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Abstract: Software Pipelining is a representative of compiler optimization technologies developed for K com-
puter. This technology has been implemented based on the following fact: K computer has extended registers
(128 SIMD registers) of HPC-ACE, which is the architectural extension to SPARC, and a lot of architectural
registers are available. Post-K supercomputer adopts Armv8-A architecture with HPC extension SVE, which
has 32 SIMD registers. Thus, in this paper we offer a suggestion for development of Post-K supercomputer
by evaluating Software Pipelining in the point of view of the number of SIMD registers and considering
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inheritability of technologies from K computer for Post-K supercomputer.
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% 1 K computer System Specification

Table 1 K computer system specifications.

CPU Specification
Peak performance 128GFLOPS (16GFLOPS X 8cores)
CPU clock 2.0 GHz

SIMD register (128 bit SIMD) : 128
General purpose register (64bit) : 188

Floating-point
registers (Core spec)

Cache L1I$/L1DS : 32KiB (2way),
L28 : Shared 6MiB (12way)
Power 58W (30°C, Water Cooling)
Network Specification
A= 6D Mesh/Torus
DI/ SAV AN ™ 5GB/s (6.25Gbps x 8 lanes x 10 dirs)
VA AV ) 20 GB/s x in/out

Software Specification

HPC-ACE, Reciprocal approximation,
HW/SW prefetch,
Hardware barrier

Compiler optimization

(5] OV AT L%EILRHFHILEA & LT, HPC-
ACE (High Performance Computing Arithmetic Com-
putational Extension) [2] 3% |F 545, HPC-ACE I3,
SPARC 7 — %7 7 F ¥ 2x} L C, HPC (High Performance
Computing) AT ICILRZMZ 727 —F 727 F v Th 5.
128 RICHEIR S N7z SIMD LY A (A T DiFE/NG S
LYZZ ELTIE256 K) &, 205 2 HHT %Ik
4 (SIMD x4y, #fnbaszs) 2fATL2LTT
TN = a YR EEPOENERICETT LI L EEIL
TS, 77V r—2a PRIl FIHT 47290
Zi&, TN —= 3 Y ORI 2 o T HER T A
B LM DS EAT R &2 B BRI TR A Icpse S
NV T T 2784 T 53427 HPC AT O T 7
F=Tar Il LTEETHA.

VI NI T TITA =TI, s LAV TIEEIE
rEOLREIHEMTH L. V- THEOLEE, BLO
V— TR DE4AH] % CPU O 2ARI R I LB T X 5
L9z~ 2 %52 & TIPC (Instruction Per Cycle) %
mEhsEs,

EuroBen benchmark [3] 128 F 15 9 XD LI % fift <
a—F (X 1, DK, 9th degree code &%) aHlIC& D),
[H] BBV 7 by 2780 54 =0 ZOREEEE
filiL7=.

9th degree code I&, [ET & ICEY] x1 DT — 5 % ik
A, 9 ODEAEA AT ) HATHRO I - FTHL. Z
Da— FERWTFH AT 7253512 E 2 12R7.

I, VI NI TN TIA = S O@EAAEIC
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BRLTBY, MNZEEECETTETN L LG
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B SR oD, W77 713, FE/NUTIHFEOR)
= (LA, FATRIE L LR) 2L THY, ¥— 7 0K
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Doi=1,n
y(i, jsw) = ¢0 + x1(i)*(cl + x1(i)*
& (62 + x1(i)*(c3 + x1(i)*
& (c4 + x1(i)*(ch + x1(i)*
& (66 + x1(i)*(c? + x1(i)*
& (68 + x1(i)*c9))))))))
End do
1 9th degree polynomial expression
Fig. 1 9th degree polynomial expression.
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Fig. 2 Implementation of 9th degree code.
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7 2 HPC-ACE and SVE Specification
Table 2 HPC-ACE and SVE specifications.

# 3 SPARC64™ XIfx Specification
Table 3 SPARC64™ XIfx specifications.

HPC-ACE SVE Specification
SIMD registers 128 32 Peak performance ITFLOPS LA L (55 )
General purpose registers 188 31 CPU clock 2.2 GHz
Predicate registers - 16 Core 32 +2(%)
SIMD length 256 bit

% HPC-ACE & D% R 2 | IRT.

SVE Tl HPC-ACE IZHARKIFIZ LV VA Y B 7% n»
CEDGMmBE. FZTI T NI 2T TIA=Z 0 T %
SIMD L Y A Hofmzdlb LTEHMEL, 5] 226K
AN ] ~OEAMMAOTEEZELZL, KA [H] O
V7 b o THSSICIREEAT .

2. FHmICHIAET 2IRE

VI NI LTNATITA =Y T RGO R
% CPU OBEEIZOWTHRNSL, KA b [5] 3HIERSE
HCTHhbD, UTO200EHTEMiz T2 ABELH
EL7.

O SIMD L Y2 &0zt (128 7K, 32 &)
®) ﬁ%%vh7~#%7%¥®§m($ﬂm1Amﬁ

AMOIC oW T, (3] 0B METH 28 L@
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L7z, COEEEZFHTAZETI2 LY AY DOFMi%E
HL7 fFHEQIC2W T, FFMEOTHH T A FX100 &
Arm F v 7 TH 5 X-Gene 2[8] B HEW SN/~ v &2 1b
W5 2L CRHIIZ AT - 7.

B IE# FX100 OFF xR 3 12, MACOM fH# o
Gene 2 BEFHEI N2 —NOHTLh TR 4 |IRT.

I8 F1F, BE#ttdla > 31 F (Technical Com-
puting Suite V2.0L30 #12%) ZFIH L 7. F72, X-Gene 2
B LCUE, FX100 M0 3 v 284 S 58E L, I — N
J1% Armv8-A @ AArch64 (A64 &4t v b) TR &
72b0EFIH L. BIEREEF 7 3 V%, foEfblN\ve
L C-Kfast ZFfIHTA. /2, VI 72784754 =
YT DOBEMAAHEIIOWTIZ-Kswp, BLUOBEL 7L 3~
& 72 A -Knoswp * FlfH 3 5.

INA TS24 =2 T DENME

31 VIMNIITIATIA4AZTOHME

M D, [RWCBFEY T vy 2780 754 =
T OEEEICOWTEHIAT A, VI by TN T T
4= 7E, V=T OESTNDOETIEF 225 2 &
T, AL AVIERIE R A S B RELTH 5.
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BT 22T, FETUELMNESE5.

3. VI7b17T

© 2020 Information Processing Society of Japan

V=7

SIMD register (256 bit wide SIMD) : 128
General purpose register (64bit) : 188

Cache L1I$/L1DS : separate 64KiB (4way)
L28$ : shared 24MiB (24way)

Memory throughput 240GiB/s x2 (R/W)
2T REy har

Registers (Core spec)

# 4 X-Gene 2 Specification
Table 4 X-Gene 2 specifications.

Specification
Peak performance Unknown
CPU clock 2.8 GHz
Core 8
SIMD length 128 bit

Registers (Core spec) SIMD register (128 bit wide SIMD) : 32

General purpose register (64bit) : 31

Cache L1I$/L1DS : Separate

L28$ : Shared

L3$ : Globally shared SMB
Memory throughput Unknown
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JOYS L8 EELLA it
do i=1.n _ _ load load
ai) = b(i) + c(i) i :
enddo i g 1050 [ Toad |
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P load load add store
7 cycle P load load add store
3 cycle
g [Tadd ] [store |
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load @ latency = 344 2L
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Fig. 3 Operation schema of software pipelining.
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Fig. 5 Evaluation of FX100 (128-register mode).
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Fig. 8 Relation of SIMD registers and execution performance.
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Table 6 Time cost distribution in MG benchmark.
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resid / 1st loop 11.7647
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Fig. 10 Loop body of the resid 2nd loop.
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Fig. 11 Dependency of the operations.
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Fig. 14 Relation of SIMD registers and execution perfor-
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Fig. 15 Evaluation of NICAM (128-register mode).
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Fig. 16 Evaluation of NICAM (32-register mode).
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Table 7 Execution data for each region.

g | FRLES | mpes B/F Lt
Kernel A 9.22E+07 6.92E+07 1.33
Kernel B 1.53E+08 5.15E+07 1.08
Kernel C 1.05E+08 8.81E+07 1.14
Kernel D 1.00E+08 8.05E+07 1.41
Kernel E 1.88E+08 7.47E+07 0.45
Kernel F 7.70E+07 3.29E+07 1.41
Kernel G 1.63E+08 4.86E+07 1.71
Kernel H 9.49E+07 2.56E+07 4.04
Kernel I 2.90E+07 6.29E+07 1.19
Kernel J 1.51E+07 4.98E+06 1.94
Kernel K 4.74E+07 5.60E+07 8.21
Kernel L 6.10E+07 1.28E+08 1.77
Kernel M 2.03E+08 3.50E+08 3.18
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Fig. 17 Execution time rate for each kernel.
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Table 8 Comparison in the number of execution instructions.
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Fig. 18 Relation of SIMD registers and execution perfor-

mance.
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do ij = nstart, nend
sclt_rhogw = ZZ3Y rhogw_vm & Y 515
sclt(ij, TI) =
(B28Y rhogvx_vm, rhogvy_vm, rhogvz_vm & Y 5+ 5) &
* BEEF—4 + sclt_rhogw
enddo
do ij = nstart, nend
sclt_rhogw = ZZ4Y rhogw_vm o Y 5+E
sclt(ij, TJ) =
(B23Y rhogvx_vm, rhogvy_vm, rhogvz_vm & Y 558) &
* BEEF—4 + sclt_rhogw
enddo

X 19 NICAM Kernel A O3 A MMLEL
Fig. 19 High cost part of NICAM Kernel A.

do ij = nstart, nend
sclt(ij, TI) =
(B25Y rhogvx_vm, rhogvy_vm, rhogvz_vm & Y 518) &
*x BHET—4X
enddo
do ij = nstart, nend
sclt_rhogw = ZZ5l rhogw vm & Y &
sclt(ij, TI) = sclt(ij, TI) + sclt_rhogw
enddo
~ LI,

sclt(ij, T DIL—THLEIZHE ~

20 V—T73ENC X BT
Fig. 20 Transformation by loop fission.
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do ij = nstart, nend
sclt_rhogw = AZ4Y rhogw_vm & Y FHE
GEET—42 X1,X2,Y1,Y2,21,22) = &
(B25Y rhogvx_vm, rhogvy_vm, rhogvz_vm & Y 515&)

sclt(ij, TI) = X1, Y1, I+« BEF—%
sclt(ij, Td) = (X2, Y2, )« BE7—4%
enddo

do ij = nstart, nend
sclt(ij, TI) = sclt(ij, TI)+HZY rhogw_vm & Y 5+ &
sclt(ij, TI) = sclt(ij, TI)+Z5 rhogw vm ;£ Y5+ &E
enddo

X 21 V— 7RG LV — THEN K BETE

Fig. 21 Transformation by loop fusion and loop fission.
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Fig. 22 Execution performance rate after code change.
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Fig. 23 Relation of SIMD registers and execution performance

after code change.
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