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Perfective versus Imperfective Distinction

I IMPERFECTIVE: verb ¢itat' ‘read’

Ja Cdcital knigu dva dnja.
| read.mPF.PST book two day
‘I have been reading the book for two days.’

I PERFECTIVE: verb I"# ¢itat' ‘read; read over’

Ja I"# Cital knigu za dva dnja.

| read.pFv.PST book in two day
‘| read the book in two days.’
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. Grammatical Aspect th

Semantics: Klein (1994)

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

event time within topic/reference time
I IMPF aspect

topic/reference time within event time or
overlap with event time
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. Distributional Semantics: Methods th

Linguistic items with similar meanings have similar distributions (Firth, 1957)

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

m t-SNE: t-Distributed Stochastic Neighbor Embedding (van der
Maaten and Hinton 2008)

unsupervised non-linear dimensionality reduction technique for
exploratory analysis

visualization of word embeddings generated by fastText

04/10/2023 1"H#$%



D 5008 '$ () + - /%) $"0#1, 2. $3(4# hhu

Eemrircs}i]t"Hteé)ne Idorf .
B*#$G.=$ KNP
L(% #"+%"$<,"),*44"$" (), $(,00$.=$, I >+#$.%"D,$3(4
#'["+%05"$<,

O+H$.964B #'"+* YR (" $H

LSO H A O T %, @ (%4 | N(")*+, ")B+.08"(F?*%+4"D/ 0.+@"++")D

| A)S.%) + 8@ (%4,")B(%/*$"() A ), )HS )4 THHY) BH(HL
+#HO6.#(%0.4,)4,")B+.0$.4,+%)D*D.# SII9SSEIID STIF 9K
£ HaE GOOHHOF 4, S0IK JDJ(4.+ B(%3. 000.28*+0""() (B

)3 ")B+.0$.4()#
#BB"=#,)4,2%.B"=.#

('$,(B,L(0*&+*%<, @ (%4#,
"B%.M".)$,@ (%64#

n 567857959: "#$%



hhu

Heinrich Heine
Universitdt Disseldorf [

1"#$%& ()% +,




contextual word

[word 1] [word2] [word 3| hybrid training schema
sum | (optional) ! ()* + _* U

""""""" @:@ ’ Eiiir\;:rcs?t;eli)nﬂesseldorf [ )
O O O @) E
5 g g E E?@73/08,C,B:830,B
H H i
charl char2 char3 char4 charSl | _/’012*13435*(/6’* 73/0 5/38 1*)
lookup table (character vectors) 53/8#234*,'*
| characters or character ngrams |
7310 9:: 6/(8: 2=(/(2*)) H?@73/0
...(.199!;1.1}2}5:.19.19.)... 1453/8(*13A
234* -*9)? BEC,2* ; :
'(0%+,-*:830,B:>11:,*:(BIK:%!$L9:"IA 22(,(’2*%) 8 35(BE,273)) 35 /(8
1,)?B*9:=16:018,4)134(BC,2*3/)D(2,
X o
oo e
' Io”.;. ‘5
é!u. x | +<E;F: C1)?(B1G(*134
]
% M }C_ ' ""‘ ’0” 8(DD1460(*( 5/38 =16=018,4)134(B:
‘*0)5" }.» e C,2*3/)D(2, *3B37,/<018,4)134(B)D(2,
.’ ¢ T e 1,D1,),4%(*134 350(*(D314*) 14:(B37,/<
A :,r‘ 018,4)134(B)D(2, >%H:DB(4,A
N i .',*:.' C1)?(EC,/1512(*1R®6D/,0121*134)?B*) C1(:
2B?)*,)

MB?)*,/:C1)?(B1G(*134:35:0155,/,4*:F46B1)=:(551-):
@\:23B3/K:()*+,-:830,B:>11:,%:(BIK:%!$LI: A

n I"#$HH%1%& "#$%



Y hhu

RusVectores L2.k2,15.067"0.#6<Q4-4C"R6,506Q4C7.5P"G6)%(H>

I +,$-1./- 01%$-2134-1"57#6.#

8"5-154"4% 9,:6 "+;"20$6<89=;>6 ,27?@1-.?-42.

A"?,34#,2B $1CD6(EFGH)®0$

A.?-"26017.5%$1"5 $1CD6*%%6

.3 K"2L4$M2,5.47 N4$$12470,/17476)%(1D6(%EB1#4#1B20$
I Gensim, sklearn L,?P,:.$

n 068 (%) %)* hhu.de



D 1500850085 +1&'& hhu

2"7(@#C"7

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

| 1&'&B&T"+(>+?@T7$&)+A"#B&*+B74"C'+
ODEFGH+;&'&8&7"1+J(H$K+&): +:&)77")L+0,/0=

277"3+1&'&B&T"+(>+?@TT$&)+A"#BT+&);+'M"$#+H(6$) &*SN&'$() 7+
9277"3+;&'&8&T"I+EA")C"#+&) +O&H#" TK&P&+0,/<=

n -1.0,01 1"H#$%



D 45068/ 5()&*+8'&

E(=)4

n -1.0,01 1"H#$%

-, 10+2"#$%8&'$()&*+3&4

1678+3#"9%:"4

;8+3)4'<+(9+4=998 +
16>8+?@A+%"#B4
[788+CD?@+%"#B4

Affix

#AS|IMPF PFV Affix
type

I"#$ H"#$ prefix %
18'()*#$ "H#1& () HS prefix +
L-"#$ #4,-"#$ prefix H#
S10'#$ 10 %&$ suffix )1

21" '#$ 21" %&$ | suffix )13alt
24/.'#$%5 2*] %&$%5 | suffix )1

E E E E

hhu

Heinrich Heine
Universitdt Diisseldorf [



D 1 1:5008.8 )+ (1'%, '$-H( hhu

Heinrich Heine
Universitdt Diisseldorf

&+ H+)-H( [HSH

4 \
[ delat impf :
| dumat ’ impf I
2 : sdelat pfv |
I podumat ’ pfv I
| E :
I o mpt
‘e 114! $#0! _,’ o
______ 1____________1_
( |
3| 45&6%$-#'%&*T#,% |
\ |
—0b$-#" 8-t
highly - )
4 dimensional Qi<
vectors
5

I"#$$%8& ()%




"HSSY680' (") +$%& (-+.%"$ hhu

Heinrich Heine
Universitdt Diisseldorf

5%8&6%"$7)8889#+(:;<2=>79.%&6%"$78%/()%99#+(:;<3>(4=

100 4 impf

75 4

254

o
LX) '1@:
i:.

o
5 o

tsne2

—254

~50

—75 4

—100

=150 -100 =50 0 50 100 150 200
tsnel

n /13134 1"H#$%



"#$%&' ()*+,-./0-'+1-./2 U

Heinrich Heine
Universitdt Diisseldorf

100 o impf
o piv

tsne2

-25

-100

-150 -100 -50 0 50 100 150 200

I 79'%®:( #$5,'%'()*+ *<=>?-+1-@A=>-&$%"#
#)B+)<)9'+#)C)7'%) (M C*%;E*7*B)9'7<*%C

| =>7-&$%"KE'( 9*8:99:%F)(E @A=>8$%"§+-./2
SCBG#$%& K BE(#)7$H0#S ()*+& K (:%0+%*F+It,- %&HKF F)+KI




D 5008 ()*+,-./01-21-3 hhu

Heinrich Heine
Universitdt Disseldorf [

[':>-*<-#):)8'%)(G-@./21-3C

B "G-*0%=L*8%?):'8-<*0b;-

B "G-&$%"-#S;+()H#
@&P%"-:8'HHSHE-/$&)+1-0MM3C

-150 -100 -50 150 200
tsnel

7)8$%o$-8$0):'8-#%;+():- 8 HHSH 18$%68'=-*<-#$;"+():- 8 HHSH

B %A HEG )+ - @HSUESAOA(- % SB1-J0C B =HGIL*B*?)'8 #(($ @8./'6 6 HWNE: )+(SUSRL-
m SHDYS @+ & AC-ADHBE-JOC- 589, TH&K" $+8BE-./01-2C
. . 0 (R (A (e =HGIL*B*2):'8 #(/($ 6)+L*()&$-@BH52, (“O&* 2%(
B 2$#(DYSH-)+&*8&)+?-*FG-=% ('@ (AC-H)+> T $ >0)+:L" )& ,
e +2%BE8 & THI (O "$$  ?8'FBE-/01-2C
s o . B L5 A<H((S @, %10 ( A(-2$(-1-")(J-#)>B1-
= OG)E(@ 01&2(A(-#()+?BE-/2C 1480"6" ; A(*~(D%+-"%*HEBRLH "#%&' ( A(*-%$=")%BE
B 06 () H6(06 < 0] ()@ SKRTEY%6, " HYMR(*- /01-21-3C
$+29 &SBE-./3C

n 4560462423 "#$%



D 5968 ()4 $% hhu

Heinrich Heine
Universitdt Diisseldorf [

D#"L8*$6"5785&9)$56659: F+*L59:8'($C5"B*?$D]1

| 2+345"$"578589)9#8&* | F#"#O5= B+*L59:8'( I"#$! C5"B*
4+345"++("+1) *OH'5* %*8="8+5:$(>7$0,01@ 6889:+#8& XYM$" ZIXY$C5"B*
+89"5%5= #=5( ASB+* :# #&59':534") =5L5&=5& #&B#&:5J:
H#C5"'&#:45" <D'(+E&35:3/(>7$0,067885: 5:8 %&'()S+'& ), [#$9")*'((+\5A?$
(>7$0/G@ SR& 1), QHSHE5(AYESL(%E&TE ),

| %"&58; H8**+98; 1')+:8;$0,/G [#3:7&*9"+B5A

I K+LB$&H*6#""+#& ;5*8"5  <M'a®58C585:$

'(>2$0,/-@\

(#06"5785&9)C5"B*<"&E$/?$0?7$1@

"0 6"57-$P$/>G-$P$" &ESOFRIG"57

4+346'5785&9)C5"B*<"&E$-?$Q7?$R?$S@

"0 6"57-RTGG$P$Q>GO$PS$"&ESRIPSF+34$
I WWI$9(8*:5™ #66"5785&9)"&E*

-1.0,01 1"H#$%



I"H$596890' (") +$%6 8+, (-8%6.*%/"0(&H/1

Heinrich Heine
Universitdt Diisseldorf

89: ;<&%.*%/"0(=->(?%&@BAIDEB &%.*%/"0(=->(?%&@+

100

o lowFreq
© highfreq

tsne2
o

-100

-100 -50 0 50 100 150
tsnel

n 234524626 "#$%



. Error Analysis th

Frequency rank bias

I High-frequency PFV verbs: IMPF cluster
"#'8"# %&'()*to wake up’

I Low-frequency PFV verbs: PFV cluster
"#$" )+,-1.)*  ‘to pave with wood blocks’
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I 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)

blestet' ‘shine’ (IMPF verbal lemma) 4+%$/&.®'write down’ (PFV verbal lemma)
"#$%&#()%(*!+ : 756 "#$%&'#()%(*1+ : 1019
l - #1012/130#.%&"#2.0/"* l
4.66510116 4.253130176
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Table 1. The Zipf scale of word frequency

Zipf value Spmuw Exampies

1 0.01 antifungal, bioengineering, farsighted, harelip, proofread
2 0.1 airstream, doorkeeper, neckwear, outsized, sunshade

3 1 beanstalk, cornerstone, dumpling, insatiable, perpetrator
4 10 dirt, fantasy, muffin, offensive, transition, widespread

5 100 basically, bedroom, drive, issues, period, spot, worse

6 1000 day, great, other, should, something, work, years

7 10,000 and, for, have, I, on, the, this, that, you

Note: The Zipf scale is a word frequency scale going from 1 to 7. Words with Zipf values of 3 or lower are low-frequency words; words
with Zipf values of 4 and higher are high-frequency words. Examples are based on the SUBTLEX-UK word frequencies. fpmw =
frequency per million words.
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Zipf = logl0(( rawFreqSmooth /(corpusSizePm + typesNbPm)) + 3.0
Zipf smoothing Laplace smoothing scaling for ipm values
Lemma Raw Freq s;:ztzzzg Smozoiifhfing Sc(a+l3i)ng Rank
"#$%&' " 17 - 0,5250134 2 Low freq
#P%E&'()* "+ 65 L+ 3 Low freq

#$'0%11(02#3)* 141 1522 1-+4"5+,67 4 High Freq

#$&890()* 4,55 2100 L 5 High Freq
#$:8;0* 55.++ 99545 7-4+/56/4 6 High Freq
E E E E E E
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