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SENSC: a Stable and Efficient Algorithm for Nonnegative Sparse Coding
LI Le"? ZHANG Yu-Jin"?

Abstract
for NSC is designed by the combination of gradient projection and auxiliary function-based multiplicative update, so its

Nonnegative sparse coding (NSC) has been successfully applied to many research fields. The applied algorithm

performance is significantly related to the choice of the iterative step size in gradient projection. Besides, its efficiency can
not be very high due to the properties of optimization methods which it uses. To improve the applicability of NSC, we
consider the implementation of NSC as alternately minimizing a group of convex hyperparaboloid functions, and propose
a stable and efficient NSC algorithm (SENSC) without any user-defined optimization parameter by using the properties
of convex hyperparaboloid and the projection formulas from a point to the set of all nonnegative numbers and to the unit
super sphere at origin. It is mathematically deduced that SENSC is more efficient than and has solutions superior to
the existing algorithm. Its stability and convergence are proven. Experiments have validated theoretical deduction and
demonstrated that SENSC is more effective in the control on sparseness of coding results than the existing algorithm.

Key words Nonnegative sparse coding (NSC), nonnegative matrix factorization (NMF), sparse coding (SC), hyper

paraboloid
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Fig.1 Relationship between the performance of Hoyer’s algorithm and iterative step size p (L = 100, A = 100)
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Fig.2 Relationship between approximation accuracy and sparse factor a while using SNMF algorithm (L = 100)
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[HH");;B% + 2B.;(W .E.; —
[
[

B)? %

+

(28)

VH"),) + [HH" ;W2 +
HH");B? —2[HH" ;W B, —
2[HH");;B% + 2[HH"];;W.B.; +
QW (W E,;—[VH"],;) —
2B,,(W_E.;—[VH"],;) =

Jw(Be) + [HHT]ii(Wci - B,)? +
[HH"];;B.; — [VH"].;) (29)
WL A, {W 1, Wy o W H W, >0

Lk H >0, FAK—felk, @ B > 0, U

QW(WCi7 Bci) - fW(Wcz) - (Wci - Bci)2
T
WCEl +BBCZ[HH ]ii N [HHT]“ —
(Wci - Bci)QWc~E~i > 0
Bci o
BTEL, Qw(Wei, Bei) 72 fw (Wei) 5B R %L
i (26) %ﬂ fW(le) fW(W2z) 7fW(WMi)

[HJERHE, & {W ., W, - W }/W,>0H
H>0J5, AXW,; FHIR iﬁzﬂmﬁﬁ

Jw(W ) = fw (W) + fw(Wa) + -+ fw(Wan)
(30)

MR E 2, fur (W) AR B R ECA

Qw(W., B.;) = Qw (W, B1;) + Qw (Wa;, Ba;)+
<+ Qw (Wi, Bari) (31)
FANH . |p >0 {W ,Way,--- W W,

> 0Lk H >0, JFAR IS B, >0, fillVe,

{WC»E-i+Bci[HHT]ii}/Bci >0,Qw(W.,B,;) N
PR R ) 1 R A, LA A

I aQW(Wlia Blz) i

00w (Wt Ba)
w 279 21
oW .

0Qw (Wi, Buri)
L OWri i

i W, E,+ By,|HH";
2(Whs —BU){ ! = 1 ] }+
12

2(W . E,; + [HHT]nBu -

[VH")1:)

{WLE.; + BQi[HHT]ii} n

2(Wa; — Byy) B,
2AWoE,;+[HH"|;iBy — [VH" ]3) =0
A Wss — Byyy) WV 21 E ;B.M”[HHT]“} +
2A0W y.E.; + [HHT],;iBMiM—l VH a) |
(32)
(¥ RUALIA B d5 /M, S STk
B,®[VH", 0 {WE,+ [HH";B.;} (33)

WIE5IH 1 F5IH 4, Qw (W, B,) £ |[W.|| =1
AR, T

B,®|VH",0{WE,+ [HH"],B.}
B, [VH", @ {WE, + [HH"];,B.}|-

AbIE /M. B B 4T Wy, X (34) whie
i (23) WA (BB WE, + [HH" | ;W ., =
(WHH").,). #3512 3 51, %X (23) B W, 4l
=K (30) (% {W.1,W.2,"' ,WAL}/W@ >0 M
H >0, X (3) B R PR M85 AF,
X (23) A s AR EL, BTLAE R R G W, Elﬂﬂz
oL

WRAEHES 1 FER 2, 44 W Ex;ailcﬁiﬁ’wﬂ@,
4 H BUEKRT € WMYME, AW, W, -, W,
H,, H,, -, H, #78%NAATEW 2K (3)
TR LR A AR IR O A6 L H A R B A% B R
SEHE 2 g5 W Ak AL I T R itk B I, ek R R
VRIE S AESS 1 TP EE R, e — etk
(LB 3 BB 4 E) I, Al e 3
WiV, W UBRBEMRIR (JRIES 3 T 3im).

(34)
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EIR 3. Vie {1,2,---, L}, [EwE H M {W 4,
W, W /W, IFRIE |H |, > 0, a2k
|max{([VH"]; — WE.,)/[HH " ];;,0}], > 1, 7
W, >0 R ||W,|| =1 RAKRT, @it

T —_ .
max{[VH | WE”,O}

L [HH");;
max T ,0
[HH " |;; 9
AAEEC (3) HHIHARREC RN % (B 520 (27) g X

I]).
IERA. ks 58 (26) A1 (30), [l H A {W 4,
W-Q: ) WL}/Wm #'f%iﬂz ||Hl”1 >0

fw(W.) =W {{HH |, I}W.; —
oW [VH"], —-WH.}  (36)
B I R L, A

(VH"]; - WE.,)/[HH"]; (37)
i O (W)
Abik B B /M (T oW, 0 TH45).

W || max{([VH ] = WE.,)/[HH ];;,0}
> 1, i (VH']; — WE.,)/[HH ] 'h KT %5
ZHT %N O = {k | ((VH ) — WER)/
[HH™];; > 0}, W, N W, 3247 Fhsdk O #2251
IR R, W B Wo, SMITCR LS I N
Wi, 48, P={k | (VH )~ WE,)/ [HH"),
< 0}. Wo, HJHbRRECH

fw(Woi) = Wo{[HH |, 1YW o; —
2W o {[VH |o; — Wo.E.;}  (38)

Hdr Wo. At O HICEIT AT W SHCH 4
FE.
W ps HIHPREREC

fw(Wpi) = Wi {[HH |, [}W p; —
W o {[VH" |pi — Wp.E}  (39)

Hrr, Wp., A% P rhnZ 6 NAT A W HEHCH 4R
Bk

H1C (26) F1(30) 41, fuw (Woi) Bl fur (W p,)
(BTG ORHE, Foa il TR AE fiy (W) FRE.

BAR, fwr(Wo) M fur (W p) B304 M iy
WAL 1 A5 2, fur (W) £ W, > 0 2
AR SR IE B/ ME. fw (W) 1B

[VH"o; — Wo.E.

(HH, (40)

bk B M (it W 0 iR, el
O1

I RS 4, foy (W) 7 W, > 0 Fl||W o,
=1MARTF, F

VH")o; — Wo.E.;
[HH™);;

[VH")o; — Wo.E.
[,

(41)

2

KEIE B ME. RIS, A (VH ) oi — Wo.E.)
J [HH");; > 1, ((VH oi — Wo.E,;)/[HH";; %I
{Woi |l [Woilla =1} MEEE—E /N2 {Wy, |
[Woilla < 1} HIFEES, M5 1 51, fiw (Wo,) 16
Wi >0 Rl |Woel =1 MR HEIME—E /D
THEWo, > 0 1 [Wol <1 BIZIR N /ME.
IMAE Wo; >0 M [[Wo,l =1 HART, Wo,
HHME WL |[Woil <1, Brilak (41) B W,
B HEAE fr (W oi) NI (RDAT]).

7 Wp, >0 NAKRT fuw(Wp;) B/IMER]
5EWeo >0 |Woil| =1 4T fr(Wos) I
w/MEGIFE N

. { (VH"], = WE.) | 0}

[HH™);;
(VH"), = WE.)
[HH"];

WL W, >0 H Wl =1 KW, B
W = 0. 3 (42) &30 (35) Ay, H Lik
Sybrsn, X (35) HE W, 4k (36) (e H A
(W, Wo, - W /W i, 5 (3) I HFR
) R O

G W BUEAESPIME, 4 H BUERT € 1)
WIME, MmN ) iR iR 1 X Hy, Ho.,
oy Hp BHATHH, 4 |max{(VH"], - WE,)/
[HH"];;,0 s > 1 I, RIEEH 3 5 W, W,
s, W AT R, SRR B 2 6 W, W,
s, W BHTHR, nIRREEYE 3 (WL L BTT).

EEfRE, HifEw 1 mAH R 1 Itk Hy,
H,, -, Hy, MUERT Vij, [Hk)H"(k)];; =
0, MifiiEf 775 SENSC kA28 6 1T FIES 8 4TH
A 2E e DL (BREA “0™ ) frmlged, 1 HJL
PN L T B (R e B — AN 28
[1%5).

3 SENSC HIT%&

A SENSC [0fif 0% B e L
PE.

(42)

0}

max{
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HE

&% 3 (SENSC).

BNV, L;

wmH. W, H;

1. BENLEILA4E W(0) > 0 F1 H(0) > &, Vi, W .;(0) —
2. BT HEAE, E@J

IV =Wk HE)r |V - W(k+1DH

W.i(0)/[[W.i(0)|2, k — 0;

(k+Dle)/IVIF <107 H

| 21_1 sparseness{H (k+1)}/L— Zl , sparseness{H;.(k)}/L| < 107?;

3. i W13 LPAT
4. Eap(k) = [H(k)H" (k)]as(1

— 5aibiv), Ya, be{1,2,-~-

,L};

5. R | max{{[VHT (k)].: — [W.a(k+1),--- W 1(k+1),W.i(k), - ,W.L(k)E.}/[HE)HT (k)] 0} > 1, I
{ k—l—l) Wz,l(k:—i—l),Wz(kL ,WL(IC)]E-L 0}

6. W.i(k+1) [H(k)HT(k)]“ ’
{ [VHT (k) W(k+1), -  Wia(k+1),W.i(k), - ,W.L(k)E., 0}

[H(k)HT(k)}n' ' )
7. 5 )
8. Wk +1) — W.ik) 9 [VH (B)].s 0 {Walk+1),-- W.a(k+1),W.(k), - ,W.o(k)HK)H" (k)}i
' IW.i(k)® [VHT (k)]s ©{Walk+1), - ,W._1(k+1),W.(k), - ,W.L(k)H(k)HT(k)}s|2’

9. jM1FLPAT

10.  Fup(k) = WT(E+ D)Wk + 1]

W (k+ D)V, —

Fj.(k)[HT.(k+1),-

— 8a3050), Ya,b € {1,2,-- , L};

11. Hj.(k+1)<—max{

12. k—k+1.

WT(k+1)W(k+ 1))y

HE (R }

3.1 SENSC gyfig

Hoyer Sk, I H P04 AE H 3fe 1 588 ik
(ZWEE 1), —BAEEAKEL H hHocm =
RN BT R IWE, B AL LG kAT oo s %
AR A P AR K R AR SR, 3K 02 DRk A8 A T Sk 5
WL, IEACT B 5 20 LAk 7 28 i TR
S [P OCIEME (W, Hoyer L5 6 1T). 1XA{143 Hoyer
FVEAR St R H () T AT S8 AN Wi 4 /s (1) 4,
AT AR AT AR 19 2 U (R At 1) W] REMEAE DD,
K, Hoyer SVEAR AT BEAS 1 AEAN AR I 1) Jo 348 it
k.

SENSC *F H A FI &L UL Ak 7 2,
RIE M mr b AR e Rk H A TCE e, T
ARG R b e = ] GBI R S .

HARIE T B 2 A6 T7 X8 T e vk SR,
BEETEH 3 LT A 2 etk BEFT%, SENSC
WA 3 B 5 AT ISR WAL, X W LA
R P AT R Dk, X ORE T RIS 2 Rk A R
W R T R B F AR L F E, e T
AR, Mo E v DR BT A . 1 B 2295
[, Sk 3 1S 5 AT IEANHT I, XA ST
CIREREA fur (W) AEAE DL 1 B /M R AR

KT 1, s R 2 8B Bl (FF
SENSC I, & n] Bt 2 L.

B, FEAT SENSC [ fe, WA H fyn]
T T g /NS, B HERT SENSC EE Hoyer
L5 A B L 1A

3.2 SENSC By%%E

M B 1 AR 1, 04T SENSC Y, &% H
R ERE (8 Hy., Hy., -+, Hp, P HH
) A AT b A 2 R RN N I H A R (RRE 4
AR RS i, d 38R H bR ek B 43, e
1 UEE AR R (17)) LA Bl ME (K
7€), 1R SR (R p R R R AR, o B SR [2]
R HE S AT 4N, Hoyer 59455 6 ﬁ, 7] B A X
H, H, -, Hy (L<N)Z—347EH B
P2 T B pR B T BRI STk 2] JeT 1B 3
%D, Hoyer ﬁ/zﬁéﬁﬁ1%5@ H.1, H.Q, Tty H.N ':F'Pf
AT ST A A R A 6 S 1T H b bR BT B, {EOG)
N EEFEEETCIREEE]. BT s al W, BT AR B R
HOT B SRAT AR AT RE B de/IME ASAR T, X2 T
T4 Bh R B AR AV E R oR (B 7 b, A IEROTT R
i b 4 bt SRR B BRSO G (A, ht) BRI
[EN=p ht+1 Mo b SRR SR, F(RT

o B HR) St



10 34 A SENSC: — MR vt 4 A A B b i i i S5 1267

< F(h), H ™ 8 F(h) fR/ME A b EH R
W EEES). L BT, SENSC X H E’WEH:
BeR T Hoyer k. Hoyer SH35ER A6 #52
B W, AR LR, ER E?E/J‘E/]i%
R (B8 2 5 Co b S EG U B ), Xl 3 3 3B
BARMIRCE. SENSC Xf W AW MEAA L, —
ST 2, O JE T AL T4 B ek i afe 1 BB R
ik, BB EAE L Hoyer FikHH RIRGEERAE
(b HE 1 B8 3~ 5 ATAIAVE 3 IR 8 A7)
H), SCHER [12] A oA, Tl B ek 2l Sl 1k 5 B
EENT KA EFEH‘JT%ET By, B K B IE N
T fo T ] sk /N ) P BAR AR, Br CAHE T FH )tk
X W ﬁEﬂiE’Jxﬁli/\tKﬁﬁﬁfL& vikm. n—iitk
BT e 3, BN W, A s s oy, —
RO EE XS W py, 55— R W oy, B AR E—
TE TR 2T A T i ASE 6 18 H A pR H0A 2 B/ (L
FERL 3 BUER). X FE R0 A SRS AT e SR
T e, SO H LURE E RO B R 2 10 N R
DRI, AFE DT G Llobh B B v 300% (5B I, %QAEP
WS ILR AR AT A TRA B ). i B BBt
Wr, SENSC X} W A %A 5 T Hoyer 572,
gi LRIk, H#EWr SENSC 3% & T Hoyer 5
.
3.3 SENSC mItazE

NUEW] SENSC e th e B (e 4), Fain M
5128 5 A1 HE 6.

313 5. VA € R, Al Abssum = Do
S Ai] A TR

iR, VA € RM*F v (C e RFXV,

”ACHAbS—Sum =
L L
H [Z A'iC'Lh Z A~iCi27 T
i=1 i=1

L
Z A.iCin] HAbs-sum =

i;1 L N L
ZHZA-iCinl S > ALK, =
i= j=1 i=1

ZHA L C: H1<2L:HA (B ZHC =

(*ETE Holder A"%% itT{ﬂ:)
1Al Abs-sum I Cll Abs-sum (FAATE)

(43)
VA,B € R™** Va € R, |Alapgsum = 0
CESHE), oAl Apssum = lolllAl Abs-sum GF
k) UL A + Bl Abs-sum < 1Al Abs-sum +

Bl Abs-sum (AR & ARSI, O
3132 6. 1k SENSC HOIEACHLI, 351 {(W (k)
H(k))} A 51,

IERR. B {(W(k),H(k))} 5, BN

Vi, W), = 1, BiLl {H(E)} T 5, B4,

{IH(F) | Abssumt LI B {[V — W(k) x
H(k)F AR5 AV - W(k)H (k)7 + 2A
x | H (k)| Abs-sum } I

# SENSC s AR, {|V —W (k)H (k)||% +
2N H (k)| Abs-sum )t T TR HA TR, fithef

X EBBE (W (), H(k)} RS 048 H

2, P LA AN AL O

EIE 4 (SENSC WA EME). i SENSC

HIEA RN, Vb € Z, |[(W(k + b), H(k + b)) —

(W (k), H(k))|| — 0 (Z+ JIEBHLE).

IERR. BB [|(W (k4 1),H(k + 1)) — (W(k),

H (k)| — 0 Aoz, Batiqe {(W(k), H(k))}

TH{(W (ko) H (ko)) AL ([(W (ki +1), H (ki +1)) —

(W(k),HE))| >6>0(1=1,2,---).

P51 # 6, {(W(k),H(k)} B, Frlbh
{(W (ky), H(ky))} 758, B 24506 {(W (ky), H (k) }
(ST 5 {(W (ky,), H (K, )}, B8R, |(W (ky, +

H (k)| >6 >0 (h =

1), H(ky, +1)) — (W (ky,),
1,2,---).
AW (K, ), H (K, )} — (W, H), A ][V~

W(k)H (k)5 + 2732, Hij(k)} — [V = WH[% +
AN, Hy, B 1) VW € RM<E RIVH e
RLXN I, ||V — WH||F—|—2)\Z H;; 7 (W, H) i#

3 2) IV -W(k)H(k )||F+2)‘Zz] Hij (k) } e iiesh
E’J G IV =W ko, ) H (ky, )% +20 325 Hij(kr, ) }
e S A A

R 45 SENSC Ky IS AU H W, {(W.(ky, +
1), Woa(ky,), -, Wop(ky,), H(ky,))} "TELAN 2
{( (k), H (K ))} g4, Pk {IV — Wk,

+ 1), Walky,), -, Wop(ky)IIF =203, H(ky,)}
— |V -WH|3% +2X ZU Hi;.

{W 1 (ky, +1)} I ATEAW 1 (K, +1)} il
ST INAW (K, + 1)} BOMIRHE (36), [l
W W BUH R, [V - WH|%+27Y, Hy
Kb W kg, X AW o (ky,), -, Won(k,),
H(klh))} - (W-Qv"' aW-LvH)7 Jr A {(W-l(!flhq
_‘:1)7 W'Q(k_lhq)’ e 7W'L(klh,q)’ H(kllhq))}ﬁ (W-la
W W H), B4 AW (ki + 1)} — W
B0y T30 (W0 (ks +1)} SRR, BFBL (W, (F,
+ 1)} — W,

W2, {(W (ki +1), W2(kl,) S Wk,
H(klh>)} - (W'17W27 WL; ) U\.[Hjjﬁé
#, {(W.(ky, + 1),W.2(klh, + 1), Wop(k),
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H(klh))} - (WJ’WQ)'” )W‘Laﬁ» HHJJ:[ZWJI_L]A, VH] > €,

W (ky, + 1), H(ky, )} — (W, H). T
{( ( In ) ( l ))} ( ) a(||V_WHH%‘+2)\Zinij)

B, {(W (ky, + 1), H(ky, + 1))} — (W, H).
Breh, [[(W (ky, + 1), H (ki + 1)) — (W (ky,, ), H (k) |
— 0, X5/ [|[(W(k+1),H(k+ 1)) — (W(k),
H(K))|| — 0 Ao gt ek, [|(W(k
+ 1), H(k+1)) — (W(k),H(k))|| — 0.

[(W(k + 2), H(k + 2)) — (W(k),H(k))| <
|W(k+2),H(k+2))— (W(k+1),H(k+1))| +
(W (k+1),H(k+ 1)) — (W(k),H(k))|| — 0.
WHCEAGE, Vb e ZF, ||(W(k +b), H(b+2)) —
(W(k), H(k))[| — 0. O

WA e 4, Ve, > 0, Vb € ZT, IM(e1,b) €
Z+, (W (k+b), H(b+2)) — (W(k), H(k))| < e,
HE k> M(ep,b); 8E VM € Z+, Vb € Z7,
Jea(M,b) > 0, ||[(W(k +b), H(b+ 2)) — (W(k),
H(k))| < ex(M,b), REE k> M. i, &
D IIERG, FHT b P IEAR, SENSC %

S Ay w B, gl e B B kAR
Ji, AT b BIEA, SR SENSC Hirth 28 4kl
Bl — e Ja .

g A, RS KHUE G H (Befd H Ax
BRACR N ) I, Hoyer S0kt BAfg LidFase 1k,
8% Hoyer vk 5 & B I A K30 5 AR A 5
2.

3.4 SENSE Rl

EHE 5 (SENSC myig s+ E#). & Xt
BA Q= {mino<w.e<mvi w1 |V — WHI% +
2NN, Hyy IFGE R}, SENSC KT Q sk

WERA. K5I 6, {(W(k),H(k)} B, Fr
Lh, {(W(k), H(k))} TAAAEBRST 5 {(W(k),
H(k))}, 2 AA(W(k), H(ki))} — (W, H).

R (36), [5E Vi, (W, W, WL}/
W, MH G, |V~ WH|%+22Y,, Hy T W,
IR, FTLAY W, >0, ||V — WHZ 4 2Ax
Zij H,; < |V-[W4- - W, W, W,

W H|E + 20T, Hy. W4

VW~i 2 07

oIV - WHI% + 273, Hyj)
oW .,

T

|(W,H=(W,H)) X

P B AR W R AE IR AW, (W > 0} A
BTN EET5 1R R B,

\w,m=ov,m) | %

0H .

(HJV_I_IJ'-)ZO, VjE{l,Q,“- ?L} (45)

i (45) H, VH; > e liARVH; >0 )5
P2 SENSC St T4 1 imeka B 1.

2 (44) Rk (45) BAE—RMR T (W, H) N
ming<w,c<mvi|w.,=1 |V — WHI[E + 2A 3, Hyj
(RS R 78 20 4 11050,

SRS Q = {mino<w,c<avi jw =1 |V —
WH|% + 203, Hi ke s}y, {(W(k), H(k))}
SHAEELUR, BT {(W (k), H(K))} BT B IR 347
Q MR SRS e 61T SENSC X F Q
S O

4 SKI§

AT I S5 HOW HL 4> BT SENSC (P, 256
Ao BT XL IRARRRPE L R iR . BRE R iR
Ae 1 SR E AT N 96 &R DS G i B i T
FRgRER T 7 X R, AT 55 1 355 H I
SIS R AL, A T S5 T ORL 21 400
e P A5 AT
4.1 ER4FMHE

UL AT 524 100, B 9 id5% 7 0k SENSC H)
EARHIER, i T e 5 Hoyer BRI, B 9
EI TS = 1E-7. 1IE-8 1 1IE—9 ¥
— 4% Hoyer HyEEARCHZE. 1R 2, Hoyer LM
REZ kAP K mAR ok, Rk irs b K, 8k
MEREA it 4 N 1 SENSC AR MATAT 7 5E
XA, BRI R B AR R BUE O R R, B
‘B Lk Hoyer Sykthpeta e & T,

4.2 EHEYE

WL AT X %528 100, B 10 idsx T SENSC Al
Hoyer &3 (KK 9, B p = 1E-9) MAETEA LA
AR (RLFE I T4 H bR sR B IE AR I & Fn 5L T H
B bR KIS 70 1k RE RIS AR ). 3% HLId s R IB AR,
KA 3000s, X2 — MR Is FIN ], X H
Fre&ECTC I N R (K10 (a) AT, B
H 3000s FIE RIS FEEEA ] A L R0%.

HHE 10 (a) 77 UL, SENSC Lt Hoyer SHik4 Hig
LI FBEEEE, 434 2005 ~300s [(Ji%48, SENSC
AT H AR R BUE N2 5200t 3000s IEARRJLT
FHEEIFESE, 1 Hoyer HETR LT 2600s LA LK
IEACA BEMRX . I, SENSC 2% Lt Hoyer
IR Z ) IXKAE T 55 3.2 W . Ak (51
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4H
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=
M ff __Hoyersalgoritm .. Hoyer's algorithm _____ Hoyers algorithm ...
et o g . Foyt o s
1H
N e
0 30 60 90 120 150 180 210 240 270 300
THEETH /s
9 SENSC 5 Hoyer SikikAUL R ELEL (L = 100, A = 100)
Fig.9 Comparison of iterative processes between SENSC and Hoyer’s algorithm (L = 100, A = 100)
9
710 03r 097
0.28 0.8 | e -
6 0.26 e
0.7F o
0.24
. °f 0.22 061 ¢
= | SENSC #2077 SENSC W sl SENSC
7\% alb Hoyer's algorithm ?é . Hoyer's algorithm ?é R — Hoyer's algorithm
ﬁ (u = 1E-9) £ o | (u = 1E-9) Z 04 (n = 1E-9)
[ 0.16 4 !
3 B 03
. 0.14} N\,
(R L
o) A st 0. 12F T T 0.2
; v 0.10 ; v 0.1 y v
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
TR EFE] /s TR EFE] /s TR ETE] /s
(@ (b) (c)
10 SENSC 5 Hoyer HIALEARN TR EILSE FIWELE: (L = 100, A = 100)

((a) AL NSC Hbr & EAEVEN AL, (b) IEACH R AN R ZE (W NSC H AR EIHT 18 73) PR AIHA;
(c) AL H NSC mldMibi i (0 NSC H bR 5 25823 PP FIR)
Fig. 10 Comparisons on solution qualities and algorithmic efficiencies between SENSC and Hoyer’s algorithm
(L =100, A = 100)
( (a) Iterative outcomes are represented and evaluated by NSC objective function value; (b) Iterative outcomes are
represented and evaluated by relative error (the first part of NSC objective function); (c) Iterative outcomes are

represented and evaluated by sparseness of NSC codes (the second part of NSC objective function))
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