






! Kernel definition
attributes(global) subroutine ksaxpy( n, a, x, y )

   real, dimension(*) :: x,y
   real, value :: a
   integer, value :: n, i
   i = (blockidx%x-1) * blockdim%x + threadidx%x
   if( i <= n ) y(i) = a * x(i) + y(i)

end subroutine

! Host subroutine
subroutine solve( n, a, x, y )

   real, device, dimension(*) :: x, y
   real :: a
   integer :: n
   ! call the kernel

   call ksaxpy<<<n/64, 64>>>( n, a, x, y )
end subroutine



COMPLEX(DP), ALLOCATABLE :: A(:)            !host array
COMPLEX(DP), ALLOCATABLE, DEVICE :: A_D(:)  !device array

ALLOCATE(A(N))
CALL FILL_A_HOST(A)

ALLOCATE(A_D, source=A) ! allocate on device and copy from host

A = A_D    !copy from device to host



COMPLEX(DP), ALLOCATABLE :: A(:)            !host array
COMPLEX(DP), ALLOCATABLE, DEVICE :: A_D(:)  !device array

#ifdef _CUDA
associate(A=>A_D)
#endif

!$cuf kernel do(1)
do i=1,N                     !same loop for cpu & gpu
    A(i) = f(i)
end do

#ifdef _CUDA
end associate
#endif



!$cuf kernel do[(n)] <<< grid, block  [optional stream] >>>

!$cuf kernel do(2) <<< (*,*), (32,4) >>>
do j = 1, m
  do i = 1, n
    a(i,j) = b(i,j) + c(i,j)
  end do
end do





density functional methodsWave function methods

Quantum 
Many Body 
Problem



● wavefunction methods are expensive
○ could be O(N^7) or worse

● density methods are cheap
○ O(N) - O(N^3)

● current density functionals miss important 
physics in some materials



density functional methodsWave function methods

Quantum 
Many Body 
Problem

Many-body physics is 
“swept under the rug” here



Add a wavefunction based 
“exchange” term to the electron 
density based Hamiltonian



procedure vexx
  ...
  for i in 1:n do
    ...
    c(g)=FFT( 1./abs(r-rp) )
    for j in 1:n do
      rho(i,j,rp) = conjg(psi(j,rp))psi(i,rp)
      rho(i,j,g) = FFT( rho(i,j,rp) )
      v(i,j,g) = c(g) * rho(i,j,g)
      v(i,j,r) = invFFT( v(i,j,g) )
      Kpsi(i,r) += psi(j,r) * v(i,j,r)



procedure vexx
  ...
  for i in 1:n do
    ...
    c(g)=FFT( 1./abs(r-rp) )
    for j in 1:n do
      rho(i,j,rp) = conjg(psi(j,rp))psi(i,rp)
      rho(i,j,g) = FFT( rho(i,j,rp) )
      v(i,j,g) = c(g) * rho(i,j,g)
      v(i,j,r) = invFFT( v(i,j,g) )
      Kpsi(i,r) += psi(j,r) * v(i,j,r)

● FFT’s = cuFFT
● cuBLAS when possible
● the rest

○ !$cuf kernel do



12 atom TiO2







48 atoms TiO2



current techniques to improve performance

● Adaptively compressed exchange (ACE)
○ 3-6x speedup
○ only need correct answer on occupied 

manifold
● reduce FFT cutoff (smaller grid)

○ 1-8x speedup depending on accuracy tradeoff

QE uses an inner + outer loop method for hybrid DFT
● outer SCF loop - iterate Fock operator
● inner SCF loop - Fock operator basis fixed



● compute most FFT’s in fp32 vs fp64
● switch to fp64 when “close” to convergence
● ~1.8x total application speedup

future work
● batched FFTs
● Fast Multipole Method approximate FFT
● dynamic FFT grid size



● CUDA Fortran
○ pro: good porting experience
○ con: lack of portability/ compiler diversity

● iterate to convergence?
○ mixed precision worth a try

● nvprof interface is good for developers
● Consider integrating nvtx markers into your timing 

framework
● GPU enabled EXX in QE coming soon

○ more code paths coming soon (cp.x, etc) 




