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» The electronic structure of the simulated system will be
studied by a Tight Binding (TB) Hamiltonian.

» It is observed that almost 80% percentage of the total
simulation time Is spent for the diagonalization stage of
this TB Hamiltanian to obtain eigenvalues and
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» The application of the SCALAPACK library to a TBMD
simulation of Carbon Nonotube.
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» Results;
s block size of the block cyclic distribution,
s processors grid shape,
s scaling behavior,

s parallel performance metrics such speed-up and
efficiency depending on the above parameters
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» SWCNTs are have high flexibility, strength and stiffness,
very similar to the properties of individual graphene
sheets.

» 10x10 (left) 17x0 (right) (Phys. Rev. B 67 (3), art. no.
035416, (2003))
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» This situation also arises in our developed O(N)
algorithm as the importance of the buffer size.

» As a conclusion, these linear scaling algoritms are
generally more sensitive to round off errors and
accuracy together with the special care of introduced
extra parameters/variables.

» There are already well-developed packages that making
use of linear-scaling methods for electronic structure
calculations (SIESTA, CONQUEST, CRYSTAL, ...)
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s reduction to symmetric tridiagonal form,
s eigen-decomposition of the tridiagonal matrix,
s back-transformation of the eigenvectors.

» The fastest serial algorithm is that based upon

Householder reduction to tridiagonal form followed by
diagonalization.
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» Linear Algebra Package (LAPACK)

» PBLAS (Parallel Basic Linear Algebra Subroutines)
» Scalable LAPACK (ScaLAPACK)

» A (parallel) package for the solution of large eigenvalue
problems (P)ARPACK
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(PETSC).

Parallel Eigensolver System software (PelGS) library
routines.

Parallel LAPACK (PLAPACK).

Parallel Research on Invariant Subspace Methods -
Parallel Symmetric Eigensolver algorithm (PRISM).
Parallel Engineering and Scientific Subroutine Library
(PESSL).

Within the ScalLAPACK project many LAPACK routines
were ported to distributed memory computers using

MPI. The basic routines of ScaLAPACK are the PBLAS.
" Scaling Behavor o the Tight Bining Molecular Dynarmics Code with arall et iagonalization (ScaLAPACK): Application to Carbon Nantube - p94
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» This matrix is a upper triangle matrix, having nonzero
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diagonalization procedure.




ints. of 15t e~ of 15¢ atom with all neighbors

ints. of 2™ e~ of 15 atom with all neighbors

ints. of 4 % N e~ of 4 % nt" atom with all neighbors

» This matrix Is a upper triangle matrix, having nonzero
terms only in upper triangle. This is necessary for
diagonalization procedure.

» After diagonalization, band structure energy Is
computed.
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Figure 1: Block cyclic 2D distribution of a 9x9 matrix
subdivided into 3x2 blocks on a 2x2 processor grid.

» The numbers outside the matrix indicate processor row

and column indices, respectively.




CALL BLACS_PINFO( iam, nproc )

! Initialize a single BLACS context

CALL BLACS GET( -1, 0, CONTEXT )

CALL BLACS_GRIDINIT( CONTEXT, ’R?, NPROW, NPCOL )

CALL BLACS_GRIDINFO({ CONTEXT, NPROW, NPCOL, MYROW, MYCOL )

IF{ MYROW.EQ.-1 ) GO TO 20

mxlocr= NUMROC(r,rb, MYROW,rsrc, NPROW)

mxlocc= NUMROC! c,ch, MYCOL, csrc NPCOL)

! Local leading dimemsion of A--> hhwork

llda = max{mxlocr,mxlocc)

allocate{hhwork{l:11da,1:11da),=z{1:11da,1:11da),stat=allocatestatus)

CALL DESCINIT{ DESCA, r, ¢, ¥b, cb, O, 0, CONTEXT,llda, INFO b

CALL DERCINIT{ DESCZ, r, ¢, rb, cb, O, 0, CONTEXT,llda, INFO b

! Ask PDEYEV to compute the entire eigendecomposition

jﬂi:ﬁ'."‘f"

uplo=*17"*

CALL PDSYEV( jobz,uplo,phdim, =, 1, 1, DESCA, eval, =z, 1,1,DESCZ, WORK, -1, INFO ]_

lwork=work{1l)

allocate(work(l:lwork),stat=allocatestatus)

CALL PD3YEV( jobz,uplo,nhdim, hhwork, 1, 1, DESCA, eval, =z, 1, 1,DESCZ, WORK,
LWORK, INFO }

CALL PDLAPRNTc{ r, ¢, 2z, 1, 1, DESCZ, 0, 0, *hh’, hh, WORK )

deallocate(work,stat=allocatestatus)

deallocatel(z,stat=allocatestatus)

deallocate(hhwork,stat=allocatestatus)

CALL BLACS_GRIDEXIT( CONTEXT )




Table 1: Spamsity of the Hamiltonian Matrix. The criteria is taken as < 105,
Ty

ulay [ ntom | nhdim | jiehk | lda [ jielida | Dda [ jiclida [ Oda [ jirllda | S50 o 100 | 227092 4 100
% | 560 | 2241 | 2200 | 576 | 576 | 576 | 576 | 640 | G40 0.0 0.16
32 | 640 | 2661 | 2620 | 641 | 641 | 641 | 6 | 641 | 641 0.04 0.16
36 | 720 | 2881 | 3549 | 736 | 736 | 768 | 768 | 768 | 768 0.03 0.13
10 | 800 | 3201 | 3160 | S0 | S01 | 532 | 832 | 896 | 896 0.03 0.11
1 | 880 | 3521 | 3480 | S06 | S06 | S06 | 806 | 896 | 896 0.03 0.11
15 [ 960 | 3841 | 3809 | Ol | 061 | 061 | 961 | 1024 | L1024 0.0 0.1
G2 | 1040 | 4161 | 4129 | 1056 | 1056 | 1088 | 1088 | 1080 | 08O 0.02 0.9
6| 1120 | 4481 | 4449 | - - [1152 | 1152 | 1153 | 1152 0.02 0409
60 | 1200 | 4801 | 4769 [ 1216 | 1216 | 1216 | 1216 | 1280 | 1280 0.2 008
61 | 1280 | 5121 | 5089 | 1281 | 121 | 1281 | 128l | 1281 | 1281 0.2 008
G | 1360 | 5441 | 5409 [ 1376 | 1376 | 1408 | 1408 | 1408 [ 1408 0.02 007
72 | 140 | G761 | 5729 | 1441 | 1441 | 1472 | 1472 | 1536 | 1636 0.02 047
T6 | 1520 | GOS1 | GO49 | 1536 | 1636 | 1530 | 1636 | 16s6 | L1636 0.02 047
80 | 1600 | 6401 | 6369 | 1601 | 1601 | 1601 | 1601 | 1664 | 1664 0.02 0.6
81 [ 1680 | G721 | 6689 | 1696 | 1696 | 1728 | 1728 | 1729 | 1729 001 0416
8 | 170 | 7041 | 7000 | 1761 | 1i6l | - - [ 1792 1798 0,011 0406
92 | 1840 | 7361 | 7320 | 185G | 1856 | ISH6 | 1856 | 1020 | 1920 0.001 0405
96 | 1920 | 7681 | 76490 | 1921 | 1921 | 1921 | 1921 | 1921 | 1021 0.1 005
100 | 2000 | S001 | 7960 | 3016 | 2016 | 2048 | 2048 | A48 | 2088 0.01 005
104 | 2080 | 8321 | 8280 | 2081 | 2081 | 2112 | 2112 | 2176 | 217 0.01 0405
108 | 2160 | SGI1 | 8609 | 2176 | 2176 | 2176 | 2176 | 2176 | 2176 0.01 0405
112 | 2210 | 8961 | 8029 | 2241 | 2241 | 2241 | 2241 | 2304 | 2and 0.01 004




Table 1: Memory Requirements of the Diagonlization Routine (values are in
MB)
HH | Work | HHWork+-2Z | HHWork+Z4+Work All
38.28 | 84 6.25 0.65 1700
all 3.72 6.27 4.949 il
G63.28 4.3 9 135 7600
7512 4.75 12.25 17 9514
0458 | L7 12.25 1732 111.57
112.5 .4 14 2h.4 13791
13208 | 101 1s.1 25.19 16d).24
16312 | 108 20.25 3105 15410
175.78 | 11469 a5 3660 212.458
2N 12.32 2504 JT7.506 23738
22578 | 13.15 025 434 269.2
253.12 | 13.97 36 40.07 512
25208 | 14.61 36 BlLGL 25266
312.5 106 42,25 LT.TH 37027
J4453 | 162 45,62 fil.al HGLAT
37812 | 169 449 G009 LG
413.258 | 24.97 L6256 81.22 40453
i) 25.92 nh.al 5223 032.26
48828 a7 Gid a1 oT9.A1
2E.12 | 282 72.25 1K) 4G G25.6
ohtLhd | 20015 T72.25 1014 G706
G12.5 | BML22 81 111.22 72870
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Memory Requirements Grid 7x4 Block Size 128x128
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