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ABSTRACT

The rank-frequency characteristics of the words from the abstracts in a
considerably large collection of INSPEC tapes are examined. The word probabil-

ities are divided into three groups according to the word rank.

In case of

high frequency words the probability p(r) of the word with rank r is inversely
proportional to r, i.e. follows Zipf's law. In case of medium frequency words,

p(r) « 1/ra In r - b

,. where a and b are constants. The probabilities of low

frequency words are in inverse proportion to the square of r. The boundary
between the high and the medium frequency words lies near rank 300, and the
boundary between the medium and the low frequency words near rank 1000. This
paper also discusses the number of low frequency words occurring n times.

1. INTRODUCTION

A word type is a character string that
differs from other character strings [6]. By a
word token we mean any word type occurring in a
text. The rth most frequent word type in a text
is said to be the word type with rank r and the
number of occurrences of that word type is
called its frequency. The rank-frequency char-
acteristics of word types are of direct impor-
tance not only to linguistics but also to com-
puter science, since the skewed distribution of
word occurrence can be used to increase effi-
ciency in textual data processing such as in-
formation retrieval and natural language proc-
essing. So far, this characteristics have been
studied by Estoup [4], Bradford [3], Zipf [8],
Mandelbrot [5] and others. However, their re-
sults do not agree well with the characteris-
tics concerning large sets of word tokens from
the abstracts in INSPEC tapes [1]. This paper
discusses the rank-frequency characteristics of
word types of the abstracts in INSPEC tapes
issued from 1973 to 1982.

2. WORDS FROM ABSTRACTS IN INSPEC TAPES

To distinguish characteristic differences
arisen from research fields, we will classify

abstracts in INSPEC tapes issued from 1973 to
1982 into three sets, A, B and C, according to
the sectional classification codes of the docu-
ment records. The fields of three sets are as
follows:

[A] Physics;

[B] Electrical Engineering and Electronics;
[C] Control Engineering and Computer Science.
Three sets are not mutually disjoint. About 20
% of abstracts belong to two or three sets. The

number of word types and word tokens in these

sets are shown in Table 1.

We select space and all special symbols as
the delimiter for word tokens in the abstracts,
therefore a word type is a alpha-numeric char-
acter string.

The log-log plots of word frequency versus
word rank in Fig. 1 illustrate that there is
little difference in the characteristics among
three sets. The cumulative probabilities in
Fig. 2 exhibit the strong resemblance more
distinctly. The solid curved line in Fig. 2
shows the relation

probability = 0.092 / rank, (1)
which is Zipf's law [4,8] discussed below.

To see the effect of the sample size on
the characteristics, we produce 14 sets of
abstracts, Aj, A9, ..., Ajg, out of A, Each Aj,
1<i<14, is included in Aj_1, and Aj is ap-

Table 1. Word counts for three sets
Set A Set B Set C
No. Word Tokens 87,354,577 37,606,323 23,391,467
No. Word Types 274,185 154,231 127,836
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proximately half the size of Aj_j. The largest
set A) contains all abstracts in the tapes from
1973 to 1980. Fig. 3 exhibits the characteris-
tics of these sets.

3. LOW FREQUENCY WORD PROBABILITIES

Let f(r) be the frequency of the word type

with rank r. Zipf's first law [2] asserts that:
r-f(r) = k, (2)
where k is a constant for any particular text.
Booth's modification of Zipf's second law

[2] states that a word type will occur once if

1 < f(r) < 2. (3)
From (2) and (3), we have

k/2 <1 < ke (4)
Thus, the number of word types in the text,
which we denote by D, is

D = rpax = k- (5)
For the number of word tokens, denoted by T, we
obtain

T =12 fr) =k 2D 1/r

= kiin D + e), ‘ (6)

where e = 0.5772156649... is Euler's constant.

From (5) and (6), we can immediately see that
T = D(ln D + e). (7)

However, (7) disagrees with Fig. 4, since it
says that
T « D2, (8)

Circles in Fig. 4 denote the word count of Ap,
Ag, ..., A7 from set A, For sets B and C, (8)
holds similarly. Using p(r) for the probability
of the word type with rank r, we can express
Zipf's first law as follows:

p(r) = c/r, : (9)

where ¢ is a constant for any particular text.
In (9), ¢ must be
c=k/T =21/(InD +e), (10)
from (6). In many literafures, however, c is
considered to be a constant independent of T
(or D) and nearly equal to 0.1 [8]. If so, from
(6) we have
D =~ expll/c - e] = constant. (11)
It is contradictory to (8).
To resolve this problem, let
p(r) = cj/r2, (12)

for word types of low frequency of occurrence,
here ¢} is a constant independent of T. In
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fact, Tcl/r2 seems to approximate to the fre-
quency of a word type with a rank lower than
about 3000 in Fig. 1. From (3) and (12), we
have

D= /T, (13)
in much the same way as we have derived (5)
from (3) and (4). Equation (13) agrees well
with Fig. 2. The plots about low frequency word
types in Fig. 1 also appear to agree approxi-
mately with (12). It is another advantage from
(12) that 20:=1p(r) could be equal to 1 whatever
the probabilities of word types o£ high or
medium frequency might be, since Zr=11/r2 =
T 2/6., :

4. HIGH FREQUENCY WORD PROBABILITIES

From (1) and Fig. 3, the probability p(r)
of the word type of high frequency whose rank
is r seems to be

p(r) = cp/r,
where cp, is a constant independent of T.'
It is natural to consider that the proba-

(14)

bilities of high frequency word types obey
Zipf's law, for most of high frequency word
types are common words. In Fig, 1, (14) seems
to hold for the word type with a rank higher
than about 100,

5. MEDIUM FREQUENCY WORD PROBABILITIES

The author can not account for the charac-
teristics of medium frequency word types of
which word ranks are between about 100 and
about 3000. If we make an approximation with
parabolas for the log-log plots in Fig. 1,
have

plr) = cm/ra Inr - b’
where ¢y, a and b are constants.

we
(15)
6. NUMBER OF WORD TYPES
OCCURRING N. TIMES
The number of word types occurring n times

in some text is more important than their prob-
abilities of occurrence for low frequency word
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Table 2. Values of I,/D
Abstracts in INSPEC-tapes Matsuo Booth

n Set A Set B Set C Eq.(23) Eq.(16)

1 .460076 .453307 .440893 .422650 .5

2 .135999 134616 ,137833 .130137 .166667

3 .069391 .067328 .071420 .069249 ,083334

4 .042471 ,041879 .043618 .044631 ,05

5 .030071 .028976 .030453 .031822 ,033333

6 .022394 ,021922 .022513 .024161 .023810

7 .017313 ,017182 .017515 .019151 ,017857

8 .014049 .013421 .013924 .015663 .013889

9 .011383 ,011197 .011804 .013120 .011111
10 .009515 .,009881 .010521 .011198 .009090
20 .003370 .003294 ,003395 .003954 ,002381
30 .001765 .001822 .001721 .002152 ,001075
40 .001218 .001193 ,001306 .001398 .000610
50 .000821 .,000901 .000892 .001000 .000392
100 .000281 .000305 .000313 .000354 ,000099

types. Let I, be this number in some set of
sentences. Booth [2] has derived

IL/D = 1/n(n-1) (16)
from (9) and the generalization of (3), which
says that a word types will occur n times if

n < Tp(r) < n+l, (17)
Zipf's original form corresponding to (17) is

n-1/2 < Tp(r) < n+1/2. ©(18)
From (9) and (18), Zipf has obtained

I,/D = 1/2(n2-1/4). (19)

Equation (19), however, is out of accord with
the observed facts, so that Booth has modified
(18). Although (16) agrees nicely the observa-
tions for relatively small sentence sets, it
could not be applicable to the large set in
which (9) does not hold. Furthermore, (17) is
unnatural and tricy in comparison with (18).

Assuming that (12) and (18) hold instead,
we now follow the same argument that has
deduced (16) or (19). Equations (12) and (18)
lead immediately to

Ve T/(n+1/2) < r < Vc1T/(n-1/2) . (20)
Hence,
In = V¢ T/(n-1/2) - V¢ T(n-1/2)

[}

V2ciT(1/ V2n-1 - 1/ V2n+1 ). (21)
In. the same manner as we have obtained (13), we
have

D= V2T, (22)
so that
ID=1/V2n-1 - 1/V2ns1 . (23)

The values of I,/D for INSPEC tapes issued from
1973 to 1982 and the predicted values-calcu-
lated from (23) and (16) are shown in Table 2.
Closed agreement between the observed and the
calculated values of (23) is obtained. On the
other hand, (16) become out of accord with the
observed values when n become more than 20.

7. CONCLUSION

The probability of word types with rank r
p(r) is summarized as follows:
cp/r for high frequency
word types;
cp/rad In 1T - b for medium fre-
quency word types;
for low frequency
word types,
where cp, ¢y, c|, a and b are constants.
In Fig. 1, the boundary between the high and
the medium frequency words appears to lie near
rank 300, and the boundary between the medium
and the low frequency words near rank 1000.
Equation (23) gives the number of low
frequency word types occurring n times.
The relation between the number of word
types D and the number of word tokens T is
given by (22). '

p(r) =

c/r2
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