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 This paper presents the integrated scientific software called High Performance 
Computing Library (HPCL) as a breakthrough strategy for predicting, visualizing and 

observing some parameter characteristics and mechanical properties of rubber 

nanocomposite for advance polymer processing. The function and use of HPCL 
excessively to manage a big data set and organized the computational library related to 

mechanical parameters of composite material searchable through a user-friendly web-

based system. This software will involve some mathematical modeling, numerical 
simulations and high performance computing technology to improve the accuracy of 

prediction, quality of resolution and performance measurements. The parameter 

characterization of rubber nanocomposite will focus on heat flow, rubber elasticity, 
stress and stiffness,  density and pressure  distribution, stress-displacement relation, 

phase change condition, cooling and heating processes, solid-liquid interface, time step 

and dimensional of the targeted area.  The implementations of parallel algorithms for 
investigating the parameter changes involving Partial Differential Equation (PDE) are 

based on large sparse parabolic and elliptic-Poisson types. PDE models are efficiently 

used to govern the complex dynamic systems for rubber nanocomposite processing. 
The discretization technique to obtain a large sparse linear system of equations of PDE 

is based on Finite Difference Method (FDM). A set of mathematical modeling are the 

computational engine for HPCL visualization. The HPCL software supports high 

performance computing of numerical simulation library and repository on distributed 

parallel computing system (DPCS) using multiple computers communicating over the 

local area network. The contribution of modeling and simulation involve the algorithm 
provider, organizing process by scientific librarian and application by user. The 

sequences and parallel programs are supported by Parallel Virtual Machine (PVM) and 

C language on DPCS based on Linux operating system.  The performance measurement 
will be investigated by run time, accuracy, convergence, errors, speedup, efficiency and 

effectiveness. As a conclusion, the integrated of HPCL software  will be an alternative 

software system to speed up the large sparse computational complexity and optimize 
the visualization quality for predicting, visualizing and observing some parameter 

characteristics of the unique  combination of rubber composite  to save resources, time 

consuming and space allocation during the injection molding process, melt-molding 
process, assemble process of rubber nanocomposite material and manufacturing the 

assembled product. The validation of mathematical modeling and simulation of HPCL 

is compared to the real data set from Malaysia Rubber Board (LGM) 
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INTRODUCTION 

 

This paper aims to investigate an emerging nanomaterial concerned with the application and production 

processes of rubber nanocomposites. This research offers a new technology development of structural 

and functional nanocomponent with a new feature involving nanoscale particles, large sparse and complex 

models, fine granularity computation and high computational computing platform. It is reasonable to explore a 

new nanocomposite material, parameter characterization and identification during the assemble processing. 

Based on these limitations, this paper proposes a mathematical modeling and numerical simulation software to 

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=2&SID=U1wEs3pAJmcxnboRzdN&page=1&doc=8
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predict and visualize some parameters characterization of nanoscale rubber composite material.  The aims of the 

research are to improve tire tread manufacturing by integrating the visualization using mathematical model, 

numerical simulation and HPCL software development.  There are three phases have been focused to fulfill 

these aims. The first phase is to identify the parameter characterization and obtain the mathematical model for 

predicting, observing and manipulating the changes in independent and dependent parameters. The second phase 

is to implement the parallel computing of numerical simulation on DPCS, to analyze the numerical results, to 

measure the parallel performance indicators. The last phase is to develop the HPCL software for visualizing the 

mechanical properties of the nanoscale rubber composite material and it’s processing using a large scale of 

phase change modeling based on partial differential equations (PDEs) [1,2]. In the length scale of approximately 

1-100 nanometer range, modeling and simulation of parabolic and elliptic-Poisson types are the important solver 

for the temperature behavior, wave motion and density profile at the molecular scale of assembled and 

fabricated nanocomposite application. 

Based on the mathematical simulation and numerical results [2,3] of non-uniformly heating problem, heat 

flow, rubber elasticity, stress and stiffness, density and pressure  distribution, stress-displacement relation, phase 

change condition, cooling and heating processes, solid-liquid interface, time step and changes parameter 

characterization will be stored via a database library of HPCL. HPCL software is communication software of 

parallel programming model, which is supported by PVM as a combination set of open source software and 

libraries. HPCL emulates a flexible, general-purpose, heterogeneous concurrent computing platform in 

interconnected computers of various HPC architectures. The efficient HPCL is used to understand and to control 

the mechanical parameter during the processing. HPCL will able to visualize the parameter characterization and 

display 3D animation obtained by the HPC systems. Consequently, the researcher will be able to reuse the 

results and analyze the scientific algorithm
 
to fulfill the matching requirement and optimize the solution of the 

complex dynamic model [1]. 

 

2. Nanoscale:  

Nanoscale denotes a factor of 10
−9 

m and a nanoparticle covers a range between 100 and 2500 nanometers. 

Meanwhile, an ultra-fine particle size is between 1 and 100 nanometers. Similar to ultra-fine particles, nano-cell 

size is between 1 and 100 nanometers. Based on the nanoscale approaches, the targeted area of this research is 

related to fine grain parallelism involving a large scale matrix of the discretization model, a large sparse 

computational complexity, intensively used in a large-scale parallel computing system and a huge memory 

space.  Thus, the HPCL is a leading collection of parallel numerical library and repository to support dynamic 

simulation with high-speed solution. In order to achieve HPCL implementation in parallel, suitable software and 

hardware are provided as a paradigm to support the simultaneous execution on homogeneous and heterogeneous 

DPCS. All the numerical methods and parallel programming in visualizing and observing the changing 

parameters of phase change simulation models are kept as a web repository of HPCL software. HPCL is based 

on open source technology, run on Linux operating system using DPCS. The parallel algorithms are 

programmed in C language while the communication software tool involves the use of PVM.  The development 

of HPCL web site is based on Perl-CGI, HTML, PHP, XML, UML, Java and MySQL database software. The 

parallel performance indicators of HPCL are analyzed in terms of numerical analysis and efficiency, granularity, 

distributional, robustness, adaptability and stability of the algorithms [4]. 

 

3. Modeling And Numerical Simulation: 

The mathematical modeling of HPCL is based on the PDE with parabolic and elliptic-Poisson types. The 

temperature behavior related to heat flow, heat transfer, uniformly heating problem, phase change condition, 

cooling and heating processes with Stefan problem [5], pressure and density distribution are dealing with 

multidimensional parabolic equation respect to time and space. The elasticity of rubber nanocomposite material, 

flow of solid-liquid interface, strength and crack propagation are dealing with elliptic-Poisson type.  Parameter 

changes are able to simulate the PDE equation at the specific initial and boundary conditions [6].  This strategy is 

able to track the effect of specific parameter changes without implementing the complete fundamental experiment 

in the laboratory [7].  As an impact, the mathematical modeling presents the ability hypothesis, accurate prediction 

and real time observation during the melt-molding process.  Figure 1 shown the multidimensional visualization of 

rubber nanocomposite in term of density, pressure, elasticity, crack propagation, temperature behavior respect to 

space and time during melt-molding process. The multidimensional of stress and displacement visualization are 

shown in Figure 2 (a & b) and 1D of stress for difference stiffness are presented in Figure 3 (a & b). Figure 4 (a - 

f) shown the increment performance of elasticity component with 20 N in polymer based nanocomposite.  Some 

iterative numerical methods such as AGE, IADE, ADI and classical methods are compared for solving the PDE 

discretization
8
. Based on the numerical results, analysis and performance, the superior methods are chosen for 

parallel implementation of fine grain simulation. The simulation of large sparse PDE discretization emphasized 

the development of sequential and parallel algorithms. The integrated C++ and C languages binding for   

the PVM user interface library supported the distributed programming on DPCS platform [9]. 
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Fig. 1: (a) 1D and 2D density, (b) 1D pressure, (c) elasticity, (d) 3D crack propagation, (e) 2D temperature 

behavior and (f) 3D temperature behavior respect to space and time. 

 

 
Fig. 2: 2D and 3D visualization of stress-displacement relation 

 

 
Fig. 3: Stress versus node for difference stiffness 
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Fig. 4: The increments of the element local nodal displacements of the elastic component 

 

3.1  Some Numerical Methods: 

The selected numerical methods and its high performance computing must have the important properties of 

the most powerful computational engine for performing HPCL. Some numerical methods such Alternating 

Group Explicit (AGE) [4], Successive Over Relaxation (SOR), Gauss Seidel (GS), Red Black Gauss Seidel 

(GSRB) and Jacobi (JB) methods are investigated to select the superior method for solving the curing model. 

This model is used to form a rubber nanocomposite composition. 

The comparison of cure percentage between the curing model and the real data set from LGM is illustrated in 

Figure 5 (a). The result shows that mathematical model of HPCL convergence to the real data curve for every 

time step. It is proven that the governance model is relatively good estimation or prediction over the long time 

step in the melt-molding process. Figure 5 (b) (i & ii) shown the numerical solution of AGE method approaches 

the exact solution of LGM data set. 

 

 
 

Fig. 5: Comparison results between numerical methods with the  real time data set from LGM in terms of  (a) 

curing time (b) heating and  cooling processes 

 

4. Parallel Algorithm: 

Parallel computing involves huge computation cost and communication activities among processors to 

solve a number of tasks. Thus, the communication and synchronizing the task from separate processes can be 

done by using the message passing model. The big data of solution domain has divided into smaller subdomain 
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for parallelization process. The parallel algorithms are responsible in interfacing with the communication 

network by linking a number of processors together via message-passing interface
8
. In this paper, single 

interaction-multiple data stream (SIMD) programming model has been implemented on multiple processor 

platforms to achieve high performance measurement of HPCL. The specific methodology of parallel computing 

under consideration is PVM integrated with COMSOL and C++/C. The communication structures of parallel 

program involve the terminology of parallel algorithm, parallel processing, distributed processing and huge 

memory allocation. The simulation of PDE will perform by sequential and parallel algorithms to visual high 

resolution
9
. HPCL is available for solving   large sparse application based on the dimension of targeted domain, 

computational and communication pattern, architecture of DPCS, the structure of computational complexity and 

communication cost. 

 

Hpcl Development: 

PDEs are applied to enhance the monitoring, observing and visualizing the mechanical parameter. The 

repository of HPCL contains the dynamic simulation with a high-speed solution for some parameter 

characteristics of rubber nanocomposite assembled
10

.  The solution will display the graphic animation in 3D 

visualization of the temperature profile and mechanical properties accurately. This modeling process will 

improve product quality, prototyping, manufacturing costs and product design as well as reduces product 

development cycle.  

There are seven phases for the development of HPCL software. The first phase is a big data collection from 

nanotechnology equipment for nanocomposite fabrication and assemblies. The second phase is converting from 

analogue to the digital data set. The third phase is obtaining the PDEs model, its discretization and parallel 

algorithm using the digital data set as initial and boundary conditions. The fourth and fifth phases are the 

implementation of parallel programming on DPCS platform based on SIMD model and domain decomposition 

technique
11

.  The sixth phase is the visualization of multidimensional parameters characterization. The last 

phase is the development of user friendly web based HPCL to support and embedded system of the 

nanotechnology equipment as stated in the second phase of the flowchart below: 

 
 

Fig. 6: Flow of HPCL software system 

 

5.1  Design Architecture of Hpcl: 

The architecture of the numerical simulation in HPCL consists of two processes; scientific computing 

analysis and web portal for numerical library. The contribution of numerical simulation code from provider of 

scientific algorithm is managed by a scientific librarian. The development of graphical user interface (GUI) for 

the development of object-oriented numerical libraries is organized by scientific librarian before delivering to 

the user. The design, architecture and process flow of scientific algorithm provider, scientific librarian and user 

of the HPCL web is shown in the Figure 7.  
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The first flow emphasizes on the scientific analysis process for abstracting the problem of parameter 

characterization involve, governing the PDEs modeling, discretizing the solution domain and lastly is obtaining 

the numerical algorithm. This process will be handled by the scientific algorithm provider. The second flow 

involves the development of the web portal of the scientific computing library, prototyping the parallel 

algorithms, obtaining the simulation, implementing parallel program on DPCS and visualizing numerical results 

for the specific parameter characterization. The function of  scientific librarian is similar to the system 

administrator. The scientific algorithm  provider also can be one of the HPCL users. The validation of HPCL is 

based on the comparison of numerical analysis , numerical results, parallel performance indicators and 

experimental results from LGM. The conceptual model to handle the web portal of  HPCL is shown in Figure 6. 

The users have private access to use the respiratory of HPCL. The conceptual model and use case diagram are 

drawn to explain the process of multi-type module. The conceptual diagram of HPCL in Figure 8 explains the 

process starts with the interaction among the users, scientific algorithm provider and user interface in three 

different modules. There are Authoring, Publishing and supporting modules. According to the conceptual 

diagram, there are several levels to access the HPCL such as dissimilar access to allow the common users 

browse the code, view tutorials and explore the code. Meanwhile, the approval status for contributing the code 

and publishing the approved code are done by the scientific librarian. 

                       
 

Fig. 7: Design architecture of scientific algorithm provider,                   Fig. 8: Conceptual Model of HPCL 

             scientific librarian and user of HPCL 
 
Table 1: The comparison of  numerical results  based on some numerical methods 

Numerical Analysis AGE Gauss Seidel 
Red-Black 

 SOR Gauss Seidel Jacobi 

Execution time 0.05667s 0.06227s 0.06228s 0.06418s 0.06607s 

Number of iteration 5 30 30 50 60 

RMSE 1.77057 4.03773 3.56559 4.93908 5.79083 

Convergence rate 12 2 2 1.2 1 
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6. Hpcl Performance and Numerical Results: 

Table 1 shows some numerical results of PDE based on the cooling and heating process to present liquid or 

solid nanocomposite.  AGE method performs 9.9%, 10%, 13%, 17% compared to the SOR, GSRB, GS and JB 

respectively. With respect to convergence indicator, the AGE algorithm up to 6 times faster than SOR and 

GSRB algorithms. The speedup of AGE algorithm is  6, 10 and 12 times more than SOR, GSRB and GS 

respectively. With respect to convergence, the AGE algorithm up to 6 times faster than SOR and GSRB 

algorithms. Based on root means square error (RMSE) the AGE algorithm is more accurate than SOR, GSRB, 

GS and JB up to 50%, 56%, 64%, 70%  respectively. For more details,  Table 1 shows the numerical indicators 

for some numerical methods under consideration. AGE is superior compared to GSRB, SOR, GS and JB 

methods. Based on these results, the parallel implementation focuses on the comparative performance of two 

superior methods. AGE and GSRB are the highest ranking of numerical analysis indicators for 

nanocomposite formation by melt processing. 

HPCL is developed by integrating PVM and C language on Linux platform.  The development of the 

parallel algorithm makes it possible for future advancement of the parallel algorithm on DPCS platform. HPC 

will reduce the visualizing process complexity where the task is distributed to several processors and produce 

results in less time compared to running the code on a single processor. Furthermore, by using Linux as an 

operating system platform, it will ensure the low-cost implementation since it is an open source environment 

where no licensing procedure is required. Figure 9 (a) shows the speedup is increasing respect to the increasing 

number of processors. Figure 9 (b) shows that the efficiency decreases due to communication costs and 

load imbalance problem.  Figure 9 (c & d) shown that the effectiveness and temporal performance increase as 

the matrix size increases. Based on the performance measurement in Figure 9, parallel AGE is the superior 

method for solving large sparse mathematical modeling for rubber composite assemblies’ process.  

 

 
 

Fig. 9: (a) speedup, (b) efficiency, (c) effectiveness and (d) temporal performance versus number of processors 

 

Conclusion: 

The originality of this paper is the HPCL development for high performance visualization of parameter 

characterization and mechanical properties during the injection molding process, melt-molding process, 

assemble process of rubber nanocomposite material.  PDEs modeling based on parabolic and elliptic-Poisson 

equations are the engine of HPCL. The parallel performance indicators and numerical analysis have proven the 

validation of the PDEs modeling for predicting and observing the changes parameter respect to space and time.  

The superior of the parallel AGE method is proven to achieve high performance indicators and accurate 

results for solving a large sparse elliptic-Poisson and parabolic simulation. The software engineering technology 

of HPCL is significant to the user in terms of architecture design, parallel numerical simulation, large sparse 
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visualization and high performance computing platform for solving nanoscale computation and high complexity 

problems. HPCL software is the alternative tool to enhance the better understanding and knowledge sharing 

among designer and researcher especially to control the big data scale of non-consistency mechanical properties 

in rubber nanocomposite manufacturing industry.  

The transformation phase technology from sequential to parallel algorithm in terms of fine granularity, 

domain decomposition technique, message passing activities, subdomain partitioning and mapping process can 

be benefited to improve the speedup for solving a large matrix size that consumed low cost execution time. 

Enhancement of open source HPCL is well suited as an embedded system to support the nanotechnology 

instruments. The integrated of HPCL software  will be an alternative software system to speed the large sparse 

computational complexity and optimize the visualization quality for predicting, visualizing and observing some 

parameter characteristics of the unique combination of rubber nanocomposite  to save resources, time 

consuming and space allocation during the injection molding process  and manufacturing the assembled 

products 
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