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ANOTĀCIJA

        Kursa darbā ir realizēts divkātršsaistīts pašorganizēts saraksts ar beigu rādītāju. Programma ir izveidota programmēšanas valodā Borland Pascal 7.0 un paredzēta darbam Microsoft Dos vidē. 

        Šajā atskaitē ir sniegts programmas apraksts, instrukcijas lietotājam, programmas pirmteksts, svarīgāko datu struktūru apraksts un kontrolpiemēra analīze.

        Programma ir paredzēta darbam ar divkāršsaistītu pašorganizētu sarakstu – atļauj izveidot to, ievadīt, papildināt, dzēst un iznīcināt, kā arī meklēt sarakstā elementu ar uzdoto kārtas nummuru vai atslēgu, labot un dzēst elementu.

        Studiju darba un tā analīzes apjoms – 33 lapas.

UZDEVUMA NOSTĀDNE

        Divkāršsaistīts pašorganizēts saraksts ir saraksts, kura locekļiem atmiņa tiek izdalīta tieši tik, cik ir nepieciešams esošajam elementu skaitam. Saraksta elementu skaits ir atkarīgs no lietotāja pieprasījuma un brīvās atmiņas apjoma. Saraksta pašorganizācija izpaužas realizējot darbība: FindKey, FindIth, FindNext, FindPrior, FindFirst, FindLast. Pašorganizācijas 2. Metodes būtība ir tāda, ka elements, ar kuru strādā, lēnām pārvietojas uz saraksta sākumu. Tas tiek panākts, apmainot šo elementu ar tā priekšteci, pie tam vietām mainās tikai elementu saturs - saites paliek nemainīgas.

        Saraksta datu struktūras modelis:

[image: image1.png]



Head - rādītājs, kas norāda uz saraksta 1. Elementu;

Tail - rādītājs, kas norāda uz saraksta pēdējo elementu;

Current - norāde uz saraksta tekošo elementu;

Icurrent - tekošā elementa kārtas nummurs;

N - elementu skaits sarakstā;

Prior - iepriekšējā elementa adrese;

Next - nākamā elementa adrese;

El - elementa saturs.

UZDEVUMA FORMĀLAIS APRAKSTS

        Programmas paketē ietilpst divi faili: List.exe - nokompilētais fails, kurš var tikt aktivizēts gan DOS, gan Windows95 vidē un List.pas - paskāla fails, kurš satur programmas pirmtekstu un var tikt koriģēts un kompilēts, lai mainītu programmas darbību. Vēl programmas sekmīgai darbībai nepieciešams fails egavga.bgi, kurš satur nepieciešamos datus programmas grafiskās daļas realizācijai.

Programmā izmantotās procedūras un funkcijas
1. Procedūras un funkcijas, kas paredzētas darbam ar sarakstu

       procedure Create - izveido jaunu tukšu sarakstu;

         procedure Terminate - likvidē sarakstu;

         procedure FindNext - sarakstā sameklē tekošā posma pēcteci, kas kļūst par tekošo;

         procedure FindPrior - sarakstā sameklē tekošā posma priekšteci, kas kļūst par tekošo;

         procedure FindIth - sarakstā sameklē i-to elementu, kas kļūst par tekošo;

         procedure FindKey - sarakstā sameklē elementu ar uzdoto Key vērtību;

         procedure FindFirst - sarakstā sameklē pirmo elementu, kas kļūst par tekošo;

         procedure FindLast - sarakstā sameklē pēdējo elementu,kas kļūst par tekošo;

         procedure Insert - saraksta beigās pievieno jaunu elementu, kas kļūst par tekošo;

         procedure Delete - sarakstā dzēš tekošo elementu;

         procedure Clear - sarakstā dzēš visus elementus;

         procedure Update - sarakstā labo tekošo elementu;

         procedure Refresh - pašorganizācijas procedūra, kas apmaina vietām tekošo elementu ar tā priekšteci;

         function Full - pārbauda vai saraksts nav pilns;

         function Empty - pārbauda vai saraksts nav tukšs;

         function Size - nosaka elementu skaitu sarakstā;

         function CurPos - nosaka tekošā elementa kārtas nummuru;

         function First - nosaka, vai tekošais elements nav pirmais;

         function Last - nosaka, vai tekošais elements nav pēdējais;

2. procedūras un funkcijas, kas nodrošina programmas grafiskās daļas realizāciju

        procedure Face - programmas sākuma lapas izvade;

        procedure Cls - notīra datora displeju;

        procedure HideCur - padara kursoru neredzamu;

        procedure RecCur - atgriež kursoru;

        procedure Beep - skaņas signāls, kas paziņo par kļūdu;

        procedure Ok - skaņas signāls, kas informē par darbības sekmīgu veikšanu;

        procedure FormWindow - logu attēlošana uz dator displeja;

        procedure Add - nodrošina procedūras Insert grafisko izpildījumu;

        procedure ListOut - izdrukā sarakstu uz datora ekrāna;

        procedure FormOut - attēlo visu grafisko dialogu;

        procedure Period - programmas darba cikls;

        function Choice - Lietotāja izvēles noteikšana.

SVARĪGĀKĀS DATU STRUKTŪRAS

        Programma ir veidota programmēšanas valodā PASCAL, kura ir samērā vienkārša un labi saprotama pat tiem, kas ar to ir maz saskārušis. Šeit tiks aprakstīti svarīgākie valodas PASCAL operatori.

       uses - ar šo operatoru programmai tiek pievienoti moduļi, kas nepieciešami tās darbībai;

      if … then … - nosacījuma operators;

      for … to …do … - cikliskais nosacījuma operators;

      repeat … until … - strukturizētais cikla operators;

      while … do … - strukturizēts cikla operators ar iepriekšēju nosacījumu;

      window(x,y,x1,y1) - zīmē logu ar sākuma koordinātām x,y;

      write, writeln - teksta izvade uz datora displeja.

Mainīgo tipi, kas izmantoti programmā:

      boolean - loģiskais tips, vērtības true vai false;

      string - virknes tips;

      integer - veselo skaitļu tips;

      char - simboliskais tips.

INSTRUKCIJAS LIETOTĀJAM

        Lai uzsāktu darbu ar programmu nepieciešams atvērt direktoriju LIST un aktivizēt failu List.exe. Pēc programmas pirmās lapas aizvēršanas tiks izdrukāta galvenā izvēlne, kurā ir ietvertas visas iespējamās darbības. Pa izvēlni var pārvietot kursoru ar bultiņu uz augšu - ( un bultiņu uz leju - ( . Lai aktivizētu nepieciešmo darbību, jānospiež taustiņš Enter -( . programmas sākumā, lai būtu iespējamas darbības ar sarakstu, nepieciešams to radīt - Create List. Tālākā darbība ar programmu ir vienkārša un grūtības nesagādās.

       Ievadāmo datu tipi ir string, tādēļ ievades kļūdas ir maz iespājamas.

PROGRAMMAS PIRMTEKSTS

  {**************************************************************}

  {***                                                        ***}

  {*    ​​​  DIVKARSSAISTITS  PASORGANIZETS SARAKSTS  ​​​       *}

  {*                                                            *}

  {***                                                        ***}

  {**************************************************************}

     Program StudyWork;

   Uses      Crt,Graph;

  Const   MaxSize=20;

  Type    Count=0..MaxSize;

          Keytype=string[3];

          Datatype=string[22];

          StdElement= record

                 data: DataType;

                 key:KeyType;

                 end;

          NodePointer=^Node;

          Node = record

                 el:StdElement;

                 next:NodePointer;

                 prior:NodePointer;

                 end;

          List=^ListInstance;

          ListInstance = record

                    head :NodePointer;

                    tail :NodePointer;

                    current:NodePointer;

                    icurrent:Count;

                    n : Count;

                    end;

   const

        msize=15;

        MenuArray: Array [1..msize] of string =

        (' 1. Create list',

         ' 2. Input list',

         ' 3. Clear list',

         ' 4. Terminate list',

         ' 5. Insert element',

         ' 6. Update element',

         ' 7. Delete element',

         ' 8. Find next',

         ' 9. Find prior',

         '10. Find first',

         '11. Find last',

         '12. Find i-th',

         '13. Find key',

         '14. Restart program',

         '15. Quit program');

   var Created:boolean;

       ml:List;

       MenuPos: integer;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

 Procedure Face;

      var

        Driver,mode:integer;

        h,Color:word;

        X,Y:word;

  Begin

        Driver:=Detect;

                 Initgraph(driver,mode,'');

        If GraphResult<>0 then halt(1);

        Randomize;

  Repeat

     for h:=1 to 50 do

     for color:=1 to GetMaxcolor do

       begin

          X:=random(GetmaxX);

          Y:=random(GetMaxY);

          PutPixel(x,y,color)

       end;

       SetTextStyle(0,0,3);

       SetColor(12);

       OuttextXY(150,100,'Studiju darbs');

       SetColor(4);

       OuttextXY(165,135,' prieksmeta');

       SetFillStyle(1,4);

       Bar(315,135,317,137);

       Bar(320,135,322,137);

       Bar(317,137,320,139);

       Bar(410,135,420,137);

       SetColor(15);

       SetTextStyle(0,0,4);

       OuttextXY(15,180,'" DATU STRUKTURAS "');

       SetFillStyle(1,15);

       Bar(435,172,455,175);

       SetColor(10);

       OuttextXY(70,230,'divkarssaistits');

       OuttextXY(70,270,' pasorganizets');

       OuttextXY(80,310,'   saraksts');

       SetFillStyle(1,10);

       Bar(203,230,220,233);

       Bar(270,230,273,233);

       Bar(277,230,280,233);

       Bar(273,233,277,236);

       Bar(460,230,475,233);

       Bar(426,270,445,273);

       Bar(175,270,178,273);

       Bar(182,270,185,273);

       Bar(178,273,182,276)

   Until Keypressed;

       Readkey;

       CloseGraph

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Cls;

  var i,j:byte;

    S:array[1..25,1..80,1..2] of byte absolute $b800:0;

  Begin

     for i:=1 to 25 do for j:=1 to 80 do

    begin

     s[i,j,1]:=byte('°');

     s[i,j,2]:=1+16*7;

    end;

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure HideCur;

  assembler;

  asm

    mov ah,01h

    mov ch,20h

    int 10h

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure RecCur;

  assembler;

  asm

    mov ah,01h

    mov ch,03h

    int 10h

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Beep;

  var b,f:integer;

  Begin

   sound (500);

   delay(200);

   for f:=15 to 4000 do

   for b:=1 to 6 do

    begin

       sound(f*10)

    end;

   nosound

  End;

  {|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Ok;

  var c,f:integer;

  Begin

   sound (150);

   delay(200);

   nosound

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FormWindow(Title:string;x,y,width,hight:integer;

                                             Tcolor,TBGcolor,BGcolor:byte);

     var

        i:integer;

        ch1,ch2:char;

         Begin

        window(x,y,x+width,y+hight);

        Textbackground(BGcolor);

        ClrScr;

        window(1,1,80,25);

        Textbackground(TBGcolor);

        TextColor(Tcolor);

          for i:=0 to width do

            begin

              if i=0  then

                begin

                    ch1:='É';

                    ch2:='Č'

                end

             else

                if i=width then

                  begin

                     ch1:='»';

                     ch2:='¼'

                   end

             else

                  begin

                      ch1:='Ķ';

                      ch2:='Ķ'

                  end;

             GotoXY(x+i,y);

             write(ch1);

             GotoXY(x+i,y+hight);

             write(ch2)

     end;

          for i:=1 to hight-1 do

            begin

             ch1:='ŗ';

             GotoXY(x,y+i);

             write(ch1);

             GotoXY(x+width,y+i);

             write(ch1)

            end;

      GotoXY(x+width DIV 2-length(Title) DIV 2,y);

      Write(Title);

      Window(x+1,y+1,x+width-1,y+hight-1)

    End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Create (var L:List; var created:boolean);

  Begin

     if not Created then begin

          new(l);

          with L^ do begin

                  head:=nil;

                  current:=nil;

                  tail:=nil;

                  icurrent:=0;

                  n:=0

                  end;

          created:=true;

          end

       End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function Empty (l:list):Boolean;

  Begin

     Empty:=L^.n=0

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function CurPos(L:List):Count;

  Begin

     CurPos:=L^.icurrent

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function Last (L:List):Boolean;

  Begin

     Last:=CurPos(l)=L^.n

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function First (L:List):Boolean;

  Begin

     First:=CurPos(l)=1

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function Size (L:List):Count;

  Begin

     Size:=L^.n

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function Full (L:List):Boolean;

  Begin

     Full:=L^.n=MaxSize

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Update (var L:List;e:StdElement);

  Begin

     if not Empty(l) then

                     L^.current^.el:=e;

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FindPrior (var L:List);

  Begin

    if (not Empty(l)) and (Created) then

        begin

     if not First(l) then

        with L^ do

            begin

             current:=current^.prior;

             dec(icurrent)

             end

        else Beep

     end

     else

     Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FindNext (var L:List);

  Begin

    if (Created) and (not Empty(l)) then

        begin

     if  not Last(l) then

        with l^ do

           begin

             current:=current^.next;

             inc(icurrent)

             end

        else Beep

     end

     else

     Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FindLast(var l:List);

  Begin

    if Created then

     if (not Empty(l)) then

       begin

       l^.current:=l^.tail;

       l^.icurrent:=l^.n

       end

        else

        Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FindFirst(var L:List);

  Begin

    if Created then

     if (not Empty(l)) then

        begin

           l^.current:=l^.head;

           l^.icurrent:=1

        end

     else

       Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

  Procedure FindIth(var L:list;i:Count);

       var k:Count;

    Begin

      if Created then

         begin

      if (not Empty(l)) and(i<=l^.n) then

        with l^ do

             begin

                if i=1 then FindFirst(l) else

                if i=n then FindLast(l) else

                if i<=(n div 2) then

                         begin

                              FindFirst(l);

                              for k:=1 to i-1 do

                              FindNext(l);

                         end

                         else

                         begin

                              FindLast(l);

                              for k:=n downto i+1 do

                              FindPrior(l);

                         end;

                icurrent:=i

            end

           end

        else

           Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Terminate (var L:List; var created:boolean);

  var p,q:NodePointer;

      k:Count;

      x,y:integer;

  Begin

     if not Empty(l) then

                     with L^ do begin

                             p:=head;

                             for k:=1 to n do begin

                                           new(q);

                                           q:=p;

                                           P:=P^.next;

                                           dispose(q)

                                           end;

                             dispose(l)

                             end;

     created:=false

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

  Procedure Insert(var L:List; e:StdElement);

     var P:nodepointer;

    Begin

     if Created then begin

     if not Full(l) then

        begin

        with l^ do begin

                new(p);

                p^.el:=e;

                if Empty(l) then begin

                            head:=p;

                            p^.prior:=nil;

                            p^.next:=nil

                           end

                       else begin

                            FindLast(l);

                            p^.next:=nil;

                            p^.prior:=current;

                            current^.next:=p

                            end;

                tail:=p;

                current:=p;

                inc(icurrent);

                inc(n)

                end

       end

       else Beep

     end

     else Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Clear (var L:List);

      var p:NodePointer;

          k:Count;

  Begin

    if Created and not Empty(l) then

        with L^ do begin

       current:=head;

       icurrent:=1;

      for k:=1 to n do   begin

      p:=current;

      if n=1 then begin

                        head:=nil;

                        current:=nil;

                        icurrent:=0;

                        tail:=nil

                  end

                else begin

                        current^.next^.prior:=nil;

                        current:=current^.next;

                        head:=current

                     end;

         dispose(p);

      dec(n);

      dec(icurrent)

      end

    end

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Delete (var L:List);

      var    p : NodePointer;

  Begin

     if Created and not Empty(l) then begin

          with L^ do

                begin

                     p:=current;

                     if CurPos(l)=1 then begin

                         if n=1 then begin

                            head:=nil;

                            current:=nil;

                            icurrent:=0;

                             tail:=nil

                                      end

                          else begin

                               current^.next^.prior:=nil;

                               current:=current^.next;

                               head:=current

                               end

                                         end

                           else

                         if Last(l) then begin

                                current^.prior^.next:=nil;

                                current:=current^.prior;

                                dec(icurrent);

                                tail:=current;

                                            end

                             else begin

                             current^.prior^.next:=current^.next;

                             current^.next^.prior:=current^.prior;

                             current:=current^.next;

                                   end;

                 dispose(p);

                 dec(n)

              end

          end

     else Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Refresh(var l:list);

      var pel:StdElement;

  Begin

     if (not First(l)) and (not Empty(l)) then

       with l^ do begin

          pel:=current^.el;

          current^.el:=current^.prior^.el;

          current^.prior^.el:=pel;

          current:=current^.prior;

          dec(icurrent)

      end

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FindKey(var l:List;tkey:KeyType; var found:boolean);

      var pc:NodePointer;

          e:StdElement;

          k:Count;

  Begin

     if Created then begin

         found:=false;

     if not Empty(l) then

        with l^ do begin

             k:=1;

             pc:=head;

             while (pc^.next<>nil)and(pc^.el.key<>tkey) do begin

                                                      pc:=pc^.next;

                                                      k:=k+1

                                                      end;

             if pc^.el.key=tkey then begin

                              FindIth(l,k);

                              found:=true

                              end

             end

          end

        else Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Add(par:char);

     var elem:StdElement;

         ch:char;

  Begin

     if Created then begin

     gotoxy(2,2);write('KEY');

     gotoxy(10,2);write('DATA');

     TextBackGround(black);

     gotoxy(2,1);write('   ');

     gotoxy(7,1);write('                      ');

     RecCur;

     gotoxy(2,1);

     ReadLn(elem.key);

     gotoxy(7,1);

     ReadLn(elem.data);

     HideCur;

     TextBackGround(lightgray);

     if par='I' then insert(ml,elem)

     else update(ml,elem)

     end

     else Beep

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Function Choice:integer;

       var RedK: Char;

           Entered: boolean;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

    Procedure HLine(Text:string;x,y,TextC,BGround:byte);

         var HText: string;

             i: integer;

          Begin

            TextColor(TextC);

            TextBackground(BGround);

            HText:='                        ';

            for i:=1 to Length(Text) do HText[i+1]:=Text[i];

            GotoXY(x,y);

            Write(HText);

            HideCur;

          End;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

    Procedure MUp;

        var PrevPos: integer;

         Begin

          PrevPos:= MenuPos;

          MenuPos:= MenuPos-1;

          if MenuPos<1 then

          MenuPos:=msize;

          HLine(MenuArray[MenuPos],2,1+MenuPos,yellow,red);

          HLine(MenuArray[PrevPos],2,1+PrevPos,yellow,blue);

          GotoXY(3,1+MenuPos)

         End;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

    Procedure MDown;

        var PrevPos: integer;

          Begin

           PrevPos:=MenuPos;

           MenuPos:=MenuPos+1;

           if MenuPos>msize then MenuPos:=1;

           HLine(MenuArray[MenuPos],2,1+MenuPos,yellow,red);

           HLine(MenuArray[PrevPos],2,1+PrevPos,yellow,blue);

           GotoXY(2,1+MenuPos)

          End;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

  Begin

    Entered:= False;

    MUp;

    MDown;

     Repeat

       RedK:= Readkey;

       Case RedK of

               Chr(13):

                   begin

                      Choice:= MenuPos;

                      Entered:= True

                   end;

               Chr(0):

                   begin

                       RedK:= Readkey;

                       Case RedK of

                         Chr(72):

                           MUp;

                         Chr(80):

                           MDown;

                  end

              end

          end

         until Entered

   End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

  Procedure ListOut(L:list);

     var q,i:Count;

  Begin

    if not Empty(l) then

    begin

        FormWindow('< CONTENT >',36,2,14,9,yellow,5,5);

        TextColor(white);

        GotoXY(1,2); Write('List contains');

        GotoXY(2,4);

        if l^.n=1 then Write('  element ')

            else

        Write('  elements ');

        GotoXY(1,6); Write('Current Pos:');

        TextBackGround(black);

        GotoXY(7,7); Write(CurPos(l));

        GotoXY(7,3); Write(l^.n);

        q:=l^.icurrent;

        FormWindow('< LIST >',2,2,32,22,yellow,cyan,cyan);

               for i:=1 to l^.n do begin

                        TextBackGround(cyan);

                        TextColor(Black);

                        FindIth(l,i);

                        if i=q then TextBackGround(red);

                        GotoXY(4,i+1);write(l^.current^.el.key);

                        GotoXY(9,i+1);write(l^.current^.el.data);

                        l^.icurrent:=q;

                        FindIth(l,q)

                        end

                end

   End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure FormOut;

      var mc:byte;

  Begin

    Cls;

    If Created then Listout(ml);

    FormWindow('< ABOUT >',36,13,14,11,white,brown,brown);

    TextColor(yellow);

    GotoXY(1,1);  Write('  <C> 1998');

    GotoXY(1,2);  Write('Studiju Darbs');

    TextColor(white);

    GotoXY(1,3);  Write('    DATU ');

    GotoXY(1,4);  Write(' STRUKTURAS ');

    TextColor(yellow);

    GotoXY(1,5);  Write('    Ugis  ');

    GotoXY(1,6);  Write('   Aunins   ');

    GotoXY(1,7);  Write('    R T U ');

    GotoXY(1,8);  Write('   A S T F ');

    GotoXY(1,9);  Write(' 2.kurss, L2 ');

    FormWindow('< MENU >',52,2,27,18,yellow,blue,blue);

    for mc:=1 to msize do

    begin

      GotoXY(3,1+mc);

      Write(MenuArray[mc])

    end

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

    Procedure Period;

      var EndProgram : Boolean;

          counter,number:Count;

          ykey:KeyType;

          is:boolean;

  Begin

    EndProgram:= False;

   Repeat

    FormOut;

    Case Choice of

 1: if Created then

      begin

      FormOut;

      FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

      Writeln('   List already Exists!');

      Beep;

      Readkey

      end

      else begin

      FormOut;

      Create(ml,created);

      Created:=true;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('   Now List is Created.');

       Ok;

       Readkey

      end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 2: if Created then

         begin

       FormOut;

       FormWindow('< INPUT >',10,10,30,5,5,lightgray,lightgray);

       TextColor(red);

       GotoXY(5,2);Write('How many elements?  ');

       TextBackGround(Black);

       Write('  ');

       GotoXY(WhereX-2,WhereY);

       RecCur;

       ReadLn(number);

       HideCur;

       TextColor(yellow);

       for counter:=1 to number do

       begin

       FormWindow('< INPUT >',10,10,30,5,5,lightgray,lightgray);

       Add('I');

       FormOut

       end

       end else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 3: if (Created) and not Empty(ml) then

       begin

       Clear(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('    Now List is Empty.');

       Ok;

       Readkey

       end

       else

       if not Created then begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end

       else    begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('  List already is Emty!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 4: if Created then begin

       Terminate(ml,Created);

       Created:=false;

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now List is Terminated.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 5: if Created then

       begin

       FormOut;

       FormWindow('< INSERT >',10,10,30,5,5,lightgray,lightgray);

       Add('I')

       end else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 6: if Created then

       if not Empty(ml) then

       begin

       FormOut;

       FormWindow('< UPDATE >',10,10,30,5,5,lightgray,lightgray);

       Add('U');

       Refresh(ml);

       end else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 7: if Created then

       if not Empty(ml) then

       begin

       Delete(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now Element ir Deleted.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 8:  if Created then

       if not Empty(ml) then

       if ml^.n<>1 then

       if not Last(ml)  then

       begin

       FindNext(ml);

       Refresh(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now Next is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('     Current is Last!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 9: if Created then

       if not Empty(ml) then

       if ml^.n<>1 then

       if not First(ml) then

       begin

       FindPrior(ml);

       Refresh(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now Prior is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('    Current is First!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,4,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 10: if Created then

       if not Empty(ml) then

       if ml^.n<>1 then

       if not First(ml) then

       begin

       FindFirst(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now First is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('    First is current!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 11: if Created then

       if not Empty(ml) then

       if ml^.n<>1 then

       if not Last(ml) then

       begin

       FindLast(ml);

       Refresh(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now Last is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   Last is current!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 12:  if Created then

       if not Empty(ml) then

       if ml^.n>1 then

       begin

       FormOut;

       FormWindow('< FIND I-TH >',10,10,30,5,5,lightgray,lightgray);

       TextColor(red);

       GotoXY(5,2);Write('Which element find?  ');

       GotoXY(5,3);Write('      1...',ml^.n);

       TextBackGround(Black);

       GotoXY(27,2);Write('  ');

       GotoXY(27,2);

       RecCur;

       ReadLn(number);

       HideCur;

       TextColor(yellow);

       if number=ml^.icurrent then

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' ',number,'. already is current!');

       Beep;

       Readkey

       end

       else

       if (number<=ml^.n) and (number>0) then

       begin

       FindIth(ml,number);

       Refresh(ml);

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln('  Now Element is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   Number out of range!');

       Beep;

       Readkey

       end

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 13:if Created then

       if not Empty(ml) then

       if ml^.n>1 then

       begin

       FormOut;

       FormWindow('< FIND KEY >',10,10,30,5,5,lightgray,lightgray);

       TextColor(red);

       GotoXY(5,2);Write('Input key to find!');

       TextBackGround(Black);

       GotoXY(25,2);Write('   ');

       GotoXY(25,2);

       RecCur;

       ReadLn(ykey);

       HideCur;

       TextColor(yellow);

       if ykey = ml^.current^.el.key then

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln( '   Element is current!');

       Beep;

       Readkey

       end

       else

       begin

       is:=false;

       FindKey(ml,ykey,is);

       Refresh(ml);

       if is then

       begin

       FormOut;

       FormWindow('< INFO >',52,21,27,3,white,green,green);

       Writeln(' Now Element is current.');

       Ok;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   No element found!');

       Beep;

       Readkey

       end

       end

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln(' Only 1 element in List!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('      List is Empty!');

       Beep;

       Readkey

       end

       else

       begin

       FormOut;

       FormWindow('< ERROR >',52,21,27,3,yellow,red,red);

       Writeln('   List is not Created!');

       Beep;

       Readkey

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

 14:   begin

       MenuPos:=1;

       if Created then

       begin

       Terminate(ml,Created);

       Created:=false

       end;

       Cls

       end;

{​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​}

15:    begin EndProgram:=true;

       if Created then Terminate(ml,Created);

       Cls;

       exit

       end

       end

    Until EndProgram

  End;

{|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|-|}

{|||||||||||| Main Program Begins... ||||||||||||||||||||||||||||||||||||}

   Begin

     Face;

     MenuPos:=1;

     Created:=false;

     Period

   End.

        Programma ir sastādīta programmēšanas valodā Borland Pascal. Tās apjoms ir 1153 rindas un fails aizņem 32 KB.

       Programmas pirmteksts ir  pievienots pielikumā un ir paredzēts tiem, kas vēlas izstrādāt līdzīgu darbu. Programmas tekstā var atrast divkāršsaistīta saraksta datu struktūru un izstudēt darbības ar šo sarakstu. Visi apzīmējumi programmā ir angļu valodā (mainīgie, procedūras un funkcijas) un tiem, kas saprot angļu valodu, problēmas nevar rasties. 

KONTROLPIEMĒRS
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TESTĒŠANAS METODIKA
       Testēšanas rezultātā tiek atklātas programas rakstīšanas laikā pieļautās kļūdas. Kļūdas var iedalīt atkarībā no to veida:

1.  Sintakses kļūdas. Tās ir kļūdas programmas pierakstā un pārsvarā tiek atklātas programmas kompilācijas laikā;

2.  Kļūdas, kas parādās programmas darbības laikā (runtime errors) - tās uzrāda datora operētāj sistēma;
3.  Loģiskās kļūdas - kļūdas algoritmā, tās var noteikt vairākkārtīgi darbojoties ar programmu un analizējot iegūtos rezultātus.
      Dotā programma ir testēta visiem iespējamiem darba režīmiem visās iespējamās situācijās un nopietnas funkcionālas kļūdas netika atklātas. Pārsvarā atklātās kļūdas bija sintakses kļūdas, kuras tika izlabotas kompilācijas laikā.

SECINĀJUMI

        Programma, ievērojot tās darbības instrukcijas strādā bez kļūdām. Programma ir samērā ērti lietojama, ko nodrošina labi izstrādātais grafiskais interfeiss. Programmas nozīme nav liela - tā ir mācību programa. Izstrādājot šo darbu tika pilnīgāk apgūtas datu struktūras un programmēšanas tehnika. Programmas struktūra nav sarežģīta un programma ir viegli pārveidojama. Programma neaizņem daudz vietas uz diska - List.exe - 38.1 KB; List.pas - 32.3 KB - un ir savietojama ar populārākajām operētāj sistēmām.

       Programmas pilnveidošanu varētu realizēt uzlabojot ievades datu formātu. 

LITERATŪRA

        Programmas izveidošanai tika izmantoti dažādi informācijas avoti. Lūk daži no tiem:

        Walter J. Savitch, Turbo Pascal, University of california, san Diego, 1994.

        Turbo Pascal 7.0 , Programmer`s Guide, Borland International, 1994.

         Jan Bielecki, Pascal 7.0, Warshawa,1994. 
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