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Abstract

The nervous system is considered a huge information processing system, but we have
not the minute acknowledges of proper mechanism to neural functions. However there
are excellent functions; namely Learning, Memory, Pattern Recongnition and etc.. These
characteristics contain a lot of problems which are very interesting for the investigators
of engineering field and we wish to apply them to engineering field.

In the prior report the author takes notice to the random impulse trains which transmit
the information in nervous system and from this phenomenon generates the random P
F M pulse train.

Additionally the statistical characteristics of this pulse train was described and the
author experimented the stochastic Multiplication with the pulse train.

This report is mainly the stochastic Addition and Subtraction, and these operations
correspond to the temporal and the spacial summation in the nervous system.

Now if we watch a neuron in its system, this neuron receives a large number of
synaptic inputs from another neurons. And the neuron changes these inputs into a analog
potential in the soma and if its inner potential exceeds the threshold, then it sends out
a impulse to the axon.

From the phenomenon we note the following;namely the inputs out of the excitatory
neurons are considered the algebraic addition and the inputs of the inhibitory neurons
are subtraction.

Therefore this report indicates the stochastic Addition and Subtraction with the random
P F M pulse trains., In this operation the analog information is eqivalent to the mean
frequency of random pulse train. The experimental circuits base on the lateral facilita-
tion for Addition and the lateral inhibition for Subtraction, and use three fundamental
elements on the model of a neuron.

It’s understood that there is a kind of uncertainty between the operational time and
its precision in this circuits construction.

Finally this paper is described the application of these analog computation and the
correspondences this research to the nervous system.
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Fig.1 Construction of Addition Circuit ;
In the(a) figure
N,—, Nz—and D;—are fundamental elements.
Sfu(#) are outputs of the A-UNIT.
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Fig.2 Action Waves of Addition Circuit ;
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® and @ are inputs of random P F M pulse trains, @ and @ are outputs

of one A-UNIT stage. ® is output of second stage of the A-UNIT.

7 is a pulse width; 50psec.

THBERICRLALERVAI NV ARBE->TKRD, TCTMEOKE L LR 582813,
A-UNIT O¥BEBETH 5, #-> THEMBREhc W TIMLTRIFRTH 3,
CORICHEFRSE & EAMEDORMICE, —BORHEROBEREFOC LICHBRTH 2,

A, MEOHTUEMM S (A-UNIT o3 i BHOHN) % fo() & f.() L&D

3L, TOERRKRITRY 2 2OBMNBERTEDEIN S,

Fo@D=fG-D+foG—1D—20f, (=1 f (i—1)

...... (1)

Fa(E)=2TF g (8) fa(F—1) wrremrerrremramrieeeniiiiiisiiieerenes ©)



136 ®= B OF B

DL, TioUREE P21 THB.
) & @ RAsmT 3 L,

Fo(@) =Fo(0) +Fa(0) —Fa(d) rereemeeeremeemmmmieniinieiinnins (3)

TCT fo(0) R fo(O) &id, fo(O)=/S1, fu(0)=/.[kHz] DT ETHHANAK
BERDICLLT 2,
P EDEBHERIC & 2 ERFERICOVTRITES, MEERICOVTOERETE S,

<2—-2> EBHEER

HEED =2 — o v @IS U HRIC L 35 ¥ & 4 PEM v 2 5 35 FEHE
DOINEREE T, Fig.3 O~®lcai Likicis s, A-UNIT o3 3T THA LY, 75
7 EICREEMEER LB L TH B,

i =1 (A-UNIT 18) 04, HBE 1 REUR AR 7 7 QIR RiC, EBRER
RIS EEQDME KL T 5,

i =2 (BUGELHA) DBAN, 7577 QL@ IURLTHED, BEMHEEZ
BeaoHRTH B,

i =3 CE3GEMMA) DEAR, /777 @O THY, BHULL BERHOENR 4
BICDOTRLTH %,

COBERRNICONTIE, Di-R T I KO BEEZHTRTHD 2 BBAL OV R B  1p=40
psec ITRY, D;y & Do DRBPAKDNTERETIE 27D TH 5,

Fig. 3 DERERPOEZONDC &, T9, A-UNIT BOBEMICHE » THOKER
BMLTNAEZENISF37 Q@@ 2RAEEMREINS, LU A-UNIT ognilgids
Wid, BAKEOWERZRD TNEY, F1, ANFRERBELKEEHEHB RLSD
ZVIEIARELIE->THRD, COTEBROFHERPESEBE, BRASNVRABEPKE
DV RERRIR SV G tesec DIT &S AHRBREL LS, - T RFIHEO
ERRVEI WAL D, A-UNIT ofmElaid £iKid, HEINIZHSSHTLIREK
WO T AN OBERZNRIEHEMLEB->TREIDOTRIBVNEEZENS,

oI, BEEICH LT v RABENEDREORKBOESIGEY TH2IIAHTH 5,
UL Dy, & Do DBERIZE L7 EBHER (/77 @ LORV® EG®) DOlEN
S5 5T Do O HET B ) RICEWEREA R L TWVE, TOC LITEBERHEIEN
&, [o(®) ODANNZFIDT v E LERKIEONEIC fo()) OrvRFIEERDASBER
BELBALELZONDG, SVHEINIE, EOICHTIZ oV RFIOME NS O CHEEE
ROEEZ20TRIEVMLERDNLS,

738, £ THHI 10kHz iIcfaf$ 5, TNIEIER LI w2300 2| | T=50pnsec
TH B LICAT AN 10kHz &322 & v xR 50ssec L1320, ,on RFNTHT
FROE&SBICRESHAEERZ 10kHz KEBRILTLEIDTH S, FHBA Vv RE
#E D Tp=40psec DEIY, FTFBERD S XD v ZFFEDS 50usec & 15 5 fHD S RE
L&D TH 3,

<2—3> MBEOBRMEER
nE O M TR U (D) RUPQRicTtEiz o b, 4, 20250 %
AOTHBRHLEZERZED TH D,



137

MEF=2— o VAKX IBENT o JER0EICET 2R GBI

09srgy=C2 S| oWy KPP JUN ¥ ZHY (%/+'/) fenfea [eup jo ouy ay3 st (---) pue
‘(g) uvorenba ‘an[eA SANE[NO[EO JO SAIMO Oy} SI (——) ‘enfea [eolndws e st (X) 2Indy dy3 ul

(%) AON3INO3Y4 LNdNI
ot

() ADN3NO3¥S  LNdNI

{ UOMIPPY Jo SowelorIey) €3N

) AONINOFIS LNANT

8 9 v 4 0 0l 8 9 7 4 0 0 mp m 9 .\ [4 0
ZHA i " 0 ZHY + + + + pr
/ /|
L1l X_ 1°¢ A
/
N ¥ ¥
'/ 4 d
\\ ¢ £ % / \ \ \
=aW! .
J v Z€ X2 =9Wl| Aejaq :¢Q N x e w\ X/ |
4 7€1 70 / /€ 73 / \\m
\ \ S |unn-vpstusz @ S 3 (s
7/ 7 n X/ — X / ’
96X Q=aw] Aejaq:%g 7 % S / - / x\ /
\ / \ - o] / / \
SLINA-Y o 7 x /! 7 ] m LINN-Y X\ \ / X,
- sabeg 7 @ X/ / X/ > c 10 3brg | (D) S S )
S \ \\ /g 9¢& 9 m / \ x /g
r \\ * \ P w f \\x / x\ \\
K\\ \\\ \ \\ D H \\ \\\ /
\\ S 1 o T . 2 / f
J \ \x\ / e =z \ < \x\x\
/5 r / \ / K\\ ,
\\ Y, \\ C g LT /]
/7 A ’ AT s
X % /L= B
/ \\ \x /A 5\\ \RIY_ \x\ X x.\\x K wn_x
\\ ¥4 N \ x\\ / x\ x\\ \ \
X \\\\ \ /-~ \\ / \ e \\ , /
\\WK\\X / / / ’ / i /
P25 A A — 101 o1l (i A AP
zZH)
2 29y H

~
1ndino

[Te]
(%) AON3NOIY 4

@©

0t



138 2 ® F B

OUTPUT FREQUENCY (£)

kHz kHz
:4;\ /
> / 7 X /,
g / / /
g6 5// / / :
27 A o f B astagsoiaunr:
E / / D¢ : Delay Time=(X96
. '
3 /X Pl X
/ (4) 3 Stages of A-UNIT| 5 /
“1 4 Esl3
/ //" Dy Delay Time= T X 32 3 x /x
X / X
/ /
2 -/x 241¥
o ' ; , —— 0 , kHz
0 2 4 6 8 10 0 2 4 & wendy (¢ 10
INPUT FREQUENCY () INPUT FREQUENGY (f)

MRV 2R3, WEANSELZROERTHL0NEEREEKE LTRSA 5 LERD

RRICER TS 5,
Fo@) RO fa(i) ODMDENEE Ao, N £TBE,
DS o=Fo(8) =Fo(B—1) rrreeveereiienninianens (4)
Dfa=Fa(@)=Fag(G=1) <ccererriccrninenannin. (5)

ERDbINTVE, TR RV QR ZLCRALERET S L,

Afo=foG—1)—20f (i —1)f,(i=1)
=fu(G=1) _fa(i)z—Afa
Afo/Ai=—Afa/Ai ............... (6)

RIBkIC,
Afo=20fo((—1fo(i=1)—fo((—1)={20/,(—1) -1}/ (G—1)
» DS o/ ={2Tf (1 —1) —1}fo(f—1) ccovevveeceereecns V)
BL, G Ai=1 EEZ 5,
| AEREREAB L CBEEL L ERDO 2 DOMSTTEABEFE SN S,
Af o /AXx=dfo/dX ~oeveevroeerii (8)



M#ET=2— o VERKICK 2BRAT + o SERMECET 2HE GBIE) 139

Afo/8x=(2Tf—1)fq +rrrrrrrerrorermmsereanaens (9)
ZOMAHBRRNEOHRMY W KU B OBAID>OTEL,

A) x=0 OB fo=f,, fo=/2
B x=1 DI fo=f1+fz—2tf1f2, fazzrflfz

WRIHGHE A OB A

@RS fo=Fo+C, (C,: EE) s Ci=fi+/,
o FomS Ay gttt ettt a0

—HOXnS 8 & 0REEEL THL &,

Afa/@x=Qtf o~ fa=Qrfo—1)(f1+f,—fo)=—df,/dx
dfu/{(fo"“l/zz')(fo _fl —f,)}=2rdx
1/(1/27—f1 _fZ).log[(fu_1/21'-)/(f0—fl—fz)]=21x+c2 (Cz : ﬁz&)

MR RALT,
C.=1/Q/2t—f,—f2)log[(f,—1/27)/—f.]
ZoC, ZRAL, fo lCDOVTHEL &,
So=(U 1+ 1—2c(fi +fDY/{Q—2cf)exp[x(1 -2t f, —2tf,)]—2tf,}

G A) OBRICOVTHABW RERS L, ANEEKS & f. EBANEDS
LHODERELEZ6DEL D, E-TAH, ANEBRBOCHT 5MEEZRL TR C
LBHETH 5D THHRH B DFAEZELLNTH 5,

SR HI&H: (B) DB A ©

)T LD fomFf 1t fa—Farrrerrereemmrreeemaneeennninerennn a2
QKb W DOEELFERKICOB & BRXEZEELTRDSL,

1@ /22 =1 =T ) log [ffui}ll/—z;z : 1/2r+23;{}{2—f =7 J =2 (-1
fif.QQ—=2tf,—2xf,) 19

o fo= U +f2)—(1/27+27f1f2 —fi—fi)exp(X)—2tf,f,
BL, X=@&-1DQ-2tf,—2tf,)

EEDLEN, ANS, & fo EORIPERTRINTHNE T LS,

HEEEE LR I AE ) RE 13 ROKBETTE - 72420 Fig. 4 O~0® ¥ TIKE
HLTH3,

B, AHEEK HAHEEROMIZAL T VRIE: t=50psec CTEHRLLLILLDT
b3, BFICss5 7 Eicid, 2= POREFZICHEINZEE LTOBEER (=L@
—foG=D1/(f1+]:) 2EHARTERDOLTH 5,

ANBHE A5 A —2 L LUTFig.47 5 70~@® THROERNIOEZERINSCE
BOGH A & B OLETHL I B OHFBHIBEBRRNTETHS, LrL, AD
SKUEICXBEN (F5 7 L TREBA) ba=y MEEBIML TS 3 EERER L»5KD



.

® ® F

140

0esrpg=2+ ‘{Yipim asind Aq pazijewiou aie SN[eA 9 :
I ! Y} Jo uo
anfea aAnemofed e st (X) amdiy oy utr puy CGf+N/LG-HS— QW_MDHM.SM owmﬂm: .MH@ZMW“W
MMW wwz wﬁﬁ uoryesuadwod oy} st 9aInd paprod  “(gr) Pue ‘(1) suorienbs A[eanoddsal pue
NIPUOD [BIIIUL JO 3[NS3I 3y} S, g 9Amd (V) UORIPUOD [BRIUL JO }[NsoI oﬁ. Sl ¥ 9AIN)

¢ UORIPPY JOJ UOI}BISPISUOD [BO119J09Y] 3Y3 JO SOIISLI9iOBIBYD ¥ 319

LINN-Y 0 sabeig
, % 9 N . LINN-v 40 sab®is LINN-Y j0 saberg
X gL Qe 0 0l 8 9 y z 0 9 S y
- — O—F—== { £ [/ ! 0
. o} =~ ! S —
S0 8 <0
oozt N Seal v
b4 moet EXN 3 7%
. = m
207 So. [ / W
S 207 \ v Lozt 1
0 w2 , 2
’ v \
M > 2 w w0t 4,
+ =0L N 2 1
I U S ¥ooom I N om oA
NOILvENIvS LNd1NO §0=5%2 1 ; o8} * . Al ovt mm.
: o osh  stohsio-h @ N 1
3% " Oltey, sk sro-hafso0h ©
Lot 3 — 3|™ 1
ol ]
LINN . - __.
-V J0 sabeis . 401
0 o 8 9 9 z 0 LINn-Y 0 sabeig LINN-Y jo sabeig
—r ; ‘ P B 7 £ [4 ! 0 9 S y
O 1 v Yo e 3
MON S0 3 45
z o1t
MOm m
Go &
mumnv MO.N?
g o
23[™ & “NaoAm
2 1
A N 5
s M
+
; 52052 < gro=$a. ® < ot
F o‘.wm.u\e
0l ol




METF= 2 — o VEKICK 2RENT 5 0 VERLECET 20 GBIR) 141

SNAHEMEB RCEELTHWAENEL 5,

MEOERERICTERINIEIC, COBRNERICLIERS, ANEERIEL
BB, 2=y MEAEEZLROBTNIRFT IBERBONBVES S LBTE
%, chid, AJIBAEENELK5E, ﬁﬁénéﬂA@%<aof%5%T§b i
L EDHEI SO OERINITLETH S,

B, 757 ® TiE, ANEAERKOM 10kHz 282 2546TH50T, WA
BEEL 10kHz it =y FE10H 7D THRTICKHE NS T ERIN S,

MEORKERNL SEBONEHES, EBROKEEZLTERLLILES, ANEANEKS
£y, f.kHz THhlE, Hihicid fi+/f.kHz LESEBHEINBRTH D, bEHA
A-UNIT %3 ICKRIBATHEDEHMN, OB, BRWCKDIdEORE LT
D) REWRArSERINS, ‘

L, x—0 ELTABLE,

® Li_rllo[an S N P I TP -14)
® iﬂta&ﬁjzf‘Jrf* .............................. a9

LI EEEE UTCORKME  [1+ . KB ENEX S,

BE-T, HABERDSOMEEICHELMEOEMBHERERALT, CORKBLILE
SNBEN, 2OORMWEKTEZ N, TLTZOERYUREBNT OO TH LM
HTNEBBEE LT EIBFROCETLUTERELTA S L, EREROOHRINIE
Wit BP T2 LB INT, f-TRA BV 3 DR >RURSBRNT 515,

3. REICDIVT

B KRR ICAY =2 — 0 v DO ANBERY 522 — 0 v O, 26
N — ORI R E BT C TR D, CCTR, 98- LBERICHIEL S
v 4 1 PFM s 2 5100 P B O WELIC DTt~ B

<3—1> BEEEMERE

WE A2 5 BOBKERZ, Fig 5@ IcRaRIC, MOBRTICRMEHEEE 62
METF=z2—ovEKEEKT 2, ZLTEATORRFORMMER 1 TH S, COMEKEHM
AIYT3 R, BEAZEF»SRNb) icRs FUNIT 2160, (¢) ORRICHRT %,

REEKOBIEERICOTE, Fig. 6 RUFig. 72 03B Ih BHICA T < 2 5
ICES DA SEAHEUIE, Hiic o2 2iE (BX) 380 BBERAILTER
TH b, Fig.TICEDBIEREER LI, AN SVRFICERL DA SBHD VR E,
I-UNIT icjpd 3 D,-EFic & D, x5 E vz Bt KOBEL, WHME or+a ©
BICABREIC L, 2D/ VR EHELTRE, Z2LTTIVFLBDSHEVAANTHS
AL, ZOMEBTERL>BE, BHSRTEE LR I-UNIT OB TRRICHE
2RABCERLTEIRTDH 5, ‘

P> T DOREETIESFROINE & ERIC BRIHESEEORMICIZ —BOARHEEHS
BHELTVWBTEBEZ L D,



142 = B $F n©

©)
) f
}: % “[ -0
- fa
(a) NEURAL CIRCUIT T @ o
8Y THRESHOLD ELEMENT 5 5 (o)D) — fa

('C) SUBTRACTION  CIRCUIT

Fig.5 Construction of Subtraction Circuit ;
In thie (@) « show the excitatory connection and——o is the inhibitory
and in the (b) N,—, D;—and I—are fundamental elements; especially D, —
is special delay time and it’s same of the pulse width; T=50usec,
fo1(3) and f,,(®) are outputs of the I-UNIT in the (c) figure.
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Fig.8 Explanation of Subtraction Theory
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Fig.T Action Waves of Subtraction Circuit ;
@®and @are inputs of random P F M pulse trains, ®is a output of I-Element,
@ is the wave of input fy’s delayed, and ® is output fo.(1).
T is pulse width;50usec.
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Fig.9 Characteristics of the theoretical consideration for Subtraction ;
Curve A is the result of initial condition (A), curve B’s the result of (B),
and respectivelly equations (27) and (29).
Dotted curve is the compensation rate of the I-UNIT stage; E=[fo,(#®)-fo:
G—-11/(f1—f2). In the figue (X) is calculative result from equation (16),
and all of the value are normalized by the pulse width; T=50g sec. -
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Fig.11 Application of Subtraction ;
|S] is Subtraction Circuit.
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Fig.12 Division Circuit as the implicit form ;
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