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Abstract- Task scheduling with precedence constraints on a multiprocessor system to optimize various performance metrics is a
significant challenge in parallel computing. Determining an optimal schedule for task scheduling problem in multiprocessor system
is known to be NP-hard and a variety of heuristics and metaheuristics approaches have already been developed. Heuristic based
scheduling algorithms are efficient for specific problems and do not perform well with increasing problem complexity.
Metaheuristics based algorithms find optimal schedule at the expense of more computing efforts. Thus, hybrid algorithms that
combine the strengths of heuristics and metaheuristics are essential in today’s problem-solving landscape. Present work compares
two hybrid simulated annealing algorithms based on HLFET list scheduling and Linear clustering heuristics for bi-criteria
multiprocessor task scheduling and reveals that under minimal communication delays, both algorithms exhibit comparable
performance. However, as communication delay increases, the linear clustering-based hybrid simulated annealing algorithm
outperforms the HLFET list scheduling-based hybrid algorithm.
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I. INTRODUCTION

Scheduling involves allocating a finite set of resources in a way that improves the system's overall performance.
Effectively scheduling computationally intensive programs is crucial and complicated for achieving enhanced
performance in parallel computing. Typically, a large program is broken down into subtasks with dependencies,
which represent the precedence constraints. These constraints ensure that a task begins only when all prior tasks are
completed. The objective of a task scheduling algorithm is to assign all tasks to a specified number of processors
while adhering to the given constraints. This aims to minimise various performance metrics, thereby maximizing
system throughput and utilization. Finding an optimal solution for the task scheduling problem in multiprocessor
system is NP-hard [4], and numerous heuristics, metaheuristics, and hybrid approaches have been developed by
researchers to address these complex problems. In practice, a heuristic can provide a good initial solution within a
reasonable computational time. But, heuristic-based approaches tend to have a greedy nature, which can lead to
unreliable results, especially as the complexity of scheduling problems increases. Therefore, researchers often turn
to metaheuristic approaches such as Tabu Search, Genetic Algorithm(GA), Simulated Annealing(SA) and others to
achieve higher-quality schedules. Most metaheuristic methods have shown superior performance over conventional
heuristic-based scheduling algorithms, but with increased time and computational requirements [10]. So, hybridizing
metaheuristics with heuristics is often considered the next step to further enhance solution quality.
Heuristics have been demonstrated to provide effective initial solutions for metaheuristics, thereby improving the
efficiency of multiprocessor systems. Therefore, in the present work, two hybrid algorithms based on simulated
annealing have been implemented: one combining simulated annealing with HLFET list scheduling, and the other
combining simulated annealing with linear clustering. These hybrids are compared to analyze their effectiveness in
addressing the multiprocessor task scheduling problem with communication delay.
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II. RELATED WORK

Simulated annealing (SA) is a meta-heuristic technique developed by Kirkpatrick et al. [1] for addressing
optimization problems with combinatorial aspects. Kwok and Ahmad [4] conducted a thorough review of
deterministic static scheduling algorithms. They further evaluated various scheduling strategies using a nine-task
problem as a benchmark. Sivanandam et al. [5] introduced a hybrid approach PSO/SA, aims to optimize the static
task allocation in diverse distributed computing systems with a focus on optimizing costs. The researchers
implemented and tested their hybrid approach using various PSO algorithms combined with simulated annealing.
Through experiments on benchmark problems, they demonstrated the effectiveness and efficiency of their proposed
method in achieving near-optimal solutions. Lin, Wei-Ming, and Gu, Qiuyan[6] introduced a systematic approach
for finding an optimal schedule length when task duplication is permitted. Their method, which has a reasonable
time complexity, significantly improves schedule length compared to faster techniques, while delivering
performance on par with more complex methods. Bonyadi and Moghaddam[7] introduced the Bipartite Genetic
Algorithm (BGA) aimed at minimizing makespan in multiprocessor task scheduling. Their study demonstrated that
BGA outperforms existing heuristics and metaheuristics(GA) in terms iteration count, best achieved makespan and
average makespan. Mishra et al. [8] introduced a clustering algorithm utilizing the Computation-Communication-
Load (CCLoad) approach. Their research demonstrated that this algorithm outperforms a generic version of Sarkar's
algorithm in terms of efficiency or effectiveness. Dhingra et al.[9] conducted a comparative evaluation of five
frequently utilized list scheduling heuristics for homogeneous multiprocessors. They evaluated these heuristics
based on the criteria of total completion time and makespan. Their study concluded that among the evaluated
heuristics, the Earliest Time First Algorithm and Insertion Scheduling Heuristic consistently provided the optimal
results in terms of balancing the trade-off between total completion time and makespan of the schedule. H. Wang
and O. Sinnen[11] conducted a comparative analysis of List based scheduling and Cluster based scheduling
algorithms. They found that Cluster schedulers, which focus on reducing communication, generally perform better
with high CCR , while list scheduling excels at lower CCRs. However, In high CCR scenarios, cluster scheduling
demonstrates a notable benefit over list scheduling, especially in fork-and-join structures that pose challenges in
tree-based scenarios. For scheduling across an unlimited number of processors, clustering algorithms proved to be
more advantageous than List scheduling. Orr J. and Baruah S. [12] developed Scheduling algorithms for elastic tasks
within both partitioned and global scheduling frameworks. Through extensive simulations, they found that
partitioned scheduling outperformed global scheduling and recommended its use. B. Acharya and S. Panda [13]
introduced an effective method for tackling Multiprocessor Machine Scheduling Problems (MMSPs) using a
modified salp swarm algorithm (MSSA). They evaluated MSSA under real-time scheduling constraints across
different processor counts. Their approach demonstrated superior performance in both small and large-scale problem
scenarios.

III. PROBLEM STATEMENT

The present work addresses task scheduling problem with precedence constraints in multiprocessor system utilizing
homogeneous processors, aiming to minimize a bi-criteria objective function (F). This function represents the
weighted total of the makespan and the total completion time and is formulated as[10]:

𝐹 = 𝑀𝑖𝑛[𝛼𝐶𝑚𝑎𝑥 + (1 − 𝛼)
𝑖=1
𝑛 𝐶𝑖∑ ]

Here, Ci denotes the completion time of the ith task in the schedule, Cmax represents the makespan and α is the
weight coefficient reflecting the preference of the performance metrics to be minimized.
This study uses a deterministic model where the precedence constraints, count of processors, task execution times
and task relationships are all predefined. Additionally, the tasks are non-preemptive, meaning that once a task starts,
it must complete before any new tasks can begin.

IV. PROPOSED METHODOLOGY

In this study, two hybrid simulated annealing algorithms have been implemented and analyzed. One algorithm is
based on the HLFET list scheduling heuristic, while the other employs linear clustering. Scheduling heuristics are
mainly of three types : Clustering based, List Scheduling, and duplication based heuristics[4]. List scheduling
heuristics are commonly employed for task scheduling problems to assign priorities to tasks. As soon as a processor
is available, it is allocated the top priority task from the list, which is then removed. If multiple tasks have the same
priority, the selection of the task can be either random or based on specific rules. Typically, priorities are assigned
based on characteristics such as t-level (top level), ALAP (As-Late-As-Possible) start time, b-level (bottom level)
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and static level (SL). Various commonly used list scheduling heuristics are : HLFET,ISH, ETF and MCP [4].
Clustering based heuristics are multiphase where in first phase, tasks that need to be scheduled together on the same
processor due to high inter-processor communication costs are grouped and designated to a common cluster[4,11].
Thereby, Clusters are merged to match the number of available processors, assigned to them, and finally, task
ordering is determined to create a schedule[11]. Linear clustering and dominant sequence clustering are widely used
multiprocessor task scheduling heuristics.
Simulated Annealing (SA) is a widely used local search based metaheuristic based on the physical process of
cooling metals[1]. It has proven effective in optimizing scheduling problems. In classical SA, the process starts with
a randomly generated initial sequence and seeks optimal solutions through a neighborhood search mechanism. Since
the choice of the initial sequence significantly impacts the solution quality, heuristics are often employed to generate
a better initial sequence. By integrating heuristics with metaheuristics, hybrid algorithms are created, which can
yield improved results within a reasonable time frame[10].
In the present work, Highest Level First with Estimated Time (HLFET) list scheduling heuristic has been used to
generate the seed sequence for Simulated Annealing, resulting in the HLFET-SA hybrid algorithm. HLFET
algorithm is the most conventional list scheduling heuristic that assigns the priority to each node on the basis of
static b-level, which represents the longest path length from a node to an exit node[4]. Additionally, a Linear
Clustering-based heuristic was employed to generate the seed sequence for Simulated Annealing, leading to the LC-
SA hybrid algorithm. Linear Clustering is a straightforward clustering algorithm that operates by determining the set
of nodes constituting the critical path and assigning them to a cluster. It then removes these nodes and their incident
edges from further consideration [4,11]. This process is repeated iteratively, with each iteration finding the longest
path among the remaining unexamined nodes in the task graph and continues until all nodes have been assigned to a
cluster.

V. RESULTS AND DISCUSSION

This study compares two hybrid algorithms, HLFET-SA and LC-SA, to solve the task scheduling problem in
multiprocessor systems with homogeneous processors. These algorithms were implemented in a MATLAB
environment and evaluated their performance using a weighted total of makespan(MS) and total completion
time(TCT). A comparative analysis has been conducted using several established problems and their associated
weight coefficients (α)[10] as detailed in Table-1. Parameters fixed for Simulated annealing in both hybrid
algorithms has been represented in Table-2. Since simulated annealing is an approximate method, each algorithm
was run five times per instance to calculate the final average.

TABLE-1
CONVENTIONAL MULTIPROCESSOR TASK SCHEDULING PROBLEMS

Problems Task
Count

Processor
Count

Communication
cost(fixed)

Reference Weight
Cofficient

T14_1 14 4 20 Tsuchiya et
al.[3]

0.89

T14_2 14 4 80 Tsuchiya et
al.[3]

0.89

T16_1 16 4 40 Wu and
Gajski[2]

0.90

T16_2 16 4 160 Wu and
Gajski[2]

0.90

TABLE -2
PARAMETERS FIXED FOR SA IN HLFET-SA AND LC-SA

Parameter Value
Maximum No. of iterations 150

Initial Temperature 240
Re-anneal Interval 150

Temperature Function Fast
Move Function Block
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The comparative analysis was conducted by calculating the performance index (PI) [10] as:-

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝐼𝑛𝑑𝑒𝑥 𝑃𝐼 % = 1 −
𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚𝑠𝑜𝑢𝑙𝑡𝑖𝑜𝑛 − 𝐵𝑒𝑠𝑡𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝐵𝑒𝑠𝑡𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
× 100

Algorithmsolution refers to the average solution achieved for a specific task problem across distinct algorithms, while
BestSolution denotes the best available solution or the best result among all algorithms for the problem across all runs.
A Performance Index (PI) closer to 100% indicates better results.

Fig. 1 Performance Index(%) of HLFET-SA and LC-SA in terms of Makespan

Fig. 2 Performance Index (%) of HLFET-SA and LC-SA in terms of Total Completion Time

Fig. 1 and Fig. 2 display the performance indices of both hybrid algorithms for makespan and total completion time,
respectively. These figures clearly indicate that when communication delays are minimal(T14_1 & T16_1), both
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algorithms perform almost equally. However, as communication delays increase(T14_2 & T16_2), the clustering-
based hybrid simulated annealing algorithm (LC-SA) outperforms the list scheduling-based hybrid simulated
annealing algorithm (HLFET-SA).

VI. CONCLUSION
The list scheduling heuristic (HLFET) based hybrid simulated annealing algorithm (HLFET-SA) has been compared
with hybrid Simulated Annealing Algorithm based on linear clustering (LC-SA) for the multiprocessor task
scheduling problem with communication delay, focusing on the weighted total for makespan and total completion
time. Standard benchmark problems out of the literature were applied for this comparative analysis. The outcomes
show that both hybrid algorithms function efficiently and perform comparably well when communication costs are
low. However, as communication costs rise, both algorithms experience a slight degradation in performance.
Despite this, a comparison reveals that the linear clustering-based hybrid simulated annealing algorithm (LC-SA)
performs better than hybrid simulated annealing algorithm based on list scheduling (HLFET-SA) for multiprocessor
scheduling problems with higher communication cost. Future work could involve hybridizing additional list
scheduling and clustering-based heuristics with metaheuristics, and evaluating their performance on problems with
larger and variable communication delays
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