AN =XTENSION OF THE CENTRAL SERVER MODEL

ABSTRACT

An extension of the central server model as devel-
oped by Buzen is analytically developed. This
model concerns itself with a computer system that
is not heavily loaded. A simulation model is then
developed for this lightly loaded computer system,
and is used to validate the analytical results of
this extended central server model. The analyriecal
calculations regarding resource utilization, as
well as the average degree of multiprogramming, gen~
erate very close results to those measured from the
system.

INTRODUCTION

Queueing models have been an important tool in ana-
lyzing the performance of computer systems. Simu-
lation is an alternative to the analysis of computer
systems, however, this can lead to high expense in
both programming and computer time. The attraction
of analytic models for performance evaluation lies
in the low cost of computation. Also, a combina-
tion of analytic modelling and simulation has been
successfully used (1,3). In this paper an analytic
model is derived that extends the central server
model of Buzen (2) which allows for the study of a
computer system that is not heavily loaded. Also
included is a validation of the model which uses
real data for a system studied by Agrawala and
Larsen (1). A simulation model that provides for a
lightly loaded system is described in the paper by
Agrawala and Larsen (1).

THE MODEL

Buzen (2) develops his central server model to ana-
lyze a multiprogrammed computer system using the
queueing model solution technique of Gordon and
Newell (4). Figure 1 shows a schematic of the cen-
tral server model. The route taken by a job with
probability Py is to depict the leaving and concur-

rent arrival of a job in the system.

To model the system without the assumption of si-
multaneously arriving and departing jobs, we add
another "server" in the system as shown in Figure 2.
.. This additional server is a multiserver with as
many servers as the maximum degree of multipro-
gramming allowed in the system. This station
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serves as a delay station to model the arrival of
jobs at the system at random intervals.

Queueing models of the central server type (2) must
have an integer value for the degree of multipro-
gramming. However, when measuring an actual system
the average degree of multiprogramming is very sel-
dom an integer. Thus, the results are presented by
interpolating the desired values between those that
are obtained from the model with the degree of
multiprogramming varied.

The degree of multiprogramming is defined as the
number of jobs not at the multiserver. This allows
for non-integral degrees of multiprogramming.

Let there be M stations in the system with the Mth
station the multiserver with N servers. All the
other stations are assumed to be the single servers.
Let the service time distribution of each station
be exponential with parameter uy for 1 = 1,2,...,M.
The state of the system 1stetermined by the M-tuple
<n1,n2,...,nM> such that iél ni=N, where n, is the
number of jobs at station i. The total number of
states of the system is the partition of N re-
N+M—l)
M-1
number of servers at station M is N, the maximum
degree of multiprogramming. The degree of multipro-
gramming will be interpreted as the number of jobs
not at the-multiserver. The multiserver merely ser-
ves as a delay station for departing jobs. This
station is a multiserver with N servers since a job
leaving the system would not have to wait in a
queue, '

questors over M statioms, ( . Notice that the

Using p(nl,nz,...,nM) as the probability that the

system is in state <n1,n nM>, we can write the

greres
queveing equations as in (4).

Gordon and Newell (4) obtain the solution to the
system by using the following set of equations

M

E Pij(ui xi) = uj xj s = 1,2,...,M. (1)
i=1

or yP =y

where y = <u1 Kyseees uM xM> and
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An Extension of the Central Server Model (continued)

. FIGURE 1
Buzen's Central Server Model
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is the probability tramsition matrix. The ui's are

the mean service times (as for example defined in
Table 3), while the Xy is a set of unknown values
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that will be determined subsequently.
for p(nl,nz,...,nM) is given as

The solution

M P |

p(nl,nz,...,n.M ={ I B—Gj;—j-
i=1 iti

e ) ()

where G(N) is a normalizing factor, and the function

~th

Bk(n) for the k station is defined as follows:




B(0) = 1
B(m) = o ()8, (n-1)

n if n <
where ak(n) = = % (3)

Rk if n > Rk

and Rk is the number of servers at station k.

Since all stations excépt M contain a single server,
then in equation (3) Ril= 1, i =1,2,...,M=1. Also,

we have assumed that RM = N. This leads to

Bi(n) =1, 1=1,2,...,01 4)
aﬁd
By = By = 7y’

M-1

Let n= %X n_, then o, = N-n since there are N jobs,

i=1
equation (2) because

(@, ,n ) = ety MI-Il S ¢tan. )
R A A SR VA '
Since the solution to (1) is arbitrary to within a
constant, we can choose Xy = 1, This yields
-1 ¥-1 n
GN) = £ B ~(N-n) I xii
¥ states i=1
M-1
I n,<N
i=1 1

Using a combinatorial lemma proved by Moore (5) for
combinations with repetitions for N distinctobjects
distributed into M slots

N, ¥-1 xri**M‘z
G(N) = § BNy D S
n=0 i=1
; 1 (xi-x.)
=t =3
J#L

This may be rearranged into

M-1 x§.2 N xg
e = I T L Bo-m
i-1 n=0
I (xi—x,)
=1 =
JH

This last expression, using (4), simplifies to

M-1 xM_Z N 2
GQN = I i . 2z i (6)
i=1 M-1 n=0 (N-n)! ~
3

ANALYSIS OF THE UTILIZATION OF THE MULTISERVER

Consider the probability that the multiserver is not
béing utilized, that is, when n, = 0. This may be
expressed as

z Q1 DI : R Q).
hysedesmy 4> p( 1’72’ -1 )

M-1
Z n,=N
i=1 *

Let UM be defined as the probability that the multi-

servér is busy. Then

U,=1-~- z P ,n,,... »0).
M PRI o V&1

1 -1

M-1

b n =N

-1 1

Using (5) and (6)
M~2
X

M-1 N -1
= R S ¢ (n) 7
U, =1- 121 T i
I (x,-x.)
=1 E 3
j#i

UTILIZATION OF THE SINGLE SERVER

In a manner similar to the method used in the pre~
vious section, an expression for the single server
utilization may be obtained. Let Ui’ i=1,2,.0.,

M-1l, denote the utilization of the ith server. To
find U

i j=1,2,...,M-1, let nj = 0 and consider
Ui =1 - « z , E(nl""’ni=l’0’ni+l’°"’nM)'
12 oy g
M-1
L m, <N
=1 *
M~1
. ~1
=1 - z Ez%:ﬁy' I x?j G (n).
hyseresny” i#i
Using (6)
L2 n
[~ - N
U, =1~ le ! i R S )
i s=1 -1 x 2=0 (N-n)!
J.;i I (xx.) J
L) 3
j#i

DEGREE OF MULTIPROGRAMMING

To determine the degree of multiprogramming of the
system the average number of jobs at the multiserver
must be known. This may be obtained by considering
AM’ the average number of jobs at the multiserver.

By definition
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An Extension of the Central Server Model (continued)

FIGURE 3
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=1
<n1,.u.,nM?
M-2
N M-1 X.
J{(n) i n -1
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Using equation (9) the average degree of multipro-
gramming, D, may now be found as D = N - AM. (10)

VALIDATION OF THE MODEL

The system modelled by Agrawala and Larsen is an
IBM System 360/40 computer system operating under
OS/MFT with HASP. The configuration of this system
is depicted in Figure 3, with the corresponding
simulation model illustrated in Figure 4. The

system contains a selector channel and a multiplexor
chammel. Attached to the selector channel are two
control units, each of which controls a bank of
disk drives. The multiplexor channel also is con~
mected to two control units. .One-controls six tape

drives,:while the other manages the unit record

:equipment --.card reader, line printer, and the op-
erator's console.

The performance specifications for each I/0 device
is taken from the appropriate IBM documentation.
Requests to and from the operator's console is as-
sumed to be negligible. The mean service time of
the processor is estimated by dividing the total
processor time by the number of service periods
(i.d. total I/0 requests). The probability that a
job terminates after a processor service period is
estimated by dividing the total number of jobs com-
pleted by the total number of service periods. The
probability of requesting the service of a parti-
cular I/0 device class after completing a CPU ser-
vice period is estimated as the joint probability
that a job does not terminate and that the request
is for that class of device. The probability for a
request of a particular I/0 device is computed by
dividing the total number of requests for that
class by the total number of I/0 requests.

The model developed by Agrawala and Larsen (1) adds
four additional "servers" to model the partitions.
However, the model allows a queue capacity of one

FIGURE 4
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An _Extension of the Central Server Model (continued)

at each partition server. Since Buzen's model does
fiot allow this change, Agrawala and-Larsen are

forced to simulate this.modification. In the sim~

ulation model, if a job-is routed to a partition
that is already busy, the new arrival is turned
away and the simulation model. attempts to reroute
the job by selecting another server in accordance
with the transitiom probabilities.

To validate the analytic model developed in this
paper, the transition probabilities and service
times of the CPU, tape, disk, and unit record device
classes are those as obtained by Agrawala and Larsen
- (Tables 1,-2, and 3). Thesindividwal vartition ser-
“vers aré consolidated imto-:a service station with
- four servers. ‘The:transition probability to this
‘server remains the .same as that obtained in (1).
The ‘holding (service) time of this "server" is de-
termined by using the weighted average of the idle
times of each partition (Table 4).

TABLE 1

System Acébunting Data

Period of measurement

Total processor time

11.25 hours

6.12 hours
1/0 count for tape 161000
1/0 count for disk 178000
* 1/0 count for unit record 118000
Total I/0 count 457000
Number of completed jobs
Partition 1 33
Partition 2 26
Partition 3 27
Partition 4 13
Total 99.
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TABLE 2

Transition Probabilities

P (termination of a job) = 99/457000 = .0002
P (CPU to tape) = 181000 4 _ 4005y = 3590

57000
oy L 178000 oy
P (CPU to disk) = 128000 (1. o002) = .3804
P (CPU to unit record) = %%%gg%-(1 - .0002) = .2585

1977
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Table 5 presents the utilization of the system as

TABLE 3 measured, predicted by the simulation model in (1),
and predicted by the analytic model developed in
Mean Service Times this section. The utilization of each processor was
. <. determined using-equation (8)..: The average degree
H {CPU) = 48 msec ‘ -« of. multiprogramming was. determined by .equation (10).
uz (‘tape) = 12 msec CONGLUSTONS

- The extension of the central server model to include
100 msec lightly loaded systems is segnificant. The model
presented here demonstrates that analytic models may

. be as accurate and still less expensive than similar
7] (unit record) = 100 msec simulation models.

g (disk)

"

. The program used to evaluate this model was run on
ug (de13y station) = 894 sec an IBM 360/95 and took .05 minutes to run.
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TABLE 5

Measured and Simulated Utilization of the Computer System

Measured Agrawala and Larsen Warner and Pooch
cru . .54 .52 .52
Tape .05 | .05 .05
Disk .44 .42 .43
Unit Record | .29 27 .28

AVERAGE DEGREE OF MULTIPROGRAMMING

Measured Agrawala and Larsen Warner and Pooch

1.83 1.69 1.81
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