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1. InenTudikanis Ta KepyBaHHS CKJIaJJHUMU CUCTEMaMU Ha OCHOBI MOJieJiell iMITyJIbCHUX NIPOLECiB KOTHITUBHUX
KaprT

2. Identification and control of complex systems based on cognitive maps impulse processes models

Pedepar:

1. Y nucepraliiiziilt po60Ti 3aIIpONIOHOBAHO CUCTEMHUI MiAXiA 10 MpobieMu JUHAMIYHOTO IPUMHSTTS pillleHb Y
CKJIaJHAX CUCTEMAX, L0 OIMCYIOThCS MOJEJISIMU iMITyJIbCHUX NPOLIECiB KOTHITUBHUX KapT. A came, po3po0JIeHO
MIPUHIUIY, TiAX0AU Ta METOAM ineHTUdiKallii Ta KepyBaHHS LIMMHU CUCTEMaMU Ha OCHOBI 3aCTOCYBaHHS Ta
ajanTanii meToziB Teopii ineHTndikarii cucrem Ta Teopii aBToMaTUYHOrO KepyBaHHS. [Ipy LIbOMY TE€CTOBI CUTHAJIN
abo KepyBaHHS NIOJIAI0ThCS 6e3110cepesHbO Ha esKi BepIIXMHU KOTHITUBHOI KapTH, ab0, y pasi HeJJOCTaTHOCTI TaKuX
BEpUIVH, B POJIi KEpyBaHb MOKYTb BUCTYIIATH 3MiHHI Baru pedbep KapTu. Y BUNAJKY, KOJIY KiJIbKiCTb BEPIIUH i/a00
BaroBi koeQillieHT! pebep KOTHITUBHOI KAPTHU HEBiJJOMI, 3alIPOIIOHOBAHO METOAM ifeHTudiKanii po3amipHOCTI Ta

napameTpuyHoi ineHTudikauii cucremu. [ys crabinizanii HeCTiliKOi KOTHITUBHOI KapTH 3aIIPOIIOHOBAHO P,



METO/iB Ha OCHOBI METO/iB MO/IA/IbHOTO KEPYBAaHHS Ta KEPYBaHHS I10 €TaJIOHHUX MOJEJISX, iHIIi METOIU
MIPOIOHYIOTHCS 1151 IPUBENEHHS KOOPAVHAT BEPLIMH KOTHITMBHOI KapTH Ha 3a/iaHi piBHI. [IpakTu4He 3HaUYEeHHS
OTPUMAaHUX Pe3yJIbTATiB IIPOIIOCTPOBAHO HA YNCJIEHHUX ITPUKJIZiaX KOTHITUBHUX KapT peajbHux cucrem — IT
KOMIIaHii, KOMEPLiTHOro 6aHKy, PUHKY KPUIITOBAJIIOTH TOMIO. Pe3ybTaTy BIPOBaIpKEHO y KoMIaHii “Noosphere” ta
MOXYTb OYTH 32CTOCOBAHi B [TOAANBLUIOMY 1715 iHIINX CKJIAJHUX CUCTEM, IIPEICTABIIeHNX 32 IOIIOMOTOI0

KOTHITUBHUX KapT.

2. In the thesis the system approach to a problem of dynamic decision - making in the complex systems described
by models of impulse processes in cognitive maps is suggested. Cognitive maps are a popular and convenient tool
for describing, modelling, and analyzing complex multidimensional multiconnected systems of different origin.
From a mathematical point of view, a cognitive map is a weighted directed graph, the nodes of which represent the
main components (concepts) of a complex system, and the edges are the relationships between them. The
dynamics of a complex system described by a cognitive map can be represented as a so-called impulse process,
which (in the form of Roberts) is a first-order vector difference equation. To date, many studies are known on the
construction and analysis of cognitive maps, but there is almost no work that would systematically address the
problems of identification (evaluation) and control of systems represented by cognitive maps. Here the principles,
approaches and methods of identification and control of these systems based on the application and adaptation of
methods of the theory of system identification and the theory of automatic control are developed. In this case, test
signals or controls are fed directly to some nodes of the cognitive map, or, in case of insufficiency of such nodes,
the variable weights of the map edges can act as controls. In the case when the number of nodes and /or weight
coefficients of the cognitive map edges are unknown, methods for dimension identification and parametric
identification of systems based on data from the measured cognitive map nodes are proposed, with measurement
errors considered. To stabilize the unstable cognitive map, a number of methods are proposed based on the
methods of modal control and control using reference models; other methods are suggested to set the nodes
coordinates of the cognitive map to a given level. Cases of multirate impulse process in the cognitive map, of the
presence of unmeasured constrained disturbances of arbitrary nature, of the presence of delays, of the need to
control the ratios etc. are considered separately. For control of complex systems, the dynamics of which is
presented in the form of impulse processes in cognitive maps, in this thesis the adaptation of methods of the
automatic control theory is suggested. The dynamics of the controlled system is written by introducing a control
vector that acts directly on the nodes of the cognitive map through the variation of its resources. In simpler cases,
it is recommended to use methods based on reference models (if you can vary all nodes) or modal control. Also in
the case of stable impulse processes, methods based on minimizing the quadratic optimality criterion can be used.
But controls by varying the resources of cognitive map nodes may not be sufficient, because in practice there are
often few nodes that a decision maker can actually vary. For this case, the paper first proposes a method of control
by varying the weights of the edges of the cognitive map, i.e., essentially by changing the degree of influence of
some nodes on others. Then the control vector is the vector of increments of weights of some edges of the
cognitive map. The design of a discrete controller for such a controlled impulse process is based on the quadratic
optimality criterion for this vector. We also consider the case when a decision maker can use both types of control,
i.e. variation of nodes resources, and the degree of their influence on each other. For this purpose the method of
combined control is developed. Particular attention is paid to the disclosure of uncertainties that arise in the
presence of unmeasurable disturbances of arbitrary nature, acting on the coordinates of the nodes of the cognitive
map. These can be both external perturbations (including the influence of unmeasured nodes) and internal
perturbations caused by inaccurate identification or time-varying weights of the map edges. It is assumed that
nothing is known about these disturbances, except that they are limited. From the control theory point of view,
this is the problem of robust control. In this research, two methods of robust control of impulse processes of the
cognitive map are developed and investigated - on the basis of the method of invariant ellipsoids and on the basis
of the H-infinity theory. The practical significance of the obtained results is illustrated by numerous examples of
cognitive maps of real systems - an IT company, its human resources department, a commercial bank, a
cryptocurrency market, a socio-educational student’s process. The results have been implemented by the IT



company “Noosphere”, by the Department of dynamic systems control of Space Research Institute of NASU, in the
educational process of Igor Sikorsky KPI and can be used in the future for many complex systems represented by
cognitive maps.
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