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President's Message 
The Wide World of Simulation 
At TIMS/ORSA and ORSA/TIMS Joint National Meetings the TIMS College 
on Simulation is simulation: We organize the simulation track and are the 
only interest group on sirnulation. We are certainly a major player at the 
annual winter Simulation Conference, yartjcula~ly when it comes to  
simulation methodology. However, at the Aug. 4-6, 1993 Society for 
Industrial and Applied Mathematics (SIAM) Conference on Simulation and 
Morlt e Carlo Met hods, the OR/MS simulation community was, by design, 
only a part of the action. This President's message reports some observations 
from that conference. 

The chair of the organizir,g committee for the SIAM conference was Peter 
Glynn-a member of the TIMSICS. The conference themes were cellular 
automata and related complex systems; diverse applications of simulation; 
Monte Carlo mcthods for differential equations; optimization via simula- 
tion; quasi-random sequences; random number generation; simulation and 
Computer Science; simulation in Operations Research; simulation in the 
Physical Sciences; sin~ulation and Statistics; and variance reduction. Despite 
the divcrse topics, rnany of the talks could be classified under the broad 
heading of "simulating cffcctively and efficiently." Just when we think we 
have adequate corn puting power, good random-number generators with 
sufficiently long periods, general modeling constructs and effective design 
and analysis tools, someone proposes an important problem that outstrips 
all of these. If therc were a single theme of the conference it was that our 
problems are always bigger than our solutions. 

The ORlMS community was well represented: Paul Glasseman and 
George Fishman delivered two of the 11 ine invited presentations, and the 
organizing committee included Luc Devroye, Phil Heidelberger and Jim 
Wilson. Nevertheless, I was humbled by what a small part of the wide 
world of simulation we arc.. 1 was also pleased a t  how often it seemed tha t  
ORIMS research had sometl~ing important to contribute to problems that 
arise in other areas. This further emphasizes how difficult it is to keep up 
with advances in sir~lulation modeling and ~nethodology. Simulation is 
such a ubiquitous tool that no one can track evcry new development. All 
the more reason we should invite people ot~tside our club to our confer- 
ences and our College. 

Now a couple of reminders: Petitions to noininate officers for the two- 
year tern] beginning June 1994 are due by Ftb .  1, 1994. And consider 
attending the International TIMS meeting in Anchorage, Alaska, June 12- 
15, 1994. Diane Rischak has put together an  outstanding simulation track 
for that meeting. 

--Rtrrry L. Nelsun, TIMSICS Presiii~vt 



Editor's Corner 
Welcon~e to the Fall 1993 issue of the TIMS College on 
Sirnulation (TCS) Newsletter. In this issue we offer 
another article on simulation metarndeling. Specifi- 
cally, Joan Donohue, Ernie Houckand RaymondMyers 
write on response surface designs for simulation 
metamodeling. Anyone who has kept current with the 
sirnulation metamodeling literature over the past few 
years knows that these three authors have made many 
and significant contributions to this literature. In this 
issue, they briefly summarize this literature and give an 
insightful overview to their contributions. 

In addition to our regular reports from the Simula- 
tion Department at (\it Management Science] and 
TOMACS, we have a report from Peter Glynn on the 
SIAM Conference on Simulation and Monte Carlo 
Methods that was held this past August in San Fmn- 
cisr:o. Anyone who was fortunate enough to attend this 
wonderful conference was surely impressed with the 
breadth of apy lica tion and interests in computer simu- 
1at ion. Clearly, computer simulation is continuing to 
develop as a field of study. 

I want to remind ~nembers (and nonmembers] of 
the College that the 1993 Winter Simulation Confer- 
ence is in Los Angeles at The 10s Angeles Biltmore 
Hotel on Dec. 12-1 5 ,  1993.1 encourage everyone who 
can to attend. This conference promises to continue 
on from where WSC'92 left off. 

Also, please send your paper abstracts, h k  reviews, 
announcements, suggestions and other materials to 
either editor. We accept material in any medium but 
prefer electronic submissions. The editorial deadline 
fur the Spring issue is March 1, 1994. -jdt 

TIM3 College on Simulutiot~ Newsletter is pu hlis hed twice each year, in the Sprjng 
and Pal!, by TIMS College on Sirnulatinn. Mcrnbership in the College on Simulation 
i s  independent ol~nembership in The Institute of Management Sciences. Annual dues 
for non-TIM5 members is $3; 'I'IMS rnembcrs may join for 52. Dues for those outside 
of the U.S./Canada is 53. 

To join, send name, address, e- nail addrrrs (if applicable), arld the appropriate dues 
to: David Golds~nan, School of Industrial and Syste~ns Engineering, Georgia Institute 
of Technology, Atlanta, GA 30332-0205. Make checks payable to TIMS College on 
Simulation. Mease pass along this anno~~ncement  to others who might be interested 
in joining. 
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TI MSICS 

Minutes of the 
5/18/93 TIMSICS 
Meeting at  Chicago 
TIMS/ORSA 
Members present: Mike Rarley, I'aul Altair, Dave 
Goldsman, Laurel Travis, David Kelton, Diane Bischak, 
Shelton Jacobson,Jim Wilson, Thanos Avramidis, Peter 
Haas, Dean Hartley, Keebom Kang, Jeff Tew, Yun Bae 
Kim, P. Shahabuddin, Kevin J. Healy, Osmail Balci, 
Barry Nelson. 

Nonmembers present: Greg Heim, Gary Folurn, 
Frank J. Matejcik 

1. Barry Nelson called the meeting to order at 536 
p.m. 

2. Intrductions weremadearound the roor~~.Thanos 
Avramidis was given a round of applause when it was 
noted that he had won the 1993 Nicholson prize. 

3. Barry Nelson (for Secretary-Treasurer Jim Swain) 
read the minutes from the TIMS/CS meeting at the 
1992 Winter Simulation Conference held in Washing- 
ton, D.C., and they were approved. Barry Nelson also 
read the Treasurer's report. 

4. Dave Goldsman read the Vice-President's report 
on sponsored sessions. There were six sponsored ses- 
sions at Chicago TMS/OItSA. There will be two and a 
half sponsored sessions at Phoenix OHSAITIMS, five 
to six sponsored sessions at Boston TIMSiORSA, and 
three sponsored sessions at the International TIMS 
meeting in Alaska. People interested in organizing 
sessions for future meetings should check with Dave 
Goldsman as early as possible. Barry Nelson noted 
that the simulation track at Chicago ran through the 
entire conference. 
5. Jeff Tew reported on the Newsletter. The Spring 

Newsletter has been sent out. TIIOSC who receive it by 
e-mail, but have as yet not recejved it, should let Jeff 
know. TheNewsletter needs articles for the Spring 1994 
Newsletter. The Newsletter is available on SN ET. The 
TIMS Logo will appear on all the Newsletters, begin- 
ning with the Fall issue. 

6. The WSC Roard Representative had no report. 
7. The Management Science Simulation Depart- 

ment Editor, Pierre LeCuyer, submitted a surnlnary of 
the activities in the first four months of 1993 (read by 
Barry Nelson). Only five papers have been submitted in 
this period. Submissions are now accepted irl LaTeX. 

8. The Outstanding Publication Award Committee 
requests rlominations by May 31, 1993 (from Luc 
Dev~oye, transmitted by Barry Nelson). The no~:~inatcd 
publication must have appeared in the years 1989- 
1992 jnclusive. 

9. The Distinguished Service Award Committee re- 
quests nominations by Sept. 1,1993 (from Dick Nance, 
transmitt4 by Osman Balci). Anyone can submit a 
nomination. The nominator should clearly outline 
why the norri inee is deserving of the award. Nomina- 
tions should be sent to Dick Nance. The committee has 
also prepared guidelines for future committw mem- 
bers to use. 

10. New appointments: David KeIton, Service Award 
Commjttee; John Fowler, Publication Award Commit- 
tee; Diane Bischak, Under-represented Minorities and 
Women Committee Chair; Sigrun Andradottir, Under- 
represented Minori ties and Women Committee; Diane 
Bischak, Organizer for 1994 International TIMS sessions 

11. Diane Bischak, the Under-Represented Minori- 
ties and Women Committee Chair, noted that an- 
nouncemen ts are being sent to deans and department 
chairs west of the Rockies to encourage  under-repre- 
sented minorities and wornen to  attend the 1993 
Winter Simulation Conference in Los Angeles, and 
participate in the '1'1 blS/CS program that subsidizes 
their cost of attending the conference. 

12. ORSAlTIMS Detroit organizingcornmittee repre- 
sentative did not show up. 

13. Old business. Six changes to the Bylaws have 
been proposed (See the Spring 1993 Newsletter). There 
was a discussion of the proposed changes here, and 
further discussion is planned for the Phoenix ORSA/ 
TlMS meeting, and the 1993 Winter Simulation Meet- 
ing in Los Angclcs. 'There will be a ballot on thechanges 
in the 1994 Spring Newsletter. Comments on the 
proposed bylaw changes: 

ARTlCLE 111, ltem 1 {This amendment gives non- 
TIMS members of the College the right to  vote.): 

(a) TIMS/CS membership should be encouraged. 0) 
Restrictivr~s to membership should be minimized. (c) 
ORSA approved non-ORSA members to participate in 
techrlical sections. (d) It is good to increase member- 
ship. (e) Very few members of TIMS AS are not TIMS 
members. I f )  Pcople should not k forced to join TIMS. 
(g) ORSA special in tcr~st  groups are gaining autonomy. 

ARTICLE 111, Item 1 (This amendment gives non- 
TlMS ~rlembers of the College the right to hold office.): 
all of the previous curnmcnts apply. 

ARTICLE IV, Item 1 (This amendment combines the 
offices of Secretary and Treasurer into one office.): 

(a) Are people being shut out with the current 
st ructurt.? (b) Additional officers would maximize the 
opporturlity for participation. (c) Keep "managementJ' 
to a minimum. (d) Leave open. 

ARTlCLE V, Itcm 4 (This is a new article that defines 
the Nominating Committee; the current Bylaws are 
silent on the composition of the committee.): 

(a) It is difficult to find people to participate in 
general. (b) Can still result in "inbreeding", hence a 

[cot~tirlrred OH page 71 



Response Surface Designs for 
Simulation Metamodeling 

Joan M. Donohue, University of South Carolina 

Ernest C. Houck and Raymond H. Myers, 
Virginia Polytechnic Institute and State University 

In the last issue of this newsletter, Russell Barton's 
article discussed simulation metamodeling and sum- 
marized a number of metamodeling techniques that 
represent alternatives to polynomial regression mod- 
els. Barton (1 993) identified the inflexibility of polyno- 
mial regression metamodels in fitting nonlinear re- 
sponse functions as a maiur drawback. This observa- 
tion is accnrate if polynomials are used to model such 
functions over large regions of the operability region. 
However, for carefully selected subregions in the inde- 
pendent variables, polynomial models frequently pro- 
vide adequate approximations to such functions. As 
Barton also observes, the advantages of poIynomia1 
metarnodels are many: ease of construction, ease of 
prediction, and ease in the selection of input variable 
settings for simulation runs (via experimental design 
procedures). Perhaps the two most important cansider- 
ations in successful application of polynomial 
metamodels are the definition of the subregion to be 
explored and the experimental design to be used in the 
estimation of the metamodel. In this brief article, we 
consider issues related to experimental design within 
the context of response surface methodology (RSM). 

Response Surface Methodology 
In many simulation scenarios yolyno~nial metamodels 
provide a useful tool for studying the behavior of the 
output response as a function of a set of input factors. 
Output data collected from the execution of the simu- 
lation model for various combinations of the input 
variables are used to fit a poty nomial metamodel. Once 
estimated, the model car1 be used to gain insight into 
the behavior of the system, perform sensitivity analy- 
sis, predict system response, and estimate optimum 
system operating conditions. 

Myers, Khuri and Carter (1989) define RSM as a 
collection of tools in experimental design and data 
analysis that enhance the exploration of a region of 
design variables in one or more responses. In a sirnuln- 
tion context, the design variables are the controllable 
input factors to the simulation model that have an 
effect on the response variable of interest (the simula- 
tion output variable). The experimental design cumpo- 
nent of RSM involves the specification of the various 
configurations of the simulation model to be run in 
order to estimate the parameters of the metamodel. 

Here it is assumed that the simulated response of 
interest is an unknown or complicated function of the 
input factors that can be approximated as a low-order 
polynomial model (generally first- or second-order) for 
specified subregions of the factor space. Thus, appropri- 
ate specification of the subregion to be explored is 
essential to the objectives of the investigation. 

Response Surface Design 
Experimental desibms for RSM applications tend to 
differ from traditional statistical designs because of 
differences in objectives. In the latter case designs are 
typically bdsed 011 the assumption that the fonn oft he 
estimated metamodel is correct, and traditional de- 
s i p s  use criteria that minimize functions of the vari- 
ances of theestimated model coefficients (e.g., rninimi- 
zatjon of the determinant or trace of the estimator 
covariance matrix). In the case of RSM applications, 
Box and Draper (1959), as well as others, suggest that 
response airface designs take into account that the 
assumed metarnodel represents an approximation to a 
more complicated underlying relationship. Inherent 
in this proposal is the need to consider design criteria 
that address biasdue to possible model misspecification 
(as well as parameter variance) in theestimationof RSM 
metamodels. Thus the experimental design should 
allow for the estimation of a polynomial metamdel of 
a specified order while providing protection against the 
possibility of the presence of terms of a higher order. 
This "fit-protect" design philosophy is the fmus of the 
following discussion. 

The class of two-level factorial and fractional facto- 
rial experimental plans generally serves as the basic 
configuration for first-order response surface designs. 
The importance of these designs in RSM studies can k 
attributed to the limited amount of experimentation 
required and to such desirable properties as orthogo- 
nality and rotatability. Traditional variance-oriented 
design criteria require that the experimental points of 
two-level factorial designs bc located on the perimeter 
of the specified experimental region. Desip criteria 
that consider bias as well as variance in the estimation 
of ~neta~nodels differ in the location of these experi- 
ments. Typically, information must be collected within 
thc interior of the region for the design to provide 
protection against bias due to second-order curvature. 



This information is obtained by generating additional 
output responses at the center of the experinlental 
region andlor by moving the factorial points toward 
the center af the experimental region. For example, if 
the input variables (denoted xi) have been coded such 
that +I, 0, and -1, respectively, correspond to the high, 
middle, and low levels of each input variable in the 
specified region, then the "fit-protect" RSM designs call 
for experimental runs a t  the center of the region (xi = 
0 for all i) andlor the placement of the factorial design 
points to the inside of the region's perimeter (e.g., xi = 
+-0.7). Either method provides some protection against 
bias error due to second-order curvature in the response 
surface within the expe~itnental region. 

Standard second-order designs based on traditional 
variance-oriented design criteria can be modified to 
provide protection against third-order curvature in 
much the same manner that two-Iwel factorial designs 
can be modified to provide protection against terms of 
order two. This observation applies to the following 
major classes of second-order designs: central camps- 
ite designs, Box-Behnken designs, three-level factorial 
designs, and small composite designs. Through an 
appropriate selerZion af the location of siolulation runs 
within the experimental region, each of these tradi- 
tional second-order design classes can provide protec- 
tion against model misspecification. Such second-or- 
der simulation designs, as wet 1 as first-order designs, are 
developed by Donohue, Houck and Myers (1992,1993, 

19941 using two average mean squared error design 
criteria that collectively address the major applications 
of the simulation metamodel: sensitivity analysis, pre- 
diction of system response, gradient search procedures, 
and identification ot' optimum operating conditions. 

Additional Design Considerations for SIrnulation 
Sitnulat ion offers the experimenter more flexibility in 
the developnlent of experimental desigris than is found 
in industrial RSM applications. In simulation studies, 
experimentation can be started and stopped at  any 
time, data collection can begin and end at any time, 
replications can be easily performed, the frequency of 
data collection can bc varied from one run to the next, 
etc. Obviously there are numerous issues in the speci- 
fication of simulation designs for metamodel estima- 
tion in RSM studies. We will briefly comment on the 
following items: 

Degree of the polynomial metarnodellorder of the 
design, 

Boundaries of the experimental region, 
Experimental design class, 
Random number assignment strategy, 
kvelsoftheinputvariablesandnumberofcenterruns. 
The f i rs t  two ite~ns go hand-in-hand. Generally first- 

or second-order polynomial models are selected. First- 
order models require fewer experimental runs than do 
second-order models but are only appropriate in small 
regions of the factors where curvature is negligible. 

For the period 2/25/93 to 7/8/93, the TIMS College on Simulation had the following transactior~s at the 
Wachovia Bank of Georgia, Atlanta, Ga. 

Revenues 
Interest $268.38 
1992 WSC Return of Seed money 

and Surplus $7,000.0 
Total Revenues $7,268.38 

Disbursements 
Chicago TIMS/ORSA Refresh $21 1.92 
Check Fees $25.00 
Spring 93 Newsletter $2,036.60 

Net Disbursements $2,273.52 

Net (Revenues - Disbursements) $4,994.56 

In additjon to the above funds, the College has on accourlt at TIMS Headquarters (7131193) $2,369.61, 
bringing the TIMSICS net worth to $26,120.17 

Re,pectfrrlly srrbntitteii, /#me5 I. Swnirl, S e a e t a ~ r e r e r ,  Sept. 7, 1 993 



Second-order models, which require a greater amount 
of experimentation, can be used in larger experimental 
regions and, therefore, the selection of the boundaries 
for the experi nlentat region is dependent on the order 
of the polynomial model being fitted. 

The experimental design class tnust also be specified 
by the simul a tjon metamodeler. Two-level factorial 
designs are typically used in the first-order case, and 
there are four classes of commonly used second-order 
designs from which the experimenter can choose. After 
the design class is identified, a decision regarding the 
assignment of random number streams todesign points 
must he made. The streams that drive the stochastic 
components of the simulation model can be specified 
such that  independent response observations are co1- 
lected or, by using an appropriate variance reductior~ 
technique, correlations can be induced ktween re- 
sponses at different design points. In the work cited 
previously, Donohue, Houck and Myers consider three 
strategies for assigning random number streams to the 
design points of a single replication of an experi~nental 
design. Three variations of these random number as- 
signment strategies for multiple replications are stud- 
ied by Tew (1 99 1). 

Finally, the n u r n k r  of runs at the center of the 
design and the levels of the input variables on each 
experimentaln~r~ must bedetermined. Donohue, Houck 
and Myers also make recommendatians for these items 
based on the selected "fit -protect" design criteria and 
theexperimenter's intendeduseof the fittedmctamodel. 

Summary 
The need to consider potential bias as well as experi- 
mental error variance in the specification of a respnse 
surface design was noted by Box and Draper almost 35 

years ago. This observation is particularly relevant in a 
siinulatio~> environment where themetamodel is used 
to approximate an unknown or complicated relation- 
ship between a simu1atior.i output variable and a set of 
coritrotlable input variables. Additionally, for simula- 
tion metamodelers, the benefits of usingan experimen- 
tal design that protects against bias due to metarnodel 
rnisspecificatjon can be cnhanced through the use of 
certain variance reduction techniques. In summary, 
both sources of estimation error (bias and variance) are 
important considerations i11 the desibm of simulation 
experiments. The extent to which both sources of 
estimation error can be controlled is fundamental to 
t tle successful use of simulation metamodels. 
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European 
Simulation 
Multiconference 
The European Simulation Mul ticonference 1494, orga- 
nized and sponsored by the Society for Computer 
Simulation Internatiorial and hosted by the Universitat 
Politecnica de Catalunya, will be held June 1-3,1994 in 
Barcelona, Spain. 

The conference will bring togrt her sever1 indi- 
vidual conferences. We invite papers for presentation 
at the conference and for publication in the Confer- 
ence Proceedings on the following subjects: Simula- 
tion Methodology and Applications; Object Oriented 
Modeling and Simulation; Quatitative Information, 

Fuzzy Techniques, and Neural Networks in Simula- 
tion; Simulation in Aerospace; Simulation of Con- 
tjrluous Processes; Simulation in Manufacturing and 
1,ngistjcs; and Sinlulation in Electronics. 

The conference committee is headed by General Con- 
fcrenceChairrnan RafaeIM. Huber(lnslitutdeCibemetica, 
Rarcelona, Spain, Email: huM$ic.upc.es), General P r e  
gram Chairman Antoni Guasch (Universitat Politecnica 
de Catalunya, Rarcelona, Spain, E-mail: 
guasch@saii.upc.cs) dnd SCS Conference Coordinator 
Rainer Rimane&Jniversitat Dlangen-Numberg, Germany, 
E-mail: Rainer.Rimanil?informatik.uui-erlangen.de). 

Individual conference chairs and program chairs 
include: 

Simulation Methodology and Applications - 
Chairman Mario Savastano, IRSIP- CNR, Naples, Italy, 
Email: savanaC@vm.cnuce.cnr.it; Program Chairman 
Ralph C. Huntsinger, California State Univ., Chico, 

[con tinlied or i pugc 161 



Status Report on the Simulation 
Department of Management Science 
by Pierre L'Ecuyer and pmes R. Wilson 

Since the first of this year, 11 new papers have been 
submitted to the Simulation Department of Mma,ye- 
nlent Science, and editorial work has been completed 
on 15 papers, with nine papers accepted and six papers 
rejected. To put these figures in perspective, we note 
that since Jan. 1, 1988, editorial work has been com- 
pleted on 99 papers, with 34 papers accepted, 60 
papers rejected and five papers withdrawn. Thus, the 
overall acceptance rate for the Simulation Depart- 
ment during the past five years and nine months is 
about 34%, which is higher than the  acceptance rate 
of 20% for the entire journal during the same period. 

Currently, the Simulation Department has 26 
papers in process, including two tardy papers and 

three Iate papers. A paper is considered tardy (re- 
spectively, late) when four (respectively, six) months 
have elapsed without editorial feedback being pro- 
vided t r ~  the author(s). We are making a concerted 
effort to eliminate tardy and late papers entirely, 
and we would greatly appreciate the cooperation of 
all referccs in achieving this goal. I f  you are asked to  
referee a paper for the Simulation Department, you 
should adhere strictly to  Littlewood's "zero-lnfin- 
ity" law-that is, when you receive a paper, you 
should do the following immediately: (a) decide 
whether or not t o  review the paper, (b) act on your 
decision, and (c) communicate to the appropriate 
Associate Editor the result of your action. 

Minutes of the 5/18/93 TiM5/CS Meeting 
[continued from p. 31 

closed society perception. (c) Encourage open nomina- 
tions by anyone, not just the president and vice- 
president. 

Eliminate ARTICLE V11, ltem l(c) (This removes the 
Publications Committee as a standing committee.): no 
comments. 

Eliminate ARTICLE VI, Item 2 (This removes the 
requirement that the Executive Committee meet at 
least twice a year.): 

(a) There have been no  e x ~ u t i v e  meetings for sev- 
eral years. (b) If the current process is working fine 
without them, why change? 

14. Old business: Ph. D. student colloquium at the 
Winter Simulatioll Conference. The following motion 
was made by Jorge Haddock: 

Theduties of the Ph.D.-Student Colloquium Coordi- 
nator shall include approving the Ph.D. student's topic 
and abstract for inclusion in the Colloquium. 

A Ph. D. student will be awarded $65 plus t he amount 
of student registration fee for WSC by the College on 
Simulation toward expenses to attend the Colloquium 
if a presentation is made. 

ltern 4(a) of the motion approved at the Dec. 15, 
1993 business meeting shall not be construed as pro- 
hibiting presentations describing applications in the 
Colloquium. 

Comments made by Bob Sargent about the formal 
sponsoring of the Colloquium by the College included 
the suggestion that a trial period of at least a year be 
made prior to formal adoption, and that the coordina- 
tor should not decide which presentations are to be 
accepted, though the presentation should make a con- 
tribution to discrete event simulation. 

Corrlments from the fIoorincluded theremark that as 
simulation isused in every field, some boundarieson the 
topic of the presentations st~ould be made. It was sug- 
gested that the tracks used at the Winter Simulation 
Conference be used as a general set of guidelines. It was 
noted that the Manir~ement Science simulation depart- 
ment editor faces a similar problem in judging what 
constitutes a sjmulation contribution. The criterion 
used is that the article should make and advane in 
simulation rncthdology or provide a substantive inn* 
vative way in which simulation is necessary. It was also 
noted that a student would be eligible to participate in 
the colloquium only once, after which the student 
would have to submit a proposal to the conference. 

The motion was tabled until the 1993 Winter Simu- 
lation Conference. 

15. The meeting was adjourned at 6:37 p.m. Attend- 
ees enjoyed refreshments and informal conveaa tion. 

Hcspec@lly submitted, 
Sheldori Jacobson 

card jut~les J. Swain, S~crctory-Treasurer 
june 15, 1993 



Recent Publications in 
TOMACS 
VOLUME 3, NUMBER 2 
Polynomial Arithmetic Analogue of Halton Sequences by 
Shu Tezuka (IBM Research, Tokyo, Research Laboratory) 

We introduce the radical inverse function with respm to 
polynomial arithmetic over finite fields, and thereby con- 
struct a polynomial arithmeticanalogue of Halton sequences. 
Next, wegeneralize thedefinition of Niederreiter sequences so 
that his key lemma wiedcrreiter 1988, Lemma 41 still holds. 
We then prove that our analogous Halton sequences consti- 
tute a new class of low-discrepancy sequences viewed as a 
spec-al subclass of the generalized Niederreiter sequences. 

A Search for Good Multiple Recursive Random Number 
Generators by Pierre L'Ecuyer (Universite de Montreal), 
Francois Blouin and Raymond Couture (Universite LavaI) 

We report the results of an extensive computer search for 
good n~i~l t iple  recursive generators, in terms of their lattice 
structure and irr~pletnentation speed. 'l'hose generators are a 
little slower t t ~ a r i  the usual lirlcar congruential generators, 
but have tnuch longer periods and much better statistical 
properties. We provide specific parameter sets for 32-bit, 48- 
hit, and 61-bit computers. We also explain how to build 
efficient portable implementations and give examples of 
computer codes it1 Pascal and C .  

A Sequential Procedure for Simultaneous Estimation of 
Several Means by Kin~rno L.K. tlaati b i n e n  (University of 
Helsinki) 

Sequential procedures for controlling the length of a 
simulation run are widely used when a single mean is 
estimated. In many practical situa tions, however, theanalyst 
is simultaneousIy interested in several means. We propose a 
sequentiaI procedure for controlling the length of a simula- 
tion run when several means are sjmul taneously estimated. 
A lower bound on the overall level of confidence for a set of 
interval estimates on each IneaIl is obtained with the 
Bonferroni inequality. The primary aadvantag~ of applying 
the Bunferroni inequality is that the precisions are easy to 
interpret. In addition, we can use the existing p net hods for 
estimating the variances of the mrdns, aince t hr covariar~ces 
of estimates are not needed. 

Derivatives of Likelihmd Ratios and Smoothed-Pcrtur- 
bation Analysis for the Routing P r o b l e ~ ~ l  by P. Rrtmaud 
(Laboratoire des Signaux et Systemes CNRS-FSE) and W .-It. 
Gong (University of Massachusetts) 

In this article we present estimates for the gradien ts oft he  
cycle variables with respect to a thinning parameter in the 
arrival process of GIG11 qucueing syslems. Our esti~nales 
beIong to the category of tlle likelihood ratio method, 
smoothed-perturbation analysis, and rare-perturbation anal y- 
sis. In particular, we obtain unbiased estimates of derivatives 
of any order in the random-horizon case and the statiorlary 
and egodic estimates for the first derivatives. Moreover, by 
inserting the stationary estimates into the l'alm distribution 

f rattlework we obtain the regenerative type of derivative 
estimates without requiring regenerative struclure. Our theo- 
rrt ical setting is general, and the methodsused herecould find 
applications In other derivative estimation problems as well. 

VOLUME 3, NUMBER 3 
Robust Multiple Comparison under Common Random 
Numbers by Harry L. Nelson (The Ohio State University) 

In this article we show how a result used in the analysis of 
repeated-measures experiments can aid in the analysis of 
sj~nulation experiments that rmploy common random num- 
bers. We specifically consider t hestatistical procedure known 
as multiple comparisons with the &st. We first establish 
when the proposed procedure provides exact inference, and 
then show that it is typically robust when it is not exact. The 
method is easy to apply in practice. 

Variance Reduction through Smoothing and Control 
Variates for Markov Chain Simulations by Sigrutl 
Andradot t ir  (University of Wisconsin - Madison), Daniel P. 
I leyman and Teunis j. Ott (Bellcure) 

Wc consider the si~r~ulativn of a discrete Markov chain 
that is so large that nuir~erical stllutivr~ of the steady-state 
balance equations cannot hedone with available computers. 
We propose smoothing methods to obtain varlance rtduc- 
tion when simulation is used to estimate a function of a 
subset of the stcady-statr prubabilitirs. 'These methods at-  
tetnpt to tnakc each transition provide information aboui 
the prcrbabilitics of interest. We give an algorithm that 
converges to the optinla1 smoothing operator and which 
gives some guidelines for picking its parameters. Analytical 
argumenls are used to justify our procedures, and they are 
buttrcsscd by the results of a numerical example. 

A Sequential Experimental Design Procedure for the Mi- 
mat ion of First- and Second-Order Simulation Metamodels 
byloall LL. I Innohuc (University of South Carolina), Ernest C. 
Houck arld Raymo~ld H. Myers (Virginia Tech) 

Si tnulation metamodels find application in the study of 
co~nplcx sysle~ns that cannot be solved analytically. 'I'hese 
meumodels represent efficient tools for studying thecharac- 
terist lcs of the more complicated simulation model, provide 
r~ceded ir~sig tit into the problem of computer model valida- 
tion and verification, and allow for the prediction of both 
systcrn pcrfilrmancc and optitnum operating conditions. 
Illis artlcle presents a procedure for the construction of 
scqucntial si  nul la ti on designs lor the estimation of response 
~ur facc  mttamodtls. The first sct of experiments is defined as 
a fractional two-level factorial design augmented with repli- 
cated center points. Itliormat~on from these experiments is 
used to estimate the levels of the factorial design points that 
constitute the second rtage of experimentation. If observa- 
tion> or1 this two-stage, (list-order design suggest (he pres- 
ence of unfitted quadm tic terms, a third set of observations 
corrcsporiclirig to the axial portion of a central composite 



design is taken to allow for the estirna tion of a secund-order 
metarnodel. 'Iwo types of perlorn~ance criteria arc consid- 
ered in the specification of the factor settings in the second 
and third stages: (1) minimizing errors associated with 
predicting the response variable and (2) minimizing errors 
involved with estimating the response function slopes. Ad- 
ditionally, three methods of assigning random number 
streams to the stochastic cornpotlents of the simulation 
rnodel are considered: (I )  independent streams, (2) common 
streams, and (3) the assignment rule blocking strategy. AII 
example illustrating the use of the sequential design proce- 
dure i s  presented, and a Monte Carlo study investigates the 
performar~ceof the twovariance reduction techniques (corn- 
mon streams and the assignment rule) relative to indepen- 
dent stream sets. lbnpirical results indicate a prelerence for 
the assignment rule strategy for the estimation of both first- 
and second-order metamodels. 

Asymptotically Optimal Importance Sampling for Prod- 
uct-Form Queueing Networks by Keith W. Ross and lie 
Wang (University of Pennsylvania) 

Monte Carlo irltegration is applied to the integral repre- 
sentation of the normalization constant for a family of 
product-form multiclass queueir~gnetworks.These networks 
are closed with single-server, fixed-rate stat ions and at least 
one infinite-server station. Letting the population for each 
class go to infinity, the asylnptotically optimal importance- 
sampllng distributions are derived for estimates of the nor- 
malization constant and of the utilizations. In the normal- 
usage regime, in which the asymptotic utiiizatior~s at the 
single-server stations are strictly less than one, independent 
exponent iaI  sampling is asymptotically optimal for estimat- 
ing the normalization constant. In the same regime, the 
asymptotically optimal sampling distribution for estimat irlg 
utilization is complex and dependent across single-server 
stations. In the  critical-usage regime, in which the asytnp- 
totic utilizationsat the single-server stations are equal toone, 
mncated m~lltivariate normal sampling is  asymptotically 
optimal for estimating the normalization constant. 

Quick Simulation of ATM Duffers with On-Off Multiclass 
Markov Fluid Sources (Technical Note) by G. Kesidis 
(University of Waterloo) and J. Walrand (University of 
California) 

The problem we address is how to quickly estimate by 
simulation the loss in a bufferwith multiclass on-off Markov 
fluid sources. We generate the Markovfluids with thealtered 
rate matrices given in Kesidis and Walrand 11 9921, instead of 
the originals, to speed up the simulation. Likelihood ratios 
are used to recover an estimate of the loss for the original 
traffic parameters. 

VOLUME 3, NUMBER 4 
A Logic-Based Foundation of Discrete-Event Modeling 
and Simulation by Ashvin Radiya (?'he Wichita State Uni- 
versity) and Robert G. Sargcnl (Syracuse University) 

A logic-based foundation of discrete-event modeling and 
simulation is presented by defining ( I )  its fundamental 
concepts and terms from a perspective commonly hcld by 
logicians, (2) a modal Discrete-event logic 1.I)E:for expressing 
discrete-event models, and (3) a sirnulation procedure for 
simulating modelsexpressible in a sublogic of LDE. ?'he ways 

of expressing models using 1.1 )L are discussed and compared 
with the ways of expressing models in  simulation languages 
that support the event-scheduling world view, The logic- 
based foundation provides fundamentally new insights. I t  
asserts that events are logical propositions and that the use 
of ten~poral operators is implicit in discrete-even t modeling 
and sin-lulation languages. However, existing languages uti- 
lize onlya few temporal operatrlrs in a restricted manner. The 
logic-bascil foundation enhances the ways of expressing 
models by using the opera tors implicit In existing languages 
in more gerlcral ways, new operators, and a parallel connrc- 
tive I 1. The logic LDE and notions implicit in it form a new 
frarr~eworkfor understanding, defining, and studying logical 
combinalions of events, variables, and tirne and expressions 
containing a wide range of temporal operators including 
next, if, when, whenever, until, while, unless, and at. 

Simplifying theModelingof Multiple Actlvities, Multiple 
Queueing, and Intemptions: A New Low-Level Data 
Structure by Ilu th M. Davies (University of Southampton), 
Robert M. O'Keefe (Renssaelrter Polytechnic Institute), and 
FIuw T.O. LJavies (Ur~iversity of Dundee) 

Most conventional discrete-went simulation software 
assuines a si~nple progrrssion of entities through queues and 
activities. Such software ca~lrlot cope easjIy with modeling 
system5 where entities can be present in more than otle 

quetle, can be irlvulved in more than one activity (i.e., 
schejr~led for more than one event), or can be interrupted 
while queucing ur taking part in an activity in order tojoin 
another queue or take part in a different activity. Low-lwel 
data structures to address these problems have been imple- 
mented ir, I3ascal by extcnrling an existing suite of pascal 
procedures, cal led I'ascal-SIM. 'The problems and their solu- 
tions are discussed i n  the context of machine breakdown in 
a production system. Cumparisons between the use of the 
new strtictlrres and thc existing ones showed some gain in 
cnmpl~tational efficiency and considerrlbleimprovcrnent in 
ease of modeling. The generality of the da& structure is 
considered. 

Synchronous Relaxation for Parallel Simulations with 
Applicntions to Circuil-Switched Networks by Stephen G .  
Eick, Alhrrt G .  Greenberg, Uoris D. Lubachevsky and .41an 
Weiss (AT&T Bell Iaboratories) 

Synchronous relaxation, a new, general-purpose, effi- 
cient method for parallt.lsimulation, isproposed.Themethm1 
is applied to obtain a new parallel algorithm for simulating 
large circuit-switched cornrnunication networks. To show 
that synchronous-re1ax;ltioll method is efficient, we present 
the restzlts of circuit-switched network simulation experi- 
menw, and analytic approximations derived fro~n a math- 
ematical model crl thc simulation m e t h d .  

On the Lattice Structure of the Add-with-Carry and 
Sut)tritct-with-llorrow Randotn Number Generators by 
Shu Tezuka (18M llesearch, 'l'okyo Research Iabora tory], 
I'ierre L'rcuycr (Universite de Montreal), and Raymond 
Couture (Universite Laval) 

Marsaglia and Zarnan recently proposed new classes of 
random nu~llber gcneriltors, callcd add-with-carry (AWC) 
~ n d  subtract-with-borrow (SWE), which arc capable of 
cluickty generating very long period (pseudo)-random num- 
















