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Àííîòàöèÿ

Ðàññìàòðèâàåòñÿ ïðåäñòàâëåíèå îïèñàíèé ïðîñòûõ âèäîâ â ôîðìå îáúåêòîâ-êîí-
ñòðóêöèé, à òàêæå îêðóæåíèé, ðåàëèçóåìûõ â âèäå èåðàðõèè ó÷àñòêîâ â ñòåêå, çà-
ïîëíåííûõ èíäèêàòîðàìè, ïîñðåäñòâîì êîòîðûõ ïðîãðàììà ïîëó÷àåò äîñòóï ê çíà-
÷åíèÿì.

Îïèñûâàåòñÿ ñàì ýòîò ìåòîä äîñòóïà.

Êëþ÷åâûå ñëîâà: îêðóæåíèå, ïîñëåäîâàòåëüíîå ïðåäëîæåíèå, ñòåê, ó÷àñòîê.

1. ÂÂÅÄÅÍÈÅ

Â [1] áûëà ñôîðìóëèðîâàíà òåìà ìîäåëèðîâàíèÿ ãèïîòåòè÷åñêîãî âû÷èñëèòåëÿ, èñ-
ïîëüçóåìîãî â [2] äëÿ îïèñàíèÿ ñåìàíòèêè àëãîðèòìè÷åñêîãî ÿçûêà òèïà Àëãîë 68, â
òåðìèíàõ ïîíÿòèé îáúåêòíî-îðèåíòèðîâàííîãî ïðîãðàììèðîâàíèÿ (ÎÎÏ). Ïðè ýòîì îáúåê-
òû: êîíñòðóêò, çíà÷åíèå, ó÷àñòîê, îêðóæåíèå èëè ñöåíà, ñ êîòîðûìè ìàíèïóëèðóåò ýòîò
ãèïîòåòè÷åñêèé âû÷èñëèòåëü, îòîáðàæàþòñÿ â ñîîòâåòñòâóþùèå êëàññû îáúåêòîâ.

Â [3] îïèñàíû îñíîâû è çíà÷åíèÿ ïðîñòûõ âèäîâ â êà÷åñòâå ðåçóëüòàòîâ èñïîëíåíèÿ
ýòèõ êîíñòðóêöèé, à òàêæå èñïîëüçîâàíèå ñöåí â ïåðåõîäàõ.

Çäåñü æå ìû ðàññìîòðèì ïðåäñòàâëåíèå îïèñàíèé â ôîðìå îáúåêòîâ-êîíñòðóêöèé, à
òàêæå îêðóæåíèé, ðåàëèçóåìûõ â âèäå èåðàðõèè ó÷àñòêîâ ñòåêà, çàïîëíåííûõ èíäèêàòî-
ðàìè. Ýòè èíäèêàòîðû âîçíèêàþò â ðåçóëüòàòå èñïîëíåíèÿ îïèñàíèé è èñïîëüçóþòñÿ äëÿ
äîñòóïà ê çíà÷åíèÿì.

Îñíîâíàÿ ïðîáëåìà ñîñòîèò â òîì, êàê îðãàíèçîâàòü âçàèìîäåéñòâèå êîíñòðóêöèé ïðî-
ãðàììû (ñèíòàêñèñ) è òåêóùåãî îêðóæåíèÿ ïðîãðàììû (ñåìàíòèêà). Åñòåñòâåííî èñïîëü-
çîâàòü îáû÷íûé ïðè¸ì ÎÎÏ: ïåðåäà÷ó ñòàòè÷åñêîé èíôîðìàöèè, èçâëåêàåìîé èç âõîäíî-
ãî òåêñòà ïðîãðàììû âî âðåìÿ åãî àíàëèçà (ñèíòàêñèñ) â îáúåêò-êîíñòðóêöèþ ïðè åãî
ñîçäàíèè ïîñðåäñòâîì êîíñòðóêòîðà (Init) ýòîãî îáúåêòà, ñ ó÷¸òîì ýòîé èíôîðìàöèè â
ìåòîäå (Run), ðåàëèçóþùåì èñïîëíåíèå ýòîé êîíñòðóêöèè âî âðåìÿ ñ÷¸òà (ñåìàíòèêà). Â
èíòåðåñóþùåì íàñ ñëó÷àå ðå÷ü èä¸ò î ñòàòè÷åñêèõ êîîðäèíàòàõ çíà÷åíèÿ â ñòåêå äàííûõ,
êîòîðûå ïðåäñòàâëÿþòñÿ óðîâíåì áëîêà è îòíîñèòåëüíûì íîìåðîì èíäèêàòîðà íà ó÷àñò-
êå, ñîçäàííûì ýòèì áëîêîì. Èíäèêàòîð èìååò ïîëå, ñâÿçûâàþùåå åãî ñî çíà÷åíèåì, êîòî-
ðûì îí îáëàäàåò.
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ÈÍÔÎÐÌÀÒÈÊÀ

Âñå ýêñïåðèìåíòû áûëè ïðîâåäåíû íà êîìïüþòåðå ñ èñïîëüçîâàíèåì ñèñòåìû ïðî-
ãðàììèðîâàíèÿ FREE PASCAL [4].

2. ÎÏÈÑÀÍÈß ÄÀÍÍÛÕ È ÈÍÄÈÊÀÒÎÐÛ

Ñîãëàñíî [2], äàííûå ëþáûõ âèäîâ îïðåäåëÿþòñÿ ñ ïîìîùüþ êîíñòðóêöèè îïèñàíèå
òîæäåñòâà (ñì. îáúåêò òèïà TIdentityDeclaration â ìîäóëå DECLARATIONS). Îíà ñâÿçû-
âàåò èíäèêàòîð (ñì. îáúåêò òèïà TTag) ñ íåêîòîðîé êîíñòðóêöèåé, îòíîñÿùåéñÿ ê ãðóïïå
îñíîâ, âèä êîòîðîé ñïåöèôèöèðóåòñÿ ñîîòâåòñòâóþùèì îïèñàòåëåì. Â ðàñøèðåííîì âà-
ðèàíòå êîíñòðóêöèè îïèñàíèå òîæäåñòâà ìîæåò èìåòü íåñêîëüêî ïàð (èíäèêàòîð � îñíî-
âà) (ñì. îáúåêò òèïà TTagList). Èñïîëíåíèå ýòîé êîíñòðóêöèè óñòàíàâëèâàåò ñâÿçü èíäè-
êàòîðà ñî çíà÷åíèåì îñíîâû. Âñÿêîå ïðèìåíåíèå èíäèêàòîðà â äðóãèõ êîíñòðóêöèÿõ îç-
íà÷àåò èñïîëüçîâàíèå çíà÷åíèÿ, ñâÿçàííîãî ñ íèì ïî îïèñàíèþ òîæäåñòâà.

Â òåðìèíàõ îïèñûâàåìîé ìîäåëè ýòà ñâÿçü âîñïðîèçâîäèòñÿ ïóò¸ì îáðàçîâàíèÿ ïàð
(èíäèêàòîð � çíà÷åíèå) íà ó÷àñòêå, îáðàçóåìîì áëîêîì, â êîòîðîì íàõîäèòñÿ îïèñàíèå
òîæäåñòâà. Äîñòóï ê ýòèì çíà÷åíèÿì èç äðóãèõ êîíñòðóêöèé ðåàëèçóåòñÿ ïîñðåäñòâîì
ñòàòè÷åñêèõ àäðåñîâ èíäèêàòîðîâ, òî åñòü ïàð (l, n), ãäå l � óðîâåíü áëîêà, à n � îòíîñè-
òåëüíûé íîìåð îïðåäåëÿþùåãî âõîæäåíèÿ èíäèêàòîðà â äàííîì áëîêå.

Îáùåå ÷èñëî èíäèêàòîðîâ ïî âñåì îïèñàíèÿì áëîêà îïðåäåëÿåò ñòàòè÷åñêèé àïïå-
òèò áëîêà, òî åñòü ÷èñëî ýëåìåíòîâ êîëëåêöèè, ïðåäñòàâëÿþùåé åãî ó÷àñòîê.

3. ÐÅÀËÈÇÀÖÈß ÊÎÍÑÒÐÓÊÖÈÈ ÎÏÈÑÀÍÈÅ ÒÎÆÄÅÑÒÂÀ

Êîíñòðóêöèÿ îïèñàíèå òîæäåñòâà â ìîäåëüíîì ïðåäñòàâëåíèè îïðåäåëÿåòñÿ â ìîäóëå

unit DECLARATIONS;
{ Ðåàëèçàöèÿ îïèñàíèé }
interface
uses objects, Strings, VALUES, PLAIN_VALUES, ENVIRON, STANDART, CONSTRUCTS;
type
 { ÂÑÏÎÌÎÃÀÒÅËÜÍÛÅ ÑÈÍÒÀÊÑÈ×ÅÑÊÈÅ ÑÒÐÓÊÒÓÐÛ }
 { Òåã â îïèñàíèè òîæäåñòâà }
 PTag = ̂ TTag;
 TTag = object (TObject)
  identifier : string; { Èäåíòèôèêàòîð êîíñòàíòû, ïåðåìåííîé èëè
                         èíäèêàòîð îïåðàöèè }
  Source : PConstruct; { Îñíîâà, êîíñòðóêöèÿ, ðåçóëüòàò êîòîðîé
                         ñâÿçûâàåòñÿ ñ äàííûì èíäèêàòîðîì }
  is_IdentityDeclaration : Boolean; { Ôëàæîê âûáîðà ñèìâîëà '=' èëè ':='
                                      äëÿ ïðåäñòàâëåíèÿ àííîòàöèè}
  constructor Init (is_id: Boolean; id : string; c : PConstruct);
  function Show : PChar; virtual;
  procedure Run; virtual;
 end;
{ Ñïèñîê òåãîâ â îïèñàíèÿõ òîæäåñòâ }
 PTagList = ̂ TTagList;
 TTagList = object (TCollection)
  procedure Run; virtual;
  function Show : PChar; virtual;
 end;
 { Ðàñøèðåííîå îïèñàíèå òîæäåñòâ }
 PIdentityDeclaration = ̂ TIdentityDeclaration;
 TIdentityDeclaration = object (TConstruct)
  mode : string;
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  TagList : PTagList;
  constructor Init (md : string; tl : PTagList);
  procedure Run; virtual;
  function Show : PChar; virtual;
 end;
  implementation
  { ÂÑÏÎÌÎÃÀÒÅËÜÍÛÅ ÑÈÍÒÀÊÑÈ×ÅÑÊÈÅ ÑÒÐÓÊÒÓÐÛ }
  { Òåãè â îïèñàíèÿõ òîæäåñòâ, â ÷àñòíîñòè, îïèñàíèÿõ ïåðåìåííûõ }
  constructor TTag.Init (is_id : Boolean; id : string; c : PConstruct);
  begin is_IdentityDeclaration := is_id; identifier := id; Source := c end;
  function TTag.Show : PChar;
  var Bf: array [0..511] of char;
  begin StrPCopy (Bf, identifier);
        if Source <> Nil
        then begin if is_IdentityDeclaration then StrCat(Bf,' = ')
                   else StrCat(Bf,':= ');
                   StrCat(Bf, Source^.Show) end;
        Show := Bf
  end;
  procedure TTag.Run;
  var Couple : PCouple;
  begin
   if Source <> Nil
   then begin Source^.Run;
             Couple := New (PCouple, Init (identifier, UV));
              Couple^.PutValue (UV)
        end
   else Couple := New (PCouple, Init (identifier, Nil));
   CurrentEnviron^.AddCouple (Couple);
  end;
   { Ñïèñîê òåãîâ â îïèñàíèÿõ òîæäåñòâ }
  procedure TTagList.Run;
    procedure ExecItem (Item : PTag); far;
    begin Item^.Run end;
  begin ForEach (@ExecItem)end;
  function TTagList.Show : PChar;
  var Bf : array [0..511] of char; l : Longint;
    procedure PrintItem (Item : PTag); far;
    begin StrCat (Bf, Item^.Show); StrCat (Bf, ', ') end;
  begin Bf[0] := #0; ForEach (@PrintItem); l := StrLen (Bf)-2;
  if Bf[l] = ',' then Bf[l] := #0; Show := Bf
  end;
    { Ðàñøèðåííîå îïèñàíèå òîæäåñòâ }
  constructor TIdentityDeclaration.Init (md : string; tl : PTagList);
  begin mode := md; TagList:= tl end;
  procedure TIdentityDeclaration.Run;
  { Âûêëàäûâàåò ïàðû (èíäèêàòîð, óêàçàòåëü íà çíà÷åíèå îñíîâû òåãà)
    íà ó÷àñòîê òåêóùåãî áëîêà }
  begin TagList^.Run end;
  function TIdentityDeclaration.Show : PChar;
  var Bf, B : array [0..511] of char;
  begin StrPCopy (Bf, mode + ' ');
        B := TagList^.Show;
        StrCat (Bf,B);
        Show := Bf
  end;
end.
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ÈÍÔÎÐÌÀÒÈÊÀ

Çàìåòèì, ÷òî îïðåäåëåíèå ýòîãî ìîäóëÿ íå çàâèñèò îò âèäà êîíñòðóêöèè îïèñàíèå
òîæäåñòâà ïî ñóùåñòâó.

Ðàññìîòðèì ïðîñòåéøèé ïðèìåð ïðîãðàììû, èñïîëüçóþùåé êîíñòðóêöèþ îïèñàíèå
òîæäåñòâà:

.begin .int one = 001, two = 02; one + two .end

Ñâÿçü ìåæäó îïðåäåëÿþùèìè âõîæäåíèÿìè èíäèêàòîðîâ one è two â ýòîì îïèñàíèè
òîæäåñòâà è èõ èñïîëüçóþùèìè âõîæäåíèÿìè â ôîðìóëå one + two óñòàíàâëèâàåòñÿ íà
ñòàäèè èäåíòèôèêàöèè ïðè êîíòåêñòíîì àíàëèçå.

Ïëàíèðîâàíèå ðàçìåùåíèÿ èíäèêàòîðîâ íà ó÷àñòêå áëîêà � çàäà÷à êîíâåðòåðà. Äëÿ
ýòîãî â òåêñòå ïðîãðàììû äîñòàòî÷íî èíôîðìàöèè: óðîâåíü áëîêà îïðåäåëÿåòñÿ êàê ÷èñëî
áëîêîâ, îáúåìëþùèõ äàííûé, à íîìåð îïðåäåëÿþùåãî âõîæäåíèÿ èíäèêàòîðà â äàííîì
áëîêå óñòàíàâëèâàåòñÿ ïî òåêñòó âõîäíîé ïðîãðàììû íà ñòàäèè áåñêîíòåêñòíîãî ñèíòàê-
ñè÷åñêîãî àíàëèçà.

Çíà÷åíèÿ îáîèõ îïåðàíäîâ ôîðìóëû one + two â ìîìåíò èõ èñïîëüçîâàíèÿ îïåðàöèåé
�+� íàõîäÿòñÿ â ó÷àñòêå áëîêà óðîâíÿ 0 ïîä èíäåêñàìè 0 è 1 è äîñòóïíû ÷åðåç óêàçàòåëè
ýòèõ èíäèêàòîðîâ.

Ïàðû (0, 0) è (0, 1) � ñòàòè÷åñêèå àäðåñà èíäèêàòîðîâ one è two ñîîòâåòñòâåííî. Îíè
èñïîëüçóþòñÿ äëÿ äîñòóïà ê çíà÷åíèÿì, êîòîðûìè ýòè èíäèêàòîðû îáëàäàþò â òåêóùèé
ìîìåíò èñïîëíåíèÿ ïðîãðàììû, òî åñòü ïðè èñïîëíåíèè óïîìÿíóòîé ôîðìóëû.

Êîíñòðóêöèÿ òèïà TAddr, êàê è äðóãèå ñðåäñòâà ñîçäàíèÿ è óïðàâëåíèÿ äèíàìèêîé
òåêóùåãî îêðóæåíèÿ èñïîëíÿåìîé ïðîãðàììû, îïèñûâàþòñÿ  â ìîäóëå ENVIRON.

4. ÐÅÀËÈÇÀÖÈß ÎÊÐÓÆÅÍÈÉ

Ìîäåëüíîå ïðåäñòàâëåíèå ïîíÿòèÿ îêðóæåíèÿ âêëþ÷àåò:
� ñòåê ó÷àñòêîâ (Stack),
� òàáëèöó (Dislpay),
� ÷åòûðå ïàðàìåòðà, õàðàêòåðèçóþùèõ åãî òåêóùåå ñîñòîÿíèå:

CurrentLevel � òåêóùèé áëî÷íûé óðîâåíü,
CurrentEnviron � òåêóùèé ó÷àñòîê ñòåêà,
UCouple � èíäèêàòîð çíà÷åíèÿ òåêóùåé êîíñòðóêöèè,
UV � çíà÷åíèÿ òåêóùåé êîíñòðóêöèè.

Îíî îïèñûâàåòñÿ â ìîäóëå

Unit ENVIRON;
{Ðåàëèçàöèÿ îêðóæåíèé}
interface
uses objects, Strings, Values;
{ Íàïîìèíàíèå: ýëåìåíòû êîëëåêöèé èíäåêñèðóþòñÿ îò 0 äî
  çíà÷åíèÿ ïîëÿ Count-1 âêëþ÷èòåëüíî.}
type
   { Ïðåäñòàâëåíèå èíäèêàòîðà }
PCouple = ^TCouple;
TCouple = object (TObject)
 Indicator : string; {Âíåøíåå ïðåäñòàâëåíèå ÈÍÄÈÊÀÒÎÐÀ âî âõîäíîé ïðîãðàììå.}
 Value : PValue; { Óêàçàòåëü íà îáúåêò-çíà÷åíèå. }
 constructor Init (indic : String; val : PValue);
 { Èíèöèàëèçèðóåò èíäèêàòîð ïî ïàðàìåòðó indic è
   óêàçàòåëþ íà îáúåêò-çíà÷åíèå val.
 destructor Done; virtual;
 { ÈÍÒÈÊÀÒÎÐ óíè÷òîæàåòñÿ, íî çíà÷åíèå, êîòîðûì îí îáëàäàåò, ñîõðàíÿåòñÿ.}
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 function Show : PChar; virtual;
 { Äà¸ò ñòðîêó, ïðåäñòàâëÿþùèé äàííûé ÈÍÄÈÊÀÒÎÐ.
   Ýòà ñòðîêà ñîäåðæèò âíåøíåå ïðåäñòàâëåíèå èíäèêàòîðà è çíà÷åíèå,
   êîòîðûì îí îáëàäàåò.
   Åñëè äàííàÿ ïàðà ïðåäñòàâëÿåò ïåðåìåííóþ, òî çà
   èäåíòèôèêàòîðîì ýòîé ïåðåìåííîé â ñôîðìèðîâàííîé
   ñòðîêå ñëåäóåò òåêóùåå çíà÷åíèå ïåðåìåííîé, à íå èìÿ
   (â ñìûñëå Àëãîëà 68), êîòîðûì îíà îáëàäàåò.}
 function GetValue : PValue; virtual;
 { Äà¸ò óêàçàòåëü íà îáúåêò-çíà÷åíèå, ïðåäñòàâëåííîãî äàííîé ïàðîé.}
 function GetIndicator: string; virtual;
 { Äà¸ò âíåøíåå ïðåäñòàâëåíèå èíäèêàòîðà.}
 procedure PutValue (v : PValue); virtual;
 { Ïîìåùàåò óêàçàòåëü íà îáúåêò-çíà÷åíèå v â äàííóþ ïàðó.}
end;
   { Ïðåäñòàâëåíèå ó÷àñòêà ñòåêà (locale) }
PLocale = ^TLocale;
TLocale = object (TCollection)
 Name : string;
 RangeLevel : integer; { Áëî÷íûé óðîâåíü (>= 0) áëîêà,
                         îáðàçîâàâøåãî äàííûé ó÷àñòîê.}
 Prev: PLocale; { Óêàçàòåëü íà ó÷àñòîê îáúåìëþùåãî áëîêà.}
 constructor Init (lev, max, inc : integer);
 { Èíèöèàëèçàöèÿ ó÷àñòêà áëî÷íîãî óðîâíÿ lev.}
 destructor Done; virtual;
 { Ó÷àñòîê óíè÷òîæàåòñÿ âìåñòå ñî çíà÷åíèÿìè, ðàçìåù¸ííûìè íà í¸ì.}
 procedure AddCouple (Couple : PCouple);
 function CoupleNmb : integer;
 function Show : PChar; virtual;
end;
  { Ïðåäñòàâëåíèå ñòåêà ó÷àñòêîâ }
PStack = ^TStack;
TStack = object (TCollection)
 constructor Init (NmbOfLocales : integer);
 { Ñîçäàíèå ñòåêà äàííûõ ïåðâîíà÷àëüíî íà NmbOfLocales ó÷àñòêîâ
   ñ ïîñëåäóþùèì ðàñøèðåíèåì íà ïîëîâèíó ýòîé âåëè÷èíû.}
 destructor Done; virtual;
 { Óíè÷òîæåíèå âñåõ ó÷àñòêîâ.}
 procedure AddLocale (Locale : PLocale);
 { Ïîìåñòèòü ó÷àñòîê Locale íà âåðøèíó ñòåêà.}
 procedure RemoveTopLocale;
 { Óäàëèòü ó÷àñòîê ñ âåðøèíû ñòåêà.}
 procedure RemoveLocale (lr : PLocale);
 { Óäàëèòü ó÷àñòîê ñ âåðøèíû ñòåêà ïîêà åãî óêàçàòåëü íå ðàâåí lr.
   Èñïîëüçóåòñÿ ïðè èñïîëíåíèè ïåðåõîäà.
   Display êîððåêòèðóåòñÿ ñîîòâåòñòâåííî.
   Çäåñü lr õàðàêòåðèçóåò ñöåíó ìåòêè.}
 function Show : PChar; virtual;
end;
   { Òàáëèöà Dislpay - òåêóùåå îêðóæåíèå }
PDisplay = ^TDisplay;
TDisplay = object (TCollection)
 constructor Init (Max : integer);
 { Ñîçäàíèå òàáëèöû Display íà Max ýëåìåíòîâ.}
 destructor Done; virtual;
 procedure Fix (Locale : PLocale);
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 { Ôèêñèðóåò â òàáëèöå Display ó÷àñòîê, ñîçäàííûé áëîêîì,
   â êà÷åñòâå íîâîãî òåêóùåãî îêðóæåíèÿ.}
 procedure UpDate (LocaleReference : PLocale);
 { Îáíîâëåíèå òàáëèöû Display ïî ññûëêå íà ó÷àñòîê,
   çàäàííûé ïàðàìåòðîì lr }
 function Show : PChar; virtual;
 { Â âèäå ñòðîêè ïðåäñòàâëÿåò òåêóùåå îêðóæåíèå }
end;
    { Ñòàòè÷åñêèé àäðåñ çíà÷åíèÿ â ñòåêå äàííûõ }
PAddr = ^TAddr;
TAddr = object (TObject)
 RLevelNmb, { Áëî÷íûé óðîâåíü áëîêà, ê êîòîðîìó îòíîñèòñÿ äàííûé àäðåñ.}
 ItemNmb { Íîìåð ÈÍÄÈÊÀÒÎÐÀ íà ó÷àñòêå óðîâíÿ RLevelNmb.}: integer;
 constructor Init (l, n : integer);
 { Èíèöèàëèçèðóåò:
   (a) íîìåð áëî÷íîãî óðîâåíÿ RLevelNmb ïî ïàðàìåòðó l è
   (b) íîìåð ÈÍÄÈÊÀÒÎÐÀ íà ó÷àñòêå óðîâíÿ RLevelNmb
       â ñòåêå äàííûõ ïî ïàðàìåòðó n.}
 function Show : PChar; virtual;
 { Ãîòîâèò ñòðîêó, ïðåäñòàâëÿþùóþ äàííûé ñòàòè÷åñêèé àäðåñ.}
 function GetCouple : PCouple;
 { Ïî ñòàòè÷åñêîìó àäðåñó ÈÍÄÈÊÀÒÎÐÀ äà¸ò
   óêàçàòåëü íà íåãî â ñòåêå äàííûõ.}
 function GetIndic : string;
 { Ïî ñòàòè÷åñêîìó àäðåñó ýëåìåíòà ñòåêà äàííûõ äàåò
   âíåøíåå ïðåäñòàâëåíèå èíäèêàòîðà - ïåðâóþ êîìïîíåíòó ïàðû.}
 function GetValue : PValue; virtual;
   { Ïî ñòàòè÷åñêîìó àäðåñó ÈÍÄÈÊÀÒÎÐÀ äàåò
     óêàçàòåëü íà çíà÷åíèå - âòîðóþ êîìïîíåíòó ïàðû.}
 procedure PutValue (v : PValue); virtual;
 { Óêàçàòåëü v âñòàâëÿåò â ñòåê äàííûõ íà ìåñòî,
   çàäàâàåìîå äàííûì ñòàòè÷åñêèì àäðåñîì,
   íå ìåíÿÿ âíåøíåãî ïðåäñòàâëåíèÿ èíäèêàòîðà ïîëó÷àòåëÿ.}
 function GetScope : integer; virtual;
 { Äà¸ò îáëàñòü äåéñòâèÿ çíà÷åíèÿ,
   ðàçìåùåííîãî ïî äàííîìó àäðåñó â ñòåêå äàííûõ.}
end;

var
 Stack : PStack;          { Ñòåê ó÷àñòêîâ }
 Display : PDisplay;      { Òàáëèöà Display }
 CurrentLevel : integer;  { Òåêóùèé áëî÷íûé óðîâåíü }
 CurrentEnviron : PLocale; { Òåêóùåå îêðóæåíèå }
 UCouple : PCouple; { Èíäèêàòîð çíà÷åíèÿ òåêóùåé êîíñòðóêöèè }
 UV : PValue; { Óíèâåðñàëüíîå çíà÷åíèå ëþáîãî âèäà �
                ñîáñòâåííî çíà÷åíèå òåêóùåé êîíñòðóêöèè }
 Jump_elaborated : Boolean; { Ôëàæîê ïðåðûâàíèå èñïîëíåíèÿ îñíîâ
                             òåêóùåãî áëîêà.
                           Èñïîëüçóåòñÿ ïðè èñïîëíåíèè ïåðåõîäîâ. }
implementation
   { ÐÅÀËÈÇÀÖÈß TStack }
constructor TStack.Init (NmbOfLocales : integer);
{ Ñîçäàíèå ñòåêà äàííûõ ïåðâîíà÷àëüíî íà NmbOfLocales ó÷àñòêîâ
  ñ ïîñëåäóþùèì ðàñøèðåíèåì íà ïîëîâèíó ýòîé âåëè÷èíû }
  begin inherited Init (NmbOfLocales, NmbOfLocales div 2 + 1) end;
destructor TStack.Done;
begin while count > 0 do
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     begin count := count - 1; Free (At (count))end;
      DeleteAll;
      inherited Done
end;
procedure TStack.AddLocale (Locale : PLocale);
{ Äîáàâëåíèå íîâîãî ó÷àñòêà íà âåðøèíó ñòåêà äàííûõ }
var CE : PLocale;
  begin
    CE := CurrentEnviron;
    Insert (Locale);
    CurrentEnviron := At (count-1);
    CurrentEnviron^.Prev := CE;
    CurrentLevel:= CurrentLevel + 1;
    CurrentEnviron^.RangeLevel := CurrentLevel;
    Display^.Fix (CurrentEnviron)
  end;
  procedure TStack.RemoveTopLocale;
  { Óäàëèòü ó÷àñòîê ñ âåðøèíû ñòåêà }
  begin
     if count > 0
     then
     begin
       Free (At (count-1));
      Display^.count := CurrentLevel;
      CurrentLevel := CurrentLevel - 1;
        if CurrentLevel < 0
        then CurrentEnviron := nil
       else CurrentEnviron := CurrentEnviron^.Prev
      end
  end;
  procedure TStack.RemoveLocale (lr : PLocale);
  { Óäàëèòü ó÷àñòîê ñ âåðøèíû ñòåêà ïîêà åãî óêàçàòåëü íå ðàâåí lr.
    Èñïîëüçóåòñÿ ïðè èñïîëíåíèè ïåðåõîäà.
    Display êîððåêòèðóåòñÿ ñîîòâåòñòâåííî.
    Çäåñü lr õàðàêòåðèçóåò ñöåíó ìåòêè. }
  begin while CurrentEnviron <> lr do RemoveTopLocale end;
  function  TStack.Show : PChar;
  var s : string; i : integer;
  Bf : array [0..400] of char; B : array [0..127] of char;
    procedure PrintItem (Item: PLocale); far;
    begin inc (i); str (i, s); StrPCopy (B, s);
        {s := s + #10#13'Stack [' + s1 + '] = ' + L^.Show}
        StrCat (Bf, #10#13'   Stack ['); StrCat (Bf, B);
        StrCat (Bf, '] = '); StrCat (Bf, Item^.Show)
    end;
  begin i := -1; Bf[0] := #0; ForEach (@PrintItem);
        if Bf[0] = #0 then  StrPCopy (Bf, '   EMPTY'); Show := Bf end;
     { ÐÅÀËÈÇÀÖÈß TDislpay }
  constructor TDisplay.Init (Max : integer);
  { Ñîçíàíèå òàáëèöû Display íà Max ýëåìåíòîâ }
  begin inherited Init (Max, 0) end;
  function  TDisplay.Show : PChar;
  var s : string; i : integer;
      Bf : array [0..4095] of char; B : array [0..4095] of char;
      procedure PrintItem (Item: PLocale); far;
     begin
        inc (i); str (i, s); StrPCopy (B, s);
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        {s := s + #10#13'Display [' + s1 + '] :: ' + L^.Show }
        StrCat (Bf, #10#13'   Display ['); StrCat (Bf, B);
        StrCat (Bf, '] :: '); StrCat (Bf, Item^.Show)
     end;
  begin i := -1; Bf[0] := #0; ForEach (@PrintItem);
        if Bf[0] = #0 then StrPCopy (Bf, #13#10'   ÏÓÑÒÎ�); Show := Bf
  end;
  procedure TDisplay.Fix (Locale : PLocale);
  { Ôèêñèðóåò â òàáëèöå Display ó÷àñòîê, ñîçäàííûé áëîêîì,
    â êà÷åñòâå íîâîãî òåêóùåãî îêðóæåíèÿ. }
  var cl : integer;
  begin
    cl := Locale^.RangeLevel;
    Insert (Locale);
    CurrentLevel := cl; CurrentEnviron := Locale
  end;
  procedure TDisplay.UpDate (LocaleReference : PLocale);
  var cv : integer; e : PLocale; { Ïàðàìåòð öèêëà ïðîäâèæåíèÿ ïî Display.}
  begin
    CurrentEnviron := LocaleReference; { Óñòàíîâêà òåêóùåãî îêðóæåíèÿ
                                         ïî ïàðàìåòðó ïðîöåäóðû.}
    CurrentLevel := CurrentEnviron^.RangeLevel; { Îïðåäåëåíèå óðîâíÿ
                                                  íîâîãî îêðóæåíèÿ.}
    count := CurrentLevel+1;
    e := CurrentEnviron;
    cv := CurrentLevel;
    while cv > 0 do
    begin Display^.AtPut (cv-1, e^.Prev);
              e := e^.Prev; cv := cv - 1
    end
  end;
  destructor TDisplay.Done;
  begin inherited Done end;
     { ÐÅÀËÈÇÀÖÈß TLocale }
  constructor TLocale.Init (lev, max, inc : integer);
  { Ñîçäàíèå íîâîãî ó÷àñòêà áëî÷íîãî óðàâíÿ lev >= 0
    íà max ýëåìåíòîâ è ïðèðàùåíèåì íà inc ýëåìåíòîâ }
  begin
    RangeLevel := lev ; Prev := CurrentEnviron;
    inherited Init (max, inc)
  end;
  destructor TLocale.Done;
  begin DeleteAll end;
  function TLocale.CoupleNmb : integer;
  begin CoupleNmb := count end;
  procedure TLocale.AddCouple (Couple : PCouple);
  begin Insert (Couple) end;
  function  TLocale.Show : PChar;
  var s : string; n : integer;
      Bf : array [0..4095] of char; B : array [0..511] of char;
    procedure PrintItem (Item: PCouple); far;
    begin inc (n); str (n, s); StrPCopy (B, s);
        StrCat (Bf, #10#13'   ['); StrCat (Bf, B); StrCat (Bf, '] ');
        StrCat (Bf, Item^.Show)
    end;
  begin n := -1; Bf[0] := #0; ForEach (@PrintItem); Show := Bf end;
    { ÐÅÀËÈÇÀÖÈß TCouple }
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  constructor TCouple.Init (indic : String; val : PValue);
  begin Indicator := indic; Value:= val end;

  destructor TCouple.Done;
  begin Dispose (Value, Done)end;
  function TCouple.GetValue : PValue;
  begin GetValue := Value end;
  function TCouple.GetIndicator : string;
  begin GetIndicator := INDICATOR end;
  procedure TCouple.PutValue (v : PValue);
  begin Value := v end;
  function TCouple.Show : PChar;
  var Bf : array [0..127] of char;
  begin StrPCopy (Bf, INDICATOR); StrCat(Bf,' => ');
    if Value = nil then StrCat(Bf, 'nil')
                   else StrCat(Bf, Value^.Show);
       Show := Bf
  end;
     { ÐÅÀËÈÇÀÖÈß TAddr }
constructor TAddr.Init (l, n : integer);
begin RLevelNmb := l; ItemNmb := n end;
function TAddr.Show : PChar;
var s, s1, s2 : string;
     s1x, s2x : array [0..127] of char;
     Bf : array [0..63] of char;
begin str (RLevelNmb, s1); s1 := s1 + ', ';
     str (ItemNmb, s2);
     StrPCopy (s1x, s1);  StrPCopy (s2x, s2);
     StrPCopy (Bf, '< '); StrCat (Bf, s1x);
     StrCat (Bf, s2x);  StrCat (Bf, ' >');
     Show := Bf
end;
function TAddr.GetCouple : PCouple;
{ Ïî ñòàòè÷åñêîìó àäðåñó ýëåìåíòà ñòåêà äàííûõ
  äàåò óêàçàòåëü íà ïàðó â ñòåêå äàííûõ.}
begin GetCouple := PLocale(Display^.At(RLevelNmb))^.At(ItemNmb) end;
function TAddr.GetIndic : string;
{ Ïî ñòàòè÷åñêîìó àäðåñó ýëåìåíòà ñòåêà äàííûõ äàåò
  âíåøíåå ïðåäñòàâëåíèå èíäèêàòîðà - ïåðâóþ êîìïîíåíòó ïàðû.}
var Couple : PCouple;
begin Couple := GetCouple; GetIndic := Couple^.GetIndicator end;
function TAddr.GetValue : PValue;
{ Ïî ñòàòè÷åñêîìó àäðåñó ýëåìåíòà ñòåêà äàííûõ äàåò
  óêàçàòåëü íà çíà÷åíèå - âòîðóþ êîìïîíåíòó ïàðû.}
var Couple : PCouple;
begin Couple := GetCouple; GetValue := Couple^.GetValue end;
procedure TAddr.PutValue (v : PValue);
{ Óêàçàòåëü v âñòàâëÿåò â ñòåê äàííûõ íà ìåñòî,
  çàäàâàåìîå äàííûì ñòàòè÷åñêèì àäðåñîì,
  íå ìåíÿÿ âíåøíåãî ïðåäñòàâëåíèÿ èíäèêàòîðà ïîëó÷àòåëÿ.}
var Couple : PCouple; { Ïàðà-ïîëó÷àòåëü }
begin Couple := GetCouple; Couple^.PutValue (v) end;
function TAddr.GetScope : integer;
begin GetScope := RLevelNmb end;
begin CurrentLevel := -1; CurrentEnviron := nil; UCouple := nil end.
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Ñòàòè÷åñêèå àäðåñà èíäèêàòîðîâ èñïîëüçóþòñÿ äëÿ èíèöèàëèçàöèè îáúåêòà-êîíñòðóê-
öèè òèïà TAddr, êîòîðûé ïðè å¸ èñïîëíåíèè ïðåîáðàçóåò ñòàòè÷åñêèé àäðåñ çíà÷åíèÿ â
ñòåêå â óêàçàòåëü íà ñîáñòâåííî çíà÷åíèå â ðåàëüíîé êó÷å. Ôàêòè÷åñêè, òèï TAddr ïðåä-
ñòàâëÿåò êîíñòðóêöèþ ïðèìåí¸ííîå âõîæäåíèå èíäèêàòîðà. Ñåìàíòè÷åñêè îíà îòêðûâàåò
äîñòóï ê çíà÷åíèþ, êîòîðûì îáëàäàåò ñîîòâåòñòâóþùèé èíäèêàòîð äëÿ òîé êîíñòðóêöèè,
â êîòîðîé îí èñïîëüçóåòñÿ.

À òåïåðü ñàìîå âðåìÿ âñïîìíèòü î ñïîñîáå ïåðåäà÷è ñòàòè÷åñêîé èíôîðìàöèè â
îáúåêò-êîíñòðóêöèþ ïðè ñîçäàíèè ïîñðåäñòâîì êîíñòðóêòîðà Init è èñïîëüçîâàíèè ýòîé
èíôîðìàöèè â ìåòîäå Run, ðåàëèçóþùåì èñïîëíåíèå ýòîé êîíñòðóêöèè.

Ðàññìîòðèì èñïîëüçîâàíèå ñòàòè÷åñêèõ àäðåñîâ èíäèêàòîðîâ äëÿ äîñòóïà ê çíà÷åíè-
ÿì, êîòîðûìè îíè îáëàäàþò, â êà÷åñòâå çíà÷åíèé îïåðàíäîâ ôîðìóë.

Çàìåòèì, ÷òî â [3] îïèñàí ñïîñîá ïåðåäà÷è çíà÷åíèé îïåðàíäîâ â ôîðìóëó, êîòîðûé
ìåòàôîðè÷åñêè óìåñòíî íàçâàòü «èç ðóê â ðóêè», ïîñêîëüêó ðåçóëüòàò êîíñòðóêöèè-îïå-
ðàíäà ïåðåäà¸òñÿ â êîíñòðóêöèþ-ôîðìóëó ÷åðåç ëîêàëüíûå ïîëÿ îáúåêòîâ Loperand è
Rîperand, ìèíóÿ ñòåê.

Åñëè â ïðîãðàììå èñïîëüçóþòñÿ îïèñàíèÿ òîæäåñòâ, òî ñïîñîá îáìåíà çíà÷åíèÿìè «èç
ðóê â ðóêè» íå äîñòàòî÷åí è ïðèä¸òñÿ ÷óòü èçìåíèòü îïèñàíèå ôîðìóë, à èìåííî, ââåñòè
ñòàòè÷åñêèå àäðåñà îïåðàíäîâ LAddr, RAddr.

PFormula = ^Tformula;
TFormula = object (TConstruct)
{ Íàñëåäóåìûå ïîëÿ äàííûõ:
  Representation :  PChar ; }
  Loperand, Roperand : PConstruct { êîíñòðóêöèè-îïåðàíäû };
  LAddr, RAddr : PAddr { ñòàòè÷åñêèå àäðåñà çíà÷åíèé îïåðàíäîâ â ñòåêå };
  function Show : PChar; virtual;
  procedure Run; virtual;
end;

ñ ðåàëèçàöèåé ìåòîäîâ

function TFormula.Show : PChar;
begin abstract end;
procedure TFormula.Run;
begin abstract end;

Ïðè ñîçäàíèè êîíêðåòíîãî ýêçåìïëÿðà ôîðìóëû å¸ êîíñòðóêòîð (Init) ïîëó÷àåò îáå
ïàðû ññûëîê íà îïåðàíäû, òî åñòü ññûëêè íà êîíñòðóêöèè â ðîëè îïåðàíäîâ ôîðìóëû è
â âèäå ñòàòè÷åñêèõ àäðåñîâ çíà÷åíèé îïåðàíäîâ â ñòåêå äàííûõ.

Ìåòîä (Run), ðåàëèçóþùèé èñïîëíåíèå ôîðìóëû, ñàì àíàëèçèðóåò ôàêòè÷åñêóþ ñèòó-
àöèþ: ôîðìóëà óíàðíàÿ èëè áèíàðíàÿ è êàêîé ñïîñîá äîñòóïà ê çíà÷åíèÿì îïåðàíäîâ
ïðèìåíÿòü.

Äëÿ ïðèìåðà, ïîêàæåì îïèñàíèå ôîðìóë ñ îïåðàöèÿìè âèäà (integral, integral) integral.

constructor Tintegral_integral_integral_Formula.Init
             (r : PChar; { Âíåøíåå îáîçíà÷åíèå îïåðàöèè }
             op : Tintegral_integral_integral_Routine;
             { Ñòàíäàðòíàÿ îïåðàöèÿ, ðåàëèçóþùàÿ ôîðìóëó }
              lo, ro : PConstruct;
             { Êîíñòðóêöèè â ðîëè îïåðàíäîâ ôîðìóëû }
             la, ra : PAddr { Ñòàòè÷åñêèå àäðåñà çíà÷åíèé îïåðàíäîâ } );
begin
   Representation := r;
   Routine := op;
   if lo <> nil
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   then LOperand := lo
   else if la <> nil then LAddr := la;
   if ro <> nil
   then ROperand := ro
   else RAddr := ra;
end;
function Tintegral_integral_integral_Formula.Show : PChar;
var Bf, Bf1 : array [0..512] of char;
begin if LOperand <> nil then strPCopy (Bf, LOperand^.Show);
      if ROperand <> nil
      then begin StrPCopy (Bf1, Representation);
                 StrCat (Bf1, ROperand^.Show); StrCat (Bf, Bf1)
           end;
{ Åñëè îïåðàíä ôîðìóëû ïðåäñòàâëåí ñòàòè÷åñêèì àäðåñîì, òî ïðè ñîçäàíèè êîí-
ñòðóêöèè «ôîðìóëà» ñòåêîì ïîëüçîâàòüñÿ íåëüçÿ, èáî îí åù¸ íå ñóùåñòâóåò!}
       if LAddr <> nil
       then begin StrPCopy (Bf, LAddr^.Show);
                  if RAddr <> nil
                  then begin StrPCopy (Bf1, Representation);
                        StrCat (Bf1, RAddr^.Show); StrCat (Bf, Bf1)
                       end
            end;
  Show := Bf
end;
procedure Tintegral_integral_integral_Formula.Run;
begin if LOperand <> nil
      then begin LOperand^.Run;
                  LOperandValue := PIntegralValue (UV)
           end;
      if ROperand <> nil
      then begin ROperand^.Run;
                  ROperandValue := PIntegralValue (UV)
           end;
      if LAddr <> nil
      then begin LAddr^.GetValue; LOperandValue := PIntegralValue (UV) end;
      if RAddr <> nil
      then begin RAddr^.GetValue; ROperandValue := PIntegralValue (UV) end;
       UV := Routine (LOperandValue, ROperandValue)
end;

Çäåñü ó÷èòûâàåòñÿ ÷èñëî îïåðàíäîâ ôîðìóëû è êàêîé ìåòîä èñïîëüçóåòñÿ äëÿ äîñòóïà
ê èõ çíà÷åíèÿì. Åñëè àäðåñ LOperand èëè ROperand íå ðàâíû nil, òî èñïîëüçóåòñÿ ìåòîä
«èç ðóê â ðóêè», à èíà÷å çíà÷åíèÿ îïåðàíäîâ ôîðìóëû äîñòàþòñÿ èç ñòåêà äàííûõ ñ
èñïîëüçîâàíèåì ñòàòè÷åñêèõ àäðåñîâ.

Äåìîíñòðàöèÿ âûøåñêàçàííîãî ïðèâåäåíà â ëèñòèíãå I è íà ðèñ. 1.
Â ýòîì ïðèìåðå äîñòóï ê çíà÷åíèÿì îïåðàíäîâ ôîðìóëû one + two ïðîèçâîäèòñÿ  ñ

èñïîëüçîâàíèåì ñòàòè÷åñêèõ àäðåñîâ (0, 0) è (0, 1), ïîñêîëüêó îíè ñîîòâåòñòâóþò íóëåâî-
ìó è ïåðâîìó âõîæäåíèþ èíäèêàòîðîâ íà ó÷àñòêå óðîâíÿ 0. Ýòè àäðåñà ïðåîáðàçóþòñÿ â
óêàçàòåëè íà çíà÷åíèÿ, êîòîðûìè îáëàäàþò èíäèêàòîðû one è two (ñì. ìåòîä TAddr.GetValue
â ìîäóëå ENVIRON). Çíà÷åíèå ôîðìóëû âû÷èñëÿåòñÿ, íî íèãäå íå èñïîëüçóåòñÿ.

5. ÏÐÈÑÂÀÈÂÀÍÈÅ

Ðàññìîòðèì åù¸ îäèí ïðèìåð, â êîòîðîì ïîêàçûâàåòñÿ, êàê çíà÷åíèå ôîðìóëû çàìå-
ùàåò ïðåæíåå çíà÷åíèå â ñòåêå. Îäíàêî äëÿ ýòîãî ïîòðåáóåòñÿ îïèñàòü ðåàëèçàöèþ åù¸
îäíîé êîíñòðóêöèè, à èìåííî, ïðèñâàèâàíèÿ.
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Ëèñòèíã I. Ïðîãðàììà ïîñòðîåíèÿ ñåìàíòè÷åñêîãî äåðåâà âõîäíîé ïðîãðàììû íà Àëãîëå 68:
         .begin .int one = 001, two = 02; one + two .end  è å¸ èíòåðïðåòàöèè

program Itentity_Declaration_test;
 { Òåñòèðîâàíèå ïðîãðàììû Àëãîëà 68: .begin .int one = 001, two = 02; one + two .end }
 uses CRT, objects, Strings,

 VALUES, PLAIN_VALUES, STANDART, CONSTRUCTS, CLAUSES, ENVIRON, DECLARATIONS;
 var id1s, id2s, ones, twos, Addr00s, Addr01s, fs : string;

id1, id2 : PIntegralDenotation;   cl0 : PConstructList;
Range0 : PRange; one, two : PTag;   Addr00,  Addr01 : PAddr;
TagList : PTagList;  IdentityDeclaration : PIdentityDeclaration;
Routine : Tintegral_integral_integral_Routine;
f : Pintegral_integral_integral_Formula;
main : PClosedClause;   var0, var1 : PVariable;

 begin ClrScr;
   writeln (#13#10'    Òåñòèðîâàíèå ïðîãðàììû Àëãîëà 68:');
   writeln ('    .begin .int one = 001, two = 02; one + two .end'#13#10);
   writeln ('   ÏÐÎÑÒÐÀÍÑÒÂÎ ÄÀÍÍÛÕ:'#10#13);
 { ÑÎÇÄÀÍÈÅ ÑÒÅÊÀ ÄÀÍÍÛÕ }
   Stack := New (PStack, Init (1));
   writeln ('   Ñòåê íà ', Stack^.Limit, ' ó÷àñòêà');
 { ÑÎÇÄÀÍÈÅ ÒÀÁËÈÖÛ DISPLAY }
   Display := New (PDisplay, Init (1));
   writeln ('   Display íà ', Display^.Limit,' ó÷àñòêà'#13#10);
   writeln ('======= ÑÎÇÄÀÍÈÅ ÑÅÌÀÍÒÈ×ÅÑÊÎÃÎ ÄÅÐÅÂÀ ÏÐÎÃÐÀÌÌÛ =======');
 { ÑÎÇÄÀÍÈÅ ÊÎÍÑÒÐÓÊÖÈÉ ÏÐÎÃÐÀÌÌÛ }
 id1s := '001';   id1 := New (PIntegralDenotation, Init (@id1s[1], 1));
 writeln ('   Èçîáðàæåíèå öåëîãî ', id1^.Show);
 writeln ('   Ñîçäàíèå Tag''à one ');
 one := New (PTag, Init (true, 'one', id1));
 writeln ('   Tag ', one^.Show);
 id2s := '02';  id2 := New (PIntegralDenotation, Init (@id2s[1], 2));
 writeln ('   Èçîáðàæåíèå öåëîãî ', id2^.Show);
 writeln ('   Ñîçäàíèå Tag''à two ');
 two := New (PTag, Init (true, 'two', id2));
 writeln ('   Tag ', two^.Show);
 { Ñîçäàíèå ñïèñêà òåãîâ }
 writeln ('   Ñîçäàíèå ñïèñêà Tag''îâ ...');
 TagList := New (PTagList, Init (2, 0)); TagList^.Insert (one); TagList^.Insert (two);
 writeln ('   Ñïèñîê Tag''îâ ñîçäàí: ', TagList^.Show); writeln;
 { Ñîçäàíèå êîíñòðóêöèè îïèñàíèå òîæäåñòâà: .int one = 001, two = 02  }
 IdentityDeclaration := New (PIdentityDeclaration, Init ('.int', TagList));
 writeln ('   Êîíñòðóêöèÿ îïèñàíèå òîæäåñòâà ñîçäàíà: '); writeln;
 writeln ('   ', IdentityDeclaration^.Show); writeln;
 Routine := @PlusRoutine;  fs := ' + ';
 Addr00 := New (PAddr, Init (0, 0));
 writeln ('   Ñîçäàí àäðåñ Addr00: ', Addr00^.Show);
 Addr01 := New (PAddr, Init (0, 1));
 writeln ('   Ñîçäàí àäðåñ Addr01: ', Addr01^.Show);
 { Ñîçäàíèå ôîðìóëû ñ îïåðàöèåé âèäà (.int,.int).int }
 f := New (Pintegral_integral_integral_Formula,
           Init (@fs[1], Routine, NIL, NIL, Addr00, Addr01));
 writeln ('   Ñîçäàíà ôîðìóëà âèäà (integral,integral)integral: ', f^.Show);
 { Ñîçäàíèå ñïèñêà êîíñòðóêöèé áëîêà 0 }
 cl0 := New (PConstructList, Init (2, 0));
 cl0^.Insert (IdentityDeclaration); { Îïèñàíèå òîæäåñòâà }
 cl0^.Insert (f);                  { Ôîðìóëà }
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Ðèñ. 1. Ïðîòîêîë èñïîëíåíèÿ ïðîãðàììû íà Àëãîëå 68:
.begin .int one = 001, two = 02; one + two .end

 { Ñîçäàíèå ïîñëåäîâàòåëüíîãî ïðåäëîæåíèÿ � áëîêà óðîâíÿ 0 }
 Range0 := New (PRange, Init (0, 10, cl0));
 { Ñîçäàíèå çàìêíóòîãî ïðåäëîæåíèÿ � ñîáñòâåííî ïðîãðàììû }
 main := New (PClosedClause, Init (Range0));
 writeln (#13#10'   ÑÅÌÀÍÒÈ×ÅÑÊÎÅ ÄÅÐÅÂÎ ÏÐÎÃÐÀÌÌÛ ÑÎÇÄÀÍÎ:', main^.Show);
 writeln (#13#10'   Ïðîãðàììà íà÷àëà ... ');
 main^.Run;
 writeln ('   Ïðîãðàììà âûïîëíåíà!');
 writeln ('   UV = ', UV^.Show); writeln ('   ÑÒÎÏ !!!'); readln
end.
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Ýôôåêò èñïîëíåíèÿ ïðèñâàèâàíèÿ ñîñòîèò â çàìåùåíèè çíà÷åíèÿ ïîëó÷àòåëÿ
(Destination) çíà÷åíèåì èñòî÷íèêà (Source). Ðåàëèçàöèÿ ýòîé êîíñòðóêöèÿ âî ìíîãîì
àíàëîãè÷íà ðåàëèçàöèè ôîðìóë.

Êîíñòðóêöèÿ ïðèñâàèâàíèå ïðåäñòàâëÿåòñÿ êàê îáúåêò òèïà TAssignment:

  PAssignment = ^TAssignment;
  TAssignment = object (TConstruct)
  (* Íàñëåäóåìûå ïîëÿ äàííûõ:
   Representation : PChar; *)
   Destination { Àíàëîã LOperand â ôîðìóëàõ },
   Source { Àíàëîã ROperand â ôîðìóëàõ } : PConstruct;
   DestinationAddr { Àíàëîã LAddr â ôîðìóëàõ },
   SourceAddr { Àíàëîã RAddr â ôîðìóëàõ } : PAddr;
   function Show : PChar; virtual;
   procedure Run; virtual;
  end;

îò êîòîðîãî íàñëåäóþòñÿ ïðèñâàèâàíèÿ êîíêðåòíûõ âèäîâ, â ÷àñòíîñòè, ëîãè÷åñêîãî âèäà:

  PBooleanAssignment = ^TBooleanAssignment;
  TBooleanAssignment = object (TAssignment)
  (* Íàñëåäóåìûå ïîëÿ äàííûõ:
   Representation : PChar;
   Destination, Source: PConstruct;
   DestinationAddr, SourceAddr: PAddr;
  *)
   DestinationValue, SourceValue : PBooleanValue;
   constructor Init (r : PChar; D, S : PConstruct; da, sa : PAddr);
   function Show : PChar; virtual;
   procedure Run; virtual;
  end;

Ðåàëèçàöèè àáñòðàêòíûõ ïðèñâàèâàíèé â ðàçäåëå implementation ìîäóëÿ CONSTRUCTS
èìååò âèä:

  function TAssignment.Show : PChar;
  begin abstract end;

  procedure TAssignment.Run;
  begin abstract end;

à êîíêðåòíûõ âèäà boolean:

  constructor TBooleanAssignment.Init
              (r : PChar; D, S : PConstruct; da, sa : PAddr);
  begin Representation := r;
        Destination := D; Source := S;
        DestinationAddr := da; SourceAddr := sa
  end;

  function TBooleanAssignment.Show : PChar;
  var Bf, Bf1 : array [0..512] of char;
  begin if Destination <> nil
        then StrPCopy (Bf, Destination^.Show)
        else StrPCopy (Bf, DestinationAddr^.Show);
        { Destination ïðåäñòàâëåí â âèäå PChar }
        if Source <> nil
        then
        begin StrPCopy (Bf1, Representation); StrCat (Bf1, Source^.Show) end



26

Ìàðòûíåíêî Á.Ê.

ÊÎÌÏÜÞÒÅÐÍÛÅ ÈÍÑÒÐÓÌÅÍÒÛ Â ÎÁÐÀÇÎÂÀÍÈÈ. ¹ 2, 2009 ã.

        else begin StrPCopy (Bf1, Representation);
                   StrCat (Bf1, SourceAddr^.Show)end;
        { Source ïðåäñòàâëåí â âèäå PChar }
       StrCat (Bf, Bf1);
    Show := Bf
  end;

  procedure TBooleanAssignment.Run;
  begin
   if Destination  <> nil
   then begin Destination^.Run;
              DestinationValue := PbooleanValue (UV) end;
   if Source <> nil
   then begin Source^.Run;
              SourceValue := PbooleanValue (UV) end;
   if DestinationAddr <> nil
   then begin DestinationAddr^.GetValue;
              DestinationValue := PbooleanValue (UV) end;
   if SourceAddr <> nil
   then begin SourceAddr^.GetValue;
              SourceValue := PbooleanValue (UV) end;
   if DestinationAddr <> nil
   then DestinationAddr^.PutValue (SourceValue);
   if DestinationValue^.Scope >= SourceValue^.Scope
   then UV := DestinationValue
   else { Íåäîïóñòèìîå îòíîøåíèå îáëàñòåé äåéñòâèÿ ïîëó÷àòåëÿ è èñòî÷íèêà }
          Halt (1);
  end;

È âîò îáåùàííûé ïðèìåð (ñì. ëèñòèíã II, ðèñ. 2).
Ïîÿñíèì äîïîëíèòåëüíî, ÷òî êîíñòðóêöèÿ îïèñàíèÿ òîæäåñòâà .bool b â ýòîé ïðî-

ãðàììå îïðåäåëÿåò ëîãè÷åñêóþ ïåðåìåííóþ. Ýòî âûÿñíÿåòñÿ íà ýòàïå ñèíòàêñè÷åñêîãî àíà-
ëèçà ïðîãðàììû ñ ó÷¸òîì ðàñøèðåííîãî âàðèàíòà ãðàììàòèêè ÿçûêà Àëãîë 68. Ïðè ýòîì
ïðîïóùåííàÿ îñíîâà ëîãè÷åñêîãî âèäà ïîñëå èäåíòèôèêàòîðà b â îïèñàíèè òîæäåñòâà âîñ-
ïðèíèìàåòñÿ êàê ãåíåðàòîð, èñïîëíåíèå êîòîðîãî äà¸ò èìÿ íåîïðåäåë¸ííîãî ëîãè÷åñêîãî
çíà÷åíèÿ. Ïîñêîëüêó èç äâóõ âîçìîæíûõ çíà÷åíèé false èëè true, ñîãëàñíî ñåìàíòèêå
ÿçûêà Àëãîë 68, ìîæíî âûáðàòü ëþáîå, òî â íàøåé ðåàëèçàöèè âûáðàíî false, â ñîîòâåò-
ñòâèè ñ áûòóþùåé òðàäèöèåé ðåàëèçàöèè àëãîðèòìè÷åñêèõ ÿçûêîâ (ñì. Ëèñòèíã II).

Ãåíåðàòîðû è èìåíà � çíà÷åíèÿ, âûäàâàåìûå ýòèìè êîíñòðóêöèÿìè, � òåìà ñëåäóþùåé
ïóáëèêàöèè.

5. ÇÀÊËÞ×ÅÍÈÅ

Ïîäâåä¸ì êðàòêèå èòîãè.
1. Îïèñàíèÿ äàþò åù¸ îäèí ñïîñîá ïåðåäà÷è çíà÷åíèé ìåæäó êîíñòðóêöèÿìè â ïðî-

ãðàììå. Ïðè ýòîì ñòåê èãðàåò ðîëü êàíàëà ñâÿçè. Íå áóäü îïèñàíèé, íå âîçìîæåí áûë áû
îáìåí çíà÷åíèÿìè ìåæäó êîíñòðóêöèÿìè èíà÷å êàê «èç ðóê â ðóêè». Ðåêóðñèâíûå ïðîöå-
äóðû òàêæå íå ìîãëè áû ñóùåñòâîâàòü.

2. Ñðåäñòâîì ïåðåäà÷è çíà÷åíèé ìåæäó êîíñòðóêöèÿìè ÷åðåç ñòåê ñëóæàò ñòàòè÷åñêèå
àäðåñà èíäèêàòîðîâ. Îíè ïðèìåíÿþòñÿ ïðè ñîçäàíèè êîíñòðóêöèé, èñïîëüçóþùèõ çíà÷å-
íèÿ â ñòåêå. Ôàêòè÷åñêè, òèï TAddr ïðåäñòàâëÿåò êîíñòðóêöèþ ïðèìåí¸ííîå âõîæäåíèå
èíäèêàòîðà. Ñåìàíòè÷åñêè îíà îòêðûâàåò äîñòóï ê çíà÷åíèþ, êîòîðûì îáëàäàåò ñîîòâåò-
ñòâóþùèé èíäèêàòîð äëÿ òîé êîíñòðóêöèè, â êîòîðîé îí èñïîëüçóåòñÿ.
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ÈÍÔÎÐÌÀÒÈÊÀ

Ëèñòèíã II.   Ïðîãðàììà ïîñòðîåíèÿ ñåìàíòè÷åñêîãî äåðåâà âõîäíîé ïðîãðàììû
                    .begin .bool b; b := ~ b .end  è å¸ èíòåðïðåòàöèè

program Itentity_Declaration2xx;
{ Òåñòèðîâàíèå ïðîãðàììû Àëãîëà 68: .begin .bool b; b := ~ b .end }
uses CRT, objects, Strings,

VALUES, PLAIN_VALUES, STANDART, CONSTRUCTS,
CLAUSES, ENVIRON, DECLARATIONS;

var bgs, Addr00s, fs : string;
bg : PBooleanDenotation;  cl0 : PConstructList;
Range0 : PRange;  b : PTag;  Addr00 : PAddr;
TagList : PTagList;
IdentityDeclaration : PIdentityDeclaration;
Routine : Tboolean_boolean_Routine;
f : Pboolean_boolean_Formula;
Assignment : PAssignment;
main : PClosedClause;

begin ClrScr;
writeln (#13#10'    Òåñòèðîâàíèå ïðîãðàììû Àëãîëà 68:');
writeln ('    .begin .bool b; ~ b .end'#13#10);
writeln ('   ÏÐÎÑÒÐÀÍÑÒÂÎ ÄÀÍÍÛÕ:'#10#13);

 { ÑÎÇÄÀÍÈÅ ÑÒÅÊÀ ÄÀÍÍÛÕ }
   Stack := New (PStack, Init (1));
   writeln ('   Ñòåê íà ', Stack^.Limit, ' ó÷àñòêà');
 { ÑÎÇÄÀÍÈÅ ÒÀÁËÈÖÛ DISPLAY }
   Display := New (PDisplay, Init (1));
   writeln ('   Display íà ', Display^.Limit,' ó÷àñòêà'#13#10);
   writeln ('======= ÑÎÇÄÀÍÈÅ ÑÅÌÀÍÒÈ×ÅÑÊÎÃÎ ÄÅÐÅÂÀ ÏÐÎÃÐÀÌÌÛ ======'#13#10);
 { ÑÎÇÄÀÍÈÅ ÑÅÌÀÍÒÈ×ÅÑÊÎÃÎ ÄÅÐÅÂÀ ÏÐÎÃÐÀÌÌÛ }
 writeln ('   Ñîçäàíèå Tag''à b ');
 bgs := 'false';
 { Ñîçäàíèå êîíñòðóêöèè ãåíåðàòîð ëîãè÷åñêîãî .loc.bool }
 bg := New (PBooleanGenerator, Init (@bgs[1]));
 { Ñîçäàíèå òåãà 'b = .loc.bool' }
 b := New (PTag, Init (false, 'b', bg));
 writeln ('   Tag ', b^.Show);
 { Ñîçäàíèå ñïèñêà òåãîâ }
 writeln ('   Ñîçäàíèå ñïèñêà Tag''îâ ...');
 TagList := New (PTagList, Init (1, 0));
 TagList^.Insert (b);
 writeln ('   Ñïèñîê Tag''îâ ñîçäàí: ', TagList^.Show); writeln;
 { Ñîçäàíèå êîíñòðóêöèè îïèñàíèå òîæäåñòâà '.bool b := false' }
 IdentityDeclaration := New (PIdentityDeclaration, Init ('.bool', TagList));
 writeln ('   Êîíñòðóêöèÿ îïèñàíèå òîæäåñòâà ñîçäàíà: '); writeln;
 writeln ('   ', IdentityDeclaration^.Show); writeln;
 { Ñîçäàíèå ñòàíäàðòíîé îïåðàöèè âèäà .op (.bool).bool  ~ = @NotRoutine }
 Routine := @NotRoutine;
 fs := ' ~ ';
 { Ñîçäàíèå ñòàòè÷åñêîãî àäðåñà ïåðåìåííîé b }
 Addr00 := New (PAddr, Init (0, 0));
 writeln ('   Ñîçäàí àäðåñ Addr00: ', Addr00^.Show);
 { Ñîçäàíèå ëîãè÷åñêîé ôîðìóëû ~ b }
 f := New (Pboolean_boolean_Formula,
            Init (@fs[1], Routine, NIL, NIL, NIL, Addr00));
 writeln (#13#10'   Ñîçäàíà ôîðìóëà âèäà (boolean)boolean: ', f^.Show);
 { Ñîçäàíèå ïðèñâàèâàíèÿ b := ~ b }
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 Assignment := New  (PBooleanAssignment, Init (':=', nil, f, Addr00, nil));
 { Ñîçäàíèå ñïèñêà êîíñòðóêöèé áëîêà 0 }
 cl0 := New (PConstructList, Init (2, 0));
 cl0^.Insert (IdentityDeclaration);
 cl0^.Insert (Assignment);
 { Ñîçäàíèå ïîñëåäîâàòåëüíîãî ïðåäëîæåíèÿ � áëîêà óðîâíÿ 0:
   .bool b; b := ~ b }
 Range0 := New (PRange, Init (0, 10, cl0));
 { Ñîçäàíèå çàìêíóòîãî ïðåäëîæåíèÿ � ñîáñòâåííî ïðîãðàììû:
   .begin .bool b; b := ~ b .end }
 main := New (PClosedClause, Init (Range0));
 writeln (#13#10'   ÑÅÌÀÍÒÈ×ÅÑÊÎÅ ÄÅÐÅÂÎ ÏÐÎÃÐÀÌÌÛ ÑÎÇÄÀÍÎ:', main^.Show);
 writeln (#13#10'   Ïðîãðàììà íà÷àëà ... '#13#10);
 { ÇÀÏÓÑÊ ÈÍÒÅÐÏÐÅÒÀÖÈÈ ÑÅÌÀÍÒÈ×ÅÑÊÎÃÎ ÄÅÐÅÂÀ ÏÐÎÃÐÀÌÌÛ }
 main^.Run;
 writeln (#13#10'   Ïðîãðàììà êîí÷èëà!');
 writeln (#13#10'   ÑÒÎÏ !!!'); readln
 end.

Ðèñ. 2. Ïðîòîêîë èñïîëíåíèÿ ïðîãðàììû:  .begin .bool b; b := ~b.end
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Ó÷åáíûé èññëåäîâàòåëüñêèé ïðîåêò ðåàëèçàöèè àëãîðèòìè÷åñêèõ ÿçûêîâ: îïèñàíèÿ è îêðóæåíèÿ

ÈÍÔÎÐÌÀÒÈÊÀ

3. Ïðåîáðàçîâàíèå ñòàòè÷åñêèõ àäðåñîâ èíäèêàòîðîâ â óêàçàòåëè íà çíà÷åíèÿ, êîòîðû-
ìè îíè îáëàäàþò âî âðåìÿ èñïîëíåíèÿ ïðîãðàììû, è äåòàëè ðåàëèçàöèè äèíàìèêè îêðó-
æåíèé ïðîãðàììû,  îïèñàíû â ìîäóëå ENVIRON.

4. ßñíî òàêæå, ÷òî êîíñòðóêöèè ïðèñâàèâàíèå è îïèñàíèå òîæäåñòâà ëó÷øå âñåãî
ðàññìàòðèâàòü ñîâìåñòíî ñ îêðóæåíèåì ïðîãðàììû, ÷òî è áûëî ñäåëàíî.
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Abstract

The article describes representation of plain mode declarations as object-oriented
constructs, and  implementation of environments in the form of hierarchy of stack frames.
The indicators stored in a stack frame are used for the program to have access to valid
values. The access method to the values in question is described.


