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Abstract: - In this paper we summarize our findings in applying evolutionary computation by means of genetic algorithms to the design of Chinese type faces. We give an overview of a prototype evolutionary software system and proceed to evaluate the software, discussing the results we have obtained from its application. We emphasize the challenges that arise when evolutionary techniques are deployed to design within established typologies of strong cultural identity. Open-ended design problems, as opposed to rather close-ended engineering problems, introduce particular intricacies to evolutionary computing. These intricacies are further complicated by criteria of cultural precedence, perception and technique, which might well prove to become focal research challenges in evolutionary design computing in the future.
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1   Introduction

Evolutionary techniques enjoy a prominent position in the area of design computing. Authors in the field have repeatedly likened human form-finding processes to form-finding in natural evolution and have proposed computational techniques to mimic evolutionary processes in human designing. The majority of attained results have remained at the level of laboratory experimentation but successful real-life applications are also increasingly being reported. While in the engineering fields problems can often be formalized clearly, criteria of appearance, stability and usefulness in design typically depend on human judgment in open-ended development processes. As a result, evolutionary computation in the design field frequently takes the form of computational generation of design variance combined with human (designer, client) selection. Good solutions are explored, their features are selected, adapted and inherited, and new “better” solutions are then produced from one generation to another. In this approach, evolutionary directionality (compare [4]) is achieved by means of intentional human selection. To facilitate human selection, a number of generative techniques are deployed amongst which, for obvious reasons, genetic algorithms are a very frequent choice. As an example, figure 1 shows a prototype generative design tool for wine glasses based on genetic algorithms. Large sets of potential solutions are generated for the user’s selection. The ability to generate large sets of potential solutions is also useful in contexts of mass customization and individualized generative manufacturing of design products. Moreover, it appears to have a promising capacity in the context of generating very large sets of designs based on internally strongly interdependent rule sets, as is the case in typeface design. Within the area of typography, the design of Asian – in particular of Chinese – typefaces is a very challenging task. Chinese fonts, in contrast to the western alphabet sets, include tens of thousands of characters (a few thousand suffice for common purposes). They are generally designed “manually”, that is, without generative design aids. As a consequence, good Chinese typeface designs are more rare than their western counterparts and in most cases comparatively expensive.
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Fig.1, Generative design tool for wine glasses

Moreover, Chinese character sets are inevitably incomplete (see [12]). The resulting demand for Chinese fonts and the high degree of internally interdependent compositional rules suggest the possibility of their computer-aided mass generation. The demand for computer programs for this purpose has been highlighted repeatedly, such as for example by [16] who also point out that textual programming tools such as METAFONT [11] are more appropriate for “skillful programmers” than for more visually-operating typeface designers. We have therefore developed an experimental visual design tool that supports genetic operators to introduce variations to typeface designs. With this tool we investigate an assumption that is implicit to a number of previous research publications in the field (see for instance [1,3,12,16,17] or [11] p. 324). This assumption presupposes that design rules can be abstracted from the appearance of a limited number of Chinese characters to be generalized and applied to a full set of thousands of characters in order to automate the process of font design. This assumption corresponds to earlier results in the generative design fields that have shown how the identification of design rules can facilitate the development of generic design tools in the respective field as long as the design content is sufficiently simply structured (see for instance [15]).

In the following sections, we present our generic hierarchical model for composing Bézier-curve-based Chinese characters. We discuss a tool based on this model and demonstrate how it allows genetic algorithm-based evolutionary variations (the tool deploys standard genetic operators as described by [6]). We will discuss some results obtained from applying the tool and use them to demonstrate how perceptional criteria and cultural precedence introduce top-down design criteria that state-of-the-art evolutionary design is yet unable to satisfy.

2   Hierarchical Font Design System

Similar to models described by other authors [16], our system is based on a hierarchical structure. It embraces five levels which model, at the most fundamental level, basic strokes as the most primitive elements for the composition of characters (see Fig. 2). While other Chinese typography models traditionally comprise between 10 to 15 basic strokes, our model is based on 20 different basic strokes in order to achieve a highly generic support structure for rich differentiation of design nuances. 

[image: image2.jpg]CstrokeComposites | CRadicals | CNonRadicals | CCharacters |

Coasicstokes | Cuarlmsuokes | CoulineVarantstiokes
BS001 BS005 BSg05 BS0ta BSO015
[r— - \ >

BSO16. BSO17 BSO018 BSO019 BSg20
BS022 BS023 BS024 BS025 BS020

7, \ /
17T G J U
v/, /7 7 U

BS052 BS053 BS054. BS055 BS056.

, 9 ) 4L





Fig. 2, Basic strokes as classified for our system

At the second level, the system models stroke variants and their extremes (see Fig. 3). These provide generative constraint spaces based on raw vertex data describing eight extreme variations of each basic stroke, both in form of stroke skeletons as well as of stroke outlines.
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Fig. 3, Outlines of variant strokes

At the middle level, stroke composites are modeled. This is useful since Chinese characters are frequently composed of certain combinations of strokes. At the next level, so-called radicals and non-radicals are modeled. Radicals are the basic, meaning-signifying components of Chinese characters. Most of the 214 radicals (in the case of traditional Chinese characters; 188 in the case of simplified Chinese characters) are characters themselves. Stroke combinations, which are no radicals themselves, but which are used to augment radicals to form new characters, are called non-radicals. Both radicals and non-radicals can be formed from elementary strokes, stroke composites, other radicals or other non-radicals.
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Fig. 3, Some radicals (left) and non-radicals (right)

At the top level, the system models whole characters, using the formation principles of radicals and non-radicals. Besides basic strokes, stroke composites, radicals and non-radicals, other characters can be included to compose further characters.

     Data describing Chinese characters is held in a relational database using hierarchically nested tables describing two basic types of data: vertex positions of stroke skeletons and stroke outlines as well as transformation data for combinatorial composition of elements. A graphical user interface allows character manipulation by means of either manual curve fitting or genetic variation. Both manipulation methods can be sequentially combined as shown in figures 4 and 5. In this example, the outline of a basic stroke is first manipulated manually (in this example by moving the lowest outer right point). The eight small variations on the left are the above-mentioned extremes defining the stroke’s transformation constraint space.
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Fig. 4, Manual curve manipulation

Subsequently, the manually altered stroke is subjected to automated variation by means of a genetic algorithm. Stroke composites, radicals and non-radicals as well as whole characters can be manipulated analogously.
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Fig. 5, Genetic manipulation

The presented hierarchical model for describing Chinese characters in combination with standard genetic operators for Bézier-curve oriented transformation is useful in as far as it indeed allows users to achieve different variations of a modeled character, which can be used as artistic starting points and valuable inspiration for designing entire type faces. Figure 6 shows how our tool can generate new type variations as a conceptual design tool for early design stages of font design.

[image: image7.jpg]ol Sl P e
@ﬁﬁﬁ
s vl el B
| S ol




Fig. 6, Character variations

The automation of a design process that applies to entire character sets, however, seems to be an unrealistic goal from our perspective. This arises from a number of top-down rules that only affect given compositions of elements. These rules have little value in predicting the potential success of a new composition. They rather emerge as retrospective judgments following visual analysis of compositions. The following section will give a brief discussion of examples of this type of top-down rules.

4   Bottom-Up Evolution vs. Top-Down Design Rules
Authors in the field of Chinese typography have repeatedly pointed out that the hierarchical nature of combination of elements in Chinese characters is a valuable basis for automating the generation of new characters in a bottom-up manner. It has even been demonstrated that within a given type face design, new combinations of elements can to some extent be automatically proportioned (“balanced”). Examples of experiments in this area include [16] as well as our own efforts in balancing component combinations based on automatic bounding box identification (see fig. 7).
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Fig. 7, Identifying bounding boxes of components and strokes
However, achieving new and visually acceptable typographic designs using such an approach remains a difficult task. The reason is a second set of top-down criteria, which are rather difficult to formalize in ways that could facilitate the development of generative tools.

     Once elements such as strokes, components of characters or entire characters are combined, visual analysis will determine if or to what extent the combination and the attributes of its elements is “well-designed”. Criteria for this analysis are generally based on design precedence and tradition as well as aspects of technique. A typical criticism of this kind would simply express that a design “doesn’t look right” while the critic might well fail in identifying and expressing what the respective design’s actual problem is. Interestingly, such top-down criteria can be identified in given combinations of elements. However, they have only very limited value in advance judgment. In the following we give an illustrative discussion of a list of such criteria. This list is by no means exhaustive. The difficulties in defining an exhaustive list of top-down design criteria and their inter-relations are in themselves part of the problem of identifying formal rules sufficient to allow automated design generation.

     Chinese characters are in a way visually “constructed” to look “stable” – much as for example different elements of timber are joined in a temple structure. In this assembly, different elements have different static importance and are dimensioned accordingly. In the case of most Chinese typography design, the consequence of this approach is very subtle but important to the overall perception of a typeface. Figure 8 shows a character with a rectilinear composition of 13 strokes in its upper left. Visually, some of the strokes seem to “support” others, similarly to a timber construction. Strokes bearing more “load” are represented with slightly greater weight (thickness). Even though to a layman the differences might only become obvious at a very large scale, every single stroke in the described composition has its own individual weight. Obviously we are dealing with a process of visual interpretation whose algorithmic formalization can be expected to be very challenging.
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Fig. 8, Variant stroke width

Figure 9 shows how two characters are combined to form a third character. This operation involves non-proportional scaling of both original characters plus a distortion of one stroke. The latter transformation serves to visually balance the new character but its parameters are extremely difficult to extract automatically and in advance from descriptions of the original two characters.
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Fig. 9, Compositional character transformation [10]

Even more surprising to the non-expert is the difference between two representations of the same combination of characters on the right-hand side of the character shown in figure 10. Although both elements represent the same radical at the same size, there are significant typographic differences. Most obviously, the lowest stroke on the right of the lower composition follows a very different move than its counterpart in the upper composition. This effect results from aspects of technique in hand calligraphy and a brush’ swift transition from one character to the next. More subtle differences result from the necessity to visually balance the character as a whole in analogy to what has been shown in figure 9. In this respect the elements on the left of the character also play an important role. 
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Fig. 10, Radical transformation within one character

The way one or more elements of a character are represented hence strongly depends on the visual attributes of the remaining elements within the character in question. By definition, this combination is unique for every character and as a consequence a combination of elements that is used in many characters might never be designed the same way in any two of those characters, as shown in figure 11.
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Fig. 11, Variation of the same stroke combination in different characters

Again, the human designer, upon visual top-down analysis of a character, introduces these transformations, most likely following a series of experiments with different proportions. And again, decisions of this kind prove to be rather difficult to capture and to reproduce in the form of computational procedures.

     It must be noted that all the discussed examples of top-down design criteria remain within the realm of rather conservative character composition. The yet more challenging area of invention of less-conventional fonts such as highly individual display fonts involves aesthetic and stylistic criteria, which will only add to the difficulty of automated design of Chinese typefaces.

5   Conclusion

As other authors before, we have demonstrated that automated generation of Chinese font designs is in principle possible. We have used an evolutionary, genetic algorithm-based approach for this purpose. Other authors describe their results as successful. They are oftentimes indeed impressive, given the difficulty of the task, and they all represent important steps forward in this area of research. However, from a strictly typographical design point of view, none of the existing results of automatic Chinese character design generation can be described as acceptable. There is a number of limitations in this field resulting from top-down design criteria that conflict with the logic of open-ended bottom-up design generation. As a consequence, characters designed using this approach are still very far away from the quality of those resulting from traditional human typeface design. The described conflict between bottom-up and top-down design criteria in evolutionary systems seems to apply not only to Chinese typography design but also to typography in general. (The large number of compositional elements in Chinese typography, however, results in a particularly extensive set of interdependent top-down rules.) It can be assumed that the identified limitations, to some degree, apply to all design fields that have a rich history of cultural identity, technique and perception. Depending on a critic’s expertise in wine glasses, for example, the results obtained from the tool shown in figure 1 might similarly be identified as “not right” or as belonging to another typology of glasses. The fact that the majority of generated wine glasses seems to be acceptable while the majority of generated Chinese characters is likely to fail a similar test appears to be partially attributable to the numbers of design variables involved and the number of interrelations between those variables. Another important reason seems to result from the strictness a given design field demands in the application of its rules of composition and the adherence to precedence. Human designers’ intentions to achieve particular results and effects do not match the logic of the apparent open-endedness of natural evolution. Unless a sufficient level of rule formalization and generalization is possible in a given problem area, it will be difficult to develop evolutionary design tools that match the success of evolutionary tools in engineering disciplines. The number of design variables involved, inter-related design rules and cultural precedence seem to significantly add to this challenge.
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