Lecture 7: Heuristic Algorithms

We L\owe now seen the 'L'kr'ee MAIn
closses of c,uom'tum o.ljora't'l«m whose
performance can be omabs'eol riqorovsly.

However, all of tThese a{,orithm
pea',,‘,‘,-e (arjg- scale ( = fowlt - tolerant)
a}uqv\‘tum wmfu'tzr: to run them on
usetul sige froLleh instances.

We are anly loare!j i’-nterfnj the
NITSQ ero of Mo isy, In termediate ~
Secale QRQuantum c.amfmte,rf.

I,n srecent Yyeors, a Anumbar~ henristic
. qlgorithms howve Leen frofafed.
Whilst i’hg} are heurjstic — i.e. their

per'COPMon ce (s Aard to ana l);e
Mathematimlb, and there is for
lesS cer—ta:ni’) 'b"\ej oul performn
clagsical a{’oh}t‘\m; — 'l-hej have
'L'he aalvomtage, 'L"\at t"\Q_y oare
Potent;all, easier~ to run on Smaller-
scole 7. hardmre, and See how tk@y
perform  in Pract;ce,.



Adiabalie QRC

Thm (Adiabatic Thn,)

Let H(s) ,sel0,1] be a smooth
funet ion af s s.t. Hés) quaJS ‘wa;q
non-daganzr ate vk S,

Let |1@(s)> = g.5. of H(s5)

A(s) = A,CHEG)) = A, (HLs)
s'fectml gap of M(e)

H (s) = -o—'?- :
Taking sc¢t)= ..;E_. Let
| W () solntion to time-dep,

S‘chro dinger eq :

)N };Y;(S» = —-i H(s) ] ¥6))

If ¢ is varied S'lowl) enough Lot
tot al evolution t'l nme
7 I Heo) |l I H(1)Il
> —
Tz 3 A(o)r | T A

+ fds nnu . MHII)]

then ) 1 F(5)) - I"l’Cs)>|l




Thm LAL\ar—ond\/ ¢t d.l. ’01/-]

Adiabatic QC s pvljnm»‘aly
e.iu;Vul&n't 't‘o crrewm t w\erL.

(But only 'L'lneoret:'call) ' M re7w'reJ

in proef s A{,h{y contrived )
In Praci’a‘ce, adiabatic QC s wsod

€or oplimisation problens, ot
universal @ C.

AAVOW\tGJeff
e Easier to quflewlént in devices ?

Disad Vantq‘ge{:
o No knﬂh/ Met'lwo‘ of W\akc'mj 't

Fault ~tolerant
e Mot well-suwifed to wnmversal Q¢

‘A/o't cleoar adfaéqtic Of‘b;M;zabfan
beal s clagsical computation on
ﬂlﬂj F"ﬂblew\.



QAOA

Q. Adiabatic /A-‘Dpro:c;ma‘t‘e op”b'u misation A{y.

ClasSical consltraint sat ! :'Factfon
rwelem; con be cast as minimisin
the "cost™ of w'o"a‘tfnj the constTraints.

E'g' Sa'b;ffg'vv\j Boo(ean Con;f,’rou'ntf
{0\ AL =1

“pbAc =1

61,06 valenl to aM‘ZV; Cla,bc) where

Cloa,b,c) = (= o A 4 L,/\-"'c).

A"gmal“ SDfutFov\ minimises ceost 'AAM‘EOA
C = ¥ violated constraints.

Mol e * C(G,L,c> ¢S Ju;t &y c[a":;cal
k-loca»[ Howmilt onian (I(-‘—z ' above
exaMfle).

M.’V\?Mis?v\] C = M;m'mz‘s';f:? enerqy-



Pl‘ablw (Baoleam Congtl"ﬁ;nt Oft';mb’d,'t' 70n>

Tnput : B ootﬁ)an cong¢lraintg¢
{CJ-(L‘",..., BZJ)); ) J:1M
ﬂ

0u'bput'3 bit s"t’r?nj L s-t-
-’
JZCJ(Q) is Small

uclé’) = T-g e"?é’cj
J:
n e )
UB(F) = 7-[ et)(
,53/ ?> = TF;: u,(s) U 1
j=1 B F; ¢(XJ§<J-§ z[">)
S
b = oulcome of measunring I;,E)

In cOMf)Mtat;ﬂ'\al Iedf;s.
Want C(rB) = < 2,12 < | ¢, B> small
J

- e .
— run clacsical optimisation over ? ;’
’ s

M}‘lr\g 7" ¢0mft4i'er Lo Covnfu‘i‘e C(&—’,;).



Anal\ysis
Cawn Frove

im <L, FIZC I§.FS = min TG(L)
P—Seo J b \j

He wever, <£ind ;“\3 or'f';w\a,l solnt ion
Cand even gei‘tinj w thin 'Fa.c‘l’or
of 1-€ of opt inal  Solntion, for
€ olependin on tjpc of constraints
invdlved) is MP-hard in Jenéro.l,

—> P = O(2") in worst case.

Aalvcm't'-\jes .
o Lon olqoo.fQ F = wl'\dt¢!/€"" C;PCM:b

olep'l:k hordware is capable of,

o NMurmerical simaulations ;AA; cad’e @AOA
often work; well @even #or Smiall
= (ow-depth cirecuwits (NISQ?)

Disad vantages:
e Not knpwn to beal besl classical
uljorii‘kw\r, even 'H\eore‘l‘ically

o Classical hewristic constraint
oPi"'M"S'a’l"'ovx «ldorii‘l\m; work vesry
well n Phnc'tl.ce, evenn 0Owm [ou:,e, 'PQB%”\S-.



When it  First came out, R A0A
wos proven to beat best clagsical

ort;w‘isats'on O\QOPQ’H‘\W\ For MAX SAT.

W;'tlm'n ~2 w\m'tl'\;, CZQSS‘:Cal m@oﬁi’hm
wos Lound t hot berts ¢,




V QRE

Variational &). Eigensolver

TL\M. C Var-fa‘b.'onal clf\aracterira*éiom of
ec’j vals.)

Hamiltonian L.
X, (H) = min <Y H]/Y
v

< <Yl HIYS v I¢)

V& E Q@Or;f‘\w\

Local HO\W\T[‘b snfan H = ZAJ
J
Let 4> = U, 10o0...0>

for some class of 9 cirewts U .

Rum clacsical optimisabion ower 2,2,

V\S;V‘j ¢ aomputer to CaMfU\‘i'e (ne.hjy
(a.k. a. ?lcos‘t Function):

<YIHIY> = <o...0l “Z(%kj)“c|°--~°>-

Aj Measw-;nj "‘j on l/{clo---0>.

Note: QAOA can be seen as a sPee?aJ
Ca;e 070 tl‘\."’ 8



Advan'l'age,; .’

* Can let U, be whalever class of
cirewnits you can POP‘FoﬁM on tChe
device (N#ISQ ?)

— can  always get some resull oul.

e Best current classical aégoh"l’kms'
for Fif\d?r\g 95 Qr\e—f'diQf are also
Vaf'iafiov\al, but over clagces of
9,. stabes ‘thalt cCcan be Ae,(ara'$eal
clas;‘{cally ( DFT, Q. Monte-Cearlo,

Tensor netwerks, <ic.)

Di;aa'VanbaJes':
e Hard 4+, know how 3ovd/baa’
voriational result is.

(see fig- for 5LLu$ﬁfo\‘bion)

o Clas;'rcal op‘l':'mis'ai'{on Step i$
hard, bokth t-heore‘éically
C &MA" haord !) ond in frdc't':'ce.

o Havwd %0 knov ;€ it will beat
-X ?;‘f::‘ng classrcal m ethwls',
&xceft bj r—wwv\fnj T ond seeing,
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