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BPPOEE

[0 Denition. BPP is the class of languages L c {0, 1}
for which there exists a Turing machine M and a
polynomial g so that for inputs x € {0,1}" , M
terminate in at most g(n) steps and

m if xeLthen M accepts with probability > 2/3
m if x¢Lthen M accepts with probability < 1/3
The constants 1/3 and 2/3 aren't important; we can

amplify to make the success probability as high as we want

by running the program a bunch of times and taking the
majority result.




BQPDOE

1 Definition. BQP is the class of languages L
c {0, 1}* for which there exists a uniform family of
polynomial-size quantum circuits {C, } over some
basis of universal gates and a polynomial g so that
for all n and inputs x € {0,1}1"

m if x € Lthen C,(|x > |0 >®1™) accepts with
probability > 2/3

m if x ¢ Lthen C,(Jx > |0 >®1W) accepts with
probability < 1/3
Since circuits have to pre-specify the input size, so
we need a circuit for each input size n. By uniform,

we mean that there is a classically ecient algorithm to
produce C, given n.
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DHEERTHAIMAYVSADEFHRTHD)

BT EFEMEE R

NP —i{ MA -—>QMA
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FNEFNDT—LIZ. RO=ZDDOXTHEMFITENS,
1. O ux,y)

2. BR&EBEIZEDMEE: p(a,b|xy)
ABx, yNEZoNT-Fa, b H NI 5. FHAEHEERTHD

3. 7—LDBEMEERET HEMW: D(a,b,xy)—{0,1}

CHSHS —L M55,
® u(x, YIE.0E1D—FRIZSH LTg5 .

® p(a,b|xy)
=p(a,b|0,0)+p(a,b|0,1)+p(a,b]|1,0)+p(a,b|1,1).
® D(a,b,x y)l&L.
a+b=xy (mod 2)DEFIC1Z . TN LI DEFIZ0Z R T L
THd,
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X,y,a,b
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HELERTIE. 488 p(a blx, y)IE. O 1D1E x Y
LAEUSZELY,
FHbHbE. N bitD AHIZHHLT k bitdH

#R9 B f, g: [n]>[k] BEFEELT. I’} 3
a=f(x), b=g(y) ThHHH. a=f(x) b=9(y)

pla,blx,y) =1, TNRSNDZEIZIE p(a, blx,y) = 0 &5,

HHEREIFERE C.:p(a, b|x, ). a=f(x), b=g(y)
THAHEH f, g IZE>TRERMIZEFHST oS,
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C, S Cys € Cyq € Cye
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Coa = Cqe ?

TsirelsonDfEREEIE C, ) DC, EFLLDEMNELDRIRETH S,

C, € CyC Cog € Cuq S Cye

EVVSFERBDOH T, ROFERIZBRIZFSN TV =,
Cc S Cq S Cqs S an = ch

C.# C, :1964% Bell
Cqs # Cqq : 20175 Slofstra
Cq# Cqs : 20184 Coladangelo and Stark

C. € C, € Cys E|Coa € Cye



Connes Embedding Conjecture (CEC) &

Tsirelson fEzE

19764 Alain Connes
“We now construct an embedding of N into R. Apparently such an

embedding ought to exist for all II factors. 7

h
[Fritz 2010]
[Junge-Navascues-Palazuelos-Perez Garcia-Scholz-Werner 2010)
C. =C 4= Kirchberg’s QWEP ) Connes’ Embedding
qa — *~qc — Conjecture Conjecture
[Kirchberg 1993]

[Ozawa 2013]
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Time
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