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ABSTRACT 
 

Parallel programming is difficult due to the heterogeneity of parallel programming paradigm, 

programming languages and constructs available. A parallel programmer faces many difficulties 

in debugging and porting of the program. This research attempts to reduce some of these 

difficulties. Design patterns capture best practices of software development. The pattern-based 

approach of parallel programming helps in writing portable, flexible and maintainable parallel 

software. Patterns normally are not biased with the environment in which pattern-based code 

runs but in case of parallel programming selection of particular pattern are dependent on the 

hardware environment and programming paradigm used. In this research work, we have applied 

different patterns on problems like computation of PI, large prime number generation and 

molecular dynamics simulation. Pattern-based design is compared with the sequential approach 

of parallel programming. Pattern-based code is executed under different programming paradigm 

each with a different number of cores. The hybrid approach of parallel programming combines 

the best features of MPI(Distributed memory programming model) and OpenMP(Shared 

memory programming model). In this research, we have also experimented with a hybrid 

approach of parallel programming with patterns. Multilevel master worker (Master -Coordinator 

-Worker) approach is used to design problems written with hybrid programming. This type of 

solution is useful for execution in heterogeneous clusters. In parallel programming, selection of 

pattern is important and based on hardware, programming paradigm and optimization available. 

Parallel programmer can be supported by devising adaptive pattern which can adapt according to 

architecture. 

We have documented “Adaptive design pattern for parallel programming” which adapt hardware 

environment by defining a hierarchy of workers which are flexible to support different 

capabilities required.  
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1. Introduction 
 

Recent trends in hardware design are towards multicore CPUs with hundreds of cores. It 

demands better programs that can exploit multicore. The landmark paper [1] discusses parallel 

computing and can be abstracted as “sequential programs need to be refactored for parallelism”. 

It is clear that we have to prepare for the upcoming multicore architecture.  Hans 

Vandierendonck and Tom Mens in [2] discuss the need for obtaining performance by parallel 

program design. In computer architecture research [3] different computing environment e.g. 

advanced superscalar, super speculative, trace processor, VLIW architecture, etc. are discussed.  

With all these developments there is an emphasis on parallel software development approach 

which provides portability, robustness, malleability, and maintainability. 

Development in computer hardware and architecture offers a new way to exploit parallelism. It is 

difficult to obtain parallelism with the heterogeneity of the parallel programming environment 

and the variety of constructs available.  

Design patterns [4] are solutions to common occurring problems. The use of patterns in parallel 

programming is also not new. The software engineering paradigm helps parallel software 

development with Pattern based approach [5][6][7][8]. Parallel patterns and pattern languages 

are formalized in [9][10].   

 

 

2.  Motivation for parallel programming 

Parallel programming is important for a variety of scientific and engineering applications. 

Bioinformatics, Astrophysics, Particle Physics and Meteorology and many more require huge 

computation facilities to solve their problems. Recent parallel architectures are capable to 

address complex problems.  

Bioinformatics, astrophysics data analysis applications like molecular dynamics, sequence 

alignment (BLAST) or protein folding can be solved by applying parallel programming. Day by 

day, new faster hardware is available which enables the development of more complex software. 

Recent software also resource demanding which in turn promotes the development of even faster 

hardware. 

In 2006 Intel, for the first time, introduced new processors with slower speeds than previous 

ones, but having multiple cores. The multi-core crisis states that an increase of performance, with 

newer hardware, will only happen if the application is a parallel one, which was never required 

before. Furthermore, this trend has continued over the following decades and expected in the 

future [11].  The CPU manufacturer continues to develop multi-core systems. We shall soon see 

processors featuring hundreds and even thousands of cores in the future. 
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With the advancement in architecture, parallel software development is also maturing and many 

tools and techniques are being developed to exploit parallelism available in future architecture. 

The generative design pattern is one of the techniques which supports automatic skeleton 

generation for different patterns. 

  

3.  Brief description on the state of the art of the research topic 
 

We referred literature available in the context of Parallel design pattern and research work of 

parlabs, which is a pioneer in the field of parallel programming. We have studied related 

solutions like framework, skeleton, and templates for solving the problem involved in parallel 

programming. 

Pattern based parallel programming is a proven strategy to handle large software. It is explored 

earlier in CO2P3S [12] (Correct Object Oriented Parallel Pattern-based Programming System) 

and currently in ParLab (Parallel Laboratory USA). Parallel skeleton and frameworks [13][14] 

are developed to support parallel programming. Range of skeleton frameworks are available e.g. 

Calcium & Skandium [15], eSkel [16], Lithium & Muskel [17][18].  

Parallel patterns like divide and conquer also evolving [19] for multicore implementation. It is 

observed that selection of pattern requires consideration of hardware environment, programming 

language and programming constructs available. In [20] Catanzaro discussed the need of patterns 

that can be mapped easily in any environment. Parallel patterns are complex in use due to their 

diversity and their relationship with software, hardware, and constructs. Various problems with 

parallel patterns are considered in [21] and propose a uniform representation for parallel patterns 

HiLPR.  

We are focusing on adaptive patterns to provide better performance on various architectures in 

the same context. Many parallel and distributed patterns are explained in [22][23], which can be 

categorized in the following categories by earlier researchers: 

1. Algorithm structure: These patterns define high-level strategies to exploit concurrency within 

a computation for execution on a parallel computer. They address the different ways concurrency 

is naturally expressed within a problem, providing well-known techniques to exploit that 

concurrency in parallel execution. Examples are Task Parallelism, Recursive Splitting, Discrete 

Event, Pipeline, Geometric Decomposition, Data Parallelism, and Speculation. 

2. Implementation pattern: These are the structures that are realized in source code to support (1) 

how the program itself is organized and (2) common data structures specific to parallel 

programming. For example, SPMD, Master-Worker, Strict Data Parallelism, Loop Parallelism, 

Fork-Join, Actors, etc. 
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3. Parallel execution patterns: These are the approaches often embodied in a runtime system that 

supports the execution of a parallel program. For example Message Passing, Collective 

Communication, Mutual Exclusion, P2P Sync,  Collective Synchronization, Transactional 

Memory, Thread Pool. 

 

4. Definition of the problem 
 

“The goal of the revolution should be to make it easy to write programs that are efficient, 

portable, correct, and scale as the number of cores per microprocessor increases biennially as it 

has been to write programs for sequential computers” [1]. 

As quoted above, computationally intensive applications must now be written to take advantage 

of parallelism if they expect to see future performance increases. The parallel programming is 

not easy and there are a number of challenges described in [24] [25] [26]: 

● Paradigm Change: Generally programming problems modelled with sequential program 

design thinking. Most of the programs written in the sequential paradigm.  

● Lack of Expert Programmers: There is a scarcity of expert parallel programmers. We 

need to give easier paradigm for parallel programming to increase interest in parallel 

programming.  

● Portability:  Parallel programs are not portable. Programmer needs to make several 

changes to port the program from one parallel development environment to another.  

● Compatibility: The other problem may be compatibility of the program with other 

computing hardware and software.  

● Difficult Debugging:  Debugging is difficult in case of parallel programming. Tools are 

not matured to provide efficient testing and debugging. 

● Data Dependence, Communication, and Synchronization: The communication and 

synchronization mechanism depends upon architecture used and parallel programming language. 

The problem is taken for the research work extracted from recent research studies [20] [21]. 

Although pattern-based parallel programming approach is not new and explored earlier in [7] [8], 

it is still difficult to use parallel pattern due to their diversity and biasing to hardware, 

programming paradigm, and optimization. Parallel programming is not abstracted like 

programmers in sequential software development.  The selection of patterns requires details of 

hardware, programming paradigm, and optimizations available. Incorrect mapping of pattern 

may degrade performance in few cases. It is difficult for a parallel programmer to remember all 

the details and suitability of pattern to a particular environment. Patterns are not used alone they 

collaborate with each other. Complexity in selecting pattern and dealing with their relationship 

discourage many parallel programmers to not prefer pattern based approach.   
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We are considering following problems in thesis: 

● Less or almost no abstractions are provided. Parallel programming models provides little 

abstraction. In doing parallel programming, programmer needs to be aware about architecture 

and optimization. That is the reason learning parallel programming is not easy. 

● Design of parallel software is dependent on hardware and programming paradigm. 

Parallel software design is biased with the programming model, hardware and optimizations. It is 

difficult to communicate design without considering programming model, hardware and 

optimizations 

● Complexity in using parallel patterns in programming. Parallel patterns needs to be 

selected based on knowledge of mapping and suitability of pattern with respect to architecture, 

programming model, language and the nature of the problem. 

● Inflexible and rigid design. Achieving flexible design is very difficult in case of parallel 

programming. In case of change in problem size and hardware, we need to rewrite entire 

program. 

 

5.  Objective and scope of work 
 

The overall objectives of the research are summarized as: 

“Device adaptive pattern which can behave according to architecture and map problem from 

algorithmic domain to shared memory, distributed memory environment and hybrid 

environment”.  

In this research, we have focused on the embarrassingly parallel problems in which concurrency 

can be easily identified and needs to be exploited carefully by programmer.  

⮚ To compare the performance of parallel programs on shared memory, distributed 

memory and the hybrid environment with sequential code and pattern based code. 

⮚ To propose Design Pattern that separate task specification from algorithmic strategy. 

The focus is on separation of concern. Three important concerns are concurrency, 

communication and synchronization. 

⮚ To promote the use of design pattern in parallel programming without worrying about 

interoperability. Programmer can use best practices and start with parallel program structures. 

This work shows a method of using design patterns in the parallel software development system.  

⮚ To improve the adaptability of parallel software design to work in different 

environments i.e. shared memory, distributed memory, and hybrid environment. 

⮚ To provide flexible design to adapt changes in different parallel programming 

constructs. 

Scope of the research work: 
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We define the scope of our research as: 

● To compare sequential code with parallel code on different programming environment 

like Java, OpenMP, MPI, Hybrid (OpenMP –MPI).  

● To apply different parallel design patterns (like Master Worker, SPMD, Distributor) on 

MD Simulation on different architectures like shared memory, distributed memory and cluster. 

● Formulate an Adaptive Design Pattern which can be adaptive and flexible to change 

according to architecture. 

● Compare different parameters like performance, LOC and flexibility of pattern based 

code with non pattern based code. 

 

6. Original contribution by the thesis 

 

In this research work, we have experimented with parallel design patterns their suitability with 

particular environment and language. Although pattern-based parallel programming approach is 

not new and has been explored earlier in [7] [8], it is still difficult to use parallel pattern due to 

their diversity and biasing to hardware, programming paradigm, and optimization. 

The contribution of this dissertation can be summarized as: 

● Conducted unique experiments in pattern based design for generating large prime 

number in MPI cluster. We have designed solution in a way to accommodate different number 

of cores. 

● Molecular dynamics simulation has unprecedented experiment with patterns like SPMD, 

Master Worker and Multilevel Master Worker in different programming environments. The 

pattern-based code of MD simulation is compared with sequential code and handmade 

parallelized code from a shared memory environment to a heterogeneous cluster environment. 

● Documented the “Adaptive Design Pattern for Parallel Programming” which is an 

entirely new approach in parallel software design. Such an adaptive design pattern adapts to a 

particular environment by selecting a design pattern based on suitability of that pattern in the 

environment. The information about the environment is provided by Reflection. 

● The main objective is to provide flexibility to the programmer to use patterns without 

worrying about their interoperability. The approach provided separation of concerns by 

separating task specification from concurrency and communication management.  

● Molecular dynamics simulation problem is implemented with adaptive design pattern. 

SPMD, Master Worker and Multilevel Master Worker patterns are used in shared memory, 

distributed memory and hybrid environment. The pattern based implementation is compared 

with handmade parallelization code on response time, latency, flexibility and portability. 
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● The provision of adding capabilities dynamically and based on architecture and 

programming language. The worker hierarchy is implemented in a way to achieve encapsulation 

and substitutable in case of changes. In the adaptive design pattern, Pattern Advisor picks up the 

best suitable pattern from pattern base for our context. We can thus reduce complexity in 

selecting parallel patterns. The design changes dynamically and appropriate design will be 

applied. 

 

7. Methodology of research, results/ comparison  

7.1 Design of experiment 

We have conducted experiments on various problems like Game of Life, Computation of Pi, 

Prime number generation and Molecular Dynamics Simulation. 

Earlier when we have not access to NPSF supercomputing facilities, we have experimented on 

Personal Computers (Processor: Intel Core i3, Core i5), then we have performed experiment on 

MPI-CH Cluster. The MPI-CH cluster was configured with four PC and using Ethernet as 

interconnection network. In that configuration we were getting latency of milliseconds because 

message needs to send through all layers of TCP/IP. We acknowledge NPSF CDAC for making 

supercomputing facility available to us.  

NPSF provides access to Yuva II. Yuva II is based on hybrid architecture (Combining Shared 

memory and distributed memory).The architecture is influenced by recent trends in cluster 

architecture(low cooling requirement). It uses NVIDIA GPUs and Intel Many Integrated Core 

(MIC). Intel MIC (Xeon Phi) provides many cores and fast GDDR5 memory provides high 

bandwidth. We have access to 100 cores simultaneously. In the experiment conducted, we have 

compared various approaches based on execution time, latency, speedup and lines of code. 

 

7.2 Early experiments on shared memory machines  

 

In the initial phase of our research, we have applied parallel pattern on problems like Pi 

computation and Game of life.   

 

7.2.1 Computation of Pi 
 

Many methods for calculating Pi are used. We have used Monte Carlo method for computing Pi. 

We have compared performance with single threaded pi program to multithreaded pi program. 

We have tried to make the program flexible depends upon number of cores available. It is clear 

that performance gain is visible in large number of throws/ iteration (shown in TABLE 1). 

TABLE 1: Execution time in computing Pi 

Program Design Number of Throws Dual Core Core i3 Core i5 
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Sequential(**) 

1000 31476 29147 29687 

10000 60716 59654 59176 

100000 110511 122531 110278 

Parallel Design Pattern 

Applied 

1000 20212 19342 18289 

10000 27552 21106 17963 

100000 65024 48742 36866 

 

 
* Only System Time is compared 

** Only one core is used 

 

7.2.2 Game of Life 
 

Game of life is zero player game. Game will run indefinitely only requires initial input. It divides 

space in infinite grid of square cells.  It requires input at the start only. We have evaluated it for 

two patterns generated (TABLE 2).    

TABLE 2: Execution time in generating pattern in Game of Life 

Program Design 

Pattern 

Generated 

(1000 iterations) 

Dual Core Core i3 Core i5 

Sequential 
Glidergun 46734 45876 45342 

Spaceship 43564 43874 43998 

Parallel Design 

Pattern Applied 

Glidergun 19550 12860 10530 

Spaceship 40230 30792 28683 

   

With Parallel Programming and pattern based approach, we observed a reduction in execution 

time in longer run or iteration with comparison of sequential approach. Pattern based approach 

also lead to better design and improves readability of code generated.  

 

7.3 Experiments on Distributed memory architecture 
 

 Generating Large Prime Number 

Generating large prime number is time consuming problem. We have conducted some 

experiments on sequential and parallel approaches of prime numbers generation. 

This simple method of verifying the primality of a given number n is easy to implement with 

computers but performs very slow.  It divide number from 2 to square root(n).  

There are various methods for generating prime numbers:  

● Sieve of Atkin 

● Sieve of Eratosthenes 

● Sieve of Sundaram  

● Wheel factorization. 
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The simple method Sieve of Eratosthenes is very effectively parallelize while other methods are 

difficult to parallelize.  

Large prime number generation can be considered in the category of problem known as 

Embarrassingly Parallel Problem. 

Embarrassingly Parallel Problem: 

An embarrassingly parallel algorithm contains obvious concurrency which can be exploited 

easily. While the source of concurrency is often easy to identify, taking advantage of it in a way 

that makes for efficient execution can be difficult.  The Embarrassingly Parallel pattern 

demonstrate that collection of tasks can be organized in a way to execute them efficiently.  The 

challenge is to organize the computation so that all units of execution finish their work at about 

the same time. If they completed at the same time computational load is balanced among 

processors. 

In the first experiment, we have compared the time required to generate first 250000 and 

25000000 prime number with increasing number of cores. Prime generation is embarrassingly 

parallel and can take benefits of multicore and many cores. We have devised a solution which 

adopts hardware environment and available cores to divide task dynamically in shared memory 

environment (multicore (2-8 cores) environment). 

In the second experiment we have calculated time required to generate n digit prime number. 

We can easily observe that for larger number we need more time. We have used multiple cores 

upto 64 for generating large prime number and use of more cores will improve performance. One 

improvement we have used dynamic multithreading to generate thread based on problem size. 

We have divided the problem into three parts: 

PrimeMaster: generate PrimeFactor threads based on Master Worker Pattern 

PrimeFinder: uses Pipelined design to work better in case of less number of cores. It 

communicates with PrimeFactor thread based on Gather Pattern. 

PrimeFactor: generates PrimeFactors. 

We use two supporting classes: 

Reflection: Detect hardware and provide hardware details. 

Parallel Queue: It stores temporary result. 

Opportunities of Parallelism in Generating Prime: 

Generating Prime is simple problem with perspective of programming but from the context of 

parallel programming it can be parallelize at every step:  

● At coarse grain level we can distribute range of  numbers to n processors 

● To test each number we can use prime factors. 

● These prime factors can be generated parallel 
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● Each number can be tested parallel 

● A single division can be parallel at bit level 

The same study is published in Springer AISC. Table 3 shows the execution time required to 

generate Number of primes. We have design prime number generation problem with master 

worker design pattern, such a parallel design to problem is unique. The design can be mapped to 

any number of core without modification in code.    

TABLE 3: Execution time (seconds) required to generate Number of primes 

Number of cores Number of Primes 

250000 25000000 

Sequential 0.5 36.73 

2 0.25 18.62 

4 0.12 4.5 

8 0.6 2.3 

16 0.3 1.2 

32 0.2 0.4 

40 0.4 0.4 

50 0.4 0.3 

64 0.4 0.3 

  

 FIGURE 1: Execution Time required computing N Digit Prime Numbers 

7.4 Experiments on Hybrid architecture 

 

Hybrid architectures use collection of CPUs which are multi core nodes. If MPI used in cluster 

then all nodes communicates through message passing. That is the reason, Hybrid programming 

performs better in many cases than pure MPI. Hybrid programming uses both MPI and OpenMP. 

In hybrid programming, one MPI process executes on each node of cluster and at each node 

multiple OpenMP threads executes. Hybrid program improve performance by reducing 

communication overhead. 

Hybrid programming uses best features from MPI and OpenMP: 
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● It uses collective communication provided by MPI for inter node communication. 

● It provides efficient communication mechanism for sending and receiving of complex 

data structure over the intercommunication network.  

● MPI uses explicit synchronization by message passing that is the reason correctness can 

be ensured. 

● OpenMP relies on threads which are easy to create and destroy than process. It provides 

an interface for the concurrent utilization of each SMP's shared memory, which is much more 

efficient that using message passing  

● Program state synchronization is implicit on each SMP node, which eliminates much of 

the overhead associated with message passing 

Molecular Dynamics Simulation 

Molecular dynamics is a technique for simulating the atom-by-atom behavior of molecules and 

deriving macroscopic properties from these atomic motions.  It has application in materials 

science and nanotechnology. Molecular dynamics falls in the category of particle methods, 

which includes N-body problems in celestial mechanics and astrophysics. 

Particles interact according to Newton’s law of motion F= ma. It takes the initial particle 

positions and velocities, the particle masses and other parameters as input. A molecular 

dynamics simulation consists of two activities: one is to compute forces on all particles and 

update the positions of particles. 

The computation of the forces is the expensive part. Recent molecular dynamics simulations are 

performed on parallel computers because the force computation is costly and a vast number of 

time steps are required for reasonable simulation lengths. TABLE 4 shows the execution time 

required to perform MD Simulation for parameters (No of Atoms: 5000, Dimensions: 3, 

Iterations: 16, Time step: 10-4). 

TABLE 4: Execution time in seconds 

No. of Process 

/Threads 

Pure OpenMP Pure MPI Hybrid MPI-Open MP (Best Case) 

1 179.3 218.7 219.53 

2 91.9 116.2 109.5 

4 51.3 62.8 54.6 

8 31.5 32.9 31.9 

16 16.3 21.83 16.6 

32 16.7 11.33 9.1 

64 16.8 5.46 5.1 

128 17.1 5.98 3.4 
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7.5 Adaptive Design Pattern for Parallel Programming 

We have documented Adaptive design pattern (FIGURE 4) which provides adaptability for 

incorporating different patterns in different situations. Adaptive design pattern can be realized in 

Adaptive architectural pattern (FIGURE 5) for separation of concerns in parallel software 

development. Adaptive Design Pattern gives flexibility to the selection of pattern dynamically. 

It will select Open MP or Hybrid MPI – OpenMP Implementation. SPMD based design and 

OpenMP implementation triggered for shared memory architecture. Adaptive design and Hybrid 

OpenMP, MPI implementation will be triggered in case of cluster and Master – Coordinator-

Worker design may be used. 

 

                   FIGURE 2: Adaptive Design Pattern 

 

In solution, we have focused on the following parameters: 

⮚ Separation of concern: Application Programmer focuses on all that are needed to 

compute the application result value. 

⮚ Adaptive to Heterogeneous Architectures. 

⮚ Flexible for change in code. 

⮚ Leverage skills of programmer. 

⮚ It utilize node->cores within node to reduce latency and prefer Multithreading then 

Multi-process creation and Inter Thread Communication over Inter-Process Communication.  
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FIGURE 3: Adaptive Architecture Pattern with composition of patterns of different planes 

Adaptive pattern based design gives us the flexibility to select a particular design based on 

suitability of particular design pattern to environment, programming language constructs. The 

selection of pattern is based on best practices of parallel program design. The best practices 

captured by [27][28] and also discussed in [29]. We summarize it for different scenario in Table 

[5].  

TABLE 5: Suitability of pattern and languages 

Pattern Open MP MPI  

Pipeline Suitable Suitable 

Recursive splitting Suitable   

Geometric Decomposition Suitable Suitable 

 Discrete Event    Suitable 

 Actors    Suitable 

Master/worker    Suitable 

 BSP   Suitable 

 SPMD Suitable Suitable 

Loop Parallelism Suitable   

 Fork/Join Suitable   

TABLE [6] is based on our early experiments on prime number generation and MD Simulation. 

It shows selection of pattern with considering hardware environment and programming 

language. We have implemented with SPMD, Master worker and Multilevel Master worker. In 

our design, we have demonstrated selection of pattern based hardware environment and 

programming language used. We have also implemented this adaptive design with suitable 

implementation pattern and programming language. We are demonstrating that with the 

adaptive pattern, we can flexibly switch over to different pattern based design based on 

situations shown in TABLE 6. 
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TABLE 6: Mapping of hardware, implementation pattern and programming languages 

Hardware Environment Suitable Implementation 

Pattern 

Programming Language Capabilities added 

dynamically 

Shared Memory  SPMD OpenMP Load balancing 

Distributed Memory Master Worker Hybrid OpenMP/MPI ,MPI Load balancing, Code 

migration, Fault tolerance 

Cluster Two level Master Worker Hybrid OpenMP/MPI,MPI Load balancing, code 

migration, Fault tolerance 

 

Social insects [30] have been extraordinarily successful in task allocation. Social insect’s exhibit 

most advanced form of sociality. In Adaptive design pattern, we have tried to inherit features 

from Honeybee task allocation [31]. Their advanced approach in division of work: 

● Increase longevity of their colony. 

● Reduce cost in switching of tasks. 

● Recovery in fluctuating environment. 

Honeybees exhibits  two patterns of organization of work, In the spring and summer, division of 

labour is used to maximize growth rate and resource accumulation. In winter, honeybee focuses 

on survival. They rely on honey and become generalists. 

In Adaptive design pattern, we are using honeybees’ flexible role transition model. Adaptive 

design pattern uses capabilities which can be added dynamically to workers. The worker 

hierarchy (Figure 4) is implemented in hyperslice [32][33], each worker can be replaced by 

other workers. The worker can increase its capabilities dynamically by hooks [34]. Each worker 

is capable to acquire capabilities dynamically.  We accommodate adaptability in our design by 

choosing pattern based on suitability to architecture, programming environment and 

optimization available. Flowchart shown in Figure [5] explains algorithm to choose different 

patterns and capabilities. 
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FIGURE 4: Hierarchy of worker in Adaptive design pattern 

 

 

FIGURE 5: Algorithm for choosing pattern based on suitability 
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TABLE 7 shows comparison of various parameters in different approaches. We may need to 

write more Line of Code for adaptive design pattern based code but it gives us separation of 

concern and flexibility to switch over code. 

 

TABLE 7: Comparison of Adaptive design pattern with other approaches 

Parameters Pure OpenMP  Pure MPI Hybrid MPI-Open MP Adaptive Design Pattern 

Separation of concerns No No No Yes 

LLOC .211K 0.257K 0.278K .311K  

Depth of Inheritance Tree 0-2 0-2 0-2 3 

Flexibilty to switchover code X X X √ 

Reduce hallo  NA Can be done Can be done Can be done 

Architecture Suitable Shared Distributed Cluster Any 

 

8. Achievements With Respect To Objectives 

Adaptive design pattern formulated to support pattern based code for parallel programming. We 

have accomplished the following objectives: 

● Achieve Separation of concern by dividing task management, concurrency plane and 

implementation plane. Provide abstraction to programmer be separation of concerns. 

● Adaptive to Heterogeneous Architectures. The adaptive pattern offers dynamic design 

decision based on architecture and programming language (reflections). The switchover to 

design based on context makes design adaptive to heterogeneous architecture. 

● Multilevel master worker utilizes cores within node to reduce latency and prefer 

multithreading then multi process creation and inter thread communication over inter process 

communication.  

● Flexibility of adding new capabilities to code is provided by using Hooks in design. 

The hook can be used add functionality later in case of changes. 

 

9. Conclusion 

Patterns are not biased with the programming platform in general but in parallel programming 

patterns behave differently in different scenario. The selection of pattern should consider 

programming language, architecture and constructs available. 

In this research, we have presented a novel approach of Adaptive Design Pattern for Parallel 

Programming. Our aim is to simplify programming for multicore architecture by providing a 

pattern based design which does not require expertise in selecting pattern for particular 

environment. In this work, we have designed molecular dynamics simulation with adaptive 

design pattern. We are able to get performance like SPMD of shared memory and Master 



 

12999007005 /Gujarat Technological University            Page 19 

 

Worker of Distributed Memory. We have demonstrated that we can accommodate new pattern 

in design. The pattern based design compared with the handmade parallelisation of OpenMP, 

MPI and Hybrid approach (MPI-Open MP) on various parameters execution time, latency, 

separation of concerns, depth of inheritance tree, flexibility to switchover code and reduce hallo 

size. Pattern based program is slightly slower than pure hybrid code due to increase LLOC. In 

this study, we have not considered effectiveness of algorithm.  

Our objective is to show that our pattern is adaptive. it is  flexible to add capabilities required in 

certain situations. The Adaptive Pattern proposed is suitable to problems which can map with 

Task Parallelism. The task specification is handled by programmer and incorrect task 

specification degrades performance. We have used Param Yuva –II architecture for all 

experiments. The architecture which was available for programming based on Intel MIC (Many 

Integrated Core). We need to apply our approach in GPU based architectures and also with large 

number of parallel patterns. The work done motivates for development of framework which 

completely frees programmer from understanding the details of hardware, programming 

language constructs for parallelization.  
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9622, Vol. 4, Issue 3 (Version 1), March 2014, pp.224-227. 

2. Nilesh Maltare, Chetan Chudasama, "Applying parallel design patterns to 

embarrassingly parallel problem", 2016 Symposium on Colossal Data Analysis and Networking 

(CDAN), 2016. 

3. Nilesh Maltare, Vithal N. Kamat “Applying Parallel Design Pattern on MD 

Simulation” on International Journal of Computer Application, Volume 181-Number 50, Year: 

2019, DOI:10.5120/ijca2019918674.  

4. Nilesh Maltare, Chetan Chudasama, “Large Prime number generation on MPI Cluster” 

in Scopus Indexed Springer AISC Volume 439. 

 

11.2 Papers in communication 

 

● Nilesh Maltare, Vithal N. Kamat, “A Laboratory Experiment to exploit parallelism by 

Parallel Design Pattern” accepted in IEEE Conference EEECM-2018. 
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● Nilesh Maltare, Vithal N. Kamat, “Adaptive Design Pattern for parallel programming” 

submitted to Scopus Indexed Journal. 
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