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Applications Areas
(Case Studies)

e Processing geospatial data

(PACES, GEON):
e environmental analysis (PACES);

e non-destructive testing of structural integrity of aerospace

structures (FAST);

e clectronic money, security, and privacy:;

e development of methodology to characterize the re-

sponse of military systems to battlefield threats (ARL);

e nuclear energy safety (ASIC).
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Theory: General Overview

e Main objectives of science and engineering:

— describe the state of the world (data processing);
— change the state of the world (decision making,
control, design).
e First problem: data processing:
— we are interested in the value of a difficult-to-measure
quantity y (e.g., distance to star);

—to learn y, we measure or estimate the values of

auxiliary quantities x1, . .., z, that are related to y;
— then, we reconstruct y from these measurement

results (estimates) T;.

e The need for data processing is the main reason why

computers are needed.
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Data Processing: Problems

e Data processing — reminder:

— we know the relation between x; and y;

— we measure or estimate x;;

— we use the estimates Z; to estimate y.

e Problems:

relation between x; and vy is often implicit;

measurements and estimates of z; are never 100%

accurate;
some measurement and estimates may be outliers;

computations are sometimes too slow;

— to get a better estimate for y, we collect a lot of

data, but we do not want to share all this data

(privacy).
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Data Processing: Problem 1

e Formulation of the problem:
— relation between x; and vy is often implicit:
Pi(z1,...,Zn,y) =0, Pyz1,...,2Tn,y) > 0;
— we need an explicit algorithm z4,...,z, = y.

e Solution: constraint propagation, constraint satisfac-
tion (Ceberio).

e Application example 1: outlier detection in gravity
data (Beck, Wen); constraint: if d(z,z') < r, then
[f(z) = fl)] < d.

o Application example 2: detecting and deleting du-

plicates in gravity and geospatial data (Torres); con-

straint: if d(x,z’) < rg, then x = 2.

e Application example 3: new geometric algorithms

for ultrasound testing (E. Roldan, R. Mares).

TRACS Center University of Texas at El Paso




Data Processing: Problem 2

e Formulation of the Problem:

— measurements are never 100% accurate: T; # x;;

— we can have probabilistic, interval, tuzzy uncer-

tainty, and their combinations;
— x; # x; leads to y # .

e Solution 1: statistical analysis, interval computations,
tuzzy arithmetic, combination of intervals and proba-

bilities (Ceberio, Kreinovich, Longpré).

o Application example: environmental analysis — sev-

eral layers of filtering or pollution.

e Solution 2: using data hierarchy — if subsets have

intersections, we can decrease error.

o Application example: referencing images (Araiza),

merging geospatial databases (Torres).
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Data Processing: Problem 3

e [ormulation of the problem: some measurements

and estimates T; may be outliers.
e Traditional solution: x; € [a — 30, a + 30].

o [irst difficulty: the estimates for @ and o are affected

by outliers.

e Solution: iterative estimation: exclude outliers and

re-estimate.

o Application examples: detecting faults (Seelam, Mulupur

gravity data (Wen).
e Second difficulty: x; are known with uncertainty:.

e Solution: new algorithms for detecting outliers under

interval uncertainty.

o Application examples: fault detection (possible out-

liers), medical data (guaranteed outliers)
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Data Processing: Problem 4

e Formulation of the problem: computations are some-

times too slow.

o Algorithmic solutions:

— faster algorithms (e.g., FAST geometric algorithms);

— real-time algorithms (Longpré);

— anytime algorithms.

e Hardware solutions:

— parallelization (Torres);

— quantum computing (Kreinovich, Longpré).
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Data Processing: Problem 5

e Formulation of the problem:

— the more information (x;) we gather, the better

our estimate for y;

— however, from this extensive information, we can
extract a lot of things that we may not want to

share.
e Fixample: average salary of CS faculty born in 1957.

e Solution: for statistical databases, keep only intervals

(e.g., 40-50 years old).

e Related difficulty: new algorithms are needed to pro-

cess this interval data.
e Solution: new interval-based algorithms (Longpré).

e Open problems: multi-D case.
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Decision Making

e Traditional utility approach: we assume that:

— the user knows exactly what he wants,
— and what the situation is.
e Decision making under incomplete information:
— Interval uncertainty: division into geological ar-
eas (Coblentz).
— General unc.: order-based decision making (Wo-
jciechowski) leads to multi-D probabilities (ARL).

o Multi-criterion decision making:

— Interval uncertainty: Instead of (additive) proba-
bility measure, p and p form an non-additive mea-

sure (Modave).

— General unc.: order-based decision making (Wo-

jciechowski) leads to multi-D utilities (ARL).
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