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Advanced L ectures:
L -systems
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OL System

History:  Astrid Lindenmayer, 1968

| nspiration: the growth processin living organisms

Classical approach:
Only acertain part of aword is rewritten at
one moment.

L indenmayer approach:
All letters of aword must be rewritten at
the same time.
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,QL LEefnition

Zero-sided left-side handlel | Lindenmayer system

Gist: no nonterminals, parallel derivation step

Definition: OL systemisatriple H = (V,P,w):
1) V is afinite alphabet of symbols

2) Pisafinite set of rulesof theform: a® x,
where al Vandxl V'

3)wl V*isthe starting string (axiom).
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Derivation

Gist: parallel rewriting of all symbols

Definition: Direct derivation (P ):

a,a,..a,b XX..x,n31ifa® a,l P
forali=1,...n.

Derivation (P *): reflexive and transitive
closureof b .

Example: u=a, a, ... a,
T

V=X X, ... X,
and wewrite: ub v
T
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L anguage & Example

Gist: all reachable sentential formsin L(H)

Definition: Language L(H) = {x: wb "x}.

Example: H=({a},{a® aa}, a)

% p— aZO:a
aa = at=a?
@ @
aaaa = a*X=a
R ® @® @
aaaaaaa=ar’=a®

L(H) ={a2": n3 0}
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Variants of L-systems

Gist: deter minism and/or no erasing rules
Let H=(V, P,w)isaOL system.

Definition: Deterministic OL system (DOL):
~or eachal V thereis exactly onerule
a® x| P.

Definition: Propagating OL system (POL):
Foreacha® xI Pholdsx! e

Note: PDOL isadeterministic propagating OL system.
Note 2. The previous example isa PDOL system.
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Example — Red Alga Simulation

Model of red alga growth by PDOL system:

1® 23
2® 2
3® 24
4® 54
Starting string: —I— Rules: [® [
5® 6
6® 7
7/ ® 8[1]
8® 8
1®]
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Red Alga Simulation 1/11

Derivation:

1P 23

=

Mmoo < =
AN AN ANL e OO 00O

@ 06O

A AN M < e OO DMN OO



8/13

Red Alga Simulation 2/11

Derivation:
1b 23 b 224

224

—l 0O NO Ol M B~ WNPEF
@I @@@ @@
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Red Alga Simulation 3/11

Derivation:
1b 23 b 224 b 2254

1 ®
2 ®
3 ®
4 ®
[ ®
5 ®
6 ®
7 ®
8 ®
] ®
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Red Alga Simulation 4/11

Derivation:
1b 23 b 224 b 2254 b 22654

1 ®
e
4 ®
[ ®
5 ®
6 ®
7 ®
8 ®
] ®
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Red Alga Simulation 5/11

Derivation:
1b 23 b 224 b 2254 b 22654 b 227654

1 ®
e
4 ®
[ ®
5 ®
6 ®
7 ®
8 ®
] ®
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Red Alga Simulation 6/11

Derivation:
1b 23 b 224 b 2254 b 22654 b 227654 b 228[1]7654

1
2287654

— 0N U MR WN R
@@ @@@@@
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Red Alga Simulation 7/11

Derivation:

1P

.. b 228[1]7654 b 228[23]8[1]7654

2
22887654
1

— O ~NOOU M AWN PR
@I @@E@@@
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Red Alga Simulation 8/11

Derivation:
1b .. b 228[23]8[1]7654 b 228[224]8[23]8[1]7654

— O ~NOOU M AWN R
@I @@@@@
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Red Alga Simulation 9/11

Derivation:
1 b * 228[2254]8[224]8[23]8[1]7654

— O ~NOOU M AWN PR
@I @@@@@
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Red Alga Simulation 10/11

Derivation:
1 b * 228[22654]8[2254]8[224]8[23]8[1]7654

— O ~NOOU M AWN PR
@I @@@@@
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Red Alga Simulation 11/11

Derivation:
1 b * 228[227654]8[22654]8[2254]8[224]8[23]8[1]7654
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Operations over OL languages

Gist: propertiesdifferent from CFLs

Not closed under operations:
 union of OL languages

e Intersection of OL languages

« complementation of OL |language
 concatenation of OL languages

e positive closure (*) of OL language

Closed under operations:
 reversal of OL language
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EOL Definition

Gist: improved variant of OL system

Definition: Extended OL systemis aquadruple
G=(V, T, P,w)where

V, P, w have the same meaning asin OL system,

Tl Vissetof terminals

Note: P , b * — by analogy with OL systems.

Definition: Language generated by EOL
systemGisL(G) ={x:wb “x,xI TY.

Note: If V=T in EOL system then it isOL system.
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EOL system — Example

Gist: EOL are more powerful than OL;
starting string has not to beinluded in L(G).

Example: G = ({S, a, b}, {a, b}, P, S)
P={S® a, S® b, a® aa, b® bb}

L (G)={a2":n3 O} E {b2":n3 0O}

L(G)T L(EOL)—L(OL)P L(OL)I L(EOL).
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OL & Chomsky hierarchy

| {a*

| K={bcd: n3 0}

{a, aa} |

| H={b2": ns 0}
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L systems & Chomsky hierarchy

| cs |

‘ ETOL \

EOL

CF OL




