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Midterm Exam 
Information Retrieval (11-741) 

March 8, 2007 
 
 
Answer all of the following questions.  Each answer should be thorough, complete, and relevant.  Points will 
be deducted for irrelevant details.  Use the back of the pages if you need more room for your answer. 
 
The exam should take you about 70 minutes to complete.  The points are a clue about how much time we 
think each question should take to answer.  We assume about 1.5 points per minute, so a 10-minute question 
is worth 15 points.  Plan your time accordingly. 
 
Good luck. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
1. Suppose you have a search engine that contains 10,000,000 documents, and that the average document 

length is 1,000 words. 
 
a. If each entry in a search engine term dictionary requires 48 bytes, how much space would you expect the 

term dictionary to require?  Show your work.  (6 points) 
 
 
 
 
 
 
 
 
b. A term occurs ctf times in the collection, in df documents.  If the space required for each inverted list is 

32 + 4 * ctf + 12 * df bytes, how much space would you expect the largest inverted list to require 
(uncompressed)?  Assume that the most frequent term occurs in every document.  Show your work.       
(6 points) 

 
 
 
 
 
 
 
 
2. Why is it difficult to merge the document rankings produced by different search engines?  Can this 

difficulty be eliminated by using the same retrieval algorithm for all search engines?  (12 points) 



 
3. A common criticism of search engines is that they use simple, unstructured “bag of words” queries to 

find information.  Structured queries allow a person to express information needs precisely, and text 
annotations allow document contents to be described more precisely.  However, as you discovered in 
Homework 1, it can be difficult to create structured queries that are more effective than simple 
unstructured queries. 

 
a. Discuss why simple, unstructured queries are often so effective.  What are the conditions under which 

these queries can be expected to be effective?  (9 points) 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

b. Assume that the user is familiar with structured query languages, and attempts to create a good structured 
query.  Discuss why adding structure to queries may not help, or may hurt, accuracy.  (9 points) 

 
 
 
 
 
 
 
 
 
 
 



 
4. Suppose that you are building a Web search system, and that you have decided to base it on the vector 

space retrieval model.  You know that for web search, three types of text are particularly important:  The 
main body of the document, the title of the document, and anchor (inlink) text.  However, the vector 
space retrieval model is usually described for just a single text representation.  How would you use these 
three text representations in the vector space retrieval model?  (12 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. There are two main approaches to bridging the “vocabulary gap” between queries and documents:  

query-based methods (e.g., query expansion with pseudo relevance feedback) and methods that learn a 
model during an offline training process (e.g., the Berger/Lafferty translation models).  Explain why 
query-based methods, which generally use less data than offline methods, are generally more effective.  
(12 points) 



 
6. Hypertext Retrieval [18 points] 
a. Write the pseudo-code for the HITS algorithm, including the input and output of the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. Let A be the adjacency matrix of a hypertext graph with N nodes: if there is link from node i to node j then 

ijA =1; otherwise, ijA = 0. Show (prove) i) how the hub scores and authority scores converge with a sufficiently 
large number of iterations in HITS, ii) what those scores converge to (respectively), and iii) how the stability 
of the convergence is affected by the “eigen gap” of some matrix. Specify the matrixes for generating the hub 
scores and the authority scores, respectively, with the notation of ),,,,( 21 NuuuU r

L
rr

= as the eigenvectors of an 
NN × matrix, and ),,,,( 21 Nλλλ L  as the corresponding eigenvalues, where Nλλλ ≥≥≥ L21 . 

  



 
7. For a particular query, an information retrieval system returned a ranked list of 20 documents that 

produced an interpolated precision-recall curve as shown below. Assume there are 10 relevant documents 
in the entire corpus.   
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a. What is the precision when the system has retrieved 7 relevant documents?  (4 points) 
 
 
 
b. The documents returned by the system are provided below, ordered according to the number shown 

above each document. Based on the provided precision-recall curve, write an R inside the document that 
is relevant. (4 points) 

 

 
 
c. Calculate the Mean Average Precision (MAP)?  Show your calculation.  (5 points) 
 
 
 
 
 
 
d. Describe how Precision at 80% Recall is calculated?  What is it in this case?  (5 points) 
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