m

NEURAL NETWORKS PﬁMER}

P BIOWGICAL NEURON : Bopy,on€ AXON , MULTTTUBE oF BENDRITES | ML TuD
f——— —— A suild
of STNAPSES (CounECTING DENDRIBES OF BIFFERENT NEVROWI)
A Givem WCNAL IS DETERMINED BY The
A NEURON SENDS AN 'MPULSE JONN TO
S{GNMS FROM OTHER NEVRONS

. THE STRENGTH oF
EFPicEnNe] ofF THE SYNAPTIC TRANIMIS
e ——

irs AXON F_iT (s REcE(VING Ewnouaw
iN A winbos! TTME INTERVAL CAuUED THE PERIOD

Eam e

THE INCOMING HGNAL TO A DENDRIDE MmAY Ae
CiTHER THMIBITATORY OR EX ti1ATORY.
P S g A e e A i

OF LATENT ' SUMMATION.
—

A NEURON Wil FRE AN IMPyLLE

DowN its AXON, if ECITATION ExcBEh its iNNIBITION BY A CRIMCAL AMouNT™

CALE D THE THRESHOLD of THE NGURON -
P

P ARTIRCGAL NeuRoN

w;-i &— INTERSONNE WION
Ll 25 whany

(.Y}

4
x| Bt pwen

:.‘..-}-z w;? :
= - B2 o) y
:;.f. w“"i -
STINAPSES

The b‘fcgwM '?s'/s Newrin «

DFFERENT N.N. usg IFFERENT ’Fia--\ FuNcTions

kb
PERCEPTROMN = A MeC~P yEsuroN With A ONT -~

BinARY THRELHOLD :

OFF =)
THRES HOLD i-i

= WitH EiXED WEGHTS :
R Y

THE TAsg To BE AcCcOomMPU{SHED MUST BE wéw DEANFEY
N.N.

‘A PRIOAI™ w'q‘ wiu BE gxpuaTLY DSTERMUINED FRoOM
™8 .hem&rnou oF ™E@ TRaMEM-
= WiTH ABAPTABIE WEIGHTS 3= LEARNING LAWS| — SUPFRVISED LEARNNING N-N
e e KRE UsED 1o ‘,;"‘"'"'"‘" R
. - Py SUPPUED with BaTh THE
R IT IS Her KonTh PUORE mgusr bt Y {MtuT aud THE compécr
whAT Wi VAWES Snoud BE ouTRur yALuEl
= UNSPERVILEY EARNING
LY TnE INPUT VrLugy ARE
PRuvVIDED .

B NEURONAL DYNAMPAL SYSTEMS

HEUROMAL ACTIVATIONS CHAMNCE WiTH TiME-

(DIFFERENTIAL €QUATIONS)
x; = X, Y HOw TwE ACTIVATION (MENBAnS PoTBNITAS) OF
A %‘: i ') THE L7H NEulow in Pieed Fo CHANGE AS A Funenia
Oc NETWORK PARAMETWRY.

B ADDITNVE NEURONAL DYnAmics

— EXTERMNAL INPUTS ;
? NHAT AFFECTS A WEURDONI_ ryer NEURONS ;

=~ NOTHING —p ACTIVATION DEcAY TO
iTs REMTING VAWE:

-x; o> x‘-u)sxt.r.e). e-t

P Passive Memmaane Decay -
Passive Decay Paw: _A_‘: >0

1’ T vARISS [wverseLy

WiTH e REsisTance BB

X (D=x, (o) g
OF THE caw. MeMBRANG ." A

—_——

['f”"““’“‘""" Xy AS A wernce —> AL is TWE compucrancE oF
= T == IH¢ cFu. NENBRANE

MEASURING THE PERAEABILITY
OF MemBR Axons
OR SywaPTTe! fone B¢
P MemBRANE Time Codsmnrs

THe MEMBRANE TVME consranT C" RO Scacen v mne varssLL
OF THE AcTivATIon Dynartice S'rsr.

AcTA AS THE
MertB RANE
cAPACITANCE
————

-

d.c' x

o “Ic T™E ctersrane coneen

NNP-



D MEMBANE RESTING PoTeNTiAL P (>,=,< :0)

is TWe ACTIYATION VALIE To WHICH T¥E MeMBANE POTENTIAM EauiliBoATES

: B ANDITIVE NEURONAL FEENRACK
M THE ARSENCE OF EXTERNAL OR NEURONAL (NPaT3.
N:N." comparaTion” ASYNCHRONOYS, NONUNEAR, MASSIVELY FED &ﬂ:&
L i "m”m FAST, AND CEASELESS .
c.umum‘7 >
SYNAPTIC CoNNECTION MATRS
x; =500 e —(AL /S )t Pe ( o Rk LX= 7

S'fuﬂﬂ'f(.( CoNNECTION ) MATRIX

o iT DEstRinEs THE
- *1 FoRWARD < ot M
¥Rof Fx ™ Fy.

. . : ARG SYNAPTE
If Ai=f, R=1arct €nouch (SupRATHRESHOLD™) THE NEURON whic P o Efffw‘“m
5pg~m~rous¢.v _GENERNTE. SIS OR PULSE TRAINS i THE ABSENCE > mep
OF ExrEmNm OR NEUROWAL STYMuL? (#n OBseRvED Browoticm EFFerr)

‘70 > a.a SYNAPSE s
"f Alct, PS=0, Anb mmE L0GTR SicpmL Fumen'ay 5 (x;)= [H-e"’")
THEN AT 3rEADY STRTE

exeiraToRy
Se=l2 = ~MAY camu':ﬁa-d TO A RiadERATELY
DENIE PucsE TRAW - .
T a = 4, very P

P /AL = STEADY STATE Sownon.

My <o L{ stuAPIE ix
d 9 INHIBITORY

dmge .
in contane Ap Co, And P: vary scowey WiTw TIVE , BuT T3 d=0 o Mo LEARNING
Stowty ENOUCH To BE COonDEREN comMSIPWT Bl A NEurfonAL l -

EPOCM ©F EQuNtL{BRATION. F ) AYLss A== " BAcwARD PRoIECTION
] Rar) ¢ MATRIX
» Adsitive EyreanAc Inpur 3zhep 1 pre pam
th.)
A=y

e N.N. 3PfciFED RY THE 4-Tums (F IFYJM3N).
-t ~ b .

=x. ’ . x . - ] -
J:‘.tt) 2tore ’I““ ¢ ) 3 1'., [KONONEN]: ONG~-LAYER N.N. —» AUTOASSOCCATIVE
l€ : THE MEMBANE rorl':vrru

DAPTS jrs BEMAWSR TO THE ~TWO= LAYTER NN = yETFEROASSOULATIVE
= =& i
APPLED EXTERNAL STIMULS,

1. cAN REPRESENT THE AIAGNITUTE

OF DIRECTLY EXPERENCED SENSORY INFORMATION
OR DRECTLY APPUED CONTRIL ;NFORMATION

e M pd N uaTRices JiFFeR in STRUTURE (iIn GENERML)

Tﬁt:gg Pol:'tl‘l‘ €QUWR RUN BEHAVIOR

NOT TO occuf., THE €QuitiBRuM
MATVERATICAUY & REauiee) THaT BENMIOR s acitaTORY OR APERJoMvC.
I crasce siowe1 ALOwIT® 8€ 003 i
ASSUMED coMSTAUT. -5 “n?’(h

o



P BIDIRECTIONAL AND UNIDIRECTIONAL CONNECTION TOPOLOGIES

o BIDIRECTIONAL NETWORKS = Tie FoRwARD AND BACKWARD symAPTR
AN A A Peomrions M and N, wave THE sanc
sTRuctuRe ; M = NT > N=mT,

e BidirecTionAL hSSnt.l'ﬂTE MeroRY (BAM)= Bmiaecn'ofum. NETWORK

WITH AN OVERAWL STA-BLE BHAYIOR (BuE To THE ACTIVATION DYNAMICY o Fx mnd

AND Fy
e UNIDIRECTIONAL NETWORK = A NEykoN Feid STNAPTICALLY inm&mnng
W\—W ———
TO iTSGF ) iT k M BIDiRECTIONAL NETWORK W(TH F=Fr. T

.............................. 5

J‘ ON THE SAME Axugsbvzzpﬁc

3uT P aw \] REPRESONT DiFFerenT
SYNAPTTC WEAS.

I'n‘mm BAM" inteapRETATION T =
in "BAM IUTERPRETATION M i = ma iy
(Twe = MELh NETWAR K ) J J

* CottaToNATION of T and Fy , Fz= [FclFy].

F, iNTERCONNESTS TO iTSELE DY THE MATRIx B=(g M)

{.€. HETEROASSOUATIN & ExTenbER TO
AUTO ASTOCIATION.

- T o Coat
In THE "BAM "case: B= B o\ BaM " syumereirar an
AR BITRARY RECTANGuULAQ
MATRIX “

M MN i_l!_rzg_.unutcf Fu M\I.DFVF c P M iurgnmw‘z
P kﬂbQ inreA cormecT | Y F'.! . N Q 2

ir P (or Q) is SYMETRIC THEN THEREIT A
LATERAL INHIBITION OR COMPETINYE CoNNEcTioN W"’"““ :
L s S ]

HE STRENGM of THE InniBITORY ConnEcTioNS 18
OFTEN DIsTANCE BEPONDENT; TYPCALLY DEREARNNG

wWiTH PHIHICAL .h'S‘l‘ﬁ"Ct'

(»

#m Axpitive Acrivaton Mobers

AT\ or

€ ::reﬁ“gt
b \l-\i\;_ﬂ ‘a: = 'ﬁ&'g& +222 S‘;(I‘J-M;@ t & I i-t,l....,fo

. P Lo
e | Ti=-Ax; faé, si(uj)'mji + I‘-_ J 4=4,2,.-,n

ffl. -
A (SRS AT R R L
(Fy =Fy) Modec !

HOPAGLD CIROWT ABMTIVE AuToAsSOCiATIVE MOAEL , EACH NEuRON
— HAYING A STRICTUY INCREALING 3ounbc-5 GNAL

1£ FuneTion (S'>0) and SYMMETRS
* Tt‘i au!  coNNEcTioN M)ﬂ‘l'ﬂ.m (M= ¢ s;"”""
ph‘.‘." ﬂ MY
F""..%:”f; po‘ _ 2 S lx) m.- +I o1
™ - "—‘ =4,....m
nnl“"'1 npd 4' R el ) g '

l Avdirive Bivaent (Binagy) Monews
NEURONS wiTn THRESHaD HGNAL FunefoNs (*on" - "orr®) .

» BMN.ENT Asm‘-rvc RBAM

f?;é‘mm .3‘” ZS (xX). m -+:]- ) 4=4,.- #
.':f‘_:":fws: 1 " " 1 1
( h'rf:::ib'r:::';t S'(ah)'—" ‘(' }k >v
i
itk T“ﬁ;“ﬁfm. - 5 (3 E *" A
(pinh d‘qﬂs 53"‘ 0 i . "



‘Emmnci AMY RoAL-VALUED MATRIX cAn BEUSED TO iLLusTRATC
™E “BAM".

-3 v 2
1 =2 o

(31!31'\33) =Stxrixz:x3:xh)' _g ? _z'

u; ,:‘\JJ- =0 4= ™E THRE L HOLD VAWES FoR THE BweAAY SENAL ﬁm:rl.’a.i

X (Lo, 8= (5,72,3, 102 S(XF)= (10 11)

-3 0 2

Y'“'zS(X“)-M:U o1 1)-(; -32 g =(-5 4 3)_+
=2\ = S('Ik”)=(0| |)

-3 |\ © -2

xkil' S[Yh-tl).n.';(a”)-(o -z 3

v )=(2 -2 5 o)

2 o 2 - S(’*bt):(‘o”)

S(x**)=5(x")

kSYNCHRONOUS
STATE CHANGES
MAY LEAD TO DiFFERENT

BMRETONAL £auiuBRS
* NeARBY” iniviAL conbitions TEND 1o comverce
TOWARD THE SAME  FixED—PoinT EQuiLiBR{uM , THOUGH
L/ THE TEMMENCT FawLs of F WiTH THE DisrAw g
A ConTENT -

ADDRE SABE Ly N
nEseRy Tt o
CcH

P> BIDIRECTIONAL STABILITY | prpar yon. (Fx,Fy M) is

BiDIiRECTIONALLY STABLE (¢ AL

INPUTSE CaNvEAGE To FixED~PoiNT H.ul'u‘e.!l.
(3

JMRLcTIONAL STARIUTY (s A&
DYINAME €QUIUBRurY : ¢.c. THE

SAME S(CNAL INFORMATION Flows
BAGK And FoRTH in A BisiRECTIOMAL A>»M—pp
FIXED ToinT. A ] &+ MT| !
LoM—aw'
Te¢ BidiegerionAt N MTe—]

CAViLiBRium cans BE viewsn
A4S A RESONANT SrATE:
e T

WHEN BoTl TWE CaAwGinG
NEuRONS (( STM) #nd THE
CHANGNG sywapses (LTH1) &unugrATE, .
AN ABAPTIFG “BAM * fixe PoinT socus,
LGRoSSBERL]: ADAPITYE RESONANCE (30T

EQUILBAATION oF NEvRONS Aup SYNAPSES),

» Lyaronov Fuwerions Atow T PROVE THE GloBAC sIABlsYY oF
A P e e e g g .
A DWAMICAL  SYSTEM witwouT SecwinG ™™E DIFFERENPAL EQ. OF TINU-SYST.

b DHAMKAL SISTEM i STABIE iF soME Lyarunev Aunerion "L deceenses
"“"'G_""-"“"“"“ P LSO . A pwamicaL sysTeM i ASIMeTICALLY STABLE
’ W\M—
Ir L<O. v & srame coniimpium THE TRAJCUURY MAY HovER MBIrRALYY
CLost TO TWE EQuidBRiuM POiNT wWitnouT REACHING iT. N AN MYMPRMeAWY

STABLE SHT. THE sTATE TRAJECTURY REACHES (/N CENERAL ExPonENTTALLY FAST)
THE €EQuitiREiuM.

TABIIY. oby inhBiiTY TO PRODuse L. PReves movsing.

gﬂm Moucroniciry o L. provives A sureicient (NoT NecessAny) connir

‘
FoR A srymermic marin A" ans a sause i B rwe aussearic 2
FORM OF LymaPunovy FUNCTION : L=X AXT is srmcray DECREASING -

FOR ANY UNEAR Divarwchae Systerey X =DL B 1+ Aad onvey [F rwe
MATRX ABT+ BA /5 necarive peswsre

woees L XAXT + XAXTe XBAX s X AB XTe
=X[BA+ABT]IXT



L J
A DYNAMICAL (PASsivE DECAY ) SYSTEM: | OC. = =0,
(Having ™ corerioN x; ) = x,; La)-e.-t MWL —> O
T z
= "'-vx

m m
22 % =-2x<0

J_" ax'l.- 4=t
ALONG T™ME SSTEM TRAIECTORIES
1.€, THE STSTEM is MSTMPTOTCALLY

STARLME AS oNG AT AT LEAST 0N
STATE VMRABLE cuanGes (. #0)
OR MiFPeas FRoM 2ero (x; £0)

A DINAMICAL SYSTEM 15 ASYHPTOTICALLY STABME iF AND #mY 17
TS JACOBIAN NATRIX NAS GRENALUES WiTH NEGATIVE REA. PARTS,
B i o e

A LYAPUNOV FancTioN ofTen MEASUREY THC ENERCY of A NEuRAL SYSTEM

FOR W.N. PuRPo3€s A LIAPuNGYV FuNCTION NEED ONUY DEcROAsE
AND BE Boundey .

- n
A BoundED deReAsiNg L Must cME TO A STOP. THE

STUPPING PoiNT coRREsPoMAS TV AN €QuiLBAIVM POINT.

(PoinT
OF PROGAAMMABITTYY .

L" APPRoACH REVEML OMY THE EWSTENEE OF STABLE PoINTS,
NOT THRR NUMBER OR NATWRS .

<

| BAM® connECTION MATRicES

Birosn HeBRAn [OuTER - PRADUCT) LEARNING — THE ™MOST PoPULAR METHGD
P e s T i
FOR CONSTRULTING THE MATRIX MY ((SculpriNG THE 3Y5TEM ENMEACY SURFACE)
in ThHe “BAM” (BisircerioNAL AssotiATIVE Memories),

(A, »B¢) '{Swmou oF BinaRY VECTORS A (oF wrwaTH ML) AND
(0,1] B. (oF tencTH r)-
(X. 2 AssociATieN OF BipoAR vEcToRy X (of tenarit m) Add
0 £-1,11
A= (Xie)/2 5 Ki=2-Ri-
Pt — ASsSoc/AaTIONS

i (oF wemarH f)— ]
[4 = (0,0,..,1) m-B/T verrmx

Tue BIPOLAR OUTEA - PRODUCT : 2 Xh Tie
—— k=4
m-BY-
Twe BiNARY R ATh
wrtﬂ.—PPouu" M= zﬁkbh 3
e ——

Y= CoRREATION MATRIX

THE BoolkAN oOursA — PRobuer: M-

s

THE WEGHTED CUTER - PRODUCT: 1‘1=§ Wi X:Tk ;
i - —

SCALED m-BY-fa Bipotap
CORRELATION MATRIX

(>

_k €FFiciEnTs cAn Ag semcrep o

Bueg
A FANNG - umonv ELFECr: e g Tine- o&bm
THE w&iCnrs » wo < W€ W wmren iy

e WNICH Givdss roRg
e Moge .eccm ns‘saq-aﬁo‘vi (with tAgGeR é)
rther ha-u.,.&_— i ExPonan At SFANG W = o™

*q( O0<e<f)
A APPROPRIATELY wey

EfGHTED FAMNG-Me
A .HOVch WiND oW MORY M-N.

NoNLNEAR Filrerm
S€auence OF AssociATTomN TRAINING s::

YiGLbs

AN ARRITRARY
gy,

/w/—w‘



PQ_PT!HAL Linenr Assocm-rwe Memom (OLAM)Hﬂmix

(-o KoHouep's woRxs)
_f
DATA - pesEnsENT
“BAM" CONNECTION MATR(X !

For A scrlar X, x"=i/x
°f Xx%®=0o ifr xTo;
=xT

xT
OR %™x0 ie 2xmxo .
-

A* = PSEUDO - iNVERSE oF x)‘

=FOR A RECTANGULAR MATRIX TFOR A vEcToR %, XM=
X '
] L J v -

=X (XxXn)™

i (X }(T)L' ExisTy

Fal
) THe OLAM" MATRIX M. Minimizes Tne MEAN-SQUARE ERAOR

OoF FoRWARD
RECALL i ONE-SHOT, SYNCHRONONS LINEAR NErWoRK,

®¥) ;;;_.— rne ser om vecroRs (X, ., X ) 15 omrwonorrme
(x‘.xj =1 df Le=g; =0 «f L y) rven THE "OLAM " MaTRY
REJucES ro rwe Livear Associanve Meriory ( ZﬁM) .

THs AssuMpTioN (OF

HNEARLY IMDEPEND ENCE)

i3 ERITTcAL FoR THE
"LAM” Recait AccuRAcy

P AutcassociaTive “0 Lﬁ.l*jf FLveRING

AUTOALIOATIVE “"OLAM ™ AsSociATES M. KNOWN SiGNAL VEeTORS
MKy y-es 3y TO THEMIELE .

DM Linearir FITEas” intar mMEAsuREMENT OC vECTOR To THE
CuTPuT vectoR 2’ By MATRIX MUATPUCATYON

"l
Kevhonow caces & MovELTY DeTecTom on R,
it WAS APPLICH TO | {MAGE —SURSTRACTION PROBLEMS

. "
MX” and  1-R"X uniquely Itcortbose cvsay R
— —_———

- ”~
VECTOR Dc iNTo A SIGNAL VECTOR I3 AND AN ORTHOGONAL
L N
NOVELTY VECTDR ¢.

[ad

x= xXX+ 'x(i-'x".X)= Xex.

L’BH’M" CorrELATION Encading ExAMPLE |s

UNWEIGHTED (W, =w, =1) BINARY AusotiATIONS:

A = (lotolo) B = (11e0)
Az = (inooo) , Ba= (1010)
CoRRESPONDENT

BiPoLAR PiSocraTTong
Xy=(=11=1 1=1) , Yy= (11 =1=1)
Xa= (M1 =1=i=1), Fa= (1 =10 =)

T BE
A: anb Xo o aee CONSIRERED (FoR CoNVENIENCE) SIGNAL FuNcTTONS.
L - SR, EP. WS S G W ™

Tue BAM" rerorY matrix M is consrrucred By ABBin PoinTwise THE
. T
BIPOLAR CoRAEBATION MATRices: X1 T, and X, .

1=t =
XY =(=1 1=t 1= C11=1-1)= -‘l-|l _l‘ :| -

X3 a= O ==0T(0-101-0)= - '.' o

GEEEN LR

1=y =1}, _T -
Arer o) NI ERRY =

=\ 1=\ 1
-t 1=t

-]
2
o
<]

4]

Ay M B

- M= s (n, B s
AL M =(101010) M= (4 2 -2 ~4) —» B=(1100); ol il
OF THE "Bamq™

ByMT=(100) M= (222 -2 2-2) > M=(101010) | yyuamicar Sysren
THE LYAPunNov emTacy™ L lnl‘l‘l): “AM Brg -(42-3-4) (Iloo)rt'
(‘B.HTAT::-C,“‘" SAcwARD "L eneacy) _ =~&
StnitARY LAy Ba)is A Fix6D BAM" Poiny wirw

hCLUsneReY oF —C [P BAM Has Twe Fit€d tauany e
DEEP ATTAACTOARS. e




= e "
FoR. PATTERN RECOGNITION Thi WIDTH  ¢p an ATTRACTVR
BASIN s MORE REUFVANT THAN (TS “DEPTH"
Tue HAMMING DISTANCE oF Two vEcTORS H(&;,AJ') counTg
THE SLOTS [N WHICH THE Two RBInARY VELTORS D,/ FeER.

&) A=(onooco) —> H(A,A2)= H(A A)=3;

TAM= (onovs) M = (22 z—z)—PSMN)=('°'°)"Bz

T_ (€. THE BAM" SysTer
Twe L eNERCY: - AM3B,; = -4 RECALLS TWE RESON ANT
PAR (A2, B2).

$) kxlooono) —» H(AADI=3 , HIA AT

AM = (coolte) M = (-2 2-2 0) -» S(AM) = (ot o) =B§")

HINAS )=t | HA,Al)e THE CorpEMENT.
A

BIT veeror o By

ASM = (coonIM=(-42-2 D) »saim)e lorot)= es

A 3 RollinG” INTO THE mmrﬂu“b FinEd PoinT
SPURious ATTRACTVR (AS,BE ) wirn Twe
*L" enerey -A“-M(gc-)_.,_c

e

on AvERAGE (BIPOLAR | (-1, 1 insTEad of (0,00) sq
[ | (=13 1) insmean oe (0,0) siguAL
STATE VECTORS S(.--) PRoDULE MORE ACCURATE
O St Pt e —

RECALL +yaN  Binagy str.m STATE VECTORS .

X, M = (-1 =M= (8 4=k -8) S50 (1) o - = (X‘, 1 ) M
Ko M= (111-1-1-1)-M= (#-4 4 -8 52 (1- ==Yy (Xy,¥,) are
i M= (1 v, wog g o & FXED PoinTs,

1 (L-1-1): MT k-4 4-44 h)-—p—(\ =1 -0) =35 iy Pewinc » -1,
YoM = (-1 -1 M= (ol -4 —~4) -—-P—flll—l—l—l)=xz {n THE BiPOLAR PRabueT
L(K:, Y )}-,- ~X MY 7 - (g 4-4-8)(n-1-1)}=- 2% 2t 1 MR- ’,'4'}-:...

Cb (1717 A R J nwmkﬁm / et

&) X=(-111-1-1-1) »H (X,%X)=3, HX,X,)=1;
A M=l4-44- '4)———-—-(1 11-)=Tz
l.e. THE 1-Bir wnoisy inPurX = (=111 =1-1=1) cvazex e RY&d POINT (in’,_)
wirh "L Eneecy = XM Y, w=l4-4 4~4)-l1~11~1)T= [ .

8%) X =(~1-1-] 11~1) —» ewsesr roxf #s H(X,X;)=1 evores e

i §—

15D wirv inirAL "L" enency
...XMYcT —\G w AT THE NOXT ITEMﬁONTU -x" MY ""2*

-
mﬂ—‘— (—n—n) Yo ,-]

YEMT=(-4-4 -4 q4u) 200) X8

» Memory CaraciTy : Dimensionaciry Limits Capacity

e.g. Rs More BiNARY CORRELATION MATRCES .ﬂ,,_Bk ARE BooLeAN nm THE RESULTING
==
MMRIX SlEMENTS ARE MORE prequentiy m =4 ( Ms &)ﬂus.g;:?m

PoinT, ADDITIoNAL AssociATioNS (Ah!E’h) Do NoOT &mmmnrw CHANCE THE
e

COMNECTION MATRIX-

B

| THE N-N: TeENBS TD ExeEed THE MEHORY CAPACITY As THE
NUMBER L OF PATTERNS APPROACHES mim (M, P)For OLAM”

[’p“hﬂ-‘l Limean Agsoccal . HuMJ)

W AYS
| Suremvisen, N-N.,ESPECIALY FEEDFORWARD MVLTILAYER METwoRKS
TRMNED WiTH AR ESTIMATED ~GRADIENT ~DESCENT MGORITHM, CAN

| USUALLY ACCURATELY STORE MORE - PATTERNS mvi TRAN THE MMBER

M oF NETWORK NEURONS . THE PRIE [§ )‘rue NUMBER oF TRBINING ITERATIONS

CAPACITY IMPRA#‘ES WirH N.N. s/.—_‘f' NETWORK TEMD
e LFM PIORE PATTERMN S AS TWE #t OF NEuRONS
(re. srunp.s..-:)/

G-zousen:"s For .bmaumtmc Enc.obuNc PATTERN DiMENSIONALITY
SPARSE ca)iNg MUST EXCEED PATERN NuMBER —To PREVENT LEARNNG
THEOREM. SOME PATTERNS AT THE ExPENSC oF FORGCTITNG oTWERS.

BAM" THE HEMoRY eapacity A crEATLY WiTH THE upper Bownd mauin (27,2F)

"¢ PR BoolEAN ENCOMING of BINARY BSSeciATIONS witr A BivALENT ANTIVE
(g (iwstend oF mimCm, pI) Ir e MmREswows Uy, Vi At Fubliouny SEEeTeD .

o

=



