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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.
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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 “ 1]
—Jx” can have different word orders like “31) =i jban”
and “ = 1) Jax”. In the same way Sindhi sentence “ &
$:5413” can have the forms “95d A ba” and “ba e
$58”. In subsequent sections formal definition of LSL is
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:
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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,
whereY e Vanda €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—> VXY Z; - O
V<X, X «Y, (V) wommmeee (ii) 11
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 ¢) 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.
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According to above three conditions which are specified in
LP constraints of grammar 1.1 following sentences are
grammatically correct.

= thisis a black book

= Dbook 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:

= abook 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= { el el Blaia ik ¢ dhma ¢ al Siase ¢l cliza Bleie Alan
tngansl ise ¢yl J28 )

T:{Cuj\jb.cajl.uc@\)sc)gs\cn\g).\l\,:cchdl:\gccu PR
) e }

S = {mend e}

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-Nagis 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.

n el el S

. ol S

LS Y Bt

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

Table 1

il Jad
Sentence =

LP Constraint

) diasa
<A
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Constituents

B

Ol Jad dise ) diss —rpand il ]
oails Jad >l 2l ¢

¢ ¢ (Optional)lxie (3laia I «— ) disa 2

g ¢ (Optional) s Glxie jd — e 3

(ol )5l = 02 4

N

SIS — (u.u\ 6
oSl il 7
Koy —  aul 8

C\u}d(— (».n\9
e ¢ Ioise 3laia 10
s — a leia ]

= =il dad 12

Figure 1. LSL rules for Ismia Urdu sentence

Table 2

LP Constraint il Jad >l e

Constituents Aleua 0l Jad | Al dleea
Sentence o jaiy o sl <
Table 3

LP Constraint il Jad >l Yiawa

Constituents ol Jad | aall diesa

Sentence = B

S8

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 “ 1S =
s&,45” is not grammatically correct according to above
LSL grammar it violates the condition el Jad > aull diwa,
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.
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~tass) Alas

4\4\ -
Figure 2. Derivation Tree for Sample Ismia (~x))

Sentences (= o8 % 2l ), (B = 35 and
(= 2 S8,

=il
/

o& yaiy

(~al) i ) €ainse ol diase «—ntlad Alea ]

(eli ) (Ul 3t ) 1ol Ul 3l il Sse 2

tdd J snia (3lxia J grie b (laie —2ius 3
(Jad Glaia ) (Jad ) J sia (3latia yy s2ia

(o) tosd U mia 4

(pol ) ¢l = Jeli 5

e «—deld 3laia 6

gl Jad Glaia 7

= Ju g

28 Se—Jsmia 3lrie 9

S e 10

C\u}d(— (».n\ll

Figure 3. LSL rules for Failia Urdu sentence.

Rule 2 specifies that Masand Alya can have isolated
continuous constituent parts with any order. In rule 3
Mafool has immediate precedence over Mutalig-e-Mafool
which means that Mafool should come before Mutalig-e-
Mafool and the rightmost terminal derived from Mafool
stands immediately to the left of the leftmost terminal
derived from Mutalig-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
according to the LSL grammar given in Figure 3.

correct

S e S S s e
P o 8 S8l e G
[] (__‘:légjéé‘)ﬁ\ﬂujd\):mc‘
[] (__‘:Lﬁ )ggé‘)ggj):m&ujjc\
u 5}\_}% %uajalﬂc\)éé)ﬁ|
» d\_éc!u.ujd\)y‘)gﬁ/éﬁ\
L] d\_}ic\\):mi\ujd‘)@sé).\s\
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. ds.gi/m}q\ﬂ)ééﬁsl
n 2l o8 e gy 58 S S
. Jgé‘);\dgicim}q\ﬁ
. d\,ﬁ@ﬁéﬁs\m,;\ﬁ.
n g\l_ébeamj;)@iéﬁ\d
. dgﬁmﬁ\ﬁxiéﬁs\d
n |ﬂ@}ddb§)€gé)ﬁ\cﬁ
. ﬂfjé‘)aag'%\g)«gé){‘c}
" ﬁéﬁ\\ﬂ&u})d\.}s G‘

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
i () insa )
LP . . .
Constraints (daé Glaia ) (dad ) (d=ld)
Jsnda (3laia yyd s2ia (Jeld Glaia )
¥ %

Constituents E

T

e o)
vt )
P

Sentence 1]

L
BEIPEN
S
z!
B
Ca g

Table 5
e (~ll dia)
LP . . . .
Constraints | (028 3lxie ) (Jad ) »d s2ia (deld)
Jseie Glata (e leie)
Constituents | 3 % i, ;l i %
3 |- el
3 4

S S
S
| e
Ca g
z

Sentence \I

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
66‘;‘“"‘: ‘J;\A ”.

e S S8 o8 pl
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VAN
| >N

o Vil 2 delé sleia

|

B

o
Usmia Glaia 7

Jad
| ) /| A ¢
LS I

&L\u}é

Figure 4. Derivation tree for all possible word orders
of the sentence (= W& & S LS 7zl Gy 1m)

according to LSL grammar of Figure 3.

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 (8 oM =) and
its LSL grammar given below:
G=(V,T,S,P,L)
Where
Vo= {ie 3 oS ga deld Jeld (& pa Jsnia Jsnia, slen (S
S g Jad o}
T = {5 (s 8 N ol (e}
S={sl}

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 (5 ™ =). Due to partial word
order definition of sentence (that is continuity of Mubtada)
only two possible proper word orders of above sentence are:

e

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.
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(e ) ¢ pa Ixise «— slan o]
Jeld (Optional)&! s Jeld «—xia 2
(Jold) (R sa deli e
(Optional)d s (Optional)-&! sa Jab «— a3
Jxé (Optional) & s Jsxie
(R gndad) (dad) Jsaie « & 5o Jsaia
()t ol e—deld 4
() tond —d2ie 5
@l —dad 7
e ol 8
pile —pnd 9
g n =i 10
AR 8 e 1

saigie - Slsa Jeld 12

Figure 5. LSL rules for Sindhi Sentence.

Table 6

LP Constraints o (e ) (J=8 ) (deld)

Constituents Jnb Jeld
Sentence S &
Table 7

LP Constraints e (Mie ) (Jad ) (Jeld )

Constituents

Jad
gy

Jeld
ol

Sentence

The sentence “$i % 54” 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.

»n i

Figure 6. Derivation tree for sentences (55 ™ (i)

and (= £ ) 16

£

o[>




Now consider another sentence with more constituent
parts “alsg AK a allu @) Cigd saigia” All the following
word orders are correct according to LSL grammar of
Figure 5.

P Al R il G gl
2l Al gl saiie Cu
s S aale G i)
L] @\ﬁ?ﬁifﬁhwmjdc\
Al AR s ale g g
I AP DTS SN
] L'_\ujqwc\g.k‘ﬁ}ﬁi@ﬁﬂm
s saighe Al A5 aalug)
[ ] _9.;'}4—.“‘&""“_54 @‘y}ﬁi@ﬁ\hc\
Bl G salglag) 8 o il
B s saiele Gzl a8 o il
s saigie (Al g) K o aile
] Wm;d@\ﬁjc\)ﬁifﬁh

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

Table 8

s (e )
LP & i\ /o La (deld)
Constraints ( = dtj (= >. (s> deld
dseie (A s Js2ia ﬂ>

Constituents | 3 .fgi iqal %\:;1 _ij»\:;i .%

N _ b
Sentence % a b ¥ “ ’1
Table 9
R (i)
LP 4 ; ; (deld)
Constraints ¢ = d’:& ) (3 >. (s> deld
Jsrie (A sa Jsnia )

Constituents i\?’]ﬂi i 3 %\:;1 _33)\:;1 i‘

3

Sentence

Kl
Ll\.m}.\
L;“iﬁj
C\
S o

Word order is not completely free in above sentences.
For example the following sentences are grammatically
incorrect according to LSL grammar of Figure 5.
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n L“_XNJJGA‘}:\)‘)AS@?.\SM G\};_se_m

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.

N

{/

G B dA s g
ik R
ey A s ala z gy e

Figure 7. Derivation Tree of a SampleSentence
()5 AN (o2 ails 7] Qa3 gaigha)

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.
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