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[[eHHOCTHO 6a3MpaHUTE PEIlEeHU
Value-driven decision

@ lleHHOCTHO 6a3WpaHKTe pelleHUs e cpefia B KOSATO B3eMalus pellleHue 6a3upa CBOsSITa
CTpaTervsi Ha ONTHMaJIHU pellleHUsI Ha OCHOBAaTa Ha IesieBU QYHKIMU U MOJEJU, B
KOUTO Ce BKJIOUBAT OCHOBHUTE Ba)XHU XapaKTEPUCTHUKHU M aTPUOYTH HA M3CjeBaHATA
cucreMma.

Value-driven design (VDD) is a systems engineering  strategy based
on microeconomics which enables multidisciplinary design optimization. Value-driven
design is being developed by the American Institute of Aeronautics and Astronautics,
through a program committee of government, industry and academic representatives.*! In
parallel, the US Defense Advanced Research Projects Agency has promulgated an identical
strategy, calling it Value centric design, on the =6 Program. At this point, the terms value-
driven design and value centric design are interchangeable. The essence of these
strategies is that design choices are made to maximize system value rather than to meet
performance requirements.

- https://en.wikipedia.org/wiki/Value-driven_design



https://en.wikipedia.org/wiki/Systems_engineering
https://en.wikipedia.org/wiki/Microeconomics
https://en.wikipedia.org/wiki/Multidisciplinary_design_optimization
https://en.wikipedia.org/wiki/American_Institute_of_Aeronautics_and_Astronautics
https://en.wikipedia.org/wiki/Value-driven_design
https://en.wikipedia.org/wiki/DARPA
https://en.wikipedia.org/wiki/Fractionated_spacecraft

BbBexk/gall npuMep: YIIpaBJeHHE Ha
noprtdosano (portfolio allocation)

The principles of rationality and market efficiency lead to modern portfolio theory,
and to the Black—-Scholes theory for option valuation. Financial economic formally
considers investment under certainty and uncertainty (risk) and hence contributes to
determine rational (even optimal) financial business strategy. Consider a non-risky
asset S° and risky one S. The financial market is model by the Black-Scholes
stochastic differential equation given by:

dS! =S5/rdt and dS:= Siudt+ cdW: .
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ORIIN AL INVESTNVIENT PO [Cy: BI ACK -
SO s S LOU [HASTIC MODE]L

Following the scientific sources the Black-Scholes model presents a
stochastic differential equation given by:

' 0
AX 7 = X7 P ar + (X7 — 7 X7) d;s; =

r r

= (r X+ (pu —r)zX:")+ onX-dW :

Here r, 1 and o are constants (r = 0.03, u = 0.05 and ¢ = 0.3) and W is a one
dimensional Brownian motion.

By X, we denote the state space vector of the controlled time continuous
financial market.

The investment policy is defined by a progressively adapted process n={m;
te[0,T]} where =, defines the amount (X, m,) (m, €[0,1]) invested in the risky
process at time t. The remaining wealth (X, - =, X,) at the same moment t Is
Invested In the non-risky process. The time period T is 50 weeks.
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OPTIMAL INVESTMENT POLICY: HUMAN
PIRIFIFRIRIENICIES AN WIRNLAN IDESCIRITPITION

We assume that the outcome set X is a two-attribute product set VxW, with generic element x= (v, w).
The sets V and W are attribute sets where V designates the first attribute- the amount =, (X; =, 7, €[0,1])
invested in the risky process and W designates the second attribute, the quantity of money in BGN’s.

0.6
Risky investment

The objective of the investor (decision maker-DM) is to choose the control (the amount 7, invested in the
risky process) so as to maximize the expected utility of his terminal wealth at moment T, i.e:

Vt,x)= sup E[U (}(; ],

ze[0,1]

Where X;"*7 is the solution of the controlled stochastic differential equation with initial condition (initial
wealth) x at time t . For the liquidation value it is supposed that if the state space vector is zero in a moment t
then it remains zero until theend T .
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Continuous-time financial market with control

Optimal portfolio allocation —The Black-Scholes model: Consider a financial market consisting of a
non-risky asset S, and a risky one S;. The dynamics of the price processes are given by:

dS® = S%dt and dS, = S[udt+ ocdW;] .

Here, r=0.03; n=0.05 and ¢=0.3 are some given positive constants and W is a one-dimensional
Brownian motion. The investment policy is defined by an F-adapted process n = { =,; te[0; T],
where T is 50 weeks and where 7z, represents the amount invested in the risky asset at time t; The
remaining wealth (X, - z;) is invested in the risky asset. Therefore, the liquidation value of a self-
financing strategy satisfies the following equation:

_ _ dq[l
( “‘L T — Tt J' fl:l

=t

(rX; + (p—r)m) dt + om dW,.

The parameter y is called the relative risk aversion coefficient. The objective of the investor is to
choose an allocation of his wealth so as to maximize the expected utility of his terminal wealth:
V(t,x)=sup, E(U(X.*m)), meU,,
where Xt is the solution of stochastic differential equation with initial condition X*™ = x.
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Continuous-time financial market with control

The optimal control is determined as unique solution of the Hamilton-Jacobi-
Bellman (HJB) partial differential equation when the control is a piecewise
continuous function, using the dynamical programming principle. The HJB
equation has the lollowing presentation where w is the Belman function

ow |

a@(r X)+ Sup[(rr+(y—1).?rr)—(t 1c‘)+20'2 21‘2 (f x)| =

me[0.1]

A polynomial approximation of the HJB function w(t, X) Is determined
ffollowing the presentations in the book of Gabasov and Kirilova:

HJB w(t,X) manifold

Risky Investment
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Continuous-time financial market with control

The optimal control manifold is determined based on the Hamilton-Jacobi-
Bellman (HJB) function w(t, X):

HJB w(t,X) manifold
b b b & N
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Continuous-time financial market with control

The stochastic process is started in 30 different initial points (30
samples), from 1000 BGN'’s to 30000 BGN’s. In the figures are shown
the processes with optimal stochastic control and without optimal

control;
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Continuous-time financial market -INVESTMENT BUSINESS STRATEGY

The figure presents 30 samples of optimal control solution and deviations of
the control value. The figure shows not only the optimal control investment
but possibilities for deduction of an Investment business strategy In
agreement with the decision maker’s preferences.

From the exposed follows that if the initial amount is between 1000 BGN’s and 10000 BGN’s is
recommended to invest the entire initial wealth in the risky investment. If the initial wealth is between
25000 BGN’s and 30000 BGN’s it is advisable to start with the non-risky investment and after the 30 or
ﬂ 40 weeks to invest a part of the wealth in the risky-investment.

5/12/2017
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Continuous-time financial market -INVESTMENT BUSINESS STRATEGY

In the slide are shown comparisons between the two attributtes control solution
and the clasical control solution.

i
| I!I ¢

CONTROL

From the exposed follows that if the initial amount is between 1000 BGN’s and 10000 BGN’s is
recommended to invest the entire initial wealth in the risky investment. If the initial wealth is between
25000 BGN’s and 30000 BGN’s it is advisable to start with the non-risky investment and after the 30 or
40 weeks to invest a part in the risky-investment.

5/12/2017
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OPTIMAL CONTROL OF A FED-BATCH FERMENTATION PROCESS
(PONTRYAGIN MAXIMUM PRINCIPLE, FILTRATION AND STOCHASTIC CONTROL:

MONOD-WANG MODEL)

Data prezentation (om modea)
1. Substrate concentration S;
2. Specific growth rate y;

MODEL (fed-batch - nonynepuognyeH):
X -biomass concentration,

S -substrate concentration,

1 -Specific growth rate,

Ks - Mihaelis-Menten constant,

v -white noise ,

S, substrate concentration in the feed,
m - coefficient,

F ”is the substrate-feed rate”, input ,

U (T, pH) maximal value of the specific growth rate (as
function of temperature T and the acidity pH),

y -coefficient.

ﬂ 5/12/2017 5/12/2017

Bpeme 8 h

12



EQUIVALENT MODELS (DIFFEOMORPHIC TRANSFORMATIONS):
CONTINUOUS PROCESS

With the use of the GS algorithm the non-linear Wang-Monod model is presented in
Brunovsky normal form (HopmanHa coopma Ha BpyHOBCKM):

TpaHcgopmLms 2 Diffeomorphic transformations:
Yi=U
Y, =u,(u;-kuf)

Y, =u2(Up-3KU +2K2U) ++m(u ——2——ug)(us -k )

5/12/2017 5/12/2017




PONTRYAGIN MAXIMUM PRINCIPLE, FILTRATION AND CONTROL
FED-BATCH FERMENTATION PROCESS AND STOCHASTIC CONTROL:
Monod-Wang model

Utility function- Growt
rate versus Utility

@ The Calman filtration permits determination of the vector space as conditional
expectations w.r.t at (x; t);

@ The optimal control is the same as in the deterninistic case.

T [ [ [ |
. IR
12/2017 5/12/2017
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Assessment of human factors in complex systems:
mathematical aspects of the human judgment

SUBJECTIVE PREFERENCES, VALUES AND DECISIONS:
STOCHASTIC APPROXIMATION APPROACH

| The expected utility theory is one of the approaches for assessment
and utilization of qualitative, conceptual information. The expected
utility approach allows for the expert preferences being taken
account of in complex systems and problems. The expert values are
not directly oriented to the problem under consideration and are
expressed with probability and subjective uncertainty. Due to that
specific algorithms have to be developed. Possible way to the
problem are recurrent stochastic algorithms for evaluation of expert
utilities and value functions or for evaluation of subjective
probabilities. This mathematical approach give possibilities for
development of value-driven decision support systems.

| Key words: Expected utility, value, subjective probabilities,
preferences, stochastic approximation

1 5/12/2017




Subjective probability (prof. Raiffa’s example)

100 yellow ~ P(vellow}=05  P(green box)=0.5 S u bJ e Ctlve

100 red Pired)=0.5 Piwhite box)=0.5

(event) = YYRYRYYYRYRY S-yolo; - uncertainty

Probability( green hox)= ?

P(green
box/YYRYRYYYRYRY)="?
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Decision making and Subjective probability

P(green box/YYRYRYYYRYRY)=(P (event/green
box).P(green box))/ (P(event/green box).P(green
box) + +P(event/white box).P(white box))=

=( (0,7)8.(0,3)*4.0,5) / ((0,7)"8.(0,3)*4.0,5
+(0,7)"4.(0,3)8.0,5) =

5/12/2017
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NOCITPOABAHE HA EKCHEPIHATA NOJE3SHOCIH- Assessment ofithe human

[CLOY;

Modelling: 1.Substrate concentration S;
2.Specific growth rate u;

p

Expert utility evaluation - U(z):
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EXPECTED UTILITY EVALUATION

Let X is the set of final solutions - alternatives and P is a subset of discrete
probability distributions over X. A utility function is any function u(.)
for which is fulfilled:

(ptq, (p,q)eP?)<=(u()dp > Ju(.)dq), peP, geP.

According von Neumann and Morgenstern the
formula above means that the mathematical
expectation of u () is the quantitative
measure concerning the expert’s preferences
for the probability distributions P over X. el TT| iy |
Through () the expert’s preferences over P T
are expressed, including those over X: X c P. . — [ | I|| An |
The "indifference"” relation (~) is defined as:

X~y & (X 1Y)V (X3Y)).

It is well known that the existence of the utility
function u(.)) over X determines the
"preference” relation (r) as a negatively
transitive and asymmetric one:

Context  Action RFesults

”|un|

5/12/2017
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UTILITY ASSESSMENT - PROCEDURE

W

0/ (1=Q) 1

< X, Yy 0 > (. or or ) r 4

5/12/2017
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UTILITY ASSESSMENT - PROCEDURE

ik

The expert compares the "lottery" <x Y 0> with the alternative ze X (“better-r ", "worse
or "can’t answer or equivalent - ~"):

<xy,o> (ford or~) 7.
The expert compares the ' Iottery <X,y,o> with z (the “learning point” (X,y,z,a)) and
W|th the probability D,(x,y,z,a) relates it to the set

= {(xy,2,0)/ (QU(X)+(1=e)u(y))>u(z)}
or WI'[Lh the probablllty D,(X,y,Z,a) - to the set

B, = {(xY.2.00) (cu()+(1-cou(y))<u(@)}.

At each “learning point” (X,y,z,0) a juxtaposition can be made: f(x,y,z,a )=1 for (r),
f(x,y,z,)=-1 for (1) and f(x,y,z,0)=0 for (~) (subjective characteristic of the expert
which contain the uncertainty of expressing his/her preferences). Let the appearance
of the "learning" sequence ((x,y,z,a);, (X,¥,Z,0)s,...,(X,y,Z,),..) has the probability
distribution F(x,y,z,a.). Then the projbabllltles Dl(x y,z,a) and D,(x,y,z,a)) are the
mathematical expectation of f(.) over A,and B,,.

We approximate D'(x,y,z,a) by the function G(x y,z,0)=(ag(x)+(1-0)g(y)-9(z)), where.
the function G(x,y,z,a) is positive over A, and negative over B, depending on the
degree of approximation of D'(x,y,z,a). In such case g(x) is an approximation
of the empirical expert utility u*(.).

5/12/2017
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APPROXIMATION OF THE EMPIRICAL EXPERT UTILITY U*(.)

The following is fulfilled for f(.): f=D'+&, , M(E/x,y,z,a)=0, M(E?/x,y,z,a)<d, deR It is
assumed that the utility u(.) fulfils the condition:fu2(x)dF, < +w«, where F, is the conditional
distribution over X related with F(x,y,z,a). The utility u(.) fulfils:

U9 =2_5@ () 9 (X) = 2,6, (x)

reR, where (®,(x)) is a row of chosen polynomials.

APPROXIMATION ALGORITHM:

Cin+1= Cin +7/{D'<tn+1)_(cn’§v (tn+1))+§n+1} Ti(tn-l-l)

5/12/2017




PPROXIMATION OF THE EMPIRICAL EXPERT UTILITY U*(.)

The following is fulfilled for f(.): f=D'+&, , M(&/X,y,z,a)=0, M(E?/x,y,z,a)<d, deR It is assumed
that the utility u(.) fulfils the condition:fuz(x)de < +o0, Where F, is the conditional
distribution over X related with F(x,y,z,a). It is assumed that the utility u(.) fulfils:

r.eR, where (@,(x)) is a row of chosen polynomials.
APPROXIMATION ALGORITHM:

Cin+1: Cin +7/n[D'(tn+1)—(Cn,SU (tn+1))+§n+1} sui(tn+1)

>y =to, 3 F <+m, 0,y 0

Cin+1: Cin H/{ f (tn+1)—(Cn,5U (tn+1))} 5Ui(tn+1)

5/12/2017




CONVERGENCE OF THE STOCHASTIC PROCEDURES
Cin+1=Cin +yn[D'(tn+1)—(Cn,5U (tn+1))+§n+1}svi(tn+l) Zyn =+ 0, Z},nz < 400, Vn, 7/n .0

ct=ch m[ f " -cn,¥ (t”“»} ()

THEOREM1: Let in the recurrent algorithm (ti,...t",..) is a sequence of
independent random vectors t"=(x,y,z,a), with distribution F and the sequence of
random values &LE2.E",.. satisfies the conditions: M(EY/(xy,z,a),c"1)=0, |
M((EM2/(x,y.z,a),c"1)<d, deR. Let ¥(t) is limited by a constant independent from t |
II'P(t)11< cte. From the recurrent procedure follows: "

c'(t) a"(t)
Ip(G(xy.z.a) =M( [ (y-D'(t)dy) = [( [(y-D'®)dy)dF_L2-,
D(©) D{(t)

S(t)
PP, inf [(] (y-D'dy)dF
" sOD(y

5/12/2017




PROGRAM REALIZATION AND NUMERICAL EXPERIMETS

The dialogue between the expert and the computer was modeled, the expert being
replaced by a function (the blue line). The violet seesaw line models the
uncertainty in the expert answers. This function determines the answers about the
"learning points" - A, or B,,. The approximations are shown in the figures.

The learning points (x,y,z,a) are set with a pseudo random Lp_ Sobol’s sequence
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Plegisiof salsess - DEEINBFIOINS

DECISION SCIENCES CONCENTRATION

— Decision sciences are the collection of quantitative techniques that are used
for decision-making at the individual and collective level. They include
decision analysis, risk analysis, cost-benefit and cost-effectiveness analysis,
decision modeling, and behavioral decision theory, as well as parts of
operations research, microeconomics, statistical inference, management
control, cognitive and social psychology, and computer science. The
concentration in decision sciences prepares students for research careers
that involve the application of these methods to health problems. Examples of
research topics in health decision sciences include: cost-effectiveness
analysis of medical technologies; optimal screening policies for cancer and
other chronic diseases; risk-benefit analysis of advanced airbag designs;
benefit-cost analysis of environmental regulations; measurement and
evaluation of health outcomes, including quality of life; comparative risk
analysis of alternative fuels for motor vehicles; policy simulation modeling of
diseases such as AIDS, tuberculosis, cancer, and asthma; and optimal
resource allocation for biomedical research.

5/12/2017



http://cepa.newschool.edu/net/essays/uncert/uncertcont. itm

= HISTORY and CONTRIBUTORS: Expected Utility Hypothesis

e John von Neumann Oskar Morgenstern
Jacob Marschak Harry M. Markowitz

= Subjective Expected Utility
e Frank P. Ramsey, 1903-1930; Bruno de Finetti, 1906-1985.

"La Pruvision: ses lois logiques, ses sources subjectives”, 1937, Annales de l'Institut Henri Poincart

e "Le vrai et le probable”, 1949, Dialectica
"Sull' impostazione assiomatica del calcolo delle probabilita”, 1949, Annali Triestini

"Recent Suggestions for the Reconciliations of the Theories of Probability”, 1951, in Neyman,
editor, Proceedings of Second Berkeley Symposium

"Sulla Preferibilita”, 1952, Giornale degli Economisti.

Theory of Probability, 1974-5.

e Leonard J. Savage, 1917-1971 ;

e Robert J. Aumann, 1930-;
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- Theory
e Maurice , 1911,
o Peter C.
e Mark J. Machina;
e Edi Karni ;

K.R. MacCrimmon;

Daniel Kahnemann: ---

e David Tversky and Experimental Economics;

e Ralph Kenneey;

5/12/2017
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NOBEL PRIZES:
— Arrow K. award 1972. Arrow page at Britannica Guide to the Nobel Prizes;

— Debreu G. award 1983. "Least Concave Utility Functions”, 1976, JMathE. Guide to the
Nobel Prizes.

— Allais M. award 1988. Nobel prize went to French economist Maurice Allais.

— Kahneman D. award 2002. Research in decision making: psychologist Daniel Kahneman.

Recent Nobel Prizes Highlight Decision Sciences: becision

sciences as a discipline has received considerable attention in recent years due to a
number of Nobel prizes in economics.

. For example, the 1988 Nobel

prize went to , who showed that individuals (even
economists!) make some choices that are inconsistent with the "axioms of rationality” that
economic models assume. , and shared the

prize in 1994 for their foundational contributions to game theory, a normative approach to
analyzing competitive decisions. In 2002 the award went to two scientists who pioneered
the descriptive side of research in decision making: psychologist for
bringing insights from psychological research into the study of decision making, and

for developing laboratory methods to study decision making in market

settings.
5/12/2017
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[IpoToTHIl HA HHPOPMAIlMOHHA CHUCTEMA

O6XBaT Ha TEXHMYECKOTO 3aJaHHUe

O6GXBaThT BKJIIOYBA:

Ta6uiy, rpadUyHO U CTPYKTOPHO MpeCcTaBsiHe Ha MPOIeAyPH U
MTO/H 33 aHa/IU3 U U3BJIMYaHe Ha JJaHHU KaTO KapHHaIHA
eKcrnepTHa HHpopManus (npegnoYnTaHus u3paseHu B “machine
learning” auasior) 3a 1eJMTe Ha OCUTYpsiBaHe Ha aJITOPUTMHUYHA U
nporpamMHaTa cpeja;

[IpesocTaBsiHe Ha CIEIHUTE ChI'BTCTBAIIH YCIYTH:

ASSESSMENT

UTILITY ASSESSMENT

e JleMoHCTpUpaHe paboTaTa Ha NPeAX0AHU IPOTOTHIIM Ha
noso6HU cucTeMu pa3paboreHu B BAH;

« OOy4yeHHe Ha XeJIaelly TOTPECUTENH B OCHOBHHUTE
NPUHIMUIY U TEXHUKHU Ha NpejJsiaraHara “machine learning” BULGARIAN ACADEMY OF SCIENCES
METO/[0JI0THSI U METOIH;

] Tpchcl)ep Ha 3HAHHUA, KaTO NOCTPOABAHE HA ITOJIE3HOCTHHU
Q)YHKI_[I/II/I Ha l'IOTpe6I/ITEIII/I B IIWJIOTEH MIPOEKT 3a aHAJIU3 U
INPpOrHo3MpaHe HAa OCHOBATA HA IpeaoCTaBeHaTa
MEeTO/J0JIOTHUA U aJITOPUTMUYHA 006e3MeYeHoCT.

o Tpancdep Ha HAYYHU 3HAHUSA U KOHCYJITAHCTKO
PBKOBOJICTBO IIPH ONpeJesisiHe Ha KOHIENIIUUTE U
CTPYKTypaTa Ha HOBY Pa3paboTKU Ha HHPOPMaIMOHHU
CUCTEMH U MO/IeJIH 32 UHAUBHU/Iya/HO U3BJIMYaHe Ha
eKcrepTHa HHpopMaIusl.

m EBulgarian Academy of Sciences
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[IpoToTHIl HA HHPOPMAIlMOHHA CHUCTEMA

06XBaT Ha TEXHUYECKOTO 3aJaHHe

06XBaThbT BKJIKYBA:

Tab6smiM, rpadUuHO U CTPYKTOPHO Npe/cTaBsHe Ha
npole/ypy U MTO/M 3a aHA/IU3 U U3BJMYaHe Ha JJAHHU KaTo o .
Kap/lMHa/IHa eKcrlepTHa MHopManus (MpeAnoYuTaHUs It you have a file with answers, click
U3paseHH B “machine learning”guasor) 3a LeauTe Ha Existing File, else click New File
oCUrypsiBaHe Ha aJIFOPUTMHYHA U IporpaMHara cpe/a;
TIpesocTaBsiHe Ha CeJHUTE CHI'BTCTBALIY YCAYTH:

Append existing
o JleMoHcTpUpaHe paboTaTa Ha NpeJX04HU IPOTOTHUIIN New File file with new

Ha Il HU CUCTEMH TeHU B BAH; g
a MO 00HU CUCTEMH pa3paboTe : VEETErS

o O6yvyeHHe Ha JKeJIaelly MOTPEOGUTETH B OCHOBHHUTE
NPUHIMIIK U TEXHUKHU Ha mpejJiaranaTa “machine
learning” meTo10/10TUSI U METOIH;

Existing File

o Tpancdep Ha 3HaHMS, KATO IOCTPOsIBaHE Ha
M0JIE3HOCTHU QYHKIMU HA MOTPEOUTEIH B MTUJIOTEH
MPOEKT 3a aHaJ/IM3 U MPOrHO3MpaHe Ha 0OCHOBaTa Ha
npeocTaBeHaTa MeTO/I0JIOTHs U a/ITOPUTMUYHA
06€e3MeYeHOCT.

o Tpancdep Ha HAyYHU 3HAHUSA U KOHCYJITAHCTKO
PBKOBOJICTBO IIPH ONpeJesisiHe Ha KOHIEMIIUUTE U
CTPYKTypaTa Ha HOBU pa3paboOTKU Ha
MHPOPMAIMOHHU CUCTEMHU U MOJIEJIU 32
WHAUBHUAYAJTHO U3BJHWYaHE HA €KCIepTHA
MHpOopManus.
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[IpoToTnn Ha UH

06XBaT Ha TEXHUYECKOTO 3aJaHue

06XBaThbT BKJIIOYBA:

Ta6smnuy, rpadpUUHO U CTPYKTOPHO IPE/CTABSIHE Ha
IpPOIelypy U MTO/M 3a aHAJIM3 ¥ U3BJIMYaHE Ha JaHHU KaTo
Kap/IMHAJIHA eKCliepTHa nHopMans (IpeAIIounuTaH s
n3paseHu B “machine learning”auasior) 3a meauTe Ha
OCUTypsIBaHe Ha aJITOPUTMHUYHA U IPOrpaMHAaTa Cpeia;
[IpeocTaBsiHe Ha CJIEIHUTE ChITbTCTBAIU YCIYTH:

o JleMoHcTpUpaHe paboTaTa Ha NpeJX04HU IPOTOTHUIIN
Ha 0/106HU cucTeMu paspaboteHu B BAH;

o O6yvyeHHe Ha JKeJIaelly MOTPEOGUTETH B OCHOBHHUTE
NPUHIMIIK U TEXHUKHU Ha mpejJiaranaTa “machine
learning” meTo10/10TUSI U METOIH;

o Tpancdep Ha 3HaHMS, KATO IOCTPOsIBaHE Ha
M0JIE3HOCTHU QYHKIMU HA MOTPEOUTEIH B MTUJIOTEH
MPOEKT 3a aHaJ/IM3 U MPOrHO3MpaHe Ha 0OCHOBaTa Ha
npeocTaBeHaTa MeTO/I0JIOTHs U a/ITOPUTMUYHA
06€e3MeYeHOCT.

o Tpancdep Ha HAyYHU 3HAHUSA U KOHCYJITAHCTKO
PBKOBOJICTBO IIPH ONpeJesisiHe Ha KOHIEMIIUUTE U
CTPYKTypaTa Ha HOBU pa3paboOTKU Ha
MHPOPMAIMOHHU CUCTEMHU U MOJIEJIU 32
WHAUBHUAYAJTHO U3BJHWYaHE HA €KCIepTHA
MHpOopManus.
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[IpoToTnn Ha HUHPOPMAIMOHHA CUCTEMA

06XBaT Ha TEXHUYECKOTO 3aJaHUE

O6XBaThbT BK/IKYBA:

Ta6suuy, rpadUIHO U CTPYKTOPHO NPEACTABSIHE Ha
IpOLEeAypY U MTO/M 33 aHA/IM3 U U3BJIMYaHE Ha JAHHHU KaTO
KapAWHaIHA eKcrepTHa nHbopManus (peJHoYuTaHuUs
u3paseHu B “machine learning”auaJor) 3a neaute Ha
OCHTrypsiBaHe Ha aJIFOPUTMUYHA U TPOrpaMHATA CPEJa;
[IpefocTaBsiHe HA CJIEAHUTE ChI'BTCTBALIN YCIYTH:

o JleMoHCTpUpaHe paboTaTa Ha MPeJX0AHU MPOTOTUIIH
Ha [0JI0OHU CUCcTeMHU pa3paboteHu B BAH;

o OOGyyeHHe Ha )KeJaelly IOTPEGUTENH B OCHOBHUTE
NPMHIMIIK U TEXHUKHU Ha MpejJiaradara “machine
learning” meTozi0/i0THS ¥ METO/IH;

o TpaHcdep Ha 3HAHHs, KATO MOCTPOSIBAHE HA
M0JIE3HOCTHU QYHKIMU HA MOTPEOUTEIH B MTUJIOTEH
MPOEKT 33 aHAJIM3 U MPOTHO3MpPaHe Ha 0CHOBAaTa Ha
npefiocTaBeHaTa METO/I0JIOTHS U aJITOPUTMHYHA
06€e3MeYeHOCT.

o Tpancdep Ha HAyYHU 3HAHUSA U KOHCYJITAHCTKO
PBKOBOJICTBO IIPH ONpeJesisiHe Ha KOHIEMIIUUTE U
CTPYKTypaTa Ha HOBU pa3paboOTKU Ha
MHPOPMAIMOHHU CUCTEMHU U MOJIEJIU 32

RETURN

WH/JVBU/ya/JHO U3BJMYaHe Ha eKCllepTHa
MHpOopManus.

i Sciences

5/12/2017

— UTILITY scale: 05 - 15
—1 Additive const: 0.5+ 0.5

the graphic
END

34



I EEDGELDEDLDEDEE

[IpoToTHIl HA HHPOPMAIlMOHHA CHUCTEMA

JleMoHcTpHpaHe paboTaTa Ha MPeAX0JHU MPOTOTUIIH Ha MMOJOOHU chucTeMu pa3paborernu B BAH;

OGydyeHre Ha KeJlaellld IOTPeGUTENM B OCHOBHUTE IPUHIIMIIK U TEXHUKH Ha mpejaraHara “machine learning” metozgoJsiorus
Y METO/Y;

Tpchcbep Ha 3HAaHH¢, KaTO [IOCTPOABAHE Ha IOJIE3HOCTHH (I)YHKLU/II/I Ha HOTp86I/ITe.}'II/I B [IMJIOTEH IPOEKT 3d daHAJIU3 U
IIPOTHO3WMpPAHE HAa OCHOBATA HA NPpeA0CTABE€HATAa METO40JIOTHUA U aJITOPUTMHUYIHA 06€e311eYeHOCT.

Tpchd)ep Ha Hay4YHH 3HAHUA U KOHCYJITAHCTKO PbKOBOACTBO IIPH OIlpeeJITHE HAa KOHLENNIUUTE U CTPYKTypaTa Ha HOBU
pa3pa60TK1/1 Ha I/IH(l)OpMaI_[I/IOHHI/I CUCTEeMHU U MOJeJIN 3a MHAWBHUAYA/JTHO U3BJINYaHE Ha €KCIIepTHa HH(l)OpMauHH.

5. Ambiguity answers '._  »

RECURRENT UTILITY ASSESSMEN

53 UTILITY ASSESSMENT

5/12/2017
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[IpoToTnn Ha HUHPOPMAIMOHHA CUCTEMA

JleMoHcTpUpaHe paboTaTa Ha IpeJX0AHU NPOTOTUIIX Ha NOA0OHU cUcTeMU pa3paboTeHy B BAH;

06y4eHHe Ha JKeJlaelll IOTPe6UTENN B OCHOBHUTE MPUHIMIIA U TEXHUKH Ha NpejjaranaTa “machine learning” metogosiorus
U METO/IH;

Tpchcl)ep Ha 3HAaHH¢, KaTO [IOCTPOABAHE Ha IOJIE3HOCTHH (l)yHKL[I/II/I Ha l'IOTpe6I/ITeJ'II/I B [IMJIOTEH IPOEKT 3d daHAJIU3 U
IIPOTHO3WMpPAHE HAa OCHOBATA HA NPpeA0CTABE€HATAa METO40JIOTHUA U aJITOPUTMHUYIHA 00€e3MeYeHocCT.

TpaHcdep Ha HayYHU 3HAHUSA U KOHCYJITAHCTKO P'bKOBO/CTBO MPH ONpeZe/IsiHE HA KOHIENI[UUTE U CTPYKTYpaTa Ha HOBU
pa3paboTKy Ha MHGOPMALMOHHHU CHUCTEMH U MOJE/H 32 MHAUBU/YAJIHO U3BJIMYaHe HA eKClepTHa HHpopManusl.
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box and expert utility (concemer’s indifference curves)

The two consumers are each endowed (born with) a certain quantity of goods. They have locally non-
satiated preferences and bWy, Wy) = (Wyg, Woyq), (Wysp, Wayo)).

In the box the vector IS the total

X=(X1, X;) = ((X11, X51), (X9, X5,)) represents the amounts of each good that are allocated to
each consumer.

In terms of aggregate é(nﬁgxd-hf(sZ)olls‘ R ft?/\r/gv %'gcehnlg,f%fe':”?gtél amounts needs to be equal to the total

endowment of the two goods. Every point in the box represents a complete allocation of the two goods to
the two consumers

it i il Bulparian Acadewy of Sciences
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box

Each of the two individuals maximizes his utility according to his preferences (Raiffa, 1968;
Keeney, 1993, Ekeland, 1983). The demand functions or the utility functions which represent consumers’
preferences are convex and continuous, because in accordance with the equilibrium theory the
preferences in are continuous, monotone and convex as is shown in the figure (Ekeland, 1983).

e i il Bulparian Acadewy of Sciences
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box

An allocation is said to be Pareto efficient, or Pareto optimal, if there is no other feasible allocation
in the Edgworth economy for which both are at least as well off and one is strictly better off. The locus of

points that are given preferences and endowments is the , hoted as P in the
figure. The part of the Pareto set in which both consumers do at least as well as their initial endowments
Is the shown in the figure and noted as N (kernel of the market game).

e i il Bulparian Acadewy of Sciences
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box

The consumers take prices of the two goods p = (py, P,) as given and maximize their utilities. The
budget (income) set B;(p) of each consumer is given by:

For every level of prices, consumers will face a different budget set. The locus of preferred
allocations for every level of prices is the consumer’s offer curve.

p = (p1.p2)
p= (P}, p2)

p= (P p2)

e i il Bulparian Acadewy of Sciences
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box

We are interested in the equilibrium point(s) of the process of exchange where is fulfilled the
Walrasian equilibrium. Walrasian equilibrium is a price vector p and an allocation x such that, for every
consumer the prices (i.e. the terms of trade) are such that what one consumer (group of consumers)
wants to buy is exactly equal to what the other consumer (group of consumers) wants to sell. In other
words, consumers’ demands are compatible with each other. We note the locus of points that are in
Walrasian equilibrium as W. In still other words, the quantity each consumer wants to buy at the given
market prices is equal to what is available on the market. The following inclusion is true in the Edgworth
economy:

In that sense a contract curve in the Edgeworth Box shows an exchange market in equilibrium and
this Is a particular representation of the Walrasian equilibrium theorem.
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GENERAL COMPETITIVE EQUILIBRIUM
Edgeworth box

The set of the Walrasian equilibriums
W and the appropriate prices p = (py, p,) are calculated based on the determined demand utility functions
and this is a meaningful prognosis of the market equilibrium.

The contract curves are
specified on the individual consumers’ preferences and show that there are possibilities to be made
mutually advantageous trades. This means that one could unilaterally negotiate a better arrangement for
everyone.
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byrarogaps 3a BHUMaHUETO!

Thank you for your attention!
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