
ÓÄÊ 004.8

À.Ô. ÊÓÐÃÀÅÂ, Ñ.Í. ÃÐÈÃÎÐÜÅÂ

ÌÅÒÀßÇÛÊ ÍÎÐÌÀËÜÍÛÕ ÔÎÐÌ ÇÍÀÍÈÉ

Àííîòàöèÿ. Ïðåäñòàâëåí ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé, äàíû åãî òåê-
ñòîâîå è ãðàôè÷åñêîå îïèñàíèÿ. Â òåêñòîâîé è ãðàôè÷åñêîé ôîðìàõ äàíû
ôîðìàëüíûå îïèñàíèÿ ìíîæåñòâà ëèíãâèñòè÷åñêèõ ïðèìåðîâ, â òîì ÷èñëå
ñèíòàêñèñà ïîäìíîæåñòâà ïðîñòûõ ïðåäëîæåíèé àíãëèéñêîãî ÿçûêà è ìå-
òàÿçûêà Extended Backus–Naur Form. Ñäåëàíî çàêëþ÷åíèå îá àäåêâàòíîñòè
ïðåäëîæåííîãî ìåòàÿçûêà âîçìîæíîñòÿì ÷åëîâåêà ïðåäñòàâëÿòü è èñïîëüçî-
âàòü çíàíèÿ.

Êëþ÷åâûå ñëîâà: ñèíòàêñèñ, ìåòàÿçûê íîðìàëüíûõ ôîðì çíàíèé, ãðàôè-
÷åñêèå ñðåäñòâà ìåòàÿçûêà, ôîðìàëüíîå îïèñàíèå ìåòàÿçûêà, ìåòàÿçûê
Extended Backus–Naur Form, ñèíòàêñèñ àíãëèéñêîãî ïðåäëîæåíèÿ.

ÂÂÅÄÅÍÈÅ

Îáû÷íî ÷åëîâåêîì âîñïðèíèìàåòñÿ ëèøü òî, ÷òî èìååò ôîðìó; îáúåêòû áåç

ôîðìû ïðîñòî íå ñóùåñòâóþò. Ëþáàÿ ôîðìà íàìè âîñïðèíèìàåòñÿ, êîãäà

ïðåäñòàâëÿåì åå ñòðóêòóðó íà îñíîâàíèè çíàíèé î ñèíòàêñèñå ÿçûêà äëÿ îïè-

ñàíèÿ ìíîæåñòâà ôîðì îáúåêòîâ íåêîòîðîãî êëàññà.

Äëÿ ñòðîãîãî è òî÷íîãî îïèñàíèÿ ñèíòàêñèñà ÿçûêîâ èñïîëüçóþò ñïåöèàëü-

íûå ìåòàÿçûêè (ÿçûêè äëÿ îïèñàíèÿ ÿçûêîâ) [1]. Íàèáîëåå ðàñïðîñòðàíåíû ìåòà-

ëèíãâèñòè÷íûå ôîðìû BNF (Backus–Naur Form) è Extended BNF (EBNF) — ðàñ-

øèðåííûé ìåòàÿçûê [2].

Îäíàêî â êà÷åñòâå ÿçûêà ïðåäñòàâëåíèÿ çíàíèé ìåòàÿçûê EBNF (è äðóãèå

èçâåñòíûå ìåòàÿçûêè) èìååò îïðåäåëåííûå íåäîñòàòêè. Â ÷àñòíîñòè, ÿçûê EBNF,

ñîçäàííûé ïåðâè÷íî äëÿ óçêîñïåöèàëüíûõ çàäà÷ è õîðîøî èõ îáåñïå÷èâàþùèé,

íå ÿâëÿåòñÿ ôóíêöèîíàëüíî ïîëíûì è ïîýòîìó íåïðèãîäåí äëÿ ïðåäñòàâëåíèÿ

ïðîèçâîëüíûõ çíàíèé.

Öåëü íàñòîÿùåé ñòàòüè — óñòðàíåíèå íåäîñòàòêîâ èçâåñòíûõ ìåòàÿçûêîâ

â ðàìêàõ íîâîãî ñïîñîáà ïðåäñòàâëåíèÿ è èñïîëüçîâàíèÿ çíàíèé, ïðåäëîæåííîãî

â [1, 3], è åãî ïðèìåíåíèå äëÿ îïèñàíèÿ ìíîæåñòâà ëèíãâèñòè÷åñêèõ ïðèìåðîâ.

ÍÎÂÛÉ ÌÅÒÀßÇÛÊ ÎÏÈÑÀÍÈß ÇÍÀÍÈÉ

Ìåòàÿçûêîì BNF, åãî ðàñøèðåíèåì èëè ïðîèçâîëüíûì äðóãèì ìåòàÿçûêîì ïðåä-

ñòàâëÿþò ñïåöèôèêàöèþ ñèíòàêñè÷åñêèõ ñòðóêòóð ïðîèçâîëüíîãî îáúåêòíîãî ÿçûêà

â âèäå ñèñòåìû ïðàâèë — ôîðìóë, îïðåäåëÿþùèõ îòíîøåíèå ìåæäó òåðìèíàëà-

ìè è íåòåðìèíàëàìè. Òåðìèíàëû — ýëåìåíòû ñòðóêòóðû, íå èìåþùèå ñîáñòâåí-

íîé ñòðóêòóðû, ýòî îïðåäåëåííûå âíå BNF-îïèñàíèÿ èäåíòèôèêàòîðû èëè öåïî÷-

êè — ïîñëåäîâàòåëüíîñòè ñèìâîëîâ â îäèíàðíûõ èëè äâîéíûõ êàâû÷êàõ. Íåòåð-

ìèíàëû — ýëåìåíòû ñòðóêòóðû, èìåþùèå è ñîáñòâåííûå èìåíà, è ñòðóêòóðó.

Ïîëíûì îïèñàíèåì ñòðóêòóðû ÿâëÿåòñÿ íàáîð ïðàâèë, îïðåäåëÿþùèõ âñå íåòåð-

ìèíàëû òàêèì îáðàçîì, ÷òîáû êàæäûé èç íèõ ìîã áûòü ñâåäåí ê êîìáèíàöèè

òåðìèíàëîâ ñ ïîñëåäîâàòåëüíûì (ðåêóðñèâíûì) ïðèìåíåíèåì ïðàâèë.

Ñîãëàñíî ñïåöèôèêàöèè îáúåêòíîãî ÿçûêà ðàçðàáàòûâàþò â ÿçûêå ðåàëèçà-

öèè ïðîãðàììó ðàñïîçíàâàòåëÿ (parser) — àíàëèçà è ïîñòðîåíèÿ äåðåâà âûâîäà

(ðàçáîðà) óòâåðæäåíèé îáúåêòíîãî ÿçûêà. Ôàêò ïîñòðîåíèÿ äåðåâà ðàçáîðà ïîä-

òâåðæäàåò ïðèíàäëåæíîñòü âõîäíîé öåïî÷êè ñèìâîëîâ äàííîìó ÿçûêó.
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Â [3] ïðåäëîæåíî ðåøåíèå çàäà÷è ñèíòåçà íîâîãî ñïîñîáà ïðåäñòàâëåíèÿ è

èñïîëüçîâàíèÿ çíàíèé, àäåêâàòíîãî ïðîöåññó ðåøåíèÿ ñòðóêòóðíî ñëîæíûõ çàäà÷.

Ñîãëàñíî ýòîìó êîíå÷íûé ïðîãðàììíûé ïðîäóêò ñîñòàâëÿåòñÿ èç äâóõ ÷àñòåé.

Ïåðâàÿ ÷àñòü èìååò èíôîðìàöèîííóþ ñòðóêòóðó ìíîæåñòâà îïðåäåëåíèé
ïîíÿòèé (íåòåðìèíàëîâ), ñâÿçàííûõ áàçîâûìè îòíîøåíèÿìè íîðìàëüíûõ ôîðì
çíàíèé (ÍÔÇ), ðàçâèâàþùèõ âûðàçèòåëüíûå âîçìîæíîñòè ìåòàÿçûêà EBNF. Âòî-
ðàÿ ÷àñòü âêëþ÷àåò äâà ïîäìíîæåñòâà — ìíîæåñòâî ýëåìåíòàðíûõ àëãîðèòìîâ è
ìíîæåñòâî ýëåìåíòàðíûõ ñòðóêòóð äàííûõ. Ýòè ìíîæåñòâà ðåàëèçóþò íà îäíîì
èç òðàäèöèîííûõ ÿçûêîâ ïðîãðàììèðîâàíèÿ â âèäå åäèíîé áèáëèîòå÷íîé ñèñòå-
ìû. Êàæäûé òåðìèíàë èìååò ñîáñòâåííîå èìÿ è â îïèñàíèè ñòðóêòóðû ìîæåò èñ-
ïîëüçîâàòüñÿ íàðàâíå ñ íåòåðìèíàëüíûìè ïîíÿòèÿìè.

Äëÿ äîñòèæåíèÿ ôóíêöèîíàëüíîé ïîëíîòû â ìåòàÿçûê EBNF ââîäÿòñÿ òàêèå
îòíîøåíèÿ, êàê îòðèöàíèå, ïðèìåíèìîå ê ëþáîìó ïîíÿòèþ â îïèñàíèè ñòðóêòó-
ðû (îáîçíà÷àåòñÿ ñèìâîëîì ^ , ïðåäøåñòâóþùèì èìåíè îòðèöàåìîãî ïîíÿòèÿ),
à òàêæå òðè ýëåìåíòàðíûõ îïåðàöèè: ðàñïîçíàâàíèå, ðàñïîçíàâàíèå ñî ñëåäîì è
ïîðîæäåíèå íàä èíôîðìàöèîííûìè ñòðóêòóðàìè, ìîäåëÿìè ïðèêëàäíûõ îáëàñòåé,
îáîçíà÷àåìûå ñîîòâåòñòâåííî çíàêàìè ?, # è !, ïðèñîåäèíÿåìûìè ê èìåíè ïîíÿ-
òèÿ, êîòîðîå ââîäèò íåêîòîðóþ èíôîðìàöèîííóþ ñòðóêòóðó.

Ñàìîîïðåäåëåíèå ìåòàÿçûêà ÍÔÇ:

îïèñàíèå = îïðåäåëåíèå (îïðåäåëåíèå);

îïðåäåëåíèå = èíâåðñèÿ èìÿ_ïîíÿòèÿ òåëî_îïðåäåëåíèÿ òçïò;

èíâåðñèÿ = îòðèöàíèå / èñòèíà;

èìÿ_ïîíÿòèÿ = èäåíòèôèêàòîð / öåëîå / öåïü_çíàêîâ;

èäåíòèôèêàòîð = áóêâà (áóêâà / öèôðà);

öåëîå = öèôðà (öèôðà);

öåïü_çíàêîâ = çíàê (^ìåòàçíàê çíàê);

òåëî_îïðåäåëåíèÿ = ñòðóêòóðà / òåðìèíàë;
ñòðóêòóðà = åñòü_ñòðóêòóðà âûðàæåíèå;
òåðìèíàë = åñòü_ñòðóêòóðà;
âûðàæåíèå = ýëåìåíò (ÈËÈ ýëåìåíò / È ýëåìåíò);
ýëåìåíò = èíâåðñèÿ èìÿ ðåæèì;
èìÿ = èòåðàöèÿ / ñòðîêà / èìÿ_ïîíÿòèÿ;
ðåæèì = çí_ðåæèì / èñòèíà;
çí_ðåæèì = ? / # / ! ;
èòåðàöèÿ = ñêîáêà_îòêð âûðàæåíèå ñêîáêà_çàêð;
ñòðîêà = êàâû÷êà (çíàê) êàâû÷êà;

ãäå òåðìèíàëüíûå ïîíÿòèÿ èìåþò çíà÷åíèÿ:

åñòü_ñòðóêòóðà — ðàçäåëèòåëü, èçîáðàæàåòñÿ ñèìâîëîì = ;

ÈËÈ — îòíîøåíèå àëüòåðíàòèâíîãî âûáîðà èçîáðàæàåòñÿ ñèìâîëîì / ;

È — îòíîøåíèå êîíêàòåíàöèè, èçîáðàæàåòñÿ ñèìâîëîì ïðîáåë;

ñêîáêà_îòêð — èòåðàöèîííàÿ ñêîáêà, èçîáðàæàåòñÿ ñèìâîëîì ( ;

ñêîáêà_çàêð — èòåðàöèîííàÿ ñêîáêà, èçîáðàæàåòñÿ ñèìâîëîì ) ;

îòðèöàíèå — îòíîøåíèå îòðèöàíèÿ, èçîáðàæàåòñÿ ñèìâîëîì ^ ;

òçïò — êîíåö îïðåäåëåíèÿ, èçîáðàæàåòñÿ ñèìâîëîì ";" ;

êàâû÷êà — òåêñòîâàÿ êàâû÷êà, èçîáðàæàåòñÿ ñèìâîëîì ' ;

èñòèíà — îòíîøåíèå "òîæäåñòâåííàÿ èñòèíà", ïóñòîé îáúåì.

Â ýòîì îïèñàíèè ïîíÿòèÿ "áóêâà", "öèôðà", "çíàê", "ìåòàçíàê" — òåðìèíàëüíûå:

áóêâà = À / Á / Â / Ã / ... / à / á / â / ã / ... / ÿ / A / B / C / / ... / a / b / c / ... / z;

öèôðà = 0 / 1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 / 9;

çíàê = - / ) / ( / * / & / ^/ % / $ / # / @ / ! / ~ / " / ' / ; / : / < / > / , / . / = /_ / ? / / / ;

ìåòàçíàê = ( / ) / ïðîáåë / / / = / ? / # / ! / ; / ' ;
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ÃÐÀÔÈ×ÅÑÊÎÅ ÎÏÈÑÀÍÈÅ ÌÅÒÀßÇÛÊÀ ÍÔÇ

Íàðÿäó ñ òåêñòîâûìè èñïîëüçóþòñÿ è ãðàôè÷åñêèå ìåòàÿçûêè, ñðåäè êîòîðûõ
íàèáîëåå ïîïóëÿðåí ÿçûê äèàãðàìì Í. Âèðòà (ðèñ. 1).

Ãðàôè÷åñêèå ñðåäñòâà ìåòàÿçûêà ÍÔÇ ðàçâèâàþò ãðàôè÷åñêèå ñðåäñòâà
äèàãðàìì Í. Âèðòà òàê æå, êàê ÍÔÇ ðàçâèâàåò ìåòàÿçûê EBNF (ðèñ. 2).

Â òàáë. 1 ïðèâåäåíî ñîîòâåòñòâèå ìåæäó òåêñòîâîé è ãðàôè÷åñêîé ôîðìàìè
ïðåäñòàâëåíèÿ çíàíèé ñðåäñòâàìè ìåòàÿçûêà ÍÔÇ äëÿ ìíîæåñòâà ðàçíûõ ïîíÿòèé:
Numeral (äåñÿòè÷íàÿ öèôðà), Regular (ïîñëåäîâàòåëüíîñòü åäèíèö çà ïîñëåäîâà-
òåëüíîñòüþ íóëåé), Natural (íàòóðàëüíîå äåñÿòè÷íîå ÷èñëî), Integer (äåñÿòè÷-
íîå öåëîå ÷èñëî), RealValue (äåéñòâèòåëüíîå ÷èñëî), Letter (áóêâà), Identifier
(èäåíòèôèêàòîð) è character (çíàê).
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begin

A

áëîê

áëîê

Òåðìèíàëüíûé ñèìâîë

èç àëôàâèòà ÿçûêà

Èìÿ ëåêñåìû, êëþ÷åâîå ñëîâî è ò.ï.

Íåòåðìèíàëüíûé ñèìâîë,

èìÿ ïðàâèëà

Ëèíèè ñîåäèíåíèÿ ìåæäó òåðìèíàëüíûìè

è íåòåðìèíàëüíûìè ñèìâîëàìè

â ïðàâèëàõ, çàäàííûõ äèàãðàììàìè Í. Âèðòà

Âõîäíàÿ äóãà ñ èìåíåì ïðàâèëà,

îïðåäåëÿþùàÿ íà÷àëî ïðàâèëà

Ðèñ. 1. Ãðàôè÷åñêèå îáîçíà÷åíèÿ ìåòàñèìâîëîâ äèàãðàìì Í. Âèðòà

Íåòåðìèíàëüíîå ïîíÿòèå ñ èìåíåì à ,
îïðåäåëåííîå ïîñëåäîâàòåëüíîñòüþ

ïîíÿòèé ñ èìåíàìè b,ñ , d

öåëîå

öåëîå? öåëîå!öåëîå#

^^öåëîå
Âàðèàíòû èìåíîâàíèÿ âåðøèíû

«öåëîå» ãðàôà G

a

b c d

Íåòåðìèíàëüíîå ïîíÿòèå ñ èìåíåì à ,
îïðåäåëåííîå àëüòåðíàòèâîé ïîíÿòèé

ñ èìåíàìè ,b , ñ d

a

b c d

Òåðìèíàëüíîå ïîíÿòèå ñ èìåíåì à
è òåêñòîâàÿ êîíñòàíòà a

a
à

Íåòåðìèíàëüíîå ïîíÿòèå ñ èìåíåì à ,
îïðåäåëåííîå èòåðàöèåé

ïîñëåäîâàòåëüíîñòè
ïîíÿòèé ñ èìåíàìè b ,ñ, d

a

b c d

Ðèñ. 2. Ãðàôè÷åñêèå ñðåäñòâà ìåòàÿçûêà ÍÔÇ
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Ò à á ë è ö à 1. Ïðîñòûå ñòðóêòóðû â ïðåäñòàâëåíèè ÍÔÇ

Òåêñòîâîå
ïðåäñòàâëåíèå çíàíèé Ãðàôè÷åñêîå ïðåäñòàâëåíèå çíàíèé

0 1 2 3 4 5 6 7 8 9

0 1

Natural

0 1 2 3 4 5 6 7 8 9

Numeral

Integer

Sign Natural

+ -- 1

0 1 2 3 4 5 6 7 8 9

Numeral

Sign Natural

+ -- 1
0 1 2 3 4 5 6 7 8 9

Numeral

RealValue

Integer

Point1 Exp1Natural1

Integer1

0 1 2 3 4 5 6 7 8 9

Numeral

. 1 E e 1

1

1Natural

A B C ... Z a b c ... z

Letter

Identifier

0 1 2 3 4 5 6 7 8 9

Numeral

Numeral =

0/1/2/3/4/5/6/7/8/9;

Regular = (0)(1);

Numeral = Numeral

(Numeral);

Integer = Sign Numeral;

Sign = + / – / 1;

Numeral = Numeral

(Numeral);

RealValue = Integer

Point1 Natural1 Exp1

Integer1;

Point1 = . / 1;

Natural1 = Natural / 1;

Exp1 = E/e/1;

Integer1=Integer / 1;

Identifier = Letter

(Letter / Numeral);

Numeral

Regular



Íà ðèñ. 3 ñ èñïîëüçîâàíèåì ãðàôè÷åñêèõ ñðåäñòâ ìåòàÿçûêà ÍÔÇ ïðåäñòàâ-
ëåíà ãðàôè÷åñêàÿ ôîðìà ñàìîîïèñàíèÿ ìåòàÿçûêà ÍÔÇ, ýêâèâàëåíòíàÿ ïðèâåäåí-
íîìó âûøå òåêñòîâîìó îïèñàíèþ.

ÏÐÈÌÅÐ ÌÅÒÀßÇÛÊÎÂÎÃÎ ÎÏÈÑÀÍÈß ÀÍÃËÈÉÑÊÎÃÎ
ÅÑÒÅÑÒÂÅÍÍÎßÇÛÊÎÂÎÃÎ ÏÐÅÄËÎÆÅÍÈß

Èñïîëüçóÿ ðåçóëüòàòû ðàáîòû [4], ïðåäñòàâèì ñèíòàêñèñ ïîäìíîæåñòâà ïðîñòûõ
ïðåäëîæåíèé àíãëèéñêîãî ÿçûêà â íîòàöèè ìåòàÿçûêà ÍÔÇ ñëåäóþùèì îáðàçîì:

Sentence = NP Sep1 Aux1 Sep1 VP;
NP = Art1 Sep1 AP1 Sep1 N Sep1 PP1;
Sep1 = (Sep);
Aux1 = Aux/1;
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Aux = ‘will’/‘can’/‘might’;
VP = Verb Sep1 NP1 Sep1 PP1 Sep1 Adv1;
Art1 = Art/1;
Art = ‘the’/‘an’/‘a’;
AP1 = AP/1;
AP = Adj Sep1 PP1;
Adj = ‘old’/‘red’/‘slimy’/‘white’/‘new’/‘hungry’;
PP1 = PP/1;
PP = Prep Sep1 NP;
Prep = ‘at’/‘in’/‘to’/‘with’/‘out_of ’;
N = ‘tree’/‘wind’/‘children’/‘toys’/‘toy’/‘box’/‘boy’/‘ball’/‘house’/‘shorts’/‘letter’

/‘jon’/‘it’/‘man’/‘hat’/‘fish’/‘toby’/‘he’/‘book’/‘we’/‘dogs’/‘swimmer’;
Verb = ‘swayed’/‘put’/‘found’/‘kicked’/‘was_reading’/‘gave’/‘saw’/‘read’/‘fed’

/‘was’/‘pulled’/‘have_been_reading’;
NP1 = NP/1;
Adv1 = Adv/1;
Adv = ‘slowly’/‘now’/‘quite_quick’;
Â ýòîì îïèñàíèè èñïîëüçîâàíû ñëåäóþùèå ïîíÿòèÿ: Sentence — ïðåäëîæå-

íèå àíãëèéñêîãî ÿçûêà, NP — ãðóïïà ñóùåñòâèòåëüíîãî, VP — ãðóïïà ãëàãîëà,
PP — ãðóïïà ïðåäëîãà, AP — ãðóïïà ïðèëàãàòåëüíîãî, N — ñóùåñòâèòåëüíîå,
Verb — ãëàãîë, Adj — ïðèëàãàòåëüíîå, Prep — ïðåäëîã, Adv — íàðå÷èå, Art —
àðòèêëü, Aux — âñïîìîãàòåëüíûé ãëàãîë, Sep — ïðîáåë è äð.
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Îïèñàíèå ïðèâåäåííîãî ïðèìåðà ñèíòàêñèñà ïðåäëîæåíèÿ àíãëèéñêîãî ÿçûêà,
âûïîëíåííîå ãðàôè÷åñêèìè ñðåäñòâàìè ìåòàÿçûêà ÍÔÇ, èçîáðàæåíî íà ðèñ. 4. Î÷å-
âèäíî, ÷òî ýòî îïèñàíèå ýêâèâàëåíòíî ïðèâåäåííîìó âûøå òåêñòîâîìó îïèñàíèþ.

ÌÅÒÀßÇÛÊ EBNF

Ñåìàíòèêà ïðàâèëà â EBNF: íåòåðìèíàë, çàäàííûé èäåíòèôèêàòîðîì ñëåâà îò
çíàêà =, îïðåäåëÿåòñÿ íåêîòîðûì îòíîøåíèåì íåòåðìèíàëîâ è òåðìèíàëîâ, óêà-
çàííûì ñïðàâà îò ýòîãî çíàêà. Íàáîð îñíîâíûõ îòíîøåíèé EBNF: êîíêàòåíàöèÿ
(îáîçíà÷àåòñÿ çàïÿòîé), àëüòåðíàòèâíûé âûáîð (îáîçíà÷àåòñÿ âåðòèêàëüíîé ÷åð-
òîé, ðàçäåëÿþùåé àëüòåðíàòèâû), èòåðàöèÿ (îáîçíà÷àåòñÿ ôèãóðíûìè ñêîáêàìè,
âûäåëÿþùèìè èòåðèðóåìóþ ñòðóêòóðó) è îòðèöàíèå (îáîçíà÷àåòñÿ òèðå ñ ïîñëå-
äóþùèì èñêëþ÷àåìûì òåðìèíîì); íàáîð äîïîëíèòåëüíûõ, ñòèëèñòè÷åñêèõ îòíî-
øåíèé — íåîáÿçàòåëüíîñòü (íåîáÿçàòåëüíûé ýëåìåíò âûäåëÿþò êâàäðàòíûìè
ñêîáêàìè) è ñòðóêòóðíûå êðóãëûå ñêîáêè. Êàæäîå ïðàâèëî èìååò ÿâíûé çàêëþ-
÷èòåëüíûé ñèìâîë äëÿ èñêëþ÷åíèÿ íåîäíîçíà÷íîñòè åãî îêîí÷àíèÿ. Ïàðà ñèìâî-
ëîâ (* è *) âûäåëÿåò êîììåíòàðèé, ðàçìåùàåìûé îáû÷íî èëè ïåðåä îïèñàíèåì
ñèíòàêñèñà, èëè â êîíöå îïðåäåëåíèÿ íåòåðìèíàëà. Ìåòàÿçûê EBNF ïðèãîäåí äëÿ
îïèñàíèÿ ñèíòàêñèñà ïðîèçâîëüíûõ ÿçûêîâ, èìåþùèõ ïðàêòè÷åñêèé èíòåðåñ.

Ñðåäñòâàìè EBNF ìîæåò áûòü îïðåäåëåí è ñàì ìåòàÿçûê EBNF. Òàê, îñíîâ-
íàÿ åãî ÷àñòü ïðåäñòàâëÿåòñÿ â ñëåäóþùåé ôîðìå [2]:

syntax = [comment], syntax rule, { syntax rule};
syntax rule = meta identifier, ’=’, definitions list, [comment], ’;’ ;
definitions list = single definition, {’|’, single definition} (* | ðàçäåëÿåò àëüòåðíà-

òèâû <single definitions> *);
single definition = term, {’,’, term} (* , ðàçäåëÿåò ïîñëåäîâàòåëüíûå òåðìèíû

<term>*);
term = factor, [’-’, exception] (*<term> îïðåäåëåí ÷åðåç <factor> áåç

<exception> *);
exception = factor (*åñëè <factor> íå ñîäåðæèò <meta identifier>, îïðåäåëÿå-

ìîãî òåðìèíà*);
factor = [integer, ’*’], primary (* <integer> óêàçûâàåò ÷èñëî ïîâòîðåíèé

<primary>*);
primary = optional sequence | repeated sequence | special sequence | grouped

sequence | meta identifier | terminal string | empty;
empty = ;

optional sequence = ’[’, definitions list , ’]’ (* Ñêîáêè [ è ] ñîäåðæàò íåîáÿçà-
òåëüíûå ñèìâîëû *);

repeated sequence = ’{’, definitions list , ’}’ (* Ñêîáêè { è } ñîäåðæàò ïîâòîðÿ-
åìûå ñèìâîëû *);

grouped sequence = ’(’, definitions list, ’)’ (* Ñêîáêè ( è ) ãðóïïèðóþò ëþáîé
<definitions list>*);

terminal string = "’", character - "’", {character - "’"}, "’" | ’"’, character - ’"’,
{character - ’"’}, ’"’ (*<terminal string> ïðåäñòàâëÿåò <characters> ìåæäó êàâû÷êà-
ìè ’_’ èëè "_" *);

meta identifier = letter, {letter | decimal digit} (*<meta identifier> — èìÿ îïðå-
äåëÿåìîãî òåðìèíà *);

integer = decimal digit, {decimal digit};
special sequence = ’?’, {character - ’?’}, ’?’ (* <special sequence> íå îïðåäåëå-

íî â ìåòàÿçûêå *);
comment = ’(*’, {comment symbol}, ’*)’ (* <comment> ìîæåò áûòü, íàïðèìåð,

â <syntax rule> è/èëè <syntax> *);
comment symbol = comment | terminal string | special sequence | character;

Çäåñü è äàëåå (â îòëè÷èå îò íîòàöèè ïðàâèë) â êîììåíòàðèÿõ è òåêñòå èìåíà
òåðìèíîâ äàíû â óãëîâûõ ñêîáêàõ äëÿ èõ ðàçëè÷èÿ îòíîñèòåëüíî îáû÷íîãî òåêñòà.

ISSN 0023-1274. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2016, òîì 52, ¹ 6 17



Ìåòàÿçûê, ýêâèâàëåíòíûé îñíîâíîé ÷àñòè ìåòàÿçûêà EBNF, îïðåäåëèì
â òåðìèíàõ ìåòàÿçûêà ÍÔÇ ñëåäóþùåé ñèñòåìîé ïðàâèë:

syntax = comment rule (rule);

rule = identifier ’=’ def_list comment ’;’ ;

def_list = single_def (separator single_def);

single_def = term (space term);

term = if_minus factor;

if_minus = �minus / �exception;

minus = ’�’;

exception = factor;

factor = if_int (int_repet primary);

if_int = integer sum:=integer counter:=0/sum:=0;

int_repet = sum_0/counter � sum increment;

primary = opt_seq/rep_seq/identifier/term_str/empty;

empty = ;

opt_seq = def_list/empty;

rep_seq = (space def_list);

term_str = “’”^”’” character ( ^””’ character) “’”/ ””^”” character ( ^”” character) ”” ;

identifier = letter (letter/numeral);

integer = numeral (numeral);

comment = ’(*’ (comm_symb) ’*)’ / empty;

comm_symb = comment / term_str/character;

Äëÿ ýòîãî îïèñàíèÿ õàðàêòåðíî ñëåäóþùåå:
1) ñîãëàñíî íîòàöèè ìåòàÿçûêà ÍÔÇ âñå èìåíà òåðìèíîâ ïðåäñòàâëåíû â îä-

íîñëîâíîì âàðèàíòå ñ âîçìîæíûì èñïîëüçîâàíèåì ïîä÷åðêèâàíèÿ äëÿ ñîåäèíå-
íèÿ â îäíî ñëîâî äâóõ è áîëåå ñëîâ ìíîãîñëîâíûõ èìåí ìåòàÿçûêà EBNF;

2) èñïîëüçîâàíû ñëåäóþùèå ñîêðàùåíèÿ èìåí èç ñàìîîïðåäåëåíèÿ ìåòàÿçû-
êà EBNF:

<rule> — âìåñòî <syntax rule>;
<identifier> — âìåñòî <meta identifier>;
<def_list> — âìåñòî <defininions list>;
<single_def> — âìåñòî <single definition>;
<opt_seq> — âìåñòî <optional sequence>;
<rep_seq> — âìåñòî <repeated sequence>;
<term_str> — âìåñòî <terminal_string>;
<numeral> — âìåñòî <decimal digit>;
<comm_symb> — âìåñòî <comment symbol>;
<st_comm_symb> — âìåñòî <start-comment-symbol>;
<end-comm_symb> — âìåñòî <end-comment-symbol>;
<first-q> — âìåñòî <first-quote-symbol>;
<second-q> — âìåñòî <second-quote-symbol>;
<defining> — âìåñòî <defining-symbol>;
<terminator> — âìåñòî <terminator-symbol>;
3) òåðìèí <special sequence> èñêëþ÷åí, ïîñêîëüêó ïðåäñòàâëÿåòñÿ ìàëî ïðî-

äóêòèâíûì, òåì áîëåå ÷òî îí íå îïðåäåëåí â ìåòàÿçûêå EBNF:
4) òåðìèí <grouped sequence> èñêëþ÷åí, ïîñêîëüêó ïðåäñòàâëÿåòñÿ íåïðîäóê-

òèâíûì. Åãî ñîäåðæèìîå ëåãêî çàìåíèòü äîïîëíèòåëüíûì òåðìèíîì;
5) îïðåäåëåíèå â ìåòàÿçûêå EBNF òåðìèíà term:
à) term=factor, [’-’, exception];

b) çàìåíà ñåìàíòè÷åñêè ýêâèâàëåíòíûì åãî îïðåäåëåíèåì â ìåòàÿçûêå ÍÔÇ:
term = if_minus factor;
if_minus = �minus / �exception;

minus = ’�’;

c) èìååò ñëåäóþùèé ñìûñë: åñëè íåò çíàêà <minus> èëè <exception>, òî âû-
ïîëíÿåòñÿ <factor>, èíà÷å — ëîæü;

6) îïðåäåëåíèå â ìåòàÿçûê EBNF òåðìèíà factor:
factor = [integer, ’*’], primary;

à) çàìåíà ñåìàíòè÷åñêè ýêâèâàëåíòíûì åãî îïðåäåëåíèåì â ìåòàÿçûêå ÍÔÇ:
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factor = if_int (int_repet primary);

if_int = integer sum := integer counter := 0/sum := 0;

int_repet = sum_0/counter � sum increment;

b) èìååò ñëåäóþùèé ñìûñë: åñëè <integer> åñòü, òî âûïîëíÿåòñÿ
<sum:=integer> è <counter:=0>, èíà÷å âûïîëíÿåòñÿ <sum:=0>. Äàëåå, åñëè çíà÷å-
íèå <sum> åñòü 0, òî <primery> ïîâòîðÿåòñÿ íåîïðåäåëåííîå ÷èñëî ðàç, èíà÷å
÷èñëî ïîâòîðåíèé <primery> îïðåäåëÿåòñÿ çàäàííûì çíà÷åíèåì <integer>.

Îïèñàíèå ìåòàÿçûêà EBNF ñ èñïîëüçîâàíèåì ãðàôè÷åñêèõ ñðåäñòâ ìåòàÿçû-
êà ÍÔÇ ïðåäñòàâëåíî íà ðèñ. 5. Î÷åâèäíî, ÷òî îíî ýêâèâàëåíòíî ïðèâåäåííîìó
âûøå òåêñòîâîìó îïèñàíèþ.

Ôàêò îïèñàíèÿ ìåòàÿçûêà EBNF â ìåòàÿçûêå ÍÔÇ îáîñíîâûâàåò óòâåðæäåíèå.
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Óòâåðæäåíèå. Âñÿêèé ÿçûê-îáúåêò, îïèñàííûé â ìåòàÿçûêå EBNF, ìîæåò
áûòü îïèñàí â ìåòàÿçûêå ÍÔÇ.

ÇÀÊËÞ×ÅÍÈÅ

Â ïðåäëîæåííîì ñïîñîáå ïðåäñòàâëåíèÿ è èñïîëüçîâàíèÿ çíàíèé ïðåäåëüíî îòäå-
ëåíû çíàíèÿ îò äàííûõ. Â îïèñàíèè è ïðåäñòàâëåíèè çíàíèÿ è äàííûå îòäåëåíû
ôèçè÷åñêè: çíàíèå ñêîíöåíòðèðîâàíî â èíôîðìàöèîííîé ñòðóêòóðå, ïðåäñòàâëå-
íèå è îáðàáîòêà äàííûõ ëîêàëèçîâàíû â òåðìèíàëàõ. Ýòè äâå êîìïîíåíòû ïðåä-
ñòàâëåíû äâóìÿ ðàçíûìè ïîäïðîñòðàíñòâàìè åäèíîãî ïðîñòðàíñòâà ðåøåíèÿ çà-
äà÷. Ðàçäåëåíèå ïðîñòðàíñòâ è ìåõàíèçìîâ îáðàáîòêè çíàíèé è äàííûõ ïîçâîëÿåò
ïðèìåíèòü äëÿ êàæäîãî èç íèõ îïòèìàëüíûå àïïàðàòíûå ñðåäñòâà èíòåðïðåòàöèè
ïðè ñîõðàíåíèè öåëîñòíîñòè âñåãî äâóåäèíîãî ïðîöåññà ðåøåíèÿ çàäà÷.

Çíàíèå — îïèñàíèå îáúåêòèâíî ñóùåñòâóþùåé èíôîðìàöèîííîé ñòðóêòóðû ïðåä-
ìåòíîé îáëàñòè. Ñ èñïîëüçîâàíèåì ýòèõ çíàíèé ìîæíî ðåøàòü âñå çàäà÷è, ñóùåñòâóþ-
ùèå äëÿ ýòîé îáëàñòè (åñëè äîñòàòî÷íà òî÷íîñòü îïèñàíèÿ ïðåäìåòíîé îáëàñòè). Èíû-
ìè ñëîâàìè, çíàíèÿ — ýòî êîìïîíåíòà èíôîðìàöèè, èíâàðèàíòíàÿ îòíîñèòåëüíî çàäà÷,
ðåøàåìûõ â ýòîé îáëàñòè. Èòàê, çíàíèÿ, êîãäà-òî îñîçíàííûå, ôîðìàëèçîâàííûå è ââå-
äåííûå â êîìïüþòåð, ìîæíî èñïîëüçîâàòü ìíîãîêðàòíî äëÿ ðåøåíèÿ ðàçëè÷íûõ çàäà÷.

Ýòîò ñïîñîá ïðåäñòàâëåíèÿ è èñïîëüçîâàíèÿ çíàíèé â îòëè÷èå îò èçâåñòíûõ
õàðàêòåðèçóåòñÿ áîëüøåé òåõíîëîãè÷åñêîé àäåêâàòíîñòüþ âîçìîæíîñòÿì ÷åëîâåêà.
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ÌÅÒÀÌÎÂÀ ÍÎÐÌÀËÜÍÈÕ ÔÎÐÌ ÇÍÀÍÜ

Àíîòàö³ÿ. Ïðåäñòàâëåíà ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü, äàíî ¿¿ òåêñòîâèé é ãðàô³÷íèé
îïèñè. Ó òåêñòîâ³é ³ ãðàô³÷í³é ôîðìàõ äàíî ôîðìàëüí³ îïèñè ìíîæèíè ë³íãâ³ñòè÷íèõ
ïðèêëàä³â, ó òîìó ÷èñë³ ñèíòàêñèñó ï³äìíîæèíè ïðîñòèõ ðå÷åíü àíãë³éñüêî¿ ìîâè é ìåòà-
ìîâè Extended Backus–Naur Form. Çðîáëåíî âèñíîâîê ïðî àäåêâàòí³ñòü ïðåäñòàâëåíî¿ ìå-
òàìîâè ìîæëèâîñòÿì ëþäèíè ùîäî ïîäàííÿ é âèêîðèñòàííÿ çíàíü.

Êëþ÷îâ³ ñëîâà: ñèíòàêñèñ, ìåòàìîâà íîðìàëüíèõ ôîðì çíàíü, ãðàô³÷í³ çàñîáè ìå-
òàìîâè, ôîðìàëüíèé îïèñ ìåòàìîâè, ìåòàìîâà Extended Backus–Naur Form, ñèíòàê-
ñèñ àíãë³éñüêîãî ðå÷åííÿ.

A.F. Kurgaev, S.N. Grigoriev
META-LANGUAGE OF NORMAL FORMS OF KNOWLEDGE

Abstract. The meta-language of normal forms of knowledge is presented and its
graphic and text descriptions are provided. The formal descriptions of numerous
linguistic examples (including syntax of a subset of simple English sentences and the
meta-language of extended Backus–Naur forms) are set out in text and graphic forms. It
has been concluded that the meta-language presented can be favorably compared to
human capabilities of knowledge representation and usage.

Keywords: syntax, meta-language of Normal Forms of Knowledge, graphic tools of the
meta-language, meta-language formal description, Extended Backus–Naur Form, syntax
of English sentence.
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