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Abstract. 

In the present report, Interpolation search, Fast search and Pegasus method are compared with respect 
to their performance in searching ordered disk files for several key distributions. The aim is to study the 
effect of the page capacity on searching performance. Cost metric is the number of page accesses and not 
key comparisons. Numerical results are illustrated and a new approximate formula is derived giving an 
estimate of the number of page accesses for the case of the Interpolation algorithm under uniform 
distributions. 
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1. The simulation. 

In a recent  work  by Armenak i s  et al. [1] a compar i son  between In te rpo la t ion  

[4, 8], Fas t  [-2, 6] and  Pegasus  me thods  [3] for three different key value stat ist ical  

d i s t r ibu t ions  is performed.  The m a j o r  l imi ta t ion  of this work  comes from the fact 

that ,  a l though the te rm file has been included in the title, there is an implici t  

a s sumpt ion  that  the cost  metr ic  is the number  of key compar i sons  and not  the 

number  of  page accesses. In  o ther  words,  their  results  hold  only for the case when the 

page  capac i ty  is one record,  which is not  often met  in practice.  The mo t iva t i on  of the 

present  r epor t  is the r eexamina t ion  of the three a lgor i thms,  the va l ida t ion  of the 

previous  results and  the s tudy of  the effect of  the page capac i ty  on the searching 

performance.  F o r  our  exper imenta t ion  and analysis,  the cost  is cons idered  in I/0 

terms because the C P U  c o m p u t a t i o n  is relat ively negligible. Therefore,  the metr ic  is 

the number  of page accesses. 

An extensive s imula t ion  has been carr ied out  on IBM AT with T u r b o  Pascal  
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version 4.0. It has been tried to follow the main characteristics of the experimenta- 
tion of [1], e.g. the ordered disk files consisted of 5000, 15000 and 25000 distinct 
records with key values obeying a uniform, an exponential and a gamma distribu- 
tion. However,  for our experiment the key space is from 1 to 500000, and not from 
0 to 1 as in [1]. In addition, it is noted here that the exponential distribution is taken 
by using a logarithmic method, while the gamma distribution is taken by using 
a rejection-acceptance method by setting the shape (scale) parameter equal to 2 (11 
[5]. As explained earlier, a new parameter has been considered, that of the page 
capacity. In this simulation the capacity was equal to 40, 20, 10, 5 and 1 record. Only 
successful search was considered. Besides it is assumed that all records are equi- 
probably searched. This was achieved by generating five times a sample of 100 
randomly chosen numbers from 1 to N, the file size. Afterwards the key value of 
every random file position was searched. This process was repeated for every 
searching algorithm, key distribution and file size. 

Tables 1 to 3 present results of every distribution taken in consideration. The 
implementation details produced some deviations from the results of [1]. However, 
these details have not altered the qualitative results of both reports. From the tables 
the following six observations are made. The last two of them concern the effect of 
page capacity on searching performance as a function of the method and distribu- 
tion involved. 

Table 1. Pe~;/i~rmance ~?/ Interpolation, Fast aml Pe.qasus methods,liar various 
capacities and un!/))rm key distribution 

capacit3 I n t e r p o l a t i o n  East Pegasus 

5000 15000 25000 5t)00 15(/00 25(/00 5000 15000 25000 

40 1.(~5 1.83 1.85 
2O 1.82 2.08 2.12 
I0 2.13 2.44 2.47 
5 2.55 2.81 2.86 
1 3.611 3.89 3.98 

7.64 8.72 9.65 
9.35 10.29 I 1.92 

11.11 11.77 13.97 
12.37 12.87 15.37 
14.01 14.58 17.23 

1.67 1.81 1.85 
1.85 2.04 2.1 I 
2.13 2.36 2.46 
2.50 2.74 2.87 
3.51 3.78 3.99 

Table 2. Pet?[m'mance (?/ lnterpolation, Fast and Peqasus methods for L'arious 
capacities and ,qamma key distribution. 

capaci ty  I n t e r p o l a t i o n  F a s t  P e g a s u s  

5000 15000 25000 5000 15000 25000 5000 15000 2 5 0 0 0  

40 7.17 8.89 1/).71 
21/ 8.57 10.21 12.16 
10 9.95 11.53 13.60 

5 11.33 12.82 15.34 
1 14.1/4 15.34 17.78 

6.75 9.00 10.74 
8.t18 11/.31 12.46 
9.29 11.6l 14.04 

10.28 12.88 15.1/4 
11.97 14.60 17.22 

4.57 4.88 5.07 
4.88 5.19 5.39 
5.22 5.52 5.72 
5.59 5.88 6.09 
6.66 6.97 7.24 
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Table 3. Performance of Interpolation, Fast and Pegasus methods for various 

capacity 

capacities and exponential key distribution. 

Interpolation Fast  Pegasus 

5000 15000 25000 5000 15000 25000 5000 15000 25000 

40 9.97 12.88 23.40 
20 12.09 1~92 27.23 
10 14.19 16.97 31.16 

5 16.25 18.89 34.64 
1 20.32 22.80 41.88 

7.78 9.91 14.97 
9.70 11.87 18.81 

12.01 13.52 20.93 
13.42 t4.74 22.26 
15.26 16.56 24.16 

5.15 5.52 6.53 
5.52 5.83 6.84 
5.89 6.13 7.14 
6.29 6.51 7.51 
7.42 7.59 8.55 

(a) The performance of all methods is reconfirmed to be of order log log N. Even for 
Zhe exponential and the gamma distributions the involved coefficient does not 
take great values. 

(b) The interpolation method is very stable for the case of uniform distribution. As 
expected, for the gamma and especially for the exponential distribution the 
performance deteriorates with increasing file sizes. Results of the gamma dis- 
tribution always lie between the results of the other ones. 

(c) Fast search is the worst method for uniform keys. However, its performance is 
close (superior) to that of Interpolation for the gamma (exponential) distribu- 
tion. In this case results of the gamma distribution does not lie between the 
results of the other ones. On the contrary, our experiments seem to indicate that 
no certain position may be taken concerning the performance of the method 
under the uniform and gamma distributions. Exponential distribution always 
gives higher results. 

(d) The Pegasus method emerged as the most stable algorithm. Its performance is 
almost identical to that of Interpolation for uniform keys but clearly outper- 
forms it for gamma and especially the exponential distribution. The Pegasus 
method compared to the Fast search is superior in all cases. It is remarkable that 
in the case of exponential data its performance results are very close even with 
increasing file sizes. As for Interpolation search, here again results of the gamma 
distribution always lie between the results of the other ones. 

(e) When considering the effect of page capacity on performance for all methods, as 
expected, the number of page accesses decreases with increasing page capacity. 
Comparing the results of page capacity 1 to those of page capacity 40 we observe 
a gain of at least ~40Vo (up to ~55~o) for the Interpolation method. Similar 
figures for fast search (Pegasus method) are from ~37~o to ~45~o (~23~o to 

54~) gain in page accesses. This gain is a measure of the convergence speed of 
the algorithms. Therefore, as a consequence it seems that Interpolation search 
converges to the final position relatively faster than the other methods. 

(f) From the key distribution point of view the following observations are made. 
For uniform distributions the gain varies from ~55~o to ~40~o, while for 
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gamma (exponential) distributions the gain varies from ~ 4 9 %  to ~ 3 0 %  
( ~ 51% to ~ 23 %). In an analogous manner, from our experiments, it means that 
the uniform distribution plays a positive role with respect to the fast convergence 
when compared to the other distributions. 

2. Epilogue. 

In this section a new formula is derived under the assumption that the keys, which 
obey a uniform distribution, are searched with the Interpolation method. This 
formula is based on an expected value analysis and gives an estimate of the number 
of page accesses as a function of the file size and the page capacity. 

According to [8] the expected distance between the ith probe position and the 
final position is less than N 2 ' (i > 1). Besides, the average error of the first probe 
position is less than (x/N)/2. The page accesses continue up to the point that the page 
containing the desired record has been reached. Expectedly the desired record will 
be the middle one of the last page. Therefore: 

N 2 - '  < cap/2 ¢*- i < l o g  2 l o g  2 N -- log 2 logz(cap/2) 

where cap is the page capacity. The above equation gives an approximation of the 
necessary page accesses. Table 4 illustrates a comparison of the values produced by 
the new formula together with the results produced by our simulation. For the 
parameter  values of Table 4 the deviation varies from ~ l~.i, to ~26'~,,. Future 
research should derive more accurate approximations. A possible extension of this 
report would deal with the study of these three, as well as other algorithms on 
batchcd searching using the methods described in [7]. 

Table 4. Comparison qf analysis and simulation of Interpolation search.lor various 
capacities and un(lbrm key distribution. 

capacity 5000 i 5000 25000 

simul, analys, simul, analys, simul, analys. 

40 1.65 1.51 1_83 1.68 1.85 1.76 
20 1.82 1.89 2.08 2.06 2.12 2. i4 
10 2.13 2.40 2.44 2.58 2.47 2.65 
5 2,55 3.22 2.81 3,39 2.86 3.47 
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