Resources for Measurement-Based Quantum Carry-Lookahead Adder
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is defined by the resources subtraction of the unoptimized MBQCLA by
the sum of computational and vertical resources[3]. Figure 2. (a) Quantum gates in Measurement-Based Quantum
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The vertical communication resources (SWAP gates, especially) for
(unoptimized) in-place MBQCLA circuit can be determined as follow:

loga[n]—1 loga(n) [logs 2
Z Z 8n — 2w(n) — 2|logz(n)| + 2n — otptl 4 4|loga(n)| +

tp=1 tg=1 te=1
219 1ogs(tg) | + 2n — 2|logs(te)| — 2 (16a)

The mathematical expression of optimal in-place MBQCLA circuit can be
determined by the sum of multiplication between quantum gates and their
resources:

162(w(n) + [loga(n — 1) | + [loga(n)| —w(n — 1)) + 542n — 395

To optimize the circuit, we take small groups of qubits, or subregisters, and
slide them toward the middle of circuit. Bending network can reduce the
cluster resources required near qubits ao, ai, a2, as, a4, ds, as, and ay by the
amount:

T

> (CiA;W)
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where

C;= the number of rounds (columns) that ith-subregister moves.
A;= number of logical qubits in the ith-subregister (usually 3, sometimes 4)

W = width of Toffoli Phase Gate

By the use of equations above, one can quantitatively obtain the design and
size of circuit and also its optimization as given below:
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Figure 4.Size and depth comparison between MBQC VBE and MBQCLA. +", ", " %", " Q" and **[_]" marks are for in-

place, optimal, (by hand) optimized in-place, out-of-place and MBQC VBE circuits, respectively. In the right-hand graph, the data
points for the optimized and optimal forms are almost indistinguishable.
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Figure 5. Out-of-place MBQCLA. For n=10, the circuit consists of: 4 addition blocks, 9 rounds of gates for the carry networks (2
Propagate, 3 Generate, 2 Inverse Propagate and 2 Carry networks.
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Figure 6. Optimized in-place MBQCLA circuit corresponding to diamond-like form circuit, spatial resources optimization by hand is
=~ |13 % from in-place MBQCLA circuit and = |9 % for ideal condition [3].
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Figure 7. Resources comparison of optimal and un-optimal circuit. The bottom graph represents the ideal circumstance for optimal
circuit and the other two show the circuit with additional resources for horizontal and vertical communications.

In our circuit, the depth is reduced to | logy(n)] + |log(n-1)]
+ |loga(n/3) ] + Lloga(n-1/3) ] +14 for QCLA compared to = O(n)

for the ripple-carry. However, this circuit costs more in physical
resources ~2896n+64n | logx(n) ] compared to = 304n for the ripple-

carry[1][2]. The hand optimization of spatial resources in the circuit is
~ 336n+210w(n)+14 [ logy(n) | yielding =13 % reduction in spatial

resources for MBQCLA circuit. This optimization results in a near-
optimal circuit. ldeal optimization is = 19 % [3].
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