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Abstract:  Maximum noise fraction (MNF) rotation is a classical method of hyperspectral image dimensionality reduction, and it needs
a large amount of calculation and thus is time-consuming. This paper investigates the code transplantation and performance optimization
for the maximum noise fraction algorithm on multi-core CPU and many integrated core (MIC) architecture. By analyzing hotspots of the
MNF algorithm, parallel schemes are first designed for filtering, covariance matrix calculating and MNF transforming. Then, a series of
optimization methods are presented and validated for various parallel schemes of different hotspots, including using math kernel library
(MKL) functions. Finally, a C-MNF algorithm on multi-cores CPUs and an M-MNF algorithm on the CPU/MIC heterogeneous system are
constructed. Experiments show that the C-MNF algorithm achieves impressive speedups (ranging from 58.9 to 106.4), and the M-MNF
parallel algorithm runs the fastest, reaching a maximum speed-up of 137X.
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) =2 Ak H .

X1 JEIR T VR R I A R, S I e S W=614,H=1087,B=224 [\ &6k e, Hdh CPU OMP
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&2 hr = RACR (ms)
224x614x1087 Serial CPU OMP MIC OMP
Before 28052.98 3395.79 959.27
After 16 652.45 2 066.82 608.85
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5.2 FITMNFILIRE
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3K, IE 238 B CPU 2 4% AT I S8 AN ¥ i BRI AR SR T 8 34 HE MDAk 7 v AR AR R de A R A AR AN AR (1 T 42
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Transposition@® Exchange loop@
MIC Before After Before After
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MNF A5 35t R AU B Ffe v, T AR MKL

700.00
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£ Z000 | ROPE RS s g RO A ST
P00 | k= LD LD (AR (A 7 TR P SO 5% CPU
CPU_OMP | MIC_OMP CPU_MKL MIC_MK] - o o N N

OMNFirans|  435.04 102.80 164.45 466.54 it MKL P2 e s P11 57 7 MINF AR 3N i) AR S
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6 ZI/IXRZEFIT MNF BiE

6.1 C-MNFH#{THEZ

Z % MKL AR MNF 224 ¥ CPU £ 4% MKL WA #52 & AN # S i PR 94T 7 28 H3X JLAS A N MNF &
P P BN 3 B I B A DU A ML 2 R B 28 s 4 U 21 T 2 8% CPU 4, 1%
WA TR A B AR CPU 2 8% 94T MNF 503,10 4 C-MNF.
6.2 M-MNFF1TE%

WL IR R G LR A, — AN EE A SRS A BRI 28 CPU R MIC ¥ 5B 5 45
AN THE A BB S U AR IR AT 7 R AR SRR B T E A SR R R Il Sl ES . HE(E
)5 TR (R EE.

CPU Ii#¥imisi A MIC 4R 1k 45 (8 3 T 85 R0 A7t 20 BE I 44) 1 b S e s, L 43 AR AN )  #% gk 47, ]
PAIFAT AT

76 MNF HERE A 5 4 28 M mT DAIEAT AT L) b I SR B i, s M 7 26 e ) B0 D7 2 R g, S e 75
77 ZEFEBEEAT R AL 73 iR (Stepl-Step3);2) K IR AR (1 1y 77 72 56 5 (Stepd).iX 2 4R £ B 18 16 . CPU Al MIC,
AILAE CPU AT M 1L,MIC EHATL I 285100 A CHET CPUIMIC R IT T M-MNF 475072, & 8
Jis.

( Offload signal

(X matrix filter into F matrix)

(Trans X form uchar to float) v

Calculate covariance matrix
CTrans F form uchar to floatv \ of X used MIC (Co)

( Calculate covariance matrix
of Fused MKL (Cy)

(Eigen decomposition for C,D

( CalculateP:UDN-l/z )

( oOffload_wait «

( Calculate CD_ad,:PTCDP )

< Eigen decomposition for >
CD—adi

( Calculate T=PV )

( MINF trans Z=T'X used MKL )

Kl 8 M-MNF J47 5 k0 i
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7 RRERENN

71 TWEE
AT AR & L8 P 8 # Intel(R) Xeon(R) CPU E5-2670 #1—> 57 #% Intel Phi 31S1P b 2% 4k
T IEAT T E R4 550 SR ] OpenMP HiI LEO(language extensions for offload)f) C 15 35 Ji Sk SE IR 4T 5032,
FH Intel C Compiler 13.0.0 & 1% 25 4 3.
5 BHTAICRAN AVIRIS EERE AR B IEA(E B, 2L 3 41.
Fz5 mOGEEGRE A E R

Data Width Height Band
1 614 1087 224
2 753 1924 224
3 781 6955 224

7.2 FITEZMEL

AR T SEPL C-MNF Al M-MNF JEAT 503240, B SEI0 T —FF O-MNF 545 JF-47 AR Z AR AS 7 J5U 4 MINF 2
Tl EAI ] OpenMP F:AT 4k s 4 i, i o< 1 S0 AR 38 e A Ak Sims AbFE 3 40 Tl il s A5 508, 41 MINF [ 4
N (3K 6), vH & AT HvE s Lk (W& 7).

R 6 FRA MNF U171 | (ms) #= 7 AT MNF fniitt
Data Serial O-MNF C-MNF M-MNF Data O-MNF C-MNF M-MNF
1 62 393.56 7 752.66 1 058.68 953.83 1 8.0 58.9 65.4
2 141 221.63 17 228.51 1715.13 1480.84 2 8.2 82.3 95.4
3 538 294.40 64 885.74 5 058.54 3927.96 3 8.3 106.4 137.0

X7 HE B R A SCIEAT 7 W O-MNF JEAT 513 AT 3843 8 i A2 43 16 0 Ll 1 AE 14T 7 S8 3k L,
K S o B R (AR S R, T S AR 2 4% CPU - 3K453 58.9~106.4 £% AN S5 11 I Eb; R ISHE ] 7 2 4% CPU A%
MIC ) M-MNF JFAT 5032 8 dee 47, e oy P 3 137 4%

7.3 FITEZRBOM

el M-MNF [ 2E S8 AN 20 BRI FEINT I 7 i 1) 30 1 20 b 22 BB 9L ue2f o AR etk 51
unsigned char ¥ty float J744). % LL B 9 AN 1, A BLIFAT i 4% 20 BRAEIN EL FE A7 BT 503 (H W 5 22 M o AR TH
SR RIS B XX I, AT DUE R e v S BT w, L A MIC SRR, IX B2 R — 20 AR A

slep?

B9 M-MNF B [f] 47
8 & &

AT 2 4% CPU FIAAZ MIC BF5T G S A2 B 4E MNF J5 vk, vt 7983 B i ZH BRI 5. MNF 42
PSP AT AL SR B RN SE I T 2 F £ 4% CPU ) C-MNF fil2:F CPU/MIC f] M-MNF J:4T 5%,
SZHG 45 B R C-MNF 51954 2 4% CPU Lk 58.9 £%~106.4 i AN%%, T 3 F CPUIMIC FHI RS M-MNF 5
A B S, o e TN 137 £ AR SCHF AT R, DG S AR MNF BE4EBE T E 2% 5 iz BT RAF 1k BE,
TEASAEAE R REIE, W] 2% S8k — 4 VA e B B2 T LA SR 3.
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