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» completeness

(1,1,1; 2,0,0) = RE
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One-sided systems
> completeness
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> incompleteness
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Leftist grammars
(1,1,0;1,1,0)
> F (ba)*

» 3 someCS
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whoever can access €
can access new f

whoever can access f
can access C A
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Simulate intersection with a REGC language

(1,2,0;1,1,0) and (1,1,0;1,2,0) generate
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(1,k,0;1,1,0) simulates (1,1, O;1§€k’ 0)
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(ab, X? )\)ins (X) c, A)dEI ()‘7 X) A)del

» Similarly for other simulations
In fact, (1,k,0;1,k,0) ~ (1, k+1, O; 1, k+1, O)
Therefore (1,2,0;1,1,0) ~ (1,1,0;1,2,0) ~ (1,m, 0; 1,9, 0)

Conjecture:
(1,m, 0;1,9,0) NOt computationally complete
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Derivation Graphs for (1,1,0;1,1,0)
n: (a7a7)‘)ins' r2: (a7 b7 A)ins' \
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Derivation Graphs for (1,1,0;1,1,0)
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Derivation Graphs for (1,1,0;1,1,0)
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Derivation Graphs for (1,1,0;1,1,0)
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Derivation Graphs for (1,1,0;1,1,0)
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rz: (ba a, )\)del b--xa
N r2 R _ I3 \
a:@:aa\kﬂ):a\k})abjabb b
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Derivation Graphs for (1,1,0;1,1,0)

rn:(a,a, Nins 2:(a,b, Ains, a\\
3 : (bv a, )\)del b--xa

n r2 fa. % 13 \
a:@:a@:@ab:abb b

The system generating Lon = {(F1Fo)"(apa;)™ | n > 22M—21:

» intersection with (FiFo)*(apar)*

X
Yij, Dij,  A)del
Y

where i,j,k € {O,1}
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Semi-conditional and Random Context Systems

Semi-conditional control
degree = (1, 2)
permitting forbidding
context condition context condition
(N, a, Nins, {S}, {ab,ba}) (A, b, Nins, {S}, {ab,ba})
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Universality

M. universal:
M, can simulate any other M

f(Mu((h(x),g(M)))) = M(x)
» h-coding function
» g-Goddel enumeration
> (a,b) - pairing function

» f-decoding function

f=h=id = My -strongly universal

otherwise =— M, -weakly universal

computing devices

Distinction especially important for numbers
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Universal NEPs

Minimise the number of rules

5 rules: strongly universal L

4 rules: weakly universal [ input filter
» 3 nodes a— \
» simulate register machines A — b | strings
» exponential slowdown a—b

7 rules ‘ output filter ’

I

> .
4 nodes Evolutionary processor

» simulate Turing machines
» polynomial slowdown
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Deterministic Petri Nets with Few Places
(qk7 Rlpaqt)
(k,n—Kk) £ (t,n—1)

Deterministic evolution

Simulate Uz and U,
» strongly universal (p : 5,t:293,i:146,d : 314)

» weakly universal (p : 4,t:224,i:112,d : 242)
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Deterministic Petri Nets with Few Places
(Qk7 R'RCIt)
(kvn_k) ﬁ (tan_t)

Deterministic evolution

Simulate Uz and U,
» strongly universal (p : 5,t:293,i:146,d : 314)
» nondeterministic: (p: 5,t:590,i: 734,d : 208)
» weakly universal (p : 4,t:224,i:112,d : 242)
» nondeterministic: (p : 4,t:452,i:562,d :162)

Deterministic vs. Nondeterministic
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Deterministic Petri Nets with Few Places
(Qk7 R'RCIt)
(kvn_k) ﬁ (tan_t)

Deterministic evolution

Simulate Uz and U,
» strongly universal (p : 5,t:293,i:146,d : 314)
» nondeterministic: (p: 5,t:590,i: 734,d : 208)
» weakly universal (p : 4,t:224,i:112,d : 242)
» nondeterministic: (p : 4,t:452,i:562,d :162)

Deterministic vs. Nondeterministic
» fewer transitions and inhibitor arcs
» bigger transition degree
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Conclusions and Open Questions
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Conclusions and Open Questions

(1,m,0;1,q,0) generate complex languages
» computational completeness?

Introduced derivation graphs
» wave normal form?
» further applications?

Control mechanisms increase the computational power
> (1,2,0;1,1,0) and (1,1,0;1, 2, 0): universality with graph control
with 2 hodes? Yes!

Constructed universal register machines Uz and U,
» reduce the number of instructions of Us and U,?

Constructed generalised register machines U; and U,

Constructed a series of small universal Petri nets
» fewer transitions?
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Thank You for Your Attention! (-3

» One-sided insertion-deletion systems
> (1’170;1’2"0) ~ (17270;17170) ~ (1>mvo;17q>o)' m-q 7& 0, m+q > 2

» Derivation graphs

» Computational completeness with control

» graph control, 3 states » semi-conditional » random context
(1,2,0;1,1,0), (1,1,0;1,2,0) (1,0,0;1,0,0) (2,0,0;1,1,0)

» Universal NEPs with 4, 5, and 7 rules
» Universal register machines with 3 and 2 registers
» Universal generalised register machines with 7 states

» Small Universal Petri Nets
Strong universality \ Weak universality

Places |30 14 11 21 525 304 5 5(27 13 10 19 397 232 4

4

Transitions | 34 23 23 25 659 438 590 293 | 31 21 21 23 504 339 452 224

Inhibitor arcs | 12 30 37 12 3 3 734 146 | 11 23 30 T 2 2562

12

Maxdegree| 3 6 10 5 3 22 208 34| 3 6 10 5 3 20 162 242
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