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Abstract

In this work we study the performance of @ multi-
processor system model whick ezecutes multiple SIMD
jobs. Such a parallel computer organization conlains
multiple Control unils (CUs) which share a resource
pool of a finile numbder of Processing Elements (PEs)
and operates mulliple single-instruction-mulfiple-data
streams (MSIMD). We assume that after the CUs ser-
vice, resequencing of SIMD jobs takes place which en-
sures that jobs leave the processing unst on a first-in-
first-oul basis.

A closed queveing network model of a MSIMD com-
puter system is strnulated. The performance of two
differeni queneing disciplines in conjunclion with the
effect of the resequencing delay is investigated for var-
ious degrees of multiprogramming and coefficients of
varigiion of the CUs service times.

1 Introduction

This paper studies the performance of a MSIMD
computer system network.

A MSIMD machine is composed of two or more
CUs sharing a finite number of PEs. Each CU needs
to be allocated with a subset of PEs for the execution
of a single vector job (SIMD process). The only way
vector jobs can interact with each other is through
their independent needs for the same resources.

Other studies on MSIMD computer organizations
include Hwang and Ni [1], [2], Ni and Hwang (6] and
Karatza {4]. All these works study exponential com-
puting demands without any resequencing (synchro-
nization) of SIMD jobs.

The resequencing problem can be found in several
system concepts. In those systems, customers which
arrive at a system should depart in the same order
as their arrivals. Therefore customers who go out of
order are forced to wait in a special buffer, the so-
called resequencing buffer, in order to rearrange their
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sequences. The delay due to resequencing is called
resequencing delay.

The resequencing delay in multiserver queues is
studied by Iliadis and Lien [3], Sasase and Mori [7],
Takine and Hasegawa {9] and Varma [10]. They study
jobs without any inherent parallelism (SISD jobs).

In this work we study the performance of a MSIMD
system model where resequencing of SIMD jobs after
the CUs service ensures that jobs leave the CUs on a
first-in-first-out basis.

A closed queueing network model is considered the
results being obtained using simulation techniques.
Queueing systems and simulation are powerful tools
for performance analysis and prediction and have
been extenstvely used for modelling computer sys-
tems. When effective, queueing theoretic techniques
can quickly provide mathematical insight into the be-
havior of systems over a broad range of parameter
values. Their major limitation is the number of re-
strictive assurnptions that must be satisfied to ensure
accuracy. Conversely, simulation models can mimic a
realworld system as closely as understanding permits
and needs require.

We examine the performance of two different queue-
ing disciplines in conjunction with the effect of the re-
sequencing delay for various degrees of multiprogram-
ming and coefficients of variation of the CUs service
times. Our purpose is to investigate cases for better
performance of this model.

2 Model description

The configuration of the queueing network model
is shown in Fig. 1. The network consists of two units:
the processing unit (CUs and PEs ) and the I/0 chan-
nel.

The model is closed as the degree of multiprogram-
ming N is constant during the simulation experiment.
A fixed number of vector jobs N is circulated alter-
nately within the system between the processing unit
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Fig. 1. The gueusing nstwork modal

and the I/Q channel. In our model the departure of
jobs from the processing unit should be the same or-
der as their arrivals. Therefore, after the completion
of their services jobs who go out of order are forced
to wait m the resequencing buffer until the overtaken
job completes its service.

The processing unit has p = 2 identical servers
called CUs and r = 128 identical PEs. There is one
queue for all CUs and one queue for the 1/Q channel.
The first available CU is always used. The subset of
PEs allocated to a given CU may vary in size accord-
ing to the job requirement.

Each CU can supervise the execution of one inde-
pendent SIMD job at a time. At rnost p SIMD jobs
can be executed simultaneously in the processing unit.
The PEs are shared by the CUs. Each PE can be al-
located to one CU at a time.

A CU is in the wailt state when it is available for
a job assighement. An availacle CU enters the busy
state if there is a vector job and the PEs demanded
by that job are also available from the resource pool.
Otherwise it remains in the wait state. When a PE
is allocated to a CU that PE enters the busy state;
otherwise it is in the idle state. The time required
to allocate PEs to their desighated CU is considered
part of the CU service time. Since the PEs pool size
is ¥, the number of PEs required by each job is always
within the range [1,r].

We assume that the number of PEs required by
a vector job is a random variable X, called the PE-
demand. The PE-demand of a vector job is assumed to
remain constant throughout the vector process. Suc-
cessive vector jobs have independent and identical PE-
demand distribution F.

In practice the PE-demand distribution F does
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not follow a specific pattern. However, in order to
avoid large variability of PE-demands we assurned a
“bounded” Normal Distribution for ¥ with mean PE-
demand = r/p = 64 and with standard deviation
o =n/4=16.

We used two different queueing disciplines at the
processing unit. The First-Come-First-Served (FCFS)
and the Least-PE-Demand- First-Served (LDFS).

The FCFS discipline decides the order of service
strictly by the order of job arrivals. Clearly it has
the disadvantage of having a SIMD job with a large
PE-demand blocking in the front of the queue other
smaller vector jobs.

In the LDFS case the insertion of successive jobs
must maintain a decreasing PE-demand order in the
quene so that less-PE-demanding jobs are always
placed ahead of more-PE-demanding jobs.

We would probably expect faster service of jobs
from the processing unit with the LDFS discipline
than with the FCFS. However, we cannot predict the
performance because the subsequent delay of jobs in
the resequencing buffer may affect seriously the re-
sults.

At the I/O channel we used the FCFS queueing
discipline.

Let C be the coefficient of variation of the CUs
service times. We assumed three cases of CUs service
times distributions [8):

1. Erlang-k distribution with k = 2 (C = 1/vk =
3.707).

2. Exponential distribution (C = I).

3. Branching Erlang distribution with two stages for
C=24

In all these cases the mean is u. The 1/0 service
times are assumed to be exponential with mean X



3 Performance parameters

We define:
Response time of a random job the interval of time
measured from an arrival of a job at the processing
unit until the service completion of this job (waiting
plus service time).
Cycle time of a random job the time between two ser-
vice requests of a job from the processing unit.

We denote the following:

RT : mean response timne

RTD : mean response time plus resequencing delay
K : mean cycle time

R : system throughput rate

The performance of our model is indicated by the
mean cycle time {program performance) and the sys-
tem throughput rate (system performance). Our pur-
pose is to investigate cases which yield smaller RTD
values which in turn result in better performance. By
definition RT'I} depends on both the response times
of jobs and the resequencing delays.

When the model works first with the FCFS queue-
ing discipline and then with the LDFS we define the
relative performance parameters calculated on a per-
centage basis as foliows:

Dpr : relative decrease in mean response time
Dgprp : relative decrease in RTD

Dy : relative decrease in mean cycle time

Dy : relative increase in system throughput rate

4 Simulation results

We considered a system with balanced program
flow with # = 1 and A = 0.5. Degree of multipro-
gramming N was taken as 2, 4, 6, 8, 10.

We simulated the queueing network madel with dis-
crete event simulation models we wrote in FORTRAN.

Every simulation model was repeated 30 times for
10,000 CPU service time requests each time, with the
same starting conditions but with different streams
of random numbers, 50 as to ensure that the replica-
tions are independent [5]. The mean cutput values of
the performance parameters were given by the overall
means of the 30 replications.

We run the simulation programs in an Apollo
HP9000 / 871533 Workstation.

Tables 1-4 represent the relative performance of the
two queueing disciplines for all NV in the cases of C=
0.707, 1, 2, 4. From the results we observe the follow-
ing:

N | Dpr | Darp | Dk Dp
2 0.0¢ 0.00 ! 0.00 0.00
4 8.33 183 [-091 1 -09¢
6| 18.82 6.87 | -0.83 | -0.79
8| 25.39 949 1 -0.53 | -0.46

10 | 27.78 11.33 | -0.38 | -0.31

Table 1. C' = 0.707

N | Drr | Drrpo | Dx | Dr
2 0.00 0.00 | 0.00 { Q.00
4 8.36 2841 0.14 | .15
6| 18.86 595|024 | 0.25
8 | 25.52 9.06 | 0.47 | 0.48
10 | 27.98 10921124 ] 1.25

Table 2, C =1

For N = 2 the FCFS and LDFS disciplines gave
the same results as in this case at any instance there
is at most one job in the processing unit queue.

N | Dpr | Dprpo | Dk | Dr
2 0.00 0.00 ; 0.00 { 0.00
4 1 10.76 3.12 | 068 | 0.86
6 i 2165 7.12 | 1.65 | 2.68
8] 26.33 10.70 | 3.59 | 4.27

10 | 28B.57 1141 | 3.67 | 44!

Table 3. C =2

N | Drr | Drrp | Dx | Dn
21 000 0.00 | 0.00 | 0.00
4 | 10.10 145 | 0.49 | 0.85
6 | 18.06 3.20 | 068 | 0.90
8] 2531 449 | 1.33 | 147

10 | 28.25 6.86 | 2.74 ; 1.62

Table 4. C =4

For N > 2 and for all C, jobs are served faster
by the processing unit in the LDF$ case than in the
FCFS. This superiority of the LDFS discipline in-
creases with increasing N. However, because of the
resequencing delay this superiority is not completely
exploited. This is the reason the values of Drrp are
much smaller than the respective Dpr.

H we examined an open model we would be satis-
fied using the LDFS discipline. However, the model
under study is a closed one and its overall performance
depends on the alternate circulation of programs be-
tween the processing unit and I/O unit. So, except of
the RTD, queueing delays at the I/O channel make a




contribution to the mean cycle time as well. This is
the reason that the overall performance { X and R )
is much less influenced by the application of different
queueing disciplines than the RT and RTD values.

Especially for low C (cases C' = 0.707 and C' = 1)
the advantages of the LDFS discipline alrost do not
affect the total performance. These advantages yield
some improvement for C = 2 at hight N and some
lighter for C' = 4 at high N.

This occurs as the lower the C is the more the ser-
vice times are closer to the mean service time u, whilst
the higher the C is the more they vary from the mean.
Furthermore, for higher C' more service times are pro-
duced that are much shorter than z and fewer ones
that are much longer than p. So when a CU is busy
for a long time processing a job with a long service
time, the allocated PEs to this CU cannot be used
for this long time by other jobs. Therefore the LDFS
discipline’s abilities can be exploited better in cases of
long service times. However, since at high C the long
service times tend to be very rare, from some value of
C the LDFS abilities are rarely exploited.

5 Conclusions

In this work we studied the performance of a
MSIMD system model. This mode] contains 2 Control
Units (CUs) which share a resource pool of 128 Pro-
cessing Elements (PEs) and executes multiple SIMD
jobs. We assumed that after the CUs service rese-
quencing of jobs takes place which ensures that jobs
leave the processing unit on a first-in-first-out basis.

A closed queueing network model of a MSIMD com-
puter system was simulated. The performance of two
different queueing disciplines in conjunction with the
effect of the resequencing delay was investigated for
various degrees of multiprogramming N and coeffi-
cients of vartation € of the CUs service times.

From the simulation results it is shown that al-
though the LDFS discipline reduced significantly the
mean response time in all cases examined, its advan-
tages over the FCFS discipline were not completely
exploited. This was mainly due to the resequencing
delays of jobs and partly to subsequent queueing de-
lays at the 1/Q unit. The performance improvement
due to the LDFS discipline was not generally signifi-
cant. From all cases examined the best results were
obtained for C = 2 at high N. However, since even in
this case the gain in performance is small in relation
to the complexity of the LDFS queueing discipline, we
could conclude that the FCFS discipline is preferable.
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This work is a case study. However, further research
needs to be carried out to investigate cases with dif-
ferent numbers of CUs and PEs.
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