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Status of this Meno

Thi s docunent specifies an Internet standards track protocol for the
Internet community, and requests discussion and suggestions for

i nprovenents. Please refer to the current edition of the "Internet
Oficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this nmeno is unlimted.

I ntroduction

The purpose of this nmenp is to propose an update to Internet RFC 2045
to include a new primary content-type to be known as "nodel". RFC
2045 [1] describes mechani sms for specifying and describing the
format of Internet Message Bodies via content-type/subtype pairs. W
believe that "nodel" defines a fundanental type of content with

uni que presentational, hardware, and processing aspects. Various
subtypes of this primary type are inmediately anticipated but will be
covered under separate docunents.
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1. Overview

Thi s docunent will outline what a nodel is, show exanples of nodels,
and di scuss the benefits of grouping nodels together. This docunent
will not directly deal with the intended subtypes since those will be
covered by their separate registrations. Sone inmedi ately expected
subtypes are listed in section 7

Thi s docunent is a discussion docunent for an agreed definition,

i ntended eventually to forma standard accepted extension to RFC
2045. W are also targeting devel opers of input/output filters,

vi ewer software and hardware, those involved in MME transport, and
decoders

2. Definition of a npde

A nodel prinmary M ME type is an el ectronically exchangeabl e

behavi oral or physical representation within a given donmain. Each
subtype in the nmodel structure has unique features, just as does each
subtype in the other primary types. The inportant fact is that these
various subtypes can be converted between each other with | ess |oss
of information then to that of other primary types. This fact groups
these subtypes together into the nodel prinmary type. Al of the
expect ed subtypes have several features in comon and that are uni que
to this primary type.

To | oosely summari ze: nodels are mnultidinensional structures conposed
of one or nore objects. |If there are nmultiple objects then one

obj ect defines the arrangenent/setting/relationship of the others.
These objects all have calibrated coordi nate systens but these
systens need not be in the same units nor need they have the sane

di mensionality. 1In detail

1. have 3 or nore dinensions which are bases of the system and
forman orthogonal system (any orthogonal systemis sufficient).

This systemis specifically defined in terns of an orthogona

set of basis functions [for a subspace of the L*"2 function space]
over a coordinate system of dinension 3 or nore. Note that this
does not preclude regul ar skewed systens, elliptical coordinates,
different vector spaces, etc.

2. contain a structural relationship between nodel el enents.
3. have scaling or calibration factors which are related to physica
units (force, monentum time, velocity, acceleration, size, etc.).

Thus, an IGES file will specify a building of non-arbitrary size,
conput ati onal neshes and VRML nodels will have real spatial/
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temporal units. This allows for differing elenents to be conbined
non-arbitrarily.

4. ©Mbdel s can be single objects or conposed of a collection of
obj ects. These nornmally independent objects are arranged
in a master/slave scenario so that one object acts as the
reference, or primary object, which defines how the other
objects interrel ate and behave. This allows for the creation
of mathematical, physical, econom c, behavioral, etc. npdels
which typically are conposed of different el enents. The key is
in the description: these types describe how sonet hi ng
"behaves"; contrasted to typical data types which describe
how sonet hing "is".

The inclusion of this "collective" systemworks simlar to the

Emai | systemis nultipart/related type which defines the actions
of the individual parts. Further specification of the nodel/*

subtypes utilizing these properties is left to the subtype

aut hors.

Wth these assunptions:

a. the default dinensionality will be spatial and tenporal (but
any are allowed).

b. it is presumed that nodels will contain underlying structure
whi ch may or may not be i medi ately available to the
user. (fluid dynam cs vector fields, electromagnetic
propagation, interrelated | GES di nensional specifiers, VRWM
mat eri al s and operators, etc.)

c. it is assumed that basis set conversion between nodel domains
is lossless. The interpretation of the data may change but
the specification will not. i.e. convert the nodel of the
U S. A Goss Donmestic Product into a VRML nodel and navi gate
it to explore the variances and interrelationships. The nodel
has many di mensi ons but al so "passages" and "corridors”
linking different parts of it. A simlar situation is true
for meshes and CAD files. The key is identifying the basis set
conversi on whi ch nakes sense.

d. nodels are grouped to assure LESS | oss of information between
the nodel subtypes than to subtypes of other primary
types. (i.e. converting a chemcal nodel into an image is
more | ossy than concerting it into a VRVML nodel ).
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Itenms ¢ and d above define the grouping for nodel simlar to the way
that "images" and "videos" are grouped together; to assure |less |oss
of information. GObviously converting froma GF imge to a JPEG

i mge | ooses | ess information than converting froma G F inmage to an
AU audio file.

3. Consultation Mechanisns

Bef ore proposing a subtype for the nodel/* primary type, it is
suggested that the subtype author exam ne the definition (above) of
what a nodel/* is and the listing (below of what a nodel/* is not.
Addi tional consultations with the authors of the existing nodel/*
subtypes is al so suggest ed.

Copi es of RFCs are avail able on
ftp://ftp.isi.edu/in-notes/
Copies of Internet-Drafts are avail abl e on:
ftp://ftp.ietf.org/internet-drafts/
Simlarly, the VRWML discussion |ist has been archived as:
http://vrm . w red. conifarch/

and di scussions on the conp.mail.mne group may be of interest.
Di scussion digests for the existing nodel/* subtypes may be
referenced in the respective docunents.

The mesh community presently has numerous different nmesh geonetries
as part of different packages. Freely available libraries need to be
advertised nore than they have been in the past to spur the

devel opment of interoperable packages. It is hoped that by foll ow ng
the exanpl e of the VRML community and creating a freely avail abl e
conprehensive library of input/output functions for nmeshes [11] that
this problemw |l be alleviated for the mesh community. A freely
avai l abl e mesh viewer conformng to these standards is avail abl e now
for various platforns. Consulations with the authors of the nmesh
system

http://wwe-dsed. || nl.gov/document s/ tests/ mesh. htn
wi Il be beneficial
The 1 GES comunity has a suite of tests and conformance utilities to

gauge the conformance to specifications and software authors are
encouraged to seek those out from N ST [14].
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4. Encodi ng and Transport

a. Unrecogni zed subtypes of nodel should at a minimum be treated
as "application/octet-streanf. Inplenentations nay optionally
el ect to pass subtypes of nodel that they do not specifically
recogni ze to a robust general - purpose nodel view ng
application, if such an application is avail abl e.

b. Different subtypes of nodel may be encoded as textua
representations or as binary data. Unless noted in the
subtype regi stration, subtypes of nodel should be assuned to
contain binary data, inplying a content encodi ng of base64 for
emai | and binary transfer for ftp and http.

c. The formal syntax for the subtypes of the nodel primary type
shoul d | ook |ike this:

Medi a type nane: nodel

Medi a subtype nane: XXXXXXXX

Requi red paraneters: none

Opti onal parameters: di mensionality, state
(see bel ow)

Encodi ng consi derations: base64 encoding is recomended when
transm tting nodel/* docunents through
M ME el ectronic mail

Security considerations: see section 5 bel ow

Publ i shed specification: This docunent.
See Appendix B for references to sone of
t he expected subtypes.

Person and enmil address to contact for further information:
Scott D. Nel son <nel son18@]I nl. gov>
7000 East Ave.
Law ence Livernore National Laboratory
Li vermore, CA 94550

The optional paraneters consist of starting conditions and variabl e
val ues used as part of the subtypes. A base set is listed here for
illustration purposes only and will be covered in detail as part of
the respective subtypes:

dimension := string ; a nunber indicating the nunber of dinensions.

This is used as a "hint" in selecting
appl i cabl e vi ewer prograns.
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5.

state = string ; "static" or "dynamc". In "static", the

observer may nove about, thus effecting
transl ati ons, rotations, pans, zoons, etc.

but the data does not change. In "dynamc",
the data itself is manipulated via

skews, elongations, scales, etc. Note that
time evolution is still a static operation
since it is just a translation al ong one of
the principal dinensions while the elongation
of a cube or object deformation are dynamc
operati ons.

Note that this optional paraneter list does not limt those
specified by the various subtypes.

d. The specific issues relating to the various subtypes are covered
as part of the description of those specific subtypes. The
following is an exanple of a typical M ME header used for nail
transport purposes:

To: you@one. org

From nelsonl8@]I nl. gov

Date: Fri, 30 Aug 96 13:33:19 -0700

Cont ent - Type: nodel / nesh; di nensi on="4"; state="static"
Cont ent - Transf er - Encodi ng: base64

M ME- Version: 1.0

Subj ect: nodel data file

I 1ZSTuwgVj EuMCBhc2NpaQoj | FRoaXMgZm sZSB3YXMyl Gdl bny Y. . .
byBDb21t dWspY2FO0aVWucwoj | GhOdHAG6LY93d3cuY2hhY28uY29t C. .
I yBlc2VKkl G ul Hlvb20gMrkyl Ch0ZXNOI HIvb20pCi Agl Aoj | FRvc. .

Security Consi derations Section

Note that the data files are "read-only" and do not contain file
system nodi fi ers or batch/macro commands. The transported data is
not self-nodifying but may contain interrelationships. The data
files may however contain a "default view' which is added by the
author at file creation tinme. This "default view' nmay manipul ate

vi ewer variables, default |ook angle, lighting, visualization
options, etc. This visualization may al so involve the conmputation of
vari abl es or values for display based on the given raw data. For

nmot ori zed equi pnent, this may change the position fromthe hardware’s
rest state to the object’s starting orientation
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The internal structure of the data files may direct agents to access
additional data fromthe network (i.e. inclusions); the security
limts of whom are not pre-supposed. Actions based on these
inclusions are left to the security definitions of the inclusions.
Further comrents about the security considerations for the subtypes
will be contained in each subtype's registration.

6. Authors’ Addresses

S. D. Nel son

Law ence Livernore National Laboratory,
7000 East Ave., L-153,

Li vernmore CA 94550, USA.

E-Mail: nel son18@I nl . gov

C. Parks

National Institute of Standards & Technol ogy
Bl dg 220, Room B- 344

Gai t her sburg, MD 20899, USA.

E- Mai | : parks@eel . ni st. gov

Mtra

Wor | dvaker

1056 Noe

San Franci sco, CA 94114
E-Mail: nmitra@arth. pat h. net

7. Expected subtypes

Table 1 lists sone of the expected npdel sub-type names. Suggested 3
letter extensions are al so provided for DOS conpatibility but their
need i s hopefully dimnished by the use of nore robust operating
systens on PC platfornms. The "silo" extension is provided for
backwards conpatibility. Mesh has an extensive list of hints since
the present variability is so great. |In the future, the need for
these hints will dinminish since the files are self describing. This
docunent is not registering these subtypes. They will be handl ed
under separate docunents.
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Tabl e 1.
Pri mary/ sub-type Suggest ed extension(s) Ref er ence
nodel /i ges i gs,iges [ 8]
nodel /vrm wr | [9]
nodel / mesh msh, nesh, silo [ 10]

It is expected that nodel /nmesh will al so nake use of a nunber of
paraneters which will help the end user determ ne the data type

wi t hout exani ne the data. However, note that mesh files are self-
descri bi ng.

regul ar+static, unstructed+static, unstructured+dynam c,
conformal +static, conformal +dynam c, isoparametric+static,
i soparanetri c+dynam c

The sub-types |isted above are some of the anticipated types that are
already in use. Notice that the I1CGES type is already registered as
"application/iges" and that RFC states that a nore appropriate type
is desired. Note that the author of "application/iges" is one of the
authors of this "nodel" subm ssion and application/iges will be re-
regi stered as nodel/iges at the appropriate tine.

The VRML type is gaining wi de acceptance and has numerous parall el
devel opment efforts for different platforms. These efforts are

fuel ed by the rel ease of the QuLib library for reading VRWML files;

wi t hout which the VRML effort would be less further along. This has
all owed for a consistent data type and has by defacto established a
set of standards. Further VRML efforts include interfaces to other

ki nds of hardware (beyond just visual displays) and it is proposed by
those involved in the VRML effort to enconpass nore of the five
senses. Unlike other kinds of "reality nodeling" schemes, VRML is
not proprietary to any one vendor and shoul d experience simlar
growt h as do ot her open standards.

The nesh type is an of fshoot of existing conputational meshing
efforts and, like VRML, builds on a freely available library set.
Also like VRML, there are other proprietary meshing systens but there
are converters which will convert fromthose cl osed systens to the
mesh type. Meshes in general have an association feature so that the
connectivity between nodes is maintained. It should be noted that
nmost nodern meshes are derived from CAD solids files
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8. Appendi ces
8.1 Appendi x A -- extraneous details about expected subtypes
VRML Data Types

The 3D nodel ing and CAD conmunities use a nunber of file formats to
represent 3D nmodels, these formats are w dely used to exchange
information, and full, or |ossy, converters between the formats exi st
bot h i ndependently and integrated into wi dely used applications. The
VRML format is rapidly becomng a standard for the display of 3D

i nformati on on the WWV

Mesh Data Types

For many decades, finite elenent and finite difference tine domain
codes have generated nmesh structures which attenpt to use the

physi cal geometry of the structures in connection with various
physi cs packages to generate real world sinulations of events

i ncludi ng el ectromagneti c wave propagation, fluid dynam cs, notor
design, etc. The resulting output data is then post processed to
examine the results in a variety of fornms. This proposed nesh
subtype will include both geonetry and scal ar/vector/tensor results
data. An inportant point to note is that many nodern nmeshes are
generated from solids constructed using CAD packages.

Motivation for nmesh grew out of discussions with other communities
about their design requirenents. Many CAD or scene descriptions are
conposed of a small nunber of conplex objects while conputationa
meshes are conmposed of |arge nunbers of sinple objects. A 1,000,000
el ement 3D mesh is small. A 100, 000, 000 el enent 3D structured mesh
is large. Each object can also have an arbitrary anount of

associ ated data and the nesh connectivity information is inportant in
optim zing usage of the nesh. Also, the mesh itself is usually

uni nteresting but postprocessi ng packages may act on the underlying
data or a conputational engine nmay process the data as input.

Meshes differ principally fromother kinds of scenes in that meshes
are conposed of a |large nunber of sinple objects which may contain
arbitrary non-spatial paraneters, not all of whom need be visible,
and who have an inplicit connectivity and neighbor list. This latter
point is the key feature of a mesh. It should be noted that nost
meshes are generated from CAD files however. The mesh type has
associ ation functions because the underlying physics was used to
calculate the interaction (if you crash a car into a tel ephone pol e,
you get a crunpled car and a bent pole). Mst interesting

conput ational neshes are 4D with additional nultidinensional results
component s.
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| GES CAD Data Types

(The follow ng text, reproduced for reference purposes only, is from
"U. S. Product Data Association and | GES/ PDES Organi zati on Reference
Manual ," June 1995; by perm ssion.)

IGES, the Initial G aphics Exchange Specification, defines a neutra
data format that allows for the digital exchange of information anong
comput er - ai ded desi gn (CAD) systens.

CAD systens are in use today in increasing nunbers for applications
in all phases of the design, analysis, and manufacture and testing of
products. Since the designer may use one supplier’s systemwhile the
contractor and subcontractor may use other systens, there is a need
to be able to exchange data digitally anong all CAD systens.

The dat abases of CAD systens fromdifferent vendors often represent
the same CAD constructs differently. A circular arc on one system may
be defined by a center point, its starting point and end point, while
on another it is defined by its center, its dianmeter starting and
endi ng angl e. | GES enabl es the exchange of such data by providing, in
the public domain, a neutral definition and format for the exchange
of such dat a.

Using | GES, the user can exchange product data nodels in the form of
wi reframe, surface, or solid representations as well as surface
representations. Translators convert a vendor’s proprietary interna
dat abase format into the neutral IGES format and fromthe | GES format
into another vendor’s internal database. The translators, called pre-
and post-processors, are usually available fromvendors as part of
their product I|ines.

Applications supported by I GES include traditional engineering

drawi ngs as well as nodels for anal ysis and/or various manufacturing
functions. In addition to the general specification, |IGES also

i ncludes application protocols in which the standard is interpreted
to neet discipline specific requirenents.

| GES technol ogy assunmes that a person is avail able on the receiving
end to interpret the nmeaning of the product nodel data. For instance,
a person is needed to determ ne how many holes are in the part
because the hole itself is not defined. It is represented in | GES by
its conmponent geonetry and therefore, is indistinguishable fromthe
circul ar edges of a rod.

The |1 GES format has been registered with the Internet Assigned

Nunbers Authority (1 ANA) as a Miltipurpose Internet Mil Extension
(M M) type "application/iges". The use of the nessage type/subtype
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in Internet messages facilitates the uniformrecognition of an | GES
file for routing to a viewer or translator.

Version 1.0 of the specification was adopted as an Anerican Nati onal
St andards (ANS Y14.26M 1981) in Novenber of 1981. Versions 3.0 and
4.0 of the specification have subsequently been approved by ANSI. The
current version of IGES 5.2 was approved by ANSI under the new

gui delines of the U S. Product Data Association. Under these

gui del i nes, the | GES/ PDES Organi zation (I PO became the accredited
standards body for product data exchange standards. This | atest
standard i s USPRO | PO 100- 1993.
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[11] "SILO User’s CGuide", Lawence Livernore National Laboratory,
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8.3 Appendi x C -- hardware
Nunmer ous ki nds of hardware al ready exist which can process sone of
the expected nodel data types and are listed here for illustration
pur poses only:
stereo gl asses, 3D lithography machi nes, automated manufacturing

systens, data gloves (with feedback), mlling machines,
aromascopes, treadmlls.
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8.4 Appendix D -- Exanpl es

This section contains a collection of various pointers to exanpl es of
what the nodel type enconpasses

Exanpl e nesh nodel objects can be found on this nesh page
http://ww*-dsed. || nl.gov/docunment s/ tests/ mesh. ht n

Various | GES conpliant test objects:
http://ww. eeel . ni st. gov/iges/specfigures/index. htn

VRML Test Suite:
http://ww. chaco.com vrnl /test/

An i mage of a nodel of a shipping cage crashing into the ground:
http://ww. |1 nl.gov/liv_conp/nei ko/ apps/ dyna3d/ cagefi g2.gif

An i mage of a 100, 000, 000 zone nesh:
http://ww. |1 nl.gov/liv_conp/nei ko/ apps/ hardi n/ PMESH. gi f

A video of a seismc wave propagation through a conputational mesh
http://ww. | 1nl.gov/liv_conp/nei ko/ apps/| arsen/ novi e. npg
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