Part IV

quantum optimization problems



quantum optimization problem

Never, never, never, never, never give up.

Strings 2003, Tokyo
David Gross




quantum objective function



quantum objective function

f(6;A) = tr (p(6)A)

conventionally

p(8) = U(6)poU(6)" = exp(ad(X(8)))po
where

ad(X(6))po = [X(6), po] -



quantum optimization problem

minf(6; A).



gradient-based algorithms



gradient of quantum objective functions

Let

U(6) = U(61)U(e2) - . . U(6n)
= exp(61X1) exp(62X7) ... exp (6,X,) .

then

exp(adX(0)) = exp(61adX;) exp(fadXy) ... exp(6,adXy,).



gradient of quantum objective function

6f(6,4)
86;

=tr (A exp(BlaXm) exp(ezadXz) - eXp(QiadXi) [Xi, pi])

where

pi = exp(fir1adXi11) exp(6i2adXiy2) . . . exp(nad X)) po-



parameter-shift rule

Quaternions (1,1, j, k):

‘ 1 i j k
111 i j k
ili -1 k —j
jili -k -1 i
kik j —-i -1

Sigma algebra o, = (—E 31, 3, zk)

3
[O’i,O']'] = Zeijkak, i,j=1,2,3.
k=1



sigma strings

O'amz...aﬂ = 2i0a1 ® Uu2u3...0'ﬂn
we have

exp(fadoy) = cosf1 + sinfad oy

— adoy = exp <72rad O'A>



parameter-shift rule

6f(6,4)
86;

=tr <A exp(61adX;) exp(6radXy) ... exp ((91‘ + 72r> adXi) pi) .

=1tr (A exp(BlaXm) exp(ezadXz) - eXp(QiadXi) [Xi, pi])



quantum optimization problem: discussion

What are we doing? Optimization or quantum computing?
Is the gradient-based algorithm suitable for our purpose?
How do we initialize parameters?

Do we have any barrier-method for a quantum ansatz?



