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1 Unitary function evaluation
Consider a function f that maps one bit to a single bit. Define the operator U 7 via

|Z) [y) = |2} |y @ f(z))
where y =0, 1.
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1 1
> )o@ fa") (v e
o'=0y'=0
maps the input state |z) |y) as required.
b) Check that

1 1
Up=2_ 2 o) (=]l o f=)(y o)
z'=0y'=0
is unitary.

AI\SW{D'- a) T&g OPefa.}'ar 15 -

—————

;>
I

loX el & | o @¥eyXo)
r Xl & | 1@ FE)<n)
F I @ 1 e® FOXol
Pl e he +0Xil

Consido s ach‘ry on >

| \
Qi) = (X ot @ |2 © feX ol
s (OIS & N @ ROYHD ©

FS G -
T U R

= oleed



“Then

on 16y lr>

A [4)
U (o) = lo Xoley @ lo@ F(@Y%

!

loXole) %) | 1® f@ )(%

+ l-\W@/

= o liefEd Vv

Con Hr\l«t,:/\;zj 3\\/:5 73 Sovg MJLL“S

k) O\ {)+ = 2 X" Xx'\ () \U’X&'Q)F{x')l
x'=0
\j’ =0
Or = X X% \® | @A YKy |
XY
So gty = L XXX @ <y @f) | yeidly)
Xy’ L:wﬁ\ ik
X7y l:f,;x,,
= 3 XX ® Ly Xy@Te] y@F IRy |
x’/E(’/tj"
Now <‘d’@)“"(><6lg”@?(x’)> 'S On(ﬂ -0 1T 3/;3//' $o
e sum (§ s

5 e I®ly Xyl =T s
x’,g’



s

U f meps A bls > one bt Hen v cpomhon |

. |
%1y X x> ly@ft)> r

s witay.

Alernohve  noluhms are:

POl = 1 Tyeton

ond e  Clraut 15

o) ——] — Ixa) ) Cd‘gummi‘

3 4 | :

: reqiskes

%) ———-\ Up —_ %D B 3

> ‘ —gw\o\‘\\ﬁ’\

4 R la@’r(x)> 7\ evptuzbiom r(.alskfl\
Lo x=Xni.. Xo

- 2t L

s s coften  caled on orecle as it will rhen en

Out put or £y iF i s provided o relevank ‘.”P“'"

IXA D —
-

|£60)
1Cor ZKNWP"Q

Lone wn wnshwet swche an omele to evaluake wlelar 2 input
is euen or odd



Oracle quey Comp (exn‘!\sj

Sappose that one  ams o dderde o 3101%( Proper@ Ff ﬁwb‘anl
or exomplg  whatler 1t Is constt or nob One wadd do Hus by

) sup/JLﬂ VaNous npufs Ip Hea
Funchon

2) evaluake usft:j *e orade on s 'nput
3)  Muaswe funehon reguisw‘ — chek whetar ¢ne alwaﬂg gefs

Seve  tesulbs
sk Flss
1) ; & f 1o
) — LF> — mawswe  ~p gives (D
2% Pess
1)) f A f 1D
— IAP ——
ey — H:(!)> - Mmoeaswe  ~D ﬁlves Ht)
3 pass
12>
1) \f> —o Meuswre 3!&3 i) .

So we  an Kpokdy we #a omde o bwild up e s
T, fo, 0y,



We can dso  comt the aumbe oFf  orade quene naded
to pofa Hus sk,

To u@rfE-j withe  atalaty b e Tunchan s constat we
would 7 Ha worst case  have fo chack  all 2" pesible
npufs . Lelting N =27 we see that we require N
Orade 1nvowhens of  omade uss /quanes

We doscibe %o diffiedty oF ding Hus sk in ens of

e Mypical wmber oF oracle invocabows wguied Hoe N or 2t
whide  gums wporandllyy i1 He  aumber of ik on wlucl te

Rackon acfs . So e

(\b\F nput 1o —F— '. Rﬁﬁw"‘” 2" orade
/ QM.Q/\&S o d-deMAL
| Mchon
N ) if fackon is constmt
- with W@taialy

=

P
\\M’S )fblx 0-[1 Sroou%l in e numbe o\: oracle fumnes 1S

Q?P('Mmh‘a‘ onk we am 1D F\‘no( ﬂ\ljaﬁ\‘(md LO(“ SO‘V;Aﬂ J:MLW
Probhms Lot do not dA‘jp(f:&j exfomb'af 3muﬂﬂ n *w numbes

o omde quues



2 Function evaluation on superpositions

Consider a function that maps n bits to a single bit. Define the operator (7f via
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a) Suppose that, rather than, apply the input |z) = [2,—1 ... 2Zp), to the argument register,

one supplies
[fie--@@l0...0).

Determine the state prior to input and the state after the oracle.
vy
b) Suppose that the state of the WH register prior to evaluation is

1
=)= W(IO) —11).

Determine the effect of U'f on |z) |—) and show that it can be expressed as a multiple of

) |-)-
Answer 2y 4l = F"£U°>+">>
o
HE---® K o) --.. 1D
= RO®.-. ®RAlD
- X Q@m))@—é (O+1D) & ... ® \,L-z(ww“))

L @o % |00 + o1+ ¥ 1. 16) + 1n...-|):(

-Z""b

|
= ZT/Z Z ,><>
X=0



s

Pn‘or 1o inpud'  slake 1S

-0 ovguivant rcgz‘sk:r*
= D1 I
. X=0

funchon reﬂn‘slcr

s afler Jusk one ofacle quiry  we hare  gupluaked He hunchan
on all }/\Pub Bur s does aot (O/.e‘r 31&, ony useful infarmahon
— o ampdahond bwis  messuronst-on £ 2 \'r\/nw‘ re@z'skr wll
‘hjffca“ﬂ Oﬂ(ﬁ retwn e {:\;nchm evaluakd con one l‘npul‘.

b) A DO 1= <

f

(1

—

Now F F6)=0 Hun ¥ pamﬂu&is gfves

R =

Tuus *eo porerfe b

U 1> 5 (19-1)

At (DO - D))
\,—lg(ﬁs SO1E) — Uk bO wj
a3 L"O Fy — > | 166 |

Ly Um) _ 1\@%0?]

le> -1

2 D =le) =- [)67-118

s (=) ) [m - h):_(



S Uetolo= O 11, B

Te we have dwy Wporten wesulls #at we will cwmbng

l) o> —A Ml

2"
: Z L 2 l>(> H'(x)>
nflz
Sy W L R A

Z\) L,___."’—’—’-— r‘;
%7 ) N y 1O
[ fw |
-2 — L C—QF(">|-7



