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Abstract

This document specifies the syntax and semantics of a proposed extension to the Job Submission Description Language (JSDL) 1.0 [JSDL].
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1 Introduction
JSDL defines the vocabulary and normative XML Schema that facilitate the expression of the submission of a single computational job and associate requirements.

This proposed extension attempts to normalize how parameter sweep applications are defined in conjunction with JSDL documents.

Parameter Sweeps, more formally known as Parameter Value Exploration, consist of an application that is executed multiple times, where each time one or more parameter values of that application differ from the previous execution. This may lead to possibly 10’000s of application executions to explore the applications behaviour depending on the given (i.e. swept) parameters. Often, Parameter Sweeps are conducted for performance benchmarks, optimization applications, simulations, etc.

The proposed namespace for this extension is

http://schemas.ggf.org/jsdl/2006/06/jsdl-sweep

2 Notational Conventions

The key words “MUST,” “MUST NOT,” “REQUIRED,” “SHALL,” “SHALL NOT,” “SHOULD,” “SHOULD NOT,” “RECOMMENDED,” “MAY,” and “OPTIONAL” are to be interpreted as described in RFC 2119 [RFC 2119].

This document uses pseudo schemas to outline the make up of components. Pseudo schemas use BNF-style conventions for attributes and elements. ‘?’ denotes zero or one occurrences; ‘*’ denotes zero or more occurrences; ‘+’ denotes one or more occurrences. Attributes are conventionally assigned a value that corresponds to their type, as defined in the normative schema.

<!-- sample pseudo-schema -->

<defined_element



required_attribute_of_type_string="xsd:string"



optional_attribute_of_type_int="xsd:int"? >


<required_element />


<optional_element />?


<one_or_more_of_this_element />+


<zero_or_more_of_this_element/>*

</defined_element>

This document makes use of XML namespaces as XML information sets of several sources are get together. Table 2-1 lists the namespaces and prefixes used in this document.

Table 2‑1: Prefixes and namespaces used in this specification.

	Prefix
	Namespace

	xsd
	http://www.w3.org/2001/XMLSchema

	jsdl
	http://schemas.ggf.org/jsdl/2005/11/jsdl

	jsdl-posix
	http://schemas.ggf.org/jsdl/2005/11/jsdl-posix

	jsdl-sweep
	http://schemas.ggf.org/jsdl/2006/06/jsdl-sweep


3 Use Cases

This section lists the use cases that led to this proposal.

3.1 Parameter centric use cases

3.1.1 Single parameter sweep

The user selects an application she wants to explore. One parameter needs to be explored, and the user specifies the parameter that shall be explored. The user also defines by which function the parameter values are assigned.

The function by which the values are assigned to the given parameter determines the amount of application executions. For example, if the function yields 5 different values, then the application needs to execute five times, each time with a different value for the given parameter.

3.1.2 Double Serial parameter sweep

While this may be covered by the previous use case when no other parameters are involved, it is necessary to cover this scenario with its own use case because of more complex parameter sweep scenarios (see below).

The user selects an application she wants to explore. Two parameters need to be explored, one after the other. The two parameter may be the same, or different. The user also defines the functions by which the values for the two different parameters are assigned. These functions may be identical, or different. Finally, the user defines the order in which the parameters are swept.

The total number of application executions is the sum of of the yield of each parameter assignment functions. For example, if the value function for parameter a yields 8 values, and the value function for parameter b yields 7 values, then the total amount of application executions is 15. If the user specified that parameter b is swept before parameter a, then the first 7 application executions are dedicated to parameter b, and the residual 8 executions are dedicated to parameter a.

3.1.3 N-ary serial parameter sweep

This use case comprises a composition of other use cases (i.e.repetitive application of ”Double Serial”, etc.)

3.1.4 Double Parallel parameter sweep

The user selects an application that she wishes to sweep, and the two parameters that need to be explored. Both parameters need to be changed at the same time in between each application execution. The two value functions may be identical, or different. 

The total number of application executions depends on the value yield of the two functions. Typically, both functions yield the same amount of values. In this case, the number of application executions is the same as the valie yield of either function.

3.1.5 N-ary parallel parameter sweep

This use case comprises a composition of other use cases (i.e. repetitive application of “Double Parallel”, etc.)

3.1.6  Double Nested parameter sweep

The user selects an application that she wishes to sweep, and the two parameters that need to be explored. The set up is so that parameter a depends on parameter b, i.e. that for each value of parameter a, parameter b must be fully explored before the next value of parameter a is explored. The user also selects two value functions, which may be the same or different. 

The total number of application executions is the multiplication product of the number of values for parameter a with the number of values for parameter b. For example, if the function for parameter a yields 7 values, and the function for parameter b yields 8 values, then the total number of application executions is 56. The parameter value combination comprises of the total permutation of the values yielded by both functions.

3.1.7 N-ary Nested parameter sweep

This use case comprises a composition oof other use cases.

3.2 Function centric use cases

At this time, there are only two options given on how to defne the value functions for a Parameter Sweep definition. Further, more complicated function definitions are considered, e.g. [MathML].

3.2.1 Value Iteration value funtion

The user selects the application and application parameters that are involved in the Parameter Sweep as given in the use cases above. The function used to assign values to an application parameter comprises an iteration over a finite ordered list of values. The individual list elements may or may not be different from the other list elements. Each element of that ordered list is explicitly given. Each list element is used once as an application parameter value.

3.2.2 Loop Value function

The user selects the application and its parameters that are involved in the Parameter Sweep as given in the use cases above. The function used to assign values to an application parameter comprises a loop, providing a start value, and end value, and a stepping value. The end value may be less or greater than the start value, but not equal. The stepping value is a positive integer greater or equal to “1” and defines the distance between two adjacent values of this loop.

4 Element Information Set

The following sections define and describe the proposed element information set.

4.1 ParameterSweep

The ParameterSweep element is the single top-level element for this proposed JSDL extension. It aggregates all sweep declarations for a single JSDL ddocument.

A ParameterSweep contains an ordered list of one or more Sweep elements. Each Sweep element MUST be processed individually, and one after another.

A ParameterSweep element can be used in two ways. Both alternatives constitute different semantics.

4.1.1 ParameterSweep embedded in a JSDL document

This alternative is REQUIRED, i.e. each container that supports this extension MUST provide appropriate submission and control operations at the discretion of the container.

In this alternative, a JSDL document MUST NOT contain more than one ParameterSweep elements. Also, the ParameterSweep element MUST be a sibling of the JSDL Application element. 

The JSDL document that conforms to this alternative constitutes one single job submission. However, the information contained in the ParameterSweep element MAY result in more than one application execution, whether serial or parallel. The resource requirements given in the Resources element (which is a sibling of the Application element) MUST be interpreted for each application execution individually.

When embedding a ParameterSweep in a JSDL document, the resulting application executions are directly and totally dependent on the JSDL document. That is, even though the application executions are independent from each other and MAY actually execute in parallel, they MUST be treated as one entity. The interpreting container MAY maintain each application execution individually internally. Bowever, the container MUST provide only one job identifier (e.g. EPR) externally. Each management operation executed on this id MUST be applied equally and simultaneously to each and every dependant application execution that is internally managed by the container.

4.1.2 ParameterSweep embracing a JSDL document

This alternative is OPTIONAL, i.e. each container that supports this extension MAY provide appropriate submission and control operations at the discretion of the container. The container MUST communicate appropriately whether it supports this alternative or not.

In tis alternative, a JSDL document is embedded in a ParameterSweep document. The JSDL document MUST NOT contain a ParameterSweep element on its own.

The semantics are so that even though only one XML document is submitted to the container, the container MUST treat the result of the ParameterSweep as if each iteration would have been submitted individually.

4.1.3 Pseudo Schema

<ParameterSweep>

    <Sweep/>+

    <jsdl:JobDefinition/>?

</ParameterSweep>

4.2 Sweep

A Sweep element consists of one ore more SweepGroup elements. A Sweep element MAY contain nested Sweep elements.

Each SweepGroup within one Sweep element is processed simultaneously each time a parameter value assignment iteration is executed on the Sweep element. The total number of parameter value assignment iterations per Sweep element is determined by information contained in its SweepGroup children.

If a Sweep element contains nested Sweep elements, then for each parameter value assignment iteration for the current Sweep element, the nested Sweep elements MUST be fully processed before the current Sweep element executes the following parameter value iteration. The assosiation of parameter and current value of the current Sweep element MUST be inherited by each nested Sweep element.

4.2.1 Pseudo Schema

<Sweep>

    <SweepGroup/>+

    <Sweep/>*

</Sweep>

4.3 SweepGroup

A SweepGroup associates one or more application parameters with a value assignment function. 

For each Sweep iteration, the function’s current value MUST be assigned simultaneously to each associated parameter.

The semantics are so that for each iteration the value calculated using the Assignment element replaces the value of the XML document nodes evaluated from the Parameter elements XPath expressions.

4.3.1 Pseudo Schema

<SweepGroup>

    <Parameter/>+

    <Assignment/>

</SweepGroup>
4.4 Parameter

The Parameter element contains an XPath 2.0 expression.

This expression MUST select a node in the containing XML document, whether XML element or attribute. The expression MUST start from the root node of the containing document, i.e. the expression MUST start with “/” and MUST NOT start with “//”.

4.4.1 Parameter element restrictions

Depending on the scenario this proposed extension is used for, two or more Parameter elements are needed. However, there are certain constraints when two Parameter element values may or may not be the same. “Sameness” in this context means that the XPath 2.0 expressions evaluate to the same XML document node.

For the following rules, the term “Parameter Node” denotes an XML document node that is the result of evaluating a Parameter element’s value as an XPath 2.0 expression.

1. Two Paraneter Nodes MUST NOT be the same if they occur in the same SweepGroup element.

2. Two Parameter Nodes MUST NOT be the same if they occur in the same Sweep element, and their SweepGroup parents are siblings.

3. Two Parameter Nodes MUST NOT be the same if they occur in nested Sweep elements.

4. Two Parameter Nodes MAY be the same if they occur in different Sweep elements, and these Sweep elements are siblings.

4.4.2 Pseudo Schema

<Parameter> xsd:string </Parameter>

4.5 Assignment

The Assignment element encodes the application paramter value function. This element itself does not define any content structure (i.e. the XML rendering is an abstract complex type). Instead, extensions define the concrete functional behaviour.

4.6 Values

The Values element defines a parameter value function that simply iterates over a given ordered list of values.

The value list MUST contain at least one element. The value list elements contents are given as strings of characters for flexibility. However, it MUST match the the nodes selected by any sibling Parameter element value expression.

4.6.1 Pseudo Schema

<Values>


<Value> xsd:string </Value>+

</Values>

4.7 Loop

The Loop element defines a parameter value function that yields ascending or descending values. The values are of integer type.

The loop element has three attributes, “start”, “end” and “step”. “start” and “end” are REQUIRED attributes, and “step” is OPTIONAL. The values calculated by this function MUST start with the start value. 

The subsequent values are either greater than or less than the previous value. If the end attribute’s value is greater than the start attribute’s value, then the subsequent values are also greater than the previous value. If the end attribute’s value is less than the start attribute’s value, then the subsequent values are also less than the previous value. 

If the step attribute is not given, then the default value is 1. That means, that 


[image: image1.wmf]
Where s = the step attribute’s value.

The last value calculated by this function MUST be less or equal to the end attribute’s value.

4.7.1 Pseudo Schema

<Loop start=”xsd:integer” end=”xsd:integer” step=”xsd:positiveInteger”?/>
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Appendix 1 Normative XML Schema

The following text gives the normative XML schema for this proposed JSDL extension.

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema targetNamespace="http://schemas.ggf.org/jsdl/2006/06/jsdl-sweep" 

    xmlns:sweep="http://schemas.ggf.org/jsdl/2006/06/jsdl-sweep"

    xmlns:jsdl="http://schemas.ggf.org/jsdl/2005/11/jsdl"

    xmlns:xs="http://www.w3.org/2001/XMLSchema"

    elementFormDefault="qualified" version="1">

    <xs:import namespace="http://schemas.ggf.org/jsdl/2005/11/jsdl" 

               schemaLocation="./jsdl.xsd"/>

    <xs:element name="ParameterSweep">

        <xs:complexType mixed="false">

            <xs:sequence>

                <xs:element name="Sweep" type="sweep:SweepType" 

                            minOccurs="1" maxOccurs="unbounded"/>

                <xs:element ref="jsdl:JobDefinition" minOccurs="0"/>

            </xs:sequence>

        </xs:complexType>

    </xs:element>

    <xs:complexType name="SweepType" mixed="false">

        <xs:sequence>

            <xs:group ref="sweep:SweepGroup" minOccurs="1" 

                                             maxOccurs="unbounded"/>

            <xs:element name="Sweep" type="sweep:SweepType" 

                        minOccurs="0" maxOccurs="unbounded" />

        </xs:sequence>

    </xs:complexType>

    <xs:group name="SweepGroup">

        <xs:sequence>

            <xs:element name="Parameter" type="xs:string" minOccurs="1" 

                                         maxOccurs="unbounded"/>

            <xs:element name="Assignment" type="sweep:Assignment" mi
                                          nOccurs="1" maxOccurs="1"/>

        </xs:sequence>

    </xs:group>

    <xs:complexType name="Assignment" abstract="true" mixed="false"/>

    <xs:complexType name="Values" mixed="false">

        <xs:complexContent mixed="false">

            <xs:extension base="sweep:Assignment">

                <xs:sequence>

                    <xs:element name="Value" type="xs:string" 

                                nillable="false" minOccurs="1" 

                                maxOccurs="unbounded"/>

                </xs:sequence>

            </xs:extension>

        </xs:complexContent>

    </xs:complexType>

    <xs:complexType name="Loop" mixed="false">

        <xs:complexContent mixed="false">

            <xs:extension base="sweep:Assignment">

                <xs:attribute name="start" type="xs:integer" 

                                           use="required"/>

                <xs:attribute name="end" type="xs:integer" 

                                         use="required"/>

                <xs:attribute name="step" type="xs:positiveInteger"

                                          use="optional" default="1"/>

            </xs:extension>

        </xs:complexContent>

    </xs:complexType>

</xs:schema>

Appendix 2 Example

The following text gives an informative example of how to use this proposed extension

<?xml version="1.0" encoding="UTF-8"?>

<sweep:ParameterSweep xmlns:tns="http://example.org/paramsweep" xmlns:sweep="http://schemas.ggf.org/jsdl/2006/06/jsdl-sweep"

    xmlns:jsdl="http://schemas.ggf.org/jsdl/2005/11/jsdl" xmlns:jsdl-posix="http://schemas.ggf.org/jsdl/2005/11/jsdl-posix"

    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://fujitsu.com/arcon/ParameterSweep ./parametersweep.xsd"

    xmlns:xs="http://www.w3.org/2001/XMLSchema">

    <sweep:Sweep>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[1]</sweep:Parameter>

        <sweep:Assignment xsi:type="sweep:Values">

            <sweep:Value>1</sweep:Value>

            <sweep:Value>2</sweep:Value>

        </sweep:Assignment>

        <sweep:Sweep>

            <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[2]</sweep:Parameter>

            <sweep:Assignment xsi:type="sweep:Values">

                <sweep:Value>1</sweep:Value>

                <sweep:Value>2</sweep:Value>

            </sweep:Assignment>

        </sweep:Sweep>

    </sweep:Sweep>

    <sweep:Sweep>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[3]</sweep:Parameter>

        <sweep:Assignment xsi:type="sweep:Values">

            <sweep:Value>5</sweep:Value>

            <sweep:Value>42</sweep:Value>

        </sweep:Assignment>

    </sweep:Sweep>

    <sweep:Sweep>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[3]</sweep:Parameter>

        <sweep:Assignment xsi:type="sweep:Loop" start="10" end="100" step="10"/>

    </sweep:Sweep>

    <sweep:Sweep>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[2]</sweep:Parameter>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[3]</sweep:Parameter>

        <sweep:Assignment xsi:type="sweep:Values">

            <sweep:Value>10</sweep:Value>

            <sweep:Value>20</sweep:Value>

        </sweep:Assignment>

        <sweep:Parameter>/sweep:ParameterSweep/jsdl:JobDefinition/jsdl:JobDescription/jsdl:Application/jsdl-posix:POSIXApplication/jsdl-posix:Argument[3]</sweep:Parameter>

        <sweep:Assignment xsi:type="sweep:Loop" start="1" end="10"/>

    </sweep:Sweep>

    <jsdl:JobDefinition xsi:schemaLocation="http://schemas.ggf.org/jsdl/2005/11/jsdl ./jsdl.xsd">

        <jsdl:JobDescription>

            <jsdl:Application>

                <jsdl-posix:POSIXApplication xsi:schemaLocation="http://schemas.ggf.org/2005/11/jsdl-posix ../1.0_final/jsdl-posix.xsd">>

                        <jsdl-posix:Executable>/bin/echo</jsdl-posix:Executable>

                    <jsdl-posix:Argument>hello</jsdl-posix:Argument>

                    <jsdl-posix:Argument>world</jsdl-posix:Argument>

                    <jsdl-posix:Argument>again!</jsdl-posix:Argument>

                </jsdl-posix:POSIXApplication>

            </jsdl:Application>

        </jsdl:JobDescription>

    </jsdl:JobDefinition>

</sweep:ParameterSweep>
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