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Changes to this document

Changes since version 1.5b2

* Added Bill Cleveland (NASA Ames SimLab) and Brent York (NAVAIR's Manned Flight Simulat-
or) to the acknowledgements section, to thank them for their pioneering initial trials of DAVE-ML.

» Added pr ovenanceRef element and changed all parents of pr ovenance elementsto be able to
useapr ovenanceRef referenceinstead (theseweref uncti on, gri ddedTabl eDef and un-
gri ddedTabl eDef ) to eliminate duplicate pr ovenance elements.

Redlization dawned that there was little difference between gri ddedTabl e and gri d-
dedTabl eDef s but the latter was more flexible (ditto ungri ddedTabl e and ungri d-
dedTabl eDef s). By making the gt | D and ut | D attributes "implied" instead of "required," we
can use the Def versions in both referenced-table and embedded-table f unct i ons. Thus the ori-
gina gri ddedTabl e and ungri ddedTabl e elements have been marked as "Deprecated.”
They are still supported in this DTD for backwards compatibility but should be avoided in future
use; the easiest way to modify older DAVE-ML models would be to rename al gri ddedTabl es
asgri ddedTabl eDef s.

Changes since version 1.5b

e Fixed typos (thanks, Bill)!

* Addedfil eVersioneédementtofil eHeader element, so each version of a particular DAVE-
func model can be uniquely identified. Format of the version identifier is undefined.

e Added an email attribute to the aut hor element. The eXtensible Name Service (xns
[http:/lwww.xns.org/pages/xns_ov.html]) standard doesn't appear to be catching on as rapidly as
hoped, so a static e-mail link will have to for now.

e Added a mandatory varlD attribute to both i ndependent Var Pt s and dependent Var Pt s so
these can be associated with an input and output signal name (var i abl eDef ), respectively.

* Added an optional ext r aDocRef element to thenodi fi cati onRecor d element so more than
one document can be associated with each modification event; if only one document needs to be ref-
erenced, use of the optional refID inthenodi fi cati onRecor d itself will suffice.
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Introduction

This document describes the format for DAVE-ML model definition files. DAVE-ML is a proposed
standard method for the interchange of aerospace vehicle flight dynamic models. The intent of DAVE-
ML isto significantly expedite the process of "rehosting" a simulation model from one facility to anoth-
er, aswell as an improved method to promulgate changes to a particular model to various facilities.

DAVE-ML is based on the eXtensible Markup Language (XML), a World-Wide Web Consortium
(W3C) standard. More information on XML is available here.

Many benefits may be derived from application of XML in general, and DAVE-ML in particular, to the
exchange of aerospace vehicle data:
* Human-readable, UNICODE text representation of the model

*  Unambiguous machine-readable model description, suitable for conversion into programming lan-
guage or direct import into object-oriented data structures

e The same source file can be used for computer-aided design and real-time piloted simulation
» Based on open, non-proprietary, standards that are language- and facility-independent

e Statistical properties, such as confidence bounds and uncertainty ranges, can be embedded, suitable
for Monte Carlo or other statistical analysis of the model

e Compliant with AIAA draft simulation data standards

» Self-contained, complete, archivable data package, including references to reports, wind-tunnel
tests, author contact information, data provenance

» Self-documenting and easily convertible to on-line and hardcopy documetation

A more complete discussion on the benefits and design of DAVE-ML can be found at the DAVE-ML

web site: http://dcb.larc.nasa.gov/util§/fltsim/DAVE
[http://dch.larc.nasa.gov/utilsg/fltsim/DAYV E/index.html]
Purpose

DAVE-ML isintended to convey an entire flight vehicle dynamic simulation package, asis traditionally
done with engineering development and flight training simulations. It is intended to allow a program-
ming language independent representation of the aerodynamic, mass/inertia, landing gear, propulsion,
and guidance, navigation and control laws for a particular vehicle.

Traditionally, flight simulation data packages are often a combination of paper documents and data files
on magnetic or optical media. This collection of information is very much site-specific, and is often in-
complete. Many times, the preparing facility makes assumptions about the knowledge the receiving fa-
cility has about the way the preparer's simulation environment is structured; these assumptions are not
always true. As aresult, the "rehosting" of the dynamic flight model can take weeks if not months as the
receiving facility staff gets their hands around the contents and arrangement of the data package, the
model structure, the various data formats, and then spends additional time running check cases (if they
are lucky enough to have received any) and tracking down small differences in implementations.

There are obvious benefits if this tedious, manual process could be somewhat automated. Often, when a
paired set of facilities has exchanged one model, the receipt of another model is much faster, since the
receiving facility will probably have built some computer scripts and processes to convert the data (both
model and checkcase data).
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The purpose of DAVE-ML is to define a common exchange format for this data. The advantage gained
is that any simulation facility or laboratory would, after having written a DAVE-ML import and/or ex-
port script, could automatically receive and/or generate such packages (and updates to those packages)
extremely quickly from other DAVE-ML-compliant facilities.

To accomplish this (lofty) goal, the DAVE-ML project is starting with the bulkiest part of the most air-
craft smulation packages: the aerodynamic model. This initial version of DAVE-ML can transport a
complete aerodynamics model, including descriptions of the aerodynamic build-up equations and the
data tables, as well as include references to the documentation about the aerodynamic model. This
format also lends itself to any static subsystem model (i.e. one that contains no state vector) such as the
mass & inertia model, or a weapons loadout model, or perhaps a navigational database. The only re-
quirement is that model outputs can be unambigously defined in terms of inputs, with no past history in-
formation required.

Background

The idea of a universally understood flight dynamics data package has been discussed for at least two
decades, within the American Institute of Aeronautics and Astronautics (AIAA) technical committees.
There have been proposals in the past to standarize on FORTRAN as well as proprietary, vendor-spe-
cified modeling packages (including graphical ones). The National AeroSpace Plane (NASP) program,
under the guidance of Larry Schilling of NASA Dryden, came up with a combination Web- and secure
FTP-based system for exchanging NASP subsystem models, as well as a naming convention for vari-
ables, file names, and other simulation components. Some simulation standards have been proposed by
the AIAA and are under active consideration at thiswriting.

Existing standards

The AIAA has published a Recommended Practice concerning sign conventions, axes systems, and
symbolic notation for flight vehicle models[AIAA92].

The AIAA Modeling & Simulation Technical Committee has prepared a draft standard for the exchange
of simulation modeling data. This included a methodology for accomplishing the gradual standardiza-
tion of simulation model components, a mechanism for standardizing variable names within math mod-
els, and proposed HDF as the data format. [AIAAOL ], [AIAAOQ3]

DAVE-ML proposal

In a2002 AIAA paper, Jackson and Hildreth proposed using XML to exchange flight dynamic models
[Jackson02]. This paper gave outlines for how such a standard could be accomplished, and provided a
businessjustification for persuing such agoal.

This proposal includes severa key aspects from the draft standard, including allowing use of the AIAA
variable name convention, data table schema, and including tracability for each data point back to aref-
erenced document or change order.

Supporting technologies

DAVE-ML relies on MathML, version 2.0, as a means to describe mathematical relationships. MathML
is alow-level specification for describing mathematics as a basis for machine to machine communica
tion. It is used in DAVE-ML to describe relationships between variables and function tables and may
also be used for providing high-quality typeset documentation from the DAVE-ML source files. More
information is available at the MathML home web page, found at http://www.w3.org/Math/

Major Elements
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At present, only one major element of DAVE-ML has been defined: the function definition element, or
DAVEf unc. DAVESf unc is used to describe static models such as aerodynamic and inertia/mass mod-
els, where an internal state is not included.

Other major elements are envisioned to describe dynamic portions of the vehicle model (such as propul-
sion, aighting gear, control systems, etc.) and check case data. Ultimately DAVE-ML should be cap-
able of describing a complete flight dynamics model with sufficient data to validate the proper imple-
mentation thereof.

The DAVEf unc major element

The DAVEf unc element contains both data tables and equations for a particular vehicle subsystem
model, for example, the aerodynamic model or the mass/inertiamodel. A DAVEf unc element is broken
into roughly five components: a file header, variable definitions, breakpoint definitions, table defini-
tions, and function definitions. This decomposition reflects common practice in engineering develop-
ment flight simulation models in which the aerodynamic database is usually captured in multidimen-
sional, linearly interpolated function tables. The input to these tables are usualy state variables of the
simulation (such as Mach number or angle-of-attack). The outputs from these interpolated tables are
combined to represent forces and moments acting on the vehicle due to aerodynamics.

It is possible, using DAVEfunc and MathML elements, to completely define an aerodynamic model
without use of function tables (by mathematical combinations of input variables, such as a polynomial
model) but thisis not yet common in the American flight simulation industry.

Afil eHeader element isincluded to give background and reference data for the represented model.

Variables, or more properly signals, which are used to route inputs, cal culations and outputs through the
subsystem model are defined with avar i abl eDef element. Variables can be thought of as paramet-
ers in a computer program, or signal paths on a block diagram. They can be inputs to the subsystem
model, constant values, outputs of the model, and/or the results of intermediate calculations. Variables
must be defined for each input and output for any function elements as well as any input or output of
the subsystem represented. MathML [http://www.w3.org/Math] markup is used to define constant, in-
termediate, or output variables in mathematical combination of constant values, function table outputs,
and other variables. MathML can also be used to define the symbol to use in documentation for each
defined variable. Variables also represent the current value of a function (the "dependent variable" in a
function definition) so the output of functions can also be used as inputs to other variables or functions.

Breakpoint definitions, captured in br eakpoi nt Def elements, consist of alist of montomically-increas-
ing floating-point values separated by commas. These sets are referenced by "gridded” function table
definitions and may be referenced by more than one function definition.

Function table definitions, described by gri ddedTabl eDef and ungri ddedTabl eDef elements,
generally contain the bulk of data points in an aero model, and typically represent a (usually) smooth
hypersurface representing the value of some aerodynamic non-dimensional coefficient as a function of
one or more vehicle states (typically Mach number, angle of attack, control surface deflection, and/or
angular body rates). These function tables can be either "gridded," meaning the function has a value at
every intersection of each dimension's breakpoint, or "ungridded,” meaning each data point has a spe-
cified coordinate location in n-space. The same table can be used in severa functions, such as a left-
and right-aileron moment contribution.

Finally, function definitions (described by f uncti on elements) connect breakpoint sets and data
tables to define how an output signal (or dependent variable) should vary with one or more input signals
(or independent variables). The valid ranges of input signal magnitudes, along with extrapolation re-
quirements for out-of-range inputs, can be defined. There is no limit to the number of independent vari-
ables, or function dimensionality, of the function.

A simpler version of af unct i on isavailable in which the dependent variable breakpoint values and
dependent output values are specified directly inside the f unct i on body. This may be preferred for
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models that do not reuse function or breakpoint data.

A third form of f uncti on is to give the gridded table values or ungridded table values inside the
functi on body, but refer to externally defined breakpoint sets. This allows reusability of the break-
point sets by other functions, but keeps the table data private.

Schematic overview of DAVEf unc

Shown below are schematic overviews of the various elements currently available in DAVEf unc. Each
element is described in detail in the appendix. The following key is used to describe the elements and
associated attributes.

Key:
el ementnane : mandatory_attributes, [optional _attributes]

mandat ory_si ngl e_sub- el enent
optional _singl e_sub-el enent ?
[ choice_one_sub-elenent | choice_two_sub-el ement ]
zero_or_nore_sub-el enent s*
one_or_nore_sub-el emrent s+
(character data) inplies Unicode text information

The DAV Efunc element has six possible sub-elements:

DAVEf unc :
fil eHeader
vari abl eDef +
br eakpoi nt Def *
gri ddedTabl eDef *
ungri ddedTabl eDef *
function*

DAVEfunc sub-elements:

fileHeader This mandatory element contains information about the origin and devel-
opment of this model.

variableDef Each DAV Efunc model must contain at least one signal path (such as a
constant output value). Each signal used within the model must be spe-
cifiedin aseparatevari abl eDef .

A signal can have only a single origin (an input block, a calculation, or a
function output) but can be used (referenced) more than once as an input
to one or more functions, signal calculations, and/or as a model output.

breakpointDef A DAVEfunc model can contain zero, one or more breakpoint set defini-
tions. These definitions can be shared among severa gridded function
tables.

griddedTableDef A DAVEfunc model can contain zero, one, or more gridded nonlinear

function table definitions. Each table must be used by at least one but can
be used by more than one function definition if necessary for efficiency.
Or some or al functionsin amodel can specify their tables internally with
an embedded gri ddedTabl eDef element or
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without sharing any table definitions.

A gridded function table contains dependent values, or data points, cor-
responding to the value of a function at the intersection of one or more
breakpoint sets (one for each dimension of the table). The independent
values (coordinates) are not stored within the gridded table definition but
are referenced by the parent function. This allows a function to be shared
by more than one set of breakpoint values (such as left and right aileron
deflections).

The associated function element that references a gridded table associates
the dimensions of the table with both the correct breakpoint (independent
coordinate) set and the corresponding independent variable or input signal
for each dimension.

The table data point values are specified as comma-separated values in
floating-point notation (0.93638E-06) in a single long sequence as if the
table had been unraveled with the last-specified dimension changing most
rapidly. Line breaks are to be ignored. Comments may be embedded in
the table to promote [human] readability.

ungriddedTableDef A DAVEfunc model can contain zero, one, or more ungridded nonlinear
function table definitions. Unlike a rectangularly-gridded table, an ungrid-
ded table specifies data points as individual sets of independent and de-
pendent values. Each table must be used by at least one but can be used
by more than one function definition if necessary for efficiency. Or all
functions can retain their tables internally with a ungriddedTable element
without sharing the table values with other functions.

Ungridded table values are specified as a single (unsorted) list of inde-
pendent variable (input) values and associated dependent variable
(output) values. While the list is not sorted, the order of the independent
variable values is important and must match the order given in the using
function. Thus, functions that share an ungridded table must have the
same ordering of independent variables.

The method of interpolating the ungridded datais not specified.

function A function ties together breakpoint sets (for gridded-table nonlinear func-
tions), function values (either internally or by reference to table defini-
tions), and the input- and output-variable signal definitions. Functions
also include provenance, or background history, of the function data such
aswind tunnel test or other source information.

Each of these sub-elements is described further in this reference, and in detail in appendix A.

The header element

The fil eHeader element contains information about the source of the data contained within the
DAVEf unc major element, including the author, creation date, description, reference information, and
amodification history.

fil eHeader : [ nane]
aut hor : name, org, [xns, email]
address? :
(address character data)
fileCreationDate : date
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fileVersion? :
(version identification character data)
description? :
(description character data)
reference* : reflD, author, title, date, [accession, href]
nodi ficati onRecord* : nodl D, [reflD]
aut hor : name, org, [xns, email]
address? :
(address character data)
description? :
(descriptive character data)
extraDocRef? : reflD

fil eHeader sub-eements:

aut hor Name, organization, and optional XNS ID and mailing address of the au-
thor

fileCreationDate Creation date of this file. See the "Additional DAVE-ML conventions'
section later in this document for the recommended format.

fileVersion A dtring that indicates the version of the document. No convention is
reached, but this could include an automated revision number from con-
figuration control processes.

description Optiona but recommended text description: what does this DAVE-ML
file represent?
reference A list of zero or more references with a document-unique 1D (must begin

with apha character), author, title, date, and optional accession and URL
of the reference.

nodi fi cati onRe- An optional list of modifications with optional reference pointers, as well

cord as author information and descriptions for each modification record.
These modifications are referred to by individua function tables and/or
data points, using the AIAA modification letter convention. If more than
one document is associated with the modification, multiple sub-element
extraDocRefs may be used in place of the nodi fi cati onRecord 's
refID attribute.

Example 1. An exampleof afi | eHeader element

<fil eHeader> [
<aut hor nane="Bruce Jackson" org="NASA Langl ey Research Center"

xns="@j ax" emmil ="e.b.jackson@asa. gov">
<address>M5 132 NASA, Hanmpton, VA 23681</address>
</ aut hor >

<fileCreationDate date="2003-03-18"/> O
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<fileVersion>$ Revision: 1.24 $</fileVersion> O

<descri pti on>

Version 2.0 aero nodel for HL-20 lifting body, as described in
TM 107580. This aero nodel was used for HL-20 approach and
| andi ng studi es at NASA Langl ey Research Center during 1989-1995
and for a followon study at NASA Johnson Space Center in 1994
and NASA Ames Research Center in 2001. This DAVE- M. version
created 2003 by Bruce Jackson to denonstrate DAVE- M.
</ descri ption>

<reference refl D="REFO1" O
aut hor ="Jackson, E. Bruce; Cruz, Christopher |I. & and Ragsdale, W A"
title="Real -Tine Sinulation Mdel of the HL-20 Lifting Body"
accessi on="NASA TM 107580"
) dat e="1992-07-01"
>

<reference refl D="REF02"
aut hor="Cl evel and, WIliam B. <nospam@mil . arc. nasa. gov>"
title="Possible Typo in HL20 _aero.xnl"
accession="emai | "
} dat e="2003- 08- 19"
>

<nodi fi cati onRecord nodl D="A" refl D="REF02"> [
<aut hor name="Bruce Jackson" org="NASA Langl ey Research Center"

xns="@j ax" emmil ="e. b.jackson@asa. gov">
<address>Ms5 132 NASA, Hanmpton, VA 23681</address>
</ aut hor >

<descri pti on>
Revi sion 1.24: Fixed typo in CLRUDO function description which
gave dependent signal name as "CLRUDL." Bill C eveland of NASA
Anmes caught this in his xm 2ftp script. Al so made use of 1.5b2
fileHeader fields and changed date formats to conply with
conventi on.

</ descri ption>

</ nmodi fi cati onRecor d>

</fil eHeader >

Use of comments makes these big files more readable by humans.

Start of f i | eHeader element.

See the note regarding date format convention below.

In this example, the revision number is automatically inserted by CVS or RCS, an automated ver-
sioning system.

All documents referenced by notation throughout the file should be described here, in r ef er -
ence elements.

All modifications made to the contents of this file should be given here for easy reference in sep-
aratenodi fi cat i onRecor d elements.

o Od Oooono

The variable definition element

Thevari abl eDef element is used to define each constant, parameter, or variable used within or gen-
erated by the defined subsystem model. It contains attributes including the variable name (used for doc-
umentation), an XML-unique var | Didentifier (used for automatic code generation), the units of meas-
ure of the variable, and optional axis system, sign convention, aias, and symbol declarations. Optional
sub-elements include a description and a mathematical description, in MathML 2 markup, of the calcu-
lations needed to derive the variable from other variables or function table outputs. A final optional sub-
element, i sQut put , serves to indicate an intermediate calculation that should be brought out to the
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rest of the simulation.

There must be a single var i abl eDef for each and every input, output or intermediate constant or
variable within the DAV Efunc model.

vari abl eDef + : nanme, varlD, units, [axisSystem sign, alias, synbol]
description? :
(description character data)
cal cul ati on? :
math (defined in mathM.2. 0 DTD)
i sQutput? :

vari abl eDef attributes:

name A UNICODE name for the table (may be sameasgt | D.

varl D An XML-legal name that is unique within thefile

units The units-of-measure for the signal.

axsi System An optional brief indicator of the axis system (body, inertial, etc.) in which the
signal is measured

sign An optional brief indicator of which direction is considered positive (+RWD,
+UP, etc)

synbol A UNICODE Greek symbol for the signal [to be superceded with more formal

MathML or Tex element in alater release]

varl D An XML-legal name that is unique within thefile

vari abl eDef sub-dements:

description An optional text description of the variable

cal cul ation An optional container for the the MathML markup that describes how this
variable is calculated from other variables or function table outputs. This
element contains a single mat h element which is defined in the MathML 2
markup language [http://www.w3.org/Math].

i sCut put This optional element, if present, identifies this variable needs to be passed
as an output. How thisis accomplished is up to the implementer. Unless spe-
cified by this element, avariable is considered an output only if it isthe res-
ult of a calculation or function AND is not used elsewhere in this DAVE-
func model.

Example 2. Two examples of var i abl eDef elementsdefining input signals

<' - - - -
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<l--. =====o=o=o=—-m---ooo———-=——ooo VARI ABLE DEFI NI TI ONS et
<l-- ——————————o—o———o———————————= --
<!__ e
<l--  Input variables -->
<l -- ========—=—=—==—=—===== - - >

<vari abl eDef name="Mach" O var| D="XVMACH'O units="" synbol ="M >
<description> [
Mach nunber (di nensionl ess)
</ descri ption>
</ vari abl eDef >

<vari abl eDef nane="dbfl[" varl| D="DBFLL" units="deg"O sign="ted"Od synbol =" &#x3B4; bf
<descri pti on>
Lower left body flap deflection, deg, +TED (so deflections are
al ways zero or positive).
</ descri ption>
</vari abl eDef >

The nane attribute is intended for humans to read, perhaps as the signal name in an automated
wiring diagram.

Thevar | Dattribute isintended for the processing application to read. This must be an XML-val-
id identifier and must be unique within this model.

The descri pti on element may be used in an automated data dictionary entry associated with
the narmre attribute.

The optional uni t s attribute describes the units of measure of the variable. See the section on
Conventions below for arecommended list of units-of-measure abbreviations.

The optional si gn attribute describes the sign convention that applies to this variable. In this
case, the lower-left body-flap is positive when with trailing-edge-down deflection. See the section
on Conventions below for arecommended list of sign abbreviations.

0 The optiona synbol attribute allows a UNICODE character string that might be used for this
variablein asymbolslisting.

O O O O O

In this example, two input variables are defined: XMACH and DBFLL. These two variables are inputs to
atable lookup function shown in example [FIXME] below.

Example 3. A simplelocal variable

<l -- ================== - - >
<'-- Local variables -->
<l -- ========—=—=—======== -->

<I'-- PRELI M NARY BUI LDUP EQUATI ONS - ->
<l--  LONER LEFT BODY FLAP CONTRI BUTI ONS -->

<I-- t abl e out put signal -->
<vari abl eDef nanme="C dbfll_0" varl|D="CRBFLLO" units="">
<descri pti on>
Qut put of CRBFLLO function; rolling moment contribution of
|0Mﬁ; | eft body flap deflection due to al pha®0 (constant
term.
</ descri ption>
</vari abl eDef >

11
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This example defines CRBFLLOwhich is the "independent variable" output from the table lookup func-
tion shown in example [FIXME] below.

Example 4. A more complete exampleusingacal cul at i on element

<I-- | ower left body flap Iift buildup -->
<vari abl eDef nane="CLdbfl|" varl D="CLBFLL" units="">
<descri pti on>
Lift contribution of |Iower left body flap deflection
CLdbfll = CLdbfll_0O + al pha*(CLdbfll_1 + al pha*(CLdbfll_2 + al pha*CLdbfll_3)) O
</ descri ption>
<cal culation> [
<nmat h>
<apply> 0O
<pl us/ >
<ci >CLBFLLO</ ci >
<appl y>
<ti nes/>
<ci >ALP</ci >
<appl y>
<pl us/ >
<ci >CLBFLL1</ ci >
<appl y>
<times/>
<ci >ALP</ ci >
<appl y>
<pl us/ >
<ci >CLBFLL2</ ci >
<appl y>
<ti nes/>
<ci >ALP</ ci >
<ci >CLBFLL3</ci >
</apply> <!-- a*c3 --> 0
</ apply> <!-- (c2 a*c3) -->
</ apply> <!-- a*(c2 a*c3) -->
</ apply> <!-- (cl + a*(c2 a*c3)) -->
</ apply> <!-- a*(cl + a*(c2 a*c3)) -->
</apply> <!-- c0 + a*(cl + a*(c2 a*c3)) -->
</ mat h>
</ cal cul ati on>
</vari abl eDef >

+ + 4+ + +

0  This FORTRANiIsh equation is simply for human readers and is not parsed by the processing ap-
plication.

0 Acal cul ati on dement adways embedsaMATHML-2 nmat h element.

0 Eachappl y tag pair surrounds a math operation (in this example, apl us) opertor) and the argu-
ments to that operation (in this case, a variable CLBFLL defined elsewhere is added to the results
of the nested appl y operation).

0  The comments here are useful for humans to understand how the equation is being built up; the
processing application doesn't use these comments.

Here the local variable CLBFLL is defined as a calculated quantity, based on several other input or local
variables (not shown). Note the descri pti on element is used to describe the equation, in FOR-
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TRANIsh human-readable text. The cal cul at i on element describes this same equation in MathML
2 syntax; this portion should be used by parsing applications to create either source code, documenta-
tion, or run-time calculation structures.

Example 5. An output variable based on another cal cul ati on element

<l--. =Z====o=====mm=mmm=m=mm= - - >
<l-- Qutput variables -->
<! e SO - - D>

<vari abl eDef nane="CL" var|D="CL" units="" sign="up" synbol ="CL">
<descri pti on>
Coefficient of lift
CL = CLO + CLBFUL + CLBFUR + CLBFLL + CLBFLR +
CLWFL + CLWFR + CLRUD + CLGE + CLLG
</ descri pti on>
<cal cul ati on>
<mat h>
<appl y>
<pl us/ >
<ci >CLO</ci >
<ci >CLBFUL</ ci >
<ci >CLBFUR</ ci >
<ci >CLBFLL</ ci >
<ci >CLBFLR</ ci >
<ci >CLWFL</ ci >
<ci >CLWFR</ ci >
<ci >CLRUD</ ci >
<ci >CLGE</ ci >
<ci >CLLG/ ci >
</ appl y>
</ mat h>
</ cal cul ati on>
<isQutput/> O
</ vari abl eDef >

0 Thei sQut put element signifies to the processing application that this variable should be made
visible to models external to this DAV Efunc.

This is an example of how an output variable (CL) might be defined from previously calculated local
variables (in this case, CLO, CLBFL, etc.).

The breakpoint set definition element

The breakpoint set definition element, br eakpoi nt Def , is used to define a list of comma-separate
values that define the coordinate values along one axis of a gridded linear function value table. It con-
tains a mandatory bpl D, afile-unique XML identifier attribute, an optional name and units of measure
attributes, an optional text description element and the comma-separated list of floating-point valuesin
the bpVals element. Thislist must be monotonically increasing in value.

breakpoi nt Def* : bpl D, [nane, units]
description? :
bpval s :
(character data of conma-separated breakpoints)
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br eakpoi nt Def attributes:

bpl D An XML-legal name that is unique within the file
name A UNICODE name for the set (may be ssmeasgt | D.

units The units-of-measure for the breakpoint values.

br eakpoi nt Def sub-elements:

description An optional description of the breakpoint set.

bpVal s A comma-separated, monotonically-increasing list of floating-point values.

Example 6. Two examples of br eakpoi nt Def elements

<l-- ettt et -->
<l--. ==o==ooooo—ooooooooo—--——ooo BREAKPO NT SETS oSS SSSSSSSSSSSSSSSSSs - - D>
<' -- - -

<br eakpoi nt Def name="Mach" bpl D="XMACHL_PTS" units= ""> [
<descri pti on>Mach nunber breakpoints for all aero data tabl es</description>
<bpVal s>
0.3, 0.6, 0.8, 0.9, 0.95, 1.1, 1.2, 1.6, 2.0, 2.5, 3.0, 3.5, 4.0 O
</ bpVval s>
</ br eakpoi nt Def >

<br eakpoi nt Def nane="Lower body flap" bpl D="DBFL_PTS" units="deg">
<descri pti on>Lower body flap deflections breakpoints for tabl es</description>
<bpVal s>0., 15., 30., 45., 60.</bpVal s>

</ br eakpoi nt Def >

O This breakpoi nt Def element describes a Mach breskpoint set uniquely identified as
XMACHL_PTS with no associated units of measure.
O  The breakpoint values are given as a comma-separated list and must be in ascending order.

Two breakpoint sets are defined, which are used in the f unct i on element example given below (ex-
ample 8). Breakpoint sets XMACH1_PTS and DBFL_PTS contain values for Mach and lower body flap
deflection, respectively, for which function values are given in severa function tables; one example is
given below in example 7.

The gridded table definition element

The gri ddedTabl eDef element defines a multi-dimensional table of values corresponding with the
value of an arbitrary function at the intersection of a set of specified independent inputs. The coordin-
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ates along each dimension are defined in separate breakpointDef elements that are referenced within
this element by bpRefs, one for each dimension.

The data contained within the dataTable definition are a comma-separated set of floating-point values.
This list of values represents a multidimensional array whose size is inferred from the length of each
breakpoint vector. For example, a two-dimensional table that is a function of an eight-element Mach
breakpoint set and a ten-element angle-of-attack breakpoint set is expected to contain 80 comma-sep-
arated values.

By convention, the breakpointRefs are listed in order such that the last breakpoint set varies most rap-
idly in the associated data table listing.

An optional confidenceBound scalar value may be provided that reprents the confidence level in the
values presented. [This statistical capability needs significant improvement in later DAVEfunc re-
leases.]

gri ddedTabl eDef* : [gtID, name, units]
description? :
(description character data)
provenance? :
aut hor : name, org, [xns, emil]
address? :
(address character data)
functionCreationbDate :
(date in YYYY-MM DD format, character data)
docunent Ref* : docl D
nodi ficationRef* : nodl D
br eakpoi nt Refs :
bpRef+ : bplD
confi denceBound? : val ue
dat aTabl e
(character data)

gri ddedTabl eDef attributes:

gt1D An XML-legal name that is unique within the file
name A UNICODE name for the table (may be sameasgt | D.

units The units-of-measure for the table's output signal.

gri ddedTabl eDef sub-elements:

description The optional description element allows the author to describe the data
contained within thisgr i ddedTabl e.

provenance The optional provenance element allows the author to describe the source
and history of the datawithinthisgr i ddedTabl e.

br eakpoi nt Ref s The mandatory breakpointRefs element contains separate bpRef elements,
each pointing to a separately-defined breakpointDef. Thus, the independ-
ent coordinates associated with this function table are defined elsewhere
and only areference is given here. The order of appearance of the bpRefs
isimportant.
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confi denceBound The numeric value specified in this element represents the statistical con-

fidence in the values contained within this table.
dat aTabl e The numeric values of the function at the function vertices specified by
the breakpoint sets are contained within this element, in a single comma
separated list. Parsing this list and storing it in the appropriate array rep-
resentation is up to the implementor. By convention, the last breakpoint
value increases most rapidly.

Example7. An exampleof agri ddedTabl eDef element

<gri ddedTabl eDef nane="CLBFL0" gtl|D="CLBFLO table"> 0O
<description> O
Lower body flap contribution to Iift coefficient,
pol ynomi al constant term
</ descri ption>
<provenance> [
<aut hor name="Bruce Jackson" org="NASA Langl ey Research Center" xns="@jax"/>
<functionCreationbDate date="2003-01-31"/>
<docunent Ref docl D="REF01"/ >
</ provenance>
<br eakpoi nt Ref s> O
<bpRef bpl D="DBFL_PTS"/ >
<bpRef bpl D=" XMACHL_PTS"/ >
</ br eakpoi nt Ref s>
<dat aTabl e> <!-- | ast nost

br eakpoi nt changes rapidly --> 0

<l-- CLBFLO PO NTS -->
<l-- DBFL = 0.0 -->

0. 00000E+00 , 0. 00000E+00 , 0. 00000E+00 , 0. 00000E+00 , 0.00000E+00
0. 00000E+00 , 0. 00000E+00 , 0. 00000E+00 , 0.00000E+00 , 0.00000E+00
0. 00000E+00 , 0. 00000E+00 , 0. 00000E+00

<l-- DBFL = 15.0 --> O

-0.86429E-02 ,-0.10256E-01 ,-0. 11189E-01 , - 0. 12121E-01 , - 0. 13520E- 01
-0.86299E- 02 ,-0.53679E-02 , 0.76757E-02 , 0.11300E-01 , 0.62992E-02
0.51902E-02 , 0.38813E-02 , 0.37366E-02

<I'-- DBFL = 30.0 -->

0.22251E-01 , 0.26405E-01 , 0.28805E-01 , 0.31206E-01 , 0.34806E-01
0.31321E-01 , 0.28996E-01 , 0.19698E-01 , 0.18808E-01 , 0.12755E-01
0. 10804E-01 , 0.98493E-02 , 0.83719E-02

<l-- DBFL = 45.0 -->

0.29416E-01 , 0.34907E-01 , 0.38080E-01 , 0.41254E-01 , 0.46014E-01
0.42215E-01 , 0.39681E-01 , 0.29547E-01 , 0.28211E-01 , 0.19132E-01
0. 16206E-01 , 0.14774E-01 , 0. 12558E-01

<l-- DBFL = 60.0 -->

0.63779E-01 , 0.75685E-01 , 0.82566E-01 , 0.89446E-01 , 0.99767E-01
0.85587E-01 , 0.76127E-01 , 0.38301E-01 , 0.36569E-01 , 0.24800E-01
0.21007E-01 , 0.19151E-01 , 0.16278E-01

</ dat aTabi e

>

</ gri ddedTabl eDef >

0 Commentsare agood ideafor human readers
O nane isused for auto documentation purposes; gt | Disintended for automatic wiring (autocode)

tools.

16



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

0 Descriptions are a good idea whenever possible - Here we explain the contents of the function rep-
resented by the data points.

0 provenance isthestory of the origin of the data.

0 These bpRef sarein the same order as the table is wrapped (see note above) and must be reflec-
ted in the referencing function in the same order. In this example, the referencing function must
list the i ndependent Var Ref s such that the signal that represents delta body flap (DBFL)
must precede the reference to the signal that represents Mach number (XMACH).

0  The points listed within the dat aTabl e element are given asif the last bpRef varies most rap-
idly. See the discussion above.

0  Embedded comments are agood idea.

This non-linear function table is used by a subsequent f uncti on in example 8 to specify an output
value based on two inputs values - body flap deflection and Mach number. This table is defined outside
of af unct i on element because this particular function table is used by two functions - one for the | eft
lower body flap and one for the right lower body flap; thus, their actual independent (input) variable
values might be different at.

The ungridded table definition element

The ungri ddedTabl eDef element defines a set of non-orthogonal data points, along with their in-
dependent values (coordinates), corresponding with the dependent value of an arbitrary function.

An optional confidenceBound scalar value may be provided that reprents the confidence level in the
values presented. [This statistical capability needs significant improvement in later DAVEfunc re-
leases)]

ungri ddedTabl eDef* : [utlD, nane, units]
description? :
(description character data)
provenance? :
aut hor : name, org, [xns, email]
address? :
(address character data)
functionCreationDate :
(date in YYYY-MW DD fornmat, character data)
docunent Ref* : docl D
nodi fi cati onRef* : nodl D
confi denceBound? : val ue
dat aTabl e+ :

ungri ddedTabl eDef attributes:

utl D A mandatory XML-legal name that is unique within thefile
nane An optional UNICODE name for the table (may be sameasgt | D.

units Optional units-of-measure for the table's output signal.

ungri ddedTabl eDef sub-elements:

description The optional description element allows the author to describe the data
contained within thisungr i ddedTabl e.
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provenance The optional provenance element allows the author to describe the source
and history of the datawithin thisungr i ddedTabl e.

conf i denceBound The numeric value specified in this element represents the statistical con-
fidence in the values contained within this table.

dat aPoi nt One or more sets of coordinate and output numeric values of the function
at various locations within it's input space. This element includes one co-
ordinate for each function input variable. Parsing this information into a
usable interpolative function is up to the implementor. By convention, the
coordinates are listed in the same order that they appear in the using func-
tion.

The function definition element

Thefuncti on element connects breakpoint sets (for gridded tables), independent variables, and data
tables to their respective output variable.

function* : nane
description? :
provenance? :
aut hor : name, org, [xns, email]
addr ess?

(address character data)
functionCreationDate :
extrabDocRef* : doclD
nodi ficationRef* : nodl D

El THER

i ndependent VarPts+ : varl D, [nane, units, sign, extrapol ate]
(i nput val ues as character data)
dependentVarPts : varlD, [nane, units, sign]
(out put val ues as character data)
}

OR

i ndependent VarRef+ : varlD, [mn, max, extrapol ate]
dependent Var Ref : varlD
functionDefn : [nane]

CHO CE OF

{
CHO CE OF

{
gri ddedTabl eRef : gtID
oR

gri ddedTabl eDef : [nane]
br eakpoi nt Ref s
bpRef + : bpl D
confi denceBound? : val ue
dat aTabl e
} (gridded data table as character data)

}
R

CHO CE OF
{

ungri ddedTabl eRef : utlD
oR

ungri ddedTabl eDef : [ nane]
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f uncti on attributes;

confi denceBound? : val ue
dat aPoi nt +
(coordi nate/ val ue sets as character data)

nam A UNICODE name for the function.

e

f uncti on sub-eements:

description

provenance

i ndependent Var Pt s

dependent Var Pt s

i ndependent Var Ref

dependent Var Ref

functi onDef n

gri ddedTabl eRef

gri ddedTabl e

The optional description element allows the author to describe the data
contained within thisf unct i on.

The optional provenance element allows the author to describe the source
and history of the datawithin thisf uncti on.

If the author chooses, hejshe can express a linearly-interpolated functions
by specifing the indendent (breakpoint) values sets as one or morei nde-
pendent Var Pt s which are comma-separated, monotonically increas-
ing coordinate values corresponding to the dependent Var pt s given
next. In the case of multiple dimensions, more than one i ndep-
dendent Var Pt s must be specified, one for each dimension. The man-
datory varlD attribute is used to connect each independentV arPts with an
input signal.

This element goes along with the previous element to specify a function
table. Only one dependent Var Pt s may be specified. If the function is
multidimensional, the convention is the last breakpoint dimension
changes most rapidly in this comma-separated list of output values. The
mandatory varlD attribute is used to connect this table output to an output
signal.

One or more of these elements refer to a separately-defined vari -
abl eDef . For multidimensional tables, the order of specification isim-
portant and match the order in which breakpoints are specified or the or-
der of coordinatesin ungridded table coordinate/val ue sets.

One dependent Var Ref must be specified to marry the output of the
functionto aparticular var i abl eDef .

This mandatory element (if not a simple function) identifies either a sep-
arately-specified data table or specifies a private table, either gridded or
ungridded.

If not defining a simple function table, the author may use this element to
point to a separately-specified gr i ddedTabl eDef element.

As an adternative to reutilization of a previoudy defined table, this ele-
ment may be used to define a private output gridded table. See the
writeup on gr i ddedTabl eDef for more information.
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ungri ddedTabl eRef If not using a simple function table, the author may use this element to
point to separately-specified ungr i ddedTabl eDef element.

ungri ddedTabl e As an dternative to reuse of a previously defined table, this element may
be used to define a private output ungridded table. See the writeup on
ungri ddedTabl eDef for moreinformation.

Example 8. An example of a function which refers to a previousy defined
gri ddedTabl eDef

<' - eSS
<!-- Lower left body flap functions -->
<| - - s

<function name="CLBFLLO">
<descri pti on>
Lower left body flap | ookup function for lift, polynonial constant term
</ descri ption>
<i ndependent Var Ref var| D="DBFLL" mi n="0.0" nmax="60." extrapolate="neither"/> [0
<i ndependent Var Ref var| D="XMACH' nmi n="0.3" nax="4.0" extrapol ate="neither"/>
<dependent Var Ref var| D="CLBFLLO"/> [
<functi onDef n name="CLBFLO_fn">
<gri ddedTabl eRef gt| D="CLBFLO_table"/> O
</ functi onDef n>
</ function>

O The independent variables must be given in the order of least-rapidly-changing to most-rap-
idly-changing values in the function table. The processing application needs to pay attention to the
extrapolate flag, which details how to treat a variable whose value exceeds the stated limits on in-
put.

O  The dependent variable (XML name CLBFLLO) is the output variable for this function. CLBFLLO
must have been declared previously with avar i abl eDef element.

0 Thisisareferenceto the previously declared gri ddedTabl eDef .

This example ties the input variables DBFLL and XMACH into output variable CLBFLLO through a

function called CLBFLO f n, which is represented by the linear interpolation of the gridded table
defined by the CLBFLO_t abl e gri ddedTabl eDef (see example 7 above).

Example 9. A f unct i on that hasan internal table

<l-- =Z=m=m=moooommmmmmm= o>
<l-- Rudder functions -->
<l--. =Z====m=o=o=o=mmm=mm= o>
<l-- The rudder functions are only used once, so their table
definitions are internal to the function definition.
--> 0

<functi on nanme="CLRUDO" >
<descri pti on>
Rudder contribution to lift coefficient,
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pol ynomi al

</ descri ption>
<provenance> [l

<aut hor

nanme="Bruce Jackson" org="NASA Langl ey Research Center" xns="@j ax"/>

mul tiplier for constant term

<functi onCreati onDat e date="2003-01-31"/>
<docunent Ref docl D="REF01"/ >
</ pr ovenance>
<i ndependent Var Ref var| D="abs_rud"

<i ndependent Var Ref var| D="XMACH' ni n="0. 3"

<dependent Var Ref var| D="CLRUDO"/ >

<functi onDef n name="CLRUDO_f n">

<gri ddedTabl eDef nane="CLRUDO table"> [

<br eakpoi nt Ref s>
<bpRef bpl D="DRUD_PTS"/ >

<bpRef bpl D="XMACH1_PTS"/ >

</ br eakpoi nt Ref s>

<dat aTabl e> <! --

| ast

br eakpoi nt

m

n="0. 0"

changes nost

max="15." extrapol ate="neither"/>
max="4. 0" extrapol ate="neither"/>

rapidly -->

<l-- CLRUDO PO NTS -->

<l-- RUD = 0.0 -->
0. O0000E+00 , 0. O0O000E+00 0. O0O0O0O0OE+00 , 0. O0000E+00 , 0. 00000E+00
0. 0O0000E+00 , 0. 00000E+00 0. O0O000E+00 , 0. 00000E+00 , 0. 00000E+00
0. 0O0000E+00 , 0. 00000E+00 0. 00000E+00

<l-- RUD = 15.0 -->

-0.13646E-01 , 0.26486E-01 0.16977E-01 ,-0.16891E-01 , 0.10682E-01
0. 75071E-02 , 0.53891E-02 ,-0.30802E-02 ,-0.59013E-02 ,-0.95733E-02
0. O0000E+00 , 0. 00000E+00 0. 0O0000E+00

<l-- RUD = 30.0 -->

-0.12709E-02 , 0.52971E-01 0. 33953E-01 ,-0.33782E-01 , 0.21364E-01
0. 15014E-01 , 0.10778E-01 ,-0.61604E-02 ,-0.11803E-01 ,-0.19147E-01 ,
0. O0000E+00 , 0. 00000E+00 , 0. 00000E+00

</ dat aTabl e>
</ gri ddedTabl e>
</ functi onDef n>
</ function>

O  Thiscomment helps humans understand the reason for an embedded table.
O Theprovenance element isrequired by the AIAA standard.
O  Thisexample has an embedded gridded table.

In this example, the function CLRUDO returns, in the variable CLRUDO, the value of function CL-
RUDO_f n represented by gridded table CLRUDO _t abl e. The inputsto the function areabs_r ud and
XMACH which are used to normalize breakpoint sets DRUD_PTS and XMACH1_ PTS respectively. The
input variables are limited between 0.0 to 15.0 and 0.3 to 4.0, respectively.

Additional DAVE-ML conventions

To facilitate the interpretation of DAV E-ML packages, the following conventions are proposed. Failure
to follow any of these should be noted prominently in the data files and any cover documentation.

Locus of action of moments

It is recommended that all force and moments be considered to act around a defined reference point,
given in aircraft coordinates. It is further recommended that al subsystem models (aerodynamic,
propulsive, alighting gear) provide total forces & moments about this reference point and leave the
transfer of moments to the center of mass to the equations of motion.

Decomposition of flight dynamic subsystems
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It is recommended that a vehicle's flight dynamic reactions be modeled, at least at the highest level, as
aerodynamic, propulsive, and landing/arresting/launch gear models. This is common practice in most
aircraft simulation environments we've seen.

Date format in DAVE-ML

The recommended way of representing dates in DAV E-ML documentation, especially date attribute and
creation date elements, is numerically in the order yyyy-mm-dd. Thus, July 15, 2003 is given as
2003-07-15. This is suggested since such dates sort with minimal effort, and is a common format on
UNIX computer systems.

Common sign convention notation

The following list of sign convention notation is recommended for adoption. Note the sign convention
for most quantities is already fixed by the AIAA Recommended Practice [ AIAA92], so thisis actually
alist of abbreviations for typical sign conventions:

Common DAVE-ML sign convention notation

Acronym: +AFT

M eaning: Positive aft

Acronym: +ANR

M eaning: Positive aircraft nose right
Acronym: +ANU

Meaning: Positive aircraft nose up
Acronym: +CWFN

M eaning: Positive clockwise from north
Acronym: +DN

M eaning: Positive down

Acronym: +E

Meaning: Positive eastward
Acronym: +FWD

M eaning: Positive forward
Acronym: +LFT

Meaning: Positive left

Acronym: +N

Meaning: Positive northward
Acronym: +OUT

M eaning: Positive outward
Acronym: +POS

Meaning: Always positive
Acronym: +RCL

Meaning: Positive right of centerline
Acronym: +RT

M eaning: Positive right

Acronym: +RWD

Meaning: Positive right wing down
Acronym: +TED

Meaning: Positive trailing edge down
Acronym: +TEL

Meaning: Positive trailing edge left
Acronym: +THR

M eaning: Positive beyond threshold
Acronym: +UP

Meaning: Positive up

Lots more to identify
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[FIXME: more conventions are lurking]

...ltke how to define units-of-measure notation

Planned major elements

Additional major elements will have to be defined to support the goal of rapid exchange of simulation
models, including

» Vadlidation check case definitions & data files

» Dynamic elements

Further information

Further information, background, the latest DAVEf unc. dt d and example models of some aircraft data
packages can be found at the DAVE-ML web site: ht-
tp://dcb.larc.nasa.gov/utilgfltsim/DAV E/index.html
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A. Element references and descriptions

A description of each element of DAVE-ML isgiven below.

Element list

addr ess - Street address or other contact information of an author

aut hor - Gives name and contact information for originating party of the associated data
bpRef - Referenceto abreakpoint list

bpVal s - String of comma-separated values of breakpoints

br eakpoi nt Def - Defines breakpoint sets to be used in model
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br eakpoi nt Ref s - Reference to a breakpoint definition

cal cul ati on - Used to delimit aMathML v2 calculation

conf i denceBound - Defines the confidence in afunction

dat aPoi nt - Defines each point of an ungridded table

dat aTabl e - Givesanameto atable of function data

DAVEf unc - Root level element

dependent Var Pt s - Defines output breakpoint values

dependent Var Ref - Identifiesthe signal to be associated with the output of afunction
descri pti on - Verbal description of an entity

docunent Ref - Referenceto an external document

ext r aDocRef - Allows multiple documents to be associated with a single modification event
fileCreationDat e - Givesdate of creation of entity

fil eHeader - States source and purpose of file

fil eVer si on - Indicates the version of the document

functi on - Defines afunction by combining independent variables, breakpoints, and tables.
functionCreati onDat e - Date of creation of afunction table

funct i onDef n - Defines afunction by associating a table with other information

gri ddedTabl e - Definition of agridded table; associates breakpoint data with table data.
gri ddedTabl eDef - Defines an orthogonally-gridded table of data points

gri ddedTabl eRef - Referenceto agridded table definition

i ndependent Var Pt s - Simple definition of independent breakpoints

i ndependent Var Ref - References a predefined signal as an input to afunction

i sQut put - Flag to identify non-obvious output signals from model

nodi fi cati onRecor d - To associate areference single letter with a modification event
nodi fi cat i onRef - Reference to associated modification information

pr ovenance - Describes origin or history of the associated information

pr ovenanceRef - Referencesapreviously defined data provenance description.

r ef er ence - Describes an external document

ungri ddedTabl e - Definition of an ungridded set of function data

ungri ddedTabl eDef - Definesatable of data, each with independent coordinates
ungri ddedTabl eRef - Reference to an ungridded table

vari abl eDef - Definessignalsused in DAVE-ML model
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Name
address -- Street address or other contact information of an author

addr ess

Content model

addr ess :
( #PCDATA)

Attributes

NONE

Possible parents

aut hor

Allowable children

NONE
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Name

author -- Gives name and contact information for originating party of the associated data

aut hor

Content model

author : name, org, [xns], [email]
address?

Attributes

nane - the name of the author or last modifier of the associated element's data
or g - the author's organization

xns (optional) - the eXtensible Name Service identifier for the author

emai | (optional) - the e-mail address for the primary author

Description

author includes alternate means of identifying author using XNS or normal e-mail/address

Possible parents

fil eHeader
nodi fi cati onRecord
provenance

Allowable children

addr ess
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Name

bpRef -- Reference to a breakpoint list

bpRef

Content model

bpRef : bplD
EMPTY

Attributes

bpl D- theinterna XML identifier for a breakpoint set definition

Description

The bpRef element provides references to breakpoint lists so breakpoints can be defined separately
from, and reused by, several datatables.

Possible parents

br eakpoi nt Ref s

Allowable children

NONE
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Name

bpVals-- String of comma-separated values of breakpoints
bpVval s

Content model

bpval s :
( #PCDATA)

Attributes

NONE

Description

bpValsis aset of breakpoints; that is, a set of independent variable values associated with one dimen-
sion of agridded table of data. An example would be the Mach or angle-of-attack values that define the
coordinates of each data point in atwo-dimensional coefficient valuetable.

Possible parents

br eakpoi nt Def

Allowable children

NONE

28



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

Name

breakpointDef -- Defines breakpoint sets to be used in model

br eakpoi nt Def

Content model

breakpointDef : [nane], bplD, [units]
(description?, bpVals)

Attributes

nane (optional) - the name of the breakpoint set
bpl D- theinternal, document-unique XMLname for the breakpoint set
uni t s (optional) - the units of measure for the breakpoint set

Description

A breakpointDef is where gridded table breakpoints are given. Since these are separate from function
data, may be reused.

Possible parents

DAVEf unc

Allowable children

description
bpVval s
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Name
breakpointRefs -- Reference to a breakpoint definition

br eakpoi nt Ref s

Content model

br eakpoi nt Refs :
bpRef +

Attributes

NONE

Description

The breakpointRefs elements tie the independent variable names for the function to specific breakpoint
values defined earlier.

Possible parents

gri ddedTabl eDef
gri ddedTabl e

Allowable children

bpRef
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Name
caculation -- Used to delimit aMathML v2 calculation

cal cul ati on

Content model

cal cul ation :
mat h

Attributes

NONE

Description

Optional calculation element is MathML 2 content markup describing how the signal is cal cul ated.

Possible parents

var i abl eDef

Allowable children

mat h
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Name

confidenceBound -- Defines the confidence in a function

confi denceBound

Content model

confi denceBound : val ue
EMPTY

Attributes

val ue - percent confidence (like 95%) in the function

Description

The confidenceBound element is used to declare the confidence interval associated with the data table.
Thisis aplaceholder.

Possible parents

gri ddedTabl eDef
ungri ddedTabl eDef
gri ddedTabl e
ungri ddedTabl e

Allowable children

NONE

32



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

Name

dataPoint -- Defines each point of an ungridded table

dat aPoi nt

Content model

dataPoint : [nodl D
( #PCDATA)

Attributes

nodl D (optional) - the internal XML identifier for a modification record

Description

The dataPoint element is used by ungridded tables to list the values of independent variables that are as-
sociated with each value of dependent variable. For example: <dataPoint> 0.1, -4.0, 0.2 <I- Mach, al-
pha, CL -> </dataPoint> <dataPoint> 0.1, 0.0, 0.6 <!- Mach, apha CL -> </dataPoint> Each data point
may have associated with it a modification tag to document the genesis of that particular point. No re-
quirement on ordering of independent variables isimplied. Since this is a ungridded table, the intepret-
ing application is required to handle what may be unsorted data.

Possible parents

ungri ddedTabl eDef
ungri ddedTabl e

Allowable children

NONE
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Name

dataTable -- Gives aname to atable of function data

dat aTabl e

Content model

dat aTabl e :
( #PCDATA)

Attributes

NONE

Description

The dataTable element is used by gridded tables where the indep. variable values are implied by break-
point sets. Thus, the data embedded between the dataT able element tags is expected to be sorted ASCII
values of the gridded table, wherein the last independent variable listed in the function header varies
most rapidly. Vaues are comma or whitespace separated values.

Possible parents

gri ddedTabl eDef
gri ddedTabl e

Allowable children

NONE
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Name

DAVEfunc -- Root level element

DAVEf unc

Content model

DAVEf unc :
(fil eHeader, vari abl eDef +, breakpoi nt Def*, gri ddedTabl eDef*, ungri ddedTabl eDef *

Attributes

NONE

Description

Root element is DAV Efunc, composed of a file header element followed by 1 or more variable defini-
tions and 0 or more break point definitions, gridded or ungridded table definitions, and function ele-
ments.

Possible parents

NONE - ROOT ELEMENT

Allowable children

fil eHeader

vari abl eDef

br eakpoi nt Def

gri ddedTabl eDef
ungri ddedTabl eDef
function

35



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

Name

dependentV arPts -- Defines output breakpoint values

dependent Var Pt s

Content model

dependentVarPts : varlD, [nane], [units], [sign]
( #PCDATA)

Attributes

var | D-the XML ide of the output signal this table should drive

nane (optional) - the name of the function's dependent variable output signal
uni t s (optional) - the units of measure for the dependent variable

si gn (optional) - the sign convention for the dependent variable

Description

A dependentVarPts element is a simple of function values and contains a mandatory varlD as well as
optiona name, units, and sign convention attributes. Data points are arranged as single vector with last-
specified breakpoint values changing most frequently. Note that the number of dependent values must
equal the product of the number of independent values for this simple, gridded, realization. This ele-
ment is used for simple functions that don't share breakpoint or table values with other functions.

Possible parents

function

Allowable children

NONE
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Name

dependentVarRef -- Identifies the signal to be associated with the output of afunction

dependent Var Ref

Content model

dependent VarRef : wvarlD
EMPTY

Attributes

var | D- theinternal XML identifier for the output signal

Description

A dependentV arRef ties the output of afunction to a signal name defined previously in a variable defin-
ition.

Possible parents

function

Allowable children

NONE
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Name

description -- Verbal description of an entity

description

Content model

description :
( #PCDATA)

Attributes

NONE

Description

optional description is free-form text describing something.

Possible parents

fil eHeader

vari abl eDef

br eakpoi nt Def

gri ddedTabl eDef
ungri ddedTabl eDef
function

nodi fi cati onRecord

Allowable children

NONE
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Name

documentRef -- Reference to an external document

docunent Ref

Content model

docurment Ref : doclD
EMPTY
Attributes

docl D- theinternal XML identifier for of areference definition element

Possible parents

provenance

Allowable children

NONE
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Name

extraDocRef -- Allows multiple documents to be associated with a single modification event

ext r aDocRef

Content model

extrabDocRef : reflD
EMPTY

Attributes

ref 1 D- If an extraDocRef is used, the refID attribute is required.

Description

A single modification event may have more than one documented reference. This element can be used
in place of the refID attribute in a modificationRecord to record more than one reflDs, pointing to the
referenced document.

Possible parents

nodi fi cati onRecord

Allowable children

NONE
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Name

fileCreationDate -- Gives date of creation of entity

fileCreationDate

Content model

fileCreationDate : date
EMPTY

Attributes

dat e - The date of thefile, in YYYY-MM-DD format

Description

fileCreationDate is simply a string with adatein it.

Possible parents

fil eHeader

Allowable children

NONE
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Name

fileHeader -- States source and purpose of file

fil eHeader

Content model

fileHeader : [nane]
(author, fileCreationDate, fileVersion?, description?, reference*, nodificationRecc

Attributes

nane (optional) - the name of thefile

Description

The header element requires an author, a creation date and a version indicator; optional content are de-
scription, references and mod records.

Possible parents

DAVEf unc

Allowable children

aut hor

fil eCreationDate
fileVersion
description
reference

nodi fi cati onRecord
provenance
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Name

fileVersion -- Indicates the version of the document

fileVersion

Content model

fileVersion :
(#PCDATA)

Attributes

NONE

Description

Thisisastring describing, in some arbitrary text, the version identifier for this function description.

Possible parents

fil eHeader

Allowable children

NONE

43



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

Name

function -- Defines a function by combining independent variables, breakpoints, and tables.

function

Content model

function : nane
(description?,
(provenance? | provenanceRef ?)
(i ndependent Var Pt s+, dependent Var Pt s)

(i ndependent Var Ref +, dependent Var Ref, functi onDef n)

Attributes

name - the name of thisfunction

Description

Each function has optional description, optional provenance, and either a simple input/output values or
references to more complete (possible multiple) input, output, and function data elements.

Possible parents

DAVEf unc

Allowable children

description
provenance

pr ovenanceRef

i ndependent Var Pt s
dependent Var Pt s

i ndependent Var Ref
dependent Var Ref
functionDefn
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Name

functionCreationDate -- Date of creation of a function table

functi onCreati onDat e

Content model

functionCreationDate : date
EMPTY

Attributes

dat e - the creation date of the function, in YYYY-MM-DD format

Possible parents

provenance

Allowable children

NONE
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Name

functionDefn -- Defines a function by associating a table with other information

functi onDefn

Content model

functionDefn : [ nane]
(gri ddedTabl eRef | griddedTabl e | ungriddedTabl eRef | ungri ddedTabl e)

Attributes

nane (optional) - the name of this function definition

Description

A functionDefn defines how function is represented in one of two possible ways: gridded (implies
breakpoints), or ungridded (with explicit independent values for each point).

Possible parents

function

Allowable children

gri ddedTabl eRef
gri ddedTabl e
ungri ddedTabl eRef
ungri ddedTabl e
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Name

griddedTable -- Definition of a gridded table; associates breakpoint data with table data.
gri ddedTabl e

Content model

gri ddedTabl e : [ nane]
(breakpoi nt Refs, confi denceBound?, dataTabl e)

Attributes

nane (optional) - the name of the gridded table being defined

Possible parents

functi onDef n

Allowable children

br eakpoi nt Ref s
confi denceBound
dat aTabl e

Future plans for this element

Deprecated. Use griddedTableDef instead.
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Name

griddedTableDef -- Defines an orthogonally-gridded table of data points
gri ddedTabl eDef

Content model

gri ddedTabl eDef : [nane], [gtlD], [units]
(description?,
(provenance? | provenanceRef ?)
, breakpoi nt Refs, confidenceBound?, dataTabl e)

Attributes

nane (optional) - the name of the gridded table
gt | D (optional) - an internal, document-unique XMLname for the table
uni t s (optional) - units of measure for the table values

Description

A griddedTableDef contains points arranged in an orthogonal (but multi-dimensional) array, where the
independent variables are defined by separate breakpoint vectors. This table definition is specified sep-
arately from the actual function declaration and requires an XML identifier attribute so that it may be
used by multiple functions.

Possible parents

DAVEf unc

Allowable children

description
provenance

pr ovenanceRef
br eakpoi nt Ref s
confi denceBound
dat aTabl e
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Name
griddedTableRef -- Reference to a gridded table definition
gri ddedTabl eRef

Content model

gri ddedTabl eRef : gtID
EMPTY

Attributes

gt | D- theinterna XML identifier of a gridded table definition

Possible parents

functi onDef n

Allowable children

NONE
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Name

independentV arPts -- Simple definition of independent breakpoints

i ndependent Var Pt s

Content model

i ndependentVarPts : varlD, [nanme], [units], [sign], [extrapolate]
( #PCDATA)

Attributes

var | D-the XML id of theinput signal corresponding to this independent variable
nane (optional) - the name of the function's independent variable input signal

uni t s (optional) - the units of measure for the independent variable

si gn (optional) - the sign convention for the independent variable

extrapol at e (optional) - extrapolation flags for IV out-of-bounds

Description

An independentVarPts element is a simple list of breakpoints and contains a mandatory varlD identifier
as well as optional name, units, and sign convention attributes. An optional extrapolate attribute de-
scribes how to extrapolate the output value when the input value exceeds specified values. This element
isused for ssmple functions that don't share breakpoint or table values with other functions.

Possible parents

function

Allowable children

NONE
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Name

independentV arRef -- References a predefined signal as an input to afunction

i ndependent Var Ref

Content model

i ndependentVarRef : wvarlD, [min], [max], [extrapolate]
EMPTY

Attributes

var | D- theinternal XML identifier for the input signal

nm n (optional) - the allowable lower limit for the input signal

nmax (optional) - the allowable upper limit for the input signal
extrapol at e (optional) - extrapolation flags for IV out-of-bounds

Description

An independentVarRef more fully describes the input mapping of the function by pointing to a separate
breakpoint definition element. This allows common breakpoint values for many tables.

Possible parents

function

Allowable children

NONE
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Name

isOutput -- Flag to identify non-obvious output signals from model

i sQut put

Content model

i sQut put :
EMPTY

Attributes

NONE

Description

Optional isOutput element signals a variable that should be forced to be an output, even if it is used as
an input elsewhere. Otherwise, using program should assume a signal defined with no calculation is an
input; a signal defined with a calculation but not used elsewhere is an output; and a signal defined as a
calculation and used subsequently in the model is an internal signal.

Possible parents

vari abl eDef

Allowable children

NONE
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Name

modificationRecord -- To associate a reference single letter with a modification event

nodi fi cati onRecord

Content model

nodi fi cati onRecord : nodl D, [reflD
(aut hor, description?, extraDocRef*)

Attributes

nodl D - asingleletter used to identify all modified data with this mod
r ef 1 D (optional) - an optional document reference for this modification

Description

A modificationRecord associates a single letter (such as modification "A") with a modification author,
address, and any optional external reference documents, in keeping with the AIAA draft standard.

Possible parents

fil eHeader

Allowable children

aut hor
description
ext r aDocRef
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Name

modificationRef -- Reference to associated modification information

nodi fi cati onRef

Content model

nodi fi cati onRef : nodl D
EMPTY

Attributes

nodl D- theinternal XML identifier of amodification definition

Possible parents

provenance

Allowable children

NONE
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Name

provenance -- Describes origin or history of the associated information

provenance

Content model

provenance : [provlD
(aut hor, functionCreationDate, docunentRef*, nodificationRef*)

Attributes

provl D (optional) - This optional attribute allows provenance info to be cited el sewhere.

Description

optiona provenance describes history or source of data and includes author, date, and zero or more ref-
erences to documents and modification records.

Possible parents

fil eHeader

gri ddedTabl eDef
ungri ddedTabl eDef
function

Allowable children

aut hor

functi onCreati onDat e
docunent Ref

nodi fi cati onRef
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Name

provenanceRef -- References a previously defined data provenance description.

pr ovenanceRef

Content model

provenanceRef : provlD
EMPTY

Attributes

provl D- theinternal XML identifier for the previously defined provenance

Description

When the provenance of a set of several datais identical, the first provenance element may be given a
proviD and referenced by later data elements as a space-saving measure.

Possible parents

gri ddedTabl eDef
ungri ddedTabl eDef
function

Allowable children

NONE
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Name

reference -- Describes an external document

ref erence

Content model

reference : xmns:xlink, xlink:type, reflD, author, title, [accession],
EMPTY

Attributes

xm ns: xlink

xlink: type

r ef | D- aninternal, document-unique, XML identifier for this reference definition

aut hor - the name of the author of the reference

titl e -thetitle of the referenced document

accessi on (optional) - the accession number (I1SBN or organization report number) of the document
dat e - the date of the document, in YYYY-MM-DD format

xli nk: hr ef (optional) - an optional URL to an on-line copy of the document

Description

A reference element associates an external document with an ID making use of XLink semantics.

Possible parents

fil eHeader

Allowable children

NONE
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Name

ungriddedTable -- Definition of an ungridded set of function data

ungri ddedTabl e

Content model

ungri ddedTable : [nane]
(confidenceBound?, dataPoi nt +)

Attributes

nane (optional) - the name of the ungridded table being defined

Possible parents

functi onDef n

Allowable children

conf i denceBound
dat aPoi nt

Future plans for this element

Deprecated. Use ungriddedTableDef instead.
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Name

ungriddedTableDef -- Defines atable of data, each with independent coordinates
ungri ddedTabl eDef

Content model

ungri ddedTabl eDef : [name], [utlD], [units]
(description?,
(provenance? | provenanceRef ?)
, confidenceBound?, dataPoi nt+)

Attributes

nane (optional) - the name of the ungridded table
ut | D (optional) - an internal, document-unique XML name for the gridded table
uni t s (optional) - the units of measure for the table values

Description

An ungriddedTableDef contains points that are not in an orthogonal grid pattern; thus, the independent
variable coordinates are specified for each dependent variable value. This table definition is specified
separately from the actual function declaration and requires an XML identifier attribute so that it may
be used by muiltiple functions.

Possible parents

DAVEf unc

Allowable children

description
provenance

pr ovenanceRef
conf i denceBound
dat aPoi nt
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Name
ungriddedTableRef -- Reference to an ungridded table
ungri ddedTabl eRef

Content model

ungri ddedTabl eRef : gtID
EMPTY

Attributes

gt | D-theinterna XML identifier of aungridded table definition

Possible parents

functi onDef n

Allowable children

NONE

60



Dynamic Aerospace V ehicle Exchange
Markup Language (DAVE-ML) Reference

Name

variableDef -- Defines signals used in DAVE-ML model
vari abl eDef

Content model

vari abl eDef : name, varlD, units, [axisSystenj, [sign], [alias], [symbol], |
(description?, calculation?, isQutput?)

Attributes

nane - the name of the signal being defined

var | D- aninternal, document-unique XML name for the signal

uni t s - the units of the signal

axi sSyst em(optiona) - the axisin which the signal is measured

si gn (optional) - the sign convention for the signdl, if any

al i as (optional) - possible alias name (facility specific) for the signal

symbol (optional) - UNICODE symbol for the signal

i nitial Val ue (optional) - aninitial and possibly constant numeric value for the signal

Description

variableDef elements provide wiring information - that is, they identify the input and output signals
used by these function blocks. They also provide MathML content markup to indicate any calculation
required to arrive at the value of the variable, using other variables as inputs. Note the breakpoint values
are specified separately since one input signal may be normalized to more than one breakpoint set (for
gridded function data).

Possible parents

DAVEf unc

Allowable children

description
cal cul ati on
i sQut put
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