Seienee and Technology, 2 (1997) 39-47
1997 Sultan Qabiops Tniversity

Distributed Simulation of Open Cyclic
Queuing Networks

Saad Harous

Department of Computer Science, College of Science. Sultan Qaboos University, P.O.Box 36,
Al-Khod 123, Muscat, Sultanate of Oman.

e del

Ryai b s bt ML S L) BB e TS St B s Y i 43 T 5t Sl e i s A

peaild T s U]yl a3l el el aald o ._=,_.m_'._.4.1l modrgll U Ladlaay LA e Gaadadl ol ey (gaiiSe
s yladl e ey = Lallie Jlaasul ledliaagadins Lo plis ld o ol Ao sable | Lot gl SIS palad e Laall
RO - L R o PV N PLARE] I SV [ AR VI + BN P B S e TR R RE v

ABSTRACT: [nthis paper we présent the resultE ol an experimental performance study of distributed simulation of epen evelic
gueuing networks using o minor variation of the deadlock detection and recovery based algorithm of Chandy and Misra, One
tndjor part of this study 15 1o determine the effect of overhead on distributed simulzation, Moreover, we messure certain refined
notions of idesl speedup raue:” These ratios are more refined than just the numberof processors o the sense that they capture
the potenially sctaeveble speedups of distributed simulation more closely

Scw::'nl schemes for distributed simulation have been
proposed in the literature (see; Chandy and Misra
1978 1981, and Jetferson 1983), These schemes utilize
overhead messazes to handle the potential deadlock
situptions that may arise during the simulation, To see the
possibility of deadloek if overhead messages are not used,
consider the gueuing network shown in Figure |, When
the distributed simulation starts {p2 is walting (o receive
from both fp/ and [pd; but only Ip] sends messages to [pl.
Ip2. Ip3, Ipd and Ip3 are permanently blocked, Even if we
force the first message to be sent from (p2 to Ipd, snll at
a later stage the same problem will happen again,
Unfortunately, only a few performance studies of these
schemes are available (Fujimoto 1988, Reed er af 1988,
Seethalakshmi 1979, Shorey er ad 1994, Jha eral 19963,
These studies have provided useful data, and have shown
some positive and some negative performance results for
# few combinations of the distributed simulation schemes,
the system to be simulated. and the available distributed
system on which the simulation is to be carried out.
Several obvious questions have remained unanswered,
For example, the relationship between the amount of
overhead and the performance of a distributed simulation
scheme is not clear. Understanding this relationship is
important since this can provide useful information as to
whether there is any hope in trying 1o improve the
performance by [inding variations of a scheme that aims
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Figure b To show the deadlock problem.

at reducing the amount of overhead, Suppose that the
distributed simulation of & particular system using the
scheme by Chandy er a/ (1978) has low performance.
Would it be useful to define and study varidtions of the
scheme that would tend to reduce the number of NULL
messages? A related question is how much speedup one
can expeet in an ideal variation of a distributed simulation
seheme that would somehow totally eliminate the effect
of overhead messages. Can we expect a reasonable
performance in such a simulation? Also, what kind of
ideal speedup can be expected if one is considering
possibilities across all the well known schemes of Chandy
et al (1978, 1981), and Jefferson (1985), and their simple
variations.
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The known performance studies have not addressed
these issues adequately, In general. studies have provided
data on the performance of distributed simulation for
individual cases, but the above issues have been largely
ignored. In some cases where performance of the
distributed simulation tures out to be poor,
researchers have suggested that the poor performance 15
due 1o large overhead (see Chandy er af 1981, Reed of ol
1988, Scethalakshmi 1979) Such a suggestion would
normally mean that (1) indeed there is a large amount of
overhead, and (1i) if somehow the overhead could be
reduced significantly then the performance would he
impréved  significantly, Claiming part (i) of  this
statement for a specific case requires further study and
such a study is reported here.

Note that it is not clear as 0 how to study the
relationship between performance and overhead. Cne
simple-minded approach would be to detine and study
different vanations of a given scheme which lead to a
different  number of overhead messages, thereby
providing some data regarding relationship between
overhead and  performance. Unforunately such an
approach would have several problems:

ROITIC

{13 I coming up with the different variations, one
o ensure that deadlocks are handled
adequately, otherwise the scheme would simply
be incorrect. This restricts the number of different
variations one can come up with.

[t 1s usually not Teasible o vary the number of
overhead messages ina reasonable range so as w
enable one 1o determine the relationship between
this number and the performance. In particular,
the number of overhead messages may remain
large, in which case it is difficult to judge what
the pertformance would be like if this number
were somehow redoced to a small value, Note
that varying the number of overhead messages in
a controlled way. e as an independent variable,
s nearly impaossible,

As the different varations are being considered it
yuite possible that other activities in the
simulator that are not related to everhead are also
ecg., the algorithmic that
determine when an event message should be
computed. This makes it harder (o judge whether
a change in performance is simply due to a
change in the number of overhead messages or
whether the other factors are also influencing the
result.

lias

()

(3)
i<

charging, rules

We discuss here a simple and new approach towards
determining the relationship between amount of overhead
and performance. In this approach: (1) we simudate the
distributed simulator instead of directly implementing it
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on a distributed svstem and directly measuring its
performance. and (i) in this approach we vary the amount
of communieation delay and the computation time for
each overhead message including the case when these
values are zero. Note that this approach is quite differen
from trying to vary the number of overhead messages.

Regarding the issue of “ideal speedup” in distributed
simulation. the usual measure for ideal speedup used in
the hterature 15 N, which is the number of processors in
the simulator. This measure is too conservative in many
cases, and as such does not provide much information as
to how much speedup one can hope to achicve by
variations in  the simulation scheme or faster
communication of overhead messages, ete, (for any given
processing speeds [or computing the event messages) In
this work we present two new measures of ideal speedup
that would provide more realistic bounds on what can be
expected under an ideal distributed simulation.

The above tdeas have also been pointed out earlier n
Kumar and Harous { 1993 ), where we studied distriboted
simulation of open ¢velic gueuing networks using the
NULL messages based scheme by Chandy et of (1978). In
this paper we extend that work by further study of the
same  quewing networks wsing a  variation of the
distributed simutation scheme given in Chandy e «of
(1981,

Svstems Under Study

Borrowing terminology from Chandy ef af (1979) in
the following, a svstem 10 be simulated 15 called the
phvsical system. The physical system consists of a
network of phvsicnd processes (or pps for short), Each
physical system is simulated by a distributed simulator
called the logical system. The logical system is a
collection of legicad pracesses (or |'II,|'J5.' for short), cach one
simulating a corresponding pp,

In this paper, we use the term quening networks. to
refer to networks of pps from the lve classes - delay,
fork, merge, sink, and sowrce, Their definitions are similar
to the ones in Chandy ¢ «f (1981, with the exception that
here we generalize the definitions of fork and merge
processes so that they may possibly have only one output
or input line respectively.

Queuing  networks  are  useful in performance
maodeling of various kinds of service systems such as
compuler systems, compuler-communication networks,
telecommunication systems, and manufacturing systems.
Here we study the queuing networks shown in Figures 2,
Fand 4.

The Distributed Simulation Scheme Under Study

In this paper we study the scheme based on deadlock
detection and recovery by Chandy ef of (1981). We made
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same minar madifications to this scheme in order to
improve the degree of concurréncy,

THE ORIGINAL SCHEME OF CHANDY AND MISRA; The
distributed simulation algorithm described in Chandy e
al (1981) 15 based on the termination detection algorithm
of Dijkstra et af (1980). This scheme by Chandy et af
(1981) mainly repeats the following two phases: (i)
simulate the physical system until deadlock, (1) deteet the
deadlock and recover from it.

The scheme by Chandy ef af (1981) is based on the
synchronous communication of Hoare's TSP This can
cause a minor performance degradation  when
implemented on an asynchronous system. Also, in
Chandy ef af (1981), there are uniecessarily rigid rules as
to when an g s allowed 1o send or receive tuples. In
particular, an /p sends out a tuple on a line only when the
line clock tor that line becomes minimum among all elock
vilues of all the lines adjacent 1o the fp. This ean
obviously affect the degree of concurrency

MoniFrcaTioms! In order 1o achieve a higher level of
concurreney we made the following modifications: (i) We
use a simple termination detection algorithm using a
central process (CP) (i) An Jp s allowed 1o send
messages whenever possible. rather than having to wait
for inputs even when it is possible to zenerate the next
anitput, (1) Andp can receive input any time, except when
it is able to send out more outputs, (iv) Message
communication in the logical svstem s assumed
asvichronous, (v) We assume infinite input buffers at the
input port of any {p:

Owverall Design of Our Experiments

[ our experiments-we have a two level semulation, A
sequential simulator simulates the behavior of the
distributed simulator defined above while the distributed
simulator 15 simulating the physical system (i.e.. the
quening network bemg simulated).

SIMULATION PafaMEERS: We first bist below the various
simulation parameters that were used in our experiments.
Any items not listed here should beassumed 10 have their
obvions default values (c.p., the time that an g takes 1o
receive an input message should be assumed to be zero),

(1} Length of simulation of the physical system
(£,

{2 Mean interarrival times of messages al source
pp AT,

{&) Service time at a delay pp,

(4) MNumber of initial jobs in the phyvsical system

(#11%,
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(5 Communication delay  for NONNLULL
messages (NNCOMDEL),

(6) Communication delay for NULL messages,
(NCOMDIL),

(7 Time to compute a NONNULL message by an
ip,

() Time to.compute'a NULL message by an [p
(NULLTM):

(9 Time to compute an IDLE message by an {p
(IDLETM),

(103 Time taken by the central progessor 1o check

il there isa deadlock { and break it) when it
receives an [DLE message (CPTM),

MEASURES OF IMPORTANCE; The most important measure
of performance is the actual speédup obtained by
distributed simulation over sequential simulation, 1.e.. the
ratio ASR = SST/DST of total elapsed times in the two
methods of simulation:

SS5T = Sequential simulation time, i.e. the time taken
by a sequential simulator to simulate some physical
syslems up to time 7.

DST = Imstributed simulation time, je., the time
taken by a logical system to simulate the same physical
svstem up to time Z.

MNext we define some terms 10 capture various notions
of “ideal speedup rano.” The first ideal speedup ratio.
called ISRI1. is defined to be simply N where N s the
number of processors m the distributed simulator, This is
the usual notion of ideal speed up ratio nsed in the
literature, Next, we define more refined notions of ideal
speedup ratio. 1DST2 (ideal distributed simulation time)
= the time taken By a logical svstem 10 simulate the same
physical system up 1o time Z. assuming that;

(1) any {p has all input NONNULL messages
available whenever it needs them in its computations;
equivalently, any Jp has all its input NONNULL messages
available to it when simulation starts,

2y Communication  delay 15 zero tor both
OVERHEAD and NONNULL messages (OVCOMDEL
= NNCOMDEL = 0), and time spent in any activity other
than computing NONNULL message is zero.

Then we define the ideal speedup ratio; ISR2: to be
SETATISTE.

Next we define ISR3 to capture an even more refined
notion of “ideal speedup ratio™: IDST3 (ideal distributed
simulation time} = the time taken by a logical system to
simulate the physical syslem vp to time 7 with the
assumnptions [DLETM=0, CPIM=0and OV COMDBEL=0,

Then we define the ideal speedup ration [SE3 by
ISR3 = S8TADST3. Thus, ISR3 is the same as ASR when
communication delav for averhead messages is set to
zero, IDLETM and CP'I'M are zero,
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Further Details of the Experiments

We simulated the three open cyelic gueuing networks
shown in Figures 2, 3 and 4. Network | i3 a simple open
cyclic queuing network, Networks 2 and 3 are borrowed
from Seethalakshmi (1979).

PHYSICAL SYSTEM PARAMETERS: The service times at
every delay pp, and the interarrival times of messages at
every sewrce pp in these experiments were chosen to be
exponentially distributed, with the following mean values,

»  Foradelay pp 1, it 1s 300000 (this value 15 assumed in
all our experiments).

»  The mean interarrival time at a source pp is varied so
as to result in varying levels of saturation at the delay
g in the system. In particular, we considered three

cases: (i) non-saturated delay pps (less than 80%
utilization), (ii) nearly saturated delay pps (nearly 100%
utilization) and (i) over-saturated delay pps. Each
physical system was simulated for the physical system
time interval [0, Z] where Z is chosen such that a large
number of jobs is generated at the source pp and a
sufficiently large number of messages is sent through
gach line in the physical system.

Logical System Parameters
In all experiments, the time to compute one outpul
NONNULL message for any given class of Ips is: (i)
delay £ 300, (ii) fork : 90, (i11) merge : 120, (iv) source -
o).

IN MEASUREMENTS OF ASR: The value of NNCOMDEL
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Figure 2. Cucuing MNetwork |,
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Figure 3. Queuing Network 2,

Figure 4. Queving Metwork 3.
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TABLE §

Sinidation Results Of Queuing Network | (#LI1={1),

I MNCOMDEL - i} 200 400 /00 1600 3200 6400 ISR2
S000 ASR %1497 TAGD 674 54915 37209 1 9384 111348 91213
1SR £.3547 7.7143 70621 SATIR ADITR | 24543 11917
GO00 ASR §3207  TaIT4 6657 S147R 32265 17827 19292 9ATSR
I5R3 H.ThRZ 79261 f, G708 34503 34224 [ BETS [4R52
£6010) ASR B.5063 1 356G FA323¢0 33363 9589 .06t 0.55346 12013
151 BEIAE 701266 FA4334 33105 20343 L1040 (1.576H6
is varied from 0 to 6400, The value of OVCOMDEL 15 NNCOMDEL is increased, the value of ASR
same as NNCOMDEL, The values of NULLTM are: (1) goes down and would become close to | for
delay @ 150, (i) fork 43, (i11) merge © 60, (iv) source © BlL sufficiently large value of NNCOMDEL. Thus,
he values of TDLETM are: (i) delay: 15, (ir} fork @ I3, for any given valug of 1T, there is a range of
and (1i1) merge - 60, The value of CI*IM 1s 150, NNCOMDEL values between () and a fairly large
value (which depends on IT), such that in this
[N MEASUREMENTS OF ISR3: NNCOMDEL here is varied range the value of ASR 15 high.
as in case of measuring ASR. By definition, {Mote that in the experiments to determine ASR,
OVCOMDEL, IDLETM and CPTM are zera. the value of OVCOMDEL is the same as the
value of NNCOMDEL.)
N MEASUREMENTS 0F ISR2: In each experiment of ASR 2} As IT is increased. the range of values of
or 1SR3. we compute 1SR2Z. But note. as mentioned NNCOMDEL which gives high ASRE values iy
ketore, that the value ol ISKE2 isunaffected by changes in somewhat decreased.
MNNCOMDEL, OVUOMBEL, IDLETM or CPTM. (3} If the value of NNCOMDEL is small (say

For simplicity no times are associated with other between 0 and the time it takes a delay ip 1o
activities in the logical svstem In particular, no time s process a NONNULL message) and the value of
associated with recetving a NONNULL messape. IT 15 also small. then (rving 1o reduce

NNCOMDEL further won't significantly improve
Simulation Results ASR value,
(4] Interestingly, for each entry of the Table the
QUELING NETWORK 1: Table | shows the main dilference between ASR and ISR3 values is very
experimental results regarding this network. The three small, [This is true irrespective of whether ASK
values (in increasing order) of I'T in Table | correspond, values are low or high|, This shows that:
respectively, fo oversaturated. nearly saturated. and a.  Reducing OVCOMDEL, CPTM, or
non-saturated conditions of delay pps in the system. IDLETM would not have any significant
These data are summarized in Table | effect on ASR.

Also, in theseexperiments we ohserved that for any b,  Consider variations of this distnbuted
given value of IT, the ratio of the total number of simulation scheme where one tries 1o
OVERHEAD messages to the total number of reduce  the number of  overhead
NONNULL  messages  increased monotonically  as messages, Such variations are unlikely to
NNCOMDEL was increased from O to 6400, The range of signifigantly improve the performance.
values of this ratio 1s given below: {4) Congider the cases where performance is poor.

IT=5000: 512/34899 (o 62573499,
[T=6000: 490/3325 to 628/33235.

[T=R600:: 4522795 to T53/2795,
Nexl we state our main conclusions from the data shawn
in Table |
{1 For any value of 1T, at NNCOMDEL=( the value
of ASR is fairly high; roughly one less than the
number of delavs dps in the system. As
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e, ASR wvalues are near or less than 1. {(As
indicated  above,  this  happens  when
NMCOMDEL value 15 sufficiently high for any
given I'T value). [t would be wrong in these cases
to claim that the poor performance is “due toa
large number of overhead messages™
a.  Sincein these cases [SK3 15 also near or
less than 1, this indicates that even if,
somehow, one could reduce  thesé
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overhead messages to zero, the ASR
value is unlikely to be significantly
higher than /.

b, As observed above. the ratio of the total
number of OVERHEAD messages to the
total number of NONNULL messages
was not large in these experiments.

the NULL messages based distributed simulation
scheme,

QUEUNG NETWORK 2: Table 2{a} shows the main
experimental results regarding this network. The three
valugs (in increasing order) of 1T in Table 2{a)
correspond. respectively, 1o oversaturated., nearly

[ In many cases 15R3 is significantly less than saturated, and non-saturated conditions of pp 4 and pp 5.
ISR2 or ISR1. This shows that in studying These data are summarized in Table 2(a)
variations of this scheme which ry 10 reduce Also, in these experiments we observed that for any
overhead, ISK3 captures the ideal speedup ratio given value of IT, the ratio of the total number of
ura more realistic manner than 1SR 1 or [SR2. OVERHEAD  messages to the total number of
{7 The values of ISR2 are less than ISRI in these NONNULL  messages increased monotonically  as
experiments. This clearly shows that in studying NNCOMDEL was increased from 0 to 6400 The range of
variations  of BASICwrelated schemes, [SR2Z values of this ratio is given below:
captures the ideal speedup ratio in a more
realistic manner than ISK1. IT=2000: T13/3142 1o 839/3142.
) In an earlier paper (Kumar ez o, [993) we hayve IT=3000: 733406 10 9414016,
reported a simulation study of the same physical IT=4300: 953/2718 10 934/2718.
svstem simulated by the NULL message hased
scheme of Chandy ef af (1979), with similar  Next we state our main conclusions from the data shown
simulation parameters. We note that the values of i Table 2(a).
ASR and 1SR3 shown here in Table | are (1 Forany value of 1T, at NNCOMIIEL=0 the value
somewhat worse than the ones we obtained using of ASR is fairly high, As NNCOMDEL is
FABLLE 2(a)
Stmmlation Resulis OF Quewing Network 2 (RLF=0),
IT MNCOMIED - i 2 A B BN 3204 a0 I5K2
20008 SR 55916 53357 51133 45978 3.465350 2 464 | A0 3. 6750
ISH3 58734 3400 520N 4.7534 3312 26223 | 5057
RIHI ARRK $.7 184 401316 14761 2309 14175 0,7628 (1L3%65 50253
IZR5 4.7707 42210 33803 15506 1477 (TN 4145
430m AR 2EDI | i3 11381 AT .3905 N20%1 . 01070 3001432
ISR 31067 |.8393 1L2T0E 0.7957 14504 2415 01253
FABRLLE 2(h)
Stnwelation Resalts Of Queaing Netwark 2 (FT=3001)
I WRCOMDEL 5 20 AiH S0 Lo A204 el 1512
2 ASR 46580 40643 33930 24729 L3TES 7459 G388 RV
[5H3 47544 41763 35238 24808 4341 {+.TRES 4115
4 A5R 4,74951 42518 33562 24612 | 4482 0. 7881 L4123 49913
[NE3 48344 45149 Lo28) 1.5243 | AR 08115 (1.4244
b ASR 4, TR 42111 3531 24256 [ 4221 07724 (L4036 §,094950
[SE3 4 81 42726 EREIHE 24931 | AB0E 7944 (4155
Ity AR 4,9061 45427 4. 3045 FASG 21208 11605 00,6063 4.9912
[5E3 49211 48680 4,601 F3233 20423 11726 (L6130
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increased. the value of ASR goes down - and
would become <1 for sufficiently large value of
NMCOMDEL. Thus, for anv given value of IT,
there is a range of NNCOMDEL values between
0 and a positive value (which depends on 1T).
such that in this range the value of ASK 1s high,

distributed simulation scheme based on NULL messages,
but the difference 1s small.

Varigtions: [n addition to the above experiments, we also
did the following experimentation with network 2. We
placed a certam number of jobs (say #11) initwally at the

(2 This point is the same as point 2 m the case of mput of ppd. The other parameters were the same as
netwirh | above, As expected. this had neghigible effect on the
(3 Obyiously m several cases NNCOMDEL has a values of ASR, ISK2, and [ISR3. We did this
significant impact on ASR (the impact is higher experimentation for #1J varying between 2 and 16, The
when NNCOMDEL s farge or when 1T 15 |arge) results are shown in Table 2(h)
Fherefore i these cases @ good way o amprove
performance is to cut down on NNCOMDEL UEiisG NETWwWoRK 30 Table 3a) shows the main
(A7) These pomnts are the same as pomnts 427 an the experimental results regarding this network. The three
cise of network | values (i anercasing order) of 1T in Table 3a)
(B} For some cases (when values of NNCOMBPE] correspond, respectively, 1o oversaturated,  nearly
and 1T are both low), the values of ASR are close saturated, and non-saturated condition of pp3. These data
10 ISKE2. Thus, [or these cases, the distnibuted are also shown in Table 3(a)
simudation scheme considered is nearly optimal Also, in these experiments we observed that for any
with respect to all BASH -related schemes given vilue of 1T, the ratio of the ol number of
(%) Phe vadues ol ASI and 1SR obuuned in these OVERHEAD messages to the total number of
experiments are less than the ones obtamed m our NONNULL  messages  mncereased monotomcally  as
carlier experiments (Kumar ef af 1993) with the NNCOMBDEL was increased from 0w 6400, The range of
I ABLE 3{a)
Sinuelation Besults OF (Juewing Network 3 f#lJ=0)
Il NNOOMIDEL- il 2000 AL} b I falH 1200 fy4 00 ISR2
s34 ASH 13760 12020 04517 06577 02 01745 AR & 596
=l 2 A5h) | TahE 13513 R8T 05160 il 01457
fEHi ASH 2292 0774 02450 0:3371 (g2 0999 ANER 3 5082
ISRA 1 Buld 10947 0 TH L1 46thes L 2R3A 1401 172
BATH ASH 0.7417  N3668 (2352 (1368 745 103490 U200 35007
ISH3 1en24 u3]44 03395 £1.2020 116 11589 0303
TABLE 3(D)
Simuelation Resalts Of Quewing Nerwork 2 (IT=6000)
I NNCOMDEL- 0 204 AEH) L] 1600 3200 i k52
2 ASR 12305 07590 0.5333 03301 11831 osTT (10303 3, 50kdd
T5H5 1. 85676 107546 07475 4002 1.2383 1373 L0708
4 ASR 1.2146 07531 (520 Q32 01833 00967 00457 35046
ISH3 1 BAH18 | (MR 07427 14570 0 2564 01363 00704
H ALK 2824 07531 (5912 03711 (1, 2004 RS RN 0.0571 15065
et | 994 | (ER RN ) 5758 3906 [ 547 R
16 AsK o] 07904 05501 3406 1913 i 519 15045
15K3 RUTIY 10967 072 TGS 02631 (113949 04723
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values of this ratio is given below:

I T=5500
IT=60010;
IT=8570:

| 398T/1TTAS 1o
2961 1/21243 to
26939/1 1614 to

| 4443/17755,
2503821243,
20962/11614,

Next we state our main conelusions from the data shown
i Table 3{a).

In all cases here we find that ASR is less than or
roughly equal to | {even when NNCOMDEL=01.
Let us look at the differences between ASR and
ISR3 values. Noatice that in all cases there is some
difference between ASR and ISR3 wvalues.
I'herefore:

a.  Reducing OVCOMDEL, CIMIM or
IDLETM would  somewhat  improve
ASE. thowever, see point 3 below),

b, There 15 a small potential for improving
the speedup by devising variations of this
distributed simulation scheme where one
tries 1o reduce the number of overhead
messages, (However, see point 3 below).

Note that in almost all cases, both ASK and [SES
are Jow (less than or roughly equal to 1). It would
be wrong in these cases o claim that the poor
performance 15 “dug¢ to a large number of
overhead messages.” Since in these cases [SR3 s
small (1.e. less than or roughly equal to 1), this
mdicates that even i, somchow, one could reduce
these overhead messages (o zero, the ASR value
i5 unhikely to be significantly higher than 1, (As
seen above, the number of overhead messages is
not very larpe))

These points are the same as points 6 and 7 in the
case of network 1.

L all the cases shown i the table 3(a), the values
ol ASR are significantly less than ISR2. This
shows the possibility that ASR values may be
increased  significantly by considering other
BASI =related schemes.

The values of ASR and [SR3 obtained in these
experiments  are  much  smaller than  the
corresponding values obtained m our earlier
study (Kumar er af 1993) using the distributed
simulation scheme based on NULL messages.
For exampie, al NNCOMDEL=400, the ASR
values were 2,3840, 1.3472, (1.2623 for the three
I'T values respectively.

(1}

(2)

(3)

{4.5)

(6)

{7}

Variations: In addition to the above experiments; we also
did the tollowing experimentation with this network. We
placed a certain number of jobs (#£1)) initially at the input
af pp3. The other parameters were the same as the above
case when I'T was equal to 6000, As #1J is varied
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(between 2 and 16). it produced negligible effect on ASR
and ISR3: this is cxpected since the initial jobs would
leave the svstem after some initial period of simulation,
the results are shown in Table 3(b).

Dhiscussion

In this paper, we have presented a framework to
address the following three important issues (discussed
below) n studying performance of distributed simulation
schemes, (Here we are considering only BASIC-related
schemes, i.c., there is a one to one correspondence
between the pps and the Ins simulating them.)

() How to study the relationship between overhead
and performance in a controlled manner? This is
a difficult problem if one tries w see the
relationship between the number of overhead
messages and the performance. In our approach,
one would vary the time parameters related 1o
computation and communication of® overhead
messages  (e.g,  DLETM,  CPTM
CONVCOMDEL).

What kind of ideal speedup one could expect via
considering  algorithmic  variations  for the
simulation scheme? Here we are given a physical
system and characteristics of the hardware on
which simulations are executed in terms of
processing times of the event messages and their
communication delavs,

How does performance of distributed simulation
depend on hardware characleristics the
implementation?  Again,  our  approach  of
simudating the logical svstem is very helpful in
this regard. In particular, we illustrated how to
see the effect of wvarying NNCOMDEL.
Obviously using our approach of simudating the
logical svstem. one can vary other parameters of
the logical system as well in a straightforward
T ANET,

arud

(2}
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