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What is quantum complexity?
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Quantum complexity quantifies the difficulty of 
preparing the state from a simple, tensor-product 
state, e.g., the    -qubit all-zero state        .

Example: on    qubits, the exact unitary complexity
of a state       is the minimal number of 2-qubit 
gates in a circuit that implements a unitary    , with                                               
.

We denote the quantum complexity of a state       
by             .
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Why 
quantum complexity?

Quantum information Complexity quantifies 

the difficulty of discriminating states and 

preparing superpositions [1-3].

Condensed matter Complexities that 

scale linearly with system size distinguish 

topological phases [4,5].

High-energy physics Conjecture in AdS/CFT: 
the complexity of the field-theoretic state dual 
to a wormhole connecting two black holes is 
proportional to the wormhole’s length [6-11].
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What is
quantum 

uncomplexity?
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• An    -qubit state    has maximal 

complexity                     [12].

• The uncomplexity of      is the 

difference between the state’s 

complexity and the maximal 

complexity:                       . 
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Complexity growth in 
systems with random 

dynamics [13]

Useful states in 
quantum computation 
are “blank” qubits, just 
as blank paper is useful 

in pencil writing

Conjecture that 
uncomplexity can be 

formally understood as 
a resource in quantum 

computation 
(Brown & Susskind) [9]

Uncomplexity 
as a resource
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Overview
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Resource 
theory of 

uncomplexity

Operational 
tasks

Complexity 
entropy

Optimal task 
efficiencies
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Resource theory 
of uncomplexity
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Resource 
theory of 

uncomplexity

Operational 
tasks

Complexity 
entropy

Optimal task 
efficiencies



What is 
a resource theory?
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• A theory is defined by its allowed 
operations on a set of states

• States difficult to prepare are 
scarce resources, which may 
facilitate operational tasks

• An agent can perform any 
chosen operation that satisfies 
simple rules



Examples of 
resource theories
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Resource theory of entanglement [14]
• Free states: separable states
• Free operations: local quantum 

operations and classical communication 
(LOCC)

Resource theory of athermality [15]
• States: pairs of density matrices and 

time-independent Hamiltonians
• Free states: thermal equilibrium 

states (Gibbs states)
• Free operations: processes that 

conserve total energy under system-
bath heat exchanges
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Resource theory of uncomplexity

No free states!
• Maximally complex               -qubit state has complexity              , but 

tensoring together maximally complex    - and     -qubit states only 
gives complexity

• Therefore tensoring-on creates uncomplexity! [9,12, 16]

Allowed operations are fuzzy operations: compositions of fuzzy gates

A fuzzy gate is a gate     implemented w.r.t. a probability distribution
vanishing outside of the   –ball of a desired gate    , where

• Distance between gates given by operator norm:
• Physical interpretation: model of noise
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<latexit sha1_base64="cUzvC1pgpauSuu7HAGnbJ0G9vfc=">AAAB7HicdVBdSwJBFJ21L7Mvq8dehiQwgmU3NfVN6KVHg1YFXWR2nNXBmdllZjaQxd/QSw9F9NoP6q1/07gaVNSBC4dz7uXee4KYUaUd58PKra1vbG7ltws7u3v7B8XDo46KEomJhyMWyV6AFGFUEE9TzUgvlgTxgJFuML1e+N17IhWNxJ2excTnaCxoSDHSRvLK4oKfD4slx242a5VaBWakVnWWpOLUoWs7GUpghfaw+D4YRTjhRGjMkFJ914m1nyKpKWZkXhgkisQIT9GY9A0ViBPlp9mxc3hmlBEMI2lKaJip3ydSxJWa8cB0cqQn6re3EP/y+okOG35KRZxoIvByUZgwqCO4+ByOqCRYs5khCEtqboV4giTC2uRTMCF8fQr/J51L272yq7fVUquxiiMPTsApKAMX1EEL3IA28AAGFDyAJ/BsCevRerFel605azVzDH7AevsEXi+OZQ==</latexit>

(n+m)
<latexit sha1_base64="LiXymog2677r2KmOieIOgGAAc4I=">AAAB83icdVBNSwMxEM36WetX1aOXYBEEoWxta9tbwYvHCvYDumvJptM2NMkuSVYoS/+GFw+KePXPePPfmG4rqOiDgcd7M8zMCyLOtHHdD2dldW19YzOzld3e2d3bzx0ctnUYKwotGvJQdQOigTMJLcMMh26kgIiAQyeYXM39zj0ozUJ5a6YR+IKMJBsySoyVPE8zgeEukedi1s/l3UK9XilVSjgllbK7ICW3iosFN0UeLdHs5969QUhjAdJQTrTuFd3I+AlRhlEOs6wXa4gInZAR9CyVRID2k/TmGT61ygAPQ2VLGpyq3ycSIrSeisB2CmLG+rc3F//yerEZ1vyEySg2IOli0TDm2IR4HgAeMAXU8KklhCpmb8V0TBShxsaUtSF8fYr/J+2LQvGyUL4p5xu1ZRwZdIxO0BkqoipqoGvURC1EUYQe0BN6dmLn0XlxXhetK85y5gj9gPP2CUpOkdo=</latexit>

⇠ en+m

<latexit sha1_base64="R2SgBut50A9D6Sn9E+fsgfTL0wo=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsa9tbwYvHFuwHtKFstpt2dbMJuxuhhP4CLx4U8epP8ua/cZtWUNEHA4/3ZpiZ58ecKe04H1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tn310t/N49lYpF4kbPYuqFeCJYwAjWRmqLUbHk2I1GtVwto4xUK86SlJ0acm0nQwlWaI2K78NxRJKQCk04VmrgOrH2Uiw1I5zOC8NE0RiTOzyhA0MFDqny0uzQOTozyhgFkTQlNMrU7xMpDpWahb7pDLGeqt/eQvzLGyQ6qHspE3GiqSDLRUHCkY7Q4ms0ZpISzWeGYCKZuRWRKZaYaJNNwYTw9Sn6n3QvbPfSrrQrpWZ9FUceTuAUzsGFGjThGlrQAQIUHuAJnq1b69F6sV6XrTlrNXMMP2C9fQJmpI1U</latexit>n <latexit sha1_base64="YbLzMK9S60NGw/DZJ0Hx2ECZuw0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hsa9tbwYvHFuwHtKFstpt2dbMJuxuhhP4CLx4U8epP8ua/cZtWUNEHA4/3ZpiZ58ecKe04H1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKR7PtYUc4E7WimOe3HkuLQ57Tn310t/N49lYpF4kbPYuqFeCJYwAjWRmqHo2LJsRuNarlaRhmpVpwlKTs15NpOhhKs0BoV34fjiCQhFZpwrNTAdWLtpVhqRjidF4aJojEmd3hCB4YKHFLlpdmhc3RmlDEKImlKaJSp3ydSHCo1C33TGWI9Vb+9hfiXN0h0UPdSJuJEU0GWi4KEIx2hxddozCQlms8MwUQycysiUywx0Sabggnh61P0P+le2O6lXWlXSs36Ko48nMApnIMLNWjCNbSgAwQoPMATPFu31qP1Yr0uW3PWauYYfsB6+wRlII1T</latexit>m
<latexit sha1_base64="f16eXiM3tNCzvgOptItGK/PmQzs=">AAAB83icdVBNS0JBFJ1nX2ZfVss2QxIEgTxTU3dCm5YG+QG+p8wbrzo4M+8xMy8Q8W+0aVFE2/5Mu/5N49Ogog5cOJxzL/feE0ScaeO6H05qbX1jcyu9ndnZ3ds/yB4etXQYKwpNGvJQdQKigTMJTcMMh06kgIiAQzuYXC/89j0ozUJ5Z6YR+IKMJBsySoyVPE8zgaEnL6An+tmcm6/VysVyESekXHKXpOhWcCHvJsihFRr97Ls3CGksQBrKidbdghsZf0aUYZTDPOPFGiJCJ2QEXUslEaD9WXLzHJ9ZZYCHobIlDU7U7xMzIrSeisB2CmLG+re3EP/yurEZVv0Zk1FsQNLlomHMsQnxIgA8YAqo4VNLCFXM3orpmChCjY0pY0P4+hT/T1qX+cJVvnRbytWrqzjS6ASdonNUQBVURzeogZqIogg9oCf07MTOo/PivC5bU85q5hj9gPP2CflTkaU=</latexit>

⇠ en + em

<latexit sha1_base64="kt1DyN3BUct9n69J5ZK9Ysc1qkA=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0hsa9tbwYvHCqattKFsNpt26e4m7G6EEvorvHhQxKs/x5v/xm1aQUUfDDzem2FmXpAwqrTjfFiFtfWNza3idmlnd2//oHx41FVxKjHxcMxi2Q+QIowK4mmqGeknkiAeMNILplcLv3dPpKKxuNWzhPgcjQWNKEbaSHdDTVlIMm8+Klccu9WqV+tVmJN6zVmSqtOAru3kqIAVOqPy+zCMccqJ0JghpQauk2g/Q1JTzMi8NEwVSRCeojEZGCoQJ8rP8oPn8MwoIYxiaUpomKvfJzLElZrxwHRypCfqt7cQ//IGqY6afkZFkmoi8HJRlDKoY7j4HoZUEqzZzBCEJTW3QjxBEmFtMiqZEL4+hf+T7oXtXtq1m1ql3VzFUQQn4BScAxc0QBtcgw7wAAYcPIAn8GxJ69F6sV6XrQVrNXMMfsB6+wSdspDx</latexit>

Ũ
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Resource 
theory of 
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tasks

Complexity 
entropy

Optimal task 
efficiencies



A tale of two tasks

Quantum (Un)complexity: A Resource for Quantum Computation 16

Uncomplexity extraction Uncomplexity expenditure



Uncomplexity 
extraction

Quantum (Un)complexity: A Resource for Quantum Computation 17

Procedure
• Apply to     a circuit of 

box fuzzy gates
• Select some number  

of the qubits

Task: Perform the above so 
that the selected qubits 
are    -close to        in trace 
distance

<latexit sha1_base64="loaYOr/oUwvAwgyv4a6vJ+ID/D4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9IljA76U3GzM6uM7NCCAE/wat+gDfx6q949kecJHvQxIKGoqqbaipIBNfGdb+c3Nr6xuZWfruws7u3f1A8PGrqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ981uPqDSP5Z0ZJ+hHdCB5yBk1Vmp2BT4Q1SuW3LI7B1klXkZKkKHeK353+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mT+7ZScWaVPwljZkYbM1d8XExppPY4CuxlRM9TL3kz81wuCaCnahFf+hMskNSjZIjlMBTExmXVB+lwhM2JsCWWK2+cJG1JFmbGNFWwr3nIHq6RZKXsX5epttVSrZP3k4QRO4Rw8uIQa3EAdGsDgHp7hBV6dJ+fNeXc+Fqs5J7s5hj9wPn8ASHyV7Q==</latexit> r
<latexit sha1_base64="VreAdeMpd35VRTNxkZ72n3VUzdo=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjwmYBIhWcLspDcZMrO7zMwqYckXeNUP8CZe/RrP/oiTZA+aWNBQVHVTTQWJ4Nq47pdT2Njc2t4p7pb29g8Oj8rHJx0dp4phm8UiVg8B1Sh4hG3DjcCHRCGVgcBuMLmd+91HVJrH0b2ZJuhLOop4yBk1Vmo9DcoVt+ouQNaJl5MK5GgOyt/9YcxSiZFhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkaUYnazxaPzsiFVYYkjJWdyJCF+vsio1LrqQzspqRmrFe9ufivFwRyJdqEN37GoyQ1GLFlcpgKYmIyr4EMuUJmxNQSyhS3zxM2pooyY8sq2Va81Q7WSadW9a6q9Va90qjl/RThDM7hEjy4hgbcQRPawADhGV7g1cmcN+fd+ViuFpz85hT+wPn8AdAJlAI=</latexit>w

<latexit sha1_base64="x6rQqsXpsLO9fxi1hXOrs3Ljbgs=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiSlqMuCG5cV7APaUCbTSTN0HmFmIpRQP8GtfoA7ceu/uPZHTNostPXAhcM593IuJ4g5M9Z1v5zSxubW9k55t7K3f3B4VD0+6RqVaEI7RHGl+wE2lDNJO5ZZTvuxplgEnPaC6W3u9x6pNkzJBzuLqS/wRLKQEWxzaagjNarW3Lq7AFonXkFqUKA9qn4Px4okgkpLODZm4Lmx9VOsLSOczivDxNAYkyme0EFGJRbU+Oni1zm6yJQxCpXORlq0UH9fpFgYMxNBtimwjcyql4v/ekEgVqJteOOnTMaJpZIsk8OEI6tQ3gQaM02J5bOMYKJZ9jwiEdaY2KyvStaKt9rBOuk26t5VvXnfrLUaRT9lOINzuAQPrqEFd9CGDhCI4Ble4NV5ct6cd+djuVpyiptT+APn8wcfQZVO</latexit>⇢

<latexit sha1_base64="BRNjAG3/+SHj7Zy13vAjw1INsW0=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYhA8hd0Q1GPAi8cI5gHJEmZnO8mYmdllZlYIS8BP8Kof4E28+iue/REnyR40saChqOqmmgoTzrTxvC9nbX1jc2u7sFPc3ds/OCwdHbd0nCqKTRrzWHVCopEziU3DDMdOopCIkGM7HN/M/PYjKs1ieW8mCQaCDCUbMEqMlVq9CLkh/VLZq3hzuKvEz0kZcjT6pe9eFNNUoDSUE627vpeYICPKMMpxWuylGhNCx2SIXUslEaiDbP7t1D23SuQOYmVHGneu/r7IiNB6IkK7KYgZ6WVvJv7rhaFYijaD6yBjMkkNSrpIHqTcNbE768KNmEJq+MQSQhWzz7t0RBShxjZWtK34yx2skla14l9Wane1cr2a91OAUziDC/DhCupwCw1oAoUHeIYXeHWenDfn3flYrK45+c0J/IHz+QOeFJYj</latexit>

�
<latexit sha1_base64="cBrBGCUWheGoPkfmbvS7TSIxLlU=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMAhWYTcEtQzYWEYwD0himJ3MJkPmsczMKmFN6SfY6gfYia0fYu2POEm20MQDFw7n3Mu5nDDmzFjf//JWVtfWNzZzW/ntnd29/cLBYcOoRBNaJ4or3QqxoZxJWrfMctqKNcUi5LQZjq6mfvOeasOUvLXjmHYFHkgWMYKtk9qP/t1DR2M54LRXKPolfwa0TIKMFCFDrVf47vQVSQSVlnBsTDvwY9tNsbaMcDrJdxJDY0xGeEDbjkosqOmms5cn6NQpfRQp7UZaNFN/X6RYGDMWodsU2A7NojcV//XCUCxE2+iymzIZJ5ZKMk+OEo6sQtNCUJ9pSiwfO4KJZu55RIZYY2JdbXnXSrDYwTJplEvBealyUylWy1k/OTiGEziDAC6gCtdQgzoQUPAML/DqPXlv3rv3MV9d8bKbI/gD7/MHd1uYRQ==</latexit>

|0wi



Uncomplexity 
expenditure:

setup

Quantum (Un)complexity: A Resource for Quantum Computation

Setup:
• Computationally limited referee wants to 

distinguish  and               with               , 
guessing     with probability at

• You, the agent, know      and seek to fool the 
referee with a simulacrum

18

<latexit sha1_base64="6p+bw+ctF5vsJIT/iHpmGvCeeFw=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMImQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVqQjtEcaUfI2woZ5J2LLOcPiaaYhFx2oumt7nfe6LaMCUf7CyhocBjyWJGsM2lgZ6oYbXm1/0F0DoJClKDAu1h9WswUiQVVFrCsTH9wE9smGFtGeF0XhmkhiaYTPGY9h2VWFATZotb5+jCKSMUK+1KWrRQf09kWBgzE5HrFNhOzKqXi/95/dTGN2HGZJJaKslyUZxyZBXKH0cjpimxfOYIJpq5WxGZYI2JdfFUXAjB6svrpNuoB1f15n2z1moUcZThDM7hEgK4hhbcQRs6QGACz/AKb57wXrx372PZWvKKmVP4A+/zBx3KjkA=</latexit>⇢
<latexit sha1_base64="kgIvkwiTcY7bk0iMnSY0hxbAxyE=">AAACFXicbVC7SgNBFJ31GeMraplmMAhWcTcEtQzYWEYwD8huwuxkNhkyj2VmVgjLFn6Fn2CrH2AnttbW/oiTZAtNvHDhcM69nHtPGDOqjet+OWvrG5tb24Wd4u7e/sFh6ei4rWWiMGlhyaTqhkgTRgVpGWoY6caKIB4y0gknNzO980CUplLcm2lMAo5GgkYUI2OpQansc2TGYchTL+unvjSUEw1FdlHrW7XiVt15wVXg5aAC8moOSt/+UOKEE2EwQ1r3PDc2QYqUoZiRrOgnmsQIT9CI9CwUyHoF6fyJDJ5ZZggjqWwLA+fs740Uca2nPLSTs5P1sjYj/9Xsc0vWJroOUirixBCBF85RwqCRcBYRHFJFsGFTCxBW1B4P8RgphI0NsmhT8ZYzWAXtWtW7rNbv6pVGLc+nAMrgFJwDD1yBBrgFTdACGDyCZ/ACXp0n5815dz4Wo2tOvnMC/pTz+QNFyZ8e</latexit> ⌦n/2n

<latexit sha1_base64="UC15h9EjbihS71ff2wbzTmMAhWU=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrshqGXAxkZIwDwgWcLsZDYZMjO7zMwKYUnjJ9jqB9iJrX9i7Y84m2yhiQcuHM65l3M5QcyZNq775RQ2Nre2d4q7pb39g8Oj8vFJR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepv53UeqNIvkg5nF1Bd4LFnICDZW6rUGTKL7oRqWK27VXQCtEy8nFcjRHJa/B6OIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv108e8cXVhlhMJI2ZEGLdTfFykWWs9EYDcFNhO96mXiv14QiJVoE974KZNxYqgky+Qw4chEKGsDjZiixPCZJZgoZp9HZIIVJsZ2VrKteKsdrJNOrepdVeuteqVRy/spwhmcwyV4cA0NuIMmtIEAh2d4gVfnyXlz3p2P5WrByW9O4Q+czx99VZaT</latexit>

Q 2 Mr
<latexit sha1_base64="r97wUjmTLYmGPvG04afy41PPsMc=">AAACAXicbVC7SgNBFJ2NrxhfUUubwSBYhd0Q1DJgYxnBPCS7hNnJ3WTIzOw6MyuEJZWfYKsfYCe2fom1P+Ik2UITD1w4nHMv53LChDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jlNFoUVjHqtuSDRwJqFlmOHQTRQQEXLohOPrmd95BKVZLO/MJIFAkKFkEaPEWOneH8ID9sGQfrniVt058CrxclJBOZr98rc/iGkqQBrKidY9z01MkBFlGOUwLfmphoTQMRlCz1JJBOggmz88xWdWGeAoVnakwXP190VGhNYTEdpNQcxIL3sz8V8vDMVStImugozJJDUg6SI5Sjk2MZ7VgQdMATV8YgmhitnnMR0RRaixpZVsK95yB6ukXat6F9X6bb3SqOX9FNEJOkXnyEOXqIFuUBO1EEUCPaMX9Oo8OW/Ou/OxWC04+c0x+gPn8weFEZcq</latexit>� ⌘

<latexit sha1_base64="Yj0M5HaYoSZ/n6Bx0Zihap1slP8=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjwmYB6QLGF20psMmZ1dZmaFsOQLvOoHeBOvfo1nf8RJsgdNLGgoqrqppoJEcG1c98spbG3v7O4V90sHh0fHJ+XTs46OU8WwzWIRq15ANQousW24EdhLFNIoENgNpvcLv/uESvNYPppZgn5Ex5KHnFFjpVZrWK64VXcJskm8nFQgR3NY/h6MYpZGKA0TVOu+5ybGz6gynAmclwapxoSyKR1j31JJI9R+tnx0Tq6sMiJhrOxIQ5bq74uMRlrPosBuRtRM9Lq3EP/1giBaizbhnZ9xmaQGJVslh6kgJiaLGsiIK2RGzCyhTHH7PGETqigztqySbcVb72CTdGpV76Zab9UrjVreTxEu4BKuwYNbaMADNKENDBCe4QVencx5c96dj9VqwclvzuEPnM8fk+uT3A==</latexit>

Q
<latexit sha1_base64="9Rm3YwBBLsju7cdwKjtJ3Mdg94s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSlqMuCG5cV7AOaUCaTSTt0JhNmJkIJ3foJbvUD3Ilb/8O1P+K0zUJbD1w4nHMv53LClDNtXPfLKW1sbm3vlHcre/sHh0fV45OulpkitEMkl6ofYk05S2jHMMNpP1UUi5DTXji5nfu9R6o0k8mDmaY0EHiUsJgRbKzk+4bxiOa+GsvZsFpz6+4CaJ14BalBgfaw+u1HkmSCJoZwrPXAc1MT5FgZRjidVfxM0xSTCR7RgaUJFlQH+eLnGbqwSoRiqewkBi3U3xc5FlpPRWg3BTZjverNxX+9MBQr0Sa+CXKWpJmhCVkmxxlHRqJ5IyhiihLDp5Zgoph9HpExVpgY21vFtuKtdrBOuo26d1Vv3jdrrUbRTxnO4BwuwYNraMEdtKEDBFJ4hhd4dZ6cN+fd+Viulpzi5hT+wPn8AcC8mQQ=</latexit>

⇢̃

<latexit sha1_base64="6p+bw+ctF5vsJIT/iHpmGvCeeFw=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMImQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVqQjtEcaUfI2woZ5J2LLOcPiaaYhFx2oumt7nfe6LaMCUf7CyhocBjyWJGsM2lgZ6oYbXm1/0F0DoJClKDAu1h9WswUiQVVFrCsTH9wE9smGFtGeF0XhmkhiaYTPGY9h2VWFATZotb5+jCKSMUK+1KWrRQf09kWBgzE5HrFNhOzKqXi/95/dTGN2HGZJJaKslyUZxyZBXKH0cjpimxfOYIJpq5WxGZYI2JdfFUXAjB6svrpNuoB1f15n2z1moUcZThDM7hEgK4hhbcQRs6QGACz/AKb57wXrx372PZWvKKmVP4A+/zBx3KjkA=</latexit>⇢

Let        and        be the sets of    - and   -complexity 
measurement operators, respectively:

<latexit sha1_base64="IRdNk+W7ONfgu+5OTtFsPmuKqLQ="></latexit>

M0 :=
� nO

j=1

(j |0ih0|j)↵j : ↵j = 0, 1
 

<latexit sha1_base64="JVsWqXqBwzePCsofKNqimWgYoBg=">AAACIHicbVDNS8MwHE3n15xfU49egkPwIKOVsclAGHjxMtjAfcBaS5plXVialiQVRtmf4sV/xYsHRfSmf41pt4NuPgi8vPd+JL/nRYxKZZpfRm5tfWNzK79d2Nnd2z8oHh51ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNblK/90CEpCG/U9OIOAHyOR1RjJSW3GKt6QpYv4a2R307gR1X3NtD5PtEwLZrpvc6tC9SblMOm1rKkjO3WDLLZga4SqwFKYEFWm7x0x6GOA4IV5ghKQeWGSknQUJRzMisYMeSRAhPkE8GmnIUEOkk2YIzeKaVIRyFQh+uYKb+nkhQIOU08HQyQGosl71U/M8bxGp05SSUR7EiHM8fGsUMqhCmbcEhFQQrNtUEYUH1XyEeI4Gw0p0WdAnW8sqrpHtZtqrlSrtSalQXdeTBCTgF58ACNdAAt6AFOgCDR/AMXsGb8WS8GO/GxzyaMxYzx+APjO8f5GOgUA==</latexit>

Mr :=
�
U†
rQ0Ur : Q0 2 M0

 

<latexit sha1_base64="KfpqouaNNdoyzuc8GYneaQJaQJE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL16EirYW2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgY/B+HrmPz6h0jyWD2aSoB/RoeQhZ9RY6f627/bLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ipp16reRbV+V680ankcRTiBUzgHDy6hATfQhBYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBxrmNbQ==</latexit>

M0
<latexit sha1_base64="eJoCfma6DgJWKUYcWDPuA/PpSB0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FL16EirYW2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgY/B+HrmPz6h0jyWD2aSoB/RoeQhZ9RY6f62r/rlilt15yCrxMtJBXI0++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0a1Xvolq/q1catTyOIpzAKZyDB5fQgBtoQgsYDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AKtCNrw==</latexit>

Mr
<latexit sha1_base64="Qs6n4RwB+CFBK1oj4Hdm9LR2mqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzeMrQ==</latexit>

0 <latexit sha1_base64="kWeJCIyqhtIKjPxP02SRZLa1va8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUVINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1Yp3Xak1a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8A2z+M7w==</latexit>r



Uncomplexity 
expenditure
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Task: Have the referee, upon 
receiving    , guess    , with 
probability 

Procedure:
• Borrow      uncomplex      ’s 

from an “uncomplexity 
bank”, along with an 
unknown              -qubit state

• Apply        gates to the joint 
state and yield 

<latexit sha1_base64="VreAdeMpd35VRTNxkZ72n3VUzdo=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjwmYBIhWcLspDcZMrO7zMwqYckXeNUP8CZe/RrP/oiTZA+aWNBQVHVTTQWJ4Nq47pdT2Njc2t4p7pb29g8Oj8rHJx0dp4phm8UiVg8B1Sh4hG3DjcCHRCGVgcBuMLmd+91HVJrH0b2ZJuhLOop4yBk1Vmo9DcoVt+ouQNaJl5MK5GgOyt/9YcxSiZFhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkaUYnazxaPzsiFVYYkjJWdyJCF+vsio1LrqQzspqRmrFe9ufivFwRyJdqEN37GoyQ1GLFlcpgKYmIyr4EMuUJmxNQSyhS3zxM2pooyY8sq2Va81Q7WSadW9a6q9Va90qjl/RThDM7hEjy4hgbcQRPawADhGV7g1cmcN+fd+ViuFpz85hT+wPn8AdAJlAI=</latexit>w
<latexit sha1_base64="9Y+yP3jJ6U8YtIyaadWsVd647P0=">AAACAXicbVDLSgNBEOyNrxhfUY9eFoPgKeyGoB4DXjxGMA9JljA76U2GzMwuM7NCiDn5CV71A7yJV7/Esz/iJNmDJhY0FFXdVFNhwpk2nvfl5NbWNza38tuFnd29/YPi4VFTx6mi2KAxj1U7JBo5k9gwzHBsJwqJCDm2wtH1zG89oNIslndmnGAgyECyiFFirHT/6HUVkQOOvWLJK3tzuKvEz0gJMtR7xe9uP6apQGkoJ1p3fC8xwYQowyjHaaGbakwIHZEBdiyVRKAOJvOHp+6ZVfpuFCs70rhz9ffFhAitxyK0m4KYoV72ZuK/XhiKpWgTXQUTJpPUoKSL5CjlrondWR1unymkho8tIVQx+7xLh0QRamxpBduKv9zBKmlWyv5FuXpbLdUqWT95OIFTOAcfLqEGN1CHBlAQ8Awv8Oo8OW/Ou/OxWM052c0x/IHz+QPUr5dc</latexit>

|0i

<latexit sha1_base64="WZOw0ue4m4/R5h630I1mAVjjjmY=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBItQF5aZUtRlwY3LCk5baIeSSdM2NMkMSUYpQ/ET3OoHuBO3fotrf8S0nYW2HrhwOOdezuWEMWfauO6Xk1tb39jcym8Xdnb39g+Kh0dNHSWKUJ9EPFLtEGvKmaS+YYbTdqwoFiGnrXB8M/NbD1RpFsl7M4lpIPBQsgEj2FjJL8uLx/NeseRW3DnQKvEyUoIMjV7xu9uPSCKoNIRjrTueG5sgxcowwum00E00jTEZ4yHtWCqxoDpI589O0ZlV+mgQKTvSoLn6+yLFQuuJCO2mwGakl72Z+K8XhmIp2gyug5TJODFUkkXyIOHIRGhWBeozRYnhE0swUcw+j8gIK0yMLaxgW/GWO1glzWrFu6zU7mqlejXrJw8ncApl8OAK6nALDfCBAINneIFX58l5c96dj8VqzslujuEPnM8f3B6VFg==</latexit>

(n� w)
<latexit sha1_base64="loaYOr/oUwvAwgyv4a6vJ+ID/D4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMA9IljA76U3GzM6uM7NCCAE/wat+gDfx6q949kecJHvQxIKGoqqbaipIBNfGdb+c3Nr6xuZWfruws7u3f1A8PGrqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ981uPqDSP5Z0ZJ+hHdCB5yBk1Vmp2BT4Q1SuW3LI7B1klXkZKkKHeK353+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mT+7ZScWaVPwljZkYbM1d8XExppPY4CuxlRM9TL3kz81wuCaCnahFf+hMskNSjZIjlMBTExmXVB+lwhM2JsCWWK2+cJG1JFmbGNFWwr3nIHq6RZKXsX5epttVSrZP3k4QRO4Rw8uIQa3EAdGsDgHp7hBV6dJ+fNeXc+Fqs5J7s5hj9wPn8ASHyV7Q==</latexit> r

<latexit sha1_base64="9Rm3YwBBLsju7cdwKjtJ3Mdg94s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSlqMuCG5cV7AOaUCaTSTt0JhNmJkIJ3foJbvUD3Ilb/8O1P+K0zUJbD1w4nHMv53LClDNtXPfLKW1sbm3vlHcre/sHh0fV45OulpkitEMkl6ofYk05S2jHMMNpP1UUi5DTXji5nfu9R6o0k8mDmaY0EHiUsJgRbKzk+4bxiOa+GsvZsFpz6+4CaJ14BalBgfaw+u1HkmSCJoZwrPXAc1MT5FgZRjidVfxM0xSTCR7RgaUJFlQH+eLnGbqwSoRiqewkBi3U3xc5FlpPRWg3BTZjverNxX+9MBQr0Sa+CXKWpJmhCVkmxxlHRqJ5IyhiihLDp5Zgoph9HpExVpgY21vFtuKtdrBOuo26d1Vv3jdrrUbRTxnO4BwuwYNraMEdtKEDBFJ4hhd4dZ6cN+fd+Viulpzi5hT+wPn8AcC8mQQ=</latexit>

⇢̃

<latexit sha1_base64="9Rm3YwBBLsju7cdwKjtJ3Mdg94s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSlqMuCG5cV7AOaUCaTSTt0JhNmJkIJ3foJbvUD3Ilb/8O1P+K0zUJbD1w4nHMv53LClDNtXPfLKW1sbm3vlHcre/sHh0fV45OulpkitEMkl6ofYk05S2jHMMNpP1UUi5DTXji5nfu9R6o0k8mDmaY0EHiUsJgRbKzk+4bxiOa+GsvZsFpz6+4CaJ14BalBgfaw+u1HkmSCJoZwrPXAc1MT5FgZRjidVfxM0xSTCR7RgaUJFlQH+eLnGbqwSoRiqewkBi3U3xc5FlpPRWg3BTZjverNxX+9MBQr0Sa+CXKWpJmhCVkmxxlHRqJ5IyhiihLDp5Zgoph9HpExVpgY21vFtuKtdrBOuo26d1Vv3jdrrUbRTxnO4BwuwYNraMEdtKEDBFJ4hhd4dZ6cN+fd+Viulpzi5hT+wPn8AcC8mQQ=</latexit>

⇢̃ <latexit sha1_base64="6p+bw+ctF5vsJIT/iHpmGvCeeFw=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXjxGMImQLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVqQjtEcaUfI2woZ5J2LLOcPiaaYhFx2oumt7nfe6LaMCUf7CyhocBjyWJGsM2lgZ6oYbXm1/0F0DoJClKDAu1h9WswUiQVVFrCsTH9wE9smGFtGeF0XhmkhiaYTPGY9h2VWFATZotb5+jCKSMUK+1KWrRQf09kWBgzE5HrFNhOzKqXi/95/dTGN2HGZJJaKslyUZxyZBXKH0cjpimxfOYIJpq5WxGZYI2JdfFUXAjB6svrpNuoB1f15n2z1moUcZThDM7hEgK4hhbcQRs6QGACz/AKb57wXrx372PZWvKKmVP4A+/zBx3KjkA=</latexit>⇢
<latexit sha1_base64="r97wUjmTLYmGPvG04afy41PPsMc=">AAACAXicbVC7SgNBFJ2NrxhfUUubwSBYhd0Q1DJgYxnBPCS7hNnJ3WTIzOw6MyuEJZWfYKsfYCe2fom1P+Ik2UITD1w4nHMv53LChDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jlNFoUVjHqtuSDRwJqFlmOHQTRQQEXLohOPrmd95BKVZLO/MJIFAkKFkEaPEWOneH8ID9sGQfrniVt058CrxclJBOZr98rc/iGkqQBrKidY9z01MkBFlGOUwLfmphoTQMRlCz1JJBOggmz88xWdWGeAoVnakwXP190VGhNYTEdpNQcxIL3sz8V8vDMVStImugozJJDUg6SI5Sjk2MZ7VgQdMATV8YgmhitnnMR0RRaixpZVsK95yB6ukXat6F9X6bb3SqOX9FNEJOkXnyEOXqIFuUBO1EEUCPaMX9Oo8OW/Ou/OxWC04+c0x+gPn8weFEZcq</latexit>� ⌘
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Resource 
theory of 

uncomplexity

Operational 
tasks

Complexity 
entropy

Optimal task 
efficiencies



Motivation for
complexity entropy

• Entropies are used to 
bound the efficiencies of 
operational tasks, e.g., 
Shannon entropy for data 
compression

Quantum (Un)complexity: A Resource for Quantum Computation 22

• We want to quantify how 
uncertain a state looks to a 
computationally limited 
observer



Definition of 
complexity entropy
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<latexit sha1_base64="wNBmMoIw1eW4QrawiVuZZzN/PgI="></latexit>

The complexity entropy of an n-qubit
<latexit sha1_base64="dWDC7a4FIsPgc/hhrU/KXsEZbMA=">AAACWXicbVHBThsxFPQuhaZpoaEce7EaIXFIo90qantE6qVHKhFASlbRW+ctsfDarv22YrXKT3KohPgVDnU2e2ih7zSemSePx7lV0lOS3EfxzovdvZe9V/3Xb/YP3g4O3114UzmBU2GUcVc5eFRS45QkKbyyDqHMFV7mN982+uUvdF4afU61xayEay0LKYACtRjY4znhLTXnK+QtktQIU1qFt5JqjpqcsfWam4KD5muut67m48 8ql7Tub0+egDCoc7cynYFLP+KFcRsWCeZSnySjNBstBsNknLTDn4O0A0PWzdlicDdfGlGVIYpQ4P0sTSxlDTiSQmFIUHm0IG7gGmcBaijRZ03bzJofB2bZxiiMJt6yf280UHpfl3lwlkAr/1TbkP/TZhUVX7NGalsRarG9qKgUJ8M3NfOldChI1QGAcDJk5WIFDgSFz+iHEtKnT34OLj6N08/jyY/J8HTS1dFj79kHdsJS9oWdsu/sjE2ZYL/ZY7Qb7UUPcRT34v7WGkfdzhH7Z+KjPw2GtFU=</latexit>

state ⇢ is, for ⌘ 2 (0, 1],

<latexit sha1_base64="BdUiYUT/B8bzWfmaQrC1YJUnGT8="></latexit>

H
r,⌘
c (⇢) := min

Q2Mr,
Tr(Q⇢)�⌘

�
log2

�
Tr(Q)

� 
.

• is constrained to have complexity 
<latexit sha1_base64="Nc5KMcqF2z9MxzPWj49bFlFHYpo=">AAACBXicbZC9SgNBFIXvxr8Y/6KWNoNBsAq7EtQyYGMZwfxAEsLs5G4yZnZ2nZkVwpLa1lbfwU5sfQ5fwadwkmyhSQ4MHL5zL9w5fiy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm2nefEKleSTvzTjGbkgHkgecUWNRoyPwkaheseSW3ZnIsvEyU4JMtV7xp9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADb1koaou6ms2sn5MySPgkiZZ80ZEb/bqQ01Hoc+nYypGaoF7MpXJn5friKtxMTXHdTLuPEoGTzA4JEEBORaSWkzxUyI8bWUKa4/QNhQ6ooM7a4gi3HW6xi2TQuyt5luXJXKVUrWU15OIFTOAcPrqAKt1CDOjB4gBd4hTfn2Xl3PpzP+WjOyXaO4Z+cr18WlJh7</latexit> r

<latexit sha1_base64="m26gSFvfuy/b5wIwKkwoLiE01tw=">AAACCHicbZDNSgMxFIUz9a/Wv6pLN8EiuCozUtRlwY3LCvZHOkPJpHfa0CQzJhmhDH0Bt271HdyJW9/CV/ApTNtZaNsDgcN37oWbEyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKgpNGvNYdUKigTMJTcMMh06igIiQQzsc3Uzz9hMozWJ5b8YJBIIMJIsYJcaiB38Aj9gHQ3rlilt1Z8LLxstNBeVq9Mo/fj+mqQBpKCdadz03MUFGlGGUw6TkpxoSQkdkAF1rJRGgg2x28ASfWdLHUazskwbP6N+NjAitxyK0k4KYoV7MpnBlFoZiFe+mJroOMiaT1ICk8wOilGMT42kruM8UUMPH1hCqmP0DpkOiCDW2u5Itx1usYtm0LqreZbV2V6vUa3lNRXSCTtE58tAVqqNb1EBNRJFAL+gVvTnPzrvz4XzORwtOvnOM/sn5+gVbF5m4</latexit>� ⌘

<latexit sha1_base64="i8uOWRXULmRP4zwAVaIaBgKSxr4=">AAACAHicbZC9SgNBFIXv+hvjX9TSZjAIVmFXgloGbCwTMD+QLGF2cjcZMrO7zMwKYUlja6vvYCe2vomv4FM4SbbQJAcGDt+5F+6cIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj+1nefkKleRw9mkmCvqTDiIecUWNRo9Evld2KOxdZNV5uypCr3i/99AYxSyVGhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrbUQlaj+bHzoll5YMSBgr+yJD5vTvRkal1hMZ2ElJzUgvZzO4NgsCuY53UxPe+RmPktRgxBYHhKkgJiazNsiAK2RGTKyhTHH7B8JGVFFmbGdFW463XMWqaV1XvJtKtVEt16p5TQU4hwu4Ag9uoQYPUIcmMEB4gVd4c56dd+fD+VyMbjj5zhn8k/P1C1THlmo=</latexit>

Q
<latexit sha1_base64="i8uOWRXULmRP4zwAVaIaBgKSxr4=">AAACAHicbZC9SgNBFIXv+hvjX9TSZjAIVmFXgloGbCwTMD+QLGF2cjcZMrO7zMwKYUlja6vvYCe2vomv4FM4SbbQJAcGDt+5F+6cIBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj+1nefkKleRw9mkmCvqTDiIecUWNRo9Evld2KOxdZNV5uypCr3i/99AYxSyVGhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrbUQlaj+bHzoll5YMSBgr+yJD5vTvRkal1hMZ2ElJzUgvZzO4NgsCuY53UxPe+RmPktRgxBYHhKkgJiazNsiAK2RGTKyhTHH7B8JGVFFmbGdFW463XMWqaV1XvJtKtVEt16p5TQU4hwu4Ag9uoQYPUIcmMEB4gVd4c56dd+fD+VyMbjj5zhn8k/P1C1THlmo=</latexit>

Q
<latexit sha1_base64="mrWz3/QJNJRl+9pG0Qno8aoa6J4=">AAACA3icbZDNSgMxFIXv1L9a/6ou3QSL4KrMSFGXBTcuK9gfaIeSSTOd0GQyJBmhDF26davv4E7c+iC+gk9hpp2Ftj0QOHznXrg5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8tUEdomkkvVC7CmnMW0bZjhtJcoikXAaTeY3OV594kqzWT8aKYJ9QUexyxkBJscDVQkh9WaW3fnQqvGK0wNCrWG1Z/BSJJU0NgQjrXue25i/Awrwwins8og1TTBZILHtG9tjAXVfja/dYYuLBmhUCr7YoPm9O9GhoXWUxHYSYFNpJezHK7NgkCs4/3UhLd+xuIkNTQmiwPClCMjUV4IGjFFieFTazBRzP4BkQgrTIytrWLL8ZarWDWdq7p3XW88NGrNRlFTGc7gHC7Bgxtowj20oA0EIniBV3hznp1358P5XIyWnGLnFP7J+foF6W+X3A==</latexit>⇢

<latexit sha1_base64="zltq6tuVHPEwK7dCvV9MexaEcGg=">AAACFHicbZDLSsNAFIYnXmu9Rbt0EyyCCymJFHVZcNNlBXuBNobJ9LQdOrkwcyKG0Ndw61bfwZ24de8r+BRO2yy07Q8DP99/Dpz5/Vhwhbb9baytb2xubRd2irt7+weH5tFxS0WJZNBkkYhkx6cKBA+hiRwFdGIJNPAFtP3x7TRvP4JUPArvMY3BDegw5APOKGrkmaW610N4woxNHjJ50QOkE88s2xV7JmvZOLkpk1wNz/zp9SOWBBAiE1SprmPH6GZUImcCJsVeoiCmbEyH0NU2pAEoN5sdP7HONOlbg0jqF6I1o383MhoolQa+ngwojtRiNoUrM98PVvFugoMbN+NhnCCEbH7AIBEWRta0IavPJTAUqTaUSa7/YLERlZSh7rGoy3EWq1g2rcuKc1Wp3lXLtWpeU4GckFNyThxyTWqkThqkSRhJyQt5JW/Gs/FufBif89E1I98pkX8yvn4Bh/2eqw==</latexit>

H
r,⌘
c

• Type-I error:     must successfully identify  

with probability

• gives the minimal possible uncertainty 

due to Type-II error



Intuition for complexity entropy
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Limiting cases

• A low-complexity state, e.g.,                       , may satisfy                       for some 

performable                                   and will yield                                                                 .

• A high-complexity state may only satisfy                       for some performable                                          

a and will yield                                                                     . 

Relation to hypothesis-testing entropy

• The hypothesis-testing entropy quantifies the

uncertainty in a hypothesis test between     and               .

• Like the complexity entropy but lacks computational restrictions

<latexit sha1_base64="nccWUCxNnmvDbRCHt2RVMUUbfAc="></latexit>

⇢ = |0nih0n|
<latexit sha1_base64="l7hOTuNmkYXZDwNZPQ5et40UElQ=">AAACGXicdZC7SgNBFIZnvcZ4i9oINoNB0CZsYjSmC9hYRjCJkF3C7ORsMjh7ceasGJb4Ira2+g52YmvlK/gUTi6Civ4w8PP/58Ccz4ul0Gjb79bM7Nz8wmJmKbu8srq2ntvYbOooURwaPJKRuvSYBilCaKBACZexAhZ4Elre1emob92A0iIKL3AQgxuwXih8wRmaqJPbdhBuMb1Qw/1zR/WjA6cH1w4g6+TydqFaPTq0D+nYlKv2xJSOKrRYsMfKk6nqndyH0414EkCIXDKt20U7RjdlCgWXMMw6iYaY8SvWg7axIQtAu+n4giHdM0mX+pEyL0Q6Tr9vpCzQehB4ZjJg2Ne/u1H4Z+d5wV95O0H/xE1FGCcIIZ98wE8kxYiOMNGuUMBRDoxhXAlzA+V9phhHAzNr4HwRoP+bZqlQPC6Uz8v5WnmKKUN2yC7ZJ0VSITVyRuqkQTi5Iw/kkTxZ99az9WK9TkZnrOnOFvkh6+0Tsrug6w==</latexit>

Tr(Q⇢) � ⌘
<latexit sha1_base64="TuwfYTQXj1qbcHxYzvRvRcXJ9qY="></latexit>

Q = Ur|0nih0n|U†
r

<latexit sha1_base64="LF2HHyLq/YsdJI0ZXGcmpxAGjcI="></latexit>

H
r,⌘
c (⇢) = log2

�
Tr(Q)

�
= log2(1) = 0

<latexit sha1_base64="fEPq/KDLjVyG0oGFzu8uiiC70sg="></latexit>

H
r,⌘
c (⇢) = log2

�
Tr(Q)

�
= log2(2

n) = n

<latexit sha1_base64="T0QqDDBm+LYTDuAv4nZgl5pglo4="></latexit>

Q = Ur
⌦nU †

r = ⌦n

<latexit sha1_base64="l7hOTuNmkYXZDwNZPQ5et40UElQ=">AAACGXicdZC7SgNBFIZnvcZ4i9oINoNB0CZsYjSmC9hYRjCJkF3C7ORsMjh7ceasGJb4Ira2+g52YmvlK/gUTi6Civ4w8PP/58Ccz4ul0Gjb79bM7Nz8wmJmKbu8srq2ntvYbOooURwaPJKRuvSYBilCaKBACZexAhZ4Elre1emob92A0iIKL3AQgxuwXih8wRmaqJPbdhBuMb1Qw/1zR/WjA6cH1w4g6+TydqFaPTq0D+nYlKv2xJSOKrRYsMfKk6nqndyH0414EkCIXDKt20U7RjdlCgWXMMw6iYaY8SvWg7axIQtAu+n4giHdM0mX+pEyL0Q6Tr9vpCzQehB4ZjJg2Ne/u1H4Z+d5wV95O0H/xE1FGCcIIZ98wE8kxYiOMNGuUMBRDoxhXAlzA+V9phhHAzNr4HwRoP+bZqlQPC6Uz8v5WnmKKUN2yC7ZJ0VSITVyRuqkQTi5Iw/kkTxZ99az9WK9TkZnrOnOFvkh6+0Tsrug6w==</latexit>

Tr(Q⇢) � ⌘

<latexit sha1_base64="IdYVOYKE7mJkLZaPYus+ukXnP6Q=">AAACA3icdZDLSgMxGIUz9VbrrerSTbAIroYZnbZ2V3DjsoK9QDuUTJrphCaZIckIZejSrVt9B3fi1gfxFXwK02kFlXogcPjO/8OfEySMKu04H1ZhbX1jc6u4XdrZ3ds/KB8edVScSkzaOGax7AVIEUYFaWuqGeklkiAeMNINJtfzvHtPpKKxuNPThPgcjQUNKUZ6jgYyioflimM3GlWveglzU/OchfGcOnRtJ1cFLNUalj8HoxinnAiNGVKq7zqJ9jMkNcWMzEqDVJEE4Qkak76xAnGi/Cy/dQbPDBnBMJbmCQ1z+nMjQ1ypKQ/MJEc6Un+zOVyZBQFfxfupDq/8jIok1UTgxQFhyqCO4bwQOKKSYM2mxiAsqfkDxBGSCGtTW8mU890A/N90Lmy3Znu3XqXpLWsqghNwCs6BC+qgCW5AC7QBBhF4BE/g2XqwXqxX620xWrCWO8fgl6z3L4b8mEI=</latexit>⇢
<latexit sha1_base64="BtRW5xDGTnNz1xeg3CyiUHo218k=">AAACHHicdVDLSgMxFM3UV62vqstugkVwVWfqtLW7ghuXFewD+iKTpm1okhmSjFCGLvwRt271H9yJW8Ff8CvMTCuo1AOBwzn3knuOFzCqtG1/WKm19Y3NrfR2Zmd3b/8ge3jUVH4oMWlgn/my7SFFGBWkoalmpB1IgrjHSMubXsV+645IRX1xq2cB6XE0FnREMdJGGmRzXY70xPN45Mz7UdfXlBMFxfy82Ddu3i5UqyW3dAETUnbtBXHtCnQKdoI8WKI+yH52hz4OOREaM6RUx7ED3YuQ1BQzMs90Q0UChKdoTDqGCmT+6kVJiDk8NcoQjnxpntAwUX9uRIgrNeOemYxPVn+9WFzpmXCr9E6oR5e9iIog1ETgxQGjkEHtw7gpOKSSYM1mhiAsqckA8QRJhLXpM2PK+W4A/k+axYJTLrg3br7mLmtKgxw4AWfAARVQA9egDhoAg3vwCJ7As/VgvViv1ttiNGUtd47BL1jvX+wNohI=</latexit> ⌦n/2n

<latexit sha1_base64="deMoZbZ1+XElRc4afRtjVmnuazI="></latexit>

H
⌘
h (⇢) := min

0Q ,
Tr(Q⇢)�⌘

�
log2

�
Tr(Q)

� 
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one entropy

Uncomplexity 
extraction

Uncomplexity 
expenditure

Quantum (Un)complexity: A Resource for Quantum Computation
27

Each theorem establishes for one of the two tasks

• the existence of a protocol achieving the task

• the near-optimality of the protocol
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Theorem 1: 
Uncomplexity Extraction

<latexit sha1_base64="zoTO8KMzd73mh6Gfb4iK58czsdg="></latexit>

Let ⇢ denote any n-qubit state, r 2 Z�0, and � � 0.
<latexit sha1_base64="us0y0iBWjI13P3xXMScjmwZlB28=">AAADxnicbVLbbhMxEN0kXEq4tfDIi0VUqRXJareKgBekokqoDzy0Er2o2TTyOpPEqtfe2rOkq2UlPo6f4Bf4CuzsJtC0fhqfmTk+c8ZxKrjBIPjdaLYePHz0eONJ++mz5y9ebm69OjUq0wxOmBJKn8fUgOASTpCjgPNUA01iAWfx1YHLn30HbbiS3zBPYZjQqeQTzihaaLTV+LUdIdxg8RWQlCTSM0UqgIxBKgRCZW4TsgJ711 </latexit>

Assume � � r✏. For every ⌘ 2 [1� (� � r✏)2, 1], some
<latexit sha1_base64="CNXxMt9oitF3ovIlwNFWFEgp1LA=">AAADyHicbVLbbtNAEHUSLiXcWnjkZUVVqZViy64q4AWpqBKqEA9FkLYiTqL1ZpKuut51d8eklvELH8c/8At8Bbuxk9LLPs2emT1z5swmmeAGw/BPq925d//Bw7VH3cdPnj57vr7x4tioXDPoMyWUPk2oAcEl9JGjgNNMA00TASfJ+YHLn/wAbbiS37DIYJjSmeRTzihaaLzR+r0VI1xi+RmQVCTWZ4rUAJmAVAiEysImZA36F3 </latexit>

protocol extracts w = n�H
r,⌘
c (⇢) qubits �-close to |0wi

<latexit sha1_base64="V3CuCPzUUp7c7137U1ng1NM0KQ0=">AAAD0HicbVJLb9NAEHYSHiU82sKRy4qqUislll2VxwWpqBLqgUNB9CHiNFqvJ8mq6113d0xjGQtx5cdx5y/wK9iNnUAfe5r95vXNNxNnghsMgt+tdufO3Xv3Vx50Hz56/GR1bf3psVG5ZnDElFD6NKYGBJdwhBwFnGYaaBoLOInP953/5Ctow5X8jEUGw5ROJB9zRtFCo/XWr80IYYblB0BSkUhPFakBkoBUCITKwjpkDfYv8p </latexit>

in trace distance.
<latexit sha1_base64="Y8DNwffJdkammxjQTQHqy2fYdos="></latexit>

Conversely, every uncomplexity-extraction protocol
<latexit sha1_base64="RP+gSYELjOzTIuL802v/tB1qYNI=">AAAD2HicbVJLb9NAEHYTHiU82sKRy4qqUislll1FwKVSUSXUA4ci0YcaJ9F6M0lWXe+6u2Nay1jihrjy45D4C/wKdmMnpWn3NPvN65tvJk4FNxgEf1YazQcPHz1efdJ6+uz5i7X1jZcnRmWawTFTQumzmBoQXMIxchRwlmqgSSzgNL44cP7Tr6ANV/IL5in0EzqRfMwZRQsNN1Z+b0UI11h8AiQlifRUkQogI5AKgVCZW4eswM </latexit>

obeys w  n�H
r,1��
c (⇢).

Low-complexity limit: some protocol extracts     
boxes qubits, others extract              qubits. 

<latexit sha1_base64="+ke8K2XVOrAA637hTEqxHDZFGs0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqWtuDUPDisaL9gDaUzXbbLt1swu5GKaU/wYsHRbz6i7z5b9ymFVT0wcDjvRlm5gUxZ0o7zoeVWVldW9/Ibua2tnd29/L7B00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBePLud+6o1KxSNzqSUz9EA8FGzCCtZFu7i9EL19w7Gq15BUrKCVlt7QgZ5Uicm0nRQGWqPfy791+RJKQCk04VqrjOrH2p1hqRjid5bqJojEmYzykHUMFDqnyp+mpM3RilD4aRNKU0ChVv09McajUJAxMZ4j1SP325uJfXifRg4o/ZSJONBVksWiQcKQjNP8b9ZmkRPOJIZhIZm5FZIQlJtqkkzMhfH2K/ifNou2Wbe/aK9S8ZRxZOIJjOAUXzqEGV1CHBhAYwgM8wbPFrUfrxXpdtGas5cwh/ID19gnOOo4h</latexit>w = n

<latexit sha1_base64="+ke8K2XVOrAA637hTEqxHDZFGs0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqWtuDUPDisaL9gDaUzXbbLt1swu5GKaU/wYsHRbz6i7z5b9ymFVT0wcDjvRlm5gUxZ0o7zoeVWVldW9/Ibua2tnd29/L7B00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBePLud+6o1KxSNzqSUz9EA8FGzCCtZFu7i9EL19w7Gq15BUrKCVlt7QgZ5Uicm0nRQGWqPfy791+RJKQCk04VqrjOrH2p1hqRjid5bqJojEmYzykHUMFDqnyp+mpM3RilD4aRNKU0ChVv09McajUJAxMZ4j1SP325uJfXifRg4o/ZSJONBVksWiQcKQjNP8b9ZmkRPOJIZhIZm5FZIQlJtqkkzMhfH2K/ifNou2Wbe/aK9S8ZRxZOIJjOAUXzqEGV1CHBhAYwgM8wbPFrUfrxXpdtGas5cwh/ID19gnOOo4h</latexit>w = n
<latexit sha1_base64="3TWFyciB0P5hs+kutxDjAvOrsek=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CklNa3srePFYwX5AG8pmu22XbjZxd6OU0B/hxYMiXv093vw3btMKKvpg4PHeDDPzgpgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRUlktAmiXgkOwFWlDNBm5ppTjuxpDgMOG0Hk8u5376jUrFI3OhpTP0QjwQbMoK1kdr3PU5vkegXio5dq5W9UhVlpOKWF+S8WkKu7WQowhKNfuG9N4hIElKhCcdKdV0n1n6KpWaE01m+lygaYzLBI9o1VOCQKj/Nzp2hU6MM0DCSpoRGmfp9IsWhUtMwMJ0h1mP125uLf3ndRA+rfspEnGgqyGLRMOFIR2j+OxowSYnmU0MwkczcisgYS0y0SShvQvj6FP1PWiXbrdjetVese8s4cnAMJ3AGLlxAHa6gAU0gMIEHeIJnK7YerRfrddG6Yi1njuAHrLdPsOOPyg==</latexit>

w  n

High-complexity limit: all protocols extract     
boxes qubits.

<latexit sha1_base64="V/G33N/4UzfbJg+a4REsPQDJYak=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadmNm5gchIAXjxHNA5IlzE5mkyGzD2ZmlbDkE7x4UMSrX+TNv3GyiaCiBQ1FVTfdXV7MmVSW9WHkVlbX1jfym4Wt7Z3dveL+QVtGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vMnl3O/cUSFZFN6qaUzdAI9C5jOClZZu7i+sQbFkmfV6xSnXUEaqdmVBzmplZJtWhhIs0RwU3/vDiCQBDRXhWMqebcXKTbFQjHA6K/QTSWNMJnhEe5qGOKDSTbNTZ+hEK0PkR0JXqFCmfp9IcSDlNPB0Z4DVWP725uJfXi9Rfs1NWRgnioZkschPOFIRmv+NhkxQovhUE0wE07ciMsYCE6XTKegQvj5F/5N22bSrpnPtlBrOMo48HMExnIIN59CAK2hCCwiM4AGe4NngxqPxYrwuWnPGcuYQfsB4+wRwQo3j</latexit>

w = 0

<latexit sha1_base64="h/bJivHH7zQ4dmcRO/wUak4BZ6s="></latexit>

H
r,⌘
c (⇢) := min

Q2Mr,
Tr(Q⇢)�⌘

�
log2

�
Tr(Q)

� 
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Theorem 2: 
Uncomplexity Expenditure

Quantum (Un)complexity: A Resource for Quantum Computation

<latexit sha1_base64="JLMiN4O7jyzvnR2jYxb0rdCfgoQ="></latexit>

Let ⇢ denote an arbitrary n-qubit state. Let r 2 Z�0
<latexit sha1_base64="pNQ2djg1UgjKD43HV1rXNWTELkQ=">AAADaXicbVJdbxJBFF3Aj4rVgkZj9OVGQqQJkKUh6otJExPTBx9qIm0ji2R2uMCks7PbmbtSsm78j775B3zxTzjDUq3gPN2cc+7XmRsmUhjy/R+lcuXGzVu3d+5U7+7eu79Xqz84MXGqOQ54LGN9FjKDUigckCCJZ4lGFoUST8Pzt44//YLaiFh9pGWCo4jNlJgKzshC43rpWzMgvKTsPRLkEOh5DAUAE1QxITAFTIeCNNNLq1 AF27lILQaGGGEXimQdCBVEjOZhmH3Kx1kwwws/rxYJTE1c/QlKYiuifdXHMcyYNEKgOaM/KnAyONAQYGKEjFV3XQrexRrQbuXmCdAphYKWrdgbtavNv/2m13Qt1Vnsb8/uKhgxi9h6HMg2XOB2/xBBRMLJJ7AQNIe82lzAG1DQgaNxIeT550y33TR5y+XvXxVIFY+jROKlLfzVDzRTM4kF98J083Gt4Xf91YPtoLcOGt76HY9r34NJzK1biri0vg17fkKjjGkSXKK1OzWYMH7OZji0oWIRmlG2upQcmhYpfJnGimCFXs/IWGTMMgqt0n2k2eQc+D9umNL09SgTKkkJFS8aTVMJFIM7O5gIjZzk0gaMa2FnBT5nmnGyx1m1JvQ2V94OTg66vZfd/od+47C/tmPHe+Y991pez3vlHXpH3rE38HjpZ3m3/Kj8uPyrUq88qTwtpOXSOueh98+rNH4Di+QTuw==</latexit>

and � � 0, and assume that � � 2r✏. For every ⌘ 2 (0, 1],
<latexit sha1_base64="TTCt62gQ3DJIYMWelmNMihXhs7g=">AAADcHicbVJdbxJBFF3Aj4pf1L6YqPEqaaQGyNIQ9cWkiYnpgw81kbaRRTI7XGDS2dntzF0pWffVH+ibP8IXf4EzLNQKztPNOed+nblhIoUh3/9ZKleuXb9xc+tW9fadu/fu17YfHJs41Rx7PJaxPg2ZQSkU9kiQxNNEI4tCiSfh2TvHn3xFbUSsPtE8wUHEJkqMBWdkoeF26ftuQHhB2QckyCHQ0xgKAEaoYkJgCpgOBWmm51 ahCrZ1nloMDDHCNhTJOhAqiBhNwzD7nA+zYILnfl5dNmBq5BqMUBJbMM1VI8cwY9IIgaaMLlXgZLCvIcDECBmr9irjfawB7VpuoACdUiho2IqdQbP6t934iqyhWrO9zdldASMmEVtOA9maC9zuHyKISDj56HKdmaCplc7gLShoweGwgHn+JdNNN1PecGX2VnVSxeMokXhhk775gWZqIrHgXph2PqzV/ba/eLAZdJZB3Vu+o2HtRzCKufVMEZfWvX7HT2iQMU2CS8yrQWowYfyMTbBvQ8UiNINscTA57FqksGccK4IFejUjY5Ex8yi0SvefZp1z4P+4fkrjN4NMqCQlVLxoNE4lUAzu+mAkNHKScxswroWdFfiUacbJ3mjVmtBZX3kzON5vd161ux+79YPu0o4t75H33Gt4He+1d+Adekdez+OlX+Wd8uPyk/LvysPK08qzQlouLXN2vH9e5eUfX3QXMA==</latexit>

and for every (n� w)-qubit state �, ⇢ can be imitated
<latexit sha1_base64="D+FFC/ZCAjKuKv6Iu0PD3/UZ3wk=">AAADcHicbVJNjxJBEB3AjxW/WPdiosZSspE1QIYNUS8mm5iYPXhYE9ndyCDpaQrobE/PbHeNLBnn6g/05o/w4i+wmwGDYJ0q77366NcVJlIY8v2fpXLl2vUbN3duVW/fuXvvfm33wamJU82xx2MZ6/OQGZRCYY8ESTxPNLIolHgWXrxz/NlX1EbE6hPNExxEbKLEWHBGFhrulr7vB4RXlH1AghwCPY2hAGCEKiYEpoDpUJBmem 4VqmBbl6nFwBAjbENRrAOhgojRNAyzz/kwCyZ46efV5QCmRm7ACCWxBdNcDXIMMyaNEGjK6K8KnAwONQSYGCFj1V5VvI81oH2WWyhApxQKGrZjZ9Bcnzde0zVUa3awvbzrYMQkYst1INuwgVsDQgQRCScf5dUCnwmaWuUM3oKCFhwPC5jnXzLddDvlDdflYNUmVTyOEolXtuibH2imJhIL7oVp58Na3W/7i4DtpLNM6t4yToa1H8Eo5tYzRVxa9/odP6FBxjQJLtFumRpMGL9gE+zbVLEIzSBbHEwO+xYp3BnHimCBrldkLDJmHoVW6f7TbHIO/B/XT2n8ZpAJlaSEiheDxqkEisFdH4yERk5ybhPGtbC7Ap8yzTjZG61aEzqbT95OTg/bnVft7sdu/ai7tGPHe+Q99xpex3vtHXnH3onX83jpV3mv/Lj8pPy78rDytPKskJZLy5o975+ovPwDSt4XMA==</latexit>

with w = n�H
r,⌘
c (⇢) uncomplex |0i’s.

Low-complexity limit:     can be imitated with 
boxes qubits.

High-complexity limit:     can be imitated with 
boxes qubits.

<latexit sha1_base64="tx5IoKrfYNiNHo4TOew6fQvv4Jo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZLSV3YFNy4r2FpoQ5lMJ83QyUyYmQgl9BfcuFDErT/kzr9xklZQ0QMXDufcy733BAmjSjvOh1Xa2Nza3invVvb2Dw6PqscnAyVSiUkfCybkMECKMMpJX1PNyDCRBMUBI3fB/Cr37+6JVFTwW71IiB+jGachxUjn0lhGYlKtObbntTynCXPSdrx6QVqdpgdd2ylQA2v0JtX38VTgNCZcY4aUGrlOov0MSU0xI8vKOFUkQXiOZmRkKEcxUX5W3LqEF0aZwlBIU1zDQv0+kaFYqUUcmM4Y6Uj99nLxL2+U6rDjZ5QnqSYcrxaFKYNawPxxOKWSYM0WhiAsqbkV4ghJhLWJp2JC+PoU/k8Gddtt2Y2bRq3bWMdRBmfgHFwCF7RBF1yDHugDDCLwAJ7AsxVbj9aL9bpqLVnrmVPwA9bbJ8v4jro=</latexit>⇢
<latexit sha1_base64="bEa2cCQhDWB/T902Bza6NbMFMGc=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKWxCXnsQAl48RjQPSJYwO5lNhszOLjOzSgj5BC8eFPHqF3nzb5zdRFDRgoaiqpvuLi/iTGnb/rAya+sbm1vZ7dzO7t7+Qf7wqKPCWBLaJiEPZc/DinImaFszzWkvkhQHHqddb3qZ+N07KhULxa2eRdQN8FgwnxGsjXRzfyGG+YJddJyaY1dRQuq2U05JrVF1UKlopyjACq1h/n0wCkkcUKEJx0r1S3ak3TmWmhFOF7lBrGiEyRSPad9QgQOq3Hl66gKdGWWE/FCaEhql6veJOQ6UmgWe6QywnqjfXiL+5fVj7TfcORNRrKkgy0V+zJEOUfI3GjFJieYzQzCRzNyKyARLTLRJJ2dC+PoU/U865WKpVqxcVwrNyiqOLJzAKZxDCerQhCtoQRsIjOEBnuDZ4taj9WK9Llsz1mrmGH7AevsE30COLQ==</latexit>w = n

<latexit sha1_base64="tx5IoKrfYNiNHo4TOew6fQvv4Jo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZLSV3YFNy4r2FpoQ5lMJ83QyUyYmQgl9BfcuFDErT/kzr9xklZQ0QMXDufcy733BAmjSjvOh1Xa2Nza3invVvb2Dw6PqscnAyVSiUkfCybkMECKMMpJX1PNyDCRBMUBI3fB/Cr37+6JVFTwW71IiB+jGachxUjn0lhGYlKtObbntTynCXPSdrx6QVqdpgdd2ylQA2v0JtX38VTgNCZcY4aUGrlOov0MSU0xI8vKOFUkQXiOZmRkKEcxUX5W3LqEF0aZwlBIU1zDQv0+kaFYqUUcmM4Y6Uj99nLxL2+U6rDjZ5QnqSYcrxaFKYNawPxxOKWSYM0WhiAsqbkV4ghJhLWJp2JC+PoU/k8Gddtt2Y2bRq3bWMdRBmfgHFwCF7RBF1yDHugDDCLwAJ7AsxVbj9aL9bpqLVnrmVPwA9bbJ8v4jro=</latexit>⇢
<latexit sha1_base64="V/G33N/4UzfbJg+a4REsPQDJYak=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadmNm5gchIAXjxHNA5IlzE5mkyGzD2ZmlbDkE7x4UMSrX+TNv3GyiaCiBQ1FVTfdXV7MmVSW9WHkVlbX1jfym4Wt7Z3dveL+QVtGiSC0RSIeia6HJeUspC3FFKfdWFAceJx2vMnl3O/cUSFZFN6qaUzdAI9C5jOClZZu7i+sQbFkmfV6xSnXUEaqdmVBzmplZJtWhhIs0RwU3/vDiCQBDRXhWMqebcXKTbFQjHA6K/QTSWNMJnhEe5qGOKDSTbNTZ+hEK0PkR0JXqFCmfp9IcSDlNPB0Z4DVWP725uJfXi9Rfs1NWRgnioZkschPOFIRmv+NhkxQovhUE0wE07ciMsYCE6XTKegQvj5F/5N22bSrpnPtlBrOMo48HMExnIIN59CAK2hCCwiM4AGe4NngxqPxYrwuWnPGcuYQfsB4+wRwQo3j</latexit>

w = 0

<latexit sha1_base64="h/bJivHH7zQ4dmcRO/wUak4BZ6s="></latexit>

H
r,⌘
c (⇢) := min

Q2Mr,
Tr(Q⇢)�⌘

�
log2

�
Tr(Q)

� 
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Summary
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Resource 
theory of 

uncomplexity

Operational 
tasks

Complexity 
entropy

Optimal task 
efficiencies



Future 
research

• Describe “phases” of 
uncomplexity extraction
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• Determine properties and 
applications of the 
complexity entropy

• Explore connections to 
black hole physics



Thank you!
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