
Target shapes:
Chess                              

Circle                              
 

Worm-1                         

Worm-1                         

Dog                               

Grammars:
Monodirectional         

Bidirectional             

Alternated                     
 

Worm                             

    

Dog                                 

    

Results are the mean best fitness over 50 runs:

Examples of the evolution of polyominoes:
Figures show an example of polyomino in generation 1, an 
intermediate generation, and the generation where best 
fitness is achieved.

Grammar: Dog
Target: Dog

Generation 1                
Fitness: 0.3605

Generation 7                
Fitness: 0.31

Generation 116             
Fitness: 0.1111

Grammar: Monodirectional
Target: Dog

Generation 1                
Fitness: 0.8605

Generation 7                
Fitness: 0.6744

Generation 102             
Fitness: 0.3605

conclusion and future work

The results align with existing literature of G3P algorithms, 
which says that grammar design can greatly impact the be-
haviour of the algorithm. The proposed algorithm integrated 
within EAs is able to evolve polyominoes towards a specific 
target, while satisfying some predefined constraints encoded 
in a designed PoCFG.
Future work aims to explore the applicability of the algo-
rithm by evolving polyominoes in more complex problems, 
such as the generation and evolution of modular robots, 
maps for games, or DNA shapes.

polyominoes

Geometric shapes composed of connected unit squares, 
forming a finite set of cells within a 2-D grid. These shapes 
are also commonly referred to as lattice animals in the 
physical and chemical fields. Polyominoes can be further 
enhanced by assigning labels to individual cells, providing 
additional information for each cell within the structure, 
which are called labeled polyominoes.

Labels =  

These structures have been popularly used to model branched 
polymers, molecules, simulate percolation processes, and 
among many, also in the Voxel Robots, famous in the EC 
community. In these fields, it is often crucial to find one or 
more polyominoes that maximize specific objectives 
while satisfying predefined structural requirements.

We propose:
— Novel approach, based on grammars, for describing sets 
of labeled polyominoes that meet predefined requirements
— Algorithm to develop labeled polyominoes using the 
grammar

polyomino context-free grammar (pocfg)

A PoCFG, G, is a tuple G = (n,t,n1,r) where:
— n is a finite set of non-terminal symbols
— t is a finite set of terminal symbols
— n1 is the starting symbol (or axiom)
— r is a finite set of production rules.

A production rule is a pair composed of a non-terminal 
symbol (the left-hand-side of the rule) and a referenced 
polyomino defined over the alphabet (the right-hand-side).
A referenced polyomino is a polyomino in which one cell is 
identified as reference cell.

pocfg-based development algorithm

The development algorithm maps a genotype, g, to a poly-
omino, p, respecting the rules of the PoCFG, G.

Parameters:
— genotype, g
— grammar, G
— sorting criteria, c
— overwriting flag, o

Example of the development of a polyomino:
g = (2,3,3,3,1)
c = Position criterion
o = Overwrite True

N =     G =
T =  

Mapping starts with the axiom; select non-terminal to ex-
pand (thick black border).

Consume genotype to select rule, and expand polyomino if 
conditions are met.

Repeat process until there are no more non-terminals to 
expand or no more values in the genotype to consume, or 
until some condition is not met (in this case returns None).

development and representation variants analysis

We compared three sorting criteria (recency, sides, and posi-
tion), the overwriting flag (true or false) and five representa-
tions (bits(l), ints(l,4), ints(l,16), reals(l), structured(l,2)) and 
varied the length, l. The analysis consists in three metrics in 
which a higher value is better: validity, uniqueness, and 
locality.

Analysis of the development variants:
— Overwriting resulted in a higher number of valid
polyominoes.
— The Sides criterion showed lower uniqueness,
while Recency exhibited greater uniqueness.
— Longer genotypes show lower locality, which is
generally unfavorable.

Analysis of the representation:
— Larger validity does not always mean more
unique phenotypes
— Concerning locality, structured(l, 2) and reals(l) score,
in general, better.

Both analysis show that:
— Differences are more visible between grammars
 than between variants
— Algorithm is robust with respect to its parameters.

evolution of polyominoes

Optimisation problem: evolve to target a polyomino p*

Fitness function: average of the Hamming distance of the 
evaluated polyomino p to the target p* and the same distance 
computed without considering labels.
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Computational Design has revealed significant potential 
for automating typesetting tasks (e.g. applying text styles, 
creating tables, etc.) and facilitating design exploration. 
Nonetheless, assessing the outcomes of these computa-
tional processes remains a challenging task, given that 
their evaluation relies on subjective design factors.

In this work, we propose a set of ten heuristic 
metrics for evaluating typographic designs. These metrics 
consist of the application of design rules that enable 
automated assessment of various characteristics of typo-
graphic designs, especially posters. Our motivation behind 
developing these metrics is to streamline and facilitate 
computational typesetting processes, ultimately leading 
to faster and more efficient Graphic Design practices. 

The proposed set of metrics encompasses the eval-
uation of designs in terms of their legibility, aesthetic 
features, and coverage of content semantics. legibility 
metrics determine whether all text content is adequately 
displayed and readable within the design, including the 
evaluation of (i) text legibility and (ii) grid appropriate-
ness. aesthetic metrics assess the visual quality of the 
designs, examining aspects like (iii) alignment, (iv) balance, 
(v) justification, (vi) regularity, (vii) typeface pairing, and 
(viii) negative space fraction. semantic metrics focus on 
assessing how the composed text effectively conveys the 
semantic meaning of the content in terms of (ix) layout 
and (x) typography.

The development of this approach follows an agile 
science methodology, structured around potential user 
cases and scenarios for the application of the proposed 
metrics in poster design [1]. The code repository of the 
project is accessible at github.com/sergiomrebelo/evo-poster. 
Supplementary materials and previous development of 

this project are available at dei.uc.pt/projects/evoposter. 
The following sections briefly describe each metric and 
the conducted evaluation experiments.

METRICS 
legibility metrics evaluate whether the text content 
on a poster is fully visible in the design, including two 
metrics. The (i) text legibility metric assesses whether 
all text content is fully visible within the text boxes that 
compose the poster. On the other hand, the (ii) grid 
appropriateness metric assesses whether the grid used 
in the design is suitable, comparing the size of the grid 
with the size of the poster. 

aesthetic metrics are used to evaluate the visual 
and typographic features of a design. We defined these 
metrics based on the works of Harrington et al. [2] and 
typographic principles outlined by Lupton [3] and Bring-
hurst [4]. The (iii) alignment metric assesses the consist-
ency of the horizontal alignment of text. The (iv) balance 
metric estimates the visual balance of the composition. 
The (v) justification metric evaluates whether the text fully 
occupies the available space. This metric is inspired by the 
traditional aesthetics of nineteenth-century letterpress 
posters where text content was traditionally justified 
within the available space, ensuring that text occupies 
all the available areas when possible. The (vi) regular-
ity metric evaluates how regular is text box heights in 
the design. The (vii) typeface pairing metric evaluates 
the compatibility of the typefaces used on the poster, 
considering their categories on typographic classification. 
Finally, the (viii) negative space fraction metric assesses 
the appropriateness of the percentage of background 
colour in the design.

semantic metrics evaluate how effectively typography 
placement in designs communicates the intended seman-
tic meaning of the content. This assessment involves 
examining the semantic significance of the (ix) layout, 
ensuring that text lines with higher emotional charge 
receive suitable emphasis within the design. Additionally, 
this analysis extends to evaluating the semantic signifi-
cance of (x) typography, ensuring that the most emotion-
al aspects of the content are appropriately emphasised 
through variations in font weights and styles.

EXPERIMENTAL APPROACH 
AND EVALUATION 
We study the practical application of these metrics 
in guiding the creation of typographic poster designs 
by developing an Evolutionary Computation approach. 
In this context, we considered that the primary goal 
of posters is to fully display their content. Therefore, 
we explored a constrained evolutionary methodology 
where legibility metrics are treated as constraints that 
the generated outputs must satisfy, while other metrics 
define the objective value of designs. 

This approach is inspired by the workflow of tradi-
tional typography design processes, as conducted in nine-
teenth-century print houses. Back then, typographers 
employed an algorithmic method for typesetting content 
to fill all the space in a matrix. They use condensed type-
faces for lengthy sentences and extended typefaces for 
shorter ones, while also emphasising the most significant 
parts of the content typographically [5].

We designed a user interface to support the devel-
oped approach, enabling users to input text content and 

specify the desired visual features of the outputs. To 
facilitate the generative process, we develop procedures 
to automatise the text division and to recognise the 
more semantically significant parts of the content using 
emotional recognition. 
We conducted experiments to examine the influence 
of the proposed evaluation metrics on the evolutionary 
generation of typographic poster designs. These exper-
iments involved the legibility-constrained evolution of 
typographic posters using input texts of varying lengths 
and emotional content. The experiments consisted of 
three stages, each focusing on the evolution of posters 
based on either semantic metrics (S1), aesthetic metrics 
(S2), or a combination of both (S3).

Despite their preliminary nature, evaluation exper-
iments reveal the effectiveness of these metrics in guiding 
typographic poster design, producing finished and legible 
designs from a variety of text inputs while considering 
both aesthetics and semantics (see results in Figure 1). 
Also, our experimentation highlights the potential of 
the proposed metrics for automation in Graphic Design 
practices. However, evolving multiple metrics simulta-
neously, in this constrained setting, restricts metrics’ 
progression, necessitating further research to understand 
the individual metrics’ progression and their interaction 
with constraints.
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