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Abstract: Although granular support vector machine (GSVM) can improve the learning speed, the generalization performance may be
decreased because the original data distribution will be changed inevitably by two reasons: (1) A granule is usually replaced by individual
datum; (2) Granulation and learning are carried out in different spaces. To address this problem, this study presents a granular support
vector regression (SVR) model based on dynamical granulation, namely DGSVR, by using the dynamical hierarchical granulation method.
With DGSVR, the original data are mapped into the high-dimensional space by mercer kernel to reveal the distribution features implicit in

original sample space, and the data are divided into some granules initially. Then, some granules are obtained with important regression
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information by measuring the distances of granules and regression hyperplane. By computing the radius and density of granules, the deep
dynamical granulation process executes until there are no informational granules need to be granulated. Finally, those granules in different
granulation levels are extracted and trained by SVR. The experimental results on benchmark function datasets and UCI regression datasets
demonstrate that the DGSVR model can quickly finish the dynamical granulation process and is convergent. It concludes this model can
improve the generalization performance and achieve high learning efficiency at the same time.

Key words: support vector regression; dynamical granular support vector regression (DGSVR); dynamical granulation; informational

granule; radius; density
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Fig.3 Dynamical granulation procedure of DGSVR model
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RIPIEMAT LB 5 158 A SRR m i 3547 52560 DGS VR 505 £ 200 B
%3 BT RN SVR Bk
WG AR 45 IR E R To=(X0,D)={(x5d)}(i=1,....10) H. x;€R",d;e R VISR KRN B A ko A% 0B BUR F 15
Wiz MG RLRIZ IR B 5L Lev=0 FIh& R R 25 d_para.

Step 1. #IAHRLKIH AT SVR Y45
M HIIEIZREE To h IFEASE X, RS 2 BATRERIFR BDRERIZ5 R Xo—{Gy 1....Gy i HoH,
G ={x) =10 ) HE 1R P AR REA IR, T BORRL R Z IR S L Lev=1.

Step 2. ARk,

Step 2.1. fE2% Lev R 2 Ik b il I R A4 (A% SCR il UKL O ) J7 3048 38 I 2R A4 )
Wiy 1o gy o FHEAT SVR PIZR I 15 B AR P £

Step 2.2. F MR 2A 3U(5) UH S AEAN L B ALL 1] V=156 1 1 0 B 88, 0 &5 6 3L 3 PR 2R Lev Rt 2K L
K5 BRG], 3G =1k,

Step 2.3. &M (6) T Lev Rt J2 0 LIS RORE K5 1 oy, 4% (7)1 55 Lev Kkl 2 Uk

ERB SRR S E k,, ok, AR Lev KRR _ERIES j AN EORL K 3h 2RI 4

Step 2.4. XI Step 2.3 TIELAF BRI RIANEOK T 2 BMF SRR B0V 2 BEATRLR, BBk Rl 2 k&
¥ Lev=Lev+1;

Step 2.5. 45 Step 2.4 HUAT AL PAT HORL™ A, T v S FORE O R 42 AR JE 5 ) Step 2.1 4R80T T
I, %% %1 Step3.

Step 3. % SVR i)l %k.

X 5 i A B 1R 8 AN A7) S U0 AL SR BRORE o, 37 SR FPRL G BEAT SVR Y2345 21 5 28 1 [5] R P 1

Step 4. HILEE R,

T ARAE R SVR A 75 Tk SN A7 it A HIASE (0% REL R, BT b 305 F ] 52 23 JR 0 2 i) 52 2% P2 AR v, 7
B O )R O(n®), Horh n g 22 5 W G RF AR S () RASE. DA sk A8 10y 1) 3o R A 2 0 AR 3 24 1) 0 42 £ M
BURIN AR 58 SVR JPVEAEAE JC A AR A RN 1] P9 45 21 27 SI B8 AL, 55 A% 48 SVR B AR EE,GSVR A2 (ks ) 73
IR AT 5 I N () FF S0 B T GSVR AR R JE 3 R 45 T 5 B )l ZR AR 1 IR 4 v T SR 110 2% S 300%, I
S FTT AR JI PR BT ) T8 0] DL AN TE AER BT AR 48 CGSVR BEAYSR 5 2 1R hs K1 43 5 v, AN B Akt A3 )il
GRAE T I R B A FEAE A T 20 I 28 2 3 B0 A T 22 [ A £ B A0 R A e o Mt ) B, AN T ™ T S 0 T AR 32
e )1 ASCE K DGSVR 750048 K T AR 3 AWK 73 T7 7 A8t T 22 B0z 1 [0 U1 ) b 1A R 1 3 AN
A5 F LI o] A5 R, BRI HEAT — DKL R 23 J5 B As 1Rk AR, HA 2 B T (] U ) BE: 3 25 L f s BT O 5 T 2
8 [ YA 45 I CGHRF ) A 2O T 75 B AT 22 Ok IR A, B G e S 8 b ) 1) e A I ) AN 2 R 5 46 48 CGSVR A
HH EL,DGS VR BRI 75 R IF 5 2% 20 R0 1) [R] Bt i 88 £ B B 22 (14 [l DA 4 R, 70 2K A 284 11492 A, i

3 HEXESSHN

3.1 LBHEIEE
A SCAE WS B PR LT T 9250 (1) JEUE R BEIR 4, LR 1(FE N B SEES 1000 MINZRFEEAFN 500 4
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RRAREA);(2) UCK FRUERI A Bt 4224, 3% 2.SVR M s 4% S 400 1.0,48 51 1 T HL 2005256 7F— 6 CPU
2.66Ghz, W47 4 1G M HENL LT, 52561 & 4 Matlab2008

Table 1 Benchmark function datasets

1 E R B 4R

Hdh Ak HEHE bR I3 A7 X i)
2D Mexican Hat y=sin c|x|=sin|x|/|x| x~U[-10,10]
3D Mexican Hat y =sin c\/xl2 +x] = sin\/x,2 +x7 /\/xf +x3 x1,%~U[-4n,4m]
Friedman #1 y=10sin(m1x2)+20(x3—0.5)2+lOx4+5xs X1,%2,X3,X4,X5~U[0,1]
Gabor ¥ =(m/2)exp[-2(x{ + x3)]cos[2n(x, + x,)] x1,x~U[0,1]
Multi y=0.79+1.27x1x2+1.56x1x4+3.42x,x5+2.06x3x4x5 X1,X2,%3,X4,X5~U[0,1]
Plane y=0.6x,10.3x, x1,%~U[0,1]
Polynomial y=1+2x+3x>+4x +5x* x~U[0,1]
SinC y=sin(x)/x x~U[0,27]

Table 2 UCI regression datasets
%2 UCI M4 4

RISIES #IlZRAE #IR I #FAIL
Concrete 500 530 8
Forest_fires 317 200 12
Slump 3 50 7
Winequality red 1 000 599 11
Winequality white 2 000 2 898 11

3.2 RIXIGERDH

M FATAT GSVR MEAY Fir Rl e H o D 3B Wi 1 i 2R S B DI R 4R 1 RS S S B A [l A5 JE A 22 2 A T
BRI B 2 3] 38 BN R BRI AL 1k e A R R 25 R AR BRI H 1 2 B4 5B S 5 I I 2R AR B SR AR
RIEAS B S 0 B A5 R SR A 300250 H R/, 0 SCnT e 5 302 2 3 2 [l R R, 5 e A28 1) 32 A 12k L R
I, B 4% DGSVR A2 [ kLRI 45 T 55 5 58 CGSVR A5 AL HEAT SE 56 LA

S ARSI T RSB RIJZE U R A SR A . T 3 A bk i R A2 BRI AR BRI B EL ko TR R M X HL R
UCT [B1H 3R 4 1Y Slump 41,40 468X 2 304> 51 10,20,30,40 F1 50 #E47 7 0%, i T Slump B &5 N, H
YGRS BB E N 5,10,15,20,25. A1 VA5 50 9 EL 0. 1.1 4 24 B 2B SR AR AN TR kAL 2 VR b 3 H 1A 48
HOXHALF I d_para 3048 Slump Fdi e 10 1.0 Ffe LA A 45 L H 1.5 Bgh 5L, B s a1 Qe Bl A &)
FER PR RIEH .

ML 4 TRy DU 0T B S A B A 3 2SRRI 2 O )3 R B B AR TR RGN, EURLAN B8 & AT iR
BN ASKLRI 3 B 386 D0 B, T 7 S S5 B A R RIS AR T 8 8, 28 d_para (R A B TR TR LR
R T AE R B AR R B VF 225 JRORL A2 580K, 3l A BRI 3 2 1R 0 ) o0 AN B0 22, R IG 189 m 42 D {1 B 45 2))
AR R TR IR N A5 SR = 22 9 /N L R 43 AN B0 20 R G 36 KO FR AR08 FE kLB T UCT Bl A SR 2 b i
Winequality red 24 25 H1 Winequality white #3542 (d_para=1.5)LL &k, A4 0L Bh AR R 2 R BCHERLE 10 LLA.
AN S R BATIE R IN:BEAE d_para RS, B A RA BRI Z) AR R Z R0 R 0L, Y d_para=2.5 1,
# 5 4E 3D Mexican Hat,Friedman #1,Gabor,Multi R #4777 1 ¥hkitilsr.

BR] i, A3l 25 s Kl & R e ] LR I i 4 0 B A R R R 0 5 390, 0 A A T [ R A SR O [ B I
AR TG R 1 0, AN TG PR E T A8 F I 2R 32 2L DGS VR B2 B % 7R 55 /> 1R 3 25 e R ik AR5 W8
TSI o I P o R DR 45 1) RBURS 55 R0 R0 2% 11 75 SR A7 1R B 45 T 11 3 A% WL P 2 450, DU ASE 21 7 I 2R R R Az A
PERE A S A 14T .
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3.3 G RMRER LR
$ DGSVR 5 FRHER) SVR BERY L He T2 F ORI ) CGSVR A5 B AE I 5 N i) Rl 0K 52 P AN 7 T 1A T

TSI B

S 8], 43 0 L3R 3 ISR 4.
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55 3.2 B0 TSI A5 R IX AES T AE UCT [mlA $odls 4 B BCRS e Al

Table 3 Testing accuracy of UCI regression datasets (%)
3 UCK [Hl 1 5 42 0 ilf 5 (%)
Ko=10 Ko=20 Ko=30 Ko=40 Ko=50
e B8 d para|d parald parald parald parald parald parald parald parald parald parald parald parald parald para
=1.5 =2 =25 | =15 =2 =2.5 | =15 =2 =25 | =15 =2 =25 | =15 =2 =2.5
E\?I; 94.406 | 94.403 |94.403(94.388|94.388(94.388|94.388|94.388(94.388|94.388|94.384(94.384|94.388(94.384|94.384
Concrete SC\(/}R 94.374 94.374 94.374 94.374 94.374
SVR 94.406
]SD\?]i 92.8766(92.8766|92.846(92.830(92.830(92.830{92.830(92.830(92.830{92.830(92.830|92.830{92.830(92.830|92.830
Forest G-
fires SVR 92.830 92.830 92.830 92.830 92.830
SVR 92.877
]sj\?]i 99.215 | 99.119 [{99.09699.198199.116(99.076|99.197{99.101 {99.082|99.200{99.121{99.100|99.193|99.122 (99.109
Wine_
red |Son 99.064 99.070 99.080 99.099 99.107
SVR 99.382
]S)\(/}li 99.810 | 99.805 |99.804(99.806(99.800199.799(99.805{99.800]99.799(99.805{99.800{99.79999.805{99.800{99.800
Wine
white g\(/}li 99.798 99.798 99.799 99.799 99.799
SVR 99.821
Koy=5 Ky=10 Ky=15 Ky=20 Ky=25
B4 B8 d para|d_para|d_parald parald parald parald parald parald parald parald parald _parald parald parald para
=1.5 2 =2.5 | =1.5 =2 =2.5 | =15 =2 =25 | =15 =2 =25 | =15 =2 =2.5
g\?li 62.692 | 62.516 |62.428(62.428(62.42862.428 (62.428|62.428|62.428(62.428|62.428(62.428(62.428|62.428(62.428
Stump sC\(;IR 62.428 62.428 62.428 62.428 62.428
SVR 62.692

thT CGSVR M A 1 NS4 Ko, K CGSVR 7EREA Ko {5 T A 1 AN 5510 SVR BRI 24
Ko F1 d_para WM, 1t SVR ZEGANER4E = HA 1 MR ALK 3 H,DGSVR J5 V& BT xd B 1) 4 A it 45
3 AN T RN PR 23 00 o AN TR BN AR 2 40T 1) 3a0RS 1 e M AE (2 HH B0 22 A0 3308 5 dp R AH 45 1, JY
Y G ISF 1) 5z /IS ISF T 5ok I 604 B g AR K6 T 3 D AE). CGS VIR 7 3 JI of 2 [RREL A4 AR S LA AN RDRL I R 2y S 80T
73 B (00RS B S AR A 7 7 A Ll e, 36 HRobs vl SVR 43 281 (¥ W 50RS B (Bt AT . A3 3 W& HH DGSVR J7 4%
P B 45 E L& S8 CGSVR J7 31 (B J=0RE B #0017 BH 2 (048 i, T HLZE V8 2 30 42 1, DGSVR 77 3% A ks
i CAPEIT TARVE SVR 4331 800k 1

M 4 FTLUE H: 5 CGSVR AHEL,DGSVR 7 127 3 3503 i1 T FF A8 B 1) 38 0 B o/ ;{1 S5 7 SVR
FEAR A LK, DGSVR R () 20 3 2 AT AR 32 (. b T SVR AR Fg ) B T 2 1y 52 B 2 5 DI G BT E A BRASE e 52 f,
I bRAE SVR KA AR SR AR — A B 1P IR BECE R 1 D VI RE AR, A6 48 SVR J7 A e8I 4546 1
B AT IR, PRt A v SVR VISR BsF )45 ), 27 20 380 AR 4 AL 1T 2 48 CGSVR J5 iR FH — Ik M A bk 11
Joid s T O R R A, 2 ) R AT B T O R L AE TR TR RS T SVR ARR EE A SE B
PEITZ AR REAT W B R B DGSVR E3h A bk i F o ok TR E Z 1 MEME Bk CGSVR A7 T
W2 I GRFEAR X — AU 3 B 4 s 5 73 B0 R AN S5 10 46 b A 022 5 Pt m] DU B K, R 4 DGSVR
B I A AR ARSI B B 2 B RN BLTTT CGSVR [ I A% AR FIUASE A ) s AN B0, B R I R 1 1] L CGSVR
LSS
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Table 4 Training time of UCI regression datasets (s)
&4 UCK A Hs 4L ) 2R ) (s)
Ky=10 Ky=20 Ky=30 Ky=40 Ky=50
WAL BB d parald parald parald parald parald para|ld parald parald para|d parald parald para|ld parald pardld para
=1.5 =2 | =25|=15| =2 | =25] =15 =2 | =25]| =15 =2 | =25]| =15 =2 | =25
]S)\(/}li 1.2188 {0.0156(0.0156|2.8750|0.0469|0.0313| 2.7656 |0.1250|0.0781| 1.9375 |0.2344|0.1406| 3.7031 |0.4063(0.2969
Concrete SC\(/}R 0.0156 0.0469 0.0781 0.1250 02188
SVR 127.156
]S)\(/}I_{ 0.4438 |0.0313(0.0156|0.6875|0.0938(0.0313| 0.3406 [0.1719{0.0781| 0.6719 [0.2656(0.1563| 0.8250 |0.4531|0.2969
Forest G-
fires SVR 0.0156 0.0313 0.0781 0.1563 0.2969
SVR 52.813
SD\E; 10.0313(0.4688|0.0313(8.5313{0.8438(0.1250(12.4531{1.2500(0.1719]|14.9219|1.0938|0.2969{11.0781|1.1063|0.5611
Wine G-
red SVR 0.0156 0.0625 0.1563 0.2969 0.5000
SVR| 1362.688
é)\?li 123.66 (1.5000(0.1406(109.14|2.3594|0.2656| 91.350 |3.0469(0.4844| 125.06 {4.4625|0.8125| 125.77 |5.0781]0.8281
Wine_ G
white o 0.0156 0.0625 0.2031 0.3906 0.7031
SVR
SVR 12261.844
Koy=5 Ky=10 Ko=15 Ky=20 Ky=25
B B parald parald parald parald parald para|d parald parald para|d parald parald para|d parald parald para
P P P _p _p _p P P P P P P P P D
=1.5 =2 | =25 |=15| =2 | =25] =15 =2 | =25]| =15 =2 | =25]| =15 =2 | =25
]S)\E}[-{ 0.0438 |0.0156|0.0156|0.0424(0.0156(0.0156| 0.0537 {0.0313[0.0156( 0.0538 {0.0469{0.0313| 0.0738 [0.0625|0.0469
Slump gfii 0.0156 0.0156 0.0156 0.0313 0.0469
SVR 0.2500

70 R e R BOR A 53] T 2R 45 3L B 5 CGSVR BT AH E DGSVR # 7 7E 42 s bl SVR 2% ) 3% %
(Rl B 32BN T CGSVR [RBER R 2 2w T Haz b i

T SE AT M S 5 DGSVR AE IR A FE R I 25 i 0] P AN 77 T T 0P AR 38 AT o 155 o, AR S 4 I 2 3508 S
RN B A e LA E R

EX 6(GMiXFEEMME). i DGSVR,CGSVR HhriE SVR Ik K fE 73 5 & x4 A(DGSVR),
A(CGSVR)FI A(SVR), MRS FE AH R & 2 A

A(DGSVR)— A(CGSVR)

" A(SVR)- 4(CGSVR)
77 A(SVR)=A(CGSVR)I, ¥t B} CGSVR ik # bk SVR (K Fe ML IRk BE, b INHABLAS Y DGSVR 732 4k 1 fig 7
T A 34, B 24 A(SVR)—A(CGSVR)=0 I}, 2RI\ Re_ace H 0.

EXTONEGREME). i DGSVR,CGSVR S5k SVR (I Z:I 8] 73 5 F 7~ 4 T(DGSVR), T(CGSVR)
A T(SVR), M ZR A He A 5 & 2 X R

T(DGSVR)—T(CGSVR)

Re eff =
T(SVR)—T(CGSVR)

1 CGSVR ] LUBH & s i VI 2B A JURE BT B T(SVR) 5 T(CGSVR)— A2 A1 4%, Bl T(SVR)-T(CGSVR)=0.

4R Re_ace K, DGSVR A KE B2 A% T CGSVR 7yt dit i #5822 o HLBGE IE FhrvfE SVR AR
W BE A 32 Ab Tk BB AT R ) L, #5 Re_ace=1,111 i B DGSVR J7 925K I b B I 25 2005 S 45 31 7 R ff i Jee AL [l
VAT 1T 17 Re_eff 1/, DGSVR [¥) Y1 Z5 I [i) (147 38 0 8 55t 4/ FAR 51 SVR [ I R 1) 0] LL 2B AT R 591 b,
Fi Re_eff 18 0 4, ) 3 B DGSVR (I 2530 %t CGSVR IBZ 5 A LG F T 32 3 F13E 4 P AR I I (3,
G BE AR =R 2R R A S R (LR 5).

Re acc (11)

(12)
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Table 5 Relative value of testing accuracy and training efficiency
F 5 MRUKSEE 5 I ZRBAE AR
oA DR L2 AR X WNZRRER AN =
d para=1.5 d para=2 d para=2.5 d para=1.5 d para=2 d para=2.5
2D Mexican Hat 0 0 0 9.314373x107 1.598008x10~° 8.4417x107°
3D Mexican Hat 0.75 0 0 2.234639x107* -9.633x107° 0
Friedman #1 0.725 191 0 0 2.59121x107° ~1.1867x107° 0
Gabor 0.761 905 0.095 238 0.095 238 2.547655x107 7.2181x107° —1.0368x107°
Multi 0.666 667 0 0 7.01401x107* 0 0
Plane 1 1 1 1.684447x1072 3.3892x107° 0
Polynomial 1 0 0 6.134505% 107 6.93653x107 4.3353x107°
SinC 0 0 0 1.055289x1072 8.6455%x107° 8.629x107°
Concrete 1 0.906 25 0.906 25 9.463554x107 0 0
Forest_fires 0.991 489 0.991 489 0.340 426 8.110248x107° 2.97363x107* 0
Wine_red 0.392 727 0.054 545 0.007 273 6.997052x107 4.45093x107* 4.4854x107°
Wine white 0.5 0.272 727 0.227 273 1.008368x 107> 1.21059x107* 1.0194x107°
Hgi A DR AR X = I BCEAN R =
d_para=1 d para=1.25 d para=1.5 d_para=1 d_para=1.25 d_para=1.5
Slump 1 0.333 333 0 1.203072x10™" 0 0

MK S W LLE W H %, d para=1.5 W {E0T 12 MR ESH 9 NMEIEEMN Re_ace ¥R TET 0.5
d_para=2 M d_para=2.5 W WHAFAE 6 NEHE B0 Re_acc {HAF 0.0L 40, ZE B4 Slump 1,24 d_para B 1 F11.25
i,Re_acc HBIAE 0.3 LA JRELEREME s BB i 42 LB AP AEAR D Re_ace 0 WIE MHIX AU 2 BT 2 kvt
B BSCRSH BE AR X ELER T A R 0, R D 3 R D7 VR A 38 1 D 0ORS B L AR A5, 24 HHs B 5 % I (B 4 Gabor #1J3
A UCT B i 4), DGS VR 75 MRS B 77 i e 35 AR 1 W1 21X 78 70 i W, 55 4% 48 CGSVR SEA L DGSVR
T TR IR RS B 075 2 ) 2% (1 Ak M RE R 3R S0, dpara BX 1.5 I Re_eff (K Z /3 AifE 107~
1072 B2 0052 d para BL 2 W,Re_eff L RNZ 0 ATE 107°~107* 2 [A], HAE H 45 % 3D Mexican Hat,Friedman
#1,Multi & Concrete FIREIT 0 £L 2 G, X U6 WI/E X LE 840 4 | DGSVR J7 ik K AR i 1
CGSVR J5¥4%;1M 24 d_para ¥ 2.5 M0 0 SR MBI ARIE R T 7 ANV 5 43 BEvE R HOHOE S 8 B 1O
AR BRIl 5 IR 7% 215 3 100%, KL TE v 2 7R H DGSVR J7 ik IR 35 B M BT B 42 (1 11 2R 45 SRR LLE HE,
AR SCHE ) DGSVR J5 AR AR FFE s IR A0 K RIS 32 5 T 4% 48 GSVR Jy v 19 1B VA 008 85, 8 0 T 2% 2] 28 1)
ZARE

4 RESRE

EEXAESE GSVR BERLTGIE A UMW ZR A0 A RZ AL BE B il AL, AR SCHR R T — Tk 130 20032 8 S 48 1)
B[R] VUHURE R S 22 S ) B A R T 325, 8 7 23 s 45 A T SRR A 1 [) A S AR 2 I B SR T S AT TR AR
F10 T A A, R A DRAIE 7 VR I R0 1A T I A 20 v S0 IO A R RE AR RO B A i Hg 4R e T R0 26 T
MU RS (O A5 IR OB AR SVR S0, M TR 1 1 1T P 8 488, 2 I 5 I A 2 35540 Oy 35 A7 T 22 R )4
SN RPRE, HE 2D B R R AT R 2803 AT B B bt R DR A 548 6 [ 1
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