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Fig. 18 indicates neutral network consisting of neuron NE mentioned above, which
includes an input layer, a medium layer and an output layer, each layer having no
coupling condition therein, and the medium layer being capable of use of a plurality of
layers. Such network is actuated so as to propagate the input signal of the input layer
to the medium layer, and then the signal therein being changed with coupling
coefficient, or weight and threshold, as resultant of propagating to the output layer. In
the output layer, the signal is further treated as an output signal Z by addition of any
weight and threshold.



‘I nput NEX in the medi um and output |ayers is counted by FORMJLA 1 9

nmenti oned hereinafter. - (FORMULA 19) Then, the neuron input NEX puts
out after non-linear treatment. Further, output Yj or Zj in the nmedium and
“output layers is obtained by Signoid coefficient so indicated as to FORMILA
20 in general. ( FORMULA 20 ) In this case, the | eaning neans to
change t henRet QX iadbe Medsehand ovtpugidayeesais soanted by FORMULAADY ynenbioreer 0, an
error behgeinafiete real output Zj and a prescribed output Tj ( nonitor
-signal ). This changing value is given in a nmanner to use error-propagating
in reverse( FARNMULAeI T hangi ng value in the formula mentioned above is
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not prodyeedate a pldd bemitys singibyakvdrsing bhé 8f fHaroulipldsitAtougRaWeHvér@aF.e proposed
in the Japanese publication docunent of the patent application, its
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consi st sh&kiraP@rc el enents without the irregular operations due to their
tenperature property. However, the system having the digital circuits
nent i oned RNEyEuIdrnEErtRshs SFORIURETE eldRhtd HrRydRFREMNALE &6 - the denfRfarGkgnal
propagat i onphsfergen .t he respective layers, pulse uses so as to indicate
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under use of the prior constitution of the neutral network.

Already, digital circuits for neutral network are proposed in the Japanese
publication document of the patent application, its publication number being
108594/93. In this case, all neuron elements consists of logic elements without the
irregular operations due to their temperature property.

N

However, the system having the digital circuits mentioned above involves problems |
described hereinafter.

a. For signal propagation between the respective layers, pulse uses so as to indicate
pulse density ( pulse counts per unit time ) as amount of analog signal.
Accordingly, this system is incapable of error control into zero and wastes long
operation time.

b. The volume of each neuron element is increased, thereby causing the largest and
expanded construction of the neutral network.

c. As learning, the changing value of the weight and threshold must be controlled in
the respective medium and output layers under use of the prior constitution of the
neutral network.



Lo In order to solve the problens nentioned above, this

i nventor had proposed a new binary | earning systemconsisting of |ogical
el.enents as shown in Fig. 1, disclosed to U. S patent application No.

" 744, 299/ 96. The | earning network consists of an input |ayer 21 having a
plurality of hinary input termnals X1, X2, ... Xn, a coupling layer 22, a
first bipaP ré?gt%’¥°A‘9%B"G(PFRRIB'T’FMF'°ye<%3bWEt Fhiminypitoshpd praposed ainear

| ogi cal BiN@ ENing pHtem FOnsiRiing oflRpIcRltieegnts as seewmin Bionir gisgjesed thayer (
OR | ayer Uy pateryi aaplicationi¥oa 1 itth2 3 98i i | ar | ogi cal el ements { for instance,
OR logic ), and an output |ayer 25, the respective |ayers having no coupl ed
therein anfih lf8ripg FEHIRIK COARIFYS @hamdnmsdayarhz! mavinala payaity dicsingryl i mi t ed
to a way"BHF feraninele dd X5 em*hhe CPURING lrngre? 2.t @ firdtebinary pgate llayeer( ANBeed
forward lBype) 23 W'th'm@lut%@gpéSinﬁ'arﬂﬂgi@jmbﬁmmﬂ(dy)eﬁnstm%m gtd), ani ts of
t he i npugedoagdinanygatataheunPRdaysr ) AdDvitmpetyrality faireitardogital etavngits ig

condi t i of9s ingiaRGep rfeRdlogier bi andf areputput Igyer )2 5di thectespeniviei lagers h4v)g @oupl i ng
t hr ough eaupias\téetelrand the 8pupding cpriditirogsiveerythe mytdll Iafers bédhairaipkd nga The
coupl i ngwiagely dipereddtprn the ineutdangsite tloe ewndt layer(sFesd fivivanttyrebove can
consi st of suspected neurons, and then the | earning network is produced as
shown i n FThg cauple in the|qoupliigslapers betwaes qachtungs oPRhk dymrt 12vkriahdosdclk shown
in Fig. uniwdfgNlbiaysr, sxpleatesitosaypliagdondigonssppridneddeminabter. ternminal Z is
only one. (1) dirEise couglingct ed neurons NE, as shown in Fig. 12, exist one

i nput and @leogatiputhrougheaninivgiter Wj fromthe input is either one of 1 or
- -1 and t he(ralelSHoiodpfiegr] ij is selected to -1.5, -0.5, 0.5 and 1.5.

Then, the @tahi0Ol¥iquptibgen by the input Xi, weight Wj and.threshold [err]
ij is all indi:cated in four coupling conditions nmentioned above. And the
out put Vi jThescavplimgulaperegppligd feCGREIcbp|BgapndridRisldaehtibnedalicvertan chsvitionaf t er

( FORMUL AsuBpected peurons, ahBORMUDA leByning ndtsvorleiaipriduged es stmwnbin Bt een t he real
output Z and nonitor output T can be obtained by FORMULA 5 as nextly

ment i oned.In this casd; ORMuUhiA of OR layer R# it lonly sh@9@, intFie 114efirniasg ekplasgtayp! i shed
Wi t h cordandahe oéspeheaversitght tevihjnabhid ohlyreeehol d [err] 1j, as simlar to the
prior idea. Wien the weight W) and threshold [err] ij are controlled
accor di ng The sespeatednduenBINDNgs stpumva Fits 1120 ekibord BPESinBHRESuUtpLfi&hg contr ol
val ues [wedight Wijdrum kies ihpuis @ithbit eienerch biy- 1R AhrksRéld FIORMdeR cfed to

( FORMULA11Y, -0.5,00.5 and 1.5.

Then, the output Yij given by the input Xi, weight Wij and threshold &ij is all
indicated in four coupling conditions mentioned above. And the output Yij is calculated
by FORMULA 3 or FORMULA 4 mentioned hereinafter

( FORMULA 3)
or

( FORMULA 4)
As learning, error E between the real output Z and monitor output T can be obtained
by FORMULA 5 as nextly mentioned.

( FORMULA 5)

In this case, the learning is accomplished with control of the weight Wij and
threshold @ ij, as similar to the prior idea. When the weight Wij and threshold 4 ij
are controlled according to error E lowering downwards in the highest speed, their
control values AW and A 8 are obtained by FORMULA 1 or FORMULA 6.

( FORMULA 1)
or

( FORMULA 6)
£W, £ @ are to plus and are calculated as mentioned hereinafter, by the learning
rule under use of the error propagation in reverse.



:( FORMULA 6) [err] w, [err] are to plus and are cal cul ated as nenti oned
hereinafter, by the learning rule under use of the error propagation in
reverse. ‘

" (FORMULA 7) The output in this case, is only one, therefore (
FORMULA 8 Accor di ngly, ( FORMULA 9) Since it relates Z=CR
(FORMULA 1 {ORMU}E\@,-fré_sul ts, the signal at OR gate is resenbled by a

cont i nuous | CHEYIPHE NSNS GRERIL BHYANBIERRiefRIEt er . ( FORMULA 11) Her ei n,
Mis the maxinum val ue in approxi mate inputs w thout AND , nanely,

MeMax( ANDL FORMYLAZB )3 j ), Fig. 1 5 indicates this real val ue.
Then, =~ {reysigl. 12 ) Simlarly, the signal at AND gate i s resenbl ed
by a continuous coefficient nmentioned hereinafter. (FORMULA 13)

Herei n, m { EORMELAI%} num val ue in approxi mate inputs without ANDi, namely,
mEM n( ANDpince Hiyrelages Z=0R, j[err]j ), Fig. 1 6 indicates this real

val ue. Then, AFCRI\/ULA 14) Finally, (FORMULA 15 ) Then, (
FORMULA 16§ FORMELAJD )t is f'(x)>0 the control values [err]Wof the weight
Wj and l\eﬁ Tesgtts.tthe signplai iR gnte fseresdimbiechbyl a wndtinuols CreffitienbyeMERRULA 1 7.
( FORMULANarginafter) f [err] w=2, [err] w, [err] =1, then ( FORMULA 18 )

( FORMULA 11)
Herein, M is the maximum value in approximate inputs without ANDI, namely,
M=Max( ANDi, i=1, 2, 3..., i#]j ),
Fig. 15 indicates ’tfris real value. Then,
( FORMULA 12) "~ -.- =

Similarly, the signal at AND.gate is resembled by a continuous coefficient mentioned
hereinafter. :

( FORMULA 13)

Herein, m is the minimum value in approximate inputs without ANDi, namely,
m=Min( ANDi, i=1, 2, 3..., i#j), :

Fig. 16 indicates this real value. Then,

( FORMULA 14)
Finally,

( FORMULA 15)
Then,

( FORMULA 16)
Since it is f'(x)>0, the control values AW of the weight Wij and A 8 of the
~’ threshold are obtained under f'(x)=1, by FORMULA 17.

( FORMULA 17)
If sw=2, sw, &£ 8=1, then

( FORMULA 18)

In the mentioned formula, all values are binary count, then the control values
indicate the output signal Z, monitor signal T, and the AND output signals ANDi, Yi and
Xi as logical forms.

As mentioned above, this case indicates the binary learning system in that NE
includes one input and one output, and Wij, 6], Yij, AWij, Adéij, etc., are
binary indicated, as well as the output Yij of NE is indicated in four coupling conditions
mentioned above, thus as the learning operation causes to control the coupling
condition between the respective inputs Xi of the input layer and the respective units
(AND) of the first gate layer. Accordingly, it is accomplished that the learning network
is in a simple constitution, the learning time is rather shortened, and more
particularly, the error E is easily induced into zero.



“Inm the mentioned fornula, all values are binary count, then the control
val ues indicate the output signal Z, nonitor signal T, and the AND out put
signals ANDi, Yi and Xi as |ogical fornmns. As mentioned above, this case
i ndi cates the binary |earning systemin that NE includes one input and one
output, and Wj, [err]j, Yij, [err]Wj, [err]d[err]ij, etc., are binary
I ndicated, , as well as the output Yij of NEis indicated in four coupling
condi ti ons{ ihsyRisEPT4PBRVeRt RO as the | earning operation causes to
control t hEOWRNEHI thegleadingi TR HBENERTed: 2hove asg etisdosed iimphg §).5i Patdntt he
i nput | a3RANCAYRM. tiRdUdess sk tqopalingn FengitjorsiDFhayght the futpets ghteits af ethe
Accor di ngPyplinptayes agindifArY §AURSt hat the | earning network is in a sinple
constitution, the learning time is rather shortened, and nore particularly,
the error IE3 lgaraing; neFWpH{eRsAtSdHR We &eupling conditions may be produced in the
4 present timg, fheaugemihecross Bimmig sonskiioniodrie unitH-ofheeequpling ldyear ni ng
net wor k FReneI"eAR&EViaRgvVEradid afidserederaalys rallt the (gagiin@anesworiajiplhacdtaren,
i ncl udesteeBuiflu&oupl i ng condi tions, though the outputs of units of the
coupling layer are in binary counts. If a learning network operated in
two coupl i Aecardinglyt therisarning neséwprkdarndioded abaveesshoulddenturtherrizpprovecctonses t he
nmost si npmelecapnstiutigniod theotetwhe- units of the coupling |ayer, the error
revising circuit, and preferably, all the |earning network in hardware
t echni que. This invApton @intghgsedithémprsye @i binprn étawsing netevurk systemaibova thboul d be
further leamingyésl ekastiysiangl quickdn saccomplisiied ofand hibe negnasdtukion is thehinsosk nvent i on
~is propodeglifiedi nprove _a binary |learning network systemin that the
| earning is exactly and quickly acconplished, and the constjtution is the
nmost si npl{ Thesimmary ¢fTthis isyant@ny) of this invention) For-'sol vi ng vari ous
pr obl ens et sobvirgl vatieuseprobleims inantiortedoaboventhyis prvewtide sieaviybipnavides! gar ni ng
syst em diearxde@mingesysbtym coasictarizad byf caamisting wf dnaipput heyer hgvibg érayy i nput:
t er m nalisputaterounals, rgcduplieg Jayerf a fisst hinayr gatgdeyer wiylefirsd simitki taficasi m | ar
| ogi cal el¢reemst s,seaorskbbinay gatadayer gethe séayer similarhlogabeitnsdnts,| #1d kegi cal
el ement squtpadiager, saibptd fdrayelearngy reswoidk, hahat éach @aapling @onditigwbdowebm t hat
each coupkiadiacennidi¢rs dimitedttoman wiah eirackiracfesh thely mies sidertottid olidetne, Way
di rect i rapdfeachriaybetias indepehdeit deuteowitheutonlitls cospling coaditionehe tayanrg has
i ndependeydr haMiige sneahs ot kelattingakitb@upid b acdiruti t cauPbng tcBAditioniRnting | ayer
havi ng nemiptnd csndittdreciutettieblidrean pnertef, rélative Bciout@fbinnteGespdctivon and a
coupl i ngsigream dinits anthieinpet idybr cughe Aspedtiver dighal uhth @1 theefits® biguy &atd rom the
r espect ilggersingsiah nuamines that thégelettedtcolipligr cdnditioha@s BesRes trb \Wimiaghal uni ts
in the fdecsdasbiinaregpgaive elrayseietween Grigiinl batpue sighbldtat tthe osgluetdyeelas@upl i ng
condi t i anonisoragigisiel the lealrhing natworkr decrease the respective errors between
original output signals at the output |ayer and nonitor signals in the
| ear ni ng netcwBrikvention, tHe Bikary 1édndiag tshg@m mBAtiIEH dARdB6VE BRAIIMIAG a TYSdesdn
ment i onafer@héd hereid &g a process
N (1) One of the coupling conditions is so selected as to learn under the case in that
the original output signal is different from the monitor signal, and neglect the learning
under the case in that the both signals mentioned above are as the same.
(2) The learning is so practiced as to select one of the coupling conditions between
the signal units in the input layer and the signal units in the first binary gate layer in
order of the unit selection from the highest position to the lowest position in the first
binary gate layer, and to select all input terminals in each unit in the same time or the
highest position to the lowest position in the input layer.
(3) The learning after selecting the coupling condition to the lowest positioned unit,
is again carried on to the highest position as necessary.

In this invention including the binary learning system mentioned above, the first
and second logical elements include pluralities of OR gate and AND gate circuits
respectively in their orders.

And in the binary learning system mentioned above, the first and second logical
elements include pluralities of AND gate and OR gate circuits respectively in their
orders.



mentioned herein after: (1) One of the coupling conditions is so
selected as to |l earn under the case in that the original output signal is
different fromthe nonitor signal, and neglect the | earning under the case
“in that the both signals nentioned above are as the sane. (2) The

| earning is so practiced as to select one of the coupling conditions
between the signal units in the input layer and the signal units in the
first bi naFyrtaen i thgypinary [eagrintesystdm rieationgd akoek cibeifiost dndaserombiobicghest

posi t i onetementeinclgde slurglisies of BAND gateandiNAND gdte cacyitsyasmedtiaglgr, and to
select all input termnals in each unit in the same tinme or the highest

posi tion t & aneshérmaes of hediindry leaining systénmpentibmadethe first 42 setbed lograini Ng

aft er sekleotenhginthide ploglitien gf NORdate amd NQR gdte clroviesstespmsivelyoned unit, is
again carried on to the highest position as necessary. In this

i nventi on Fimellwdni the biharybearaing syet@mithe fisst she secmmitlogios cblahente indidy first
and secoplirilivigs OAEX@R gaterdns EXO&|gatkecipduits ad¢dpeceaeinf OR gate and AND gate
circuits respectively in their orders. And in the binary | earning system
ment i oned Thowwer febrird andsAdvantdgeseicihidink egiahalvilldecspparentiyngd dadBedplvithal i ti es
of AND gedfereane tdORegirtwings aciollows.r espectively in their orders. :

5 Further, in the binary |l earning system nentioned above, the
first and éZbeacbbdgieatd ofethrmvension icl ude pluralities of NAND gate and NAND
gate circuFigs seabpeatdoditdent of thislinvemisinhierwiissa bihatyhsyshemafoy 1b&amgi Ng

syst em neetwork edhsidgthef ANDSdyeannld SR dayRe illeghatal toddiesxent s i nclude pluralities
-of NOR gate and NOR gateé circuits respectively. Finally, in the binary

| ear ni ng syigtZrithé hyid tircit ardraesondué edilcmlistedreamntig. include pluralities
of EXOR gate and EXOR gate circuits respectively. The ot'her feature and
advant age Bify.3 iithe honweik indiitavihg bnip@nappesantividaretlabed W th reference to
t he drawi ngs as foll ows. ( The enbodinents of this invention) Fig.1
is the enbediaBrthe Wdgit birsuit Forgnadting M c¥diivgh crcbit NBGstrseat em for | earning
network consists of AND | ayer and OR | ayer, illustrated to bl ocks.

Fig.2 is thg.d 8ghe cehfrelditcuncropledimify bperativs, il@RlRed! | ustrated in Fig. 11.
Fig.3 is the network indicating only one output as 1 bit, illustrated.

Fig.4 is thkig.d REhe I&dit eitdit bPR-tBrPEdIE@LRTIALARER! i ng circuit, illustrated.
Fig.5 is the control circuit for |earning operation, illustrated. Fig.6

i's the | ogfig. ZCisrthdilbarfingZndt@odk WRh 8RE Binary 5Y48hMiRLIESng OR layer and AND

layer, illustrated to blocks.

Fig.8 is the learning network with the binary system including NAND medium layer
and NAND output layer, illustrated to blocks.

Fig.9 is the learning network with the binary system including NOR medium layer
and NOR output layer, illustrated to blocks.

Fig.10 is the learning network with the binary system including EXOR medium
layer and EXOR layer, illustrated to blocks. '

Fig.11 is the true table for logic coefficient.

. Fig.12 in which (a) is a graph indicating the threshold coefficient of the suspected
neuron, and (b) is a mathematical typed illustration for the suspected neuron.

Fig.13 is the ekplanation illustrates the coupling condition according to the
suspected neuron.

Fig.14 is the learning network with the binary system in which the suspected
neuron is used, generally illustrated.

Fig.15 is the graph indicates the suspected neuron to OR.

Fig.16 is the graph indicates the suspected neuron to AND.



“Fig.7 is the learning network with the binary, systemincluding OR | ayer and
AND | ayer, illustrated-to bl ocks. Fig.8 is the learning network with
the binary system i ncludi ng NAND nedi um | ayer and NAND out put | ayer,
“illustrated to bl ocks. Fig.9 is the learning network with the binary
system i ncl udi ng NOR nedi um | ayer and NOR output layer, illustrated to
bl ocks. Fig.1 0 is the learning network with the binary system
i ncl udi ng EROR isedE @plpadtian ibyriratocOmRel neyean NE 83 wst.r at ed to bl ocks. Fig.
1 1is the true table for logic coefficient. Fig. 1 2 in which (a) is a
graph i ndi éadifinglly, lrig-1 &issiedledtrebeftivoti emsisthg bheewos pEdliedratedir on, and (b)
is a mthematical typed illustration for the suspected neuron. Fig. 13
i s the expRaratbodimdnt pfigtiy iavesiopkecading| toray iownaied inargdeanitigngtivorkt he
suspect egysiemripdisclosed Iigrginaftar ingespiget plefiguieng network with the binary
systemin which the suspected neuron is used, generally illustrated.
Fig. 15 ighe te@rr@imphtwcmbl'pf:mie;mvpn@orswélﬁmtamlaimmdemumwith AND-QR1 6 is
t he gr aphetwatk dawbichtahdedgspewt duFipelirafirst binAlyyate and a second binary gate
6 consist ANFiayeflard OB layiee resppttalivadyi.on il | ustrates the neuron NE as
unit. And finally, Fig.1 8 is the neutral network consisting of neuron
NE il | ustr bemely, the Igarnngboeliwoektindfiddshars inputelayéroa 1 alcoiglibigary Gnst
i npr ovedtdémnriaaly Xl1e&2ni, Xy, aeowpling kyst 22 a Sirsti Isisdrysgre hareri (Nnalb esyern) respect
of fi gur 238 .with a pllinaity eAANDriggineningrakseabnd hinaryi gutemdyied 0 ORI lhyerhe 2xphai ned
and det aa peudality o RN ORvitednibarkoutputihay e 2 Satsavingi cugpsttewhinals dekgective a fi rst
- binary gmeamnm’taoﬁelmﬁmabemy gate consist AND layer and OR layer
respect-lively. Nagel y, the | earning network includes an input |ayer 21
havi ng bi niar yhé npuworketing irksorXaf eadt? layers Xas na couplrd rgndiagerand2thea fi r st
bi nary geduplihgypetwdenANB ldyayeis limit2d toidnh waypdsiprapddayedofroNbe i@t Caywti t S, a
second bEhao yhegadteut layer24 ( ERd fayward)tydd ) Whiwhich tHeldcabiiiy/ bedwe@R ARDI C units
and an olayptR3ladelR Ryehaviingorstdmuindttae koasing i @69 esidivg 14y@r @achomni t s of
the QR | eyodrurddof the input lajee 2letonrck untthe thaheiDi layerd3 Baehctays stlgs no
coupl i ngosobtitdd @busling dohditictUpbtighed tlevaedftdrhe bayersontd! Ithaiiéfding0 one
way as popgraged.ed fromthe input layer 21 to the output layer 24 ( Feed
forvvard t yp®©) diredtRowblirgh t he coupling between AND

(2) coupling through an inverter

In this case, the coupling layer 22 is applied to join each unit of the input layer 21
to each unit of the AND layer 23 respectively.

The principle of this embodiment will be explained as follows, as instance, the
logical coefficient from the relation of logical variable indicated in Fig..

_ ( FORMULA 2)
~ This formula is capable to be arranged to a logic circuit by logical elements.

Accordingly, in order to obtain the same output Z according to input patterns ( for
instance, a plurality of input illustration pattern ) relative-to each other, consisting
of X1, X2 ..., Xi, it is capable to control the coupling condition ( in the coupling layer
22 ) between the input layer 21 and AND layer 23.

Thus, the learning operation in the learning network as shown in Fig.1 is
accomplished due to the control of the coupling condition in the coupling layer between
each unit of the input layer 21 and each unit of the AND layer 23 so as to accord the
output Z in the constant input pattern with X1, X2 ..., Xi.

In the binary system, since the signals exist only two, the coupling condition can be
disclosed to either of the direct coupling or the through-inverter coupling.

In order to set up the two conditions between the input layer 21 and AND layer 23,
namely, the direct coupling or the through-inverter coupling, this system indicates a



sl ayer 23 and OR layer 24 is constant and the coupling in the coupling |ayer
22 fromeach unit of the input layer 21 to each unit of the AND | ayer 23 is
selected to either one of two coupling conditions nentioned hereinafter so

"as to control the | earning operation. (1) direct coupling (2)
coupling through an inverter In this case, the couEIing | ayer 22 is
appl i ed SERREER faminttagee. i Sertisue theectaouptngta: h apdthe iroughe AND

| ayer 23'MVEESEEPYRIEBLC The principle of this enbodinment will be
expl ai ned 8s follows, as instance, the | ogi cal coefficient fromthe _
rel ation of_ |ogical variable indicated in F_iq.. (FCRNULAQ_ Thi s
fornul a i sF@pHictena sasefy Hi§dhe redured dagiedl qlerpente a8¢ at dest & ifethenent s.
Accor di néﬂpt&-',t PRELeSIEP™ R - Gl &30 X 1REe SaerothepiputAeaingisdaragouhanchiise
pat t er ns OPtAUSE IS ance, a plurality of input illustration pattern )
relative to each other, consi s;i_ng of X1, X2 ..., Xi, it is capable to
control th& ¥65are AbFigdntliis suiicient fomevide witthi te firay Binappgytebleysiden t he
i nput | afeid AyenAd haning| Ay units of 2A(mHIs] (teendheathsi el eber&)i bif the t he
| ear ni nginpetvdys &k inshisling n wigeeg of innitdetainplsiashedingute input vettemstofol of
t he couplzf‘lﬁg@d:ﬂ\d?ft'?%nthiaﬁ thea apR 4R PHGYT lByer 2Haithesmesthutupatterowithhe i nput
| ayer 21Z&né2eaéh unit of the AND | ayer 23 so as to accord the output Z in
the constant input pattern with X1, X2 ..., X. In the binary system
si nce the Shgmentioesd embegimentigsxpleined by eipiuita@f Cigndag foaws dier Bxamfile.cl osed
t o eit heFigef indisates thedearaing priwaik including arty ougyhitiimvks oetput agperiding.to I n
order tothsenetyprkisbowndn €igndli Hargins Abeaxalsive tRestipppies an gyror syhakipdthaND | ayer
23, naneraa] output dianeorontouplitiphy T e thatethelespegtive impetst XT,..coupirough thehi s
syst em i respeettivescaupling circuits propagate to AND gates 3, and then to a contrdl circuit74.
si gnal bin thiseass, ANDf gateisteah ABD gbtessad piopggaes tolR ghite @ct coupling to 1 and
the through- inverter coupling to 0. Fig.2 indicates a case in that
t he requi r Acouplifigcatcuitl ereenives aranewil digrees forBelecfedtdoepiinypedndjraintfesrma f r om
X1, X2, ¥@ytroldirauiesdtandiveusd togpropagate ibpitiXitoahs AND@afepus disewd theretoas put Z i s
one. isl h anbes chagbin Mvegrter thearetosassuifol ci ent to provide with the first
bi nary gate layer,i.e., AND |ayer 23 having AND units of 2[err](n-1 )+1 (
nanel y, t hEeighalifidicdte A(ogica! cirbuit ha danping duahieas Uplimg tincliingn nhipicasgs of
I nput t eRBIRFAN siseRS dipdflo used itopudicgpat ther atsipbiig 28{ditidn petiveen thesspdthan t hem
and t he oartniing Xlaayg AND2Gatavof khes ANR layet.pluR-toal tseleotom t M2 44 ,opéated ,as 40.

select either one of the direct coupling and the through-inverter coupling between X

and AND according to the condition of the RS-FF11.

In the RS-FF11, it set up as S=1 and R=0, so as to output 1, it reset as S=0 and

R=1, and it keep the memory of the forward signal as S=R=0. Accordingly, when the

renewal condition signal in the control circuit 4 is changed to 1, RS condition is

renewal with AND gates 13 and 14, i.e., if Xis 1, 1 outputs to the AND gate 14 and O to

S the AND gate 13 so that RS-FF11 setsup 1, and in reverse, if X is 0, 1 outputs to the
: AND gate 13 and 0 to the AND gate 14 so that RS-FF11 resets.

[ 2-to-1 selector ] 12 has two input terminals 10, |1 and a selecting terminal S. If
the signal of the terminal S is 0, the terminal 10 is selected, and if the signal Sis 1,
the terminal 11 is selected. Such [ 2-to-1 selector ] 12 may use a logical circuit as
shown in Fig. 6.

Accordingly, if the input Xis 1, RS-FF11 sets up 1 so that [ 2-to-1 selector ] 12
selects |1, then X is directly coupled to the AND gate, and if the input X is 0, RS-FF11
resets O so that [ 2-to-1 selector ] 12 selects 10, then X is coupled to the AND gate
through an inverter 20.

The control circuit 4 is a function circuit to indicate either one of which the
learning operation is practiced or not, according to the outputs of LEARNIG signal,
RESET signal, ERROR signal, OR signal and AND signal, and similarly to propose a
renewal condition signal ( LEARN-ING ENABLE ) to the coupling circuit.



~The mentioned enbodi ment is explained by circuits of Fig. 1 as follows. For
exanple, Fig.1l indicates the |learning network including only one bit in the
out put, according to the network shown in Fig.3. Herein, An exclusive OR
‘supplies an error signal by the real output Z and nonoitor output T so that
the respective inputs X1,.., Xn through the respective coupling circuits
propagat e BeforRIsaERiPe SPGatighdhe hemtrelrirguis shewtplt BESEsgna. tol initiakd shecase,
ANDj gat sonditigiiseofdhe aEr giaguits taRdi-$ribp aytaus of albtheRNagate@are set upocoupl i ng
circuit 5 receives a renewal signal for selected coupling condition froma
control ci fcte raal lapingaoeeration.pit opagfatetermipat either cortehef AND cgadiBonsas
direct tReMEeltedaps not bysthe inpal X, ske edtpvugmenitdrsignat Trand hies etpuasf tHe i S 0.
Fig. 4 i APgatessdt s oapabia taoisequiie of drarniag coricnetelyunéntamed daifRinah@r.Ci r cui t .
In this caéb), TIRSsystemPracticRS the feprningopenaténh when theirea toet g is diffarértg

condi t i offopethgaeenitaieutnys i beteraviwhgh its alsd sinBirgheeetof ThéerdNBidrayrr . |
2-to-1 séb'@é’tedrbélthi real patpypéend Bxwnider signab I duclugive@R ) oine, BXOR e 1disr ect
coupl i ngthemtprivaed ¢ diffecei-)i aenditionr ansbig®) dsride edrviesimila¢ JaruhdANB. accor di ng to

t he condi t (@&nThef system RScEFds the learning mpetatioRS: telcobtral tircst tougpnaml el and
R=0, so each euplitgoendltion in suelk etdenso Selectard R thahihiedt AN gatehe tenory of

t he forwemdssARalatais tBeRND.layver,der, ANDHI, WND@heaNDhis aréerewal condi tion signal
in the control circuit 4 is changed to 1, RS condition is renewal with AND
gates 1 3 BEigd ibditatds. the confroditcsitfor Araotitipgsct l@ainivey AR rgahanit4ase)d 0 to
the AND B&tFE11 a8santatehtd ARS} FtlofltheeAND layed andiosksi 4% RBPEFGEtheiléarXings 0, 1

- out put s tanditiee. AbBhgautpit & RSMFDI 101} heindidiegaiae thé léé?nﬁwb?dpe_ﬁﬁidﬁ':iz 1
resets. practifed2e tite AN @dte abdthe]outpi2 diake AND gabpistdet@mifedalngedhe idputand a

sel ect i ngnd grencauplingconditiom engiigtiel ouaput bERS-EF M Bad, the ioatddt of lige ARDM nal 10
i s sel ecyaw, isahdsidilyt hoe eiagival toShesvatious vput§rird. Nede Ikdrriig $pkRGlAds Such [
2-to0-1 ssbpgeidor | 1 2 may ‘'use a logical circuit as shown in Fig. 6.
Accordingly, if the input Xis 1, RS-FF1 1 sets up 1 so that [ 2-to-1

sel ect or ]R$FR résekeed 6 bllthetdregat ahg AND @8t 26 GRWHsed sffﬂaltibﬁ, ABD gate, and

i f the i&ogttolXircsithitifaskbD.1 resets 0 so that [ 2-to-1 selector | 1 2
selects 10, then X is coupled to the AND gate through an inverter 20.

The cont r Oln thk lexhihg 4pktian] LEXANING sighbiGsin | aldad ERHORE4iEn A id Blthe GO  Whi ch
the | earof RGFPRLO Bl thB ORSgAe A, IANEgAE 180t 7 BRC 08 dbd@hdtors-RE KREEPHES Of
LEARNI G firga@l conBiidhn]i.6] gieatarninB8pEratiod RpdtemORiShdIpaktiand AND signal , and
simlarly to propose a renewal condition signal ( LEARN-ING ENABLE ) to the
coupl i ng cwhiteliif the ERROR signal is 1, the learning operation is practiced. Namely, as&he

Bef ore | @anitbmggrpR Béddihe relioueUZiOl, ¢hs ERROR Sighlll BUE, 18%554)/1%&9@' to

i ni tiat ecdrvRtiGPREIFFT ONeheObutblie 0P tRERSTFTGikhdug itleBimihg Bondilibi ifdijdelt of all
the AND Qapg%.a3-6=165 thiR RS-FF is seleBtedy ANDBIgatf8 NAMCHRFREELALPs RE-FF MUST
det er mi nRitRbENRE |éa?ﬁsn9fqotnaﬁi&p£gdgi%ma§-zgQj?hr,<d-J-¢,de95., OdraY i BEedddBUt X,
the out pwy AMD g&iRNigt or “signal T and the output of the AND gate, as it is
capable to use a rule of learning concretely nentioned hereinafter. (1)
This syst eRA{AQLL8Rd )8 bRAIHY N RREEREAP1VERBUE HERESR! ARHIPHY (£ TS

di ffereninp logic obtained by Qj-1 and Qj-2. As ANDj is 0, thus the selected RS-FF

determined to R=0 and S=1, so that its RS-FF set up 1, and similarly proposes a newal
condition signal ( LEARNING ENABLE ).

As the ERROR signal is 1, the monitor signal T is O and the real output Z is 0, AND
gates having all output as 1 are selected by AND gate 17, and RS-FF1 resets to 0 by
compulsion, for instance, if ANDj is 1, by AND gates 17, 16 and OR gate 15, RS-FF
resets to O by compulsion.

As the embodiment mentioned above discloses the system of this invention, the
learning operation in the learning network is exactly accomplished to control the
coupling condition between the input terminals of the input layer 21 and the
respective units of the AND layer, and their conditions are only two, i.e., the direct
coupling and through-inverter coupling, so that the constitution of the error revisable
circuit is further simplified, and the learning time is shortened near to the prescribed



f r'orwsﬁ"ﬁetﬂkﬁiﬁeﬁw ?'ff&tT T, but not when it is also simlar_thereto. The
error ' ined by the real output Z and nonitor; Biigr&icrt fae oerr
Excl u ﬂ l m ., EXORis 1 as the-forward ( differertﬁ%fgcggéég%m?’&%%
"is 0 as the rear ( simlar ) condition. (2) The systen CLTC Hhe
| earni ng, operatjon in the control circuit to control the each coupling
condi t i offAINNSHERE ToReRY: 16 S5or BRTVESASNS FShPYIRET R GReatonagRa it exacdyt he
| onest ARTGRECH the AND Iayer, i.e., ANDL, AND2...,ANDn in order.
Fig.5 indicates the control circuit for practicing such |earning system In
this case, NAgemmbogiment gpertioped abovey °%9Eittheoff'rsf tEnapKDat S javer #AF Wses as
RS- FF f ofeqCRd binesy aatedaxss A ABrayenand BR layst jrspediivelys this iiventian is natt
i ndi cat elimied 2¢qesding 59 ingmbegi@eat namelysapipdictiedduFige 1.18e 9409 Hateand t he
out put ofirst RingRKIaiamaY; R B8t layen With amlsrityhef PRplegicahglemasats NP ng
condi t i oftediyAtlayer Wikl a pinrality oS NARG. Ipgigal plgraerys, qrr@%mﬁwmdayqrn@tbamo gat e
is 0 us ueiwr;ktyrm‘tﬁm& lagira) é'ementhand Hie ssa’nd hipary gate may be ANB layeswith
oper at i opfufaitse q’ﬁ'éc'ﬂglca‘ elepsns: NAMPquipytdapeyith BeplaRlityaefeNANE l9giesigat e, as
t he RESETesiegifalNGRsoutput laer with@ Rigritityorf NOR qgial elemenss, @5 BXOR@uUtbUt | n the
| ear ni nglayprewih peirality AREXQ8 legigd #lements. and as ERROR signal is 0, the
input of RS-FF is O by the OR gate 1 5, AND gate 1 6, 1 7 and 1 8, so that
RS- FF keep&The effecip Rakhis b¥erfianbon, i.e., the | earning operation systemis
in no practhigdnventionygpyides ithe improridynasy givaten o the Hearnisgrmatwgrioper at i on
i s pract ¢@BtinGafearyinpyt layRe hadhg biens ingihkerminals,snegoumiagriewsr, gutitstt Z i s
- 0, the ERRER gatgipyer withifirsy similge lpgicaheiemegts Gnicend pirrey BEGE lByen wish out put
of_.t he RScPAd ginilablggicaielements And@nyiitlaen sormsitadersn edearninganetwaric1 so
t hat RS-iPrhatseash cewnlied cpyditipiDogiween the adiggenttiavers imised wraneoyayRérecEngi t hout
i ts | earfromgthedridiet isida tashegoviet e, and gpchllayephps indepensdent rautesr withouti s
sel ect edmbiuahsmipljag eonditions, thagaupling laygr-haviag dnegns formelecting eithe? cpatoput  and
j -1 out patdirent RSFIRg canditionj ant & scolNind eghditiobtraitedd thrpugh -ab Bwerte),- 2. As
ANDj is fglatiMeus rolies SwinetieodsiRSIIVE sijotlamnits imethet ioplR=-IByemid Selrespastivhat its
RS- FF sesigng ubjts damthesfinst baahygatedaes ésthe leanwlg reowdik. i on signal ( LEARNI NG
ENABLE ) . As the ERROR signal is 1, the nonitor signal Tis O and the
real out pubccridisgly, thaNBrgait@iorheiviheeralrredsghpritiragt is duethselsaopldtedyy AND
gat e 17, arghtheR&arRiRg tires &t shorened byarctonbe|psesenbed Earmims efiecte Realfy, AND] is 1,
by AND geatasbetweer tie raalcbu@Butgmdendniter sigBalfifexaetigimprogedtdd. conpul si on.
As the enbodi nent nentioned above di scl oses the systemof this invention,
the learning operation in the |earning network is exactly acconplished to-
control the coupling condition B&AVESICLARED ISput term nal s of the input
| ayer 21 and the respective units of the AND | ayer, and their conditions
are only t@aim i1. eA birdne lahirniag tsysteupthangrtanzedt by augdistingvel teinpuouplerng, So
t hat t hehaamgp binaty inpot @érntihals e couplingViagabhhefiret bant gate lbyet Wieh Bisepl i fi ed,
and t he dimflanidyicd! i di@mémssAosdcond himaargdte ke piths sedopedsimilar logical
9 elements, and an output layer, so as to form a learning network, in that each coupling

condition between the adjacent layers limited to one way directing from their inlet side

to the outlet side, and each layer has independent routes without mutual coupling

conditions, the coupling layer having means for selecting either one of a direct

coupling condition and a coupling condition routed through an inverter, relative to

routes from the respective sighal units in the input layer to the respective signal units
- in the first binary gate layer, in such manner that the selected coupling condition is

adapted to eliminate or decrease the respective errors between original output signals

at the output layer and monitor signals in the learning network.

2 amd

Claim 2. A binary learning system claimed in claim 1, including a process
mentioned herein after: _

(1) One of the coupling conditions is so selected as to learn under the case in that
the original output signal is different from the monitor signal, and neglect the learning
under the case in that the both signals mentioned above are as the same.

(2) The learning is so practiced as to select one of the coupling conditions between
the signal units in the input layer and the signal units in the first binary gate layer in
order of the unit selection from the highest position to the lowest position in the first

* c L M S * ’ )



‘his Sheef Has Been Replaced _
~| earni ly, the error between the real output_and nonitor
si gnal rIMEM‘mB“Mmﬂtr oved to O. I n the enbodi nent nent rQRegHBEDOMES BEE
t hough i"ary gate layer and the second binary gate |@%@5A@ﬁ§ &&%
“layer and OR | ayer respectively, this invention is not |imted-according.to.
t his enbadi nent, nanelg, as inqrcated in Figs. 7, 8 9 and 1 0, the first
bi nary ¢AP¥Y R ByemRn é\%é?'e%?l‘l_”%“_ UPiRpisin/eagh Y iD k¢ s3ne BmerRsrihe, NAND
medi um | 9@?St\ﬂi°§'ﬁoat3ﬁ?ﬁ Y"FT%"S\‘UO _q‘BQFﬁt ¥e'e| enents, or EXOR nedi um
layer wi t (34 THe(RaAMING grigk se tBR FUPING FRNAHANSLO thA iPvask Peutiontd Wihary gat e
may be ARBIPRFATIEHiONIChehighentpeylien 2aR\ESerHGY-cal el enents, NAND out put
layer with_a plurality of NAND | ogical el enents, NOR output |layer with a
plural ity @RINNGRA bigrbaleaEingeriism grimeddn dithep aimal @r 4ithe firsplendal ity of
EXOR | ogiesand efogigghtelements inclyde rlipralites obf ORhoatei apeMlingate circhits s
i nvent i oiespe@iNedein el drdgitoved bi nary system for the | earning network,
consisting of an input |ayer having binary input termnals, a coupling
| ayer, a fGlaisn 4biAnbingryglgeeningisxsteny elpimedrigteidieniciaim 1 ogiLdhediretrends, a
second bfesany lgaicel | e inplude qawaligesriof aANP ogatean@| @hregate, cigavits an
out put |reyeectively msthe oréerm a | earning network, in that each coupling
condi tion between the adjacent layers l[imted to one way directing from
thei r inl e€laigm §e A bingryeleaninesysseeclaiged iBgither £iadn has 4.ideféstiend rout es
wi t hout gegenllogienl slarmante drrtHde] RW@litiesh of MAND idate 1aagdeNANBVE3lg eiaits f or
sel ect i mgse¢atively-one of a direct coupling condition and a coupling
-condition routed through an inverter, relative to routes fromthe
r espect i veClgingBalA binanysleamindheysteputlaimgden aither Isgimek pedd,ithe. fssyaad units -
in the fdecotd bigicat yeleyaerds| iaplade i plutalitied @fir NORggatet et KNOR gatacasuits ngl y,
t he consespedtively.of -the error revisable circuit is further sinplified, and
the learning tine is shortened near to the prescribed | earning effect.
Real | y, th&aier 70A bieemelearrifgesystain daitnedtin agithenwhiimot osigyriak first erdict | y
i npr ovedsecond.logical elements include pluralities of EXOR gate anW\HZXOR §aGLAIrMEDs | S:
Cl ai m 1.refpdaitivalyy | earni ng system characterized by consisting of an input
| ayer having binary input termnals, a coupling |layer, a first binary gate
| ayer with first simlar |ogical elenents, a second binary gate layer with
second simlar logical elenments, and an output |ayer, so as to forma
| earning network, in that each coupling condition between the adjacent
|l ayers limted to one way directing fromtheir inlet side to the outl et
side, and each layer has independent routes w thout mutual coupling
conditions, the coupling |ayer having neans for selecting either one of a
di rect coupling condition and a coupling condition routed through an
inverter, relative to routes fromthe respective signal units in the input
| ayer to the respective signal units in the first binary gate layer, in
such manner that the selected coupling condition is adapted to elimnate or
decrease the respective errors between original output signals at the

out put layer and nonitor signals in the | earning network. Caim2. A
binary | earning systemclained in claiml, including a process nentioned
herein after: . (1 ) One of the coupling conditions is so selected as to

| earn under the case in that the original output signal is different from
the nonitor signal, and neglect the |earning under the case in that the
bot h signals nmentioned above are as.the sane. (2) The learning is so
practiced as to select one of the coupling conditions between the signal
units in the input layer and the signal units in the first binary gate

| ayer in order of the unit selection fromthe highest position to the

| owest position in the first

A .



‘binary gate layer, and to select all input termnals in each unit in the
sane tinme or the highest position to the |owest position in the input

| ayer. (3) The learning after selecting the coupling condition to the
| owest positioned unit, is agai ,cgrf:i ed t he hi ghest position as
necessary. Claim3. A biﬁi’re;}-“ls gF HORMU B em claimed in either claim1

or 2, the first and second | ogical elenents include pl uralitiesl%f OR gate
and AND gate circuits respectively in their orders. Claim 4. %i nary

| earning systemclained in either claimi1 or 2, the first and second

| ogi cal elenents include pluralities of AND gate and OR gate circuits

respectively in their orders. Claim5. A binary |learning system clai ned

in ether claiml or 2, the first and second | ogical el enents include

pluralities of NAND gate and NAND gate circuits respectively. Claimé6. A
binary | earning systemclained in either claim1 or 2, the first and second
| ogi cal [EMEA&HCI ude pluralities of NOR gate and NOR gate circuits

respectively. %idm 7. A binary learning systemclainmed in either claim

1 or 2, t%r_st second | ogical elenents include pluralities of EXOR
"gate and gateygrrcuits respectively. The List of FORMULA
1/ 4 [ FORMULA 1 E [err] [ FORMULA 2] [err]

0E .
Afec— ——
[FORMULA 2]

Z=X, X: X5 Xo +X: X2 X3 X4 +X1 X2 X5 X+ X1 X7 X5 Xa
+X,: Xz Xs Xa + X Xz Xs Xa |

[FORMULA 3]
| I (WX =26.4y)
Y:.; =
0 (Wi;X:i <6.y)
[FORMULA 4]
v, = 1

l +e-(WiJXi—9iJ)

[FORMULA 5)
1 m
E=—3 (Z; =T, ) ?



[ FORMULA 3] [err] [ FORMULA 4] [err] .[FCRNULA 5] [err]

2/ 4 [ FORMULA 6] . [err] [ FORMULA 7] [err] ( FORMULA 8]
2/4
[FORMULA 6]
9E-
AW=-8w
W
3E
. A6=—ae )
- 36
[FORMULA 7]
' 3 E 3E 8Z O80R OBAND; 8Y.,
AW j=—¢ew =—=& . .

WL, “9Z 30R 0AND, O0Y:., O0W.,

G E JE 82 J80R JAND,;, 08Y;;
=—¢ . .

36 ., 9Z OOR 8AND; 08Y: 06:;

Aei.j:—aa

[FORMULA 8]
1l m 1
E=— X (Z: -T:) ?= —(Z-T) 2
s 2 i=l 2

[FORMULA 9]
OE
3 Z

[FORMULA 10]

8 Z
d0R




[err] [FORMULA 9] [err] [FORMULA 10]

ZIT, X=W;X, -0

iJ

[err]

3/4 [ FORMULA 11] . [err] FORMULA 12] - [err]
[err] [FORMILA 14] [err] [ FORMILA 15]
[FORMULA 11]
M (AND; <M)
OR=
AND; (AND; =M)
~  [FORMULA12] -
d0R 0 AND.
=Sgn (AND,~-M) = [ ( i <M)
8 AND, | 1 (AND, =)
[FORMULA 13]
YlJ YiJ=m
ANDJ=
m Yi;>m
~ [FORMULA 14]
dAND; 1 Y., <
=Sgn _(m--YiJ-) = [ m
aY“ 0 Yij >m
[FORMULA 15])
1
Yi=¢ (x) =
l+e-=

( FORMULA 13]

3/4



-[err] . 4/ 4

[ FORMULA 16] [err] . [ FORMULA 171 [err]Werr]=-[err] (Z-T) Sgn
(AND[err]-M Sgn (mY[err]) Xerr] [err]=-[Terr] (Z-T) Sgn (ANDlerr]-M
“Sgn (mY[err]) (-1) [ FORMULA 18] [err]Werr]=-2 (Z-T) Sgn (AND{err]-M
Sgn (mY[err]) Xerr] [err] . (Z-T) Sgn (AND{err]-M Sgn (mY[err])

[ FORMULA 19] NEX[err] = [err]Werr] X[err] + [err] [ FORMJA 20]
Y[err] =1/ {l+exp ([err]Werr] Xerr]+[err])}

[FORMULA 16]

3Y ., "
=f’ (X) « X
aWi.j

Y s .
=f (_}_{) . (—l) . )
80 o - .

[FORMULA 17]
AW.;=—¢e, (Z—T) Sgn (AND;-M) Sgn (m—Y.,) X:
A615=—'89 (Z—‘T) Sgn (ANDJ"M) Sgn'(m—Yu) ("‘l)

[FORMULA 18]
AW.;=—2 (Z-T) Sgn (AND;,~M) Sgn (m-Y.;) X:
A6.;=(Z2-T) Sgn (AND;~M) Sgn (m—Y,)

[FORMULA 19]
NEXJ = ZWJi * X + e.i

[FORMULA 20]
Y, = 1/ {l+exp (TW; ;.- X:+6;)}



