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1 5|5 [INTRODUCTION]

EREPER RIS M R B T H AP M EE . A S A X 2 1 B RFAE [1-5) FRAUEMI 25 Bh A et
ML AT RE /2 BRI, Fral R IEEHE [6,7) FIFIZ T [8-10] WS H, Ik R 4% ) 1E & ThRE [FIFE 75 2 e FE 1 R G 1,
Rl 2 FeoE A mT 2814 .

PATEE M A, FIETTZE R T RE RGP RN N 2 M sh TG s BN 347, B2 9528, S hist 20
I —FEE e I ThAE, WEhRIEsh [11]. BE R [12]) 80012 [13]. X shi R D Mgk, R4
WH 25 M R I o B 1) 2 SRR ANERBEE [14-17). PR3, kb sohers, ] DUl e A7 ) Dh e s (A= A1)
e [17] Ag b2 TR (BN RAE T E BRI — N EE 0D RN IXFh 2 ThRett [18,19]. fEid
12 HIP 2 T 28 R TR T 7T T S I AN R 1 AT AR AR A, A AR BN R A 10 A2 I AR e IR A ) B 0
B2 2 B B = A e, AT 3 B R I IC 12 5GHK [20-22].

FEFLEE Z T b, WA R /N IR = AR Y, IR e 22 Jo A AT e RAMFR G TR B RE B [23-29]. 1X
FERIFRZ R E % (NCMs) TRAANTE, A DMEAMEE AT ICER (% 30k [30], 28 693 11D, fFE
OO ER RS, BEHERELERIEIT A, wopk. . PHEEE).

NCM H 4 o4 5 2RI H AT, RIUEAE 7 21 158 B Aige (b 0 (31,32 IXFh B2 i vi% 50 1Y) 42 %
PERLHRE T NCM A] LLE F /A 8. 4 oo 0 =2 AR T R Al & 1 D s B RIS FE . Jal
RAbHE G I E B BARFDPIRES N 2 A ARIRES, BT NCM B2 e, BN e — LR
R B HEEAE G RONFFIE . X2 T B L IE AR M4 [34,35].

NCM 3 727 BTN AR 2 i1 52 28 e v [ 11%) 22 6 18] ROBE B BR 1), R I bzl 73 27 BRI 1 4% 42 73 #7711
. filtn, MR IE TG 1 R R e Y. A, BENLIRZN AT LA 250t i B X M R 41
MIEN IR, 75 W2 b EbR HE ) AT 7V [36]. 1X 2K RGUILAUHE IS EALIE 73 20 1 RGNS 23 S 83 I R 4t
37,38].

AICHEFL T =N E I hodgkin - huxley B[ NCM BLA b Z 45X LIRS M B itk IR
TR T PS5 A L AE B R A 2 TR U e () — Ll . O 7 SRS 2 th, JRATRE 1 2 T AL
[ SRBE RIS S, R REF 21523k

T, AT H NCM B, SRR, AT 7B SRR TIRIS (38 110
A1), ARJEAESE IV 5 iR, A58 FH BB S R 1 0 2% 2 77 20 U o AR B T, FRATISE X ML R4 & NCM
ZVEMERRRENE . AV NS A0E.

2 =AMHIE R & LR TR [E] RS E R

FATH) NCM i =SB A S A 5 (¥ RO AR R A 22 Je 4L . NCM R B = MRS E I, 251 A1)
HABEMMMR R ZHRNREEMERERR T AT AN RENMESE. BN TRREMTG S5
ERFIRAR 4.

2.1 Single-cell dynamics
NCM #hZ TR e V; 368 I H0 AL 7 RS & (0 - T 228 0% (1,5 = 1,2, 3):

CVy=—IN — I — I} — [ =y "o, (1)
J#i



2 AP SR A T AT 2.2 Network dynamics
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Kl 1: (Color online) Bursting in the slow-fast Hodgkin-Huxley neuronal model. The bursting orbit of a single
neuronal burster (at ¢ = 0 and g¢;,, = 0 ) is organized according to the backbone of nullclines for the slow
variable, given by r; = 0 [dashed (red) line|, and fast variables (V“ fzi) = 0 (dashed-dotted black lines). The

shaded rectangle (lower-left corner) is expanded in Fig. 3.

RN TCHRA — LE [T FEI: BN R TN, BRI 12, WHRERVE IV, DAKBENLAR 1rend
IiL:gL (‘/i_EL)7 IiKQZQsz? (‘/i_EKg)7

(2)
IZNa = gNamSNahi (Vi — Exa) s Iirand = Iy + 0&i(t).

BEMLEEI [rond S238ME Loy PRIE o MAMKE S AEES . RIOTEHNEE o =0, HBHE =% D, DIMRHE
5 1%
Na™ HIRBERIIE, RIETTRAS R my. = mg, (Vi) RIENIN AR 4. 1f0 Na® 236 hy AL KT 905 m, U
el |
NaPi = b (Vi) = hi, Ty = mg, (Vi) —my,
ho(V) = [1+exp (=s" (V= V"), (3)
mg, (V) = [1 + exp (—3K2 (V — VKQ))] -
PO Na® K (7wa = 0.0405 s) MBI KT #E (1, = 0.9 s) Z I8N (B R BE 4> 7= 2E T 1R NE: g
JEAN Na® s I DU I E g K H IR i 2208 R ) s i i RS R b (B 1 i 4 .«
7E Refs[36] A1 [39-41] FIEAMWT T 1 & e R MBI )15, AHE R AR X ) R

2.2 Network dynamics

M2 TT G I AL A TR . 2RV B R AR © = —40mV, RMHTHLTC j SBAHHR . —
AN R R A S S B RARS AR TT @ IR 10 (B RAK (D ] RARAHITER, BOAEII#eE



2 =AMIHIE SRR AN T e % 1 5 B 2.3 Soft- to hard-lock transition

TRA AL TIBIE, By, = —62.5mV, (LTREE V; FIALUE, FIns08E. RAigs) 7172 TR
ENGIEY
TN = I — I3, @
L5 = gin (Vi = Einn) / [1 + exp (A (© = V}))]-

XL TAIEA ELET PIRRA, TEREANEIR, O HBIRSH A = ImV ! JUEM. SRR 5
B Ginne BRTAE VBT, BATHAT T4 7= 0 BIBE Al 18+ BOIXAMEAL, 53 it 0 Bk b (5 T I HE SR
[40,42,43] -

NCM A% 80125 s H BARFEAR AL IC R A I SRR FE =AML (AL B A C) A
LU R SARDLIN, SIAMRARZ e R ARI (WL 2), PIAMTBAl = [43] BELL IR AR 17
BACIEANE T FILEIEA, RUEASRERINE . 29531 -2l & 0 DR R = P i 2 BRI R AR e
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Kl 2: (Color online) Stable polyrhythmic patterns in the NCM. Two 0.5-mV kicks (arrows) applied to mem-
brane voltages V;(t) cause the NCM to switch among the three coexistent pacemaker patterns (A, B, and C).
Parameters are 0 = 0, g = 20pS.

BEE ARG IRIE ginn BOIEIN, XA AR BORa g PRGN . AR SCHIE TR SRR & S B0 T 63 m USSR, 4
2 b R S T -

2.3 Soft- to hard-lock transition

SR ZU A MR 1RSI TCE 1 MR g, KT GRS g7, FAMATIRAIBE RIERE FIT AT 5
fi J5 AR 22 TCAE I LR BURPIRAS o BRXAMEEBUNHIANE, EXNGFAE (ginn < gn) FARIRGE RGO AL .

U SR A 2 05, E%ﬁé)ﬁ%ﬁﬁ]ﬁ%E’J*%Jtm&ﬁiﬂ/\igiﬁ’]I%'5 AL 2 N B B A 1
Ao WRJE R TTBUE AR IDIRGS . KB, AT ginn TEA DD BB 1E (ginn = ghi ™ B
Gy S MR E PTG R A S #R A e Al TR B RS A T, A SRR R T BRI,
B[R SO0y 0 IRk (2 WA 3). BFEE m, =0, H

m; = mg, (Vi) . (5)



2.3  Soft- to hard-lock transition
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Kl 3: (Color online) Critical synaptic strength in the neuronal burster. We show the shaded region of state
space from Fig. 1 (lowerleft corner there). Constant inhibition, at coupling strengths ginn > gl , induces a
saddle-node bifurcation by shifting the fast nullcline (dashed-dotted black lines) across the slow one [dashed

(red) line]. The critical value g%, , at which nullclines are tangent (filled circle), therefore separates a soft
coupling from a hard coupling that can lock down the postsynaptic burster

Ptk (Vihi) =0, e PR

hy = h™ (V)
0= _INa IKQ IL Z Imh ) (6)
Jj#i
PAVEEIE gy ERXME L, —ANTARFTIR AT LSRR AL S ) %1053 N TR, JATEE
> I = g (Vi — B ) - (7)
J#i
NHRATER TR @0 TG g2y, BMBH [Eq.(5)] MTRE) [Eq.(6)] LA VIMIG TG R g2 B
N V R AT [ AT m = msg (V) M

h=h>V)]:

0=—IN— 1% — 1" — g% (V= Ein) (8)
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2 AR ML TR R ZE 2.4 Measfffedlpath description of noise-induced rhythm switching

2.4 Mean free path description of noise-induced rhythm switching

AMKFEWT AW [0 = Ty + 0&,(6), B Ty, BRI 02, R (&) (1) = 0 (t— 1) 65, FITHEFERE
TS . IR PP RS A AT R ILAE R AN SR A S [44) RS s R . MRS ET DAE SRR S R
A, FEFIRM— R R R 5 — PR R . TESRAR A, X PP 22U 3 ARG A BRI AN T T [
4(a)], BPAEI2 e i s

T BRI R G &, BATH NCM BEHLZ 7253 715 20 — 4k (2D) BENLIEE . =AMk
a i (B 2) W BB = AEs . BARSKEE, NCM #HE e 1E FUE A& 5 3 =N R I &R
WS, BRI N —X &6, AT, Busd—MNshmiEsh. fEmasn 1M 2 RS
R BN S E R E (0,1) FIFEAL. L0 1 A1 3 DLRARZEIE 2 A1 3 W U EE A48 R 2 BB IR 4 17 &
(V3/2,1/2) M (=+/3/2,1/2)[K 4(b)]-
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Kl 4: (Color online) (a) NCM of three bursters (blue, 1; green, 2; red, 3) randomly switches among three
pacemaker patterns in the voltage trace for coupling strength g, = 15pS and noise o2 = 0.0025pA? /s. (b)
Coincident bursts (shaded regions) are mapped into shifts in the A — B — C directions of 2D random walks.
Inset: Random walk episode corresponding to the voltage trace in (a). The mean free path of the trajectory

is 3.8 steps.

FERAEERITEOLT, St AT ER T BOE 075 RS 3l . FEA FRETMEF KCF R, NCM 24
HE M FE R, BEATIHRB] S — R, KRR T animat 177 (K 4). FATEN animat iz



4 B0 GHOST B SR R 2 FA

RGPS R N PRSP 2 BB AR (MEP) KA NCM 2 W22 & M. mip & ONFEST € U5 17 EIESPHUT
FEE. B SR AREEIL LR R R A 5% [7,45]

3 SRFURKRAME ST Z T ENREE

R A IRE ginp TR NCM 21 2@ MRS58 AT T 2 Flofi A o B R 75 5 B R (1)
MFP, KIL MFP Xt g, MBI, £ 5 (XS EH T T84, 2R (1D MFP 7R
R AT gope IR IRORAR, 1208 FETE N 26 3)) 7 2% R BB FE e T (g0 (2) TERE R ginn B
Wb o Ao FE MFP MBS, 2 NFHANDE, IR R RSP EA AN A S H .

XU I R B, BRI AE DL, SRS R A BON S RS 2 13 1, R FAP
RAS, DAXTPUMES [46], SRS G 9 B I T 2 AR SR G 48 I R B RR N (470 MFP B KBTI gope 1EX
N W A B R R o 76 ginn o gopr, NCM BhZS AR HOR 78 5) 52 210 75 s AR Bh 1 sg ), 1
B MW BRSO 5548, IR AR A B e, IEGnFRATT N R I ARE . FRATMIBINR B, SRS R
Xof M e 5 P U TR AR, X IR B T IRATTII BBl ik

3.1 HeSSMERBY % TR AR BT R B A $it

BB P BIFEAE Cginn > g0 WA 6 () FlE 7R, “WEsiedhigan, 2R AR a0 e s
rBe. FEIXH, PR TT R R B T 3 R AR IR SR Vi BAERINHEAT . 0070 3 SR K
JBCRI, MESSIITAS, HE Vs TRERIRMBRE © LI (A (4) o BEZ MR SR Ad ] (3 SRR T &
I BUE AR T0 1 M 2(48]. BEUS, M4t 1 A0 2 il St e s Vi A Vo SROESIBRBRA . e
&t e mf, EAIASHEAER. ERXAHE, MY EIs T, £ Vi MV, 2P A A NRER .
MZTe 1 BARIERIE. 2 vy 8 O I, #iast 1 TR Te 2. T Vo MRT I Ve, #4TT 2 4£
MZETE 1 TR LT T P AE TR IR . BRI R, Rfba o0 2 M 3 At THUEIRES .

TN, MAT0 1 MR IFEATTERER (B 6 () |- BEE, MEIT 2 F1 3 TR R 5 il B E .
BUE Vs C&BN T Vi, BOA VBT Vs, BT ©. Ik, PIADFa ol NEEABIB, S EUR A RIS
IE S, Ifoe ORISR, X PR OUARRE 1 a5 458 X 5 52 OB BB e 2 M ) T IR BRI o

4 3R GHOST REREKE|FES iE

BRI AL (58 TIC 1) $et 7 B e sl 2 e s i Bi BURALE] [Eq.(1)], W0ET— T,
BT A I A, AT T — MR I — e g5l B i im AT . X AR5 VA A AT RE B8 S At I O
FHL R T II F7 5% fid o P 2 TR T BER AR o B IR A FRATTRENS DM H R LI B Y I BB B ) Visr AT gt o

R AR 5 (XA 22 T30 0 S R AR D S st IS (R0 I -1 20 30 2 R TR AT BRI , IR T (Ginn > 90it)
SR ik 100 1)K R A Ji R R BR R BIAR E IANE A (B LI 3). AR PRSI M, RS 22 7080 ) A4 o
HZWEMEATIE 0 = e+ a(v—Vp)*[32]. EHESH, 0<e<ImV/s, YOE 7 DT R JBILH05E
JEo bR ARG, BAES R v;(0 = 1,2,3) Y Sl R

b =e+a(v— V)’ - lagi(t)qLZI;;h] c (9)
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K] 5: (Color online) Nonmonotonous dependence of the mean free path (MFP) on the synaptic strength g, -
For a plausible range of noise intensities, o2, the MFP reveals a synaptic strength of maximal robustness,

Gopt = 5.5pS, comparable with the critical coupling ge,iv = 6.1pS [Eq. (10)].

R I MRS o (t) BB R4 NCM 5 RE [A3 (1) o S8 ea MV ZMRAERBLES FRBL V(1) A
B, WEEPUAT A BT

B9 i GHOST BB FATTRE S S@ L — M THE g, RITPUGEFHRE S gereo KR DRAMGRE, FEIX
SREET, —AMERI Sk F Rl E 2 TT I ER T S X (ZHE 3) . XFENEETRE o =0
S I = g (vi — En) FEAI (9) HREBI: B 0 SO

Gerit = QC (Oé (Einh - VO) + \/042 (Einh - ‘/0)2 + EOé> . (10)

KT Ginh > Gerier — XS E KNI 100 X e ISR Ve B E [ A3 AL BT AR oK

in 2 Ce inh (Einn — V0
K6 (b) UiH T AR MR B )57 vy B RABIE ©, T va < Vipir £ Gink > erie HIBRSTRERTS
AR 51 i Bl PN DR BB BE

Gerit T sy WX RIR RAEMN R IHEIIEAE R R, IRAT gerse HILRRILTR TR, TIIRAT g0
I 75 258 54 1) Hodgkin-Huxley 772 B, gepre BIAETHE W AT LA IR H 53] IX R 1 #5 RO B2
JHETH A A MR EFAL .

‘/Crit = % +

4.1 #-Ti5 GHOST ESHHEITHIIE

il 7 BioR, ghost B8 (AKX (9 ] IS ev o M1V SRR A BEERE (A (1D 1E g =0 =0
] RS V() AR, E, ARREERRAE (B 7(a) RISRL]. EMRBUERE LB BRATK
V RRA—AEEL, F(V) (B 7(b) 554 X RETERHA B W F(V) o7 DR I o 5 8 2oy
W, MRS BRE, At MBI A 2. SR, AR TE I BRI RR R S N R 3, TR
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(a) Njural Circuit Motif

E 2 M,__ 1 S — -,_l | >
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(b) Saddle-Node Ghost Model '
1 ‘ : : ,
synaptic : /
\/ 40 threshold ©
< S ool J .
E0 Ev, :
- ! > i LT ETS e |
inhiBition: 16 ) N _
V. ® o 1 5
model voltage v (mV) time post burst (sec.)

K] 6: (Color online) Hard-lock mechanism of rhythm switching. (a) A typical rhythm switching event (inlet)
occurs upon noise-induced separation of neurons 1 and 2 . Neuron 1 reaches © and inhibits neuron 2 from
bursting. (b) The quiescent phase of postsynaptic neurons undergoes a saddle-node bifurcation upon activation
of inhibition (left panel). The location of the unstable point marks the critical voltage Vi [Eq. (11)]
separating rhythm switching from coincident bursting: in the right panel, model neuron 2 [Eq. (9)] stays below
VEn thus switching rhythms. Parameters: g, = 20pS,02 = 0.01pA®/s, Vo = —44.3mV,e = 0.22mV/s,

a=153mV!s L

TEEHR 6= ta(v— Vo) [BRAR (9 |. CHSELEBM F(V) itk € Vo, F(V) £l
AN, BMERE e = F (Vo)s 20 = F” (Vo)o [ 7( b) B85 T — b8 T

5 IEEREZTIRMRIZNK

i3 RS RO AL, FATTIUAE AT P S HOR G 58 NCM X MR (&bt 556, JATESE 1 iR
FIRE (S 5). e, FATRM T PR — D RS P R SRR AL e, AER IR ZE T M AT
HOREUR, B IME ISP BURIER Y B (B A 6(b)]. X AERZTTA RN R BE BB BL. 5L
& RAMRTETEIZHREAT N, XA RES TP RE T I 2 (I (R e S B, AR PTG IF 20 B
MZTTZ AT

5.1 Neuronal modifications

ZH e BT ginn = 0 BHERLMRT L2 MFHR/NEE (2 WK 3). Z2:1 Hodgkin-Huxley #5711
VPRI SRR T ORIGIN e, FTATX AT 2N T U T4 2 R EEE .

FEART T B A AR B e, TR S8 e A RONER T KT WAL Ve [Eq.(3)]: # Vi
M3 HERE] AmV e M 0.22 N 0.27mV /s[49]. #HEICENFTFEHBXFAEAE g, B MFP M 20 42 5 3
60 &, W& 8(a) P,



6 L4 B =0 5.2 Synaptic modifications

4000

@ | = g o ||
b -
3000¢ i . ]
‘ .
@ 2000 ‘. ‘
> ‘
g \
= 1000 |
\ /=0 c
07 ‘ ]
quiescence bursting 11/;]
—~1000 L | L . | | | L L
—40 =20 0 20 —-45,0 —-44.5 -—-44,0 -—-435

membrane voltage V(mV)

Kl 7: (Color online) Estimation procedure of the saddle-node ghost equation. (a) Time derivative V on
the periodic orbit shows a complicated dependence on V. (b) Locally, V can be expressed as a function,
F(V) = V. Parameters ¢,V;, and a of Eq. (9) are determined so that the quadratic fit (dash-dotted
line) matches F(V) (solid line) at the local minimum of the quiescent period. Ghost model parameters:
Vo = —44.3mV, e = 0.22mV /s, = 1.53mV ' s~ 1.

5.2 Synaptic modifications

bR T SRMhGR ST, A TIThEEE AT DAeAs, DA R 45 (1 S et . FRATTIE B, AN 5% A& 2o mT DAk 2
SR, NIRRT ik, FRATBE RO S Ak (A REE 7 [Eq.(4)].

wE 8 (b) AR, 7= 250ms FeA4 25 BRI EE MFP, 1 7= 0 B 20 5. 8, tnl DA e s
BIA ©, MIfiikRGA E 20 A BRI B

6 R4

Pzl 51 S Th BE T A 1] DT AR M 22 I 45 22 DhRETE I — PRI E 2R . FATHMHIE NCM[A S (1)) 1
PMTSCHE T IX el e R T =M R R T, Hrh e HOR R B, R 2 RS . Y
2% Z A Y R AR — AR sl = U S5 BL. BRATEIEXT NCM AT RENL LS RIE 7= IX AP B

NTIRENZRRENE, FATSCR T RAE DA, R fhsR g, RIFEDPER 2 EZ 28 AT, s
RS EAE T OEIE: RSB G, FOEVER N, DA HURAMEAEHT 9 [43,46,50], (EAERM AT,
T WSS B I BURAL, TR R T o Xk M B TR A B B B R B . 2 A A
L P RO, 2SRRI L BB, ERRMVIS ARG AT fe . AN, FATERE] TR
i 5 L ) B (AL, AERXAME L, 2T RERRRMEN (S 5). XMEREE SRS AR &
SHVRHPURIANR [47,51,52], A Wg s SR A AR o JA T 5 2 S5 1URE R Ja U342 v 2 v (4 473 BTIE 30 14
A, Hh g AR BCER AR I, IR TR RO [53,54]

AL — B AR #5173 BRI B R 1 5 A R RS FRATTAO Z5 R o SR iR 50 i 2 R % o
IR e MR, WA RIS R . DI, 2R UL 2 % AR ds M 2% . 2R
(RIS R 26 ey, ZHLE T RERZ M I 2% TR AR /NI 20 A, SR — A RIS I SR AR B 1 e Bt 21
PRSP P e iR SR, et AR EES . N T RE R FEICIZIEAE [55]. N2 [14,56]). Ml Nz
gy [57] ALEAARAIRG S RILE [17]. ZHLEI R REFE FT A2 R rh RIAE ol DOWER R, 774 7 s AR i 75—
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Modifying Neuronal Dynamics

o
(=]

SG(a) — e=0.22mV/s
v g --- e=0.25mV/s

40 ©e=0.27 mV/s [
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229 s

2 T~

ilc Pt el - §

8 073 3 6 8 10 12 14 16

g 25 Mod\rfymg Synaptic Dynamics i .

c o) Sl BT N o

3 20 = T " 7

; - < === 7=100 ms
15 pan r T=280ms ||
10 // \
L e e e B
0 . : 14 16

6 8 10 12
synaptic strength g, (pS)

K 8: (Color online) Improving the robustness of bursting polyrhythms. (a) MFP dependence on g, for
e =0.22mV/s at VX2 = 3mV,0.25mV /s at 3.5mV, and 0.27mV /s at 4mV. The optimum, g, , shifts towards
a higher ginn. - (b) MFP dependence on gi,, in the NCM with instantaneous 7 = 0 and delayed synapses
7 =100 and 250 ms. Parameters: VX2 = 3mV, o2 = 0.0025pA /2.

ik [58].

Gert (PS)

inhibitory strength g,
w {2} ~ o (=]

. 7 8
Vicz ez (PS)

Kl 9: (Color online) Comparison of critical and optimal inhibitory strength. (a) For different values of
VK2 ¢ [dasheddotted (blue) line] and g7, [dashed (red) line] approximate the optimal coupling gope (cir-
cles) reasonably well. (b) The ghost model approximation g.i; systematically underestimates the bifurcation

value g, , seen as deviations from the diagonal (dashed black line). Parameter: o2 = 0.0025pA*/s.

AL R e S 8ok, JATSEHL 7V W R TER =98 (& 8). XA sR2 /A ik
1T NCM B ) KRB SH G 00 T S, AR o2 — T ST SS . B ENR, XA R4
PACTE & AP 2L 2 SR R ANFTAT IR, RONFE SR b RINHZ 6 2 AN BB ECR IR B 2R [59] « A7)
Bromif 1 A B0 73 AR T A AR A AR ) R GURRE G AR R A AT AR L A SOl M BB B T (e %5
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8 APPENDIX

8.1 SEEM NCM #ERI 57z
TR ANMZT i =1,2,3, BHES /1% Vi(t) K Hodgkin-Huxley %77 54
CV — INa IK IL Irand Zlmh
J#i
I =g (Vi— Er), I =gk,m;(Vi— Eg)
LY = gnamiohi (Vi — Ena) ;. mxa = mi, (V;)
Nahi = b (Vi) = iy 7igring = mig, (Vi) —m;
BEV) = (1 exp (= (V= V) "
mR(V) = (1+exp (=™ (V = V)
mig, (V) = (1+exp (=™ (V - V)™
L5 = ginn (Vi = Bun) / [L+ exp (=X (6 = V)]
= Iy +0&i(t),  (&()E; (t')) = 06 (¢ — 1)

I TATAEPE A PA B BHSEUE.
AT 2 i a0 At = 0.001s #) Euler-Maruyama J7iZ181E 71X NN T FERI . X AME LR
WEAE B J3 2 b AR 180 AN pde FRATXS ¢ M HAMMEREAT TARSS, DLIESERRAIEE RIEERE . AT
I, [60] ANFTEM B A T —4 PYTHON 059, F T HHUX L8 S HUE I FEHLI 4% motif

8.2 IaFBASHREMEHXR

AR (8) PRIBMBERIEBUILIEAE gk 5 EAE DT Rl R PR THE gone [ (9 ] PR
SBENLIN L R R B R E gope HEATELEL, FTESE Ve HMEHME—E RN (B 8 (a) ],

R=AERET R PR B R = B R AR SRNE [ 9(a)]: gl AT geare AT T 8 55
HIRIME gope» BITXAMEM AR R LGBV EREENE, LRI EME ghs BT gopr. KRR
L2, RO REALSD 7722 30 8 2 A8 H AR R 8 52 PR 2h 15 rh U B — AN EeAR, flan, 70 Yo TR il 54
B Goriv I Gopr Ho gl BIFRITINE o (HRTEER, gone AW —NE— MM E, R FHIRE g%,

AT gerie RGMARNG T gl B, gope HEFHITINA /L “HEAN7. IEBATER — TR g7, BT,
Gerit XN RGIR A Wi 3(b) B, S0 gy MRIEF LD UK (7E mk, J517) A8 F LR85
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ST I R PIAB k 2 ( OBRE B 5T, SRR B8 ¢ 3 L M BB, JFBE g 1O
VRS AT VRS E . DR, o (RGN, 76 SLBURE AR i e o — AN WP RE, R JL T FE TR 1
L7 T L, A — A R S0V AT 6
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