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AMi`Q/m+iBQM
h?Bb }2H/ /�i2b #�+F iQ i?2 RNNyb BM +QKTmi2` b+B2M+2- �M/ BM i?Bb
T`2b2Mi�iBQM r2 Tmi 2KT?�bBb QM i?2 mM/2`HvBM; KQiBp�iBQM �M/
+QMM2+iBQMb iQ HBM2�` �H;2#`�- QTiBKBx�iBQM i?2Q`v �M/ bi�iBbiB+bX
q2 rBHH QMHv +Qp2` +H�bbB}+�iBQM- �M/ BM T�`iB+mH�` irQ@+H�bb
T`Q#H2KbX

G2�`MBM; K�i2`B�H 7Q` i?Bb KQ/mH2

! C�K2b 2i �H UkyRjV, �M AMi`Q/m+iBQM iQ ai�iBbiB+�H G2�`MBM;X
*?�Ti2` NX

! *H�bbMQi2b RRXyjXkyRN

aQK2 Q7 i?2 };m`2b BM i?Bb T`2b2Mi�iBQM �`2 i�F2M 7`QK UQ` �`2
BMbTB`2/ #vV ǳ�M AMi`Q/m+iBQM iQ ai�iBbiB+�H G2�`MBM;- rBi?
�TTHB+�iBQMb BM _Ǵ UaT`BM;2`- kyRjV rBi? T2`KBbbBQM 7`QK i?2
�mi?Q`b, :X C�K2b- .X qBii2M- hX >�biB2 �M/ _X hB#b?B`�MBX

https://www.math.ntnu.no/emner/TMA4268/2019v/notes/M9notes.pdf


hQTB+b

! JQiBp�iBQM
! J�tBK�H K�`;BM +H�bbB}2`
! amTTQ`i p2+iQ` +H�bbB}2`
! amTTQ`i p2+iQ` K�+?BM2b
! 1ti2MbBQMb
! *QKT�`BbQMb
! amKKBM; mT
! _2+QKK2M/2/ 2t2`+Bb2b
! _ S�+F�;2b
! _272`2M+2b
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�bbmK2 vQm r�Mi iQ #mBH/ QM2 +QMiBMmQmb 72M+2 iQ b2T�`�i2 i?2
irQ i`22 ivT2b BM 2�+? Q7 i?2 i?`22 bim/v �`2�bX q?2`2 b?QmH/
vQm #mBH/ i?2 72M+2\
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�bbmKTiBQMb
�bbmK2 i?�i r2 ?�p2 M i`�BMBM; Q#b2`p�iBQMb rBi? T T`2/B+iQ`b

tR =

⎛

⎜⎝
tRR
XXX

tRT

⎞

⎟⎠ , ..., tM =

⎛

⎜⎝
tMR
XXX

tMT

⎞

⎟⎠

�M/ i?�i i?2 `2bTQMb2b v 7�HH BMiQ irQ +H�bb2b vR, ..., vM ∈ {−R, R}X
6m`i?2`- �bbmK2 i?�i Bi Bb TQbbB#H2 iQ b2T�`�i2 i?2 i`�BMBM;
Q#b2`p�iBQMb T2`72+iHv �++Q`/BM; iQ i?2B` +H�bbX



J�tBK�H J�`;BM *H�bbB}2`

>vT2`TH�M2
� ?vT2`TH�M2 BM T@/BK2MbBQMb Bb /2}M2/ �b

βy + βRsR + βksk + ... + βTsT = βy + thβ = y.

�M/ Bb � T − R /BK2MbBQM�H bm#bT�+2X

! A7 � TQBMi s = (sR, sk, ..., sT)h b�iBb}2b i?2 �#Qp2 2[m�iBQM- Bi
HB2b QM i?2 ?vT2`TH�M2X

! A7 βy = y i?2 ?vT2`TH�M2 ;Q2b i?`Qm;? i?2 Q`B;BM UQ`B;QVX
! h?2 p2+iQ` βR, . . . , βT UMQi BM+Hm/BM; βyV Bb +�HH2/ i?2 MQ`K�H

p2+iQ` �M/ TQBMib BM i?2 /B`2+iBQM Q`i?Q;QM�H iQ i?2
?vT2`TH�M2X









h?2 T`Q+2bb Q7 }M/BM; i?2 K�tBK�H K�`;BM ?vT2`TH�M2 7Q` �
/�i�b2i rBi? T +Qp�`B�i2b �M/ M i`�BMBM; Q#b2`p�iBQMb +�M #2
7Q`KmH�i2/ i?`Qm;? i?2 7QHHQrBM; QTiBKBx�iBQM T`Q#H2K,

K�tBKBx2βy,βR,...,βT J

bm#D2+i iQ
T∑

D=R
βk

D = R,

vB(βy + βRtBR + βktBk + ... + βTtBT) ≥ J ∀B = R, ..., M
r?2`2 J Bb i?2 rB/i? Q7 i?2 K�`;BMX
P#b2`p2, vB(βy + thβ) Bb i?2 UbB;M2/V /Bbi�M+2 7`QK i?2 Bi? TQBMi
iQ i?2 ?vT2`TH�M2 /2}M2/ #v i?2 βbX q2 r�Mi iQ }M/ i?2
?vT2`TH�M2- r?2`2 2�+? Q#b2`p�iQM Bb �i H2�bi J mMBib �r�v @ QM
i?2 +Q``2+i bB/2- r?2`2 J Bb �b #B; �b TQbbB#H2X



Ai +�M #2 b?QrM- b22 7Q` 2t�KTH2 17`QM �M/ >�biB2 UkyReV a2+iBQM
RNXR �M/ 6`B2/K�M- >�biB2- �M/ hB#b?B`�MB UkyyRV a2+iBQM 9X8- i?�i
i?2 QTiBKBx�iBQM T`Q#H2K +�M #2 `27Q`KmH�i2/ mbBM; G�;`�M;2
KmHiBTHB2`b UT`BK�H �M/ /m�H T`Q#H2KV BMiQ � [m�/`�iB+ +QMp2t
QTiBKBx�iBQM T`Q#H2K i?�i +�M #2 bQHp2/ 2{+B2MiHvX
>Qr2p2`- r2 /Q Q7 +�mb2 ?�p2 iQ bQHp2 i?2 QTiBKBx�iBQM T`Q#H2K iQ
B/2MiB7v i?2 bmTTQ`i p2+iQ`b �M/ i?2 mMFMQrM T�`�K2i2`b 7Q` i?2
b2T�`�iBM; ?vT2`TH�M2X
aBM+2 r2 BM hJ�9ke3 ai�iBbiB+�H H2�`MBM; /Q MQi `2[mB`2 � +Qm`b2
BM QTiBKBx�iBQM @ r2 /Q MQi ;Q BMiQ /2i�BHb ?2`2X



Zm2biBQMb

! 1tTH�BM #`B2~v i?2 B/2� #2?BM/ i?2 K�tBK�H K�`;BM +H�bbB}2`X
! Ab i?2`2 �Mv imMBM; T�`�K2i2`b i?�i M22/ iQ #2 +?Qb2M\
! q?�i B7 Qm` T`Q#H2K Bb MQi b2T�`�#H2 #v � ?vT2`TH�M2\



�,
JJ*, /`�rBM; Bb i?2 #2bi5 >vT2`TH�M2 rBi? H�`;2bi TQbbB#H2
K�`;BM iQ i?2 bmTTQ`i p2+iQ`b- �HH i`�BMBM; /�i� +Q``2+iHv +H�bbB}2/
UbBM+2 b2T�`�#H2 T`Q#H2KVX PMHv bmTTQ`i p2+iQ`b /2+B/2 #QmM/�`vX
LQ /Bbi`B#miBQM �bbmK2/ 7Q` i?2 Q#b2`p�iBQMb BM 2�+? +H�bbX
LQ imMBM; T�`�K2i2`X
LQM@b2T�`�#H2 +�b2 Bb M2ti @ #v /2}MBM; bH�+F@p�`B�#H2bX



amTTQ`i o2+iQ` *H�bbB}2`b
6Q` bQK2 /�i� b2ib � b2T�`�iBM; ?vT2`TH�M2 /Q2b MQi 2tBbi- i?2
/�i� b2i Bb MQM@b2T�`�#H2X
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+H�bbB}+�iBQM- #mi i?2M r2 ?�p2 iQ �HHQr bQK2 Q7 i?2 i`�BMBM;
Q#b2`p�iBQMb iQ #2 KBb+H�bbB}2/X





PTiBKBx�iBQM T`Q#H2K

K�tBKBx2βy,βR,...,βT,ϵR,...,ϵM, J bm#D2+i iQ
T∑

D=R
βk

D = R

vB(βy + βRtBR + βktBk + ... + βTtBT) ≥ J(R − ϵB) ∀B = R, ..., M.

ϵB ≥ y,
M∑

B=R
ϵB ≤ *.



! J Bb i?2 rB/i? Q7 i?2 K�`;BMX
! ϵR, ..., ϵM �`2 bH�+F p�`B�#H2bX

! A7 ϵB = y Bi K2�Mb i?�i Q#b2`p�iBQM B Bb QM i?2 +Q``2+i bB/2 Q7
i?2 K�`;BM-

! B7 ϵB > y Q#b2`p�iBQM B Bb QM i?2 r`QM; bB/2 Q7 i?2 K�`;BM- �M/
! B7 ϵB > R Q#b2`p�iBQM B Bb QM i?2 r`QM; bB/2 Q7 i?2 ?vT2`TH�M2X

! * Bb � imMBM; U`2;mH�`Bx�iBQMV T�`�K2i2` U+?Qb2M #v
+`Qbb@p�HB/�iBQMV ;BpBM; i?2 #m/;2i 7Q` bH�+FbX Ai `2bi`B+ib i?2
MmK#2` Q7 i?2 i`�BMBM; Q#b2`p�iBQMb i?�i +�M #2 QM i?2 r`QM;
bB/2 Q7 i?2 ?vT2`TH�M2X LQ KQ`2 i?�M * Q7 i?2 Q#b2`p�iBQMb
+�M #2 QM i?2 r`QM; bB/2X



h?2 ?vT2`TH�M2 ?�b i?2 T`QT2`iv i?�i Bi QMHv /2T2M/b QM i?2
Q#b2`p�iBQMb i?�i 2Bi?2` HB2 QM i?2 K�`;BM Q` QM i?2 r`QM; bB/2
Q7 i?2 K�`;BMX
h?2b2 Q#b2`p�iBQMb �`2 +�HH2/ Qm` bmTTQ`i p2+iQ`bX h?2
Q#b2`p�iBQMb QM i?2 +Q``2+i bB/2 Q7 i?2 K�`;BM /Q MQi �z2+i i?2
bmTTQ`i p2+iQ`bX h?2 H2M;i? Q7 /Bbi�M+2 7Q` i?2 bmTTQ`i p2+iQ`b iQ
i?2 +H�bb #QmM/�`v Bb T`QTQ`iBQM�H iQ i?2 bH�+FbX



Z, 6BM/ i?2 bmTTQ`i p2+iQ`b

P#b2`p2, r2 M22/ �HH Q#b2`p�iBQMb U#Qi? t �M/ v p�Hm2bV iQ /2+B/2
QM r?B+? Q#b2`p�iBQMb �`2 i?2 bmTTQ`i p2+iQ`bX



a22 �HbQ 6B;m`2 RNXj BM 17`QM �M/ >�biB2 UkyReVX



Zm2biBQMb

! a?QmH/ i?2 p�`B�#H2b #2 bi�M/�`/Bx2/ #27Q`2 mb2/ rBi? i?Bb
K2i?Q/\

! h?2 bmTTQ`i p2+iQ` +H�bbB}2` QMHv /2T2M/b QM i?2 Q#b2`p�iBQMb
i?�i pBQH�i2 i?2 K�`;BMX >Qr /Q2b * �z2+i i?2 rB/i? Q7 i?2
K�`;BM\

! .Bb+mbb ?Qr i?2 imMBM; T�`�K2i2` * �z2+ib i?2 #B�b@p�`B�M+2
i`�/2@Qz Q7 i?2 K2i?Q/X



�, u2b- b?QmH/ #2 bi�M/�`/Bx2/ #2+�mb2 i?Bb K2i?Q/ i`2�ib �HH
p�`B�#H2b 2[m�HHvX a�K2 �b 7Q` H�bbQ �M/ `B/;2X
A7 * Bb bK�HH i?2M J Kmbi ;Bp2 M�``Qr K�`;BM\ * Bb Qm`
#B�b@p�`B�M+2 i`�/2@Qz imMBM; T�`�K2i2`, * H�`;2, �HHQr K�Mv
pBQH�iBQMb, KQ`2 #B�b- H2bb p�`B�M+2X * bK�HH, ?B;?Hv }i i?2 /�i�,
H2bb #B�b- KQ`2 p�`B�M+2X



*H�bbB}+�iBQM `mH2, q2 +H�bbB7v � i2bi Q#b2`p�iBQM t∗ #�b2/ QM i?2
bB;M Q7 7(t∗) = βy + βRt∗

R + ... + βTt∗
T �b #27Q`2,

! A7 7(t∗) < y i?2M v∗ = −RX
! A7 7(t∗) > y i?2M v∗ = RX

JQ`2 QM bQHpBM; i?2 QTiBKBx�iBQM T`Q#H2K, 6`B2/K�M- >�biB2- �M/
hB#b?B`�MB UkyyRV a2+iBQM RkXkXR UT`BK�H �M/ /m�H G�;`�M;2
T`Q#H2K- [m�/`�iB+ +QMp2t T`Q#H2KVX



1t�KTH2
q2 rBHH MQr }M/ � bmTTQ`i p2+iQ` +H�bbB}2` 7Q` i?2 b2+QM/ i`�BMBM;
/�i�b2i U7Q`2bikV �M/ mb2 i?Bb iQ +H�bbB7v i?2 Q#b2`p�iBQMb BM i?2
b2+QM/ i2bi b2i Ub22/bkVX

! h?2`2 �`2 Ryy Q#b2`p�iBQMb Q7 i`22b, 98 TBM2b UvB = RV �M/ 88
`2/rQQ/ i`22b UvB = −RVX

! AM i?2 i2bi b2i i?2`2 �`2 ky b22/b, Ry TBM2 b22/b �M/ Ry
`2/rQQ/ b22/bX

h?2 7mM+iBQM bpK BM i?2 T�+F�;2 2RydR Bb mb2/ iQ }M/ i?2
K�tBK�H K�`;BM ?vT2`TH�M2X h?2 `2bTQMb2 M22/b iQ #2 +Q/2/ �b �
7�+iQ` p�`B�#H2- �M/ i?2 /�i� b2i ?�b iQ #2 biQ`2/ �b � /�i�7`�K2X

HB#`�`vU2RydRV
7Q`2bik 4 `2�/Xi�#H2U7BH2 4 ]?iiTb,ffrrrXK�i?XMiMmXMQf2KM2`fhJ�9ke3fkyRNpf/�i�f7Q`2bikXiti]V
b22/bk 4 `2�/Xi�#H2U7BH2 4 ]?iiTb,ffrrrXK�i?XMiMmXMQf2KM2`fhJ�9ke3fkyRNpf/�i�fb22/bkXiti]V
i`�BMk 4 /�i�X7`�K2Ut 4 7Q`2bik(- R,k)- v 4 �bX7�+iQ`U7Q`2bik(- j)VV
i2bik 4 /�i�X7`�K2Ut 4 b22/bk(- R,k)- v 4 �bX7�+iQ`Ub22/bk(- j)VV



h?2 bpK 7mM+iBQM mb2b � bHB;?iHv /Bz2`2Mi 7Q`KmH�iBQM 7`QK r?�i
r2 r`Qi2 �#Qp2X
q2 ?�/ BM Qm` T`2b2Mi�iBQM � #m/;2i 7Q` 2``Q`b *- #mi BM bpK r2
BMbi2�/ ?�p2 �M �`;mK2Mi +Qbi i?�i �HHQrb mb iQ bT2+B7v i?2 +Qbi
Q7 pBQH�iBM; i?2 K�`;BMX

! q?2M +Qbi Bb b2i iQ � HQr p�Hm2- i?2 K�`;BM rBHH #2 rB/2`
i?�M B7 b2i iQ � H�`;2 p�Hm2X

q2 }`bi i`v rBi? +Qbi4RX q2 b2i F2`M2H4^HBM2�`^ �b r2 �`2
BMi2`2bi2/ BM � HBM2�` /2+BbBQM #QmM/�`vX b+�H24h_l1 b+�H2b i?2
T`2/B+iQ`b iQ ?�p2 K2�M y �M/ bi�M/�`/ /2pB�iBQM RX q2 +?QQb2
MQi iQ b+�H2X



bpK7BinHBM2�`R 4 bpKUv � X- /�i� 4 i`�BMk- F2`M2H 4 ]HBM2�`]- +Qbi 4 R-
b+�H2 4 6�Ga1V

THQiUbpK7BinHBM2�`R- i`�BMk- +QH 4 +U]HB;?i+Q`�H]- ]HB;?i;`22M]VV
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SVM classification plot

x.V2

x.
V1

bmKK�`vUbpK7BinHBM2�`RV

OO
OO *�HH,
OO bpKU7Q`KmH� 4 v � X- /�i� 4 i`�BMk- F2`M2H 4 ]HBM2�`]- +Qbi 4 R-
OO b+�H2 4 6�Ga1V
OO
OO
OO S�`�K2i2`b,
OO aoJ@hvT2, *@+H�bbB7B+�iBQM
OO aoJ@E2`M2H, HBM2�`
OO +Qbi, R
OO ;�KK�, yX8
OO
OO LmK#2` Q7 amTTQ`i o2+iQ`b, 8e
OO
OO U k3 k3 V
OO
OO
OO LmK#2` Q7 *H�bb2b, k
OO
OO G2p2Hb,
OO @R R

bpK7BinHBM2�`R0BM/2t ObmTTQ`i p2+iQ`b B/ BM /�i� b2i

OO (R) R k 9 e N Ry Re kR ke kd k3 9y 99 8j 88 8d 83 e8 ed dk de dd 3y
OO (k9) 3R 3d NR Nk N3 8 3 RR Rj R3 RN ky kj k9 k8 j9 je jN 9R 9k 9d 93 8N
OO (9d) eR ek dy dR d8 d3 33 Nj N8 Ne





P#b2`p�iBQMb

! _2K�`F i?�i i?2 tR Bb THQii2/ QM i?2 p2`iB+�H �tBb- �M/ i?2 i?2
BKTH2K2Mi�iBQM Q7 i?2 THQiiBM; 7mM+iBQM Bb K�/2 BM � r�v i?�i
i?2 HBM2�` #QmM/�`v HQQFb D�;;2/X

! h?2 +`Qbb2b BM i?2 THQi BM/B+�i2 i?2 bmTTQ`i p2+iQ`bX qBi?
+Qbi = R- r2 ?�p2 8e bmTTQ`i p2+iQ`b- k3 BM 2�+? +H�bbX

! �HH Qi?2` Q#b2`p�iBQMb �`2 b?QrM �b +B`+H2bX



L2ti- r2 b2i +Qbi = Ryy,
bpK7BinHBM2�`k 4 bpKUv � X- /�i� 4 i`�BMk- F2`M2H 4 ]HBM2�`]- +Qbi 4 Ryy-

b+�H2 4 6�Ga1V
THQiUbpK7BinHBM2�`k- i`�BMk- +QH 4 +U]HB;?i+Q`�H]- ]HB;?i;`22M]VV
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SVM classification plot

x.V2

x.
V1

bmKK�`vUbpK7BinHBM2�`kV

OO
OO *�HH,
OO bpKU7Q`KmH� 4 v � X- /�i� 4 i`�BMk- F2`M2H 4 ]HBM2�`]- +Qbi 4 Ryy-
OO b+�H2 4 6�Ga1V
OO
OO
OO S�`�K2i2`b,
OO aoJ@hvT2, *@+H�bbB7B+�iBQM
OO aoJ@E2`M2H, HBM2�`
OO +Qbi, Ryy
OO ;�KK�, yX8
OO
OO LmK#2` Q7 amTTQ`i o2+iQ`b, jR
OO
OO U R8 Re V
OO
OO
OO LmK#2` Q7 *H�bb2b, k
OO
OO G2p2Hb,
OO @R R



qBi? +Qbi = Ryy r2 ?�p2 jR bmTTQ`i p2+iQ`b- BX2 i?2 rB/i? Q7 i?2
K�`;BM Bb /2+`2�b2/X
>Qr /Q r2 }M/ �M QTiBK�H +Qbi T�`�K2i2`\ "v mbBM; i?2 imM2UV
7mM+iBQM r2 +�M T2`7Q`K i2M@7QH/ +`Qbb@p�HB/�iBQM �M/ }M/ i?2
+Qbi@T�`�K2i2` i?�i ;Bp2b i?2 HQr2bi +`Qbb@p�HB/�iBQM 2``Q`,
b2iXb22/URV
*onHBM2�` 4 imM2UbpK- v � X- /�i� 4 i`�BMk- F2`M2H 4 ]HBM2�`]- `�M;2b 4 HBbiU+Qbi 4 +UyXyyR-

yXyR- yXR- R- 8- Ry- RyyVVV
bmKK�`vU*onHBM2�`V

OO
OO S�`�K2i2` imMBM; Q7 ^bpK^,
OO
OO @ b�KTHBM; K2i?Q/, Ry@7QH/ +`Qbb p�HB/�iBQM
OO
OO @ #2bi T�`�K2i2`b,
OO +Qbi
OO yXR
OO
OO @ #2bi T2`7Q`K�M+2, yXR8
OO
OO @ .2i�BH2/ T2`7Q`K�M+2 `2bmHib,
OO +Qbi 2``Q` /BbT2`bBQM
OO R R2@yj yX98 yXRddN8Rj
OO k R2@yk yXkk yXRd8RRNy
OO j R2@yR yXR8 yXRkeNkNe
OO 9 R2Yyy yXR8 yXRkeNkNe
OO 8 82Yyy yXR8 yXRy3yRkj
OO e R2YyR yXR8 yXRy3yRkj
OO d R2Yyk yXR8 yXRy3yRkj



�++Q`/BM; iQ i?2 imM2UV 7mM+iBQM r2 b?QmH/ b2i i?2 +Qbi T�`�K2i2`
iQ yXRX h?2 7mM+iBQM �HbQ biQ`2b i?2 #2bi KQ/2H Q#i�BM2/ �M/ r2
+�M �++2bb Bi �b 7QHHQrb,

#2biKQ/nHBM2�` 4 *onHBM2�`0#2biXKQ/2H

L2ti- r2 r�Mi iQ T`2/B+i i?2 +H�bb H�#2H Q7 i?2 b22/b BM i?2 i2bi b2iX
q2 mb2 i?2 T`2/B+i 7mM+iBQM �M/ K�F2 � +QM7mbBQM i�#H2,

vT`2/nHBM2�` 4 T`2/B+iU#2biKQ/nHBM2�`- i2bikV
i�#H2UT`2/B+i 4 vT`2/nHBM2�`- i`mi? 4 i2bik(- j)V

OO i`mi?
OO T`2/B+i @R R
OO @R N k
OO R R 3





amTTQ`i o2+iQ` J�+?BM2b
6Q` bQK2 /�i�b2ib � MQM@HBM2�` /2+B+BQM #QmM/�`v #2ir22M i?2
+H�bb2b Bb KQ`2 bmBi�#H2 i?�M � HBM2�` /2+BbBQM #QmM/�`vX AM bm+?
+�b2b vQm +�M mb2 � amTTQ`i o2+iQ` J�+?BM2 UaoJVX h?Bb Bb �M
2ti2MbBQM Q7 i?2 bmTTQ`i p2+iQ` +H�bbB}2`X
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G27i, 2tT�M/BM; 72�im`2 bT�+2 iQ BM+Hm/2 +m#B+ TQHvMQKB�Hb UN
T�`�K2i2`b iQ 2biBK�i2V- �M/ �HbQ Q#b2`p2 i?2 K�`;BMbX U_B;?i,
`�/B�H #�bBb 7mM+iBQM F2`M2H @ r�Bi � #BiXV
L2ti, `2TH�+2 TQHvMQKB�Hb rBi? F2`M2Hb 7Q` 2H2;�M+2 �M/
+QKTmi�iBQM�H Bbbm2bX



1tT�M/BM; i?2 72�im`2 bT�+2
q2 b�r BM JQ/mH2 d i?�i BM `2;`2bbBQM r2 +QmH/ }i MQM@HBM2�`
+m`p2b #v mbBM; � TQHvMQKB�H #�bBb @ �//BM; TQHvMQKB�Hb Q7
/Bz2`2Mi Q`/2` �b +Qp�`B�i2bX h?Bb r�b � HBM2�` `2;`2bbBQM BM i?2
i`�Mb7Q`K2/ p�`B�#H2b- #mi MQM@HBM2�` BM i?2 Q`B;BM�H p�`B�#H2bX
J�v#2 r2 K�v �// K�Mv bm+? 2ti`� 72�im`2b �M/ }M/ � MB+2 HBM2�`
#QmM/�`v BM i?�i ?B;?@/BK2MbBQM�H bT�+2\
17`QM �M/ >�biB2 UkyReV UT�;2 jdjV, A7 M ≥ T + R r2 +�M �Hr�vb
}M/ � b2T�`�iBM; ?vT2`TH�M2- mMH2bb i?2`2 �`2 2t�+i 72�im`2b iB2b
�+`Qbb i?2 +H�bb #�``B2`X UhrQ Q#b2`p�iBQMb rBi? 2[m�H +Qp�`B�i2
p2+iQ`- #mi /Bz2`2Mi +H�bb2bXV





6m`i?2`- Bi i?2M im`Mb Qmi i?�i iQ 2biBK�i2 i?2 T�`�K2i2`b
βy, αR, ..., αM i?Bb +�M #2 #�b2/ QM i?2 (M

k
) BMM2` T`Q/m+ib ⟨tB, t′

B⟩
#2ir22M �HH T�B` Q7 i`�BMBM; Q#b2`p�iBQMb Ui?2 +H�bb Q7 i?2 i`�BMBM;
Q#b2`p�iBQMb Bb �HbQ BM+Hm/2/VX
�HbQ- αB = y 7Q` i?2 Q#b2`p�iBQMb B i?�i �`2 MQi i?2 bmTTQ`i p2+iQ`bX
_2K�`F, r2 +QmH/ �Hi2`M�iBp2Hv b�v i?�i αB ≠ y /2}M2 i?2 bmTTQ`i
p2+iQ`bX



h?mb- r2 QMHv M22/ i?2 BMM2` T`Q/m+i #2ir22M i?2 M2r Q#b2`p�iBQM
�M/ i?2 Q#b2`p�iBQMb +Q``2bTQM/BM; iQ bmTTQ`i p2+iQ`b iQ +H�bbB7v �
M2r Q#b2`p�iBQM- �M/

7(t) = βy +
∑

B∈S
αB⟨t, tB⟩,

r?2`2 S +QMi�BMb i?2 BM/B+2b Q7 i?2 bmTTQ`i TQBMibX aQ- r2 ?�p2
bT�`bBiv BM i?2 Q#b2`p�iBQMb U#mi MQi BM i?2 T`2/B+iQ`bVX



E2`M2Hb
Ur2 MQr mb2 t iQ /2MQi2 � M2r Q#b2`p�iBQMV
h?2 M2ti bi2T Bb MQr iQ `2TH�+2 i?2 BMM2` T`Q/m+i ⟨t, tB⟩ rBi? �
7mM+iBQM E(tB, tB′) `272``2/ iQ �b i?2 F2`M2H,

7(t) = βy +
∑

B∈S
αBE(t, tB).

6Q` i?2 HBM2�` +�b2 Ur?B+? Bb r?�i r2 ?�p2 +QMbB/2`2/ bQ 7�`V- i?2
F2`M2H Bb bBKTHv i?2 BMM2` T`Q/m+i E(tB, t′

B) = ∑T
D=R tBDtB′DX

h?2 irQ �`;mK2Mib iQ i?2 F2`M2H �`2 irQ T@p2+iQ`bX
A7 r2 r�Mi � KQ`2 ~2tB#H2 /2+BbBQM #QmM/�`v r2 +QmH/ BMbi2�/ mb2
� TQHvMQKB�H F2`M2HX h?Bb TQHvMQKB�H F2`M2H Q7 /2;`22 / > R Bb
;Bp2M #v,

E(tB, t′
B) = (R +

T∑

B=R
tBDtB′D)/.

Uh?Bb F2`M2H Bb MQi bQ Km+? mb2/ BM T`�+iB+2- #mi Bb TQTmH�` 7Q`
T`QQ7bXV



lbBM; i?2b2 F2`M2Hb Qm` bQHmiBQM 7Q` i?2 +H�bb #QmM/�`v +�M #2
r`Bii2M Q7 i?2 7Q`K

7(t) = βy +
∑

B∈S
αBE(t, tB)

h?2 MB+2 i?BM; ?2`2 Bb i?�i r2 QMHv M22/ iQ +�H+mH�i2 i?2 F2`M2Hb-
MQi i?2 #�bBb 7mM+iBQMb Ur?�i r2 BM JQ/mH2 d /B/ �b 2ti`� +QHmKMb
Q7 i?2 /2bB;M K�i`BtVX





� p2`v TQTmH�` +?QB+2 Bb i?2 `�/B�H F2`M2H-

E(tB, t′
B) = exp(−γ

T∑

D=R
(tBD − tB′D)k),

r?2`2 γ Bb � TQbBiBp2 +QMbi�Mi U� imMBM; T�`�K2i2`VX
P#b2`p2 i?2 +QMM2+iBQM iQ � KmHiBp�`B�i2 MQ`K�H /2MbBiv- r?2`2
γ ∝ R/σk Uσk p�`B�M+2 BM MQ`K�H /Bbi`B#miBQMVX A7 γ Bb bK�HH UbBKBH�`
iQ H�`;2 p�`B�M+2 BM i?2 MQ`K�H /Bbi`B#miBQMV i?2 /2+BbBQM
#QmM/�`B2b �`2 bKQQi?2` i?�M 7Q` H�`;2` γX
Ai im`Mb Qmi i?�i i?Bb +QKTmi2b i?2 BMM2` T`Q/m+i BM � p2`v ?B;?
UBM}MBi2V /BK2MbBQM�H 72�im`2 bT�+2X "mi- i?Bb /Q2b MQi ;Bp2
Qp2`}iiBM; #2+�mb2 bQK2 Q7 i?2 /BK2MbBQMb �`2 ǳb[m�b?2/ /QrMǴ
U#mi r2 ?�p2 i?2 T�`�K2i2` γ �M/ i?2 #m/;2i T�`�K2i2` i?�i r2
?�p2 iQ /2+B/2 QMVX
h?2 `�/B�H F2`M2H Bb +QMpBMB2Mi B7 r2 r�Mi � +B`+mH�` /2+BbBQM
#QmM/�`v- �M/ γ �M/ Qm` #m/;2i +�M #2 +?Qb2M #v +`Qbb@p�HB/�iBQMX
_2K�`F, i?2 K�i?2K�iB+b #2?BM/ i?Bb Bb #�b2/ QM
`2T`Q/m+BM;@F2`M2H >BH#2`i bT�+2b Ub22 T�;2 j39 Q7 17`QM �M/
>�biB2 UkyReV 7Q` � ;HBKTb2 Q7 i?2 i?2Q`vVX



aim/v 6B;m`2b RNX8 �M/ RNXe UT�;2 j3jV BM 17`QM �M/ >�biB2 UkyReV
iQ b22 ?Qr i?2 `�/B�H F2`M2H +�M K�F2 bKQQi? 7mM+iBQMbX
*QKTmi2` �;2 ai�iBbiB+�H AM72`2M+2

https://web.stanford.edu/~hastie/CASI_files/PDF/casi.pdf


E2`M2Hb �M/ Qm` QTiBKBx�iBQM
q2 MQr K2`;2 Qm` QTiBKBx�iBQM T`Q#H2K U7`QK Qm` bmTTQ`i p2+iQ`
+H�bbB}2`V rBi? Qm` F2`M2H `2T`2b2Mi�iBQM 7(t) iQ ;2i i?2 amTTQ`i
o2+iQ` J�+?BM2 UaoJVX

K�tBKBx2βy,αR,...,αM,ϵR,...,ϵM, J
vB(7(tB)) ≥ J(R − ϵB) ∀B = R, ..., M.

ϵB ≥ y,
M∑

B=R
ϵB ≤ *.

r?2`2
7(tB) = βy +

∑

H∈S
αHE(tB, tH)



hmMBM; T�`�K2i2` 2t�KTH2
>2�`i /�i� @ T`2/B+i ?2�`i /Bb2�b2 7`QK T = Rj T`2/B+iQ`bX
h`�BMBM; 2``Q`b �b _P* �M/ �l*X



>2�`i /�i� @ i2bi 2``Q`X





bpK7BinF2`M2HR 4 bpKUv � X- /�i� 4 i`�BMj- F2`M2H 4 ]`�/B�H]- ;�KK� 4 R-
+Qbi 4 Ry- b+�H2 4 6�Ga1V

THQiUbpK7BinF2`M2HR- i`�BMj- +QH 4 +U]HB;?i+Q`�H]- ]HB;?i;`22M]VV
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bmKK�`vUbpK7BinF2`M2HRV

OO
OO *�HH,
OO bpKU7Q`KmH� 4 v � X- /�i� 4 i`�BMj- F2`M2H 4 ]`�/B�H]- ;�KK� 4 R-
OO +Qbi 4 Ry- b+�H2 4 6�Ga1V
OO
OO
OO S�`�K2i2`b,
OO aoJ@hvT2, *@+H�bbB7B+�iBQM
OO aoJ@E2`M2H, `�/B�H
OO +Qbi, Ry
OO ;�KK�, R
OO
OO LmK#2` Q7 amTTQ`i o2+iQ`b, jR
OO
OO U Re R8 V
OO
OO
OO LmK#2` Q7 *H�bb2b, k
OO
OO G2p2Hb,
OO @R R



q2 +QmH/ �HbQ i`v rBi? � TQHvMQKB�H F2`M2H rBi? /2;`22 9 �b 7QHHQrb,
bpK7BinF2`M2Hk 4 bpKUv � X- /�i� 4 i`�BMj- F2`M2H 4 ]TQHvMQKB�H]- /2;`22 4 9-

+Qbi 4 R2Yy8- b+�H2 4 6�Ga1V
THQiUbpK7BinF2`M2Hk- i`�BMj- +QH 4 +U]HB;?i+Q`�H]- ]HB;?i;`22M]VV
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6Q` i?Bb /�i�b2i � `�/B�H F2`M2H Bb � M�im`�H +?QB+2, � +B`+mH�`
/2+BbBQM #QmM/�`v b22Kb HBF2 � ;QQ/ B/2�X h?mb- r2 T`Q+22/ rBi?
F2`M2H4^`�/B�H^- �M/ mb2 i?2 imM2UV 7mM+iBQM iQ }M/ i?2
QTiBK�H imMBM; T�`�K2i2` *,
b2iXb22/URV
*onF2`M2H 4 imM2UbpK- v � X- /�i� 4 i`�BMj- F2`M2H 4 ]`�/B�H]- ;�KK� 4 R-

`�M;2b 4 HBbiU+Qbi 4 +UyXyyR- yXyR- yXR- R- 8- Ry- RyyVVV
bmKK�`vU*onF2`M2HV

OO
OO S�`�K2i2` imMBM; Q7 ^bpK^,
OO
OO @ b�KTHBM; K2i?Q/, Ry@7QH/ +`Qbb p�HB/�iBQM
OO
OO @ #2bi T�`�K2i2`b,
OO +Qbi
OO Ry
OO
OO @ #2bi T2`7Q`K�M+2, yXRkjkR9j
OO
OO @ .2i�BH2/ T2`7Q`K�M+2 `2bmHib,
OO +Qbi 2``Q` /BbT2`bBQM
OO R R2@yj yXkdjkR9j yXReRNjjk
OO k R2@yk yXkdjkR9j yXReRNjjk
OO j R2@yR yXkdjkR9j yXReRNjjk
OO 9 R2Yyy yXRj8dR9j yXRke339N
OO 8 82Yyy yXRj8dR9j yXR9je93e
OO e R2YyR yXRkjkR9j yXRjdNkjk
OO d R2Yyk yXRk8yyyy yXRk9383k





1ti2MbBQMb

JQ`2 i?�M irQ +H�bb2b
q?�i B7 r2 ?�p2 F +H�bb2b\

! Po�, QM2@p2`bmb@�HHX 6Bi F /Bz2`2Mi irQ@+H�bb aoJb 7F(t)
r?2`2 QM2 +H�bb Bb +QKT�`2/ iQ �HH Qi?2` +H�bb2bX *H�bbB7v �
i2bi Q#b2`p�iBQM iQ i?2 +H�bb r?2`2 7F(t∗) Bb H�`;2biX

! PoP, QM2@p2`bmb@QM2X HB#bpK mb2b i?Bb �TT`Q�+?- BM r?B+?
F(F − R)/k #BM�`v +H�bbB}2`b �`2 i`�BM2/c i?2 �TT`QT`B�i2 +H�bb
Bb 7QmM/ #v � pQiBM; b+?2K2 Ui?2 +H�bb i?�i rBMb i?2 KQbi
T�B`rBb2 +QKT2iBiBQMb �`2 +?Qb2MVX



*QKT�`BbQMb
6Q+mb Bb +QKT�`BM; i?2 bmTTQ`i p2+iQ` +H�bbB}2` �M/ HQ;BbiB+
`2;`2bbBQM
Ai Bb TQbbB#H2 iQ r`Bi2 i?2 QTiBKBx�iBQM T`Q#H2K 7Q` i?2 bmTTQ`i
p2+iQ` +H�bbB}2` �b � ǳHQbbǴYǳT2M�HivǴ,

KBMBKBx2β

⎧
⎨

⎩

M∑

B=R
max(y, R − vB7(tB)) + λ

T∑

D=R
βk

D

⎫
⎬

⎭

! i?2 HQbb Bb +�HH2/ ?BM;2 HQbb @ Q#b2`p2 i?2 K�t �M/ y iQ 2tTH�BM
r?v QMHv bmTTQ`i p2+iQ`b +QMi`B#mi2

! i?2 T2M�Hiv Bb � `B/;2 T2M�Hiv
! H�`;2 λ ;Bp2b βb bK�HH �M/ KQ`2 pBQH�iBQMb4?B;? #B�b- #mi HQr

p�`B�M+2
! bK�HH λ ;Bp2b βb H�`;2 �M/ H2bb pBQH�iBQMb4HQr #B�b- #mi ?B;?

p�`B�M+2



>BM;2 HQbb,
max(y, R − vB7(tB))

6Q` +QKT�`BbQM � HQ;BbiB+ `2;`2bbBQM UrBi? `B/;2 T2M�HivV rQmH/ #2
U#BMQKB�H /2pB�M+2 rBi? @R-R +Q/BM; Q7 vV

log(R + exp(−vB7(tB)))

Ai +�M #2 b?QrM i?�i BM HQ;BbiB+ `2;`2bbBQM �HH Q#b2`p�iBQMb
+QMi`B#mi2 r2B;?i2/ #v TB(R − TB) Ur?2`2 TB Bb T`Q#�#BHBiv 7Q` +H�bb
RV- i?�i 7�/2 bKQQi?Hv rBi? /Bbi�M+2 iQ i?2 /2+BbBQM #QmM/�`v
Ai Bb TQbbB#H2 iQ 2ti2M/ i?2 HQ;BbiB+ `2;`2bbBQM iQ BM+Hm/2 MQM@HBM2�`
i2`Kb- �M/ `B/;2 T2M�HivX





q?2M iQ mb2 aoJ\

! A7 +H�bb2b �`2 M2�`Hv b2T�`�#H2 aoJ rBHH T2`7Q`K #2ii2` i?�M
HQ;BbiB+ `2;`2bbBQMX UG.� rBHH �HbQ T2`7Q`K #2ii2` i?�M HQ;BbiB+
`2;`2bbBQMXV

! �M/ B7 MQi- i?2M � `B/;2 T2M�Hiv p2`bBQM Q7 HQ;BbiB+ `2;`2bbBQM
�`2 p2`v bBKBH�` iQ aoJ- �M/ HQ;BbiB+ `2;`2bbBQM rBHH �HbQ ;Bp2
vQm T`Q#�#BHBiB2b 7Q` 2�+? +H�bbX

! A7 +H�bb #QmM/�`B2b �`2 MQM@HBM2�` i?2M aoJ Bb KQ`2 TQTmH�`-
#mi F2`M2H p2`bBQMb Q7 HQ;BbiB+ `2;`2bbBQM Bb TQbbB#H2- #mi KQ`2
+QKTmi�iBQM�HHv 2tT2MbBp2X



amKKBM; mT



! q2 mb2 K2i?Q/b 7`QK +QKTmi2` b+B2M+2- MQi T`Q#�#BHBiv
KQ/2Hb @ #mi HQQFb 7Q` � b2T�`�iBM; ?vT2`TH�M2 BM U�M
2ti2M/2/V 72�im`2 bT�+2 BM i?2 +H�bbB}+�iBQM b2iiBM;X

! aoJ Bb � rB/2Hv bm++2bb7mH �M/ � ǳKmbi ?�p2 iQQHǴ
! AMi2`T`2i�iBQM Q7 aoJ, �HH 72�im`2b �`2 BM+Hm/2/ �M/ K�v#2

MQi bQ 2�bv iQ BMi2`T`2i U`2K2K#2` `B/;2@ivT2 T2M�Hiv /Q2b
MQi b?`BMF iQ x2`QVX

! h?2 #m/;2i Kmbi #2 +?Qb2M rBb2Hv- �M/ � #�/ +?QB+2 +�M H2�/
iQ Qp2`}iiBM;X

! LQi bQ 2�bv iQ ;2i +H�bb T`Q#�#BHBi2b 7`QK aoJ Ur?�i Bb /QM2
Bb �+im�HHv iQ }i � HQ;BbiB+ `2;`2bbBQM �7i2` }iiBM; aoJVX



_2+QKK2M/2/ 2t2`+Bb2b
RX lM/2`bi�M/BM; i?2 �H;Q`Bi?Kb,

! 1t2`+Bb2 R- k �M/ j BM i?2 #QQFX

kX .�i� �M�HvbBb

! :Q #�+F �M/ `2�/ BM i?2 7Q`2biR /�i� UBb HQ+�i2/ BM i?2 b�K2
TH�+2 �b 7Q`2bikV �M/ `mM i?2 bpK rBi? � p2`v ?B;? p�Hm2 7Q`
+QbiX h?2 7Q`2biR Bb � b2T�`�#H2 T`Q#H2KX

! GBM2�` p2`bBQM Q7 aoJ, J�FBM; MB+2` THQib 7Q` aoJ 7`QK G�#
pB/2QX :Q i?`Qm;? i?2 +Q/2 �M/ b22 r?�i Bb ?�TT2MBM; U�M/
b22 i?2 pB/2Q B7 vQm r�Mi KQ`2 2tTH�M�iBQMVX

O +Q/2 i�F2M 7`QK pB/2Q #v h`2pQ` >�biB2 HBMF2/ �#Qp2
HB#`�`vU2RydRV
O 7�F2 /�i�
b2iXb22/URyRRRV
t 4 K�i`BtU`MQ`KU9yV- ky- kV
v 4 `2TU+U@R- RV- +URy- RyVV
t(v 44 R- ) 4 t(v 44 R- ) Y R
THQiUt- +QH 4 v Y j- T+? 4 RNV

O +�HHBM; bpK
/�i 4 /�i�X7`�K2Ut- v 4 �bX7�+iQ`UvVV
bpK7Bi 4 bpKUv � X- /�i� 4 /�i- F2`M2H 4 ]HBM2�`]- +Qbi 4 Ry- b+�H2 4 6�Ga1V
T`BMiUbpK7BiV

OO
OO *�HH,
OO bpKU7Q`KmH� 4 v � X- /�i� 4 /�i- F2`M2H 4 ]HBM2�`]- +Qbi 4 Ry-
OO b+�H2 4 6�Ga1V
OO
OO
OO S�`�K2i2`b,
OO aoJ@hvT2, *@+H�bbB7B+�iBQM
OO aoJ@E2`M2H, HBM2�`
OO +Qbi, Ry
OO ;�KK�, yX8
OO
OO LmK#2` Q7 amTTQ`i o2+iQ`b, e

O ;`B/ 7Q` THQiiBM;
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tk 4 b2[U7`QK 4 ;`�M;2(R- k)- iQ 4 ;`�M;2(k- k)- H2M;i? 4 MV
2tT�M/X;`B/UsR 4 tR- sk 4 tkV

'
t;`B/ 4 K�F2X;`B/UtV
v;`B/ 4 T`2/B+iUbpK7Bi- t;`B/V
THQiUt;`B/- +QH 4 +U]`2/]- ]#Hm2]V(�bXMmK2`B+Uv;`B/V)- T+? 4 ky- +2t 4 yXkV
TQBMibUt- +QH 4 v Y j- T+? 4 RNV
TQBMibUt(bpK7Bi0BM/2t- )- T+? 4 8- +2t 4 kV

O KQ`2 BM7Q QM `2bmHib @ +H�bb #QmM/�`v

#2i� 4 /`QTUiUbpK7Bi0+Q27bV W W t(bpK7Bi0BM/2t- )V
#2i�y 4 bpK7Bi0`?Q
THQiUt;`B/- +QH 4 +U]`2/]- ]#Hm2]V(�bXMmK2`B+Uv;`B/V)- T+? 4 ky- +2t 4 yXkV
TQBMibUt- +QH 4 v Y j- T+? 4 RNV
TQBMibUt(bpK7Bi0BM/2t- )- T+? 4 8- +2t 4 kV
�#HBM2U#2i�yf#2i�(k)- @#2i�(R)f#2i�(k)V O+H�bb #QmM/�`v
�#HBM2UU#2i�y @ RVf#2i�(k)- @#2i�(R)f#2i�(k)V O+H�bb #QmM/�`v@K�`;BM
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`KUt- vV
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/�i 4 /�i�X7`�K2Uv 4 7�+iQ`UvV- tV
7Bi 4 bpKU7�+iQ`UvV � X- /�i� 4 /�i- b+�H2 4 6�Ga1- F2`M2H 4 ]`�/B�H]-

+Qbi 4 8V

t;`B/ 4 2tT�M/X;`B/UsR 4 TtR- sk 4 TtkV
v;`B/ 4 T`2/B+iU7Bi- t;`B/V
THQiUt;`B/- +QH 4 �bXMmK2`B+Uv;`B/V- T+? 4 ky- +2t 4 yXkV
TQBMibUt- +QH 4 v Y R- T+? 4 RNV

O /2+BbBQM #QmM/�`v
7mM+ 4 T`2/B+iU7Bi- t;`B/- /2+BbBQMXp�Hm2b 4 h_l1V
7mM+ 4 �ii`B#mi2bU7mM+V0/2+BbBQM
+QMiQm`UTtR- Ttk- K�i`BtU7mM+- eN- NNV- H2p2H 4 y- �// 4 h_l1V ObpK #QmM/�`v
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irQ +H�bb2b 7`QK 6`B2/K�M- >�biB2- �M/ hB#b?B`�MB UkyyRV- r?2`2
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O +�H+mH�i2/
`KUt- vV
�ii�+?U1aGXKBtim`2V
/�i 4 /�i�X7`�K2Uv 4 7�+iQ`UvV- tV
t;`B/ 4 2tT�M/X;`B/UsR 4 TtR- sk 4 TtkV
T�`UTiv 4 ]b]V
THQiUt;`B/- T+? 4 ky- +2t 4 yXkV
TQBMibUt- +QH 4 v Y R- T+? 4 kyV
+QMiQm`UTtR- Ttk- K�i`BtUT`Q#- eN- NNV- H2p2H 4 yX8- �// 4 h_l1- +QH 4 ]#Hm2]-
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HB#`�`vU2RydRV
O bmTTQ`i p2+iQ` +H�bbB7B2`
bp+7Bib 4 imM2UbpK- 7�+iQ`UvV � X- /�i� 4 /�i- b+�H2 4 6�Ga1- F2`M2H 4 ]HBM2�`]-

`�M;2b 4 HBbiU+Qbi 4 +UyXyR- yXR- R- 8- RyVVV
bmKK�`vUbp+7BibV

OO
OO S�`�K2i2` imMBM; Q7 ^bpK^,
OO
OO @ b�KTHBM; K2i?Q/, Ry@7QH/ +`Qbb p�HB/�iBQM
OO
OO @ #2bi T�`�K2i2`b,
OO +Qbi
OO yXyR
OO
OO @ #2bi T2`7Q`K�M+2, yXkd8
OO
OO @ .2i�BH2/ T2`7Q`K�M+2 `2bmHib,
OO +Qbi 2``Q` /BbT2`bBQM
OO R yXyR yXkd8 yXRyeyeey
OO k yXRy yXk3y yXRR8N8yk
OO j RXyy yXk3y yXRRj8kNk
OO 9 8Xyy yXk38 yXRkyjyy8
OO 8 RyXyy yXk38 yXRkyjyy8

bp+7Bi 4 bpKU7�+iQ`UvV � X- /�i� 4 /�i- b+�H2 4 6�Ga1- F2`M2H 4 ]HBM2�`]-
+Qbi 4 yXyRV

O bmTTQ`i p2+iQ` K�+?BM2 rBi? `�/B�H F2`M2H
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OO
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OO
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OO
OO @ #2bi T�`�K2i2`b,
OO +Qbi ;�KK�
OO R 8
OO
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OO
OO @ .2i�BH2/ T2`7Q`K�M+2 `2bmHib,
OO +Qbi ;�KK� 2``Q` /BbT2`bBQM
OO R yXyR yXyR yX988 yXRd88R8RR
OO k yXRy yXyR yX99y yXReNe9yR9
OO j RXyy yXyR yXkN8 yXyNke9ek3
OO 9 8Xyy yXyR yXkNy yXRykRN3ye
OO 8 RyXyy yXyR yXkN8 yXyNke9ek3
OO e yXyR RXyy yX9j8 yXRNR88dN9
OO d yXRy RXyy yXkRy yXydd98Ned
OO 3 RXyy RXyy yXRdy yXRyjkdN8e
OO N 8Xyy RXyy yXRe8 yXy3R3RN83
OO Ry RyXyy RXyy yXR3y yXyd8kddkd
OO RR yXyR 8Xyy yXjN8 yXkkd38kkN
OO Rk yXRy 8Xyy yXjR8 yXkyR98jy8
OO Rj RXyy 8Xyy yXR88 yXye38Reyk
OO R9 8Xyy 8Xyy yXRNy yXyeNNky8N
OO R8 RyXyy 8Xyy yXkyy yXyNRk3dyN
OO Re yXyR RyXyy yX9jy yXRNyjkRjd
OO Rd yXRy RyXyy yX9R8 yXR3ke8yk9
OO R3 RXyy RyXyy yXRd8 yXyeddyyjk
OO RN 8Xyy RyXyy yXk98 yXRyjN9Ndd
OO ky RyXyy RyXyy yXkey yXRRyy8y9N
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THQiUt;`B/- T+? 4 ky- +2t 4 yXkV
TQBMibUt- +QH 4 v Y R- T+? 4 kyV
+QMiQm`UTtR- Ttk- K�i`BtUT`Q#- eN- NNV- H2p2H 4 yX8- �// 4 h_l1- +QH 4 ]#Hm2]-

Hr/ 4 kV OQTiBK�H #QmM/�`v

O /2+BbBQM #QmM/�`B2b 7`QK bp+ �M/ bpK �//2/
bp+7mM+ 4 T`2/B+iUbp+7Bi- t;`B/- /2+BbBQMXp�Hm2b 4 h_l1V
bp+7mM+ 4 �ii`B#mi2bUbp+7mM+V0/2+BbBQM
+QMiQm`UTtR- Ttk- K�i`BtUbp+7mM+- eN- NNV- H2p2H 4 y- �// 4 h_l1- +QH 4 ]`2/]V Obp+ #QmM/�`v
bpK7mM+ 4 T`2/B+iUbpK7Bi- t;`B/- /2+BbBQMXp�Hm2b 4 h_l1V
bpK7mM+ 4 �ii`B#mi2bUbpK7mM+V0/2+BbBQM
+QMiQm`UTtR- Ttk- K�i`BtUbpK7mM+- eN- NNV- H2p2H 4 y- �// 4 h_l1- +QH 4 ]Q`�M;2]V ObpK #QmM/�`v

! ZRjX q?�i Bb i?2 /Bz2`2M+2 #2ir22M � bmTTQ`i p2+iQ`
+H�bbB}2` �M/ � bmTTQ`i p2+iQ` K�+?BM2\

! ZR9X q?�i �`2 T�`�K2i2`b 7Q` i?2 bmTTQ`i p2+iQ` +H�bbB}2` �M/
i?2 bmTTQ`i p2+iQ` K�+?BM2\ >Qr �`2 i?2b2 +?Qb2M �#Qp2\

! ZR8X >Qr rQmH/ vQm 2p�Hm�i2 i?2 bmTTQ`i p2+iQ` K�+?BM2
/2+BbBQM #QmM/�`v +QKT�`2/ iQ i?2 "�v2b /2+BbBQM #QmM/�`v\

https://www.youtube.com/watch?v=qhyyufR0930&list=PL5-da3qGB5IDl6MkmovVdZwyYOhpCxo5o&index=5
https://www.youtube.com/watch?v=qhyyufR0930&list=PL5-da3qGB5IDl6MkmovVdZwyYOhpCxo5o&index=5

