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Abstract 

 
Heterogeneous systems are used to carry out comprehensive computational 

calculations and consist of a variety of system facilities which may be local 

to the network or geographically dispersed. How efficiently these 

heterogeneous systems can perform simultaneous tasks is reliant on which 

processes are used to schedule the tasks in all relevant applications. Reducing 

the required time for execution of these tasks within the heterogeneous 

systems and considering the complexities and challenges which may occur 

through task-scheduling require detailed assessment. Diversity of 

communication rate due to the use of multiple processors and speeds at the 

homogenous systems creates a big challenge that is needed to overcome. 

Therefore, this paper will examine scheduling algorithms that have recently 

been used in heterogeneous architectures to discover what areas are missing 

in this field of research.  
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1 Introduction 
 

The use of heterogeneous systems is commonly practiced carrying out 

inclusive computational calculations. The efficiency of heterogeneous 

systems‟ ability to accomplish simultaneous jobs depends upon the 

processes which have been used for scheduling the tasks within the related 

applications.  

Reducing the required time for execution of these tasks within the 

heterogeneous systems and considering the complexities and challenges 

which may occur through task-scheduling require detailed assessment. 

Diversity of communication rate due to the use of multiple processors and 

speeds at the homogenous systems creates a big challenge that is needed to 

overcome. Therefore, scheduling algorithms that have been used recently 

within the heterogeneous architectures need to be reviewed to cover the 

knowledge gap in the field. 

The operational task scheduling is highly crucial and challenging in 

heterogeneous computing. There may be an essential role played by 

heterogeneous resources and inter-process communication. In terms of 

achieving a higher level of efficiency, all tasks are allocated to the most 

suitable processor that also decreases the cost of communication. This 

approach has a direct impact on the performance, which is known as the 

completion time. These kinds of problems within the distributed system 

may be considered as non-deterministic polynomial-time hardness (NP-

Hard Problems). There may be multiple ways to solve these issues; for 

instance, "Directed Acyclic Graph (DAG)” is one of the potential solutions 

that has been used for improving performance within the distributed 

networks [1] An experiential model, based on DAG, can help to perform 

scheduling on the order of the tasks, and minimizing the average cost of 

communication utilizing the best accessible processor or resource. 

Implementing the projected heuristic can be illustrated through the 

comparison of schedule time, schedule length, and competence with other 

eminent algorithms to schedule the task. 

 

2 Grid Computing 

 

Another paradigm that is widely adopted is known as grid computing, 

which can federate geographically dispersed data-centers. Because of 

complexity and size, grid systems are often affected through failures, which 

can obstruct the accurate and timely implementation of the tasks. As a 

result, they cause an unavoidable wastage related to computing resources. 

Although it is highly relevant to several solutions related to the grid 

systems, failures on runtime and its handling is mostly neglected. There is a 

need to consider new ideas that could enable the system to meet the  
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objectives of a scalable combination of different solutions for monitoring. 

Appropriate handling of large geographically dispersed systems is 

challenging to be monitored. Therefore, dynamic as well as configurable 

adjustments between targeted granularity and overhead are highly 

necessary. In this regard, GAMESH is also one of the Grid Architectures to 

perform scalable monitoring along with "Enhanced reliable task 

ScHeduling." GAMESH is known as a fully distributed and immensely 

adequate management infrastructure, which focuses on two critical facets of 

the large-scale and multi-domain environment related to the grid. Through 

GAMESH scalable distribution of monitoring data and troubleshoot of 

failure of job execution can be implemented. It has been checked in the real 

disposition, which encompassed geographically distributed data-centers 

throughout Europe [2]. GAMESH has also incorporated experimental 

design, which enabled collecting information regarding computing 

resources, as well as job scheduling conditions at geographically dispersed 

locations. Whereas imposition of limited overhead cost of the whole 

infrastructure, and provision of schedule regarding failure-aware which is 

able to enhance the performance of the system, even if some failures take 

place through coordination of local task schedulers at diverse domains.  

Another operative scheduling algorithm applicable to distributed 

computing setups may be essential to assign client‟s jobs for running on a 

combination of processors on minimum make-span. The current algorithms 

allow the client to send and receive jobs concurrently without any 

probability of collisions. It may be considered an implication of an 

impossible situation, which suggests that the I/O ports may be unlimited. In 

contrast, physical limitations may be applied through the underlying 

architecture and technological facets. The representation of the tasks, which 

may be scheduled through the acyclic graph, related to arbitrary structures 

of dependency structures, have been arranged through critical paths. 

Hypothetical patterns of scheduling based on many I/O ports for achieving 

the optimum make-span with the smallest hidden delay may be exposed and 

proved; these patterns are known as parallelogram and triangular. They 

involve a primary basis linked with an anticipated scheduling algorithm [3]. 

It is essential to avoid collision of the tasks while sending and receiving 

functions through various ports. Testing can prove that the proposed 

algorithm outperforms the other algorithms concerning the shorter make-

span, lesser delay, and fewer ports used. In the actual application data-set, 

the make-span obtained through the proposed algorithm may be better than 

the other algorithms [4].  

In [5], proposed „Multi-Objective Genetic Programming Based Hyper-

Heuristic Methods‟ (MO-GPHH) to design Scheduling Policy (SPs) 

regarding (MO-DFJSP). The latter mentioned algorithm includes „Job 

Sequencing Role‟ (JSR) and „Machine Assignment Rule‟ (MAR). The  
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statistical testing represents overall excellence in performance related to 

„Hyper Volume Ratio‟ (HVR), „Inverted Generational Distance‟ (IGD), and 

spacing. The authors suggested that the performance of advanced SPs can 

dominate the manual SPs. It is noted that the advanced SPs may represent a 

strong ability of generalization, due to which these may be re-used in the 

new scheduling situations, which have been observed previously. The 

advanced SPs demonstrate a capacity for solving MO-DFJSP. In contrast, 

the rules developed by the users regarding dispatch are broadly used in 

several systems related to practical scheduling. Application of MO-GPHH 

to ensure the automatic evolution of SPs, according to the real cases, may 

assist in the replacement of artificial SPs, which have been designed through 

professional scheduling systems [5]. 

"Predict and Arrange Task Scheduling (PATS)" is another 

heterogeneous algorithm for task scheduling that has been proposed for the 

achievement of a small bound-time complication related to the most modest 

schedule length. The quickest possible completion time involving level-

based scheduling and reduction of idle slots can be considered as the key 

steps. Primarily the tasks were scheduled following the forecasted finish 

time using the task list and relevant dependencies. One level of scheduling 

is performed at one time, which begins from the top level and exceeds 

downwards. The next step involves the minimization of the idle time-slots 

within each unit of processing [6]. Experimental design may be used for the 

PATS algorithm, which yielded improvement in the ratio of average 

schedule-length related to run time, effectiveness as compared to the 

associated algorithms. 

 

3 Cloud Computing 

 

The current trends in information technology are more inclined towards 

cloud computing, which is promoting the running of high performing 

applications in cloud computing systems. Careful scheduling of the parallel 

tasks is considered necessary for providers of the cloud for maintaining the 

quality of the services [7]. The current parallel tasks scheduling equipment 

avoid consolidation of the parallel workload to improve the performance of 

the scheduling. The proposed algorithm works on a tentative basis and 

consolidation of workload, enhancing the popular „First Come First Serve‟ 

(FCFS) algorithm. Extensive experimentations on eminent traces express 

that the algorithm considerably overtakes FCFS by producing comparable 

performing ability to runtime-estimation. Furthermore, the algorithm lets in 

precise usage of CPU estimation that requires inconsequential alteration on 

FCFS. It is operative and vigorous to schedule a parallel workload relating 

to the cloud.  

Several algorithms for workflow scheduling within the heterogeneous 

systems are developed for satisfying various requirements, for instance,  
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minimizing the length of the schedule with enhanced throughput. Mainly, in 

the approaches based on a list-based system for scheduling, the range of 

schedule is dependent on the chosen nodes and the task-allocation and 

policies to maintain order. It is due to the priority of scheduling, which is 

derived through finding the average of the execution time as well as 

communication time related to given nodes. If the nodes set could be 

adjusted before the task scheduling, a smaller length of the schedule may be 

achieved. The experimental design result concerning the extensive 

simulations represent that „Lower Bound Based Candidate Node Selection‟ 

(LBCNS) has excellent fairness to schedule multiple jobs related to 

workflow, while priority-based LBCNS can make the smallest length of the 

schedule leading to highest efficiency concerning single workflow task and 

numerous tasks for workflow [8]. 

 

4 High Performance Computing 

 

The field of parallel processing is expanding rapidly. For big modern 

data, architectures operating systems are Job schedulers and the efficient 

methodologies of supercomputing. They allocate the computing resources 

and look over them for the execution of the process.  As documented, job 

schedulers were the primary concern of supercomputers. Job schedulers 

were created to rush over the more significant, extended, and long-running 

computation that lasts for days or weeks as well. In the recent past, a very 

vast data volume works has created an excessive demand for a new category 

of computations concerned with many small sorts of estimate that takes 

seconds or minutes to process a considerable number of quantities of data. 

The capability of the job schedulers epitomizes a basic range of competency 

of the system for both the supercomputers and large data systems as well. A 

well-defined analysis and modeling of carrying out the job schedulers are 

captious to enhance the conductance of the large computing systems. For 

big data workloads, the job schedulers' potentiality is the most crucial 

conductance component of the scheduler. Descriptive models of the 

capacity of the mentioned schedules are being formed and used to create 

experiments and trials focused on analyzing schedulers' latency. A well-

defined criterion of four of the very famous schedulers (Slurm, Son of Grid 

Engine, Mesos, and Hadoop YARN) is carried out [9]. The theoretical 

designed model is correlated with the data and exhibits that the scheduler 

act over it can be generally classified into two parameters: the marginal 

latency of the scheduler and a nonlinear exponent αs. In accordance with the 

above mentioned four schedulers, the use of the computing system goes 

down to less than10% for computation until only a few seconds. 

Furthermore, Multi-level schedulers that assume the short computation can  
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rapidly enhance the use of quick estimates to greater than 90% for all these 

four schedulers that were being analyzed. 

Heterogeneous computing apparatuses are composed of a CPU. Also, 

one or more than one GPUs are being used in large numbers nowadays 

because of their excellent working, cost ratio, and even less energy 

utilization. To make such sort of heterogeneous computing mechanisms 

work. OpenCL is now an industry-standard because of its maneuverability 

amongst all computing architectures. To accomplish the computing 

competence of heterogeneous mechanisms, application developers are 

indulging their collection and cloud applications by using the OpenCL.  

With the increment in such applications, the usage of advanced mutual 

devices (such as CPUs and GPUs) are supposed to be organized by the 

usage of an expert load balancing scheduled interrogative competency of 

lowering the execution period, expanding at full length with maximum 

device utilization. Usually, OpenCL is used on some specific devices (CPU 

or GPU), and within a variety of sizes of the data, the acceleration obtained 

also varies from device to device [10]. Applications' allocation to the 

computations devices by not accounting the devices' appropriateness and 

power of getting speedup with appropriate equipment directs to sub-optimal 

execution period lesser and higher imbalance. Hence an application 

scheduler must take both devices into account under their suitability and 

speedup variation for scheduling resultants, which lead to lowering the 

execution period. In this analysis, a novel load-balancing scheduling entitled 

as Troodon that contemplates the machine learning compatible device has 

been found. 

Furthermore, a speedup predictor tells the quantity that the job will get 

done during execution with a matching device. Troodon merges the E-

OSched scheduling mechanism to allocate the tasks on CPUs and GPUs in a 

balanced way. It has been found that a reduction in the execution time 

results in the usage of a device, which is also improved. Furthermore, [11] 

proposed big scheduler data and compared it with some other excellent 

scheduling heuristics. The experimental evaluations have demonstrated that 

it has worked dramatically and reduced the execution time up to 38% of a 

system. 

 

5 Heterogenous Systems  

 

In the present time, a high-end system is composed of many individual 

devices in a heterogeneous system. For instance, grid computing 

environments comprise many distinct resources divided in distant locations. 

Their performance is built upon job scheduling and resource allocation 

algorithms. There is no doubt in the fact that enhancing the global 

throughput while undertaking efficient balancing is essential. Hereafter the 

model is classified to explain different job-scheduling algorithms in a  
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completely parallel architecture. To approach this significant purpose, a set 

of parallel schedulers contacting to the specified load-balancing policy is 

supposed within the grid environment. Representing the approach, different 

identified job-scheduling strategies in grid environments are included. The 

evidence and collection have been given, as well [12]. 

Among the virtual machines (VMs) the load balancing is essential for 

the transfer of the cloud services in an optimized path with the least cost 

paid and time required to deliver a service. Various ways have been found 

to optimize load balancing in the previous research, which needs to be 

addressed for solving the problems in the cloud for load balancing. 

Combination based research for provisioning and load balancing work 

frames for the flow of work, based upon the combination of heuristic ways 

along with met heuristic algorithm to get its best performance in cost and 

market span. Two mixed attempts have been made for the HDD-PLB work-

frame for hybrid 'predicts earliest finish time' (PEFT) heuristic along 'ant 

colony optimization' (ACO) meta-heuristic (HPA) along with the hybrid 

heterogeneous earliest finish time (HEFT) heuristic together with ACO 

(HHA). Two load balancing techniques have been viewed to compare and 

determine which one will be a better option for HDD-PLB framework [13]. 

The current multicore age has been attached with heterogeneous 

computing devices as one of the accomplished platforms to remove 

applications for compute-intensive. CPUs and GPUs are the central part of 

these heterogeneous devices. One of the standard programs used for 

heterogeneous machines in Open CL in the industry. The accessible or 

convenient application planning mechanism tells the most of the 

applications to GPUs while leaving behind the CPU operating device less 

utilized [11]. CPU, often transcripts the optimal half performances of the 

parallel data applications like load balancing, execution o along with the 

apps, which are multiple scheduled on deficiencies as mentioned earlier via 

starting a novel approach for scheduling the strategies called OSched. Both 

OSched and E-OSched are part of the study. OSched is responsible for 

performing source aware assessments for the jobs to a requirement of 

compute jobs and potential of computing for a device. The load balancing 

termination is proper in the low termination time, more significant 

throughput, and better utilization. EOSched lessens the magnitude for the 

main memory disagreement occurring during the job execution phase. For 

the algorithms, a mathematical model is evaluated by the comparison of the 

reaction results and with the non-identical state of art scheduling heuristics. 

By getting improved execution time and throughput, EOSched has 

performed better than the state of the art approaches [11]. 

As for the price taken by the public cloud services, the budget 

containment is the primary factor of design issues in the large-scale  
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scientific applications termination or execution on the heterogeneous 

computing cloud system. Shortening schedule time while satisfying the 

budget of an application is one of the important qualities of the services 

requirements of the providers of the cloud. DAG can be used to tell that an 

application is consisting of many tasks with constraints [14]. The DAG 

previously used scheduling methods tried for the supposition of the least-

cost assignment before to lessen the schedule extent for the budget for 

constrained applications on the heterogeneity of computing systems of 

cloud. Nonetheless, the analysis uncloaks the pre assignments for the tasks 

with the least cost, which doesn't without content leads to the least of the 

value of the schedule extent. In [14], authors proposed an algorithm for 

minimizing the size of the schedule in this study using the (MSLBL) for 

choosing processors while satisfying the budget along with it and shortening 

schedule length for the applications. Such types of problems are dissolved 

into two subproblems called as satisfying the budget constraint and reducing 

the schedule path. The first subproblem is then solved by the transferring of 

the budget constraints for the applications of every task. Then the second 

subproblem is resolved by the heuristic scheduling for each task taking 

notes on the low time of complexity. The experiments show the results that 

based on several real and parallel application, and the given MSLBL 

algorithm can get a shorter schedule time while along with satisfying the 

budget constraint for the application's which have existing methods in 

various types of situation [14]. 

Task scheduling is one of the most important activities in a 

heterogeneous computing system. As for the scheduling task problem plans 

to assign several tasks to processors in a way that will optimize the full 

performance of the whole system, that is shortening the execution time-

period or fully-maximizing the parallel assigning of the tasks of the 

processor [15]. Scheduling task problems may be known as NP-complete, 

which is why; this algorithm is only applied to heuristic problems or for the 

Metaheuristic through which an optimal solution can reach. Results for 

running of heterogeneous computing system includes the improvement for 

the efficiency of the compared algorithm other than the task scheduling 

algorithm this helped in a wide range of real-world applications along with 

the random sign of heterogeneous graphs.  
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Table 1 Comparison of job scheduling algorithms in a heterogeneous architecture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study and 

Published year 

Proposed Approach 

(Algorithm Name) 
Research Purpose 

[15] 
Genetic-based 

algorithm 

Task scheduling in 

heterogeneous computing 

systems 

[16] 

Staged Memory 

Scheduler 

(SMS) 

Energy-Efficient Memory 

Scheduler Design 

[2] GAMESH 

Grid architecture for Scalable 

monitoring and enhanced 

dependable job scheduling 

[14] 

MSLBL algorithm 

with low-time 

complexity 

Task scheduling for budget-

constrained parallel 

applications 

[3] 
Directed Acyclic 

Graph (DAG) 

System scheduling with 

constraints on client‟s 

multiple I/O ports 

[12] 
Distributed load-

balancing algorithms 

Comparison and analysis of 

distributed job-scheduling 

algorithms 

[8] 

lower bound based 

candidate node 

selection (LBCNS) 

Prior node selection for 

scheduling workflows 

[13] 
Predict Earliest 

Finish Time (PEFT) 
Load balancing optimization 

[11] E-OSched ----- 

[10] Troodon 
load-balancing scheduler for 

heterogeneous multicores 

[7] 

Runtime estimation 

based EASY 

algorithm 

Scheduling parallel jobs with 

tentative runs 

[6] 

Predict and Arrange 

Task Scheduling 

(PATS) algorithm 

To explain the predictive 

algorithm with idle reduction 

[4] 
Hybrid Genetic 

Algorithm (HGA) 
Optimized load balancing 

[9] HPC schedulers 
Scalable system scheduling 

for HPC and big data 

[1] 

Directed Acyclic 

Graph-Based Task 

Scheduling 

Algorithm 

To explain Directed Acyclic 

Graph-Based Task 

Scheduling Algorithm 

[5] 

Multi-objective 

genetic programming 

based hyper-heuristic 

methods (MO-

GPHH) 

Automatic design of 

scheduling policies 
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Prior designs related to memory controllers (MC), which are proposed 

concerning the heterogeneous computing system, use distinct massive 

structures for performing three significant jobs. Firstly, the MC makes an 

effort to schedule organized requests concerning the same "DRAM row" for 

increasing row hit-rates. Secondly, the MC mediates among the supplicant 

CPUs and GPU for optimizing the inclusive system-throughput, the average 

time for response, fairness, and quality in terms of service. Thirdly, the MC 

can manage lower-level "DRAM command scheduling" for completing the 

requests relating to the compliance on “DRAM” timing and power 

constraints. These designs are based upon the system requirements as 

defined by the network operators and conditions based on the tasks and the 

nature of scheduling to be performed [16]. That suggests that heterogeneous 

systems may also involve a great extent of diversity within the physical 

computing environment that may help in assurance of the protection of the 

policies and decrease in vulnerabilities with a high probability of 

performance. Table 1 presents the publication year of proposed approaches 

and their research purposes on the research topic of job scheduling 

algorithms. Most of the proposed strategies have been examined for job 

scheduling regarding heterogeneous systems. 

 

 

 

 
Figure 1 Year-wise distribution of published studies 

 

Figure 1 is the illustration of year-wise published works that have been 

reviewed in this paper. There is an increasing trend found in the proposal of 

job scheduling algorithms for heterogeneous systems. Most of the selected 

studies were published in the years 2017 and 2018. However, the  
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information regarding the published works in the year 2019 is also showing 

that the research area of job scheduling for heterogeneous systems is 

challenging for researchers.  
 

 

6 Gap analysis 

 

A considerable gap in the knowledge related to the reduction of 

execution time is identified within the heterogeneous systems. In contrast, 

the complexities and challenges that may occur through task-scheduling 

must be considered for further research. Another gap was found related to 

the information on diversity of communication where the use of multiple 

processors and speeds within the homogenous systems may require a 

customized strategy to resolve the problems. These gaps denote the 

significant demand for conducting research, specific to time reduction and 

communication-related issues. These aspects within the heterogeneous 

architectures need to be explored to fill this knowledge gap in the field. 

Along with these approaches, awareness regarding heterogeneous systems 

need to be enhanced throughout the computing environment to improve the 

performance of scheduling tasks. Overall the setup that comprises a wide 

range of system facilities requires stronger networking within the dispersed 

geographical structure. 

 

 

7 Conclusion 
 

The current scope of global development in technology and 

infrastructure has also given birth to several threats and fears for the 

systems. The heterogeneity of the architectures can be a solution to solve 

several problems related to the scheduling and performance of simultaneous 

tasks. Robust methodologies and efficient technological approaches may 

have positive impacts on several aspects of the systems, operating on 

geographically scattered locations. However, the gaps in the current 

knowledge also require focused research and careful assessment for 

defining customization needs. The integration of various systems may also 

be identified as one of the most appropriate solutions; however, this requires 

a pretest and evaluation of the alignment with system needs and association 

within the heterogeneous system. Improving the performance of the various 

systems may require planning and development of strategy on; how these 

systems will ensure heterogeneity of the mechanism and effectiveness of the 

system. It will impact not only time efficiency and cost-effectiveness but 

also the enhanced level of performance and improved level of 

standardization. Furthermore, technical research and development and  

 



 

                                                                                                                  
 

 

 

 
 

  21   Sanaa A. Sharaf 

 

assessment of resources should be considered to ensure the effectiveness of 

the heterogeneous computing systems.                    
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