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Topic 1: Expert Judgment Method

Lecture 1: Basics of decision-making theory

Lecture 2 Classification of systems / Methods of decision-making / Expert

Judgment Method (EJM).

Lecture 3 Algorithm of EJM. Example for using EJM. Estimation the difficulty
of procedures of ATCO for aircrafts control

Lecture 4 Expert Judgment Method. Weight coefficients

Laboratory works

1.Decomposition and aggregation of complex system.

2.Expert Judgment Method / Matrix of individual preferences

3.Expert Judgment Method Standard task “Definition of the systems of preference of ATC's
workload

4.Expert Judgment Method Individual task, 1 criteria
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Lecture 1: Basics of decision-making theory

1. Decision problems. Multi-criteria problems
2. Basic definitions of decision-making theory
3. Decision Support System (DSS)

Professor Shmelova T.



Course Basics of decision-making theory/ Informatics of DM

1 semester

1. Classification of methods of decision-making
2. Expert Judgment Method / Multi-criteria decision problems. Tasks:
2.1 Quantitative estimation of the complexity of the aircraft flight stages - definition of
significance (complexity) of the phases of flight of the aircraft
2.2 Quantitative estimation of the complexity of the navigation parameters in flight of
aircraft.
2.3 Quantitative estimation of significance of the Landing System (GNSS, ILS, VOR,...)
2.4 Quantitative estimation of the complexity of procedures operators during working
process - definition of controller’s work load for aircraft (AS) service
2.5 Quantitative estimation of the Human factor problem
2.0 Select of the sources of projects financing

3. Decision making under certainty. The Linear Programming. The Simplex
method (Diet Problem, Finance distribution on advertising,..)
4. The Transport task. Method of potentials (Distributionof AS on routes

Aviation Problem

® economic efficiency Mregularity  wsafety

N




2 semester

1. Network planning. Decision making in emergency situation. The deterministic
models for H-O (controller, pilot, engineer ...) were obtained in accordance with
“ASSIST™.

1.1 Designing with MS Excel (MS Project)
1.2 DM in ES (ATCO)
1.3 DM for repair (ATSEP)
2. Decision making under risk. Tasks:
2.1 Design making in risk - construction big or small airport
2.2 Decision making in risk - Decision Making by H-O in flight emergencies situation using
decision tree

. Game Theory. A mathematical model of conflict — “teacher — student” efc

4. Decision making under uncertainty. Criteria Vald, Laplace, Savage. Hurwicz. Task:
4.1 Choosing optimal landing aerodrome in flight emergencies situation
4.2 Alternative landing aerodrome
4.3 Profit and cost

5. Dynamic programming. Tasks:

3.1 The problem of minimum cost way between places
3.2 The traveling salesman problem

3.3 The task of climb of the aircraft

3.4 The problem of rational loading of backpack

6. Neural Networks. Neural network admission student to simulator training by the

number ofhours and level of training.

Fuzzy logic. Quantitative estimation of the risk.

Decision support system.

. Expert Systems.

0.Characteristics of the decision maker (the methods of socionics. methods of

sociometry).

11.Analysis and synthesis of aviation man-machine system, for example, “pilot —

aircraft”, using theory of automatic control
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1 cemecTp
Jdexyuu / npakmuxu / 1abopamopHsie padomut / UHOUGUOYATLHBIE PADOMbL
1. KnaccHpHkamHd MeETOJOB IPHHATHA pemeHHH (mo Iopapay - 3d
KTacCHOHKAIIHA)
2. MeTo 3KCIIepTHHIX OLEHOK / MHOTOKpHTepHaIbHEIE IPOOIeMEl. 3a1aqdH:
2.1. KoauuecmeerHoe oyeHusarue Cl10¥CHOCMU 3manoe noiema eo3dyurozo cyoxa (BC)
2.2. Oyenusarue 3HQYUMOCMU HaASUZAYUOMHBIX HNapamempoe noiema BC na odxom u3
3ImManoe noiema.

2.3. Koausecmeennan oyenxa sHaxumocmu cucmem nocaoxu BC (THCC, ILS, VOR)

2.4. Oyerugarue c10HCHOCMU NPOYEOYp, EbINOIHACMBIX ONEPamopoM 60 epema paboyezo
npoyecca, asuaoucrem«epa npu 00CIYHICUSAHLUL E030VIULHBIX CYO08

2.5. Boibop ucmosHuxo0e QuHaKCupoeariia npoexmos

3. IIpuHATHe pemeHHH B  VCIOBHAX  OIpPENeIeHHOCTH.  JIHHeHHoe
nporpaMMHpoBaHHe. CHMILTEKC-METOA (3aJada O [OHeTe, pacupeneleHHe
(HHAHCOB Ha peKIaMy H T1)

4. TpaHcriopTHasg 3azada. Meroa moTeHUHaNoB (pacupeneneHHe BC mo

MapmpyTam)
T AMIERARCHICAL TREE HE%%EEF%IEM AN o NPOAAXA YEPE3 EBAY: Problem
OBJECTIVE ’ NPOrPAMMMWPOBAHMS: 0 ( ] )

Solving

CRITERIA ) O (n ! ) O (nzzn)
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Economy
Civic Civic Civic
ALTERNATIVES Saturn Saturn Saturn 3ATKHUCD.
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I Style

Escort Escort Escort
Clio Clio Clio




2 cemecTp
1. CereBoe II1aHHpOBaHHe. MOJETH NPHHATHA pPEIIeHHH B aBapHHHBIX CHTYaIHAX.
JleTepMHHHpPOBaAHHBIE MOJEIH IPHHATHA PENIeHHH dYeloBeKoM-omneparopom (U-O)
(auCcmeT4ep, MHIOT, HEUKEHED ...). 3aJadH:

1.1.1. Aeuaducnemuep - cemesvie modeiu ¢ coomeemcmeuu ¢ "ASSIST" - mexrnorozurn pabomo: 7 AT
asuaducnemyepa € ocobom ciyyae € noieme / \4 [T CALCUATE
1.1.2. Huxcenep — cepeucroe 0bcayxcusarue mexHuxu 7 BYALUATE
1.1.3. Ilpoexmuposarue c nomowvro MS Excel (MS Project)
2. TIpHHATHE pelIeHHH B VCIOBHAX PHCKA. 3aJadH: /
2.1.1. Ilpoexmupoearue cmpoumeibcmea a3ponopma

2.1.2. Cmoxacmusecxkue modeiu npuxamua peweruii 9-Q (Oucnemwep, nuiom, uHxcexep ...) €
noMOWBI0 Oepesa peuteHuil.

3. Teopusa Hrp. MaTtemaTH4ecKass MOJelb KOHOIHKTA — «VIHTEIb — VI€HHK», «CIIPOC-
MIPEITOKEHHE», «YEIOBEK-MaIlllHHA» H T.1.

4. IIpHHATHE pEeNIeHHH B YCIOBHAX HeONpeneNeHHOCTH. KpHTepHH Banbaa. CIBHIKA,  reasons swiss Cheese Model
Jlamnaca, MHxaH1IOBa. 3aJadH:

4.1.1. 3adaua evibopa 3anacrozo a3podpoma
4.1.2. 3adaka evibopa onmumMaibH020 A3p00POMA NOCAOKL.
4.1.3. Hpubriie / 3ampamal
5. JIHHaMHYeCKOe IIPOorpaMMHpPOBaHHE. 3aJaqH:
5.1.1.TIOHCK IIyTH MHHHMAaJIbHOH CTOHMOCTH MEKIY ITyHKTaMH s econ of
5.1.2. 3aga9a KOMMHBOSIKEpa opportunity”
5.1.3.3ama4a HaGopa BeICOTEI BC

5.1.4.3aga4a pallHOHAJIBHOH 3arpy3KH pIOK3akKa (caMoJIera)

6. HelipoHHble ceTH. HeHpoHHasA ceTh JOIIVCKA CTYACHTA B TPEHAKEPHOH MOATOTOBKE.
7. Hederkas 1orHka. KonHYeCTBeHHOE OLIEHHBAHHE PHCKA IIPH Pa3BHTHH aBapHHHOH
cHTvauHH B nonere BC Aviation
8. CHcTeMBl NIOAAeP KKH IPHHATHA pelIeHHH mcconomicefficency W regularity  msafety
9. DKCIepTHBIE CHCTEMBI ,
10. XapakTepHCTHKa JHIA, NpHHHMawpmero pemeHHs (JIITP) (MeTosl COLHOHHKH, - .
COLTHOMETPHA) .
11.AHaTH3 H CHHTe3 aBHAIITHOHHOH Ye/I0BEeKO-MalllHHHOH CHCTEeMBI, HallpHMep, "MIHIOT - b

camMoier" - ¢ IIPHMEHCHHEM TECOPHH aBTOMAaTHYCCKOT O VIIDABICHHA



1. Decision problems. Multi-criteria problems

e Select the best solution

* Quantitative estimation

3

Multi-criteria problems

Reason’s Swiss Cheese Model

"a trajectory of

[SILIE]

 Analvze of Complexity system

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, VOR,...); Quantitative
estimation of the complexity procedures operators during working process,
the procedures for service an aircrafts; Quantitative estimation of the Human
factor problem; Aviation Safety (safety, regularity, economic efficiency)
Management of enterprise

Select the best Smart Phone

Choosing a telecommunication system

Choosing a product marketing strategy

Choosing Software

Cross-Browser Website Testing

Select of the sources of projects financing




Systems analysis of decision 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.

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

Aviation criteria:
*safety,

regularity,
*cconomic efficiency

Aviation
e Aggl'eg atiOIl - COHSOlidatIOIl Of the M economic efficiency Mregularity W safety
subsystems in the system with one —

main goal.
50%

. < .



Algorithm of systems analysis of complex problems

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

S.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

YahS

S

GOALS
[ ATERMATIVES

47 CRITERN
(7 CALCYIATE
[7 EYALIMTE




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

n
y . W =Z T
1. Additive aggregation i=1 Vil
n 2
2. Multiplicative aggregation W = £
i=1
were -
w. _weight coefficients ~ w, = ——— C —1— Ri—1

fi- criteria (function) estimation



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

Where to take 100 000 EUR on the projects financing?

Sources R C w € ﬂ
Credit 3 0,3333 0,1667 16667 J
Self-financing 1 1 0,5 50000
Stock 2 0,6667 0,3333 33333
2 1 100000

Additive aggregation: w = Z w,f, = 0,166667 + 100000+ 0,5 * 100000 + 0,333333 * 100000
i=1
= 100000€

Sources




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

Sources R C w
1 Credit 3 0,6 0,2 20000
5 Self-financing 1 1 0,3333 33333
3 Stock 2 0,8 0,2667 26667
4 Investmens 4 0,4 0,1333 13333
c Subsidy 5 0,2 0,0667 6666,7
sum 3 1 100000

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

Estimation
of the Multiplicati
students Additive ve
Subjects R' R C w 1(good) W(good) 2 (bad) W(bad) 1(good) | W(good) 2 (bad) W(bad)

1 S i ea0on 123 2 0.833333 ] 0.2380952 | 3 11904762 > 1190476 | 3 1466971 : 1466971
2 Aerodromes 45.6 5 0,333333 | 0,0952381 4 0,3809524 0 0 4 1,14114 0 0
3 RO, 123 2 0.833333 ] 0.2380952 | 4 0.952381 4 ] 0952381 4 1391066 | 4 1391066
4 Communication 123 2 0.833333 ] 0.2380952 | 3 1,1904762 > 1190476 | 3 1466971 > 1466971
5 nr 4,56 > 0,333333 | 0,0952381 3 0.2857143 3 loosstia| 3 1110299 | 3 1,110299
6 English 456 > 0333333 1 0,0952381 | 4 | 03809524 | %  |o0380952 | 4 1,14114 4 1,14114

sum 3.5 1 25 | 43809524 | 21 4 25 |4328214 | 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
If

H-O ! ACFT

aY = VYo=Y, — min — 0

Machine




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

(Cunepeemuxa (om epeu. synergetike - coOpyxcecmeo, KoIeKmueHoe
I’l06€0€HM€) - Haym u3yqai0u4a;z cucmemsl, cocmoAauwue us MHo2cux nodcucmeM
CCZMOM pasvzulmou anlPOabl HayKCl o CCZMOO]?ZCZHZ/LS’CZL;MM I”lpOCﬂ’lle cucmem u
npespauleHusl Xaoca 8 nopsioox. -
htto://www.milogiya2008.ru/sinergiga.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

]
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Decision-making stages:

|.perception of information
|.identification of information

|.decision-making
.action

G, — obtained experience;

fe - vector of predicted H-O's
actions;

A - selectioninthe direction of
positive pole &;

e
0
®/

selection of human-operator

The informational processor of the reflexive intuitive

Fa — knowledge, skills and abilities,
acquired operator duringtraining;

Fep — knowledge, skills and abilities,
acquired H-O during professional
activity;

Fix — individual-psychological H-O's
qualities;
Fe — psycho-physiological H-O's

Decision making

N

e O

The identification of situation

Gpy — takeoff;
Gpz2— climb-out;
Ggs — level flight;
Gpa— descent;
G — landing;

G,y — expected conditions of the AC
operation;

G, — unexpected conditions of the AC

/

QUSISIOIO,

Perception the information

G, — opticchannel;
G,y — auditory channel;

G, —tactile channel;

Problem discovery:
What is the problem?

Solution discovery:
What are the possible solutions?

Choosing solutions:
What is the best solution?

Solution testing:
Is the solution working?
Can we make it work better?

Design




OODA Model

John Boyd cycle (OODA):
e Observe
L4 Orient Observe Orient Decide Act
e Decide Gudance Slidance
Unfolding & Control

[ J Act Clrcums!ances\ 7};7 . A
John Richard Boyd (January 23, 1927 — March 9, 1997) /?‘f‘f'jﬁ";;;; ey
was a United States Air Force fighter pilot and Pentagon (e
consultant of the late 20th century, whose theories have ntoahg eracicn
been highly influential in the military, sports, business, and et Jomemjo"::i":;
litigation

£ I | ; | |

Peanusauua nia=Ha




3. Decision Support System (DSS)

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

User's
Interface

~ 3 Database
Database management -
system
. e t
e a2 kS The control system
Models |e of the model base |¢
base

1) The_first generation of DSS (1970-1980 years) almost completel,

repeated the usual functions

of management systems to provide

computerized assistance in making decisions. The main components of the
DSS had the following characteristics:

Data Management - large amounts of information, internal and external
databases , processing and evaluation of data;

Management of computation (simulation) - the model developed by
experts in the field of computer science for specific problems;

User interface language (communication) - a programming language
designed for large computers used exclusively by programmers.

2) DSS second generation (early 1980s - mid 1990°s ) have

had a fundamentally new features:

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)DSS third generation (mid -1990s to the present day)

has the same features as the second generation, but there were morc

opportunities with the introduction of new information technology tools and

methods of artificial intelligence:

e Warehousing data;

e OLAP (online analytical processing) - systems that enable users to
quickly and easily manipulate large databases for the study of many
indicators of business activity in different angles;

e Data mining - Data Mining techniques to search through databases and
data warchouses unknown (hidden) patterns and trends;

e New means of telecommunication which provide effective
communications between users when creating a group decision

e Data management - a necessary and a sufficient amount of

information on cases according to the perception of the person who
makes the decision maker (DM ), covering hidden assumptions ,
interests, and quality assessment;

Management of calculations and simulations - flexible models that
reproduce the mindset ATS in decision -making;

User Interface - software, "friendly" to the user, a common language, a
direct end-user.

(Groupware), virtual organizations and offices;

Geographical databases and geographic information systems that
provide users with access, display and analysis of data with geographical
(territorial) content and meaning, using maps.

INTELL QE‘IE

=
=

D S S > EXPERTISE o< & EszthwC
= NNING
DECISIUN AETIVITIlb

SYSTE =3

INTERFACE MODEL
DOCUMENTS

OUTPUT

OPERATIO!

2 PROCESS



SHELL model

SILIE]
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Human Factors (HF) problem. Evolution of HFs Models. °‘

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

Artificial Intelligence (Al ):

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.

Other
causes <SHEL—SHELL—SHELL-T—-SCHELL — balance models
20% —Collaborative Decision Making (CDM) / AI > etc.
SCHELL model and CRM
C - culture
SCHELL-T model M
T— TEAM .:1I> Socio-technical

systems

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

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

James Reason model - mistakes

Safety - effectivity /balance model

Sowrcs. James Rason

Example of AI/CDM_-
Collaborative DM




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 / Circ. ICAO 302-AN/175. — Canada, Montreal : ICAO, 2004

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

Al ( artificial intelligence) is the simulation of human intelligence processes by modeling, computer

systems, and machines

e e voven 2018 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.

Collaborative Decision Making (CDM) / Data for DM

Artificial Intelligence in aviation, etc.

Factors:
ssocial-psychological;
.:{> sindividual-psychological;
*psycho-physiological, etc.
Al
s *minimization of errors
| ] “«CDM

o N



Evolution Human factor's models

Years Models Content of models Content
1972 SHEL Software (procgdures) - Har@ware (machines) -
Environment - Liveware I stage
1990 Reason's “Swiss Active errors - Latent errors - Windows of opportunity - | Professional skills
Cheese Model” Causation chain Interaction
1993 SHELL Soft\yare (procedpres) - Hardware (machines) - Errors
Environment - Liveware - Liveware (humans)
1999 CRM Crew - Resource - Management
2000 TEM Threat and Error - Management IT stage
2000 MRM Maintenance - Resource - Management Cooperation in team
2004 SHELL-T Software (procedures) - Hardware (machines) - Error detection
(SHELL-Team) Environment — Liveware - Liveware (humans) - Team
SCHELL model and | Software (procedures) — Culture - Hardware (machines) -
2004 . : :
CRM Environment - Liveware - Liveware (humans) 11 stage
2004 LOSA Line - Operation - Safety - Audit Culture
2009 HEAD Human - Environment - Analysis - Design Safety '
PBA Performance-Based Approach Erronpigit S
2010 HFACS Human Factors - Accident - Classification - System
IV stage
SMS Safety / Efficiency /
g0 Safety Balance Model Safety Management System Mir):imization o)f’
errors
Collaborative Decision Making (CDM)
System-Wide Information Sharing and Management
Al (SWIM) V stagg
o CDM Flight & Flow Information for a Collaborative Cf)lla.bomtzve.DM
: Artificial Intelligence
Environment
O (FE-ICE) e 9

|




The synergetic effect - LS of aviation technique with using
Al White Paper /48Tpepability

https://www.iata.org/publications/Pages/Al

-white-paper.aspx

Deep Leaming
Supervised

N\

"\, Machine Learning (ML)

. Unsupervised

/
/
b

Lifecycle (LC)

AIPlanning x

N\

-

[ Artificial

Robotics (UAV, MEMS, GNSS, etc.)

Machine Leaming (ML)
Expert Systems (ES)
Computer Vision (CV)
Decision Support Systems
(DSS)

Natural Language Processing (NLP)

Automated Systems (AS) Computer speech (CS)

Intelligence
(Al)

Neural Systems (NS) Big Data & Data Mining

Virtual Training and Education system
(VIE)

e

Synergetic

_ Content Extraction b
3 Ceniicalion Natural Language
. Machine Translation Processing (NLP)
_ Question Answering
_ Text Generation
b _  Expert Systems
. Image Recognition
> Vision
o Machine Vision
o Speech to Text
¢ . Speech
o Textto Speech yd )
= . Planning
Robotics
¢
{

Artificial Intelligence Applications in the Aviation and
Aerospace Industries 2019
https://www.igi-global.com/publish/call-for-papers/callzde 5
tails/3799 n




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

i Of.problem (4D Synthesis (Al) — classification of
Analysis (DM) — integrated of models problem and obtained

deterministic models od DM by AI

{CZAQUPFY,
£, VMo, Ms oy, s,
Yogo )}

Models of DM by H-0 (pilots, ATCs, engineers,...). 3D - Classification

+ DMin Certainty - Networkplanning A
+ DM inRISK (decision tree) - Stochastic models Robotics (UAV, MEMS, GNSS, etc.)

Machine Learning (ML)

+ DMinUncertainty (marix of DM), etc.
B / Expert Systems (ES)
[ ™ Computer vision
Vi / / Decision Support )
§ /e ; Systems (DSS) At Inagrcaghl) Natural Language
B\ ) .2 _ Axis of complefity L Processing (NLP)
s o ' : Automated
H Systems (AS) e N Computer speech
5
Neural Systems (NS)

~
~
\~.\

Virtual Training and Education system (VTE)




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

MpUHATTS pillieHb:
onepaTopom

Ukraine aepoHaBirauinHoi cuctemmn S
http://er.nau.edu.ua ,

2020
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TEMAX 3 b
Mu«m adin @ VEIEENS UK RAINE g

Artificial Intelligence

AT Applications in the Aviation
and Aerospace Industries

MAYHOSO-0CI 0 POLOT A

IGI GLOBAL (USA)
https:/www.igi-global.com/

Strategic Imperative
and Core Competenci
in the Era of Robotics 4
Artificial Intelligencs

T

Socio-Technica Promier Rolorence Sewse

Decision Support i ,

Ry Stochastic Methods Unmanned Aerial Vehicles
w900 Resewd 1 Estimation and Probl Cases on Modern in Civili isti

in Civilian Logistics and
Promier Reloronos Source Supply Chain Management

Premier Reference Source

Premier Reference Source

S| Computer Systems
in Aviation

Automated Systems
in the Aviation and
Aerospace Industries

——

Premier Reference Source Critical Explorations

-

. W ~Tg .| Advnced Macroergonol " Unmanned
“ \ %0y [ N/l and Sociotechnical’ i i
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Lecture 2:

Classification of systems / Methods of decision-making.
Expert Judgment Method (main steps of Method). Matrix
of individual preference

1. Types of system

2. Classification of methods of decision-making

3. Expert Judgment Method (main steps of Method). Matrix
of individual preference

Professor Shmelova T.



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 1s the theory of automatic control (W(p)= Y(p)/X(p) etc)

lf
X > Z » V

Y - system Research methods - Analysis and
X - input synthesis of aviation ergatic system
y - output (man-machine system), for example,
f - disturbing influences pilot — aircraft, operator - aircraft for
using theory of automatic control
If
e i H-O —»{ ACFT \VQ >

AY = Yp— Y, — min — 0




2. Many inputs (X)- many outputs (Y)

Mathematics for solving problems - Optimization Methods

. :

y1
—_—s  —
B —> 2, TRREEL
Xp —————» >
“an &

Many inputs - X = {Xy, X, X3 ...}
Many outputs - Y = {y;, ¥, ¥3. ...}

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

*goal (objective function)

econstraints

ecriteria (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

°Nez,£ral Networks

*Fuzzy logic etc



uld

E

DSS :JEXPEHIISEM QUSE 0
S PLANNING
DECISIUN ACTIVITES

£ PROCESS
.= DATA

"Ry SYSTEME
:

SIGN

APPLICATIONS - systems

Ergatic (man-machine system) system

lf

lf

w3 A‘y q-0 BC \vq’ > H-O ACFT w¢ >
oC
AV =WYp— ;= min — 0 AY = Yp— Y, — min — 0
Artificial Intelligence AIS
i Database User's 3
Database e management e Interface eneipaan > -
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2. Classification of Decision Making Methods — 3D - Classification

It 1s known a lot of types of classification, but the simplest is the classification by
Howard ([2] Jozef KOZIELECKI)

Classification 1s 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 ot

*Axis of complexity (measure of complexity) — z . VI/ /
5 A E

Z  Axis of complekity

R

Axis of dynamics

R
\
\
[ ] \ o=)
“

>

v

Extent of uncertainty - Axis x. ; —

. Axis of uncertainty
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)




z  Axis of complexity

Axis of dynamics
[N

\

\
[ I~ \ o=]
Y

p%

v

Axis of uncertainty

Extent of complexity — Axis 7

At _point O, we have methods

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.

Aviation

m economic efficiency Wregularity msafety

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) 1/ \
*Decision making under uncertainty (minimax) A‘ Yt
*Game Theory A
*Fuzzy-logic T

*Neural Networks, etc

N '
*777,‘\. u
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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

0. Questionary for experts —

1. Matrix of individual preferences — R;
2. Matrix of group preferences — R;
3. Experts’ group opinion (sample average, arithmetical mean) - R,
4. Coordination of experts” opinion for each factor:
e Dispersion for each factor — D,
e Square average deviation — o;
e C(Coefficient of the variation for each factors — v
5. Coordination of experts’ opinion for all factors
(Kendal’s coordination coefficient) — W
6 . Spirman’s correlation coefficient — R,
7. The significance of the calculations:
W, criterion - %’ Vv
R — Student's t — criterion t
8. Weight coefficients w;

9. Graph of results of calculation



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

Methods for building Matrix of individual preferences :
v of paired comparisons method

vranking method Example 1: Estimation of the sources of the

projects financing, criteria — efficiency

Estimate ris equal:

If @, *>>@, (it is more difficult). r=1 .
Wi=R;,R, >R >R,

Sources Joint stock ompany M |R |R

Credit 0,5 4| 4

Self-financing 1,5 3] 3
Joint stock

company

Mixed

ILS VOR/DM GNSS GPS
/EGNOS

ILS

VOR/DME

GNSS (GPS)

N
o
RIESINIESP

GPS /EGNOS




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

epaired comparison method
method of ranking

Take-of | Departure | Route Descend |Landing < R
f (horizontal =
flight)

Take-off 3 2
Departure 2 3
Route (horizontal 1 4
flight)
Descend 0 5
Landing 4 1
Take-off 2 places
Departure 3 places
Route (horizontal flight) 4 places
Descend 5 places
Landing 1 places

System of preferences expert Ne1l S;=R; R ~R, R, R,



=

Algorithm

<Y Y
A A

o.f / Quosuonar: ;;r /
Expert Judgment Method —
To build matrix of individual

v

To build matrix of group
preferences, Rgr

To determine ccordination's of
the experts opinions for each
Ne procedure: To use Kendal's coefficient of

concordance, W

: . : Diopvi j=Ln
E Ne
o e o oo o (o) - <
Coefficient of variation
vi =33% Yes
v
The significance of calculations
w, x*
<
¢ I
es
Fog — Thunderstorm R
Icing \y
Windshear Windshear Ves,
Spirmen's ranking correlation
Snow 2% Snow X coefficient, Rs
Teing \(/
Yes
\ 4
TAKE OFT CLIMB ENROUTE DESCEND LANDING The significance of calculation Rs,

Student's t-criterion

Yes
v

Te determine weight coefficients,
wJ, j=1,n

v

Te build graph of weight
coefficients

v

- =
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Lecture 3:

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

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

Professor Shmelova T.



1.Algorithm of Expert Judgment Method

0. Questionary for experts

1. Matrix of individual preferences - determine opinion of the experts and their
systems of individual preferences, R; , 1=1,...m

2. Matrix of group preferences R;;, 1=1,...m, j=1.n

m - number of expert, m>30

n - number of factors for expert estimates.

3. Determine the experts’ group opinion (sample average, arithmetical mean) -
R

gy

m - number of expert, m>30



4. Determine the coordination of experts” opinion:
4.1 Daspersion for each factors (procedure, phases of flight of the
aircraft,...):

m

(Rgf”j — K, )2

m—1
In statistics, dispersion also called variability, scatter, or spread.
4.2 Determine square average deviation (Squared deviations):

Determine coefficient of the variation for each each factors (procedure,
phases of flight of the aircraft,...):

DJ — i=1

©;
v, = *100%
R,
&7}
If coefficient of a variation is v;< 33 % - opinion of the experts coordinated
If coefficient of a variation is v; > 33 % - opinion of the experts don’t

coordinated



5. For evaluation of coordination on all procedures it 1s necessary to use
Kendal’s coefficient of concordance or to provide interrogation of the experts

again.

128
m*(n* —n)y-my T,
j=1

If coefficient of concordance is W > 0,7 - opinion of the experts coordinated
If coefficient of concordance is W < 0,7- opinion of the experts don’t
coordinated

We must to provide interrogation of the experts again

W =




6 . Compare opinion of the group of experts and expert Nel by helping of rating
correlation coefficient R, (Spirmans correlation coefficient)

63 (6 — »p)
n(n® —1)
7. The significance of the calculations W , criterion - y*:

—1—

ST

S
quz = 1 > xtz
—m(n+1)—

2 12(n 1)21

8. The significance of the calculations R Student's t — criterion

9. Weight coefficients Z C. :

Where
10.&Graph Ci=1-— o




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 Taxiing,m, Coordination,® . R
Take-off, ®, 1
Landing, o, 2
Taxiing, o, 3,5
Coordination, o, 3,5




2.Matrix of group preferences

Experts Procedures
Take-oft , w, Landing,w, | Taxiing,w, | Coordination,w,
1 1 2 35 35
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
>R, 6,5 10,5 15 18
R 1,3 2,1 3 3.6
R’ 1 2 3 4
D. 0,075 0,675 0,75 0,05
c. 0,27386 0,8215838 | 0,8660254 | 0,223606798
v, % 21,0663 39,12304 | 28,867513 | 6,211299937

- if variation is less than v < 33% - opinion of experts are coordinated.
- if variation is more thanv > 33% - opinion of experts are not coordinated.

var(o;)=21.06625 <33%
var(o:) = 39,12304 >33%
var(0:)=28.86751 <33%
var(ns)=6.21129994 <33%



3 Definition of Kendal’s coordination coefficient

)
7 125

-
- —-mS
m-(n"—n)-—m) T

jl

T, =t -t)=(2° -2)+2*(2° -2)+0+2*(2° -2) =42

S=>" R, —R)’ =(65-125) +(105-125)* +(15-125)* +(18-125)’ =765
=

9 %765
W= S = il =0.711628

- m R2%x42 _AN_&%x4)
mm-n-m)y 7T, ~ esloRat

Kendal’s coordination coefficient varies in the range 0 <W < 1, and W = 0 — fully
uncoordinated, W=1 — fully coordinated; W=0, 6...0, 8 — coordinated.



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
. 0,934

6> (x — )’

,Z_;(x' v 6% (1315 +(21—-15) +(3=35) +(3.6-35)) . 6%0,66
r, =1-—1 _1- ) —1- — 0,934
, n(n® —1) K421 415

O<TIs=<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 - y*

The next step was to determine the Criterion ¥? according the following formula:

2 T 2
e TS S
—m(n+1)— T
2 ( ) 12(;1—1);:
) 76.5
T = > — = 76.5 1 =675
—m(n+1)— Z —*5@d +1)— ——*42
2 12(;7—1) =) 2 12*(4-1)
2> 2. — 6.15>0,5
m -
n 4
S 76,5
1 42
X 6.75




Significance Rs, for using Student's t — criterion

For the calculation of Student's t — criterion the following formula is applied:

; n—2 2
1 =?’, = -3 =
T “Y1-»r" ‘

t, =0.934* 4——2,- = 3,69
1-0.934°

It is necessary to have the table with t;; in order to compare with calculated result.
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Lecture 4: Expert Judgment Method.
Weight coefficients

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

Professor Shmelova T.



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

Algorithm
Of Definition the weight coefficients

procedures using “EJM”
1 method

1. Determine weight coefficient w; of important. Weight coefficient is defined
__G
by using the formula: ¥t = = :
2.C
I=1
For example, difficult of procedures for service an aircraft:
C,
=

R, -1

71

Rij - rankj - procedure for [ expert(R, ., - ranks of group).

where, C, =1-

________________________ o

- estimates;

The method is based on the assumption about linear dependence between a

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



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

®, - Take-off; F =z4:a)],1jf, 0. = L ) C.=1- R;' -1
o, Landing; = . V' - I -
, - Taxiing; - C )
, - Coordination, -1

I method (linear dependence between a rank,

Estimates and weight coefficients)

Procedure Rank R C. o, Total load
Take-off, &; ! | 0.4 7 2,8
Landing, o, 2 0,75 0.3 3 0.9
Taxiing, o, 3 0,5 0,2 10 2
Coordination, o, 4 0,25 0,1 5 0,5
2 2,5 1 25 6,2

C =1-(1-1) /4=1 =125 =04
C =1-(2-1)/4=0,75 ®,=0,75/2,5=0,3
C,=1-(3-1)/4=0,5 ©,=0,52,5 =0,2
C =1-(4-1) /4= 025 ® =0,25/2,5=0,1

>C.=1+0,75+0,5+0,25 =2,5

i ZOJJ.: 0,4+03+02+0,1=1



Thus, total loads for ATC for the certain time interval z (z=1h):

Where /- intensity of flights on types of carried out procedures. The given total

workloads:
F2 =04-7+03-3+0,2-10+01-5= 6.2 aircraft\hour

0,45
0,4
0,35

03 -
0,25
3
0,2
0,15 -
0,1
0'05 .
0 - - - -

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




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

Procedure g:ilk C. o il;(;tgl
Take-off, w, 1 1 0,35 7 2,5
Landing, w, 2 0,9 0,32 3 0,96
Taxiing, w, 3 0,7 0,25 10 2,5
Svj)ordinaﬁon’ 4 02| 0,071 5| 036
> 2,8 1 25 6,32

Thus, totalloads for ATC for the certain time interval z (z=1h):

4
F =2 o4z,

I-1
Where, 1, - intensity offlights on types ofcarried out procedures. The given total

workloads:
F_ =632 aircraft\hour

The second method is more accurate method
The accounts can be made with the help of Excel:
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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

/.Select the best Smart Phone

8.Select of the sources of projects financing



1.

=

LB

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

Algorithm

PREPARING. To choose the topic of the system (process, technology, etc.) of research work (RW)
Quantitative estimation of the complexity of the stages the aircraft flight;
Quantitative estimation of the complexity of the navigation parameters of flight;
Aircraft Approach system (GNSS, ILS, VOR, .. );
Quantitative estimation of the procedures of operators during working process;
Quantitative estimation of the Human fuctor problem;
The significance of the procedures performed by the dispatcher — Air Traffic Controller (ATC)
Sources of projects finding projects.
Criteria for assessing the skills.
The importance of individual psychological factors influencing the Decision Making (DAM)
The importance of social and psychological factors influencing the decision
Definition the difficult of procedures for aircraft control of ATC
Aviation Safety (safety, regularity, economic efficiency,

ete.

mET T ERTE AD &N

INTRODUCTION
a. Describing the system (link on literature need - [1; 2])
b. Building main components of ES: Users interface; Database; Base Knowledge (figure).
c. System analysis of the system as a complex system. Decomposition of complex systems on

subsystems:
i.  Definition subsystems jor expert estimation of their significance and description of the characteristics of
subsystems.
ii.  Definition of criteria estimation (3-5 criteria) and description of criteria features.
iii.  Definition of criteria estimation and description of criteria features.

Algorithm of EXPERT JUDGEMENT METHOD (EJM)
EJM for estimation of subsystems in system by criterion and obtaining weight coefficients of subsystem
significance by criterion.
a. Estimation of subsystems using EJM by criterion Nel and obtaining weight coefficients of
subsystem significance by criterion Nel
b. The analogical calculation for the next criteria.
Aggregation subsystems in systems.
a. Additive aggregation of subsystems
b. Multiplicative aggregation of subsystems
Graphical presentation of the significance of subsystems in Expert System.
CONCLUSION
REFERENCES
Presentation and report



Examples (results — weights coefficients of subsystems):
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IH mBi fyanbHa HayKoBo-gochi gHa poboTa (PT P) ana kypcy IDM. 3acTtocyBaHHsa EJM gna no6y aosu
" EKCrepTHOI cucTemu”
Anropym™

1. MIArOTOBKA. Butpatn Temy pobomm (cucTeMa, MPOLIEC, TEXHONOMA TOLLO) HayKOBRO- AOCHI IHOI
pototu (PI'P)

a. KifibKiCHa OLIHKa CKIMafHOCTI €TaniB NoSboTy NiTaka
6. KifibKiCHa OLJHKa CKJTAHOCTI HaBIraLUj AHUX NapamMeTpi B NOMNbOTY;
¢. Cucrema HabnmkeHHa NiTakie (GNSS, ILS, VOR, . );
r. KinlbKicHa oLjHKa npouedyp onepaTopiB Mif Yyac poHodoro NpoLECy;
e. KinbKicHa OLjiHKa NpobieMn N ACLKOIo (haKTopa;
f. 3HaueHHs npouedyp, AKI BUKOHYE iucreTuep - aucneTdep noritpaHoro pyxy (Y BJI)
r. Ihkeperna NpoeKTie, WO (hiHAHCY OTb NPOEKTH.
rof, Kputepii ouj HIOBaHHA BMIHb.
I. BaknMBICTL OKpeMUX NCUXOSOTIYHKMX (AKTOPIB, LLIO BIUIMBAOTL Ha MPUAHATTA pilleHb (D M)
|. BaKMBICTb coLjasbHUX Ta NCUXOSOTIYHKMX JAKTOPIB, LLO BIUIMBEAOTH Ha Pi LLIEHHS
K. BU3HauyeHHsA CKMagHOCTI Npoueyp YnparniHHA NiTakaMm ATC
N. ABiauiiHa 6esneka (besneka, peryspHICTb, KOHOMIYHA eDEKTUBHICTD,
TOLLO.
2 BCTYN
a. Onuc cuctemu (NocUnaHHA Ha N Tepatypy - [1; 2])
6. 106y joBa OCHOBHMX KOMMOHEHTIB ES: IHTepdenc kopucTyeaya, baza faaHux; Basori 3HaHHS (PUCYHOK).
C. CUCTEMHUIA aHaNI3 CUCTEMU SIK CKNAJHOI CUCTEMU. JIeKOMNOBUL A CKINaHWX CUCTEM Ha M ACUCTEMAX:
I. BU3HaUEHHA Ni ACUCTEM [/1A eKCNIEPTHO OLIHKM 1X 3HAUY LLIOCTI Ta ONUCY XapaKTEPUCTUK MiACUCTEM.
il. BusHaueHHs oL HKN KPUTEPIIB (3-5 KPUTEPITBR) Ta ONUC OCOBSTMBOCTEN KDUTEDIIB.
i11. BU3HaYeHHSA OLIHKM KPUTEPIIB Ta ONUC OCOBSTMBOCTEN KPUTEPIIR.
3. AJNOPUTM METOAY EKCMEPTHOI O OLLIHIO BAHHA (MEO)
4. OujiHKa nigoucTeMm 3 BUKOPUCTaHHAM MEOQO 3a KputepiamMn Ta OTPUMAHHA BaroBux KoedilyeHTie
3HaUYLLIOCTI MiACUCTEMM 3a KPUTEPIAMMU.
a. OuiHKa nigcucTeM 3a JOMOMOIOK METOLlY eKCnepTHOro cympkeHHs (EJM) 3a rputepiem N2l Ta
OTPUMAHHS BaroBUX KoeiLIEHTIB 3HaUYyLLIOCTI NiACMCTEMM 3a KpUTepiem NeT
6. AHAMOTIYHWMIA PO3PaXyHOK ISl HACTY MHUX KPUTEPIIB.
5. ArperyBaHHSl CUCTEMM.
a. A IMTWUBHa arperyBaHHA MiACUCTEM
6. MynbTUNMIKaTUBHA arpery BaHHA NiACUCTEM
6. I paiuHe npeacTaBNeHHs 3HauYeHHA NigomcTeM y EKCnepTHIi cuctemi.
7.BUCHOBOK
8. JIITEPATYPA
9. lNpe3eHTaLisa Ta3BIT



Ministry of Education and Science of Ukraine

National Aviation University

«INFORMATICS OF DECISION MAKING»
METHOD OF EXPERT ESTIMATES

QUANTITATIVE ESTIMATION OF FUEL JET-Al
COMPONENTS

« INDIVIDUAL WORK »

other propertes

rotary engines).

Composition of Jet.

Aviation fuel is 2 specialized type of petroleum-based fuel used to power
sirerat. Tt is generally of 2 higher quality than fuels used in less critical
applications, such 2s heating or road transport, and often contains additives
1o reduce the risk of icing or explosion due to high temperature, among

Most current commercil zilines and miliary sireraft use jet fuel for
‘maximum fuel efficiency and lowest cost. These sircraft account for the
vast majority of aviation fuel refined today, which is also used in diesel
aircraft engimes. Other aviation fuels available for aircraft are kinds of
petroleum spirit used in engines with spark plugs (e piston ad Wankel

Jet fuel is 2 mixture of a large number of different hydrocarbons. The range
of their sizes (molecular weights or carbon mumbers) is defined by the
requiements for the product, such as the freezing or smoke point.
Kerosene.type jt fuel (including Jet A and Jet A-1) has 2 carbon number
distribution between about 8 and 16 (carbon atoms per molecule); wide-cut
o naphtha-type jet fuel (mcluding Jet B), between about 5 and 15

1. EXPERT JUDGEMENT METHOD ALGORITHM
Expert Judgment is 2 term that refers specifically o 2 techmique in which
judgment is made based upon 2 specific set of criteria and/or expertise that
has been acquired i 2 specific knowledge are2, or product area, 2
particular discipline, an industy, etc.
To proceed with the method it is recommended to stick to the algorifm
thatis given in the tble below:
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3. MATRIX OF GROUP PREFERENCES.
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