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I n a sense, social computing is a new research field with

modern computing and landmark work such as Vannevar

a long history. Its origins trace back to the beginning of

Bush’s Memex,' Douglas Engelbart’s vision for integrating

psychology and organizational development with com-
puter technology advances,? and J.C.R. Licklider’s empha-
sis on computers as communication devices, not comput-
ing machines.?

All these men are considered Internet pioneers whose
contributions consist mainly of ideas, not inventions. Al-
though none of them explicitly used the term “social com-
puting,” their ideas are reflected in recent directions in
social-computing research.

Two views of social computing

Figure 1 shows two schools of thought in this area.
The first, which I call social software, centers on infor-
mation technology. It focuses on applying knowledge
from social studies to design and improve applications
such as email, the Internet, and other computer-supported
collaborative work. This is still the mainstream of social
computing. To me, current social software and related
studies, although powerful and sophisticated, are still
primitive prototypes of Bush, Engelbart, and Licklider’s
pioneering visions.

The second school is newer, more social-sciences cen-
tric, and closely related to the emerging discipline of Web
sciences.* This school emphasizes using IT to develop
cyberphysical systems for studying and managing social
behavior and organizational dynamics, especially in vir-
tual worlds built over the
Internet. These virtual worlds

Why social computing now?

Above all else, the Internet has motivated this new direc-
tion, but two recent political events have also been critical.
The first is the dramatic political reform in the former East-
ern European Communist countries. In the early 1990s, TVs
and fax machines became important in shaping societal dy-
namics online and in real time. This inspired RAND re-
searchers to propose artificial societies as a research concept
for studying IT’s social impact.’ They saw these simulated
worlds as a social policy tool: “the most important policy-
making over the next several decades will occur at the inter-
sections of the information technologies and social change.”

The second event is the 11 September 2001 terrorist at-
tack in the US and subsequent attacks in other parts of the
world. The Internet and mobile communications played a
crucial role in the planning and execution of these attacks
and in the speed and scale of their impact on people and
societies. This motivated University of Arizona Al re-
searchers to initiate a new area of study: intelligence and
security informatics. ISI employs methods and tools de-
veloped in bio- and medical informatics for security issues
ranging from the international to the personal and from
the political to the economic.®

The ACP approach

We need a new science for social studies of integrated
cyber and physical worlds. In these worlds, information
spreads at the speed of light and reaches every corner of
the earth. Organizations involving tens of thousands of
people can emerge overnight or even in minutes, and any
individual who can click might have an equal or even
bigger voice than a powerful government. In a sense,

and the Web are pushing
social computing into cyber-
space and closer to full real-
ization of the augmented
human intellect and living

Information technology

Social software

Human and social studies

Social computing

spaces advocated by these
Internet pioneers.

Figure 1. Two schools of thought: From social software to social computing.
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Figure 2. Parallel execution for control and management in social computing.

cyberspace has facilitated, if not insti-
gated, a fundamental shift in political
power in human societies, which users
can exploit for good or bad. The new sci-
ence must be equal to these situations and
challenges, emphasizing real-time dynam-
ics, closed-loop feedback, and executable
decision support.

Information and social sciences have
performed much research in this direction.
However, to achieve a paradigm shift in
social computing, I propose adapting the
three-stage modeling, analysis, and control
approach that researchers have used suc-
cessfully to solve many natural and engi-
neering science problems. Here, I describe
what I call the ACP approach: artificial so-
cieties for modeling, computational exper-
iments for analysis, and parallel execution
for control.

Modeling with artificial societies

There are as yet no effective, widely ac-
cepted methods for modeling complex sys-
tems, especially those involving human
behaviors and social organizations. Agent-
based artificial societies or general artifi-
cial systems might be the most promising
approach.

Modeling with artificial societies has
three main parts: agents, environments,
and rules for interactions. In this model-
ing approach, the accuracy of approxima-
tion to real systems is no longer the only
objective, as it is in traditional computer
simulations. Instead, the model society
represented by an artificial system is
considered real—an alternative possible

realization of the target society. Along
this line of thinking, the real society is
also one possible realization. So, the be-
haviors of two societies, real and artifi-
cial, are different but considered equiva-
lent for evaluation and analysis.

Of course, modeling with artificial sys-
tems doesn’t exclude exact descriptions of
target systems. Actually, approximation
with high accuracy is still the desired goal
for many applications when it’s achievable.
The idea of equivalent behaviors is a forced
compromise that recognizes intrinsic limits
and constraints when dealing with complex
systems.

Analysis with computational
experiments

Traditionally, social studies often use
passive observations and statistical meth-
ods because conducting active tests and
evaluations, let alone repeatable experi-
ments, is difficult. Even when experiments
are permissible, too many subjective, un-
controllable, and unobservable process fac-
tors can limit the validity and use of the
corresponding results and conclusions. Be-
cause analytical reasoning can solve very
few social-computing problems, finding an
effective way to conduct experiments be-
comes critical for further development of
social-computing research.

Modeling with artificial societies shows
promise for this purpose. Using artificial
societies, we can treat computers as social
laboratories. We can design and conduct
controllable experiments that are easy to
manipulate and repeat; we can then evalu-
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ate and quantitatively analyze various fac-
tors in social-computing problems. These
computational experiments are a natural
extension of computer simulation techni-
ques.” They require attention to basic de-
sign issues related to calibration, analysis,
and verification. They also follow design
principles such as replication, randomiza-
tion, and blocking, just as experiments in
the physical world do.

Researchers must address several impor-
tant issues before we can use computa-
tional experiments effectively and widely
in social-computing problem analysis.
These issues include how to use agents to
sample and interview a population, what
polling techniques to adopt, and how to
manage temporal-spatial distributions in
virtual worlds.

Control through parallel execution
By parallel execution, I mean one or
more artificial systems running in parallel

with a real system. This is a generaliza-
tion of the industrial controllers applied
in conventional automation, which use
analytical models to drive targeted physi-
cal processes to desired states. Parallel
execution provides a mechanism for the
control and management of complex so-
cial systems through comparison, evalua-
tion, and interaction with artificial sys-
tems. As outlined in figure 2, it involves
three major modes of operation:

e learning and training, where real and
artificial systems are normally discon-
nected;

e experimenting and evaluating, where the
connections between parallel systems
are on and off alternatively; and

* controlling and managing, where artificial
systems try to emulate the real system
such that you can use their behaviors to
improve and optimize the actual process’s
performance in real time.

Parallel execution could use methods and
algorithms developed in simulation-based
optimization and adaptive control, such
as rolling-horizon analysis and model-
reference feedback control.

My colleagues and I originally proposed
management based on parallel execution
for complex social-engineering systems
such as transportation systems, electrical
power grids, ecosystems, and social eco-
nomic systems.® It can handle the fast dy-
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namics and extreme scale of cyberphy-
sical systems, making it suitable for con-
ducting and implementing social comput-
ing on the Web.

Foundations in philosophy
and physics

The call for such a paradigm shift would
lead social computing into unknown terri-
tories of artificial entities. Although many
might question the scientific value of con-
ducting research with virtual worlds, figure
3 illustrates some ideas from philosophy
and physics that could provide logical and
disciplinary foundations for research in this
direction.

Karl Popper, one of the greatest modern
philosophers, proposed a three-world
model of knowledge:

e world 1, the physical world of knowledge;

¢ world 2, the mental world; and

» world 3, the expressed or stated world of
knowledge where humankind chooses
artifacts to represent knowledge, which
triggers further thought.

He further divides world 3 into three parts:
world 3.1 for objects in world 1, world 3.2
for those in world 2, and world 3.3 for arti-
facts unknown to both world 1 and world 2.
Social physics, introduced by Harvard lin-
guist George Zipf, was an early attempt to
establish physical laws for world 3 as we
know them from world 1.° Just as natural
physics provides laws governing motion in
world 1, social physics will offer the foun-
dation for constructing artificial societies.
We could also view the parallel-execution
concept as a practical utilization of the
many-worlds interpretation that Hugh
Everett envisioned for quantum mechan-
ics 50 years ago.!”

0ver the past two decades, social soft-
ware, from email to blogs, has fundamen-
tally changed how we live, work, and inter-
act with each other. Could social-computing
research inspire revolutionary changes in
how we conduct and use social studies? I
have high hopes. As the American sociolo-
gist George Lundberg pointed out in 1939:
“It may be that the next great developments
in the social sciences will come not from
professional social scientists, but from peo-
ple trained in other fields.”
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Figure 3. Logical and disciplinary foundations for social computing.

Acknowledgments

This work is supported in part by National
Natural Science Foundation of China grants
60621001 and 60573078, Ministry of Science
and Technology grants 2006CB705500 and
2004CB318103, and Chinese Academy of Sci-
ences grant 2FO5SNO1.

References

1. V. Bush, “As We May Think,” Atlantic
Monthly, July 1945, pp. 101-108.

2. D.C.Engelbart, Augmenting Human Intellect:
A Conceptual Framework, suammary report
AFOSR-3232, Stanford Research Inst., Oct.
1962.

3. J.C.R. Licklider, “Man-Computer Symbio-
sis,” IRE Trans. Human Factors in Electron-
ics, Mar. 1960, pp. 4-11.

4. T. Berners-Lee et al., “Creating a Science of
the Web,” Science, 11 Aug. 2006, pp. 769-771.

5. C.H.Builder and S.C. Bankes, Artificial Soci-
eties: A Concept for Basic Research on the
Societal Impacts of Information Technology,
RAND Report 149, RAND Corp., 1991.

6. H.S. Chen, F.-Y. Wang, and D. Zeng, “Intel-
ligence and Security Informatics for Home-
land Security: Informatics, Communication,
and Transportation,” IEEE Trans. Intelligent
Transportation Systems, vol. 5, no. 4, 2004,
pp. 329-341.

7. F.-Y. Wang, “Computational Experiments for
Behavior Analysis and Decision Evaluation
in Complex Systems,” J. Systems Simulation,
vol. 16, no. 5, 2004, pp. 893-897.

8. F.-Y. Wang, “Parallel Management Systems:
Concepts and Methods,” J. Complex Systems
and Complexity Science, vol. 3, no. 2, 2006,
pp. 26-32.

www.computer.org/intelligent

9. G.Zipf, Human Behavior and the Principle of
Least Effort: An Introduction to Human Ecol-
ogy, Hafner Publishing, 1949.

10. H. Everett, III, “‘Relative State’ Formulation

of Quantum Mechanics,” Reviews of Modern
Physics, vol. 29, no. 3, 1957, pp. 454-462.

Fei-Yue Wang is
the director of the
Key Laboratory of
Complex Systems
and Intelligence
Science at the Chi-
nese Academy of
Sciences. He’s also
a professor in the
University of Arizona’s Systems and Indus-
trial Engineering Department and the direc-
tor of the university’s Program in Advanced
Research of Complex Systems. Contact him
at feiyue @ gmail.com.

NEXT IssUE
lligent

Argumentation
Technology

WWW.COMPUTER.ORG/INTELLIGENT

Authorized licensed use limited to: INSTITUTE OF AUTOMATION CAS. Downloaded on June 22, 2009 at 08:17 from |IEEE Xplore. Restrictions apply.

67




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF0049004500450045002000580070006c006f0072006500200073007000650063007300200066006f0072002000440069007300740069006c006c0065007200200036002e0020004d0056>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


