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ABSTRACT. 

One approach to text compression is to replace high-frequency variable-length 

fragments of words by fixed-length codes pointing to a compression table containing 

these high-frequency fragments. I t  is shown that the problem of optimal fragment 

compression is NP-hard even i f  the fragments are restr icted to prefixes and suffixes. 

This seems to be a simplest fragment compression problem which is NP-hard, since a 

polynomial algorithm for compressing by prefixes only (or suffixes only) has been 

found recently. Various compression heuristics based on using both prefixes and suf- 

f ixes have been tested on large Hebrew and English texts. The best of these heuris- 

t ics produce a net compression of some 37% for Hebrew and 45% for English using a 

p re f i x /su f f i x  compression table of size 256. 
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I .  INTRODUCTION 

One of the approaches to tex t  compression is var iab le- to- f ixed- length encoding. 

In th is approach, high-frequency variable- length fragments of words in the tex t  are 

replaced by f ixed- length codes pointing to a compression table containing these high- 

frequency fragments. See e.g. Rubin [9] for  heur is t ic  algorithms for  selecting the 

fragments and Cooper and Lynch [2] for a review of th is  approach. Radhakrishnan [8] 

considered the special case of fragments which are pref ixes (or suf f ixes,  but not 

both). See also Gotlieb et a l .  [4]. 

Recently, a dynamic programming polynomial algorithm for  constructing an optimal 

a l l - p r e f i x  (or a l l - s u f f i x )  compression table for  a tex t  was given [ I ] .  Can we expect 

a polynomial algorithm even for  the general problem of optimal compression table con- 

struct ion containing a rb i t ra ry  fragments? Storer and Szymanski I l l ]  and Storer [I0] 

addressed themselves to th is  question. They used a model where both the tex t  and the 

compression fragments were represented by a long s t r ing.  For th is model they showed ~ 

that f inding an optimal compression st r ing is an NP-hard problem. This suggests that 

the s imi la r  problem for  a compression table may also be NP-hard. However, there may 

not be a simple transformation between the two models. I t  may thus be more p ro f i t -  

able to give a separate proof for the table model problem. 

In view of th is s i tuat ion we decided to consider the simultaneous p re f i x - su f f i x  

compression problem, that i s ,  the question of constructing an optimal compression ta- 

ble containing a f f i xes  but no other fragments. By an a f f i x  we mean any fragment 

which is e i ther  a pref ix  or a su f f i x ,  as in Peterson [7]. An optimal a f f i x  compres- 

sion table c lear ly  y ie lds a compression which is at least as good as that based on 

an a l l - p r e f i x  (or a l l - s u f f i x )  compression table, but the extent of the expected im- 

provement is unknown. This problem seems to be the simplest unsolved case of the 

general problem of compression table construction using fragments, as well as the 

simplest general ization of the recently solved problem of compression by an a l l -p re -  

f i x  (or a l l - s u f f i x )  compression table mentioned above. 

In Sect. 2 we show that even this problem is NP-hard, even for  a ternary alpha- 

bet. In fact ,  the resul t  holds even when every compressed word is compressed by only 

a single table-entry,  and even when the compression table consti tutes an a f f i x  code, 

that i s ,  no table-entry is the pref ix  or su f f i x  of any other table-entry.  I t  is  

therefore natural to consider heur ist ics for the construction of an a f f i x  compres- 

sion table. For th is purpose we f i r s t  constructed an a l l - p r e f i x  compression table 

and an a l l - s u f f i x  compression table separately, for  English and Hebrew texts.  In 

Sect. 3 we describe several heur ist ics for  doing th is ,  which seem computationally 

more e f f i c i e n t  than the polynomial algorithm of [ l ] .  One of them is s im i la r  to a 

heur is t ic  considered in [8]. The others take into account the overlaps between d i f -  


