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                                       Abstract 

           In  the  presen t  paper  an  a t tempt  has  been  made  to  f ind  the  

probabi l i ty   d i s t r ibu t ions  based  on  the  f requency  of  words  in  a  smal l  

sample  of  tex t .  The  tes t  o f  goodness  of  f i t  o f  the  d i s t r ibu t ions  has  

been  a l so  worked  out  on  exemplary   bas i s  for  some se lec ted  words .   

                      

                           1.Introduction 

 

The  a im of  Linguis t ic  sc ience  i s  to  be  ab le  to  charac te r ize  

and  expla in  the  mul t i tude  of  Linguis t ic  observa t ion  c i rc l ing  a round us ,  

in  conversa t ion ,  wr i t ings  and  o ther  media .  Par t  o f  i t  has  to  do  wi th  

unders tanding  the  l inguis t ic  s t ruc tures  by  which  language  

communica tes .  Whi le  ana lyz ing  a  tex t  mathemat ica l ly ,  the  f i r s t  

ques t ion  i s  about  the  d i s t r ibu t ion  of  words  and  the  probabi l i ty  of  

occur rences  of  a  word  in  a  par t icu la r  number  of  t imes  in  a    document .   
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A di f fe ren t  source  of  in format ion  about  te rms  tha t  can  be  explo i ted  in  

in format ion  re t r ieva l  i s  co-occur rence ,  the  fac t  tha t  two or  more  te rms  

occur  in  the  same document  more  of ten  than  chance .  The  models  of  

t e rm d is t r ibu t ion  can  be  embedded  in  in format ion  re t r ieva l  f rameworks  

such  as  te rm weight ing .  In  addi t ion  to  in format ion  re t r ieva l ,  a  good  

unders tanding  of  d i s t r ibu t ion  pa t te rn  i s  usefu l  wherever  we  want  to  

assess  the  l ike l ihood  of  a  cer ta in  number  of  occur rences  of  a  spec i f ic  

word  in  a  un i t  o f  t ex t .  The  f requency  of  words  and  the i r  behavior  in  a  

tex t  can  have  appl ica t ions  in  c ryptography or  to  g ive  sor t  o f  ind ica t ion  

of  s ty le  or  au thor -sh ip .  

 A be t te r  f i t  to  the  f requency  d is t r ibu t ion  of  conten t  words  i s  

p rovided  by  the  two Poisson  model ,  a  mix ture  of  two Poissons  by  

Books te in  e t  a l  [1] .  Katz  e t  a l  [3]  def ined  a  K mixture  for  empir ica l  

word  d is t r ibu t ion  which  was  more  accura te  than  the  Poisson  

d is t r ibu t ion  and  the  two Poisson  models .  Res idua l  inverse  document  

f requency  was  in t roduced  by  church  e t  a l  [2] .  Wong [6]  has  used  

informat ion  theory  to  mot iva te  inverse  document  f requency .  An 

appl ica t ion  of  res idua l  inverse  document  f requency  to  the  

charac te r iza t ion  of  index  te rms  i s  descr ibed  by  Yamamoto  e t  a l  [7 ] .  

Naranan  & Balasubrahmanyan [4-5]  have  deve loped  informat ion  

theore t ica l  models  in  s t ruc tura l  l inguis t ics  based  on  word  f requencies  

and  rank  f requency  d is t r ibu t ion  of  phonems and  a lphabet .   

We are  making  a t tempts  to  inves t iga te  d i sc re te  d i s t r ibu t ions  

based  on  the  f requency  of  the  words  in  the  sample  of  tex t .  Whi le  go ing  

through a l l  ex is t ing  d is t r ibu t ions ,  i t  was  observed  tha t  occur rence  of  

the  spec i f ic  words  in  the  tex t  has  been  a t  such  low leve l  tha t  even  

Poisson  d is t r ibu t ion  could  not  be  appl ied .  The  need  to  have  a  

d i s t r ibu t ion  which  can  represen t  a  random var iab le  which  has  very  low 

f requency  in  a  g iven  da ta ,  l ead  to  the  search  of  new d is t r ibu t ions .   I t  

was  fur ther  examined  tha t  the  words  for  whom the  d i f fe rence  in  

f requencies  a t  x  =  0  and  a t  x  =  1  i s  l ess  than  80  percent  
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(approximate ly)  of  the  sample  s ize  sa t i s fy  d i s t r ibu t ion  f i r s t  and  

o therwise  d i s t r ibu t ion  second.   

 
2.Methodology:-   
         We have  compi led  a  corpus  of   25600 words  f rom the  book of  

noble  laurea te  Amer tya  Sen   and  o ther  prominent  books  on  pover ty  

a l lev ia t ion  programmes .  For  the  sake   o f  s impl i f ica t ion  the  corpus  was   

d iv ided  in   256  uni t s ,  each  uni t  conta in ing  100  words .  

 

Notat ions  used:-  

X = x i ,  Number  of  t imes  the  word  ‘w’  appears  in  a  un i t  

F 0  =  Number  of  un i t s  possess ing   x i
t h  a t t r ibu te  (observed  f requency)   

F e  =  Number   o f  un i t s  possess ing   x i
t h  a t t r ibu te  theore t ica l ly   

      (  theore t ica l  f requency)              

 

3 .Distributions of  words:-  
             In  th i s  sec t ion  we are  present ing  two type  of  d i s t r ibu t ions  

genera ted  f rom power  se r ies  d i s t r ibu t ion  and  inf la ted  power  se r ies  

d i s t r ibu t ion  which  we th ink  a re  appropr ia te  to  de l inea te  the  

d i s t r ibu t ion  of  a  random var iab le  having  very  low f requency  in  the  

da ta .  The  tes t  o f  goodness  of  f i t  o f  the  d i s t r ibu t ions  for  d i f fe ren t  

words  and   cor responding   co l loca t ions   in  a  tex t  has  been  a l so  worked   

ou t .  

 

Dis tr ibut ion I  : -  

                  We have  the  genera l ized  power  ser ies  d i s t r ibu t ion  def ined  

as       P(  X=x)  =







≥=

elsewhere

ax
f
a

x

x
x

,0

0.......;3,2,1,0;
)(θ

θ
  

where = ,   )(θf ∑
∞

=0x

x
xa θ 0≥θ
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For  d i s t r ibu t ion  I ,  we  sha l l  se t   =  1  on  the  bas i s  o f  deduct ive  

reasoning ,  which  in  tu rn  impl ies  tha t   =  1-  θ   

)(θf

ax

          Thus  i t  can  be  assevera ted  tha t  a  random var iab le  X assuming  

non-nega t ive  va lues  sha l l   have   d i s t r ibu t ion  I  i f  i t  has   p robabi l i ty  

mass  func t ion  of  the  form  

 

                     P  (  X=x )  =    (1 -θ )  θ ;   x  =  0 ,1 ,2 ,3 ,……….            x

 

             where  ‘θ  ’  i s  the  parameter  o f  the  d i s t r ibu t ion  and  0 ≤ θ  1 .  

We observe  tha t  th i s  d i s t r ibu t ion  i s  appl icab le  when n ,  the  number  of  

t r i a l s  i s  in f in i te ly  la rge  and  the  probabi l i ty  of  success  for  each  t r ia l  i s  

indef in i te ly  smal l .  

≤

 

The  cor responding  Dis t r ibu t ion  func t ion  i s   

F  (X)  =  P  (X  x)  =  ≤ ∑
=

x

r
rP

0
)(  

                          =  (1-θ )    ;  x  =  0 ,1 ,2 ,3 ,……………  ∑
=

x

r

r

0

θ

We sha l l  a l so  have     

Mean of  the  d is tr ibut ion           :=
)1( θ

θ
−

       

Variance  of  the  d is tr ibut ion      :=  2)1( θ
θ
−

                             

Moment  Generat ing  Funct ion    := 
te.1

1
θ

θ

−

−                         

Character is t ic  Funct ion            :=
ite.1

1
θ

θ

−

−                                       
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Test  of  goodness  of  f i t  o f  the  d is tr ibut ion I  to  the  observed data  for  

words .  

For  the  word  ‘pover ty’ ,  we  have  fo l lowing  tab le  

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4  

    5  

    6   

      130  

        56  

        29  

        25  

         16
2
3
11









        0  

       56  

       58  

       75  

       44  

       15  

       12  

       .498  

       .249  

       .125  

       .063  

       .032  

       .016  

       .008  

127 .5  =  128  

  63 .7  =   64  

             32  

  16 .1  =   16  

   4  14
294.1
409.
819.8









=
=
=

   

 ∑ F 0  =256 ∑ F 0 . X=260   

 

For  which  we can  eas i ly  ob ta in  

X  =   1 .01 ,  θ  =  .502  and  (F∑ 0  -  F e ) 2 /  F e  =6 .655  

 S ince   =   7 .815  (  for  th ree  degree  of  f reedom ) ,  th i s  depic t s  tha t  

the  d i s t r ibu t ion  i s  o f  a  good f i t  o f  the  observed  da ta  a t  5% leve l  o f  

s ign i f icance .   

2
05.χ

  

For  the  word  ‘ l ine’  we  observe  tha t                                                                        

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4  

    5    

       213  

        32  

          
1

    11

1
1

8











        0  

       32  

       16  

         3  

         4  

         5  

       .813  

       .152  

       .028  

       .005  

       .001  

       .0002    

  208 .1  =  208  

   38 .9  =    39  

    
1

 8

0051.
0256.
128.
717.7











=
=
=
=

 ∑ F 0  =256 ∑ F 0 . X=60   

 

For  which  we can  eas i ly  ob ta in  
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X  =   0 .23 ,  θ  =  0 .187  and  (F∑ 0  -  F e ) 2 /  F e  =2 .501  

Since   =  3 .841  ( for  one  degree  of  f reedom) ,  hence   the  d i s t r ibu t ion  

i s  aga in   a  good f i t  fo r  the  observed  da ta  a t  5% leve l  o f  s ign i f icance .      

2
05.χ

For  the  co l loca t ion  ‘  pover ty-  l ine’  we  have  

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4      

     210  

       28  

               8
1
0
7









         0  

       28  

       14  

         0  

         4      

       .848  

       .128  

       .020  

       .003  

       .0004    

 217 .08  =217 

   32 .77  =  33  

      6
011.0
178.0
512.5









=
=
=

 ∑ F 0  =256 ∑ F 0 . X=46   

 

For  which  we have  

X  =   0 .18 ,  θ  =  0 .152  and  (F∑ 0  -  F e ) 2 /  F e  =1 .651  

Since   =   3 .841(  for  one  degree  of  f reedom ) ,  therefore  th i s  

d i s t r ibu t ion  i s  a  good  f i t  o f  the  observed  da ta  a t  5% leve l  o f  

s ign i f icance .      

2
05.χ

 
Distr ibut ion II  : -  

                     An inf la ted  power  se r ies  d i s t r ibu t ion  inf la ted  a t  zero  i s  

g iven  by   P  (  X=x )  =  










=

=+−

,....3,2,1;
)(

0;
)(

.1 0

x
f
a

x
f
a

x
x

θ
θ

α

θ
α

α

 

where  α  (0  <α  1 )  i s  the  in f la t ion  parameter .  ≤

From where  we have   =   )(θf ∑
∞

=

+
1

0
x

x
xaa θ

In  order  tha t  i t  could  f i t  our  condi t ions ,  l e t  us  assume =1 and  )(θf

!
1

)!1(
1

xx
a x
x +

−
=θ  

which   y ie lds  =  2  (1-  e ) ,  and  thus  we   have  the  fo l lowing  def in i t ion .  0a
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           A random var iab le  X sha l l  have  d is t r ibu t ion  I I  i f  i t  assume non  

nega t ive  va lues  and  has   p robabi l i ty  mass  func t ion  as    

 

    P  (  X=x )  =  





=







+

−

=−+

....3,2,1,
!

1
)!1(

1

0;21

x
xx

xe

α

αα

     

                      here  0  <α   0 .1  ≤

so  tha t  the  cor responding  d is t r ibu t ion  func t ion  i s  

F(X)  =  1+ α  -   2eα  +  ∑
=

x

r 0
α 








+

− !
1

)!1(
1

rr
,         x  =  1 ,2 ,3 ,… 

Here  we sha l l  have   

Mean of  the  d is tr ibut ion :  =    3eα  

Variance  of  the  d is tr ibut ion :  =   eα  (  7  -  9  eα  )  

Moment  Generat ing  Funct ion:= 

                      (1+  α  -2  eα )  +  α [  (e t +1)exp  e t   -  1 ]    

Character is t ic  Funct ion :=  

                    (1+  α  -2  eα )  +  α [  ( e i t +1)exp  e i t  -  1 ]  

Test  of  goodness  of  f i t  o f  the  d is tr ibut ion II  to  the  observed data  

for  words .  

I f  we  cons ider  the  d i s t r ibu t ion  of  the  word  ‘en t i t l ement ’  then  we have  

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4  

    5    

    218  

      14  

      12  

              13
1
4
8









        0  

       14  

       24  

       24  

       16  

         5  

       .824  

       .080  

       .060  

       .027  

       .008  

       .002       

 210 .9=211 

  20 .48= 20  

 15 .36  =15 

   2  10
151.0
213.
791.6









=
=
=

 ∑ F 0  =256 ∑ F 0 . X=83   

 

So  tha t   X  =   0 .324 ,  α  =  .04  and  (F∑ 0  -  F e ) 2 /  F e  =  3.53  
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Since   =  5 .99  (2  degree  of  f reedom ) ,  therefore  th i s  d i s t r ibu t ion  i s  

a  good f i t  o f  the  observed  da ta  a t  5% leve l  o f  s ign i f icance .      

2
05.χ

I f  we  cons ider  the  word  ‘exchange’  then  the  d is t r ibu t ion  of  the  word  

in  the  tex t  i s   

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4  

    5    

   233  

     14  

      1         
10

2

2
5











         0  

        14  

        10  

         6  

         4  

        10    

    .912  

    .04  

    .03  

    .013  

    .004  

    .001          

 233 .4=233 

10 .24= 10  

  12

0256.0
106.1
314.3
868.7











=
=
=
=

 

 ∑ F 0  =256 ∑ F 0 . X=44                       

 
We have  X  =  0 .171 ,  α  =  .02  and  (F∑ 0  -  F e ) 2 /  F e   =  1.93   

so  tha t   =   3 .841(  for  one  degree  of  f reedom )  sha l l  exhib i t s  tha t  

the   d i s t r ibu t ion  i s  a  good  f i t  o f  the  observed  da ta  a t  5% leve l  o f  

s ign i f icance .      

2
05.χ

And for  the  co l loca t ion  ‘exchange  -en t i t l ement ’ ,  we  have   

    X        F 0        F 0 .  X        P(X)         F e  

    0   

    1  

    2  

    3  

    4      

     239  

       10  

              7
11
2
4









         0  

        10  

          8  

          6  

          4      

       .94  

       .026  

       .019  

       .0087 

       .002       

 240 .64  =241 

   6 .65  =    7  

      8
169.0
222.2
599.4









=
=
=

 ∑ F 0  =256 ∑ F 0 . X=28   

 

X  =   0 .109 ,  α  =  .013  and  ∑ (F 0  -  F e ) 2 /  F e  =  1.426 
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Since   =3 .841  ( for  one  degree  of  f reedom) ,  therefore  th i s  

d i s t r ibu t ion  i s  a  good  f i t  o f  the  observed  da ta  a t  5% leve l  o f  

s ign i f icance .      

2
05.χ

4.Conclusion: 
                 In  order  to  exhib i t  the  tes t  o f  goodness  of  f i t  we  have  

taken  a  few words  only  on  exemplary  bas i s ,  though there  a re  many 

o ther  words  which   sa t i s fy  these  d i s t r ibu t ions .  Therefore  we  conclude  

tha t  the  d i s t r ibu t ion  of  words  in  a  sample  of  tex t  fo l lows  a  geomet r ic  

type  of  d i s t r ibu t ion  and  in  some par t icu la r  s i tua t ion  where  the  

f requency  i s  very  low i t  fo l lows  a  l inear  type  of  d i s t r ibu t ion .  S ince  the  

corpus  i s  d iv ided  in  un i t s  and  the  d i s t r ibu t ions  a re  independent  of  the  

number  of  words  in  a  un i t ,  thus  i t  can be  sa id  tha t  these  d i s t r ibu t ions  

sha l l  be  wel l  def ined  for  a  la rge  corpus .    
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