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flight control and avionics. In real-time systems, the computing results must not only 
be functionally correct but also be produced timely. This means that the scheduling 
algorithm is an important component of these systems. In general, the problem of 
multiprocessor scheduling is to determine when and on which processor a given task 
executes. The real-time multiprocessor scheduling can be either static or dynamic. In 
static algorithms, the assignment of tasks to processors and the time at which tasks 
start execution are determined a prior. Thus, their main advantage is that, if a 
solution is found, one can be sure that all deadlines will be guaranteed. However, 
static scheduling algorithm is not suitable for the dynamic real-time systems where 
tasks arrive dynamically and their characteristics are not known a priori. In this case, 
it is apparent that we need dynamic scheduling algorithms. 

In dynamic real-time scheduling for real-time multiprocessor systems, when new 
tasks arrive, scheduler must dynamically determine the feasibility of new tasks and 
schedule these new tasks without jeopardizing the guarantees that have been 
provided for the previously scheduled tasks. Therefore, schedulability analysis must 
be done before a task's execution is begun. If the schedulability analysis is 
successful, tasks are dispatched according to this feasible schedule. 

Dertouzos and Mok[4] have showed that an optimal scheduling algorithm does 
not exist for dynamic real-time systems with more than one processor and/or tasks 
that have mutual exclusion constraint. These negative results point out the need for 
heuristic approaches to solve scheduling problem in such systems. 

Several dynamic scheduling algorithms for real-time multiprocessor systems 
using heuristic approaches have been proposed. Krithi Ramaritham etc.[ I] presented 
famous myopic scheduling algorithm which is applied to dynamic scheduling for 
real-time multiprocessor systems. Basing on traditional heuristic approaches, myopic 
scheduling algorithm limits the number of considered tasks in one scheduling step 
and reduces the complexity of the algorithm. Furthermore, myopic algorithm 
considers the situation in which tasks require other resources besides processors. 
Later, basing on myopic scheduling algorithm, Manimaran and Murthy [2] proposed 
a new dynamic scheduling algorithm for real-time multiprocessor systems. They 
used the parallelization of tasks to improve the performance of the scheduling 
algorithm. Integrated real-time scheduling algorithm presented by Anita Mittal 
etc.[3] is also based on myopic algorithm. It is applied in the multiprocessor systems 
in which hard real-time tasks combine soft real-time tasks. However, the task 
assignment policies used by all scheduling algorithms addressed above is that when a 
task is choose to extend the current partial scheduling, the earliest available 
processor among all processors which can meet the task's deadline will be selected. 
This task assignment results in the scheduling failure for unscheduled tasks since it 
delays the start time of the unscheduled tasks. Moreover, [2][3] will be not 
applicable when the real-time tasks are not parallelizable or all tasks in the system 
are hard real-time tasks. To solve these problems, we propose a new dynamic 
scheduling algorithm, called "thrift algorithm", for multiprocessor real-time systems. 
This riew algorithm improves the scheduling success ratio by introducing a new task 
assignment policy. 

The rest of this paper is organized as follows: Section 2 introduces some basic 
concepts of our scheduling algorithm including task model, scheduling model and 
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some definitions. Section 3 describes thrift algorithm and its analysis. Simulation 
studies are listed in Section 4. In Section 5, we state some conclusions. 

2 Basic Concepts 

2.1 Task Model 

We assume that there are m processors in a homologous real-time multiprocessor 
system (m> 1 ). The characteristics of tasks in this real-time multiprocessor system are 
listed below: 

i) Each task T is characterized by its arrival time(aT), ready time(rT), worst case 
computation time(cT)· 

ii) Tasks are nonpreemptive, nonperiodic and independent. 
iii) Besides processors, tasks might need some other resources such as data 

structures, variables and communication buffers for their executions. Every 
task can access a resource either in shared mode or in exclusive mode. 

2.2 Scheduler Model 

We use centralized scheduling scheme in this scheduling algorithm. In this 
scheduling scheme, all tasks arrive at a central processor called central scheduler, 
from where they are distributed to other processors in the system for their executions 
[2]. Each processor has its own dispatch queue. Thus, this organization ensures that 
the processors will always find some tasks in the dispatch queues when they finish 
the execution of their current tasks. The communication between the scheduler and 
the processors is through dispatch queues. Moreover, the central scheduler will be 
running in parallel with the processors, scheduling the newly arriving tasks and 
periodically updating the dispatch queues. 

2.3 Terminology 

Definition 2.1 A task is feasible in a schedule if its timing constraint and resource 
requirements are met in the schedule. A schedule for a set of tasks is said to be a 
feasible schedule if all the tasks are feasible in the schedule [2]. 
Definition 2.2 A partial schedule is a feasible schedule for a subset of tasks. A 
partial schedule is said to be strongly feasible if all the schedules obtained by 
extending the current schedule by any one of the remaining tasks are also feasible 
[2][3]. 
Definition 2.3 EATk' (EATk0 ) is the earliest time when resource Rk becomes 
available for shared (or exclusive) access [2][3]. 
Definition 2.4 IEST(T) is the ideal earliest start time of a task T. Let PE be the set 
of processors and RT be the set of resources required by task T. Thus, IEST(T) = 
MAX(rT, MINPePE(availtime(P)), MAXR•eRTEATku)), where availtime(P) denotes the 
earliest time at which the processor P becomes available for executing a task and the 
third term denotes the maximum among the earliest available times of the resources 
required by task T ( u = s for shared mode and u = e for exclusive mode) [2]. 
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Definition 2.5 AST(T) is the actual start time of task T. 
Definition 2.6 gaptime(T ,P) denotes the gap between the deadline of task T and the 
earliest time at which the processor P becomes available for executing a task, i.e., 
gaptime(T ,P)=dT- availtime(P). 
Definition 2. 7 avail(T ,P) denotes the feasibility of task T for executing on the 
processor P. If processor P can provide enough time for task T's execution, 
avail(T,P) = 1; otherwise, avail(T,P) = 0. 

3 Thrift Algorithm 

3. 1 Algorithm 

Myopic algorithm uses heuristic search for dynamically arriving tasks which have 
resource constraints. In the search tree, a node denotes a partial schedule. The 
schedule is extended from the node when the partial schedule denoted by this node is 
strongly-feasible. Furthermore, it performs feasibility check for the k tasks in the 
feasibility check window. 

The task assignment policies used by several dynamic scheduling algorithms 
based on myopic algorithm, including myopic algorithm itself, hinder the 
improvement of the scheduling success ratio. To solve this problem, we propose 
thrift algorithm based on myopic algorithm. In thrift algorithm, a new task 
assignment policy is used to improve the feasibility of unscheduled tasks and the 
scheduling success ratio. 

We assume that the real-time system consists of S resources denoted by 
R1,R2, ••• ,R •. Thrift algorithm maintains the task-resource list (RET) which records 
tasks' resource usage. RET has S entries. Each resource maps to one entry in RET 
and has two record variables where one is used to record the number of tasks which 
access this resource, the other is used to record the number of tasks which access this 
resource in exclusive mode. When a new task arrives, these two record variables will 
be modified according to the task's resource usage. 

In thrift algorithm, the new task assignment policy is denoted as function 
choosep(T). This function returns the member of processor selected for task T. The 
basic idea of this task assignment policy is to delay the actual start time of task T as 
possible without missing task T's deadline and let the available time of selected 
processor approach task T's deadline as close as possible. The detailed task 
assignment policy is listed below: (We assume that ESTRT is the earliest available 
time of the resources required by task T.) 

1) If the resources required by task T are no more than the processors, we will 
choose processor P which can meet the following constraint for task T. The 
constraint is: 
gaptime(T ,P) = MIN pee !peiPeePE aru1 avail(T,pe)=ll (gaptime(T ,pe )). 

2) If task T requires some other resources besides the processors, we will employ 
the method listed below: 

2.1) Check the task-resource list (RET). 
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2.2) If there is no intersection between the resources required by task T and the 
resources required by the remaining tasks, we will employ the same 
processor selection policy as 1) for task T. 

2.3) If there is an intersection between the resources required by task T and the 
resources required by remaining tasks and the modes used by task T and 
remaining tasks to access the resources in this intersection are all shared, we 
will employ the same processor selection policy as 1) for task T. 

2.4) In other cases, our policy used to choose the processor for task T is listed 
below: 

2.4.1)If rT :S ESTRTand ESTRT =MAX pee {pelpeePE and avait(T,pe)=t J(availtime(pe)), we 
will employ the same processor selection policy as 1) for task T. 

2.4.2)If rT ESTRT and rT MAX pee {pelpeePE and avait(T,pe)=l J(availtime(pe) ), we will 
employ the same processor selection policy as 1) for task T. 

2.4.3)If rT :S ESTRT and MAX pee{pelpeePE and 

MINpeePE(availtime(pe)), we will choose processor P which can meet the 
following constraint for task T. The constraint is: 
avail(T ,P) = 1 and availtime(P) = ESTRT . 

2.4.4)If rT :S MINpeePE(availtime(pe)) and ESTRT:S MINpeePE(availtime(pe)), we 
will choose processor P which can meet the following constraint for task T. 
The constraint is: 
availtime(P) =MIN pee{pelpeePE and avail(T,pc)=IJ(availtime(pe)). 

2.4.5)In other cases, we will choose processor P which can meet the following 
constraint for task T. The constraint is: 
r,availtime(P) = MIN pee{pelpeePE and avail(T, pc)=l and availtime(pe)SfT J( rr 
availtime(pe)) and avail(T,P) = 1. 

Thrift algorithm is given below: 
(We assume that the size of the feasibility check window is K, task T's deadline is 
denoted by dTand the weight is W.) 

1) Order the tasks in the task queue in non-decreasing order of their deadlines and 
then start with an empty partial schedule. 

2) Determine whether the current partial schedule is strongly feasible by 
performing feasibility check for K or less than K tasks in the feasibility check 
window. If the current partial schedule is strongly feasible, feasible = true; 
otherwise feasible = false. 

3) If (feasible== true) 
3.1) Compute the heuristic function H value for the K or less thanK tasks in 

the feasibility check window, where H(T)=d-r+-W*IEST(T) for task T. 
3.2) Extend the schedule by task T having the smallest H value in the 

feasibility check window and choose a suitable processor for task T by 
using function choosep(T). 

Else 
3.3) Backtrack to the previous search level. 
3.4) Extend the schedule by the task T' having the next smallest H value in 

this search level and choose a suitable processor for task T' by using 
function choosep(T'). 

4) Move the feasibility check window by one task. 



178 Architecture and Design of Distributed Embedded Systems 

5) Repeat steps 2-4 until any termination condition listed below is met: 
a) a complete feasible schedule has been found; 
b) maximum number of backtracks or H function evaluations has been 

reached; 
c) no more backtracking is possible. 

3.2 complexities 

We assume that the real-time system consists of n tasks, M processors and S 
resources. The size of the feasibility check window is K. Thrift algorithm has n steps 
and only K tasks in the feasibility check window will be considered to perform 
feasibility check and compute heuristic function value in each step. Furthermore, 
only M processors will be considered in the worst case when we call function 
choosep in each step and only S entries will be checked when we search task
resource list. Thus, the complexity of thrift algorithm is O((K+M+S)n), denoted by 
O(K'n). The complexity of thrift algorithm is similar to myopic algorithm and in 
proportion to the number of tasks in the task queue since both M and S are constant 
and much smaller than n. 

4 Simulation Studies 

To study the effectiveness of thrift algorithm, we have conducted extensive 
simulation studies. Since the scheduling success ratio is the most important metric 
used in the performance evaluation of real-time scheduling algorithm, we only 
consider this metric in our simulation studies. 

In these simulation studies, we use the method in [1] to generate 200 schedulable 
task sets. Each task set contains 40 to 80 tasks by fixing the schedule length [1] as 
800. The simulation parameters and their values are described in Table 4.1. 
Firgure4.1, 4.2, 4.3, 4.4 and 4.5 represent the scheduling success ratio by varying 
Backnum, W, K, Use_P and R values respectively. (MA denotes myopic algorithm, 
T A denotes thrift algorithm and SR denotes the scheduling success ratio.) 

4. 1 Effect of Maximum Number of Backtracks 

Figure 4.1 shows the effect of maximum number of backtracks on the scheduling 
success ratio. In this simulation, we fix Use_P, Share_P, K, W and R values as 
0.2,0.5,7,8 and 0.2 respectively. The simulation result shows that increasing 
maximum number of backtracks will increase SR of both algorithms and the increase 
extent of both algorithms' SR is small. Furthermore, SR of thrift algorithm is always 
higher than that of myopic algorithm during the change of maximum number of 
backtracks. 

4.2 Effect of Weight 



A New Dynamic Scheduling Algorithm for Real-Time Multiprocessor Systems 179 

Figure4.2 reflects the effect of weight on SR. We let Use_P, R, Share_P, K and 
Backnum values be 0.2, 0.2, 0.5, 7 and 10 respectively. The simulation result shows 
that SR of thrift algorithm is always higher than that of myopic when the weight is 
changed. SR of myopic algorithm increases with varying W from 0 to 4 and 
decreases when W is increased beyond 4 while SR of thrift algorithm increases with 
varying W from 0 to 6 and decreases when W is increased beyond 6. Moreover, 
myopic algorithm is more sensitive to the change of W. This is because when W is 
very large, the integrated heuristics used by both algorithms behave like simple 
heuristics, which only take care of the availability of processors and resources and 
ignore task's deadline. Similarly, when W=O, SR of both algorithms are very poor, 
since the integrated heuristics reduce to EDF(earliest deadline ftrst). 

Table 4.1 Simulation Parameters 

Parameter Explanation 
Procnum Number of processors considered for simulation, taken 

as 3. 
Resnum Number of resource types considered for simulation, 

taken as 2. 
Backnum Maximum number of backtracks permitted on the 

search. 
K Size of feasibility check window. 
w Weight in H function. 
Max exec Maximum computation time of tasks, taken as 60. 
Min exec Minimum computation time of tasks, taken as 30. 
R Laxity of tasks. It denotes the tightness of the deadline. 
Use P Probability that a task uses a resource. 
Share P Probability that a task uses a resource in shared mode. 
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4.3 Effect of Size of Feasibility Check Window 

The effect of size of feasibility check window on the scheduling success ratio is 
listed in figure 4.3 by fixing Use_P, Share_P, W, Backnum and R values as 0.2, 0.5, 
8, 10 and 0.2 respectively. From the simulation result, we observe that SR of thrift 
algorithm is higher than that of myopic algorithm when K values of these two 
algorithms are equal. SR of both algorithms increases when K is increased. This is 
because that for large K values, both algorithms have more look ahead nature which 
improves the scheduling success ratio of algorithm. 
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Figure 4.3 Effect of size of feasibility 
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Figure 4.4 Effect of resource usage 

Figure 4.4 represents the effect of resource usage on the scheduling success ratio 
while fixing Share_P, K, W, Backnum and R values as 0.5, 7, 8, 10 and 0.2. From 
Figure 4.4, it is noted that SR of both algorithms increases with increasing resource 
usage probability. This is because increase of the resource usage possibility results in 
more resource conflict among tasks and makes task's ideal earliest start time more 
sensitive to available time of resources. Furthermore, SR of thrift algorithm is always 
higher than that of myopic algorithm when Use_P is changed. The reason leads to 
this situation is that decreasing Use_P makes the earliest available time value of all 
processors in the system smaller after task's execution and increases the feasibility of 
unscheduled tasks. 

4. 5 Effect of Laxity 

The effect of laxity on the scheduling success ration is described in figure 4.5. In this 
simulation, Use_P, Share_P, K, W, and Backnum values are fixed as 0.2, 0.5, 7, 8 
and 10 respectively. The simulation result reveals that during the change of laxity, 
SR of both algorithms increases and SR of thrift algorithm is superior to that of 
myopic algorithm. However, the advantage of thrift algorithm on SR decreases by 
increasing the laxity. This is because that increasing laxity makes more possible to 
meet task's deadline using task assignment policy in myopic algorithm alone. 
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5 Conclusions 
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Task's laxity 

For real-time systems, meeting deadlines is the most important goal of the task 
scheduling, especially for hard real-time systems. Therefore, the most important 
performance metric for scheduling algorithm is the scheduling success ratio. Several 
scheduling algorithms based on myopic algorithm have been proposed to apply in 
the dynamic real-time multiprocessor systems. However, all task assignment policies 
used in these algorithms, including myopic algorithm itself, hinder the improvement 
of the scheduling success ratio. To solve this problem, we propose a new dynamic 
scheduling algorithm for real-time multiprocessor systems, called thrift algorithm. 

In thrift algorithm, we develop a new task assignment policy. By delaying the 
task's actual start time as possible without missing task's deadline, this policy 
improves the algorithm's scheduling success ration since it increases the feasibility 
of unscheduled tasks. The simulation results demonstrate that the scheduling success 
ratio of thrift algorithm is superior to that of myopic algorithm for a wide variety of 
task parameters. Moreover, the complexity of thrift algorithm is similar to that of 
myopic algorithm. 
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