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Abstract

While in multi-user environment, CPU has
to manage lot of requests generated over the
same time. Waiting queue of processes
generates a problem of scheduling for
processors. Designers and hardware
architects have suggested system of
multiprocessors to overcome the queue
length. Lottery scheduling is one such
method where processes in waiting queue
are selected through a chance manner. This
opens a way to use probability models to get
estimates of system parameters. This paper is
an application where the processing time of
jobs in ready queue is predicted using the
sampling method under the k-processors
environment (k>1).The random selection of
one process by each of k processors through
without replacement method is a sample data
set which helps in the prediction of possible
ready queue processing time. Some theorems
are established and proved to get desired
results in terms of confidence intervals.

Keywords: Scheduling, Lottery Scheduling,
Bias, Variance, Confidence interval Lottery
Scheduling (ULS), Estimator, Sampling.

I. INTRODUCTION

Scheduling is one of the important
features of CPU where the multiple arrivals

and requests are being finalized in optimum
manner. Basic objective for this is to organize
arrivals in specific way so as to achieve the
goal of efficient performance algorithm of the
system. Lottery scheduling is a procedure
where, instead of purposive, the random
selection of jobs is taken into account. This
provides avenue to apply probability models
to derive properties of system and to estimate
various system parameters. This paper is an
attempt to predict ready queue processing
total time using lottery scheduling assuming
k-processors environment. Carl et al. [1]
discussed the proportional share resource
management technique in lottery scheduling.
David et al. [3] presented the specialization
matching methodology in context to lottery
scheduling. Shukla et al. [7] discussed a new
variant of Lottery scheduling like SL
Scheduling where the job selection is
performed in random as well as in systematic
manner both. The drawback with this is that it
generates high variability in predicted
estimates obtained and does not take into
account the size measure of the process. A
similar contribution is [8]. Shukla and Jain
[5], [6] worked over multi-level queue
scheduling with application of probability
models in analysis. Sampling techniques and
its wide applications are in [2] and [10].
Description of methodological part of
scheduling is in [10], [11] and [12]. Raz et al.
[4] presented procedure of deciding priorities
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among jobs by maintaining fairness in

selection procedure.

2. MOTIVATION

Assuming a system has 5000 jobs in
ready queue and after processing of 30 jobs,
selected randomly the breakdown appears.
System backup manager want to know how
much additional time more required to
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process remaining jobs in the ready queue
before shutting down the whole system. The
backup management could be made
accordingly. Deriving the idea from the
above mentioned problem this motivates to
explore the theoretical procedure to get
probability based estimate or prediction for
processing time using sampling methods
with the help of lottery scheduling as a base
scheme under k-processors environment.
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3. PROCESSOR STRUCTURE AND
ROTATIONS

Let Q1, Q2, Qs....Qk be K processors who
take intake from the ready queue containing
P1, P2, Ps....PN processes (K<N). Processes
are related to long, medium and short term
scheduling queues each having n processes,
transferring to ready queue time. When a
process remains suspended, they are back to
respective queue. The Figure 1 shows the
diagram of scheduling process structure with
k processors.

(A) Multiprocessor Lottery Scheduling

Step 1: When a process enters into ready
queue, it is allotted a random number
(in specified range).

Step 2: Each processor Qi, Qz, Qs....Qk
generates unique and uncommon
random number in similar specified
range stated in Step I.

Step 3: Matching of both random numbers
takes place between process and
processor. If both random numbers are
same for a process in ready queue, it is
assigned to that processor.

Step 4: Processor either blocks or
processes the job. It selects another
process by random manner.

Step 5: After when one job processed
completely or partially processors

assigned to processors Q; (j =1, 2, 3..k).
Processors have generated time consumed in
processing as ti. Now, suddenly system failed
and there is need for backup management.
We have some basic results discussed below
used for prediction purpose.

Theorem 1: The probability of selecting a
specified process for processing from N
processes of ready queue at any given draw
is equal to the probability of its being
processed at first draw in k-processors setup
by lottery scheduling with k processors.

Proof: The probability of drawing randomly
a specified process for processing at first

drawi.
N

Let P be the process selected at the
r draw(r=1, 2, 3.....k).

r-1
P(P, )= H P {Pr is not processed at i™ draw }><
i=1

at r™ draw

at the

P, is processed
lit is not processed

S

i=1

:ﬁ{Nl\-li-JirJ[N -1r+1zﬂ

i=1

Therefore P(PJ:%

generate time consumed in processing as
t; (time by j" processor) (j=1, 2, 3.....K).(C) Probability of selecting any Specified

(B) Estimation of Ready Queue
Processing Time

Suppose that P;, Py, Ps... Px are k
selected processes from ready queue of size
N in random manner through lottery
scheduling. These k selected processes P; are

Process for processing

Since a specified process in ready queue
of length N can be selected for the
processing in k independent ways. It can be
selected for processing at r' draw (r = 1, 2,

3...k)and sinceP(P,):%; forr=1,23... k.

previous  (r — 1)draw }
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By the addition theorem of probability,
one can get probability a specified being

Kk
processed by the processor = Z% = (%j
r=1

Theorem 2: Let Ty, T, T3 ... Tn be the
actual processing time of N processes in

_ N
ready queue with overall mean T =(N )’lZTi
i=1
.The time consumed by processor to process
K (k<N) jobs before the occurrence of
sudden failure are (ty,t,t3....t) with mean

k
t=()™"Y_t .The Ti differ from ti since
i-1
many may be partially finished or blocked
while failure occurs

Proof: Define an indicator function a; as

1 ifithprocess of readyqueueisselected

a; = for processing; (i =1,2,3....N)
0 otherwise

The expected value of a; is E(ai)=%
k

So E(f)zE[%ZtJ]
j=1

1 N

4| Soem)

1% k

k{Z (aﬂ kLN }

So, sample mean time t is unbiased

estimator of entire ready queue meanT .

(a) The ready queue mean square is

s =ﬁ{i (T‘—?)ZF ﬁ{%ﬁﬁ —N?Z}

(b) The sample based processor mean
square is

1< R 1 k 5 2
=R MR
Theorem 3: In lottery scheduling with k
processors the process based time mean
square is an unbiased estimator of ready
gqueue mean square while the system failure
occurs, i.e.

Proof:

K
S t? —kt’
k-1|4&

|_\

1 th—l Zk:t2+ Zk:tt 2
k-l i= bk j=1 : j¢i:1“
k k
ﬁ{zt%@—%}i S
j=1 j=i=1
1 1\ <, 1 K
== 1= Y2 - tt
k-1 kj{;‘ k(k —1) J;l’ }
1] 1 :
R B
2) 1 S 1 <
E(s )_FElétj]_k(k—l) E[j;:jti] (1)

We use a; as indicator function as in

theorem (2), Similar could be function a;
(i)

e
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= _NEE(aJ)TJZZ%_NZTJZ e (2)
= E[ K tﬁi{i(&ia')ﬂn]
- NZE(ajai)TjTi ... (3)
But Ela;a;)=1Pla;a; =1)+0Plaja; =0)

_k k-1)

N (N-1)
So,

\ k (k-1)

E[j#Eltjti ]W(N iy j;ilTjT. ....... (4)

From equation (1), (2), (3) and (4), we have

2)= 1| k w2 1 k(k-1) <
E(S) ?[W;Tj:l_k(k—l)[N(N _1)jizi_lTjTi‘|

N

—iZTZ——l ZN:TT
N NN -1) i

j=1 jri=1

_— ZN:TZ NT® | =s?
- LIy oNT |-
N1 &

Theorem 4: In lottery scheduling with k
processors the variance of the processed time
sample mean is

-\ (N—k)\S®
VO
Proof: We have

vi)=el’ -t |-EE)-7] -

i=1 i=1
From equation (2), we get

O e

i#]=1 i=

_ ISET\I__?)[N(N ~1T (N —1)52}

—2 s2
=k(k—1)[T _W]

Substituting in (6) we get,

E(fz)z %Kl—%)sz +'ITZ}+(1—I

-]

Substituting in (5) we get,

iﬂz}

i=1

v(f)=(%_¢_jsz=[NN-kjsk_z

Remark Theorems 1, 2 and 3 are derived from [2]. These theorems help to develop a
prediction procedure in the form of constructing confidence intervals.
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Considered 30 processes in the ready queue and their CPU burst time as shown in table 1.

Table 1.Total Processes with CPU Burst Time (N=30)

Processes P, P, P, P, P,
CPU Burst Time 30 20 112 40 59
Processes P P, (A R, Po
CPU Burst Time 60 33 43 101 69
Processes P P2 Fs P Rs
CPU Burst Time 138 43 109 26 74
Processes Fe R Fs Fo Pao
CPU Burst Time 89 123 67 58 84
Processes Py Py Py P Ps
CPU Burst Time 143 29 147 94 131
Processes Pas Py Poe P Py
CPU Burst Time 79 46 59 72 22

5. COMPUTATION UNDER LOTTERY SCHEDULING (USL) SCHEME

Considered five processors environment,
each receives on job and process it. It takes
random samples of 5 processes from given
30 processes under lottery scheduling as

shown in table 1 and calculated their sample
mean time. There are total =c_samples

possible.

Table 2.Computation of Sample Mean Time for USL

Random Sampled Process Sampled Processing Sample Mean

Sample (k=5) Time Time

Number
1. Py, Py Poyy Posy Poo 60, 138, 143, 147, 72 112
2. Py, Py, Py, Py, P 101, 46, 138, 33, 112 86
3. Pis, Py Pogs Psy Pho 74,84,79,59, 69 73
4., Poss Pz P2y P3y Pho 147,123, 43, 112, 69 98.8
5. Py s Po1y Pigs Py Prs 22, 143, 109, 40, 60 74.8
6. Pogs Piss Pias Py o Ps 59, 58, 26, 20, 131 58.8
7. Py Py Pig s Pogs Pag 30, 26, 89, 94, 72 62.2
8. Py7+Pigs Pizs Py y Ps 46, 58, 109, 20, 60 58.6
9. S T 7 147, 123, 138, 40, 109 111.4
10. Pos,s Pis » 3, Psy Pig 94, 89, 43, 59, 58 68.6
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Table 3.Computational VValues for Total Processes

Total Numbers of Processes N =130
Mean Time Y =17333
—2 —

Square of Mean Time Y 5377.28

U =| 203712
Total Sum of Squares Y'Y,

i=1
Mean Square S? = | 1461.8390
Variance of Usual Lottery Scheduling V (f )JLS = | 243.6398

Confidence  Interval: The 99%  confidence interval for mean time
is[f—s\/\T(E_),hs v(t } ~0.99
Table 4.Computation of Confidence Interval
Random | Sampled Processing | Total | Sampled Confidence
Sample Time(in units) Mean Interval of Time
for per unit
process
1. 60,138,143, 147,72 60 112 (67.17,158.82)
2. 101,46,138, 33,112 430 86 (39.17,132.82)
3. 74,84,79, 59, 69 365 73 (26.17,119.82)
4. 147,123,43, 112,69 494 98.8 (51.97,145.62)
5. 22,143,109, 40,60 374 74.8 (27.97,121.62)
6. 59,58,26, 20,131 294 58.8 (11.97,105.62)
7. 30,26,59, 94,72 311 62.2 (15.37,109.02)
8. 46,58,109, 20,60 293 58.6 (11.77,105.42)
9. 147,123, 138,40,109 | 557 111.4 (64.57,158.22)
10. 94,59,43, 59,58 343 68.6 (21.77,115.42)

6. CONCLUSION

The sample mean of processed time
duration t predicts about the average value
required to process the entire ready queue. If
sudden breakdown of system occurs and
until then k jobs are already completed, the
backup management required duration (n-
k)tto pack up all the remaining processes.
Most of sample estimates are within the 99%
confidence interval which proves the
efficiency of the estimation procedure of
ready queue under the Lottery Scheduling
with k processors. The average of upper limit

of confidence intervals (or maximum value)
could be taken as a standard to plan for
system failure management.
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