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Multigenerative

Grammar Systems
(MGS)

Alexander Meduna

* This presentation in based on publication:
Meduna, A, Lukas, R: Multigenerative Grammar systems,
Schedae Informaticae
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From Grammar To MGS
Grammar: G=(N, T, P, 5)
S=..=>...=o>w wherewe T"

Grammar system: I' = (G, G,, ... ,G,, O), where
G, =(N,T,P,S)1saCFGftoralli=1...n
* O = a set of rules, which ,,check® generation.

,
S, =>x,=...=>w,wherew, € T,

S = &: . = Wz, where W, € T }Paralell
Checking! : generation

*
S,=>x,=>...>w, ,wherew, e T

(Wys W,y «oey w, ) = Generated multistring in T
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Checking: Two Approaches
1) Symbols Checking: |2) Rules Checking:

(S1 Sy oy S| (Spy Sy oens S,)
0y -0 (LU U U

(X715 Xpy oo xn)‘ (X1s Xps eeey X))

U 4 U LV U .. U
(V15 Vs woes V) || (P15 Y2 oees V)
T U | IV

Checking of multiforms ‘ ‘ Checking of derivations
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Nonterminal-synchronized GS

Definition: An n-multigenerative nonterminal-

synchronized grammar system (n-MGN) 1s n+1 tuple
I'=(G,, Gy ..., G,, OQ), where

*G,=(N,T,P,S)1saCFGforalli=1...n

* 0 = 1s a finite set of n-tuples of the form
(4, A,,..., 4 ), where 4, € N foralli=1...n

Example:
I' =(Gy, Gy, (5}, 5,), (A}, 4y)}), where:
Gl - ({Sla Al}a {aa b: C}a Rl: Sl)a
R,={8 > aS$,,8; >aA,,A, > bA,c, A; = bc}
G2 — ({Sb AZ}D {d}a R29 S2)9
R2: {SZ — S2A29 S2 _>A29 AZ — d}
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Direct Derivation Step

Definition: Let = (G, G,, ... , G, Q) be a n-MGN.
Let u,e T\, v,e (N;UT), A, > x; € P,

for all i = 1..n Then, (u,4,v;, uyA,v,, ..., u,A,v,) =
(U XV, Uy XyVyy o, U, X,V ) (A, Ay, ..., A) € O.
Note: = ... transitive closure of =

—* ... reflexive and transitive closure of =

Illustration: , ...,) e Q

Rule A —)xleP Rule A —> X, eP
”1| |A| "1| Uy |A|

/785 /7 T
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n-Language

Definition:Let ' = (G, G,, ... , G, Q) be an-MGN

The n-Language of 1", n-L(I"), 1s defined as:

n-L(I)={(w;, w,y, ..., w ): (S}, S5, ..., S)=" W, Wy ooy W)
w e I foralli=1, ..., n}

Ilustration:

(S5 85 cees ) n-L(T)
G
(15 Xy eeey X))
I. -
(Wis Way ceeg W) ‘ (Wis W3y ees W,) ‘
e € = .
T, T, ... T, :

n
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Generated Language in First Mode

Definition: The language generated by I in

the first mode, L firs (I'), 1s defined as:
Ly A1) =w: (W, wy, ..., w,) € n-L(I')}

Ilustration:

(S19 S29 ) S )

n

‘ L ﬁrst(r) ‘

(X5 Xy eees X

..
-
(Wi Wyy ceeg W,)

c € <
T, T, ... T,

n
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Generated Language in Union Mode

Definition: The language generated by I in

the union mode, L. . (I'), 1s defined as:

L . ()= iw: (W,w,,..,w)en-LI),
wew:i=1,..,n}}

Ilustration:

(558, cees )

L union (F) ‘

(15 Xy eeey X))

= :
e NS

(Wis Way cees W,)

c € <
T, T, ... T,

n
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Generated Language 1in Conc. Mode

Definition: The language generated by I in
the concatenation mode, L (I),1s defined as:
() = {wwy..ow (W, Wy, ..., w ) € n-L(I')}

Ilustration:

COI’lC

S,)

n

(858, cees

L conc(r) ‘

(15 Xy eeey X))

=

(w19 W29 coeyg W )
e € =
T* T, ... T'

n

..w

n
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n-MGN: Example 1/2

IT = (G}, Gy, 0), where: |

* G =V, T, Ry, §)

Ny =18, Ay,
T,={a,b,c},
R,={8;—>a$,, 8, > aA,,

U
U
A, > bA,c, A; = bc} aa
U
U

/]

*G,= (N, T,, R,, §5)

N, =1{8,, 4,5,

T2: {d}a aab

R,=1{8,—>8,4,,85, > A4,,
A,—>d}

* 0 =1{(5;,9,), (4, 4,)}
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n-MGN: Example 2/2

‘F = (G, G, Q), where: ‘ Note:

2-L() =
= (N, T, R,, S) (@b, d"): n > 1)
Nl - {SI? Al} 5
~ {a, b, C}, L(F)unlon

=18, > a8, 8, > aA,,

nipin >
A; > bA,c, A; — bc} wab"c" in=1% U

{d" :n2>1}
° GZ (N29 Tz, RZ? SZ)

{Sz, Az} L(F)conc
_is (abrendn 7> 1)
- {Sz —> S2A29 SZ —)A2,

A2 _ d } L(r) irst

={(S,, S,), (4, A,)} | ta"b"c" 1 m 3 1}
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Rule-synchronized GS

Definition: An n-multigenerative rule-

synchronized grammar system (n-MGR) 1s n+1 tupl¢
I'=(G,, Gy ..., G,, OQ), where

*G,=(N,T,P,S)1saCFGforalli=1...n

* O =1s a finite set of n-tuples of the form
(P{s Pos---»P,), Where p. € P, foralli=1...n

Example:
I :(Gla Gza {( > )9( > )9( > )9( > )})’ WhGI’CI
Gl - ({SI’ Al}ﬁ {61, ba C}, Rla Sl)a
R,={1:8, > a8, 2:8, —aA,,
: Ay > bA,c,4: A; = bc}
G,= (15,1, {4}, Ry, S));
R,={1:8,—-8,8,,2:8,—>8,,3:85,>d}
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Direct Derivation Step

Let u, e T,',v,e (N;UT), :A4,>x; P,

(U XV, Uy Xy Vyy o, U, X,V ) (0

Definition: Let = (G, G,, ... , G, Q) be an-MGR.

for all i = 1..n Then, (u;4,v,, uyA,v,, ..., u,A,v,) =

, ..., ) E Q.

Note: =7 ... transitive closure of =
=% .. reflexive and transitive closure of =

Illustration: (Ij ,D) e Q

Rule : A —)xleP Rule A, —)x eP

”1| |A| "1| U, |A|

[T /7 TR
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Generated Multistrings & Language

Definition: An n-Language for n-MGR 1s defined
analogically as the n-Language for n-MGN.

Definition: A language generated by n-MGR
in the X mode, for each X € {union, conc,
first}, 1s defined analogically as a language
generated by n-MGN 1n the X mode.
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n-MGR: Example 1/2

I'=(G,, G,, OQ), where:
| |

. G,=(N,, Ty, R;, S))

N =18y, A4},

T,={a,b, c},

R,={1:8,—>a8,, 2: 85, > aA,,
: Ay > bA,c, 4: Ay = bc}

*G,= (N, T,, R,, §5)

N, =18},

T2: {d}a

R,={1:8§,—>45,S,,
.S, >d}

l-0=((.1)..2). . 3. ¢ )

S, =8,

S, s,

aS S2S2

aaA S2S2
s (i
aab dd
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n-MGR: Example 2/2

‘F = (G, G, Q), where: ‘ Note:

=V, T, R, S)
Ny =18, 4},
={a, b, c},
R,={1:8,—>a8,, 2: 85, > aA,,
: Ay > bA,c, 4: Ay = bc}
°G2=(N2, T, R,, Sz)
N,=1{8,},
ZZ{d}a
R,={1:§,—45,S,,2:§,—>8,,
.S, >d}
:0=101,1,2.2),6,3 3}

n-L(I') =
{(a"b"c",d"):n>1}
L(F)umon
{a"b"c" :n>1} U

{d" :n2>1}
L(F)COI’IC
{a"b"c"d" . n > 1}
L(F)frst

{a"b"c" :n> 1}
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Results: Conversions Between MGSs

* Theorem: There exist the algorithm, which
convets any n-MGN to an equivalent n-MGR
in the X mode, where X = {union, conc, first}

* Theorem: There exist the algorithm, which
convets any n-MGR to an equivalent n-MGN
in the X mode, where X = {union, conc, first}

Illustration:

n-MGN = n-MGR
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Results: Power of MGSs

* Theorem: Let L(n-MGN,) and L(n-MGR,)
denote the language families defined by n-
MGN 1n the X mode and n-MGR 1n the X mode

resp., where X = {union, conc, first}. Then,

L(RE) = L(2-MGR,) = L(2-MGN,)

Illustration:

e
2-MGN 2-MGR

‘ RE languages languages languages
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General n-MGNs and n-MGRs

e Jeftmost derivations in n-MGNs/n-MGRs:

eT,” eN, eWN,UT) eT” €N, e(NUT)*
f———*———rJLw———*———\

oy (A vy | Ly,

//M \\////@\\ \\

”1! xll l"u_l

 general derivations in General n-MGNs/n-MGRs:

e (MuT) eMUT) e(NuT) e (N, UT,)

‘ ”1| |A| |v]_|_| coe Ivnl ‘




20/23

Matrix Grammar

Definition: A matrix grammar (MQG) 1s a pair
H = (G, M), where:

cG=(N,T,P,S)1saCFG

* M is a finite language over P (M < P7)

Example:
H = (G, M), where:
*G=({S,4,B}, {a b, c}, P,JS);
P={1:8 > AB,2: A — aA, 3: B — bBc,
: A —a,5: B — bc}

* M= {1, 25, 45]
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Matrix Grammar: Example

H = (G, M), where:

*G=({S,4,B}, {a b, c}, P,S);

P={1:5 > AB,2: A — aA, 3: B — bBc,
: A —a,5: B — bc}

*M = {1,235 45;
S =AB [1] = abc [45]
S =>AB 1| = aAbBc [23] = aabbcc [45]

L(H) = {a"bc" i n> 1)
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MG and General n-MGNs & n-MGRs: Conversions

* Theorem: For every general n-MGN & n-MGR
in the X mode, where X = {union, conc, first},
there exists an equivalent matrix grammar.

* Theorem: For every matrix grammar, there
exists an equivalent n-MGN & n-MGR in the X
mode, where X = {union, conc, first}

Illustration:

General n-MGN General 2-MGN
General n-MGR‘ MG ﬂGeneral 2-MGR
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Results: Power of General MGSs

* Theorem: Let L(n-GMGN,) and L(n-GMGR )
denote the language families defined by general
n-MGN 1n the X mode and general n-MGR 1n the X
mode, respectively,where X = {union, conc, first}.
Then,

L(MG) = L(n-GMGR,) = L(n-GMGN,)

Illustration:

<

Languages defined by n-GMGN n-GMGR
matrix grammars languages languages
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