d

IN A THEDRY WITH @
CRAVTY, OWE DOEN'T
HAK CAUGCE-TMARKIT

LOCAL OPERATORS  ¢(x).

THE oty Kvowy
OLS@RvABT ARt Cloral ”

FOR INSTAMCE, 1N An/
RSYMPTOTICALLY RAT
WORLD, ONE HAS 7wE
S-mamix = REPOWE 70
SOURCE THAT cpeQre AVD



s eqengesw @
7HE Fhr AUT AnD FUTURE,

RETPECTIELY.

BeYowd THE S- HATR)M
ONE MABE ¥ Kddﬁ;ﬂ(
OBJ@® VAB(E  L/ke

[d% g R”
BT HE LT CLERR,

A MAY DEPEVD On

DETAILS oF A THEORY
(Wo £X10EweE PR |7 W i -rvga-e;‘



[(F THE COHOOGICAL
CONSTANT |5 NEGATI,

THERE IS WO woTron OF A

S'- a7, BECAUE THE
BASIC PRECEQUUITE [T /07
OBeVED: N TERACTIONS Dod ¥
EFCECTIVY TURY OFF /o
7HE FAR PAST OR

FUTURE.



= @
AdS wAar
PECULIAL BOUMDARY

AT SPATIAL [ FW(TY

MASC(ES <
PARTIC(E ART

FOREVER Bouwciw
BACk AND FORTH; MAMIKE

ONES ARE TrRAPPD WSIDE

NOT LIKE A COVANTIBJIAL
[NEINTE VO(YME SYIrén



ds -

-

Con FORMAL IWEINTTY. .-

_ (oE.E-]L(|_-L ) +

d
|+




W+ 1



NSTERD OF EMU74J AwD
ABORPTION M KAR o\
PAST OF KUTRE

/7 1S MORE NATURAC «x
70 CONS/IDER EMISS/O/

AD ARBICRPIINY AT FMWITE

T

BovwDORY Pow7d,

BY AULOMGE Enlliow AT
X AD ABSIRTHY AT Yy

ONE GED A SHoRr oW 7wce
STHGUARIY  |F X~y



@
FOR /N <O O GemT

NOT AW  S-#ATRIX BuT,
W A WAY, JoMeTHu A
HORE W TERETMWE -
CORRELATION K/ C7radS
OF A (OWFORMAL Fr&eo

THERY,
Pree
<G(x,)@ (%) ? | -
| A
@}ﬂ&)> 5 t. W9 {-:_



TECHNICALLY A .ameﬂr/,

AND E1Br040) OK
Bouwosry pRE
Crvpred By
REPWNE © F

Syrress 7o

WITH  CPEeIEIED

b, (x)



)

So FROM A GCRAVITIONA
THaRy o AdS,,,
(OR gdfﬂ'ﬁj » XJ X-". (ﬂﬁMCv

LWE GeT A CowFORAA(

Fleo 7epry ON

M, = THE 30“/04&/?#}"’
oF A4S,
APPARENTLY, * THE CRVTY

THEDRY € EQuALEwr 7D
THE C AT,



@

EVIDEncE FOR
"Com pLETense
Com& wo? Aley

FRAf HMAP

BUACK HOLE 7H fRpod WA,

—

THERHOOWAMI,
OfF CE£ A



®

S0 WE HAVE TIRTE
CLoBA. ORStRyAgIES @
(A = casmucocita cousrivnr’
N=0o =B 0 mprwe

N<og D CAWFRMA
KIQD 74xEpry

THE SECOND L MOPE
INTERETING. W THIT /T
CIVET A MICROSCOPIc DERANIMO
OF A GCRAVITATIAN THDRY,



JT U5 NN ATl 70 S @
"STRINE THEORY oo/

AdSe xS5 15 EQuimténr
TO N=y Jup® Yawe s
O TUE BOWORRY OF
pal. " Swee THHT K
4 M/CROScoPIC DERNTOV

Sayme  "Sreme THEDRY /v
ASYMPTOTI AUty FUAT SAICE

IS EQUIVALENT 79 1T

S~MATRIY® 1’ T
1 YMMINATA/G - -



AT THE STHEE, WE
MIGHT WANT 70 REFZECT
W THE MOWWE oF

THE Clary (¢ HooeT mrm-g!
TMAT TUE WLORD /r
Haocrampe?”,,  Awd
DEscriBed 8y A THEDPY

AlSociated LIt TUE
Boumory OF SPacer/rre



@

THIS MUST MEAV ~NOT
JUs7- a7 7THE OB5ERvARL&T
ARE AT WFEmwTy

-~ STANDARD AS 7UR™
ARE NO LdCat ORSRYARNS

= 8ur 7ugr INIOME
SESE TUC Dr €rers oF
FRETD0 ARE gy 47

WFITY .. oR Moer

EYAC7LY THAT THE TYaey
CAv BE DEE/4/6D |



W T OF DE GRS @
OF FREDon AT mFaNTY,

TUE RELATIO) 7O BOUWDAEY
CWEORMAL FIELD THEDSy
DO THAT BERYTIFULY

W NEY N <o,

ITIS A HARD-7O- FONIACT
NOTIoN SINCE (W ApY CAE

ONE CAN'T  LONLRE 7~
DECRES O0F LRI VWM



THE CFT/AdS @
CoRRET P/ DENCE 8 A
AMAZNG LAY 70 HMAKE
PRECISE Wl Mikr B — /F
A< — THE 106R THAT
THE DECRAS OF FREDOM
ARE AT MWEmITY.

IT ACrvAllY /NcoRkAKRATS

THE "I EORMATIOS 7 Bouwd

THAT (£ PARY oF TUE
H OLoGRAPAL PACKALT ....



((2.¢)
8CC ABE OF An AHACHEG
U.v. /T.R. Con/ECTroJ =

O/
)

?r-—i £~V 4 k)
INFRARED EFFetrs I/
AdS ARE MAPPED TO

VITRAVIOLET ERFETLS
ON THE B AARY ...



Jo Wk &C&mr A
He ocralille. DEICRIPTION)

N A
FoR. N<po,

WAY.
ARy SATIS FICTORY



@

THE REAL OBSTACC
70 An ANALOCOU

Svceerr UMED A0

TUE NATURAL  BOY WDARY
OF Mmkowlk) JPACE L
0T AT SPATML

INFIvrty Bvr AT PAT
AnD RUTVRE ML pyimury



T S J&n ty 74 @
PVRYC  D/a¢RAA

< Mur
ANR( =

EMOR) AVD APLNFTIOVN A7

AT AVD FUTORT INENITY U7
S 70 70 $na 70
(oc naee PoRNIC LeT)




&

/N 7Hl  ComAdRl o

N<0 D Covtorrq
KD 7200y

A =0 ﬁ -S'/'ﬂm

T DE¥NS THAT SOMETH/WE

S RBUY ¢carr /v GCorwe

70 A=O.. T THwE TV
IS RECATED TO OUR INTUMON

THAT TME N<O Amfuip

I A MICRYcar DEF/m/MGy

AnjD THE N0 A (tier
IV ...



(g7 x = PONT o
£ M/SCIo

yu PONT oF
A asoRPTINS

As A0 [F oM

KL doLE PRICES MoV OFF
70 INFINITY.



@)
@&
” &S
y 4-9:/7@ PROEE Ty
Ut wuls ,, .
HAT  NAPP /4:‘?
. Loy SPACE, e
Min ‘
MUT  TAKE  [y~y/

r by
O wt Arr (EF

Ap

TNE AR

PAST
2 FUTVYRE.
.
y



Ko oF S- rmarase af

.!W
i /"\ 7 2
NE/NY 7
E I\ of PAIT /vfiy7v

THOYCH TECMI/I DTF/W /70
3 DIFFREAT.  TUF

S~mamyye It THE ovty

0BV Ur GLOBAL HhSTPvpalIr
ANd DOCH'Y Sam 70 g1




A NATURAL "HICRAICOM
DEFINIMI* OF 7RIC 7o),
JUT AL IT DOAN’T AT

A=0,

THT DIFFEUTY /) L) OIRITAVIY WA

HOLOCRAAY FOR /1 >O MawT

NOT SuRORISE VI, Al +oRE
NARY
"Wuar covtb 8€, /w A CLORD
UNIKRK, A DECRIPTIGY €7 ,
BouwnRy DEGRES OF FRTTooH )"



Go/nc BACk TO THE (A8

A"o) /,=O 2 o 0®

IN HWOSTHT THE GEOMEMY

OF AdS SAce

MAKET HNolo6rAMY ?
S M evITREBE

FR N <O.

FOR AN=0 WL ArE

RO/j6 79 HAVE A +Ick
TOVCUER T7AL ~ FRWM THE



Z

PoINT OF VIl - W7 Stk
MINKOUSE) SAICE  DOBN’Y mie
A NATVAIL Beywdary A7
SPATIAL W EN/TY,

T NOTE THAT THE wvly PRI
FOR A NOLoGRAPHE THEDEY
AT N=o0 (S TRE 1197V
modet. 1T ISK'T Rty

CLERR 7T IT IS

MOl RAPKIC, BUT R IT
Is, IT CERT ALY A cCHEVE



I SIS /W A KRy
D/IECERENT WRY FRGy Ly
WE HAK AT A <o,

ONE THMG W HICH Skould
THAT 17 i e #ARD
70 UWNORS78vD HOLOGRAPK)Y

FOR A=-0 7‘#»42,_
APPARENRY  syccers WoUey

HAE AV Expandris ox
WHY N=p Buir sw



@ |

£ Cow FORMAL FKLD
THEWYy /N n DIMEAURAS

~ (& (YnoRlrood AJS
A HOLOKRALWk Sy
DETCRIMTID) OF A & RVITATIWAL

THRRY  [pf  nes D/HERIINS

= IS AvronAarrauy 7760

70 A <o, TJur AR

THC Sthmemy GRoop.



A L0 ERAAUIC Mwm; |
FoOR =0, IF TUERE
Ry 1S Sy A THAE,

MUST /sdvoeve Hor C AT

8vr sonetrme. €ure-

Cace It "Sreverowe x*
Al LE Doy’T Kkyow VAT

't (S, GWHATCKRR rqg,

AN ExAMPCE OF THy
CTRICryRE Myrr coreysad



@9

70 A Sr7astc (7?)

VAcwm WITH
A = 0.

(/W Assvmmwe. rTwar
STRICTVRE X 1r RECATED
70 A SrA8¢E VACw#,

T Am Alfunc 7oAT 7o
Do HoCoCRAAYy AT AN=o

OMNE AT T Aifo
Do Coimology, )



2N 29

A Too- NAIVE VERS 104/
0F srRUWrvRE X W0alD
e A KFRRn THEKY

o wult [NF/UNT 7 N/7HL
2 PECumR BrREEENTI

GEO mEeaCY,

NOTE THAT THE NATRIK
noDeL (SW'7 A RlaD
THARY ANY NHERE



é) ;
(|
Colz, »)
|
)
|
(

O+++ +
Gitxr &9

K O (5)




