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Abstract. To overcome the limitations of context-free and context-sensitive grammars, regulated grammars
have been proposed. In this paper, an algorithm is proposed for the recognition of faulty strings in regulated
grammar. Furthermore, depending on the errors and certainty, it is decided whether the string belongs to the
language or not based on string membership value. The time complexity of the proposed algorithm is O(IGZl-wl),
where |Gyl represents the number of production rules and Iwl is the length of the input string, w. The reader is
provided with numerical examples by applying the algorithm to regularly controlled and matrix grammar.
Finally, the proposed algorithm is applied in the Hindi language for the recognition of faulty strings in regulated

grammar as a real-life application.
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1. Introduction

Context-free grammars are not able to cover all aspects of
linguistic phenomena. The membership of a string in a
context-sensitive grammar is decided in exponential time.
To overcome the limitations of context-free and context-
sensitive grammars, the concept of regulated grammar
[1-3] was introduced. Regulated grammar is a class of
grammar in which certain restrictions are imposed on
context-free productions, making them more powerful than
context-free grammar. Regulated grammar is classified into
context and rule-based grammar. In context-based regu-
lated grammar, restrictions are imposed on the context,
whereas in rule-based regulated grammar, the restrictions
are imposed on the application of rules.

In formal languages, the input string is either accepted
(uw)=1) or rejected (u(w)=0), where u denotes the
membership of a string, w. To reduce the gap between
natural and classical formal languages, fuzziness has been
introduced into formal languages, thereby giving rise to
fuzzy languages. In recent years, fuzzy languages have
been applied in various areas, such as intelligent interface
design [4, 5], clinical monitoring [6], neural networks
[7, 8] and pattern recognition [9]. Various fuzzy
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inference methods [10-12] are used in the design of
fuzzy systems.

Motivated by the prior work of recognition of imperfect
strings in context-free grammar [13] and context-sensitive
grammar [14], in this paper, the recognition of faulty strings
generated by the regulated grammar is described. As well,
the problem of single and multiple fault occurrences is
discussed. Faulty string refers to some imperfection caused
in the string. Single fault refers to imperfection at one
position in a string, whereas multiple faults refer to
imperfection at more than one position in a string. Here,
fuzzy sets are used to compute the membership of strings
that do not exactly match with the grammar.

1.1 Previous work

Regularly controlled and matrix grammar were proposed by
Ginsburg et al [15] and Cremers et al [16], respectively. In
regularly controlled grammar, the control is regulated by
the sequence of productions in the regular expression. In
matrix grammar, control is regulated by following the same
sequence given in the matrix. Solar and Meduna [17] pro-
posed a state translation scheme, which is an extended
version of state grammar [18], for producing two output
strings in a single derivation. Meduna and Zemek [19]
introduced one-sided random context grammars, a variant
of random context grammar [20]. Furthermore, Meduna
and Zemek [21] introduced one-sided random context
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grammars, with a limited number of right random context
rules. Meduna [22] put forth generalized forbidding gram-
mar. Furthermore, Meduna and Zemek [23] also introduced
one-sided forbidding grammars, where each rule is further
divided into left and right forbidden rules, and each rule
consists of a finite set of forbidden strings. Meduna and
Zemek [24] established that the power of one-sided for-
bidding grammars and selective substitution grammars
[25, 26] are equivalent in the case of erasing rule grammar.
Kalra and Kumar [27, 28] introduced the concept of
deterministic deep pushdown automata and fuzziness in
deep pushdown automata. Garhwal and Jiwari [29] intro-
duced the concept of fuzziness in parallel regular
expression.

The concept of fuzzy languages, a fuzzy subset of strings
over an alphabet, was introduced by Lee and Zadeh [30].
Asveld [31] proposed fuzzy context-free K-grammar for
describing correct and erroneous sentences. Asveld [32]
devised the modified Cocke—Younger—Kasami (CYK)
algorithm for recognizing fuzzy context-free grammar.
Additionally, Schinder et a/ [13] described an approach for
recognizing imperfect strings generated by the context-free
grammar. Inui et a/ [14] expanded on the work of Schinder
et al [13], describing an approach for identifying imperfect
strings generated by the context-sensitive grammar.
Schinder ef al [13] and Inui ef al [14] applied the concept of
fuzzy sets to determine the membership values of strings.
Here, the concept of errors and fuzzy sets in this context is
utilized which was earlier used by Schinder et a/ [13] and
Inui et al [14] regarding context-free grammar and context-
sensitive grammar. Recently, Zhanga et a/ [33] and Bag
et al [34] have applied the concept of pattern recognition in
intelligent computing systems and prediction of consumer
intention.

After introducing preliminary concepts in section2, the
following topics have been explained.

« Recognition of faulty strings generated by regulated
grammar using the different fuzzy sets has been
proposed in section3.

« The problem of occurrence of multiple faults has been
solved by converting the regulated grammar into
Chomsky normal form in section3.

« The complete procedure is depicted by numerical
example in section4.

« The proposed algorithm has been applied on the Hindi
language to demonstrate its real- life application in
section5 and the conclusions are provided in section6.

2. Preliminaries

Let 7 be an alphabet, 1 denotes empty string and u(w) de-
notes the membership of a string such that 0<pu(w)<1. _
represents the symbol that can be replaced by any symbol
from 7.
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Definition 2.1 Regular expression over an alphabet T is
defined using following rules:

i) ¢ and A are regular expressions representing the
empty set and empty string.
ii) If aeT, thena is a regular expression representing the
singleton set {a}.
iii) If ; and 7, are regular expressions, then r7,,7;lr, and
ri* are regular expressions representing concatena-
tion, union, and Kleene closure.

The regulated grammar consists of production rules similar
as context-free grammar, but it has a larger generative
capacity than context-free grammar. Regulated grammar
lies between context-free and context-sensitive grammar.
Context-sensitive language (such as ww, a"b"c" and a*')
involving interleaved dependencies can be represented
using regulated grammar.

Definition 2.2 Regulated grammar is Gg=(G,R), where G
=(N,T,S,P) is a context-free grammar and R is the
restriction applied on the derivations of strings. R depends
on the type of regulated grammar [1-3].

Regularly controlled grammar is a rule-based regulated
grammar, where the restriction on rules is applied using a
regular expression.

Definition 2.3 Regularly controlled grammar [1-3] is
Grc=(G,r), where G=(N,T,S,P) is a context-free grammar
and r is a regular expression over P for controlling the
derivations of strings.

Language L (Gpc) represented by regularly controlled
grammar Gpc consists of all words weT* generated by the
following sequence:

pri pr2

S—>w1—>wz--~p—r">w such that pry,pra,...,pr, € P

Example 2.1 Consider the regularly controlled grammar
[2] Gre=(Gy,r), where G1=({S,C,D},{c,d},S,P) where the
production P is of the following forms:

pro:S— CD pr;: C —cC
pry:D — cD pry: C — dC
pra:D — dD prs : C —c
pre D — ¢ pr1:C—d
prs : D —d

r = pro(pripra, prsprs)” (prspre, priprs)
Consider w=cdcd

s ep™ e’ cceD ™2 cdeD ™S cded

Hence, L(Gre)={wwlwE(c,d)*} is a non-context-free
language.

Matrix grammar is a rule-based regulated grammar,
where restrictions on productions are applied using
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matrices. Here, we have to apply all productions of a matrix
before starting with another matrix.

Definition 2.4 Matrix grammar [1-3] is Gu=(G,r,,),
where G=(N, T,S,M) and M=(m,mo, ..., m,),n>1 is a finite
set of matrices, where each m; consists of a finite set of
context-free production and r,, is a regular expression over
the set of matrices m,.

Example 2.2 Consider Gy,=(G,r,,), where G=({S,C,D},
{c,d},S, {mg,m|,mp,m3,my,}) be the matrix grammar [2]
where

mo = (po : S — CD),

my = (p;: C — ¢C,p, : D — ¢D),
my = (p3 : C — dC,py : D — dD),
my = (ps:C —c,ps: D — c),
my = (p7:C —d,pg:D —d),

The control set is r,,=mqg(my,m>)*(ms,my).
Consider w=dcdc

mo:po

S —

my:py m3:ps m3:pe

cD "2 acp ™2t acdD ™Y dcap "™2° dedc

Hence, L(Gy)={wwlwe(c,d)"} is a non-context-free

language.

Definition 2.5 Fuzzy grammar [30] is quadruple G=(N,
T,P,S), where P is a set of fuzzy productions of the form

{0 Blo<u<1Aape(NUT)}

Definition 2.6 Fuzzy language L [30] is a fuzzy set of
T*-L={(x,u(x))lxe T* and O0<u(x)<1} where u(x) denote the
degree of membership of string x.

u(x) is obtained by taking a minimum of all derivation
rules from S to derive x if a single derivation exists for
the string x. If there exists more than one derivation for a
particular string x, then max is taken over the minimum
of all the derivation rules from starting from S to derive
X.

Example 2.3 [30] Consider L={(0,0.8),(00,0.4),(10,0.2),
(1,0.2),(11,0.6)}. Here L describes a fuzzy language
over {0, 1}. Zero membership strings are not represented
in L.

Definition 2.7 Fuzzy regulated grammar Gg;(Gg,E,w),
where

1) Ggis aregulated grammar in Chomsky normal form.

ii) F is the error set of productions constructed from the
original productions P using the replace operator
(replacing a terminal symbol with another terminal in
peP), add operator (adding an extra terminal in peP)
and remove operator (removing a terminal in peP).
Errors in the input string are classified into following
three types:
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o Replacement Error [13, 14]: In replacement
error, a terminal is substituted with another
terminal symbol from 7.

o Addition Error [13, 14]: In addition error, an
extra new terminal symbol is added from 7. This
new terminal can be placed before or after the
terminal.

o Removal Error [13, 14]: In removal error, some
terminal is deleted.

iii) w is a weighted function such that {(p,w(p))lpe PAw
(p)e[0,1]}. It is used to assign the degree of
membership to the production rules.

3. Proposed algorithm for the recognition of faulty
strings in regulated grammar using fuzzy sets

In classical automata theory, a string is either accepted or
rejected. Fuzzy languages close the gap between natural
and formal languages. In the fuzzy set, the degree to
which an element belongs to the set is referred to as the
degree of membership [35]. In this section, an algorithm is
proposed for the recognition of faulty strings in regulated
grammar using fuzzy sets (RFSRG). Given a regularly
controlled grammar Ggrc=(G,r). For avoiding multiple
errors, in step 1, Grc=(G,r) is converted into Ggce =
(G',r') where G’ is a Chomsky normal form of G. Every
production p; € G is converted into productions p;,p7,
...,pf‘lkzl of G'. Specifically, G is converted into Chom-
sky normal form G’ [36].

In step 2, control derivation r of G is converted into 7'
of G such that L(G',#)=L(G,r)—{A}.

Procedure 1: Regularly controlled_control_derivation (G,,Gy.)
Input: Regularly controlled grammar G,. = (G, r) and
G, =(G,r) where G is Chomsky normal form of G and initially r'=r.
Output: Control derivation r'such that L(G', r)=L(G, r)—{A} .
begin

dodper

Replace p, with p!,p’,...,pf in r'.

od

end

Example 3.1 Consider example 2.1, where the production
rules P is of the following forms:

pro:S—CD pr:C—cC
pr:D—cD pry:C—dC
pra:D—dD prs:C—c
pr¢:D—c pr;:C—d

prs:D —d

r=pr (P71PV27P73PV4)* (Prspra,l?hprs)

Equivalent Chomsky normal form (CNF) for the grammar
GRC:
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pro:S— CD pri: C— A C
pr%:A1—>c pry i D — AyD
pr%:A2—>c pr31:C—>A3C
pr%:A3—>d pri D — A4D
priiAy—d prs:C —c
pre:D — ¢ pr1:C—d
prs:D —d

r is converted into #'=pro(pripriprprs, pripripripra)*(prs.
Dre:priprs).

In step 3, we apply replace, add and remove operators to
the productions of the form 4—aldeN and aeT. Hence,
there is no possibility of occurrence of multiple errors using
one production. To accumulate the faulty string, replace,
add and remove operators are considered. Similar attempts
have been made for the recognition of faulty strings in
context-free and context-sensitive grammar [13, 14].

Procedure 2: Error_productions (G, P')
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tr,(w) = 1 — S shaped membership function

0, x<a
— a2
2(2_2) , a<x<(a+b)/2

pr,(w) =1 - A
! 1—2(2 b), (a+b)/2<x<b
—da

1 x>b

(1)

where a and b represent the minimum and maximum
number of productions used to derive the faulty string, w, in
all derivations, respectively. x denotes the actual number of
productions used in a particular derivation of the faulty
string, w. In this a and b plots the extreme points of the
sloped curve, therefore making it S-shape. In step 7, the
optimal derivation for the string, w, was chosen. The

Input: Regularly controlled grammar G,.. = (G, r’) with production set P.

Output: Additional production P’ is generated using replace, add and remove operator.

Initialization: P'=¢

//Using Remove operator

//Using Replace operator
//Using Add operator

begin
do Ip,e P
If p isoftheform A—al Ae NAaeT
P =P U{A- 1}
do 3beT
If(a#b)
P=PU{A—>b)}
P =P U{A— ba}U{A— ab}
od
od
P« PUP
end

As regularly controlled grammar is ambiguous, in step 4,
different derivations for the string, wé& L, were generated. In
one derivation of a string, total 2lwl—1 productions are
used. In each derivation of a string, w, the number of
productions of the form 4— BCl4,B,CeN can be lwl—1 and
the number of productions of the form A—aldeNAae
T can be wl.

In step 5, a fuzzy set E is used for determining the

number of erroneous substitutions. Membership of a faulty

string is determined by pz(w) = %

where [wl represents
the length of the string, w, and |E,| represents the number of
error productions used for the generation of string w.

A certainty factor was defined that can be used for the
acceptance and rejection of strings. In step 6, a fuzzy set T
is used for determining the derivation with minimal pro-
duction rules utilized to derive the faulty string, w. Mem-
bership of a faulty string is determined by:

optimal derivation was found by choosing the highest
degree of membership obtained from E-set and T-set.

Procedure 3: Matrix_Control_derivation (G,,,G,,.)

Input: Matrix Grammar G,, =(G,r,) and G, =(G,r,"

where G is Chomsky normal form ofG , and initiallyr,,'=r,
Output: Control derivation rm such that L(G , r,)=L(G,r,)—{A} .

begin

"
Ly =1y
do I (p,em, Amer,)

Replace entry of (p,€ m,) with (p}, p}...e m))inmer,

m

end

If a matrix grammar G,,=(G,r,) is given instead of
regularly controlled grammar. During, the conversion of G
into Chomsky normal form G’, every production p; € G is
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replaced by production p;,p?,...pYk>1 of G'. In step 2 of
RFSRG, we call procedure Matrix_Control_derivation (G,,,
Gy/). The rest of the algorithm remains the same.
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Theorem 1 Given a regulated grammar G and string
w. The time complexity of the RFSRG algorithm is equal to
O(IG%I-IWI), where |Gyl represents the size of productions

Algorithm 3.1: RFSRG (G, w, i(w))

Input: A regularly controlled grammar G,. = (G, r) and a faulty string w.

Output: Degree of membership of the string w .

Method
begin

1. Convert context-free grammar G into Chomsky normal form G .

. Regularly controlled_control_derivation (G, Gg.) .

. Error_productions (G, P).

2
3
4. Generate different derivation for the faulty string w using P'.
5

. Compute the degree of membership #/,using the fuzzy set E for each derivation of

the string w.

IUE(W) =

Iwl=1E, I
[wl

6. Compute degree of membership ¢ using the fuzzy set T, for each derivation of the

string w using equation (1).
7. Optimal derivation of string w :
For each derivation of w

O'L.(w)zmin(,uE(w),,u,f (w)) Here o,(w)denote the minimum degree of

membership for i derivation of a string w using E and T, sets.

End of loop
M(w) =max(o;(w))
End

Example 3.2 Consider Gy,=(G,r,,), where G=({S,C,D},
{c,d},S,{mo,m,my,m3,my}) be the matrix grammar of
example 2.2 where

my = (po : S — CD),

my = (p1: C — cC,py: D — ¢D),
my = (p3: C — dC,ps : D — dD),
m3=(ps:C—c,ps:D — c),
my = (p7:C —d,ps:D —d),

The control set is r,,=mg(m,m>)*(ms,my).

Equivalent CNF for the grammar G,

my = (po : S — CD),

mh = (p}: C— A\C,p}: Ay — ¢,py: D — AyD,p3 : Ay — ¢),
my = (p}: C— AsC,p3 : Ay — d,py : D — A4D,p} : Ay — d),
my = (ps: C—c,ps: D — c),

my = (p7:C—d,ps:D—d)

The control set is r,," is mo'(m;',m>")*(m3',my").

and Wl represents the length of the string respectively.

Proof 1In Stepl of RFSRG algorithm, regulated grammar
Gy is converted into Chomsky Normal form Gg using
DEL, TERM, UNIT and BIN operations [36]. Size of Gg/i.
e. | Gp/l depends on the order in which DEL, BIN, UNIT
and TERM are carried out [36]. TERM always give a linear
increase in the size of the grammar. If we carry out the
transformation in BIN— DEL — UNIT, then IGg|=0(IG%)).
In step 2, the control derivation Gy is converted into Gy .
Each production p;e Gz may be converted into a number of
productions say pr},priz,...,pr],»‘lkzl in Gp and each sub-
stitution of p; in control derivation » gives the corre-
sponding control derivation 7. Each substitution can be
carried out in O(I11). Therefore, the control derivation r can
be converted into 7' in O(IGgl).

In step 3, we add additional productions using replace,
add and remove operators. Thus, the number of productions
is of the size O(IG%)). For each production, four faulty
productions (one each by replace and remove operation and
two productions by add operations) are generated. Addition
of each faulty productions can be carried out in O(l1l),
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thereby giving the overall complexity of the second step is
O(IG3)).

In each derivation of a string, w, the number of pro-
ductions of the form 4— BClA4,B,CeN can be Iwl—1 and the
number of productions of the form 4 —alde NAaeT can be
Iwl. Therefore total 2lwl—1 productions are used in one
derivation of a string. Considering at each step of the
derivation, we can choose a production from O(IG%l) pro-
ductions. Hence the overall complexity is O(IGxl-wl). Step
5 can be carried out in O(|1l). In step 6, for finding a, b and
x values, complexity is O(IGzl) and further computation of
I, (w) can be carried out in O(I11). So overall complexity of
Step 6 is O(IG;ZQI). Step 7 can be carried out in O(I1l). Thus
the overall complexity of the algorithm is O(IGZl-wl).

The proposed algorithm works on all rule-based regu-
lated grammars with little modifications in applications of
rules.

4. Numerical examples

In this section, we apply RFSRG algorithm to regularly
controlled grammar.

Example 4.1 Consider the regularly controlled grammar
of example 2.1 Gprc=(Gy,r), where G1=({S,C,D},{c,d},S,
P) where the production P is of the following forms:

pro:S— CD pr;: C —cC
pr2:D — ¢cD pr3: C —dC
pra:D — dD prs: C —c
pre:D — ¢ pr1:C—d
prs :D —d

r = pro(pripra, prapra)” (prspre, priprg)

Equivalent Chomsky normal form (CNF) for the gram-
mar GRC:

pro:S— CD pri: C — A C
pr%:A1—>c pry: D — AyD
pr%:A2—>c pré:C—>A3C
pr%:A3Hd pri:D%A;;D
priiAy—d prs:C —c
pre:D — ¢ pr1:C—d
prs:D —d

r is converted into #'=pro(pripriprprs, pripripripra)*(prs.
Dre:Pr7prs).

Sadhana (2018) 43:134

Using fuzzy replace operator:

pro A — _ prio : Ay — _
prin Az — _ priz 1Ay — _
P’”ISIC—>_ p7'14ZD—>_
pris: C — _ prig: D — _
Using fuzzy add operator:
pri7 i A — _cle_ prig : Ay — _cle_
prio:As — _dld_ pry:As— _dld_
pry : C — _cle_ pryn D — _clc_
pry3: C— _d|d_ prag D — _d|d_
Using fuzzy remove operator:
p}’252A1—>}, p}’26:A2—>},
pry7 1Az — A prog Ay — A
prag : C — A pryo: D — 4
pr3; : C — 4 pr:D— 4

Consider the string w = ddddcd ¢ L. Table 1 depicts some
ways for deriving the string w.

Table 2 represents the confidence level for the string
w using E-set.

Table 3 represents the confidence level for the string w
using T-set. Table 4 represents the final interpretations with
fuzzy confidence for the string w = ddddcd.

The optimal derivation for the string w = ddddcd is as
follows:

1(w) = max(0, 0, 0.6667, 0, 0, 0, 0, 0, 0.3333)
= 0.6667

By choosing a certain level of confidence 4., we say the
string is accepted if w(w)>4. Application of RFSRG
algorithm to matrix grammar (for details refer “Appendix
1’7).

5. Real -life application of RFSRG algorithm
in the Hindi language

Regulated languages are the most appropriate formal
method for representing human languages.

In linguistic topology, the Hindi language contains cross-
serial dependency, and its structure is similar to the German
and Dutch languages. Consider the following sentence of
the Hindi Language spoken in India.
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Si: HgT 5 qI BT @I 51 &R &1 T2

Meaning: Mohan that apple ate which rotten was.

English: Mohan ate that apple which was rotten.

S: TH o 38 9T § o1 ToIlm it 39 39gR A e am

Meaning: Ram has that pen with essay written which him gifted was
English: Ram has written the essay with that pen which was gifted to him.

Table 1. Various derivation for the string w=ddddcd.

Derivation 1 S —po CD — 1 A3CD —p dCD — 1 dCA4D —» dCdD — 1 dA3;CdD
—p19 dddCdD —py dddCdA4D ;}pZO dddCdcdD — 9 ddddcdD ﬂpéo ddddcd
Derivation 2 S —p0 CD = A3;CD _>,)§ dCD = dCA4D —p dCdD = dACdD
—p9 ddCdD —p ddCdAzD —p ddCdcD — 7 ddddcD — g ddddcd
Derivation 3 S —p0 CD = A3CD — 19 ddCD = ddCA4D — o0 ddCdcD
- —7 ddddcD —g ddddcd
Derivation 4 S —po CD — 1t A3CD — 2 dCD — 0 dCA4D — 2 dCdD — 1 dA3;CdD
= ddCdD ‘—>],4| ddCdA4D —p12 ddCdcD — 7 ddddeD —>},g ddddcd
Derivation 5 S —p0 CD —p! A{CD —,9 dCD —p dCA3D —p10 dCdD —)! dA,CdD
—p9 ddCdD — 1 ddCdAsD — 2 ddCdcD — 7 ddddcD — g dddded
Derivation 6 S —po CD =0 A{CD —49 dCD —,1 dCALD — 1 dCdD — 1 dA3CdD
—p19 dddCdD — ;1 dddCdA4D — py0 dddCdcdD —pp9 ddddcdD — 30 dddded
Derivation 7 S —p0 CD =] A1CD —,9 dCD —p! dCA;D —p10 dCdD —p! dA3CdD
—p ddCdD =l ddCdA4D —p\, ddCdcD — 7 ddddeD — g ddddcd
Derivation 8 S —po CD —p! A3CD —p2 dCD — 1 dCA4D — > dCdD ~u dA;CdD

Derivation 9

=2 ddCdD —,; ddCdAyD — 1y ddCdeD — 13 ddddeD — 1y dddded
S —p0 CD *)P; AgCD —pl9 ddCD *)l’l ddCA4D —p20 ddCdcD

—13 ddddcD — 4 ddddcd

Table 2. Confidence level for the string w using E-set.

Derivation no. 3 4 5 6 7 8 9

Grade of 0.3333 0.6667 0.8333 0.5 0 0.5 0.5 0.3333
membership

Table 3. Confidence level for the string w using Tpset.

Derivation no. 1 4 5 6 7 8 9

Grade of membership 1-1=0

1-0=1

1-1=0 1-1=0 1-1=0 1-1=0 1-1=0 1-0=1
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Table 4. Final interpretations with fuzzy confidence for the string w=ddddcd.

Derivation

no. 1 2 3 4 5 6 7 8 9
HWWEE) 0.3333 0.8333 0.6667 0.8333 0.5 0 0.5 0.5 0.3333
UWeT) 0 0 1 0 0 1 0 0 1
Min 0 0 0.6667 0 0 0 0 0 0.3333

Table 5. Various derivation for the string w=cdcdd.

Derivation 1 Derivation 2

Derivation 3 Derivation 4

pro:S—CD pro:S—CD
pr}:S—>A1CD pr}:S—>A1CD
pri:S—cCD pri:S—cCD
pr%:S—> cCA,D pri:S—wCAzD
prig:S—cCedD pr%:S—chD
pr7:S—cdedD pr7:S—cdeD
prg:S—cdedd Prag:S—cdedd

pro:S—CD pro:S—CD
pry:S—AsCD pry:S—A43CD
pri1:S—cCD prig:S—cdCD
pri:S—>cCA4D pri:S—>chA4D
pri:S—cCdD pra:S—cdCdD

praz:S—cdedD
prg:S—cdcdd

prs:S—cdcdD
prig:S—cdedd

Table 6. Confidence level for the string w using E-set.

Derivation no. Derivation 1

Derivation 2

Derivation 3 Derivation 4

Grade of membership 0.75

0.75 0.5 0.5

Table 7. Confidence level for the string w using Trset.

Derivation no. Derivation 1

Derivation 2

Derivation 3 Derivation 4

Grade of membership 1-0=1

1-0=1

1-0=1 1-0=1

Table 8. Final interpretations with fuzzy confidence for the string w=cdcdd.

Derivation No. Derivation 1

Derivation 2

Derivation 3 Derivation 4

HWEE) 0.75
uweTy 1
Min 0.75

0.75 0.5 0.5

1 1

0.75 0.5 0.5

In the above sentences, sequential noun phrases 37?5'7
(Mohan), @a(apple), H (Ram), LR (pen) and the verb
phrases @747 (ate), @V 5’? 97 (rotten), fom@r (written),
JUER H THeAT o1 (gifted) both form two separate series of
constituents. Let m' be the morphism which maps to
and @747 to c, G and @'(73/'5'? 47 to d and all other words
of the sentence to the empty string. Therefore, S;:cdcd.
Therefore, sentence S, is of the form ww, which is a non-
context-free language.

Consider m" be the morphism, which maps {H, e,
TT'I'@T, SUe T et AT to a,b,c and d, respectively and the
dependency relation between UH (Ram) and foran (written)
is denoted by m and o (pen) and Y& T foer ot (gifted)
by n and other words of the sentence by empty string.

Therefore, sentence S, is of the form a”’b"c¢™d", which is a
non-context-free language. Cross-serial dependency of the
Hindi language can be represented by regulated grammar.

Now consider the sentence S; and If the users uninten-
tionally write the S} sentence as

S, HigH = S 6 @ ST 6 90 &l T

In this sentence, the user makes an insertion error of one
noun phrase e (apple). Now the sentence S;' maps to
cdcdd instead of cdcd. In formal grammar, this string is
completely rejected. However, in case of fuzzy regulated
grammar, we cannot completely reject the string w. By
considering the grammar of example 4.1, Erroneous sen-
tence acceptance S,’ is shown using proposed algorithm
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RFSRG. Table 5 depicts few ways for deriving the string w
=cdcdd.

Table 6 represents the confidence level for the string
w using E-set.

Table 7 represents the confidence level for the string w
using Tr-set. Table 8 represents the final interpretations with
fuzzy confidence for the string w = cdcdd.

The optimal derivation for the string w = cdcdd 1is as
follows:

u(w) = max(0.75; 0.75; 0.5; 0.5) = 0.75

By choosing a certain level of confidence 4., we say the
string is accepted if u(w)>4..

6. Conclusions

In this paper, an algorithm for deriving a string, w& L, with
a certain level of confidence is described. Regulated
grammar is converted to Chomsky normal form to avoid
multiple error elimination. Furthermore, the algorithm is
applied to regularly controlled and matrix grammar. The
time complexity of the proposed algorithm is O(IGZI-wl).
By way of numerical examples for a string, w&L, the
determination of a confidence level for the string, w, is also
demonstrated Further, the real-life application of a pro-
posed algorithm for the recognition of faulty strings for the
natural language, Hindi, is exhibited.
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Appendix 1: Numerical example

In this appendix, the proposed algorithm has been applied
to a matrix grammar.

Example 4.2 Consider G, = (G, r,), where
G = {{S7 C’ D}7 {C, d}a S, {mOa my, mp, ms, m4}} be the
matrix grammar of example 2.2 where
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my = (py : S — CD),

my = (p;: C — ¢C,p;y : D — ¢D),

my = (p3: C — dC,ps : D — dD),

m3=(ps:C—c,ps:D — c),

my = (p7:C—d,ps: D —d),
The control set is r,, = mg(my, my) * (ms3, my).

Equivalent CNF for the grammar G,

my = (po : S — CD),

m/1 =(p} : C— AC,pt : Ay — c,p) : D — AyD,
P2k )

m;:(p;:C—>A3C,p§:A3ad,p}1:D—>A4D,
pi Ay — d),

my = (ps:C —c,ps:D — c),

my, = (p7:C—d,pg: D — d)

The control set is r,,’ is mg'(m;’, my') * (ms', my').
Using fuzzy replace operator:

pro Ay — _ prio:Ay; — _
pru Az — _ priptAg— _
priz:C— _ prig:D— _
pris:C— _ prig:D— _
Using fuzzy add operator:
pri7 i Ay — _cle_  prig Ay — _cle_
prig: Az — _d|d_ pry Ay — _d|d_
pra : C — _cle_  pryn:D— _clc
prz C — _d|d_ P D — _d|d_
Using fuzzy remove operator:
pl’252A1 —>/1 p7261A2—>)y
pl’27 ZA3 —>/1 przg IA4—>)V
prag:C— A pry:D— )
pr31:C— A4 pryp:D— A

On considering string w = ddcd ¢ L. Table Al depicts
few ways for deriving the string w = ddcd.

Table A2 represents the confidence level for the string
wusing E-set.

Table A3 and A4 represent the confidence level for the
string wusing Tset and final interpretations with fuzzy
confidence for the string w = cdcdcced respectively.
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Table Al. Various derivation for the string w = cdcdcccd.

Derivation S CD ™ A1CD ™5 cCD ™ cCALD ™ ¢CeD ™ cA3 CeD ™ cdCeD
1 po pi P P P P P
H chcA4D H cdCccD H cdACccD H cdcCecD H cdcCccArD H
Py i P} P P
cdcCcccD ﬂ; cdcedceeD —;> cdedcced
Derivation s™cp ’1‘>A1 cb™ cCcD ”i‘> cCAD ™ ¢CeD H cA, CCD H ccCeD
2 Po P ” P P pl

ﬁ} cdCcA,D % cdCecD 7‘ cdACccD ™ cdeCeeD ™ cdcCecAyD

P 3 pi ” P

™ edeCeceD ™ cdedeceD % cdedcced

P p7 P
Derivation s™cp™A,cD —> cCD —> cCA>D —> cCeD ™ cA, CeD —>
3 Po P P P P \

cdeCeD ™ cchcAzD —> cdcCcccD —> cdedeceD ™ cdedeced

172 p

Derivation $™5 CD ™ A{CD ™ cCD ™ cCAD ™} cCeD ™ cA, CeD —> cdcCeD
4 Po Pl n I » i
H cchcAzD H cdcCcccD H cdcA3CeceD H cdcdCcceD
P Py ”
H cdcdCcccAyD H cdchcccdD H cdcdcccdD H cdedeced
Py 7
Derivation s™cp —> As CD —» cCD 5 cCA D cCcD —> cA3CeD —> cdCeD
5 po i Py P12 Py I
H chCA4D H cdCccD H cdA,CccD H cdcCccD H cdcCccArD
Py pi I P
2 cdeCeceD ™ cdedeceD ™ cdedeced
P% p7 P8
Derivation s®cp —> Aj CD —> cCD —> cCA DS cCcD —> cA1 CcD —> ccCeD
6 Po P Ph P12
—> cdCcA,D —> cdCccD —> cdACccD —> cdcCeeD cdcCccAr,D
Py P Pl P Py

™ cdcCeceD —7> cdcdcceD —8> cdedcced
2 P P

P
Derivation s™cp 2 A3CD —1; cCD —> cCA DS cCcD —> cAl CcD ﬂ cdeCeD
7 po P} Py P2
m cchcAzD H Cchcch H cdcdcch H cdcdcced
P
Derivation s™cp™ A, CD —> cCD —> cCA,D " cCeD —> cA; CcD —> cdcCeD
8 Po P} I P2 pl
—> cchcAzD —> cdcCcccD —> cdcAsCccecD —> cdcdCcccD —> cdcdCcccAsD
P Py 7 Py
—j cdchcccdD —> cdcdcccdD —> cdcdeced
Py
Derivation s®cb —>A1 CD —> cCD —> cCA,D —> c¢CceD —> cA3;CcD —> cdCcD
9 Po i I P P P} P
it cdCcA4D ™ cdCccD 3 cdA3CccD ™ ¢dcCecD cdcCccAyD
s pl2 ), pll )
™ cdcCeceD ™ cdedeceD ™ cdedeced
pl p7 P8
Derivation S CD™ A1CD ™ cCD ™ cCALD ™ ¢CeD ™ cA, CeD —> ccCeD
10 Po i 7 P » Pl
—> cdCcA,D —> cdCccD —> cdAz Cch —> cdcCccD —> cdcCccAyD
Py I Py Py

" cdcCeceD ™ cdedeceD ™ cdedeced
pl2 p7 P8
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Table A2. Confidence level for the string w using E-set.
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Derivation no. 1 2 3 4 5 6 7 8 9 10

Grade of Membership 0.875 0.875 0.75 0.5 0.625 0.625 0.5 0.25 0.625 0.625

Table A3. Confidence level for the string w using Tr-set.

Derivation no. 1 2 3 4 5 6 7 8 9 10

Grade of Membership 1-1=0 1-1 =0 1-0 =1 1-1 =0 1-1 = 1-1=0 1-0=1 1-1=0 1-1=0 1-1 =0
0

Table A4. Final interpretations with fuzzy confidence for the string w = cdcdcccd.

Derivation no. 1 2 3 4 5 6 7 8 9 10
uw € E) 0.875 0.875 0.75 0.5 0.625 0.625 0.5 0.25 0.625 0.625
uw €Ty 1-1=0 1-1=0 1-0=1 1-1=0 1-1=0 1-1=0 1-0=1 1-1=0 1-1=0 1-1=0
Min 0 0 0.75 0 0 0 0.5 0 0 0

1(w) = max(0, 0, 0.75, 0, 0, 0, 0.5, 0, 0, 0) = 0.75

By choosing a certain level of confidence 4., we say string
is accepted if u(w) > 4.
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