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Abstract  Brain neural network simulation is an important approach for brain science research.
Due to the requirement of current brain experiment condition, the real-time brain simulation is
becoming more and more important, leading to the challenge of high performance simulating. To
improve the performance of the brain simulation, heterogeneous architecture based algorithms
and software have been developed, such as NeMo, CARLsim and GeNN. However these
accelerating results are not obvious. There are two common problems for most brain simulation
softwares based on heterogeneous architecture, i. e. memory access performance and simulation
accuracy. Therefore, in this paper we develop a brain simulation software, named SWsnn, with
high memory performance and accuracy using SW26010, the processors of Sunway TaihuLight
supercomputer. SWsnn makes most of random access operations always occur in high-speed
cache, and support high accuracy time step sizes. Since neurons can be represented by a small data

structure and often are accessed randomly in general, we keep neuron data in the local dynamic
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memory (LDM) for long time. The large-scale synaptic connection data is stored in the main
memory, and do the best to keep it accessed continuously. In order to avoid the random access of
the synaptic connection due to the random search for the plasticity of synapses, we use the method of
updating before needed of synapse weights. It means that we only update the weights of spiking-
time dependent plasticity (STDP) algorithm before it is needed, and we only store the synaptic
connection data on the side of pre-neurons. To improve the accuracy of the brain simulation,
SWsnn support different time steps in the model by using ring buffer and delayed message passing
simultaneously. Based on the methods above, we optimize SWsnn using different techniques,
such as vectorization and access hiding, and the performance is further improved by about 50%.
SWsnn can simulate biological real-time brain activity for full-connected networks with 10*
neurons on a single SW26010. Compared with CARLsim running on a GPU with similar FLOPS
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to SW26010, SWsnn is about 10 times faster than CARLsim.
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FE R A% 34 R G 0L FH 7 3 5 8 v o GO B (W] ) Y A
LDM 75 ], FeATTRE SE i 53 Ay PR3 53 A7t + 5 fih 3% 5
TERE G o IX A7 B 7 SR T 2 fih 78 42 550808 1 7
fiths 2. X TR ARIE N o, 5 e /NE I d i 19 LG AEL 3
PR 43 o H R B 2 5 A AR A ik e,
Bl 7 Ca) PIT 7R s ZNECER 43 38 3 PR 8 22 oh B33k 3R L
B 7 () s, B 7 Ca) oy 58 il % He 5 B = 4 51 3R 4
JEAG DL (UL doi = 1 ms S 81D, v 88 — 4 Sy i b 22
TS5 (pre-nid) , 25 4y 58 fil 4 I CREECER 43D
55 =Y 2 il A R CF 5 2 ik 28 B/ NVECRR 43D B =
Qe B RMEE TR N 1 8 F &k, n
T FroR o A AN FAT AR I R BUA AR L 3 F
ARGk B AR 29090 5 (post-nid) , 1 545 17 il %iE if
ANEGER 43, E RTINS 43 AT SRR A B 1) B g A
F N 1/256 ms.

synapse: $ Bytes
" [ T T T
ms
'% %3 m: chight postlnid deiay
o =l 4 ms (b
ay -
5 ms <
I N e s
n+1 1ms >
v 2 ms ring buffer

(a) (©
7 BRI G b FIE IR A 16 A Ik 5 1

T NI X, A #i Z e Bl B — A
P T Ge i 2 fu o 3. 32028 o XA B[] 77 % /2 LDM,
S K A 32 3 A R AT RO T B A 2 B AL
HIE M XA EN doin/de s Fom de yFEE R A
SCCAF I ) P R BUE AR doin s 1/ 2d i 1/ 4 d i
1/ 8 i 1/ 16l iy« XTI B FRIE 2 10 XA E 055 1
2.4.8.16.

PRIE G v A0 A 38 A% 35 AR HR 5 L P o R A 2k
D0 A B 45 5 B R A9 2@ T T SW26010 A
I

BT UL E R R i Bt JATTIF & T SNN
S FE A SWsnn SEBE T A7 RO v 1 RE RS
Jivi ot 22 0 25 AL TE A [ 8 7R T SWisnn i 9] 28 45
FUTH e b 5200 A i B0 A9 TR G

6000

5000

=
[l
(=3
(=}

w
o
(=l
(=}

Number of neurons

g S AR hei Htea AN L W i _ X St AZLY Y
0 B 700 900 1000
Time/ms

B8 Bkt 53 A 14

4 SWsnn ¥{ELWINEE /RS

4.1 AERGHEFLRERITLE

T SWsnn 315 45 R, 35 R IR K4
CARLsim., GeNN %} k. SWsnn 1 CARLsim., GeNN
el FH 5 4 A ] 100 A5 B0 2 B30 g A Dk i e 31 R 4% A
RITCE 10" P 28 50 b D A 1 F0 400 o v #2800 o
EL 3 531 80 26 1 20 U6 BB 48 JTE B2 10" A2 fil
RBP4 3% 2. BT W28 RS K, B 1) Quadro K620
GPU 1 £ ME DL 3 Hr R 285 0 %k 8 CARLsim Al
GeNN [y CPU x0T F 5. Sk )y (8 X% b, ) 2% 485 LR
s I BE AL & A A FATTR ol &2 0 S 55— €
K a=0.02, b=0.2, c=—65, d=8. 0, JJ5& 3 {57 Fl 5
WA 4y ) — 65 F1— 13 AT 4R Ak . bk wivifk &% 45
FEHITE 10Hz 247

B % 6 SWsnn F1 CARLsim [ 3122 45 5.
T CARLsim H 374 1 ms WA 2K, B SWsnn
A1 CARLsim ¥ 1 ms B A 25 K46 . & /N 2k B
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KA Lms. [ 9 W R F045 HLXE 1
0 T 1 4 5 4 — B

0
1 —SWsnn
- —CARLsim

20

LA A

0 50 100 150 200 250 300 350 400 450 500
Time/ms

Voltage/mV
s
(=) (=)

|
~
o

|
I
S

Bl 9 SWsnn fil CARLsim il 28 50 fi5 By 037 5 HE

FLUR %t SWsnn Fil GeNN 118 25 ). GeNN
i 3 A A R 7 A A AL PR A A A AR
T B DR T P 25 00 158 fl B AU 2 80 58 4 — 3. SWsnn
1 GeNN 2 3 o I 8] 280 4 i 8] 25 < 2%
1/8ms. H/NERT BN 1 ms, R AERT N 10ms.
P10 Ay 7 it 38 45 SRk be el AT 8 7 A AR T
BER T e

40 T .
- -GeNN

20

<
T

Voltage/mV
b
(=)

7407

C A NN
0 50 100 150 200 250 300 350 400 450 500
Time/ms

B 10 SWsnn Ml GeNN # 28 7T JI5 6 37 4 He

AR SE B SWsnn 5 PR B 5T 19 #2800 T
B R 5 S H, 9 T — SO L (HR BN S5 LB
Tt HE PP S5 A B2 ) A AR K 22 0. BRI L 3k = A (e 45
R—FHHTEMEREA . A8, B 10 FeE 9 ki
R E A R 53X 55 B () 25 ORg B Y 22 00 K.

4.2 SWsmnitEHFEST

SNN AR AL 1 B85 H iR 22 T SRS 35 W FR 43 3y I
FETVIERE 35 25 L Bk vh B 1] 4% 4 1% 2250, LA 1 2 4
SNIN A FURE HEAF 5% F2 24X A &, i %t g & A
FEE AL SR Jk s 1R) A% i 5 22 X SNIN A8 481 5%
e L B 3 Oy R AL 58 2 Y I K [ B e ] R
ZHER A XA Z e B HOH R R 2 U
SWsnin AN [m] i 8] 25 4 1158085 B2 14 22 931

B 1T s T AS[E) I ] 2P 3 T B SNN B

M TTIR AL A DL 1R TETRT R L 2 D R
NI C1/16 ms) o [ A A7 5 AR T AL 6 4 L O T
R0 0k o A 18] £ i 247 HE B50RS HE L X i B AT B
HOERE e Y iR N NP 2 NN & R
ARG AR, I H 32 bk vh 40 3 B 3 IR 52 DL B
ISP [ 2 KOG JBE 1R 52 0 5 ok b A% i 1) H A 22 06 1) I
(8132 A0 I #s o 5 S0k b 1) £ i R 22 2 T 1K
U & B ) A5 K 0 158 B SNIN A 4D0RG B2 5% i) BA . [+
PR o AR ) 205 X ik e R R A — E L Y
IRILTES S N S RN I D SULE T 1 [
A MR KO T ms B BB 5 25 3 K
Bt 1ms B A2 RN E AT SNN B 25 T B LR
JEHTHA®RRHE R 1/8ms 8 1/4 ms W] £ K27
HA RO E.

40 I
B
L ms
20 ---1/4 ms
—1/8 ms
0f--1/16 ms
-,
<201
&
£ 40t
=
—60
—80
_ | | | | |
1000 10 20 30 40 50 60

Time/ms

AT At ) 4 SWsnn B85 30 il 22 0 s H 07

4.3 SWsnn it E %857

SNIN A5 L0 F) il 22 T B 380 A1k v 4% 2% 9 8 0 7Y
THEAHEZE A B S 22 0. M e R AR AR AL, &
P2 TOAR B0 ST SR K i A% 5K S D A AR AL B
I/ 2 M s I U € 8 2 T | Ll (v T
7 : DMA 547 BUEE 2. P #2850 38 . DMA
Viff AE 22 SNN B = A F2AE 5. 2
w7 EH AT S A 3 B AR

Xof T RE RS Y I 28 AR L SR SWsnin 1155 4E
IF 0 PR 3R F2 2 = 5] ] 2P K (time step) (IR Ht
# (firing rate) , fx KIEH} (max delay). & 12 /R T
=R W PR AN TR 3 AT 55 AR I Y S L 7E RN
BT, ZAHEERE N IR 1/8 ms &
F 12 Hz Fe KAEWS 10 ms. 5 4h 30 & 30 R 38 52 g A
5 VRN EORE BE S T RE A /NI S B

12 Ca) Jy i 53 FE B Bl B (1] 254 i A2 Ak, H e m]
I [E] A5 5 b2 e R AR N LS LE L T DMA
Vifr AR B2 AR /. (H 2, i F 52 ma i 550k
& B R 0. X T 1/16 ms, 1/8 ms,

11
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1/4ms GO0, WA I 234 R 12 Hz; X T 1/2 ms
Tms. A AR 35 11 Hz #1010 Hez. B J5 P9 F
15 B0 1 DMA U5 7 R 52 I0AE B A i B A1

& 12 (b) k5346 I B 80 40 3 19 22 Ak, i
AL R SRS DMA V5 1E FIALE B kE i 3 £k
PEAR G T % i 28 50 5B 5 AR /.

12 (o) by it 53 6 I Bl e K SEE 1) 119 22 Ak f otk

2.0 . .
T all
1.8F [_Jweight accumulatel]
tZZZ1dma access
1.6+ [ neuron update
14r
1.2+
\:,“
Z 1.0 —_—
S
0.8
0.6 F
0.4 1
0.2
1/16 1/8 1/4 1/2 1
Time step/ms
(a) Firing rate 12 Hz Max delay 10 ms
3.5 T
all

. [ Jweight accumulate
3.0 |ZZZZdma access

MMM neuron update
25F
2.0F
me

_ =

Cost/s

=

0.5
0
12 18 24 30 36
Firing rate/Hz
(b) Time step 1/8 ms; Max delay 10 ms
2.5 T !
all

[_Jweight accumulate
#ZZZ1dma access

(@z 2

Cost/s

NN
NN
1

AN

7

2 4 6 8 10 12 14 16 18 20
Max delay/ms

(¢) Time step 1/8 ms; Firing rate 12 Hz

B 12 =Fh K20 = 8B40 3 5 AR I A 52 iR

AL fe R AE I 2 B DMA 35 77 #E I 1 X6 4 22
JG ST AIACE SRR AR /N 3K S iy T R KA
DMA 517 B2 Ak A5G Bl 3 de K HE IR ) 34
DMA 547 URCZ A7 0K 111 V5 A7 K05 32 3 9 /) » 3%
Xt DMA J5 177 505 i K

I35 B 12 57 T7 B K A 3 AR RT3
(Y AR AR B L = AT 55 FE B A1 2 1 Y O 2
FLAU A B H 3 A bk o S PR AR S AL A 2

L5 BT IR I ) 25 T S w2 T SR AR I
WA 5 DMA 5 A7 FIACE 20 FE I 2 26 4 A
5 e R AERS EE I DMA D57 AR, 3t T % bk fig
Iy BT FATHE X SWenn FEATIEREDLAL.

5 SWsnn gL

5.1 EARAF SWsnn WEERWLFE

BT 20 B DMA 15 78  FCE B0 91k g
G3 AT s RIS 285 A SW26010 4b B 2% I 32 #5049 0 1k £
ARGIRATX =4y #4745 B B PERE R fk. SW26010
YU IR A S O /W A7 5 3 N/ 1= W
SW26010 #ii¥# swhee H AL LA 2 50 &
Fah gk,

SW26010 & F 9 4 1k F AR 3= 2 A 4§ SIMD [
Ak DMA 15 {7 B i 5570, b J& SWsnn 4L
F BRI AL 7 7. SW26010 4b H 2% % 4 256 i
SIMD [} 5 k. SIMD [n] & £k 8 4E 45 4 £ Z A6 W
28 UF 1) AR A5 1) AR TR A ) A SRR 4
BAORS B BOBURG BE 7 AR T AT I8 SRR L 8 ) AL
T8 A4 FATE 1A 256 i E S IEE. DMA 17
A MRl o AEBLZE 15 7. il ad 8 & DMA 1iff
2 A A MAZ TR, 7T 9230 DMA 5 77 B

(1) SIMD [ i AL AR Ak

it O BB R TR A AL X A e MR BT
FEHT » L [R]85 00 22 (8] AH B ST L B A RO R
WA S T IR 59 & SIMD Ji & 1k 3 AR 3F # &
FH 4 48 50 B i 48 00 BB Ak 3 AR IR A
SALTEAT AT SZEE 4 A0 2 0 TR A RO AR R
kO A ) AR AR FRATXT SWsnn bt 28 ST B4 17
HE I Yol /D S5 R AR R AT e R AR Y SR T
[m]. 2 1 @ox T SIMD [ g Ak AR Ak J5 32 R o 17 450
B 2% 1 A1, SIMD [n] 5 b 75 #ff 28 0 58 7 19 0 1k J
DIRTAS SR D) By S IR N L ST [
A7 7E UL/ F S T R op B R B AR R AT R
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Y,
&

S AR IR BB 4 7 Y AR

®1 mMEARKTESMESRL
s ik i 5L
22 0 R TE AL AL 2.0~3. 0k
Rl SE R AL 1L.3~1. 4 1%

FCE Z s 7T F ] SIMD [ 4 4 48 1k 15 & 42
RN U A 5 B X R A i (LDMD 1 T 22
PRI HEAT REALAE Z AU ), RO AT e A Ak R AN %
B . FRATT S N a1l A AR B Y b ik
ek VA <N 1 B 7 NS 1 G T S BT 1
SIMD [r] 5 A6 X AEE B8 A — 5 in 3, SF- 259 i 3 24
1. 38 f5.

(2) DMA 5 {7 B A 1k

DMA 5 f7 B g 9 A A6 1 00 5 vl 5 & 1 1 R
A O RUACEE B h S RE . 26 AT S 5N 8
AL B 15 B0 T« AT BB K 8 4> DMA 15 77 #E B 4R
i« A EE SN HEAT 1] s AR AR JS . PT B DMA 5
TEAERT R AR /N, B 0tk . DMA 5 17 BeORE A6 £k 47
TE—EFEEE Bt 1R IRMERE . A SEPr ik .

DMA i 7B A 5 W 2, e 2 ml R 29 0. 2's
FENT. X FEA PSRN . (D ZLBIFTA SRS
VA7 BRI S #E J — AR U a0 ) 3 22 LAt 4
AAETH3 ;s (2) DMA Yif7 B0 £ Ui 74 B 50N,
B A A B 34 K P 2o 2 4 Ui R B S it — 2P
TR S 3% 25 5 80 DMA 7 47 W 50 38 i Fnoks B 1)
WD,

% 336 A ] |8, SW26010 By 32 ZE M4k 7 8 2 &
¥ p ke B DMA J5 A7 8008 - ARG o5 4R 52 9 2>
ViAE B R S 86 R B, % 7 1 2 R0 R IS A
SWsnn flifb. 76k o 1% 3% By Bt 11 5304 55 32 22 AL
=2 A7 o HLPR . AR A T b AR X AR
H% R R T 55 B R PH R B AT S5 L (0 K
P B O AN AN AR A AT T R B AR A
] b O R R T SRR AL AR S SR R W],
PRI B b MAZ AN T R0 o 18 8 ~ 10 i, AN ik
¥ SWsnn 1k, 6, DMA i f7 45 & 3R A1 77 22
HE— 25 W 58 )

(3) HAbffk

T3 A AT 38 5 oy S SRR i — 2D 3R T
TR A A SNN B LE T R CRP AL
S0 B B A7 AE 2 500 0] Ak 4 S AL FRATS T Rk
Dol 2D B R R A3 SR R T B R L H A SNN
BB £,

5.2 fRALIERIMERE S R

13 AL AR 5 1 45 58 73 T R AE S &L . 5
K12 A UC A FE I 17 GO A XS B dy & 13 AT, 2 i
1E 10" M2 oA FE M 2% VIRF ] 25 1 1/8 ms L de K HE
I 10 ms &M 12 Hz fi§ 60 F . AL )5 i) SWsnn

] S B I AL

2.0 !
all

1.8F [Jweight accumulate}{
£ZZZ)dma access

1.6+ MMM neuron update

14+

1.2+

O [ p—

0.8+

0.6

0.4+

0.2

1/16 1/8 1/4

Time step/ms

1/2 1

(a) Firing rate 12 Hz; Max delay 10 ms

3.5 i
dall
[_Ineuron update
3.0F £ZZZ)dma access b
MMM weight accumulate
2.5 ]
» 2.0 ]
=
8
~ 15 1
1.0r o
0.5
0 B -
12 18 24 30 36
Firing rate/Hz
(b) Time step 1/8 ms; Max delay 10 ms
2.5 T T T
all
[_Jweight accumulate
EZZZ1dma access
2.0 MMM neuron update

g @
o
1.0f @ @ ]
%%%% 21
0
2 4 6 g§ 10 12 14 16
Max delay/ms

(¢) Time step 1/8 ms; Firing rate 12 Hz
13 AL ERAE G =300 S ARt o

5.3 fA{L/EH) SWsnn X MR T H L
L AR AL SS9 SWsnn 4T JL A A

18 20
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W5 FAL B 5 0 A () RASE e 22 T 0 2% 3 A7 0 3K
UNTEL 14 B <% 18 R 1 e A 22 T 2 3 & 10000
G S I 1] 2B B O 1/8 s, R BRI O 12 Hz,
IR R G fl SE IR 2418 10 ms (8 AN [ A 28 50 KUASE o) 2% A6
PSR AE IR o el b R DL Bt A 28 U LA Y 1R el
20T AU B 4t o A T DMA 1577
FEIT AN HA LA 8 M. X2 T 52 LDM A7 i =5[]
BRI 224 4 28 038 2 40 000 DL » #0480 B3 A fiE
PR BEAE LDM, 5 2 E T 38 3 i 7 DMA [k 5.
[Fi Hsf i 5 ol 228 T8 B9 18 22 4 5 ik 348 43 140 7 6 2 i i

8

T

—e—all

71| ¢ neuron update
—#—dma access

—8—weight accumulate

Time Cost/s
~ o
T

w
T

1.0 15 20 25 30 35 40 45 5.0 55 6.0
Number of neuron/X 10"

P 14 ST HRE IR £ R I CRg b 28 78 3 4% 10000 2 filh)

Z FA725 0] (8 GB) $2 1, 24 4 #if 22 0 3% 4% 10000
S fil it , SWsnn #5 2 0] 5 4 60 000 it 28 70 HL AR W]
2 Ry H T AT AL ) ek 20 0 MR L FRATT R A ek 22 00 i
2 5000 2 fisk /) W 45 647 T AR, A0 IEL 15 BTaR. H Uk

12

-
—o—all

x- neuron update
10} —*—dma access
——weight accumulate

Time Cost/s

Number of neuron/ X 10"

15 A 7 A IR0 24 1 AR (b 28 7 16 4 5000 %8 fl)

AT P2 T ACER RNy B MR B e
I DMA i fEFERT 5 0 2 n 8O B2 ) X &R I
HMBE K, DMA Vi f£FER) O i i B FERT .
5.4 SWsnn 5E{ GPU %k {4 A3 14 g Xt Lk

ZB 4 ¥ SWsnn 5 FJH GPU # {4 CARLsim
1 GeNN 73 5| #4771 5P REXT LE.

5. AT SWsnn FIH A9 CARLsim #17
A PEREXT . SWsnn 7E SW26010 B BAZ L FiE1T
TS5 HE S 765. 5 GFlops; CARLsim £F Quadro
K620 GPU Liaf7. 5ol B # i1 RE ) 813 GFlops.
SWsnn fl CARLsim ¥ b ks 15, i T K620
WAAE NGB AW HH N 28 B Ry 6000 it 28
TCAEREML. 2 MK 3 0 BoR T i KIER
Ims Al 10ms & H T BFERS X L. Bt A] WL, SWsnn
Ho CARLsim 5 B2 R 10 54545 Q2R 2% i SWsnn
TE 2 K BE G 0T 1 8 A0 238 A v A7 0 5 DU G S B 3
S b CARLsim B 10 51 .

* 2 SKERH 1ms Bt SWsnn #1 CARLsim 14 g8 X L

Software  Time Step/ms Firing Rate/Hz  Cost/s Speedup
CARLsim 1 10 2.806691 1.0
SWsnn 1 10 0.262451 10. 7
SWsnn 1/8 12 0.353534 7.9

%3 BEAER} 10ms Bt SWsnn 1 CARLsim 14 &8 X bt

Software  Time Step /ms Firing Rate /Hz  Cost /s  Speedup
CARLsim 1 10 5.875452 1.0
SWsnn 1 10 0.436893 13.4
SWsnn 1/8 12 0.582934 10.1

SRJG - AT GeNN B {14 B8 2F 47 faf 5 X b
bk 75 CARLsim Xf b 4h, AT B4 T3 LA &
i) GPU K F GeNN. SCHKL7 151 T GeNN £} xt
P~ SNN AR B FE I {5 2 A SCE 2 5 AT
PR ST A AR A7 6 BL . R AT B Bk (7 IR e
U JURP I L E AT A5 D0 55 6 b, 3% 4 B0 T o
AL EE AR G A5 S B LT 0, SWsnn 5 GeNN [
TR AL AH T, Hi2 1T GeNN [ GPU 115 fig
Jitk SW26010 HAZ At 5 fe W B 2= &, JfF H,
SWsnn BAUL 38 &% B 8 55 F GeNN. 28 & 115
A8 0 TS AR A5 45 D7 1D R ) A A 00 ok AN R 2R
TR, RS 1 SWsnn [ GeNN 255 4 f5 1)
T AR 2y 8 £

& 4 SWsnn #1 GeNN £ gE Xt Lk

GPU  Max GFLOPS Time step/ms Firing rate/Hz Neuron update/s Weight accumulate/s All cost /s

Software Neurons Synapses
GeNN 77169 0.3X10% 1050 Ti 2100. 0 0.1
GeNN 77169 0.3X10%  K40c 4290. 0 0.1

GeNN 77169
SWsnn 40000

0.3X10% V100 14000. 0 0.1
0.4X10° — 765.5 1/8

<10 2.0 2.0 14.0
<10 1.2 1.2 4.0
<10 0.4 0.4 1.8

12 0.63 1. 64 4.0
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6 T it

AR SC LA B AL 7 AE R TP B 15 T O 32 BRI AT
FELR VEAN S BT T SN i Bl AL 1 A7 0] A2 114 T B Ji
. 254 SW26010 Z5 /4 F#1E . B it T 438 1 15
FEA 785 DR BE AL U7 A7 Kk A A e 3 1Y R A7 A
Hh [ B i e T S T I 4 TSRS B () A

A 2% SNN [ Iifi ) Bt ML 7 A7 [ AL, 498 & A D e
C A SNN B 5 SCHR AR 8 2647 740 50 B 5 Ak
17 BE AL UG A7 A ot SR e EE RN R Z —.
PR U, AR SCTE 2o A e Bl AL U A7 ) T &2 3R AT A 2
e PR BE R BE A/ SWsnn HoA 8258 X

METFRATIT & 09 SWsnn 14 40 F 91 45 B B b 77
FE LA 322 o) B IE A2 E— 2B R 5%

(1) DMA 7¢I . 55 DMA {5 £ % v 9 1124
1155 AL B, 7 B H PR, 5 SR 4 S R
DMA i fE BT, I HL Bl & AR 0 38 K 15 7 A
B PE N5 L S DMA i f7 B0 A a3 1T 54T 55 #E A
PRt FRATT IE 7248 T8 FH B9 U7 A AR T k.

(2) R L. T SWsnn £ £ 3+ 8GB £ 47
) LA 20 A 2 DT L BRI PR DRt R ATT IR AE
HEAT oA AT B9, DA SCRE S KRS SNN 241

(3) fEA# A58 25 i [n) . SWsnn %) 45 R AS LA
RS A A P 2% % B L X S B v o AT g
T I 77 it AN 359 50 LA B T B30 T ASE AN 359 £ ) faE. %of 1 3R
ATIEAE R AR RO —4E 474t 07 XUkt SWsnn, JF R
A BRI D [ 25 B ] LA A 2 35 A () R

(4) ) S A TR) . AR SCIRE T 9 7 35 AU AR T Bl
LU AE LDM KA AR IR 1 B AL U5 A7 B AL U
17 BIAFAEAR SR 3 B0 AR X DA SE B, Mk DA F — 45 41
R BRI SEBE ). A TR AT IE AR R AT B Y S 4R
DLk — 24 SNN ST fE.

7 HRIE

ARSI R T BRI 22 5 B A% A ) v A e
AE Ml A5 4L 3K SWsnin, fif e SNIN #5248 1) Bifi AL 7 47
a8, % 1ms.1/2ms.1/4ms.1/8ms.1/16 ms M}
()28 W PR B A AU T 30K 2. AR SO SWsnn [ [ 25
MBLTRAE ) GPU 11847/ CARLsim R 10 5.
TR ) 25 KORG JBE B 1 ASERE 2. 7Rk aly |, FeAT]
2R R e 2 A% A A3 AT X TFAT Y SWsnn A,
PAFE S 45 SWsnin FIR 8 580 1 1, FH AN 1.
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