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ABSTRACT 

 

Computer simulation of chemical dynamics helps understand properties of atom 

ensembles in terms of their structures and the microscopic interactions, and it is an 

important investigation approach widely used in scientific and engineering investigations. 

Efficient and effective use of chemical dynamics simulation software usually requires 

familiarity and experiences of the software and the hardware system the software runs on. 

Recently a cyber-infrastructure for chemical dynamics simulations, Chemical Dynamics 

Software and Simulation System (CDSSIM), was developed that provides online access 

to simulations based on molecular mechanical models for inter-atomic interactions. There 

are a large number of dynamics simulations that require the more accurate quantum 

mechanics-based models for inter-atomic interactions to capture adequate details of 

reaction processes. In this paper, we report a further development of CDSSIM that adds 

the capacity to support online access to quantum mechanics-based dynamics simulations. 

Since quantum mechanics-based simulations are much more time consuming and also 

need more input from users to set up conditions for a simulation, our efforts have been 

focused on addressing these two issues in providing (i) a user-friendly graphic user 

interface for easier set-up of simulation conditions, and (ii) simulation-condition-based 

optimization of the simulation environment for better utilization of the computer system 

for fast simulations as well as for easy, convenient user interactions. With these two 

efforts, many of the essential but sometimes boring manipulations are either automated 

by the CDSSIM system in the background unknown to the user or hidden in the 

manipulations of visually-appealing graphic objects, resulting in a substantial reduction 

of tedious typing inputs and user interventions, and hence rendering CDSSIM a more 

resourceful, effective, yet still user-friendly web interface that, from the user’s viewpoint, 

intelligently upgrades operation simplicity, efficiency, and the running smoothness of 

dynamics simulations with easy and worry-free user interactions. 
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CHAPTER 1 

      INTRODUCTION 

 

In a chemical dynamics simulation, the positions (i.e. the Cartesian coordinates) of all the 

atoms of the molecular system are calculated for a sequence of time steps by some 

numerical integration. Such a sequence of atom positions as a function of time is a 

classical trajectory that gives a detailed picture of the complex, often correlated motions 

of the atoms. VENUS, a chemical dynamics computer program for performing such 

chemical dynamics simulations, was developed by the Hase research group. This was 

later integrated with the NWChem to form a consolidated simulation package called 

VENUSNWChem. This VENUS interfaced NWChem package is a dynamic trajectory 

calculation program for a given system of interest which uses NWChem to calculate the 

potential energy and the gradient which will be used by VENUS to create a direct 

dynamic trajectory. VENUS can also be used to determine reaction path and variational 

transitional state properties. It verifies the reaction mechanism proposed by theoretical 

calculations or experiments and has important applications in many research fields, 

including nanoscience, material and environmental sciences, molecular biology, and 

biochemistry. VENUS, through integration at regular integration steps obtains a 

trajectory of a chemical reaction. The integration at each step requires force. VENUS 

uses the molecular mechanical model to calculate force which is not very accurate. Upon 

integration with NWChem, the VENUS obtains force from NWChem. NWChem uses a 

quantum mechanical model to calculate force which is much more accurate than that 

calculated by the molecular mechanical module. But, the penalty is that the input model 

to VENUSNWChem includes many more parameters. Thus, the added cost in building an 

input made the task to obtain benefits of such an efficient and accurate software tedious. 

There was urgency for developing an infrastructure that could provide an interactive and 

intelligent interface for a rapid generation of an input model. Thus, the prime objective of 

the research is to develop a human friendly interface for activities that involve input 

model generation and job submission and monitoring for chemical dynamics simulation.  
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Software that is used in the Chemical Dynamics Simulation including VENUSNWChem 

can be installed in a single machine and run, but a better way is to interface it with a 

cluster. Jobs could then be submitted to the cluster for execution. Jobs submitted in this 

way took the default scheduling scheme as defined by the queuing system. This means 

that the jobs were routed to the nodes that would be free. This increased the waiting time 

and at times even took hours or days for the simulation to be initiated. There was an 

urgent need to take care of such a latency that demeaned the importance of such a fine 

software package. Once jobs are run, expertise in the queuing system is required to 

monitor the job and filter information one is interested in. These were huge impediments 

for general users to take the potential benefit of such an excellent work at Hase research 

group combined with that at the Pacific Northwest National Laboratory. This research 

effort concentrates on providing cyber infrastructure that enhances users’ accessibility to 

chemical dynamics simulations with intelligent interfaces and a custom built library. In 

this way, the research pioneers an effort to mitigate difficulties involved in a human’s 

interaction with a machine for molecular dynamics simulation to the extent possible by 

the help of interfaces which encapsulate the intelligent computational maneuver behind.  

 

One of the pioneering efforts is an efficient use of cluster resources. A special module 

was developed called the intelligent scheduling package (ISP) that has implementation 

that could do a smart analysis of nodes in a cluster and their availability so that jobs could 

be routed to an appropriate set of nodes.  

 

Normally, inputs for a simulation are built manually using a text editor. Parameters that 

defined the molecular structure were fetched manually to the inputs. This was tedious and 

time consuming. This is exactly where the human machine interaction helps to optimize 

the objective function that describes the complexity of the current complex system. One 

outcome of the research endeavor is the “Molecular Builder and Input File Builder”, a 

dialogue-based GUI that optimized the objective function that described the previous 

modality of working. The GUI has a module that helps in the creation of molecules with 

all the properties required to describe them, such as, the atomic number, charge, 
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Cartesian coordinates, bonds, etc. Special parsers are incorporated in such a molecular 

builder that can scan the molecular structure and obtain necessary information required to 

build the VENUS and the NWChem input. The GUI has an individual graphical module 

for building the VENUS and the NWChem input. 

 

Job manipulation was a privilege of a computer expert. Jobs could be manipulated in 

many ways based on the information of their status. One may want the result from the 

completed job, resubmit the rejected job after the analysis of the cause, wait for the 

completion of the job, and kill jobs that are taking an extraordinary amount of CPU time. 

One of the research outcomes is the development of a special package called the Job 

Manipulation Package (JMP) that has strategies built on it to handle aforementioned 

issues intelligently. 

 

The formal conclusion of this research endeavor is to enhance accessibility to chemical 

dynamics simulations with an efficient use of cluster resources and enhancing pleasant 

client machine interaction with a specially designed intelligent and human friendly 

dialogue based interface. The optimization obtained in the objective function representing 

the complexity of our system signifies the importance of the research effort which shall 

be dealt with much detail later on this paper. 

 

An overview of the software and hardware architecture is discussed in section 2. Section 

3 presents the details of the special scheduling package built and its impact on 

performance followed by a description of a dialogue based interactive molecular builder 

GUI in section 4.  The job manipulation strategy undertaken is in section 5. Finally, the 

conclusion is in section 6. 
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CHAPTER 2 

OVERVIEW OF THE S/W AND H/W ARCHITECTURE 

 

2.1 Interoperable & reliable machine-to-machine interaction network 

architecture 
 

2.1.1 Introduction 
 

The objective of creating cyber infrastructure for taking the advantage of chemical 

dynamics simulation requires a reliable and consistent network architecture built before 

any substantial benefit is obtained. The SSH connection has the capability to produce a 

reliable communication channel between computer hosts. It provides the best security 

when accessing another computer remotely. Not only does it encrypt the session, it also 

provides better authentication facilities, as well as features like secure file transfer, X 

session forwarding, port forwarding and more so that you can increase the security of 

other protocols. It can use different forms of encryption ranging anywhere from 512 bit 

on up to as high as 32768 bits and includes ciphers like AES (Advanced Encryption 

Scheme), Triple DES, Blowfish, CAST128 or Arcfour. Of course, the higher the bits, the 

longer it will take to generate and use keys as well as the longer it will take to pass data 

over the connection. But, for a complex task consisting of multiple subtasks, maintaining 

connection for the entire session is an overhead to the network. Thus, an architecture that 

could annul the need of connection session other than the normal http session was an 

immediate need. Web services together with the normal http session could provide us 

with such connection and yet security uncompromised. A 'Web service' is defined as "a 

software system designed to support interoperable machine-to-machine interaction over a 

network". Web services are frequently just Web APIs that can be accessed over a 

network, such as the Internet, and executed on a remote system hosting the requested 

services. The Sun Java System Application Server 9.1 hosts the web services in our 

system. In such modality of communication, the client and the server communicate using 

XML messages that follow the SOAP standard. Simple Object Access Protocol, 
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SOAP Request 

Services 

Web Services 

Client 

SOAP Request 

Services 

Web Services 

popularly called the SOAP, is a simple XML-based protocol to let applications exchange 

information over HTTP. Basically, it is a protocol for accessing a web services. SOAP’s 

XML based communication renders platform and language independence. Unlike RPC 

based communication, the XML based communication has the capability to get around 

firewalls. In such systems, there is often machine-readable description of the operations 

offered by the service written in the Web Services Description Language (WSDL). Thus, 

web services along with SOAP in our cyber infrastructure provide an interoperable and 

reliable machine-to-machine interaction network. Figure 2.1.1 is the depiction of such a 

network. 

HTTP Request 

                                                                                                          

HTTP Response (Java Server Pages and/or Applets) 

 

 

 

 

 

 

 

 

 

 

     

 

 

Figure 2.1.1: Network Architecture 
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2.1.2 Message Oriented Service Model 
 

 2.1.2.1 Introduction 
 

The web service architecture is based on the Message Oriented Service Model. The 

architectural intricacy is followed and explained focusing on those aspects of the 

architecture that relate to messages and the processing of them. Our concentration is on 

the structure of messages, relationship between the sender and the receiver and what is 

communication modality involved. Figure 2.1.2.1 is a depiction of the message oriented 

model. 

  

                      

Figure 2.1.2.1: Message Oriented Model 
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2.1.2.2 Message 
 

A message represents the data structure passed during communication. The structure of a 

message is defined in a service description. The main parts of a message are its envelope, 

a set of zero or more headers, and the message body. The envelope serves to encapsulate 

the component parts of the message and it serves as a well-known location for message 

transport services to locate necessary addressing information. The header holds ancillary 

information about the message and facilitates modular processing. The body of the 

message contains the message content or URIs to the actual data resource. 

 

A message can be as simple as an HTTP GET request, in which the HTTP headers are the 

headers and the parameters encoded in the URL are the content. Note that extended Web 

services functionality in this architecture is not supported in HTTP headers.  

 

A message can also simply be a plain XML document. However, such  messages do 

not support extended Web services functionality defined in this architecture. 

 

The message type in our architecture is a SOAP XML, in which the SOAP headers are 

the headers. Extended Web services functionality are supported in SOAP headers.  

Messages are originated by (Sender) and intended to (Receiver) and are delivered through 

a message transport mechanism. The message transport is the actual mechanism used to 

deliver messages. Examples of message transport include HTTP over TCP, SMTP, 

message oriented middleware, and so on. The responsibility of the message transport is to 

deliver a message from a sender to one or more recipient, i.e. transport a SOAP Infoset 

from one agent to another, possibly with some implied semantics (e.g. HTTP methods 

semantics). 

Message transports may provide different features (e.g. message integrity, quality of 

service guaranties, etc.). For a message transport to function, the sending agent must 

provide the address of the recipient. 
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2.1.2.3 Address 
 

The message transport mechanism requires a set of information to communicate. This 

constitutes an address in the “Message Oriented Model”. They are contained in the 

header or typically called envelope of the message structure. Address in HTTP message 

transport mechanism is a URI (Uniform Resource Indicator). Address type could vary 

depending on transport mechanism opted. 

 

2.1.2.4 Delivery Policy 
 

Delivery policies are those policies that relate to the delivery of messages. Typically, a 

delivery policy applies to the combination of a particular message and a particular 

message transport mechanism. The policies that apply, however, may originate from 

descriptions in the message itself, or be intrinsic to the transport mechanism, or both. 

Examples of delivery policies include quality of service assurances — such as reliable 

versus best effort message delivery — and security assurances — such as encrypted 

versus unencrypted message transport. Another kind of delivery policy could take the 

form of assertions about recording an audit of how the message was delivered. 

 

2.2 Grid computing “High end parallel computational resources” 
 

2.2.1 Introduction 

  
Chemical dynamics simulations are computationally intensive and demands high 

resource.  On a normal computer it might take more than a normal tolerance limit to wait 

for the client. It’s a challenge for software to be accepted by the user. Once the client 

attention is achieved it’s even more difficult to retain their patience for long to make 

them accept the software as default software among all the alternatives available that 

addresses the same problem. Our research endeavor attempted to decrement the wait time 

for the job to complete by using the great power unleashed by the parallel and grid 

computing technology. Especially, designed parallel version of software like VENUS and 
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NWChem can take resources of multiple processing units to divide and speed up the huge 

task ultimately lowering the execution time by a significant level. This helped system  

gain the client’s confidence. In fact, in the following section, it shall be described that 

unlike the previous cyber infrastructure architecture, job submission and monitoring is 

decoupled. This decoupling adds an advantage of making void the necessity of waiting 

the jobs to complete once it is submitted. 

 

2.2.2 Cluster 
 

Cluster is a group of computers working in sync to obtain a desired output in time 

relatively low than it would have been performed in a single computer. The system where 

chemical dynamics are simulated is a Dell Linux cluster, formally called chemdymn, 

which is configured with 32 Dell Power Edge 1950 computer nodes (rack mount), total 

606GB memory and 21.5TB disk space. The theoretical peak performance is 2.7 

TFLOPS. Nodes are interconnected with Cisco InfiniBand technology. 

The Chemdynm compute and login nodes run a Linux CentOS and are managed by the 

Rocks 5.0 cluster toolkit. One Dell 48-ports GigE manageable switch provides access 

between frontend, computer nodes, metadata server, and storage servers. Parallel Lustre 

files system has been configured to target different storage needs. Each compute node 

contains 8 cores as a dual-socket, quad-core platform. The configuration and features for 

the compute nodes, interconnect and I/O systems are described below. 

Compute Nodes: Chemdynm is a rack-mount 1U system. Each node is a Dell PowerEdge 

1950 running a 2.6 x86_64 Linux kernel from www.rockclusters.org. Each node contains 

two Intel Xeon Quad-Core 64-bit processors (8 cores in all) on a single board, as an SMP 

unit and utilizes four 45-nm Hi-k next generation Intel Core™ microarchitecture cores. 

The processor is manufactured on Intel’s 45 nanometer process technology combining 

high performance with the power efficiencies of a low-power microarchitecture. The core 

frequency is 2.66GHz with a peak performance 83 GFLOPS/node. Each node contains 

16GB of memory. The memory subsystem has a 1333MHz Front Side Bus, and 2 
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channels with 533MHz Fully Buffered DIMMS. Each socket possesses 12 MB (2 x 

6MB) Level 2 cache with Intel Advanced Smart Cache Architecture. 

File systems: Chemdynm's file systems are built on three SuperMicro storage servers, 

each containing 8 SATA drives, and one Dell metadata servers. From this aggregate 

space of 19TB, several file systems will be partitioned. 

 

2.2.3 Cluster Management Strategy 
 

Despite the immense power of a cluster, if a scalable “cluster” management strategy is 

not adopted, the favorable economics of clusters are offset by the additional on-going 

personnel costs involved to “care and feed'' for the machine. The complexity of cluster 

management (e.g., determining if all nodes have a consistent set of software) often 

overwhelms part-time cluster administrators, who are usually domain application 

scientists. When this occurs, machine state is forced to either of two extremes: the cluster 

is not stable due to configuration problems, or software becomes stale, security holes 

abound, and known software bugs remain unpatched.  Rocks a cluster management 

strategy is a bundle with a complete operating system (Linux flavor) and the cluster 

management module. It has a smartness to differentiate nodes. It can then load only 

software based on node types. 

The physical setup for a Rocks Cluster contains one or more of the following node types: 

• Frontend  

Nodes of this type are exposed to the outside world. Many services (NFS, NIS, DHCP, 

NTP, MySQL, HTTP, etc) run on these nodes. Frontend nodes are where users login in, 

submit jobs, compile code, etc.  

Frontend nodes generally have the following characteristics:  

• Two ethernet interfaces - one public, one private.  
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• Lots of disk to store files.  

• Compute 

These are the workhorse nodes. They are also disposable. The Rocks management 

scheme allows the complete OS to be reinstalled on every compute node in a short 

amount of time (~10 minutes). These nodes are not seen on the public Internet.  

Compute nodes have the following characteristics:  

• Power Cable  

• Ethernet Connection for administration  

• Disk drive for caching the base operating environment (OS and libraries)  

• Optional high-performance network (e.g., Myrinet)  

• Ethernet Network  

All compute nodes are connected with ethernet on the private network. This network is 

used for administration, monitoring, and basic file sharing.  

• Application Message Passing Network  

All nodes can be connected with Gigabit-class networks and required switches. These are 

low-latency, high-bandwidth networks that enable high-performance message passing for 

parallel programs.  

The Rocks cluster architecture dictates these nodes types are connected as such: 
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       Figure 2.2.3: Cluster Architecute 

On the compute nodes, the Ethernet interface that Linux maps to eth0 must be connected 

to the cluster's Ethernet switch. This network is considered private, that is, all traffic on 

this network is physically separated from the external public network (e.g., the internet). 

On the frontend, two ethernet interfaces are required. The interface that Linux maps to 

eth0 must be connected to the same ethernet network as the compute nodes. The interface 

that Linux maps to eth1 must be connected to the external network (e.g., the internet or 

your organization's intranet). Thus, the so formed cluster system can receive jobs via the 

frontend routed to the proper compute nodes as required, ultimately boosting the 

performance of the system dramatically. 
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2.3 Strong security architecture to the client for the usage of java 

application 
 

There has been development of remarkable number of amazing and powerful software.  

But the fact is, only few survive the competition. Some of the qualities on which the 

client acceptance of the software is judged are output precision, level of security, fault 

tolerance, user friendly, etc. Thus to gain the user confidence huge effort has been put on 

to secure the client of malicious action that software could afflict. 

 

The cyber infrastructure has different application modules which would at different 

phases of its execution use the resources of the client for data manipulation and 

processing. These modules are specially designed java applet based applications 

accessible over the web. Java applets are often mistrusted and thus, have limited access to 

the user’s system-in particular having no direct access to the client’s disk or clipboard. To 

enable applets to have an access to the client’s system different security approaches were 

studied.   

 

Public-key cryptography, also known as asymmetric cryptography, is a form of 

cryptography in which the key used to encrypt a message differs from the key used to 

decrypt it. In public key cryptography, a user has a pair of cryptographic keys—a public 

key and a private key. The private key is kept secret, while the public key may be widely 

distributed. Incoming messages would have been encrypted with the recipient's public 

key and can only be decrypted with his corresponding private key. The keys are related 

mathematically, but the private key cannot be practically derived from the public key. 

This approach had a distribution overhead of the public key to each parties willing to 

send data. This approach again had a maintenance overhead which impeded the user’s 

interest.  

 

Certificates were invented as a solution to the public key distribution problem. It is a 

digitally signed statement from one entity saying that the public key of some other entity 

has a particular value. Now, a certificate authority (CA) can act as a trusted third party. 
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CAs are entities who are trusted to sign certificates for other entities for e.g. VeriSign, 

Thawte, Entrust, etc. Because of the cost involved in using this popular certifying 

authority, a paradigm of certification, called the private certification was adopted. Key 

pair generation algorithm “RSA” has been used to create a signed key that is used to 

authenticate the certificate. “RSA” uses the default signature algorithm "MD5withRSA". 

 

Thus certified modules are capable of achieving its objective without comprising the 

security on the client side with all the resources of the client to the advantage of our 

Chemical Dynamics Simulations cyber infrastructure. 
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CHAPTER 3 

SCHEDULING PACKAGE AND ITS IMPACT ON PERFORMANCE 

3.1 Introduction 
 

System achieving an absolute tolerance to failure is always desirable. This helps system 

gain the confidence of client. More the user confidence, more frequent the system is used 

and thus it could reach the maximum number of intended users. Our current system tries 

to focus on major issues which could be expanded in the future to extend the capability of 

the system of avoiding failure. 

 

The frontend is an intermediary interface between the user and the computer nodes that 

constitute our cluster. Jobs submitted via frontend are routed to the proper computer 

nodes which depend on the definition in the machine file. The desired number of 

processes defined in the mpirun command determines the number of nodes the job is 

routed to. 

 

Clusters constitute computer nodes. Cluster where jobs are submitted in our system has 

32 nodes. Each node is a dual Quad-Core Intel Xeon E5430 processor. Problem to nodes 

may arise anytime and could be fixed by a system admin. After the problems are fixed,  

jobs that failed to execute could then be resubmitted. This would create a huge latency 

between the first submission attempt of the job and it finally getting run.  

 

3.2 Job Fail Causes 
 

Upon study, numerous factors were found to cause a job failure. If a system be developed 

that could thwart all such failing causes, the system could be tending to an almost fault 

tolerant system. Currently, our focus is on two scenarios that was causing a substantial 

performance degradation of the cluster. 

 

Scenario 1: The number of active nodes are less that the number of processes demanded  
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by the “mpirun” command. This could lead to the failure of the system because of the 

unavailability of the necessary resources. 

 

Scenario 2: Incoherency in the actual name of the computer nodes and that listed in the 

machine file supplied to the message passing interface. In this case, the scheduling 

algorithm would lose its normal flow and halt without any result. 

 

3.3 Resource Management Strategy  
 

In order to minimize the latency involved due to such issues, a package called the Smart 

Scheduling Package, a library that’s a collection of java classes and web services, is 

developed for minimizing such unforeseen failure. Components of the package are 

responsible for scanning of available nodes and list of machine names. Eventually, a 

scheme is chosen based on the statistics obtained. This on average boosts up the 

performance of the system, thus, ultimately leading to the increased level of users 

confidence.  

 

Before jobs are submitted to machines, the existence of the machines has to be evaluated.  

This could be done by checking if the existing machines compose the one listed in the 

desired list of machines submitted by the client. There are commands, the service, of 

which could be taken to build an algorithmic strategy to avoid such failure caused due to 

resource constraints.  The algorithmic strategy is depicted diagrammatically below in 

figure 3.3. 
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      Figure 3.3: Resource Management Strategy 

 

3.4 Performance Evaluation 
 

The objective function that best represents the average cost incurred on the performance 

in seconds due to the aforementioned scenarios is postulated below. 

       # nodes 

Tloss = Tavg_resub (∑i=1 Probfnodes+ Probxmachine) 

 

Where, 

Tloss = Probable time loss 

node 1 node n 

Scan for existing machine those are active using 

commands like dbreport and cluster-fork 

Active Node 1 Active Node t(t<=n) 

max
m
 number of mpi 

processes that could be 

created is “t” 

machines for submission of job 

could be any combination of 

available active machine list 
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 Tavg_resub = Latency in resubmission 

 Probfnodes = Probability that a node might be dead 

 Probxmachine = Probability that a node might be wrongly addressed 

 

Note: All these parameters might change on different system and also depend on how big 

the system is. 

 

This loss has been minimized by incorporating components that make a preliminary study 

and take necessary steps to minimize the latency. Literally, loss due to the scenarios 

described above has been minimized to zero. 
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CHAPTER 4 

DIALOGUE-BASED INTERACTIVE GUIS FOR USER-FRIENDLY 

INTERACTION 

4.1 Introduction 
 

Graphical representation of concepts and ideas was and is powerful means of 

communication. Much of research in the special field of computer science called “Human 

Computer Interaction” is involved in the design, evaluation and implementation of 

interactive computing systems for human use. Goal of HCI is to improve the interactions 

between users and computers by making computers more usable and receptive to the 

user's needs. This is only possible studying factors that affect the human phenomena in its 

environment. 

 

One of the phases in the chemical dynamics simulation involves the building of input. 

Parameters that incorporate an input could be a combination of some values of chemical 

properties like molecular structure, basis sets, elemental properties, integration method, 

spin multiplicity, quantum chemical methods, etc. The existing approach in creating such 

inputs was manual which took extraordinarily amount of time. This was the biggest 

setback for our existing cyber infrastructure for chemical dynamics simulations. 

 

Research on the interactive models of a human computer interaction exposed some good 

user friendly approaches. Interaction involved in HCI could be from simple touch tone 

menus to more complex speech based system. But, in our case, dialogue based interactive 

GUI for the molecular builder proved appropriate and carried potential to be usable to a 

wide range of users.  
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4.2 Interactive GUIs for Simulation and Pre-simulation Tasks 
  

4.2.1 Molecular Builder  
 

4.2.1.1 Objective 
 

One of the pre-simulation tasks involves collection of parameters that represent a 

molecule. Parameters that represent a molecule are elemental symbols, atomic number, 

atomic mass, Cartesian coordinates, charge, etc. Manual entry of these constituent 

parameters that represent a molecular structure sometime is overwhelmingly high. A GUI 

that could create a molecule interactively with some click of buttons was felt necessary 

and the prime objective of our molecular builder concentrates on this core requirements.  

 

4.2.1.2 Overview 
 

Molecular builder is shown in figure 4.2.1.2 . Displayed in figure 3 are two of the 

dialogues of the molecular builder, main canvas to build molecules and the periodic table 

dialogue. The GUI is an extension of the original version developed by Mr. Neill White 

at the Scripps Research Institute. The GUI was later expanded here as a part of the 

research project to include VENUS and NWChem input file generator. The upgradation 

included alteration of the format in which the molecular information was saved. Instead 

of the pdb format the information were saved in an xml format. The intermediary 

interfaces for information exchange between such an xml file and the input file builder 

GUI were developed. These intermediaries helped minimize the user interaction to create 

input files by extracting information useful from the xml file that contained molecular 

information. 

 

4.2.1.3 Development and Deployment Architecture 
 

Development of GUI that can be made globally accessible is to be done in a language that 

is supported more widely among the group of such development platforms. The objective 
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of developing such a GUI is not obtained in full until it’s available through means that 

would annul the need to configure and setup in the user’s side. The best way is to avail 

such GUI through browsers that supports java or has java virtual machine incorporated in 

it. Upon thorough study, Java applet was found to be the best way by which applications 

could be made available on the internet. An applet is a program written in the Java 

programming language that can be included in an HTML page. When you use a Java 

technology-enabled browser to view a page that contains an applet, the applet's code in 

the java bytecode form is transferred to your system and executed by the browser's Java 

Virtual Machine (JVM). Since Java's bytecode is platform independent, Java applets can 

be executed by browsers for many platforms, including Windows, Unix, Mac OS and 

Linux. 

   

Such applet based GUI can be deployed using one of the three html tags, applet, object, 

or embed. The applet tag is used if the Web page is accessed through the Internet, or if it 

is accessed through an Intranet in which people use different browsers. The object or 

embed tag is useful if the Web page is accessed through an Intranet and you know which 

browser people use. Since, the “Chemical Dynamics Simulation Infrastructure” is meant 

for a global access, it shall be accessed via internet using any one of the existing 

browsers. So, deployment using applet tag in an html page was the best approach.  

 

Following is an example of how the molecular builder GUI “biomer” is deployed in our 

system. 

<applet code=”Biomer.class” archive=”molecularBuilder.jar” width="200" 

height="200"></applet>  
 

 

4.2.1.4 Time Cost Benefit Analysis 
 

The cost involved in terms of time can be represented by a statistical equation that 

follows. This is an objective function that represents the cost of building molecule based 

only on two of the many parameters that incorporate a molecular structure representation, 

atomic number and property that defines its location in three dimensional spaces. This 
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function could be extended to include all the parameters, but the efficiency achieved 

using GUI to build molecule is predictable based only those aforementioned two 

parameters.          

         n             n 

C = ∑i = 1VatnTai  + ∑i = 1 Tcci  

 

Where,  

C = total time to incorporate atomic numbers & Cartesian coordinates in a molecular 

representation 

n = total number of atoms  

Vatn = standard deviation in finding the atomic number 

Tai  = average time in finding the atomic number 

Tcci = time in fixing the Cartesian coordinates 

Vatn, Tai,  and Tcci are parameters subjective to user interacting with the system. Analysis 

showed a huge improvement in the time user invests in those sorts of pre simulation 

tasks.   

 

The NWChem input builder and the VENUS input builder had similar performance 

advantage in building input for simulation submission. 
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Figure 4.2.1.2: Molecular Builder 

 

4.2.2 NWChem Input Builder 
 

4.2.2.1 Description 
 

VENUS interfaced NWChem package is a dynamic trajectory calculation program for a  
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given system of interest which use NWChem to calculate the potential energy and the 

gradient which will be used by VENUS to create a direct dynamic trajectory. There is a 

requirement to build two input files separately one for the NWChem and the other is for 

the VENUS. The NWChem Input Builder is a GUI that is used to build a NWChem input 

for a system of reactants represented by the xml structure file created by the molecular 

builder GUI mentioned earlier. 

 

Specially designed intermediary parser is embedded in NWChem input builder GUI that 

scans the molecular structure and extracts information required for the NWChem input 

file building. The specially designed intermediary parser “nwchemxmlFileParser” is an 

extension of SAX parser tweaked to extract required information from the xml 

representation of molecular structure. Besides the information extracted from the xml file 

of the molecule, the NWChem input builder GUI provides an interactive interface for 

incorporating other necessary information like basis sets, memory, charge, etc. 

 

The development and the deployment architecture is the same as that used to build the 

molecular builder gui. The NWChem GUI snapshot is shown in  figure 4.2.2.  
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Figure 4.2.2: NWChem Input Builder 
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Figure 4.2.3: VENUS Input Builder 



Texas Tech University, Sailesh Baidya, Dec 2008 

 27 

CHAPTER 5 

JMS – JOB MANIPULATION STRATEGY 

 

Clusters are specially used in computationally intensive calculation and simulation or 

graphic software. These tasks require an extraordinary amount of time. Chemical 

dynamics simulation software like the VENUSNWChem predicts the reaction path 

through the determination of the trajectory. The determination of trajectory would require 

obtainment of potential, Hessian, and gradient at each point of a trajectory which takes an 

extraordinary amount of time. Take a case of MD, a classical mechanism for simulation, 

the time step is 10
-12

s and each reaction normally lasts for 10
-8

s. Thus, the number of 

integration step would be 10
3
. Calculation of required parameters at each step alone 

requires a huge amount of time, ultimately leading the total execution time 

overwhelmingly high. Some initial simulation conditions could lead to undesirable results 

which usually are detected after completion of simulation. A single mismanaged job 

might at times clog the cluster temporarily. Thus, job management is crucial to maximize 

the efficacy of the cluster. Cases where jobs go redundant and/or take an extraordinary 

amount of time should be dealt before they clog the cluster to a temporary system halt.   

 

Detection of redundant jobs and taking of necessary action require a watchdog that could 

constantly monitor status of jobs and analyze the reason behind a problematic job. User 

then based on the report generated by such watchdogs could take necessary steps. 

Daemon in a Linux system is the best approach to create one such monitoring entity. A 

job monitoring daemon resides in our system that runs in the background. They are 

automatically started by their parent process called the “init process”. Daemon in turn can 

call any system function and/or program. In our case it calls a java program that has 

strategy incorporated in it to monitor jobs and inform user of any anomalous behavior on 

execution. 

 

Figure 5 below is a flow diagram showing how the daemon maintains the execution 

information of jobs. Based on the states of the jobs updated by such a watchdog, clients 
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are offered subset of actions that could be performed on the jobs. Running, queued, and 

waiting jobs could be killed, rejected jobs could be resubmitted, and one could download 

output of the completed jobs. 
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     CHAPTER 6 

SOFTWARE MODULES DESIGN AND IMPLEMENTATION 

 

6.1 Introduction 
 

Obtainment of chemical simulation is possible when the different modules of the project 

work in sequential collaboration. This chapter focuses on the design, requirement 

specifications met and the implementation of those models. 

 

6.2 Software Structure 
 

All the component modules, like the molecular builder, VENUS input builder GUI, 

NWChem input builder GUI, job manipulation package, and job scheduling are 

integrated together finally in the web infrastructure for access to all the interested parties. 

The project constitutes of different modules that have interconnection to perform the 

ultimate objective of the cyber infrastructure. 

The modules and their correlations are depicted in figure 6.2.  
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The individual modules in figure 6.2 are briefly described below: 

 

• Login Module: This module is used to give users of our cyber infrastructure access to 

subset of administrative task on the job running or to be run in the cluster. User 

having gone through the administrative membership procurement process is entered 

in our Mysql database server with a unique identity defined by the combination of his 

username and password. Access to the execution and the job monitoring page is given 

Login Module 

Execution Module 

Job Status Check Module 

Use Existing Model 

Upload Model to Execute 

Build New Models 

Build Reactants  

Build NWChem Models 

Build VENUS Models 

Build Entire System 

Modify Models 

Download Existing Models 

Start 

Figure 6.2: Software Structure 
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upon successful verification of user’s identification. The verification is done by a web 

service developed using java.  

 

• Execution Module: This module provides two alternatives to job execution. One is 

the “Upload Model to Execute” and the other is “Use Existing Model”. 

 

• Use Existing Models: Already built Simulation models are exposed for the users.  

One can simply use one of these models to submit job with a click of a mouse. The 

models are divided into various categories named as “Biomolecular Collisions”, 

“Transition State Sampling”, and “Projectile Ion Collision with a Surface”.  

Currently, models for “Biomolecular Collisions” are available. The models are yet to 

be obtained for the “Transition State Sampling” and “Projectile Ion Collision with a 

Surface”. 

 

• Job Status Check Module: This module is to avail subset of job administrative 

privileges to an authenticatic user. Depending on the current status of the job, users 

are exposed with a subset of administrative privileges that they can perform on the 

job. A watchdog is lodged in the system that constantly monitors the job status and 

refreshes the information in the job status table in the Mysql database.  

 

• Build New Model: This is a module that is used to build different components that 

constitute a complete set of input for the chemical simulation software 

“VENUSNWChem”. From here, one can opt for either “Build Reactants Models” or 

“Build NWChem Model” or “Build VENUS Model” or “Build Entire System 

Model”. 

 

• Build Reactants Module: The objective of the research work was to build cyber 

infrastructure that could significantly minimize user involvement in the chemical 

dynamics simulation obtainment. The “Build Reactants Models” is one such module 

that helps create desired reactants interactively through a GUI called the 

“VENUSNWChem Administrator”. Majority of the details that constitute a molecular 
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structure is abstracted. Builders of such structure are spared from the tedious task of 

incorporating those small details. 

 

• Build NWChem Model Module: The simulation software, VENUSNWChem, 

requires two inputs. One of these two is the NWChem input that requires parameter 

such as memory, charge, spin multiplicity, basis sets, quantum chemical methods, etc. 

The module maneuvers to provide with the most applicable and possible alternative 

of values for their system. Then users can further choose from those alternatives the 

one they prefer with just few clicks of mouse. The interface also has functionalities 

for previewing and editing the input file generated before they confirm the input 

parameters.  

 

• Build VENUS Model Module: Similar to the “Build NWChem Model Module”. This 

module provides an interface for an interactive build of the VENUS input file. 

 

• Modify Existing Model: The “Modify Existing Model” module helps in the 

modification of the existing models. The current system allows for the modification 

of only subset of parameters.  

 

• Download Existing Model: Keeping in mind that a client should have the flexibility 

to run the simulation altering parameters of the existing models, the download 

existing model was built. This allows users to download the existing models. They 

can later make modification and use the “Execute Existing Model” module to execute 

it. 

    

Descriptions of the working details of these individual modules follow in the next 

section. 
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6.3 Working Description 
 

This section constitutes the working mechanism of the aforementioned modules in 

details. Description includes sequence diagram, structure and functions of constituting 

classes. 

 

6.3.1 Login Module 
 

The “job execution module” and the “job monitoring module” are only accessible to the 

authenticate user. This authentication is done through the “Login Module”.  The servlet 

instance of login.jsp posts its authentication data to the instance of the authentication 

servlet. The authentication servlet in turn creates an instance of the 

UserAuthenticationService. The UserAuthenticationService resides in the JAVA 

Application Server. Then message to authenticate the user identified by the parameters 

sent by the login object is initiated by the authentication servlet to the 

UserAuthenticationService object. The UserAuthenticationService object in turn makes a 

connection to the mysql database server and makes necessary query to validate the 

authenticity of the supplied login information. The structure of the table that contains the 

user authentication information is shown below in figure 6.3.1.1. The “chemSimulation” 

database contains the “users” table that contains the authentication data for the user. The 

table constitutes of the “name” and “password” fields. These two fields in combination 

constitute the primary key for the record entered in this database. This primary key helps 

to uniquely identify a user. 

 

The UserAuthenticationService object returns a boolean value that indicates the 

authentication success or failure. If the authenticating servlet returns a true value, the 

users 

name  

password 

Figure 6.3.1.1: User Schema 
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control is forwarded to the “pageRedirection” servlet which in turn forwards to the pages 

intended. 

 

The entire login mechanism is illustrated by a sequence diagram in figure 6.3.1.2. 

 

        

 

 

6.3.2 Build Reactants Module 
 

6.3.2.1 Introduction 
 

The infrastructure was built keeping in mind to minimize user involvement for chemical 

dynamics simulation obtainment. The “Build Reactants Models” is one such module that 

helps create desired reactants interactively through a GUI called the “VENUSNWChem 

Administrator”. Majority of the details that constitute a molecular structure is abstracted. 

create 

Username, password 
doPost() 

:UserAuthenticationService 

authenticateUser 

Success 

Failure 

doPost() 

doPost() 

Figure  6.3.1.2: Login 

Module 

:login :authentication :pageRedirectio
User 
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Builders of such structure are spared from the tedious task of incorporating those small 

details. The buildReactans.jsp page loads the “VENUSNWChem Administrator” GUI 

which is an interactive graphical molecular builder. Various components of the GUI that 

help in the building of the molecule are discussed below.   

 

6.3.2.2 Menu Bar 
 

• File - The File Menu provides the following options:  

• New: Erases and deletes the current molecule.  

• Open: Opens a PDB file from the local hard drive.  

• Save: Saves the molecule to the local hard drive in PDB and xml formats.  

• Save As: Saves the molecule to the local hard drive in PDB and xml formats. 

Necessary if you wish to rename the molecule.  

• Print: Prints the current image.  

• Preferences: Triggers a dialog which allows for some user preferences to be 

set.  

• Export: Writes the current images as a .jpeg, .gif, or .ppm file.  

• Exit: Exits B.  

• Edit  

• Select by: Use to mouse to select atoms, residues, strands, or the entire 

molecule.  

• Select All: Select all the atoms in the molecule.  

• Invert Selection: Causes unselected atoms to be selected and vice-versa.  

• Cut: Deletes current selection and places the object in a buffer (not yet 

functional).  

• Copy: Copies the current selection and places the object in a buffer (not yet 

functional).  

• Delete: Deletes atom or bond (depending on which is clicked on).  
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• Hide: Prevents current selection from being displayed (not yet functional).  

• Paste: Pastes object in buffer to clicked location on screen (not yet functional).  

• Tools  

• Calculate Net Mass: Returns the mass of the current molecule in amu.  

• Calculate Net Charge: Returns the charge of the molecule in e.  

• Calculate Energy: Performs a single-point calculation of the gradient and 

energy using AMBER.  

• Invert Chirality: Reflects the molecule through the z-axis, giving the 

stereoisomer.  

• Build/Add  

• Show Periodic Table: Allows the default drawing element to be changed. 

Left-clicking on an element in the periodic table results in that element being 

illuminated in red. This is the new default drawing element. Now, all drawn 

atoms will be of this type (until a new default element is selected).  

• Add Hydrogens: Adds hydrogens to carbon, nitrogen, and oxygen atoms.  

• Add Functional Group: Attaches a functional group to an existing molecule or 

places the fragment on the canvas.  

• Add Hydrocarbon: Attaches a hydrocarbon to an existing molecule or places 

the fragment on the canvas.  

• Add Ring: Attaches a ring structure to an existing molecule or places the 

fragment on the canvas.  

• Add Miscellaneous: Attaches miscellaneous a structure to an existing 

molecule or places the fragment on the canvas.  

• Polynucleotide - Displays a dialog to construct a polynucleotide (DNA or 

RNA).  

• Polypeptide - Displays a polypeptide dialog to construct polypeptides.  

• Polysaccharide - Displays a polysaccharide dialog to construct 

polysaccharides.  

• Molecular Mechanics  
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• Force Field - Select the potential energy function to use (force field). 

Currently, only AMBER is implemented.  

• Minimizer - Choose either the conjugate gradient or steepest descent 

technique.  

• Minimize - Optimize the geometry of the molecule.  

• Molecular Dynamics  

• Options - Set the options for the MD / simulated annealing run.  

• Start Trajectory - Start the MD / simulated annealing run using the options 

above.  

• Display  

• Render - Choose several different graphics options.  

• Depth Cueing - Toggle depth-cueing for the wireframe models.  

• Shiny - Create a "shiny" effect on the spacefill, spheres, ball-and-stick, and 

polytube models.  

• VENUSNWChem  

• Build NWChem Input – Builds NWChem input with parameters from the 

inputs supplied to the graphical components in this GUI and the one obtained 

from the molecular structure file saved in xml format. 

• Build VENUS Input – Builds the VENUS input.  

• Help  

• About - Information about B. 
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6.3.3 Build NWChem Model Module 

 

6.3.3.1 Introduction 

The “NWChem Input Build Interface” is loaded upon the loading of the 

buildnwchemModel.jsp page. This interface basically helps to build the NWChem input 

interactively with much of the file content entered automatically and parameters filtered 

to desired subset for selection. 

6.3.3.2 Input Building Process 

 Depending on the type of trajectory simulation, location for one or two molecular 

structure files is supplied to the interface. Molecular structure file is an xml 

representation of molecules built using the molecular builder GUI. There is an automatic 

internal mechanism build up that populates the basis set combo box with standard basis 

sets that is applicable to all the atoms of the reactants or applicable to any one of it. This 

intelligence incorporated in the system saves some time in determination of an 

appropriate basis sets for the system under study. The algorithmic approach of getting an 

applicable set of basis sets is discussed later. The NWChem input build GUI has controls 

that help users to insert parameters interactively and easily. The drop down option for 

parameters like charge, spin multiplicity, basis sets, etc, and the form authentication 

enforced while creating an input file minimizes the possible errors that could creep into 

the input of a system. This ultimately saves the users time and cluster resource due to 

submission of jobs with inappropriate inputs. Grouped radio buttons that represent an 

alternative for a particular property like the “Quantum Chemical Method” also 

contributes to the minimization of the error involved in the input file creation. Grouped 

radio buttons are mutually exclusive. In addition to this, there is a mechanism built in that 

enforces a selective activation and deactivation of a subset of controls based on the action 

event or focus event or item event passed to the JAVA action/focus/item listener 

interface. This feature in the GUI helps reduce the degree of awareness that a user has to 

have about the subset of parameters applicable for a specific type of input configuration. 

All these parameters are used to create two files. One is a NWChem input file in a normal 
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text form and the other is the xml file constituting of information that are useful when the 

VENUS input is built. A brief representation of the NWChem input generation steps is 

represented in the form of a sequence diagram that follows. 
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:nwchemDialog 

create 

Figure 6.3.3.2:  NWChem Build Module 
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action 

action 

action 

action 

action 

action 

actionPerformed(BrowseStructFile1||Browse

StructFile2 : ActionEvent) 

atom list and filtered basis set list 

focusLost (tMemory: FocusEvent) 

memory 

focusLost (comboCharge : FocusEvent) 

charge 

focusLost (comboSpin : FocusEvent) 

spin multiplicity 

focusLost (comboBasisSets : FocusEvent) 

basis sets list 

itemStateChanged (comboCalType : 

ItemEvent) FocusEvent) 

calculation type 

actionPerformed(jRadioHF || jRadioUHF || 

jRadioDFT || jRadioMP2 : ActionEvent) 

quantum chemical method 

User 

:buildnwchemModel 
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6.3.3.3 Basis Set Selection 
 

Determination of applicable basis sets for a set of atoms or individual atom at times takes 

significant amount of time. A special filter called “The Basis Set Filter” helps to find a 

list of basis sets that’s either applicable to the entire set of atoms or applicable to any one 

of the supplied atoms. 

action 

action 

action 

action 

action 

action 

actionPerformed(jRadioOpenShell || 

jRadioClosedShell : ActionEvent) 

open or closed DFT  

actionPerformed(jRadioMP2HF || 

jRadioMP2UHF : ActionEvent) 

actionPerformed(jRadioFreezeAll || 

jRadioFreezeNone : ActionEvent) 

actionPerformed(textAreaFunctional : 

ActionEvent) 

actionPerformed(textAreaFreezeUser : 

ActionEvent) 

actionPerformed(bSave : ActionEvent) 

 

MP2 type 

freeze parameter and freeze type 

dft functional  

user defined freeze parameter  

nwchem input file generation   

Figure 6.3.3.2:  NWChem Build Module (continued) 
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When a user wants to input different basis sets for different atoms, the union of all the 

basis sets that are applicable to any one of the supplied atoms is found. Where as in the 

case when a user wants a single basis set that is applicable to all the atoms supplied, the 

intersection of sets of basis sets that is applicable to individual atom is determined. 

 

Sequence diagram and flowcharts that follows describes the proper basis set selection 

mechanism. 
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User 

 

basisSetFilter 

create 

convergent_basis_set 

inclusive_basis_set 

setBasisSetsHashSet 

array of HashSet each containing 

elements that a basis set is applicable 

to  

resultantbasisSets( list of basis sets that is 

applicable to all the input atoms)  

resultantbasisSets( list of basis sets that is 

applicable to any one of the input atoms)  

Fig 6.3.3.3.1: Basis Set Selection 
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 Figure 6.3.3.3.2: Convergent Basis Sets Algorithm 

Note:  

basisSet[] = list of all existing basis sets 

 

elementsSupportBasisSet[] = array of  list of elements 

that’s applicable to a particular basis sets.  

 

suppliedAtoms = list of input atoms for which applicable 

basis sets is to be calculated 

 

resultantbasisSets = list of basis set applicable to a set of 

supplied atoms 

 

n = number of basis sets 

yes 

no 

yes 

no 
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Note: 

N = supplied number of 

atoms 

Figure 6.3.3.3.3: Inclusive Basis Sets Algorithm 

yes 

no 

yes 

no 

yes 

no 
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6.3.4 Build VENUS Model Module 
  

6.3.4.1 Introduction 
 

The “VENUS Input Build Interface” is loaded upon the loading of the 

buildVenusModel.jsp page. This interface basically helps to build the VENUS input 

interactively with much of the file content entered automatically and parameters filtered 

to desired subset for selection. Similar to the “Build NWChem Model Module” this 

module provides an interface for an interactive build of the VENUS input file. 

 

6.3.4.2 Input Building Process 
 

Initially the reactant structure files have to be loaded. The number of structure file 

required depends on the type of simulation. The interface is used to build simulation 

model for four types of simulation.  

• Trajectory Simulation for 1 Reactant 

• Trajectory Simulation for 2 Reactants 

• Trajectory Simulation Starting at a Saddlepoint 

• Trajectory Simulation where initial Coordinates and Momenta are Read in 

Input building process differs for different type of simulation. There is only one reactant 

involved in simulation types “Trajectory Simulation for 1 Reactant”, “Trajectory 

Simulation Starting at a Saddlepoint”, and “Trajectory Simulation where initial 

Coordinates and Momenta are Read in” where as the simulation type “Trajectory 

Simulation for 2 Reactants” involves interaction between two reactants. Parameters like 

potential energy, relative translational energy, collision impact parameter, initial 

separation between reactants, and reactant specific parameters for second reactant such as 

the charge, structure, vibrational energy, and rotational energy are only specific to the 

simulation type “Trajectory Simulation for 2 Reactants”. Excluding these parameters, all 

the remaining parameters are required for all the four simulation type. 
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6.3.4.2.1 General Parameters 
 

These are the parameter types that are included irrespective of reactants type. The 

parameters grouped under this category are potential energy surface parameter, relative 

translational energy, collision impact parameter, initial separation between reactants, 

integration method, and  parameters for calculating the trajectories such as number of 

trajectories to be calculated, number of integration steps for each trajectory, number of 

integration steps, random number integer, integration step size. The interface is well 

designed to address the selection of only one property or value of property from a list of 

mutually exclusive properties or values. This capability is obtained from a button group 

control. They essentially include radio buttons among which only one radio button is 

selectable. In the VENUS build module this programming approach is used to choose one 

among the possible values for properties like “Relative Translational Energy”, “Collision 

Impact Parameter”, “Integration Method”, “Vibrational Energy”, and “Rotational 

Energy”. 

 

6.3.4.2.2 Reactant Specific Parameters 
 

Depending on simulation types, numbers of reactants may vary. It  may involve one or 

two reactants. Parameters for these two reactants may vary. Thus, this portion of the 

interface allows one to enter parameters for reactants. The parameters list that could be 

entered here are charge, structure, vibrational energy, and rotational energy. As 

mentioned earlier the button group’s mutually exclusive feature is used to address the 

selection of particular type of vibrational energy and rotational energy of a system. 

 

6.3.4.2.3 Reactive Events Parameter 
 

Reaction could take different paths and lead to the formation of different combination of 

products. For the VENUSNWChem software to obtain trajectories for different reactive 

paths, there are certain set of parameters that has to be setup. At times, the number of 

possible reaction paths could be high. Setting up parameters for all the paths could take 
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an enormous amount of time. The VENUSNWChem interface has interactive section 

incorporated in it to address these parameters inclusion. Through it users can indicate the 

number of reaction paths and then further input parameters for individual reaction paths. 

For a reaction path, parameters required are atoms that form fragment A, atoms that form 

fragment B, Cartesian coordinates for fragment A, Cartesian coordinates for fragment B, 

atoms whose distance is checked to halt the trajectory (one of fragment A and the other of 

fragment B), distance between these two atoms when the reaction halts, intermediate 

distance between these two atoms for which results are printed, and potential energy 

difference for the fragments at infinite separation.  

 

6.3.4.2.4 Print Options 
 

Human are intrigued only by information they are interested in. The faster they can find it 

the better. This section does exactly what it requires to build parameters that could finally 

lead to an output from the simulation containing information that is of interest. One could 

opt for coordinates, momenta, coordinates in Unit 8 to prepare animation, internuclear 

distance and theta angels to appear in the simulation result file. The flowchart below 

shows the overall steps involved in the VENUS input generation. 
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 Figure 6.3.4.2.4: VENUS BUILD MODEL 
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6.3.5 Modify Existing Model 
 

The “Modify Existing Model” module at present is capable of modifying the VENUS 

input of VENUSNWChem. User can choose reaction of particular type from the page, i.e. 

“Bimolecular Reaction”, “Unimolecular Reaction”, etc. Upon selection of a particular 

reaction type, list of reactions of that particular reaction type is exposed to the user for 

selection by the “filterReaction” servlet and rest of the parameter modification steps are 

handled by a single servlet called the “modifyparameter”. Parameters that could be 

altered by this module are number of trajectories, numerical integration steps for each 

trajectory, number of integration steps (NIP) between printing intermediate results, and 

saving coordinates for an animation, random number integer (ISEED) used in generating 

the initial coordinates and momenta, vibrational, rotational, relative translational  

energies, and collision impact parameter. 
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CHAPTER 7 

SUMMARY 

 

This research pioneers an effort to increase accessibility to the computational simulation 

of chemical dynamics. Such objective can be achieved only when easy accessibility to 

cyber infrastructure and software is made through an easy to use human machine 

interfaces and web services. Such interfaces would encapsulate the intelligent 

computational maneuver behind, yet service chemical simulation through an efficient use 

of huge computational infrastructure without compromising security in the network 

channel between user and the computational resources. The research endeavor has been 

able to meet such an objective to the extent possible. 
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