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Research on accelerating triangular matrix backpropagation
based on heterogeneous platforms
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Abstract: Transient circuit simulations often necessitate the construction of linear system models, where the sequential solution of trian-
gular matrices with multiple right-hand terms becomes a time-intensive process. To expedite the computational efficiency of back-substi-
tution for these matrices in transient circuit simulations.this paper proposes a parallel computing method based on a heterogeneous plat-
form. The method prioritizes the computation of multiplications relevant to the solution vector, exploiting the inherent parallelism of
back-substitution calculations. The architecture features a core operation array with multiple floating-point calculation units and a control
module employing a two-tiered master-slave state machine. Using the Zynq UltraScale series FPGA , specifically the XCZU15EG model,
our architecture is compared to an Intel 24-core CPU platform utilizing the MKL solving library in linear matrix resolution experiments.
The matrices used exhibit characteristics of being symmetric positive definite, diagonally dominant,and dense with a sparsity exceeding
50%. The proposed acceleration architecture achieves an average speedup factor of 22, with solution errors falling within the range of
10" to 10 ", The experiment results demonstrate the architecture’s significant enhancement of matrix solution speed, especially suitable

for forward and backward substitution resolution of high-dimensional linear matrices in transient circuit simulations.
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Fig. 1 Steps for solving a triangular matrix
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Fig. 2 Schematic diagram of task division for solving linear matrices

75 PC PSR il 26 4 o B i 37 Je il i LDLT 23 i 4% 2
FLT A LR A DR R RS L S0 A A AR
DRAM . FHEM 3 ML Ly=06.Dr=y L  x=r
WU #3578 FPGA &3 5 T Bk i 347 51, /e 1)
B AL B 7 p D TFAE S B TAE 5 AR E 4 BE 2
L DA P S v i A N R AVt B = QY
AN v B ICER R DU A9 A ) 26 0 2 A8 BRI o0 i 1
BRI IE 5 R A ) i o BRSSOt IR AR e A A B 45 R
li gk o B [0 pog [l AR A A A [R] B Be st 4, DA it T
VAXS iz 55 [ 3 2647 43 Ik 52 i ) [l AR g i 7 2 1
s SR LU A B

2.2 TEMFIRHIHELR

2R 2 I T I B AR oK A L L An Tl 3 TR L 7E FPGA
fWJE/J4ﬁa%ﬁﬁi?%@ﬁn;ﬁ%&ﬁ%@%z%ﬁﬂ%ﬁ‘ﬁﬁ%%ﬁ%ﬁﬂ

BRG], LR LB R I,
2.2.1 HIEXE

FFH DMA 8 i 5 /M5 A 4 DRAM #E47 56 [ L 5T

15

peblh Mo
—_— —_
Bk | ert [
pe el |
ek PRI | 1 T

o ||PEO | [ PET ||PEp/2I|| -
T I
)y—l[\ MIG Sub I PELI S 7] 1| Div
) P ||PEpl||PEp/2+I||PEp/2|I

B3 EHEMERFTEIREN

Fig. 3 Hardware accelerator parallel implementation structure
FAFEME Do i b LA RS (8] 1) i x BCHE HEAT A L L
5 KT I A SR A R B T A 0 S RO AT G E . R RO
M PC A HLF 4 F) A 4 DRAM - Jl DMA #i§2 3] |
b FIFO i J5 #2250 3 O B FIFO A i $odis of 7
fe &£ s F L % H RAM . 4R, 52 RAM 2L
A IR 24> 18 BB T T0 W TE A T B TR A P R R A
PR B IRIT R L TR A T A

2.2.2 ZEKT

TEREF I A oG8 5 TR B A R S A TH R AL
. B BT A 2 SR OT R S5 M AR AR [R] L B~ 12 5 T N

WA e vk BT vk 5k BT ﬁfﬁéimo A AR
fiff B0 I HE 8 R G A0 1] 4 BT L R SR U A R AR A
FEETE R | FIFO Hr, #2 foT i RS PLAR 41 52 55 g
TR R TR 1 B A

B TV B A R

mul_add_data din full

1 I
clk | clk I
T I
rst_n | rst_n empty |
— T — I
| fifo_rd_en dout | pe
rd_en I _@*, FIFO L
] .
1
|

mul_add_vld
sub_vld_Ivl

fifo_wr_en

B4 EEIRKRBRIFERTEE
Fig. 4 Schematic diagram of matrix backpropagation
solution validation framework
TEA U SR IT i bz i 503 I FIFO %4 A
BREEITARTR. IFERPEER ) AR

BAILHY FIFO . DU T —Fe 6 38 i 3 45 — B4
HH AR I A 0 3R 7 25 AR A R R R L'J?FﬁL‘T el

HATHE A, BRI AT L R A



EREBEEBRARRS

2.2.3 #EHIEER

A A A A B A A AR LS B R R R R
Il T AR A . A ) AR A BRI R as B s 5
Bk p MR FE4ERE n X is 5 50 0 [ 90 47 2 8000 B DL e
BN SR AR 0 T B L — U 5E R 1) L S AR
K v (AR A 25 52 B, DU 2 Wit B3 45 SR i 1) i x O S BT
FEL B L I 5 08 T B COR figp ot A R 1) L 7 A R T [ £
T A DD 4t Pl ROk S8 B IR AR R — A B
PIDZHAPIREL . ARESHLIY Bk He s AN E 5 Froi .

‘

=
-

Master FSM

B5 EHERNENTEREN

Fig. 5 Master slave two-layer state machine of control module
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Table 1 Performance comparison of solving matrices
on different platforms
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solving matrices with different dimensions
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