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ABSTRACT

Report 173 p., 30 fig., 7 tabl., 39 resources., 20 appen. 
DATABASE ANALYSIS, DRUG COMPOUNDS, ARTIFICIAL INTELLIGENCE, ARTIFICIAL IMMUNE SYSTEMS, FMEA
The object of the research is: the development of a highly effective intelligent technology for predicting the «structure-property» dependence of drug compounds based on modified algorithms of artificial immune systems (AIS).
The purpose of the work: creation of theoretical foundations, modified algorithms and software based on a promising AIS approach for obtaining drug compounds with desired properties.
Methods or methodology of work: artificial immune systems, ontological approach, object-oriented programming.
The results of the work and their novelty: there was developed software for the implementation of an intelligent technology for predicting the «structure-property» dependence of drug compounds and for analyzing databases based on AIS and the JADE multi-agent platform; there was created a methodology for analyzing databases using information processing by various approaches of artificial intelligence based on the FMEA risk assessment model; there was developed IES-analytics software for the implementation of an automated technology for modeling the processes of medicine using a medical expert system database that takes into account the «structure-property» dependence of drug compounds.
The field of application of the results: domestic pharmaceutical companies, healthcare, research laboratories and universities.
Recommendations for the implementation or the results of the implementation of research results: the results can be implemented in research laboratories and healthcare.
Economic efficiency or significance of work: research results contribute to the development of the domestic pharmacological industry of the Republic of Kazakhstan.
Predictive assumptions about the development of the object of research: it is proposed to develop an adaptive technology for creating new drug compounds based on metaheuristic algorithms of swarm intelligence and an approach of artificial immune systems with an assessment of the toxicity of the compounds obtained.



РЕФЕРАТ

Есеп 173 б., 30 сурет., 7 кесте., 39 дереккөз, 20 қосымша.
ДЕРЕКТЕР ҚОРЫН ТАЛДАУ, ДӘРІЛІК ҚОСЫЛЫСТАР, ЖАСАНДЫ ИНТЕЛЛЕКТ, ЖАСАНДЫ ИММУНДЫ ЖҮЙЕЛЕР, FMEA 
Зерттеу объектісі: жасанды иммундық жүйенің (ЖИЖ) модификацияланған алгоритмдері негізінде дәрілік қосылыстардың «құрылым-қасиет» қатынасын болжаудың жоғары тиімді интеллектуалды технологиясын жасау болып табылады.
Жұмыстың мақсаты: қажетті қасиеттері бар дәрілік қосылыстар алу үшін ЖИЖ-нің перспективалық тәсіліне негізделген теориялық негіздерді, модификацияланған алгоритмдер мен бағдарламалық жасақтама құру
Жұмыстың әдісі немесе әдістемесі: жасанды иммунды жүйелер, онтологиялық тәсіл, объектіге бағытталған бағдарламалау. 
Жұмыстың нәтижелері және олардың жаңашылдығы: ЖИЖ және JADE мультиагентті платформасы негізінде дәрілік қосылыстардың «құрылымдық-қасиеттік» байланысын болжаудың интеллектуалды технологиясын жүзеге асыруға және  деректер қорын талдауға арналған бағдарламалық жасақтама құрылды; FMEA тәуекелді бағалау моделі негізінде жасанды интеллекттің әр түрлі тәсілдерінің көмегімен ақпаратты өңдеудің  мәліметтер базасын талдау әдісі құрылды; дәрілік қосылыстардың құрылымдық-қасиеттік қатынастарын ескеретін медициналық сараптамалық жүйенің мәліметтер базасын қолдана отырып, медицина процестерін модельдеудің автоматтандырылған технологиясын жүзеге асыру үшін IES-analytics бағдарламалық жасақтамасы құрастырылды.
Нәтижелерді қолдану саласы: отандық фармакологиялық компаниялар, денсаулық сақтау, ғылыми-зерттеу зертханалары және жоғарғы оқу орындары. 
ҒЗЖ-ның нәтижелерін енгізу немесе енгізу нәтижелері бойынша ұсыныстар: нәтижелер ғылыми зертханаларда және денсаулық сақтау саласында енгізілуі мүмкін.
Жұмыстың экономикалық тиімділігі немесе маңыздылығы: зерттеу нәтижелері Қазақстан Республикасының отандық фармокологиялық саласының дамуына ықпалын тигізеді. 
Зерттеу объектісінің дамуы туралы болжамды пайымдаулар: алынған қосылыстардың уыттылығын бағалайтын жасанды иммунды жүйелердің тәсілі мен үйірлі интеллектің метаэврестикалық алгоритмдерінің негізінде дәрілік қосылыстарды құрудың адаптивті технологиясын жасау ұсынылады
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DEFINITIONS, SYMBOLS AND ABBREVIATIONS 

In this research report, the following terms are used with their respective definitions, abbreviations and symbols: 
	DB
	– database

	AI
	– artificial intelligence

	AIS
	– artificial immune systems

	GA
	– genetic algorithm

	SI 
	– swarm intelligence

	NN
	– neural networks

	SW 
	– software

	AIS (Artificial Immune System)
	– artificial immune systems

	AIRS (Artificial Immune Recognition Systems)
	– artificial immune recognition systems

	Detection
	– failure detection

	СLONALG
	– clonal selection algorithm

	CSA (Clonal selection algorithm)
	– clonal selection algorithm

	JADE (Java Agent Development Framework)
	– multi-agent platform

	OWL (Web Ontology Language)
	– language for describing ontologies

	Occurrence
	– failure occurrence

	QSAR (Quantitative Structure – Activity Relationship)
	– quantitative «structure-activity» ratio

	SMILES (Simplified Molecular Input Line 
Entry Specification)
	– simplified molecular specification

	Severity
	–  the significance of the failure

	Protégé 
	– ontology editor

	RPI (Risk Priority Index)
	– risk priority index

	RI (Risk Matrix)
	– risk matrix

	MAС (Multi-Agent System)
	– multi-agent systems

	FMEA (Failure Mode and Effects Analysis)
	– analysis of types and consequences of failures

	FPA (Flower Pollination Algorithm)
	– flower pollination algorithm



 


INTRODUCTION

Assessment of the current state of the problem and its relevance. Modern research in the field of medicine and pharmacology is aimed at studying new diseases, that threaten humanity and finding DRUG compounds for their treatment. A strategically important step is the development of innovative techniques for computer molecular design of drugs based on the latest achievements in artificial intelligence (AI). The search for new drugs is complicated by the need to analyze a large amount of chemical information and increased requirements for computing resources. In this regard a promising direction of research is the approach of artificial immune systems (AIS) and the development of modified algorithms based on it, which makes it possible to process large databases of drug compound descriptors.
Foundations and initial data for the development of the topic. The research is based on the grant of MES RK № AR05130019. The initial data for the development of the topic were obtained on the basis of information in the publications of rating journals, as well as world databases of chemical information.
Justification of the need for research. The development of the domestic pharmacological industry and the production of original drugs in a short time contributes to the growth of the economy and an increase in the level of healthcare in the Republic of Kazakhstan
Information about the planned scientific and technical level of development. Domestic developments of new innovative intelligent technologies for predicting the «structure-property» dependence of deug compounds based on modified AI algorithms and the approach of immune network modeling are a promising and original direction of international research.
Information about the metrological support of research work. Intelligent predictive models are implemented using modern Big Data machine learning platforms that provide the creation and maintenance of science-intensive data.
The relevance of the research. The creation of new drugs is a difficult task, since developments are carried out at the intersection of disciplines: pharmacology, bioinformatics, chemometrics, IT-technologies and etc. The solution of many time-consuming tasks of computer molecular design of drugs, that require large computing power has become possible due to significant progress in the development of artificial intelligence and due to the occurrence of predictive bioinspired models. The exponential growth of chemical data, as well as their heterogeneity present significant difficulties in the rapid screening of descriptors, describing the structure of drug compounds. In this connection, the development of new modified algorithms for immune network modeling, assessment of their effectiveness and the creation of software for predicting the «structure-property» dependence of drug compounds is an urgent task.
The relationship of this work with other research projects. These studies are a continuation of the SF MES RK on the topic: «Computer molecular design of drugs based on immune network modeling» (2015-2017), as well as the project «Intelligent technology of immune network modeling of drugs» (2012-2014), which were carried out on the basis of the Institute of Information and Computing Technologies, lab. «Intelligent control and prediction systems”, scientific supervisor Doctor of Technical Sciences Samigulina G.A.
Research goals and objectives. The goal of the project is the development and analysis of descriptors databases of drug compounds based on world databases of chemical information for the computer molecular design of new drugs with desired properties, the creation of an effective intelligent technology and information system for conducting scientific research to predict the «structure-property» dependence of drug compounds based on modified AI algorithms.
Research objectives:
- Creation of theoretical foundations for the creation and analysis of databases based on the use of various AI approaches (artificial immune systems, algorithms of swarm intelligence, neural networks, genetic algorithms and etc.) in order to solve the problem of predicting the «structure-activity» dependence of drug compounds.
- Development of intelligent technology and information system for conducting scientific research to predict the «structure-activity» dependence of drug compounds based on modified artificial intelligence algorithms.
- Creation of modified AI algorithms for processing structural chemical information and forming databases of drug compounds with desired properties based on an optimal set of descriptors.
- Comparative analysis of databases of drug compounds, obtained as a result of processing by various AI methods.
- Development of an intelligent medical expert system, that takes into account the «structure-activity» dependence of drug compounds using the approaches of medical neuroinformatics.
Scientific novelty of the results obtained. Scientific novelty lies in the creation of new modified algorithms based on AIS and other AI approaches for the creation and analysis of databases of drug compounds and the selection of the optimal set of descriptors. There are no analogs of developments for this type of problems, implemented on the basis of immune network modeling. The research uses domestic developments on immune network modeling based on the assessment of prediction by homologous proteins.
The first section is devoted to software development, as well as to the creation of a knowledge base for the implementation of an intelligent technology for predicting the «structure-activity» dependence of drug compounds and analyzing databases using a multi-agent approach based on the JADE platform. In the second section there is developed a methodology for analyzing databases, obtained as a result of the implementation of an intelligent technology for predicting the «structure-activity» dependence of drug compounds using data processing by various approaches of artificial intelligence based on the FMEA risk analysis model and stages of intelligent technology functioning in order to eliminate potential risks of errors. The third section is devoted to the development of an automated technology for modeling the processes of medicine using a database of an intelligent medical expert system, that takes into account the «structure-activity» dependence of drug compounds. There is presented the IES-analytics software, which is an intelligent expert system for solving various problems of medicine, the structure of the program is described, the interface is shown with examples of data storage and processing, the functionality and requirements for operation are described. In the conclusion the main results obtained are presented.
These studies are the final ones for the development and analysis of databases for an information system for predicting the «structure-activity» dependence of drug compounds based on artificial intelligence algorithms. The following intermediate reports have been prepared for the project:
- for 2019 year inventory number 0219RK00710;
- for 2018 year inventory number 0218RK00435.














1 Development of software for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds and for database analysis

Nowadays  the urgent problem of modern society is the development of highly effective and safe drugs with desired pharmacological properties. The latest trends and progress in the field of artificial intelligence, computing, innovative information technologies, on the one hand, and huge accumulated arrays of raw structural chemical information, on the other hand, contribute to the creation of fundamentally new approaches to the development of drug compounds. A specific feature of the process of creating drugs based on computer molecular design is the need to process huge amounts of data. Another problem - attracting various experts from many fields of science and technology: chemists, microbiologists, biologists, modeling specialists, programmers, IT-professionals and etc. Promising bioinspired artificial intelligence approaches and new modified algorithms are of great interest to developers of these systems.
Therefore, today the development of an effective innovative technology for the creation of new drug compounds with desired properties based on modified algorithms of artificial immune systems is relevant.

1.1 Software development using the JADE multi-agent platform for a Smart-system for prediction based on artificial immune systems

Recently there has been an increase in publications on the use of innovative artificial intelligence algorithms for QSAR (Quantitative Structure - Activity Relationship) modeling and other applications in bioinformatics and medicine [1]. The article [2] is devoted to modern trends in QSAR modeling. Studies [3] propose the use of neural networks for QSAR prediction based on deep learning. The artificial immune system (AIS) approach is also actively used in solving these problems. For example, in [4] there is considered the use of an algorithm of artificial immune systems with clonal selection for predicting the structure of a protein. The article [5] solves an optimization problem based on artificial immune systems for the selection of informative descriptors. Development of a Smart-technology for predicting QSAR is relevant. A Smart-technology - a technology that is an interactive, collective, coordinated highly efficient activity, consisting of a large number of independent elements, capable of communicating with each other and with the environment [6]. Software implementation of a Smart-technology is convenient using a multi-agent approach. In article [7] there is carried out the diagnosis of personal data on the basis of a multi-agent-oriented approach. In studies [8] there is considered a multi-agent artificial immune system for solving the classification problem.
The statement of the research problem is formulated as follows: it is necessary to develop software for an innovative Smart-system for predicting the «structure-property» dependence of new drug compounds based on artificial immune systems and the JADE multi-agent platform.
The implementation of a Smart-system for QSAR prediction is carried out in the class of multi-agent systems (MAS). Today a large number of MAS software has been developed: JACK Intelligent Agents, MadKIT, AgentBuilder, MASON and etc. The main advantages of MAS include: reliability; flexibility, since the system can be supplemented with new agents and modified; performance; scalability; self-recovering and fault resistance. The most widely used is an open multi-agent platform JADE (Java Agent Development Framework) [9]. The JADE multi-agent platform complies with the international FIRA (The Foundation for Intelligent agent) standard, has a dynamic environment, in which agents operate, has a class library and a convenient set of graphical tools. JADE creates containers: main and standard. In the main container there are special agents of AMS (agent management system) and DF (directory coordinator), which is always active. Standard containers with agents are connected at starting. Agents communicate with each other using ACL messages. A special agent ACC (Agent Communication Channel) manages communication between agents.
Intelligent agents can work with the semantic knowledge base [10] in the OWL (Web Ontology Language) format. Representation of agents' knowledge in the form of ontologies facilitates communication between agents [11]. There are three types of MAS for ontology application:
- distributed MAS, when each agent contains its own ontology;
- centralized MAS, when there is created a standard ontology for all agents;
- hybrid MAS, when the ontology is partially distributed, partially centralized.
The Smart-system functioning algorithm consists of several stages: connecting the knowledge base and the descriptor database; structural chemical information; choosing a data optimization method and the creation of an optimal model based on a selected set of descriptors; selection of a pattern recognition algorithm and prediction based on the AIS approach; training the system according to standards compiled by experts from descriptors of drug compounds with precisely known properties; pattern recognition based on the selected AIS algorithm; QSAR prediction of chemical compounds; comparison of the efficiency of the algorithms used; selection of the best algorithms and selection of candidates for new chemical compounds with desired properties for further research [12,13].
The key component of the proposed Smart-system is the use of modified AIS algorithms for solving the QSAR prediction problem. There was developed a knowledge base for a multi-agent Smart-system based on ontological models of algorithms used in the Protégé ontology editor and in a unified ontological model of the system. Figure 1 shows a block diagram of the Smart-system for QSAR prediction based on the JADE multi-agent platform.


Figure 1.1 – Block diagram of the multi-agent Smart-system for QSAR prediction based on the JADE platform 

Special agents are created in the main container:
- AMS (Agent Management System) to manage agents and to provide information about currently existing agents;
- DF (Director Facilitor) provides information about the services of agents registered with AMS.
Container № 1 contains agents that implement optimization algorithms (flower pollination methods, ant colony algorithm, bee colony algorithm, grey wolf algorithm, particle swarm algorithm, principal component method and random forest algorithm and etc.); container № 2 contains agents, executing algorithms for artificial immune systems (AIRS algorithm, CLONALG clonal selection algorithm, immune network algorithm and etc.); container № 3 contains agents for the assessment of the effectiveness of algorithms (Precision agent, Recall agent and etc.).
Effective communication between agents is carried out using messages in the ACL (Agent Communication Language), which consist of such fields as: sender, receiver, communication and content.
Therefore, the use of the JADE multi-agent platform in the development of software for the Smart-system for QSAR prediction is determined by a number of advantages: flexibility of operation, high self-organization, optimal distribution of computing resources, the possibility of autonomous operation of agents and operational interaction between agents, reliability and scalability, the ability to expand new algorithms and other modules [14].

1.2 Development of a knowledge base for software on the basis of JADE multi-agent platform 

Let us consider an example of developing a knowledge base [15] for software implementation of a Smart-technology using an ontological approach based on a modified FPA-AIS algorithm, consisting of a method for extracting informative descriptors of the Flower Pollination Algorithm (FPA) and an algorithm for recognizing patterns of Artificial Immune Systems (AIS).
The formulation of the research problem is formulated as follows: it is necessary to develop a knowledge base for software based on the JADE multi-agent platform to implement an intelligent technology for predicting the «structure-property» dependence of drug compounds based on a modified FPA-AIS algorithm of artificial immune systems, agent-oriented and ontological approaches.
The general architecture of software, implementing intelligent technology based on the JADE platform is shown on figure 1.2.


Figure 1.2 – Software architecture for predicting the «structure-property» dependence of drug compounds based on agent-oriented and ontological approaches 
The software environment consists of interacting agents, that implement the set goals, are able to make decisions and to communicate with other agents. The system is connected to the knowledge base and to the ontological model, containing the information of experts and of the ontological model of the system, as well as of the descriptors database of the chemical compound under consideration. The descriptor database is formed on the basis of the world databases of chemical information such as Mol-Instincts, PubChem, Drug bank and etc. The developed predictive model based on the modified FPA-AIS algorithm is described using an ontological model, implemented in the Protégé ontology editor (Figure 1.3) [16,17].
Figure 1.4 shows a block diagram of the ontological model of the modified FPA-AIS algorithm in the Protégé ontology editor.
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Figure 1.3 – Class taxonomy of the ontological model of the modified FPA-AIS algorithm  

The agent-oriented and ontological approaches are convenient modern tools for the implementation of the developed intelligent technology for predicting the «structure-property» dependence of drug compounds based on modified artificial intelligence algorithms. This approach makes it possible to process large arrays of chemical information, to form optimal sets of descriptors, to improve the quality of predictive models and to reduce time resources when creating candidates for drug compounds.
The developed ontologies of modified algorithms of artificial immune systems constitute an expandable library, the algorithms of which are used to obtain new drug compounds with desired properties.
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Figure 1.4 - Block diagram of the ontological model of the modified FPA-AIS algorithm  

Representation of knowledge in the form of ontologies has the following advantages: it allows to clearly structure and share knowledge, has the ability to reuse model components and the ability to formally represent knowledge.

1.3 Conclusion

The following main results were obtained: 
- There was developed software for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds and database analysis.
- There was developed a knowledge base (using a unified ontological model of the system using the example of the modified FPA-AIS algorithm) and software for the implementation of the technology for creating a multi-agent Smart-system for predicting the QSAR dependence of drug compounds based on artificial immune systems (AIS) and the multi-agent platform JADE



























2 Analysis of databases, obtained as a result of processing by various methods and using modern software means

Modern research in the field of medicine and pharmacology is aimed at studying new diseases, that threaten humanity and the search for drug compounds for their treatment. A strategically important step is the development of innovative techniques for the computer-aided molecular design of drugs based on the latest achievements in artificial intelligence. The search for new drugs is complicated by the need to analyze a large amount of chemical information and by increased requirements for computing resources.
Artificial intelligence methods are widely used to solve problems of selection of informative descriptors, describing the structure of a chemical compound, pattern recognition and predicting the «structure-property» dependence of drug compounds (Quantitative Structure Activity Relationship, QSAR). Promising algorithms are swarm intelligence (SI) [18], grey wolf optimization (GWO) [19], flower pollination algorithm (FPA) [20], genetic algorithms (GA) [21] and etc.
Of particular interest is the approach of artificial immune systems (AIS) and modified algorithms based on it. The AIS algorithms imitate the mechanisms of the immune system of a living organism and have the properties of self-organization, memory, and the ability to recognize patterns at the class boundary. Currently there are many varieties of AIS and modified algorithms based on them. For example, in [22] there is presented an improved algorithm for pattern recognition by an artificial immune system (Artificial Immune Recognition Systems, AIRS). The modification is named AIRS3. The article [23] considers an artificial immune system for associative classification in the diagnosis of breast cancer. The work [24] is devoted to the development of a hybrid clonal selection algorithm with modified combinatorial recombination and adaptive mutation for solving problems of numerical optimization.
With the occurrence of modified artificial intelligence algorithms and new technologies for data analysis based on them it is relevant to use modern methods of risk assessment to ensure the accuracy of prediction. Currently there are many effective risk assessment methodologies, such as: FMEA (Failure Mode and Effects Analysis), PFMEA (Process Failure Mode and Effects Analysis), FTA (Fault Tree Analysis) and etc. These methodologies are widely used not only in the assessment of production risks, but also in the field of health care.
The FMEA approach is actively used in the field of pharmacology, medicine and pharmaceutical production. For example, work [25] considers the FMEA methodology for assessing the risks of software for medical devices. The paper proposes a modification of the classical FMEA approach based on the fuzzy logic approach and a comparative analysis of the results obtained. Studies [26] are devoted to the use of the FMEA model to reduce medical risks. In [27] there is presented an application of the FMEA methodology in the development of new drugs. This approach allows visualizing complex processes in pharmaceutical research, identifying technological defects and quantifying undesirable effects, that directly affect quality and efficiency.
In this regard the development of an innovative methodology for the analysis of descriptor databases, obtained after processing by artificial intelligence algorithms based on a risk analysis model (Failure Mode and Effects Analysis, FMEA) is relevant.

2.1 Development of a methodology for assessing the effectiveness of a Smart-technology for predicting the properties of drug compounds and analyzing databases using modern software means

Currently the development of effective technologies for the creation of new drug compounds with desired properties is a complex task, at the junction of several disciplines: pharmacology, bioinformatics, chemometrics, and IT-technologies. When developing such systems the following requirements should be taken into account: the ability to process descriptors databases of high-dimensional drug compounds; combining the latest achievements in pharmacology and artificial intelligence; availability of modular structure and the possibility of expanding the system; integration with modern software products for data mining; ease of implementation; risks assessment of defects in the functioning of the developed technology for the search for new drug compounds.
The statement of the research problem is formulated as follows: it is necessary to develop a methodology for assessing the effectiveness of a Smart-technology for predicting the «structure-property» dependence of drug compounds based on modified AIS algorithms for analyzing descriptors databases of drug using the FMEA approach using modern software means.
2.2 FMEA methodology

Let us consider the FMEA approach for analyzing the types and consequences of defects. This methodology was firstly developed in the USA (NASA) and was applied in the following areas: aerospace, automotive industry, standards development (Germany), medicine and pharmaceutical industry [28-29]. Figure 2.1 presents a risk assessment table using FMEA (Failure Mode and Effects Analysis).




Figure 2.1 – FMEA methodology

The table describes potential failures (Figure 2.1, columns 1-3) or system defects and the reasons for their occurrence to prevent errors (for example, an assessment of the operation of an information system, an assessment of the stages of a technological process or laboratory tests and etc.). The following definitions are introduced (Figure 2.1, columns 4-6) for risk assessment [30]:

Definition 1. The significance of the «Severity» defect is the degree of failure consequences (the degree of significance is ranked in the range: the number of ranking categories);

Definition 2. Occurrence of a defect «Occurrence» - an assessment, representing the probability of a defect cause occurrence (the criterion is set in the range: the number of ranking categories).

Definition 3. Detection of a defect «Detection» - the probability of detecting defects, their causes and their consequences for the entire system (the criterion is ranked in the range: the number of ranking categories).
Definition 4. «Risk priority index» is a quantitative assessment of the complex risk. If the risk value for several failures has the same value, the risk, for which the «Severity» criterion has the greatest value is considered the most serious. This coefficient is calculated by the formula:


                             (2.1)

Definition 5. «Risk Matrix» - a mechanism for assessing the severity of a failure. This assessment is effective in case of incorrect assignment of risk priority classes by experts (Figure 2.1, columns 4-6) and allows assessing the criticality of defects from different points of view.

Figure 2.2 shows an example of visualization of the risk matrix taking into account the ranking of criteria  in the range from 1 to 10. 
The matrix is divided into three zones: «ZONE A» - low degree of risk; «ZONE B» - medium degree of risk; «ZONE С» - high degree of risk.




Figure 2.2 – FMEA methodology risk matrix

The FMEA methodology can be successfully applied to assess the developed Smart-technology for predicting the «structure-property» dependence of drug compounds based on the approach of artificial immune systems.

2.3 Methodology for risk assessment of stages of a Smart-technology for predicting the «structure-property» dependence of drug compounds based on FMEA

Let us consider the methodology for assessing the risks of stages of a Smart-technology for predicting the «structure-property» dependence of drug compounds based on FMEA.
The creation of new drugs includes various stages. Figure 2.3 shows a block diagram of the developed Smart-technology for predicting the «structure-property» dependence of drug compounds [31]. The goal of a Smart-technology is to analyze the descriptor database to obtain compounds of drug candidates with desired properties. The DB of sulfonamides descriptors is considered as an example. Sulfonamides are divided into several classes according to the duration of action:
1 class – short duration of action; 
2 class – medium duration of action; 
3 class – long duration of action. 
The prognosis and selection of drug candidates is realized on the basis of modified algorithms of artificial immune systems [31-32].

Assessment of the effectiveness of the developed Smart-technology using the FMEA approach is carried out in several stages. Each stage of data analysis based on a Smart-technology is considered. The table is filled in (Figure 2.3) where: 1 column - the current operation; 2- a problem, that may arise during the execution of the stage; 3- the effect of the defect on the efficiency of the Smart-technology «Severity»; 4- a possible reason for detecting the defect «Occurrence»; 5- the probability of detecting a defect «Detection»; 6- calculation of the risk ratio. The risk coefficient is determined by the formula:.
The FMEA model contains recommendations for eliminating errors at each stage, that makes it possible to obtain a high accuracy in predicting the «structure-property» dependence of sulfonamides drug compounds based on the developed Smart-technology [33]. 



Figure 2.3 – Smart-technology block diagram

Figure 2.4 shows an ontological model of risk assessment of the Smart-technology stages based on FMEA in the Protégé software environment.

[image: ]

Figure 2.4 - Taxonomy of classes of the ontological model for risk assessment of the Smart-technology stages based on the FMEA approach  

The ontological model includes an FMEA-based assessment of each stage of the developed Smart-technology for predicting the «structure-property» dependence of drug compounds and can be used as a knowledge base for software implementation of a Smart-technology based on a multi-agent approach.

2.4 Example of FMEA based risk assessment 

Let us consider the risk assessment of the Smart-technology stages using the FMEA model using the example of analyzing the descriptors database of sulfonamides for drug compounds [34]. Figure 2.5 shows the FMEA risk assessment model of the Smart-technology stages.



Figure 2.5 - FMEA model for risk assessment

Table 2.1 – Model of FMEA indicators
	«Severity»
	«Occurrence»
	«Detection»

	

	

	


	Ranking indicators

	S
	defect impact
	O
	defect probability
	D
	defect detection

	1
	min 
	1
	very low 
	1
	very efficient 

	2
	significant 
	2
	low 
	2
	efficient 

	3
	critical 
	3
	medium 
	3
	not reliable 

	4
	catastrophic 
	4
	strong 
	4
	not possible 



The enlarged Smart-technology algorithm is presented below:
1 STAGE. Formation of a database of drug compound descriptors.
2 STAGE. Classification of drug compounds (by duration of action, degree of toxicity and etc.).
3 STAGE. Selection of informative descriptors based on metaheuristic AI algorithms (genetic algorithm, grey wolf optimization method, flower pollination method and etc.).
4 STAGE. Assessment of the efficiency of algorithms for the selection of informative descriptors. Formation of the optimal data set, based on the modeling results.
5 STAGE. Prediction of the properties of sulfonamide drug compounds based on modified AIS algorithms [35-36].
6 STAGE. Assessment of the prediction efficiency based on assessments: accuracy, classification error, precision, recall, sensitivity, specifity, f-measure, AUC, ROC-area. Assessment of the modified AIS algorithm based on the properties of homologous proteins.
7 STAGE. Selection of drug candidates for drugs with desired properties.
Table 2.2 shows a fragment of the sulfonamides descriptor database. The database contains 2005 descriptors of various levels (molecular descriptors, topological indices, quantum-chemical descriptors and etc.) and consists of 30 075 data copies. The fragment of the database under consideration contains the following descriptors: nAT - number of atoms; MW - Molecular weight; AMW - average molecular weight; Sv - sum of atomic van der Waals volumes (scaled on Carbon atom) and etc.

  Table 2.2 - Fragment of Sulfonamide database
	Drug number
	nAT
	MW
	AMW
	Sv
	…
	Class

	Drug 1
	27.00
	250.275
	9.270
	17.880
	…
	short_acting

	Drug 2
	33.00
	278.328
	8.440
	21.080
	…
	short_acting

	Drug 3
	31.00
	267.301
	8.620
	19.590
	…
	short_acting

	Drug 4
	27.00
	270.324
	10.010
	17.970
	…
	short_acting

	Drug 5
	46.00
	311.441
	6.770
	26.670
	…
	short_acting

	Drug 6
	33.00
	278.328
	8.440
	21.080
	…
	short_acting

	…
	…
	…
	…
	…
	…
	…

	Drug 2005
	24.00
	214.238
	8.930
	15.000
	…
	medium_acting




Prediction of the «structure-property» dependence of drug compounds was carried out after preliminary data processing based on the flower pollination method (FPA) [36] using the immune network simulation algorithm (AIS). The AIS-based pattern recognition mechanism is implemented as follows [37, 38].










Let the «pattern» be presented as an  dimensional column vector, , where - real numbers [39]. We represent the number of classes as . Pattern recognition is defined as . «Standards» are presented in the form . The «standards» class is described as . The solution to the pattern recognition problem is reduced to finding a class of an arbitrary  dimensional vector , . The AIS-based pattern recognition algorithm is presented below.
Algorithm 1. 


1 step. Formation of a matrix of «standards»  . 


2 step. Formation of a matrix of «patterns» , where  number of patterns. 



3 step. Definition of left and right singular vectors .




4 step. Calculation of the minimum binding energy between formal peptides (antibody and antigen) [37-38] according to the formula: , where  transpose symbol. 

5 step. Search for the minimum of binding energy, which determines the class, to which the «image» belongs . 
The result of the analysis of the sulfonamide descriptors database based on a Smart-technology in terms of AUC is shown on figure 2.6. The AIS-based prognosis was compared with clonal selection algorithms (CLONALG and CSA) and artificial immune system recognition (AIRS). The modeling results show that the most efficient algorithm is the one, that tends to the upper left corner, that is the value of the AUC characteristic is close to 1.
A modified algorithm based on immune network modeling [36] showed the best prognostic result. An example of risk assessment based on the developed ontological model and FMEA approach is shown on figure 2.7. The risk priority matrix is calculated, presented in Appendix G.
[image: C:\Users\user\Downloads\immune.jpg]
Figure 2.6 - Prediction of the «structure-property» dependence of drug compounds based on modified AIS algorithms 

The table contains information about the stage of a Smart-technology functioning and potential defect.


Figure 2.7 - FMEA risk assessment example for a Smart-technology for predicting the «structure-property» dependence of sulfonamides



Further there is described the name of the error and the possible cause of the error. According to the assessment criteria, considered in section 2.1, experts assess the degree of criticality of the defect. The values of the columns «Severity», «Occurrence» and «Detection» are filled in. The value of the risk priority index RPI is calculated. Maximum value of the coefficient:. The lower the value of the coefficient , the less significant the risk for the functioning of a Smart-technology.
The practical value of the work lies in the fact that the proposed Smart-technology allows to quickly select the desired modified AIS algorithm, which is most suitable for a specific set of data and for an effective solution to the problem. Assessment of the effectiveness of the developed Smart-technology based on the FMEA methodology allows eliminating potential risks of errors and improving the prediction quality.

2.5 Conclusion

The following main results were obtained: 
- There was carried out the analysis of the DB, obtained as a result of processing by various AI methods using modern software.
- There was developed a method for analyzing databases, obtained as a result of the implementation of an intelligent technology for predicting the «structure-property» dependence of drug compounds using data processing by various approaches of artificial intelligence based on the Failure Mode and Effects Analysis (FMEA) risk analysis model.
- There was developed a FMEA model in order to assess the risks of the functioning of the stages of the proposed intellectual technology, to eliminate the potential risks of errors and to improve the prediction quality.
- There was carried out an analysis of sulfonamides databases, obtained as a result of processing by various artificial intelligence methods (FPA, AIS, CLONALG, CSA and AIRS) based on the Failure Mode and Effects Analysis (FMEA) approach.
- There was created a risk matrix and the Risk priority index (RPI) was calculated, which is a quantitative assessment of the complex risk for assessing the stages of a Smart-technology.



















3  Development of an automated technology for modeling the processes of medicine using the DB of an intelligent medical expert system that takes into account the «structure-property» dependence of drug compounds

Nowadays in the pharmaceutical industry there is an acute issue of patient resistance to drugs. According to statistics the prescribed drug treatment does not help from 35 to 75% of patients. Since the creation of new drug compounds is a complex, multistage process it is relevant to develop an automated technology for modeling the processes of medicine, capable of selecting a target group of patients upon request in order to create new drugs with desired properties based on an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds in Microsoft Visual Studio environment.

3.1 Development of IES-analytics software

In the process of developing new drug compounds an important stage is the creation of high-quality databases of chemical compounds and clinical data of patients, necessary to assess the effect of the obtained compounds on the human body, which has a certain set of features (gender, age, blood group, allergic reactions, ECG results and etc.). In this connection it is important to develop modern software for the development of new drug compounds with desired properties.
The statement of the research problem is formulated as follows: it is necessary to develop software for automated modeling of medicine processes using a database of a medical expert system, that takes into account the «structure-property» dependence of drug compounds.
The developed software ontological model is presented in Appendix K. The software consists of two modules. The first module allows to collect information about patients, analyze and determine the state of health. Based on these data there is selected a target group in order to create new drug compounds. The second module contains information about the compounds under study (identifiers in repositories, data on the chemical structure, descriptors, describing the properties of compounds). The obtained databases of patients (different in age, sex and state of health), as well as databases of chemical compounds allow theoretical studies during the development of new drug compounds based on modified algorithms of artificial intelligence [36].
The software is developed in the C# and XAML programming language using Microsoft Visual Studio. In order to run the program the following requirements to a personal computer are presented: Windows 10 operating system, display with a screen resolution of 1920x1080 (recommended), 1024x768 (minimum), keyboard, mouse. Required programs for installing «IES-analytics»: Microsoft Net Framework 4.6.1, Microsoft Server 2017 LocalDB. Instructions for launching the program are presented in Appendix L.
The software consists of interconnected databases for various purposes, the information of which is stored in tables. 

[image: ]

Figure 3.1 - MedicalDB database model

The IES-analytics software variables specification is presented in Appendix M and N, in accordance with each module. Figure 3.2 below shows the project structure in Microsoft Visual Studio.

3.2 IES-analytics program interface

Let us consider the interface of the developed software IES-analytics. Figure 3.2 shows the main dialog window of the program. The toolbar contains the File, Patient DataBase, Chemical Compound DataBase, View tabs. In the dialog window you can search for patients by first name, last name, passport number, telephone number or residential address.

[image: ]
Figure 3.2 – IES-analytics interface

Switching between modules 1 and 2 allows to select the patient information of the desired category and enter data for the drug under consideration. Patient data are entered sequentially in the tabs of the Patient DataBase module and can subsequently be configured on request on the main page of the module. The Patient Information section displays the patient's contact details, blood type, and possible allergic reactions (Figure 3.3).

[image: ]
Figure 3.3 – Patient Information dialog window
Then the information about the annual dispensary examination is entered (Figure 3.4) in the Annual Clinical Examination tab.

[image: ]
Figure 3.4 –Annual Clinical Examination dialog window

The results of the current analyzes are entered into the Test Results table (Figure 3.5). 
[image: ]
Figure 3.5 –Test Results dialog window
The Test Results tab data is analyzed by an expert and ranked in accordance with the following tables P.1, P.2, Appendix P for assessing the patient's state of health. The expert fills in the dialog window in order to assess the patient's state of health (Figure 3.6).

[image: ]
Figure 3.6 – Dialog window for expert assessment of the patient's state of health

The ranking of patients by health state for the selection of control groups in predicting the «structure-property» dependence of drug compounds is carried out as follows. The set of patient analyzes is described by the expression:


                                      (3.1)

where «А..G» - results of patient analyzes (Appendix P, Table P.1 and Table P.2); «N» - total number of analyzes. 

IES-analytics automatically calculates a coefficient , showing the degree of deviation in the patient's health using the following formula:


                                          (3.2)


Depending on the indicator  and the presence of pathologies in the analyzes patients are divided into classes, presented in Table 3.1.


Table 3.1 – Classification of patients according to the degree of health 
	Class
	
  coefficient range
	Notes

	1 class
	

	small degree of deviation of the patient's health

	2 class
	

	medium degree of deviation of the patient's health;

	3 class
	

	strong degree of deviation of the patient's health;

	4 class
	

	critical degree of deviation of the patient's health. 



The percentage of the degree of deviation of the patient's of health is calculated by the formula: 


                                                 (3.3)



where  - the maximum value of the coefficient  (3.2).  

If, the deviation in health is more than 50% then the patient data can be used to compose control groups when predicting the «structure-property» dependence of new drug compounds with desired properties according to the following expression: 


                          (3.4)


Let us consider an example, a patient with an ID number has the following results of the analysis: 



                                                 (3.5) 


where - electrocardiogram (ECG) results; 

- ultrasound examination (ultrasound); 

- gastroscopy; 

 - x-ray examination; 

 - general blood analysis, 

 - general urine analysis, 

 - biochemical blood analysis. 


The example , accordingly the degree of deviation of the patient's health is 22.5% and belongs to the first class. The analysis results, as well as the status of the patients are displayed on the main dialog window, figure 3.7. 

[image: ]
Figure 3.7 – Ranking patients according to the degree of health state

Tables, containing patient information are linked and in the main dialog window you can search by keywords: first name, last name, phone number, passport number or residential address (Figure 3.8).

[image: ]
Figure 3.8 – Patient search parameters

Next the dialog window (Figure 3.9) is filled in, containing information about the dispensarization (date of appeal, reason, complaint).

[image: ]
Figure 3.9 –Dispensary surveillance dialog window

The database also contains information about the availability of health insurance, its number, type and name of the health insurance organization (Figure 3.10). 

[image: ]

Figure 3.10 – Insurance dialog window

Next let us consider Module 2, the Chemical Compound DataBase tab. Figure 3.11 shows the Compound dialog window, which displays information about a chemical compound. The advantage is the ability to enter ID numbers of compounds from various international data banks, since the domestic and European names of the compounds do not always coincide. Identification of substances by databases is provided: Mol-Instincts, PubChem, Drug Bank, Chem Sprider, CheBl. The structure of a chemical compound is entered in the form of a simplified representation of molecules in the SMILES (Simplified Molecular Input Line Entry System) input line. The InChl code (International Chemical Identifier), the international chemical identifier of the substance, is indicated. A unique numerical identifier of chemical compounds is introduced, the CAS number parameter (Chemical Abstracts Service).


[image: ]
Figure 3.11 – Chemical compound information

The next dialog window allows to include information about the 2D and 3D structure of the compound (Figure 3.12). The program supports the ability to download an image file.

[image: ]
Figure 3.12 – Chemical and physical data dialog window
Additional information in the form of clinical data or ATC code (Anatomical Therapeutic Classification) is entered on the Additional Information tab (Figure 3.13).

[image: ]
Figure 3.13 – Entering additional information about a chemical compound.

In the program you can enter the classification of substances according to various characteristics, for example according to the duration of action of a drug compound in the Expert Classification section (Figure 3.14).
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Figure 3.14 – Expert Classification dialog window

Information about chemical compounds, including descriptors can be entered in the Compound name section (Figure 3.15).

[image: ]
Figure 3.15 – Compound name dialog window

The Descriptors tab allows to enter descriptors of the investigated chemical compounds of various levels (Figure 3.16). For example, the Molecular descriptor contains data on molecular descriptors, describing a chemical compound (number of atoms, molecular weight, gravity index and etc.). The Geometrical Descriptors class contains geometric descriptors, such as Moment inertia A.

[image: ]
Figure 3.16 – Descriptors dialog window
On the main Configure Chemical Compound dialog window (Figure 3.17) you can request the necessary information about the chemical compound with a full description of its properties.
The obtained databases can be used for computer molecular design of new drugs. The developed software is a promising platform for research in the field of predicting the «structure-property» dependence of drug compounds. A feature of IES-analytics is the ability to select target groups of patients with a set of specific features for analysis: diagnoses, blood types, gender, age and etc. The use of the developed intelligent expert system allows taking into account many factors and creating highly effective drug compounds.

[image: ]
Figure 3.17 – Configure Chemical Compound dialog window

3.3 Conclusion

The following main results were obtained:
- There was developed an automated technology for modeling the processes of medicine using a database of an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds;
- There was created an ontological model of an automated technology for modeling the processes of medicine using a database of a medical expert system, that takes into account the «structure-property» dependence of drug compounds.
- There was developed IES-analytics software for the implementation of an automated technology for modeling medical processes using a database of an intelligent medical expert system in C #;
- There was created a user interface of an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds in the Microsoft Visual Studio application package;
- There was developed an automated system for monitoring a target group of patients in order to create new drugs with desired properties based on an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds in the Microsoft Visual Studio environment






















CONCLUSION

During the project, the following main results were obtained for 2020 year:
- There was developed software for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds and database analysis
- There was developed a knowledge base (using a unified ontological model of the system on the example of the modified FPA-AIS algorithm) and software for the implementation of the technology for creating a multi-agent Smart-system for predicting the dependence of QSAR for drug compounds based on artificial immune systems (AIS) and the JADE multi-agent platform.
- There was carried out the analysis of the databases, obtained as a result of processing by various AI methods using modern software.
- There was developed a method for analyzing databases, obtained as a result of the implementation of an intelligent technology for predicting the «structure-property» dependence of drug compounds using data processing by various approaches of artificial intelligence based on the Failure Mode and Effects Analysis (FMEA) risk analysis model.
- There was developed a FMEA model in order to assess the risks of the functioning of the stages of the proposed intellectual technology, to eliminate the potential risks of errors and to improve the prediction quality.
- There was carried out the analysis of sulfonamides databases, obtained as a result of processing by various artificial intelligence methods (FPA, AIS, CLONALG, CSA and AIRS) based on the Failure Mode and Effects Analysis (FMEA) approach.
- There was created the risk matrix and the Risk priority index (RPI) was calculated, which is a quantitative assessment of the complex risk for assessing the stages of a Smart-technology.
- There was developed an automated technology for modeling the processes of medicine using a database of an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds;
- There was created an ontological model of an automated technology for modeling the processes of medicine using a database of a medical expert system, that takes into account the «structure-property» dependence of drug compounds.
- There was developed IES-analytics software for the implementation of an automated technology for modeling medical processes using a database of an intelligent medical expert system in C #;
- There was created a user interface of an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds in the Microsoft Visual Studio application package;
- There was developed an automated system for monitoring a target group of patients in order to create new drugs with desired properties based on an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds in the Microsoft Visual Studio environment.
- In 2020 year, based on the research results, 11 scientific articles were published in journals and materials of prestigious international conferences, including 3 articles with an impact factor (Q2, Q3), included in the Scopus and Thompson Reuters databases and 1 copyright certificate for computer program.
During the implementation of the project for 2019 year, according to the calendar plan (Appendix A) the following results were obtained:
- There was developed an information system for conducting scientific research in order to predict the «structure-property» dependence of drug compounds based on modified AI algorithms.
- There was created the architecture of an information system for conducting scientific research based on a model-oriented approach, Model Driven Architecture for computer molecular design of new drugs.
- There was developed the necessary requirements for the creation of software for a multi-agent Smart-system for conducting scientific research on predicting the dependence of QSAR on new drug compounds, which should be taken into account when processing multidimensional chemical information by modified AIS algorithms.
- There was presented the structure of a multi-agent system for conducting scientific research for predicting the «structure-property» dependence of drug compounds based on modified artificial intelligence algorithms.
- There were developed agents for the information multi-agent Smart-system for conducting scientific research based on AIS.
- Within the framework of the MDA (Model Driven Architecture) concept there was developed a multi-agent ontological Smart-system model for predicting QSAR drugs and a library of ontologies based on modified AIS algorithms for processing structural chemical information.
- There were created modified AI algorithms for processing structural chemical information and DB of drug compounds with desired properties based on an optimal set of descriptors.
- There was developed a modified AIS algorithm based on the Flower Pollination Algorithm (FPA) for an information system for conducting scientific research in predicting the «structure-property» dependence of drug compounds.
- There was developed a modified algorithm for artificial immune systems based on the Grey Wolf Optimization (GWO) method and the Artificial Immune Recognition Systems algorithm within the framework of the Model Driven Architecture concept for an information system for conducting scientific research.
- There was carried out a comparative analysis of the results of QSAR modeling of sulfonamides by various algorithms of artificial immune systems and modified AIS algorithms using the grey wolf optimization method.
- There was developed an effective method for analyzing the database of an intelligent medical expert system, taking into account the «structure-property» dependence of drug compounds, when solving various problems of medicine on the basis of the proposed Smart- system for QSAR prediction for a medical expert system.
- There was developed a module for assessing the quality of predictive models based on modified AIS algorithms.
- There was carried out an analysis of the effectiveness of the application of modified artificial intelligence algorithms for processing the database of an intelligent medical expert system based on the ROC (Receiver Operating Characteristic), AUC (Area Under ROC Curve) error curves and characteristics: precision, recall and f-measure.
- In 2019 year, based on the research results 11 scientific articles were published in journals and materials of prestigious international conferences (Appendix B), an act of implementation of the project research results into the educational process at the Kazakh-British Technical University at the Faculty of Information Technologies was received.
During the implementation of the project for 2018 year, according to the calendar plan (Appendix A) the following results were obtained:
- There was presented an overview of the application of modern AI approaches in pharmacology. 
- There were created the theoretical foundations for the creation and analysis of databases based on the application of various approaches of artificial intelligence (AIS, algorithms of swarm intelligence, NN, GA) for solving the problem of predicting the «structure-property» dependence of drug compounds.
- There was presented an analysis of descriptors databases of chemical compounds for predicting the «structure-property» dependence of drug compounds based on a genetic algorithm in the RStudio programming environment using the function of parallel data processing.
- There was carried out prediction of the «structure-property» dependence of sulfonamides medicinal compounds based on the algorithm of artificial immune systems (AIRS, Artificial Immune Recognition System) using the Python language.
- There was developed an intelligent technology for predicting the «structure-property» dependence of drug compounds based on modified algorithms of swarm intelligence (particle swarm optimization algorithm with the weight of inertia and a cooperative swarm optimization algorithm) and immune network modeling.
- There was carried out simulation of swarm intelligence algorithms on the basis of modern software products WEKA and Yarpiz.
- There was performed a comparative analysis of the classical PSO particle swarm optimization algorithm and the modified inertia weight particle swarm (IWPSO) algorithm for the selection of informative descriptors.
- There was carried out an analysis of the current state of expert systems for medical purposes.
- There were formed attributes of entities and selected a set of attributes of the database of the intelligent medical expert system. An entity/relationship diagram (E/RD).
- There was developed a structure of a database of an intelligent medical expert system, taking into account the «structure-property» dependence of drug compounds for personalized medical diagnostics based on expert assessments and the approach of 46 artificial immune systems, as well as an ontological model of a general-purpose intelligent medical expert system.
- There was presented a module of the medical expert system, which takes into account the «structure-property» dependence of drugs based on modified algorithms of swarm intelligence. The ontological models IWPSO and СPSO were developed in the Protégé editor.
- There was obtained an OWL model for a general-purpose intelligent medical expert system in the Protégé ontology editor.
- In 2018 year, 11 articles were published and 1 certificate of state registration of rights to an object of copyright (for a computer program) was received.
For three years, based on the results of the research, there were published:
- A monograph in a foreign publishing house (Appendix B);
- There are 33 articles in journals and materials of prestigious international conferences, 4 articles of which are included in the Scopus and Thompson Reuters database, quartile Q2 and Q3 (1 article in print for 2020 year);
- There was received 2 copyright certificates for the computer program in the Committee on Intellectual Property Rights (Appendix F);
- There was received 1 act of implementation of research results at the Kazakh-British Technical University, Faculty of Information Technology (Appendix E).
The scientific novelty of the project lies in the development of new modified algorithms based on the approach of artificial immune systems and other artificial intelligence algorithms for the creation and analysis of drug compound descriptors databases. The development of medicinal compounds databases, consists of optimal sets of descriptors based on new modified algorithms for immune network technology is a fundamental difference from other approaches. The technology based on the developed domestic algorithms for immune network modeling has a number of advantages over others. This is first of all the ability of the system to solve the problem of pattern recognition of chemical compounds, that are on the border of nonlinearly separated classes and have similar structures. Numerous International conferences on this topic confirm the relevance and importance of this area of artificial intelligence.
The development of databases based on the proposed intellectual technology will allow moving to a qualitatively new level of research in biomedicine and pharmacology, to open great opportunities for the production of domestic drugs with a wide spectrum of action.
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APPENDIX A

Calendar plan 

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN

under the Agreement № 229 from 20.03.2018 year

1. «KAZAKH-BRITISH TECHNICAL UNIVERSITY» JSC

1.1 By priority: №4. Life sciences and health. 
1.2 By sub-priority: 4.1 Fundamental and applied research in the field of biology. Search for new medicinal substances, pharmacological research and technologies for the production of original drug. 
1.3 On the topic of the project: № AR05130019 «Development and analysis of databases for an information system for predicting the «structure-property» dependence of drug compounds based on artificial intelligence algorithms». 
1.4 The total amount of the project is 24 000 000 (twenty four million) tenge, including by years, for the performance of work in accordance with paragraph 3:
- for 2018 year - in the amount of 8 000 000 (eight million) tenge;
- for 2019 year - in the amount of 8 000 000 (eight million) tenge;
- for 2020 year - in the amount of 8 000 000 (eight million) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: Bioinformatics.
2.2 Field of application: Pharmacology. 
2.3 Final result:
- for 2018 year: Theoretical foundations for creating and analyzing databases based on the use of various approaches of artificial intelligence (AI) (artificial immune systems (AIS), algorithms of swarm intelligence, neural networks (NN), genetic algorithm (GA) and etc.) for solving the problem of predicting the «structure-activity» dependence of drug compounds. An article will be published in a peer-reviewed Russian journal with a non-zero impact factor.
- for 2019 year: Information system for conducting scientific research for predicting the «structure-activity» dependence of drug compounds based on modified AI algorithms. An article will be published in a peer-reviewed foreign journal with a non-zero impact factor.
- for 2020: Software (SW) for the implementation of intelligent technology for predicting the «structure-activity» dependence of drug compounds and analysis of databases (DB). Articles will be published in foreign peer-reviewed journals included in the Web of Science or Scopus databases: Theoretical Biology and Medical Modeling by Springer (IF=1,746) and J. Artificial Intelligence Review (Thompson Reuter, IF=2,627).
2.4 Patentability: It is possible to obtain a copyright certificate.
2.5 Scientific and technical level (novelty): Scientific novelty lies in the creation of new modified algorithms based on AIS and other AI approaches for the creation and analysis of databases of medicinal compounds and for the selection of the optimal set of descriptors. 
2.6 The use of scientific and technical products is carried out: by the Executor. 
2.7 Type of use of the result of scientific and (or) scientific and technical activities: The developed technologies and databases of drug compounds can be in demand in the pharmaceutical industry at developing new drugs with desired properties.

3. Name of work, terms of their implementation and results
	Work, stage code
	Name of work under the Agreement and the main stages of its implementation
	Terms of execution
	Expected results

	
	
	beginning
	ending
	

	2018 year

	1.
	Creation of theoretical bases for the creation and analysis of databases based on the application of various AI approaches (AIS, swarm intelligence algorithms, NN, GA and etc.) to solve the problem of predicting the «structure-property» dependence of drug compounds.

	January 2018 year

	until November 1, 2018 year
	Theoretical foundations will be created for the creation and analysis of databases based on the use of various AI approaches (AIS, algorithms of swarm intelligence, NS, GA and etc.) to solve the problem of predicting  the «structure-property» dependence of drug compounds. 
An article will be published in a peer-reviewed Russian journal with a non-zero impact factor.

	1.1
	Review of the application of modern AI approaches in pharmacology. Development of intellectual technology for predicting the «structure-property» dependence of drug compounds on the basis of modified AI algorithms.


	January 2018 year

	June 2018 year

	A review of the application of modern AI approaches in pharmacology will be carried out and an intelligent technology for predicting  the «structure-property» dependence of drug compounds based on modified AI algorithms will be developed.






	1.2
	Development of the DB structure of the intellectual medical expert system which takes into account the «structure-property» dependence of drug compounds at solving various problems of medicine.

	July 2018 year

	until November 1, 2018 year
	The structure of the database of an intelligent medical expert system will be developed, taking into account  the «structure-property» dependence of drug compounds, at solving various problems of medicine.



	2019 year

	2. 
	Development of an information system for conducting scientific researches for predicting the «structure-property» dependence of drug compounds on the basis of modified AI algorithms.
	January 2019 year

	until November 1, 2019 year
	An information system for conducting scientific research will be developed to predict the «structure-property» dependence of drug compounds based on modified AI algorithms. 
An article will be published in a peer-reviewed foreign journal with a non-zero impact factor.

	2.1
	Creation of modified AI algorithms for processing of structural chemical information and formation of DB of drug compounds with desired properties on the basis of an optimal set of descriptors. 







	January 2019 year

	June 2019 year
	Modified AI algorithms will be created for processing structural chemical information and databases of medicinal compounds with desired properties based on an optimal set of descriptors.

	2.2
	Creation effective methods of DB analysis of an intellectual medical expert system which takes into account the «structure-property» dependence of drug compounds at solving various problems of medicine.

	July 2019 year

	until November 1, 2019 year
	Effective methods for analyzing the database of an intelligent medical expert system, taking into account the «structure-property» dependence of drug compounds, will be created at solving various problems of medicine.










	2020 year

	3
	Development of software for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds and DB analysis.
	January 2020 year

	until November 1, 2020 year
	Software will be developed for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds and database analysis. 
Articles will be published in foreign peer-reviewed journals included in the Web of Science or Scopus database: Theoretical Biology and Medical Modeling by Springer (IF=1,746) and J. Artificial Intelligence Review (Thompson Reuter, IF=2,627).

	3.1 
	Analysis of DB obtained as a result of processing by various methods of AI using modern software means

	January 2020 year

	June 2020 year
	The analysis of the databases obtained as a result of processing by various AI methods using modern software means will be carried out.

	3.2
	Development of an automated technology for modeling processes of medicine using a DB of an intellectual medical expert system, that takes into account the «structure-property» dependence of drug compounds

	July 2020 year

	until November 1, 2020 year .
	An automated technology for modeling the processes of medicine will be developed using the database of an intelligent medical expert system, that that takes into account the «structure-property» dependence of drug compounds. 
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Information about changes to the calendar plan 

Sending a letter to the Science Committee of MES RK with a request to remove from paragraph 3 the name of specific journals dated May 25, 2020. The request was approved.
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Amendments to the calendar plan
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Extract №1 from the protocol of the meeting №7
of the National Scientific Council for the priority area
"Science of life and health" dated 23.09.2020 year

Positive decision on the project by Z.I. Samigulina on amendments to the calendar plan (remove the names of specific journals) is presented under №24.
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APPENDIX B

List of publications for 2020 year

Foreign: 

1 Samigulina G.A., Samigulina Z.I. Ontological model of multi-agent Smart-system for predicting drug properties based on modified algorithms of artificial immune systems // Theoretical Biology and Medical Modelling. – BMC, 2020. - №17(12). – P.1-22. (IF WoS - 1.68; Cite Score Scopus – 3,1; SJR Scopus – 0,580; Q2; 64%). 
2 Samigulina G.A., Samigulina Z.I. Machine learning for big data analysis in drug design // Proceeding of the Sixth International Conference on Machine Learning, Optimization and Data Science; J. Lecture notes in computer science. – Certosa di Pontignano, Siena – Tuscany, Italy, 2020. - Vol. 12514. – P. 1162-1174. (IF WoS – 1,17; Cite Score Scopus – 1,9; SJR Scopus – 0.427; Q2; 57%).
3 Samigulina G.A., Samigulina Z.I. Ontological model for risks assessment of the stages of a Smart-technology for predicting the «structure-property» dependence of drug compounds // 4th Computational Methods in Systems and Software. Advances in Intelligent Systems and Computing. – 2020. – P.1-12. (WoS ; Cite Score Scopus –0,9; SJR Scopus –0,18; Q3; 27%, accepted for publication). 
4 Samigulina G.A., Samigulina Z.I. Development of a methodology for analyzing databases of drug descriptors based on the FMEA risk assessment model // Materials of the XVI International scientific and practical conference «Advanced Science-2020». - UK, Sheffield: Science and Education Ltd, 2020. - Issue 8. - P. 3-6. (In Russian).
5 Samigulina G.A., Samigulina Z.I. Assessment of the risks of predicting the «structure-property» dependence of sulfonamide group medicinal compounds based on the FMEA methodology // Materials of the XVI International scientific and practical conference «European science of the XXI century» - Poland, Przemysl: Nauka i studia, 2020. - Issue 3. - P. 50-53. (In Russian).
6 Samigulina G.A., Samigulina Z.I. Development of software using the multi-agent platform JADE for a Smart-system for prediction based on artificial immune systems // Bulletin of NTU «KhPI». - Kharkov, 2019. - №28(1353). - P. 84-92. DOI: 10.20998 / 2411-0558.2019.28.08. (IF RSCI - 0.129, not included in the report for 2019 year). (In Russian).
7 Samigulina G.A., Samigulina Z.I. Development of a knowledge base and software for a multi-agent Smart-system for prediction based on artificial immune systems // Materials of the XI All-Russian scientific and technical conference with international participation «Robotics and artificial intelligence». – Zheleznogorsk, 2019. - P. 133-137. (not included in the report for 2019 year). (In Russian).
8 Samigulina G.A., Samigulina Z.I. Development and analysis of databases for the intellectual system for predicting the structure-property dependence of drag compounds on the basis of artificial immune systems: Monograph. – Yelm, WA, USA: Science Book Publishing Ноuse, 2020. – 220 p. ISBN 978-1-62174-135-0. (In Russian).

Domestic:

9 Samigulina G.A., Samigulina Z.I. Development of software for the implementation of intelligent technology for predicting the «structure-property» dependence of drug compounds based on a modified algorithm of artificial immune systems // Problems of the evolution of open systems. - Almaty, 2020. - Vol. 1. - № 22 - P. 67-74. (IF KZ - 0.079). (In Russian).
10 Samigulina G.A., Samigulina Z.I. Development of a methodology for assessing the effectiveness of a Smart-technology for predicting the properties of drug compounds and analyzing databases using modern software // Bulletin of KBTU. - Almaty, 2020. –№3(54). - P. 173-179. (IF KZ - 0.047). (In Russian).
11 Samigulina G.A., Samigulina Z.I. Development of a knowledge base for the implementation of intelligent technology for predicting the «structure-property» dependence of drugs // Proceedings of the international scientific and practical conference "Satpayev readings-2020". - Almaty, 2020. - Vol. 2. - P. 409-413. (In Russian).
12 C.C. № 1280 «IES-analytics» (Intelligent Expert Systems - analytics) software - Intelligent expert system - analytics / Samigulina G.A., Samigulina Z.I., Samigulin T.I.; publ. 10/25/2020. (In Russian).

List of publications for 2019 year

13 Samigulina G.A., Samigulina Z.I., Samigulina T.I. Development of smart-technology for prediction drug properties based on modified algorithms of artificial immune systems and ontological models // Proceeding of the 7th International Work-Conference on Bioinformatics and Biomedical Engineering. – Granada, 2019. – P. 1-2.
14 Samigulina G.A., Samigulina Z.I. Information system for molecular design of drug compounds based on a model-based approach // Bulletin of KhPI. - Kharkov, 2019. - №13 (1338). - P. 176-187. (IF RSCI - 0.129). (In Russian).
15 Samigulina G.A., Samigulina Z.I. Information system for conducting scientific research on the basis of a model-oriented approach and a modified algorithm of artificial immune systems for computer molecular design of new drugs // Bulletin of KazNRTU. - Almaty, 2019. - № 3(133). - P. 130-135. (IF KZ - 0.045). (In Russian).
16 Samigulina Z.I., Rakhmetzhanov M., Samigulina G.A. Prediction of the «structure-property» dependence of sulfonamide drug compounds based on the recognition algorithm by the artificial immune system. Bulletin of the NRA RK. - 2019. - № 2. - P. 48-53. (IF KZ-0.142). (In Russian).
17 Samigulina G.A., Masimkanova Zh. Development of a modified algorithm based on the cooperative algorithm of a particle swarm, artificial immune systems and an ontological approach // Problems of the evolution of open systems. - Almaty, 2019. - Vol. 1. - № 21. - P. 85-89. (IF KZ - 0.079). (In Russian).
18 Samigulina G.A., Samigulina Z.I. Ontological models for a multi-agent Smart-system for predicting the properties of drugs based on modified algorithms of artificial immune systems. Proceedings of Satpayev readings «Innovative technologies - the key to successfully solution of fundamental and applied problems in the ore and oil and gas sectors of the economy of the RK.» - Almaty, 2019. - V. II. - P. 343-345. (In Russian).
19 Samigulina G.A., Samigulina Z.I. Development of an ontological multi-agent model for an information medical expert system that takes into account the «structure-property» dependence of drug compounds // International scientific readings (in memory of V.V. Petrov): collection of articles of an international scientific and practical conference. - Moscow: EFIR, 2019 .-- P. 17-19. (In Russian).
20 Samigulina G.A., Samigulina Z.I. Information system for conducting scientific research for predicting the «structure-property» dependence of drug compounds based on modified algorithms of artificial immune systems // Problems of informatics. - 2019. - №3(44). - P. 31-46. (IF RSCI - 0.182). (In Russian).
21 Samigulina G.A., Samigulina Z.I. Multi-agent Smart-system for predicting the properties of drugs based on a model-oriented approach and modified algorithms for artificial immune systems // Abstracts of the XXVII International scientific and practical conference «Information technologies: science, engineering, technology, education, health» (MicroCAD-2019). - Kharkiv, May 15-17, 2019 .-- P.190. (In Russian).
22 Samigulina G.A., Masimkanova Zh.A. Modified cooperative particle swarm algorithm for molecular drug design // Collection of articles on the results of the International scientific - practical conference «Science intensive technologies and intelligent systems». - Samara, November 23, 2018 .-- P. 64-68. (In Russian).
23 Samigulina G.A., Samigulina Z.I. Development of modified artificial intelligence algorithms for processing structural chemical information // Proceedings of the IX All-Russian scientific and technical conference with international participation in «Robotics and artificial intelligence». - Zheleznogorsk, 2018 .-- P. 124-128. (In Russian).

List of publications for 2018 year
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26 Samigulina G.A., Samigulina Z.I. Development of a database structure for an intelligent medical expert system, that takes into account the «structure-property» dependence of drug compounds // Materials of the twentieth all-russian seminar «Modeling of unequal systems – 2018». - Krasnoyarsk, 2018 .-- P.74-79. (In Russian).
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30 Samigulina Z.I., Konovalov S., Samigulina G.A. Analysis of descriptors databases of chemical compounds for predicting the «structure-property» dependence of drug compounds based on the genetic algorithm in the RSTUDIO programming environment. Bulletin of KBTU. - Almaty, 2018. - V.15. - №4. - P. 35-42. (In Russian).
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APPENDIX C

Reprints of publications for 2020 year

1 Samigulina G.A., Samigulina Z.I. Ontological model of multi-agent Smart-system for predicting drug properties based on modified algorithms of artificial immune systems // Theoretical Biology and Medical Modelling. – BMC, 2020. -17(12). – P.1-22. (IF WoS - 1.68; Cite Score Scopus – 3,1; SJR Scopus – 0,580; Q2; 64%). 
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2 Samigulina G.A., Samigulina Z.I. Machine learning for big data analysis in drug design // Proceeding of the Sixth International Conference on Machine Learning, Optimization and Data Science; J. Lecture notes in computer science. – Certosa di Pontignano, Siena – Tuscany, Italy, 2020. - Vol. 12514. – P. 1162-1174. (IF WoS – 1,17; Cite Score Scopus – 1,9; SJR Scopus – 0.427; Q2; 57%).
[image: C:\Users\D3C3~1\AppData\Local\Temp\Rar$DRa10116.41942\12514-lncs-front-matter-pages_page-0001.jpg]

[image: C:\Users\D3C3~1\AppData\Local\Temp\Rar$DRa10116.48678\12514-lncs-front-matter-pages_page-0004.jpg]



[image: C:\Users\D3C3~1\AppData\Local\Temp\Rar$DIa1864.5345\12514-lncs-front-matter-pages_page-0005.jpg]
[image: C:\Users\D3C3~1\AppData\Local\Temp\Rar$DIa1864.2232\12514-lncs-front-matter-pages_page-0020.jpg]

[image: C:\Users\D3C3~1\AppData\Local\Temp\Rar$DRa10116.5915\12514-lncs-front-matter-pages_page-0030.jpg]

[image: ]
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4 Samigulina G.A., Samigulina Z.I. Development of a methodology for analyzing drug descriptors databases based on the FMEA risk assessment model // Materials of the XVI International scientific and practical conference «Advanced Science-2020». - UK, Sheffield: Science and Education Ltd, 2020. - Issue 8. - P. 3-6.
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Act of implementation
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Copyright certificates
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APPENDIX G

Risk priority matrix 

Table G.1 – An example of calculation of the risk priority matrix
	
1 STAGE
	«Occurrence»
Defect occurrence

	«Severity»
Defect significance
	x
	1
	2
	3
	4

	
	1
	
	
	
	

	
	2
	
	
	
	Х

	
	3
	
	
	Х
	

	
	4
	
	
	Х
	 Х










APPENDIX K

Ontological model of IES-analytics software 
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APPENDIX L

Instructions for installing the IES-analytics program 

The procedure for installing the IES-analytics program:
Step 1. Install the NetFramework4.6.1.exe components located in the Required Programs folder.
Step 2. Install the local database server SqlLocalDB.msi located in the Required Programs folder.
Step 3. Launch the LocalDB_launch.exe application located at Required Programs/ LocalDB_launch / bin / Debug / LocalDB_launch.exe.
Step 4. Install the IES_analytics_setup.msi installer

Instructions for starting the program:
1. After opening the launcher, press the <Next> button.

[image: ]

2. Next, select the path to install the program by clicking the <Browse> button. 

ATTENTION: It is not advisable to install the program on the Disk on which Windows is installed. Otherwise the database will be read-only. After selecting the folder for installation, click on the <Next> button.
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3. Confirm installation by <Next> button.
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4. After successful installation of the program a dialog window should appear, that can be closed.
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5. Open the IES_analytics.exe application in the folder specified during installation.
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APPENDIX M

IES-analytics program variable specification. Module 1

Table 1 – Parameter specification of the module 1
	Table name
Compound
	Data type

	DIALOG WINDOW №1 EXPERT SYSTEN DATABASE

	COMPOUND IDENTIFIERS

	Compound name
	Char (text)

	SMILES_codes
	Char (text)

	In_Chi_key
	Char (text)

	Formula
	Char (text)

	PubChem CID
	Char (text)

	CAS number
	Char (text)

	DrugBank
	Char (text)

	ChemSpider
	Char (text)

	ChEBI
	Char (text)

	STRUCTURE

	2D structure
	image

	3D structure
	image

	Molar mass
	Real

	Density
	Real

	CLASS

	Class 1
	Char (text)

	Class 2
	Char (text)

	Class 3 
	Char (text)

	Class N
	Char (text) (you can add a class more than three)

	CLINICAL DATA

	ATC code
	Char (text)

	MOLECULAR DESCRIPTOR

	Constitutional descriptors
	Real

	Topological descriptors 
	Real

	Walk and part counts
	Real

	Connectivity indices
	Real 

	Information indices
	Real 

	List of 2D autocorrelation indices 
	Real 

	Edge adjacency indices 
	Real 

	Burden eigenvalue descriptors
	Real 

	Topological charge indices 
	Real 

	Eigenvalue-based indices
	Real 

	Randic molecular profiles
	Real 

	Geometrical descriptors
	Real 

	RDF descriptors
	Real 

	3D-MoRSE descriptors
	Real 

	WHIM descriptors
	Real 

	GETAWAY descriptors
	Real 



APPENDIX N

IES-analytics program variable specification. Module 2

Table 2 – Parameter specification of the module 2

	Table name
Compound
	Data type

	DIALOG WINDOW №2 PERSONAL DATA OF PATIENT

	PATIENT INFORMATION

	Name
	Char (text)

	Midname
	Char (text)

	Surname
	Char (text)

	Address
	Char (text)

	Passport ID
	integer

	Date of birth 
	date

	Telephone
	integer

	Place of work
	Char (text)

	Profession
	Char (text)

	Affiliation
	Char (text)

	Blood type
	integer

	Rh factor
	Char (text)

	Allergic reactions
	Char (text)

	INSURRANCE 

	Type of Insurance 
	Char (text)

	Name of Insurance company
	Char (text)

	DISPENSARY SURVEILLANCE

	Date of registration 
	Date

	Registration reason 
	Char (text)

	ANNUAL CLINICAL EXAMINATION

	Data of examination
	Date

	Final diagnosis 
	Char (text)

	ANALYSIS

	Ultrasound results
	Char (text)

	ECG
	Char (text)

	Gastroscopy
	Char (text)

	Roentgen
	Char (text)

	Spirometry
	Char (text)

	General blood analysis
	Char (text)

	General urine analysis
	Char (text)

	Biochemical blood test
	Char (text)

	………………………………………………….
	…………………………….







APPENDIX P

Ranking of test results for selection of target group of patients 

Table P.1 – Ranking of analysis results to identify pathologies. Part  1 
	ECG – «A»

	Ultrasound - «B»

	Gastroscopy – «C»

	Roentgen – «D»


	score
	state
	score
	state
	score
	state
	score
	state

	0  
	reanalysis

	0  
	reanalysis

	0  
	reanalysis

	0  
	reanalysis


	1 
	normal 

	1 
	normal 

	1 
	normal 

	1 
	normal 


	2 
	Pathological

	2 
	pathological

	2 
	pathological

	2 
	pathological


	3 
	average pathology

	3 
	average pathology

	3 
	average pathology

	3 
	average pathology


	4
	acute pathology

	4
	acute pathology

	4
	acute pathology

	4
	acute pathology

















Table P.2 – Ranking of analysis results to identify pathologies. Part  2
	General blood analysis – «E»

	General Urine Analysis – «F»

	Biomedical blood - «G» 


	score
	state
	score
	state
	score
	state

	0  
	reanalysis

	0  
	reanalysis

	0  
	reanalysis


	1 
	normal 

	1 
	normal 

	1 
	normal 


	2 
	рermissible deviation from the norm

	2 
	рermissible deviation from the norm

	2 
	рermissible deviation from the norm


	3 
	deviation from the norm

	3 
	deviation from the norm

	3 
	deviation from the norm


	4
	pathological

	4
	pathological

	4
	pathological


	5
	average pathology

	5
	average pathology

	5
	average pathology


	6
	acute pathology 

	6
	acute pathology 

	6
	acute pathology 






















APPENDIX R

MainWindow.xaml.cs code listing

using System;
using System.Collections.Generic;
using System.Data;
using System.Data.SqlClient;
using System.Linq;
using System.Text;
using System.Text.RegularExpressions;
using System.Threading.Tasks;
using System.Windows;
using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
using System.Windows.Input;
using System.Windows.Media;
using System.Windows.Media.Imaging;
using System.Windows.Navigation;
using System.Windows.Shapes;
using System.IO;
using Path = System.IO.Path;
using System.Configuration;
using Microsoft.Win32;

namespace Ambulance
{
  /// <summary>
  /// Логика взаимодействия для MainWindow.xaml
  /// </summary>
public partial class MainWindow : Window
    	{static string connectionString = @"Data Source=(localdb)\MSSQLLocalDB;Initial Catalog=userstore;Trusted_Connection=True";
      SqlConnection connection = new SqlConnection(connectionString);
public MainWindow()
        {
string dbPathMyDocs = Environment.GetFolderPath(Environment.SpecialFolder.MyDocuments);

string dbPathAppData = Environment.GetFolderPath(Environment.SpecialFolder.ApplicationData);String dbPath = Path.Combine(dbPathMyDocs, "LocalAppData");

AppDomain.CurrentDomain.SetData("DataDirectory", dbPath);

MedicalBDEntities db = new MedicalBDEntities();
 InitializeComponent();
 show_table();
 show_all_table();
        }
public void show_all_table()
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                var users = db.Patient_information;
                dataGrid6.ItemsSource = users.ToList();
            }
        }
        public void show_table()
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                var users = db.Patient_information;
                dataGrid1.ItemsSource = users.ToList();
            }
        }
        public void show_table_diagnoses()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_examination.Text);

                    var diagnoses = from order in db.Annual_clinical_examination.AsEnumerable()
                                    where order.Personal_ID == selected_patient_id
                                    select new
                                    {
                                        Patient_ID = order.Personal_ID,
                                        Diagnose_ID = order.Clinical_examination,
                                        Data = order.Data,
                                        Final_Diagnoses = order.Final_diagnoses,
                                    };

                    dataGrid2.ItemsSource = diagnoses.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Button_Click(object sender, RoutedEventArgs e)
        {
            if (!Regex.IsMatch(Name.Text, @"^[a-zA-Z]+$") || !Regex.IsMatch(Midname.Text, @"^[a-zA-Z]+$") || !Regex.IsMatch(Surname.Text, @"^[a-zA-Z]+$"))
            {
                MessageBox.Show("Введите корректно ваши данные!");
            }
            else
            {
                try
                {
                    using (MedicalBDEntities db = new MedicalBDEntities())
                    {
                        Patient_information new_patient = new Patient_information();
                        new_patient.Name = Name.Text;
                        new_patient.Midname = Midname.Text;
                        new_patient.Surname = Surname.Text;
                        new_patient.Gender = Gender.Text;
                        new_patient.Adress = Adress.Text;
                        if (Positive.IsChecked == true) { new_patient.Rh_factor = "Positive"; }
                        else
                        { new_patient.Rh_factor = "Negative"; };
                        new_patient.Passport_ID = Passport_ID.Text;
                        new_patient.Telephone = Telephone.Text;
                        new_patient.Date_of_birth = Date_of_birth.SelectedDate;
                        new_patient.Place_of_work = Place_of_work.Text;
                        new_patient.Profession_affilation = Proffecion_affilation.Text;
                        new_patient.Blood_type = Blood_Type.Text;
                        new_patient.allergic_reactions = Allergic_reactions.Text;

                        db.Patient_information.Add(new_patient);
                        db.SaveChanges();
                        show_table();
                        MessageBox.Show("Данные успешно загружены в базу данных!");
                        Name.Text = "";
                        Midname.Text = "";
                        Surname.Text = "";
                        Adress.Text = "";
                        Gender.Text = "";
                        Passport_ID.Text = "";
                        Telephone.Text = "";
                        Place_of_work.Text = "";
                        Proffecion_affilation.Text = "";
                        Blood_Type.Text = "";
                        Allergic_reactions.Text = "";
                    }
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        private void delete_button_clicked(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    Patient_information selected_patient = (Patient_information)dataGrid1.SelectedItem;
                    int selected_patient_id = selected_patient.Personal_ID;
                    Patient_information removing_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    db.Patient_information.Remove(removing_patient);

                    db.SaveChanges();
                    show_table();
                    MessageBox.Show($"Patient {selected_patient.Name} was deleted");
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the patient - make sure that all analyzes, insurances, etc. of this person has been deleted");
                }
            }
        }
        private void Add_diagnose_Click_1(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_examination.Text);

                    Annual_clinical_examination new_diagnose = new Annual_clinical_examination();
                    new_diagnose.Final_diagnoses = Final_diagnoses.Text;
                    new_diagnose.Data = Date.SelectedDate;
                    new_diagnose.Personal_ID = selected_patient_id;
                    db.Annual_clinical_examination.Add(new_diagnose);
                    db.SaveChanges();
                    show_table_diagnoses();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Final_diagnoses.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Delete_diagnose_Click(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid2.SelectedCells[1];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    int diagnose = Convert.ToInt32(content);
                    Annual_clinical_examination removing_diagnose = (from u in db.Annual_clinical_examination where u.Clinical_examination == diagnose select u).First();
                    MessageBox.Show($"Diagnose {diagnose} was deleted");
                    db.Annual_clinical_examination.Remove(removing_diagnose);
                    db.SaveChanges();
                    show_table_diagnoses();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        public void show_table_analyzes()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_analyzes.Text);

                    var analyzes = from order in db.Test_results.AsEnumerable()
                                   where order.Personal_ID == selected_patient_id
                                   select new
                                   {
                                       Patient_ID = order.Personal_ID,
                                       Analyzes_ID = order.analyzes,
                                       Ultrasounds_Results = order.Ultrasound_results,
                                       ECG = order.ECG,
                                       Gastroscopy = order.gastroscopy,
                                       Roentgen = order.roentgen,
                                       Spirometry = order.spirometry,
                                       General_Blood_Analysis = order.general_blood_analysis,
                                       General_Urine_Analysis = order.general_urine_analysis,
                                       Biomechanical_Blood_Test = order.biochemical_blood_test,
                                   };
                    dataGrid3.ItemsSource = analyzes.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Final_diagnoses_TextChanged(object sender, TextChangedEventArgs e)
        {
        }
        private void Add_analyzes_Click_1(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_analyzes_id = Convert.ToInt32(Personal_ID_analyzes.Text);

                    Test_results new_analyzes = new Test_results();
                    new_analyzes.Ultrasound_results = Ultrasounds_results.Text;
                    new_analyzes.ECG = ECG.Text;
                    new_analyzes.gastroscopy = Gastroscopy.Text;
                    new_analyzes.roentgen = Roentgen.Text;
                    new_analyzes.spirometry = Spirometry.Text;
                    new_analyzes.general_blood_analysis = General_Blood_Analysis.Text;
                    new_analyzes.general_urine_analysis = General_Urine_Analysis.Text;
                    new_analyzes.biochemical_blood_test = Biomechanical_Blood_Analysis.Text;
                    new_analyzes.Personal_ID = selected_analyzes_id;
                    db.Test_results.Add(new_analyzes);
                    db.SaveChanges();
                    show_table_analyzes();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Ultrasounds_results.Text = "";
                    ECG.Text = "";
                    Gastroscopy.Text = "";
                    Roentgen.Text = "";
                    Spirometry.Text = "";
                    General_Blood_Analysis.Text = "";
                    General_Urine_Analysis.Text = "";
                    Biomechanical_Blood_Analysis.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Delete_analyzes_Click(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid3.SelectedCells[1];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    int analyze = Convert.ToInt32(content);
                    Test_results removing_analyzes = (from u in db.Test_results where u.analyzes == analyze select u).First();
                    MessageBox.Show($"Diagnose {analyze} was deleted");
                    db.Test_results.Remove(removing_analyzes);
                    db.SaveChanges();
                    show_table_analyzes();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        public void show_table_dispensary()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Dispensary.Text);

                    var dispensary = from order in db.Dispensary_survellance.AsEnumerable()
                                     where order.Personal_ID == selected_patient_id
                                     select new
                                     {
                                         Patient_ID = order.Personal_ID,
                                         Dispensary_ID = order.Registration,
                                         Date_Of_Registration = order.Date_of_registration,
                                         Registration_Reason = order.Registration_reason,
                                         Reason_For_De_Registration = order.Reason_for_de_registration,
                                     };
                    dataGrid4.ItemsSource = dispensary.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Add_dispensary_Click_1(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Dispensary.Text);

                    Dispensary_survellance new_dispensary = new Dispensary_survellance();
                    new_dispensary.Date_of_registration = Date_Dispensary.SelectedDate;
                    new_dispensary.Personal_ID = Convert.ToInt32(Personal_ID_Dispensary.Text);
                    new_dispensary.Registration_reason = Regisration_reason.Text;
                    new_dispensary.Reason_for_de_registration = De_regisration_reason.Text;

                    db.Dispensary_survellance.Add(new_dispensary);
                    db.SaveChanges();
                    show_table_dispensary();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Regisration_reason.Text = "";
                    De_regisration_reason.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Delete_dispensary_Click(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid4.SelectedCells[1];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    int dispensary = Convert.ToInt32(content);

                    Dispensary_survellance removing_dispensary = (from u in db.Dispensary_survellance where u.Registration == dispensary select u).First();
                    MessageBox.Show($"Dispensary surveillance {dispensary} was deleted");
                    db.Dispensary_survellance.Remove(removing_dispensary);
                    db.SaveChanges();
                    show_table_dispensary();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        public void show_table_insurance()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Insurance.Text);
                    var insurance = from order in db.Insurances.AsEnumerable()
                                    where order.Personal_ID == selected_patient_id
                                    select new
                                    {
                                        Patient_ID = order.Personal_ID,
                                        Insurance_ID = order.Insurance_ID,
                                        Insurance_Policy_Number = order.Insurance_policy_number,
                                        Type_Of_Insurance = order.Type_of_insurance,
                                        Name_Of_Insurance_Company = order.Name_of_insurance_company,
                                    };

                    dataGrid5.ItemsSource = insurance.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Add_insurance_Click_1(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Insurance.Text);
                    Insurance new_insurance = new Insurance();
                    new_insurance.Personal_ID = Convert.ToInt32(Personal_ID_Insurance.Text);
                    new_insurance.Insurance_policy_number = Insurance_policy_number.Text;
                    new_insurance.Type_of_insurance = Type_of_insurance.Text;
                    new_insurance.Name_of_insurance_company = Name_of_insurance.Text;

                    db.Insurances.Add(new_insurance);
                    db.SaveChanges();
                    show_table_insurance();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Insurance_policy_number.Text = "";
                    Type_of_insurance.Text = "";
                    Name_of_insurance.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Delete_insurance_Click(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid5.SelectedCells[1];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    int insurance = Convert.ToInt32(content);

                    Insurance removing_insurance = (from u in db.Insurances where u.Insurance_ID == insurance select u).First();
                    MessageBox.Show($"Insurance number {insurance} was deleted");
                    db.Insurances.Remove(removing_insurance);
                    db.SaveChanges();
                    show_table_insurance();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        private void MenuItem_Click_Exit(object sender, RoutedEventArgs e)
        {
            this.Close();
        }
        private void MenuItem_Click_Drugs(object sender, RoutedEventArgs e)
        {
            Window1 drugs = new Window1();
            drugs.Show();
            this.Close();
        }
    private void Search_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "By name")
            {
                ByName.Visibility = Visibility.Visible;
                BySurname.Visibility = Visibility.Hidden;
                ByPhone.Visibility = Visibility.Hidden;
                ByAdress.Visibility = Visibility.Hidden;
                ByPassport.Visibility = Visibility.Hidden;
                Button_search_byname.Visibility = Visibility.Visible;
                Button_search_bysurname.Visibility = Visibility.Hidden;
                Button_search_byphone.Visibility = Visibility.Hidden;
                Button_search_byadress.Visibility = Visibility.Hidden;
                Button_search_bypassport.Visibility = Visibility.Hidden;
                EnterName.Visibility = Visibility.Visible;
                EnterSurname.Visibility = Visibility.Hidden;
                EnterPhone.Visibility = Visibility.Hidden;
                EnterAdress.Visibility = Visibility.Hidden;
                EnterPassport.Visibility = Visibility.Hidden;
            }
            else if (selectedItem.Content.ToString() == "By surname")
            {
                ByName.Visibility = Visibility.Hidden;
                BySurname.Visibility = Visibility.Visible;
                ByPhone.Visibility = Visibility.Hidden;
                ByAdress.Visibility = Visibility.Hidden;
                ByPassport.Visibility = Visibility.Hidden;
                Button_search_byname.Visibility = Visibility.Hidden;
                Button_search_bysurname.Visibility = Visibility.Visible;
                Button_search_byphone.Visibility = Visibility.Hidden;
                Button_search_byadress.Visibility = Visibility.Hidden;
                Button_search_bypassport.Visibility = Visibility.Hidden;
                EnterName.Visibility = Visibility.Hidden;
                EnterSurname.Visibility = Visibility.Visible;
                EnterPhone.Visibility = Visibility.Hidden;
                EnterAdress.Visibility = Visibility.Hidden;
                EnterPassport.Visibility = Visibility.Hidden;
            }
            else if (selectedItem.Content.ToString() == "By phone number")
            {
                ByName.Visibility = Visibility.Hidden;
                BySurname.Visibility = Visibility.Hidden;
                ByPhone.Visibility = Visibility.Visible;
                ByAdress.Visibility = Visibility.Hidden;
                ByPassport.Visibility = Visibility.Hidden;

                Button_search_byname.Visibility = Visibility.Hidden;
                Button_search_bysurname.Visibility = Visibility.Hidden;
                Button_search_byphone.Visibility = Visibility.Visible;
                Button_search_byadress.Visibility = Visibility.Hidden;
                Button_search_bypassport.Visibility = Visibility.Hidden;
                EnterName.Visibility = Visibility.Hidden;
                EnterSurname.Visibility = Visibility.Hidden;
                EnterPhone.Visibility = Visibility.Visible;
                EnterAdress.Visibility = Visibility.Hidden;
                EnterPassport.Visibility = Visibility.Hidden;
            }
            else if (selectedItem.Content.ToString() == "By adress")
            {
                ByName.Visibility = Visibility.Hidden;
                BySurname.Visibility = Visibility.Hidden;
                ByPhone.Visibility = Visibility.Hidden;
                ByAdress.Visibility = Visibility.Visible;
                ByPassport.Visibility = Visibility.Hidden;
                Button_search_byname.Visibility = Visibility.Hidden;
                Button_search_bysurname.Visibility = Visibility.Hidden;
                Button_search_byphone.Visibility = Visibility.Hidden;
                Button_search_byadress.Visibility = Visibility.Visible;
                Button_search_bypassport.Visibility = Visibility.Hidden;
                EnterName.Visibility = Visibility.Hidden;
                EnterSurname.Visibility = Visibility.Hidden;
                EnterPhone.Visibility = Visibility.Hidden;
                EnterAdress.Visibility = Visibility.Visible;
                EnterPassport.Visibility = Visibility.Hidden;
            }
            else if (selectedItem.Content.ToString() == "By passport ID")
            {
                ByName.Visibility = Visibility.Hidden;
                BySurname.Visibility = Visibility.Hidden;
                ByPhone.Visibility = Visibility.Hidden;
                ByAdress.Visibility = Visibility.Hidden;
                ByPassport.Visibility = Visibility.Visible;

                Button_search_byname.Visibility = Visibility.Hidden;
                Button_search_bysurname.Visibility = Visibility.Hidden;
                Button_search_byphone.Visibility = Visibility.Hidden;
                Button_search_byadress.Visibility = Visibility.Hidden;
                Button_search_bypassport.Visibility = Visibility.Visible;

                EnterName.Visibility = Visibility.Hidden;
                EnterSurname.Visibility = Visibility.Hidden;
                EnterPhone.Visibility = Visibility.Hidden;
                EnterAdress.Visibility = Visibility.Hidden;
                EnterPassport.Visibility = Visibility.Visible;
            }
        }
        private void Add_analyze_Click(object sender, RoutedEventArgs e)
        {
            AnalyzeWindow aw = new AnalyzeWindow();
            aw.Show();
        }
        private void DataGrid6_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                    Patient_Name_Status_Label.Visibility = Visibility.Visible;
                    Patient_Name_Status.Visibility = Visibility.Visible;
                    var cellInfo = dataGrid6.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    int selected_patient_id_status = Convert.ToInt32(content);

                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id_status select u).First();
                    Patient_Name_Status.Text = searching_patient.Name + " " + searching_patient.Midname + " " + searching_patient.Surname;
                    int? StatusCount = searching_patient.Status;
                    if (StatusCount < 10) { Status.Text = "Healthy or small degree of health deviation"; Status.Background = Brushes.LightBlue; }
                    else if ((StatusCount >= 10) && (StatusCount < 20)) { Status.Text = "Medium degree of health deviation"; Status.Background = Brushes.Yellow; }
                    else if ((StatusCount >= 20) && (StatusCount < 30)) { Status.Text = "Severe degree of health deviation"; Status.Background = Brushes.Orange; }
                    else if ((StatusCount >= 30) && (StatusCount < 40)) { Status.Text = "Critical degree of health deviation"; Status.Background = Brushes.Red; }
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Patient is not found");
                }
        }
        private void MenuItem_Click(object sender, RoutedEventArgs e)
        {
            MessageBox.Show("The program created by:  Samigulina Galina Ahmetovna, Samigulina Zarina Ildusovna, Samigulin Timur Ildusovich, 2020 year");
        }
        private void Button_Click_Show_All(object sender, RoutedEventArgs e)
        {
            show_all_table();
        }
        private void PID_click_annual(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_examination.Text);
                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();

                    Patient_Name.Text = searching_patient.Name + " " + searching_patient.Midname + " " + searching_patient.Surname;
                    dataGrid2.ItemsSource = "";
                    show_table_diagnoses();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Patient is not found");
                }
        }
        private void PID_click_test(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_analyzes.Text);
                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    Patient_Name_Test.Text = searching_patient.Name + " " + searching_patient.Midname + " " + searching_patient.Surname;
                    dataGrid2.ItemsSource = "";
                    show_table_analyzes();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Patient is not found");
                }
        }
        private void PID_click_dispensary(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Dispensary.Text);
                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    Patient_Name_Dispensary.Text = searching_patient.Name + " " + searching_patient.Midname + " " + searching_patient.Surname;
                    dataGrid4.ItemsSource = "";
                    show_table_dispensary();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Patient is not found");
                }
        }
        private void PID_click_insurance(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                    int selected_patient_id = Convert.ToInt32(Personal_ID_Insurance.Text);
                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    Patient_Name_Insurance.Text = searching_patient.Name + " " + searching_patient.Midname + " " + searching_patient.Surname;
                    dataGrid5.ItemsSource = "";
                    show_table_insurance();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Patient is not found");
                }
        }
         private void PID_click_bypassport(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var query = from u in db.Patient_information
                                where u.Passport_ID == ByPassport.Text
                                orderby u.Passport_ID
                                select u;
                    dataGrid6.ItemsSource = query.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message.ToString());
                }
            }
        }
        private void PID_click_byphone(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var query = from u in db.Patient_information
                                where u.Telephone == ByPhone.Text
                                orderby u.Telephone
                                select u;
                    dataGrid6.ItemsSource = query.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message.ToString());
                }
            }
        }
        private void PID_click_byadress(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var query = from u in db.Patient_information
                                where u.Adress == ByAdress.Text
                                orderby u.Surname
                                select u;

                    dataGrid6.ItemsSource = query.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message.ToString());
                }
            }
        }
        private void PID_click_bysurname(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var query = from u in db.Patient_information
                                where u.Surname == BySurname.Text
                                orderby u.Surname
                                select u;

                    dataGrid6.ItemsSource = query.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message.ToString());
                }
            }
        }
        private void PID_click_byname(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var query = from u in db.Patient_information
                                where u.Name == ByName.Text
                                orderby u.Name
                                select u;
                    dataGrid6.ItemsSource = query.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message.ToString());
                }
            }

APPENDIX S

Drugs.xaml.cs code listing

using Microsoft.Win32;
using System;
using System.Collections.Generic;
using System.IO;
using System.Linq;
using System.Text;
using System.Threading.Tasks;
using System.Windows;
using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
using System.Windows.Input;
using System.Windows.Media;
using System.Windows.Media.Imaging;
using System.Windows.Shapes;
using System.Drawing;
using System.Data;
using System.Data.SqlClient;
using System.Windows.Interop;
namespace Ambulance
{
    /// <summary>
    /// Логика взаимодействия для Window1.xaml
    /// </summary>
    public partial class Window1 : Window
    {
        public byte[] img1 = { 0 };
        public byte[] img2 = { 0 };
        public Window1()
        {
            InitializeComponent();
            show_table_compound();
            show_table_compound_name();
            show_table_descriptors();
            show_table_structures();
            show_table_classes();
            show_table_clinical_data();
            show_table_drugs();
            MedicalBDEntities db_1 = new MedicalBDEntities();
            var query = from u in db_1.Compounds select u.Compound_identifiers;
            foreach (string item in query) { Configure_Compound.Items.Add(item); }
            var query2 = from u in db_1.Chemical_and_physical_data select u.Structures;
            foreach (string item in query2) { Configure_Chemical_and_physical_data.Items.Add(item); }
            var query3 = from u in db_1.Descriptors select u.Molecular_Descriptor;
            foreach (string item in query3) { Configure_Descriptors.Items.Add(item); }
            var query4 = from u in db_1.Expert_classification select u.Class;
            foreach (string item in query4) { Configure_Expert_Classification.Items.Add(item); }


            var query5 = from u in db_1.Additional_information select u.Clinical_Data;
            foreach (string item in query5) { Configure_Additional_Information.Items.Add(item); }
        }
        private void MenuItem_Click(object sender, RoutedEventArgs e)
        {
            this.Close();
        }
        private void MenuItem_Click_1(object sender, RoutedEventArgs e)
        {
            MainWindow patients = new MainWindow();
            patients.Show();
            this.Close();
        }
        private void Button_Click_Delete_Compound(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_Compound.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string compound = content.ToString();
                    Compound removing_compound = (from u in db.Compounds where u.Compound_identifiers == compound select u).First();
                    db.Compounds.Remove(removing_compound);
                    db.SaveChanges();
                    MessageBox.Show($"Compound {compound} was deleted");
                    show_table_compound();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the compoumd - make sure that all depended data (chemical compounds) are deleted");
                }
            }
        }
        public void show_table_compound()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Compounds;
                    dataGrid_Compound.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        public void show_table_compound_name()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Compound_name;

                    dataGrid_Compound_name.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Button_Click_Add_Compound(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Compound new_compound = new Compound();
                    new_compound.Compound_identifiers = Compound_Identifiers.Text;
                    new_compound.Compound_name = Compound_name_1.Text;
                    new_compound.SMILES_codes = SMILES_codes.Text;
                    new_compound.lnChl_Key = lnChl_Key.Text;
                    new_compound.Formula = Formula.Text;
                    new_compound.PubChem_CID = PubChem.Text;
                    new_compound.CAS_number = CAS_number.Text;
                    new_compound.DrugBank = DrugBank.Text;
                    new_compound.ChemSpider = ChemSpider.Text;
                    new_compound.ChEBl = ChEBl.Text;
                    db.Compounds.Add(new_compound);
                    db.SaveChanges();
                    show_table_compound();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Compound_Identifiers.Text = "";
                    Compound_name_1.Text = "";
                    SMILES_codes.Text = "";
                    lnChl_Key.Text = "";
                    Formula.Text = "";
                    PubChem.Text = "";
                    CAS_number.Text = "";
                    DrugBank.Text = "";
                    ChemSpider.Text = "";
                    ChEBl.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Button_Click_Add_Compound_Name(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Compound_name new_compound_name = new Compound_name();
                    new_compound_name.Compound_name1 = Compound_names.Text;
                    new_compound_name.Sulfadiazine = Sulfadiazine.Text;
                    new_compound_name.Sulfadimidine = Sulfadimidine.Text;
                    new_compound_name.Sulfafurazole = Sulfafurazole.Text;
                    new_compound_name.Sulfamethizole = Sulfamethizole.Text;
                    new_compound_name.Sulfisodimine = Sulfisodimine.Text;
                    new_compound_name.Sulfonamide = Sulfonamide.Text;
                    new_compound_name.Sulfadoxine = Sulfadoxine.Text;
                    new_compound_name.Sulfamethoxazole = Sulfamethoxazole.Text;
                    new_compound_name.Sulfamoxole = Sulfamoxole.Text;
                    new_compound_name.Sulfamethoxine = Sulfadimethoxine.Text;
                    new_compound_name.Sulfafenazol = Sulfafenazol.Text;
                    new_compound_name.Sulfalen = Sulfalen.Text;
                    new_compound_name.Sulfaperin = Sulfaperin.Text;
                    db.Compound_name.Add(new_compound_name);
                    db.SaveChanges();
                    show_table_compound_name();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.ToString());
            }
        }
        private void Button_Click_Delete_Compound_Name(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_Compound_name.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string compound_name = content.ToString();
                    Compound_name removing_compound_name = (from u in db.Compound_name where u.Compound_name1 == compound_name select u).First();
              
                    db.Compound_name.Remove(removing_compound_name);
                    db.SaveChanges();
                    show_table_compound_name();
                    MessageBox.Show($"Compound name {compound_name} was deleted");

                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before detele compound name - make sure that all related data are deleted (Chemical compound, compound information");
                }
            }
        }
        public void show_table_descriptors()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Descriptors;
                    dataGrid_Descriptors.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Button_Click_Add_Descriptor(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Descriptor new_descriptor = new Descriptor();
                    new_descriptor.Molecular_Descriptor = Molecular_Descriptor.Text;
                    new_descriptor.Constitutional_Descriptors = Convert.ToDouble(Constitutional_Descriptors.Text);
                    new_descriptor.Topological_Descriptors = Convert.ToDouble(Topological_Descriptors.Text);
                    new_descriptor.Walk_and_part_counts = Convert.ToDouble(Walk_and_part_counts.Text);
                    new_descriptor.Connectivity_indices = Convert.ToDouble(Connectivity_indices.Text);
                    new_descriptor.Information_indices = Convert.ToDouble(Information_indices.Text);
                    new_descriptor.List_of_2D_autocorrelation_indices = Convert.ToDouble(List_of_2D_autocorrelation_indices.Text);
                    new_descriptor.Edge_adjacency_indices = Convert.ToDouble(Edge_adjacency_indices.Text);
                    new_descriptor.Burden_eigenvalue_descriptors = Convert.ToDouble(Burden_eigenvalue_descriptors.Text);
                    new_descriptor.Topological_charge_indices = Convert.ToDouble(Topological_charge_indices.Text);
                    new_descriptor.Eigenvalue_based_indices = Convert.ToDouble(Eigenvalue_based_indices.Text);
                    new_descriptor.Randic_molecular_profiles = Convert.ToDouble(Randic_molecular_profiles.Text);
                    new_descriptor.Geometrical_descriptors = Convert.ToDouble(Geometrical_Descriptors.Text);
                    new_descriptor.RDF_descriptors = Convert.ToDouble(RDF_Descriptors.Text);
                    new_descriptor.C3D_MoRSE_descriptors = Convert.ToDouble(ThreeD_MoRSE_Descriptors.Text);
                    new_descriptor.WHIM_descriptors = Convert.ToDouble(WHIM_Descriptors.Text);
                    new_descriptor.GETAWAY_descriptors = Convert.ToDouble(GETAWAY_Descriptors.Text);
                    db.Descriptors.Add(new_descriptor);
                    db.SaveChanges();
                    show_table_descriptors();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Molecular_Descriptor.Text = "";
                    Constitutional_Descriptors.Text = "";
                    Topological_Descriptors.Text = "";
                    Walk_and_part_counts.Text = "";
                    Connectivity_indices.Text = "";
                    Information_indices.Text = "";
                    List_of_2D_autocorrelation_indices.Text = "";
                    Edge_adjacency_indices.Text = "";
                    Burden_eigenvalue_descriptors.Text = "";
                    Topological_charge_indices.Text = "";
                    Eigenvalue_based_indices.Text = "";
                    Randic_molecular_profiles.Text = "";
                    Geometrical_Descriptors.Text = "";
                    RDF_Descriptors.Text = "";
                    ThreeD_MoRSE_Descriptors.Text = "";
                    WHIM_Descriptors.Text = "";
                    GETAWAY_Descriptors.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show("Molecular Descriptor has string type of variable. Descriptors type - double. Use ',', for example 12,654");
            }
        }
        private void Button_Click_Delete_Descriptor(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_Descriptors.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string descriptor = content.ToString();
                    Descriptor removing_descriptor = (from u in db.Descriptors where u.Molecular_Descriptor == descriptor select u).First();
              
                    db.Descriptors.Remove(removing_descriptor);
                    db.SaveChanges();
                    show_table_descriptors();
                    MessageBox.Show($"Descriptor {descriptor} was deleted");
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the descriptor - make sure that all related data is deleted (Chemical compound)");
                }
            }
        }
        public void BtnLoadFromFile_Click(object sender, RoutedEventArgs e)
        {
            try
            {
                OpenFileDialog openFileDialog = new OpenFileDialog();
                if (openFileDialog.ShowDialog() == true)
                {
                    Uri fileUri = new Uri(openFileDialog.FileName);
                    TwoD_image.Source = new BitmapImage(fileUri);
                    byte[] img1 = File.ReadAllBytes(openFileDialog.FileName);
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message.ToString());
            }
        }
        public void Button_Click_Add_Structure(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Chemical_and_physical_data new_structure = new Chemical_and_physical_data();
                    new_structure.Structures = Structures.Text;
                    new_structure.C2D_structure = img1;
                    new_structure.C3D_structure = img2;
                    new_structure.Density = Density.Text;
                    new_structure.Molar_mass = Molar_Mass.Text;
                    db.Chemical_and_physical_data.Add(new_structure);
                    db.SaveChanges();
                    show_table_structures();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    TwoD_image.Source = null;
                    ThreeD_image.Source = null;
                    Structures.Text = "";
                    Density.Text = "";
                    Molar_Mass.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message.ToString());
            }
        }
        private void Button_Click_Delete_Structure(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_Structure.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string structure = content.ToString();
                    Chemical_and_physical_data removing_structure = (from u in db.Chemical_and_physical_data where u.Structures == structure select u).First();
                    db.Chemical_and_physical_data.Remove(removing_structure);
                    db.SaveChanges();
                    MessageBox.Show($"Structure {structure} was deleted");
                    show_table_structures();
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the chemical and physical data - make sure that all depended data (chemical compounds) are deleted");
                }
            }
        }
        public static byte[] GetPhoto(string filePath)
        {
            FileStream stream = new FileStream(
                filePath, FileMode.Open, FileAccess.Read);
            BinaryReader reader = new BinaryReader(stream);
            byte[] photo = reader.ReadBytes((int)stream.Length);
            reader.Close();
            stream.Close();
            return photo;
        }
        public void show_table_structures()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Chemical_and_physical_data;
                    dataGrid_Structure.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }

        public void BtnLoadFromFile_Click2(object sender, RoutedEventArgs e)
        {
            try
            {
                OpenFileDialog openFileDialog = new OpenFileDialog();
                if (openFileDialog.ShowDialog() == true)
                {
                    Uri fileUri = new Uri(openFileDialog.FileName);
                    ThreeD_image.Source = new BitmapImage(fileUri);
                    byte[] img2 = File.ReadAllBytes(openFileDialog.FileName);
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message.ToString());
            }
        }
        private void DataGrid_Structure_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
        }
        public void show_table_classes()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Expert_classification;
                    dataGrid_Classes.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        public void show_table_clinical_data()
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    var users = db.Additional_information;
                    dataGrid_ATC.ItemsSource = users.ToList();
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message);
            }
        }
        private void Button_Click_Add_Class(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Expert_classification new_class = new Expert_classification();
                    new_class.Class = Classes.Text;
                    new_class.short_action = Convert.ToDouble(Short_Action.Text);
                    new_class.middle_action = Convert.ToDouble(Middle_Action.Text);
                    new_class.long_action = Convert.ToDouble(Long_Action.Text);
                    new_class.super_long_action = Convert.ToDouble(Super_Long_Action.Text);
                    db.Expert_classification.Add(new_class);
                    db.SaveChanges();
                    show_table_classes();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Classes.Text = "";
                    Short_Action.Text = "";
                    Middle_Action.Text = "";
                    Long_Action.Text = "";
                    Super_Long_Action.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show("Class must be string, actions must be double, use ','");
            }
        }
        private void Button_Click_Delete_Class(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_Classes.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string classes = content.ToString();
                    Expert_classification removing_class = (from u in db.Expert_classification where u.Class == classes select u).First();
                    db.Expert_classification.Remove(removing_class);
                    db.SaveChanges();
                    show_table_classes();
                    MessageBox.Show($"Class {classes} was deleted");
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the class - make sure that all depended data (chemical compounds) are deleted");
                }
            }
        }

        private void Button_Click_Add_ATC(object sender, RoutedEventArgs e)
        {
            try
            {
                using (MedicalBDEntities db = new MedicalBDEntities())
                {
                    Additional_information new_ATC = new Additional_information();
                    new_ATC.Clinical_Data = Clinical_Data.Text;
                    new_ATC.ATC_code = ATC_code.Text;
                    db.Additional_information.Add(new_ATC);
                    db.SaveChanges();
                    show_table_clinical_data();
                    MessageBox.Show("Данные успешно загружены в базу данных!");
                    Clinical_Data.Text = "";
                    ATC_code.Text = "";
                }
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.Message.ToString());
            }
        }
        private void Button_Click_Delete_ATC(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    var cellInfo = dataGrid_ATC.SelectedCells[0];
                    var content = (cellInfo.Column.GetCellContent(cellInfo.Item) as TextBlock).Text;
                    string ATC = content.ToString();
                    Additional_information removing_ATC = (from u in db.Additional_information where u.Clinical_Data == ATC select u).First();
                   db.Additional_information.Remove(removing_ATC);
                    db.SaveChanges();
                    show_table_clinical_data();
                    MessageBox.Show($"Clinical Data {ATC} was deleted");
                }
                catch (Exception ex)
                {
                    MessageBox.Show("Before delete the additional information - make sure that all depended data (chemical compounds) are deleted");
                }
            }
        }
        private void Search_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
        }
        private void DataGrid_Descriptors_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {

        }
        private void DataGrid_Expert_Classification_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
        }
        private void DataGrid_Chemical_and_Physical_Data_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
        }
        private void DataGrid_Additional_Information_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
        }
        private void Chemical_Compound_Information_TextChanged(object sender, TextChangedEventArgs e)
        {
        }
        private void Button_Click_Drug(object sender, RoutedEventArgs e)
        {
            MedicalBDEntities db = new MedicalBDEntities();
            try
            {
                string Selected_Info = Chemical_Compound_Information.Text;
                string Selected_Compound = Configure_Compound.SelectedItem.ToString();
                string Selected_Chemical_and_Physical_Data = Configure_Chemical_and_physical_data.SelectedItem.ToString();
                string Selected_Descriptors = Configure_Descriptors.SelectedItem.ToString();
                string Selected_Additional_Information = Configure_Additional_Information.SelectedItem.ToString();
                string Selected_Expert_Classification = Configure_Expert_Classification.SelectedItem.ToString();
                Chemical_compound_information new_drug = new Chemical_compound_information();
                new_drug.Compound = Selected_Info;
                new_drug.Chemical_and_physical_data = Selected_Chemical_and_Physical_Data;
                new_drug.Compound_identifiers = Selected_Compound;
                new_drug.Descriptors = Selected_Descriptors;
                new_drug.Exspert_classification = Selected_Expert_Classification;
                new_drug.Additional_information = Selected_Additional_Information;
                db.Chemical_compound_information.Add(new_drug);
                db.SaveChanges();
                show_table_drugs();
                MessageBox.Show("Данные успешно загружены в базу данных!");
            }
            catch (Exception ex)
            {
                MessageBox.Show(ex.InnerException.Message.ToString());
                MessageBox.Show("Выберите все компоненты");
            }



        }
        public void show_table_drugs()
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
                try
                {
                   dataGrid_Drugs.ItemsSource = db.Chemical_compound_information.ToList();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.Message);
                }
        }
        private void Button_Click_Delete_Drug(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
            {
                try
                {
                    Chemical_compound_information selected_drug = (Chemical_compound_information)dataGrid_Drugs.SelectedItem;
                    int selected_drug_id = selected_drug.Id;
                    Chemical_compound_information removing_drug = (from u in db.Chemical_compound_information where u.Id == selected_drug_id select u).First();
                   
                    db.Chemical_compound_information.Remove(removing_drug);
                    db.SaveChanges();
                     MessageBox.Show($"Drug {selected_drug_id} was deleted");
                    show_table_drugs();
                }
                catch (Exception ex)
                {
                    MessageBox.Show(ex.ToString());
                }
            }
        }
        private void MenuItem_Click_2(object sender, RoutedEventArgs e)
        {
            MessageBox.Show("The program created by: Samigulina Galina Ahmetovna, Samigulina Zarina Ildusovna, Samigulin Timur Ildusovich, 2020 year");
        }

        private void Button_Click_Refresh(object sender, RoutedEventArgs e)
        {
            MedicalBDEntities db_1 = new MedicalBDEntities();
            Configure_Compound.Items.Clear();
            Configure_Chemical_and_physical_data.Items.Clear();
            Configure_Descriptors.Items.Clear();
            Configure_Expert_Classification.Items.Clear();
            Configure_Additional_Information.Items.Clear();
            var query = from u in db_1.Compounds select u.Compound_identifiers;
            foreach (string item in query) { Configure_Compound.Items.Add(item); }

            var query2 = from u in db_1.Chemical_and_physical_data select u.Structures;
            foreach (string item in query2) { Configure_Chemical_and_physical_data.Items.Add(item); }
            var query3 = from u in db_1.Descriptors select u.Molecular_Descriptor;
            foreach (string item in query3) { Configure_Descriptors.Items.Add(item); }
            var query4 = from u in db_1.Expert_classification select u.Class;
            foreach (string item in query4) { Configure_Expert_Classification.Items.Add(item); }
            var query5 = from u in db_1.Additional_information select u.Clinical_Data;
            foreach (string item in query5) { Configure_Additional_Information.Items.Add(item); }
        }
    }
}



























APPENDIX T

AnalyzeWindow.xaml.cs code listing

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;
using System.Windows;
using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
using System.Windows.Input;
using System.Windows.Media;
using System.Windows.Media.Imaging;
using System.Windows.Shapes;
namespace Ambulance
{
    /// <summary>
    /// Логика взаимодействия для AnalyzeWindow.xaml
    /// </summary>
    public partial class AnalyzeWindow : Window
    {
        public int DegreeA = 0;
        public int DegreeB = 0;
        public int DegreeC = 0;
        public int DegreeD = 0;
        public int DegreeE = 0;
        public int DegreeF = 0;
        public int DegreeG = 0;
        public int Total = 0;
        public AnalyzeWindow()
        {
            InitializeComponent();
        }
        private void Button_Click_Verdict(object sender, RoutedEventArgs e)
        {
            using (MedicalBDEntities db = new MedicalBDEntities())
              try {
                    string idnomer = ((MainWindow)Application.Current.MainWindow).Personal_ID_analyzes.Text.ToString();
                    int selected_patient_id = Convert.ToInt32(idnomer);
                    Patient_information searching_patient = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    Total = DegreeA + DegreeB + DegreeC + DegreeD + DegreeE + DegreeF + DegreeG;
            if (Total < 10) { MessageBox.Show("Малая степень отклонения здоровья пациента"); }
            else if ((Total >=10) && (Total <20)) { MessageBox.Show("Средняя степень отклонения здоровья пациента"); }
            else if ((Total >= 20) && (Total < 30)) { MessageBox.Show("Сильная степень отклонения здоровья пациента"); }
            else if ((Total >= 30) && (Total < 40)) { MessageBox.Show("Критическая степень отклонения здоровья пациента"); }
Patient_information changing_patient_data = (from u in db.Patient_information where u.Personal_ID == selected_patient_id select u).First();
                    MessageBox.Show($"Patient {changing_patient_data.Surname}`s status was updated");
                    changing_patient_data.Status = Total;
                    db.SaveChanges();
                    }
            catch (Exception ex)
            {
                    MessageBox.Show(ex.Message.ToString());
                    MessageBox.Show("Patient not found! Enter the Patient ID to the Test Results tab");
            }
        }
        private void ECG_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeA = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeA = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Pathological")
            {
                DegreeA = 2;
            }
            else if (selectedItem.Content.ToString() == "3 - Average pathology")
            {
                DegreeA = 3;
            }
            else if (selectedItem.Content.ToString() == "4 - Acute Pathology")
            {
                DegreeA = 4;
            }
        }
        private void Ultrasound_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeB = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeB = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Pathological")
            {
                DegreeB = 2;
            }

            else if (selectedItem.Content.ToString() == "3 - Average pathology")
            {
                DegreeB = 3;
            }

            else if (selectedItem.Content.ToString() == "4 - Acute Pathology")
            {
                DegreeB = 4;
            }
        }
        private void Gastroscopy_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeC = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeC = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Pathological")
            {
                DegreeC = 2;
            }

            else if (selectedItem.Content.ToString() == "3 - Average pathology")
            {
                DegreeC = 3;
            }

            else if (selectedItem.Content.ToString() == "4 - Acute Pathology")
            {
                DegreeC = 4;
            }
        }
        private void Roetgen_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeD = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeD = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Pathological")
            {
                DegreeD = 2;
            }

            else if (selectedItem.Content.ToString() == "3 - Average pathology")
            {
                DegreeD = 3;
            }

            else if (selectedItem.Content.ToString() == "4 - Acute Pathology")
            {
                DegreeD = 4;
            }
        }
        private void General_Blood_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeE = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeE = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Permissible deviation from the normal")
            {
                DegreeE = 2;
            }
            else if (selectedItem.Content.ToString() == "3 - Deviation from the normal")
            {
                DegreeE = 3;
            }
            else if (selectedItem.Content.ToString() == "4 - Pathological")
            {
                DegreeE = 4;
            }
            else if (selectedItem.Content.ToString() == "5 - Average pathology")
            {
                DegreeE = 5;
            }
            else if (selectedItem.Content.ToString() == "6 - Acute Pathology")
            {
                DegreeE = 6;
            }
                  }
        private void General_Urine_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeF = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeF = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Permissible deviation from the normal")
            {
                DegreeF = 2;
            }

            else if (selectedItem.Content.ToString() == "3 - Deviation from the normal")
            {
                DegreeF = 3;
            }
            else if (selectedItem.Content.ToString() == "4 - Pathological")
            {
                DegreeF = 4;
            }

            else if (selectedItem.Content.ToString() == "5 - Average pathology")
            {
                DegreeF = 5;
            }

            else if (selectedItem.Content.ToString() == "6 - Acute Pathology")
            {
                DegreeF = 6;
            }
        }
        private void Biomedical_SelectionChanged(object sender, SelectionChangedEventArgs e)
        {
            ComboBox comboBox = (ComboBox)sender;
            ComboBoxItem selectedItem = (ComboBoxItem)comboBox.SelectedItem;
            if (selectedItem.Content.ToString() == "0 - Reanalysis")
            {
                DegreeG = 0;
            }
            else if (selectedItem.Content.ToString() == "1 - Normal")
            {
                DegreeG = 1;
            }
            else if (selectedItem.Content.ToString() == "2 - Permissible deviation from the normal")
            {
                DegreeG = 2;
            }
            else if (selectedItem.Content.ToString() == "3 - Deviation from the normal")
            {
                DegreeG = 3;
            }
            else if (selectedItem.Content.ToString() == "4 - Pathological")
            {
                DegreeG = 4;
            }
            else if (selectedItem.Content.ToString() == "5 - Average pathology")
            {
                DegreeG = 5;
            }
            else if (selectedItem.Content.ToString() == "6 - Acute Pathology")
            {
                DegreeG = 6;
            }
        }
    }
}
























APPENDIX U

MainWindow.xaml code listing

<Window x:Class="Ambulance.MainWindow"
        xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
        xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
        xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
        xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
        xmlns:local="clr-namespace:Ambulance"
        mc:Ignorable="d"
        Title="IES-Analitycs: Patient DB" Height="700" Width="1000"   MaxHeight="700" MaxWidth="1000" MinHeight="700" MinWidth="1000"  >
    <Grid>
        <Grid.ColumnDefinitions>
            <ColumnDefinition Width="525*"/>
            <ColumnDefinition Width="304*"/>
            <ColumnDefinition Width="163*"/>
        </Grid.ColumnDefinitions>
        <Grid.RowDefinitions>
            <RowDefinition ></RowDefinition>
            <RowDefinition Height="30"></RowDefinition>
        </Grid.RowDefinitions>
        <Grid Grid.Row="0" Grid.ColumnSpan="3">
        </Grid>
        <Menu Height="25" VerticalAlignment="Top">
            <MenuItem Header="File">
                <MenuItem Header="Exit" Click="MenuItem_Click_Exit" ></MenuItem>
            </MenuItem>
            <MenuItem Header="Patient DataBase" ></MenuItem>
            <MenuItem Header="Chemical Compound DataBase" Click="MenuItem_Click_Drugs" ></MenuItem>
            <MenuItem Header="View" >
                <MenuItem Header="About the program" Click="MenuItem_Click" ></MenuItem>
            </MenuItem>
        </Menu>
        <TabControl Grid.Row="0" Grid.ColumnSpan="3" RenderTransformOrigin="0.546,0.503" Margin="0,25,0,0">
            <TabItem Header="Data Base">
                <Grid Width="900">
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="35*"/>
                        <ColumnDefinition Width="201*"/>
                        <ColumnDefinition Width="214*"/>
                    </Grid.ColumnDefinitions>
                    <Label Margin="0,37,201,519"  Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2">Patient navigation. Choosee search parameter:
                    </Label>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="10,0,260,489" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Show all patients" Click="Button_Click_Show_All" Grid.Column="2"/>
                    <ComboBox x:Name="Search" Height="30" VerticalAlignment="Top" Margin="201,37,43,0" BorderBrush="#FFAF687F" SelectionChanged="Search_SelectionChanged" Grid.Column="1">

                        <ComboBoxItem >By surname</ComboBoxItem>
                        <ComboBoxItem >By name</ComboBoxItem>
                        <ComboBoxItem >By phone number</ComboBoxItem>
                        <ComboBoxItem >By passport ID</ComboBoxItem>
                        <ComboBoxItem >By adress</ComboBoxItem>
                    </ComboBox>
                    <Label x:Name="EnterName" Margin="10,88,338,468"  Foreground="#FF701432" Visibility="Hidden" FontFamily="Constantia" Grid.ColumnSpan="2">Enter the name:</Label>
                    <Label x:Name="EnterSurname" Margin="10,88,338,468"  Foreground="#FF701432" Visibility="Hidden" FontFamily="Constantia" Grid.ColumnSpan="2">Enter the surname:</Label>
                    <Label x:Name="EnterPhone" Margin="10,88,295,468"  Foreground="#FF701432" Visibility="Hidden" FontFamily="Constantia" Grid.ColumnSpan="2">Enter the phone number:</Label>
                    <Label x:Name="EnterAdress" Margin="10,88,295,468"  Foreground="#FF701432" Visibility="Hidden" FontFamily="Constantia" Grid.ColumnSpan="2">Enter the adress:</Label>
                    <Label x:Name="EnterPassport" Margin="10,88,264,452"  Foreground="#FF701432" Visibility="Hidden" FontFamily="Constantia" Grid.ColumnSpan="2">Enter the passport:</Label>
                    <Label x:Name="Patient_Name_Status_Label" Margin="0,139,371,409" Foreground="#FF701432" FontFamily="Constantia" Visibility="Visible" Grid.ColumnSpan="2" >Patient:</Label>
                    <TextBox x:Name="Patient_Name_Status" Height="30" VerticalAlignment="Top" Margin="17,139,167,0" BorderBrush="#FFAF687F" IsReadOnly="True" Visibility="Visible" Grid.Column="1" />
                    <Button x:Name="Button_search_byname"  Background="White" Foreground="Black" Margin="259,139,66,417" FontFamily="Constantia" BorderBrush="#FFAF687F" Visibility="Visible" Content="Search" Click="PID_click_byname" Grid.Column="1"  />
                    <Button x:Name="Button_search_bysurname"  Background="White" Foreground="Black" Margin="259,139,66,417" FontFamily="Constantia" BorderBrush="#FFAF687F" Visibility="Visible" Content="Search" Click="PID_click_bysurname" Grid.Column="1"  />
                    <Button x:Name="Button_search_byadress"  Background="White" Foreground="Black" Margin="259,139,66,417" FontFamily="Constantia" BorderBrush="#FFAF687F" Visibility="Visible" Content="Search" Click="PID_click_byadress" Grid.Column="1"  />
                    <Button x:Name="Button_search_byphone"  Background="White" Foreground="Black" Margin="259,139,66,417" FontFamily="Constantia" BorderBrush="#FFAF687F" Visibility="Visible" Content="Search" Click="PID_click_byphone" Grid.Column="1"  />
                    <Button x:Name="Button_search_bypassport"  Background="White" Foreground="Black" Margin="259,139,66,417" FontFamily="Constantia" BorderBrush="#FFAF687F" Visibility="Visible" Content="Search" Click="PID_click_bypassport" Grid.Column="1"  />
                    <Label x:Name="Status_Label" Margin="364,139,365,409" Foreground="#FF701432" FontFamily="Constantia" Visibility="Visible" Grid.ColumnSpan="2" Grid.Column="1" >Patient Status:</Label>
                    <TextBox x:Name="Status" Height="30" VerticalAlignment="Top" Margin="79,139,43,0" BorderBrush="#FFAF687F" IsReadOnly="True" Visibility="Visible" Grid.Column="2" />
                    <TextBox x:Name="ByName" Height="30" VerticalAlignment="Top" Margin="107,88,90,0" BorderBrush="#FFAF687F" Visibility="Hidden" Grid.Column="1" />
                    <TextBox x:Name="BySurname" Height="30" VerticalAlignment="Top" Margin="107,88,90,0" BorderBrush="#FFAF687F" Visibility="Hidden" Grid.Column="1" />
                    <TextBox x:Name="ByPhone" Height="30" VerticalAlignment="Top" Margin="107,88,90,0" BorderBrush="#FFAF687F" Visibility="Hidden" Grid.Column="1" />
                    <TextBox x:Name="ByPassport" Height="30" VerticalAlignment="Top" Margin="107,88,90,0" BorderBrush="#FFAF687F" Visibility="Hidden" Grid.Column="1" />
                    <TextBox x:Name="ByAdress" Height="30" VerticalAlignment="Top" Margin="107,88,90,0" BorderBrush="#FFAF687F" Visibility="Hidden" Grid.Column="1" />
                    <DataGrid x:Name="dataGrid6"  HorizontalAlignment="Left" Height="323" VerticalAlignment="Top" Width="932"  AutoGenerateColumns="True" Margin="0,182,-32,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"   ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Grid.ColumnSpan="3" SelectionChanged="DataGrid6_SelectionChanged" />
                </Grid>
            </TabItem>
            <TabItem Header="Patient Information ">
                <Grid Width="428"  HorizontalAlignment="Left">
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="96*"/>
                        <ColumnDefinition Width="11*"/>
                    </Grid.ColumnDefinitions>
                    <Label Margin="40,10,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2">Name:</Label>
                    <TextBox   x:Name="Name" Width="200" Height="30" VerticalAlignment="Top" Margin="134,10,50,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F">
                    </TextBox>
                    <Label Margin="40,50,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Midname:</Label>
                    <TextBox x:Name="Midname" Width="200" Height="30" VerticalAlignment="Top" Margin="134,50,50,0" BorderBrush="#FFAF687F">
                    </TextBox>
                    <Label Margin="40,90,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Surname:</Label>
                    <TextBox x:Name="Surname" Width="200" Height="30" VerticalAlignment="Top" Margin="134,90,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Label Margin="40,130,0,0"  Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2">Gender
                    </Label>
                    <ComboBox x:Name="Gender" Width="200" Height="30" VerticalAlignment="Top" Margin="134,130,50,0" BorderBrush="#FFAF687F">
                        <ComboBoxItem IsSelected="True">Female</ComboBoxItem>
                        <ComboBoxItem >Male</ComboBoxItem>
                    </ComboBox>
                    <Label Margin="40,170,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Adress:</Label>
                    <TextBox x:Name="Adress" Width="200" Height="30" VerticalAlignment="Top" Margin="134,170,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                   <Label Margin="40,210,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Passport ID:</Label>
                    <TextBox x:Name="Passport_ID" Width="200" Height="30" VerticalAlignment="Top" Margin="134,210,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Label Margin="40,250 ,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Date of birth:</Label>
                    <DatePicker x:Name="Date_of_birth" HorizontalAlignment="Left" Margin="135,250,0,0" VerticalAlignment="Top" Width="199"/>
                    <Label Margin="40,290,0,0" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Phone number:</Label>
                    <TextBox x:Name="Telephone" Width="200" Height="30" VerticalAlignment="Top" Margin="134,290,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Label Margin="40,330,0,221" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Working place:</Label>
                    <TextBox x:Name="Place_of_work" Width="200" Height="30" VerticalAlignment="Top" Margin="134,330,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Label Margin="40,370,0,131" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Profession:</Label>
                    <TextBox x:Name="Proffecion_affilation" Width="200" Height="30" VerticalAlignment="Top" Margin="134,370,50,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Label Margin="40,410,0,136" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Blood Type:</Label>
                    <ComboBox x:Name="Blood_Type" Width="200" Height="30" VerticalAlignment="Top" Margin="134,410,50,0" BorderBrush="#FFAF687F">
                        <ComboBoxItem IsSelected="True">group A</ComboBoxItem>
                        <ComboBoxItem >group B</ComboBoxItem>
                        <ComboBoxItem >group O</ComboBoxItem>
                        <ComboBoxItem >group AB</ComboBoxItem>
                    </ComboBox>
                    <Label Margin="40,450,263,131" Foreground="#FF701432" FontFamily="Constantia" >Rh factor:</Label>
                    <RadioButton Margin="135,455,88,136" x:Name="Positive" Background="#FFE27483" Foreground="#FF701432">Positive</RadioButton>
                    <RadioButton Margin="200,455,0,136" x:Name="Negative" IsChecked="True" Background="#FFE27483" Foreground="#FF701432" Grid.ColumnSpan="2">Negative</RadioButton>

                    <Label Margin="40,460,240,96" Foreground="#FF701432" FontFamily="Constantia" RenderTransformOrigin="0.5,-0.3" >Allergic Reactions:</Label>
                    <TextBox x:Name="Allergic_reactions" Width="200" Height="30" VerticalAlignment="Top" Margin="149,460,35,0" BorderBrush="#FFAF687F" >
                    </TextBox>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="149,510,63,12" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add patient to DB" Click="Button_Click"/>
                    <DataGrid x:Name="dataGrid1"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="552"  AutoGenerateColumns="True" Margin="10,10,-518,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True" 
      ScrollViewer.VerticalScrollBarVisibility="Auto"
      ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Grid.Column="1" />
                    <Button MaxHeight="40" x:Name="delete_button" Content="Delete Patient from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="173" Margin="44,522,-173,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="64" BorderBrush="#FFAF687F" Click="delete_button_clicked" Grid.Column="1"/>
                </Grid>
            </TabItem>
            <TabItem Header="Annual Clinical Examination">
                <Grid Width="428"  HorizontalAlignment="Left">
                    <Label Margin="30,14,10,10" Foreground="#FF701432" FontFamily="Constantia" >Personal ID:</Label>
                    <TextBox x:Name="Personal_ID_examination" Height="30" VerticalAlignment="Top" Margin="139,14,104,0" BorderBrush="#FFAF687F"  />
                    <Button  Background="White" Foreground="Black" Margin="335,14,10,542" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Search" Click="PID_click_annual"  />
                    <Label Margin="30,71,10,-47" Foreground="#FF701432" FontFamily="Constantia" >Patient:</Label>
                    <TextBox x:Name="Patient_Name" Height="30" VerticalAlignment="Top" Margin="139,71,10,0" BorderBrush="#FFAF687F" IsReadOnly="True" />
                    <Label Margin="30,135,10,-111" Foreground="#FF701432" FontFamily="Constantia" >Date of Examination:</Label>
                    <DatePicker x:Name="Date" HorizontalAlignment="Left" Margin="167,135,0,0" VerticalAlignment="Top" Width="199"/>
                    <Label Margin="30,182,10,-158" Foreground="#FF701432" FontFamily="Constantia" RenderTransformOrigin="0.508,0.583" >Final Diagnoses:</Label>
                    <TextBox x:Name="Final_diagnoses" TextWrapping="Wrap" Height="216" VerticalAlignment="Top" Margin="139,182,10,0" BorderBrush="#FFAF687F" TextChanged="Final_diagnoses_TextChanged" />
                    <Button x:Name="Add_diagnose" Background="White" Foreground="Black" Margin="30,415,10,134" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add diagnose to DB" Click="Add_diagnose_Click_1"  />
                   <DataGrid x:Name="dataGrid2"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="522"  AutoGenerateColumns="True" Margin="453,14,-547,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                    <Button x:Name="Delete_diagnose" Background="White" Foreground="Black" Margin="506,532,-466,22" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Diagnose from DB" Click="Delete_diagnose_Click"  />
                </Grid>
            </TabItem>
            <TabItem Header="Test Results">
                <Grid Width="428"  HorizontalAlignment="Left">
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="69*"/>
                        <ColumnDefinition Width="145*"/>
                    </Grid.ColumnDefinitions>
                    <Label Margin="30,14,10,10" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Personal ID:</Label>
                    <TextBox x:Name="Personal_ID_analyzes" Height="30" VerticalAlignment="Top" Margin="1,14,114,0" BorderBrush="#FFAF687F" Grid.Column="1" />
                    <Button  Background="White" Foreground="Black" Margin="181,14,10,542" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Search" Click="PID_click_test" Grid.Column="1"  />
                    <Label Margin="30,49,10,-25" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Patient:</Label>
                    <TextBox x:Name="Patient_Name_Test" Height="30" VerticalAlignment="Top" Margin="1,49,10,0" BorderBrush="#FFAF687F" IsReadOnly="True" Grid.Column="1" />
                    <Label Margin="30,96,10,-72" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Ultrasound results:</Label>
                    <TextBox x:Name="Ultrasounds_results" Height="30" VerticalAlignment="Top" Margin="0,96,10,0" BorderBrush="#FFAF687F"  HorizontalAlignment="Right" Width="279" RenderTransformOrigin="0.487,-3.033" Grid.Column="1" />
                    <Label Margin="30,140,10,-116" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >ECG:</Label>
                    <TextBox x:Name="ECG" Height="30" VerticalAlignment="Top" Margin="1,140,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label Margin="30,184,10,-160" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Gastroscopy:</Label>
                    <TextBox x:Name="Gastroscopy" Height="30" VerticalAlignment="Top" Margin="1,184,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label Margin="30,228,10,-204" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Roentgen:</Label>
                    <TextBox x:Name="Roentgen" Height="30" VerticalAlignment="Top" Margin="1,228,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label Margin="30,272,10,-248" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Spirometry:</Label>
                    <TextBox x:Name="Spirometry" Height="30" VerticalAlignment="Top" Margin="1,272,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label Margin="30,322,10,-298" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >General Blood Analysis:</Label>
                    <TextBox x:Name="General_Blood_Analysis" Height="49" VerticalAlignment="Top" Margin="34,322,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                   <Label Margin="30,386,10,150" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >General Urine Analysis:</Label>
                    <TextBox x:Name="General_Urine_Analysis" Height="50" VerticalAlignment="Top" Margin="34,386,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label  Margin="30,455,278,87" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Biomechanical Blood</Label>
                    <Label  Margin="30,470,300,110" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Analysis:</Label>
                    <TextBox x:Name="Biomechanical_Blood_Analysis" Height="42" VerticalAlignment="Top" Margin="34,455,10,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Button x:Name="Add_analyzes" Background="White" Foreground="Black" Margin="30,529,214,19" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add analyzes to DB" Click="Add_analyzes_Click_1" Grid.ColumnSpan="2"  />
                    <Button x:Name="Analyze" Background="White" Foreground="Black" Margin="115,529,0,19" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Analyze" Click="Add_analyze_Click" Grid.ColumnSpan="1" Grid.Column="1"  />
                    <DataGrid x:Name="dataGrid3"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="522"  AutoGenerateColumns="True" Margin="315,14,-547,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Grid.Column="1"  />
                    <Button x:Name="Delete_analyzes" Background="White" Foreground="Black" Margin="368,532,-466,19" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Selected Analyzes from DB" Click="Delete_analyzes_Click" Grid.Column="1"  />
                </Grid>
            </TabItem>
            <TabItem Header="Dispensary surveillance">
                <Grid Width="428"  HorizontalAlignment="Left">
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="137*"/>
                        <ColumnDefinition Width="247*"/>
                        <ColumnDefinition Width="44*"/>
                    </Grid.ColumnDefinitions>
                    <Grid.RowDefinitions>
                        <RowDefinition Height="200*"></RowDefinition>
                    </Grid.RowDefinitions>
                    <Label Margin="30,14,23,542" Foreground="#FF701432" FontFamily="Constantia" >Personal ID:</Label>
                    <TextBox  x:Name="Personal_ID_Dispensary" Height="30" VerticalAlignment="Top" Margin="125,14,69,0" BorderBrush="#FFAF687F"  Grid.ColumnSpan="2" />
                    <Button  Background="White" Foreground="Black" Margin="190,14,1,542" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Search" Click="PID_click_dispensary" Grid.Column="1"  />
                    <Label Margin="30,49,27,507" Foreground="#FF701432" FontFamily="Constantia" >Patient:</Label>
                    <TextBox x:Name="Patient_Name_Dispensary" Height="30" VerticalAlignment="Top" Margin="125,49,1,0" BorderBrush="#FFAF687F" IsReadOnly="True" Grid.ColumnSpan="2" />
                   <Label Margin="30,106,175,451" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Date of Dispensary Surveillance:</Label>
                    <DatePicker x:Name="Date_Dispensary" HorizontalAlignment="Left" Margin="77,105,0,0" VerticalAlignment="Top" Width="170" Grid.Column="1"/>
                    <Label  Margin="30,170,229,376" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >Registration Reason:</Label>
                    <TextBox x:Name="Regisration_reason" Height="69" VerticalAlignment="Top" Margin="38,165,0,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Label  Margin="30,250,222,304" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2" >De-registration Reason:</Label>
                    <TextBox x:Name="De_regisration_reason" Height="69" VerticalAlignment="Top" Margin="37,250,1,0" BorderBrush="#FFAF687F" Grid.Column="1"  />
                    <Button x:Name="Add_dispensary" Background="White" Foreground="Black"  FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Dispensary Surveillance to DB" Click="Add_dispensary_Click_1" Margin="103,360,69,187" Grid.ColumnSpan="2"  />
                   <DataGrid x:Name="dataGrid4"  HorizontalAlignment="Left" Width="492"   AutoGenerateColumns="True" Margin="54,14,-502,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Height="436" VerticalAlignment="Top" Grid.Column="2" />
                    <Button x:Name="Delete_dispensary" Width="220" Background="White" Foreground="Black" Margin="186,477,-362,69" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Dispensary Survaillance from DB" Click="Delete_dispensary_Click" Grid.Column="2"  />
                </Grid>
            </TabItem>
            <TabItem Header="Insurance">
                <Grid>
                    <Label  Foreground="#FF701432" FontFamily="Constantia" Margin="36,32,837,521" >Personal ID:</Label>
                    <TextBox  x:Name="Personal_ID_Insurance" Height="30" VerticalAlignment="Top" Margin="178,35,662,0" BorderBrush="#FFAF687F"  />
                    <Button  Background="White" Foreground="Black" Margin="336,35,585,521" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Search" Click="PID_click_insurance"  />
                    <Label Margin="36,72,868,484" Foreground="#FF701432" FontFamily="Constantia" >Patient:</Label>
                    <TextBox x:Name="Patient_Name_Insurance" Height="30" VerticalAlignment="Top" Margin="178,72,585,0" BorderBrush="#FFAF687F" IsReadOnly="True" />
                    <Label Margin="36,125,796,431" Foreground="#FF701432" FontFamily="Constantia" >Insurance policy number:</Label>
                    <TextBox x:Name="Insurance_policy_number" Height="30" VerticalAlignment="Top" Margin="178,125,585,0" BorderBrush="#FFAF687F"  />
                    <Label Margin="36,180,796,376" Foreground="#FF701432" FontFamily="Constantia" >Type of insurance:</Label>
                    <TextBox x:Name="Type_of_insurance" Height="30" VerticalAlignment="Top" Margin="178,180,585,0" BorderBrush="#FFAF687F"  />
                    <Label Margin="36,231,796,325" Foreground="#FF701432" FontFamily="Constantia" >Name of insurance:</Label>
                    <TextBox x:Name="Name_of_insurance" Height="30" VerticalAlignment="Top" Margin="178,231,585,0" BorderBrush="#FFAF687F"  />
                    <Button x:Name="Add_insurance" Background="White" Foreground="Black"  FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Insurance to DB" Click="Add_insurance_Click_1" Margin="83,322,625,226"  />
                    <DataGrid x:Name="dataGrid5"  HorizontalAlignment="Left" Width="492"   AutoGenerateColumns="True" Margin="467,10,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Height="436" VerticalAlignment="Top" />
                    <Button x:Name="Delete_insurance" Background="White" Foreground="Black" Margin="594,471,164,82" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Insurance from DB" Click="Delete_insurance_Click"  />
                </Grid>
            </TabItem>
        </TabControl>
    </Grid>
</Window>

















APPENDIX V

Drugs.xaml code listing

<Window x:Class="Ambulance.Window1"
        xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
        xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
        xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
        xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
        xmlns:local="clr-namespace:Ambulance"
        mc:Ignorable="d"
        Title="IES-Analitycs: Compound DB" Height="700" Width="1000"   MaxHeight="700" MaxWidth="1000" MinHeight="700" MinWidth="1000" >
    <Grid>
        <Menu Height="25" VerticalAlignment="Top">
            <MenuItem Header="File">
                <MenuItem Header="Exit" Click="MenuItem_Click"  ></MenuItem>
            </MenuItem>
            <MenuItem Header="Patient DataBase" Click="MenuItem_Click_1" ></MenuItem>
            <MenuItem Header="Chemical Compound DataBase" ></MenuItem>
            <MenuItem Header="View" >
                <MenuItem Header="About the program" Click="MenuItem_Click_2"></MenuItem>
            </MenuItem>
        </Menu>
        <TabControl Grid.Row="0" RenderTransformOrigin="0.546,0.503" Margin="0,25,0,-25">
            <TabItem Header="Configure Chemical Compound">
                <Grid>
                    <Grid.ColumnDefinitions>
                        <ColumnDefinition Width="31*"/>
                        <ColumnDefinition Width="110*"/>
                    </Grid.ColumnDefinitions>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="36.5,321,542,225" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Refresh List of the Components" Click="Button_Click_Refresh" Grid.Column="1"/>
                    <Button  x:Name="add_Drug" MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="59,509,594,37" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add drug to DB" Click="Button_Click_Drug" Grid.ColumnSpan="2"/>
                    <DataGrid x:Name="dataGrid_Drugs"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="465"  AutoGenerateColumns="True" Margin="267.5,17,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" Grid.Column="1" />
                    <Button MaxHeight="40" x:Name="delete_Drug" Content="Delete Drug from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="342" Margin="310.5,535,0,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="45" BorderBrush="#FFAF687F" Click="Button_Click_Delete_Drug" Grid.Column="1"/>

                    <Label Margin="34,28,718,576" Foreground="#FF701432" FontFamily="Constantia" Grid.ColumnSpan="2">Chemical Compound Information:</Label>
                    <TextBox   x:Name="Chemical_Compound_Information" Height="30" VerticalAlignment="Top" Margin="56.5,28,542,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F" TextChanged="Chemical_Compound_Information_TextChanged" Grid.Column="1"/>
                    <Label Margin="34,81,51.5,521"  Foreground="#FF701432" FontFamily="Constantia" Content="Configure Compound:"/>
                    <ComboBox x:Name="Configure_Compound" Height="30" VerticalAlignment="Top" Margin="56.5,81,542,0" BorderBrush="#FFAF687F" SelectionChanged="DataGrid_Structure_SelectionChanged" Grid.Column="1"></ComboBox>
                    <Label Margin="34,133,704,469"  Foreground="#FF701432" FontFamily="Constantia" Content="Configure Chemical and Physical Data:" Grid.ColumnSpan="2"/>
                    <ComboBox x:Name="Configure_Chemical_and_physical_data" Height="30" VerticalAlignment="Top" Margin="56.5,133,542,0" BorderBrush="#FFAF687F" SelectionChanged="DataGrid_Chemical_and_Physical_Data_SelectionChanged" Grid.Column="1"></ComboBox>
                    <Label Margin="34,188,704,414"  Foreground="#FF701432" FontFamily="Constantia" Content="Configure Descriptors:" Grid.ColumnSpan="2"/>
                    <ComboBox x:Name="Configure_Descriptors" Height="30" VerticalAlignment="Top" Margin="56.5,188,542,0" BorderBrush="#FFAF687F" SelectionChanged="DataGrid_Descriptors_SelectionChanged" Grid.Column="1"></ComboBox>
                    <Label Margin="34,237,704,365"  Foreground="#FF701432" FontFamily="Constantia" Content="Configure Expert Classification:" Grid.ColumnSpan="2"/>
                    <ComboBox x:Name="Configure_Expert_Classification" Height="30" VerticalAlignment="Top" Margin="56.5,237,542,0" BorderBrush="#FFAF687F" SelectionChanged="DataGrid_Expert_Classification_SelectionChanged" Grid.Column="1"></ComboBox>
                    <Label Margin="34,291,704,311"  Foreground="#FF701432" FontFamily="Constantia" Content="Configure Additional Information:" Grid.ColumnSpan="2"/>
                    <ComboBox x:Name="Configure_Additional_Information" Height="30" VerticalAlignment="Top" Margin="56.5,291,542,0" BorderBrush="#FFAF687F" SelectionChanged="DataGrid_Additional_Information_SelectionChanged" Grid.Column="1"></ComboBox>
                </Grid>
            </TabItem>
            <TabItem Header="Compound">
                <Grid>
                    <Label Margin="17,21,814,583" Foreground="#FF701432" FontFamily="Constantia">Compound Identifiers:</Label>
                    <TextBox   x:Name="Compound_Identifiers" Height="30" VerticalAlignment="Top" Margin="155,17,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,58,843,547" Foreground="#FF701432" FontFamily="Constantia">Compound name:</Label>
                    <TextBox   x:Name="Compound_name_1" Height="30" VerticalAlignment="Top" Margin="155,58,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>

                    <Label Margin="17,99,843,506" Foreground="#FF701432" FontFamily="Constantia">SMILES codes:</Label>
                    <TextBox   x:Name="SMILES_codes" Height="30" VerticalAlignment="Top" Margin="155,99,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,141,843,464" Foreground="#FF701432" FontFamily="Constantia">lnChl Key:</Label>
                    <TextBox   x:Name="lnChl_Key" Height="30" VerticalAlignment="Top" Margin="155,141,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,183,843,422" Foreground="#FF701432" FontFamily="Constantia">Formula:</Label>
                    <TextBox   x:Name="Formula" Height="30" VerticalAlignment="Top" Margin="155,183,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,224,843,381" Foreground="#FF701432" FontFamily="Constantia">PubChem:</Label>
                    <TextBox   x:Name="PubChem" Height="30" VerticalAlignment="Top" Margin="155,224,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,265,843,340" Foreground="#FF701432" FontFamily="Constantia">CAS number:</Label>
                    <TextBox   x:Name="CAS_number" Height="30" VerticalAlignment="Top" Margin="155,265,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,306,843,299" Foreground="#FF701432" FontFamily="Constantia">Drug Bank:</Label>
                    <TextBox   x:Name="DrugBank" Height="30" VerticalAlignment="Top" Margin="155,306,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,355,843,250" Foreground="#FF701432" FontFamily="Constantia">Chem Spider:</Label>
                    <TextBox   x:Name="ChemSpider" Height="30" VerticalAlignment="Top" Margin="155,349,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="17,391,843,214" Foreground="#FF701432" FontFamily="Constantia">ChEBl:</Label>
                    <TextBox   x:Name="ChEBl" Height="30" VerticalAlignment="Top" Margin="155,390,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="64,512,589,34" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Compound to DB" Click="Button_Click_Add_Compound"/>
                    <DataGrid x:Name="dataGrid_Compound"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="552"  AutoGenerateColumns="True" Margin="397,17,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                    <Button MaxHeight="40" x:Name="delete_button" Content="Delete Compound from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="342" Margin="527,535,0,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="45" BorderBrush="#FFAF687F" Click="Button_Click_Delete_Compound"/>
                </Grid>
            </TabItem>
            <TabItem Header="Chemical and physical data">
                <Grid>
                    <Rectangle Fill="#FFF4F4F5" HorizontalAlignment="Left" Height="146" Margin="43,180,0,0" Stroke="Black" VerticalAlignment="Top" Width="163"/>
                    <Rectangle Fill="#FFF4F4F5" HorizontalAlignment="Left" Height="146" Margin="43,345,0,0" Stroke="Black" VerticalAlignment="Top" Width="163"/>
                    <Label Margin="43,30,815,581" Foreground="#FF701432" FontFamily="Constantia" Content="Structures:"/>
                    <TextBox   x:Name="Structures" Height="30" VerticalAlignment="Top" Margin="152,30,630,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="43,81,815,530" Foreground="#FF701432" FontFamily="Constantia" Content="Molar Mass:"/>
                    <TextBox   x:Name="Molar_Mass" Height="30" VerticalAlignment="Top" Margin="152,81,630,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="43,135,815,476" Foreground="#FF701432" FontFamily="Constantia" Content="Density:"/>
                    <TextBox   x:Name="Density" Height="30" VerticalAlignment="Top" Margin="152,135,630,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="59,509,594,37" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Structure to DB" Click="Button_Click_Add_Structure"/>
                    <DataGrid x:Name="dataGrid_Structure"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="552"  AutoGenerateColumns="True" Margin="397,17,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" SelectionChanged="DataGrid_Structure_SelectionChanged" />
                    <Button MaxHeight="40" x:Name="delete_button_structure" Content="Delete Structure from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="342" Margin="527,535,0,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="45" BorderBrush="#FFAF687F" Click="Button_Click_Delete_Structure"/>
                    <Label Margin="222,180,630,431" Foreground="#FF701432" FontFamily="Constantia" Content="2D Structure:"/>
                    <Image x:Name="TwoD_image" Margin="59,191,797,327"  />
                    <Button Name="btnLoadFromFile" Margin="222,214,630,397" Click="BtnLoadFromFile_Click">Load from File...</Button>
                    <Label Margin="222,345,630,266" Foreground="#FF701432" FontFamily="Constantia" Content="3D Structure:"/>
                    <Image x:Name="ThreeD_image" Margin="59,359,797,159"  />
                    <Button Name="btnLoadFromFile2" Margin="222,380,630,231" Click="BtnLoadFromFile_Click2">Load from File...</Button>
                </Grid>
            </TabItem>
            <TabItem Header="Additional Information">
                <Grid>
                    <Label Margin="44,39,856,572" Foreground="#FF701432" FontFamily="Constantia" Content="Clinical Data:"/>
                    <TextBox   x:Name="Clinical_Data" Height="30" VerticalAlignment="Top" Margin="193,39,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="44,88,856,523" Foreground="#FF701432" FontFamily="Constantia" Content="ATC code:"/>
                    <TextBox   x:Name="ATC_code" Height="30" VerticalAlignment="Top" Margin="193,88,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="59,509,594,37" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Clinical Data to DB" Click="Button_Click_Add_ATC"/>
                    <DataGrid x:Name="dataGrid_ATC"  HorizontalAlignment="Left" Height="460" VerticalAlignment="Top" Width="552"  AutoGenerateColumns="True" Margin="397,17,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                    <Button MaxHeight="40" x:Name="delete_button_ATC" Content="Delete Clinical Data from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="342" Margin="527,535,0,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="45" BorderBrush="#FFAF687F" Click="Button_Click_Delete_ATC"/>
                </Grid>
            </TabItem>
            <TabItem Header="Expert Classification">
                <Grid>
                    <Label Margin="44,39,856,572" Foreground="#FF701432" FontFamily="Constantia" Content="Class name:"/>
                    <TextBox   x:Name="Classes" Height="30" VerticalAlignment="Top" Margin="193,39,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="44,88,856,523" Foreground="#FF701432" FontFamily="Constantia" Content="Short Action:"/>
                    <TextBox   x:Name="Short_Action" Height="30" VerticalAlignment="Top" Margin="193,88,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="44,134,856,477" Foreground="#FF701432" FontFamily="Constantia" Content="Middle Action:"/>
                    <TextBox   x:Name="Middle_Action" Height="30" VerticalAlignment="Top" Margin="193,134,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                   <Label Margin="44,185,856,426" Foreground="#FF701432" FontFamily="Constantia" Content="Long Action:"/>
                    <TextBox   x:Name="Long_Action" Height="30" VerticalAlignment="Top" Margin="192,185,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="44,234,809,377" Foreground="#FF701432" FontFamily="Constantia" Content="Super Long Action:"/>
                    <TextBox   x:Name="Super_Long_Action" Height="30" VerticalAlignment="Top" Margin="192,234,604,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="59,509,594,37" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Class to DB" Click="Button_Click_Add_Class"/>
                    <DataGrid x:Name="dataGrid_Classes"  HorizontalAlignment="Left" Height="472" VerticalAlignment="Top" Width="532"  AutoGenerateColumns="True" Margin="417,17,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True"  ScrollViewer.VerticalScrollBarVisibility="Auto"  ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                    <Button MaxHeight="40" x:Name="delete_button_class" Content="Delete Class from DB" HorizontalAlignment="Left" VerticalAlignment="Top" Width="342" Margin="527,535,0,0" Background="White" RenderTransformOrigin="-0.107,0.4" Height="45" BorderBrush="#FFAF687F" Click="Button_Click_Delete_Class"/>
                </Grid>
            </TabItem>
            <TabItem Header="Compound name">
                <Grid>
                    <Label Margin="40,17,847,587" Foreground="#FF701432" FontFamily="Constantia">Sulfadiazine:</Label>
                    <TextBox   x:Name="Sulfadiazine" Height="30" VerticalAlignment="Top" Margin="156,17,639,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="391,17,466,587" Foreground="#FF701432" FontFamily="Constantia">Compound name:</Label>
                    <TextBox   x:Name="Compound_names" Height="30" VerticalAlignment="Top" Margin="525,17,215,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,52,855,553" Foreground="#FF701432" FontFamily="Constantia">Sulfadimidine:</Label>
                    <TextBox   x:Name="Sulfadimidine" Height="30" VerticalAlignment="Top" Margin="155,52,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,93,855,514" Foreground="#FF701432" FontFamily="Constantia">Sulfafurazole:</Label>
                    <TextBox   x:Name="Sulfafurazole" Height="30" VerticalAlignment="Top" Margin="155,91,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,132,855,473" Foreground="#FF701432" FontFamily="Constantia">Sulfamethizole:</Label>
                    <TextBox   x:Name="Sulfamethizole" Height="30" VerticalAlignment="Top" Margin="155,132,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,173,836,434" Foreground="#FF701432" FontFamily="Constantia">Sulfamethoxazole:</Label>
                    <TextBox   x:Name="Sulfamethoxazole" Height="30" VerticalAlignment="Top" Margin="155,171,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,212,836,393" Foreground="#FF701432" FontFamily="Constantia">Sulfisodimine:</Label>
                    <TextBox   x:Name="Sulfisodimine" Height="30" VerticalAlignment="Top" Margin="155,210,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,253,836,353" Foreground="#FF701432" FontFamily="Constantia">Sulfonamide:</Label>
                    <TextBox   x:Name="Sulfonamide" Height="30" VerticalAlignment="Top" Margin="155,251,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,293,836,308" Foreground="#FF701432" FontFamily="Constantia">Sulfacetamide:</Label>
                    <TextBox   x:Name="Sulfacetamide" Height="30" VerticalAlignment="Top" Margin="155,293,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,338,836,268" Foreground="#FF701432" FontFamily="Constantia">Sulfadoxine:</Label>
                    <TextBox   x:Name="Sulfadoxine" Height="30" VerticalAlignment="Top" Margin="155,338,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,378,836,226" Foreground="#FF701432" FontFamily="Constantia">Sulfamoxole:</Label>
                    <TextBox   x:Name="Sulfamoxole" Height="30" VerticalAlignment="Top" Margin="155,378,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,420,836,184" Foreground="#FF701432" FontFamily="Constantia">Sulfadimethoxine:</Label>
                    <TextBox   x:Name="Sulfadimethoxine" Height="30" VerticalAlignment="Top" Margin="156,420,639,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,462,836,145" Foreground="#FF701432" FontFamily="Constantia">Sulfafenazol:</Label>
                    <TextBox   x:Name="Sulfafenazol" Height="30" VerticalAlignment="Top" Margin="155,460,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,501,836,106" Foreground="#FF701432" FontFamily="Constantia">Sulfalen:</Label>
                    <TextBox   x:Name="Sulfalen" Height="30" VerticalAlignment="Top" Margin="155,501,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,540,836,71" Foreground="#FF701432" FontFamily="Constantia">Sulfaperin:</Label>
                    <TextBox   x:Name="Sulfaperin" Height="30" VerticalAlignment="Top" Margin="155,540,640,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="53,576,673,20" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Compound to DB" Click="Button_Click_Add_Compound_Name" RenderTransformOrigin="0.5,0.5">
                    </Button>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="434,576,292,20" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Compound from DB" Click="Button_Click_Delete_Compound_Name" RenderTransformOrigin="0.5,0.5"></Button>
                    <DataGrid x:Name="dataGrid_Compound_name"  HorizontalAlignment="Left" Height="500" VerticalAlignment="Top" Width="552"  AutoGenerateColumns="True" Margin="391,67,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True" 
      ScrollViewer.VerticalScrollBarVisibility="Auto"
      ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                </Grid>
            </TabItem>
            <TabItem Header="Descriptors">
                <Grid>
                    <Label Margin="40,66,775,535" Foreground="#FF701432" FontFamily="Constantia">Geometrical Descriptors:</Label>
                    <TextBox   x:Name="Geometrical_Descriptors" Height="30" VerticalAlignment="Top" Margin="216,66,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="500,26,315,575" Foreground="#FF701432" FontFamily="Constantia">Constitutional Descriptors:</Label>
                    <TextBox   x:Name="Constitutional_Descriptors" Height="30" VerticalAlignment="Top" Margin="686,26,59,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="500,66,315,535" Foreground="#FF701432" FontFamily="Constantia">RDF Descriptors:</Label>
                    <TextBox   x:Name="RDF_Descriptors" Height="30" VerticalAlignment="Top" Margin="686,66,59,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="500,111,315,490" Foreground="#FF701432" FontFamily="Constantia">3D-MoRSE Descriptors:</Label>
                    <TextBox   x:Name="ThreeD_MoRSE_Descriptors" Height="30" VerticalAlignment="Top" Margin="686,111,59,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="500,156,315,445" Foreground="#FF701432" FontFamily="Constantia">WHIM Descriptors:</Label>
                    <TextBox   x:Name="WHIM_Descriptors" Height="30" VerticalAlignment="Top" Margin="686,152,59,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="500,194,315,407" Foreground="#FF701432" FontFamily="Constantia">GETAWAY Descriptors:</Label>
                    <TextBox   x:Name="GETAWAY_Descriptors" Height="30" VerticalAlignment="Top" Margin="686,194,59,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,26,775,575" Foreground="#FF701432" FontFamily="Constantia">Molecular Descriptor:</Label>
                    <TextBox   x:Name="Molecular_Descriptor" Height="30" VerticalAlignment="Top" Margin="216,26,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,111,775,490" Foreground="#FF701432" FontFamily="Constantia">Topological Descriptors:</Label>
                    <TextBox   x:Name="Topological_Descriptors" Height="30" VerticalAlignment="Top" Margin="216,111,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,151,775,450" Foreground="#FF701432" FontFamily="Constantia">Walk and part counts:</Label>
                    <TextBox   x:Name="Walk_and_part_counts" Height="30" VerticalAlignment="Top" Margin="216,152,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,196,775,405" Foreground="#FF701432" FontFamily="Constantia">Connectivity indices:</Label>
                    <TextBox   x:Name="Connectivity_indices" Height="30" VerticalAlignment="Top" Margin="216,194,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,236,775,365" Foreground="#FF701432" FontFamily="Constantia">Information indices:</Label>
                    <TextBox   x:Name="Information_indices" Height="30" VerticalAlignment="Top" Margin="216,236,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,281,756,320" Foreground="#FF701432" FontFamily="Constantia">List of 2D autocorrelation indices:</Label>
                    <TextBox   x:Name="List_of_2D_autocorrelation_indices" Height="30" VerticalAlignment="Top" Margin="235,281,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,326,775,275" Foreground="#FF701432" FontFamily="Constantia">Edge adjacency indices:</Label>
                    <TextBox   x:Name="Edge_adjacency_indices" Height="30" VerticalAlignment="Top" Margin="216,326,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,372,775,229" Foreground="#FF701432" FontFamily="Constantia">Burden eigenvalue descriptors:</Label>
                    <TextBox   x:Name="Burden_eigenvalue_descriptors" Height="30" VerticalAlignment="Top" Margin="216,372,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,412,775,189" Foreground="#FF701432" FontFamily="Constantia">Topological charge indices:</Label>
                    <TextBox   x:Name="Topological_charge_indices" Height="30" VerticalAlignment="Top" Margin="216,412,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,452,775,149" Foreground="#FF701432" FontFamily="Constantia">Eigenvalue-based indices:</Label>
                    <TextBox   x:Name="Eigenvalue_based_indices" Height="30" VerticalAlignment="Top" Margin="216,452,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Label Margin="40,492,775,109" Foreground="#FF701432" FontFamily="Constantia">Randic molecular profiles:</Label>
                    <TextBox   x:Name="Randic_molecular_profiles" Height="30" VerticalAlignment="Top" Margin="216,492,529,0" TextAlignment="Justify" BorderThickness="1" BorderBrush="#FFAF687F"/>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="58,572,668,24" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Add Descriptor to DB" Click="Button_Click_Add_Descriptor" RenderTransformOrigin="0.5,0.5">
                    </Button>
                    <Button MinHeight="30" MaxHeight="40"  Background="White" Foreground="Black" Margin="437,572,289,24" FontFamily="Constantia" BorderBrush="#FFAF687F" Content="Delete Descriptor from DB" Click="Button_Click_Delete_Descriptor" RenderTransformOrigin="0.5,0.5"></Button>
                    <DataGrid x:Name="dataGrid_Descriptors"  HorizontalAlignment="Left" Height="286" VerticalAlignment="Top" Width="460"  AutoGenerateColumns="True" Margin="500,236,0,0" FrozenColumnCount="1" CanUserResizeColumns="False" HorizontalScrollBarVisibility="Disabled" VerticalScrollBarVisibility="Disabled" Background="White" BorderThickness="2"  ScrollViewer.CanContentScroll="True" 
      ScrollViewer.VerticalScrollBarVisibility="Auto"
      ScrollViewer.HorizontalScrollBarVisibility="Auto" BorderBrush="#FFAF687F" AlternatingRowBackground="#FFE27483" ItemsSource="{Binding}" />
                </Grid>
            </TabItem>
        </TabControl>
    </Grid>
</Window>












APPENDIX X

Analyze.xaml code listing

<Window x:Class="Ambulance.AnalyzeWindow"
        xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
        xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
        xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
        xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
        xmlns:local="clr-namespace:Ambulance"
        mc:Ignorable="d"
        Title="AnalyzeWindow" Height="450" Width="800">
    <Grid>
        <Label Margin="86,37,584,345"  Foreground="#FF701432" FontFamily="Constantia"> ECG results: </Label>
        <ComboBox x:Name="ECG_degree" Height="30" VerticalAlignment="Top" Margin="275,37,297,0" BorderBrush="#FFAF687F" SelectionChanged="ECG_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Pathological</ComboBoxItem>
            <ComboBoxItem >3 - Average pathology</ComboBoxItem>
            <ComboBoxItem >4 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,79,584,303"  Foreground="#FF701432" FontFamily="Constantia">Ultrasound results:</Label>
        <ComboBox x:Name="Ultrasound_degree" Height="30" VerticalAlignment="Top" Margin="275,79,297,0" BorderBrush="#FFAF687F" SelectionChanged="Ultrasound_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Pathological</ComboBoxItem>
            <ComboBoxItem >3 - Average pathology</ComboBoxItem>
            <ComboBoxItem >4 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,121,584,261"  Foreground="#FF701432" FontFamily="Constantia">Gastroscopy results:</Label>
        <ComboBox x:Name="Gastroscopy_degree" Height="30" VerticalAlignment="Top" Margin="275,121,297,0" BorderBrush="#FFAF687F" SelectionChanged="Gastroscopy_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Pathological</ComboBoxItem>
            <ComboBoxItem >3 - Average pathology</Co

mboBoxItem>
            <ComboBoxItem >4 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,163,584,219"  Foreground="#FF701432" FontFamily="Constantia">Roentgen results:</Label>
        <ComboBox x:Name="Roentgen_degree" Height="30" VerticalAlignment="Top" Margin="275,163,297,0" BorderBrush="#FFAF687F" SelectionChanged="Roetgen_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Pathological</ComboBoxItem>
            <ComboBoxItem >3 - Average pathology</ComboBoxItem>
            <ComboBoxItem >4 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,205,530,177"  Foreground="#FF701432" FontFamily="Constantia">General blood analysis results:</Label>
        <ComboBox x:Name="General_blood_analysis_degree" Height="30" VerticalAlignment="Top" Margin="275,208,297,0" BorderBrush="#FFAF687F" SelectionChanged="General_Blood_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Permissible deviation from the normal</ComboBoxItem>
            <ComboBoxItem >3 - Deviation from the normal</ComboBoxItem>
            <ComboBoxItem >4 - Pathological</ComboBoxItem>
            <ComboBoxItem >5 - Average pathology</ComboBoxItem>
            <ComboBoxItem >6 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,253,530,129"  Foreground="#FF701432" FontFamily="Constantia">General Urine Analysis results:</Label>
        <ComboBox x:Name="General_Urine_Analysis_degree" Height="30" VerticalAlignment="Top" Margin="275,253,297,0" BorderBrush="#FFAF687F" SelectionChanged="General_Urine_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Permissible deviation from the normal</ComboBoxItem>
            <ComboBoxItem >3 - Deviation from the normal</ComboBoxItem>
            <ComboBoxItem >4 - Pathological</ComboBoxItem>
            <ComboBoxItem >5 - Average pathology</ComboBoxItem>
            <ComboBoxItem >6 - Acute Pathology</ComboBoxItem>
        </ComboBox>
        <Label Margin="86,299,530,83"  Foreground="#FF701432" FontFamily="Constantia">Bimedical Blood:</Label>
        <ComboBox x:Name="Biomedical_Blood_G" Height="30" VerticalAlignment="Top" Margin="275,299,297,0" BorderBrush="#FFAF687F" SelectionChanged="Biomedical_SelectionChanged">
            <ComboBoxItem >0 - Reanalysis</ComboBoxItem>
            <ComboBoxItem >1 - Normal</ComboBoxItem>
            <ComboBoxItem >2 - Permissible deviation from the normal</ComboBoxItem>
            <ComboBoxItem >3 - Deviation from the normal</ComboBoxItem>
            <ComboBoxItem >4 - Pathological</ComboBoxItem>
            <ComboBoxItem >5 - Average pathology</ComboBoxItem>
            <ComboBoxItem >6 - Acute Pathology</ComboBoxItem>
        </ComboBox>

APPENDIX Y

App.config code listing

<?xml version="1.0" encoding="utf-8"?>
<configuration>
  <configSections>
    <!-- For more information on Entity Framework configuration, visit http://go.microsoft.com/fwlink/?LinkID=237468 -->
    <section name="entityFramework" type="System.Data.Entity.Internal.ConfigFile.EntityFrameworkSection, EntityFramework, Version=6.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089" requirePermission="false" />
  </configSections>
  <startup>
    <supportedRuntime version="v4.0" sku=".NETFramework,Version=v4.6.1" />
  </startup>
  <entityFramework>
    <providers>
      <provider invariantName="System.Data.SqlClient" type="System.Data.Entity.SqlServer.SqlProviderServices, EntityFramework.SqlServer" />
    </providers>
  </entityFramework>
  <connectionStrings>
    <add name = "MedicalBDEntities" connectionString = "metadata=res://*/ModelDB.csdl|res://*/ModelDB.ssdl|res://*/ModelDB.msl;provider=System.Data.SqlClient;provider connection string=&quot;data source=(LocalDB)\MSSQLLocalDB;attachdbfilename=|DataDirectory|\MedicalBD.mdf;integrated security=True;connect timeout=30;MultipleActiveResultSets=True;App=EntityFramework&quot;" providerName = "System.Data.EntityClient" />
  </connectionStrings>
</configuration>











APPENDIX Z

List of used foreign information resources  

	The following databases were used during scientific research on this project:
- Springer.com;
- Elsevier.com;
- Webofknowledge.com;
- Scopus.com;
- Wiley.com;
- eLIBRARY.ru;
- ieeexplore.ieee.org
- ChemSpider; 
- DrugBank;
- PubChem;
- Chemicalize;
- MOLInstincts;
- ACD/I-Lab;
- Cambridge Structural Database;
- SPRESIweb. 
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mst 1.3

x JloroBopy Ne__ ot 2018r.

Ha FPAHTOBOE (PHHAHCHD

TEXHHYECKAS CIEIUOUKAIAS H
KAJIEHJIAPHBII ILUIAH PABOT

Ilo morosopy Ngl 2 S OTGQO YA QFA Q. 2018 roma

1. AO «KA3AXCTAHCKO-BPUTAHCKHI TEXHUYECKHI1 YHUBEPCHUTE

1.1 Io npuopuTety: Ne4. Hayku 0 jKH3HH H 310POBBE.

BaHHE

T»

1.2 TTo noanpuopuTety: 4.1 yHnaMeHTaTbHBIC H IPAKIIAIHBIC HCCICOBAHAS B OPIACTH
Guonoruu. IToMCK HOBBIX JIEKAPCTBEHHBIX BEWIECTB, (PapMAKONOIHYECKHE HX HCCIENOBAHMS H

TEXHOJIOTHH IPOM3BOACTBA OPUIHHAJIBHBIX JIEKAPCTBEHHBIX [IperapaToB.

1.3 Ilo Teme mpoekta: Ne AP05130019 «PaspaboTka m aHamns 6a3 JaHHKX i

HHQOPMAIOHHOK ~ CHCTEMBI ~ NPOrHO3HPOBAHHS  3ABHCHMOCTH  CTPYKTYpa-CBO)
JIEKapCTBEHHEIX COEIMHEHHIT Ha OCHOBE aJIrOPHTMOB HCKYCCTBEHHOTO HHTEILIEKTa».
1.4 O6mas cymma npoexta 24 000 000 (nBaauath HeTHIpe MUJLTHOHR) MmeHze,
uucsie ¢ pa3OHBKO# 110 TOaM, JUIsl BEIIONHEHHs paboT COrIacHO MyHKTY 3:
-Ha 2018 rox - B cymme 8 000 000 (BoceMb MHIUTHOHOB) meHze;
- Ha 2019 rox - B cymme 8 000 000 (Bocemb MUILTHOHOB) meHze;
-Ha 2020 rox - B cymme 8 000 000 (BoceMb MHILTHOHOB) meHze.

2. Xapaxmepucmuxa Hay4HO-mexXHU4eCKOl NPOOYKYUU RO KEAIUPUKAUUOHH)
MPU3HAKAM U IKOHOMUHECKUE NOKA3amenu

2.1 Hanpanenyue pa6otsl: Buonnpopmatuka.

2.2 O6nacth npuMenerns: PapMaKoorHs.

2.3 KoHeuHBli pe3ynbTar:

- 3a 2018 rox: TeopeTndeckue OCHOBBI JUlsl IIOCTPOCHHS U aHaiu3a 6a3 JaHy
OCHOBE IPHMEHEHHS PA3THIHBIX IIOAXO0B HCKyccTBeHHOro uuTesmexta (MU) (aekycers
ummyHHEIX cucTeM (MUC), airopuTMOB POEBOTO — HHTEIUIEKTA, HEHPOHHBIX CeTel]
renetnaeckoro anroputma (IA) ¥ 1p.) K pelICHHIO 3a7ayM IPOTHO3HPOBAHHS 3aBHC
«CTPYKTypa-aKTMBHOCTb» JIEKAPCTBCHHBIX COEJMHEHHH. Byner omyGmukoBana crq
PENEH3HPYEMOM OTEYECTBEHHOM JKYPHAJIE C HEHyJIeBEIM HMIAKT-(HAKTOPOM.

- 3a 2019 rox: VHpopMmanuoHHas CHCTeMa BEJEHHS HAyYHBIX HCCIELOBAH!
TPOrHO3UPOBAHHS 3aBUCHMOCTH (CTPYKTYPa-CBOMCTBOY JIEKaPCTBEHHBIX COCIMHEHUH Ha
MonuduEpoBaHEX anmroputMoB WMU. Byner omyGimkoBana cTaThst B peleH3HP
3apy0e;KHOM JKypHANe ¢ HeHyIeBBIM HMIIAKT-()akTOpoM.

- 32 2020 rox: ITporpamMmuoe obecneuenne (I10) aist peanu3anuu HHTSIIIEKTY:
TEXHOJOTHH  TIPOTHO3MPOBAHHS  3aBHCHMOCTH  (CTPYKTYPa-CBOHCTBO»  JIEKApCTB
coepuHennit u anHamm3 6a3 mamEbX (BMI). Byayr omyGmukoBaHBI CTaThH B 3apyoy
peueH3upyeMBIX JKypHaJlaX, BXougmmx B Oasy maHHeix Web of Science wmm
Theoretical Biology and Medical Modeling usnarensctsa Springer (IF=1,746) u J. A
Intelligence Review (Thompson Reuter, [F=2,627)

2.4 ITaTeHTOCIIOCOGHOCTS: BO3MOYKHO MOITyYeHHEe aBTOPCKOIO CBHAETENBCTBA.

2.5 Hayuso-TeXHHYeCKHil ypoBeHb (HOBH3HA): HaydHas HOBH3HA 3aKIIOHAl
CO3TIARAHA HOBEIX MOH(HIMPOBAHHBIX aTOPHTMOB Ha ocHoBe MMC u mpyrux moaxon
[UI1 TOCTPOSHHS ¥ AaHAMM3a 0a3 MAHHEIX JIGKAPCTBEHHBIX COCNHHEHMII M BBI
ONTUMANBHOTO HaGOpa AECKPHIITOPOB.

(CTBO»

B TOM

M

{bIX Ha
ICHHBIX
(HC),
IMOCTH
ITbSI B

iU
CHOBE
yeEMOM
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eHHBIX
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2.6 Vicnonb30Banye HAyIHO-TEXHUYECKOH IPOyKIHH OCYTIECTBIACTCS: CTOMHATENEM.
2.7 BuI WCIONB30BAHMS pe3yibTaTa HAyYHOH H (WIM) HAY4YHO-TEXHHHECKOH

JesirenbHOCTH: Pa3paGoTaHHbIE TeXHONOTHE K 6a3bl JAHHBIX JI€KAPCTBEHHBIX COSTHHEHHUI MOTYT

GBITE BOCTPEGOBAHEI B (hApMALEBTUYECKON OTpAacim NpH pa3paGOTKe HOBBIX nexi CTB C

3aJaHHBEIMU CBOMCTBAMH.

3. Haumenosanue pabom, cpoKu ux peanu3ayuu u pe3yivmantsl

udp HanmeroBanue pa6or mo CpoK BBIIOTHEHUS* OxxmpaeMslif pe3ynsrar™

3amannsd, | J[oroBopy M OCHOBHBIE JTAIBI

sTana €r0 BBITIONHEeHUs* Hagane | OKOH9aHHE
2018 rox
1. Cosjanne TEOpEeTHUYECKHX OCHOB | SIHBaps o1 Bynyr CO3/TaHBI
JUISL TIOCTPOEHHs M aHamu3a 6a3|2018r. HOSIOps TEOPETHYECKHE | OCHOBBL
JAQHHBIX HA OCHOBE IPHMCHEHHUS 2018r. piue TIOCTPOEHHUS H
pasmaunbX noaxoxos MU (UUC, aHaym3a 0a3 JapHBIX Ha
AJTOPUTMOB POEBOT0 HHTEIUIEKTA, OCHOBE OPUMCHEHHUA
HC, TA n gp) x pemenuio pasnuuHbIX noxxpaos MU
3a7avu TIPOTHO3HPOBAHHUS mnc, ANTPPUTMOB
3aBHCHMOCTH «CTPYKTypa- PoeBoro HHTEIUIEKTa,
AKTHBHOCTBY JIEKAPCTBEHHBIX HC, TA u [mp) «x
COCIMHEHUH. PEIICHUIO 3aga4ud
IPOrHO3HPOBAHILT
3aBHCHMOCTH
«CTPYKTYpPa-aKTHBHOCTEY
JICKapCTBEHHBIX
COe/IMHEHNH.
Byner onyGnuKogana
CTaThs B PELICH3UPYECMOM
OTEYECTBEHHOM MypHale
C HEHYJIEBBIM HMIIAKT-
axTopoM.

11 O630p npumeHeHns | STHBapsb Viroms 2018 | Byner OCYIIECTBIIEH
COBpeMEHHbIX momxomos MK B|2018r. T. 0030p TPUMEHEHHS
(apmaxonoray. PaspaGotka COBPEMEHHBIX NPAXONOB
HHTEJUIEKTYalbHOR — TEXHOJOIHH WU B dapmakojjoruu u
SIS TIPOrHO3UPOBAHHS paspabotana
3aBHCHMOCTH «CTPYKTypa- MHTEJUIEKTYalbHAs
CBOMCTBO» JIEKapCTBEHHBIX TEXHOJIOTHSA
CoeTMHEeHHI Ha OCHOBE TIPOTHO3HPOBAHM.
MOEH!DHI.(HPOB&HHHX anropuTMoB 3aBHCHMOCTH
un. «CTPYKTYpa-CBOHETBO»

JIEKapCTBEHHBIX
COEIMHEHHH Ha | OCHOBE
MOTHGHIHUPOBAHKBIX
anroput™MoB MU,
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1.2 PaspaGotka  ctpyktyper  BJI | Mions ol Byner paspaborana
HMHTEJUIEKTYaIbHON MenuuuHeKol | 2018r. HOAOpS CTpYKTypa BI
OKCHEPTHOH CHCTEMBI, 2018r. HMHTEIUIEKTyaTbHH
y'-lI/ITBIBa.K)H.leﬁ 3aBHCHMOCTH Me,E[PlLIIfl'HCl(Oﬁ
«CTPYKTypa-CBOHCTBO» 3KCHOEPTHOH HCTEMBI,
JICKapCTBEHHBIX COEMHEHHI, TpH YYHTHIBaOMIEH
PENICHMH  pasMYHBIX  3a7ad 3aBHCHMOCTH
MEJIMLHHBL «CTPYKTYpa-CBOULTBOY»

JIEKapCTBEHHBIX
COEeUHEHHH, TIpH
pemeHun PaBIIMYHBIX
3a1aq MeIHIIHHBI

2019 rox

2. PaspaGorka  mH(opmarmonHoif | STaBaps J0 1 Bynmer paspaborana
CHCTEMBI  BelleHHs  HayuHbIX | 2019 1. HOSI6pst uHGbOpPMAIIIOHHa
HCCIeIOBaHU s 2019r. cucreMa BedeHHs
TIDOTHO3UPOBAHUS  3aBHCHMOCTH Hay4YHBIX HCCIGROBaHUN
«CTPYKTYpa-CBOMCTBO» JAns TIPOTHO3HPOBAHHUS
JIEKApPCTBEHHBIX COCIMHEHUI Ha 3aBHCHMOCTH
OCHOBE MOHGbHIEPOBAHHBIX «CTPYKTYpa-CBOMLTBON»
anroput™oB MM, JIEKAPCTBEHHBIX

COeNMHEHHH Ha| ocHOBe
MOHGHIHPOBAHKBIX
anroputmoB M.

Byner omy6uKoBaHa
CTaThsl B PELEH3MPYEMOM
3apy6exHOM IKypHane ¢
HEHYJIEBBIM MMITaKT-
akropom.

2.1 Cosnarme  MOIM(HIMPOBAHHBIX | STHBaph Virons 2019 | Bynyt 037TaHEI
anroputmoB MU nis o6paGotiu | 2019 T. r. MOIH(HIIPOBAHHEIE
CTPYKTYPHOM XUMUYECKOiH amropurmbl MM s
uaopManiu U HOPMUPOBAHUS 06paboTKH  CTPYKTYpHOH
B/l nexapcTBEHHBIX COeTHHEHHIT XUMHYECKOH
C 3aJaHHBIMH CBOMCTBAMH Ha uHGOpMALIH Bl
OCHOBE  ONITUMAIBHOrO HaGopa TIeKAPCTBEHHBIX
JIECKPHIITOPOB. COeVHEHUH c

3aZlaHHBIMHA  CBOWCTBaMH
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intelligent technology for | intelligent technology for | intelligent technology for intelligent technology for | articles were prepared and submitred to these
predicting the «structure- | predicting the «structure- | predicting the «structure- predicting the «structure- | journals (Appendix 2):

property» dependence of | property» dependence of | property» dependence of drug | property» dependence of

drug compounds and DB | drug  compounds  and | compounds and DB analysis. | drug  compounds  and | .Samigulina G.A., Samigulina ZL.

analysis. analyzing databases analyzing databases. The | Development of Smart technology based on

Articles will be published
in foreign peer-reviewed
journals included in  the
Web of Science or Scopus

databases. Theoretical
Biology and  Medical
Modeling by _ Springer

article will be published in
foreign  peer-reviewed
journals included in the
Web of Science or Scopus
database.

artificial immune systems for predicting
the «structure-property/activity» dependence
of chemical compounds and the computer
molecular design of new drugs // Artificial
Intelligence review. — P. 1-15. Submission
date of the article is December 17, 2019. The
term of consideration is 341 days.
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(IF=1.746) and J. Artificial

Intelligence Review
(Thompson Reuters,
TF=2.627).

2.Samigulina  GA,  Samigulina  ZI
Ontological model of multi-agent Smart-
system for predicting drug properties based on
modified algorithms of artificial immune
systems // Theoretical Biology and medical
modeling. — P. 1-24. Submission date of the
article is July 25, 2019. The term of
consideration is 123 days.

The Artificial Intelligence Review journal sent
a review of the article on May 4 that the topic
of the article did not correspond to the
direction of the journal and the editors
redirected the manuscript to a service to help
to select Springer Nature Transfer Desk
Jjournals. This service has selected 3
alternative journals to which the article was
sent (Appendix 3). Due to the spread of
coronavirus infection the review deadlines in
all Springer Nature journals are not met, as
stated on the website. At the moment the
impact factor of the journal has grown to
IF=6.00. The journal was included in the
tender application as an example, because in
2019 year the authors published an article on
the direction of research on the complex
objects control in this journal (Samigulina
GA, Samigulina ZI Modified immune
network algorithm based on the Random
Forest approach for the complex objects
control // Artificial Intelligence Review. - No.
52.-P. 2457-2473).

n article submitted to the journal Theoretical
Biology and medical modeling has passed the
first review. Replies to the reviewers were sent
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on January 11, 2020. The article is directed to
the second round of peer review. The editors
are delaying the reply for more than 4 months
The total period for consideration of the
article by the publishing house has been
exceeded in 2 times. Letters from the editorial
office of the journal are attached in Appendix
4.

In connection with the above mentioned, we
ask you to exclude the names of journals from
the calendar plan.
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Ontological model of multi-agent Smart- ®
system for predicting drug properties
based on modified algorithms of artificial
immune systems

Galina Samigulina

and Zarina Samigulina®

Abstract

Background: Currently, due to the huge progress in the field of information technologies and computer
equipment, it is important to use modern approaches of artificial intelligence in order to process extensive
chemical information at creating new drugs with desired properties.

The interdisciplinary of research creates additional difficulties in creating new drugs. Currently, there are no
universal algorithms and software for predicting the “structure-property” dependence of drug compounds that can
take into account the needs of specialists in this field.

In this regard, the development of a modern Smart-system based on the promising bio-inspired approach of
artificial immune systems for predicting the structure-property dependence of drug compounds is relevant.

The aim of this work is to develop a multi-agent Smart-system for predicting the “structure-property” dependence
of drug compounds using the ontological approach and modified algorithms of artificial immune systems using
the example of drug compounds of the sulfonamide group. The proposed system makes it possible to increase the
accuracy of prediction models of the “structure-property” dependence, to reduce the time and financial costs for
obtaining candidate drug compounds.

Methods: During the creation of a Smart-system, there are used multi-agent and ontological approaches, which
allow to structure input and output data, optimally to distribute computing resources and to coordinate the work
of the system. As a promising approach for processing a large amount of chemical information, extracting
informative descriptors and for the creation of an optimal data set, as well as further predicting the properties of
medicinal compounds, there are considered modified algorithms of artificial immune systems and various
algorithms of artificial intelligence.

Results: There was developed an ontological model of a multi-agent Smart-system. There are presented the results
of the «structure-property» dependence simulation based on a modified grey wolf optimization algorithm and
artificial immune systems. During the simulation, there was used information from the Mol-Instincts sulfonamide
descriptor database.

(Continued on next page)
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Conclusion: The developed multi-agent Smart-system using ontological models allows visually to present the
structure and interrelationships of agents functioning, which greatly facilitates the development of software and
reduces time and financial costs during the development of new drugs.

Keywords: Smart-system, Drug design, Artificial immune system, Ontological model, Modified algorithms, Multi-

agent system

Background

The rapid development of information technologies and
innovative approaches of artificial intelligence create
ample opportunities for the development of modern
technologies of computer molecular design of medicinal
compounds with desired properties [1]. Great successes
in recent years have been achieved in the field of pre-
dicting the “structure-property/activity” dependence
(Quantitative Structure-Activity Relationship, QSAR) of
organic compounds at the creation of new drugs. Scien-
tific publications on QSAR prediction appeared in the
mid-60s. One of the first researchers in this field is K.
Ganich and T. Fujita [2]. The process of creating new
drugs is complex, consisting of many stages and is asso-
ciated with large financial as well as time costs. We ob-
tained large theoretical results on the development of
actual intellectual methods in this field of research. The
book [3] provides an interdisciplinary review of recent
achievements in the QSAR methodology using artificial
intelligence algorithms. Various applications were
considered, including traditional ones (in chemistry,
pharmaceuticals, ecology, and agricultural science) and
non-traditional ones, such as in Food Science and
Nanoscience.

A promising trend in the development of QSAR is the
use of bio-inspired intellectual methods. Researches are
actively developing on the basis of artificial neural net-
works (NN), evolutionary and genetic algorithms (GA),
algorithms of swarm intelligence (SI), artificial immune
systems and many others. For example, in work [4],
there are considered questions regarding the use of
neural networks (NN) for the QSAR problem. There are
presented the main trends in the development of neural
networks in this area, there are analyzed the main
advantages and disadvantages of the NN approach. Re-
searches [5] showed that the use of deep neural net-
works (DNN) is a promising direction and gives a better
result than traditional methods. The obtained results
were compared with the random forest (RF) method for
a diverse set of QSAR data. It is also shown that DNN
multitasking models that are trained and predict several
QSAR properties are superior to DNNs that have been
trained on separate data sets for most tasks. An efficient
prediction strategy using multi-tasking DNNs has been
developed.

Genetic algorithms (GA) are widely used [6] for quan-
titative modeling of the «structure- property/activity»
dependence. The article discusses the basic principles
underlying the GA and provides an overview of recent
applications in QSAR with particular emphasis on the
use of GA in the choice of characteristics and for the re-
duction of dimension, as well as for the optimization of
models. It is shown that the use of GA allows to obtain
accurate and reliable forecasts. In [7], the QSAR prob-
lem is solved for the analysis of antimalarial activity of
68 urea derivatives using multiple linear regression
(MLR). A suitable set of molecular descriptors (topo-
logical, geometric, electrostatic, quantum chemical, etc.)
was selected using a genetic algorithm (GA). The results
showed a good prognostic ability of the model and the
ability to use it for the creation of a similar group of
antimalarial compounds. The article [8] discusses the de-
velopment of a linear quantitative model of the
structure-activity ratio in order to predict the activity of
inhibiting the ribosomal S6 kinase (RSK) of some new
compounds. Multiple linear regression (MLR) was used
as a tool for selecting variables in combination with GA.
The results showed that the GA-MLR model is
applicable for the development of new RSK inhibitors. In
studies [9], new models of the structure-property quanti-
tative ratio are presented for predicting the flash point
of binary liquid mixtures. More than 600 experimental
flash points were used for 60 binary mixes. There is con-
sidered a model based on the use of a genetic algorithm
and multiple linear regression (GA-MLR). The results
show a good predictive ability of the model and the pos-
sibility of using mix descriptors.

There were published many papers on the application
of modified algorithms of swarm intelligence for solving
optimization problems. The article [10] is devoted to the
actual problem of the selection of informative descrip-
tors based on algorithms of swarm intelligence for vari-
ous applications. The analysis shows that more than 60%
of such problems are solved in biomedicine. In work
[11], a hybrid swarm algorithm is considered for a diag-
nosis in various diseases and for minimizing the error of
an incorrect diagnosis. There was developed a hybrid al-
gorithm based on the ant colony algorithm and the sup-
port vector machine. Testing was performed using five
basic sets of medical data on various diseases from the
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Preface

LOD is the international conference embracing the fields of machine learning,
optimization, and data science. The sixth edition, LOD 2020, was organized
during July 19-23, 2020, in Certosa di Pontignano (Siena) Italy, a stunning
medieval town dominating the picturesque countryside of Tuscany. Due to the
worldwide outbreak of COVID-19, LOD 2020 was held sus ully online dlld
onsite. From 2015, the LOD Conference brings 5

trial rescarchers together in a unique multidisci
state of the art and the latest advan in the integration of machine l(‘drmn'—'
optimization and data science to provide the scientific and technological founda-
tions for interpretable, explainable and trustworthy AI adopting, from 2017, the
Asilomar AI Principles.

The annual conference on machine Learning, Optimization and Data e
(LOD) is an international conference on machine learning, computational opti-
mization, data invited talks, tutorial talks
demonstrations and oral and poster presentations of refereed

nce that include:

industrial tracl
papers.

The International Conference on Machine Learning, Optimization, and Data
(LOD) has established itself a:
hine learning,

a premier interdisciplinary conference in
mputational optimization and data
international forum for presentation of original multidis
as well as exchange and d
experiences.

The LOD Confere
The problem of understanding intelligence is said to be the greatest problem in
science today and “the” problem for this century — as deciphering the genetic
code was for the second half of the last one. Arguably. the problem of learning
represents a gateway to understanding intelligence in brains and machines, to
discovering how the human brain works, and to making intelligent machines that
learn from experience and improve their competences as children do. In engineer-
ing, learning techniques would make it possible to develop software that can be
quickly customized to deal with the increasing amount of information and the
flood of data around us.

The Mathematics of Learning: Dealing with Data

Tomaso Poggio (MOD 2015 & LOD 2020 Keynote Speaker) and Steve Smale

nce. Tt provides an

linary
semination of innovative and prac

arch results,
development,

Manifesto is the following:

Artificial Intelligence has already provided beneficial tools that are used ev-
ery day by people around the world. Its continued development, guided by the
AI Asilomar principles, will offer amazing opportunities to help and empower
people in the decades and centuries ahead.

The AI Asilomar Principles
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Abstract, Researches are devoted to the urgent problem of creating a highly ef-
fective technology for predicting the properties of chemical compounds. to cre-
ate new drugs based on the latest achievements of artificial intelligence and
computer technology. Computer-based drugs prediction with desired properties
allows reducing costs during the selection of promising chemical compounds
that can act as candidates for further research. There was developed a multi-
agent system for predicting the “Structure-property” dependence of drug com-
‘pounds based on modified algorithms of artficial immune systems. The article
‘presents the architecture of a multi-agent system. as well as an example of an
analysis of a descriptors database of drug compounds of sulfanilamides based
on intelligent and statisical algorithms. A comparative analysis of the models
effectiveness prediction based on various modified AIS algorithms has been
carried out

Keywords: big data, machine learning and statistical methods, drug design.
descriptors, modified immune network algorithm

1 Introduction

In the pharmaceutical industry. interest in artificial intelligence (AI) has grown over
the past five years. According fo the BiopharmaTrend resource, modern IT companies
such as Google. Apple. Amazon, Facebook, Microsoft were able o clearly demon-
strate the capabilities of modem machine learning methods for solving various ap-
plied problems. In this connection, the most famous pharmacological companies
(GSK. Sanofi, Abbvie, Genetech, etc.) began fo fake an active partin the use of mod-
em intelligent algorithms for new drugs creation. The development of Al and the need
for large computing capacity led fo the development of modern supercomputers, such
as NVIDIA DGX-1 Al for data processing in medical institutions. In turn. IBM is
‘partnering with pharmaceutical giant Pfizer to use the Watson supercomputer in order
o search for anti-cancer drugs. At the beginning of 2019, several large pharmacologi-
cal companies signed cooperation agreements with research organizations in the field
of AL for example, the American Charles River Labs and the Canadian Atomwise
companies in order fo develop pharmaceutical compounds based on their structure.
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Abstract. Modemn researches in the field of medicine and pharmacology is
aimed at studying new diseases that threaten humanity and at the search for
‘medicinal compounds for their treatment. A strategically important step is the
development of innovative techniques for the computer-aided molecular design
of drugs based on the latest achievements in artificial itelligence. The search
for new drugs is complicated by the need to analyze a large amouat of chemical
information and by the increased requirements for computing resources. In this
regard. a promising area of research is the artificial immune systems approach
and the development of modified algorithms based on it, which allows to
‘process large descriptors databases of drug compounds. A Smart - technology
for predicting the “structure-property” dependence of drug compounds is
presented in the article. The technology consists of two stages: selection of
informative descriptors and solving the prediction problem based on modified
algorithms of artficial immune systems. There was developed an ontological
model for assessing the risks of the Smarttechnology for predicting the
“structure-property” dependence of drug compounds using the FMEA (Faifure
Mode and Effects Analysis) methodology in order to eliminate the potential
1isks of errors and to improve the quality of the prediction. The ontological
‘model is implemented using Protégé software.

Keywords: drug design. prediction of the “structure-property” dependence,
‘modified. immune network algorithm. Smart-technology. ontological model,
FMEA

1 Introduction

In recent years, there has been an increase in researches aimed at the use of artificial
intelligence (AI) in the field of pharmacology. Leading international publishers such
as Springer Nature, BMC, Elsevier, Scienific American, Apress publish articles on
artificial intelligence in medicine and pharmacology. Recent achievements in the field
of Al have been successfully used for the computer molecular design of new drugs. A
feature of creating new drugs is the need fo process a large set of descriptor data
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PA3PABOTKA METO/ONIOMM AHATU3A BA3 IAHHBIX
[IECKPUMTOPOB NEKAPCTBEHHbIX COEVHEHUI HA OCHOBE
MOJIENY OLIEHKW PUCKOB FMEA

B HacTofImee BPEMA MCCIENOBANNA B OGTACTH METMIMHBI OCHOBAHH! Ha
IpHMeHEHIH METO0B HeKyCCTBeRHoro HATenexta (MH). Tlocne mie oCTIvkeRIS B
‘oBnaci UM 103BOTAIOT PIIaTS CIOKHBIE BHHCTHTETSHBIE 3A7a4H, KOTOPHIE GHT0
He BOIMOKHO PeaTIiOBATh Ge3 WHTCIEKTYATSHONO QHATH3A AQHHHIX. OOl i3
oBnacteli MeAMINHB, B KOTOpOHl IHpOKO MpHMeRsIOTCE anroputst MU ssisetcs
papmakosiorns. B HACTOAIEe BPEMS B MUPOBOM COOGIIECTBE HCCTCOBAHIE 10
PaspaGoTKe  HOBHX ICKADCTBCHHBIX TDENpaTOB  ABIAIOTCH  MPE3BBINANHO
AKTYATLHEIMH B CBA3M C PACTIOCTPAHEHMEM 0COGO OMACHHIX HHGEKIHOHHEX
saGonesanyii. PaspaGoTKa HOBHIX TEKACTS ABMAETCA CIOKHBIM, MHOTOCTATMIHEI
npotteccon. OCYMIECTATAETCA aHATH3 GOTBIIIX OFHEMOB XIMHHECKoli HHpopMai,
MO pESyTBTATAM  KOTOPOTO  (OPMHPYIOTCH a3t JAHHBIX JIECKPHITTOPOB,
‘XaPAKTEPH3YIONINX TEKAPCTBEHHOE COCTMHEHHE.

ATyaba paspaGoTKa HHHOBAIHOHHOI METOTOTONHN aHATHSA 523 AQHHEX
eCKpHITOPOB, oy teHHAIX nocse oGpagoTki anropuryams HU Ha ocose Mozem
anammsa puckos (Failure Mode and Effects Analysis, FMEA). Tlonxon FMEA
snepssie Gut paspaGoran B CUIA w mpexcramiser coGoit npouenypy anamisa
‘OUIHBOK CHCTEMS /U1 OUEHKH BIHAHIS 1 ONpEIeeHys CTemer X kpumiramocts 1],
2 TaKKE WIHPOKO MPHMEHAETCA MPH OUICHKE PHCKOB B 0B7acTH Me ki, Hanpiniep,
B padoTe [2] OCYMECTRIAETCR YIPABICHHE PHCKAMH MPOM3BONCTE METHIMHCKIX
MpONYKTOB ¢ HCMoTh30BaHMEM Kiaccideckoro momxona FMEA  mesgrxo-
HHTBHCTIECKOTO TIOTXOAA.

Toctaoska 3anasn HeenenoBait OPMYTHPYETCH Creylomu oGpasom:
HEOGXOZMMO  paspaGoTaTh METOZOTOMMIO HATIA Ga3 NAHHBIX JECKPHTTOPOB
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B HaCTOSIee SPeMS TETOBCIECTEO CTATKHBACTCH C HOBEME BHAGMH
‘Gore3mel, i3y eHHe KOTOPSIX i CO3AaNHE 3 EXTHRHEIY TEKAPCTECHHEIX IPEIAPATOR
sammaer smamTensuoe spesi [IoZ60p H PazpaGOTKA HOBSIX JEKAPCTBCHEEIX
COCTMHeEHHI B CAQTHE CPOKH, 3 TAKKE B YCTOBHSX OTAHMCHHSI (i
‘pecypeos sseTCS pesBIaliHo KTy ATsHoOM 137a%eH. COBDEMEHHAE G5! AAHEEIX
(BJ) CoRepAaT OrpoMHOE KOTHYECTBO JECKPHITTOPOB XHMIFIECKIX COSTHHEHHH,
manpmvep PubChem HACTHTHEZeT okono 240 MEITHOHOS  COSTHHCHHE
Dbexusmui amamss nofoGuux BJ] He BOMOXe Ges AKTHBHOTO BHETpEHHT
MeToZ0B HCkyccTemEOTO METeTTeKTa (MH). CoBpeMeHEe dapMakoTormieckie
"KOMIaEHS, HANPHMep ATOHCKas Sumitomo Dainippon Pharma paoTaior ¢ dupian,
CcnemmammmpyromymEcs B o6macra MM (Exscientia). TIofoBHoOe COTPYAHHTECTEO
MO3BOIIET ZOGHTECE MPOPHEA B (APMIKOTOTHN H mepeiiTH Ha Golee BHICOKEE
YPOBeHS B ParpaGOTKE TEKIPCTECHHEIX COCTHHCHHH.

C TOMOMEO HCKYCCTBCHHONO HHTENIEKTa AEATH3HPYETCH GOTSIION OGBEM
HCCKDHIITOPOB, OCYICTRIZETCH NPOTHO3 IABHCHMOCTH  (CTPYKTYPa-CROHCTEON
TeKAPCTBEHHEIX COCTMHeHHH, NPHHIMAIOTCH PEMEHN [0 BHGOPY CoCAMHExi —
"KaEaTOB B fekapeTaa. TTOCK SbheKTHBEEIX METOZOB OLIEHKH PAGOTH! ATTOPHTMOR
HCKYCCTBHHOTO MHTEIEKTa FBIAETCE OHOK 3 BaxHEHmIX 3a7a%. CymecTsyior
‘pavmIEBe MeToRoNONH onerk prckos: HAZOP, HAZID, FMEA. SIL, LOPA  ap.
278 pANHTHX UpETORCHEA B OGMTACTH METHIMEHN IPOKO HCHOTGIYeTCS
aeTogonorss FMEA (Failure Mode and Effects Analysis). Hanpiep, nccefosass
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PA3BPABOTKA ITPOI'PAMMHOTI'O OBECIIEYEHUS C
HUCIOJIb30BAHUEM MYJIGTHATEHTHOM ILTAT®OPMbI
JADE JJIA SMART-CHCTEMBI ITPOITHO3UPOBAHUA HA
OCHOBE HCKYCCTBEHHBIX UMMYHHBIX CHCTEM

UccleoBAHAA  NOCBANCHB  PaspaGOTKE — NDPOTPAMMHOTO  OGECIEUEHHA A
MYIBTHAI€HTHOH Smart-CHCTEMBI IPOTHO3HPOBAHHA 3aBHCHMOCTH 'CTPYKTYpa-CBOHCTBO"
HOBBIX JICKAPCTBEHHBIX COCJHHEHHH Ha OCHOBE MYIbTHareHTHoi Iwatdopmer JADE.
PaspaGoTaHa CIPYKTypHAA CXeMa My/IbTHATEHTHOM SmMart-CHCTEMSI NDOTHOSHDOBAHHA B
JADE. TIpHBOJHTCSA OIHCAHHE CO3JAHHBIX KOHTEHHEPOB H CICIH(HKALHA areHToB. ML.: 2.
Ta6m.: 1. Bubmrorp.: 13 Hass.

KioueBble €10BAa: Smart-CHCTeMa NPOTHOSHPOBAHHS; 3aBHCHMOCTh 'CTDYKTypa-
CBOHCTBO" I€KAPCTBEHHBIX COSAHHEHHIA; HCKYCCTBEHHEIC HMMYHHEIE CHCTEMBI; IPOrPAaMMHOE
obecredeHHe; MyIbTHareHTHad w1ardopma JADE.

TlocTaHoBKa mpodaeMbl. B HacTosIIee BpeMs aKTyalbHOH HMPoGIeMoit
COBPEMEHHOTO OO0IIeCTBAa SBIAETCS Pa3pabOTKA BBICOKOO((EKTHBHEIX H
6e30I1aCHBIX JIeKapCTBEHHBIX IIPEIIAPATOB C 3aJaHHBIMH ()apMaKoIOr HI€CKUMHI
cBoiicTBaMH. IIocTeHHe TEHIEHIMH H IPOTpecc B OOIACTH HCKYCCTBEHHOTO
HMHTEJUIEKTa, BEITHCIIHTEIbHOH TEeXHHKH, HHHOBAIIHOHHBIX HH(OPMAIMOHHBIX
TEXHOJIOTHH, C ONHOH CTOPOHBI, M OIPOMHBIE HAKOIUIGHHBIE MAaCCHBBI
HeoOpaGOTaHHOH CTPYKTYPHOH XHMHYecKoil HH(pOPMAIMH, ¢ JAPYroi
CTOPOHEI, CIIOCOGCTBYIOT CO3IAHHIO IPHHIHITHATEHO HOBBEIX IIOJXONOB IPH
paspadoTke JIeKapCTBEHHBIX COEIHHEHHIL. MupoBsle TIHIepBI
dapmakomorndeckoii oTpacin Takue kak: Charles River Labs (CIIA),
Atomwise (Kamama), Roche (IlIBefirrapus), Lundbeck Pharmaceuticals
(Mamus) ® Jp. AaKTHBHO COTPYIHHYAIOT B chepe JOKTHHHIECKHX
HCCIIEIOBAHHH 110 OTOOpPY KAHIMIATOB B JIeKapCTBEHHbBIE Ipenaparsl C
Pa3paboTIHKAMH B 00JIACTH HCKYCCTBEHHOTO HHTeJUIeKTa U IT- TeXHOIOTHil.

OCOOEHHOCTAMH ~ TIpollecca  CO3NaHHS  JIeKapcTB  Ha  OCHOBE
KOMITBIOTEDHOTO ~ MOJIEKYISPHOTO ~ NH3aifiHa  SBJIETCS  HEOOXONHMOCTh
00pabOTKH OIpPOMHBIX MACCHBOB [aHHBIX. Emme opHa mpobieMa —

© T.A. Camurynusa, 3.11. CamuTyIHHa, 2019
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TIpHBIIeYeHHe DPA3IHYHBIX CIIEIHATHCTOB-3KCIIEPTOB H3 MHOTHX OOJIacTei
HAyKH M TEXHHKH: XHMHKOB, MHKPOGHOIIOrOB, GHOIOIOB, CIICIHATICTOB 110
MOJIETHPOBAHHIO, TIPOrPAMMHCTOB, IT-npodeccHoHanoB hid TO.
TlepcrieKTHBHBIE GHOMHCIIEPHPOBAHHBIE ~ IONXOOBl  HCKYCCTBEHHOTO
HMHTEJUIEKTa H HOBBI€ MOXH(HIINPOBAHHBIE ATOPUTMEI BBI3BIBAIOT O POMHBIH
HHTepec y Pa3paboTINKOB JaHHBIX cHcTeM. TakuM 06pa3oM, Ha CEeroJHAIIHUT
JIeHb aKTyalbHa pa3pab0TKa HPOTPAMMHOTO OOecIedeHHsS UL pealH3aliH
HMHTEJUIEKTYaIbHOH CHCTEeMBI KOMIIBIOTEPHOTO MOJEKYISPHOTO JH3aifHAa Ha
OCHOBE IIPOTHO3HPOBAHHS CBOMCTB HOBBIX COEIHMHEHMil C HCIIOIb30BaHHEM
TIOJIX0JI0B HCKYCCTBEHHOTO HHTEILIEKTa.

AHaJIM3 IHTepaTyphl. B mocrmenHee BpeMs HaGIIODaeTcs poOCT
TyOIHKAHil 0 MPHMEHEHHI0 HHHOBAIHOHHBIX aITOPHTMOB HCKYCCTBEHHOTO
uHTewIekTa 11 QSAR MozmenupoBaHHS M JPYTHX IPWIOKEHHH B
ounonHdopmatike u MemuimHe [1]. CoBpeMeHHBIM TeHZeHIHIM QSAR
MOJIETMPOBAHHUS TIOCBSIIIEHA cTaThs [2]. B mccnenoBanmax [3] mpemmaraeTcst
HCIIONb30BaHHEe HEHPOHHBIX ceTelf IS MporHosupoBaHHS QSAR Ha ocHoBe
TIy00KOoTO 00ydeHHs. [10/1X0/1 HCKYCCTBEHHBIX HMMYHHBIX crcTeM (Artificial
Immune System, AIS) Takke akTHBHO HCIIONB3yeTCS B PEIICHHH NaHHBIX
mpo6ieM. Hanpumep, B padoTe [4] paccMaTpuBaeTcsi IPHMEHEHHE alrOPUTMa
HMCKYCCTBEHHBIX HMMYHHBIX CHCTEM C KIOHAIBHOH CeJleKIMeH It
TPOTHO3UPOBAHUS ~ CTPYKTYphl  Oenka. B craree [5]  pemraeTcs
ONTHMH3AIHOHHAS 3alada Ha OCHOBE HCKYCCTBEHHBIX HMMYHHBIX CHCTEM JUIS
BBIIENIeHHS HH}OPMATHBHBIX JE€CKPHIITOPOB.

AKTyaigpHa pa3paboTka Smart-TeXHOIOTHH IIporHo3upoBaHHsS QSAR.
Smart-TeXHOIOTHSA — TEXHOJOTHS, HPeCTABIMIoNmAas co60H HHTEPaKTHBHYIO,
KOJUTEKTHBHYIO, CKOOPIHHHPOBAHHYIO BBICOKO(h()EKTHBHYIO IeSTeIbHOCTb,
COCTOSAIIAs M3 GOJIBINOTO KOIHYECTBA HE3aBHCHMBIX IEMEHTOB, CIIOCOGHBIX
o0maThes APYr ¢ JAPYIOM H OKpykKaromeil cpemoit [6]. IIporpamMMHas
peamn3alus Smart-TeXHOTOTHH YIOGHA C HCIIOIb30BAHHEM MYIBTHAT€HTHOTO
moxxona. B crarke [7] IMAarHOCTHKA IIePCOHANBHBIX JAHHBIX OCYIIECTBIIETCS
Ha OCHOBE MY/IbTHATeHTHO-OPHEHTHPOBAHHOIO IToAX0/a. B HecnenoBarmsx [8]
paccMaTpHUBaeTCs MYIBTHATEHTHAs HCKYCCTBEHHAs HMMYHHAs CHCTeMa JUIS
PeIleHHs 3a1a9H KIacCH(HKAIMH.

Ileas cratbl — pa3paboTKa IPOTPAMMHOIO oOecIHedeHHs UL
HMHHOBAIIHOHHOMH Smart-cHcTeMBI TIPOTHO3HPOBAHUS 3aBHCHMOCTH
"CTPYKTypa-CBOHCTBO" HOBBIX JI€KapCTBEHHBIX COEJMHEHHII Ha OCHOBE
HMCKYCCTBEHHBIX HMMYHHBIX CHCTEM C HCIIONb30BAHHEM MYIBTHATeHTHOH
mwrarpopms! JADE.

MeTtoabr HCCIe0BAHMS. Peamuzanus Smart-CHCTEMBI
nporHo3upoBaHuI QSAR ocymecTBIfeTcs B Kilacce MyIbTHATEHTHBIX CHCTEM
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PA3PABOTKA BA3bl 3HAHUA U NMPOrPAMMHOIO
OBECMEYEHWUA ANA MYNbTUATEHTHON SMART-CUCTEMbI
NPOrHO3MPOBAHNA HA OCHOBE WUCKYCCTBEHHbIX
MMMYHHBIX CUCTEM

Annomayusa. VccnenoBaHus TIOCBSIIEHBI pa3paboTke IPOrPaMMHOIO 00ecIedeHns
C HCIIONIb30BaHHeM MyIbTHareHTHoi Imardopmsl JADE U1 HHTeIUIeKTyalbHOH Menn-
IMHCKOI SKCTIEPTHOMH CHCTeMBI, yIHTBIBaIOMIEll 3aBUCHMOCTH «CTPYKTypa-CBOHCTBO» Je-
KapCTBEHHBIX COeMMHeHni. PaspaGoTana Gasa 3HaHMIT Ha OCHOBE OHTOJOTHIT ONITHMI3a-
IHOHHBIX AITOPHTMOB H aITOPHTMOB NPOTHO3MPOBAHHS C HIIONb30BAHHEM HCKYCCTBEH-
HBIX HMMYHHBIX CHCTEM, a TakkKe oOmeil OHTOIOTrHYecKOH MOMETH MyIbTHAaTeHTHOI
Smart-cuctemsr. IIpi HCCIeTOBAaHMSX HCIIONb3yeTcs 6a3a TAHHEIX MONEKYISIPHBIX Je-
CKPHIITOPOB CY/Ib()aHIIaMIIOB i SKCIIEPTHBIE CBEICHMHS, HAIPHMEDP, O IPOIOLKHTEIb-
HOCTH JeHCTBHS BEIIECTBa, €0 TOKCHYHOCTH HIH O B3aHMOICHCTBHH C APYTHMH XHMI-
YECKHMI COCIMHEHHIMH.

Kriouesvie cnoséa: MHTeNISKTyalbHas MEIHMIMHCKas SKCIepTHas cHCTeMa, 6asa
3HAHMIA, OHTOJIOTHI, CY/Ib(aHIWIaMIIbI, MyIbTHareHTHas Iatpopma JADE.

G.A. Samigulina, doctor of technical sciences, docent, galinasamigulinar@mail.ru
Institute of Informaion and Computing Technologies, c. Aimaty, Kazakhstan

Z.1. Samigulina, Ph.D, zarinasamigulina@mail.ru

Faculty of Information Technologies,

Kazakh-British Technical University, c. Aimaty, Kazakhstan

DEVELOPMENT OF A KNOWLEDGE BASE AND SOFTWARE
FOR A MULTIAGENT SMART - SYSTEM OF FORECASTING
BASED ON ARTIFICIAL IMMUNE SYSTEMS

Abstract. The studies are devoted to software development using the multi-agent
platform JADE for an intelligent medical expert system that takes into account the struc-
ture-property relationships of drug compounds. A knowledge base has been developed
based on the ontologies of optimization algorithms and forecasting algorithms using arti-
ficial immune systems, as well as the general ontological model of a multi-agent Smart-
system. In studies, a database of molecular descriptors of sulfanilamides and expert in-

© Camurynuna I A., Camurynuta 3.11., 2019
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INTRODUCTION

Nowadays, mankind is facing new types of diseases, the study
of which and the creation of effective drugs takes considerable time.
‘The selection and development of new medicinal compounds in a short
time, as well as in conditions of limited financial resources is an
extremely urgent task. Modern databases (DBs) contain a huge number
of chemical descriptors, for example, PubChem has about 240 million
compounds. An effective analysis of such databases is not possible
without the active implementation of artificial intelligence (AD)
methods. Modern pharmacological companies, for example, the
Japanese Sumitomo Dainippon Pharma, work with firms specializing in
the field of AT (Exscientia). Such cooperation allows to achieve a
breakthrough in pharmacology and to move to a higher level in the
development of drug compounds.

Using artificial intelligence, a large volume of descriptors is
analyzed, a prediction of the structure-property/activity dependence of
drug compounds is carried out, decisions are made by the selection of
drug candidate compounds. The search for effective methods for
assessing the work of artificial intelligence algorithms is one of the
‘most important tasks of pharmacology.

The first section is devoted to the analysis of the state and
prospects of modem problems development in the field of
pharmacology and computer molecular design of drugs with desired
properties. The study of the properties and activity of organic
compounds is associated with the solution of a number of problems in
the field of bioinformatics, pharmacology, biochemistry, biomedicine,
‘molecular biology, computer modeling, computer technology, system
analysis, the latest achievements in artificial intelligence, efc.

The second section discusses the creation of information
intellectual technology, algorithms for predicting the properties of new
compounds of the sulfonamide group based on immune network
‘modeling and AI approaches. The third section provides alternative
approaches based on the creation of graphical models in the
development of information technology for the synthesis of new drugs

The fourth section is devoted to the development of an
ontological model for a multi-agent Smart-system for predicting the
properties of drugs based on modified algorithms of artificial immune
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PA3BPABOTKA ITPOI'PAMMHOI'O OBECIIEYEHH A
JIJIA PEAJINBAIIAN HHTEJLTEKTY AJIbHOM TEXHOJIOT MU ITPOTHO3UPOBAHUAA
3ABICAMOCTH «CTPYKTYPA-CBOMICTBO» JIEKAPCTBEHHBIX COEJUHEHUI
HA OCHOBE MOJU®HUIUPOBAHHOI'O AJITOPUTMA HCKYCCTBEHHBIX HM-

MVYHHBIX CHCTEM

AHHoTanus. B HacTosmiee BpeMs (apMaKoIorideckas OTPacih aKTHBHO Pa3BHBAETCS
3a CuéT BHEIPEHNs IOCTeIHHX IOCTIDKEHII B 00IaCTH HCKYCCTBEHHOrO HHTeUTeKTa (IIH).
Bejympre MHpOBbIe MPOM3BONTENH JeKapCTBEHHBIX IIPeNapaToB COTPYIHHYAIOT C H3BECT-
HBIMI (HPMaMH, 3aHIMAIOIIIMIICSA pa3paboTKoil HOBBIX HHHOBAIIOHHEIX Al OPHTMOB HCKYC-
CTBEHHOT'O IHTEIUIEKTa C Ie/bI0 CHIDKEeHII Ce0ecTONMOCTIH IpoLecca POH3BOJICTBA TeKapcTB
1 COKpaIeHIs BpeMeHHBIX PecypcoB. B cBA3M ¢ yeM pa3paGoTka COBpeMEeHHOIT HHTeILIeKTy-
aTTBHOIT TeXHOIOTHI, I03BONOMIelt 06pabaThIBaTh GOMIBIION MacCHB XIMIYecKoit HHpOpMa-
IUIH H IPOrHO3HPOBATh (hapMaKoIOTHYecKie CBOHCTBA JTeKapCTBEHHBIX COeTUHEHHIT sSBIIeTcs
AKTyaJbHOII 3ajaveil.

TIporHo3HpoBaHHe 3aBHCHMOCTIH «CTPYKTypa-cBoiicTBo»(QuantitativeStructure-
ActivityRelationship, QSAR) IekapcTBEeHHEIX COeHHEHIIT OCYIIeCTBIAeTCS C HOMOIIBI0 MO-
JHQHIHPOBAHHOTO aropuTMa HCKYCCTBEHHBIX HMMYHHBIX cucTeM
(ArtificiallmmuneSystems, AlIS)n aNropHTMa OIBLIEHIS IIBETOB
(FlowerPollinationAlgorithm, FPA). Anroput™ omblneHns nBetoB FPAnprMensercs s pe-
IeHNA 3a7a4l BUIENeHNs HHOOPMATHBHBIX JI€CKPHIITOPOB, OMICHBAIOMIIX CIPYKTYPY XH-
MHYeCKHX coeIHeHnuit. IIpeicTaBIeHa apXuTeKTypa IPOrpaMMHOT0 00eCTIedeH s I pear-
3alHH  IPeIOXKEHHOl  HHTENIeKTYambHOfl ~ TeXHONOTMI C  IIOMONIBIO  areHTHO-
OpHEHTHPOBAHHOTO I OHTOIOTHYECKOro MOIXOI0B/IS MyNbTHATEHTHOIl mIaTgopMel JADE.
TIocTpoeHa OHTOJIOTHYECKAsA MOJIeNb MOAHHIIHpoBaHHOr0 anroputMa FPA-AIS B penakTope
oHTonoruii Protégé ¢ yuéroMmexaHH3Ma OIEHKH 3(QQeKTHBHOCTH MOANGUINPOBAHHOIO al-
ropurMa FPA-AISHa oCHOBe XapaKTepHCTHK: OIIHOKA KIacCH(HUKAINN, TOYHOCTb, IIONHOTA H
f-mepa.

KouyeBble ClI0Ba: HHTENIEKTyalbHas TeXHOJTOTHSA, 3aBHCHMOCTh «CTPYKTypa-
CBOIicTBO» QSAR JIeKapCTBeHHBIX COEIHEHMNI!, HCKYCCTBEHHEIe HMMYHHBIE CHCTEMEI, allro-
PHUTM OIIBIIEHIs IBETOB, aTeHTHO-OPHEHTHPOBAHHEBIIT IIOJIX0]I, OHTOJIOTIIYeCKas MOJIeTb.

Beegenue

TlocenHie TeHISHIMN B 00IACTH pa3-
BHTHS (papMaKOIOTHIECKOI OTPACIIH IPHBEIH
K 3HA9HTEIBHOMY POCTY COTPYIHHYECTBA H3-
BECTHBIX IIPOM3BOJMTENEl JIeKapcTB M Opra-
HH3AIWil, 3aHUMAIOMUXCS pa3paboTkoil u
BHeziperneM I, Hampuwmep, mBeiinapckas
(apmokoorndgeckaskomMmnanus Roche  3a-
KI0YMIa cormamenue ¢ ¢upmoil Exscientia,
creruanusupyonteiics B obmactu WM s
Pa3pabOTKH  TOKIMHHYECKHX —IIPErapaToB.
Taxxke KpymHeiimasg xommanus IBM ycrment-
HO TIPeJI0CTaBIIET CYIIepKOMIIBIOTEp
‘Watsondapmokonormdeckoiikommanun Pfizer

JUIS TIONCKAa IPOTHBOPAKOBBIX IIPEIapaToB.
Brenperue meronoB HII HareneHO Ha CHH-
JKEHHE BpPEMEHHBIX H ()HHAHCOBBIX 3aTpaTr
mpH oT0Ope KaHIHIATOB B JeKapcTBa, IO-
CKOIIBKY XapaKTepHOH 0COOEHHOCTBIO HMCCIIe-
JI0BaHMII B JaHHOII 001acTH ABJIAETCS OOMb-
1Ioe KOJMHYEeCTBO XHMHYECKOH CTpYKTYpHOIT
uHbopMar, 5GpeKTUBHBI aHATH3 KOTOPOil
M TIOCTIe/yIONTas PeXyKIHS JaHHBIX ITO3BOJLI-
eT JOoCTHYh OoJee BBICOKOH TOYHOCTH IIPO-
THO3HPOBAaHHS (papMaKoJOTHIECKHIX CBOCTB
JIeKapCTBEHHBIX COEIMHEHMIT.

Xopomro 3apeKOMeHIOBAIN cebsl MeTo-
JIbl HCKYCCTBEHHOTO HHTEJUIEKTa UL pellle-

e ————

67 Bun.22T.12020
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PA3PABOTKA METOTHKH OIEHKH 3®$EKTHBHOCTH SMART-
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Hvcmanym wpopauontes u sscnmerisx mexvorozul
“Kasaxemancro-Bpuman s mexwisiecxui yiusepeumen

Anvomaun: B nacmesyse spent nepenexmusHsi 3s3emes paspadoma wHoSauORHL Memodux 318
COx0arE HoSM: EKaPCTISEHHA: NPEGPAMO € 3ADHHD CSONCTIEENU € YETHO CHIKCER SPEHET:
u grunancoseix ampam. TloucK pabexmuer 1eXapEMSEHHAE: CoROUNGH SETRETICR CIOXHAY, MH0ZD-
emabuiru npoveccan, npu xomapon ReoGxoduNo oGpaGamsisams ozpaHui oGEN TIBMNEE: arR:
AXmyaTio MpLEHEHeNLE CopENENHLIX NEMO305 CKYCCMEEHHO20 WHMETIENM 418 TpOZHPOSTIL 305
cunnocmu ccmpyranypa-csoiicmeo» aexapemserwaix coedunerui. B cmames npedcmasiena pazpadomarna
Smart-mexat02s TpoHOPOSTHL Ha 0CHOGE NOSGNPOSTHHSE: ATZOPUTINS UCKCCIGERHBIX O
mx cucmen. Onerca >gbermusrocm Smar-mexHaroz OCYETMEMEMCS € naMOWD Nemodoroz
FMEA (Failure Mode and Effct Analsis) 18 anaaisa npusao u nociedemsu sosmuxnosenis deermos.
Paspasomana soders FMEA 0xs oyerma pucros dymapionposasnus smanos Smari-mewatozus. B raie-
emee npuepa pacexampusaomcs vexapemsere cocdurenua T parANOROH .

Kuovestie c06a: 1exapemsenie cosDUHEHS, NpOHOPOSTHIE SABCINOCHIL (CEYYMYa-ceoicmeds,
Smart-meatons, suderernic K bOpAMIEHSX decKpUNMIOpOs, NOUGUPOSIINIS AT2OPUMNE LEKYT-
emazn gL cucmev, YT aaasOw, Mode FMEA 01 oyern puctos.

3AMAHAVH BAFTAPTAMATHIK KYPATTAPBIH AT TATAHA OTBIPBIT
MSTMETTEP KOPBIH TATTAY KOHE JSPLTIK KOCBLTBICTAPIBIH

KACHETTEPIH BO/IKAY,TbIH SMART-TEXHO.TOT HSCHIHBIH THIM LTI TH
BAFATAY 9 TICTH 3IPIEY

Andamma: Kavipe mayda yassmmes 2w sapacs uisewon waiimy Mascamunda ecireneen saci-
emmep Goimua >ca1a 03pir npEnGPINIApS 6aCty20 GPHATETH KOS 2CMEpSi 3 MEYDi
Naneuueci sop. Tuudi apii SOCUTICMApOs 1306y ame JeH KeAEwOe2i AT MTINEMMEpoS OnOEyee
mypa xenemi xyper, xom camsin ydepic Garsim maginadw. JopI 5oCKTCMApOY CREPRTSaCU-
e mayendiici Gy i 2EaCaOw umESiER ey 0icmapi 5aA0awy a3ex Gan Kered.
Masata0a acacandu e EpiErEPOI MO QrZopINEPi Hediinde acarian
GomcayOu SMart-mEHOI0NAC FEHIATH. SMArt-MEHIONACHHLY MANGIIZA Gazaray axadu
mywinday cardapss uen cobenmepin maxdayza apharian FMEA (Failure Mode and Effcts Analyss) 20ic-
maneciin xoweciven x72ece acupunadu. epmmey xcacarea FMEA soderi Smartmexmarozusceay
manmapsan e iomeyivin mayererin Gazasay2a aprarea.

Tyiindi cesdep: dapisi socumicmap, axypwIN-Facuem» mayer0inicin Gotocay, Smart-meviasoas, asna-
pammLs cunammayumaps Gain a5, 2EaCTHOR WY PO MDA B opum:
e, cymgprnirasniomep, myexasdi Gazarayza apnasian FMEA vodeni
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Tarepatypa

1.5 >ramos mpoekTHpopamEA CHcTeMs! SIEM. MHQOPMAINZ O KOMIOHEHTAX CHCTEMBL
[mexrpomssdi pecype]: (https:/stackify.com/siem-implementation-strategy-and-plan).

2 Tlozpobmas mmpopmamms o pememmn FortiSIEM.  [3iexrpommedi  pecypc]
(www fortinet.com).
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SIEM axmaparrons savinchais xyfietep
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eKiAm oXaTanap AYpHATSIEZS erci-TerReiTl ATAPETIIPET GBI, KOPPETATIR <PEXEIEPIE KDY A3 KDY,
apuaint, Xy meece BTG KaTeIIKTep NeR GVENTSIPIN TiTa GOTyS TYPATS SckepTyaep, AT

axaparapast s ey xome Tapu ey Kipe
“Tyiinzi cosaep. STEM xyiec, xayinei»ai owrarapes, FortSIEM

Ormalies 3. K, Aitkhozhayeva ¥.Zh.
STEM systems i information securify

Annotation. Components of SIEM systems are examined wsing the FordSIEM system a5 an example. The
architecture of the system is presented, ifs capabilties are vially shown, which include monitoring by the
‘adminisrtor of events n the event log with defailed nformation, managing and drawing up correltion ules, warmings
about the occurrence of special suspicious or potential erors and violfions, accurate search and istorical search of
information fom the IT infrastucture .

Keywords. STEM system, secunty events, FortSIEM.
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T.A. Cavmrymsal, 311 Cavmrymsa?
Hscmumym wnopmayuoneix u essucTumensHsx meHonozuil, Kasaxema, 2. Arvams
Kasavemancwo-Bpumancrui Texwuseckuil Vwusepcumen, Kasaxemar, 2. Amvams:

‘galinasamigulina@nail.ru

PA3PABOTKA FA3BI SHAHHI 1A PEATH3AINH HHTE/LTEKTY AThHOR
TEXHO.IOTHH IPOT HO3HPOBAHHA 3ABHCHMOCTH «CTPYKTVPA-
CBOICTBO» TEKAPCTBEHHBIX IPEIIAPATOB

Awnomauus. B wacmoswee epews  GKmyaToHa  paspabomKa  COSDRMEHNSX
uHMeTICRIMYQTHE  MEHOTOZUIL  MPOZHOSUPOSTHUS  SASUCUMOCIIU (CIIPYKIYPA-COICMEO)
eKQPCIMEEHHHIX COPUHEHIT, NOISOTROUIE CYUYeCTIBEHHO COKDAMMS EPEMEHHbE U UHTHCOSHE
sampams: Ha cosdanue u npousEOOCMEO HOSHIX neapcmeckwx npenapamos. Paseumue IT
MEXHOTOZUIl U MEMOOOS UCKYCMIBEHHO20 NHIMENTEKIG OMKDHEAXM NDUHYUMIATSHO HOSHE
‘nepenexmues: uccredosanuii & Oanwom Hanpasienuu. B cmamse paspabomana 6asa swawl
MOOUGUYUPOSHHLY  QIZOPUMMOS  UCKYCMSGHHSYX  WMMJHHNX UMM  HA  OCHOSE
ommonozuieckoco nodvoda 018 MeduyuwHCKoll  SKCNEMHON  Cucmens,  yeumsieaowel
sasucumocms «cmpyrmypa-ceoiicmeo nexapcmeexwsx coedunenuil. Tlpocparioe obecnesexue
peanssosano wa Gase Mymmuacewmwoli mamgope JADE. Hec1edosanus nposodumucs ¢
MpuNEHeHuEN Gasmi OGHHSX OCCKDUIIMOPOS TERPCMECHHHX COROUHEHU CYTSPAHUTDUIOS
paspadomanwoil ¢ nowousio MuPosozo penosumopusn. xuvrseckoll ungopMayuu Mol-Iistincts.
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06 MCIOJNB30BAHWKM DE3YJbTATOB HAyYHBIX HCCJIE/IOBAHHA B paMKax IMPOEKTa IPaHTOBOrO
¢unancuposanus KH MOH PK AP05130019 «PaspaGorka u anamm3 0a3 AaHHBIX UL
HHGOOPMAIMOHHOM ~ CHCTEMbI  IPOFHO3MPOBAHMS  3aBUCMMOCTH  «CTPYKTYPa-CBOHCTBO)
JIEKapCTBEHHBIX COEMHEHHI HAa OCHOBE QIrOPUTMOB HUCKYCCTBEHHOTO UHTECJJICKTa» B y‘-leﬁHOM
npouecce ®axynprera Hudopmanuonnbix TexHonoruit Juisi CTYAEHTOB MarkcTpatTypbl
cnenmanbHoctd  «MnTeektyaabnbie  cucrembr  (Intelligent  Systems)» B pamkax
mucuuiuinsel «Data analysis, R programmingy.

1. ®.}.0. BHEAPHBINEro: HAyd. pyKoBouTe b npoekta, Ph.D, Camurynuna 3.U; rnasH.
HayyH. coTpyaHuK, A.T.H. Camurymina [.A., MJIaa. Hay4yH. COTPYAHHMK, Marucrp mno
unpopmanHoHbiM cucTeMam Macnmkanosa XK. A.

2. Coaepxanue BHEAPEHHs:

- PaspaGotka HHGOPMALMOHHON CHCTEMBI BEJCHHSI HAYUHBIX HCCIEIOBAHMH Ui
POrHO3MPOBAHMS 3aBUCHMOCTH «CTPYKTYPa-CBOMCTBO» JIEKAPCTBEHHBIX COEAMHEHMIT Ha OCHOBE
MOIU(BUIMPOBAHHBIX AITOPHTMOB HCKYCCTBEHHOTO HHTEILIEKTA.

- Co3nanue MOAM(GUUMPOBAHHBIX ~AJITOPUTMOB HCKYCCTBEHHOTO —HHTEJUICKTa UL
06paGoTKH CTPYKTYpHOH Xumudeckol nHpopmanuu u dopmuposanus B[ sexkapcTBeHHBIX
COeIMHEHMU ¢ 33/IaHHBIMA CBOMCTBAMH HAa OCHOBE ONTHMATbHOTO HabOpa AECKPUIITOPOB.

- Cosnanue >QGEeKTUBHBIX METOJ0B aHammM3a 0a3 JaHHBIX HHTEUICKTYalbHOMN
ME/IMIIMHCKON 3KCIEPTHOH CHCTEMbl, YYHTBHIBAIOIIEH 3aBUCHMOCTH «CTPYKTYpa-CBOHCTBO»
ﬂeKapCTBCHHLIX COelIPIHCHHH IIPHU PELICHHH pa3IHYHBIX 3a/1a4 ME/IMIIHHBI.

3. Kakue npenogaBaTe/lH MCINOJb30BaaM 5Ty pabory B ydedmom npouecce: Ph.D,
accou. npodeccop Camurynuna 3.1.

4. Kakpe rpynnbl M CTYAEHTBI HMCIO0Jb30BAJIM BHEJpDeHHe B y4eGHOM mnpouecce:
MarucTpanthl crienuanbHocTh « Muressiektyanbubie cinerembl (Intelligent Systems)».

5. Bpemsi u 00beM 3aTpaT Ha BHeJApeHHe B ydeonbIii npouecc: 180 yacos.

6. I'ne orpakeno BHeApeHHe: B yueOHO - METOJMYECKOM KOMIUICKCE MIHCIIHIUIMH,
cuiiabyce, KOHCIEKTe JIeKIHil, IPAaKTHIECKHX H JJabopaTopHbIX paboTax.

Jekan ®UT,
KaH/. QU3.-MaT. HayK

« 3 » &7 20Zfr.

O.A. T'ajukues

001152
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