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The Incremental Learning Method of Variable Slope
Backpropagation Algorithm Using Representative Pattern
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Abstract

The Emror Backpropagation algorithm is widely used in various areas such as associative
memory, speech recognition, pattern recognition, robotics and so on. However, if and when a new
learning pattern has to be added in order to drill, it will have to accomplish a new learning with
all previous learning pattern and added pattern from the very beginning. Somehow, it brings
about a result which is that the more it increases the number of pattern, the longer it
geometrically progress the time required by learning. Therefore, a so-called Incremental Learning
Method has to be solved the point at issue all by means in case of situation which is periodically
and additionally learned by numerous data. In this study, not only the existing neural network
construction is still remained, but it also suggests a method which means executing through
added learning by a model pattern. Eventually, for a efficiency of suggested technique, both

Monk’s data and Iris data are applied to make use of benchmark on machine learning field.
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Table. 2 Comparison of variable slope and backpropagation algorithm

FAE gz A A% dAE daeE
dE8+ | 994% | *eus | 984w
(Epoch) (%) (Epoch) (%)
Monk-1 13,2246 98.8% 76.8 98.5%
Monk-2 19,3787 99.0% 1237 94.2%
Monk-3 10,442.8 90.2% 1288 89.2%
Iris 1,337.8 90.0% 949.0 91.6%
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Table. 3 Floation-point transformation of
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3 1.0
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Fig. 5 Result of experiment-2 for Monk-1
recognition rate=95.4%
=]k o AR A= AHRAA7Rx] 8
AAsez AU-gAE BAAA F e T
FAD F 7 IEx& 2192 Al gsted i E (sec) epoc correct| wrong | correct| wrong
Ae 5§ extel 000017HA F7b stesp | 2O [ AR | 0 ] 4 | 4B L
- e ) 230 | 4742 | 121 3 ar | 2o
o HAE sHos A4 AT A 50 [ @3 | 12 | 2 | 44 | 18
o A8 A= ggol JEY gl o] 262 | 5392 | 122 2 a17 5
Ad%e 39 49 109 W2t 1 3 64 |4 ] 1 | 2 | b | 1O
. 237 4889 120 4 409 23
@ FAE 2 Aeld. 248 5092 | 121 3 410 2
246 5065 121 3 409 23
261 5358 121 3 413 19
259 5308 121 3 413 19
(@ Monk-1 dl°o]E} 5403 (51405 | 1201 | 20 | 421 | 199
X4 Monk*lgl ,‘%2%‘_19] é:\l}' ?_)4% _ 36 MODk*lQ’] /‘;J@‘B-o’] @'ﬂ} ("]é}%:ggg%
99.3% Table. 6 Result of experiment-3 for Monk-1
. 0 G
Table. 4 Result of experiment-1 for Monk-1 recognition rate=98.9%
recognition rate=39.3% a4 el dhstel dE 9 tadl da
%
time HAE i ime das A g4 A9 | das Ay |44
epoch epoch time | epoch N
(sec) correct wrong (sec) correct {wrong correct | wrong | correct | wrong
247 . 2639 431 1 9 20 p o fimlmm) o | 0 || 5 i@
258 2733 426 6 6 |47 | 46 | 6 {@ixes] 2| o | @] 4 |2
251 2651 428 4 B lws) 3| 9 [1malsmo| 2| o | @8] 4 |27
238 2517 427 5 wlom| | 9 ||| e | o | 27| 5 |26
237 2705 432 0 w2 a9 | 1wz 2| o | @ | u (2
235 2662 430 2 16| 500 422 | 10 {19 246 [ 124 0 128 i
239 272 428 4 6 |aor| 1 | 6 [ || 1) 0 [ | 3 I
229 2607 427 5 lws| 4w ] 4 Jwo|woe] e oo | o 1 |
223 2551 431 1 5t 5] 26 ) 6 fuss{m2| 9| o | 27| 5 |20
228 2603 429 3 g am | 9 ] 8 fmlme] 14| 0 |2t 5 |2
2380 2638.0 4289 31 172 |3060] 4238 | 82 [|1s18]ase01 1240 | 00 | 273 | 47 |20
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@ Monk-2 Hl°]¥ FE 9 Monk-29] 4%-39 A3 A4 8=821%
Table. 9 Result of experiment-3 for Monk~2
recognition rate=82.1%

s Ao distel dE AY S dstel 3

B 7 Monk-2¢] 4g-19] A7 rime HaE 4y || g A9 | HaE Ay |59

ﬂﬂ% = 85'6% (sec) evoch correct | wrong time fepoch correct wrong] correct | wrong aku

Table. 7 Result of 'expenment—l for Monk-2 ml o = s lzlw el s s =
recognition rate=85.6%

603 [3r77| 366 | 66 |61 || 162 | 7| 37 | ® |
time HAE #Hd 273 |14 33 | 89 [[106(2%6| 160 | 9 | 30 | % |3®
(sec) epoch correct wrong 319 fzior | 31 | 8 f 77 f1mi| 160 | 9 | 333 | 7 |3
1370 11530 358 74 23 [ 3280 363 | 69 fJrof3siL| w84 | 5| B | B |58
2189 15303 372 60 309 | 2387 | 360 | 7 [j417 |78 13 | 1| 349 | & |6
2052 14780 371 61 669 (4693 | 369 | & [ 72 |w6a) w2 | 7| 3% | 7 {74
1486 12381 360 72 348 | 2579 | 313 | 3 [22n 4301 157 |12 ] 360 | 72 |569
2103 16254 362 70 108 [ :61 | 367 | & f12n{2ma 161 | 8 | 360 2 |59
1268 9353 365 67 610 |3133] 365 | 67 [ 9| 165 | 41| 33| & |64
2457 20829 374 58 4441 {31576] 3633 | 687 1444020133 1611 | 79 | B15 | 75 |35
1272 10785 367 65
52099 12870 387 45
1420 12029 382 50
6771.6 13613.4 369.8 62.2 & Monk-3 Hl°] &

E 8 Monk-2¢] 29-29) 23 914 8-57.4% 10 Mol 34 A8 -1) A3
Table. 8 Result of experiment-2 for Monk-2 Table. 10 Result of experiment-1 for Monk-3
recognition rate=57.4% recognition rate=86.8%

time | o+ g Hd HAE #d time epoch H2E g
(sec) | PN [ orrect wrong | correct| wrong (sec) correct wrong
482 | 10843 | 103 66 235 | 197 583 6658 381 51
627 | 14135 | 116 53 261 | 11 ™ 8760 377 55
497 | 11252 | 106 63 24 | 208 488 9669 370 62
563 | 12666 | 113 | 56 253 | 179 49 5798 380 52
646 | 14570 | 116 | 53 20 | 172 o7 8218 371 61
439 [go12 | 102 | 67 | 227 | 205 486 5642 372 60
554 | 12509 | 123 46 266 | 166 540 6269 376 56
669 | 14808 | 118 51 266 | 166 597 6930 378 54
729 | 16266 | 105 | 64 2271 | 205 531 6159 377 55
566 | 12820 | 119 50 260 | 172 599 6497 368 64
577.2 [12978.1] 1121 | 569 | 2479 | 1841 574.4 6660.0 375.0 57.0
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Table. 11 Result of experiment-2 for Monk-3
recognition rate=78.1%

time LE g Ll HAE g
(sec) epoch correct | wrong | correct | wrong
554 12359 105 17 313 119
388 8734 112 10 341 91
380 8587 114 8 338 94
303 11343 111 11 332 100
41 9296 114 8 344 8
428 9165 112 10 333 99
527 11912 112 10 337 95
379 8587 111 3] 345 87
439 9912 109 13 344 88
408 9203 108 14 349 83
4417 9118 1108 112 3376 944

# 12 Monk-39] A¥-39 A3

Q14 &=84.9%

Table. 12 Result of experiment-3 for Monk-3
recognition rate=84.9%

g gl st AE HY qfol st 2
ime gae Ay i A HiE dd | +3
(sec) epoch coeet [avoms time | epoch coreet [rors | comreet Toerorm 2)3h
134 11552 | 384 | 48 |[212 {4782 ] 120 2 376 | 56 | 346
102 | 1185 377 | 55 }1260 13899 | 120 2 37 | 57 |362
11311305 377 | 55 {212 14791 | 119 3 377 | 55 (325
226 {2624 364 | 68 | 444 {10018 118 3 355 | 77 {670
12311433 | 371 | 61 (2395375} 118 4 367 | 65 |362
115113401 369 | 63 (1244 15488} 120 2 3B8 | 74 339
130 [ 1515 370 | 62 ({248 |3600 | 119 3 37 61 |[378
13311302 370 | 62 }1245|3377 | 119 3 361 71 | 378
106 [ 1231 | 369 | 63 (2064654 | 120 2 361 71 {312
128 | 1476 | 373 | 59 |[204 | 4598 | 119 3 366 | 66 |332
131.0/1516.3| 372.4 | 59.6 |251.4|5658.2] 119.3 | 2.7 | 366.7 | 65.3 (3824

@ Iris dHlolH

Aol A" AAFY FxRe 498 =
Z7F 470, &Y Ze wrJ} 10/0eln, &8
=7t 3ME FAEY. st AHgE g
HE 5 @S AaR= &9 V] EIE
042, 8F€S 052, 2HESES 0702
st oen z7] bR HYE [-3.030]2
G A7 E AREste] vl A St o Irisd o]
Hel 44, 74 2dH2E 279 ZFeaHE
T £, 7 EE2HoAM 579 AHS

A

=
=

&3] 2 HE € ALE 307001,

37tA 9] HAES Y3t dE dEH F59
EEAS AAstgt. AA st sE Y A
FE 737403, HAE HEE& 7470},

& 13 Irise] A¥-19 Az
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Table. 13 Result of experiment-1
for Iris recognition rate=93.2%

time HAE
epoch

(sec) correct| wrong
107 2031 69 5
108 2050 69 5
108 2059 69 5
116 2077 69 5
107 2026 69 5
100 1846 69 5
101 1912 69 5
130 2462 69 5
102 1934 69 5
103 1960 69 5

108.2 | 20336 | 69.0 5.0
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Table. 14 Result of experiment-2 for Iris
recognition rate=94.5%

time o e HAE 3H
epoch

(sec) correct wrong | correct wrong
98 4126 73 0 71 3
92 3813 72 1 69 5
7 3176 72 1 70 4
78 3306 72 1 70 4
82 3438 72 1 70 4
119 4949 72 1 70 4
84 3406 72 1 69 5
71 3021 72 1 70 4
69 2926 72 1 70 4
77 3238 72 1 70 4
845 3541.9 72.1 09 69.9 4.1

B 15 Irise) 48-39 AR A4 E=-946%
Table. 15 Result of experiment-3 for Iris

Monk-3 dle]El9} IriselolEle] 3, tiE
A BLHoz F2 5 AU wd
o, Monk-2 Elol&{e] 75 5
FAel o ZE&E AU &8

g @7k fAH L 2T
o] g geteE o AEolE

rr

49 e ANEH gl 2oFE
N7 2EAN EHEE GeH 2o
T 16 UE Y F59 AYHAFANE

Table. 16 Experiment result of
representative-pattern’s extraction(recognition rate)

o) Al .S-(C
recognition rate=94.6% Hol 4 & (%)
A4y 1 A4 2 4% 3
g Aol tiste] HE HE ol digte F
ime] |2 49| te A9 | a.c A0 | 29 Monk-1 99.3 95.4 989
(sec) 0 orrect|wrong i lcorrect| wrong fcorrect| wrong A Monk-2 85.6 574 8.1
% [664] 69 | 5 ||STjM0) B | O | 69 1 5 | B Monk-3 86.6 781 84.9
417 70 4 84|31 13 0 70 4 125 Iris 93.2 05 94.6
2|s1|6 | 5 [afwe]l B3| o|0] 4]
oim|e | 5 |am| 3|00 1]s
a9 || e | 5 les|zos] B3| o0 | 4 |06
|| 0] 4 [erimes| B | o || 4 |10 E 17 0F 949 F£9 48943 (FFAHR))
37 |701] 70 4 lealmol 3 o0 3 | 100 Table. 17 Experiment result of
5 leel| 6 | 5 %7l 31 o | 0| 4| ® representative—pa.ttem’s extraction(learning
S5leo|e |5 fujws[n|o|n| 1] time(/sec))
12 |m7) 69 | 5 [[47|1930f B[ 0 [ 0| 14| & ta AlTHE)
200 [7513] 693 | 47 [506p4es1| 730 | 00 | 700 | 40 | 996 sl ol
i 49 1 449 2 44 3
Monk-~1 2380 249.3 2290
. Monk-2 67716 5772 588.5
Iris @olEle] ZA$Al%E, Monk's Hlol¥ =
. - = - Monk-3 574.4 4417 382.4
A T4 AP FLI AFHE QS
Iris 108.2 845 99.6

Aem 55 Are PE A48
g4 Azl AN gl IS ol
MAL A€ F3¥ 4 Atk Monk-13

A st WEe N¥-19 AW AR
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Z28 AL FAsA YL o] ARE HY, o o] 493l Ao AH EAHO JE A®
% o9e 229 1842 928 & Ad. B2 WE wYel F&o §oId Aol
GE AUDE HeE AY-2el A% A4 G oEH® S4el Fe Azl TR
gol ol Aty Apdo] FEHYAY, s L AESH, B wofEd Fb H5 7Y
Ags GE AEe FAd Asd 4y-3 = S 2 Fse apHelx g
o A%, ®HE Azte] HAg-1o] A & g
. ¥ 18 Monk-19 43d}(F78E
5} olAl S S Aot AlAlo SE] =
& AN &S dude Aol dE Y F Table. 18 Experiment result of Mink-1(Incremental
Z9 HgAe U8 & Aol Learning)
12471 A 8y 71 %
testAA el dhated|l g 24 A fieqidgol distol
Fooch Correct | W asas | 00 j? ;ﬂj? Correct | W
' ° o S, 3] D= orTed rong dgle} 7% [ Corec rong
5.5 Monk's dlo|89 F7} 3 104 | 40 | 12 52 | 6% 0 22 | o
89 | 46 | 6 % 701 1 120 | 3
T sl ol = o e } @ | 426 | 6 % 558 1 a2 | 3
ARA gty dnEe ATskEY, 27 8 |4 | 1 51 419 0 @2 | o
o] 3t HElYol= 37} gF o] Yo o | a8 | 14 | 3¢ | 480 o 42| o
of 31 monk's HOHE o &34 zigh 87 | 41 | 1 51 521 0 a0 | 2
N 9 |45 | 7 47 726 0 48 | 4
& 49& rAFAt 8 | 47 | s %5 520 0 429 | 3
9 | 46 | 6 4 558 0 a2 | o
. L odm & e o S0 = 72 |43 | 9 4 389 0 @ | o1
Z7lde AA e AdeE HEe 5 1510/ 10-014238/10| 87/10= || 487710~ Fﬁ/m o-02 JEOW 0 16710~
8 3} :?:, Q1A A AAL TA A Ed & 10 [=42331 87 487 15506 17~ " ll-43041 16
2 2934 @ "HAE Jd€HE FU2 e
A7E 2YE FP3A ol F7t &F vi. A =
- - . ) I
e 2% dE AYY 27 4 o

H3tA Aot o] 499 2

e s nEAo|lert, Monk-1dl ¢} stgaior & dlolHt F7]H oz LAs)
Heo X7t ojgd A g FAg € FFA 7E FFHeR Sovr dw
T ARG e A AFolrh A zHE ZE0l7 Hsﬁ g A" 29 B©3
A3 g HHE ol &¥ F7F gqFol #

ool AR A AYL 10W £y F SEHoM AY HeHdM HAz: HE
B Fxol, Aage] x719 980%NH  oAAA &5E FAUT At FWH F
27} gaFoe 96%2 FFHUT. 218 F& £ ZFHelM 2Rl Monk-1
40) JElAGt 2, Monk-1 HlolEHE HEE  o]gyle] rEE wd Ayt Ugd o 4
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