Multi-Generative
Grammar Systems
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From Grammar To MGS

Grammar: G=V, T, P, S)

S .= .>w,Wherewe T

Grammar system: I' = (G, G,, ...,

G,, Q), where

=(N,T,P,S)isaCFGforalli=1...n
* O = aset of rules, which ,,check™ generation.

\
S;=>x; = ...=>w,, where w, € Tl*

S :&: :>w2,wherew2€ T,

Checklng'
S =X, = ... >w,, Where w, T

}Paralell

generation

(W15 Wys «ees W, ) = Generated multistring in I
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Checking: Two Approaches

1) Symbols Checking: |2) Rules Checking:
(St Spy vees S.) | (Sgs Sy eeey S, )

(X15 X9y eeey X)) (X1 Xpy eeey X))

(Vis Vos eees V) (V1o Vo5 eees YVu)
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Checking: Two Approaches

1) Symbols Checking:
(S5 Sy ey S,,)
U U

(X1s Xy eeey X))

U U U
(V1o Va5 eees Vi)

Checking of multiforms

2) Rules Checking:
(S S5 00y §,)
U U U

(X1 Xpy eeey X))

U U
(V1o Vo5 eees YVu)
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Checking: Two Approaches

1) Symbols Checking:
(S5 Sy ey S,,)

2) Rules Checking:
(S S5 00y §,)

U U U

U U U

(X1s Xy eeey X))

U U U
(V1o Va5 eees Vi)

(X1 Xpy eeey X))

U U U
(V1o Vo5 eees YVu)

I § . J

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 tuplg
F (Gl, G ... ,G,, 0), where
=(N,T,P,S) 1saCFGf0rallz—1
Q = 1s a finite set of n-tuples of the form
(A, A,,...,A ), where A;e N foralli=1...n

Example:
F — (Gla G29 {(Sla SZ)a (Ala AZ)})) Where:
G] — ({Sla Al}a {aa ba C}, R]a Sl)a
R, ={8,—>aS S, —>aA,A; > bA,c,A; — bc}
G2: ({S29 A2}9 {d}a R29 Sz),
R2= {S2 — S2A29 SZ %Aza AZ — d}
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Direct Derivation Step

Definition: Let 1 = (G, G,, ... , G, Q) be an-MGN.
Let u;e T,",v,e (N;UT),A, > x;€ P,

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o i, X,V )T (AL A,, .. ,A ) e Q.

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

Iustration: , ...,) e QO

Iull V1 ‘ :un: ‘AqJ :vn:
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Direct Derivation Step

Definition: Let 1 = (G, G,, ... , G, Q) be an-MGN.
Let u;e T,",v,e (N;UT),A, > x;€ P,

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o i, X,V )T (AL A,, .. ,A ) e Q.

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

Iustration: , ...,) e QO

Rule: A; = x; € P,

Iull Ivll ‘ :un: ‘AqJ :vn:
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Direct Derivation Step

Definition: Let 1 = (G, G,, ... , G, Q) be an-MGN.
Let u;e T,",v,e (N;UT),A, > x;€ P,

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o i, X,V )T (AL A,, .. ,A ) e Q.

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

Iustration: , ...,) e QO

Rule: A; = x, € P, Rule:A, > x, € P,

Iull Ivll ‘ :un: ‘Ar;J :vn: ‘
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Direct Derivation Step

Definition: Let 1 = (G, G,, ... , G, Q) be an-MGN.
Let u;e T,",v,e (N;UT),A, > x;€ P,

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o i, X,V )T (AL A,, .. ,A ) e Q.

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

Illustration: . , .) e QO

Rule: A; = x, € P, RuleA — X, EP

\..I..\ [Tl [

[T/ TR
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n-Language

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

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

n-L(L)={w,, w,, ...;w ): (S, S,, ... S)=>" (W, wyy ooy W),
w.e T foralli=1,...,n}
Illustration:
(S15925 ¢ees S,,) ‘ n-L(I')

&

(X135 X5y 000y X))

(w19 W eeey Wn) ‘(WD Wog eeey wn)
E € €
T, T,"... T

n
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Generated Language 1n First Mode

Definition: The language generated by 1" in
the first mode, L (F) 1S defined as:

() = {w;: (Wp Wy, ..., W) € n-L(I')}

ﬁrst

Illustration:

| LD |
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Generated Language 1n Union Mode

Definition: The language generated by 1" in
the union mode, L . (1), 1s defined as:

union

) ={w:w,w,, ..., w )€ n-L(I),
wew:i=1,...,n}}

umon

Illustration:
(515529 ¢y 5)) L, ,ion(1) ‘
(X715 X9y 00eg X))
(wla Wi eeeg W ) g i it

e c e
T Ty ... T,

n
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Generated Language in Conc. Mode

Definition: The language generated by 1" in
the concatenation mode, L (I"), 1s defined as:

conc

) ={ww,...w (W, w,, ..., w ) € n-L(I') }

COﬂC

Illustration:

(Sis Soy eees S)

n

CO"C(Iﬂ)

-
(xl,xz,- s X))
- ,w>:> —5
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n-MGN: Example 1/2

IT = (Gy, Gy, Q), where: | S, S,

*G =Ny, Ty, Ry, Sy)

Ny =151, Ayl

Tl — {aa ba C},

Ri={S8;—>a$ 8, —>dA,,
A, —>bAc,A; — bc}

* G, = (Ny, Ty, R, S))

N, =15, A3},

T,=1{d},

R,=1{95,—54,,5,—>A,,
A,—d}

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 1/2
‘1“ = (G4, G,, O), where: ‘
* G1= (Nl, Tla Rla Sl) ok

N1= {SI’ Al}a

T,={a,b,c},

Ri={S8;—>a$ 8, —>dA,,
A, —>bAc,A; — bc}

* G, = (Ny, Ty, R, S))

N, =15, A3},

T,=1{d},

R,=1{95,—54,,5,—>A,,
A,—d}

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 1/2

T=(G,, G,, Q), where: | l{ I‘
*G,=(N,, T, R, S;) OK

N ={Sla Al}a

T,={a,b,c)}, as

A, —>bAc,A; — bc}

* G, = (Ny, Ty, R, S))

N, =15, A3},

T,={d},

R,=1{95,—54,,5,—>A,,
A,—d}

2)9 (A19 AZ)} ‘

19
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n-MGN: Example 1/2
‘1“ = (G4, G,, O), where: ‘
‘GlTéNX];laRla Sl) U’ OK U
N — s ’ -
7= {a,b, ¢}, el 2
Rl = { Sl —> aSI, Sl — aAl? OR
Ay —>bAc,A; — bc)

* G, = (Ny, Ty, R, S))

N, =15, A3},

T,=1{d},

R,=1{95,—54,,5,—>A,,
A,—d}

* 0 ={(519,), (A;,A,)} ‘
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‘F = (G4, G,, Q), where: ‘
* G =(Ny Ty, Ry, Sy) U O U
S,

N, ={S;,A,}, a )
T,={a,b,c},
R,={S,—>aSS$;—aA,, U OK U

A, —>bAc,A; — bc} aaAl A2A2

* G, = (Ny, Ty, R, S))

N, =15, A3},

T,=1{d},

R,=1{95,—54,,5,—>A,,
A,—d}

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 1/2

‘1“ = (G4, G,, O), where: ‘
.GlTéNX];I,RI, Sl) U’ OK U
N — s ’ -
Tllz {a,lb, 2‘}, a ’
R,={5,—>a8,,5, > aA,, U o U

Ay — bAc, Ay — be} aalA, AjA,
*G,=(N,, T),R,, S,) OK

sz{SzaAz},

I, = d},

R,=1{9$,—>9A4,,9, > A,,
A, —d}

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 1/2

‘1“ = (G4, G,, O), where: ‘
‘GlTéNX];laRla Sl) U’ OK U
N — s ’ -
7= {a,b, ¢}, © 2
R,=1{5; > a$,, 5, > aA,, U o U

Ay —>bAc, Ay — be} aalA, AjA,
*G,=(N,, T),R,, S)) U OK U

N,=1{9,,A,},
T22= {di, ? aab A c dA,

R2: {Sz %SzAz, S2 %Az,
A,—d}

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 1/2

‘1“ = (G4, G,, O), where: ‘
.GlTéNX];I,RI, Sl) U’ OK U
N — s ’ -
7= {a,b, ¢}, © 2
R,=1{5; > a$,, 5, > aA,, U o U

AlﬁbAlc,Alﬁbc} aa : Az
'G2=(N2, T29R29 SZ) M

T,={d}, aabc d
R2: {Sz — SzAz, Sz %Az, OK
A, —d}

* 0 ={(519,), (A;,A,)} ‘




10/23

n-MGN: Example 1/2

‘1“ = (G4, G,, O), where: ‘
‘GlTéNX];laRla Sl) U’ OK U
N — s ’ -
7= {a,b, ¢}, © 2
R,=1{5; > a$,, 5, > aA,, U o U

AlﬁbAlc,Alﬁbc} aa : Az
'G2=(N2, T29R29 SZ) M

T,={d), aab c d
R2 — { Sz — SzAz, Sz %Az, U OK U
A,—d}

aabbcc dd

* 0 ={(519,), (A;,A,)} ‘
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n-MGN: Example 2/2

T = (G,, G,, Q), where: | Note:

"G 2-L(T) =
G,=(N,, T, R,, .
i{sgpzl‘ll}l, 1 Sl) {((l bncn’ dn) n 2 1}

Ay —>bAc,A; — bc} wa"b"c" 1 n > 1} U

{d":n2=>1
° G2 = (NZ’ TZ’ RZ’ SZ) }
ot L) =
2 { SZ — SZAZ, S2 %Az,
| Amd) L)
first —

), (A, Ay} | ta"bre"n £ 1}

19
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Rule-synchronized GS

Definition: An n-multigenerative rule-
synchronized grammar System (n-MGR) 1s n+1 tuplg
F (Gl, G ... ,G,, 0), where
=(N,T,P,S) 1saCFGf0rallz—1
Q = 1s a finite set of n-tuples of the form
(P> Pas---» P,), Where p.€ P foralli=1...n

Example:
F :(G19 G29 {( ’ )9( ’ )9( ’ )9( ’ )})’ Where:
G =(5.,A},{a,b,c}, R, S);
:A{ —>bAc,4: A; — bc}
G2: ({52}9 {d}9 Rza S2)9
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Direct Derivation Step

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

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o, x, v )IE(C , ..., )e Q.

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

Illustration: D |:|) e O

Iull V1 ‘ :un: ‘AqJ :vn:
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Direct Derivation Step

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

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o, x, v )IE(C , ..., )e Q.

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

Illustration: D |:|) e O

Rule: p:A; > x; € P,

Iull Ivll ‘ :un: ‘Ar;J :vn:
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Direct Derivation Step

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

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o, x, v )IE(C , ..., )e Q.

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

Illustration: D |:|) e O

Rule: p: A > x, € P, Rule:p :A, —x, € P,

Iull Ivll ‘ :un: ‘Ar;J :vn: ‘
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Direct Derivation Step

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

for all i = 1..n Then, (A vy, AV, ..., u AV, )=
(U XV, Uy XYy, o, x, v )IE(C , ..., )e Q.

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

Illustration: D I:I) 0,

Rule: p: A > x, € P, Rule A, %x S P

\..I..\ [Tl [

[T/ TR
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Generated Multistrings & Language
Definition: The n-Language for n-MGR 1s defineT

analogically as the n-Language for n-MGN.

Definition: The 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

IT = (Gy, Gy, Q), where: | S, S,

*G =Ny, T, Ry, Sy)

N =15+, A4},

T,={a,b,c},

Ri={1:8; —=>a${ 2:${ > aA,,
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ}a

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

*0=1,1),(2,2),3,3),43)
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: | S, S,
.G1=(N19 T19R1a Sl) U U
Ni=1{S81, A4},

T,={a,b,c},
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ}a

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

*0=1,1),(2,2),3,3),43)
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: |

*G =Ny, T, Ry, Sy)
:{Sl’Al}a
le{a,b,C},
Ri={1:8; —=>a${ 2:${ > aA,,
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ},

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

cQ={(1,1), (22,3 3, ¢3)

51

Claggf
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n-MGR: Example 1/2
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*G =Ny, Ty, Ry, Sy)
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: |

*G =Ny, T, Ry, Sy)
:{Sl’Al}a

le{a,b,C},

Ri={1:8; —=>a${ 2:${ > aA,,
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ},

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

cQ={(1,1), (22,3 3, ¢3)

51

aS | OK | 5252
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Ol
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T,={d},
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aS, | OK | S,S,
aaA, | OK { S,S,
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NZZ{SZ},

T,={d},
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aS, | OK | S,S,
aaA, | OK { S,S,
U U
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: |

*G =Ny, T, Ry, Sy)
:{Sl’Al}a

le{a,b,C},

Ri={1:8; —=>a${ 2:${ > aA,,
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ},

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

cQ={(1,1), (22,3 3, ¢3)

51

aS, | OK | S,S,
aaA, | OK { S,S,
‘{OK}’
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: | S, S,
*G =Ny, Ty, Ry, Sy)
le {Sl’Al}a aSI OK S2S2

T,={a,b,c},

Ri={1:8; > a$,, 2: 5, > dA,,

: Ay > bAc,4: A; = bc} OK
- 1 adA S,S
*G,=(N,, T), R, S,) ! 272
M= IS3) w
T,={d}, K
R={1:S, 55,8, 28,8, | aabAc ORI aa,

: S, —>d}
c0=11, 1), (2,2),3,3), 4, 3)
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: |

*G =Ny, T, Ry, Sy)
:{Sl’Al}a

le{a,b,C},

Ri={1:8; —=>a${ 2:${ > aA,,
: Ay > bAc,4: A; = bc}

* G,= (Ny, Ty, R, S))

NZZ{SZ},

T,={d},

R,={1:8,—>8,9,,2:5,—=>38,,
: S, —>d}

e Q={(1.1).(2.2). (. 0. ()

aS, | OK | S,S,
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n-MGR: Example 1/2

IT = (Gy, Gy, Q), where: | S, S,

* G1= (N19 T19 Rla Sl)

Ny =15, A4}, OK q
T,={a,b,c}, D)

: Ay > bAc,4: A; = bc}

* G, = (Ny, T, Ry, 5)

= (d),

T, = :

Ri={ :52%S2S27 ZSZ%SZ, aab
: S, —>d}

cQ={(1,1), (22,3 3, ¢3)
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n-MGR: Example 1/2

‘F —_ (Gl’ Gz, Q), Whel‘e: ‘ Sl SZ
*G =Ny, Ty, Ry, Sy)
le {Sl’Al}a aSI OK 2S2

T,={a,b,c},

S
R/={1:8,—>aS, 2: 5, > dA,, Uﬂ{ }Du
: Ay > bAc,4: A; = bc}
————————— A, 9K 5,8,

* G, = (Ny, T, Ry, 5)
N,=1{5,},

T,={d}, K
Ri:{ S, 8,8, 2: S, — 8, | aabAc O dA,

: S, —>d}
0=100DEDGHDEIN gabbeec) OK dd
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n-MGR: Example 2/2

T = (G,, G,, Q), where: | Note:

n-L(I') =

*G =Ny, Ty, Ry, Sy) {(@"b"c",d"): n=>1}

NI:ESl,bAI%,

T =1{a,b,c},

Rl1 ={1:85,—=>aS$, 2:$; > aA,, L(F)umon
:A; > bAc,4: A, > be}l| {a™D*c":n=1} U

d".n=>1

Ga= Ny Ty Ry sy |12

N,=1{8S,},

T22: {d?, L(F)conc —

R,={1:5,—8,8,,2: 5, S,, | {a™b"c"d" :n=>1}
: S, —>d}

0={(1,1),2,2),3,3), 43 L(1)g; =

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

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

* Theorem: There exist an algorithm that
converts 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:
T Q
‘ - ‘ 2-MGN 2-MGR
ansuases languages languages
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General n-MGNs and n-MGRs

e Jeftmost derivations in n-MGNs/n-MGRs:
ET1 ENl E(N1UT) EN E(NUT)

LI_I_IA ‘ _|_| :unl Y

[ [/ A\ .@‘

\_I_I_\_I_I_LI_I_I\_I_I_\_I_I_\_I_I_I

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

e(N uT,) e(NluT)* € (N,UT)" €©N,UT)

\..]_I i R T Y
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Matrix Grammar

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

eG=(N,T,P,S)1s a CFG

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

Example:
H = (G, M), where:
*G={S,A,B},{a b c},P,0S);
P={1:5S > AB, 2: A — aA, 3: B — bBc,
:A —a, 5: B — bc}

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

H = (G, M), where:
’G:({S,A,B}, {a,b,C},P,S);
P={1:5S—>AB, 2: A — aA, 3: B — bBc,
:A —a, 5: B — bc}
.M:{ ’ ’ }

S=AB [I] = abc [45]
S = AB [1] = aAbBc [23] = aabbcc [45]

L(H)={a"b"c":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
lexists an equivalent n-MGN & n-MGR 1n 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:

S

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




