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Vector Semantics

e Context (location) and meaning are interdependent.

e Things that occur in similar places frequently are likely to
be similar in meaning.

e This principle can be applied to lexical meaning.

e distributional hypothesis — Wittgenstein (1953), Firth
(1962), Sinclair (1991)
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/, few people in Woking even
/for the Spotted Dog, for I
/myself of what I already

/man lit both lamps. Happily, I
/. I do not know what they
/been in active service and he
/felt no anxiety about us, as he
/a village. No one in London
/, and began running; but I
/us? (At that time no one

/out of London, and all that he
her in my absence. My cousin I
/-ring. Then a heavy body I
/going to Leatherhead, though I
/the Surrey people had fled. I
/not understand it, and then I
/of despair, who so far as I
/, the passing of something I
/was incomprehensible. All I

knew that the cylinder had opened/
knew the landlord had a horse and/
knew, that his wife had gone to/
knew the road intimately. My wife/
knew of the things happening/

knew better than that. He made me/
knew from the description in the/
knew positively of the nature of/
knew it was no good running from a/
knew what food they needed.) A/
knew of these Martians and their/
knew was brave enough for any/
knew too well what was dragged/
knew that there I had the poorest/
knew I wanted to find my wife,/
knew that it must be the red weed/
knew, shared the city with myself/
knew not what and then a/

knew was that these things that/

/to

T 99
knew /frantic illuminations; they  knew of it in Dublin, Edinburgh,/
“thOUth” /do the same. No one gave a  thought to the older worlds of/
/as sources of human danger, or  thought of them only to dismiss/
/fall of 1it, and, at most, have thought that another meteorite had/
/the flash upon Mars. The  thought of the confined creature/
/by Horsell Bridge. The fellow thought he was a lunatic at large/

/any living creature. I

/, I walked back, full of such
/driving across the stars, and

€ said my wife in terror. I
but I was not too terrified for
/cry of astonishment. I saw and
of/ /communication. This was
/Hampton Court station, but we
/, on military details. He

/fury of battle. No doubt the
/we stared. Moved by a sudden
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thought the unscrewing might be/
thought, to my home in Maybury./
thought that nothing more serious/
thought perplexed. Then I/ /go?
thought. The terrible Heat-Ray/ /,
thought nothing of the other four/
thought to be due to the falling
thought it was thunder. What the/
thought of all those silent,/
thought that was uppermost in a/
thought, I looked northward, and/
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thought of the confined creature/
thought he was a lunatic at large/
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KWIC:
keyword in context
War of the Worlds
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Jupyter Notebook

meat bread gold.ipynb
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Vector Semantics

e measures word behavior within a sample of text data
- measurement limited by sample size

e Word behavior is a byproduct of human behavior:
category making

e cognitive semantics & construction grammar — language
forms are patterns linked to meaning (Goldberg 1995)

e \ector semantics is a way to empirically study the
interaction of categories in the mind.
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Recipe for a Semantic
Vector Space
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Recipe for a Semantic
Vector Space

e text corpus

e sample of target words

e strategy for summarizing a target word’s context
- n-grams, “bag of words”
- surface forms, lexemes, syntactic roles

- e.g. The dog ran > context = “the” “run
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- surface forms, lexemes, syntactic roles
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Recipe for a Semantic
Vector Space

e text corpus

|
-

e sample of target words

e strategy for summarizing a target word’s context
- n-grams, “bag of words”
- surface forms, lexemes, syntactic roles
- e.g. The dog ran > context = “the” “run

* method of normalizing raw context frequencies

e method of analysis: e.g. distance formulae, clustering methods
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Coordinate Parsing Model

281786

1287

subs
darkness

lex=<RPL/
sp=subs
st=a

281785
1

conj
and
lex=W

sp=conj

phrase 817713 Time PP [

281784 281783 281782
e oi 2
ATT / H

subs subs prep
cloud day in

lex=<NN/ lex=JWM/ Ilex=B
sp=subs sp=subs sp=prep
st=a st=C

Y




Parts of Speech Model

B UNIVERSITY OF

- I

4P CAMBRIDGE

github.com/codykingham/where_do_you_mean



Parts of Speech Model

B UNIVERSITY OF

- I

4P CAMBRIDGE

github.com/codykingham/where_do_you_mean



Parts of Speech Model

B corpus: Hebrew Bible, ETCBC’s BHSA
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Parts of Speech Model

B corpus: Hebrew Bible, ETCBC’s BHSA

B sample: top 100 most distributed lexemes (DP, caL&
Gries 2008)
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Parts of Speech Model

B corpus: Hebrew Bible, ETCBC’s BHSA

B sample: top 100 most distributed lexemes (DP, caL&
Gries 2008)

o] context: n-gram, 3 word window Iin sentence

el normalization: AP - unidirectional measure of
statistical association (Ellis 2006)
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Parts of Speech Model

B corpus: Hebrew Bible, ETCBC’s BHSA

B sample: top 100 most distributed lexemes (DP, caL&
Gries 2008)

o] context: n-gram, 3 word window Iin sentence

el normalization: AP - unidirectional measure of
statistical association (Ellis 2006)

| analysis: cosine similarity + Gephi & ForceAtlas?2
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Lemma Frequency

Zipfian Curve in Hebrew Word Frequencies
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-0.187305
0.091368
-0.166524
-0.242685
«0.222007
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~0.279372
-0.202406

w
-0.091999
-0.002669
-0.376742
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1.000000
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-0.198414
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-0.105253

0155141

0.664027

0.654897
-0.247210

0.820903
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Noun Classes Model
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B sample: top 199 most common nouns
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Noun Classes Model

B corpus: Hebrew Bible, ETCBC’s BHSA

B sample: top 199 most common nouns /1

°] context: syntactic context of target lexeme (BHSA)

e normalization: Fisher’s Exact; bidirectional measure
of statistical association (Stefanowitsch and Gries
2003)
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Noun Classes Model

B corpus: Hebrew Bible, ETCBC’s BHSA

B sample: top 199 most common nouns /1

°] context: syntactic context of target lexeme (BHSA)

e normalization: Fisher’s Exact; bidirectional measure
of statistical association (Stefanowitsch and Gries
2003)

| analysis: cosine similarity; principle component
analysis (PCA); Gephi ForceAtlas?2
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Contexts Considered

* primary verb lexeme & stem in a noun’s clause
- e.g. M “voice” used with gal stem x-p “call out”
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- subject, object, complement, adjunct

* |exeme of any attached preposition
- e.g. 777 “road” occurs with % “on”
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Contexts Considered

* primary verb lexeme & stem in a noun’s clause
- e.g. M “voice” used with gal stem x-p “call out”

* noun’s syntactic role within the clause
- e.g. on> “bread” serves as a direct object
- subject, object, complement, adjunct

* |exeme of any attached preposition
- e.g. 777 “road” occurs with % “on”

 phrase relations: adjunct, coordinate, adjectival
- e.g. 271 “gold” is coordinate with ne> “silver”
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noun context tag frequency
27 Objc -» piel.nor 1
nno Cmpl-  qal.7ay 10
IR Subj - hit.7p» 2
v  Loca- qal.bn: 1
noun context tag frequency
b Adju 2 - gal. nX 2
T Cmpl - hif.yw> 17
ny Time 2- nif. N2 1
77 Cmpl 5- gal.mi» 1
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~Animate Group

12 "son" (205.55) vaY “tribe; rod“ (2.94) 73 "sojourner" (0.28)
na "daughter" (26.0) AR "father" (2.9) 79 "boy" (0.24)

nR "brother" (12.1) 1178 "lord" (2.43) 078 "human,

112 "priest” (11.03) T2 "servant" (2.27) mankind" (0.24)

78 "young n7v "gathering" (1.56) n37 "wind" (0.22)
bull" (10.06) nv12 "pharaoh” (1.38) wx "fire" (0.21)

791 "king" (9.24) 821 "prophet" (1.25) w13 "young

TwR "woman" (4.62) 9w "chiet" (0.66) ram" (0.19)

wR "man" (4.24) nnawn "clan" (0.61) oX "mother" (0.17)
op "people” (3.86) w1 "boy" (0.55) wnw "sun" (0.16)
753 "first-born" (3.81) Tp2 "cattle" (0.46) 7123 "vigorous" (0.08)
Ry "chief" (3.01) pyr "seed" (0.44) vy "fellow" (0.08)
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Noun
T.nl
niv.nil
01.nl
DY.nl1
anl
D'a.nl
Da.nl
m.nl
m.nl
.l
MY.nl
npTR.N1
D'A.nl
D'n.nl
25.n1

25.n1

Context
T.Subj~ nwy.vi.qal
T.Subj- fo°.v1.hif
T.Subj— nin.vi.qal
T.Subj~ R12.v1.qal
T.Subj— nmin.vi.qal
T.Subj— HoR.v1.nif
T.Subj— 52R.v1.qal
T.Subj- 9nw.vi.qal
T.Subj— H8w.v1.qgal
T.Subj- avr.vi.qal
T.Subj~ pyr.vi.qal
T.Subj~ avr.vi.qal
T.Subj— R12.v1.qal
T.Subj~ 75n.v1.qal
T.Subj— nmin.vi.qal

T.Subj- pyr.vi.qal

github.com/codykingham/where_do_you_mean

Hits

Passages Example

Isa 31:7, 41:20, 66:2; Ps

. Y 1 j3 .
119:73; Job 5:12, 12:9; ROT) DT 0R7 1Y TN (Isa 31:7)
Prov 9:11 :0mn niw 791901 (Prov 9:11)
Judg 19:9 bianin nin (Judg 19:9)
1 Sam 26:10; Isa 13:9; Jer (1 Sam

Riay ini-i

46:21, 50:27, 50:31; Ezek 26:10)
1 Sam 22:16; 1 Chr 10:6 R RS BRELTR (1 Sam
AR 22:16)
DY *H2752 1HDRN
. 7Y 4nT % 251 d 6
Judg 9:6 Ri% N*3-5) (Judg 9:6)
Num 18:31; Deut 15:20;  opx pipn-523 ink opbax (Num 18:31)
1 Kgs 17:15 mh}gim
Job 24:15 W1 1nY 1aRi P (Job 24:15)
Eccl 2:10 P HRY WX (Eccl 2:10)

Jer 17:25, 31:24; Ezek

36:35: Lam 1:1 :09iph Nt nawn (Jer 17:25)

1 Sam 4:13 192 puim (1 Sam 4:13)

Isa 32:16 :awn 23 npTyy (Isa 32:16)

Lev 11:34; Num 5:22,

5:24. 5:27: Ezek 47:9: Ps DR Oy Riv wWx  (Lev 11:34)

: (1 Kgs

1 Kgs 18: nara% 230 070 1297
g5 18:35 m o minnn o 8
1 Sam 25:37 i3 f2 nom (1 Sam
) I : . T<T- 25:37)
Isa 15:5 POT aRiNG a5 (Isa 15:5)
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Noun

25.n1

25.n1

Py.nil

naYin.nl

180.n1

wal.nl

wal.nl

wal.nl

wal.nl

wal.nl

Context
T.Subj~ 75n.v1.qal
T.Subj~ n21.v1.hif
T.Subj~ T5n.v1.qal
T.Subj- nwy.vi.qal
T.Subj— &13.v1.qal
T.Subj— nmin.vi.qal
T.Subj— nw.vi.qal
T.Subj— 53R.v1.qal
T.Subj~ H8W.v1.qal

T.Subj~ T5n.v1.qal

github.com/codykingham/where_do_you_mean

Hits

Passages

2 Kgs 5:26; Job
31:7

1 Sam 24:6; 2 Sam
24:10

Judg 9:8
Jer 32:35

2 Kgs 5:6, 10:7

Num 23:10; Judg
16:30; Job 36:14

Ps 119:167
Lev 17:12
Deut 14:26

Isa 46:2; Eccl 6:9

Example
797 °39°NY
ink 17725 70
oewi 1257 7170
NI Naping Nivyy
TR T 7900 Ri23
0™ nin "Wa1 nin

TOTY WAl MRY

© :1277 *3W3 owan

(2 Kgs 5:26)

(1 Sam 24:6)

(Judg 9:8)

(Jer 32:35)

(2 Kgs 5:6)

(Num 23:10)

(Ps 119:167)

(Lev 17:12)

(Deut 14:26)

(Isa 46:2)
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Coordinate Parsing Model

B corpus: Hebrew Bible, PhD project corpus (derived
from BHSA) Wity
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Coordinate Parsing Model

B corpus: Hebrew Bible, PhD project corpus (derived
from BHSA) Wity
|11

B sample: all lexemes in adverbial time phrases
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Coordinate Parsing Model

B corpus: Hebrew Bible, PhD project corpus (derived
from BHSA) Wity
|11

B sample: all lexemes in adverbial time phrases

o] context: bag of words, window =5
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Coordinate Parsing Model

B corpus: Hebrew Bible, PhD project corpus (derived
from BHSA) o

B sample: all lexemes in adverbial time phrases

o] context: bag of words, window =5

¢ normalization: AP - unidirectional measure of
statistical association (Ellis 2006)
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Coordinate Parsing Model

B corpus: Hebrew Bible, PhD project corpus (derived
from BHSA) Wity
|11

B sample: all lexemes in adverbial time phrases

o] context: bag of words, window =5

¢ normalization: AP - unidirectional measure of
statistical association (Ellis 2006)

®| analysis: cosine distance; parsing task

5 UNIVERSITY OF
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Isaiah 17:11

ekt gaht i bighlial o

T - - :

In a day of sickness and pain incurable
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Cosine Distance

day sickness

pain 0.85 0.13

Isaiah 17:11
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Proverbs 7:9

77981 71222 TIOR3

in pupil of night and darkness
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Cosine Distance

night pupil
darkness 0.47 0.66

Proverbs 7:9
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Proverbs 7:9

TR A3V R

days of humiliation and roving
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Cosine Distance
day humiliation

roving 1.41 0.70

Proverbs 7:9
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Proverbs 7:9

K] 7R Ning

at death of her father and her mother
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Cosine Distance

death father
mother 1.22 0.51

Proverbs 7:9
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Proverbs 7:9

29791 13y 0¥

in a day of cloud and darkness
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Cosine Distance

day cloud
darkness 1.11 0.73

Proverbs 7:9
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Looking Ahead

~part of speech

~semantic classes
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Looking Ahead

e Semantic vector spaces capture various aspects of word
meaning; but is it possible to consider aspects at once?
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Looking Ahead

e Semantic vector spaces capture various aspects of word
meaning; but is it possible to consider aspects at once?

e future vision: a high dimensional map of Hebrew terms
- word senses, registers, pragmatics?
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e future vision: a high dimensional map of Hebrew terms
- word senses, registers, pragmatics?

e Address data sparsity with smart strategies
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Looking Ahead

e Semantic vector spaces capture various aspects of word
meaning; but is it possible to consider aspects at once?

e future vision: a high dimensional map of Hebrew terms
- word senses, registers, pragmatics?

e Address data sparsity with smart strategies

e e.g. can Zipfian distributions be used as reference points
for a machine learning model to classify rare terms?
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