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WP A 48 W HAR 0,96 A% L, NAE N 384 GB DDRA4,
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Table 1 The testing environment

WoH E
CPU 2 X Intel Xeon Gold 6252, i 24 #.0», 4 2.10 GHz
WA 384GB DDR4
(T &S 4TB
B RGE CentOS 7
Yt PR Intel version 18.0.3
Maedr T A Intel Vtune Amplifier 2018.3,Intel Trace Analyzer Collector (ITAC) 2018.3
MPI mpif90 for the Intel MPI Library 2018 Update 3 for Linux
BRIA 4 L T -i4 -r8 -O2

2 NEMO fitfk

2.1 EfLASEH

Y SR A M ARG e NEMO #5820 55 8503 (0 25, DA T SE AT 1 X0 3t 6k NEMO 82X A7 004k, &
Jefdi FH Intel Vtune Amplifier T E 52 7 AR 2 A A S R0, EDFERT S Z RO R BC, WA 2 i, 45 R BoR
NEMO 14 #4508 B0 A 73 1, BRGS0k B 22 B I 0 A 350 Oy 3 A8 AR 01 50 3 JBCRIT 14> A A5 pR %8 (era_Ld T
iso,lim_rhg,tra_adv_tvd,ldf_slp.nonosc) #47 & St fk.

CPU Time ¥
Function / Call Stack ive Ti ilizati »
lldleE"e;tclJ‘: Tlmgkby gtllcl;:‘l'ml Over SpiTime

tra_ldf_iso 101.590s (D 0s
lim_rhg 51.480s (D 0Os
tra_adv_tvd 45.178s D 0s
Idf_slp 43.272s D 0s
nonosc 35.419s (D 0s
tke_tke 33.091s (D 0s
sol_pocg 26.429s D 0s
dyn_zdf_imp 24.880s D 0s
rab_3d 24.769s D 0s
tmx_itf 24.741s D 0s
tke_avn 23.621s D 0Os
tra_adv_eiv 21.263s (D 0s
tra_zdf_imp 20.720s D Os
eos_insitu_pot 19.547s D 0s

B2 B AT RS RO R ]

Fig.2 Serial mode function calculates time
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Table 2 The list of compilation option optimization
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03 Je B e Ak g
xHOST AR R T ML SR ) e e A

ipo
no-prec-div

fp-model fast=2

JA 3o e e R
LA 7 R BB
Jet FHEE BB 0 3 5 Bos A R

qopt-dynamic-align B Bh 25 % 57
qopt-prefetch Je FH T U A1k
2.3 tREHBRITMRUL
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ettt 2

TE W 4] F (B 3a) ,zdk1t Ml zdkt 3138 ARBAHF AT, B 2dk1tGi,jj,ik—1) = zdkt(i,jj.jk) , F L E

1R zdkle WPEFR AP ABBR AE T 58 2dke J FRA 45

DO jk=2,jpkml
DO jj=1,jpj
DO ji=1,jpi
zdk1t(ji,jj,jk)=(ptb(ji,jj,jk,jn) &
& —-ptb(ji,jj,jk+1,jn))*wmask(ji,jj,jk+1)
zdkt(ji,ji,jk)=(ptb(ji,jj,jk-1,in) &
& —ptb(ji,jj,jk,jn))*wmask(ji,jj,ik)
END DO
END DO
END DO

(@ wr

WRAEL 4 zdk1t, m] LAk /0 52 S MR TH, W& 3b fros .

DO jk=2,jpkml
DO jj=1,jpj
DO ji=1,jpi
zdkt(ji,jj,jk)=(ptb(ji,jj,jk-1,jn) &
& -ptb(ji,jj,jk,jn))*kwmask(ji,jj,jk)
END DO
END DO
END DO
DO jk=2,jpkml
zdk1t(1:jpi,1:jpj,jk)=zdkt(1:jpi,1:jpj, jk+1)
END DO

O ftE

K3 EE AL HT A S

Fig.3 Repeat calculation before optimization after optimization
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DO jj=1,jpjml
DO ji=1,fs_jpiml
zmsku=1./MAX(tmask(ji+1,jj,jk) &
& +tmask(ji,jj,jk+1)+tmask(ji+1,jj,jk+1)
& +tmask(ji,jj,jk),1.)
zmskv=1./MAX(tmask(ji,jj+1,jk) &
& +tmask(ji,jj,jk+1)+tmask(ji,jj+1,jk+1)
& +tmask(ji,jj,jk),1.)

(AL HT

DO jj=1,jpjml
DO ji=1,fs_jpiml
zmsku=1./MAX(tmask(ji,jj,jk) &
& +tmask(ji+l,jj,jk)+tmask(ji,jj,jk+1) &
& +tmask(ji+1,jj,jk+1),1.)
zmskv=1./MAX(tmask(ji,jj,jk+1) &
& +tmask(ji,jj+1,jk+1)+tmask(ji,jj+1,jk)&
& +tmask(ji,jj,jk),1.)

QRN

P4 R B K s R U DG AT A AL S

Fig.4 Adjust access order of array element before optimization after optimization

DO jk=1,jpkml
D0 jj=2,jpjml
DO ji=fs_2,fs_jpiml

z2d(ji,jj)=z2d(ji,jj)+zftu(ji,jj,jk)

END DO
END DO
END DO

(@A

forall(ji=fs_2:fs_jpiml,jj=2:jpjml)
z2d(ji,jj)=SuM(zftu(ji,jj,1:jpkml),dim=1)
endforall

OISR

Kl 5 EER R E AL AT AL AL

Fig.5 Loop nesting before optimization after optimization

2.4 SIMD £

SIMD (Single Instruction Multiple Data) B Fdi54 22 B4l Ui , LA IR 25 07 2, 78 [6] — B[] P 3 221 500 i
17— %484 . KA REIL —hrE A A shc i A, v] LU 52 s B n e RE . 7EAS I
WHEE N A xHOST Wi ik mf , C s T HaiR&TIRE. AT A 3k & AT 2815 < & A6 A0, an
706 B4 T AN BE A 70 500 1 S OB DL S Bk TR A AE . LU 2 H 3k s A R IR 491 SR TR AR AL SR

TEE 6a s BARES b, T zdit A1 zdje #2 B 48 5107 USC B9 S A 82, Fortran 48 51 7] LUE 3l 44 45
] — B P AE bk, PRI 4 15 A S BB I T zdit AN zdj 8 B 2 B2 A A AR B RO, DT TSk S A Bh R Ak,
8 T R R AR 0 1 R R A B 2 SR B L 0 N B A A Bl Ok i A Y A0 T LASE I A Bk AL (T 6b) .

DO jk=1,jpkml
DO jj=1,jpjml
DO ji=1,fs_jpiml

zdit(ji,jj,jk)=(ptb(ji+1,jj,jk,jn) &
& -ptb(ji,jj,jk,jn))*umask(ji,jj,jk)
zdjt(ji,jj,ik)=(ptb(ji,jj+1,ik,jn) &
& -ptb(ji,jj,jk,jn))*vmask(ji,jj,jk)

END DO
END DO
END DO

@ACHT

DO jk=1,jpkml
DO jj=1,jpjml
DO ji=1,fs_jpiml
zdit(ji,jj,jk)=(ptb(ji+l,jj,jk,jn) &
& -ptb(ji,jj,jk,jn))*xumask(ji,jj,jk)
END DO
DO ji=1,fs_jpiml
zdjt(ji,jj,jk)=(ptb(ji,jj+1,jk,jn) &
& -ptb(ji,jj,jk,jn))*xvmask(ji,jj,jk)
END DO
END DO
END DO

(QURIA

Fl 6 SIMD K stttk i A e Ak s

Fig.6 SIMD data dependency before optimization after optimization
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FAM HTFACHS o AR KR B E A R B A D AR R B e Bl AR O RT R R L B R A B B
BHASBA A LA A e gk AT B sh e Ak nE 7 o, &3t SIMD {4k 5 s NEMO #5285 0K 355 850K
BIFE 1.23 1%,

REAL(wp) ,POINTER,DIMENSION(:,:,:) :: a

Nt REAL (wp) ,ALLOCATABLE,DIMENSION(:,:,:) :: a
CALL wrk_alloc(jpi,jpj,a)

ALLOCATE(a(jpi,jpj))

Use a
Use a
CALL wrk_dealloc( jpi, jpj, a)
(G RIAT) O

7 SIMD #g £kt b s

Fig.7 SIMD pointer before optimization after optimization
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WAL DA SR D s e o 4 ALB g5 LTS RE B S BE LA N T FEJF cal_a, cal _b, IF7E 7 35 f 2
1M v [ 25 SR e 9

SUBROUTINE cal_a(temp_a)
end SUBROUTINE cal_a

Temporary Array A(i,j) SUBROUTINE cal_b(temp_a)

Temporary Array B(i,j)
Do loop
compute A(i,j)
compute B(1i,j)

end SUBROUTINE cal_b
Do loopl
call cal_a(temp_a)

End loop call cal_b(temp_b)
Do loopl. . Use temp_a
Read A(i,j) Use temp_b
Read B(i,j) End loopl
End loopl
....... Do loop2
Do 100P2. . call cal_a(temp_a)
Read A(%.?) call cal_b(temp_b)
Read B(i,j) Use temp_a
End loop2 Use temp_b
End loop2
)t ar Litja
@tk (OIS

K8 AER SEOL 1 It A T AL AL s

Fig.8 Memory bandwidth before optimization after optimization
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Fig.9 Comparison of function time before and

after memory bandwidth optimization
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Fig.10 Load balancing analysis of 48 processes
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16 f 557

14,

14t 1.314%

1.3}
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124 8 6 a2 48 FrhtERE  4nBmT AREBRT SIMDHME WEWHE
et A A
BI11 S [ SR T e e BI12 4 00 Ak 45 B8 ik b
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Fig.11 = Acceleration ratio of different processes Fig.12 Acceleration ratio of each optimization step
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32 BRHRELS
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Abstract: The ocean general circulation model (OGCM) is the key tool for ocean environment simulation
and forecast. With the ocean resolution finer, the demand for improving computational performance is
more and more urgent. To improve the calculation performance of OGCM by taking full advantage of mod-
ern computers, a code modernization optimization scheme is carried out in this paper using an OGCN
named NEMO as an example. The Intel performance analysis tool is used to evaluate the computing per-
formance of the model at first. Then, several optimization steps, which are compiler options, serial and
scalar optimization, SIMD, memory bandwidth optimization and extending to multi-cores, are applied to
hotspot functions. After optimization, the model’s overall performance can be improved by 31% without
increasing any hardware cost and load balance have a good performance in multi-process. The results indi-
cate that the optimization strategy used in this study is very effective and useful. Furthermore, the prob-
lems that significantly affect the computational efficiency in the model, such as the heavy use of pointers
that can prevent vectorization, multiple loop nesting, high memory bandwidth usage, are discussed in this
paper, to provide reference and suggestion for the OGCM in the future design and improvement.

Key words: code modernization; Ocean General Circulation Model; NEMO; intel performance; analysis
tools; SIMD
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