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6Q` � ;`�T? G(o, 1, q)
�/D�+2M+v, q ∈ RM×M- .2;`22,
. ∈ RM×MX
:`�T? G�TH�+B�M, ∆k ∈ RM×MX

q =





y rRk y rR9
rRk y rkj rk9

y rkj y rj9
rR9 rk9 rj9 y



 , /BB =





∑
D rRD∑
D rkD∑
D rjD∑
D r9D



 .

∆k = . − q,

λR ≤ λk ≤ · · · ≤ λM, λR = y, p(R) = + · 2.

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR j
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6Q` bm#b2ib *R, . . . , *F
+mi(*, *) = ∑

B∈*,D∈* rBD
pQH(*) = ∑

B∈* /BB
JBMBKBx2 i?2 #�H�M+2/ +mi +`Bi2`B�

_*mi(*R, . . . , *F) =
F∑

B=R

+mi(*B, *B)
|*B|

L*mi(*R, . . . , *F) =
F∑

B=R

+mi(*B, *B)
pQH(*B)

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR 9
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6Q` � ;`�T? G(o, 1, q), T ∈ (R, k]
φT(t) = |t|T−RbB;M(t)-
T@MQ`K, ‖m‖T = T

√∑M
B=R |mB|TX

6Q` � MQ/2 B ∈ o

(∆Tm)B =
∑

D∈o
rBDφT (mB − mD)

∗ T@2B;2MbT2+i`mK, (∆Tp)B = λTφT (pB)-
∗ λ(R)

T = y → # Q7 +QMMX +QKTQM2Mib-
∗ p(R)

T = + · 2-
∗ +mi ≤ T+mi ≤ T (maxB∈o /BB)

T−R
T (+mi)

R
T X

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR 8
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6Q` � ;`�T? G(o, 1, q), T ∈ (R, k]
φT(t) = |t|T−RbB;M(t)-
T@MQ`K, ‖m‖T = T

√∑M
B=R |mB|TX

6Q` � MQ/2 B ∈ o

(∆Tm)B =
∑

D∈o
rBDφT (mB − mD)

∗ T@2B;2MbT2+i`mK, (∆Tp)B = λTφT (pB)-
∗ λ(R)

T = y → # Q7 +QMMX +QKTQM2Mib-
∗ p(R)

T = + · 2-
∗ +mi ≤ T+mi ≤ T (maxB∈o /BB)

T−R
T (+mi)

R
T X

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR 8
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�pQB/

H�+F Q7 ;HQ#�H BM7Q`K�iBQM- �M/
/2T2M/2M+v QM }`bi `2+m`bBp2 bi2TbX

k@G�TH�+B�M
min

l∈RM×F
6k(l) = h`

(
l"∆kl

)
,

b.i. l"l = A.

mR . . . mF
lR mRR . . . mRF
XXX XXX . . .

XXX
lM mMR . . . mMF

⇒ .BK2MbBQM�HBiv `2/m+iBQM, M × M → M × F

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR d
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H�+F Q7 ;HQ#�H BM7Q`K�iBQM- �M/
/2T2M/2M+v QM }`bi `2+m`bBp2 bi2TbX

k@G�TH�+B�M
min

l∈RM×F
6k(l) = h`

(
l"∆kl

)
,

b.i. l"l = A.

mR . . . mF
lR mRR . . . mRF
XXX XXX . . .

XXX
lM mMR . . . mMF

⇒ .BK2MbBQM�HBiv `2/m+iBQM, M × M → M × F
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*QK#BM2 #2M2}ib 7`QK

bT�`b2 bQHmiBQM p2+iQ`b-
T`Qp2M QTiBK�H +mib UmMr2B;?i2/ T�i? ;`�T?bV-
;HQ#�H BM7Q`K�iBQMX

T@G�TH�+B�M- T ∈ (R, k]

min
l∈RM×F

6T(l) =
F∑

H=R

M∑

BD

rBD|mH
B − mH

D|T

k‖mH‖T
T

b.i.
M∑

B=R
φT(mH

B)φT(mK
B ) = y ∀ H %= K, T ∈ (R, k], H ∈ [R, F], K ∈ [R, F].

mT
R . . . mT

F
lR mT

RR . . . mT
RFXXX XXX . . .

XXX
lM mT

MR . . . mT
MF

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR 3
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bT�`b2 bQHmiBQM p2+iQ`b-
T`Qp2M QTiBK�H +mib UmMr2B;?i2/ T�i? ;`�T?bV-
;HQ#�H BM7Q`K�iBQMX

T@G�TH�+B�M- T ∈ (R, k]

min
l∈RM×F

6T(l) =
F∑

H=R

M∑

BD

rBD|mH
B − mH

D|T

k‖mH‖T
T

b.i.
M∑

B=R
φT(mH

B)φT(mK
B ) = y ∀ H %= K, T ∈ (R, k], H ∈ [R, F], K ∈ [R, F].

mT
R . . . mT

F
lR mT

RR . . . mT
RFXXX XXX . . .

XXX
lM mT

MR . . . mT
MF

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR 3

Tudisco & Hein, 2017
Rangapuram et al., 2014
Bresson et al., 2013
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.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR N

   worms dataset
p = 1.2
nodes = 3200
edges = 19319
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T@Q`i?Q;QM�HBiv ⇒ BMi`�+i�#H2 QTiBKBx�iBQM T`Q#H2K ⇒ +QMbB/2` l!l = AX

S`2b2`pBM; Kmim�H Q`i?Q;QM�HBiv

St(F, M) = {l ∈ RM×F | l!l = A},

Gr(F, M) # St(F, M)/O(F)
= {bT�M(l) : l ∈ RM×F, l!l = A}.

∗ St(F, M) ⇒ mMB[m2 +?QB+2 Q7 l ⇒
B/2MiB}�#BHBiv Bbbm2- HQ+�H KBMBK� T`Q#H2KX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Ry

Luo et al., 2010
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T@Q`i?Q;QM�HBiv ⇒ BMi`�+i�#H2 QTiBKBx�iBQM T`Q#H2K ⇒ +QMbB/2` l!l = AX

S`2b2`pBM; Kmim�H Q`i?Q;QM�HBiv

St(F, M) = {l ∈ RM×F | l!l = A},

Gr(F, M) # St(F, M)/O(F)
= {bT�M(l) : l ∈ RM×F, l!l = A}.

∗ St(F, M) ⇒ mMB[m2 +?QB+2 Q7 l ⇒
B/2MiB}�#BHBiv Bbbm2- HQ+�H KBMBK� T`Q#H2KX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Ry

   Ecoli graph
nodes = 336
edges = 2280
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T@Q`i?Q;QM�HBiv ⇒ BMi`�+i�#H2 QTiBKBx�iBQM T`Q#H2K ⇒ +QMbB/2` l!l = AX

S`2b2`pBM; Kmim�H Q`i?Q;QM�HBiv

St(F, M) = {l ∈ RM×F | l!l = A},

Gr(F, M) # St(F, M)/O(F)
= {bT�M(l) : l ∈ RM×F, l!l = A}.

∗ Gr(F, M) ⇒ MQM mMB[m2 +?QB+2 Q7 l-

lGr = {lZ | ∀ Z ∈ O(F)}, l ∈ RM×F, M & F.

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Ry

   Ecoli 1st eigenvectors
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T@Q`i?Q;QM�HBiv ⇒ BMi`�+i�#H2 QTiBKBx�iBQM T`Q#H2K ⇒ +QMbB/2` l!l = AX

S`2b2`pBM; Kmim�H Q`i?Q;QM�HBiv

St(F, M) = {l ∈ RM×F | l!l = A},

Gr(F, M) # St(F, M)/O(F)
= {bT�M(l) : l ∈ RM×F, l!l = A}.

∗ Gr(F, M) ⇒ MQM mMB[m2 +?QB+2 Q7 l-

lGr = {lZ | ∀ Z ∈ O(F)}, l ∈ RM×F, M & F.

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Ry

   Ecoli 1st eigenvectors
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lM+QMbi`�BM2/ QTiBKBx�iBQM T`Q#H2K

min
l∈Gr(F,M)

6T(l) =
F∑

H

L∑

BD

rBD|mH
B − mH

D|T

k‖mH‖T
T

, T ∈ (R, k].

+Hmbi2` BM/B+2b H, K = R, k, . . . , F-
F T`2/2i2`KBM2/ 7Q` i?Bb rQ`FX

�G:P_Ah>J, K�BM T:`�bb HQQT
AMBiB�HBx2, +, `M2r,QH/,#2bi = *mi(+) ! T = k

R r?BH2 T ≥ Tr �� `M2r ≤ R.y8 · `QH/ /Q
k _2/m+2 T
j 6BM/ l, KBMBKBx2

l∈Gr(F,M)
6T(l) mbBM; q

9 + 4 /Bb+`2iBx2UlV
8 `QH/ = `M2r
e `M2r 4 *miU+V
d B7 `M2r < `#2bi i?2M
3 `#2bi = `M2r
N +#2bi = +

Ry 2M/ B7
RR 2M/ r?BH2

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR RR
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JBMBKBx�iBQM QM i?2 K�MB7QH/
aQ7ir�`2 T�+F�;2 _PShGA"X
L2riQMǶb K2i?Q/- i`mM+�i2/ *: 7Q` i?2
HBM2�` bi2TbX
AMTmib, 1m+HB/2�M ;`�/B2Mi U;FV �M/ >2bbB�MX
*QMp2`;2b B7, ‖;F

K‖/‖;F
y‖ < Ry−eX

?iiTb,ff;Bi?m#X+QKfr?m�M;y3f_PShGA"

�G:P_Ah>J, K�BM T:`�bb HQQT
AMBiB�HBx2, +, `M2r,QH/,#2bi = *mi(+) ! T = k

R r?BH2 T ≥ Tr �� `M2r ≤ R.y8 · `QH/ /Q
k _2/m+2 T
j 6BM/ l, KBMBKBx2

l∈Gr(F,M)
6T(l) mbBM; q

9 + 4 /Bb+`2iBx2UlV
8 `QH/ = `M2r
e `M2r 4 *miU+V
d B7 `M2r < `#2bi i?2M
3 `#2bi = `M2r
N +#2bi = +

Ry 2M/ B7
RR 2M/ r?BH2

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Rj

Huang et al., 2018
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JQMBiQ` KQMQiQMB+ /2b+2Mi
.Bb+`2i2 Q#D2+iBp2 U_*mi- L*miVX
1tT2`BK2Mib QM bvMi?2iB+ /�i�b2ibX

_*mi(*R, . . . , *F) =
F∑

B=R

+mi(*B, *B)
|*B|

L*mi(*R, . . . , *F) =
F∑

B=R

+mi(*B, *B)
pQH(*B)|

�G:P_Ah>J, K�BM T:`�bb HQQT
AMBiB�HBx2, +, `M2r,QH/,#2bi = *mi(+) ! T = k

R r?BH2 T ≥ Tr �� `M2r ≤ R.y8 · `QH/ /Q
k _2/m+2 T
j 6BM/ l, KBMBKBx2

l∈Gr(F,M)
6T(l) mbBM; q

9 + 4 /Bb+`2iBx2UlV
8 `QH/ = `M2r
e `M2r 4 *miU+V
d B7 `M2r < `#2bi i?2M
3 `#2bi = `M2r
N +#2bi = +

Ry 2M/ B7
RR 2M/ r?BH2

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR R9
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JQMBiQ` KQMQiQMB+ /2b+2Mi
.Bb+`2i2 Q#D2+iBp2 U_*mi- L*miVX
1tT2`BK2Mib QM bvMi?2iB+ /�i�b2ibX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR R9

   HighMoon dataset
nodes = 2000
edges = 6845
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JQMBiQ` KQMQiQMB+ /2b+2Mi
.Bb+`2i2 Q#D2+iBp2 U_*mi- L*miVX
1tT2`BK2Mib QM bvMi?2iB+ /�i�b2ibX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR R9

   LFR dataset
nodes = 1000
edges = 2280
k = 19, μ = 0.38
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.Bb+`2iBx2 i?2 T−2B;2Mp2+iQ`b
R F@K2�Mb Q`i?Q;QM�H ⇒ T:`�bb@FK2�MbX
k _Qi�i2 i?2 MQ`K�HBx2/ 2B;2Mp2+iQ`b iQ

Q#i�BM �M QTiBK�H +Hmbi2`BM; ⇒ T:`�bb@/Bb+X

�G:P_Ah>J, K�BM T:`�bb HQQT
AMBiB�HBx2, +, `M2r,QH/,#2bi = *mi(+) ! T = k

R r?BH2 T ≥ Tr �� `M2r ≤ R.y8 · `QH/ /Q
k _2/m+2 T
j 6BM/ l, KBMBKBx2

l∈Gr(F,M)
6T(l) mbBM; q

9 + 4 /Bb+`2iBx2UlV
8 `QH/ = `M2r
e `M2r 4 *miU+V
d B7 `M2r < `#2bi i?2M
3 `#2bi = `M2r
N +#2bi = +

Ry 2M/ B7
RR 2M/ r?BH2

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR R8
Yu & Shi, 2003

Meila, 2019
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J2i?Q/b mM/2` +QMbB/2`�iBQM

BX aT2+, h`�/BiBQM�H /B`2+i KmHiBr�v bT2+i`�H +Hmbi2`BM;X
?iiTb,ff;Bi?m#X+QKfT�MDB8jyfL+miN

BBX TaT2+, _2+m`bBp2 #B@T�`iBiBQMBM; rBi? i?2 T@G�TH�+B�MX
?iiTb,ffrrrXKHXmMB@b��`H�M/X/2f+Q/2fTaT2+i`�H*Hmbi2`BM;

BBBX F*mib, � iB;?i +QMiBMmQmb `2H�t�iBQM 7Q` i?2 #�H�M+2/ /B`2+i F@+mi T`Q#H2KX
?iiTb,ffrrrXKHXmMB@b��`H�M/X/2f+Q/2f+7bT

BpX :`�+Hmb, � KmHiBH2p2H �H;Q`Bi?K mbBM; � r2B;?i2/ F2`M2H F@K2�Mb Q#D2+iBp2- i?mb
2HBKBM�iBM; i?2 M22/ 7Q` 2B;2Mp2+iQ` +QKTmi�iBQMbX

?iiTb,ffrrrX+bXmi2t�bX2/mfmb2`bf/KHfaQ7ir�`2f;`�+HmbX?iKH

pX TJmHiB, h?2 }`bi 7mHH 2B;2Mp2+iQ` �M�HvbBb Q7 T@G�TH�+B�M H2�/BM; iQ /B`2+i KmHiBr�v
+Hmbi2`BM;X
! q2 BKTH2K2Mi i?Bb K2i?Q/ BM J�hG�" _kyky�X

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Re

Luo et al., 2010

Rangapuram et al., 2014

Yu & Shi, 2003; Luxburg, 2007

Bühler & Hein, 2009

Dhillon et al., 2007
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:`�T? +QMbi`m+iBQM

: ∈ RM×M → F@LL `QmiBM2X
a ∈ RM×M → :�mbbB�M bBKBH�`Biv F2`M2HX
q = : # aX

G�#2HHBM; �++m`�+v K2i`B+b

! lMbmT2`pBb2/ +Hmbi2`BM; �++m`�+v

�** = R
M

M∑

B
δ(HB, +B) ∈ [y, R],

HB, i`m2 +H�bb H�#2H- +B, BM72``2/ +Hmbi2`
H�#2H Q7 mB- δ(·), .B`�+ /2Hi� 7mM+iBQMX

! LQ`K�HBx2/ Kmim�H BM7Q`K�iBQM

LJA = A(H, +)
max{>(H), >(+)} ∈ [y, R],

A(H, +), Kmim�H BM7Q`K�iBQM #2ir22M H, +-
>(·) i?2B` 2Mi`QTvX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Rd
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AM+`2�bBM; i?2 MmK#2` Q7 +Hmbi2`b F

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR R3

   Gaussian datasets

k ∈ [2,61]
nodes ∈ [800,25000]
edges ∈ [4900,145000]
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PKMB;HQi /�i�#�b2, Rekj /Bz2`2Mi ?�M/r`Bii2M +?�`�+i2`b 7`QK 8y �HT?�#2ibX
?iiTb,ff;Bi?m#X+QKf#`2M/2MH�F2fQKMB;HQi
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*H�bbB}+�iBQM Q7 >�M/r`Bii2M *?�`�+i2`b

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR kR



*QM+HmbBQMb
� /B`2+i KmHiBr�v T@bT2+i`�H ;`�T? +Hmbi2`BM; 7`�K2rQ`FX
aBKTH2 �H;Q`Bi?K- miBHBxBM; T�+F�;2b Q7 _B2K�MMB�M
QTiBKBx�iBQMX
T:`�bb 2K#2//BM;b H2�/ iQ 2Bi?2` bmT2`BQ` ;`�T? +mi p�Hm2b
Q` H�#2HHBM; �++m`�+v K2i`B+bX
*QMbBbi2Mi `2bmHib Qp2` bvMi?2iB+ �M/ `2�H@rQ`H/ ;`�T?bX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR kk
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TaT2+ @3Xy9W @dX9RW @jXyeW @3Xy9W @eX3eW @eXykW @9Xj9W @eXdjW @kXdRW
F*mib @RX9RW @eXd3W @jXkyW @RX9RW @RyXjdW @dXdyW @dXedW @RjXyW @eXNNW
:`�+Hmb @kjXRyW @eXjeW @kXk8W @kjXRRW @NXk8W @kXj3W @NXN3W @jXdyW @kX8eW
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TaT2+ @3Xy9W @dX9RW @jXyeW @3Xy9W @eX3eW @eXykW @9Xj9W @eXdjW @kXdRW
F*mib @RX9RW @eXd3W @jXkyW @RX9RW @RyXjdW @dXdyW @dXedW @RjXyW @eXNNW
:`�+Hmb @kjXRyW @eXjeW @kXk8W @kjXRRW @NXk8W @kXj3W @NXN3W @jXdyW @kX8eW
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*H�bbB}+�iBQM Q7 6�+B�H AK�;2b

R PHBp2iiB,9yy BK�;2b Ĝ 9y bm#D2+ibX ?iiTb,ff+�K@Q`HX+QXmFf7�+2/�i�#�b2X?iKH

k 6�+2bN8,R99y BK�;2b Ĝ dk bm#D2+ibX ?iiTb,ff+KTX72HFX+pmiX+xf bT�+2HB#f7�+2bf

j 6�*1a, ky8k BK�;2b Ĝ RdR bm#D2+ibX ?iiTb,ff7�+2bXKT/HXKT;X/2fBK2DBf

PHBp2iiB 6�+2bN8 6�*1a
J2i?Q/ L*mi �** LJA L*mi �** LJA L*mi �** LJA

T:`�bb @ FK2�Mb jXN39 @9XR8W @kXk3W kXe83 @8XddW @9Xk9W kNX9k @jX83W @kX9RW
T:`�bb @ /Bb+ @9X8yW yXdRe yX3jR @9X8yW yXeyN yXd83 @eXy3W yX3yk yXNR
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F*mib @RX9RW @eXd3W @jXkyW @RX9RW @RyXjdW @dXdyW @dXedW @RjXyW @eXNNW
:`�+Hmb @kjXRyW @eXjeW @kXk8W @kjXRRW @NXk8W @kXj3W @NXN3W @jXdyW @kX8eW
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k@G�TH�+B�M

min
m∈RM

〈m, ∆km〉
‖m‖k

k
= min

m∈RM

R
k

∑M
B,D=R rBD (mB − mD)k

‖m‖k
k

,

b.i. mh · 2 = y.

T@G�TH�+B�M- T ∈ (R, k]

min
m∈RM

〈m, ∆Tm〉
‖m‖T

T
= min

m∈RM

R
k

∑M
B,D=R rBD |mB − mD|T

‖m‖T
T

,

b.i. 2"φT(m) = y

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR e

p = 2
RCut = 0.179

p = 1.05
RCut = 0.143



Università
della 
Svizzera
italiana

Institute of 
Computing 
CI E2v �H;Q`Bi?KB+ *QKTQM2Mib

Sb2m/Q+QMiBMmQmb KBMBKBx�iBQM

T = R + max
(
iQH, min

(
κ · (T − R) , (T − R)θ

))
,

rBi? κ ∈ (y, R), θ ∈ (R, k), �M/ iQH = Ry−RX

�G:P_Ah>J, K�BM T:`�bb HQQT
AMBiB�HBx2, +, `M2r,QH/,#2bi = *mi(+) # T = k

R r?BH2 T ≥ Tr �� `M2r ≤ R.y8 · `QH/ /Q
k _2/m+2 T
j 6BM/ l, KBMBKBx2

l∈Gr(F,M)
6T(l) mbBM; q

9 + 4 /Bb+`2iBx2UlV
8 `QH/ = `M2r
e `M2r 4 *miU+V
d B7 `M2r < `#2bi i?2M
3 `#2bi = `M2r
N +#2bi = +

Ry 2M/ B7
RR 2M/ r?BH2

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR Rk



*QM+HmbBQMb
� /B`2+i KmHiBr�v T@bT2+i`�H ;`�T?
+Hmbi2`BM; 7`�K2rQ`FX
aBKTH2 �H;Q`Bi?K- miBHBxBM; T�+F�;2b Q7
_B2K�MMB�M QTiBKBx�iBQMX
*QMbBbi2Mi `2bmHib Qp2` bvMi?2iB+ �M/
`2�H@rQ`H/ ;`�T?bX

6mim`2 S2`bT2+iBp2b
1K#Q/v i?2 T:`�bb �H;Q`Bi?K BM �
KmHiBH2p2H ?B2`�`+?v #�b2/ 7`�K2rQ`FX
1biBK�i2 QTiBK�H p�Hm2 Q7 T �M/ MmK#2`
Q7 +Hmbi2`b FX
>B;? T2`7Q`K�M+2 BKTH2K2Mi�iBQM →
#HQ+F 2B;2Mp�Hm2 +QKTmi�iBQMbX

.X S�b�/�FBbR- *XGX �H�TT�ik- PX a+?2MFR- :X q2HH2BMk aA�J G�kR- L2r P`H2�Mb J�v Rd- kykR kR


