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Êîíòåêñòíûå çàìåíû

Ñ ïîìîùüþ êîíå÷íûõ ïðåîáðàçîâàòåëåé ìîæíî çàäàâàòü êîí-
òåêñòíûå çàìåíû X → Y ||U_V .

Êîíå÷íûé ïðåîáðàçîâàòåëü
äëÿ êîíòåêñòíîé çàìåíû a→ b||c_d (Σ = Γ = {a, b, c , d}).

q2

q0

q1 q3

c : c

x : x , x 6= c

a : b

a : a

c : c

d : d

c : c

b : b, a : a
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�Ìîäåëüíàÿ çàäà÷à�

Ìîðôîëîãè÷åñêèé ñèíòåç: ìíîæåñòâåííîå ÷èñëî ñóùåñòâèòåëü-
íîãî â àíãëèéñêîì

cat+N+Pl � cats
torch+N+P l � torches
ally+N+Pl � allies
play+N+Pl � plays
goose+N+Pl � geese
formula+N+Pl � formulas/formulae

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

�Ìîäåëüíàÿ çàäà÷à�

Ìîðôîëîãè÷åñêèé ñèíòåç: ìíîæåñòâåííîå ÷èñëî ñóùåñòâèòåëü-
íîãî â àíãëèéñêîì

cat+N+Pl � cats
torch+N+P l � torches
ally+N+Pl � allies
play+N+Pl � plays
goose+N+Pl � geese
formula+N+Pl � formulas/formulae
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Ðåøåíèå ìîäåëüíîé çàäà÷è

Äëÿ ðåøåíèÿ íóæíû ñëåäóþùèå êîíå÷íûå ïðåîáðàçîâàòåëè:

A1 � ïðîâåðêà óñëîâèÿ Σ+(+N)(+Sg|+Pl) (+N, +Sg,+Pl �
âñïîìîãàòåëüíûå ñèìâîëû)

Texc � ïðåîáðàçîâàòåëü äëÿ èñêëþ÷åíèé (ôðàãìåíò):
Ts : çàìåíû +N+Sg→ |̂|_#,+N+Pl→ ŝ||_# (# � êîíåö
ñòðîêè,̂� âñïîìîãàòåëüíûé ñèìâîë)
Ty : çàìåíà y→ ie ||_̂s#
Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
Tsib: çàìåíà → e || [s|z |x |sh|ch]_̂s#
Tcl : î÷èñòêà ̂→ ||_
Îáùèé ïðåîáðàçîâàòåëü: A1 ◦ (Texc ∪p (Ts ◦Ty ◦ (Aexc,sib ∪P
Tsib) ◦ Tcl))
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Äëÿ ðåøåíèÿ íóæíû ñëåäóþùèå êîíå÷íûå ïðåîáðàçîâàòåëè:

A1 � ïðîâåðêà óñëîâèÿ Σ+(+N)(+Sg|+Pl) (+N, +Sg,+Pl �
âñïîìîãàòåëüíûå ñèìâîëû)
Texc � ïðåîáðàçîâàòåëü äëÿ èñêëþ÷åíèé (ôðàãìåíò):

f

o r m u l a +N:ε
+Sg:ε

+Pl:(s|e)

m o u s e +N:ε +Sg:ε

ou:i

s:c e +N:ε +Pl:ε

Ts : çàìåíû +N+Sg→ |̂|_#,+N+Pl→ ŝ||_# (# � êîíåö
ñòðîêè,̂� âñïîìîãàòåëüíûé ñèìâîë)
Ty : çàìåíà y→ ie ||_̂s#
Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
Tsib: çàìåíà → e || [s|z |x |sh|ch]_̂s#
Tcl : î÷èñòêà ̂→ ||_
Îáùèé ïðåîáðàçîâàòåëü: A1 ◦ (Texc ∪p (Ts ◦Ty ◦ (Aexc,sib ∪P
Tsib) ◦ Tcl))
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A1 � ïðîâåðêà óñëîâèÿ Σ+(+N)(+Sg|+Pl) (+N, +Sg,+Pl �
âñïîìîãàòåëüíûå ñèìâîëû)
Texc � ïðåîáðàçîâàòåëü äëÿ èñêëþ÷åíèé (ôðàãìåíò):
Ts : çàìåíû +N+Sg→ |̂|_#,+N+Pl→ ŝ||_# (# � êîíåö
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Tsib: çàìåíà → e || [s|z |x |sh|ch]_̂s#
Tcl : î÷èñòêà ̂→ ||_
Îáùèé ïðåîáðàçîâàòåëü: A1 ◦ (Texc ∪p (Ts ◦Ty ◦ (Aexc,sib ∪P
Tsib) ◦ Tcl))
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ñòðîêè,̂� âñïîìîãàòåëüíûé ñèìâîë)
Ty : çàìåíà y→ ie ||_̂s#
Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
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ñòðîêè,̂� âñïîìîãàòåëüíûé ñèìâîë)
Ty : çàìåíà y→ ie ||_̂s#
Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
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Äëÿ ðåøåíèÿ íóæíû ñëåäóþùèå êîíå÷íûå ïðåîáðàçîâàòåëè:

A1 � ïðîâåðêà óñëîâèÿ Σ+(+N)(+Sg|+Pl) (+N, +Sg,+Pl �
âñïîìîãàòåëüíûå ñèìâîëû)
Texc � ïðåîáðàçîâàòåëü äëÿ èñêëþ÷åíèé (ôðàãìåíò):
Ts : çàìåíû +N+Sg→ |̂|_#,+N+Pl→ ŝ||_# (# � êîíåö
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Ty : çàìåíà y→ ie ||_̂s#
Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
Tsib: çàìåíà → e || [s|z |x |sh|ch]_̂s#
Tcl : î÷èñòêà ̂→ ||_

Îáùèé ïðåîáðàçîâàòåëü: A1 ◦ (Texc ∪p (Ts ◦Ty ◦ (Aexc,sib ∪P
Tsib) ◦ Tcl))
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A1 � ïðîâåðêà óñëîâèÿ Σ+(+N)(+Sg|+Pl) (+N, +Sg,+Pl �
âñïîìîãàòåëüíûå ñèìâîëû)
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Aexc,sib: ïðîâåðêà óñëîâèÿ Σ+arcĥs#
Tsib: çàìåíà → e || [s|z |x |sh|ch]_̂s#
Tcl : î÷èñòêà ̂→ ||_
Îáùèé ïðåîáðàçîâàòåëü: A1 ◦ (Texc ∪p (Ts ◦Ty ◦ (Aexc,sib ∪P
Tsib) ◦ Tcl))
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Êîìïèëÿòîðû äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé

XFST (Xerox �nite-state toolkit)
HFST (Helsinki �nite-state toolkit)
FOMA
SFST (Stuttgart �nite-state toolkit)
OpenFST
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Ïðîãðàììà FOMA

FOMA � ïðîãðàììà äëÿ êîìïèëÿöèè îïèñàíèé êîíå÷íûõ
ïðåîáðàçîâàòåëåé â ïðåîáðàçîâàòåëè.
Ðàçðàáîòàíà Ì. Õàëäåíîì (Mans Hulden) â 2009�2015ãã, ïî-
ñëåäíÿÿ âåðñèÿ 0.9.18 âûøëà 12 èþíÿ 2015ã.

Ïðîãðàììà ñ îòêðûòûì êîäîì, íàïèñàíà íà ÿçûêå C++. Ñó-
ùåñòâóåò áèáëèîòåêà äëÿ èñïîëüçîâàíèÿ â ïðîãðàììàõ íà
C++. Íàïèñàíà ïîä linux, äîïóñêàåò èñïîëüçîâàíèå ïîä Win-
dows.
Ïîëó÷àåò íà âõîä îïèñàíèÿ ïðåîáðàçîâàíèé â xfst-ôîðìàòå
(Karttunen, 2003) è ïðåîáðàçóåò èõ â êîíå÷íûå ïðåîáðàçî-
âàòåëè.
Òàêæå ïîçâîëÿåò ïðåîáðàçîâûâàòü ðåãóëÿðíûå âûðàæåíèÿ â
êîíå÷íûå àâòîìàòû è âûïîëíÿòü ñ íèìè ðàçëè÷íûå îïåðàöèè.
Ñàéò: https://code.google.com/p/foma/.
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Òàêæå ïîçâîëÿåò ïðåîáðàçîâûâàòü ðåãóëÿðíûå âûðàæåíèÿ â
êîíå÷íûå àâòîìàòû è âûïîëíÿòü ñ íèìè ðàçëè÷íûå îïåðàöèè.
Ñàéò: https://code.google.com/p/foma/.
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Êîä äëÿ ìîäåëüíîé çàäà÷è
### en g l i s h . foma ###

read l e x c i r r e g u l a r . l e x c
d e f i n e I r r e g u l a rN o u nP l u r a l ;

d e f i n e Vowel [ a | i | e | o | u | y ] ;
d e f i n e Consonant [ b | c | d | f | g | h | j | k | l | m | n | p | q | r | s | t |

v | w | x | z ] ;
d e f i n e L e t t e r [ Vowel | Consonant ] ;
d e f i n e Word [ L e t t e r ]+;
d e f i n e NounMark "+N" ;
d e f i n e NounNumber "+Sg" | "+Pl " ;
d e f i n e Noun Word NounMark NounNumber ;

d e f i n e NounA f f i x a t i o n "+N" "+Sg" −> "^" | | _ .#. , "+N" "+Pl " −> "^" s | | _ .# . ;
d e f i n e yReplacement y −> i e | | Consonant _ "^" s .# . ;
d e f i n e s i bE x c e p t i o n [ L e t t e r ]+ a r c h "^" s ;
d e f i n e S i b i l a n t [ x | s | z | c h | s h ] ;
d e f i n e e I n s e r t i o n [ . . ] −> e | | S i b i l a n t _ "^" s .# . ;
d e f i n e c h e c k S i b i l a n t [ s i b E x c e p t i o n .P . e I n s e r t i o n ] ;
d e f i n e Cleanup "^" −> [ ] | | _ ;
d e f i n e RegularNoun [ NounA f f i x a t i on . o . yReplacement . o . c h e c k S i b i l a n t . o . Cleanup

] ;
d e f i n e Grammar Noun . o . [ I r r e g u l a rN o u nP l u r a l .P . RegularNoun ] ;

push Grammar
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Ëåêñèêîí

Ëåêñèêîí (*.lexc) èñïîëüçóåòñÿ äëÿ çàäàíèÿ êîíå÷íûõ ðåãó-
ëÿðíûõ âûðàæåíèé/ïðåîáðàçîâàíèé.

! ! ! l e x i c o n . l e x c ! ! !
Mult ichar_Symbols +N +V +Past +Pres +Part +1 +2 +3

+Sg +Pl

LEXICON I r r e g u l a r P l u r a l

goose+N+Pl : gee s e #;
mouse+N+Pl : mice #;
f o o t+N+Pl : f e e t #;
fo rmu la+N+Pl : f o rmu l a s #;
fo rmu la+N+Pl : f o rmu lae #;
ca c tu s+N+Pl : c a c t u s e s #;
ca c tu s+N+Pl : c a c t i #;

Ïðèìåíÿåòñÿ äëÿ çàïîìèíàíèÿ ñëîâàðåé è ñîçäàíèÿ ñïèñêîâ
èñêëþ÷åíèé, à òàêæå çàäàíèÿ ñîãëàñîâàòåëüíûõ êëàññîâ.
Òàêæå â ëåêñèêîíå ïðèíÿòî çàäàâàòü ìóëüòèñèìâîëüíûå ïî-
ñëåäîâàòåëüíîñòè.
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Ñèíòàêñèñ FOMA: ðåãóëÿðíûå ïðåîáðàçîâàíèÿ

FOMA ïîçâîëÿåò çàäàâàòü ðåãóëÿðíûå âûðàæåíèÿ.

Â êà÷åñòâå ýëåìåíòàðíûõ ðåãóëÿðíûõ âûðàæåíèé èñïîëüçóþòñÿ
ASCII-ñèìâîëû, à òàêæå ñîõðàí¼ííûå ìóëüòèñèìâîëüíûå ïîñëå-
äîâàòåëüíîñòè. Íàïðèìåð, �+N� ñ÷èòàåòñÿ îäíèì ñèìâîëîì.
Ðåêîìåíäóåòñÿ ðàçäåëÿòü ïåðåìíîæàåìûå ðåãóëÿðíûå âûðà-
æåíèÿ ïðîáåëàìè, ÷òîáû êîíêàòåíàöèÿ íå âîñïðèíèìàëàñü
êàê îäèí ñèìâîë.
Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ îïðåäåëÿþòñÿ àíàëîãè÷íî ðåãó-
ëÿðíûì âûðàæåíèÿì...
Áàçîâûå ïðåîáðàçîâàíèÿ: êîíòåêñòíûå çàìåíû.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ
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Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
ïðåîáðàçîâàíèÿìè:

îáúåäèíåíèå (|),

êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),
èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),
âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
(X ) ñîîòâåòñòâóåò X |1 â ñòàíäàðòíîì ñèíòàêñèñå,
âìåñòî êðóãëûõ ñêîáîê � êâàäðàòíûå,
[] èëè [..] � îáîçíà÷åíèå äëÿ ïóñòîãî ñëîâà.
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
ïðåîáðàçîâàíèÿìè:

îáúåäèíåíèå (|),
êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),

èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),
âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
(X ) ñîîòâåòñòâóåò X |1 â ñòàíäàðòíîì ñèíòàêñèñå,
âìåñòî êðóãëûõ ñêîáîê � êâàäðàòíûå,
[] èëè [..] � îáîçíà÷åíèå äëÿ ïóñòîãî ñëîâà.
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Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
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îáúåäèíåíèå (|),
êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),
èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),

âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
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Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
ïðåîáðàçîâàíèÿìè:

îáúåäèíåíèå (|),
êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),
èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),
âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
(X ) ñîîòâåòñòâóåò X |1 â ñòàíäàðòíîì ñèíòàêñèñå,

âìåñòî êðóãëûõ ñêîáîê � êâàäðàòíûå,
[] èëè [..] � îáîçíà÷åíèå äëÿ ïóñòîãî ñëîâà.
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
ïðåîáðàçîâàíèÿìè:

îáúåäèíåíèå (|),
êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),
èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),
âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
(X ) ñîîòâåòñòâóåò X |1 â ñòàíäàðòíîì ñèíòàêñèñå,
âìåñòî êðóãëûõ ñêîáîê � êâàäðàòíûå,
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Îïåðàöèè íàä ðåãóëÿðíûìè âûðàæåíèÿìè

Ïîääåðæèâàþòñÿ ñëåäóþùèå îïåðàöèè íàä ðåãóëÿðíûìè
ïðåîáðàçîâàíèÿìè:

îáúåäèíåíèå (|),
êîíêàòåíàöèÿ (çàäà¼òñÿ ïðîñòûì ïðèïèñûâàíèåì),
èòåðàöèÿ (∗),
ïîëîæèòåëüíàÿ èòåðàöèÿ (+),
âçÿòèå 0 èëè 1 ðàç (çàäà¼òñÿ âçÿòèåì â êðóãëûí ñêîáêè):
(X ) ñîîòâåòñòâóåò X |1 â ñòàíäàðòíîì ñèíòàêñèñå,
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ

Áàçîâûå ðåãóëÿðíûå ïðåîáðàçîâàíèÿ: êîíòåêñòíûå çàìåíû
X → Y ||U_V çàïèñûâàþòñÿ â òî÷íîñòè â òàêîì âèäå.
Â êà÷åñòâå X è Y ìîæíî áðàòü ïðîèçâîëüíûå ðåãóëÿðíûå
âûðàæåíèÿ, à òàêæå ñèìâîë íà÷àëà/êîíöà ñòðîêè .#..

Íàïðèìåð, a → b||_c+.#. îçíà÷àåò çàìåíèòü a íà b, åñëè
ïîñëå ýòîãî äî êîíöà ñëîâà âñòðå÷àþòñÿ òîëüêî áóêâû c ,
ïðèòîì â íåíóëåâîì êîëè÷åñòâå.
Â êà÷åñòâå ïðåîáðàçîâàíèé òàêæå èñïîëüçóþòñÿ ðåãóëÿðíûå
âûðàæåíèÿ X : òàêîå ïðåîáðàçîâàíèå äåéñòâóåò òîëüêî íà
ñëîâà èç X , îòîáðàæàÿ èõ â ñåáÿ.
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Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå
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Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ

Áàçîâûå ðåãóëÿðíûå ïðåîáðàçîâàíèÿ: êîíòåêñòíûå çàìåíû
X → Y ||U_V çàïèñûâàþòñÿ â òî÷íîñòè â òàêîì âèäå.
Â êà÷åñòâå X è Y ìîæíî áðàòü ïðîèçâîëüíûå ðåãóëÿðíûå
âûðàæåíèÿ, à òàêæå ñèìâîë íà÷àëà/êîíöà ñòðîêè .#..
Íàïðèìåð, a → b||_c+.#. îçíà÷àåò çàìåíèòü a íà b, åñëè
ïîñëå ýòîãî äî êîíöà ñëîâà âñòðå÷àþòñÿ òîëüêî áóêâû c ,
ïðèòîì â íåíóëåâîì êîëè÷åñòâå.

Â êà÷åñòâå ïðåîáðàçîâàíèé òàêæå èñïîëüçóþòñÿ ðåãóëÿðíûå
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Áàçîâûå ðåãóëÿðíûå ïðåîáðàçîâàíèÿ: êîíòåêñòíûå çàìåíû
X → Y ||U_V çàïèñûâàþòñÿ â òî÷íîñòè â òàêîì âèäå.
Â êà÷åñòâå X è Y ìîæíî áðàòü ïðîèçâîëüíûå ðåãóëÿðíûå
âûðàæåíèÿ, à òàêæå ñèìâîë íà÷àëà/êîíöà ñòðîêè .#..
Íàïðèìåð, a → b||_c+.#. îçíà÷àåò çàìåíèòü a íà b, åñëè
ïîñëå ýòîãî äî êîíöà ñëîâà âñòðå÷àþòñÿ òîëüêî áóêâû c ,
ïðèòîì â íåíóëåâîì êîëè÷åñòâå.
Â êà÷åñòâå ïðåîáðàçîâàíèé òàêæå èñïîëüçóþòñÿ ðåãóëÿðíûå
âûðàæåíèÿ X : òàêîå ïðåîáðàçîâàíèå äåéñòâóåò òîëüêî íà
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Îïåðàöèè íàä ðåãóëÿðíûìè ïðåîáðàçîâàíèÿìè

Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ ìîæíî ñîõðàíÿòü â ïåðåìåííûå
ñ ïîìîùüþ êîìàíäû de�ne:

de�ne〈èìÿ_ïåðåìåííîé〉〈âûðàæåíèå〉;

Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ ìîæíî êîìáèíèðîâàòü ñ ïîìîùüþ
îïåðàöèé íàä ðåãóëÿðíûìè âûðàæåíèÿìè, à òàêæå:

Êîìïîçèöèè (.o.)
Ïðèîðèòåòíîãî îáúåäèíåíèÿ (.p.)

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí
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Îïåðàöèè íàä ðåãóëÿðíûìè ïðåîáðàçîâàíèÿìè

Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ ìîæíî ñîõðàíÿòü â ïåðåìåííûå
ñ ïîìîùüþ êîìàíäû de�ne:

de�ne〈èìÿ_ïåðåìåííîé〉〈âûðàæåíèå〉;

Ðåãóëÿðíûå ïðåîáðàçîâàíèÿ ìîæíî êîìáèíèðîâàòü ñ ïîìîùüþ
îïåðàöèé íàä ðåãóëÿðíûìè âûðàæåíèÿìè, à òàêæå:
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.

Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.
pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.
down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.
up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.
upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.
Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.

pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.
down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.
up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.
upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.
Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.
pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.

down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.
up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.
upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.
Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.
pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.
down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.

up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.
upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.
Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.
pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.
down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.
up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.

upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

FOMA: êîìàíäû

Äëÿ ñîõðàíåíèÿ ïðîìåæóòî÷íûõ ïðåîáðàçîâàòåëåé èñïîëüçóåòñÿ
ñòåê.
Êîìàíäû äëÿ ðàáîòû ñî ñòåêîì:

source 〈èìÿ_ôàéëà〉 � âûïîëíèòü êîìàíäû èç ôàéëà
push 〈èìÿ_ïåðåìåííîé〉� ïîìåñòèòü ïðåîáðàçîâàòåëü, õðà-
íÿùèéñÿ â ïåðåìåííîé, íà âåðøèíó ñòåêà.
pop � óáðàòü ïðåîáðàçîâàòåëü ñ âåðøèíû ñòåêà.
down� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �ïðÿìîì�
íàïðàâëåíèè.
up� çàïóñòèòü ïðåîáðàçîâàòåëü íà âåðøèíå ñòåêà â �îáðàòíîì�
íàïðàâëåíèè.
upper� íàïå÷àòàòü ñëîâà, ê êîòîðûì ïðèìåíèì ïðåîáðàçîâàòåëü.
lower� íàïå÷àòàòü ñëîâà, êîòîðûå ìîãóò áûòü ðåçóëüòàòàìè
ðàáîòû ïðåîáðàçîâàòåëÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Êîìïèëÿöèÿ êîäà

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ïðèìåðû èñïîëüçîâàíèÿ

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.

×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),
ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,
íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,
íåêîíêàòåíàöèîííàÿ ìîðôîëîãèÿ (âíóòðåííÿÿ ôëåêñèÿ, àáëàóò),
ðåäóïëèêàöèÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.
×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),
ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,
íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,
íåêîíêàòåíàöèîííàÿ ìîðôîëîãèÿ (âíóòðåííÿÿ ôëåêñèÿ, àáëàóò),
ðåäóïëèêàöèÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.
×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),

ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,
íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,
íåêîíêàòåíàöèîííàÿ ìîðôîëîãèÿ (âíóòðåííÿÿ ôëåêñèÿ, àáëàóò),
ðåäóïëèêàöèÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.
×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),
ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,

íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,
íåêîíêàòåíàöèîííàÿ ìîðôîëîãèÿ (âíóòðåííÿÿ ôëåêñèÿ, àáëàóò),
ðåäóïëèêàöèÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.
×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),
ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,
íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,

íåêîíêàòåíàöèîííàÿ ìîðôîëîãèÿ (âíóòðåííÿÿ ôëåêñèÿ, àáëàóò),
ðåäóïëèêàöèÿ.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå



Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ñâîéñòâà ìîäåëè ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Õîðîøî ïîäõîäèò äëÿ àääèòèâíîé ìîäåëè ñëîâîèçìåíåíèÿ
è àããëþòèíàòèâíûõ ÿçûêîâ.
×åì äàëüøå ìîðôîëîãèÿ îò àääèòèâíîé ìîäåëè, òåì ìåíåå
åñòåñòâåííà ìîäåëü ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé.

Âîçìîæíûå òðóäíîñòè:

íåëîêàëüíûå ÿâëåíèÿ (ãàðìîíèÿ ãëàñíûõ è ò.ä),
ìíîãî÷èñëåííîñòü ñëîâîèçìåíèòåëüíûõ êëàññîâ,
íåàâòîìàòè÷åñêèå ÷åðåäîâàíèÿ, ðàçâèòàÿ ôóçèÿ,
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Ãëàãîëüíûå ôîðìû â éîóëóìíè

Ãëàãîëüíûå ôîðìû â ÿçûêå éîóëóìíè

îñíîâà ãåðóíäèé äóðàòèâ

caw �êðè÷àòü� caw-inay cawaa-Paa-n
cuum �ðàçðóøàòü� cum-inay cumuu-Paa-n
hoyoo �íàçûâàòü� hoy-inay hoyoo-Paa-n
diiyl �îõðàíÿòü� diyl-inay diyiil-Paa-n
Pilk �ïåòü� Pilk-inay Piliik-Paa-n
hiwiit �ãóëÿòü� hiwt-inay hiwiit-Paa-n

Ãëàãîëüíûå ôîðìû â ÿçûêå éîóëóìíè

Åñëè îñíîâà èìåëà âèä α1V (V )α2(V )(V )α3, ãäå α1, α2,∈ C , α3 ∈
C∪{ε}, òî îñíîâà ãåðóíäèÿ èìååò âèä α1Vα2α3,

à îñíîâà äóðàòèâà
� α1Vα2VVα3. Ïðè ýòîì âñå ãëàñíûå äîëæíû áûòü îäèíàêîâû

.
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Ãëàãîëüíûå ôîðìû â éîóëóìíè

Ïðåîáðàçîâàòåëè äëÿ ãëàãîëüíûõ ôîðì â ÿçûêå éîóëóìíè

Îñíîâà ãåðóíäèÿ:

C

a

u

i

o

a:ε

u:ε

i:ε

o:ε

C

C

C

C

C

C

C

C

a:ε

u:ε

i:ε

o:ε

ε

ε

ε

ε

(a|ε) : ε

(u|ε) : ε

(i |ε) : ε

(o|ε)
: ε

C

Îñíîâà äóðàòèâà:
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Ãëàãîëüíûå ôîðìû â éîóëóìíè

Ïðåîáðàçîâàòåëè äëÿ ãëàãîëüíûõ ôîðì â ÿçûêå éîóëóìíè

Îñíîâà ãåðóíäèÿ:
Îñíîâà äóðàòèâà:

C

a

u

i

o

a:ε

u:ε

i:ε

o:ε

C

C

C

C

C

C

C

C

(a|ε) : a

(u|ε) : u

(i |ε) : i

(o|ε) : o

(a|ε) : a

(u|ε) : u

(i |ε) : i

(o|ε)
: o

C
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Ãëàãîëüíûå ôîðìû â éîóëóìíè

Êîä äëÿ ìîðôîëîãèè â éîóëóìíå
### youlumne . foma ###

de f i n e Vowel [ a | i | o | u ] ;
d e f i n e Consonant [ c | w | m | h | y | d | l | g | k | t ] ;
d e f i n e L e t t e r [ Consonant | Vowel ] ;
d e f i n e Stem Consonant Vowel ( Vowel ) Consonant ( Vowel ) ( Vowel ) ( Consonant ) ;
d e f i n e VerbMark "+V" ;
d e f i n e Mood "+Ger" "+Dur " ;
d e f i n e Mark [ VerbMark Mood ] ;
d e f i n e Vowe lPatte rn [ [ Consonant | a]+ | [ Consonant | i ]+ | [ Consonant | o]+ | [

Consonant | u]+ ] ;
d e f i n e Word Stem & VowelPatte rn ;

# l e f t c on t e x t f o r not a l e f tmo s t vowe l
d e f i n e Le f tCon t e x t1 Consonant Vowel [ L e t t e r ]∗ ;
d e f i n e VowelRemoval Vowel −> [ ] | | L e f tCon t e x t1 _ ;
d e f i n e Le f tCon t e x t2 Consonant Vowel Consonant ;
d e f i n e Du r a t i v eVowe l I n s e r t i o n [ . . ] −> [ a a | i i | o o | u u ] | | L e f tCon t e x t 2 _ (

Consonant ) .#. ;
d e f i n e G e r u n d S u f f i x I n s e r t i o n ["+V" "+Ger " ] : [ i n a y ] ;
d e f i n e D u r a t i v e S u f f i x I n s e r t i o n ["+V" "+Dur " ] : [ g a a n ] ;
d e f i n e GerundStem Word . o . VowelRemoval ;
d e f i n e Durat iveStem GerundStem . o . Du r a t i v eVowe l I n s e r t i o n . o . Vowe lPatte rn ;
d e f i n e Gerund [ GerundStem G e r u n d S u f f i x I n s e r t i o n ] ;
d e f i n e Du ra t i v e [ Durat iveStem D u r a t i v e S u f f i x I n s e r t i o n ] ;
d e f i n e Grammar [ Gerund | Du ra t i v e ] ;
push Grammar
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Ãëàãîëüíûå ôîðìû â éîóëóìíè

Îïèñàíèå ìîðôîëîãèè â éîóëóìíå

Â ñóôôèêñå äóðàòèâà ïðîèñõîäèò âñòàâêà äâóõ îäèíàêîâûõ
ãëàñíûõ.

Ïðè ýòîì ýòè ãëàñíûå îáÿçàíû ñîâïàäàòü ñ ãëàñíîé ïåðâîãî
ñëîãà.
Äëÿ ýòîãî íóæíî îñòàâëÿòü òîëüêî ñëîâà, â êîòîðûõ âñå
ãëàñíûå îäèíàêîâû.
Ýòî ìîæíî çàäàòü ðåãóëÿðíûì âûðàæåíèåì (øàáëîí Vowel-
Pattern).
Ïîä òîò æå øàáëîí äîëæíû ïîäõîäèòü è âîçìîæíûå îñíîâû.
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k t b �ïèñàòü� (êîðåíü) + a-a + -a = kataba � (îí) ïèñàë�
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C : a C : a C : a
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Àðàáñêàÿ ìîðôîëîãèÿ: îïèñàíèå çàäà÷è

Î÷åíü áàçîâûé ïðèìåð ìîðôîëîãè÷åñêîãî ñèíòåçàòîðà.

âõîä: êîðåíü+〈Type〉+〈Voice〉+〈Aspect〉+〈Person〉+〈Gender〉
〈Type〉 ∈ {I , II} � ïîðîäà (áàçîâàÿ èëè èíòåíñèâ)
〈Voice〉 ∈ {Act,Pass} � çàëîã
〈Aspect〉 ∈ {Perf, Imperf} � âèä
〈Person〉 ∈ {3} � ëèöî
〈Gender〉 ∈ {M,F} � ðîä
Âñåãî 16 âàðèàíòîâ.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àðàáñêàÿ ìîðôîëîãèÿ: îïèñàíèå çàäà÷è

Î÷åíü áàçîâûé ïðèìåð ìîðôîëîãè÷åñêîãî ñèíòåçàòîðà.
âõîä: êîðåíü+〈Type〉+〈Voice〉+〈Aspect〉+〈Person〉+〈Gender〉
〈Type〉 ∈ {I , II} � ïîðîäà (áàçîâàÿ èëè èíòåíñèâ)
〈Voice〉 ∈ {Act,Pass} � çàëîã
〈Aspect〉 ∈ {Perf, Imperf} � âèä
〈Person〉 ∈ {3} � ëèöî
〈Gender〉 ∈ {M,F} � ðîä
Âñåãî 16 âàðèàíòîâ.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ìîäåëü ñëîâîîáðàçîâàíèÿ

Ïðèâîäèòñÿ ïî î÷åðêó àðàáñêîé ãðàììàòèêè À. À. Çàëèçíÿêà.

Ïîðîäà Øàáëîí Ïðèìåð

I � áàçîâàÿ ôîðìà K-T-B kataba �ïèñàòü�

II � èíòåíñèâ K-TT-B kattaba �ìíîãî ïèñàòü�

Òàáëèöà îñíîâ

Ôîðìà Îêîí÷àíèå
ïåðôåêòà

Ïðåôèêñ è îêîí÷àíèå
èìïåðôåêòà

3m -a ya- -u

3f -at ta- -u

Òàáëèöà îêîí÷àíèé
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ìîäåëü ñëîâîîáðàçîâàíèÿ

Âèä Çàëîã Ïðåô. Îãëàñîâêà I Îãëàñîâêà II

Ïåðôåêò Àêòèâ a-a, i-i, a-u a-a

Ïåðôåêò Ïàññèâ u-i u-i

Èìïåðôåêò Àêòèâ ya- ∅-u, ∅-i, ∅-a a-i

Èìïåðôåêò Ïàññèâ yu- ∅-a a-a

Òàáëèöà îãëàñîâîê

Âàðèàíò Îãëàñîâêà
ïåðôåêòà

Îãëàñîâêà
èìïåðôåêòà

ïðèìåð

1 a-a ∅-a zahara �ñèÿòü�
2 a-a ∅-u kataba �ïèñàòü�
3 a-a ∅-i safara �îòïðàâëÿòüñÿ â ïóòü�
4 a-i ∅-a marida �áûòü áîëüíûì�
5 a-u ∅-u hasuna �áûòü êðàñèâûì�

Âàðèàíòû îãëàñîâîê
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ìîäåëü ñëîâîîáðàçîâàíèÿ

Âèä Çàëîã Ïðåô. Îãëàñîâêà I Îãëàñîâêà II

Ïåðôåêò Àêòèâ a-a, i-i, a-u a-a

Ïåðôåêò Ïàññèâ u-i u-i

Èìïåðôåêò Àêòèâ ya- ∅-u, ∅-i, ∅-a a-i

Èìïåðôåêò Ïàññèâ yu- ∅-a a-a

Òàáëèöà îãëàñîâîê

Âàðèàíò Îãëàñîâêà
ïåðôåêòà

Îãëàñîâêà
èìïåðôåêòà

ïðèìåð

1 a-a ∅-a zahara �ñèÿòü�
2 a-a ∅-u kataba �ïèñàòü�
3 a-a ∅-i safara �îòïðàâëÿòüñÿ â ïóòü�
4 a-i ∅-a marida �áûòü áîëüíûì�
5 a-u ∅-u hasuna �áûòü êðàñèâûì�

Âàðèàíòû îãëàñîâîê
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Óñëîâèå çàäà÷è

ktb+I+Act+Perf+3+M � kataba
ktb+II+Pass+Imperf+3+F � tukattabu
zhr+I+Act+Imperf+3+M � yazharu
sfr+I+Act+Imperf+3+F � tas�ru
mrd+II+Pass+Perf+3+M � murrida
hsn+I+Act+Perf+3+F � hasunat
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Ââåäåíèå Êîíå÷íûå ïðåîáðàçîâàòåëè: íàïîìèíàíèå FOMA � êîìïèëÿòîð äëÿ êîíå÷íûõ ïðåîáðàçîâàíèé Êîìïüþòåðíàÿ ìîðôîëîãèÿ â ïðàêòè÷åñêèõ çàäà÷àõ

Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà

PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé
Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),
Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)
Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)
Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà
PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé

Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),
Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)
Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)
Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà
PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé
Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),

Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)
Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)
Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà
PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé
Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),
Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)

Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)
Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà
PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé
Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),
Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)
Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)

Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.

Ìàòè Ïåíòóñ, Àëåêñàíäð Ïèïåðñêè, Àëåêñåé Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ëèíãâèñòèêå
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Àëãîðèòì ðàáîòû ñèíòåçàòîðà

Input � ïðîâåðêà êîððåêòíîñòè è âñòàâêà ìåòêè êëàññà
PosInsertion � âñòàâêà ìàðêåðîâ ïîçèöèé
Fill � çàïîëíåíèå îãëàñîâîê (ïîðîäà, âèä, çàëîã, êëàññ),
Pre�x � âñòàâêà ïðåôèêñîâ (âèä, çàëîã, ëèöî, ðîä)
Su�x � âñòàâêà ñóôôèêñîâ (âèä, ëèöî, ðîä)
Cleanup � î÷èñòêà ìåòîê
Îáùèé ïðåîáðàçîâàòåëü: Input◦PosInsertion◦Fill◦Pre�x◦
Su�x ◦ Cleanup.
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ïðèìåð ðàáîòû

sfr+I+Act+Imperf+3+F

Input: C3�sfr+I+Act+Imperf+3+F (âñòàâêà ìåòêè êëàññà)
PosInsertion: C3�0s1f2r3+I+Act+Imperf+3+F (âñòàâêà ìàðêåðîâ
ïîçèöèé)
Fill: C3�0s�r3+I+Act+Imperf+3+F
Pre�x: C3�tas�r3+I+Act+Imperf+3+F
Su�x: C3�tas�ru+I+Act+Imperf+3+F
Cleanup: tas�ru
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ïðèìåð ðàáîòû

sfr+I+Act+Imperf+3+F
Input: C3�sfr+I+Act+Imperf+3+F (âñòàâêà ìåòêè êëàññà)

PosInsertion: C3�0s1f2r3+I+Act+Imperf+3+F (âñòàâêà ìàðêåðîâ
ïîçèöèé)
Fill: C3�0s�r3+I+Act+Imperf+3+F
Pre�x: C3�tas�r3+I+Act+Imperf+3+F
Su�x: C3�tas�ru+I+Act+Imperf+3+F
Cleanup: tas�ru
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ïðèìåð ðàáîòû

sfr+I+Act+Imperf+3+F
Input: C3�sfr+I+Act+Imperf+3+F (âñòàâêà ìåòêè êëàññà)
PosInsertion: C3�0s1f2r3+I+Act+Imperf+3+F (âñòàâêà ìàðêåðîâ
ïîçèöèé)

Fill: C3�0s�r3+I+Act+Imperf+3+F
Pre�x: C3�tas�r3+I+Act+Imperf+3+F
Su�x: C3�tas�ru+I+Act+Imperf+3+F
Cleanup: tas�ru
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Ãëàãîëüíûå ôîðìû â àðàáñêîì

Ïðèìåð ðàáîòû

sfr+I+Act+Imperf+3+F
Input: C3�sfr+I+Act+Imperf+3+F (âñòàâêà ìåòêè êëàññà)
PosInsertion: C3�0s1f2r3+I+Act+Imperf+3+F (âñòàâêà ìàðêåðîâ
ïîçèöèé)
Fill: C3�0s�r3+I+Act+Imperf+3+F

Pre�x: C3�tas�r3+I+Act+Imperf+3+F
Su�x: C3�tas�ru+I+Act+Imperf+3+F
Cleanup: tas�ru
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