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ASK A QUESTION,  
GET THE RIGHT ANSWER

Researching a question on the Internet  
can often explode into multiple searches 
as you rack your brains to find the right 
combination of keywords to use. Most of 
us have at some point reproached search 
engines for not being able to just understand 
our question and return the exact answer 
we need. Such an unobstructed exchange 
between user and data resources – ask a 
question, get the right answer – is a vision 
of the future in automated information 
processing; a vision that is driving innovation 
in informatics.
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Having to perform multiple searches 
to answer a question is not exclusive 
to the World Wide Web. The same is 
true for scientific information systems. 
Consider the Suzuki reaction. In a 
literature search on this topic you 
might run a couple additional searches 
for Suzuki coupling or the Suzuki-
Miyaura reaction to ensure complete 
coverage of the available knowledge. 
You might also run a search on 
palladium-catalyzed coupling reactions 
to capture literature that discusses 
the reaction without naming specific 
reaction types. In the end, you have 
hits from four searches. You then 
review the lists for overlap and 
eliminate irrelevant hits where the 
keywords appear in a different context.

Queries in literature databases are,  
in some ways, similar to searches on 
the World Wide Web. Search engines  
in both deliver lists of potentially 
relevant websites or searchable 
documents by matching up keywords 
with their text, metadata, citations 
or abstracts. Many literature 
databases are accumulations of 
independent entries (e.g., full-text 
articles, abstracts), interconnected 
by shared authors, journal, keywords, 
or other bibliographic data. However, 
the content of these entries is not 
connected. Similarly, the World 
Wide Web is less web and more 
agglomeration of independent 
websites. In other words, literature 
databases and the World Wide Web 
alike lack relational organization. 
Consequently, while they can draw  
up a list of hits that contains the 
keywords of a query, their search 
engines cannot, for example, know 
that Suzuki reaction, Suzuki coupling 
and Suzuki-Miyaura reaction are 
synonymous and all mean a type of 
palladium-catalyzed coupling reaction. 
That form of operation requires an 
information system to understand 
relationships among the data it 
processes.

THE MISSING LINKS
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With the right organization, a 
database can enable data retrieval 
processes to recognize the relevance 
of an entry based on more than 
matching keywords. Indexing – the 
systematic tagging of database 
entries – accomplishes this enhanced 
identification. Returning to our 
hypothetical example with the Suzuki 
reaction, a first approach to capture 
in a single query all denominations 
for Suzuki reaction would be to index 
each relevant entry with any known 
synonyms. In this way, searching for 
any denomination will pull up entries 
where alternative terms are used.

This first approach, does not retrieve 
entries that discuss the reaction in 
general terms i.e., as the coupling of 
aryl halides and boronic acids using 
palladium compounds. Hierarchies 
become useful here. In a hierarchy, 
the term Suzuki reaction and its 
synonyms could be arranged under 
the overarching category of palladium-
catalyzed coupling reactions. This 
overarching category might also 
include related reactions like Heck, 
Stille, Hiyama, Sonogashira, Negishi 
and other couplings. Furthermore, the 
entire hierarchy of palladium-catalyzed 
coupling reactions – from the term 
at the branching point or node to the 
terms at the end of branches – could 
be assigned to the broader category  
of catalyzed coupling reactions  
(see Figure 1B).

ORGANIZATION RECAPITULATES 
RELATIONSHIP

With this hierarchical architecture, 
algorithms that retrieve data can  
be designed to include all entries 
indexed with the terms subordinate  
to the node above the search term  
(1st node). As a result, your hitlist 
would include entries discussing  
the Suzuki reaction, its synonyms, 
overall palladium-catalyzed coupling 
reactions, and any of the other 
reactions that exemplify this grouping. 
If the algorithms were designed to 
include the next node above that 
(2nd node), then your results would 
additionally include, for example, 
coupling reactions catalyzed by nickel 
and copper (Figure 1).

Intelligently indexing database entries 
based on an architecture that reflects 
meaningful relationships between data 
reduces the four original searches of 
our example to just one. Furthermore, 
because each entry was accordingly 
tagged, the list of hits could potentially 
be filtered based on indexing terms. 
Thus, you could manipulate the list to 
remove references to Heck reactions, 
nickel-catalyzed couplings or any other 
concept peripheral to your interests.

1. Suzuki reactions

SUZUKI REACTION
SUZUKI-MIYAURA REACTION
STILLE COUPLING
HECK REACTION

CATALYZED 
COUPLING 
REACTIONS

2nd node

1st nodePALLADIUM-CATALYZED  
COUPLING REACTIONS
NICKEL-CATALYZED 
COUPLING REACTIONS
COPPER-CATALYZED 
COUPLING REACTIONS
ETC.

SUZUKI REACTIONS
SUZUKI-MIYAURA 
REACTION
STILLE COUPLING
HECK REACTION
ETC.

MATCH KEYWORDS

A. NO RELATIONS

Figure 1. Database architectures that reflect relationships between entries  
 enable intelligent querying.

B. RELATIONS THROUGH HIERARCHY

1. Suzuki reaction
2. Suzuki-Miyaura reaction
3. Heck reaction
4. Stille coupling
5. Palladium-catalyzed  
 coupling reactions

1. Suzuki reaction
2. Suzuki-Miyaura reaction
3. Heck reaction
4. Stille coupling
5. Palladium-catalyzed  
 coupling reactions
6. Nickel-catalyzed  
 coupling reactions
7. Copper-catalyzed  
 coupling reactions
8. Catalyzed coupling  
 reactions

TAKE ALL HITS WITH 
TERMS SUBORDINATE  

TO SECOND NODE

TAKE ALL HITS WITH 
TERMS SUBORDINATE 

TO FIRST NODE
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The intelligent retrieval of relevant 
entries must not be limited to a single 
perspective on a topic. For example, 
your search for Suzuki reaction may 
have the objective of finding the best 
way to do carbon-carbon couplings. 
While the answer may lie directly 
in core chemistry knowledge about 
reactions, there may be experiential 
knowledge in tangential disciplines,  
like pharmaceutical synthesis, that  
is highly relevant to your research.

To capture the bearing of terms and 
concepts on a topic from several 
perspectives, database architecture 
can be expanded to include multiple 
hierarchies. Each hierarchy or facet 
can then describe the relationships 
among database entries within the 
context dictated by the perspective 
it covers. Thus, while Suzuki reaction 
might fall under coupling reactions 
in an architecture built around the 
theme reactions, it may appear under 
caparratriene in an architecture 
focused on pharmaceuticals. The 
upshot of this polyhierarchy is that 
your search on Suzuki reaction  
would also be interpreted within the 
context of pharmaceutical synthesis 
and your hitset would include, for 
example, a reference to the efficient 
carbon-carbon coupling performed  
via Suzuki reaction in the synthesis  
of caparratriene from citronellal (1).

INCORPORATING KNOWLEDGE 
FROM MULTIPLE PERSPECTIVES
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A comprehensive architecture 
describing relationships between 
database entries from multiple 
perspectives simplifies search work 
and expands the relevance of resulting 
hitsets. However, just as important 
as what comes out of a query is 
what goes in. An information system 
that cannot accurately interpret 
the intention of your search will not 
deliver the right results, regardless 
of intelligent algorithms. Thus, 
you optimize your query to meet 
requirements of search engines and, 
chances are, you have at some point 
been frustrated by the inflexibility 
and steep learning curve of some 
information systems.

Database architecture can also 
make query interpretation better. 
Architectures model the meaning and 
relationships of terms and concepts 
pertaining to a topic and thus, can  
be used to assign context to your 
query. So if you searched benzene  
IR, the system would understand  
your intention to find infrared 
spectroscopy data of benzene, and 
not, for example, the first initials 
of an author. Synonymous terms 
incorporated into the architecture  
can be used to account for spelling  
or dialect variations. Relations  
between terms and concepts in the 
architecture can be used to determine 
the meaning of the complete search 
phrase rather than processing it as  
a series of disconnected words, so  
you receive spectroscopy data of 
benzene and not just any hit where 
these words appear together. 
Finally, because of this contextual 
interpretation, the system would 
additionally have the mechanism 
to request more input if there were 
ambiguity about the meaning of  
your query.

UNDERSTANDING YOUR QUESTION



7

STEPS IN THE RIGHT DIRECTION

We have seen how the architecture  
of a database can support 
computational processes that more 
intelligently interpret your questions 
and determine the relevance of 
database entries. The result is 
information discovery: more than 
an expanded hitset, the answers 
you receive have a greater impact 
on your research because they are 
interconnected by the context and 
intention of your query.

Admittedly, we have yet to reach to 
the point where you have a direct 
exchange with your computer to arrive 
at an answer. However, innovations in 
data processing built on architectures 
that describe relationships between 
data are the primer to advances in that 
direction, and these innovations are 
already making it easier for you to get 
meaningful answers to your questions.
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