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Large-scale Traffic Simulation for Parallel Cities Based on New-generation Supercomputer Tianhe
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Abstract: As the scale of cities continues to increase, urban transportation systems are facing more and more challenges, such as traffic
congestion and traffic safety. Traffic simulation is a method to solve urban traffic problems. It uses virtual and real computing
technologies to process real-time traffic data and optimize urban traffic efficiency. It is an important method to achieve the parallel city
theory in intelligent transportation. However, traditional computing systems often encounter problems such as insufficient computing
resources and long simulation delays when running large-scale urban traffic simulations. To solve the above problems, this study proposes

a parallel algorithm for traffic simulation of parallel cities based on the parallel city theory and the heterogeneous architecture of China’s
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new-generation supercomputer, Tianhe. This algorithm accurately simulates traffic elements such as vehicles, roads, and traffic signals, and
applies methods such as road network division, parallel driving of vehicles, and parallel control of signal lights to achieve high-
performance traffic simulation. The algorithm runs on Tianhe, a supercomputing platform with 16 nodes and more than 25000 cores, and
simulates real traffic scenarios involving 2.4 million vehicles, 7797 intersections, and 170000 lanes within the Fifth Ring Road in Beijing.
Compared with traditional single-node simulation, the proposed algorithm reduces the simulation time of each step from 2.21 s to 0.37 s,
achieving nearly 6 times acceleration. An urban traffic simulation with a scale of one million vehicles has been successfully implemented
on a domestic heterogeneous supercomputing platform.

Key words: parallel city; digital twins; high-performance computing; traffic simulation
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min{m,n}+ 1.

EHE 1 ARHE T — Rk P B R BRI 4 VAR IE S R, T R R R EEARI T B S0
BT 52 ik S, BItetk. B b, DU XM (quad tree) A1 KD # (KD-tree) £85I 43 J5 1056 7K P Rl 88 B 7 [l F % -l 43
A T AREE X3, AT DA A I8 A5 T4 /N R 2R, (RT3 1) 20 R DX 3, IS R AR IE e oF B 4 B2 A R 1YL A,
FEH T — R Bl 43 77 S BRI 3 (Vi x ) B, H R EELAREDT 6 M PIR.

(1) Wi E RN () f AR5,

(2) KA TH AR IR x ARAT AR

(3) $ZMEHE P J5 1 x ARG I 43 B v AT, AT BRI S A RIS 0 T A

@) FAF TSR y AR bR

6) T’“EﬂﬁFf?}:E’Jyiﬁﬂﬂ’l‘?@ﬁﬁ(%ﬁkﬁd\ﬁﬁ i AT B BTN T LS R R 1 T A

(6) AT B BB — /N AL

14

PR BRI 2 SEESE 1 RS TIUR, (B2 1) 458 x ARARHEFE, JERRI S Vi DT B, BT B TR Oy —= o

’5"@20&&14‘?@9’]“ 'ﬁé“ﬂ”yjdfﬂ?lﬁh FHAFEEA T B R G BN v A7 1, SR 3R T 0 AT,

t/\¥l7§]l§l’]m)§1ﬁjj — *EJE e-Balancing [JE 3, Vi<n, |V|- U =0, L% E R 0-Balancing . 1% T4 X

AT KD BRI, Ji<n, IVI—U>0 MIFEAE € >0, ﬁHVKn —6<|V|—|—|<E zi b, PR BRI ar 5

BT VY XA KD *ﬁﬂﬁ%ﬁﬁﬂﬁﬁﬁﬁﬁ.
3.2 FEWMITHEREHITHL

ZERFEAE B AT B 3 B Krauss B RS (BRIAR RN, Krauss #7222 45 E B MR 24— I 22 S AR AT 24
ZEBRCE I, 224 IR B R R IS T 1) 2R 5 R 8 TV 82 00 B HT 2R ATy, A 20 RN TR) Kt S . 3k 0 45 25 Tt
PR BRI S E S SN [A] Py DL K e 245 2, DLk Sk AR RlEE . BT 5, BT ZE (before) 5 )5 4
(after) Z [B] I ZEBE9:

g=x,—x,—1 (®)]
Horp I FORERGKIE, R ER G EABET 2, 75202
Lv)+v,t<L(v,)+g (6)

Hr, L) FREEMEIE, L(v,) FRTWEMEIES, v, RN GFEE, v KR ENE, ¢ ZoRZEMEE, AT iF
vy, BSAERE I 8] P9, TR T RIS N b = (v, +v,) /2, BRENRITEXT 0 5K — B 3 2Bl 45 21
L®v,+v,t< L'M)v,+g (7)
R BRI D BE D b (v), WA

w4 [ v
o= 3 [ 554 5 ©
AR (8) BT VAV IS, 22 Bt P, 50 2 BRI 1 7 24 T AT, (R ALK
G BRI, FERR AT (5 AT RO, A ALY A4, BT B, TR, T SR B U LA
.
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AT 52 &6 RTH —RABF 0 KA PATIR T 28 A 3701

(1) RIS, W B ARG S, EEER (RE. BREELY %), EfE SRS

) TR AT N, RTINS EARIE, DRI K A

(3) ARIFL IR (2) BRI B BAT AT FPIREEH, &, Fik.

X FEHARERAT J, FEARELTINPE.

(1) FRELH AR B ANEE B, AR B AATE H AR 4.

(2) SKELHT 5 5015 B, JF T SEAT S R4 AR R 5.

(3) WU T AL 2 BEAT TR AR ¥, IWT R B B4 A0 o S BUME IR B 4 5 R IB . SR, T & AN
Ry BN, RVEEMIETARIE.

(4) IR ZETE, WS B AT ENE R

TEREAE I8 FAT 5, FRI BT IRARN ZIESCR, BTSN S AN ERRER 2, &2 m R
HAGI 225 8, W AT B R L. AR R () A L R R, T USR8 38 ZE 40 E M R AT B RS S H 1
— AN T] SRS AR 6, T 5 Al A2 0 PR IR S AR FL AT 1), 3 Tk R, o] LR AN s N 2 0 TiD
—MNMIATEAR. 7E BRI R, SR A OpenMP HEZE DL 58 SR AT AL I EAIRASTHE. BAPAT AR S ST AL — A
MR, I HRFE Z 18 A] DO AT T FAT S5 XRERT DAFe /0 IR 9T s B2 4% CPU I 2 /M-
O, FATHI T B ARIRAS, AT 4R = B A B 1k e

AL, FEERHHAT FE R, 0 35 AR E B R HORSE R, i S WM ERFRE. 5
AT ZESIEAR R, A A 2R RS 00 5B R [R5 A 28 A RS, SR FH AT 229047 SR (0 S B, 194N 2008 1 0
AEER]— M ATLRIE. FIREHE, SR OpenMP HEZE, 58 A AT AL B ZE R AS 56 37 2500
3.3 (EEATIRHIREHITHL

AR @A HLAAAT (phase) 1 NAE 54T B HIRLEE, 155 4T A A7 3 LR 45 281845 5 4T EAS R 7] B Y S 7R 1)
ANFETIRE. EE, F S HAERST . BT, ARG RENTEL S, LB —MEg
A IEAE T AT i RS, T4 3E X% 1 038 @ i i, 14 B8 25 1al 0 B D AR U R AL 7 AT R 2y, 25 50T
K539 8 AN RIAEAL, 454N AE AT B T4 58 178 T8 IR BN A 2. eI 2 o) AN A A R B ] (] B AR, \ AL
P AT DA 8 22 38 75 SRR Se G ok 3 A R A A5 5, DU KRR B M 3R i 288 A R A 2 A k. thdb, SR s K 7
13PTSR O M A, DA A5 5 AT (K SR s B . Sl 0 B S TS S kT R bl A i S A
HR N S S AR

St A SR, AR, 25K 2RI 1 3 5s X i B m RSB Eh R NN (L m), SIIEE (1,m) 1
BEMESRRZN al,m), Horh, BESEIEEAT 0BT K RS0 RS 5RO 2800 mAT R4 I sh s,
a(l,m) = 1 RREBIHNE T ARFBNAGES, al,m) = 0 FREENE T NEEIFAGET. X OH—MHAAGT )
WL B OIH R ERAT PR N — AN B, B — MBI BER RN p = (L mla(l,m) = 1}. ZEIEIZES) (1,m) B &
JIn LI A 5 (9) #EATTHE

x(]) i x(m)
Fomax (D) Xonax (1)

Hot, w(l,m) AZSEIZEN (1,m) BIE T, x(1) AZEE 1 ERZEREGE, x(m) HEE m ERZEREE, x.0) AFEE E
VPRI TR FEE, xp(m) NEEm ERFRBIRKEPREE, x()/Xu() NEFET L%,
XM Xpax (M) NZETE T FIZERREE. A2 X i (AT DL A 5 (10) #EAT T

Z w(l,m)

(Lm)ei

w(l,m) =

©)

P, =

10

Horb, X0 W) PORSEX A i AT SSE IS B 40 s ) 2 A
Xt SR T AR, T ARAE I B K D T R, B T B TR A AR 5 AT ) SR SR . £ S BV
o, G A R SR TR, MR DA Bl 1 B 2 2Ot 2 s AT AR AL AT B A T
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FEA T, 0y (ki) = 07 (ki)
D,(k,) =3 FEK2, ooy (k) # 0 (k) and (14+6) Py 2 Pronit) 1)

B, O (k) # 07 (k) and (1+6) Py o) < P
H, D,(k,) RAREX ORISR IE, o (k,) T ARHBATHAL, K 1 NH AT BoRb] B EKEE 1 TR E,
551 TR ) BT DAL B A GRAT AT RE K B A] ) e KA. B 2 VG ST BRI T E K2R 2 TR B A], 28 2 TR )
INTEE 1 TOEBS ). P, oy NS X n M ETRAT ML IE, Py, ) FIE X 0 S KR I FRAERALE DI, 6 4
T E 7, 2 0 (k) # 0 (k) B, U0 B S BTIEAT AL A B K I B EEARAL, SRR I (1 4+ 6) Pygeiiy T Pt
B AR, B (14 6) Prgey) = Prcratoy 98B 24 BT IE AT AHAL 19 A SREER, W4k S0 G KT B B ) AT 4
K AR (1 +6) Py < P UtH A HTIEAT ALK R JJE BN, W LLZS O BB ATAE AL, I ROE IS HIE 5 W0E
N AL HEAT ST R R, 5 ST R A RPN

(1) 32 R 77 IR BN NG HEF il 55 K o AR I B4 3, 19 B K R R TEAE 0.

(2) 2 BT B 21058 DR AT AR 75 0 BT ik S K ) BT E AR

(3) #5240 I 2028 X B3 AT FH AL 9 B i 5 K T 77 BT AE AR AL, A4 g 38 47 FH AL I 28 I8 A5 5 AT 27 I [ 1 2y
5 R ERNT B ().

(4) F5 A RTT 2038 SO EEAT AL AS A BT I 8K R ) B E AL, B B 5@ AT AR AL (9 22 815 5T s i (1) 7
R fR/NERIT B[]

(5) F AT 2038 OV HEAT AL R K R 3 BRAEAR B, TEBTIREAT AL (52
T ERF [, AR 8 55 AR (¥ 7048 DL R A8 AT S A5 I R Bff 8 R AT MR, 32 B ik
BT Bow, Pl Brid Al AT A A7 (58S 5 AT VI SR AT SR,

(6) #5238 3845 54T BIEAT AL AS K i e K 7 BT AE M, 16 BT IR S8 AT AR (9 28 S8AE 54T S /s B[]
ST FTIR /IR KT B T B, 428 1) BT 3 38 A7 AE AL 1K 2 38 A5 5 AT VD4 N B KT B, 45 ) il oK 77 BT TR A A7 (1) 38 3@
ST I N ERAT .

TE KA A B AR AT 45 o, 45— 545 BB ARER R 3 09 e 77 T S S R 552 i o B A B 45 B AT R
HATAB UL, SN T 66 S I b 245 5 AT LAY > 3o B 4 R G 43R (W F% ), 75 XA S5 kT 4 il dh A7 947 A0 3. B Al
SN ZERAT I E R R 28 CPU #HT 1T 2 4R FE AL, 145 22 4 RO B BB 05 /R 2 I AT AT . A8 I RAT &
%1 W SEILE R R I, 15 S AT S W] DS AT B AT BAT, T AT AR I DSP X 2838 A5 5 AT AR 4 )
HEAT IR, RGBS & 1 niE 2 DSP SR SPMD [+ 47 B, 76 B ARSEEL A, # 40 Bt — 4> DSP s AZ 4k ¥k
TR — A2 X0 A — AN A I R B (VR 11958 13 47) RS S AT 5 M e mg (B 1 1958 14 47). Rk,
T BN 28 XD B 2 I8 DSP AR REAT X1 4, B AN 0938 X B A7 S D B SR N AR, B A
J& X 5 FioR.

T ARIEEEAS DSP B AL OV A7 LR, TE28 I8 07 5 R G £ 84 28 X I B0 SR BT — R 571 SR8k
PRAL B AR A7 10 7 5. BART 5, 25 EIRE X ORI, 28 XD IR IR S 4k 2R 1 DL AR
B SR BE B, B X SRR AT R B A, B ORAE AR 00 B TAE P A7 R A B R T, A — R O 8
PE7E U7 ) B AT DA SN Ek ) DSP N igiz Lo Hp, G T AT B I U7 A7 AR AR #5 DL, S/ A7 Rk BR AN 4K,
PRV DR A AR, I IR A A R R SR, R AR SR E S M M AT N, ARAs ST S A
1AL R B ANME 50T T 1 e ms.

34 BEBEHSEY

MR RV — AR 244, A B0 A R 2 11 55 7 A A P 50 35 50 43 e B AN [0 I e A () N A, T 2
WEEh TR A B A EEE EE N ERE B DR AT A M R A%, W 3h A4 b 5 E 4 L B A 2R 5 el ik
FUSKE AR B N A BRI, TERF— 2B I 07 B R, 2 5 BB A BB TE N A7 10 [F125 el /R, vt 7 a0 6 Fros (4 R
W

(54T R [ T kst

HAE
AT AR AL R SSEAE S AT U4
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AT Wi 550 @ 6 ROFTHT —RABJ 49 KAUBEFATIR T 845 A 3703

22571 ] A S | i |

i X 4= 3
ZEH

Jnig % 1

A Acc

32GB
DDR4

g% 3

Store Load

PR 15 T g
NP i1 517 547 ot
Ke #HigFE il

MRS 3.3 WHEE, B O 0SS AT I 6T 508 45 7 B 21— AN 08U A7 5 AR B, SR T RT3 — 1R 484
R P A5 75 s 7 T ¥ B2 U )z s A P A7 U0, O T S BN [R5, 24 ZE R B B CPU I, i SedbAT 24 T %1
B B, AR R 158 5t N T — AN O, SRR 00 2R 18, R U AT I ZEAIE SR A S S B e R R A P
A5 RFIN B 5 4T R ARE T F AR, W CPU P A — REEFE I A AE T FHRAE. BEAh, AN INEEA% S 4%
7R AL RO DG BT, N BT 1 O I 28k 1 vl 9 SR AR AT S ST AR AR EE. (5 ST I g RS
I e s 96 RS P AE, REAE CPU AR B ZE 55 mT DL B 3208 I 1) S 52 R A7 3R AR08 54T 5088, AR B8 12 5000 52
T BENE. i8I CPU BV 1] I A% b S = A7 I Bl A% i 77 2, AR O b e 538 07 L 1 P RE

5 TEEESHR

F BRI IR 1, S5A 5 3.1-3.3 TSI AT TR SR, BO6 JLEAT RIS R ERE AT R M &
WIFE P AN ST, B KN AN (ERETEMN A X BRI, M 6 25 505 S — BT
18] T(M, N) B 2R

T (M,N) = max {C(M)+L(N),D(N)+ T’ (N)} (12)

H, c(M)~ L(N) F D(N) 3 AR R ERRIATATH . BB IFATERAE ST IAT R &, T 7 (V) R
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SCVECHE AP A7-45 D1FI] DSP i 8 55 352 A7 DASCKE VT B 45 SN DSP L2 Py £74% DUEI N A7 (R TR . ikt
AL I 1R P4 55 2200 2R3 A0 S8 ST A AR %,

{7 LA L, B A AL ZEECA My P, FLAR ISR H (06 1) 43 SR, BT AU /N NP, RRIE A
X (12), o] AR BGA TS SO AT 5 — BB (08 T (M/P,N/P) =~ T (M,N) /P. TE505: 1 FI58 17 47+, 24
W RS B BT B TS, BT ST m R T B NN k HPIRAS B B RS B Al
W5 R, AN 55 (0 IS B R A

C(m)=mk/B (13)
Herb, B O R ARSI 8. DR, mT DAAR B0 1 Nk B
G- T(M.N) ~ T(M,N) ~ 1 “
- T(M/P.N/P)+C(m) T(M.N)/P+mk/B 1 mk %
P B-T(M.N)
NIIEFAT Ry

1 1

E:S/P:Lr mk /P=1+ mkP (1)
P B-T(M.,N) B-T(M.N)

MG A (14) FAK (15), FIEMELE S 575 mU80 P TS 8] 70, N) AR, 2475 x5 250 0 sl n 2 4
B O FAELINT , A RE SR TH SR R RE. AT R E SHE A T(M, N) R 580 P AR, 2 IR 4 A s
AN AR, SR 18] 7 (M, N) B BEZ 380, =471 s e P B9, O 1 RAEJFHAT R E A2 BRAR, 7T CLI s
LR AP B 0 FRORUAE. SHEArh, 2474 B0 P AN IS, 389 00 4 R s o RIS A1 R i v AT 8.

4 MR

4.1 REHEE

AT B EAE AR IR E IR B AT A T R B IRE AT E R KB T G 2 AN L A A A
i 16 NM#EFH CPU. 96 MEHilEZ.O M 1536 AN A% 0, 17 £ DDR WATK/NA 32 GB, #5815 2 204 GB/s, T
DSP N it 5 SL B N 72 K/ A 48 MB, 4 A $) 307 GB/s. 417 ELHEZE K (1) CH+4w F21E = LA & HThread 2w f2
FEZLFEAT H R, AESE S B [ B R K 5 B =B R (R THD 1) 30745 5 A B ) S ARATE B, T 49 A 1) SR F MPL JEAT IR,
RN AT R A OpenMP JL NAEIN 2 AR 2T 7 2. T AR R T AL LB 7797 ANBE EUAN 17 Ji%%
ZETE I E SEASER AL, MR TEEAR I ET AT (1. 2. 4. 9 16 5 &), $AT AR ZEFMAE (40 /3. 80 Ji. 160
iR 240 73 5 B EAERE. X T A FEEE T SRS, KRR 1x 2. 2x2. 3x3. 4x4 BRI 7 kT

42 MRLERS5 S

7 JEoR TAEARIHSAT ST, $AT THE 0 2 AR 8 84 T, A I [R) A i 75 A T S50 ). W] DAL )
Bt SR AR R RN, 07 AT I 1) I — 2 O ORI UATE T BB I DL, BT R
RENS A RO 7 TS, SEBUIFAT TS BEE 59 R BN, 7T LA RIS T I R B B R T R .
FHER IR, 1E77 S EUEF) 16 H BHE R FER A S 240 JI0F, n] DAALEE S B 52 A0 s OR . A4 ()25 KA 77
22.0.37 s BYTHELI IR], AR LA RUR 240 TR RATIS A0 T 1.8 s edh, X T AR R ECR A TS 8, T
FEIN T AR, AL A RS K, 017 AT I [ th 2 i 2 389 .

P8 Sk 1 IRT 7 v B i AR L, X T AN ) iR ) R AL, MR T R R R, AR RS O A 1k
RE, 00X T R B TH ST L, 38BN AR it mT DASR i 7 R B, X AT DU A S (14) AL 3 T ZE A %
WA A [ 5 I, 384 0015 s B, 3K 1/ P+ mk /B - T(M,N) I8/, AT AT S $ i I PR e (& 8 rp sk — AT Ok 45
) R TF B E N, SN AR, THEE R (ML N) SR, FELL P+ mk/B-T(M,N) J8/0N, [RIFE L BESE 5 A
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AT 5 &6 RTH — KA F 0 KA PATIR T 28 A 3705

IEPERE (B 8 g —FIKIMREE 3. A a] OS2, 46795 s B0A R 16 JF HAH R e 2 240 J30F 90N
ORIl 6 L REIR T

2.5

7
— 20} 6
= 5
=15 L N
Z 10 | it §
£ 05 R 2 % VY §% Y
. \V/ N | \
g - : s invzme  N7IIE N7 N7HF 7
1 2 4 9 16 1 2 4 9 16
~ 40 0306  0.193  0.122 0099  0.144 = 40 1 1585 2503 3.095  2.129
80 0645 0364 0266 0280 0266 80 1 1776 2424 2307 2430
160 1298 0747 0460 0456 0419 160 1 1737 2822 2847 31099
240 2218 1175 0639 0460 0376 240 1 1887 3468 4822 5902
Bl 7 2 BT AT B8 2 EAAT N kA A

HRAE B 8 N L 43 HT, 22 )5 SCIE 9 LUB /R 6 AN [A) 3 s B0 SR (K IR AT 20K, I-AT RO R VPG IFAT I 5
REGEM—ANEZIRR, B E T AT A Z A I 5 B RS bR ARG T B B ALt RR I L. 7EE 9 1,
A LAY B b B B A T S N, R G 1 AT SRR B (R A [FIRE AR I, 20 AR A
(R, AT AR T 95 (0 R A7 003, 1228 A FUEE v DOE s A 2R (15) 30T 23 Br . X1 Z2 490 R ¢ IO L8 1 2 Bk, 348
W H, AR (14) T mkp/B-T(M,N) 234K, FEFE I AT R (B 9 18— 17 R4 ), i +45
RBUE 2 I, B AR L, 2P mkp/B- T(M,N) £28/0, SRR AT 2R (5 9 th4g— 511
MARGE R, Bz, g4 A (15) FE 9 AR, 24745 s B8 I, Dy 7 ARFEEVE I FRAT 20, 1T LUE 24 Hh 3
T LR (0 AR
4.3 SHREASCI

A1 SR AN [ £ 8 O 1) i, DASGIE B2 4D 8 o B3 i R a1 12 PO A 2kt 9 LU FH R ITRB i) CPU iz
AT A AT ELIFAT %, CABEIE 78 43R FH R IAT 8 S 1) S5 g Ak 28 45 )t T S 0 v e 5 S A B 1) L

(1) P B I ) 205 ZE 47 2 Rl o Xt B

W BRI 2R 53 T iR RO B B B R X 43 5 1A 80 TT AR ZER LA B R AR — B BT R I AT T A, &
B 10 Fros. BT BUE B, P B NI 20 6 T 22507 00 4 AR 34 5 O BA i, 3 32 BE R R R R TE TS
T, AR 0 1 S BN R B, (B — D B R, T2 E — T S AR (S BRI B A &,
FA R IEAE TP ME LR SZ, TR AT SR B 2 5t

%% 1.5
= 05 INIE ~pE T 10l
w02 1\7 N | N N\ T 05t
1 2 4 9 16 & —_— .
N 40 1 0.793 0.626 0.344 0.133 0 L L L
I B R T B
240 1 0.943 867 0.536 0.369 - TR 0.341 0408  0.534 0.879  1.403
T EBH —— P BRI 0.306  0.193  0.122  0.099  0.144
B9 AT AT HAT R B Bl 10 Rl5 iR o i

(2) Pl B MKl 53 5 METIS K1l 73 % Eb

£ Fl METISP MK 6 I G 42 SR ST A MOS0 AT X1 43, 43 30 [ 1 -1 R0 Tl B0 AR [ 9 A b AT 0 L5, o
METIS IR 77355 BB B BRI 23 7595 7E 80 5+ 160 5 A1 240 J3 M ZEMIZ 5 T (4 — 545 N 181 34T 1 %
b, &SRR 1 praR. IR a] LUE B, IR B PRI 23 % T METIS R BA— @5, Mt 50 S8 3 B8,
METIS %143 J5 & — 57 BLT ) B85 1717 24755 s B0 KB, o B X Kol 3 i 4 — 205077 L (1 B 1] BE
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R 1 METIS 5 WP B W - EA R 208 ARV i N A28 (0 L 1] (s)

YW
) il 1 ORR -

%0 METIS 0.646 0.383 0.307 0.294 0.276

P B K1 43 0.645 0.363 0.266 0.279 0.265

160 METIS 1.297 0.711 0.467 0.442 0.421

P B K 4 1.297 0.741 0.459 0.455 0.418

240 METIS 2214 1.167 0.612 0.474 0.401

AT B K o 2217 1.175 0.639 0.459 0.375

(3) AT FIF T S0 2838 17 FA L RERE i

KA SR () 57 A R R 4544 T 22 CPU A1 DSP A #s. #4f8 F 4 CPU d2 4T I A4 HALEAN CPU 45
DSP JiHid #33a 47 1A 7 A BEAT X L, 89 5R 3% 2 P, W LA, (6] T DSP s 25 Be K 46 4 & — 25
SR 1], P 0Hk 76 ) PR G5 1 S5 A 2R 5 g 7 S0 v Wk RE S TR0 LRI SR B

R2 AR T AR F FAEL AETHE R TP I E I TE (s)

N ' R RS
KRR q0a)) X173 N 3 7 5 T

20 CPU 1.416 0.921 0.829 0.814 0.627
CPU+DSP 0.645 0.363 0.266 0.279 0.265

160 CPU 3.031 2223 1.782 1.512 1.083
CPU+DSP 1.297 0.741 0.459 0.455 0.418

240 CPU 5.504 3.563 2.428 2.126 1.311
CPU+DSP 2217 1.175 0.639 0.459 0.375

5 REES5RE

ASCEETPATIRAEL, - 0 7 — AP AT T S B AT S, AR R — AU SR R i R A
H, SCBLT BRI O> . ERGEATACAT R S ST ORI E T IR, JRBATAE 16 WA T 2.5 TR ORI R
— B &, BT TAERTT LA 240 J3HE4-. 7797 /MK VR 17 T3 5% 2538 1 B S A8 il 47 R, A EL T 1% 4t
BT L0 B, BRSO R A 2.21 s kA0 E 0.37 s, B T 6 5 AR AR,

FEARSK MR T T AR, SIFFE BAR JLANT AR T (1) K 5388 117 FAE 2R FH T LA R 38 h F) S AR 0 B,
FE— Ly KA R, LA 20T 18] 1 SR A AR A %, 38 M0 S DA Bk i BB T A A 52075 B (2) HRTAS
T R R AR BNEAT T TR, RRIE T LLES & & IRIAT B IR U5, LSS — I R i 7 2R
A FSSE YT (3) X AT IR AT (7 HEESR H—Fh B SL AT, REMEARIE AN R R R G F 3t
BEATIRAT AL, DA AT FCEIEAEANFT & BT IR RE, Ffik— 2D A 1 3 Mo B B 55T B AT S E 7 3
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