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Abstract It is difficult for many scientific researchers to perform large scale analysis. One major concern for those



end users is their productivity in designing and executing applications to perform analysis. These applications benefit greatly from concurrent execution in a distributed computing environment. The productivity of some of these researchers will be hindered if they are to learn how to use a command line tool or text based programming language. They simply wish to focus on science rather than learn another tool. Recently, some frameworks and workflow systems are being used to create and run these applications. However, these tools are still difficult to learn. We present Cyberaide Project. We will show how Cyberaide Project leverages the Microsoft Project software package to create and run workflows on the Grid. We propose several extensions for this tool and an evaluation to determine its overall usability.



Introduction The development and execution of large scale analytical applications is complicated especially for the scientific researcher. There are several issues involved in running such experiments. The researcher should be able to easily specify how to run a compute or data intensive jobs to perform large scale scientific experiments or analysis. The scientists should also be able to easily orchestrate various activities (tasks). In research computing, we find that the activities of an analysis often translate into executions of applications on the command line. For example, a biologist may be interested in running a BLAST [1] search in order to scan DNA. We assume that the researcher not having the technical experience will view programming languages and terminals as a huge inconvenience. For our biologist, we would like to eliminate the need to manually log into super-computing sites, transfer data among them, handle faults and more. We observe that scientific analysis consists of multiple activities (such as comparing the nucleotides of DNA sequences) requiring some form of input (a threshold, DNA search sequence and a database of sequences). Each activity also performs some operation on the data (searching for a match), and produces an output result (the matches of interest). The results produced by some activities are used as input by other activities in order to accomplish a larger goal (finding a human/mouse homologue). For our purposes, each activity is an execution of an application (such as BLAST) on some high end compu-



tational resource. In example, Indiana University maintains and provides public access to an IBM e1350. It is 5a distributed, shared memory cluster running 3072 processors over 768 compute nodes, with a peak performance of 30.6 teraflops and 6 terabytes of main memory. On it, they have installed a database with access to various data-sets for protein and nucleotide sequences. Once the blast search activity is complete, the output data may be forwarded to some other institution for further processing. For example, we can forward our data to the San Diego Supercomputing Center. In this proposal, we will only be considering the set of networked computational resources found on the TeraGrid [2, 3]. Resources hosted on the TeraGrid typically include clusters, massively parallel processing machines, shared memory symmetric multiprocessing machines, storage devices, visualization machines, and more. In order to automate the steps performed in analysis, it is first and foremost necessary to determine the activities that need to be carried out. It is also important to coordinate these activities. We call this “planning”. We will also be managing multiple activities which may be executing concurrently. Each activity, or task, will be assigned a resource for execution. We call this “scheduling”. In recent years, workflow tools and methodologies have been used to solve this problem [4, 5]. These tools attempt to simplify the task of running jobs on resources for the end user. We refer to these tools as “Grid workflow systems”. These systems typically expose a graphical user interface to the end user for creating applications. Even so, we assume it is still very difficult for researchers to use such tools. It is our goal to create a tool which researchers would want to use. We want to improve the productivity of researchers running scientific applications. We introduce Cyberaide Project. It is currently a very basic, first attempt for proving of a unique idea. It demonstrates that we can design workflows for distributed systems in the context of project management software. To summarize the results, we were able to execute only a small workflow on a few local machines supporting access via SSH. We illustrate how we leverage Microsoft Project as a software component and use it to plan and schedule jobs which will be run on a Grid. We will also illustrate what the user experience is. The first stage is design. In this stage the user does planning. The user uses Microsoft Project to define tasks and their temporal dependencies. For small worklows, the end user might also decide to manually schedule or assign resources to tasks. We will also discuss how Cyberaide Project can be used with other components to run and track jobs in execution. When the user is done designing a workflow, he or she should be able to run it. We will provide this feature,



6and the ability to check the status of a workflow. To do this, we will integrate Cyberaide Project with a workflow engine. Cyberaide Project will demonstrate its ability to seamlessly authenticate, execute jobs and transfer data on the TeraGrid. The end product will be something useful. We will use several pre-existing components in our software system to accomplish our goal. We provide details on how and why they are used.



Definitions TeraGrid The TeraGrid [2, 3] is a free, open, scientific research infrastructure funded by the NSF. It combines various resources from eleven partner sites using high performance network connections. Resources contributed for use on the Grid can be described as massively parallel machines (such as clusters, SMP and MPP machines), large storage, visualization and more [6]. Although each donating institution maintains its own resources, they expose uniform access to these resources using a common set of web services found in the Globus Toolkit [7]. The Globus toolkit provides services not just for computing, but also storage, user collaboration, security, data management, system monitoring, resource management, accounting and more. Application developers wanting to create grid-enabled clients can access these web services from Commodity Grid Toolkits such as the Java CoG Kit [8]. These toolkits provide access from various operating systems, programming languages and distributed object frameworks. Thus, commodity grid toolkits also provide uniform access to the many independently administered resources via a convenient API.



Workflows Formally, we begin by defining a particular type of workflow [9]. A workflow (W ) is the set of tasks (T ), dependencies (D), resources (R) and a mapping for resource assignments(A). W = (T, D, R, A) Where a task is a unit of work consisting of a set of attribute values, T = {ti |ti = [B i,1 , ..., B i,n ]}



and a dependency is used to describe the execution ordering between two tasks.



7



D = {d|d=(t1 , t2 ), t1 ∈ T, t2 ∈ T } The graph G = (T, D) is a directed acyclic graph, and creating this graph is called “planning”.1 A (t) is a function mapping each task to a resource.2 Creating this function, A (t) is called “scheduling”. A:T →R Additionally, each resource consists of a list of attribute values... R = {ri |ri = [C i,1 , ..., C i,m ]}



Quality of Service When executing workflows, we are often concerned about what is referred to as “quality of service” [5]. This term is used to describe the quality of execution on a resource. For our purpose, we assume that each resource can provide a certain level of quality with respect to one or more quality of service parameters. Some typical quality of service parameters can be categorized in terms of performance, cost, trust and reliability. For our purposes, we will simply assume that one or more of the attributes Ci,x , will be used to describe the quality of a resource ri , and that and that our end user requires that the workflow W adheres to a policy P describing its quality. Therefore, quality of service issues can be addressed through scheduling [10]. The scheduling function A attempts to optimize W with respect to P . AP : T → R



Wall Clock Time One important measure of the quality of a workflow is referred to as “wall-clock time” [11]. This measure of quality is not the property of any single task or resource, but rather a property of the entire workflow. It can be used to indicate the perceived duration of an entire workflow from start to finish. According to [11], the expected duration (τ ) of a running job can be determined by the state of the queue and several administrative decisions. To summarize the results, we simply state that for application α running on q processors, 1 2



The graph G can also be referred to as a partial ordering of tasks. Sometimes, A (t) is a relation which maps a task into more than one resource. However, we will not use this definition in this paper.
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α (q) + τ α (q) + τ α (q) τ α (q) = τwait io calc



the total expected time to run application α on q processors can be determined using the amount of time waiting α (q), the total amount of time transferring data for a particular job τ α (q) and the total in a particular queue τwait io α (q). We do not discuss these performance measurements but instead amount of time performing calculation τcalc



we simply state that we can obtain them using the Network Weather Service [12]. Given a scheduled workflow W , each task ti ∈ T will have an attribute called “estimated duration” as described above. Then, the wall-clock time of a workflow can be determined using the chain of activities from start to end having having the longest estimated duration. One method used to find this path or chain is called the critical path method [13]. It can be used to determine which activities are critical to the timely completion of a project (workflow).



Previous Work



Be begin by discussing previous work that has been done by others in this area. Much work has already been done in the area of designing and executing workflows for distributed computing. This includes the early metacomputers [11]. We refer to many of the newer systems as “Grid Workflow Systems” [4]. They include Triana [14], Kepler [15], Pegasus [16], Karajan [17] and Condor [18]. One workflow system of particular interest, which is currently being developed, is Trident [19]. This system allows users to share workflows over a workflow repository. Trident can also schedule jobs over Windows HPC Clusters. There are also many Grid computing toolkits currently available. These toolkits provide easy access to Grid services from a convenient api. They are also available for different programming languages and distributed object frameworks. We will be using the Java Commodity Grid Kit.



Functional Requirements



This section briefly describes what our requirements are, why they are needed, and how we will fulfill them. We begin by describing some use cases. We will then describe some components in greater detail.



Use Cases
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1. The end user will design a workflow, using Cyberaide Project. The end user can interactively use a console, graphical user interface, or both. 2. When the user is done creating a workflow, he or she will submit it to a workflow engine. The workflow engine coordinates execution of a workflow. 3. The workflow engine will use the Commodity Grid Kit [8] to simplify the task of executing jobs on machines.



Microsoft Project For the implementation of Cyberaide Project, we require that our tool be easy to use for the researcher. Our strategy to meet this requirement is to customize and re-use well known “commodity” software. The same strategy has been practiced by many Grid projects such as the Java Commodity Grid Kit [8]. In doing so, we can minimize the effort needed for the scientist to learn a new tool. One such software package used for project management is “Microsoft Project”. Microsoft Project and its graphical user interface provide a feature rich environment with powerful visualization capabilities. For example, end users have several task and resource management views defined for them. Each view is an interface which portrays different information. Such views include resource graphs, calendars, charts, and usage diagrams. Within Cyberaide Project, the Microsoft Project environment has been customized for Grid based workflows. Figure 1 shows a workflow and highlights the well known features of Microsoft Project in the “Gantt Chart” view. This view consists of the task table in the left window pane and Gantt chart in the right window pane. Within this view, one can visualize the workflow using the Gantt chart, and easily modify it using the task table (spreadsheet). The Gantt chart is currently configured to convey some progress tracking and resource assignment information along with the workflow. The task table has many custom fields, or columns, defined for execution parameters (task attributes). When changes are made to the workflow, adjustments are automatically calculated and displayed. Invalid changes to the workflow are rejected. Cyberaide Project provides the ability to model deadlines, advanced reservation, reoccurring tasks, and task splits. Graphical indicators can be used to display custom notes about task execution on the
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Figure 1. Using Microsoft Project to build and execute a Grid based workflow.



Grid or warnings related to resource leveling and deadlines. Additionally, Visual Studio Tools for Office can used to create custom forms for the end user. Using both standard and custom fields associated with tasks and resources, the software package can be used to store and monitor various quality of service and execution parameters. A rich set of features assist in multiple project management and collaboration. These features include resource sharing, inter-project dependencies, and sub-workflows. Resource sharing and discovery can be accomplished using built in support from Microsoft Project, if not from other information services. Namely, it relies on Active Directory [20], the Address Book [21], or a Microsoft Project Server [22] to discover and share resources. Additional tools of interest include built in data analysis for quality of service prediction and visual reports for the sharing of historical information. The features of Microsoft Project had been compared to those of other leading project management solutions in a review [23]. Based on the review, we predict that end users will be familiar with the graphical components exposed in Microsoft Project. The well known spreadsheet interfaces are found in many office suites and make it convenient to enter information without a mouse. The Microsoft Project requires a small learning curve because of the layout of its user interface. The interface appropriately hides a large volume of information and functionality while dividing information into various sections(views). The one major complaint about Microsoft Project is that it is neither free nor open source. We have outlined the many advantages to using Microsoft Project. It has received the highest overall rating in the review for its user friendliness and ability to assist in collaboration and resource and project management. Beyond its favorable



ratings, we have our own reasons for using Microsoft Project.
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We chose to implement Cyberaide Project with Microsoft Project because it meets our requirements. It is a well known “commodity” tool and the de-facto industry standard. A considerable portion of the hundreds of project management solutions comply with its standards. Therefore, we believe that Cyberaide Project can successfully re-use any compatible project management solution to design and execute workflows. Since it contains the powerful and user friendly graphical user interface we describe in this section, we predict that users will not have much difficulty adopting it. One major aspect is the spreadsheet interface. It is the same one found in office applications such as Excel. We believe the end user will spend less time learning the new interface and more time being productive. Our abstract definition of a workflow is fully supported by functionality in Microsoft Project. 1. Each task in our abstract definition translates directly to a task row in the Microsoft Project spreadsheet. 2. Each dependency in our workflow is called a predecessor in Microsoft Project. 3. Microsoft Project will verify that our workflow is a “directed acyclic graph”. 4. Each resource in our abstract definition also translates to a row on the resource spreadsheet. 5. Each attribute can be implemented as a custom field. 6. Each task can be assigned to one or more resources using the resources field. We can add additional constraints to ensure that each task is only assigned to a unique resource.



Console Cyberaide Project is actually a console application. When it is started, it begins by running an instance of Microsoft Project. Our console application behaves like a shell. It prompts the user for commands (described in table 1). However, these commands are not regular commands found in most operating systems. They will manipulate the running instance of Microsoft Project. This interface will allow one to integrate scripts or interactively create a workflow. For example, when a command is issued to add a task to the workflow, the corresponding changes are reflected within the graphical user interface of Microsoft Project.



12 Table 1. List of selected Cyberaide Commands



Command task map rmtask edit dep rdep res unmap rmres rmtask run-all save load listtasks listres find



Description Add a task to the project. Map a task to a resource. Remove a task from the project. Edit the attributes of a task. Add a dependency from one task to another. Remove a dependency from one task to another. Add a resource to the project. Remove a task/resource mapping. Remove a resource from the project. Remove a task from the project. Run the project on the Grid. Save the project. Load a project. List all tasks in the project with a valid name. List all resources in the project with a valid name. Find a task by its name.



Once again, we have implemented commands for all the operations that our user will need to create and run a workflow. We will allow the user to interactively modify workflows from directly within Microsoft Project, or the command line interface.



Workflow Engine



In this proposal, we will not go into great detail about our workflow engine. Rather, we simply state that we will use the Karajan workflow engine to execute the workflow created by Cyberaide Project. We will support the functionality to convert our workflow from one or more project file formats to the XML based Karajan language. Karajan will then properly orchestrate the execution of our workflow while handling issues of fault tolerance, data transfer,security and more. It is important to note that as we stated earlier, each task or activity in our workflow translates into a program execution3 involving data flow among resources. Therefore, we require that in our graphical user interface, these job execution parameters are specified as attributes of a task. They can also be specified as options on the command line. 3



This assumption may not always apply.



Proposal In this section we propose several extensions to Cyberaide Project [24] which will enhance Cyberaide Project. We will begin by integrating new CoG Kit Components for authentication, reliable file transfer, and job execution on the Grid. In turn, we must also verify that we can monitor the status of jobs running on the TeraGrid, and display the status in the Microsoft Project user interface. We will also be expecting to accurately create a workflow which not only models the duration of a running job, but also those of file transfers and queue wait times. 1. Cyberaide Project does not model sub-workflows. We will support the ability to do this. 2. Cyberaide Project is not integrated with a Grid computing toolkit. It will be integrated with the Java CoG Kit. It will then be tested to see if we can automate file transfers, authentication, and job execution on the TeraGrid. As an alternative, the Cyberaide Mediator [25] may be used instead of directly accessing the Java CoG Kit. This project is currently being maintained by Fugang Wang and may need to be extended. Any contributions to this work will be clearly documented. 3. Cyberaide Project has not been tested with a real e-Science workflow. A real e-Science workflow will be created using Cyberaide Project. 4. Cyberaide Project does not use the Network Weather Service to accurately model a workflow. We will use the Network Weather Service to determine the Wall Clock time of a workflow. 5. Cyberaide Project does not execute using Karajan. We will provide a user option to compile a workflow into Karajan language. 6. Performance measurements will then be taken to determine the quality of Cyberaide Project.



Deliverables The deliverables will include a report, full code, and installation instructions.
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