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Classical Quantum
Compact Phase Space <= Discrete Spectrum

Volume Conservation <= Unitarity

Then, If
G(to) =< (91<t0, $1>‘02(O, 1'2) >

for any € there is a t*'(€) such that

IG(t"(e)) — G(t")] < e
You See It All!



Consider

G(t) = Tr[pA(t)A(0)]

For very large time scale
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Non Perturbative from Gravity Point of View

For BH background L — 0, Reason:
No Gap in the presence of a BH.



eff A%

r, = mR/2 r,=nR/N

Behind the Horizon

In a Thermal AdS Background a gap is formed and
Nnow

[_/Bulk: ~ eXp<_S) > ()
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exp [ log(2m/Ay) e®]

detailed Poincaré time scale






Thermofield t=0
Double State

Figure 17: Penrose diagram for an AdS eternal black hole. The diagram is foliated by
maximal slices. The darker blue portions of the slices represent the wormhole behind the
horizons. The volume of the slices “bounces,” decreasing in the lower part of the diagram,
and Increasing in the upper part.




ERB

Volume and Length Grow linearly with time.

Can grow up to time/size of order e>.












Classical Complexity
(0,0,0....,0)
Oto1,1to00

On S Sites

Maximal Classical Complexity is Proportional to the Entropy- S













Manifold of pure states with e-resolution Ul(e®)

U(eS — 1) x U(1)

Complexity, < log[#-ceis] ~ €° log(1/e)

Claim: Most states have this maximal
Complexity.






State in General then Black Hole Bulk

Complexity

Grey hole

White hole
Black hole

time

exp (S) exp exp (S)






628
C(t) =Y pn [ Byun 2 /P co) =1

Pm ™~ e ”

‘an‘ -~ 6—5/2

fast oscillations
of amplitude e2°

\ 4

time

Page time scale






In the BULK Maximal
Volume




Action

mh

Complexity =




Apg + Aven
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A = App+ Ayan
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TWO-SIDED BLACK HOLE
















e-resolution
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