npaKTVI‘-IeCKVIe 3aHATUA B KOMMNBbHOTEPHOM KJiaccCa

3aHssimue Ne5 «MHmepdghelicbi»

Pa3paboTka mporpaMM, HCHOJB3YIONIMM OTHOLICHHE HAcJlelIOBaHUS MEXAy Kiaccamu.
OcoOeHHOCTH  TIpUMEHEHHUs  a0CTpakTHBIX  KiaccoB W uHTepdeiicoB.  IIpumenenue
WHTETpUPOBAaHHON cpenbl mporpammupoBanus Eclipse nams  pa3paboTku  CBOMX — KJIAcCoOB,
MCIOJIb3YIOIINX OTHOILIEHUE HACIIEI0BaHUS.

3apaHue

Co3pmate HabOpP KIIACCOB JUISl PEeLIeHUs 3a7a4u YMciIeHHOro auddepeHunpoBanus GyHKIUN
OHOM mepeMeHHOH. Peanu3oBaTh mnporpaMmy Tak, YTO OBl MOXHO OBUIO YHCJICHHO
JuddepeHIUpoBaTh ¢ 33JaHHOM TOYHOCTBIO (PYHKIIMM OJHOM MEPEeMEHHON pa3nn4Horo Buaa. Jlis
TECTHPOBAHHS MPOTPaMMBl BEIYMCINTL Ha oTpeske Xx€[1.5,6.5] ¢ marom 0.05 mnpowusBomusie
HECKOJIBKUX (QyHKIMHA. J[151 TeCTUpOBaHUS IPOTrpaMMbl HCIIOIb30BaTh TAKUE (PYHKIMH:
& mepsas ynxuus: f (x)=exp(—ax’)-sin(x) mwia 3ananHoro 3Havenns a (a=0.5);
¢ Bropas (pyHKIMA: 3HAYCHHUS HE3aBUCHMOM NEPEMEHHOH — 3TO 3HaueHWe mnapamerpa d,
npuHamnexamee orpesky a€[1.0,7.0] u wm3mensomeecs ¢ marom 0.1, 3HaueHMe
dyHKIMYM — pemenne ypasHerus sech(x )’ =a-x IS 331aHHOTO 3HAYEHUS d .
¢ TpeThs PyHKIMS: 3HAYCHUSI HE3aBUCUMOM NIEPEMEHHOM U (DYHKIIMU COXPAHEHbI B TEKCTOBOM
(aiine TaHHBIX.

Pesynbratel quddepeHIpoBaHUs COXPAHUTh B TEKCTOBBIX (paiijiax JaHHBIX.

Mamemamuyeckue MemoObi
Boiuucienue npou3BoaHOI

Jns BBIYMCIIGHHMS TPOM3BOIHON BOCHOJIB30BAThCS LEHTPAIBHON KOHEYHO — Pa3HOCTHOM
dopmynoii uncienHoro auddepeHInpoBaHus O TPEM TOUKaM:

f ,(xi)N f(xi+1)2_hf (xi—l)

3mech X; — TOYKa, B KOTOPOMl TpeOyeTcss HAWTU MPOM3BOAHYIO, X..;=X;*h, h — mar, ¢
KOTOPBIM BBIYHCIIEHA TIPOM3BOIHAS.

Jlns Toro, 4ro0Bl OLIEHWTH TO 3HAYEHUE /A, I KOTOPOrO MPOM3BOAHAS BBIYHCIEHA C
3aJaHHOH TOYHOCTBIO €, CledyeT BBIUMCIMTH mocienoBatensHocts D,=f'(x) co Bee
YMEHBIIAIOIUMUCS 3HAYEHMAMH I1ara A (h,=0.1-h, ,). BoluncieHue NOCIEI0BATENLHOCTH
CIEyeT NPOBOIUTH JI0 TEX MOP, MOKA HE OYIET BBHIIOIHEHO XOTS ObI OJJHO HEPABEHCTBO:

|D _Dn|>‘Dn_Dn71| nii ‘Dn_Dn71|<8 .

n+1

Jns Toro, 4ToOBl BBIYMCIUTH MPOU3BOJHYIO TAaOMMYHO 33JaHHON (DYHKIUH, MOCTPOUM
MHTEPIOIALUOHHBIA NOJIMHOM, KOTOPBIH poanddepeHIupyeM o 3TOMY paBuUIly.

HOCTpoe}me HHTEPIOJANUOHHOI'0 ITOJIMHOMA

Jnst BbrymciieHuss 3Ha4eHUS (YHKIUM, 3aJaHHOW TaOMMYHO B TOYKAX MEXAY Y3JaMu
TaOIUIBI MOXKHO BOCIIOJIb30BaThCSI METOJIAMU MHTEPIOJISIUH.

3aja4a WHTEPIOIANHNN 9acTO (GOPMYIMPYETCS Tak: MyCcTh GyHKIusS y=f (x) HA3BECTHA B
N+1 Ttouke (xo,yo) R (xl,yl) s (x,,,y,,) , Tme yka(xk) , 4 3HaUeHUS X, MPUHAIIEKAT
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HHTEPBAILY la,b] n YIOBJIETBOPSAIOT YCIOBUAM A< X(<X;<...<X,<b . TpeOyeTcs BBIYHCIHTH
3HaueHUE QYHKIMU f (x) Ha uHTepBaie [a,b] B HpoMeKYyTKaX MKy TOUKAMH TaOyNIsAILUHY.

Ecii 3aiaHHble TOYKH (X, V) HM3BECTHBI C BBICOKOI CTEICHBIO TOYHOCTH, TO MOYKHO
MOCTPOMTh HHTEPIONSLMOHHEIA momuHoM P (x), kotopsili mpoxoaut uepes Hux. Korma
BBIUKMCIIACTCS 3HAYCHHE WHTEPIHONALUMOHHOrO monuHoMa P(x) B Touke xe[xo,x v, TO
npuGmmkenne P (X) HasbIBaeTCS sHauenuem unmepnonayuu.

CyllecTBYeT MHOIO CIOCOOOB IIOCTPOEHHS HHTEPNONAIMOHHOro mnojiuHoma P(x).
PaccMoTpuM HHTEPHOISIHOHHBIN OJMHOM Jlarpan:ka.

Opanny3ckuii matematuk JKozegh Jhyu Jlaepanoe (1736 — 1813) npensokui UCIOIb30BaTh
JUIA  HaXOKACHHMS MHTEPIONANUMOHHOTO mnommeoMa P(x)  cmemyrommit meron. ITommmom,
npoxonsammii uepe3 N +1 touky (xo,yo) s (xl,yl) e (x,,, y,,) , CTEIIEHN He OoubIel, ueM N
MOJKET OBIThH 3allKCaH B BUJE:

PN(X):];) ykLN,k<x):

e Ly (x) — xospduuments: nommuoma Jlarparka, 0CHOBAHHOTO HA THX y37ax. BbipaxkeHus
st koapdurmentos Ly, ((x) MOTYT OBITh 3aITUCAHbI B BHJIE:

[ R W

Ins xaxmoro (ukcupoBaHHOro A koddduuuentsl mnoiauHoma Jlarpamxka Ly, ((x)
00J1a1ar0T CBOMCTBAMU:

LN,k( ): , korma j=k,
Korna j#k.

Panee, 3a/1auy BBIYMCICHUSI HHTEPHIOIUPYIOMINX (PYHKIMNA OBLIO MPUHATO pa3iessTh HA J[Ba
srana. Ha nmepBom 3tamne BeIMUCIIUCH KOG dULIMEHTHI HHTeprionupytomed ¢pynkuuu. Ha Bropom
aTane 3TU KOA(PQPHUIMEHTHl UCIONB30BAIMCH JIUIsl BHIYUCICHUS TOJMHOMA. B HacTosmuii MOMEHT
00BIYHO KO3 (UIIMEHTH! BEIUMCISIOT Ha KaXKJOM Il1are BBIYMCIECHUS OJIMHOMA.

Pemenne ypaBHeHusi

ITouck KopHEH ypaBHEHHUs BUAA:
f{x)=0

BBITOJIHSCTCST B JBa dTanma. Ha mepBoM »dTame OCYIIECTBISCTCA JOKAAU3ayusi KOPHA, T.€.
ompesenseTcs Takoi orpesok |a,b], Ha xotopoMm mccnenyemas dymkums f (x) uMeer cTporo
OIIMH KOpeHb. OJTOT OTPE30K HAa3bIBAIOT Ompe3Kom Jokamuzayuu ¥opHs X. Ha Bropom stame
BBITIOJTHSACTCS yTOYHEHHE PACTIONOKEHHSI KOPHS Ha OTPE3Ke JIOKATH3aINH.

JUis yTOuHEHHsI pacloiIOKEHUs] KOPHS BOCIIONIB3YEMCSl METOAOM CEKYITHX. MeTo/ CeKyIux
MOXKHO paccMaTpuBaTh Kak MoauduKaiuio mMerona HploToHa, B KOTOPOM NPOM3BOAHAS 3aMEHEHA
KOHEYHO — PAa3HOCTHBIM NPUOMIKEHHEM. OTOT METON SBISETCA «ABYXIIATOBBIM» — JUIS
BBIYHCIICHHS. HOBOTO NPHOIIKEHHs K KOpHIO x“*!) HYXHO 3HATH /1B IPEBILYIAX TIPHOIHKCHIS
+® k=1 B nanHOM MeToJe JUIs HOBOE IIPUOIMKCHHE K KOPHIO BBIUHUCIISIETCS 110 hopMyIie:

’

x(k+l):x(k)_ X —X f(x(k)).



[Ipu BBIYMCIEHUU KOPHS YypaBHEHHs OyJeM CUYUTaTh, YTO KOPEHb HalJeH ¢ 3aJaHHON
TOYHOCTBIO, €CJIH BBINOJHAETCS HEPaBEHCTBO |x(k+1)—x<k>|<g, e x"Y x% — 1ga

IIOCJICAOBATCIbHBIX HpI/I6J'II/I)KeHI/IH K KOpHIO, € — Tpe6yeMa;I TOYHOCTB pacCu€TOB.

PeweHue

st Toro, uto0sl MOXKHO ObLTO MU GEpeHIpoBaTh T00bIe (PYHKIIMH OJHOW IepeMEeHHON
yA00HO 0OBSABUTH MHTEP(PENC — BO3MOKHOCTH BBIUMCIINUTh PE3YIIBTAT, TOJYYHB OJUH apryMeHT. U
UMEHHO TI€pEeMEHHAasi TaKOro THUMa OyIeT HCIONb30BaTbCs B KaueCTBE COOTBETCTBYIOILETO
napamerpa GyHKIMM 4YHcIeHHOTo nuddepennupoBanus. T.e. OO0BEKT JHO00W TPUPOMIBI,
peann3yromuil ykazaHHbli HHTepderic MoXeT ObITh poauQGepeHIIMPOBaH.

Kak o0ObIuHO, 3arpyxaem HHTerpupoBaHHyto cpeny Eclipse, 3akpbiBaeM cBou cTapsble
IIPOEKTHI U CO37aEM HOBBIM Java MPOEKT ¢ uMeHeM Themeb6. B njaHHOM IPOEKTE CO3AaJAUM ITaKeT
classWork6, B koTopoM OyzieM pa3melnarh Kiaacchl MPUI0KEHUS.

B navane cozmagum unTepdeiic Evaluatable, xotopsrii Oyaer rapaHTHpOBaTh, YTO OOBEKT
KJlacca, KOTOPbIM 3TOT nHTepdeiic pealnzyeT MOXKET BBIYUCIISATH 3HAUE€HHE [0 OJHOMY apryMEHTY.
Jlist Toro, 4TOOBI CO37aTh TakoW WHTEpQEHC BhI30BeM KoMmaHny MeHio File | New | Interface. Ha
9KpaH OyZeT BBIBEAECHO UAIOTOBOE OKHO CO3/IaHUs HOBOTO MHTep(delica.

& New Java Interface @

Java Interface ./_\
Create a new Java interface, '\ |
Source Folder: | Themet Browse..,
Package: | classWorks Browse...
[™ Encosing type: |
Name: | Evaluatable|
Modifiers: % public " default i i
Extended interfaces: add...
Do you want ko add comments as configured in the properties of the current project?

[” Generate comments

JlaHHOE AMamoroBOoe OKHO OY€Hb MOXOXKE HAa OKHO CO3/IaHHWs HOBOTO Kiacca. B mone Name
HY)KHO yKa3aTh Ha3BaHHWe HMHTepdeilica W Hakarb KHONKY Finish. byner co3man u mo0aBieH B
npoekT ¢aiin ¢ umenem Evaluatable.java, conepxammuii 3arotoBky nuntepdeiica:

package classWork6;

public interface Evaluatable {

b

JloGaBuM K HEMy MeETOJl, KOTOpBIH HYXHO OyleT ONpelNesluTh BO BCEX Kiaccax,
peanu3yonmx JaHHbIH uHTEepdeiic. B pesynbrare uTepdeiic npuMeT Takol BUI:

package classWork6;

public interface Evaluatable {
double evalf(double x);

b

Hanee co3mamum kiacc FFunction, koTopblii peanusyeT JaHHBIA HHTepdelc U
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IpelHA3HAYEH IS BHIYMCIEHMs Tepsoit dymkmmm [ (x)=exp(—ax’)-sin(x). s aroro
BbIOMpaeM komaHay MmeHio File | New | Class, 1 B TOSBHBIIEMCS Ha JKpaHE IHMAJIOTOBOM OKHE
yKa3bplBaeM HMs Kkiacca (mone Name) W yka3piBaeM HWHTEp(EHCHI, KOTOpBIE TOIDKHBI OBITH
peanu3oBaHbl. {1 3TOr0 HAKUMaeM KHOTIKY Add, pacroioKeHHyIo npaBee crucka Interfaces. Ha
9KpaH OyJET BBIBEIICHO IUAJIOTOBOEe OKHO Implemented Interfaces Selection, mpeaHa3sHa4YeHHOE TSI
BbIOOpa HY)KHBIX HHTEP(EHCOB.

& Implemented Interfaces Selection =

Choose interfaces: -

Eva
[Makching items:

@ Evaluatable - dlassiorks

£ 1l b3

3 classworks - Themeé

@:l Add | OF | Cancel

B none Choose interfaces HauHeM yka3bIBaTh HYKHBIH HHTepdeiic. [To mepe ykazaHus B
nonie Matching items oToOpa)karoTCs TOAXOAIIME MO Ha3BaHWIO MHTepdeichl. Halas HyXHBIMH,
MOXHO €T0 BBIOpATh MBIIIBIO U HAXXaTh KHONIKY OK. UnTepdeiic OyneT BbIOpaH, U yKa3aH B CITUCKE
Interfaces nuanorosoro okHa New Java Class.

& New Java Class

Java Class _

Create a new Java class, @
Source Folder: Themet Browse. ..
Package: classwworks Browse. ..
[T Enclosing bype: :]
Mame: FFunckion
Modifiers: (@) public () default

[ abstract [ Final
Superdlass: java.lang.CObject Browse. ..
Interfaces: €3 classworks, Evaluatable add. ..

Remove

Which methad stubs would you like to create?

[ public skatic vaid main{Stringl ] args)

|| Constructars From superclass

Inherited abstract methods
Do you want o add comments? {Configure termplates and default value here)

D Generabe comments

- S

@ ) | Einish | Cancel

Janee st co3maHusi 3aroTOBOK (PYHKIMK HYKHO BbIOpaTh (ruaxkkoBoe mone Inherited
abstract methods, n 3ampeTuTh aBTOMAaTHYECKU co3aaBaTh QyHKuuto main(). [locne yxazanus
TaKWX HACTPOEK CIeNyeT HaXKaThb KHOMKY Finish.

B mnpoekr Oymer noGasnen ¢aiin FFunction.java, cogepxamuii 3arotoBKy Kiacca,
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peanu3yoero 3aJaHHbIi nHTepgeiic:

package classWork6;
public class FFunction implements Evaluatable {

public double evalf(double x) {
// TODO Auto-generated method stub
return O;

¥

st peanu3anyivi HY>)KHOM (YHKIIMOHAJIBHOCTH JI0OABIISIEM 3aKpPBITOE TOJIE JUIS XPaHCHHS
3HAYEHUs MapaMeTpa d , aBTOMATUYECKU F€HEPUPYEM J1BA KOHCTPYKTOpA U MOANPABIIAEM UX KO, a
TAKKE peajnu30BbIBa€M METOJ BbruncieHus evalf(). B pesynbsrare noay4uTcs NpUMEPHO TAKOW KO

package classWork6;
public class FFunction implements Evaluatable {
private double 3;

public FFunction(double a) {
// TODO Auto-generated constructor stub
this.a = a;

b

public FFunction() {
// TODO Auto-generated constructor stub
this(1.0);

h;

public double evalf(double x) {
// TODO Auto-generated method stub
return Math.exp(-a*x*x)*Math.sin(x);

¥

s Toro, yToOBI peayn30BaTh BBIYMCICHUS OCTABIIMXCA JABYX (YHKIMH CO3qaauM J1Ba
JIOTIOTHUTENBHBIX Kitacca. [lepBblit kiacc — aOcTpakTHbIM Kiaacc Point. JlaHHBINH Kiacc copep KUt
0a30BbIe BOBMOXKHOCTH IO TPEACTABICHUIO TOYKU B /7 —MEPHOM MPOCTpaHCTBe. B kauecTBe moneit
9TOT KJIACC COACPIKUT MACCHUB KOOPAWHAT TOYKH, UMECT OJUH KOHCTPYKTOP M ABAa METOJAa JOCTYyIIA.
Jlis coznanus Kiacca BBIMOMHSAEM KoMaHay MeHio File | New | Class v B OSBUBIIEMCSl Ha SKpaHe
nuanoroBoM okHe New Java Class yka3blBaeM Takue, Kak Ha pUCYHKE HACTPONKH.



& New Java Class

Java Class

Create a new Java class,

Source folder: | Themet Browse. .,

Package: | classiwarks Browse. ..

[™ Enclosing type: |

Mame: |Pnint
Modifiers: & public " default T T
¥ ibstract! [ final r

i i e}

Superdlass: | java.lang.Object Browse, ..

Interfaces: Add...

Which method stubs would vou like ko create?
[ public static void main(Stringl] args)
[ Constructors from superclass
¥ Inherited abstract methods
Do you want to add comments as configured in the properties of the current project?
I Generate comments

B mpoekr Oymer noGaminen daiin Point.java, coxepkamuii 3aroToBKy CO3JaBa€MOro
a0CTpaKTHOTO KJacca:

package classWork6;

public abstract class Point {

¥

B nannyro 3arotoBky no0aBiisieM IMOJIe — MAacCHB KOOPIMHAT, 100aBlisieM KOHCTPYKTOpP C
OTHMM TapaMeTPOM — Pa3MEPHOCTHIO TPOCTPAHCTBA M CO3MaeM METONbl JocTymna. HyxHo
0o0paTUTh BHUMAHUE HA TO, YTO B METOJAX JOCTyNa yKa3aH HEe MHJIEKC, a HOMEpP TOYKU (MHAEKC Ha
eIMHUIlYy MeHblle Homepa). Jlamee ¢ momomipio myHkTa MeHo Override/lmplement Methods
BBI3bIBAEM Ha 3KpaH OJJHOMMEHHOE JMAJIOroBOE OKHO, B KOTOPOM JUIsl IIEpeoIpeiesieH s BhIOpaem
meton toString(). B Teno kmacca Oyzmer BcTapiieH mabaoH METOAa ¢ aHHOTaueld. B aTom Merone
CJIeAYeT U3MEHUTh TO, YTO OBLIO CTEHEPUPOBAHO IO YMOIYAHHMIO HA KO, KOTOPBIA CO3JaeT Takoe
CTPOKOBOE MPECTABNCHHE TOUKM: (X, ) . B pe3ybrare MONTydHTCS KIACC BH/A:

package classWork6;

public abstract class Point {
private double[] coords = null;
public Point(int num) {

this.coords = new double[num];
}

public void setCoord(int num, double x) {
coords[hum-1] = x;
b

public double getCoord(int num) {
return coords[num-1];
b



@Override
public String toString() {

// TODO Auto-generated method stub

String res = "(";

for (double x : coords) {
res+=x+",";

b

return res.substring(0, res.length()-2) + ")";

Crnenyet oOpaTuTh BHUMaHHE: HECMOTpPSI Ha TO, YTO B KJIACCE HET aOCTPAKTHBIX METOJIOB
KJIacc OOBSBIICH a0CTpaKTHBIM. Tak MOKHO TIOCTYIATh TOT/IA, KOTJIa MbI XOTHM OBITh YBEPEHHBIMH,
YTO HUKTO W HHUKOTJIAa HE CMOXET CO3/1aTh OOBEKT ATOro Kiacca. st Toro, yTtoOBl OBUIO YAOOHO
paboTaTh ¢ TOYKOH B JJBYMEPHOM IPOCTPAHCTBE CO3AaIUM Kiacc Point2D — mpou3BOAHBIN Kiacce
oT kiacca Point. [lanublil kiacc OyneTr He TOJMBKO MPOM3BOIHBIM KJIaccOoM OT kiacca Point, HO u
Oymer peanu3oBbiBaTh HHTep(delic Comparable, mns Toro, 4ro0bl MOXXHO OBUIO COPTHPOBATH
KOJIJICKIOIUN TOYCK. Ot Tpe6OBaHI/I$I CTaHJApPTHBIM 06pa30M YKa3bIBalOTCA B OMWAJIOTOBOM OKHEC
CO3JIaHMsI HOBOTO KJlacca:

& New Java Class

Java Class

Create a new Java class,

Source folder: | Themes

Package: | classiwarks

[™ Enclosing type: |

Mame: | PoinkzDr

Modifiers: & public " default

™ abstract | final I~

~

Superdlass: | classwarks. Paint

Inkerfaces: €9 java.lang. Comparable

Which method stubs would vou like ko create?

¥ Inherited abstract methods

I Generate comments

Iw public static void main{Stringl] args)

[ Constructors from superclass

Do you want to add comments as configured in the properties of the current project?

Browse, ..
Browse.,..
~
Browse, ..
fdd.,
'

By,ueT CO3aaH 1a0JIOH KJlacca TaKoro BUaa:

package classWork6;

public class Point2D extends Point implements Comparable {

public int compareTo(Object arg0) {

¥

// TODO Auto-generated method stub

return O;

/**



* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub

B co3nmannblii Ki1ace cTaHAapTHRIM 00pa3oM J100aBisieM JBa KOHCTPYKTOpa (OIMH CO3AaeT
00BEKT TOYKY W3 Tapbl YUCEN, a BTOPOM — KOHCTPYKTOP IO YMOJYAHHIO), yIOOHBIE METOMIbI
JOCTyNa, peanusyeM (QyHKILHIO CpaBHEHHs comparelo u co3naeM (yHKIM main(), B KOTOpOii
npoBepsieM (YHKIIMOHATBFHOCTD CO3JaHHOTO Kiacca. Kimace Point2D MOXeT MOMy4IuThCsl IPUMEPHO
TAKUM:

package classWork6;
public class Point2D extends Point implements Comparable <Point2D> {

public Point2D(double x, double y) {
super(2);
setCoord(1, x); setCoord(2, y);

b

public Point2D() {
this(0, 0);
b

public double getX() {
return getCoord(1);

¥

public void setX(double x) {
setCoord(1, x);

by

public double getY() {
return getCoord(2);

¥

public void setY(double y) {
setCoord(2, y);

by

public int compareTo(Point2D pt) {
// TODO Auto-generated method stub
return Double.compare(getX(), pt.getX());

¥

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
java.util.List<Point2D> data = new java.util.ArrayList<Point2D>();

R S



int num;
double x;

java.util.Scanner in = new java.util.Scanner(System.in);
do {

System.out.print("Konuuectso Touek: ");

num = in.nextInt();
} while (num <= 0);

for (inti=0; i <num; i++)

{
x = 1.0 + (5.0 - 1.0)*Math.random();
data.add(new Point2D(x, Math.sin(x)));

¥

System.out.printin("HecopTupoBaHHble AaHHbIE: ");
for (Point2D pt : data)
System.out.printin(pt);

System.out.printin("\nOTcopTnpoBaHHbIE AaHHbIe: ");
java.util.Collections.sort(data);
for (Point2D pt : data)

System.out.printin("x = " + pt.getX() + "\ty =" + pt.getY());

Hanee, coznagum aGcTpakTHBIN Ki1ace Interpolator, B koTopoM omuieM KOTOpbIE JAOJDKHA
BBIITOJIHATH q)yHKHI/ISI HHTCPIIOIIAINN JaHHBIX, BHC 3aBUCHUMOCTH OT cnocoba ux XpaHCHUSA H
npezactasieHus. Kpome Toro, 4to0bl 3TH 00BEKTHl MOKHO ObLIO U (EepeHINpoBaTh, 3TOT KIJIACC
JOJKEH peanin3oBbIBaTh nHTEpdeiic Evaluatable.

CranmapTHeIM 00pa3oM co3JaeM Kjacc M yka3biBaeM TpeOoBaHusi K Hemy. [lomyuaem
3aroTOBKY Kjlacca, B KOTOPYIO A00aBIsieM a0CTPAKTHBIE METOJIbI, C OMOIIBIO KOTOPBIX pean3yeM
meton evalf() (BblUMCICHME HMHTEPHOJSAIMOHHOTO monuHoMa Jlarpamxka mo Habopy 3aJaHHBIX
TOYEK JJIs yKa3aHHOTOo aprymenTa). Kiacc npumeT npumepHo Takoi BU:

package classWork6;
public abstract class Interpolator implements Evaluatable {

abstract public void clear();

abstract public int humPoints();

abstract public void addPoint(Point2D pt);
abstract public Point2D getPoint(int i);
abstract public void setPoint(int i, Point2D pt);
abstract public void removelLastPoint();
abstract public void sort();

public double evalf(double x) {
// TODO Auto-generated method stub
double res = 0.0;
int numData = numPoints();
double numer, denom;

for (int k = 0; k < numbData; k++) {

—9__



numer = 1.0;
denom = 1.0;
for (intj = 0; j < numData; j++) {
if (j!=k){
numer = numer * (x - getPoint(j).getX());
denom = denom * (getPoint(k).getX() - getPoint(j).getX());
b
b
res = res + getPoint(k).getY()*numer/denom;

b

return res;

b

Jns mpencraBienus BTopo GyHKuM s auddepeHIpoBaHUS  CO3MaAUM  KIacce
ListInterpolation, nacneqnuk kiacca Interpolator. B sTom kiacce TOYKH, MO KOTOPBIM OyaeT
CTPOUTCS UHTEPHOJSIIIUOHHBIA TMOJIMHOM OYyIyT XpaHUTHCS B COUCOYHOM MaccuBe. CTaHIapTHBIM
0o0pa3oM aBTOMAaTHMYECKH CO3/1a€M 3aroTOBKY JaHHOro Kjacca. JloOaBinseM U ucCHpaBisieM
ABTOMATHYECKH CT€HEPHPOBAHHBIA KOA KOHCTpYyKTOpoB. s ymoOcTBa paboThl CO3maguM TpHU
KOHCTPYKTOpa — KOHCTPYKTOP TI0 YMOIYAHHIO, & TAK)KE KOHCTPYKTOPHI, KOTOPHIE CO3TA0T OOBEKT
ATOTO KJjlacca MO MAacCUBY U IO CIHCOYHOMY MaccuBy Toyek. Jlanmee peanusyem Bce abCTpakTHBIE
MeToAbl 0a30BOro Kjacca M pealu3oBbiBaeM MeToi main(), B KOTOPOM IIpOBEpsieM Bce
BO3MOXKHOCTH pa3paboTaHHOTro Kiacca. Kimacc MoxkeT uMeTh Takoil BUA:

package classWork6;

import java.util.*;

public class ListIinterpolation extends Interpolator {
private List<Point2D> data = null;

public ListInterpolation(List<Point2D> data) {
// TODO Auto-generated constructor stub
this.data = data;

by

public ListInterpolation() {
// TODO Auto-generated constructor stub
data = new ArrayList<Point2D>();

¥

public ListInterpolation(Point2D[] data) {
// TODO Auto-generated constructor stub
this();
for (Point2D pt : data)
this.data.add(pt);

@Override
public void clear() {
// TODO Auto-generated method stub
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data.clear();

¥

@Override

public int numPoints() {
// TODO Auto-generated method stub
return data.size();

¥

@Override

public void addPoint(Point2D pt) {
// TODO Auto-generated method stub
data.add(pt);

@Override

public Point2D getPoint(int i) {
// TODO Auto-generated method stub
return data.get(i);

by

@Override

public void setPoint(int i, Point2D pt) {
// TODO Auto-generated method stub
data.set(i, pt);

b

@Override

public void removelastPoint() {
// TODO Auto-generated method stub
data.remove(data.size()-1);

¥

@Override

public void sort() {
// TODO Auto-generated method stub
java.util.Collections.sort(data);

b

/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
// TODO Auto-generated method stub
ListInterpolation fun = new ListInterpolation();

int num;
double x;
java.util.Scanner in = new java.util.Scanner(System.in);

do {

System.out.print("Konnyectso Touek: ");
num = in.nextInt();



} while (num <= 0);

for (inti =0; i < num; i++)

{
x = 1.0 + (5.0 - 1.0)*Math.random();
fun.addPoint(new Point2D(x, Math.sin(x)));

¥

System.out.printin("MHTepnonsauunsa no: " + fun.numPoints() + " Toukam");
System.out.printin("HecopTtupoBaHHbIn Habop: ");
for (inti = 0; i < fun.numPoints(); i++)

System.out.printin("Touka " + (i+1) + ": " + fun.getPoint(i));

fun.sort();

System.out.printin("OTcopTnpoBaHHbIi Habop: ");

for (inti = 0; i < fun.numPoints(); i++)
System.out.printin("Touka " + (i+1) + ": " + fun.getPoint(i));

System.out.printin("MnHnmanbHoe 3HaveHune x: " + fun.getPoint(0).getX());
System.out.printin("MakcmmanbHoe 3HayeHue x: " +
fun.getPoint(fun.numPoints()-1).getX());

x = 0.5*(fun.getPoint(0).getX() + fun.getPoint(fun.numPoints()-1).getX());
System.out.printin("3HaueHune nuteponnaumm fun(" + x + ") =" + fun.evalf(x));
System.out.printin("ToyHoe 3HaueHune sin(" + x + ") =" + Math.sin(x));
System.out.printin("A6contotHasa ownbka = " + Math.abs(fun.evalf(x)-Math.sin(x)));

B mMeron main() cienyer 106aBHTh NPOBEPKY HenpoBepeHHbIX MeTon0B. IIpoBepuTn,
KAK 3aBHCHUT OIIMOKA HMHTEPHOJSALUH OT KOJIHUYECTBA MCHOJIb3YeMbIX NPH HHTEPIOJISIUH
TOYeK.

Jns mpexacraBieHus TpeTbed (QYHKUMU YIOOHO CO3[aTh KJacC — HACIEQHUK Kiacca
ListInterpolation, 1omomHUB ero MeToiaMy YTeHHsT HHPOpMauu 13 Qaiiia u 3amucu nHPOpMaLuu
B ¢ailn. B naHHOM Kilacce aBTOMAarM4ecKH CO3/1aéM KOHCTPYKTOp IO YMOJYaHMIO, J00aBisieM
METONbl CUMTHIBAHHMS WH(POPMALMU O TOYKAX M 3amucH Takod wuHpopmanuu B (aiin. Taxxke
no6apisieM MeTol main(), ¢ TOMOIIBI0 KOTOPOTo TecThupyeM kimacc. Kpome Toro, B Merome main()
noAroToBUM (haiin ¢ maHHbIMH JUIst padoTel. CoxpanuM ux B ¢aitie TbIFunc.dat. B pesynsrare
MIOJTYYUTCs KJIacc BUJA!

package classWork6;

import java.io.*;
import java.util.*;

public class FileListInterpolation extends ListInterpolation {

public FileListInterpolation() {

super();

// TODO Auto-generated constructor stub
h;

public void readFromFile(String fileName) throws IOException {

BufferedReader in = new BufferedReader(new FileReader(fileName));
String s = in.readLine();



clear();

while ((s = in.readLine()) !'= null) {
StringTokenizer st = new StringTokenizer(s);
double x = Double.parseDouble(st.nextToken());
double y = Double.parseDouble(st.nextToken());
addPoint(new Point2D(Xx, vy));

b

in.close();

¥

public void writeToFile(String fileName) throws I0Exception {
PrintWriter out = new PrintWriter(new FileWriter(fileName));
out.printf("%9s%25s\n", "x", "y");
for (inti = 0; i < numPoints(); i++) {
out.printin(getPoint(i).getX() + "\t" + getPoint(i).getY());

out.close();

¥

/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
FileListInterpolation fun = new FileListInterpolation();

int num;
double x;
java.util.Scanner in = new java.util.Scanner(System.in);

do {
System.out.print("Konnuectso Touek: ");
num = in.nextInt();

} while (num <= 0);

for (inti=0;i <num; i++){
x = 1.0 + (5.0 - 1.0)*Math.random();
fun.addPoint(new Point2D(x, Math.sin(x)));
b
System.out.printin("MHTepnonaumsa no: " + fun.numPoints() + " Toukam");
System.out.printin("HecopTtupoBaHHbIn Habop: ");
for (inti = 0; i < fun.numPoints(); i++)
System.out.printin("Touka " + (i+1) + ": " + fun.getPoint(i));

fun.sort();

System.out.printin("OTcopTnpoBaHHbIli Habop: ");

for (inti = 0; i < fun.numPoints(); i++)
System.out.printin("Touka " + (i+1) + ": " + fun.getPoint(i));

System.out.printin("MnHnmanbHoe 3HaveHune x: " + fun.getPoint(0).getX());
System.out.printin("MakcmmanbHoe 3HayeHue x: " +
fun.getPoint(fun.numPoints()-1).getX());

System.out.printIn("CoxpaHsem B pann");
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try {
fun.writeToFile("data.dat");

b

catch (IOException ex) {
ex.printStackTrace();
System.exit(-1);

b
System.out.printin("CuutbiBaem n3 ganna");
fun.clear();
try {
fun.readFromFile("data.dat");
b

catch (IOException ex) {
ex.printStackTrace();
System.exit(-1);

b

System.out.printin("OaHHble n3 danna: ");

fun.sort();

for (inti = 0; i < fun.numPoints(); i++)
System.out.printin("Touka " + (i+1) + ": " + fun.getPoint(i));

System.out.printin("MnHnmanbHoe 3HaveHune x: " + fun.getPoint(0).getX());

System.out.printin("MakcumanbHoe 3HayeHne x: " +
fun.getPoint(fun.numPoints()-1).getX());

x = 0.5*(fun.getPoint(0).getX() + fun.getPoint(fun.numPoints()-1).getX());

System.out.printin("3HaueHune nHTeponnaumm fun(" + x + ") =" + fun.evalf(x));

System.out.printin("TouHoe 3HaueHune sin(" + x + ") =" + Math.sin(x));

System.out.printin("A6contoTHaga ownbka = " + Math.abs(fun.evalf(x)-Math.sin(x)));

System.out.printin("ToToBMM AaHHbIE Ans cyeTa");

fun.clear();

for (x =1.0; x<=7.0; x+=0.1) {
fun.addPoint(new Point2D(x, Math.sin(x)));

b

try {
fun.writeToFile("TblFunc.dat");

b
catch (IOException ex) {

ex.printStackTrace();
System.exit(-1);
b
b
b

Taxum o0pa3zom, TpeThst GyHKUMS 11t TuddepeHIMpOoBaHMs MOJHOCThIO onpenaeneHa. s
TOTO, YTOOBI MOKHO OBUIO MOJHOCTBIO Pean30BaTh BTOPYIO (PYHKIMIO, HY’)KHO B NMPOEKT T00aBUTh
eme faBa kinacca. OOuH Kiacc — JieBas 4YacTh YpPaBHEHMs, KOTOPOE HEOOXOIUMO pEIIUTh
(Sech(x)2=a-x) . JlaHHBI} KJ1acc cO3/1aeTcsl MPUMEPHO Tak *ke, KaKk U Kjacc ¢ NepBoi (yHkiuen
s nuddepennuponanus. Knace nomkeH peanu3oBbiBaTh MHTep(eiic Evaluatable u Oymer
COZIep>KaTh OJHO 3aKpPbITOE IOJE (3HAYCHUE MapaMeTpa d ), 1Ba KOHCTPYKTOPA M OINpPEEeIICHHBIN
metoA evalf(). Kimacc MoxxeT ObITh IPUMEPHO TaKUM:
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package classWork6;
public class LeftHand implements Evaluatable {
private double a;

public LeftHand(double a) {
this.a = a;
b

public LeftHand() {
this(0);
b

public double evalf(double x) {
// TODO Auto-generated method stub
return 1.0/Math.pow(Math.cosh(x), 2) - a*x;

¥

Jns pemeHus 3aJaHus IHOHAJOOMTCSA e€Ile M KJIacc, B KOTOPOM OyAyT pealn30BaHbI
YHCJIEHHBIE METOJIBI: PEUICHNE HEIMHEHHOTO ypaBHEHHS M METO[ AU PepeHINpPOBaHUS QYHKIIUN
OZIHOM mepeMeHHoM. [l ynobcTBa paboThl ATH METO/IbI OYIyT peaqu30BaHbl KaK CTaTHYECKHUE, T. K.
JUIst BX paboThI OyZIeT He HYXXHO MOy4aTh JOCTYI K MOJISIM Kiacca. J{Jist Toro, 4to ObI HUKTO HE MOT
CO37IaTh JK3EMIULIPOB ITOTO Kiacca (JUIs AOCTyNa K CTaTHYECKUM METOo/aM OOBEKTHI Kjlacca He
HY)KHBI) CO3/IaJJIM OJIMH 3aKPBITHI KOHCTPYKTOP IO yMom4aHuro. B kimace qo6aBum metox main(),
B KOTOPOM MpOBEpUM DPabOTy METOAOB Ha TECTOBbIX Hpumepax. Kiacc mMoxeT ObITH MPUMEPHO
TaKUM:

package classWork6;
public class numMethods {

private numMethods() {
// TODO Auto-generated constructor stub
)

private static double meth(double x, double h, Evaluatable f) {
return 0.5*(f.evalf(x+h) - f.evalf(x-h))/h;
b

public static double der(double x, double tol, Evaluatable f) {

final int MAX = 100;
double h = 0.1;
double one = meth(x, h, f);
h = 0.1*h;
double two
inti =0;
double tmp;
boolean ok;
do {

h = 0.1*h;

tmp = meth(x, h, f);

ok = ( Math.abs(tmp-two) >= Math.abs(two-one) ) ||

meth(x, h, f);
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( Math.abs(two-one) < tol );

if (i > MAX) {
System.out.print("CnnwKoM MHOro Waroe BblunucaeHnin");
System.exit(-1);

b

i+=1;

one = two;

two = tmp;

+ while (lok);

return two;

b

public static double findRoot(double appr, double eps, Evaluatable f) {

final int MAX_ITER = 100;
intk =0;
double delta = 1.0e-1*appr;
double old1l = appr, old2 = appr + delta;
double res, error;
do {
k+=1;
res = old2 - f.evalf(old2) * (old1 - old2) /
( f.evalf(oldl) - f.evalf(old2) );
error = Math.abs(res - old2);
oldl = old2;
old2 = res;
if (k > MAX_ITER) {
System.out.print("CnuwKoM MHOro waros BblYMCNEHUN");
System.exit(-1);
b

} while (error >= eps);

return res;

by

/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
// TpoBepKa MeToAa peLleHns ypaBHEHMUS
double reskql, resEq2;

resEql = findRoot(1.0, 1.0e-7,
new Evaluatable() {
public double evalf(double x) {return x*x - 4;}
b

)i
resEg2 = findRoot(-1.0, 1.0e-7,

new Evaluatable() {
public double evalf(double x) {return x*x - 4;}

¥
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)

System.out.printin("Mepsbi KopeHb: " + resEql + "\nBTopoi kopeHb: " + reskEq2);

// NMpoBepka MeToada anddepeHUnpoBaHUS
ListInterpolation fun = new ListInterpolation();

int num;

double x = -0.5*Math.PI;

double step = 0.1;

java.util.Scanner in = new java.util.Scanner(System.in);

do {
System.out.print("Konnuectso Touek: ");
num = in.nextInt();

} while (num <= 0);

for (inti=0; i <num; i++)
{

X += step;

fun.addPoint(new Point2D(x, Math.sin(x)));
b

x = 0.5*(fun.getPoint(0).getX() + fun.getPoint(fun.numPoints()-1).getX());
double res = humMethods.der(x, 1.0e-5, fun);

System.out.printin("YncnenHHoe 3HauveHune sin'(" + x + ") =" + res);
System.out.printin("CuMBonbHoe 3HaueHue sin'(" + x + ") = " + Math.cos(x));
System.out.printin("A6contoTHas owmnbka = " + Math.abs(res-Math.cos(x)));

HyxHO 00paTuTh BHUMaHUE HA Ty YaCTh METOZa Main(), B KOTOPOH BBIMOIHIETCS MIPOBEPKa
MeTtoza penieHus ypaBHeHus. [Ipu Bei3oBe metona findRoot ncrnonb30BaH AHOHUMHBIN BIOKEHHBIN
knacc. Ero ynoO6HO nmpuMeHsTh, KOrjja Hy>K€H TOJIBKO OMH OOBEKT JAHHOTO KJIAcCa B OJHOM MECTE
nporpammbl. [IpuBenenHas B BbI3oBe Metoaa findRoot 3amuch 03HaYaeT, 4TO CO3AAETCA HOBBIN
Oe3bIMSIHHBIN O0OBEKT Kiacca, peanusyromero unrepgeiic Evaluatable, B kotopoMm peann3oBaH
Tpedyembiii Mmetox evalf(). [TonpobHee 06 3TOM MOrOBOPUM Ha JICKITUH.

st 3aBepiieHHs] MPOrpaMMbl HYXHO CO3/[aTh Kiacc, B KOTOPOM OYIET BBIIIOIHEHO
OCHOBHOE HaIllle 3aJlaHue. DTOT KJacc OyIeT coaepiKaTh €IWHCTBEHHBIM MeToJ Main(), KOTOPHIHA
opranmusyeT Tpedyemyto paboty. Kitacc MOKeT ObITh IPUMEPHO TAKHM:

package classWork6;
import java.io.*;

public class DerivativeApplication {

/**

* @param args

*/

public static void main(String[] args) throws I0Exception {
// TODO Auto-generated method stub
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Evaluatable functs[] = new Evaluatable[3];
functs[0] = new FFunction(0.5);

functs[1] = new ListInterpolation();
functs[2] = new FileListInterpolation();

double root = 0.6;
for (double a = 1.0; a <=7.0; a+=0.1) {
root = numMethods.findRoot(root, 1.0e-6, new LeftHand(a));
((ListInterpolation)functs[1]).addPoint(new Point2D(a, root));
b

try {
((FileListInterpolation)functs[2]).readFromFile("TblFunc.dat");
b

catch (IOException ex) {
ex.printStackTrace();
System.exit(-1);

b

String fileName = "";
for (Evaluatable f: functs) {

System.out.printin("®yHkumnsa: " + f.getClass().getSimpleName());

fileName = f.getClass().getSimpleName() + ".dat";
PrintWriter out = new PrintWriter(new FileWriter(fileName));
for (double x = 1.5; x <=6.5; x += 0.05) {
System.out.printin("x: " + x + "\tf: " + f.evalf(x)
+ "\tf': " + numMethods.der(x, 1.0e-4, f));
out.printf("%16.6e€%16.6e%16.6e\n", x, f.evalf(x),
numMethods.der(x, 1.0e-4, f));
b

System.out.printin("\n");
out.close();

[TporectupoBars padboty npuinokenus. [loctpouts rpaduky.
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