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treasurer, following four years a member
of the Budget and Finance Committee.
She also currently serves as chair of the
ALA Committee on Accreditation.

Victor Rosenberg is associate professor
in the School of Information at the
University of Michigan. Formerly, he was
chairman and CEO of Personal
Bibliographic Software and the developer
of ProCite and related
software. For 15 years
he was responsible for
the financial health of a
small business. He is
the author of numerous
papers, films and
software applications. His interests
include information retrieval, information
policy and entrepreneurship. He taught at
the University of California at Berkeley
after getting his doctorate in library
science from the University of Chicago
and a masters degree in information
science from Lehigh University.

Candidates for Directors-at-large
Katriina Bystrom is associate
professor/reader at the Swedish School of
Library and Information Science,
University of Boras in Sweden. In
teaching and research
she focuses on task-
based information
seeking and retrieval in
workplaces and on
information
architecture. She holds
a Ph.D. from the University of Tampere,
Finland, and is an active member of the

academic community of LIS within
teaching, research and administration. She
has been the director of the Swedish
School of Library and Information Science
and served on numerous committees. She
is co-founder and associate editor of the
international Journal of Information
Architecture and has a broad experience
serving as a peer-reviewer in a number of
high-standard journals. She has organized
international academic events and has
curriculum development experience.
Furthermore, she works as a senior
researcher in a private company. At
present, she heads two research projects:
Better Search Engine focusing on work
task based search support and Better Web
with focus on the development of digital
information and communication milieus.
Linda Rudell-Betts has been an
ASIS&T member since 1991. She has
served the award-winning Los Angeles
Chapter as publicity
coordinator, secretary,
chair and now continues
as membership
committee chair. Her
ASIS&T national
involvement includes
Chapter Assembly committee advisor
(1998 to 2002, 2008 to present), Bulletin
Advisory Board (2001 to present), Annual
Meeting planning committee member
(2001 and 2003), Annual Meeting papers
and posters reviewer (2005, 2006, 2008).
She is a reference librarian at the Los
Angeles Public Library, where she does
her utmost to pass on her version of best
practices in information retrieval to her

patrons. Prior to her current public service
position, she was an information science
consultant, designing, compiling and
managing information retrieval
vocabularies for periodical databases,
Internet software applications and records
management systems. She received the
ASIS&T Chapter Member-of-the-Year
award in 1999. She holds an M.L.S. from
UCLA and a B.A. from the University of
Texas at Austin in French literature. To
unwind from her day, she plays bassoon
with a Santa Monica community band.
Elaine Toms is professor and Canada
Research Chair in Management
Informatics and runs the
iLab at the Faculty of
Management, Dalhousie ||
University, Halifax, Nova
Scotia, Canada. She was
formerly an associate
professor in the Faculty
of Information Studies, University of
Toronto, and at the School of Library and
Information Studies (now School of
Information Management) at Dalhousie
University. She holds a B.A. in economic
geography and education from Memorial
University, St. John’s Newfoundland;
M.L.S. from Dalhousie University; and a
Ph.D. from the University of Western
Ontario, London. Her research interests
lie at the intersection of human computer
interaction, information retrieval and the
representation and presentation of
information. Her work has been funded
by NSERC, SSHRC, OCLC, Heritage
Canada, Canada Foundation for Innovation
and the Canada Research Chairs Program.
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She was/is co-investigator with three
Canadian national research networks. Her
publications have appeared in journals
such as the International Journal of
Human Computer Studies, the Journal of
the American Society for Information
Science and Technology and Information
Processing & Management, as well as in
the proceedings of a number of national
and international associations.

Marcia Lei Zeng, professor of library
and information science at Kent State
University, has been a member of the
faculty since 1992. She holds a Ph.D.
from the University of Pittsburgh and an
M.A. from Wuhan University in China.
She was a visiting associate professor at
Columbia University during her sabbatical
in 1999 and 2000. Her major research
interests include
semantic technologies
and knowledge
organization systems,
metadata, database
quality control and
multilingual information
processing. Her scholarly publications
include more than 60 papers and three
books. She has chaired and served on
standards committees and working groups
for several national and international
library and information organizations. She
is also a member of the executive board of
the International Society for Knowledge
Organization and the advisory board of
the Dublin Core Metadata Initiative and
an invited expert on the W3C Library
Linked Data Incubator Group. She
received the ASIS&T Doctoral Forum

Award for outstanding doctoral research
in 1992. She has served ASIS&T as
chapter chair and officer, JASIST and
conference proceedings referee, awards
juror, SIG workshop and session
organizer and ASIS&T Annual Meeting
program committee member. She has
been the chair of the ASIS&T Standards
Committee and the voting representative
for NISO since 2006.

Additional Candidate Information

For more information about the
candidates and to review their position
statements defining their campaigns,
please visit the ASIS&T website. All
current ASIS&T members are eligible to
vote for officers and directors. Full
information on the electronic balloting
process is available at the ASIS&T
website at www.asis.org/elections/ m

News about ASIS&T Members

Hope A. Olson, associate dean and
professor of library and information studies
at the University of Wisconsin-Milwaukee
(UWM), is the new interim dean of the
School of Information Studies (SOIS).
With a Ph.D. in library and information
studies from the University of Wisconsin-
Madison, Olson began her teaching career
at the University of Alberta in Edmonton,
Canada. She also holds a master's degree
in library science from the University of
Toronto. She joined SOIS in 2003.

Gwat-Yong Lie has replaced Hope
Olson as the interim associate dean of the
School of Information Studies at UWM.
Lie comes from the Helen Bader School
of Social Work where she has served as
associate professor since 1996. She
previously served as associate dean of

Mark Your Calendar!

Make your plans now!

Navigating Streams in an Information Ecosystem
October 22-27, 2010, Pittsburgh, Pennsylvania
The 2010 ASIS&T Annual Meeting is fast approaching.
Plan now to participate in this innovative ASIS&T 2.0
conference centered on advances in the information
sciences and related applications of information
technology. Check your mailbox for a printed

version of the preliminary program, or go online

for an electronic version to be posted soon.
Registration forms are available in both formats.

&I 2010

OCT 22-27 PITTSBURGH, PA
Navigaring streams
In an Information
ECOSyStem
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October 2010, speaking at an SLA meeting
in June 2011, participating in the Asian
chapter of SLA or organizing an Asian
chapter of ASIS&T, and developing
faculty, student or librarian exchanges. Our
Chinese colleagues were very interested
in these suggestions.

We also visited the Bund Branch of the
Shanghai Municipal Archives. While there
we toured the “City Memory” exhibit which
chronicles the development of the city of
Shanghai from its beginning as a small
fishing village in 1292 to the present time.
We visited the public reading room and
their electronic archives reading hall where
about 3000 digitized films are available,
along with other digital materials. This
gave us the opportunity to find out about
training for archives work in China. We
learned that for the most part archives
education is considered to be a different
major than library and information
science. Whereas public libraries in China
are governed by a cultural ministry, the
ministry of archives governs archives.

Of course our trip was not all work, and
we did spend some time sightseeing. In
Beijing we spent one day visiting Tian’an
Men Square and the Forbidden City as
well as the Badaling section of the Great
Wall. In Shanghai we toured the Bund,
the Shanghai Museum, Yu Garden and the
Shanghai Urban Planning Exhibition Hall
and attended a performance of the
Shanghai Acrobatic Show. We were able
to drive by the sites of the 2008 Olympics
in Beijing and the 2010 World Expo in
Shanghai. We also enjoyed many excellent
meals, including one at the Quanjude
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Members and guests of the ASIS&T Information Professional Task Force People to People delegation to China
are, front row, Xu Ning and Meng LiangLiang/Bruce, Peope to People guides; back row, David Roderer, guest;
Nancy Roderer; Ann Prentice; Sandy Arbuthnot; Anne Caputo; Pascal Calarco; Rumi Graham; Gwen Alexander;
Ashley Meyer, guest; Yukiko Sakai; Lori Beaudoin; Gail Bonath; and Barton Graham, guest.

Beijing Roast Duck Restaurant and a
memorable meal at a private home in the
Caoyang residential area.

Overall, the delegation found the trip
very productive. We learned more about
the education of information professionals
in China, shared our goals for the promotion
of information professionals and had
positive responses to the idea of
collaborating further. The state of
information professional education in China
seems to be on something of a parallel track
with that of the United States, with a number
of different kinds of programs aimed at
different aspects of the information
professions. Differences include a heavier
government involvement and, perhaps, a
greater concentration on technological
aspects in China than in the United States.

In addition to our interaction with the
Chinese, we derived two additional bonuses
from this trip. Because of the makeup of
the delegation, we were able to discuss
information professional education not
only in China and the United States, but
also in Japan and Canada. Through the
participation of Anne Caputo, we learned
more about SLA activity in this area and
agreed on further collaboration between
our respective organizations. At the
completion of the trip, all participants
agreed to continue talking. A first step in
those ongoing conversations will be a
workshop planned for the ASIS&T Annual
Meeting in Pittsburgh; speakers there will
include both People to People delegates
and Professor Guoqiu Li from the
Department of Information at ECNU. m
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What Is Information Architecture?

Special Section

Practical Definitions and Useful Principles for our Second Decade of Study and Work
by Thom Haller, Bulletin associate editor for IA and special section guest editor

ne of my former students sent me this cartoon. He called it “a little
information architecture humor.”

The drawing points to the real-life challenges faced by those of us trying to
structure information so others can find it, use it and appreciate the experience.

Early this summer I attended a professional seminar given by someone I
respect. He is well versed in applying taxonomic thinking in a business
environment. His organization has garnered a significant following. During
his presentation, he offered the worst definition of information architecture

We know organizations
make many choices
about what information

FIGURE 1. Randall Munroe. University Website. Used with
permission (Creative Commons). © Randall Munroe
Permanent link to this comic: http://xkcd.com/773/

I had heard in years. (I won’t provide it here. But I can note that he showed
us the slide in his PowerPoint slide deck and said, “This is my definition,
but I’'m not here to talk about definitions.” He then continued with his
presentation. I wondered, “So why did you include this in your deck?”)

to present and how to
present it. And we
know, as the drawing
illustrates, that they
often fail. Probably
along the way, people
and politics have
influenced choices
that differ from what
site users want. Along
the way, possibilities

THINGS ON THE FRONT PAGE.  THINGS PECPLE GO TO
OF A UNIVERSITY WEBSITE

THE SITE LOOKING FOR

Last week, I attended a local “meet-up” where agency professionals
presented their ideas on developing content. When the primary presenter
referred to information architecture, he scoffed and said, “That’s so 1996.”

I was taken aback.

“Why would he say 1996?” I wondered. I felt surprised to hear the
professional label squished into a small time frame. I was not surprised to hear
someone use the term with casual distain; I often hear the term minimized.
(For example, I frequently hear the term used as a noun: “We just need an
information architecture, and then we’ll build this site.”” Or, as a 2010 TA Summit
attendee noted, “To my colleagues, IA just means working with metadata.”)

are lost because no one
thought fully about information structure and use. Typically, in a site like the
one depicted above, no one has thought through the information architecture.

Thom Haller, the Bulletin’s associate editor for information architecture, is a speaker,
writer, user advocate and teacher of principles of performance-based information
architecture and usability. Since 1998, Thom has taught classes on architecting usable
web/Intranet sites. As a teacher, Thom enables students to structure information so
people can find it, use it and appreciate the experience. He can be reached at
thom<at>thomhaller.com; thomhaller<at>twittercom.

As a longtime IA/UX instructor, I typically offer big-picture perspectives
such as those offered by Richard Saul Wurman when he introduced the term,
saying, “Information architects make the complex clear.” I also direct students
to different definitions, including this definition provided by the IA Institute:

m The structural design of shared information environment

m The art and science of organizing and labeling websites, intranets,
online communities and software to support usability and findability

® An emerging community of practice focused on bringing principles of
design and architecture to the digital landscape

—_
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KLYN, continued

Special Section

agency world, I believe that this word integration is the key to persuading my
friend’s bosses that “information architect” is what they want for an integrated
agency. Not to the exclusion of “user experience” or “user experience
designer,” but as the starting point for delivering on the idea of integration.

Integration, Like Information Architecture, Is Horizontal

So as you may have already predicted, I never did the re-write. My
original copy is what I ended up sending, and the deciding factor for me was
the particular context of integration. There’s a fair amount of cynicism at this
agency and probably many other “traditional” agencies that are transitioning
to the “integrated” model — skepticism that true integration is possible in a
context where work has always taken place in a silo world of departments
and handoffs. This unease is why an expansive, Wurman/Morville sort of IA
seemed to me to have the best chance at connecting with the executives who
are shaping their agency for an integrated world where print and broadcast
and PR and web are united by a common choreography that creates and
sustains success for the client and profits for the agency.

Wurman’s idea of an information architect is particularly well-suited to
the integrated advertising agency because, as he envisions it, the IA works
independent of specific tools and modalities, and the IA’s work obtains in
all communications media. It’s also always (for Wurman, at least) been
posited as the role for a single person. Not that you wouldn’t or couldn’t
have Wurmanite IAs working in teams, in a business climate where
significantly more jobs are being shed than filled and created, arguing for
the creation of a role for a single IA with an expansive horizontal authority
is perhaps a more plausible proposition than hiring in and creating roles for
the “big umbrella” UX professionals whose expertise has nevertheless been
winnowed into Garrettesian buckets of IxD, IA, visual designer, information
designer, content specialist and so forth.

There may currently be no such thing as information architects in these
“integrated” advertising agencies. But I believe that if you posit the idea of
an information architect within an integrated agency context with the
requisite degree of muchness and horizontalism, the VPs and C-levels will
quickly realize the value, and you can call it whatever you need to. m

—_
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Research and Practice in IA

by Andrea Resmini and Keith Instone

Special Section

It takes a village of practitioners to raise a discipline.
— Nathaniel Davis. “Practice of Information Architecture” [1]

hat is the current relationship of research and practice in
information architecture? That was the question posed in a “back
of a napkin” collective-thinking exercise introduced by Keith
Instone and Andrea Resmini in “Bridging IA Research and Practice,” a
session they co-hosted at the 11th ASIS&T IA Summit in Phoenix, Arizona
[2]. For additional ideas from participants, please see the list and description
of other “napkin sketches” at the end of the article.
During the session, Melissa Weaver crafted the following sketch.
Weaver’s drawing represents the

/\ “now” in IA: the academy teaches

/I/(i"(( S .

Acnded students, and they, in turn, become
Regeacan| . practitioners who apply what they
e \\_ﬁ have learned. It is a one-way

[Liak Pudewnt relationship.
Lish o Zarr .
[ Skare -\ éh - The session was meant as an
p— Sla el . .
/P"“‘W T . 1 opportunity to re-start a dialogue
rech e LT
s | Swar ..
/ Beecy\ et g between practitioners and researchers
..;,-‘_,\ Tr..(k\
T by Sketch C, Melissa Weaver. Front of the napkin:

IA practice and research as it is now. Picture
available at www.flickr.com/photos/resmini/
4511078061/in/set-72157623664715269/.
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Andrea Resmini is an information architect with FATDUX in Sweden. He can be reached
at ar<at>fatdux.com. His website is www.andrearesmini.com.

Keith Instone is an information architect lead in the CIO area of IBM in Toledo
(Maumee), Ohio. He works on the user experience design team for IBM’s websites. His
current email addresses are available on his website at www.instone.org.

in the field of IA, with the primary goal being to offer some common ground
to discuss the different approaches to core IA issues, facilitate understanding
of the different views and interests at play, highlight both the strengths and
weaknesses of the instances academia and business present, and identify the
added value this diversity brings to the conversation.

Secondarily, the session served as a test bed to verify the feasibility to
extend and expand the conversation to the 12th IA Summit in 2011. The
following are among the questions raised:

Should a pre-conference consortium be part of a tentative answer to

bridge the gap?

Should TA-related publications, such as the Journal of Information

Architecture, be somewhat more involved in this specific conversation?

How?

“Beyond expectations” is how the organizers summarized the workshop.
More than 30 participants from both camps (research and practice)
exchanged ideas. To uncover these ideas, the group facilitators used rapid
sketching — attendees drew sketches on real paper napkins, which were
collected, explained and discussed. A number of very interesting points
were raised in these brief, open exchanges. The following major themes,
statements and questions [3] emerged:

1. Research and practice in IA are fractured, with very weak connections
in between (and this gap is not unique: many disciplines face this
challenge).

2. There is a need for an A research agenda (or if there is one, it needs to

be common knowledge). Or, the opposite: there is no such thing as IA
research by itself: there is HCI, IS or LIS research that IAs care about.

3. A huge percentage of time, people and resources in the field are devoted
to IA practice only. Few resources are committed to scientific IA research.

—_
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Resources Mentioned in the Article
[1] Davis, N. (2010, April). The practice of information architecture - It takes a village of practitioners to raise a discipline. Paper presented at the 11th ASIS&T IA Summit. Abstract retrieved
June 12, 2010, from http://2010.iasummit.org/talks/9766.

[2] Instone, K., & Resmini, A. (2010, April). Bridging A research and practice. Session organized for the 11th ASIS&T IA Summit. Abstract retrieved August 2, 2010, from
http://2010.iasummit.org/talks/10489. Unfortunately, no audio is available because of the way the session was conducted, with many people talking from different parts of the
conference room. See also the Facebook group that Keith Instone maintains on the topic: www.facebook.com/group.php?gid=71553241741.

[3] For the original, non-filtered list, which Keith Instone published on the IA Research and Practice group on Facebook soon after the 11th ASIS&T IA Summit, see
www.facebook.com/#!/topic.php?uid=71553241741&topic=13148. Retrieved June 12, 2010.

[4] Fogg, B.F. (2003). Persuasive technology: Using computers to change what we think and do. Boston: Morgan Kaufman.

[5] This situation has been widely discussed, for example by P. Morville in his books and on his blog [6] and by A. Resmini and L. Rosati [7] in their approach to information architectures as
ubiquitous ecologies.

[6] Morville, P. (2010). Ubiquitous service design. Retrieved June 18, 2010, from http://semanticstudios.com/publications/semantics/000633.php.

[71 Resmini, A. & Rosati, L. (2009). Information architecture for ubiquitous ecologies. Proceedings of the International Conference on Management of Emergent Digital EcoSystems (ACM
MEDES 09). Retrieved June 12, 2010, from http://doi.acm.org/10.1145/1643823.1643859. Note: full text availability limited.

[8}  Bulletin of the American Society for Information Science and Technology. www.asist.org/bulletin.

[9] Journal of Information Architecture: http://journalofia.org

[10] Boxes and Arrows: www.boxesandarrows.com

[11] Johnny Holland: www.johnnyholland.org

[12] UXMagazine; www.uxmagazine.it/

[13] Trovabile: www.trovabile.org/

[14] Hobbs, J., Fenn, T., & Resmini, A. (2010). Maturing a practice. Journal of Information Architecture, 2(1). Retrieved June 30, 2010, from http://journalofia.org/volume2/issue1/04-hobbs/.
[15] For a preliminary list of papers, see http://andrearesmini.com/blog/a-preliminary-ia-bibliography.

[16] Resmini, A., Bystrom, K., & Madsen, D. (2009). IA growing roots — Concerning the Journal of I1A. Bulletin of the American Society for Information Science and Technology, 35(3), 31-33.
Retrieved June 18, 2010, from www.asis.org/Bulletin/Feb-09/FebMar09_Resmini_Bystrom_Madsen.html.

[17] Parks, J. (2010). The global community of practice. JeffParks.ca. Retrieved June 18, 2010, from http://jeffparks.ca/index.php/community/the-global-community-of-practice/.

[18] Parks, J. (2010). Evolving the UX conversation. Jeffparks.ca. Retrieved June 18, 2010, from http:/jeffparks.ca/index.php/community/evolving-the-ux-conversation/.

[19] Hinton, A. (2005). Architectures for conversation (ii) [slide presentation]. Retrieved June 18, 2010, from www.slideshare.net/andrewhinton/architectures-for-conversation-ii-what-
communities-of-practice-can-mean-for-information-architecture.

[20] Hinton, A. (2010). What am I? Retrieved June 18, 2010, from www.inkblurt.com/2010/03/26/what-am-i/.

[21] Christian Crumlish centered his salute to the 4th Italian IA Summit around this very issue. A barely discernible video of some 5 minutes of his talk is available at
www.youtube.com/watch?v=KkIH1gwoMCg.

[22] Klyn, D. (2010). Job description: Information architect. Danklyn.com. Retrieved June 18, 2010, from http://danklyn.com/blog/?p=700.
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Information Architecture, Black Holes and Discipline:
On Developing a Framework for a Practice

of Information Architecture
by Nathaniel Davis

Special Section

ave you ever wondered how long it takes for a field of practitioners

to produce the understanding that enables the flowing rivers of

discipline — long enough for academic enlightenment? How does
an industry actually achieve the longevity and relevancy seen in science and
law; in dentistry and medicine; in masonry or carpentry? Even music and
the theatrical and fine arts possess histories of understanding that have been
taught and passed on throughout generations.

All of these examples are well known institutions of discipline that are
centuries in the making — if not longer. But, for the field of information
architecture for the web — one that was given a name only 10 years ago and
has only been probing for less than 20 years — the expectation to render a
discipline is upon it.

In a world of information technology — where one year is like 100 —
academic institutions and the business community want instantaneous
answers for thinking about the discipline. Academic institutions that seek to
train the ways of information architecture request the substance of our work.
The business community continues to demand justification and quantitative
proof of the value of information architecture in order to make practical
cases for it at the tables of business strategy.

Just as product-based technology markets are maturing faster, the field
of information architecture is burdened with the same expectation. And the

Nathaniel Davis is a practitioner and theorist in the field of information architecture. In
April 2010 he launched the DSIA Research Initiative and DSIA Portal of Information
Architecture in an effort to begin defining and communicating a distinct discipline of
information architecture that is centered around theory and a formal approach to the
concept of practice. He can be reached at natedave.ia<at>methodbrain.com.

pressure — to communicate to the world that the field of information
architecture is a necessary business commodity and has a perspective that
can be understood and taught — is growing.

To supply the demand placed upon it, the field of information
architecture must deny the more natural inertial forces of organic evolution
over time; because the time we think we have is not the same as was enjoyed
by earlier disciplines and other pioneering industries. And worse, time may
be running out.

To meet the new kind of demand of the information age, the IA field at
large must proceed with the clear intent to cultivate discipline rather than to
happen upon it.

By adopting an actionable plan to obtain discipline in the practice of
information architecture, the field will flourish. If not, while a functional
interest within organizations might be all that remains — augmented through
other established disciplines and abstract mathematical algorithms — the
distinct professional field of information architecture may soon cease to exist.

Things Are Rarely What They Seem

Growing up as a child in the 70s and 80s, the propaganda about the
world around me was that everything was pretty much figured out. Previous
human enlightenment had raced away to produce industry upon industry
teeming with established disciplines — offering springs of knowledge that
would satisfy the occupational interests of future generations. Our forefathers
had created and lived through the evolutions of social and technological
enlightenment, the industrial age and the inventions of mechanization — we
stood on the shoulders of giants. Well, that was the high-level view of reality,
at least.
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Closing Thoughts

In many cases it takes a lifetime to mature a discipline. In the domain of
information technology, a lifetime is measured in market cycles that are
driven by consumers with an insatiable appetite for information. Further, a
disturbing amount of dormant information may be collecting in the corners
of the IT universe — fueling an apocalyptic-size hole of inefficiency.

In the midst of this threat, information architects have an opportunity to
begin an era of methodical practice that enables a discipline as well as the
transference of acquired knowledge to address the real qualitative effects of
information. The DSIA Practice Framework offers an approach that should

be explored and vetted for its usefulness in the pursuit of maturing one’s
information architecture practice.

When information architecture is widely practiced with rigor, the field
may soon demonstrate the theories and practical methods to handily reduce
the gravity of the growing black hole of information that quietly disrupts the
experience of time and effort by users of computing interfaces.

By documenting our successes and failures through a practice
framework, the information architecture discipline will become more
tangible with a legacy worth noting in the history of information
technology. I look forward to the story that will be told. m
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Eight Principles of Information Architecture

by Dan Brown

nformation architecture, a field in relative infancy and constantly

rediscovering itself, does not yet have a well-established theory that

drives the design of structures for websites. You can pick up two books
on graphic design and see the same topics covered in each. Why is there no
such agreement for books on information architecture? Indeed, information
architecture has yet to normalize, and the constant new demands on our
work make progress toward that goal challenging.

I’d expect such a theoretical framework to have a set of principles —
guidelines based in universal truths that provide a sketch of what makes any
information architecture good. White space, typography and color theory
provide a set of principles for graphic design. Where are the ones for
information architecture?

While the industry has yet to settle on a standard theory, there are a
handful of principles I keep coming back to — principles that guide my
design decisions but don’t dictate a particular approach. They help me zero-
in or refine a concept by providing a stable and reliable worldview. Fairly
general in nature, they apply to most situations and have sufficient room for
interpretation so I can fine-tune them for individual projects.

I first codified these principles when a client of mine faced internal
pressure to justify the design we presented. She knew the direction was
sound and rested on several iterations, validated requirements and existing
user research. She worried, however, that her stakeholders wouldn’t be
convinced. I put together a one-page summary of these principles to
establish a theoretical foundation for her internal discussions.

Dan Brown is founder/principal at EightShapes, LLC. He can be reached at
dan<at>eightshapes.com.

These principles make an assumption: information architecture is the
practice of designing structures. These principles help guide the design of
structures, but they presume the following:

m The information architect’s primary focus is the structure itself and
secondarily the user interface representing the structure on screen
(I make site maps and flow charts)

® The information architect has a good understanding of how people
want to relate to the content and functionality contained in the
structure (I’ve done my research)

m The information architect has a good understanding of the range of
content and functionality to be supported by the structure (I've
inventoried the content)

Got those? Good. Let’s look at the principles. Here’s a preview:

1. The principle of objects — Treat content as a living, breathing thing,
with a lifecycle, behaviors and attributes.

2. The principle of choices — Create pages that offer meaningful choices to
users, keeping the range of choices available focused on a particular task.

3. The principle of disclosure — Show only enough information to help
people understand what kinds of information they’ll find as they dig
deeper.

4. The principle of exemplars — Describe the contents of categories by
showing examples of the contents.

5. The principle of front doors — Assume at least half of the website’s
visitors will come through some page other than the home page.

6. The principle of multiple classification — Offer users several different
classification schemes to browse the site’s content.
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7. The principle of focused navigation — Don’t mix apples and oranges
in your navigation scheme.

8. The principle of growth — Assume the content you have today is a
small fraction of the content you will have tomorrow.

The Principle of Objects
Treat content as a living, breathing thing with a lifecycle, behaviors and
attributes.

Where it comes from. Thinking of content as objects comes from object-
oriented programming, where a computer program is broken up into
discrete, logical chunks. Each chunk has methods, behaviors that the chunk
of code can perform, and properties, pieces of information attached to the
object. Objects are really templates, so the methods and properties provide a
framework for thinking about all instances of a particular object.

So, when I say “object,” I mean that website content has

m a consistent and recognizable internal structure (such as the different
ingredients of a recipe) and

m a discrete set of behaviors (such as how recipes can have variations or
can become more or less important).

How I use it. When starting a new project, I identify all the content types —
common structures that will be used throughout the site. For marketing
sites, I might identify content types such as products or services or
industries. But that’s boring.

Let’s take a recipe site. I say “recipe" and you already have a model in
your head about what kinds of information it will include: ingredients,
quantities, process, servings, cuisine, dish type, preparation duration, dietary
information and so forth. This structure gives me different ways to sort,
expose, classify and connect content of this type together. We can create
relationships to recipes that are complementary. Or we can connect this recipe
to different versions of the same dish. Recipes, therefore, have a predictable
structure that enables building relationships. Got that? There’s more.

You can even think of recipes as having behaviors. Recipes can
“reproduce” when people comment on them with their own twist. A recipe’s

importance can recede or intensify in different seasons (strong emphasis on
matzoh ball soup in mid-Spring, for example). This kind of content has
pretty predictable ways in which it behaves.

The Principle of Choices
Create pages that offer meaningful choices to users, keeping the range of
choices available focused on a particular task.

Where it comes from. The Paradox of Choice is a book by Barry Schwartz
[1] that came out in 2005. In brief, the book’s message is that a greater
number of options can make it more difficult for people to make a decision.
More options means more cognitive effort, and more effort can sometimes
mean more anxiety. People think they like having a lot of options, but they
really do not.

How I use it. Corporate intranets are ripe for long lists of content. The
organization publishes policies, all on a particular topic (benefits, say) and
rarely makes the editorial effort necessary to keep the lists lean and focused.
The cost is obvious: Users spend more time sifting through lists to find what
they need. They might therefore avoid looking through the lists altogether,
never finding what they need, or they might use alternate channels, like
picking up the phone, defeating the purpose of the intranet.

In designing information hierarchies, I tend to spread things out. That is,
I tend to make shorter lists of choices, at least at the upper levels of the
hierarchy.

The Principle of Disclosure
Show only enough information to help people understand what kinds of
information they’ll find as they dig deeper.

Where it comes from. Progressive disclosure is a common design concept
that builds on the ideas that we can only process so much information at
once, but that we can use what we have to anticipate what’s to come. I like
the explanation in Universal Principles of Design, a book by William
Lidwell, Kritina Holden and Jill Butler [2, p. 154]: “Information presented
to a person who is not interested or ready to process it is effectively noise.”
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How I use it. The main way progressive disclosure influences thinking
about a design is that I have to think about content in terms of layers. A site
presents different layers of the same content in different areas of the site.
Let’s go back to the recipes. A cooking site can’t display a recipe in its
entirety on every page of the site; that would be ridiculous. Instead,
categories of recipes should show much less information about the recipe,
but the right information. If I'm looking at a list of seasonal springtime
dishes, just showing me the cuisine of each dish won’t give me much useful
information. Instead, other pieces of information — a list of recipe names, a
picture of the dish and maybe a couple of the key ingredients — help me
learn just enough about the recipe to decide if I want to click further ahead.

The Principle of Exemplars
Describe the contents of categories by showing examples of the
contents.

Where it comes from. Cognitive science has long studied how people
categorize things. The field looks at what it means to hold a concept in your
head. Ultimately, psychologists have discovered that our brains represent
categories as networks of good examples.

How I use it. Whenever I display a category name, I provide a few
examples of the content that lives in that category. This practice is perhaps
less relevant on recipe websites and more relevant on corporate intranets.
For the last intranet that I designed, I included a list of the main categories
on the home page. Adjacent to each category name appeared a list of two or
three items that best represent that category:

m Forms (W-4, equipment request, expense report)
m Policies (vacation, work from home, parental leave)

These links provide quick access to the most commonly used forms, but
more importantly offer some insight as to what content lives inside the
category.

Netflix has a great example. If you are a regular customer, the Netflix
home page reveals a range of esoteric categories. Here are two of the
categories on my Netflix home page:

Special Section
® Emotional Dramas

m Understated Suspenseful TV Shows
Instead of providing a description of these categories, Netflix does three
things for each category:

m Shows me movies or shows that I've already seen from these categories,

providing a rationale for presenting them to me.

m Shows me four videos I have NOT seen.

m Provides a link to more movies or shows in this category.
By displaying six videos in the category, Netflix does a better job of helping
me understand the category’s contents than any straight description.

The Principle of Front Doors
Assume at least half of the website’s visitors will come through some
page other than the home page.

Where it comes from. This notion has become commonplace since even the
larger sites find that most of their traffic comes through a side door, not the
home page. These direct links are the power of search.

How I use it. The principle yields at least two practical pieces of advice.
First, a destination page has to help users understand what else they can find
on the site. By “destination page” I mean a page where users would land to
consume content: a video on YouTube, a photo on Flickr or an article on
WashingtonPost.com. Users coming to these pages through an outside
search engine may find what they’re looking for, but that page also may
have the responsibility to tell visitors where they are and what else they can
do while they’re here.

Landing on a recipe for matzoh ball soup, a visitor to our recipe site
should see the recipe itself, of course, and additional content for that recipe
that adds some value (customer comments or reviews). However, the page
also must take users to related recipes (like kugel) and perhaps provide a
taste of what other kinds of recipes they can find on the site.

The second piece of advice coming from this principle is that the home
page does not have to do everything. Good home pages exemplify the
breadth of information on the site, but do not attempt to reveal every last
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piece of content. They do not try to expose every category and provide a
path to every nook and cranny. They instead focus on helping new users
understand what the site is all about.

The Principle of Multiple Classification
Offer users several different classification schemes to browse the site’s
content.

Where it comes from. Good information architecture acknowledges that
people have different ways of looking for information. Even narrow audiences
represent a diversity of motivations and mental models (how we imagine
information space). A classification scheme attempts to provide simple
ways for finding information across this range. A classification scheme
describes what labels you will use to categorize the website’s content.

How I use it. Corporate intranets offer a ripe opportunity to use multiple
classification schemes. Having worked on a few of these, I found a consistent
pattern between organizations. People definitely use topics (like, vacations,
for example) to find content on an intranet, but they also use content type
(like, policy or form). They might also use department (HR, for example)
but for some departments that is more meaningful and generally tied to the
topic than for others. In short, then, either topic or content type frequently
constitutes the starting point for finding information on an intranet. Navigation
mechanisms incorporate both of these classification schemes in ways that
let users employ them independently but also combine them as necessary.

This principle is a double-edged sword. Providing multiple ways to find
content benefits users, but providing too many ways can overwhelm and
distract them.

The Principle of Focused Navigation
Don’t mix apples and oranges in your navigation scheme.

Where it comes from. Lots of design teams use phrases like “global
navigation” or “right rail” or “left menu bar” to refer to a menu that lets
users browse content, but do so with its location on the page. Where a menu
appears should not constitute its definition.

As for where it came from, it’s all me. Working with design teams in
organizations that use phrases like “global nav,” I realized that the label
makes it difficult for those teams to understand what the navigation menu is
for. A navigation menu loses its purpose when its name comes from its
location on the template.

How I use it. Designing navigation means establishing a strategy for finding
content on the website. That strategy can entail several different navigation
mechanisms — menus providing access to the content in different ways. On
a content-focused website I designed recently, I incorporated four
navigation mechanisms:

m Topic navigation: The site’s main navigation, which constituted the six
main topic areas.

m Timely navigation: A short menu providing links to subtopics that were
especially relevant or seasonal.

m Signpost navigation: A menu appearing on interior pages to reveal how
the article was classified and giving users an opportunity to explore
those categories.

m Marketing navigation: A short menu appearing adjacent to the topic
navigation providing links to services offered by the organization.

The Principle of Growth
Assume the content you have today is a small fraction of the content you
will have tomorrow.

Where it comes from. Of all the principles on this list, this one is at once
both the most self-evident and the most confounding. We all know where it
comes from: the web today has more content than it did last year and the
year before and the year before that. The convenience of publishing content
combined with inexpensive storage means people put stuff up, but don’t
take stuff down.

Designing for the exponential proliferation of content is challenging.
Designing a structure that can accommodate twice as much content as it can
today is like building an armoire with twice as many drawers. The digital
storage of information comes with (apparently) limitless space, but the
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presentation of and access to that information must conform, on some levels,
with the limitations imposed by physical space. Why? The people who
browse the stacks at a library are the same people looking for content
online: we have the same cognitive and ergonomic requirements.

How I use it. Unfortunately, no hard and fast rules come from this principle.

It is at once inevitable (there will be more!) and impossible to predict (how
much more? what more?). This is the crux of the challenge: a website can
grow in several different directions at once:

m |t can add more content to existing categories: More articles under a
topic.

m [t can add different types of content to existing categories: Videos in a
topic that’s been dominated by text.

m [t can create new categories: A brand new topic.

The approach I use depends on the previous principle — focused
navigation. By assuming that the information space you design requires
several different navigation mechanisms, you can accommodate different
types of growth within each one. Anticipate various kinds of growth your
site might endure and identify how each type of navigation deals with it.

For example, in a navigation mechanism that just deals with topics, the
information architect can establish very broad top-level categories, making
it easier to accommodate new topics as sub-categories. This menu doesn’t
have to deal with any other forms of growth, just the addition of new topics.

To deal with new content types, the information architect can design the
topic page anticipating new forms of content — video, presentations, photo
galleries, podcasts — and design the page to accommodate them. Again, this
page shouldn’t try to deal with any other forms of growth, just the
possibility of new content types.

By splitting up the responsibilities of accommodating growth, a website
can do so gracefully and hopefully with minimal fuss.

Universal Principles of Information Architecture

As Lidwell, Holden and Butler say in the introduction to their book,
“The use of well-established design principles increases the probability that
a design will be successful.” [2, p.13]

The key term here is “well-established.” Information architecture, though
perhaps in its infancy compared to other design fields like building architecture
and graphic design, can still establish a set of self-evident truths derived from
other fields of design, experience and testing. These principles can constitute the
foundation of a theory of information architecture, a framework for informing
design decisions about the structures of websites (among other things).

What separates these principles from, say, those described in the Lidwell,
Holden and Butler book is that, for now, these are my principles. I derived
them from my work either organically or as adaptations of principles from
other fields validated through experience. They’re the principles I bring with
me to every new project, a psychic history of prior challenges, debates and
lessons learned. They serve as the starting point for project-specific
principles, a fertile ground for growing guidelines geared especially for a
particular client, set of design challenges or project objective.

I hope you disagreed with them. At least one of them. A serious theoretical
framework establishes a place for interpretation, reconsideration and debate.
A theory of information architecture would escalate our conversations,
taking us beyond “what do we do” and even “how do we do it” and into
something far more interesting: “How do we do it better?” m

R r Mentioned in the Articl

[1] Schwartz, B. (2005). The paradox of choice: Why more is less. New York:
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enhance usability, influence perception, increase appeal, make better aesign decisions,
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Constructions from Dots and Lines
by Marko A. Rodriguez and Peter Neubauer

graph is a data structure composed of dots (i.e., vertices) and lines o .‘ ° :Irgijoﬁsp}é;h:raph is
(i.e., edges). The dots and lines of a graph can be organized into . d Qe Vet * & the simple graph.
intricate arrangements. A graph’s ability to denote objects and their P .: % .y In this structure, dots
relationships to one another allows for a surprisingly large number of things .: $a%d b o %0, :' < e ?ézrtgsgx?:f ‘I’:;:ﬁ; the
to be modeled as graphs. From the dependencies that link software B :... % : = : of [ J :- o prin%itives are simple,
packages to the wood beams that provide the framing to a house, most ...'.: : e - . < : .. P 2 A their amalgamation can
anything has a corresponding graph representation. However, just because it oo o N4 1 0 %o ® 30 0o :. 0 i yield great complexity.
. . . . [ LAY ® 0 e0®9 o ©
is possible to represent something as a graph does not necessarily mean that P .::_ o 2 Se0o%° o
its graph representation will be useful. If a modeler can leverage the . e s .': .. .'.:' ° ° '-:-:o: .' P :
plethora of tools and algorithms that store and process graphs, then such a " . ...'...0.“. R °e o g o... °° %
mapping is worthwhile. This article explores the world of graphs in e %é e 2 .' . b .:. °% e .
computing and exposes situations in which graphical models are beneficial. R o .‘.': ... Y '. fe AT o
.. .... ..:. :.. .... .... l :..
The Bits and Pieces of the Dots and Lines ‘% 0o oo oo S S
A model is a representation of some aspect of reality. Many models can A " : 5 5 2 % o &
be thought of as a collection of objects, such as people or concepts, and the ° .: '.’.':.. o® e
relationships that exist between them, such as friendships or subclasses. Such
objects and relations form a network. Graphically, an object in a network can

be denoted by a dot, and a relationship can be denoted by a line. A structure
formed by dots and lines is known as a graph — the mathematical term for a
network [1]. The most common type of graph is the simple graph. An example

is diagrammed in Figure 1. In a simple graph there are a set of vertices (dots)
and a set of edges (lines), where edges are undirected and connect two unique
vertices (that is, there are no loops), and no two edges exist between the
same pair of vertices.
Marko A. Rodriguez is graph systems architect at AT&T Interactive. He can be reached Despite the title of this article, dots and lines are not the only components
at marko<at>markorodriguez.com. Peter Neubauer is chief operating officer of Neo in a graph modeler’s toolkit. There are many more bits and pieces in the
Technology. He can be reached at peter.neubauer<at>neotechnology.com . ;

world of graphs. In practice, rarely are vertices and edges the only data
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contained within a graph. For instance, sometimes it is useful to have a
name associated with a vertex or a weight and direction associated with an
edge. From primitive dots and lines various bits and pieces can be added to
yield a more flexible, more expressive graph. Figure 2 diagrams a collection
of different graph types while a short summary of each graph type illustrated
is provided below:
= Half-edge graph: a unary edge (i.e., an edge that “connects” one
vertex). It has limited practical application and is primarily discussed
in mathematics.
m Multi-graph: There are many situations in which it is desirable to
have multiple edges between the same two vertices.
= Simple graph: the prototypical graph, where an edge connects two
vertices and no loops are allowed
m Weighted graph: used to represent strength of ties or transition
probabilities

m Vertex-labeled graph: Most every graph makes use of labeled
vertices (e.g., an identifier).

m Semantic graph: used to model cognitive structures such as the
relationship between concepts and the instances of those concepts [2]

m Vertex-attributed: used in applications where it is desirable to
append non-relational metadata to a vertex

= Edge-labeled graph: used to denote the way in which two vertices
are related (e.g., friendships, kinships, etc.)

= Directed graph: orders the vertices of an edge to denote edge
orientation

= Hypergraph: generalizes a binary edge whereby an edge connects an
arbitrary number of vertices [3]

m Undirected graph: the typical graph that is used when the
relationship is symmetric (e.g., friendship)

= Resource description framework graph: a graph standard developed
by the World Wide Web consortium that denotes vertices and edges by
uniform resource identifiers [4]

m Edge-attributed graph: used in applications where it is desirable to
append non-relational metadata to an edge

= Pseudo graph: used to denote a reflexive relationship

Note that in many cases, these bits and pieces can be used in combination
with one another, that is, they are not necessarily mutually exclusive. The
list presented is not the complete space of all graph types, nor are the terms
generally accepted in all domains. Many of these structures have been
rediscovered in different domains and under different names. The important
point is that there are numerous graph types and, consequently, there are
systems and algorithms that exist to store and process them.

A common graph type supported by most graph systems is the directed,
labeled, attributed, multi-graph — also known as a “property graph.” Graphs
of this form allow for the representation of labeled vertices, labeled edges
and attribute metadata (properties) for both vertices and edges. The property
graph is common because modelers can express other types of graphs by
simply abandoning or adding particular bits and pieces. For example, not
allowing loops or multiple edges between two vertices generates a simple
graph. Not allowing vertex/edge attributes generates a standard semantic
graph. Restricting the vertex/edge labels to Uniform Resource Identifiers
(URIs) generates a Resource Description Framework (RDF) graph (allowing
for a few additional technicalities). Adding a weight attribute to an edge
generates a weighted graph. The various graph types and the morphisms
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that yield one graph type from another are diagrammed in Figure 3. Note
the location of the property graph within this diagram. Finally, while it is
possible to model a hypergraph in a property graph, it comes at the expense
of using vertices in the property graph to denote both vertices and edges in
the hypergraph. For this reason, there are specialized hypergraph systems,
such as HyperGraphDB. For the remainder of this article, the more common
property graph and its supporting technologies are discussed.

FIGURE 3. The property
graph is a convenient
structure because it
contains most of the
bits and pieces used in

weighted graph

add weight attribute

graph modeling. Simple
morphisms of the
remove attributes  remove attributes no op property graph yleld
¥ other common graph
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remove directionality Support other graph
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remove loops, directionality,
and multiple edges
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Preserving Dots and Lines

The computer science community has recently seen an explosion of
database technologies. For decades, the relational database of Codd’s
relational algebra has been the primary storage and query mechanism for
large data sets [5]. However, with the continued growth of data and an
increasingly variegated application landscape, new databases have emerged.
In this space, no database is seen as the single solution to all problems.
Instead, each database attempts to solve a particular data management issue.
Itemized below are short descriptions of recent database types:

= Document database: These databases have the “document” as their

atomic entity. Such objects are semi-structured and usually
represented in XML (Extended Markup Language) or JSON
(JavaScript Object Notation). A document can be retrieved by means
of pattern matching a query document (that is, a semi-populated
document) against all the documents contained in the database. The
benefit of this model is that these databases scale horizontally with
relative ease. This ability is due to the fact that documents lack
references between one another. The drawback is that data is not
interrelated and thus, cross-database analyses are costly. For many
web applications the document database is a very suitable solution
that supports data scale and a convenient symmetry between the
document structure and processing languages such as those that
natively support XML and/or JSON. Examples of such databases
include MongoDB and CouchDB.

Key/value store: This family of databases is focused on scaling large

amounts of data over a large number of machines and, in turn,
supporting heavy read/write loads. Most of the databases in this class
were inspired by Amazon’s Dynamo [6]. A popular open-source
key/value store is Tokyo Cabinet.

Triple/quad store: Triple/quad stores were developed to support the

demands of the Semantic Web/Web of Data/Linked Data community.
These databases are optimized for storing and querying data
represented according to the Resource Description Framework (RDF)
[4]. Typical use cases include description logic reasoning [7] and
SPARQL-based graph pattern matching [8]. AllegroGraph is a high-
performance quad store with a large suite of extensions and features.

Column store: Most column stores are modeled after Google’s
BigTable database [9]. A big table is a sparse, distributed, persistent
multi-dimensional sorted map. The map is indexed by a row key,
column key, and a time-stamp. Real-world services implemented with
BigTable include GoogleAnalytics and GoogleEarth. Cassandra is a
popular open-source column store.
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= Graph database: Graph databases are optimized for the efficient
processing of dense, interrelated datasets. In these databases, the
atomic entity is the graph as a whole. The typical data model is the
property graph. By supporting the interrelation of data, graph
databases allow for fast traversals along the edges between vertices
[10]. A popular graph database of this form is Neo4;.

There are numerous databases in this growing space that were not
mentioned. Moreover, there are other database types not mentioned. It is out
of the scope of this article to explore this space in depth. The interested
reader is directed to related discussions, blog posts and presentations that
are made freely available on the Internet. Of particular relevance to this
article are the graph database and the property graph data model. Figure 4
diagrams a property graph containing people, their articles and a university.
In this particular domain model, each vertex has a name property and a type
property. Edges denote both a directionality and a relationship type (that is,
an edge label). Moreover, it is possible to also include properties on an edge
to further refine the way in which two vertices are related (for example,
Josh started attending RPI in 2007).

FIGURE 5. The index of
the attributes/properties
of the vertices and edges
tend to be trees. A graph
is a generalization of a
tree. As such, graph
databases allow for the
modeling of the indices
of the graph within the
graph structure itself.
For the sake of diagram
clarity, the index does
not touch every vertex
with a name property.
Finally, the edge labels
of the index tree denote
the “bin” that each sub-

vertex is representing.

FIGURE 4. A property
graph is a directed,
labeled, attributed,

name=Construct... name=Graph...
type=article type=article

name=alberto g
PR @ multi-graph. The edges
are directed, vertices/
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friend wrote wrote wrote vertices/edges have
o as§ociated key/value
name=marko pair metadata

type=person

(properties), and there
can be multiple edges
between any two
vertices.

names=peter
name=rpi type=person
type=university

friend collaborator .
¢ friend

5
names=josh
type=person

attends

start=2007
end=N/A

A consequence of the flexibility of a graph is that other related data can be
represented as graph structures along with the domain model. A typical case
of the use of such graph extensions is the endogenous index. An index is
usually a tree-structure that allows for the fast look-up of elements within a
collection. If there were no indices into a collection, then to determine if a
particular element had a particular property, each element in the collection
would have to be examined. Assuming that the cost of a linear scan of this
kind is O(n), where n is the number of elements, an index provides the ability
to partition the elements into increasingly fine-grained bins and thus to reduce
the lookup cost to O(log_2 n) in most cases. While an index creates more data
(the tree structure), it makes up for this cost by greatly increasing the speed of
element retrieval. Figure 5 shows a name-property index over the example
graph diagrammed in Figure 4. Together, the domain model and the index of
the domain model are seen as a single atomic entity. Searching for an element
and moving between elements are accomplished by a unified framework:
the graph traversal.

Jumping from Dot to Dot
The first aspect of using a graph is creating a graph. Once a graph has
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been created, it can be subjected to algorithms that quantify aspects of its
structure, alter its structure or solve problems that are a function of its
structure. At the root of any of these algorithms is the graph traversal [10].
A graph traversal is a walk along the elements of a graph — from vertex to
edge to vertex, etc. As this walk proceeds, aspects of the graph can be saved
or manipulated and in general, an algorithm can be computed. In principle,
any of the data models and databases presented in the previous section (and
including typical relational databases) can be used to represent and process a
graph. However, when traversing a graph is the ultimate use case for a graph
data set, then a graph database is the optimal solution, an import point. A
graph database is optimized for graph traversals because elements (vertices
and edges) maintain direct references to their adjacent elements. It is this
design choice that makes traversing a graph structure within a graph database
fast and efficient.

To get a better understanding of how graph traversals work, the examples
in this section will be expressed in terms of a graph programming language
called Gremlin. In Gremlin, moving over vertices and edges is analogous in
many ways to moving through the directory structure of a local file system.
To demonstrate, a naive friend-of-a-friend query is represented as follows:

JoutE[ @label="‘friend’]/inV/outE[ @label="friend’]/inV
Reading from left to right, this expression states
Start at the root vertex (., that is, the vertex to evaluate the expression on).
Traverse to all the outgoing edges of the root vertex (/outE).
Filter out all edges that are not labeled “friend” ([ @label="‘friend’]).
For all those friend-labeled edges, go to their incoming/head vertices
(/inV).
For all the friends of the root vertex, get their outgoing edges (/outE).
Filter out all edges that are not labeled “friend” ([ @label="‘friend’]).
For all those friend-labeled edges, go to their incoming/head vertices
(/inV).
At the end of this expression, the resultant vertices are the friends of the
friends of the root vertex. Figure 6a diagrams the traversal, where the grey

vertices are the returned vertices. This example is naive because in many
cases, it is important to retrieve the root vertex’s friends of friends that are
not also its friends. In such situations, the traverser must remember if a
located friend-of-friend is not already a friend. In order to calculate the
friend-of-a-friend, the friends must be determined first. Therefore, it is
possible to save this information for later use. This idea is diagrammed in
Figure 6b and the Gremlin expression is presented below, where the
variable $x references the friends of the root vertex.

JoutE[ @label="friend’]/inV[g:assign(‘$x’)]/
outE[ @label="friend’]/inV[g:except($x)]

FIGURE 6. In figure 6a
the grey vertices denote
the friends of the friends
of the root vertex. In
figure 6b the grey
vertices denote the
O friends of the friends of

the root vertex who are
not also the friends of the
root vertex. For the sake
of diagram clarity, the
edges are not labeled.
b. Assume that all edges
are labeled friend.

An important aspect of working with property graphs is that the edges are
typed/labeled. The standard suites of graph algorithms found in most graph/
network-theory textbooks are not immediately useful for property graphs
[11] because most graph algorithms have been developed for unlabeled
graphs. When vertices can be related in many different ways and vertices can
represent various types of objects, the meaning of the rankings, paths and
other features returned by standard graph algorithms are ambiguous. However,
by interpreting a path through a graph as an edge, it is possible to express
standard graph algorithms on property graphs [12]. The previously presented
Gremlin expression followed a path from the root vertex to its friends’ friends.
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This path can be considered a virtual (that is, inferred, derived) edge. From
the perspective of this expression, a new implicit graph is created over the
graph’s vertices that only contains edges labeled “friend-of-a-friend.” This
idea is diagrammed in Figure 7. As such, this virtual graph is equivalent to
an unlabeled graph because all edges having the same meaning. Therefore,
all the standard graph algorithms can be meaningfully applied to this derived
graph — for example, the shortest path between person A and person B
through their friends of friends. The benefit of edge-labeled graphs such as
property graphs is that there are as many types of rankings, scorings and so
forth as there are types of paths that exist between the elements of the graph.

Conclusion

The concept of a graph was introduced in the late 19th century. During
the many decades that followed, the world of graphs was primarily left to
the toiling of mathematicians. In the last few decades, the sociology,
physics and computer science communities introduced a suite of algorithms
and insightful realizations about the nature of graphs found in the real
world. Moreover, the increasingly large volume of data made available by
the Internet has yielded datasets that reflect the graphs found in our

FIGURE 7. The
evaluation of the friend-
of-a-friend expression
yields a path from the
root vertex to the vertex’s
friends’ friends. This
path can be interpreted
as a virtual/inferred/
implicit/derived edge.
For the sake of diagram
clarity, no edges are
labeled. Assume that all
edges are labeled
“friend-of-a-friend.”

OQ OO
O\O/O

technological and social systems. To satiate the need to handle and process
these large-scale graphs, graph databases have come to the forefront. To
make use of the graphs beyond simply representing their explicit structure,
graph traversal frameworks and algorithms have been developed in order to
shape graphs by driving the evolution of the entities that they model — for
example, humans and their relationships to one another and the objects of
their world [13]. m
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he American Society for Information Science and

Technology sponsored a Research Data Access and

Preservation Summit in Phoenix, Arizona, on April
9-10, 2010. The Summit was chaired by Christine Borgman,
professor in the School of Information and Library Science
at the University of California, Los Angeles, and by Reagan
Moore and Gary Marchionini, 2010 ASIS&T president.
Moore and Marchionini are professors in the School of
Information and Library Science at the University of North
Carolina at Chapel Hill. The primary goal of the Summit
was to build a broad perspective on the needs of scientific
data management communities, the technology approaches
going into production data management systems in support
of research and the legal and social implications of sharing
data. Objectives for the Summit included the characterization
of large-scale data management needs, the identification of
representative data management systems and the
identification of interoperability practices.

An example of an emerging data management environment
is the Australian effort to build a national data management
infrastructure that supports all Australian researchers. In the
United States, similar National Science Foundation funded
efforts are exemplified by the DataNet projects. Infrastructure
is being developed to support a wide range of science and
engineering disciplines and all of the phases of the scientific
data life cycle. By sharing data management ideas across
research projects, hearing the actual mechanisms being used
to implement institutional repositories and learning the social

imperatives behind formation of shared collections, the
Summit hoped to build a context within which a national data
management infrastructure can be defined.

The Summit had 75 participants from academic libraries,
federal repositories and private companies. Most of the
participants were from the United States, but participants also
came from Australia, Canada, the Netherlands and the United
Kingdom. An advisory committee collaborated on the design
of the Summit, proposing topics and perspectives for
organizing the meeting. The advisory committee members are
listed in the accompanying box.

Advisory Committee Members

William Anderson, Praxis101 and University of Texas at Austin
Christine Borgman, University of California, Los Angeles
Hsinchun Chen, University of Arizona

Sayeed Choudhury, Johns Hopkins University

Michael Lesk, Rutgers University

Gary Marchionini, University of North Carolina at Chapel Hill
William Michener, University of New Mexico

Reagan Moore, University of North Carolina at Chapel Hill
Art Pasquinelli, Oracle

Sudha Ram, University of Arizona

Stu Weibel, OCLC

The Summit was organized around a progressive presentation
of the challenges facing groups that manage scientific data. To
provide as much expertise as possible, six panels were created,
each one focused on a specific topic. The expectation was that
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. Initiatives are starting to drive formation of national-scale

data infrastructure (NSF DataNet, NSF Teragrid, DOE Open
Science Grid, DOE Earth Systems Grid, NOAA CLASS
system, NASA DAACS). These systems need to interoperate.
Standards are being developed for digital data description
(provenance, context), digital data representation (structure,
processing mechanisms), digital repository trustworthiness
(assessment criteria). These standards need to interoperate.

. An understanding is being developed of the social

motivations to encourage data sharing, formation of shared
collections, collaborative research. The creation of a shared
collection is a social process, requiring consensus on the
properties that the digital objects within the shared
collection will possess, the policies that will be used to
manage the desired properties, the procedures that will be
executed to enforce the properties and the assessment
criteria that will be used to validate the original intent for
forming the shared collection.

4. Does the federation of collections drive long-term
sustainability between institutions and the re-purposing of
collections for use by new communities? What sorts of
social agreements will emerge defining policies controlling
re-use of collections? Can long-term sustainability be
turned into a policy on collection re-use by requiring that
the original use be sustained as an alternate set of
procedures and policies within the new environment?

5. What forms of distributed data will become common
across all data management applications to minimize risk
of data loss, to ensure experts have a local copy and to
facilitate data analyses?

6. Is a national data grid feasible? Could such a grid support
research initiatives across federal agencies?

7. What kinds of federation of federal repositories are
feasible? Can a unifying data management infrastructure
support all federal activities?

8. How can social networks be formed to promote sharing and
maintenance of data collections? What new mechanisms
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Hypotheses and other questions about the futures of for social interaction are needed to promote development

scientific data collections of consensus and agreements by communities?

1. Will there be convergence among the multiple types of data 9. Given that the multiple stages of the data life cycle
management applications (data grid, digital library, correspond to re-purposing of a collection for use by
persistent archive, data processing pipeline)? Can data broader communities, what are the social mechanisms for
management applications be characterized by the formation and maintenance of these broader communities?
procedures and policies that control the collection? 10. Will collections become the standard for organizing data

2. Given that a social consensus drives the formation of a instead of file systems? The context provided by
shared collection, what kind of mechanisms will emerge collections is essential for understanding how to discover,
for communities to develop a consensus on collection browse, access and manipulate data.
sharing?

3. Given the massive size of emerging collections (tens to Participant Commentary: Summit Tweets
hundreds of petabytes), what sorts of computing and Summit participants used Twitter and the hashtag #rdap10
storage integration are essential? Will massive collections to share information about presentations and discussions. An
force the movement of the application to the data, instead online notebook of all the tweets so tagged is found here:
of moving the data to the application? www.twapperkeeper.com/hashtag/rdap10 m
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