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Abstract: The parallel method of moments (MoM) is successfully optimized using the
MPI+OpenMP hybrid programming strategy, based on the second-generation Intel Xeon
Phi many-core processor platform, codenamed Knights Landing (KNL). Using OpenMP
programming technology, the utilization rate of the CPU (Center Processing Unit) is
increased, and the computing resources of KNL are fully utilized. The introduction of
threads substantially reduces the inter-process redundant integrals in the filling matrix
process. In order to give full play to the advantage of KNL’s 512-bit vector width, the
efficiency of the loop structure is further enhanced through vector optimization. For

the matrix solution process, which typically requires intensive computation and high
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CPU utilization, MPI (Message Passing Interface) communication time is reduced and
the solution process is accelerated by introducing an OpenMP programming strategy.
Numerical results show that the efficiency of solving complex electromagnetic problems by
parallel MoM is greatly improved through optimization on the KNL many-core processor
platform.

Keywords: many-core processor; MPI+OpenMP; parallel method of moments

(MoM);  vectorization
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//PROGRAM:
INPUT epsi(:),eta(:),zeta(:),wk(:) lepsi(:),eta(:),zeta(:) Tl E KA M INL B SH, wk()AE m X RIAUE
OUTPUT(fm, fn, fmn) =R _E'ER SR SE
!Dir$ attributes align : 64 ::epsi,eta,zeta,wk
Do m=1, NG IR R AR
split-array(r,,(:)) R
!Dir$ simd reduction(+:rnG1,rnG2,rnG3,G)
Do n=1,NG IR RAEER
compute(rnG1,mG2,mG3,G)
Enddo IR B GETR
join-array(r,(:)) VEHEA, BARE

compute(f,fm, fn,fmn)

Enddo TR S ER SR

K3 RS AL A O AR

Fig.3 Pseudo-code of vector optimization for the filling matrix
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Tab. 1 Results of vector optimization for the filling matrix
HEREPIRE JEIFIETE /s FEME AT/ %
A 8x8 766.94 —
LA 8x8 681.87 11.09
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JIICHUBERE IT (IR, BRI S AE e _EPEREIIR T

CALL omp_set_number_threads(number_threads) 1B RES
1SOMP PARALLEL 158 TR GRREAT IFFAT X IR FF 48
!SOMP DO private(variable) IDOTEFR HIARAS R B MR FFATIAT
1SOMP collapse(2) ' ERERIT B — BB
!$OMP schedule(static, NumFieldTriangles) PITEHSESRE
Do pp = 1, NumField Triangles B=RATER
p = FieldTriangleList(pp)
Do gq = 1, NumSourceTriangles WR=RATEEH
q = SourceTriangleList(qq)
compute_interactions(p,q) HE =R (p,q) KRS
Doe=1,3 IS=RBAER
mm = edge_num(p,e) REFE N G=RABUNERET ] mm
If (mm.NE. -1 .and. nn is on this process) then VAT B mm Sl RS N A L 0 S8 P e R
Dof=1,3 WE=AILTERF
nn = edge_num(q, /) BRI FEMFE=ATBAERESIm
If (nn.NE.-1 .and. mm is on this process 1AW B 2 LR TR N AL 2 e iR
Z(mm,nn) = Z(mm,nn) + delta_ Z(mm,nn) |FHITAE RS B
Endif
Enddo WR=ATILTEH G5 IR
Endif
Enddo 1= RTILTEIR G5 IR
Enddo WE=ATER G R
Enddo G = AT G R
1SOMP END DO 1B R REIATDOMBIAUIS LR
1SOMP END PARALLEL ' BRERATHIHATKIRE R

4 JHFEEFE MPI4+OpenMP {46 AR5
Fig.4 Pseudo-code of optimization using MPI+OpenMP for the filling matrix
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SRS FEKO W5 B 45 R4, JEUE R 7 REFP7E KNL7210 A% Ab B 2% EAR Ak ) 1E
ff k.
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(a) Model of aircraft [ (b) 3D bistatic RCS of aircraft I

K5 RHL TP FUBRL K 3D Xk RCS 4524
Fig.5 Model of aircraft [ and 3D bistatic RCS
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PR TCRBUM GG & 2 B TS, R AR Bl 70.18%, W B AL T
REIIPT A HOA, I 2 ROR S MR RE B S (R . 3 3 A T R AT R VAR AL T % 4 v
SISO R 3 ATLUEH, R 4 A~ MPT HERE . R 2R 7 FIVAR B SR A 43 531 JTF 3 64 F1 16
A~ OpenMP ZeFEI}, 47 BZA R MR fe A, LUARAG T INGEE T 2.62 £, b BRI 78 s 7
5.81 4%, T IZA ALK VSRR /N, R SR gp o R PR A5 I TR, BT RA, )7 LA 2R I o e
SR AR IR R AR AN ] B

* 2 EHEFIERS KB
Tab. 2 Integral numbers of the filling matrix

HEFERCH HERE Rk LR H SRR TUAR AL AT A ) %%
AT 1 1 1 1 529 435 664 0 0
AT 64 8x8 1 5129 137 924 3599 702 260 70.18
2 1x2 128/32 2293 527 768 764 092 104 33.32
LS 4 2%2 64/16 3439 353 316 1909 917 652 55.53
8 2%4 32/8 4069 270 002 2 539 834 338 62.41
16 4x4 16/4 4814 555 769 3285 120 105 68.23

G H S, m/n R BRI SR AR RN TS 20 AT R m Al n 4> OpenMP £k 1.

* 3 EiTHBEXt

Tab. 3 Comparison of running time

HERE Rk LFEEH HEBEHT /s HEBESR AR /s KA TR /s EYIIbuEns
AT 8x8 1 766.94 255.27 102 2.21 —
1x2 128/32 230.20 285.76 515.96 1.98
ALE 2x2 64/16 131.91 258.49 390.40 2.62
2x4 32/8 153.16 261.16 414.32 2.47
4x4 16/4 177.24 259.23 436.47 2.34

T SRREH P, my/n FORFE R R B SRR RN AT m A n A OpenMP £RF4.

4.2 TKAUEE B HO

KUY TT A SO AL 7(a) FoR, PN S AR 450 MHz (FEAL3L 7 17), A4 T7
) Ay T EARAL, VRSB0 RCS. B A5 73 151 452 D=8, AU 227 178,
BHATURERE R /N A 227 178227 178. tHEAF 2] KWMLK 3D Xk RCS Wl 7(b) Fiox. B 8 45 T
KAL) oy THIFN zoz THIfY 2D X RCS 45 3.
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(a) CHLIT P HARR (b) &AL 1T FI3DIHRCS
(a) Model of aircraft I (b) 3D bistatic RCS of aircraft I

K7 RHLILPGFUBERL K 3D Xl RCS 4524
Fig.7 Model of aircraft [l and 3D bistatic RCS
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Tab. 4 Integral numbers of the filling matrix
HFREH HEFE P % LR H SRS IREL TURIREL LR/ %
AT 1 1 1 22 937 708 304 0 0
KA 512 16x32 1 87 453 385 158 64 515 676 854 73.77
8 2x4 256/64 61178 300 578 38 240 592 274 62.51
16 4x4 128/32 71538061 156 48 600 352 852 67.94
AL 32 4x8 64/16 76 226 472 670 53 288 764 355 69.91
64 8x8 32/8 81222150025 58284 441 721 71.76
128 8x 16 16/4 84157313530 61 219 605 226 72.74
W RRREH Y, my/n ROREEBEIA SRR BE SR AR RN AU BT S m Al n A OpenMP £ 742,
* 5 EfTHEEE
Tab. 5 Comparison of running time
HERE R 4% LR H RIS /s HipE s A /s BT /s NS5

AT 16x32 1 7977.94 3079.69 11 057.63 -—
2x4 256/64 1124.01 3261.46 4 385.46 2.52

ax4 128/32 715.20 3231.76 3946.96 2.80

Rt 4x8 64/16 601.36 2449.08 3050.44 3.62
8x8 32/8 810.63 2947.81 3758.44 2.94

8x16 16/4 1243.13 3081.21 4324.35 2.56

i

s RRHH S, my/n FORHIBEBGE A SRR AR R BT IR m Al n 4> OpenMP 2Rt
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