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Problem Statement
dirac_t32.f

IMPLICIT REAL*16 (A-H,O-Z)
PARAMETER (NOUT=6, NMAX=16,NM = NMAX / 2)
DIMENSION X(NMAX),XX(NMAX),XN(NMAX),GC(NMAX),GCN(NMAX),

. . . 7200 lines of FORTRAN code. . .

RETURN
END

slurm-440995-zz_100.res – SLURM output

DET OF MASS= 0.245254621731932026E-30
ILL OF STIF= 0.479694670013595267E+05
ILL OF MASS= 0.503964961669989113E+05
ENERGY = 0.363489698411562332
ENERGY-C^2 =-11952.939381324336513023

Program finishes on single core in about 50 – 55 days. It would be
nice to have the result faster.
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First Look Through Callgrind

FUNCTION GG(L,ALPHA,GAMMA,P,GAM)
DIMENSION GLA(0:L)
GG = 0Q0
IF (P .EQ. 0Q0) RETURN
GLA(0) = GG0(ALPHA,GAMMA,P)
IF (L .EQ. 0) GO TO 400
AP = ALPHA / P
TT = 1 + GAMMA
CN = GG0(ALPHA,GAMMA-1,P)

* TT / GAMMA - GLA(0)
GLA(1) = CN * AP
DO I = 2 , L

FR = GAMMA - I + 1
GLA(I) = AP * (2 * I - 1) / FR * GLA(I-1)

- (I + GAMMA) / FR * GLA(I-2)
END DO

400 GG = GLA(L) * GAM
RETURN GG

FUNCTION GG0(ALPHA,GAMMA,P)
DM = P / ALPHA
TT = 1 + GAMMA
TT2 = TT / 2
GG0 = SIN(TT * ATAN(DM)) / (1 + DM ** 2) ** TT2
RETURN GG0

Only 0.12% of calls to GG are uniqe (572 391 of 480 975 000)
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Accurate Calculations for the Dirac Electron in the Field of
Two-Center Coulomb Field: Application to Heavy Ions

The one-electron wave function Ψ(⃗r) is a solution of the
stationary Dirac equation

HDΨ(⃗r) = EΨ(⃗r),

where E is the state energy, and HD is the two-center Dirac
Hamiltonian in atomic units (e = me = ℏ = 1):

HD = cα⃗p⃗ + c2β + U (⃗r)I.

We want to solve the relativistic Dirac equation for a bound
electron in the field of two fixed positive charges1

The solutions are obtained by minmax procedure with
iterative scheme. Due to poorly conditioned functional, all
calculations have to be done in high (quad) precision.

1https://doi.org/10.1016/j.cplett.2021.139099
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Objectives

Repeating functions
function is called repetitively for the same set of input
parameters
we know that set of parameters is limited but don’t have
characteristics of the parameters
parameters can change between program runs
due to high sensitivity of functional, quadruple precision has
to be used (32 digits after decimal point)

Main task
want to save exact values of parameters and return values of
functions and reuse them – no approximation allowed
loading of saved values must be faster than calling cached
function
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Simple Table

a1 µ1 p1 f (x)
a1 µ2 p1 f (x)
a1 µ3 p2 f (x)

. . .
a2 µ1 p2 f (x)
a2 µ3 p3 f (x)

. . .
ak µ2 p1 f (x)
ak µ4 p4 f (x)
ak µ5 p5 f (x)
ak µ8 p1 f (x)

. . .

f (x) = f (a, µ, p)

one line per one set of parameters and function’s value
insert is problematic since many rows need to be pushed
search is relatively complex
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Hashing Table
h(a, µ, p) → {0, 1, 2, 3, 4}

4 4.4 4.5
3 3.14 3.97 3.79 3.52
2 2.89 2.1 2.7
1 1.68 1.5
0 0.15 0.24 0.9 0.8

hashing function translates parameters into index
if multiple sets are in same cell, either call hashing function
second time, or link cells into linked list
we don’t know expected time of the hashing table
simple hashing functions don’t work since we need high
precision, consider

0.999973373964542617053328766157032898
vs. 0.999973373964542617053328766157033861
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AVL Tree (1962)

Георгий Максимович Адельсон-Вельский
Евгений Михайлович Ландис
self-balancing binary search tree
insert, delete, search – all O(logn)
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Linked List of Trees of Function f (x) = f (l , a, ν, p)

l – integer, a, ν, p – quad precision
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Little Preparation

linked list of trees with helper functions was implemented in
C++
special module was created in order to connect FORTRAN
source with C++
most demanding functions were ported from FORTRAN to
C++ (not really necessary)
FORTRAN calls function by same name (no change needed).
First value is searched in the tree of saved values, if found, it
is returned, if not, missing value is calculated, saved to the
tree and then returned to the caller.

Ján Buša Jr. (busa@jinr.ru) Linked List of Trees



11/12

After Saving Values of GG

New suspects:
funcfas
d01anw
multf3, addtf3

Speed-up
caching type time [s] speed-up

no caching 4891 —
GG[0] and sincos 478 10.23

Speed-up (about 32GB of RAM) – with GCC 10.23×
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Few Simple Problems Waiting Their Time
1 Tidy-up Linked List of Trees – it would be nice, to change the idea

of LLT into a real (template-based) library which can be used
without too much manual modifications (C++, templates)

2 Create package repository for MpdRoot – for software distribution
of MpdRoot software, we need to configure and fill with pre-built
packages repository, supporting at least Fedora XX, AlmaLinux 9.X
and 10.X, Ubuntu LTS, Linux Mint (Linux, bash, Apache, Python,
git)

3 Build MpdRoot packages via Homebrew – currently we build
MpdRoot packages for AlmaLinux via so-called recipes. This task
expects user to create recipes for Homebrew, build them and present
clear idea how to install them on MacOS – how to set-up server and
what structure of data do we need (bash, Homebrew, Python, git)

4 GUI for AliBuild – we use AliBuild to build MpdRoot together with
its dependencies. Sometimes it is hard to understand all the
dependencies, and a GUI tool for managing packages (building,
removal) would be of extreme help (Linux, bash, Python, git, some
GUI builder like Qt)
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