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6./4@A
! <./$621$"02B3#2$/@
! <./$621$"02B32--$C.@

! ,$@1/$4D1$"03"-3<./$621$"02B3#2$/@3$03236.%1"/E@#2%.3="<.B

,.1.%1$"03"-3F/2==21$%2B32@#.%13$03GD@@$20
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Main Questions

04/10/2023&

! Does morphological form contribute to distinguishing grammatical aspect in Russian?
! derivational affixes

! typically modify the lexical meaning of the verb stem they are added to
! often modify argument structure of the verb stem

! How well is grammatical aspect detected by the distributional semantics model?
! subword (morphology-based) information
! distributional vector space
! visualization of clustering

Q1

Q2
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. :0';%<'5 1&=>?";;%<>@A" @
. 7%5#0%B"#%9&1$>?'21&#%35C>D'#E9=5

''# 456%*,7%3+
. F15#G'<#
. G99$5
. 7'0%81#%9&1$=1#1
. :093'55%&H
. I'3#90>5613' 9; J"55%1&156'3#
. K0090>1&1$L5%5
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! IMPERFECTIVE: verb čitatʹ ‘read’

! PERFECTIVE: verb !"# čitatʹ ‘read; read over’

Ja !"# čital knigu za dva dnja.
I read.PFV.PST book in two day
‘I read the book in two days.’

Ja čital knigu dva dnja.
I read.IMPF.PST book two day
‘I have been reading the book for two days.’

Grammatical Aspect

04/10/2023&

Perfective versus Imperfective Distinction
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Grammatical Aspect

04/10/2023&

! Aspect is the relation between event and topic time
! PFV aspect

! event time within topic/reference time
! IMPF aspect

! topic/reference time within event time or
! overlap with event time

Semantics: Klein (1994)



!!"#$%

!"#$$#%&'#()*+,-'%

./01.02.23&

! 4-"&5#%&67#((8)"-(#%-9)5-":+;4#<(=)1>?@A)B&(&,=)1>>301>>>A)B&(&,=)2...A)C-&$-")D)
E-"F#7%=)2.1GH

! I9-"&5#%&67#(),#&"+J)
! +&$,(-K)&$,-"L-'%&5-)M9-"&5#%&67#((8)'6$,(-K),-"L-'%&5-

! *+,-'%N#()L6"$)#79)#LL&K#%&67);B&(&,=)2...=)1>>301>>>=)2..3=)2..@H

! 9-"&5#%&67#(),"-L&K-+)#79)+-$-(L#'%&5-)+NLL&K)!"# !
! &$,-"L-'%&5&O&7P)+NLL&KQ
! #LL&K-+)#+)$69&L&-"+)6L)-5-7%N#(&%8)%8,-+)9-76%-9):8)5-":#(),"-9&'#%-+

R-"L-'%&5-S&$,-"L-'%&5-)6,,6+&%&67

*The suffix has multiple allomorphic realizations such as - (o)va - , - v- , etc. 
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! !"#$%9:'(+;$<=

! !"# !"# !%&'(+;$<+>2=

! $%!!"#$%&:'(+;$<+$)?+@>#A=

! &'(' !!"#$%&:'(+;$<+&<&$)=

B$12*"0+CD,E !"#$%";+,EF

!)"1 E";(# G(2&* H"1*I>
;&A E";(# ;$<JCD,EJ,BK <#(>);
:L'+;&A'$1"+E";(#+;><+<#(>);J=

,$#&'A '( G(2&*$ G*&;

2$#&'"- ;$<J,EFJ,BK '#"&->#"
:,$#&'"-+@>#$";+'#"&->#"J=

M#I&;G$ 1A )%*%G(2&*$
<&#;")J@"; N" ;$<J,EFJ,BK

:O"+;><+&<&$)+<&#;")+@";-J=

P&*(2&'(I G(2+" * Q'(R'( H%I&G)>*(
C -2&;" ;$<J,EFJ,BK -(1"'S$)< T*$)G
:C+;><+>2+N$'S+'S"+-2&;"?+-(1"'S$)<+T*$)G";J=

Examples from RUSSIAN WEB 2017 (RUTENTEN17) corpus
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0123024045&'

! $%!&6789:#,%;#(7"(%*6#9,%;#(8#)*%*<(=%>)>?

! '()( !&+%',"%@/,%;#(7"(%,#"),%;#(8#)*%*<(=%>)>?

! !"# !A('#8#:$)6,%;#('/$$%&

! *+'%,-.$(/01# B,7(+%<(,-#(<"7/*+C

! !" *+'%,-.2$(/01# B,7(@/"D(E,-#(<"7/*+B

;#"'/' !" *+'%, -*0%3.4.$(/01#B,7(@/"D()2,-#(,"#)'/"#(%*,7(,-#(<"7/*+C

! #$%$*+'%, -2*0%3.B,7(+%<(7;#"2)<)%*(E,-#(,"#)'/"#C

;#"'/' #$%$*+'%, -$(/01# B,7(+%<(7;#"2)<)%*(,-#(<"7/*+C

F&,#*'%7*(7$(:#&%6):(8#)*%*<

G-)*<#(7$()"</8#*,(',"/6,/"#

# here is ÒuninterpretableÓ, ÒoddÓ, ÒunacceptableÓ 
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Distributional Semantics: Methods

04/10/2023&&

¾ fastText method (Bojanowski et al., 2017)
¾ non-contextual (static) word embeddings unique for each word
¾ word representations: internal structure of words

¾ t-SNE: t-Distributed Stochastic Neighbor Embedding (van der 
Maaten and Hinton 2008)
¾ unsupervised non-linear dimensionality reduction technique for 

exploratory analysis
¾ visualization of word embeddings generated by fastText

Linguistic items with similar meanings have similar distributions  (Firth, 1957)
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567857959:&'

! ;(%/,#"/"+*%"$<,"),*44"$"(),$(,0()$.=$,
#"/"+*%"$<,

! >*?$'%.#,+.="0*++<,#"/"+*%,@(%4#

! A)$.%)*+,#'&@(%4,")B(%/*$"()
! +.##C%.#('%0.4,*)4,")B+.0$.4,+*)D'*D.#

E;"))"#3F,G'%H"#3F,I'##"*)F,.$0JK

! #'BB"=.#,*)4,?%.B"=.#

! ('$,(B,L(0*&'+*%<,@(%4#,

! ")B%.M'.)$,@(%4#

! >+'#$.%")D,/.$3(4
! 0+'#$.%#(B#"/"+*%?(")$#

! N(/")*+, ")B+.0$"()F,?*%*4"D/ 0.++CB"++")D
"##'.# "), ;"))"#3 *)4 I'##"*) EN"H(+*.L
.$,*+J,959:F,>3'*)D .$,*+JF,959:K

! .JDJ,/(4.+ B(%$3. 0()0.?$'*+"O*$"() (B
;"))"#3 ")B+.0$.4)(')#

B*#$G.=$ $C-NP
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! ./,012*134 35*(/6,* 73/0 5/38 1*)
53/8#234*,-*
! 73/0 9:; <6/(8: 2=(/(2*,/) >)?@73/0

1453/8(*134A

! 234*,-* 9:)?8 35(BB:C,2*3/) 35; <6/(8:
2=(/(2*,/)

! /,)?B*9:=16=<018,4)134(B:C,2*3/ )D(2,

! +<E;F: C1)?(B1G(*134
! 8(DD1460(*( 5/38 =16=<018,4)134(B:

C,2*3/ )D(2, *3 B37,/<018,4)134(B:)D(2,

! /,D/,),4*(*134 350(*(D314*) 14:(:B37,/<
018,4)134(B:)D(2, >%H:DB(4,A

! C1)?(BC,/1512(*13435D/,0121*134/,)?B*) C1(:
2B?)*,/)

E?@73/0<B,C,B:830,B

'()*+,-*:830,B:>I1:,*:(BJK:%!$L9:"!A

MB?)*,/:C1)?(B1G(*134:35:0155,/,4*:F46B1)=:(551-,):
@N:23B3/K:'()*+,-*:830,B:>I1:,*:(BJK:%!$L9:""A

erly

ion
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! +,$-!./- 01$-2134-1"5,#67"0.#
! 8"5-154"4$ 9,:6 "+ ;"20$6<89=;>6 ,2?@1-.?-42.
! A"?,34#,2B $1C.D6(EFGHI)6J"20$
! A.?-"26017.5$1"5 $1C.D6*%%6
! ;.3 K?"2L4$ M2,5.47 N4$$1?47O,/17476)%(ID6(%631##1"5J"20$

! Gensim, sklearn L,?P,:.$

RusVectores L2.K-2,15.067"0.#6<Q4-4C"R6,506Q4C7.5P"G6)%(H>



!!"#$%

!"#$%&'$()&*+!&'&

,-./,.0,01&'

! 234*(#$)5+264'$)"77+!&'&8&7"+9:&);&+0,,<=

! !&'&8&7"+(>+?@77$&)+A"#8&*+B74"C'+
9DEFGH+;&'&8&7"I+J(#$K+&);+:&)77")L+0,/0=

! 277"3+!&'&8&7"+(>+?@77$&)+A"#87+&);+'M"$#+H(6$)&*$N&'$()7+
9277"3+;&'&8&7"I+E4")C"#+&);+O&#"'7K&P&+0,/<=

?"7(@#C"7
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! -,10+2"#$%&'$()&*+3&$#45
! 1678+3#"9$:"4

! ;8+$)4'<+(9+4=99$:+!"# !

! 16>8+?@A+%"#B4

! /788+CD?@+%"#B4

IMPF PFV
Affix 
type

Affix 

!"#$ ! !"#$ prefix %

!&'()*#$ "# !&'()*#$ prefix +,

!,-"#$ #$!,-"#$ prefix ,#

.'/0'#$ .'/0 %&#$ suffix )1

2!".'#$ 2!" %&#$ suffix )13alt

24/.'#$%5 2*/ %&#$%5 suffix )1

É É É É

E(=)'4
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45&6%$-#"%&*7#,%8

-9:;<
highly -

dimensional 
vectors

!"#$$%&'()$

*%&+,#$+)-#(./#$#

delat ʹ
dumat ʹ
sdelat ʹ
podumat ʹ
É

$#0!(%11#!

2

3

4

5

=%$-#"'&+-'#(
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!"#$%&'()*+,-./0-'+1-./2
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! .7$'%89:( #$;'%'()*+ *<=>?-'+1-@A=>-&$%"#

! #)B+)<)9'+(#)C)7'%)(D"D C*%;E*7*B)9'7<*%C

! =>?- &$%"#(E'( 9*8*99:%F)(E@A=>-&$%"#)+-./2

! $GBG-!" !"#$%&' H(* B$(#)7$+(IJ-#$()*+&' H(* (:%+-"%*F+IJ-!,- %&&' H(* F)+KI

()*

()&

()+
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()' ()&

()*

7)&$%#$-8$9):'8-#$;'+():-:8'##$#

¾ ;'++$%-*<-#=$'>)+?-@!"#$%&$&'()A(*-:%*'>B1-./0C

¾ ;$'#D%$-@*#*+,'&' ()A(*-:*D+(BE-./0C-

¾ ?$#(D%$#-)+&*8&)+?-"*FG-='%(#-@-,./0' ()A(*-H)+>-
I*+:$JBE-./2C1-

¾ :*+(':(-"G-);=':(-@ 01&2,'()A(*-#()+?BE-./2C

¾ :%$'()*+6(%'+#<*%;'()*+-@$K?K1-%3."&%,"#%&'4A(*-
$+?%'&$BE-./3C

!&$%8'=-*<-#$;'+():-:8'##$#

¾ =#G:L*8*?):'8 #('($ @5&,/'6"6*#%&'()A(* )+($%$#(B1-
!#5&%,7#%&'(A(* $+&GBE-./01-2C

¾ =#G:L*8*?):'8 #('($ 6)+:L*'()&$-@#8#52,'(*9&A(* ?$(
'+?%GB1-#8"&7#%&'(*9&A(* "$:*;$ ?8'FBE-./01-2C

¾ :L'+?$ *<#('($ @!",:%#"/0' ( A(*-?$(-I'-")(J-#):>B1-
!#80"6' ; A(*-(D%+-"%*H+B1-#'"6-#/',"#%&' ( A(*-%$=')%BE-
./01-21-3C

/':>-*<-#);)8'%)(G-@./21-3C
¾ "G-;*%=L*8*?):'8-<*%;-

¾ "G-&$%"-#$;'+():#
¾ @&$%"-:8'##$#E-/$&)+1-0MM3C
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! 2+345"$6"5785&9)9#8&:*
! 4+345"*+;+('"+:) *9#"5* <%*8='&+5:$'(>?$0,01@

! +&9"5'*5= ;#=5( A*$B+'* :# #&5 9':53#")
#C5"'&#:45" <D'(+*E'&$5:$'(>?$0,00?$F"8&5: 5:$
'(>?$0,/G@

! %"'&58; H8**+98; I'J+;8;$0,/G

! K+L6$:"'&*6#";':+#& ;5'*8"5 <M'&$258C5&5:$
'(>?$0,/-@N

! (#O6"5785&9)C5"B*<"'&E$/?$0?$1@

"'O 6"57-$P$/>G-$P$"'&E$0$P$(#O6"57

! 4+34$6"5785&9)C5"B*<"'&E$-?$Q?$R?$S@

"'O 6"57-RTGG$P$Q>G0$P$"'&E$R$P$4+34$6"57

! :UVW!$9(8*:5"* #66"5785&9)"'&E*

! F#""#O5= B+'*L59:8'( !"#$ ! C5"B*
! 68&9:+#&'* XYM$#" ZIXY$C5"B*

=5L5&=5&:#&$9#&:5J:

! %&'()$**'+'&!"# ), [:#$9")*:'((+\5A?$
-"./*'& !"# ),0[:#$;#=5(A?$)&$1(%&'2'&!"# ),
[:#$:"'&*9"+B5A

D#"L8*$6"5785&9)$56659: F+'*L59:8'($C5"B*?$D]1
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89: ;<&%.*%/"0(=->(?%&@+A(BCDB;<&%.*%/"0(=->(?%&@+
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Error Analysis 

04/10/2023&'

! High-frequency PFV verbs: IMPF cluster

! !"#"$!"# %&'()*‘to wake up’

! Low-frequency PFV verbs: PFV cluster

! !"#"$#" )+,-!./)* ‘to pave with wood blocks’

Frequency rank bias
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! 2+'*34567'($8#""#94:$;4"8*<$9=+5=$'"4$+&64>"'64:$+&6#$6=4$?7**+'&$
;4"8$*)*64@$9+6=$6=4$*7AA+B$!"#$ !
! 4C>C$$"%&'()&%"#$)*+D6#$#"+4&6E'64FG<$D6#$>7+:4G<$D6#$'+@G<$D6#$9'(H$*C#C$6="#7>=G<

,""-'%&%"#$)*./$D6#$5##34"'64<$6#$3'"6&4"$9+6=G

! I=4)$5# J#557"$9+6=$:4"+;4:$3"4A+B4:$KLM$5#7&64"3'"6*$+&$NO1
! 4C>C<! "%&'()&%"#$)*<$! ,""-'%&%"#$)*./$

N#&64B6$*+@+('"+6)
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III. Conclusions and future work

04/10/2023&'
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! 0"123"%"4($5%)'61&$6&178)'(4#(9($5#6)$1(671("#)9"1):7671;(#4)637)
415;;56($5%)5'27$6)"9)637)<71=
! >7?($5%)'7;5#6($)$%5''7'8)&#'(4#(9($5#6)$1(671("#

! !>.8)95'6@7?6);":7%A')=(5')6") 3(43B917C&7#$D)EFG)<71='

! !>/8)$"#67?6)'(;(%51(6D)9"1)="11"H7:)=(5'27$6&5%)!"#$ ! <71=')5#:)637(1)
EFG):71(<567'

!"117$6)217:($6("#)"9)I&''(5#)5'27$6)=D)I&'G7$6"17');":7%
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¾0(123%&124256$2#7&18($%1&"1239&:2;;%$%3#&'($:&%4<%::239&4(:%5&=%>9>&
8(3#%?#"65&@AB(&4(:%5C

¾D:%3#2;7&<%1#&E$%:28#($1&(;&61E%8#&;($&:%$2F6#2(365&E62$1G&%>9>
¾ H63:(4&!($%1#1&
¾ I%3%$652J%:&5(921#28&$%9$%112(3

¾K$%:28#2(3&(;&1%46#28&$%56#2(31&<%#'%%3&:%$2F%:&E%$;%8#2F%1&63:&#L%2$&
24E%$;%8#2F%&<61%1&=1%%&%>9>&M(3642&63:&N6$63O(G&.*./C&
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! ./%0123456347480$0%9/34:64;64<,(,-=64>2'?$2@A?2/%0B4"C2D"%&"4#/$4D"$2C0?2/%0B4E0$0D2F1'64!"#$%#&'()*+%$,-$
.#/*0')*,('1$&,/2",1,345$!"#,/46$&#)",.%6$#0*.#(+# 34,+GH,IJ6K"?"$'34:64L6348"A10%%34:634M"??B"1/N"$34O63474
P2Q34R64S64<,(+J=64>2''"&?2%F4&/%?"T?A0B4U/$D4"1@"DD2%F'V4W$&Q2?"&?A$"40%D4$"E$"'"%?0?2/%640$X2C4E$"E$2%?4
0$X2CV+J(J6(JG)G64

! ./$2Y34563474Z0%''"%34:64<,(+,=64W4D0?0@0'"4/#4$A''20%4C"$@0B40'E"&?64[%7/,+##.*(3%$,-$)"#$+,(-#/#(+#$89%%*'($
:#/; 34\?64K"?"$'@A$F34!A''206

! .$A%"?34:0$&HL?2"%%"34WBY0B0NH]/AB2Q0%34^/BB""%34W%D"$'/%34W'Q?/%40%D4M"1"B434!2&Q0$D64,(+G64_%D"$'?0%D2%F4
?Q"4/$2F2%'4/#4@20'42%4U/$D4"1@"DD2%F'64[%4<()#/(')*,('1$=,(-#/#(+#$,($>'+"*(#$?#'/(*(3 64K:O!34J(- ` J++64

! ^0B2'Y0%34W634W90N34K64K634^Q0$B"'U/$?Q34S634R/B#"34!63474.0%09234:64!64<,(,,34ZABN=64;"%D"$4@20'42%4U/$D4
"1@"DD2%F'V404&/1E$"Q"%'2C"40%0BN'2'4/#4#$"aA"%&N34'N%?0T340%D4'"10%?2&'64[%7/,+##.*(3%$,-$)"#$@A@@$
BBB<CB=>$=,(-#/#(+#$,($B<6$D)"*+%6$'(.$E,+*#)4<EE64+IbH+c(=6

! >0QB34d 64<+GJI=64!#(%#$'(.$B%2#+)$E4%)#&%645T#/$DV4.B0&YU"BB64

! >$/eD34W634;B0DY/C034W63474:0?'A/Y034\64<,(+I=64>2'&/C"$2%F4W'E"&?A0B4^B0''"'4/#4!A''20%4f"$@'42%4_%?0FF"D4
O0$F"4^/$E/$064[%4@AFG$<DDD$<()#/(')*,('1$=,(-#/#(+#$,($H')'$E+*#(+#$'(.$H')'$<()#(%*0#$E4%)#&%34<EE64b+`
bJ=64

! g2B2E34]64<,(((=64SQ"4hA0%?2e0?2/%4KAeeB"64D0#()%$'%$3/'&&')*+'1$,;I#+)%6$-/,&$)"#$+,&;*(#.$2#/%2#+)*0#%$,-$
1#J*+'1$%#&'()*+%6$1,3*+'1$%#&'()*+%$'(.$%4()'J34KL34-G̀G+64

! g2B2E34]64<,((-=64K$"#2T"'40%D4?Q"4>"B212?0?2/%4/#4LC"%?'64M,9/('1$,-$E1'0*+$1*(39*%)*+%34FF<+=34IÌ+(+6

! g2B2E34]64<,((I=645%40&&A1AB0?2%F40%D4Q0C2%F42?40BBV4K"$#"&?2C2?N34E$"#2T"'40%D4@0$"40$FA1"%?'647#/%2#+)*0#%$,($
B%2#+)N$E)9.*#%$*($!"#,/#)*+'1$7%4+",1*(39*%)*+%34K@34+,I` +)J6

! g2B2E34]64<+GG-*+GGG=64B%2#+)6$%*)9')*,($)42#%$'(.$(,&*('1$/#-#/#(+#64KQ6>64SQ"'2'34_%2C"$'2?N4/#4^0B2#/$%2040?4
."$Y"B"N648"U4P/$Y*O/%D/%V4;0$B0%D
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Corpus Frequency Transformation

04/10/202332

! Frequency rank of a lemma in a corpus 
! log-transformation of raw frequencies counts
! scaling of log-transformed frequency values
! frequency rank of lemmas (low frequency, high frequency; van Heuven et al., 2014) 

blestetʹ ‘shine’ (IMPF verbal lemma)
!"#$%&'#()%(*!+ : 756

,"-.#/012/!30#.*&'"#2.0/"*

4+$/&.05‘write down’ (PFV verbal lemma)
!"#$%&'#()%(*!+ : 1019

4.66510116 4.253130176
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./01.02.23&'

Zipf = log10(( rawFreqSmooth /(corpusSizePm + typesNbPm)) + 3.0

Zipf smoothing scaling for ipm valuesLaplace smoothing

Lemma Raw Freq
Laplace 

smoothing
Zipf 

Smoothing 
Scaling
(+3)

Rank

!"#$%&' !" 17 - 0,5250134 2 Low freq

#$%&'()* "+ 65 ,-,./+.,"+ 3 Low freq

#$'0%11(02#3)* !.4! 1522 !-+4"5+,67 4 High Freq

#$&890()* 4,55 2100 !-.""/+!," 5 High Freq

#$:8;()* 55.++ 99545 7-4+!/56/4 6 High Freq

É É É É É É
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! 34564!7894:';(#<' !"#" !"#$#%=#(#(*>?

&$'()*)!"#$+'''''''''',#-'.*$/-''''*$/'''0)12$#%'3

8 (%)$#$@;A$&B'''BCD&'$C#*&('BD+('B(E'

=8'(%(%)$*BCD&'$C#*&('B(E'BD+(&A?

! 34564!7894:';(#<' $%!"#$#%=#(*>'F*,"%>G?

456*%''7$!"#$+'''''''''''8''''''''97"5"':)*067$3

8H"#%#"%&'()*'+, BC#((''<""I'9(#>"E

=8H"#%';$1'*)$0<*)$0'#;*))':)*067=1'>66913=

Examples from RUSSIAN WEB 2017 (RUTENTEN17) corpus


