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Abstract:  Like most of the South-Asian languages Urdu and 
Sindhi are partial word order languages. Conventional 
syntax representation models like Context Free Grammars 
are not capable enough to cope with partial word order 
syntax. Linear Specification Language (LSL) is an extension 
of Context-Free Grammars (CFGs) which allows arbitrary 
partial order (free word order) on the right hand side of 
grammar rule. Partial word order in LSL is handled by 
using different types of linear precedence (LP) constraints. 
LSL by using LP constraints is capable enough to represent 
the syntax of partial word order sentence. Issues related to 
represent Urdu/Sindhi language sentences with their 
constituent parts in LSL are discussed. LSL versions for 
different types of Urdu and Sindhi sentences are presented. 
 
Keywords: Natural Language Processing, Context Free 
Grammars, Linear Specification Language, Urdu/Sindhi 
Language Processing. 
 
1. INTRODUCTION 

Urdu and Sindhi language sentences have complex 
syntax structure with partial word order. A partial word 
order sentence may have many proper orders of its 
constituent parts. By imposing few restrictions on the word 
order of local languages one can represent controlled word 
order sentences in conventional syntax representation 
models like Context Free Grammars (CFGs)[1][2][3]. CFGs 
are suitable only for controlled or fixed word order 
sentences and partial word order is not efficiently modeled 
by them [4].  

Linear Specification Language (LSL)[5] is an extension 
of CFG with some changes on the right hand side of the 
grammar rule. These changes are in the shape of Linear 
Precedence (LP) constraints which are part of the grammar 
rule. The LP constraints define some precedence rules 
which specify the constituent ordering of the sentence.  
Local language sentences can have completely or partially 
free word orders [4]. For example the Urdu sentence “  دѧزاه
 ”بيمѧارہے  زاهѧد “ can have different word orders like ”بيمѧارہے 
and “ ےѧد  ہѧار  زاهѧبيم”.  In the same way Sindhi sentence “  يѧعل
علѧي   خѧط “ and ”خѧط  علѧي لکيѧو  “ can have the forms ”خѧط لکيѧو  
 In subsequent sections formal definition of LSL is  .”لکيѧو 
discussed in detail. LSL syntax representation of Urdu and 
Sindhi sentences is also presented with examples. 

 
1.1. Formal Definition of LSL Grammar 

 
A Linear Specification Language Grammar G = (V, 

T, S, P, L) is defined by [6] as given below: 
 

V: Set of variables (Non-terminals) 
T: Set of terminal symbols 
S: Start symbol (S ∈ V) 
L: Set of lexical entries (A lexical entry is a pair Y → a, 
where Y ∈ V and a ∈ T) 
P: Set of rules (productions) 
Every LSL rule consists of following two parts: 

i. A two-place relation between a variable and a set of 
variables 

ii. Some linear precedence constraints (known as LP 
constraints) between variables 

For instance 
 
 S →   V X Y Z; ---------------- (i)         
 V < X, X « Y, 〈 V 〉  ---------- (ii) 
 
Where V, X, Y and Z are variables, (i) is a two-place 
relationship between variables and (ii) shows LP 
constraints between variables. 
 
Three different types of LP constraints are given below: 

 < : Weak precedence written as V < X states that 
production of variable V is completely to the left 
of the terminal production of variable X. 

 « : Immediate precedence written as X « Y states 
that the rightmost terminal derived from X stands 
immediately to the left of the leftmost terminal 
derived from Y. 

 〈 〉: Isolation written as 〈V〉 states that terminal 
production of V is continuous. Sometimes LHS 
of the grammar rule can also be isolated which 
means that complete derivation of the rule should 
be continuous. 

 
 A rule without LP constraint (denoted by ε) states that 
any ordering of V, X, Y and Z can be there (free 
constituent ordering).  
 Now suppose that the terminal yield of V is this is, 
that of X is a, that of Y is black and that of Z is book.  
For a sentence to be grammatical according to rule 1.1, it 
must hold that: 
 

1. The terminal yield of V (this is) must occur to the 
left of the terminal yield of X (a). 

2. The terminal yield of Y (black) must occur 
immediately to the left of the terminal yield of Z 
(book). 

3. Yield of V (this is) must be continuous. 

1.1
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According to above three conditions which are specified in 
LP constraints of grammar 1.1 following sentences are 
grammatically correct. 

 this is a black book 
 book this is a black 
 this is book a black 

 
All the above sentences are grammatically correct according 
to the LSL rule given in 1.1 (but not according to English 
grammar).  
Now consider another sentence: 

 a book this is black 
Above sentence is invalid because it violates condition (1) 
which says that V < X (this is should be before a). 

 
The example shows that LSL formalism has ability to 

control partially free word orders in sentences which is the 
key idea behind the use of LSL grammar for Urdu and 
Sindhi sentences with relaxed word order. 

 

2. LSL FOR URDU SENTENCES 
 In the example discussed below the grammar of 
Ismia[7] Urdu sentence with relaxed word order is 
considered. Grammar is an extension of Urdu CFG 
presented in [2].  
 
Consider an LSL grammar for Ismia Urdu sentence 
G = (V, T, S, P, L) 
Where 
V = {   ،جملہ  متعلق مبتدا، اسم ، مسند اليہ ، مسند ، خبر، متعلق خبر، فاعل

 { فعل ناقص، مبتدا، اسميہ، 
T = {ديكها  ،ہے، گيا ہے،آج ، بندرگاہ ،اکبر، کراچی، سارے، بازار سے ، 

 { ميرا
S = { جملہ اسميہ  } 
 Productions rules (P) with LP constraints and Lexical 
entries (L) are given in Figure 1. 
 The LP constraints in rule 1 state that constituent parts 
of Ismia sentence can have any partial order provided that 
Fail-e-Naqis will always come after Masand Alya. Rules 2 
and 3 are without LP constraints which mean that their 
constituent parts can have any order. Rule 4 and 5 describe 
that Isam is isolated and continuous (which may not be the 
case for many other sentence types). 
 Following sentences are derivable by using above LSL 
grammar rules and therefore are grammatically correct 
sentences. 
 

    کراچی  بندرگاہ ہے 
  کراچی ہے بندرگاہ 
  بندرگاہ کراچی ہے 

 
The constituent ordering according to LP constraints is 
shown in Table 1, 2 and 3 respectively. 

Table 1 

LP Constraint مسند اليہ< فعل ناقص  

Constituents اقصفعل ن  مسند اليہ مسند 
Sentence کراچی بندرگاہ ہے 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2 

LP Constraint مسند اليہ< فعل ناقص  

Constituents مسند اليہ فعل ناقص مسند 
Sentence کراچی ہے بندرگاہ 

 

Table 3 

LP Constraint اقصفعل ن   مسند اليہ< 

Constituents مسند  مسند اليہ فعل ناقص 
Sentence بندرگاہ کراچی ہے 

 

All the LP constraints of LSL grammar of Figure 1 
are satisfied in above sentences. In all above sentences the 
order of Masand is completely free while the order of 
Masand Alya and Fail-e-Naqis is partially free. Because of 
partial word order LP constraint the sentence “ہے کراچی 
 is not grammatically correct according to above ”بندرگاہ
LSL grammar it violates the condition اليہ مسند < فعل ناقص . 
Derivation tree for all correct sentences is given in Figure 
2. Because of partial word order LP constraints only one 
derivation tree will be formed for all possible orders. 

Now consider another set of productions for Failia[8] 
Urdu sentence. The sets V and T are same as discussed 
above. Production rules P with LP constraints and lexical 
entries given in Figure 3. 

In rule 1 of figure 3 Masand Alya is isolated and 
continuous in the definition of Jumla-e-Failia which may 
not be the case for its own definition. While Masand has 
no LP constraint which means that Masand can have free 
order of its derived (with their LP constraints) constituent 
parts in Jumla-e-Falia. 

مسند اليہ مسند فعل ناقص ← جملہ اسميہ  .1 

< فعل ناقص                  مسند اليہ؛

ε ؛ (Optional) مبتدا متعلق مبتدا← مسند اليہ     .2 

ε ؛ (Optional) خبر متعلق خبر  ← مسند     .3 

اسم← خبر  ; 〈 اسم 〉  .4 

اسم←  مبتدا   ; 〈 اسم 〉   .5 

کراچی←  اسم      .6 

اکبر←  اسم      .7 

بندرگاہ←  اسم      .8 

دوست ←  اسم      .9 

ميرا← متعلق مبتدا   .10 

سارے←  متعلق خبر   .11 

ہے← فعل ناقص     .12 

Figure 1. LSL rules for Ismia Urdu sentence 
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Rule 2 specifies that Masand Alya can have isolated 

continuous constituent parts with any order. In rule 3 
Mafool has immediate precedence over Mutaliq-e-Mafool 
which means that Mafool should come before Mutaliq-e-
Mafool and the rightmost terminal derived from Mafool 
stands immediately to the left of the leftmost terminal 
derived from Mutaliq-e-Mafool. All other parts of Masand 
are isolated and continuous with any order. Remaining rules 
include lexical entries and simple rules with isolation and 
continuation. 

Following sentences are grammatically correct 
according to the LSL grammar given in Figure 3. 
 

  ميرا دوست آج اکبر کے گهر  گيا ہے 
 دوست  ميرا آج اکبر کے گهر  گيا ہے 
 آج  ميرا دوست اکبر کے گهر  گيا ہے 
  آج دوست ميرا اکبر کے گهر  گيا ہے 
 اکبر کے گهر آج ميرا دوست  گيا ہے 
 اکبر کے گهر ميرا دوست آج گيا ہے 
 اکبر کے گهر دوست ميرا آج گيا ہے 

 ا   گيا ہےکبر کے گهر ميرا دوست آج 
  ا کبر کے گهر دوست ميرا گيا ہےا آج 
  ميرا دوست آج گيا ہے اکبر کے گهر  
  ميرا دوست اکبر کے گهر آج گيا ہے 
   آج ا کبر کے گهر دوست ميرا گيا ہے 
   آج ا کبر کے گهر ميرا دوست گيا ہے 
   آج ا کبر کے گهر گيا ہے دوست ميرا 
   آج ا کبر کے گهر گيا ہے ميرا دوست 
ت ميرا اکبر کے گهردوس   آج  گيا ہے 

 

All the above word orders (and many others) are 
represented by the LSL rules of Figure 3 and are therefore 
grammatically correct. The constituent ordering of two of 
the above sentences according to LP constraints is given 
below in Table 4 and 5. 

 

Table 4 

 LP 〈 مسند اليہ 〉 مسند
Constraints 〈متعلق فعل 〉 〈فعل 〉 

متعلق مفعول«  مفعول  
 〈 فاعل〉

 〈 متعلق فاعل〉

Constituents 

 فعل

 متعلق مفعول

 مفعول

 متعلق فعل

 متعلق فاعل

 فاعل

Sentence 
ے
ا ہ
 گي

هر
ے گ

 ک

بر
آج اک
 

را
 مي

ت
وس
 د

Table 5 

 LP 〈 مسند اليہ 〉 مسند
Constraints 〈متعلق فعل 〉 〈فعل 〉 «  مفعول

 متعلق مفعول
 〈 فاعل〉

 〈 متعلق فاعل〉

Constituents عل
 ف

ول
فع
 م
لق
متع

 

ول
فع
 م

عل
 فا
لق
متع

 

عل
 فا

عل
ق ف

تعل
 م

Sentence 

ے
ا ہ
 گي

هر
ے گ

 ک

بر
 اک

را
 مي

ت
وس
 د

آج
 

 

Again there will be only one derivation tree as shown 
in Figure 4 for all possible word orders given above, 
because order information is encapsulated within LP 
constraints of LSL grammar. 

Following sentence is not grammatically correct 
according to LSL rules of Figure 3 because it is stated in 
rule 1 that Masand Alya must be continuous and it is 
violated in the sentence given below by discontinuation of 
 .” ميرا دوست“

 دوست آج گيا ہے اکبر کے گهر  ميرا 

 Figure 2. Derivation Tree for Sample Ismia (اسميہ) 
Sentences (کراچی بندرگاہ ہے), (کراچی ہے بندرگاہ) and 
  .(بندرگاہ کراچی ہے)

 کراچی بندرگاہ

 جملہ اسميہ

 فعل ناقص           مسند    مسند اليہ

 ہے

〈 مسند اليہ 〉 مسند اليہ مسند؛ ← جملہ فعليہ  .1 

〈 متعلق فاعل〉 〈  فاعل〉 متعلق فاعل فاعل؛ ← مسند اليہ  .2 

 3.  فعل مفعول متعلق مفعول فعل؛ متعلق← مسند

متعلق مفعول« مفعول 〈 فعل〉 〈 متعلق فعل〉                            

〈 اسم〉 اسم؛  ← مفعول   .4 

〈 اسم〉 اسم ؛  ← فاعل   .5 

ميرا← متعلق فاعل  .6 

آج← متعلق فعل   .7 

گيا ہے← فعل      .8 

کے گهر←متعلق مفعول  .9 

اکبر←  اسم      .10 

دوست ←  اسم      .11 

Figure 3. LSL rules for Failia Urdu sentence. 
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It should be noted that writing CF grammar for all 

above word orders results in excessive number of rules that 
is for every word order there will be a different rule.  

 
3. LSL FOR SINDHI SENTENCES 

Now consider simple Sindhi sentence ( ٿو لکي  and (علي 

its LSL grammar given below: 

G = (V, T, S, P, L) 

Where 

V = { مبتѧدا  ،خبѧر  ،لڳ جو  فاعل،فاعل ،لڳ مفعول جو ،مفعول،جملو ،فعѧل    

     { ،لڳ فعل جو ،اسم

T = { دوست ،ويوآهي ،ٿو لکي ،سليم ،علي{  

S = {جملو } 

Production rules P with LP constraints and lexical entries L 
are given in Figure 5. 

Rule 1 of Figure 5 specifies that constituent parts of 
sentence can have any order with independence and 
continuation of Mubtada[9][10]. In the same way LP 
constraints of rule 2, 3, 4 and 5 specify the partial or free 
word order of sentence constituents with necessary 
independence and continuation.  

Consider the sentence ( ٿو لکي  Due to partial word .(علي 
order definition of sentence (that is continuity of Mubtada) 
only two possible proper word orders of above sentence are: 

ٿو لکي   علي 
ٿو لکي علي    

Derivation tree for above sentences is given in Figure 6. 
Constituent ordering of the all proper word orders is given 
below in Table 6 and 7. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 6 

LP Constraints 〈 مبتدا 〉 خبر 〈 فعل   〉 〈 فاعل  〉 

Constituents فاعل فعل 

Sentence ٿو لکي  علي 

Table 7 

LP Constraints 〈 مبتدا 〉 خبر 〈 فعل   〉 〈 فاعل  〉 

Constituents علفا  فعل 
Sentence ٿو لکي علي  

 

The sentence “لکي علي ٿو” is not grammatically 
correct according to above LSL grammar because it 
violates the LP constraint of rule 1 which says that 
Mubtada must be continuous.  

 

 

 

 

 

 

 

 

Figure 4. Derivation tree for all possible word orders 

of the sentence ( ہےدوست آج اکبر کے گهر گيا   (ميرا 

according to LSL grammar of Figure 3. 

 کے گهردوست

 فاعل متعلق فعل

 جملہ فعليہ

 مسند مسند اليہ

فعل

 متعلق فاعل

 ميرا
 متعلق مفعول

 آج

 اکبر
 گيا ہے
 

 مفعول

 

  مبتدا خبر←جملو ۔1 ؛ 〈 مبتدا 〉

(Optional)   فاعل ڳلفاعل جو ← مبتدا  .2 

                   〈 فاعل  〉 〈 ڳل فاعل جو    ؛〈

(Optional)مفعول (Optional) ڳلفعل جو ← خبر  .3 

(Optional)  فعل                             ڳلمفعول جو       

    〈 ڳلفعل جو   〉 〈 فعل   ڳلجو   »  مفعول   〈       ؛ مفعول 

〈اسم〉  4.  ؛اسم← فاعل

〈اسم〉 ؛ اسم← مفعول  .5 

وٿ لکي ←فعل  .6 

 7.  ويوآهي←فعل

 8.  ←اسم  علي

 9.  ←اسم  سليم

ڄ ا←ڳلفعل جو   .10 

 11.  جي گهر←ڳل مفعول جو

 12.  منهنجو←ڳلفاعل جو

Figure 5. LSL rules for Sindhi Sentence. 

  Figure 6. Derivation tree for sentences ( ٿو لکي  (علي 
and (ٿو لکي علي ) 

 جملو

 خبر مبتدا

ٿو لکي علي  
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Now consider another sentence with more constituent 
parts “ ويوآهي گهر جي سليم اڄ دوست منهنجو ”. All the following 
word orders are correct according to LSL grammar of 
Figure 5. 

 
ويوآهي گهر جي سليم اڄ دوست  منهنجو   
ويوآهي گهر جي سليم اڄ  منهنجو   دوست 
ويوآهي گهر جي سليم دوست  منهنجو   اڄ 
ويوآهي گهر يج سليم منهنجو   اڄ دوست 
ويوآهي اڄ گهر جي سليم دوست  منهنجو   
ويوآهي اڄ گهر جي سليم  دوست منهنجو   
ويوآهي اڄ گهر جي سليم دوست منهنجو   
ويوآهي اڄ گهر جي سليم منهنجو دوست   
ويوآهي  گهر جي سليم منهنجو دوست   اڄ 
ويوآهي  گهر جي سليم دوست منهنجو   اڄ 
ويوآهيگهر اڄ منهنجو دوست  جي سليم   
گهر اڄ دوست منهنجو ويوآهي جي سليم   
گهر اڄ ويوآهي منهنجو دوست جي سليم   
گهر اڄ ويوآهي دوست منهنجو جي سليم   

 

The constituent ordering of two of the above sentences 
according to LP constraints is given below in Table 8 and 9.  

Table 8 

〉 خبر مبتدا   〉 
LP 
Constraints 

〈 لڳ فعل جو   〈 فعل 〉 〈
لڳجو   »  مفعول  مفعول 

 〈 فاعل〉
 فاعل جو 〉
 〈لڳ

Constituents عل
 ف

عل
 فا

عل
جو فا

ڳ
ل

 

عل
و  ف
ج

ل
ڳ

 

ول
فع
ل جو م

ڳ
 

ول
فع
 م

Sentence 

هي
يوآ
 و

ت
وس
 د

جو
نهن
 م

اڄ
 

هر
 گ
جي

 

ليم
 س

Table 9 

 〈 مبتدا 〉 خبر
LP 
Constraints 

〈 لڳ فعل جو   〈 فعل 〉 〈
لڳجو   »  مفعول  مفعول 

 〈 فاعل〉
 فاعل جو 〉
 〈لڳ

Constituents عل
جو فا

ڳ
ل

 

عل
 فا

عل
 ف

عل
و  ف
ج

ل
ڳ

 

ول
فع
ل جو م

ڳ
 

ول
فع
 م

Sentence 

جو
نهن
 م

ت
وس
 د

هي
يوآ
 و

اڄ
 

هر
 گ
جي

 

ليم
 س

 

Word order is not completely free in above sentences. 
For example the following sentences are grammatically 
incorrect according to LSL grammar of Figure 5.  

ويوآهيمنهنجو گهر جي سليم اڄ دوست   

ويوآهي گهر جي سليم دوست  منهنجو اڄ   
ويوآهي دوست گهر جي سليم  منهنجو اڄ   

 

In all the sentences given above the continuation of 
Mubtada is violated as is specified by rule 1. Derivation 
tree for all constituent orders is shown in Figure 7. 

LSL rules of Figure 5 are identical to the Urdu rules 
given in Figure 3; because of the similarities of both Urdu 
and Sindhi language sentence structures.  

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
4. CONCLUSION  

Context Free Grammars are not suitable for 
computational treatment of free/partial word order syntax.   
Linear Specification Language grammar is an extension of 
CFGs that can be used to handle the partial or free word 
order of natural language text. LP constraints are used to 
define the word orders with or without restrictions in 
sentences. LSL is quite capable of defining partial word 
order of Urdu/Sindhi sentences. One LSL rule can 
describe so many proper word orders of a sentence which 
is not possible by CFG in which we need to write different 
CFG rule for every proper order of words/constituents in a 
sentence. Once LSL is defined it can be used to validate 
all different word/constituent orders of a sentence (which 
is actually checking syntax of many sentences with same 
rule). One interesting fact is that we need to construct only 
one derivation tree (also known as parse tree) for all 
proper word orders of a sentence. This is because word 
order information is embedded inside LSL rules in the 
shape of LP constraints. Another interesting fact that is 
shown by LSL examples is that Urdu and Sindhi LSL 
grammars seem to be identical which strengthens the 
possibility of grammar parallelism in these languages.  

 
 
 
 
 
 

 Figure 7. Derivation  Tree of   a   SampleSentence 
   ( ويوآهي گهر جي سليم اڄ دوست منهنجو  ) 

 فعل جو
  لڳ

 دوست

 خبر مبتدا

 فعل

 جملو

 ويوآهي

 فاعل
لڳجو 

 فاعل

گهر جي اڄ منهنجو

 مفعول

سليم

 مفعول جو
 لڳ
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