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This paper presents the implementation and performance evaluation of the Self-Updating Preconditioned
Generalized Minimum Residual Recursive (SUP-GMRESR) method in the parallel finite element method
(FEM) program called FrontISTR. The SUP algorithm is an algorithm that updates preconditioning matrices
so that the preconditioners strengthen their effect. The implementation in FrontISTR is discussed, and its
performance is evaluated using realistic engineering problems. The results demonstrate that SUP-GMRESR
achieves significantly faster convergence with fewer iterations compared to GMRES and GMRESR. In the
best case scenario, the convergence speed is 4 times faster than the original GMRES. The computational time
of SUP-GMRESR is also reduced as the additional computational effort with regard to the SUP algorithm
is negligible, whereas the number of iterations to convergence is significantly fewer. As a result, SUP-
GMRESR proves to be a viable solution for large-scale FEM simulations. The implemented code is available
in the FrontISTR Gitlab repository, and the data used in the study can be obtained from the FrontISTR
Commons Data Reservoir website.
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Algorithm 1 Pseudocode of SUP-GMRESR

1: procedure GMRESR
2: Let xy be the initial guess, M be a conventional
preconditioning matrix
3: Myestare 1S the number of Krylov subspace,
4: [ is the number of L-BFGS vectors to store
5: Cins W Zms P> (0= 1, -+, Myestart), and
S, Yn(n=1,--- 1) are sets of vectors

6: Lior < 0,x < Xx¢

7: while true do

8: r<b-Ax

9: fork=1,2,-- , Myesiar dO

10: call L-BFGS—precond(z;, , M, {y}, {s})
11: p1 < Azy

12: fori=1,2,--- ,k—1do

13: @ — cl.T Di

14: Pi+1 < pPi — ac¢;

15: i+l < Zi — QU

16: end for

17: cr < ci/llpill2

18: uy < ur /|| pill2

19: X — x+ ukc]{r
20 rer—celr
21: Siy € UKCLT
22: Yiw < CkCEF
23: {8} = {Simte1s Sipmtr2s " 5 Sig}
24: 0} = Wiormtt 1 Vie=t425 " 5 Vi)
25: if ||| is sufficiently small then
26: exit
27: end if
28: lror < Tror + 1
29: end for
30: end while

31: end procedure

32: procedure L-BFGS—precOND(t, u, M, {y}, {s})
33: t—u

34: fori=11-1,---,1do

35: pPi < }ﬂ
36: a;j — pis't
37: t—1t—ay;
38: end for

39; te— Mt
40: fori=1,2,---,ldo

41: c—piylt
42: t—t+(a;—co)s;
43 end for

44: end procedure
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