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ABSTRACT
Lattice Quantum Chromodynamics (QCD) is one of the scientific fields which require most large-scale nu-

merical simulations. QCD is the fundamental theory of the strong interaction among quarks and gluons inside
hadrons. Because of difficulty in analytic calculations, numerical simulations of lattice QCD are important to
explore the properties of hadrons and determine their matrix elements. In this report, we explain fundamental
aspects and algorithms of lattice QCD, and how its large-scale simulation is performed on massively parallel
computers with an example at KEK. JLQCD Collaboration is performing dynamical simulations with overlap
fermions, which have theoretically elegant features while require high numerical cost. We also introduce interna-
tional and domestic activities, ILDG and JLDG respectively, to share the configuration data produced in lattice
QCD simulations.
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SF =
∑
x,y

ψ̄(x)D[U ]x,yψ(y), (1)

ψ x, y

Wilson D[U ]x,y

D[U ]x,y = δx,y − κ
∑

μ [(1 − γμ)Uμ(x)δx+μ̂,y

+ (1 + γμ)U †
μ(x − μ̂)δx−μ̂,y

]
(2)

Uμ(x) ∈SU(3) (x, μ)

μ = x, y, z, t μ̂ μ-

a = 1 γμ 4 × 4

γ-

κ

O

〈O〉 =
1

Z

∫
DUDψDψ̄ O(ψ̄, ψ, U)

× exp(−SG[U ] − SF [ψ̄, ψ, U ]), (3)

Z 〈1〉 = 1

O

exp(−SG[U ]− SF [ψ̄, ψ, U ])

exp(−SG[U ]− SF [ψ̄, ψ, U ])

Monte Carlo

∫
DψDψ̄ exp(−SF [ψ̄, ψ, U ]) = det D[U ] (4)

Gauss

det D[U ] =

∫
DφDφ̄ exp(−φD−1[U ]φ) (5)

∑
yD[U ]x,yxy = bx, (6)
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