Quantum walks on sinite grafhs

G =(V, E) uncjirecreJ) ccmnecteJJ no multi)ole nges, no ,ooFS.

A associdred 3 jocency MITrix
We know whizis 4 classical random wa”( on G.
We will work with sl-rebular %ra]aks yl-e. A@g(m =d, VeV,
S
E x.: Cjcles, },\ ercubes’

Note ‘t)lat A 1S a'wajs Sﬂm, Fis Sﬂ’” for d—reg. grar\\s.

TronSition matrix
with uniform J;str’nbuﬁon

Quantum VerSion?Main FormaliSm:
. coined quantum walk (well suited sor sl-rey. graphs),
. SZe%eJS t1w (more 'gener*&').
Ever‘bthing So £3r concerns Q]i&crete-‘time wa|\As.
Contmuous—time w: choose 3 \'lamil‘tonian for t\qe gra }1 (e.g.
\3 lacian or QJJacenc mal’r‘ix),vnocje‘ evolution of 0|W T\ﬂr‘oug\n
&chr&ic]ingews eo‘. ‘df IY()> = -AH| VB>, H inc]eloem)ent

of time) I’\l’(t)>=.o'.m*l'wo)>.
La.unitar‘ﬁ eVolution orer'ator

Ccingc) dqw

G=(V,E) with 3l the Mﬂfothesis,|V|=N=2’“.

Hilbert Space is \H=ll—llc@ lH; A srare in H s
Cain sface Yoswion srace

Iﬂa,p =147 e 15>, OspSN-1.

For d | e c\e ra )"- |H=‘Hc @|Hp. Coin operdtor: T ica'
c\r\oice is H3 ama%cl F i 1{"%& mlqlubit r jlo

CZ(H — IH vnoc;els d \oa|ancec) coin.
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S)ﬂiﬁ.’ Ofer'ator': S:H— |H >&>

"Q’P:: f&’ T o

(some  3uthors: |s&, >l—-3|s@$1)1»+(-1)>&>).
Walk orer‘ator‘ is W=3C. Each aﬂolicarion of Wis 3 o|w Ste)o
(“di)o- F‘o]D” c,w).
Qw a\gomkm:
. prepare initial State;
2. repedtr T Times:
. a)oF13 C;
. 3]’)"3 S;
3. moaure > this is where “randomness” s
Remar‘\(: Lecause of unitary evolution ,in T‘he c’uanrum case there is no
|imit (“Stationarb") JiStribution. There is insread notion
of “(immn T c«liStril)uﬁon (‘imit of rar-zi&' time s averages).
Ex.: 4-C3c|e. 0 3 IH = “Ilc ®l(1(p.
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Q\X/ on dn M—Jim. }IU\per‘cuLe

Nodes labeled \:5 \ainar\al Strings of |9ngth m, Neigm:ors QliN:er'
emct‘a L:j one éi it

Ex.: m=4, N=24  Computationdl basis: {lq)v>l050u\<m-1,'\7€{0,{}"‘}.
Meanin% Of  Coin: ¥ Q=4 c8+n—th Jigit changes.

g‘\i#t orerator‘: Sla,v> =, vBRLY, 2q=0,-,0,1,0,..,0).

Coin operator is Grover: G=2 uu™ -1 @+ d-th

q . _m f"Sition
M=(z . \X/alk oFerator is W=SG.
RQmG‘rk: This IS uSu3|l3 c\one usmg g‘te%ee’j wa’ks) ):ur kere T\':is

1S e uivalen‘t to 3 coineJ G-rover WB“A.
We want to use 3 qdw To im |ement 3 Search a‘gorithm on the
‘h\jfercuke. M=ser ‘ot mirked vertices on hﬂrercube,
m = 'M' Starr QI\X/ from SuitaL(Q Stdte (notfe ar Surer')ooSiTiOn)
and persorm g STops antil marked vertex is met
B
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QN m%nﬂ Steps

gasm states )'lEIVQ t wo regis*cers: current '\°°]e} 4
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Su er.ros"ti on of ((gQOJ)) S‘L‘Q'l'eS tTransition matrlx
uniform Superposition

where node in the sirst register o neighbors I of %

is marked

e
18> = % |X>\1'lx>.
g=m, g=ArCSINVE.
Algoriﬂ)m:
1) Frer)are 'mitia‘ ¢tate (uniform Surerloosition of 3" nges):
|u>=$__. =2 bl = SINGIG> +cosB B>

N

2) re)oeat O(1/4€ ) times (compare with Graover):
23) 3rrl5 reslection wrt ]Q,>)' %?‘gizaono in ;}éfem;e-m
2b) Vi 7 U,

towards 16>

3) Measure .





