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procedure  SEARCH(N.);begin 
 FCS  $5 NCS  T  $, CHECK  40,  it 1; 

  FCS  F  ft5=(x05Y0)1; 
 MSA(x0,370)  f 1,  MSB(x0,y0)  + 1; 

  while  CHECK=0 do begin 
    if  FCS#(1)  then begin 

      pick up any mesh (x,y) out of FCS; 
      for (x,y)D, where  MSD(x5y)=i,  do begin 

        for adjacent cells (x,y)kof  (x,y)D, where  MSD(x,y)t =0 A2 begin 
          if TD(x,y)k=t or S(x,yt=b and  Tb(x,y)k=t and  TH(x,y)k=0 then begin 

           if TD(x,y)k=t  then (xtet)Dt(x5Y)13; 
           else (xt,yt)Dt(x'Y)B; 

           MSDt(xt,37t)'3(1+1), 
           T  t  (xt537t)Dt; 

 if  TH(xt,yt)=0  then MSDt(xt,Yt) I3(i4-1);             if any meshes of NT  or all cells of  Ni are not reached then begin 
             if  (xt537t)  i  lthen begin  

               for (x,y)D  E  Ni  do  begin  
               MSD(x5Y) f  I3(i+1); 

                if  S(x,y)b=b and  TH(x,y)=0  then  MSB(x5y) I3(i+1); 
                 end; 

            NCS {Ni}; 
               end; 

             else NCS  f(xt,Y01; 
            end; 

             else CHECK  4- 1; 
          end; 

         else if  S(x5y)ti=b then begin 
           MSD(x,y)k  t  I3(1+1); 

           if  F(x,y)k#1 then begin 
          NCS f(xy)TT 

             if S(x,y+b  then begin 
              if  TH(x;y)k=0  then begin 

 MS15(x5y)k  13(1+1); 
 F(x,y)k  4- 1; 

                end; 
              end; 

              else  F(x,y)k  4- 1; 
            end; 

          end; 
        end; 

      end; 
    end; 

    else begin 
      if NCS= then CHECK  4- 1; 

     else FCS  f NCS, NCS  F  4),  i  +  I3(i+1); 
    end; 

  end; 
end; 
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 procedure.  RDETERMINITION(Ni,T);begin 
 while  T#4 do  begin 

   CHECK  t 0; 
   pick up any cell  (xt,yt)Dt out of T; 

 (xc,YdEle  t  (xt,Ydat; 
 P  4),  k+ 1; 

   while  CHECK=0  do begin 
      P  F (xc'Yc)D, 

A: search fouradjacent cells  (xc,ye)tc in the order of k=k, 14(k+2), 
 I4(k+1),  14(k+3); 

 if, for some k,  MSD  (xe,ye)k=I3(MSD
c(xe,ye)-1) then begin        if  S(xc,yc)15.  =b tfien  begin 

         if  S(xc,YJD =b then  S(xe,Yc)pc w; 
         Oce,Ydpc c(xe,YAc 

       end; 
       else begin 

         if  S(xc,ye)Deb then  S(xe,yc)De w; 
         output P; 

         CHECK  + 1; 
       end; 

      end; 
      else begin  

 S(xc,ye)De +  ®,  s(xe,yd5  . 0; 
 for  (xc,ydk  do  TH(xc,yc)k 1; 

 (xe,Ydpc  F  (xe,Ydb c; 
      end; 

    end; 

  end; 

end; 
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procedure  FORWARD(Ni);begin 
  choose a tree Hielpi; 

  for  vkElit, do M(vk)  + 1; 
 for  vhEV(6)-V(Hto)  gla  M(vh)  4- 0; 

 Lt  d,  t  +  0,  m  + 1; 
 while  R.  #  1141 -  1  do begin 

 if there exists a vertex vk, where vk is not checked and  M(vk)=m, then begin 
 E: choose such a vertex vk and check this; 

F: seek a set U of all the admissible vertices  vu of  M(vu)=0 for  vk associated 
      with  *i; 

A: for  vuEU do M(vu)  +  13(m41); 
      if there exists vuEU which is contained in any HijOi-{1110} then begin 

B: for Hijelpi-fHiol, where  V(Hii)nU(1), do begin 
          choose a vertex v.Jfrom V(Piiii)nU arbitrarily; 

                        L  f  {vi}; 
 +  +  1; 

C: for vhEH*. do  M(vh) 4 13(m+1);                 ij 
        end; 

      end; 
    end; 

    else begin 
D:  if there exists a vertex vk, where vk is not checked and M(vk)=13(m+1), 

      then m  +  13(m+l); 
     else  2,  + - 1; 

    end; 
  end; 

end;



procedure  BACKWARD(Ni,L);begin 
  while L  0  0  do  begin  

 CHECK 0; 
A: take a vertex  v

a out of L in the fashion of first-in and first-out; 
    va f  va; 

    L  t L  -  {va}; 
    while CHECK=0  do begin 

B:  if there exists any vertex vb of type I for  va then begin C:  j there exists any vertex vb of type II for  va  then begin 
D: if there exists any vertex vb of type III for  va then begin E: for vertex  vk(0vb) and edge  e

ft on backward path from  va to vb do begin             N(vk)  t i ; 
 N(ei)  F i; 

            end; 
F: if  N(vb)0i  then  vL, vb; 
G: else CHECK  +  1; 

          end; 

        end; 

      end; 
    end; 

  end; 

end;

























begin comment:routine for depth-first search of a graph  G represented 
  by adjacency lists AL

T;    integer 
n; 
   procedure  DFS(v,u);comment:vertex u is the father of vertex v in the 

     spanning tree being constructed; 
  begin 

    n  :=  Number(v)  :=  n+1; 
 LOWPT1(v) :=  LOWPT2(v)  :=  NUMBER(v); 

    for w in the adjacency list of v  do begin 
      if  NUMBER(w) = 0 then begin 

 comment:w is a new vertex; 
        mark (v,w) as a tree edge; 

       DFS(v,w); 
 if LOWPT1(w) < LOWPT1(v) then  begin 

         LOWPT2(v) :=  min{LOWPT1(v),LOWPT2(w)}; 
 LOWPT1(v)  :=  LOWPT1(w); 
        end; 

       else if  LOWPT1(w) =  LOWPT1(v) then 
 LOWPT2(v)  =  minfLOWPT2(v),LOWPT2(w)}; 

       else LOWPT2(v)  :=  minfLOWPT2(v),LOWPT1(w)}; 
      end; 

      else if NUMBER(w) < NUMBER(v) and w  # u  then begin  
        comment:this test is necessary to avoid exploring an edge in 

        both directions; 
        mark (v,w) as a frond; 

       if  NUMBER(w) < LOWPT1(v)  then begin  
 LOWPT2(v) :=  LOWPT1(v); 

 L0WPT1(v) :=  NUMBER(w); 
        end; 

       else if NUMBER(w) > LOWPT(v) then 
 LOWPT2(v) :=  min{LOWPT2(v),NUMBER(w)}; 

      end; 
    end; 

 lad; 
  for i := 1 until V do NUMBER(i)  := 0; 

  n  := 0; 
  comment:the search starts at vertex  s; 

 DFS(s,0); 
end;



begin 
 procedure  PATHFINDER(v);begin 

    for w in the adjacency list  A14, do 
      if (v,w) is a tree edge  then begin 

       if  FLAG=0 then begin  
         FLAG  := 1; 

          start new path; 
        end; 

        add (v,w) to current path; 
       PATHFINDER(w); 

      end; 
      else  begin 

 comment:(v,w) is a frond; 
       if  FLAG=O then begin 

 FLAG  := 1; 
          start new path; 

        end; 
        add (v,w) to current path; 

        output current path; 
       FLAG  := 0; 

      end; 
  end; 

  FLAG :=  0; 
 PATHFINDER(s);comment:this procedure starts at vertex  s; 

end;





procedure ENBED'(G);begin comment: an outline of embedding a graph in a plane; 
  find first cycle; 

  while some segment S is unexplored  do  begin
.     if the FP 

of S cannot be embedded on the right side or left side of S'
,       where  S' contains S and is the last embedded one

, then begin 
       comment: G proves to be  nonplanar; 

      comment: there may possibly exist a case when only FP of S can be embedded 
        outside of S', and in this case the FP of S is in parallel with the FP 

        of S', and they have the same end vertices in common; 
      if the FP of S can be embedded outside of S'  then embed this  FP; 

   end; 
    go to  "nonplanar"; 

    else begin 
      embed this FP; 

      apply this algorithm recursively  to,embed the remaining segments which 
        are contained in this segment; 

    end; 
  end; 

end;







procedure  FLGENERATION(v);comment:this procedure generates FL of 
  graph G, where FL is the required frond lists, and variable v 
  is a current vertex of this recursive procedure; 

begin 
  for w in the adjacency list  AL;7 do 

    if (v,w) is a tree edge then begin 
     FLGENERATION(w); 

 merge  FLv and  FLw, where all the triples (w,x,f) in  FLw are 
      transformed into (v,w,f), in the order of  f  I  ; 

     for all the value of  IfI do begin 
 if,  for  a  triple (v,w,f), there exists  (v,w,f'), where 

 f>  I  f  I  ,  then concatenate  FLw after  FLv with respect 
       to fl; 

        else concatenate  FLw before  FLv with respect to  IfI; 
      end; 

    end; 
    comment:(v,w) is a frond and  f=(v,w); 

   else add (v,w,f) to  FLv with respsct to  Ifl; 
  end; 

end; 
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procedure  PLANARIZATION(G);begin 
  a: DFS(s); 

 b: FLGENERATION(s); 
  find first cycle  C=[v1=s,v2,••,vn,s]; 

 D  v  vn; 
  while v s do begin  

    if there exists a segment  Sy of v  then begin 
      if FP of  Sy which is represented by a first triple of  FLy and of the        f orm PV 1"                 '1711=v'v129.-071m,w1,cancbe embedded then begin 

        embed this  Py; 
 v  ÷  vim; 

      end; 
      else begin 

        delete the frond e=(vim,w) from G; 
       D  E  D  u  {e}; 

        c: for  vii on  Pv do delete the triple  (vii,vii+i,w) from  FLv; 
      end; 

    end; 
   else begin 

      d: delete the triples of the form  (u,v,•) from FLU, where u is a father of v; 
 v u; 

    end; 
  end; 

 end; 
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