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1.
Introduction

1.1 Purpose of this document

The purpose of this document is to give an insight of the architecture, used technologies used and other technical details in the development of ASN.1 to CSV converter generator. Future developers can use this document as a reference material while debugging or upgrading this application. Users can use this document to get better knowledge of how system works.

1.2 Document organization

The document is organized as follows: 

· Section 1: Introduction
· Section 2: General Overview
· Section 3: Architecture.

1.3 Intended Audience

The intended audience is:

· Current and future developers
· Steering team
· Customer

1.4 Scope

This document will describe technical details of the ASN1 to CSV converter generator project. For deeper understanding, we also recommend reading the user requirements, ASN.1 specifications and XSLT manual.
2. General overview

2.1 Technologies used

Various technologies are used on parts of the project. Also some of technologies were required by our customer. Graphical User Interface is made using Visual Studio 2008.NET. ASN.1 to XML converter (Tree view converter) is made using C++ (Visual Studio). As required BER to XML converter is written in ANSI C. For XML parsing and CSV output we use Libxslt (Library for XSL Transformations) which is written in ANSI C.  For communication between various parts of the system we used XML (eXtensible Markup Language)  and XPath.
2.2 Technical requirements
GUI of the ASN.1 to CSV converter is developed and tested on Microsoft Windows platform. Actual process of conversion is done by LibXSLT.  In the transformation process, LibXSLT uses XPath to define parts of the source document that should match one or more predefined templates. When a match is found, XSLT will transform the matching part of the source document into the result document.  LibXSLT is written in ANSI C so it can be compiled for every target with available ANSI C compiler.
3. Architecture

Because of the requirements but also to help developers to work separately on their respective component, ASN.1 to CSV converter generator is developed on component based architecture. This was also very helpful during testing phase, because we were able to test each component separately. We also believe that this will be very useful during future upgrades of the program. 
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3.1 asn1tree

3.1.1 Overview
This program converts ASN.1 grammar file to XML file. The reason why we use this program is because we’ve learned that when compared to ASN.1 files, XML files are easier to manipulate with. This program needs to be run under Microsoft Windows, but as it is written in C++ it can be easily used on any ANSI C compatible operating system. To build a XML tree, we need to parse the ASN.1 file first. Building the whole parser from scratch would involve building definite state automata. With the time and the budget constraints we’ve decided we’d use third party program for that and we choose asn1c. However, first attempt to use that program wasn’t successful. Asn1c does not know how to build a XML tree, but it does know how to build a document type definition. However, with further analysis of the outputted data, we’ve learned that that output is not a valid document type definition. That is why we’ve choose to use asn1c for preprocessing and then parse the file with our own program. Preprocessing basically consists of verifying the syntax, removing most of the comments from original file and indenting it properly. If there are no errors reported, the preprocessed file is then passed to our program. Our program uses simple parsing logic but considering the requirements this program had, that simple parsing logic was sufficient.

3.1.2 Input and output

This program takes one or more parameters as input. Each parameter must be a ASN.1 grammar file path. The first element of the first file is pronounced a root element. If successful, a new file, asn1tree.xml, will be created. If there were any errors (for instance syntax errors) message describing the error would be outputted instead.

Lets take a look at few examples:

asn1tree myfile.asn


This call will take myfile.asn as input and create asn1tree.xml as output.

asn1tree myfile.asn myotherfile.asn

This call will take myfile.asn and myotherfile.asn as input files

and create asn1tree.xml as output.

This is needed when grammar is spread across multiple files

(for instance when using imports directive)

3.1.3 File formats

Input file format is a standard ASN.1 file which is described in the documentation our customer provided us with. The output file is a standard XML file. Each element of ASN.1 grammar is represented as a node in our XML file. Each element have two attributes: application and type. Application attribute is used for linking ASN.1 to BER file, and type element is used for describing the element type (such as choice, sequence, integer, etc.)

3.1.4 Example

This is a (made up) example of output file:
<xml version=”1.0” encoding=”iso-8859-1”?>

<aaa>


<bbb application=”[APPLICATION 1]” type=”Integer” />


<ccc application=”[APPLICATION 2]” type=”Octet string” />


<ddd application=”[APPLICATION 3]” type=”SEQUENCE”>



<eee application=”[APPLICATION 4]” type=”Hex string” />


</ddd>

</aaa>

In the example above, aaa is a root element, bbb, ccc and eee are primitive type elements and ddd is a complex type element.

3.1.5 Deliverables

The source code of this program is delivered, together with compiled version for Windows. Asn1c is bundled because this program is relying on asn1c for preprocessing.
3.1.6 Final notes

This program is not intended to be run by user directly. Instead, GUI should run this program, take it’s output (or error) and present it to the user.
3.2 Graphical User Interface
3.2.1 Overview

Graphical User Interface presents selected ASN.1 grammar to the user in the tree format. GUI doesn’t parse the grammar by it itself  but rather uses asn1tree for that purpose. User can select any grammar production by checking appropriate check box on the tree representation of the grammar. After clicking the button “Generate”,  this program will generate output XSL file. It’s written in C# and uses .NET technology so needs to be run under Microsoft Windows with appropriate .NET framework.
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3.2.2 Input and output

Input file format is a standard ASN.1 file. Actually GUI doesn’t open original file, but special formatted XML file created by asn1tree. As XSL generator is integrated part of GUI, output file is XSL. Process of creation of XSL file will be explained later.
3.2.3 Deliverables

The source code of this program is delivered, together with compiled version for Windows. Also we made installation package for easier installation. Installation package contains all programs (asn1tree, GUI, BERtree, ASN1C …) necessary for running this program.
3.3 XSL Generator 
3.3.1 Introduction
XSL generator module is used for generating XSL files that transforms XML to CSV according to user choices in the GUI.
3.3.2 Basic idea

Basic idea is to linearize XML file. All root nodes in ANS.1 grammar description that haves same parent node go into same row in CSV file. Others are left empty.
3.3.3 Input

XSL generator module takes XPath string array as input:

XPaths[0] = "bertree/C[@T='[APPLICATION 1]' and @name='Nrtrde']/P[@T='[APPLICATION 38]' and @type='OCTET STRING']";

XPaths[1] = "bertree/C[@T='[APPLICATION 1]']/C[@T'[APPLICATION 2]']/C[@T='[APPLICATION 4]' and @name='mtc']/P[@T='[APPLICATION 34]' and @type='OCTET STRING']";

XPaths[2] = "bertree/C[@T='[APPLICATION 1]']/C[@T='[APPLICATION 2]']/C[@T'[APPLICATION 4]' and @name'mtc']/P[@T='[APPLICATION 19]' and @type='OCTET STRING']";
3.3.4 Algorithm implementation

First thing to do is to validate input.

After input has been validate, it needs to be grouped in proper way. Dictionary is used for this purpose.

Dictionary<string, List<string>>;
Key is a string containing unique XPath without root node:

bertree/C[@T='[APPLICATION 1]']
bertree/C[@T='[APPLICATION 1]']/C[@T='[APPLICATION 2]']/C[@T'[APPLICATION 4]']

This is made this way because all elements with same parent will go into same row in output CSV file, so key is path to the root element.

Values are string list containing all root elements that has same parent, and empty strings for root elements that aren’t in this particular parent node.
For example, first key will have value:

List => P[@T='[APPLICATION 38]'], '', ''
Second key will have value:

List => '', P[@T='[APPLICATION 34]'], P[@T='[APPLICATION 19]']
Now, different templates are implied according to Dictionary:

· Root template:

<xsl:template match="/">

<xsl:apply-templates select="bertree/C[@T='[APPLICATION 1]']"/>

<xsl:apply-templates select="bertree/C[@T='[APPLICATION 1]']/C[@T='[APPLICATION 2]']/C[@T='[APPLICATION 4]']"/>

</xsl:template>

· Parent node template

<xsl:template match="$nodeXPath">

<xsl:for-each select=".">

<xsl:text>$nodeName</xsl:text>

<xsl:value-of select="','"/>

<xsl:call-template name="$row_i"/>

</xsl:for-each>

</xsl:template>

$nodeXPath is root’s parent XPath: C[@T='[APPLICATION 1]']

$nodeName is root’s parent name: Nrtrde

$row_i is “row” plus counter (i)

· CSV row template, in which value of root nodes are put according to “having same parent” – that is, List of strings in Dictionary. For example:
<xsl:template name="row_2">

<xsl:text>,</xsl:text>

<xsl:value-of select="./P[@T='[APPLICATION 34]']"/><xsl:text>,</xsl:text>

<xsl:value-of select="./P[@T='[APPLICATION 19]']"/>

<xsl:text>&#xD;</xsl:text>

</xsl:template>
3.3.5 Output

XSL generator produces XSL file that is used for transforming XML to CSV file according to user choices.

3.4 bertree

3.4.1 Overview

Just like the asn1tree, we’ve decided that it would be easier to manipulate with XML files when compared to BER files. Luckily we had an easier task with this program than we had with asn1tree. The reason for that is that asn1c knows how to convert binary BER file to XML file. To be more precise, it knows how to convert BER to quasi XML file. Although the output very much looks like an ordinary XML actually it is not. In order to overcome that, we’ve decided to modify asn1c so it produces valid XML files. First we had to be able to compile it before we could go on and start making changes. We successfully did that and we started to look for the code that needed to be modified. Asn1c have thousands of lines of code, but luckily we managed to pinpoint the code we needed to modify. It was about 250 lines that we needed to analyze and make the appropriate changes. After we’ve managed to convert the quasi XML to valid XML for 15 MB input file we were getting output file over 200 MB in size. After further analysis we’ve noticed that file had lot of unnecessary information (like offsets and similar properties). We’ve removed that as well thus reducing the size to the half of original size. The final correction we had to made was converting the binary data representation. The customer required that all binary data is presented with hex digits. We managed to do that as well, and we could finalize this program as well.

3.4.2 Input and output

The program takes one parameter which represents the BER file that needs to be converted to XML. The program outputs results to the standard output.

bertree myber.bin



This will take myber.bin as input file and output XML to the standard output.

3.4.3 File formats

Input file is a standard BER file as it was described in the documentation our customer handed us. The XML file which we are producing is a standard XML file. The root node is bertree, and all other elements are the same ones that asn1c outputs. All complex types are marked with C, and all primitive tags are marked with P. Attribute T which each element have represents the application tag which we’re using to link bertree to asn1tree.
3.4.4 Example

Lets take a look at (imaginary) example:


<?xml version=”” encoding=”iso-8859-1”?>


<bertree>



<p type=”[APPLICATION 1]”>41</p>



<p type=”[APPLICATION 2]”>3E</p>



<c type=”[APPLICATION 3]”>




<p type=”[APPLICATION 4]”>E3</p>

</c>


</bertree>

In the example above, there are three primitive types and one complex

3.4.5 Deliverables

The source code is delivered as compressed file. The procedure is: decompress, compile and run. Together with the source code we’re delivering the compiled version for Windows.

3.4.6 Final notes

This program is not intended to be run by user directly. Instead, the XSLT program should invoke this program and take its output and then produce CSV file.
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