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ABSTRACT 

 
DNA computing, or more generally, molecular computing, is a recent development on 

computations using biological molecules, instead of the traditional silicon-chips. Some 

computational models which are based on different operations of DNA molecules have been 

developed by using the concept of formal language theory. The operations of DNA molecules 

inspire various types of formal language tools which include sticker systems, grammars and 

automata. Recently, the grammar counterparts of Watson-Crick automata known as Watson-

Crick grammars which consist of regular, linear and context-free grammars, are defined as 

grammar models that generate double-stranded strings using the important feature of Watson-

Crick complementarity rule. In this research, a new variant of static Watson-Crick linear 

grammar is introduced as an extension of static Watson-Crick regular grammar. A static 

Watson-Crick linear grammar is a grammar counterpart of sticker system that generates the 

double-stranded strings and uses rule as in linear grammar. Here, static Watson-Crick 

grammar differs from Watson-Crick grammar in term of the way each stranded string 

generates the double-stranded strings. The main result of the paper is to determine some 

computational properties of static Watson-Crick linear grammars. Next, the hierarchy 

between static Watson-Crick languages, Watson-Crick languages, Chomsky languages and 

families of languages generated by sticker systems are presented.    
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INTRODUCTION 

In DNA computing techniques, there are two fundamental features which are necessary to 

overcome the limitation of traditional silicon-based computing technologies known as 

Watson-Crick complementarity and massive parallelism of DNA strands. Historically, some 

grammar models that were introduced did not use the fundamental feature of Watson-Crick 

complementarity of DNA molecules [1-3]. Following that, a broad variety of dynamic 

Watson-Crick grammars that use this fundamental feature have been proposed [4-7]. This 

model produces each stranded string “independently” and do not fully illustrate the synthesis 

of DNA molecules. In order to overcome the problem, the aim of this research is to introduce 

a new variant of static Watson-Crick grammar known as a static Watson-Crick linear 

grammar, which is an extension of static Watson-Crick regular grammar. A static Watson-
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Crick linear grammar is a grammar counterpart of sticker system which uses Watson-Crick 

complementarity feature of DNA molecules; starting from the incomplete double-stranded 

sequence and iteratively using sticking operation until complete double-stranded sequence is 

obtained. 

 

In this research, some computational properties of static Watson-Crick linear grammars are 

determined. The result shows that the family of static Watson-Crick linear grammar can 

generate some non context-free languages. Besides, the family of arbitrary sticker languages 

with no restriction is included in the family of static Watson-Crick linear grammars. On the 

other hand, the result also shows that the family of Watson-Crick linear languages is included 

in the family of static Watson-Crick linear languages.  

 

MAIN RESULTS 

In this section, the definition of a static Watson-Crick linear grammar, which is an extension 

of static Watson-Crick regular grammar, is introduced in the following.  

 

Definition 1 (Static Watson-Crick Linear Grammar) 

A static Watson-Crick linear grammar is a 5-tuple  where are 

disjoint alphabets of nonterminal and terminal, respectively, is a symmetric 

relation (Watson-Crick complementarity), is the start symbol (axiom) and is a 

finite set of production rules in the form of  

(i)  where  

and ;  

(ii)  where  and ; or 

(iii)  where  and . 

 

The family of languages generated by a static Watson-Crick linear grammar is denoted as 

SLIN. The elements  in the set of all pairs of strings  can be classified into 

two different cases, either in the form of  or . Next, the 

relationship between the families of static Watson-Crick linear grammar with families in 

Chomsky hierarchy, sticker system and also Watson-Crick grammar are determined. The 

following lemma follows immediately from the definition above, where LIN indicates the 

set of languages generated by linear grammars.  

 

Lemma 1.  LIN SLIN. 

From Lemma 1, we have Theorem 1. 

 

Theorem 1. LIN SLIN. 

Next, Theorem 2 shows that static Watson-Crick linear grammars can generate some non-

context free languages. 

 

Theorem 2. SLIN − CF . 

In [4], the relationship between Watson-Crick linear grammar (WKLIN) and the family of 

arbitrary sticker languages with no restriction ASL (n) has been established, where ASL (n) 

WKLIN. Here, we show that ASL (n) can be simulated by SLIN in the following 

proposition. 

( )PSTNG ,,,, = TN,

TT 

NS  P

 ( ) ( ) 22221111 //// vuyxAyxvuS →  ,SNA −  ( ) ( )TRyxvu 1111 //

( )  ( )TLvuyx 2222 //

( ) ( )2211 // yxByxA→  SNBA −, ( ) ( ) ( )TLRyxyx


 2211 /,/

( ) ( )2211 // yxByxA→  SNA − ( ) ( )TLRyx


 11 /

 vu / TT 

    // vu     // =vu











 

SCIENCE AND TECHNOLOGY                                                                                  594 

Proposition 1.   ASL (n)  SLIN. 

Next, the results show that the family of Watson-Crick linear languages is included in the 

family of static Watson-Crick linear languages. 

 

Lemma 2.  WKLIN SLIN. 

 

CONCLUSION 

 

In this paper, we define a static Watson-Crick linear grammar, which is one of the variants of 

static Watson-Crick grammars and determine its computational power in order to correlate 

with other family of languages. This research can be further studied by defining other 

variants of grammar which is useful for DNA based computing devices and algorithmic 

techniques. 
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