CS 276B: Text Information Retrieval, Mining, anddoitation
Open Book Midterm Examination
Thursday, February 6, 2003

This exam consists of 10 pages, 7 questions, and 75 points. We would like you touvréaswers on
the exam paper, in the spaces provided. To give you plenty of room, some pagesigrblmk. If
there isn’t sufficient room, write on the back of a page, but please ptoana PTO on the front to tell
us to look there. You have 75 minutes to complete the exam. Exams turned imeaéted of the
examination period will either be penalized or not graded at all.

Stanford University Honor Code:

| attest that | have not given or received aid in this examination, andhiat ldone my share and taken
an active part in seeing to it that others as well as myself uphold thesgitetter of the Honor Code.

Name (printed):

Signature: SUID:
Question | Possible | Score
1 K-means 5
2 Cluster 12
3 NB Travel 12
4 Smooth 10
5NB XOR 8
6 Features 12
7I1E 16
Total 75

The standard of academic conduct for Stanford sitsde as follows:
A. The Honor Code is an undertaking of the studendividually and collectively:

1. that they will not give or receive aid in exaations; that they will not give or receive unpetattaid in class work, in the preparation of
reports, or in any other work that is to be usedhgyinstructor as the basis of grading;
2. that they will do their share and take an agpa# in seeing to it that they as well as oth@tfsald the spirit and letter of the Honor Code.

B. The faculty on its part manifests its confideircéhe honor of its students by refraining froneginring examinations and from taking unusual
and unreasonable precautions to prevent the fofmisionesty mentioned above. The faculty will adsoid, as far as practicable, academic
procedures that create temptations to violate hreoHCode.

C. While the faculty alone has the right and olilmato set academic requirements, the student$eaudty will work together to establish
optimal conditions for honorable academic work.



Part I: Clustering

1. (5 points) Consider a run df-{1)-means clustering dw documents each represented as a
unit vector in term space. Suppose further thatlalhoose 2 cosine distances are different. We
run the algorithm witiN-1 of the input documents as the initial centroids. Give an example in
two dimensions to show that the choice of starting centroids will determingetitéies of the
clusters we end up with.

Assume we have a set of 3 documents, {a,b,c} with cosine distances as shown in the diagram. If a
and b are chosen as starting centroids then the resulting clusters will be {a}, {b,c}. If b and c are
chosen as starting centroids then the resulting clusters will be {a,b}, {c}.

c

2. (12 points) Consider clusteribgpoints on a line situated at coordinates equaling the powers
of two (1, 2, 4 etc). Suppose we use agglomerative clustering by merging thesest cl
centroids at each step.

a. Write down an expression for the centroid of the largest cluster afégs.
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b. Suppose that the cost of a cluster is the sum, over its members, of the distancelfrom eac

member to the centroid. Write down an expression for the total cost of the cluaftaiing
steps.
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c. Suppose that we add a cost for having moreaskisBay, the cost of each distinct clustes;is
thus, the initial clustering (consisting Nfindependent points) has c®C, while after the first
step it is N—-1)C because we're down ké-1 clusters.
0] Write down the total cost of the clusteringeaifstep, including the cluster costs
computed in b. above.
(i) How many minima does this function have?
(i)  What is the optimal clustering?

(N—i)C+Z
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The first term is linearly decreasing while the@®t one is monotonically increasing in i, so the

expression has one minimum. If C is tiny, the muninoccurs at N clusters. If it's large, it
occurs at one cluster.



Part I1: Classification

3. (12 points) Consider the problem of classifyiing origination point of passenger travel
itineraries. Suppose we have the following trairsegof travel itineraries:

Itinerary | Document Class
1 "smith: new york - chicago - san francisco - n@sk" JFK

2 "chen: san francisco - london - paris - san fisow SFO
3 "chen: san francisco - tokyo - singapore- sanciszo" SFO
4 "0'brien: chicago - buenos aires - new york eabo" ORD

a. Assume that we use a Bernoulli (i.e., binaryivBl8ayes model. Compute the following
feature probabilities:

P(Xfrancisco:true | ClaSS:SFO) = 1.0
P(Xondor=true | Class=SFO) = 0.5
P(Xfrancisco:true | ClaSS:\]FK) = 1.0
b. Assume that we use a multinomial NB model ircst€ompute the following probabilities:
P(X=francisco | Class=SFO) = 4/14 (assuming nendation of punctuation)
P(X=london | Class=SFO) = 1/14
P(X=francisco | Class=JFK) = 1/8
c. Consider a standard Naive Bayes classifierdéchon the training set and applied to a similar
test set. How accurate is this classifier for:
(i) the Bernoulli model, and
(if) the multinomial model?
0] Not very accurate, because it ignores frequenaymétion, which is important in
this domain.
(i) More accurate, because it uses frequency informatimwever, it ignore position
information, so doesn’t distinguish between a gdyne occurring at the
beginning/end of the itinerary from one occurrimgtihe middle

d. Construct a non-standard feature representtitains 100% accurate for either model.

Use as a feature the term that occurs in the lasitpn of each document.



4. (10 points) This problem concerns smoothing Bd@ayes classifiers.
a. Suppose we build a Naive Bayes classifier (matiial or Bernoulli) with no smoothing

of the respective R(ord | clas9 probabilities. If a word was unseen in a cl#ssijll
thus have a probability of 0. Describe in words decision procedure of this classifier
(emphasizing the effect of the lack of smoothing] how its decisions will differ from a

smoothed Naive Bayes classifier).

It will never choose a category unless all worda idocument were seen for that category for

the training set (unless there is no category forol all words were seen, and then all
categories are tied for the classifier). It wilnmk between classes for which all words were seen
similarly to the smoothed classifier (but with pbtsdifferences due to the smoothing).

b. Suppose we take a smoothed multinomial classifid double the amount of smoothing
(e.g., for a variant of “add 1 smoothing”, add 2&xh count, and add to the denominator
2k, wherek is the number of samples). What qualitative ¢ffall this have on decisions

of the classifier?

It'll be more likely to choose categories for whadime/many of the words in the document were
unseen.



5. (8 points) Recall that the exclusive-OR functi®a function that outputs true if and only if
the values of its inputs differ. The outputs of éxelusive-OR function are given in the
following input/output table (here we represenetwith a 1, and false with a 0):

X1 X2 Class
0 0 0
0 1 1
1 0 1
1 1 0

Suppose that we want to use a Naive Bayes clastifidassify samples in accordance with the
exclusive-OR function. Assume that we use the featepresentation suggested by the table: a
two-dimensional feature vect®r with two possible values (0 and 1) on each dinogns

a. If we train a Naive Bayes classifier on the tagaints shown in the table using this
representation, what is its expected accuracy andaa? Assume that each of the four cases
0/1, 1/0, 0/0, and 1/1 is equally likely to occamiew data, and that if two classes tie in
probability, that ties are broken randomly. Accyreecdefined as number of correct decisions
divided by all decisions.

Expected accuracy is 1/2 (random) because

P(class=0 | dim1=x, dim2=y) ~=

P(dim1=x, dim2=y | class=0) P(class=0) =
P(dim1=x | class=0) P(dim2=y | class=0) P(class=0)
P(dim1=x | class=1) P(dim2=y | class=1) P(class=l)
P(class=1 | dim1=x, dim2=y)

for all x, y.

b. Give as realistic an example as you can of bBlgno that occurs in text categorization that is
similar in nature to the exclusive-OR problem maméid above, and describe how a Naive
Bayes classifier would perform on it.

It's impossible to model a class with one of twitedent terms, but not both of them. For
example, if we wanted to model a class with eitherterm “operations” or the term “research”
but not both terms, we could not do it.



6. (12 points) We want to train a Naive Bayes dfesgd0 determine whether an earnings report
originated from the Tokyo stock exchange or naarnihgs reports have the following format:

" [ COMPANYNAME] today reported revenues of $[NUMBER] nillion for the [ORDI NAL] quarter
[ COWPANYNAME] is traded on the [ STOCKEXCHANGECI TY] stock exchange.™”

Only the variables in square brackets change tladiravords are fixed. Possible expansions for
[STOCKEXCHANGECITY] are "Tokyo", "London", and "Pal. For example:

"ACME Inc. today reported revenues of $755 million for the third quarter. ACME is
traded on the Tokyo stock exchange."

We want to represent each news story with a siiegieire. The numerical quantity used for
feature selection is eithdocument frequenayr chi-square Feature selection is performed
either on a per category basis or jointly for allegories. Follow how Yang and Pedersen
perform joint feature selection for chi-squareyteempute chi-square for each category
individually, and then select the feature with thaximum chi-square. Thus we are considering
four different feature selection strategies as shimithe two tables below.

a. In the table below, enter in each cell the fieatiiat would be selected by the corresponding
method for the category "Tokyo", and why. If thare ties, list all tied features. Assume that
reports from Tokyo, London and Paris all have e frequency. Use the following stop list:
aggo for, in, is, of, on, the to, today and assume that there is no other term normalizatyou
mustinclude in the box a qualitative argument as toclHeature(s) will be selected to get full
credit; you do not need to compute chi square sdoreall words.

Document Frequency Chi-Square

Per-category Selectiontoday, reported, revenues, | Tokyo
(selected feature can | million, quarter, traded,

be different for each | Tokyo, stock, exchange (all
category) tied)

Joint Selection today, reported, revenues, | Tokyo, Paris, London (all tied)
(one feature selected | million, quarter, traded,
for all categories stock, exchange (all tied)




b. In the table below, enter in each cell the etgubaccuracy (number of correct decisions
divided by total number of decisions) of the NaBagyes classifier using the single feature
chosen in B by the corresponding feature selectiethod. If there are ties, list the worst
possible accuracy (assuming you always resolveatigsrsely).

Document Frequency Chi-Square
Per-category Selection1/3 1 (we always get Tokyo/not
(selected feature can Tokyo correct using tokyo)
be different for each
category)
Joint Selection 1/3 0 (we always get Tokyo/not
(one feature selected Tokyo wrong using paris or
for all categories london)




Part 3: Infor mation Extraction

7. (16 points) Here is a small (valid!) HTML docunte

<! DOCTYPE HTM. PUBLIC "-//WBC//DTD HTM. 4.01 Transitional//EN'>
<htm >
<head>
<title>People</title>
<nmeta http-equi v="Content-Type" content="text/html; charset=i so-8859-1">
</ head>

<body>
<h1>Peopl e</ h1>

<t abl e>

<t r ><t h><b>Nane</ b></t h><t h>O fi ce</t h><t h>Phone</th><th>Mai | </th></tr>
<tr><td>Chri s Manni ng</td><t d>418</td><t d>3- 7683</t d><t d>9040</td></tr>
<tr><td>Teg G enager </t d><t d>454</td><t d>1-2345</t d><t d>9040</td></tr>
<tr><td>Hector Garcia-Mlina</td><td>276</td><t d>3-9745</td><t d>9025</td></tr>
<tr><td>Jenni fer Wdonx/td><td>422</td><td>5-4321</td><t d>9040</td></tr>

</t abl e>

</ body>

</htm >

a. Suppose one wanted to write individual LR (Kushok Left Right) context wrappers for
each of the fields Name, Office, Phone, Mail. Wihiomes can you do it for, and which ones can
you not? If you can do it, give a LR wrapper tivatuld work, and if you cannot, briefly explain
why.

Name: L: <tr><td> R: </td> works
Office: can't distinguish office and phone
Phone: can't distinguish office and phone
Mail; L: <td> R: </td></tr> works

b. Suppose you enhanced the LR wrapper framewottkagdhey also did a regular expression
match on the field content. Now, which fields gau do it for, and which ones can you not? If
you can do it, give a LR wrapper that would wonkg & you cannot, briefly explain why.

Name: as above (filler can be .*)

Office: L: <td> F: [0-9]+ R: </td><td>

Note that you need the trailing <td> to differerteefrom Mail
Phone: L: <td> F:[0-9]-[0-9]+ R: </td>

Mail, as above



c. Alternatively (i.e., not using a regular expressmatch on field content), suppose that one had
a notion of relation, and assumed that fields veedered in the wrapper for a relation. Under
the assumption of a known ordering, which fields gau do it for, and which ones can you not?
If you can do it, give a LR wrapper that would woakd if you cannot, briefly explain why.

Assume that relation field order is Name, Offickoife Mail. Then, each wrapper could just be
L: <td> R:</td>, though this is maximally dangersiany inconsistency, and you could get
arbitrarily out of sync). Continuing to check famatch on <tr> and </tr> for Name and Mail
would be safer.

d. Suppose one ignored all the markup, by replaaing TML markup tags by whitespace. In
other words, the document would now look like this:

Peopl e

Peopl e

Name O fice Phone Mail

Chri s Manning 418 3-7683 9040

Teg G enager 454 1-2345 9040

Hector Garcia-Mlina 276 3-9745 9025
Jenni fer Wdom 422 5-4321 9040

Now assume that one were using Rapier patterns tbedextraction — but that you are hand-
specifying them rather than having a system tilg&on suitable patterns. Starting from this
input, which fields can you do it for, and whichescan you not? If you can do it, give a Rapier
extraction rule that would work, and if you canrmigfly explain why. To the extent that you
have seen in the slides only a rough picture oft\Ragoier patterns look like, you may need to
make some assumptions, but be careful to say gleduwkt your assumptions are. One thing you
may well want to know is that there is only onerfiher" part-of-speech tag CD and all of 418,
3-7683 and 9040 would be tagged with it. Also, Wietldoes not contain multidigit numbers.
Finally, assume that line ends aren't represebtgdhe end of file is as a special token $EOF$.

Name: filler: NNP+ (i.e., some number of proper nsu

Office: prefiller: pos:NNP filler: pos: CD

Phone: It seems not. If you can only specify tara,iand then a list which is interpreted as
between 0 and N words, then a pattern like:

Prefiller: pos:NNP list: 1 Filler: CD PostfillerCD

fails because it could still match the room numdethe phone number

Mail code is possible (given the suggested treatmmklme ends and end of file, with a pattern
like this:

Filler: CD Postfiller: { NNP | $SEOF$}

Disjunctions are specifically licensed in the paite



