gooobbbobooobbbbooooobbbooooon

oo oo

1 0000

gboobobooboobbooboaoo

gbooboboobooboooobobooboobobobooboooboobon
0000 (000)00000000000U00O0L00OU0O0LOO00DDOOUObOOoUoOO
gboooboobobooboobobbobobboboobobooooooboon
gboooboobobooboboobobooboboobobboobooboobooon
oooon

2 Krawczyk [

000000000000 0000000000O000ODO00ODO0ODO0O00 f(z)=0
ddododooodouooooooooouoooooooooouoooooa
Krawczyk OO0 OO0 OOODOO0O0O

gooodoooodoao

f(x)=0, f:R"— R"

00000000000 ((@MO00000)0 ICR*"00000 I0000R ~ f/(c)?
gboogboobod

c—Rf(c)+ (E—Rf(I))(I—¢) C I (1)
IE-RfDI < 1 (2)

O0000000I00 f(z)y=00000000000000O0O0OO0OO
O000g:R"— R"O
g(x) =z — Rf(x)

oooboooooobooooooooooogo g IO IO0DOOODOOOODO
gbooooo

gbobobob/ooooooooobooboboboboboDooDooooooon
bobgooobooboooooboboboobob obooobobobobobooD
gbooooo

gboobobooboobooobobooboobobobobooboobooobon
gboooboboboooogooboboobooooooooobooooboboboobo
uboooboooboooboboooboobooboboobobbooboobooooooboo
googboobobooobobooboobooboobobbobobooboobooon
gbooaoo



3 Uooobooooon2d

gboobobooboobooboobooboobooboboboobooobooobon
goboobooobobooobooobuoooboooboooboooboooboo
obooooooogoobogooboobo2000000b00b00b0b0b0obO0bOobO0onn
uboboobooooooooo

[_171]
I=c+2[|f'(e) " (o)l : (3)
[_1)]—]
O00o0O0ooOooroooooa
0000000000000 00000KrawezykOOOOOOOODO (2)00 ()OO

000000000oooooO0o0oO0o0()ooooOoOoOooDUooDUOooOoOoOoDOOO
0000000 (2)0000000000000000 (1)oooooooo

¢~ Rf(c)+(E—RF(D)I—¢)CI
& —Rf(c)+(E—Rf/(I)(I—-c)CI—c
& | =Rf()|+|E—-Rf(I))lu<u (4)

DDDDDDDDDD|-\DDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDu:\I—c]DDDD
DDDDDDDDDDDDDDDDDDDD(4)DD1DDDDDDDDDDDDD \E—
Rf’(I))|D I00 «000000000000000O0O00000O0«00000000
oogo
B~ RF(D)| ~ ku

000000000000 r=|—Rf(c)| 0000
r+ku?<u

kOOooooooooooooooooooooob «gbooooobgoo

u—r

k<~

n
O0000000000000000000«wO000000O000000O0000O0
u=2r

0000000 (0 H)oooomooooooooooo 2000000000



0.25

0.2

0.1

0.05

0 1«000000 (r=1)

4 UOOO0OOOOO

g3bboboobooooobooobuooboboboboobooboooboobooon
U0 boboobooboobobooboobooboboboo20b000000
guo

f(z,y) =0
D0000z =ex00000000000000000000

f@'fa,y) =0

gooobooboboboooobobobooooobobooooboooooboobobooon
ubobooobooooobon
gboooboobooboooboonob«:000y00b00bbobooboonbn
googbobooobogobobboooobobooooboobobooobobooboDo
ubooboooboooobooooan
gbooooogbooboobooboboobooboobooboob 2000
gbobooboobobooboobooobobooo

I=c+2/f' (07 f)ll-1,1] (5)
0000000

goboobobobobooooobooboboboooobooboboboooobob oo
uboooboooboobobooboobobobbooboobooboobooboobooon



gooobooboboobooboboboboobobbobooboobobooon
Oo0o0o0o0obOo0oobo0ooo0oooooO0ooDooO0bOoU000OKrawezyk D OO OO
ubboobogbbooboobbooo

5 Hogu

gooboboooooboobotooo 20000 booooboooobboooo
gooboboooobooobobooboboobobooooboboboboooobobo
ugoboboodooooooon
goooooooooo
f(z)=0, f:R"— R"

CGRnDDDDDR:f’(C)_1DDDDDDDDDDDDDD ICR"O00ue R, u>0
ugd
I=c+[—u,u

0000000000w00000000000000000
0(1)00000

c—Rf(c)+ (E—Rf/(I)I —c)CI
& —Rf(e)+(E-Rf(I)([—-c)Ccl—c
& r+[E-Rf(D)u<u (6)

00000000000 r=|—Rf(c) DM =|E—Rf(I))]0000
Oo000vw—0000000
MijNZKiijk
k

0000000000000000000000O000D0DU00oOooOoLOOO0OO (oo
r+ (Kuu <u (7)

oboobo-00b0KODOOOOOobObO0oo0ooboobooboboobD 00000
goo
00000000000 KOOOOOOK;, =2 (0000000)0000000

oo
1

(Ku)u = Z(Z u;)?
’ 1

0000 0 (7)0

. < u—r
z . >, 2

i (Zz: u;)



0000000000000 ((00O00)0000000O0D0O0O00D0«00000000

oooono
min(u; — r1,ug — T2, , Up — Tp)

Q:WV

D00000000«w00000000
O w)’00000000000000000000

i

U =Tl =U2 —=T2="""=Up —Tp

gddodouooootdd «dboooooog
Zui:na+2ri
i i

aoog
o

(na+ 32, 7i)?
o000 oo bouogobbouogoboo

1
A
0o0000ooooooooono «oa
1
Ui = T4 _
i T1+n Ek Tk

goog

ooooo@oooorn) +(m000)000000DODOOODOOODOOOOOOOS
gb400000 200000000000000000000O00DO0O0O0OOOOOOO
ubobobobooboobbooboobooo

6 UoUbooboogad

gbooboboobooobobobbobooboobooboobobbobon
gbooobobooooboboooobobobooboobobobooobooobboDbo
oboboooooooooooooooooooD 1~3000000000000

ood1 30000 ui:2m]§1xrk
00240000 | u =2r
T
00350000 |u=r+-—Y 1
"k




Method1
Method2 -
2 r Method3 -
1 I -
0+t I _
_1 | _
_2 | _
_3 1 ) | | I
. 2 4 0 1 2 3

U200000000000000

Oooooooobobo0oooooobobooo0oooo200000D000000D0 Newton
000000O00O00o0ooO (L,02) 000000000 DLOODOOOOO 1000 (2,2)
0000002000 (2,04 0000003000 (16,08)00000000000 2
obobobooboos3sbgb oo 20000000000000000

O00000000000000 Himmelblau[l]:

—42x1 + 225 + 4rxo + 42t — 14 = 0
—26x9 + 227 + 4zwo + 423 —22 = 0

000 (x1,22) = (—0.127961,-1.95371) 00 0000000000000 0O0O +£0.200
gbobogooooobgoboowooecoibbobobobobooobob 1, 2,3000
Uo0oooo0oobooooboood KrawezykOOOODOODOOoOOooooOoO
00 1,2,300000 Krawkzyk OO ODODOODODOOOOOOOOOOOD 300 40
gsgoon
gboobooog20bo0obobboobbooboobooobobo3oboooonoo
obooooooooooon
goboobobobooooobobobooboooobobobboboeobobDOobO 200
0000000000000 0000000000000 100%0000000000 3
gboooboboooobobobooooboboobobooooboos3ooonn
ugbboobuooboobbooboo
gooooooooobooooboooobooooboooooooooYbobOoD

:E%—i—l‘%—l =0



-1.8

-1.85

-1.9

-1.95

-2.05

-2.1

-2.15

-1.8

-1.85

-1.9

-1.95

-2.05

-2.1

-2.15

-0.3

-0.25 -0.2 -0.15 -0.1 -0.05

U3 001000000004

0

0.05

-0.3

-0.25 -0.2 -0.15 -0.1 -0.05

U4 00200000000

0.05




-1.85 | _
1.9
-1.95
2
-2.05
2.1 | _
215 b . , | | | | |
03 -025 -02 -0.15 -0.1

-0.05 0 0.05

s 0go30b00nbooaon

100 — . . . | |
Method1

Method2 -

\ Method3 -

80 | |

20
0 1 1 1 L L ) . | |
0 0.02 0.04 0.06 0.08 0.1

0.12 0.14 0.16 0.18 0.2

0600000000000 (Himmelblau)



Tl — Ty = 0

000 (z1,22) = (vV2/2,v/2/2) 000000000000000000 2000000
00003000000

100 .

Method! ——
Method2 ———
Method3
80 |
60 r |
40 | |
20 |
0 L | | |
0 0.1 05 06 07 08
0700000000000 (Fol)
0s8oooog

wi/4+ai -1 = 0
.%‘1/2—.%2 = 0

000 (z1,22) = (vV2,v2/2) 00000000000000000 700000000
000000000000000000000000 10000000000 20000
0000000000000000030000000000000000000000
00000000000000

0900000

2ai425-1) = 0

Ty — T2 =

000 (z1,72) = (vV2/2,v/2/2)0000000000000000070000000 2
00000000000000007000000000000
0000000000000000000 [1]00 Kincox(400) 0 Bellido(9 0 0) O
000000000



100

80

60

40

20

100

80

60

40

20

Method1 —

Method?2
Method3

08 00000000000 (Fnls)

Method1
Method2
Method3

0.5

0.6

0900000000000 (Fnls2)

10

0.7

0.8



0 10 0 O Kincox[1]:

—1+46(cic2 — s152) +10c; = 0
—4+6(c182+c281) +10s3 = 0
A4+s5-1 = 0

0

s+s5—1 =

000 (1,2, 51, 52) = (0.420113, —0.991667,0.907472,0.12883) 00000000000
000 11 0 O Bellido[1]:

(21 —6)% + 22 + 22 —104 =
234 (25— 6)2+ 28 — 104 =
22+ (25 — 12)% + (29 — 6) — 80 =
21(z4 — 6) + 25(22 — 6) + 2326 — 52 =
z1(27 — 6) + 28(22 — 12) 4 29(23 — 6) + 64
2427 + 28(25 — 12) + 29(26 — 6) — 625 + 32 =
229 + 223 — 226 — 24 — 25 — 27 — 29 + 18 =
21+ 204+ 223+ 224 + 226 — 227+ 28 — 29 — 38 =
21+ 23+ 25 — 26+ 227 — 228 — 224+ 8 =

o O O O O o o o o

oo

(21, -+, 29)
= (9.39167,9.24763, 2.64156, 7.96267,5.195, 6.32043, 5.01331, 6.50454, 10.9666 )

oboooooobooooogoog
goooooos3sbobobobobob

Y Oogo

0000 (0030000000 10002000000000000000OOOO
ggboobooboboobooboobooboooboboobobooboboooboo
gboooooooooooooooon

gogd

[1] The COPRIN example page ( http://www-sop.inria.fr/coprin/logiciels/
ALIAS/Benches/benches.html ).
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