T\ﬂe CoM?u'\-a.’riamL\ ?owet of
Eliminating Rerative Phases

M otthew Fooc

UWNetS:H ok Co\ol‘a.clo Bou\o\er



Chai Cont MilleC Nicole Yonger

RotamChedv (UMD, NTET) Haufletwn
(VHD) (uHO, NIST)



PaLH- I

Classical  and QU&W\‘UW\ Cowmfutess






e«w(@) = |ocolollolll

e {ori}
< {01 '?*






[ "
ewc<@7\> \ ) Unifotm  awnd \,
. pO\‘f - S12e Cif(uit
- oves Classical '
h . Jate Set
r?ol\((n\ \{Pow .

| IR {\PDIYU\) o U\MG&(‘\M({UJ l})



Det. | € BPP (fF A efficiens C\agSical

PEm———

Comfutec C oveld UvnivesSa) Classical

d0te set Guch that ‘v‘xeian};‘,\
Pc [C () = L 2 ¥y

2.
19' UNnifotm and
P - S5\2 1ol
X, o e cCitevit L@C)

oVey UWiveiSal
" — Clessicn| Jate Se




enc<@>

= |oolollolll

e\ll(,er WA
Quentom SyStewm

:‘loolOllo\ll>

€ (di{ an)






E §§icient Quamu\m Cowmboter :

Unifotwm awd

CZ&M.(@) { . Polt - $ize citcuit | » Z P
. : Z

ovVey 0{ Vontuwm
Jate Set




Def: | € BAP iff A efficient Guontom

Comfuter @ ovef o ULuivelal Jate

et SGuch that \q‘xcf:{an}:‘,\
P [2(x) = LO 2 &g

B |L(x)Y
| %4) UNnifotm and
. Port- $ize citcvit
\%"S oVes uwiVelSal
| . Jate Seft

|0~ 9°|Y(w)>




W:o.c'l-f; BPP = B&P

Cowj ¢ BPP = B&P



Pacr 1L

PoSi‘- 3€|6C+?0V\



i o

Y,
K, :
* Unifotwm and \{3 e
. -5 cifoit _
Xon Poiv- Size | \{L' '
oNel ClaSSical .
" ) date Set Y y
' Pore(n) ~
r@ol\{(w\

PoS-\-@pP



E §ficient 906+—§elec+el Quantom Cowmfoter:

| 2y
|%2)

\ LY
Ja)

I0~ 9°W(vo)>

Unifotm aud
Poit- Si2e citcuit

over fuovtuwm
Jate Cet

Po S'\-B QP

L

} lol10..)



PostBPP

PostBQP

Bovland, 2019



—oC4S >

PPOQ{B?P
c 2,F (HHT, 1397)
’ POS'\'B QP = PP (AM‘ov\Son, QOOS)
| PP
PH < P (Too\a’ 1991)

C ofollafy ¢

D.aBPP = PP —p PY B P
- 3



DPswot:

(VW .V V.V VVVVY . 4

Quantum Mechanics BRP
ModiCieh > New Cowflexity
Classes!

Quattum  Mecwanics



Some EXawmPles

POS'I-—Sele(,Hon
(Aatonson ‘0%)

Hidden Natiables

(Aatonson ‘09)

Non-Collapsing Heasufements
(Astonson et al. '14)

Quontum  Cloving
(Boo et al '1b)

Qewm&a\a\e, Measutewments
(Hiromasa e+ al. '23)

wad>  FoiBQP
“woy o DaP
w o PoRP
wo o CBRP
A RWBQ?



PoM- T

Phace Efasule and MagBRP



Defs The Moa Yate 15 +he Phose
etasote’ Waf

oL X
w WN/
WY Mag(1%Y)



ObSetNation: The Mag Jate is WNow-lieat
(and thevefote unfwysical).

P\‘oo?:

E—

Mag (&°1%Y) = Mag(\¥y)
+* e:le Mag (\¥Y).



fects &

Mog Jare (es

ations The & \¢7) .

ObSelV +( m» ®\¢>): H&J(‘\q{)» - 3’(
Mag (1

S A0
Proot s o) - loto Be | 1
Mogq \Y

X7 0()7>
= | | 18] |

= Mg (95) ® Mag (167) .




Caro\\ ol %

g En Yl Wi e B
- 1, 1. ™

4y ki BT g | @
{ ®y | * Mg O el v O
R, | :
B e O o B

(ﬂe\e\lm'k Sor the 9uiz \a-te(‘)



ObSetNotion: The ™Mol Jate 15 exfonsive:
| (Mog (@) | Mag (el 2 [C@1evl

Pooof s
[ (Mog (@) | Mag(e))| = 2 1%aPrl
v &

2 \:,;O‘“B%I

= | (w1,



Cotollafy %

Maﬁ- Jateg Cavvok he?

distinguish

Quantum States oy Wole Hhan

UnitalieS Cawn.




?Mi— s

T\ne COM?u-\-a.’riavm\ ?owet of
EI'\MN\a\-iwg, Rerative Phases



Det: L € MugBRO 85 T onigorm ond Pori-size

pum————

Cwwit Lamily @ ovel a UviverSel Jate
Set+ + Mag dare s.+ ¥xefall,
e Qlx) vses ¢k Mag Jates
. Pel@(), =L ()] 23y -
4 .. “_(x»
| %g)

L0y — W, | Mg IU-. 1N
Jat)

l0~ ebl‘((\n)>




Det:  MaB@f:= U MagBQF, -

R20




%o.gu, Facts  (axa. ”T\ne QUi )
B&P = Mag%&?o

VK, HG&%QQK < M“Q%QQKH

MA@%&P c Exp

VYK, MagBaP,, admits Probability amflification

VYK, Mag BAP,  Ndefendent of undetiyivg.






- No AT used (Sove Chewing tesolt)

=AI vsed W Proof (aSK \(\0&1!3



©

ieSu‘lﬁ

d otacie O S.tT. NPO¢ Magga?o




Proos Thea: Moz 3Zates do Vot Chame

htovetr \owes boud. Fof +Hne
uasHuctufed Seatth froblew.

Defz The vnstuctured SeafCh Problem (UsP) iS5

Tafos s Ofacle access to £:IN] = o}
s.t. Al x s-4. flx)=).

Ovilut: o .

Thm (Bemnett et ol. 4F): On an  efficient Guontom
Comfutel, USP +toxes ﬂ.(m ) duefies.



Tlea (Am\oo.m'-s,"”)‘l

* Suffose } Sowes USP. T\"e"u for § and § with
x=£70) and ¥=37'01), ey

)? )‘? Q)‘? 1—
10" —F %) —¥ o0 —F 1 YR
@, 9 @3 Q,3

1™y —» WY) — T e wf)zl?)

e Thetefore, the States %)) avd WEY) become
inceeasingly distinduishable as 1=>T.

e Unitaries Cant distinguish Guantom States, So the
ofacle Calls abe tesPomsible, and 1+ +akes

1—3_(\,([“") uecies +o o\‘\S-l-‘mgu‘.sh.



Bo+ Meg Jates dont helf o\‘\S{-‘uv\g.uish

Tuantom States either)

7' Mag
. \
/9 > 7(9‘> (e ‘ 93

Cotollarys Evea with folt(n) Hag_ Jates, &
Ma@BQP Comfutel +akes .Q.(m ) Yveties
+o Solve VsP.




©

QeSuH‘:

—

Jotacie O St 8@\?0¢ H"‘ﬁ%Q?:‘




M—M Mag  Jotes e Solve Collisiown
Proplem, whith wo BRPY Cowmfuter Caw do.

De¢e The Colligion Ptoblewm 1§

Tugs orece scess o {10l
Tt S €ithelr {-1 o1 3-1,

outfuts Decide wWhich,

Thwm (Aaronson, °): on an effiCient Guanitom
CompPutet, ColliSion tales S\.(QNS) queries,




Results With one Mog Jate, an effiGieat Svonttomm
Comfutef Cam 3olve ColliSionn witly, O(1) 9queties.

?\‘aa@ CRett?




|0y { f
|6™) f A
— 1

oN

1IN
Hog

? )

g

]

H@M
-

\®)

A

-1

7 ~ Twm(§)

)

%> Vet Sensitive
to |7}



d-13

———

V"Pgb - Z \W>
W &{a. \'}W
w ’(1|@“3)=0

[9) = H®" 1abgy
- é— (10" +\%&%),

§ HQ&Sul‘e

WV
Pclot[= Yy



Resuits CZK < Hq%@ﬂ :




Des: The statistical diffetence Problem (SDP):

w
Tofuts Citwwits Co, Ci: o1} = {o.15
—\-\nai-, on wfvd X ~ {a,\e‘{“‘ Jive
Listtibutions ), , J),, lesfectively.

Outtur: < YES & TVD(D,, D) 2%3
. No % Tvo(9, 'ﬁ‘) ¢ Vg -

Def (Sahai—Nodhan, 03):

L € SZEKR i£f i+ s (Raef) feducible +o SOP.

Thwm (OKMV\O\-O, '00)3 LOS 4K = SZK )




Ex: I ESZK

o G.',Vev\ G.o’G.“ \e+ Co and C| be <Cieuits
Hhok, on o Candom fut, outfut o Candowm

Petmutation 0§ G, anmd Gr,, TesPeckively.
o I‘G G'o ’\‘:'-G\\ ) +h€—V\

Tvw(D., D) =0
e T£ 6o % G,, then

T™VO(D, D) =1



Ocoof Tlea For SZEK S MagBRP::

Griven SDP wnstance Co, C, : {0, fk“ - {o.fkw‘, Peefare

10(Y)
e (N Iv7

1 &.) =
{__ﬁ Y EYo \}

whete
o \06{0‘1}
« No()= 1€y (D

v B s awy fnc.



T hen,
\P):= Mag (\ &DX

= Z_ \IN\,M' MY

tasSK dooble

* Doz D\ d I(-Bo) ~ lEE.) } State
m Barl.

LisCCimination
e DAD = 18 # 2D



How 4o Pleface

29(?) 7
\&\D {_‘YZ l (0 1Y2

31 \'}
Toke o (tandow) Walk]

Fac’r: For 0’.,...,0’”’\'{"»@, X= 2:07 has

Elixi] = (N




To Prefate |Eb):
e Define “Tandom \ooking" %tfo.l}n—>{°s‘} :

e Prefate

£(x)
F'.“_Z_(-l) o le ) = F zL ) Y
I x

p &4 C‘b (‘(\
o Hadawmasd o -Tedistec and affly Mog

Z_ oh

XEC, (¥)

———

Sum  of me:lc‘;‘(\r)l
“Candom" Sigws, So i5 X \[ Nu(¥)

x)+ X-Z

I1ZY1¢)

{F W&



Co{‘O\\&f"f%

' a Gno\a\\‘e‘\ck—>.
\og 0 G‘o‘?g\lp = MagB Pj’ (&o\&wa%d

44 l —»
o(\) Porv (n) 2"
(Wocd) (¢r4f40) (easy)

K’ IIBeVW\eH- Diagram’

W\' A $m9,\e Mag Jote ACSkoYS
Secuvtity  Juarantee  of Moany(
\attice-based  Co4Pro Protocols!



Cy P
Result: Hag%&ﬂ,\ c BRP K, whete ¥

i€ the H#, level of the .
Ci-1
Coomtind  hietarchy (Co?= P, CuP=PF )

Mag®Qf,

Cwf
BRP



M Vée GofP Chatattetization of PP and BRP.

Defs £ €GP 186 2 Po-time NTM M S+
# accefting H Cejecting
‘9‘-’- Ratws o8 M | = \Paths o0& M /-

Thwm. (Fevw\cr - Fottnow - Ruttz l "7'*3 o

L €PP 168 AFEGae? st Vx, XELE §@)vo.

Thwm (Fornow-Rogers ,/q 2):

VQU&V\WM States WY = 2“\(”) teatized bY
Y

o efficient Quantum  Comfoutel, E! Gag? £ owmd fory ?
S.4,
£(1)
0(?= ey

a?(ﬂ‘ '



T+ L € MagBQP,, then
\L(x))

e To Simuate H”‘is Sullites +o decide Sin
of § €GP But taats PP

1y Relativizel VefSion 3ives
. Ha@%&? c BQRP Magdap, < PPN )






Ofen Questiows:

o Can We Yhteak LWE with Poy(n)
Mag ¢ates?

w> IS So, Post-Guantm CivPro Nok Secute
WM Wor\d with Mog 4ates.

¢ POQ+H¢38&PK ?-: C\(HP.

> TE So, then Jenetalizes AaronSons
Poct P =PP 4o au levels o +he CH.

> Aise Suggests Swmulating d Moy Jotes With
| Mag date mQlies CH Collafse .



T\/\ oNK ((OU ‘\’

(Questions 2



