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BIE: 8 5%EREREFRR

N— E
= Z:j:O1 uj ’J> = (UOa ug,---, uN—l)T

ey =1
Oy : 0) > |u)

$EME: Ac C [ (o, a,¢)-block-encoding ATEEERE Un € C7 27"
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[E1/51: %ERE (=) & 3
Input:

Block-encoding of A:

Ara((0fe@ /) Ua(l0)®1)

(O] (1]
éA 1\ |0)
UA“( ! *)1>

or UAz|0>(0]®g+|0>(1|®*
L0 @ %+ 11) (1 ® »

Quantum state:
2"—1

luy =" i)
j=0

'Algorithm’: applying block-encoding

0T,
A
o)

T U0 )~ T 10) Al + e 1) )

or
éA * u\ _ éAu
* % 0 *
Need to measure the first ancilla qubit

Success probability: (|| A |u) [|/c)?

Number of repeats (after amplitude amplification): O (a/||A|u) ||)
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FERR: SWAP i

Bes: & | (ulv) |
0)
|
V)
1 1
|0>\U>IV>%E(IO>IU>IV>+I1>\U>IV>) E(IO>IU>|V>+!1>IV>IU))
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HERFR: SWAP i

HNEE X 5SE—1TEFILHENER—5 (A1) (1 NE)
1 1
EX = 9 §| (uv) [?
B g Y me X A& 5 — 5| (uv) |
Q: M FEREZK?
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HERFR: SWAP i

Lemma (Hoeffding 7~Z3X)

1% Xm AHEMIMBINERE, LFREHRR an < Xn < bn. ¥
Sm= X1+ + Xu, B4

P(|Sy —ESu| > t) < 2exp <— v 2 )

> m=1(bm — am)?

£ SWAP Jilirp:

(- 3 dw)

= M=0(1/¢%

> 6> < 2exp (—2/\//62)
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B EPERYEAEE . Hadamard iz
BHx: & Q|Uy), BEF U B— 1 BEEFK
10)

|¥) %

10) [¥) = —=(10) + (1)) [¢9) = \2(|0> [¥) + 1) Ul))

0)(+ U)18) + 50— U)1)

Sl

_>

N | =

2

= £+ SRe((B|U)

P RFIE —0) = |50+ 00| =
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BEXEFEAYEAEE . Hadamard iz
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BEXEFEAYEAEE . Hadamard iz

ERRMXR: B U= U,U), GEEZREFREATLIEL)
(W|U) = (]g)

—RERERHIE: HE (VIAlY), Hf A B—1—MREIERE. U ZEW
(c, a,0)-block-encoding

0)
) A
Ua

¥)

10/23



%6/ [mE % &MHEEZAES (Linear Combination of Unitaries)

Hi: 4E—AETH U M—EEXH ¢ >0, #8 Y1 gU,

> —RKIRFRE TR
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LCU: filF

B w8 LU+ Uy)
0) :
1) Ui

» (1,1,0)-block-encoding
> BIHEE: [5(Uo+ Un) [0
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LCU: —pafgst

Bif: AE—HESHR U —HEIH >0, 8 Y1 U
022 4)— Oprep | . — Olvep A
sel
)

J-1
Oprep : Osel = ) U;
brep : WZﬂJ | j;mo@ ]

» (||€||1,logs J, 0)-block-encoding
> mmmE: |(390) 10 /I
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[0 2 fni%

Bi: BE—ERFS |u) M—EETH ¢ >0, 8 Y olu)

WA BTFSHIEHIE oracle U2 [0) — |u))

JZICJIUJ (ZCJ )

Jj=0
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B[ Hni%

Hiz: BE—AEH A I—EESH ¢ >0, #HE X)) oA

> 4N 5B A; B9 (o, a,0)-block-encoding U; (BT 5B Aj/oj B9

(1, a,0)-block-encoding )

J—1 J—1
> GAi=) ajgAjfay)
j=0 j=0
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B[ Hni%

0022 ) | Obrep (A
A

|02) Osel
%)
Oy )+ 5" g1, O =3 13
\/ZTJCJ j=0 =0

> (> ajcj, a+ log,y J, 0)-block-encoding
> ApE: | (S04) 10/ (o)
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LCU BIitEEXES BRI

Oprep : |0)
‘OlogQ J> 1 Ogrep Pree ‘ \Y4 H ’1

Osel
’¢> - Osel = Z |./> <J’ ® Uj
j=0

wiagaE: 0 (a3 (S,66) 10)]) % Oper 1 O

> Osel E"Ji‘l’ﬁgﬂ‘j&g

> RIFBRAES) U EREZH

> MR U ZEF—EEKR, BA O HITEERETRHIER
> EEEFIMAR U SR ENE FELH
> %Eﬁl*}#?ﬁzlﬁ

Z\FIJ,
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LCU BB &SR3

Bix: 18 o*Hy, EREE =3, qU;lvo), HR—NIERER
Yt HY =" ¢icy (tho| Ul HUy o)

g

1. (&8 +;%:mr) AR cicp/||cl|T BERENEE (/.))
2 (BFHEAL) HE—1 () WitE, H3HE (00| U} HUy [¢ho)
3. (2
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LCU: EF3EW vs iBGLIR

HEES BUHEESRE | HEILESHNE | EHRE | ZBRE
EFSIW | block-encoding 1K % = R
BEEH NEE = & & %
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IR EE R FEFE L
> BANBEERE Ul
[¥)
> PN —REEERE Ao F1 A1, EHITETRY block-encodings Ua, F1 Ua,. EiRt:
)~ H
Ua, Ua,
) — — —

> ZEEEAH, EA Us SBIERT U, ZIEH—L "BIHR" #B53HE (0)
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B 3R
B ERSHRINEBETILE

0T,
Ao
) — — —
Ua,
10), — A

1001 10} [16) —225 [0}, (10} Ao [1) + [1) [+))
— 10)o 10}, Ao [4) + | 1)g [0), |+)

K 10)o (10)1 AtAo [0) + [1)y %)) + [1)o [0)1 [%) + 1o [1)y [%)

J A FERRIRE FE O(Ja) BMIHREIE FIL4:
> EIFHY Tk compression gadget
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%BP%E S ik: compression gadget

Counter —{ ADD” H ADD' —— ADD' |-+
Ancilla :]: l J‘ cee —] O

UO U1 U.]71
System ] R 7|

[0) [0) Ay—1- -+ ArAg |uo) + > _ L) %) [*)
10)[0) [} sl v o
|4) 10) |uo)
[) (]0) Ao |uo) + [1) |)) |4 —2)10) AtAo |uo) + |4 — 1) 1) %)
+1J=1)10) [*) + [J) [1) [+)

|4 —1)10) Ao [uo) + |J) [1) [*)

[J=1)(10) A1Aq |uo) + (1) [))
+19) (10) [%) +11) [%))

ADD: [|0) = |1) = [2) = --- = |J) — |0)

> a+log, J EUAMRIAH BN E FLLSF
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LI)E

> LL: Chapter 3.1, 7.3
» [arXiv:1806.01838]: Section 4
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