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—eAu+a-Vu+ou=7f

e Accuracy

e Flexibility
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Approximate solution

Au=t1

e Performance

e Mathematical theory
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New methods... Cientifica

Digital libraries of
"non-executable”
papers

Gotchalll

a(u,v) —I—Z —~ /athaK[Vu -n|[Vv-n] ds = (f,v)

o \Will my implementation be useful
¢ Do | need brand new code”? in the future”

e Can | deploy at runtime” e How can | compare against other
method implementations?
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* Long time-to-market

Productivity

- "Crosscutting error" proneness

Sequential
compositionality

Dynamic languages

« Software architecture!!

o

_ =@ g

- Mitigation strategy 5 22
5 3T

M 3° )

e 0Q

- Stratification of productivity
and efficiency

- Productivity through rapid Efficiency
prototyping

Parallel
compositionality

Compiled
language
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SPINMe

- Rapid prototyping of FE methods

* Local programming

- Good performance
 Perpetuation/reproduction of methods

» Concept of "executable paper"

6
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AK[1][3] = AK[1][3] + ..
bK[j] = bK[j| + ... Methods
Database

Lua language
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What has been done so far? Eicniiflcs

e Stationary

e Scalar

® [ransient

® \/ectorial

* Meshes: gmesh, tetgen

e GPU awareness
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AK[i][3] = AK[3][3] + ..

bK[j] = bK[j] + ... Methods
Database

Lua language
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e General problem: convection-reaction-diffusion...

u — V- (eVu)+a-Vu+ou=f, in ),
u=g, ondlp,
(eVu)-n=h, on dQy,
u(x,y,0) = ug(x,y), in .

Q0 = [0.1] ¢ R d = 2,3 and 9Q = 9Qp N Iy

e ..whose variational form depends on the method...
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e Stationary problem - Continuous Galerkin Methods
Find v € HY(Q),u = g on 01, such that:

(eVu, Vv) + (a- Vu,v) + (ou,v) = (f,v), Vv e Hy(9).

§ 1 StatARD = { Dimension = 2,
| FreeNodes = A

2
3 [1] = {

4 Diffusion = { Epsilon = { {0.0001, 0.0}, 3
¥ 5 {0.0, 0.0001} } }, &
i Reaction = { Sigma = 0.01 1}, :
R 7

8

9

Solution

.72807
8
Advection = { Alpha = { 0.5, 0.5 }, }, 6
SourceSink = { F = 1.0 }, é
¥ 5
-0.374338

§10 }, -- End of Freellodes

$11 ConstrainedNodes = {

212 [14] = { PhyEntity = 1,

B Dirichlet = { G = 1.0, }, },
§14 [15] = { PhyEntity = 1,

15 Dirichlet = { G = 0.0, }, },
3 }, -- End of ConstrainedlNodes

Without stabilization
term
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e Implementation of a new contribution - Stabilized Methods
Find u € H'(Q),u = g on 92, such that:

Yooy oSN TSN LAt - >
= - N =

§ 1 unusual_physics

2 FreeNodes = {
L 3 [1] =
| 4 -- Same as before
s unusual_term = {}, -- New term!!! SEIEHGR
b o } 13397
7 Y}, -- End of FreelNodes 1
| 8 ConstrainedNodes = {...}, -- End of ConstrainedlNodes 825
3 ot 10.25
;10 unusual_physics.FreeNodes [1].unusual_term = { -- New term specs!'§ {0]
11 Nu = unusual_physics.FreeNodes[1].Diffusion.Epsilon[1][1], : -0.133975
%12 Sigma = unusual_physics.FreeNodes[1].Reaction.Sigma,
A unusual _physics.FreeNodes[1].Advection.Alpha, :
14 H 1/256, -- mesh dependent!!!! ‘? With stabilization
U3 f unusual_physics.FreeNodes [1].SourceSink.F, z term
. 11 )) 11 ))
* \Where is “B” and “F"?77? 10

quarta-feira, 4 de setembro de 13
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£ local function tau_K() ... -- aux function omitted for brevity

i

'1 function unusual_term.asmFreeNodes(data, weight, ek, ef)
& local x, phi, dphi = data:getX(), data:getPhi(), data:getDPhix()

a(Un, Vi) + B(uh, Vi) = (Vi) + F(vh)

-
~~~~
.......

(= -

- -

B -
-y

§-fori=0,r~Tdo-----=="""""=meeeeal
. -6f[if[0] = ef[i][0] + weight * f * phi[i][0] -

-
-~ ~

T Tl N * weight * f * tau_K(x[0],x[1]) * N
."'~~.: ~~~~ g -~ <(Sigma * phi[i][0] - A[0] * dphi[O][i] - A[1] * dphi[1Hif)
AR ﬂWfJLFTUO ------------------- ,

o wf"ekugk—éﬁﬂm N weight*™ ™" Tt T T T 3
e e e e e ™ _-(~Sigma * Sigma * phi[j]J[0] * phi[i][0] * tau_K(x[0],x[1]) + Teel b 4
§ ! unusual_physics = { Dimension = 2, Sigma * (A[0] * dphi[O][j] + A[1] * dphi[1][j] ) * tau_K(x[0],x[1]) * phl[l]m §
3 2 FreeNodes = { o Sigma * phi[j][0] * tau_K(x[0],x[1]) * (A[O] * dphi[O][i] + A[1] * deHmD--Q
I [1] = { . (AKH*dPhWWUT+AU] dphWﬂUD "
$ 4 -- Same as before 2 _____________ 3
s unusual_term = {}, -- New term!!! N $
t 6 }
7 }, -- End of Freelodes e
| 8 ConstrainedNodes = {...}, -- End of ConstraznedNodes
L o } $
;10 unusual_physics.FreeNodes [1].unusual_term = { -- New term specs!§
11 Nu = unusual_physics.FreeNodes[1].Diffusion.Epsilon[1][1], |
%12 Sigma = unusual_physics.FreeNodes[1].Reaction.Sigma,
513 A = unusual_physics.FreeNodes[1].Advection.Alpha,
$14 H = 1/256, -- mesh dependent!!!!

515 f = unusual_physics.FreeNodes[1].SourceSink.F,

- -

Franca, L., Valentin, F.: On an Improved Unusual Stabilized Finite Element Method

for the Advective-Reactive-Diffusive Equation. Computer Methods in Applied Me- 11
chanics and Engineering, v. 190 p. 1785-1800. (2000)
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* Transient problem, first order in time - Continuous Galerkin

Methods  Find w: [0,T] — H(Q),u(x,t)

= g(x), on 0, such that:

( (ut,v) + (eVu, Vv) + (a : Vu,v) — (Ju,v) — (f, v), Yo € Hy ().
\
\ w(x,y,0) =ug(x,y), in .
{ TranADR = { Dimension = 2, }
\ FreeNodes = { £
[1] = {
Transient = { Coeff = 1.0 }, !
Advection = { Alpha = {1.0, 1.0} 1}, {
Diffusion = { Epsilon = { {1.0, 0.0}, {0.0, 1.0} } }, i
Reaction = { Sigma = 1.0 }, |
SourceSink = { F = function(x,y,z,t) 3

g return {2*math.pi~2*math.exp(-t)*math.sin(math.pi*x)*math.sin(math.pix*y) §
¥ + math.pi*math.exp(-t)*(math.cos(math.pi*x)*math.sin(math.pix*y) "

+ math.sin(math.pi*x)*math.cos(math.pi*y))} end, }, 1},
}, -- End of Freellodes
1 ConstrainedNodes = {
[1] = {
£ PhyEntity = 1,
Dirichlet = { G = function(x,y,z,t) return 0.0 end, }, 1},
}, -- End of ConstrainedlNodes

£

quarta-feira, 4 de setembro de 13
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¢ \Vhere are the other simulation parameters? (Interpolation
order, solver, matrix data structure, initial condition, exact
solution...)

e Going on with the example in the previous slide...

Precision = 1

InterpolationOrder = 4

StructuralMatrix = NONSYM_FULL

Solver = DIRECT_LU

TimeStep = 1/80

TimeIterations = 80

ThetaMethod = 0.5

ExactSolution = function(x,y,z,t) :
return {math.exp(-t)*math.sin(math.pi*x)*math.sin(math.pi*y)} end

InitialCondition = function(x,y,z,t) ]
return {math 31n(math pl*x)*math 31n(math pi*y)} end 3

1
2
3
4
5
6
7
8
9
0
#1

1 -
3
o
9
4.
K
5
b
&
]
P
9
F
1
/)

13
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¢ [ransient problem, second order in time - Continuous

Galerkin Methods
Find w: [0,T] — H}(Q),u(z,y,t) = g(x,y), on I, such that:

(us,v) + (eVu, Vou) = (f,v), Vv e Hi(Q).
2L(J?,Z/,()> — ?L0<?572/)7 in §2.
w(7,y,0) = uy(z,y), in Q.

Precision = 1

1 Se;TraEDaDlr InterpolationOrder = 3
r?i]o_es IntegrationRuleOrder = 8
- . StructuralMatrix = BAND
TransientSecond = { Coeff = 1.0 }, B
. . . Solver = LU
Diffusion = { Epsilon = { {1.0, 0.0}, {0.0, 1.0} } 1}, ) B
) . TimeStep = 1/40
SourceSink = { F = function(x,y,z,t) return ¥ . . _
2%t*math.pi~2*math.sin(math.pi*x)*math.sin(math.pi*xy) § J Timelterations = 200
d m; ipl} ma E.Zln m; ';ldx math.sinimath.pl*y X ] ExactSolution = function(x,y,z,t) i
c . en ’dN’d ’ _’{__ nd of freeloaes return t*math.sin(math.pi*x)*math.sin(math.pi*y) end §
onstrainedfioges = ExactSolutionPrime = function(x,y,z,t)

[1] =
PhyEntity 1,
Dirichlet { G = function(x,y,z,t) return 0.0 end,
}, -- End of ConstrainedlNodes

return math.sin(math.pi*x)*math.sin(math.pi*y) end
InitialCondition =

function(x,y,z,t) return 0.0 end
InitialConditionPrime =
function(x,y,z,t) return 0.0 end

=

B r o~ O © ®O 0 O w N g

14
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e Stationary problem - Mixed Methods

Find u € H(div,) and p € L*(Q) such that

S A O A ol 4 ( e_lu, V) 4+ (p, V - V) = 0,Vv € H(div, Q)

Dimension = 3 <
FreeNodes :

| (0.9 ) = (f.0). ¥ € 17
MixedDiffusion = { Epsilon = { {1.0, 0.0}, {0.0, § \ C],v u f7q ,Vq €L (Q)

2
3
4
&5
§ 6 SourceSink = { F
7
8
9

function(x,y,z,t)
return 2 * math.pi~2 * math.sin(math.pix*x) x*
math.sin(math.pi*y) end, 1},
Y, -- End of [1]
}, -- End of FreelNodes
ConstrainedNodes = {
[15] = { PhyEntity = 1,
Dirichlet = { G = function(x,y,z,t)
return math.sin(math.pixx) =*
math.sin(math.pi*y) end,
-- End of ComnstrainedlNodes

InterpolationOrder
StructuralMatrix = NONSYM_FULL
Solver = LU
ExactPrimalSolution = function(x,y,z,t)
return math.sin(math.pi*x)*math.sin(math.pi*y) end
-- dual = - Epsilon * grad(primal)
ExactDualSolution = function(x,y,z,t)
return { -math.pi*math.cos(math.pi*x)*math.sin(math.pix*y),
-math.pi*math.sin(math.pi*x)*math.cos(math.pix*y) }

15

Jo o o o~ win +~ $E

end §

quarta-feira, 4 de setembro de 13



Laboratorio

Nacional de

i : Computacao
Difficulties Cientifroa

* Design/evolution of PPI .
et Silver Thunder- MPlayer
Jight bird

- Resemblance with . = i
Internet’s hourglass
model

e il
Optical Twisted Coaxial
Fiber Pair Cable

16
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Difficulties

- Design/evolution of PPI

- Resemblance with
Internet’s hourglass
model

- |Is ossification a problem?
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Several protocols

Few protocols

Several protocols

Number of protocols

Layer Number
i A
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Z

Both old and new

Old and conserved
(evolutionary kernels)

Both old and new

Protocol age

16
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* Implementing the specific
family of MHM methods

« NeoP/Z’s architectural
degradation (drift)

* Not only...

* Architectural Drift
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gmesh—->ResetReferencel();
TPZCompMeshx cmeshGlob = new TPZCompMesh(gmesh);

// The MHM method needs one part to be computed in the global mesh

// and another one to be computed locally in each element.

// In this example, the part computed globally is a constant for each element
// that's why pOrder=0.

cmeshGlob->SetDefaultOrder(pOrder);

cmeshGlob->SetDimMode1(2);

cmeshGlob->SetAllCreateFunctionsDiscontinuous();

// This material is fake because our MHM implementation uses the Multiphysics

// feature of NeoPZ, and it's in this feature that we specify the material/contribute()
method

TPZMaterial* matGlob = new TPZMatPoisson3d( matIdGlob, 2); // fake...

TPZAutoPointer<TPZMaterial> mat1l(matGlob);

cmeshGlob->InsertMaterialObject( matGlob );

+ “... occurs whenever implementation decision
lead to violations of component or interface
constraints in the specified architecture.”

+ hinders design principles, such as:

+ narrow component interfaces
+ single responsibility principle
+« etc..

Taylor, R. et al. Software Architecture: Foundations, Theory and Practice. Wiley

Publishing. 2009

Perry, D.E. and Wolf, A.L. Foundations for the Study of Software Architecture,

ACM Software. Eng. Motes 17 (4), 1992.

Source: Alessandro Garcia (Brazilian Academy of Science)

quarta-feira, 4 de setembro de 13
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* Architectural Drift
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gmesh—->ResetReferencel();
TPZCompMeshx cmeshGlob = new TPZCompMesh(gmesh);

// The MHM method needs one part to be computed in the global mesh

// and another one to be computed locally in each element.

// In this example, the part computed globally is a constant for each element
// that's why pOrder=0.

cmeshGlob->SetDefaultOrder(pOrder);

cmeshGlob->SetDimMode1(2);

cmeshGlob->SetAllCreateFunctionsDiscontinuous();

// This material is fake because our MHM implementation uses the Multiphysics

// feature of NeoPZ, and it's in this feature that we specify the material/contribute()
method

TPZMaterial* matGlob = new TPZMatPoisson3d( matIdGlob, 2); // fake...

TPZAutoPointer<TPZMaterial> mat1l(matGlob);

cmeshGlob->InsertMaterialObject( matGlob );

+ “... occurs whenever implementation decision

lead to violations of component or interface

« But also...

constraints in the specified architecture.”

+ hinders design principles, such as:

+ narrow component interfaces
+ single responsibility principle
+« etc..

Taylor, R. et al. Software Architecture: Foundations, Theory and Practice. Wiley

Publishing. 2009

Perry, D.E. and Wolf, A.L. Foundations for the Study of Software Architecture,

ACM Software. Eng. Motes 17 (4), 1992.

Source: Alessandro Garcia (Brazilian Academy of Science)
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gmesh->ResetReference();

« Implementing the specific TPZCompMesh* cmeshGlob = new TPZCompMesh(gmesh);
famlly of MHM methods // The MHM method needs one part to be computed in the global mesh

// and another one to be computed locally in each element.
// In this example, the part computed globally is a constant for each element
// that's why pOrder=0.
: . cmeshGlob->SetDefaultOrder(pOrder);
* NeoPZ’s architectural cmeshGlob->SetDimMode1(2) ;

degradatiOn (drlft) cmeshGlob->SetAllCreateFunctionsDiscontinuous();

// This material is fake because our MHM implementation uses the Multiphysics
// feature of NeoPZ, and it's in this feature that we specify the material/contribute()

method
. NOt Only TPZMaterial* matGlob = new TPZMatPoisson3d( matIdGlob, 2); // fake...
TPZAutoPointer<TPZMaterial> mat1l(matGlob);

cmeshGlob->InsertMaterialObject( matGlob );

* Architectural Drift

+ “... occurs whenever implementation decision
lead to violations of component or interface
constraints in the specified architecture.”

« But also...

+ hinders design principles, such as:

| « Need for stressing the ability of
+ Narrow component interfaces

+ single responsibility principle the SPiNMe plgtform to .USG
. etc.. different numerical libraries

Taylor, R. et al. Software Architecture: Foundations, Theory and Practice. Wiley
Publishing. 2009

Perry, D.E. and Wolf, A.L. Foundations for the Study of Software Architecture,
ACM Software. Eng. Motes 17 (4), 1992.

Source: Alessandro Garcia (Brazilian Academy of Science) 1
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Difficulties

* Implementing the specific
family of MHM methods

« NeoP/Z’s architectural
degradation (drift)

« Implementation of a new
FEM library specifically
crafted for exploring the
loosely-coupled strategy of
MHM methods to solve
global and local problems

quarta-feira, 4 de setembro de 13
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the ‘root node’

A ‘branch;
~a

a ‘child’ node

!"
o /
| ‘

‘sibling’ nodes

PARTS OF A TREE DATA STRUCTURE

Source: www.teach-ict.com

18
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start(MainProblem,

* Implementing the specific
family of MHM methods

« NeoP/’s architectural
degradation (drift)

- Implementation of a new
FEM library specifically
crafted for exploring the
loosely-coupled strategy of
MHM methods to solve
global and local problems

« Erlang used as an
additional substract
of productivity layer
for fault-tolerant
process
communication

ProblemData, &
Depth=3,  {siiie
Breadth=2)

""""" MainProblem,
ProblemData) {BiggerProblem,
BiggerProblemData} =

get_next_problem()

1
start(MyName=fsmsup0000, :
HigherServerName=gs00, 4
Depth=2, Breadth=2) "

start(MyName=fsm0000, set_solution(BiggerProblemSolution)

- - - HigherServerName=gs00, _ | __ | ___ fsm0000

start(MyName=gssup0000, notify_all_solved(
Subscriber=fsm0000, 1 [{SmallerProblem,
Depth=2, Breadth=2) SmallerProblemSolution}])

insert_new_problem(
SmallerProblem,
SmallerProblemData)

start(MyName=gs0000,

start(MyName=fsmsup000000,
HigherServerName=gs0000,
Depth=1, Breadth=2)

fsmOOlOOO1

gsOOQpO1

fsm00000100 fsm00000101

fsmsup00000000 fsmsup00000100

fsmsuRQrQQQOom fsmsu‘p‘QQO‘OO101

19 communicating process SUPErvVISor process supervision tree communication path
v
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(mhm_main_server) {BiggerPrOblem,
BiggerProblemData} =
get_next_problem()

Overall design

set_solution(BiggerProblemSolution)

« GS processes: fsmggg)o

notify_all_solved(

- Workload queueing [{SmallerProblem,
SmallerProblemSolution}])

insert_new_problem(
SmallerProblem,
SmallerProblemData)

* Notification of solved %9 OO>O

workloads

« FSM processes:
fsm000000 fsm00000 1

(mhm_fsm) (mhm_fsm)
* Problem splitting and
reduction

 Global-local solving gs000000 gs000001

(mhm_server) (mhm_server)

« Leaf-FSM processes:

 Local solving fsm00000000 fsm00000001 fsm00000100 fsm00000101

(mhm_leaf_fsm) (mhm_leaf_fsm) (mhm_leaf_fsm) (mhm_leaf_fsm)

20
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e NeoP/Z-related: e MHM-related:
e Nonlinear PDEs e \/ariable depth and breadth in
subtrees

e Symbolic coding
e Support for dynamic

e JiT compilation of Lua code adaptivity (c.f. Diego’s slides!)

TR TV e SPINMe-related:

|

/ The Future [
LT * Link to scientific hypothesis

)

database

21
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Thank you!
Merci!!!

‘

Antonio Tadeu A. Gomes
Diego Paredes
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-rédéric Valentin

atagomes@Incc.br
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http://www.facebook.com/sinapad
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