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1. L&

HBEARICBW T OPDBRENDIA T b, 20 H) L—MICHENEREL 21
HIREND B XERITVIL, 2D L ) LBREICK L TEBRETROEZ 52 2F0TE 5,
FLXDOXHDEL, TELRLETHRAZ ELEENL, KHEBTIE F 2 HEROKR, &
FEIEE DREREEREL D & DEMEFT E OB 72 Ehk 2 07 BHCIGHRETH 2, 2L 1S,
KT — 212 BT 2 HHBRESCHEBRRICBIT A REREYHETIENTE S, LirL
s, KB —ROERHEICHNTO L R b, F720ERNFFE (H1 213 FORTRAN)
AHCT RS TR EIEEICEMELLDELY, BELDRAT TR ELEET B,
22T, REEEN T A 77 ) 27077 2 v 756k CH+2% Hoe TER L, XEETH
DY—NERELZ, 7477 OBELEPEREIC O OWTENS & &L, FEELLT
A7) 2RCZIGHBZ BT 5,

2. EMEROER

EH o,y IIHLT xeX=[X,X],yeVY=[Y, Y] 2£25%, 22T, X, X
FENZFNEM X O FREER2ET, Y, VIZOWTLEKTHZ, KE~XZ7 L%
X=(X,Xp, ", Xn) EET, 22T, Xi, Xo, o+, X 3FNFNART FNLOEETH
5, Kf=bhb) v 72 %

All AIZ .t 'Aln
A _ 14.21 14.22 ¢ ‘./4.2n
Anl Anz te Ann

EET, Z2T, Ay (i =12 n) Eeb) 7 ZDEETH D,

2.1 YA &®
MANEEDERE LK 1 IR,
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1 WHIEE
mE X+Y =[X+Y, X+Y]
HE X-Y=[X-Y, X-Y]
#E X - YV=[mn{X -V, X -V, X -V X -Y})max{ X YV, X -V, X -V X-Y}]
BE X/Y=[mnlX/Y.X/YV.X/V,X/Y}max{X/Y, X/ YV, X/Y X/Y}]
2L 0EY

2.2 BEHHEH
X, VIiZHLT L X>Y 213 Y >X %513

XNy =¢
Thd, REEBIINT SmEMR REMZER2ITT,

#x2 HBAEEIINT 2mEME, RE

RERE OLL, XNY # ¢ 2ebid
XNY = [max (X, Y), min(X, V)]

LLEHNZ PL X, Y OMIET 2§ N THOERNEL ST

XNY = (X\NY,X,NY,, -, X,NY,)
REEFD L L, XNY # ¢ %HiF
XUY = [min(X, YY), max (X, ¥)]

LLEM~NZ PV X, YV OMIET 3TN TOREHIZEL HIE

XUY = (XU, ,UY, -, XaUY,)

2.3 XBEoORIZEY SEoBRR
XE DI OB 2 E 3 I2RT.

3 XEOBICHE LB/

WHOEERE X<Ye XY
X>Ye=X>VY
BEHE XScYesY<X »> X<

X2YVY&==Y2X »> X=>
EZEEFE X=YeX=Y »D2 X=

VI SN

2.4 [XHEIZHT 5%78%
XEZx 2 ¥R 2 K 4127,
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Fz 4 KEISHT 2 BEBEE

XM X omg w wX)=X—-X
RE~7 b X OE w w(X) = max{w(X)), w(X,), -+, w(X,}
XM=t ) v 72 A DI w w(A) = max;w(A;)
X Ot m muwz%@+X>
XE~7 L X ol om m(X)=m(X,)), m{(X,), -+, m(X,))
m(An) m(Alz) m(Am)
Rl=rY w272 ADOHRE m m(A) — m(flm) m(lzqzz) " m(l?-zn)
m(Anl) m(An?.) e m(Arm>
X OEHE | X| | X| = max (| X]|, X)
X~7 bL X /s |1 X| 1XI = max{|X], [Xa], -+ -, [ X}
B:Fﬂﬁ'? [" ]) Y 7 A A D/ IV L "A“ ”A” = maxi2j|Al~j|
X OFESHHE JX=[WX,JVX] rrL, X=20»2 X 20
X ey expX = [expX, expX]
X DEARNE log X = [logX,logX]
X o sin B sin X = [minxex (sinx), maxxex (sinx) ]
X 7 cos B cos X = [minxex (cosx), maxxex (cosx) ]
X o tan B tan X = [tan X, tan X] 7272L,2(2i—1)/2 € X (i |3%¥)

3. MRS A475 )220 T

X >4 77013, #7227 MEAISHETH S C++ 12 L DERL 72, C++ 13,
CrAE#E+*HL, £ 7Y =7 MEMIBREEZMIML 723D TH 5, C++ IZITEHIZHEL,
77 AWK, BETOLEERLENDHE, 7477 )3T HICH72-T, C++ %
RWzoi3, ELINDHEETOEEEREV IMEIHE72HTHL, HETHDLEER
HTELZEICE), BENVHEHAETZ2, WHTHDBERODHLHEAEFLL TERT LI L
RTELHIZIE, X =[0,1], Y=[L2] v ) KM T—S42FHO>F 727 2E 2
5, 2O, X ¥ Y OMER 797 74ELT X+Y ET5FEHFTEE, 2L, —#
IZIEEIZO N 5L, BEHP[L3] E X2 RBESHICTFHEEINLG, 2L HI2CHt D
HETOEZEERLHACTA 7 7)) 2EKTIUL, =2—FT—2ZnzfBET 58, FEEIC
FABhd, REBIT A 77013, 3207 7 A0 LHEHRENS, Tabb, KEHE
752, AMIIZI7A, 27— F7AThHb, ZNHDT7 T AIDWTURKIENT

3.1 XHEE7Z7X
XEEE 7 7 21, 62D 7 72 LBRENDL, DI HIDND7 T AU,
Interval 7 % 2 — [_Vector 7 7 2 — [_Matrix 7 7 &

Thd, —BEVRITAT, TOEUBRRENDFI7RATHE, b3, KEEREZ
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FAZBWTIHEEZ L TEHS THE, B D3I DD 7 T 2L,
I_ Math 75 2 — IV_Math 7 5 2 — IM_Math 7 7 2

THb, TN6N7 T 2%, KEEEIZBT 5 8FEH(XEBEE »EJREI N TV 5,

3.1.1 Interval 77 2

Interval 7 7 213, REDEE»TE L LH)ICERENT V5, 2D 7 T ZADFEHKIZ
DWTLITFIZRT,

[(F 72z 7+ OXIEAL]

C++ TlF, 22778 2BnbZ2ick)HENICA 7Y 2 7 b DAL TTRE
TH b, Interval DA 720 2 7 F BERT B8, 518EDOT 52 & THHMETE 5, M
Wbt Fiz4EEHPID, ZNHLERSITRT.

#5 Interval B+ 72 = 7 +F ORI

ELE 51t 7' 77 u Eodl
el — Interval x; //x = [0.0, 0.0]
1 dT Interval x(1.0); //x = [1.0,1.0]
1 IT Interval x(1.0) ; //x EF
Interval y(x); //y = [1.0,1.0]
2 dT Interval x(1.0,2.0); //x = [1.0,2.0]

t:dT:double, IT:Interval

Z ZTid, dT, IT # Z#1L £ double, Interval T —F Ry L T3, ZTDLHIT,
SIBEEL D> UIT I AT 22 & TR - 722 RETH 5.

DEEF O HE]

Interval 7 7 21213, 21 EDHEBEF VI EEEREEN TV L, ZNLDHEATHHEHT S
ZEiICEY, 2ENTRLL ) WEHELSTREE X B, £F, MANEEICET 2 HETOME
AEEZR6ICTT (2.1 %8H),

ZITIR, Xy, 22 ZRENx =[10,20], y =[2.0,3.0], z=[0.0,00] DX FFD
Interval id 4+ 72 2 7 b L LT3, ZORIZBWT, B2 [+] HETIZ, £ A
FRZ 2 FoRIH AT i IT & %> Tw32Y, Zhi

dT)+dT), (IT)+@T) Xz IT)+IT)

D3 ODDHRDHAEG LD THEZ EE2RL TS, DFD, EEAFZ> Db
D—FDENT IT T, 95 —Fiz dT » Xz IT THITFud e s 20,
Kiz, EAERBEICHETAHIHATOFERELZRTICRT (2.2 %25H),
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F6 MNANEEICET 2 EEFOMHEE

HET Bk AT R HmrF ot RfE! AW A PN

= A 1T dT,IT IT zZ = X; //z = [1.0, 2.0]

+ & . IT IT z=+x; //z=1[10,2.0]

+ " dT, IT dT, IT IT  z=x+y;//z=[30,50]

+ = U IT dT,IT IT z+=y,; //z=1[20,3.0]

+ + " IT IT ++x; //x = [2.0,3.0]

+ + " — IT IT Xx++; //x = [2.0,3.0]

- R — IT IT z=—x; //z=[-20,—1.0]

— n dT,IT dT,IT IT z=x—vy; //z=1[-2.0,0.0]

—= " IT dT,IT IT z—=x; //z=[-3.0 —2.0]

—— " IT IT ——X; //x = [0.0, 1.0]

- ” — IT IT x——:; //x=1[0.0,0.0]
FH dT,IT dT,IT IT z=x%y; //z=1[20,6.0]

* = " IT dT,IT IT zx=y; //z=1[00,0.0]

/ =32 dT,IT dT,IT IT z=x/v;//z=1[03,1.0]

/= " IT dT,IT IT z/=vy;, //z=100,0.0]

¥ A I:x=1[1.0,20], y=1[20,3.0], z=1[0.0,00]

xT7T BEHAEICHEYTIEETOFERE

HET O Bt~y rt HAe5 pt R AE? 7o 75 n Eosl

& HEEE dT,IT dT,IT IT z=x&vy;//z=1[20,30]
&= " IT dT,IT IT z&=1vy; //z=1[00,0.0]
| SRERAN dT,IT dT,IT IT z=xly; //z=1[10,4.0]
|= " IT dT,IT IT zl=v; //z = [0.0,0.0]

B t:x =1[1.0,3.0], y=1[20,4.0], z=1[0.0,0.0]

RTZBYT, LLLMBEAV»E(BES L o2k, 05REINEZ LICEET 5,
(ZB, BESL -2 L3 EET S, 3.3%5MK,)

Kiz, KB 2BRRICET 2EEFOERELERSIIRT (2.3 25H),
ZIZTIE, BENGT—ZREINTIT:int THA(T—2I30 NI 1DAREIND),

3.1.2 I Vector 77 %

[_Vector 77 213, KEIN7 P LCBIT2EELRRMBEL Tnb, 207 7 20HRABEIC
DWTLLTIZRT,

[(* 72 =7+ DYIEAL]

[_Vector B+ 72 = 7 F DFEAMLOEFIZ 6 HEHH D, 21 H2FKIITRT,
ZITER2DODZ EICEET 5,120, 5IKEBLOHE 2 DOERLFONT P LY
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#8 BAIRAICEYT SHETFOMEMHE

HHT F O A7kt HA~F o RfEt VA=V FNIXY
== % 18 B9 1R dT,IT dT,IT iT w=x==y; //w=[00,00]
| = " dT,IT dT,IT iT w=x!=y; //w=[10,10]
< HR AR % dT,IT dT,IT iT w=x<y; //w=/[10,1.0]
> " dT,IT dT,IT iT w=x>y: //w=/[0.00.0]
<= @ & B R dT,IT dT,IT iT w=x<=z; //w=[10,10]
>= " dT,IT dT,IT iT w=x>=y; //w=1[00,0.0]

t: 8 iT:int t:x =1[1.0,20], yv=1[3.040], z=[1115], w=1[00,0.0]

#%9 I VectorBooA+ 72 = 7 b WAL

CAE %% 4 5l #t 7o 77 a6 b o fl

%L — [_Vector vx; //vx =([0.0,0.0], [0.0,0.0])
1 iT I_Vector vx(2); //vx = ([0.0,0.01, [0.0, 0.0])
1 IVT I_Vector vx(2); //vy = ([0.0,0.0], [0.0, 0.0])
2 JIEiz iT,dT I_Vector vx(2,1.0);  //vx =([1.0,1.0], [1.0, 1.0])

2 gz iT,IT Interval x (1.0, 2.0) ; //x =[1.0,20] *ES
[_Vector vx (2, x) ; //vx =([1.0,2.0], [1.0,2.0])
3 Wiz iT,dT,dT I_Vector vx(2,1.0,2.0);//vx =([1.0,2.0], [1.0, 2.0])

t: % IVT:I_Vector

HEINE L) mTHB, 208, F—95 ORI IT THbL\) mTHb, L¥L
b, FRERI FPDOBEELED LKL TH 5,

[REFOERE]

I_Vector 7 7 2123, 21 ADEBEFHIEEERIN TS, TNHLDEET*HFHT
ZEick), RENXZ FVOEEDTREE b, T, KEX7 P Lo MBNEREICBIT 2
HEFOERHEZ KINZRT,

ZITIEIONDILICEET S, 1213, ROLIHILETH D, Bl I+ JEEFICHE
579776 tbofT

vz = 1.0+vx;

Ehb, ZOHE, EANTY FOTF—20RE dT THbH, T2 >NEZ L2
XR~7 b, Blb, ([1.0,1.0],[1.0,1.0]) & L TEZ ZFUTH L L VEVI ETH D,
ITICHLTLEMTH S, 220HIE, N7 MLDOREZE~OSBIIENEETTHD ()
FRAWBREV)HTH DL, 72770, BREDES Interval B2 DT, FEE~MAT LT —
FENT AT X IT T TS H Sk v, 72, N7 PLOBHMOBERIZ 00 L4F 5,
32HIZ, I_Vector 77 2icBIF 5 [++] T [—— | HETOMHEBEZ, AT F
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#10 MUHEEREICEY 2 EEFOHEME

WETF B bk EATGL Y HATL P RE!

7 a 77 on ko ff

() EX03E IVT iT IT vz(1) =x; //vz=([0.0,0.0], [10,2.0])
= KA IT dT,IT,IVT IVT vz = vx; //vz =([1.0,2.0], [1.0,2.0])
+ mE — IVT IVT vz = +vx; //vz=([10,2.0],[1.0,2.0])
+ " dT,IT,IVT dT,IT,IVT IVT vz = vx+vy;//vz =([3.0,5.0], [3.0,5.0])
+= n IVT dT,IT,IVT IVT vz +=vx; //vz=({10,20],[1.0,2.0])
++ ] IVT — IVT ++vx; //vx = ([2.0,3.0], [2.0,3.0])
+ 4+ 7z — IVT IVT vx++; //vx = ([2.0,3.0], [2.0,3.0])
- mE - IVT IVT vz= —vx; //vz=([-20,—1.0],[—2.0,—1.0])
— n dT,IT,IVT dT,IT,IVT IVT vz =vx—vy;//vz =([—2.0,0.0], [—2.0,0.0])
- = " IVT dT,IT,IVT IVT vz —=vx; //vz=([—-20,—-10],[-2.0, —1.0])
- — " VT — IVT — —vx; //vx = (0.0, 1.0], [0.0, 1.0])
—-— n — IVT IVT vx——; //vx =([0.0,1.0], [0.0, 1.0])
e dT,IT,IVT dT,IT,IVT IVT vz =vx*vy;//vz =([2.0,6.0], [2.0,6.0])
= n IVT dT,IT,IVT IVT vz *=vx; //vz =([0.0,0.0], [0.0,0.0])
/ B#®  dT,IT,IVT dT,IT,IVT IVT vz =vx/vy;//vz=([0.3,1.0], [0.3,1.0])
/= n IVT dT,IT,IVT IVT vz /= vx; //vz = ({0.0,0.0], [0.0,0.0])
toa fivx =([10,2.0], [1.0,2.0]), vy =([20,3.0],[2.0,3.0]), vz =([00,0.0],[0.0,0.0])

11 HAEHICET IEETOMEME

HET F O AEANTrFY ATt RE 7w 77 u ko Fl
& wEENE dT,IT,IVT dT,IT,IVT IVT vz =vx &vy;//vz =([2.0,3.0],[2.0,3.0])
&= " IVT dT,IT,IVT IVT vz&=vy,; //vz =([0.0,0.0], [0.0,0.0])
l wapfn  dTIT,IVT  dT,IT,IVT IVT vz =vx|vy; //vz =([10,4.0], {1.0,4.0])
= I IVT dT,IT,IVT IVT vz |=vy; //vz =([0.0,0.0], [0.0,0.0])
TR 1:vx =([1.0,3.0], [1.0,3.0]), vy =([2.0,4.0], [2.0,4.0]), vz =([0.0,0.0], [0.0,0.0])

DEBFRIZIMEVIZ 2HET 2 LHREINDE L) HTH S,

Kiz, EHEECHT IHEETOEBELRINCORT (2.2 23H),

Kz, KEI~ 7 Puc BT 2BFERICET2EETOEHELRI2ICORT (2.3 2FH),
ZITIE, BENBT—SRIITNTIT BTh 5,

3.1.3
I Matrix 77 213, RRI=F ) v 7 210 BT 2 EEXBEEL T3, 207 T 2O
FEIZOWTLITFIERT,

(72 =7} DwEL]

[_Matrix B+ 72 =2 7 F OO FIZ 6 &S D, s 2KISITRTY,

I_Matrix 7 7 %
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#12 BARNICBIY 2 B FOEME

HET F o EATU R AAF0 R EE a7 7 atkofR

== SHEEE d4dT,IT,IVT dT,IT,IVT iT vw=vx==vy;//vw =
= " dT,IT,IVT dT,IT,IVT iT vwvw=vx |=vy; //vw
< #BWEE dT,IT,IVT dT,IT,IVT iT vw=vx <vy; // vw
> " dT,IT,IVT dT,IT,IVT iT vw =vx > vy; YW
< W
>

(0.0, 0.0], 0.0, 0.0]
(1.0, 1.01, [1.0, 1.0]
(1.0, 1.0], [1.0, 1.0]
(0.0, 0.0], [0.0, 0.0]
(1.0,1.0], [1.0, 1.0]
(0.0, 0.0, [0.0, 0.0]

T:ﬂ t:vx =([1.0,2.0], [1.0,2.0]), vy =([3.0,4.0], [3.0,4.0]), vz =([1.1,1.5], [1.5,1.5]),
w = ([0.0, 0.0], [0.0, 0.0])

I

= Aaf¥FE dJdT,IT,IVT dT,IT,IVT iT vw=vx <= vz; //

(
(
(
(
(
= " dT,IT,IVT 4T, IT,IVT iT vw=vx>=vy;//vw =(

)
)
)
)
)
)
)

#13 [_Matrix @+ 72 = 7 + o8k

DB 5 #r 7 e 72 7 4 B o #l

el — I_Matrix mx; //mx = ([0.0,0.0], [0.0,0.0],
//[0.0,0.0], [0.0, 0.0])

1 IT [_Matrix mx; //mx 2EE
I_Matrix my (mx) ; //my = ([0.0,0.0], [0.0,0.0],
//10.0,0.0], [0.0,0.0])
2 Ngz iT,iT I_Matrix mx (2, 2) ; //mx = ([0.0,0.0], [0.0,0.0],
//10.0,0.01, [0.0,0.0])
3 Wgiz iT,iT,dT I_Matrix mx(2,2,1.0); //mx = ([1.0,1.0], [0.0, 0.0],
//10.0,0.0], [1.0, 1.0])

3 NEz iT,iT,IT Interval x (1.0, 2.0) ; //mx #EHS
I_Matrix mx (2, 2, x) ; //mx = ([1.0,2.0], [0.0, 0.0],
//10.0,0.0], [1.0, 2.0])
4 Mgz iT,iT,dT,dT I_Matrix mx(2,2,1.0,2.0); //mx = ([1.0,2.0], [0.0,0.0],

//[0.0,0.0], [1.0, 2.0])

TITHEETAEIR, 22065, 1003, 5IEKEMTBEE, F—, BIFEOMTIT
THITFNUE L L WETH B, 220813, kot hbnThHb, 707 7L 0B, &Y
BB LA T 2 7 FIEMEOBIcBWT, mx DEFEL2 22> FELTRDLE
IZRL T3

//mx = ([0.0, 0.0], [0.0, 0.0],
//10.0, 0.0, (0.0, 0.01)

ZHUE, B mx D 14THZRL, T2 mx D2THEZRL TS EV) BATHS,
[EREFOEHE]
[_Matrix 7 5 2123, 11 EDEEF I LZEEREIN TV 5, INLDEAEFE2EHT S
&0, KEl=F )y 72 20EEITREE 45, KE~ MY v 7 2D UEREREICE
LEEFOEREL KIUTTT,
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HETF ' W% EA=FCrY Hr<Fort riEt 7 m 75 L ko fR
() ExosH IMT iT IT mz(0,1) =x; //mz= ([0.0,0.0], [1.0,2.0],
//10.0,0.0], [0.0,0.0])
= A IT ATITIVTIMT IMT mz = mx; //mz = ([1.0,2.0], [1.0,2.0],
//11.0,2.0], [1.0,2.0])
+ g — IMT IMT mz = +mx; //mz = ([1.0,2.0], [1.0, 2.0],
//[1.0,2.0], [1.0,2.0])
+ " ATITIVT,IMT dTITIVTIMT IMT mz = mx+my;//mz = ([3.0,5.0], [3.0,5.0],
//13.0,5.0], [3.0,5.0])
+= " IMT ATIT,IVTIMT IMT mz +=mx; //mz= ([1.0,2.0],[1.0,2.0],
//11.0,2.07, [1.0,2.0])
++ " IMT — IMT + +mx; //mx = ([2.0,3.0], [1.0, 2.0],
//11.0,2.0], [2.0,3.0])
++ " — IMT IMT mx+ +; //mx = ([2.0,3.0], [1.0, 2.0],
//11.0,2.0], [2.0,3.0])
- e — IMT IMT mz = —mx; //mz= ([—2.0, —1.0], [—2.0, —1.0],
//[=2.0, —1.0], [—2.0, —=1.0])
— " ATITIVT.IMT dT.ITIVT,IMT IMT mz = mx—my;//mz = ([—2.0,0.0], [—2.0,0.0],
//1—2.0,0.0], [—2.0,0.0])
—= " IMT ATITIVT,IMT IMT mz —=mx; //mz= ([-2.0, —1.0], [—2.0, —1.0],
//[=2.0, —1.0], [—2.0, —1.0])
- U IMT — IMT ——mx; //mx = ([0.0,1.0], [1.0,2.0],
//11.0, 1.0], [0.0, 1.0])
—— " — IMT IMT mx——; //mx = ([0.0,1.0], [1.0, 2.0],
//11.0,1.0], [0.0,1.0])
* #8 dTITIVLIMT dTITIVTIMT IMT mz = mx*my;//mz = ([2.0,6.0], [2.0, 6.0],
//[2.0,6.0], [2.0,6.0])
* = FH IMT dTIT,IVT,IMT IMT mz *=mx; //mz= ({0.0,0.0], [0.0,0.0],
//00.0,0.0], [0.0,0.0])
/ BE  JdTITIVTLIMT dTITIVTIMT IMT mz = mx/my;//mz = ([0.3,1.0], [0.3, 1.0],
//{0.3,1.07, [0.3,1.0])
/= BE  IMT ATIT,IVTIMT IMT mz/=mx; //mz = ([0.0,0.0], [0.0,0.0],
//10.0,0.0], [0.0,0.0])
t:#%  IMT:I_Matrix
t:x = [1.0,2.0], vx = ([0.0,1.0], [0.0,1.0]), mx, my, mz:2X2N=}F ) v 72,

mx = ([1.0,2.0], [1.0,2.0], ,
(1.0,2.0], [1.0,2.0])

my = ([2.0,3.0], [2.0,3.0], ,
(2.0,3.0], [2.0,3.0])

mz = ([0.0,0.0], [0.0, 0.0],
[0.0,0.0], [0.0,0.0])

[_Matrix 77 212805 [++] E [—— | @HEFOMHKEE, =) v 7 20O%H
BRI L TIMEIEET 5.

3.1.4

[_Math 77 &

[ Math 7 7 =i, Interval Biv A 72 = 7 M T 2 EFEBENOER AL T 5,
N7 I 2, THEOBED SEERSN, SEOBEBIEHZICERIN TS, 2156
BeABB O HEE KISISRT (2.4 %38),
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15 BHFBBOEHE

B 518! st RME! 7a 7T s ot

sqrt IT — IT z=sqrt(x); //z=1[10,14]
cos IT — IT z=cos(x); //z=1[—-10,10]
sin IT — IT z=sin{x); //z = 1[00,1.0]
tan IT — IT z = tan(x/3); //z = [0.0,1.7]
exp IT — IT z=-exp(x); //z=1[2878]
log IT — IT z=log(x); //z=[0.0,06]
inf IT — dT z=inf(x); //z=[10,1.0]
sup IT — dT z=sup(x); //z=1[20,20]
mid IT — dT z=mid(x); //z=[15,15]
width IT — dT z = width(x); //z = [1.0, 1.0]
iabs IT — dT z =iabs(x); //z=[2.0,2.0]
pow IT iT IT z =pow(x,2);//z = [1.0,4.0]

t: 7Y t:x = [1.0,2.0], z=[0.0, PI]

K16 BERBOMEHE

33 -5t RME' e 77 ou koot

mid IVT dT vz = mid(vx); //vz=([15,15],[15,15])
width IVT dT vz = width(vx) ; //vz = ([1.0, 1.0], [1.0, 1.0])
norm IVT dT vz = norm(vx); //vz =([2.0,2.0], [2.0,2.0])

1. R 1. vx =([1.0,2.0], [1.0,2.0]), vz =([0.0,0.0], [0.0,0.0])

3.1.5 IV_Math 77X

IV_Math 7 7 23, [_Vector DA 72 = 7 MIXNT 2EEREBOER 214t L T
5, ZD7 7 AT, 2EDOEEAILEERIN, 1EDOEEIFICERIN TS, 2
NEBFREBOEREL RIICRT (2.4 228),

3.1.6 IM_Math 77X

IM_Math 7 7 %, [_Matrix ®#8od 4+ 72 = 7 Mo T 5 BFEBEOHEH 2 #R4tL T»
5,207 7 A, 3EOBK S LEERIN, INLBFEBOHERESZRITISRT (2.
4 2HMH),

3.2 AHA7I=2
AHEF7F AL, 320D 7 T2 L->TWh, FilbiZ

[_I0Stream 7 7 A — IV_IOStream 7 7 Z —— IM_IOStream 7 7 &
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K17 BEREOMEAE

3k E—5 1t RfEt 7a 75 L kol

mid IMT dT mz = midimx); //mz= ([15,15], [1.5,1.5],
//[15,15], [1.5,1.5])

width IMT dT mz = width(mx) ; //mz = ([1.0, 1.0], [1.0, 1.0],
//11.0,1.0], [1.0,1.0])

norm IMT dT mz = norm(mx) ; //mz = ([4.0, 4.0], [4.0, 4.0],

//14.0,4.0], [4.0, 4.0])

t: 7y f:mx, mzi32X2D=FY v 7R,
mx = ([1.0,2.0], [1.0,2.0], , mz = ([0.0,0.0], [0.0, 0.0],
//(1.0,2.0], [1.0,2.0]) //10.0,0.01, [0.0,0.0])

#18 Interval £ 7Y x 7 MIZxtd 2 AT fF A

WAET A7t HA~Z e pt B fE? i X
AT >> isT IT isT dT,,dT
RiWIL: << osT IT osT T BN (T 15)

t: % isT:istream, osT:ostream, x:x = [1.0,20] »7T—% 2> Interval A 7>+ 7
Y7077 4 Lo

AJ1cin >>x;//1.0,,20, £ AN

W1 cout << x;//[1.0 -+ 0e+00,1.0 -+ 0e+00] & HAh

Thb, INbLN7 7R, KEDARNIDMELITH,

3.2.1 I1.IOStream 77 2

I IOStream 7 5 2z, Interval Blov+ 72 = 7 MzkT 5 A2 ATEEIC L T 5,
INHD 7T ADHEREEKIBIZIRT,

isT:istream, osT:ostream (¥, ZMNZ1L C++ [CHE#ETHEI N T % iostream 7
A77)VDHRIZHBE I TATHDL, AL, ZOMIZHEENTWE 77 ADF TV
= 7 b cin, cout 25, ANDEHIE, T4 A7v A LT double B+ 72 =7}
DASIE, T Tar=% 2247 & 512 double BIDA 7V 2 7 b2 ANT S, ANF
REPBLEBFBEANLET. BTz, FEVINIER TNEALITI5H £ TFRR
15,

3.2.2 IV_IOStream 7 7 %

IV_IOStream 7 7 Zi3, I_Vector A4 72 = 7 M2xtd 2 AR SIMEAAIRE S 7 B
FIICERBIN TS, R ENLDERELTT,

[ Vector 1o+ 7 = 7 MMM 5 AN AL, RISTRL 2R TR 7 b LnEH
DT AT B, Wi, BNFEZROKSITEICKHEIT THIIT 5,
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#19 I_Vector # 72 x 7 Mzx§ 5 AR E

HET AT Pt HA~T > pt BAEt i =
AFE >> isT IT isT BEHEKIZTAN
ipats << osT IT osT BRI AT

t:8Y isT:istream, osT:ostream, vx =([1.0,2.0],[1.0,2.0])
t: 705 n ol
AF cin >>vx;//10,,20 1.0,,2.0 ¥ AN
Hf cout << vx;//([1.0--- 0e+00,1.0 --- 0e+00], [1.0 -++ 0e+00,1.0 --- 0e+00]) *HiF

#20 [_Matrix 72 = 7 MaMT 2 Ao ERE

HEF Er~7 Ft HART Rt RAE! ¥ A
AA? >> isT IT isT T8Iz AT
Hoht << osT IT osT TEIZEAT L

t: % isT:istream, osT:ostream, mx:2X20= kY v 272 mx = ([1.0,2.0], [2.0, 3.0],
[3.0,4.0], [4.0,5.0])
t:7e 75 Eopl
AJI cin >>mx;//10,,2.0 2.0,,3.0 3.0,,4.0 40,,50 & AN
HH cout << mx;//([1.0 «++ 0e+00,2.0 -+ 0e+00], [2.0 -+ -+ 0e+00, 3.0 - -+ 0e+00],
//[3.0 -+- 0e+00,4.0 ++- 0e+00], [4.0 -+ 0e+00,5.0 - -+ 0Oe+00]) X HH

3.2.3 IM_IOStream 7 7 A

IM_IOStream 7 7 2%, I_Matrix B+ 72 = 7 Mizxtd 5 AHSILEAEE S % B
FOIICERBINTVS, R0ICENLDEREEZTRT,

ZZTHOANERE, 1ITEORMDER» LBRANL, 24T 34TH &4 <. #ic
g, TAITHORERAWM N L2 B8ATL, KI224TH# BT 5,

3.3 =7—772A
IF5—7F 2L, 3O0DT7TFAILE ST nb, FHHIE,

[_Error 7 7 2 — IV_Error 7 7 Z —— IM_Error 7 7 %

Thbd, INHLDT7 T RIF, 2—F—IINTE2ZT7—FF, FLRENEFNDOLT—ITIGL
72T,

3.3.1 I _Error 77 A

[_Error 7 7 213, KMEEIZNT 227 —DMBLITH ., 2D 7 T 23, F2UTFT &
MDA T L2 7 b L 5BENA v =Y DI B 1O ELNTL DL, FDA Y+
—COMBEICEL T, LT —MEET.
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%21 I1_Error 77 290 x5 — i

Aoy —P Aoy e— 2 DEK 7 — VA=A WNIRLLE:
Divide_By0 025X THRE I 7 — Lkl T z=x/z,
Interchange XN 8T X —F DEJENEY I 7—Hh L KT Interval y(1,0);
Empty_Set eEL BENHH z=x&2z;

Input T—FZ ATIDORRAFEY 7 —HALBEEAR 1,2 & AN
Power_Negative NERHKHE 7 —Hh LT z = pow(x, —2);

¥:x =(1.0,2.0], z=[0.0,0.0]

#22 IV_Error 7 7 A x 7 — ML

Ay — Ry — Y DB I 7 — A a7 a okt
Inconsistent X7 P ILDHKEBHA—E AL R T VX + VW
Memory_Over 2 &) OFEREART 57— L BEAN I_Vector vy (10000);

tovx =([1.0,2.0], (1.0,2.0]), vz =([0.0,0.0],[0.0,0.0]), vw= ([2.0,3.0], [2.0,3.0], [2.0,3.0])

#23 IM_Error 7 5 20z 7 —LE

2oy —Y Aoy — T DERR I 7 — A VA =N Ay NI PL 1k
D_InconsisTent <2 b w7 ANDKE ZHL—EK 7 —H L EHIET mx-+my;
Imxmyi2x2o=tY 72, mx=([10,20],[1.0,20],, my = ([0.0,0.0], [0.0,0.0],
[1.0,2.0], [1.0,2.0]) £0.0, 0.0], [0.0, 0.0],

[0.0,0.0], [0.0,0.01)

3.3.2 IV _Error 752

IV_Error 77 23, KR 7 P VOBEBEIIHT 2= 7B %2475, 2D 7 7 2 L [EEk
2, RR2TRINE A v —TOBIZIGL T, FREFNZ 7 —LHELITH, A v L—,
Inconsistent I2XF 57 =D HAETEDIE, EFXF7 FEAART Y FOXT P LD
KEIVRUDLETH B,

3.3.3 IM_Error 77 =2
IM_Error 7 7 213, K= Y v 7 21203 27— 2479, 2D 7 7 AL [EERIZ,
RWBTREND A » 2= OMBZIEL T, =7 —REEFTI,

3.4 TEEINR T T ZADIEWSEFT
BRlciA /127 T AT a b A7, FONEFIX, TNFNTRAUTRENE T 7ANLT
EEINTW S,
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F BIVTARERLEZT7 AN

ZTabfAT 7'a b A4 TORE 7 7 2
INTERVAL. H INTERVAL. CPP Interval, I_Vector, I_Matrix
IMATH. H IMATH. CPP I_Math, IV_Math, IM_Math

IIOSTRM. H IIOSTRM. CPP I_IOStream, IV_IOStream, IM_IOStream
IERROR. H IERROR. CPP I_Error, IV_Error, IM_Error

4. ZMMIFS A 75 OERD

ZOEITIE, HIEITHRRZT74 77 ) 2ERICHERL2B28X5, EHREHRERXNIR
ERDOIFBRHDHELL TWAWALLEREEDNH L, £OPTL, —RIZIRDE N
BWHEELTHMONE=a— 2 EXFH D, ZD=a—F P ERZRHEE W IERICHEEL 72
LOWRB =2 — b+ 3ETH B3, 4, H5Ek TR TREX RIS f(x) It L T f(x) =
0 DEZROIT 270N MBEEZ D, /2, f(x) &2 f/(x) IcxL T, X
IRL 72 F(X), FI(X) %2 %, UTIZRM=2— > ENT LT XL %RT,
[zl L]

LLL 0 FI(X?) Zebl, X*V=X® %253 TUTORBEAREE KT,

(k)
AT)CkUiZZ”K)ﬁk»"fgg%igm;
XU = XWANX®)  (k=0,1,2 ")

(1]
MIRAX R Xo = [1.0,25] 12813 f(x) =sinx+cosx =0 DIREKDE 70 7T L&
FEATHRER Z LT ICRT,

(7' 7T 4]
#include ”“interval .cpp”

#include “iiostrm.cpp”
finclude “imath.cpp”

double f( double& x ){ return sin(x) + cos(x); };//Bi¥fnEH
Interval deriv( Interval& x ){ return cos(x) — sin(x); };//HEE¥%{ ODEH
int criter( Interval& x ){ return 1( 0.0 <= deriv(x) ); };//HIEE&HDER

void main ( void ){

Interval x, old_x, n;
double m; // XEohs
int |terCount=0; //iEEI%

cin > x; // XKEDAR
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if (criter(x) ){ //&BE#ELTLEIPHET S

do{
cout << 7 nx” << “T(”"<<IterCount << ")=" << x << endl;
old_x = x;
m = mid(x);
n=m- f(m) / deriv(x);
X =n & Xx;
IterCount ++;
} while(x '=old_x); // #7%&#
cout << "RIEMRI%:” << lterCount << "EMIXH:” << x;
}
else cout << “"Criterion not satisfied '¥n”;
}
[FEATRER]

x” (0)=[1.000000000000000e+00, 2. 500000000000000e +00]
x” (1)=[2.197349053273453¢+00, 2. 500000000000000e +00]
x” (2)=[2.355275043201859¢+00, 2. 357650289344867e+00]
x"(3)=[2.356194171125610e+00, 2. 3561948081 |1474e+00]
x " (4)=[2.356194490192345e+00, 2. 356194490192345e+00]
x" (5)=[2.356194490192345e+00, 2. 356194490192345e+00]
AR 6 JTAX T : [2. 356194490192345e+00, 2. 356194490192345e+00]

5. ¥ ]

EREN7274 77 ) 2H2FI2L), KH, KE~X7 ML, KE= Y v 7 202380
THHEVERTH S, 72, 7477 )% C++ THERTSHFHIZL-T, ZNEHNAET
L, FEIZTOT T I TIHNESICL D, 4tk BEILEHEEEZEOTELLZTAT T
2T RLENH B,

EE X
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Interval Arithmetic Library with C++
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The interval arithmetic has been applied to some fields of engineering and science.
In order to develop a programming to solve those problems we present a convenient
programming tool in this paper. The construction of the library and an example of its
application is introduced.



