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BB T AR T H & NG, DUSEIEFRR 2 e i R S AL, ST RC 4508
VB SSRGS B HE BB, R L RIIRS A o, DA
ToIB P AT PIRAS 6. D&S RC FEFEA TLith N K AT @ 8 ph 22 7e, i v B A 6] 1 U8 2 40
fERRZE oI = A Z IR (55 Bl A TR EE % I A WIER N, IRFE RC (deep RC, DRC) tH###
t B6~201 DRC A1 ZE ot tH 2 AN 4 o i 3B 8211 i, 77— A>T E b FPIRSIEA T — A7
PR TSN, DRC @3 2 WU A 2 ot ™ AR IR 8 1122 AT . Bk e 7 ik E 2 H 2 Ad
P TEI AR A Bl ) A AAE, T AR DS 2R 80 ) 2 S ) R D AR A IS AR ) e, e 25 B
(memory capacity, MC) 1§ RC WZEHIF 7 ¥ — > 5 LU (8,917 28.22) K e ) 758 1) % o 50
FRACI A A G, X2 RC M2 BABCRIIICIZE R, D&S RC MERLEM N R T0 f5 T
HRBE N T — ARSI B W I R AT AN 2 e AN RN 24 R, CRIE I N T ek
st rc iz . i a2 E It TS 4% (temporally segregated reservoir computing, TSRC) EL DRC
DHER 1220 FERE AN AE AR KT 22 et [BIIN T — AN JE RS, X B b 44 7T ASE IR NS B 0 B
A2, A—AN/ N R A 22 et ] LR BRI 2 A &

NRE— R RC WS IS ) 22 WS RE T B R A IR ) R RE 0, B EH T — M e
BRERZ ) IR T BN 2% (sparsely connected asynchronous reservoir computing network, SARC).
SARC #EZE | TSRC H7rBOCIZH AR, RIS T DRC MZSIRES M. SARC & A& it
RS 7 20 A PR NAS S5 A S N RFAE 1R 23 IS0, NI M 22 o it A BOR A2 & Ak, A
B IS 4 22 T i A5 B TR, FE TN ol 2 AR I 1 Wi i) 47 X 12324 sRae R W, SARC
BABRINCILE &, 5 TR Ot . B, SARC HPIRZES BA BRI, XA T
MRETCIL B ) 27 WU BE 0 S BERALR X 28 0 BE AL 46 2 B ) UL

AW EZETAEMT: (1) 42 T SARC MZEH RN T SARC HIIRIZHE A R etz 75 &
(2) WEFE T SARC W28 fiffph KIS (M i) L K 52 28 5y g 2 il R KT e 705 (3) 4R T M IEHEXS SARC 1

L\lﬁ L5 A
AR

2 SARC M4E45#

SARC MZ& i1 Z >y o m s (& 1), 55 1 (1 AT s) 55 (+1 1
20 IAFAE— AN R IR 2~ D', DY R LA S B 1), SARC 180 1) 5 BRI AT 2R

s'(k) = f (Wiul(k) + Whs' (k- 1)), (1)

y(k) = W5 [(s' ()" .., (sL(k))T}T , 2)
Horbwl (k) NEE 1 TG TGN L N TG e AN st(k), WY, W 3 BENEE | AT A&t
(I RAS | N E B BUE HE B DL S I DEBERUE AR . Wo NEEAME oI (B8 BT & o)
58 2 18] B AR R (k) M Z8 it k DA a2,
7E SARC 1, B 1 NFHEIGIB I AMER AN w(k), BF ul (k) =u(k). 1 (1 =2,...,0L)
ANTFHEITCHENN u! (k) = st (k — 71), Hr

-1
T=>"D. (3)
j=1
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Input layer S, S, Output layer
e s S ——— |
I/ \ 'd V) Reservoir ( \I W
| | 0
| |
| | _ST
WlN.l : : S'll" k
(k) II : 3 :2 y(k)
S|
| ST
| L L
|
|
|
|

\_Layer1 ) \_ Layer2 ) \_LayerL )

—_—— e e e o

1 SARC %#[E
Figure 1 Scheme diagram of SARC

FELHTN 2] k, SARC FRANA] T #P22 Teith 2y 21 1045 S AN R 201, RIRRAS T fh e ot A A
I AR ACIZ I B, 368 3o 1 R i J I TR At mT DA SE BN R 5 I BUAS B IR 2. X453 SARC HLiZARH R
. SARC 32 oith 2 AR IR BOERE A 7 3, IXTT DLREARAE BARSIII U AR, S s BALBE 2L
. SARC ¥ R T & T2 nitt FARES BT R, D AR S . T SARC &
MAF Gk 7 22N BUAOAR IS, ST DA oy 4 o X0 55 28 B 5 B8 1) g N AR AIE, AT ) R i S L N 28 L 11
ZNJ1FE . AN, TR EE SR IEA R, & TG T s 71T N B AR AR 5. I 4ot
RepRaens ZOUHE M ERHE. 5 RC MZARNE, /£ SARC 1, WA Wo 5 Z )l Z5 (25-26),
PE ISR ERE I, 3 BRI [ A B/ — 307 5 1H 5 Wo BOfE 127

Wo = ((SST +a1)—1)TsYT, (4)

Hoeb v NI Rre A B S ARG, S BT F AR 2 et i A AR A M B HERE, o D90 [ A R4

3 SARC MZERIZIZSE SR

3.1 SARC MEREAHZIZEEENX
WK 2(a) AR, HERC RA—ME o, RE8iciZs0r —BE R AE R B g1z X [h)
LN [k— MC, k), MC N#Z e ficIZ 5 &, SARC HEADFHL e BA ARG B, Wik
2(b) FioR. E k B, 55 1 358 L ANFHEIuibciZX B 508 [k —MCH k), ..., [k — 18 — MCF
k—7l), MC' R | NS eib ez =, R (3), 3T DY BRI SeElicAZ X (] i i %
EX1 #% SARC WM& L ANFHEIcit, & F&aitiiciZX a5k k- MCh k), ...,
[k — 7t —MC" k—7F), W SARC MZHEICIZIX 8] U 5T H& aiic 12X (8] i) 4, B

U=[k—7F-MCr k-7l Uk —7> -MC?> k—7%)U---U[k — MC" k). (5)

FEX2 SARC MZEHICIZAE MC AXIA U H ] 5.
L WAV (=1,...,L-1), A D' > MC', ] SARC M HIiCIZ2E Bk B K, It Hix
KEFCAZH BN MCrpax = S, MCL.
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( MC )
| | Time axis R
k-MC k g
(@)
mcC' MC® mcC'
...... | | | | | | Time axis R
k—z'-MC' k—7! k—7~MC k—7> k~MC' k "

2 (a) Traditional RC #1 (b) SARC igIZ#ExX
Figure 2 Memory modes of (a) traditional RC and (b) SARC

JERR #RHEE (3), & D > MC' B, £ > b MO BTBL, B - 7 < k-7l - MO By
D' > MC I, 55 1+ 1 &5 | AN TS eibic iz X ) 5e AR E S, A TAZ et 2 X i) 4
FEERN MO+ MCL 24 DE > MC! WA L (1 =1,...,L—1) WL, U K5 EA S, MC X
2 U SR,

wE2 WRIA(=1,...,L—1), L D' <MC!, | SARC MLz 8 MC < SOF, MCL

MERR B4 1 =i i, D' < MCY RIES (3), 7 < 70+ MC BIZE i+1 K5 i N TFAEIeibi
CAZ X AR E &, BER ST AP il iCAZ X R R 56 B /T MCP T - MO BirEA, 2 D < MC?
i, MC < S, MC.

il 1 A1 2 B, FE SARC H, B U A B () SR AR 4 n it R SR 2. 2 R AR
SAciZnt, AL E D < MCY 2 1R B2 — S B A BT BN, ATREE D > MC.

3.2 SARC M#EEAHCIZE MR
SRk [9] FEH R RC M ICZ ANk R

MC =" MC,, (6)
d=0

o,

p*(u(k — d), ya(k)) )
o?(u(k))o?(ya(k))’

ya(k) NS d M, uw(k) NMEEIN, p? K& o? 53 WRR T2 K Ti %, MCq =2 ya(k) K&
u(k —d) PIAKFREL. MC KB T RC MZHHXTIE 2 d M ZHANE S RIE IR T, B8 SARC 45
M5 HEM RC ANE, (B 5 G e & oni B 12 — AN 84K, 5mT BLASCER (9] 77350 SARC
W 25 (1104225 &

(1) THZEEES MC X AN, B4 E S 1 f 2, £ SARC H, B3 In—ANF £ o, /4
LN T —AMAZ X AL Frek, ERAN SRR, WA 1 AT E i B L RC TR, G 1
A LA RS L = 10. B3N 1 Ao, &% (6) 1 (7) 115 SARC W& RICIZA &,
vk BEATLE 25 B2 e, 807 AR 2 ot Rt A R B R SR ML B R 10 IR SR A ot
HAMARZEMSE: MEeiiis (N N 40, #2142 (o) N 0.95, FBifE (SDY) M 0.1, THZ T
Wz iR AEET S D (1=1,...,L - 1) HRERNMEFERME. L MEHmA uwk) A [-0.5, 0.5]

MCy =

767



MRS MBER 1D T S 2%

r - T T 140
200f D=0 77
v D=1 /{%? 120
A D=5 L2
150} = D=10 LA 1 100y
——D=20 /4% 2= 1 o 80} R AR
O = 2 :
S 100l D=30 //% . * s o1
- ¢ - D=40 %? s . 60 6
- -p=50 2" * 4 B
‘V%ﬁ % . s # 40+ L=10
50 e i & B e 1 oo e e T e e ee oo oo oy
. S al 1
& % RN SEE SHEHE SIS SRR e
3 4 5 6 7 8§ 9 10 0 5 10 15 z;g) 25 30 35 40
L

3 (WEMFE) MC BFHE TSy 4 (REMRZE) MC MEHEREREL

Figure 3 (Color online) Change of MC vs. L Figure 4 Change of MC vs. D
&1 MC BEFHETEHEENTL
Table 1 Change of MC vs. number of sub-reservoirs
L=2 L=4 L=6 L=38 L=10 AMC
MC (D =0) 15.31 +0.55 16.53 +0.38 17.22 +0.50 17.65 £ 0.46 17.63 £0.56 0.46 £ 0.55
MC (D =1) 16.33 £0.29 22.09 + 0.36 27.54 +0.29 32.88 +0.24 38.57 £ 0.58 2.84 £0.35
MC (D =5) 20.06 £ 0.17 33.62 £+ 0.50 46.70 £+ 0.20 59.96 £+ 0.60 73.15 £ 0.50 6.66 £ 0.21
MC (D = 10) 24.21 +0.31 46.05 £ 0.54 68.06 + 0.71 90.15 4+ 0.50 111.28 £+ 0.60 10.77 £0.25
MC (D = 20) 27.33 £0.43 54.09 £ 1.51 81.25 +0.82 105.78 £ 4.19 128.86 £ 2.32 12.72+1.39
MC (D = 30) 26.86 + 0.53 53.26 +1.23 80.57 + 2.59 109.54 4+ 2.51 129.02 + 6.02 12.79 £2.44
MC (D = 40) 26.73 +£1.28 55.68 + 1.94 82.36 + 1.88 106.28 + 2.82 128.61 £ 4.13 12.76 + 2.48
MC (D = 50) 27.22 +0.76 54.56 £+ 1.47 80.03 £+ 1.55 105.73 £ 3.27 130.90 £ 3.55 13.00 £ 0.58

LI A HIBENLE S, GRS R u(k —d) (d=1,...,500). SEIGFEABECN 3500, BT 2500 4~
FINZ, J5 1000 TR, IIZREFVILER 500 MEEARFRMBIFIGERES M. 2 1 A FHg i
BIANBUEM [—0.1, 0.1] HEEHLIERL, J54E% P& mibhi ABUEM [—1, 1] FEEMLIEEL. Seasst B
Bl 3 k& 1 AR 2 D >0 B, MC B L F38 s, 3 B n—A7#E oo, M mric
AR Y (W3R 1, A0 25 57 R B AR i R BE LR 2R 52 m). 1 3 iEoR2 D > 0 i,
MC 5 L 2 RBIFRLIERLR. 24 D =0 B, MC B L Bhn+r2218, 7 0% L /8 MC 14
TRk /N, IXUERH D = 0 B, 3880 L Aa HBLCIZ S mri . e 1 /2, 24 D =0 i,
MC = max{MC',l = 1,...,L}. FTth MC AN&FE L M8 S E 1. D =0 i MC [F2212 3 n 3 2
FE T3l 1AM RE TR S 80N, 24 D = 20 ~ 50 I, MC B8 L 2L R A, Wil 3 fir,
1 RW, M D> max{MC,1=1,..., L} i, iCIZFEIE BB, BL 4k 8288 0 5 i (R A 2 F 4
I MC. JEIX AN LU, 2 2 IR A S SR SR [9] AR E R i iL R R RS
BT ) — Sk

(2) A JE BT IS MC RN, # T REE L, B ERE D M o ZEBHNE 40 PKh 2), H
fh S % SRR E S (1) MR AR IN— i R R, TREAHR MC (R 10 k). MK 4 v I, £
WILEH B, MC BEWS J5 I T 2R M0, 3X 2 KRS D 8O, T i ficiZ X e E S, fiE D
(RBEN, 1027 BB, 2 D HOR B — e EHR, 102 E AR, 2 B IA R R E.
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200
o D=30 : 1 0.6
180 ——p=10 b N
=S 04
, 1o % 4 i Z 02
= % 2 0
140} ; $ ] 3
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b % -02}
120 M _0ab
oob—— L - - - - -
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E 5 (MEhFEE) MC B P WK El 6 (MEMFEE) EZRESETHRE TR
Figure 5 (Color online) Change of MC vs. P Tk

Figure 6 (Color online) State change of neuron reservoir
under external sine signal driver

(3) T IO Z RN MC M. T RIREF (2) 1 L =10 NS S AR, HETFHE
JOIEREE PN 133 0.1 CB KA —0.1), RABENLER 75X, BIRENLIER:— @ LBl (P) fI#pL
TERETENF AT o, AWE 5 7T, BEE P IR, MC 2 EFH&EH (4% P A1 Boh
B 0.1 B, MC ¥R 514 8.7% (D = 10) A1 72.4% (D = 30)). FrLL, FHLE 012 8] iR B 3 e 0t 41
&1 SARC MiciZ A ERAA RN, 4T HETohR H A E B, ST e E0E, 55 F8AN
AR TP A S AN N RS IS E, il 6 FoR. MIEB R PR, AMTHN(E 50059, #R4 o)
AR, Fh T a T ficiZeae . WA — AR, g a5 KEREL
ERERMAE T, 15 BT BRI TUA, U R SR A LER). H5R, HAR T 0] AR 7 E
ZIti BRI MC. FrbL, SRR EAGE A LL MC SRR, BN AR N — AN Aot
s BT EAREME

4 EEREREREMRILTTE

4.1 HREEMTL

T Ja I T A A w5 R BINZREEREAR, B el I ZRFEAS 7 NI SR R S SR PR 73, SR Ja AT —
AMZITHLN RC MG, B DN 2o os, BREIn— A>Tz o, B AR s
ABEAT LA, AR Lk oA R T35, BRI DY AN 0 HE N 32 e K Fe v B0 5 I 18] Dinaxe. D' BRHE N —
B, XM BT ISR, e R AR IIR%E B, BILK D! (1Idy DY) & B, ¥R D' 4
BN L ABefE B, /N, R RRER (WHVE 1), B, 2 XWF:

- i E,}. 8
! 0<Dlg1112Dm{ o} ®)

4.2 THETMZEERZEMRL
P22 ST 5T 45 B R T LUT &AL (Shannon) TR, 55 | DTG ICIBIIES ¢ MR ITRIRST]
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BOK 1 )E I A Sk

1: 4B Luax, Dmax, Ep, N', pt, SDY, P=1,1=1;

2: RSN N1, pt, SDT MIH M RC M2, HIIIZREENIZ: SARC, FIRIREAENIR SARC MEREIFREIRIIRE B,
3: By = Ey;

4: FLAG = 0;

5: while | < Lyax && FLAG == 0 do

6: l=1+1;

7 D=1 =y;

8:  while D'! < Dyax do

9: D=1 =Dpi-1 41,

10: FUIZREIZR SARC; FIREAENIA SARC TEREIFF BIRIIRZE By
11: end while

12:  if E, < Ep then

13: Ey, = Ey;

14: Di-1 = Dlil;

15: else

16: L=1-1;

17: FLAG=1;

18: end if

19: end while

T 25 \
Z zg 10g2p 1])) (9)

Jj=1
Horb H(sh) NERWE, ¢ WREAREL s NS @ DEITRE j MERRRH, p(sly) v sl I
*E;EK.
NAEFAAL S, X BT TR et B P AR, 55 1 AT et s BRI K Px N
(N REE | ASTARE IR MEIesS F—/ Mo, MNP =1 G, i&—eP
KIS P, RIRTHEAR RN IR IR 22, RIS IR ZE AN RE PR, R4S FREE 3R, i Bvs: 2 Fiow.

i 2 EmmAIRAL A

1: P =1, Pstep = —0.05, Ppin = 0.05, FLAG = 0;

2. WZIFRM SARC, BEIRIIEE B,, B, = F,, FLAG = 0;

3: while P > Py, && FLAG == 0 do

4 P = P — Pstep;

5. HANIIGERE R, JERE & T AR,

6:  FHR (9) it & T AT A ME TR IHZ AR EN T,
7

8

9

AW AT AE T RCRI P x N AME TSRS 1+ 1 ATHETE (1=1,...,L);
WNGR BARB 5 B UL 5 ) SARC HFR RIS IR ZE By
: if £, < Ep, then
10: Ey = Ey;

11: else

12: P = P + Pstep;
13: pP= P;

14: FLAG=1;

15: end if

16: end while
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* 2 W NMA 8¥&E
Table 2 Parameter settings for sparse NMA task

Traditional RC RCqelay D&S RC SARC
Input u(k) [u(r),u(k — 7), u(k — 27)] u(k) u(k)
L 1 1 1 3
Nt 100 100 100 33
D! - — — [T—1,7]
SD! 0.1 0.1 0.1 0.1
o 0.99 0.99 0.8 0.8

5 SCIGHAER

(1) FiBi ) NMA (nonlinear moving average) 4% 81, FREt 1) NMA AU

y(k) = (Z u(k — z)) <Z ulk—7— z)) (Z u(k — 27 — z)) ) (10)

i=0 i=0 i=0

Hod 7+ NG IE, w(k) SNTE 0.5, 1) B4 Fi i) M (5 5

Z BRI y(k) R5dE 3 MRBIRAGEEAMHEX, 3 MBS kB k-3 k-7 &
k—7—3k—2r & k—2r—3. HT®MN RC REgidfz—" M ERIME B, ATLL, XA E I RC fF vt
e 2, A0 ZBUAA A — AN R E R AP 42 Toits, DLAEHR A To I REREICIZ X TA] [k — 27 — 3, k) FIMAKHIE,
T 3N, AT R B R 2 3. SARC BAA 3 BOidiZ e sl v LA EE 3 Mot (i S I [A]
N oT). BB L ARG TN u(k), HBIFHEIZIXIAN [k — MCY k); 55 2 AN FHE ot NI Z1y
k— 7, ARFACAZIX BN [k — 17— MC? k —7); 25 3 ANTAEIuibB AN ZI k — 27, FIRIIFCAZ1X 8]
N [k —27 — MC?, k—27). AR FEATAGE eI E 3 MREZEEE, BIMC > 3 (1=1,2,3)
BIm]. FrUAEEE | SARC W4 HFTE 3 N H&oih &b & s & oo R o] i vk EIRFR B NMA
P

L PSR BEMR 2 P, AETEHE, #IA AT S ES R E SN 100 (SARC 7
3 NTF T, BN THE TG RIEA 33). HHL RC, RCyelay BAJ D&S RC $59 HLMH 4 i ith I 2%
RCelay A 3 MMBHIN: u(k), u(k — 1) K u(k — 271), XM RCyelay AEBICIZ BT 3 AN BLIIE
BRHIE. D&S RC EIW N BN E TG B I — NS A1, 1A 24 T — Mot )R AN Rl pR 22
TCIE AN FI 2 B 2. Se8e s AR i) 8000 + 47 MFEAR, BT 2500 MFEASH T RIVIAEIRES, 2Tk
(1) 5000 + 27 DMFEAH TIZR, FIRE 500 + 27 DMFEAH TIHK. SR AR 5 500 MEATHE
ML RE, TEREFRAR K IRVEAL A 5 iR % (normalized root mean square error, NRMSE) [8].

Kl 7(a) A 4 B IRREE R, 2 7 BUNS, AN B & T b B AT 2 A2 B KR, B
DA, 4 PR ERSRAS 1 0= BOREE, BEAE — @ N, E 8 RC BT AReil 2 idiZ B B 75K, Bk 2%
fif R I R RE /. HoAd 3 MORYAE 7 ORI M Re At b g e el . XU JE 3 MR I AT SN P
FEMAIZ. HEEZ R, D&S RC R REHE /155 T RCaelay X SARC, X ZH T D&S RC FREKE
(¥ 5 SR %, WAl & 3% B IX L6 5 S 302 — M HERE. 1 RCaelay X SARC ¥ 5 ZHUIRD, W
BRI, RS E, RCuny 59 SARC 24, JUEHINE, RCaony 19 SARC MIIRAZBEALAR
ZE). RCqelay W1 2 HUME BAYFT G B IFATHRIA 2R 2 7o, AT 22 Tnith R X 22 NI B AS
BIEHGCTZ. FrEL, RCaelay KM A2 IHATHICIZTT 2, RI—ANBRE Toith N (R I A7 AE AN [F) I B PR s A\
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0.030 . : .
08} &9 STEITT O
3 2 X x M
—o— Traditional RC 0.025 . R
/
o 06} D&S RC : 0.020} ¥
= —+—RCyyy g ' —=—SARC
!
2 ol 5 SARC Zo01sp /" — Traditional RC |
e Z 0.010 ! 2 -6 -RCyy,y (2)
. + / ’ )
ozl I p’/ x RCdelny (6)
' 0.005F . —+= RCyy,, (10)
0 x . 0 g i . .
10° 10" 102 10° 0 20 40 60 80 100
T M
(a) (b)

7 (MEHEFE) (a) HH NMA @5 (b) B NMA [EIREAMNRLESR
Figure 7 (Color online) Testing results of (a) sparse NMA task and (b) traditional NMA task

fiE. SARC MEXGAN [ i B AE BRI T A R B F A& o, B AT (5 B A7t TR IR 7
PR TEI, X — PR AT BIEAZ T I AR AR AR B 1280 0 2L AE BRI AR A2t T8 12
H AN RN 2 N R R B R EAZ. R A SR M BT A 2 R A, BT AR T

B LA ZE A B, SARC S BAC B RC geray BEITAEY)E AR,

(2) HM NMA @B & F A
1 M
y(k) = 57 > ulk —i)u(k —i—1), (11)
i=1
o w(k) ATE [0.5, 1] 95150 Ai 1 W 74 45 5

AR ) B AR R Y (k) St 2 MO RN 9K, IX ERA A e RS ILAZIX (8] [k — M — 1,
k) WIEINFRAE. 58 (1) ASF], XA )8 7 AP 4 e R O5 1012 — BOE SR [R5 45 5. Se8e &%
B 8 B 400. SARC #E 10 N TFH& i, BT nith N 40, FHZ G2
) ()3 e B TR B B | M9 ) (AERAAE), R E N 0.40. W MBS 5K 2 MF. sLig It
% 5500 MFREAS, BT 3000 N F I, £ F KM 2500 N FIER. IIZRERET 500 MREA T T rhRI]
GERAS. NRMSE KA i 5 1 300 NMFEATHE. B 7(b) &7 17349 M A 10 #4903 100 B5
M RC, RCqelay LA SARC MIMREGE . HH, RCaetay (1) (I NIEHEE) NA I MAN RCyelay M
2, TN [u(k), ... u(k — [ M/I])]. &0, FH RC MICIZBERZN 38.96 £0.73. BEFE M [l
I, R RC IPERE ORI, 24 M > 40 B, L RC R EMR AL ] RCaelay (2) K3 ZIHIA
u(k — | M/2]) SINHRE T, TSI 22 A4 5 BB HATI01Z. RCoelay (2) BERSICIZTN /NI B
52, Bt EEANBACIZKEASBEH M RC FEIZEE. bR L, M > 50 B, RCyelay (2) #t
RET R ERIRE S (B 7(b)), FFHAE M < 50 B, RCaenay (2) FITEBEREES M RIS INT FRE. X
FEHT RCaelay (2) MACIZTT RS MHA RIS B ICIZ R ARG, ST 5 40 i) 825 5 i i 1228 B
M 7(b) ATLAE H, BEE T 3N, RCaelay (1) FIVEREBRSRER 22, X Ui I N2, 104288 A 511l
TCREZE . M T > 6 B, RCaetay MTEREELZAWIH M RC. M I 10 3 I0E] 100 B, SARC —H
PRFF T B Ao I B RE 77, IX BT SARC A BE 1 SLBLI & L2 (B, SARC 128 &k
115.43 + 0.52). MR 1, RERE | M/9] < MC! (1 =1,...,10), & FHL 0T IZ X 8] 8
(1. FERL I, SARC [REAST# 2 ot R 7 58 A 0428 1/10 BIA], ST 4 42 T it R 1
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Figure 8 (Color online) (a) Testing result and (b) testing error of SARC for Mackey-Glass
% 3 Mackey-Glass 28X E
Table 3 Parameter settings of RC models for Mackey-Glass task
Traditional RC RCqelay SARC
Input u(k) [u(k), u(k — 6), u(k — 12), u(k — 18)] u(k)
L 1 1 4
Nt 1000 1000 250
Dl - - [67 67 6]
SD! 0.1 0.1 0.2
o 0.99 0.99 0.99

PE AR BAT BRI 58 75 SRR I AR ) et T AT 2 2 035
(3) Mackey-Glass I [A] 751 FUill. Mackey-Glass B [H] 7 271 FiOill & N T4 28 X 28 4513 1) — A L3 i)
AL R B

&,
9 =1 T (125((; :))10
1> 16.8 B, RGHARMIRE, ALK E = 17.

SIS ILAE K 4000 AMFEAR, HT 100 AN FRMRIBILEIRES, #F R E 1900 N T IIZR, /58 2000
AN TR ZEMRY B, W2 H NS 5 A B RS A 3R, T2 b — I 20 Pyt e 05 380 N i
NEINAG S WU, ENHRRY B, 40T — A B0 TR, BT B AA R 22, X MR E
S B NSt A R 22 RN S TE B e AR B ORI R 22, WA AT, X4 P i ) 1% 22 SRR K
B AR B WY Mackey-Glass JEMUIRAS, 101 8(b) . %S08 = BR R AL 5o v i s 8] 72 51 () K
TR EE 7). SEE R FRAAE A AT 500 25K THE NRMSE. W28 S8 B 3 fiw, AE T
B, B PR A 2 T BEA 1000, LG HI SARC MIZFI#RZ e b 4 AN T4 eib 4Lk (5
ANFHE TG 250 MHETR), T #0135 I RIS 6. iR Es WIMaBE LS B s, X
RERD R EAT 100 YOS, B NRMSE /M F) 50 REHEIEATHERE 47

M 4 AT UL, HHL RC, RCaelay BAK SARC ¥JEA R Mackey-Glass I [8] 7 41 0] B B8 /7. AHLEE
ZF, SARC ) 50 WMt NRMSE ¥ L M RC K RCaelay K T —ANECEL, RN 7 Z /N, IX 150
B SARC W& 1 Re T InARE, SHIURRENL S 80 AT 1. Mackey-Glass /& T I 4456t i) 2,
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Table 4 Performance comparison of various RC networks—Mackey-Glass

P Maximum value Minimum value Mean value Variance

RC 6.25 x 10~4 3.87 x 1075 3.43 x 10~ 1.68 x 1074
RClelay 4.21 x 104 1.73 x 10~5 2.56 x 10~4 1.02 x 10~4
SARC 1.07 x 1074 1.71 x 107° 5.40 x 1075 2.55 x 1075

#* 5 MSO EESHMUER
Table 5 Optimization results of delay time for MSO tasks

Parameter MSO, MSO5 MSOg MSO12 MSO16
L 5 5 5 5 4
D 6 10 13 16 16
P 0.45 0.40 0.50 0.45 0.45

BT LA AN T B 2 e LA K AICIZ A & {2 Mackey-Glass i8] 5 81 TR AR 5 75 ZEh 42 it BE %

PR A E MBI IAAT Y. H L RC SR KR A e ot A4 2 FEL RIS 5. SARC fEMZ it
MR OLT, B — R D AR B TT 3, R AN [ 8] B 45 5 R A0 T AN R R 22 oot {3
WA SRR SRR, Beoh, AR BifE SRS EAFAEZ 52, FTEL, SARC M2 suitt f3h /15447
LWL RC MZE NS, ITAE SARC P45 RENS HUAS B4 A E RE.
(4) MSO (multiple superimposed oscillator) ZA. MSO A4
Q

y(k) =) sin(a;k), (13)
=1

Hrb Q NIEFZWHE. 0 =0.240.11(3i — 1).

MSO [Fyr B2 AN FESIER 1 IE 5445 5 2 Ik, Q Bk, MSO AL 2. MSO BLAY 2 i
PR TEIRE RS 72 A =E & Bl 1 AT N — A G2 i ] f (3:14,16,22,291 ik [29] YA, B RC AL JTith
IRAEF= A2 Z PR IS 5, BT DUR L RC MDA RS 241 MSO 8. BEE B FLRIERN, FESe i T %
Rl DU P E 2 MSO [ RRA B RC R4 (8:14,16,22] s e Az pl 1500 ANFEA, BT 1000 4~ K
WEFEAR, JG 500 AN NIRRFEA, BIFART 100 AN VIGRFEA FH R RIAIGERAS, KRS RT 300 4
FEATHHE NRMSE. #12 eith U % B N 400, SARC AR TP ot iRy [400/L) (% 5 AL
WIEZH); WA E N 0.99, WAME TR ELE Y 0.1, NI S0 m, X4 MSO 7]
FRESHEAT 100 AR, ) NRMSE $5/ME 50 AN 45 5k 40 W4 & 1t Re.

F WS RE ISR 6 FToR. W3 RC R BBV 2 By MSO /@, J: HPEReEI 2, X I T 4 M
RC ML et IR M= A B A3 15447 8. 24 Q = 2 i), SARC HITERELL D&S RC 1 Ballanced
RC 7, X FERHT Y Q = 2 B, MSO B LA H, T SARC S5 (1) 28 M, S AR A R 147 FRL )
HI)1FE BB AR E. Y Q > 5 B, SARC [1RE R E#IT D&S RC 1 Ballanced RC. SARC 1)
PERE I R T RCaelay, XA T RCaclay RA— TG, BTN 22 N REBSHE S #4800
ThAE B Z R, Eth YRR TG RN & R B 2 & oot = A = 3 11268 )1, 5 RCelay M
Eb, SARC ML & it &5 Mk s 715 SRR G, ISR S0 1015 B AR EE 7 AR [F] B TP 4 it
AEARRIIBN J125AT R, S5 T #E TR S 1 2Rk, B 9 BaR T 100 IRSEE R Z 704, I
RENAGERKE, SARC FIMEREL RCyey FFE, B SARC XFHIIR I BENLSHCA B 47 1S .
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Table 6 Performance comparison of various RC networks for MSO tasks
NRMSE Traditional RC D&S RC Ballanced RC RCqelay SARC
MSO2 1.48 x 1074 3.02 x 107° 2.51 x 10712 4.08 x 1077 2.49 x 1078
MSOs - 8.21 x 107° 1.06 x 1076 1.38 x 1076 6.16 x 10~8
MSOg - - 2.73 x 104 1.01 x 1072 1.27 x 1077
MSO12 - - - 9.39 x 107° 2.10 x 1076
MSO16 - - - 1.20 x 1073 1.35 x 1072
50 T T 80
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40 e RCdcl.u). 60 g RCchu}
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Figure 9 (Color online) Error distribution of MSO tasks. (a) MSOg; (b) MSOsg; (¢) MSOj12; (d) MSO16
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(14)

MF 7 BT, X FETA MSO #, SARC #J R BT RCaelay X HL RC, XL SARC IHHZ
TINS5 Z R, s R N .
(5) MEBR X R VEREIRZ . B 10 R T #Bi AT SARC PERERIRZMA. X TABi A NMA )
A E NMA 7] 8 . Mackey-Glass I[85 1 0 9] 81 LA & 12 By MSO [H1 8, AT &G, 7
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Table 7 Correlation degree comparison of various RC networks

R Traditional RC RCqelay SARC
MSO2 0.7243 4+ 0.0292 0.4538 £ 0.0091 0.4473 £ 0.0074
MSOg 0.5793 £ 0.0234 0.3117 4 0.0082 0.2089 £ 0.0106
MSOi2 0.5158 4+ 0.0181 0.3095 £+ 0.0105 0.1870 £ 0.0089
MSO1¢ 0.4817 £ 0.0269 0.2880 4+ 0.0107 0.1619 £ 0.0072
0.5 T T T T T 0.015
m 0.010F
12
=
~
Z
0.005
0 - - - - - 0 - - - - -
0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
P P
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m . 10
2 n
2 p
=2 [~
Z z
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() (d)
10 (PILEhRFE) EHEE X MLS M RE BT =200

Figure 10 (Color online) Effects of connection degree to network performance. (a) Sparse NMA; (b) traditional NMA;
(c) Mackey-Glass; (d) MSO12

REUN, UM B 5 R RE 22 0 AR, BRI MR BT E R R 0% (56 14 22 Tt 8] R EE B P A,
BREZILER, "R IHEHH. T Mackey-Glass M MSO [A#, 3 AN NAE MERES, AE BN
SREAMH AN AR T AR AL, AR TR S B0 Ea R], (5 BT REBOR, 1K I SR F M6 B AR 2
REWS PSR TUR, ML RE S .

6 %5t

25 e VAL, SARC /& MICTZHT M B B —Fh B A & e i 2 7, R =7
Az B 7 LW 73 BRI R AT 012, X FCAZ BB R FE 458, R AL {5 BARGE TR E KK
TG, SARC FIX AP (248 AT DL B N 10424 55 1 20 i, BEAR 58 K IR e ZAT 55 IO HME RS . itk
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Sparsely connected asynchronous reservoir computing network
Yingchun BO”, Xin ZHANG, Bao LIU & Ping WANG

College of Control Science and Engineering, China University of Petroleum (Huadong), Qingdao 266580, China
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Abstract In order to solve the reservoir computing network construction problem, a sparsely connected asyn-
chronous neuron reservoir construction method is proposed. The method connects several sub-reservoirs sequen-
tially and sets lag links among sub-reservoirs in order to handle input signals asynchronously in sub-reservoirs,
and further constitutes serial memory. In order to achieve efficient information transmission, sparse connections
are used among sub-reservoirs. Experimental results show that the proposed method can effectively improve
the memory capacity of reservoir and it is easy to deal with long-term dependence problems. In addition, the
proposed structure makes the reservoir produce more abundant dynamic behavior and has better robustness to

the initial parameters.
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