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/* FllopSolve () function */

/* subdomain data */

Mat Ks, BIs, Bgs, Bds, Rs; Vec fs;
/* global data */

Mat K, BI, Bg, Bd, R; Vec £, cI, cd;
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e problems without / with contacts : /* QP problem, QP solvers */
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e framework and concrete solvers quadratic e extends PermonQP with domain de-

solver

|
QP1 | | QP3

injects reconstruct.
function

child

PermonMembrane

programming (QP) composition methods of the FETI type

parent parent

e benchmark generation - mesh with

e QP problems, transforms, solvers

0P ap; OPS qps; billion of unknowns in parallel over the

e easy-to-use / HPC-oriented

e scalability up to tens of thousands of cubical or membrane domain

/* create a QP data structure */

QPCreate (comm, &qp) ;

e workflow CPU cores, billions of unknowns

e FEM assembly

/* Globalise the data. */
MatCreateBlockDiag (Ks, &K) ;
MatCreateBlockDiag (Rs, &R) ;

1. QP problem specification e assembly of FETI-specific objects

e deformable body, contacts

Mat Ks, BIs; Vec fs, c¢I, coords;

2. QP tranSformS MatMerge (Bgs, &Bg) ; MatMerge (Bds, &Bd) ;

MatMerge (BIs, &BI); VecMerge (fs, &f);

IS 12g, dbcis; MPI Comm comm;
FLLOP fllop;

3. automatic/manual choice of an appropriate solver |
/* Insert the data into the QP. */

/* generate the data */ B
L~ e e e e e bt M M L o QPSetOperator (gp, K); ] ]
4' the SOlver 1S Ca”ed . . . . I /* create FLLOP living in communicator */ QPSetOperatorNullspace (gp, R); ] E
Homogenization of equality constraints FllopCreate (comm, &fllop); OPSetRHS (qp, f); o o
. . . QPAddEqQ (gp, Bg, NULL); - o
————————————————————————— : /* t th bd tiff t d load - o
P ! e an example of QP transformation for problem fectoe xy o cobcomain stiiTnEss matiix and Soa OPAddEq (qp, Bd, cd); . |

OP parent, child; /* QP chain objects */ FllopSetStiffnessMatrix (fllop, Ks); QPSetIneqg(gp, BI, cI);

Vec x; /* solution */

I I
I I
[ I 1 FllopSetLoadVector (fllop, fs); .
[ . /* Basic sequence of QP transforms
! min —xTAx—xTh
| Mat A; /* Hessian matrix */ [ I Sx<up 2 /* set the local-to-global mapping for gluing */ giving (T)FETI method.
| Vec b; /* right-hand side */ [ Beqx — Ceq FllopSetLocalToGlobalMapping (fllop, 129);
I I -
. . . ... P QPTDualize ( ) ;
| Mat BE; Vec cE; /* linear equality constraints */ I Xp minimizes X1 Hinimizes /* specify the Dirichlet conditions in the local lqp
| Vec lambdaE; /* equality Lagrange multipliers */ I 1, . 1 T A b AN)T numbering and tell FLLOP to enforce them by means QPTHomogenizeEq (qp) ;
- _ -x"Ax—(b—- AX)" x of the B matrix */ f EgByProject ;

I I 2x Ax—b' x 5 QPTEnforceEgByProjector (gp) ;
| OPC constraint; /* inequality constraints */ [ ‘ . _ FllopAddDirichlet (fllop, dbcis, FETI LOCAL,
: | st. Bpx = cp, | QPHomogenizeEq ¥ s.t- Bpx =o, FETI DBC_B); /* Create a PermonQP solver. */
—————————————————————————— l1<x<u |[¥x= BE(BEBE)*ICE l-x<x<u-x QPSCreate (comm, &gps);
————————————————————————————————————————— /* set vertex coordinates for rigid body modes */

QPS QPT * reconstruction function FllopSetCoordinates (fllop, coords); /* Set the QP to be solved. */

OP topQP, solQP; /* QP chain objects */ QPTDualize ()

QPSSetQP (gps, gp) ;

PetscReal rtol, atol, divtol; /* alg. tolerances */ QPTEnforceEgByProjector () f(x) = X —|_ X

I I
I I
: ! /* set the non-penetration inequality constraints
| QPTEnforceEgByPenalty () :
I I
I I
I I
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/ /* Solve, i1.e. hand over to PermonQP.
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| QP chain is created in backend. */
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

r
|
|
|
|
|
|
|
|
|
|
|

BineqX = Cineq |
|
|
|
|
|
|
|
|
|
|
|
|
|

PetscReal rnorm; PetsclInt it; /* c ent state * PTOrthonormalizeE : ) ) ,
, ) + / Her / Q ) a) FllopSetlneq(fllop, Bls, cI) The last QP in the chain is solved. */
OPSMonitor monitor; QPTHomogenizekEqg ()
QPTFetiPrepare () FllopSolve (fllop); QPSSolve (gps) ;
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e linear elasticity problem
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______________________ , e problem generated using PermonCube ! ! Coercive membrane problem |
: I | I I # DOFs (log2 scale) 1
C e .. I
1 e realistic linear elasticity problem ; e computed on HECToR (EPCC) ! ! 50 4 i A il e
I | | I
. | | y
1 o displacement computed l | | . it Hessian mult Co
! : | I | 200 ~ -#-time - 1o :
1 » boundary conditions prescribed : 50 4 number of subdomains 8 64 216 512 2197 8000 : : -1 I
I ) ) I : _. _. : __ =1
1 inone cylinder | : 4 ' : Hluu 150 12 8y
; . I | 40 1 : | 0.25 LA B R B B B B g L 10 jgjl
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| . . I 1 —m-8000 el/s I | 0.75 i 100 L g 5 |
with midnodes ! I 830 : , 31
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I . I S 25
| ® METIS mesh decomposition S ! ! 0| .
I [ I ‘v 20 |
s v | 1 )
! e benchmark prepared by Tomas 1 v £ : | |
I | 0 ; ; T 0 1
1 Brzobohaty (IT4Innovations) | | 10 - ) 333,853,923 dofs : : 128 256 512 1024 2048 |
| I I ’ 8000 cores , : # subdomains (log2 scale) |
: : I > — e 46,5 s total time I I :
| 0 . : : 1 |
: el 98 214 558 : I 65,536 262,144 1,048,576 4,194,304 16,777,216 67,108,864 268,435,456 I I I
| T I : total number of DOFs (log2 scale) I | :
: # constraints I o o e e e e e e e e e e e e e = = e e e e e = = e e e e e = = : : |
. |
, | (dual dim.) 13,395,882 | l 4 DOFs (log2 scale) ;
| | e e e e e e ———————— | 2,130,048 4,260,096 8,520,192 17,040,384 34,080,768
| | #subdomains = # : : ': I 250 : : : 18 :
I | cpus 5,012 | | I | I 16 |
| I I I : ——# Hessian mult I
: # CG iter. 181 : I [ I 200 1 -=-time 14 :
|
; I : | : -12 1
I | computer HECToR | CURIE | Hermit | | I I 210 )
: | | I : g - 10 El
total setup time 28s| 64s 30s | | | _r . . I I 2 21
! ° | . realistic elasticity problem with contact . | $ 8 81
| 4 2]
| | totalsolutiontime | 2335 283s 2835 ! . disol . ted : | - 6 8
: I , ISplacements compute : ; :
| I ) . . I 50 ./' SR
: | I e gluing and non-penetration constraints I : I
' I I I EE
| ..
| : I e METIS mesh decomposition ! | 0 | | | o |
I : 1 : | 128 256 512 1024 2048 :
I /v , # subdomains (log2 scal
| | ; e benchmark prepared by Tomas Brzobohaty | ! subdomains {log2 scale] :
I I
| . | |
l | | (IT4Innovations) : ; |
I I
[ I I [
I . ..
| : I e bigger problems currently limited by the ! | !
I |
| . . . ° ° ° °
: ! | FEM implementation, work in progress | Elastic cube in potential contact with obstacle !
|
I I I I I I
| I I I I Z # DOFs (log2 scale) I
| | | I I 3,472,875 6,945,750 13,891,500 27,783,000 55,566,000 I
| I 200 : : : ~— 30
! # DOF 193,227 ! | I / :
: ; ; I I 180 - |
I : I # constraints (dual dim.) 24380 I I l l l s s |
: | I I I l l 160 - |
I ; | # subdomains = # cpus 39 | [ 140 | .
| I 1 | | 20 ?l
: : I # outer SMALSE iter. 12 : I é 120 - ﬁ:
: ' c £
: : | # inner MPRGP iter. 588 I | S 100 — 15 g:
I | I @ S
: : I computer Salomon I I » X =8 %:
| | I o0 | 10
: : | total setup time 0.5s | [ ——# Hessian mult :
l 1 I 40 )
: I [ total solution time 244 s [ | d “e-time N
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