KIDS OUTPERFORM OXFORD TWATS AND DISCOVER
QUANTUM STUFF THAT TOOK TOP SCIENTISTS 60y




Can QM be formulated in childish pictures ?

B. Coecke (2005) Kindergarten quantum mechanics. quant-ph/0510032



YES!
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— processes as boxes and systems as wires —



— processes as boxes and systems as wires —

photons | photons
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photons



— processes as boxes and systems as wires —
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— processes as boxes and systems as wires —
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— processes as boxes and systems as wires —
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— composing processes —
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— composing processes —
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— composing processes —
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— tautologies —




— special processes/diagrams —
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— special processes/diagrams —
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— special processes/diagrams —

Born rule :=

test {A
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state {W
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— circuits —

can be build with ® and o.

Defn. ... :




— circuits —

Defn. ... := can be build with ® and o.



— circuits —
Defn. ... := can be build with ® and o.

Fact. ...are boring.



— string diagrams —

When two systems, of which we know the states by their re-
spective representatives, enter into temporary physical interac-
tion due to known forces between them, and when after a time
of mutual influence the systems separate again, then they can
no longer be described in the same way as before, viz. by en-
dowing each of them with a representative of its own. | would
not call that one but rather the characteristic trait of quan-
tum mechanics, the one that enforces its entire departure from
classical lines of thought.

— Erwin Schrodinger, 1935.



— string diagrams —

1. ‘Circuits’ with cup-state and cup-effect:
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— string diagrams —

2. diagrams allowing in-in, out-out and out-in wiring:
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From 1. to 2.:
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— string diagrams —
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— string diagrams —




— tautology —




— implicit diagrammatic notion —
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— implicit diagrammatic notion —




— quantum teleportation —
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— quantum teleportation —
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— quantum teleportation —
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Bob’s problem now!






— isometry (& unitarity) —
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— quantum teleportation —
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— quantum teleportation —
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— SMCs as diagrams —
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— completeness —
THM. (Selinger, 2008)

An equation between string diagrams holds, if and only if
It holds for Hilbert spaces and linear maps.
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— completeness —
THM. (Selinger, 2008)

An equation between string diagrams holds, if and only if
it holds for Hilbert spaces and linear maps.

|.e. defining Hilbert spaces and linear maps ‘from diagrams’
IS a conservative extension of string diagrams.

Since last summer, we have:
UNIVERSAL COMPLEENESS!

=

(see three papers at LiCS this year on ZX-calculus)



— quantum vs. classical —

classical system  single wire
quantum system double wire




— pure quantum process —
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— discarding —
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— mixed quantum process —




— mixed quantum process —




— causality —
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— spiders —

Damn it! | knew she was a monster!
John! Amy! Listen! Guard your buttholes.

— David Wong, This Book Is Full of Spiders, 2012.
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— spiders —




CopY :=

delete :=



— spiders —







— spiders —

THM 1. spiders = dag. spec. comm. Frob. algs



— spiders —

THM 1. spiders = dag. spec. comm. Frob. algs

THM 2. FHilb: dag. spec. comm. Frob. algs = ONBs



encode :=

measure .=

— spiders —
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— spiders —

controlled isometry =




teleportation with phone call —

Bob

Aleks
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teleportation with phone call —

Bob
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teleportation with phone call —
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— structural evolution .~ —
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= =

/













.J:mr;..r.7 (Junm*'in/

colour \

Coloyr






Any age restrictions?
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Bob & Stefano:
e [Two Tutorials

Bob, Selma & Stefano:
e Detailed experimental design

Carmen Const., Dan Ghica, loannis Raptis & Harny W.:
e Provision of schools and kids initially

Bob, Dan Marsden & Selma:
e Follow-up Leverhulme proposal
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