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The TERRIFIC toolkit

“Write programs that do one thing and do it well.
Write programs to work together.”

JKU INRIA SINTEF

igatools TUKL

Application Feature

oriented detection

Purpose Solvers usin and volume - tools for - model
Assembly of B-Splines < segmentation visualization, exchange

Operators interaction and [ -isogeometric
and NURBSS. computation. modelling

TERRIFIC

-geometric -geometry and

General modeler topology

OO is the programming paradigm that
realize interaction.
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http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Computer_program

Why OO Software?

“Write programs that do one thing and do it well.
Write programs to work together.”

TUKL JKU INRIA SINTEF

igatools

-geometric -geometry and

Application
ob Feature modeler topology

oriented detection

Purpose Solvers usin and volume - tools for - model
Assembly of B-Splines < segmentation visualization, exchange

Operators interaction and [ -isogeometric
and NURBSS. computation. modelling

TERRIFIC

General

>>> QObject obj
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Why OO Software?

“Write programs that do one thing and do it well.
Write programs to work together.”

TUKL JKU INRIA SINTEF

igatools

-geometric -geometry and

Application
ob Feature modeler topology

oriented detection

Purpose Solvers usin and volume - tools for - model
Assembly of B-Splines < segmentation visualization, exchange

Operators interaction and [ -isogeometric
and NURBSS. computation. modelling

TERRIFIC

General

>>> Object obj
>>> smth = obj.do_something()
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http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Computer_program

Why OO Software?

“Write programs that do one thing and do it well.
Write programs to work together.”

TUKL JKU INRIA SINTEF

igatools

-geometric -geometry and

Application
ob Feature modeler topology

oriented detection

Purpose Solvers usin and volume - tools for - model
Assembly of B-Splines < segmentation visualization, exchange

Operators interaction and [ -isogeometric
and NURBSS. computation. modelling

TERRIFIC

General

>>> Object obj

>>> smth = obj.do_something()

>>> Another anth

>>> cool = anth.do_something_cool(obj.do_something())
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igatools Mapping

Push-forward Reference Space

Transformation

Type Physical Space

Element Iterator

element = phys_space->begin();
endc = phys_space->end(); / Vi -Vu=Y / Vu, - Vo = Ay,
Q < JK

for(; element !=endc; ++element) {
local_dofs = element->get_local_to_global();

for (q = 0; q <n_gpoints; g++) {

for (i=0;i<n_basis;i++) {
for (j = 0;j <n_basis; j ++) {
local_matrix(i,j) += scalar_product(
element->get_gradient(i,q) , element->get_gradient(j,q) )
* element->get_w_mes(q); } } }

1 ) matrix.add(local_dofs,local_dofs,local_matrix);} 7
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igatools "12pping

Push-forward Reference Space

Transformation
Type Physical Space

Element Iterator

element = phys_space->begin();
endc = phys_space->end();

mo_global();

for (q = 0; q < n_gpoints; g++) {

for (i=0;i<n_basis;i++) {
for (j = 0; j <n_basis; j ++) {
local_matrix(i,j) += scalar_product(
element->get_gradient(i,q), element->get_gradient(j,q) )
* element->get_w_mes(q); } } }

’: ) matrix.add(local_dofs,local_dofs,local_matrix);}
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igatools Mapping

Push-forward Reference Space

Transformation

Type Physical Space

Element Iterator

element = phys_space->begin();

endc = phys_space->end(); / Vu- Vo = / , A; s
j > | D G A

for(; element !=endc; ++element) {

local_dofs = element->get_local_to_global();
for (q = 0; q <n_gpoints; g++) {

for i=0;i<n_basis;i++) {
for (j =0;j <n_basis; j ++) {
local_matrix(i,j) += scalar_product(
. element->get, gradient(),a))
* element->get_w_mes(q); } } }

’: ) matrix.add(local_dofs,local_dofs,local_matrix);}
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Computational Mechanics

® The Model Equations.
f (o)

(2, p) — /

Q{lu {I:C—Q} —pulnJ+p @(J)} — F(v;7)
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Computational Mechanics
® The Model Equations.

{17(a, p) = /Q{%“ [I:C—z} —pulnJ+p @(J)} — F(v;7)

A (a, p)[v,q] = 0

,LL/Q[F—F_T]:Vv—I—/Q m(JFT Vv —F(viy)=0

| RS
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Computational Mechanics
The Model Equations.
f(flfo)
1e(a.5) = [

Q

dQH;égc(ﬁaﬁ)[(uvp% (V7 C])] — a’ﬁ’(uﬂ V) T b"Y(V7p) + b?’(u’ q>

{%u {I:C—Q} —ulnJ +p @(J)} — F(viv)

y

ay(u,v) ::,u/ Vu: Vv —I—/ [,u —p W(j)} (F~vu)? :F vy
Q Q

) + /Q p e(NDET . Vu)(FT:Vv)

b~ (v, Q) ::/ g n(J))FT:Vv
\ Q

L
N (4
=y
7))
\
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Computational Mechanics

/ pr(HF T Vv
B Assembly of the mixed term: {2

\
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Computational Mechanics
Assembly of the mixed term:

0 O Ui Wi+

/ pr(HFT Vv
Q

T< 1, 1, temnsor::cont, Tdouble > prex_q;

T< dim_ref, 1, tensor::cov,

T< dim_phys, 1, tensor::cont, Tdouble > > defgrad_q, defo_grad_q;

for (; defo_elem != defo_end ; ++defo_elem, ++prex_elem){
for (Index q = 0; q < n_qgp; ++q){

for(Index i = 0; i < defo_loc_ndofs; ++1i)
defo_grad_q += defo_vec(dof) * grad_phi_ql[il];

for(Index i = 0; i < prex_loc_ndofs; ++i)
prex_q += prex_vec(dof) * prex_phi_qlil;

defgrad_q = unit_defgrad + defo_grad_q;

inverse<dim_ref, dim_phys> (defgrad_q,defgrad_inv_q);
defgrad_invT_q = co_tensor(transpose(defgrad_inv_q));

for (Index i = 0; i < defo_loc_ndofs; ++i){
defo_loc_res(i) += mat_mu * prex_ql[O0] =

scalar_product (defgrad_invT_q,
grad_phi_q[i]) *wl[ql ;3}}}

Listing 1: Assemble of the mixed term in the momentum equation.
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Computational Mechanics / AET Ty
B Assembly of the mixed term:

1
2
3 b
1| T< aim_phys, 1, tensor::cont, Tdouble > > defgrad_q, defo_grad_g;
5
6 for (; defo_elem != defo_end ; ++defo_elem, ++prex_elem){
7 for (Index q = 0; q < n_qgp; ++q){
8
9 for(Index i = 0; i < defo_loc_ndofs; ++i)
10 defo_grad_q += defo_vec(dof) * grad_phi_qlil;
11
12 for(Index i = 0; i < prex_loc_ndofs; ++1i)
13 prex_q += prex_vec(dof) * prex_phi_q[il;
14
15 defgrad_q = unit_defgrad + defo_grad_q;
16
17 inverse<dim_ref, dim_phys> (defgrad_q,defgrad_inv_q);
18 defgrad_invT_q = co_tensor (transpose(defgrad_inv_q));
19
20 for (Index i = 0; i < defo_loc_ndofs; ++i){
21
22 defo_loc_res(i) += mat_mu * prex_q[0] x*
23 scalar_product (defgrad_invT_q,
24 grad_phi_q[i]) *wl[ql ;3}}}
)

Listing 1: Assemble of the mixed term in the momentum equation.
TERRIFIC




Computational Mechanics / AET Ty
B Assembly of the mixed term:

1
2
3 s
1| T< aim_phys, 1, tensor::cont, Tdouble > > defgrad_q, defo_grad_g;
5!
6 for (; defo_elem != defo_end ; ++defo_elem, ++prex_elem){
7 for (Index q = 0; q < n_qgp; ++q){
8
9 for(Index i = 0; i < defo_loc_ndofs; ++i)
10 defo_grad_q += defo_vec(dof) * grad_phi_qlil;
11
12 for(Index i = 0; i < prex_loc_ndofs; ++1i)
13 prex_q += prex_vec(dof) * prex_phi_q[il;
14
15 defgrad_q = unit_defgrad + defo_grad_q;
16
17 inverse<dim_ref, dim_phys> (defgrad_q,defgrad_inv_q);
18 ‘defgrad_invT_q = co_tensor (transpose(defgrad_inv_q));
19
20 for (Index i = 0; i < defo_loc_ndofs; ++i){
21
22 defo_loc_res(i) += mat_mu * prex_q[0] x*
23 eSsesiers ey nadmingimor
24  grad_phi_ql[il) *wlql ;}}}
)

Listing 1: Assemble of the mixed term in the momentum equation.
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Computational Mechanics /ﬁ AET Ty
B Assembly of the mixed term: {2

T< 1, 1, temnsor::cont, Tdouble > prex_q;

T< dim_ref, 1, tensor::cov,
T< dim_phys, 1, tensor::cont, Tdouble > > defgrad_q, defo_grad_q;

0 O Ui Wi+

for lem) {
f

: GOAL:
}‘1) Respect the mathematical N
- formulation of operators, so that
14 any SciCom user can easily
16 assemble sophisticated R—
s operators. v-a;
20
21
gg scalar_product (defgrad_invT_q,

24 grad_phi_q[il) *wl[ql ;2}}}
=Y
1 ) Listing 1: Assemble of the mixed term in the momentum equation. 7
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Computational Mechanics
B Benchmark Cook’s membrane.

48 mm

A
Y

Uy

16 mm F

;|4
<

44 mm
E = 240.565 MPa
v=20.5

F =100 kN

Y
L.,

\
(L’
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Computational Mechanics
B Benchmark Cook’s membrane.

F
stress xx

| lo+?
shape functions = S3 /53 A
elements = 16 x 16
2047

~des7

So+7

F
stress xx

1. 1947

shape functions = S3 /S5

elements =4 x 4

\
r‘)
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Computational Mechanics
B Benchmark Cook’s membrane.

F
stress xx

ilc0?

shape functions = S3 /53 s

elements = 16 x 16

2047

A7
So+7

F

stress xx
1. 1947

shape functions = S3 /S5 A
elements = 4 x 4
20+7

o7
Sa+7

‘
7))

\

TERRIFIC

shape functions = S

elements =4 x 4

shape functions = S5

elements = 16 x 16

F
SIress xx

1107

stress xx




Computational Mechanics
B Benchmark Cook’s membrane.

103
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E
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g
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Computational Mechanics
B Industrial Test Case

Disp.
i.OAQQ] 6

0.04
.0.03

0.02
0.01

0
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Computational Mechanics
B Industrial Test Case

Disp.
i.OAQQl 6

-0.04
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0.01




Fluid Dynamics
® The Model Equations.

p(Vu)u— puV?u+ Vp =f
V-u=0

In Matrix Form:

(5 )

ERRIFIC

f (o)
f
0
f(x) )
\ T T i L




Re = 5000

Re = 3200

)
TERRIFIC
Enhancing Interoperability



Fluid Dynamics

B Industrial Test Case

pressure
0.956 l

=038
- 0.6
0.4

[1;2

-0.00862"% 0

\
(‘)
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Interplay on The Demonstrator
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Conclusions

® We developed a modular software that is capable of
interfacing with other TERRIFIC modules.

® On the PDE side, this software makes easy the assembly
of sophisticated operators.
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for (dof_index q = 0; q < quad.get_num_points (); q++)
{
Tensor<dim_phys, rank, contravariant, double> vel_q;
for (dof_index i = 0; i <local_ndofs; i ++){
auto phi = element->get_value(i,q);
vel_q = vel_q+vel[local_dofs[i]l]lx*phi;}
for (dof_index i = 0; i <local_ndofs; i ++){
for (dof_index j = 0; j <local_ndofs; j ++){
adv_ij = scalar_product (
action(element->get_gradient(j,q),vel_q),
element ->get_value(i,q) )=*
element ->get_w_measures () [q];]1}}
}
Listing 1: Advection assemble.
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1 |for (dof_index q = 0; q < quad.get_num_points(); q++)
2 4
3 Tensor<dim_phys, rank, covariant,
4 Tensor<dim_phys, rank, contravariant, double>> grad_vel_q;
5)
6 for (dof_index i = 0; i <local_ndofs; i++){
7 auto grad_phi = element->get_gradient(i,q);
8 grad_vel_q = grad_vel_q + vel[local_dofs[i]] * grad_phi;}
9
10 for (dof_index i = 0; i <local_ndofs; i++){
11 for (dof_index j = 0; j <local_ndofs; j++){
12 jac_ij = scalar_product (action(
13 grad_vel_q,
14 element ->get_value(j,q)),
15 element ->get_value(i,q) )*
16 element ->get_w_measures () [ql;}}
17 |}
""'*L: ) Listing 1: Jacobian assemble.
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