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Device-independent no-go theorems, Entropy and information measures, Information decoding 
protocols, Quantum clocks, Quantum reference frames, Process matrices and quantum causal 
models, Tensor networks, Complexity, Quantum error correction codes, etc. 

Information theory offers a framework to reason about systems when we do not yet have a 
microscopic theory of the system. A classical example is the thermodynamics in 19 century, before 
we understand atomic physics.   [- from R.Renner’s course]

Why?

QI tools are build upon/ only reply on basic and general principles from quantum physics 

More than a collection of tools, QI provides an operational way of thinking: What and how 
information can be obtained from a system, and how is that information processed?

Due to the axiomatic nature, it provides a methodology for extrapolating beyond experimentally 
tested regimes; It helps us to identify the limits of the fundamental principles from GR and QM, 
and explore in what ways a more fundamental theory may depart from them.
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Technical and Conceptual challenges unique for QG： 

No nontrivial local observables due to diffeomorphisms. 

[Oreshkov, Costa, Brukner, Nat. Comm 2012]
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Technical and Conceptual challenges unique for QG： 

Different notion of locality, events from two communities. 
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Technical and Conceptual challenges unique for QG： 

Different notion of locality, events from two communities. 

Formulate QG measurements and statistical interpretation with the lack of 
independent subsystem (and identical independent distribution) 
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Technical and Conceptual challenges unique for QG： 

Different notion of locality, events from two communities. 

Formulate QG measurements and statistical interpretation with the lack of 
independent subsystem (and identical independent distribution) 

Agents and observer's role in QG. e.g. how to formulate interventions? 
Wigner’s friends, inter-objectivity.

<latexit sha1_base64="+MMH3zV2cbgc1P9QE70Lde0baac=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBAEIWxEosegF71FMA9I1jA76U2GzM6uM7OBsOQ7vHhQxKsf482/cTbJQUXBgoaiqpsuyo8F18Z1P5yFxaXlldXcWn59Y3Nru7Cz29BRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+8DLzmyNUmkfy1oxj9ELalzzgjBoreZ2QmgGjIr2e3B13C8VyyZ2C/E2KMEetW3jv9CKWhCgNE1TrdtmNjZdSZTgTOMl3Eo0xZUPax7alkoaovXQaekIOrdIjQaTsSEOm6teLlIZaj0PfbmYh9U8vE3/z2okJzr2UyzgxKNnsUZAIYiKSNUB6XCEzYmwJZYrbrIQNqKLM2J7y/yuhcVIqV0qVm9Ni9WJeRw724QCOoAxnUIUrqEEdGNzDAzzBszNyHp0X53W2uuDMb/bgG5y3T6dekgo=</latexit>

I+

<latexit sha1_base64="z9SqqCOTV4j10l9wnjznAJ1Xmfs=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBC8GDYi0WPQi94imAcka5id9CZDZmfXmdlAWPIdXjwo4tWP8ebfOJvkoKJgQUNR1U0X5ceCa+O6H87C4tLyympuLb++sbm1XdjZbegoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/eJn5zREqzSN5a8YxeiHtSx5wRo2VvE5IzYBRkV5P7o67hWK55E5B/iZFmKPWLbx3ehFLQpSGCap1u+zGxkupMpwJnOQ7icaYsiHtY9tSSUPUXjoNPSGHVumRIFJ2pCFT9etFSkOtx6FvN7OQ+qeXib957cQE517KZZwYlGz2KEgEMRHJGiA9rpAZMbaEMsVtVsIGVFFmbE/5/5XQOCmVK6XKzWmxejGvIwf7cABHUIYzqMIV1KAODO7hAZ7g2Rk5j86L8zpbXXDmN3vwDc7bJ6pmkgw=</latexit>

I�

<latexit sha1_base64="FpYs04c79yBNBocVpQs4ub8yxKI=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoMgCGFXQvQY9OIxonlAsobZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xsnjoKJgQUNR1U13V5BIYdB1P5zc0vLK6lp+vbCxubW9U9zda5o41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRpdTv3XPtRGxusVxwv2IDpQIBaNopRtxd9IrlryyOwP5m5RggXqv+N7txyyNuEImqTEdz03Qz6hGwSSfFLqp4QllIzrgHUsVjbjxs9mpE3JklT4JY21LIZmpXycyGhkzjgLbGVEcmp/eVPzN66QYnvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOkU/hdC87TsVcvV60qpdrGIIw8HcAjH4MEZ1OAK6tAABgN4gCd4dqTz6Lw4r/PWnLOY2YdvcN4+AfIhjZg=</latexit>

i+

<latexit sha1_base64="UiTa5jwuelfuV8ZSseH/VE0f0/U=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jNu1BRcEHA4/3ZpiZFyRSGHTdD6ewtLyyulZcL21sbm3vlHf3WiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8eXMb99zbUSsbnGScD+iQyVCwSha6Ubcuf1yxau6OcjfpAILNPrl994gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2f5adOyZFVBiSMtS2FJFe/TmQ0MmYSBbYzojgyP72Z+JvXTTE89zOhkhS5YvNFYSoJxmT2NxkIzRnKiSWUaWFvJWxENWVo0yn9L4TWSdWrVWvXp5X6xSKOIhzAIRyDB2dQhytoQBMYDOEBnuDZkc6j8+K8zlsLzmJmH77BefsE+bWNnQ==</latexit>

i0

<latexit sha1_base64="X95mxUAWGb/+OB846L06noVE428=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgxbArIXoMevEY0TwgWcPsZDYZMju7zPQKYcknePGgiFe/yJt/4+RxUFGwoKGo6qa7K0ikMOi6H05uaXlldS2/XtjY3NreKe7uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo8up37rn2ohY3eI44X5EB0qEglG00o24O+kVS17ZnYH8TUqwQL1XfO/2Y5ZGXCGT1JiO5yboZ1SjYJJPCt3U8ISyER3wjqWKRtz42ezUCTmySp+EsbalkMzUrxMZjYwZR4HtjCgOzU9vKv7mdVIMz/1MqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nQK/wuheVr2quXqdaVUu1jEkYcDOIRj8OAManAFdWgAgwE8wBM8O9J5dF6c13lrzlnM7MM3OG+f9SmNmg==</latexit>

i�

<latexit sha1_base64="NCZLu9mBmYct2Yarfau+ENTYrbs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgapiItrorunFnBfuAdiiZNG1DM5kxyRTK0O9w40IRt36MO//GTFvE14GEwzn3kpMTxIJr43kfTm5peWV1Lb9e2Njc2t4p7u41dJQoyuo0EpFqBUQzwSWrG24Ea8WKkTAQrBmMrjK/OWZK80jemUnM/JAMJO9zSoyV/E5IzJASkd5Mu7hbLHku9i68Mkaea++zCkbY9Wb4IiVYoNYtvnd6EU1CJg0VROs29mLjp0QZTgWbFjqJZjGhIzJgbUslCZn201noKTqySg/1I2WPNGimft9ISaj1JAzsZBZS//Yy8T+vnZj+uZ9yGSeGSTp/qJ8IZCKUNYB6XDFqxMQSQhW3WREdEkWosT0VbAl/vvyXNE5cXHbLt6el6uWijjwcwCEcA4YKVOEaalAHCvfwAE/w7IydR+fFeZ2P5pzFzj78gPP2Ce5Jkjo=</latexit>

O1

<latexit sha1_base64="NA3xLGBxz/HBoSmD7QPiu5yI4kI=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgapgp2uqu6MadFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3Ztoiaj2QcDjnXnJy/JgzpR3n08qtrK6tb+Q3C1vbO7t7xf2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80XXmt8ZUKhaJez2JqRfigWABI1gbyeuGWA8J5unttFfuFUuO7TqXTsVFjm3u86qLXNuZ4ZuUYIF6r/jR7UckCanQhGOlOq4Tay/FUjPC6bTQTRSNMRnhAe0YKnBIlZfOQk/RiVH6KIikOUKjmfpzI8WhUpPQN5NZSPXXy8T/vE6igwsvZSJONBVk/lCQcKQjlDWA+kxSovnEEEwkM1kRGWKJiTY9FUwJS19eJs2y7Vbsyt1ZqXa1qCMPR3AMp+BCFWpwA3VoAIEHeIRneLHG1pP1ar3NR3PWYucQfsF6/wLvzZI7</latexit>

O2

v.s.

No nontrivial local observables due to diffeomorphisms. 

[Oreshkov, Costa, Brukner, Nat. Comm 2012]


