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QOutline of my previous talk

@ Can we simulate Type-0 grammars by Type-2 grammars if we regulate
the rule applications in some manner?
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QOutline of my previous talk

© Can we simulate Type-0 grammars by Type-2 grammars if we regulate
the rule applications in some manner?

@ YES !l but with certain regulations on the contexts of application like
© Semi-Conditional grammars

@ Simple Semi-Conditional grammars

© Generalised Forbidding grammars

O Matrix grammars (we did not discuss this)

@ Graph-Controlled grammars (we did not discuss this)
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Insertion-Deletion Systems

Tnsertion-Deletion Systems

A counterpart of Rewriting Systems
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Theoretical meaning of ins-del

o Insertion (Deletion) means appending (removing) a (sub)string to
(from) a given string with specific contexts.

@ This is not Rewriting and motivation comes from DNA.

o If a string « is inserted between two parts wy and wy of a string wyws
to get wiaws, the operation is insertion.

o Notation: | (wy, a, w2)ins | means (wiwpr = wiawy)
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Theoretical meaning of ins-del

o Insertion (Deletion) means appending (removing) a (sub)string to
(from) a given string with specific contexts.

@ This is not Rewriting and motivation comes from DNA.

o If a string « is inserted between two parts wy and wy of a string wyws
to get wiaws, the operation is insertion.

o Notation: | (wy, a, w2)ins | means (wiwpr = wiawy)

o If a substring 3 is deleted from a string wy 5wy to get wyws, the
operation is deletion.

@ Notation: : means (wySwy = wiws )

@ Suffixes of wy and prefixes of wy are called the left and right context
of v or 3.

@ Starting with axioms and iterating the ins-del operations, we get a set
of terminal strings (language of ins-del system).
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Definition

An insertion-deletion system is a construct G = (V, T, A, R)
@ V is an alphabet, TC V, AC V*

@ R is a finite set of n rules of the form | (u;, i, v;)¢

t € {ins,del}, 1 <i<n, u,vie V* aje VT,
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An insertion-deletion system is a construct G = (V, T, A, R)
@ V is an alphabet, TC V, AC V*

@ R is a finite set of n rules of the form | (u;, i, v;)¢

t € {ins,del}, 1 <i<n, u,vie V* aje VT,

A\

Size of an Ins-Del (ID) system

Notation: (‘ n, i "

n = the maximal length of the insertion string

m,j, " ‘) where

i" = maximal length of left contexts used in insertion rules

i = maximal length of right contexts used in insertion rules

©00O0

m, j',j” denote similar maximal lengths among deletion rules.
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Ins-del systems for {a"b" | n > 1}

G1 =
({a, b}, {a, b}, {ab}, R)

o r1:(a,ab, b)ins

Size = (2,1,1;0,0,0).
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Ins-del systems for {a"b" | n > 1}

G1 =
({a, b}, {a, b}, {ab}, R)
o r1:(a,ab, b)ins

Size = (2,1,1;0,0,0).

Can generate more grammars
for the same language?
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Ins-del systems for {a"b" | n > 1}

G1 =
({a, b}, {a, b}, {ab}, R)

o r1:(a,ab, b)ins

Size = (2,1,1;0,0,0).

Can generate more grammars
for the same language?

G, =

({a, X, b}, {a, b}, {ab}, R)
o r:(a,X,b)ins
@ ry: (X, ab,b)ns
o r3: (A X, N\)gel

Size = (2,1,1;1,0,0).
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Ins-del systems for {a"b" | n > 1}

Gz = ({a, C, b}7 {av b} {ab}v R)

o r:(a,aC,b)ns

G1 =
({a, b}, {a, b}, {ab}, R)

@ n: (a, ab, b)ins °on: (a’ b, C)ins
Size = (2,1,1;0,0,0). o r3:(b,C,b)ge
Can generate more grammars Size = (2,1,1;1,1,1).
for the same language?

G, =

({a, X, b}, {a, b}, {ab}, R)
o r:(a,X,b)ins
@ ry: (X, ab,b)ns
o r3: (A X, N\)gel

Size = (2,1,1;1,0,0).
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Ins-del systems for {a"b" | n > 1}

Gz = ({a, C, b}7 {av b} {ab}v R)

o r:(a,aC,b)ns

G1 =
({a, b}, {a, b}, {ab}, R)

e ri:(a,ab, b)ins o 12 : (3,5, C)ins
Size = (2,1,1;0,0,0). o r3:(b,C,b)de
Can generate more grammars Size = (2,1,1;1,1,1). |
for the same language?
G, — G, = ({a,%,Y,b},{a, b}, {ab},R)
({a, X, b}, {a, b}, {ab}, R) ° r1:(a aY,b)ins

o r:(a,X,b)ins o r2:(a,b$,Y)ins

° rp: (X, ab, b)ins ° r3:(b,8Y, b)gel

o r3: (A X, N\)gel Size = (2,1,1;2,1,1).

Size = (2,1,1;1,0,0).
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Ins-del systems for {a"b" | n > 1}

Gz = ({a, C, b}7 {av b} {ab}v R)

o r:(a,aC,b)ns

G1 =
({a, b}, {a, b}, {ab}, R)

e ri:(a,ab, b)ins o 12 : (3,5, C)ins
Size = (2,1,1;0,0,0). o r3:(b,C,b)de
Can generate more grammars Size = (2,1,1;1,1,1). |
for the same language?
= G, = ({a,%,Y,b},{a, b}, {ab},R)
({a, X, b}, {a, b}, {ab}, R) ° r1:(a aY,b)ins

o r:(a,X,b)ins o r2:(a,b$,Y)ins

° rp: (X, ab, b)ins ° r3:(b,8Y, b)gel

o r3: (A X, N\)gel Size = (2,1,1;2,1,1). J
Size = (2,1,1;1,0,0). {a"b"} € ID(2,1,1;0,0,0).
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Trivial yet important result

If L € ID(s1, 52, S3; S4,55,56), then L € ID(t1, ta, t3; ta, t5, te) for every
ti > s;. Objective: Minimize the s;'s.

If L e /D(51,52,53;S4,55,56), then L" € /D(51,53752;54,56,S5).

If £ is a language class that is closed under reversal and

L = ID(s1, s, 53; S, S5, S6), then £ = ID(s1, s3, 52; Sa, S, S5)-
Implication: If RE = ID(1,1,0;1,0,1) implies

RE = ID(1,0,1;1,1,0).
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With what sizes does an ID system (not known to) characterize RE ?
o\(1,1,1;1,1,1)\ ’

(1,1,1;2,0,0)
(2,0,0:1,1,1) |
(2,0,0;3,0,0) °
( ) |
|

3,0,0;2,0,0

Classic Result 2017

For i +i",j + j" #0, e (1,1,0;2,0,0)
AN/ Y\
ID(2,/",i";2,)',j")=RE e (2,0,0;1,1,0)

1D(2,0,0;2,0,0) # RE| e and so on...
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Variants of ins-del system

@ Ins-del P systems by Krishna and Rama (2001)

o Tissue P systems with ins-del rules by Lakshmanan and Rama (2003)

e Graph-controlled ins-del systems by R Freund et al (2010).

e Matrix ins-del systems by Lakshmanan and Anand Mahendran (2011)
and independently by | Petre and S Verlan (2012)

@ Semi-conditional and Random Context ins-del systems by S Ivanov
and S Verlan (2011)

@ Generalized forbidding ins-del systems by S Ivanov and S Verlan
(2011)
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Variants of ins-del system

@ Ins-del P systems by Krishna and Rama (2001)
@ Tissue P systems with ins-del rules by Lakshmanan and Rama (2003)
@ Graph-controlled ins-del systems by R Freund et al (2010).

e Matrix ins-del systems by Lakshmanan and Anand Mahendran (2011)
and independently by | Petre and S Verlan (2012)

@ Semi-conditional and Random Context ins-del systems by S Ivanov
and S Verlan (2011)

@ Generalized forbidding ins-del systems by S Ivanov and S Verlan
(2011)

Common objective

To characterize recursively enumerable languages using any of the above
regulated system with as minimal size/resource as possible.
To do so, we use Special Geffert Normal Form of type-0 grammars.
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Special Geffert Normal Form (SGNF)

A type-0 grammar G = (N, T,P,S) is in SGNF if

e N is partitioned into N = Ny U Ny, where N, = {A, B, C,D} and N;
contains at least the two non-terminals S and S/,

@ The rules in P are of the form :

p:X—=bY,qg: X—Ybh:S =\ Ff:AB— )\ g:CD— \ ‘Where
X,YeN, X#AY,be TUN, and p,q,h,f,g are labels.
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Special Geffert Normal Form (SGNF)

A type-0 grammar G = (N, T,P,S) is in SGNF if
e N is partitioned into N = Ny U Ny, where N, = {A, B, C,D} and N;
contains at least the two non-terminals S and S/,

@ The rules in P are of the form :
p:X—=bY,qg: X—Ybh:S =\ Ff:AB— )\ g:CD— \ ‘Where
X,YeN, X#AY,be TUN, and p,q,h,f,g are labels.

@ In Phase /, the (linear-like) CF rules are applied and completed by
applying S" — \.

@ Adv. At any instant of string in the sentential form, there is only
ONE variable from N; (No confusion of twins!).

@ In Phase /I, only AB — A\, CD — X rules are applied.
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Graph-Controlled Insertion-Deletion (GCID)

Definition

o ¢ € H is a label for the ins-del rule,
e /: current component, j: target component

A GCID system is M = (k, V, T, A, H, iy, ir, R)
k is the number of components
V is an alphabet, T C V, Ais an axiom set, H is a label set.

ip is the initial component and /s is the final component.
A rule in R is of the form £: (i, (w1, a, wa),j), t € {I, D}.

Starting with #$ we generate {ww | w € {a, b}*} ¢ CF

ni: (L(#vav /\)fn$72)
r12 . (17 (#7 ba )‘)fnsa 3)

f13 : (17 (>\7 $7 )‘)deh 2)

ry: (2: ($7 a, )\)in$7 1)
r22 . (27 ()\7 #7 A)d&h 1)

31 : (37 ($7 b» )\)in57 1)

Size is (3;1,1,0;1,0,0)

@9
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Size of GCID

The size of a GCID system is given by (k; n,i’,i"; m, ;") where

‘k : Number of Components (k > 1)‘

@ n: Maximal length of the insertion string
o /" : Maximal length of the left context used in insertion rules

o /" : Maximal length of the right context used in insertion rules

@ m : Maximal length of the deletion string
: Maximal length of the left context used in deletion rules

: Maximal length of the right context used in deletion rules
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Size of GCID

The size of a GCID system is given by (k; n,i’,i"; m, ;") where

‘k : Number of Components (k > 1)‘

@ n: Maximal length of the insertion string
o /" : Maximal length of the left context used in insertion rules

o /" : Maximal length of the right context used in insertion rules

@ m : Maximal length of the deletion string
: Maximal length of the left context used in deletion rules

: Maximal length of the right context used in deletion rules

Objective

@ With what size does a GCID system (with n+ m € {2,3})
characterize RE?

@ Is the underlying control graph, a path?
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Computational completeness of GCID forn=1, m=1

No. | Size of the system (k;1,i',i";1,/,;") No.of | Control
Comps | graph type

1. | (k;1,0,0;1,1,1) or (k;1,1,1;1,0,0) 5 path

2 (k;1,1,0;1,1,0) or (k;1,0,1;1,0,1) 4 Non — trec
3 Non — tre
4 path

3. |(k;1,1,0;1,0,1) or (k;1,0,1;1,1,0) 4 Non — trec
3 Non — tre
4 path

4. | (k;1,1,0;1,1,1) or (k;1,0,1;1,1,1) 3 path

5. | (k;1,1,1;1,1,0) or (k;1,1,1;1,0,1) 3 path

6. |(k;1,1,1;1,1,1) 1 Null

Lakshmanan K Power of Regulated ID 13 /52
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RE = GCIDp(3;1,1,0;1,1,1)  Axiom = kSK'

We simulate r : X — Y1 Yo, f: AB—=X| CD — X\, h: S — ) as:

Lesson learnt

Component 2

r2.1:(2,(\, X, r)p,1)
r2.2c : (2, (Yz,A,C)D,3),C 7& A

r2.3c" : (2,(c’,r, Y1)p, 1)
2.1: (2, (F, A, B)o.3)
: (

@ More contexts does not
imply simple simulation

25 f7 ) D,
r1.1:(1,(X,r,\),2) (2. (A
r1.2: (1, (r, A, N);, 1)
r1.3:(1,(r, Y2,A)1,2)
F1.1: (1, (\ F, N1, 2) Component 3
.1 (1, (NS, A)p, 1) r3.1: (3,(r, Y1, \)1,2)
k1.1: (1, (N K, N)p, 1) r3.2:(3,(f,B,\)p,2)
k1.1 (1, (A K, N)p, 1)
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Why we prefer ?

It has applications in Membrane Computing.

Knimal Cell

Nutleohs
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Bridging the gap between LIN and CFL

@ The systems GCID(k;1,1,0;1,0,0) and GCID(k;2,1,0;1,0,0) are not
known to characterize RE (not even CFL) for any k > 1.

@ However the systems GCID(k;1,1,0;1,0,0) and GCID(k;2,1,0;1,0,0)
characterize LIN for k > 3.

Lakshmanan K
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Bridging the gap between LIN and CFL

@ The systems GCID(k;1,1,0;1,0,0) and GCID(k;2,1,0;1,0,0) are not
known to characterize RE (not even CFL) for any k > 1.

@ However the systems GCID(k;1,1,0;1,0,0) and GCID(k;2,1,0;1,0,0)
characterize LIN for k > 3.

@ We aim to show that these systems characterize several classes
between LIN and CFL for kK > 5.

@ To do so, we first introduce/look into some closure classes of LIN and
we term them as super-linear languages.
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Closure classes of linear Languages

Note: LIN is not closed under Kleene star and concatenation.

@ Lop(LIN) = smallest class containing linear languages and is closed
under the operation op (Kutrib, Malcher (2007))

MLIN := Lo(LIN) (Metalinear languages)

SLIN := L,(LIN)  (Starlinear languages)

SMLIN := L,(MLIN) = L.(Lo(LIN)) (containing MLIN...)
MSLIN = Lo(SLIN) = Lo(L(LIN))

SMSLIN := L. (MSLIN) = L.(Lo(L.(LIN)))

MSMLIN := Lo(SMLIN) = Lo(L(Lo(LIN)))

RATLIN := Lo, u(LIN)
The smallest class containing LIN and is closed under the 3 regular
operations: concatenation, Kleene star and union.
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Languages in closure classes

Le MLIN iff L= LiL,...L, for some k > 1 and L; € LIN.
L e SLIN iff L = L7 for Ly € LIN.

L e MSLIN iff L = L7L5...L; for some k > 1 and L; € LIN.
L e SMLIN iff L= (LiLy...Lg)* for k > 1 and L; € LIN.

L € SMSLIN iff L = (M)* for some M = Lj...L; € MSLIN.

L € MSMLIN iff L = M{M, ... My for each M; € SMLIN,
M; = (L,'JL,'Q S Livfi)* where L,"j € LIN.
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Closure under reversal

The classes MLIN, SLIN, MSLIN, SMLIN, MSMLIN and SMSLIN are
all closed under reversal.

We use the fact that LIN is closed under reversal
o MLIN: (LiLy... L )R = LfL,’f_l LR
@ SLIN: (L’{)R = (Lf)*.
® SMLIN: ((LiLa... L)) =((Ly... L )F)" = (Lf e LgLf)*.
e MSLIN: (L3L5... L}i)R = (Lf)*(Lfﬁl)* s (Lg)*(Lf)*.
Similarly we can extend to MSMLIN and SMSLIN.
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Inter-relationship

CF
MSMLIN ----------- SMSLIN @ SLIN C MSLIN N SMLIN.
@ MLIN € MSLIN N SMLIN.
SMLIN -~ -~ MSLIN © MSLIN € MSMLIN N SMSLIN.
’ ’ Q@ SMLIN € MSMLIN N SMSLIN.
© Incomparable
MLIN ------------ SLIN
e MLIN and SLIN.
_ LIN- e MSLIN and SMLIN.
Solid arrow from A to B indicates A C o MSMLIN and SMSLIN.

B. Dashed line between A and B indi-
cates A and B are incomparable.
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Sa(i)mple proofs

MSLIN € SMSLIN N MSMLIN

@ MSLIN C SMSLIN and
since LIN € MLIN, MSLIN C MSMLIN.

MSLIN and SMLIN are incomparable
o Let L1 ={a"b" | n>0} and Ly = {c™d™ | m > 0}
o (LiL2)* € SMLIN \ MSLIN

Q L=L1L, € MLIN implies L* = (L1L)* € SMLIN.
©Q L=1LiLy & LIN implies L* ¢ SLIN and hence L* ¢ MSLIN.

o LiL5 € MSLIN\ SMLIN
e Important: (LiL2)* # LjL% (check yourself!!)
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Rewriting grammar for SLIN

Recall: L € SLIN iff L = (L1)*
O Let Gy = (N1, T, 51, P1) be linear grammar for L;.
@ A language of SLIN is generated by a grammar G = (N, T, S, P)
where
o N=NU{S}
o P includes the conventional LIN rules of P; and
X = Ya, X —aY, X —= A
o The additional CF rules : S — S5; | A.
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Rewriting grammar for MLIN and SMLIN

Recall: L€ MLIN iff L = L1Ly... Ly
Q Let G; = (N;, T,S;, P;) be linear grammar for L;.

@ A language of MLIN is generated by a grammar G = (N, T, S, P)
where
k
o N=|JNU{S,S5, S5 ... Sy}
o P inc’Iuclies the conventional LIN rules of P; and
X —=Ya, X —=aY, X—= A
o The additional following CF rules.
S$—55]
51— S5iSi
Sii1 = A

for2 <i<k
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Rewriting grammar for MLIN and SMLIN

Recall: L€ MLIN iff L = L1Ly... Ly
Q Let G; = (N;, T,S;, P;) be linear grammar for L;.

@ A language of MLIN is generated by a grammar G = (N, T, S, P)
where
K

o N=|JNU{S,S5, S5 ... Sy}
i=1
o P includes the conventional LIN rules of P; and

X —=Ya, X—=aY, X =\
e The additional following CF rules.
S$—55]
S; — S5iSj,, for2 <i<k
Sie1— A | 5155 (Additional rule for SMLIN)
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Rewriting grammar for MLIN and SMLIN

Recall: L€ MLIN iff L = L1Ly... Ly
Q Let G; = (N;, T,S;, P;) be linear grammar for L;.

@ A language of MLIN is generated by a grammar G = (N, T, S, P)

where
k
o N=|JNU{S,S5, S5 ... Sy}
o P inc’Iuclies the conventional LIN rules of P; and
X —=Ya X—=aY, X — A\
o The additional following CF rules.
S$—55]
S; — S5iSj,, for2 <i<k
Sie1— A | 5155 (Additional rule for SMLIN)

Sample derivation for MLIN is

S — 515& =" L15§ — L1525§ =" L1L25§ = L1L2L3SZI1
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Rewriting grammar for MSLIN

Recall: L € MSLIN iff L = LiL}... L%
Q Let G, = (N;, T,S;, P;) be linear grammar for L;.

@ A language of MSLIN is generated by a grammar G = (N, T,S, P)

where
k

o N=|JNU{S,S5.S5 ... Siiq}
i=1
o P includes the conventional LIN rules of P; and
X—=Ya X—=aY, X—=>\S5 — A
e The additional following CF rules.
S—55]
S/'/+1 — S,'S,-’_H ‘ 5,'+15,-/+2 for 1 <i<k-1
The first rule to stay in L; and second rule to pass to L;y;
Ska1 = A
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Rewriting grammar for MSLIN

Recall: L € MSLIN iff L = LiL}... L%
Q Let G, = (N;, T,S;, P;) be linear grammar for L;.

@ A language of MSLIN is generated by a grammar G = (N, T,S, P)

where
k

o N=|JNU{S,S5.S5 ... Siiq}
i=1
o P includes the conventional LIN rules of P; and
X—=Ya X—=aY, X—=>\S5 — A
e The additional following CF rules.
S—55]
S/'/+1 — S,'S,-’_H ‘ 5,'+15,-/+2 for 1 <i<k-1
The first rule to stay in L; and second rule to pass to L;y;
Sie1— A | 5155, S — A (Additional rule for SMSLIN)
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Rewriting grammar for MSMLIN

Recall: L € MSMLIN iff L = M{M, ... M, for each M; € SMLIN.
M; = (L;’lL,'yz ... Li,t,-)* where L,'yj e LIN.

Q Let Gjj = (N;j, T,S;j,Pij) be linear grammar for L; ;.
@ The grammar rules of MSMLIN include the conventional LIN rules of

P,"J' and P’.
Recalline SMLIN Rules of P’ for MSMLIN
eca
- S 5115,
535152 For1<i<kand2<j<t
or2<j <t .
FEE T R
bR Sita1 = Si1Sin | Sit11Sip12 | A
e A [ 515 \T’I if i=k
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LIN C GCID(3;1,1,0;1,0,0)

We simulate the rules p: X — Ya, g : X — aY and h: X — )\ as:

Component 1

pL.1: (L, (X, p,A)ins,3) Component 2 Component 3

12 ) 7/\ in: 72
El3 E]_ gz// ay))\)s )2) p2 1 (2 (pa p/7 A)ins, 3) P31 . (3 ()\ X )‘)dela 1)
) ) y inss , )\7 p/7 /\)de/7 1) p32 : s )\ , P, )de/7 )

| 2:(2,( (3,(

qié : Ei, EX 5 q, /\;ms’?’g q2 1 (27 (q7a, /\)’-n573) g3.1: (3, ()\ X /\)dela )
oA 22: 20 NawD) 321 (3,00, s 1)
BLL: (L1, (A X, A)ine, 1) J

Lakshmanan K Power of Regulated ID 27 /52 December 2, 2019 27 / 52



LIN C GCID(3;2,1,0;1,0,0)

We simulate the rules p: X — aY, qg: X — Ya, h: X — X\ as:

Component 1

pL.1:(1,(X,p,A)ins,2) Component 2 Component 3

o ((1’ G p2Ls (2 X Naan 1) pLE (3 (A py )as 1)
q12 (1’ (q’ Ya )\)IHSa ) q21 . (27 ()‘7 7)‘)d6/7 1) q31 . (3a ()‘7 q, )‘)dE/a 1)
h1.1: (1, (A X, N ger, 1) J
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Simulating Transition rules of MLIN

Recall: S/, — Sj11Siofor1<i<k—1and S5, ; — A
MLIN C GCID(5;2,1,0;1,0,0). For each 1 < i <k,

Component 2

pi2.1: (2, (M Xi, N ders 1)
qi2.1: (2, (A, Xi, X)ders 1)

Component 3

p,31 : (3, ()\7 Pi, )‘)de/’ 1)
9i3-1: (3, (X, Gis ) der» 1)

Component 1
p,‘l.l : (1, (thi,)\)insaz)
AN CNCIENAPYIII Component 4
q,ll : (1, (Xh qiy)\)in572)

gi12: (L, (qr, Yia, Nins,3) 017K

Component 5

hiL.1: (1, (A, Xi, N dels 4) rf:; : Ejv g/‘/+1’?[+1’ i;"”s’fi For i # k
rig.2 . ) i+15 27105 ins > .
Forim kot ri5.1: (5, (X, 5741, A)del, 4)
ri4.1: (4, (A S],q, N ders 1) J
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Simulating Transition rules of MLIN

Recall: S/, — Sj11Siofor1<i<k—1and S5, ; — A

MLIN C GCID(5;2,1,0;1,0,0). For each 1 < i <k,

Component 2

pi2.1: (2, (M Xi, N ders 1)
qi2.1: (2, (A, Xi, X)ders 1)

Component 3

p,31 : (3, ()\7 Pi, )‘)de/’ 1)
9i3-1: (3, (X, Gis ) der» 1)

Component 1

pil.l: (1a (Xi7pi,>\)insa2)

pil.2: (1,(pi;aYi, Nins, 3)
qlll : (1’(Xi7qi7)‘)in572) .
ai1.2: (1, (i, Yia, Nins,3) 0717 K

Component 4
Component 5

hiL.1: (1, (A, Xi, N dels 4) rf:; : Ejv g/‘/+1’?[+1’ i;"”s’fi For i # k
ri%.z: ) i+1y 242 ins» .
Forim kot ri5.1: (5, (X, 5741, A)del, 4)

ri4.1: (4, ()\75,{+17)\)de/71) J

(515§)1 =" (L1$£)4 —— (L15é52)5 - (L152)4 B0 (L1525?/’)1
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MSLIN C GCID

Recall: 57 1 — Si4157,1 | Si1S/, for 1< i< k—1and S ; — A
For each 1 < i < k,

Component 2

pi2.1: (2, (A, Xi; X)ders 1)
qi2.1: (2, (A, Xiy A del> 1)

Component 3

p,‘341 : (3, ()\7 Pi, >\)de/> 1)
q;3.1: (3, (A, qi, A)deh 1)

Component 1

pil.1: (1, (X, pis N)ins, 2)
mponent 4

SETRH/ANSAS( IR Component

qi1.1: (1, (X, Giy N)ins, 2) For i # k

gil.2: (17 (q,', Yia, )\)ins:3) ri4.1: (47 (5,',+1?5"+17)\)""5’5) Component 5

hiL.1: (1, (A, Xi, N ders 4) ri4.2: (4,(Si41,Slos Nins, 1) For i # k

ri4.3: (4,(Sie1, 501, Nins, 1) 1512 (5, (A, S/ 1, A)der, 4)

For i = k
ri4.1: (4, (/\751-/+17)\)del~,1) J
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Summary of the results

Each of SLIN, MLIN, SMLIN, MSLIN, SMSLIN, MSMLIN is a subset of
each of the following.

e GCID(5;2,1,0;1,0,0) with tree as a control graph
e GCID(5;1,1,0;1,0,0) with non-tree as a control graph
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Summary of the results

Each of SLIN, MLIN, SMLIN, MSLIN, SMSLIN, MSMLIN is a subset of
each of the following.

e GCID(5;2,1,0;1,0,0) with tree as a control graph
e GCID(5;1,1,0;1,0,0) with non-tree as a control graph

The obtained results can be stated as a general theorem.

Generic Theorem

For integers t,n,m >1and //,i"”,j’,j” > 0 with i/ +/” > 1 and

X € {NTr, Tr}, if LIN C GCIDx(t; n,i’,i"; m,j',j"), then

F C GCIDx(t +2;n,i',i"; m,j’,j") where F € {SLIN, MLIN, SMLIN,
MSLIN, SMSLIN, MSMLIN}.
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Extending the results

RATLIN: smallest family containing LIN and closed under union,
concatenation and Kleene star.

o Let L = (LiLo)*LjLqls

@ Continuation points

@ Assumption: i+ 1 € cont(/)
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Extending the results

RATLIN: smallest family containing LIN and closed under union,
concatenation and Kleene star.

o Let L = (LiLo)*LjLqls

@ Continuation points

@ Assumption: i+ 1 € cont(/)

Transition rules: Axiom = S]

S/ — 5;S.  forall c e cont(i)and 1 <i<k
k1 = A

Lakshmanan K Power of Regulated ID 32 /52 December 2, 2019 32 /52



Matrix Ins-del system

A matrix insertion-deletion system is a construct [ = (V, T, A, R)

@ V is an alphabet, T C V, A is a finite language over V

e R is a finite set of matrices {my, mp, ... m;}

@ m; = [(ula aq, Vl)t17 (IJ2, a3, V2)t27 sy (Uk, Ok, Vk)tk]
v
Notes to remember:

@ On choosing a matrix m;, all rules in m; are applied in order.

o If a rule in m; cannot be applied, then m; itself is not applied.
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Matrix Ins-del system

A matrix insertion-deletion system is a construct [ = (V, T, A, R)
@ V is an alphabet, T C V, A is a finite language over V

@ R is a finite set of matrices {my, ma,... m;}

o (mj = [(u1,1,v1)e, (U2, a2, V2)ty, - - -, (Uk, Qs Vic) 2]

v
Notes to remember:

@ On choosing a matrix m;, all rules in m; are applied in order.

o If a rule in m; cannot be applied, then m; itself is not applied.

A\

Size

Size of a matrix ins-del system is (k; n, ', i"; m, ', /") where

‘k : Maximum number of ins-del rules in a matrix‘
n, i’ i";m,j ., j" are same as in ID size.

v
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Language generated by the following matrix ins-del systems?

rl = [(#, a, )\)insa ($7 a, )\)ins]
r2 = [(#, b, A)ins, ($, b, A)ins]
r3 = [()\, #, )‘)delv (>‘a $7 )‘)del]
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Language generated by the following matrix ins-del systems?

Language = {ww | w € {a, b}*}
rl = [(#, a, A)ins, ($, @, A)ins] Size of the system is

r2 = [(#7[37 /\)in57($7b7 )\)ins] (2;1,1,0;1,0,0).

r3 = [()‘7 #7 )‘)delv ()\a $7 )‘)del]
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Language generated by the following matrix ins-del systems?

Language = {ww | w € {a, b}*}
rl = [(#, a, A)ins, ($, @, A)ins] Size of the system is

r2 = [(#7[37 /\)in57($7b7 )\)ins] (2;1,1,0;1,0,0).

r3 = [()‘7 #7 )‘)delv ()\a $7 )‘)del]

rl = [()\, a, #)in57 (#7 b? )\)ins]
r2 = [()\, #7 )\)del]
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Language generated by the following matrix ins-del systems?

Language = {ww | w € {a, b}*}
rl = [(#, a, A)ins, ($, @, A)ins] Size of the system is

r2 = [(#7[37 /\)in57($7b7 )\)ins] (2;1,1,0;1,0,0).

r3 = [()‘7 #7 )‘)delv ()\a $7 )‘)del]

Language = {a"b" | n > 0}
Size of the system is

L= [(A 2, #)ins, (#, b, A (2:1,1,1;1,0,0).

r2 = [()‘, #7 )‘)del]
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Language generated by the following matrix ins-del systems?

Language = {ww | w € {a, b}*}

rl = [(#, a, A)ins, ($, @, A)ins] Size of the system is
r2 = [(#, b, \)ins, (3, b, A)ins] (2;1,1,0;1,0,0).
r3 = [()‘7 #7 )‘)deh ()\a $7 )‘)del]

Language = {a"b" | n > 0}
Size of the system is

L= [(A 2, #)ins, (#, b, A (2:1,1,1;1,0,0).

r2 = [()‘7 #7 )‘)del]

Helpful Results

o |MAT (k;n,i".i";m,j j") = [MAT (k;n,i".i";m,j" j")|R

@ Since RE is closed under reversal,
MAT (k; n,i',i"; m.j',j") = RE = MAT (k; n,i",i"; m,j".J").
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Exhaustive Analysis for n = |Ins| =1, m = |Del| =1

Size (k 1,701,557, Reference k | Language
i, ’ ”E{O 1} Family Rela-
tion
(k;1,0,0;1,0,0) S.Verlan 2007 | 1 | C REG
(k;1,0,0;1,1,0), (k;1,0,0;1,0,1) >1| OPEN
(k;1,0,0;1,1,1) HLI 2018 3 |=RE
HLI 2019 2 =RE
(k;1,1,0;1,0,0), (k;1,0,0;1,0,0) | HLI 2010 3 | D Lyeg(LIN)
(k;1,1,1,1,0,0) HLI 2018 3 [=RE
HLI2010 | 2 | 5 Loeg(LIN)
(k;1,1,0;1,1,0), (k;1,1,0;1,0,1) | S.Verlan 2012 | 3 | =RE
(k;1,0,1;1,0,1), (k;1,0,1;1,1,0) |  HLI 2019 2 | =RE
(k;1,1,0;1,1,1), (k;1,0,1;1,1,1) | HLI 2018 2 |=RE
(ki1,1,1,1,1,0), (k;1,1,1;1,0,1) | HLI 2018 2 |=RE
(k;1,1,1;1,1,1) Takahari 2003 1 =RE

Power of MID systems of size (k;1,i’,i";1,/", ")

HLI 2018: H Fernau, Lakshmanan, Indhumathi, Investigations on the Power of Matrix
Insertion-Deletion Systems of Small Sizes, Natural Computing, 2018, 17(2), 249 - 269.

HLI 2019: -do-, On Matrix Ins-Del Systems of Small Sum-Norm, SOFSEM 2019, LNCS 11376,

192-205.
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Exhaustive Analysis for n + m =3

Size (k; 1,1, i";2,',j"); i',i",j,j" € {0,1} Reference k | Language
or (ki2,i', " 1,7 j"); i', ", j,j" € {0,1} Family Rela-
tion

(k:1,0,0,2,0,0), (k;2,0,0;1,0,0) Verlan 2007 1 | C REG

(ki1,0,0;2,1,0), (k;1,0,0;2,0,1) >1| OPEN
(ki1,1,0;2,0,0), (k;1,1,0;2,1,0), (k;1,1,0,2,0,1) | _ Verlan 2012 2 | =RE
(k;2,0,0;1,1,0), (k;2,1,0;1,1,0), (k;2,0,1;1,1,0)

(k:1,0,0;2,1,1), (k:2,1,1;1,0,0) HLI 2018 3 | =RE
(ki1,1,0;2,1,1), (k1,0,1;2,0,0), (k;1,0,1;2,1,1) HLI 2018 2 | =RE

(ki1,0,1;2,1,0), (k;1,0,1;2,0,1)

(k;2,0,0;1,0,1), (k;2,1,0,1,0,1), (k;2,0,1;1,0,1) HLI 2018 2 |=RE

(k;2,1,1;1,1,0), (k;2,1,1;1,0,1)

(k;2,1,0;1,0,0), (k;2,0,1;1,0,0) HLI 2019 2 | D Ly (LIN)
(k;2,0,0;1,1,1), (k;2,1,0;1,1,1), (k;2,0,1;1,1,1) | Krassovitskiy 2008 | 1 | =RE
(k;1,1,1;2,0,0), (k;1,1,1;2,1,0), (k;1,1,1;2,0,1) Paun 1998 1 | =RE

(k1,1,1,2,1,1), (k2,1,1,1,1,1) Takahari 2003 | 1 | = RE

Power of MID systems of size (k;1,1’,i"”;2,j",;") or (k;2,i",i";1,",j")
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MAT(3;1,0,0;1,1,1) = RE

Consider a type-0 grammar G = (N, T, P,S) in SGNF.

Simulating p: X — bY

pl - [()‘7 P, A)I'nSa (Aa p/7 )\)in57 (p/7 X7 P)del]
p2 = [()‘7 b’ >\)in57 ()\a Y7 )\)ins’ (b’ P, Y)de/]
p3 = [()\, p,, b)del] (right context is required to ensure p3 is applied after p2)
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MAT(3;1,0,0;1,1,1) = RE

Consider a type-0 grammar G = (N, T, P,S) in SGNF.

Simulating p: X — bY

pl - [()" P, )\)I'nSa ()\a p/7 )\)in57 (p/7 X7 P)del]
p2 = [()‘7 b’ >\)in57 ()\a Y7 )\)ins’ (b’ P, y)de/]
p3 = [()\, p,, b)del] (right context is required to ensure p3 is applied after p2)

Simulating g: X — Yb

q]- = [(/\’ q, )\)in57 ()\7 qlv >\)in57 (qla X; Q)de/]
q2 = [()‘7 b7 A)ins: ()\7 Y7 A)ins; (Y7 q/7 b)de/]
q3 = [(b, q, >\)de/] (Ieft context is required to ensure p3 is applied after p2)
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MAT(3;1,0,0;1,1,1) = RE

Consider a type-0 grammar G = (N, T, P,S) in SGNF.

Simulating p: X — bY

pl - [()‘) P, A)ins: ()‘) p/7 )\)in57 (p/7 X7 P)del]
p2 = [()‘7 b’ >\)insa ()\7 Y7 )\)ins’ (b’ P, y)de/]
p3 = [()\, p,, b)del] (right context is required to ensure p3 is applied after p2)

Simulating g: X — Yb

q]- = [(/\’ q, A)ins» ()\7 qlv )\)in57 (qla X; Q)de/]
q2 = [()‘7 b7 A)ins: ()\7 Y7 A)ins; (Y7 q/7 b)de/]
q3 = [(b, q, >\)de/] (Ieft context is required to ensure p3 is applied after p2)

Simulating f: AB — A

f]- - [(>‘7 f7 A)ins: ()\) flu >\)in57 (f7 A, B)del]
f2 = [(fa B7 f,)de/a (/\) fla )\)de/a (/\) f7 >\)de/]
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MAT(2;1,1,0;1,1,1) = RE

Simulating p: X — bY: Axiom= S#$

pl= [(X7p7 )‘)insv (#:plv)‘)ins] pa = [(p7 b, )‘)insy (p”lzp//7 pl)de/]
p2=[(A\ X, p)der, (#,P",N)ins] p5 = [(A, p, B)ders (PP, $)dell
p3 = [(pv Yv )‘)fnsv (#7p/”:)‘)/’ns] p6 = [(#7pl”7$)deI]

v

Simulating f: AB — A

fl= [(57 f? A)1'7157 (#7 fl: )‘)I'HS] f1' = [(87 f7 )‘)/nS]
f2= [(>\7 B, f)deh ()\a A, f)del] 2! = [(>‘ B, f)dela (>‘7 A f)de/]
3= [(A\f, Nder, (#,f",$)del] £3" = [(\ £, A)gel]

Malicious derivation for f : AB — A\

AABIB#S$ =2, AABFSBf#$ =2,
AABFSBf#f'f'$ = fOf#$ =>r3 0#9$

Note: [(A, #,A), (A, $,A)] is applied at the end of the derivation.
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Simulating p: X — bY

pl= [(X,p,N)ins; (AP, A)ins] p4 = [(p', b, N)ins, (b,p",X)qell
p2 = [(pl7 X7 )‘)dely (pl7 p”7 )‘)ins] p5 = [()‘7 plv )\)del]
p3 = [(P//a P, >\)del> (P”, Y, A)ins]
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MAT(2;1,1,0;1,1,0) = RE

Simulating p: X — bY

pl = [(X,p; N)inss (A, P's N)ins] p4 = [(p'; b, N)ins; (b, ", N)dell
p2 = [(p", X; N)del; (P',P";A)ins] p5 = [(A\, P, N)del
p3 = [(P”a P, >\)del> (P”, Y, A)ins]

Applying pl twice??

X=ppXpp...p' =pp'p’op...p = pp"Yp...p =pa
p'bYp...p :%5 bYp . Cannot reapply p3 to get rid of the second p.

A)de/v ()‘ Z, A)/ns] moveZ = [(/\’Z’)\)de/" (/\’Z’A)MS]
delZ = [(X\, Z,\)gel]

[(A, 5",
[(Z,A Nael, (Z,B,7)gell
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MAT rules for Super-linear grammars

Each of SLIN, MLIN, SMLIN, MSLIN, SMSLIN, MSMLIN is a subset of
each of the following.

o MAT(3;1,1,0,1,0,0)
e MAT(2;2,1,0;1,0,0)
e MAT(2;1,1,1;1,0,0)
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MAT rules for Super-linear grammars

Each of SLIN, MLIN, SMLIN, MSLIN, SMSLIN, MSMLIN is a subset of
each of the following.

o MAT(3;1,1,0,1,0,0)
e MAT(2;2,1,0;1,0,0)
e MAT(2;1,1,1;1,0,0)

Generic Theorem

For integers t,n,m > 1and /', i",j/,j” > 0with // +/" > 1, if
LIN C MAT(t; n,i',i";m,j',j"), then B C MAT(t; n,i',i"; m, ', j")
where F € {SLIN, MLIN, SMLIN, MSLIN, SMSLIN, MSMLIN, RATLIN}.
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Simulation of MLIN

Recall: Apart from the usual LIN rules, the transition rules in MLIN are
Si 1 Siy1Siyafor 1 <i<k—1and 5,’<+1 — )\, foreach 1 < i < k,

MLIN € MAT(3;1,1,0; 1,0,0): Axiom = 5,5}

P]- - [(Xn Pi, )‘)msv (pn P,a )ins; ()\7 Xh )\)deI]
2 = [(pla aj, )ln57 (P,7 \/ly )\)in57 ()‘7 Pi, A)de/]
P3 = [(A, Pjs A)del]
= [(5]11,Si 12> Ninss (541> Si1s Ninss (A, Sjy15 A)der] (for each 1 <7 < k —1)
P5 = [(A Ski15 A)del]
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Simulation of MLIN

Recall: Apart from the usual LIN rules, the transition rules in MLIN are
Sii1 = SiyiSiafor1<i<k—1and 5, ; — A foreach 1</ <k,

MLIN C MAT(3;1,1,0;1,0,0): Axiom = 5,5}

Pl - [(Xn Pi, )‘)m57 (pn P,a )ins; ()\7 Xh )\)del]
2 = [(pH aj, )/nsa (P,7 th /\)in57 ()\7 Pi, >\)de/]
P3 = [(X pis A el
= [(5]11,Si 12> Ninss (541> Si1s Ninss (A, Sjy15 A)der] (for each 1 <7 < k —1)
P5 = [(A Si1> A eel]

pLl = [(Xi, pi, N)ins, (A Xiy A) del]
p2 = [(Pi, P,{, )\)ins, (p,', aj, p,/'),',,s] (cannot reuse due to second rule)
p3 = [(an i» Pj )m57 ()‘7 Pi; )‘)de/]

p4 = [\, Pl Nl
5 = [(S,’Jr17 S{+2, A)inss (Si,+1 Sit1, 5[+2),ns] (foreach 1 < i< k—1)
p5 = [(A, S/, 1, N)del](for each 1 < i < k)

v
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Semi-conditional ins-del system

Definition

A semi-conditional ins-del system (SCID) of degree (i, /) is
G =(V,T,A,P), where P is a finite set of rules of the form
((u,x, V)¢, a, B), where

@ (u,x,v)¢ is an ins-del rule, t € {ins, del},
o o, =¢ora,BC(NUT)* (finite languages) and
o |a,| <ifora, €a,and|Bs| <jfor Bs € 5.
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Semi-conditional ins-del system

A semi-conditional ins-del system (SCID) of degree (i, /) is
G =(V,T,A,P), where P is a finite set of rules of the form
((u,x, V)¢, a, B), where

@ (u,x,v)¢ is an ins-del rule, t € {ins, del},
o a,f=¢ora,BC(NUT)" (finite languages) and
o |a,| <ifora, €a,and|Bs| <jfor Bs € 5.

Rule application in derivation

((u, x, v)t,a, B) is applied to a string w iff every string in
@ [Permitting set] a (when a # ¢) is a substring of w and
e [Forbidding set| 5 (when B # ¢) is not a substring of w.
o If = ¢, B = ¢, the rule is applied without any restriction.

v
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SSCID and an Example

A semi-conditional grammar is called
e Random Context: if degree (/,j) = (1,1).

@ Simple: If either & = ¢ or B = ¢ in every rule of P.

v

Consider G; = ({a, b, c, A, B}, {a, b, c}, abc, R) where R is
o [(a,aAb, b)ins, ), B]
@ [(b, Bc, ¢)ins, A, 0]
o [(A\, A N)ger, B, 0]
o [(A, B, A)gers 0, Al
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SSCID and an Example

A semi-conditional grammar is called
e Random Context: if degree (/,j) = (1,1).

@ Simple: If either & = ¢ or B = ¢ in every rule of P.

v

Consider G; = ({a, b, c, A, B}, {a, b, c}, abc, R) where R is
o [(a,aAb, b)ins, ), B]
@ [(b, Bc, ¢)ins, A, 0]
o [(A\, A N)ger, B, 0]
o [(A, B, A)gers 0, Al
@ Simple and Random Context
e Size = (3,1,1;1,0,0)
@ Degree = (1,1)
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Existing vs Our Results

Semi-conditional Ins-del systems of following sizes (do not) describe the
class of RE languages

Existing Results (S.Ivanov,
S.Verlan, Fund.Inf., 2012)

SCID,,5(1,0,0;1,0,0)
SCIDy1(2,0,0;1,1,0
SCID14(1,1,0;1,1,1
SCID11(1,1,0;2,0,0

None is simple

Results of UCNC 2018
e [S5CID»1(2,0,0;2,0,0)
) e SSCID51(1,1,0;1,1,0)
) o SSCID,1(1,1,0;1,1,1)
) e 55CID»1(1,1,0;2,0,0)
o All are simple
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SSCID,4(2,0,0;2,0,0)=RE

Simulation of\ f:AB — A by (\,AB,\, ¢, ¢) \ is direct.
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SSCID,4(2,0,0;2,0,0)=RE

Simulation of\ f:AB — A by (\,AB,\, ¢, ¢) \ is direct.

Simulations of | p: X — bY |and | g : X — Yb| are similar.

Simulating g : X — Yb

ql : [(A, qq’, N)ins,0,{q,9',q",9"}]
q2 : [()‘7 q/Xa A)de/a {qql}a ®]

q3 : [()\, q//b’ A)in57®a {q/’ q//, q/l/}]
q4 : [()‘7 q///Y’ )‘)inS’ @, N'U {q’, q///}]
q5 : [()\7 q//I, )\)deh {q//qlll}’ @]

g6 : [(A, q9"; N)der, { Yb}, 0]
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SSCID,4(2,0,0;2,0,0)=RE

Simulation of\ f:AB — A by (\,AB,\, ¢, ¢) \ is direct.

Simulations of | p: X — bY |and | g : X — Yb| are similar.

Simulating g : X — Yb Another simulation?

q]- : [()\7 qq/7 >\)in57 wa {q7 qla q//7 q///}] ql : [(A qqla )‘)in57 @7 {qu CI”7 q”,}]

g2 : [(A, g'X, A der, {aq'}, 0] g2 : [(A, ¢'X; N)der, {aq'}, 0]

3 : [(A,q"b, A)ins, 0, {d’, ¢", 9" }] 3 [(A, Yq", A)ins, 0, N U{q", ¢"'}]
g4 [(A @Y, Nins, 0, N'U{q’, "} q4:[(\, bq’” Ains, 0, N"U {q’, ¢"'}]
g5 - [(A, ¢, N aer, {a"q"}, 0] 5 [(X, q"q, Naer, {4"q"}, 0]

g6 : [(X, 99", A)der, { Y}, 0] q6 : [(\,q", \)der, 0, {q. q"}]
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SSCID,4(2,0,0;2,0,0)=RE

Simulation of\ f:AB — A by (\,AB,\, ¢, ¢) \ is direct.

Simulations of | p: X — bY |and | g : X — Yb| are similar.

Simulating g : X — Yb Another simulation?

q]- : [()\7 qq/7 >\)in57 wa {q7 qla q//7 q///}] ql : [(Au qqla )‘)in57 @7 {qu CI”7 q”,}]

q2 . [(>‘7 q/Xa A)de/a {qql}a ®] q\2 : [(Aa qIX’ )\)deh {qq/}’ @]

g3 : [(A\, q"b, N)ins, 0,{q’, 9", q"'}] ‘{3 SN YGY N)ins, 0, N' U {q", g™ }]
g4 (A q"Y, Nins, 0, N'U{q',q"}] g4 :[(A, bg", A)ins, 0, N'U{q’, "'}]
g5 - [(A, ¢, N aer, {a"q"}, 0] 5 [(X, q"q, Naer, {4"q"}, 0]

96 : [(X, 99", N)der, { Yb}, 0] g6 : [(N, @, N der; 0,{q,q"}]

Suppose we have a terminal string «,

a=g abg" = ab=ao €T*

We get another terminal string without any reason.
(ERROR with right side rules!!)
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Forbidding Ins-del systems

A forbidding ins-del system (FID) of degree kis G = (V, T, A, P), where
P is a finite set of rules of the form ((u, x, v)¢, F), where

@ (u,x,v)¢ is an ins-del rule, t € {ins, del},

@ F=¢or FC(NUT)* (finite languages) and

o |f,| < kforf, € F.
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Forbidding Ins-del systems

A forbidding ins-del system (FID) of degree kis G = (V, T, A, P), where
P is a finite set of rules of the form ((u, x, v)¢, F), where

@ (u,x,v) is an ins-del rule, t € {ins, del},
@ F=¢or FC(NUT)* (finite languages) and
o |f,| < kforf, € F.

Points to note
o ((u,x, V)¢, F) is applied to a string w iff every string in [Forbidding
set| F (# ¢) is not a substring of w.

o If F = ¢, then the rule ((u, x, v), ®) can be applied without any
restriction.

(] (S)SC'Do’k(S):Fle(S)

v
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Computational Completeness

Following systems = RE

Recall: (S)SCID) resul RE ®FID2(2,010,2,0,0)
ecall: (S)SCID results (= RE) I URIRIIPRINNS
e 55CID,»4(2,0,0;2,0,0) FID5(1,0,1;2,0,0)
e 55CID21(1,1,0;2,0,0) o FIDy(2,0,0;1,1,0),
o SSCID>1(1,1,0;1,1,1) FID>(2,0,0;1,0,1)
o SSCIDs31(1,1,0;1,1,0) o FIDy(1,1,0;1,1,0),
e S5CID31(1,1,0;1,0,1) FID,(1,0,1;1,0,1)

e FID(1,1,0:1,0,1),
FID,(1,0,1;1,1,0)
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FID,(2,0,0;2,0,0)=RE

Simulating X — Yb by FID,(2,0,0;2,0,0)

q1 = [(q9")ins, {M U (N"\ {X})}]

G2 = [(a'X)er, {M \ {q,q'} U (N \ {X})}]

93 = [(q"b)ins, {M \ {q} UN'}]

G4 = [(a"Y)ins, (M \{q,q"HUN'U{Zq" | Z # g} U{qZ | Z # q"}]
95 = (474" )ins: (M\ {g.9", 4"} DN\ {Y}) U{q"b} U{qZ | Z # q"}]
q6 _ [( 1 Iv)del;{M{q q// q/l/ q qV}U(NI\{Y})U{qINY q/lb}U{Zq//l|
Z#4q"YuieZ | Z#q"}]

q7 = [(a")der, {M{g. 9", " }U(N\{Y}U{g"Y, ¢"b}U{q"Z | Z # q"}]
q8 = [(99")der, {M{q,a"} U (N"\ {Y})]

Power of Regulated ID 48 /52 December 2, 2019 48 / 52



FID,(2,0,0;2,0,0)=RE

Simulating X — Yb by FID,(2,0,0;2,0,0)

gl = [(gq")ins, {M U (N"\ {X})}]

92 = [(¢'X)der, {M \ {q, '} U (N"\ {X})}]
q3 = [Eq b)ln57 {M \ {CI} U N/}]
(

g4 = [(q"Y)ins, (M \{q,¢"}) UN' U{Zq" | Z # q} U{qZ | Z # q"}]
a5 = [(4"q")ins, (M \ {q, 9", q’”})U(N/\{Y})U{q”b}u{qz | Z #4q"}]
q6 _ [( 11 Iv)del,{M{q q// q/l/ q qV}U(NI\{Y})U{qINY q/lb}U{Zq//l|
Z#4q"'Yu{aZ | Z #q"}]

q7 = [(q")det; {M{q, 4", " FU(N'\{Y}NU{q"Y,q"b}U{q"Z | Z # q“}]
98 = [(99") der, {M{q,q"} U (N \ {Y})]

X =41 99X =q2 G =43 qq"b =44 q9"'q" Yb =45 94" 4" 4" q" Yb =46
q9"q"Yb =47 99" Yb =45 Yb

v
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FID,(1,1,0;1,0,1) = RE

Simulating X — bY by FID,(1,1,0;1,0,1)

pl = [(X, P, A)ins, MU (N"\ {X})]

P2 = [(A\ X, p)det, (M N\ {p}) U (N"\ {X})]

p3=1[(p, Y, Nins, (M \ {p}) UN']

p4 = [(p, p's Nins, M\ {p}) U(N'\{YHU({pPZ | Z# Y}

= [(p', b; Nins, M\ A{p, P UN\N{YHU{HP'Z|Z# Y})]
(A, Py P')det, {P'Y}]
()‘ p/’ )\)deh {P}]
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FID,(1,1,0;1,0,1) = RE

Simulating X — bY by FID,(1,1,0;1,0,1)

pl = [(X, p, X)ins, M U (N \ {X})]

p2 = [(A X, p)der, (M N\ {p}) U (N"\ {X})]

p3=[(p, Y, N)ins, (M \ {p}) UN'|

p4 = [(p, p's Nins, M\ {p}) U(N'\{YHU({pPZ | Z# Y}

p5 = [(P', by Nins, (M N\ {p, P UN\{YHU{P'Z|Z# Y}
p6 = [(\, p, p')der, {P'Y'}]

p7 = [()‘7 p/’ A)deh {P}]

Optimizing the rules - Does the following work?? WHY?7?

pl = [(X, Py A)ins, M U (N"\ {X})]

P2 = [(A, X, P)der, (M \ {p}) U (N"\ {X})]

p3=1[(p, Y N)ins, (M \ {p}) UN']

p5 = [gp, b, A)ins, M\ {p}) U(N'\{YHNU{pPZ | Z# Y})]

p7 =[(A, p, N)del, {Y | @ # b}]
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Summary

QOutcome of the talk

@ Defined Insertion-Deletion systems
@ Variants of Ins-del systems

@ Matrix

@ Graph-Controlled

© (Simple) Semi-conditional

© Forbidding

@ Showed how these systems can simulate RE with certain sizes.
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THANK YOU
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