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The Problem I

e Define
— propertiesof target solution structure, and
— propertiesof target solution contents

e Use

— mapping from solutionto a dructure represatation and
a antent represatation

— meaglire of similarity between candidate lutionand
target solution

e God

— uncderstand hav eay/hard instances ae for algorithm
— understand hav algorithm behaveson instances
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The Problem for GP I

- Solution structure foundin treeshapes
- Solution content defined by tree node wntents

- Structure representation

+ emphagsehierarchical nature of structure
+ e.g. lreadth-first treetraversal

Content representation

+ emphagsejuxtaposition of contents

+ e.g. depth-first treetraversd

- SImilarity

+ compatible with representations

+ e.g. with above, longed common substring
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- X = structure set, e.9. { n,ny,l} )n,
- Y = content set, e.q. { +,-,X}
. t=instance from X, Y n, (=) (I
- a(t) mapsto structure§tring(x*) | (%)
. g(t)ln;Zaps tlo content string (Y gst | a(t) = nn, |
- d(sl,s2) = longest common substrin

(L) > ° g(t) = X-+X

P=(XY,ta,gd
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- Compatible with structure and content
representations

- Dependent on reseach objedives

- Longest common substring provides some
rigidity to flexibility allowed by ssmil arity
and string representations of structure and
content
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Find structure and content simil arity

+ d(a(t), a(c)) ® |

+ d(g(t), 9C)) ® |

Use amulti-objective seledion strategy

Pareto criterion

+ better-then( ) = better in ore oyective, na worsein the
other

+ equal( ) = equal in both, o better in one AND worsein
other
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Examples

e Slo(fe ) oelie)) =LOS(ppplln i ngaadl) = 5 and
o S(vidy ) L)) =LCS(AAAABBBEEE, BEBAABBAA)=4.

E A £, B
N
A H [‘]/—\\[-“s]
T
a0 h @y ) R

o
H B BB



¥ Nottingham
Examples = ;

best filne=s i =ach gen=ation

a5 —
an |
36
el i
25

zuH
16 |
10

siruciure obedive

0 5 10 16 20 25 30 35 40 46 5D
coliznt objective

) = nnnnnnellannelllinndalnanonl el Dol Ind L 0T

1 —AAMAAAAAAAAAAAAAAAAAAAAMAAAAAAAAMAAAAAAAAAMAAAAAAAAA

15 = BEAABABAAAPHARBAABPAABAABAAAPBRAAAAAAAPHEBAABABAAAA

by = CREADADBOCABABBBCBDCABCBRRBCCDUBREDAADDUCEAACDADCCBCA



Reduced Conflict

|nstances

r

Lrevs
1 1 1
- ..J""ﬁ""'\-\_
4 & 4 5
Pl
II'I .-'
_ore nit 213 21435 2143657
Struchure | nll nlnll ninlmll
[rees
1 1 1
— o~ T
2 3 2 3 2 3
£y
_ore nit 213 425135 R47T2R1A
Atruchure | nll nnlll nninlll
Lrevs
1 1 1
2003 2 R E
e
i3 s
o
II'I .-'
_ore nit 213 425135 42hR5713
Structure | nll nnlll nnllnll

The University of

Nottingham



The University of

Nottingham

Parity Instances r

A Tree-String problem iz then designed where:
= = lng,my 0}, where ng has two arguments and ny, one, representing the two

arpument funciions AND, NAND, OR and NOR and the single argument NOT
Funchion.

U= 1dl, . dN P owhere dl, . d N are leaf contents and P is used for all non-
leaf node contents.

Tree shapes are generaked of size m of various shapes,

Content strings are gererated such that an even distribution of labels (41, ... 4V)

are placed in positions representing leaf nodes in the tree shape, and all node po-
sitions with an F label.
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Motivations

. Recent reseach into structural mechanisms
and content/context confli cts

+ find the right content

+ put content into corred order

+ some content likely to prefer certain structure

- Study Interdependencies between solution
structure and content
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- Inter-play between Structure and Content
+ implicit presencein seach process

+ Tree String attempts to make it more explicit
- Bridge gap between easy-to-analyse
constructed problems and more-red world,
difficult-to-analyse problems

+ flexibility to design instances, simil arity, etc.

+ randam instances that crede tunable GP seach
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- Glven some random treeshapes or various
depths and size,

- How does GP search behave when an
Increasing number of content symbols are

required?

- Can do alot of other things:
+ find hard’ content strings

+ find hard’ treeshapes
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- Standard, generational GP algorithm
- Population sizeis snall (50)

- Trees are bounded to depth 17

- Only subtreecrossover is used

- Crede many instances (t) consisting of a
string representing tree shape and a string
representing tree contents
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Results - Content vs. R
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Scding Effects



Nondominated Solutions



Conflicts



Symbol Entropy

2.408

1.431

0.602



Easy Instances



Other Work

- Tree-String problem used In:
+ study of various GP algorithm feaures

+ study of operator-based distance (smple
version)

+ conceptual problems for automated design d
systems slf-assembly

- Online dgorithms and code
- Mappings to ather domains



Conclusions

- Presenting the Tree-String problem

- Showed examples of instantiation for GP
- Demonstrated its use for GP difficulty

- Comments/Discussion/Questions:

smg@cs.nott.ac.uk



