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Abstract—This research activity is mainly aimed at showing 

principles of parallel algorithm models as algorithm 

development is a critical component of problem solving 

using computers. The algorithm models used are tested for 

the scalability and accuracy of the implemented algorithms. 

The implemented algorithm models could be used in 

different applications. The development of microprocessors 

design has been shifting to multicore architectures. 

Therefore, it is expected that parallelism will play a 

significant role in future generation of applications. 
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I. INTRODUCTION 

Computer science contributes significantly to most 

disciplines. Initially, science was primarily empirical. More 

recently, each discipline has developed a new theoretical 

component. Theoretical models play an important role in 

motivating experiments and generalizing our understanding. 

The main aim of parallel computing is to increase an 

applications performance by executing the application on 

multiple processors. Developing algorithm is a critical 

component of problem solving. A sequential algorithm is 

essentially a recipe or a sequence of basic steps for solving a 

given problem using a serial computer. Similarly, a parallel 

algorithm is a recipe that tells us how to solve a problem 

using multiple processors. 

 An algorithm model is typically a way of 

structuring a parallel algorithm by selecting decomposition 

and mapping technique and applying the appropriate 

strategy to minimize interactions. 

 The various models available are: The data parallel 

model, the task graph model, the work pool model, the 

master slave model, the pipeline or producer consumer 

model, the hybrid models.  

A. The Data Parallel Model 

In this the tasks are statically or semi-statically attached onto 

processes and each task performs identical operations on a 

variety of data. This type of parallelism that is a result of 

single operations being applied on multiple data items is 

called data parallelism. The task may be executed in phases 

and the data operated on in different phases may be 

different. Typically, data-parallel computation phases are 

interspersed with interactions to synchronize tasks or to get 

fresh data to the tasks. Since all tasks perform same 

computations, the decomposition of the problem into tasks is 

usually based on data partitioning because a uniform 

partitioning of data followed by a static mapping is 

sufficient to guarantee load balance. 

 Interaction overheads in the data-parallel model 

can be minimized by choosing a locality preserving 

decomposition and, if applicable, by overlapping 

computation and interaction and by using optimized 

collective interaction routines. A key characteristic of data-

parallel problems is that for most problems, the degree of 

data parallelism increases with the size of the problem, 

making it possible to use more processes to effectively solve 

larger problems. 

 An example of a data-parallel algorithm is dense 

matrix multiplication problem. 

B. The Task Graph Model 

The computations in any parallel algorithm can be viewed as 

a task graph. The task graph may be either trivial or 

nontrivial. The type of parallelism that is expressed by the 

task graph is called task parallelism. In certain parallel 

algorithms, the task graph is explicitly used in establishing 

relationship between various tasks. In the task graph model, 

the interrelationships among the tasks are utilized to 

promote locality or to reduce interaction costs. This model is 

applied to solve problems in which the amount of data 

associated with the tasks is huge relative to the amount of 

computation associated with them. The tasks are mapped 

statically to help optimize the cost of data movement among 

tasks. Sometimes a decentralized dynamic mapping may be 

used. This mapping uses the information concerning the 

task-dependency graph structure and the interaction pattern 

of tasks to minimize interaction overhead 

 Examples of algorithms based on the task graph 

model include parallel quicksort, sparse matrix factorization, 

and many parallel algorithms derived via divide-and-

conquer approach. 

C. The Work Pool Model 

The work pool or the task pool model is characterized by a 

dynamic mapping of tasks onto processes for load balancing 

in which any task may potentially be executed by any 

process. There is no desired pre-mapping of tasks onto 

processes. The mapping may be centralized or decentralized. 

Pointers to the tasks may be stored in a physically shared 

list, priority queue, hash table, or tree, or they could be 

stored in a physically distributed data structure. The work 

may be statically available in the beginning, or could be 

dynamically generated; i.e., the processes may generate 

work and add it to the global (possibly distributed) work 

pool. If the work is generated dynamically and a 

decentralized mapping is used, then a termination detection 

algorithm would be required so that all processes can 

actually detect the completion of the entire program (i.e., 

exhaustion of all potential tasks) and stop looking for more 

work. 

 Parallel tree search where the work is represented 

by a centralized or distributed data structure is an example 

of the use of the work pool model where the tasks are 

generated dynamically. 

D. The Master-Slave Model 

In the master-slave or the manager-worker model, one or 

more master processes generate work and allocate it to slave 

processes. The tasks may be allocated a priori if the manager 

can estimate the size of the tasks or if a random mapping 

can do an adequate job of load balancing. In another 

scenario, workers are assigned smaller pieces of work at 

different times. The latter scheme is preferred if it is time 
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consuming for the master to generate work and hence it is 

not desirable to make all workers wait until the master has 

generated all work pieces. In some cases, work may need to 

be performed in phases, and work in each phase must finish 

before work in the next phases can be generated. In this 

case, the manager may cause all workers to synchronize 

after each phase. Usually, there is no desired pre-mapping of 

work to processes, and any worker can do any job assigned 

to it. 

 The granularity of tasks should be chosen such that 

the cost of doing work dominates the cost of communication 

and the cost of synchronization. Asynchronous interaction 

may help overlap interaction and the computation associated 

with work generation by the master. It may also reduce 

waiting times if the nature of requests from workers is 

nondeterministic. 

E. The Pipeline or Producer-Consumer Model 

In the pipeline model, a stream of data is passed on through 

a succession of processes, each of which performs some task 

on it. This simultaneous execution of different programs on 

a data stream is called stream parallelism. With the 

exception of the process initiating the pipeline, the arrival of 

new data triggers the execution of a new task by a process in 

the pipeline. The processes could form such pipelines in the 

shape of linear or multidimensional arrays, trees, or general 

graphs with or without cycles. A pipeline is a chain of 

producers and consumers. Each process in the pipeline can 

be viewed as a consumer of a sequence of data items for the 

process preceding it in the pipeline and as a producer of data 

for the process following it in the pipeline. The pipeline 

does not need to be a linear chain; it can be a directed graph. 

 An example of a two-dimensional pipeline is the 

parallel LU factorization algorithm. 

F. Hybrid Models 

In some cases, more than one model may be applicable to 

the problem at hand, resulting in a hybrid algorithm model. 

A hybrid model may be composed either of multiple models 

applied hierarchically or multiple models applied 

sequentially to different phases of a parallel algorithm. In 

some cases, an algorithm formulation may have 

characteristics of more than one algorithm model. 

Parallel quicksort is one of the applications for which a 

hybrid model is ideally suited. 

II. OBJECTIVES 

 The main objective of this research activity is to 

implement parallel algorithm models to solve a 

large problem using multiple processors. The 

implemented algorithms should satisfy: 

 Correctness: should give the correct answer. 

 

 Efficient: solve the problem in a reasonable amount 

of time. 

 Scalable: given more computing resources, it will 

solve the problem faster. 

 Easy: the implementation of algorithm models 

should be easy. 

III. CONCLUSION AND FUTURE DEVELOPMENTS 

Thus from our research we have reviewed the qualitative 

aspects of six representative parallel programming models. 

Our goal is to provide a basic guideline in evaluating the 

appropriateness of a programming model in various 

development environments. Future work with our model 

will include applying it to simulations involving radiation 

therapy, such as volume. Various computations need to be 

made in real-time or near real-time. Finally, the 

development of software which employs an automated 

version of this model would make it accessible to even more 

researchers by aiding them in making more informed with 

their algorithm designs, thereby producing even more 

optimal results. 
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