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Tl'liS SitUudtion 3rises in Quantum Countin% (w\'\en we
want to ¢nd .m i Grover's alborithm).

Harrow—HaSSiJimeogJ (HHL) algorit}\m (2008)
gO‘Ving \inear' Sg&tems of equadtions usin uantum computers
Problem : given “A e CYN e €Y gind xeCV st Ax=ls.
Qaussian e‘immation: O(N3).
Recall the con(!itiov\in% number of A s %(Akllpxl\'(l/\"“; i
is ]ooSitiYQ and hermitian, sﬁ(A)=>\m§x,
A 1S h—sFar‘Se if every row of pamin A containg 3t most
~ elements #0. To Solve the problem in this cise we
can use the conjukdte gracjient al%oritkm with O(Nn&(A)log(f/s)).
The HHL 3\ or‘i't\\m) on A roSitive u-s’parse) TG\KQS Qm‘tj
O((IogN) MAAY/E)  quantum Steps.
AC'L’HE)“E‘ we get d Stdte ‘_Q So wWe can medsure for an
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observable Me C¥N the c‘ugﬁ[‘tita (M)ix> = <xIMx2.

i1l %1%
14‘ A is not n-sparse (Wossmg, 2018): O(v~ logN 2(0)?).

Two Fi”a\‘s of the HHL 3\%0r51\hm:
1) we use QPE on U=2*™" 5o we need an eficient
imr’ementation of controlled U (hami‘tov\ian Simu|faticm) ]
2) there is a “branch selection’ step, we medsure the ancilla
and accorc‘ing To -the outcome (4 or 0) We perform
#urt\qer- <1u3r\1‘um QFeraTions on 1/0 regisrer.
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Lnversion gare acts on HelH on the basis:
195 810> = I1L>e($(DU2+i-sm* |0>),

197 @ 11> 10> & (s 11>+ $(2)10)),

where %(Q)={b§'%“r=—%— i >c .

0 otherwise

We assume N=g™* and we have 1o normalize & (1%11=1).
Now We do the caleulations of the a‘gor‘it\nm.-l; Sim \'.F‘j,
wWe do 'the case w»\er'e 3“ ei enva\ues of A are of -t»\e form _2{
When we measure the ancilla c1u)oit) PH)-‘-:Z:‘ mrdz(m‘z 2

w\aere )\Q_ are t»le eigevwalues of A am\ Qr,ve are_?the cOe);ficien-ts of
% in the base of eigenstates of A, so P() 2 WA* (k)

Aster measuring, 1/0 r'egiSTer is in state [x>/UxI.





