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The pseudo - distance dj,

A* is for us a set of equivalence classes with respect to shift:
item and emit are the same string

= circular n-grams: Do(item) = {it,te,em,mi}.

dnis a :
» not triangular (but experimentally
D(x,y) < D(x,z) + D(z, y) for A large enough)
» dn(x,y) = 0= x = y because x — f is not injective...

...some examples:

tone and note forn=1;
reverse and severer forn=2;
she said she should sit and
she sit said should she forn=3.
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Why graphs?

Givenn>1, x,y € AN are said to be iff
fx =1y, i.e. do(x,y) =0.

Problem 1: How to n-equivalents of a text?
For example, what is a 2-equivalent of

Everything should be made as simple as
possible, but not simpler.
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Problem 2: How to n-equivalents of a text?
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Why graphs?
Givenn>1, x,y € AN are said to be iff
fx =1y, i.e. do(x,y) =0.

Problem 1: How to n-equivalents of a text?
For example, what is a 2-equivalent of

Everything should be made as simple as
possible, but not simpler.

like?

Problem 2: How to n-equivalents of a text?

The answer comes from

Chiara Basile (Universita di Bologna) Similarity Metrics for A.A. Eindhoven, 13/03/2008

18/25



Motivations and definitions
n-gram graphs

chiaraBasie For given n > 2 and x € A*, the of x is the
directed multigraph with:
Dn—1 (X)

Quantitative A.A.

Tre GramstPrjot if the n-gram (a4, ..., an) appears mtimes in
x, m edges link the vertex (a4, ...,y 1) to the

Definitions VerteX (062, ey O[n).

A model

n-gram distances
Entropic methods

Voting
Open and blind tests
Future developments

01 02... On-10n

Motivations and
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Eulerian circuits

Fun

#{ il Xi:al...Xi+n:Gn} =3
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Counting Eulerian circuits

chisraBasie  Hence counting n-equivalents of the text x means counting
Eulerian circuits on Gp(x).

Quantitative A.A.
The Gramsci Project

Suppose G is a directed multigraph with vertex set
L V(G) = {vy,...,Vmn} such that d*(v;) = d~(v;) for
Amss i=1,...,m. Let s(G) be the number of directed Eulerian
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directed towards v;. Then, fori=1,..., m,
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Counting Eulerian circuits

Hence counting n-equivalents of the text x means counting
Eulerian circuits on Gp(x).

Suppose G is a directed multigraph with vertex set

V(G) ={vq,...,Vvm} such that d*(v;) = d=(v;) for
i=1,...,m. Let s(G) be the number of directed Eulerian
circuits in G and f;(G) the number of spanning trees
directed towards v;. Then, fori=1,..., m,

s(G) = t(G) [ ]( - 1)!

d*(v;) = out-degree of v; = number of edges which start in v;.
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Chiara Basile (Universita di Bologna)

Hence counting n-equivalents of the text x means counting

Eulerian circuits on Gp(x).

Suppose G is a directed multigraph with vertex set

V(G) ={vq,...,Vvm} such that d*(v;) = d=(v;) for
i=1,...,m. Let s(G) be the number of directed Eulerian
circuits in G and f;(G) the number of spanning trees
directed towards v;. Then, fori=1,..., m,

s(G) =

m

[T@*(v) - 1)

=t

d*(v;) = out-degree of v; = number of edges which start in v;.
Spanning tree on G = tree which crosses all edges of G.

Spanning tree directed towards v;
linking v; and v; is directed towards v;.

spanning tree such that Vv j the only path
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Counting Eulerian circuits

Now the problem is to count the spanning trees on Gn(x)
oriented towards any vertex v;.

Theorem:

Suppose G is a directed connected non-trivial multigraph
with vertex set V(G) = {v,..., vm}. Let D(G) be the
diagonal outdegree matrix of G and A(G) its adjacency
matrix; define L(G) = D(G) — A(G) the Laplacian matrix of
G and L;(G) the minor of indexes (i, i) of L(G).

Then t,'(G) = L,,(G)

Remembering BEST Theorem:

|Dn—1(x)]

S(Gn(x)) = [T (@ (y)—1)

J=1
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Counting Eulerian circuits

Now the problem is to count the spanning trees on Gn(x)
oriented towards any vertex v;.

Theorem:

Suppose G is a directed connected non-trivial multigraph
with vertex set V(G) = {v,..., vm}. Let D(G) be the
diagonal outdegree matrix of G and A(G) its adjacency
matrix; define L(G) = D(G) — A(G) the Laplacian matrix of
G and L;(G) the minor of indexes (i, i) of L(G).

Then t,'(G) = L,,(G)

Remembering BEST Theorem:

[Dp—1(x)]

= L [T (aF(vp)—1)

j=1
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Building Eulerian circuits

Theorem (Euler):
A directed connected non-trivial multigraph G has a directed
Eulerian circuit & Y vertex v.

The proof of this Theorem gives an algorithm for the
construcion of Eulerian circuits.

Example: selfish_shellfish_
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Quantitative A.A.

mesmsfes  One among its ~ 10" 2-equivalents:

Eve, be posing s nothoule ade but mpld
Definitions
Amodel ssibleryt s ashimasimpler.
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Entropic methods
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Voting
Open and blind tests

Future developments Everything simple, be made as possible as
should but not simpler.

Motivations and
definitions

Eulerian circuits.
Fun

Chiara Basile (Universita di Bologna) Similarity Metrics for A.A. Eindhoven, 13/03/2008 24/25



Chiara Basile

Quantitative A.A.
The Gramsci Project

Definitions
Amodel

n-gram distances
Entropic methods

Voting
Open and blind tests
Future developments

Motivations and
definitions

Eulerian circuits.
Fun

Examples of n-equivalent texts

Everything should be made as simple as
possible, but not simpler.

One among its ~ 10'*  2-equivalents:
Eve, be posing s nothoule ade but mpld

ssibleryt s ashimasimpler.
One among its 108 3-equivalents:
Everything simple, be made as possible as
should but not simpler.
One among its 2 4-equivalents:

Everything should be made as possible,
but not simple as simpler.
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A 6-equivalent of Wish you were here

Chiara Basile So, so you think you can tell

heaven from hell, blue skies from pain,
can you tell a green field

from a cold steel rail?

A smile from a veil?

Do you think you can tell?

Quantitative A.A.
The Gramsci Project

I Did they get you to trade,
Amodel your heroes for ghosts?
CYEEEEEED Hot ashes for trees?
Entropic methods .
Hot air for a cool breeze?
Cold comfort for change?
Voting .
Open and blind tests And did you exchange
Future developments a walk on part in the war,
for a lead role in a cage?
Motivations and
definitions . .
o How I wish, how I wish you were here,
Eulerian circuits
Fun we’re just two lost soles swimming in a fish bowl,
year after year,
running over the same old ground,
but have we found the same old fears,
wish you were here.
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Definitions
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Future developments

Motivations and
definitions

Eulerian circuits.
Fun

A 6-equivalent of Wish you were here

So, so you were here,
we’re just two lost soles swimming in a cage?

How I wish, how I wish you think you exchange
a walk on part in the same old fears,

wish you think you to trade,

your heroes for a lead role in a fish bowl,
year after year,

running over the war,

for a cold steel rail?

A smile from a veil?

Do you tell a green field

from a cool breeze?

Cold comfort for trees?

Hot air for ghosts?

Hot ashes for change?

And did you can tell?

Did the same old ground,

but have we found they get you can tell
heaven from hell, blue skies from pain,
can you were here.

Chiara Basile (Universita di Bologna) Similarity Metrics for A.A. Eindhoven, 13/03/2008

25/25



Voting

Chiara Basile © 2N reference texts ordered by distance from x;

Chiara Basile (Universita di Bologna) Similarity Metrics for A.A. Eindhoven, 13/03/2008 1/5



Voting

Chiara Basile © 2N reference texts ordered by distance from x;

e.g. x = gram_27:

gram_26
gram_30
gram_34
bordiga_08
tasca 36
gram_49
gram_32
gram_46
bordiga_09
0. leonetti 27

SOYeNoOoO~WD =
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Chiara Basile © 2N reference texts ordered by distance from x;
® A- and

N N
kali) ks(J)
Z,’ ==

j=1 j=1

where ka(j) = position in the rank of the j-th text by A.
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Voting

Chiara Basile © 2N reference texts ordered by distance from x;
® A- and

zN: ka()) ZN: ks (/)

=i =
where ka(j) = position in the rank of the j-th text by A.
e.g. x = gram_27:

gram_26

gram_30

gram_34

bordiga_08

tasca_36 ve(gram 27) =1 +2+3 4+ 8414 .
gram_49 =

gram_32 Vag(gram_27) =3+ 3+ 3+ 2+ .
gram_46

bordiga_09

0. leonetti 27

SOYeNoO AN~
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Voting

Chiara Basile © 2N reference texts ordered by distance from x;
® A- and B-indexes:

N N
kali) ks(J)
)= vl = Y

j=1 j=1

where ka(j) = position in the rank of the j-th text by A.

(3]
_ vB(x) — va(x).
 VB(X) + va(x)’
v(x) is positive if va(x) < vg(x), negative if

va(x) < va(x).
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Voting

Chiara Basile © 2N reference texts ordered by distance from x;
® A- and B-indexes:

N N
kali) ks(J)
)= vl = Y

j=1 j=1

where ka(j) = position in the rank of the j-th text by A.

® normalized vote:
va(X) — va(x)
vix) = —F—27 L.
)= V00 + va)
v(x) is positive if va(x) < vg(x), negative if

va(x) < va(x).
(4]
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Voting

Chiara Basile © 2N reference texts ordered by distance from x;
® A- and B-indexes:

zN: ka()) ZN: ks (/)
=i =
where ka(j) = position in the rank of the j-th text by A.

® normalized vote:
V(X) — VB(X) — VA(X);
vB(X) + va(x)
v(x) is positive if va(x) < vg(x), negative if
VB(X) < va(x).
O x is attributed to Aif v(x) > 0, to Bif v(x) < 0. The
of v(x) is a maesure of the of
the attribution.
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Voting

Chiara Basile © 2N reference texts ordered by distance from x;
® A- and B-indexes:

zN: ka()) ZN: ks (/)
=i =
where ka(j) = position in the rank of the j-th text by A.

® normalized vote:
V(X) — VB(X) — VA(X);
vB(X) + va(x)
v(x) is positive if va(x) < vg(x), negative if
VB(X) < va(x).
O x is attributed to Aif v(x) > 0, to Bif v(x) < 0. The
absolute value of v(x) is a maesure of the certainty of
the attribution.
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Approximating relative entropy

Chiara Basile Even if authors Markov sources with finite memory, we
would not know their probability distributions and their
memory length!
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Approximating relative entropy

Chiara Basile Even if authors were Markov sources with finite memory, we
would not know their probability distributions and their
memory length!

, 1993:

D(q ] p) = Jim 1 [e(y || x)log N — c{y)log o(y)
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Appendix

Approximating relative entropy

Even if authors were Markov sources with finite memory, we
would not know their probability distributions and their

memory length!
, 1993:

D(q ] p) = Jim 1 [e(y || x)log N — o(y)log c(y)]

Chiara Basile

where:
string of length N generated by source p;

string of length N generated by source g;

X
y:
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Approximating relative entropy
chisraBasie Even if authors were Markov sources with finite memory, we

would not know their probability distributions and their
memory length!

, 1993:

. 1
D(q [ p) = lim w[c(y | x)logN - c(y)loge(y)].
where:

x = string of length N generated by source p;

y = string of length N generated by source g;
c(y) = cardinality of the LZ parsing of y

(Lempel & Ziv, 1976, 1977, 1978);
c(y|lx) = -cardinality of the LZ parsing of y performed
with substrings from x.
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BCL method

Chiara Basile

LZ parsing algorithm is the base of today’s
(zippers): gzip, winzip, . ..
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BCL method

Chiara Basile

LZ parsing algorithm is the base of today’s
(zippers): gzip, winzip, . ..

, 2002
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BCL method

Chiara Basile

LZ parsing algorithm is the base of today’s
(zippers): gzip, winzip, . ..

D. Benedetto, E. Caglioti, V. Loreto, 2002:

given two (unknown) sources A and B, X a “long” sequence
from A and y a “short” sequence from B, X.y the string
obtained appending y after X, Ly the length of the zipped
file X and AXy = LX.y — Lx,

could be an estimate of the between A and B:
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BCL method

Chiara Basile

LZ parsing algorithm is the base of today’s
(zippers): gzip, winzip, . ..

D. Benedetto, E. Caglioti, V. Loreto, 2002:

given two (unknown) sources A and B, X a “long” sequence
from A and y a “short” sequence from B, X.y the string
obtained appending y after X, Ly the length of the zipped
file X and AXy = LX.y — Lx,

could be an estimate of the divergence between A and B:
while compressing X.y the zipper, being ,
parses X and parses y using substrings from X.
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BCL distance

Chiara Basile

BCL method and applications to classification problems:

D. Benedetto, E. Caglioti, V. Loreto, Language Trees and Zipping,
Physical Review Letters 88 (2002)
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BCL distance

Chiara Basile

BCL method and applications to classification problems:

D. Benedetto, E. Caglioti, V. Loreto, Language Trees and Zipping,
Physical Review Letters 88 (2002)

Distance function for two sources A and B:
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BCL distance

Chiara Basile

BCL method and applications to classification problems:

D. Benedetto, E. Caglioti, V. Loreto, Language Trees and Zipping,
Physical Review Letters 88 (2002)

Distance function for two sources A and B:

A similar distance is used for the Gramscian corpus.
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{o, 1,
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

cly)={o,1,11,
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LZ78 parsing
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string which is not a previously parsed one.

y=01111000110
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

cy)=|{o0,1,11, 10, 00,

Chiara Basile (Universita di Bologna) Similarity Metrics for A.A. Eindhoven, 13/03/2008 5/5



LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000

c(y)=1{o0,1,11,10, 00,110}
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.

y=01111000110
X=10010100110
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.

y= 11000110
X=1001010 0

o(y [l x) =[{ 011,
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.

y=011 00110
X=10010100

cly || x)y=|{o11,110,
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.

y=011110
X=100101

c(y || x)=1]{011,110,00110}]
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LZ78 parsing

Chiara Basile : parse y € A* into ¢(y) distinct
substrings (phrases) such that each phrase is the shortest
string which is not a previously parsed one.

y=01111000110

c(y)=1{0,1,11,10,00,110} =6

Variant: parse string y with respect to another string x € A*,
such that each phrase is the longest prefix of y which
appears as a substring in x.

y=01111000110
X=10010100110

c(y || x)=1]{011,110,00110} =3
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