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Abstract—n the evolution of any professional organization, it is We begin with a brief discussion of the scope of SMC in-
informative and desirable to take stock of what has occurred, and terests. The principal thrust of activities within the SMC is the
to use this assessment to consider and plan for the future. The IEEE development and use of the methodssgétemsngineering

Systems, Man, and Cybernetics (SMC) Society is considered to be . . .
the leading professional society in the transdisciplinary area of sys- together with the strongest of emphasis omamrsystem inter-

tems engineering, cybernetics, and human machine systems, ang@ction concerns, for the design of knowledge-basdsernetic

has an international reputation for our efforts in developing and systems and processes that support human activities in planning,
presenting innovative research results related to this area. In this design, decision making, and associated resource allocation. It
paper, we—group of five current and former SMC Society presi- s through this thrust that we define a purpose of systems en-

dents—consider the past, present, and future of the IEEE SMC So- . . th izati f K led hich in t
ciety; we are also doing this to commemorate the Society’s 30th an- gineering as the organization of knowledge, which in turn re-

niversary. In particular, we address our auspicious beginning; our quires methods for knowledge acquisition and representation,
transition from an incubatee to an incubator society; the breadth of as well as utilization. Thus systems engineering activities—and
our transactions; the international character of our membership;  the activities of the SMC—vary from requirements definition or

the appropriateness of our name; the move toward an “intelligent” - g5 q sification, to the conceptual and functional design and devel-

systems-oriented umbrella organization; the evolving array of re- t of t “th | h d with hi
search areas; and the challenges and opportunities we face in the OPMENL OF Systems; they are also much concerned with archi-

future. tectural definition and performance evaluation. These activities
Index Terms—Cybemnetics, human machine systems, IEEE pro- &€ needed to obtain functional integration, maintainability, reli-
fessional societies, SMC Society, systems engineering. ability and, perhaps most importantly, the appropriate interfaces

that will insure system design for successful human interac-
tion—which may involve human supervisory control of physical
processes, such as the robots that are used in automated man-
N this paper, we consider the past, present, and futureuficturing, including cognitive tasks at the operational levels
the IEEE Systems, Man, and Cybernetics (SMC) Society @ fault diagnosis, detection, and correction; or at the level of
order to better understand future trends in systems, humans, sititegic planning.
cybernetics. Our consideration must, by necessity, be nonexThus, contemporary and future research efforts in systems en-
haustive. Indeed, we are but five out of a total of 18 current agéheering and the SMC Society place major emphasis on be-
former SMC presidents; our backgrounds, work experiencéwgvioral factor concerns associated walystemsengineering,
and research endeavors do not completely encompass the btoaivariety of hman-machine interaction issues, to a number
range of SMC concerns; and our ability to look into the futuref cyberneticissues related to communications, command and
is limited. Additionally, because of space limitation, we cann@ontrol in humans and machines. All of these are, and will be,
comment on a number of other important issues. To a considespecially concerned with the use of computers in decentralized,
able extent, this paper is an update and extension of a previdugractive, information repositories, as well as for the develop-
paper on this subject [1] commemorating the Society’s 20th ament of analytic, computational, and behavioral constructs that
niversary. support the design of knowledge bases, model bases, and dia-
logue generation and management systems that, in turn, sup-
Manuscript received August 6, 2002; revised October 29, 2002 and Decemgg{t_mformatlon te?hnOIOQyibased S_yStemS and .proceimes
11, 2002. This paper was recommended by Guest Editors K. W. Hipel and N&fficient and effective planning, design, and decision support
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TABLE |

PAST PRESIDENTS ANDHISTORY OF SMC CONFERENCES

Year Location Conference Chair Societv President
1971 Disneyland Gary Hollander William H. von Alven
1972 Washington K. S. Narendra John Warfield
1973 Boston Ahmed Meer Kan Chen
1974 Dallas Andrew P. Sage Thomas B. Sheridan
1975 San Francisco L. Stephen Coles Thomas B. Sheridan
1976 Washington William H. Von Alven Edward A. Patrick
1977 Washington William H. Von Alven Edward A. Patrick
1978 Tokyo/Kyoto, Japan Michael S. Watanabe James D. Palmer
1979 Denver James D. Palmer James D. Palmer
1980 Boston Richard F. Vidale S. Basheer Ahmed
1981 Atlanta Robert P. Zimmer S. Basheer Ahmed
1982 Seattle James A. Wise William B. Rouse
1983 Bombay/Delhi, India Faqir C. Kohli William B. Rouse
1984 Halifax, Nova Scotia Mohammed El Hawari Andrew P. Sage
1985 Tucson William R. Ferrell Andrew P. Sage
1986 Atlanta William B. Rouse G. V.S. Raju
1987 Alexandria Andrew P. Sage G. V.S.Raju
1988 Beijing/Shenyang, China  Jiang Xinsong/ Terry Bahill Arye R. Ephrath
1989 Boston Sheldon Baron Arye R. Ephrath
1990 Los Angeles Amos Freedy James M. Tien
1991 Charlottesville Chelsea C. White, III James M. Tien
1992 Chicago Richard Saeks Chelsea C. White Il
1993 La Touquet, France P. Borne and M. G. Singh Chelsea C. White Il
1994 San Antonio G. V. S. Raju Madan G. Singh
1995 Vancouver William A. Gruver Madan G. Singh
1996 Beijing, China Jim Chien Donald E. Brown
1997 Orlando James M. Tien Donald E. Brown
1998 San Diego Frank Dicesare Richard Saeks
1999 Tokyo, Japan Koji Ito Richard Saeks
2000 Nashville Kazuhiko Kawamura Pierre Borne
2001 Tucson Terry Bahill Pierre Borne
2002 Hammamet, Tunisia Abdel El Kamel Michael H. Smith
2003 Washington D.C. Jack Marin and Mengehu Zhou Michael H. Smith
2004 The Netherlands Wil Thissen
2005 Hawaii Mo Jamshidi

an international reputation for presenting innovative researchdged for all three journals. Furthermore, SMC also is a technical
its field of interest. The Society membership is currently oveosponsor of several other IEEE journals. It is presently one of
4,400. SMC is now a global international society with aboutnly a few IEEE professional societies where all of its journals
61% of its members from outside the United States (25% froane fully electronic on IEEE Manuscript Center and XPLORE.
Asia, 26% from Europe, 10% from others). At the end of 200Most reviews are now accomplished electronically, and all three
the SMC Society reserves were over $2M, about twice the yeajdyirnals accept multimedia files as attachments. Soon, we will
income of the Society, although this has decreased somewhate multimedia abstracts.
due, in part, to the current recession and associated financiaBMC holds one major society annual conference, the IEEE
issues within the IEEE. The major sources of income are publiternational Conference on Systems, Man, and Cybernetics.
cations and conferences. This annual conference is currently held outside the U.S. every
SMC publishes its IEEE AANSACTIONS ONSYSTEMS, MAN,  other year. An active student activity program is a part of each
AND CYBERNETICSIN three parts: Part A, Systems and Humansinnual conference, which includes student paper awards, tuto-
Part B, Cybernetics; and Part C, Applications and Reviews, cuials, and student attendance discounts. Finally, SMC also spon-
rently about 2400 pages total. High interest in the field is indsors, co-sponsors, or has “in cooperation with” status with over
cated by the fact that paper acceptance ratios are about 25% 2&llother conferences and workshops in 2002 and 2003.
SMC members receive Part C as part of their membership, andable | lists the presidents of the SMC since its founding and
can also obtain Parts A and B for an additional fee. An electrortite location of the annual conferences and conference chairs.
attachment option of Transactions, Part B, which allows softhe SMC Society currently makes two major awards: the Nor-
ware, MPEG movies, and additional data to be added to othbert Wiener Award; and the Joseph G. Wohl Outstanding Career
wise normal manuscripts, became available to members in 208Wvard, which is the Society’s senior award. Table Il lists the
This same option later became available for both Part A anecipients of these awards and the year of their receipt. There
Part C, in 2002, and now only electronic submission is encoware also two outstanding paper awards: The Franklin V. Taylor
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TABLE 1l

IEEE SMC MAJOR AWARD RECIPIENTS

15

drawing heavily upon the article by Palmer, Sage, Sheridan, and
Tien [1], we also rely strongly upon the works by Wohl [2] and

Year Wohl Award Recipient Wiener Award Recipient Smith [3], [4] for some of the information and data contained
1580 Andrew P. Sage  in this paper. The reader is referred to these articles for further
1981 : .

1952 information.

1983

1984

1985

1986 William B. Rouse [ll. A USPICIOUSBEGINNING

1987

1988 Andrew P. Sage Joseph G. Wohl The SMC Society was formally born in late 1970s by the
}ggg merger of two groups in the IEEE-the Man—Machine Systems
1901 Thomas B Sheaan.  Group (then c_halred by Joseph Wohl) and the Systems Science
1992 and Cybernetics Group (then chaired by Donald B. Brick). From
1993 James D. Palmer Madan. G. Singh  the beginning, these two groups were oriented toward modeling
1994 Jens Rasmussen : ; ;

1995 Thomas B Sheridan Aoricl Rosenfeid. 0VEM @ broad spectrum of fields, ranging from the mode!mg of
199 biological functions, to the modeling of large-scale socioeco-
1997 Lotfi Zadeh nomic systems with human—machine systems of all kinds in
1998 James M. Tien Piee B. Bome  hatyyeen. The members were largely researchers, in academe,
1999 Guenther Schmidt Chelsea C. White II1 in ind ial h lab . . It fi

2000 Madan G. Singh Kemw.Hpel  OF IN industrial research laboratories, or in consulting firms.
2001 William B. Rouse Yacov Y. Haimes  AS noted, each group was concerned with the modeling of a
2002 Donald E. Brown  phroad spectrum of fields, ranging from biological functions to

large-scale socioeconomic systems, albeit from different per-
Award, for the best paper in the area of human machine systes ec_tives. Within these groups, most members were res_earchers,
and th'e Andrew P. Sage Award, for the best paper in the S’\%d it was felt that t_here was a need for an IEEE_ society that
) ! would focus on the intersection of these perspectives, e.g., the

Transactions during the preceding year. . . e
ntersection of technology and human functioniigpus SMC
On November 14, 2001 a 33-page report on the status:/9 s borr: 9y . unctionifigu

the IEEE Systems, Man, and Cybernetics (SMC) Society WaSThe Man—Machine Systems Group had its beginning in 1954.

presented to the IEEE TAB Society Review Committee (SRQ'rank V. Taylor, who had just organized Division 21 (now the

Their observations and recommendations, in large part, weres'OCiety of Engineering Psychologists) of the American Psycho-

“SMC IS a W?” ma_naged, financially viable, and for-l gical Association and who had helped establish the Human
ward-looking Society. It is very aware of the need to be forwar’g
|

: . ; o actors Society, and his colleague, Henry P. Birmingham, pub-
I(r)]okmg, and is d;.“y cqglnlzartl)tl of the potential !mpact Yfished an article on “Design Philosophy for Man—Machine Sys-
;Oﬁo\(/:vusrirent IEEE financial problems. Our suggestions are t%%ws,” in theProceedings of the Institute of Radio Engineers

| (IRE, the predecessor to IEEE). Realizing that a closer link to
« Seriously investigate the possibilities for expanding cogmgineers must be established in order for work on human fac-
ference activities throughthe establishment of niche me%'rs to have an effect on hardware design, Hank Birmingham
ings/workshops/symposia, some of which may eventualiyok the initiative in 1955 (against the advice of his colleagues
become full conferences. in the Human Factors Society) to establish a professional group
+ Continue/pursue new initiatives in membership growtlhn human factors in electronics in the IRE. It became the 28th
student aCtiVitieS, Continuing education, and new teChni(‘gﬁloup in the IRE. Hank was chair of the group for the first year.
committee establishment. Curt Jansky chaired it the second year. Bernard Mannheimer,
* Many societies use their long-range planning committee $hn Senders, and Frank Taylor were early members. The first
actively search out new areas of potential Society activiti§sye of the IRHransactions on Human Factors in Electronics
such activity can often enthuse AdCom members who othame out in March 1960; it was initially published aperiodi-
erwise tend to be more inward-than-outward looking.  cally—thatis, when enough good articles were received and ref-
SMC leadership already recognizes these topics as importarged.
to its future, since they were expressed within their submittedin 1968, the Professional Group on Human Factors in Elec-
report. SMC is encouraged to actively address its future; it ionics changed its name to the Professional Group on Man—-Ma-
a particularly successful example of a medium-sized IEEE Schine Systems in order to reflect the increasing interactions of
ciety, and deserves to continue to serve its membership.” humans in systems. By this time, the IRE had merged with the
In this paper, we will first look at the history of the SMC So-American Institute of Electrical Engineers to form the present
ciety, how and why it has grown (and changed), and then, WeEE. The first issue of the IEEEransactions on Man-Ma-
will examine some of the future possibilities for the society. Bghine Systemwias dated March 1968. It was edited by Tom
doing this, we will hopefully give some insight into what the fuSheridan, who also served as the first Chair of the Man—-Ma-
ture trends are for the interrelated fields of systems, humans, ahihe Systems Group until the following year, when Joe Wohl
cybernetics. While SMC is shaped by changes in these fieltt®came Chair of this predecessor group for what is today, the
SMC also influences how these fields develop. In addition ®MC Society.
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The Professional Group on Systems Science and Cybernetics Optimization

was organized in the early sixties. The first issue ofTitans- Pattern Recognition

actionswas published in November 1965, with Arthur D. Hall Image Processing

as its first editor. Early issues of tAeansactionsncluded im- Computer Vision

portant contributions by Hall, as well as, R. L. Ackoff, D. B. Cognitive Systems Science and Engineering

Brick, R. A. Howard, I. de Sola Pool, and L. Stark. Following Human Decision-making

the merger of the two IEEE groups, the firstissue of the renamed Human—computer Interaction

IEEE Transactions on Systems, Man, and Cybernetasspub- Information and Decision Systems

lished in January 1971 under the joint editorship of William R.  Integrated Manufacturing

(Russ) Ferrell and John Warfield. In January 1972, Andy SageCurrently, in December 2002, the SMCS had the following
became the editor of thEransactionsa position he held until 23 Technical Subcommittees in the following general areas:
the end of 1998 at which time tAeansactiondad grown from a Cybernetics Committees

single part of approximately 600 pages to a three part journal of Adaptive Computing Systems

some 2,400 pages. In January 1999, three new editors assumed Bio-informatics

their roles: Chelsea C. (Chip) White for Part A, Systems and Computational Intelligence

Humans, Krishna Pattipati for Part B, Cybernetics, and Madan Expert and Knowledge Based Systems

G. Singh for Part C, Applications and Reviews. In January 2002, Intelligent Communications

the editorships changed again with Donald E. Brown, Lawrence Knowledge Acquisition in Intelligent Systems

0. Hall, and Chip White assuming the role of Editor for Parts  Pattern Recognition

A, B, and C, respectively. Machine Learning
Soft Computing
IV. SMCS TECHNICAL COMMITTEES Human—-Machine Systems Committees

_ _ . Enterprise-wide Business Computing
The areas covered by its technical committees reflect the  Human—Computer Interaction

scope of SMC. By IOOking at Changes in the technical commit- Human Interaction with Comp|ex Systems
tees over the years, one can see how the focus within the scope Manual Control

of SMC has changed. Socio-technical Systems Design
In 1971, the initial list of SMCs technical committees and Systems Committees
their technical interests were: Conflict Resolution
Systems Science Committee: Control of Uncertain Systems
CADAR Representative Discrete Event Systems
IEEE Applications of Electrotechnolgy to Social Problems Environmental Systems and Risk Analysis
IEEE Environmental Quality Committee Representative Industrial Applications
IEEE Transportation Committee Representative Information Assurance
National Priorities Optimization
National Goals: Health Care Robotics and Manufacturing Automation
Nonquantifiable Elements in Decision Making Service Systems and Organization
Optimization and Decision Analysis One can see that over the years, areas such as Foundation of
Problem Definition, Modeling and Simulation Cybernetics and National Goals: Health Care have disappeared
Cybernetics Committee while others such as Soft Computing and Robotics have
Adaptive and Learning Systems emerged. Over the years, the focus within SMCs scope has
Biocybernetics shifted more and more into the areas involving “intelligent”
Foundation of Cybernetics systems.
Pattern Recognition SMC also interacts with other IEEE Societies and Councils
Man—Machine Systems Committee by participating on their AdComs and committees. For example,
By 1983, SMCs Technical Committees evolved to includ@MC has two members on the IEEE Neural Networks Society
new areas such as: AdCom. Many SMC Society members also cooperate with the
Energy Systems Robotics and Automation Society and helped found the ITS
Knowledge-based Systems Council, and recently, the Nanotechnology Council. SMC also
Artificial Intelligence has membership on the USAB and EAB committees and has had
Control and Decision members serve as leaders within TAB. Furthermore, SMC mem-
Adaptive and Learning Systems bers are also frequently involved in other societies, e.g., Cir-
Technology Forecasting cuits and Systems Society, Communications Society, Computer
Technology Resources and Environment Society, Control Systems Society, Social Implications of Tech-
By 1990, they evolved (and aggregated,) further such that neslogy Society, American Institute of Aeronautics and Astro-
technical areas of interest were introduced, such as: nautics Society, INFORMS, NAFIPS, INCOSE, and the Human
International Stability Factors and Ergonomics Society. SMC is a founding and con-

Manual Control tinuing member of the Winter Simulation Conference.
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These interactions strengthen the technical information ex- VI. BREADTH OF OUR TRANSACTIONS
change among these societies and enables SMC to deepen a%ce its inception in 1971, tEEE Transactions on Sys-

enrich its particular fields of interest. tems, Man, and Cyberneti¢gs published articles in a broad
range of areas, including biocybernetics, biomedical systems,
artificial intelligence, robotics, adaptive systems, large-scale
V. FROM AN INCUBATEE TO AN INCUBATOR SOCIETY socio-economic systems, man-machine systems, and systems

i i science—all of which are based on Norbert Wiener’s inter-
The IEEE SMC Society was incubated through the merger gisciplinary cybernetics concepts which, to a large measure,

two [EEE groups-Man-Machine Systems and Systems Scielitfinated in the development and planning of large hardware
and Cybernetics. In tum, these two groups were born during fiestems, Most SMC articles have been modeling-oriented. In
late 1950s and early 196.05 because a significant body of mt& sneral, systems are modeled as consisting of components,
lectual ferment was brewing throughout the IRE, the AIEE, anfle sajient governing equations of which could be identified.
subsequently, the IEEE. The essence of_thls concern centeﬁelg components are then aggregated into subsystems and
on the fact that there was no place to air the efforts of engigstems with various disturbance and goal inputs. There is little
neers and engineering psychologists working at the intersectigfhcerm for describing the physics of the systems; the primary
of technology and human functioning. Existing IEEE groups @hncer is system performance with respect to minimizing, or
the time generally eschewed publication of research papers g imizing certain objective functions. Many model forms are

these topics in favor of “mainstream technological advanceg) ng: these include stochastic, deterministic, decision-making,
such as, more mathematical treatises on the nuances and munication, control, pattern recognition, queuing, linear

points of control theory. While these efforts were laudable ig, 4 dynamic programming, and economic models. Readers

every way, they did not encompass the whole world of electricgle expected to be mathematically sophisticated. However,
engineering mterestg. . . . the Transactionshas never been interested in publishing
_ Given the manner in which the SMC Society was establisheglyrely mathematical papers. There has always been an implied
it is little wonder that it has become an incubator for re"'J‘ter‘équirement that models be focused on some ultimate and
technological thrusts. We have only to examine the early list gfa)jstic application, even if experimental data were not offered,

SMCs Technical Committees above to come to this conclusiq'@_' SMC has always focused on iinéersection of technology
This relatively short list of technical interests of the membetnq human functioning

ship of the newly formed IEEE Group on Systems, Man, and
Cybernetics in 1971 already showed sure signs of becoming ay,,
incubator organization. Of course, the hindsight afforded by sev-" "
eral decades of seeing these things happen helps this visionary is interesting to note how the focus within the scope of
process. For example, we can track activities in health caB\IC has changed over the years. Hence, in order to better un-
transportation, pattern recognition, and decision making and dierstand the current scope of papers in dansactions we
cision analysis. Pattern recognition has gone on to become Petve undertaken an analysis of the usage (frequency) of primary
tern Analysis and Machine Intelligence (PAMI) and has a lifavords taken from the titles of 237 actual papers published in the
of its own as an IEEE technical interest activity complete witBMC Transactionover a 28-month period, from January 1990
its own highly regardedransactions Yet another example is through April 1992, and compared this to primary words taken
in simulation. For the technical interest area embodying sirfrom the titles of 237 papers published in 2000—2001. The re-
ulation, SMC joined several other non-IEEE Societies to forsults of this comparison are shown in Table Ill. The first column
the Winter Simulation Conference that publishes its &®va- in Table Il lists the primary words (other than prepositions
ceedingsperhaps the most influential publication in the area @nd other simple nondescriptive words), sorted by frequency
simulation. Unlike PAMI, the Winter Simulation Conference reef occurrence during 1990-1992, that appeared more than five
mains an integral part of SMC, and SMC remains as one of tlimes in the 237 papers published in 1990-1992. The second
founding member societies of the Conference’s Board of Déolumn in Table Il lists their frequency of use in 1990-1992.
rectors. So we may say that from the very beginning, this newlhe third column lists their frequency of use in 2000-2001.
formed SMC Group, itself the result of having been within an inFhe fourth column in Table 11l lists the primary words, sorted
cubator environment of sorts, has itself become a recognizedly- frequency of occurrence during 2000-2001, that appeared
cubator for new technologies at the cutting edge of engineerimgore than five times in the 237 papers published in 2000-2001.
By the year 1983, we saw new SMC technical committed$e fifth column in Table Il lists their frequency of use in
emerge in areas such as knowledge-based systems and artifc30-1992. Finally, the sixth column lists their frequency of use
intelligence. These technical committees again acted as inau2000-2001.
bators, later leading to the development of an interest group inWhereas the word “systems” is still the primary word in
neural networks. Special interest groups in decision and cqublished SMC papers, with a frequency of 60 words in 1992
trol led naturally into an interest in robotics. First robotics andnd 47 words in 2001, it can be seen that significant changes
automation, and then neural networks have gone on to beconawe taken place. In 1992, the words optimal, automatic,
separate |IEEE entities, although supported by SMC as a speisual, generalization, models, multiagent, support, image,
soring society. Today, they have become the IEEE Robotics amaligation, pattern, reasoning, theory, coordination, functions,
Automation Society and the IEEE Neural Networks Society. space, computational, experimental, flexible, manipulator,

EvoLvING FOCUSWITHIN SMC’s SCOPEOVER TIME
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manufacturing, simulation, structural, architecture, complexity,
fault, graph, search, and signal are no longer significantly

TABLE Il

WORD USAGE IN TITLES OF SMC RUBLISHED PAPERS

represented. Instead, by 2001, they have been replaced WordSoredby1992 [ o0 oo Word Sorted by 2000 | oo o
. . Lo . Usage Usage
words that were not considered significant in 1992. These nev . ) o systens 0 e
words, which to some extent are also active areas of Somevbf’azg; Z 2 ﬁ‘:fi; - 2
interest, are represented by the words control, adaptive, anénetwork 24 25 control 32
ysis, data, design, nonlinear, controller, genetic, optimizationgss =, e e 2=
performance, tracking, logic, selection, structure, funcuonzpproach }g }g neural - }g fg
ccision approac!
management, neuro-fuzzy, and petri. Furthermore, it Shoulisin 6 5 oned 2 1
be noted that while in 1992 the two major word usages Wer'gﬁxf = 10 :g;ll’i‘ggm > 4
systems and robot, by 2001 they had changed to systems aplanning 15 3 intelligent 13 1
fuzzy with control becoming a key new third area. Thus, agimtc T o v
can be seen in the changes in the word usage over the yearcmtetglzent g é“ fiefcisiont_ 12 3
met mniormation
shown in Table IIl, by 2001intelligent system&ave become  Jisul 12 learning 6 12
an increasingly important and significant area for SMC. gectolizaion 1 Hodeling S 12
From the above, it can be seen that SMC, and the field Omedel 11 14 design 11
models 11 robot 27 11
systems, human, and cybernetics, has been moving away froaeen Tl dynamic 15 0
nonperceptive and nonadaptive systems, and more toward |pf;;fjs 2 3 ﬁj;ff;‘m ? 5 )
telligent systems. The greatest growth has been in the area neua 10 20 nonlinear 9
intelligent systems dealing with uncertainty and vagueness, i.€xms— L e ¢ S
“soft-computing” systems. Areas such as fuzzy logic, genetuzp?hfanons g ;4 comrﬁller ’
etection genetic
algorithms, neural networks, and adaptive systems, which Welimag 9 knowledge 17 7
relatively unexplored thirty or even ten years ago, are now domgexigtion 2 new 7
i X i pattern 9 optimization 7
inating the scope of SMC. For example, in 1992, the word usagreasoning 9 performance 7
9 gniti 8
of systems was 60, whereas fuzzy was seven. Today, the wo == 2 recogntion :
usage of systems is 47, and fuzzy is 41. In another ten yeariunctions 8 diagnosis 6 6
modeling 8 12 distributed 23 6
what will the word usage be of today’s emerging areas, as CONproblem 8 8 Togic 3
pared to traditional SMC areas? reeogton " e —
Since 1971, SMC members have always had a professionicomputational 7 selection 6
. tal 7 tructs 6
interest in the closely interrelated fields of human—machine sysaegie Z Bmeion S
tems, systems science and engineering, and cybernetics. Ho&z ! kil human_ S
X A | human 7 5 integration 11 5
ever, what has changed over time is that the tools availablmaniputator 7 management 5
for designing, building, and implementing intelligent and com- Lafieiing 7 e 2
plex systems have evolved from modeling crude apprommastmcltml g - petri . :
. . . . \agents process
tions of such systems, to beginning to being able to model realuchienze 6 optimal i5
world systems, such as, complex control systems, financial sysg=ee ¥ . - Aomale 2
tems, information systems, e.g., the Internet, and large scale Sfault 6 gengrillization 1
6 11
cial systems. Whereas in 1992, a typical title for a SMC pape&Z_ ¢ 5 e T T
might have been: “Distributed Dynamic Decision and Plannlng“;dl‘ g f;l;l;‘;“ L
Systems for Robot Motion”, today it might be: “An Adaptive control 32 navigation 9
Computationally Intelligent Control System Application Using &2 : g 2
a Fuzzy-Neural Network Algorithm.” data 1 theory 9
design 1 coordination 8
It is difficult to predict what a typical title might be ten years ronlinear 5 functions 3
controller 7 space 8
from now. SMC is mainly a tool-making society; we react to v - P Z
new applications and theories created elsewhere. Hence whinew 7 experimental 7
. b ibl di . d luti optimization 7 flexible 7
it may be possible to predict increased usage of evolutionar s omance 7 nanipulator 7
(emerging) areas, it is hard to predict revolutionary (brand ney fracking Z manufacturing d
ogic on
ones. selection 6 structural 7
tructul 6 hitect 6
Some examples, suggested to the authors of increasing futug, === < omplexity .
usage of evolutionary, or emerging areas are: odor sourc 3 fault 6
. . . . . neuro-fuzzy 5 graph 6
localization, image based control, e-commerce, distributed CCyovel 5 scarch 3
operative agents, intelligent control utilizing agents, integratiorget 5 signal 6

of computer vision with image understanding, robots with new
senses such as smell, cooperative data mining on large-scale

repositories, computationally intelligent and efficient neural What we are seeing today is that the multifarious nature of
networks for temporal data, more biologically oriented neur&8MC is its strength. This nature has lead to 31 years of contin-
networks, cybernetic systems in the field of bio-informaticsjously evolving hybrid systems, whereby emerging technolo-
nanotechnology, hybrid systems using fuzzy logic, etc. gies, as well as revolutionary ones, are combined with existing
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Fig. 1. IEEE SMC membership by regions. 16.29%

25.08%

. . : . 24.05%
techniques to develop innovative systems modeling and systems ’

management advances. Fig. 2. Percentage of SMC Members who belong to other IEEE Societies (i.e.,
societies to which more than 10% of SMC members belong).

VIIl. I NTERNATIONAL CHARACTER OF OUR MEMBERSHIP The SMC Society has somewhat common interests with a

While the IEEE itself is an international organization, witttumber of other societies. Often SMC attracts members who
some 37.6 percent of its 377 342 members (as of Decemi@k at more that one aspect of systems science or cybernetics.
2001) being located outside of the U.S., we note with pride thaMC members tend to work on broader problems with a wider
the comparable figure on this date for the SMC Society, wifignge of tools than many members of other societies that are
a total membership of 4,438) was 60.3 percent. More speciten more specifically focused. This explains why most of
ically, and in terms of the four non-U.S., IEEE regions, th8MCs members hold more than one membership in IEEE
60.3 percent was distributed as follows: 3.4 percent in Regi§Acieties. In late 2001 for example, 42.82% of SMC members
7 (i.e., Canada), 26.3 percent in Region 8 (i.e., Europe, Afrigéso held membership in the IEEE Computer Society, 25.08%
and Russia), 5.9 percent in Region 9 (i_e_, South America), aiﬁdthe Robotics & Automation Society, 24.05% in the Control
24.7 percent in Region 10 (i.e., Asia and Pacific Rim). Fig. $ociety, and 18.46% in the Signal Processing Society. Fig. 2
presents this membership data in graphic form for the ten IEEEesents this data. Finally, while the SMC Society has members
Regions. Thus, both the IEEE and SMC are very internatiorflawn from many professional employment areas, those from
societies. In May 1990, the comparable percentages for the ti@§gdemia represent the clear majority of the membership.
287557 member IEEE was 22.2 percent located outside of the
U.S., whereas for the 4,819 member SMC Society, it was 40.6
percent, thereby indicating a growth in international member-
ship for both entities. We welcome this situation. Because of
this, SMC has changed its conference policy so that SMCs anThe techniques and concepts which underpin the fields of
nual international conference is now held outside the U.S. evesystems, humans, and cybernetics are evolving, especially as
other year. new technologies evolve and emerge. Many of the SMC-related

To better serve this objective, an ad-hoc committee was research efforts involve the information technologies. An ob-
cently established to identify key groups of non-U.S. membegjective that supports all of these efforts is the continued devel-
who might be interested in hosting future SMC conferences. Apment of systems engineering as an information-science and
another example, we might want to continually assure a govarformation systems-based discipline. Much of traditional en-
nance structure that is reflective of our international charactgineering activity within the IEEE has been concerned with
including our present practice of electing non-U.S. membettse physical and materials sciences. Today is clearly the age of
as AdCom members and officers of our Society. A third ardarge scale systems in which information and associated knowl-
where we should be continually sensitive to our internationatige serve not only as the “glue” that holds the system to-
character is in member services. At a meeting in June 1990, trether but which also provide its competitive advantage. Sys-
IEEE Technical Activities Board (TAB) voted to establish ittems engineering and information systems engineering com-
first non-U.S. office in Brussels, Belgium. SMC supported thiglement and enhance traditional engineering activities through
action, with the expectation that our Region 8 members woulldeir emphasis on information as a basis for engineering. Sys-
then soon experience enhanced member services. This hastemes engineering efforts allow the integration of itf@rmation
believe, occurred and non U. S. based membership increasasisfor engineering with the traditiong@hysical basigor en-
over the last decade reflect this mightily. Since 60% of SMQgneering so as to enable the design of technological systems
members and officers are global in nature (e.g., 60% live outsidied processes that provide effective, efficient, and explicable
the U.S), SMC can say that it really does represent the intersaipport to humans in strategic planning and management con-
tional needs and research interests of engineers and scientistsoften of a real time nature, of operations and tasks. Tien [5]
from around the world; a claim that only a few IEEE societiesalls this area of real time information-based decision making
can make at this time. through his use of the term “decision informatics.”

IX. EVOLVING ARRAY OF RESEARCH
AREAS AND OPPORTUNITIES
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In systems engineering, and within the SMC Society, we aparticular. Obviously, these subject areas are interrelated. And,
especially concerned with aiding clients in the organization tiere are numerous specific research endeavors within each sub-
knowledge for such purposes as design, and we realize that jact area. Each endeavor, however, is related by the common
tiative and creativity are best enhanced when the user of aniireed to acquire, represent, and utilize knowledge in the resolu-
formation system is able to self direct the system tovgkitl- tion of issues. Itis this provision of information-based assistance
basedyrule-based, oformal reasoningbased assistance rathein the organization of knowledge and the communication of this
than having to respond to the dictates of behaviorally insensitikeowledge that is the goal of information technology, and is a
and inflexible software. We must provide for user-directed assisentral focus for the membership of the IEEE SMC Society. We
tance and varying levels of imprecision and uncertainty assoai€ indeed fortunate to live and practice our profession in these
ated with knowledge in the design of change receptive softwaexciting times.

We must not allow the specific nature of the images produced

by a computer to create an “illusion of concreteness” that does X. APPROPRIATENESS OUR NAME

not correspond to the realities of existing situations. Thus the . .
. . X ._Systems, humansand cyberneticsare the three primary

systems design for human interaction encourages users to ”ﬂteqas of interest of the IEEE SMC Societv. Even these three

grate an understanding of what is known with the capacity for Y-

. ) . .words represent a sort of shorthand for lengthy terms. The word
self learning concerning that which is unknown to them. The in- : : .
stemds used as shorthand faystems engineeringsage

. .. . S
tegrating element that enables this is an appreciation for hu é/ [7] and Sage and Rouse [8] relate systems engineering
physiological and cognitive factors, and the requirements that’

. : intelf the methods and tools of systems engineering, the systems
these impose for the enhancement of human skills and intelli- .
gence and design and development processes that can be employed

. I . . to produce a system of large scale and scope, and the systems
.The technical ac;tmﬂes W'th.m the_SMC Sou_ety are GSp(?ﬁanagement processes needed to insure that an overall systems
cially concerned with complexity. This complexity is brough

; . ) Engineering effort is trustworthy in terms of both process and
about because of the multitude of relations and competing p Foduct. The wordnanin SMC is used to imply system design

spectives that sgrrgund a!most aII_contemporary.issues. Ge_ 6F human interaction. That is to say, systems engineering
alflty, knowlgdgetr:s;mpremse aTd mgt?]mplet_e. This cqm;t)_lelx]: that is human oriented. This requires that humans participate
otien requires that many people, with varying experential fgy setting forth design requirements and that system designs

miliarity with a particular task, be involved in issue resolutior&re such that humans can effectively interact with them. The
efforts. This brings about yet further complexity that requir Srm cyberneticsrelates to command, control, and commu-

aggregation of group efforts, including forecasts. Continued ication among humans and machines such that the ultimate

velopments in information technology give much promise fcH]uman—machine combination is well suited to its intended
large scale integrated information systems that can potenti Yy pose
aid human cognition and associated control action through eCIearIS/ systems, marand cyberneticsare terms that have

provision of effective, efficient,.and explicable support for aVearved us well during the past three decades; they have appro-
riety of operational and strategic tasks. Atop level goal for ma iately described our broad range of interest areas. But, do

W'”;]'.n ttr;]e tsoglllety |st0 provuljetedkl;ct?tlonal and.trr(]e searcr; Ie.t ese terms appropriately characterize our efforts today and be-
ership ”a W|th¢na I et petop.ef 0 et' er ;:ophe V\{' cct))mp 3)(' nd, as we make further progress in the twenty-first century?
especially as tnis refates to information technology-based S e earlier in our analysis of SMC paper titles, the term

port systems that ameliorate the effect of human error—wh|g stemss indeed very much used, quite often to represent intel-

will always be with us. ) i . ligent systems and systems that include humans as well as tech-
~We do not underestimate the importance of the traditiongf,qical components, while the term@nandcyberneticsare

disciplines and their role in systems engineering efforts. Wee ' quite infrequently. Moreover, as we become more sensi-

are well aware, for example, that there is much to gain frofy 1, «yojitically correct” terms, should we not consider substi-

a large number of new mathematical discoveries of the 'ElﬁEing the more generic terumarfor mar In regard to substi-

three decades—especially in applied mathematics, Statis“l‘iﬁing forcyberneticsthere are other terms that might better de-

the mathematics of operations research, and soft computiggyjne our Society's current and future interests. Computational
The challenge in this regard is to exploit this knowledge ifye|jigence would potentially be a much more appropriate term:

the development of new computer simulation models that ca8Ad one that is often used within the SMC Society, and else-
help humans increase their intuitive reasoning by analogy, thﬁjﬁere to include cybernetics.

heuristic rules for familiar tasks, and their formal reasoning
abilities in unstructured situations. Doubtlessly, it is for this
reason that modeling, including the development of models of
approximate reasoning activities, has become such an importarfover the years, SMC has retained its broad perspective and its
part of SMC efforts. role as an incubator society. We have stoutly resisted becoming
The preceding discussion has suggested a number of contearrowly focused on any one application (as is true of many of
porary research areas. These concern systems engineering &iseanther IEEE societies) or on any single modeling approach
information science-based management technology that can(@®has been perhaps true of, say,Tit@nsactions on Automatic
much, from a short and long range perspective, to resolve iss@mtrol). This has probably cost SMC some membership, par-
in organizations in general and in industry and engineering ficularly among those engineers and scientists who are not clear

XlI. FUTURE OF CHALLENGES AND OPPORTUNITIES
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on what we stand for or what is our specific focus. A broad in-
terest in systems modeling, particularly those with human com-
ponents in some form, can be rather confusing for many engi- ¢
neers who would prefer to deal with exclusively technological
systems. At the same time, we are a haven for modelers and
systems professionals who do not necessarily fit neatly and ex-¢
clusively in one of the many other IEEE Societies.

Our opinion is that SMC should hold the course, that it has
unique and valuable contributions to make in its present form,
and that there is no purpose to be served in forcing it to change
its nature. Fashions will come and go, and there are inherent
dangers in chasing the latest fad. New fields will evolve, and in
some cases, break off part of our own membership and carry *
it along into a new society. This has already happened, for
example, where neural networks has become the IEEE Neural
Networks Society, and also with fuzzy logic growing into
a number of non-IEEE societies (with many IEEE societies
having overlaps in fuzzy logic), or with information technology
and decision sciences—if it is not already happening. However,
SMC should vigorously pursue the activities that interest its
members, so as to continue to be the premier IEEE Society for
those technical areas. While not interfering with the formation
of new societies, we should not be shy about “claiming the
turf” in those areas in which we are strong. This should include,
for example, intelligent systems, neural networks, fuzzy logic,
decision theory, human—computer interactions, and large scale
socio-economic modeling.

There is no dearth of challenges and opportunities facing
SMC. The U.S. and the world are confronted with many se-
rious problems. All of these have predictable components which
can be modeled in one way or another, and therefore, policy al-
ternatives can be explored. As examples, the following issues,
problems, and associated needs are among those confronting the
world today.

« Environment Developed nations use energy and chemi-
cals which pollute their air and water and consume non-
renewable resources. Developing nations are emulating
them, cutting down the rain forests, and generally exacer-
bating the situation. Greenhouse gases seem to be raising
the temperature of the planet, posing long-term threats of
unknown nature and magnitude.

» Automation, productivity, and industrial infrastructure
Many countries are not willing to make long-term invest-
ments in industrial infrastructure innovations, such as au-
tomation and robotics, to improve their productive ca-
pacity. Instead of investment in the future through sacri-
fice and proper planning in the present, they try to protect
their jobs and current way of doing business

» Education Standards of basic education continue to de-
cline in many countries, particularly in science and math.
Yet many countries often seem unwilling to pay for edu-
cation. As a result, young people are often ill-matched to
an ever demanding employment need.

» Health. Health costs continue to rise relative to other
costs, in part, because as new technology is developed,
everyone feels they have a right to it, whatever the cost.
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Allocations of relatively scarce health resources will be a
growing problem for many countries.

Criminal and civil justice Dealing with national and in-
ternational forms of terrorism is a major contemporary
need.

Air and ground transportation Capacities of airports
serving metropolitan areas have reached their limits. Rush
hour congestion has made urban highway systems into
parking lots. Electronic technology is now being applied
to both these transport modes to squeeze more traffic
through by reduced headways and tighter, and to some
degree automatic, controls.

Discrepancies between the rich and the poddn a
world-wide basis perhaps the greatest threat of all is
the growing discrepancy between the rich and the poor
nations, both because of economic forces and because of
differential population growths. The latter naturally want
what the former have, and whether it comes in the form
of illegal immigration, isolated terrorism, or growing
nuclear capability, the poor will demand better treatment.
Old fashioned military strength is no longer sufficient
to maintain the security of the rich nations, especially
since alliances and arms sales, and terrorist threats [9] can
change the delicate balance so rapidly.

Critical technologies Just over a decade ago in the U.S.,
the National Critical Technologies Panel [10] identified
22 technologies that it considered essential to the na-
tion’s long-term security and economic prosperity. They
included technologies in materials (i.e., materials syn-
thesis and processing, electronic and photonic materials,
ceramics, composites, and high-performance metals and
alloys), manufacturing (i.e., flexible computer integrated
manufacturing, intelligent processing equipment, micro-
and nanofabrication, and systems management technolo-
gies), information and communications (i.e., software,
microelectronics and optoelectronics, high-performance
computing and networking, high-definition imaging and
displays, sensors and signal processing, data storage and
peripherals, and computer simulation and modeling),
biotechnology and life sciences (i.e., applied molecular
biology and medical technology), aeronautics and surface
transportation; and energy and environment (i.e., energy
technologies and pollution minimization, remediation,
and waste management). More contemporary studies
identify essentially these needs, as well. While the de-
velopment of new technologies can surely improve the
welfare of our peoples, we also recognize that technology
is not the only answer, and indeed if not carefully de-
signed, implemented, and managed, technologies can
serve to widen the gap between rich and poor and impart
other effects which are detrimental in the long run [11].
Hence this need is also associated with the need for
improved methods of technology assessment, another
field in which SMC has contributed much. Closely
related to this is the need for greater attention to service
sector technologies. Tien and Berg [12] and among those
who have made a call for enhanced efforts at Service
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Systems Engineering. Increased attention to human ang4]
automation concerns [13] is also a major need. 5]
» The Information Technology Revolutidrast, but by no
means least, on this list is the growing need to deal with
the rapidly emerging technologies of computers and com—%%
munications, and the use of these in almost all areas of so-
ciety to enhance information acquisition, representation, [8]
storage, transmission, use, and knowledge, which is infor- 9
mation embedded in appropriate context. There are major
contemporary issues here, and they range from better ustl
of knowledge and information, and include such issues as;
large scale data mining to get relevant information as we
are being bombarded with massive information with mostlz]
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These are but a few of the problems we all face now and in the
future. They are complex dynamic systems problems in which
emergence and adaptation are to be expected, surely amenable
to modeling, computer simulation, prediction and policy dec
sion—the special capabilities of SMC members. In this sen:
SMC faces a future of challenges and opportunities in su
strongly focused interest areas as intelligent systems. We, al¢
with our colleagues in related fields, welcome these challen
and opportunities. Today, because of the efforts of such visi [
aries as the founders of the society, and its continuing effor ‘3
the SMC Society remains a strong and vital organization. / )
we look tO\_Nar_d the future, we can do no better than to go ba%'? the Department of Tvygﬁsggftg?igﬂ? Ii(ralté?ertct'(ilgl\'nlavr\:iiﬁdotrheesrezrclcrﬁine;(t)r%rt%rr]:
to the beginning and emulate our founders. So long as we kgd for the Transportation Systems Center. He is active as a consultant in

main true to our earliest objectives of being a “scientific, Iiterarwﬁformation and software systems engineering. He has served as Executive

: " ; ; ; ; ; Mice President of the J. J. Henry Company, Inc. from 1982 to 1985; Vice
and educational society [14]’ and maintain our IlvelymtereStI resident and General Manager of the Research and Development Division

emerging and cutting-edge technologies, SMC will continue  mechanical Technology. Inc. from 1979 to 1982, and Administrator of the
provide the invaluable service that it has given to its professi®asearch and Special Programs Administration of the U.S. Department of
; Transportation from 1978 to 1979. In these positions, he was responsible for
and to humankind. . . . -
major research, development, and design programs carried on for industry, the
Department of Transportation, the Department of Defense, the Department of
Energy, the EPRI, and the GRI. From 1971 to 1978, he served as a President of
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the University of Colorado, Boulder, from 1971 to 1978, Dean of Science
and Engineering and Professor of electrical engineering at Union College,
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