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Computing of urban noise map based on Sygon CPU-DCU
ZHANG Tianyu, LI Nan, WANG Zhihan, LIU Bin, FENG Tao

(School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China)

[ Abstract] In order to deal with the frequent updating of urban traffic noise maps and realize the rapid solution of large—scale
environmental noise maps, a parallel computing method of CPU-DCU is proposed, and the DCU accelerator card on the Sygon
supercomputing platform is used for kernel computing. Firstly, the noise calculation data file is designed, and the GIS data, noise
monitoring data and other multi — source heterogeneous data are stored as unified noise calculation data. The buildings are
geometrically simplified by means of directional bounding box and other methods to optimize the DCU algorithm. Secondly, in view
of the advantages of Sygon supercomputing platform with multiple DCUs, flexible allocation of computing tasks is realized on four
DCU accelerator cards, and the parallel efficiency of four DCU accelerators is 88.2% higher than that of a single DCU accelerator.
Finally, the correctness and performance of the above methods are verified, and the computing efficiency of CPU and DCU under
different computing scales is compared. The results show that the CPU-DCU parallel computing method can be applied to large—
scale environmental noise map research, and the possibility of noise map solution on the Sygon supercomputing platform system
could be verified.
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Fig. 1 Calculation process of noise map
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Fig. 3 Noise calculation data

1.4 DCU WE% ML

TE K Z2 50008 75 1 V0 175 o v, T AT 5000 A o 22
oA, BT D R A HRf E E 2 4k
BRI Jr 200 JUATT H50 0 (4 4071, DT 4 v 1 5
ROR N T RN KRB IR I I 7 e 1] A B R
Bk T A b R R 2 D3 2kl AT DCU
ARSI, 24 T LA — Fof e o) 6 1R & %) JLART 7 Ak 7
W SCHRS ] Hodse T M M R o 2 A4 A 1)
W& A Y B L R, BT A B,

FER IR R 75 i 11 SR A rb 4 2 ik tE A7 L]
ik, TR R T 3 4%, L5 T 91 % IR s T
GERZME/NT 1 dB, J RiIRZ/NT 3 dB, XK
TR 7 b [ (19 22 XL SR A 152 25 8 23 P R R )
SE AL & vk 4 s iz kT IR RIS e £
IIE B M FIEIE 3R 284 i/ e
FIAEIE ., AT 1948 DCU BYTHEI A], 76 e s - E 4L
o A R i 2 s — U M bk LT B 2R A 7
faifb A A e b MBS Pl

(a) SEMEH &

(b) 7E i) G & B R L8 fb

E4 TEmEEEE
Fig. 4 Oriented bounding box method

1.5 CPU-DCU H{THIREEITEFH %
CPU-DCU AT 24 R G CPU e &
FrM F AL (Host) |, B DCU BT TEA B K M 15 2% i
(Device) , EHLIARMBMEH C/C++HE, 2177
CPU I+ ; A& CRS (R R0 ] HIP-C 4 , i

177E DCU I, S {4y HIP B2 )5 A9 P47 Ui 2

O

(1) 4rBC Host WAE, IR A T8 W th Ak

(2) 43T Device WA, JF M\ Host K245 45 UL 3|
Device [,



20 oBe

2N A | S T A ¢

ERRES

(3) JAH HIP fA% BRELAE Device I 5E 48 1Y
B,

(4)¥ Device iz 845545 D1 2| Host I,

(5) B&H Device Al Host 43t N AT o

Mg el PR R AR Y IR AT A, B A4l
MRS Y, R TE 2% 6 BN A 0 2
WO A R R3S, n A0 AT LR IS 3 n A
Fellos . TR MRS #1815, 5 B ] CPU FI DCU
Z A AR 22 S, IO A B v AN [m] (1) S8 AR CPU
H DCU #%.0 BB EA AR B PERE , 11140 JLAa] 2 s
HEE RIB T

“BEE” TR GFE H DCU ANk g5 A1
BT CPU B KA R R B AR TR, SO 2
i/ CPU-DCU PME Y 75 R AT W 75 3 P i 5, o
i HIP-C %i 58, K& & DCU 58 i3 4R 3
AL ArECE) DCU fini#s BiztT, ¥ i& & CPU fif
AR H T RCE] CPU SikrT

“BEGL” MR R G A R
EIPBL T 4 B DCU PR, % S8 B BRI R P
SR AT RE A KNS — S T B R Y R )
fid , B FSEIE A 1D Device diifT 45 R G K43N n
(1 < n < 4) IH&HIE] n 5K DCU i K I, 538
FT A BT BEIR TSR THE TR T T,
PRIUE T B2 IR & 35 B

N TR IR W R b 1R S AT
5oy Bty EE, BESEERWY, SCRR[ S 1 # i py BT
AL TR 1R M AT 55400 3 O B R4 55 R BE Dy
AT D P 7 b T AT AR

EX1 H HFRRGEXST R H 1)
N,

A1 55 @

H=pN,(N,” +3) (77'r2N‘m “/s,) (1)
et B IR PR RE A2 1 R Ry IR
H o B RS R BT ;8 S BRI BRI
SEAMREITG T 5T LR T RGN, FOR T X
A S B 5V, 2% LT P O 15 1 24
BN, R A B, FR K B R X
oy
EX2 F,
AT

TALS5 1 DCU GEELE F, 15

F,=min(H,)/h, (2)

o, H, BRI FAL5 8 DCU BRI A,
FoRXI i 1) DCU THERAE by = N, N, N, /s, o

M b P SR AR AN S s, LS AT,
CPU-DCU J-47 M Hb TS A G F

B AR E AR 55 R T
BT X AT RS 4K

B2 AT, SR B A A RN ]
AT,

B3 SNGr, HED AR B D IR
2 153 B RS P dk 22 R0 3, 2B T AT 55 R0 43 1 B
Yk

TR PN, K -YbRiET AR
DCU &AL B, thE MRLe okt i DCU 3153, A2 i CPU
TAES %M DCU TS5 4,

WS PRSI, RIS B Al
TH AT RE T, FEARE 15 A SRR g 1 49 A5
S BN VL 1555

e MEEHLEISTIRE G WA TR A
WIS 55 252 T35 R S B R b ]

BCHLl 45 @ pcu (©) cpu

i M;] T 1 r Ol ® |
o R L L1 ‘@ ©®@l,“%®
Hepla g PRS2 P @ [0]6"
a2 b e eimE L © [e[e]ele

5 8

& )

= ,

" TN =
— < =N
g T | =| = "'
i ]

B 5 BREMETERE

Fig. 5 Calculation process of noise mapping



53

TR, 4. FTEESE CPU-DCU ZEA4 1T X M 1 [& 1-44 21

2 Lo

2.1 SCIIME

SCE SRR T O YT R B R A, X
THRARRE IR AR ST B RSO, BT
JEECE 1 32 40 2.0 GHz FHY x86 ALFEESHI 4
P DCU Ik, #4157 filiC & 8 2 16 GB DDR4
2666 ECC REG W17, JFBL & 2 £t Parastor300S
TR G, SR KA B0t . B AE Ty
T, 5 R A 2, JCFH ZE 9 200 Gb HDR
Infiniband % FITHE S | BERR R $ 580 ) 5
PR, RIS PRGN slurm, RS HAK
W B S E B IR 1.3 2,

x1 “BREBEHETEERGEMHER

R2 “BREBEHETEERGHRHER

Tab. 2 Software information of Sygon supercomputing platform
system
EES S
Linux Kernel 3.10.0-957.¢el7.x86_64
MPI #1535 HPC-X 2.4.1
0S CentOS 7.6.1810
ToolKit Version dtk—21.04
CPU 4t GCC 7.3.1
DCU %45 hipce—2.9.6
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Tab. 1 Hardware information of Sygon supercomputing platform
system RS, gatxttb’&3,CPU 55 DCU hink K m
v — H RS LA, 5725 SR 25 16 AE £0.05 dB,
cPU I+ Hygon C86 7185 32—core W EARPESIE, T H 8 DCU Mk R 1 CPU Jin i
~ j J AN —
P1E 8 # 16 GB DDR4 2666 MHz Ji%u 261.33 /TEI o IEEE ﬁ%\ﬁlﬁ%ﬁ{ﬁﬂﬁﬂl@ 6 E?/j_\‘o
*3 FERESBUSSH
g DCU HRSEMRS
Tab. 3 Parameters of source and receiving m
kR 5 B2 Parastor300 —
TE% x y z
7R MR 9% 240 GB M.2 Nvme SSD 0
R 50 19 1
o £ 8 200 Gb/s B 98 35 5
x4 BAYSH
Tab. 4 Parameters of buildings m
H1 H2 H3
F
x ¥ z x y z x ¥y z
1 55 5 8 70 14.50 12 90.11 19.48 10
2 65 5 8 80 10.17 12 93.27 17.78 10
3 65 15 8 80 20.17 12 87.27 6.61 10
4 55 15 8 84.11 8.31 10
x5 MELER
Tab. 5 Calculated results
i BT TR/ He PR R/ AR BeUS AR RS/ dB O I H RS/ dB - iR22/dB
1 63 93 41.54 41.530 0.010
2 125 93 35.28 35.240 0.040
3 250 93 30.55 30.540 0.010
4 500 93 27.18 27.154 0.026
5 1 000 93 26.39 26.391 -0.001
6 2 000 93 25.63 25.620 0.010
7 4 000 93 24.17 24.160 0.010
8 8 000 93 21.02 21.013 0.007




22 &

i 2 S I I VA

ERRES

z \ 8
be? 4
s : { : ' : | 1 s
+ | SR
| RIS
¥ o)
t . a
1 R

(a) IEBPEFAH]

(b) FELRT AL

6 IEFMEIIE

Fig. 6  Correctness verification

2.3 FiriEsemik

3 A A DX RN A R o 5 R B
g i M AR A LR, 7E < BT B T T
3 R Gl 0 7 DX A7) Ao e e 17 DX G346 P M s 1
BREIATIE TR . A X RS 1 5
B 2, PR RS R4 22 POAE B2 ERE S m, X
SETRA 1 THE 1 R R, B 2 1 10 2
i SRR IX A M) 3 S 4. ) 3 K RS
X153 10x10 P&, B2 R 5 m, 115 10 J2 R B
B 4 K SRR 2%2 [ B2 B R 5 m, A
20 )R, BHISEILE 6,

x6 HElZH

Tab. 6 Parameters of examples

RPN G A 2[R/ m TR RS
1 2x2 5 1
B 2 2x2 5 10
A3 10x10 5 10
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Tab. 7 Comparison between example 1 and example 3 using CPU

and method 1
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Tab. 8 Comparison of four calculation examples with different
scales using method 1 and method 2
THA U . DCU/s XDCU/s  FFATRCR/ %
il 26.22 13.50 97.1
2 266.91 137.86 97.3
4 3 1 033.44 518.95 99.5
B 4 41 655.50 21 013.30 99.3
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Tab. 9 Comparison of example 4 using method 1 and method 3
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Fig. 8 Visualization of noise map in experimental area 1
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Fig. 9 Visualization of noise map in experimental area 2
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