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Abstract— The growing needs for building complex real-time applica- lines. In such an overloaded system, it is often desirable to max-
tions COUP']?S Witlh a_d"a”;_eme”tsl in _Ccr’]mplifi”% tec“”_O'Ogyl signify the im- jmize the overall utility of the system by employing value-based
portance of developing efficient algorithms for dynamic real-time systems. : - . :
Dynamic real-time systems need to be designed not only to deal with ex- schedullng. Value-based SChedu“ng a schedu_llng pg_radlgm
pected load scenarios, but also to handle overloads by allowing graceful that schedules tasks such that overall value (i.e., utility) of the
degradation in system performance. Value-based scheduling is a meanssystem is maximized. It is assumed that each task offers certain
by which graceful degradation can be achieved by executing critical tasks w4)e” tg the system if it meets its deadline, otherwise, certain
that offer high values/benefits/rewards to the functioning of the system. In e Lo .
value-based scheduling, each task is associated with a reward and penalty P€nalty” is incurred. Thus, value-based scheduling is a deci-
that is offered to the system depending on whether the task meets or missession problem involving the choice of a collection of services
its deadline. Some value-based scheduling defines “performance index” (tasks) to execute so that the “best possible" outcome ensues.
that captures not only the reward/penalty parameters, but also the trade- ..
off between schedulability and reliability. In this paper, we propose a The Process 9f fixing the value for each task dgpepds on the ap-
reliability-aware value-based dynamic scheduling algorithm for multipro- ~ plication and is a really complex process [4] which is beyond the
cessor real-time systems, whose objective is to maximize the performancescope of this paper. Examples of value function include Perfor-
index of the system. The proposed scheduler selects a suitable redundancy, : :
level for each task so as to increase the performance index of the system.mance Index [5] and Value,'De,nSIty [6] These \{alue functions
We have conducted simulation studies to evaluate the effectiveness of theCapture the utility of tasks in different context with the former
proposed scheduler and its variants for a wide range of values of system value function captures the importance of fault-tolerance while

parameters. Our studies show that the proposed scheduler offers a high the latter emphasizing on the value for a computation time
“value ratio” (defined with respect to a near-optimal baseline algorithm) ’

for non-trivial task sets.

In this paper, we consider a fault-tolerance related value func-
I. INTRODUCTION tion that captures the tradeoff between schedulability and relia-
bility, and propose a scheduling algorithm to maximize the over-
erformance of the system. This schedulability-reliability
eoff in the context of value-based scheduling is motivated as
ows. Due to the critical nature of tasks in a real-time system,

In real-time systems the correctness of the results depend
only on the logical correctness, but also on the time at which t &d
results are produced [1]. Multiprocessors and muIticomput%?I

hased systems have emerged as a powerful computing meang 18l ssential that every task admitted in the system completes

real-time applications S.UCh as gyionic c_ontrol and nuclear p|6|lg execution even in the presence of faults. Therefore, fault-
control, because of their capability for high performance and lerance is an important requirement in such systems [5], [7]

Iiabilit_y. The problgm of scheduling regl-time tasks in su_ch Y1, [9]. Scheduling multiple versions of tasks on different pro-
tems is to determine when and on which processor a given t sors provides fault-tolerance. In a fault-tolerant scheduling,

IS executgd. The aIIocat!on and sche_zdullng can be perfom]ﬁ reasing the redundancy level of a task decreases the probabil-
either statically or dynamically. In static algorithms [1], the 43ty that the task will fail after being accepted, at the same time

signment of tasks to processors and the time at which the taa %reasing the schedulability of the system, i.e., the number of

start execution are determinedpriori. Static algorithms are tasks that get scheduled. This implies tradeoffs involving the

often_ us_ed to schedule p(_enod_lc tasks and are not appl'cablqatglt-tolerance of the system, the rewards provided by guaran-
aperiodic tasks whose arrival times and deadlines are not kn B4 tasks that complete successfully, and the penalties due to

a priori. Scheduling such tasks requires a dynamic scheduling, <11+ tail after being guaranteed or that fail to be guaran-
algorithm [2], [3]. teed
he

In dynamic scheduling, when a new set of tasks arrive at t
system, the scheduler determines the feasibility of scheduling
these new tasks without jeopardizing the guarantees that havin this paper, we consider the problem of value-based
been provided for the previously scheduled tasks. When thgheduling of a set of real-time tasks in a dynamic multipro-
system is not overloaded, it is possible to ensure that all tbessor system, where the value function captures the reward (or
tasks meet their deadlines by employing efficient scheduling penalty) obtained by meeting (or missing) a task’s deadline. We
gorithm. However, when the system is overloaded, it is imposgiropose a dynamic scheduling algorithm that finds the right re-
ble to meet the deadlines of all the tasks, which means that soshedancy level for each task, satisfying the timing constraints,
tasks may have to be rejected and hence missing their desuth that the performance index of the system is maximized.
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A. Related Work and Motivation .

The problem of obtaining an optimal schedule for a set of In [3], another dynamic fault-tolerant scheduling algorithm

real-time tasks in a multiprocessor system is NP-complete [1 s proposed, where the myopic algorithm was modified to

Moreover, it was shown in [11] that there does not exist an alg%-he?_'me tasks ﬁ“m'lng tphmaéqn_wlze the ovelliall ththe Sys-
rithm for optimally scheduling dynamically arriving tasks wit em. However, the algorithm by its hature selects the maximum

or without mutual exclusion constraints. These negative res ﬁgundancy level (an input parameter) as the chosen redundancy

motivated the need for heuristic approaches for solving sche SMeI for each task. Such an approach of considering only one

ing problems. Various heuristics algorithms, such as Myopri@S'k at a time for determining the redundancy level for the task

scheduling [2] and its variation ParMyopic [12], were propose(if’”? lead to poor overall performance index, which is the moti-
ation for our work.

to solve the dynamic multiprocessor scheduling problems. ™ The obiecti ¢ Ki ficient d .

above said results also hold to the value-based scheduling proh- € ol jective ot our Work 1S tp Propose an e icient dynamic

lem addressed in this paper as being a derivative of dynarﬁ eduling algorithm that maximizes the overall performance
x of the system is maximized by executing the right redun-

multiprocessor scheduling. In recent years, there are some
on value-based scheduling algorithms [6]. These work assu
a generic utility values as value functions. Also, there are so
work which focuses on value-based scheduling with the val
function aimed at maximizing the reliability of the system with?
out sacrificing the schedulability.

Spare-capacity schedulingThe primary issue in the fault-
tolerant related value based scheduling is to find the correct
dundancy level for each task so that the system'’s reliability 9

maintained with high schedulability. In [9], an algorithm walhePp

proposed with fault-detection and location capabilities for real-
time systems based on the myopic algorithm. The objective of
the algorithm was to improve the schedulability and to use the®
spare capacity of idle processors for fault-detection and loca-
tion. Thus, the algorithm’s emphasis is on schedulability of the *
system than reliability. Further, this algorithm does not con-
sider the value parameters into account for making a scheduling
decision. Such an algorithm is inadequate when tasks have dif-
ferent rewards (or penalties) for their successful executions (or
failures).

Performance index schedulingn this context, an approach
is proposed in [5] to determine the redundancy level for a given
set of tasks so as to maximize the total performance index which
is a performance-related reliability measure. This approach is
used in dynamic planning based scheduling where decisions ar&
taken as tasks arrive. In such a system withprocessorsp
tasks arrive at a particular point in time. The approach tries to
find the best redundancy level for the tasks such that the over®
all performance index is maximized. Once a task redundancy
level is determined, a task is said to be guaranteed if the given
number of copies of the task are all scheduled to complete be-
fore the task’s deadline. Suppose a td3kprovides a reward
V;, if it completes successfully once it is guaranteed, a penalty®
P; if it fails after being guaranteed, and penafdy if it is not
guaranteed. LeR; be the reliability of a task and; be its fail-
ure probability, where?; = 1 — F;. The redundancy level of a
taskT; and the failure model of the processors aff&gt The
performance inde¥ I; for taskT; is defined as

ViR; — P F;

rr={ Yy

Then, the performance index for a task set contaimingsks is

defined as
PI=> PI
i=1

, iIf T} is guaranteed
, If T} is not guaranteed

cy level for each task in the system. The fundamental dif-
Lence in our algorithm is that the task schedule is extended by
re than one task at a time, which can lead to bdttethan

e algorithms that consider only one task at a time.

The rest of the paper is organized as follows: Section Il states
the system model and definitions. Section Il describes our pro-
pg_sed scheduling algorithm. The performance results of the pro-
sed algorithm is explained in Section IV. Section V concludes

aper.

The system consists of processors having identical reli-
ability.

Each taskl; is characterized by ready time;), worst-case
computation timed;), deadline ¢;), reward value ;) and
penalty values®; and@;). Further tasks are assumed to
be aperiodic and non-preemptable.

A task T;'s earliest start time is denoted byST(T;),
which is computed as the maximum of its processor avail-
able time, resource available time and ready time.

Let p be the reliability of a task (with one versiori);, ex-
ecuting on a single processor. Then, the reliabiliy)(of

the task withr versions is given by?; =1 — (1 — p)".

A taskT; is said to feasible only i#2ST(T;1) + ¢; < d;,
where EST(T;1) denotes the earliest start time for tagk
with one version.

Let A be the set of tasks in the feasibility check window, of
size K, then the partial schedule obtainedstsongly fea-
sibleif all the schedules obtained by executing the current
schedule to the unscheduled task set is also feasible. i.e.,
Vi, TieA, EST(TH) + C; < d;

The performance of a task; for a redundancy level is

defined as :
| ViR; = PF;,ifj>0
R
where,F; = (1 —p)/ andR; =1 — F;.

SYSTEM MODEL AND TERMINOLOGY

(1)

PROPOSEDRELIABILITY -AWARE VALUE-BASED
DYNAMIC SCHEDULER

In this section, we present a reliability-aware dynamic
scheduling algorithm that aims at maximizing the overall value
(performance index) of the system by finding the right redun-
dancy level for each task. The proposed algorithm is a variant of
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myopic algorithm. The myopic algorithm works on extendinﬁﬂﬁ'.‘?jjﬁ‘éiﬁ%‘*ﬁé’ﬁﬁe duled

on a partial schedule P, by one task at a time. Initially it CORwtput: Feasible Schedule maximizing tRé or failure.
siders all theK tasks (in the set of tasks called feasibility check 1. Tasks (in the task queue) are ordered in non-decreasing order of deadline.
Wmd(.)w) and checks if they are feasible. Ifit s strongly feasible g CS:thaertc\Iiv;;ThznsZTgfti/aZisIgeimjg%e): constituting the feasibility check
then it extends the schedule by téBkthat offers the smallest window i strongly feasible.
heuristic valueH (.), out of the all the tasks in its feasibility 4. If ( strongly feasible)
check window. If the current schedule is not strongly feasible, Repeat ) ] o
the algorithm backtracks and selects the task that offers the next* cgﬂ"gﬂﬁgﬁ” Selection AlgorithmyT;A, find j (=r) for each task
best heuristic value. '

The proposed scheduling algorithm, as given in Figure 1, PI =317 | Pl is maximized.
starts of similar to that of the myopic scheduling algorithm, ¢ Repeat

. . . L - Order Selection Algorithm:
by con5|der|ngK tasks in the feaSIb"'ty check window. If — VT;eA, compute a heuristic value H(.) for the selected redundancy

the current schedule is strongly feasible then the algorithm se- level r;
lects the right combination of task with their appropriate redun- - sortthe tasks based on their H(.). _
dancy level by theCombination Selection Algorithnsuch that — The sorted order represents the dispatching order of the task set.

. . . Until (Termination Condition 1)
the overall performance index of the task setlits maximized Until (Termination Condition 2)

and the total number of tasks (including the redundant tasks) i%. if (a feasible combination is obtained)

less than or equal té, the maximum schedule extension size. * ¥ZicA, extend the schedule I with r; versions

Then, the scheduling order of the tasks is determined b@the 'e'l\ggve the feasibility check window, to nexts tasks.

der Selection Algorithirand the schedule is extended with spec- « Backtrack to the previous partial schedule.

ified order of the selected combination. If the selected order for « Extend the schedule with the next best combination.

a combination is not feasible to schedule, then task SChEdUI%ﬁgEﬁgg Eggg'gg;‘riﬁgf'b'e order s obtained or the maximum number of
extended with different order until a feasible order is obtained. #mination Condition 2:Feasible combination is obtained or the maximum
all the orders are exhausted, then the task schedule is extendeter of combinations have been searched.

with next best combination that offers the next b&dt value

with the order being selected for the new combination. This pro- Fig. 1. Reliability-Aware Value-Based Scheduling Algorithm

cess is being repeated until a feasible schedule is obtained or un-

til all combinations are exhausted. The key difference between

the proposed scheduler and the conventional myopic schedgfer O¢X)) to guarantee an optimal solution. We propose two
is that in the former, the schedule is extendedbtasks at a combination selection algorithm&xhaustive Searcand Re-
time, while it is extended by only one task at a time at the lattgfyced Searchin this section that can come up with an optimal
Here, the value of. can be less than or equal to or more than thg near-optimal solution with the first algorithm incurring high

number of processors in the system (say The value ofl af-  computation cost for optimal solution whereas the second algo-

L reducing the total number of scheduling decisions. Similarly,

the value of K also affects the effectiveness of the algorithm ) )

asK represents the look-ahead nature of the scheduler. HigﬁeiL Exhaustive Search Algorithm

the value of, higher is the number of tasks considered in the The exhaustive search algorithm comes up with the best com-

search and hence the chance of the scheduler to come up with a.. f task h . h of all task ;

task set giving a better value is increased b_lnatlon_o_tas S aﬁe_r an exhaustive search of all tas cor_nblna—
' tions (within the feasibility check window). The algorithm is as

A. Combination Selection Algorithm follows:

1. Letthe number of the tasks in the feasibility check window

The objective of the combination selection algorithm is to be K and th i qund level 1o b idered
come up with right combination of tasks with their appropri- bZ and the maximum redundancy level 1o be considere
r

ate redundancy levels such that overall performance index of ' . N

the systemPI is maximized. Thus, the combination selection 2. Calculate the performance index for all pomblnatlons of
algorithm takes the task in the feasibility check window as in- task sets, such as, version ofT}, ny verS|on.ofT2

put and extends the schedule ugittasks, such that the selected ", Versions ofl’x, where 0< n; < rand 1< i < k and
combination gives the maximu®I. The combination selec- Zizl e = L, whereL is the maximum schedule exten-
tion algorithm can be considered as a search algorithm, whic sion size. N . .
searches for the correct combination of redundancy levels of™ Select the combmauon ¢, 7) for each task; and its re-
tasks that leads to the maximufd, which are feasible to sched- _dundancy Ieveb. that offers the best overall performance
ule. Hence the issue in this algorithm is the depth of search to index Pl,where:

be carried for every task-set scheduling to attain a good com-
bination yielding the best or near-ba3f. For example, if the
number of tasks within the feasibility check windowis K and Though the algorithm is always guaranteed to come up with
the maximum redundancy level of a taskjghen the combina- an optimal combination for the set &f tasks at any given time,
tion selection at the maximum must search all combinations (it time complexity is O¢’), which makes it very expensive.

PI=%FKr  PI;

i=1,j=1
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A.2 Reduced Search Algorithm TABLE |

This algorithm tries to reduce the search space by reducing EXAMPLE TASK SET

the number of redundancy levels to be searched for each each

task, so that the number of combinations searched is less than task | ricidi | Vi P Qi

that done by thé&xhaustive Search AlgorithnThis algorithm T, | 0510 | 101001
reduces the search space by taking smart decisions on the max- T | 2510 | 201502
imum redundancy level to be searched for each task. The al- T3 | 0510 | 10800.8
gorithm finds the maximum redundancy level for each task, by T, | 3520 | 302003
finding the right redundancy level beyond which the gain in per- Ts | 0520 | 8500.5

formance index for increasing redundancy is not high, which is
determined byA (an input parameter to the system). The re-

duced search algorithm is as follows: o ~ leading to missing of deadlines of many other tasks. In this sec-
1. Letthe number of the tasks in the feasibility check windoyion, we propose two order selection schen@sadline Order-
be K and the maximum redundancy level to be considerggy and Heuristic Ordering which orders the selected task set

ber. . . combination based on deadline and heuristic functions respec-
2. For each task;, fix the maximum level of redundancytjyely.

level to be searched gé=r;), such thatPI;(; ;) - Pl;; <

V; * A /100, whereA is a fixed value (such as 1). B.1 Deadline Ordering Scheme
3. Calculate the performance index for all combination$ (

ro * ...* ri) of task sets, such as; version ofT}, no

version ofTs,... ,nx versions ofl'x (where 0< n; < r;

and 1< ¢ < k)

To illustrate the working of this algorithm lets consider th
following example. Consider a task for A = 0.02, with
following characteristics < v;, p;, ¢; >=< 10,100,5 > and
with the reliability of the processogp = 0.9. For this task
set, the PI values for different redundancy levels ad;; =
—1,PI;» = 8.9,PI;3 = 9.98, PI;, = 9.998. Since for this
task, Pl,y — Pl;3 = 0.018 < (Ui * A = 10 * 002), the al-
gorithm eliminates all combinations of tagk with redundancy o ) )
level more tharB in its search. The intuition behind pruning The heuristic ordering scheme overcomes the disadvantage of
search in this manner is that the reward for searching for mdRe deadline ordering scheme by taking into accountAisd’
than a redundancy level of 3 for the given is not high (as det&f @ task for finding the appropriate task dispatch order. This
mined by theA factor). Though, the reduced search algorithrﬁ?heme uses a heuristic function which captures the importance
need not always come up with a best possiblefor every task Of deadline and als&’ST of a task, which is given by:
set, it incurs a less computation cost for every combination se-H(T;) = di + W « EST(T;)
lection process for a task set. The amount of search execut&@W factor determines the weight given to th&T" of a task.
and how close the solution is to the best combination offerirkp, lower the value, means lesser the importance given to the
the bestPI, is controlled by theA parameter. With increased2ST. So, the tasks are ordered based on their heuristic value
value of A, the number of redundancy levels searched for eaé(.) and dispatched in the sorted order. As explained in the
task is also increased, thereby increasing the search spacefahiylyopic algorithm if a selected order for a task set is not

The deadline ordering scheme determines the order of task
execution, based on how close the tasks are to their deadline,
for all the tasks in a given task combination. So, tasks having
smaller deadlines will be scheduled first. The disadvantage of
This scheme is that it does not take into account the Earliest Start
Time (EST) of a task into account which can introduce a lot
of holes. Further failure to considérST can result in poor
schedulability when the deadline for all the tasks in a task set
are around the same time.

B.2 Heuristic Ordering Scheme

improving the overallP1. feasible, then a different order can be obtained by varying the
W parameter. A special case of this schemelior= 0 is the
B. Order Selection Algorithm deadline ordering scheme.

The objective of the order selection algorithm is to order th
task execution sequence, for a given combination of a task sét,
such that selected combination of task set is feasible to sched€onsider a real-time system with four processors. Assume
ule. The order selection algorithm is an important componetfiat five tasks{ 71, 7>, T3, Ty, T5 } are to be scheduled with all
in the proposed scheduler as the feasibility of scheduling a s&sks having the same computation time and deadline but differ-
lected combination depends on the effective dispatching of teet reward values, as given in Table 1. Assume the reliability of
tasks. This is because in a dynamic scheduling environment the processor to be 0.% =3, L=4 andr=3.
task dispatch order is not a trivial decision as it involves many Then the algorithm behaves as follows: First the combination
factors such as the earliest available processor time, task reselgction selects algorithm seled@fs and 73 out of the first3
time and earliest resource availability time. So the task dispatthsks(;, 75, 73). Then the ordering algorithm (Heuristic comes
ing order must take into account these constraints to increaseupeavith schedule dfs; on Py, Tos on Py, T3; on Ps, T35 on Py.
chances of meeting tasks deadlines. A mere dispatching of tas$len, in the next schedule, out®dfasks ', 74 andTs), 77 and
with highest PI with their redundancy level is not desirable, & are selected with a redundancy level2oéach. The order
this can introduce "holes” (idle processor time) in the schedulef, dispatch is off} first (if EST or Deadline ordering scheme

lllustration for the proposed value-based scheduler
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TABLE Il 1.2 . .
SIMULATION PARAMETERS oo —

1.15 RD+EST =1 4
Task Parametef Value Range 11 E
C; 10 --- 40
V; 50 - - - 200 . T 1
P, (24 =V; -
Qs Vi/10 £

is used) and’; next and ther7; is scheduled with redundancy
level of 4, as no other task is left to schedule.

3 3.5 4 4.5 5 5.5 6 6.5 7

IV. PERFORMANCEEVALUATION Schedule Extension Size
In this section, we first discuss the method adopted for task
generation and simulation and then present the simulation re- Fig. 2. Effect ofL
sults.

EST(Exhaustive Search and Earliest Start Time Ordering), RS-

D (Reduced Search and Deadline Ordering) and RS-EST (Re-
The objective of the proposed scheduling algorithm in thiguced Search and Earliest Start Time ordering) was evaluated

paper is to obtain a feasible schedule for a set of tasks, if sugdsed on the following metric:

a schedule exists, such that the overall value (performance ins ValueRatio : Itis defined as the ratio of the value obtained

dex) of the system is maximized. Heuristic algorithms cannotbe by the scheduler to the value obtained during task genera-

guaranteed to achieve this everytime but one heuristic algorithm tion. It must be noted this value can vary frénto 1 (and

can be considered better than another, if it obtains a better value a|so above some cases, because the value of the schedule

and a feasible schedule, given a schedulable task set. This is the obtained during task generation need not be optimal).

basis of our simulation study. Hence, in our simulation study

we generate a tightly schedulable task setrfoprocessor sys- ValueRatio — Valuesched )

tem, with appropriate redundancy level determined during the Valuegenerator

task generation phase, based on its value. Thus, the task gen-where, Valuesn.q = Value obtained by the proposed

erator generates tasks to guarantee almost maximum utilization scheduler,Valuegenerator = Value obtained during task

of the processors and also determines the redundancy level of generation, this is used as the baseline value for compar-

each processor based on its value. So, higher the value of a task, jggn.

higher its redundancy level.The inputs to the task generator arerhys, all the four algorithms are evaluated for varying values

given in Table 2. of maximum schedule extension size (g9yi.e., the maximum
The schedule generated by the task is in the form of a matf¥mber of tasks with which a schedule is extended for every

M which hasS (given by schedule length) columns antbws.  scheduling decision, the feasibility check size winddii)( A

Each row represents a processor and column represents the tigehe Reduced Search Algorithm). The simulation was run for

unit. The task generator starts with an empty matrix, then aftgy sessions of feasible task sets, each consisting of 50 tasks and

selecting the value parameters and computation time of a tagfeh simulation was ruiitimes and the averages are plotted.
are chosen randomly using a uniform distribution between the

values as shown in Table 2. Then, it determines the redundaficy Effect of Schedule Extension Sizg (

level for each task based on its value, such that it is proportional, this experiment, the efficiency of all the schedulers were

to the value of the system and fills up the appropriate colum@sted for varying values of Schedule Extension Siz&ecall

and rows of the matrix. Thus, the task generator generates @t one of the motivations for our work is to extend the task

until the utilization left is less than the minimum computatiogchedule by more than one task at a time in order to improve

time of a task. Here, the task's deadlines are chosen to be theif overallP1. The results of the experiment conducted for a

finish time of the generated task, which gives very little leeway yrocessor system with™ of 4 is given in Figure 2.

for the scheduler. We believe that the task set generated by thias it can be seen from the figure, increasd.igives a bet-

task generator can evaluate various heuristics in a rigorous mgh-performance with respect to the value ratio. This is due to

ner. the fact that the scheduler can make a more effective scheduling

. . decision, when it is allowed to extend its schedule with more

B. Simulation Method tasks (as the number of redundancy levels that can be searched
In our simulation, N schedulable task sets are generafed each task will also be high, thereby leading a higher value).

and the values obtained for the schedule during task gendpwever, it must be noted that higher valued.akquires more

ation is recorded. Performance of the the proposed algmmputation for making a scheduling decision as the sched-

rithms, ES-D (Exhaustive Search and Deadline Ordering), Efer's search space increases. Comparing the performance of

A. Task Set Generation for Value-based Scheduling
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Value Ratio
o
©
ki
L
Value Ratio

3 3.5 a4 4.5 5 5.5 6 6.5 7 3 3.5 a 4.5 5 5.5 6 6.5 7

Schedule Extension Size Schedule Extension Size
Fig. 3. Effect of K on4-processor system for ES+EST Scheduler Fig. 4. Effect ofK on5-processor system for ES+EST Scheduler

the four algorithms it can be seen that the Exhaustive Search
algorithms performing better than the reduced search counter-
parts. However, the decrease in value ratio due to the reduced
search is not that high, hence there is a good reward for going
for reduced search as it obtains a schedule that also has some
good value ratio. It must be noted that in this simulation, the
resource constraints have not been simulated, which would es-
tablish the superiority of EST ordering schemes over Deadline
ordering schemes. However, still it can be observed that in the
current simulation setup, the EST ordering algorithms do bet-
ter than deadline ordering schemes as the amount of holes (idle
processor time) created in the schedule is decreased.

Value Ratio
o
[or]
[
T

0.75 —

Delta

D. Effect of Feasibility Check Window Siz&)

In this experiment, the efficiency of the ES+EST scheduler Fig. 5. Effect ofA
was tested for different values &f and for different values of
L. The results of the experiment conducted4eurocessor and
5-processor system are given in Figure 3 and Figure 4. Tigmance. It must be noted that this problem of scheduling more
effect of K was studied only for ES+EST scheduler as it is théersions of tasks due to small sized feasibility check window is
one that gives best performance among all the schedulers ghaninated by the reduced search algorithms as they determine
can measure the effect &f on ValueRatio effectively. Thek  the maximum redundancy level of a task and does not extend
is studied for varyingl parameters as both of these parameteif3e schedule more than the determined levels, irrespective of the
affect the scheduling performance together, as explained beld@ue ofL.

As it can be seen from the figures, the increask iimcreases Effect ofA
the value ratio of the schedulers. This is due to the fact that the
K represents the look-ahead nature of the scheduler and highdp this experiment, the efficiency of the RS+EST scheduler
its value, the more effective is its scheduling decision, leaditi¢as tested for different values &. The results of the experi-
to higher value of the system. However, the performance gdnent, shown in Figure 5 conducted fbprocessor with.=7.
obtained after increasinfj from 4 to 5 is not really huge, hence ~ As it can be seen from the figure that with decreasing values
a more complex search is not that rewarding for a small p&f A, the Vaalue Ratio obtained increases. This is due to the
formance increase in this setup. Further, it can be seen fr&t that the search space increases with increage thereby
the figures that as for a giveld PB (say? in the figures), the leading a better performance. However, the performance gain
ValueRatio obtained decreases with increaselirbeyond a obtained fromA =3 to A = 1 is not high. Hence, it can be
value. For example, in the figures it can be seen thatifor clearly seen that the need for unnecessary searching is elimi-
of 2, the ValueRatio obtained decreased beyordig5. This nated by the algorithm.
is due to the fact that extending a task schedule with smaller
number of tasks (determined ), each having more versions
(determined byl) yield less value. Thus, it is necessary tihat In this paper, we propose an algorithm for value-based
parameter should be high if thi€ is also high to get a better per-scheduling in multiprocessor real-time systems, which aims to

V. CONCLUSIONS
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maximize the overalPI of the system. The proposed sched-
uler has two components: Combination Selection and Order Se-
lection algorithms. We study the effectiveness of the proposed
scheduling algorithm (for various combinations of the compo-
nents) through simulation studies by comparing the value ob-
tained by scheduling a feasible task set to the value generated
during its generation, by varying and L. parameters. We find
that a careful selection df andL parameter pair can yield high
performance. We find the reduced search algorithm maintains
a good value ratio incurring less search cost, which is impor-
tant for dynamic schedulers. Thus, we feel that the proposed
dynamic value-based scheduler, can improve the overall utility
(PI in this case) without having an apriori knowledge of the
task value parameters.
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