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Alloy Přehled

I Am My Own Grandpa - ṕıseň

Výzvou je vytvǒrit situaci muže, který je svým vlastńım dědečkem,
aniž by byl spáchán incest nebo bylo poťreba cestováńı časem.

Slova ṕısně popisuj́ı řešeńı.
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Alloy Přehled

I Am My Own Grandpa

Many many years ago, when I was twenty-three,
I was married to a widow as pretty as can be,
This widow had a grown-up daughter who had hair of red,
My father fell in love with her and soon the two were wed.

I’m my own grandpa, I’m my own grandpa.
It sounds funny, I know, but it really is so
I’m my own grandpa.

This made my dad my son-in-law and changed my very life,
For my daughter was my mother, for she was my father’s wife.
To complicate the matter, even though it brought me joy,
I soon became the father of a bouncing baby boy.

My little baby thus became a brother-in-law to dad,
And so became my uncle, though it made me very sad,
For if he was my uncle then that also made him brother
To the widow’s grown-up daughter, who of course was my step-mother.
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Alloy Přehled

. . . by Dwight B. Latham and Moe Jaffe

Father’s wife then had a son who kept them on the run.
And he became my grandchild for he was my daughter’s son.
My wife is now my mother’s mother and it makes me blue,
Because although she is my wife, she’s my grandmother, too.

Oh, if my wife’s my grandmother then I am her grandchild.
And every time I think of it, it nearly drives me wild.
For now I have become the strangest case you ever sawn
As the husband of my grandmother, I am my own grandpa.

I’m my own grandpa, I’m my own grandpa.
It sounds funny, I know, but it really is so I’m my own grandpa.
I’m my own grandpa, I’m my own grandpa.
It sounds funny, I know, but it really is so
I’m my own grandpa.
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Alloy Přehled

I Am My Own Grandpa - Alloy řešeńı

module grandpa

abstract sig Person {
father: lone Man,

mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p.^(mother+father) }
fact Terminology { wife = ~husband }
fact SocialConvention {

no wife & *(mother+father).mother

no husband & *(mother+father).father }
fun grandpas [p: Person]: set Person {

let parent = mother + father + father.wife + mother.husband |

p.parent.parent & Man }
pred ownGrandpa [m: Man] { m in grandpas[m] }
run ownGrandpa for 4 Person expect 1
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Alloy Přehled

Alloy - pro co se použ́ıvá?

Alloy je modelovaćı jazyk pro návrh softwaru.

Neńı však určen pro modelováńı architektury (jako nap̌r. UML).

Je dostatečně obecný, aby mohl modelovat

jakoukoliv doménu individuál̊u,
relace mezi nimi.
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Alloy Přehled

Atomy

Vše je postaveno na atomech a relaćıch.

Atom je primitivńı entita, která je

nedělitelná: nemůže být rozdělena na menš́ı části,
neměnná: jej́ı vlastnosti se neměńı v čase,
neiterpretovaná: nemá žádnou vestavěnou vlastnost,

Relace je struktura, která zachycuje vztahy mezi atomy. Je to
množina n-tic, každá n-tice je sekvence atomů
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Alloy Přehled

Signatura

Signatura zavád́ı množinu atomů.

Deklarace definuj́ıćı množinu pojmenovanou A

sig A { }
Množina může být zavedena jako rozš́ı̌reńı jiné množiny, takto A1 je
podmnožinou množiny A.

sig A1 extends A { }
Signatury deklarované nezávisle na jakékoliv ostatńı signatǔre je tzv.
vrcholová signatura.

Rozš́ı̌reńı té samé signatury jsou vzájemně disjunktńı, tak jako
vrcholové signatury.

Množina může být zavedena jako podmnožina jiné množiny

sig A1 in A { }
Abstraktńı signatura nemá žádné elementy s vyj́ımkou těch, které
paťŕı do jej́ıch rozš́ı̌reńı nebo podmnožin.

abstract sig A { }
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Alloy Přehled

Signatura - p̌ŕıklad

abstract sig Person { }
sig Man extends Person { }
sig Woman extends Person { }
sig Married in Person { }
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Alloy Přehled

Pole

Relace se deklaruj́ı jako pole v signatǔre.

Deklarace definuj́ıćı relaci f , jej́ıž doména je A a jej́ıž obraz je dán
výrazem e

sig A { f: e }
Př́ıklady

Binárńı relace . . . f 1 je podmnožinou A× A

sig A { f1: A }
Ternárńı relace . . . f 2 je podmnožinou B × A× A

sig B { f2: A -> A }
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Alloy Přehled

Násobnost

Dovoluje nám omezit velikost množin.
Kĺıčové slovo násobnosti uḿıstěné p̌red deklaraćı signaturou omezuje
počet elementu v množině signatury

m sig A { f: e }
Můžeme omezit násobnosti poĺı

sig A { f: m e }
sig A { f: e1 m -> n e2 }

Existuj́ı čty̌ri násobnosti
set: jakýkoliv počet,
some: jeden nebo v́ıce,
lone: nula nebo jeden (L),
one: p̌resně jeden,

Implicitńı kĺıčové slovo, pokud je vynecháno, je one. Takže následuj́ıćı
jsou ekvivalentńı zápisy:

sig A { f: e }
sig A { f: one e }
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Alloy Přehled

Kvantifikátory

Alloy poskytuje bohatou kolekci kvantifikátor̊u
all x: S | F : F plat́ı pro každé x v S ,
some x: S | F : F plat́ı pro nějaké x v S ,
no x: S | F : F selže pro každé x v S ,
lone x: S | F : F plat́ı pro nejv́ıce jedno x v S ,
one x: S | F : F plat́ı pro právě jedno x v S ,
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Alloy Přehled

Logické operátory

Jsou k dispozici běžně použ́ıvané logické operátory
not ! negace
and && konjukce
or || disjunkce
implies => implikace
else alternativa

<=> iff (ekvivalence)

Př́ıklad
a != b je ekvivalentńı not a = b
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Alloy Přehled

Množiny a operátory

Předdefinované množinové konstanty
none : prázdná množina,
univ : univerzálńı množina,
ident : identita,

Množinové operátory
+ : sjednoceńı
& : pr̊unik
- : rozd́ıl
in : podmnožina
= : rovnost

Př́ıklad: ženat́ı muži

Married & Man

Vymezená množina (angl. set comprehension)
Množina hodnot množiny S , pro které plat́ı F

{ x : S | F }
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Alloy Přehled

Relačńı operátory

-> šipka (součin)
~ transpozice
. dot join
[] box join
^ tranzitivńı uzávěr
* reflexině-tranzitivńı uzávěr
<: omezeńı domény
:> omezeńı obrazu
++ p̌repsáńı
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Alloy Přehled

Součin, Transpozice

Šipkový součin p -> q

p a q jsou dvě relace
p -> q je relace, která vezme všechny kombinace n-tic relace p a m-tic
relace q a spoj́ı je (konkatenace).
Př́ıklad

Name = { (N0), (N1) }
Addr = { (D0), (D1) }
Book = { (B0) }
Book -> Name -> Addr = { (B0,N0,D0), (B0,N0,D1),

(B0,N1,D0), (B0,N1,D1) }
Transpozice ~p

produkuje zrcadlový obraz relace p
tzn. reverzuje pǒrad́ı atomů v každé n-tici.
Př́ıklad

example = { (a0,a1,a2,a3), (b0,b1,b2,b3) }
~example = { (a3,a2,a1,a0), (b3,b2,b1,b0) }
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Alloy Přehled

Spojeńı n-tic

p.q Co je spojeńım těchto dvou n-tic?

p = (s1, . . . , sn)
q = (t1, . . . , tm)
Jestliže sn! = t1, potom výsledek je prázdný
Jestliže sn = t1, potom výsledkem je k-tice (s1, . . . , sm−1, t2, . . . , tm)

Př́ıklad

{(a,b)}.{(a,c)} = {}
{(a,b)}.{(b,c)} = {(a,c)}

Co se stane v p̌ŕıpadě {(a)}.{(a)}?
Neńı definováno!
p.s je definováno, tehdy a jen tehdy, jestliže p a s nejsou obě unárńı
relace
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Alloy Přehled

Spojeńı relaćı, Uzávěry, Omezeńı relaćı

p.q

p a q jsou dvě relace a nejsou obě unárńı.
p.q je relace, která vznikne kombinaćı všech n-tic z p a m-tic z q a
p̌ridáńım jejich spojeńı, pokud tento existuje.

p[q] (box join)

sémanticky identické spojeńı dot join, ale bere své argumenty v
opačném pǒrad́ı

p[q] ≡ q.p

^r = r + r.r + r.r.r + ...

*r = ^r + iden

s<:r obsahuje n-tice z r zač́ınaj́ıćı elementem v s

r:>s obsahuje n-tice z r konč́ıćı elementem v s

p++q = p - (domain(q) <: p) + q
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Alloy Přehled

Let

Lze zjednodušit výrazy

let x = e | A

Každý výskyt proměnné x je nahrazen výrazem e v A

Př́ıklady

”Člověk v manželstv́ı má právě jednoho partnera”

sig Married in Person { spouse: one Married }
”Každý ženatý muž (žena) má manželku (manžela)”

all p: Married |

let q = p.spouse |

(p in Man => q in Woman) and

(p in Woman => q in Man)
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Alloy Přehled

Skaláry

Vše je množina v Alloy

neexistuj́ı skaláry
použ́ıváme singleton relaci

let matt = one Person

Interpretace kvantifikaćı:

all x : S | ... x ...

x = {t} pro nějaký element t z S
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Alloy Přehled

Fakta

Daľśı omezeńı na signatury a pole lze vyjáďrit v Alloy jako fakta

AA (Alloy Analyzer) hledá instance modelu, které také splňuj́ı
všechna omezeńı určená fakty

Př́ıklad: ”Žádná osoba nemůže být svým vlastńım p̌redchůdcem.”

fact selfAncestor {
no p: Person | p in p.^parents

}
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Alloy Přehled

Funkce a predikáty

Mohou být použity jako ”makra”
Mohou být pojmenované a násobně použité v r̊uzných kontextech
(fakta, tvrzeńı, podḿınky běhu)
Mohou být parametrizována, použ́ıvaj́ı se ke zkráceńı zápis̊u

Funkce:
Pojmenovaný výraz s žádným či v́ıce argumenty.
Vraćı výraz jako návratovou hodnotu
Během analýzy se vyvolávaj́ı pouze, pokud je na ně odkázano jménem.
Př́ıklad: ”Relace rodiče.”

fun parents []: Person -> Person { ~children }
Př́ıklad: ”Sestry.”

fun sisters [p: Person]:

{ {w: Woman | w in p.siblings } }
Př́ıklad: ”Žádný člověk nemůže být svým vlastńım p̌redkem nebo
sestrou.”

all p: Person |

not (p in p.^parents or p in sisters[p])
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Alloy Přehled

Predikáty

Predikáty jsou dobré v situaćıch:

Omezeńı, která nechcete zaznamenat jako fakta.

Omezeńı, která chcte použ́ıt v́ıcekrát

Během analýzy se vyvolávaj́ı pouze, pokud je na ně odkázano jménem.

Př́ıklad: ”Dvě osoby jsou pokrevńı p̌ŕıbuzńı, jestliže maj́ı společného
p̌redka.”

pred BloodRelated [p: Person, q: Person] {
some p.*parents & q.*parents

}
Př́ıklad: ”Osoba nemůže být v manželstv́ı s pokrevńım p̌ŕıbuzným.”

no p: Married | BloodRelated [p, q.spouse]
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Alloy Přehled

Př́ıkaz Run

run p̌ŕıkaz způsob́ı, že AA jeho provedeńım analyzuje model.

Př́ıkazuje nástroji, aby hledal instance modelu.

AA provede pouze prvńı p̌ŕıkaz run v souboru.

AA hledá pouze v omezeném prostoru instanćı určeném rozsahem.

Rozsah (angl. scope) reprezentuje maximálńı počet n-tic v každé
vrcholové signatǔre.

Přednastavená hodnota rozsahu = 3

Př́ıklady

run {} /* the scope is 3 */

run {} for 5 /* the scope is 5 */

run {some Man && no Married} /* with conditions */
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Alloy Přehled

Tvrzeńı

Často vě̌ŕıme, že náš model splňuje jisté omezeńı, vlastnost, která
neńı p̌ŕımo vyjáďrena.

Můžeme nadefinovat taková dodatečná omezeńı jako tvrzeńı a použ́ıt
AA k jejich ově̌reńı.

Pokud omezeńı vyjáďrené daným tvrzeńım neńı splněno, AA
vyprodukuje instanci protip̌ŕıkladu.

Př́ıklady

”Žádná osoba nemá rodiče, který je zároveň bratrancem či sesťrenićı.”

assert a1 {all p: Person |

no p.parents & p.siblings }
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Alloy Přehled

I Am My Own Grandpa - Alloy řešeńı

module grandpa

abstract sig Person {
father: lone Man,

mother: lone Woman }
sig Man extends Person { wife: lone Woman }
sig Woman extends Person { husband: lone Man }
fact Biology { no p: Person | p in p.^(mother+father) }
fact Terminology { wife = ~husband }
fact SocialConvention {

no wife & *(mother+father).mother

no husband & *(mother+father).father }
fun grandpas [p: Person]: set Person {

let parent = mother + father + father.wife + mother.husband |

p.parent.parent & Man }
pred ownGrandpa [m: Man] { m in grandpas[m] }
run ownGrandpa for 4 Person expect 1
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Klasické propagováńı kovariančńı matice Motivace

Zpracováńı textury

(a) Původńı obraz (b) Detekovaná skrvna

(c) Původńı obraz (d) Detekovaná prasklina
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Klasické propagováńı kovariančńı matice Motivace

Model systému

hidden parameters

output data

error propagation

user specification

input data

quality

Y=F(X)

computational precision
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Klasické propagováńı kovariančńı matice Princip

Propagace kovariančńı matice

vstupńı data: X

výstupńı data: Y

explicitńı vztah: Y = F(X)

Propagace kovariančńı matice:

ΣY = JΣXJT

kde

ΣY . . . kovariančńı matice výstupńıch dat Y,

ΣX . . . kovariančńı matice vstupńıch dat X,

J . . . lineárńı operátor prvńıho řádu Taylorova rozvoje funkce F(X) v
okoĺı bodu X0.
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Klasické propagováńı kovariančńı matice Princip

Propagace kovariačńı matice - odvozeńı

explicitńı vztah: Y = F(X)
Taylor̊uv rozvoj v okoĺı bodu X0:

Y = Y0 +
∂F

∂X

∣∣∣∣
X0

(X− X0) + RY0

substituce:

δX = X− X0, δY = Y − Y0

J0 =
∂F

∂X

∣∣∣∣
X0

. . . Jakobián

δY = J0 · δX + RY0

δY · δYT = (J0 · δX + RY0)(J0 · δX + RY0)T = J0 · δX · δXT · JT0 + RYY0

ΣYY0
= 1/nΣn

i=1(δYi · δYT
i ) = 1/nΣn

i=1(J0 · δXi · δXT
i · JT0 ) =

= J0 · 1/nΣn
i=1(δXi · δXT

i )︸ ︷︷ ︸
ΣXX0

·JT0 = J0 ·ΣXX0
· JT0
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Př́ımé propagováńı chyby Princip

Model datového toku

Input quantities

Output quantities

/
sin()

+

/

-

+ *

*-

*

-*

-
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Př́ımé propagováńı chyby Princip

Př́ımé propagováńı chyby

Odpadá zdlouhavé odvozeńı chybového modelu.

Substituce hodnot proměnných strukturami modelu chyby.

“Symbolická derivace” následovaná výpočtem.

Bodová analýza.

Výpočet okamžité chyby.

Lze hodnotit p̌resnost výpočtu.

Předpokládá dostupnost zdrojového kódu.

Chybový model jakéhokoliv hodnoty proměnné je vypočten pomoćı
chybových model̊u vstupńıch operandů operace.

Parametry chybových model̊u:

dáno,
určené p̌resnost́ı mě̌reńı,
určené p̌redchoźımi výpočty.
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Př́ımé propagováńı chyby Princip

Př́ımé propagováńı chyby - implementace

Založeno na p̌ret́ıžeńı operátor̊u v objektově-orientovaném kódováńı.

Přeṕınáńı mezi normálńım kódem a kódem propaguj́ıćı chyby.

C++ normálńı kód

typedef double RealT;

C++ kód propaguj́ıćı chyby

class RealT .......;

Př́ıklad

RealT x, a=3, b=5;

x = a + b;
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Př́ımé propagováńı chyby Variance

Propagace variance

Dána funkce g(x , y) dvou proměnných x a y s variancemi σ2
xx a σ2

yy a
kovarianćı σxy .

Variance hustoty chyb hodnot funkce

σ2
gg (x0, y0) = σ2

xx(∂g/∂x)2
∣∣
(x0,y0)

+ σ2
yy (∂g/∂y)2

∣∣
(x0,y0)

+2 σxy (∂g/∂x)(∂g/∂y)|(x0,y0)

Typické zjednodušeńı: σxy = 0

σ2
gg (x0, y0) = σ2

xx(∂g/∂x)2
∣∣
(x0,y0)

+ σ2
yy (∂g/∂y)2

∣∣
(x0,y0)
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Př́ımé propagováńı chyby Variance

Propagace variance

Základńı aritmetické operace a standardńı funkce:
Funkce Propagace variance

z = x + y σ2
zz = σ2

xx + σ2
yy

z = x − y σ2
zz = σ2

xx + σ2
yy

z = xy σ2
zz = y2

0σ
2
xx + x2

0σ
2
yy

z = x/y σ2
zz = (σ2

xx + x2
0/y

2
0σ

2
yy )/y2

0

z = x2 σ2
zz = 4x2

0σ
2
xx

z =
√
x σ2

zz = 1
4x0
σ2
xx

z = sin x σ2
zz = cos2x0 σ

2
xx

z = cos x σ2
zz = sin2x0 σ

2
xx

z = ex σ2
zz = e2x0 σ2

xx

z = ln x σ2
zz = 1/x2

0σ
2
xx

z = loga x σ2
zz = 1

(x0 ln a)2σ
2
xx

z = xy σ2
zz = (y2

0/x
2
0σ

2
xx + ln2x0 σ

2
yy ) x2y0

0
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Př́ımé propagováńı chyby Variance

Propagace variance - p̌ŕıklad

0.0 10.0 20.0 30.0 40.0
x

-1.0

-0.5

0.0

0.5

1.0

si
n(

x)
,  

va
r

Hodnoty funkce sin x pro argument s absolutńı chybou ±0.25.
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Př́ımé propagováńı chyby Min/Max chyba

Propagace chyby Min/Max

Uzav̌rený interval reálných č́ısel nebo Interval

A = [amin, amax ]

= {t|amin ≤ t ≤ amax , amin, amax ∈ R}

I (R) . . . množina uzav̌rených interval̊u,

A,B,C , . . . ,X ,Y ,Z . . . intervaly z I (R).

Nechť ∗ ∈ {+,−, ·, :} je binárńı operace na množině reálných č́ısel R.
Jestliže A,B ∈ I (R), potom

A ∗ B = {z = a ∗ b|a ∈ A, b ∈ B}

definuje binárńı operace na I (R).
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Př́ımé propagováńı chyby Min/Max chyba

Propagace chyby Min/Max - operace

Vstupńı hodnoty:

x ∈ [xmin, xmax ], y ∈ [ymin, ymax ]

Funkce Výstupńı Min/Max intervaly

z = x + y [xmin + ymin, xmax + ymax ]
z = x − y [xmin − ymax , xmax − ymin]
z = x · y [ min{xmin · ymin, xmin · ymax ,

xmax · ymin, xmax · ymax},
max{xmin · ymin, xmin · ymax ,

xmax · ymin, xmax · ymax}]
z = x/y [xmin, xmax ] · [1/ymax , 1/ymin]

Jestliže g(x) je spojitá unárńı operace na R, potom

g(X ) = [min
x∈X

g(x),max
x∈X

g(x)]

definuje unarńı operarci na I (R).
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Př́ımé propagováńı chyby Min/Max chyba

Propagace chyby Min/Max - monotónńı unárńı funkce

rostoućı funkce gi (x):

[xmin, xmax ] =⇒ [gi (xmin), gi (xmax)]

klesaj́ıćı funkce gd(x):

[xmin, xmax ] =⇒ [gd(xmax), gd(xmin)]
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Př́ımé propagováńı chyby Min/Max chyba

Propagace chyby Min/Max - nemonotónńı funkce

sin x s 10% relativńı chybou argumentu
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x
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Př́ımé propagováńı chyby Př́ıklad

Jednoduchý p̌ŕıklad

Funkce
f (x) = x + 10

Jej́ı implementace:

fimp(x) = (x · x − 100)/(x − 10).

Testován rozsah x : [0, 20] s krokem 0.01.
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Př́ımé propagováńı chyby Př́ıklad

Jednoduchý p̌ŕıklad - C++ kód

#include <iostream.h>

#include "StdType.hh"

int main(void)

{

for (RealT x=0; x<=20; x+=0.01){

if (x == 10) continue; // to avoid division by zero

cout << x << ’ ’ << (x*x -100)/(x-10) << ’\n’;

}

return 0;

}

StdType.hh:

typedef double RealT;

class RealT { ....... };
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Př́ımé propagováńı chyby Př́ıklad

Jednoduchý p̌ŕıklad - výsledek

Relativńı chyba 10% ve vstupńıch datech.
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x

0.0
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40.0

f(
x)
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Př́ımé propagováńı chyby Př́ıklad

Detekce prasklin [SPK95]

Textura žuly s horizontálńı prasklinou.
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Př́ımé propagováńı chyby Př́ıklad

Výpočet DFT vzhledem k definici

-20.0 -10.0 0.0 10.0 20.0
u

0.0
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100.0

150.0

F(u
), v

ar, 
min

, m
ax

(a) 0.1% výpočetńı chyba
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u
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10
-10

F(u
)

(b) p̌resnost procesoru - double
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Př́ımé propagováńı chyby Př́ıklad

Výpočet DFT podle modifikace (modulo)
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(a) 0.1% výpočetńı chyba
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(b) p̌resnost procesoru - double
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Propagace kovariančńı matice - implicitńı forma Definice

Propagace kovariančńı matice - implicitńı forma [Har94]

vstupńı data: X

výstupńı data: Y

vztah mezi Y a X je vyjáďren implicitńı skalárńı funkćı F (X,Y).

Definice úlohy: dáno X̂ = X0 + ∆X, určit Ŷ = Y0 + ∆Y tak, aby se
minimalizovala F (X̂, Ŷ) za p̌redpokladu, že Y0 minimalizuje F (X0,Y0).
Estimátor:

Σ̂∆Y = (
∂g

∂Y
(X̂, Ŷ))−1 ∂g

∂X
(X̂, Ŷ)Σ∆X

∂g

∂X
(X̂, Ŷ)T [(

∂g

∂Y
(X̂, Ŷ))T ]−1

kde

g(X0,Y0) =
∂F

∂Y
(X0,Y0)
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Propagace kovariančńı matice - implicitńı forma Př́ıklady

Jednoduchý p̌ŕıklad y = x2

Explicitńı propagace

Y = F(X)  y = x2

J =
∂F

∂X
= 2x

Σy2 =
∣∣ σ2

y

∣∣ =
∣∣ 2x

∣∣ ∣∣ σ2
x

∣∣ ∣∣ 2x
∣∣ =

∣∣ 4x2σ2
x

∣∣

Implicitńı propagace

F (X,Y)  F (x ; y) = (y − x2)2 · · ·minimalizace pro 1 bod

g =
∂F

∂y
= 2(y − x2)

∂g

∂y
= 2

∂g

∂x
= −4x

Σyy =
∣∣ σ2

y

∣∣ =
∣∣ 1/2

∣∣ ∣∣ −4x
∣∣ ∣∣ σ2

x

∣∣ ∣∣ −4x
∣∣ ∣∣ 1/2

∣∣ =
∣∣ 4x2σ2

x

∣∣
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Propagace kovariančńı matice - implicitńı forma Př́ıklady

Jednoduchý p̌ŕıklad y = x + q

Explicitńı propagace: q = y − x

J =
∣∣∣ ∂q
∂x

∂q
∂y

∣∣∣ =
∣∣ −1 1

∣∣
Σqq =

∣∣ σ2
q

∣∣ =

=
∣∣ −1 1

∣∣ ∣∣∣∣ σ2
x σxy

σxy σ2
y

∣∣∣∣ ∣∣∣∣ −1
1

∣∣∣∣ =

=
∣∣ −σ2

x + σxy , −σxy + σ2
y

∣∣ ∣∣∣∣ −1
1

∣∣∣∣ =

=
∣∣ +σ2

x − σxy − σxy + σ2
y

∣∣ =

=
∣∣ σ2

x − 2σxy + σ2
y

∣∣
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Propagace kovariančńı matice - implicitńı forma Př́ıklady

Jednoduchý p̌ŕıklad y = x + q

Implicitńı propagace: y = x + q

F (X,Y)  F (x , y ; q) = (y − x − q)2 · · ·minimalizace pro 1 bod

g = ∂F/∂q = −2(y − x − q)

∂g/∂q = 2 ∂g/∂x = 2 ∂g/∂y = −2

Σqq =
∣∣ σ2

q

∣∣ =
∣∣ 2

∣∣−1 ∣∣ 2, −2
∣∣ ∣∣∣∣ σ2

x σxy
σxy σ2

y

∣∣∣∣ ∣∣∣∣ 2
−2

∣∣∣∣ ∣∣ 2
∣∣−1

=

=
∣∣ 1, −1

∣∣ ∣∣∣∣ σ2
x σxy

σxy σ2
y

∣∣∣∣ ∣∣∣∣ 1
−1

∣∣∣∣ =

=
∣∣ σ2

x − σxy σxy − σ2
y

∣∣ ∣∣∣∣ 1
−1

∣∣∣∣ =

=
∣∣ σ2

x − 2σxy + σ2
y

∣∣
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Propagace kovariančńı matice - implicitńı forma Validace algoritmů

Statistická validace algoritmu 1 [Har94]

Testuje se, zda vypočtené odhady paťŕı do distribuce s danou sťredńı
hodnotou a kovariančńı matićı.

Hladina významnosti α.

Testovaná statistika φ̂.

Hodnota φ0 zaḿıtnut́ı hypotézy.

Postup:
1 urči správnou odpověd pro ideálńı p̌ŕıpad bez šumu,
2 pertubuj vstupńı data normálńım rozložeńım se nulou sťredńı hodnotou

a danou kovariančńı matićı,
3 propaguj analyticky odhady kovariančńı matici.
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Propagace kovariančńı matice - implicitńı forma Validace algoritmů

Statistická validace algoritmu 2 [Har94]

Testovaná hypotéza: zda pozorováńı θ1, · · · , θN pocháźı z normálńıho
rozložeńı se sťredńı hodnotou θ̄ a kovariančńı matićı Σ.

Existuje uniformně nejsilněǰśı test

B =
N∑

n=1

(θn − θ̄)(θn − θ̄)T

Definujme

λ = (e/N)pN/2|BΣ1|N/2 × exp(−1

2
[tr(BΣ1) + N(θ̄ − θ)TΣ1(θ̄ − θ)])

Testovaná statistika:
T = −2 log λ

T distribuováno podle χ2
p(p+1)/2+p kde p je dimenze θ

Tα: Prob(χ2
p(p+1)/2+p ≥ Tα) = α
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Propagace kovariančńı matice - implicitńı forma Validace algoritmů
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