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1. INTRODUCTION

1.1. Purpose and Scope

This document describes the EE XML/Binary CFl Rilandling Library for accessing (read/write)
binary files. This CFl is to be used initially inet development of the SMOS L1 Processor Prototype i
order to read already created binary files andewttie different level products of the L1 Processor.
Detailed descriptions of each of the functions pies by the CFI are described here for reference.

The library is developed in such a way that indegpendent of the SMOS mission, being possibleé¢o u
it for any kind of XML/Binary files that follow somspecific guidelines. The functions presentedis t
document shall not make any explicit reference ssumptions related exclusively to the SMOS L1

Prototype.

1.2. Acronyms and Abbreviations

API Application Programming Interface
CFlI Customer Furnished Item
Hybrid-XML A file with a header written in XML coratenated with the binary
information
EEFH Earth Explorer File Handling CFI (ASCII XMLbliary)
LSB Least Significant Bit
MSB Most Significant Bit
EE Earth Explorer

Table 1: Table of Acronyms.

For the complete list of acronyms, please refeahéodocument SO-LI-CASA-PLM-0094 “Directory of
Acronyms and abbreviations”.

1.3. Applicable and Reference Documents

1.3.1. Applicable Documents

Ref. Code Title Issue
SOW | SO-SOW-CASA-PLM- Level 1 Processor Prototype Development Phasg 3 01
0855 and Support and Analysis Activities. Statement of
Work
BinX |BinX Editkt::BinX 1.2 Developer’'s Guide 1.2

Table 2: Applicable Documents.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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1.3.2. Reference Documents
Ref. Code Title Issue
RD 1 CS-MA-DMS-GS-0001 Earth Explorer Mission CFl SofteaMISSION 1.3
CONVENTIONS DOCUMENT
RD 2 PE-TN-ESA-GS-0001 Earth Explorer Ground Segmente FHormat 1.4
Standard
RD 3 CS-MA-DMS-GS-0002 Earth Explorer Mission CFl Soft@aGENERAL 3.7
SOFTWARE USER MANUAL
RD 4 | CS-MA-DMS-GS-0008 EXPLORER FILE HANDLING Referentanual 3.7
RD5 [ SO-LI-CASA-PLM-0094 Directory of Acronyms and abbiations

Table 3: Reference Documents

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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2. LIBRARY GUIDE

2.1. Objectives

The main objective of this CFl is to provide accesthe data of a binary file using a XML Schemaitth
defines the order and type of the data containgtlahbinary file. This approach makes it possible
alter the read/write format of a given binary filg simply changing the XML Schema. The CFI shall
also provide access capabilities to hybrid XML/Binéiles, where the binary file has a XML ASCII
header preceding it. The binary content in sudsfihall not be enclosed within tags.

The CFl is based on BinXattp://www.edikt.org/binx/download/index.jspwhich provides the storage
and retrieval of data into binary files, and isoaltgsed on the Earth Explorer File Handling librimy
storage and retrieval of data into XML files.

The CFI shall provide all the mechanisms internadlyseparate the XML and the binary parts for
separate access, making it transparent to the lEaeln. part will need an independent validation sehe
describing the format and type of the values toda®l from the XML and binary contents. The BinX
based schema and functions provide a direct colvefsom the binary part contents into memory
variables, whose type is defined in the schema.

The intended use of this library is for the decgdof hybrid binary-XML product files within the
SMOS L1 Processor Prototype. This library shallthe only interface for handling read and write
functions within the prototype. Handling of pure XMbroduct files shall be covered by the already
available EE File Handling CFI.

2.2. Components

The library is separated in two different composetite component that deals with objects and that i
related with the fact that the BinX library is vieih in C++, i.e., the Object Handler; and the congo
that provides the functions that are availabletieruser in ANSI C, i.e., the API.

2.2.1. Object Handler

The Object Handler is implemented in C++ and linketh the API. The main goal of this handler is to
provide to the API an efficient way to handle bindata files using XML-Schemas. To respond to this
demand the Object Handler uses the BinX library thakes possible to load in memory the content of
binary files or writing data into them. These twgeoations are done based on a BinX language fie th
describes the binary data structure and allows Bintanslate it into an XML-Schema.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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BinX
XML
Schema

BinX Library Object Handler h

Figure 1: Accessing data variables.

The Object Handler uses the BinX API functionsaad the data into memory, thus creating objects tha
represent that information. When the objects aeated, a small table identifying the new objects is
filled with the object and an object identifier (emeger). By this approach it shall be very easytle
API to know the available objects and even to dgdtnose that are no longer need.

The Object Handler management table will have dhlewing structure:

ObjectID Object
int ID1 * objectl

The ObjectlID field identifies in a unique way a newloaded object.

To describe better the role of Object Handler ketansider that binary data file with several stices

is going to be loaded in memory using BinX. Imagihat the user wants at least one variable of each
structure. To solve this problem the CFI buildsiaX8Schema file describing the structures the user
wants and then uses the Object Handler to loati@itructures required into memory.

When a structure is loaded a new entry is addédetdable associating an identifier with that stoe
(the Object). Then, the user requests to the A®sthucture’s variable providing the identifier ahe
variable name. The Object Handler then returnbecAPI the value of the required variable.

The Object Handler is also responsible for retugrimthe API the structure content of an objectemwh
requested, i.e., given a structure, the Object Kandust fill that structure, retrieving the infoation
from the object that represent the information &xhtfom the binary data file using BinX.

The library imposes no limits in the amount of detenmitted to memory, although the user must be
aware that loading more data than the available FAARII most probably result in loss of performances

2.2.2. API

The API is implemented in ISO C99, and represdmggunctions that are available for the user. #llsh
return the values gathered from the Object Hartdléne user.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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2.3. Compile and link
The library has the following dependencies:
Compilation Library Version Library Name
libxml2 2.6.22 or| XML C parser and toolkit
newer
libexplorer_file_handling 3.7 Earth Explorer Fiiandling
libxerces-c 2.7.0 or| Apache Xerces XML parser
newer

Table 4: Library dependencies

Since the BinX library was discontinued, the demsmy from the BinX was removed. Instead,
BinXML-FH now includes a modified version of BinXbrary — BinX 1.2.4 — which is not an official
release and is only used internally by BinXml-FH.

The libxml2 library is required by the CFI librarfhe Xerces library is required by BinX. For more
details on how to install each one of the librapk=ase refer to each library’s documentation.

The dependencies of the current library are onlyhenEE File Handling CFI and on the BinX library.
These previous libraries, and not the library déesd in this document, impose the dependency on
libxml and libxerces. Tests have been made withenamlvanced versions (e.g. libxml 2.6.31) without
any problem, the shown recommended versions aea ta@m the BinX and EE CFl documentation.

The library is structured as shown in Figure 2, sehthesrc directory contains the source files
(*.c/*.cc), the include  directory contains the headers (*.h) required tompile the library’s
components and thebj directory contains the objects resulting from toenpilation of the sources.
The library will be created in tHd directory.

Thetest directory contains a program that can be usedh&zlcif the library is properly installed.
There are some templates in the direcgmigema-templates  and one hybrid file itest/data
that are used by this test program. For more infbion on how to run it, please see Library SelftTes

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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——binxml-fh
——include
——api
——common
L——object-handler
——Tlib
——obj
——api
——common

L——object-handler
——schema-templates
——src

——api
——common
L——object-handler
—test

——bin

——obj

L—src

Figure 2: Directory structure of the library.

To compile the library it is necessary to use Makefile that exists on the root of the library. There
is another dedicatddakefile in the test directory, which shall be used to geteethe self-validation
test. This validation test can also be used axample of how the API functions shall be used.

For the latest information on how to install thierdiry, please check the fileadme.txt  located at
the root directory

2.4. Usage

The library has its own configuration filditxml-fh.conf.xml ) that allows configuring some
required parameter of the library [see 2.5 Confgon File].

It is necessary to give permission to the useheflibrary to write files and to give him quota egb to
deal with the temporary files created while using library, either for reading and writing. The wtor
case estimated quota that it shall be necessargrding to the files that the user is going to pss;
shall be double the size of the processed fileg/ltav complete rewriting of each file into a tennary
directory.

For accessing values defined in the ASCII parthefhybrid XML (the header) the libray shall use the
EEFH [RD 4], as already defined, providing accest to the user as well through the same interface
The library shall also provide access to the Bingayt of the hybrid XML file, through functions
described in subsequent chapters.

To explain how the library works, let us consideBBIOS L1 applicable scenario, where it exists a
block of data called Scene and a hybrid-xml fil@ @®roduct) containing a specific number of scenes.
The header of the hybrid-xml contains a tag with tlumber of scenes within the file and another tag
explaining the offset where the binary data startee hybrid-xml file.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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Pead hybrid-xm|
ader

L1PP

Retrieve Scene

Memaory
1D Object
7 0xFEL7

e |

Load to
structure

Memary
I Object

O FELT
/ Read Access =~ OxACEC | i Y
SceneASICs

@ L1PP Core functions EE

|ASTCD IJ |ASTCJ. IJ |ASTC2 IJ
Q ASCII XML File Handling Library

|ASTC3 IJ |ASTCI‘1|J |ASTC5 IJ
1 Binary XML File Handling Library

|ASTCE IJ | ASTCTIJ |ASTCB IJ

EPN
Figure 3: Retrieving a scene from a hybrid XML data file.

As it is shown in Figure 3, the CFI starts by aso®s the header of the hybrid-xml file to know how
many scenes exists in the file and provides tHmrmation to the user, who then requests the retrie
of a specific scene (or an array of scenes). Tiexet the required scene, the user must implement a
function that uses the API of the library to reteghe information and fill the user’s data struetu~or
that purpose, the user calls the function of thé -ABxtract_data() — to extract the desired block
of data (scene) from the hybrid-xml file and wiiteto a binary data file. Then the user will regtithe
BinXML-FH to prepare the schema that characterittes block data (scene) that was extracted
previously —prepare_schema() . With the binary file and the schema ready, ther usquests the
BinXML-FH to map into memory the binary file usirtbe schema 4oad_data file() . This
returns an identifier that has to be used to retride variables’ value in order to fill the usefided
structure (Load to structure). This is done calling propeget_...() functions, as required by the
structure. After the values of the variables hagenbinserted in the user defined structure, the cese
request the library to release the memory alloctddtie binary file using the definition of the soha
using the identifier that was returned previousfyee _data_file()

After this process, the user has stored the regdasene in its own defined structure, using thenomg
allocated by him. In the following image, the prw process is shown, also providing a user defined
functionget_scene() , which includes all the CFI function calls.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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Logical «library» «library»
Model::L1PP Logical Logical
Model::BIN_XML-FH Model::ASCII_XML-FH

tError:= get_data_file_info(header_fname,parent,info)

fid:= xf_tree_init_parser(data_file,error)

1
xf_tree_get_fixed_header_item(fid,"Nr_of_scenes",value,error)
1

error:= get_scene(data_fiIe_name,nr_of_sceneslist_of_scenes,thé_scene)

bin_fname:= extract_data(data_fname,data_i ndicesdata_size,érror)

fid:= xf_tree_init_parser(file,error)

o d

xf_tree_get_fixed_header_item(fid,"data_offset",value,error)

xsl_fname:= prepare_schema(link_fname,nr_links,error)

int:= load_data_file(bin_fname,xsl_fname)

load_scene(object_ID,theScene,error)

char:= get_char(object_ID,var_name)

get_struct(object_ID,var_name,struct_var)

free_data_file(object_ID,error)

Aeddd o dde—

Figure 4: Example of how to use the Library to retrieve information.

The Figure 4 shows in more detail the sequencéefunctions of the BinXML-FH that are called to
implement the user function that retrieves the taak (Scene) and fills the user defined structase
described previously. In this figure the EEFH isntfied as ASCIl_XML-FH.

To perform the reverse process, store the dat& bibcs necessary to prepare the schema (or use an
existing one if that is the case) that describes tay the information is to be stored -
prepare_schema() — and then create a representation of the bin&yirf memory using that
schema Hoad_data_file() . This returns an identifier that is used to pd&ssihformation to the
APl using theset_...() functions. After all the information have beenges the file can be written to
disk —save_data_file()

An example of the saving process is shown in Figumehere a user defined functisave _scene()
is also represented, grouping the CFl use in desingction.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.
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Logical «library»
Model::L1PP Couien
Model::BIN_XML-FH|

save_scene()

xsl_fname:= prepare_schema(link_fname,nr_links,error)

)
error:= create_data_file(schema_filename,objectID) _i_

y

xsl_size:= get_schema_size(xsl_fname)

fname:= create_dumy_file(size)

int:= load_data_file(fname,xsl_fname)

error:= set_char(object_ID,varname,value)

A 4

error:= set_double(object_ID,vamame,value)

error:= save_data_file(objectID,bin_filename)

g

Figure 5: An example of how to use the Library to save information.

2.5. Configuration File

Before using the functions provided by the librang necessary to read the configuration file ggime
functionread_config_file()

The structure of the configuration file is as fol&

<?xml version="1.0"?>

<config>
<lib_home_dir>/opt/binxml-fh/</lib_home_dir>
<tmp_data_dir>../tmp/data/</tmp_data_dir>
<dataset_string>dataset src</dataset_string>
<header_size_string>HEADER_SIZE</header_size_stri ng>
<top_lines_of_header>25</top_lines_of_header>
<tag_block_list>DSD_LIST</tag_block_list>
<tag_block_set>DATA_SET</tag_block_set>

<tag_block_set_name>DATA_SET_NAME</tag_block_set_ name>

<tag_block_set_size>MDR_SIZE</tag_block_set_size>

<tag_block_set_count>NUM_MDR</tag_block_set_count >

<tag_block_set_offset>MDR_OFFSET</tag_block_set_o ffset>

<tag_byte order>Byte_Order</tag_byte_order >

</config>

The tag lib_home_dir identifies the library path and is wused by the ction
read_config_file() when the configuration file is passed to it asiargnt.

The tagmp_data_dir  indicates the directory where the temporary fileeded by the library will be
created. These temporary files are the binary &il@sthe schema files.
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The tagdataset_string specifies a string that contains the tag andbattei of the template, where
it is indicated the variable type and name. [séd-B/brid file header]

The tagheader_size_string specifies the tag from the header of the hybridiXfe that
indicates the size of that same header.

The tagtop_lines_of header indicates the number of lines from the headehefrybrid-XML
file that will be read looking for the string dedid by the tadpeader_size_string

Because the hybrid file may contain different typéglata, here referred as blocks, the headereof th
hybrid file must contain a list with a specific nber of blocks. Each block must contain a name, the
offset to the data block starting from the begigniri the hybrid file, the number of elements that ia

the mentioned block and the size of each on @l@ments.

The tags of the configuration file, that define tags of the block list contained in the headethef
hybrid file, are the following. Théag_block_list defines the tag that identifies the beginning of
the list of blocks. This tag should contain anilattie count that specifies the number of blocks
contained in the hybrid file. The start of a blodkscription is identified by the tag defined in
tag_block_set . The block name and offset are specified by th@s tadefined in
tag_block_set_name and tag_block_set_offset respectively. The offset of each data
block is always related to the start of the fil&@he number of elements contained in each block is
specified by the tag defined tag_block_set_count and the size of each element is identified in
the tag defined btag_block_set_size

The tagtag_byte_order is used to identify the byte order used in theuddbck.

2.6. Hybrid file header

Here is a description of the required elementseftybrid-XML header.

The header of the hybrid file must contain at tlegibning the tag specifying the size of the header.
This tag is defined in the configuration file byettagheader_size_string and must be in the first
lines as defined byop_lines_of header in the configuration file. The header must alsatain

a block list with the tags defined in the configioa file.

In the following paragraph there is an exampleuzhsa header:

<FILE>
<HEADER_SIZE>0000005367</HEADER_SIZE>
<DSD_LIST count="01">
<DATA SET>
<DATA_SET_NAME>CHARACTERS </DATA_SET_NAME>
<MDR_SIZE>+0000002</MDR_SIZE>
<NUM_MDR>+00075</NUM_MDR>
<MDR_OFFSET>+0005367</MDR_OFFSET>
<Byte_Order>3210</Byte_Order>
</DATA_SET>
</DSD_LIST>
</FILE>
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2.7. Template file

The template file is used to generate the scheatpsred by BinX to read the binary file.
It is a XML schema file following the specificatiai BinX [BinX] but with some restrictions:

Q in the schema template, after the tag defineddigset_string in the configuration file, only
the first line containing thaseType tag will be taken into account when creating ttieesna using
theprepare_schema function. Any tag and/or comment after this lisegnored.

Q the variable name must contain the # character itheattifies the place where the index of the
element will be placed.

Following it is an example of a template:

<?xml version="1.0" encoding="UTF-8"?>
<binx xmIns="http://www.edikt.org/binx/2003/06/binx ">

<definitions>
<defineType typeName="Basic_Types">
<struct>
<unsignedinteger-32 varName="var_integ er' />
<float-32 varName="var_float" />
<double-64 varName="var_double" />
<unsignedLong-64 varName="var_long" />
<unsignedByte-8 varName="var_char" />
</struct>
</defineType>
</definitions>

<dataset src="binary_product" byteOrder="bigEndian" >
<useType typeName="Basic_Types" varName="B_Typ es[#]" I>

</dataset>

</binx>

2.8. Library Self Test

To compile the test, it is necessary to compileBmeXML library first and include the library diréary

on the LD_LIBRARY_PATH or DOYLD_LIBRARY_PATHfor MacOS users). Then, in the test
directory, run thenake command to build the test program.

make test_binxml

The syntax of the program is the following:

test_binxml

To run the test it is simply required to invoke tiene of the executable. Then the test can bertwo
different ways:

1) call directly the tester passing as argument timéigaration file
bin/test_binxml binxml_config.xml

2) define the environment variabRINXML_HOMEs the home directory of the library and than
run the test without specifying the configuratidke.fin this case the library will be using the
configuration file in its home directory as defineglthe environment variable. It is important to

include the slash ‘/" at the end of the path.
export BINXML_HOME=/opt/binxml-fh/
bin/test_binxml ../test/data/hybrid_binxml_test.eef ..Ischema-templates/doublecomplex_template.xml
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The first time that it is run the configurationefiloes not exists, so it is created and it is rsacgdo
restart the test. The test shall write known valangsa Hybrid file using the write functions, andhall
later open it and decode all the variables, compgahem to the expected values.

An output like the one presented in Annex 4 shalsbown, identifying the status of every functibatt
can be used from the API. If everything is OK amdemror is shown, the library is correctly instdlle
and ready to use.

2.9. Constraints

As mentioned before, the provision of the binamyrfat in a schema allows altering such format diyect
into the schema without the need of recompilatibthe tool using the CFIl. However, the type of data
of a particular variable contained in the binatg tannot change drastically from the original type
that the type used in the implementation still nsakense. For example, if a variable is writtenhi t
binary file as a char and afterward an integerseduto represent that same variable, the libraltynat

be able to return the correct value, because suhelytool implementation using the CFI shall be
expecting a char, and the representation of aishgr to 255.

This feature is present in this version 1.3 ofltheary, which does not return any error if the uses

to load a variable of one type (i.e. double) withdidferent function (i.e. get_int). The library
automatically assigns the proper values so the mensonot corrupted. In the current version, a
warning is returned for any “set” function eachditie user does not use the appropriate function fo
the type of variable being used. Additionally, “gétinctions inform the user when the variable
retrieved exceeds the size of the returning functi@. get_int used to retrieve double valuedalzg).

In order to decode a hybrid-xml file, the CFI netml&now how to separate the binary component from
the XML header to apply separate schemas. Thisorse doy forcing the definition of the tag
“HEADER_SIZE” somewhere in the XML header, contamithe size in bytes of the XML header
component. This value shall be read by the CFlgusiefault C reading functions, as it shall not be
possible to apply XML parse functions until the dhexais separated. [see 2.6 Hybrid file header]

This characteristic is needed to be able to redutidivfiles whose binary component is not enclosed
within tags. XML parse functions are not able toat¥e a file whose complete content is not enclased
tags, and defining a binary part within an XML fitmuld cause a parsing error (although highly
improbable) as the ASCII representation of the tyicharacters could match a closing tag.

It is necessary as well to reserve some speciabctas for defining the BinX schema, as in adist
consecutive similar data blocks the type is commooall of them, but the value name shall changmfro
one to the next one. This has been treated inaime svay as C arrays, reserving the “[]” charadiers

it, and the “.” character for concatenation. Instinay, a user wanting to access the NAME value in
three consecutive SCENE data blocks would need sto tae CFl for the following values:
“SCENE[1].NAME”, “SCENE[2].NAME”, “"SCENE[3].NAME". [see 2.7 Template file]

2.10. Degree of Portability

The library has been tested on the following emmments:
0 SUSE 8
Q0 RedHat Fedora
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O SUN Solaris 5.8
Q MacOS X Darwin 7.9.0
More OS shall be added as the multi-platform tggpiroceeds.
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3. BRIEF DESCRIPTION

The following chapter provides a quick referencédguo definitions, enumerated values, structures,
error codes and function interfaces. For a detajlede, the next chapter shall be used.

3.1. Defines

#define CONFIG_FILE “binxml-fh.conf.xml”

#define MAX_FILE_NAME_SIZE 256

#define MAX_ERROR_MSG_SIZE 256

#define MAX_LINE_SIZE 256 // Max size of aline r ead from an ASCII file.

#define MAX_XPATH_SIZE 512 // used to define the Max size of a XPath used in XML.

3.2. Enumerated Values

enum {
ERR_CODE_NO_ERROR,
ERR_CODE_ERROR_ACCESSING_OBJECT,
ERR_CODE_ERROR_ALLOCATING_MEMORY,
ERR_CODE_ERROR_FINDING_ENV_VAR,
ERR_CODE_ERROR_FINDING_STRING,
ERR_CODE_ERROR_READING_FILE,
ERR_CODE_ERROR_REMOVING_OBJECT,
ERR_CODE_TERMINATE,
ERR_CODE_ERROR_WRITING_FILE,
ERR_CODE_XML_CFI,
ERR_CODE_INVALID_OFFSET,
ERR_CODE_INVALID_DATA_TYPE

} eErrorCode;

enum {
ERR_LEV_LOW,
ERR_LEV_MEDIUM,
ERR_LEV_HIGH

} eErrorLevel;

enum {
MSB,

LSB
} eStartBit;

3.3. Structures/ Types

typedef eStartBit tStartBit;
typedef eErrorCode tErrorCode;
typedef eErrorLevel tErrorLevel;
typedef struct _Error{
tErrorCode ErrorCode;
tErrorLevel ErrorLevel,
char ErrorMsg[MAX_ERROR_MSG_SIZE];
} tError;

typedef struct _DataBlockInfo {
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char *name;
long offset;
long element_size;
long count;
char endian;
} tDataBlockinfo;

typedef struct _Indices {
int count;
int *value;

} tindices;

typedef struct _complex{
floatr;
float i;

} tComplex;

typedef struct _doublecomplex{
double r;
double i;

} tDoubleComplex;

typedef struct _Vector{
void *value;
unsigned long count;
JtVector;

typedef struct _VectorChar{
char *value;
unsigned long count;
JtVectorChar;

typedef struct _VectorInt{
int *value;
unsigned long count;
HtVectorint;

typedef struct _VectorLong{
long long *value;
unsigned long count;
JtVectorLong;

typedef struct _VectorFloat{
float *value;
unsigned long count;
JtVectorFloat;

typedef struct _VectorDouble{
double *value;
unsigned long count;
JtVectorDouble;

typedef struct _VectorShort{
short* value;
unsigned long count;
JtVectorShort;

typedef struct _VectorComplex{
tComplex* value;
unsigned long count;
JtVectorComplex;

typedef struct _VectorDoublecomplex{
tDoubleComplex* value;
unsigned long count;

JtVectorDoublecomplex;

typedef struct _MatrixInt{
int** value;

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.



deim s

ENGENHARIA software

Code
EE XML/Binary CFI  Date

Issue

File Handling

Page

SO-UM-DME-L1

PP-0005

02/12/08

2.5
16 of 16

unsigned long rcount;
unsigned long ccount;
HtMatrixInt;

typedef struct _MatrixByte{
char** value;
unsigned long rcount;
unsigned long ccount;
JtMatrixByte;

typedef struct _MatrixFloat{
float** value;
unsigned long rcount;
unsigned long ccount;
JtMatrixFloat;

typedef struct _MatrixLong{
long long** value;
unsigned long rcount;
unsigned long ccount;
JtMatrixLong;

typedef struct _MatrixDouble{
double** value;
unsigned long rcount;
unsigned long ccount;

JtMatrixDouble;

typedef struct _MatrixDoublecomplex{
tDoubleComplex** value;
unsigned long rcount;
unsigned long ccount;
JtMatrixDoublecomplex;

3.4. Function List

tError append_file(char *fname_in, char *fname_out)
tError copy_file(char *fname_in, char* fname_out);
tError create_config_file(char *ConfigFileLocation)
tError read_config_file(char *config_file_name);

void free_config_file();

tError join_to_hybrid_file(char* fname_header, char
tError split_hybrid_file(char *fname_hybrid);

tError get_bit(int object_ID, char *varname, tStart
tError get_bits(int object_ID, char *varname, int b
**value);

tError get_char(int object_ID, char *varname, char
tError get_byte(int object_ID, char *varname, char
tError get_str(int object_ID, char *varname, char *
tError get_short(int object_ID, char *varname, shor
tError get_int(int object_ID, char *varname, int *v
tError get_long(int object_ID, char *varname, long
tError get_float(int object_ID, char *varname, floa
tError get_double(int object_ID, char *varname, dou
tError get_complex(int object_ID, char *varname, tC
tError get_doublecomplex(int object_ID, char *varna

tError get_fixed_array(int object_ID, char* varname
tError get_variable_array(int object_ID, char* varn
tError get_vector_byte(int object_ID, char* varname
tError get_vector_long(int object_ID, char* varname
tError get_vector_int(int object_ID, char* varname,
tError get_vector_double(int object_ID, char* varna
tError get_vector_short(int object_ID, char* varnam
tError get_vector_float(int object_ID, char* varnam

* fname_binary, char *fname_hybrid);

Bit StartBit, int bit_nr, char *value);

it_start_nr, int bit_stop_nr,

*value);

*value);

*value);

t *value);

alue);

long *value);

t *value);

ble *value);

omplex *value);

me, tDoubleComplex *value);

, tVector* vector);

ame, tVector* vector);

, tVectorChar* array_char);

, tVectorLong* v_long);

tVectorInt* array_int );

me, tVectorDouble* array_double);
e, tVectorShort* array_short );

e, tVectorFloat* array_float );

const char
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tError get_vector_complex(int object_ID, char* varn
tError get_vector_doublecomplex(int object_ID, char

):

tError get_matrix_int(int object_ID, char* varname,
tError get_matrix_byte(int object_ID, char* varname
tError get_matrix_float(int object_ID, char* varnam
tError get_matrix_long(int object_ID, char* varname
tError get_matrix_double(int object_ID, char* varna

tError get_header_size(char* hybrid_fname, int *siz
tError extract_header(char *hybrid_fname, char **hd
tError get_data_file_info(char* filename, char *par
tError prepare_schema(char *fname_bin, char *fname_
char endian);

tError prepare_schema_nested(char *fname_bin, char
tError  extract_data(char  *data_filename, char
**pin_filename);

tError load_data_file(char *schema_filename, int *o
tError create_data_file(char *schema_filename, int
tError free_data_file(int object_ID);

*pare

tError save_data_file(int objectlD, char *bin_filen

tError set_bit(int object_ID, char *varname, tStart
tError set_char(int object_ID, char *varname, char
tError set_str(int object_ID, char *varname, char*
tError set_short(int object_ID, char *varname, shor
tError set_int(int object_ID, char *varname, int va
tError set_long(int object_ID, char *varname, long
tError set_float(int object_ID, char *varname, floa
tError set_double(int object_ID, char *varname, dou
tError set_complex(int object_ID, char *varname, tC
tError set_doublecomplex(int object_ID, char *varna

tError set_vector_byte(int object_ID, char *varname
tError set_vector_short(int object_ID, char *varnam
tError set_vector_int(int object_ID, char *varname,
tError set_vector_long(int object_ID, char *varname
tError set_vector_float(int object_ID, char *varnam
tError set_vector_double(int object_ID, char *varna
tError set_vector_doublecomplex(int object_ID, char

tError set_matrix_int(int object_ID, char *varname,
tError set_matrix_float(int object_ID, char *varnam
tError set_matrix_long(int object_ID, char *varname
tError set_matrix_double(int object_ID, char* varna
tError set_matrix_byte(int object_ID, char* varname
tError set_matrix_doublecomplex(int object_ID, char

void* readNestedData(char *xml_fname, void **object
char* getDataFormat(void *objectID);
void writeNestedData(void *data, char *xml_fname, ¢
void freeNestedData(void **objectID);

ame, tVectorComplex* array_complex );
* varname, tVectorDoublecomplex* array_dcomplex

tMatrixInt* matrix_int );

, tMatrixByte* matrix_byte );

e, tMatrixFloat* matrix_float );

, tMatrixLong* matrix_long );

me, tMatrixDouble* matrix_double );

e);
r_fname, int *header_size);
ent, tDataBlockInfo *info);
link, tindices var_indices, char **fname_schema,

*fname_link, char **fname_schema, char *endian);
nt_name, tindices block_indices,char

bjectID);
obj_size, int *objectID);

ame);

Bit StartBit, int bit_nr, char value);
value);

value);

t value);

lue);

long value);

t value);

ble value);

omplex value);

me, tDoubleComplex value);

, tVectorChar v_char);

e, tVectorShort v_short);

tVectorint v_int);

, tVectorLong v_long);

e, tVectorFloat v_float);

me, tVectorDouble v_double);

*varname, tVectorDoublecomplex v_doublecomplex);

tMatrixInt matrix_int);

e, tMatrixFloat matrix_float);

, tMatrixLong matrix_long);

me, tMatrixDouble matrix_double );

, tMatrixByte matrix_byte );

*varname, tMatrixDoublecomplex matrix_dcomplex);

ID);

har *fname);
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4. DETAILED DESCRIPTION

4.1. Defines

O CONFIG_FILE

It defines the name of the configuration file of fibrary.

O MAX_FILE_NAME_SIZE

It defines the maximum size allowed for identifyiadile with the full path.

0O MAX_ERROR_MSG_SIZE

It defines the maximum size of the message desgian error as used i&rror
O MAX_LINE_SIZE

It defines the maximum size of the string read framASCI| file. It is used when preparing a schema
with the functiongprepare_schema() andprepare_schema_nested()

O MAX_XPATH_SIZE

It defines the maximum size of a string containing XPath used to read/write values from an XML
file using the EEFH [RD 4].

4.2. Enumerated Values

4.2.1. eErrorCode - Error Codes

It identifies the type of error that has occurred.

0O NO_ERROR

Error used to inform that no error have occurredndufunction processing.
O ERROR_ACCESSING_OBJECT

This error occurs when the providebjectlD  doesn’t exist.

O ERROR_ALLOCATING_MEMORY

This error is used to inform that there was a mwbéallocating memory.

O ERROR_FINDING_ENV_VAR

This code is used when the required environmenébig couldn’t be found, probably because it is not
defined.

O ERROR_FINDING_STRING
This code is used when a string is no found ieadii inside another string.
0 ERROR_READING_FILE
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Error used to inform that the requested file coutd be opened, either because it doesn’t exist or i
hasn’t the proper permissions.

0 ERROR_REMOVING_OBJECT
This error occurs when the providebjectiID  doesn't exist.

O TERMINATE
This code is used to inform that a terminationesmitialization of the library is required, for axple,
when the default configuration file is created gdine functiorcreate _config_file 0.

0 ERROR_WRITING_FILE

Error used to inform that the requested file caudd be written into, either because it doesn’t tearst
hasn’t the proper permissions.

4.2.2. eErrorLevel - Error Level

There are 3 levels of errors:

1. ERR_LEV_LOW, is the lowest of all and usually isesiated with errors that doesn’t affect the
library too much. It works like a warning.

2. ERR_LEV_MEDIUM, is the intermediate level. The prag can follow, but some action must
be taken in order to not break the program.

3. ERR_LEV_HIGH, is the highest level and it usualtiemtifies an error that will require the
termination the program or the reloading of thedrly’'s configurations.

4.2.3. eStartBit - Start Bit
It can be MSB or LSB and is used to identify thertgtg bit of the counting.

Example:

Considering the byte 10101110 and that the lefiskiite more significant bit, the get_bit(..., MSB,J),
will return the 29 bit counting from left (0) while get_bit(..., LSB,1,) will return the 29 bit counting
from right (1).

4.3. Structures / Types

Q tError
Structure used to contain the error information.

Composed by ErrorCode and ErrorLevel enumerated plu array of characters to incorporate
additional error information.

O tDataBlockinfo

Structure containing the information of any Measueat Data Set Descriptor in an XML ASCII header
of any hybrid product file. It is used to divideetproduct file in data blocks for advanced access.

Q tComplex

This structure is used to represent the complexegatomposed by twitpat  values.
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Q tDoubleComplex
This structure is used to represent the complexegatomposed by twapuble values.
U tVector

This structure is used to represent a one-dimeakiarray, of unknown type, with the additional
information of the number of elements contained.in

O tVectorChar

This structure is used to represent a one-dimeakemnay ofchar with the additional information of
the number of elements contained in that array.

U tVectorLong

This structure is used to represent a one-dimeak@mmay oflong long  (C99 Standard) with the
additional information of the number of elementatained in that array.

O tVectorFloat

This structure is used to represent a one-dimeakamay offloat  with the additional information of
the number of elements contained in that array.

O tVectorDouble

This structure is used to represent a one-dimeabkemay ofdouble with the additional information
of the number of elements contained in that array.

Q tVectorint

This structure is used to represent a one-dimeakamay ofint  with the additional information of the
number of elements contained in that array.

O tVectorShort

This structure is used to represent a one-dimeakamay ofshort with the additional information of
the number of elements contained in that array.

Q tVectorComplex

This structure is used to represent a one-dimeabkamnay ofcomplex with the additional information
of the number of elements contained in that array.

Q tVectorDoublecomplex

This structure is used to represent a one-dimeabkimmay ofdoublecomplex  with the additional
information of the number of elements containethat array.

Q tMatrixInt

This structure is used to represent a two-dimemasiamay ofint with the additional information of the
number of elements contained in that array.

Q tMatrixByte

This structure is used to represent a two-dimesi@iray of byte values with the additional
information of the number of elements containethat array.

O tMatrixFloat
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This structure is used to represent a two-dimemsi@nray offloat values with the additional
information of the number of elements containethat array.

Q tMatrixLong

This structure is used to represent a two-dimemsiarray oflong with the additional information of
the number of elements contained in that array.

O tMatrixDouble

This structure is used to represent a two-dimemsiarray ofdouble with the additional information
of the number of elements contained in that array.

Q tMatrixComplex

This structure is used to represent a two-dimeasiarray ofcomplex with the additional information
of the number of elements contained in that array.

Q tMatrixDoublecomplex

This structure is used to represent a two-dimemasiarray ofdoublecomplex  with the additional
information of the number of elements containethat array.

Q tindices
This is the same d¥ectorint  , only it used to be more meaningful.

4.4, Function Description

4.4.1. Initializing and Terminating functions

4.4.1.1. create_config_file

Syntax:

tError create_config_file(char *ConfigFileLocation)

This function creates a default configuration fil&ere are two possibilities for the location ddtthle:

1) if the ConfigFileLocation is passed aBIULL, it will be required that the environment
variable BINXML_HOMEs set to the home path of this library with thedieag slash /', for
example ‘BINXML_HOME=/opt/binxml/’ . In this case, the configuration file will be
created in the library home directory.

2) if the ConfigFileLocation is notNULL, the file will be created in the specified diregto
The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_WRITING_FILE

+ ERR_CODE_NO_ERROR

4.4.1.2. read_config file

Syntax:

tError read_config_file(char *config_file_name);

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.



Code : SO-UM-DME-L1PP-0005

. Dat : 02/12/08
deim s m EE XML/Binary CFI %€ -

ENGENHARIA soltware File Handling Page : 22 of 22

This function reads the library’s configurationefillt follows the same approach as the function
create_config_file() . if the config_file_name is NULL the configuration file will be read
from the library’s home directory, otherwise theem file name will be read.

The function returns a teor  structure to inform the status of the operation.

NOTE: this function allocates memory that is neagg$o release at the end of the program or when
new configurations have to be loaded - free_coffife).

The errors returned are:
+ ERR_CODE_ERROR_FINDING_ENV_VAR
 ERR_CODE_TERMINATE
+ ERR_CODE_ERROR_READING_FILE
« ERR_CODE_NO_ERROR

4.4.1.3. free_config_file

Syntax:

void free_config_file();

This function is used to release the memory alExt#éd the constant values read from the configomati
file. It is usually the last function to be calledthe program and also when a new configuratitenis
to be read.

4.4.1.4. join to hybrid file

Syntax:

tError join_to_hybrid_file(char* fname_header, char * fname_binary, char *fname_hybrid);

This function is used to join a header and a birdata file into a hybrid-XML file. The header file
name and the binary data file name should be thee s#s the hybrid file name, only the extensions
should be differenteef for the hybrid file;hdr for the header file; andbl for the binary data file.

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ALLOCATING_MEMORY

« ERR_CODE_ERROR_READING_FILE

+ ERR_CODE_ERROR_WRITING_FILE

« ERR_CODE_NO_ERROR

4.4.1.5. split_hybrid file

Syntax:
tError split_hybrid_file(char *fname_hybrid);

This function is used to split a hybrid-XML filetma header file and a binary data file.
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The new files are created on the same place thatribinal one and will have the same name, ordy th
extension will change froreef tohdr for the header file andbl for the binary data.

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ALLOCATING_MEMORY

« ERR_CODE_ERROR_FINDING_STRING

« ERR_CODE_ERROR_READING_FILE

+ ERR_CODE_ERROR_WRITING_FILE

« ERR_CODE_NO_ERROR

4.4.1.6. get_header_size

Syntax:

tError get_header_size(char* hybrid_fname, int *siz e);
This function returns in the argumesite the size of the header contained in the hybré fil
The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ALLOCATING_MEMORY

« ERR_CODE_ERROR_FINDING_STRING

+ ERR_CODE_ERROR_READING_FILE

« ERR_CODE_NO_ERROR

4.4.1.7. extract_header
Syntax:

tError extract_header(char *hybrid_fname, char **hd r_fname, int *header_size);

This function copies the header of the hybrid-XMle,f of namehybrid_fname , and stores it on
another file whose name is returneddr_fname .

The function returns a tEor  structure to inform the status of the operation.

NOTE: This function allocates memory for returnihg header file name and the user must release it
when it is not used anymore.

The errors returned are:
* ERR_CODE_ERROR_ALLOCATING_MEMORY
+ ERR_CODE_ERROR_FINDING_STRING
« ERR_CODE_ERROR_READING_FILE
+ ERR_CODE_ERROR_WRITING_FILE
« ERR_CODE_NO_ERROR
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4.4.1.8. get_data_file_info
Syntax:

tError get_data_file_info(char* filename, char *par ent, tDataBlockInfo *info);

This function retrieves the description informatimina data block described in the “filename” hytsid
file XML ASCIl header under tagrDATA>and whose<name> tag is equal to the string “parent”
passed as argument.

The tDataBlockInfo structure with the information of the data bloskreturned to the user in
value .

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_FINDING_STRING

+ ERR_CODE_NO_ERROR

4.4.1.9. extract_data
Syntax:
tError  extract_data(char  *data_filename, char *pare nt_name, tindices block_indices,char

**pin_filename);

This function extracts one or several data elem@usording toblock indices ) from a hybrid-
XML file of namedata_filename , and stores it into a temporary binary file whosene is returned
in bin_filename

The function returns a tEor  structure to inform the status of the operation.

The data element that is extracted is related thighbinary data block identified lparent_name .
This section is described in a structure in thedkeghat contains the block name, the offset witese
binary data block starts, the size of each eleroétite block and the number of elements existing in
that block. [see 2.6 Hybrid file header]

NOTE: This function allocates memory for returnithg binary file name and the user must release it
when it is not used anymore.

The errors returned are:
+ ERR_CODE_ERROR_ALLOCATING_MEMORY
« ERR_CODE_ERROR_FINDING_STRING
+ ERR_CODE_ERROR_READING_FILE
« ERR_CODE_ERROR_WRITING_FILE
+ ERR_CODE_NO_ERROR

4.4.1.10. prepare _schema

Syntax:
tError  prepare_schema(char *fname_bin, char *fname_ template, tindices var_indices, char
**fname_schema, char endian);
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This function uses a schema template, with file @arame_template  which describes one element
of data, to create another schema containing afgpeamber of variables of the same type, as a@sfin
by thevar_indices [see 2.6 Hybrid file header]. The new schema isatgxdl specifying the byte
order that is used in the binary data (big-endiafitibe-endian) and is stored in a file whose naisie
returned infname_schema .

The function returns a teor  structure to inform the status of the operation.

NOTE 1: The schemas of BinX require that the birfdeyis in the same directory of the schema itself
so the file name will be specified in the schemtheout the full path.

NOTE 2: This function allocates memory for retumihe schema file name that the user must release
when it is not used anymore.

The errors returned are:
« ERR_CODE_ERROR_READING_FILE
+ ERR_CODE_ERROR_WRITING_FILE
« ERR_CODE_NO_ERROR

4.4.1.11. prepare_schema_nested

Syntax:
tError prepare_schema_nested(char *fname_bin, char *fname_template, char *fname_schema, char
*endian);

This function uses a schema template, with file @arame_template , describing a nested structure
of data, to create another schema that is storedfile whose name is returned fmame_schema .
The byte order of the stored binary data (big-emdir little-endian) can be set, passing
*endian == ‘b’ or ‘" , or can be specified in the schema template. énldker case, the user
should pas#endian == \0’ and the byte order of the template is returnegtiénsame parameter.

The function returns a tEor  structure to inform the status of the operation.

NOTE 1: The schemas of BinX require that the birfdeyis in the same directory of the schema itself
so the file name must be specified in the schenttzowi the full path.

NOTE 2: This function allocates memory for retumhthe schema file name and the user must release it
when it is not used anymore.

The errors returned are:
« ERR_CODE_ERROR_READING_FILE
+ ERR_CODE_ERROR_WRITING_FILE
« ERR_CODE_NO_ERROR

4.4.1.12. load_data_file

Syntax:
tError load_data_file(char *schema_filename, int *o bjectID);

This function loads into memory the data contaimed binary file according with the XML-schema
contained in the file with namschema_filename . All the information can be accessed by the
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variable name associated with the data. It ret@msntegerobjectlD  that identifies the object
returned by BinX and that contains the information.

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_READING_FILE

+ ERR_CODE_NO_ERROR

4.4.1.13. create data file
Syntax:

tError create_data_file(char *schema_filename, int obj_size, int *objectID);

Because BinX does not allow writing into a binaig faccording to an XML-schema, this function
loads a dummy binary file of siz#bj_size , using the schemas storedschema_filename , in
order to obtain the identifierebjectiD  — of an object of BinX that respects the datacstme defined

in the schema. This object can be filled with tlequired values and then be stored to disk using
save_data_file()

The function returns a teor  structure to inform the status of the operation.
The errors returned are:
« ERR_CODE_NO_ERROR

4.4.1.14. free data file
Syntax:

tError free_data_file(int object_ID);

This function releases the memory associated Wwehobject identified bybject ID  and that was
previously allocated wittbad_data_file() or with create_data_file().

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

* ERR_CODE_ERROR_REMOVING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.1.15. append_file
Syntax:

tError append_file(char *fname_in, char *fname_out)

This function appends the fillneme_in ) tofname_out.  If it is called several times it will always
put the content dhame_in  to the end of the filtname_out.

« ERR_CODE_ERROR_WRITING_FILE
« ERR_CODE_ERROR_READING_FILE
- ERR_CODE_NO_ERROR
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4.4.1.16. copy_file
Syntax:

tError copy. file(char *fname_in, char* fname_out);
This function copies the fillname_in to the filefname_out.
« ERR_CODE_ERROR_WRITING_FILE
« ERR_CODE_ERROR_READING_FILE
+ ERR_CODE_NO_ERROR

4.4.1.17. freeNestedData
Syntax:

void freeNestedData(void **objectID);

This function destroys the Object that was usectéal a Nested Dataset without releasing the memory
structure allocated and returned with the executioeadNestedData()

4.4.2. Retrieving Functions

The following functions require that tHead_data_file() function have already been called in
order to obtain thebject_ID  associated with object of BinX, that containsibguired variable.

An example of how can these functions be usedttieve information is shown in Figure 4.

4.4.2.1. get_bit
Syntax:

tError get_bit(int object_ID, char *varname, tStart Bit StartBit, int bit_nr, char *value);

This function requests the value of the bit at fasibit_nr  of the variable identified byarname in
the object of BinX, identified bybject ID . Then the value is converted to char ‘O’ or ‘1dais
returned to the user wralue .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.2. get_bits
Syntax:

tError get_bits(int object_ID, char *varname, int b it_start_nr, int bit_stop_nr, const char
**value);

This function requests the value of the bits atitmos betweerbit_start andbit_stop  of the
variable identified byarname in the object of BinX, identified bgbject ID . Then the value is
converted to a string of ‘0’ and ‘1’ and is retudre the user inalue .

The function returns a tEor  structure to inform the status of the operation.
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NOTE: This function allocates memory for returniting string version of the bits and the user must
release it when it is not used anymore.

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.2.3. get_byte
Syntax:

tError get_byte(int object_ID, char *varname, char *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to char and is retlirto the user ivalue . It is
expected that the variable contains a number atctimber is lower than 256.

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.4. get_char

Syntax:
tError get_char(int object_ID, char *varname, char *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
byobject_ID . Then the value is converted to char and is retlito the user imalue .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.5. get_str
Syntax:

tError get_str(int object_ID, char *varname, char * *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is returned to the user as any afrahar null terminated (a sting) in
value .

The function returns a teor  structure to inform the status of the operation.

NOTE: This function allocates memory for returntg string and the user must release it when it is
not used anymore.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
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« ERR_CODE_NO_ERROR

4.4.2.6. get_short
Syntax:

tError get_short(int object_ID, char *varname, unsi gned short *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to short and is neito the user imalue .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.7. get_int

Syntax:
tError get_int(int object_ID, char *varname, int *v alue);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to int and is retditioethe user invalue .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.8. get_long
Syntax:

tError get_long(int object_ID, char *varname, long long *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is convertedlémg long  (C99 Standard) and is returned to the user
in value .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.9. get_float

Syntax:
tError get_float(int object_ID, char *varname, floa t *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to float and is retdrto the user imalue .
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The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.10. get_double
Syntax:

tError get_double(int object_ID, char *varname, dou ble *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
byobject_ID . Then the value is converted to double and igmetlito the user imalue .

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.11. get_complex
Syntax:

tError get_complex(int object_ID, char *varname, tC omplex *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to complex and isnetd to the user value .

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.12. get_doublecomplex

Syntax:

tError get_doublecomplex(int object_ID, char *varna me, tDoubleComplex *value);

This function requests the value of the variabéntdied byvarname in the object of BinX, identified
by object_ID . Then the value is converted to double complexiameturned to the user value .

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.13. get_struct (under development)

Syntax:

tError get_struct(int object_ID, char *varname, voi d *struct_var, int *struct_size);
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This function returns a pointer to the structursoagted to the variable identified in the schema b
varname . This structure is defined on the schemaspugt be known by the library when invoked.

The function returns a teor  structure to inform the status of the operation.

SPECIAL NOTE: As opposed to the previous accesoust the structure accessed through this one
may not change in runtime (i.e. altering the Birtkema), as the structure NEEDS to be known before-
hand to the function invoking the CFl. Any changetle structure format will ALWAYS require
recompilation to avoid errors, not in the CFI, buthe functions using it.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
e ERR_CODE_NO_ERROR

4.4.2.14. get_fixed_array

Syntax:

tError get_fixed_array(int object_ID, char *varname , tVector *var_vector);

This function fills a structure of tyg&ector whose elemertount states the number of elements in
the array pointed by the pointertMector elementvalue . The memory pointed byalue contains
the values read from the file according to the st@helt is the responsibility of the caller to cs¢
void* invalue to the correct structure, amathy changein theschemarelated with thdixed array
must be taken into account on thaller’s structure.

The function returns a tEor  structure to inform the status of the operation.

SPECIAL NOTE: As opposed to the previous accesoust the structure accessed through this one
may not change in runtime (i.e. altering the Birtkema), as the structure NEEDS to be known before-
hand to the function invoking the CFl. Any changetle structure format will ALWAYS require
recompilation to avoid errors, not in the CFI, buthe functions using it.

The errors returned are:
« ERR_CODE_ERROR_ACCESSING_OBJECT
+ ERR_CODE_NO_ERROR
« ERR_CODE_INVALID_DATA_TYPE
* ERR_CODE_ERROR_ALLOCATING_MEMORY

4.4.2.15. get_variable_array

Syntax:

tError get_variable_array(int object_ID, char *varn ame, tVector *var_vector);

This function fills a structure of tyg&ector whose elemertount states the number of elements in
the array pointed by the pointertMector elementvalue . The memory pointed byalue contains
the values read from the file according to the s@helt is the responsibility of the caller to cése
void* in value to the correct structure, arhy changein the schemarelated with thevariable
array must be taken into account on thaller’s structure.

The function returns a teor  structure to inform the status of the operation.
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SPECIAL NOTE: As opposed to the previous accesoust the structure accessed through this one
may not change in runtime (i.e. altering the Birckema), as the structure NEEDS to be known before-
hand to the function invoking the CFIl. Any changetle structure format will ALWAYS require
recompilation to avoid errors, not in the CFI, buthe functions using it.

The errors returned are:
« ERR_CODE_ERROR_ACCESSING_OBJECT
+ ERR_CODE_NO_ERROR
« ERR_CODE_INVALID_DATA_TYPE
+ ERR_CODE_ERROR_ALLOCATING_MEMORY

4.4.2.16. get_vector_byte
Syntax:

tError get_vector_byte(int object_ID, char* varname , tVectorChar** array_char);

This function is used to retrieve an arraycbar , and the number of elements in that array, coathin
in the variable with namearname associated with the object identified diyject_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.17. get_vector_short

Syntax:

tError get_vector_short(int object_ID, char* varnam e, tVectorShort* array_short );

This function is used to retrieve an arrayshbrt , and the number of elements in that array, coathin
in the variable with namearname associated with the object identified diyject_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.18. get_vector_int

Syntax:

tError get_vector_int(int object_ID, char* varname, tVectorInt* array_int );

This function is used to retrieve an arrayrdf , and the number of elements in that array, coathin
the variable with namearname associated with the object identified diyject_ID

The function returns a teor  structure to inform the status of the operation.

The errors returned are:
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- ERR_CODE_ERROR_ACCESSING_OBJECT
- ERR_CODE_NO_ERROR

4.4.2.19. get_vector_long

Syntax:

tError get_vector_long(int object_ID, char* varname , tVectorLong* v_long);

This function is used to retrieve an arraylarfg long  (C99 Standard), and the number of elements
in that array, contained in the variable with navaename associated with the object identified by
object_ID

The function returns a tEor  structure to inform the status of the operation.

NOTE: The usage of the C99 Standard is requiredusscdong in 32-bit architecture is 32-bit and it
is expected to have a representation of 64-bit happens with théong long type provided by the
C99 Standard

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.2.20. get_vector_float
Syntax:

tError get_vector_float(int object_ID, char* varnam e, tVectorFloat* array_float );

This function is used to retrieve an arrayfloat , and the number of elements in that array, coathin
in the variable with namearname associated with the object identified diyject_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.21. get_vector_double
Syntax:

tError get_vector_double(int object_ID, char* varna me, tVectorDouble* array_double);

This function is used to retrieve an array dfuble , and the number of elements in that array,
contained in the variable with namarname associated with the object identified diyject_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR
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4.4.2.22. get_vector_doublecomplex
Syntax:
tError get_vector_doublecomplex(int object_ID, char * varname, tVectorDoublecomplex* array_dcomplex

);

This function is used to retrieve an array obtibleComplex , and the number of elements in that
array, contained in the variable with namarname associated with the object identified by
object_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.23. get_matrix_int
Syntax:

tError get_matrix_int(int object_ID, char* varname, tMatrixInt* matrix_int );

This function is used to retrieve a two-dimensioray of int , and the number of elements in that
array, contained in the variable with namarname associated with the object identified by
object_ID

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.24. get_matrix_byte
Syntax:

tError get_matrix_byte(int object_ID, char* varname , tMatrixByte* matrix_byte );

This function is used to retrieve a two-dimensiomyofbyte values, and the number of elements in
that array, contained in the variable with naw@@name associated with the object identified by
object_ID

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.25. get_matrix_float
Syntax:

tError get_matrix_float(int object_ID, char* varnam e, tMatrixFloat* matrix_float );
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This function is used to retrieve a two-dimensioray of float , and the number of elements in that
array, contained in the variable with namarname associated with the object identified by
object_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.2.26. get_matrix_long

Syntax:

tError get_matrix_long(int object_ID, char* varname , tMatrixLong* matrix_long );

This function is used to retrieve a two-dimensioray of long , and the number of elements in that
array, contained in the variable with namarname associated with the object identified by
object_ID

The function returns a teor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.27. get_matrix_double
Syntax:

tError get_matrix_double(int object_ID, char* varna me, tMatrixDouble* matrix_double );

This function is used to retrieve a two-dimensiomyaof double , and the number of elements in that
array, contained in the variable with namarname associated with the object identified by
object_ID

The function returns a tEor  structure to inform the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.2.28. readNestedData
Syntax:

void* readNestedData(char *xml_fname, void **object ID);

This function is used to read the BinX file and atee a memory structure that contains all the
information retrieved from each element of the Bifil¥, particularly for files that are representasl
linked-list in memory.

It receives arxml_fname that corresponds to the BinX file name, andodjectiD  where it is
stored the reference to the Object that was usezhtbthe BinX schema.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.



Code : SO-UM-DME-L1PP-0005

. Dat : 02/12/08
deim s m EE XML/Binary CFI %€ -

ENGENHARIA soltware File Handling Page : 36 of 36

During its execution, this function allocates dflet memory that is necessary to represent the
information retrieved from the BinX file and retsra pointer to that memory structure.

For more details see Annex 5.

4.4.2.29. getDataFormat
Syntax:

char* getDataFormat(void *objectID);

This function is used to retrieve the string thesatibes the memory structure using a Pseudo Lgegua
based on the BinX schema that describes the bifiley It receives avoid* objectID that
corresponds to the Object that was used to readBi¥ schema, which means that this function
ALWAYS require an previous invocation cfadNestedData() to get theobjectID

For more details see Annex 5.

4.4.3. Storing Functions

An example of how can these functions be usedve isdormation is shown in Figure 5.

4.4.3.1. save data file
Syntax:

tError save_data_file(int objectlD, char *bin_filen ame);

This function saves to a binary file namad_filename the information contained in an object of
BinX, identified byobjectID

It Returns one of the enumeratégror values according to the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.2. set bit (for future implementation)

Syntax:

tError set_bit(int object_ID, char *varname, tStart Bit StartBit, int bit_nr, char value);

This function is used to set a bit at positioih nr  of value in variablevarname , according to
value that can be ‘0’ or ‘1.

StartBit defines the start of counting fat_nr  as described previously in section 4.2.3.

The function returns one of the enumeratedor  values according to the status of the operation.

4.4.3.3. set_char
Syntax:

tError set_char(int object_ID, char *varname, char value);

This function receives a charglue ) to be put on the variablearname of the BinX object identified
by objectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratéaror values according to the status of the operation.
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The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
e ERR_CODE_NO_ERROR

4.4.3.4. set_str
Syntax:

tError set_str(int object_ID, char *varname, char* value);

This function receives a null terminated stringl¢e ) to be put on the variablarname of the BinX
object identified bybjectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeraté&tdror values according to the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.5. set_short
Syntax:

tError set_short(int object_ID, char *varname, shor t value);

This function receives a shoxalue ) to be put on the variablarname of the BinX object identified
by objectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeraté&aror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.6. set_int
Syntax:

tError set_int(int object_ID, char *varname, int va lue);

This function receives an intglue ) to be put on the variablearname of the BinX object identified
by objectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratéaror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.7. set_long
Syntax:

tError set_long(int object_ID, char *varname, long long value);
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This function receives a longdlue ) to be put on the variablearname of the BinX object identified
by objectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratiror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.8. set_float
Syntax:

tError set_float(int object_ID, char *varname, floa t value);

This function receives a floatdlue ) to be put on the variabl&arname of the BinX object identified
by objectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratidror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.9. set_double
Syntax:

tError set_double(int object_ID, char *varname, dou ble value);

This function receives a doubleafue ) to be put on the variablearname of the BinX object
identified byobjectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratiror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR

4.4.3.10. set_complex

Syntax:
tError set_complex(int object_ID, char *varname, tC omplex value);

This function receives a complexajue ) to be put on the variablearname of the BinX object
identified byobjectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeratiror values according to the status of the operation.
The errors returned are:

« ERR_CODE_ERROR_ACCESSING_OBJECT

+ ERR_CODE_NO_ERROR
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4.4.3.11. set_doublecomplex

Syntax:

tError set_doublecomplex(int object_ID, char *varna me, tDoubleComplex value);

This function receives a double complesal(le ) to be put on the variablkearname of the BinX
object identified byobjectID . Thevalue is converted to the format defined in the schema.

It returns one of the enumeraté&dror values according to the status of the operation.
The errors returned are:

+ ERR_CODE_ERROR_ACCESSING_OBJECT

« ERR_CODE_NO_ERROR

4.4.3.12. set_vector_byte
Syntax:

tError set_vector_byte(int object_ID, char *varname , tVectorChar v_char);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of the char vecterchar. The type of this vector iB/ectorChar
and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
* ERR_CODE_NO_ERROR

4.4.3.13. set _vector short
Syntax:

tError set_vector_int(int object_ID, char *varname, tVectorShort v_short);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of the short vectorshort.  The type of this vector i&/ectorShort
and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
* ERR_CODE_NO_ERROR

4.4.3.14. set vector int
Syntax:

tError set_vector_int(int object_ID, char *varname, tVectorInt v_int);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of the int vector int.  The type of this vector i&/ectorint and his
definition is described in the section 3.3.

The errors returned are:
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- ERR_CODE_ERROR_ACCESSING_OBJECT
- ERR_CODE_NO_ERROR

4.4.3.15. set_vector_long

Syntax:

tError set_vector_long(int object_ID, char *varname , tVectorLong v_long);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of the long vector long. The type of this vector i®/ectorLong
and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
* ERR_CODE_NO_ERROR

4.4.3.16. set_vector_float
Syntax:

tError set_vector_float(int object_ID, char *varnam e, tVectorFloat v_float);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of the float vectuor float. The type of this vector i&/ectorFloat
and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
* ERR_CODE_NO_ERROR

4.4.3.17. set_vector _double
Syntax:

tError set_vector_double(int object_ID, char *varna me, tVectorDouble v_double);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of the double vectar_double. The type of this vector is
tVectorDouble and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
* ERR_CODE_NO_ERROR

4.4.3.18. set vector complex

Syntax:

tError set_vector_complex(int object_ID, char *varn ame, tVectorComplex v_complex);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of the complex vecter complex. The type of this vector is
tVectorComplex and his definition is described in the section 3.3.
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The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
e ERR_CODE_NO_ERROR

4.4.3.19. set vector doublecomplex

Syntax:

tError set_vector_doublecomplex(int object_ID, char *varname, tVectorDoublecomplex v_doublecomplex);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of the double complex vectodoublecomplex. The type of this
vector istVectorDoublecomplex and his definition is described in the section 3.3.

The errors returned are:
e ERR_CODE_ERROR_ACCESSING OBJECT
e ERR_CODE_NO_ERROR

4.4.3.20. set_matrix_int
Syntax:

tError set_matrix_int(int object_ID, char *varname, tMatrixInt matrix_int);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of thent two-dimension arraynatrix_int. The type of this vector is
tMatrixint and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.21. set_matrix float
Syntax:

tError set_matrix_float(int object_ID, char *varnam e, tMatrixFloat matrix_float);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of théloat two-dimension arraynatrix_float. The type of this
vector istMatrixFloat and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.22. set_matrix_long

Syntax:

tError set_matrix_long(int object_ID, char *varname , tMatrixLong matrix_long);
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This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of theong two-dimension arraynatrix_long. The type of this vector
is tMatrixLong  and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.23. set _matrix double
Syntax:

tError set_matrix_double(int object_ID, char *varna me, tMatrixDouble matrix_double);

This function receives an identification of an abjalready loadedopject ID ) and set the variable
varname with the content of thdouble two-dimension arraynatrix_double. The type of this
vector istMatrixDouble and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.24. set _matrix byte
Syntax:

tError set_matrix_byte(int object_ID, char *varname , tMatrixByte matrix_byte);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of thbyte value two-dimension arrapatrix_byte. The type of this
vector istMatrixByte and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.25. set_matrix doublecomplex

Syntax:
tError set_matrix_int(int object_ID, char *varname, tMatrixDoublecomplex matrix_dcomplex);

This function receives an identification of an abjalready loadedopject_ID ) and set the variable
varname with the content of théDoubleComplex two-dimension arraynatrix_dcomplex.
The type of this vector idMatrixDoublecomplex and his definition is described in the section 3.3

The errors returned are:
* ERR_CODE_ERROR_ACCESSING_OBJECT
e ERR_CODE_NO_ERROR

4.4.3.26. writeNestedData
Syntax:
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void writeNestedData(void *data, char *xml_fname, c har *fname);

This function is used to write to a binary fileame the memory structurdata , described in the BinX
schemaml_fname . Its main intent is to write structures with nestariable arrays

For more details see Annex 5.
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5. ANNEX 1 - DISK DATA ACCESS

In order to select the best way to access data &rbiybrid XML file, a performance test was creabgd
defining a binary file which contains 4000 scened a program was written to perform two different
methods of accessing data:

In method A an XML-schema is created containing4@@0 schemas of the scenes and the binary file is
read into memory using this huge XML-schema, whiekans that the binary file is completely loaded
into memory. Then each one of the N scenes is sedegseading a value of that scene.

In method B a chunk of data, corresponding to drteeN scenes, is extracted into another bindey fi
and afterward loaded into memory using the XML-scheof the scene. Then a value of that scene is
read from memory.

In this test, each scene was comprised of a tbthl &bytes, and the test results are shown ind &bl

Nr of Kbytes (N) Method A (sec) Method B (sec)

11 1.7 0.015
1100 1.72 0.325
5500 1.72 1.7
11000 1.74 3.2
22000 2.21 6.36
40000 5 12.9

Table 5: Time used accessing a variable of N scenes (in seconds).

The machine used to perform the tests has thenfwitpcharacteristics:
CPU: Intel Pentium 4 2,4 GHz

RAM: 470 MB DDRAM 333MHz

Disk: IDE 36 GB — UDMA 100 I/O — 50,39 MB/s

From this analysis, the conclusion obtained wasttiexe should be two ways to prepare the bindey fi
and schema for read access, depending on the fsibe dile handled. The BinXML-FH provides a
default “auto” mode which allows it to choose whidlethod is best suited for the task requestedjtand
also provides a “manual” mode which allows the usechoose which method to use. All this is still
under development.
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6. ANNEX 2 - BINX OBJECT DESCRIPTION

This library use BinX API to handle binary datae§i| by defining XMLSchemas describing the content
of these files.

In this section it is described the objects andhods of BinX that are used.

‘ BxBinxFileReader ‘

[

BxzDataObject

I

BxDataset

[

BxUnsignedByted
BxzUnsignedShort16
BxUnsignedinteger3?
BxzUnsignedLongb4
BxArray

Figure 6: BinX data structure.

6.1. Used Types

BxBinxFileReader. Read and parse a BinxXML file.

BxDataset Ordered collection of objects of several BinXalgfpes.
BxDataObject: Class that implements all BinX data types.
BxUnsignedByte8 BinX data type 8-bit unsigned byte.

BxUnsignedShort16 BinX data type 16-bit unsigned integer.

BxUnsignedinteger32 BinX data type 32-bit unsigned integer.

BxUnsignedLong64 BinX data type 64-bit unsigned long.

[ Iy Ny Iy Ny Ny

BxArray : Base class for all BinX array types.

6.2. Used Methods

O BxArray::get(int index) - Get a copy of a single data element from aryarra
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O BxDataset::getArray(int index) - Get a reference to the BxArray instance in tineent position of
the ordered list of dataset members.

O BxDataset::getDataset()- Get a reference to the BxArray instance in theent position of the
ordered list of dataset members.

O BxDataset::getDataObject(char* Name)

O BxDataset::getDataObject(int index)- Get a reference to an object in a dataset, bais¢lde user-
defined variable name of that object or its relaosition in the dataset.

0 BxDataset::getUnsignedShortl6(char* varName);

O BxDataset::getUnsignedShort16(int_index) -Get a reference to a BxUnsignedShortl6 object
contained in a dataset, based on its variable rameative position.

0 BxDataset::getUnsignedLong64(char* varName);

O BxDataset::getUnsignedLong64(int_index)- Get a reference to a BxUnsignedLong64 object
contained in a dataset, based on its variable rmamedative position.

O BxDataset::addDataObject() - Append a specified instance of BxDataObjecte(liBxArray,
BxUnsignedByte8 ...) to a dataset.

O BxDataset::readFromFile() - Read the application data values for all datas&nhber objects from
the associated binary file.

O BxDataset::toStreamBinary(File* filename, BxByteOrder) - Write the application data value of

each of the dataset member objects to a speciii@ahybfile with the specified byte order.
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7. ANNEX 3 - EARTH EXPLORER FILE HANDLING CFl

The BinXML-FH library uses the EECFI to accessA®CII XML information.
In this section it is described the functions tuat used.

7.

Q
Q

1. Methods Used

void xf_tree_init_parser(char* file, long* error) - Loads an XML file into memory.

void xf_tree_read_string_element_value(long *fd, clr *element, char *value, long *error) -
Reads a string value.

void xf_tree_read_string_attribute(long *fd, char *element, char *attribute_name, char
*attribute_value, long *error) - Reads an attribute as string.

void xf_tree_add_child(long *id, char *parent, char *name, long *error) - Add a new element
to an XML document as a child of parent.

void xf_tree_add_attribute(long *id, char *current, char *name, long *error) - Add a new
attribute carried by an element.

void xf_tree_set_string_node_value(long *id, char rame, char *value, char *format, long
*error) - Set a string node value.

void xf_tree_write(long *id, char *name, long *error) - Write the data to a file on disk.

void xf_tree_cleanup_parser ( long *fd, long *error) - Releases the memory resources taken by
the XML parser for all the open files.

void xf_tree_cleanup_all_parser()} Gets the name of the current element.
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8. ANNEX 4 - SELF TEST CASES

8.1. test_binxml

The BinXML-FH library provides a test program toeck if it is everything correct with the installai

of the library itself and with the dependent lilesr

The test program is located in “test/bin/test_bitixand the source code in “test/src/test_binxmlIdie
main goal of this program is to use all the set gatl functions available, it produces a hybrid file

“data_verify.eef” (58009 bytes) in “test/data” ditery.

For testing the reading of variable arrays it umssther hybrid file “var_array.EEF” (757 bytes) dbed

in the same directory.
The values used are the following:

Short 300
Int 3000
Float 350.543
Long 3500768
Double 3500.10
Character d
Byte 100
String Test binxml-fh
Complex R=0.2 1=0.6
Doublecomplex R=0.258 1=0.636
Short_vector 567
Int_vector 2345
Byte_vector 86
Long_vector 6745662
Float vector 54637.8
Double_vector 0.155555
Doublecomplex_vector R=0.155555 1=0.255555
Complex_vector R=0.3 1=0.4
Int_matrix 6454233
Float_matrix 33244.5
Long_matrix 28876544
Double_matrix 0.3343
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Byte matrix 35

Variable array of basic type

6 integers (2,4,8,2638)

Variable array of structure type

2 structures oft8ger (2,4,8) and

(32,64,128)

The self-test shall output the results on scresdyzxing a report like the following one:

Reading Config File...OK!

Getting the variable_array of basic type value: .. .OK

Getting the variable_array of structure type value: ...0K

Creating object for write ....OK
Object size is: 55166 ....OK

Setting object types .....

set_short: 300 ....OK

set_int: 3000 ....OK

set_float: 350.543 ....OK

set_long: 3500768 ....OK

set_double: 3500.10 ....OK

set_character: d ....OK

setting_byte_vector: 86 ....OK

setting_short_vector: 567 ....OK

setting_int_vector: 2345 ....OK

set_byte: 100 ....OK

set_string: test binxml-fh ....OK

set_complex: r=0.2 i=0.6 ....OK

set_doublecomplex: r=0.258 i=0.636 ....OK

setting_long_vector: 6745662 ....OK

setting_float_vector: 54637.8 ....OK

setting_double_vector: 0.1555555 ....OK

setting_doublecomplex_vector: r=0.1555555 i=0.25555 55 ...

setting_complex_vector: r=0.3 i=0.4 ....OK

setting_int_matrix: 6454233 ....OK

setting_float_matrix: 33244.5 ....OK

setting_long_matrix: 28876544 ....OK

setting_double_matrix: 0.3343 ....OK

setting_byte_matrix: 35 ....OK

Testing save_data_file: ...OK
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Testing free_data_file: ...OK

Producing hybrid file: ...OK

kkkkkkkkkkkkkkkkkkkkkk

Reading Written Data

*kkkkkhkhkhkkkkkkkkkkk

Extracting Header: ...OK

Getting Data File Info: ...OK

Extracting Data: ...OK

Preparing Schema: ...OK

Loading Data File: ...OK

Getting the Short Value: 300 ...OK

Getting the Int Value: 3000 ...OK

Getting the Float Value: 350.543 ...OK

Getting the Long Value: 3500768 ...OK

Getting the Double Value: 3.500100e+03 ...OK

Getting the Character Value: d ...OK

Getting the Byte Value: 80 ...OK

Getting the String Value: test binxml-fh ...OK

Getting the Complex Value: r=0.200000 i=0.600000 .. .OK

Getting the DoubleComplex Value: r=0.258000 i=0.636 000 ...OK

Getting the vector_char Value: ...OK

Getting the vector_short Value: ...OK

Getting the vector_int Value: ...OK

Getting the vector_long Value: ...OK

Getting the vector_float Value: ...OK

Getting the vector_double Value: ...OK

Getting the vector_doublecomplex Value: ...OK

Getting the vector_complex Value: ...OK

Getting the matrix_int Value: ...OK

Getting the matrix_float Value: ...OK

Getting the matrix_long Value: ...OK

Getting the matrix_double Value: ...OK
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Getting the matrix_byte Value: ...OK

Getting the Bit 5 of Short Value: 1 ...OK

Getting the Bits 0 to 5 of Short Value: 101100 ...O K

Testing free_data_file: ...OK

8.2. test_nested

The library functionality with nested complex daypes — e.g. arrays (fixed or variable) that inelud
other arrays — is tested with “test_nested”, whigst_binxml” tests the functionality with primitv
BinX data types and with arrays of primitive types.

The test program binary is “test/bin/test_nestadhjch corresponds to the “test/src/test_nested.c”
source file. The main purpose of this test is yarg that nested data structures of different cexip}

and endianness can be read from and written to dibkth read and write operations complete withou
errors, the files are compared. If they have nfedéhces, the test is considered successful.

The program uses XML and data files (DBL) nested®dsted5 |, nested6_b, nested6_| and nested?,
all of them located in the “test/data” directorgsted5_b.dbl and nested6_b.dbl have data in bigwend
byte ordering, while the others have it in littledean byte ordering. A nestedout.dbl is createtha
“data” directory during the execution.

If we consider the BinX data to be arranged ireaike structure, with complex data types as arety
higher levels and primitive data types at loweelsythe data structures used by test_nested haays a
at three levels. The important differences betwibem are the array types (fixed or variable) atheac
level. The data structure of nested5 b and neskddés has a variable array at the highest level,
another variable array at the second level andkedfarray at the third level. The data structure of
nested6_b and nested6_| files differs becausesiaHaed array at the highest level. The datacsire

of nested7 has variable arrays at all the threeldev

The test should output to the screen a reporthikdollowing:

Data File:  unused.dbl

Schema File: test/data/nested5_b.xml

Size of dataset = 61

Size of buffer with pointers = 9

Testing test/data/nested5_b.xml format: "#BP {B#SP(2(BI)P)SP}" OK
Data File:  unused.dbl

Schema File: test/data/nested5_l.xml

Size of dataset = 61

Size of buffer with pointers = 9

Testing test/data/nested5_|.xml format: "#BP {B#SP(2(BI)P)SP}" OK
Data File:  unused.dbl

Schema File: test/data/nested6_b.xml

Size of dataset = 61

Size of buffer with pointers = 27

Testing test/data/nested6_b.xml format: "B2{ B#SP(2(BI)P)S}" OK
Data File:  unused.dbl

Schema File: test/data/nested6_|.xml

Size of dataset = 61

Size of buffer with pointers = 27
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Testing test/data/nested6_|.xml format: "B2{ B#SP(2(BI)P)S}" OK

Data File:  unused.dbl

Schema File: test/data/nested?7.xml

Size of dataset = 426

Size of buffer with pointers = 12

Testing test/data/nested7.xml format: "#IP {SII#SP{FFFFF#SP(SP)P}P}" OK

8.3. file_transform
Another program provided is “bin/file_transform” dathe purpose of this is to split hybrid files into
header and data block or join them into a hybial fi
To split a hybrid file the test must run with tleléwing arguments:
» test/bin/file_transform ../binxml-config.xml sptiata/data_verify.eef
To join a header file with a datablock the commanithe following:

» test/bin/file_transform ../binxml-config.xml joirate/data_verify.eef
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9. ANNEX 5 - NESTED VARIABLE ARRAYS

The support for nested variable arrays is a newtionality that is available in release 3.4 of BMK
File Handing.

9.1. Purpose

Since the introduction of variable arrays suppartthis tool it has been studied the possibility of
migrating the schemas definition to contain exelelsi variable arrays, which leads to the
implementation of “nested” variable arrays.

By definition, a variable array is a structure that uses information read from the binary file to define
the actual size of the array.

Introducing the variable arrays on the datasetndefih means that part of the information relevemt
the Dataset Size will be inside the Dataset itself.

Let's see an example with the proposed changd®techemas.
Considering the following schema in the currentrfat:

<binx>

<definitions>
<defineType typeName="Map_Type">
<struct>
<arrayFixed varName="layer">
<float-32 varName="value"/>
<dim indexTo="720"> > Types
<dim indexTo="1440"/> definition
</dim>
</arrayFixed>
</struct>
</defineType>
</definitions>

_/
<dataset src="" byteOrder="bigEndian"> } Datasets

<useType typeName="Map_Type" varName="Galax y_Map[#]"/> -
</dataset>

<templateSize unit="bytes">4155844</templateSiz e>
</binx>
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The previous schema could be adapted to followidhmeat using variable arrays by:

1) Using the same type definition and changingdthiaset definition.
<binx>
<definitions>
<defineType typeName="Galaxy_Map_Type">
<struct>
<arrayFixed varName="layer">
<float-32 varName="value"/>
<dim indexTo="720">
<dim indexTo="1440"/>
</dim>
</arrayFixed>
</struct>
</defineType>
</definitions>
<dataset src="" byteOrder="bigEndian">
< arrayVariable varName="Galaxy_Map">
<sizeRef>
<unsignedByte-8/>
</sizeRef>
<useType typeName="Galaxy_Map_Type"/>
<dim/>
</ arrayVariable >
</dataset>
</binx>

2) Using the same dataset definition and creatingvatype definition.
<binx>
<definitions>
<defineType typeName="Galaxy_Map_Type">
<struct>
<arrayFixed varName="layer">
<float-32 varName="value"/>
<dim indexTo="720">
<dim indexTo="1440"/>
</dim>
</arrayFixed>
</struct>
</defineType>
< defineType typeName="Galaxy_Map_Record">
<struct>
< arrayVariable
<sizeRef>
<unsignedByte-8/>
</sizeRef>
<useType typeName="Galaxy_Map_T ype"/>
<dim/>
</ arrayVariable >
</struct>
</ defineType >
</definitions>
<dataset src="" byteOrder="bigEndian">
<useType typeName="Galaxy_Map_Record" varNa
</dataset>

varName="record">

me="Galaxy_Map"/>

</binx>

\

AN

Types
definition

Datasets
definition

Types
definition

Dataset
definition

Another objective related with the proposed changeke schemas would be avoiding the obligation of
replicating the data element in the schema befa@ading data, i.e., instead of calling the

prepare_schema()

function [see 4.4.1.10], the functigmepare_schema_nested()

would be

called [see 4.4.1.11], to insert only the propgad®t source and byte order attributes.

With this change the diagram of Figure 3 would ingp$ified as shown in Figure 7.
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Figure 7: Retrieving data from a hybrid XML data file using the variable array approach.

The procedure of reading data is almost the santh, avminor change that is the introduction of a
counter (number of elements in the variable araayhe beginning of the extracted binary file asvah
in Figure 8.

Hybrid XML file

XML Header

Binary Data File

Binary Data Block T

|
Dataset Record 0|
Dataset Record 1|
|
]

Data Set 0

Dataset ReFord 0 e
Da‘tase‘t R'e‘ccnd 1 I"__’___-__

Dataset Recordn |

Dataset Record 5
Dataset Record 6

IR

Data Set N

Dataset Record 0
Dataset Record m

Figure 8: Generating the binary file using variable array approach.

This document is property of DEIMOS Engenharia and cannot be distributed or duplicated without its written permission.



Code : SO-UM-DME-L1PP-0005

d eim s Critical EE XML/Binary CFI ';:i 02/ 12’2‘?*;

ENGENHARIA soltware File Handling

Page : 56 of 56

9.2. Limitations

There have been identified a couple of limitaticglated to the usage of nested variable arrays:

1.

Format:

1.1. Variation of structures: changes in the order bycWithe elements of the structure are defined
in memory must be followed with the correspondihgroge in the order by which the elements
are defined in the schema, avide versa. The same is applicable to any change in the &ype
data, either in memory structure or schema filectvimplies a recompilation of user’s code.

Writing data:

2.1. Writing the data is done always according to thec#ed format. Any mistake in the format
description may cause a segmentation fault sinaeighthe only way that BinXML-FH can
know the format of the memory structure.

Reading data:

3.1. The data read from the BinX file always follows tk@me approach to produce the memory
structure, which means that the BinXML user’s meyrsiructure must be defined accordingly.

9.3. Approach

In C++ there is a way of knowing the class of acdfeobject, and in order to mimic this functioitgl
in C it is necessary to create a workaround.

To inform BinXML about the “format” of the User'sath structure it is necessary to use a
pseudo-language that can be used to validate the schema data agsaast the User’s defined memory
structure.

The pseudo-language has the following element:

Element Description

B, S I, L, F | Represent the basic types byte, short, int, [dogf ind double

and D

0-9 Represent the number of elements of a Binéd=Array and correspond to a static
allocation in the memory structure, i.atray[4]  for example.

{, (,) and} Are used to enclosure a repeating block, whidypgcally an array element. () are
used to enclosure a fixed size element structude{ dra variable size structure, i.€.,
a structure that contains variable sized array$ir(ked-list).

P Represent a pointer.

# Is associated with variable arrays and representnaber that must be read from the

buffer.

When# is found on thdormat string it appears always in the seque#el where?
can be one oB, S, | or L, and represent thigpe of the number that is used [to
represent the array counter.
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A Variable array is always translated in a linkesd-memory structure, amdce-versa, which means
that always, after the description of the VariaBleay Element structure, a new pointer must be
inserted to point to the next element of the Vdedkray.

Therefore, to describe a Variable Array of integeith a counter defined by a Byte, it should beduse
format “#BP(IP)". If instead of an integer, the arrayraknt is a complex structure, let say a fixed array
of 3 floats, theormat should be “#BP(3(F)P)".

To describing a fixed array of 4 elements, each lmgiag a variable array of Integers with a counter
defined by a short, tHermat should be “4{#SP(IP)}".

Example: Considering the following user memoryatute and the corresponding BinX schema:

typedef struct _data { <?xml version="1.0" encoding="UTF-8"?>
float valf; <binx>
int vali; <definitions>
double vald; <defineType typeName="Array_Type">
struct _data *next; <struct>
}__attribute__ ((packed)) t_data; <float-32 varName="f"/>
<integer-32 varName="i"/>
Typedef struct { <double-64 varName="d"/>
int count; </struct>
t_data *array; </defineType>
} __attribute__ ((packed)) t_myarray; <defineType typeName="Data_Type">
<struct>
<arrayVariable varName="record">
<sizeRef>
< unsignedinteger-32/>
</sizeRef>
<useType typeName="Array_Type"/>
<dim/>
</arrayVariable>
</struct>
</defineType>
</definitions>
<dataset src="" byteOrder="bigEndian">
<useType typeName="Data_Type" varName="My_Array"/ >
</dataset>
</binx>

The string describing thfermat of the memory structure i¢IP(FIDP)”
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What about nested variable arrays?

Example: Considering the following user memoryatute and the corresponding BinX schema:

typedef struct {
char pollD;
int polVal;
} _ attribute__ ((packed)) tPolData;

typedef struct s_VarArrayFixedType {
tPolData polFixArray[2];
struct s_VarArrayFixedType *next;

}_ attribute__ ((packed)) tVarArrayFixedType;

typedef struct s_dstype {
char charElement;
short varArrayFixedTypeCount;
tVarArrayFixedType *varArrayFixedType;
short shortElement;
struct s_dstype *next;

} _ attribute__ ((packed)) dstype_n5;

typedef struct {
byte count;
dstype_n5 *dataset;
} _ attribute__ ((packed)) tProduct_n5;

<?xml version="1.0" encoding="UTF-8"?>
<binx xmIns="http://www.edikt.org/binx/2003/06/binx
<definitions>
<defineType typeName="tPolFixArray">
<struct>
<arrayFixed varName="PolFixArray" byteOrder
<struct>
<byte-8 varName="polID" byteOrder="litt
<integer-32 varName="polVal" byteOrder=
</struct>
<dim indexTo="1"></dim>
</arrayFixed>
</struct>
</defineType>
<defineType typeName="dstype">
<struct>
<byte-8 varName="charElement" byteOrder="li
<arrayVariable varName="varArrayFixedType"
byteOrder="littleEndian">
<sizeRef>
<short-16 byteOrder="littleEndian" />
</sizeRef>
<useType typeName="tPolFixArray"
varName="typedFixArrayElement"
byteOrder="littleEndian" />
<dim/>
</arrayVariable>
<short-16 varName="shortElement" byteOrder=
</struct>
</defineType>
</definitions>

<dataset src="nested5_l.dbl" byteOrder="littleEnd
<arrayVariable varName="dsarray" byteOrder="lit
<sizeRef>
<byte-8 byteOrder="littleEndian" />
<[sizeRef>

<useType typeName="dstype" varName="dsname"

byteOrder="littleEndian" />
<dim></dim>
</arrayVariable>
</dataset>
</binx>

s

="littleEndian">

leEndian" />
"littleEndian" />

ttleEndian" />

"littleEndian" />

ian">
tleEndian">

Theformat describing this memory structure BP{B#SP(2(BI)P)SP}

Doesit works for writing data?

The memoryformat is of utmost importance for writing data, sincattis the only way to access the
information, namely, reading the counters of vdaabrays.
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