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FOMA: êîìïèëÿòîð êîíå÷íûõ ïðåîáðàçîâàòåëåé.

FOMA � êîìïèëÿòîð êîíå÷íûõ ïðåîáðàçîâàòåëåé.
Ðàçðàáîòàíà Ìàíñîì Õàëäåíîì â 2009�2015ãã., ïîñëåäíÿÿ
îôèöèàëüíàÿ âåðñèÿ 0.9.18 � èþíü 2015.

Ñòàáèëüíàÿ âåðñèÿ: https://code.google.com/archive/p/foma/,
Òåêóùàÿ âåðñèÿ https://github.com/mhulden/foma/.
Ïðîãðàììà ñ îòêðûòûì êîäîì, íàïèñàíà C++, äëÿ îòäåëüíûõ
îïåðàöèé åñòü èíòåðôåéñ â Python.
Îñíîâíîå ïðèìåíåíèÿ: êîìïèëÿöèÿ êîíòåêñòíûõ ïðàâèë â
êîíå÷íûå ïðåîáðàçîâàòåëè.
Ìîæíî èñïîëüçîâàòü äëÿ îïåðàöèé ñ êîíå÷íûìè àâòîìàòàìè.
óòèëèòà �ookup ïîçâîëÿåò ñîõðàíÿòü êîíå÷íûå ïðåîáðàçîâàòåëè
â äâîè÷íîì ôîðìàòå.
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FOMA: basic usage

Áàçîâûå îïåðàöèè: êîìïèëÿöèÿ êîíòåêñòíûõ ïðàâèë.

foma[0]: ##replace all a by b

foma[0]: regex a -> b || _ ;

374 bytes. 1 state, 3 arcs, Cyclic.

foma[1]: net

Sigma: ? @ a b

Size: 2.

Net: E20E6CF

Flags: deterministic pruned minimized epsilon_free

Arity: 2

Sfs0: <a:b> -> fs0, b -> fs0, @ -> fs0.

foma[1]:
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FOMA: basic usage

Áàçîâûå îïåðàöèè: çàäàíèå ïðåîáðàçîâàòåëåé è èõ ïðèìåíåíèå
ê ñòðîêàì.

foma[0]: ##replace all a by b

foma[0]: regex a -> b || _ ;

374 bytes. 1 state, 3 arcs, Cyclic.

foma[1]: down

apply down> bcaba

bcbbb

apply down> bbb

bbb

apply down>

foma[1]: up

apply up> aba

???

apply up> cbdb

cada

cadb

cbda

cbdb

apply up> cdc

cdc

apply up>

foma[1]:
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FOMA: basic usage
Ìíîæåñòâåííîå ÷èñëî äëÿ çàêàí÷èâàþùèõñÿ íà y ñóùåñòâèòåëüíûõ:

foma[0]: ## filter y-ending words
foma[0]: define yFinal ?* y ;
redefined yFinal: 321 bytes. 2 states, 4 arcs, Cyclic.
foma[0]: ## Vowel+y
foma[0]: define Vowel [ a | e | i | o | u ];
redefined Vowel: 413 bytes. 2 states, 5 arcs, 5 paths.
foma[0]: define yVowel [..] -> s || [ .#. | Vowel ] y _ .#. ; ## simply append s after Vowel+y
redefined yVowel: 872 bytes. 4 states, 25 arcs, Cyclic.
foma[0]: define yCons y -> i e s || \Vowel _ .#. ;
redefined yCons: 920 bytes. 6 states, 28 arcs, Cyclic.
foma[0]: ## combine the variants for vowels and consonants
foma[0]: define yChange yFinal .o. yVowel .o. yCons ;
redefined yChange: 936 bytes. 6 states, 29 arcs, Cyclic.
foma[0]: push yChange
936 bytes. 6 states, 29 arcs, Cyclic.
foma[1]: down
apply down> valley
valleys
apply down> ally
allies
apply down> y
ys
apply down> tray
trays
apply down> granny
grannies
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FOMA: îïåðàöèè ñ àâòîìàòàìè

Îïåðàöèÿ Îáîçíà÷åíèå

Êîíêàòåíàöèÿ X ,Y XY
Ïåðåñå÷åíèå X ,Y X&Y
Îáúåäèíåíèå X ,Y X |Y
Ðàçíîñòü X ,Y X − Y
Èòåðàöèÿ X X ∗

Ïîëîæèòåëüíàÿ èòåðàöèÿ X X+

Îòðèöàíèå X \X
Êîíòåêñòíîå îãðàíè÷åíèå
(X âîçìîæåí òîëüêî ìåæäó Y è Z ) X → Y_Z

Îïåðàöèè ñ àâòîìàòàìè â FOMA
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FOMA: îïåðàöèè ñ àâòîìàòàìè

Îïåðàöèÿ Îáîçíà÷åíèå

Êîíòåêñòíàÿ çàìåíà X → Y ||U_V
(Çàìåíà X íà Y â êîíòåêñòå U_V )
Êîìïîçèöèÿ X ,Y X .o.Y
Ïðèîðèòåòíîå îáúåäèíåíèå X ,Y X .P.Y
Äåêàðòîâî îáúåäèíåíèå X ,Y X : Y
Îáëàñòü îïðåäåëåíèÿ X X .u
Îáëàñòü çíà÷åíèé X X .l
Îáðàòíîå ïðåîáðàçîâàíèå ê X X .i
Ìíîæåñòâåííûå êîíòåêñòû X → Y ||U1_V 1,U2_V 2
Ìíîæåñòâåííàÿ çàìåíà X1→ Y 1,X2→ Y 2||U_V

Îïåðàöèè ñ ïðåîáðàçîâàòåëÿìè â FOMA
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FOMA: ïðèìåíåíèå ïðåîáðàçîâàòåëåé

Îïåðàöèÿ Îáîçíà÷åíèå

Ñîõðàíèòü ïð-ëü â ïåðåìåííóþ de�ne 〈var_name〉 〈expression〉
Ïîìåñòèòü ïð-ëü â ñòåê push 〈var_name〉
Ïîìåñòèòü âûðàæåíèå â ñòåê regex 〈expression〉
Ïðèìåíèòü âåðõíèé ïð-ëü â ñòåêå down (apply down)
â �ïðÿìîì� íàïðàâëåíèè
Ïðèìåíèòü âåðõíèé ïð-ëü â ñòåêå up (apply up)
â îáðàòíîì íàïðàâëåíèè
Î÷èñòèòü ñòåê clear

Ïðî÷èòàòü ôàéë ñ ëåêñèêîíîì read 〈�lename〉
è ñîõðàíèòü ïð-ëü â ïåðåìeííóþ de�ne 〈var_name〉
ñîõðàíèòü ïð-ëü â save stack 〈�lename〉
äâîè÷íûé ôàéë

Ïðèìåíåíèå ïðåîáðàçîâàòåëåé â FOMA
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FOMA: âíåøíåå èñïîëüçîâàíèå è äîêóìåíòàöèÿ

Äîêóìåíòàöèÿ:
https://code.google.com/archive/p/foma/wikis.
Îïèñàíèå îïåðàöèé: https://code.google.com/archive/p/foma/
wikis/RegularExpressionReference.wiki.

Ïðåîáðàçîâàòåëè ìîæíî ñîõðàíÿòü â äâîè÷íîì ôîðìàòå êîìàíäîé
save stack. Ïîòîì èõ ìîæíî çàïóñêàòü èç êîìàíäíîé ñòðîêè ñ
ïîìîùüþ óòèëèòû �ookup.
Îñíîâíîé ñïîñîá èñïîëüçîâàíèÿ:

�ookup -i -x -w 〈binary_�le〉 < 〈input_�le〉 (> 〈output_�le〉)
Ïðèìåíÿåò ïðåîáðàçîâàòåëü èç 〈binary_�le〉 êî âñåì ñòðîêàì â
〈input_�le〉 è ïå÷àòàåò ðåçóëüòàò (â âûõîäíîé ïîòîê èëè 〈output_�le〉).
Áåç êëþ÷à -x key òàêæå ïå÷àòàåòñÿ âõîäíîå ñëîâî.
Äîêóìåíòàöèÿ: https://code.google.com/archive/p/foma/wikis/
FlookupDocumentation.wiki.
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�ookup -i -x -w 〈binary_�le〉 < 〈input_�le〉 (> 〈output_�le〉)
Ïðèìåíÿåò ïðåîáðàçîâàòåëü èç 〈binary_�le〉 êî âñåì ñòðîêàì â
〈input_�le〉 è ïå÷àòàåò ðåçóëüòàò (â âûõîäíîé ïîòîê èëè 〈output_�le〉).
Áåç êëþ÷à -x key òàêæå ïå÷àòàåòñÿ âõîäíîå ñëîâî.
Äîêóìåíòàöèÿ: https://code.google.com/archive/p/foma/wikis/
FlookupDocumentation.wiki.
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Ìíîæåñòâåííîå ÷èñëî ñóùåñòâèòåëüíîãî â àíãëèéñêîì
### english.foma ###
read lexc irregular.lexc
de�ne IrregularNounPlural;

de�ne Vowel [ a | i | e | o | u | y ];
de�ne Consonant [ b | c | d | f | g | h | j | k | l | m | n | p | q | r | s | t | v | w | x | z ];
de�ne Letter [Vowel | Consonant];
de�ne Word [ Letter ]+;
de�ne NounMark "+N";
de�ne NounNumber "+Sg" | "+Pl";
de�ne Noun Word NounMark NounNumber;

de�ne NounA�xation "+N" "+Sg" −> "" || _ .#., "+N" "+Pl" −> "!" s || _ .#.;
de�ne Sibilant [ x | s | z | c h | s h ];
de�ne sibException ?∗ Vowel ?∗ a r c h "!" s ;
de�ne eInsertion [..] −> e || Sibilant _ "!" s .#.;
de�ne checkSibilant [ sibException .P. eInsertion ];
de�ne yReplacement y −> i e || Consonant _ "!" s .#.;
de�ne Cleanup "!" −> "" || _ ;
de�ne RegularNoun [ NounA�xation .o. yReplacement .o. checkSibilant .o. Cleanup ] ;
de�ne Grammar Noun .o. [ IrregularNounPlural .P. RegularNoun ];
push Grammar
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Èíôèíèòèâ ïàññèâíîãî çàëîãà â òóðåöêîì

Èíôèíèòèâ ïàññèâíîãî çàëîãà

Ïîñòðîèòü êîíå÷íûé ïðåîáðàçîâàòåëü, ïðåîáðàçóþùèé òóðåöêèé
ãëàãîëüíûé èíôèíèòèâ â èíôèíèòèâ ïàññèâíîãî çàëîãà.

Ïàññèâ îáðàçóåòñÿ âñòàâêîé ñóôôèêñà ïåðåä -mek/-mak.
Ñóôôèêñ ïàññèâà: -n ïîñëå ãëàñíîé, -In ïîñëå l è -Il èíà÷å.
I: � ïîñëå a, �; u ïîñëå u, o; i ïîñëå e, i ; �u ïîñëå �u, �o.

Èíôèíèòèâ Èíôèíèòèâ ïàññèâà

varmak �ïðèáûâàòü� var�lmak
silmek �óäàëÿòü� silinmek
b�uy�umek �óâåëè÷èâàòü� b�uy�unmek
durmak �îñòàíàâëèâàòü� durulmak
bilmek �çíàòü� bilinmak
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Èíôèíèòèâ ïàññèâíîãî çàëîãà â òóðåöêîì

# symbol classes
de�ne HardStraightVowel a | I ;
de�ne HardRoundVowel o | u ;
de�ne SoftStraightVowel e | i ;
de�ne SoftRoundVowel O | U ;
de�ne HardVowel HardStraightVowel | HardRoundVowel ;
de�ne SoftVowel SoftStraightVowel | SoftRoundVowel ;
de�ne Vowel HardVowel | SoftVowel ;
de�ne Consonant b | c | C | d | f | g | G | h | j | k | l | m | n | p | r | s | S | t | v | y | z ;
de�ne Letter Consonant | Vowel ;

# contexts for stem
de�ne LastVowelHard HardVowel Consonant∗ ;
de�ne LastVowelSoft SoftVowel Consonant∗ ;
de�ne LastVowelHardRound HardRoundVowel Consonant∗ ;
de�ne LastVowelHardStraight HardStraightVowel Consonant∗ ;
de�ne LastVowelSoftRound SoftRoundVowel Consonant∗ ;
de�ne LastVowelSoftStraight SoftStraightVowel Consonant∗ ;

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Èíôèíèòèâ ïàññèâíîãî çàëîãà â òóðåöêîì
# in�nitive vowel check
de�ne Stem Letter∗ Vowel Letter∗ ;
de�ne In�nitiveSu�xInsertion [..] −> E || _ .#. ;
de�ne In�nitiveSu�x [ E −> m a k || HardVowel Consonant∗ _ .#. ] .o. [ E −> m e k ||

SoftVowel Consonant∗ _ .#. ] ;
de�ne Su�xTransform Stem .o. In�nitiveSu�xInsertion .o. In�nitiveSu�x ;
de�ne In�nitive Su�xTransform.l ;
de�ne Input In�nitive "+Pass";

# su�x insertion
de�ne MarkerInsertion [..] −> "!" || _ m [ a | e ] k "+Pass" .#. ;
de�ne MarkerAfterVowel "!" −> l || Vowel _ ;
de�ne MarkerAfterL "!" −> A n || l _ ;
de�ne MarkerAfterAll "!" −> A l || _ ;
de�ne MarkerReplacement MarkerAfterVowel .o. MarkerAfterL .o. MarkerAfterAll ;

# combining all
de�ne VowelFill [ A −> I || LastVowelHardStraight _ ] .o. [ A −> i ||

LastVowelSoftStraight _ ] .o. [ A −> u || LastVowelHardRound _ ].o. [ A −> U ||
LastVowelSoftRound _ ] ;

de�ne Cleanup "+Pass" −> "" ;
de�ne Grammar Input .o. MarkerInsertion .o. MarkerReplacement .o. VowelFill ;

push Grammar

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ãëàãîëüíûå ôîðìû â éîóëóìíå

stem gerund durative

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 éîóëóìíå (àìåðèíäñêàÿ ñåìüÿ)

Äëÿ îñíîâû α1V (V )α2(V )(V )α3, ãäå α1, α2∈C , α3∈{C ,ε}:

Îñíîâà ãåðóíäèÿ ðàâíà α1Vα2α3,
à îñíîâà äóðàòèâà α1Vα2VVα3.
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Ãëàãîëüíûå ôîðìû â éîóëóìíå

Ïðåîáðàçîâàòåëü äëÿ éîóëóìíå ëåãêî ñòðîèòñÿ âðó÷íóþ.
Ìîæíî ëè ýòî ñäåëàòü â FOMA?
Ïåðâûé øàã: çàäàòü èçìåíåíèÿ êîíòåêñòíûìè ïðàâèëàìè.

Ãåðóíäèé: óäàëèòü âñå ãëàñíûå, êðîìå ïåðâîé ñëåâà.
Ëåâûé êîíòåêñò: C ∗V (C |V )∗.
Äóðàòèâ:

Óäàëèòü âòîðóþ ãëàñíóþ â ïåðâîì ñëîãå
(ëåâûé êîíòåêñò Ĉ+V ).
Âñòàâèòü âî âòîðîé ñëîã óäâîåííóþ ãëàñíóþ èç ïåðâîãî.

Ïðîâåðêà ðàâåíñòâà ãëàñíûõ äëÿ äóðàòèâà:

Âñòàâèòü âñå âîçìîæíûå ïàðû ãëàñíûõ (aa, ii, oo, uu).
Ïðîâåðèòü ãàðìîíèþ ãëàñíûõ, ïåðå÷èñëèâ âñå âàðèàíòû âèäà
C+xC+x+C∗ ãäå x � ïðîèçâîëüíûé ãëàñíûé.
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Ïðîâåðêà ðàâåíñòâà ãëàñíûõ äëÿ äóðàòèâà:
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Äâóõóðîâíåâàÿ ìîðôîëîãèÿ

Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé îñíîâàíà íà êîí-
êàòåíàöèè.
Èäåàë: àããëþòèíàòèâíûå ÿçûêè (òóðåöêèé, ôèíñêèé, etc.).

Îáùàÿ ñõåìà:

Ñîçäàòü ñëîòû äëÿ ïðîòîòèïè÷åñêèõ ìîðôåì.
Çàïîëíèòü ñëîòû ñ ó÷¼òîì ìîðôîòàêòèêè è ôîíîëîãèè.

Ïðèìåð (íèæå): òóðåöêîå ãëàãîëüíîå ñëîâîèçìåíåíèå.
Ìîäåëèðóåìûå êàòåãîðèè:

Çàëîã: ïàññèâíûé, àêòèâíûé.
Âðåìÿ: àîðèñò, ïðîãðåññèâ.
×èñëî: åäèíñòâåííîå, ìíîæåñòâåííîå.
×èñëî: 1, 2, 3.
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Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ôîðìàò âõîäà: èíôèíèòèâ+Voice+Tense+Person+Number.

+Voice: +Pass/+Act.
+Tense: +Aor/+Cont.
+Person: +1/+2/+3.
+Number: +Sg/+Pl.
Ñòðóêòóðà ãëàãîëüíîé ñëîâîôîðìû:

〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉
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+Voice: +Pass/+Act.
+Tense: +Aor/+Cont.
+Person: +1/+2/+3.
+Number: +Sg/+Pl.
Ñòðóêòóðà ãëàãîëüíîé ñëîâîôîðìû:

〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà: 〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.

Ñóôôèêñ ïàññèâà: -n after vowels, -In after l, -Il otherwise.
Ñóôôèêñ àîðèñòà:

-r ïîñëå ãëàñíûõ.
-Ir ïîñëå ñîãëàñíûõ â ìíîãîñëîæíûõ îñíîâàõ.
-Ar ïîñëå ñîãëàñíûõ â îäíîñëîæíûõ îñíîâàõ.
-Ir ïîñëå 13 îäíîñëîæíûõ èñêëþ÷åíèé.

Ñóôôèêñ ïðîãðåññèâà:

-Iyor ïîñëå ñîãëàñíûõ.
-yor ïîñëå u, �u, i, �.
-Iyor ïîñëå ãëàñíûõ, ãëàñíàÿ óäàëÿåòñÿ.
-iyor ïîñëå êîðíåé de-/ye-, ãëàñíàÿ óäàëÿåòñÿ.

Îêîí÷àíèå ãëàãîëà (〈PersNumSuf 〉):

×èñëî

Ëèöî
1 2 3

Åäèíñòâ. -Im -sIn -∅
Ìíîæ. -Iz -sInIz -lAr

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà: 〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.
Ñóôôèêñ ïàññèâà: -n after vowels, -In after l, -Il otherwise.

Ñóôôèêñ àîðèñòà:

-r ïîñëå ãëàñíûõ.
-Ir ïîñëå ñîãëàñíûõ â ìíîãîñëîæíûõ îñíîâàõ.
-Ar ïîñëå ñîãëàñíûõ â îäíîñëîæíûõ îñíîâàõ.
-Ir ïîñëå 13 îäíîñëîæíûõ èñêëþ÷åíèé.

Ñóôôèêñ ïðîãðåññèâà:

-Iyor ïîñëå ñîãëàñíûõ.
-yor ïîñëå u, �u, i, �.
-Iyor ïîñëå ãëàñíûõ, ãëàñíàÿ óäàëÿåòñÿ.
-iyor ïîñëå êîðíåé de-/ye-, ãëàñíàÿ óäàëÿåòñÿ.

Îêîí÷àíèå ãëàãîëà (〈PersNumSuf 〉):

×èñëî

Ëèöî
1 2 3

Åäèíñòâ. -Im -sIn -∅
Ìíîæ. -Iz -sInIz -lAr

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà: 〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.
Ñóôôèêñ ïàññèâà: -n after vowels, -In after l, -Il otherwise.
Ñóôôèêñ àîðèñòà:

-r ïîñëå ãëàñíûõ.
-Ir ïîñëå ñîãëàñíûõ â ìíîãîñëîæíûõ îñíîâàõ.
-Ar ïîñëå ñîãëàñíûõ â îäíîñëîæíûõ îñíîâàõ.
-Ir ïîñëå 13 îäíîñëîæíûõ èñêëþ÷åíèé.

Ñóôôèêñ ïðîãðåññèâà:

-Iyor ïîñëå ñîãëàñíûõ.
-yor ïîñëå u, �u, i, �.
-Iyor ïîñëå ãëàñíûõ, ãëàñíàÿ óäàëÿåòñÿ.
-iyor ïîñëå êîðíåé de-/ye-, ãëàñíàÿ óäàëÿåòñÿ.

Îêîí÷àíèå ãëàãîëà (〈PersNumSuf 〉):

×èñëî

Ëèöî
1 2 3

Åäèíñòâ. -Im -sIn -∅
Ìíîæ. -Iz -sInIz -lAr

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà: 〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.
Ñóôôèêñ ïàññèâà: -n after vowels, -In after l, -Il otherwise.
Ñóôôèêñ àîðèñòà:

-r ïîñëå ãëàñíûõ.
-Ir ïîñëå ñîãëàñíûõ â ìíîãîñëîæíûõ îñíîâàõ.
-Ar ïîñëå ñîãëàñíûõ â îäíîñëîæíûõ îñíîâàõ.
-Ir ïîñëå 13 îäíîñëîæíûõ èñêëþ÷åíèé.

Ñóôôèêñ ïðîãðåññèâà:

-Iyor ïîñëå ñîãëàñíûõ.
-yor ïîñëå u, �u, i, �.
-Iyor ïîñëå ãëàñíûõ, ãëàñíàÿ óäàëÿåòñÿ.
-iyor ïîñëå êîðíåé de-/ye-, ãëàñíàÿ óäàëÿåòñÿ.

Îêîí÷àíèå ãëàãîëà (〈PersNumSuf 〉):

×èñëî

Ëèöî
1 2 3

Åäèíñòâ. -Im -sIn -∅
Ìíîæ. -Iz -sInIz -lAr

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà: 〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.
Ñóôôèêñ ïàññèâà: -n after vowels, -In after l, -Il otherwise.
Ñóôôèêñ àîðèñòà:

-r ïîñëå ãëàñíûõ.
-Ir ïîñëå ñîãëàñíûõ â ìíîãîñëîæíûõ îñíîâàõ.
-Ar ïîñëå ñîãëàñíûõ â îäíîñëîæíûõ îñíîâàõ.
-Ir ïîñëå 13 îäíîñëîæíûõ èñêëþ÷åíèé.

Ñóôôèêñ ïðîãðåññèâà:

-Iyor ïîñëå ñîãëàñíûõ.
-yor ïîñëå u, �u, i, �.
-Iyor ïîñëå ãëàñíûõ, ãëàñíàÿ óäàëÿåòñÿ.
-iyor ïîñëå êîðíåé de-/ye-, ãëàñíàÿ óäàëÿåòñÿ.

Îêîí÷àíèå ãëàãîëà (〈PersNumSuf 〉):

×èñëî

Ëèöî
1 2 3

Åäèíñòâ. -Im -sIn -∅
Ìíîæ. -Iz -sInIz -lAr

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

Ãëàãîëüíàÿ ñëîâîôîðìà:
〈 stem 〉〈VoiceSuf 〉〈Tense 〉〈PersNumSuf 〉.

okumak+Pass+Prog+1+Pl okunuyoruz
gelmek+Pass+Aor+2+Sg gelinirsin
uyumak+Act+Prog+3+Pl uyuyorlar
izlemek+Act+Prog+3+Pl izliyorlar
bilmek+Act+Aor+2+Pl bilirsiniz
g�ormek+Act+Aor+2+Pl g�orersiniz

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

1 øàã: Ôîðìèðóåì ñëîòû
de�ne Voice "+Act" | "+Pass" ;
de�ne Tense "+Aor" | "+Prog";
de�ne Number "+Sg" | "+Pl" ;
de�ne Person "+1" | "+2" | "+3" ;
de�ne Input In�nitive Voice Tense Person Number;
# deleting −mAk and de�ning slots
de�ne MarkerInsertion [..] −> "!" || _ m [a | e] k Voice ;
de�ne In�nitiveDeletion m [ a | e ] k −> "" || "!" _ ;
de�ne TensePattern [ [..] −> "!AorSu�x!" || "!" _ ?+ "+Aor" ] .o. [ [..] −> "!ProgSu�x!"

|| "!" _ ?+ "+Prog" ];
de�ne PassivePattern [..] −> "!PassSu�x!" || "!" _ ?+ "+Pass" ;
de�ne Cleanup [ Voice | Tense | "!" ] −> "" ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl oku!PassSuffix!!ProgSuffix!+1+Pl

gelmek+Pass+Aor+2+Sg gel!PassSuffix!!AorSuffix!+2+Sg

uyumak+Act+Prog+3+Pl uyu!ProgSuffix!+3+Pl

izlemek+Act+Prog+3+Pl izle!ProgSuffix!+3+Pl

bilmek+Act+Aor+2+Pl bil!AorSuffix!+2+Pl

g�ormek+Act+Aor+2+Pl g�or!AorSuffix!+2+Pl

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

2 øàã: ïîêàçàòåëü çàëîãà
## passive su�x �lling
de�ne Passive1 "!PassSu�x!" −> I l || [ Consonant − l ] _ ;
de�ne Passive2 "!PassSu�x!" −> I n || l _ ;
de�ne Passive3 "!PassSu�x!" −> n || Vowel _ ;
de�ne PassiveSu�x Passive1 .o. Passive2 .o. Passive3 ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl okun!ProgSuffix!+1+Pl

gelmek+Pass+Aor+2+Sg gelIn!AorSuffix!+2+Sg

uyumak+Act+Prog+3+Pl uyu!ProgSuffix!+3+Pl

izlemek+Act+Prog+3+Pl izle!ProgSuffix!+3+Pl

bilmek+Act+Aor+2+Pl bil!AorSuffix!+2+Pl

g�ormek+Act+Aor+2+Pl g�or!AorSuffix!+2+Pl

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

3 øàã: ïîêàçàòåëü àîðèñòà
## aorist su�x �lling
de�ne PseudoVowel Vowel | I | A ;
read lexc aor_exception.lexc
de�ne AorException;
de�ne Monosyllable Consonant∗ Vowel Consonant∗ ;
de�ne AorSu�x0 "!AorSu�x!" −> I r || .#. AorException _ ;
de�ne AorSu�x1 "!AorSu�x!" −> r || PseudoVowel _ ;
de�ne AorSu�x2 "!AorSu�x!" −> A r || .#. Monosyllable _ ;
de�ne AorSu�x3 "!AorSu�x!" −> I r || _ ;
de�ne AorSu�x AorSu�x0 .o. AorSu�x1 .o. AorSu�x2 .o. AorSu�x3 ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl okun!ProgSuffix!+1+Pl

gelmek+Pass+Aor+2+Sg gelInIr+2+Sg

uyumak+Act+Prog+3+Pl uyu!ProgSuffix!+3+Pl

izlemek+Act+Prog+3+Pl izle!ProgSuffix!+3+Pl

bilmek+Act+Aor+2+Pl bilIr+2+Pl

g�ormek+Act+Aor+2+Pl g�orAr+2+Pl

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå
4 øàã: ïîêàçàòåëü ïðîãðåññèâà
## progressive su�x �lling
de�ne ProgSu�x0 "!ProgSu�x!" −> "!" I y o r || _ ;
## after i, �, u, �u
de�ne ProgSu�xVowel0 "!" I −> "" || [ u | �u| i | �] _ ;
## other vowels
de�ne ProgSu�xVowel1 [ a | o | e | �o] "!" −> "" || _ ;
## demek, yemek
de�ne ProgDemek e "!" I −> i || .#. [ d | y ] _ ;
## sonorization
de�ne ProgSonor t −> d || .#. [ g i | e | t a ] _ "!" ;
de�ne ProgCleanup "!" −> "" || _ ;
de�ne ProgSu�x ProgSu�x0 .o. ProgSu�xVowel0 .o. ProgSu�xVowel1 .o. ProgDemek .

o. ProgSonor .o. ProgCleanup ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl okunIyor+1+Pl

gelmek+Pass+Aor+2+Sg gelInIr+2+Sg

uyumak+Act+Prog+3+Pl uyuyor+3+Pl

izlemek+Act+Prog+3+Pl izlIyor+3+Pl

bilmek+Act+Aor+2+Pl bilIr+2+Pl

g�ormek+Act+Aor+2+Pl g�orAr+2+Pl
Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

5 øàã: îêîí÷àíèÿ ãëàãîëà
## ending �lling
de�ne Ending1s "+1" "+Sg" −> I m || _ ;
de�ne Ending2s "+2" "+Sg" −> s I n || _ ;
de�ne Ending3s "+3" "+Sg" −> "" || _ ;
de�ne Ending1p "+1" "+Pl" −> I z || _ ;
de�ne Ending2p "+2" "+Pl" −> s I n I z || _ ;
de�ne Ending3p "+3" "+Pl" −> l A r || _ ;
de�ne Ending Ending1s .o. Ending2s .o. Ending3s .o. Ending1p .o. Ending2p .o.

Ending3p ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl okunIyorIz

gelmek+Pass+Aor+2+Sg gelInIrsIn

uyumak+Act+Prog+3+Pl uyuyorlAr

izlemek+Act+Prog+3+Pl izlIyorlAr

bilmek+Act+Aor+2+Pl bilIrsInIz

g�ormek+Act+Aor+2+Pl g�orArsInIz

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé

Ñïðÿæåíèå ãëàãîëà â òóðåöêîì

Òóðåöêîå ãëàãîëüíîå ñïðÿæåíèå

6 øàã: ñèíãàðìîíèçì
## Vowel Harmony (left context on output size)
de�ne VowelHarmony [A −> a // LastVowelHard _ ,, A −> e // LastVowelSoft _ ,,

I −> �// LastVowelHardStraight _ ,, I −> i //
LastVowelSoftStraight _ ,,

I −> u // LastVowelHardRound _ ,, I −> �u//
LastVowelSoftRound _] ;

de�ne Fill PassiveSu�x .o. AorSu�x .o. ProgSu�x .o. Ending .o. VowelHarmony ;
de�ne Grammar Input .o. Pattern .o. Fill ;

$ flookup -i -w "" turkish_diacr.bin < test.in

okumak+Pass+Prog+1+Pl okunuyoruz

gelmek+Pass+Aor+2+Sg gelinirsin

uyumak+Act+Prog+3+Pl uyuyorlar

izlemek+Act+Prog+3+Pl izliyorlar

bilmek+Act+Aor+2+Pl bilirsiniz

g�ormek+Act+Aor+2+Pl g�orersiniz

Àëåêñåé Àíäðååâè÷ Ñîðîêèí

Ìàòåìàòè÷åñêèå ìîäåëè â ìîðôîëîãèè



Ïðîãðàììèðîâàíèå êîíå÷íûõ ïðåîáðàçîâàòåëåé Ëèíãâèñòè÷åñêèå ïðèìåðû Ìîðôîëîãèÿ ñ êîíå÷íûì ÷èñëîì ñîñòîÿíèé
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