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Site Computer Cores Rmax
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RIKEN Advanced Institute for

1 Computational Science
Japan

NSCC / Guangzhou
China

Joint Center for Advanced High

3 Performance Computing
Japan

National Supercomputing Center

4 in Wuxi
China

DOE/SC/LBNL/NERSC
USA

K computer — SPARCGE4 VIIIfx
2.0GHz, Tofu interconnect

Fujitsu

Tianhe-2 (MilkyWay-2) — TH-IVB-
FEP Cluster, Intel Xeon 12C 2.2GHz,
TH Express 2, Intel Xeon Phi 2151P
57-care

NUDT

Oakforest-PACS - PRIMERGY CX600
M1, Intel Xeon Phi Processor 7250
68C 1.4GHz, Intel Omni-Path
Architecture

Fujitsu

705,024 10.510

3,120,000 33.863

557,056 13.555

Sunway TaihuLight - Sunway MPP,
SW26010 260C 1.45GHz, Sunway
NRCPC

Cori — XC40, Intel Xeon Phi 7250
68C 1.4GHz, Cray Aries

Cray

10,649,600 93.015

632,400 13.832
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0.3%

1.3%

SR AN



o HPCGRAFIIA] @AY . JKR v BRI AR R H S
ZYEFRGYRORAY . .
—Au=f(x,y,z) x€€D
u(x,y,z) = g(x,y,z) x € dD

62 62 62

A A= ax2 + dy? T 072
* HPCGkKf n] MR A H RLA IR G, A PR %70 B PRAE
TR VR S A B — AR XA b = A — A
BB RS, el Ax = b,
IN G RIZ 26 M 22 48 2K itk (benchmark <[] 5 & A IR ER,
AN— 8 TF ZRF WS -




HPCG2 > By BR o 45 — —HPCGAHE T AE AR

Reference SpMV+MG Reference CG Timing
| Timing Phase »|Phase

Problem Setup Phase

EEE—

1. 72 JLA e 20

GenerateGeometry
2. PR
Initialize SparseMatrix

GenerateCoarseProblem
5. FEAECGHE

InitializeSparseCGData

Validation Testing
Phase

it I 1000 S pMIV R i i
A IR AI10IRMG (% E M
F&i%), F S bR [a]

GenerateProblem S ERR A, (Heps
3. R EEEIL A M SR A AR B0 A
SetupHalo ErAR[E R ZE D)

4y AR MRS ) e A FR

HET

1. i fH 10 CGEEPLRS 1
Bt EAx=bYIR LR (H
BRI HICG)

2. FJFHCG REFsEHlC

FRCGHML (F i

AR -

1. FIH) & Bera el Tk

2 AR R R R I AR A
X B e - TR K IR RO £

Y

Optimized CG Setup
Phase

Optimized CG Timing
Phase

Y

183 AnumberOfCgSets.

1. iafr—E&ikiica:k
fids, ik Blceg 1
WD ARG,

Report Results

h 4

e [H]

1. 1 FnumberOfCgSetsii
H Pk fca ki at, Jf

TEfR IR % R Fllog




HPCG=: ) [ Bt el 45 — — R vk

o BV RfFEAx = b TRALFECG

Algorithm 1 Preconditioned CG for Az = b

Input: A, b, xg, itaz, €
1: 19 < b— AI‘D

2. fori=0,1, ..., ixq: do

3: T &= M

4: s; + (1, zi)

5: if(2=0) p; + z;

6: else 1 o ol ey (&/&—1)9&—1
T B 4~ B/ (D ADy)

8: Tit+1 < T + Q;py

9; P = T¢ = CziAp?;

10: if (||ri+1||2/||T0||]2 < €) break;

11: end for

Output: z;,4
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Algorithm 2 V-cycle for " = MG(r")

Input: "
1: if on the coarse level then
2% z" = SymGS(0, r") > Coarse-level solver
3: else
4 ot = SymGS(O ri) > Pre-smoothing
5: r2h = 2h(rh — Ahgh) > Restriction
6 7% = MG(r*") > Recursion
/- :IIh’ =i 4 I 3% > Prolongation
8: " = SymGS(z", r") > Post-smoothing
9: end if

Output: 2"
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Algorithm 4. Simplified SELLPACK SymGS native implementation

Input: A (nnz, cols, nrows, nb, nnzs_in_row), =, r

1: for 1 =0,...,nrows do
2: sum:=rfi]
3: block_id := i/nb
4: idanblock := i%nb
o for k=0.....nnzan_orow do
6: curCol := cols[block_id x (nb x nnzs_in_row) + id_inblock + k x nb)
T: sumlj] -= nnz[block_id x (nbx nnzs_in_row)+id_in_block+k x nb] x z[curCol]
8: end for
9: sum += zli] x diagonalli]
10: z[i] := sum/diagonalli]
11: end for
12: for i =nrows—1,....0do
13: sum := rli]

14: block_id := i/nb
15: id_in_block = i%mnb

16: for k=10,...,nnzoin-row do

17 curCol := eols[block_id x (nb x nnzs_in_row) + id_in_block + k x nb]

18: sum|[j] -= nnz[block_id x (nbxnnzs_in_row)+id_in_block+kxnb] x x[curCol|
19: end for

20: sum += z[i| x diagonalli)
21: z[i] := sum/diagonalli]
22: end for

Output: SymGS(A,z,7r)
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forward-sweep : x « (L + D)~ 1(r — Ux)
backward-sweep : x « (U + D) 1(r — Lx)
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