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Abstract

The digital networked world is enabling and requiring a new emphasis on personalized document creation.  Traditional methods of producing document layout and style have become insufficient, since most are aimed at producing static results.  Also, as new untrained users start producing documents for a wide audience, the old publishing tools prove too demanding.  The new, more dynamic digital environment demands tools that can reproduce both the contents and the layout automatically, tailored to personal needs and transformed for the presentation device, and can enable novices to easily create such documents.  In order to achieve such automated document assembly and transformation, we have formalized custom document creation as a constrained optimization problem, and use a genetic algorithm to assemble and transform compound personalized documents.  We have found that using this approach provides advantages over existing custom document creation methods.  
1. Introduction

The digital networked world is a sea of information.  Individuals need this information in different forms, at different times, on different devices.   While there is lot of information, only a portion of it is relevant to each individual at a particular time, and the information needs of an individual change over time. Businesses are also finding that personalized information is more effective in keeping customers, both in e-commerce and traditional settings.  The new, more dynamic digital environment demands tools that can automatically create documents, tailored to personal needs and transformed for the presentation device.  We have formalized the custom document creation problem as a constrained-optimization problem, and use a genetic algorithm to assemble and transform compound documents to meet individual needs.  We begin in Section 2 by providing a background on other approaches to custom document creation.  In Section 3, we describe our formulation of the problem as a constrained optimization problem solved with a genetic algorithm, along with the advantages we found in using this approach.  We then conclude in Section 4 with a summary.

2. Background on Custom Document Creation

Current approaches to custom document creation are either non-automated, or limited in scope.  One current approach to the non-automated means of custom document creation is in the realm of printed custom documents.  In traditional custom document creation applications, the process is accomplished by an expert in graphic arts, databases, layout, document design, etc.  This expert document creator develops an overall layout for the document that includes slots for the customized data.  The creator also finds or creates appropriate content pieces, and specifies rules for how to fill in the custom slots with this content, or places the content in a database and then links the slots to particular fields in the database.   The custom document application then creates a document for each customer by inserting the data for the customer into its linked slot.  The resulting set of documents is typically quite similar:  each custom slot has one piece of content of about the same size, and the general layout is the same for all instances, regardless of the available content pieces.  Thus, the traditional process not only requires extensive time and expertise from the document creator, but it also does not respond dynamically to varying amounts or types of content pieces, or to restrictions imposed by the custom content.  

Current work on the automated creation of documents has looked at specific types of documents such as diagrams (Dengler, Friedell & Marks 1993), multimedia presentations (Rousseau et al 1999), flowcharts, and yellow pages (Graf 1995).  The work of Kroener (Kroener 1999) has also explored automating the process of web document layout.  Our approach differs in that we have formulated document assembly as a constrained-optimization problem that is solved via a genetic algorithm.  This in turn has provided many advantages such as enabling an inclusion of aesthetic criteria into the solving process, making the specification of the problem easier, allowing selection of content to be included in the process, and allowing the same approach to handle any type of document.

3. A Formalization of the Automated Custom Document Assembly Process

3.1 Initial Constraint Satisfaction Based Approach

Our initial approach to solving the automated document assembly problem was to model the problem as a simple constraint satisfaction problem, which stopped when it found a solution that satisfied the constraints.  Our constraints were primitive layout constraints such as left-of, right-of, left-align, top-align, width < 350, etc.  We found that in the document creation application, this approach did not create output documents that looked acceptable.  Furthermore, it required the document creator to specify a large number of low-level constraints, which defeated our goal of making the process simple.  As an example, consider the document shown in Figure 1.  
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Figure 1.  Output Document Using Simple Layout Constraints

We had specified simple content and layout constraints: we wanted a title having to do with skiing, a number of images about skiing, and an advertisement about skiing.  Furthermore, we wanted the title to be above the images, and the images above the advertisement, we wanted the 3 content areas to be the same width, and none of the content items could overlap one another.  The result adheres to the constraints, but there are problems in that the title and advertisement images are scaled too much, the images are all sandwiched together, the document isn’t balanced, etc.  

What we needed was a means to find a solution that not only satisfied the basic content and layout constraints, but that was the “best” solution according to some aesthetic design criteria.  We also desired to make the entire process easy for the document creator, and thus didn’t want to require the creator to enter more specific constraints to achieve better-looking results.  Therefore we have now modeled the problem as a constrained optimization problem, using a genetic algorithm approach that combines both traditional hard constraints with soft constraints that measure the aesthetic properties of the document.  This enables better-looking output documents, as well as eases the burden on the document creator.

3.2 Genetic Algorithm Based Constrained-Optimization Approach

Over the last few years, much research has been devoted to applying genetic algorithms in constrained optimization problems (Coello 1999).  We chose the genetic algorithm approach for quite practical reasons:  it provided us with a means to easily combine both hard and soft constraints, as well as to easily combine several types of problem variables (real, integer, boolean), and to easily experiment with the effect of our objective function on the output documents.   In addition, our initial attempt at using a systematic constraint satisfaction approach indicated that our problem would be too large to be practically solved using a systematic approach.  As is typical in real life constraint satisfaction problems, the large numbers of variables and large domains coupled with a limited time to solve the problem mean that combinatorial explosion precludes complete algorithms from meeting real life efficiency requirements.    Thus we opted for an approach that would be both easy to implement, and had promise in terms of flexibility and efficiency.

Our approach models aspects of the document that we want to change as genes in the genome (e.g. font size for each text area).  The various desired design qualities as well as the layout and content requirements for the document serve as constraints that are incorporated into the genetic algorithm’s fitness function.  We use the “death penalty” approach (Michalewicz 1995) to satisfying the hard constraints.  That is, if a chromosome does not satisfy any one hard constraint, its fitness score is assigned to be zero, thereby eliminating the chromosome from further evaluation by the soft aesthetic constraints.  The fitness score is then calculated as a weighted sum of how well the chromosome satisfies the various soft aesthetic constraints.  Thus, the “best” solution is guaranteed to meet the hard constraints, as well as to achieve the desired design qualities as best it can.  

This genetic algorithm approach to constrained-optimization has helped us to achieve our first goal of better-looking output documents.  The new output documents look more pleasing than they did with the simple constraint satisfaction approach because they have achieved high scores on the specified aesthetic qualities.  Figure 2 is an example output of the skiing document based on the new genetic algorithm approach that has incorporated alignment, balance, and page utilization as aesthetic criteria. 
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Figure 2.  Output document incorporating several aesthetic constraints

Furthermore, the genetic algorithm approach also helped us to achieve our goal of making the creation process easy for the user.  Whereas the simple constraint satisfaction approach required many low-level layout constraints to be specified in order to achieve a reasonable result, the genetic algorithm approach allows a specification of a few high-level desired constraints and qualities – a much more intuitive and less user-demanding process.  As an example, consider the documents shown in Figure 3.  
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Figure 3.  Low-level Layout Constraints vs. High-Level Constraints and Design Qualities

Figure 3A shows some sample low-level constraints necessary with the constraint satisfaction approach to enable the simple 2-item document to look reasonably good.  Figure 3B shows the few high-level design qualities and constraints that can be specified to achieve good results with the new genetic algorithm approach.  Furthermore, the genetic algorithm approach allows the same high-level specification to apply easily to different content.  For instance, if we add another content item, the same set of high-level constraints and design qualities can be used, whereas in the constraint satisfaction approach, another set of low-level constraints would need to be added to solve the problem in a reasonable way.

3.3  Advantages of Using a Constrained-Optimization Approach to Custom Document Assembly

In the previous section we described how our formulation of the problem enabled us to achieve pleasing output documents as well as ease the burden on the document creator.  We found also that using a constrained optimization approach to custom document assembly provides us with several other advantages over traditional custom document creation approaches.
One such advantage is that we can find pleasing solutions for any combination of content, thereby enabling more dynamic custom document instances.  As an example, consider the two different documents shown in Figure 4.  Both were created from the same document template.  The automated system queried the customer and content databases to find the appropriate content, and was able to arrange the varying types and amounts of content into documents that still adhere to all of the hard layout constraints as well as the aesthetic criteria of balance and alignment.    

[image: image9.png]UL T BT S e e £ R o T M A
e wiat pace em raybein  inyou: ovmeamer, ovave bl 0 2l pssssirin e Ggve el
e, 4 a5 pesiblewithont e clavging fotees of e, Brarsse uoninyouebiess  Beyonda wholsome
angaod e withall s, Speak st o theorahd sl of ey Eve et s ot iy gl e genlevrith,
ovetnah gty iy, amdMstnto towhat i ther i ey e s e o ighidaand  youself Youam 3 cild
s, cvn e gl g ey 00 vyt i il o e, JLa———
et sty Avid Lot at g po————
boscr, ey am votons o e spise. 1 st youtauea sgiato
oncongam yousal s oes, youmay beten And et o
b vainan it S oy thee il ot car oyou no
s and s pesrs Hranyonaslt. -
e ——
e ——
[Emrp———
concevsHinntobs,and
e ———
spiation, in tencisy
conteion i Josp
s ——

Beyousar. Espacall,dovotfgn affcton. Nt be
il dbonslove for it e of ity and
N
ol of ey, gaceflly sl te tirg of Yok
Maan stenginof spsttos 1l youinsrddanisforve Bt
doven st youself it iagiiegs.




[image: image10.png]e e ray beinsileee. 4 ar s pesibleition.
et e ongoodtents il pascr. Sy

quisty e claatyan st s, een el

gt ey ton eve sty Aveid L o
Hegmsivepsore, ey e veaton o e s, Iryou
engan youslfsit e, youray become inand
i fraloras el b gt ad s ps e
franyousaic

e ——
iy o, v i i
eiim g e o e S
iy o e o
ey B oty v
i S A e S5
phy

o By

afsion Metier be il aboutlov; for igue nd Loelines.
it s of sty dsectarims Beyondz whols e

i pemtal 1 e gass. Tekelindly e
ol of e yas, gacefilly
Suannaizg e largs ofyorth. Mt
Stmngio spitto i younsuln.
oz, Bvdonot s yousalt
ilagiing.

aiciplng b gl
yousalf Youama chid
f v, ol
et o e
s youtavea sglato
bel, Ao st o
st s toyon
bt mivazeis
g s tshould
Trntu e atpasce
it God, whstver yos
conceve Hinntobe,und
Whatrer yo b and.
spiation, in iy
conteion o i Josp
pace withyowrsod





Figure 4.  Different Documents from the Same Template

Another advantage to our approach is that we can incorporate content selection right into the solving process.  We create genes that specify the number of items to include for each content area, and as the gene value varies, the content items included vary as well.  With this approach, the selection of content is also influenced by the design criteria that we include in the solving process.  For instance, if we specify page utilization as one of our aesthetic criteria, we will select a different set of items (e.g. Figure 5A) than if we simply include alignment and balance (Figure 5B).
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Figure 5.  Different Content Selected Based on Different Aesthetic Criteria

Another advantage of the constrained-optimization approach over existing approaches is that we can weight the various aesthetic criteria, and result in a different output document based on the weightings.   A simple example of that is shown in Figures 6 and 7, where we have a document containing 4 paragraphs.  If we weight compactness with high importance, we get solutions such as those shown in Figure 6.  If on the other hand, we weight page utilization high and compactness low, we get solutions such as those shown in Figure 7.  
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Figure 6.  Compactness Aesthetic Criteria Weighted With High Importance


Figure 7.  Alignment Aesthetic Criteria Weighted with High Importance

4. Summary

We have described a constrained-optimization approach for assembling a custom document that satisfies not only certain primitive content and layout constraints, but that also fulfills certain desired design properties.  This is achieved by modeling constraint optimization as a genetic algorithm, which combines both required constraints with non-required design constraints that act as optimization criteria.   This combination of required and optimization constraints provides several advantages over traditional custom document creation approaches:  we can ensure that the automatically assembled output document adheres to certain specified aesthetic qualities, we can make the specification process simple for the user, we enable a more dynamic output document, we can incorporate content selection into the process, and we can modify the appearance of the output document according to weightings on our design criteria.   This approach has therefore enabled a flexible and automated means to create customized documents.
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