
Pan.JessalÐac,TMHUTD HU345: ANAGNWRISH PROTUTWN Ak.'Etoc 2012-13
20-06-2013 Telik  Exètash Om�da A

Onoma/numo: Upograf :

AM: Ex�mhno: Arijmìc difÔllwn:

PARATHRHSEIS: Anoiqtì biblÐo maj matoc & shmei¸seic maj matoc. Kleist� kinht�.

Jèma 1: (30%) Ta (a), (b), kai (c) eÐnai anex�rthta erwt mata. Apant ste analutik�.

(a) 'Estw poludi�stata dianÔsmata qarakthristik¸n x = [ x1 , x2 ,..., xL ]T me statistik�
anex�rthta stoiqeÐa (statistically independent components) pou paÐrnoun duadikèc timèc
(dhl. xl = 0   1 , gia l = 1 , 2 ,..., L ). Ta dianÔsmata aut� qrhsimopoioÔntai gia thn
taxinìmhsh se K kl�seic, ω1 , ω2 ,..., ωK , me ek twn protèrwn pijanìthtec (prior pro-
babilities) P (ωk) , k = 1 , 2 ,..., K . 'Estw epÐshc ìti oi upì sunj kh (class conditional)
pijanìthtec dÐnontai apì tic

P l k = P [ xl = 1 |ωk ] , gia l = 1 , 2 ,..., L kai k = 1 , 2 ,..., K .

BreÐte th morf  thc sun�rthshc di�krishc (kanìna taxinìmhshc) gk(x) sÔmfwna me thn
jewrÐa apof�sewn kat� Bayes.

BreÐte epÐshc p¸c aut  aplopoieÐtai se mÐa apl  sun�rthsh tou ajroÐsmatoc
∑L

l=1 xl ,
gr�fontac thn exÐswsh pou perigr�fei to uperepÐpedo apìfashc, gia thn eidik  perÐptwsh
dÔo isopÐjanwn kl�sewn, dhl. K = 2 kai P (ω1) = P (ω2) = 1/2 , kai me Ðsec upì sunj kh
pijanìthtec gia ìla ta stoiqeÐa tou dianÔsmatoc qarakthristik¸n, dhl. P l 1 = p > 1/2 ,
gia l = 1 , 2 ,..., L .

(b) BreÐte ton ektimht  mègisthc pijanof�neiac (maximum likelihood estimator) thc para-
mètrou θ > 0 thc ekjetik c sun�rthshc puknìthtac pijanìthtac,

p ( x | θ ) =

{
θ e− θ x , x ≥ 0

0 , alloÔ
,

me b�sh N statistik� anex�rthta deÐgmat� thc xn , n = 1 , 2 ,..., N .

(c) 'Estw s mÐa metrik  omoiìthtac (similarity metric) orismènh sto sÔnolo X , gia thn
opoÐa isqÔei s (x ,y) > 0 , ∀ x ,y ∈ X . 'Estw epÐshc mÐa suneq c monotonik� fjÐnousa
sun�rthsh f : R+ → R+ , gia thn opoÐa isqÔei ìti

f(a) + f(b) ≥ f

 1
1

a
+

1

b

 , ∀ a , b ∈ R+ ,

DeÐxte ìti h d = f(s) eÐnai metrik  anomoiìthtac (dissimilarity metric) sto sÔnolo X .
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[Om�da A]

Jèma 2: (45%) 'Estw dÔo kl�seic ω1 kai ω2 me ta akìlouja 2-D dianÔsmata qarakthri-

stik¸n ekpaÐdeushc (grammèna se morf  x = [ x1 , x2 ]T ):

ω1 : [ 1 , 0 ]T , [−1 , 0 ]T , [ 3 , 1 ]T , [−3 , 1 ]T , [ 3 ,−1 ]T , [−3 ,−1 ]T ,

ω2 : [ 1 , 2 ]T , [ 1 ,−2 ]T , [−1 , 2 ]T , [−1 ,−2 ]T .

'Estw epÐshc kai èna di�nusma dokim c xtest = [ 3 , 2 ]T .

(a) Sqedi�ste ta parap�nw dianÔsmata sto 2-D q¸ro me �xonec ta x1 , x2 . EÐnai oi kl�seic
grammik� diaqwrÐsimec (me b�sh ta dianÔsmata ekpaÐdeushc)?

(b) Taxinom ste to di�nusma dokim c me b�sh ton kanìna twn tri¸n plhsièsterwn geitìnwn
(3-NN), qrhsimopoi¸ntac thn EukleÐdeia apìstash (L2) metaxÔ dianusm�twn.

(c) Kataskeu�ste (kai sqedi�ste) èna perceptron dÔo epipèdwn pou na taxinomeÐ ta dianÔ-
smata ekpaÐdeushc swst� stic dÔo kl�seic. Se poia kl�sh taxinomeÐtai to di�nusma
dokim c xtest ?

(d) LÔste to prìblhma qrhsimopoi¸ntac poluwnumikì taxinomht  kai taxinom ste to di�nu-
sma dokim c me autìn. EpÐshc, sqedi�ste tic perioqèc apìfashc gia k�je kl�sh ston
arqikì q¸ro.

(e) Tèloc, mei¸ste thn di�stash twn dedomènwn qrhsimopoi¸ntac an�lush kÔriwn sunistw-
s¸n (Principal Component Analysis – PCA). EÐnai oi kl�seic diaqwrÐsimec sto mono-
di�stato q¸ro pou prokÔptei?

Jèma 3: (25%) 'Estw ta pr¸ta 4 dianÔsmata thc kl�shc ω1 tou Jèmatoc 2, dhl.

x1 = [ 1 , 0 ]T , x2 = [−1 , 0 ]T , x3 = [ 3 , 1 ]T , x4 = [−3 , 1 ]T .

(a) Omadopoi ste ta dianÔsmata akoloujiak�, qrhsimopoi¸ntac to basikì akoloujiakì al-
gorijmikì sq ma (BSAS) me b�sh thn apìstash L1 (Manhattan distance) kai kat¸fli
θ = 3.5 . Jewr ste dÔo peript¸seic ìson afor� thn akoloujÐa pou emfanÐzontai ta dia-
nÔsmata ston algìrijmo: Sthn pr¸th perÐptwsh me th seir� thc ekf¸nhshc (arister�
proc dexi�), kai sthn deÔterh perÐptwsh me thn antÐjeth seir�. Kai stic dÔo peript¸seic,
jewr ste ìti oi antiprìswpoi twn om�dwn pou prokÔptoun eÐnai h mèsh tim  twn mel¸n
thc om�dac.

(b) Omadopoi ste ta dianÔsmata ierarqik�, qrhsimopoi¸ntac ton susswreutikì algìrijmo
omadopoÐhshc (agglomerative clustering) me b�sh thn apìstash L1 (Manhattan di-
stance). QrhsimopoieÐste dÔo diaforopoi seic tou algorÐjmou, ìson afor� thn enh-
mèrwsh twn apost�sewn tou pÐnaka anomoiìthtac, ton pr¸to me b�sh ton algìrijmo
aploÔ desmoÔ (single link), kai ton deÔtero me b�sh ton algìrijmo pl rouc desmoÔ
(complete link). Kai stic dÔo peript¸seic sqedi�ste ta dentrogr�mmata anomoiìthtac
(dendrograms) pou prokÔptoun.
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Pan.JessalÐac,TMHUTD HU345: ANAGNWRISH PROTUTWN Ak.'Etoc 2012-13
20-06-2013 Telik  Exètash Om�da B

Onoma/numo: Upograf :

AM: Ex�mhno: Arijmìc difÔllwn:

PARATHRHSEIS: Anoiqtì biblÐo maj matoc & shmei¸seic maj matoc. Kleist� kinht�.

Jèma 1: (30%) Ta (a), (b), kai (c) eÐnai anex�rthta erwt mata. Apant ste analutik�.

(a) 'Estw poludi�stata dianÔsmata qarakthristik¸n x = [ x1 , x2 ,..., xL ]T me statistik�
anex�rthta stoiqeÐa (statistically independent components) pou paÐrnoun duadikèc timèc
(dhl. xl = 0   1 , gia l = 1 , 2 ,..., L ). Ta dianÔsmata aut� qrhsimopoioÔntai gia thn
taxinìmhsh se K kl�seic, ω1 , ω2 ,..., ωK , me ek twn protèrwn pijanìthtec (prior pro-
babilities) P (ωk) , k = 1 , 2 ,..., K . 'Estw epÐshc ìti oi upì sunj kh (class conditional)
pijanìthtec dÐnontai apì tic

P l k = P [ xl = 1 |ωk ] , gia l = 1 , 2 ,..., L kai k = 1 , 2 ,..., K .

BreÐte th morf  thc sun�rthshc di�krishc (kanìna taxinìmhshc) gk(x) sÔmfwna me thn
jewrÐa apof�sewn kat� Bayes.

BreÐte epÐshc p¸c aut  aplopoieÐtai se mÐa apl  sun�rthsh tou ajroÐsmatoc
∑L

l=1 xl ,
gr�fontac thn exÐswsh pou perigr�fei to uperepÐpedo apìfashc, gia thn eidik  perÐptwsh
dÔo isopÐjanwn kl�sewn, dhl. K = 2 kai P (ω1) = P (ω2) = 1/2 , kai me Ðsec upì sunj kh
pijanìthtec gia ìla ta stoiqeÐa tou dianÔsmatoc qarakthristik¸n, dhl. P l 1 = p > 1/2 ,
gia l = 1 , 2 ,..., L .

(b) BreÐte ton ektimht  mègisthc pijanof�neiac (maximum likelihood estimator) thc para-
mètrou θ > 0 thc sun�rthshc puknìthtac pijanìthtac Erlang,

p ( x | θ ) =

{
θ 2 x e− θ x , x ≥ 0

0 , alloÔ
,

me b�sh N statistik� anex�rthta deÐgmat� thc xn , n = 1 , 2 ,..., N .

(c) 'Estw s mÐa metrik  omoiìthtac (similarity metric) orismènh sto sÔnolo X , gia thn
opoÐa isqÔei s (x ,y) > 0 , ∀ x ,y ∈ X . 'Estw epÐshc mÐa suneq c monotonik� fjÐnousa
sun�rthsh f : R+ → R+ , gia thn opoÐa isqÔei ìti

f(a) + f(b) ≥ f

 1
1

a
+

1

b

 , ∀ a , b ∈ R+ ,

DeÐxte ìti h d = f(s) eÐnai metrik  anomoiìthtac (dissimilarity metric) sto sÔnolo X .
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[Om�da B]

Jèma 2: (45%) 'Estw dÔo kl�seic ω1 kai ω2 me ta akìlouja 2-D dianÔsmata qarakthri-

stik¸n ekpaÐdeushc (grammèna se morf  x = [ x1 , x2 ]T ):

ω1 : [ 1 , 2 ]T , [ 1 ,−2 ]T , [−1 , 2 ]T , [−1 ,−2 ]T ,

ω2 : [ 3 ,−1 ]T , [−3 ,−1 ]T , [ 1 , 0 ]T , [−1 , 0 ]T , [ 3 , 1 ]T , [−3 , 1 ]T .

'Estw epÐshc kai èna di�nusma dokim c xtest = [−3 ,−2 ]T .

(a) Sqedi�ste ta parap�nw dianÔsmata sto 2-D q¸ro me �xonec ta x1 , x2 . EÐnai oi kl�seic
grammik� diaqwrÐsimec (me b�sh ta dianÔsmata ekpaÐdeushc)?

(b) Taxinom ste to di�nusma dokim c me b�sh ton kanìna twn tri¸n plhsièsterwn geitìnwn
(3-NN), qrhsimopoi¸ntac thn EukleÐdeia apìstash (L2) metaxÔ dianusm�twn.

(c) Kataskeu�ste (kai sqedi�ste) èna perceptron dÔo epipèdwn pou na taxinomeÐ ta dianÔ-
smata ekpaÐdeushc swst� stic dÔo kl�seic. Se poia kl�sh taxinomeÐtai to di�nusma
dokim c xtest ?

(d) LÔste to prìblhma qrhsimopoi¸ntac poluwnumikì taxinomht  kai taxinom ste to di�nu-
sma dokim c me autìn. EpÐshc, sqedi�ste tic perioqèc apìfashc gia k�je kl�sh ston
arqikì q¸ro.

(e) Tèloc, mei¸ste thn di�stash twn dedomènwn qrhsimopoi¸ntac an�lush kÔriwn sunistw-
s¸n (Principal Component Analysis – PCA). EÐnai oi kl�seic diaqwrÐsimec sto mono-
di�stato q¸ro pou prokÔptei?

Jèma 3: (25%) 'Estw ta pr¸ta 4 dianÔsmata thc kl�shc ω2 tou Jèmatoc 2, dhl.

x1 = [ 3 ,−1 ]T , x2 = [−3 ,−1 ]T , x3 = [ 1 , 0 ]T , x4 = [−1 , 0 ]T .

(a) Omadopoi ste ta dianÔsmata akoloujiak�, qrhsimopoi¸ntac to basikì akoloujiakì al-
gorijmikì sq ma (BSAS) me b�sh thn apìstash L1 (Manhattan distance) kai kat¸fli
θ = 3.5 . Jewr ste dÔo peript¸seic ìson afor� thn akoloujÐa pou emfanÐzontai ta dia-
nÔsmata ston algìrijmo: Sthn pr¸th perÐptwsh me th seir� thc ekf¸nhshc (arister�
proc dexi�), kai sthn deÔterh perÐptwsh me thn antÐjeth seir�. Kai stic dÔo peript¸seic,
jewr ste ìti oi antiprìswpoi twn om�dwn pou prokÔptoun eÐnai h mèsh tim  twn mel¸n
thc om�dac.

(b) Omadopoi ste ta dianÔsmata ierarqik�, qrhsimopoi¸ntac ton susswreutikì algìrijmo
omadopoÐhshc (agglomerative clustering) me b�sh thn apìstash L1 (Manhattan di-
stance). QrhsimopoieÐste dÔo diaforopoi seic tou algorÐjmou, ìson afor� thn enh-
mèrwsh twn apost�sewn tou pÐnaka anomoiìthtac, ton pr¸to me b�sh ton algìrijmo
aploÔ desmoÔ (single link), kai ton deÔtero me b�sh ton algìrijmo pl rouc desmoÔ
(complete link). Kai stic dÔo peript¸seic sqedi�ste ta dentrogr�mmata anomoiìthtac
(dendrograms) pou prokÔptoun.
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