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Parallel Fourier Space Image Similarity Calculation Based on SIMD
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(Department of Computer Technology and Application, Qinghai University , Xining 810016, China)

[ Abstract] The existing models fof caleulation of three-dimensional cryo-Electron Microscope (cryo-EM) reconstruction
frequently call theé Fourier space-based image similarity algorithm, and the generated high computational overhead slows
the running speed of the model. To solve this problem, a parallel image»similarity algorithm using Fourier space is
proposed based on Single Instruction Multiple Data(SIMD ).By niaximizing CPU thread utilization through manual load
balancing, an AVX-512 instruction set is added to enhance the role of CPU vector register. Then an efficient data
structure is designed to improve memory access efficiency. The experimental results on Intel Xeon Platinum 9242
platform show that compared with the original OpenMP parallel model, the optimized program can obtain an average
speedup of 5.132 times and exhibits high robustness.
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Fig.2 Three dimensional reconstruction process of cryo-EM

() e i 1]

SRR

{8 B3 R

=4



F47E B

SR AR FEAE IS, A5 AL T SIMD R IR AT A8 BN A3 6] RO LR TERE 249

TEVR VR FE B 25 A0 BT 1 S B b, T DUAR 4 AR
FE b A PR R SRR L R RO TR Y B B B A B =
YAy ik, H AT 3 2 S Ok E A W)= 4
1 T4 8 7 TR XA TR 9 AR ) Ko 1 2 A R KO 4
it 235 K R A7 i AT

¥ R FLBE R T R AR S M A R R
P02 Rk 1 R X 0 B 4l Ak B OB 2
G, HGE A A L 43 B3 B 80~50 MDD, fie
AT HER L 3 A LA [t T A R A —
P BB, R AS [R5 5% AR R B 24 40 19 B K
KA WG AT [ — 23 B, 38 5 6 1E in Fn o7 3 45 ]
1R AR P2 = (5 M b, B S5 0 AN TR B8 52 1) ) . R
R AE = s R R AT A, IR A = R,
1.2 BEMH=EEGBEMUNEEX

FE VU B2 50 43 B A B b (L 2 ) R
AEARLRE T 53 ke At R R i A SR 1
HLS EMR 5 A [A] v = 2 B R AR R ) B AR 2 AL 1
FHALEE IR AKX

N
Ddiff = Za X H]imageii _PpronH ( 1)
i=1

R B 1 23 ] PR A50OAR 0L o B 7 i Py 5 AR
a2 1 PR, F RS2 3R

disturb0*ctf[i] @

i+

‘result|+® ‘norm(dat[i]-@) |
B3 BEEMZEHERGHEUETENETESE

Fig.3 Main steps of Fourier space image

similarity calculation

TN disturb0 5 ctf AH 3, 98 J5 SR L privhii 3
A TH dat 55 20 B8 2 45 RO DU eSS E 2
() result AHANSS ,ifn 1, A PAFPER L, H 2 i=n—1.

BRI s [a] MR AR L Sk

N\ dat,disturb0, ctf,pri, sigRep

BWH B R result

fori=0in [0,1,---,n—1] do

result—result+ (norm (dat [i] —disturbO*ctf [i] *pri [i] ) *
sigReplil);

Endfor
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int thread_nums<—omp_get num_procs( ) ;

int begin[ thread nums | ;

int end[ thread nums |}

int num_per_thread«—m/thread_nums;

foriin [0,1, -, thread nums~1] do

begin[ i]«—i*num_per_thread;

end[ i]<beginl'i]-+num per_thread;

endfor

begin| thread_nums—1 J<—end| thread_nums—2];

end| thread’ nums—1]«—m;
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B\ dat,disturb0, ctf, pri, sigRcp, begin, end

Wl B Al result

#pragma omp parallel

#pragma omp for schedule(static) nowait1

forjin [0,1,--,thread nums—1] do

double mark<—0.0;

#pragma unroll(4)

for j in [begin[j],begin[j]+1,---,end[j]-1] do

mark<—mark+ (norm (dat [i] —disturbO*ctf [i] *pri [i] ) *
sigRepli]);

endfor

result[j]ﬁmark;

endfor

#pragma unroll(32) {

foriin [0,1,-:-,thread nums—1] do

res<—res+result[i];

endfor
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