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Introduction

Actual conditions
e Complex phenomena;
e Huge volume of data;
e Multi-disciplinary approaches; * “n.x,.e._-ii.j,._l.;...i.l
e Inter-domains influences;

New modelling paradigm — hybrid approaches

Hybrid mode = ‘building blocks’ deeply connected;

‘Building block’ = study: theoretical model or experimental study;
Theoretical approaches: analytical, numerical, semi-numerical etc.;
Paramount: connections between the ‘building blocks’,

All the ‘building blocks’ are implemented as computer based solutions;
Connections = interfaces, i.e. computer based solutions;
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Example — Hybrid model

An ICFE’s Structural model of the cylinder block:
e 12B165 — A navy vessel ICE; e Experimental study — SAE2000, Detroit, USA;
e Running conditions; e PhD, ‘Cum laude’, 88 letters / 105 reviewers;
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Motivation

Key factor -~ computer based solutions!

Computers are used for distinct studies:
Analytical approaches — software;

General numerical methods — & commercial software;
Dedicated numerical methods (FEM) — & commercial software;
Semi-numerical methods — & commercial software;

Dedicated algorithms & solvers — & commercial software;
Decisional problems — software.

Computers are used to connect the studies:

e Based on the Application Program Interfaces — software;

e Interfaces (CSV, JSON, original) — software;

e Data integration — software;

e Knowledge acquisition (using knowledge based systems) — software;
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Methodology - Stages

Level 1 - data structures for mathematical methods
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access file's record

e Matrix methods are ubiquitous in science;
e Large matrices — finer discretization — higher accuracy;
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Methodology - Stages

Level 2 - optimization: access time minimization
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e Data structures for dynamical memory allocation;
e Vector of doubly linked lists for matrices’ block processing;
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Methodology - Stages

Level 3 - library of header files; rapid development

Hierarchy of the software instruments
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C++11 ... C++14 ... C++17 «— Official Standards applications

Data conversion between applications;
Mathematical libraries;
Graphical representation libraries;

Aspects regarding the flexibility of the
header files Libraries of project oriented codes /

Libraries of header files Specialized libraries

Customized data types Memory management technigues Extended precision data types

New: class oriented B c

ascii2string_char.h get_external_exe name_from_full_path.h removeCharacters.h
programmlng basic_types.h integer2string.h removeSpaces.h

.
string_funcs class

cancel.h integerZstring_and_pad.h replace_all occurrances.h
char_asterix_2 string.h is_alphabetic.h replace_extension_of a file.h
circular_segment_geometrical_characteristics.h list_array_of strings _in_a_text_file.h save_string_in_text_file.h
w create folder.h load cfg:h select_a file.h
create_folder using 05 emd.h load_csv_file.h select_multiple_files.h
create_parameters _computer_code.h load_csv_of strings.h spline_CSY_ARRAY give values.h
current_dateZstring.h load csv_of strings_across_multiple_lines.h spline_derivative_give_values.h
current_time2string.h load_parameters.h spline_give_values.h
display_C5V_ARRAY.h load_parameters77.h spline_integrals.h
demains_basic_types.h messagebox_info.h string2flag_type.h
3 domains_create_AutoCAD script_files.h messagebox_yes_noh string2index_type.h
domains_geometrical_characteristics_of a_domain.h  no_of occurances.h string2integer.h

e i o ey e I WS N ST SR

domains_report_info 4 a set_of domains.h pause.h string2real.h
extract_filename_without_extension.h polygon_09 v.h strings_are_equal.h
file exists.h polygon_csv_array.h string_char2ascii.h

o

folder_exists.h real2asciiStr.h to_lowercase.h
from_ OS5 path_2 system_command_path.h realZinteger.h to_uppercase.h

TN 3 (o
(= BT

generate_generator.h real2string.h trim.h

get_current_folder_separatoer.h real2string_ar®_header files are used-as:'building blocks’;
get_current_path.h reals_are_eq .--.'reusabiﬁty FS paramn-unt':' t
* OCTAVE may be connected with C++;
Library of header files in C++ *® APl of the CAD/CAE commercial software;

(TR ]
(R

get_exe path.h real abs.h

According to these trends, new developments —



Results

Template classes’ oriented development

e Classes: functions in old header files are included in classes;
e Template classes: types are ‘generic’ < high reusability;

d D=

Same type for all the elements
of the doubly linked list
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Results

Why not a general solution?

General solution: each element may have a distinct type;
Template solution is not so general < however why is it preferable?;
SWOT analysis?

Example 1: coordinates < geometry, design, FEM, calculus domain;

Example 2: identifiers <« graph theory, element definition (FEM));
Link to
the first
element
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Results

Some technical info and, of course, more questions

e Functions in header files and fields of the classes;
e |nput/output variables of T type < how to handle ‘generic’ types;

d D=

Same type for all the elements

Functions of the doubly linked list

in the class

f o +Return iS}
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Results

Type identification using a ‘common use’ compiler

e Function (programming ‘trick’) used to identify a ‘generic’ type . . .

template <c1ass T>
46 std::string tmplt_clss _C(DLL«T>::get_T_type name() {

= ! -.-_l'.. UL sl L i“—-

:string out_ str _type;
et the type name in an explicit way
:string tmp_str_type = typeld(thls >CDL_list->»i_data).name();
std rcout<<” -> Current symbol is '“<<tmp str_type<<
out_str_type="UNKNOWN!";
if (!tmp_str_type.compare("NSt7__cxx1112basic_stringIcStlichar_traitsIcESaIcEEE")) {
out_str_type="string";
}

if (!tmp_str_type.compare(’
if (!tmp_str_type.compare(”
if (!tmp_str_type.compare(
if (!tmp_str_type.compare(
if (!tmp_str_type.compare(
(
(
'
(

[T e Il 5]

nlll, "

e

[V

c:—hmxal—'ul—'ncr

o

out_str_type="bool"; }
out_str_type="char"; }
out_str_type="int"; 1
out_str_type="size t";}
out_str_type="long"; }
out_str_type="unsigned long";
out_str_type="long long";
out_str_type="unsigned long long";
out_str_type="float"; }

oy ulowunouioun

= oy

if (!tmp_str_type.compare
if (!tmp_str_type.compare
if (!tmp_str_type.compare
if (!tmp_str_type.compare
if (!tmp_str_type.compare(” out_str_type="double";}

if (!tmp_str_type.compare("e")) out_str_type="long double”;
std: :cout<<” -» Current type is "
return(out_str_type);

oy v
W 2

oty gty gty by, ety et et et oty et ety

<<out_str_type<<”'!\n";
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Results

T ‘generic’ type conversion

Function (programming trick) used to convert a ‘generic’ type . . .
ldea: convert T generic type to string & from string;

Handling strings is paramount!

Strings connect the data to the input/output (?CSV?) text files;

0 ."i .'Ii
{

/1-template <class T>
72 T tmplt_clss_CDLL<T>::convert_to T (std::string str_data) {
3 T out_T;

std: :stringstream ss(str_data);

if (!this->T _type name.compare("string")) {

str_data=1lib_str_funcs.str_replace_all_occurrances(str_data, " ", str_replacementChars);
}
ss << str_data;
ss >> out_T;
return(out_T);

1} // End of 'convert_to_T'
e [/
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Results

Operating the sample application

e Operations — test the generation of various T types of doubly Inkd lists;
e Operations used to operate the doubly Inkd lists < common in all apps;
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Results

Some Standard Template Library C++ solutions

e Solution used to store random values, testing the degree of randomness;
e ‘map’ = associative container; ‘ulli’ stands for ‘unsigned long long int’;

// Definition of the map<map::key_type,map::mapped_type>; map<unique_key,payload_data>
The largest size payload data type in C++ (beside GMP)

éfd::map<unsigned long long int, unsigned long long int> map_ulli;
std: :map<unsigned long long int, unsigned long long int>::iterator iter_map_ulli; //

iterator

e Solution used to store strings which symbolize points’ coordinates;
e Useful to compute the coefficients within the polynomial regression;

typedef std a nsigned long long int, st
typedef std nsigned long long int, st
/ niesional array of string

tc

typedef std::map<unsigned long long int, std::map<unsigned long long int,
typedef std::map<unsigned long long int, std::map<unsigned long long int,

map_2dim_string map_2dim_string_csv_content; //

<<< Table of contents

_string; // iterator

std::string>> map_2dim_string;

std::strir :iterator iter _map_2dim_string; //

a Zdim map

Conclusion —
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Conclusion
Usefulness

Modeling complex phenomena requires advanced concepts & instruments;

Data integration and knowledge acquisition require computer based original software;
Hybrid research approaches use composite models with deeply integrated modules;
Facile and rapid development of software components is paramount;

Various software libraries: solvers, interfaces, RNGs, data persistency etc.;

“Failing to prepare, you are preparing to fail” — software development strategy;
Strategy is valuable, being confirmed over the past 38 years in many R&D projects;

Progresses in the last 3 years
e Header files approach — class based programming, i.e. (atomization — integration);

e (Class templates based programming = generic programming;
e Standard Template Library in C++: containers, iterators, algorithms, functions;
e (ollections in Java (not presented in this paper);

Accomplishments

e Modern know how in the development of new software components for hybrid models
e Updated libraries and new libraries based on the aforementioned progresses;
e New computer based models in data science;
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Questions?

“Failing to prepare, you are preparing to fail” Benjamin Franklin
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