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CS533 Information Retrieval Systems 

Homework – 5 

 

 

1. The respective similarities of the documents to a given query is given as (d1, 0.80) (d2, 0.70), (d3, 
0.40), (d4, 0.60)  In MMR, the document that is the most similar to a given query is chosen as the first 
element of the reranked set. Thus, d1 is the first element added to the set S, that is the set of selected 
documents so far, in this question. MMR value is given by: 

𝑀𝑀𝑅 = 𝑎𝑟𝑔 max
ௗ௜∈ோ/ௌ

൤𝜆𝑠𝑖𝑚௤(𝑑𝑖, 𝑞) − (1 −  𝜆) max
ௗ௝∈ௌ

𝑠𝑖𝑚(𝑑𝑖, 𝑑𝑗)൨ 

a. 𝜆=1 means that the documents are reranked according to their similarity to a given query. Thus, 
our final set S = {d1, d2, d4, d3} where the best matching first two documents are d1 and d2. We 
were asked to rerank the set up to three documents, so S becomes {d1, d2, d4}. The diversity among 
the selected documents is 1-(S12+ S24 +S14)/3= 1-(0.67+0.10+0.20)/3=0.68 

b. 𝜆=0 means that the documents are reranked according to diversity. Then, 
- 1st iteration: S={d1}, max {- S12, -S13, -S14}=max{-0.67, -0.50, -0.20}=d4. S becomes {d1, d4}. 
- 2nd iteration: S= {d1, d4}, max { -S12, -S13, -S24, -S34}= max {-0.67, -0.50, -0.1, 0}= d3. S 

becomes {d1, d4, d3}. The best matching first two documents are d1 and d4, and the diversity 
of the set S is 1-(0.2+0.5+0)/3=1-0.23=0.77 

c. 𝜆=0.5 means that equal importance is given to relevance and diversity. 
- 1st iteration: S={d1} 
- MMR(d2) = 0.5*0.7 – 0.5*0.67=0.015 
- MMR(d3) = 0.5*0.4 – 0.5*0.5=-0.05 
- MMR(d4) = 0.5*0.6 – 0.5*0.2=0.2   the set S becomes {d1, d4} 
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- 2nd iteration: S{d1, d4} 
o Here S12 > S24 

- MMR(d2) = 0.5*0.7 – 0.5*S12(=0.67) =0.015  the set S becomes {d1, d4, d2} 
o Here S13 > S34 

- MMR(d3) = 0.5*0.4 – 0.5*S13(=0.5) =-0.05   
So, the best matching first two documents are d1 and d4, and the diversity among the selected 
documents is 1-(S12+ S24 +S14)/3= 1-(0.67+0.10+0.20)/3=0.68 

d. In this step, we need to choose the best matching first three documents. 𝜆=1 results in the same 
result as the one in step (a) since the documents are ranked only according to their similarity to the 
given query again. Then, the best matching first 3 documents are d1, d2, d4. For 𝜆=0 case, we need 
to rank the documents according to diversity. Then, the resulting ranked set S becomes {d1, d4, 
d3}. So, the best matching first three documents are d1, d4, d3. For the last case where 𝜆=0.5, we 
have d1, d4, d2 as the best matching first three documents since the procedure follows the same 
equations and similarity coefficients as the ones in step (c). 
 

 
 
2.  a. s-recall is given by # of meanings gathered so far / total # of meanings. According to the search 

results, we have 6 different meanings. So, s-recall@5 = 6/6 = 1 and s-recall@10 = 6/6=1. 
b.  

Rank m1 m2 m3 m4 m5 m6 
1 0 0 1 0 0 0 
2 0 0 0 1 0 0 
3 1 1 0 0 0 0 
4 0 0 0 0 1 1 
5 0 0 0 0 0 1 
6 0 0 0 0 1 0 
7 0 0 0 1 0 0 
8 0 0 1 0 0 0 
9 0 1 0 0 0 0 
10 1 0 0 0 0 0 
Precision@10 2/10 2/10 2/10 2/10 2/10 2/10 

Precision IA @5 = 1/6*(1/5 + 1/5 + 1/5 + 1/5 + 1/5 + 2/5) = 0.233 
Precision IA @10 = 1/6*(0.2+0.2+0.2+0.2+0.2+0.2) = 0.2 
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3.  

a. Reciprocal rank is given by: 

𝑟(𝑑௜) =  
1

∑ 1
𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛(𝑑௜௝)ൗ

, 𝑗 = 𝑠𝑒𝑎𝑟𝑐ℎ 𝑒𝑛𝑔𝑖𝑛𝑒 

- r(a) = 1/( ½ + ½ + ¼ + 1) = 0.44 
- r(b) = 1/(1 + 1 + 1 + 0) = 0.33 
- r(c) = 1/( ¼ + 0 + ½ + ½ ) = 0.80 
- r(d) = 1/( 1/3 + 1/3 + 1/3 + 1/3) = 0.75 
- r(e) = 1/( 0 + 0 + 0 + ¼ ) = 4 
- r(f) = 1/( 0 + ¼ + 0 + 0) = 4  ranks are given as b > a > d > c > e = f 

b. This is a 6-way vote so the highest ranked individual gets 6 votes and each subsequent individual 
gets one vote less (if there are candidates left unmarked by the voter, the remaining points are 
divided evenly among the unmarked candidates). 
- BC(a) = 5 + 5 + 3 + 6 = 19 
- BC(b) = 6 + 6 + 6 + 1.5 = 19.5 
- BC(c) = 3 + 1.5 + 5 + 5 = 14.5 
- BC(d) = 4 + 4 + 4 + 4 = 16 
- BC(e) = 1.5 + 1.5 + 1.5 + 3 = 7.5 
- BC(f) = 1.5 + 3 + 1.5 + 1.5 = 7.5  ranks are given as b > a > d > c > e = f 

c. In Condorcet method, we build a pairwise comparison matrix that shows how many times a 
document beats other one, is beaten by the other one and they are tied. So, the pairwise comparison 
matrix becomes 

 a b c d e f 
a -  1, 3, 0 3, 1, 0 3, 1, 0 4, 0, 0 4, 0, 0 
b 3, 1, 0 -  3, 1, 0 3, 1, 0 3, 1, 0 3, 0, 1 
c 1, 3, 0 1, 3, 0 -  2, 2, 0 3, 0, 1 3, 1, 0 
d 1, 3, 0 1, 3, 0 2, 2, 0 -  4, 0, 0 4, 0, 0 
e 0, 4, 0 1, 3, 0 0, 3, 1 0, 4, 0 -  1, 1, 2 
f 0, 4, 0 0, 3, 1 1, 3, 0 0, 4, 0 1, 1, 2 -  

- Pairwise winners  
 Win Lose Tie 
a 4 1 0 
b 5 0 0 
c 2 2 1 
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d 2 2 1 
e 0 4 1 
f  0 4 1 

Then, the ranks become b>a>c=d>e=f 
 

 
 

4.    
a. Sequential signature method assigns 1024 bits to each document in the collection. Thus, 

signature file size becomes 1024*521000=524288000 bits = 64000 Kbytes. 
b. Bit-sliced signature method holds the signature values of the documents in column vectors, 

e.g., the 1st bit position values of all documents are held in an N*1 vector, where N=512000 in 
our case. We have 1024 columns for all bits. Then, signature file size becomes 
512000*1024=524288000 bits = 64000 Kbytes. 
 

 
 

5. a.    We know that the first 4 leftmost digits of the query is set which leaves us 1020 unknown bits. The 
query needs to access all partitions starting with 1111. Thus, it can include  one sixteenth of whole 
collection at most if we assume partitions 0000 to 1111 are equally sized. This narrows down the 
number of related documents to 512000/16= 32000. We have a page size of 0.5 Kbytes = 4000 bits. 
Then, the number of pages that need to be accessed becomes 32000/4000 = 8. 
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6. We have the following signatures: 
S1: 0110 1010 
S2: 0100 0110 
S3: 1110 0011 
S4: 1100 0011 
S5: 0011 1010 
S6: 1010 0101 
S7: 1011 0010 
S8: 0000 1111 
S9: 1010 0110 
S10: 1011 0100 
a.    

00 01 10 11 
S5, S8 S1, S2 S6, S7, S9, S10 S3, S4 

b. We have the following queries Q1: 1110 0001, Q2: 0110 0011, Q3: 1100 1100 
i. Partition activation ratio = # of activated partitions / total # of partitions 

Signature activation ratio = # of signatures in activated partitions / total # of 
signatures 

Query K=2 PAR SAR 
Q1 = 1100 0001 1(11) ¼  2/10 
Q2 = 0110 0011 2(01, 11) 2/4 4/10 
Q3 = 1100 1100 1(11) ¼  2/10 
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ii. In sequential FP environment, we assume all queries arrive at t=0 and the 
processing of one page signature requires 1 time unit. Then, sequential processing 
time becomes as follows: 

Q1 Q2 Q2 Q3 
0        1   2       3             4 
Turnaround time = Time of completion – time of arrival 
Average sequential turnaround time = (1+3+4)/3 = 2.66 tu 
 
In parallel FP environment, we follow the same assumptions as in the sequential 
case. Then, parallel processing time becomes: 
00  PE1: - 
01  PE2: Q2 
10  PE3: - 
11  PE4: Q1, Q2, Q3. So the average parallel turnaround time=(1+2+3)/3=2. 
The speed-up ratio = total processing time in sequential case / total processing time 
in parallel case = 4/3=1.33 

 

 
 
7.   

a. In Extended Prefix Partitioning (EPP), we cut all signatures from the position of their z-th 0 
and remove the right part. Then, we partition the new signatures accordingly. So, our signatures 
become: 
S1: 0110 
S2: 010 
S3: 11100 
S4: 1100 
S5: 0011 
S6: 1010 
S7: 10110 
S8: 00 
S9: 1010 
S10: 10110 

00 010 0011 0110 1010 10110 1100 11100 
S8 S2 S5 S1 S6, S9 S7, S10 S4 S3 

b. In Floating Key Partitioning (FKP) for k=2, we reduce each signature to 2 bits. Reduction 
procedure is done down to the two consecutive bits that have minimum number of 1s. The 
resulting signature also include the starting bit position. In case of ties, the leftmost bit is 
selected. The signatures become: 
S1: 1-10 
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S2: 3-00 
S3: 4-00 
S4: 3-00 
S5: 1-00 
S6: 4-00 
S7: 5-00 
S8: 1-00 
S9: 4-00 
S10: 7-00  

1-10 1-00 3-00 4-00 5-00 7-00 
S1 S5, S8 S2, S4 S3, S6 S7 S9, S10 

c. In EPP, Q1 becomes 11100 and in FKP 4-00. Q1 needs to access S3 in EPP, and the pages 3-
00 (S2, S4), 4-00 (S3, S6), 5-00 (S7) where page 3-00 is false match as S2, S4 do not match 
Q1. Q2 becomes 0110 and 4-00 in EPP and FKP, respectively. In EPP, it needs to access 0110 
(S1), and in FKP it needs to access 4-00 (S3, S6), 5-00 (S7). Q3 becomes 1100 and 3-00 in 
EPP and FKP, respectively. Then, it needs to access 1100 (S4) in EPP and 3-00 (S2, S4), 7-00 
(S9, S10) in FKP. 

 

 
 

8. We have Bkfr = 3 and LF = 2/3. The signatures are given below. 
S1: 0110 1010 
S2: 0100 0110 
S3: 1110 0011 
S4: 1100 0011 
S5: 0011 1010 
S6: 1010 0101 
S7: 1011 0010 
S8: 0000 1111 
S9: 1010 0110 
S10: 1011 0100 
Every time we reach LF, we insert LF*Bkfr number of signatures in the corresponding block(s) and 
update the structure according to the current boundary value, bv. 
 

bv  0 S1 S2 S5 
1 S3 S4 S6 

 
00    

bv  1 S3 S4 S6 
10 S1 S2 S5 
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00        
bv  1 S3 S4 S6       S8   

10 S1 S2 S5  S7   
 

bv  00        
01 S6       
10 S1 S2 S5  S7   
11 S3 S4 S8     

 
bv  00 S10       

01 S6       
10 S1 S2 S5  S7 S9  
11 S3 S4 S8     

 
000        

bv  01 S6       
10 S1 S2 S5  S7 S9  
11 S3 S4 S8     

100 S10       
  The resulting LF = 10/15 = 2/3. 
 

 
 

9. We have the following information filtering profiles used in a Boolean environment 
P1 = a, b, c, d, e, f 
P2 = a, b, e, f 
P3 = b, c, f 
P4 = b, d, f 
P5 = a, c, f 
 

 a   P1 5 b c d e f  P2 3 b e f  P5 2 c f      
b   P3 2 c f  P4 2 d f          
c                     
d                     
e                     
f                     


