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 LL(k) grammars

 P colonies, 

P colony automata, 

generalized P colony automata

 LL(k) P colony automata



A grammar:



 An LL(1) grammar: 



As we have seen

 {anbn|n>1} is an LL(1) language

It is also known:

 {anbn|n>1} ∪ {ancn|n>1} is not an LL(k) language for

any k



P colonies

 A population of very simple cells in a shared 

environment:

 Fixed number of objects (1, 2, 3) inside each cell

 Simple rules (programs) for moving and changing the 

objects

 The objects are exchanged directly only between 

the cells and the environment

[Kelemen, Kelemenová, Paun 2004]



P colonies

rewriting + communication

d  b  d       c           

rewriting + checking

a c     d g  b d      c g             communication

a c     f g  b g      f c

a  cc 



The computation

 Start in an initial configuration

 Apply (a maximal set of) programs in parallel in 

the cells, halt if no program is applicable 

 The result is the number of the multiplicities of 

certain objects found in the environment



The computation

initial configuration                       a possible result
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P colony automata

 Response to the changes in the environment

 Automata-like behavior - an input string is given

 Tape rules and non-tape rules: the application of 

programs with tape rules reads a symbol of the input

[Ciencialová, Cienciala, Csuhaj-Varjú, Kelemenová, Vaszil 2010] 



P colony automata

The effect of tape rules:
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Different computation modes …

 nt, ntmax, ntmin: any recursively enumerable 
language can be accepted/characterized

[Ciencialová, Cienciala, Csuhaj-Varjú, Kelemenová, Vaszil 2010] 

 t, one cell: only CS languages can be generated

[Cienciala, Ciencialová 2011a]

 initial: any recursively enumerable language can be 
characterized

[Cienciala, Ciencialová 2011b]



Generalized P colony automata

 A maximal set of programs is chosen, tape rules

and non-tape rules together

 The chosen tape rules might “read” several 

different symbols in one step

[Kántor, Vaszil 2014]



Computation and rules – small

example

{a}1. cell

2. cell

3. cell

Environment

{a}

{b}

1. configuration

Read 

{aab}

{e}

{e}

{a}

Read 

{a}

{a}

{e}

{e}

2. configuration 3. configuration

{a}

…

{aab} {aab}

(𝑎↔
𝑇
𝑒)

(𝑎↔
𝑇
𝑒)

(𝑏↔
𝑇
𝑎)

(𝑒→
𝑇
𝑎)

(𝑒 → 𝑒)

(𝑎 → 𝑒)

{aab} {aab}{a}



Generalized P colony automata

 A maximal parallel set of programs is chosen, 

tape rules and non-tape rules together

 The chosen tape rules might “read” several 

different symbols in one step

 Three modes: 

 all-tape: all programs contain at least one tape rule

 com-tape: all communication rules are tape rules

 no restriction



Example

Π = 𝑎, 𝑏, 𝑐 , 𝑒, ∅, 𝑒𝑎, 𝑃 , 𝐹

𝑒 → 𝑎, 𝑎↔
𝑇
𝑒 𝑒 → 𝑏, 𝑎↔

𝑇
𝑒 𝑒 → 𝑏, 𝑏↔

𝑇
𝑎

𝑒 → 𝑐, 𝑏↔
𝑇
𝑎 𝑎 → 𝑏, 𝑏↔

𝑇
𝑎 𝑎 → 𝑐, 𝑏↔

𝑇
𝑎

𝑷 =

𝑣, 𝑐𝑎 𝑎
∉ 𝑣}

𝐴 Π = 𝑎 𝑛 𝑏 𝑛 𝑛 ≥ 0}

𝐿 Π, 𝑓𝑝𝑒𝑟𝑚 = 𝑎𝑛𝑏𝑛 𝑛 ≥ 𝟎}

( , 𝑒𝑎) ⇒ (𝑎, 𝑒𝑎) ⇒ (𝑎𝑎, 𝑒𝑎) ⇒ (𝑎𝑎𝑎, 𝑒𝑏) ⇒ (𝑎𝑎𝑏, 𝑏𝑎)

⇒ (𝑏𝑏𝑎, 𝑎𝑏) ⇒ (𝑏𝑏𝑏, 𝑐𝑎)

𝑭 =

Possible computation:

(𝑎) (𝑎)(𝑎) (𝑏)

(𝑏) (𝑏)



Some results …







[K. Kántor, Gy. Vaszil, to appear.]



LL(k) P colony automata

Informal definition:

The next k symbols of the not-yet-processed part of 

the input string determines the cell and the program 

to be applied in the next computational step.



As we have seen:

 {anbn|n>1} ∪ {ancn|n>1} is not an LL(k) language for

any k

Similarly,

{(ab)n(cd)n|n>1} ∪ {(ab)n(fg)n|n>1} 

is not an LL(k) language for any k.



Example with 1 symbol lookahead

𝑒 → 𝑏, 𝑎↔
𝑇
𝑒 𝑎

𝑒 → 𝒄, 𝑎 → 𝑒 𝒄 𝑒 → 𝒅, 𝒄↔
𝑇
𝑏 𝑒 → 𝒈, 𝒇↔

𝑇
𝑏

𝑒 → 𝑒, 𝑏↔
𝑇
𝑎 𝑏

𝑒 → 𝑓, 𝑎 → 𝑒 𝑓 𝑏 → 𝑐, 𝑑↔
𝑇
𝑒 𝑏 → 𝒇, 𝑔↔

𝑇
𝑒

𝑷 =

𝑣, 𝑐𝑒 𝑏
∉ 𝑣}∪
𝑣, 𝑓𝑒 𝑏

∉ 𝑣}

𝐿 𝛱, 𝑓𝑝𝑒𝑟𝑚 = {(ab)n(cd)n|n>1} ∪ {(ab)n(fg)n|n>1} 

( , 𝑒𝑎) ⇒ (𝑎, 𝑒𝑏) ⇒ (𝑏, 𝑒𝑎) ⇒ (𝑎𝑏 𝑒𝑏) ⇒ (𝑏𝑏, 𝑒𝑎)

⇒ (𝑏𝑏, 𝑐𝑒) ⇒ (𝑏𝑐, 𝑏𝑑)

𝑭 =

Possible computation:

(𝑎) (𝑎)(𝑏) (𝑏)

(𝑐)

⇒ (𝑏𝑐𝑑, 𝑐𝑒) ⇒ (𝑐𝑑𝑐, 𝑏𝑑)
(𝑐)(𝑑)

⇒ (𝑐𝑑𝑐𝑑, 𝑐𝑒)
(𝑑)



Thus:

L= {(ab)n(cd)n|n>1} ∪ {(ab)n(fg)n|n>1} 

is not generated by an LL(k) grammar for any k, but

L is an LL(1) P colony automata language
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