
Polyte
hni
 University November 16, 2006CIS DepartmentCS912, Fall 2006 Assignment #4 (due De
ember 1)Question 1. Data Compression with Hu�man and Arithmeti
 Cod-ing(a) Suppose we have a set of alphabet whi
h is made up of six letters A, C, E, K, L, andY. Their letter-probability pairs are given as follows:(A, 18), (C, 548), (E, 516), (K, 18), (L, 124), (Y, 724)(i) Constru
t a Hu�man tree for the above letter-probability tuples. Please label theedges of the tree so that ea
h left edge re
eives the value \0" and ea
h right edgere
eives the value \1". Use the 
onvention that for any node in the tree, its left
hild is labeled with a smaller o

urren
e probability than its right 
hild. In 
aseof a tie in probabilities, the letter o

urring earlier in the alphabet is sele
ted �rst.(ii) En
ode the message \LEAK" with the Hu�man tree built.(iii) De
ode the message 00100001010 with the Hu�man tree built.(iv) Cal
ulate the average number of bits per letter required in general for the Hu�man
odes derived in (i) and the alphabet's entropy limit. Is the average number ofbits per letter the same as the alphabet's entropy limit? Explain.(b) In arithmeti
 
oding, a message is represented by an interval of real numbers between0 and 1.(i) With the letter-probability tuples given in 1(a), en
ode the message \KEY" withArithmeti
 
oding. As your solution, show the resulting intervals.(ii) How would you exa
tly represent the message \KEY" under arithmeti
 
oding?How many bits are needed? (There are several reasonable 
hoi
es of representa-tions that you 
ould use here.)(
) Suppose we do not know the o

urren
e probabilities of the letters given in 1(a) be-forehand. In that 
ase, we might use adaptive Hu�man Coding for data 
ompression.Assume the o

urren
e frequen
ies of the letters A, C, E, K, L, and Y are initially setto 1. Show how the frequen
ies and the probabilities of the alphabet are updated, ifthe message \LEAL" is en
oded with Adaptive Hu�man Coding. Show the Hu�mantree after every step, and the resulting en
oded bit stream for \LEAL".



Question 2. Inverted Index CompressionSuppose the format of the inverted list postings is of the form:hd; fd;t; [p1;d;t; : : : ; pfd;t;d;t℄iwhere d is the do
ument ID, fd;t is the frequen
y f of term t in the do
ument d, andp1;d;t; : : : ; pfd;t;d;t are the fd;t positions where the term t appears in the do
ument d.Below is an inverted list for the term \Computer":h3; 3; [1; 29; 51℄ih14; 3; [2; 17; 24℄ih29; 4; [10; 19; 42; 50℄ih37; 1; [25℄iThus, the word \Computer" o

urs three times in do
ument 3 in positions 1, 29, and 51,three times in do
ument 14 in positions 2, 17, and 24, and so on.Assume that the total number of do
uments N is 40.(a) Rewrite the above inverted list so that the do
ument IDs are stored with o�sets insteadof their raw values. (Show the list of do
ument ID o�sets.)(b) En
ode the do
ument ID o�sets using the following methods:(i) Ri
e 
oding.(ii) Golomb 
oding.(iii) Gamma 
oding.(iv) Delta 
oding.(v) Variable-Byte 
oding.(
) En
ode the entire inverted list using what you think is the best method for ea
h ofthe 
omponents, that is, do
ument IDs, frequen
ies, and positions. There are manypossible solutions here, but please justify your design in a few senten
es.Question 3. Pagerank(a) Re
all that Google's Pagerank is de�ned as:PR(A) = (1� d)n + d� (PR(T1)C(T1) + � � �+ PR(Tn)C(Tn) )where PR(A) is the normalized Pagerank of page A, the Ti are the pages pointing topage A, C(Ti) is the out-degree of Ti, d is the damping fa
tor whi
h 
an be set between0 and 1, and n is the total number of pages.Assume that ea
h node initialiy gets a Pagerank of 1=n, so that throughout the pro
ess,the sum of the Pageranks of the n pages is always 1.Assume a damping fa
tor d = 0:85 and the following graph G1 with 4 nodes:
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4(i) Show the Pagerank of every page after the �rst and the se
ond iterations of theiterative pro
ess (with random jumps as de�ned above).(ii) Show the Pagerank transitional matrix A. Your matrix should in
orporate therandom jump.(iii) Will the pagerank of this graph eventually 
onverge? Why or why not?(b) Below is another graph G2 with 6 nodes.
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(i) What is the problem with the graph G2?(ii) Show the graph after pruning all leaks.(iii) Show the Pagerank of every page in the pruned graph after the �rst and these
ond iteration (with random jumps).(iv) Show the Pagerank transitional matrix A after pruning. Your matrix shouldin
orporate the random jump.(v) Does the pagerank of this graph 
onverge after pruning? Why or why not?Question 4. Hubs and Authorities(a) The terms \hub" and \authority" are de�ned in a mutually re
ursive way: a goodhub is a page that points to many good authorities, and a good authority is page thatis pointed to by many good hubs. Ea
h node v has a non-negative \hub s
ore" h(v)and a non-negative \authority s
ore" a(v). A

ording to the de�nitions of hub andauthority, we have the following equations.a(v) = Xu:(u;v)2E h(u)



h(u) = Xu:(v;u)2E a(v)You are given with the following dire
ted graph G resulting from a query to a text-based sear
h engine. (Note that this is already the expanded graph that in
ludes thesear
h results as well as the neighbors of the sear
h results.)
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Initially, set h(v) = 0:25 for all v.(i) Constru
t a bipartite graph of hubs and authorities from the dire
ted graph G.(ii) Compute the authority s
ores of all authorities from the initial hub s
ores.(iii) Compute the hub s
ores of all hubs from the authority s
ores found in (ii), thennormalize the 
omputed hub s
ores (so they sum up to 1).(b) The formulas for 
omputing hub and authority s
ores given in 4(a) 
an be representedin matrix form. Given a matrix A with one row and one 
olumn for ea
h page, letentry Ai;j = 1 if page i points to page j, and 0 if not. (Note that AT (the transposeof A) is similar to the matrix used for 
omputing Pagerank (without random jumps),but AT has 1's where the Pagerank matrix has fra
tions.)Let ~h and ~a be two 
olumn ve
tors whose ith element 
orresponds to the hub s
oreand the authority s
ore of page i, respe
tively, and � and � are s
aling fa
tors to bedetermined later. Then, ~h = �A~a~a = �AT~h(i) Rewrite ~h and ~a in terms of themselves.(ii) What are A, AT , AAT , and ATA for the graph G in 4(a)?(iii) Initialize ~h by setting ea
h value to 1=n = 0:25. Now 
ompute ~a and ~h after one,two, and three iterations. (Make sure to normalize after ea
h iteration.)


