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Appendix A: Source Codes of Proposed CA Models 

fid=fopen('3m131272.txt','w'); 
X=struct('p',{[0 0]}); 
V=struct('p',{[0 0]}); 
dXf=struct('p',{[0 0]}); 
dx=struct('s',0); 
dy=struct('s',0); 
DL=[16 0]; 
time=1200; 
A1=[1 0]; 
Motor=[2 1]; 
Car=[6 2]; 
veh=150; 
back=10; 
nocell=5; 
veh1=veh+2; 
for i=1:nocell 
   V.no(i).time(1).p=[1 0]; 
   v1(i)=1; 
   Vmax(i)=13; 
end; 
   V.no(veh1).time(1).p=[1 0]; 
   v1(veh1)=0; 
   Vmax(veh1)=13; 
for i=nocell:veh 
   k=i+1; 
   v1(k)=binornd(1,0.72); 
   V.no(k).time(1).p=[1 0]; 
end; 
% set veh and initial value 
for i=1:veh1 
   IT=10*(veh1-i);   
  if i<=nocell 
     IT1=10*(veh1-nocell);   
     X.no(i).time(1).p=[IT1 i]; 
  else 
     if v1(i)==1 
        p1=unidrnd(nocell); 
        X.no(i).time(1).p=[IT p1]; 
     else 
        p2=unidrnd(nocell-1)+1; 
        X.no(i).time(1).p=[IT p2]; 
     end; 
  end; 
end; 
for k=(nocell+1):(veh+1) 
    if v1(k)==1 
       Vmax(k)=fix(normrnd(13,0)); 
    else 
       Vmax(k)=fix(normrnd(12,0)); 
    end; 
end; 
for t=1:time 
%set the analysis time 
    T1=t+1; 
    %define the next period 
    for n=1:veh1 
    A3=Vmax(n); 
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        if n<=nocell     
           A12=V.no(n).time(t).p(1); 
           if (t>=50) & (t<=250) 
              V.no(n).time(T1).p=max(0,V.no(n).time(t).p-A1); 
           else 
              if (A12<A3) 
                 V.no(n).time(T1).p=V.no(n).time(t).p+A1; 
              else 
                 V.no(n).time(T1).p=V.no(n).time(t).p; 
              end; 
           end; 
           X.no(n).time(T1).p=X.no(n).time(t).p+V.no(n).time(T1).p; 
        end; 
        if n>nocell 
           A32=V.no(n).time(t).p(1);  
           for I=1:veh1 
            % chcek gaps from all infront veh on time t 
               dx.n(I).t(t).s=X.no(I).time(t).p(1)-X.no(n).time(t).p(1); 
               dy.n(I).t(t).s=X.no(I).time(t).p(2)-X.no(n).time(t).p(2); 
           end;     
           %define the y difference 
           for I=1:veh1 
               if v1(n)==1 
                %nveh is motor 
                  if v1(I)==1 
                     %infront Iveh is motor 
                     if dy.n(I).t(t).s==0  
                       %infront Iveh infront 
                        FD(I)=dx.n(I).t(t).s-Motor(1); 
                        FCR1(I)=10000; 
                        FCL1(I)=10000; 
                        FCR2(I)=10000; 
                        FCL2(I)=10000; 
                     elseif dy.n(I).t(t).s==-1  
                       %infront Iveh in right 1 
                        FD(I)=10000; 
                        FCR1(I)=dx.n(I).t(t).s-Motor(1); 
                        FCL1(I)=10000; 
                        FCR2(I)=10000; 
                        FCL2(I)=10000; 
                     elseif dy.n(I).t(t).s==1  
                      %infront Iveh in left 1 
                        FD(I)=10000; 
                        FCR1(I)=10000; 
                        FCL1(I)=dx.n(I).t(t).s-Motor(1); 
                        FCR2(I)=10000; 
                        FCL2(I)=10000; 
                     else  
                        FD(I)=10000; 
                        FCR1(I)=10000; 
                        FCL1(I)=10000; 
                        FCR2(I)=10000; 
                        FCL2(I)=10000; 
                     end; 
                  else 
                    %infront Iveh is car, if motor no lane 2 could change 
                    if dy.n(I).t(t).s==2 
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Car(1); 
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                       FCR2(I)=10000; 
                       FCL2(I)=dx.n(I).t(t).s-Car(1); 
                    elseif dy.n(I).t(t).s==1 
                       FD(I)=dx.n(I).t(t).s-Car(1); 
                       FCR1(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Car(1); 
                       FCR2(I)=10000; 
                       FCL2(I)=10000; 
                    elseif dy.n(I).t(t).s==0 
                       FD(I)=dx.n(I).t(t).s-Car(1); 
                       FCR1(I)=dx.n(I).t(t).s-Car(1); 
                       FCL1(I)=10000; 
                       FCR2(I)=10000; 
                       FCL2(I)=10000; 
                    elseif dy.n(I).t(t).s==-1 
                       FD(I)=10000; 
                       FCR1(I)=dx.n(I).t(t).s-Car(1); 
                       FCL1(I)=10000; 
                       FCR2(I)=dx.n(I).t(t).s-Car(1); 
                       FCL2(I)=10000; 
                    else 
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCL1(I)=10000;                     
                       FCR2(I)=10000; 
                       FCL2(I)=10000; 
                    end; 
                  end; 
                  %nveh is motor & Iveh is motor or car? 
               else 
                 %nveh is car 
                  if v1(I)==1 
                    if dy.n(I).t(t).s==1    
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Motor(1); 
                       FCR2(I)=10000; 
                       FCL2(I)=dx.n(I).t(t).s-Motor(1); 
                    elseif dy.n(I).t(t).s==0    
                       FD(I)=dx.n(I).t(t).s-Motor(1); 
                       FCR1(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Motor(1); 
                       FCR2(I)=10000; 
                       FCL2(I)=10000; 
                    elseif dy.n(I).t(t).s==-1    
                       FD(I)=dx.n(I).t(t).s-Motor(1); 
                       FCR1(I)=dx.n(I).t(t).s-Motor(1); 
                       FCL1(I)=10000; 
                       FCR2(I)=10000; 
                       FCL2(I)=dx.n(I).t(t).s-Motor(1); 
                    elseif dy.n(I).t(t).s==-2    
                       FD(I)=10000; 
                       FCR1(I)=dx.n(I).t(t).s-Motor(1); 
                       FCL1(I)=10000; 
                       FCR2(I)=dx.n(I).t(t).s-Motor(1); 
                       FCL2(I)=10000; 
                    else 
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCL1(I)=10000; 
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                       FCR2(I)=10000; 
                       FCL2(I)=10000; 
                    end;     
                  else 
                    if dy.n(I).t(t).s==2    
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCR2(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Car(1); 
                       FCL2(I)=dx.n(I).t(t).s-Car(1); 
                    elseif dy.n(I).t(t).s==1    
                       FD(I)=dx.n(I).t(t).s-Car(1); 
                       FCR1(I)=10000; 
                       FCR2(I)=10000; 
                       FCL1(I)=dx.n(I).t(t).s-Car(1); 
                       FCL2(I)=dx.n(I).t(t).s-Car(1); 
                    elseif dy.n(I).t(t).s==0    
                       FD(I)=dx.n(I).t(t).s-Car(1); 
                       FCR1(I)=dx.n(I).t(t).s-Car(1); 
                       FCR2(I)=dx.n(I).t(t).s-Car(1); 
                       FCL1(I)=dx.n(I).t(t).s-Car(1); 
                       FCL2(I)=10000; 
                    elseif dy.n(I).t(t).s==-1    
                       FD(I)=dx.n(I).t(t).s-Car(1); 
                       FCR1(I)=dx.n(I).t(t).s-Car(1); 
                       FCR2(I)=dx.n(I).t(t).s-Car(1); 
                       FCL1(I)=10000; 
                       FCL2(I)=10000; 
                    elseif dy.n(I).t(t).s==-2    
                       FD(I)=10000; 
                       FCR1(I)=dx.n(I).t(t).s-Car(1); 
                       FCR2(I)=dx.n(I).t(t).s-Car(1); 
                       FCL1(I)=10000; 
                       FCL2(I)=10000; 
                    else    
                       FD(I)=10000; 
                       FCR1(I)=10000; 
                       FCR2(I)=10000; 
                       FCL1(I)=10000; 
                       FCL2(I)=10000; 
                    end; 
                  end; 
                    %nveh is car, Iveh is motor or car? 
               end; 
                %find all possible neborhiour lane distance 
               if FD(I)<0 
                  FD(I)=10000; 
               else 
                  FD(I)=FD(I); 
               end; 
               if FCR1(I)<0 
                  if I~=n   
                     if v1(n)==1 
                        BR1(I)=abs(dx.n(I).t(t).s)-Motor(1); 
                     else 
                        BR1(I)=abs(dx.n(I).t(t).s)-Car(1); 
                     end; 
                     if BR1(I)<0 
                        BR1(I)=0; 
                     else 
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                        BR1(I)=BR1(I); 
                     end; 
                  else 
                     BR1(I)=10000; 
                  end;     
                  FCR1(I)=10000; 
               else 
                  FCR1(I)=FCR1(I); 
                  BR1(I)=10000; 
               end;     
               if FCR2(I)<0 
                  if I~=n 
                     if v1(n)==1 
                        BR2(I)=abs(dx.n(I).t(t).s)-Motor(1); 
                     else 
                        BR2(I)=abs(dx.n(I).t(t).s)-Car(1); 
                     end; 
                     if BR2(I)<0 
                        BR2(I)=0; 
                     else 
                        BR2(I)=BR2(I); 
                     end; 
                  else 
                      BR2(I)=10000; 
                  end; 
                  FCR2(I)=10000; 
               else 
                  FCR2(I)=FCR2(I); 
                  BR2(I)=10000; 
               end;     
               if FCL1(I)<0 
                  if I~=n 
                     if v1(n)==1 
                        BL1(I)=abs(dx.n(I).t(t).s)-Motor(1); 
                     else 
                        BL1(I)=abs(dx.n(I).t(t).s)-Car(1); 
                     end; 
                     if BL1(I)<0 
                        BL1(I)=0; 
                     else 
                        BL1(I)=BL1(I); 
                     end; 
                  else 
                      BL1(I)=10000; 
                  end; 
                  FCL1(I)=10000; 
               else 
                  FCL1(I)=FCL1(I); 
                  BL1(I)=10000; 
               end; 
               if FCL2(I)<0 
                  if I~=n 
                     if v1(n)==1 
                        BL2(I)=abs(dx.n(I).t(t).s)-Motor(1); 
                     else 
                        BL2(I)=abs(dx.n(I).t(t).s)-Car(1); 
                     end; 
                     if BL2(I)<0 
                        BL2(I)=0; 
                     else 
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                        BL2(I)=BL2(I); 
                     end; 
                  else 
                      BL2(I)=10000; 
                  end; 
                  FCL2(I)=10000; 
               else 
                  FCL2(I)=FCL2(I); 
                  BL2(I)=10000; 
               end; 
               %out the veh in back 
           end;           
           %for I=1:veh     
           a2=FD(veh1); 
           I1=veh1; 
           for I=1:(veh1-1) 
               if a2<FD(I) 
                  a2=a2; 
               else 
                  a2=FD(I); 
                  I1=I; 
               end; 
           end; 
           %find the nearest front veh 
           dXf.no(n).time(t).p(1)=a2; 
           %define a veh infront 
           %if A32>=13 
              %A37=dXf.no(n).time(t).p(1)-1; 
              %else 
              A37=dXf.no(n).time(t).p(1); 
              %end; 
          %the gap in front of the nth car 
           C12=FCR1(veh1); 
           I2=veh1; 
           for I=1:(veh1-1) 
               if C12<FCR1(I) 
                  C12=C12; 
               else 
                  C12=FCR1(I); 
                  I2=I; 
               end; 
           end; 
            % find the nearest gap on right 1 
           C122=FCR2(veh1); 
           I22=veh1; 
           for I=1:(veh1-1) 
               if C122<FCR2(I) 
                  C122=C122; 
               else 
                  C122=FCR2(I); 
                  I22=I; 
               end; 
           end; 
            % find the nearest gap on right 2 
           C13=FCL1(veh1); 
           I3=veh1; 
           for I=1:(veh1-1) 
               if C13<FCL1(I) 
                  C13=C13; 
               else 
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                  C13=FCL1(I); 
                  I3=I; 
               end; 
           end; 
           % find the nearest gap on left 1 
           C132=FCL2(veh1); 
           I32=veh1; 
           for I=1:(veh1-1) 
               if C132<FCL2(I) 
                  C132=C132; 
               else 
                  C132=FCL2(I); 
                  I32=I; 
               end; 
           end; 
           % find the nearest gap on left 2 
           BCR11=BR1(veh1); 
           IB1=veh1; 
           for I=1:(veh1-1) 
               if BCR11<BR1(I) 
                  BCR11=BCR11; 
               else 
                  BCR11=BR1(I); 
                  IB1=I; 
               end; 
           end; 
           % find the nearest right behind gap 
           BCR22=BR2(veh1); 
           IB3=veh1; 
           for I=1:(veh1-1) 
               if BCR22<BR2(I) 
                  BCR22=BCR22; 
               else 
                  BCR22=BR2(I); 
                  IB3=I; 
               end; 
           end; 
           % find the next 2 right behind gap 
           BCL11=BL1(veh1); 
           IB2=veh1; 
           for I=1:(veh1-1) 
               if BCL11<BL1(I) 
                  BCL11=BCL11; 
               else 
                  BCL11=BL1(I); 
                  IB2=I; 
               end; 
           end; 
           % find the nearest left behind gap 
           BCL22=BL2(veh1); 
           IB4=veh1; 
           for I=1:(veh1-1) 
               if BCL22<BL2(I) 
                  BCL22=BCL22; 
               else 
                  BCL22=BL2(I); 
                  IB4=I; 
               end; 
           end; 
           % find the next 2 left behind gap 
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           for j=1:n-1 
               if v1(j)==1 
                   pd1(j)=X.no(j).time(T1).p(1)-X.no(n).time(t).p(1)-Motor(1); 
               else 
                   pd1(j)=X.no(j).time(T1).p(1)-X.no(n).time(t).p(1)-Car(1); 
               end; 
               pd2=X.no(j).time(T1).p(2)-X.no(n).time(t).p(2); 
               if pd1(j)>=0 
                  pdf1(j)=pd1(j)-V.no(n).time(t).p(1); 
                  pdb1(j)=10000; 
               else 
                  pdf1(j)=10000; 
                  pdb1(j)=pd1(j)+V.no(n).time(t).p(1); 
               end;    
               if pd2==-1 
                  pfR1(j)=pdf1(j); 
                  pbR1(j)=pdb1(j); 
                  pfL1(j)=10000; 
                  pbL1(j)=10000;            
               elseif pd2==1 
                  pfL1(j)=pdf1(j); 
                  pbL1(j)=pdb1(j); 
                  pfR1(j)=10000; 
                  pbR1(j)=10000;            
               else 
                  pfR1(j)=10000; 
                  pbR1(j)=10000; 
                  pfL1(j)=10000; 
                  pbL1(j)=10000;            
               end; 
           end; 
           fR=pfR1(n-1); 
           fRn=n-1; 
           for I=1:(n-2) 
               if fR<pfR1(I) 
                  fR=fR; 
               else 
                  fR=pfR1(I); 
                  fRn=I; 
               end; 
           end; 
           bR=pbR1(n-1); 
           bRn=n-1; 
           for I=1:(n-2) 
               if bR<pbR1(I) 
                  bR=bR; 
               else 
                  bR=pbR1(I); 
                  bRn=I; 
               end; 
           end; 
           fL=pfL1(n-1); 
           fLn=n-1; 
           for I=1:(n-2) 
               if fL<pfL1(I) 
                  fL=fL; 
               else 
                  fL=pfL1(I); 
                  fLn=I; 
               end; 
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           end; 
           bL=pbL1(n-1); 
           bLn=n-1; 
           for I=1:(n-2) 
               if bL<pbL1(I) 
                  bL=bL; 
               else 
                  bL=pbL1(I); 
                  bLn=I; 
               end; 
           end; 
           if FCL1(I3)<=fL 
              FCL1(I3)=FCL1(I3); 
           else 
              FCL1(I3)=fL; 
           end; 
           if FCR1(I2)<=fR 
              FCR1(I2)=FCR1(I2); 
           else 
               FCR1(I2)=fR; 
           end; 
           if A32<A37 
              if A32<A3 
                 V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+A1(1);   
                 V.no(n).time(T1).p(2)=0; 
              else 
                 V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                 V.no(n).time(T1).p(2)=0; 
              end;     
           else     
              if v1(n)==1 
                 if X.no(n).time(t).p(2)==1  
                    %left lane speace > right 
                    if FCL1(I3)>A37 & BCL11>Motor(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & 
fL>0 & bL>0 
                       % if left>front & behind gap is enough it is ready for turn 
                       if FCL1(I3)>V.no(n).time(t).p(1)  
                       % when left gap>speed, then turn to left and same speed 
                          if FCL1(I3)<A3 
                              V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                              V.no(n).time(T1).p(2)=1; 
                          else 
                              V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                              V.no(n).time(T1).p(2)=1; 
                          end; 
                       else 
                        % when left<speed, then trun to left and dec=>left gap  
                          V.no(n).time(T1).p(1)=FCL1(I3); 
                          V.no(n).time(T1).p(2)=1; 
                       end; 
                        %lane left1 is enough to turn with the same V 
                    else 
                    %left gap<front, then do not trun, only dec=>front gap 
                       V.no(n).time(T1).p(1)=A37; 
                       V.no(n).time(T1).p(2)=0; 
                       %no change, only dec. 
                    end;       
                   % for left 1 
                 elseif X.no(n).time(t).p(2)==nocell 
                    if FCR1(I2)>A37 & BCR11>Motor(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & 
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fR>0 & bR>0 
                       % if right>front & behind gap is enough it is ready for turn 
                       if FCR1(I2)>V.no(n).time(t).p(1)  
                           % when right gap>speed, then turn to right and same speed 
                          if FCR1(I2)<A3 
                             V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                             V.no(n).time(T1).p(2)=-1; 
                          else 
                             V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                             V.no(n).time(T1).p(2)=-1; 
                          end; 
                       else 
                        % when right<speed, then trun to right and dec=>right gap  
                          V.no(n).time(T1).p(1)=FCR1(I2); 
                          V.no(n).time(T1).p(2)=-1; 
                       end; 
                    else    
                    % right gap<front, then do not trun, only dec=>front gap 
                       V.no(n).time(T1).p(1)=A37; 
                       V.no(n).time(T1).p(2)=0; 
                       %no change, must dec 
                    end; 
                    % for right 1 
                else  
                    if FCL1(I3)>FCR1(I2) & FCR1(I2)>A37  
                       if BCL11>Motor(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
                          % left>front & behind gap is enough it is ready for turn 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end; 
                          else 
                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end;     
                       elseif BCR11>Motor(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & 
bR>0 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=-1; 
                             end; 
                          else 
                          % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end; 
                          %lane left1 is enough to turn with the same V 
                       else     
                          V.no(n).time(T1).p(1)=A37;   
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                          V.no(n).time(T1).p(2)=0; 
                       end; 
                       %lane left1 is enough to turn with the same V 
                    elseif FCR1(I2)>FCL1(I3) & FCL1(I3)>A37  
                       if BCR11>Motor(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fL>0 & bL>0 
                          % if left>front & behind gap is enough it is ready for turn 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                           % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=-1; 
                             end; 
                          else 
                            % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end;     
                       elseif BCL11>Motor(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & 
bL>0 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                            % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end;     
                          else  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end; 
                         %lane left1 is enough to turn with the same V 
                       else     
                          V.no(n).time(T1).p(1)=A37;   
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                         %lane left1 is enough to turn with the same V 
                    elseif FCL1(I3)>A37 & A37>=FCR1(I2) 
                       if BCL11>Motor(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
                          % if left>front & behind gap is enough it is ready for turn 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                            % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end;     
                          else 
                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37;   
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                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCR1(I2)>A37 & A37>=FCL1(I3) 
                       if BCR11>Motor(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & bR>0 
                         % if left>front & behind gap is enough it is ready for turn 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=-1; 
                             end; 
                          else 
                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37;   
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    else 
                       V.no(n).time(T1).p(1)=A37;   
                       V.no(n).time(T1).p(2)=0; 
                    end; 
                 end; 
                 %for left 1 or right 1 
              else 
              %nveh is car 
                 if nocell==2 &  X.no(n).time(t).p(2)==2 
                    V.no(n).time(T1).p(1)=A37;   
                    V.no(n).time(T1).p(2)=0; 
                 elseif X.no(n).time(t).p(2)==2  
                    % the rightest 
                    if FCL1(I3)>A37 & BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & 
fL>0 & bL>0 
                       % if left>front & behind gap is enough it is ready for turn 
                       if FCL1(I3)>V.no(n).time(t).p(1) 
                       % when left gap>speed, then turn to left and same speed 
                          if FCL1(I3)<A3 
                             V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                             V.no(n).time(T1).p(2)=1; 
                          else 
                             V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                             V.no(n).time(T1).p(2)=1; 
                          end; 
                       else 
                        % when left<speed, then trun to left and dec=>left gap  
                          V.no(n).time(T1).p(1)=FCL1(I3); 
                          V.no(n).time(T1).p(2)=1; 
                       end; 
                        %lane left1 is enough to turn with the same V 
                    elseif FCL1(I3)==A37 & BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 
& fL>0 & bL>0 & FCL2(I32)>A37 
                          V.no(n).time(T1).p(1)=FCL1(I3); 
                          V.no(n).time(T1).p(2)=1; 
                    else 
                    %left gap<front, then do not trun, only dec=>front gap 
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                       V.no(n).time(T1).p(1)=A37; 
                       V.no(n).time(T1).p(2)=0; 
                       %no change, only dec. 
                    end;       
                   % for left 1 
                 elseif X.no(n).time(t).p(2)==nocell 
                    if FCR1(I2)>A37 & BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & 
fR>0 & bR>0 
                       % if right>front & behind gap is enough it is ready for turn 
                       if FCR1(I2)>V.no(n).time(t).p(1)  
                           % when right gap>speed, then turn to right and same speed 
                           if FCR1(I2)<A3 
                              V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                              V.no(n).time(T1).p(2)=-1; 
                           else 
                              V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                              V.no(n).time(T1).p(2)=-1; 
                           end; 
                       else 
                        % when right<speed, then trun to right and dec=>right gap  
                          V.no(n).time(T1).p(1)=FCR1(I2); 
                          V.no(n).time(T1).p(2)=-1; 
                       end; 
                    elseif FCR1(I2)==A37 & BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 
& fR>0 & bR>0 & FCR2(I22)>A37 
                          V.no(n).time(T1).p(1)=FCR1(I2); 
                          V.no(n).time(T1).p(2)=-1; 
                    else    
                    % right gap<front, then do not trun, only dec=>front gap 
                       V.no(n).time(T1).p(1)=A37; 
                       V.no(n).time(T1).p(2)=0; 
                       %no change, must dec 
                    end; 
                    % for right 1 
                 else  
                    if FCL1(I3)>FCR1(I2) & FCR1(I2)>A37 
                       if BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
                          % left>front & behind gap is enough it is ready for turn 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end; 
                          else 
                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end;     
                       elseif BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & bR>0 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
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                                V.no(n).time(T1).p(2)=-1; 
                             end;                                  
                          else 
                          % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCR1(I2)>FCL1(I3) & FCL1(I3)>A37  
                       if BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & bR>0 
                          % if left>front & behind gap is enough it is ready for turn 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                           % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=-1; 
                             end;                                  
                          else 
                            % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end;     
                       elseif BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                            % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end; 
                          else 
                            % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCL1(I3)>A37 & A37>=FCR1(I2) 
                       if BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
                          % if left>front & behind gap is enough it is ready for turn 
                          if FCL1(I3)>V.no(n).time(t).p(1) 
                            % when left gap>speed, then turn to left and same speed 
                             if FCL1(I3)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=1; 
                             end; 
                          else 
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                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCL1(I3); 
                             V.no(n).time(T1).p(2)=1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCR1(I2)>A37 & A37>=FCL1(I3) 
                       if BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & bR>0 
                         % if left>front & behind gap is enough it is ready for turn 
                          if FCR1(I2)>V.no(n).time(t).p(1) 
                             % when left gap>speed, then turn to left and same speed 
                             if FCR1(I2)<A3 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)+1;   
                                V.no(n).time(T1).p(2)=-1; 
                             else 
                                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1);   
                                V.no(n).time(T1).p(2)=-1; 
                             end;                                  
                          else 
                           % when left<speed, then trun to left and dec=>left gap  
                             V.no(n).time(T1).p(1)=FCR1(I2); 
                             V.no(n).time(T1).p(2)=-1; 
                          end; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCR1(I2)==A37 & A37>FCL1(I3) 
                       if BCR11>Car(1)+V.no(IB1).time(t).p(1) & FCR1(I2)<100 & fR>0 & bR>0 & 
FCR2(I22)>A37 
                         % if left>front & behind gap is enough it is ready for turn 
                          V.no(n).time(T1).p(1)=FCR1(I2); 
                          V.no(n).time(T1).p(2)=-1; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    elseif FCL1(I3)>=A37 & A37>=FCR1(I2) 
                       if BCL11>Car(1)+V.no(IB2).time(t).p(1) & FCL1(I3)<100 & fL>0 & bL>0 
&FCL2(I32)>A37 
                          % if left>front & behind gap is enough it is ready for turn 
                          V.no(n).time(T1).p(1)=FCL1(I3); 
                          V.no(n).time(T1).p(2)=1; 
                       else 
                          V.no(n).time(T1).p(1)=A37; 
                          V.no(n).time(T1).p(2)=0; 
                       end; 
                    else 
                       V.no(n).time(T1).p(1)=A37;   
                       V.no(n).time(T1).p(2)=0; 
                    end; 
                 end; 
                 %for position                  
              end; 
              % nveh is motor or car? 
           end; 
          %determine speed of the nth car in new period T1  
           if t>(time-350) & (n==veh1) 
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             if V.no(n).time(t).p(1)>2 
                V.no(n).time(T1).p(1)=V.no(n).time(t).p(1)-3; 
                V.no(n).time(T1).p(2)=V.no(n).time(t).p(2); 
             else 
                V.no(n).time(T1).p(1)=0; 
                V.no(n).time(T1).p(2)=V.no(n).time(t).p(2); 
             end; 
           end; 
          %new poision of the nth car 
          X.no(n).time(T1).p=V.no(n).time(T1).p+X.no(n).time(t).p; 
          V.no(n).time(T1).p(2)=0; 
        end; 
        % n>=nocell 
    end; 
    % for n=veh1 
end; 
%for j=time 
for t=1:3:350 
    OC=0; 
    V0=0; 
    nocu=0; 
    tn=nocell+1; 
    for n=1:veh1 
        p(n)=X.no(n).time(t).p(1); 
    end; 
    for n=1:veh1    
        if v1(n)==0 
           if X.no(n).time(t).p(1)-6>=min(p)+back 
              ocu=6*2; 
           elseif  min(p)+back>X.no(n).time(t).p(1)-6 & X.no(n).time(t).p(1)-min(p)-back>0 
              ocu=(X.no(n).time(t).p(1)-min(p)-back)*2; 
           else 
              ocu=0; 
           end; 
        else 
           if X.no(n).time(t).p(1)-2>=min(p)+back 
              ocu=2*1; 
           elseif  min(p)+back>X.no(n).time(t).p(1)-2 & X.no(n).time(t).p(1)-min(p)-back>0 
              ocu=(X.no(n).time(t).p(1)-min(p)-back); 
           else 
              ocu=0; 
           end; 
        end; 
        if ocu>0 
           nocu=nocu+1; 
           V1=V.no(n).time(t).p(1); 
        else 
           nocu=nocu; 
           V1=0; 
        end; 
        V0=V0+V1; 
        OC=OC+ocu; 
    end; 
    distance(t)=max(p)-min(p)-back; 
    density(t)=(nocu-nocell)/distance(t); 
    occupy(t)=(OC)/distance(t)/nocell; 
    speed(t)=V0/nocu; 
    fprintf(fid,'speed(%3.0f)=[%7.4f]\n',t,speed(t)); 
    fprintf(fid,'density(%3.0f)=[%7.4f]\n',t,density(t)); 
    fprintf(fid,'occupy(%3.0f)=[%7.4f]\n',t,occupy(t)); 
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end; 
for t=350:30:time 
    OC=0; 
    V0=0; 
    nocu=0; 
    tn=nocell+1; 
    for n=1:veh1 
        p(n)=X.no(n).time(t).p(1); 
    end; 
    for n=1:veh1    
        if v1(n)==0 
           if X.no(n).time(t).p(1)-6>=min(p)+back 
              ocu=6*2; 
           elseif  min(p)+back>X.no(n).time(t).p(1)-6 & X.no(n).time(t).p(1)-min(p)-back>0 
              ocu=(X.no(n).time(t).p(1)-min(p)-back)*2; 
           else 
              ocu=0; 
           end; 
        else 
           if X.no(n).time(t).p(1)-2>=min(p)+back 
              ocu=2*1; 
           elseif  min(p)+back>X.no(n).time(t).p(1)-2 & X.no(n).time(t).p(1)-min(p)-back>0 
              ocu=(X.no(n).time(t).p(1)-min(p)-back); 
           else 
              ocu=0; 
           end; 
        end; 
        if ocu>0 
           nocu=nocu+1; 
           V1=V.no(n).time(t).p(1); 
        else 
           nocu=nocu; 
           V1=0; 
        end; 
        V0=V0+V1; 
        OC=OC+ocu; 
    end; 
    distance(t)=max(p)-min(p)-back; 
    density(t)=(nocu-nocell)/distance(t); 
    occupy(t)=(OC)/distance(t)/nocell; 
    speed(t)=V0/nocu; 
    fprintf(fid,'speed(%3.0f)=[%7.4f]\n',t,speed(t)); 
    fprintf(fid,'density(%3.0f)=[%7.4f]\n',t,density(t)); 
    fprintf(fid,'occupy(%3.0f)=[%7.4f]\n',t,occupy(t)); 
end; 
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