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Overview

● Cli.ord circuits and Cli.ord diagrams

● Graph states with local Cli.ord opera;ons

● Local complementa;on, pivo;ng

● Strong simula;on of Cli.ord circuits

● Synthesis of Cli.ord circuits



Cli6ord circuits and Cli6ord diagrams



Cli/ord circuits are made from :
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Cli/ord diagrams is a Ex diagram made of "Cliffed spiders'
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a zx diagram is graph-like if :
- all spiders are Espiders

- all edges are Hadamand edges

- no parallel edges or self-loops

-

every input/output is connected to a spider



Cli/ord diagrams
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Graph states with local Cli6ord opera)ons



Graph states are graph-line EX diagram with no input
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def : a graph state with local Cliffeds (GSLC)
is a state of fam (U

,
0 ...@U) 197 for some

graph G and 1-qubit Clitfud gates Ui.



Normal form

Def : a Cliffed state is a vector of fam Clo .... 0) fa some some

Clifted circet C.

the : any Cliffed state is equal to a GSLC.



Local complementa)on, pivo)ng



Local complementa<on of a graph G aboutveter u

is a new graph G * U = (V
,
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Pivo<ng
Consider strong complementants=
add context =。興 deletes spiders
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Simula)ng Cli6ord circuits



Simula<on of Cli/ord circuits

given Clitfud zircut
<
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algorithm /"Cliffed simplification rewrite strat") :

1 convent to graph-like diagram
2. repeat until impossible : Local complementation and pivoting
3. remove all isolated 10

,
/ - spiders

pthis teuninates



Simula<on of Cli/ord circuits
Pop : algorithm terminates in polynomial time (in #qubits,

and#gates in a
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but this is not optimal : doing step 2 optimally Otnik) steps

if h > h
,

this makes big difference

idea :1 avoid big spiders:o*--i
2. apply local complementation and pivoting left-to-right

ロ → ③ 〜 ③ …→ →. :;

each step involves at most O(n) spiders (hence O(nY wires



Synthesising Cli6ord circuits



Synthesis of Cli/ord circuits

Cliffud diagram -> "AP-fam" > ESLa
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Synthesis of Cli/ord circuits
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Any Clifford circuit can be written with at most Oly gates .



● ZX diagrams with phases pi/2 are simulable but interes;ng

● Correspond to Cli.ord circuits

● Can bring to surprisingly eFcient normal form graphically

● Can simulate eFciently graphically

Summary:


