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* Main questions

Introduction:
Relevance of the problem
The main part :

1. Conceptual bases and basic elements of implementation
of software-controlled process of AlS development.

2. Models and methods of development and verification of
complex requirements to AlS.

3. Methods and means of development and verification of
architecture and design solutions to AlS

Conclusion:

Directions of development and implementation of the
proposed solutions Iin practice
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*

Relevance is conditioned by:
high requirements to functional and operational characteristics of AIS ClI (correctness, reliability,
performance and security);
the need to integrate newly developed systems with existing and legacy ones;
the need to operate in a heterogeneous environment on multiple hardware platforms;
high level of novelty, which limits the possibility of using standard algorithms of functioning and design
solutions.
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* The causes of the problems and risks

Obstacles:

- the main reasons for this state of Affairs is the
lack of participants in the process of creating
AIS CIl (user, designer and programmer-

How the customer How the Project How the Analyst developer) a Single termino,ogical and

ot ik s eTSon & J dedigned X conceptual framework, adequate logical and

mathematical apparatus,

- there are no effective means of supporting the
processes of formation and analysis of the two
most important artifacts of the life cycle (LC) of
AIS IIC: a set of requirements and design
solutions.

How the Programmer
wrote it installed realy needed

What operations What the customer

>150x

Ll

The relative cost of error
correction at different
stages of the LC

There is a high level of risk to obtain AIS that
does not meet the requirements of the
Customer and Users, while there is a high risk
of not meeting the limits of the allocated time
and financial resources in connection with the
detection of defects in system artifacts at the
later stages of the Software LC.

20x
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Models, methods and means of industrial software and
hardware developmen

=

Specifications OMG (Object Management Group)
FUML (Semantics of a Foundational Subset for Executable UML Models), ReqlF (Requirements Interchange
Format), OCL (Object Constraint Language), UTP (UML Testing Profile), Action Languages (ALF, Scrall, ...), ...
Support tools :

Rational Rhapsody Developer, Sparx Enterprise Architect, MASIW (ISPRAS in collaboration with GosNIIAS
(FocHUAC); Rodin, CPN Tools, SPIN; Eclipse Modeling Framework, Graphical Editing Framework, Modelio,
Papyrus, GEMOC Studio, ...

Monographs, manuals and other publications :

1.Bruce Powel Douglass, Real-Time UML Workshop for Embedded Systems - Peanusauusi TexHonorum Harmony —
UML, SysML, DoDAF 2.0.

23. A Practical Guide to SysML. The Systems Modeling Language. Sanford Friedenthal, Alan Moore, Rick Steiner
2012 Elsevier Inc.

4. Lenny Delligatti. SysML Distilled A Brief Guide to the Systems Modeling Language. Pearson Education, Inc. 2014.

5. Advanced and efficient execution trace management for executable domain-specific modeling languages Erwan
Bousse, Tanja Mayerhofer, Benoit Combemale, Benoit Baudry.

Eclipse GEMOC Studio [OnektpoHHbI pecypc] — URL: https://projects.eclipse.org/projects/modeling.gemoc. (aata
obpateHms: 20.06 2019).

[Meyers, B., Deshayes, R., Lucio, L., Syriani, E., Vangheluwe, H., Wimmer, M.:ProMoBox: A Framework for
Generating Domain-Specific Property Languages. In: 7th Int. Conf. on Software Language Engineering. LNCS, vol.
8706, pp. 1-20. Springer (2014). 5 16.12.2019



* Problems and solutions

Requirements Tracebity

Unresolved issues and constraints::

X
>

XAY : cosceyrwocTa

¥ fUML parpanm
1) objective complexity of the task of constructing a T petomance | [ Do
. . Requirement Constraint
formal representation of the requirements for AIS ClI = ~ P
N I . . . cartifacts 4 ~
on the basis of their initial informal representation in ot Fased |CETRERR i carenent
Rl’urlglionm'.;atl‘t o
the terms of Reference; ey VD)
2) availability of a wide range of languages and Re::’"‘n&“.-w S T Engr A
tools offered for building AIS ClI at various stages of ConivlClss |1 N | oo
creation (justification of requirements, architecture et
c c State ;
development, implementation of hardware and |
. sartfacts A
software complex), in the absence of clear and | inissce i cumess | Prpsia COmm it P4 Prysica
o ; (IcD) Interface 'v‘ ﬁ Data Class
specific rules and recommendations for the use of AT
these languages and tools. A ,",f'lv},’,,///

B
- + Fw Com, 5
) Compenents + Networks + lem :

TION “VEIW"

Proposed Ways solve the problem in order to ensure the required quality of creation and maintenance of
AIS ClI at all Development LC stages are:

» building a unified model-language and software-information environment for development and verification of AIS
Cll, and

> development of algorithmic, instrumental and methodological support for the implementation of software-
controlled process of development and verification for requirements, architecture and implementation formal
models of AIS CII.
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* Basic elements of implementation of software-controlled

Functional
Requirement

Not Functional
Requirement

Thesaurus

Test Scenario

«artifact» .doc
Text-Based ReqlF

xml-scheme
tz_as.xsd, tz_sw.xsd

i e

data (som API MS)

Graf

d _uc, d _io, d _class (classes, relations) , d_regs

Module to input Regs-
Preliminary Requnrements Formal Model

Validation & Verification
((adequacy ) (Jnternal ) (external)

Refined Requlrements Formal Model
d_io (ak, ioi, bj), ref act, ref _seq, ref_ sm

[ d_uc ][ d_io | [ d_classes | [ d_regs |
, ']‘." 1 L AT |

REQUIREMENTS

r 4| T

fUML&ALF model

Test Scenario
Graf

77
| Validation &
Verification

Architecture Formal Model

SISTEM DESIGN =
ARCHITECTURE

d_ act | d seq I | | sm I d_classes

/ Validation &
Verification

Program module, library
C, C++, Java, ...

IMPLEMENTATION SW components

process of AIS development

The following means to build a
unified  model-language  and
information-software environment
for development and verification of
AIS CII are offered:

1) FUML, SysML, OCL , ALF, Scrall
modeling language,

2) development methods and means
of subject-oriented ontology of AlS
ClI,

3) libraries and software products
that are implemented in the
framework of the Eclipse project:
Eclipse Modeling Framework,
Graphical Editing Framework,
Papyrus, Modelio.

The choice of these models, languages and tools is due to the fact that, firstly, their development is actively
supported by leading enterprises developers and consumer organizations SPTS, and secondly, both the
technologies themselves and the tools based on them are open and available for study, application and

improvement
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velopment of requirements complex formal mode

[l

Functional Not Functional
m Requirement | ~itact doc  he?”| Requirement
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* Task-oriented ontology of the AIS

Fragments of ontology describing the composition and structure
of the system, ways of interaction between objects and subjects,
functional requirements for all its components:

Example of ontology fragment
Information domains
«UHdopmaumonHble gomeHbl CMTCy»

2 S
Noapaagenenun

INnunsin ] [
cocras

el

CMeHb!

3apnavum
ynpasnexHusn

WV

===

L .
=

[ Komnnexc ]
nporpamm

Example of ontology
fragment
Class Hierarchy diagram
«Knaccudmkaums
CpeAcTB KOMMNJeKca
ynpaBneHus» CoemeTan WAKY -~
YCOo0eh Howeg | LINS ~
Waes  sling a1.e9 Mg ¢
g4 GeoCaord :::r;:::m-un:;-q K "0 198
livgara ypan) o P o9 Mot P
Bt ] e B
|
LN | ‘
lusiossgmans  GeaCatrd =T ACY n BT FrTn
- } I
] - 1
:;; cmn CT';I ; \‘:;:l L;‘_I;“ :G;) ACm Nﬁ-ﬂ r.cz-:m cv-;xx‘:c Lr:_:(ux
) | S
WEXEO WEMCHEO NI MIC  TER YPMD  yeway

Example of ontology i
fragment
Class Hierarchy
Example of ontology fragment diagram
f fa) Main concepts «Cocras cpeacts CY»
3 e 12¢ .. | «OcHoBHasA KoHUenuus pewenns 3apadn 6O»
Tht V Coemes ,R -I?- Tpﬂ;FA e =
a ] < smmee Pl .81 Fakoenpeary - GecCood = propr ‘?
RPN, Ocesmesncs
| - [T Tl [
o T 1= 1 & s D jomm— cnm— — emm— — — — e
. @85 -2 W O CW WG OF O 0 ION KO0 CiCeTh GG el
e e - T ?
-3 |¥ v ]
¥ Lo
~ - IR 5 W —————— —
- - - b BEN BE My M W AN e
TINC Ay L e

16.12.2019




* The Quality Management Ontology

The Ontology of "AlS quality Management" describes the quality requirements of both the system
as a whole and each structural component

| 5

Reliability

HAJAC/KHOCTH

maturity: Epercent
3ABEPUICHHOCTD
availability: EPercent
FOTOBHOCTH
fault_tolerance: Epercent
OTKasoycTo HUYMBOCTH
recoverability: Epercent
BOCCTAHABIMBACMOCTDL

v_maturity()
v_availability()
v_fault_tolerance()
v_recoverability()

> Ontology for 9
. verification of hardware and software system quality
= Ontonorus «OueHnBanve kadectsa peanusaumm AUC KUy 1

Compatibility

COBMECTHMOCThL

=

co_existence: Eset SW

interoperability: Eset_ SW

HHTErpHpYeMocTh ¢ Apymumu [1C

BO3MOKHOCTH COBMECTHOI'O (b}'HKuHOHHp()BilHHH

Performance Efficiency
aheKTUBHOCTL

time_ behavior: EDate_Time
BpCMCHHbIC .\apﬂK'rcpHC'l‘Hl\‘M

v_co_existence()
v_interoperability()

resource_utilization: Eresourses
llpt:_’lC}thO ,'l()ll) CTHMBIC Hill'p_\ 3KH

capacity: ELimLoad

HITATHBIC HATPY3KH

Portability

NMEPCHOCHMOCTD
adaptability: Eset_SW
ananTHpyemMocThb
instability: Erangi
YA0OCTRBO YCTAHOBKH

replaceability: Erang

JAMCHACMOCTD

Usability

\‘,106CTBO HCIO/1L30BaAHHA

v_time_ behavior()
v_resource_utilization()

v_capacity()

Maintainability

BOCCTAHABIHBACMOCTL

modularity: Erang

MOAYJIBHOCTDH

reusability: Erang
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analyzability: Erang
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modifiability: ERang
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(I))‘ HKIMOHAJIbHAsA KOPPEKTHOCTH

functional_completeness: EPercent
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L Tios Comes oo e T The development of the preliminary RC model is
N e ] realized by means of :

diagrams
~- % e 1. generation functional requirements for
Sy l)’

programms complex in the form of UCdiagrams;

* Development of requirements formal model
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The unified UseCase&Classes metamodel
- it is a preliminary model of functional requirements.

Example of ontology fragment
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* Development of quality requirements for the AIS function

implementation
Example of quality management ontology fragment
«TpeboBaHUA K hyHKLMOHaNbHbLIM Bo3MoXHOCTAM AUC KUN»
TpebosaHusi K (hyHKYUOHANTbHBIM
eo3moxHocmsam AUC KUN
>——————
-
HadexHocmb lMpou3eodumenbHOCMb SauuuleHHOCIE
<> <> BpemetHbie nodxap-ku T 3
3aeepwenHocb OHGhudeHyuanbHoCcMb
t time_behavior() el
T maturity - t confidentiality
Mapamemps! wmamyou
lomoexocmse (JocmynHocms) FRCpyaxd Yenocmrocms
. t mem_n()
Yemouyueocms k omkazam — Heomckasyemocms om delicmeul
MNpedensHo donycmumsie
t_fault_tolerance() Hazpy3Ku [ t _non-repudiation
BoccmanaenusaemMocms ModnuxHocmsb
(AymeHmudpuyupyemocms)
t_recoverability() t_cpu_l) =
t mem_I() t autenticity
Omcnexusaemocms

t_accountability
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*Methods and tools for verification and validation formal models
of requirements

. . Trace Analysis
Formal model of requirements SysML&OCL&ALF e
o v e——ce from FUML&OCL
to CPN ML
bdd reqs
= i . maxvalue
attributet : Type reliability .l C CPN Tools )
+ function1(Type) : void performance_ ¢
— function2() : Type response Time I
. Defects of the
G uc ) requirementsJ
I complex

y Active Class
- UC (ndas.b,a) — attributet : Type |
init result

+ operationi(Type) :vold [ ) Critical Events Analysis
\_ = — operation2() : Type I i
> Event
I I - timestamp : long
Virtual machine for execution, validation ' ; + getTimestamp() : lorig
and verification fUML (ALF) models fumL> |
(OCL, ALF) [* [ | T
T raceEvent
Executor bublio clss EXeAIan{ I I - activityExecutionID : int
public ParameterValueList + getActivityExecutionlD() : int
execute (Behavior behavior
Execution execution = this.locus.false | SR— ]
axecution Sxecute 0: Next tasks for VM fUML
o el s > execute

> next step
Locus ExecutionFactory > resume )%




Methods and means of development architecture and design

?

:( Query from DB of : d-class, d_io )

Ifd jo s -

in DB?

Cm_m (1), nf(_:::::m, ref_sm {3))

17\ ([ ds 2\
Create_class {boundary,
control, onuty}

S={sy) 20e
S = {entry, do_inter,
val_var, exit }

(Cum wm classn)

( Create {[condition]
[constraint] messages}

Create {fcondition] )
[constraint] do action}

& J

{_ Addinganewentryto DB )

v

(Converling d seq to d act; d sm to d_act):

( Refinement d class )

solutions

xample of a sequence diagram metamodel
«Bg0od cymoy4Ho20 nnaHa»

{- us f\om:nanvem L! menu Er'lled’lon&'ovm [

wi tmeritesr Flan ()

control PlanComroher {7vbsys B DAS ys temn

» HeonmectWantibda ()

¢ w it lan ()

I

[comie © BB/ yoTaronners)
wo Hertm D ute ()

oo WINETOR HOBBIA nrees) L]

] '} - ol ployE MerD ates ()

Mt playP os s ibleO perations ()

|

Create Plan subfiow

[raasmerRe TR N

Updste Plan sublow

[ yamrsae f et N

Dotete Flan sutsfiow

—

|< d s fidsplayErrror ()

& ramcannectwinRgg O 1]

Example of a State Machine diagram : PlanString

el speaie0 okics 0 numStalion=0, sty created)

setaa=icsir sotKalka)

—
SefSpradspiral=sp."str se1Spwaksp)

"' N setOkkiolak=ok: "str set0iak{ok)

{1 [rumStations <=10|

I_I addStation/numStations++ “str addStatan(st)
EnterString

| carcs

a0, spirad>0. okak>0; numStations>0)
QeneraeSinng

[etce] |

(
|[stng ot exists)

$ [

[sprat» = sotveNu] lelse] L

Y__ I [numStations >0}
removeStaton/numStatons—, "str removeStation(st)

ol addStrngistr)

delete |

L

Erroc I
Canceled
Ext"str deleto() |
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*Methods and means for verification of arcl

1itecture and
design solutions

Formal architecture model

OCL, ALF | >

-
s b( bdd & reqs Modelica Analysis

VI,

= d_sm Analysis
bdd 1 d_sm h
ANOERE TG ~ 0 A _ .-t~ Event-B translator |
— —(® & ] :
1 value — Rodin
L€ D
2 0 J
~ ; B
regs 4 d seq R d_seq Analysis
reliabllity s iobn > ~|+ Promela translator |
security : ; : e 1
— ‘User :Login @
' : & C SPIN D) L
- - 7 B
Active Class =5 S - : = d_act Analysis
= i 1-T W CPN ML translator
attribute1 : Type - 1 sttt ey = - |
+ operation1(Type) : void [—— . . CreateObject e oois
— operation2() : Type ' action :Iresult: > /
[ Init classifiier J
Critical Events Analysis
0.1
Event
Virtual machine for execution, validation = Hinestamp ~lohg
and verification fUML (ALF) models —ML (AL + getTlmestzznp() : long
TraceEvent
ublic class Executor S i : i
P public Parame!erVa{lueList » activityExecutioniD : int
execute (Behavior behavior + getActivityExecutionlD() : int
Execution execution = this.locus. false
execution execute (); Next tasks for VM fUML
s i i - s et B > execule
> next step
ExecutionFactory I > resume =
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Directions of work on the development and implementat
of the presented approach in prac

(" «Software Tools Complex\
for Automation Processes
of AIS Quality Control» DB

SN

Software Tools Complex for

Automation Processes of AlS Quality Control

at all stages of their life cycle

Software Complex For Development and Adaptation of AIS

«Thesaurus» DB

«Software Complex
for Development

Thesaurus (domain Ontology)

Software Complex for Development and verification of AIS
requirements complex
The development module

The tests development module

and verification of
AlS requirements
complex» DB

«Software Complex

of requirements complex of requirements complex

The verification module of |
requirements complex

1L

Software Complex for AIS design and development

Complex for
development of design
solutions and software

Complex for development of
design solutions and software
implementation testing

for AIS design and
development» DB

«Software Complex

implementation

L Complex for verification of J
-4 design solutions and software
implementation

E

Software Complex for AlS Testing Maintenance

Development Module of Development Module
program and methods for AlS testing for AIS testsing

for AIS testing

maintenance» DB

«Software Complex for
AlS maintenance and

Module for maintenance
and analysis of test results

Jd L

Software Complex for AIS maintenance and modernization

Module for determining
defects and forming

Module for Collection and
Analysis of the AIS e

functions informations a lask for reworking

modernization» DB

| —

AIS quality control
module after reworking

ion
ctice

The Implementation and
application of this Complex will
allow:

1) timely detect and eliminate
defects of complex requirements
and design solutions through their
validation and formal verification;

2) improve the quality and efficiency
of AIS  development and
maintenance processes that have
the necessary functional and
operational characteristics, as well
as meet the requirements of
regulatory and technical documents
and operating conditions;

3) improve economic performance in
terms of reducing the financial and
time costs associated with the
implementation of additional work,
both in case of detection of any
defects, and when changing the
requirements or operatingeconditions
of AIS.



The presentation is end.

Thanks for your attention.



