CIMAT, Danuapy

2BZ0

Geome tyvic C@m(]/@xéls M ajﬂ,ﬂ/fé& /Fo_m/vq;[
I = g7

I. Vsedoris ’@1'05 C'om'oléxéj
LIl Medde thickeuings
Bocsuk = Dlayn #};mems
I Viedoris /ﬁigs (mnp/flxés
First Mked N |
: SAIE .
EOCES/ / \W
Def [|Tor K& fR ard >0 | Qof For X 2 i Space
e Cedn {Mbém/caw/e nm,1 20, the Vigdoers- Ry
é(Xr) lnag SW/)’/L‘A CBVAO/P)( VROG ) has
ol|lvesey seb X @ \vfg{-l—@)( Set )<
. éx,,x. )(;,,71 as o §a«p’€x A ?Xn,)( )(loZL As A §7m()/€)r
Whon 1h m == /é. wlqg/;q fIA/ImP-l@//{Yo .,xﬁ)élg

Ttsa Clige o oy sw)ml OmAex

A&vae Na{v@ Q/h’mwl

Dissdvastage * Mo nerve lewma,

W1 67 ool
ﬂ\sa&mH ga)[ T u | ; ' C
CmnmJ( q%.» Xe R with | Used Vp/aolﬁc& for this
N (ﬂhf% 0, rlasen .




”pr%enés Simepson "

Lok X ond Y bo %Dpoomm)/ﬂ?aces.
“They're L\OW]V’OW)WQZ’?]C /X ’“Y) an

lberpi= 0 & Y
Exl] OZ @& bt O=O
?rvvo Xy = X & ¥ |
| e 2\ ) P i
Dl e = YT e §
e T | o
N

(=t =t =t =iy

Fx 9‘9@ of  donet pand coffee csp {w,% no hm//e)
I/

Véf\/& )@mﬂmi T uou l’mv@ g C0 Hﬁ o*] Bn 01‘ Vi enough !
7 v

Seds  w which  all nlesecions ape.  oiflher

@/\m{?”\/. e (onhacdible  Vlen {he werve

ot e sete 15 o rwo40|ﬂ\// ﬂﬂ\Uw valend 4o her v o/,

-2

JE Nerve & VP H
"

0 evma
nnn) e( 3

Se¢ L Nerve

doesn'tapp Ij




i W

g’mm '1M@(SQ/C'1L38/?5 OL )001’(4 Al @mf{\; o (mrbﬁzbb!; )
Ma_p oL\t ]&mm@ Sl S o Cecln Covplex

v

(m nerve. ot Wmf(s) (¢ o~ 1o e Unjisn o~ /%Z),S.Z

Rocomgoection rosits Lor_Viekors— Bips_omglexes s |

(Lm“‘fohe\/ 2&7) Tor M 4 Loyt @'\@manmaw

[}
i ol ard T>0 S“trrf—'fch/ Sth“ =2 >0

st f Aru/X/ <5 %% \/IZ/X;,r)zyM.

G Oma - Hdw(on“ ¢

/.\

c“’
p. 4 //" Eoll

-

c -

=
/\/\&‘xﬁf‘c‘ff(ﬂ -
LS e
e

quo —otdzne wolecde (o Hig

A]aﬂlom]{ \/an&*/'w ot o@ﬂrej A

(/VIW«LM /mm«m Com"éms \WJtzon 20/03

24=3. 3
r A

B rnrhoné %y >

Moweduss " 1c Klem botlle [T N\
7




[Clyzal_de Slia_Oudot 2013)

/\/le (}/?/ mnp,[m QO/AcﬂC 1’)6?\/?
nesdi percislal bonatoyse (OH) harcoles

pH 94 VQ(\X;F) 22 VEMI‘,;)

C_gnggéw As o ddaset X (o le 1o a4 mparlold
[qu 6 Wase Gmmv/)’/f Wa Ammm) e PH of

\/@( Xk ) Lopieiges to Mot of I/W /W r‘>

Quedion et 1¢ the PH of VRIM ) for M
. swple wenitold, Sul ac g  ciele
h..qv,oherp/ 28 tose 7




@ackocound on Spheres 0SS golylopss o [ wedge Sumg

.

I
K

T bl ve S ?xe/fz"“/ Jlate lely—z5? €4 {

/
e wsgoe s _ @l S eR™ | U,

- . oL [ S3
e e
pobue oot | (7 % /
T §so / e 00 e O _-T”
gehyre 2 . { HSSS Y fos
R° | < r ; S ’7/LTK3

I

P 6 the Union of Jwe  <olid  doy

/ \
=7

y/m ‘oo
S T= ]

=7

3
N

S* = 9D = 2 [0 1t )=(a0%x D% v (0% < 20*)

= (¢ D )v [ =5")

Solid Solid
e 1 dorg

/%I{ 4 C&!’é/é ‘mﬂ l(éf@nvc 4 H@éﬁmﬂﬁ QQLJQ’:{MF]{ ot §3:
Ao G241 =[S D2) y (D)

A abma alon



'D?‘f‘ ’ﬂg (w«) Avnsional Cyogs — ;Oo)uflv{)e Y

Cm = 5 eR™ | = |x)t ... <] 247

= Ca‘nv@me” /Z'f'e— ; ’f'ﬁo oo +@m+1?>

N/ 7

AR 12/

Tis bn\mlamj/l QM = ?xé/?”*') I/Q//;"‘i/%

 Delas?|  Detes dC3 = 5°

&z /1

Didvre | co—t—2> A g )
1 = t e, () :
e } 7 //
“

NOE€/ DCM\ ~ BDMI = SH

%_ Given  twe Qﬁﬁcp,( X gl y /ﬂ)ﬂﬁ“ widpe.

Sum X 3/ ¢ Aoamed b gl X A:J

/

L4

Y dogeler ab o swle gwd
Vi t |

B X= (oo Y= Ael= DN

T 1S vSe = (Owe)

Ex Sty 62 = %
_ 0

By [[$vsvst= B %= G5 S e




IS s #wle with @ot@%;c medric,  Wnit aircmmfereme,

/ﬂ,\m SZI«H 1# < I-H
~ . 2.0“'" r 2«?‘!’3
b, VRO ogae [ BTN D o ey
dows 24+
29|F || \/msz- : e
‘ ‘ ( (( 9{1
{ ‘ & '((S;;::S-/} g
:\ S_; ( 5 }(‘—} jOaa; %
S ' | t
. frry f {
i I |
P & Y3 % ¥r WM A

Onl tonpeded non-conbractible. manifold with a’ VR hvwk;y {W@ Kingwon,
Whj care? S%abi Hj fﬁevr(/m -

ST D DT

\V
S“’"«S'

.P\I:O\‘ﬂ[ CDML'MHTMMJ (Ca'\hik/ l/mmahﬂy ,Lo/.fmi"%;)
i C(S';r) reqime _when Nerve ’ewma ﬁd’/S
||® How do we. ”ﬂ[ﬁX\,\ \/oosz"} E——
AWS"\/% 4-_,__ < wskd of £ Answer 7 Mekyic ’”/'761@1‘“75
— (next Yime)



Yoview Loom  lach  Lime

o || Noxve lemms {or [ ech (M]ﬂk((

s UPor X a vebiit Shit oed >0, Vie(X )= {(c ,}.M[er)frz.

: /]/'hm (L&x"é{ by 2&7() Wﬁar M 4 éﬁﬁ‘?ﬁcf K.@égn{aﬂ mé/gz
and r>0) gvéé(;m»Hvx S‘Vnal 4 050 st o

dew(X m)eS Y VX () 2 M

S - T LS N, -
¢ 4 . ,‘ .\ = . = . (_ . ~rr" =8 "(
\ N come N Y N ‘\Q/-;l <
\/\/‘\ i & ‘1\ a8 ti(c. o <
7 Vi - e l¥ o N « - (‘,
© — - - ><
A8 Ny N r -~ = Bl o
v N \ / i LTS
.

—Versiong _4or M pon-mprtold QO

— Tweareltial  quarantess mw,(j, hold i rﬁm,ﬂfe.

Vi
Mo 60mﬁ Wiy 1o chooce. X .
[\/Wﬂﬂ L Sl (ogen) unkingura) o &

—

* |l in ‘OfZ((fLiLé/ tolks oshwmile Hx\/ﬂ/‘) o PH*/(VQ(\X;HI)

H1 = HJ 41 V‘\vll:?‘( weg§

W velo) o, | e——

/ \/
Tgnare
Ho =
_.;
AIW remamb(p Wzo/f/l Slfrou,() o HoS x 7" x

vy /'0’\@9#14{’ Lol Yo =0 ) vosns G ¥ 1215‘25% 2!

¢ || Meltgmslical agscbonty e As X>mM P, [yplsc )= PH (VR (M

Datlz- ‘sw/nfw% puckihone s emprte !

A/\Mn [ ﬂo L H&J- AMJ/)/:L:ML QX‘QﬂJ—‘@Y 'ALQ'
u\

e e el Ve N4, XY Lo N o Y A



I. M&{:ra(, F@cOnS“’Wl(J:‘Dn ViA O()%Mwa) {mmpur-/;
Jom% with  Michgl V Adpwaszek  and _k/ormn Erick

>( medec space, =0,
Def Me Viedoris - Rips smplicial — complex VZ(X f) }MS
L0 vertex ser X

| ® S.mr)éx 5% Xy, ace Z;a X W)';én &(lﬂn—\({%o, 2 ’%n{)
Q) o ‘ I.gme or -\L’At Smf')u_,(l (omF

H‘SJ:W‘V)_ Leopou \/@er‘;s Col'.omo‘oij ‘u.ear,yv,,fk-r meyic Spaces
.(lll years ol&) ¢ yecovers (V.eol/) Lohvaj/ e X Cbmpac-l'
H V\é:\*Drxf l'rovw[og)( 15 Counlerpart ‘l:b

| Alespvde v - Sflfmer wWhowmoloyy’
;I.lm ‘2'&05 ! é"eome}r)c qmw quo
0= ln c’zrkl)u, AMMP
o R [T et grip of)fvar fr 245
(H&%Mamn HC(5)
M Compact Riemangion mavidold.

Mhon. 362D suck, bhat v;z(m m.m Vrer, |
Sketchh VR(M: ()

T

v M‘t Cavioni Qk)

__ | -~ 7 VRl ) vk tonbans
Thwm (La)fx%e,v 200L) M, v as above.

\7‘P<Po 35\>O SMLL ‘!:LI/A' e LQgH XM)<5 ‘Hl@n VR(X 4 N/V[

KA
M g/ Ao S
EX C (/‘O ot:leIe, VWO)(?LM!& CQHlé S
(/V\c?rl:m /l’\mpsm Co s 0 Wedson 200) "

Stability " Ag (PHVR(X;-), PHERDS)) £ 2+ dep () [k Yom)



10

- \\ ’)
O ~ 0~ wxia
Mé}ricsyawM XEM

WMehrizabde & /omlly Enite

DmL Xme,}m space, 120, The Viedoris—Rips %ukenw is

ALz0 ZAL=
e,c()wfpe& with  the L-Wasserstein melric.,
Think of x; uag 8;(;, — 8 DYac g—meaqwe,

VR X5r) = { Six | RV, mex; Am({%, BdEr, Z
P

A hs, S, ) =, inf 2 i )
| 015208, Fpiehi, oA

A Mﬁk&@. or bzmﬂa" flan s a So:wd” pd. ;. with Yien rfnrj‘)m)s,

~Bop VR"0Gr) b an r-thikeany of X.
~ Exends pedric en X, gud A(X VR™(X;n) £1;

Gromov a-}uo&e& % W cage X o(u'crd-e.



)

D 'M Lomglete. Kizisaniiing mam',ﬁglcg o) satisfies

balls of rading v, 5/&700@94,,”“ conpveX

e v.< & e /K qon—.M‘ (mruﬁ-bwes)
Then  VR®(Mir) ¥ M for  rery .

r) AL %

JECenll \, v AV
03 A ) S

___—_.Jc‘wﬁa.f__)ﬂﬁmﬁzpﬁ,&__(d\mlw ot meﬂcures/)

Rmk VR™ (' ’—'5) SS

The \/E’“/Q”' Jee § 57 rev
5 > Spled) r=r
Q(Mwmww/ﬂf 4 {2 \/A‘
| =3
A’nn ~alwnna amuo (YU‘ZA’IW\ Gumn;e;l-neS mﬁ AM')
‘ wm/cn o, - ‘)m n, m-leﬂﬁ %‘ﬂ U Ahﬂ :[m—f}
= ¢ C(5) v C(sn)x e T
= "y gl

Quationg | @ La-me{‘ r?  Lovdsz' Strongly - self-lual ,eolmlmes

e oa@ mariolds T VR(L” m,,)_ﬁm VR (eligse)

o Fr S < 3
=% —r—vg}vl—s*
® M orse ‘H‘eom /Mamz BQH— -erom = ’

e Rllf\hmlk Al;‘z!‘k Q{bd@ﬁ‘ i;b{igk"ljl@m @F& :Iégaggms
7

WR. 2= VRS
Alop)iei %0'00105:3; AATRN %ma{FYOMTmbe

lz.S!.




|| Borsuk— U)‘am hen rems

’So]n{’ With jol'\“aﬂrﬁh_g_hf_}‘? Q,WMQHM__EULK__

E)n_(‘(mk——\

Lo Wi B 58 5“—-)&2" ae$" it €6)= {-2)

lts)

=]
/RN

T
e p— |

N VYL

1]

”Exa/”g %V\A"‘G‘ﬁ&il So n__Sin )ﬁV ’/:prf '

Waiek A

4%_@!4@ /1’1] w_ For »C <n__>Rao with GU-‘:V),

amerz“v ;ma_mw»f—'( o) = \o|

'téjtmb‘eml "% cg"
@ ji‘j

_C_jmﬁm‘r_ﬂ__ns_f%@e: Lok SR b e
vestecliom of o QYD\CL""SV‘ IR'”’ ’K‘L

F)a@(( of ‘F nre (na\ ‘M‘:&A( /ﬁr mm‘s) e JW%J»
of _whiclk s €a/1a&fa’

- @Lﬂfﬂ i3 gaey A cmpenl fete st e

W I (a) ’
|So()&mw\p—\'r ( Mﬂaual}u on $oheres Savﬂ‘ nf U ¢ §h

}/mg val, (u): = \/')‘ /C“) Unpm’ J/J)l,HJDU) /Q" ’)




5

Choose g\)éﬂi so that  wel, /ff»es"};azJ V= vol, (7))

Mpﬂm&%i_@wsﬂ«< Vol S'(w)?. (Q""):

Pmmﬁ foc_4.22 15 hoard

o Libess y:-. J@agy dyvide. S o 241305

ot cleer which 561,}(% do__lpok a'z

* 4w mrL;M![7 Ig‘r#g' Moadkion" of Mo Libews con be

f,\.'rlo}l{mrz}(j va,.“/ L..))m’/‘{n [f,m"z( L\_a\a{)&n 7@{ %=/-

Mm;m'ﬁny A% 2

MMl s;,,(é,aec_/ /00 229 04?1(
S)ﬂ‘&(‘[’ Qroof Y].)g/l'QLn/A'/L) Covctunt Oyormov W?? '

15, )0&%?4—0(_ Mé@ vality

B_Q(SJ’ U'am ()moﬂ fm\wv 2()03 QLporrﬂ [61')("/“@/14"

Ol Wiope {gﬂa 29y

/ i OJMMLMMM_M?JMM

H/m_u__aﬂ,zz{ ax)m—fz (J&gy@ ’Mpanj>_




! _
g £

Rask e ast woauslibe 5w closelu connecleld
A /— J P s, oo’ GO0

Lo Jdomlogy, J:]!,,.',. 15 J/ CousSu ’1& ',53‘252£4Mgﬁc me(émgh:é;,

& B e 7 R g 7 .

\Oue sl serson iy i€ i tle it wegualih,

'}mlné( lv(/o})q (/,.} v\w/n/mrﬂ ot J;WQOH

| R%zRY & %Thm‘

' v

=
'/LAQJLM‘ Owot b R‘L \0{- [R(b\(l"’ = gab
[ A 7H$/<%)~Hk/s%‘)
=) (=4,
K} U
ik ine Qreot | et 4, '>q.,
S e RP—E— R*
\ /
\
_5.:!101__
| Inewe 2 Libees of | are (n-g')-diw| spheces,
h M\PA.W =2 fibos of 4 Are. al(o (m%_u_L_SFIn_ér_?S__
V\)/\H/I \/0)'ml = O ( S M n=4, '< VI'%)_'_

/‘l’?'\ﬁ (mirrﬂj:(% e gt Mé/ﬁmr“‘\&;

Q\Aamh" vl %OQO}‘JGL\L./ 15 & ' l/h]’{'" Orld «

A

Congders pok g;lgj AMS:NG/ hd aka S12€5 {\/Jlmmfc JiMzhs,-
}erM/’S m/u /

/Mm?? O’L ‘S {\Ovm ’)7»’( \AVM_é

Yeo \g ;,Q(//Lﬂﬂ ~J~o D@{ S16H - howia /aa \/ M[)’/«( {91”}‘741 4o



X7 v
& R
A
Xo >
N o =7 ~

) | 7/' 2
S R

T

Ni

S l

BV\WQ IVH‘U IR §° Wﬁo’kS ek’ RZk‘H

~HCal

a7 l[(

Wiw (A Buch, £ak Z070) Tor |51 S' > R™ |

R(S's¥)

‘H’\@r& pxicks g set éxg it - e

Naogt /(—;f—% ?um(a Lz@—\(-' )

7/\; £0a) = 5 A £lor),
X /

Conex  ombyubss m R

e AR / ,
Nl S T e =\ Tk 2

VA
2 —F
*?(9)= \/ro<9, S’mgl /@539/) > J

(il 1?3

=) T

M j;n Lo vmn'or exawp/é nto NE? e, h&o@ a

Circle's oA of Qlindpon s \/‘ijum. 4 e ?/)}

14/? A s é,r/,,?d;./c _mto JIEB/ Yot vodinces Jomnn

to 4 ij le calution




16

M N, ?L-Yy AMVMV{ byn:ﬂjs are < _'Zl_—e
Xa /'\L/w
Fo i @ = = gﬁu
X\==Xo
S end &
Dods oy g f 8 s e
diameter lound | O /O 2N /% /2/5’ /3/?/3/7‘

?mk % ]gamm,k on dinmeler  ape o‘;lo%ﬂw/.} 174

al _dwensers., To  Joe. At Me.  Can't

be mprovell, (so<idocs  a Huncatna  of

te 1/1//4{) 4(9);-’ (/0( 9/ CM@/ mg?@ nggl £A(59,,¢.h§9/..,\

/
(

Vol skelch

g\ ,F RZK.H

1w /[1/{//5

67_!(—4 Y VKW/S‘} 'Z}f') £ . sztu;

v o
S, I > Zh $(x)
som o yglors
) ™ ”(ciuri
o7
- . g

9

A“p'n@ tHe shundnd bacok -lim eorem 1o oot

k d

ppligodl ponts i S e VRM(S ZT)
Nollidy o, RX O )

2Aix¢ a, S Al ) Diameter ot most Zexl




|+

Ruk A Ay %mm%m/ fmnp/—/\vﬁw of- VR /S(M“)

mrno/C//é S0 fﬁoe( M,-L anau///\lo{/, G(MMQ% O~ 'ﬂr@

(oJmeM Le  Barsn\c = Yldm %\7,12{, NNt aetnzs.’

[Tsame bowd ke R ]

Mhw [ Gch, Tk 2070) For §: S"—R™

’U/‘&yﬁ &kag 4 Stk 2% Yy, oo —{ ot J;awl&r

ok mock I Such 1%//1-(— 7/] {/X) Z)L%’XL).

Vool skelh
IS RM™ v e

/N

M@L’w% Snﬂ é L VR'"”(Q"; fn) _,_‘2_97,210—('2

n+2

R\&MMQ: @mmk Vlam Mﬂ/,éc not mlm fo srM2__S[R

Dt also ¥ M;/ Y—"*ﬂ?"“‘l with >/ /wﬂ)%zmhcu‘ét( a

DMW\PJZ( l’mmmﬁ 5}""‘(}7: /%mgf/ﬂ,( SMC"”:’D?'H[QHZM%Z.

. ka+2n-(
,R\mk ((r() )/mw w5180 —@-{“ —C: SYW {J%)P‘z o

lA/\/h’\ hrmﬁ_h:;qa_mm )7’)Vm/

(7@ Loy 3rea¥ Groles of

\

\_/lg_ /Mt/b/, FWA%% A%of/[zon"

° —R)’)ef lf)unn// 4@( f'AAY/‘//J@(‘ 4"/[ )a((f §

. g""lﬂ‘ﬁﬂ)"Wh"’M/M r’AC§ FMJ_PAY‘ O/ﬁ((

‘(D m\,f G\vxol\M & rloqém,f rama,(ﬁ [Vzmv\m @mﬂ&( M/)g\




