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Proportional response dynamics [WZ07]:
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Convergence guarantee [BDX11]:

Source of quantum speedups

Used for fast ￼  norm estimation and inner product estimation. [RHR+21]ℓ1

Quantum amplitude amplification and estimation (QAA and QAE) [BHMT02]
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Market equilibrium computation

Classical algorithms for market equilibrium computation such as 
proportional response dynamics face scalability issues with Internet-based 
applications such as auctions, recommender systems, and fair division, 
despite having an almost linear runtime in terms of the product of buyers 
and goods. In this work, we provide the first quantum algorithm for market 
equilibrium computation with sub-linear performance. Our algorithm 
provides a polynomial runtime speedup in terms of the product of the 
number of buyers and goods while reaching the same optimization 
objective value as the classical algorithm. Numerical simulations of a 
system with 16384 buyers and goods support our theoretical results that 
our quantum algorithm provides a significant speedup.
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Quantum random access memory (QRAM)

Memory unit that allows quantum query/sample access to ￼ .


Access time: ￼   One time construction cost: ￼
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Algorithm 1: Quantum faulty proportional response dynamics

Input: Quantum query access to B and v, Timestep limit T , Price error "p, Utility error "⌫
1 maxEGVal = �1, b(0)ij = Bi

m

2 for t = 0 to T do
3 for j = 0 to m do

4 p̃(t)j = kb̂(t)⇤,jk1(1± "p) via Q norm estimation with success prob. 1� �
2mT

5 Store vector ⇧(t)
p = p̃(t) �⇧(t�1)

p into QRAM
6 for i = 0 to n do

7 ⌫̃(t)i = hx(t)
i,⇤, vi,⇤i(1± "⌫) via Q inner product estimation with success prob. 1� �

2nT

8 Store vector ⇧(t)
⌫ = ⌫̃(t) �⇧(t�1)

⌫ into QRAM

9 Classically compute �̃(t) =
P

i2[n] Bi log(⌫̃
(t)
i )

10 if �̃(t) > maxEGVal then

11 maxEGVal = �̃(t), bestPiP = ⇧(t�1)
p , bestPiNu = ⇧(t�1)

⌫

12 return bestPiP and bestPiNu in QRAM


