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Abstract:

plications. Among most compute-intensive applications, the matrix triangularization decomposition always was in the central position

The reconfigurable computing system became an important choice according to accelerating compute-intensive ap-

of research subjects and presented a great value to solve linear equation systems and matrix eigenvalue problems in science or engi-
neering area. This paper analyzed the linear computing process of triangularization and proposed a hardware-adaptive parallel sub-
matrix identity updating algorithm and a high-performance parallel structure hardware template for matrix triangularization on FPGA
(Field Programmable Gate Array) according to the common triangularization computing process of the matrix triangularization de-
composition . The research focused on the high-performance FPGA parallel structure implementation and optimization methods for the
LU matrix triangularization decomposition. In theoretical analysis, the proposed algorithm presents better pipeline-parallelism and da-
ta-parallelism during the matrix triangularization process. The experimental result shows that the proposed structure gets over decuple

speedup compared to general-purpose processors and the previous works in vital performance.
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B 52 Wi B Al 3k 3 40 £5 224 s L

NE T b fE 1) £ BE K LU 20 i AT 454 5 A
K TAEHATIERE LR S ERD 1042( = 10°) Wi Riis
S HE 11 GFLOPS( Giga FLOPS) HCAif Ht 34745 ¥ (1 i
Herp GFLOPS 11255 =X (20) 7 .

GFLOPS = (Total Floating-point Operations)/( Time(s) x 10°)
(20)
LU 53 1 B AT A5 R i B30 BT[]
C1w = Cload + Com
= Cegete X 1+ Coyae X (n = 1) x (divL+ mulL + subL+ 1 + n)
= Lo X (n = 1) x (divL+ mulL+ subL+ 2+ 1) + {
(21)
HoHr LU A3 RSN A TZ5 A0 1 S TR B BN «
Total Floating-point Operations
~(n-1)x (divL+ mulLL + subL.+ 2 + n)
~n®+20n (22)

RIHM T THEEFRITR TG LA LU 5 i
M PERE AT 3403, 4445 Intel MKL 10.2 #' LAPACK LU
TR YERE, 24T T Intel Core 2 Quard Q6600 Py
CPU, % CPU JZ 174534 2.4GHz, #1478 MB 12 Cache il
8 GB DDR2.

PR Y Tibhdlfltp 7 52 32 {1 A 77 a8 SR 1
SRR EERE AR Y T X RS B K IF AT, B 1
BT GFLOPS W (EMERE R «

Peak GFLOPS
= Number of FP operations x Hardware Clock Frequency
~(1xdivL+ (n=1) x (mulL + subL))

x Hardware Clock Frequency

(23)
3 EALEIFEXIIERN GFLOPS
Platformn Peak Sustained Efficiency
GFLOPS GFLOPS (%)
Power 5,1.9 GHz 7.60 6.21 81.71
Pentium 4 Xeon,3.6 GHz 7.20 5.20 72.22
Opteron,2.8 GHz 5.60 4.17 69.10
Core 2 Quad Q6600,2.4 GHz| 38.40 26.23 68.31
Cell BE,3.2 GHz 14.63 9.46 64.66
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X455 T A AT R GG = A R RE IR T A AT S 1649

XN LU 53 1 B 51 547 235 48 25 A~ B 52 B 1Y)
GFLOPS 3% 4 itz . N a] LAE MY, B & HE R RE 1Y
BN, A LU 43R E AT 450 B I (M e L RRSE T
VIR CRBIAKT R T AE S BRI, 65 B B 2
XC5VLX330-1FF1760 14 it e ik 21 A9 5™ e K LA B
G1), G 2 f W { TT LGS 3] 46.00 GFLOPS, F5 22 1 g
WA LA 3 37.88, Tl il 2 3 T A AL LA .

=4 LU SEIFITEHMIE GFLOPS

Matrix Size | Peak GFLOPS | Sustained GFLOPS Efficiency( % )
4x4 6.41 2.40 37.50
6x6 8.74 3.70 42.31
10x 10 13.00 6.50 51.00
18 x 18 21.65 13.11 60.53

24 x 24 25.72 16.95 65.91
30 %30 27.30 19.11 70.28
52x52 42.68 33.79 79.17
65 x 65 46.00 37.88 82.35

5 #ig

TE 16 3155 28 T T ) S A o e A P
TR P A A S J v ) o il L HG R
T = A o0 i A D LR (Y BE Al 2R V7 T 0 8 Ak ]
P B AT 5 (R A% 0 7 A SO 4 e = A A 0 i
Lo s Bk REBE AR 17 45 #4) 1) S B ) Lk AT 1 W,
ARt T 1) R = A AR AE T R T IR AT A A B
BT, IR — B0 28 B I 1) 2 1k D R 40 1) Ao
B R SRR LU 3 figk B HG i PR REAE PR 47 45 M BET T
FSCHERDRTEAT T IS . AR SCHR H Y 1 4 e BT[] —
PTETE I AT AT SRR AR 1 5, i e 38 5 2 ok
ZR 00 oL P R0 A% 2l e i O B S B T TR R A
BT 5 WAOGAT TARREL, 5 B A B TAEM
o, A FIER R SRR 5 TR A

SR AR, Sl AL g B AR S BUAR LE, J
TP RA S B BE F AT 4 F 3R] AR 10 A5 LA
R E, T AE R 52 B R Tk E 40 £5 A A Y
TN b A E T BT H AR AR SCER B R AT S
THYEREINEG Y, 3 R SR T 8 B AR A R
R 247, SRR R RUASE SO e 1) = o £ 20 Ak ] L
i R Stresson 553X R HULAE R BEA T 23 B 7016
RXHERIr AR AERAN TAE P RETT
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