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STATISTICAL ANALYSIS OF THE RANK-FREQUENCY DISTRIBUTION 
OF ELEMENTS IN A LARGE DATABASE

A 
log of 
elements

regression of the log of frequency 
rank seems 
considered

goodness of fit test, however, 
of these elements does not follow Zipf's Law. 
This show that testing for Zipf's Law 
be based on the quality of the 
alone.

This research is concerned with analyzing the 
rank-frequency distribution of various 
elements within a 128,000 document database. 
Initially we were interested in knowing which 
elements follow Zipf's Law. In its simplest 
form, Zipf's Law says that the frequency of 
occurrence of a term in a database is 
(approximately) inversely proportional to its 
rank, where the most frequent term is rank 1.

versus 
to indicate that all 
follow Zipf's Law. A 

shows that one
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INTRODUCTION

This

names.

author all

ZIPF'S LAW

was 
known.

conform
keywords
Headings,

Not all of the elements

The subject 
into

large 
for 
of

The 
portion of 
Scientific 
research 
contains records of conferences, 
reports in science, technology, 
its branch facilities. 
MARC format.

elements,
two files
along with

is of rank
number of

were included.
i,e’’ Phrases were not split terms were not stemmed.

except those appearing on a 
1975) were considered key- 
—J. misspellings were not

the four
and keywords, 

_*-ch distinct term
1 frequency 
y x and the

Classification number and 
corporate, were included.

single terms and ’

All words in the title field 
stop list of noise words (Hunt et al., 1 
■ !s. The keywords were not stemmed and
corrected.

paper presents the 
the rank-frequency distribution 
bibliographic database, 
initially more on 
on curiosity 
satisfying 1 
investigation 
distribution.

RANK-FREQUENCY DISTRIBUTION

distribution. 
the 

about the

number of researh projects, it 
be 

128,000 
if they 

tested were: 
Subject

file li3?s’ea:h aKSet8; 
rank r (the word of highest 

^sts each frequenc 
frequency n(x).

results of an investigation into
of certain elements in a large

The investigation was undertaken 
the basis of curiosity about the database than 

about the rank-frequency distribution. While
our curiosity concerning the database, the

awakened a curiosity about the rank-frequency

As this database supports a 
felt that various characteristics of the database should

Therefore, certain elements of approximately 
English language monograph records were tested to see 

to the Zipf distribution. The elements 
drawn from the titles, Library of Congress
Library of Congress Classification Numbers, and author 

- ----------- 5 were present in all records.

The Library of Congress 
names, both personal and

For each 
subjects headings 
first ]— 
and 
second 
terms of that

Technical University of Nova Scotia received a 
the 00N database from the Canada Institute 

and Technical Information (CISTl) for the purpose 
in the field of Information Science. The 00N database 
records of conferences, monographs, and technical 

in science, technology, and medicine held by CISTl and 
The database was received in PCAN DOBIS

authors, lenumbers, 
were prepared. The 

its frequency x 
1). The 
distinct



54

paper is given

where p = 1/q, b = B and

That is, if the data follows Zipf's law, the formula for F(x) is:

F(x) = 1 - (a/(x+l)p - b)/nw

,P

n(x) = a/xP - a/(x+1 )P

TESTING THE DISTRIBUTION

j |s(x) - F(x)| :D = max

Let 
equal 

the 
a

a/(x+1 )P)/nw.(a/x

x(r) = A/(r

tested the 
frequencies

r(x) = a/xP - b

Booth 
of x and found 
Fedorowicz (1982) 
by grouping the 

a regression, 
a

The associated mass function is f(x) = 
This leads to the formula:

a = AP.

rank-frequency distribution

The form of Zipf's law of interest in 
by the formulas (Haltun, 1982, p. 7, formula W)!

+ B)*

Let nw denote the total 
denote the number of terms

It follows that N(x) =
of ” -..................................

,,/ \ / ’ —’ —number of distinct terms.N(x) denote the number of terms of frequency less than or 
to x. It follows that N(x) = nw - r(x+l). If we regard 
values of x occuring in the second table as observations of a 
discrete random variable taking on values x=1,2,3,..., then the 
cumulative distribution function F(x) is approximated by N(x)/nw.

Various authors have tested this formula for n(x). 
(1967) tested the formula for low values 
reasonable agreement in four small databases, 

formula on three large databases 
using powers of 2 and then performing

Fedorowicz found very high correlation coefficients indicating 
reasonable fit. Neither of these authors performed a goodness of 
fit test in the formal sense.

Since we have a formula for the cumulative distribution 
function it is possible to use the KolmogorovySjjirnov goodness of 
fit test. The statistic for this test is (nw) 7 D, where D is the 
maximum difference between the sample cumulative distribution 
S(x) - N(x)/nw and the hypothesised cumulative distribution F(x) 
(Gibbons, 1971). That is :

Table 1 gives the critical values for ( 
value of this statistic exceeds the critical 
hypothesis that the data 1----
that significance level.

x=1,2,3,...|
nw)1;/2D. If the 
value, then the 

follows the Zipf Law can be rejected at
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0.05 0.010.100.150.20

1 .56 1.651 .221 .141.07

Critical values for Kolmogorov-Smirnov TestTable 1 :

Element (nw)nw bP a

Authors 45,765 2.21 1 45,767 97$4 0.41

Lcnumbers 8,458 0.997 8,608 89$150 1 .05

Subjects 15,570 0.847 15,870 91$500 0.62

Keywords 51,940 0.765 24,550 97$200 42.58

Table 2: Results of regression and goodness of fit test.

RESULTS

To perform the test we 
can be 
values 
slope -p 
lines 

bends away

a, and 
ln(x)

a
These graphs

appendix.

As can be r— ~ 
Zipf distributi

indicating WeUicnumbersf or L reject the
test statistic is 
hypothesis that the

rank-frequency DISTRIBUTION

R2 T72d

values of the statistic, we cannot 
of the four elements. In 

the 20$ significance level, 
J Zipf Law for authors, 
For keywords, however, the 

g that we should reject the 
Zipf Law.

b.
for 

straight 
with the

The 
This is 

that 
! D. 
must 
the

 . , - seen from the

WO (”*' 
or for subject headings.

very large indicatin,
•= keywords follow the

significance 
(nw)T75D 

; ■_ must have values of p,
These can be estimated by plotting ln(r+b) versus 
various values of b. The graph should approximate 
line of slope -p and intercept ln(a). 
estimated lines appear in figures 1 to 4 in the 
data bends away from the line at high values of ln(x). 
Bradford's "nucleus" (Brookes, 1984). It should be noted 
this nucleus has little effect on the value of the statistic 
In any case the data cannot fall below ln(l+b). The data i
fit the line very well at low values of ln(x) otherwise 
statistic D will be very large. It follows that the best line is 
not necessarilty the regression line of ln(r+b) on ln(x) although 
the R2 value from this regression is a measure of how close the 
data is to following the Zipf distribution. Table 2 summarizes 
the tests for each of the four elements considered.
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very high for all four 
not follow the Zipf Law. A 
J small values of ln(x) will 

This means that the 
to test for the Zipf 

calls into question those papers which test

statistic for the keywords
. > x = 1 by the formula

• (see figure 4). This could 
of misspelled keywords which*would

1 • If keywords of frequency 1 are 
of the statistic, 

indicating that this part

1 is quite large because the 
r = a/x - b is quite far 

possibly be due to a large 
appear as words of 

ignored in the 
then the value of the statistic 

of the keyword data
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