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SPIKING! NEURAL NeTworKs: [L."M;,_Musm_ Purber zou7]

e focus on _S&ﬁi a'ﬁo,-rl;hm.‘c dasks and anal.dsis [nok 3en¢ra| ¢°MPM0na|/'eArnir? ak’h’:y]

o stabic: synapse wdaH:s fixed [nai’ learningj
e stochashic: neuvons fire Pmbqh'l,‘sﬁ‘ca"\& n discrete fu{.ses
(v_ﬂb_C_ in real %SM’ noise is at the udmp:es, not ncurons)

Nd:work MOA&I__

e n inPur‘: neurons : X ={zu--->7<n}' where each 7‘i€i07|}

- m ompub neurons: Y/ = {YirsYm§  where each giclo. 1t

' aux;l,‘a.-a neuvons: Z = {2,.., 2} where each 2 &0}

¢ weight function w:(XUYUi)z—-*ﬁ that Aeschlns the directed we%Haed (%N?elc) eﬂ'gﬁ belween X,, 2

(y\a&c: weiaH’: O & o mnnccﬁon/dae)
« activation bias b:YUz—> B+ (Rr neuron VEYUZ, s fa%err&ial must reach b(v) for a sP'pke 4o

ocaur wi'H\ ‘3000(’ pmbﬂlm"'éy«)

« vestrictions:
inX are O, ie. W, 2)=0 tor all ué XUYU 2 and 2€X

0] Ino'esmas &F all inpu’ﬁ neurons

Ly feedback + 'm‘oa'&x an be repliated using intermediake, neurons
: wv, W) gO For all wEXUYLZ,

@ Ewry neuron veXUYUZ is either 'mhibi-lm%
°"£L‘_‘:’Et”i‘3-" WV, W) 3O forall ueXUYUZ .

® Al l""pml: and out‘f)uf: neurons are exdbabry.

Nebwork Dgnqm;cs:
crebe-time Markov chain.

» An SNN (or s,oec}'?r'mﬂa s ne,umns) is a dis
i, 'rﬂwinpu%'ﬁ’_res. for allizho,n. For any veVYUZ, \/(o) is ‘"'b.ft*“(a:‘

- A t=0, X',(O)= 0, ow

« For £>0, =i(t)=x(t-1) for all i=l,n. )
. n Jderbial: pot(t) 2 W(wv)ult-)) - b(v) .

for £>0, and ang neuron veY(:z, define the potertial: Pot( )ué%YUZ L sum over inpub neurons

- - . : i Y.

Furthermove, P(vce)-|2 g ey v heve A0 is a fixed Mﬁﬂ,@ﬁ‘?—‘-

condn"ﬁdncJ / nearon
on X(k-1),Y &), EE o timet

B-1)
[te VX

J s = A<A maid ]
:T;Tr?i [smaller A = shesper sigmole

0l —’P

So, V fires at time t with ‘300"‘,Probawh‘7 F pet(vt) > EQ) .
tco.nsl:anb that deperds on A

« (aven the values X(t),Y®#),Z®), bthe neurons X(-b+l),y(.t-+|)’ 20+) five independently.
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COM?W'MHOV\G, Problem :

e Giver a (P”s"blg mul'lﬂ'-Va(ueJ) {mgef ‘ﬁmc'\‘;l'gn £.10, p}-"-—> io,;}v."

B Des'lan an SNN with a small number of aux;//'ar# neurons so that aiven inpu'b X (={x;(o)a---;"n(0)}),
Y(t)( ={3.(e),...,g...(t)}) anverges _quicky to §(X) (or any string in -F(x))‘

» An SNN r.onw:ﬂgea in 'f;‘murﬁ’g F for ﬂ"g :'npu‘l')( and ang ‘E? t':, 7’(-[;’)= ‘F(X) wa-p--
* whp.= with J\fa"n pmbab;’h%(,, je. with Pmbab"'*y Z "‘;‘; for some wnrstant c.

* (noal. W‘aa(eo‘FF between Az and wnlergence time.

?Winner- Take-All Nebworks:

* (henew) idea: sustem oF neuronsfeells receive ‘Mpm‘rs; cells compebe so that highest ‘mfub cell
elicibs a response . WTA nelwork is a “maximum aleeooler.’ 3 ‘

¢ B;a’ogim“_g moﬁﬂb&‘: deéisiOn-makina 07‘ aCbl‘O” SE.IQC.EOH }h 'H'le bm'm, 1. Vis]on, Pemgrlio“, Q*Q"B’on_
. Cogpe’:'rb'we network e:cam!de: Robot action selection

8

senso down | only one
npes - ‘f"gi:f& ;
is ve

O

ofich stuabion we as in

« Boolean problem: XE 10T, wank o converge w YE o, 1}" (iewm=1) such that Y has a_s_l":gl_g_
-Firing neuron wv-respono“ng o any 'ﬁﬁ“‘a reuron i X . (W_l?i_x has 21 'P""mz neurons)

e Thn: There exisks an SNN with £=2 ‘n'nHBi-bon& aux”fara neurons, that- given input Xef0,1F,
L S n O(‘Dg"(“)) rounds +o a vakd WTA output Y "“'""f" @n wnbrast, ony SNN - with

1= inkﬂo'rbna quxi\iarg meuron heeds S1(n°) rounds for Cor\ve.naenc_e.)
3

24 :s‘hb;h'fbg, inhibibor = TR s'&uﬁcﬁjﬂ'lﬁ‘efs

once vea

2. = convergence inhbrtor -&J:i f;&c;::?:ng‘:
winnma oul:f

[umb nuzd.]
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Proo'F idea continped :

*Set A= | for seme constart K >O. Then, for amd reuron uw € YO Z, + Pab(U,-l;) }—ZL,
Klz(n)
| ! n"2 ]

then (P(utt)=1) = ' _ > _ - Wzyl_'_,
—e—is ¥ _ pot(u, ) Klog (n) ] K, 1+n 2
—_— exp(: pet(u,t) 3»’1) |+ W |+ - 92 41

So, u fires w.b.p. at time £ # Poﬁ(u,{;)?_ZL .

. a(.b)=| W;\f wkenever ot leas{' one O‘F the nm'-‘pwbs J:Hes q-{; 4ime .{:_', e 33, g;(t_,);_l.
Z() =1 why whereler o laast tvo o the oubpubs Fre ot dime t-1, ie. 3i, 354, Uitk-1)=Yio-) =
[Reason: See bias wlues and ‘.,\qu eéﬂe.s of ‘ZS&E‘.] ’
o Bnput %(0)=0, then Yi(t)= O whp. for all 121 as the bias of gi is 3.
So, on’& ou—l:‘oub neurons comesfondina +o 'Fir'uq '1nf)w|’is ever fire w.hf..
* Suppose ZM) = 2. 4)=|. Then, any Y; such that a;ﬂ:)=l will have Pab(y;,t-H) = O whyp (as ;@)=\
w.l-nf-). Hence, such Y will fire at round +1 with Prbbabi’i-éy W(&v(‘b*')= |)=J,z.
If we start with n Fun‘n3 outputs, at each reund, we reduc: the namber of Firin% ou{:pw&s b%
about 'Lz" Thus, affer O(lﬂg(ﬂ)) rounds, we are left with one —F‘:r'\ﬂ% o«.r!w_t wh.p-,

* If £ is the first round when cmfa, one auﬁpwt -ﬁres, then 2(8) = 2.4)=] and the ;ir;ma ou%Pu'b
o"'g hqs Pmbql);h{y ‘2L D‘F SMY'V;V;r\a n r‘bund {,"‘l’]'
gie_ji(s'male ’Flrma ou‘")ut :urv'neS) al., 3]({:) va;({;-l'l) =] % Ye onfa %r}y‘a ou-l;f)u.‘b.
Then, Zs(tH) = and ZCEH) =0 whp-. fs avesult, for all t2 EHl gi(¥)=1 s
the onla ‘Firivg ou‘bpui? w.h.p- [wnve.rgence!]
L)[See weight & bias vdues.]
Cae 2: (‘i"gle ﬁ‘rima outfal: does not sum'Ve) |
et 1o the inthal se'uin&

We wnsider this as a res

—r

o We have the 'Fo”ow‘na evgnl;s as vounds progress.

n net Vi
Olog(w)) ‘ ‘J;ﬁugfve ./m i y s vae.s“
| J ¥ convergence
L= 1finn 14 1 e el
(Mangoﬁﬁng_ a-«bpwba aubpu'l‘,a ou!r:@
outputs) ]
e —
n k bwes
_Want: (|-P(survive !s mE & k= O(loa(n» P
c?:siunt T swall Pmb. of -Fuilina bo supvive k-hmes

.: A'F‘{:E.r kO({naCn)) = O(li.s"-(h)) mur_\d_s_ , we have com/ergence w.hP..
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+ Non-Birary WTA:

o X s deprdntly i pbbly ] sy i
av: Design an SNN that convertes to the wm output: si!ale neuayon -F.‘;gs Corre‘f‘””‘;;"a

to an inpu% neuron with maximum pi-
- SuFPose each Pi=2-j 'ﬁ)r some. JG{O,---,k} W;'H\ k= O(‘)-
< Thm: There exists an SNN it 1=O("’03(")) auxi’;'arg neurons such that the output;
converges n O(loal(")> rounds 0 a valid WTA outputb ¥ ‘w.kp..

Oloy)
r___-:a__n_c'u rons «—The jth such Hocke oubputs a .fina[c

; . i th rabe = Z’J
P —)i History module WTA "g Weuron W ™ .
Only neurons with rabe 3 739 compete
3 by 73 compe

in Hockj

Idea:

only nieuron c.omsponcl?
. [ {,oaua\‘aa\ von-binary W'T:a
P @ K WTA e u,.‘{;Pub Bres after Cﬁ'\\@r%m
O(1=O(¥ neurons <)

&) neuvons

Ly dotal (BE(n) = Bn) neuvors

Neuro- RAM:
. _I:ﬂoﬁva-ﬁon: CSEN'I\M'!’U&TQS‘H'%)_ o Havm-'mg distance
- Given X.,)(,_G{Od}", best & X=Xz or dy(xu X,_)? nE, for some £>0.
- Randomized aiﬁr'r&m: Select 6@’89') indices abt anclom .,
If X, % makch ot all indices, declare %1 = %,
IF there is > 1 index where X,X, do not match, declare dy (Xl,Xz)}na.
Resson; P(X,, X, weteh ab all & inclices|dy (%, 1) yn€) & EEI o=t x... x EEdkeL
ko) = o (1 (- (= 5)
k
= f(dedare (%, Xz) Zne ldu(Xo,Xz) ?ni))l -L < G-E?:[ Ve
So, ta'wen X=Xz, the alqorithm suceeds a.s., “Cl— 5.)
and aa'wen AH(XI,XI) 2ne, 3-.1 mlaor%m Succeeds = acp(C Ioa(n) foa(l-&.[)
wh.p.. < Fla_ "Z??T'

= iwlemenf‘ this afaor‘;u‘m via an SNN, we need b:;,mt—fql O (as prob. a?-ﬁ'r'ma s 5).

nerate 1 ndom incli'ccs: use loa('\) neuvons wrth po ; |
g c:r::h‘uc{: r:auro-RAfV\: Given XE§0,1T and index ye{o,n}"'ﬂ‘f oubput bit of X ab index V.

L T’\.; is also q_v_n’u_la_@lwf!
» Thm: There is an SNN, that has O@n) aux'\"\aré neurors and converges n OWR) vounds whp.,

which imp\eme,rrbs a neuro-RAM.

Cor: There is an O(“E'%ﬁ@) neuren SNN Hor Sim'\lar'rhd 4723‘&"\%

'I_.“.‘l“.’- Ans SNN peuro-RAM wnver%ing n \[yTOrouncls wh.p. must use £2
(Vo ~

[k:(_ '(a(n)/g Jor some C >O]

(-[{;:,(‘;)) anxi "ava newrons.



