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Osystem a system

Figure 1. A schematic view of the hybrid QM-CL simulation.
Two impurity atoms diffuse through crystalline host atoms.
The circles are the host atoms, the squares are the impurity
atoms. An open circle represents MD atom, while filled

i t
circles and squares represent DFT atoms. The vectors a™*",

bsystem system system

,and ¢ represent the total system box (¢ is
perpendicular to the sheet). There are two QM-regions that
are treated by DFT. The origin and shape of each QM region
are denoted by 04" and a"*¢”", p"€" and """ The
QM regions move to trace the diffusion of the impurity

atoms.
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Figure 2. A schematic view of the Akira format. The Naom is the total number of the atoms. The Na is the
number of the additional data for each atom. The Ngaw should be less than or equal to 9. The Niegion is the total

number of the volume-data regions. The Nyo is the total number of the volume data points, that is,
Nvolzz regigan('egi"") X Ny(regio") x N 7 The g™ p¥™ and ™™ are the vectors of the total system box.

The species(i) is the species integer of the i-th atom. The r(7) is the i-th atom's position normalized by the total

system box. The kin (i) and pot (i) are the i-th atom's kinetic and potential energy as additional data. The o"**"
is the origin (i.e., p"" (1

b(regian) and c(region)

,1,1)) of the volume data measured from the origin of the total system. The a""¢™",
are the vectors of the volume-data region. The p"**” (i, j, k) is the volume data. Note that the
present data set is required for each time-frame file.
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/fiframe_num=iframe_num+l lincrement frame-counter
filename=’ out XXX’ 'initialize output-file name
write (filename(4:6),’ (13.3)’)iframe_num !set output-file name
open (10, file=filename)
write (10, «+)n_atom,n_data,nv_region,nv_tot 'numbers
write (10,+)a(1l),b(1),c (1) !shape of system
write (10,+)a(2),b(2),c(2) !shape of system
write (10,+)a(3),b(3),c(3) !shape of system
loutput atom info.
do i=1,n_atom

adata (1)=kin (i) !1st additional data: kinetic ene.
adata (2)=pot (1) '2nd additional data: potential ene.
write (10, «)isp(i),r(1:3,1),adata(l:n_data) !species, normalized pos., additional data
enddo
loutput volume data
do iv=1,nv_region
write (10, *)nv_x(iv) ,nv_y (iv) ,nv_z (iv) '# of division
write (10,+*)ov(1:3,1iv) lorigin of volume data region
write (10,+)av(l,iv),bv(l,iv),cv(1l,iv) !shape of volume data region
write (10, +)av (2,1iv),bv(2,1iv),cv (2, 1V) !shape of volume data region
write (10, +)av (3,1iv),bv (3,1iv),cv (3,1v) !shape of volume data region
do iz=1,nv_z (iv)
do iy=1,nv_y (iv)
do ix=1,nv_x(iv)
write (10, «)rho(ix,iy,iz,1iv) 'volume data (e.g., electron density)
enddo
enddo
enddo
enddo
close (10)
o

J

Figure 3. A sample Fortran code that writes the hybrid simulation data at a time-frame in Akira format (ASCII). The n_atom

is the total number of atoms. The a (1:3),b(1:3),and c (1:3) are the vectors of the total system box. The isp (i) is integer,

that is the species of the i-th atom. The r (1:3,1) is the i-th atom's position that are normalized by a(1:3),b(1:3), c

(1:3).The n_data is the length of the additional data for each atom, that should be less than or equal to 9. The adata(1l:n_

data) contains additional data and users can set values of any physical quantities. The nv_region is the total number of

the volume-data regions. The ov (1:3,1v) is the origin (i.e., rtho(1,1,1,1iv)) of the iv-th volume data measured from

the origin of the total system. The av(1:3,iv), bv(1:3,1iv), and cv(1:3,1iv) are the vectors of the iv-th volume-

data region. The nv_tot is the total number of the volume data points, that is, nv_tot=%iy nv_x(iv)*nv_y(iv) *nv_

z (iv). The set of top four lines is useful to open many files repeatedly with a sequential number contained in each filename.
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Figure 4. The hybrid QM-CL simulation results for a single Li in graphite. The QM region treated with the DFT method is
selected adaptively around the Li [22]. (Left) All the atoms in the total system are shown. As for the QM region, the electron

density (a; unit, ag = Bohr radius) on the Li-plane parallel to the screen is depicted with colors. (Right) The trajectory of the

Li.
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Figure 5. The hybrid atom-CGP simulation results for the crack propagation in the Ar system in 2D. A region around the crack

tip is treated with the MD method. The strain field is drawn with various colorings: (a) the thermography type, (b) the max-min-
enhanced type, (c) the rainbow type, (d) the grayscale type.
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with colors.
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The concurrent-type hybrid simulation scheme, in which a total system is divided into sub-systems and a proper

numerical method is applied to each of them, has attracted much attention in recent years. We have developed a visu

alization package "Akira" to be applicable directly to analyses of various hybrid simulation results composed usually

of both atomic (particle) and volume data. Akira can display the simulation results in impressive manners, for example,

by showing both atomic and volume data with colors relating to the values of physical quantities, and by showing the

traces of selected atoms. A user can easily create sequential image-files for the time-evolution. Akira is written in Java

with OpenGL; hence, it is executable on various platforms. The source code of Akira is open for the public along with

its developing documents. The characteristic functions of Akira are explained with demonstrations.
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