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Incubator - definition

An insulated enclosure in
which all environmental
conditions can be regulated
for optimal growth
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(Britannica encyclopedia)
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Model incubator - motivation

e Internal initiative in SINTEF

e Responsibility to manage the knowledge that clients have invested in over many years

e Goals

e Contribute to long-term strategy for model development
e Increase our ability to use IT professionals in software devlopment

e Establish quality-assured software development processes

e Budget 1IMNOK
e Startin May 2020, end in September 2020
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Software management
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Software management

Build Test Release Deploy Operate Maintain
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Software management

Plan Code Build Test Release Deploy Operate Maintain

Programming language Test frameworks Documentation
Interoperabilit . T

P Y Version control Release pipeline
Code standards

Data structuring @ SINTEF



Software management

Cost to fix a defect
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Up and coming programming languages

ust

Language

®

e Systems programming language

e Performance like C

e Designed for safety

* Prevents memory errors

* Prevents concurrency issues

@
julia
e High-level language

e High performance

e Designed for scientific computing

e Large mathematical function library

e Easyto call C code

SINTEF



Evaluation of
languages

TIOBE Programming

Community index

https://www.tiobe.com

/tiobe-index/
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Change Programming Language

v Java

C#
Visual Basic
JavaScript
A PHP
R
v SaL
A Go
o~ Swift
Perl
v Assembly language
Ruby

A MATLAB

«

Groovy

Objective-C

«

Ratings
15.95%
13.48%
10.47%
7.11%
4.58%
4.12%
2.54%
2.49%
2.37%
1.76%
1.46%
1.38%
1.30%
1.30%
1.24%
1.10%
0.99%
0.92%

0.85%

Change
+0.74%
-3.18%
+0.59%
+1.48%
+1.18%
+0.83%
+0.41%
+0.62%
+1.33%
-0.19%
+0.24%
+0.28%
+0.26%
-0.08%
+0.03%
+0.04%
-0.52%
+0.55%

-0.99%
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Evaulation of languages — architecture

Python Julia Rust C C++ Fortran
Compiled? No JIT Yes Yes Yes Yes
Binary Many 3. PackageCompiler | Yes, Yes, Yes, Yes,
distribution Party libs Limited usage, inherent Inherent Inherent Inherent
Some problems
Binary size LARGE! Small/medium Small Small Small
Binary, Not well Protected Protected Protected Protected
protected protected
source code
Run time regs Python Julia Optional C/C++ | Optional Optional Optional
libs C/C++ libs C/C++ libs C/C++ libs
Community Large, Small/Moderate, | Small/Moderate, | Moderate, Moderate, Small,
Growing Growing Growing Slowly Stable Slowly
decreasing decreasing
Memory model | GC GC Unique User User User
ownership managed managed managed
model

SINTEF



Evaluation of languages - performance
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JavaScript Matlab Mathematica Python

R

o benchmark

@ jteration_pi_sum
matrix_multiply

® matrix_statistics

® parse_integers

® print_to_file

® recursion_fibonacci
recursion_quicksort

® userfunc_mandelbrot

Octave SINTEF
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Evaluation of languages - interoperability

Callee\Caller Julia Rust C C++ Fortran
Python Yes Yes Yes Yes
(built in)
Julia Yes Systemcall Yes? Yes? Systemcall
(package) (hassle) (hassle)
Rust Yes No?
(ccall) (via C?)
C Yes Yes Yes Yes
(slow!) (fast, ccall) (unsafe)
C++ Yes No? No? No?
(slow!) (C api) (C api) (C api)
Fortran Limited Yes Yes
(F2PY) (fast, ccall) (iso ¢)

SINTEF



Code examples - Initialization
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match i
cme (1) w> proedrisk.set s
T

Fortran

Sprogran main

TYE ) mm—

T

! e declacat
type Xy

integer i X
integer 1 ¥
logizal :: x_flag
logical

end type xy

type prodiiskcoze
type (ay) , pointar
logical :: defined
end type prodriskcore

' 1 ra
type (prodriskesre), pointer
prodrisk_defined
aval

rodriak

logieal
tnteger

oae
aliocate (prodrisk)
prodrisk_de

prodriskrdedined = ¢

it (prod
oall met_predrisk ey (predrisk, |,
xval = get_prodrisk_a_x{prodrisk)

wlse
x7al = -
end 12
call print_positive (xval)
1f (xval > nd. prodrisk defined) then
call aet_prodrisk_xy(f sk, xvals:, mval)
wmad

AL (prodrisk_defined) then
1T [predriskedefined) then
deallocate (prodriskivals
end 1f
dnallocate (prodrisk)
end §F

vontains

fungtion get_prodrisk a x (prodrisk)

implicit none

tntager prodrisk a_x
type (predsiskeore) , pointer, intent(in)

get_prodrisk_a_x = prodriskévalue_stx
elae
gee_prodrisk a_x =
and if
wl

get_prodrisk a x = -
mnd if
end fanction get_prodrisk a x

subroutine set_prod

tmplicit none

a1y
type (prodriskcors), pointer, IATent(in) i prodrisk
integer, intent{in} *®

integer, intent{inm}

Af [.mor. prodriskbdefined) then
allocate

{prodeiskivalue_a)
prodeiskidefined = a

end if
prodriskivalue asx = x
prodrisichvalue asy = ¥

prodeiskvvalue_avx_flag =
prodriskcivalue_sby_flag = .o
end subrontine sec_prodrisk_xy

subroutine peine g
tmplicit none

ive (x)

integer ii x

if {x > =1) then
prints, x

ol @ SINTEF

prints,
end If

end subrontine pr

“end program main



Toolchains
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SVN (Subversion)

0 [ pytest

Azure DevOps

Bl eding Edge Compiler Technology

<)

Visual Studio Code

Markdown documentation

14 SINTEF
TeamCity build server



Model
architecture

Numerical model
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Model
architecture

API

Numerical model

Wrapper

16 SINTEF



Model
architecture
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User interface

Wrapper

API

Data management

Wrapper

API

Numerical model

Wrapper

API

Third-party libraries
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Model
architecture
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User interface

Wrapper

API

Data management

Wrapper

API

Numerical model

Wrapper

API

Third-party libraries

Customers and vendors

Superusers, analysts, testers
IT professionals

Researchers

IT professionals

Suppliers SINTEE



Realization in practice

Design

Use-cases

= Researcher
Code standard

IT consultant

Test system

Release process

Documentation

M1 M?2
D1 D2
19 DG1 SINTEF



Results from the Model Incubator project

e Recommended usage areas for different programming languages

e Roadmap for management and restructuring of legacy code

e Evaluation of toolchains for version control, testing and release

e Strategy for integration of IT professionals in the development process

e Assessments on actual code to demonstrate feasibility and impact

20 SINTEF
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