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where and

• turning point:
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What about extensions of CA and CV2.0?

• yields “nice” diffeomorphism invariant observable

• complexity=action: evaluate gravitational action for Wheeler-DeWitt
patch = domain of dependence of bulk time slice connecting 
boundary Cauchy slices in CFT

(Couch, Fischler & Nguyen)

(Brown, Roberts, Swingle, Susskind & Zhao)

• complexity=volume2.0:  evaluate spacetime volume of WDW patch   

Two steps:    1) find a special surfaces bounding codim.-0 region

2) Evaluate geometric feature of codim.-0 region
(& bounding surfaces)
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• extremal equations yields CMC surfaces  (eg, see Witten)



• evaluate action (including bdy terms)                CA

Simplest Example:

• extremize the functional

• evaluating the volumes of the bounding surfaces Σ± weighted by
coefficients 𝛼±, as well as of volume of codim.-0 region 

• extremal equations yields CMC surfaces  (eg, see Witten)

• in limit 𝛼± → 0, these surfaces become the future/past light sheets

becomes WDW patch!

• evaluate volume (same functional)               CV2.0



Conclusions/Questions/Outlook:

• couplings for curvature invariants should not be too large
• similar behaviour appears to hold for functionals including

dependence on extrinsic curvature

• simple example but “classical mechanics” analysis readily extends to
and to observables where 𝐹1 ≠ 𝐹2

• infinite class of holographic observables equally viable candidates
for gravitational dual of complexity!!

• can freedom in constructing gravitational observables be related to
freedom in constructing complexity model in boundary QFT

• is there something that singles out maximal volume?

• what is role of extremal solutions which are not global maxima
and probe very near to singularity?

• further investigation of codimension-zero observables

• add matter contributions to new observables (eg, CA proposal)

• what is role of extremal solutions which are not global maxima
and probe very near to singularity?
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and probe very near to singularity?

Lots to explore!
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