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1.0 Introduction

h T——3This report summarizes the work performed during the period for June
» 15, 1984 to September 14, 1984, The work concentrated on the stability
» question of decentralized algorithms, further development of our test-bed

simulation program and completion of a Master's thesis. Most new results
obtained in this quarter are still preliminary and we expect more complete

conclusions by the end of the next quarter./}.\
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2.0 Main Text

2.1 Stability
Many distributed scheduling algorithms have been developed to improve

the performance and reliability of distributed camputer systems. Most of

’ these algorithms have been evaluated analytically or by simulation studies.
All of the algorithms make many assumptions and the resulting performance
E always seems to be "good", subject to their assumptions, |
The analytical models assume known averages and distributions for many
. parameters, and that the system is in equilibrium. Because of this,
ﬁ stability concerns of these algorithms are not addressed.

Algoritims tested by simulation also make many assumptions about

j'.; averages and distributions, and even about the system being in equilibrium.

However, in the simulation study approach, the algoritims are generally more

adaptive to changing network conditions and a wider range of conditions is
.: normally tested. Usually, there is an attempt to determine the functional

dependence of various parameters on each other, This is sometimes referred ——
to as tuning the parameters of the algorithm. 1In actuality, the tuning
process "implicitly" addresses the stability questions, subject to the as- 4
" sumptions made in the simulation model. For example, by making many runs to :_.:
choose the interval (rate) at which the scheduling algorithm executes, or to W
." choose the frequency or amount of state information to transmit, a given “ ﬁfﬂ
j distributed scheduling algorithm may then perform "well"™. Perforaing well ~—‘-1
’ is difficuit to define but would imply giving good average response time or :’:’
: throughput, and being stable, 1i.e., doesn't perform too poorly under any ‘E'.Si
reasonable Iinput. The reason that the algoritim performs well under the RS
;
A
", N




" -
A . Pt .
. eon et e s

o 7

)
@ 3
U

. L)
B

RN IR !

R

204,00

R A A

A O

conditions ('including inputs) tested is that the functional dependence of
parameters such as the rate of task arrivals, the characteristics of tasks,
the scheduling interval, the accuracy of stats information, etc. is
"samehow" taken into account., These functional dependences are not con-
stant, so distributed scheduling algorithms must attempt to adapt to
changing network conditions., However, it is very difficult to define what
is proper under all conditions, to insure that a distributed algorithm al-
ways achieves that objective, and to evaluate (or even identify) all
possible functional dependencies that exist.

During this quarter we studied two distributed scheduling algorithms
one based on stochastic learning automata and the other based on bidding,
both of which contain "explicit" mechanisms for dealing with some aspects of
stability. For the stochastic learning automata algorithm we shpwed that it
can be made to work well, For the -bidding algorithm we showed that typical
prediction technique (moving average forecast) does not work, and suggest a
possible solution. The solution i{s that we must take into account the
details of the real-time enviromment. For example, in predicting the future
load at a host we need to consider factors relating to local tasks as well
as factors relating to the effect of system-wide load balancing. Further,
since we are performing this estimation in order to make a bid on a
specific, given task, we are interested in predicting the future surplus at
this host in the interval X, where X is: estimated arrival time should this
task be awarded here minus the deadline of the task.,

The local factors include all known guaranteed periodic and aperiodic

tasks (1008 accurate information), estimates of system overhead (most of
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this 1is known since most system tasks run as periodic tasks), and an es-

timate of new 1local arrivals which will be guaranteed and "probably" run
’within the interval X. This latter estimate is relatively simple if one is
confident about the distribution and average arrival rate of tasks.

The factors to consider relating to system-wide load balancing include
all the information concerning outstanding bids made by this host. This in-
cludes the number of bids, when each was made, the characteristics of the
tasks bid on (estimated arrival time, computation time and deadline), and
some method of estimating the likelihood of acceptance of a bid., This lat-
ter estimation problem can be approached in many ways. It is our opinion,
however, that simply keeping track of percentage of bids accepted in the
past 1s not a good idea and may produce the same ineffective results as when
we used the moving average forecast technique. The real-time enviromment
gives rise to too many different, very precise conditions to make keeping
overall averages very suitable. It may be better for each host to use (out-
of-date) state information about the loads of other hosts to estimate the
likelihood of a task being awarded to it. Then, in caleulating estimated
surplus, each outstanding bid made by a host is treated as if it will

definitely be awarded or not depending on the likelihood associated with it.
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2.2 Bidding in Soft Real-Time Systems (By Gary Rommel)

Set-®sprn = -
PR e A I

, The research performed in this quarter was in three main areas:
1. further development of our simulation test-bed, -jl';:
2. development of queuing l;nodels of a distributed system, and ;::--
3. the development of a proposed general network model. :
We will now briefly describe each effort.

2.2.1 Test-Bed

First, we have been able to enhance a general purpose test-bed simula »
tion progranm. This program allows us to test clusters and distributed
fa‘ groups under various scheduling algorithms.
i The unique featwre of a process in our model is that the service rate —

of the process 1is a function of the members of the group at the process's :.'72-5-?;

~

& site as well as a-functlon of the host performance. L

T3 T

In the case of a cluster, the service time of a process at a particular

\ site 1s given by the following S}Z:
E(s) = E(s0)*{1 + x*(1 - n/mmax)} ::‘
Where

E(s) - service time of a process of the cluster

E(s0) - service time of a process of the cluster if all

- members were present at one host. This parameter is —
J host dependent. \
" n-nunber of members present at a given host "'
moax-nunber of members in a cluster e~
- x-factor determining interprocess overhead for remote \
N site processes, r
3 o
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The cluster might be used to model communication bound processes. We
might expect to see a cluster in a real time enviromment when one process
reads an A/D converter, another process performs some analysis on the data,
and still another stores the data. These processes may be on different
hosts, but performance would be improved if they were on the same host.

For a distributed group the process service time is determined by the
following

E(s) = E(s0)*{1 + (x/(nmax - 1))*(n - 1)}

Distributed groups model processes which communicate infrequently or
with small amounts of data. We may also use distributed groups to model
real-time processes in which communication between processes are limited
while computation times dominate.

In our model, we consider process scheduling., Scheduling is based on
bidding and the use of the McCulloch-Pitts neuwron. The McCulloch-Pitts
neuwron includes process factors. Among these are process size, remaining
time to complete, priority, and unique resource requirements, Llkewlse, the
neuron considers host related states such as queue length, processor speed,
current free memory, outatanding bids and host figure of merit. The neuron
forms a single value .based on these inputs to determine the ability of a
process to run at a given host. We have been extending our current model

to include actual network delays in our bids, by modeling cluster and dis-

tributed group service times, by consideration of outstanding bids, by
passing of state data, and the use of a host figure of merit. We have also
added the feature that each individual network l1ink has a delay which is a
function of the traffic across it, We also reduce the bids by a factor that

is a function of the current delay of the bid message through the network,




This value 1is determined by the time between the request for bid and the
. reception of the bid.

The figure of merit is a single number relating directly to the
response times of the processes at a given host. We are going to study a
| simple exponential algorithm to predict future response times coupled with

the figure of merit. We use two algoritms for the figure of merit: The
first is a strictly a static exponential predicator:
; £(n) = b*f(n -~ 1) + c¥*r |
where
b and c¢ are weighting factors; f(n) is the predicted

figure of merit; f(n-1) is the past figure of merit; r

N

is the response time of the process just completed.

The second incorporates the memory size:

i £(n) = d*b*f(n-1) + (1-d) *c*r
é where

b and ¢ are welighting factors; f(n) is the predicted
I figure of merit; £(n-1) is the past figure of merit; r
j is the response time of the process just completed; d
5 is a factor relating to the current memory size
f, The memory size factor is given by the following: -
: d = (mmax-mfree)/mmax ::
’ et
- where %
E mmax {s the maximum memory at the site, TR
i. mfree is the free memory at the site. :&f.
" \.~"_
Ny By using this function, the host figure of merit is more dependent on :ﬁ:
% process response times when memory is free than not. We choose this because i
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we expect that when memory is free the last response will predict the next

' since no queueing need be considered.

The figure of merit is also reduced as a function of time and free

. memory. This is done using a daemon process called at a given period.
I f(n) = f(n-1) *d*e
where

f is the figure of merit

d {s the memory factor
e {s the tuning factor.
2.2.2 Distributed Networks and Queuing Analysis

L Our second effort in soft real time scheduling is in the area of queu-
ing techniques. We are interested in using queueing analysis to extend ouwr

own simulation models. Once our algorithm 1s developed, we will simulate
_i the algorithm to verify it. However, due to the cost of simulations we -~
EZ? would like to extend our results by queueing analysis. Here we have :‘;_I:-"
- : o
B developed models of distributed networks in which the scheduling algoritims :Z::
. are strictly queue length dependent.
The major effort in this research is the use of optimization based on
.'-j operational research techniques. Our models here use Kleinrock's notion of
!- independence to model the effect of the network delay. Current effort is to "
N use elther the gradient or complex conjunction techniques to determine the N
. AR
o optimal flows. w1
- it
.’7 T
P o3
o S
o o
F:' -_:;1
). -
<
" Ve
! ::',]
g 3
L

. A B e S P Lt e e 1 a® P g% e 0" A e " a" N} IR, ) R T N S T T e MM e e et \-.-."l
.f..f‘.l f.‘f_.a'-.".‘ 0T . . y - 3 . ORI et .{‘-’ o .‘._.:‘."' el ~'.. R -l




ry v . e i . i N - Riand b e e e e TR T W ht

e A M T e T T N T N tim e T e Ve Mhe e N taa Mmoottt e e T T s e T T T TR N N RONONY,
x 10 -
- 2.3 Defense of Thesis
Ravi Mirchandaney successfully defended his thesis (supported by this .
» grant) entitled, "Decentralized Job Scheduling Using a Network of Stochastic T
-, Yl
. Learning Automata." The major results of this thesis have been reported in :::f::
previous quarterly reports. Rewriting, preparation of the defense, and the .
actual defense occurred during this quarter. We are now working on gener-
ating a paper from the thesis to submit to a journal.
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3.0 Conclusions and Recommendations

Stability in distributed scheduling algorithms 1is a very difficult
problem. Stability 1issues are specific to the algorithm, to the environ-
ment, and to the desiéner's subjective ideas as to what constitutes
reasonable behavior. There is no clear cut definition for stability, unless
one is willing to define it in very broad terms. But, even in that case,
the developer of the algorithm needs to understand how to control the algo-
rithm and enviromment so as to conform to the definition. We hypothesize
that distributed scheduling algorithms need many special cases to be able to
react well under the many diverse system conditions found in distributed
systems.

In this quarter we directly addressed and briefly evaluated several
specific stability issues of two algorithms: one based on stochastic learn
ing automata and the other based on bidding. We suggest that much more work
is required to fully understand, more formally define, and completely
evaluate these and other stability issues of distributed scheduling algo—

ritms.
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L 4.0 Budget

p .~ Month

f} December (83)
) January (84)
February
March
April
May
June
July
August
September
October
November

December

Total Planned

and Spent

Balance

Spent prior to the months listed below:

Pl anned

$ 3.319.21
2,336.68
7,323,58
5,376.75
-513.36
4,000.00
8,000.00
8,000.00
7,000.00
5,000.00
5,000.00
5,000.00
4,522,52

$130,830.50

$66, 464.62.

Actually Spent

$ 3,319.21
2,336.68
7,323.58
5,376.75

-513.36

8,753.47 (for 2 mos.)

5,786. 42

98,847.37

$ 31,982.63
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