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Abstract ical user interface and simulation capabilities of the toolkit
and focus instead on significant scheduling theory concepts.
The dynamic behaviour of multi-tasking systems is com-Through examples, we also show how the resulting simula-
plex and hard to understand. We explain how a simple tor’s output confirms the predictions of formal schedulabil-
multi-tasking simulator was constructed by implementing ity analysis.
scheduling theory’'s computational model in a commercial

simulation toolkit. The resulting simulator displays multi- 2 A Review of Scheduling Theory
tasking behaviours graphically.

Fixed-priority scheduling theory is founded on a partic-

) ular ‘computational model’ of a multi-tasking system [1].
1 Introduction In this model, there is a static set of concurreaks all
residing on the same processor. A run-tisshedulerallo-

The widely-publicised task scheduling problems en- cates processing time to the tasks in discrete quanta. Each
countered during the Mars Pathfinder mission [3] remind task has a statibase priority although the task may tem-
us that modern embedded systems rely heavily on multi- porarily acquire a higheactive priority. At run time, each
tasking software. Programmers of avionics, aerospace, protask requires an infinite number iofzocations The time at
cess control, and military software must therefore have awhich a task invocation becomes ready to execute @rits
thorough understanding of the way their system will behave rival time. The time at which a task invocation actually be-
at run time. Such systems are subject to rigid real-time re-gins execution is itstartingtime. This may be significantly
quirements, imposed by their operating environment, andlater than the arrival time if, for instance, a higher-priority
comprise numerous concurrent tasks, in order to respondask was already running when the invocation arrived. The
to simultaneous events. Unfortunately, the resulting sys-time at which a task invocation completes execution is its
tems are complex and hard to understand. Although formalfinishingtime. Invocations of a taskare usually assumed
theories can be used to prove timing properties of a multi- to arrive regularly with a fixegeriod 7;. (Sporadic or
tasking program, they do not help the programmer to visu- non-periodic, tasks, arrive at irregular intervals but with a
alise its behaviour. known minimum separation. The theory treats these as peri-

Our goal was to develop a tool that can display the odic by using their minimum separation time as the period.)
behaviour of a multi-tasking system in an easily digested For each task the programmer specifiesdeadline D;, by
form. In particular, we wanted an educational aid that shows which each of its invocations must finish, measured relative
significant features of multi-tasking designs, such as the im-to the invocation’s arrival time. To support analysis, the pro-
pact of task offsets or the way low-priority tasks can some- grammer also postulates a worst-cagmputation timeC},
times impede higher-priority ones. We also wanted source-for each invocation of task It is assumed thaf’; includes
level access to the tool, so that we could modify and extendthe context-switching overheads associated with scheduling
it ourselves, but did not want to face a major programming the task invocation—the run-time scheduler thus appears to
challenge each time a change was made. operate instantaneously in the model. The worst-case dif-

In this paper we explain how such a simulator was ference between tasks arrival and finishing times is its
quickly and easily constructed using a commercial designresponse timeR;. Each task normally starts to perform in-
and analysis toolkit. This was done by encoding schedul- vocations from time), but this can be delayed by assuming
ing theory’'s computational model as a system design in an initial offset O; [9].
the toolkit. This allowed us to exploit the existing graph- In the model, tasks interact in two ways. High-priority



tasks carpreemptan invocation of task, and thus slow  defined in Foresight's Mini-Spec programming language.
task i's progress by up to its worst-casaterference  The model was checked for syntactic and static semantic
time, I;. Communication between tasks is via mutually- correctness using Foresighk&odel Analyzerand then ex-
exclusive access tghared resourcessuch as common ecuted using its interactiv@mulatortool.
memory or data buses. If a low-priority task has locked a At the top level, Foresight models are constructed as
shared resource, it can slow progress of an invocation ofData Flow Diagrams These consist of computatiorjaio-
task: by up to its worst-casblocking time B; [10]. cesslements connected lipw arcs that carry datikens

The theory then provides specifichedulability testéor The process elements themselves may be composed of fur-
particular scheduling policies and locking protocols. These ther Data Flow Diagrams, State Transition Diagrams, pre-
allow programmers to predict whether a multi-tasking de- defined Library elements, or Mini-Spec procedures. Data
sign will meet its deadlines or not. Early work was lim- flow input connectors may be eithdiscrete in which case
ited to ‘rate monotonic’ task priorities, and used a notion of they offer one value for each token sent along the arc, or
‘processor utilisation’ to assess schedulability. Recent work continuous in which case they always offer the most re-

calculates each task’s worst-case response time, and appliesently sent value.

to any fixed-priority scheduling policy [5, 1, 10].

The Mini-Speclanguage is a simple programming lan-

In particular, a set of tasks using a preemptive schedul-guage for defining processes that manipulate data flows.

ing policy is schedulable if the following property holds for

The Mini-Spec notation includes:declarationpart for in-

every taski. Assume that tasks have unique priorities and put and output flows, and local variables and constanmis;

let hp(i) be the set of tasks with higher base priority than
taski. For some number, let [z] be the smallest integer
greater than or equal to, i.e., z rounded up to the next
whole number.

Check R, < D,
where R, = C;+B;+1;
and I, = Z [];”]CJ
j€hp(i) ' Y

In other words, task’s response timeR; must not ex-
ceed its deadlind;. Worst-case response tini¢ is the
sum of taski’'s worst-case computation tin@;, its worst-
case blocking timeB; (due to lower-priority tasks), plus
its worst-case interferende (due to higher-priority tasks).
Taski's interferencel; is the sum, for each higher-priority
taskj, of taskj’s computation time”; times the number of
arrivals of taskj in an interval of duratiorR;. The worst-
case number of arrivals is found by divididty by task;’s
periodT; and rounding up. Thus the equation defining re-
sponse time is recursive—terRy appears on both sides of
the equality—but it can be solved iteratively [1].

3 The Foresight Toolkit

Foresight is an integrated toolkit for the design and

tialisation code; and @rocedureto be performed each time
the process fires. A Mini-Spec procef#gs when tokens
are available on all of its input flows. (If all of its inputs are
continuous, then it fires whenever an input value changes.)
Importantly for our purposes, Foresight gives the pro-
grammer explicit control over the passage of simulation
time. By default, the execution time of process elements
and the propagation delay of data tokens is assumed to be
zero. Thus, although events in the simulation always occur
in a well-defined sequence, ‘time’ does not progress unless
this is explicitly built into the model. To do so, predefined
processes are provided for introducing propagation delays
into flows, and the Mini-Spec language includesleday
statement which can be used to introduce computational de-
lays into processes.

4  Previous Work

The idea of graphically displaying the behaviour of
multi-tasking systems is by no means new. For instance,
commercial debugging tools such as WindView [11] allow
a suitably instrumented operating system to log run-time
events, and display the behaviour of an operational multi-
tasking system as a trace over time.

More relevant to our goals are simulators that allow the
behaviour of a planned multi-tasking system to be pre-

analysis of complex systems [7]. It includes an extensive gicted. We were particularly inspired by the STRESS tool
range of tools for constructing executable models, simulat-\yhjch simulates the behaviour of hard real-time systems un-
ing and analysing their behaviour, and producing prototype ger a preemptive scheduling policy [2]. Programmers using
implementations from them. It also provides predefined li- STRESS can express the design of a multi-tasking system in
braries of system components. For our purposes we needeg modelling language which supports typical multi-tasking
only a small portion of the overall toolkit. Our computa- concepts such as tasks, shared objects and semaphores. The
tional model was constructed using ForesigMsdel Edi-  model can then be simulated, with the results shown graph-
tor as a set of Data Flow Diagrams, with new components jcally. For each task invocation, its arrival and finishing

1Foresight is a trademark of Nu Thena Systems. times are displayed, as well as its deadline and the intervals




is running, but also the active priorities of tasks, as this is
significant to understanding how manipulation of priorities
achieves mutual exclusion in ‘priority inheritance’ proto-

; cols [10].

request
Y 5 The Multi-Tasking Simulator

Task

A

Scheduler

Our challenge, therefore, was to represent scheduling
theory’s computational model of priority-allocated process-
ing quanta in the Foresight toolkit’s data flow-based design
language. Figure 1 shows the resulting model.

. One or moreTaskprocesses model application-specific
concurrent tasks and are parameterised by the task’s char-
Taskinfo L . . . L
acteristics such as its period, deadline, priority, etc. The
Schedulerprocess controls the execution ordering of the
tasks according to a specific scheduling policy. Two ‘strip
chart’ processes display which task is running, and the ac-
tive priority level of the currently running task, respectively.
Discrete data flows connect the tasks to the scheduler, the
scheduler to the tasks, and both the tasks and scheduler
to the strip charts. Th&askinfoprocesses reformat data
tokens from the tasks to make them suitable for display.
Each of theTask Schedulerand Taskinfoprocesses is im-
plemented by a small Mini-Spec procedure.

Given this design, with a separate simulation process for
each task, the first issue to be solved was how to coordi-
e ) . nate the tasks so that only one makes progress at a time. In

Similarly, the DRTSS simulator, which forms part of the 6 simulator, all processes are capable of executing simul-
PERTS prototyping environment, can simulate distributed taneously, but for our scheduling model we need the tasks

real-time systems [6]. A real-time system is modelled in ¢, iyterieave their actions. To achieve this, tFaskpro-
PERTS as a set of physical components, including proces-

) ’ ’ o cesses themselves keep track of the current time and, us-
sors which may support different scheduling policies, and @ing their period, offsetand comptime parameters, decide
task set, defined via two sorts of graphs. A ‘task graph’ de-

¢ ) ~ whether they wish to execute or not at each step. They then
fines each task's parameters and the precedence constrainig,, 4 gequestioken consisting of either the active priority
between task invocations. A ‘resource graph’ defines the 4 \yhich the task wishes to execute df the task does not
relationships between, and access constraints on, shared re..o 4 15 execute at the current time, toSubeduleprocess.
sources. The simulation then generates a list of primitive e geheduleprocess uses the priorities in the requests
events Whlch can be displayed graphically using a separat§, yecide which task may make progress. (In effect, the
postprocessing tool. set ofrequesttokens models the ‘ready queue’ in an actual

Most recently, Palopoli et al. described a toolkit for sim- scheduler.) Thé&chedulemprocess then returnsraay.run
ulating both the functional and timing behaviour of multi- token containing the number of the task which it has se-
tasking systems [8]. They build system models as data-flow|ected to run at this step. The corresponditagkprocess
designs using a collection of C++ libraries. Predefined ob- yses this knowledge to decrement a local variable which
jects in the libraries model typical system components suchtracks the computation time remaining in its current invoca-
as network links, processors, memory buffers, etc. The sim-tion. Other, ‘non-runningTaskprocesses leave their state
ulator is especially targetted at process control applications.unchanged.

Our simulator has much in common with all these tools.  Scheduling theory assumes that the available processing
Our work differs, however, in our desire to include a non- time is divided into discrete units. THeaskandScheduler
preemptive scheduling policy, which was considered im- processes therefore run in lockstep. Each of their proce-
portant because the cheapness and predictability of this apdures reads its inputs, calculates results, and produces the
proach is felt to be attractive to embedded systems program-corresponding outputs, instantaneously in simulation time.
mers [4]. Also, to help understand scheduling theory prin- They then all end by performingdelay of one time unit.
ciples, we wanted a tool that displays not only which task  Different scheduling policies can be programmed into

may_run

task_info

Y

priority

ar ([dmdp|st [fn
Yy

strip chart

Figure 1. Simulator Data Flow Diagram

during which the task ran.



O Arrival time Task | Base Period| Comp.| Dead- | Offset

+ Starting time no. priority time line

% Finishing time T C D 0]

o Deadline: met 1 1 (low) 10 4 8 0

e Deadline: missed! 2 2 (med) 8 3 4 2
3 3 (high) 7 2 3 1

Table 1. Symbols used in traces

Table 2. Task set used in Section 6

the Scheduleprocess. We implemented fixed-priority pre-
emptive and non-preemptive scheduling, with the choice termined from thenay run tokens produced by the sched-
changed by a flag inside ttgéchedulerelement. In both  yler. (We assume here that task numbers and base priorities
cases the scheduler remembers the task that ran at the lagfe the same.) As already explained, Faskprocesses
step, if any. In the preemptive case, Beheduleprocedure  keep track of the arrival, starting and finishing times for
examines the set aéquestokens and chooses the task with  each of their invocations. By also having these processes
highest active priority to be the one that may run. How- note whether the invocation meets its deadline or not, we
ever, if several waiting tasks have equal highest priority, the have all the information needed for display. Edaskpro-
scheduler always chooses the one that ran in the last step, iess packages this data and sends it totakkinfo flow.
any. This ensures that there is no unnecessary preemption—Fhe TaskInfoprocesses then separate the arrival tiam, (
a task can be preempted by another task with strictly higherstarting time §t), finishing time {n), deadline metdm) and
priority only. In the non-preemptive case, the task that ran deadline passedif) fields and send them to the running
at the last step is allowed to run for as long as it requeststask strip chart where each event is shown as a different
time. Otherwise, the task with highest priority is chosen.  symbol. (TheTasklInfoprocesses are not essential but re-
So far we have said nothing about how tasks communi- duce the clutter in the Data Flow Diagram when there are
cate. As noted above, scheduling theory assumes that tasksany tasks.) The various symbols used appear in Table 1.
interact via shared resources, but the design in Figure 1 does However, showing which task is currently running is not
not include ‘shared resource’ processes or any other formsyfficient to fully understand how a multi-tasking computa-
of direct communication between the tasks. This was nottion works. The way tasks change their active priorities is
necessary because we assumed the us@obaty ceiling crucial to understanding how low-priority tasks may block
locking protocol [10] to achieve mutual exclusion. In this higher-priority ones. We therefore also have 8wheduler
approach, a task that accesses a shared resource raises ffocess produce a separate (actpedrity flow which is
active priority to the highest base priority of any task that displayed in a second strip chart. This makes it possible to
mayuse the resource. This prevents other tasks that couldsee the difference between the running task’s base and ac-
access the resource from preempting the task that is usingivity priorities, and hence determine whether it is accessing
it. There is thus no need for a separate locking mechanismany shared resources used by higher-priority tasks.
Our model takes full advantage of this approach. Whenwe  |mplementing all of these features in Foresight was
wish to simulate the effect of a task locking a shared re- straightforward. Ignoring declarations, the Mini-Spec pro-
source, we have th#askprocess send the corresponding cedures for thdask SchedulemndTaskinfoprocesses con-
‘ceiling’ priority in its requestoken. If the scheduler allows  sjsted of only 71, 45 and 22 lines of code, respectively (and
the task to run at this priority then it effectively has the lock. most of this was associated with initialisation and format-
There is thus no need for communicatifigsk processes  ting the output, rather than computation). The only signif-
to interact directly in our mOdel—SynChronisaﬂon between icant d|ff|cu|ty encountered was achieving a good under-
tasks competing for shared resources occurs indirectly, viastanding of Foresight's data flow firing rules, and how they
the Scheduleprocess. interact with the Mini-Spec code.
Since the pattern of shared resource usage may be quite
complex for a particular task invocation, it would have been . . .
impractical to ‘hardwire’ the behaviour of the active pri- 6 Example_:. Preemptive Vs Non-Preemptive
orities into theTaskprocesses. Therefor@askprocesses Scheduling
can read a script from a text filee& file) which defines the
active priorities they should request at each step of their ex-  Consider a set of three independent tasks with character-
ecution [6]. (An example is shown in Section 7.) istics as shown in Table 2. (Since there is no communica-
Finally, we must display the results of the simulation tion between the tasks, their blocking timBsare all zero.)
in an easily understood form. A ‘running task’ strip chart For instance, task 3 has the highest priority and needs up
shows the base priority of the currently running task, as de-to 2 seconds of computation time everygeconds. Each of
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Figure 2. Non-preemptive simulation of the task set in Table 2
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Figure 3. Preemptive simulation of the task set in Table 2

task 3’s invocations is required to finish wittBrseconds of ~ veals that all three tasks fail to meet some of their deadlines
its arrival. An initial offset means that task 3’s first invoca- under a non-preemptive scheduling policy.
tion arrives at timel, the second invocation at ting and

e Figure 3 then shows the simulation for the same task set,
so on. Similarly for the other two tasks.

but with a preemptivescheduling policy. The simulation
Figure 2 shows the simulator’s ‘task running’ trace for accords preCisely with the results of formal SChedulabiIity

this task set, assumingreonpreemptivescheduling policy. ~ analysis for preemptive scheduling. Ignoring the effects of

Since it has no initial offset, lowest-priority task 1 arrives the initial offsets, we can calculate the response times for

at time0 and begins executing straight away. Although in- the three tasks as follows. (The schedulability test used

vocations of higher-priority tasks 3 and 2 arrive at tinies in this article does not account for offsets—analysis in the

and?2, respectively, the non-preemptive scheduling policy Presence of offsets is surprisingly complex [9].) Since there

means that they must wait until task 1 finishes. When it are no taskg with priority higher than task 3, its response

does so, at time, the highest-priority waiting task, num-  time is trivial.

ber 3, begins executing. However, this proves to be too

late, as task 3's first deadline was at tih¢3 seconds after Ry = Cs+B; = 2

its arrival) and the deadline has already expired, as shown

by the missed deadline symbal'" We thus immediately o ) _

see the major disadvantage of non-preemptive scheduling”S this is less than its deadline 8f we can conclude that

there is no way to prevent low-priority tasks from causing task 3 will always meet its deadline. Figure 3 co_nflrms thIS:

high-priority ones to fail. The second invocation of task 3 YWhenever task 3 arrives it always starts executing immedi-

fares better and meets its deadline at tieNevertheless, ~ &tely, meeting its deadline withsecond to spare.

the scattering of missed deadline symbols in Figure 2 re- Next we calculate the worst-case response time for



Task | Base Period| Comp.| Dead- | Block. tive over non-preemptive scheduling. Preemptive schedul-

no. | priority time | line time ing allows higher-priority, and presumably more impor-
T C D B tant, tasks to meet their deadlines more often than non-

1 1 (low) 14 4 12 0 preemptive scheduling.

2 2 (med) 12 4 6 2

3 3 (high) 8 2 4 2 7 Example: Communicating Tasks

Table 3. Task set used in Section 7 Now consider a set of three communicating tasks as

Time Active shown in Table 3. (Offset®) are all assumed to b@.)
interval | priority We assume that tasks 3 and 1 interact by_ bth accessing
the same shared resource. Mutual exclusion is supported

2_é é (Egshe) by using the priority ceiling protocol. To calculate block-
— (high) ing time B for each task in this situation we need to know
3-4 1 (base)

the worst-case time for which other tasks may access the
resource [10].

Each invocation of low-priority task 1 has a computation
time of 4 seconds. In this period, we define it to behave
as shown in Table 4. For the first second it runs at its base

Table 4. Computation profile of task 1, Table 3

medium priority task 2. priority. After this it accesses the shared resource feec-
R onds. Since this resource is shared with high-priority task 3,
Ry = Cy+ Bs+ {ﬂ C3 =5 the ceiling locking protocol raises task 1's active priority to
T3 level 3 while the resource is being used. In its fourth second
The recursive equation converges with a valué.ofHow- task 1 again runs at its base priority. (There is no need to

ever, since this exceeds task 2’s deadling,afie conclude  specify such a profile for task 3 because it does not raise its
that task 2 imotschedulable. Although the first four invoca- Priority above its own base level éfwhen it accesses the
tions of task 2 in Figure 3 succeed, this worst-case responséesource.)
time can be seen to occur on the fifth invocation which ar- ~ Given the knowledge that task 1 may access the shared
rives at time34. This invocation is preempted by task 3 at resource for up t@ seconds, scheduling theory tells us that
time 36 and therefore does not finish until tin3e, 5 sec-  We can determine the blocking times shown in Table 3 [10].
onds after arrival, exactly as predicted. (If we had set all Task 1 itself cannot be blocked because there are no tasks
offsets to0, task 2 would have missed its deadline at the With lower priority. Task 3 can be blocked for up 2esec-
first invocation. By choosing the particular offsets shown in onds because it may find that the shared resource is already
Table 2 we delayed the point at which task 2 first missed abeing used by task 1. Surprisingly, however, task 2 also may
deadline, but did not make it schedulable.) be blocked for up t@ seconds, even though it does not use
Given that task 2 is not schedulable, it is perhaps not sur-the shared resource. This occurs because when task 1 uses
prising to learn that lower-priority task 1 is also unschedu- the resource, its active priority is raised to le$eand it can

lable. thus ‘block’ (preempt) task 2.
Once again, the behaviour predicted by scheduling the-
Ry Ry : . . .
R, = Ci1+B+ { -‘ Oy + [-‘ O3 = 14 ory for this task set is confirmed by our simulator, as shown
I> Ts in Figure 4. Formally, we can calculate the response times

Thus the predicted worst case response time for task 1 nofor the three tasks as follows. Since there are no tasks
only exceeds its deadline &f but even exceeds its period W|th_ priority higher than task 3, its response time is again
of 10. Therefore, two invocations of the task can be waiting Straightforward.
to execute at the same time. This situation can be seen to Ri = CatB: — 4
. . X . . . 3 3 3 —

occur in Figure 3. The first invocation of task 1 arrives at
time 0 but, due to interference from tasks 2 and 3, does notSince this equals its deadline, we can conclude that task 3
finish until time 14. However, the second invocation has is schedulable, despite potential blocking from a lower pri-
already arrived by then, at timk). The second invocation ority task. Figure 4 shows this happening. For instance,
thus starts as soon as the first finishes, and task 1 continuethe first invocation of low-priority task 1 starts executing at
running beyond timé4 (but only until timel5, when it is time 6. As per its computation profile in Table 4, task 1
again preempted). accesses the resource it shares with task 3 at TimEhis

Overall, comparing the pattern of missed deadlines in can be seen in the ‘priority’ trace—at tinTethe active pri-
Figures 2 and 3 clearly highlights the advantage of preemp-ority of the running task increases froito 3, even though
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Figure 4. Preemptive simulation of the task set in Table 3, from times 0 to 40

the ‘task’ trace reveals that low-priority task 1 is still run- However, it is preempted by task 3 at tiffis and does not
ning. The second invocation of task 3 then arrives at ime  regain control of the processor until tindé by which time
Even though task 3 has the highest base priority, it cannotit has already missed its deadline. The invocation of task 2
begin executing until tim®, after task 1 has stopped using finally finishes at timé&7, 7 seconds after it arrived.

the resource. Thus, even though we are using a preemp- The next invocation of task 2, which arrives at tirr&

tive scheduling policy, low-priority task 1 can still slow the also misses its deadline under similar circumstances. We
progress of high-priority task 3 by accessing the resourcecan now clearly see why it took so long for the simulation

they share. to produce a situation where task 2 fails. This outcome re-
We calculate the response time for medium-priority quires a combination of blocking from lower-priority task 1
task 2 as follows. and interference from higher-priority task 3. Neither task
on its own can cause task 2 to fail.
Ry = Cy+ By+ F%?-‘ O3 = 8 Since task 2 was not schedulable, we may expect that
T3 lower-priority task 1 is also unschedulable, but this does not

rove to be so.
Since this exceeds task 2's deadlinegspfve conclude that P

task 2 is not schedulable. However, the simulation in Fig-
ure 4 doesnot seem to confirm this—each invocation of

task 2 finishes before its deadline. Therefore, we allowed . .
the simulation to continue for a furthdp seconds of sim- Thus the worst case response time for task 1 equals its dead-

ulation time, as shown in Figure 5. Now we finally see an line. Eigures 4.and 5 support this. All invocati.ons. of task. 1
invocation of task 2 miss its deadline, as predicted. Task 2Meet its deadline. The worst cases are the first invocation,
arrives at times0, but cannot start executing until tinga ~ Which finishes at time2, and the fifth invocation, which
because low-priority task 1 is blocking it by accessing the finishes attimes, both exactly at the deadline.

shared resource. The priority graph reveals that task 1

started executing at active prioriy at time 59. This is 8 Conclusion

an example of the indirect blocking effect described above:

task 2 is blocked by task 1 even though it does not use the We have seen how a useful multi-tasking simulator was
shared resource. At tintdl task 1 stops using the resource quickly and easily constructed merely by encoding schedul-
and reverts to its base priority, and task 2 starts executing.ing theory’s computational model in a general-purpose sim-

Rq R,
= B — | - — | - = 12
R4 Ci + 1+’7T2—‘ C'2+’7T3—‘ Cs
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Figure 5. Preemptive simulation of the task set in Table 3, from times 40 to 80

ulation toolkit. This is a testament to both the elegance of
the theory [1] and the flexibility of the toolkit [7]. Of par-

ticular interest was the way in which competition for shared

resources could be simulated without the need to introduce

any direct communication between tasks.

There are many ways the tool could be extended. Other

scheduling policies and locking protocols could be simu-

lated, and overheads associated with the scheduler could be s

made explicit, rather than incorporated into the task’s com-

putation times. More significantly, a multi-processor simu-

lation could be developed by including multipgeheduler

components.
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