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Which of the following are correct? 
 
1. By adding a single out-of-equilibrium molecule to a mole of gas in thermal equilibrium you can do enough work to raise a 

kilogram  10 meters. 
 
2. By adding a single bit to a classical computer in a random state you can restore its computing power to that of a computer 

in an initial state (000000……0). 
 

3. By throwing a single thermal photon into a black hole with a super-energetic firewall, the black hole interior can be 
completely restored. 
 

4. By adding a single qubit to a quantum computer in a random state,  the computing power can be restored so that 
exponentially hard problems can be solved.  



Uncomplexity 
 

Quantum computations are  dynamical processes which begin with an initial state of N qubits, and   
progress as quantum gates (or  Hamiltonians) are applied. The state of the computer  
unfolds unitarily, until some goal is reached*.  
 
 
 
 
 
 
 
*I will not count the final measurement processes as part of the computation.hen 



Uncomplexity 
 

 
As the computation proceeds the complexity of the state evolves. If the initial state is simple—unentangled for 
example—then there is lots of room for the complexity to increase, and during the period of increase the 
computer can do useful computational work. But after an exponential time the state will 
reach “complexity equilibrium”, a kind of “heat-death” in which the complexity attains the maximum possible 
value. 
  
Once the computer is in a state of complexity equilibrium, it cannot  do further useful directed computation. All 
it can do is wander around among the enormous (doubly-exponential) number of maximally complex, 
featureless states. 
 
Uncomplexity is the room for complexity to increase. It is a valuable  resource. 
 



We begin with the question: What is the distance between two normalized quantum states? 
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These motions define a classical mechanical system. 
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Uncomplexity                          
 
Uncomplexity = (Maximum Complexity – Complexity) 



     
 
 

Uncomplexity                          
 
Uncomplexity = (Maximum Complexity – Complexity) 

:  a necessary resource for doing “computational work”. 



A quantum computer that has run for an exponential time will 
reach complexity-equilibrium. It will not be able to do any useful 
computation. 

Uncomplexity = 0 







This is very counterintuitive: it sounds like the computational equivalent of:  
Adding a single out-of-equilibrium molecule to a mole of  gas in thermal equilibrium 

will allow a heavy weight to be lifted. 



This is very counterintuitive: it sounds like the computational equivalent of:  
Adding a single out-of-equilibrium molecule to a mole of  gas in thermal equilibrium 

will allow a heavy weight to be lifted. 

We’ll return to this point shortly, but first some thermodynamics.  









Add one qubit and put the states in a “controlled” superposition. 







Adding a single clean qubit to an “exhausted” computer restores the uncomplexity to its original exponential 
value. 
 
 
Does this mean that adding one clean qubit allows the computer to solve at least some exponentially hard 
problems? 



Evidently adding a single clean qubit to an “exhausted” computer restores the Uncomplexity to an exponentially 
large resource. 
 
 
Does this mean that adding one clean qubit allows the computer to solve at least some exponentially hard 
problems? 

Yes, it does. 
 
 
One clean qubit computation  (DQC1)  (E. Knill, and R. Laflamme 1998) 



The space of states with the simple state at the center and increasingly complex states at larger distance. The 
maximally complex states are out near the boundary and they are the overwhelming majority of states. 
 



The goal of the computation is to guide the system to a “target region”. 







Now let’s add one clean qubit. 









One clean qubit computation to compute Tr G = Tr g g g g g g.. 

The Uncomplexity resource decreases by the complexity of G. 

We have done computational work and spent a resource. 



(Un)complexity, gravity, and one clean qubit 
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A single unentangled black hole 

WDW Patch Complexity = action  Complexity grows 

r=0 









Everything Alice cannot 
experience behind the 
horizon. 







Everything Alice can 
experience behind the horizon. 



The Uncomplexity available to Alice at time t is the total amount of space-time 
behind the horizon that she can visit.  
 
 
 



The Uncomplexity available to Alice at time t is the total amount of space-time 
behind the horizon that Alice can visit.  
 
 
Let’s suppose the black hole is exponentially old so that the resource is completely 
depleted. It follows that there should be no accessible space-time behind the 
horizon.  
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Let’s suppose the black hole is exponentially old so that the resource is completely 
depleted. It follows that there should be no accessible space-time behind the 
horizon.  
 
 
AMPS*: A generic (maximally complex**) black hole state has a firewall,  
 
 
 
*Almheiri, Marolf, Polchinski, Sully, arXiv1207.3123* 
 
**LS  arXiv:1507.02287** 

 
 

Black Holes: Complementarity or Firewalls? 

Ahmed Almheiri, Donald Marolf, Joseph Polchinski, James Sully 

 

https://arxiv.org/find/hep-th/1/au:+Almheiri_A/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Almheiri_A/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Marolf_D/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Marolf_D/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Polchinski_J/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Polchinski_J/0/1/0/all/0/1
https://arxiv.org/find/hep-th/1/au:+Sully_J/0/1/0/all/0/1


S. Shenker, D. Stanford 
arXiv:1306.0622 

 

https://arxiv.org/abs/1306.0622


One clean qubit 
 
One thermal photon 



Dray - ‘t Hooft 
(pure GR) effect 
 
Also related to 
Shenker-Stanford 
shock waves. 



The black hole interior is  
Is rejuvenated for another 
exponential time. 



The black hole interior is  
Is rejuvenated for another 
exponential time. 
 
In precise parallel to the 
one-clean-qubit effect. 



Three tools for thinking about complexity? 
 
1. Thermodynamics of complexity 

 
2. Uncomplexity as a necessary resource for directed computation.  

 
3. Duality between (un)complexity and space-time volume inside black holes. 
 

 
There is a whole new subject here at the intersection of  quantum computation, complexity theory, 
thermodynamics, and quantum gravity.  You can read about it in Brown and Susskind, 
 
The Second Law of Quantum Complexity  arXiv:1701.01107 
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There is a whole new subject here at the intersection of  quantum computation, complexity theory, 
thermodynamics, and quantum gravity.   
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Which of the following are correct? 
 
1. By adding a single out-of-equilibrium molecule to a mole of gas in thermal equilibrium you can do enough work to raise a 

kilogram  10 meters. 
 
2. By adding a single bit to a classical computer in a random state you can restore its computing power to that of a computer 

in an initial state (000000……0). 
 

3. By throwing a single thermal photon into a black hole with a super-energetic firewall, the black hole interior can be 
completely restored. 
 

4. By adding a single qubit to a quantum computer in a random state,  the computing power can be restored so that 
exponentially hard problems can be solved.  



One clean qubit computation to compute Tr G = Tr g g g g g g.. 

The Uncomplexity resource decreases by the complexity of G. 

We have done computational work and spent a resource. 

Uncomplexity is necessary but not sufficient. 





 

Free operations 
 
 
 
• one can implement any permutation on a system’s physical state space,  
 
• one can prepare any system in the uniform statistical state (i.e. the uniform 
probability distribution) [and add it to the system], 
 
• one can marginalize over any subsystem of a system. 
 
Resource = neg-entropy 
 
 
 
 
 
• one can implement any permutation on a system’s physical state space,  
 
• one can prepare any system in the uniform statistical state (maximally complex), 
[and add it to the system in the controlled additive sense]. 
 
 
• one can average over any subsystem of a system [again in the controlled 
additive sense]. 
 
Resource = neg-complexity = uncomplexity 
 


