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1. Decision problems. Multi-criteria problems



Systems analysis is a problem solving method that decomposes a system into 
its component pieces for studying of component parts (systems, subsystem, 
elements, parameters, procedures, factors, etc).

The basic procedures of system analysis is the decomposition and 
aggregation.
 

Systems analysis of decision problems 

• Decomposition - separation of 
complex system into separate parts 
(subsystems) in order to study separate 
systems: determining relationships 
between subsystems and its priorities.

• Aggregation – consolidation of the 
subsystems in the system with one 
main goal.

Aviation criteria: 
•safety, 
•regularity, 
•economic efficiency



1.Analysis of complex problems – alternatives, 
subsystems, goal..

2.Definition of criteria 
3.Decomposition of a complex problem into 

subsystems
4.Studying of characteristics of subsystems
5.Identification of priorities (importance) 

subsystems using expert estimation by each 
criterion

6.Aggregation of subsystems into one system 
(additive aggregation, multiplicative 
aggregation) - decision multi-criteria problems

Algorithm of  systems analysis of complex problems



1. Additive aggregation

Methods of Aggregation of subsystems into one system - 
decision multi-criteria problems

2.  Multiplicative aggregation
 

were 
wi  -  weight coefficients

f i -  criteria (function) estimation



Example: Definitions and estimation of the sources 
of the projects financing

Where to take 100 000 EUR on the projects financing?

Additive aggregation:

Sources R C w  €

Credit 3 0,3333 0,1667 16667

Self-financing 1 1 0,5 50000

Stock 2 0,6667 0,3333 33333

  2 1 100000



Example 1 Definitions and estimation of the sources of the projects 
financing  (decomposition and aggregation)

Example 1 Definitions and estimation of the students of 4 course  
(Additive and Multiplicative aggregation)

 Sources R C w  €

1 Credit 3 0,6 0,2 20000

2 Self-financing 1 1 0,3333 33333

3 Stock 2 0,8 0,2667 26667

4 Investmens 4 0,4 0,1333 13333

5 Subsidy 5 0,2 0,0667 6666,7

 sum  3 1 100000

   

Estimation 
of the 

students   Additive     
Multiplicati

ve   

 Subjects R' R C w 1(good) W(good) 2 (bad) W(bad) 1(good) W(good) 2 (bad) W(bad)

1 Are Navigation 1,2,3 2 0,833333 0,2380952 5 1,1904762 5 1,190476 5 1,466971 5 1,466971

2 Aerodromes 4,5,6 5 0,333333 0,0952381 4 0,3809524 0 0 4 1,14114 0 0

3 Meteorology 1,2,3 2 0,833333 0,2380952 4 0,952381 4 0,952381 4 1,391066 4 1,391066

4 Communication 1,2,3 2 0,833333 0,2380952 5 1,1904762 5 1,190476 5 1,466971 5 1,466971

5 IT 4,5,6 5 0,333333 0,0952381 3 0,2857143 3 0,285714 3 1,110299 3 1,110299

6 English 4,5,6 5 0,333333 0,0952381 4 0,3809524 4 0,380952 4 1,14114 4 1,14114

 sum   3,5 1 25 4,3809524 21 4 25 4,328214 21 0



2. Basic definitions of decision-making theory 

Decision-making - a goal-oriented choice of the one alternative from 
several alternatives using methods of optimization

Decision-making theory – theory, which studies mathematical methods 
for finding optimal solutions in man-machine system. 

A system - a set of elements and subsystems that are interconnected to set 
and  they have  main goal 



Maine properties of systems:

Emergence - the appearance of the property not previously observed as a 
functional characteristic of the system (the emergence of new properties in the 
system)

Synergetic - enhancing properties of the system (2+2=5), 
working together; cooperative. In system theory - optimization of system, 
emergence additional properties by using mathematical methods
Remark
(Синергетика (от греч. synergetike - содружество, коллективное 
поведение) - наука, изучающая системы, состоящие из многих подсистем 
самой различной природы; наука о самоорганизации простых систем и 
превращения хаоса в порядок. - 
http://www.milogiya2008.ru/sinergia.htm)

Method - a way to achieve the goal (Metodos (latin)) word)



Decision-making theory answers questions:

• where decisions are made - man-machine systems (pilot – 
aircraft, air traffic controller - pilot – aircraft,  etc)

• who make decisions - the human - operator, the 
decision-maker, manager

• how to make optimal decisions – using decision-making 
methods



Decision-making stages:

I.perception of information
II.identification of information
III.decision-making
IV.action



OODA Model



Decision Support System (DSS) is a computerized system designed to help a user make decisions

Database (DB) - information 
structure that reflects the status and 
relationship of objects analyzed
Database management system
The model base - a set of 
mathematical, logical, linguistic and 
other models used for comparative 
analysis of multi-alternative 
decision
Users interface 

3. Decision Support System (DSS) 



James Reason model - mistakes

Human Factors (HF) problem. Evolution of HFs Models. 

SHELL model 

Socio-technical 
systems

Safety - effectivity /balance model 

SCHELL model and CRM
C - culture

SCHELL-T model M
T – TEAM

Artificial Intelligence (AI ): 
FF-ICE - Flight and Flow Information for a 
Collaborative Environment 
SWIM  -System-Wide Information Management 
PBA  - Performance-based approach 
CDM  - Collaborative decision making
DM  - Decision Making
ES – expert systems
DSS – decision support system, etc.

Example of AI / CDM  - 
Collaborative DM

Culture is a “collective 
programming of the mind”  
(Hofstede) 

ICAO: Human Factors 
Guidelines for Safety Audits 
Manual, Doc. 9806

<SHEL→SHELL→SHELL-T→SCHELL → balance models 
→Collaborative Decision Making (CDM) / AI > etc.

Statistical data shows that human errors account for up to 80 % of all causes 
of aviation accidents
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Evolution of HFs Models. 

Socio-technical systems  - “Large-scale, high-technology systems such as nuclear power generation and 
aviation have been called socio-technical systems because they require complex interactions between their human 
and technological components”
Cross-Cultural Factors in Aviation Safety : Human Factors Digest No. 16 / Сirc. ІСАО 302-AN/175. – Canada, Montreal : ICAO, 2004 

Stages of the evolution of the HF’s models:
1) Professional Skills of H-O / Interaction of H-O’s / 

Definitional of H-O’s Errors.
2) Cooperation in team  / Interaction of H-O’s in team / Error 

detection.
3) Influence of Culture  / Safety / Error prevention.
4) Safety Management  / Safety balance models / Minimization 

of errors.
5) Collaborative Decision Making (CDM)  / Data for DM
6) Artificial Intelligence  in aviation, etc.

Culture is a “collective programming of the mind”  (Hofstede) 
ICAO: Human Factors Guidelines for Safety Audits Manual, Doc. 9806

Factors:
•social-psychological; 
•individual-psychological; 
•psycho-physiological, etc.
AI

•minimization of errors
•CDM

AI (artificial intelligence) is the simulation of human intelligence processes by modeling, computer 
systems, and machines
IATA, White paper, 2018

…
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Evolution Human factor's models
Years Models Content of models Content

1972 SHEL Software (procedures) - Hardware (machines) - 
Environment - Liveware I stage

Professional skills
Interaction 

Errors

1990 Reason's “Swiss 
Cheese Model”

Active errors - Latent errors - Windows of opportunity - 
Causation chain

1993 SHELL Software (procedures) - Hardware (machines) - 
Environment - Liveware - Liveware (humans)

1999 CRM Crew - Resource - Management
II stage

Cooperation  in team
Error detection

2000 TEM Threat and Error - Management
2000 MRM Maintenance - Resource - Management

2004 SHELL-T 
(SHELL-Team)

Software (procedures) - Hardware (machines) - 
Environment – Liveware - Liveware (humans) - Team

2004 SCHELL model and 
CRM

Software (procedures) – Culture - Hardware (machines) - 
Environment - Liveware - Liveware (humans) III stage

Culture
Safety

Error prevention

2004 LOSA Line - Operation - Safety - Audit
2009 HEAD Human - Environment - Analysis - Design

PBA Performance-Based Approach 
2010 HFACS Human Factors - Accident - Classification - System

2013 SMS
Safety Balance Model Safety Management System

IV stage
Safety / Efficiency /

 Minimization of 
errors

2016-now AI
CDM

Collaborative Decision Making (CDM) 
 System-Wide Information Sharing and Management 

(SWIM)
Flight & Flow Information for a Collaborative 

Environment 
(FF-ICE)

V stage
Collaborative DM 

Artificial Intelligence

2
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The synergetic effect -  LS of aviation technique with using 
AI capabilityAI White Paper / IATA

https://www.iata.org/publications/Pages/AI
-white-paper.aspx

Artificial Intelligence Applications in the Aviation and 
Aerospace Industries 2019
https://www.igi-global.com/publish/call-for-papers/call-de
tails/3799

2
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The synergetic effect:  analysis of problem (DM) and synthesis 
of problem (AI) 

Analysis (DM) – integrated of models
Synthesis (AI) – classification of 
problem and obtained 
deterministic models od DM by AI
  

2
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Books about  DM of H-O in ANS: DM of ATC; pilot of AC/ UAV; engineer; flight dispatch etc. 

Ukraine
http://er.nau.edu.ua/ 

IGI GLOBAL (USA)
https://www.igi-global.com/
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1. Types of system
2. Classification of methods of decision-making
3. Expert Judgment Method (main steps of Method). Matrix 

of individual preference

Lecture 2: 
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of individual preference
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Research methods -  Analysis and 
synthesis of aviation ergatic system 
(man-machine system), for example,  
pilot – aircraft, operator - aircraft  for 
using theory of automatic control

∑ - system
x - input 
y - output 
f - disturbing influences

1. Types of Analysis and Synthesis of system (SISO & MIMO)

1) One input  - One output. 
Mathematics for solving problems - differential equations  (f(x)=dy/dx etc)
Engineering approach - this is the theory of automatic control (W(p)= Y(p)/X(p) etc)
 



•  

Using optimization methods we choose from many alternatives  to one 
alternative. Optimization problem must have

•goal (objective function)
•constraints
•criteria (minimum, maximum) of optimality 
Remark . According on the type of task variables, constraints and objective function there are 
following methods:

•Decision making under certainty (LP/DP)
•Decision making under risk.
•Decision making under uncertainty 
•Game Theory 
•Neural Networks 
•Fuzzy logic etc 



APPLICATIONS - systems

Ergatic (man-machine system) system

Artificial Intelligence АІS 

•Decision support system •Expert Systems 



2. Classification of Decision Making Methods – 3D - Classification
 It is known a lot of types of classification, but the simplest is the classification by 

Howard ([2] Jozef  KOZIELECKI) 

Classification is a cube in space, which has the axises (3d - Classification): 
•Axis of uncertainty (measure (level) of  uncertainty) -  x, 
•Axis of dynamics (measure of dynamics ) – y 
•Axis of complexity (measure of complexity) – z .

Extent of  uncertainty -   Axis x . 
At point O, we have methods for solving deterministic problems - 
decision-making in certainty
At point R - we know the law of the probability distribution of the random 
variable, such as problem in risk R (decision-tree)
At point D - we don’t know the law of the probability distribution of the random 
variable. We have  methods for solving uncertainty problems - decision-making in 
uncertainty (for example, minmax-criteria Vald, Savage, Hurwitz and Laplace etc)



Extent of  dynamics – Axis y 

At point O, we have methods for 
solving one-step decision-making 
problem, such as linear programming.
At point B, we have methods for 
solving  many-step decision-making 
problem, such as dynamic 
programming.

Extent of complexity – Axis z 

At point O, we have methods for solving 
decision-making tasks with a one-criterion problems
At point B, we have methods for solving 
decision-making tasks with multi-criteria problems



According with the variables types, constraints and objective function type 
there are following main methods:

•Decision making under certainty (LP, DP, NLP, etc) 
•Decision making under risk (decision-tree)
•Decision making under uncertainty (minimax) 
•Game Theory 
•Fuzzy-logic 
•Neural Networks, etc

But!

One of the methods for solving multi-criteria decision problems   - 
Expert Judgment Method for define the quantitative values   of quality 
indicators –  after Decomposition (more - less, complex - simple, 
difficult - easy).



3. Expert Judgment Method
The main steps of Expert Judgment Method

 



Examples. Matrix of individual preferences 
Number of expert, m≥30

Example 1: Estimation of the sources of the 
projects financing, criteria – efficiency  

Methods for building Matrix of individual preferences : 
✔of paired comparisons method
✔ranking method

Matrix 2. Estimation of the approach systems, criteria - efficiency  
  



Matrix 3. To determine the significance (complexity) of 
the phases of flight of the aircraft

 Take-of
f

Departure Route 
(horizontal 
flight)

Descend Landing
 

R

Take-off  1 1 1 0 3 2
Departure 0  1 1 0 2 3
Route (horizontal 
flight)

0 0  1 0 1 4

Descend 0 0 0  0 0 5
Landing
 

1 1 1 1  4 1

Take-off 2 places
Departure 3 places
Route (horizontal flight) 4 places
Descend 5 places
Landing 1 places

System of  preferences expert №1 

Methods:
•paired comparison method
•method of ranking



Algorithm
of

Expert Judgment Method



1. Algorithm of Expert Judgment Method
2. Example of Expert Judgment Method. 

Lecture 3:
”Algorithm of Expert Judgment Method (EJM). 
Example for using EJM. Estimation the difficulty 
of procedures of ATCO for aircrafts control”

National Aviation University
Department of Airnavigation system

Professor Shmelova T. 



1.Algorithm of Expert Judgment Method







9. Weight coefficients

10. Graph 



2. Example N1 of using Expert Judgment Method. Definition the difficulty of 
procedures of ATCO for aircrafts control 

Method of  EXPERT ESTIMATES  for definition of difficulty of aircraft service and 
definition the  workload of ATCO for TOWER

For TOWER we have next procedures:
1. Take-off,
2. Landing
3. Taxiing
4. Coordination

1.Matrix of individual preferences.

 Procedures Take-off , ω1 Landing,ω2 Taxiing,ω3 Coordination,ω4  ∑r R R 

Take-off, ω1  1 1 1 3 1 1

Landing, ω2 0  1 1 2 2 2

Taxiing, ω3 0 0  0,5 0,5 3;4 3,5

Coordination, ω4 0 0 0,5  0,5 3;4 3,5



2.Matrix of group preferences
Experts Procedures

Take-off , w1 Landing,w2 Taxiing,w3 Coordination,w4

R1 R2 R3 R4
1 1 2 3,5 3,5
2 1,5 1,5 3,5 3,5
3 1,5 3,5 1,5 3,5
4 1 2 3 4
5 1,5 1,5 3,5 3,5

ΣRij 6,5 10,5 15 18
Rгр 1,3 2,1 3 3,6
R’гр 1 2 3 4
Di 0,075 0,675 0,75 0,05
σi 0,27386 0,8215838 0,8660254 0,223606798

υi, % 21,0663 39,12304 28,867513 6,211299937

- if variation is less than υ ≤ 33%  - opinion of experts are coordinated.
- if variation is more than υ  > 33%  - opinion of experts are not coordinated. 



3 Definition  of Kendal’s coordination coefficient



4 Correlation coefficient of Spirman rs

Procedure

Ranks Takeoff Landing Taxiing Coordination
Ranks of group, Rgr xi 1,3 2,1 3 3,6

R1-ranks of expert N2 yi 1,5 1,5 3,5 3,5
n 4 0,04 0,36 0,25 0,01

rsi 0,934

0 ≤ rs ≤ 1

Our result is 0.934. So, the coordination of opinions of the group and expert 2 
is high.



The significance of the calculations: 
Significance  W ,  for using criterion - χ2



Significance  Rs ,  for using Student's t – criterion



1. Algorithm of Definition the weight coefficients 
2. Definition of ATCO’s loads  for using weight coefficients 

Lecture 4: Expert Judgment Method.
Weight coefficients 

National Aviation University
Department of Airnavigation system

Professor Shmelova T. 



1. Definition the weight coefficients / Multi-criteria 
decision problems



Task. Definition of importance coefficient workloads for a controller’s on Tower

ω1  - Take-off;
ω2  Landing;
ω3 - Taxiing;
ω4 - Coordination.

1 method (linear dependence between a rank, 
Estimates and weight coefficients)

Procedure Rank  Rgrj Ci ωi Total load

Take-off, ω1
1 1 0,4 7 2,8

Landing, ω2
2 0,75 0,3 3 0,9

Taxiing, ω3
3 0,5 0,2 10 2

Coordination, ω4
4 0,25 0,1 5 0,5

Σ  2,5 1 25 6,2

С 1=1- (1-1) /4 = 1 
С 2=1- (2-1) /4 = 0,75
С 3=1- (3-1) /4 = 0,5
С 4=1- (4-1) /4 =  0,25
ΣCj = 1 + 0,75 + 0,5 + 0,25  = 2,5 

ω1 = 1/2,5      = 0,4 
ω2 = 0,75/2,5 = 0,3 
ω3= 0,5/2,5   = 0,2
ω1 = 0,25/2,5 = 0,1 
Σωj  =  0,4 + 0,3 + 0,2 + 0,1 = 1 





2 method
Estimates  Cj  are determining by helping experts, from 1 to 0, descending 
importance rank  from more importance to less importance  value

Procedure Rank 
Rgrj

Ci ωι
Total 
load

Take-off, w1 1 1 0,35 7 2,5

Landing, w2 2 0,9 0,32 3 0,96
Taxiing, w3 3 0,7 0,25 10 2,5
Coordination, 
w4

4 0,2 0,071 5 0,36

Σ  2,8 1 25 6,32
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Homework:

1.Choose a multi-criteria problems:
Remark:

1.Choosing a telecommunication system
2.Choosing a product marketing strategy
3.Choosing Software
4.Cross-Browser Website Testing
5.Aviation: Quantitative estimation of the complexity of the stages the aircraft 

flight; Quantitative estimation of the complexity of the navigation 
parameters of flight; Air Craft Landing system (GNSS, ILS, GNSS 
+EGNOS,VOR,…); Quantitative estimation of the complexity procedures 
operators during working process; Quantitative estimation of the Human 
factor problem; Aviation Safety (safety, regularity, economic efficiency) 

6.Management of enterprise
7.Select the best Smart Phone
8.Select of the sources of projects financing



Individual research work (RW) for course IDM. 
Application EJM for building “Expert system”



Examples (results – weights coefficients of subsystems):





INDIVIDUAL WORK  by Rodrigo Pillajo



Thank you for 
your attention


