e f(x)is a strictly increasing function of z, for all z € R\ {274}.

Hence, for all 2 <1 : f(z) < f(1) < f(b) = b > 1 = ¢, which completes
the proof.

The proof is due in part to Ronny Roth ([27]).

We bring an additional lemma, which can be used for an alternative proof
of proposition 2.

Lemma 4 Let A = [a; ;] be a non-negative, irreducible n x n matriz with an
(i, j)-switch property. Let X be an eigenvalue of A, and let w = (wy, ..., w,)"
be a corresponding eigenvector. Then: X\ # a;; — a; ; = w; = w;.

Proof: Since w is an eigenvector which corresponds to A, we have:

n
[Aw]; = a; jw0; + a; jw; + g a;wp = A - w;
I#,5

[Aw]] = ajyiwi —|— ajijj —|— Z ajylwl = A . wj
I#i,j
Subtracting the second equation from the first, we get:
(@i — aj)w; + (a;; — a;;)w; = AMw; — wy)
Since a; ; — a;; = a;; — a; j, we get:
(@i — ai ) (wi — wy) = Mw; — wy)

Hence, A # a;; —a; ; = w; — w; = 0.
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By [24], for any square irreducible n x n matrix B:

n

— 1<i<n

j=1

In our case, this lower bound yields A(Ay) > 1662.
Exploiting the structure of A, and its principal eigenvector, we arrive at
the following 3 x 3 equation set:

286 + 274 + 2k 4.274 12 a a
2274 3.274 + 286 12 b = X b
2 4 11120 + 336 c c

When scaling the eigenvector to obtain ¢ = 1, we get:

(560 + 2k)a + 10960 + 12 = Xa
548+ 11080 + 12 = Xb
2a +  4b 4+ 1656 = A

Subtracting the second equation from the first yields:
(124 2k)a — 12b = A(a — b)
or:
A=12)(a—b)=2k-a >0

Since A > 1662, the term (A — 12) is positive, implying that « — b > 0, or
a>b.

In order to prove b > ¢, we subtract 274 times the third equation from
the second equation, to arrive at:

(1108 — 274 - 4)b+ 12 — 274 - 1656 = (b — 274)
or:
12(b— 37811) = A(b— 274)
Applying our lower bound for A, we get:

1662 _ A b—37811
1385=—r < S =202
=y ST 5o

Defining f(z) 2 =381 e got:

x—274

o f(1)=138.498 < 138.5 < f(b)
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. For the first coordinate of Aw:

n
[AD], = aj w4 aqwi + E a1 W =

=3

n
= Zal,lwl + ay o(wy — wy) =

=1
= A‘wl-l—al’z(wl—U)z) > Awle[Qb]l

. For the second coordinate of Aw:
[AD], = as w1+ aspwy + Z Go W =

=3

n
= @ w1+ @ wy + E a1 W =

=3
= ay(w —ws) + Zal,lwl > Acwp =AW,
=1

. For all other coordinates (3 < k < n) of Aw:

n
[AD]y = agwi + agpwi + E Gp W =

=3

n
= ao(w; —ws) + Zak,lwl =

=1
= apa(wy —w)+Awy > A-w, =AWy

Thus Aw > A - = A is not the principal eigenvalue of A.

a

Proof of proposition 2: The matrix Ay is irreducible. Therefore, by The-
orem 1 it has a positive principal eigenvector. Part 2 of the proposition
follows from lemma 3, since Ay has the (¢, 7)-switch property for all

(i,7) € {(1,2)Y U {3,4,5,6} x {3,4,5,6}U{7,...,18} x {7,...,18}

It remains to prove that a > b > c.
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Proposition 2 For any k > 0, the matriz Ay:

286 + k 274 + k 274 274 274 274 1 1 1 1 1 1 1 1 1 1
274 + k 286 + k 274 274 274 274 1 1 1 1 1 1 1 1 1 1
274 274 286 274 274 274 1 1 1 1 1 1 1 1 1 1
274 274 274 286 274 274 1 1 1 1 1 1 1 1 1 1
274 274 274 274 286 274 1 1 1 1 1 1 1 1 1 1
274 274 274 274 274 286 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 336 120 120 120 120 120 120 120 120 120

1 1 1 1 1 1 120 336 120 120 120 120 120 120 120 120

1 1 1 1 1 1 120 120 336 120 120 120 120 120 120 120

1 1 1 1 1 1 120 120 120 336 120 120 120 120 120 120

1 1 1 1 1 1 120 120 120 120 336 120 120 120 120 120

1 1 1 1 1 1 120 120 120 120 120 336 120 120 120 120

1 1 1 1 1 1 120 120 120 120 120 120 336 120 120 120

1 1 1 1 1 1 120 120 120 120 120 120 120 336 120 120

1 1 1 1 1 1 120 120 120 120 120 120 120 120 336 120

1 1 1 1 1 1 120 120 120 120 120 120 120 120 120 336

1 1 1 1 1 1 120 120 120 120 120 120 120 120 120 120

1 1 1 1 1 1 120 120 120 120 120 120 120 120 120 120

has the following properties:
1. Ay has a positive principal eigenvector.

2. The positive principal eigenvector of Ay, is of the form:

(a,a,b,0,b,b,¢c,c,c,c,c,c,c,c,c e e e)’

3. The entries of Ay ’s principal eigenvector satisfy a > b > ¢ > 0.

Before proving the proposition, we develop a few tools.

Definition 5 A non-negative, irreducible n x n matriz A = [a; ;] is said to
have the (i, j)-switch property (i # j) if:

® A+ ;= aj;+aj;

o Forallk#14,j : a;p=ua;y
Lemma 3 Let A > 0 denote the principal eigenvalue of a positive n X n

matriz A = [a; ;] with an (i, )-switch property, and let w = (wy, ..., w,)"
be a corresponding positive principal eigenvector. Then w; = w;.

Proof: Assume to the contrary that w; # w;. Without loss of generality, let
1=1,7 =2 and let w; > ws.

We define w = (wy, wy, wa, ..., w,)T. We will show that Aw > A - w, thus
contradicting the choice of A as the principal eigenvalue of A ([20]).
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e Property 6 implies that every topic is incident to the same number of

hubs.

e Property 3 implies that every pair of distinct hubs is incident with the
same number of topics.

An incidence relation on two sets of objects which exhibits properties 2,3
and 6 is called a balanced incomplete block design (BIBD) or as a (v, k, A)
block design with (v =y, k = % and A = 7) ([22]).

In this proof we consider a smaller family of designs, called symmetric
BIBD’s. Here we add the constraint |T'| = n;. This implies that not only

does each hub cover ¢ topics, but also each topic is covered by & = ¢ hubs.

Such symmetric designs are closely related to projective geometries, and
infinitely many of them exist. See [22] for constructions of block designs.

We now show how to expand a symmetric BIBD incidence relation be-
tween hubs and topics into a collection of |T'| - A authorities and n; hubs
satisfying all eight properties. Note that requirements 2,3 and 6 have al-
ready been met.

For every topict € T, there are k = ¢ hubs which coverit. Set A = k(= c)

and a = A— 1(= k—1). Let each ¢-hub cover a distinct set of a t-authorities:
There are (*) = (,*)) = A = k such sets, which is exactly the number of
t-hubs. This satisfies properties 4 and 7 (as any authority will be pointed at
by exactly k& — 1 hubs). Also, every pair of t-authorities will be co-pointed
at by k& — 2 hubs, satisfying property 8.

Every two ¢-hubs cover different (A — 1)-sized sets of the A t-authorities,
hence they co-cover &« = A — 2 of the t-authorities. This satisfies property

5.

The proof is due in part to Tuvi Etzion ([9]).
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Appendix A

Proofs of propositions

Proposition 1 There are infinitely many symmetric, orthogonal T — topic
collections, consisting of |T'|- A authorities (A distinct perfect authorities per
topic) and ny, hubs, which exhibit the following (not necessarily independent)
properties:

1. The set of authorities and the set of hubs are disjoint.

2. Every hub covers c topics.

3. Every two hubs co-cover T topics.

4. For each t €T, every t-hub points to exactly a of the A t-authorities.
5. For each t € T, every two t-hubs co-point to o of the A t-authorities.
6. FEvery topic is covered by the same number of hubs.

7. Fvery authority is pointed at the same number of times.

8. For each t € T, every two t-authorities are co-pointed at by the same
number of hubs.

Proof: Define an incidence relation between the n; hubs and the |T| topics
as follows: A hub h and topic ¢ are incident if & covers ¢. For the time being,
we ignore the individual authorities.

Consider properties 2, 3 and 6:

e Property 2 implies that every hub is incident to the same number of
topics.
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e Studying the performance of the algorithms on artificial multi-topic
topologies. These topologies include collections of varying diversity
(performance as a function of 6¢), and non-symmetric collections with
topics of different weight structures.

e Benchmark artificial topologies could be devised, for testing and eval-
uating link-structure analyzing algorithms.

e Using directed-graph clustering techniques in conjunction with the
Stochastic approach, in order to extract non-principal communities
from the stochastic authority matrix.

e In [19], Kleinberg recounts that the Mutual Reinforcing approach dif-
fuses when applied to a query which does not represent a topic of
widespread interest on the WWW: The principal community found
by the algorithm does not remain focussed on the topic of the query,
but rather converges to a generalization of that topic which is of wide
presence on the WWW. Following the results in section 4.1.1, it is pos-
sible that the é-disparity coefficient can be used to avoid some cases
of diffusion. Since the disparity coefficient further enhances the TKC
effect, its use might enable the Mutual Reinforcing approach to find
small tightly knit communities of authorities which otherwise do not
score well.

e Currently, when applying the deletion method, the number of sites that
are deleted between findings of successive communities is decided upon
manually. Research might lead to determining this number in software,
by examining the decline in the weights of a specific community or by
some simple examination of the link structure within that community.

The main research goal is, however, to find efficient and effective search
algorithms which utilize both the textual contents of hyperlinked documents
and their link structure. Combining the information from both these sources
should lead to improved page rankings than what is currently commercially
available. Work in this direction has already begun ([2],[6],[13]), but there
is still much to be done.
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Chapter 5

Further Research and
Conclusions

We have developed quantitative measures for assessing the informative link
structures of hyperlinked collections, based on the paradigm of authorities
and hubs. We have proposed a generalization to Kleinberg’s Mutual Re-
inforcement approach for finding authorities and hubs ([19]), as well as a
new Stochastic approach for the same task. Both approaches were tested
on artificial topologies, on an electronic library of IEEE-IT documents, and
on the WWW. The artificial topologies were built according to probabilistic
models, which we have developed for hyperlinked collections, and by using
combinatorial constructions. These tests, as well as analytical work, has
shown that the rankings produced by both approaches do not always agree
(specifically in the context of the TKC effect). Also demonstrated was the
deletion method, an additional way to arrive at the non-principal commu-
nities of authorities in the Mutual Reinforcing approach, which compared
well with the Gram-Schmidt method.

There is much room for future research on analyzing link structures. We
point out some of the aspects which arise directly out of this work:

e Conducting sensitivity analysis of the approaches studied in this work
(and new approaches) on artificial single-topic topologies: Finding how
the ratio of authorities and hubs in the collection affects these algo-
rithms, and how the performance of the algorithms varies as a function
of the probabilities with which edges are drawn.
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4.4.4 The Stochastic Approach

The Stochastic approach compares well with the Mutual Reinforcement ap-
proach (applied without the disparity coefficient). The main difference in
the performance of the two approaches is that the Stochastic approach is less
vulnerable to the TKC effect. In multi-topic collections this usually results
in Stochastic principal communities which contain a mixture of authorities
from the various topics of the collection. In single topic collections, this
sometimes results in the Stochastic approach arriving at better principal
communities than those of the Mutual Reinforcement approach (as in the
case of the queries “java” and “movies” in section 4.3.1).

A major disadvantage of the Stochastic approach is that it converges
slower than the Mutual Reinforcement approach. Its convergence can some-
times be expedited by applying (7, 0)-trimming to the web graph G, but
even then it still requires more computational resources. Also, currently we
have not shown an ability to arrive at non-principal communities using the
Stochastic approach. This issue is left for further research.
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The acceleration caused by the use of trimming is not due just to the re-
duction in the number of required iterations in the power method. The time
required for each iteration is also reduced: Recall that the WWW-graphs
were relatively sparse. This means that (¢, 0)-trimming, even for small values
of ¢ and o, produces many isolated nodes in the graph. Isolated nodes result
in all-zero-rows in the matrices A and H, and even naive implementations
of the power method can be adapted to take advantage of zero-rows.

We conclude that trimming can accelerate both algorithmic approaches
(especially the Stochastic approach) without jeopardizing the quality of the
results.

4.4.2 The Effect of the § Disparity Coefficient

The disparity coefficient has shown to help the Mutual Reinforcement ap-
proach handle the dense single topic artificial topologies of section 4.1.1.

Using positive values of § further heightens the sensitivity of the Mutual
Reinforcement approach to the TKC effect: It reduces the association be-
tween authorities that are pointed at by different hubs. This is exactly what
enabled the Mutual Reinforcement approach to find the small tightly knit
community of hubs and authorities in the dense artificial topologies (after
the same approach failed to identify these communities with 6 = 0).

We conclude that this coefficient is useful in situations when users are
interested in finding small, dense communities inside a much larger, noisy
collection.

4.4.3 The Deletion Method

The deletion method has proven to be an effective tool for deriving non-
principal communities in the Mutual Reinforcement approach. In all of the
multi-topic queries we’ve run, it found the same communities as the Gram-
Schmidt method, while being more efficient and not having the problem of
reappearing communities. The disadvantage of this method, however, is the
fact that it is not automated: The number of sites to delete between finding
successive communities is currently set manually. This number must be set
with care, as deleting too few sites will result in the same topic dominating
more than one community, while deleting too many sites may result both in
mixed-topic communities and in unrepresented topics.
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4.4 Evaluating the Results

4.4.1 The Impact of Iterative (i,0)-Trimming

So far, all the results we have shown have been derived without the use of
iterative (¢, 0)-trimming. We applied (3, 3)-trimming to a few of the WWW
collections which were discussed previously, and the output of running both
algorithmic approaches on the resulting trimmed graphs indicates the fol-
lowing:

e The principal communities (resulting from both approaches) remained
practically the same as those resulting from the untrimmed graphs.
The ranking of the top sites in each collection changed very little,
causing only minor changes in the principal communities.

e Applying trimming can significantly accelerate the convergence of the
power method to the principal eigenvector, especially for the Stochas-
tic approach.

Throughout all test cases, our convergence criterion was to run iterations
of the power method until the maximal change of any coordinate between
successive iterations did not exceed 0.00005. In the following table, we show
the number of required iterations until convergence, with and without trim-
ming, for a few WWW queries (and for both approaches):

Query Mutual Reinforcement Approach Stochastic Web Approach
no trimming | (3, 3)-trimming | no trimming | (3, 3)-trimming

java 18 17 342 41
movies 14 13 199 146
~+censorship 20 13 241 19

+net

genetic 38 35 109 65
abortion 23 22 163 35

Table 4.26: Number of Required Iterations Until Convergence

From the table we see that when using trimming, the number of itera-
tions required in the Stochastic approach is about twice as much as what is
required in the Mutual Reinforcement approach. The results for the query
“movies” seem to contradict this, but recall that the Mutual Reinforce-
ment approach failed to find a reasonable principal community there (see

table 4.15).
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Gram-Schmidt Method:

First Non-Principal Eigenvector, positive end.

url header cat | weight
http://www.ncbi.nlm.nih.gov/ The National Center for (3) | 0.473372
Biotechnology Information
http://gdbwww.gdb.org/ The Genome Database (3) | 0.364426
http://www.nih.gov/ National Institute of Health (NTH) (3) | 0.255864
http://www-genome.wi.mit.edu/ Welcome To the Whitehead Institute | (3) | 0.231098
Center for Genome Research
http://www.ornl.gov/TechResources/ | Human Genome Project Information | (3) | 0.157152
Human-Genome/home.html
http://www.ebi.ac.uk/ New EBI Home Page (3) | 0.154447
http://cgsc.biology.yale.edu/top.html | E. coli Genetic Stock Center (1) | 0.151391
Second Non-Principal Eigenvector, negative end.
url header cat | weight
http://www.yahoo.com/ Yahoo! (3) | 0.484356
http://www.excite.com/ Excite (3) | 0.383734
http://www.lycos.com/ Lycos: Your Personal Internet Guide | (3) | 0.326583
http://www.hotbot.com/ HotBot (3) | 0.283708
http://altavista.digital.com/ | AltaVista: Main Page (3) | 0.185984
http://webcrawler.com/ WebCrawler (3) | 0.16824
http://www.infoseek.com/ GO Network—Start Here— (3) | 0.162115
Third Non-Principal Eigenvector, positive end.
url header cat | weight
http://www.netlink.de/gen /home.html Genetic Engineering (1) | 0.482653
http://www.greenpeace.org/ comms/cbio/ (3) | 0.407808
cbio/geneng.html
http://www.bio-integrity.org/ (3) | 0.393517
http://userwww.sfsu.edu/ rone/ Genetic Engineering and its (1) | 0.312838
Genetic-Engineering.htm Dangers
http://www.geocities.com/Athens/1527/ | Pure Food Campaing Homepage | (3) | 0.237375
http://homel.swipnet.se/ w-18472/ Genetically Engineered Foods - (3) | 0.224139
indexeng.htm Safety Problems
http://www.essential.org/crg/ Council For Responsible Genetics | (3) | 0.216202

Table 4.25: WWW query “genetic”: Non-prin. authorities (Gram-Schmidt)
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As with the previous multi-topic queries, we see that the Stochastic ap-
proach brings a diverse principal community, with authorities on the various
contexts of the query, while the Mutual Reinforcement approach is focussed
on one context (Genetic Algorithms, in this case).

The following tables bring 2 deletion-induced communities and 3 non-

principal Gram-Schmidt communities.

The communities which focus on

Genetic Engineering and the Genome come out exactly the same with both

methods.

engines (which didn’t appear in the communities produced by deletion).

Deletion Method: second community, obtained by deleting
the top 16 authorities of the Principal Community:

The GS method produced an additional community of search

url header cat | weight
http://www.ncbi.nlm.nih.gov/ The National Center for (3) | 0.515507
Biotechnology Information

http://gdbwww.gdb.org/ The Genome Database (3) | 0.395835

http://www.nih.gov/ National Institute of Health (NTH) (3) | 0.27598

http://www-genome.wi.mit.edu/ Welcome To the Whitehead Institute | (3) | 0.254801

Center for Genome Research

http://www.ornl.gov/TechResources/ | Human Genome Project Information | (3) | 0.170042
Human-Genome/home.html

http://www.ebi.ac.uk/ New EBI Home Page (3) | 0.168061

http://cgsc.biology.yale.edu/top.html | E. coli Genetic Stock Center (1) | 0.165061

Deletion Method: fourth community, obtained by deleting
the top 16 authorities of the top three Communities:

url header cat | weight

http://www.netlink.de/gen /home.html Genetic Engineering (1) | 0.483819

http://www.greenpeace.org/ comms/cbio/ (3) | 0.408652
cbio/geneng.html

http://www.bio-integrity.org/ (3) | 0.394235

http://userwww.sfsu.edu/ rone/ Genetic Engineering and its (1) | 0.313719
Genetic-Engineering.htm Dangers

http://www.geocities.com/Athens/1527/ | Pure Food Campaing Homepage | (3) | 0.237795

http://homel.swipnet.se/ w-18472/ Genetically Engineered Foods - (3) | 0.224437
indexeng.htm Safety Problems

http://www.essential.org/crg/ Council For Responsible Genetics | (3) | 0.216496

Table 4.24: WWW query “genetic”: Non-principal authorities (deletion)
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Query: genetics

This query is especially ambiguous in the WWW: It can be in the context
of genetic engineering, genetic algorithms, or in the context of health issues
and the human genome. The various communities which were derived by

the different algorithmic approaches reflect all of these topics.

Size of root size =

120, Size of collection =

2952

Principal Community, Mutual Reinforcement Approach:

url header cat | weight
http://www.aic.nrl.navy.mil /galist / The Genetic Algorithms Archive (3) | 0.27848
http://alife.santafe.edu/ Artificial Life Online (3) | 0.276159
http://www.yahoo.com/ Yahoo! (3) | 0.273599
http://www.geneticprogramming.com/ The Genetic Programming Notebook | (1) | 0.25588
http://gal4.ge.uiuc.edu/illigal.home html | illiGAL Home Page (3) | 0.235717
http://www.cs.gmu.edu/research/gag/ The Genetic Algorithms Group... (3) | 0.201237
http://www.scs.carleton.ca/ csgs/ Genetic Algorithms and (1) | 0.181315
Artificial Life Resources/gaal.html Resources
http://lancet.mit.edu/ga/ GAlib: Matthew’s Genetic (3) | 0.181157
Algorithms Library
http://www.santafe.edu/ Welcome to the Santa Fe Institute (3) | 0.180409
http://www.cis.ohio-state.edu/hypertext/ | Genetic (3) | 0.175083
faq/usenet /ai-faq/genetic/top.html
Principal Community, Stochastic Web Approach:
url header cat | weight
http://www.ncbi.nlm.nih.gov/ The National Center for (3) | 0.250012
Biotechnology Information
http://www.yahoo.com/ Yahoo! (3) | 0.227782
http://www.aic.nrl.navy.mil /galist / The Genetic Algorithms Archive (3) | 0.223191
http://www.nih.gov/ National Institute of Health (NIH) | (3) | 0.194688
http://gdbwww.gdb.org/ The Genome Database (3) | 0.177001
http://alife.santafe.edu/ Artificial Life Online (3) | 0.172383
http://www.genengnews.com/ Genetic Engineering News (GEN) | (1) | 0.141617
http://gal4.ge.uiuc.edu/illigal. home html | iliGAL Home Page (3) | 0.13259
http://www.santafe.edu/ Welcome to the Santa Fe Institute | (3) | 0.12818
http://lancet.mit.edu/ga/ GAlib: Matthew’s Genetic... (3) | 0.128173

Table 4.23: Authorities for WWW query “genetic”
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When attempting to find non-principal communities with the Mutual
Reinforcement approach, the pro-choice community is easily found both by
the Gram-Schmidt method, and by the deletion method. We bring the top
8 pro-choice authorities, as found by the two methods.

Gram-Schmidt Method:
First Non-Principal Eigenvector, positive end.

url header cat | weight
http://www.naral.org/ NARAL Choice for America (3) | 0.375665
http://www.feminist.org/ Feminist Majority Foundation (3) | 0.316253
http://www.now.org/ National Organization for Women | (3) | 0.241105
http://www.plannedparenthood.org/ | Planned Parenthood Federation (3) | 0.240697
http://www.gynpages.com/ Abortion Clinics Online (3) | 0.22547
http://www.bodypolitic.org/ Body Politic Net News Home (3) | 0.20982
http://www.msdc.org/ Medical Students for Choice (3) | 0.204592
http://www.cais.com/agm/main/ The Abortion Rights Activist (1) | 0.196496
index.html

Deletion Method: second community, obtained by deleting

the top 25 authorities of the Principal Community:
url header cat | weight
http://www.feminist.org/ Feminist Majority Foundation (3) | 0.354532
http://www.plannedparenthood.org/ | Planned Parenthood Federation (3) | 0.284334
http://www.now.org/ National Organization for Women (3) | 0.271814
http://www.gynpages.com/ Abortion Clinics Online (3) | 0.265646
http://www.cais.com/agm/main/ The Abortion Rights Activist (1) | 0.233572

index.html

http://www.bodypolitic.org/ Body Politic Net News Home (3) | 0.23076
http://www.msdc.org/ Medical Students for Choice (3) | 0.23061
http://www.aclu.org/ ACLU: American Civil Liberties Union | (3) | 0.209104

Table 4.22: Non Principal Authorities for WWW query “Abortion”
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Query: abortion

First, we bring the top 10 authorities, as determined by the two approaches:

160
1693

Size of root size

Size of collection

Principal Community, Mutual Reinforcement Approach:

url header cat | weight
http://www.nrlc.org/ National Right To Life (3) | 0.420832
http://www.prolife.org /ultimate/ The Ultimate Pro-Life Resource List (3) | 0.316564
http://www.all.org/ What’s new at American Life League (3) | 0.251506
http://www.hli.org/ Human Life International (3) | 0.212931
http://www.prolife.org/cpcs-online/ | Crisis Pregnancy Centers Online (3) | 0.187707
http://www.ohiolife.org/ Ohio Right to Life (3) | 0.182076
http://www.rtl.org/ Abortion, adoption and assisted-suicide | (1) | 0.17943
Information at Right to Life...
http://www.bethany.org/ Bethany Christian Services (3) | 0.161359
http://www.ldi.org/ abortion malpractice litigation (1) | 0.140076
http://www.serve.com /fem4life/ Feminists for Life of America (3) | 0.122106
Principal Community, Stochastic Web Approach:
url header cat | weight
http://www.nrlc.org/ National Right To Life (3) | 0.344029
http://www.prolife.org /ultimate/ The Ultimate Pro-Life Resource List | (3) | 0.284714
http://www.naral.org/ NARAL Choice for America (3) | 0.240227
http://www.feminist.org/ Feminist Majority Foundation (3) | 0.186843
http://www.now.org/ National Organization for Women (3) | 0.177946
http://www.cais.com/agm/main/ The Abortion Rights Activist (1) | 0.166083
index.html
http://www.gynpages.com/ Abortion Clinics Online (3) | 0.163117
http://www.plannedparenthood.org/ | Planned Parenthood Federation (3) | 0.157186
http://www.all.org/ What’s new at American Life League | (3) | 0.142357
http://www.hli.org/ Human Life International (3) | 0.142357

Table 4.21: Authorities for WWW query “Abortion”

All 10 top authorities found by the Mutual Reinforcement approach are
pro-life resources, while the top 10 authorities found by the Stochastic ap-
proach are split, with 6 pro-choice sites and 4 pro-life sites (which are the
same top 4 pro-life sites found by the Mutual Reinforcement approach).
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This is another example of the TK(C' effect: More sites in the collection
are related to Michael Jordan, but the sites related to the Kingdom of Jordan
are strongly interconnected.

Erasing the top 15 sites in the principal community of the MR, approach,
and reapplying the MR approach, yields the following community, which is
focussed on Michael Jordan:

Deletion Method: second community, obtained by deleting
the top 15 authorities of the Principal Community:

url header cat | weight

http://www.nba.com/ NBA .com (3) | 0.26521

http://www.unc.edu/ lbrooks2/jordan.html | Michael Jordan (1) | 0.165756

http://www.wwu.edu/ n9345228/tom1.html | The Michael Jordan (3) | 0.370176
VIRTUAL GALLERY

http://www fidelweb.com/alex /jordanp.html | Michael Jordan Page (1) | 0.29716

http://jordan.sportsline.com/ The Official Michael Jordan | (3) | 0.291606
Web Site CBS SportsLine

http://www linkexchange.com/ LinkExchange (3) | 0.240629

http://www.vasia.com/2345/ The Jordan Dome (2) | 0.172743

http://members.tripod.com/ mj23/mj.html | A Michael Jordan Fan’s (1) | 0.1117
Heartbreak

Table 4.20: WWW query “Jordan”: Non-principal authorities (deletion)

When applying Gram-Schmidt steps, two communities which correspond
to the positive and negative ends of the first non-principal eigenvector come
out very similar to the top two deletion-induced non-principal communities:
The top 8 sites of the positive end are the exact 8 Michael Jordan sites shown
above (in the exact same order), while the top 8 sites of the negative end are
the same top 8 sites as in the principal MR community, with a somewhat
different internal order.
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Query: Jordan

This query was run a couple of days after the funeral of King Hussein of
Jordan, and about a month after the announcement of Michael Jordan’s

retirement from the NBA.

155
1414

Size of root size =
Size of collection =

Principal Community, Mutual Reinforcement Approach:

url header cat | weight
http://www.jrtv.com/ Jordan Radio and Television (3) | 0.226732
http://www.interconti-jordan.com/ | Hotel Inter.Continental Jordan (1) | 0.221885
http://www.nic.gov.jo/ National Information System (3) | 0.212707
http://www.noor.gov.jo/ Welcome to H.M. Queen Noor of Jordan | (1) | 0.210997
http://www.chj.gov.jo/ Welcome to Central Bank of Jordan (3) | 0.206245
http://www.movenpick-petra.com/ | Movenpick Resort(Petra-Jordan) (1) | 0.204446
http://www.ajib.com/ Arab Jordan Investment Bank (1) | 0.188235
http://www.musichoxjo.com/ Music Box Jordan (1) | 0.183785
http://www jiec.com/ Jordan Industrial Estates Corporation (1) | 0.182464
Principal Community, Stochastic Web Approach:
url header cat | weight
http://www.nba.com/ NBA .com (3) | 0.26521
http://www linkexchange.com/ LinkExchange (3) | 0.265209
http://www2.cajun.net/ rs1864/halj.htm Hal Jordan Memorial (1) | 0.190621
http://www.unc.edu/ lbrooks2/jordan.html | Michael Jordan (1) | 0.165756
http://www.jordancontrols.com/ Jordan Controls Electronic (1) | 0.15747
Actuators
http://www.dakkak.com/ Dakkak Tours and Travel, (1) | 0.149178
Amman-Jordan
http://www.nic.gov.jo/ National Information System (3) | 0.149176
http://www.interconti-jordan.com/ Hotel Inter.Continental Jordan | (1) | 0.140889
http://www.access2arabia.com/ In Memory of His Majesty... (3) | 0.140888

Table 4.19: Authorities for WWW query “Jordan”

Clearly, the Mutual Reinforcement approach compiled a principal com-
munity on the topic of the Kingdom of Jordan, while two of the top four
authorities in the Stochastic approach are on the topic of Michael Jordan,
and only lower-rated authorities are concerned with the Kingdom.
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4.3.2 Multi-Topic Queries

In the following subsections we set forth to examine two issues pertaining
to multi-topic collections:

1. The difference in the principal communities of authorities which the
two approaches find on such collections. For each query, we bring the
principal communities found by the Mutual Reinforcement approach
and by the Stochastic approach. The results show that the Mutual
Reinforcement approach tends to find a principal community which is
centered around one of the topics of the collection, while the Stochastic
approach finds a principal community which contains authorities from
various topics.

2. The different techniques to derive non-principal communities of au-
thorities (in the Mutual Reinforcement approach only). We bring
the non-principal algebraic communities which arise from the non-
principal eigenvectors of W”W (calculated by using Gram-Schmidt
steps in the Power method), as well as the deletion-induced non-
principal communities of authorities. The results show that the dele-
tion method induces the same non-principal communities as those
found in the non-principal eigenvectors.

In section 3.7 we have stated that our experiments indicate that the non-
principal eigenvectors of the stochastic matrices (used in the Stochastic ap-
proach) do not identify meaningful communities of authorities (or hubs).
The deletion method fails here as well.
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Therefore, the authorities returned by the Stochastic approach contain
none of those go.msn.com sites, and are much more relevant to the query:

url header cat | weight
http://us.imdb.com/ The Internet Movie Database (3) | 0.253333
http://www.mrshowbiz.com/ | Mr Showbiz (3) | 0.22335
http://www.disney.com/ Disney.com-The Web Site for Families | (3) | 0.22003
http://www.hollywood.com/ | Hollywood Online:...all about movies (3) | 0.213355
http://www.imdb.com/ The Internet Movie Database (3) | 0.199987
http://www.paramount.com/ | Welcome to Paramount Pictures (3) | 0.196682
http://www.mca.com/ Universal Studios (3) | 0.180021
http://www.discovery.com/ Discovery Online (3) | 0.155024
http://www.film.com/ Welcome to Film.com (3) | 0.153347
http://www.mgmua.com/ mgm online (3) | 0.130012
Table 4.17: Stochastic authorities for WWW query “movies”
Similar results are obtained as a non-principal deletion-induced commu-
nity by the Mutual Reinforcement approach, when deleting the top 30 sites
of the principal community of that approach:
Deletion Method: second community, obtained by deleting
the top 30 authorities of the Principal Community:
url header cat | weight
http://www.paramount.com/ | Welcome to Paramount Pictures (3) | 0.339859
http://www.mca.com/ Universal Studios (3) | 0.314337
http://www.disney.com/ Disney.com—The Web Site for Families | (3) | 0.275427
http://www.hollywood.com/ | Hollywood Online:...all about movies (3) | 0.266036
http://www.mrshowbiz.com/ | Mr Showbiz (3) | 0.2535
http://www.mgmua.com/ mgm online (3) | 0.24504
http://www.miramax.com/ Welcome to the Miramax Cafe (3) | 0.228061
http://us.imdb.com/ The Internet Movie Database (3) | 0.205971
http://www.film.com/ Welcome to Film.com (3) | 0.201761
http://www.warnerbros.com/ | Warner Bros. Home Page (3) | 0.186598

Table 4.18: WWW query “movies”: Non-principal authorities (deletion)
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Query: movies

This query demonstrates the TKC' effect in a most striking fashion on the
WWW.

Since we ignore, as a rule, links which are identified as intra-domain links,
we were quite surprised to see the following principal community returned
by the Mutual Reinforcement approach:

Size of root size = 175

Size of collection = 4539
url header cat | weight
http://go.msn.com/npl/msnt.asp MSN.COM (3) | 0.167332
http://go.msn.com/bgl/whitepages.asp | White Pages - msn.com (3) | 0.167202
http://go.msn.com/bsl/webevents.asp Web Events (3) | 0.167202
http://go.msn.com/bgl/maps.asp Microsoft Expedia Maps-Home | (3) | 0.167202
http://go.msn.com/bgl/scoreboards.asp | MSN Sports scores (3) | 0.167202

Table 4.15: Mutual Reinforcement Authorities for WWW query “movies”

The top 30 authorities of the Mutual Reinforcement approach were all
go.msn.com sites. All but the first received the exact same weight, 0.167202.
Wondering how all these sites scored well even though we do not allow same-
domain links in our collection, we looked at the list of hubs:

url header cat | weight
http://denver.sidewalk.com/movies movies: denver.sidewalk (1) | 0.169197
http://boston.sidewalk.com /movies movies:boston.sidewalk (1) | 0.169061
http://twincities.sidewalk.com/movies | movies: twincities.sidewalk | (1) | 0.1688
http://newyork.sidewalk.com/movies | movies: newyork.sidewalk | (1) | 0.168537

Table 4.16: Mutual Reinforcement Hubs for WWW query “movies”

These innocent looking hubs are all part of the Microsoft Network (msn),
but when building the basic set we did not identify them as such. All these
hubs point, almost without exception, to the entire set of authorities found
by the MR approach (hence the equal weights which the authorities exhibit).
However, the vast majority of the sites in the collection were not part of this
“conspiracy”, and almost never pointed to any of the go.msn.com sites.
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Query: +censorship +net

For this query, both approaches produced the same top six sites (although

in a different order).

Size of root size
Size of collection

Principal Community, Mutual Reinforcement Approach:

150
562

url header cat | weight

http://www.efl.org/ EFFweb-The Electronic Frontier (3) | 0.5355
Foundation

http://www.epic.org/ | Electronic Privacy Information Center | (3) | 0.3584

http://www.cdt.org/ | The Center For Democracy and (3) | 0.3525
Technology

http://www.efl.org/ Blue Ribbon Campaign For Online (3) | 0.2810
blueribbon.html Free Speech

http://www.aclu.org/ | ACLU: American Civil Liberties Union | (3) | 0.2800

http://www.vtw.org/ | The Voters Telecommunications Watch | (3) | 0.2539

Principal Community, Stochastic Web Approach:

url header cat | weight

http://www.efl.org/ EFFweb-The Electronic Frontier (3) | 0.3848
Foundation

http://www.efl.org/ Blue Ribbon Campaign For Online (3) | 0.3207
blueribbon.html Free Speech

http://www.epic.org/ | Electronic Privacy Information Center | (3) | 0.2566

http://www.cdt.org/ | The Center For Democracy and (3) | 0.2566
Technology

http://www.vtw.org/ | The Voters Telecommunications Watch | (3) | 0.2405

http://www.aclu.org/ | ACLU: American Civil Liberties Union | (3) | 0.2405

Table 4.14: Authorities for WWW query “+4censorship +net”
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are different, the links were not filtered out. Some of the sites are highly
relevant to the query (and have many incoming links from sites outside the
EarthWeb net), but most appear in the principal community only because
of their EarthWeb affiliation. With the Stochastic approach, only the top
three Mutual Reinforcement authorities are retained, and the other seven
are replaced by other authorities, some of which are clearly more related to
the query.
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Query: Java

We bring the top ten authorities returned by both approaches.

160
2810

Size of root size

Size of collection

Principal Community, Mutual Reinforcement Approach:

url header cat | weight
http://www jars.com/ EarthWeb’s JARS.COM Java (3) | 0.334102
Review Service
http://www.gamelan.com/ Gamelan - The Official Java Directory | (3) | 0.303624
http://www javascripts.com/ Javascripts.com - Welcome (3) | 0.255254
http://www.datamation.com/ EarthWeb’s Datamation.com (3) | 0.251379
http://www.roadcoders.com/ Handheld Software Development@ (3) | 0.250816
RoadCoders
http://www.earthweb.com/ EarthWeb (3) | 0.249373
http://www.earthwebdirect.com/ | Welcome to Earthweb Direct (3) | 0.247467
http://www.itknowledge.com/ ITKnowledge (3) | 0.246874
http://www.intranetjournal.com/ | intranetjournal.com (3) | 0.24518
http://www.javagoodies.com/ Java Goodies JavaScript Repository (3) | 0.238793
Principal Community, Stochastic Web Approach:
url header cat | weight
http://java.sun.com/ Java(tm) Technology Home Page (3) | 0.365264
http://www.gamelan.com/ Gamelan - The Official Java Directory (3) | 0.36369
http://www jars.com/ EarthWeb’s JARS.COM Java (3) | 0.303862
Review Service
http://www javaworld.com/ IDG’s magazine for the Java community | (3) | 0.217269
http://www.yahoo.com/ Yahoo! (3) | 0.21412
http://www javasoft.com/ Java(tm) Technology Home Page (3) | 0.203099
http://www.sun.com/ Sun Microsystems (3) | 0.187355
http://www javascripts.com/ Javascripts.com - Welcome (3) | 0.138548
http://www.htmlgoodies.com/ htmlgoodies.com - Home (3) | 0.130676
http://javaboutique.internet.com/ | The Ultimate Java Applet Resource (1) | 0.118081

Table 4.13: Authorities for WWW query “Java”

This is our first WWW example of the TKC effect. All of the top ten
Mutual Reinforcement authorities are part of the EARTHWEB Inc. net-
work. They are interconnected, but since the domain names of the sites
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4.3 The WWW

We tested the different approaches on wide-topic WWW queries. We ob-
tained a collection of sites per each query, and then ran a few tests on each
collection.

Since the WWW is extremely dynamic, with a rapidly changing topology,
it seems relevant to state that all collections were assembled during February,
1999. The root sets were compiled using AltaVista ([8]).

When expanding the root set to the entire collection, we filtered the links
pointing to and from web-sites. Following [19], we ignored intra-domain
links (since these links tend to be navigational aids inside an intranet, and
do not confer authority on the link’s destination). We also ignored links to
cgt scripts, and tried to identify ad-links and ignore them as well. Overall,
38% of the links we examined were ignored. The collections themselves turn
out to be relatively sparse graphs, with the number of edges never exceeding
three times the number of nodes (and averaging just about twice the number
of nodes).

The results are displayed in tables containing four columns:

1. The url.

2. The header of the url.

3. The category of the url: (1) for a member of the root set, (2) for a site
pointing into the root set, and (3) for a site pointed at by a member
of the root set.

4. The value of the coordinate of this url in the eigenvector.

4.3.1 Single Topic Queries

We ran the following three single-topic queries:
e Java
e tcensorship +net
e movies

We list the top authorities in the principal communities returned by both
the Mutual Reinforcement approach and the Stochastic approach.
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With the deletion method, we obtain similar results. Recall that the
principal community was authoritative on Error-Correcting Codes (six of the
top eight authorities in the principal community pertained to that topic).
Here is the first non-principal community:

Deletion Method: second community, obtained by deleting

the top 8 authorities of the Principal Community:

Topic Previous | Current | In-degree
rank weight rank

Data Compression/Source Coding 1 0.396911 2
Data Compression/Source Coding 4 0.309352 4
Data Compression/Source Coding 7 0.252421 13
Data Compression/Source Coding 9 0.22343 17(tie)
Data Compression/Source Coding 8 0.212298 | 14(tie)
Data Compression/Source Coding 10 0.189835 20

Table 4.12: IEEE-IT multi-topic non-prin. communities (deletion)

The top five authorities in the fifth community obtained by the deletion
method (after deleting 8 authorities in each of the previous 4 communities)
are exactly the same as those found in the positive side of the fifth non-
principal eigenvector.
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Gram-Schmidt Method:

First Non-Principal Eigenvector, positive end.

Topic Previous | Current | In-degree
rank weight rank
Data Compression/Source Coding 1 0.302627 2
Data Compression/Source Coding 4 0.234548 4
Data Compression/Source Coding 7 0.192748 13
Data Compression/Source Coding 2 0.179578 3
Data Compression/Source Coding 8 0.173155 |  14(tie)
Data Compression/Source Coding 9 0.171575 |  17(tie)
Gram-Schmidt Method:
First Non-Principal Eigenvector, negative end.
Topic Previous | Current | In-degree
rank weight rank
Error-Correcting Codes 1 -0.268493 1
Error-Correcting Codes 2 -0.133 14(tie)
Error-Correcting Codes 3 -0.117569 5(tie)
Error-Correcting Codes 4 -0.116671 | 17(tie)
Error-Correcting Codes 5 -0.116246 41
Error-Correcting Codes 6 -0.102028 68
Gram-Schmidt Method:
Fifth Non-Principal Eigenvector, positive end.
Topic Previous | Current | In-degree
rank weight rank
Shift Register Sequences 1 0.446948 5(tie)
Did not appear previously - 0.302131 | 77(tie)
Did not appear previously - 0.288628 | T77(tie)
Shift Register Sequences 4 0.275198 | 107(tie)
Shift Register Sequences 5 0.274505 | 107(tie)

Table 4.11: IEEE-IT multi-topic non-prin. communities (Gram-Schmidt)
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4.2.2 Multi-Topic Queries

The query we present in this section combined all the keywords from the
three single-topic queries shown previously. The corresponding collection
consisted of 2099 documents. By the size of the three separate collections,
we deduce that the combined collection should consist of two large topics of
approximately equal size, and a third, minor topic.

In the following tables, we do not repeat the details of the papers. In-
stead, we refer to the occurrence of the paper in the separate, single topic
queries, and its ranking (by the Mutual Reinforcement approach). We also
mention the rank of the paper when sorting all of the collection’s papers by
their in-degree.

Topic Previous | Current | In-degree
rank weight rank
Error-Correcting Codes 1 0.427339 1
Error-Correcting Codes 3 0.282731 5
Error-Correcting Codes 4 0.231693 17
Data Compression/Source Coding 3 0.183893 7
Error-Correcting Codes 2 0.181836 14
Data Compression/Source Coding 2 0.169305 3
Error-Correcting Codes 7 0.157656 24
Error-Correcting Codes 13 0.157616 44

Table 4.10: IEEE-IT multi-topic Mutual Reinforcement authorities

The top authorities in the combined collection consist mainly of the top
Error Correcting Codes authorities (as found by the Mutual Reinforcement
approach). Proceeding to the non-principal communities, by using Gram-
Schmidt steps, we obtain the results shown in table 4.11. We see that the
first non-principal eigenvector distinguishes between the two major topics in
the collection. The third, minor topic appears only in the fifth non-principal
eigenvector.
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Article Name Author(s) weight Award
Universal noiseless coding Lee D. Davisson 0.26185
Quantizing for minimum distortion Joel Max 0.239548
Compression of individual sequences Abraham Lempel 0.23506
via variable-rate coding Jacob Ziv
Noiseless coding of correlated Jack K. Wolf 0.193377 | PA
information sources David S. Slepian
Asymptotically optimal block quantization | Allen Gersho 0.17138
Universal codeword sets and Peter Elias 0.159341
representations of the integers
Least squares quantization in PCM Stuart P. Lloyd 0.155488
Asymptotically efficient quantizing Herbert Gish 0.148111
John N. Pierce
Computation of channel capacity
and rate-distortion functions Richard E. Blahut 0.145611 | PA
Universal coding, information, Jorma J. Rissanen 0.142992 | PA
prediction, and estimation
Source coding with side information and a | Rudolf F. Ahlswede 0.139838
converse for degraded broadcast channels Janos K'orner
Fixed rate universal block Lee D. Davisson 0.136478
source coding with a fidelity Robert M. Gray
criterion David L. Neuhoff
The performance of universal encoding Raphail E. Krichevsky | 0.135542
Victor K. Trofimov
Variations on a theme by Huffman Robert G. Gallager 0.12942
Source coding theorems Lee D. Davisson 0.128805 | PA

without the ergodic assumption

Robert M. Gray

Table 4.9: Stochastic Authorities for “Source coding”
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Article Name Author(s) weight | Award
Coset codes-II: G. David Forney Jr. 0.2850
Binary lattices and related codes
Channel coding with multilevel /phase signals | Gottfried Ungerboeck 0.2133 | PA
Minimum-distance bounds for Hermann Josef Helgert | 0.1657
binary linear codes Russell D. Stinaff
Efficient maximum likelithood decoding Jack K. Wolf 0.1616
of linear block codes using a trellis
Generalized Hamming weights for Victor K. W. Wei 0.1490
linear codes (Corresp.)
A new multilevel coding method Shuji Hirakawa 0.1438 | GJA
using error-correcting codes Hideki Imai
Shift-register synthesis and BCH decoding James L. Massey 0.1327 | GJA
Coset codes-I: G. David Forney Jr. 0.1323
Introduction and geometrical classification
New binary codes Chin-Long Chen 0.1267
Sudhakar M. Reddy
Neil J. A. Sloane
Convolutional codes I: Algebraic structure G. David Forney Jr. 0.1209 | GJA
Generalized minimum distance decoding G. David Forney Jr. 0.1207
Error bounds for convolutional codes Andrew J. Viterbi 0.1137 | PA

and an asymptotically optimum
decoding algorithm

Table 4.8: Stochastic Authorities for “Error correcting codes”
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Article Name Author(s) weight | Award

Coset codes-II: G. David Forney Jr. 0.5144
Binary lattices and related codes

Efficient maximum likelithood decoding Jack K. Wolf 0.2612

of linear block codes using a trellis

Channel coding with multilevel /phase signals | Gottfried Ungerboeck | 0.2431 | PA

Coset codes-I: G. David Forney Jr. 0.2262
Introduction and geometrical classification

Dimension/length profiles and trellis G. David Forney Jr. 0.2191
complexity of linear block codes

Minimal trellises for block codes (Corresp.) Douglas J. Muder 0.1934

A new multilevel coding method Shuji Hirakawa 0.1934 | GJA
using error-correcting codes Hideki Imai

The dynamics of group codes: State spaces, G. David Forney Jr. 0.1927

trellis diagrams, and canonical encoders Mitchell D. Trott
On the optimum bit orders Toru Fujiwara 0.1815
with respect to the state complexity Tadao Kasami
of trellis diagrams for Shu Lin
binary linear codes (Corresp.) Toyoo Takata
Generalized Hamming weights for Victor K. W. Wei 0.1686
linear codes (Corresp.)
Maximum-likelihood soft decision Yair Be’ery 0.1620
decoding of BCH codes Alexander Vardy
On complexity of trellis structure Toru Fujiwara 0.1532
of linear block codes (Corresp.) Tadao Kasami

Shu Lin

Toyoo Takata

Table 4.7: Mutual Reinforcement Authorities for “Error correcting codes”
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Principal Community, Mutual Reinforcement Approach:

Article Name Author(s) weight | Award
Shift-register synthesis and BCH decoding | James L. Massey 0.8520 | GJA
A generalization of the Berlekamp-Massey | Kenneth K. Tzeng 0.2281
algorithm for multisequence shift-register | Gui-Liang Feng
synthesis with applications to decoding
cyclic codes
On the minimum distance of cyclic codes Richard M. Wilson 0.1733
Jacobus H. van Lint
Fast decoding of codes from algebraic Tom Hgholdt 0.1619
plane curves Helge Elbrgnd Jensen
Knud J. Larsen
Jogrn Justesen
Principal Community, Stochastic Web Approach:
Article Name Author(s) weight | Award
Shift-register synthesis and BCH decoding | James L. Massey 0.7833 | GJA
An analysis of the structure and Edwin L. Key 0.2806
complexity of nonlinear binary
sequence generators
A generalization of the Berlekamp-Massey | Kenneth K. Tzeng | 0.1598
algorithm for multisequence shift-register | Gui-Liang Feng
synthesis with applications to decoding
cyclic codes
Sieves for low autocorrelation Marcel J. E. Golay | 0.1443
binary sequences

Table 4.6: Authorities for “Shift register sequences”
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Query: Error correcting/detecting codes

Here, the collection contained 1117 documents. In tables 4.7 and 4.8 we list
the top 12 authorities found by the two approaches.

Query: Data compression/Source coding

Papers on these topics have received many Paper Awards throughout the
years. In table 4.9 we list the top 15 authorities for the Stochastic approach,
of which 4 have received the Paper Award (The collection consisted of 1050
papers).

The community produced by the Mutual Reinforcement approach is sim-
ilar: Of the top 15 papers, the two approaches intersect in 12, with 3 award-
winning papers appearing in the principal MR community.
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4.2 IEEE-IT Web

In the summer of 1998, the IEEE Information Theory Society published the
entire IEEE-IT transactions on a set of 11 compact disks. This collection
contained 6603 publications, dating from February, 1953 until November of
1997. Each paper in the collection was hyperlinked to all of its references
and citations. In addition, each paper named a list of keywords - the topics
to which that paper was related. The overall number of keywords mentioned
in the collection was 1558.

Using the keywords and the hyperlinking of papers to their references and
citations, we built collections pertaining to certain queries in the following
manner: By stating a few keywords in our queries, we gathered a root set
containing all papers whose keyword-list intersected with the query. We
then added all papers referenced from within the root set, and all papers
which cite a member of the root set.

We bring the outcome of running three single-topic queries and one
multiple-topic query on this collection (The multiple topic query uses the
union of all keywords used in the three single-topic queries). Our criterion
for success is a small list of award-winning papers - we will count the number
of award-winners in our communities. There are two kinds of awards:

1. Information Theory Paper Award (PA) - 31 of the IT Transactions’
papers have received this award up to 1996.

2. Golden Jubilee Award (GJA) - 14 papers were given this award in
August, 1998.

4.2.1 Single Topic Queries

For all three single-topic queries, both approaches rank the papers very
similarly to a simple in-degree ranking (ranking the papers according to the
number of other papers which cite them). This shouldn’t come as a surprise,
as the citation count of a scientific paper is a well accepted indicator of
impact in bibliometric studies of scientific journals.

Query: Shift-register sequences

When given this query, both approaches rank a Golden Jubilee recipient high
above all other papers in the field. In table 4.6 We list the top 4 authorities
ranked by both approaches (on a collection of 142 papers).
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distribution by examining a two-state ({{;,?»}) chain with the following
transition matrix:

280 6

286 286
3 333

336 336

The steady-state of the 18-state Markov chain assigns each t;-authority a
probability of %, and each t;-authority a probability of %. Therefore
the Stochastic approach finds ¢, as the principal topic of this collection.
Let us carry this example further, by adding a few more hubs, all of
which point only to a; and a?. Adding k such hubs will transform the top

2 x 2 non-zero portion of A to be:

2864+ k 274+ k
2714+ Fk 286+ k

In appendix A we prove:

Proposition 2 For any k > 0, the entries in the principal eigenvector of
A which correspond to ti-authorities will remain larger than those which
correspond to ty authorities. Within the t, authorities, the entries of ai and
a? will be larger than those of the other t, authorities.

In the Stochastic approach, we now need to examine the three-state chain
({ {a7,al}, {a3,at,a3,aS}, {a),1 < j <12} }) with the following transition
matrix:

k46 4 274 1 274 2 6
286+k | 286+k 3 286+k 3 286+k
274 1 214 2 4 6 6
286 3 286 3 T 286 286
1 2 333
336 336 336

For values of & > 50, The Stochastic approach will rank ai and a? above
the ty-authorities (which will remain above the rest of the ¢;-authorities).
Thus, while the mutual reinforcement approach maintains that t; remains
the principal authority, the Stochastic approach blends into its principal
community authorities from both topics. As stated previously, this example
may seem a bit contrived at this point. However, the bias of the Mutual Re-
inforcement approach towards tightly-knit communities (as compared with
the ability of the Stochastic approach to blend authorities from different top-
ics into its principal community) will be demonstrated on WWW queries.

50



Hy = {hl,h?, ... h¥™} is the set of 274 t,-hubs.

Ay ={ad, a3, ... al?} is the set of 12 t,-authorities.

o M, ={h} h% ... hi""} is the set of (\7) = 792 t,-hubs.

o Let there be 6 - 12 = 72 noisy sites n‘g, 1<e<6,1<5<12.
The links in this topology are as follows:

e Each h € H, points to all authorities in A;.

e Each h € H, points to a distinct set of 5 authorities in As.

e Each site n! points to a! and to aJ.

Topic t; is termed a tightly-knit community. It is a small, well connected
topic. Topic t;, on the other hand, is much larger (of wider interest in
the web context), with hubs that each covers only a portion of the topic’s
authorities.

Here is the non-zero portion of the authority matrix A = W% . W:

286 274 ... 274 1 1 1 1 -1 1

274 286 --- 274 1 1 1 1 -1 1

274 274 .- 286 1 1 1 1 -1 1
1 1 1 336 120 120 120 --- 120 120
1 1 1 120 336 120 120 --- 120 120
1 1 1 120 120 336 120 --- 120 120
1 1 1 120 120 120 336 --- 120 120
1 1 .-~ 1 120 120 120 120 --- 336 120
1 1 .-~ 1 120 120 120 120 --- 120 336

The normalized principal eigenvector has 0.270389 in the coordinates which
correspond to t;-authorities, and 0.216283 in the coordinates which corre-
spond to ts-authorities. We conclude that the Mutual Reinforcement ap-
proach identifies ¢; as the principal topic of this collection.

Let us now turn our attention to the Stochastic approach. Because of
the complete symmetry inside each topic, we can compute the stationary
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have already studied the spectrum of H in such designs, we deduce that the
multiset of non-zero eigenvalues of A is: {27,6,6,6,6,6,6}. The principal
eigenvector remains non-informative: It is the all-ones vector. However,
there are six orthogonal eigenvectors which correspond to the eigenvalue 6
which identify the seven communities of same-topic authorities:

(1,1,1, —-1,—-1,-1,  0,0,0,  0,0,0, 0,0,0, 0,0,0, 0,0,0)
(1,1,1,  1,1,1, -2,-2,-2, 0,0,0, 0,0,0, 0,0,0, 0,0,0

(1,1,1,  1,1,1, 1,1,1, 1,1,1, 1,1,1, 1,1,1, —6,—6,—6)

Although informative non-principal eigenvectors exist, we cannot ensure
convergence of the Power method to this set of vectors: Different choices
of the initial vector (on which the Power method is applied) will cause us
to converge to different eigenvectors in this eigenspace. The eigenvectors to
which we will converge could thus turn out to be non-informative. We are,
however, certain to converge to an eigenvector of the following “triplets”
form: For every topic ¢, the three t-authorities will have equal entries in the
eigenvector.

The Stochastic approach (as was the case with the hubs) computes a
uniform distribution over all |T'| - A sites and is not helpful in identifying
authorities. However, the graph based clustering techniques mentioned in
section 3.3 are ideal for such a topology, identifying |T'| clusters of A sites
each when using the threshold 7 = 2. This shows that the information con-
tained in the link structure of such combinatorial designs can be successfully
tapped, although the Mutual Reinforcement approach and the Stochastic
approach fail in this respect.

The Tightly-Knit-Community (TKC) Effect

In this section we show a topology on which the Mutual Reinforcement ap-
proach and the Stochastic approach arrive at different results. This topology
might seem somewhat artificial at first, but the effect it produces is found
in many real-life scenarios on the WWW, as will be demonstrated later in
our results.

Consider a two-topic topology, T' = {t;,t,}, with the following n = |C| =
1156 sites:

o A, ={aj,ai,...,al} is the set of 6 ¢;-authorities.
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e The entries on the main diagonal of the co-citation matrix (¢ = j, k =)
measure the in-degree of each authority.

e The entries A 41, k # [ correspond to distinct authorities of the same

topic. The total number of hubs which cover topic ¢ is 22 (properties

17
2 and 7). Each ¢-hub points to a i-authorities, thus co-pointing at
(3) pairs of i-authorities. Overall, there are () pairs of i-authorities.

Hence, by property 8, each such pair is co-pointed at by %‘lc % hubs.

e The entries Ay ;1,7 # j correspond to authorities of different topics.
The properties of the design are not strong enough to uniquely deter-
mine the value of such entries.

It is interesting to note that although no information can be deduced about
the hubs by either approach, it is sometimes possible to deduce information
pertaining to the authorities. This is demonstrated by the following exam-
ple, in which |[T|=7,A=3,n,=7,¢c=3,a=3,7=1and a =3.
Here is the n, x |T| - A non-zero submatrix of W:

UL 0 65,5, | 6, 5,08 | G, G0 | 6,88 | 6, 6,8 | G, 5,8
hy | 1,11 | L1,1 | L,i,1 | 000 | 0,00 | 000 | 00,0
hy | 0,00 | 000 | 1,11 | 11,1 | 1,1,1 | 0,00 | 00,0
hsy | 0,00 | 1,11 | 000 | 11,1 | 000 | 1L1,1 | 00,0
he | 1,1,1 | 000 | 000 | 000 | 1,1,1 | 11,1 | 00,0
hs | 0,00 | 000 | 1,1,1 | 000 | 000 | 1,1,1 | 1,1,1
he | 1,1,1 | 000 | 000 | 11,1 | 000 | 000 | 1,1,1
he | 000 | 1,1,1 | 000 | 000 | 1,1,1 | 000 | 1,1,1

Denote by M3 the 3 x 3 matrix in which all entries equal 3 and by M; the
3 X 3 matrix in which all entries equal 1. The 21 x 21 non-zero portion of
the matrix A has the following structure:

My My My - M,
M, My M, --- M,
My My My - M,
M, M, --- M, M;

The matrices H and A have the same multiset of eigenvalues. In particular,
the multiset of non-zero eigenvalues is the same for both matrices. As we
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The additional |T'| - A eigenvalues of H are zero, and the corresponding
eigenvectors are those that span the solution space of Hv = 0. Again, this
eigenspace is non-informative in terms of identifying hubs.

The use of trimming or of some §-disparity coefficient cannot break the
inherent symmetry between the hubs. Thus, it too cannot help us to iden-
tify meaningful communities of hubs. Neither can the Stochastic approach,
where the n, x nj, block of H which corresponds to the hubs has the following
structure:

Hpy,ny =

LR

Explanations:

e Upon leaving h; towards any authority that h; points at, the proba-
bility of immediately returning to h; is d;* (since all authorities have
the same in-degree, d,).

e Two different hubs h; and h; co-point at 7 - a authorities (properties
3 and 5). The probability of leaving h; to one of the authorities which
h; also points at is thus ==. Once we arrive at such an authority, the

probability of returning to £ is d,”". Multiplying the two probabilities
gives the result.

The stationary distribution of the random walk inside the hub-block which
results from this structure is a uniform probability distribution over the
hubs.

Finally, it can be shown that the graph theoretical clustering techniques
mentioned in section 3.3 when given the matrix H