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Clashes and Conflicts
A status report on CDK structure diagram
generation (SDG).

by Christoph Steinbeck

Recently, a new 2D layout algorithm for molecular
graphs was published in the Journal of Chemical In-
formation and Modeling [1]. The new method by
Clark et al., who work for the Chemical Computing
Group (CCG) is implemented in CCG’s Scientific Vec-
tor Language (SVL) and used in the Molecular Oper-
ating Environment (MOE) [2].

The MOE algorithm partitions the molecular
graph in a number of steps:

• Hydrogen atoms are ignored until the final
stages of the algorithm.

• Terminal atoms are ignored until the final
stages, because their coordinates are implied
by their more connected neighbor.

• Ring blocks are detected and their rings
grouped together.

• Stereochemically active double bonds are iden-
tified and restricted appropriately.

• Sequences of certain atoms are treated as
chains.

• The remaining atoms are paired or isolated.

After this partitioning step, each block is assigned
a set of geometric constraints and afterwards a search
is performed to obtain a globally optimal solution
that satisfy these contraints. The authors claim that
in contrast to sequential layout algorithms, their
strategy avoids globally undesired outcomes.

The art of automatically generating aesthetically
pleasing, publication quality 2D depictions of molec-
ular structures is called Structure Diagram Genera-
tion (SDG). In one or the other form, it is part of
almost any chemoinformatics program or package.
The state of technology in this field has been cap-
tured by Harald Helson from CambridgeSoft, Mas-
sachusetts, in 1999 [3]. I take the publication of the
new MOE methods as a chance to summarize the
status of the (SDG) algorithm implemented in the
Chemistry Development Kit and to compare its per-
formance to that of the MOE SDG. For the sake of
simplicity, I will just distinguish between MOE-SDG
and CDK-SDG in the following.

It is clear that the MOE-SDG performs well on a
wide variety of molecules. Molecules which cause
problems with the CDK-SDG can be as simple as
hexaisopropoxybenzene (Figure 1) or be as large as
buckminster fullerene (C60). For both cases, the
MOE-SDG generates nice 2D diagrams.

Figure 1: Layout of hexaisopropoxybenzene [4] by
MOE-SDG (left) and CDK-SDG (right). It is a nice ex-
ample of a simple molecule where only one of 64 pos-
sible combinations of local decisions on substituent
placement is the optimal solution.

In most cases, the basic algorithm sketched above
will do the job. In cases where certain ring systems
impose problems, such as in the case of adaman-
tane, a ring template library is used. In even worse
cases, like C60, a 3D embedding algorithm is em-
ployed, where a first guess in 3D is obtained using
distance geometry, followed by a truncated newton
minimization of bond and angle deviations. The final
projection into the plane is then done while minimiz-
ing atom overlap and placing potential substituents
in the periphery.

The CDK-SDG uses a much simpler, sequen-
tial layout algorithm. If performs a partitioning of
the initial structure into ring systems and aliphatic
chains. In the case of ring systems, it distinguishes
bridged, fused and spiro connections between rings,
depending on whether more than two, two or just
one atom is shared by two connected rings. The
CDK-SDG also uses templates for ring systems, but
the size of the template library is limited at the mo-
ment. Layout is first performed on the largest ring
system and then the attached aliphatics are layed
out. Then the next ring system is layed out, attached,
and so on. In the end, an overlap resolver checks if
there are any clashes and moves atoms a bit, if nec-
cessary. While the use of the template handler can
be switched on or off, the use of the overlap resolver
can not be disabled.

For testing the performance of the CDK-SDG,
Alex Clark kindly provided me with a list of SMILES
of notorious cases. A number of them are shown in
Figure 2.

My first tests with this collection caused me to
increase the amount by which atoms are moved in
overlap cases, which lead to the output shown in Fig-
ure 2.

An earlier test with the CDK-SDG-based PDF-
Generator by Rajarshi Guha (http://cheminfo.
informatics.indiana.edu/~rguha/code/java/)
had shown that the CDK-SDG tackles a large va-
riety of layout cases quite nicely. The cases collected
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Figure 2: Random selection of difficult cases [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18] used in the MOE-SDG
article [1].

by Alex Clark show that it still fails fatally in others.
The areas where we need action are:

• Extension of the template ring libary, based on
an analysis of large amount of structures in
PubChem and ZINC [19].

• Implementation of an embedding algorithm
for larger rings onto a honeycomb pattern.
Larger rings are increasingly circular.

• A global optimization on top of local decisions.

• Implementation of a 3D embedding algorithm
for hopeless cases.

Finally, I would like to recommend the original
JCIM article discussed here, for further reading. It
nicely shows that there is still a lot of thought to
be invested on problems which might be believed to
have been solved by most of us.

Christoph Steinbeck
Cologne University Bioinformatics Center (CUBIC)
Germany
c.steinbeck@uni-koeln.de
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