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Abstract

This  report  briefly  describes  and  provides  the  Fortran  source  code  of  a 
parallelized version of the P4 program, based on “OpenMP,” which includes 
parallelization of the implemented VSOP87 subroutine. The P4 program is 
applied and described in detail in “Planetary Correlation of the Giza Pyra-
mids – P4 Program Description.” The new version enables the use of multiple 
cores in the processor unit  to increase the processing speed. This multi-
thread program, called P4-4, as well as the single-thread program, P4, allow 
for  the reproduction of  the astronomical  calculations concerning the Giza 
Pyramids and the planets of our solar system, published in the book Pyrami-
den und Planeten and related publications of the author. The focus of this 
report, the parallelization, is solely a programming issue. 



Basic Aspects of the P4-4 Program

The following text provides some basic information and contains the text of the footnote on page 82 
of “Planetary Correlation of the Giza Pyramids” [1] (p4-manual-06-2015.pdf). For both programs, 
P4 and P4-4, the Fortran 95 standard and the free-source form are used. 

To obtain higher processing speed, some “hot spots” in the P4 program were parallelized with the 
application  programming  interface  (API)  “OpenMP.”  The  modified  subroutine  “VSOP87X”  was 
renamed as “VSOP87Y.” For the compilation of the source code with GFortran (GCC), we use the 
following command: gfortran -fopenmp -O2 p4-4.f95. The subroutine has been adapted according 
to four threads, because the used processor has two cores with hyper-threading (Intel Core i5-
3210M, 2.5 GHz, 8 GB, dual-channel, Turbo Boost not active). Therefore, the corresponding P4-4 
file  names have an additional “4.”  Now, the calculated  combined CPU time is longer than the 
runtime of P4. So, the execution time, especially of the TYMT test, is determined not only with the 
subroutine  “CPU_time,”  but  also  with  “date_and_time.”  TYMT (“Ten  thousand  Years  Mercury 
Transit”) is a kind of benchmark test to measure the program performance, 64-bit version (see 
page 16 in [1]). Because of the parallelization, its runtime decreases from 46.0 s to approximately 
22.4 s, and with a small terminal window of three lines to 20.0 s.

Although  the parallelization  yields  a  clear  improvement  concerning  the  processing  speed,  the 
modification has more of a technical meaning than a practical reason, because for normal use the 
single-thread program is fast enough. Moreover, with a single-core processor, the program would 
even decelerate.  Thus,  the original  P4 source code is  given in  the  appendix  of  Ref.  [1].  The 
parallelized source code and code files (P4-4, listed in Table 1) are included in the P4 program 
package (download). Therefore, the multi-thread source code given here and in the p4-4.pdf file 
are identical (see Table 1). Compared with the p4-4.pdf file, the descriptive text was extended and 
some references and links were added.  This parallelized version might be relevant for anyone 
interested in program optimization. Of course, the results are the same compared with those of the 
single-thread P4 program. (Up until now, no deviation has been found.) Both program versions, 
based primarily on the works of P. Bretagnon, G. Francou [2, 3], and J. Meeus [4, 5], can be used 
to reproduce the corresponding astronomical calculations in Refs. 1, 6–8.  

In the parallelized subroutine VSOP87Y, the program lines for calculating the planetary velocities 
are removed, because the velocities are not needed in P4, so this program part becomes more 
compact.  Furthermore,  the  subroutine  is  checked  only  for  the  theory  versions  VSOP87A and 
VSOP87C. In any case, it should be easy to modify the subroutine accordingly if necessary. 

The parallelized and the adapted program passages in the source code can be located by search-
ing for the term “threads.” In the case of more than four threads, only the subroutine VSOP87Y has 
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Table 1: The four files, representing the parallelized version of the P4 program (down-
load from the author's homepage; program package: p4-program-06-2015.zip).

File Brief description

p4-4.f95 Fortran source code (parallelized version)

p4-4.pdf Fortran source code in PDF-format (plus descriptive text) 

p4-4-64 Executable program file for a 64-bit system

p4-4-64.sh Shell-script that clears the screen display and starts p4-4-64

http://www.pyramiden-jelitto.de/downloads.html
http://www.pyramiden-jelitto.de/


to be modified. The application of OpenMP is relatively easy. OpenMP is currently available only 
for the programming languages Fortran, C, and C++. (An implementation of the OpenMP standard 
for Java is called “JaMP.”) Additional information about the p4-4 program itself can be found in the 
following Fortran source code. 

Meanwhile, a VSOP version with improved accuracy (VSOP2013/TOP2013) [9] is available. How-
ever, the precision of VSOP87 is better than 1 arc second for the inner planets Mercury to Mars 
within the time span 2000 BC to 6000 AD [3, p. 311]. A deviation of 1 arc second, measured in 
radians, indicates a relative error of 0.0005  %. Therefore, the precision of VSOP87 is by far suffi-
cient for our purpose (0.07 % [1, p. 30]), and the new VSOP version probably would not yield any 
significant change in the results. Nevertheless, it would be a good test of our findings if the calcula-
tions were performed independently and based, for example, on VSOP2013 or on a theory other 
than VSOP. 
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Use of P4-4 Program and Copyrights

The text of this brief program description (first three pages) is licensed under Creative 
Commons “CC” BY-NC-SA 4.0. Concerning the copyrights of H. Jelitto, the executable 
P4-4 program with all of its supplemental program files, text files, and data files listed in  
Table 1 of Ref. [1] can be used freely for private, scientific, and educational purposes, but 
may not be used for any commercial purpose. In case of use for any publication including 
any sort of presentation, appropriate quotation of the author(s) must be given. For the 
other program parts (see below), it has to be checked whether permission from the copy-
right owners is necessary. For any kind of commercial use, a written permission from the 
author is required. This program is distributed in the hope that it will be useful, but without 
any kind of warranty! 

Further Copyrights

Further copyrights apply to: 1. Subroutine VSOP87 and associated data files (see Table 1 
in Ref. [1]),  2. Program package FITEX (consisting of four subroutines at the end of the 
source code of P4 and P4-4), and  3.  Subroutine DELTA_T and numbered equations in 
the “Universal Time” section of Ref. [1]. Concerning these subroutines, see the copyright 
section in Ref. [1] on page 137! 
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