RECOVERING SPACETIME TOPOLOGY

FROM A cavSA( SET

SUMATI SURYA,

RAMAN RECEARCH (NSTITUE

I coLLaBOoRATION WITH

SETH MATIOR L DaAvID RIDEODULT

LOoOPrSsS ‘085 .



THE CONTINUVOM APPROXIMATION :

/§ f/& . I
Xi P/
4X‘\f\/\\

Ca A m Spacetme (M) 9)
A 'E‘A, , el , -

S C—a+ ™M isa FAITHEUL EMREDDIN G Y

ti) FParhal evder wn C —pcomsad order w~ Plec)
w-r. €. 3

v Pled  axe rar\doMLj dish- buted m(ma‘a)
ot some dewsihy V', wilte Wigh probabkil,

Peoisson dieh b o
R(n)= e M Mved

N
°

<n7 = -‘-{- 5 S = V‘/\,C, dEU‘uOd\-O—\»

Ve
TS Ulome of  spacehiae # ordenuad
: n: ¥ of spuukled” pecnds Gn V.




IN  ecasa  SET THEOCRY, THEeRE (<

A PUNCAMEBNTAL DiScRETENnESS =p Vo Ve .

re C CAUNDT CONTAIN ALL THE ZONTIARSLOM

TOPOLOGICAL (v FPORMATION IN ™M .

FONDAMENTAL CON SECTORE . HALPT VERMUTUNq_

}/ _H‘L %'Ls. l\o-—_d'-_‘,

.;' —_—D ’““12_ 2 h aPpY'C“‘VtM;-'{JC leMel'y.,
"F/\‘- P‘f‘Cm ﬁf. : 2_ .
ONLY
o.My 2 M, [DefeRr AT scmps £ Ve .
h(2)
snaall .
Loovmkole,
h (pD
Mg, P

M, M, g UsE (T PR

'SPACETIME “foAM”® 18 .. voT eetevamur TO A
CAROSET.




@

TOPOLO GIcAL STRUCTURES AT Scacoe >7Ve

SHouLLD e cAPTueED BY THE CavseT.

LARKE (WHEMHOLS .

AFPPECTS THE
Caspc STROCTLEE
£ % C SsSe#oouwd

eerFtecr THIS,

l.e. C sSHELLD Tew Ls THAT SOMETHING

WITH THE GROSS PROPERTIES OF A LooRrMHOLE

T

MUST Ex%18T, |

7

RfomMmeoLrc QY , HOMODTOPY, etc.

o HeRE IS THIS INForMaATION HIDDEN IN

A CaUSAL  SEBT 77




BECAUSE A CAUSAL SET 1S NOT MERELY A
PISCRETE $6T o©f POINTE, IT CAN BE

ENDOWED WITH  NOS —TRIVIAC TOPOLDGICAL

SETRUCTLRS .

[

y R —element ¢ Waouun
o CHAIN COMPLEX ¢ .

; —p B ‘E.{w\pfc N

\

&

Z
o INTERVAL TOPOLOGY. ‘\_V'

. “EiNnITARY " TOoPOLOGY.

How ARE THERE REATED TO THE

TOPE&LOG Y OF THE COMT!NUUM?.

.

+ New PROPOSAL: = s S
ANTI-CHaNes— O @ © © o ©OA.
A: SET OoF UNREWANTED E§EMBNTS 1IN C

~ ANALOGOE OF A SPATIAL HYPERSULREACE.

A lTseLs ONLY ALLOWS DBISCRETE Tofoloyy



®

THICKENED ANTICHAINS: A NERVE COANSTRUOCTION

A : inextendible anhchain w C .

\.’-—\/-'—'-‘-—_._._ Py
setr of uwrelaled elementc,

"Thicken” A .

T (A= fpe c| o<l Pa.s-th)ORd-(A)\(hi

™M: moayimol [future most points of T, (A

Po= Past(me) NEWE(A)-

AN
Y

\? k
LY IS & cover oL 7,\/%(\

T, = Past(md) 0 A.

ié’};%: C,ou@r @(f, A .




& S merleg S
6‘{\6“f¢_—_——719m4.f>(@, o———;
<S'

L OSNG, B — 2-%unpla, .&h

e°.§$:a i(og il AFCGKD Jnerveo_(_ -

CALCULATE HOMDLO QY GrouPs ob Aqu){-eQ
For EacH M, N (&) I1s DIFRERENT. 2
CAPTLRES LOCACL INFORMATION ABDOUT

A NBD. ot A w C.

LHOW IS THIS RBLATED TO CONTINULUM HDMOLOY

DAVID'S NUMERICAL WORE 4+ HOMOLOGY CALLULATOR

—p IT woRkS Very wer. For S'xm & I xR/

e FOR "N veEERY sSmalL — LOTS o DI conNVECIED
eleces i~ NS

e FOR N vERY LAMRGE - ToEO MUCH“COMNECTGDNESS"?



10

Homology vs. thickness for SxI; N=128

| | il | ’|1|0’
H2' --3K--
0 2 4 6 8 10 12 14 16



® wHat 15 THE CONTINOUM ANALOGUE ?
® How Goob 1s THE CAUSET - conTiInULM

CoRRESPONDENCE FOR THE NERVES ?

(M,g) : GLeeay HYPERROLIC

ri 01’#'{."‘#

" — T
awv 'hik‘é"ff«

- ?
--jf_ 7 S, CAavcHY SORFACE
® F \fl//‘
[/ Ckmarc.oc,ue To A),
'S

4 o: CoM DA‘C«T‘{_

v Wy 5D vet (a5 @)

T : MONOTONICALLY INCREASES ALONG fr]“

2 |s conTINnvov s, (Recavse (M,9) 1S crvsay
ConNTInvOoSUS )

o 25 P LOCUS OF ALL PTs. wWITH (@)= 5.

s HOMEBOMODRPHIC To §°

~— e AT } “SNOOTHIMq “ OuUT
V\_//—\_/-— OF =,

' ONIFPO R SATIOA)
\/"JI éo 4 Qg

EXTRINSIC CORYATULE



,Q"(ﬁ_,;)? . FINCTE SUBCOVER. . 2 N /G'-}  NERVE .

. ZecH conomorogy . Lses N(s) , BUT

ONLY IN THE CIMIT OF 00 REFLINEMENT

OF s .
FUNDAMENTAC DISCERETENESS = THIS

CanT Be REEVANT FoR THE AAUSAL SET.

So How CAA THE HOMDLOGY OF

N> Be Reta7ED  TO 2. IN GENERALTD



1.
EXAMPLE S

—

unu,

SOME TIinmES [T worxc ...

- dsomeTives T boe-sur‘rf




DE RHAM 2 welL :
LE NERF D' 'UON RecoOUVREMENT CONVEXE DE

A LE MEME TYPE D HOMOTOPIE QUE Y.

~ THE NEGRVE ©OF A “CONUKEX COVER “OF S,

ls HomOTOPICc TO =,.

CONVEX COHOVER. .
(2, 'ﬂ) : 'RlEMM&NmrN, THEN oA sSo-

/"L Ir d(p,g) < € THeN J a
ONIGULE GEODESIC FRO M Phq.

1y CONVEX SET IF EVERY GEODESIC
OF AMRC LENGTH C £ wiTH o P78
IN U IS conTAMNEN IN U
12

SiFBLE COVER. .
?U& s U,

2 O\ U ALso «
teX

= IS



| s
%u,: Convex Normal Me&a'nloour(ﬁmd
\C‘H\mgs “look Lok,

_ \-«7€P/f \/ Minkowosky Spmf\q,!\
e P Finp S

UW: enn m(
V: " 2N @,)ln)
CHOSSE < smMace ENOCULVGH THAT.

Dram (s3(g)) < S 3 95,(t)+ve priucipal
Curvechures

=p> 5}('5) ls CcomnvEx w.Rr.T L.

ForR GAcH P EIND (ARGEST "§,..

“CoONVEXITY

AND DEFINE )V*St,: inf T, .| voLume
. Peé"’ (o] = éo

3 S
W 5 I< 5,
, \ .
j_, ’,-'f ".! '
— a1

\_» OPEN CONVEYX COVER. & S

N -1
o

o SO0 TO A FinviTe SuBloveRr. %i

& b‘E-RHA_M—-UOGIL THEOREM
=P N(<°) tomotoPlc TO 2.2 M.



THE CORRESPONDENCE -

wWHeN SHROULD WEBE EXPECT 1T TO WOLE ?

iy S, >N,

| -3
E/ .S'?MS , Se>Z SOV .
_ s

(W N LocAtlY "THINY REGION S :

/3 « S) = SV (¢
x C ) vepzsw - x,g))
= xE S,
—

A (2D S>> Ve .

FOR.  SUFFICIENTLY HIGH BULUT FNITE SPRINELING
V! |
BPENSITY, THIS  can ALoayY  BE seRrangGeb.




@
@: C—"’Q\")ﬁ)-

M. unertendible auhcdhian an $lcd e M.

FIVEN A = oo & of =% CONTAINING A |

q’ \él
S, G i s
T =, spacetige TO A

SiINnNceg A 1S INEXTENDIRLE, THE
REGION SrPpceElleE TO T MULOST HAVE

NSO SPRINECEN POINTS.

S I(2,9) MUST HAVE NO SPRINKLED

ARE veeY
 (IMPROBRAR(CE

4
co WITH HIGH PRoRARILITY,

U'U{Z:(i,‘?,)] ret Ve



CHOOSE 2., wITH THE (ARGEST CONVEXITY

RApILOS T .

I (A | T, » T =nVe.

+ REQUIREMENT THAT Mg Is

NOT Too THIN.

N e
s F: om TN N(midD <.

WITH HIGH PROBABILUTY Slmed < So.

CanN SCmyD £ Ve 7



ALL POINTS HBEes

——

M
5 HAVE Nn(g) > n

& _SC@ < 'S = Ve .

THIS REGION hAS vOLUOME S>YV. BY

ASSOMPTION.

=p THIS HAS VERY LLow PRoRARILITY

'~ LARGE GgAPS IN MS OCccvRrR.  WITH

V. Low ProBARILITY.

Zb “NO GAP eMMA"



3

C_C_DMPAEISON:

P:= Pastlm)nFut (A < JTu(CA) ] pisceeTe

L.

]

I-(me) n T2

(P: ipbg CDVERS j'p\_(A)

-

: «¢\T = - imy.
/==~ / =

N(S) =~ N(sD can BE

SHOWON .

g NC&) o éo .CIP NO

LARGE GAPS)_

m

How ace N(PD e N(9) rReLATED?

VERTICES ARE Im: 7 2 ARS THE Same.

NCPD i1s a SUBCOMPLEX OF N(TD .

\F I,;n:!‘.j HAS VOL o Ve,

T IS Likeery THAT
Pon P = ?S




Homorogy ©F A SUORcoOmMPLEX IS NOT

—

IN GENERAL =~ HOMOLOGY OF THE (oMPLEX

verne . DNLESS IT HAPPENS TO AE AN

ADEQUATE SORCoMPLEX.
NS NN NN AVl i T W

(o ALL WNON- TRIVIAL CYCLES OF comPleXx

ONE N
CORRESPOND S 'ToLTHE S oMPLEX AS WELL.

Gy ANY  TRIVIAL CYCLE IN THE ComMPLE x

IS  AtLSO TRIVIAL IN THE SURCOMPLEX,

“No gaP LedHa’ =p N(TPD 15 AN
ADEQUATE SULRCOMPLEYX OF N(E) witH

HIGH PROBARILITY.

S NCP) 1s HoMOLOGICALLY BOQLIVALEAT

To =, . WITH HIGH PROBARILITY

P



® EXPLICIT CALCULATION CE PRoeARILITIES,

- NOMeRical worRk .

. Dgeg T LeND

FORNDAMIENTAL CON e



