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Training of Support Vector Machines by the Steepest Ascent

Method*

Shigeo ABE!, Youichi HiRokAawa! and Seiichi Ozawal

Since the training of support vector machines needs to solve the dual problem with the number
of variables equal to the number of training data, the training becomes slow when the number of
training data is large. To speed up training the Sequential Minimal Optimization (SMO) technique
has been proposed, in which two data are optimized simultaneously. In this paper, we propose to
extend SMO so that more than two data are optimized simultaneously. Namely, we select a working
set including variables, solve the equality constraint for one variable included in the working set, and
substitute it into the objective function. Then we solve the subproblem related to the working set
by calculating the inverse of the Hessian matrix. We evaluate our method for the five benchmark
data sets and show the speed-up of training over SMO.
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Table 1 Feature of benchmark data Table 2 Performance for thyroid data
Data Inputs | Classes | Train. | Test Parm | Size Rates [%] Epochs | Time [s]
Thyroid 21 3 3772 | 3428 2 | 97.43 (98.14) | 4927 1531
Blood cell 13 12 3097 | 3100 d=1 | 10 | 97.37 (98.70) | 1803 931
Hiragana-50 50 39 4610 | 4610 20 | 97.58 (98.49) | 1870 1139
Hiragana-105 105 38 8375 | 8356 9 95.04 (97.56) 3601 2033
Hiragana-13 13 38 8375 | 8356 d=4 | 20 | 96.27 (98.91) | 1839 636
40 | 96.56 (99.97) | 663 205
. 60 | 96.62 (100) 57 109
inM EHERL T 5 kernel L LTROEOBEEE ; %513 (100) 790 it
= 20 | 95.16 (100) 841 1356
o Pk (RITHE) : H(xx)=x'x 4=10 | 40 | 9513 (100) | 408 717
o FHA: H(x,x') = [x*x’' +1]¢ 60 | 05.16(100) | 209 553
¢ RBF: H(x,x') =exp(—|x—x'||?) 80 | 95.16 (100) 237 424
I, UoAe7T-40FBIRLTRE, F-FDR
TEFREVD, FEAN — A NVITBWTRELRE
DEBANS S D BE, BBIRGTIETS LW HE Table 3 Performance for blood cell data
PELID, TRHEDF—F Tid, HAHF— F O kernel Parm | Size | Rates[%] | Epochs | Time s|
DBFAET kernel % &l - 72 2 | 91.23 (96.84) | 1008 463
, d=1 | 4 |91.29(96.77) | 480 339
Hipew(x,x) = _M)_, 13 | 91.32 (96.84) | 176 150
max H (x¢, ;) 2 | 92.00 (99.00) | 595 338
% kernel BA% L L TRV, X Tx EHE7—5 % d=4 | 19 | 92.32 (100) 69 65
£+, 60 | 92.35 (100) 15 31
2B, LFORT/RTAHHHMEESUN UltraSPARC- 2 | 9L74(100) | 128 | 238
I (335MHz) =2 25— 3 ¥ 2 ACHIE L7, y=10| 20 | 91.74(100) | 68 163
40 | 91.74 (100) 105 165

4.1 SMO &L
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MES 5 SAM TREEREEZROTIEHTE, H&E
kTR LEFETESL, L2LeAEOLT—-F 7y b
A XERES LT ED LHETHIOGFEEI MR D L
E, TR RICLATRESES 252 LY, —H
OB ELEHOFHERSHEMT S, Tablel D7 —%
TRERR, OROF—-FTLT—F2 7y bOH¥ A
ZH 10T 2 L F — 5~y FIC & b BB Hhe
K+ a0, UTOFETIET—FFEy A X
2100 L FICBE LT SAM o3 AR L & 5R4iE L 7.
BBI—Fv Ty P AXEEZDBENHEIEREL-T
{B012, UTOFMTRELEZT—FV 7Ly b Y
A ATBEROBEBESRLIBEVPEL TS,

Table 2 [CFRIRF—F T 2REERT. LB
W Parm i3 £ BROKREH 5 ViZRBF /85 2 — 4,
Size id7—* 7+ v bDH A X |B|max, Ratesid7 R
FFE—F (BT %) ot A E#EE, Epochs iZiX
WICELA#)ELEY, Time 3FFEMERT. #
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HEELILTLO I Law., Lo TRRDT—
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B100% I2h->TBY, TOBEAR, 7T—Fv7Ev b
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Table 3 IZMERT — 7 ICW T HERERT. RicBw
Td=4, =10 TR 7 — ¥ TOR#HEH100% 12
oTwad, BREF—FELEL2D, d=1,40L E(C
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Table 4 Performance for hiragana-50 data

Parm | Size | Rates[%] | Epochs | Time [s]
2 98.98 (100) 108 202
d=2 | 5 | 98.96(100) 59 127
10 | 98.94 (100) | 44 118
2 | 98.98 (100) | 100 321
v=0.1 5 99.02 (100) 57 201
uo 99.02 (100) 51 194

Table 5 Performance for hiragana-105 data

Parm | Size | Rates(%] | Epochs | Time [s]
2 100 (100) 112 671
d=2 | 5 |100(100) | 61 423
10 | 100 (100) | 52 394
2 100 (100) 96 2262
v=0.1 5 100 (100) 58 1534
| 10 | 100(100) | 53 1479

Table 6 Performance for hiragana-13 data

Parm | Size | Rates[%] | Epochs | Times]
2 | 99.63 (100) | 136 139
d=2 5 99.63 (100) 61 92
10 | 99.62 (100) 50 93
2 | 99.76 (100) | 129 325
y=1 5 99.76 (100) 65 209
u‘) 99.76 (100) 54 190
P L6 BEEFMmEL SN TS,

Table 512105 AHD VLB F—F IZxTH5ER%
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Table 7 Speedup of training by the cache memory

Condition Size | Hit (%] | Speedup
THY (d=4) | 60 | 49 13
THY (v=10) | 80 | 71 1.7
BLD (d=1) | 13 | 89 1.7
BLD (y=10) | 60 | 76 14
H50 (d=2) | 2 70 2.0
H-50 (y=0.1) 20 84 2.8
H-105 (d=2) 2 59 2.0
H-105 (y=0.1) | 10 86 43
H13 (d=2) | 2 48 0.9
H13 (y=1) | 10 | 68 1.5

4.3 LOQO ¢ Di#H

Table 8 IZER A RE (LOQO) [14] i #E % B
HALZzuY FrAEDOV 7 by 7 e BnTHERM
DHEEFTo R ZRT. LOQO TidMEF—4 T
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BERAOKFIZT—F> 7ty ML XH2 (SMO) @
FEDOTRMEERICL-EHELLEREZRT. SAM i
He bAEERL, Tables 2-6 & Y & b ETEEMAE <
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OFEMTPHT, FLLO0QU AT —F Ty b
AXEELIZF—FEy FTEICBRELTAZEICED,
FHEREPER SN TRENH L 7-OBFELREOL
BIERE R RV,

PB4 T LOQO & SAM XFRBEDET
Bl TWwAEY, FRRF— 4 BLUMERT— 5T
d=10t %I LOQO D HHSAM L W A EETH 5.
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BREOZL 2o TR LEDNS, SELH (12 T
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Table 8 Performance comparison of training methods

Condition LOQO[s] | SMO[s] | SAM]s|
THY (d=1) | 38 (40) | 1531 (1) | 931 (L.6)
THY (d=4) | 14 (145) | 2032 (1) | 109 (19)
THY (y=10) | 108 (37) | 4044 (1) | 424 (9.5)
BLD (d=1) | 20(23) | 463 (1) | 150 (3.1)

BLD (d=4) 19 (18) | 338 (1) | 31 (11)

BLD (y=10) | 185 (1.3) | 238 (1) | 165 (1.4)
H-50 (d=2) | 143 (1.4) | 202 (1) | 117 (1.7)
H-50 (y=0.1) | 288 (1.1) | 321 (1) | 194 (1.6)
H-105 (d=2) | 318 (2.1) | 671 (1) | 394 (1.7)

H-105 (y=0.1) | 1889 (1.2) | 2262 (1) | 1479 (1.5)
H-13 (d=2) | 99 (1.4) | 136 (1) | 93 (L5)
H-13 (y=1) | 181 (1.8) | 325 (1) | 190 (1.7)
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