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From Qubits to Qudits

Classically:
Bits - by € {0,1}
Trits - b3 € {0,1,2}
Dits - v, € {0,1,2,...,d — 1}
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From Qubits to Qudits

Classically:
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Logical Manipulation of Qudit States

Classically Reversible Operations - Single Qudit Operators

X |th2) = X(|0) + 5[1)) = £10) + a[1)
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Logical Manipulation of Qudit States
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Logical Manipulation of Qudit States

Classically Reversible Operations - Controlled Qudit Operators
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Logical Manipulation of Qudit States

Qutrit CSUM can be written using our set of gates
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2-Control Toffoli

190> 190)
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0) |g0 AND q1)

Nielsen and Chuang
Gokhale et al. (https://arxiv.org/abs/1905.10481)
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Generalized Toffoli
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Generalized Toffoli
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Generalized Toffoli

This Work | Gidney [28] | He [29] | Barenco [30] | Wang [25] | Lanyon [31], Ralph [32]
Depth log N N logN | N? N N
Ancilla 0 0 N 0 0 0
Control Type | Qutrits Qubits Qubits | Qubits Qutrits Qubits
Target Type | Qubit Qubit Qubit Qubit Qubit d = N-level qudit
Constants Small Large Small Small Small Small

0

Intermediate Qutrits

Fermilab Quantum Institute, April 24th 2020



Generalized Toffoli

Bridging the gap:
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Generalized Toffoli
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Generalized Toffoli Use:
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Ripple Carry Adder
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Ripple Carry Adder - w/ Qutrits
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Adder with Temp. Qutrits
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Adder with Temp. Qutrits
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Problem: With only two bits, irreversible
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Fix: Use Temp. Quitrits
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Fix: Use Temp. Quitrits
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Adder with Temp. Qutrits
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Qubit-Qudit Compression
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Use Cases: Qubit-Qudit Compression
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Qubit-Qudit Compression
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Qubit-Qudit Compression
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A Log Depth Adder (All Binary w/ Ancilla)
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A Log Depth Adder (Temp. Qudits, No Ancilla

a1 (d=3) ay
by o " (d=3) 2 £
Pl 2 2
: & g 10) S g
-+ £ g S
< 3 ' S 2
Qn/c = O ::) =} Qn/c
bn/e L ——Cout,l—| Cin2 h—————— 1] Sn/e
Anfet1 Hd = 3) ‘F An/c+l j‘ b Qnjet1
bnjetr - Hd=3) H 8 ~Bn/jct1 @ [ [ Sn/etl
. 7|0)T Cout,1 | ‘ E- - — ;;_ : {Coutl | |:
1 Hd=3) 8 T g [ B
G2n/c 4 H(d=3) HS —Asnye] O L . - G2n/c
e Elo 3) L e le‘/fi LT 2n/e L— J : - S2n/e
4 Hd=3) . L
{ Ha=y) r
- —|0) [ Cout,2 | I
4.1 . gL
481 . . Cinye—1 a8t
& = =—l==5 g
G(c-2n/c+l + B . T 7 S F Ye-2)n/c+1
ble—2ym/es1 o © — 8 E‘ 2 5 S(e-2)n/et1
g 1l &8 o [l ;
g b | |
1 ™ 8 g En r
=} = L&)

Ac—1)n/c ) =] + = Q(c—1)n/c
b(c—1)n/c [ Cinc | :_ J‘ = S(e=1)n/c
Q(e—1)nfet1 | D e e F Gc—1)n/ct1
b(e—1)nfet1 R L S(c=1)n/c+1
- E [ % [ Cout,c—1 | =
1 SM<Ms r
an | LRI L an

L s,

bn 1|
https://arxiv.org/pdf/2002.10592.pdf
Fermilab Quantum Institute, April 24th 2020



https://arxiv.org/pdf/2002.10592.pdf

Questions?
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