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Figure 1 Reduction operation in Parallel Cyclic Reduction method.
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X . . 12 3 a4 5 6 7 8 9 18 11
void CZ::per_kernel(const int nx, const int s,
REAL_TYPE* d, REAL_TYPE* a, REAL_TYPE* c,
REAL_TYPE* dn, REAL_TYPE* an, REAL_TYPE* cn,
double& flop) 2 skip
{ -«
REAL_TYPE r, ap, cp;
int iL, iR;
4 skip
flop += (double)(nx)*14.0; « ’
#pragma omp parallel for private(il, iR, ap, cp, r) 8 skip
for (int i=1; i<=nx; i++)
{
iL = std::max(i-s,0);
iR = std::min(i+s,nx+1);
g:ggﬂf RF—IVICkDs=1,2,4, EBEHL. XEY
r= -|_awl (1.8 - ap % c[iL] - co * aliR] ); T’_DtZG?IIEiJ‘HKb‘ég REDIBE. C[;:!.Jt\i
anlil = - r % ap * aliLl; cliL], c[iRIFEHLTLBOTIO—R,
cnlil = - r % cp * c[iR]; REOBRIIIO-—REED,
dn[il = r * (d[il - ap * d[il] - ¢cp * d[iR] );
}
3
Figure 2 Pseudo code of PCR.
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Figure 3 Cache hit rate for 36 cores on Skylake—SP that has 32kB L1 cache.
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Figure 4 Performance improvement by direct inversion of 4x4 matrices.

Wiz, g ToTar7y A Vo TS Fa—=r 7 FEE Lz, £t LN, R A
BV T BAPAELDLEHTCTTY 72w T EER, V7 NI =2T AT T4 =0 ThiEbD 2 8Th 5,
HEFER % Figure 5 1Z7d, HAEMROWEX, B O7 w7 7 A 7 & PMLibIZ X2 FEiEEKD
UV MIEDFHEEWE TN D, T a7 7 A TIXREIAT R EIC R ORFRERESOBELEATVD
e, Ta s AN—TROEERE T P LIZEL Y  3FNEELL B AIEET S, 1OMG
(12AL Y R) OHAEHAM (4 8ALy ) OAELAY YT AL S 1. 2 3L EoEE MG
ThHhdHZ EBDLND, ATV AN—""y MME5 0GB/s FEE T/ RIEZHEWE] > TR0, K7 v
URXNI LI fEECTHLD, REBRSHDH, Ta—=2TH04 8 a7 FATHON— Ry T h T4
OFEIIHERE 1 TFLOIPS & 720 | B —ZMERE2 9% & 72 5,

UUED X I ARET D PCRIEIELLID ¥ v v ¥ a A NBKE < KB/F, BIEE IO & CPU M < |
XY v abBYFHTED, A=—ar7oWsE5IEHEL27 LTV XATHY, EE) 2B
ThmVEREZ R T 5 LR TE T,

- 14 -



1.2 AR EBRT

W ETEMRE
i PG 7 0eAMERL SIMD | EEfEEX | ATYAN—T9b | EITERR*2
[ALy} x 7°0ER] | S =E [Gflops] [GB/#] [#]
220.03
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48 % 1 — (616.85) — 0.479 (3.72)
FX1000 272,89
ﬁ;; J,g‘ 12 %1 60.23% (205_'3 1) 50.87 1.440 (1.24)
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+  PREFETCHA#H< =%

Figure 5 Performance results on an AG4FX.

[ono:2020—pcr] Kenji Ono, Toshihiro Kato, Satoshi Ohshima, Takeshi Nanri, “Scalable Direct-
Tterative Hybrid Solver for Sparse Matrices on Multi—Core and Vector Architectures,”
HPCAsia2020: Proceedings of the International Conference on High Performance Computing in

Asia—Pacific Region, pp.11-21, https://doi.org/10. 1145/3368474. 3368484, 2020.
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nMrzEiR L, Kiz2%E0Ed 5720cibhTing,
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Benford DIERI~DEES

BROEEZMBEDED Z LICL - T, TOEMEEE D EDERS3AY Benford DERIN D DOIEMEZ B L
TWDDONFHRD Z ENARRIZ 72 D, BUfE, 7K Benford DiERIOwE HHFIPAS & ST & 723l o 545K

RMEDERT—HITONT,

EZIT> TV D,

[1] Fact check: Deviation from Benford’s Law does not prove election fraud

https://www.reuters.com/article/uk—factcheck—benford-idUSKBN27Q3Al, 2021/5/24 &

[2]A Short Introduction to the Mathematical Theory of Benford’ s Law, Berger, A and Hill T.P.

In Benford’s Law Theory and Applications ed. Miller S. J., Princeton University Press, ISBN:978-691-17461-1,

2015
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