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Why OOF2?

* Commercial FEM packages exist, but are

best suited to domains with clean

mathematical descriptions.

* Materials scientists ask, “How does

microstructure affect aggregate properties?”
* |rregular structure is important

* Possible but tedious to construct a

microstructural FEM mesh in a commercial

code




UNMIVERSITY




UNIVERSITY




UNIVERSITY




LA

A

ALY

IRRREY
IRRRRA
[RY Y

\\
\

| ‘\\
\\\ 4
(R
kY i)

}

W

b=

Ime

°
a
£
S
)
=
3

alul

Drexel

UNIVERSITY




UNIVERSITY




UNIVERSITY




UNIVERSITY




X

File Settings

4972

Windows

MiLd

Task: Qil Microstructure

Customizable

Look and Feel

Microstructure= small ppm 'vl

D New. .

rMicrostructure Info

Pizel size: 150%150

Images:
small.ppm

Physical size: 150%150

X O0Fd —Iaix]
| D Hew from Image | D New from Image = = : =
File Zettings Windows Help |
E Rename...l Copy. ﬁ Delete | E Save.. | | 7
_ Task: | <i| Microstructure v |
Fixel Groups L !
Mew.. ar-ticles 04 pizels. mesha Microstructure=I small.ppr >
Rename... al— — _T _
= = L = ! —— ] New from Image Pi1e|
| Copy. X leiE @@5@ . 2
Delete | File Settings Windows Help lE; Save..
¥ Mesha Task: <@ Microstructure | 32 | ® |
—- e E (2404 pixels,| Add
Microstructure= small.ppﬁzl .Rernovel
[ New... [ New from Image [ New from Image File52585fﬂxela T clear ]
(4 Rename... [ Copy... lﬁi Delete | [ Sawe... I Info

Microstructure Info-
Pixel size: 150x150
Physical size: 158x156

Images:
small.ppm

Pixel Groups

New. ..

||particles (2404 pix
.féRename...'F? (4781 pix
i Copy. .. matrix (2585 pixels
I Delete | i
 © Meshable ;

4l

Elearl

Info

==

UNIVERSITY



Extension strategy is itself flexible
* Build-time
* Run-time
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Scope

A Brief OOF Glossary

* Field: A degree of freedom defined at the nodes, for which you are solving,
e.g. displacement, temperature

* Flux: A quantity whose distribution determines the equilibrium of the system,
e.g. stress, heat flow

* Property: A mapping between fields or derivatives of fields, and fluxes,
controlled by a modulus, e.g9. ¢;; = C;;ki1€k

* Equation: A criterion on the fluxes which, when satisfied everywhere, means
the system is in equilibrium, e.g. V; -0, = f;

* Force: A quantity which acts as a source or sink of flux, often conjugate to a
degree of freedom

NIST

National Institute of Standards and Technology
Technalogy Administration, U.5. Department of Commerce




resent Sco

nce of flux equals source
efficient times field derivatives

- OAY:

Thermal
Elasticity Conductivity Electrostatics
flux, O Stress Heat flux Polarization
modulus, K Cijki Kjj Ejj
field, ¢p Displacement | Temperature Voltage
force, f Force Heating rate Charge
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‘esent Scope

ncludes couplings
lectricity

Thermal

Elasticity Conductivity Electrostatics
flux, O Stress Heat flux Polarization
modulus, K Cijki Kjj Ejj
field, ¢p Displacement | Temperature Voltage
force, f Force Heating rate Charge
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Future Scope

All of continuum solid mechanics
_ — ¥ (creep, plasticity, etc.

Longer term:
* New equation classes

* Helmholiz, Wave
e Interactive 3D with GUI
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rganization

Material e Collection of properties

Image ¢ Associates colors with pixels

Skeleton  Geometry of mesh
* Element, segment, node selections, groups

Mesh ¢ Equations, fields, boundary conditions ST
* Interpolation, stiffness matrix construction
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Basic imag

into material r
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Independent
equations
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converge faster!
les are not symmetric
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Architecture

Size:

date

Thur Aug 24 9:41:40 EDT 2006

cd SRC

find . -name '*.py' | xargs wc | tail -1
99609 338645 3812236 total

find . -name '*.C' -o -name '*.h' | xargs wc | tail -1
61359 218636 1875088 total

find . -name '*.swg' | xargs wc | tail -1
8839 27754 239741 total

* Raw line-count includes duplicate disclaimers, import lines, comments, etc.
* Source tree traversal omits testing code, worked examples, prototypes, etc.

NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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Architecture

ential operations are expressed in terms of
ands from a hierarchical menu

the menu tree

and(argl=valuel,...)

Arguments for menuitem callback

This command locates the menuitem in the tree, and
Invokes its callback with the item itself as the first
argument, appending the specified keyword arguments
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Architecture

ed type-aware containers for arguments to menu
bject constructors
2neration of widgets to fill in values

nave different representations
s. HSV vs. Grayscale for colors

OOF supports a high level of extensibility
through automatic generation of widgets for
arguments to menu commands




rchitecture

thon/C++ boundary

One advantage of the SWIG approach is that we can place
the language boundary in different places according to
flexibility or performance requirements

ge, user-time, flexibility)

> (@bsence of wrappers, speed)
ne, dynamic option assignments)
ibility, complex undo/redo)

m, may be changed

+ (maturity, speed)
SparseLib+-+ linkage, speed)




OOF2 Summary
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nd-line, or remote operating modes
and conditionals
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