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Program 1. Quantum adder
Qiskit code for adding one-digit numbers
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Simple definition: Many quantum gates arranged to act
together, i.e. a circuit is the product U of gates

U=Uy...Uh

where each gate €1 U(H®").

If the initial (pure) state is U then the final state will be U*WU.
If the initial mixed state is p then the final state will be U*pU
This circuit is called plain circuit.
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Definition 2 (ancilla)

Let the initial state is ¥ = {|1g), ..., |¥n—1)} and the final state
is ¢ = {|¢0),---,|¢n—1)}. The plain circuit U transforming 1 to
(i) (®)

¢ can be “enriched” by auxiliary qubits wy”,...,w,.; which are
specific for to this circuit. They do not change the
transformation ¢ — ¢ but there exist a larger circuit U acting
on the enlarged space ¥ ® w:

Uly @ w®) = Ulyh) @ w'D, for o)
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» if the input density is p then the output is again UpU*



Input U Output

€ He" 0 < TEn
[Wn1) ()
® ®
® ®
7)) |o1)
Ancilla Uy UL || Ancilla
= MX‘1’ c TH_}IX\V
[(@:)w-1) [(@f)w-1)
® ®
® ' ®
[(@i)o [(®f)o)

P> the auxillary registers are not read at the end

» the auxillary registers should not be allowed to entangle
with

» if the input density is p then the output is again UpU * and

can be expressed as UpU* = Tr(U(p @ p,,i))U*)



Program 1. Quantum adder




Add numbers using digits
—

10001111111101
+ 00011100111110

= PPP???°?°?°7?7?????



Add numbers using digits
—

n—1 ) n—1 )
a=3a?, b=3bY
j=0 j=0

n—1
a+b="7 52 +c¢2",
=

J

2 2 )
s5i=a®bj D¢ forje€{0,...,n—1}

2 2
= cl_,;lqu@tl_,‘flc‘,-tl@bjflcjtl forje{l,...

7n}



Quantum adder cirquit

0
UsthU[¥[b,a.0)) = le)) @ @) (s @ |ar) ©10))
l=n—1

U, = UiUsUsU, U

0

Us(1By & la) @ ) = [ba) @ & (Ibr) @ la) @ wi))

l=n—1
=: |¥[b,a,w])



Quantum adder circuit

—

Theorem 5.38 There exists a circuit U, on H!/0 = W8 @ HA, which can be
implemented with the help of the auxiliary register HY by U, that is, there
exists a Uy € WHC @ HY) such that for arbitrary |®) € H!'/O one has

U, (@) ®[0)") = (Us|®)) ®0)". (5.101)
Furthermore, for a,b € Ng with a,b < 2" we have that
U;U,U, | [b,a,0]) = |P[b+a,a,0]) (5.102)

and thus
Ui (|6) @ la)) = b+a) ®|a). (5.103)
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“Building” gates - Ug and U.

18+ X-De|)|e 1
14+ X -1 1 @|1){]

S
IRl
)
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“Building” gates - Ug and U.

A=194L X -1) @ 1)1 ®

B:=19¢+ (X -1)® ® [1)(1
U,:= BA
2 2 2

o) | [y X1 © x2) X |xo B x1 B x2)
® ®

|x1) l x1) lx1)

® ®

[x0) _ * |x0)

A B

Us



“Building” gates - Ug and U. 11

A=14L X -1 )1 1
B=14r X-1)® 1 ||
U, := BA
2 2 2
o) | [y X1 © x2) X |xo B x1 B x2)
® ®
|x1) l Jxr) x1)
® ®
[x0) o |0
A B
Us

Us (1) @ lap) @ I ) = Isy) @ la) @ |ef)



“Building” gates - Ug and U.

C=1""+ X-1 e [I)(1] @ |1)(]]® 1
D=1%+ 1 oX-Deo|)]le 1
E=1" X-1D)o )1 @ 1 @ [1){1]
U.:= EDC.



“Building” gates - Ug and U.

C=1""+ X-1 e [I)(1] @ |1)(]]® 1
D=1+ 1 @X-1)e|)(e 1
E=1" X-1D)o )1 @ 1 @ [1){1]
U.:= EDC.
[x3) |7| [x1x0 é,\*ﬁ |?| |xo (x; ém_) ?éxlxz %.x;}
Ea . S X2

2 2
x2) |x2) My | ®x) 1 & x2)
1) x1) ) ESY) [x1)
[xo |x0)

C D E
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“Building” gates - Ug and U. 12

C=1""+ X-1 e [I)(1] @ |1)(]]® 1
D=1+ 1 @X-1)e|)(e 1
E=1" X-1D)o )1 @ 1 @ [1){1]
U, := EDC.
|x3) [y | X120 é/\iz) x| 0 (x +Xv) jzr xlxg\ﬂ.;xﬁ
S X

2 2
x2) |x2) My | ®x) 1 & x2)
1) x1) ) ESY) [x1)
Lxo [x0)

C D E

Ue(10) @ Iy-) ©lag1) @1 )

2
= |y ®bj—1 & aj—1) @ |aj—1) @ ¢ )



Ul) U27 U3 3
-

=l
nl_[ 1¥QU.® 1®3(n—1—1)>

~

[

1
1® S) (1®A|1>1 (X) ®1)UC] ® 1@3(n71)
1

(
H (1@21 1®US U; ®1%30-1 1))

=n—1

~



Uy

n—1

U = H (1®31 QU. ® 1@3(1111))

[=1
2 2

|0) laiby & cfa) @ clby) =)

2
|b1) by & ap)

U,
lay) |ar)
0) lagho) = |c}) lef)
2
bo) [bo & ag)
U.

lao) |ao)
o 10) = |eg
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U, = |(1®U,
[( s) (1 ®A|1>1 X)® 1) UC} ®12301-1)

|bu) ] la_1b 2 2
Ay o et T
ntbn) Sy &by i[; Vot 2
bt : e :
[t & au_y) '—‘X ) ] 2 2 Gt
o [bu1 & dny St V=5,
N ) = 1Su1) [$5-1)
1 [an_1) =
\ * Uy lan_1)
) [an_1)
0)
| -




U3 16
—

rll (1@31 (1 ® US)UL* ® 1@3(”*1*”)
=n—

[ 1

o e 0 0
2 2 2
|b1 & ay |51 la; & by *(T = |5 |51
U
@y ) ay) U, lay) lay)
() leT) lc1) 0) 0)
2
|bo & aq) |bo) |s0)
U
lao lap U, |ag
0 [0 [0




U,

—

U, (1b) @ |a) ®[0)") = Uy UsU,U, |¥[b,a,0])
— U5|lp[b+a —cr 2n+1

=|b+a—c

n+1 ’a’OD

w2 ®la) ®[0)"

— n
=U,(]b)®|a)) ®|0)".

Ioa) b [ ]
[ba1 [$1

‘u"l UC % U; ‘”n*\

|0) 1 [0)

|bn—2) [sn—2)

|an— Ue 24 U |an—o
o f _ o |l
by [sy

ay) Ue Ul |y |a1)

0 ’ 0

o) [so)
lag) |Ue LA |ao)
[0 [0)

Uo [¥[b,a,0]) U Uy Us

|¥[b+a,a,0]) Us
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Half adder in Qiskit

—

Encode

input \

Do operations
on bits

/]

NCE =

-

qz

q3

2

X

C

https://qiskit.org/textbook/ch-states/
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Extract
output

atoms-computation.html#4.3-Adding-with-Qiskit-


https://qiskit.org/textbook/ch-states/atoms-computation.html#4.3-Adding-with-Qiskit-
https://qiskit.org/textbook/ch-states/atoms-computation.html#4.3-Adding-with-Qiskit-

Half adder in Qiskit
I

o 88

o 0

q>

as

qc_ha.
qc_ha.
qc_ha.
qc_ha.
.measure(3,1)

qc_ha

cx(0,2)
cx(1,2)
ccx(0,1,3)
measure(2,0)
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Homework




Homework

—

Write qiskit code to calculate 4 + 3 and submit the code to
quantumcomputing@quanterall.com
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quantumcomputing@quanterall.com

THANK YOU FOR

YOUR ATTENTION!

BJIATOJTAPS 3A

BHUMAHMUETO!
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