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Anomauia. llinecnpsamosana OisibHICMb IDYHIMYEMbCA HA 3HAHHAX, | YI 3HAHHA BKAIOUAIOMb K 302A/IbHI,
max i cumyayitino cneyuhiuni 3HAHHA YiNboBoi npedmemHuoi obracmi. Bukopucmanns 3uane y 8i0nogio-
HUx cghepax OisnbHOCmi 3a6e3neuye egheKmusHicmy nPoYecy CMEOPEHHs CUCTEMU CUMYAYItiHo20 YNpas-
ainHa. Ilpoexmyeanns cyuyacuoi KOMNIEKCHOI cucmemu CUmyayitino2o yYnpaeuintsa OpieHmosano Ha ii npu-
3HaueHHs I Keposano nodiamu. Taki cucmemu nOGUHHI OYMU CNeYialbHO HANAUWMOBAHI O BUPIULEHHS
aKmyanvrux npoonem y pisHux cumyayisx. Ilpoexmyeanms € emanom s’cumme8020 Yukiy po3pooKu cuc-
memu i peanizye npoyec GU3HAYEHHs APXIMEeKmypu cucmemu 8ionosiono 00 ii npusHayenHs ma 3a0080-
JeHHs eusHaueHux eumoe. Cumyayiina ynpasiiHcbka OialbHICIb NO8 SI3aHA 3 KOHCONdayieto ma 0opoo-
Kow iHopmayii cemepoeenno2o0 HOX00XHCEHHS 0N OMPUMAHHA cCeManmu4roi inghopmayii. Bnpogadicen-
HSL MA 2APMOHI3AYis PI3HUX KOMHOHEHMIE OisIbHOCMI OpeaHizayii 8 cOUHy apXimekmypy 30ilCHIOEMbC
uLnaxom Koueepeenyii. Konsepeenyis moowce 6ymu 0ocsicHyma Ha OCHOSI IEPAPXiUHO20 MOOeN1b08AHO20
ni0X00y WIAXOM CIMBOPEHHs CUCmeMU Mooeell, AKi ONUCYIOmb PI3HI acnekmu Yiib08oi cucmemu cumya-
YIIHO20 YNPAGIIHHA 3 GUKOPUCTAHHAM 8I0N08IOHOI MoOdeni 3HaHb. IIpoyecu Kousepeenyii 3acHOBAHI HA
KOPUCHUX YIHHOCMAX | RPUHYUNAX, HAKONUYEHUX PI3HUMU MEeXHON02iaMu niod yac ixHvoz2o pozsumky. llpo-
yec cumyayiliHo20 YHPAasiiHHA MOdHCe PO32NA0AMUCS AK JIGHYIONHCOK 30iMbUeHHs YiHHoCmI iHgopmayii, i
cumyayiiine piwienns no cymi € iHgopmayitiium npooykmom. Y pobomi 062060piosascs nioxio, wo 6azy-
€MbCA HA 3HAHHAX, SIKI CMOCYIOMbCA CUMYAYILIHO20 YNPAGTIHHA A NPOEKMYBANHS CUCIEM CUMYayiiiHo20
ynpaeninua. Pesynomam npoyecy cumyayitinozo ynpasiiHHa Moodice po32afioamucs K IHopmayitiHuil
nPOOYKM NpoeKmHuoi OisinbHoCmi. Y pobomi nPononyiomscs apxXimexmypHi Mooeii noOy0osu KOHEep2eH-
MHOI cucmemu cumyayitino2o Ynpasuints 3 GUKOPUCHAHHAM 3HAHb HpeOMemHoi obnacmi.

Knrouosi cnosa: cucmemu cumyayitino2o YnpasiiHus, NPOeKmysanHs cucmem, KOHgepeeHyis, 0a3a 3HAaHb,
OHMONO2IA.

Annomauusa. llerenanpagiennas 0esmenbHOCMb OCHOBLIEACTICS HA 3HAHUSX, U DTN 3HAHUS GKTIOHAIOM
Kax obwgue, max u CUmMyayuoHHo cCneyuguuecKue 3Hanus yenesol npeomemnoi oonacmu. Mcnonvzosanue
BHAHULL 8 COOMBEMCMBYIOWUX chepax desmenvbHocmu obecnedugaem 3phexmusHocms npoyecca co30a-
HUSL CUCMeMbl CUMYAYUOHHO20 ynpasienus. [Ipoexmupoganue co8pemeHHoU KOMNIEKCHOU CUCmeMbvl Cu-
MYayuoHHO20 YNPAasieHus OPUeHMUPOBAHO HA ee HA3ZHAYEHUe U Ynpasisemcs coovimusmu. Takue cucme-
Mbl QONIHCHBL ObIMb CHEYUATHLHO HACMPOEHbL OJIS PeUeHUsT AKMYATbHbIX RPOOIieM 6 PA3IUYHBIX CUMYayu-
ax. [Ipoexmuposaniue A615emcst SIMAnom HCUSHEHHO20 YUKIA PA3paboOmKy CUCHEMbl U peanuzyem npoyecc
onpeoeneHusi ApXUMeKmypvl CUCHeEMbl 8 COOMBEMCMEUU C ee HA3HAYeHUEeM U YO0B8IemMBOPEeHUeM onpeoe-
JeHnvix mpebosanuil. CumyayuoHHas ynpasieH4eckas 0esmelbHOCMb C8A3aHA ¢ KOHcoauoayuel u oopa-
OOmKol UHGOPpMAYUL 2eMEPOSEHHO20 NPOUCXONHCOEHUSL Ol NOJYYEHU CEMAHMUYECKOU UHMOPMAYyUU.
Breopenue u eapmonuzayusi paziudnvlx KOMNOHEHM 0esIMeIbHOCIU OP2AHU3aYUY 8 eOUHYIO APXUMEKm)-
Py ocywecmensemcs nymem Koneepeenyuu. Kongepeenyus modcem 6vimos 00CMUSHyma Ha 0CHO8e uepap-
XUUECKO20 MOOeUpyromec0 nooxooa nymem cO30auus CUCmeMbl Mooenell, ONUCLIBAUWUX PA3IUYHbLE
acnexmul Yeaegoll CUCmeMbl CUMYAYUOHHO20 YAPABTIeHUS C UCHONIb308AHUEM COOMBEMCMEYIoWel Moodeu
sHanuil. Ilpoyeccyl KoOHGepeeHYUU OCHOBAHBL HA NOJE3HbIX YEHHOCMAX U NPUHYUNAX, HAKONAEHHBIX pPa3-
JUYHBIMU MEXHOL02UAMU 80 8pemsi ux passumus. llpoyecc cumyayuornozo ynpaeienus Moxicem pac-
CMAMPUBAMBCSL KAK YEeNOYKA YEeNUdeHUs: YeHHOCMU UHpopmMayuu, u CUmyayuonHoe peuieHue no cymu
A6NAEMCST UHPOPMAYUOHHBIM NPOOYKmoM. B pabome obcyocoaemces nodxoo, 0CHOBAHHIIL HA 3HAHUSX,
Kacanowuxcsi CUMYAyuUoHHO20 YAPAGIEHUS. U NPOEKIMUPOBAHUL CUCTIEM CUMYAYUOHHO20 Ynpaesienus. Pe-
3YILIMAM NPOYECCca CUMYAYUOHHO20 YAPABIEHUSI MONCEM PACCMAMPUBAMbCI KAK UHMOPMAYUOHHBLL NPO-
OyKm npoeKkmuoll desmenvHocmu. B pabome npednazaiomcs apxumexkmyphvie Mooeau noCmpoeHus KoH-
8EP2EHMHOI CUCTEMbL CUMYAYUOHHO20 YAPABAEHUS C UCTIOIb308AHUEM 3HAHUL NPeOMEemHOU 0baacmu.
Knrouegwle cnosa: cucmemvl CumyayuoHHO20 YNpagieHus, NPoeKmupo8anue cucmem, KOHgepeenyus, 6asa
BHAHUL, OHMOAO2USL.
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Abstract. Aimful activity is based on knowledge, and this knowledge includes both general and situation-
al-specific knowledge of the target domain. The use of knowledge in relevant areas of activity ensures the
effectiveness of the process of creating a system of situational management. The design of a modern inte-
grated system of situational management is focused on its purpose and is controlled by events, and such
systems must be specifically configured to solve actual problems in various situations. Design is a stage in
the life cycle of developing a system and implements the process of determining the system architecture in
accordance with its purpose and meeting certain requirements. Situational management activities related
to the consolidation and processing of information of heterogeneous origin for obtaining semantic infor-
mation. The implementation and harmonization of various components of the organization’s activities into
a single architecture is carried out by convergence. Convergence can be achieved on the basis of a hier-
archical modeling approach by creating a system of models describing various aspects of the target sys-
tem of situational management using an appropriate knowledge model. Processes of convergence are
based on useful values and principles accumulated by various technologies during their development. The
process of situational management can be considered as a chain of increasing the value of information,
and the situational decision is essentially an information product. The paper discussed an approach based
on knowledge of situational management and the design of situational management systems. The result of
the situational management process can be considered as an information product of the project activity.
The paper proposes architectural models for constructing convergent systems of situational management
using the knowledge of the subject area.

Keywords: systems of situation management, systems design, convergence, knowledgebase, ontology.
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1. Introduction

Modern technologies of situation awareness, situation management and decision-making are con-
vergent and may consists of components of different origin. Moreover, the composition of these
components into target system is informal problem and may require additional design process. At
the day, there is a gap between of automated management of converged IT infrastructure and
convergence of technologies for solving enterprise business problem for specific problem do-
main.

2. Models and technologies for situation management

Since the early 80's, when the problem of situation awareness and situation management (SM)
was formulated, a number of management models were proposed that differ in the transformation
and use of information at the stages of the situation management [1-3]. The methods of pro-
cessing information inherent to each stage are more useful.

Situation management process might be presented as project activity [4, 5]. The main
stages of situation management are [5]: situation awareness and assessment, activity planning,
decision making, iterative (decision implementation and monitoring, decision correction), results
warehousing and assessment. Processes of situational management should be provided by appro-
priate type of organization. Any organization is described by architecture that consolidates all its
components supporting performing the mission of organization. Modern organizations are infor-
mation and software intensive, thus they are belong to cyber human systems. Organization pro-
vided situational management services should be situationally adaptable by adequate configuring
information processing means and tools. Therefore, it is necessary describe formally the task of
situation management for the use of CAD approach to enterprise architecture design for systems
of situation management called computer aided systems design (CASD).

System design is a stage of system development life cycle and realizes the process of de-
fining the architecture for a system to satisfy specified requirements. Consequently, system de-
sign is aimed to define and describe different aspects of system architecture. The architecture of
the system of situational management (SSM) can be based on different enterprise architecture
(EA) models, for example, Zachman’s Enterprise Framework (ZEF) [6], TOGAF [7], DoDAF [8]
etc.
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The baseline of situation management as project activity is definition of its goals and re-
quirements. One of the main requirement of effective architecture design is the maturity of all its
elements and conformity between them. The situation notion could be defined as a conscious
knowledge of the individual (-s) about the dynamics of the environment, represented by certain
types of information messages that is the basis for constructing a substantiated interpretation of
the sequence of changes in states (dynamics) of the world (subject area) from a certain point of
view [5]. In situational management information presents as assessment of a state of a target do-
main through the formal logical treatment of knowledge and beliefs in the context of information
theory, results of questionnaires, or propagation of general messaging. Semantic information the-
ory defines semantic information as well formed, meaningful, useful and (it is desirably) truthful
information.

Situational management activity concerned with consolidation and processing of infor-
mation of heterogeneous origin to receive semantic information. Hence, it is important to develop
adequate means (principles, methods and tools) for information consolidation. Most common ap-
proach to information consolidation is based on information fusion methods.

According to Data Fusion Information Group (DFIG) Model [9] there are defined six lev-
els of information fusion:

Level 0 — Data Assessment;

Level 1 — Object Assessment;

Level 3 — Impact Assessment;

Level 4 — Process Refinement;

Level 5 — User Refinement;

Level 6 — Mission Management.

To refinement of different levels, it is necessary to use adequate hierarchy of notions con-
cerned with basic notion of “information”. I-SDKW model of information [10] covers different
cycles of thinking such as learning, intelligence, and decision cycles. Thus, information is trans-
formed through receiving, collecting, aggregating, filtering, representing, awareness, interpreting,
judging, using, enrichment, composing, and growing to higher-level stages.

During situation management process, it is necessary to compose different computerizing
technologies: visualization, communication, data analysis and processing, knowledge using and
generation, etc. Main sense of SM process in SSM is increasing of value of information about
problem situation. This value increasing is provided through information value chain according to
I-SDKW model [10]. Value chain enrichment is provided by enterprise organization, which real-
izes activity processes to achieve enterprise goals and objectives.

SSM is an organization that provides services to support collective collaborative processes
of decision-making aimed at solving the problems associated with situation aware-
ness/management in the relevant subject area. So building an effective organization is one of the
conditions for effective work of the SSM. The organization is based on the appropriate model of
EA, the choice of which depends on the set of factors determined by the conditions and environ-
ment of the organization functioning.

The main factors that influence the choice of the EA model of the SSM are the following
components of activity: the mission of the organization; overall vision and strategy for imple-
menting this mission; policy makers to ensure the implementation of the mission; goals to be
achieved in the implementation of activities; problems (tasks) that are solved in the course of the
mission; the nomenclature of services, providing the solution of the tasks, models (programs) of
activity; problem-oriented knowledge bases; repository of protocols of the carried out activity;
repositories of descriptions of precedents. A generalized model of components of the organiza-
tion activity vision is presented in Fig. 1. Incorporation and harmonizing of these components in
single organization is carried out by the way of convergence.
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3. Design and decision models

~Mission for systems of situational man-
(desires description)

agement
* Different scenarios might realize
Goals development of the SSM:
(intentions description) architecture driven, event/
situation driven, goal driven,
* capability driven, and value

Tasks driven. Any design process in
(jobs&objectives description) general ~ consists  of  key
subprocesses: needs recognition,

problem definition, requirements

engineering, synthesis, analysis

and optimization, evaluation and

Processes Enterprise Architecture ~ presentation.  Design  process
(dynamics description) —> (statics description) subprocesses for SSM might be
Figure 1 — Components of the organization activity vision based on popular model of

situation awareness [11]. In spite
of that situation awareness is the core stage of situation management process decision making,
decision implementation, and situation management results assessment also are essential stages.
Design process for SSM includes situation analysis, requirements engineering, EA synthesis, EA
analysis, EA optimization, EA architecture evaluation, EA architecture representation.

Therefore, the main problem of convergent SSM is harmonization of different concerning
IT inside a single enterprise. Convergence may be achieved based on hierarchical model-driven
approach by creation of system of models, which describe different aspects of target SSM with
the use of appropriate knowledge model. The main goal of system of models creation is to
prevent the gaps in value chains of design and, consequently, in value chains of situation
management process.

According to EA model, it is necessary to describe all its components and EA in the
whole by adequate models with maximum possible level of formalism — from verbal to program.
Process of models creation for components and SSM EA in the whole is value addition process
through design stages. List of stages of SSM EA design and usable types of models is outlined in
Table 1.

Table 1 — Stages of SSM EA design and useable types of models

EA design stage : Type of Model :
Verbal | Functional | Structural | Process | Data | Analytical
Situation analysis +2 - - + + +
Requirement engineering + - - - + -
Synthesis - + + + + +
Analysis - + + + + +
Optimization - + + + + +
Evaluation + + + + + +
Representation + + + + + -

& ‘+’ ysable,” — not usable

Situation management activity corresponds to generalized model of components of the
organization activity vision (Fig. 1). List of activities of SM process and theirs context is outlined
in Table 2.
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Table 2 — Context of situation management activity

SM activity __Activitycontext
Descriptive Informative Directive
Situation awareness:

- Perceprion + + -

» Comprehension + + -

* Projection + + -
Decision making + + -
Decision implementation - + +
Decision assessment + + -

b <+* applicable, ‘—* not applicable

Design solution and accepted decision might be considered as project activity information
product. The value of each product is defined by value chain formed during project process.
Convergence and consolidation of design solution components are maintained by appropriate
knowledge base. Agreement and implementation coordination of accepted decision maintained
by knowledge base also.

The experience of effectively solving problems of different nature for obtaining a new
quality of products or services in the project activity process is concentrated in the PMBOK [12]
knowledge collection and related to PMBOK standards and practices. Life cycle management of
the project is important element of this approach. The questions of life cycle management of
projects are considered in the standard ISO/IEC/IEEE 16326-2009 — Systems and Software
Engineering — Life Cycle Processes — Project Management. In addition, the standard I1ISO 21500:
2012 — Guidance on project management is the first a standard of a series of standards for project
management, and establishes principles and procedures that present best practices in project
management, taking into account PMBOK requirements and quality management standards. The
life cycle of SM is presented on Fig. 2.

Situation Decision Implementation, Results
awareness & Planning procedure monitoring & warehousing &
assessment correction assessment

Figure 2 — Situation management life cycle

The model of project activity gives concrete recommendations on the organization of situ-
ational management processes at the main stages of planning, implementation, monitoring and
management. Despite many common features in project activity and situational management, the
main differences between them are in the initial and final phases. Thus, the initiation of the pro-
ject is related to the motivation, which is based on obtaining a certain new quality as a result of
the project. The beginning of the situational management processes is connected, first of all, with
the realization of a situation that needs a definite response. The final stage of the project activity
involves obtaining a new product or service. The completion of the situational management pro-
cess is to achieve the target state of the managed system.

4. Convergence of technologies of situation management

Convergence processes are based on useful values and principles reached by different other tech-
nologies during theirs development. Situation management process can be considered as infor-
mation value chain and the decision in essence is the information product. Use of appropriate in-
formation and communication technology (ICT) means and tools produce addition the infor-
mation value on different stages and steps of situation management. In general, process of SM
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can be described as process of transformation and value adding of information by the way of the
use and converging of appropriate ICT.

According to process model, input information during of SM is transformed into output
information with appropriate context (see Table 2) under governing of control information with
the use of available resources. Generalized model of SM process is outlined on Fig. 3. Input in-
formation X (t) about situation comes from target domain as the set of signals and/or signal pat-
terns (signs, symbols, tokens etc.). Input information X (t) is transformed into situation manage-
ment information Y (t) in the form of the sets of descriptive, informative or directive data under
governing of control information C(t) concerned with norms, regulation and rules. Therefore
Y (t) is the result of complex functional transformation F of input information X (t):

Y () =F[X@®]. M)

Complex transformation func-
SM process tion F is a composite function of the

governing
set of functional compositions g; 0 C;

of g,eG functions of information
transformation and ¢; e C functions of

X(t) > Y(t) Situation .
management transformation governance under re-

R sources availability/restrictions r, €R.
X0 Y (t)= F[X(1)] | Function F may be taken as union of
compositions or otherwise.

F=giog Information about sets of G, C
and R functions are the knowledge
subdomains of knowledge target do-
main. Another subdomain of target
knowledge domain is knowledge about
Resources scenarios and procedures of processes
of situation management (Fig. 2). Con-
verging of different ICT means and
tools is defined and take place by realization of appropriate scenario step during SM.

Taking into account proposed analogy between situation management and project activity
it is possible to rename project processes to present the SM context in SM processes. Accordance
between processes titles are presented in Table 3.

Figure 3 — Generalized model of SM process

Table 3 — Project and SM processes accordance

Project Processes SM Processes
Project planning Situation forecasting
Project assessment and control Situation awareness
Decision management Decision making
Risk management Situation risk management
Configuration management SSM configuration
Configuration management SSM configuration
Information management Situation information management
Measurement Situation attributes measurement

ICT for SM processes holding can be classified by categories of:

72 ISSN 1028-9763. Marematnysi MamuHu i cuctemu, 2019, Ne 3



— information reception;

— information consolidation;

— information visualization;

— information analyze;

— information storing and warehousing;

— information interpreting;

— information spreading.

Means and tools of these ICT categories should be converged and, if necessary, diverged
during realization of SM stages. Registration and selection for the use of these means and tools is
performed with the use of domain knowledgebase.

5. Conclusions and further research

Knowledge based approach to situation management activity and SSM design was discussed in
the paper. The result of situation management process may be considered as information product
of project activity. The metaphor of information product allows adopting project approach for
design and solution making during situation management. Knowledge model as direction engine
for product project is proposed. In target knowledge domain are singled out information trans-
formation functions concerned with situation management process governing and resources
granting or denying. Separately developed knowledge subdomain of useful for target domain
ICTs.

Value addition criteria for assessment of situation management products and design solu-
tions are proposed. Each information transformation during situational management process give
some additional value for resulting information composed in output situational management in-
formation. These added information values are concerned with the essence of appropriate stage of
situation management. For the step of situation awareness and assessment added information val-
ue may be concerned with structuring, filtering, clarification of data about situation in target do-
main. In addition, it may be metadata information about organization and storing data in system
of situation management. At the stage of warehousing and assessment of situation management
results, it may be information about effectiveness and productivity of situational management
procedures for specific use cases.

Further research will concerned with development of specific knowledge models for con-
vergent system design. It necessary to define attributes and interfaces for converging different
ICT means and tools used for situation management.

REFERENCES

1. Barwise J., Perry J. “The Situation Underground” in Stanford Working Papers in Semantics / eds.
J. Barwise, I. Sag. Stanford Cognitive Science Group. Section D. 1980. Vol. 1. P. 1-55.

2. Pospelov D.A. Situation-Driven Control: Theory and Practice. M.: Nauka, 1986. 288 p.

3. Jakobson G., Buford J., Lewis L. Situation Management: Basic Concepts and Approaches / eds.
V.V. Popovich, M. Schrenk, K.V. Korolenko. Information Fusion and Geographic Information Systems,
LNG&C. Heidelberg: Springer, 2007. Vol. XIV. P. 18-33.

4. Kovalenko O.E. Situational Management as Project Activity. Scientific-practical Conf. Decision
Support Systems. Theory and Practice (DSS-2017). 2017. N 06. P. 28-31.

5. Vlasova T., Kovalenko O., Kosolapov V. Organizational-Information Technology for Providing and
Decisions Making in Situational Management. 14th International Conference on Advanced Trends in
Radioelectronics, Telecommunications and Computer Engineering, TCSET 2018 — Proceedings. 2018. 10
April. P. 152-157.

6. Zachman J. A Framework for Information Systems Architecture. IBM Systems Journal. 1987. VVol. 26,
N 3. P. 276-292.

7. TOGAF. “The TOGAF® Standard, Version 9.2”. 2018. N 12. URL.: https://www.opengroup.org/togaf
(Last accessed: 01.03.2019).

ISSN 1028-9763. MaremaTtn4Hi MamuHy i cuctemu, 2019, Ne 3 73


https://www.opengroup.org/togaf

8. US Department of Defense. Department of Defense Architecture Framework (DoDAF), Version 2.02.
2011. 03 March. URL.: https://dodcio.defense.gov/Library/DoD-Architecture-Framework/ (Last accessed:
01.03.2019).

9. Blasch E. One decade of the Data Fusion Information Group (DFIG) model. Next-Generation Analyst
I11. 2015. Vol. 9499. P. 94990L.

10. Kovalenko O. Information Taxonomy and Ontology for Situational Management. 2018 IEEE 13th
International Scientific and Technical Conference on Computer Sciences and Information Technologies,
CSIT 2018 — Proc. 2018. Vol. 2. P. 94-97.

11. Endsley M. Toward a Theory of Situation Awareness in Dynamic Systems. The Journal of the Human
Factors and Ergonomics Society. 1995. Vol. 37, N 1. P. 32-64.

12. A Guide to the Project Management Body of Knowledge (PMBOK Guide). Sixth edition. Project
Management  Institute. 2017. URL: https://www.pmi.org/pmbok-guide-standards/foundational/
pmbok/sixth-edition (Last accessed: 03.01.2019).

Cmamms nadivuina 0o pedaxyii 27.06.2019

74 ISSN 1028-9763. MaTemaTuuHi MamuHH i cuctemu, 2019, Ne 3


https://dodcio.defense.gov/Library/DoD-Architecture-Framework/
https://www.pmi.org/pmbok-guide-standards/foundational/%20pmbok/sixth-edition
https://www.pmi.org/pmbok-guide-standards/foundational/%20pmbok/sixth-edition

