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Abstract

In this paper, the problem of solving nonlinear equations with interval parameters is considered.
By improving interval Krawczyk operator and applying Newton order-reduction method, we pro-
pose an interval algorithm to solve nonlinear equations with interval parameters. The theoretical
result and numerical test are given and numerical result shows that proposed interval algorithm
can effectively solve nonlinear equations with interval parameters.
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f(x[p])=0, 1)

BH f=(f,,f) s x=(%%) fi:R"xIR—>IR, [p]elR, IRERIHLXMES. RAFRQD)
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f(x)=0, )
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Z:{XE R":3f (x)e f(x) st.f (x)=0}.

B, XIS HEAEL M T ARSI = . GRAMEFITGT 2. Q2 H RECE A K
AL, BTCLE R ARG o (B, (2) B HI P A AR DT R4  (X) e f (X) RIER AR . 2
QB TLT 2RI, X EfAE SR R — AN AR X k. BATH B R SRR = X A6, BRI AT
RE/NIX I [ x] 67 2 < [X]

1966 4F Moore 7E[4] (Interval Analysis) — 159155 —H X ] Newton 2@ 3 1 — AN B (1) [X 1) 7 2
AR 1969 £F Krawczyk [51%1 % Moore 11X 8] Newton F2 /3 7 58 05 T A S b (SR X 1) 0 B (3 1 4
RS H T X 8] Krawczyk 575 1992 4E Hansen [6]F] I 4-#iik 42 H 1 X (A48 R A S & A& R4
PER AR X R 7 FE A2 2006 4F Nikas [71557EEE 8 2 T — s SO A 75 iR IR X T8 7 72, RIS
TAREF R AR 2009 4 Nikas [8]55 X T AWk B 17 3@ 43 B 22 gk DX [) ity 55 1K) 7 V2R MR IX 7] 77 78 . 2017
SRR [91 2R 5L T 3 BIH R R T Nikas 57, fEHFERCE EA AR .

ACHTF X 8] Krawezyk 57, KX 8] Krawczyk 57 #E) BR AR X A SHARLME TR, IF4A X
] Newton FF 15 21 ok 9 X 6] Kraweczyk 81 26 3N 4 1 X 8] Krawezyk HF5XE1YfE; 28
=By T X E) Krawezyk 57 HAIEB T S X A Krawezyk 8 7 5% sU7E 8 8 W46 IX TR A
(AELENE s 55 DUR 7 ) FH S5k R 1X 18] Krawezyk 571X ] Newton PR R BETE T SR AE X ] S50 AE R 107
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1969 4F Krawczyk [5]#E) T Moore FJIX [i] Newton 732 T X ] Krawczyk &1,
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QUK[10] [11] [12] [13]. HITIAERE f:R" - R"IIXAY A A Tr 08 f (x)(i=1---,n) #E4T
XIEJE, R R FEMAARE R > R IIXIAY . &FE LKX ARG AR R, &
YR, BAREXunTr.
FHART R Ry ([x])=F([X]),
HEYRE: R, ([x],c): f(c)+F ([x])([x]—c)
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]
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Fo([x):8.¢) =[inf Fy ([].¢). 50 Fy ([x] )]
= [inf { f(c)+ F’([x])([x]—g)} sup{ f(c)+ F’([x])([x]—E)}]
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x> +[0.9,1.1]x; -5,
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MBI LU L e, U X IR TR 5, By ([X]) A F, ([X],6.€) R —Fhietf i
i 2
3. BuHRIX[E Krawczyk BF

XA S H AR LA TR ()= I T

x=p(x)=x-Cf (x),

Sl © AR AR, L C = (m(F([X])))

REX 1: AHEEX AR [X] € IR", A celx], FARMECeR™, F([x]) HIXFAERL f(x)F
KX e e, DX A

K([x].¢)=c=Cf (c)+(1-CF'([x]))([x]-c)

PR ESCHE R X 18] Krawezyk 557, ¢ 38 % HUX (A fa) & [ x] 1 s

B 1. BRIXASHARZMERE f :DcR" » RVES A, X NIX[ESHEARLNE T IR )T =

SR N
1) W x e[x], Mx eK([x].c);

2) W K ([x].)A[X]=@ » WK [x] A4 X [ 28k £ e 7 AR 4(2) B AT
3) W K ([x],c) < [x]» W[x] s X S A AR L 77 AL Q)M

UERH:

Table 1. The comparison for effectiveness of interval extension

F 1 XE RAMMEELE

[x] Fu([x]) F.([x].cc) R (XD ([x].e©)

[0.5,1.5] [-2.8501,5.2501] [-7.2501,9.6501] [-2.8501,5.2501]
[15,2.5] [-3.3501,3.8501] [-2.8501,2.3501] [-2.8501,2.3501]
[-0.5,0.5] [-5.1251,-4.5999] [-5.1251,-4.5999] [-5.1251,-4.5999]
[-0.5,0.5] [-3.3501,1.3501] [-3.3501,1.3501] ([—3.3501,1.3501] j
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1) BT NK SRR T RRLR) M — MR TEE £ (x) e ( VA (x)e f(x), H

©)

x*:x*—Cf(x) c—Cf (c)+x"—c— C(f
) )) x —c
=c-Cf (c)+(I—Cf (c+0(x —c)))(x )
ec—Cf (c)+(| —CF’ ([x]))([x]—c)g K([x],c).
2) BBl x" e[ x| AX IS HALRIE T AR — MR, Q)R A1 X" e K([x],¢) X S AAATJE. Fit
PA[X] A5 X 18] S 5 AR 2 07 R 4L (2) B A -
3) MW TALEM f(x)e f(x), &X p,(x)=x-Cf(x), W
p(X)=c—Cf (c)+x—-c-C(f(x)-f(c))=c—Cf (c)+x—c—Cf'(c+O(x—c))(x—c)
=c-Cf (c)+(| —Cf '(c+9(x—c)))(x—c).

=c—Cf (¢)+x —c—Cf’ (c+0 x —C

EAx,ce[x], #c+0(x—c)e[x], FrLL
p,(x)ec—Cf (c)+(| —CF'([X]))(X—C)(; K([x],c).
A p(x) FEIX I [ x| AIESEHL [ ] AR A AR, W K ([x].c) < [X] )r!'J{pl(x):XE[x]} <[x]
H1 Brouwer AN2f) sUE BRI R AELE p, (X) I DABN R X e[ x] 815 Cf (x) =0. XN C HHEA RHERE,
FrLA (x*):o o BI[x] e Q&AL TR f (X) =0 MR, JJarfE [ x| 200 E XIS AR

EH Q)M
R 1. % P AXKESHARLME T RAQ) T RIX R SE, W o(P)=0, WEkrXIE Krawczyk

HTSM T X8 Krawczyk 5F .
REAR, Stk Krawezyk 57 K ([x],¢) 2B p(x) XA . 5T Baumann 758 ¢ BHUE TS

ERGIE L, 8 X
K([x].c.¢)=[x]-CF ([x].e.€) =[x]-C(Fy ([x])) " F ([x].€.c) = [x]-C(Fy [x]) " Fu ([x].e) " Fu ([x].©)
Horlr e 5 5 52 LILE)FI@). FII K ([x],c,T) FE i Krawczyk 57 B4 A RIOPE .

B 2: BRXIESHAELMERE f:DcR" > RVIELTR, X AXAISHARL TR Q)T —
SHR . )

1) K([x].c)2K([x].c.t):

2) WX e[x], MK([x].ct);

3) R K ([x].c.C)n[x]=2» W [x] AAEA X0 SR LA FRALQR) KT #

Jcc

4) WRK([x].ec)c[x], W[x]—Ea& XIS HALIETTRRHE Q)N A

HEEA:

1) FA

K([x].c)=c~Cf (c)+(1 =CF'([x]))([x]~c) =[x]-C(f (c)+ F'([x])([x]~c)) =[x]-CF, ([x].c).
= (5) AT %N
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SEHE 3 LK [ i [ X 6 X R S KA ey R (2) MO AR, U T X I 200 A 2 45 X 1) 1)
B[] s O X A2 AR 7 R4 () FIAR

EBE: o DX ) AR P R [13] T e BT

2 [ ] =[] HLRAR LR SRR X 1 [ X SRS R ) 75 B, AT LSRR () — 4 i
BN K R, 5 F X A R B AR ST B [16]. BRI N ([x])n[x]=2 » W[x]
PR X R SRR L T LA, AT X B

6t X ) 2 3 ek 7 R AL, JRATSGRF B0 0 Krawezyk T 1090 B AT RIRIOAETE KB, SAJR
TR PR U5 0 e i s A2 1 A 2 ) 5 DX A (P DL 39925 1) 0

ik L SREIXESHAR N T IR M EUE %

B L AR HIWE B AR X 4R &, L IR E Y L :{[x](ﬂ)} .

B WRKEES LA, WM X AT GIZEE, B UK LSS LB 8 — A X ES [x], R
IR X A IX EEE L kR

B WHE (X])nF([X].cc) WRoeF, ([X])nF ([x].cc), ETHE=F, HRMELE

B=W. i K([x].e.©), HM[z]=K([x].c.c)n[x], WR[z]=2 , NWREHE P @R K([x],c ) c[x]» MEATHEN
zﬁm%quga;pymgpwﬁﬁ;ﬁ_ﬁmﬁﬁ%gmﬁmﬁE@%AL¢ 55— B [x] =[] -
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5. B{EHEG
N T BAEASCEE P EE L AT, X BRI BB S, A X R T R4S INTLAB-V5.5 178
fﬁwumaBgﬁemmm1MAnABmumﬁﬁﬁﬁ,%Es=m%qﬂmhﬂm<gw%ﬁ@¢y
Bl 2: Xt T IX (A S AR M T FR AL
[0.9,1.1]x +x; ~1=0,
{xf ~[0.9,1.1]x, =0.

WX I J9 D =([01],[0,4]) o BIAAEEME 1, WX [ i
[x] =([0.73622,0.83607],[0.54710,0.68896])",
DX I A B R A R Ol P 1o
Bl 3: X T IX A ZH AR Lt Ty R A
—x; —5%; —x +[1.9,2.1]x, -3=0,
—[0.9,1.1] %, + X3 + x; —14x, 19 =0.
WIEIX AN D = ([45,5.7],[3,4.7]) - BIASEE 1, AI78X I i
[x] =([4.98328,5.016821],[3.98764,4.01245]) ",
X 1A] i B ) 5 R L 2 1 2.
Bl 4: X+ XA S EARL A R AL
2% —-[0.9,1.1]x, -2 =0,
~[0.9,1.1] 7 — 4x, +3.5%, +5=0.
WIHEIX AN D =([-11),[-11]) - REAISEIA 1, AI43 X[
[x] =([0.85578,1.0000],[-0.26220,0.02857])" ,

0.74

0.68
0.66
0.64
0.62
> 0.6
0.58}

0.56

0.54

0.52

) 4

0.(I55 0.‘7 0..75 0.I8 0.‘85 0.
X
Figure 1. Example 2: The solution set is in gray, outer rectan-
gle is the result of Algorithm 1
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X 1] ) = AL i il 1] 3.
B 5: Xt IX A S HAE LM R

{sin (x,)+cos(x,)-[-0.52,-0.5] =0,
~2¢05(%,)—2c0s(X,)+[2.99,3.01] =0.

WX I )y D = ([-05,1],[0.5,1.5]) o SIS 1, WX [ i
[x] =([-0.00533,0.02503],[1.04104,1.05299])" ,
DX Ta] i ) 5 L ] 4

A
4.02f

4.015r

4.01f

4.005r

> 4f

3.995f

3.99-

3.985F

3-%9s 4085 2.99 4995 ; 5.005 501 5015 502

Figure 2. Example 3: The solution set is in gray, outer rectan-
gle is the result of Algorithm 1
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Figure 3. Example 4: The solution set is in gray, outer rectan-

gle is the result of Algorithm 1
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Figure 4. Example 5: The solution set is in gray, outer rectan-
gle is the result of Algorithm 1
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