    ylabel('Optimum Total Retrofit Cost'); 

    title('Pareto Front') 

    hold off 

elseif optModel==1 

    xlabel('Optimum Pf Travel'); 

    ylabel('Optimum Total Retrofit Cost'); 

    title('Pareto Front') 

    hold off 

end 

%PLOT WEIGHT 

figure_num=figure_num+1; 

figure(figure_num); 

plot2=plot(norm_Coordinate_ParetoObjfun(:,1),norm_Coordinate_ParetoObjfun(:,2),

'r.'); 

text(arr_paretoData(:,1),arr_paretoData(:,2),num2str(arr_paretoData(:,3))); 

hold on 

plotParetoFront2=plot(paretoFrontierPoints(:,1),paretoFrontierPoints(:,2)); 

if optModel==2 

    xlabel('Optimum Sum Score'); 

    ylabel('Optimum Total Retrofit Cost'); 

    title('Pareto Front With Weight') 
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elseif optModel==1 

    xlabel('Optimum Pf Travel'); 

    ylabel('Optimum Total Retrofit Cost'); 

    title('Pareto Front') 

    hold off 

end 

ParetoFront_Table=array2table(arr_paretoData(:,1:3),... 

    'VariableNames',{'Objfun1','Objfun2','Weight'}); 

ParetoDataSortWRTweight=sortrows(arr_paretoData,3) 

ParetoDataSortWRTweight(:,1:3) 

ParetoDataSortWRTweight(:,4:end) 
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