Solution: Exercise 2:

First generate the dictionary. D = {go, goodbye, hello, I, no, say, stop, yes, you}
dimension of this dictionary is 9. Terms in dictionary are in alphabetical order.
Let T1 = go, T2=goodbye, T3=hello, T4=I, T5=no, T6=say, T7=stop, T8=yes,
T9=you

1. Document-term matrices:
a) Binary: only consider whether a term t appears in a document D

Bin T1 T2 T3 T4 T5 T6 T7 T8 T9
D1 0 1 1 1 0 1 0 0 1
D2 1 0 0 1 0 1 1 0 1
D3 0 1 1 0 0 1 0 0 1
D4 0 0 0 1 1 1 0 1 1
b) Raw term frequency: the frequency of a term t appeared in document D.
tf T1 T2 T3 T4 T5 T6 T7 T8 T9
D1 0 1 1 1 0 2 0 0 1
D2 1 0 0 1 0 2 1 0 1
D3 0 1 2 0 0 1 0 0 1
D4 0 0 0 1 1 2 0 1 1
c) Nomalized term frequency:
Normalized tf(t in D) = rawterm frequency(t in D)/Np. = tf(tin D)/Np.
Ntf | T1 T2 T3 T4 T5 T6 T7 T8 T9
D1 0 1/6 1/6 1/6 0 2/6 0 0 1/6
D2 1/6 0 0 1/6 0 2/6 1/6 0 1/6
D3 0 1/5 2/5 0 0 1/5 0 0 1/5
D4 0 0 0 1/6 1/6 2/6 0 1/6 1/6

Ntf | T1 T2 T3 T4 15 16 T7 T8 T9

D1 ] 0.0000 | 0.1667 | 0.1667 | 0.1667 | 0.0000 | 0.3333 | 0.0000 | 0.0000 | 0.1667

D2 | 0.1667 | 0.0000 | 0.0000 | 0.1667 | 0.0000 | 0.3333 | 0.1667 | 0.0000 | 0.1667

D3 | 0.0000 | 0.2000 | 0.4000 | 0.0000 | 0.0000 | 0.2000 | 0.0000 | 0.0000 | 0.2000

D4 | 0.0000 | 0.0000 | 0.0000 | 0.1667 | 0.1667 | 0.3333 | 0.0000 | 0.1667 | 0.1667

d) tf-idf: idf= [In(N/(n+1)) + 1], N= 4
e.g. idf(T6) = In(N/(nj(T6)+1)) +1 = In(4/(4+1)) +1 = 0.7769

idf | T1 T2 T3 T4 15 T6 T7 T8 19

N; 1 2 2 3 1 4 1 1 4

idf | 1.6931 1.2877 | 1.2877 | 1.0000 | 1.6931 | 0.7769 | 1.6931 | 1.6931 | 0.7769

tf*i df = frequency(t) * [In(N/(nj+1)) + 1]
e.g. tidf(T6in D1) = frequency(T6in D1) * idf(T6)=2* 0.7769= 1.5537

Docs| T1 T2 T3 | T4 | T5 T6 T7 T8 19

D1 1*1.2877|1*%1.2877|  1*1 2*0.7769 1*0.7769
0.0000| =1.2877| =1.2877 =1{ 0.0000{ =1.5537| 0.0000] 0.0000| =0.7769




1*1.6931 1*1 2*0.7769|1*1.6931 1*0.7769

D2 =1.6931| 0.0000| 0.0000 =1{ 0.0000{ =1.5537| =1.6931| 0.0000| =0.7769
1*0.7769= 1*0.7769

D3 0.0000| 1.2877| 2.5754/0.0000{ 0.0000 0.7769| 0.0000f 0.0000{ =0.7769
1*1{1*1.6931| 2*0.7769 1*1.6931|1*0.7769

D4 0.0000{ 0.0000{ 0.0000 =1| =1.6931| =1.5537| 0.0000| =1.6931| =0.7769

2. Query term matrices:
a) Binary: only consider whether a term t appears in a document D

Queries | T1 T2 T3 T4 15 T6 T7 T8 T9
Q1 0 1 0 0 0 1 0 0 0
Q2 0 0 1 0 0 0 0 0 1

b) Raw term frequency: the frequency of a term t appeared in document D.

Queries | T1 T2 T3 T4 T5 T6 T7 T8 T9
Q1 0 1 0 0 0 1 0 0 0
Q2 0 0 1 0 0 0 0 0 1
c) Normalized term frequency: tf(t in D) = frequency(t in D)/Np
Queries | T1 T2 T3 T4 T5 T6 T7 T8 T9
Q1 0 0.5 0 0 0 0.5 0 0 0
Q2 0 0 0.5 0 0 0 0 0 0.5
c) tf-idf (idf is calculated in 1) tf*i df = frequency(t) * [In(N/(nj+1)) + 1]
e.g. t-idf(T2in Q1) = frequency(T2) * idf(T2) = 1*1.2877= 1.2877
Q“:”e T4 | T2 | T3 | T4 | T5 | 76 | T7 | T8 | T9
Q1 0.000 | 1.287 | 0.000 | 0.000 | 0.000| 0.776 | 0.000 | 0.000| 0.000
0 7 0 0 0 9 0 0 0
Q2 0.000 | 0.000 | 1.287 | 0.000 | 0.000 | 0.000| 0.000| 0.000| 0.776
0 0 7 0 0 0 0 0 9

3. Similarity coefficients

(1) a. Document-query inner product: <Q¥D> = X x* v,

1) Binary
e.g.<Q1,D1>ppay = 0*0+1*1+0*1+0*1+0*0+ 1*1+ 0*0+0*0+0*1=2
Binary D1 D2 D3 D4

Q1 2 1 2 1

Q2 2 1 2 1

2) Raw term frequency
e.g.<Q1D1>4 = 0*0+1*1+0*1+0*1+0*0+ 1*2+0*0+0*0+0*1=3

TF D1 D2 D3 D4
Q1 3 2 2 2
Q2 2 1 3 1




3) Normalized term frequency
eg.<QlD1l>nyg=
0*0+0.5*0.166 # 0*0.166 4 0*0.166 # 0*0+0.5*0.3333+0*0+ 0*0+0*0.166 7~ 0.25

N-TF | D1 D2 D3 D4
Q1 0.25 0.1667 0.2 0.17
Q2 0.1667 0.0833 0.3 0.0833

4) td-idf

eg. <QL,D1>yy =
0*0+1.2877*1.2877+0* 1.2877+0* 1+0* 0+ 0.7769* 1.5537+0* 0+ 0* 0+ 0* 0.7769=2.8652

TF D1 D2 D3 D4
Q1 2.8652 1.2070 2.2616 1.2070
Q2 2.2616 0.6035 3.9198 0.6035

b. Cosine similarity: coing(Q,D) = =;x* yi/ (sgrt( = x2)*sqrt( Z; yi°))

1) Binary
eg. cosine(QL,D1)pinary =(0* O+ 1* 1+ 0* 1+0* 1+0* 0+ 1* 1+ 0* 0+ 0* 0+0* 1)
1(sqre(0%+ 1%+ 0%+ 0%+ 0%+ 1%+ 0%+ 0%+ 09)* sqrt(0%+ 1%+ 1%+ 1%+ 0%+ 1%+ 0%+ 0%+ 1%))= 2/(1.414* 2.236)=0.6325

Binary D1 D2 D3 D4
Q1 0.6325 0.3162 0.7071 0.3162
Q2 0.6325 0.3162 0.7071 0.3162

2) Raw term frequency

eg. cosine(QL,D1)pinary =(0* O+ 1* 1+0* 1+0* 1+0* 0+ 1* 2+ 0* 0+ 0* 0+0* 1)
/(sqrt(0%+ 1%+ 0%+ 0%+ 0%+ 1%+ 0%+ 0%+ 07)* sqrt(0°+ 1%+ 1%+ 1%+ 0%+ 2%+ 0%+ 0%+ 1%))=3/(1.414* 2.8284)=0.75

TF D1 D2 D3 D4
Q1 0.7500 | 0.5000 | 0.5345 0.5000
Q2 0.5000 | 0.2500 | 0.8018 | 0.2500

3) Normalized term frequency

eg. cosine(QL,D1)pinary =(0* 0+ .5*.1667+0* .1667+0* .1667+0* 0+ .5* 3333+ 0* 0+ 0* 0+ 0* .1667)
1(sqrt(0*+ 5%+ 0%+ 0%+ 0%+ 5%+ 0%+ 0%+ 0)* sqrt(0*+.166 7%+ .1667°+ .166 7%+ 0°+ .3333%+ 0%+ 0°+.16672))

=0.25/(0.7071*0.2223)=0.75

TF D1 D2 D3 D4
Q1 0.7500 0.5001 0.5345 0.5100
Q2 0.5001 0.2499 0.8018 0.2499

4) td-idf

eg. cosine(Q1,D1)pinary =(0* 0+ 1.2877* 1.2877+0* 1.2877+0* 1+ 0* 0+ .7769* 1.5537+0* 0+ 0* 0+ 0* .7769)
1(sqrt(0%+ 1.2877%+ 0%+ 0%+ 0%+ . 7769%+ 0%+ 0%+ 07)* sqrt(0°+ 1.2877%+ 1.2877%+ 1%+ 0%+ 155372+ 0%+ 0%+ . 77697))
=2.8652/(1.5039* 2.7081)=0.7035

TF D1 D2 D3 D4
Q1 0.7035 | 0.2570 | 0.4880 | 0.2570
Q2 0.5553 | 0.1285| 0.8457 | 0.1285




(2). Lucene similarity scoring

e.g. score(Q1,D1) = coord(Q1,D1)¥queryNorm(QL)¥X i o1 ( tf(t in D1)¥df(t)*.getBoost() ¥rorm(D1) )
coord(Q1,D1)=1/1=1

queryNorm(Q1) = 1/(0%+1.2877%+0%+ 0%+ 0P+ .7769%+ 0%+ 07+ 0%)' =0.6649

norm(D1) = 1/6! =0.4082

Zinca (t(tin D1)¥df(t)*%.getBoost() ¥rorm(D1) ) = 0.4082%X i, o1 ( t(tin D1)¥df(t)?)

=0.408241' ¥1.2877%+2' ¥7769°) = 0.4082¥1.6582+0.8536) = 1.0253

Thus, score(Q1,D1) = 1¥0.6649¥1.0253 = 0.6817

TF D1 D2 D3 D4

Q1 0.6817 | 0.1158| 0.6726 | 0.1158

Q2 0.6140 | 0.0819| 0.8768 | 0.0819

4. Ranking

Analyze:

According to the documents and querys, the ranking order for Q1 is: D1 > D3 >
(D2, D4). The ranking order for Q2 is: D3 > D1 > (D2, D4). Each ranking based
on similarity measure can be evaluated by comparing to the ranking orders.

Inner Binary tf Normalized tf tf-idf
product
Q1 Fail to rank D1, D3| Fail to rank D2, D3, D4 Good Good
Q2 Fail to rank D1, D3 Good Good Good
Cosine Binary tf Normalized tf tf-idf
Q1 Fail to rank D1, D3 Good Good Good
Q2 Fail to rank D1, D2 Good Good Good

Lucene | score(Q,D)=coord(Q,D)-queryNorm(Q)-Y. in  (tf(t in D)-idf(t)z-t.getBoost()~norm(t,D))
Q1 Good
Q2 Good

It shows that normalized term frequency weight and tf-idf weight give the best
ranking results for both inner product and cosine similarity. Cosine similarity
gives good results with raw term frequency. Lucene scoring function also ranks
the documents correctly. Keep in mind that the comparison is only based on two
queries. Thus, the conclusion is biased.



