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Abstract

This document is one of a series that provides a description of the underlying semantics of DFDL in terms of the logical operations of a hypothetical DFDL parser. This document introduces the concept of a “conversion”, presents syntax for its declarations and semantics for its operation.
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1. Overview
This document describes the DFDL concept of a conversion. It describes how conversions are chosen and explains how to add new white and black box conversions.
Note 1: This document describes the semantics of DFDL in terms of a logic description of how a parser might proceed to operate on the data. Any implementation that provides operations with consistent behaviour is valid.

 For example, a parser might well use a lazy strategy, and evaluate only the parts of a large source needed by the application. These details are left to implementations.

ToDo: We will have to define conformance criteria.  
This is one of a series of three documents produced by the extensibility design team. The documents aim to fill in a number of details as to the logical behaviour of a DFDL parser and in doing so provide the flexibility to extend the capabilities of DFDL to cope with a much broader range of formats than the current proposal. 

The three documents can be considered as independent proposals but they relate to a single consistent view of the DFDL parser.

· Context – a simple proposal for a single consistent value store for the logical DFDL parser that provides a single semantics for variables, properties, parameters and constants.

· Hidden elements – a proposal for the ability to hide elements in the format description in such a way that they can be referred to elsewhere in the description but so that the do not appear in the output. For example the length of a prefix string is clearly an element in the format but not of the output or logical model.

· Conversions – a proposal for the underlying mechanism as to how the logical DFDL parser chooses the logic that converts between types. This proposal includes the syntax for specifying conversions.

These three components are intended to provide a complete description of the logical DFDL parser and the (inherent) extensibility mechanisms.

2. Motivation

Being able to add and manipulate conversions is fundamental to the extensibility of DFDL. For DFDL to be useful in cutting edge technology areas like the Grid and to support the breadth of existing legacy formats particularly in the scientific world, this sort of extensibility is essential. 

3. Concepts
3.1 Conversion
The term Conversion refers to a operation over typed data that converts it from one format to another while preserving an essential property called the logical value of the data
. Frequently conversions involve changes in the type of the data. For example, converting from bytes to floats is a rather simple conversion. Converting from bytes to a character string, then from a character string to a floating point number is a more complex conversion, or two cascaded conversions depending on your perspective. 
This concept of conversion generalizes to all of DFDL. A data file described by a DFDL Schema has a logical type which is the type of the 'top level' element used for that data file. Hence, a DFDL processor performs a conversion between the underlying data type of the file (e.g., bytes), into this logical type defined by the DFDL Schema.. 

.

3.2 Data streams

In DFDL all data inputs are considered to come from logical objects called streams a stream consists of a sequence of XML elements and a cursor which stores the position of the parser in consuming that stream. Note: a single element is considered equivalent to a sequence containing just that element.

All the elements of a stream must be of a single type. If all elements of a stream are of type X then the stream is said to be of type X.
4. Defining conversions

Many conversions are built in to DFDL. For purposes of this document we will imagine that all conversions must be described using a uniform set of conventions whether built-in or extensions.
New conversions are defined using the “dfdl:defineConversion” element. Conversions can be defined purely as prototypes (for conversions built-in to the parser), as using external logic (known as blackbox) conversions, and conversions which use DFDL directly (known as whitebox conversions).
4.1 Prototype Conversions

A prototype conversion defines the name and type signature of a conversion built in to the parser.
<dfdl:defineConversion name=”dfdl:bytesToInt” input=”xs:byte” output=”xs:int” inverseConversion=”dfdl:intToByte”/>
Note that the inverse conversion is required to exist but may not yet have been defined. This is the conversion that is used to write out the values read-in in using this conversion.

4.2 Blackbox conversions

The blackbox conversion is like a prototype conversion except it specifies how to call an external method for example in java:
<dfdl:defineConversion name=”parseText” input=”xs:string” output=”xs:float” inverseConversion=”writeText”>


<dfdl:exec language=”java”>org.foo.Example.parseText(sourceStream, “$separator”, “$numberOfFields”)</dfdl:exec>

</dfdl:defineConversion>
This would call java methods of the form:

public static InputStream ParseText (InputStream input, String separator, int numberOfFields);

TODO: Define blackbox conversions for C, XSL, OS-command-line, WSDL-web service.

There is a semantic fudge in this between individual types, streams of types and sequences of types. This has to be worked through properly.
4.3 Whitebox conversions

The following is a simple example of a conversion in which the value of the input integer is doubled.
<xs:complexType
>


<xs:annotation>



<xs:appinfo>



<dfdl:defineConversion name=”doubleInt
” />



 <dfdl:hidden”>




<xs:element name="x" type="xs:int"/>





</dfdl:hidden>
      

</xs:appinfo>

      
<xs:annotation>


<xs:element name="doubled-value" type="xs:int" dfdl:value=”2* ../x”/>
</xs:complexType>

This conversion has the following prototype declaration, which the parser must infer from the definition:

<dfdl:defineConversion name=”dfdl:doubleInt” input=”xs:int” output=”xs:int” />
5. Registering conversions

Once defined, conversions must be registered. Conversions are registered by adding them to the “conversions” element in the context:

<dfdl:set name=”conversions/parseText” value=” ’$useTextInput’ “ type=”xs:string” position=”top”/>
This statement will add the conversion “parseText” to the top of the list of conversions:
<context>


<dfdl:conversions>



<parseText>$useTextInput</parseText>



<bytesToInt>$binary</bytesToInt>



<bytesToString>TRUE</bytesToString >


</dfdl:conversions>
</context>

The value of the element is an XPath guard which is evaluated as part of the process for selecting conversions. This conversion will not be chosen if the guard evaluates to FALSE or null.

The guard CAN ONLY refer to static elements in the context. This is to ensure that any search required to calculate which conversions apply at any point in the document can be done once in advance of any data being processed i.e. these choices can be handled at “compile” time. 
6. How are conversions chosen?
Conversions can be forced using an explicit declaration (see later). In this section we look at how the parser selects a conversion. Note that the algorithm given is intended to describe the logical behaviour of the DFDL parser. A real implementation is at liberty to choose any implementation that is consistent with these semantics.
The DFDL parser traverses the DFDL Schema visiting nodes in order (as described elsewhere) at each element or attribute it visits it attempts to find a conversion with which to populate it according to the algorithm below.

If the node being populated is an element of complex type and no conversion direct to that type can be found, the parser will add an empty node and move on to attempt to populate its children.

If the node being populated is of simple type and no conversion can be found the parse has failed.

6.1 Conversion search algorithm

Many algorithms could be applied to this search problem and depending on the number of conversions registered the search could be lengthy. Although in most simple cases the search should be trivial. This section describes the initial search that a parser MUST undertake before either giving up or doing anything more complex.

When searching for a conversion the parser will (logically) examine all the registered conversions in the order they appear in the “conversions” element in the context. It will select the first element that can output its target type and for which the guard XPath is satisfied
. If the conversion will accept the current source stream type it is selected to be the conversion for all instances of this data element and the search ends. 
(Note that whether the conversion is successful or not is not considered. We are not searching for a conversion that will work, rather for the conversion that is specified by the DFDL Schema.)
If the chosen conversion will not accept the current source stream type then the input type it requires is made the new target type and the parser begins the search from the top.

In this way the parser builds up a sequence of conversions (byte to String followed by String- to Integer) that match end to end like dominoes. 
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The parser MAY NOT apply the same conversion twice in the same sequence of conversions (i.e. the search may not loop).

If the parser builds a sequence of conversions longer than $MAX_CONVERSION_LENGTH (a settable parameter in the context) then the parser MUST fail
.

7. Conversion Packages

Typically conversions are used in groups. For convenience, definitions can be grouped together in a file, and a bundle provided that registers the whole group and sets up appropriate default values. Such a file is referred to as a conversion package.
For example a small package might look like:

<dfdl:defineConversion name=”dfdl:binInt”        input=”xs:byte” output=”xs:int” />

<dfdl:defineConversion name=”dfdl:binFloat”    input=”xs:byte” output=”xs:float” />
<dfdl:defineConversion name=”dfdl:binDouble” input=”xs:byte” output=”xs:double” />
<dfdl:defineBundle name=”smallBinary”>


<dfdl:set name=”conversions/dfdl:binInt”        value=”$binary”  test=”not($conversions/dfdl:binInt)”     position=”start”/>


<dfdl:set name=”conversions/dfdl:binFloat”    value=”$binary”  test=”not($conversions/dfdl:binFloat)” position=”start”/>


<dfdl:set name=”conversions/dfdl:binDouble” value=”$binary” test=”not($conversions/dfdl:binDouble)”     

   position=”start”/>

      <dfdl:set name=”binary”       value=”true”            test=”not($binary)”/>

<dfdl:set name=”byteOrder” value=”bigEndian”  test=”not($bigEndian)”/> 

       <dfdl:useBundle name=”binaryStrings”/>

</dfdl:defineBundle>

To use this package we would have to (obviously) include the file containing the packages and then (where relevant) use the bundle:
<dfdl:useBundle name=”smallBinary”>
Notice that all of the set context statements have a test to ensure that they do not attempt to double-register the conversion. This allows different packages to include the same conversions. 

Notice that packages can also refer to other packages. The last line of the bundle references another package called “binaryStrings”. So “binaryStrings” is included in “smallBinary”, although because it is included at the end the constant definitions and conversion guards from smallBinary take precedence over those in binaryStrings. For example, suppose that “binaryStrings” contained the line:

<dfdl:set name=”byteOrder” value=”littleEndian”  test=”not($bigEndian)”/> 

This line would be silently overridden by the value for this property set in “smallBinary” shown above.

The use of packages provides a useful mechanism for controlling which conversions are at the top of the conversion list in the local context.

If a section of a DFDL schema was represented in binary we could simply apply:

<dfdl:useBundle name=”smallBinary”>
At the start of the section and these conversions would be preferentially picked up thought the scope of the modification to the context.

8. Data streams
The name of the current stream from which data is being extracted is maintained in the Context. The default source stream is called “stdin” and is of type “xs:byte”. The name of the current stream is held in a property called “source”.
The DFDL document begins parsing against “stdin”. At any point in the parsing the source stream can be switched either by choosing an alternative input source (e.g. a file, url or data stream) or by applying a conversion to the existing stream
.

For example this shows how the source stream can be switched to access a new file, in this case one located at “http://my.data.com/file.csv”.
<xs:annotation>


<xs:appinfo>



<dfdl:defineStream name=”myNewStream" url=”http://my.data.com/file.csv”/> 
            <dfdl:set name=”$source” value=”myNewStream”/> 
     </xs:appinfo>
</xs:annotation>
The next example above applies a conversion (which must have been defined and registered with the parser) that, in this case, decompresses the data.
</xs:annotation>
 <xs:appinfo>
    
<dfdl:defineStream name=”uncompressed" applyConversion=”gunzip” source=”$source”/>

  
<dfdl:set name=”$source” value=”uncompressed”/>
</xs:appinfo>
</xs:annotation>
Note: It would be consistent to have a “dfdl:useStream” that was syntactic sugar for “dfdl:set name=”$source””.

Note: How do we do output streams. (This whole proposal needs reviewing for the write direction).

9. Explicit conversion selection
At any point in the document traversal, if the DFDL parser reaches an explicit “useConversion” tag it will apply the conversion to the data from the current source stream to populate the DFDL element, attribute or sequence the annotation is associated with. If the results of the conversion do not match the type of the element then a runtime error is returned.
<xs:element name="testElement" type="xs:string">


<xs:annotation>



<xs:appinfo>




<dfdl:useConversion name=”rot13" test=”$rot13=’on’”/>



</xs:appinfo>

</xs:annotation>

</xs:element>
If the optional test condition is present then the statement is only applied if the test condition is satisfied.
10. Summary of new statements
In this document the following new statements were introduced:

· defineConversion

· useConversion

· defineStream
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































�Bunch of inline comments.





Top level concerns:





I don't see how this proposal can enable creation of "arrays" as an extension. We had previously put off multi-dimensional arrays by suggesting they might fall out of the extensions proposal, but I can't see how to do that from this proposal.





That's ok. Maybe arrays don't fall out of the extensibility stuff.





On the other hand, maybe somebody already has an idea for how they could but it just isn't explained here.


�Conversions are needed more than for extensibility. We also are describing here the mechanism by which the specific conversions are selected, and in that sense are providing a description of the mechanism by which DFDL is given meaning.





Also, this document describes a way that conversions are composed to form more complex conversions, and this simplifies the specification of the DFDL standard, by, for example, decoupling the way strings are delimited from the way numbers are created from strings, by compartmentalizing those into different conversions for the different concerns. 





Modularity is as important in a well written  specification as it is for well written software.


�I would respin this paragraph to illustrate these additional roles.


�I think this clarification helps. Otherwise what's the difference between a conversion and any function from one type to another. The point of conversions is that they are value preserving for an appropriate definition of "value" and an appropriate sense of "preserve".


�won't be legal at top level without a name="..." 


�I don't like that the "output" element from the conversion is below, but not encapsulated by the defineConversion declaration in any way. I get that the input is the respresetnation and the output is the logical type of the thing carrying the defineConversion annotation, so I guess it is unambiguous, but I would have preferred to say a whiteBox conversion is defined by a named complex type. E.g., 





<xs:complexType name="doubleIntTYpe">


....�</xs:complexType>





<annotation....>


   <dfdl:defineConversion name="doubleInt" type="doubleIntType"/>





Then the input (in case of read direction) is whatever the representation is of the complexType, and the output (in case of read direction) is whatever the logical types is of the complexType.





This also accommodates output direction in that if you can express how your "x" element gets its value from "doubled-value" on output, then you've defined the output direction conversion as well.





This observation, that any DFDL schema type definition defines a "conversion" from the representation of that type to its logical type is exactly the induction step needed to make conversions work "all the way up" from individual primitive elements to where the whole schema is actually specifying a conversion from the data representation to the logical type of the whole document.








�I'm a bit dissatisfied with this. For realistic conversions I foresee that these predicates are going to be gargantuan sets of things that are combinations of presence or absence of all sorts of rep-property settings, including tests on whether the property's value is literal or is itself a run-time-value. E.g., bytes to Int for binary representations needs to know that the rep-type is binary and that byteOrder is specified to have a value. 





I'd prefer that each conversion can have a black-box predicate which can examine the current static context. 


�what is string to string inside the diagram? 





I infer that you mean something like:





"Looking at this diagram we see a conversion at the bottom which is converting bytes into character strings, and then further up the stack is converting one character string to another (perhaps breaking it up by looking for delimiters). The final transformation converts an individual string into an integer."


�More is needed in this section.





We have described conversions as type to type, but really they're slightly more complex than that. E.g., something that breaks up strings using delimiters would have to be expressed here as a conversion from a string (long one with delimiters in it), to another string (substring up to the first delimiter). 





There's something about position and keeping track of what hasn't been consumed that isn't being specified here and while I'm not entirely sure it has to be, I am concerned without it that this explanation must necessarily be unclear. 





I think a more detailed worked example that goes from bytes to string (using charset), then string to string (for delimiters), then string to number would be very helpful. The example should use predicate "guards" on the conversions that really test for realistic property names and values. E.g., for this example we'd need numberBase, separator, charset, and repType as properties. 


�I fail to see why conversion packages are different from any other packages of DFDL annotations that affect the context. 





But I guess I'm the one who hasn't yet finalized the scoping stuff....sigh.


�Goop. We need to fix this operational nit. The syntax should not need these guards.


�I believe the value of an element can also be a source. This case is important in multi-layer situations.





The word "source" is problematic here because it is asymmetric. If I use this DFDL schema to write data I'd expect this to be called "target". 





We've searched for words for this concept that don’t connote direction. Here's suggestions:





"indirect"


"container"


"payload"
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