
ÌÈÍÈÑÒÅÐÑÒÂÎ ÍÀÓÊÈ È ÂÛÑØÅÃÎ ÎÁÐÀÇÎÂÀÍÈß
ÐÎÑÑÈÉÑÊÎÉ ÔÅÄÅÐÀÖÈÈ

ôåäåðàëüíîå ãîñóäàðñòâåííîå àâòîíîìíîå îáðàçîâàòåëüíîå ó÷ðåæäåíèå
âûñøåãî îáðàçîâàíèÿ ¾Ñàíêò-Ïåòåðáóðãñêèé ïîëèòåõíè÷åñêèé

óíèâåðñèòåò Ïåòðà Âåëèêîãî¿

Èíñòèòóò êîìïüþòåðíûõ íàóê è êèáåðáåçîïàñíîñòè

Âûñøàÿ øêîëà òåõíîëîãèé èñêóññòâåííîãî èíòåëëåêòà

Íàïðàâëåíèå: 02.03.01 ¾Ìàòåìàòèêà è êîìïüþòåðíûå íàóêè¿

Ëàáîðàòîðíàÿ ðàáîòà �2

¾Êîíå÷íûé àâòîìàò è ðåãóëÿðíîå âûðàæåíèå äëÿ

ðàñïîçíàâàíèÿ ôîðìàòîâ âåùåñòâåííûõ ÷èñåë¿

ïî äèñöèïëèíå

¾Ìàòåìàòè÷åñêàÿ ëîãèêà è òåîðèÿ àâòîìàòîâ¿

Âàðèàíò 15

Ñòóäåíò,

ãðóïïû 5130201/20102 Òèùåíêî À. À.

Ïðåïîäàâàòåëü Âîñòðîâ À. Â.

¾ ¿ 2025ã.

Ñàíêò-Ïåòåðáóðã, 2025



Ñîäåðæàíèå

Ââåäåíèå 3

1 Ìàòåìàòè÷åñêîå îïèñàíèå 4

1.1 ßçûêè è ãðàììàòèêè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2 Ðåãóëÿðíûå ìíîæåñòâà . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.3 Ðåãóëÿðíûå âûðàæåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.4 Ðåãóëÿðíûå âûðàæåíèÿ äëÿ çàäàííîãî âàðèàíòà . . . . . . . . . . . . . 5

1.5 Êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü . . . . . . . . . . . . . . . . . . . . . 6

1.6 Íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü . . . . . . . . . . . . . . . . . 7

1.7 Òåîðåìà Êëèíè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.8 Íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ çàäàííîãî âàðèàíòà . . 8

1.9 Äåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ çàäàííîãî âàðèàíòà . . . . 8

2 Îñîáåííîñòè ðåàëèçàöèè 11

2.1 Îáùàÿ ñòðóêòóðà ïðîãðàììû . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2 Êëàññ FiniteAutomaton . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.3 Ìåòîä _get_next_state . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.4 Ìåòîä process_input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.5 Ìåòîä generate_random_string . . . . . . . . . . . . . . . . . . . . . . . 12

2.6 Ôóíêöèÿ main . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3 Ðåçóëüòàòû ðàáîòû ïðîãðàììû 16

Çàêëþ÷åíèå 18

Ñïèñîê ëèòåðàòóðû 19

2



Ââåäåíèå

Ëàáîðàòîðíàÿ �2 ïî äèñöèïëèíå ¾Ìàòåìàòè÷åñêàÿ ëîãèêà¿ çàêëþ÷àåòñÿ â ñëå-
äóþùåì. Íåîáõîäèìî ïîñòðîèòü ðåãóëÿðíîå âûðàæåíèå äëÿ çàäàííîãî âàðèàíòà, çà-
òåì ñîçäàòü íåäåòåðìèíèðîâàííûé êîíå÷íûé àâòîìàò è äåòåðìèíèðîâàòü åãî. Ðåàëè-
çîâàòü ïðîãðàììó, êîòîðàÿ ïðîâåðÿåò ââåä¼ííûé òåêñò ÷åðåç ðåàëèçàöèþ êîíå÷íîãî
àâòîìàòà, ñ âàðèàíòàìè âûâîäà: ñòðîêà ñîîòâåòñòâóåò, íå ñîîòâåòñòâóåò, ñèìâîëû íå
èç àëôàâèòà. Òàêæå íåîáõîäèìî ðåàëèçîâàòü ôóíêöèþ ñëó÷àéíîé ãåíåðàöèè âåðíîé
ñòðîêè ïî ïîëó÷åííîìó êîíå÷íîìó àâòîìàòó.

Âàðèàíò 15. Ñîîòâåòñòâèå âåùåñòâåííîãî ÷èñëà ðàçíûì ôîðìàòàì ïðåäñòàâëå-
íèÿ.

Â äàííîé ëàáîðàòîðíîé ðàáîòå ðàññìàòðèâàþòñÿ ñëåäóþùèå ôîðìàòû ïðåäñòàâ-
ëåíèÿ âåùåñòâåííûõ ÷èñåë.

� Öåëûå ÷èñëà, íàïðèìåð: �123�, �-456�, �0�, â ò. ÷. �+0�, �-0�.

� Äåñÿòè÷íûå ÷èñëà ñ ðàçäåëèòåëåì òî÷êà, íàïðèìåð: �123.456�, �-456.789�,
�.5�.

� Ýêñïîíåíöèàëüíàÿ ôîðìà (áóêâà E ìîæåò áûòü êàê â âåðõíåì, òàê è â íèæíåì
ðåãèñòðå), íàïðèìåð: �1.23E4�, �-4.56e-7�, �7e8�.

Ôîðìàëüíîå îïðåäåëåíèå ñèíòàêñèñà ïðåäëîæåííîãî ôîðìàòà âåùåñòâåííûõ ÷è-
ñåë â ÁÍÔ íîòàöèè:

real ::= [sign] (integer | float | exponentnumber)
sign ::= "+" | "-"

integer ::= nonzerodigit {digit} | "0" {"0"}
nonzerodigit ::= "1" | "2" | ... | "9"
digit ::= "0" | nonzerodigit

float ::= {digit} "." digitpart | digitpart "."
digitpart ::= digit {digit}

exponentnumber ::= (digitpart | float) exponent
exponent ::= ("e" | "E") [sign] digitpart

Ãäå:

� [R]� íåîáÿçàòåëüíûé ýëåìåíò (0 èëè 1 ðàç)

� {R} � ïîâòîðåíèå ýëåìåíòà (0 èëè áîëåå ðàç)

� P|Q � àëüòåðíàòèâà (ëèáî P, ëèáî Q)
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1 Ìàòåìàòè÷åñêîå îïèñàíèå

1.1 ßçûêè è ãðàììàòèêè

ßçûêîì íàä êîíå÷íûì ñëîâàðåì Σ íàçûâàåòñÿ ïðîèçâîëüíîå ìíîæåñòâî êîíå÷-
íûõ öåïî÷åê íàä ýòèì ñëîâàðåì.

� Öåïî÷êè ÿçûêà íàçûâàþòñÿ ñëîâàìè (ïðåäëîæåíèÿìè).

� Íàä êîíå÷íûì íåïóñòûì ñëîâàðåì ìîæíî îïðåäåëèòü áåñêîíå÷íîå êîëè÷åñòâî
ñëîâ êîíå÷íîé äëèíû (ñ÷åòíîå ìíîæåñòâî).

� Íàä êîíå÷íûì íåïóñòûì ñëîâàðåì ìîæíî îïðåäåëèòü áåñêîíå÷íîå êîëè÷åñòâî
ÿçûêîâ, ò.å. ïîäìíîæåñòâî ìíîæåñòâà âñåõ âîçìîæíûõ ñëîâ (êîíòèíóóì, êàê
÷èñëî ïîäìíîæåñòâ ñ÷åòíîãî ìíîæåñòâà).

ßçûêè ìîãóò áûòü êîíå÷íûìè è áåñêîíå÷íûìè (ñîäåðæàòü áåñêîíå÷íîå ÷èñëî
öåïî÷åê). Ñëîâàðü âñåãäà êîíå÷åí.

Ôîðìàëüíàÿ ãðàììàòèêà � ñïîñîá îïèñàíèÿ òîãî, êàêèå ïðåäëîæåíèÿ âîçìîæíû
â ÿçûêå. Ñóùåñòâóåò äâà âèäà ãðàììàòèê:

� ïîðîæäàþùèå ãðàììàòèêè � ïðàâèëà, ïîçâîëÿþùèå ñòðîèòü ëþáîå ïðåäëîæå-
íèå ÿçûêà,

� ðàñïîçíàþùèå ãðàììàòèêè (àëãîðèòìû) - ïîçâîëÿþò îïðåäåëèòü, ïðèíàäëå-
æèò ëè äàííîå ïðåäëîæåíèå ÿçûêó.

Ðàñïîçíàþùàÿ ãðàììàòèêà � ýòî êîíå÷íûé íàáîð ïðàâèë, àëãîðèòì, êîòîðûé ïî
ââåäåííîé öåïî÷êå îïðåäåëÿåò, ïðèíàäëåæèò öåïî÷êà ÿçûêó, èëè íåò.

1.2 Ðåãóëÿðíûå ìíîæåñòâà

Ðåãóëÿðíûå ìíîæåñòâà, êàê ìíîæåñòâà öåïî÷åê, ïîñòðîåííûå íàä êîíå÷íûì ñëî-
âàðåì (ïî îïðåäåëåííûì ïðàâèëàì) � ýòî ÿçûêè. Èõ íàçûâàþò ðåãóëÿðíûìè ÿçûêà-
ìè.

Ïðàâèëà ïîñòðîåíèÿ ðåãóëÿðíûõ ìíîæåñòâ:

� Îáúåäèíåíèå äâóõ ðåãóëÿðíûõ ìíîæåñòâ L1 è L2 îáîçíà÷àåòñÿ L1∪L2 è ñîñòîèò
èç öåïî÷åê, êîòîðûå ïðèíàäëåæàò õîòÿ áû îäíîìó èç ìíîæåñòâ L1 èëè L2.

L1 ∪ L2 = {α | α ∈ L1 èëè α ∈ L2}

� Êîíêàòåíàöèÿ (ïðîèçâåäåíèå) äâóõ ðåãóëÿðíûõ ìíîæåñòâ L1 è L2 îáîçíà÷àåòñÿ
L1 · L2 è ñîñòîèò èç öåïî÷åê, êîòîðûå ìîæíî ðàçáèòü íà äâå ÷àñòè, îäíà èç
êîòîðûõ ïðèíàäëåæèò L1, à äðóãàÿ L2.

L1 · L2 = {αβ | α ∈ L1 è β ∈ L2}

Îáîçíà÷èì L0 = {ε}, L1 = L, L2 = L ·L, Lk+1 = Lk ·L, è òàê äàëåå. Îáîçíà÷åíèå
ε îáîçíà÷àåò ïóñòóþ öåïî÷êó.
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� Èòåðàöèÿ ðåãóëÿðíîãî ìíîæåñòâà L îáîçíà÷àåòñÿ L∗ è ñîñòîèò èç öåïî÷åê,
êîòîðûå ìîæíî ðàçáèòü íà ïðîèçâîëüíîå êîëè÷åñòâî ïîâòîðåíèé ìíîæåñòâà
L.

L∗ = {ε} ∪ L ∪ L2 ∪ L3 ∪ . . .

1.3 Ðåãóëÿðíûå âûðàæåíèÿ

Ðåãóëÿðíûå âûðàæåíèÿ � ôîðìàëüíûé ÿçûê øàáëîíîâ äëÿ ïîèñêà è âûïîëíåíèÿ
ìàíèïóëÿöèé ñ ïîäñòðîêàìè â òåêñòå. Ðåãóëÿðíîå âûðàæåíèå � ýòî ôîðìóëà (pattern,
øàáëîí), çàäàþùàÿ ïðàâèëî ïîèñêà ïîäñòðîê â ïîòîêå ñèìâîëîâ.

Ðåãóëÿðíîå âûðàæåíèå ïîêàçûâàåò, êàê ìîæíî ïîñòðîèòü ðåãóëÿðíîå ìíîæåñòâî
öåïî÷åê èç îäíîýëåìåíòíûõ ìíîæåñòâ ñ èñïîëüçîâàíèåì òðåõ îïåðàöèé: êîíêàòåíà-
öèè, îáúåäèíåíèÿ è èòåðàöèè.

Ïðèìåðû ðåãóëÿðíûõ âûðàæåíèé:

� ab+ ba∗ � ïðåäñòàâëÿåò ðåãóëÿðíîå ìíîæåñòâî:

{a}{b} ∪ {b}{a}∗

� (ac)∗b+ c∗ � ïðåäñòàâëÿåò ðåãóëÿðíîå ìíîæåñòâî:

{b, acb, acacb, acacacb, . . . , ε, c, cc, ccc, . . .}

Â ðåàëüíûõ ïðîãðàììàõ è ÿçûêàõ ïðîãðàììèðîâàíèÿ èñïîëüçóåòñÿ ðàñøèðåí-
íûé ñèíòàêñèñ ðåãóëÿðíûõ âûðàæåíèé, êîòîðûé äîáàâëÿåò ìíîæåñòâî óäîáíûõ
êîíñòðóêöèé. Ñðåäè äîïîëíèòåëüíûõ âîçìîæíîñòåé: êëàññû ñèìâîëîâ (íàïðèìåð,
[a-z0-9]), êâàíòèôèêàòîðû (?, +, {n,m}), ãðóïïèðîâêà ñ ïîìîùüþ ñêîáîê, îáðàò-
íûå ññûëêè, îïåðåæàþùèå è ðåòðîñïåêòèâíûå ïðîâåðêè. Ýòè ðàñøèðåíèÿ äåëàþò
ðåãóëÿðíûå âûðàæåíèÿ áîëåå êîìïàêòíûìè è óäîáíûìè äëÿ èñïîëüçîâàíèÿ, íî íå
ìåíÿþò èõ âûðàçèòåëüíóþ ìîùíîñòü ñ òåîðåòè÷åñêîé òî÷êè çðåíèÿ.

Åñëè ðåãóëÿðíûå ìíîæåñòâà ýòî ÿçûêè, òî ðåãóëÿðíûå âûðàæåíèÿ � ýòî ðàñïî-
çíàþùèå ãðàììàòèêè ýòèõ ÿçûêîâ.

1.4 Ðåãóëÿðíûå âûðàæåíèÿ äëÿ çàäàííîãî âàðèàíòà

Äëÿ ðàçíûõ ôîðìàòîâ ïðåäñòàâëåíèÿ âåùåñòâåííûõ ÷èñåë áûëè ïîñòðîåíû ñëå-
äóþùèå ðåãóëÿðíûå âûðàæåíèÿ â ñîîòâåòñòâèè ñ îïðåäåë¼ííîé ÁÍÔ íîòàöèåé:

� Öåëûå ÷èñëà:
[+-]?(0+|[1-9][0-9]*)

� Äåñÿòè÷íûå ÷èñëà:
[+-]?([0-9]*\.[0-9]+|[0-9]+\.)

� Ýêñïîíåíöèàëüíàÿ ôîðìà:
[+-]?([0-9]+|[0-9]*\.[0-9]+|[0-9]+\.)[eE][+-]?[0-9]+
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Îáúåäèíÿÿ, ïîëó÷àåì ñëåäóþùåå ðåãóëÿðíîå âûðàæåíèå, êîòîðîå ðàñïîçíàåò âñå
ôîðìàòû âåùåñòâåííûõ ÷èñåë â ñîîòâåòñòâèè ñ ÁÍÔ íîòàöèåé:

[+-]?(
0+|
[1-9][0-9]*|
[0-9]*\.[0-9]+|
[0-9]+\.|
([0-9]+|[0-9]*\.[0-9]+|[0-9]+\.)[eE][+-]?[0-9]+

)

Ðàçáåð¼ì ñòðóêòóðó ýòîãî âûðàæåíèÿ:

� [+-]? � íåîáÿçàòåëüíûé çíàê ÷èñëà (ïëþñ èëè ìèíóñ)

� 0+|[1-9][0-9]* � öåëîå ÷èñëî, êîòîðîå ìîæåò áûòü ëèáî ïîñëåäîâàòåëüíîñòüþ
íóëåé, ëèáî öèôðîé îò 1 äî 9, çà êîòîðîé ñëåäóåò ïðîèçâîëüíîå êîëè÷åñòâî
öèôð.

� [0-9]*\.[0-9]+|[0-9]+\. � äåñÿòè÷íîå ÷èñëî, êîòîðîå ìîæåò áûòü ïðåäñòàâ-
ëåíî ïðîèçâîëüíûì êîëè÷åñòâîì öèôð äî è êàê ìèíèìóì îäíîé öèôðîé ïîñëå
òî÷êè, ëèáî ïðîèçâîëüíûì êîëè÷åñòâîì öèôð è îäíîé òî÷êîé â êîíöå.

� ([0-9]+|[0-9]*\.[0-9]+|[0-9]+\.)[eE][+-]?[0-9]+ � ýêñïîíåíöèàëüíàÿ ôîð-
ìà ÷èñëà, ñîñòîÿùàÿ èç ïðîèçâîëüíîãî êîëè÷åñòâà öèôð, ëèáî äåñÿòè÷íîãî
÷èñëà, çà êîòîðûì ñëåäóåò áóêâà E (â ëþáîì ðåãèñòðå), íåîáÿçàòåëüíûé çíàê
è êàê ìèíèìóì îäíà öèôðà.

Òàêèì îáðàçîì, ïîëó÷åííîå ðåãóëÿðíîå âûðàæåíèå ðàñïîçíà¼ò ôîðìàò ïðåäñòàâ-
ëåíèÿ âåùåñòâåííûõ ÷èñåë, ðàññìàòðèâàåìûé â äàííîé ðàáîòå, è ïîëíîñòüþ ñîîòâåò-
ñòâóåò ôîðìàëüíîìó îïðåäåëåíèþ, ïðåäñòàâëåííîìó â ÁÍÔ íîòàöèè.

1.5 Êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü

Êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü � ýòî ìàòåìàòè÷åñêàÿ ìîäåëü, êîòîðàÿ èñ-
ïîëüçóåòñÿ äëÿ ðàñïîçíàâàíèÿ öåïî÷åê ñèìâîëîâ â ñîîòâåòñòâèè ñ çàäàííûì ôîð-
ìàëüíûì ÿçûêîì.

Êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü A = (S,Σ, s0, δ, F ), ãäå:

� S � êîíå÷íîå ìíîæåñòâî ñîñòîÿíèé

� Σ � êîíå÷íîå ìíîæåñòâî âõîäíûõ ñèìâîëîâ

� s0 ∈ S � íà÷àëüíîå ñîñòîÿíèå

� δ : S × Σ → S � ôóíêöèÿ ïåðåõîäîâ

� F ⊆ S � ìíîæåñòâî ôèíàëüíûõ (äîïóñêàþùèõ) ñîñòîÿíèé
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Àâòîìàò A äîïóñêàåò (ðàñïîçíàåò) öåïî÷êó, åñëè ýòà öåïî÷êà ïåðåâîäèò A èç
íà÷àëüíîãî â îäíî èç ôèíàëüíûõ ñîñòîÿíèé. Àâòîìàò A äîïóñêàåò ÿçûê L, åñëè îí
äîïóñêàåò âñå öåïî÷êè ýòîãî ÿçûêà � è òîëüêî èõ.

Êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü ÿâëÿåòñÿ ðàñïîçíàþùåé ãðàììàòèêîé.

1.6 Íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü

Íåäåòåðìèíèçì - î÷åíü óäîáíîå ñâîéñòâî ôîðìàëüíîé ìîäåëè, åãî ìîæíî îïðå-
äåëåííûì îáðàçîì òðàêòîâàòü, äàæå è íå ðåàëèçîâûâàÿ, îãðàíè÷èâàÿñü òîëüêî ôîð-
ìàëüíûìè àíàëèòè÷åñêèìè ïðåîáðàçîâàíèÿìè.

Â íåäåòåðìèíèðîâàííîì êîíå÷íîì àâòîìàòå-ðàñïîçíàâàòåëå ìîãóò áûòü ñëåäó-
þùèå íåîäíîçíà÷íîñòè:

� íåñêîëüêî íà÷àëüíûõ ñîñòîÿíèé,

� íåñêîëüêî ïåðåõîäîâ, ïîìå÷åííûõ îäíèì è òåì æå ñèìâîëîì,

� ïåðåõîäû, ïîìå÷åííûå ïóñòûì ñèìâîëîì ε.

Öåïî÷êà äîïóñêàåòñÿ êîíå÷íûì àâòîìàòîì, åñëè ñóùåñòâóåò ïóòü, ïî êîòîðî-
ìó ýòà öåïî÷êà ïåðåâîäèò àâòîìàò èç êàêîãî-íèáóäü íà÷àëüíîãî ñîñòîÿíèÿ â êàêîå-
íèáóäü ôèíàëüíîå ñîñòîÿíèå.

Íåäåòåðìèíèðîâàííûé êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü A = (S,Σ, S0, δ, F ),
ãäå:

� S � êîíå÷íîå ìíîæåñòâî ñîñòîÿíèé

� Σ � êîíå÷íîå ìíîæåñòâî âõîäîâ

� S0 ⊆ S � ìíîæåñòâî íà÷àëüíûõ ñîñòîÿíèé

� δ : S × Σ → 2S � ôóíêöèÿ ïåðåõîäîâ

� F ⊆ S � ìíîæåñòâî ôèíàëüíûõ ñîñòîÿíèé

1.7 Òåîðåìà Êëèíè

Òåîðåìà Êëèíè. Êëàññû ðåãóëÿðíûõ ìíîæåñòâ è àâòîìàòíûõ ÿçûêîâ ñîâïàäà-
þò. Ýòî çíà÷èò, ÷òî:

� Ëþáîé ÿçûê, ðàñïîçíàâàåìûé êîíå÷íûì àâòîìàòîì, ìîæåò áûòü çàäàí ðåãó-
ëÿðíûì âûðàæåíèåì.

� Äëÿ ëþáîãî ðåãóëÿðíîãî âûðàæåíèÿ ñóùåñòâóåò êîíå÷íûé àâòîìàò, ðàñïîçíà-
þùèé ñîîòâåòñòâóþùèé ÿçûê.
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1.8 Íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ

çàäàííîãî âàðèàíòà

Íà Ðèñ. 1 ïðåäñòàâëåí íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü, ñîîòâåòñòâó-
þùèé ðåãóëÿðíîìó âûðàæåíèþ äëÿ çàäàííîãî âàðèàíòà.

Ðèñ. 1. Íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ çàäàííîãî âàðèàíòà.

Ìàòðèöà ïåðåõîäîâ äëÿ äàííîãî àâòîìàòà ïðåäñòàâëåíà â Òàáëèöå 1.

1.9 Äåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ çà-

äàííîãî âàðèàíòà

Äëÿ òîãî, ÷òîáû ïðåîáðàçîâàòü íåäåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü (Ðèñ. 1)
â äåòåðìèíèðîâàííûé, äîñòàòî÷íî äîáàâèòü åù¼ îäíî ñîñòîÿíèå SE, ñîîòâåòñòâóþùåå
íåäîïóñòèìîé öåïî÷êå ñèìâîëîâ, è ïåðåõîäû â íåãî èç âñåõ îñòàëüíûõ ñîñòîÿíèé.
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Òàáëèöà 1. Òàáëèöà ïåðåõîäîâ äëÿ íåäåòåðìèíèðîâàííîãî ÊÀ-ðàñïîçíàâàòåëÿ.

Ñîñòîÿíèå\Âõîä +- 0 1-9 . eE

S0 S1 S3 S2 S6 �

S1 � S3 S2 S6 �

S2 � S2 S2 S5 S8

S3 � S3 S4 S5 S8

S4 � S4 S4 S5 S8

S5 � S5 S5 � S8

S6 � S7 S7 � �

S7 � S7 S7 � S8

S8 S9 S10 S10 � �

S9 � S10 S10 � �

S10 � S10 S10 � �

Íà Ðèñ. 2 ïðåäñòàâëåí äåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü. Ñèìâîëîì C (îò
àíãë. Complement � äîïîëíåíèå) îáîçíà÷åíû ïåðåõîäû, ñîîòâåòñòâóþùèå ëþáûì ñèì-
âîëàì, êðîìå òåõ, ïî êîòîðûì óæå åñòü ïåðåõîäû â äðóãèå ñîñòîÿíèÿ. Ñèìâîëîì A

(îò àíãë. Any � ëþáîé) îáîçíà÷åí ïåðåõîä, ñîîòâåòñòâóþùèé ëþáîìó ñèìâîëó.

Òàáëèöà 2. Òàáëèöà ïåðåõîäîâ äëÿ äåòåðìèíèðîâàííîãî ÊÀ-ðàñïîçíàâàòåëÿ.

Ñîñòîÿíèå\Âõîä +- 0 1-9 . eE

S0 S1 S3 S2 S6 SE

S1 SE S3 S2 S6 SE

S2 SE S2 S2 S5 S8

S3 SE S3 S4 S5 S8

S4 SE S4 S4 S5 S8

S5 SE S5 S5 SE S8

S6 SE S7 S7 SE SE

S7 SE S7 S7 SE S8

S8 S9 S10 S10 SE SE

S9 SE S10 S10 SE SE

S10 SE S10 S10 SE SE
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Ðèñ. 2. Äåòåðìèíèðîâàííûé ÊÀ-ðàñïîçíàâàòåëü äëÿ çàäàííîãî âàðèàíòà.

Ìàòðèöà ïåðåõîäîâ äëÿ äàííîãî àâòîìàòà ïðåäñòàâëåíà â Òàáëèöå 2.
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2 Îñîáåííîñòè ðåàëèçàöèè

2.1 Îáùàÿ ñòðóêòóðà ïðîãðàììû

Ïðîãðàììà ñîñòîèò èç äâóõ ôàéëîâ:

� finite_automaton.py � ñîäåðæèò êëàññ FiniteAutomaton äëÿ ñîçäàíèÿ êîíå÷-
íûõ àâòîìàòîâ.

� main.py � ñîäåðæèò îïðåäåëåíèå êîíå÷íîãî àâòîìàòà äëÿ ðàñïîçíàâàíèÿ âå-
ùåñòâåííûõ ÷èñåë, à òàêæå ôóíêöèþ main, êîòîðàÿ ðåàëèçóåò èíòåðàêòèâíûé
èíòåðôåéñ äëÿ ïðîâåðêè è ãåíåðàöèè ñòðîê.

2.2 Êëàññ FiniteAutomaton

Êëàññ FiniteAutomaton ýòî êëàññ äëÿ ïðåäñòàâëåíèÿ êîíå÷íûõ àâòîìàòîâ. Êîä
êîíñòðóêòîðà êëàññà ïðåäñòàâëåí â ëèñòèíãå 1.

Â êëàññå îïðåäåëåíû ÷åòûðå ïîëÿ.

� transitions � dict[str, list[tuple[str, str]]] � ñëîâàðü, îïðåäåëÿþùèé
ïåðåõîäû ìåæäó ñîñòîÿíèÿìè. Êëþ÷àìè ñëîâàðÿ ÿâëÿþòñÿ ñîñòîÿíèÿ, çíà÷å-
íèÿìè � ñïèñêè êîðòåæåé âèäà (transition, next_state), îïðåäåëÿþùèå ïå-
ðåõîäû èç äàííîãî ñîñòîÿíèÿ. transition ýòî ñòðîêà, ñîäåðæàùàÿ ñèìâîëû,
ïî êîòîðûì ìîæíî ïåðåéòè èç äàííîãî ñîñòîÿíèÿ â ñëåäóþùåå ñîñòîÿíèå �
next_state.

� initial_state � str � íà÷àëüíîå ñîñòîÿíèå.

� final_states � set[str] � ìíîæåñòâî ôèíàëüíûõ ñîñòîÿíèé.

� alphabet � set[str] � ìíîæåñòâî ñèìâîëîâ, êîòîðûå ìîæåò ñîäåðæàòü âõîäíàÿ
ñòðîêà.

Ëèñòèíã 1. Êîä êîíñòðóêòîðà êëàññà FiniteAutomaton.

1 class FiniteAutomaton:
2 def __init__(
3 self,
4 transitions: dict[str, list[tuple[str, str]]],
5 initial_state: str,
6 �nal_states: set[str],
7 alphabet: set[str],
8 ):
9 self.transitions = transitions
10 self.initial_state = initial_state
11 self.�nal_states = �nal_states
12 self.alphabet = alphabet

Êëàññ FiniteAutomaton ñîäåðæèò òðè ìåòîäà: _get_next_state, process_input
è generate_random_string.
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2.3 Ìåòîä _get_next_state

Ïðèâàòíûé ìåòîä _get_next_state ïðèíèìàåò òðè ïàðàìåòðà: self � ññûëêó íà
îáúåêò êëàññà, current_state (str) � òåêóùåå ñîñòîÿíèå, è char (str) � ñèìâîë, ïî
êîòîðîìó íóæíî ïåðåéòè èç òåêóùåãî ñîñòîÿíèÿ. Âîçâðàùàåò ñëåäóþùåå ñîñòîÿíèå
(str), ëèáî None, åñëè ïåðåõîä íåâîçìîæåí.

Ëèñòèíã 2. Êîä ìåòîäà _get_next_state.

1 def _get_next_state(self, current_state: str, char: str) => str | None:
2 if current_state in self.transitions:
3 for transition, next_state in self.transitions[current_state]:
4 if char in transition:
5 return next_state
6 return None

2.4 Ìåòîä process_input

Ìåòîä process_input ïðèíèìàåò äâà ïàðàìåòðà: self � ññûëêó íà îáúåêò êëàñ-
ñà, è âõîäíóþ ñòðîêó input_string. Âîçâðàùàåò êîðòåæ èç äâóõ ýëåìåíòîâ: ñòðîêó
ñ ñîîáùåíèåì î ðåçóëüòàòå ïðîâåðêè, è ñïèñîê ïðîéäåííûõ ñîñòîÿíèé.

Ëèñòèíã 3. Êîä ìåòîäà process_input.

1 def process_input(self, input_string: str) => tuple[str, list[str]]:
2 current_state = self.initial_state
3 transitions_path = [current_state]
4
5 for char in input_string:
6 if char not in self.alphabet:
7 return f"Ñèìâîë '{char}' íå èç àëôàâèòà", transitions_path
8
9 next_state = self._get_next_state(current_state, char)
10
11 if next_state is None:
12 return "Ñòðîêà íå ñîîòâåòñòâóåò", transitions_path
13
14 transitions_path.append(next_state)
15 current_state = next_state
16
17 return (
18 "Ñòðîêà ñîîòâåòñòâóåò"
19 if current_state in self.�nal_states
20 else "Ñòðîêà íå ñîîòâåòñòâóåò"
21 ), transitions_path

2.5 Ìåòîä generate_random_string

Ìåòîä generate_random_string ïðèíèìàåò äâà ïàðàìåòðà: self � ññûëêó íà
îáúåêò êëàññà, è âåðîÿòíîñòü îñòàíîâêè â ôèíàëüíîì ñîñòîÿíèè � stop_probability
(float). Âîçâðàùàåò ñãåíåðèðîâàííóþ ñòðîêó.
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Øàã àëãîðèòìà çàêëþ÷àåòñÿ â ñëåäóþùåì:

1. Ïðîâåðÿåì óñëîâèå îñòàíîâêè: åñëè òåêóùåå ñîñòîÿíèå ÿâëÿåòñÿ ôèíàëüíûì
è ñëó÷àéíîå ÷èñëî îêàçûâàåòñÿ ìåíüøå çàäàííîé âåðîÿòíîñòè îñòàíîâêè, òî
ãåíåðàöèÿ çàâåðøàåòñÿ.

2. Ñëó÷àéíûì îáðàçîì âûáèðàåì ïåðåõîä èç òåêóùåãî ñîñòîÿíèÿ â ñëåäóþùåå.

3. Ñëó÷àéíûì îáðàçîì âûáèðàåì ñèìâîë èç ìíîæåñòâà ñèìâîëîâ âûáðàííîãî ïå-
ðåõîäà.

4. Äîáàâëÿåì âûáðàííûé ñèìâîë â ðåçóëüòàò è ïåðåõîäèì â ñëåäóþùåå ñîñòîÿíèå.

Ëèñòèíã 4. Êîä ìåòîäà generate_random_string.

1 def generate_random_string(
2 self, stop_probability: �oat = 0.3
3 ) => tuple[str, list[str]]:
4 result = []
5 current_state = self.initial_state
6 path = [current_state]
7
8 while True:
9 if (
10 current_state in self.�nal_states
11 and random.random() < stop_probability
12 ):
13 break
14
15 transition, next_state = random.choice(self.transitions[current_state])
16
17 char = random.choice(transition)
18 result.append(char)
19 current_state = next_state
20 path.append(current_state)
21
22 return "".join(result), path

2.6 Ôóíêöèÿ main

Â ôóíêöèè main (ëèñòèíã 5) çàäàíû ïàðàìåòðû êîíå÷íîãî àâòîìàòà è ðåàëèçî-
âàí èíòåðàêòèâíûé èíòåðôåéñ ïîëüçîâàòåëÿ. Ôóíêöèÿ íå ïðèíèìàåò ïàðàìåòðîâ è
íè÷åãî íå âîçâðàùàåò.

Ïîëüçîâàòåëþ äîñòóïíû ñëåäóþùèå êîìàíäû:

� check <ñòðîêà> � ïðîâåðÿåò, ñîîòâåòñòâóåò ëè ñòðîêà àâòîìàòó.

� gen [<âåðîÿòíîñòü_îñòàíîâêè>] � ñãåíåðèðîâàòü ñëó÷àéíóþ ñòðîêó.

� q � âûõîä èç ïðîãðàììû.
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Ëèñòèíã 5. Ôóíêöèÿ main.

1 def main():
2 alphabet = set("+=0123456789.eE")
3 initial_state = "S0"
4 �nal_states = {"S2", "S3", "S5", "S7", "S10"}
5
6 transitions = {
7 "S0": [("+=", "S1"), ("123456789", "S2"), ("0", "S3"), (".", "S6")],
8 "S1": [("123456789", "S2"), ("0", "S3"), (".", "S6")],
9 "S2": [("0123456789", "S2"), (".", "S5"), ("eE", "S8")],
10 "S3": [("0", "S3"), ("123456789", "S4"), (".", "S5"), ("eE", "S8")],
11 "S4": [("0123456789", "S4"), (".", "S5"), ("eE", "S8")],
12 "S5": [("0123456789", "S5"), ("eE", "S8")],
13 "S6": [("0123456789", "S7")],
14 "S7": [("0123456789", "S7"), ("eE", "S8")],
15 "S8": [("+=", "S9"), ("0123456789", "S10")],
16 "S9": [("0123456789", "S10")],
17 "S10": [("0123456789", "S10")],
18 }
19
20 automaton = FiniteAutomaton(
21 transitions=transitions,
22 initial_state=initial_state,
23 �nal_states=�nal_states,
24 alphabet=alphabet,
25 )
26
27 print("Êîíå÷íûé àâòîìàò äëÿ ðàñïîçíàâàíèÿ ôîðìàòîâ âåùåñòâåííûõ ÷èñåë")
28 print("=" * 60)
29 print("Âàðèàíòû êîìàíä:")
30 print(" = check ñòðîêà<> = ïðîâåðèòü, ñîîòâåòñòâóåò ëè ñòðîêà àâòîìàòó")
31 print(
32 " = gen âåðîÿòíîñòü[<îñòàíîâêè_>] = ñãåíåðèðîâàòü ñëó÷àéíóþ ñòðîêó ïî( óìîë÷àíèþ 

0.3)"
33 )
34 print(" = q = âûõîä èç ïðîãðàììû")
35 print("=" * 60)
36
37 while True:
38 command = input("\Ââåäèòån êîìàíäó: ").strip()
39
40 if not command:
41 continue
42
43 parts = command.split()
44 cmd = parts[0].lower()
45
46 if cmd == "q":
47 print("Âûõîä èç ïðîãðàììû.")
48 break
49
50 elif cmd == "check":
51 input_string = ""
52 if len(parts) > 1:
53 input_string = " ".join(parts[1:]).strip()
54
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55 message, transitions = automaton.process_input(input_string)
56
57 print(f"Ðåçóëüòàò: {message}")
58 print("Ïóòü ïåðåõîäîâ:", " => ".join(transitions))
59
60 elif cmd == "gen":
61 stop_prob = 0.3
62 if len(parts) > 1:
63 try:
64 stop_prob = �oat(parts[1])
65 if not (0 < stop_prob <= 1):
66 raise ValueError(
67 "Âåðîÿòíîñòü äîëæíà áûòü áîëüøå 0 è ìåíüøå ëèáî ðàâíà 1"
68 )
69 except ValueError as e:
70 print(f"Îøèáêà: {e}")
71 continue
72
73 random_string, path = automaton.generate_random_string(stop_prob)
74 print(f"Ñãåíåðèðîâàííàÿ ñòðîêà: {random_string}")
75 print("Ïóòü ïåðåõîäîâ:", " => ".join(path))
76
77 else:
78 print(f"Íåèçâåñòíàÿ êîìàíäà: {cmd}")
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3 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Ðåçóëüòàòû ðàáîòû ïðîãðàììû ïðåäñòàâëåíû íà Ðèñ. 3.

Ðèñ. 3. Ðåçóëüòàòû ðàáîòû ïðîãðàììû.
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Ðèñ. 4. Ðåàêöèÿ ïðîãðàììû íà íåêîððåêòíûé ïîëüçîâàòåëüñêèé ââîä.

Íà Ðèñ. 4 ïðåäñòàâëåíà ðåàêöèÿ ïðîãðàììû íà íåêîððåêòíûé ïîëüçîâàòåëüñêèé
ââîä.
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Çàêëþ÷åíèå

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëî ïîñòðîåíî ðåãóëÿðíîå âûðàæå-
íèå äëÿ ðàñïîçíàâàíèÿ ðàçëè÷íûõ ôîðìàòîâ âåùåñòâåííûõ ÷èñåë. Â ñîîòâåòñòâèè
ñ òåîðåìîé Êëèíè ïî çàäàííîìó ðåãóëÿðíîìó âûðàæåíèþ, çàäàþùåìó ðåãóëÿðíûé
ÿçûê, áûë ïîñòðîåí íåäåòåðìèíèðîâàííûé êîíå÷íûé àâòîìàò-ðàñïîçíàâàòåëü. Çàòåì
ïîëó÷åííûé êîíå÷íûé àâòîìàò áûë äåòåðìèíèðîâàí. Íà îñíîâå ðàçðàáîòàííîãî àâòî-
ìàòà áûëà ðåàëèçîâàíà ïðîãðàììà, êîòîðàÿ ïðîâåðÿåò ñîîòâåòñòâèå âõîäíîé ñòðîêè
çàäàííîìó ôîðìàòó è ãåíåðèðóåò ñëó÷àéíûå êîððåêòíûå ñòðîêè.

Èç äîñòîèíñòâ âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû ìîæíî âûäåëèòü ñòðóêòóðè-
ðîâàíèå êîäà çà ñ÷¼ò èñïîëüçîâàíèÿ ÎÎÏ. Âñÿ ëîãèêà ðàáîòû ñ êîíå÷íûìè àâòîìà-
òàìè âûíåñåíà â îòäåëüíûé êëàññ FiniteAutomaton ñ ÷åòêî ðàçäåëåííûìè ìåòîäàìè
äëÿ ïðîâåðêè ñòðîê è ãåíåðàöèè ñëó÷àéíûõ ñòðîê. Ñîçäàíà óäîáíàÿ èíòåðàêòèâíàÿ
êîíñîëüíàÿ îáîëî÷êà äëÿ âçàèìîäåéñòâèÿ ñ ïîëüçîâàòåëåì, ïîçâîëÿþùàÿ âûïîëíÿòü
ðàçëè÷íûå êîìàíäû.

Ê íåäîñòàòêàì òåêóùåé ðåàëèçàöèè ìîæíî îòíåñòè ñëåäóþùèå àñïåêòû. Âî-
ïåðâûõ, ïåðåõîäû â àâòîìàòå ïðåäñòàâëåíû â âèäå ñòðîê, ñîäåðæàùèõ äîïóñòèìûå
ñèìâîëû, òàêîé ñïîñîá ïðåäñòàâëåíèÿ ïåðåõîäîâ íå ÿâëÿåòñÿ ñàìûì îïòèìàëüíûì ñ
òî÷êè çðåíèÿ ïðîèçâîäèòåëüíîñòè. Âî-âòîðûõ, â ðåàëèçàöèè ãåíåðàöèè ñëó÷àéíûõ
ñòðîê âåðîÿòíîñòü îñòàíîâêè îäèíàêîâà äëÿ âñåõ ôèíàëüíûõ ñîñòîÿíèé, ÷òî ìîæåò
ïðèâîäèòü ê íåðàâíîìåðíîìó ðàñïðåäåëåíèþ ðàçëè÷íûõ ôîðìàòîâ ÷èñåë â ãåíåðè-
ðóåìûõ ñòðîêàõ.

Ôóíêöèîíàë ïðîãðàììû íåñëîæíî ìàñøòàáèðîâàòü. Êëàññ FiniteAutomaton
ìîæåò áûòü èñïîëüçîâàí äëÿ ðàáîòû ñ ðàçëè÷íûìè êîíå÷íûìè àâòîìàòàìè-
ðàñïîçíàâàòåëÿìè. Äëÿ èçìåíåíèÿ ðàñïîçíàâàåìîãî ÿçûêà äîñòàòî÷íî çàäàòü íîâûå
ïàðàìåòðû äëÿ àâòîìàòà, íå ìåíÿÿ áàçîâóþ ëîãèêó ïðîãðàììû. Îäíàêî, òåêóùàÿ
ðåàëèçàöèÿ ðàáîòàåò òîëüêî ñ ñèìâîëüíûìè ïåðåõîäàìè, ïîýòîìó çàäàòü ñòðî÷íûå
ïåðåõîäû â âèäå, íàïðèìåð, ðåãóëÿðíûõ âûðàæåíèé íå ïðåäñòàâëÿåòñÿ âîçìîæíûì.
Îäíàêî ïîäîáíûé ôóíêöèîíàë òàêæå íåñëîæíî ðåàëèçîâàòü, âçÿâ çà îñíîâó ñóùå-
ñòâóþùèé êîä.

Íà âûïîëíåíèå ëàáîðàòîðíîé ðàáîòû óøëî îêîëî 10 ÷àñîâ. Ðàáîòà áûëà âûïîë-
íåíà â ñðåäå ðàçðàáîòêè Visual Studio Code. Ïðîãðàììà íàïèñàíà íà Python âåðñèè
3.10.
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