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Description	of	Academic/Professional	Activities	
Doctoral	Research	

I	 did	 my	 doctoral	 thesis	 research	 in	
John	 Holland’s	 Logic	 of	 Computers	
Group,	 University	 of	 Michigan,	 1969-
71.	My	 thesis	work	 included	 the	 first	
use	 of	 a	 genetic	 algorithm	 to	 solve	 a	
“real-world”	 problem—i.e.,	 one	 for	
which	 the	 answer	 was	 unknown	 and	
actually	wanted—as	opposed	 to	 “toy”	
benchmark	 problems.	 	 Of	 course,	
genetic	 algorithms	 would	 not	 be	
named	 that	 for	 many	 years,	 but	 the	
principles	 already	 articulated	 by	
Holland	were	exactly	those	later	called	
a	 genetic	 algorithm.	 My	 work	 began	
from	 a	 computer	 simulation	 initiated	
by	 Dr.	 Roger	 Weinberg,	 a	 Ph.D.	 in	
Biochemistry	 and	 fellow	 (second)	
Ph.D.	 student	 in	 the	 Logic	 of	
Computers	 Group.	 We	 modeled	 the	
growth	of	an	E.	coli	cell,	using	fourteen	
generalized	 “pools”	 of	 cellular	
constituents	 (think	 cell	 membrane,	
cell	 wall,	 ATP,	 ADP,	 MRNA,	 TRNA,	 …	
pools	 like	 that).	 I	 added	 a	 more	
sophisticated	 replicon	 (Helmstetter-
Cooper)	 and	 capability	 to	 grow	 on	
multiple	 media,	 producing	 a	 more	
robust	 model	 capable	 of	 simulating	
shifts	 among	 growth	 media,	 enabling	
the	 use	 of	 more	 data	 to	 indirectly	
parameterize	 the	 model	 based	 on	 its	
behavior.	Based	on	what	I	had	learned	
in	 Holland’s	 two	 courses	 on	 adaptive	
systems	(covering	what	we’d	now	call	
genetic	 algorithms	 and	 complex	
systems),	 I	 developed	 a	 GA	 that	 used	
integer-mapped	 real	 representations	
of	 over	 forty	 rate	 constants,	 most	 of	
which	 were	 involved	 in	 calculating	

nonlinear	 enzyme	 activities	 for	
transitions	 among	 the	 fourteen	
“pools”	based	on	a	model	of	allosteric	
modification	 of	 enzyme	 activity.	 The	
integers	 were	 uniformly	 mapped	 to	
logarithms	 of	 real	 number	 rate	
constants,	 to	 allow	 search	 of	
exponentially	 distributed	 rate	
constants	 across	 many	 orders	 of	
magnitude.	 The	 GA	 used	 integer-
truncated	Gaussian	mutation	and	two-
point	 crossover.	 The	 search	 was	
possible	 only	 because	 it	 could	 be	 run	
on	 Logic’s	 IBM	1800	 computer,	 being	
checkpointed	 whenever	 another	 user	
wanted	 the	 machine	 for	 another	
purpose,	 but	 then	 restarted.	 It	 ran	
cumulatively	 for	 over	 half	 a	 year.	
When	 I	 joined	 the	 faculty	at	Michigan	
State	 University	 in	 fall,	 1971,	 I	 had	
access	 to	 another	 IBM	 1800,	 where	 I	
finished	 the	 runs	 needed	 for	 my	
dissertation.	 After	 completing	 the	
defense	 in	 January,	 1972,	 I	 published	
an	 article	 about	 a	 cellular-space	
embedding	 of	 the	 model,	 in	 the	
journal	 Biomedical	 Computing,	 based	
on	 my	 study	 of	 cellular	 automata	
under	 Prof.	 Arthur	 Burks,	 also	 of	 the	
Logic	 of	 Computers	 Group.	 However,	
my	initial	attempt	to	publish	about	the	
GA	 process	 used	 to	 evolve	 the	model	
was	not	accepted,	and	the	pressures	of	
assistant	 professorship	 discouraged	
me	 from	 pursuing	 it	 further.	 At	 that	
time,	 it	 was	 very	 difficult	 to	 publish	
both	 because	 there	 was	 no	 GA	
community	 that	 could	 have	 reviewed	
it	 knowledgeably,	 and	 because	 the	
paper	 could	 only	 describe	 the	 results	
of	a	single,	year-long	run,	which	could	
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not	 practically	 be	 replicated	 in	 order	
to	 draw	 any	 statistically	 valid	
conclusions.	 However,	 the	 GA	 did	
produce	 a	 solution	 that	 generated	
good	 agreement	 with	 changes	 in	
doubling	times	resulting	from	shifts	of	
growth	 media	 (e.g.,	 changing	
environmental	 conditions)	 that	
approximated	 those	 seen	 for	 E.	 coli.	
That	 enabled	 me	 to	 begin	 to	 look	 at	
modeling	colony	formation.	

Teaching	Ecologists	and	
Systems	Scientists	to	
Collaborate	

In	1972,	MSU’s	large	NSF	RANN	grant	
required	 that	 many	 biologists—
particularly	 ecologists—be	 able	 to	
work	 with	 systems	 scientists	 to	
develop	 mathematical	 models	 and	
computer	 simulations	 of	 biological	
systems,	 at	 many	 levels.	 When	 I	 was	
hired	 in	Fall,	1971,	before	completing	
my	 Ph.D.,	 I	 was	 asked	 by	my	mentor	
and	 the	RANN	grant	PI,	Prof.	Herman	
Koenig,	 to	develop	a	series	of	courses	
to	 train	 systems	 scientists	 and	
biologists	to	work	together	to	develop	
such	 models	 and	 computer	
simulations.	 Dr.	 Patricia	 Helma	 (now	
Werner)	and	I	developed	two	parallel	
courses,	 followed	by	a	 third	course	 in	
which	the	graduates	from	the	first	two	
were	 grouped	 to	 work	 together	 on	
developing	 a	 computer	 simulation	
associated	with	the	research	of	one	of	
the	 biology	 graduate	 students.	 In	 the	
first	 course,	 “Systems	 Concepts	 for	
Biologists,”	 I	 taught	 the	 principles	 of	
state	 modeling	 of	 dynamic	 systems,	
with	 special	 emphasis	 on	 developing	
the	 students’	 intuition	 for	 the	
qualitative	 behavior	 of	 differential	
equations.	 I	 then	 taught	 several	

numerical	 solution	 techniques	
(quadrature)	 for	 solving	 the	
differential	 equations	 constituting	 a	
state	 model.	 I	 taught	 them	 to	 write	
FORTRAN	 code	 to	 simulate	 such	
systems.	 I	 introduced	 the	 concepts	 of	
probability	 distributions	 and	
stochastic	 modeling,	 including	
generation	of	discrete	and	continuous	
random	 variables	 in	 the	 computer	
(uniform,	 Poisson,	 binomial,	
exponential,	 Gaussian,	 etc.).	 We	
studied	classical	population	models	as	
differential	equations	(logistic	growth,	
predator-prey,	etc.).	At	the	same	time,	
Pat	 Helma	 was	 teaching	 the	 systems	
science	 (and	 various	 other	
engineering)	 students	 about	
principles	 of	 population	 biology,	
including	 mathematical	 models	 and	
concrete	 examples.	 A	 plant	 ecologist,	
she	 taught	 about	 the	 interactions	
among	 plant	 populations,	 animal	
populations,	 and	 their	 environments.	
We	typically	had	about	40	students	in	
the	course	for	biologists,	and	about	15	
in	 the	 course	 for	 engineers,	 so	 in	 the	
spring,	we	 formed	 10-12	 teams,	 each	
including	 at	 least	 one	 engineer	 and	
two	or	more	biologists,	organized	in	a	
self-selection	 process,	 in	 SYS	 843,	
Ecosystem	 Analysis,	 Design	 and	
Management.	 Each	 team	 met	 weekly	
with	 Pat	 Helma	 and	 me	 on	
development	of	their	model,	and	later,	
sometimes	 also	 involved	 the	 thesis	
advisor	of	one	of	the	biologists.	Teams	
generated	 over	 100	 models	 during	
that	 ten-year	 period.	 Many	 of	 these	
teams	produced	computer	simulations	
that	ended	up	as	 integral	parts	of	 the	
doctoral	research	of	one	of	the	biology	
graduate	 students,	 and	 some	 led	 to	
independent	 publication	 of	 the	
modeling	 work.	 As	 a	 result	 of	 this	
involvement,	 in	 the	 1972-85	
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timeframe,	 I	 served	 on	 the	 doctoral	
committees	 of	 eighteen	 biology	
graduate	 students,	 guiding	 the	
modeling	work	of	 nine	 of	 them.	After	
Pat	 Helma	 left	 East	 Lansing,	 I	
partnered	 in	 this	 course	 sequence	
with	 a	 succession	 of	 other	 biologists,	
including	 Bill	 Cooper,	 Phil	 Crowley	
(my	 postdoc),	 Don	 Hall,	 and	 Earl	
Werner,	 all	 of	 the	 Department	 of	
Zoology,	 and	 Stuart	 Gage,	 of	
Entomology.	 In	 the	 late	 70’s,	 I	
developed	 classroom	 software	
(displayed	 on	 a	 giant	 color	 screen—
quite	 the	 deal	 at	 the	 time)	 that	
graphically	 illustrated	 step-by-step	
three	 methods	 of	 numerical	 solution	
of	 differential	 equations:	 	 Euler,	 a	
second-order	predictor-corrector,	and	
the	 standard	 fourth-order	 Runge-
Kutta,	 and	 this	 software	 even	 saw	
some	distribution	to	other	universities	
with	 good	 color	 graphics	 terminals	
(which	 were	 rare	 at	 the	 time).	 This	
three-course	 sequence	 brought	 MSU	
recognition	as	a	leading	place	to	study	
the	 newly	 emerging	 field	 of	 systems	
ecology,	and	more	than	twenty	faculty	
members	 from	 many	 universities	
came	on	leave	to	MSU	to	participate	in	
this	 course	 sequence.	 The	 three-
course	sequence	became	the	model	on	
which	 we	 based	 BEACON’s	 flagship	
courses	almost	40	years	later.		

Early	Research	Modeling	
Ecosystem	Dynamics	(and	
Using	a	Genetic	Algorithm)	

At	 Michigan	 State	 University,	 I	
continued	 to	 use	 genetic	 algorithms	
for	 parameterizing	 compartment	
models	 for	 nutrient	 and	 pesticide	
transport	 in	 aquatic	 and	 terrestrial	
environments,	 1973-81,	 in	 a	 series	 of	

projects	funded	initially	under	an	NSF	
RANN	 (Research	 Applied	 to	 National	
Needs)	 grant	 to	 Herman	 Koenig	 and	
Bill	 Cooper.	 I	 continued	 later	 under	
grants	 from	 EPA	 that	 I	 directed.	 The	
first	 EPA	 project	 looked	 at	 fate	 of	
pesticides	 in	 aquatic	 environments,	
including	 an	 artificial	 stream	 on	 the	
grounds	 of	 the	 Monticello	 Nuclear	
Power	 Station	 in	 Minnesota.	 That	
stream	 provided	 a	 recirculating	
environment	 in	 which	 we	 could	
monitor	 the	 distribution	 of	 pesticide	
among	 the	 various	 compartment	
types.	For	 that	project,	 I	worked	with	
Dr.	Renate	Snider	on	algal	chemostats	
(which	ended	up	being	 in	a	 lab	 in	 the	
Natural	Science	Building	that	had	once	
been	my	father’s	lab).		John	Van	Sickle	
completed	his	Ph.D.	in	1975	as	part	of	
this	effort.	Our	later	EPA	support	was	
to	 model	 the	 fate	 and	 effects	 of	 the	
organophosphate	 pesticide	 Guthion	
(azinphosmethyl)	 in	 experimental	
apple	orchards,	 funded	by	EPA	out	of	
their	Corvallis,	OR,	lab,	under	program	
officer	Jim	Gillett.	 I	collaborated	again	
with	 Renate	 Snider,	 and	 also	 with	
environmental	 chemists	 Matt	 Zabik	
and	A.	W.	 A.	 (Tony)	Brown,	 and	with	
postdoc	 Bob	 Kon	 and	 grad	 student	
(later	postdoc)	Jeff	Jenkins.	Renate	did	
a	lot	of	work	with	Trachelipus	rathkei	
(sowbugs),	 looking	 at	 absorption	 and	
toxicity	of	the	pesticide	in	the	orchard	
environment	 after	 it	 was	 sprayed	 on	
apple	 trees.	 To	 fit	 our	 data	 into	 the	
compartment	 models	 we	 developed,	
we	again	used	a	genetic	algorithm,	but	
were	prevented	from	publishing	about	
the	 genetic	 algorithm,	 because	 of	 an	
unfortunate	turn	in	world	politics.	The	
GA	 work	 was	 done	 by	 my	 Iranian	
Ph.D.	 student,	 Mehrdad	 Tabatabai,	
who	was	 “all	 but	 dissertation”	 in	 late	
1978	when	he	suddenly	left.	He	felt	he	
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had	 to	 return	 to	 Iran,	 leaving	 an	
apartment	 full	 of	 furniture,	 etc.,	 to	
protect	 his	 family	 at	 the	 time	 of	 the	
Islamic	Revolution.	He	was	never	able	
to	 return	 to	 complete	his	degree,	 and	
we	 had	 no	 communication	 until	 at	
least	 20	 years	 later,	 so	 the	 genetic	
algorithm	 work	 was	 not	 published,	
only	used.		

Early	CAD/CAM/CAE	
Research	and	Case	Center	
Leadership	

In	 the	 late	 ‘70’s	 and	 early	 ‘80’s,	 I	
supervised	 the	 computer	 facilities	 of	
the	 College	 of	 Engineering,	 including	
their	IBM	1800,	AD4	analog	computer,	
remote	card	reader/line	printer	to	the	
campus’s	 CDC	 3600	 (later	 6600)	
computer,	 and	 a	 roomful	 of	 ASR33	
teletypes.	 In	 1983,	 that	 equipment	
was	 formalized	 to	 become	 the	
Engineering	 Computer	 Facility,	 under	
my	 direction.	 In	 1977-78,	 Ron	
Rosenberg	 and	 I	 worked	 with	 Jim	
Bernard	 to	 establish	 the	 A.	 H.	 Case	
Center	 for	 Computer-Aided	 Design,	
the	 second	 university	 CAD	 center	 in	
the	 country,	 I	 believe.	 Bernard	
directed	it	until	his	departure	in	1983,	
with	 me	 as	 Associate	 Director	 for	
Operations	 and	 Rosenberg	 as	
Associate	 Director	 for	 Education.	 I	
took	over	direction	of	the	center	when	
Bernard	left	for	Iowa	State.	The	center	
had	 a	 marvelous	 staff	 of	 graduate	
student	 consultants	 and	 undergrad	
staffers	and	programmers,	and	we	did	
CAD/CAM/CAE	 research	 for	 many	
companies—including	 several	
automotives	 (GM,	 Ford,	 Chrysler,	
Motor	 Wheel)	 or	 CAD	 software	
developers	 (SDRC,	 CIMLINC).	 General	
Dynamics	was	also	a	major	sponsor	of	

CAD/CAM	 algorithm	 development,	
under	the	leadership	of	Mel	Barlow	(a	
vice-president	and	M.E.	alumnus)	and	
Russ	 Owen	 (a	 Case	 Center	 graduate	
who	 started	 as	 a	 design	 engineer	 at	
General	 Dynamics	 and	 rose	 to	 a	 vice	
presidency	 at	 Computer	 Sciences	
Corporation).	 Mel	 Barlow	went	 on	 to	
lead	 the	 Case	 Center’s	 Endowment	
Fund	Campaign,	which	meant	 that	 he	
and	 I	 visited	 many	 corporate	
headquarters	 across	 the	 country	
together	 in	 building	 a	 multi-million	
dollar	endowment	for	the	Case	Center.	
The	center’s	“golden	years,”	when	our	
mechanical	engineering	students	were	
highly	sought	after	by	CAD	developers	
and	 corporate	 users	 alike,	 lasted	 into	
the	 1990’s,	 during	 which	 time	 I	 did	
research	 in	 computer	 graphics	
algorithms,	 numerically	 controlled	
machining	 toolpath	 verification	 (with	
Ki-Yin	 Chang	 and	 Leslie	
Hoppensteadt),	 robotic	 spray	
simulation	(with	Paul	Haas	and	Leslie	
Hoppensteadt,	 sponsored	 by	 Russ	
Owen	 at	 GD),	 lost	 foam	 pattern	
molding	for	cylinder	heads	(with	Dave	
Chesney,	 sponsored	 by	 GM),	 etc.,	
under	 sponsorship	 of	 many	
companies.	As	the	field	developed,	the	
center	 was	 renamed	 the	 Case	 Center	
for	 Computer-Aided	 Engineering	 and	
Manufacturing,	 with	 CAD	 then	
sounding	 out	 of	 date.	 Because	 of	 my	
involvement	 with	 aerospace	
CAD/CAM/CAE,	 I	 was	 appointed	 a	
member	 of	 the	 CAD/CAM	 Technical	
Committee	 of	 the	 American	 Institute	
of	 Aeronautics	 and	 Astronautics	
(AIAA).	 I	 really	enjoyed	working	with	
the	 people,	 nearly	 all	 from	 industry,	
figuring	 out	 what	 standards	 were	
needed,	 how	 to	 deal	 with	 interfacing	
among	 various	 types	 of	 CAD/CAM	
systems,	 how	 to	 improve	 the	



	 5	

connection	 between	 CAD	 and	 CAM,	
and	 similar	 issues.	 I	 chaired	 the	 TC’s	
Research	 and	 Future	 Directions	
Subcommittee	at	one	point,	and	the	TC	
gave	 me	 their	 Outstanding	
Contributions	Award	in	1990.		
	
Some	of	the	outstanding	grad	students	
who	 worked	 in	 the	 Case	 Center	 then	
were	Mark	Pickelmann,	Jane	Hawkins,	
Jim	 Oliver,	 Adrian	 Sannier,	 Dave	
McClaughry,	Dave	Chesney,	Guy	Allen,	
and	 Dan	Wysocki.	 Stellar	 undergrads	
with	 whom	 I	 worked	 or	 whom	 I	
mentored	in	the	Case	Center	 included	
Adrian	Sannier,	Rob	Leland,	Paul	Haas,	
Ben	Pfaff,	and	Antony	Paul.	
	
In	 1986,	 the	 Engineering	 Computer	
Facilities	 were	 merged	 into	 the	 Case	
Center,	and	then	 in	1993,	while	 I	was	
on	 sabbatical	 in	 China,	 the	 consulting	
and	 operations	 folks	 were	 separated	
out	 again	 as	 the	 Division	 of	
Engineering	 Computing	 Services,	
leaving	 the	 original	 Case	 Center	 to	
conduct	 and	 coordinate	 CAD/CAM	
research	 and	 to	 interface	 with	
industry.		

Development	of	Educational	
Software—SYSKIT	

In	 1981,	 Ron	 Rosenberg	 and	 I	 began	
developing	 a	 software	 package	 for	
simulating	 system	 dynamics,	 with	 an	
advance	 from	 McGraw-Hill	 (the	
publisher)	 and	under	Ron’s	 company,	
Rosencode,	 Inc.	 	 We	 worked	 nights	
and	weekends,	 truly	 loving	 the	work,	
for	 more	 than	 a	 year	 to	 produce	
SYSKIT,	in	versions	for	MSDOS	and	the	
Apple	 II	 platforms.	 I	 think	 Ron	 and	 I	
both	 could	 have	 had	 happy	 careers	
just	writing	 computer	 code,	 given	 the	

fun	 we	 had	with	 this	 project.	 SYSKIT	
was	 built	 for	 ease	 of	 use,	 in	 the	 pre-
GUI	world	 of	 personal	 computers. As 
the McGraw-Hill publicity said, “The 
SYSKIT is a linear system software 
toolkit that contains a highly integrated 
set of programs with applications to 
system dynamics, controls and 
vibrations. It includes file management, 
a time processor for eigenvalue and time 
response, a conversion module for 
vibrations, a frequency domain module 
for frequency response and root locus, 
and output display modules for time, 
frequency, and root locus data.” 
SYSKIT achieved its ease of use by 
always beginning from a pre-defined 
problem executable at any	 time,	 which	
the	user	then	modified	step	by	step	to	
transform	 it	 into	 the	 user’s	 problem.	
SYSKIT	kept	the	problem	well	defined,	
so	 there	 was	 no	 room	 for	 syntax	
errors	 and	 debugging	 a	 problem	was	
“dirt	 simple.”	 Unfortunately	 for	 us,	
SYSKIT	 appeared	 in	 1983,	 just	 after	
Apple	 announced	 the	 MacIntosh,	
which	 brought	 a	 GUI	 to	 the	 personal	
computer	 world,	 followed	 quickly	 by	
GUI-based	 systems	 dynamics	
packages,	 so	 McGraw-Hill	 never	 sold	
SYSKIT	in	any	significant	quantity.			

Early	ALife	Research	in	the	
Case	Center	

Sometimes	faculty	members	are	lucky	
enough	 to	 work	 with	 a	 student	 for	
many	 years,	 and	 such	 was	 my	
experience	 with	 Adrian	 Sannier.	 	 He	
was	an	undergraduate	Honors	College	
student	 in	 Systems	 Science,	 and	
became	 interested	 in	 genetic	
algorithms.	 He	 stayed	 at	 MSU	 for	 his	
Ph.D.	 program,	 working	 with	 me	 on	
evolution	 of	 digital	 organisms.	 This	
was	 in	 the	 early-mid	 ‘80’s,	 a	 time	
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when	 few	 had	 enough	 computer	
resources	 to	 evolve	 very	 interesting	
things,	but	we	had	a	secret	weapon:	a	
series	 of	 Prime	 computers	 that	 were	
the	 mainframes	 of	 the	 Case	 Center.		
When	 they	 weren’t	 doing	 something	
else,	 they	 could	 be	 running	 our	
evolution	programs,	and	did	they	ever.		
We	wanted	 to	see	what	would	evolve	
in	a	 landscape	 that	had	patchy	 forage	
available,	 growing	 logistically	 in	 a	
seasonal	 environment.	 The	 plants	
were	 not	 evolved,	 but	 the	 foragers	
were.	 	 They	 were	 not	 self-
reproducing,	but	received	energy	from	
the	 plants	 they	 managed	 to	 eat,	 and	
could	reproduce	when	they	reached	a	
specified	 energy	 threshold.	 They	 had	
movement	 instructions	 and	 ate	when	
they	landed	somewhere	with	food,	at	a	
rate	 that	 depended	 on	 the	 amount	
available	 and	 how	 long	 they	 stayed	
there.	Of	course,	since	the	plants	grew	
logistically,	 their	 growth	 rate	 was	
affected	 by	 not	 only	 the	 season,	 but	
also	 by	 how	 much	 plant	 had	 been	
eaten	 from	 their	 “patch.”	 Fairly	
quickly,	 quite	 competent	 foragers	
emerged,	but	eventually,	we	were	able	
to	 co-evolve	 two	 distinct	 populations	
with	different	foraging	strategies.	The	
“farmers”	 tended	 to	 stay	 at	 a	 food	
patch	 until	 it	 was	 nearly	 exhausted,	
whereas	 the	 “nomads”	 tended	 to	 feed	
for	 a	 while,	 then	 set	 out	 in	 search	 of	
other	 food	 (speaking	 anthropo-
morphically).	 Together,	 these	 two	
populations	 were	 able	 to	 utilize	 a	
much	greater	portion	of	the	total	food	
resource	than	either	population	could	
by	itself…	that	is,	they	kept	the	plants	
cropped	 pretty	 close	 to	 half	 of	 their	
carrying	 capacity,	 which	 maximizes	
their	 growth	 rate	 in	 a	 logistic	 growth	
model.	 Eventually,	 the	 foragers	
evolved	 into	 a	 single	 population	 that	

had	 a	 “switch”	 at	 the	 top	 of	 their	
program,	 which	 jumped	 to	 either	
“farmer”	 or	 “nomad”	 code	 in	 the	
genome.	 We	 presented	 this	 work	 at	
the	 Second	 International	 Conference	
on	Genetic	Algorithms,	which	was	the	
first	 one	 I	 had	 heard	 about!	 Imagine	
my	 glee	 when	 learning	 that	 we	 now	
had	a	solid	community	of	researchers,	
even	if	 journal	publication	was	still	to	
remain	difficult	for	another	few	years.	

Early	Contact	with	China	

In	1987,	I	heard	from	Margaret	Wilke,	
then	 a	 systems	 analyst	 in	 the	 Case	
Center,	 that	 her	 husband,	 Prof.	 Jay	
Siegel,	 an	 internationally	 renowned	
forensic	scientist,	had	started	studying	
Chinese,	 in	 order	 to	 better	
communicate	 with	 his	 Chinese	
visitors.	 Being	 a	 lover	 of	 language	
study,	but	rarely	having	had	a	chance	
to	use	 the	Russian	 I	 studied	 for	 three	
years	 in	 college,	 and	 having	 already	
had	 several	 Chinese	 graduate	
students,	 I	 resolved	 to	 follow	 Jay’s	
lead.	 In	 Fall,	 1987,	 I	 enrolled	 in	
Chinese	 101	 at	 MSU.	 I	 loved	 the	
classes,	 and	 after	 completing	 Chinese	
103	 in	 spring,	 1988,	 I	went	 to	 Fudan	
University,	 Shanghai	 as	 a	 student	 in	
MSU’s	 Study	 Abroad	 program,	 led	 by	
the	 late	 Prof.	 Jimmy	 Wang.	 	 I	 made	
some	 great	 friends,	 and	 after	
returning,	 went	 into	 the	 200-series	
Chinese	 courses.	 At	 that	 point,	 I	
started	 visiting	 China	 nearly	 every	
year,	 having	 resolved	 to	 do	 a	
sabbatical	 leave	 in	 China.	 My	 friend	
Prof.	 Pei	 Min,	 a	 Vice	 President	 at	
Beijing	 Union	 University	 and	 long-
time	 visiting	 professor	 in	 the	 Case	
Center,	 helped	me	 set	 that	 up,	 and	 in	
September	 of	 1993,	 Cheryl	 and	 I	 and	
our	 son	 David,	 then	 three	 years	 old,	
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headed	 to	 Beijing	 University	 of	
Aeronautics	 and	 Astronautics	 (“Bei	
Hang”)	for	a	six-month	stay.		We	loved	
our	time	there,	and	wished	at	the	end	
that	we	could	have	stayed	 longer.	We	
became	 great	 friends	 with	 our	 next-
door	 neighbors	 from	 Russia,	 Maksim	
and	Inna	Torgalo.	Maksim	was	a	Ph.D.	
student	 from	 St.	 Petersburg	 working	
on	 installing	 some	 of	 their	 chemical	
laser	technology	at	BUAA,	and	we	had	
such	a	good	time	with	them,	and	loved	
our	 time	 at	 BUAA	 so	 much,	 that	 we	
even	 considered	 trying	 to	 stay	 for	 six	
more	 months.	 But,	 alas,	 duty	 was	
calling	 from	 MSU	 and	 we	 had	 to	
return.	 While	 at	 BUAA,	 I	 taught	 the	
first	 course	 in	 China	 on	 evolutionary	
computation,	 for	 graduate	 students	
from	 BUAA,	 Beijing	 University	 (“Bei	
Da”),	 Tsinghua	 University,	 and	 the	
Chinese	 Academy	 of	 Sciences,	
featuring	 20	 hours	 of	 lecture.	 At	 the	
same	time,	I	worked	with	grad	student	
Wang	 Gang	 to	 develop	 the	 first	
version	 of	 GALOPPS,	 the	 Genetic	
Algorithm	 Optimized	 for	 Portability	
and	 Parallelism.	 I	 ended	 up	 releasing	
it	 publicly	 and	 supporting	 it,	 with	 a	
continuing	series	of	enhancements,	for	
about	 five	years.	 I	offered	Wang	Gang	
a	graduate	assistantship	at	MSU	when	
he	completed	his	M.S.	at	BUAA,	and	he	
came	to	MSU	to	work	on	his	Ph.D.		

Early	Contact	with	Russia	

Even	before	the	collapse	of	 the	Soviet	
Union	in	1991,	the	age	of	glasnost	had	
made	 academic	 exchanges	 between	
the	US	and	 the	Soviet	Union	possible.	
Our	Dean	of	Engineering,	Ted	Bickart,	
had	 already	 worked	 in	 Russia	 as	 a	
Fulbright	 Scholar	 and	 collaborated	
with	many	 Russian	 scientists,	 and	 he	
introduced	me	to	some	of	his	visitors,	

including	 Aleksandr	 Tetelbaum	 and	
Viktor	Kureichik,	both	of	whom	ended	
up	 collaborating	 with	 me	 in	 the	
GARAGe	 on	 the	 use	 of	 genetic	
algorithms	 for	 PC	 board	 placement	
and	 routing	 optimization.	 But	 I	
wanted	to	get	to	Russia	myself,	since	I	
had	 studied	 three	years	of	Russian	 in	
college	 and	 I	was	 eager	 to	 revive	my	
skills.	 My	 collaboration	 with	 the	 late	
Prof.	 Nikolai	 Smirnov—an	 expert	 in	
gear	manufacturing	and	Vice-Rector	of	
Volgograd	Polytechnic	Institute—gave	
me	the	first	opportunity	to	visit.	I	soon	
met	 his	 colleague	 and	 friend,	 Prof.	
Stephen	(originally	Stepan)	Radzevich,	
of	 Dneprodzerzhinsk	 State	 Technical	
University	 (Ukraine),	 another	 gear	
design/	manufacturing	expert.	We	had	
a	 very	 interesting	 technical	
interchange,	as	I	was	coming	from	the	
American	 CAD/CAM	 side,	 which	 did	
everything	 with	 computer-aided	
design	tools	and	the	associated	NURB	
(non-uniform	 rational	 b-spline)	
surfaces,	 and	 my	 Russian/Ukrainian	
colleagues	knew	nothing	of	 those,	but	
worked	 with	 analytical	 models	
instead.	 They	 were	 absolute	 whizzes	
at	 doing	 enough	 co-ordinate	
transformations	 to	 make	 a	 complex	
gear	 design/manufacturing	 problem	
into	one	 they	could	solve	analytically.	
Wow,	 could	 they	 ever	 compose	 4x4	
matrices!	 Happily,	 I	 knew	 that	 stuff	
from	 my	 earlier	 computer	 graphics	
work,	and	we	managed	to	bring	these	
relatively	 disjoint	 toolsets	 together	
and	 achieved	 some	 interesting	
capabilities.	 Radzevitch	 ultimately	
landed	 a	 job	 in	 the	 American	
automotive	industry.	
	
I	first	went	Russia	in	1991,	during	the	
“August	 Putsch”	 in	 which	 old-line	
Communists	 attempted	 to	 oust	
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Mikhail	Gorbachev	from	power.	But	in	
fact,	 I	 almost	 cancelled	 the	 trip,	 since	
the	U.	S.	State	Department	had	 issued	
a	 travel	 warning	 for	 Americans	
because	of	this	coup	attempt	in	Russia.	
I	was	to	start	my	trip	in	St.	Petersburg,	
meeting	with	colleagues	there,	then	fly	
to	 Volgograd	 to	 see	 Smirnov.	 But	
when	 the	 day	 came	 for	 me	 to	 fly	 to	
Russia,	 Gorbachev	 was	 still	 in	 exile,	
and	 there	 were	 tanks	 rolling	 on	 the	
streets	 in	 St.	 Petersburg.	 I	 clearly	
remember	 leaving	 the	 house	 very	
early	 in	 the	morning,	 getting	most	 of	
the	 way	 to	 the	 Lansing	 airport,	 then	
turning	 around	 in	 semi-panic,	 saying	
to	 myself,	 “What	 am	 I	 doing?”	 But	 I	
didn’t	 than	 go	 home,	 which	 would	
have	 meant	 seeing	 my	 wife,	 whose	
analysis	 of	 the	 situation	 would	
certainly	 have	 prevented	 me	 from	
going.	Instead,	I	went	to	my	office	and	
called	 the	 State	 Department	 again.	
This	 time,	 I	 spoke	 with	 a	 very	
knowledgeable	 woman	 there	 who	
asked	 about	 the	 details	 of	 my	 plans.	
She	 then	 told	 me	 she	 could	 not,	 of	
course,	 advise	 me	 to	 go	 ahead	 with	
them,	but	she	also	said	that	as	long	as	
I	avoided	public	places	and	anywhere	
with	tanks,	 I	would	probably	be	okay.	
So	 off	 to	 the	 airport	 I	 went,	 and	 the	
visit	was	absolutely	marvelous.	 	I	was	
in	the	plane	when	Gorbachev’s	return	
was	announced,	and	while	there	were	
still	 tanks	 around	 in	 St.	 Petersburg	
when	I	got	there,	I	saw	no	evidence	of	
hostility.	 In	fact,	 the	mood	was	one	of	
jubilation,	 and	 people	were	 delighted	
to	 talk	with	me.	 I	 had	 no	 difficulty	 in	
traveling	to	Volgograd,	where	Smirnov	
had	me	 lodged	 in	 the	 Krasny	Oktiabr	
(Red	 October)	 Hotel,	 formerly	
reserved	 only	 for	 high-ranking	
Communists.	 I	 clearly	 remember	
walking	 out	 from	 there	 alone	 one	

afternoon	 toward	 the	 center	 of	
Volgograd	 and	 feeling	 an	 enormous	
sense	 of	 wonder	 that	 I	 could	 be	
walking	 around	 “untended”	 in	 the	
heart	 of	 a	 country	 that	was	 the	most	
feared	 by	 our	 country	 a	 few	 short	
years	before.	It	was	truly	amazing!		
	
Prof.	 Vladimir	 L’vovich	 Uskov,	 of	
Bauman	 Moscow	 State	 Technical	
University,	who	had	visited	me	 in	 the	
GARAGe,	 and	 I	 worked	 for	 several	
years	 in	 introducing	 evolutionary	
computation	 into	 the	 annual	 CAD	
conference	 in	 Gurzuf	 (near	 Yalta),	
Crimea.	 	 We	 collaborated	 with	 Prof.	
Dmitri	Ivanovich	Batishchev	of	Nizhny	
Novgorod	 State	 University	 and	 Igor	
Petrovich	 Norenkov	 of	 Bauman	
Moscow	 State	 Technical	 University.	
We	established	the	“Russian	GARAGe,”	
with	 Bauman	 MSTU,	 SPSTU,	 and	
Nizhny	 Novgorod	 State	 University,	
introducing	EC	research	projects	there	
under	 sponsorship	 of	 U.S.	 companies	
working	 together	 in	 the	
Manufacturing	 Research	 Consortium	
that	 I	 directed	 at	 MSU.	 	 With	 Bill	
Punch	 and	 Ted	 Bickart	 of	 MSU,	 and	
Vladimir	 Uskov,	 we	 also	 established	
the	 Russian/American	 Joint	 Educa-
tion/Research	 Consortium	 for	
Intelligent	CAD/CAM/CAE	and	Genetic	
Algorithms	 (“ICAD/GA”	 Consortium)	
with	 four	 Russian	 universities	 as	
members,	which	operated	from	1993-
1998.	 This	 consortium	 sponsored	
many	visitors	to	MSU’s	GARAGe	in	the	
‘90’s,	 many	 of	 whom	 eventually	
earned	Ph.D.’s	here	and	have	stayed	in	
the	U.S.		
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Case	Center’s	International	
Technology	Incubator	

The	 skills	 of	 Prof.	 Nikolay	
Nikolayevich	 Smirnov	 (of	 Volgograd	
Polytechnic	 University)	 and	 Stepan	
Pavlovich	 Radzevich	 (of	
Dneprdzerzhinsk	 State	 Technical	
University,	 Ukraine)	 were	 highly	
valued	 by	 some	 of	 our	 American	
automotive	 gear	 manufacturers,	
including	New	Venture	Gear,	Wohlert	
Corporation	 and	 General	 Motors.	 I	
figured	 out	 how	 to	 keep	 them	 in	 the	
U.S.	 as	 consultants,	 doing	 research	
with	 me	 in	 the	 Case	 Center	 and	 also	
consulting	 for	 American	 companies	
about	gear	manufacturing.	I	called	this	
operation	 in	 the	 Case	 Center	 the	
“International	 Technology	 Incubator,”	
and	 received	 some	 seed	 funds	 from	
the	 Office	 of	 the	 Vice	 Provost	 for	
Computing	 and	 Technology	 to	 get	 it	
launched.	 The	 incubator	 provided	
facilities	 and	 support	 for	
"Americanizing"	 technology,	
negotiating	 contracts	 with	 American	
companies,	 etc.	 	 Eight	 foreign	visitors	
were	hosted	by	the	ITI.	It	went	on	well	
for	several	years,	working	mainly	with	
New	 Venture	 Gear,	 Wohlert	
Corporation,	 and	 GM.	 At	 Wohlert	
Corporation,	we	worked	directly	with	
the	 CEO,	 the	 late	 Ken	 Patenge,	 who	
has	 also	 been	 a	 major	 benefactor	 of	
MSU.	 In	a	very	sad	 turn	of	affairs,	my	
good	 friend	 Nikolay	 Smirnov	
eventually	was	 found	dead	 of	 a	 heart	
attack	 in	 his	 bathtub	 on	 one	 of	 his	
return	visits	to	Russia.		
	
For	 me,	 one	 of	 the	 most	 enjoyable	
parts	 of	 the	 International	 Technology	
Incubator	 was	 that	 the	 research	
sponsors	 (New	 Venture	 Gear	 in	

Syracuse,	 GM’s	 Kokomo	 (Indiana)	
transmission	 plant,	 etc.)	 needed	 the	
services	 of	 the	 Incubator	 (namely,	
Smirnov,	 Radzevich,	 and	 myself)	 at	
those	 locations	 for	 only	 a	 day	 or	 two	
at	 a	 time.	That	would	ordinarily	have	
meant	 a	 day	 of	 airline	 travel	 before	
and	 after	 or	 long	 drives	 and	 partial	
workdays.	 But	 since	 I	 had	 a	
commercial	 pilot’s	 license,	 an	
instrument	 rating,	 and	 co-owned	 an	
airplane,	 we	 could	 make	 our	 visits	
much	more	efficient:		we’d	leave	early	
in	 the	 morning,	 spend	 the	 day	
consulting,	then	fly	home	that	night,	or	
sometimes,	 the	evening	of	 the	 second	
day.	 The	 university	 reimbursed	 me	
the	 equivalent	 mileage	 as	 if	 we	 had	
driven,	which	was	enough	to	make	the	
flying	 essentially	 free	 for	 me	 (given	
that	my	Mooney	Super21	airplane	got	
18	 miles/gallon	 at	 cruise,	 around	
170mph).	 So	 everyone	 was	 happy!		
(Well,	 I	 was	 happy,	 and	 Smirnov	 and	
Radzevich	never	had	any	reason	to	be	
seriously	scared,	so	I	guess	that	counts	
as	happy.)	(Over	the	years,	I	also	flew	
many	 of	 my	 other	 colleagues	 (Ron	
Rosenberg	 and	 Dean	 Aslam	 come	 to	
mind)	 on	 various	 business	 trips,	 and	
all	survived…	and	most	still	have	vivid	
memories	of	the	trips…	far	more	vivid	
than	mine,	in	fact.	 	Maybe	that	speaks	
somewhat	 to	 their	 level	 of	 anxiety	
being	 a	 lot	 higher	 than	 mine	 was.	
Much	 to	 my	 sorrow,	 when	 my	 last	
partner	 in	 the	 airplane	 got	 divorced	
and	couldn’t	afford	 the	costs,	 I	had	 to	
sell	 the	 airplane	 and	 stopped	 flying	
after	 twenty-some	 years,	 around	
1998,	with	about	2,000	flying	hours	in	
my	logbook.)	
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Frequent	Visits	to	Russia	

In	 the	 early	 90’s,	 I	 became	 a	 regular	
contributor	 to	 the	 annual	 CAD	
Confeence	 in	 Yalta	 (Gurzuf),	 Crimea,	
attending	 and	 presenting	 genetic	
algorithm	work,	aided	strongly	by	my	
friend	 Vladimir	 (L’vovich)	 Uskov,	 a	
young	 faculty	 member	 at	 Moscow	
State	 Technical	 University	 (Bauman,	
or	Baumanka,	or	“imeni	Bauman”).		He	
was	 a	 remarkable	 and	 very	 energetic	
fellow,	 and	 eventually	 also	 got	 me	
collaborating	 with	 his	 mentor	 at	
Bauman,	 Prof.	 Igor	 Petrovich	
Norenkov.	 In	 1995,	 I	 “pitched”	 my	
colleagues	in	the	International	Society	
for	Genetic	Algorithms,	the	sponsor	of	
the	biennial	ICGA	Conference,	the	idea	
of	 organizing	 an	 East/West	
conference	 in	 Russia	 to	 help	 to	 bring	
them	 into	 the	 international	
community	 doing	 evolutionary	
computation.	 I	 gained	 approval	 from	
ISGA	 that	 they	would	underwrite	 this	
conference.	 The	 idea	 was	 to	 bring	
some	 of	 the	 senior	 people	 in	 genetic	
algorithms	 from	 the	 West	 to	 meet	
with	 faculty	 members	 and	 grad	
students	 from	Russia	who,	 up	 to	 that	
point,	 knew	 little	 about	 genetic	
algorithms,	 but	 had	 very	 strong	 skills	
in	 classical	 optimization	 and	 in	
adaptive	systems.	I	recruited	about	20	
Western	 experts,	 who	 were	 eager	 to	
see	 Russia	 first-hand,	 for	 a	 three-day	
conference	 at	 the	 Presidium	 of	 the	
Russian	 Academy	 of	 Sciences,	 in	
Moscow,	 meeting	 with	 a	 somewhat	
larger	number	of	Russian	participants.	
We	 had	 simultaneous	 translation	 of	
the	 talks,	 because	 none	 of	 the	 other	
Western	 experts	 spoke	 Russian	 and	
many	 of	 the	 Russians	 did	 not	 speak	
English.	 Thus	 was	 born	 EvCA’96,	 the	

First	 International	 Conference	 on	
Evolutionary	 Computation	 and	 its	
Applications.	This	conference	solicited	
papers	 in	 advance	 of	 the	 conference	
and	 published	 a	 full	 proceedings	
volume,	 Proceedings	 of	 EvCA’96,	 of	
which	I	still	proudly	display	a	printed	
copy	 on	my	 shelf.	 It	was	 terrifying	 to	
organize	this	meeting,	partly	because	I	
had	 to	 be	 the	 go-between	 with	 the	
Russians	 (with	 the	 very	 able	 help	 of	
Vladimir	Uskov),	and	partly	because	 I	
ended	 up	 having	 to	 carry	 into	 Russia	
$18,000	in	cash	to	pay	the	expenses	of	
the	conference.	As	part	of	the	package,	
I	 took	 the	 Western	 attendees	 for	 a	
tour	of	St.	Petersburg	for	several	days	
after	the	conference	(which	we	set	up	
as	an	inducement	to	attract	as	many	of	
the	 top	 people	 as	 possible).	 	 We	
formed	 many	 collaborative	
relationships	 during	 that	 time,	 some	
of	which	persisted	for	years.	
	
During	my	 frequent	 trips	 to	Russia	 in	
the	 mid-‘90’s,	 a	 noted	 Russian	
mathematician,	 Aleksandr	 D’mitrie-
vich	Markovsky,	came	to	my	attention	
as	 possessing	 some	 very	 high-
performance	 numerical	 algorithms	
(the	 math	 for	 them,	 not	 computer	
code)	and	a	system	he	called	M-codes	
for	 high-speed	 computer	 arithmetic.	
He	 was	 a	 professor	 in	 the	
“Lesotechnicheskiy	 Institut”	 (“Forest	
Technology	 Institute”)	 in	 Moscow,	
which	was,	 despite	 its	 name,	 actually	
the	 home	 of	 many	 of	 the	 country’s	
leading	 mathematicians	 with	 skills	
important	to	their	nuclear	and	defense	
industry.	Markovsky	was	interested	in	
licensing	 his	 algorithms	 to	 an	
American	computer	manufacturer.	He	
provided	 me	 information	 and	 a	
running	 code	 example	 that	 I	 could	
check	 out	 with	 some	 companies,	 and	
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they	 were	 interested,	 so	 I	 formed	 a	
company,	 Technology	 Gateway,	 Inc.,	
and	 negotiated	 an	 exclusive	
representation	 agreement	 with	
Markovsky.	 I	 arranged	 a	 series	 of	
meetings	 with	 U.S.	 computer	
companies,	and	flew	with	him	and	two	
of	 his	 associates	 from	 Russia	 to	 visit	
Digital	 Equipment	 Corp.	 (DEC)	 in	
Massachusetts,	 Cray	 in	 Minneapolis,	
Sun	 in	 California	 and	 Texas	
Instruments	 in	Texas.	Cray	and	Texas	
Instruments	 were	 both	 interested	 in	
proceeding,	 and	 TI	 made	 Markovsky	
an	 offer,	 contingent	 on	 seeing	 the	
technology	 under	 a	 non-disclosure	
agreement.	 Unfortunately,	 Markovsky	
didn’t	 trust	 anyone	 (or	 any	 legal	
system)	 enough	 to	 conclude	 an	
agreement,	 so	 in	 the	 end,	 he	 went	
back	to	Russia	with	no	agreement	and	
reportedly	 drank	 himself	 into	
oblivion.	 In	 the	 meantime,	 I	 was	 out	
$28,000	in	travel	and	legal	expenses.		I	
learned	 some	 important	 lessons	 from	
this	experience.	

The	GARAGE:		Genetic	
Algorithms	Research	and	
Applications	Group	

Bill	 Punch	 and	 I	 co-founded	 the	
GARAGe	in	1993,	welcoming	graduate	
students,	 visiting	 faculty	 members,	
and	 visiting	 scholars	 interested	 in	
evolutionary	 computation.	 	 We	
addressed	 problems	 of	 many	 sorts,	
including	 bin	 packing,	 nesting,	 job-
shop	 scheduling,	 protein	 folding,	
protein	docking,	 feature	selection	(for	
classification	 problems)	 and	 many	
others.	 The	 1990’s	 were	 a	 time	 of	
intense	 global	 competition	 in	
addressing	 scheduling/packing	
problems.	 The	 GARAGe	 introduced	

new	 evolutionary	 scheduling	
algorithms	that,	at	various	times,	held	
the	 records	 for	 best/fastest	 solutions	
of	 various	 classes	 of	 problems,	
including	job-shop	scheduling	and	bin	
packing.	 	 Our	 work	 with	 biochemist	
Leslie	Kuhn	used	a	GA	to	do	the	most	
accurate	 prediction	 of	 water	
molecules	 retained	 during	
ligand/protein	 binding	 of	 any	
approaches	up	 to	 that	 time.	 Students,	
postdocs	 and	 visitors	 during	 the	
GARAGe’s	 early	 years	 included	 Mike	
Raymer,	Min	Pei,	Shyh-Chang	Lin,	Ying	
Ding,	 Kurshid	 Qureshi,	 Slava	
Tcheprasov,	 Lakshman	 Thiruvenkata-
chari,	 Brian	 Zulawinski,	 Ahmad	
Shahid,	 Kelvin	 Sumlin,	 Brian	
Zulawinski,	 Ananda	 Debnath,	 Eric	
Myers,	 Huafeng	 Pei,	 Anand	 Uday,	
Zhijian	 Huang,	 Zhiwen	 Zou,	 Volker	
Schnecke,	 Valery	 Tchkalov,	 Victor	
Palaguta,	Kisung	Seo,	Zhenhua	Li,	Ping	
Wu,	 and	 Meng	 Yao.	 Outstanding	
undergrads	 who	 worked	 as	
Professorial	 Assistants	 with	 me	
included	 Janelle	 Shane,	 Keith	 Barber,	
Al	 Anthony,	 Matt	 Durak,	 Grayson	
Wright,	and	Nick	Durak.	
	
Bill	 Punch	 and	 his	 student	 Doug	
Zongker	 authored	 LilGP,	 the	 first	
system	for	Genetic	Programming	(GP)	
that	allowed	direct	execution	of	the	GP	
program	 trees	 (i.e.,	 compiled	 the	
trees),	 vastly	 improving	 execution	
time	 over	 interpreted	 execution.	 This	
software	was	widely	downloaded	and	
used	over	the	next	7-8	years.		
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GALOPPS—The	Genetic	
Algorithm	Optimized	for	
Portability	and	Parallelism	

During	 my	 sabbatical	 in	 China	 in	
1993-4,	 in	addition	to	teaching	a	grad	
course	 in	 evolutionary	 computation,	 I	
decided	to	update	my	computing	skills	
by	 learning	 to	 program	 in	 ‘C’.	 Up	 to	
that	time,	I	had	written	lots	of	code	in	
FORTRAN,	 some	 in	 various	 assembly	
languages,	 and	 some	 in	 BASIC.	 So	 I	
began	learning	‘C’	and	decided	to	hone	
my	skills	by	writing	a	parallel	version	
of	 the	 “simple	 genetic	 algorithm”	
presented	in	Pascal	in	Dave	Goldberg’s	
1989	classic	book.	It	was	to	be	parallel	
in	 two	 senses:	 	 1)	 allowing	 execution	
of	 multiple	 communicating	
subpopulations	on	one	processor,	and	
2)	 allowing	 distribution	 of	 the	
subpopulations	 across	 multiple	
processors.	 I	 wrote	 it	 to	 be	 either	
interactive	 (prompting	 for	
parameters)	or	file-driven	(usually	the	
case	for	serious	parallelism).	It	did	not	
use	 any	 non-standard	 libraries,	 so	
could	 run	 anywhere—the	 only	
requirement	 was	 that	 machines	
working	 on	 a	 job	 needed	 to	 have	 the	
same	 “endian-ness”—i.e.,	 either	 both	
big-endian	 or	 both	 little-endian.	 	 All	
interprocess	 communications	 were	
file-based	 (either	 virtual	 or	 actual),	
allowing	the	system	to	be	independent	
of	 any	 particular	 operating	 system.		
Initial	 programming	 help	while	 I	was	
still	 in	 China	 came	 from	 graduate	
student	 Gang	 Wang	 of	 Beijing	
University	 of	 Aeronautics	 and	
Astronautics,	who	later	joined	me	as	a	
grad	 student	 in	 the	 GARAGe.	 Later	
excellent	 help	 came	 from	 systems	
analyst	 Leslie	 Hoppensteadt,	 whose	
painstaking	efforts	at	OS-independent	

file	 syncing	 allowed	 the	 system	 to	
work	 flawlessly	 across	 multiple	
different	 operating	 systems	 for	 a	
single	job.		
	
GALOPPS	 came	 with	 good	
documentation	 and	 many	 example	
problems,	 for	 both	 parametric	
optimization	 and	 permutation	
representations.	 	 It	 was	 distributed	
free	 of	 charge	 on	 the	 Internet.	 I	
supported	 GALOPPS	 through	 Release	
3.4,	 over	 a	 period	 of	 6-7	 years,	 and	
many	 people	 around	 the	 world	 used	
it—much	to	my	surprise,	I	recently	got	
an	email	from	someone	in	Brazil	about	
a	 broken	 link	 on	 the	 GALOPPS	
download	 page.	 Several	 people	
produced	 other	 versions	 of	 it,	
embedding	 it	 in	 a	 GUI	 or	making	 use	
of	 PVM	 to	 simplify	 launching	 of	
parallel	runs,	for	example.		
	
Many	 people	 in	 the	 GARAGe	 used	
GALOPPS,	especially	for	combinatorial	
optimization	 problems,	 including	 job	
shop	 scheduling,	 packing,	 clustering,	
nesting,	 knapsack,	 protein	 folding,	
protein	 ligand	 docking,	 etc.,	
throughout	 the	 ‘90’s.	 I	 extended	
GALOPPS,	 introducing	 heterogeneous	
parallel	 genetic	 algorithms	 that	 allow	
different	 fitness	 functions	 and	
problem	 representations	 in	 different	
islands,	 with	 translation	 of	
representations	 during	 migration.	 I	
then	 specialized	 the	 heterogeneous	
parallel	 genetic	 algorithm	 to	 create	
“iiGA”,	the	injection	island	(AKA	island	
injection)	 genetic	 algorithm,	 and	 it	
was	 used	 by	many	people	 for	 solving	
difficult	design	optimizations.	I	used	it	
with	 Ron	 Averill	 and	 David	 Eby	 to	
evolve	 a	 radically	 different	 and	
superior	 design	 for	 automotive	 lower	
compartment	rails,	under	sponsorship	
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of	GM’s	Mid/Lux	Engineering	Division.	
That	 led	 GM	 to	 ask	 us	 to	 form	 a	
company,	 which	 eventually	 became	
Red	Cedar	Technology.	
	
My	 Ph.D.	 student	 Wang	 Gang	 wrote	
and	 distributed	 the	 GALOPPS-based	
DAGA2,	 a	 hierarchical	 (meta-)	 GA	 in	
which	 the	 top	 population	 optimized	
the	operator	choice	and	parameters	of	
many	 lower-level	GA’s	 running	under	
its	 control,	 all	 working	 on	 the	 same	
problem	 to	 be	 solved.	 It	 taught	 us	
about	 interesting	 trajectories	 of	
operators	and	parameters	through	the	
course	of	solving	a	problem.		

Manufacturing	Research	
Consortium	

The	 Manufacturing	 Research	
Consortium	was	organized,	with	Ford	
and	 General	 Motors	 as	 the	 initial	
members,	 in	 1993,	 under	 my	
direction,	 operating	 out	 of	 the	 Case	
Center.	 Bill	 Abbott	 (Ford)	 and	 Laird	
Johnston	 (GM)	 were	 key	 figures	 in	
putting	 it	 together.	 Later	 members	
included	the	Lear	Corporation	and	the	
Defense	Logistics	Services	Center,	but	
Ford	 and	 GM	 were	 always	 the	 main	
drivers.	 I	 hired	 Tim	 Hinds	 as	 the	
Associate	Director,	after	the	closing	of	
Motor	 Wheel	 Corp.,	 where	 he	 had	
been	 an	 engineer.	 He	 proved	 to	 be	
well	 suited	 to	 this	 kind	 of	 operation,	
and	we	worked	together	for	nearly	ten	
years	 before	 he	 moved	 to	 the	
Department	 of	 Mechanical	
Engineering.	Much	of	the	consortium’s	
work	 ended	 up	 focusing	 on	
hydroforming	 processes,	 under	 the	
leadership	 of	 Prof.	 Farhang	
Pourboghrat.	 One	 MRC	 project	 that	
was	 particularly	 interesting	 came	

from	 Ford—to	 design	 an	 automated	
scheduling	 system	 for	 their	 printed	
circuit	 board	 assembly	 plant	 outside	
Toronto.	The	plant	had	many	parallel	
lines,	 most	 of	 which	 could	 do	 some	
types	of	jobs	but	not	others.	So	when	a	
machine	failed,	an	immediate	decision	
was	needed	as	to	whether	to	leave	the	
boards	 to	 be	 built	 on	 that	 line	 there,	
awaiting	 repair	 of	 the	machine,	 or	 to	
move	them	to	an	appropriate	place	in	
the	 queue	 of	 some	 other	 line.	 We	
addressed	 this	 with	 what	 we	 called	
“pro-active”	(as	opposed	to	“reactive”)	
scheduling,	 optimizing	 off-line	 across	
many	 different	 machine	 failure	 and	
board	 requirements	 scenarios.	 We	
optimized	 a	 set	 of	 scheduling	 rules,	
not	a	set	of	schedules,	 including	rules	
for	 what	 to	 do	 when	 any	 particular	
type	 of	 machine	 failed.	 Yet	 more	
interesting	was	that	I	contracted	much	
of	 this	 work	 out	 (through	 the	
International	 Science	 Foundation)	 to	
two	 Russian	 university	 laboratories	
with	 which	 I	 had	 established	 good	
working	 relationships—those	 of	 Igor	
Petrovich	 Norenkov	 (Moscow	 State	
Technical	 University)	 and	 Dmitri	
Ivanovich	 Batishchev	 (Nizhny	
Novgorod	State	University),	under	the	
Case	 Center’s	 International	
Technology	 Incubator.	 Both	 labs	
produced	 good	 results	 (and	
publications)	 that	 helped	 us	 to	
develop	this	system.		
	
At	 some	 time	 in	 the	mid-1990’s,	 after	
the	 computer	 operations	 side	 had	
been	 separated	 from	 the	 rest	 of	 the	
Case	 Center	 as	 the	 Division	 of	
Engineering	 Computing	 Services	
(DECS),	 the	 College	 of	 Engineering	
went	 through	 one	 of	 its	 many	 space	
crunches,	 and	 in	 order	 to	 keep	
collocated	 space	 for	 myself,	 Tim	



	14	

Hinds,	our	admin	Joyce	Foley,	and	my	
many	international	visitors,	we	agreed	
to	move	the	Case	Center’s	(and	MRC’s)	
headquarters	 to	 the	 College’s	 facility	
on	Jolly	Road	in	Okemos.	The	facilities	
there	 were	 wonderful—large	 offices,	
good	 air	 conditioning,	 etc.,	 but	 we	
were	separated	from	the	remainder	of	
the	GARAGe	people,	who	remained	 in	
the	Engineering	Building.	 I	went	 from	
interacting	 regularly	 with	 almost	 all	
faculty	members	 in	 the	 College	 about	
their	 computing	 needs	 to	 interacting	
with	almost	none	of	them	except	those	
directly	 involved	with	 the	GARAGe	or	
the	 MRC.	 It	 was	 frustrating	 to	 me,	
although	 my	 parking	 problems	 went	
completely	 away.	 The	 Manufacturing	
Research	 Consortium	 operated	 ten	
years,	 until	 2003,	 at	 which	 time	 the	
Case	 Center	 was	 closed—CAD	 and	
CAM	software	had	become	ubiquitous	
and	was	provided	entirely	by	vendors,	
rather	 than	being	developed	 in-house	
by	 automotive	 companies,	 as	 it	 had	
been	 in	 the	 beginning.	 	 My	 research	
interests	 by	 then	 were	 largely	 in	 the	
area	of	genetic	algorithms	and	genetic	
programming,	 on	 which	 Bill	 Punch	
and	 I	 had	 been	 collaborating	 in	 the	
GARAGe	 since	 1993,	 so	 in	 2003,	 we	
closed	 the	 Case	 Center,	 while	 the	
GARAGe	 remained	 very	 active.	 Tim,	
Joyce,	 Pei	 Min	 (a	 visiting	 faculty	
member)	 and	 I	 moved	 back	 to	 the	
Engineering	Building.	With	the	closing	
of	 the	 center,	 Joyce	 took	 a	 job	 in	
Electrical	 and	 Computer	 Engineering	
and	 Tim	 joined	 Mechanical	
Engineering	 (and	 eventually,	 came	 to	
direct	 the	 College’s	 CORE	 residential	
program	in	Wilson	Hall).		

Team	Gems:		Training	&	
Facilitating	Globally	
Distributed	Engineering	
Teams	

In	 1996,	 we	 had	 a	 series	 of	 grants	
entitled	 “Team	 Gems:	 	 the	 Effect	 of	
Collaborative	 Technology	 on	
Engineering	Design	Teams,”	from	EDS	
(Electronic	 Data	 Systems).	 Chip	
(Charles)	 Steinfield	 (of	 MSU’s	
Department	 of	 Telecommunications,	
Information	Systems	and	Media—now	
Media	 and	 Information)	 was	 the	
Principal	 Investigator.	 We	 began	
working	 with	 Jack	 Lloyd	 (M.E.),	 Ken	
David	 (Anthropology),	and	Tim	Hinds	
(Case	 Center	 and	 MRC	 Associate	
Director).	We	were	trying	to	figure	out	
the	 most	 appropriate	 tools	 to	 use	 to	
make	globally	distributed	engineering	
design	 teams	 work	 together	 most	
effectively.	 We	 began	 by	 assembling	
teams	 of	 students	 in	 a	 special	
international	 design	 team	 project	
course	each	semester.	Each	 team	was	
partnered	 with	 a	 team	 in	 another	
country,	 through	 partnerships	 with	
faculty	 members	 able	 to	 recruit	
similar	 teams	 of	 students.	 Our	 initial	
partners	 were	 colleagues	 of	 Chip	
Steinfield	 at	 the	University	 of	Utrecht	
(Netherlands),	 then	 we	 added	
partners	 in	 China,	 Germany,	 Japan,	
Korea,	 and	 eventually,	 especially	
Russia.	 Part	 of	 the	 study	 was	 about	
what	 technology	 to	 use	 and	 how	 to	
use	 it,	 and	 another	 component	 was	
about	 how	 to	 train/supervise	 the	
students	to	establish	effective	working	
relationships.	 A	 key	 technology	 used	
was	ISDN	videoconferences	(tools	like	
Skype	 were	 not	 yet	 available).	 This	
was	 expensive,	 but	 very	 important,	
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especially	 given	 that	 the	 teams	 never	
had	 the	 chance	 to	 meet	 face	 to	 face.	
The	 grants	 from	 EDS	 (a	 supplier	 of	
communication	 technology	 to	 many	
globally	 distributed	 corporations)	
were	 followed	 by	 a	 three-year	 grant	
from	 NSF’s	 Partnerships	 for	
Innovation	 program,	 from	 1998	 to	
2001.	 We	 developed	 a	 number	 of	
practices,	 including	 “cross-cultural	
training”	 of	 our	 students	 prior	 to	
project	 start.	 That	 was	 followed	 by	
observation	 of	 the	 teams’	 video	
meetings	 by	 anthropology	 students	
trained	 to	 look	 for	 factors	 that	
disrupted	 the	 building	 of	 team	
coherence.	 The	 faculty	 then	 provided	
feedback	 to	 the	 teams	 to	mitigate	 the	
problems	 observed.	 An	 undergrad	
who	 had	 started	 as	 a	 professorial	
assistant	 with	 me	 his	 freshman	 year,	
Ben	 Pfaff,	 was	 hired	 to	 develop	what	
we	called	MSU	TeamSCOPE	to	mediate	
all	 team	 activity.	 As	 we	 had	 learned,	
one	of	 the	most	 common	problems	 is	
that	when	 people	 are	 not	 in	 frequent	
communication	 about	 what	 they	 are	
doing—on	 a	 day-to-day	 basis—each	
person	 quickly	 comes	 to	 assume	 that	
he/she	is	the	only	one	doing	anything,	
and	 loses	 motivation.	 	 TeamSCOPE	
was	designed	to	fight	that	by	showing	
each	 person	 on	 the	 team	 a	 message	
each	 time	 any	 file	 in	 one	 of	 the	
project’s	 work	 directories	 was	
updated	 by	 anyone,	 along	 with	 other	
types	 of	 notifications.	 This	 was	 a	
significant	 undertaking	 at	 that	 point,	
and	 Ben	 did	 a	 great	 job	 with	 it	
(subsequently	 going	 to	 Stanford	 as	 a	
grad	 student	 in	 Computer	 Science	
without	 having	 taken	 a	 single	
computer	 science	 course	 during	 his	
undergrad	career	at	MSU).		

The	Nuclear	Cities	Initiative	
and	NewTeams	Training,	Inc.	

As	 we	 worked	 with	 these	 globally	
distributed	teams,	I	was	struck	by	how	
good	 a	 tool	 this	 could	 be	 for	 training	
Russians	 to	 do	 engineering	 work	 for	
American	 companies.	 I	 looked	 high	
and	low	for	government	agencies	that	
might	sponsor	a	pilot	project.	My	idea	
was	to	found	two	corporations:		a	not-
for-profit	 501(c)(3)	 training	
corporation	 (NewTeams	 Training,	
Inc.)	 and	 a	 for-profit	 C-corporation	
(NewTeams	Design,	Inc.).	The	not-for-
profit	 corporation	 would	 work	 with	
university	senior	design	teams	like	the	
ones	 we	 had	 worked	 with	 on	 the	
Team	 Gems	 grant,	 organizing	 them	
into	 teams	with	 Russian	 engineers	 to	
work	 on	 U.S.	 industry-supplied	
problems	 (such	 as	we	 always	had	 for	
our	 earlier	 global	 teams).	 We	 would	
monitor	 the	 process	 and	 assess	 the	
outcomes	 of	 each	 team,	 and	 would	
make	 the	 Russians	 who	 met	 the	
training	 objectives	 eligible	 for	
participation	 in	 design	 work	 for	 pay	
through	 the	 for-profit	 corporation.	 A	
very	 common	 problem	 at	 that	 time	
was	that	Russian	engineers	associated	
with	 globally	 distributed	 projects	
sometimes	 got	 “better	 ideas”	 of	 what	
they	 should	 be	 doing,	 and	 proceeded	
to	 develop	 something	 that	 was	 very	
elegant,	 but	 did	 not	 at	 all	 meet	 the	
design	 requirements	 specified	 by	 the	
sponsor.	 Those	 were	 the	 engineers	
that	 the	 training	 program	 was	
designed	 to	 “weed	 out,”	 in	 order	 to	
avoid	problems	on	 the	design-for-pay	
front.	 Because	 the	 design	
requirements	 of	 U.S.	 companies	were	
often	 quite	 different	 from	 what	
Russian	 companies	 required,	 it	 was	
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important	 to	 identify	 the	 Russian	
engineers	 who	 could	 understand	 in	
detail	and	were	willing	to	heed	the	U.	
S.	sponsors’	specifications.	
	
The	for-profit	corporation,	NewTeams	
Design,	 would	 be	 a	 U.	 S.	 corporation,	
but	would	come	to	be	majority	owned	
by	the	Russian	engineers	participating	
in	its	work.	In	order	to	reduce	the	risk	
of	 corruption,	 fees	 collected	 from	
customers	 would	 be	 held	 by	 the	
corporation	 in	 the	 U.S.	 until	
distributed	 into	 accounts	 controlled	
by	 the	 individual	 Russian	 engineers.	
There	was	an	elaborate	plan	for	share	
distribution	 and	 governance	 of	 the	
for-profit	corporation.	
	
I	looked	at	all	the	sources	I	could	find	
to	 support	 this	 idea,	 including	 the	
International	 Science	 Foundation	 and	
various	 other	 foundations.	 I	 quickly	
learned	that	I	would	need	to	prepare	a	
detailed	 business	 plan	 for	 each	
corporation,	 including	 financial	 pro	
formas	 that	 were	 GAAP-compliant	
(that	means	 compliant	with	 generally	
accepted	 accounting	 principles,	 in	
case	 you,	 like	 me,	 don’t	 know	 about	
financial	 accounting).	 That	 required	
that	 I	 ingest	 a	 textbook	 on	 financial	
accounting,	 which,	 much	 to	 my	
surprise,	 I	 found	 to	 be	 a	 lot	 of	 fun!	 	 I	
ended	up	with	a	very	complex	system	
of	 interlaced	 Excel	 spreadsheets,	
Word	 documents,	 and	 PowerPoint	
presentations	 that	 I	 could	 update	
instantly	 whenever	 a	 change	 in	
assumptions	 was	 needed	 (as	
frequently	 happened	 for	 different	
prospective	 funders).	 I	 remember	my	
frustration	 when,	 at	 one	 point,	 the	
whole	thing	failed	due	to	an	Excel	bug	
that	did	not	reveal	itself	until	after	I’d	
worked	 several	 weeks	 (nights	 and	

weekends,	mostly)	beyond	it.	I	did	not	
want	 to	go	back	and	 throw	away	 two	
weeks	of	work,	so	I	tried	to	work	with	
Microsoft’s	phone	support,.	They	were	
very	 helpful,	 looking	 over	 my	
spreadsheets,	 etc.,	 but	 could	 not	 tell	
me	 how	 to	 recover.	 	 I	 finally	 found	 a	
way	to	keep	my	work	and	restore	the	
functioning	 of	 the	 spreadsheets,	 after	
several	 days	 of	 additional	 work…	
maybe	 it	 would	 have	 been	 faster	 to	
just	go	back	to	a	working	version,	but	
the	 idea	 of	 trying	 to	 re-do	 all	 of	 that	
work	 was	 just	 appalling	 to	 me,	 and	
happily,	I	didn’t	have	to	do	it.	
	
Finally,	 I	 became	 aware	 of	 something	
called	 the	 Nuclear	 Cities	 Initiative,	 a	
piece	 of	 legislation	 that	 established	 a	
program	 aimed	 at	 reducing	 nuclear	
proliferation	 by	 providing	 good	 jobs	
for	Russian	scientists	and	engineers	in	
their	 “nuclear	 cities”—that	 is,	 closed	
cities	 that,	 during	 the	 Soviet	 era,	 did	
not	 even	 appear	 on	 the	 maps.	 They	
had	 names	 like	 “Arzamas	 16”	 and	
“Chelyabinsk	 70”	 and	 the	 like.	 You	
could	buy	a	train	ticket	to	get	there	 if	
you	 knew	 what	 to	 ask	 for,	 but	 could	
only	 get	 off	 the	 train	 if	 you	 had	 the	
proper	 identification.	 	 Some	 were	
closed	 and	 secret,	 and	 others	 only	
closed,	but	together,	they	housed	a	lot	
of	 Russia’s	 nuclear	 expertise.	 The	
Nuclear	Cities	Initiative	was	funded	by	
Congress	at	US$15	million	for	the	first	
year,	 and	was	 to	 go	 to	 $30	million	 in	
its	 second	 year.	 It	 was	 administered	
through	 the	 U.	 S.	 Department	 of	
Energy	(i.e.,	OUR	nuclear	folks),	under	
the	 office	 of	 Bill	 Richmond.	 After	
poking	 around	 through	 several	 other	
federal	 agencies,	 I	 had	 made	 enough	
contacts	to	make	it	possible	for	me	to	
pitch	 the	NewTeams	 plan	 to	 Bill,	 and	
after	 vetting	 the	 business	 plans	 (and	
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presumably,	 me)	 for	 a	 while,	 he	
agreed	to	fund	the	plan	for	$3	million	
from	the	second	year’s	$30	million.	 	 I	
was,	 of	 course,	 over	 the	 moon!	 I	
started	 having	 nightmares	 about	 the	
Russian	 mafia	 coming	 after	 me	 for	 a	
piece	of	the	action,	despite	my	having	
engineered	the	business	model	so	that	
all	 the	money	stayed	 in	 the	U.	S.	until	
put	 into	 the	 hands	 of	 the	 Russian	
engineers.	 But	 I	 was	 putting	 the	
wheels	 in	 motion	 when	 everything	
came	 to	an	abrupt	halt.	The	 funds	 for	
the	Nuclear	Cities	Initiative’s	first	year	
($15	 million)	 had	 been	 administered	
for	 the	DoE	by	 the	University	 of	New	
Mexico,	 doubtless	 completely	
unconnected	to	the	fact	that	Sen.	Pete	
Domenici	 (New	 Mexico)	 chaired	 the	
committee	 allocating	 the	 funds.	 Bill	
Richmond	 was	 not	 happy	 with	 the	
work	done	by	UNM,	so	he	said	that	he	
would	not	run	the	funds	through	UNM	
for	 the	 second	 year.	 Soon	 thereafter,	
Pete	Domenici	announced	that	instead	
of	 the	 Nuclear	 Cities	 Initiative	 being	
funded	 at	 $30	million	 as	 planned,	 he	
was	 cutting	 that	 to	 $0.	 Later,	 the	
House/Senate	 Conference	 Committee	
considering	 the	 bill	 compromised	 at	
$7.5	 million,	 which	 wasn’t	 even	
enough	 to	 keep	 going	 the	 programs	
started	 in	 the	 first	 year	 of	 the	
program.	 So,	 the	 money	 to	 launch	
NewTeams	 disappeared	 in	 one	 fell	
swoop,	 and	 I	 was	 too	 discouraged	 to	
look	any	further.		But	it	was	ALMOST	a	
…	well,	we	would	have	seen	if	it	would	
have	 turned	 out	 great	 or	 been	 a	
complete	flop…	but	I	sure	wanted	that	
chance!	 	 	 This	was	 one	 of	 the	 biggest	
professional	 disappointments	 of	 my	
career,	 because	 it	 had	 seemed	
potentially	 important,	 and	 felt	 like	 a	
done	 deal,	 then	 it	 evaporated.	 	 Of	
course,	 there	 is	 some	 non-zero	

probability	 that	 I	 am	 still	 alive	 today	
only	 because	 NEWTeams	 was	 killed	
instead.	 My	 friend	 Nikolay	 Smirnov	
was	 not	 so	 lucky,	 after	 he	won	many	
lawsuits	 in	 Russia	 against	 the	
unethical	 and	 unlawful	 selling	 off	 of	
Russian	government	assets.	

Red	Cedar	Technology,	Inc.	

Ron	 Averill	 and	 I	 worked	 on	 several	
structural	 design	 optimization	
problems	 in	 the	mid-90’s,	 including	 a	
challenge	 problem	 from	 the	
Department	of	Defense	that	we	heard	
about	 when	 another	 university	 was	
unable	to	solve	it.	It	turned	out	to	be	a	
submarine	 propeller	 anti-cavitation	
problem,	 but	 we	 had	 always	 thought	
of	 it	 as	 an	 airplane	wing	 stabilization	
problem.	 	 The	 idea	 was	 that	 under	 a	
strong	 loading	 causing	 the	 wing	 to	
deflect	 upward,	 the	 structure	 itself	
(with	no	moving	parts)	should	deform	
and	 deflect	 the	 trailing	 edge	 upward	
(like	an	aileron),	so	the	(air-	or	water-
)	 flow	would	exert	a	downward	 force	
on	the	wing,	counteracting	the	original	
deflection.	 This	 was	 to	 be	 done	 with	
composite	 materials,	 with	 woven	
layers	 placed	 in	 orientations	
determined	 so	 as	 to	 maximize	 this	
corrective	 effect.	 	 We	 used	 GALOPPS	
to	 address	 this	problem	and	 came	up	
with	 solutions	 that	 allowed	 for	 large	
amounts	 of	 corrective	 action.	 This	
work	was	done	with	graduate	student	
Dave	 Eby,	 and	 convinced	 us	 that	 we	
had	 some	 technology	 and	 know-how	
that	 could	 solve	 some	 significant	
design	problems.	
	
Following	 that	 “moral	 victory”	 (we	
had	no	contract	to	do	that	work—just	
took	it	on	as	a	challenge),	in	1998,	Ron	
Averill	and	I	got	a	grant	from	General	
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Motors’	 Mid/Lux	 Engineering	 Group	
(Buick/Cadillac)	in	Flint	to	try	to	come	
up	 with	 a	 design	 for	 a	 lower	
compartment	 rail.	 It	 is	 the	 structural	
piece	 that	 connects	 the	 front	 bumper	
to	the	car	chassis	and	to	which	engine	
mounts	 and	 the	 front	 suspension	 are	
connected.	 That	 means	 it	 must	 not	
allow	 undesirable	 vibrations	 during	
normal	 operation,	 must	 crush	 “just	
right”	to	minimize	passenger	injury	in	
a	 frontal	 crash,	 and	 must	 weigh	 less	
than	 the	 current	 designs.	 	 Mid/Lux	
Engineering	 was	 looking	 at	 adopting	
the	 hydroforming	 process	 already	
used	for	making	truck	rails	to	use	in	a	
new	family	of	mid-lux	cars.	Ron	and	I	
worked	 with	 Dave	 Eby	 to	 design	 a	
representation	 for	 the	 rail	 on	 which	
we	could	apply	a	genetic	algorithm	to	
minimize	 weight	 and	 improve	 crash	
performance.	 We	 used	 my	 “injection	
island	GA”	to	allow	the	problem	to	be	
solved	on	a	20-node	PC	cluster,	using	
six	 different	 representations	 of	 the	
problem	 running	 simultaneously	 and	
intercommunicating.	 The	 process	
worked	 spectacularly	 well,	 and	 we	
gave	GM	a	design	that	was	20%	lighter	
and	cut	the	peak	forces	in	half,	among	
other	 desirable	 behaviors.	 So	 the	
engineers	 at	 GM,	 in	 particular,	
manager	 John	 Madakacherry,	 told	 us	
to	form	a	company,	and	they	would	be	
our	 customer.	 	 That	 way,	 GM	 would	
not	be	in	a	position	of	possibly	having	
to	 license	 future	 intellectual	 property	
associated	 with	 their	 core	 business	
from	a	university.	 Instead,	 they	 could	
pay	 the	 company	 for	 services	 and	
have	full	rights	to	the	IP.	So	Ron,	Dave	
and	 I	 formed	 Applied	 Computational	
Design	 Associates	 (later	 to	 be	
renamed	 Red	 Cedar	 Technology)	 in	
1999.	 I	was	VP	Technology.	 I	worked	
with	Dave	in	my	summer	vacation	and	

consulting	 time	 to	 design	 and	 write	
the	 code	 for	 an	 evolutionary	
computation-based	 software	 for	
optimization,	initially	for	in-house	use	
without	 a	 GUI.	 Eby	 wrote	 the	
interfaces	 to	 commercial	 CAD/CAM/	
CAE	packages,	while	I	concentrated	on	
the	core	optimization	technology.	Ron	
agreed	 to	 take	 on	 the	 massive	
workload	of	being	the	company’s	CEO,	
a	 role	 at	 which	 he	 proved	 to	 be	
extremely	 capable,	 teaching	 himself	
whatever	skills	and	tools	were	needed	
to	 run	 the	 company	 very	 well.	 We	
soon	hired	former	grad	student	Ranny	
Sidhu	 as	 another	 software	 developer	
for	 the	 core	 technology.	 Joe	Whitesell	
developed	 the	 initial	 GUI	 for	 Red	
Cedar’s	 first	 commercial	 software	
product,	 in	 the	 SmallTalk	 object-
oriented	 programming	 language,	
which	could	run	on	any	of	the	current	
engineering	 design	 workstations.	
Soon,	 we	 were	 joined	 by	 Johanna	
Burgueno	 as	 a	 second	GUI	 developer.	
We	 introduced	 the	 company’s	 first	
commercial	 software	 for	 design	
automation,	 HEEDS	 (Hierarchical	
Evolutionary	 Engineering	 Design	
System),	 around	 2002,	 with	 the	
proprietary	 (meaning	 trade	 secret)	
optimization	algorithm	SHERPA.	Dave	
Eby	 left	 the	 company	 in	 2002,	 as	 he	
needed	more	financial	stability	than	a	
startup	 could	 provide.	 Ranny	 and	 I,	
with	 very	 significant	 intellectual	
contributions	 from	 Averill,	 continued	
developing	SHERPA	through	2010.	We	
did	a	lot	of	the	algorithm	development	
via	 pair	 programming,	 in	 which	 the	
two	of	us	sat	 in	 front	of	one	terminal,	
making	joint	decisions	about	the	code	
as	we	went.	That	was	 a	 very	 efficient	
way	 to	 develop	 the	 code,	 and	 also	
about	 the	 most	 fun	 I	 ever	 had	
programming…	 I	 really	 hated	 to	 give	
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up	 that	 role	 when	 BEACON	 was	
funded	in	2010	and	I	had	to	resign	my	
role	 in	 Red	 Cedar.	 I	 still	 can’t	 talk	
about	 the	 optimization	 methods	 we	
used	in	SHERPA,	but	I	have	continued	
to	take	great	pleasure	in	hearing	from	
the	sales	staff	how	we	always	win	the	
“bakeoffs”	 against	 the	 competitors’	
software	 whenever	 a	 potential	
customer	sets	up	a	“level	playing	field”	
and	 a	 set	 of	 benchmark	 problems	 on	
which	 the	 vendors	 compete.	 It	 was	 a	
big	 loss	 of	 standing	 in	 the	 EC	
community	 not	 to	 be	 able	 to	 publish	
about	our	SHERPA	algorithm.	But	 the	
company’s	 success	 was	 rewarding	 in	
other	 ways,	 both	 in	 seeing	 real	
customer	 problems	 getting	 solved	
with	 SHERPA	 when	 other	 optimizers	
had	 failed,	 and	 eventually,	 in	 getting	
paid	something	for	the	all	of	the	sweat	
equity	 when	 the	 company	 was	 sold.	
Running	 the	 company	 was	 a	 very	
difficult	 job,	 and	Ron	and	 I	 had	many	
discussions	 about	 how	 to	make	 some	
months’	 payrolls.	 	 Often	 that	 meant	
lending	 the	 company	 our	 own	
personal	funds,	and	we	did	that	when	
we	 needed	 to.	 We	 also	 gained	 some	
very	 important	 investment	 from	 John	
“Chip”	 Hoagland,	 who	 learned	 of	 Red	
Cedar	 through	 Joe	 Whitesell,	 with	
whom	 he	 had	 had	 previous	 business	
dealings.	 Three	 years	 after	 BEACON	
was	funded	and	I	left	Red	Cedar,	it	was	
sold	 to	 CD	 Adapco,	 the	 developer	 of	
StarCD	and	other	CFD	(computational	
fluid	 dynamics)	 software	 products.	
That	 meant	 that	 the	 investors	 like	
Chip	and	the	sweat	equity	players	like	
Ron	and	I	received	cash	for	our	shares,	
so	 we	 eventually	 got	 paid	 for	 our	
years	 of	 little	 or	 no	 monthly	
paychecks.	 I	 was	 delighted	 to	 learn	
that	 CD	Adapco,	 including	Red	Cedar,	
was	 sold	 to	Siemens	PLM	 in	2016	 for	

nearly	a	billion	dollars.	While	that	had	
no	 financial	 implications	 for	 us,	 it	
meant	that	the	further	development	of	
HEEDS	and	SHERPA	would	go	on,	and	
their	 sales	 have	 been	 skyrocketing.		
That	 certainly	 brings	me	 a	 great	 deal	
of	 satisfaction,	 despite	 not	 bringing	
financial	gain.	

The	Founding	of	GECCO	and	
SIGEVO	

At	the	’95	International	Conference	on	
Genetic	 Algorithms	 (ICGA	 ’95),	 I	 was	
selected	to	be	the	General	Chair	of	the	
1997	 ICGA,	 to	 be	 held	 at	 the	 Kellogg	
Center	 at	 MSU.	 At	 and	 around	 ICGA	
‘97,	 a	 number	 of	 leaders	 involved	 in	
ICGA	 began	 discussions	 with	 other	
leaders	 in	 EC	 about	 possible	
unification	of	conferences	 in	 the	 field,	
in	 order	 to	 build	 the	 size	 and	
reputation	 of	 the	 field,	 especially	 for	
the	 benefit	 of	 new	 junior	 faculty	
members.	 Key	 participants	 included	
David	Goldberg,	 John	Koza	 (organizer	
of	 the	 Genetic	 Programming	
Conferences),	 Darrell	 Whitley,	
Wolfgang	 Banzhaf,	 Hans-Paul	
Schwefel	 (co-inventor	 of	 evolution	
strategies	and	organizer	of	the	Parallel	
Problem	 Solving	 from	 Nature	
Conferences—PPSN),	 and	 myself.		
Representatives	 from	another	smaller	
group	 dealing	 with	 evolutionary	
programming	 chose	 not	 to	 affiliate,	
allying	 instead	 with	 the	 IEEE	 Neural	
Net	Society,	but	the	remaining	parties	
all	 joined	 to	 form	 the	 new	
International	 Society	 for	 Genetic	 and	
Evolutionary	 Computation,	 which	
sponsored	 the	 first	 GECCO	 (Genetic	
and	 Evolutionary	 Computation	
Conference)	 in	Orlando	 in	 1999,	with	
600	 attendees—the	 largest	 for	 any	
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conference	in	our	field	up	to	that	time.	
I	 was	 General	 Chair	 of	 GECCO	 2001,	
the	third	GECCO,	in	San	Francisco.		
	
I	 was	 elected	 Chair	 of	 the	
International	 Society	 for	 Genetic	 and	
Evolutionary	 Computation	 (ISGEC)	 in	
2003,	succeeding	Dave	Goldberg.	Over	
the	 next	 three	 years,	 I	 worked	
intensively	 with	 Goldberg,	 Koza,	
Banzhaf,	 Whitley	 and	 others	 to	 seek	
ways	 to	 enhance	 the	 visibility	 of	 the	
field	and	to	improve	the	recognition	it	
provides	 to	 new	 junior	 faculty.	 In	
2004,	 we	 began	 the	 process	 of	
affiliation	with	 ACM	 as	 a	 new	 Special	
Interest	Group,	the	SIG	for	Genetic	and	
Evolutionary	 Computation—SIGEVO.	
The	move	was	 designed	 to	make	 our	
society	 more	 recognizable	 as	 an	
important	 part	 of	 the	 mainline	
professional	organization	in	computer	
science,	even	though	it	came	at	a	cost	
of	 loss	 of	 considerable	 independence	
for	the	society.	I	became	the	founding	
Chair	of	SIGEVO	in	2005,	continuing	in	
that	 role	 until	 2007.	 I	 was	 re-elected	
to	 SIGEVO’s	 Executive	 Committee	
twice,	 and	 continued	 to	 serve	 on	 the	
Business	 Committees	 for	 GECCOs	
through	 2010.	 I	 am	 still	 on	 the	
Executive	 Committee,	 as	 are	 fellow	
BEACONites	 Kalyanmoy	 Deb	 and	
Wolfgang	 Banzhaf,	 and	 we	 all	
participate	actively	in	its	activities.		

De	Novo	Design	of	
Mechatronic	Systems—
“Bond	Graph/Genetic	
Programming”	

Ron	Rosenberg	and	I	had	collaborated	
for	 years	 on	 everything	 from	 music	
(The	 Bluegrass	 Extension	 Service)	 to	
running	 of	 the	 Case	 Center	 to	 our	

SYSKIT	software	development	project,	
so	we	thought	we	might	as	well	finally	
put	together	the	fields	we	were	really	
best	 at.	 	 Ron	 was	 an	 expert	 on	 bond	
graphs	from	the	time	of	his	grad	study	
at	MIT	where	they	were	invented,	and	
had	 developed	 a	 commercial	 bond	
graph	 software	 analysis	 package,	
ENPORT.	 I	 was	 experienced	 in	
evolutionary	 computation,	 so	 we	
thought	we’d	try	to	put	them	together	
to	allow	evolution	of	novel	designs	for	
dynamic	 systems	 described	 as	 bond	
graphs,	 using	 a	 genetic	 programming	
framework.	 The	 resulting	 systems	
could	 then	 be	 implemented	 with	
various	 combinations	 of	 electrical,	
mechanical	 or	 other	 components,	 as	
were	most	appropriate	for	a	particular	
application.	 We	 applied	 for	 and	
received	 funding	 from	 the	 NSF,	 and	
recruited	postdoc	Kisung	Seo	and	grad	
students	 Zhun	 Fan	 and	 Jianjun	 Hu	 to	
work	 with	 us	 on	 the	 project.	 This	
BG/GP	method	was	used	not	only	 for	
design	 of	 new	 mechatronic	 systems,	
but	 also	 for	 redesign	 of	 existing	
systems,	 in	 what	 we	 might	 now	 call	
“Genetic	 Improvement”	 of	 dynamic	
systems,	 rather	 than	 of	 computer	
programs.	 It	 was	 used	 to	 redesign	
pneumatic	 railroad	 braking	 systems,	
to	 improve	 on	 early	 designs	 of	
“Selectric”	typewriters,	and	applied	to	
other	systems.	Because	these	systems	
required	 that	 both	 the	 topology	 and	
parameters	of	a	 system	be	evolved	at	
once,	 the	 team	 developed	 “Structure	
Fitness	 Sharing	 (SFS),”	 a	 concept	 that	
allowed	new	topologies	to	remain	in	a	
population	 long	 enough	 on	 average	
that	appropriate	parameters	 could	be	
evolved	 before	 a	 topology	 was	
discarded.	Such	a	process	today	would	
be	 called	 a	 multi-level	 search	
algorithm.	 Because	 this	 de	 novo	
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synthesis	required	very	long	searches,	
Jianjun	Hu	developed	a	new	model	for	
sustainable	 search,	 a	 process	 that	
allows	 continual	 injection	 of	 new	
random	 genomes	 into	 the	 population	
and	 does	 not	 force	 them	 to	 compete	
with	more	 highly	 evolved	 individuals	
until	 their	 fitnesses	 are	 in	 similar	
ranges.	 This	 approach,	 called	
Hierarchical	 Fair	 Competition	 (HFC),	
was	 eventually	 extended	 by	 the	 team	
to	 allow	 it	 to	 evolve	 its	 fitness	
thresholds	and	even	into	a	continuous	
form	 in	which	 the	 fitness	distribution	
itself	 was	 sampled	 for	 breeding	 and	
fitness	 evaluation	 purposes	 without	
subdividing	 the	 population	 explicitly.	
HFC	 and	 its	 offspring,	 Adaptive	 HFC	
(AHFC),	 Quick	 HFC	 (QHFC),	 and	
Continuous	HFC	(CHFC)	were	used	by	
many	 authors	 during	 the	 ten	 years	
after	 their	 introduction,	 and	 the	
papers	were	cited	over	700	times,	but	
eventually,	 more	 people	 in	 the	
community	 moved	 toward	 Greg	
Hornby’s	 Age-Layered	 Population	
Structure	 (ALPS),	 which	 appeared	
soon	 after	 HFC	 was	 published,	 to	
address	sustainability	of	search.		
	
The	 BG/GP	 work	 continued	 after	 the	
NSF	 grant	 expired,	 via	 collaborations	
with	 Zhun	 Fan	 after	 he	 joined	 the	
faculty	 of	 the	 Technical	 University	 of	
Denmark	 (DTU).	 His	 student	 Jean-
Francois	Dupuis	 came	 to	 the	GARAGe	
to	 work	 with	 me	 for	 a	 year,	 before	
returning	 to	 Denmark.	 Our	
collaboration	 has	 become	 more	
intensive	 and	much	 broader	 in	 scope	
today,	 covering	 many	 aspects	 of	
evolutionary	 computation	 and	
involving	 many	 of	 his	 colleagues	 in	
China.	 Prof.	 Fan,	 now	 directing	 the	
Guangdong	Provincial	Key	Laboratory	
of	Digital	Signal	and	Image	Processing	

of	 Shantou	 University,	 and	 I	 have	
established	a	 joint	 research	center	on	
Evolutionary	 Intelligence	 and	
Robotics,	 and	 continue	 our	
collaborations	 through	 my	 annual	
visits	 to	 China	 and	 students	 from	 his	
lab	 coming	 to	 BEACON	 to	 work	 with	
me	for	one	or	two	years.		

Evolution	of	Control	
Algorithms	for	“Green”	
Greenhouses	

In	 2006,	 I	 began	 collaborating	 with	
Prof.	Lihong	Xu,	Dean	of	the	School	of	
Modern	 Agriculture	 Science	 at	 Tongji	
University.	 The	 topic	 of	 our	
collaboration	 is	 greenhouse	 control,	
and	 not	 surprisingly,	 we	 are	 seeking	
to	 evolve	 controllers	 with	 superior	
performance,	 in	 terms	 of	 crop	 yield	
and/or	 environmental	 impact,	 to	 the	
“standard”	 controllers	 that	 seek	 to	
maintain	 a	 fixed	 internal	 greenhouse	
temperature/humidity	 regardless	 of	
external	 conditions.	 Prof.	 Xu	 has	
visited	 MSU	 each	 year	 since	 then,	
sometimes	for	many	months	at	a	time.	
He	 has	 also	 sent	 over	 a	 series	 of	
excellent	 Ph.D.	 students	 as	 visiting	
scholars,	working	with	me	for	one-	or	
two-year	 periods.	 He	 has	 a	 large	 and	
excellent	team	of	researchers	working	
in	his	lab	at	Tongji	University,	and	his	
projects	 have	 important	 places	 in	
China’s	 Five-Year	 Plans.	 The	
complexity	 of	 the	 problem	 has	 taken	
us	in	many	directions,	including	multi-
objective	 optimization	 algorithms,	
machine	 vision	 methods	 for	
visualizing	 plant	 growth,	 and	 many	
others,	 both	 practical	 and	 theoretical.	
MSU	 Ph.D.	 student	 José	 Llera	 is	
nearing	 completion	 of	 his	 degree	 on	
this	 problem,	 and	we	 hope	 to	 see	 his	
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work	 tested	 in	 practice	 in	 a	
greenhouse	 in	 China.	 MSU	 Prof.	 Erik	
Runkle,	 Dept.	 of	 Horticulture,	 does	
extension	 work	 with	 Michigan	
greenhouse	operators	and	has	been	an	
invaluable	 source	 of	 guidance	 for	 our	
greenhouse	 modeling	 and	 control	
work.		

Bringing	Computers	and	
Internet	to	Five	Schools	in	
Tanzania	

In	2008,	Dean	Satish	Udpa	 told	me	of	
an	offer	from	an	engineering	alumnus,	
who	 had	 become	 a	 vice-president	 at	
Lenovo,	of	a	possible	donation	to	carry	
on	 a	 project	 to	 investigate	 the	 most	
appropriate	 computer	 technology	 for	
deployment	 in	rural	African	schools.	 I	
immediately	 expressed	 my	 interest,	
and	 with	 Prof.	 Jennifer	 Olson	 (an	
Africanist	 in	 Media	 and	 Information)	
and	 Prof.	 Kurt	 DeMaagd	 (a	
communications	 expert,	 also	 from	
Media	 &	 Information),	 selected	 an	
appropriate	 location	 and	 went	 to	
Tanzania	 to	 explore	 interest	 with	
Ministry	 of	 Education,	 Ministry	 of	
Economic	 Development,	 and	 local	
school	 and	 community	 leaders.	 In	
December,	2008,	we	took	an	ECE	480	
capstone	 design	 team	 of	 MSU	
students,	 during	 winter	 break,	 on	 a	
service/learning	experience	to	Mto	wa	
Mbu,	 Tanzania	 and	 installed	 a	 solar	
power	 system,	 satellite	 Internet	 link,	
and	a	six-seat	Lenovo	server	system	in	
a	 very	 dusty,	 high-temperature	
environment	 at	 Baraka	 Primary	
School.	 We	 also	 trained	 teachers,	
primarily	in	email,	Word	and	browser	
use.	 After	 the	 PC	 price	 crash,	 Lenovo	
stopped	 their	 charitable	 donations	
program,	 but	 MSU’s	 Office	 of	 the	

Provost	 stepped	 in	 with	 funding	 to	
continue	 the	 program	 for	 several	
years,	to	result	in	the	establishment	of	
an	 Information	 and	 Communications	
Technology	 for	 Development	 (ICT4D)	
minor	 or	 specialization	 as	 well	 as	 an	
annual	 Study	Abroad	 service-learning	
program.	As	the	 instructor	of	 the	ECE	
Capstone	 Design	 course,	 I	 recruited	
students	 to	 this	 “humanitarian”	
project	each	year,	and	groups	ranging	
from	 6	 to	 17	 ECE	 and	 Media	 &	
Information	 students	 went	 to	
Tanzania	 in	 the	 following	 years,	
establishing	 computer	 labs	 in	 two	
more	 primary	 schools	 and	 two	
secondary	 schools.	 We	 partnered	
initially	with	 two	 faculty	members	 at	
University	of	Dar	es	Salaam,	and	some	
of	their	students	were	involved	in	the	
first	 two	 student	 visits.	 Later,	 Prof.	
Aloys	Mvuma	moved	to	the	University	
of	Dodoma,	and	we	involved	one	of	his	
graduate	students,	Alex	Rutatinisibwa,	
in	the	computer	and	networking	tasks.	
He	 continues	 working	 with	 us	 as	 a	
consultant	 today.	 Over	 the	 years,	 the	
teams	 improved	 the	 older	 labs	 with	
many	more	seats.	Dr.	DeMaagd	left	the	
university	 after	 a	 few	 years,	 and	 Dr.	
Lalita	 Udpa	 became	 involved	 in	 the	
program	for	several	years.	Each	year’s	
visit	begins	with	10	days	at	TCDC,	the	
Danish-operated	 Training	 Center	 for	
Development	and	Cooperation.	There,	
the	 students	 learn	 “survival	 Swahili,”	
and	enough	about	the	culture,	history,	
and	economics	to	be	able	to	avoid	the	
most	 serious	 problems	 in	 interacting	
with	 the	 students,	 teachers	 and	 local	
population	 in	 Mto	 wa	 Mbu.	 I	 started	
studying	 Swahili	 during	 my	 time	 in	
Tanzania,	then	began	working	on	it	on	
my	 own	 back	 in	 East	 Lansing,	
eventually	 taking	 MSU’s	 third-year	
Swahili	course	sequence	in	2012-13.		
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Over	 the	 years,	 the	 technology	 we	
install	 in	the	Mto	wa	Mbu	schools	has	
shifted	 from	 multi-seat	 servers	 to	
laptops.	The	 student	 recruitment	was	
eventually	opened	to	all	majors	and	all	
levels,	 as	 the	 basic	 computer	 skills	 of	
the	typical	MSU	student	were	found	to	
be	sufficient	to	allow	them	to	assist	in	
the	 computer	 labs.	 In	 2017,	 a	 fiber	
optic	 link	 replaced	 the	 satellite	
Internet,	 and	 a	 major	 impact	
milestone	was	achieved:		at	one	of	the	
schools,	 teachers	 were	 required	 to	
submit	 grades	 in	 Excel	 spreadsheets!		
In	2018,	we	 learned	 that	 the	Ministry	
of	 Education	 now	 requires	 that	 all	
schools	in	the	Arusha	Region	enter	all	
students’	 final	 grades	 into	 a	 gigantic	
Excel	 workbook,	 broken	 down	 by	
districts	and	wards,	then	by	school.		In	
the	Karatu	district,	which	includes	the	
wards	 in	Mto	wa	Mbu,	 there	are	only	
five	 primary	 schools	 with	 any	
computers,	 and	 three	of	 them	are	 the	
schools	 where	 we	 have	 established	
computer	 labs.	 As	 a	 result,	 the	 other	
schools	 in	 the	 district	 must	 send	
someone	 to	 one	 of	 our	 schools	 to	
enter	the	grades.		

Attempting	Microwave-
based	Breast	Cancer	
Screening	

Prof.	Meng	Yao,	 of	 the	Department	 of	
Electrical	 Engineering	 of	 East	 China	
Normal	 University,	 has	 been	 a	
frequent	 visiting	 research	 scholar	 to	
the	 GARAGe	 and	 to	 BEACON,	 since	
2009.	 He	 has	 designed	 specialized	
antennas	 and	 impedance-matching	
technology	 to	 seek	 to	 improve	 the	
signal-to-noise	 ratio	 in	 reflected	
signals	 from	 breast	 tumors,	 which	

have	 characteristic	 impedance	
changes	 from	 surrounding	 tissues.	
While	 BEACON	 Ph.D.	 student	 Blair	
Fleet	 began	 using	 evolutionary	
algorithms	to	seek	to	select	features	to	
enable	 detecting	 tumor	 presence,	 the	
technology	 was	 not	 yet	 well	 enough	
developed	to	allow	that.	Prof.	Yao	and	
his	 colleagues	 continue	 to	 develop	
additional	 technology	 aimed	 at	
eventually	making	this	possible.	In	the	
meantime,	Fleet	is	working	on	another	
signal	 processing	 problem	 having	 to	
do	 with	 predicting	 conversion	 of	
Alzheimer’s	 disease	 patients	 from	
mild	 cognitive	 impairment	 to	 the	 full	
disease	 state.	 In	 the	 meantime,	 I	 am	
working	 with	 Prof.	 Yao	 and	 fellow	
BEACONite	Prof.	Kalyan	Deb	 to	 try	 to	
develop	another	collaboration	dealing	
with	 using	 multi-objective	
evolutionary	 computation	 to	 address	
urban	planning	problems	in	China.	
	

Addressing	Land	Use	Issues	
Using	Evolutionary	Multi-
Objective	Optimization	

Soon	 after	 Dr.	 Kalyanmoy	 Deb	 was	
recruited	 as	 the	 Koenig	 Endowed	
Chair,	 we	 picked	 up	 on	 an	 earlier	
collaboration	I	had	had	with	Dr.	Oliver	
Chikumbo,	 a	 control	 theorist	 and	
forestry	 researcher	 originally	 from	
Zimbabwe,	 who	 received	 his	
university	 education	 in	 Australia,	
worked	 there,	 then	 moved	 to	 New	
Zealand.	 Dr.	 Chikumbo	 and	 I	
collaborated	 originally	 on	 a	 forestry	
management	problem	in	a	part	of	New	
South	 Wales,	 where	 a	 deep	 layer	 of	
salt	 was	 in	 danger	 of	 poisoning	 the	
soil	 if	 forest	 clearcutting	 allowed	
water	 to	 penetrate	 to	 that	 level.	



	24	

However,	 the	 politicians	 did	 not	 like	
the	scientific	solution	we	produced,	so	
they	 cancelled	 the	 project.	 We	 next	
worked	 on	 a	 problem	 of	 agricultural	
land	use	in	the	drainage	basin	of	Lake	
Rotorua,	New	Zealand.	With	Prof.	Deb,	
we	 developed	 not	 only	 the	 tools	 to	
make	 this	 many-objective	
optimization	 feasible,	 but	 also	 the	
entire	methodology	for	providing	it	to	
the	 stakeholders	 in	 the	 community	
and	getting	their	agreement	on	how	to	
proceed.	 Although	 the	 Maori	 elders	
liked	 this	 approach	 very	much,	 it	 too	
ran	 into	 political	 problems	 from	 the	
younger	Maori	farmers,	and	we	had	to	
abandon	 it,	 but	 not	 before	 being	
awarded	 the	 Wiley	 Practice	 Prize	 by	
the	Society	 for	Multi-Criteria	Decision	
Making.	 We	 had	 had	 hopes	 that	 the	
work	 would	 be	 continued	 under	 the	
support	of	a	company	whose	CEO	had	
expressed	 strong	 interest	 in	 it,	 but	
that	never	materialized.	Prof.	Deb	and	
I	 instead	 began	 collaborating	 with	 a	
team	of	land	use	researchers	at	ETH	in	
Zurich	 and	 others	 from	 Germany.	
Graduate	student	Jonas	Schwaab	came	
to	 work	 with	 us	 in	 BEACON,	 and	 we	
are	 continuing	 to	work	with	 him	 and	
his	 teammates	 in	 Germany	 and	
Switzerland.		
	

BEACON	Center:		Surpassing	
All	Expectations	

In	 the	 early	 2000’s,	 Rich	 Lenski	 and	
Charles	Ofria	 approached	me	with	 an	
idea	 to	 apply	 for	 a	 Science	 and	
Technology	Center	 to	 study	 evolution	
in	 action.	 They	 were	 already	
collaborating	 in	 study	of	evolutionary	
mechanisms	 in	 both	 bacteria	 (in	
Lenski’s	 Long-Term	 Evolution	

Experiment,	 or	 LTEE,	 involving	 12	
parallel	 cultures	 of	E.	 coli	 transferred	
to	 new	 medium	 each	 day)	 and	 in	
“digital	 organisms,”	 using	 Ofria’s	
Avida	 platform	 of	 self-reproducing	
computer	 programs.	 They	 thought	 I	
could	 bring	 to	 the	 center	 both	
evolutionary	 computation	 (genetic	
algorithms	 and	 the	 like,	 based	 on	
modeling	 of	 biological	 evolution)	 and	
my	 management	 skills,	 since	 I	 had	
directed	 centers	 and	 industrial	
consortia	for	more	than	20	years.	The	
evolutionary	 computation	 would	 also	
bring	to	the	center	a	strong	capability	
for	 knowledge	 transfer	 to	 industry,	
which	 is	 expected	 of	 Science	 and	
Technology	 Centers.	 I	 thought	 this	
was	 an	 absolutely	 spectacular	 idea,	
and	 despite	 my	 earlier	 resolve	 never	
again	 to	 direct	 anything	 but	 my	 own	
research,	 quickly	 said	 yes	 to	 what	 I	
saw	as	an	irresistible	opportunity.	
	
We	 recruited	 an	 excellent	 team,	
selected	partner	institutions	including	
the	 University	 of	 Michigan	 and	 the	
University	 of	 Puerto	 Rico	 Mayaguez,	
and	prepared	 the	proposal,	under	 the	
title	“Center	for	the	Study	of	Evolution	
in	Action,”	or	CSEA.	
However,	 the	 proposal	 was	 not	 even	
selected	for	a	site	visit,	so	CSEA	never	
came	into	existence.		
	
However,	 in	 2008,	 another	 call	 for	
STC’s	was	announced,	and	we	quickly	
decided	 to	 try	 again.	 This	 time,	 we	
chose	as	partners	NCAT,	where	 I	was	
familiar	with	 Gerry	Dozier’s	 GA	work	
and	 Rich	 knew	 Joe	 Graves,	 an	
evolutionary	 biologist;	 University	 of	
Idaho,	 where	 I	 knew	 James	 Foster,	
who	 was	 active	 in	 both	 evolutionary	
computation	 and	 evolutionary	
biology;	 University	 of	 Texas	 Austin,	
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where	I	knew	computer	scientist	Risto	
Miikkulainen;	 and	 University	 of	
Washington,	 where	 Rich	 and	 Charles	
knew	Ben	Kerr,	an	outstanding	young	
evolutionary	 biologist.	 We	 structured	
BEACON	 such	 that,	 aside	 from	 the	
central	 operations	 staff,	 all	 of	 the	
research,	 education	 and	 diversity	
support	 funds	 would	 be	 allocated	
annually	 based	 on	 BEACON-peer-
reviewed	 “budget	 requests.”	This	was	
an	 innovative	 structure	 for	 an	 STC,	
and	 we	 feared	 that	 it	 might	 be	
attacked	by	reviewers	as	“trying	to	set	
up	 a	 mini-NSF.”	 However,	 that	 was	
exactly	what	we	wanted	to	do,	 for	the	
particular	 focus	of	evolution	 in	action	
and	 for	 our	 five-university	
partnership.	 This	 time,	 the	 reviews	
were	 very	 positive,	 and	 the	 site	 visit	
went	extremely	well.	I	was	astonished	
when	 MSU	 told	 us	 that	 they	 were	
proceeding	 with	 remodeling	 space	 in	
the	 BPS	 Building	 for	 BEACON,	 well	
before	 the	 decision	 to	 fund	 BEACON	
was	 announced	 by	 NSF.	 Selection	 of	
BEACON	as	an	STC	was	announced	 in	
early	February,	2010.	I	remember	well	
that	on	February	8,	when	government	
offices	 were	 closed	 because	 of	 a	
severe	snowstorm,	I	got	a	call	from	the	
person	coordinating	the	2010	class	of	
STC’s,	 Dr.	 Joan	 Frye.	 She	 knew	 that	
we’d	expected	to	hear	whether	or	not	
we	 were	 funded	 that	 week,	 and	 she	
didn’t	want	us	to	have	to	wait	through	
the	 weekend,	 so	 she	 called	 me	 with	
the	 good	 news.	 I	was	 thrilled	 beyond	
words,	 of	 course,	 and	 will	 always	 be	
grateful	 to	 her	 for	 not	 forcing	 us	 to	
wait.		
	
In	 June,	 2010,	 we	 were	 already	
moving	 into	 the	 completed	 BEACON	
Headquarters.	 We	 allocated	 the	 first	
year’s	 projects	 in	 March,	 2010,	 and	

held	 the	 first	 BEACON	 Congress	 in	
August,	2010.	Meantime,	NSF	had	not	
yet	 completed	 the	 paperwork	 to	
actually	 fund	 the	 new	 STC’s	 even	 in	
early	 September,	 and	 in	 fact,	 started	
the	other	STC’s	 in	September	or	 later,	
but	 because	 BEACON	 was	 already	 in	
full	 swing,	 they	 agreed	 to	 backdate	
our	starting	date	to	August	1,	2010.		
	
Also	launched	at	the	very	beginning	of	
BEACON	 was	 a	 team	 to	 do	 annual	
study	 of	 BEACON’s	 dynamics,	
surveying	 BEACONites	 to	 identify	
things	 that	 could	be	 improved.	Under	
the	 leadership	 of	 Drs.	 Patty	 Farrell-
Cole	and	Marilyn	Amey,	they	and	their	
students	 surveyed	 BEACONites	 and	
quickly	 discovered	 a	 number	 of	
problems.	 We	 needed	 better	
communication	 with	 our	 members,	
and	made	our	BEACON-wide	seminars	
a	 weekly	 event.	 We	 expanded	 the	
BEACON	Congress	and	decided	to	hold	
it	every	year,	rather	than	as	originally	
proposed.	 We	 initiated	 the	 BEACON	
Blog,	 under	 which	 ongoing	 research	
was	 regularly	 highlighted	 on	 the	
center’s	 front	 page,	 keeping	 it	
continually	 new	 and	 worth	 visiting.	
We	created	a	special	training	program	
for	 the	 grad	 students	 and	 postdocs	
who	 would	 be	 supervising	 summer	
research	 interns	 and	 apprentices,	
after	learning	that	in	the	first	year,	the	
undergrads	 felt	 like	 an	 unwelcome	
burden	 on	 the	 senior	 researchers.	
That	 program	 paid	 immediate	
dividends,	increasing	the	quality	of	the	
experience	 for	 the	 undergrads	 and	
helping	 the	 grads/postdocs	 to	
recognize	it	as	a	valuable	part	of	their	
training	for	a	future	faculty	role.	
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BEACON	Research		
	
BEACON’s	 research	 has	 been	 carried	
out	 in	about	 four	hundred	projects	so	
far,	so	 it	 is	not	possible	to	summarize	
them	here.	 The	 interested	 reader	 can	
consult	 each	 year’s	 annual	 report	 on	
the	 public	 website,	 in	 which	 Dr.	
Danielle	 Whittaker,	 BEACON’s	
Managing	 Director,	 has	 summarized	
each	project	 in	a	paragraph	or	 two.	A	
very	 readable	 review	 of	 most	 of	 the	
projects	 is	 also	 available	 by	 reading	
back	 through	 the	 several	 hundred	
BEACON	Blog	entries.	Suffice	 it	 to	say	
that	 over	 1,200	 papers	 about	
BEACON-sponsored	 or	 BEACON-
enabled	research	have	been	published	
already,	 including	 in	 journals	 such	 as	
Science,	 Nature,	 Proceedings	 of	 the	
Royal	Society,	PLOS	One,	Proceedings	of	
the	 National	 Academy	 of	 Sciences,	
Evolutionary	 Computation,	 IEEE	
Proceedings,	 and	 many	 other	 top	
places.	BEACON	research	is	helping	to	
address	 many	 of	 the	 important	
challenges	 to	 evolutionary	 biology,	
including	 evolution	 of	 cooperation,	
multicellularity,	 speciation,	 gene	
regulation,	 epigenetics,	 etc.	 BEACON	
researchers	 attack	 these	 questions	 in	
the	 domains	 of	 biological	 organisms	
and	 of	 artificial	 organisms,	 vastly	
increasing	 their	 capability	 to	
formulate	 and	 conduct	 experiments	
that	 illuminate	 the	 underlying	
mechanisms.	 Still	 other	 BEACON	
researchers	 are	 pushing	 the	 frontiers	
of	 developing	 new,	 more	 powerful	
evolutionary	 algorithms	 and	 applying	
them	 to	 solving	 real-world	 problems	
that	have	formerly	been	impractical	to	
solve.	
	
	

BEACON	Education	
	
Many	 of	 BEACON’s	 initial	 graduate	
students	 were	 already	 at	 one	 of	 the	
BEACON	universities	before	the	center	
was	created.	So	there	was	a	backlog	of	
students	 ready	 to	 take	 BEACON’s	
newly	 created	 trio	 of	 courses:	
Evolutionary	 Biology	 for	 non-Life	
Scientists,	 Introduction	 to	
Computational	 Methods	 in	 Biology,	
and	 Multidisciplinary	 Approaches	 to	
the	 Study	 of	 Evolution.	 They	 were	
structured	such	that	students	from	the	
BEACON	 partner	 universities	 could	
participate	 remotely,	 if	 they	 did	 not	
have	 equivalent	 courses	 already	
available	 locally	 or	 did	 not	 create	
them.	 Our	 engineers	 and	 computer	
scientists	 took	 the	 fall	 course	 in	
evolutionary	 biology	 and	 the	
evolutionary	 biologists	 took	 the	 fall	
course	 in	 computational	 methods.	
Then	 the	 two	 groups	 took	 the	 spring	
Multidisciplinary	 Approaches	 course,	
dividing	 into	 teams	 and	 creating	
computational	 models	 to	 experiment	
with.	After	a	few	years,	the	backlog	of	
students	 was	 eliminated	 and	 the	
course	enrollments	decreased,	and	we	
are	 now	 opening	 them	 up	 more	
broadly	 to	 students	 across	
engineering	 and	 biology,	 including	
combining	 one	 of	 the	 courses	 with	 a	
similar	 one	 in	 the	 Department	 of	
Computational	 Math,	 Science	 and	
Engineering.		
	
Many	 BEACONites	 proposed	 and	
carried	 out	 projects	 to	 create	
educational	 tools	 and	 curriculum	 to	
improve	 teaching	 of	 evolution,	 under	
the	 able	 leadership	 of	 Dr.	 Louise	
“Weezie”	 Mead.	 One	 of	 BEACON’s	
shining	points	has	been	the	extension	
of	many	of	these	projects	to	serve	the	
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whole	 country,	 which	 is	 unusual	 in	
STC-developed	 education	 projects.	
These	include	the	founding	of	the	Data	
Carpentry	 Workshops,	 now	 run	
nationally	 as	 a	 not-for-profit	
organization	 with	 funding	 from	 the	
Moore	 Foundation	 and	 under	 the	
leadership	 of	 former	 BEACONite	 Dr.	
Tracy	 Teal.	 Another	 is	 the	 Data	
Nuggets	 project,	 which	 now	 includes	
over	 sixty	 sets	 of	 data	 and	
accompanying	 descriptions	 that	 are	
valuable	 for	teaching	students	how	to	
analyze	 real	 scientific	 data,	 and	 are	
distributed	 freely	on	 the	web.	A	 third	
is	 the	 Avida-ED	 software,	 which	
provides	 free	 access	 to	 a	 first-class,	
web-based	 research	 tool	 for	 study	 of	
evolution	 of	 digital	 organisms	 and	
provides	 lesson	 plans	 for	 teachers	 to	
help	 them	 use	 it	 effectively	 in	 a	
biology	 class.	 	 Many	 Avida-Ed	
workshops	 are	 offered	 each	 year	 to	
train	teachers	in	its	use.	A	fourth	is	the	
set	 of	 computer	 games	 continuing	 to	
be	 developed	 by	 BEACON’s	 Idaho	
partners,	led	by	Terry	Soule.	Darwin’s	
Demons,	 the	 first	 of	 these	 games,	
features	 opponents	 that	 continually	
evolve,	 based	 on	 the	 player’s	 actions,	
providing	 a	 fun	 way	 to	 see	 evolution	
in	 action.	 All	 of	 these	 BEACON	
products	 are	 creating	 impacts	
nationwide.	BEACON	staff	 and	 faculty	
also	assume	 leadership	 roles	 in	many	
professional	 organizations,	 including	
those	 for	 biology	 teachers,	 helping	 to	
assure	 the	 prominence	 of	 evolution	
education	in	our	curricula.	

BEACON	Diversity	
	
While	 the	 National	 Science	
Foundation	has	strong	expectations	of	
its	 STC’s	 that	 they	 develop	 diversity	
within	 their	 centers,	 BEACON	 was	

determined	 from	 the	 outset	 that	 we	
would	 set	 ambitious	 goals	 and	 then	
actually	surpass	them.	In	the	proposal	
stage,	 BEACON	 was	 able	 to	 draw	 on	
the	 unmatched	 skills	 of	 Prof.	 Percy	
Pierre,	 arguably	 the	 most	 impactful	
leader	of	graduate	student	diversity	in	
the	 country.	 He	 helped	 to	 shape	 and	
start	the	graduate	fellowship	program	
of	 the	 Sloan	 Foundation,	 and	 in	 later	
years,	 to	 administer	 that	 program	 at	
Michigan	 State	 University.	 We	 set	
ambitious	 goals	 in	 the	 proposal,	 to	
exceed	 NSF’s	 national	 norms	 in	 all	
categories	 and	 all	 levels.	 Percy	 and	 I	
put	 together	 the	 diversity	 program	
outlined	 in	 the	 proposal.	 As	 soon	 as	
BEACON	was	funded,	we	hired	Dr.	Judi	
Brown	Clarke,	who	became	the	prime	
mover	behind	our	diversity	programs,	
as	BEACON’s	Diversity	Director.	
	
Because	 Percy	 and	 I	 had	 already	
worked	 together	 before	 BEACON,	 we	
had	 a	 level	 of	 trust	 and	 mutual	
confidence	that	enabled	us	to	set	goals	
and	 then	 achieve	 them,	 with	 the	
understanding	 that	 we	 would	
cooperate	 and	 share	 resources	 to	
enable	 that.	As	 a	 result,	 BEACON	was	
soon	 able	 to	 exceed	 NSF’s	 national	
norms	 for	underrepresented	minority	
graduate	 students,	 including	
racial/ethnic	 minorities	 in	 all	 fields,	
females	 in	 engineering/computer	
sciences,	and	persons	with	disabilities.	
Through	 Judi	 Brown	 Clarke,	 we	 then	
targeted	underrepresented	minorities	
and	 females	 in	 the	 undergraduate,	
postdoctoral	 and	 faculty	 ranks.	
Achieving	 those	 goals	 required	
creation	of	several	new	programs.	For	
undergraduates,	 Dr.	 Brown	 Clarke	
created	and	operated	a	huge	 summer	
program,	with	part	being	a	traditional	
REU	 (Research	 Experience	 for	
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Undergraduates)	 program,	 drawing	
many	 participants	 from	 BEACON’s	
partner	 NCAT	 and	 other	 HBCU’s.	 But	
we	 wanted	 to	 have	 something	 for	
younger	students	not	yet	ready	for	the	
REU	 experience,	 so	 she	 created	 a	
second	 program,	 the	 Research	
Apprenticeships	 Program,	 which	 in	
one	 summer	 prepared	 students	 for	 a	
subsequent	 summer	 as	 an	 REU	
participant.	We	then	added	a	“bridge”	
between	 those	 two,	 the	 BEACON	
Luminaries	 Program,	 which	 provides	
academic-year	 support	 for	 ten	
hours/week	 of	 research	 back	 at	 the	
home	 institution,	 between	 the	
apprentice	 and	 REU	 summers	 or	
between	 REU	 and	 grad	 school.	 All	 of	
this	 is	 aimed	 at	 providing	 these	
students	 the	 skills	 and	 confidence	 to	
know	 they	 can	 succeed	 in	 graduate	
school.	BEACON	has	been	hosting	60-
80	 students	 in	 BEACON	 labs	 each	
summer	 for	many	 years.	Much	 of	 the	
funding	has	been	arranged	from	other	
sources,	 so	 that	 BEACON	 pays	 only	
about	 40%	of	 the	 total	 bills,	 enabling	
support	 for	 such	 a	 large	 number	 of	
students.	 But	 all	 of	 these	 students	
benefit	 from	 the	 oversight	 and	
training	provided	and	arranged	by	Dr.	
Brown	 Clarke.	 That	 training	 included	
her	 oversight	 of	 the	 postdocs	 and	
grads	 working	 with	 the	 students,	
assuring	that	they	also	benefited	from	
their	supervisory	experience.	
	
The	 early	 years	 saw	BEACON	 not	 yet	
meeting	 its	 goals	 regarding	 diversity	
of	postdocs	 and	 faculty.	We	 therefore	
created	 a	 BEACON	 Distinguished	
Postdoc	Program,	under	which	faculty	
members	 could	 nominate	 postdocs	
working	 on	 evolution	 in	 action	 to	 be	
supported	 at	 BEACON	 for	 two	 years.	
This	 program	 brought	 excellent	

postdocs	 to	BEACON	and	put	 us	 over	
the	top	regarding	postdoc	diversity	in	
both	 gender	 and	 race/ethnicity.	 For	
faculty	 diversity,	 and	 to	 assist	 with	
future	 undergrad	 and	 graduate	
student	diversity,	BEACON	recruited	a	
few	 outstanding	 faculty	 members	
outside	the	BEACON	institutions	to	be	
brought	 into	 BEACON	 as	 Faculty	
Affiliates.	 These	 faculty	 members	
received	 some	 initial	 research	 funds,	
and	 then	 became	 eligible	 for	
competition	for	all	other	project	funds	
in	 the	 future,	 just	as	 if	 they	were	at	a	
BEACON	 institution.	 Once	 again,	 this	
program	 allowed	 us	 to	 exceed	 the	
national	 norms	 for	 faculty	 in	 all	
categories.	
	
Dr.	 Brown	 Clarke	 also	 launched	
BEACON’s	 program	 to	 support	
persons	 with	 disabilities	 (or	 “this-
abilities,”	as	they	are	called	here),	and	
we	 now	 exceed	 these	 national	 norms	
by	several	fold.		
	
Pierre,	 Brown	 Clarke	 and	 Goodman	
are	 now	 working	 on	 capturing	 the	
processes	 that	 have	 helped	 BEACON	
to	 achieve	 this	 notable	 success.	 Of	
course,	 part	 of	 the	 answer	 is	 the	
particular	 talents	 and	 dedication	 of	
Pierre	 and	 Brown	 Clarke,	 which	
cannot	 be	 replicated	 elsewhere.	 But	
we	 hope	 to	 capture	 other	 elements	
that	can	be	used	elsewhere	in	trying	to	
achieve	ambitious	diversity	goals.	

The	Ongoing	Parallel	
Activity—Teaching	

I	have	always	 seen	myself	 as	a	better	
teacher	 than	 researcher,	 but	 my	
interests	 and	 my	 enjoyment	 of	
collaboration	have	always	dragged	me	
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into	 spending	more	 time	 on	 research	
and	team/center	management	than	on	
teaching.	But	 I	have	 loved	my	 time	 in	
the	 classroom,	 and	 enjoyed	 trying	 to	
engage	 students	 and	 especially,	 to	
challenge	them	to	learn	“on	the	spot.”		
	
I	 have	 already	 described	 my	
development	 of	 the	 course	 sequence	
training	systems	ecologists	by	putting	
together	 teams	 of	 ecologists	 and	
systems/engineering	people.	At	MSU,	I	
basically	 put	 myself	 out	 of	 that	
business,	 because	 faculty	 from	 many	
of	 the	 biological	 disciplines	 sat	 in	 on	
my	 course,	 then	 built	 parts	 of	 the	
content	 into	 their	 own	 departmental	
courses.	Also,	Ronald	Reagan	stripped	
research	 funding	 from	 the	
Environmental	 Protection	 Agency,	
dramatically	 cutting	 the	 resources	
available	 for	 research	 by	 systems	
ecologists,	 so	 demand	 for	 the	 field	
waned.	
	
When	 that	 happened,	 I	 turned	 my	
teaching	 to	 the	 digital	 electronics	
courses	in	the	department,	developing	
a	new	capstone	computer	engineering	
course,	 Computer	 Interfacing,	 for	
which	I	received	a	semester	of	course-
release	 time	 to	 develop	 six	 new	
projects	for	the	course’s	lab	sections.	I	
enjoyed	a	great	deal	getting	my	hands	
back	 on	 actual	 hardware	 and	writing	
software	 in	assembly	 language.	These	
projects	 were	mostly	 done	 on	 Digital	
Equipment’s	 LSI-11	 systems,	 the	 new	
large-scale	 integration	 version	 of	 the	
old	 PDP-11	 architecture,	 running	 the	
RT-11	 real-time	 operating	 system.	
They	 included	 writing	 code	 for	 local	
networking	and	using	A/D	conversion	
to	 sample	 speech,	 then	 replay	 it	 after	
some	 filtering.	 I	 taught	 the	 Computer	
Interfacing	course	from	1980-1983.		

	
In	 the	 1973-1989	 timeframe,	 I	 also	
taught	 many	 of	 the	 department’s	
sophomore-junior-level	 courses,	
including	 Electric	 Circuits	 I,	 Electric	
Circuits	II,	Discrete-Time	Systems,	and	
Analysis	of	Control	Systems.	Since	my	
training	 was	 as	 a	 mathematician,	
formal	 philosopher,	 systems	 scientist,	
and	 computer	 scientist,	 but	 never	 as	
an	 electrical	 engineer,	 such	 courses	
were	 always	 a	 stretch	 for	 me,	
requiring	 time	 with	 the	 textbook	 in	
planning	each	 lecture.	 	But	one	of	 the	
courses,	 ECE	 311,	 Discrete-Time	
Systems,	 actually	 became	 near	 and	
dear	 to	my	heart,	and	 I	 taught	 it	very	
happily	many	times.	This	was	a	course	
in	 which	 I	 delighted	 in	 helping	
students	 gain	 an	 intuitive	
understanding	of	discrete	convolution	
and	 Z-transforms,	 removing	
convolution	and	the	Fourier	transform	
from	the	realm	of	“magic”	and	helping	
them	 internalize	 the	 “tricks”	 of	
summing	 series.	 One	 of	 those	 times,	
Colleen	Cooper,	then	a	Ph.D.	student	in	
Higher	 Education	 (College	 of	
Education),	 picked	 me	 as	 the	 subject	
for	her	ethnographic	study	of	a	college	
classroom.	 Every	 lecture,	 for	 many	
weeks,	 she	 and	 her	 camera	 operator	
videotaped	 my	 class	 and	 me	 as	 I	
lectured,	 answered	 questions,	 and	
worked	 problems	 on	 the	 blackboard.	
She	 then	 spent	 hours	 with	 students	
reviewing	the	tapes,	asking	them	what	
it	meant	when	I	did	certain	things,	etc.	
She	 also	 went	 over	 these	 tapes	 with	
me,	 asking	 me	 similar	 questions.	 It	
turned	out	to	be	a	fascinating	process,	
revealing	 a	 lot	 of	 my	 teaching	
behaviors	that	to	me	were	completely	
unconscious,	 but	 turned	 out	 to	 be	
completely	predictable.	An	example	is	
when	I	would	go	to	a	particular	place	
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in	 the	 room	 that	 turned	out	 to	be	my	
“come	 let	us	 reason	 together”	place.	 I	
had	 no	 idea	 I	 was	 doing	 that,	 but	 it	
was	very	clear	on	the	video.	I	still	have	
a	copy	of	her	thesis!	
	
I	 also	 taught	 the	 accreditation-
required	 1-credit	 course	 in	
Communications,	 Ethics,	 and	
Professionalism	 for	 many	 years,	 first	
as	 a	 stand-alone	 ECE	 381,	 then	 later,	
as	 part	 of	 the	 ECE	 480	 Capstone	
Design	 course,	 then	 again	
independently	as	ECE	390.	I	did	enjoy	
helping	 students	 learn	 how	 to	 do	
better	presentations.	
	
As	 part	 of	 the	 globally	 distributed	
design	 teams	 research	 project,	 I	 also	
was	a	co-instructor	in	EGR	475,	Global	
Engineering	 Design	 Teams,	 1999-
2002.	 Bill	 Punch	 and	 I	 co-taught	 or	
alternated	 in	 teaching	 CSE	 848,	 Intro	
to	 Evolutionary	 Computation,	 many	
times	 from	 the	 ‘90’s	 and	 until	 it	 was	
recently	taken	over	by	Profs.	Deb	and	
Banzhaf.	 I	 taught	 CSE	 410,	 Operating	
Systems	 Principles,	 from	 2000-2002,	
and	 enjoyed	 that	 immensely.	 That	
course	 introduced	 computer	 science	
and	computer	engineering	students	to	
processes,	 process	 scheduling,	
interrupt	 handling,	 deadlocks,	 inter-
process	 communication,	 race	
conditions,	 and	 many	 other	 concepts	
critical	 to	 understanding	 how	 user-
written	 programs	 interact	 with	 the	
actual	computer	hardware.		

	
I	 taught	 ECE	 480,	 Senior	 Capstone	
Design,	 from	 2002-2010.	 I	 modified	
the	 course	 so	 that	 the	 design	 teams	
worked	 on	 problems	 posed	 by	
industrial	 sponsors,	 who	 paid	 a	
nominal	 fee	 to	 sponsor	 a	 team	 for	 a	
semester.	 When	 I	 took	 the	 course	

over,	 the	 teams	 were	 engaging	 in	
robot	 design	 competitions	 with	 each	
other,	 rather	 than	 working	 on	
industry	 problems,	 but	 I	 thought	 it	
was	 important	 that	 they	 learn	 to	
interact	 with	 a	 real	 sponsor	 and	 to	
elicit	 a	 proper	 set	 of	 design	
specifications,	 then	 work	 to	 fulfill	
them.	It	also	gave	them	a	window	on	a	
potential	 employer,	 and	 vice-versa.	
They	had	 regular	meetings	with	 their	
sponsors	 during	 the	 semester,	 and	
presented	 them	 a	 prototype	 and	
report	at	the	end	of	the	semester.	The	
bad	 news	 was	 that	 it	 meant	 I	 had	 to	
recruit	 somewhere	 between	 10	 and	
18	 industrially	 sponsored	 projects	
each	semester,	which	took	a	good	deal	
of	 time	 and	 communication.	 But	 I	
certainly	felt	that	it	was	worthwhile	in	
terms	of	what	the	students	learned.		
	
I	also	introduced	several	new	topics	in	
the	 lecture	 portion	 of	 the	 senior	
capstone	 design	 course,	 including	 a	
series	of	 lectures	on	Six	Sigma	Design	
given	 by	 Dr.	 Gregg	 Motter	 of	 Dow	
Chemical	 Co.,	 one	 on	 intellectual	
property	 given	 by	 patent	 attorney	
Steve	 Noll,	 and	 one	 on	 project	
management	 using	MS	 Project,	which	
they	were	required	to	use	throughout	
the	 semester.	 Each	 team	 made	 two	
oral	 presentations	 to	 the	 class	 and	
others	 to	 their	 sponsor.	 They	 met	
weekly	 with	 their	 faculty	 facilitator,	
updating	on	progress	using	their	Gantt	
charts.	 Their	 projects	 were	 judged	 at	
the	 end	 of	 the	 semester	 by	 judges	
from	industry.	
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Summary	of	the	Above	Intellectual	Contributions	
	

1) Ph.D.	 research:	 	 developed	 a	 model	 of	 the	 growth	 of	 the	 bacterium	 E.	 coli	
under	 transfer	 among	 a	 variety	 of	 media	 (glucose,	 amino-acid-based	
medium,	broth,	glucose+lactose),	based	on	an	earlier	simulation	by	Dr.	Roger	
Weinberg.	 Used	 a	 genetic	 algorithm	 to	 derive	 over	 40	 rate	 constants	
governing	synthesis	of	various	cellular	pools—the	first	known	application	of	
a	genetic	algorithm	to	solve	a	complex	problem	for	which	the	answers	were	
unknown,	requiring	about	a	year	of	computer	 time.	For	 this	problem,	some	
algorithmic	design	decisions	differed	from	Holland’s	classical	model	to	better	
match	 the	 problem	 characteristics.	 Embedded	 the	 resulting	 cell	model	 in	 a	
von	 Neumann-style	 cellular	 automaton	 to	 investigate	 effects	 of	 cell-to-cell	
communication	on	colony	formation.	

2) Developed	 a	 training	 model	 for	 systems	 ecology,	 and	 trained	 over	 400	
biologists,	 including	 20+	 faculty	members	 from	 other	 universities,	 in	 state	
modeling	and	numerical	simulation	of	biological/	ecological	systems,	1972-
1982,	in	Systems	Science	442	

a. Imposed	a	useful	organization	of	thinking	in	the	modeling	process	
b. Models	did	not	need	to	be	linear,	so	biologists	could	model	arbitrary	

relationships—the	 dynamics	 they	 actually	 observed,	 not	 only	 what	
they	could	represent	 in	a	matrix,	 so	 long	as	 it	was	expressible	using	
ordinary	differential	equations	

c. Meant	that	must	use	numerical	integration	to	simulate,	not	analytical	
tools	to	generate	closed-form	solutions,	so	also	taught	them	FORTRAN	
programming	and	numerical	integration	

3) Collaborated	on	state	modeling	of	over	100	biological/ecological	systems	in	a	
project-based	course,	SYS	843,	following	the	initial	systems	ecology	training	

4) Used	 genetic	 algorithms	 to	 parameterize	models	with	 nonlinear	 structures	
that	were	otherwise	difficult	to	parameterize,	in	dissertation	and	subsequent	
modeling	projects	

a. Given	the	computing	resources	of	the	time,	it	was	usually	not	possible	
to	replicate	many	times	 to	allow	making	claims	about	 the	optimality	
of	 the	 search	 process,	 so	 did	 not	 publish	 about	 the	 methodology—
simply	used	the	results	

5) Led	CAD/CAM	research	in	the	Case	Center	for	Computer-Aided	Engineering,	
1983-2002:	

a. Developed	 the	 surface	 fitting	 system	 used	 by	 Chrysler	 to	 translate	
their	 proprietary	 Tchebyshev	 sculptured	 surface	 part	 definition	
database	 into	 industry-standard	 Non-Uniform	 Rational	 B-Splines	
(NURBS)	

b. Worked	on	CAD	geometry	use	in	manufacturing	problems	with	many	
students,	 culminating	 in	 contributions	 to	 numerically	 controlled	
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toolpath	 verification	 and	 high-precision	 robotic	 spray	 application	
simulation,	both	transferred	to	industry	

6) Did	early	work	introducing	parallelism	in	evolutionary	computation	
a. Ph.	 D.	 student	 Adrian	 Sannier	 used	 fine-grain	 parallelism	 (with	

reproduction	 triggered	by	behavior,	 influenced	by	others’	behaviors,	
but	not	requiring	synchronization/	generations)	in	his	ALife	and	load-
balancing	work,	published	in	mid-80’s	

b. My	 use	 of	 “island”	 parallelism	 was	 inspired	 by	 D.S.	 Wilson’s	 MSU	
(Zoology)	thesis	work	in	70’s	

c. Shared	 an	 island	 parallelism	 GA	 toolkit	 with	 the	 community	 in	
GALOPPS	 (Genetic	 ALgorithm	 Optimized	 for	 Portability	 and	
Parallelism),	1994-2000	

d. Used	GALOPPS	in	combinatorial	optimization	for	scheduling/packing/	
nesting/knapsack/protein	 folding/docking	 problems	 throughout	
‘90’s,	with	many	students	and	visitors	in	GARAGe		

e. Extended	 GALOPPS,	 introducing	 heterogeneous	 parallel	 genetic	
algorithms	 allowing	 different	 fitness	 functions	 and	 problem	
representations	 in	 different	 islands,	 with	 translation	 of	
representations	during	migration	

f. Specialized	 the	 heterogeneous	 parallel	 genetic	 algorithm	 to	 create	
“iiGA”,	 the	 injection	 island	 (AKA	 island	 injection)	 genetic	 algorithm;	
distributed	it	as	part	of	GALOPPS	

g. 	Used	iiGA	with	Ron	Averill	and	David	Eby	to	design	radically	different	
and	superior	lower	compartment	rails	(parts	of	chassis)	for	cars.	That	
led	 GM	 to	 ask	 us	 to	 form	 a	 company,	 which	 became	 Red	 Cedar	
Technology	

7) With	 colleagues	 Steinfield,	 Lloyd,	 Hinds,	 David,	 et	 al.,	 developed	 protocols	
and	 tools	 for	 helping	 internationally	 distributed	 teams	 to	 function	 more	
effectively,	 in	 the	 TeamGEMS	 project	 funded	 by	 EDS,	 then	 by	 NSF.	 This	
project	 included	development	of	 the	TeamSCOPE	 software	 (written	by	Ben	
Pfaff)	for	tracking	team	activities	

8) Developed	 business	 plan	 for	 and	 founded	 the	 501(c)(3)	 not-for-profit	
NEWTeams	Training,	 Inc.	and	 an	 associated	 business	 plan	 for	 the	 for-profit	
NEWTeams	Design	 to	allow	Russian	engineers	 in	closed	nuclear	cities	 to	be	
paid	 for	 design	 work	 for	 U.	 S.	 companies.	 The	 plans	 were	 accepted	 for	
funding	under	 the	Nuclear	Cities	 Initiative	 (U.	S.	Dept.	of	Energy),	but	were	
dropped	when	the	NCI	budget	was	cut	by	75%	for	political	reasons	

9) Redeveloped	the	ECE	Senior	Capstone	Design	Course	to	 include	industrially	
sponsored	 design	 projects,	 project	 management	 and	 six-sigma	 training;	
taught	it	2002-2010.	

10) In	 the	Genetic	Programming/Bond	Graph	project	 funded	by	NSF,	Goodman	
and	bond	graph	expert	Ron	Rosenberg	worked	with	postdoc	Kisung	Seo	and	
Ph.D.	 students	Zhun	Fan	and	 Jianjun	Hu	 to	create	a	GP	system	that	 created	
novel	 designs	 in	 the	 form	 of	 bond	 graphs.	 These	 bond	 graphs	 could	 be	
translated	into	designs	for	dynamic	systems	including	mechanical,	electrical,	
hydraulic,	 pneumatic,	 thermal,	 or	 other	 types	 of	 components.	 This	method	



	 33	

was	 used	 not	 only	 for	 design	 of	 new	 mechatronic	 systems,	 but	 also	 for	
redesign	 of	 existing	 systems,	 in	 what	 we	 might	 now	 call	 “Genetic	
Improvement”	of	dynamic	 systems,	 rather	 than	 computer	programs.	 It	was	
used	 to	 redesign	 pneumatic	 railroad	 brakes,	 improve	 on	 early	 designs	 of	
“Selectric”	 typewriters,	 and	other	 systems.	Because	 these	 systems	 required	
that	both	 the	 topology	and	parameters	of	 a	 system	be	evolved	at	 once,	 the	
team	 developed	 “Structure	 Fitness	 Sharing	 (SFS),”	 a	 concept	 that	 allowed	
new	 topologies	 to	 remain	 in	 a	 population	 long	 enough	 on	 average	 that	
appropriate	parameters	 could	be	 evolved	before	 a	 topology	was	discarded.	
Such	a	process	today	would	be	called	a	multi-level	search	algorithm.	Because	
this	de	novo	 synthesis	 required	very	 long	 searches,	 Jianjun	Hu	developed	a	
new	model	for	sustainable	search,	a	process	that	allows	continual	injection	of	
new	 random	 genomes	 into	 the	 population	 and	 does	 not	 force	 them	 to	
compete	 with	 more	 highly	 evolved	 individuals	 until	 their	 fitnesses	 are	 in	
similar	 ranges.	 This	 approach,	 called	 Hierarchical	 Fair	 Competition	 (HFC),	
was	 eventually	 extended	 by	 the	 team	 to	 allow	 it	 to	 evolve	 its	 fitness	
thresholds	and	even	into	a	continuous	form	in	which	the	fitness	distribution	
itself	 was	 sampled	 for	 breeding	 and	 fitness	 evaluation	 purposes	 without	
subdividing	 the	 population	 explicitly.	 HFC	 and	 its	 offspring,	 Adaptive	 HFC	
(AHFC),	Quick	HFC	(QHFC),	and	Continuous	HFC	(CHFC)	were	used	by	many	
authors	 during	 the	 ten	 years	 after	 their	 introduction,	 and	 the	 papers	were	
cited	over	700	times,	but	eventually,	more	in	the	community	moved	toward	
Greg	 Hornby’s	 Age-Layered	 Population	 Structure	 (ALPS),	 which	 appeared	
soon	after	HFC	was	published,	to	address	sustainability	of	search.	

11) With	Ron	Averill,	 co-founded	Red	Cedar	Technology,	 Inc.	 (originally	known	
as	 “Applied	 Computational	 Design	 Associates”),	 1999.	 The	 optimization	
technology	 was	 originally	 based	 on	 GALOPPS,	 Goodman	 quickly	 created	 a	
much	more	 sophisticated,	 powerful	 and	parameter-free	blackbox	optimizer	
and	named	it	SHERPA,	the	optimization/search	portion	of	the	HEEDS	design	
automation	 package.	 Because	 it	 was	 held	 as	 a	 trade	 secret,	 the	 SHERPA	
algorithm	was	never	published	or	described	 in	detail,	 but	has	 continued	 to	
win	 head-to-head	 blackbox	 optimization	 “bakeoffs”	 against	 its	 rivals.	
Goodman	gave	up	his	VP	Technology	 role	at	Red	Cedar	 in	2010,	when	NSF	
announced	the	funding	of	BEACON.	In	2013,	Red	Cedar	was	acquired	by	CD	
Adapco,	which	 in	 turn	was	 acquired	 by	 Siemens	 PLM	 in	 2016.	Most	 of	 the	
Red	 Cedar	 staff	 members	 continue	 development	 and	 marketing	 of	 HEEDS	
and	 SHERPA	 under	 the	 Siemens	 banner	 today,	 and	 licensing,	 primarily	 for	
access	 to	 SHERPA,	 brings	 in	millions	 of	 dollars	 each	 year—but	 to	 Siemens,	
not	to	us.	

12) Co-founded,	with	Prof.	Jennifer	Olson	of	Media	&	Information,	a	Study	Abroad	
program	 and	 associated	 specialization	 (now	 a	 minor)	 in	 Information	 and	
Communication	 Technology	 for	 Development,	 beginning	 in	 2008.	 In	 the	
ensuing	10	years,	the	program	has	grown	to	serve	five	schools	and	we	have	
taken	 over	 70	 students	 in	 total	 to	 Mto	 wa	 Mbu,	 Tanzania,	 for	 a	 month	 of	
service	 learning	 in	 the	 schools	 there.	We	 continue	 to	 update	 the	 electrical	
systems,	 Internet	 access,	 and	 computing	 resources	 each	year.	The	program	
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received	 initial	 funding	 from	 Lenovo,	 then	 five	 years	 of	 support	 from	 the	
Office	 of	 the	 Provost,	 but	 now	 relies	 entirely	 on	 donations	 for	 its	
continuation.	The	advances	in	the	schools,	although	they	started	slowly,	have	
now	been	dramatic.	

13) With	 Prof.	 Kalyanmoy	 Deb	 and	 others,	 developed	 methodologies	 for	
addressing	land	use	problems,	first	in	New	Zealand	and	later	in	Switzerland.	

14) My	primary	contributions	to	the	BEACON	proposal	(and,	after	funding,	to	the	
center)	were	 (i)	my	 organizational	 skills,	 which	 helped	 us	 to	 establish	 the	
center’s	 structure	 and	 operations—very	 different	 from	 those	 of	 most	
previous	 Science	 and	 Technology	 Centers,	 (ii)	 my	 experience	 in	 training	
interdisciplinary	 teams,	 which	 was	 the	 basis	 for	 BEACON’s	 three-course	
transdisciplinary	 graduate	 training	 sequence,	 and	 (iii)	 my	 experience	 in	
tapping	 evolutionary	 principles	 from	 nature	 to	 improve	 evolutionary	
computation	 algorithms	 and	 their	 use	 to	 address	 industrial	 problems,	
contributing	strongly	to	BEACON’s	knowledge	transfer	to	industry.		

Professional	Contributions	

1) General	 Co-Chair,	 Eleventh	 International	 Computer	 Graphics	 Conference,	
1987,	 Detroit	 (sponsored	 by	 Society	 of	 Automotive	 Engineers	 and	
Engineering	Society	of	Detroit)	

2) American	 Institute	 of	 Aeronautics	 and	 Astronautics	 CAD/CAM	 Technical	
Committee	Outstanding	Contributions	Award,	1990	

3) Organizer	 of	 the	 first	 evolutionary	 computation	 conference	 in	 Russia,	
EvCA’96,	 at	 the	 Presidium	 of	 the	 Russian	 Academy	 of	 Sciences,	 under	
sponsorship	 of	 the	 International	 Society	 for	 Genetic	 Algorithms.	 Vladimir	
Uskov	co-organized.	

4) General	 Chair	 of	 the	 last	 International	 Conference	 on	 Genetic	 Algorithms,	
MSU,	 1997;	 collaborated	 in	 its	 combining	 with	 the	 Genetic	 Programming	
Conference	 to	 become	 GECCO,	 the	 Genetic	 and	 Evolutionary	 Computation	
Conference,	in	1999.	

5) General	chair	of	GECCO	in	San	Francisco,	2001	
6) Chair	 of	 International	 Society	 for	 Genetic	 and	 Evolutionary	 Computation,	

2001-2004	
7) Founding	 chair	 of	 ACM	 SIGEVO	 (Special	 Interest	 Group	 on	 Genetic	 and	

Evolutionary	Computation),	2005	
8) Organizer	and	co-chair	of	a	special,	ACM-SIGEVO-sponsored	EC	conference	in	

China,	the	GEC	Summit,	in	Shanghai,	2009	
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