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eldMethods fa Two pactI.

In this estoftwo lectures me review the

wak ofMantamari& Mei on two bya NN

meated in a "mean field asympletic limit".

-ahisweekand canical eten

Cybenko and Barran.

2) Famullian ofSGD.& Latena -

3)Particle system interpretation and idea of
Mean Field Analysis.

~

Nexttime.
--
-

4)Mean field analysis:statics & dynamics.
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#

Leye NN's
-

We conside an "hypothesi, dan "er functions

of the type

Icx,0) = ,air(t.1 +bi

· where IG IR
D

,
so :RP- i

. E =EWicaisbi)= (di, a

net ofparameters (to be learned (

Wie RP, aiei, bi t i.

.
o

=

activation function of sigmoidal type

example wix =oix -e,
-activation of Rele type ->

-(x)
=mex(0,x).
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The NN piclure is
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-> .siteetx -
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au filmdeDf antipat
Typically we have training dala (AK, Ix) and

we wanthe adjusta learn weights
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-r

tation Power of NN's.

We state two canic thems aboutthe representability

of functies by mere body one sigh-hidden

byNas

Cybenko 1989 Aum:
-

It((f(x)) < 0 i.efdXa(x))f(x)s
x-D

Assume 8:R -> i continuan with

lim Wx) =+1,lim f(x)
=0

x -3 +B X-- -

The F 2L0, JN(a) lage enough s.t

Eo(f(x - Earcat -+s,)I
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The next qualion is how big should N(E) be?

1993km.

Let &(XI have supportin Ball (8, r).

Letf(x) = S e
:We

F(w) dPw

&
-

Faurice truf

and 5 continuum with him 0(x)=1, lim0(x)=0.
x-+8 x-> -8

then we can take

Nocas =I (22 SINK F(widw)"
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-

lion ofSOD fo two lye Now's.

· Recall the time risk a populatia risk:

Ri(E) =E6[l(1,i? 7

here we take

l(y,xiz) =(y - I(x,0)2

and &(, 2) supaled an
inPx i.

.
As we do not knew & we new by as a

"proxy"for minimization to run SGB as

explained in previouslects. There is no quarante met

we tuly minimize of cave her since lis

not convex w.rt 0. But his is an dien.



⑦

SiGradiat Descentalgo:

k =1,2, . .., T firme steps.

attime k tel a fresh sample from

training set (Xx, 2x) and update

&"=0" +d4(yx,x,;&")

where of (yp, x;&") is an

·mistochasticgradient"in the rence et

1(Do&(2x, xx ;0"))
<Xx, Yx)

=La E (y, x,e

=4Rx(d) (gradiat I true risk)



⑱

This can be interpreted as run SOD an

empirial rick L, (8) =1Een ide
with a mini-batch ofsize I ateach time slep.

-

autrefredict.i=(Fi,e
we have

22:24x,xxif) =42i(2x - (xx,2))2

=422x -(. +bie
=2(2x -1,9(wj. +5j)). Tailainsi



⑤

TheSOD update one thus fa each

K =1...T and i<1---N:

1Merci
en

Mos explicity me upckle for each k the Wi, ei, bi:

k+1

wi
=

m?_(Fratset↳-(wi+b)
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The lizaharenisDeantenne dece
te have ena/risk:

RCS =Eg (2 - Hair(wixxsil)
where (4) ~ & is the now sample prevented

Grat in taining ret).

Rr(0) =ElyY - I [yEar(wi. x +:)]

- (E,gig(wix +bi)(wi.x +bi

=ECY - *(eair(wix+il]
-

=>V(di)=V(wi, 9i, si)

-Etbien
,
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So

Ra c) =icy2) - (8)+Wid

S
S

V(0) = - Eg [yau(w. x + 31] 0
=4,2,3)

-

~10 al =[au(w. +3) auw'* +b']

0 =(y,c,3)0=(w!,c,b)

We will non discum aastem"interprete
of Pr (8) and ReyofSGD. This interpretation

allow to take inspiration from the field
-

sin physics to analyse the N+78 limit

ofthe Nos by No's (D fixed).



⑫

-desystem interpretation.

· RiLE) is the energy fat ofa system

ofN particles of posities 1, &n --.&lt

/Reste
· VIE extend polential evesy feltby a

particle atperitic &(3.8 gravity relation,
electric ratehel, ---)

· UCII's to body interaction retential felt

by two penticle ofpositions & &&".

Here all particle intenantwith a strength ofondent
epains

this allows to use Meanfield Methods /anelson10Curie-Weiss

Modelin Spir cystand



⑬

· SD:is a kind of dynamics in

discute tire steps of the system ofparticle.

· SGD can be rewritten as:

= 4e EraiN(?.!

- EiN(wes:ajar(web;

where a =20k

Now the left hand vide is a "retim"
and

E(?) = -(wcoXx, YK

potential feltby particle i due
↳o externel pat& all intranties attimek.

=- Btenlicl=E
-

-dampeddynamics



⑬

·eanField Theory developed next

Time:

All equations above can be expered by introducing

an empirical particle density ofLime K.

Icos =-Id=-?
Ni=1

In the limit N - +8 we fet a continuous

particle density ofcontinua time t:

I,"(0) +g (0,t)

and SGD equations become a PDEfar

500 (0, t).This PDEis often called the

Vasor - Makeam equalia. Itinvolve a single density

I(0,t) and potential V(&) +fdd'Uld,d' f(0,t)
can the "Mean field Blenhial"".

R .



⑮
· In a mutshell:in the continuum limit

we have a "flaid"with 915,5) and

wifield (0,) =- 24(d;g(0,t)

4 (0;g(0,t))=V(0) + fddvd,d' 910!t)

.Gofman imposes thecontinuity equalie:

Io9(,t) +1 (918,t2 (8,g(,t =o

[this is the continuam lime limit ofS2D).

.
True risk becames a functional of I (0,5):

R(g)=(d0 VIOg (8,1) + ( dofdd' 10,6
· f(9+g(0!z)

. The PDE above can be reinterpreted as the soluble

of a suitable vanictional problem-salleanalysis.


