Math 410 Quantum Computing C.K. Li Notes on Chapter 7

§7.1 Search for a single file
Let f: S, — {0,1} be defined by

1 ifx =z,
f(x):{O, if x # 2.

Step 1 Define the reflection Ry such that Ry = I — 2|z)(z|. We have

Rpf =) f@)Rele) = (-1)/@|z).

T

Here, we simply have (I — 2]z>(z])(2j\7:1 f(@)|z) = ...).



Step 2 Construct
D = 2|(p0><(,00’ - IN = Wn(2|0><0‘ — IN)Wn = 2JN/N — IN,

where Jy is the matrix with all entries equal to 1.

wo
If |w) = : , then

WN -1

Djw) = (2Jy/N = I)|w) =2w | : | —

with & = (3_; w;)/N.



Step 3 Construct Uy = DRy its action on |pg) =) |z). Then

k) = Uflpo) = axlz) + b Y |2)
TH#Z

such that ag = by = 1/v/N. For k > 1 we have
ap\ _ 1 (N=2 2(N-1)\ (ar1
b.) N —2 N -2 bp—1/)
Remark Note that

Urlpr—1) = (2JIN/N —=I)(I —2|2)(z|)|¢r-1)
= (2JN/N = I)(bg—1s -, bg—1, —@p—1,bg—1,- - -, bp—1)"

= (bk,...,bk,ak,bk,...,bk)t.

Let ¢ = VN — 1bg. If (ag, co) = (1,V/N —1)/v/N = (sin 6, cos 6), then

(1) = ((cxza, e (o) = (sl e 001y,



Step 4 Maximize Pik = a} by putting (2k + 1)0 ~ 7/2. For large N we
have m = |7/40] so that m = O(v/N).



§7.2 Search for d files
Let A C S, have d elements, and f : S, — {0,1} be defined by

1 ifzeA,
f(x):{o, ifo¢ A

Step 1 Define the reflection Ry such that

Rp=T-2) |2){zl.

z€A

Then for [p) = Y2 0 walz), Re(p) = 3,00 welw) = Y cqwelz € A).

Step 2 Construct D = —TI + 2|pg){|¢o| with |@g) = Ziv:o |z)/V/N.



Step 3 Construct Uy = DRy and its action on
lp) = >, we|x) with > lwg|? = 1.

Then U}“\tp(ﬁ = kY sea|?) + 0k D opg |2) such that ag = by = 1/v/N and
for £k > 1 we have

ag\ i N —2d 2(N —d) p—1
b,/ N —2d N —2d br_1
so that

() = (st raviarsg) i () = (V207w



Grover’s Search Algorithm
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