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Abstract — The problem of enumerative coding
was considered in [1] for the first time. By coding
words of a length n the method from [1] has an
encoding and decoding speed which equals to 0(n)
when n — oco. We propose a code which has the
high speed: 0(log? nloglogn),n — co. This code is
close to author’s method from [2].

[. Introduction and the Main Idea

The problem of enumerative coding is well known in
Information Theory and widely applied to retrieval
problems and combinatorial analysis [1]. The suggested
fast code uses the method from [2]. The simplest
but important example of enumerative coding is the
problem of translation numbers from one number system
to another. We use this example for the description of
the main idea of the proposed method . Let we have to
translate the number 2;...z, from the m-system (m > 2)
to the binary system. A ”common” method is based on
well - known Horner scheme :

(1)

When we calculate in the binary - system, we obtain the
value @1...2z, in the binary - system . We shall assess the
calculation time by the number of operations on single -
bit words. We use the Schonhager- Strassen method of
multiplication and division of numbers.For this method
the time of multiplication of two numbers with L digits
each, is equal to O(LlogLloglogL),L — co. [3]. Tt is
easy to see that the time for calculation by (1) is not less
than en®, ¢ > 0,n — oo . Hence, the speed is not less than
cn. We suggest computing by the scheme

(2)

code(z1zy...2,) = (..(zym + za)m + 23)..m + 2,

code(zy...zn) = ((...((x1m+ z2)(mm) + (zam + z4)))

((mm)(mm)) + (zsm + x¢)(mm) + (z7m + 23)...)

In this case the main part of multiplications will
be implemented on comparatively small numbers and
when (2) is used, the time for computing is equal to
O(nlog® nloglogn),n — oo and the encoding speed is
equal to O(log*nloglogn)... We can see that ”proper”
arrangement of brackets allows to decrease the calculation
time essentially. It is worthy of noting that the described
method is known as "divide and conquer” principle [3].

II. Main Result

We use definitions from [1]. Let A = {0,1,..,m — 1}
be an alphabet of m letters,m > 2, A™ be the set of all

words of length n over the alphabet A. Let an arbitrary
S C A™ be a source. Let’s give the lexicographic order
to words S, and for the integer 1 < k < n and for the
word z1...zx € Ay, denote by Ng(z;...zx) the quantity of
words produced by S and having the prefix z;...zy In [1]
the code by formula

n

code(zy...xp) = Z Z Ny(zy..zi10)

i=1 a<lz;

3)

was proposed. Let’s define for 3.2, € S .

(4) P(z1) = Ny(z1)/1S5], P(zy/ey. k1) =

Ng(zy..wp)/Ns(x1..xp21), k=2,..,n
(5) qlze/zr..tp-1) = Z Pla/zy..xp-1),k=1,..,n

a<lry

From (3), (4), (5) it is easy to obtain

(6) code(y...xp) = |SHg(z1) + q(xa/z1)P(2r)+

q(zs/ziz2) P(z1)P(22/21) + ...)

The scheme of the proposed method is following : Each
P(zr/z1..2p-1), ¢(zx/21..25-1),21..0x € A* can be
written in the form of a word with 2logn + 0(1) digits.
Then (6) resulted in the form

code(zy...x,) = [S{((q(z1) + q(ae/z1)P(21))+

(P(z1)P(ea/))(g(zs/z122) + q(za/ . ) P23/ ..))+
((P(z1)P(ez/zy)(P(2s/..)P(za/..))(q(2s/ .. )+
d(ws/ ) P(s]..)..)

(Here we used "proper” arrangement of brackets , as if we
go over to (2) from (1)). Decoding is constructed similarly,
by using division. It is easy to calculate that the encoding

and decoding speed is equal to O(log3 nloglogn) when
n — 0.
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