P/mmima, Matfeé, Universq,&'#v
awnd RouaL\ Paths

FrancEsco CARAVENNA

vaive\rsf{'j a} Hi@mc - B 1coCcas

QHEIN - MAIN~ KOLLOQU(UH gTOCHASTl K

DARMSTADT 9 FER 2018



. ( r)
° V&Wﬂ P((’,M{mc\r ) g@\/\/ hWew (‘63‘\)0,#&
® M&(simlka\_mo C\‘UlOiV\Q,M/; , C—ioﬁ;% COWM:
* DISORDER RELEVANCE & SINGULAR PDEs

(Rom%ggmcz Suw) NiKag Zﬁ%oumsv



1. |nTRODUCTION AND RESOLTS



OUR E QUAT!ION

. F,‘x H e (olii) ‘ Tiw\e, (v\\‘ervo»Q [0,1]_
A Sim}qu\\r V\QVV\QQ Ott = _g_:__ /ﬂ[o(t) (1 c LZ)

+ Que eolocmj(.ow ?w Z: [0,4] = [K

1

@ Eb = 1o« g L C\t-m AW% té [0,1]
0
W = (V\l"')mefo,i] E(OWV\.\O»\/\ wialiown

. AXXI'\AQ, 6(1‘U0»1~[OV\ ~—P ExPQic{‘l' SOQ\)'\—;OV\ (Picmrch 3+c,wcd’iav\)

) ()

T T

11
Z= Lt &o Tt e > gu So 13—'11{"5 i st f




Qur. GaaL

‘ Cm've; o vobost (L\ij(\,\w;w“) V\Mﬁw\i"\"& to &S

® g

1

1+ SO Eq O]t—rt, JW‘L

1\

—_—

- 1 + Jt(Z)

FO{ N zive\/\ ’|>o»+1/\ we C 1 (Je{'erw\lb\ig{hc '.)

)
1)
XC

L = jt(l) = So olt-"t olw,L 'S C@v\owlcoy\-o,j JQ%W\QJ\

. ) .
< PROBLEM: Inl?)\/\u ovdex Tevwns XCE with N22 are NOT cANONMICAL

I\]e,eci 1’0 ne,nsf‘io(’\“ H/LL matJe w1 wone ‘lV\%O\f'W\O\:\,l‘QV\ me_eckg,d\



MAIN RES\)LT'

%b:1+5tcv&) @

1

e Recall +Hhak x(;): SO L dwy s Cmmowico«% c\Q%iMJ\

({'.-fz.)i?,'H

t

—_— ) .

_|_7HE QREE F(K H > %’(’- ”DngMI ‘Lt :S XS:-) J\\I\J,L (vum Ca.vxowico.Q‘.)
0

—
. l

hew J(2) is CANONI CALLY 42&/'\\/\&& gow o wide Spoce a%, Zz
o (V\ ‘H/\iS Slgo\c_gj one, Con SOQ'V“{, O

"ENRICHED No1SE”

T .
o “M. so\uhom Z 1S o ConNTINUOLS &,w\c{'fo\/\ 6\% ("";1)

* _rOD MOM ?or RE GUULARITY STRUCTURES



2. P[NNlN& MoDEL



BE§SEL )ZA-NDOH \/\/A-LK (K Alexg;,v\c‘e()

%_('Ji} E[SV\H\ Sm:x] o %‘,
N
2 (1+£)
o Plra-x) ~ 2
%+ H
2
=K n
+ He (o) g
c

e RENEWAL FUNCTIoN U, = P(S. =0) ~




DisorpER

« D = (CJV‘)‘AG‘N I.I.D.) .Qa»w Ip
M S

o E[od=0  Varfo]=1

o r)({a) = fio% E[G,ﬁle FINITE

— N fam fa o\ A A\ yay
\ o \ov) o o>

) \oJ

\K_\J

wn = M) +
o REWARDS /FENA(,T(F;S @ * ¥

/) 29, DelR

) E[prw-’xmh&“( 3 61&



Pinnine ModeL

. Fix (\IeIN} (520 , -E\GIR/ o +3F;CAQ, mmﬂ,{}a\{‘\“ov\ a%s (N)

) 2 (Gwﬂm({sw&) Tis,=o3
Zn
LaALRED of zovo (<)

° BQ,\I\OVV]QF pg, P[\L; oS l\‘-‘)C/Q
DELOCALIZED O\\,Jm:) %m\"” &RN0 (8\ >J2‘c((”\>

W

o DISORDER. S RELEVANT : oy g,’,(eal >0 \ra\o\rlc,@% J\Lg%gm’v %\mm (5:0

H> 0 ]



\z\/(-:Am DISOQDE& AND CONTINUUH Lamur

. D(SO%E& RELEVANCE < QJnKeJ To e e xisTance, o%/ CoNT nuum LIMITS

- N
2> W= ANp)+ T 1 L= 0
c (proa-npen) Tis 208

o« PART\TIad FUNCTION Z,\) = 6/”1

—

|lHEORE M (C ) Suu ) zboz,oordxs )

Fi)& «R\EO ( ov S'\u\/\f) ) (5 ()N_ 1 _ RQ,\J%\fS‘Q, 8;‘ ::OQN-,L T*Q/»@\,\

—_—

NH
W ) . .
(sz >be[0.ﬂ > (zt)te[".ﬂ in Clrem)

N— o0




Porvvomiar CHaos

i N
) 2 Wy - MTic .o o = A
Z :EL@ = (o) Bs. BJ v = e’ > —2

N
||

w=1

= E[ {1 ¥ ﬁVLm -ﬂignzoggJ HE[VL{[:QJ Wae [va] = 1

N
=1+ 2 (Y P(Sw=0) + O n vlvamP(Smro, 5.,\=0> + oL

"=l lsmaensgN
1 1
1—*"'\ A 1 _
n <« VV\E—H (n—m)_i— H
1
:\_)1 + 1 J\l\/ + Xg L o{l/\/q_ahf\/g + ...
1A T 1 1
= 2R (5—1)1 H
O Q<ct<sS<ct



GenerAL CoNSIDERATIONS

o [he [ast S_h’-lo o»r()mmmfres MULTI -LINERR  POLYNQM|ALS ogf ANY avdec wiHy

MULTIPLE WENER INTEGRALS ~~— [NPEPENDENCE q&_ He q/v\ s used

)
° ZNE solves aﬁamﬂiw\mﬁ% ouR, DIFFERENTIAL EQUATION @

o0

W @ (w) (M)
ZNt S 1 + go Z’N"b G\t-r(, JW"L
w\/\em W —_-_4;{’]}1— ‘1/7'+°"+‘,LN‘91

« )
° \/\IE, Q%FQC{' H’\«O\:Jr ZNb \S ox(bfm&. a ConTinNUE BUNCTION 635' W(N o«wo\

-t 2

[\\%,fH L smcne NG (V\‘W\)‘?:




Resulss For PinninGg MobEL

CONjECTU(EE_. Assome Haat H e (% %)

Ig (W(NJ/I(N)> o{N("') >(WJI) ) ‘\’Q,\e.vs (Zﬁk)(\liT(%’b)

AV

° Cov\ve.\rz,c,v\c.{ o%, (W(NJ/ I(N)> \/\OLGAS W\ucl/\ ‘Oet)ova I\,\J\.QFQMGLQM’\' Vl/m

~~— UNIVERSAL\TY

o« ton He (0, 4&} o FIN|TE NURRER a% statistics

|D€‘30V\<)\ \,\l(N)w\/\c)\ -_\/..(N) S\I\OUQO\ b(’, \f‘eQJQNO\/\k- (W’&? SINGULAR VD€S>

e The cose, H=0 S MARGINAL / CRITICAL ...



3. Rovgn PatHs



Our Ea@uaTion

. Alﬁ IX(UV\cHomJ wfu g(’, (M&M@A o~ [94] .

o Holdev 5p AL C(}(: g jﬁ: [en) > IR lj’b-gs\sC\t—sI“j

- P,

e FIX o~ loo\‘H'\ n & C%‘

0o

*) Ze:i*{zm fq A0

0

A}

¥ 1
1+ L) 2q — d o
(b-n)2

H..
ROUGH: Z € C SMOOTH  BUT DIVERGES AS =%



ContRouED Farhs (M. Gubine £0.)

cFix < pea) Toke 46w o Lo (T

. DEF;NW"LQ_(\/_ DA Ccm_}fa«@@ed ,aj 4 (%rovfg\/\&) '%
J{Z‘t‘ g‘s - %s (%:_}5) + O({E—S)OH—P)

U/I/\Cfe,mel/lfs C)g f» e M']‘ wovst, Houq TLL\OS(’. an cg, "

° KEY EXA-HPLE ’e\'l:: g(gth) ‘.S CQV\+@€Q@J ED Cgt y }0( @S!MQO‘)'&




Yoone [NTEGRAL

° F{x XGCO(/ WeCﬂ with )°(+[3>:L

¢ CANONICAL DEFIN| T(0N c\%/ 'H‘Q. l.vx{.’egmxﬂz
_ t
I, = [ dw, e C"

o

= L ) Ko (We,, =, )

[T[~0 tieT

o CHAKACT'E"K)?:W& PRQPERTY : L s ngrroQ(ead BZ) w 'Hf\rovgl\ X

Io-TIs = %, (we-wy) + O(1t-s[TF)



RovaH Pats (T Lyous )

o For Jo(+/3<1 , NO CANQM(CAL DEFINITION oj J’xq dw,

Ex: /'{‘0 VAW 5+\/0L1—OMV|'C[‘L A?or Xeq = Wa

]

’ SOLUTION= ud%oose,” Xb =S X,LJw,Le C(B QS a,w:j loog{”lq SQHS%Z)NB“

0
To-Ts = X, (We-ws) + O(It‘510<+(5) X Wi ¢

> Exis‘l‘emcc 0K 2 NOV\ uu\iquwess 0K

t
— (! ))
. | = Ee,mauivw\e\r st,t = It_Is - XS(VJ;;-WSB = L (X‘L_XSS dwo,

st,t = O(l’c—sloﬁp)
st,t - (st,u‘i‘ qu,t> = (Xu‘xs\(we‘WUB (CHE‘NB



Rougr INTEGRAL

u

> X
1
-
)
Jl
I
Y
J e

~Agsd\m€ wow m bot 2°(+/5>11_(

t
L = So X..bakl/\lfb

o CInOOSQ, 50\“( go\,\/ou\ri\'h L

© ROUGH (NTEGRAL . [hee /¢ & CANONICAL DEFINITION q!Z j%‘t dw,

for o wide fass ze Dx l’q*,;“:o G%\T {?ﬂo; (W, -th + By, X\\'\/t-t&
r -ef ~tl ~ ALar

Dx = PGJHflS z € CO( Cow*ra@eea‘l ‘o\\j X E Ccv
{ (2,2) € C* x - L2 = 2% (Xt‘Xs) + Q(H:—Slzq)z

—
—

(nlf\f 1S +L\€/ S[Dax(,(’/ V\f,/\{\fe ) wi solve ouv eclwd—.'o\,‘ @)



SIN&ULA@ KE‘!ZNEL (Ha»'mew)

v F vemoome to inbroduce. a SINGUAR KERWEL

ﬂq, Z (2" klo(rL ’

1
| "3 0 él"l-|$z;,§

SMooTH

|Ht0[261"\ /’\S‘S‘\)W\g H/La\:\‘ ¥ < /L \,que,\pe_/ w € C(S
T\/\LV\ ’HI\-Q,(Y, T CU\N\,QV\ICﬁ\Q C_\(%,“N'\‘m\,\ c%{

(9]

Jo @) = S%m Ip.q A Jor ll 2],

0

| sedh Tk Jo(2) e cr

LoSS of REGULARITY |



a4, ROBUST ANALYSIS OF OuR EQUA-TlON



Back 1o our Equatiow

0 1s = ii..H jl{:> 03
@ g, = 1 ¢ S e Jt-n dwq >t
0 1
we C2
= 1+ J, () )
H_
1. DQ%'\V\Q, X € C Co\,vxom.cn\QQ,«_/) bj

_ b )
C,‘/\OOS'(, —Lb =( &0 Xa 6\"\";_] (VMV\ CvaQ\aICa/Q-)) ea[u‘-\/quM'k'Qto

- . .
st,h = &5 (xeXx ) dwe = O(\t—s\H+?-) +  (cHen)



T

orPoLo&IES

¢ ENRICHED NolSE  (w, XW )

I\Wl\l_ T= S‘UF ,V\[t-wfl
> oss<tst  (6-slET
KXW ¢
[ &(\(J”Hﬂ“ = SUP | s L1
z Qg s<ksA \b—Sthi‘

o CONTRQLLEDN PATHS

D= {(22): 2-2. = 2 (hexe) + 00w )}

R
. €5k
“%“Dx = I W2y



Maww ResuLT

1\

0
@ &y i+ So e 9Jt-n dwq

- 1 + Jt(Z)

® THEOR€M /'\ffuw\e, H e (’”15('1)-

]:[)s (w) %W_) and X as m\oon,,

> jb(?:ﬁ .5 CGW\OV\?C‘NQQB JQ%JMJ\ %C\f‘ L ze Dx-
quo\/vg,\f ih o\x%,}w o~ Co\n’krogﬁea\ Poc\’Q« witd, jtl(%): ¢y .

S Tﬂ\g M\o 2 41+ J@E) (§ o C_OV\%{'G\C\—iOV\ on Dx gof SL\of{' Tiwe,

» T\/\we e)aisjfs o~ uv\iﬁ\m sadotion 2 =14+ J@) Q% @

w Wi a JQPQMJ\S countinooosly e The enridhed noise (w, XW ) .



ConcrLu<ionNS

o - dimensional s)rac\/\asjrfc ao‘uaﬂ‘.'ov\/ w0 vovke d \o> PINNIN (x

o Robust o\,U\axQDSI'S %or He (21; é) (w esfend T, He (O'ED

2

o Rooz\/\ Pords Tec,\nv\;o[uu + ideas X,mm Rezroflwfijrﬁ Steo Fores

¢ UH,;"‘"O""@ %OG»Q- (olremm?>: t:us‘/\ +I’\€, &WQQDSiS TC) H=0



Danke



