
P.J., THMMU HU345: ANAGNWRISH PROTUPWN Ak.'Etoc 2013-14
19-06-2014 Telik  Exètash Om�da A

Onoma/numo: Upograf :

AM: Ex�mhno: Arijmìc difÔllwn:

Jèma 1: (75%) 'Estw dÔo kl�seic ω1 kai ω2 me ta akìlouja 2-D dianÔsmata qarakthri-

stik¸n ekpaÐdeushc (trÐa gia k�je kl�sh, grammèna se morf  x = [ x1 , x2 ]T ):

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

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

'Estw epÐshc kai èna di�nusma dokim c xtest = [ 1 , 0 ]T .

(a, 12%) 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)? An nai, d¸ste mÐa sun�rth-
sh di�krishc g(x) = w1 x1 + w2 x2 + w0 me di�nusma suntelest¸n w = [ w1 , w2 , w0 ]T ,
pou diaqwrÐzei tic dÔo kl�seic me g(x) > 0 gia x ∈ ω1 kai g(x) < 0 gia x ∈ ω2 (gia
ta dianÔsmata ekpaÐdeushc) kai pou taxinomeÐ to di�nusma dokim c sthn kl�sh ω2 .

(b, 8%) Taxinom ste to di�nusma dokim c me b�sh ton kanìna tou plhsièsterou geÐtona (1-NN),
qrhsimopoi¸ntac opoiod pote mètro apìstashc metaxÔ dianusm�twn ston dudi�stato
q¸ro epijumeÐte.

(c, 12%) BreÐte th grammik  sun�rthsh di�krishc twn dÔo kl�sewn me b�sh ton algìrijmo perce-
ptron (se morf  batch), arqikopoi¸ntac ton algìrijmo me timèc w(0) = [ 1 , 1 ,− 15/4 ]T

kai qrhsimopoi¸ntac b ma ρ = 1/4 . Sqedi�ste thn kai taxinom ste to xtest me aut n.
ShmeÐwsh: O sumbolismìc thc g(x) kai ta prìshma epilog c twn kl�sewn eÐnai ìpwc
sto upo-er¸thma (a) .

(d, 12%) BreÐte th grammik  sun�rthsh di�krishc twn dÔo kl�sewn me b�sh thn mèjodo twn
mhqan¸n dianusmatik c st rixhc (support vector machines), ekfr�zontac to di�nusma
[ w1 , w2 ]T wc grammikì sunduasmì twn dianusm�twn st rixhc (support vectors) kai sth
sunèqeia brÐskontac kai to w0 . Poio eÐnai to perij¸rio (margin) metaxÔ twn kl�sewn
pou epitugq�nei o algìrijmoc? Sqedi�ste thn sun�rthsh di�krishc kai taxinom ste to
xtest me aut n.

(e, 14%) Mei¸ste thn di�stash twn dedomènwn apì dÔo se mÐa qrhsimopoi¸ntac an�lush kÔriwn
sunistws¸n (Principal Component Analysis – PCA). BreÐte tic probolèc twn dianusm�-
twn ekpaÐdeushc ston monodi�stato q¸ro pou prokÔptei, kai diapist¸ste an oi kl�seic
eÐnai grammik� diaqwrÐsimec se autìn ton q¸ro   ìqi. An nai, taxinom ste to par�deigma
dokim c sthn kat�llhlh kl�sh, me b�sh ton kanìna tou plhsièsterou geÐtona (1-NN)
ston monodi�stato q¸ro pou prokÔptei.

(f, 17%) Prosjèste t¸ra dÔo akìmh shmeÐa sto sÔnolo ekpaÐdeushc, sugkekrimèna to [ 2 , 2 ]T

sthn kl�sh ω1 kai to [− 2 ,− 2 ]T sthn kl�sh ω2 (sunep¸c èqoume 4 shmeÐa ekpaÐdeu-
shc gia k�je kl�sh). UpologÐste me th mèjodo thc mègisthc pijanof�neiac kanonikèc
katanomèc (2-D Gaussian) gia tic upì sunj kh sunart seic puknìthtac pijanìthtac
p (x |ω1 ) kai p (x |ω2 ) . Sth sunèqeia taxinom ste to di�nusma dokim c, xtest , me b�sh
th jewrÐa apof�sewn tou Bayes.
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Jèma 2: (25%) Ta parak�tw eÐnai anex�rthta upo-erwt mata.

(a, 11%) 'Estw ta èxi dianÔsmata ekpaÐdeushc tou Jèmatoc 1(a�e), ta opoÐa parousi�zontai sto
basikì akoloujiakì algorijmikì sq ma omadopoÐhshc (BSAS) me thn akìloujh seir�:

x1 =[ 1 , 1 ]T, x2 =[ 2 , 1 ]T, x3 =[ 1 , 2 ]T, x4 =[−1 ,−1 ]T, x5 =[−2 ,−1 ]T, x6 =[−1 ,−2 ]T.

Omadopoi ste ta dianÔsmata aut� me b�sh ton algìrijmo BSAS, qrhsimopoi¸ntac thn
apìstash L1 (Manhattan distance), kat¸fli θ = 1.25 , kai jewr¸ntac ìti oi antiprì-
swpoi twn om�dwn pou prokÔptoun eÐnai h mèsh tim  twn mel¸n thc om�dac.

(b, 14%) Upojèste t¸ra ìti ta trÐa dianÔsmata ekpaÐdeushc k�je kl�shc tou Jèmatoc 1(a�e)
apoteloÔn èna prìtupo anafor�c (template) thc antÐstoiqhc kl�shc pou exelÐssetai se
3 suneqeÐc qronikèc stigmèc. 'Eqoume dhlad  dÔo prìtupa (èna gia k�je kl�sh):

ω1 : X1 =

[
1 2 1
1 1 2

]
, ω2 : X2 =

[
− 1 − 2 − 1
− 1 − 1 − 2

]
.

'Estw epÐshc èna prìtupo dokim c (upì exètash prìtupo)

Y =

[
1 2
0 2

]
,

to opoÐo jèloume na taxinom soume se mÐa apì tic dÔo kl�seic, ω1   ω2 , me b�sh th
mejodologÐa dunamik c qronik c strèblwshc (dynamic time warping). Gia ton skopì
autì qrhsimopoioÔme:

• wc kìstoc sÔgkrishc dianusm�twn thn apìstash L1 (Manhattan distance),

• topikoÔc periorismoÔc met�bashc Sakoe-Chiba (dhlad  sto dudi�stato plègma thc
dunamik c qronik c strèblwshc epitrèpontai metab�seic se k�je kainoÔrgio kìmbo
apì ton amèswc prohgoÔmeno k�tw tou kìmbo, ton amèswc prohgoÔmeno arister�
tou, kai ton diag¸nio k�tw arister� tou),

• kai periorismoÔc �krwn pou apaitoÔn to bèltisto monop�ti na dièrqetai apì ton arqi-
kì kai ton telikì kìmbo pou apoteloÔntai apì ta zeÔgh twn pr¸twn kai teleutaÐwn
dianusm�twn twn protÔpwn anafor�c kai dokim c, antÐstoiqa.

BreÐte tic apost�seic dDTW(X1 ,Y) kai dDTW(X2 ,Y) , sqedi�zontac ta sqetik� dia-
gr�mmata dunamik c qronik c strèblwshc. Se poia kl�sh ja taxinomhjeÐ to prìtupo
dokim c me b�sh tic apost�seic autèc?

PARATHRHSEIS: Anoiqtèc shmei¸seic maj matoc. Kleist� kinht� kai upologistèc.
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P.J., THMMU HU345: ANAGNWRISH PROTUPWN Ak.'Etoc 2013-14
19-06-2014 Telik  Exètash Om�da B

Onoma/numo: Upograf :

AM: Ex�mhno: Arijmìc difÔllwn:

Jèma 1: (75%) 'Estw dÔo kl�seic ω1 kai ω2 me ta akìlouja 2-D dianÔsmata qarakthri-

stik¸n ekpaÐdeushc (trÐa gia k�je kl�sh, grammèna se morf  x = [ x1 , x2 ]T ):

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

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

'Estw epÐshc kai èna di�nusma dokim c xtest = [ 1 , 0 ]T .

(a, 12%) 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)? An nai, d¸ste mÐa sun�rth-
sh di�krishc g(x) = w1 x1 + w2 x2 + w0 me di�nusma suntelest¸n w = [ w1 , w2 , w0 ]T ,
pou diaqwrÐzei tic dÔo kl�seic me g(x) > 0 gia x ∈ ω1 kai g(x) < 0 gia x ∈ ω2 (gia
ta dianÔsmata ekpaÐdeushc) kai pou taxinomeÐ to di�nusma dokim c sthn kl�sh ω2 .

(b, 8%) Taxinom ste to di�nusma dokim c me b�sh ton kanìna tou plhsièsterou geÐtona (1-NN),
qrhsimopoi¸ntac opoiod pote mètro apìstashc metaxÔ dianusm�twn ston dudi�stato
q¸ro epijumeÐte.

(c, 12%) BreÐte th grammik  sun�rthsh di�krishc twn dÔo kl�sewn me ton algìrijmo perceptron
(se morf  batch), arqikopoi¸ntac ton algìrijmo me timèc w(0) = [− 1 ,− 1 ,− 15/4 ]T

kai qrhsimopoi¸ntac b ma ρ = 1/4 . Sqedi�ste thn kai taxinom ste to xtest me aut n.
ShmeÐwsh: O sumbolismìc thc g(x) kai ta prìshma epilog c twn kl�sewn eÐnai ìpwc
sto upo-er¸thma (a) .

(d, 12%) BreÐte th grammik  sun�rthsh di�krishc twn dÔo kl�sewn me b�sh thn mèjodo twn
mhqan¸n dianusmatik c st rixhc (support vector machines), ekfr�zontac to di�nusma
[ w1 , w2 ]T wc grammikì sunduasmì twn dianusm�twn st rixhc (support vectors) kai sth
sunèqeia brÐskontac kai to w0 . Poio eÐnai to perij¸rio (margin) metaxÔ twn kl�sewn
pou epitugq�nei o algìrijmoc? Sqedi�ste thn sun�rthsh di�krishc kai taxinom ste to
xtest me aut n.

(e, 14%) Mei¸ste thn di�stash twn dedomènwn apì dÔo se mÐa qrhsimopoi¸ntac an�lush kÔriwn
sunistws¸n (Principal Component Analysis – PCA). BreÐte tic probolèc twn dianusm�-
twn ekpaÐdeushc ston monodi�stato q¸ro pou prokÔptei, kai diapist¸ste an oi kl�seic
eÐnai grammik� diaqwrÐsimec se autìn ton q¸ro   ìqi. An nai, taxinom ste to par�deigma
dokim c sthn kat�llhlh kl�sh, me b�sh ton kanìna tou plhsièsterou geÐtona (1-NN)
ston monodi�stato q¸ro pou prokÔptei.

(f, 17%) Prosjèste t¸ra dÔo akìmh shmeÐa sto sÔnolo ekpaÐdeushc, sugkekrimèna to [− 2 ,− 2 ]T

sthn kl�sh ω1 kai to [ 2 , 2 ]T sthn kl�sh ω2 (sunep¸c èqoume 4 shmeÐa ekpaÐdeushc gia
k�je kl�sh). UpologÐste me th mèjodo thc mègisthc pijanof�neiac kanonikèc katanomèc
(2-D Gaussian) gia tic upì sunj kh sunart seic puknìthtac pijanìthtac p (x |ω1 ) kai
p (x |ω2 ) . Sth sunèqeia taxinom ste to di�nusma dokim c, xtest , me b�sh th jewrÐa
apof�sewn tou Bayes.
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Jèma 2: (25%) Ta parak�tw eÐnai anex�rthta upo-erwt mata.

(a, 11%) 'Estw ta èxi dianÔsmata ekpaÐdeushc tou Jèmatoc 1(a�e), ta opoÐa parousi�zontai sto
basikì akoloujiakì algorijmikì sq ma omadopoÐhshc (BSAS) me thn akìloujh seir�:

x1 =[ 1 , 1 ]T, x2 =[ 2 , 1 ]T, x3 =[ 1 , 2 ]T, x4 =[−1 ,−1 ]T, x5 =[−2 ,−1 ]T, x6 =[−1 ,−2 ]T.

Omadopoi ste ta dianÔsmata aut� me b�sh ton algìrijmo BSAS, qrhsimopoi¸ntac thn
apìstash L1 (Manhattan distance), kat¸fli θ = 1.75 , kai jewr¸ntac ìti oi antiprì-
swpoi twn om�dwn pou prokÔptoun eÐnai h mèsh tim  twn mel¸n thc om�dac.

(b, 14%) Upojèste t¸ra ìti ta trÐa dianÔsmata ekpaÐdeushc k�je kl�shc tou Jèmatoc 1(a�e)
apoteloÔn èna prìtupo anafor�c (template) thc antÐstoiqhc kl�shc pou exelÐssetai se
3 suneqeÐc qronikèc stigmèc. 'Eqoume dhlad  dÔo prìtupa (èna gia k�je kl�sh):

ω1 : X1 =

[
− 1 − 2 − 1
− 1 − 1 − 2

]
, ω2 : X2 =

[
1 2 1
1 1 2

]
.

'Estw epÐshc èna prìtupo dokim c (upì exètash prìtupo)

Y =

[
1 2
0 2

]
,

to opoÐo jèloume na taxinom soume se mÐa apì tic dÔo kl�seic, ω1   ω2 , me b�sh th
mejodologÐa dunamik c qronik c strèblwshc (dynamic time warping). Gia ton skopì
autì qrhsimopoioÔme:

• wc kìstoc sÔgkrishc dianusm�twn thn apìstash L1 (Manhattan distance),

• topikoÔc periorismoÔc met�bashc Sakoe-Chiba (dhlad  sto dudi�stato plègma thc
dunamik c qronik c strèblwshc epitrèpontai metab�seic se k�je kainoÔrgio kìmbo
apì ton amèswc prohgoÔmeno k�tw tou kìmbo, ton amèswc prohgoÔmeno arister�
tou, kai ton diag¸nio k�tw arister� tou),

• kai periorismoÔc �krwn pou apaitoÔn to bèltisto monop�ti na dièrqetai apì ton arqi-
kì kai ton telikì kìmbo pou apoteloÔntai apì ta zeÔgh twn pr¸twn kai teleutaÐwn
dianusm�twn twn protÔpwn anafor�c kai dokim c, antÐstoiqa.

BreÐte tic apost�seic dDTW(X1 ,Y) kai dDTW(X2 ,Y) , sqedi�zontac ta sqetik� dia-
gr�mmata dunamik c qronik c strèblwshc. Se poia kl�sh ja taxinomhjeÐ to prìtupo
dokim c me b�sh tic apost�seic autèc?

PARATHRHSEIS: Anoiqtèc shmei¸seic maj matoc. Kleist� kinht� kai upologistèc.
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