
















beginMark(dataId);
... drawing code ...

endMark(dataId);
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Fig. 11: A hypothetical bridge between Processing and Illustrator. Ad-
ditional syntax is added to Processing’s language to associate drawing
commands with data IDs (1), that are preserved in an exported PDF
file. The exported file is edited in a drawing program (2). Two nodes
are then deleted in the Processing sketch (3). An external merge pro-
gram compares (1) and (2), identifying any changes made by a draw-
ing program, and replays these changes on (3), producing a PDF file
with both the drawing and generative changes.
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endMark(dataId);
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Fig. 12: A hypothetical bridge between Processing and Photoshop. As
before, additional syntax is added to Processing’s language to asso-
ciate drawing commands with data IDs (1), that are preserved in an
external file that maps data IDs to their affected pixels. The exported
bitmap is edited in a drawing program (2), and a log is created, match-
ing the drawing program’s actions to the affected pixels. Two nodes
are then deleted in the Processing sketch (3). A merge program re-
plays the drawing program’s log on the updated bitmap, adjusting the
effects where data pixels are missing or have moved (4). Note that, in
this naive bridge, an artifact has been left on node D because a painting
action meant for node E also affected it.

be managed through the design workflow. The model is not a panacea
— it does not make all tools come together. Rather, we propose the
bridge model as a different way to think about how we create visual-
ization tools that are rich, flexible, and efficient across the broad range
of tasks performed throughout the design process.

Though we have mainly discussed bridges between distinct soft-
ware tools, the concepts are still important for all-in-one tools that
attempt to encompass both generative and drawing modes of working
such as iVisDesigner [18]. Internally, such tools must still consider
the effects of generative operations on existing drawings, as well as
the effects of drawing operations on existing generative specifications.

The model does not, however, encompass approaches like CSS that
seek to separate out design tasks, albeit it in a generative way. While
stylesheets separate the stylistic and functional aspects of a visualiza-
tion, a stylesheet does not contain an independent representation —
there is nothing to merge. The model instead describes workflows that
include a variety of tools, each of which operates independently on the
visualization.

With any bridge, some sacrifices are likely unavoidable. As we
discussed in Section 6.2, a hypothetical Processing-Photoshop bridge
is likely to be constrained by the technical limitations of each tool,
including what aspects of the visualization can be shared and what
kinds of changes can be merged. Both hypothetical bridges, as well
as Hanpuku itself, each enable a more iterative workflow, but limita-
tions remain. In all the bridges we have discussed, users likely need
to understand each tools’ underlying document structure in order to
effectively prepare for merging.

The bridge model exposes ways that visualization toolkits and
drawing programs can make themselves more interoperable. Our
choice of specific tools is not an accident: we repeatedly use Illustrator
as an example throughout this paper because it is a widely-used draw-
ing program that preserves arbitrary metadata attached to elements in
its documents — data bindings can be preserved when visualizations
are edited. We also focus heavily on D3 because it can perform data
joins with existing graphical elements such that manual changes done
in a drawing program can survive generative updates. For now, the
pass-through relationship between these two tools makes interoper-
ability straight-forward.

There are, however, additional benefits that can come from their
flexibility. For example, Illustrator currently allows users to select el-
ements by color and other visual properties. Because our system now
adds metadata and identify information to visual objects, it would be
straightforward to support user selections based on data, similar to the
GUESS system [1].

Going forward we are interested in instantiating other bridges, such
as those we describe in Section 6. We believe these, and other vari-
ations, will become easier to design and implement as the inputs and
outputs of proprietary tools become more easily accessible. Another
interesting line of future work is to consider a format standard for vi-
sualizations that explicitly supports metadata attached to graphical el-
ements. This standard would support writing these files, reading these
files, editing the files, as well as explicitly making use of the metadata
in visualization tools.
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