
Carnegie Mellon University

15-826 – Multimedia Databases and Data Mining

Fall 2013, C. Faloutsos

Homework 3, Due Date: Nov. 19, at classroom 1:30pm

Prepared by: Alex Beutel (Q1), Seunghak Lee (Q2,

Q3), Vagelis Papalexakis (Q4, Q5, Q6)

Reminders

• All homeworks are to be done INDIVIDUALLY.
• All written answers should be TYPED.
• For code submission to blackboard, please follow the template of the hw3.zip file that

you can find download from http://www.cs.cmu.edu/~christos/courses/826.F13/

HOMEWORKS/HW3/hw3.zip. You should rename the final .zip file to [andrew-id].zip.
• The above hw3.zip also contains all the data for every question.
• FYI: Total number of points is 100.
• FYI: Expected effort for this homework (approximate times): 45 hours.

– Q1: ≈ 10 hours (Grader: Alex Beutel)

∗ 1 hour to set up Hadoop
∗ 2 hours learning HDFS commands
∗ 5 hours modifying WordCount to NGrams
∗ 1 hour running the code to get the answers
∗ 1 hour making the entire thing into a bash script that runs smoothly

– Q2: ≈ 4 hours (Grader: Seunghak Lee)
– Q3: 10 hours (Grader: Seunghak Lee)
– Q4: ≈ 5 hours (Grader: Vagelis Papalexakis)

∗ 1-2 hours to download and set up the tensor toolbox.
∗ 2 hours to run the required commands.
∗ 1 hour to finalize the question

– Q5: ≈ 5 hours (Grader: Vagelis Papalexakis)
– Q6: ≈ 10 hours (Grader: Vagelis Papalexakis)

Q1 – Hadoop [30 pts]

(On separate page)
Problem Description:In this question, we will use Hadoop to find the top n-grams used
in Reddit titles1. We will be using Hadoop 1.2.1. Note, this question has been designed

1Prepared from SNAP’s Reddit dataset http://snap.stanford.edu/data/redditSubmissions.csv.gz
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for and tested on the GHC Andrew machines (ghc#.ghc.andrew.cmu.edu where # ranges
from 01-79), and we highly suggest you work on this question on one of those machines2.
Each student has a specific machine assigned to them in the grade center on
Blackboard that they should use (under the column “andrew-machine-id”).

To set up your machine download the script http://cs.cmu.edu/~abeutel/build-hadoop-1.
2.sh and place it in the directory where you want to run Hadoop and solve this question.
Then run

bash build-hadoop-1.2.sh; source setenv.csh

You will likely need to enter your Andrew password a few times to while the script is
running. This script will install Hadoop and HDFS locally in the directory you placed the
original script 3. When the script is done running, Hadoop will be running on the machine,
start-hadoop.sh and stop-hadoop.sh will be in your directory that will respectively start
and stop Hadoop, and the necessary resources for this question will be in place, which we
will go over later.
Note, if another student is currently running Hadoop on the machine you are on you will not
be able to also run Hadoop on that machine. If this happens, you do not need to reinstall
Hadoop on a different GHC machine (assuming you’ve already installed it), but rather just
log into another GHC machine and try starting your Hadoop instance there. (Please try the
machines from 70-79 since these will not be assigned to any students.) The script will warn
you if there is an issue.

However, please shut down your Hadoop instance when you log out so that
other students can use the machine!!!!!

(If it appears someone else is using the machine, you can look for long running java instances
in top and email the user to turn off their Hadoop.) When using Hadoop on a new machine,
you may get an error when running your commands that Hadoop is in “safe mode.” If you
get this error, go to the hadoop-1.2.1 directory and run the following command bin/hadoop

dfsadmin -safemode leave

Ok, let’s get started:

1. [4 pts] First, upload the data file reddit titles.csv to HDFS. The data file 4 can
be found in your directory hadoop-1.2.1/reddit titles/. Upload the entire red-
dit titles directory to HDFS and then verify it uploaded correctly.

2If you decide not to run on an Andrew machine, you will need to reset the $JAVA HOME term in the script.
See the comments in the script.

3Note that the script assumes that your default shell on the Andrew machines is csh, which it appears to
be by default; if you have changed this you (to bash for example) you will need to add the correct $JAVA HOME

and $HADOOP PREFIX to your .bashrc file.
4The data file can also be downloaded independently from http://cs.cmu.edu/~abeutel/

reddit_titles.csv.
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To do this, you will want to go into the hadoop-1.2.1/ directory and use commands
of the form bin/hadoop fs. Entering that command will give you a list of possi-
ble commands to run such as -ls and -mkdir, which of course correspond to their
Unix equivalent ls and mkdir. (More information on the commands can be found
at http://hadoop.apache.org/docs/r0.18.3/hdfs_shell.html) Your home path is
just / When this step is complete your HDFS should have a directory /reddit titles/

with a file /reddit titles/reddit titles.csv.

2. [2 pts] We will now test that Hadoop is working with a classic example, WordCount.
If you navigate in your directory to hadoop-1.2.1/ngram/ you will find a script
compile.sh and a Java program WordCount.java5. Running bash compile.sh will
compile the WordCount example and produce a jar WordCount.jar.

3. [4 pts] Run the WordCount example on the reddit titles data and report the number
of unique words in the data file. (You will likely find the Unix command wc -l helpful
here.) General instructions on how to run the code can be found at http://hadoop.
apache.org/docs/r1.2.1/mapred_tutorial.html#Usage, although in our example
there are some slight deviations.

4. [10 pts] Copy the WordCount example into a new java file NGram.java. Modify the
WordCount example there to count the number of instances of each n-gram in the
dataset. Here, an n-gram is defined as strings of n contiguous words separated by a
space in each title. If a title has less than n words ignore it, and at the end of a title if
a word is not followed by n− 1 words then it is not an n-gram. For example, the title
“A B C” has two 2-grams: “A B” and “B C.”

Only output n-grams that occur at least m times in the dataset. (You can either
hardcode n and m or set them as parameters to be set at runtime.)

5. [2.5 pts] How many bigrams (n = 2) occur at least m = 100 times in the data set?

6. [2.5 pts] Sort the bigrams from most common to least common using your favorite
scripting language (check out Unix’s sort command). List the top 20 most common
bigrams and the number of times they occur.

7. [2.5 pts] How many trigrams (n = 3) occur at least m = 20 times in the data set?

8. [2.5 pts] List the top 20 most common trigrams and the number of times they occur.

What to turn in:

• On Paper: Turn in a print out of all of the code necessary to complete the tasks
above as well as their results. This should include the necessary Unix commands, etc.
(On separate page)

5The two can also be downloaded from http://cs.cmu.edu/~abeutel/compile.sh and http://cs.

cmu.edu/~abeutel/WordCount.java. This is modified from the Apache Tutorial http://hadoop.apache.
org/docs/r1.2.1/mapred_tutorial.html
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• Online: Turn in all code that was necessary to complete this question. This should
include a bash script that when run from your hadoop-1.2.1 directory will complete all
of the questions. Also include a text file with the answers to the questions.

Solution

1. From the hadoop-1.2.1 directory run the following command to upload the data

bin/hadoop fs -copyFromLocal reddit titles /

You can verify that the data uploaded correctly with

bin/hadoop fs -ls /reddit titles

2. As stated in the question just run bash compile.sh to compile WordCount.jar.

3. To run the WordCount example we can run the following command:

bin/hadoop fs -rmr /reddit wordcount bin/hadoop jar ngram/WordCount.jar

WordCount /reddit titles /reddit wordcount

The first command removes any leftover results from previous runs. The second com-
mand runs the WordCount program and saves the results to /reddit wordcount/ on
HDFS. To then count the number of unique words we can use the following command:

bin/hadoop fs -cat /reddit wordcount/part-00000 | wc -l

The answer is 38064.

4. The solution code can be seen below. To compile the new solution you can just un-
comment the buildJar NGram line in compile.sh.

5. To run the program we can use:

bin/hadoop jar ngram/NGram.jar NGram /reddit_titles /reddit_bigrams 2 100

The number of bigrams calculated by

bin/hadoop fs -cat /reddit bigrams/part-00000 | wc -l

The result is 599.

6. To get the top 20 results you can use the following command

bin/hadoop fs -cat /reddit_bigrams/part-00000 | sort -nr -k 3 | head -n 20
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The result is:

how i 5606

i feel 4230

when i 3692

this is 3405

in the 2149

of the 1981

xpost from 1614

on the 1614

i see 1369

feel when 1307

in a 1214

i dont 1192

to the 1147

every time 1138

i think 1080

on my 1066

when my 990

for the 984

i have 964

what i 939

7. Similarly for n = 3 and m = 20 we run NGrams by

bin/hadoop jar ngram/NGram.jar NGram /reddit_titles /reddit_trigrams 3 20

We get the number of trigrams by

bin/hadoop fs -cat /reddit trigrams/part-00000 | wc -l

The result is 1533.

8. To get the top 20, we again run

bin/hadoop fs -cat /reddit_trigrams/part-00000 | sort -nr -k 4 | head -n 20

The result is

how i feel 3904

i feel when 1259

this is how 790

every time i 679
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the front page 616

how i felt 595

feel when i 581

is how i 548

my cake day 482

this is what 473

when i see 404

i feel after 395

the first time 390

i feel about 361

my reaction when 315

i see a 312

one of my 300

for the first 299

xpost from rfunny 298

this is the 285

The NGram.java file can be seen below:

import java . i o . IOException ;
import java . u t i l . ∗ ;

import org . apache . hadoop . f s . Path ;
import org . apache . hadoop . conf . ∗ ;
import org . apache . hadoop . i o . ∗ ;
import org . apache . hadoop . mapred . ∗ ;
import org . apache . hadoop . u t i l . ∗ ;

public class NGram {
public stat ic int minCount = 10 ;
public stat ic int n = 2 ;

public stat ic class Map extends MapReduceBase
implements Mapper<LongWritable , Text , Text , IntWritable> {

private f ina l stat ic IntWri tab le one = new IntWri tab le ( 1 ) ;
private Text word = new Text ( ) ;
private int n = 1 ;

public void con f i gu r e ( JobConf job ) {
n = job . g e t In t ( ”ngram . n” , 1 ) ;

}

public void map( LongWritable key , Text value ,
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OutputCol lector<Text , IntWritable> output ,
Reporter r epo r t e r ) throws IOException {

St r ing [ ] words = value . t oSt r ing ( ) . s p l i t ( ”\\ s+” ) ;
for ( int i = 0 ; i < words . l ength − n+1; i++) {

St r ing ngram = ”” ;
for ( int j = 0 ; j < this . n ; j++) {

i f ( j > 0) ngram += ” ” ;
ngram += words [ i + j ] ;

}
word . s e t (ngram ) ;
output . c o l l e c t (word , one ) ;

}
}

}

public stat ic class Reduce extends MapReduceBase
implements Reducer<Text , IntWritable , Text , IntWritable> {

private int minCount = 10 ;

public void con f i gu r e ( JobConf job ) {
minCount = job . g e t In t ( ”ngram . minCount” , 1 0 ) ;

}

public void reduce ( Text key , I t e r a t o r <IntWritable> values ,
OutputCol lector<Text , IntWritable> output , Reporter r epo r t e r )
throws IOException {

int sum = 0 ;
while ( va lue s . hasNext ( ) ) {

sum += va lue s . next ( ) . get ( ) ;
}
i f (sum >= this . minCount ) {

output . c o l l e c t ( key , new IntWri tab le (sum ) ) ;
}

}
}

public stat ic void main ( St r ing [ ] a rgs ) throws Exception {
JobConf conf = new JobConf (NGram. class ) ;
con f . setJobName ( ”ngram” ) ;
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conf . setOutputKeyClass ( Text . class ) ;
con f . setOutputValueClass ( IntWri tab le . class ) ;

con f . setMapperClass (Map. class ) ;
// conf . se tCombinerClass (Reduce . c l a s s ) ;
conf . se tReducerClass (Reduce . class ) ;

con f . setInputFormat ( TextInputFormat . class ) ;
con f . setOutputFormat ( TextOutputFormat . class ) ;

Fi leInputFormat . setInputPaths ( conf , new Path ( args [ 0 ] ) ) ;
FileOutputFormat . setOutputPath ( conf , new Path ( args [ 1 ] ) ) ;

con f . s e t I n t ( ”ngram . n” , I n t eg e r . pa r se In t ( args [ 2 ] ) ) ;
con f . s e t I n t ( ”ngram . minCount” , I n t eg e r . pa r se In t ( args [ 3 ] ) ) ;

JobCl ient . runJob ( conf ) ;
}

}

Q2 – Singular Value Decomposition [10 pts]

(On separate page)
Problem Description:We will investigate Singular Value Decomposition of a cloud of
points.
Consider the 5-dimensional dataset on a linear manifold which is available at
http://www.cs.cmu.edu/~seunghak/15826/hw3/svd.dat. Each point in the point cloud
lies roughly on a 2-dimensional plane spanned by two vectors v1 and v2 with additional
noise term ǫi ∼ N (0, Σ) which follows a Gaussian distribution. More specifically, Σ = 6I5,5,
where I5,5 is an 5 × 5 identify matrix.

1. [4 pts] Use SVD to visualize the dataset in 2-dimensional space by projecting in the
best 2 dimensions.

2. [4 pts] There are two outliers in the dataset. Find those two outliers by manually
looking at your visualization in 2-dimensional space. Then print your Plot and mark
the outliers with your pen, and submit this plot. Also, report the 2-d coordinates of
the outliers in the 2-d (’concept’) space.

3. [2 pts] We want to reverse engineer the two outliers from the concept space to original
space. What is the formula we need to find 5-d coordinates of a point in the original
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Figure 1: Data points projected onto 2-d space.

space, given the 2-d coordinates in the projected (’concept’) space? For example, the
point (0,0) in ’concept space’ corresponds to (0,0,0,0,0) in the original space.

What to turn in:

• On Paper: Turn in the plots for question 1 and 2, and the answers to question 2 and
3.

• Online: Turn in all the code that you wrote, as well as the plots in .pdf form.

Solution

1. Data points projected onto 2-d space using the 2 best dimensions are shown in figure
1

2. See figure 1; Coordinates of two outliers: (-1.3992, 18.9059), (-18.3284, -7.7003)

3. To convert vector x from ‘concept space’ to the ‘original space’ we need to compute:

x′ = xVT

where x′ is in the original space, and V is right-singular vector of input data points
A, i.e., A = UΣVT .

Q3– Independent Component Analysis [10 pts]

(On separate page)
Problem Description:
The goal of this exercise is to make us familiar with Independent Component Analysis (ICA)
which is a powerful technique to separate mixed signals. ICA is also called ’Blind source
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separation’ (BSS), because it can often solve the ’coctail party problem’: several people are
speaking simultaneously, but we are able to isolate and lock-on to the discussion of interest.
Now consider this dataset, available at
http://www.cs.cmu.edu/~seunghak/15826/hw3/ica.dat, which contains point clould gen-
erated by three lines in 4-dimensional space with random noise following a Laplace distribu-
tion. Here you will find the membership of each data point (i.e, the line which was used to
generate a data point) using ICA.

1. [2 pts] Using PCA, map the provided data points onto 3-dimensional space. We want
to show that PCA does not create clear groups, that is, each point belongs to every
concept. To verity your results, draw plots using every pair of coordinates obtained by
PCA (there are 3 coordinates, so in total, there are three plots with each coordinate
pair (i.e., (1,2),(2,3),(1,3)))

2. [2 pts] Using ICA, map the provided data points onto 3-dimensional space. Now we
want to show that ICA creates better grouping. To verify your results, draw plots
using every pair of coordinates obtained by ICA. (there are 3 coordinates, so in total,
there are three plots with each coordinate pair (i.e., (1,2),(2,3),(1,3))) (Hint: Use ICA
implementation in http://research.ics.aalto.fi/ica/fastica/)

3. [2 pts] For PCA results, for each data point whose length is > 1 in its original point

in 4-d space (i.e.,
√

x2
1 + x2

2 + x2
3 + x2

4 > 1 for a data point at (x1, x2, x3, x4)), as a

measure, report “purity score,” defined as 1 − second largest absolute value
largest absolute value .

(E.g. Suppose xj = [−0.1, 0.7, 0.4] (the j-th data point mapped onto 3-d space). Purity
score for xj is 1 − 0.4

0.7
= 0.4286).

(Report format: in each line print ‘data point index [TAB] purity score’; and sort by
data point index) (Note: ‘data point index’ is defined as the line number of that point,
in the ‘ica.dat’ input file, starting from ‘1’)

4. [2 pts] For ICA results, for each data point whose length is > 1 in its original point
in 4-d space, as a measure, report “purity score.” (Report format: in each line print
‘data point index [TAB] purity score’; and sort by data point index)

5. [2 pts] Compare the two results obtained by PCA and ICA. Which one is better with
respect to total purity (sum over reported purity scores above) and why?

What to turn in:

• On Paper: Turn in the plots for question 1 and 2, and the answers to question 3, 4,
5.

• Online: Turn in all the code that you wrote, as well as the plots in .pdf form.

Solution
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Figure 2: 2-D projection plots by PCA on (1,2)-d, (2,3)-d, (1,3)-d coordinates.
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Figure 3: 2-D projection plots by ICA on (1,2)-d, (2,3)-d, (1,3)-d coordinates.

1. See Figure 2.

2. See Figure 3.

3. [3, 0.835240] [5, 0.855765] [6, 0.855765] [8, 0.851563] [9, 0.835240] [10, 0.851563] [14,
0.855765] [15, 0.855765] [17, 0.835240] [18, 0.835240] [19, 0.851563] [20, 0.835240] [21,
0.855765] [22, 0.851563] [24, 0.851563] [25, 0.855765] [26, 0.835240] [28, 0.835240] [29,
0.835240] [31, 0.835240] [33, 0.855765] [34, 0.851563] [35, 0.855765] [36, 0.835240] [41,
0.851563] [43, 0.835240] [45, 0.835240] [48, 0.835240] [49, 0.855765] [50, 0.835240] [52,
0.855765] [53, 0.835240] [55, 0.851563] [56, 0.855765] [57, 0.835240] [58, 0.855765] [59,
0.855765] [61, 0.851563] [63, 0.855765] [64, 0.855765] [67, 0.855765] [68, 0.835240] [69,
0.835240] [70, 0.855765] [72, 0.835240] [73, 0.851563] [75, 0.851563] [77, 0.851563] [80,
0.851563] [82, 0.851563] [83, 0.835240] [84, 0.855765] [86, 0.835240] [87, 0.835240] [91,
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0.855765] [94, 0.835240] [98, 0.835240] [99, 0.835240]

4. [3, 0.988748] [5, 0.993363] [6, 0.993362] [8, 0.988599] [9, 0.988747] [10, 0.988600] [14,
0.993365] [15, 0.993363] [17, 0.988747] [18, 0.988747] [19, 0.988599] [20, 0.988747] [21,
0.993363] [22, 0.988600] [24, 0.988600] [25, 0.993364] [26, 0.988747] [28, 0.988749] [29,
0.988747] [31, 0.988747] [33, 0.993364] [34, 0.988599] [35, 0.993363] [36, 0.988747] [41,
0.988599] [43, 0.988748] [45, 0.988747] [48, 0.988747] [49, 0.993363] [50, 0.988748] [52,
0.993363] [53, 0.988747] [55, 0.988599] [56, 0.993364] [57, 0.988747] [58, 0.993363] [59,
0.993361] [61, 0.988600] [63, 0.993362] [64, 0.993362] [67, 0.993366] [68, 0.988747] [69,
0.988747] [70, 0.993365] [72, 0.988747] [73, 0.988600] [75, 0.988599] [77, 0.988600] [80,
0.988599] [82, 0.988599] [83, 0.988747] [84, 0.993364] [86, 0.988748] [87, 0.988747] [91,
0.993362] [94, 0.988747] [98, 0.988747] [99, 0.988748]

5. ICA puts more weights on a single entry for each sample than PCA, which means that
ICA makes clear groupings. Sum of PCA purity scores: 49.062419; Sum of ICA purity
scores: 57.432981

Q4– Finding Fraudsters using Tensor Decompositions

[15 pts]

(On separate page)
Problem Description:In this question, we your familiarize yourselves with the CP/PARAFAC
tensor decomposition, and how to use to spot interesting structures in data. Suppose that
you have a social network, like Facebook, where users like pages, on specific dates. You are
given a user×page×date tensor, which contains such data.
Fraudster behaviour usually tends to create bipartite cores, when, e.g. almost all users in
a set (the fraudster set) like almost all of the pages in a specific set. The dataset we give
you contains such a set of an unknown number of fraudsters and pages, which form a nearly
complete bipartite core, which was active on 4 different dates. [HINT: Those dates need
not be consecutive] You will use the CP/PARAFAC decomposition of this tensor in order
to discover this hidden bipartite core. The dataset is in tab separated format and each row
contains the non-zero values of the tensor, i.e. each row is formatted as

i j k value

where the indices start from 1.

1. [0 pts] Download and install the Tensor Toolbox for Matlab, from http://www.sandia.

gov/~tgkolda/TensorToolbox/index-2.5.html

2. [2 pts] Read the tab separated file that we give you into a sparse tensor in Tensor
Toolbox. [HINT: type help dlmread and help sptensor].
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3. [3 pts ]Run the CP/PARFAC decomposition on the tensor you created, for rank R = 2.
Provide plots for each of the components. [HINT: Plot the factor vectors for each
component]. Can you tell which component contains the bipartite core? [HUNT: You
can look at the documentation of Tensor Toolbox by typing help tensor toolbox.
The function you will need is cp als.]

4. [10 pts] Ignoring near-zero values of the rank-one component(s) that you have ex-
tracted, give:

(a) the count of users participating in the bipartite core

(b) the user IDs of those users

(c) the count of pages participating in the bipartite core

(d) the IDs of those pages

(e) the dates for which the bipartite core can be observed

What to turn in:

• On Paper: Turn in a printout of all the code that you wrote in order to solve this
question. Also, turn in the plots for question 3, and the answers to question 4.

• Online: Turn in all the code that you wrote, as well as the plots in .pdf form.

Solution
The counts are: 8 users, and 4 pages. The IDs are:

userId =

1

2

3

5

7

8

9

10

pageID =

11

12

13

14
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Figure 4: Rank 2 decomposition of the data tensor (1st component is blue, 2nd component
is green). The user vector is first, the page vector is second and the date vector is last.
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The Matlab code for this question is:

clear all; close all; clc

data = dlmread(’tensor.dat’,’\t’);

X = sptensor(data(:,1:3),data(:,4));

r=2;

f = cp_als(X,r);

A1 = f.U{1}; B1 = f.U{2}; C1 = f.U{3};

figure

subplot(3,1,1);plot(A1)

subplot(3,1,2);plot(B1)
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subplot(3,1,3);plot(C1)

idxA = find(A1(:,1)>0.1)

idxB = find(B1(:,1)>0.1)

idxC = find(C1(:,1)>0.1)

Q5– Fourier Transformation [15 pts]

(On separate page)
Problem Description:In this question, you will use the Fourier Transformation as a tool
for discovering periodicities in time series.

1. [1 pt] You are given a time series dataset that records the activity of the sun spots for
every month, ranging between 1749 and 2013, in file spot num.txt.[HINT: You are
interested in columns 1 and 3 of this file]. Plot the time series.

2. [1 pts] Use the Fourier transformation, as we saw in class, in order to plot the spectrum
of the above time-series (on the frequency domain). [HINT: The spectrum can be
complex, so use the absolute value, as we saw in class]

3. [5 pts] Using the spectrum, what is the periodicity of the signal in years? [HINT:
Non-integer answer is fine]

4. [1.5 pt] You are now given a new signal, in file y.txt, which is randomly generated.

(a) Plot the signal.

(b) Plot its spectrum.

(c) Are there any frequencies (excluding the DC frequency) standing out? Enumerate
those frequencies, if any. [HINT: By standing out, we expect the amplitude of the
spectrum for a given frequency to be at least 5 times larger than the average.]

5. [1.5 pts] You are now given signal y mix.txt, which is generated the same way as the
previous one, but is also mixed (by addition) with a secret sinusoid.

(a) Plot the given signal y mix.txt.

(b) Plot its spectrum.

(c) Are there any frequencies (excluding the DC frequency) standing out? Enumerate
those frequencies, if any.

6. [5 pts] Using only the information provided to you by the spectrum, try to recover the
secret sinusoid that we have injected
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(a) Plot the injected signal in the time domain (it’s fine if you don’t recover the exact
amplitude - assume that the phase is zero.)

What to turn in:

• On Paper: Turn in a printout of all the code that you wrote in order to solve this
question. Also, turn in printouts of all the plots, and typed answers to the itemized
sub-questions of every question.

• Online: Turn in all the code that you wrote, as well as all the plots required, in .pdf
format.

Solution

1. See Fig. 5.

2. See Fig. 6.

3. The answer is 11.0312 years. The code for this question is as follows:

a = importdata(’spot_num.txt’);

y = a.data(:,3);

years = a.data(:,1);

n = length(y);

f = fft(y);

f(1) = [];

power = abs(f(1:floor(n/2)));

nyquist = 1/2;

freq = (1:n/2)/(n/2)*nyquist;

period=1./freq;

index=find(power==max(power));

mainPeriod=period(index)/12

4. See Figures 7 and 9. No, there are no frequencies standing out.

5. See Fig. 10. The frequency that stands out is at about 0.0239375 Hz (The original
frequency was 0.024 Hz), assuming sampling frequency equal to 1.

6. The secret signal is a sinusoid. See Fig. 11.

Q6– Wavelet Transformation [20 pts]

(On separate page)
Problem Description:
In this problem, we will use wavelets for two purposes:
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Figure 5: Sunspot data
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Figure 6: Spectrum of the sunspot data
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Figure 8: spectrum of y
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Figure 9: Signal y mix
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Figure 10: Spectrum of y mix
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Figure 11: The secret signal we injected

• Detecting hidden signals, that Fourier transform is unable to detect.

• Sketching: In very large databases, usually the user might require a quick and approx-
imate answer, as opposed to an exact answer that might be very slow. One way to do
that, for aggregate queries, such as the sum of the values of a certain table, is to use
sketching, i.e. storing a small, compressed version of the table, which will enable us to
answer approximate queries very fast. The Haar Wavelet transformation can be used
in this scenario.

A: Hidden signal Detection [10 pts]

1. [2 pts]You are given a signal in file y.txt. Each row corresponds to, say, the value of
a stock, at one time-tick (indices start from 1). Within this signal, we have added a
sinusoid for a specific time window, starting at t1 and finishing at t2.

(a) [0 pts] Plot the signal in the time domain.

(b) [1 pt] Plot its spectrum, using the Fourier transform.

(c) [1 pt] Are you able to detect any major periodicities (excluding the DC frequency)?
List all such frequencies, if any. [HINT: same rules for the frequencies that stand
out applies here, as in Q5.]

2. [8 pts] Now, let’s try to examine this signal using the Haar Wavelet transformation.

(a) [1 pts] Do the discrete Haar wavelet transformation for this signal, for 12 levels.

(b) [1 pt] Give a plot of the Haar wavelet coefficients that you found in the previous
question. This is also called a time-frequency plot or wavelet scaleogram.

(c) [6 pts] Given the time-frequency plot / scaleogram,
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i. find a rough estimate for t1, t2

ii. find a rough estimate for the frequency of the sinusoid.

[HINT: For this purpose, you can use the Matlab function wavelet scaleogram.m

that we give you. If you want to implement it yourself, check the documentation of the
wavedec function, as well as type wavemenu, for an interactive Wavelet toolbox. Al-
ternatively, you may also use the code found at http://www.cs.cmu.edu/~christos/
SRC/DWT-Haar-all.tar, that implements the Haar wavelet transformation, in Perl.]

B: Sketching [10 pts]

1. [1 pt] Consider again the file y.txt. Calculate the sum of its values for t = [512, 1024].
What is the value?

2. [4 pts] Do the Haar wavelet transformation on the above data, for the first L = 7
levels. [HINT: You may use the Matlab functions wavedec and waverec]. Find the
N = 100 highest wavelet coefficients (in absolute value) and zero out all the rest.
Then reconstruct the original data using only those coefficients [HINT: See waverec

in Matlab]. After you reconstruct the signal:

(a) Compute and print the approximate sum for t = [512, 1024].

(b) How much is the error, with respect to the exact sum?

3. [5 pts] Given those N = 100 of the wavelet coefficients that you have kept, do you need
them all, in order to obtain the best reconstruction of the sum between 512 and 1024?

(a) Describe how you can find the subset of the necessary coefficients. Write code
that finds it.

(b) After you find this subset, re-calculate the sum and verify that it is the same as
before (i.e. in question 3).

What to turn in:

• On Paper: Turn in a printout of all the code that you wrote in order to solve this
question. Also turn in your typed answers to all the questions, as well as printouts of
all the figures required.

• Online: Turn in all the code that you wrote. Also, turn in the figures that you
generated, in.pdf form.

Solution

• A: Hidden Signal Detection:

1. See Figures 12, 13. There are no frequencies standing out in the spectrum.
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2. See Fig. 14, which is generated by the wavelet scaleogram.m, for 12 levels. The
actual times t1 and t2 are 1025 and 1323. The fact that t2 is not a power of 2
made it hard to detect accurately, therefore approximate answers were considered
correct.

The frequency that the sinusoid was originally constructed with is 0.012 Hz as-
suming sampling frequency equal to 1. One way to recover the frequency of the
sinusoid is to keep the portion of the signal for the [t1, t2] interval, and get the
maximum frequency (excluding the DC frequency) of the amplitude spectrum of
the Fourier Transform. This technique is quite sensitive to the values of t1, t2 so
no points were subtracted for inaccurate frequencies.
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Figure 12: Signal y

• B: Sketching:

1. The exact sum is 2.6350e+03.

2. The approximate sum with the 10% of the coefficients is 2.6382e+03.

3. Only the coefficients that fall within the range that we are interested in matter.
If we eliminate the rest, we get a sum of 2.6382e+03, which is the same as before.

The Matlab code for this question is:

y = dlmread(’y.txt’,’\t’);

t = linspace(0,1,length(y));

%now calculate the exact sum between 512 and 1024

exact_sum = sum(y(512:1024))

levels = 7;
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Figure 14: Wavelet Scaleogram of y
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[C, L] = wavedec(y,levels,’haar’);

%sort C by absolute value and keep only the first 100 values

to_keep = 100

[vals idx] = sort(abs(C),’descend’);

C_10percent = zeros(size(C));

C_10percent(idx(1:to_keep)) = C(idx(1:to_keep));

y_rec_1 = waverec(C_10percent’,L,’haar’);

approx_sum_1 = sum(y_rec_1(512:1024))

%now keep the wavelet coefficients that fall under the [512-1024] interval

C_small = C_10percent;

%first kill the approximation coeffs that don’t fall under the interval

idx1 = 512/(2^levels);

idx2 = 1024/(2^levels);

idx3 = length(y)/(2^levels);

C_small(1:idx1-1) = 0; C_small(idx2+1:idx3) = 0;

for i = 2:levels

start_offset = sum(L(1:i));

idx0 = 1+start_offset;

idx1 = start_offset+ 512/(2^i);

idx2 = start_offset + 1024/(2^i);

idx3 = start_offset + length(y)/(2^i);

C_small(idx0:idx1-1) = 0; C_small(idx2+1:idx3) = 0;

end

y_rec_2 = waverec(C_small’,L,’haar’);

approx_sum_2 = sum(y_rec_2(512:1024))
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