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Abstract—Morphological analyzers are essential for any type of 
natural language processing works. As Malayalam like other 
Dravidian languages is an agglutinative language it needs a 
compound word splitter as a preprocessor. An algorithm has 
been developed and successfully used for splitting the compound 
words. 90% success has been established in initial scrutiny of 
around 4000 compound words. The splitter can be used for 
developing and implementing a full fledged morphological 
analyzer.  
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I.  INTRODUCTION  
 Morphological variations for words occur in Malayalam due 
to inflections, derivations and word compounding. Malayalam 
is an agglutinative language where words of different syntactic 
categories are combined to form a single word. Formation of 
new words by combining a noun and a noun, noun and 
adjective, verb and noun, adverb and verb, adjective and noun  
and  in some cases all the words of  an entire sentence to 
reflect the semantics of the sentence  are very common[1]. The 
complexity of compounding in Malayalam language can be 
understood from the following example.      
സീതയാരാെനയkണ്ടു gets split into 
സീത oരു ആന e കണ്ടു 
 A word by word translation of the above sentence becomes: 

 “Seetha an elephant saw” and the correct translation is  
       Seetha saw an elephant. 

  
 Such sentences are common in Malayalam language.  This 
kind of compounding is found in plenty in media passages and 
in poems.  The constituent morphemes are to be separated for 
the source language for all the Natural Language Processing 
(NLP) operations like Part of Speech (POS) tagging [2,3] 
machine translation  and question answering.  The splitter 
developed splits a compound word into morphemes. As there 
is a possibility of splitting a compound word in different ways 

it generates all possible splits for a compound word.  The 
splitter uses a lexicon trie which reduces the look up time for 
the morphemes. It uses rote learning to cut down search space 
for the algorithm by storing intermediate results. The 
algorithm uses a depth first strategy with backtracking to find 
the splits. The splitter splits almost all kinds of word 
compounding in Malayalam. 

II. LANGUAGE CHARACTERISTICS 
In Malayalam Keralapanini [4] has adopted a classification 

for word compounding based on the changes occurring to the 
phonemes in the boundary of the two words: Lopa sandhi 
(elision), Aagama sandhi (addition), aadesha sandhi 
(substitution) and dwitwa sandhi (gemination). In addition 
since Malayalam has adopted a lot of words from Sanskrit, the 
Sanskrit sandhis like guna sandhi, vridhi sandhi, ayaadi sandhi 
and yan sandhi are commonly found in Malayalam [4, 5]. 
When two vowels come in the boundary either lopa sandhi or 
aagama sandhi occurs. Dvitwa sandhi occurs when a vowel and 
a consonant come in the junction. Aadesha sandhi usually 
occurs when two consonants or one consonant and a vowel 
comes adjacent to each other before being compounded. 

III. RELATED WORK 
 The morphological analyzer reported previously is seen to be 
working only for compound word free sentences [2, 3].  A 
Moore model has been proposed for compound word splitting 
in Sanskrit as part of morphological parsing [6]. The need for 
sandhi splitting for machine translation is discussed in the 
paper. A Sanskrit sandhi splitter (vowel sandhi) tool has been 
reported as developed by Computational linguistics R&D, 
special centre for Sanskrit studies, Jawaharlal Nehru 
University, New Delhi. It handles only vowel compounding in 
Sanskrit. Corpus driven method for compound splitting using 
a parallel corpus has been reported where the correct split 
determination and its impact on statistical machine translation 
is discussed using both a German corpus and a parallel corpus 
of German to English translations [7]. Compound splitting and 
recombination for reducing the vocabulary has also been 
reported earlier [7].   
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IV. COMPOUND WORD SPLITTER 
The schematic diagram of the compound word splitter is given 
in Figure 1. 

 
 

 
പനേയാല                                          പന + ഓല 

          [input]                                               [output] 
Compound word                                         constituent  

                                                                   morphemes          
 
 
 
 
 
 

Fig 1. Block diagram of sandhi splitter 
 
The splitter makes use of a lexicon consisting of morphemes 
belonging to each lexical category. The lexicon was created as 
a trie. A sample lexicon is as shown in figure 2.  The circle 
shown with an arrow is the start state. The double circles are 
the accepting states. The transition symbols are the alphabets 
of Malayalam language. Separate tries are kept for each 
lexical category like noun, verb, adjective, adverb, noun 
affixes, and verb suffixes. The tags reduce the number of 
unwanted splits and also reduce the ambiguity when there 
exists multiple splits for the same compound word.  

 

 
 
              

Fig. 2.  Lexicon trie 
 

V. ALGORITHM 
Input to the algorithm for splitting compound word is a valid 
sentence and output is a sequence of morphemes for the 
sentence. As two level finite automata is not enough for highly 
agglutinative language like Malayalam a recursive depth first 
search with backtracking algorithm has been utilized [8,9]. 
The algorithm uses the sandhi tables which contain the 
replacement rules at each splitting boundary, lexicon trie with 

the words belonging to various lexical categories and a 
temporary array for storing partial results. 
 

The Algorithm is detailed as follows: 
 

 Split (input: string) 
 

Step1: If input is a valid word  
           Output=input 

             Return output. 
 

Step2:  While not end of input do steps 3-8 
 
 Step3:  While there are unselected rules at the current syllable 
boundary do steps 3-7 

 
Step4: Select an unselected rule from the rule table which 
satisfies the preconditions at the syllable boundary.   
 
Step5:  Apply the rule and split the input into two parts first 
and second 

 
Step6:  If the first is a valid word and If second word is 
present in the partial array attach the split result with first to 
form output goto step 8 else goto step 7 

 
Step7: Temp=split (second)             // recursive call to the 
same function with the second part // 
If there are valid splits in temp form partial results in output 
array by combining   first and each entry of the temp array. 

 
Step 8: Advance to next syllable. 

   
Step 9: return output.  

 
Step10: Stop. 

 
This algorithm works in a self recursive or depth first 

manner. First it checks whether the string can be accepted as 
such without splitting. In that case it is returned as such. 
Otherwise it tries to find all the splits for the string within the 
while loop in step2. The while loops in step 3 tries to apply 
multiple splits at the current syllable position. The string is split 
into two parts first and second following the standard sandhi 
splitting rules of the language (Table 1). If the first part is a 
valid word then the algorithm proceeds recursively with the 
second as the input string. Temp array is used to store the splits 
for the recursive call to second which is then combined with 
the first of the current call and stored in the array output. When 
the procedure ends the output array will contain all the possible 
splits.  Rote learning is the process by which we store the 
computed values to reduce search time [9]. 

 

 

 

     
        Splitter 

Lexicon trie Splitting rules 
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The split tree for the compound word കരതലാമലകം is as shown 
in figure 3. The number of recursive calls is reduced by 
storing intermediate results. After finding  തല + ആമലകം as one 
split for the word ,when the system backtracks to find other 
splits for തലാമലകം, it is split into  തലം and ആമലകം and since a 
split for  ആമലകം was already generated the search stops there 
and the splits for ആമലകം is attached to it. So the sub tree with 
the root ആമലകം won’t be traversed again thus improving the 
speed of the system. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Depth first traversal for the splits. 
 
 

This algorithm generates all possible splits for each compound 
word. A set of compound words were subject to random 
analysis using the algorithm.  A lexicon size of 1000 words  
which includes most of the commonly occurring nouns, verbs, 
modifiers, verb and noun suffixes was utilized for analyzing 
the performance of the developed splitter algorithm.   
 
 

VI. RESULTS AND DISCUSSIONS 
The results of  the analysis of a few compound words  using 
the algorithm are detailed in table 2 . 
The splitter generated all the possible splits for each of the 
compound words. The system generated three kinds of output  
 

TABLE 2. TABULATED RESULTS 

 

 
 
 
 
 
1. Correct unique split in which only a single split is obtained 
(sl no5) 
2. Correct multiple splits in which more than one split is 
obtained and all the splits are correct (sl. no 3 and 4).  The 
correct ones can be found only after more contextual analysis.  
3. Multiple splits which contain both correct and syntactically 
incorrect splits (sl no. 6). 
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The statistics related to splitting a package of lexicon size of 
1000 words is as shown in Table 3. 
 

      
 
 
 

               TABLE  3. PERFOMANCE STATISTICS 
 
  

Lexicon size(words) 1000 
Compound words tested 4000 

Correct unique split 90% 
Correct multiple split 8% 

Multiple splits with incorrect 
split 

2% 

 
 
The results of compound word splitting thus arrived at can be 
subsequently forwarded to a morph analyzer for detailed 
analysis. 
 
The following merits have been observed for the developed 
algorithm. 
 
1. It uses the minimum number of compounding rules which 
reduces the computing time. 
2. The use of a trie model for lexicon storage which reduces 
the word lookup time.  
3. Since intermediate split results are stored, the system takes 
less time for finding all splits. Here before a recursive call a 
check is made whether a split was generated for the substring. 
In that case the split is taken directly from the stored array. In 
this way the system implements rote learning which is used to 
cut down the search paths [9]. 
4. It takes into account of almost all sandhi rules in Malayalam 
and Sanskrit.  
5. The use of morphemes instead of surface forms for the 
words reduces the lexicon size. 
6. It generates all possible spits for a compound word.  
7. It uses best set of splitting rules to minimize the number of 
splits. In example 9, the first split can be eliminated by using 
the morphological tags of ആന and ആയി and the rule that the 
deergha sandhi occurs only between nouns. 

VII. CONCLUSION 
 

Morphological processing is an important component in any 
NLP application like machine translation, story understanding 
system and question answering system. This demands an in-
depth study of the morphology of the language used. 
Malayalam, a prominent language in the family of Dravidian 
languages, was taken for case study and a detailed study of the 
morphology of the language was made.  The compound word 
splitter developed can be used as a preprocessing step in   NLP 
tasks like translation, question answering etc to split the 
compound words in the source text. The system can also be 
used as a tool for learning compound word splitting in 
Malayalam. Spell checker efficiency can be improved using 
this compound splitting method. The system can process 
almost all the morphology due to inflections and derivations of 
verbs and nouns and word compounding. The results obtained 
are encouraging and the work can be extended to other 
Dravidian languages since they exhibit structural 
homogeneity.  
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