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Haar	  Random	  Unitaries	   
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Data	  Hiding	   

S'1UHA%I'$%9(a%A%(26&6$E_(
w5'>A(YH%$AH1(>A%A">(9'':(1%T61%99B(16T"&(C'#(%99(
U'9B$'16%9(>6@"&(76#7H6A>x((
(

(
("*E*(1'>A(YH%$AH1(>A%A">(%#"(H>"9">>(C'#(1"%>H#"1"$A(
G%>"&(YH%$AH1(7'1UHA%I'$(J)#'>>("A(%9(PQn?(-#"1$"# ("A(%9(PQnK((
(

,"A(VSJ:K(G"(A8"(>"A('C(4`'HA7'1"(FpL5(b0?(^`0d(A8%A(7%$(
-"(61U9"1"$A"&(GB(%(76#7H6A(36A8(k(E%A">(



Data	  Hiding	   

S'1UHA%I'$%9(a%A%(26&6$E_(
w5'>A(YH%$AH1(>A%A">(9'':(1%T61%99B(16T"&(C'#(%99(
U'9B$'16%9(>6@"&(76#7H6A>x((
(

/*(-B(,"=Bl>(,"11%?(C'#("="#B(Q(y(0(y(^?((
(
(
(
4*([8"#"(6>(%("U>̀$"A('C(>6@"(y("TUJ$9'EJ$KK(C'#(U'9BJ$K(
61U9"1"$A%G9"(FpL5>*(-B(H$6'$(G'H$&(
(
(



Data	  Hiding	   

S'1UHA%I'$%9(a%A%(26&6$E_(
w5'>A(YH%$AH1(>A%A">(9'':(1%T61%99B(16T"&(C'#(%99(
U'9B$'16%9(>6@"&(76#7H6A>x((
(

/*(-B(,"=Bl>(,"11%?(C'#("="#B(Q(y(0(y(^?((
(
(
(
4*([8"#"(6>(%("U>̀$"A('C(>6@"(y("TUJ$9'EJ$KK(C'#(U'9BJ$K(
61U9"1"$A%G9"(FpL5>*(-B(H$6'$(G'H$&(
(
(

-HA(1'>A(>A%A">(%9>'(#"YH6#"(4pJ$K(YH%$AH1(
E%A">(A'(G"(%UU#'T61%A"9B(7#"%A"&Z(



Efficient	  Data	  Hiding 

S'#'99%#B(/_(5'>A(YH%$AH1(>A%A">(C'#1"&(GB(pJ$: K(76#7H6A>(9'':((
1%T61%99B(16T"&(C'#("="#B(76#7H6A('C(>6@"(pJ$J:qRK\XK(
(
(
(



Efficient	  Data	  Hiding 

S'#'99%#B(/_(5'>A(YH%$AH1(>A%A">(C'#1"&(GB(pJ$: K(76#7H6A>(9'':((
1%T61%99B(16T"&(C'#("="#B(76#7H6A('C(>6@"(pJ$J:qRK\XK(
(
+%1"(6&"%(J>1%99(U#'G%G696AB(q("U>̀$"AK?(GHA(#"U9%7"(,"=Bl>(
9"11%(GB(%(t`&">6E$(G'H$&(C#'1(J,'3(PQnK_(
(
(
(

36A8(A(O(>/\X $`/\; (%$&(z>?$(A8"(1"%>H#"('$(<J4$K(6$&H7"&(GB((
>(>A"U>('C(A8"(9'7%9(#%$&'1(76#7H6A(1'&"9(
(
i `$"A('C(FpL5>(36A8(#(E%A">(8%>(>6@"("TUJpJ#J9'EJ$Kq9'EJ/\i KKK(
(
(

PrU~! s,n
0 UAU 0 ! 2! ntr(A) " δ( ) # exp O(t log(1/ ! ) ! nt)( )



Circuit	  Minimiza@on	  Problem 
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Equilibra@on	  by	  Unitary	  Dynamics	   
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Fast	  Equilibra@on	  by	  Unitary	  
Dynamics	   
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Fast	  Equilibra@on	  by	  Unitary	  
Dynamics	   
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Fast	  Equilibra@on	  by	  Unitary	  
Dynamics	   

S%97H9%I'$('$9B(6$='9=">(RA8(1'1"$A>_(
(
(
(
(
S%$(#"U9%7"(2%%#(1"%>H#"(GB(%$(%UU#'T61%A"(H$6A%#B(R̀&">6E$(
(
S'#'99%#B(;*(!'#(1'>A(2%169A'$6%$>('C(A8"(C'#1(<a<l((36A8(<(%(
#%$&'1(YH%$AH1(76#7H6A('C(pJ$; K(>6@"?(>1%99(>HG>B>A"1>(
"YH696G#%A"(C%>A*((
(
(
	  
	  
	  

(
(
(

1
T

tr trE Ue! itDU '! 0UeitDU '( ) ! ! equi( )
2( )µHaar (dU)

U(|S||E|)

"



Fast	  Equilibra@on	  vs	  Diagonalizing	  
Complexity 
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Proof	  of	  Main	  Result 
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t-‐Copy	  Tensor	  Product	  Quantum	  
Expanders 
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Rela@ng	  to	  Spectral	  Gap 
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Rela@ng	  to	  Spectral	  Gap 
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Rela@ng	  to	  Spectral	  Gap 
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Rela@ng	  to	  Spectral	  Gap 
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Exponen@ally	  Small	  Bound	  to	  
Spectral	  Gap 
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