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Ep�rkeia montèlou apl c grammik c palindrìmhshc

EÐnai to montèlo kat�llhlo / eparkèc?

'Endeixh apì to di�gramma diaspor�c thc Y proc th X

KalÔtera: kat�llhla graf mata twn upoloÐpwn ei = yi − ŷi

KalÔtera: tupopoihmèna sf�lmata prosarmog c, e∗i = ei/se

diagnwstikì gr�fhma twn e∗i proc ŷi
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Mh-Grammik  Palindrìmhsh

Mh-grammik  ex�rthsh thc Y apì th X .

Eggen c grammik  sun�rthsh palindrìmhshc

eggen c grammik  sun�rthsh ìtan mporeÐ na gÐnei grammik 
me kat�llhlo metasqhmatismì

Eggen c sun�rthsh Metasqhmatismìc Grammik 

1. Ekjetik : y = αeβx y ′ = ln(y) y ′ = ln(α) + βx
2. DÔnamhc: y = αxβ y ′ = log(y), x ′ = log(x) y ′ = log(α) + βx ′

3. y = α + β log(x) x ′ = log(x) y = α + βx ′

4. AntÐstrofh: y = α + β 1
x x ′ = 1

x y = α + βx ′
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Eggen c grammik  sun�rthsh palindrìmhshc

Metasqhmatismìc se grammik  sun�rthsh =⇒

upologismìc / ektÐmhsh paramètrwn (mèjodoc elaqÐstwn
tetrag¸nwn)

Stoqastik  eggen  grammik  sun�rthsh: sun�rthsh +   *
jìrubo.

y = αeβx + ε: mh eggen c grammik 

y = αxβ + ε: mh eggen c grammik 

y = αeβx · ε: eggen c grammik 

y = αxβ · ε: eggen c grammik 

An ε ∼ logarijmik  kanonik  =⇒ ε′ = ln ε ∼ kanonik 
katanom .

y = α + β log(x) + ε kai y = α + β 1
x + ε: eggeneÐc grammikèc
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Par�deigma: pÐesh kai ìgkoc idanikoÔ aerÐou

IsqÔei pV γ = C ?

I C : stajer�,

I p: apìluth pÐesh tou aerÐou,

I V : o ìgkoc tou

I γ eÐnai ènac ekjèthc qarakthristikìc gia to idanikì aèrio

Prìblhma:

1. EktÐmhsh tou γ kai thc stajer�c C

2. Prìbleyh apìluthc pÐeshc gia ìgko 25 in.3

A/A p [psi] V [in.3]

1 16.6 50
2 39.7 30
3 78.5 20
4 115.5 15
5 195.3 10
6 546.1 5
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Eggen  grammik  sun�rthsh thc morf c dÔnamhc

pV γ = C ⇔ y = αxβ,

y = p, x = V , α = C kai β = −γ.

y ′ = ln(y) = ln(p) kai x ′ = ln(x) = ln(V ) =⇒

y ′ = ln(α) + βx ′ ⇔ ln(p) = ln(C )− γ ln(V ).
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Jewr¸ntac pollaplasiastikì jìrubo sto arqikì montèlo:

pV γ = C · ε ⇔ y = αxβ · ε,

kai jètontac ε′ = ln(ε)

y ′ = ln(α) + βx ′ + ε′ ⇔ ln(p) = ln(C )− γ ln(V ) + ln(ε).

A/A x ′ y ′

1 1.609 6.303
2 2.303 5.275
3 2.708 4.749
4 2.996 4.363
5 3.401 3.681
6 3.912 2.809

Dhm trhc Kougioumtz c Mh-grammik  palindrìmhsh



EktÐmhsh paramètrwn

0 10 20 30 40 50
0

200

400

600

x

y

y = 6372.87*x1.50

(γ)

x̄ = 2.82, ȳ = 4.53, s2X = 0.6614 kai sXY = −0.9915,

b1 =
−0.9915

0.6614
= −1.4991, b0 = 4.53 + 1.4991 · 2.82 = 8.7598

s2Y = 1.4908 =⇒ s2ε = 6
5(1.4908 + 1.49912 · 0.6614) = 0.00554

kai sε = 0.07442.
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Shmeiak  prìbleyh
Gia ìgko 25 in.3, x ′ = ln(25) = 3.219

ln(p) = y ′ = 8.7598− 1.4991 · 3.219 = 3.9344.

Prìbleyh thc apìluthc pÐeshc: p = exp(3.9344) = 51.13 psi
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Diast mata prìbleyhc

Diast mata prìbleyhc gia to metasqhmatismèno grammikì
montèlo

Gia x ′ = ln(25) = 3.219, 95% di�sthma prìbleyhc thc mèshc y ′

[3.839, 4.030]

AntÐstrofoc metasqhmatismìc sta �kra: to 95% di�sthma
prìbleyhc thc mèshc apìluthc pÐeshc gia ìgko idanikoÔ aerÐou
25 in.3: [46.465, 56.264]

95% diast matoc prìbleyhc gia mia tim  tou y ′ ìtan
x ′ = ln(25) = 3.219: [3.707, 4.162]
AntÐstoiqa ìria: [40.718, 64.205]
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Poluwnumik  palindrìmhsh

Oi eggeneÐc grammikèc sunart seic eÐnai monìtonec.
Mh-monotonÐa?

Montèlo poluwnumik c grammik c palindrìmhshc bajmoÔ k

y = β0 + β1x + β2x
2 + · · ·+ βkx

k + ε.

Sun�rthsh mh-grammik  wc proc to x
Sun�rthsh grammik  wc proc touc suntelestèc β0, β1, . . . , βk

'Ajroisma elaqÐstwn tetrag¸nwn:

f (β0, β1, . . . , βk) =
n∑

i=1

(
yi − (β0 + β1x + β2x

2 + · · ·+ βkx
k)
)2
.
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H parag¸gish wc proc k�je par�metro dÐnei to sÔsthma
kanonik¸n exis¸sewn

b0n + b1
∑

xi + b2
∑

x2i + · · · bk
∑

xki =
∑

yi

b0
∑

xi + b1
∑

x2i + b2
∑

x3i + · · · bk
∑

xk+1
i =

∑
xiyi

...
...

...
...

...

b0
∑

xki + b1
∑

xk+1
i + b2

∑
xk+2
i + · · · bk

∑
x2ki =

∑
xki yi
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Ta sf�lmata prosarmog c: ei = yi − ŷi , ìpou

ŷi = b0 + b1x + b2x
2 + · · ·+ bkx

k .

kai h diaspor� ektim�tai

s2e =
1

n − (k + 1)

n∑
i=1

(yi − ŷi )
2,

R2: suntelest c tou pollaploÔ prosdiorismoÔ

R2 = 1−
∑n

i=1(yi − ŷi )
2∑n

i=1(yi − ȳ)2

Prosarmosmènoc suntelest c tou pollaploÔ prosdiorismoÔ

adjR2 = 1− n − 1

n − (k + 1)

∑n
i=1(yi − ŷi )

2∑n
i=1(yi − ȳ)2

Diast mata empistosÔnhc kai statistikoÐ èlegqoi gia
β0, β1, . . . , βk : ìpwc gia apl  grammik  palindrìmhsh.
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Sugkomid  tou paddy

A/A Hmèrec Sodei�

1 16 2508
2 18 2518
3 20 3304
4 22 3423
5 24 3057
6 26 3190
7 28 3590
8 30 3883
9 32 3823
10 34 3646
11 36 3708
12 38 3333
13 40 3517
14 42 3241
15 44 3103
16 46 2776
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