
The Term Vocabulary (Chapter 2)
Definition 1 (Recall)
Recall describes how many of the relevant documents are retrieved.

𝑟𝑒𝑐𝑎𝑙𝑙 = 𝑅 = #𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

#𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡

Definition 2 (Precision)
Precision describes how many of the retrieved documents are relevant.

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 𝑃 = #𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

#𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑

Definition 3 (Porter stemmer)
The entire Porter’s algorithm is too complex to present here. It consists of 5 phases
of word reductions, applied sequentially. The first phase uses the following rule group.
Importantly, only the rule that applies to the longest suffix is used.

Rule
SSES → SS
IES → I
SS → SS
S →

Example
caresses → caress
ponies → poni
caress → caress
cats → cat

Exercise 2/1
Are the following statements true or false?

1. In a Boolean retrieval system, stemming never lowers precision.

2. In a Boolean retrieval system, stemming never lowers recall.

3. Stemming increases the size of the vocabulary.

4. Stemming should be invoked at indexing time but not while processing a query.

1. False. Stemming can increase the size of the retrieved set without increasing the
number of relevant documents.

2. True. A stemmed query can only retrieve a superset of documents compared to a
non-stemmed query, never a subset.

3. False. Stemming makes one or more terms equivalent, never the opposite.

4. False. A non-stemmed query will not match documents in a stemmed index (unless
the query contains a stemmed term by accident).
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Exercise 2/2
Suggest what normalized form should be used for these words (including the word itself
as a possibility):

1. ’Cos

2. Shi’ite

3. cont’d

4. Hawai’i

5. O’Rourke

Answers can vary. For official definition refer to the Manning book.

Exercise 2/3
The following pairs of words are stemmed to the same form by the Porter stemmer.
Which pairs would you argue shouldn’t be conflated. Give your reasoning.

1. abandon/abandonment

2. absorbency/absorbent

3. marketing/markets

4. university/universe

5. volume/volumes

1. Very similar meaning, could conflate.

2. Very similar meaning, could conflate.

3. Marketing as a part of business process differs from market as e.g. marketplace or
stock market.

4. University as an educational institution differs from universe as the world.

5. Similar in meaning (singular and plural form, however uncountable noun has a
different meaning as a level of sound).

2



Exercise 2/4
For the Porter stemmer group shown in Definition 3:

1. What is the purpose of including an identity rule such as SS → SS?

2. Applying just this rule group, what will the following words be stemmed to?

circus, canaries, boss

3. What rule should be added to correctly stem pony?

4. The stemming for pony and ponies might seem strange. Does it have a deleterious
effect on retrieval? Why or why not?

1. Due to the convention of using the rule that applies to the longest prefix, omitting
the SS → SS rule would apply the S → rule to caress and reduce it to cares, an
entirely different verb.

2. The words will be stemmed to circu, canari, boss.

3. The rule Y → I could be added to stem both pony and ponies to the same base
word form poni.

4. The stemming reduces singular and plural forms of nouns to a single base word
form. When the difference between singular and plural is significant, the precision
of a retrieval system can be reduced.

Posting Lists (Chapter 2)
Exercise 2/5
Below is a part of index with positions in the form
doc1: ⟨𝑝𝑜𝑠1, 𝑝𝑜𝑠2, 𝑝𝑜𝑠3, . . .⟩; doc2: ⟨𝑝𝑜𝑠1, 𝑝𝑜𝑠2, . . .⟩; . . .

• angels: 2 : ⟨36, 174, 252, 651⟩; 4 : ⟨12, 22, 102, 432⟩; 7 : ⟨17⟩;

• fools: 2 : ⟨1, 17, 74, 222⟩; 4 : ⟨8, 78, 108, 458⟩; 7 : ⟨3, 13, 23, 193⟩;

• fear: 2 : ⟨87, 704, 722, 901⟩; 4 : ⟨13, 43, 113, 433⟩; 7 : ⟨18, 328, 528⟩;

• in: 2 : ⟨3, 37, 76, 444, 851⟩; 4 : ⟨10, 20, 110, 470, 500⟩; 7 : ⟨5, 15, 25, 195⟩;

• rush: 2 : ⟨2, 66, 194, 321, 702⟩; 4 : ⟨9, 69, 149, 429, 569⟩; 7 : ⟨4, 14, 404⟩;

• to: 2 : ⟨47, 86, 234, 999⟩; 4 : ⟨14, 24, 774, 944⟩; 7 : ⟨19, 319, 599, 709⟩;

• tread: 2 : ⟨57, 94, 333⟩; 4 : ⟨15, 35, 155⟩; 7 : ⟨20, 320⟩;

• where: 2 : ⟨67, 124, 393, 1001⟩; 4 : ⟨11, 41, 101, 421, 431⟩; 7 : ⟨15, 35, 735⟩;

The following terms are phrase queries. Which documents correspond to the following
queries and on which positions?

a) fools rush in
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b) fools rush in AND angels fear to tread.

The index is incorrect. How?

In order to retrieve the query it is necessary that the words are in a sequence. That is,
if the word angels is in doc2 on position 36, then the word fear has to be in the same
document on the position 37 and so on.

For the exercise a) we calculate all possible positions of the phrase. Word fools
appears in doc2 on positions ⟨1, 17, 74, 222⟩. That means that the word rush has to
appear on positions ⟨2, 18, 75, 223⟩ and the word in on positions ⟨3, 19, 76, 224⟩. Similar
process is applied on doc4 and doc7 which retrieves the requested results.

doc2 ⟨1, 2, 3⟩, ⟨17, 18, 19⟩, ⟨74, 75, 76⟩, ⟨222, 223, 224⟩

doc4 ⟨8, 9, 10⟩, ⟨78, 79, 80⟩, ⟨108, 109, 110⟩, ⟨458, 459, 460⟩

doc7 ⟨3, 4, 5⟩, ⟨13, 14, 15⟩, ⟨23, 24, 25⟩, ⟨193, 194, 195⟩

Now we look at the original position index and search for whether there is a conjunction
between requested and real positions. Take doc2 and check whether the words fools,
rush and in are in a sequence on positions ⟨1, 2, 3⟩. Since yes, the system returns doc2
as relevant to our query. Same analogy is used for the remaining documents for which
we get the result doc2: {⟨1, 2, 3⟩}; doc4: {⟨8, 9, 10⟩}; and doc7: {⟨3, 4, 5⟩, ⟨13, 14, 15⟩}.

For the exercise b) we find the requested positions for also the term angels fear to
tread.

doc2 ⟨36, 37, 38, 39⟩, ⟨174, 175, 176, 177⟩, ⟨252, 253, 254, 255⟩, ⟨651, 652, 653, 654⟩

doc4 ⟨12, 13, 14, 15⟩, ⟨22, 23, 24, 25⟩, ⟨102, 103, 104, 105⟩, ⟨432, 433, 434, 435⟩

doc7 ⟨17, 18, 19, 20⟩

They appear in the correct order in doc4: {⟨12, 13, 14, 15⟩} and in doc7: {⟨17, 18, 19, 20⟩}.
Taking the first part from a), we only check whether the results overlap {doc2(1),
doc4(8), doc7(3), doc7(13)} ∩ {doc4(12), doc7(17)} = {doc4(8,12), doc7(3,17),
doc7(13,17)}.

The index is incorrect. We need to have a look into doc7, where on position 15 are
two terms in and where.

Exercise 2/6
Below is a part of index with positions in the form
doc1: ⟨𝑝𝑜𝑠1, 𝑝𝑜𝑠2, 𝑝𝑜𝑠3, . . .⟩; doc2: ⟨𝑝𝑜𝑠1, 𝑝𝑜𝑠2, . . .⟩; . . .

• ostrich: 1 : <1,7>; 2 : <4,5>;

• hippo: 1 : <5,8,9>; 2 : <6,9>;

• lion: 1 : <3,6>; 2 : <3,7>;

• giraffe: 1 : <2,4>; 2 : <1,2,8>;

Which documents correspond to the phrase query lion giraffe hippo and on which posi-
tions? Include intermediate results.

Candidates:
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doc1 ⟨3, 4, 5⟩, ⟨6, 7, 8⟩

doc2 ⟨3, 4, 5⟩, ⟨7, 8, 9⟩

Result:

doc1 ⟨3, 4, 5⟩

doc2 ⟨7, 8, 9⟩

Exercise 2/7
Consider a query composed of two terms. Non-positional postings list of one term is
composed of 16 items 𝑃 = [4, 6, 10, 12, 14, 16, 18, 20, 22, 32, 47, 81, 120, 215, 300, 500] and
the second term has the postings list of only a single element 𝑅 = [47]. Find out how
many comparisons (and why) are necessary to find out the intersection of the lists that
are organized as follows:

a) standard postings lists

b) postings lists with skip pointers of skip frequency
√︀

|𝑃 |

a) A naive algorithm compares each element from 𝑃 with each element from 𝑅, which
is 11.

b) With skip pointers of frequency
√︀

|𝑃 | = 4 we reduce the number of comparisons.
Instead of the next element 𝑖 + 1 only, the pointer goes directly to 𝑖 +

√︀
|𝑃 | until

the referred value is larger than the searched value, after which it jumps back and
then step forward by 1. Starting at position 0, the algorithm proceeds as follows:
compare 4:47, jump to 14, compare 14:47, jump to 22, compare 22:47, jump to 120,
compare 120:47, jump back to 22, step to 32, compare 32:47, step to 47, compare
47:47, done. The number of compare operations is 6.

Exercise 2/8
Consider a query composed of two terms. Non-positional postings list with skip pointers
of one term is composed of 16 items 𝑃1 = [4, 6, 10, 12, 14, 16, 18, 20, 22, 32, 47, 81, 120,
215, 300, 500] with skip frequency of square root of its length and the second term has
the standard postings list 𝑃2 = [18, 32, 60]. How many comparisons are necessary to
find out the intersection of the lists?

(4, 18), (14, 18), (22, 18), (16, 18), (18, 18), (20, 32), (22, 32), (120, 32), (32, 32), (47, 60),
(81, 60).

Exercise 2/9
List the comparisons performed to intersect the following sorted non-positional postings
lists with skip pointers of frequency 5.

𝑃1 = [2, 10, 12, 16] and 𝑃2 = [1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15]
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(2, 1), (2, 7), (2, 3), (10, 3), (10, 4), (10, 5), (10, 6), (10, 7), (10, 12), (10, 8), (10, 9), (10, 10),
(12, 11), (12, 12), (16, 13), (16, 14), (16, 15).

Exercise 2/10
List the comparisons performed to intersect the following sorted non-positional postings
lists with skip pointers of frequency 5.

𝑃1 = [4, 5, 6, 7, 8, 9, 10, 13, 14, 15] and 𝑃2 = [1, 2, 3, 4, 5, 10, 11, 15, 16]

(4, 1), (4, 10), (4, 2), (4, 3), (4, 4), (5, 5), (6, 10), (7, 10), (8, 10), (9, 10), (10, 10), (13, 11),
(13, 15), (14, 15), (15, 15).
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