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Abstract

It is thought that hardware implementation of neural networks has a great advantage. There are two

methods of hardware implementation. One is analog circuit implementation. Another is digital circuit implementa-

tion. Recently, using Hardware Description Language(HDL), digital circuit can download to devices such as Field-

Programmable Gate Array(FPGA) or Complex Programmable Logic Device(CPLD) after logical synthesis easily. Sev-

eral digital circuit models of neuron that is component of neural networks were proposed. But, it is thought that there is

no report about digital circuit model of Izhikevich model that can reproduct output characteristics of biological neurons

very well. In this report, I describe results about digital circuit modeling of Izhikevich model and its simulation. To

describe a digital circuit of Izhikevich model, Verilog HDL was used. Because Verilog HDL has language system

which resembled the C language and description is easy.
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Fig. 1 Simulation result of Izhikevich model.

(a) Regular spiking (RS) neuron (d = 8). (b) Intrinsi-
cally bursting (IB) neuron (¢ = =55[mv], d = 4). (c)
Chattering (CH) neuron (¢ = —50[mv]). (d) Fast spik-
ing(FS) neuron (a = 0.1). (e) Low-threshold spiking
(LTS) neuron (b = 0.25).

2T vid, HENARTERTHD, ulx, K*
BROMEMEA E Nat BEROANIERLZEL, BE v
NDEFEEDLTLEY ANV EHRTH L, XD
ZWTo0 28D, BEyEulZOHMIET 4 X v
CavLILATHEIN vICHLTREEMEELL T
B, ZOEE mHS L EoTwE I s, H
st e Twa, IFfilaE~o A T2EL T
W3, %7, a. b, c. d 3 Izhikevich € T )L D85 X —
ZThHD, INSA4DDRF A=Y DOHAEL 72 2 1
I A —F1fHIZ, a=0.02, b=02, c=-65[mv],
TH2, 2T, NIFTA=F cDARPMIH LTV
20, TDNT7 X —F IZHEMIEICE T SRS
fiaRLTWDE 26, X(Q3) L FAKICHEMPA T
LNTW» 5,

Izhikevich € F )L, 4 DD F A — % # B HET



B AT 5

Izhikevich €7 IVD T 4 T & VA E TV

52 LICkD, BRALMEMBOML I NS —vT
HDHIEKRNY =BT LHEELE RS T
£ D . Izhikevich (¥ CHRICEH W T, HEEICEB T 3
WLV 7 B M i T & % regular spiking(RS) neuron, in-
trinsically bursting(IB) neuron, chattering(CH) neuron ¥ X
OV BB M e C & % fast spiking(FS) neuron, low-
threshold spiking(LTS) neuron D ¥ K8 % — v %2 B H#L L
TWw3 7, Fig. 112, Xiikz&HILyIal—vay
fMillzysalr—vavickhHBlLALZbD 2R
T, 5 5 X @ FF 81X Runge-Kutta 75 % v G
PIRIRE L 01[ms] E L. AN t=50[ms] TI=10%
AL TWw 3,

3 lzhikevich E5 )LD T « I & VAL

Z 2 Tl&. Izhikevich € 7LD 7 4 ¥ ¥ )L EEEALIC
OVTHERL, KA MH~ABQ) 2R TH2»2% X9 I,
Izhikevich €E F LD EF AR IFWMO TR G EN
Twa, $7. 74V VEEBLT 27201 ()&
X OR Q) DHEEHAL & 1T o 72, BEALICIZ LT ISR
THLEA A 7 -2,

dv . v(t + Ar) —v(t)

dt At “)
du u(t + At) — u(t)
a At ®)

ST M RBENBEHATYy 7THB, e, A
MBLIOCRXQ~NBHL, EFEE2TH)Z LIk,
Izhikevich € 7V Z BEBUIL L 2RO BB/ SN 5,
vt + At = v(f) + Ar((0.04v(F) + 5)v(?)
+140 —u(®) + ) (6)

u(t + A1) = u(t) + A(a(bv(t) — u(t)) 7
if v(t)=30[mv]
v(t) « c
men { 00T ®)

T4y NVEELT BB, XEe~A@® %%2D
FEMBATZIELEZEZONDID, Z2—F )
v P =7 TR LEOMEMBEE T VICK S 2y
P — 7 2R T A2 s, MEMEE TV O
BEHIBIRER IR D NS W) NEE L v, 7.
WA Z2E» T oI b 1 Ho AR oFEIC» 2
ZAEERE LD VIEIVBEILWEEAS, 2
T, AME T, RICRT 6 AT v 7OaIREMBEREIC
& % Izhikevich € TV D 7 4 ¥ # VAL %2179
L7,

setpl buffer, < pa XV + pg )
setp2 buf fer, « buf fter, X v+ pc (10)
setp3 buf fer, < buffter, — At X u an

— 10—
setp4d  buf fer, <« buf fter, + At X I (12)
buffer, <~ bxv—u (13)
setpS v « buffter, +v (14)
u < u+ pp Xbuffer, (15)
setp6 compare Vv (16)

Z 2T, pa=0.04Az, pp=5At. pc =140At. pp = Ata
ThHb, TDXI, pa?» b pp EFTITINT A —
YHRERLEBTIEICLY, WERKZS T2
EDHRE L 725 T %, stepb 1X . R (8) DK % 1T
IBFEE LT3, £k, buffer,. buffer, \FitEHE
Rz —IRWICRET LIy 77 TH D,

RIZ . Izhikevich E T VD EEHE L IR F X =%
D%z 2 MR TERBLT BRI AU L 72 2 bit i D Pk
Ex2fTo, ETVTHONZEKMEIZ., EADHEZ
EDEBTHL LS, 20K K ZEE
IR ARTEMEEZRT L L, IREHBELT
X, C++ Bagaflio T2#EREEIC XL 2 9O~K
(16) DFHEEBETHOL T 2L —a VI )RET
22LEL, vIial—varofii, FEbitid
B D FEHER 8bit, /NELE 15bit O 23bit T Fig. 1 & (£ (F
FHROERERBBEONE I EBbhok, 2D L X
D . BEHGER 8bit, /NEGES 15bit D 23bit TT 4 ¥ & L[]
Blbzfro) &Lk,

IhoenZ kb, XO~K16) DEFREIEEZ HE
WT 274 VHEIEOERZfT>7, ZO 70y
7% Fig. 2 12§, /L 72mE&iE, Y2y FAH

Input

& S S

el
ol o O e

©
B
Adder

O\m

y ]

Comparator V,u Reset
Output

Fig. 2 Block diagram of digital circuit for Izhikevich
model.
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Fig. 3 Control signal generator of digital circuit for

Izhikevich model.
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Table 1 Switch sequence of digital circuit for Izhike-

vich model.
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Fig. 4 Simulation result of digital circuit for Izhike-
vich model. (a) RS neuron. (b) IB neuron. (¢) CH
neuron. (d) FS neuron. (¢) LTS neuron.
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