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Relevance of the problem

©)

Software Projects Statistics from Standish
Group FY2011-2015 within CHAOS database

60

50

40

30

20

10

0
1994| 1996 1998| 2000| 2002| 2004| 2006| 2008| 2010( 2011| 2012| 2013| 2014| 2015
successruL | 16| 27| 26| 26| 34| 29| 35| 32| 37| 29| 27| 31| 28] 29
cHALLENGED | 53| 33| 46| 46| 51| 53| 46| 44| 42| 49| 56| 50| 55| 52
FAILED 31| 40| 28| 28| 15| 18| 19| 24| 21| 22| 17| 19| 17| 15
onsuocer  Chaos ONTIME ONTARGET £

The percentage of projects thad wers
OnBudget from FYZ2011-2010 within the
New CHADS calatase

SUCCESSFUL

report

The percentage of progects that were
QnTame from FY20L1-2015 within ihe
New CHADS datobase

TRADITIONAL RESOLUTION FOR ALL PROJECTS

The percentage of proyects that were
OnTarget from FY2011.2015 within
[P ety OHAOS (atabase

36%

CHALLENGED

30% 46% 40% 47% 45%
22% 17% 19% 17% 19%
af all from FY2011-2015 within trw new CHAQS database

o

How the customer
explained it

How the Project
Leader understood it

How the Analyst
desighed it

How the Programmer
wrote it
S

What operations
installed

What the customer
realy needed

@

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

5x

requirements design

coding

>150x

20x
10x s
Life
cycle
| development I acceptence 3
7 65 operation
testing testing
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Relevance of the problermw: modern technologies, methods, tools ...

©

Stakeholder
Requirements

!

Requirements Models,
System Use Cases Model

|
Architectural Analysis Model(s),
System Architecture Model

— —
Change Request
Harmony™ for \\.
Systems \
/ Engineering System \
Scenarios (ConOps) X::“m
System Functional
ysis
System
Verification

(Sub-)System
Integration & Test

“— Model / Requirements Repository

& 2 ~asody Modeling - Dishwasher Cycle - Eclipse SDK

~ Obstacles :

1) objective complexity of the problem of constructing a
formal representation of the system requirements on
the basis of their original informal presentation;

2) availability of a wide range of languages and tools
proposed for building models of analysis, architecture
and implementation of the system, in the absence of
clear and specific rules and recommendations for their
application;

Navigate Search Project Run Code Generator Tools Window Help

Rational Rhapsody Modeling Perspecti tab

FER

»

System . Harmony™ for
Architecture ~ Embedded RT
Baseline g > Development
Analysis & Design Integration & Test
Software
Implementation
‘ Model /
\ & Unit Test /
\ /
Ny J/
@ ARP-4754 Avionics System Development Process
ARP-ATE —
2 DO o
== |Hardwarel”
/ | { 3 \
et L : System
t::>{ Virtual System Integration re
Jes y g lagration
Top Leved A ~ \
Areralt / - Pa—— =
Requrements e [porms)l| ==V
ATAXX
Ghpwrate config tabies
Mogel e
RRINC 653 systems
refnemest Mevice Gitvess
- ipdleware
e et i N
/ ” - Schetudatubty analyss olegration teel stund
/ TE<OUrOn JMoCHon - Simaton \‘eﬂ
/ - -\
‘ = 3 |G T T T || -
2 ) | e s A =
=3 R | Vo= R
L | [ LG | m—
BRI N -
R & g2

Virtual System Integration on Base of AADL-models

g OFE: $-0-Q-: 4~ G | (9 Rhapsody Mo...
] Mode Browser &3 B = O|[ 4 pistwasher Cyde 32 =0
P Y = = , .
Entre Model View  ~ | Options * QAQEOHE B v R[] By o @tdang Ll -
e P‘Sh"\‘as*:f g 3 A ENY | Dishwasher | AcmeTank |
& {] Collaboration Diagrams A
£ ol D Cyce [y seect ENV Dishwasher AcmeTank
= (2] Components v InstanceLine )
) §] «Executable» EXE f+ SystemBorder Drawmg Area L ‘ ‘ 1]
= # «txecutable» Gui i
: Message n '
i (3] Configurations \‘ o Initially, save the rinse, wash 7 eStat() ‘ ‘
& 03 Fies ¢ Reply Message and dry times dictated by the %‘—______
£ £] dbrays B s, Gele Aron wash mode and increment the f B | i) \
= (1] Object Model Diagrams A« Destroy Arrow number of wash cycles Z i ‘
& Abstrac‘t Dishwasher % Tineaut %
5 Ace Distwiasher With Factory A 7 ‘
R & Canceled Timec 7
g Browser 7 | |
= B Defaut o tmemtenal 7 !
= % Actors » DataFlon Filng filthe tank and vat 7/ ‘ 3
& 3¢ Cleansing Engneer & pationtie for it to-become ful % | eTankFil) |
50 Service Person Y i S L
# [ Casses O CondtonMark | ¢ >
# \ Events
2O Use Cases (5 Project : Dishwasher | 1=/ RhapsadyLog 3. 4) CheckModel| [ Animation Manager 20
(#-O Configure Washing Mode Object Mode! Diagram: Abstract Dishwasher A
- O Service Dishwasher Object Mode! Diagram: Acme Dishwasher With Factory
# O Wash Dishes Configuration: Gui\Buid & run GUI application
& in Component: Gui
_r‘ B P(edexefﬂ ‘yes (REF) X in Folder: GulFies| Output Wind
@ Ej PredefinedTypesCpp (REF) File: GuilFiles\DishWasherGUL,cpp U PU Indow
= {] Sequence Diagrams File: GuilFiles\DishWasherGULrc
;ﬁ Dishwasher Cyde File: Gui'Files\Dish\WasherGUIDIg,cpp
= {31 Use Case Diagrams File: GuilFies\StdAfx.cpp 3
339 | Dishwasher
o fgoui \ Buid run Ul a...
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/ Requirement N EATHiStts C60 V Requirement

Goals and objectives of the study. The choice of developW

Functional Not Functional

Text-Based ReqlF

1 = A
I-scheme
l Thesaurus Module to input Re o
M data (SOM AP Mg) tz_as.xsd, tz_sw.xsd
I

Test Scenario

Graf Preliminary Requirements Formal Model
d_uec, d jo, d _class (classes, relations) , d_regs

Validation & Verification
Cadeguacy ) CInterial ) CExtoriah)

Refined Requirements Formal Model
d _io (ak, ioi, bj), ref act, ref seq, ref sm
| d_ue || d_io ][dclassesl[dregs]
REQUIREMENTS N A Test Scenario
- Graf

7/ 1 B | B\ W | Iy =
Validation &
Architecture Formal Model Verification

SISTEM DESIGN =
ARCHITECTURE

Validation &
Verification

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

IMPLEMENTATION SW components

1. To develop a unified conceptual, model, language and tool development and verification environment, we
used: — modeling languages UML, fUML, OCL, ALF;

2. To formalize requirements: ontologies of the automated system, quality software, ReqlIF, .xsd

iL"?"SE Irancc;a?)ns for verification we have chosen: VM fUML, SPIN (Promela), Rodin (Event-B), SMT-Lib, Z3, CVC-4,
4. Eclipse Modeling Framework, Graphical Editing Framework, Papyrus, Moka - development environment and
tools: framework, libraries and tools implemented within the Eclipse project:




Step 1: develop requwements model

Not Functional @

Requirement

Functional
Requirement

«artifact» .doc
Text-Based ReqlF

l { : l-scheme
Thesaurus Module to input Regs- o

data (SOM API MS) {z_as.xsd, tz_sw.xsd
Test Scenari

nario
Graf

Preliminary Requirements Formal Model
d_uc, d_io, d_class (classes, relations) , d_regs

Valldation & Veriﬁcation

Refined Requirements Formal Model
d_io (ak, ioi, bj), ref_act, ref_seq, ref sm

|d_uc|| dio || dclasses || dregs |

HEADER Tool-extensions
<core-content> <configuration:ProToolExtension>
<req-if-content> <configuration:

<datatypes>
<spec-types> W:M‘lm
<spo-object-type> o % o
RIF/ReqlF
Object Hierarchy-Root
<SPEC-OBLECT> <SPECIFICATION>
w?-vduo string> Wlb\::-vuoo string>
> 2 12
<attribute-definition-string-ref> <attribute-definiion-string-ref>
™ <attribute-value_string> </definition>
</definition> </attributo-value _string>
<values> <values>
1

2. h | 1

Hierarchy-Entry

<children>
<speoc-hierarchy>
«pom-n(h
<ichilaron>

<ispec-hierarchy>

— 9 ]




evelop requirements model.

DAamttivarmeanndns mandamaadalc it1rcalCacrnO Alac~
—

% e i o it i Vi
l | T
Block B UseCase B Ad 1 I
name : EStrin name : EString T 1 ¥ 1
¢ =] description : EString caname: EString
! H Class
na s | —name:EString [@— 0.
0..1 ’ ‘ extension \y
1.° 1 . ownedAtiribute 0.* ' ElExtension
.lg AlternativeFlow B BasicFlow
H Attribute
name : EString
VA 0..1 0.* Dity e:EStrlilng o
e isComposite : Eboolear steraoty
—isUnique : Eboolear P 1
5 condition B FlowOfEvents je<}— Slower : Elnt g
r:1_7exp ression:ESting || T P —————== | upper : Eint Stereotype
| 1
1 0.1 ’ . | memberEnd
- | 0..* JownedOperation
1l 5 step navigableOwnedEnd 0.1 A 4
— order: Eint | a o EOperatlon
: | Association —&{oname : EString  [—
| — hame : EString
| Sl
0.1 B Action ?—‘— |
o intion - EStri S
5 8 Statement ! description :EString | " |\ _ __ o o e J
0.1
type " 0. parameter
Vi
= Sentense
=  noun: EString H  1ype H Parameter
= LoopStatement B ConditionalStatement e  verb: EString Tname : EString = hame: EString
= object : EString . = __dir: EString




oped system

:

Step 1: develop requirements model.
nstructing a formm:

®
(7 or s dgams and ™

Get and analyze Use Case diagrams
uc; {actor;, function,, block)

e T
. =)

¥
f Develop an interaction Overview diagram d_io (actors, ioy, block) \

—.( read from the database next d_ue _:

Furdlon a&s

%-

Class meaior. Cliss
- <
\& )

d io AD
Class| | Colecton | .| [Class
2 Stndyse HE

&

Interaction Submit Comments lifeliness
‘Window, :Comments, :Proxy, :DWRServi

et, :PluckBatch, :PluckService ) 2

I sd Post Comments_J

'Lef/'VaIidaiolApprove Comment |

i "javascript”
Window g::'sr:‘::’?:s' :PluckRequest “service”
Batch :PluckService

[validatoin error]

callback” | | ! T
\X/!no validatoin enor! ‘ = 'create" T |
| = :Proxy |
' |
| |
| |
1 1

postComments()!
<—T—D
“json

N

Request all comments I ®(10..100ms}

Develop Class diagrams
d_class{classes, relations)
while read (class by {crezie classibe atfributes,, funchions:)
wiite classiby atirbutes,, funchions) )

®

| DataSet
Wi - v: EString (1]
Wi headerDatas: EString [*]
4 - classDoata: EString [*]
4 - rowData EFloat [*)
LA - matrixDatar EFloat [*)
L4 - dataWithClass: EString [*]
LA - matrixDatalforNN: EFloat [7]
KA - classes: EString ()
L4 + maxFloat: EFloat [1)
L% + minFloat: EFloat [1]

» setFileNamel( in & EString)

» openFile_space()

» “getHeaderData)

+ “getClassDatal)

+ "getMatrixData()

+ "getMatrixDatal orNNO

+ “getClassas()

+ setMatrixDataForfNN(Q

- ﬂmﬁMmMn‘( in *vector: EFloat)
MinScalel in EFloat)

- DmS«( in a: EString)

O“!GQG‘!”

L MainWindow

®

#3 ~ openFile()
@& « changet_spin()

v L NNetwork

K * “matrxDataForNN: EFloat [*]
g = “classData: EString (1]

g = “classes: EStiing [*]

g = nOfLSpin Elne (1]

g = velocity: EFloat [1)

ke = moment: EFloat 1)

g = mamCount: Eint (1)

g « idealOutput: Elnt [7]

g * vectorOfLayer: Layer [*]

@ -+ inthNO

@ + NNetwork(

@ + ~NNetwork()

@ - newlayer()

&+ INtNN_TCountOfNewrChanged()




Step 1: Verification of requirements model to software
/

4 R
¥ Formal verification Techniques and
~| Formal model of requirements mmmi [ Eenis | tools
e e
>
st - Type class Class { ALF 'j : . Q
| : 4 o private attribute1 : Type; I ~ Rodin EvenB
+ operation1(Type) : void public operation1(in param1: Type) { = = '
~ operation2() : Type bacaniionl: ~
Simulation and Debug
private operation2(): Type { O
return Type;
i iod ) }) SPIN
0 _I— public operationi(in param1:Type) {
et for (message: this.message) {
’ ; if(accl=null && acc.accNr == bt =\
— iod(a, io, b) pa?sedAchr) ; I
" evaluate.doc = analyse(message, arhiv);
init return evaluate.doc;} I CPN Tools
result
\. J r l y,
i | e —\
Virtual machine for execution fUML (ALF) models — - | Analyse Events 47| Analitic
i Event e \ /
public class Executor { fUML {ALF) I & ‘ )
Executor public ParameterValueList - limestamp : long I
execyte (Beha\{ior behavior I + getTimestamp()  fong
Execution execution =
this.locus.false | S Tt l} ¥
e e 0: TraceEvent Next tasks for VM fUML
’ | - activityExecutioniD ; int ‘ > execute
— tactivityExecutionlDy) ; int Speacany
= p— — — — + gelacoviycxeguion N
Locus |@— ExecutionFactory > resume V
T




Step 1: Virtual machine fUML
/\\\‘

Locus :
tocus extensionalValye
+ SeEXecutorEXecuton - void — =»| CompoundValue
+ setFactory(ExecutionFactory) : void 0.1 « | ExtantionalValue
+ getExtent(Claccifier) : ExtentionalValues(*]
+ add(ExtentionalValue) : void »
+ remove{ExtentionalValue) : void DataType Execution
+ instantiate{Class) : Object PrimitiveType OpaqueBehaviorExecution
+ conforms{Classifier, Classifier) : Boolean builtinTypes /\ » . \primitiveBehaviorPrototype
locus 0.1 locus @0. 1
executor 0.1 factory |0. 1 | « |
Executor ExecutionFactory
+ execute{Behavior, Object0..1], ParameterValue[*]) : ParameterValue[*] | |* createExecution{Behavior, Object [0..1] : Execution
+ start{Class, ParameterValue[*]} : void + createEvaluation{ValueSpecification) : Evaluation
+ evaluate(ValueSpecification) : Value + instantiateVisitor(Element) : SemanticVisitor

+ instantiateOpaqueBehaviorExecution(OpaqueBehavior) :
OpagueBehaviorExecutionitor

+ addPrimitiveBehaviorPrototype{OpaqueBehaviorExecution) : void

+ addBuiltinType(PrimitiveType) : void

SemanticStrategy strategies |+ getBuiltinType(String} : PrimitiveType[0..1]

+ seiStrategylSemanticStrategy) : void

+ getName() : String . ! :
+ geiStrategy(String) : SemanticStrategy[0..1]
? + geiStrategylndex(String) : Integer
GetNextEventStrategy DispatchStrategy ChoiceStrategy
+ getNextEvent{ObjectActivaton) : Signallnstance + dispatch|Object, Operation) : Execution + choose{integer) : Integer
+ getMethod(Object, Operation) : Behavior




Ste yf-softw , chitecture

? @ ECaliEvent ENessagotvent EOMect
MO SHng . lad : ' \ b 10 - Serifg
pEenD - vy Py e | ClassiD : Strig
»( Get diagrams from database: d-class, d_io) Shao Ineger inec Stiecki: Sy Name_Sireg
& ? EMessagelD : Strieg -
B 1
b1 ?—i‘g'— ECuss
_F_Emﬂe-_ Opee : Colection Kava a
u-gm. ' .
( Case: ) ParameterList : Collection i EMessage ? )
ref_act (1), ref_seq (2), ref _sm (3) S0 S0 g = :
o Ry
u::' Coflection J Col
dact 1\ [/ dseg 2 e
P — (Create_class {boundary, S={sn}, 208 m,.:,""
NS control, entity} $n = fentry, T o
v Y do_inter,val_var,exit }
. Create Lifelineq = class,
{object_node,} ) C ‘. )
¥
4 Create {[condition] tr = {event, guard_cond, @
{pre-conditions ) [constraint] messagey} t_action} :m
y y ey Bt
7 Create {[condition] def . 0
({postmnd:t:ond) ([cons!raint] do action;.})j \ 6f (S0, Sw) j Arce
am-na
Name : EString
( Record in the database ) oy Bt
[ Guard - ES¥ing OBt
action :
( Transform: d_seq to d_act; d_sm to d_act ): g“_:;"
v 2 Tye : EString Aco. ;
- = S SCES
CCompIete (finalize) d_class)
Stoin 0.1
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Step 2: Verification the model of software architecture

Formal model of software architecture Formal verification Tools and
I fUMLE ¢ > [Events | _ Techniques
& ALF Promela )
Class | P )%
ALF | R Rodin Event B
~ attribute1 : Type class Class { | 1N
private attribute1 : Type; | Simulation and Debug N,
+ operation1(Type) : void public operation1( in param1: Type) { |- | — N
— operation2() : Type param1.op();
} SPIN
activity 0 private operation2(): Type { /
return type,
1 . } [ B
CreateObject } BN| \
‘ action | CPN Tools
init result: ! | Y
classifiier | |
\_ J |
| |
A 4 | Analitic
Virtual machine for fUML (ALF) model execution : Events Analysis _a
parent | /
Executor . fUML (ALF) l bl |
Input public class Executor { — 4 ] 10.1 ; ;
public ParameterValueList - timestamp : long ¢
context execute (Behavior behavior Times l Next tasks
P - ion = thi : + getTimestamp() : lon
P ?(ecutuon execution = this.locus.false | | _ g 4PO g for FUML .Vi seial
é execution execute (); TraceEvent Machine
parameter n e
values - activi ioniD : i
Locus (@————- ExecutionFactory SEIRYEXPGUon) A > next step
[l - V + getactivityExecutionlD() : int RIS V
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Step 2. Validation-and verificati of design solutions

E ;

1. Checking consistency and unprofitability of {UML charts

(& 2. Estimation of object-oriented quality metrics of the class diagram of the project
(Metrics for Object Oriented Design, MOOD):

MHF AHF MIF AlF POF COF
(Method Hiding (Attribute Hiding (Method Inheritance (Attribute Inheritance | | (Polymorphism (Coupling
Factor) Factor) Factor) Factor) Factor) Factor)

3. Verification of the completeness and correctness of functional requirements implementation through the
implementation of the architectural model in the f{UML VM environment

4. Verification of design solutions (architecture models) by means of SPIN, Rodin, etc

12



Step 3: Generation and verification of program code

1) r
|—————>ecoas<— ————— ] NodeConn_sm
| 5 I EMF NodaComn odeConnacth
. ) RE _SPAS
| 1 | ( NODE DISCONNECTED ) >( QUESTING )
| ATL Meta-model | nitial NodeConn_sciEstablishConnC
; ! L . = ( CONNECTING )
ALF Meta-model f«— 2™ ATL Module o | Modisco Java Meta-model | | |Initial T
" T NodeConn_setDisconnected
l 2 NodeConn_setConnected
i |2 I
ALF Meta-model |"B“t1|  ATL Engine Qutput Java Model (Dscomscmm@(—( CONNECTED
Xtext ATL ) NodeConn_nodeDisconnect A
Java Generator L
c;me_vcn;v) generates | Modisco | | NodeConn_riDisconnectCfm NodeConn_riConnect ;

public NodeConn_niDisconnectCfm (in portld : model::modelComponentView::DataTypes::Cello_Port, @
in serverConn_r : model::modelComponentView::DataTypes::Cello_RiServerConn)

{

/*@inline('C++")
"ENTER(\"NodeConn_riDisconnectCfm. \" );"

*/

if(serverConn_r.serverConnld == serverConnld && connHalf[serverConn_r.connHalf].portld == portld)
{
connHalf[serverConn_r.connHalf].respondState =
model::modelComponentView::DataTypes::NCCdataTypes::RespondState[RI_RESPONDED_CFM];

model::modelComponentView::DataTypes::U8 secondHalf =
NodeConn_getSecondHalf(serverConn_r.connHalf);
if(connHalf[secondHalf].respondState !=
model:modelComponentView::DataTypes::NCCdataTypes::RespondState[ WATING_FOR_RESPONSE])

model::modelComponentView::DataTypes::NCCdataTypes::SciState x =
SciHandler_RI.SciHandler_getSciConnectionState();
if(x == model::modelComponentView::DataTypes::NCCdataTypes::SciState[SCI ATTACHED])

NodeConn_setDisconnectingSpasState();
SciHandler_RIL.SciHandler_sciReleaseConnReq(spasConnld, serverConnld);
// Simulate NodeConn_sciReleaseConnCfm();

13



P puosram code

~

Step 3: Generation and verlflcatlon of program code.

input: FUML diagram

~
~N

|

ref 1

1. Build a control flow g
based on UML diagrams

h
& )

2. Convert the CFG to the notation ALF
(Action Language for Foundatioal UML)

| ef 3 ) Generate a test case for the analysis mod

and architecture model verification

y

4. Generate a

test case for the

implementation verification

)

cases

database

5. Write the test case in the tesD

/reft

input: FUML
diagram

Bt

——

( GefﬁJLM diagram )

((Check the accuracy of the source data )

( Execute OCL parsing )

flow graph (CFG) of abstract test set

Transform FUML diagram to the control
(atcg : abstract test case graph )

(Add integrity constraints)

o

\

ﬂef4

/
k

Create a test case to
verify the unit tests
implementation
model (unit-test)

tests: !
I Unit Test Model | | |(F€

T
é u\na§§!§:'L

Unit Tests

/

A

e\

:CFG
o,
/

*( Transform OCL-variables into ALF variables )

/
( Transform local Post- conditions into Alf constraints )
/
/ Transform the guard conditions (Guards)
I in the ALF- resfrictions

7

—

cgalf 2
\ CFGin ALF

4

/ cgalf:

/ |CFGinALF [~

Breadth-first
search
method

search
method

Depth-first )

refh

\

7

N
Cal Develop Develop | o Except the first
SMTISAT 2] testcaseto | |test case for unenforceable
| verify the analysis way
SOVer )| architecture models [€_
model (tests) (paths)
= J -

\ &~ Construct a
tests: counter example
Unit Test Model 7 with the SMT/

/ SATsolver
paths:
Abstract Test Case I
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Implementation Stages of software-controlled process of software and
hardware systems development and verification

?

ﬂ

1.1. Develop xml scheme for
technical specifications.
Input it in text editor content
controls

text editor environment

13, Generate
use case diagram,
block(class) diagram

-
—-\

1.2, Develop structured
echnical specifications in

)

Requirements to the Automated

Systems and Software

\

=)

—-)( 1. Build preliminary formal mode! of requirements: complex UC- diagram and Class-diagram model )

(z

Develop a formal model of requiremen

d_uc, d_jo, d_class, d_regs

tD

(
-

/

Q

2.1. Develop

L 7

Complex model:
d_ue, d_class,

d_regs )

d_io (ak, ioi, bj).
ref_act, ref_seq, ref_sm

2.2. Complete
d_class(classes, relations)

2.3. Develop:
regs = (rs, r2, 13, 14, ..

@

3

4.3. Develop tests for verification of
analysis model

r@

Verifing the mode! of requirements

no

3. Develop an architecture of automated systems a
Software: d_act, d_seq, d_sm, d_class, d_reqs

nD C.

4. Develop tests for verification of the complex software
and hardware systems architecture

Formal

@

requirements
model: d_jo +
d_class+d_regs

S 1

P

L
3.1. Develop and complete

)

3.2. Complete

d_act, d_seq, d_sm
(d_class"(class relations)

3. 3 Comp&ete
regs* = (ry, r2, 13 r4 .

@

))

\

4

C

Develop the implementation

D €

4.5.

Develop tests to verify the implementation

D

C

Verify the implementation

)

®

no

Requirements and
architecture models

m‘t\

4.1

1. Build a control flow
graph (CFG)

v

4.2. Convert the CFG
to the notation ALF

v

4.3. Generate a test
case for the analysis
model

v

4.4. Generate a test
case for architecture
model verification

v

4.5. Generate a test
case for the
implementation
verification

b 24

/\f\
w

m
N/

(‘\
U

.

¢ 4




_Concise Summary
Models and algorithms are developed

metamodel for formalization the requirements to software: UseCase, Interaction
overview, class, requirements diagrams

metamodel for formalized description architecture software: fUML diagrams class,
activity, sequence, state machine;

algorithms for development of formal models of requirements and architecture
software;

algorithms for verification of models of requirements and architecture sofware by
means of their modeling and analysis in the virtual {UML machine and execution of
test scenarios built with the help of SMT / SAT solvers;

methodological recommendations for the implementation of the software-controlled
process of development and verification sofware, using the developed models and
algorithms.



