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Completing this unit you should ...

* Be familiar with the the vector space model for
text documents

* Be aware of term frequency and (inverse)
document frequency

 Have reviewed the definitions of base and
dimension

* Realize that the angle between two vectors can
be seen as a similarity measure
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2) calculating
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Matthew

Bdwv 3¢ TTOAOUG TwV.

Luke

eAeyev ouv ToIg

QapIoaIWV KAl 0ad30UKAIWV.

EKTTOPEUOLEVOIC OXAQIC

EPXOHEVOUG ETTI TO BATITIONA

QUTOU EITTEV QUTOIG

BammoBnvar ut

auTou

YEVWNUATO EXIBVWV TIG

YEVWNHOTA EXIBVWV TIG

UTTEDEIGEV UMIV QUYEIV ATTO

UTTEDEIEEV UMIV. QUYEIV TTO

NS weAhouang opyng

NG peAouang opyng

TI0INOATE OUV KAPTIOUG

TIOINOATE OUV KAPTIOUG

agloug Tng ETavoIag

agloug TNG PETavolag

Kal pn 30gnTe Aeyelv ev

Kal gn ap&nabe Aeyelv ev

£QUTOIG TIATEPX EXOHEV TOV

£QUTOIG TIATEPA EXOUEV TOV.

aBpaap Asyw yap upiv ot

aBpaap Aeyw yap upiv ot

duvaral 0 Beog €K TwV NBwv

duvaral 0 Beog £k Twv AIBwV

TOUTWV EYEIPAI TEKVA TW

TOUTWV EYEIPQAI TEKVA T

aBpaap ndn d¢ kai n agivn

aBpaay ndn 8¢ kai n agivn

TTPOG TNV PIZAV TWV SEVOPWV

TTPOG TNV PICAV TWV SEVIPWV

KEITAI TIAV UV SeVOpoV Wn

KEITQI TIAV OUV SEVOPOV pin

TIOIOUV KAPTIOV KaAOV. &

TI0IOUV KapTIoV KaAov

EKKOTITETA KQl £1G TIUP

EKKOTITETQI Kl EI TTUP
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3) interpreting

Distance

between vectors
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A model based on vector spaces

Matthew Luke
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1) Model documents
as vectors of words

3) interpreting

2) calculating

Distance

between vectors
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Pay close attention to notation wi 7y Dj
* Words W = {wi,ws,...,wn}

* Word Vectors V =< i, wh, ..., w, > ]

« Document D; € W™are a sequence of words
- So D; = w;,w;, ... w;,, has alength of m

- Document vector d; = » tf(w;, D;)w,
1=1
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Usually tf-idf is considered instead of tf!

* The document frequency is defined as
df (wi) = {Dj|w; inDj }

* Inverse document frequency is defined as

. zdf(wz) = log d}g) resulting in
Fidf (s, Dy) = (i, Dy) x log 00

* |n the videos and slides for simplicity of numbers
we will only use the term frequency
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Example (generic language) ©

e et us assume 3 documents

—D,=aaabbaabab
—-D;=aab

* In our artificial language we have just two
words “a” and “b”

 \WWhich documents are similar to each other?

CC-BY-SA Rene Pickhardt Web Science Part2 — 3 Ways to study the Web 30 |



Choose a vector space and base wi ) D,

+ Let V =< @,b > be the vector space

spanned by the words "a” and "b" + d;
ot snaca s

— ]. . TPl
°* a4 = ( > IS a base vector for word “a

» Similarly for word “b” we have b = G)
* Chosing the base was a modelling choice!
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Calculate the modelled document vectors d,

- D,=aaabbaabab 2
_ tf(a,Dy) =6 g
- tf(b,D1) =4 + -

 Let us now create the document vectors

2
dy = th(wz, Dy )w; = tf(a, D1)d@+ tf(b, D1)b
i=1

) 0)- 3
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Calculate the modelled document vectors d,

Y
iu “)
o D2 =abb e
1) Model documents
—_— t a D ) — 1 as vectors of words
Y i

~ tf(b, D) = 2 + r://d

 Let us now create the document vectors

2
dy = th(wz, Dy)w; = tf(a, D2)d + tf(b, D2)b
i=1

0+()-C
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Calculate the modelled document vectors d,

Y
iu “)
o D3 =aab e
1) Model documents
—_— t a D 3 — 2 as vectors of words
Y i

— tf(b,D3) =1 + r://d

 Let us now create the document vectors

2
ds =Y tf(w;, D3)w; = tf(a,D3)a+tf(b, Ds)b
i—1

) 1) =0
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Digression: Drawing the document vectors
« D= aaabbaabab D2 abb D,=aab
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Simple English
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1) Model documents
as vectors of words
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Which vectors are closest too each other?
« D= aaabbaabab D2 abb D,=aab

| > 6\ » Iy » 2
(A= (0) =) %= )

0 1 2 3 4 5) 6
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Two ways of calculating the distance
between two vectors d; and d;?

 Euclidean distance

— “Take a rule and measure”
_ Take difference: d = d — d
— Calculate length of difference ||d||

« Cosine distance
— "Take the angle between vectors”
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Calculate Euclidean distance between two
document vectors d; and d,

— —

» Take the difference d'=d; — d,
» Calculate the length of the difference

n n

] = (de)? = ((di)k — (d;))’
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Calculate Euclidean distance between two
document vectors d; and d,

— —

- Take the difference d=d; — d,
» Calculate the length of the difference

I = (a? = (@) (@)

)2
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Calculate Euclidean dlstance between two
document vectors d; and d,

— —

» Take the difference d'=d; — d,
» Calculate the length of the difference

n n

] = (de)? = ((di)k — (d;))’

k=1 k=1

= Z(tf(wk, D;) — tf(wg, Dj))

k=1

3

* For every word Wx we compare how often it
appears in document D;and document D;
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Calculate Euclidean dlstance between two
document vectors d; and d,

— —

» Take the difference d'=d; — d,
» Calculate the length of the difference

n n

] = (de)? = ((di)k — (d;))’

k=1 k=1

= Z(tf(wk, D;) — tf(wg, Dj))

k=1

3

* For every word Wx we compare how often it
appears in document D;and document D;
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Euclidean distances for our example

- Dj=aaabbaabab, @

dy —dalle =54 ||ldy —dslle =5

Dist
) —
‘ , . . . . |
0 i 2 3 i 5 6 7
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Calculate Cosine distance between two
document vectors d; and d,

» Calculate the scalar product s =< d;, d; >
< diydy >=Y (di)k(d;)
k=1

— % tf(wk, Dz)tf(wka D])

k=1
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Calculate Cosine dlstance between two
document vectors d; and d,

» Calculate the scalar product s =< d;,d; >

* Divide it by the product of lengths of both
vectors (length as in Euclidean distance)

d;,d;
cos(0) = iz
[|ds|| * ||d;]
d;, d,
= f = cos 1(<_, ’ J>)
HdzH*HdJH
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Cosine distances for our example

<D1=£aabbaabab D2=abb,

' ldy — dalle = 0.52 ([ldy — ds||c = 0.12

4 ||d—é — d_i;Hc = 0.64 dy = (6,4)
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Comparing cosine and Euclidean distance
- D=aaabbaabab, D,=abb, D;=aab

dl L dg 5.4 0.52
d2 L d3 1.4 0.64
7 7 5 0.12

dy — d3

+ Different choices of metric can yield very
different results

* Choice of metric is part of the model!
* Usually cosine distance is considered

CC-BY-SA Rene Pickhardt Web Science Part2 — 3 Ways to study the Web 4|



Thank you for your attention!

Contact:
Rene Pickhardt
Institute for Web Science and Technologies
Universitat Koblenz-Landau

N N rpickhardt@uni-koblenz.de

Institute for Web Science and Technologies

WeST

People and Knowledge Networks

Institute for Web Science and Technologies - University of Koblenz-Landau, Germany
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. This Slide deck is licensed under creative commons 3.0. share alike attribution license. It was created by Rene Pickhardt. You can use share and modify this slide deck as
long as you attribute the author and keep the same license.
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