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(A Stroke Matching Method for the Off-line
Recognition of Handprinted Hangul)
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Abstract

In this paper, we propose a stroke matching method for the off-line recognition of
handprinted Hangul. In this method, the preprocessing steps such as position
normalization, contour tracing and thinning are carried out first. Then, after extracting
features such as the direction component distribution of contour, the direction component
distribution of skeleton, and the distribution of structural feature points, strokes are
extracted and matched based on the midpoint distribution of the direction and the length
of each stroke. In order to reduce the recognition time, a preliminary classification based
on the direction component distribution features of the contour is performed. In order to
demonstrate the performance of the proposed method, experiments with 520 most
frequently used Hangul were performed, and 90.7% of correct recognition rate and 0.46
second of recognition time per one character has been obtained. This results reveal that
the proposed method can absorb effectively the noise in input character and the variations
of stroke slant.
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Fig. 1. The structure of the off-line recogni-
tion system for handprinted Hangul
based on the proposed method.

H71A) 39 exal ANS AT ¥ I Y 7

# ETA AR e A e 8§e
FEY o A VAR A2 HoE FERA Y
w224 ]y E3] A4S AAY 5 e, 9
R FA N g A Fxs) 724 53
A 2x 223 Yo 34 ¥E 54 diztd 54
Aol 542 33ld 2E ALE FEPo2A A
Astel 8 F3ol o 9l A MY £AUE A
HHon o & 5 vk =7, ol i 5AS
S8 o Yo wpge] 22.5°F FE¢o2H Yo
717l gk My Ao §5 ¥ 5 ok

£ e AL ot Ao [ AelME 9714
2o exelel QA § & M 729
75 2, [Ae e o &2 G4l Nt A
el Zlda oo Wk QY BXE 5L &3
= WS 7ledch V AdAde 54 88 32
she dbgoll oA avfEts, Vo Aelde 8 Ay
2R el Bt g W Aelde Ay
H A FA) @ste] 2, b wheg VI el
e A 2 deze] dF Wik AR

I. 85z 1A A7

A =37 F2 S 9% dige 342 4
AL 39 o2 o)A e fxelql Q4
ol #g A77} ekt WHES sl A=Ho
g, olF WHES A 4 A Y, 7=2A
WY, AAEE o] 8% Wb, FAAA W 52
2 25 4 Aok 00 o] FellM FaAQ Wy
Ak A e slzEte] Alant ARy gt e
A AR 718 84k 2Ete] dR4de 3
te] FARE M3k wWe2, Asal il o

FaE AN o 4 Fa0 2FeI #AE
AMeh: A R e Fasld g1y B
Zte Ha 25 A" Y] vwEg 3 AE A
Agress FabE e H AR WyeE e
T edl, & AdAe HF2d APY 7129 o
Tl Hafa] Absfect,

Folzt £aL2 Ak 71 Aoz dubre
2 o2 FHE £ 9 Mol Adel] F& FrE A
of AwdellA "ol wj7hx] Ho] Azt H2E 9w
geb Ak YA M Y B ez

e

oy

e FEshs e 2 A S AR o
e FE3he Wy U AAE 9AE ANA o
e FEse M T o RREg

Azt dAE AR o 8 FEse whEe A
Alst dAE AR A Al dis 53PS 353



78

S

3, o] BAAE Ale|E A= o z22]-&
42 WA (Good continuity rule)°ﬂ ols) A3}
of B EZshe B0 223 AXER
EANYE Alolo $12] BAE ol &3l ¥AE A4
= Yoy} A4 = FAHE FEse g "’
Wog s 4 glrk ol WHES At 2
b Fa2b dabel oot SH-HQl Mo vl =l
et Azlshed B AZbe] saslthe Aol
A" AAE BAE ARozH Fx A FHA e

2983 ki A 24 Q2@ FHavtd
& 5 3ee BE 5 FE0 bRy

AHes 8 FZo) golstthe Mol AUk
P, 99 ¥ A G 2ye Ho HHE
A BEg 4 gle Al ok&}h 1o
ute} 8¢ F2slE e A5} dsdch @

A3 DAE AXR ¢z F& FEshe YL
AAs HAE Axle el S-S Belsb] 99
Aokl whio g iy ZAL w1 e 8
A3 vh (Bidirectional stroke propagation
method) " | #]4] Z|ub WPy U o] Qo oA
TAb B A dAbS defe] B oiEen
el g o B9 B E}Z}a": Ato] 2] ”1

A ejste] A& FEshe wyelst. of Wy
A o B 23 whtuch ko)A ok
2lgo] wé Baralche we) itk o W A A

w2 3o 71E e

e ez ¥ A4 &

ole] Aaf F A
sHdshas gzke
A5 A7 DAl w2l e B2 WS
Ze Z3le whyolch. o] wh2 A 7
£ uef olole) Foju} A Hell= A 4T 5 Gl
o] 7} 7|8 Wb e #aF 94E asfdgslof s
Azke] 22 Aychs el qlvh. AAZDE WS
RS FAse 2 712 guHE vl A Fu
TApe] pzel g AR ANEE s Hels
2Hg o5 ¥AF A4S 20EbEA AHLF v
Wyl whe} 88 FEshe whfielnt of WS o
Z A Aol s 2] o el WSS
Adegre gy 8 FFo] rhestAnt okt el
Wae xdshe G714 Exlele A @t A
Ast dAE AXA da e FE3he ol W
5 dmel el e BAste] T ARAR
AjAstel] o EshA) eka el £Ab Aol R A
BE g Fgsle] He FEA she WL
2 A g vt A gles ﬂ{“ﬂ{—
T2 gae | FeE WA og | A
AL Yelz I & FEhe NEE HL‘”"I

o ;L;;
=

1993% 68 EFIH¥&m

=4
B

(606)

£30% DB % 6%
e e,
0. ®xzl
AAe] DA ER 223 8§ 255 fol3A F
719)8ked 9l8] edate] ztedmt FBAS A <
ARA, B =Fde a2 At oA 24 9
A3 A o7 FAs)

1. $1x] A3t

E Bab dake] B3 $e] Skl AN @
T olx jEog A9 gloveg Fzl RES

Fool AAA 2A A8Ae) FASA Aol
e

2. oA W Y BA 2

23 2(a)gh o] HFAE wErle o3k F
shaol] ohal ul Wk H, 30 V. 3Ab L
$4b RO W A¥-E 3T o Y e
N x NAg #8 do9ez vppeir 7 4 sle
9 52, 23} A e Qe AE Al
o] 23 2(b)et o] oAl Wk A FE 54
& &3y §A9 4 ## 49 24F A3 H
A /]y Fxb odake) wA)eg A ¥
29] ellell A& (48 x 48) / (49 x 43) = 1.07=2 A
s et

EYLT ¥ 2 &1 24

ET 133

z® E
E
»

SYERS

(a)

of

H) =3 (V) #AHL) +AHR)

4
1

°

conew
coouwa
Zowan
ool

hal-X-T T
cowno
wesrao
wonmw
cocan
—eana
couwmm
onman
Soomo
NO-O
—————
ccess
woaro
JRUTYOPN
~co=o
coomo

(b)



SEE 79
FRHH) $3 (V) FAHL) $2HR) 2|N(k+l)—N(k)|
38201002718/ 12002|00000 i — oy
R R
S ML L L &, N(k)& 34 P9) k-0l N(8) = N(0)
(c)
7zt staol g 2Apo] e wFHL 0, BAHL
ag 2. A zlell digt A W A XX 5 1, 35943 47248 2. #7138 3, axAdL 47
A F%9 4 (N =5) Hed, 25413 423 Ak ghol 284 A
(a) o=l W AR 2 3] ugel x| f& EE 5 flerg
(b) A3t Ao ek ¥ ¥ %J FHHLE v 2L A S AX 53}
(¢) A3t Fo| W A £ 5 1) ¥ BAA Apolo A=l (3aEe] A)7t A
Fig. 2. An example for extracting direction A T\ B} 2H& AS- e 2 A4 AR
component distribution feature of 2 7hpete F53 8 &34 dedl
the contour for Hangul & (N =5). 2) BAA Alole] 3tiEol i3l 4 wke] Aal
(a) direction component of the contour, %= (Chain code)& A%}, (29 3(a))
(b) direction component distribution 3) Al =9 ¥ 3}4AE JIELE YHE o]x3)
feature before normalization, = B 719 sAE AloldA 71 gl Yehde
(¢) direction component distribution Wakpo 2 7 3h4o] upEke dix|3kc) = Al]l
feature after normalization. oo 3t Jg3E FPgcl (2 3(b)
4) A Z=F weprbe Whdke] vl 3AE F
3. AAlst THeg &3t (2¥ 3(c)
B =FdA= Kwokel A3 dzelE™ & 4t
43t Ed, Kwokel ¢ Bat
stk o] Qi whdel, ¥Eshe MM e E E
5 sledl AelsEr) b4 whan, 2k FAM ? ? ;
o FAE oj$ $5% Zoz deid g W o» 2ose00e’sos] | Bennsn’oons] | Gosoooc’seon
Aol Az A Sl e W dEx
A F%317] 918le] Kwoke dwelE-E A8 (a) (b) (c)
AHgstgdct, AAERE Ao dsidE Ao b
g AR X 528 5T A A& e a3 3 'Ll ARt 5" $% e
whake] wbgl AR-g FEsle] A wWEE ¥ (a) %3 Al 2=
X EAg $E3c (b) H¥siEl A 3=
(c) &9 234
V. &3 % & F& Fig. 3. An example of the inflection point
extraction process for Hangul
1. 724 544 2% phoneme "v.".

AAste Fxb od el 9] 4 (End point), %‘3‘"
A (Inflection point), ¥714 (Branch point),
a3 (Junction point)E-& 21 4] ¥l & 4‘4

= 223 F2A ARE by gleng oI
ERHES "3}"4 F2A EAA ¥ EXE F
%ﬂ# §-338 FE& QA o8} AL of

= g kil digt 74 329 #FUIEE dEpie
AA(Crossing number) & o] 838t &3},
54 Poll dig Ak, X2l gk A (D3 o) A
q%q_ [13;

o)A B2 ezl Qe

(607)

A% 8 H3 9

(a) extracted chain codes,
(b) smoothed chain codes,
(¢) extracted inflection points.

A ZEol Rt H8e HolH el uhso)
$dshA AYHA e Fe o W Hase
weste] oo} wre AW Yo A ==
£ flstA Aelge)

2% 3@eld Hom EAR 39 whe] g
77 5 ghadel o Rolx 20 Wake] s wel 1}



80

ehis whakelmg a9 3(c)9h el 39 wWaks 29
WEre g x| g},

2. 724 5AH £ 5 32
#2372 SAHE olgst 1 ¥EE A

o2 FEdhe A EAHE 32 A4S N
x N7Ke] F-3 oz vhpeld 7 el gle &

AH(E), 71" (B), ¥7HH %lzd(B + 1) agjx
2E EAYE + B+ 1 + J)EY ALE AXlsted

5o x4 BAH 21X 5% %{M ol2] gt
Lﬂ THE 93t o= EAHES o8 23 FlA
713 sk A e]7] wjfo)c).

@ ) WAz pyse
Apom P 72
Adein =L

ol FHase 34
44 Al A
SEIES T
A SRR
FEoch o, AdsE
ogol 4R 4 U7l ABel, FET
3] aom A Treh 2z 2EY 2
M 2R BAde] B M) AR )
ohe BEe] SAHel BB A 3
Hold A2 Ao Fale] 1 wpEe FEa)
A ekt aev shiel ate seg 7EsE Al

h =
-

n-,d

°olx,

P pREog FE3c)

4. 8 %

o] HiAl= FEd F-EHo] o] BAHNA A
2 AZHARE AF. 22E FHARH s gog
dAA7= HAHos, FEFo] Mg d4" EAA
= ‘“‘°ﬂ e} o3 e A ZpAY s

sle] 5 FE-E S she] Hoz A}
1) 7 ¥Ego] FFHAA Wd A% - F R
o] o]F= 7+ 8 o] AR Tyt & AF F
523g shte] gow oA (19 4(a))
Al F-EEo] BN whd Ag A Y
o] *11 ol 7t FolM 7MY & 2t F Max
@ g 0 )7} AAA T2 F A4$ M
2 74% o]F ¥ WYL o] o 9
gt (29 4(b))
v EE o] seapgelA uhd Ag- - ] H-E-Eo]
MR olF= 7 FollA 713 & Zht AR 2

2)

3)

19934 68 ®EFIH&H

AL

(608)

=+

#$30% DB #®6HK

zZ}o] AR TyReh & A 1 74& olfe F
38 shie] How A3t (¥ 4(0)

Ao
é—* =
oy

38 4. ¥4Fo] Wb EAH u}E ] o4
(a) 333 (b) ¥+714 (¢) ¥4
Fig. 4. Connection of strokes by the feature
points in which substrokes meet
together.
(a) inflection point,
(b) branch point, (c) junction point.
5. 89 33 ¥x B3 %

S22 Eo o - fAel ofs def whak
Aol aelm e FHE 7k Yo Wk 1y
5¢] wiapztell wie} 5, 3, FAp, $AF Hoi
e o] ol dAF Zeld A fsisie A
T, &% v}, o] Y BE 5AL FHo
gl Zolof whe} M x Mo= Afsld 7 /e

Z o] 719 w3k Yda) A J)e] Zo] W]
o] B HE 7t} Holzmyg oz FE3}

|, 5



23 5. wEkrte] ok go) uhd) e
Fig. 5. Type of the stroke direction by the
direction angles.

74 x N x N Aoz F4sgon, #e 34
2 5o T £E AR 2 Wl 7 o
ZAo] wEa FA ASE Palod Tx M x M A
oz AN 27 62 A 3 PE Ao
o EE AR oflolet,

+
o

£

TG

T

a8 6. #o FH - B4 gk BF ARl

Fig. 6. An example of the standard pattern
for the midpoint distribution feature
of the strokes.

U2 FAke] S 53 ARz FYA. A
ARE @ES) Sstel wE Eabol e )
HH BAQ) slade) WY ¥ 3 57
sfof chi-Falglonl olif WA ¥-F
o Fu PAUE o slahidel W AR

%]

AN W Ay 2x Pad 54H FE
aeln o) FY R 54 AHgstel 44 vRe
e},

YA @29 el A4S AR ¥ e iy

(609)

81

Ao Wk AR Ex A HAEE 4] (2)
o ofsf tate}, A W Q¥ Ex 59 #
st 2 B FE 5 fakee A (2)
o} FAdF oz APt

N N

PIOPXCACORDAEY @
SC=1_ i gm) k=l
d Cd
i A S A 4
N © o3 siEe) o] B A
D' : ™ smie) ol=ha e ¥ EE 54
D' EE iRle] oA W ¥ x5

H el FH RE FAEE A el s Al
shel, 9 Aolol 4 Ex FAEE 4] @l o4
Axkaich. Q18 A9l 543 wF AR 57
FAEE BE B4 peistel A (5)o ofa At
gl

N
S = P(N,N()x2 Max(Win”)/ N 3

8§ = P(N,N, )x}N; Max(Win)/ N (4)

PO ¥ A e 35 ARG HS Ao
of m& g3

N sl Ade g

N, @ &% H=e] g

Win" : ql® shed o] 24 ex]o) digk g wt
F EF Jeldlie] K x K 9454

Wwin" 3 sl Heo| 3 fxo HNF FHef A
ol F AENM K x K d=¢

S=S x W, +S] x W/ +8, x W, +8]x W, +8 x W’ (5)

STy - FAAY uEF AR EE B fAbx
S, - TR B ¥ EAY fAR
W Wi, W W WS A

Vi, H8 ¥ 22 24

Ald #7432 PC 486(33MHz) el Turbo-C
Aoz FE3lg e, Microtek MSF-300C <34F
S Fa 7F2 Tmmet A2 8mme] ARz}l
PILOT Hi-Techpoint .5 54 A4 #log Wr)



& 1993% 6H ETFI8@H

& #2128 200 DPIZ ql¥sted A#sielet. Ay o
4 FAE T A AFadN 2R B2 A
Bl Bk 5207fe]w) 109le] 104 B7|g
dlolel FollA 5219 dlelets XF S k==
ARSI Y BE dEl TSl Fedsir] ¢ 5al9]

dlolebi 14) Aol A8
2% 7e siel WY ¥ PE SYDE T
sfo] HpEFIIS W, QY SHEe) oo 2 A

2
N& 33 5 283 7 d2bel] sl 604 77}%1 a2 5]
AR 74 AAES vehdnl, 3R AlelA
3 F8 9 20 7A9] EAE djakez A &
Feh A3 Exl WFE 90.7%2 AAEF .46
9] QI AlZEE Hehliglth B =RexE 89 &
A B iyt sl %5 sl 3w 371 M
L 1602, 3o 4 =)ol the FAREY] A4k
A" BF "My 5% 9 Ke 3eg 4
deldeh 23 8L ook EAES 233 A49

e o

AAES e, ¥ 9= ARG g X Azt
< vhepict,
100:
¥ AT
q
g
%) g0
70
50-
1 2 3
O S 2 a46x3)
O 99 £ A5 (5x5)
W EgAF(TxT

% 7. o=HAe) W AR 2
857 A 72 dAE

Accumulated recognition rate of
preliminary classification when only
the direction component distribution
feature of the contour is considered.

Fig. 7.

SRR
4 89
Qgol AR

SIS

r«[m

%8% & 5

7|12 84 9l 3L

% ¥$£30% B&% ®o6H

glovl, 9 59 waprel wet el wake AR
24 39 71gv)d) ot WYe BRden §4
¥ 4 9leg vl

@
© o) WP F2Y $AH RE
@Sl YR AN PP HE BT
LEEREPTIEN EEERE
@gl;_*,k{A uLﬂ'kME ,_17_‘1144 H}»

$HEs 72 54 4 T T

O% 8 obFgt EAS 2§e 499 A E
Fig. 8. Recognition rate when various
features are combined.

AejaA el A7
A= 0.01z

AAsl R oA 33 0.11%
5 > 0,012
Yz 0.02%

X E-F 0.22z
AL 0.092

A 0.462

g 9.
Fig. 9.

A W A Azt
Average processing time per one
character.

2% 10 A 3 A ueld AR 214y
22} AR oolct. AW Fal 214o] WA

L
L

(610)



THE

she el o Zo] #AMEA. A, &2
4o os sk fARE £3F Alel9] )
o firhs AHolch o7 'm’ A7} ‘9 2 B
A7 B AR 2414 He F HE A #4
g W ZolE = Yo Az A e
o] ofsiAr] dlEelct. EA, "9’ e} "o’
Aol e} A yoht A ke ‘AT Aol 3
B3} zho] vhekyt GAR A& AHF Hol HEHA
v QAR Fo] RejE= At iyt Aol shyst
Al o]FoNAAl FYrhes Aot} mARog, 23
dioletel] el EF HDE FASA T A=
2T dleletel] HfF o] o] Foldebd Rr} Al
=4 e Wlel d # gl& o dddd

£ % 9

% won gy 9

?f

¢) — 9]

a3 10. &A= AEe o
Fig. 10. An example of the misrecognized
patterns.
VI. 28

B =TdAe oy EA dAd dig $1A] At
3, =4 A 2 AAdste] MY AAE AH 9
*-%*M uheF AR X, A wE AR EE

zA B £¥ o 45 FE o, IS

FE3le] Fo] Wk %l°l°ﬂ 3 24 $x BHo
i Agshe "rlA 29 exeiql QAE 9% §
A ahS Asksiedct.

Q] Azke] @S sle] #jEAle] W AE £
¥ ERAog diFey, L SAER A £53
o AEY Ax, FF A =S A 5207E 5
o] 104 1&g dloletol] sl £ HF 90.7%
9] QAT 0.4622] A AIZHE Vel

Aokd WL A4S sk 8E FEE o v
A Aed e oz FEaA] dFoFZH FAb 44
o viehd 5 e AdE AAY 5 UKo, W
AR Exst 7xA 54 ¥ a2z He oig
Fz24e EAd djsle] FAAMA 54 sty
EF Aue Faozd AAdsiel 3 4 ¥
¥ TZ} Arel Aot ¥ A Hell of
T Wy agdes F4E 5 U o 7 UA

o

71A @2 ezl

(611)

A& 947 4 F Y

83

o med ALY Y 4G Ee 9A BRe Q)
A= 448 4 9loelzh Adee)

oo AT Wae e A weld] N o
b AgA oz o) Foirol ¥ Rolw, o FE
AEE 2] A8 A2 gl B APt A
452 Ade) A AFH =2 $RIE Agst
£ olyel B A Basht wa, YA B
QAo A s Lz Ee) AET a6 B
Y 23 Wyl VY AT ASHLR o] Foixo}
¥ oz ARdY.

Uhtel 2

%

T T

¥ QATE BIIHNAG S5ATAE Y
SEDEEERERR IS

NES

2E XM

k-1

U,

[1] o] % LT B = ) B = Rl 0 s B
o 59 59k °:]’?' A AR " A
13 2z} Q4] =z4F 4® =¥, AF
1993 5%, pp. 3-46.

A I A4 QA A" i %
FA Rk A A 99 A 1%, 19914 249
pp. 22-32.

K.S. Fu and A. Rosenfeld, “Pattern
Recognition and Computer Vision,” IEEE
Computer, October 1984, pp. 274-282.
7wy & 32 H g A s R
Z2Z 9h S o483 & jHF A A2
78, ditAdapeehs] =5, A 299 BH
A 63, 19923 749, pp. 25-31.

7 e#F, T. Agui and M. Nakajima.
“Stroke 3ol 97 "r)A Fe] T
QA7 iRFARE RS =], A 2569 A 1
%, 19889 14, pp. 18-26.

7 g9, qk A3k A 2, A elE "CFG
-2 o] 8% Hr)H FHFolM e A FE3
Aol #|ZF A" dFAAFEIE =EA,
Al 299 B A 95, 1992 99, pp. 8-16.
[7] »] B4 ol U, "H FZo 23 TF ¥4
QA AlxHle] A Y R A 23] FF Y
gTAPn e HeURI =7, AL
19903 104, pp. 200-207.

o] 2%, "4 IEF A4S 7 AY FF
o) A A " EHEv|ed HAE} At

(2]

[3]

(4]

(5]

(6]

(8]



(9]

(10] 3t #l%d, 2 A¥, "g 7]

19934 64 EFIHEEHGE

39 =1, 1988+ 24.
# Wg- T Ichikawa, H. Fujita, "3& <
Aol glelA 9] Apa FF 7 WA AFEE A,
Al 18¥ Al 23, 1981 44, pp. 36-43.
& o4 I
g QAo B3] A7 AR s F
AsdT3 4 e w3y =5, AL
1989 64, pp. 3-24.

[11] X. Zhang and Y. Xia. "The Automatic

[12]

(13]

Recognition of Handprinted Chinese
Characters - A Method of Extracting
an Orderd Sequence of Strokes.”
Pattern Recognition Letters, Vol. 1,
No. 4, May 1983, pp. 259-265.

K. Kobayasi., F. Yoda, K. Yamamoto
and H. Nambu. "Recognition of
Handprinted Kanji Characters by the
Stroke Matching Method.” Pattern
Recognition Letters, Vol. 1, No. 5, 6,
July 1983, pp. 481-488.

H. Ogawa and K. Taniguchi,
“Thinning and Stroke Segmentation for
Handwritten Chinese Character
Recognition,” Pattern Recognition, Vol.
15, No. 4. 1982, pp. 299-308.

[14] S.K. Han. "The Recognition of Korean

Characters by the Structural Approach.
” M.S. Thesis, Dept. of Computer
Science, KAIST, 1984.

[15] S. Mori, W. Gillespie and C.Y. Suen,

(612)

£30% Bk % 6K

(16]

(17]

(18]

[19] ol A=t w1t 3, "=

“Constrained Bidirectional Propagation
and Stroke Segmentation.” Pattern
Recognition Letters, Vol. 1, No. 3,
March 1983, pp. 161-167.

L.Y. Tseng and C.T. Chuang. "A
Knowledge-based Stroke Extraction
Method for Multi-font Chinese
Characters.” Proc. of 9th Int. Conf. on
Pattern Recognition. Rome. Italy,
November. 1988, pp. 143-148.

L.-H. Chen., "A New Approach for
Handwritten Character Stroke
Extraction,” Computer Processing of
Chinese and Oriental Languages, Vol.
6. No. 1, June 1992, pp. 1-17.

I.. Lam, S.-W. Lee and C.Y. Suen,
“Thinning Methodologies - A
Comprehensive Survey,” IEEE Trans.
Pattern Analysis and Machine
Intelligence, Vol. 14, No. 9, September
1992, pp. 869-885.

Fod g o] 83k 9],
zZ7] 2 3 e 2R3t " Q147 QlA|
k3] =74, A 3¥ 1%, 19914, pp.
139-160.

[20] P.C.K. Kwok. "A Thinning Algorithm

by Contour Generation,” Communica-
tion of the ACM. Vol. 31, No. 11,
Nov. 1988, pp. 1314-1324.

(21] = 7|AIs A7, 2 7]AEE A 1975



Ex Y71 2o eTa)l Q4L A% g Wt

¢ 19684 12F 26H4. 19924 28

R L zaxmvmm 24,

19924 37 ~ A F3oheka 2

B I

Bk FA Tz 24, ¥
A4 59,

& % B(EEH)

9607 38 13H4. 19874 $F
o oish Ak 241, 19894
ZAd st AxA g (KA}
- 19915 3A ~ A 2AYSw A
1}) 71 gt (A AL HE) whatay
. b A 19904 3 ~ wa) Aj7)
AL AbFAEEb AQldah FakalFoks 2

AN, A 2oy S

o

(613)

e S ,,%ﬁ % e {I\ S

35

F R BOUEFR)
19624 6H 2H%. 19844 g4

F2 AGEART 2. 19865
FFoe e U WAL (AL

19894 g=xostrleq ZVWW}
(1), 19874 did=b= Delft =
o &t sfE Q1A o -Ane} ul—_,_
4l 1989% siut} Concordia W3t sel o)
S 7]7’“ Ale A FAlel Wy 2skxl 19894
A FEdstw AFeHetsy zuse gvz =
{ﬂ‘?°lf- M A, G4 Hel A2 VIS]
59

=

!



