CU-QMW-TN-0008
Date: 12 May 2005

Writing QSAS Plug-ins

A.R. Hare, S.D.Bale, A.J. Allen and M. &nz
Astronomy Unit
Queen Mary & Westfield College
Mile End Road, London E1 4NS, U.K.
E-mail: cscsupport@gmul.ac.uk
http://www.space-plasma.gmul.ac.uk/

Issue: 1
Rev. : 9
Page: i



Document Status Sheet

1. Document Title: QSAS Plug-ins

2. Document Reference Numbé&2lU-QMW-TN-0008

3. Issue| 4. Revision| 5. Date 6. Reason for Change

0 0 15 Jan 96 Internal doc ‘QSAS Data Object Attributes’.

1 0 09 Mar 96 Added QTPL notes and retitled document
‘Writing QSAS External Functions’.

1 1 24 Apr 97 QTPL update for QSAS 1.1; ‘external functiop’
renamed ‘plug-in’.

1 2 13 Nov 97 Reinstated SDB’s QSAS data-object attribute
notes.

1 3 21 Nov 97 Explained use of dump to find object entry
name.

1 4 10 Aug 99 Tidied up for Source release

1 5 17 Nov 99 Change to qtpl for .so entry name handling

1 6 19 Oct 2001 | Revised for QDOS2 at gsas 1.6

1 7 25 Jun 2002 | Revised for QSAS 1.65

1 8 2 Feb 2004 | Revised for QSAS 2.0

1 9 12 May 2005| Addition of QuMultiJoin() utility and QSAS 2.1
release

1 10 7 Nov 2005 | qdos and gsas class definitions available




CONTENTS ii

Contents
1 About this document 1
2 Related material 1
3 Introduction 2
4 QSAS Template Language (QTPL) 3
4.1 Example: XY2Polar.gtpl . . . . . . .. .. . 3
4.2 QTPL fundamentals: layout, punctuation,andnames . . . .. .. .. ... .. 5
4.3 Plug-indeclaration . . . . .. ... .. 5
4.4 Plug-inargumentlist . . . . .. .. ... .. ... .. 6
441 Argumentsyntax . . . . . . ... e e e e 6
4.4.2 Argumentdatatype . . . . . .. ... 6
4.5 Template body: definitions . . . . . . . . .. ... ... 7
45.1 Definitionsyntax . . . . . . . ... 7
4.5.2 Plug-in mandatory definitions . . . . . ... ... Lo 8
45.3 Plug-in optional definitions . . . . . . ... ... ... ... . ... 8
4.5.4 Argument definitions (alloptional) . . . . . .. ... .. ... ..... 8
5 C++ plug-in source code 10
5.1 Introduction . . . . . . . . . 10
52 Aminimalexample . . . . . . ... 10
5.3 Building and Installingthe Plug-In . . . . . . . ... ... ... .. ...... 16
6 Some Functions and Methods for QSAS dataobjects 17
6.1 Plug-ininterface . . . . . . . .. . .. ... 17
6.2 GeneralMethods . . .. .. ... . . . .. ... 21
6.3 TimeSeriesHandling . . . . . .. ... .. .. .. ... . 25
6.4 SubsettingData Series . . . . . . . .. ... 28
6.5 CreatingSequence Masks . . . . . . . . . . . . .. 29
6.6 Using SequenceMasks . . . . . . . . . . .. ... 31
6.7 TimeObjectHandling . .. .. ... .. ... . . .. . .. ... .. ..., 32
6.8 TimelntervalHandling . . . . . . . ... . . .. .. .. ... . 33
6.9 Matrix and Matrix Sequence handling . . . . . ... ... ... ........ 34
6.9.1 DIMEeNnsSIiONS . . . . . . . . . e e e 34
6.9.2 MatrixClass . .. ... ... . . ... 35
6.9.3 MatrixSequences . . . . . . . .. e e 38
6.10 Utilities for Handling Cartesian and Polar Vectors . . . . . . .. .. ... ... 39
6.11 Joining Time SeriesData . . . . . . . . . . . . .. .. ... 40
7 Data Object Attributes 43

7.1 Getting and Setting Attributes . . . . . . .. Lo 43



1 ABOUT THIS DOCUMENT 1

1 About this document

This Technical Note provides sufficient information for a computer-programmer with 6eme

or C experience to writ@lug-ins for the QMW Science Analysis System (QSAS).

It should be used in conjunction with an up-to-date QSAS installation, including the examples

of C++ plug-in source-code and QSAS Template Languag@el) template-files supplied with

QSAS by QMW. Programmers may wish to consult the doxygen generated class hierarchy for
gdos and gsas available online in www.space-plasma.maths.gmul.ac.uk/QSAS/doc2.1/html/index.htr
or with the gsas source in QSASOME/doc/doc2.1/html/index.html.

2 Related material

CU-QMW-MA-0006 QSAS User Manual
CU-QMW-MA-0009 QDOS Programmer’s Manual
CU-QMW-MA-0014 QSAS HTML help pages
CU-OMW-MA-0015 QSAS and QDOS class definitions
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3 Introduction

QSAS supports the dynamic loading and execution of separatelyphugiins: these are soft-

ware modules that accept QSAS data objects and constants as their input, and return new data
objects or values as their output upon successful completion. This permits users to supplement
QSAS's built-in facilities with their own specialised functions without having to rebuild the
whole QSAS application. It also provides a mechanism for distributing self-contained additions

to QSAS without the overhead of issuing a full new release.

QSAS plug-ins are loaded and run through a dynamic Plug-in Window which is described in the
‘QSAS Help Pages’, CU-QMW-MA-0014. The user first selects a template file that describes
the plug-in in QSAS Template Languag@&TPL). The template describes the arguments of the
plug-in, how to find and load it, and optionally provides additional labelling, layout, and help
information for the Plug-in Window.

After a plug-in template has been read successfully, the Plug-in Window is constructed with
slots for the input and output arguments of the plug-in according to the template description.
When the user has supplied valid entries for all mandatory input arguments, QSAS can be asked
to load and run the plug-in. Arguments are communicated between QSAS and the plug-in by
means of &C++ list object containing pointers to QSAS data objects, and the plug-in return
value indicates its completion status. The plug-in can write status messages and diagnostic
information to a scrolling text window within its Window.

C++ is used for the software interface between QSAS and plug-ins because the QSAS Data
Object System (QDOS) is itself written @+, and soC++ methods are used to extract data
from the input data objects and to create new data objects in which to return results. However
it is possible to use code in other languages such @asdFORTRAN as the kernel of a plug-in

by enclosing it in aC++ ‘wrapper’: the wrapper takes care of the interfaces with QSAS and
QDOS before and after calling the underlying no\- function or subroutine with arguments

of the types it requires. The details of how to bind together such mixed-programming-language
components are system-dependent and outside the scope of this document.
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4 QSAS Template Language (QTPL)

4.1 Example: XY2Polar.qtpl

Figure 1 shows the Plug-in Window prepared to run the plug¥2Polar. The arguments are
set to their default values.

The principal features of QSAS Template LanguQ@eL may be seen by comparing the Win-
dow with the corresponding plug-in templax&2Polar.qtpl, whichis listed in figure 2 below.
There follows a description of the principal featureQ0PL and recommendations on their use.

[ %2 Polar transfonmation Sl =1 =]
File Help
H
I Iradius
input scalar series for X Bl e i
it
I |phase

input scalar series for % ATANZY =) [rad]

Run Default &l | Dismiss |

Figure 1: Plug-in Window after executirXy2Polar.qtpl.
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// Plug-In Declaration:
EXTERNAL XY2Polar // Type Name
(INPUT SCALAR_SERIES X_in, // Argument List
INPUT SCALAR_SERIES Y_in,
OUTPUT SCALAR_SERIES radius,
OUTPUT SCALAR_SERIES phase)

// Plug-In Body:
{XY2Polar // name variable
{ENTRY_NAME { "XYtoPolar" } // mandatory defs
OBJECT_FILE { "XY2Polar.so" }

PUBLIC_NAME { "XY2Polar transformation"} // optional attributes
DESCRIPTION
{u

XY2Polar Transformation

This Plug In converts two scalar data series of same length
into radius and phase.

Input Arguments:

Scalar series X.
Scalar series Y.

Output:
Radius = SQRT(X"2+Y"2) Scalar series
Phase = ATAN2(Y,X) Scalar series
n}

}

// argument variables
X_in { PUBLIC_NAME {"X"} DESCRIPTION {"input scalar series"} }
Y_in { PUBLIC_NAME {"Y"} DESCRIPTION {"input scalar series"} }
radius { DEFAULT_VALUE {"radius"} DESCRIPTION {"SQRT(X"2+Y"2)"} }
phase { DEFAULT_VALUE {"phase"} DESCRIPTION {"ATAN2(Y,X) [rad]"} }
}

Figure 2: Listing of template fil&Y2Polar.qtpl.
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4.2 QTPL fundamentals: layout, punctuation, and names

QTPL grammar is loosely modelled on the andC++ languages. Blank lines and spaces may
be used freely within template files to improve readability.

Multiple templates in a single file are not supported.

Comments are permitted anywhere in a template file. The comment-introducer/ is used
in QTPL to signify that whatever follows it until the end of the line is a comment.

Keywords (reserved words) in QTPL are written all-uppercase,g. FLOAT.

Declarations and definitions of plug-in functions and argument attributes are delimited by
curly braceq }, which may be nested.

Strings of printable characters, which may include spaces and the newline-speaifiare
enclosed inASCII double-quote®.g. "line 1\nline 2". The maximum permitted
string-length is 16,000 characters.

Variable names in QTPL are sequences of letters, digits, underscore and percent characters of
arbitrary length; they must begin with a letter, and must be unique within each plug-in
template.

4.3 Plug-in declaration
This has the fornplug-in-type plug-in-name argument-list

Plug-in-type keyword begins a plug-in declaration: it must be the first non-comment text in a
template. The only type currently supporte@¥JERNAL, as used in the example.

Plug-in name follows the type keyword, and must be a valid name f@TaL variable. It is
local to the template and independent of the name of the assoCiatéaction, although
it may be convenient for them to be similar. The example plug-in is naitigpolar.
Argument list follows the plug-in name, and has the syntax
(inout datatype varname, inout datatype varname,
TheQTPL arguments must correspondsequence and datatypéo the QSAS data-object
pointers expected by thg+ plug-in.
There is a limit of 30 outputs, but input slots are unlimited, and if too many slots are
specified to fit on the screen the plugin interface window becomes scrollable.

Body of the template follows the argument list, and is enclosed in curly brages
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4.4 Plug-in argument list
4,41 Argument syntax

Entry in argument list comprises three tokemsout datatype varname

Input/output keyword inoutmay have the valueNPUT or OUTPUT. INPUT arguments must not
be modified by the plug-inQUTPUT arguments are created and returned by it. Note that
all inputs must appear before any outputs in the argument list.

Datatype keyword datatypeindicates the type of data-object or value accepted or returned
by that argument. Some datatypes include a variety of data-objects, and the QPLUGUI
can perform implicit type-conversions as described belowdid.2, and summarised in
Table 1.

Variable-name token varnameis used to refer to this argument only within the body of the
template, and is independent of any names used within the plug-in source-code or else-
where. It must be a valiQTPL variable-name as defined above.

4.4.2 Argument datatype

TheQTPL argument datatype keywords are summarised in Table 1INRMT arguments some
testing of the datatype will be performed against the types understoQ&Bys as listed in ta-

ble 1. ForOUTPUT arguments the datatype information is used only for labelling the QPLUGUI
slots, so incorredUTPUT datatypes may not be detected by the software but could confuse the
user.

Output objects are placed automatically on the working list, with the exceptiDiM8f INTERVAL
objects that are placed on the Time Interval List.

In all instances the input object available to the plug-in is of type QdObject and must be nar-
rowed to the type expected. Because of the wide range of objects that may be narrowed to the
requested data type, the plug-in code is responsible for performing the required narrow and test,
and to ensure that xrefs such as FRAME or TIMIEGS are present when required.

The datatypedNY DATA OBJECT andANY_TIME SERIES are provided so that a single plug-in
may operate analagously on a variety of types of data-obggt: a time-averaging plug-in
might have amANY TIME SERIES input and anANY DATA OBJECT output argument, as well

as other inputs to specify the details of the time-averaging, enabling it to time-average many
different kinds of time-series and to return a new data-object of an appropriate kind to contain
the result in each case.

Inputs requiring either a sequence of time talJMETAGS or a time interval TIME_INTERVAL,

will accept any object with associated TIMEAGS xref as well as time sequence or interval
objects.

In addition, if an input is specified aslY DATA OBJECT then the associated input slot will
accept a numeric value typed into the input slot. This is converted into a FLOAT type data
object before being passed to the plug-in.

Single numeric quantitieBLOAT and INTEGER, and stringsSTRING accept both QSAS data
objects of the appropriate type and values typed directly into the input slot. The interface
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datatype in file.qtpl QSAS data-object type NOTES
accepted in INPUT sli
ANY DATA _OBJECT | QdObject All gdos objects inherit from QdObject
float value or float numeric value
ANY_TIME SERIES | QdRScalarSeq with TIME _TAGS Xref
QdRMatrixSeq
MATRIX TIME SERIES | QdRMatrixSeq with TIME _TAGS Xref
VECTOR_TIME SERIES | QdRMatrixSeq with TIME _TAGS & Frame Xrefs
SCALAR_TIME SERIES | QdRScalarSeq with TIME _TAGS Xref
MATRIX_SERIES | QdRMatrixSeq
VECTOR_SERIES | QdRMatrixSeq with Frame Xref
SCALAR_SERIES | QdRScalarSeq
TIMETAGS | QdTimeSeq
QdRMatrixSeq uses TIMETAGS Xref
QdRScalarSeq uses TIMETAGS Xref
TIME_INTERVAL | QdTimelnterval
QdTimeSeq uses start/end times
QdRMatrixSeq uses TIMETAGS Xref
QdRScalarSeq uses TIMETAGS Xref
FLOAT | QdRScalar
float value numeric value typed in INPUT
INTEGER | QdRScalar
float value numeric value (cast to int)
MATRIX | QdRMatrix
STRING | QdString
string literal string typed in INPUT

Table 1:QTPL datatypes, valid QPLUGUI inputs, and QDOS data-object types.

between QSAS and the plug-in still uses a QSAS data-object of the appropriate type, but the
Plug-in Window handles such quantities as text strings instead of requiring the user to first
create a data-object. Thus the user can type a number directly Ri@A& or INTEGER input

slot, and text into &TRING input slot.

4.5 Template body: definitions
4.5.1 Definition syntax

Definitions inQTPL take the form

varname{ defnameX defvaluel} defnameZ defvalue2} ... }

for a list of at least one name-value pair. Hemnameis the name of the plug-in or the
argument-variable for which something is being defirdefpamas the keyword, andefvalue

is the value defined for it expressed insideA&aII-double-quoted string. Strings may contain
any printable characters, and additionally the newline spegiier



4 QSAS TEMPLATE LANGUAGE (QTPL) 8

4.5.2 Plug-in mandatory definitions

The plug-in name-variable must have @BUECT_FILE and anENTRY _NAME defined as quoted
text, in order that the plug-in may be located and loaded successfully.

OBJECT_FILE is the shareable library from which to load the plug-in: it may be defined as a
complete pathi(e. beginning with 7’) which will be taken as literal, or as a filename.
If no path is specified a search will be undertaken using the current working directory
‘., then the user specific environment variab&ER_LIB and finally theQSAS provided
plug-in library QSAS_HOME/lib. The latter method is recommended so that templates may
be portable between different users and systems without the need to @HIHIF FILE
definition.

ENTRY_NAME is the function name of the plug-in wrapper. It is used to determine the entry point
for the shareable librargBJECT_FILE which must be known in order to load it. Note:
this supercedes the earlier plug-in syntax (QSAS version 1.3 and earlier) which required
that the actual entry point string be specified here.

4.5.3 Plug-in optional definitions

The definitions below may optionally be set for the plug-in name variable to influence the
appearance of the Plug-in Window and to provide on-line help when a plug-in is loaded.

PUBLIC_NAME, if defined, is used in place of the plug-in’s interg@PL variable name for the
title of the window. Thé?UBLIC_NAME may contain characters that would not be permitted
in a QTPL variable name. This is recommended as a way to display the version number
after the name, as in the example.

DESCRIPTION of a plug-in provides the text to output when the user requ#st$ description
on the Plug-in WindovHelp menu, as shown figure 1.

4.5.4 Argument definitions (all optional)

Any QTPL variable may optionally have any or all of the following defined to influence its
presentation in the Plug-in Window.

PUBLIC_NAME of a variable is used to label the interface slot for that argument instead of the
variable name; this permits more flexibility in composing useful labelspa8EaIC_NAME
may contain spaces, newlines, and other characters not permitted in variable names.

DESCRIPTION of non-function arguments provides additional labelling information for plug-in
slots, as shown in figure 1.

DEFAULT_VALUE provides a default for the specified argument which will be set when a tem-
plate is first loaded, and subsequently if the user requests it with the QPLD&hl It
All button. Note thabEFAULT_VALUE is specified as quoted text even for numeric values,
as it is copied to the corresponding plug-in slot without processing, just as if the user had
typed-in the characters.
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5 C++ plug-in source code

5.1 Introduction

The following code fragments illustrate the extraction of pointers to QSAS data objects from
the plug-in argument, the use of QDOS methods to read the input data-object contents, and the
construction and return of new output data-objects. These constitute the essential C++ wrapper
that must surround a plug-in; this wrapper may call functions coded in other languages to apply
algorithms to the data extracted from the QDOS data-objects.

Note that dynamic loading implies that an executing plug-in is part of the QSAS application
process: this permits shared memory and so avoids copying of large data-objects simply to read
them, and allows the plug-in to call any QSAS built-in procedure, not just QDOS methods. But

it also permits a plug-in bug to corrupt the contents of data-objects and other parts of QSAS,
and crash the whole application through a fatal error. Great care should therefore be taken to
trap plug-in errors, even if only to print a generic failure message and return error status to the
QPLUGUI, as this is greatly preferable to crashing QSAS.

5.2 A minimal example

Below is a minimal C++ plug-in for the function XY2Polar described by the plug-in template
in Fig.2, followed by a line-by-line explanation:

/*************************************************************************

Scalar series Y.
OUT: Radius = SQRT(X"2+Y"2) Scalar series
Phase ATAN2(Y,X) Scalar series
RETURN: QplugReturnStatus
Kok sk ok ok o ok K ok oK ok ok ok K ok ok 3 ok K ok ok 3 ok K ok ok 3k ok K ok K ok ok ok K ok ok 3 ok K ok ok 3 ok ok ok 3 ok sk ok ok sk ok ok sk ok ok ok ok sk ok ok ok /
#include <stdio.h>
#include <math.h>
#include <string.h>
#include <stdlib.h>

* PROJECT: Cluster UK CDHF

* COMPONENT: Plug In library

* MODULE: XY2Polar.cc

* LANGUAGE: C++

* FUNCTION: QSAS XY2Polar Plug In
* PURPOSE: Calculate radius and phase of two scalar series.
* ARGUMENTS:

* IN: Scalar series X.

*

*

*

*

#include "qplug_if.h"
#include "QdUtils.h"
#include "Qdos.h"
#include "qar.h"
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#include "Xrefs.h"
using namespace QSAS;
extern "C" QplugReturnStatus XYtoPolar( QplugArgList *);

QplugReturnStatus XY2Polar(QplugArgList *call_list )
{

// unpack the input data objects
Qd0bject_var X_in = (* call_list)[0];
Qd0bject_var Y_in = (* call_list)[1];

// narrow to a scalar sequence object

QdRScalarSeq_var xx = QdRScalarSeq_var::narrow(X_in);

if(xx.is_nil () ){
QplugAppendTextDisplay ("XY2Polar ERROR: X seq type not handled\n");
return (PLUG_FAILURE;

b

QdRScalarSeq_var yy = QdRScalarSeq_var::narrow(Y_in);

if(yy.is_nil () ){
QplugAppendTextDisplay("XY2Polar ERROR: Y seq type not handled\n");
return QPLUG_FAILURE;

b

long Ndata = xx->sequence_size();
// check whether input conformal and Time series joined

gar_status = QarTestConformal(X_in, Y_in);
if (qar_status == QAR_ERR) return QPLUG_FAILURE;

// confirm units are equivalent
qar_status = QarAreUnitsSame(X_in, Y_in);
if (qar_status == QAR_ERR) {
QplugAppendTextDisplay (
"Arithmetic>> Operation requires inputs in same units\n");
return QPLUG_FAILURE;
}
else if(gar_status == QAR_WARN){
QplugAppendTextDisplay (
"Arithmetic>> units unknown for at least one input\n");
QplugAppendTextDisplay ("Proceed with caution!\n");
}
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//define output data objects
QdRScalarSeq_var out_rad_series;
QdRScalarSeq_var out_phas_series;

//calculate radius and phase

try{
out_rad_series = QdRScalarSeq_var: :narrow(sqrt (xx*xx + yy*yy));
out_phas_series = QdRScalarSeq_var::narrow(atan2(xx,yy));
}
catch(Exception &e){
e.print_msg();
return QPLUG_FAILURE;

//set minimal attributes by copying from input objects
out_rad_series->copy_xrefs_from(X_in);

QuSetTxtAttr("Frame", "scalar>na", (QdObject_var) out_rad_series);
sprintf (str_out,"r(%s)", QuGetAttrText("FIELDNAM", X_in));
QuSetTxtAttr ("LABLAXIS", str_out, (QdObject_var) out_rad_series);
QuSetTxtAttr ("FIELDNAM", str_out, (QdObject_var) out_rad_series);

QuSetTxtAttr("SI_conversion", "1>rad", (QdObject_var) out_phas_series);
sprintf (str_out,"Phase(%s)", QuGetAttrText("FIELDNAM", X_in));
QuSetTxtAttr ("LABLAXIS", str_out, (QdObject_var) out_phas_series);
QuSetTxtAttr ("FIELDNAM", str_out, (QdObject_var) out_phas_series);
QuSetTxtAttr("Frame", "scalar>na", (QdObject_var) out_phas_series);
QuSetTxtAttr ("UNITS", "rad", (QdObject_var) out_phas_series);

//get timetags from X or Y and add to output objects
QdTimeSeq_var tags = get_timetags(X_in);
if (ltags.is_nil()) {
set_timetags(out_rad_series, tags);
set_timetags(out_phas_series, tags);

//add output objects to QSAS working list
call_list->push_back((QdObject_var) out_rad_series);
call_list->push_back((QdObject_var) out_phas_series);
return QPLUG_SUCCESS;

}
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The example above includes the C++-standard libraries used by the plug-in:

<stdio.h>, <math.h>, <string.h>, <stdlib.h>. Then follows a minimal set of QSAS
specific header files:

"gplug if.h", "QdUtils.h", "Qdos.h", "qar.h", "Xrefs.h". See below for functions
available through QSAS librariegssing namespace QSAS; iS necessary to use data object at-
tributes (see section 7).

The 'extern’ line is required by plugins for QSAS version 2.0 and later, it allows QSAS to locate
the entry name in the .so library reliably...

extern "C” QplugReturnStatus XYtoPolar( QplugArgList *);

QplugReturnStatus can have the (self-explaining) valugRLUG_SUCCESS, QPLUG_WARNING,

and QPLUG_FAILURE. The only argument of a plug-in is always a QSAS data object of type
QplugArglist; it holds pointers to the data objects used by the function in the order they
appear in the template file.

First we have to unpack the two input objects defined by the template (Fig.2):

QdObject_var X_in = (* call_list) [0];
QdObject_var Y_in (* call_list)[1];

All objects are passed to the plug-in as the top level QdOhjactlass (thevar means it is a
safe pointer to this class). We have to convertGtiébject_var class var pointer to a derived
class var pointer using thearrow method:

QdRScalarSeq_var xx = QdRScalarSeq_var::narrow(X_in);

if (xx.is_nil() ){
QplugAppendTextDisplay ("XY2Polar ERROR: X seq type not handled\n");
return QPLUG_FAILURE;

+

QdRScalarSeq_var yy = QdRScalarSeq_var::narrow(Y_in);

if(yy.is_nil () ){
QplugAppendTextDisplay("XY2Polar ERROR: Y seq type not handled\n");
return QPLUG_FAILURE;

+

If the input object cannot be narrowed to the desired type the retuxaedontains a NULL
pointer, and can be tested usitgnil ().

The var pointersx andyy can now be used for further operations. We may find the size of the
sequence, using

long Ndata = xx->sequence_size();. This can be used to construct ‘for’ loops over the
sequence, but is not necessary for the generic methods used here.

A single utility, QarTestConformal, is provided that checks that the sequences have the same
number of elements unless one of them is a constant value (it is possible to perform most
binary operations between a sequence and a constant value which is used for each entry in the
sequence). If the input objects are time series, this utility also tests whether they are joined onto
a common timeline.

qar_status = QarTestConformal(X_in, Y_in);
if (qar_status == QAR_ERR) return QPLUG_FAILURE;
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A further check is performed since the function is only meaningful if the two input objects have
the same units.

qar_status = QarAreUnitsSame(X_in, Y_in);
if (qar_status == QAR_ERR) {
QplugAppendTextDisplay (
"Arithmetic>> Operation requires inputs in same units\n");
return QPLUG_FAILURE;
}
else if(qar_status == QAR_WARN){
QplugAppendTextDisplay (
"Arithmetic>> wunits unknown for at least one input\n");
QplugAppendTextDisplay ("Proceed with caution!\n");
}

This test uses theI_conversion xref (attribute in cdf terminology) and reduces the unit to
base SI components before comparison. It ensures that the units match as well as the scale
factor (see detailed function description). Note that if the&hversion xref is not available for

one input a warning is issued, but the operation is completed.

We could now create two output series of the same size as the input series, and fill the series
with the radius and phase of the two input series using a loop over the individual elements of
the input sequences,

QdRScalarSeq_var out_rad_series = new QdRScalarSeq(Ndata);
QdRScalarSeq_var out_phas_series = new QdRScalarSeq(Ndata);

try{
for (long i =0; i<Ndata; i++) {
out_rad_series[i] = sqrt(xx[il*xx[i]l+yy[il*yy[il);
out_phas_series[i] = atan2(xx[i],yyl[il);
}
}

catch(Exception &e){
e.print_msgQ);
return QPLUG_FAILURE;
}

but since the sqgrt and atan2 methods are available for all gdos numeric types we may simply
use,

QdRScalarSeq_var out_rad_series;

QdRScalarSeq_var out_phas_series;

try{
out_rad_series = QdRScalarSeq_var::narrow(sqrt(xx*xx + yy*yy));
out_phas_series = QdRScalarSeq_var::narrow(atan2(xx,yy));

}
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catch(Exception &e){
e.print_msg();
return QPLUG_FAILURE;
}

Note that instances of the output objects are created outside of the try-catch construction to
ensure they persist when the try block is exited.

The try and catch statements allow qdos to safely throw an exception if the requested op-
eration is not permissable. For example, if the sequences xx and yy were of different types
gdos would reject the operation and the returned error message would be printed to the standard
output.

Also we should set the output object attributes (see section 7). In the case of the radial compo-
nent most attributes are the same as for the input series and we can copy all xrefs from the input
series:

out_rad_series->copy_xrefs_from(X_in);
QuSetTxtAttr("Frame", "scalar>na", (QdObject_var) out_rad_series);

We explicitly replaced the "Frame” attribute with the scalar entry to be certain, since the input
came from a vector component.

Note that certain standard attribute names are defined by QSAS, so we could have specified
QusSetTxtAttr(FRAME, "scalar¢,na”, (QdObjeear) outrad series);

in place of "Frame”. This allows QSAS to take care of the case sensitivity of the ISTP/CSDS
attribute names.

An alternative would have been to set just the minimal attributes directly, copying IB®SNVERSION
and UNITS explicitly from the input object.

QuSetTxtAttr (SI_CONVERSION, QuGetAttrText("SI_conversion", X_in),
(Qd0bject_var) out_rad_series);

QuSetTxtAttr (UNITS, QuGetAttrText("UNITS", X_in),
(QdObject_var) out_rad_series);

QuSetTxtAttr (FRAME, "scalar>na", (QdObject_var) out_rad_series);

The attributes for the phase output must be set explicitly as they differ from those of the input
object.

QuSetTxtAttr (SI_CONVERSION, "i>rad", (QdObject_var) out_phas_series);
QuSetTxtAttr (FRAME, "scalar>na", (QdObject_var) out_phas_series);
QuSetTxtAttr (UNITS, "rad", (QdObject_var) out_phas_series);

If the input series are timeseries we would like to add the same timetags to the output series:

QdTimeSeq_var tags = get_timetags(X_in);

if (ltags.is_nil()) {
set_timetags(out_rad_series, tags);
set_timetags(out_phas_series, tags);



5 C++ PLUG-IN SOURCE CODE 16

Note that the time tags are also Xrefs for the objects, so the eeolpgrxrefs_from command
will have set them. Repeating this is safe, and is shown here for completeness.
Finally we are ready to put our objects on the QSAS working list by:

call_list->push_back((QdObject_var) out_rad_series);
call_list->push_back((QdObject_var) out_phas_series);
return (PLUG_SUCCESS;

Thepush_back operation puts the output objects on the argument list to be returned to QSAS.
Output objects must be pushed back in the same order that they appear in the plug-in template
(.qtpl) file. On successful return, the Plug-in interface adds the new data objects to the working
list.

5.3 Building and Installing the Plug-In

To build a plug-in you need thgcc compiler version recommended in the QSAS Installa-
tion Notes $§QSAS_HOME\doc\QSASInstallation.ps). As an example, to build the plug-in
XY2Polar one would follow these steps:

1. Save the plug-in code &Y2Polar.cc and the template agy2Polar.qtpl in a local
folder, sayXY2Polar.

2. Create alakefile in this folder as shown in Fig.3. If you are including external code
this should be included in th@BJS list and any necessary flags added toliec) and
$ (LD) commands.

3. Copy the build script $QSABOME/src/build to your local foldexY2Polar. This script
may need editing to set library and other local paths if QSAS was installed from a binary
rather than a source build.

4. Run thebuild script by typingbuild from the folder. On success the compiler will
report the installation of theqtpl and. so files.

The file selection widget launched by QSAS when a plug-in is requested can be used to navigate
to the user specific location, $SINSTALQTPL holding the new .qgtpl template.

When the plug-in run button is pushed gsas will attempt to load the plug-in shareable object
file. It will first look for the XY2Polar.so file in the current working directory, then the location
specified by the environment variallSER LIB and finally the standard libraries installed
with gsas in $3QSASHOME/lib. The sample makefile installs both the template and shareable
object files in the directory pointed to by the user’s environment variable $USBR

You may re-install your plug-in without starting a new QSAS session. The lasedile will

be executed whenever you push Hua button on the Plug-in Window, according to the search
order specified above.

The above makefile builds and installs a user plug-in into the user’s own local plug-in library
space. To make the XY2Polar plug-in automatically availabe to all users it would be necessary
merely to copy the XY2Polar.qtpl file to $QSASOME/qtpl and the shareable object library,
XY2Polar.so, to $QSAFOME/lib and ensure all users have read permission.
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$(USERLIB) = /home/me/myplugins
INSTALL _LIB = $(USERLIB)
INSTALL _QTPL = $(USERLIB)
OBJS = XY?2Polar.o
.CC.O:
$(CPL) $(CPLFLAGS) $(PIC) -c $*.cc
.C.0:
$(CC) $(CFLAGS) $(PIC) -c $*.c
all: clean install new
XY2Polar.so: $(0OBJS)
$(LD) $(PIC.LD) $(PIC) -0 XY2Polar.so $(OBJS) $(LDLIBS
clean:
rm’ -f *.0 *.s0 *%
new: XY?2Polar.so
$(INSTALL) XY2Polar.so $(INSTALLLIB)
$(INSTALL) XY2Polar.qtpl $(INSTALLQTPL)
install:
$(INSTALL) XY2Polar.gtpl $(INSTALLQTPL)

Figure 3: Makefile for XY2Polar plug-in.

6 Some Functions and Methods for QSAS dataobjects

In the following we list some commonly used functions and methods for QSAS data objects.
The QSAS data object module QDOS contains many more (e.g. mathematical operators for
all numerical objects.) Use the QDOS HTML documentation to find out about these. As
well as intrinsic QDOS methods there are utility functions which are defin@ddaUtils.h
[marked (A)] andQdUtils.h [marked (U)].

6.1 Plug-in Interface

QplugReturnStatus YourPlugin(QplugArglist *object_list),
This is your plug-in function that is called by gqsas when the run button is pushed. The return
value must be one of the enumerated values,

typedef enum QplugReturnStatus_e {
QPLUG_SUCCESS,
QPLUG_WARNING,
QPLUG_FAILURE

} QplugReturnStatus;
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with the obvious meanings. The function argumentis a pointer to a C++ vector of Qd®aject
objects. When the function is called it contains the input objects in the order they appear in the
template file, and before return the output objects should be created and pushed back on to the
end of this vector.

The QplugArgList has the standard methods defined for vectors in C++; useful examples are...

size (), which returns an int giving the number of input objects, e.g.

int n_inputs = object_list->size();

if (nlist < 2){

QplugAppendTextDisplay( "Not enough arguments from GUI\n");
return (PLUG_FAILURE;

} //endif

[n], an object on the input list can be dereferenced directly according to its position on the list
(in the order they appear in the .qtpl template), starting from zero. Note, dige itself a
pointer to the QplugArgList list and must itself be dereferenced first, (* obis®t so that(x
object_list) [n] is theQdObject_var pointer at position n on the input list.

QdObject_var inputO = (*object_list) [0];

Qd0bject_var: :narrow()

The objects passed to the plug-in are all QdOhyaetpointers as this is the parent class for all
gdos object types. Itis necessary in most cases to narrow these objects to the actual type being
handled.

The following example shows three ways to unpack the input.

QdObject_var inputO = (*object_list) [0];
QdTimeInterval_var ti = get_timeinterval(inputO);

QdRScalar_var inputl = QdRScalar_var::narrow((xobject_list) [1]);

QdObject_var input2
QdRScalarSeq_var SS
QdRMatrixSeq_var MS
if ( 188.is_nil() ){

// operate on scalar input sequence

(xobject_list) [2];
QdRScalarSeq_var: :narrow(input2);
QdRMatrixSeq_var: :narrow(input2);

}
else if( 'MS.is_nil() ){
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// operate on matrix (or vector) input sequence

+
else return QPLUG_FAILURE;

The first input is a time interval, and after creating a local pointer to the input object we use a
utility call to create a time interval from it. This is a special case since it is possible to derive a
time interval from a time series, a series of time tags or a time interval object, so a single utility
call is provided (see below).

The second input object is a single scalar value and is narrowed on the fly while dereferencing
the input list.

The third object may be either a scalar sequence or matrix (or vector) sequence, and after re-
trieving it from the input list we try to narrow to the possible input types. Note that the test
is_nil() returns true if the input object is not of the requested type, so we negate it in the if() test.
Tests on cartesian three vectors are described later. Note also that physical 3-vectors such as
position or magnetic field vectors are stored as QdRMatrix objects, and utilities are provided to
identify such objects and manipulate them (see below).

push_back(Qd0Object_var output),

QdRScalarSeq_var output;
object_list->push_back( (QdObject_var) output);

places the output object on the list for return to gsas to be placed on the working list. It must be
cast to a QdObjectar since this is the parent class to which all gdos objects belong.

void QplugAppendTextDisplay(char *text), allows the plug-in to write messages to the
plug-in message pane. e.g.

#include "qplug_if.h"
QplugAppendTextDisplay ("Plug-in version 1.1, Nov 2001\n");

char * QplugNewSTR( char * o0ldStr), creates a copy of the input string oldStr. It allo-
cates the space using malloc, and the calling function is responsible for freeing the returned
char * pointer afterwards. It is safe against a NULL input string, in which case it returns a null
terminated empty string. The returned string is always safe to free. e.g.

#include "qplug_if.h"

char * text = QplugNewSTR("Plug-in version 1.1, Nov 2001\n");
QplugAppendTextDisplay(text) ;

free (text);
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char * GetSlotText( int n), gets a pointer to the text held in th& mutput slot. This
pointer should not be freed. The output slots count from 0, and are numbered in the order they
appear in the .qtpl file. e.g.

#include "qgplug_if.h"
char * out_name = GetSlotText(0);
QuSetTxtAttr ("FIELDNAM", out_name, out_ptr);

The output slot should contain the (possibly user entered) name of the output object to be
created.

void SetSlotText(int n, char * text), Sets the text held in thd"houtput slot that will
be used to name the output object on the Working List. This function frees the previously held
string before replacing it with new stringxt. The output slots count from 0, and are numbered
in the order they appear in the .qtpl file. e.qg.

#include "qgplug_if.h"
char * out_name = GetSlotText(0);
if (strcmp(out_name, "") == 0)
SetSlotText (0, "DefaultName"); // ensure valid name

The output slot contains the name of the output object to be created. This function allows the
user set name to be overridden. Changes do NOT appear in the GUI window, but a warning is
written to the plug-in text pane when a change is detected.

try{} catch(Exception &e){}, should be used whenever using qdos intrinsic operations
since qdos will throw an exception whenever an operation is invalid or cannot be completed for
any reason. For example,

#include "qplug_if.h"
#include "QdUtils.h"
#include "Qdos.h"
using namespace QSAS;
try{
Qd0bject_var RadSquared = QuGetObjByName ("RadiusSquared");
rad_series = QdRScalarSeq_var: :narrow(sqrt(RadSquared_var));
if ( rad_series.is_nil() ) {
QplugAppendTextDisplay("rad_series not a scalar series\n");
return QPLUG_FAILURE;
}
}
catch(Exception &e){
e.print_msgQ);
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return QPLUG_FAILURE;
}

In this example a scalar series on the Working List called “RadiusSquared” has been retrieved
(see below) and the square root taken. If either the named object does not exist or the operation
sqrt cannot be performed on it an exception is thrown and execution is passed to the catch state-
ment which prints the QDOS error message and returns from the plug-in. Note that the narrow
does not throw an exception, so it is still necesary to testl(} after the narrow. Several calls

to gqdos operations can be enclosed in a single try-catch block as any throw will go immediately
to the enclosing catch without trying to complete other operations in the block.

6.2 General Methods

The following methods can be used for any data object class derived from QdObject. In all
cases QSAS works with a pointer class QdOhjentand other pointer classes derived from it.
These pointer classes keep track of all references to the actual data object, and when an object is
no longer in scope for any pointer the object is deleted. An object placed on the working list is
always referenced by aar pointer held by gsas and will remain accessible until deleted from

the working list. Utility functions (see below) are provided to access objects on the Working
List by name. It is forbidden to delete a qdos object as it self destructs when no-longer in use.
For this reason all reference to an object should be throughrgointer which is always safe,

and creation of a new object must be either using the clone() operation or ‘newvangointer

(see below).

virtual bool is_nil(void), returns true if the QdObjeatar pointer does not point to a
valid QdObject. This will be the case if an object of the requested type cannot be created. e.qg.

#include "Qdos.h"
Qd0bject_var obj;
if( obj.is_nil() )return QPLUG_FAILURE;

Note that this is a method of th&ar pointer class itself, and is thus accessed using ‘. rather
than *->’, and is safe even if the QdObject pointed to is NULL.

bool is_empty(QdObject_var& obj), returns true if an objectis a nil pointer, a zero element
series, or a timeinterval of zero length. It is a utility call that can be used to trap results from
operations that returned an essentially empty object, such as requesting a sub-interval that lies
entirely within a data gap(A) e.g.

#include "qplug_if.h"
#include "Qdos.h"
QdScalarSeq_var ts;

1f( is_empty(ts) ){
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QplugAppendTextDisplay("Operation gave an empty object\n");
return QPLUG_WARNING;

Empty objects are trapped by gsas and will not be placed on the working list.

new QdObject (). The syntax for creating a new QdObject will depend on the derived class
being created, and details are provided later. It is important that when a new object is created
it is the subject of avar pointer of the correct class to ensure memory management is not
compromised. A simple example is a sequence of Ndata scalar objects,

#include "qgplug_if.h"
#include "Qdos.h"
QdRScalarSeq_var out_rad_series = new QdRScalarSeq(Ndata);
for(int i=0; i<Ndata; i++){

out_rad_series[i] = (double) i*0.01;

// alternatively, out_rad_series[i] = QdRScalar(ix*0.01);
}

Note that this sequence is created as a sequence empty QdR&agtainters, and each ele-
ment of type QdScalavar is created by the subsequent code using new with an argument of
type double. A distinct QdScalasar is created each iteration of the loop.

Factory::clone(QdObject_var& obj) provides a generic method for producing a duplicate

of any gdos object using the Factory class. A clone of an object contains a copy of the data,
where possible, in the class requested. It always returns an object of the same type as the input
object, but this may be assigned to a generic QdObjactype. The xrefs (attributes) are not
copied, and this must be done separately. e.qg.

#include "gplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"
Qd0bject_var ts_out = Factory::clone(ts_in);
if( ts_out.is_nil() ){
QplugAppendTextDisplay("Unable to clone input sequence\n");
return (QPLUG_FAILURE;
}
QdTimeSeq_var tt_out =
(QdTimeSeq_var) Factory::clone(get_timetags(ts_in));
set_timetags(ts_out,tt_out)
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Note that this example creates a new set of time tags for the new object, which would only
normally be necessary if the time tags themselves were to be modified in any way.

If the new object must be of a specific type then clone may be used to explicitly return a new
object of that type. The above example might have been...

#include "gplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"

QdRMatrixSeq_var ts_out = Factory::clone( QdRMatrixSeq_var::narrow(ts_in));
if( ts_out.is_nil() ){

QplugAppendTextDisplay ("Input object not a Matrix sequence\n");

return QPLUG_FAILURE;
+

e QdObject_var: :narrow(QdObject_var& obj), will return a var pointer of the class re-
guested if possible.

#include "qplug_if.h"

#include "Qdos.h"

QdRMatrixSeq_var ts_out = QdRMatrixSeq_var::narrow(ts_in);

if( ts_out.is_nil() ){
QplugAppendTextDisplay ("Input object not a Matrix sequence\n");
return QPLUG_FAILURE;

}

The original object is pointed to by thisar pointer, and differs from clone in that it does not
create a new data object. It will succeed only if the target is of the class requested. For example,
a QdRMatrixvar cannot be narrowed to a QdRMatrixSedy, and vice versa.

e Qd0bject_var QuGetObjByName(char * name) returns avar pointer to an object held on
the working list as ‘name’.

#include "qplug_if.h"

#include "QdUtils.h"

#include "Qdos.h"

QdObject_var obj = QuGetObjByName("B_mag")
if ( obj.is_nil() ) return QPLUG_FAILURE;

The pointer is NULL if no object of the specified name can be found.(U)
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e virtual bool is_sequence(void) returns true if the object is a sequence. This utility call
is used to allow a plug-in to conditionally change between a sequence of objects or a single
object.

#include "gplug_if.h"
#include "Qdos.h"
QdObject_var obj;

if (obj->is_sequence()){...}
else {...}

It is of most use if the plug-in does not at this point need to know what type of objects the
sequence contains; it is usually more efficient to narrow to the required sequence or object type
directly and testis nil ().

e int sequence_size(void) returns the number of elements in a sequence.

#include "qplug_if.h"

#include "Qdos.h"

QdObject_var obj;

int Ndata = obj->sequence_size();

This method also works for any QdObject class and returns 1 in the case of a single object.
The standard method size() will also work for the number of objects in a sequence, but fails for
non-sequence type data objects.

e bool QuConformal (QdObject_var dol, QdObject_var do2), returns true if the input
series have the same number of entries and have the same time tags (if time series).

#include "qplug_if.h"
#include "QdUtils.h"
#include "QsasUtils.h"
#include "Qdos.h"
using namespace QSAS;
QdRMatrixSeq_var out_ts;
if (QuConformal (ts1,ts2)){
try{
out_ts = new QdRMatrixSeq(tsl + ts2);
}
catch(Exception &e){
e.print_msg();
return QPLUG_FAILURE;
}
QdTimeSeq_var tags = get_timetags(tsl);
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if ('tags.is_nil()) set_timetags(out_ts, tags);
}

This utility is only for use with sequence types and returns false if either input is not a sequence.
Note that in this example we attach the original time tags to the new output series. If the original

series is removed from the working list the time tags remain accessible so long as any object
has a xref referencing them.(U)

e bool QarTestConformal (QdObject_var dol, QdObject_var do2)
returns true if the input series have the same number of entries and have the same time tags (if
time series), but also returns true if either object has a single entry to permit operations between
a sequence and a constant. This test is advised before all arithmetic operations for time series
data since the underlying gdos methods only test that the operation is well defined for the inputs.
gdos methods do not test metadata, and in particular do not compare time lines.

#include "gplug_if.h"
#include "QdUtils.h"
#include "QsasUtils.h"
#include "Qdos.h"
#include "qar.h"
using namespace (SAS;
QdRMatrix_var Const = QdRMatrix::narrow(ts?2);
QdRMatrixSeq_var out_ts;
if (QarTestConformal (tsi1,Const)){
try{
out_ts = new QdRMatrixSeq(tsl + Const);
}
catch(Exception &e){
e.print_msg();
return QPLUG_FAILURE;
}
QdTimeSeq_var tags = get_timetags(tsl);
if ('tags.is_nil()) set_timetags(out_ts, tags);

This is a more tolerant test than QuConformal() and will permit operations between a single
object and a sequence or between two sequences. If the objects are both time series, the time
tags are tested to ensure either the same object is used as TAME xref, or that tags are
identical to near msec accuracy.

6.3 Time Series Handling

e QdTimeSeq_var get_timetags(QdObject_var& obj) returnsavar pointer to th@IME TAGS
xref for the object, e.g.
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#include "gplug_if.h"

#include "QsasUtils.h"

#include "Qdos.h"

using namespace QSAS;

QdTimeSeq_var tags = get_timetags(tsl);
if (ltags.is_nil()) {

}

The returned pointer is always to an object of type QdTime&edA)

e bool is_timeseries(QdObject_var& obj) returns true if the object has a
TIME_TAGS xref, e.g.

#include "gplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"
using namespace (SAS;
if (is_timeseries(obj)){
QdTimeSeq_var tags = get_timetags(obj);

This is equivalent tebj->xref_exists (TIME_TAGS).(A)

e bool is_timetags(QdObject_var& obj) returns true if the object is itself a sequence of
time values, e.g.

#include "qplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"
using namespace QSAS;
if (is_timetags(obj)){

b

This is equivalent to a narrow to QdTimeSear and testtt.is_nil (). Note that a QdTime-
Seqvar is a sequence of QdTime objects (time tags), whereas a time sequence is a sequence of
data objects with a TIMETAGS xref to a QdTimeSegar object containing the time tags.(A)

e bool is_timeinterval(QdObject_var& obj) returnstrue if the objectis of type QdTimeln-
tervalvar, e.g.
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#include "gplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"
using namespace QSAS;

if (is_timeinterval(obj)){

}

This is equivalent to a narrow to QdTimelnterwalr and testti.is_nil (). Note that getimeinterval
below will return the interval associated with a time sequence and allows a more general inter-

face.(A)

® bool QuIsTSRegular(QdTimeSeq_var tt, double *spacing)
returns true if the time tags, tt, are evenly spaced, and without gaps, e.g.

#include
#include
#include
#include

"gplug_if.h"
"QdUtils.h"
"QsasUtils.h"
"Qdos.h"

using namespace QSAS;
double * spacing;
QdTimeSeq_var tt = get_timetags(obj);
if ( QuIsTSRegular(tt, spacing) ){
period_in_msec = spacing * 1000;

The pointerspacing, returns the value of the interval between consecutive time tags in sec-

onds.(U)

e void set_timetags(QdObject_var obj, QdTimeSeq_var ts)
sets theTIME_TAGS xref for an object to point to the time tags, tt, e.qg.

#include "qplug_if.h"
#include "QsasUtils.h"
#include "Qdos.h"
using namespace QSAS;
QdTimeSeq_var tt = get_timetags(InObj);
if( 'tt.is_nil() )
set_timetags(OutObj, tt);
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Note this does not make a copy of the time tags object, and both the input and output data series
will share the same time tags. The convention within QSAS is to make a copy of a set of time
tags if the QdTimeSeq itself is to be changed in any way, otherwise derived objects share time
tags to simplify joining and ensure arithmetic is valid. Objects that share time tags are ‘joined’
onto the same time line. Several objects on the working list may share a common set of time
tags.(A)

QdTimeInterval_var get_timeinterval (QdObject_var& obj), returns avar pointer to
a QdTimelnterval object containing the start and end time-tag values for the object, e.g.

#include "qplug_if.h"

#include "QsasUtils.h"

#include "Qdos.h"

using namespace QSAS;
QdObject_var inputl = (* object_list) [1];
QdTimeInterval_var ti = get_timeinterval(inputl);

Use of time interval objects is described below.(A)

6.4 Subsetting Data Series
Some specific utilities are provided for simple operations on sequences.

void get_subsequence(Sequence& seq,int start=0, int num=-1 )

On return,seq contains a subsequencemim elements, starting from the indexart. The
default start index is 0, while if the number of elements to return is set to -1 (the default) the
remainder of the sequence starting at indexrt is returned.

#include "Qdos.h"
QdRMatrixSeq_var ms = QdRMatrixSeq::narrow(ts_in);
QdRMatrixSeq_var sub_seq = new QdRMatrixSeq();

// get first 10 elements of sequence...
ms->get_subsequence(sub_seq,0,10);

// sub_seq contains 10 QdRMatrix objects starting from ms[0]

Note that in the above example we initialise the matrix sequence to be empty. A more efficient
use of memory would be achieved if we had created it with the required number of elements
and matrices of the correct dimensions, e.qg.

QdRMatrixSeq_var sub_seq = new QdRMatrixSeq(10, (ms[0]).dimdata());

See Matrix Sequences below for details of this constructor.

QdTimeSeq_var get_timetags_inrange(QdTimeSeq_var& ts_in,

QdTimeInterval _var& tint)
Constructs and returns a subsequence of the time tags object that is delimited by the specified
time interval.
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#include "gplug_if.h"

#include "Qdos.h"

#include "QsasUtils.h"

using namespace QSAS;
QdObject_var inputl = (* object_list) [1];
QdObject_var input2 = (* object_list)[2];
QdTimeInterval_var ti = get_timeinterval(inputl);
QdTimeSeq_var tt = get_timetags(input2);
// subset time tags on interval set in input slot 1.
QdTimeSeq_var tt_subset = get_timetags_inrange(tt, ti);

Note this utility returns the time-tags subset, it does not subset the data series associated (see
sequence mask methods below).(A)

int get_num_timetags_inrange(QdTimeSeq_var& ts,
QdTimeInterval _var& tint)
This works as for the method above, but returns the number of time tags that lie in the requested
range rather than the tags themselvést n = get_num_timetags_inrange(ts,ti) See
also sequence masks below. (A)

6.5 Creating Sequence Masks

Subsetting data series is normally done through a sequence mask. The following methods show
the construction of a sequence mask.

SequenceMask msk(int n_in_seq, bool accept);
This constructor creates a new sequence mask withseq entries, each of which takes the
boolean valueccept.

#include "Qdos.h"

QdRScalar_var xdo = QdRScalar::narrow((* object_list) [0]);
int ndata = xdo->sequence_size();

SequenceMask msk(ndata, true);

SequenceMask msk(const SequenceMask &mask);
This constructor creates a new sequence mask from the maagk It is used for creating a
mask from the return value of the methget mask ().

The methodset mask operates on sequence types to construct a mask based on some criterion
applicable to the particular sequence type. This generally takes the form

SequenceMask msk(QdSequence_var seq->get_mask(condition));

The constructor for a sequence mask here creates ansrsising the gemask() method for a
QdSequence object. The possible values of argurentition depend on the sequence type
used. Some example conditions are given below.
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e QdRScalarSeq: :InRange(double x1, double x2)
returns true for all members of the scalar sequence which satisfy the bounding condition.

#include "Qdos.h"

double xmin = 0.0;

double xmax = 100.0;

QdRScalarSeq_var xdo = QdRScalarSeq::narrow(inputl);
SequenceMask msk( xdo->get_mask(InRange(xmin, xmax)) );

o (JdTimeSeq: : InRange

#include "qplug_if.h"

#include "Qdos.h"

#include "QsasUtils.h"

using namespace QSAS;

Qd0bject_var inputl = (* object_list) [1];

Qd0bject_var input2 = (* object_list) [2];

QdTimeInterval_var interval = get_timeinterval(inputl);

QdTimeSeq_var tt = get_timetags(input2);

// create mask based on timetags from input 2

//  that lie in interval set by input 1

SequenceMask msk(tt->get_mask(QdTimeSeq: :InRange(interval->start(),
interval->end())));

e EQ, NEQ, LE, GE, LT, GT
These operators allow masks to be constructed on a single condition, such as Greater Than
(GT).

#include "gplug_if.h"

#include "Qdos.h"

#include "QsasUtils.h"

using namespace (SAS;

QdTime_var tc = new QdTime("02-Jan-2000 12:00:00.000");
QdTimeSeq_var tt_in = get_timetags((x object_list) [2]);
// create mask for timetags less than specified value
SequenceMask msk(tt_in->get_mask( QdTimeSeq::LT( tc )));

e (SequenceMask) msk[n] = (bool) accept;
Sets the mask value to the boolean valueept.



6 SOME FUNCTIONS AND METHODS FOR QSAS DATAOBJECTS 31

#include "Qdos.h"
QdRScalar_var xdo = QdRScalar::narrow((* object_list) [0]);
int ndata = xdo->sequence_size();
SequenceMask msk(ndata, true);
for(int i=0; i<ndata; i++)
{
// create mask that keeps only positive values
if( xdo[i] < 0 ) msk[i] = false;
}

6.6 Using Sequence Masks

The methods below show the use of sequence masks to subset both time lines and data sequences
associated with them. The application of a mask to a data series has the effect that the sequence
entry at index n is copied to the new sequence only if the mask value at index n is true.

void get_subsequence( Sequence& seq, SequenceMask &msk);

The returned sequeneeq is of the same type as the parent sequence, but contains only the
entries in the parent sequence for which the value of the mask is true. Note this function returns
a Sequence object not a var pointer to it, and so the var pointer passed into this function must
be dereferenced.

#include "gplug_if.h"

#include "Qdos.h"

using namespace QSAS;

QdTimeSeq_var tt_out = new QdTimeSeq();

Qd0bject_var inputl = (* object_list) [1];

Qd0bject_var input2 = (x object_list) [2];

QdTimeInterval_var interval = get_timeinterval (inputl);

QdTimeSeq_var tt = get_timetags(input2);

SequenceMask msk(tt->get_mask(QdTimeSeq: :InRange(interval->start(),
interval->end())));

// put timetags satisfying condition in tt_out
// Note tt_out is a var pointer, so we pass in *tt_out
tt_in->get_subsequence( *tt_out, msk);

QdRScalar_var ds_out = new QdRScalarSeq();

// put data objects satisfying condition in ds_out
input2->get_subsequence( *ds_out, msk);

set_timetags(ds_out, tt_out);



6 SOME FUNCTIONS AND METHODS FOR QSAS DATAOBJECTS 32

e SequenceMask operator!
A sequence mask may be negated to invert its operation.
input2->get_subsequence( *ds_out, !msk);
will create a sub-sequence containing elements in input2 for which the mask was false.

e SequenceMask operator &&, operator ||
The logicaland andor operators are understood by sequence masks.
input2->get_subsequence( *ds_out, (mskl && msk2) );
will create a sub-sequence containing elements in input2 for which the masks mskl and msk2
were both true.

6.7 Time Object Handling

There are two new base classes defined for qoiase andTimeInterval. These are used

for the QdTime and QdTimelnterval classes in the same way that double is the base class for
QdRScalar. Any method defined for Time is also available to a QdTime object.

A QDOS Time object is a representation of a time. A Time can either be treated as a date, i.e.
a specific time instant in some date system (eg: “14-Jun-1999 12:30:51.123") or as a period
of time (eg: 4503.237 seconds). Knowledge of the internal represention of date/time used by
Time is usually not required. The representation is the class Time::TRep, which is a double

representing seconds (for time periods) or seconds from J2000.0 (Jan 1, 12:00GMT). You may
apply basic mathematical operations (+,-,*,/) to time objects, €1g+= Seconds(90.0) to

add 90 seconds tol. Also, you may use following QDOS functions:

e Time Time( string& iso_time ) e.Q.
Time t1("02-Jan-2000 12:00:00.000") to create a time object from an ISO string.

e Time Time(int year, int month, int day, double hour=0.0,
double min=0.0, double sec=0.0 ) e.g.
Time t1(2000,1,2,12.0) to create from a month/date representation. This is equivalent to
Time t1(2000,1,2,12.0, 0.0, 0.0), but the default argument values ensure that it is only
necessary to specify down to the last non-zero argument value.

e Days(int days),Hours(int hours),Minutes(int minutes),
Seconds (double seconds), mSeconds(int msecs)
e.g. t1 = t0(2000,1,1) + Days(1) + Hours(12) + Seconds(30.005)
to add days, hours, minutes, seconds (and milliseconds are added through the fractional part of
seconds). Time units roll over, so that
t1 += Minutes(1) + Seconds(1.5) isequivalentto t1 += Seconds(61.5)

e Time& set_ydoy(int year, int doy, double hour=0.0, double min=0.0,
double sec=0.0 ),
e.g.tl.set_ydoy(2000,2,12) to settl from year and day-of-year.

e Time& set_ymd(int year, int month, int day, double hour=0.0,
double min=0.0, double sec=0.0 )
e.g.tl.set_ymd(2000,1,2,12) to set tl from year, month and day.
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double day_of_year(void ), e.g.doy = ti.day_of_year () will return 1.5.
void display(), e.g.t1l.display() will display current value of t1 on stdout.
string iso_srep(void ), e.g.tstr = tl.iso_rep() will return ISO string.

void split_dhms(int& d, int& h, int& m, double& s ),
e.g.tl.split_dhms(d,h,m,s) will return a duration as days, hours, minutes, seconds.

void split_ydoy(int& year, int& doy, int& hour, int& min,
double& sec )
e.g.t1.split_ydoy(year,doy,hour) will return year, doy, hour etc.

void split_ymd(int& year, int& month, int& day, int& hour,
int& min, double& sec ),
e.g.t1l.split_ymd(year,month,day,hour) will return year, month, day, hour of t1.

6.8 Time Interval Handling

In the examples belowi is an object of type Timelnterval. Since QdTimelnterval inherits from
this class the methods described all work for QdTimelntevealpointers. For example
TimeInterval ti=new TimelInterval(Time(2000,1,2,12.0),

Time (2000,1,2,14.0));
Time t = ti.end();
becomes the QdObject method
QdTimeInterval_var ti=new QdTimelInterval (QdTime(2000,1,2,12.0),

QdTime (2000,1,2,14.0));

QdTime_var t = new QdTime(ti->end());

bool contains( Time& t ),returnstrueifatime,t,iscontainedinthe interval, ef(ti.contains(t))

void display(), will print a text representation of the interval to stdout, &.display ()

Time duration(), returns a signed Time object holding the duration of ti, e.g.
Time t1 = ti.duration()

Time duration_abs(), returnsa Time object holding the absolute duration of ti, etd. = ti.duration_:
bool empty(), returns true when duration=0, eif (ti.empty(O)){...}

Time end(), returns a Time object holding the end time of ti, ecg=ti.end O

Time end_abs(), returns a Time object holding the later time of ti, ecg=ti.end_abs ().

void force_sense(Sense option=TIME_SENSE_POSITIVE ),

forces the sense of ti to be either TIMBEENSEPOSITIVE or TIME. SENSENEGATIVE. The
default is TIMESENSEPOSITIVE, e.g.ti.force_sense(TIME_SENSE_POSITIVE) which
is equivalent tci.force_sense()
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int get_sense(), returns TIMESENSE of ti, e.g.ti.get_sense() Possible return values
are, NOTIME _SENSE, TIMESENSEPOSITIVE, TIME. SENSENEGATIVE.

TimeInterval int_intersect(TimelInterval& ti), returns a Timelnterval containing the
intersection of t1 and t2, e.gi=t1.int_intersect (t2)

TimeInterval int_union(TimelInterval& ti), e.g.ti=tl.int_union(t2)
returns union of t1 and t2.

void reverse(), e.g.t1.reverse() reverses sense of t1.

void set( Time& st, Time& ed, Sense option=NO_TIME_SENSE),
e.g.ti.set(t1,t2) setsti from start time t1 and end time t2.

void set_duration(Time& d, SetOption option=SAME_START_TIME),
e.g0.ti.set_duration(td,SAME_START_TIME) sets end time of ti tai.start () +td.

void set_duration( Time& t, Time& d, SetOption option=START_TIME),
e.g.ti.set_duration(tl,td,START_TIME) sets ti fromtl and1+td.

void set_end( Time& ed, SetOption option=SAME_START_TIME ),
e.g.ti.set_end(t1) sets end time of ti.

void set_start( Time& ed, SetOption option=SAME_SEND_TIME ),
e.g.ti.set_start(tl) sets start time of ti.

void shift_forward(double factor = 1.0 ), e.g.ti.shift_forward(0.5)
shifts ti forward by 0.5 * ti.duration(), thatis it shifts the time interval forward by half
its own duration. The default is to shift the interval forwards by its own duration.

void shift_back(double factor = 1.0 ), e.g.ti.shift_back(2.0)
shifts ti backward by 2.0 * ti.duration(). The default is to shift the interval by its own
duration.

Time start(), e.g.tl=ti.start() returns starttime.

Time end(), e.g.t1=ti.end () returns end time.

6.9 Matrix and Matrix Sequence handling
6.9.1 Dimensions

In order to handle the dimensions of a matrix in a coherent manner aiiass defined.
Objects of this class are used when constructing matrices and enquiring about their rank and
index sizes.
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Dim(il, i2, i3...in)
This constructor creates a Dim object with rank n, and each dimension given by i1, i2 etc
respectively. e.g.

#include "Qdos.h"

Dim dVec(3);

Dim dRotMatx(3,3);

// sets up the dimension for a 3-vector and a 3x3 rotn matrix

size())
this method returns the number of elements in a matrix with this dimensionality, i.e.
i1*i2*...*in.
e.g.n_elems = dRotMatx.size();
In the aboven_elems is 9 for a 3x3 Dim object.

rank())
this method returns the number of dimensions in a matrix with this dimensionality.ieg.
rank = dRotMatx.rank();
In the aboverank is 2 for a 3x3 Dim object.

[]
The size of each index can be accessed by dereferencing[uging

#include "Qdos.h"
Dim dRotMatx(3,3);
iSize = dRotMatx[0];
jSize = dRotMatx[1];
for(i=0; i<iSize; i++)
printf("\n", i, j);
for (j=0; j<jSize; j++)
printf("%d,%d ", i, j);

The above example prints
0,0 0,1 0,2
1,0 1,1 1,2
20 21 2.2

6.9.2 Matrix Class

Construction of a QdRMatrix object is achieved using a Dim object as first argument in the
constructor. The elements in a QdRMatrix are all of type double.
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e QdRMatrix(const Dim &dim)

#include "Qdos.h"
QdRMatrix_var Rmatx = new QdRMatrix (const Dim(3,3) );

This example creates a var pointer to a 3x3 matrix (of doubles).

e (QdRMatrix( Dim &dim, double value)
creates a new QdRMatrix object with dimensions specified by the Dim object and all elements
initialised to the value specified.

#include "Qdos.h"
QdRMatrix_var Rmatx = new QdRMatrix ( Dim(3,3), 0.0 );

This example creates a var pointer to a 3x3 matrix and initialises all elements to the value 0.

e [i1]...[in]
The elements of a matrix may be accessed directly by dereferencing using [ ].

#include "Qdos.h"
QdRMatrix_var mat
QdRMatrix_var dif
for(i=0; i<10; i++)

(*dif) [i] = (*mat) [i] [0] - (*mat) [i] [4];

new QdRMatrix(Dim(10,5));
new QdRMatrix(Dim(10));

Note we dereference the QdRMatrmr pointer to the QdRMatrix using (*matrix) before ac-
cessing the elements using [n]. This example finds the difference between the last and first
colums in a 10 x 5 matrix.

e dimdata()
This method returns a dimension object of type Dim that describes the dimensionality of this
QdRMatrix, e.g.

#include "Qdos.h"

QdRMatrix_var mat = QdRMatrix_var::narrow(obj);
// handle 2D matrix iSize x kSize

Dim mDim = mat->dimdata();

if ( !'mat.is_nil() && mDim.rank() !'= 2 ) {
// handle 2D array
}
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else{
QplugAppendTextDisplay ("Input object not a 2D Matrix\n");
return QPLUG_FAILURE;

e dims()
This method returns an array with as many elements as the rank of the matrix, with the index
size of each dimension as elements, e.g.

#include "Qdos.h"

QdRMatrix_var mat = QdRMatrix_var::narrow(obj);

// handle 2D matrix iSize x kSize

if ( 'mat.is_nil() && (mat->dimdata()).rank() != 2 ) {
iSize = (mat->dims()) [0];
kSize = (mat->dims())[1];

double sumk[iSize];
for(i=0; i<iSize; i++){
sumk [i] = 0;
for(k=0; k<kSize; k++)
sumk[i] += mat[i] [k];
}
}
else{
QplugAppendTextDisplay("Input object not a 2D Matrix\n");
return QPLUG_FAILURE;

The above example finds the sizes of the two indices of a 2D matrix and them sums over the
second index.

e rank()
It is possible to access the rank of a matrix directly, without first getting the corresponding Dim
object. For example, the line
if ( 'mat.is_nil() && (mat->dimdata()).rank() != 2 ){
above could more simply be written
if ( 'mat.is_nil() && mat->rank() != 2 ){
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6.9.3 Matrix Sequences

A sequence of QdRMatrix objects is a QdRMatrixSeq, and this in turn may take a var pointer,
QdRMatrixSeqvar.

QdRMatrixSeq()
This constructor returns an empty sequence of type QdRMatrix8eq

#include "Qdos.h"
QdRMatrixSeq_var out_seq = new QdRMatrixSeq();

The above example creates a new empty matrix sequence.

QdRMatrixSeq(int size, const Dim & dim)
This constructor returns a QdRMatrixSegr with size entries each of which is a QdRMatrix
with dimensions given by the Dim object dim.

#include "Qdos.h"

QdRMatrixSeq_var in_seq = QdRMatrixSeq_var::narrow(dobj);
int sz = in_seq->sequence_size();

QdRMatrixSeq_var out_seq = new QdRMatrixSeq(sz, Dim(3));

The above example creates a new sequence with the same number of entrisscgdurt with
dimension Dim(3).

[]
The QdRMatrix object at thé"i place in the sequence can be accessed using the simple deref-
erence []. e.g.

#include "Qdos.h"
QdRMatrixSeq_var in_seq = QdRMatrixSeq_var::narrow(dobj);
int sz = in_seq->sequence_size();
QdRMatrixSeq_var out_seq = new QdRMatrixSeq();
for (int i=0; i<sz; i++)
if ( UserTest(in_seq[i]) ) out_seq->push_back(in_seq[i]);

The above example creates a new empty sequence and appends each QdRMatrix object from
the input QdRMatrixSeq sequence that satisfies the user created function UserTest. The first [i]
dereference on a QdRMatrixSeqr accesses the QdRMatrix at index i, but subsequent sets of
braces will extract the corresponding element inside the matrix, e.g.
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#include "Qdos.h"
QdRMatrixSeq_var in_seq = QdRMatrixSeq_var::narrow(dobj);
if( (in_seqlr]) .rank() == 2){
double val_ij = in_seql[r][i][j];
}

The above example sets vigkqual to the value of the i,j element in the 2D array for the r
matrix in the sequence (which corresponds to théme tag in the attached TIMEAGS xref).

Note that the rank of a matrix is a property of each matrix and not the sequence (which MAY be
inhomogeneous), so we access tHestement of the sequenciy_seq[r], before asking for

the rank().

Note that QdRMatrixSegrar objects share the same generic methods as other QdOhject
objects and sequences, such as Factory::clone() and segizafeetc.

6.10 Ultilities for Handling Cartesian and Polar Vectors

bool Qu_is3Vector(QdObject_var &obj),

returns true if the input object is a QdRMatwar or rank 1 and size 3, and has the FRAME
attribute identifying it as a vector e.@f (Qu_is3Vector (b_xyz)){...}

The syntax for FRAME is described below.(U)

Qd0bject_var QuGetVectorXYZ(QdObject_var dov)

This returns a QdObjeatar of the same underlying type as the input object, but as a cartesian

Xyz representation. It returns the input object if it is already in cartesian. It uses39actor()

to ensure input is a vector with well defined representation and frame. Returns null var pointer
(test with isnil() ) if a cartesian vector cannot be constructed. It is used to protect cartesian

routines against polar input representations. e.g.

#include "Qdos.h"
#include "QdUtils.h"

Qd0bject_var vec_xyz = QuGetVectorXYZ((QdObject_var)vec_in);
QdRMatrixSeq_var vecSeq = QdRMatrixSeq_var::narrow(vec_xyz) ;
if ( vecSeq.is_nil() ) return QPLUG_FAILURE;

Qd0bject_var QuGetVectorComponent(QdObject_var dov, char *vcomp),

e.g.bx = QuGetVectorComponent (b_xyz,"x") to extract a component from a vector series,
wherevcomp one of {"x","y","z","r(mag)","theta(rad)","phi(rad)",
"theta(deg)","phi(deg)","Lat(deg)","Lat(rad)"}(U)

char * Qu_GetVectorRep(QdObject_var& obj), e.d.
rep = Qu_GetVectorRep(b_xyz)
returns the ‘xyz’, ‘rtp’ or ‘rlp’ string of the FRAME xref.(U)
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e int QarAreFramesSame(QdObject_var ptrl, QdObject_var ptr2),
returns QAROK if the input objects are both vectors in the same frame and representation
(FRAME attributes are identical), e.g.

#include "Qdos.h"
#include "qar.h"
if (QarAreFramesSame (b_xyz,c_xyz) == QAR_OK){ // OK go ahead...}

See also the Qrtn plug-in code for frame rotations.

See also the QDOS HTML documentation for cartesian to polar conversions.

6.11 Joining Time Series Data

A utility to join several time series objects onto a single timeline is provided in qdos, and a
simple utility call to access it is provided which also ensures the metadata and ttimelines are set
correctly for the joined objects.

#include qdutil.h;

QuMultiJoin( QdObjectSeq_var ToJoin_obj_seq,
QdTimeSeq_var tt_target,
QdObjectSeq_var Joined_obj_seq,
vector<KVDataBase_var> options,
int triage_cnt = -1);

If we have N gdos time series objects to join the arguments would be:

ToJoin obj_seqis asequence of N QdRScalarSear and/or QdRMatrixSegar objects (mul-
tijoin can accept data series of different type and dimensionality), and holds the N input data
series that are to be joined onto a new timeline.

tt_target is a single QdTimeSewgar holding the new set of timetags that the all time series
are to be joined onto.

Joined obj_seq is a QdObjectSeqar pointer that will return a sequence of length N holding

the output data series - on return each entry will be a data series of the corresponding type
and dimensionality as the input series at the same index. This sequence does not need to be
populated before calling QuMultiJoin(), but if it does contain objects, they must match the
dimensionality of the corresponding input objects, and these objects will be overwritten.

options is a vector of N KVDataBase&ar objects holding the join options selected indepen-
dently for each input object. See example for how to set these options. They coyerithe
algorithm ( LINEAR, BOXCAR, and NEARESTNEIGHBOUR ),gap_value (the width in
seconds to be used as the maximum input time tag separation above which the data is deemed to
have a gap)gap_handler ( the action to be taken if a gap is detected in the corresponding data
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series. REMOVEGAP, ZERQFILL _GAP, FILL_GAP (with fillval), LINEAR_INTERP.GAP
or NEARESTNEIGHBOUR GAP). This object also holds the new name to be used for the
output object.

Note thatjoin method, gap_value, andgap handler must all be set for each of the input data
series, and need not be the same for each series.

triage_cnt determines how many of the input series must contain data at any time tag in order
for that point to be included in the output sequences. Hence if any input series hhargdpr

setto remove gaps, thetriage cnt is setto the number of input data series, in all other cases
it is set to zero.

Note also that multijoin will work with any dependent variable, not just time, but the utility
QuMultiJoin is specific to time series joining.

#include "Qdos.h"

#include "qdutil.h"

// join 4 data series onto time tags (5th arg in PlugIn list)
int nSeq = 4;

int triage_cnt = 0;

QdObjectSeq_var ToJoin_obj_seq;

QdObjectSeq_var Joined_obj_seq;

vector<KVDataBase_var> options;

QdTimeSeq_var qdtt = get_timetags((*arglist)[4]); // safe against null obj

if ( qdtt.is_nil(Q) )

{
QplugAppendTextDisplay ("invalid target time tags\n");
return QPLUG_FAILURE;

}

for ( int i=0; i<nSeq; i++)

{
Qd0bject_var obj = (xarglist) [i];

// set options for object
KVDataBase_var obj_options;

// fill value

QdRScalar_var fillval_ptr;

if ( obj->xref_exists( "FILLVAL" ) )

{

QdObject_var fill_xref = obj—>get_xref( "FILLVAL" );
fillval_ptr QdRScalar_var: :narrow( fill_xref );
}
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if ( fillval_ptr.is_nil() )

{

fillval_ptr = new QdRScalar( ( double ) 0.1e-30 );
}

obj_options->set( FILL_VALUE, fillval_ptr );

// gap tolerance in seconds
QdTime_var gap_ptr = new QdTime( Seconds( 6 ) );
obj_options->set( GAP_TOLERANCE, gap_ptr );

// boxcar width in seconds
QdTime_var boxcar_ptr = new QdTime( Seconds(60 ) );
obj_options->set( BOXCAR_WIDTH, boxcar_ptr );

// interpolation method
QdString_var interp_ptr = new QdString( LINEAR );
obj_options->set( INTERP_METHOD, interp_ptr );

// gap handling option
QdString_var gap_opt_ptr = new QdString( ZERO_FILL_GAP, );
obj_options->set( GAP_METHOD, gap_opt_ptr );

QdString_var new_obj_name = new QdString( getSlotText(i) + "_joined");
obj_options->set( NEW_NAME, new_obj_name );

ToJoin_obj_seq->push_back( obj );
options.push_back( obj_options );

// Do actual join
try
{
QuMultiJoin( ToJoin_obj_seq, qdtt, Joined_obj_seq, options );
}
catch( Exception &e )
{
QplugAppendTextDisplay (e.msg().c_str());
return QPLUG_FAILURE;

for(int i=0;i<nSeq;i++)
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{

// return each object to gsas
call_list->push_back((QdObject_var) Joined_obj_seqlil);
b

Note that using the QuMultiJoin() utility it is no longer necessary to attatch the target time tags
or input sequence Xrefs to the output objects as this is done by the utility.

7 Data Object Attributes

QSAS Data Objects are C++ class types used internally in QSAS to hold and manipulate data.
When a Data Obiject is created, for example by ingestion of a CDF variable, it inherits certain
metadata (attributes) of the data set. These are stored as cross-references (‘xrefs’) of the data
object.

In the case of CDF or cef variable ingestion, the variable attributes should be available to the
Data Object. The Global Attributes are available only via the browse interface and are not
stored as xrefs to the data object. Data Objects created within QSAS are required to carry the
'minimal’ set of attributes listed as essential in Tab.1. Details about these attributes are given
in document DS-QMW-TN-0003. Attributes are accessed by name, so the user is free to invent
and set new attributes. Users should avoid re-inventing the attributes named in Tab.1.

Attributes are only required for Data Objects that are visible to QSAS; in particular, objects that
are to be added to the working list should meet the requirements below. Data Objects that exist
only within functions or modules, as working space, aren’t required to hold Attributes. The
onus falls on the programmer of individual modules to ensure that any Data Object added to the
working list has the required attributes.

Note that missing even “essential” attributes would not prove fatal, but can inhibit successful
operation of other tools within the QSAS package (such as type checking in arithmetic and auto-
labelling of plots). Attributes can be added to an obpdter it as been placed on the working

list by double clicking the object and using the attribute browser/editor that pops up. This can
be useful for “quick and dirty” plug-ins that are for use-once experiments, but is not generally
recommended.

The time tags on a time series object are also attached to the object as a xref (A, and

may be accessed in the same way as any other xref. The names used for minimal gsas xrefs are
defined in Xrefs.h and these defined strings are accessed through the names given in the second
column in the table.

7.1 Getting and Setting Attributes

Attributes are held as QdObijects of the appropriate type, so that, for example VALIDMAX for a
scalar data series would be accessed via a xref to a QdRSealéince the essential attributes
are stored as xrefs in QdString format you will need only the following functions (QdUtils.h) to
get and set these attributes:
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Attribute Xref Type Description Example
Frame [*+] FRAME QdString dim and frame "scalar>na" or

"vector>gse xyz"
Sl_conversion [*+] SICONVERSION QdString conversion factor'1.0e-9>T"

UNITS [+] UNITS QdString unit string "nT"

LABLAXIS [+] LABLAXIS QdString plot axis label "B"

FIELDNAM [+] FIELDNAM QdString data identifier "DC Magnetic Field"
SCALEMIN [+] SCALEMIN QdString plot scaling "0.0"

SCALEMAX [+] SCALEMAX QdsString plot scaling "10.0"

VALIDMIN VALIDMIN Qdstring plot scaling "0.0"

VALIDMAX VALIDMAX QdString plot scaling "10.0"

FILLVAL FILL "VALUE QdString missing data flag "0.0"

SCALETYP SCALETYP QdString plot scaling "lin"

Table 1: Standard attributes for Qsas data objects. [¥] means should be guaranteed by an anal-
ysis routine. [+] means should be set on input where ever possible, and should be set by an
analysis routine, if possible.

char * QuGetAttrText(char * name, QdObject_var obj);
This returns a pointer to the string value of a text attribute callegk. This string should not
be deleted.

void QuSetTxtAttr(char *name, char * value, QdObject_var ptr);
This function sets the content of the text xref caltethe to be value for the QSAS object
pointed to byptr. It makes a copy of the input stringi1lue which may then be safely destroyed.

#include "Qdos.h"
#include "QdUtils.h"
QuSetTxtAttr (FRAME, "scalar>na", (QdObject_var) out_series);
QuSetTxtAttr (SI_CONVERSION, QuGetAttrText("SI_conversion", X_in),
(QdObject_var) out_series);
QuSetTxtAttr("Method", "Magnitude of XY components only",
(QdObject_var) out_series);

The above example shows the creation of a new FRAME attribute with value “swlathe

copying of the attribute SCONVERSION from the input object to the output series, and the
creation of a new user defined attribute to be callethod to record useful information with

the data. The attribute names shown in upper case are standard strings defined in Xrefs.h and
listed in the table (1).

In addition you can use following xref-methods to manipulate and copy general xrefs of a QSAS
data object, and these may be of any QdObject type. The diyeetobj is a var pointer of
any type derived from QdObjecfar.

Data_obj->change_xref (string& xref_name, QdObject_var xref_obj)
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Data_obj->copy_xrefs_from(QdObject_var from_obj)
Data_obj->copy_xrefs_to(QdObject_var to_obj)
Data_obj->delete_xref (string& xref_name)

Data_obj->get_xref (string& xref_name)
Data_obj->1list_xref_names(vector<string>& sl)
Data_obj->set_xref (string& xref_name, QdObject_var xref_obj)
bool Data_obj->xref_exists(string& xref_name)

It is sufficient to pass a char * string in place of the string literal into these methods for the
xref_name input arguments.

Useful functions for calculating attributes In addition to the QDOS methods above there
are some functions defined ¢ar .h which are useful for mathematical operations with QSAS
data objects (qgar.h):

int QarAreUnitsSame(QdObject_var ptrl, QdObject_var ptr2),
e.g. if (QarAreUnitsSame(objl,0bj2) == QAR_OK){...} checks whether units attributes
are identical.

char * QarUNITS_product(QdObject_var inl_ptr, QdObject_var in2_ptr),
e.g.newunits = QarUNITS_product(objl,obj2) to multiply units.

char * QarSIConv_product(QdObject_var inl_ptr, QdObject_var in2_ptr),
e.g.newsiconv = QarSIConv_product(objl,obj2) to multiply Sl.conversion factors.

char * QarSIConv_inverse(QdObject_var inl_ptr),
e.g.newsiconv = QarSIConv_inverse(objl) to inverse Siconversion factor.

int QarTestConformalForVecProds(QdObject_var inl_ptr,
e.g.if (QarTestConformalForVecProds (b_xyz,c_xyz) == QAR_OK){...} checkswhether
series are 3-component with identical frames.

int QarAreFramesSame(QdObject_var ptrl, QdObject_var ptr2),
e.g. if (QarAreFramesSame (b_xyz,c_xyz) == QAR_OK){...} checks whether series have
same frame.

int QarTestJoined(QdObject_var dol,Qd0bject_var do2),
e.g.if (QarTestJoined(ssl,ss2) == QAR_O0K){...}
to check whether two series have same size and - if timeseries - same timetags.



