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what kind of two-qubt gate?
Almost any, as

we can
use one a single-qubit gates togenerate

ofhes.

↳gate (d losssii Gbateethe
111) -> 1107
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14- 14) =210) + BIIT Quani ->ITAB) =21003+ III)-
Quantum Non-cloningtheorem: thesetoentical
14)

e copy of an arbitrary
unknown

quarter state,

Proof:Take two particular state 14,and
l

P532 4114, 14)) =14, 147

U(142) (43) =142) x1427

take the inner product -> <4,142) = kfilt2>)"
=>(4,14) =0 or 1

es,4 are either orthogoned or the same.

->not arbitray.



other 2- qubt gates and their relationship to CNOT.
100) -> 1007

101) -> 1017I'] /10) -> 110) suneti=
(11) ->11)

can you also prove

--?

-
Hint:z =HXH
two general proving strategies(1

matixformat
2. Check results on basis states

+linear operations

Exercise,given a set of basis states (a) in the hilbertspace
if UKj 3 =UAj) for all (Xj),

then

u=V.

From the above circentidentities, we can also get:

*

=

-
- -
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why is
this potentially benefitieLove

faction.
we generally hope

to simplify the hardware
2

implementation
while not sacrificing too much

performance



spgate 14x3 *-M
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:Giventheelesiredfunctional
myaHang
a drawthe

A: Thinkofbasis
states,

100> -> 1007

101) -> 1107

1107 -> 1017

/
In -ve

100) [1000]+I 10K [0100.]
I!888) 190> [0010 It

11K 10000 It
You can check whether it is a unitary...
a:can you prove the following?

I ==y
A:matix for at

2 Again, with the
a basis states. (2,22)

zizga there=I



classical analogy:XOR swap algorth, which uses
three XOR operations to swap
the value of two binary values

withoutusing extra temporary merry

lif.
X y
1010 00011 = 1001 -> X

100* 0011 =1010 ->y

1001 & 1010 =0011 -X

G:can we get CNUT gate from swap gate along
with orbitary single -qubit getes?

A:no.Swap gate does not
create entanglement,so do

arbotary single- anbit gate.

~ Input - specific gate transformation

*==10)
key insights:equilence

under special inputs

very common optimization techniques

forquantum program optimization.

more exercises:See slides.



Measurement:
14-

VE measurement = measure in E-basis I Igut c

z =101-14 =Po-P, (both Po and D, are projective mature
Po

projective matrix p2P
107 probability =P0-<41P0/4)

=2014>2

14) E
-17 probably =P, =<4(P174) =x1432

What is the expectation value of ameasurent?

< =().% + 1-D.P, =<4190-4, 14) =c4/214)

what ifwe did the measurement, butwe don't know the result?

pensity matrix:Ensemble ofprove quantum states.

P =Eil4:><4,1
For the example above, P =P0l0><0l + p. 111)

Unitary operation on P
->

EPiuly, Mut= uPut

~xmeasurement =measure in X-basis - X gate

X =1+x+1 - 1-)<- 1 =Po-P
Po Pl

Q: can we implementX measurent with a measurement,

as it make our handware design easier?

A: Yes. -*****

Proof?Hintsuse basis states for testing
Its 1 -2
I



Two-qubit composite measurement.

Xmeasurementaccording to a setofbasis states
in the
-

composite hilbert space.

zzmeasurement: 4 eigenvectors 190), 101, 110), 1K

~P1 =10032001 P2=10K<011 P3710><10) Dy =111x<11)

- E P,
=2,2 1007

1) P2 =22 (01)
- I P3 =23 /10)

(4) =2,100)
+2210 + 231103+24(11)) Pp =24(11)

A measurent
4eigenvectors Ht); It->, 1 - t),1-->

14--
- -

Hestate measurement

4orthonormal 2-qubitstates.

4,=100) + IK G: Can you use a circent
I

with H,X, Z, CNOT

E14) =I1003-111> to create these states

1433 =5 1013 +110> from 22 states?

↑44=5101-110) A: Take 144) as
an example.

ismes



1003, 1013, 110), 1113 to

-maps 143, 1423, 143), 144) respectively.
->

-gives
the measurentaccordingto

---the bell state basis.

↑, =14,x41, P2 =14) <4alj..--

Give a imput 14 to the measurement
circuit.

P, =<4,14)2-collapse to 14.7 state

--



Partial measurement

Howtomeasureangledsubite"written as 14)* Isit
①Whatifis measure his qubit first in basis 7

Observable?I52= (A1)I& 10xc01 + (-1) 1x 11x1)
ne e

P, ↑P2
Prob (1033) =<4xB/1B>

=CTAB1, 100) =5 (By linearly)

IABY =

= 7007

14A) =107

prob (11) =<YAB/P,/4A>
·

=<4A1111) =I

14AB) =As-Ik
144) = 11)

② what if we measure B in x basis?

Your answer here.



A equivalent, but easier calculation forpartial measuremed

For a composite systemin state IP =hij (isj), we only measure
part in basis set of bis, what would be the result?

14) = lijs
=

E (dijlis) &15>
LetBj=2aij, then we can rewrite the sum as
14AB3 =I Bj(5, dijic) 15)

Now, ifwe measure Bin ij> basis set, we will see outcome is
with probability j =Ealj
the statefor A after seeing it) is taij (i)



other things aboutmeasurement.

1 measuringanoperatoroperator U with eigenvalues of 11. So
theis a

both Hermitian
and unitary, so it can be regarded as both an

observable and gates.
Goal:we want

to measure U,
and leaving the post

measurement state is
the corresponding eigenvector

show the following
circut satisfy the needs:

e
proof:we can

with Min) =214+1> + B 14-3
where U14+1)

=1447

4 (4+) =

- 14-1)

&It (103 +11) (2 14+1 +B(4+3)

&I (0)(24)
+I4)

+(1) (2 i4+>-14-1)
=>I(105+11214> +510) -1) BM-)

3 10).214+ + 11> 14-13
=>21044 + 8 (14)



Quantan Teleportation
Now we have finish all the basics for quantum computation
(e.g., quatur state, 19 and 1-gogates, measurement),
we can have a in-depth analysis of one of the most

important quantum circuit/program, quantum teleputation.
~Teleportation enable us with quantum communication

withoutdirectly transmitry a quiet that directly encodes
the information.
It also lets us to perform universial fault-tolerent
computation. and measurementbased quantum

↑

Competing. Mis=(uos+lik)
see slide: 14)=I 11007-113)

14=E(101+11033-in1443 =52(10) - 10))

14)=210) +B11)

14xBC) =1103+P/1> (I (100)+ID S
I
&1003 10) +10K 11) +/10>10> +1K 11)

=G(4,+14)) 10 +2(144+1443)11>
+ (XN3D-44) 10 + (143-14)) (1

=
14) (210) +B11 >) +142) (210) - BIK S

=>

!(211 +10))
+144> (211) - B10))



7 can we use just one of (for
1- entanglement), to push the state
int le) to the ancill quibit?

Hint:we may use single-qubitgate
-100>+11)

and measurement in the

transformation process.

is allostls(os + (0-1) 11)
=

I(x10 +B11)) + 5 (210) - BIP

--cy,"*-swapcirant"
Soon- LA-=E-

is-
-

7#-t -
--4

i 10
⑧-d) "X-swap circut"



Mult:-qubit gate
Avery special type of gate

z.z2Zs can you tell me
its matixformate

-

withoutdoing the tensor product?
of(!)*(!) *(!) Dr

Think aboutits eigenvale and engenstate
1001

I

E
1000] -

E 1018 I
10113 -

11013

ingcheck is
z,zc23 =H(1000)(0001+ 1011> <0111+ ....

- 1(100k<001 +100>2010) +--->

eiw2,z fuction specator
also a dignnalmatix

I
ein-iw

: 3e-w

For the "classical"
Ibasis, this gate will apply

a eiw phase if the parity is 0, otherwise etw



what about 2'Nz,1,23?

All applies, butnow the parity check is only for

qubit 1 and qubit 3.

Q:Can you now verify the circutimplementation
for expliWI4 E3 722,20)

Hint.: 1. CNOT tree for party
check in abasis

-
do

s
as999,999e

The root node of the [NOT tree will encude

theparity information

euro
cancel witheach
e


