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st % (object) B— NI LABBHMEREENKGTE, MEERELHEY, EE
MBS LIERTZ. ETURTMBENERE, W, F2, ATURMSES,
MBEEMELER; EETURESN. TURSIREHIBNOEY, WEHE. &R
H/BA, REREBHNFR-FIABDENREFROBY,; HEFT RTINS S,
MBERPHVR, SRAPTENRAREL., FREHINZEBFRTFN -1 T
B, FAEREMFTEROEES X, —BRE, ERFARF RSB, 7
BEPHEE - EACHEYRSBHR L AINE,

Xt RE 47 (behavior ) RA& UM MRL T AT EWMMEE, B b, WEESWTHRE
X R T AR B B FE AT A (defined behavior), 48— 94 BE04 b W2 L8977 5 W
B —PMREFT—-HEEXITH, B REERMEEFRERT R NAL TN,

M REW B - NHEET, TR0 R R b BE BRI R RS M BT A (state ) SE]
REH . —MXRATLUEIEEAS F# % (instance field) BMBFRE (field ). MR AHRAF
FRECHBEPHERMR. MEMMEEEN, CHORSBEZEL, RAKARE
( state transition ), XHREREF CHRMENKE., MRHRSIEREAVNEFLIALHY
—UIAB . BER, SRARB BT T L5 b4,

BRTARMRE, HREF— 4547 (identity ) FIX K H'E MBI S8R 4K #i
FHREORE, CAREMBRREOBLTEL, XRNFBRARORESELT (FBHB
MK, ERKE, AT —MER), BHRIRLSTRE -4, WEFE—4%PamEA
MRETGTREME, BACIMREFRME,

BIHAIYIE, BRAVDFEXT B =MEM . BE TR . REMFIR, PR
WA EZHHEBRMBE XTI MENRESHRREN, MREZRHEE, BTREAN
HibX RHER N —ELAEE 5 WHR,
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% T HJavalfi Bl X S 2, XEXRH—MHF, RIVEF—ALEZREEILFESRH
ALEL-D. XrointAEME, 2 HFER S MMy BT, B
2B 5B 4E

Point p = new Point(3, 2);

« BB — 1 Point KT XK .

o VIR L S AR ARME 3, yRARE N2,

 HH -G AR,

R ET BRI H B Point MRHIFIH.

BATK, HLRENHATRTEMNR ., MHRATHREHBETHENSI A, &
ERLLERS S AR X5 MBI AR EE BB X N HPoint W R,

1.2 3 4
I 1 1 I -
X

Y

E1-1 @ Ap=(3, 2)
1.1.2 H8

WMREEBIHE LXK E (message) kAT E, REMEHWIT R Lt
(sender) W% 7 (client), TIEZHE B BRI B E (receiver) R F B (server ),
XBEREPF -MFEB[SXIRERRSE, BHREEFRS I ROBRETHERANEF,
REMFHEREBRRIERSH. I TERMBRENRS, — I REEELKESR I
—EMNRHRS, CRRENERARNBDERSFBNAGC, ERNNBEEZFANAR, BY
MRBDEHACRAMEEHELH: HXNTFRIAMBEE, MRAWNRFHORES; B
TREFERKRS, EXEEHBARMNE, HHEXERES.

—MNMEEHETH=ZATEAR:

*HEZ, XHEES.

cBANENBYEIIER, HEUTREHBIERFE.

o SRR EBERTRMEI A,

BHUAREMRFIARREARELABEIBRE, B8, REAZETUEASHE
HBYILE, BEHEPHREENEXENTIA,

WE X Javali E B RS HRAER, BRpEXRTFE L AMER, B4

p.setCoordinates(8, 9);

B—1HEE, EH#EHFEBsetCoordinates., WS SMOMBMK T R oA . 7.8 W5
HEREpIEERMEE N (8, 9),



4 mEANREFES—BEH AL

REAXMRKEp.setCoordinates (8, 9) X TMHEME? EX M HRNHFER
BEHE. TRE, IMEEEIN-FBALREL IR ENTH (FE) KA,
ERT XN EMIRS, XM ERENHEL,

BE-IMRAEXREHBEBATAC. XMELT, HEMNBREOMREREE, ¥
BRBWETUNEBRPEE ., X#SoRafiEa

setY(4);

HEEHyLIFER4, IMEETHHEELsecYHSH4, Bl SO RERE LRSS
Hlo IAXRBFChisMRARKABEENEEE (EHRBELERTS), FrLl LEN
B UE R

this.set¥Y(4);

FERERERERN,
KBFchisBATUERSE, BXMRTURE - MRRAS IR EEMWNE. #il4n,
MP g Eroint X8, pAlLIAXELE

q.setCoordinates(this);

HUFaB B E LR E M EAI oM EMZ, HE W E o9 # setCoordinatesiX — Il B i 2 ¥ 2
—MPointXF, FX FehisBBR— P rointit L, RAXBFchistipiRWAXEAD,
B &P,

HXREBI R, TR BEE LT NS RE, AT Rt BB R
9% & (method ) XK, XFFRERITEMEITL. TR EXFFHATHL>E=
PR .

BBl - NMEABEBEREE,

B ERTHMRE,

« VERSBUE L EWE B R HRA L,

PR RR T NITAREN, THE—F. WAE SRR, A B
l&%"«‘bﬁ?&%lii’]ﬁ%%ﬁh?'ETEi‘J~’|‘ﬁ§’l‘%%éﬁﬁ'ﬁﬂﬁ%%§ﬁ$3§%ﬁﬁ%’l@ﬂ‘], IR x s
BRYEEFBEMYRIE, MAR R EZENZKE, HAbX & Z D)X IT R,
TAMSRARRERE, TEL2¥SPRBRRAMNRF ERLGTNEA,

1.1.3 & ENQ

XS FT R B T R T B OB Y, XA A0 O R D — R B TR 1 IR g
— P BRAFERI B TR R A B R TR TE XN . MEMEORE TR L
B (type) BREH), TIXRMEE R B EHBFHEREH.

BB RO RBEN SFNEMIT . B, BT A E T @2 ava
BEMIEEREXPoint MR D .

Public class Point (

// constructs a new point at position (x,y)
public Point(int x, int y)

// constructs a new point that is a copy of point p
public Point(Point p)
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// constructs a new point at (0,0)
public Point()

// returns the x coordinate of this point
public int getX()

// changes the x coordinate of this point to newX
public void setX(int newX)

// returns the y coordinate of this point
public int getY()

// changes the y coordinate of this point to newY
public void setY(int newY)

// changes the position of this point to (newX, newY)
public void setCoordinates(int newX, int newy)

// changes the position of this point
// to (p.getX(),p.get¥())
public void setCoordinates(Point p)

// translates this point by dx along x and dy along y
public void moveBy(int dx, int dy)

// returns a string-descriptor for this point: “(x,y)”
public String toString()
-}

BERX RBRAEREET— AN, XN FR AT R 9% (protocol ), HHs ik
MMTERAN R T - RE, FRERMMSHTERZE, RATBETXEHEOQRN
Bile B, H—Prointkt REBKBIW A — 1 B4 setCoordinates T B 1, X 45 Fb
ARrointMR; THAHBMER T X S M.

p.setCoordinates(null);

REPFHPoint M BMBOMM LER S, RIEABEER, RITKEEINEMREEEYN
BEOMPBP RIS,

BEHEHIE, BRIVFERANEORENEM Ao ( public interface ), X B AH
BEAREMERHMRBTUEATHRE, CRERURABBROEN T —HTBAEM
MBEENER. BT AFEDOSN, SRETLHREREIRAERIE, SRR E P
ﬁﬁnRﬁﬁ%%ﬁgFﬁmmﬁﬁﬂﬁmﬂﬁﬁu(mmwmﬂmmmﬂo%ﬁ%u
(private interface) EFRHIMBBNBEORA, MAGTROMBEHETN., REBEOEA
HEONEE, CAEMAAAEONERE, MASEMA T — 8 F—Kpxt g
FARIRE #E .

JavalR M 5N FIR R BB O . #4840 (protect interface ) Fl @42 o ( package
interface )o AAFROBRPREN, HIGEOD, BEAREZD, B O 8915 1] BR i
BORBIE, TERSERSEREI, BOURRBRERETLE RSB —
TXER 7 — R BRAE ARG,

1.1.4 FENITE
A (procedure) REAX—RHG—ERD, TBREXT -ATHENERRE, KB



6 & B3} RALT K —B B L)

AT SER T BT EE. B BE, IBREBRA. FEBHMEIER.
HREL-HSEORERRA; IBREBEMNRHEREFARE, ¥EREESHABEN
i dEMERNBERREMNRRENZEAMEM—LES, RIEmANETH LS.

SRS BMEBURCHNEFEEE B AIENE L (signature ), BN,
Point P H N BHA FksetCoordinates

void setCoordinates(int newX, int newY)

MEZATTIENYE FsetCoordinatesMB LKA A intWBHFE, FiE

void setCoordinates(Point p)

HPAARNES, BHEFRAT - rointRXBPSE., EEIBRWEREYRET
B 2W—HR5r.

##% (method) R E AN A Xegid a2, B—IXRKB—PDEEE, THRUK
TENENTERELN. XMNHBNSEE I8 AL RAZTE, '

— MR UAERRB R S 50E—1 0 ERF, e 78 o8 7 b e i i
HEK RN %L (method binding ). FEMEEEHNELE —HELZFNE
HEBBMEMLRREN, FEAERERANELZMBEEMTEMTREN T E.: FEL
SHEEHER, FEANSHASHANS R EAXDMEE LHER, ¥ TRE
Point X EpHxMy B IR, RAIEE —MHE FLIENsetCoordinatesiH B ;

p.setCoordinates(3, 4);

EWRNLXMH B, YRpHITEEES

void setCoordinates(int newX, int newy)

MBER—AMRBEFEBEAKFENU LN EEEMRGLET, RATELZE T8
(overloaded). BREMEZFHA, BEMHNELAR, AXRSENRRRHFE, ¥
THRE-TEFERNNEE, FEAEENENSEERBRETESRNEZ—HTHE,
HEPRBISERICEE F k., FEw R4 B

p-setCoordinates(new Point(5, 6));
B, MRoPITREES
void setCoordinates(Point p)

M. XE TR setCoordinates RERAMY, BT AF A A IS8 K i E 555
—setCoordinates H ¥,

RAOREMTERBEEN ., RIEMBRHR—FTN, SENGADIS E RS
Fir A BIfER . IFTIRMNARBENEFAEREN. HE, FEEUSBROE
RFARME. BREBRTITA, A EHAET R TSR, [FRETT LB/ B 75 09 H
R, BAERT T REHMSIEMRE TSR EE,

115 Hk

# ¥ (encapsulation ) RIE— A LKA TE LA —RHH . encapsulationiX M id
AERRRE-HATREBE—AIEE, Javall UXHE—HMHXE, RTTREENH
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EERARRETERIMNRRL: —IXREE-HAHKRKBIENT L

HERTHATIREENRHTE, ERNTUX WM RHEOMER, WEL-2,
ENATUAEMRERR — TR EH LG ROMMEERE, MENEZEBEA A
FARENHMOCEE, RRBHYMEH HED,

AS
ANEED e
FiRgEn
5 —4
f’ E- 95
bk -3 o))
L HZ

@szﬁﬁﬁfﬁﬁu

HMARERBEBERAE FHRAGE DMK TER N1 L% (information
hiding ). Javaf{ft T U U5 IR S : A (public), {5 ( protected ), {3 ( package )
MAAE (private) — R EMRXNHLTER FHRAERNTBLE LB F, Higapk
BBEARABTFTARBEONTENTEE,

MEAELSEREHBHRAES., HREFET AR EGR A MELHEE
THROAR; FERBUATHIEESEAMS, BERAVENENNEREESR,
HMEMESRBMA D THRBEMNMS —RBED, 5 R REER T £ 01528 LR
FH—XTRMLH,

1.1.6 HEMTTRILHL

B IHBEHMBTEANL, XRNRETHENER, FRETHRATE, B
IRTERE L (class definition) H LMK, GBI —AFHARET, 53052 BARRS I A9 2K 8
XRET X RHERMITH

TEroint A FAEHE, BEETHIE, RINELFHMREX Froint R MR
FB, SR Point MR M TE XATHM T HR, BT FaE, wATREE 2 8
AT B PR B — Lo E, KR L HPointM AR, fEPointd, RNERNTHEEZ
BIxFyRI AR E, TEEEKE L.

public class Point {

// fields
protected int x, y;

// constructors

public Point(int newX, int newy) {
X = newX;

.Y = newy;

}

public Point(Point p) {
this(p.getX(), p.get¥());
}
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public Point() {
this (0, 0);
}

// other methods
public int getX() { return x; }

public void setX(int newX) { x = newX; }
public int getY() { return y; }
public void setY(int newY) { y = newY; }

public void setCoordinates(int newX, int newy) {
setX(newX);
setY(newY);

}

public void setCoordinates(Point p) {
setCoordinates (p.getX(), p.getY());
}

public void moveBy(int dx, int dy) {
setCoordinates(getX(). + dx, get¥Y() + dy);
}

public String toString() {
String res = *(“ + getX() + “,” + getY() + #)~;
return res;
}
}

ENFAR T EBFE Apublic, BIEHR T Point B ABED; MK, x5
YA Aprotected, UEBMBFXMEMRHBED, FHRERANRE, AEM
Point R 7R — MM KB R Point i T 4N 5 4 7T LA B 15 [xf vk, EFHE, B
HAEOMTEAH Aprotected,

A MREBR—DFHHITROTER Y L4614 (instantiating ), FEABXRHER BAEY
%8 (instance )o HAXBFnewSL BIL— DA, 24 H 7 5850808 84T . 15258
RAXMEEHEANT, QRAMESEHRBETEER), FAMGBLTHRE, #5580
FMREH—-TBIH, 25, AT LA XS AR X AT HMNE N AL EEARtE,
TR

Point p;
p = new Point(4, 2);
System.out.println(“x: “ + p.getX()); // x: 4

LEABERURT 1 roint MEHMALEERHG, 2), FHFBXA TS5 FARA
ZRp, REHRpWEIH B getX, TR B BIREGFFHITE K,

—MRAKERGI A £ T E ARG E S0 ERBR), T8oMs s n s
AR g:

Point q;

q = p;

q.setCoordinates(6, 8);

System.out.println(“x: “ + p.getX()); // x: 6
System.out.println(“y: “ + p.getY()); // y: 8
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—Bq=plBAHIT5E, F—TrointRHEHIIIA, FHFEEpMgF . pMagEX B
TEEBRF-NR, RE=Z/EAMIGHRBTI—A. BN
gq.setCoordinates(6, 8);

WS FEETRqPRTIABE Ty nME, RERAENEIFEHETEoH M5
B X R E xRy LR EIFIE BT k., SR EHS I AN SAELqHHSI AL
E HIIH B setCoordinatesB{ ZE T : ZABRpMa3| AT HRAIK rointXt R, EE1-3F, 4%
XM ERRTIAZE, Sk EPSIAMNE,

P l 3 > aPoint
q B/ X 6
y: 8

B1-3 PointX &5 AIRIK

1.1.7 ZFEQA

KAE=ZAEBENE: F—, KENTHE,; £, RBRBTEHABPIR, TEX
TEBIMTRRURBREREHRR T EOMEH,; B=, RERTWHBLSHRBE
W, WIRR A, MR ARSI IL BT LB,

JavartP AR FPERIAI . R K (abstract class) FIE4k% ( concrete class )o PIFh 25 #R
EXTRY, EMNHXIETEIARMOBERR. SAKBEM-TEELH, HiBsts
HARM—BOLA. MERFHOFEL T U LT LR R8RS LB A %K
A% 7 # (abstract method ) ), MFERTRELHIML, FLL, R —H%AKK T
FUF NS EHHBR T ERILENNEE, BATEXHEN, BEXNEREE TR,

Javaik 4 T #R A4 2 (interface ) HIGH, EE X —F B AR METHWAER,
EOPEBNAE LSRR M E, AR, BORESAL, MR KFE QB
RARMENLMAHEE, — KIS A (extend) —MHBHKA, TRUETHEKNS
AR MERNIBI LR, REFLELRTEHRURTEREESE EXRRGEE, —
P ER (implement ) — M O BB LI O A BMMS F =2 R, RAEHEEEL
RTEOFENNRERTEE, E4ARERKRE, :

KRJavaliEATE, HEXMEESERRMEAMRBERRITESPERANS X,
fESmalltalkif 5 H, KRR, BEIE— IR, HEHERE-THESFERAEACE
Bk, FEJavadh, XRRXME, HEHEHX S H — SIS, FXFR—HE, JavaZe F 55
(B £ (class field ) B#H S (static field)) A (EH B (class method ) REA
J7# (static method )), FIXTRAR[E, HKRE— 3 E Y LH), TH-EBFRITESH
ERE, SelfiEFRUBE HERMMKIES, BRERBEH M SR B N B X SR
By, RAEHEEZENNRARZL,

1.1.8 XE
WRMANKAMBH L Z BT LA XN A, MAKAFBRZ B FEE—P £ B
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( association ), Y¥fRa (A% ) AEHEREXWTED (BE), MAMRIHMNN R4
(link), B RatlIAZBEBEBN B, WBaBE—ITXMBOWIIH., BFEHAKNT S
AEEEHEPREN M RZOMGI A, B, —REKXBLABITHA (PointXtH),
M- PTHLZBENZASEANR, 8MREES—IHRANERA -3 H. MREBKRE
HAWSHLIAE, HEBEMEBAIHEHEX MRFHSIHEENE,

BRT RS, AARZEMRELEARM T L. S Raml U B8 — Ky
B, REA-KTNRERANFRBREOFIE, XE—FMFTE, BA—PFEREX S b
ABELBH—RaG (BH) EEAXNRa, BT, — 4 Graphics2D% % (EEXARLH
BERMETHITE) Kt —dawil B, SEENEEKERHEIA.

aGraphics2D.draw(aRectangle);

ATWRXNE S, aGraphics2D&filaRectangle® ¥4 B KM EEH KA BRI AN,
XHEE Y draviy B AT R BHE Xt B aGraphics2DMaRectangle B ELE—ET .

F4L (navigability ) il T BER MEEN R Z BMAR TN, S, —RESE
FHETHENFEMRENSIE, ARXHMRSIEREBTXSRENEH, XREy
WA, BERBETUREMNBHREREEEMEIRARTL, WESHMuaBEsH., U
FREMAREELEMBERZE RG], — %4 ST T X 57 5% BB 03],
RERGRT BRI HRE; A, —MEENSORETE T EERIER%E N
SIF, ETREFE¥RAENLE, FESEMENNEL, LENSMEERN S HM
HEHE SR T 18 ) —— U5 HB AT LA i % 7 R 3% 0

WARZEMREKRBRTH IS MWLM LR, SRR ER IS SRR
LineSegmentMPointiX N3 &) 4 X B ok R B i ; FHEEBRBREED Student
CourseX W MRZ B M XBEK RN, BEL HNMALBEBEEENEAER . B8—,
RKERUTHRZEKBRE, AN EAEEN—BAXE, BB RGEH — 5 T e
FERFHHMIS . HIR, S~ WREEDRETE, BERIEKSTF XA ED
MEFRESZREW, B, RZEHRENREHNTEMENZ AW R RRBLET -4
BERE; ERAT R NBKIRH TR T I BB SIS,

KMEMMABERA LA (class diagram ) R HRK . ABPHLERER%—2RET
( Unified Modeling Language, UML) WAFiH: FERR— % 0 HIE (BFTEESME ),
MXKREMDRFEZ K — K &L, B 1-4F R R studentF Fcoursed Z A 1Y
REKKE . XBAT AL AR AT A, EXANPF B RBEKM L R eakesHF A
—PNECEZATMREET M, TEFRBRIT: FAHRS (takes) B2, HFHRALR P
Bk, BERFRMIT DR Y XLRY S &1 ( multiplicity ), XEEFEHE 5K KB
B REBE R XAREERBRA: 227 842060788, T — [ UR 2 A LA
—MEREEN LR,

takes p
Student
7.+ 26| Course

E1-4 studentMCourseZ [BIHY XL BE
KEAFHBERTUAEL M —SEE, SHEINNTIMEBE S %, fERCEE
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TABEHRHAIWUMLKIEETE.,
119 A&

EHEXRBEFRITOFERAZ-RRRERGETENER, CRETILHIH R
FMHACHERENHE, FAEBTEEFLNBR., T HHIH, IERTATHENE
. RAhEEAKEHYLH SE 484 (composition ) Fi#k & (inheritance ) o

EMNEEHE: WRERBENRLFAZETURE, FLAXFILZARFELDE, 44
BRE-FXEK, ER—ITEMLEFARFTR PRI RENIH LB, AEFER
MEPMITMNRZERB—F €L (has-a) (XF, P—MXMBEEIHIHAES g, B
BRI R XT R IR A 244k (composite ), EHTHE WM LB 44 ( component )o X
MRXRENLHAPRBELEN: KERFRIN, BTFESESL, #AYLETT,

HERMEMAMFZE -MEROLE . A5ET U EBNT A ERTERS, #*
ERENMERFY, FERAFAGETUN S HEEHTXRENRE, 20K 2H AT
HUARRBGOBEIATREHITH, BNBITRIE, —PHEERFENN —K2E, &
BAFPTAMBRRFIENBHAD RS, KENRRE—NEEEK, CESTHE— 3R
ERRAHRNR, REWRWARN, THRANROEZ AR, SEBHRBRH —
S BB ER, E RS I 35 A % % & % moveBy K setCoordinatesi 2., B T2
BHCSALUZZEBEAENMANRSI, BERXMITTHRTUXER, B, HEB
AR, TR SOEZEEL,

HERXM BB E LT, XBEEH WA, Blm, RERTLUHSENLITF.

public class LineSegment {

// fields: this line segment’s components
protected Point endpoint0, endpointl;

// constructor

public LineSegment(int x0, int y0, int x1, int y1) {
endpoint0 = new Point(x0, y0);
endpoint1.=‘new Point(x1, yl);

}

// move endpoint0 to a new location

public void moveEndpoint0O(int newX, int newY) {
endpoint0.setCoordinates(newX, newY);

}

// other methods

L

A 1-5H K BHR T LineSegment M point 22 i) 1 LB , U { RN e [ ES o
CAIFAENES: P ﬁi:f'LineSegmentﬁfH@%’lﬂ‘%ﬁ?ﬁ%ﬁﬁ%ﬁﬂ—ﬁ?ﬂ%, He
LineSegment &Sk, ﬁ[ﬁ‘:PointﬁB"Jﬁ{EZiﬁﬁlﬁTLineSegment%BEle/l\f.—'i?ﬂ%ﬁﬁﬁiﬁ"Jo

LineSegment ’.___.2_ Point

15 SREEERA R
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AFRAshafAFOBBEELFAEE, KEAHNEBEAGENEFHTA
Wi, EXMELT, HEEKRELHAE %4 (collecion) , HERRFEMAM.
ETRESAFTRRUEEMHERNRS, QESAFHT . SAFANF. MBRAFESE,
DETHEENERNEFRTER, USSR IH, SARRHELFHAREERNA
BHRE. KBEHAIL (edge), BHHN (RREMBANZA) KHRE (vertice)o £
R EFETOTRE: BM—DHTA, MR —NTUR, BRI 4 Stasied 4 7
MBS HTEE (A—DIRERHESET TR ). AT LR LRBE, BARDHE
BRI BF R — AR RS, BFERBURS, €EHBHITA
SHRERER. B, EFERAFESHENE - MNBEBAFTNTL, XMRSE
Z 0T SR8 A — 5 T 6 A0 AT LA

1.1.10 #k&

BERERHFEANE -AREENHE ., YBDSEE LA, HEFBTEEE
KEEMIT R, AN T % (child class, subclass ), TEFEELIRNRE (superclass )
WA (parentclass ), FEXTLIREAAMNLE, XMBR T %A Z % %#H (inheritance
hierarchy ), BERE 160 KB BAMBET . EXIKED, B REEBE5CHFL
HEME, EXRNB—HE - S L=ABHLEMRE, Figurek TR EH
#; LineSegment, PointMRegionfErigurefF; MEllipsefiRectangleZk
X RRegionf§ FR,

Figure

4
[ [ ]
LineSegment Region Point
4
| |
Ellipge Rectangle

B1-6 RABERXRHLEHE

BIMERTLUERENFE; BT java.lang.Object KEAERNHKS, EMKEBER
RAE-1R%, BELE, object M FBERNBERBEREWHOR, TEFEGLEHRL
XK. RIVFBEDNXERREANE AW ERBRERG I, FERT—/IAM
REZEE KK, B1-63HBAObject KT, BHEEHXMESFBAHELE,

HAIEE 2RBAIR M FRMIEE, MERSE, WRAES, WA FHEELLipse
EKHRE X,

public class Ellipse extends Region {
}

ﬁﬂ%fﬂextends]ﬁﬂﬂmg%‘%ﬁ, A E R BRIANOobject BT,
R, — X E -, ERTFENNERSWE BB, XHTH
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FRAEH “B” (is-a) RE: BIHrTFEMETFARIENHEH., 2RE1-6, BIMHEEER
— IR, METRKEXE—-TEE,

REME, BUBFEAUERIREAHMESRETEAis LRI 2MBE, X-EHT
BNEASRKNEEENRATERTAONARSSEE., RETH=FEHAFTX.

o TRESCH K REM T BB SRR T ERAN T,
CTFEREHELARBKAN IR ENMNFE, STFTREESXHN T ER I AR L
(overridden) T ; MW LA FRAE L (override) THENHE., FREBERFRAEL
MITARETEL: EA—1HEE, FEMLRKNESHFAARRNTE, =4ERH
SRS .
cTRIA-NEENHXKFRABRE LA T, XHERT, XMRERE—
MRE, MEFABARE LN ERNIBETE,

ARG - I RBRE., FEENSIRARZLTFHEZRAR T L2
( supertype ) £ CHIBRYE, B—FPARBEELRAM FA (subtype ), FEE1-64, Ellipse
KBUKRUT =MARBN TR, Figure. Regionl A RETHAS (Ellipse), BB EM
RKUBTHFX M Figure® LHEE, MEH DA LFREE A0 0 TRE,

— T EOAMLATLUE R R ER PR, ERNTREGESHANKNY BapmED,
mEefMFR., AE-1-74, FigureXRX B Geometryi O, Geometryk O i
moveBy¥ER B 3 — 4~ LM ETE . i Geomet ryf F R T HmoveByiE ., S AR,
RegionK LB T AreaGeomtry#E 0, AreaGeomtryiE LA B containsle, i ki—
THHAMILAEERELTHWALp. X, —PE1lipset S AKIER P 0SBk 4
E—/MEE (ellipse). — X (region). — 4 KBJLMAEE (areageometry ),
— MBI (figure) B—MLAEE (geometry s

<<interface>> <<interface>>
Geometry AreaGeometry
moveBy(int dx, int dy) contains(Point p): boolean
A Ja)

i 1
1
i i

Figure Kp——————— Region

i W e

LineSegment Point Ellipsge Rectangle

B1-7 LHEOmERE

EPalLLES - R B S XA ERE, KBEXT XM ED, H
MREFEMALREEHTNR, HRRBRE P ATUEREEEINT R THRER B R
THRIHMFEHE, HATCHREXNROERRLR —F ST BFRENT . UEL-TY
B, ERATUEEFHARNEE (LB, 4. #E. &%) #IERX R Geonet ryAb T . i
W, AWLEX—1 3B translateall, EN S Rgeometries . BMdxAdy,
5€ B Zh B8 R Xt 4 — AN LA B T s B B ax wysiBshay:
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static void translateAll (Geometry[] geometries,
int dx, int dy) {
for (int i = 0; i < geometries.length; i++) {
Geometry geom = geometries[i];
dgeom.moveBy(dx, dy);
}
}

transléteAllﬁEﬁIuFﬁ]geomﬁ%moveBy?ﬁE, XEREAE ) Geometry FRIMIED
PEET AmoveBy, BRHANAEE —geont LKA, HENTNETEHY, LT
R BB, HEEREMILEEE, %% (polymorphism), M ESHBA, B
EAEREFHBLTHULERRMNSEME S, RETUREREHES—CRA L
REEFFE, ERIOF TP, GeometryRFNRFE T MWLM FR,

MR AR RE XFRE, XMFTFERTURE S EHH, KRG OEEMHTHLR
My BT . RRFTHHEEY, BRERELRMFUR —BTHE, XX XNERE
MEFBAENFROMATZE MR RETL. XELMRIELY—E. R
BETRRTBEMEURE, BRFFHALZREMERN. 5LKEBMTLUE T REKE
B, AXFTHRERFRN:; BEAFEFHAEREENHEHANESY, Byxks
HASEWEF, B&RTUAREWEER G MM L TENER T H RN,

1111 RIS RFIRITER

KM B — M RERE, FESEEEACHERERRT . K2 =B
RUFBBRTE, FHBERBARENNE, TG, REEFH—/FHURLT
B —TRIMBEARKX -FHERAMEZ WM EENERBRRETE, HER G4 AR
RHWEMRT BN~ BRETR, HRBOTHEA ALK TE., CHRERRY
T4 36 F B R B2 5 LA B R R4 HH OB A e i B, PR AR SRR

EARHERNOTHRE BT, ZRF4Y TRKEER (ERRKE) &4,
HEAARATREREEN: E—AFOIEERE TN, EE G028 TNHRE
KE, E-NPAAFOPIEE—IBEROR TS, ZEERNT . T &Ean
REREBU— X BB, RESPEANARRI AN B REDE, BOBY
WEAFOTEERERS . RAOTTUMARESZHEX (observe design pattern ) K fi#
HERPE . XEAMESTRN 24 (subject), BFBEHNETE AR EH (observer ),
HEGHREREZMAN, ERENE - ERHEN (EMNEE), KEE/ 80 5M
WHBFAD . B EA TR MEE 2 B AR TR Y B, EAXE D
RAFTHATRIF — IR B, BETUBNSCHOREER SO HORES,
HEXMEESZELEN,

BT R RGBT AR RIT 2RSS, S8EEREHER 0 MY, &
TRHAEKANWNAELE ST R, B, P 0EE, BHBEAERRKGF RERBT —
AHREWEICE, AAEHTREMR, 2RO DR 5 R o

BB, RA#ZAIESE (application framework ), fEFRIEZ ( framework ),
R-METERT®E. ERENNABRENEESSE, Bh—aXNBEOAR, X sk
MEOR IEFEN T RETT BHMEH, RESR B9 £ 2 B b R 75 45 S 10 07 FH T8 B 1 4k
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BFEFE, b —plFRIJavafi 2 5 0 TR ( Abstract Window Toolkit, AWT ), Swing
MBEHER (event model ), EfTHABGE—-RERTHESR, £AEiIWEMEFRHBAAHE
FERP#ED (GUL) W AERF, B TEEREYEME-RERBERFRINETRAE—E,
R EREA RIS, ERNEEEEER, ERESROMERENR
ZHFHITE,

%3]

11 YREBH-FHEEN, REEHNHRRLSEEMNITE. NERFEE, BFR4
Aams. Rl #¥RE; BRYFHKENRER, RREEERFMHS D
FRABHEE, KPaFamiEs. 230, SR RERKBERMBRs, By
BEXEREFFRANKNERE G EHERRH . NAIWAERE, —REESE T
MEMMRHARERN; TABETHAES, FENEEMBREARE B,
MF-ITREROFEY (MAE), MAKNAEEZEREAER, S3RRNHSER
E¥K,

HTFARREERBL, MUATUEELEE ABEMHSREK, £EKH
HEAERANTR: K&, B%. L. UK. R4, BETR. HARELE,
HEBRAE-TRAEHAN, KMMEENTERESTHEEL? R 54—l
ETHRRGM, TR —LURES?

1.2 —FXEREECHESCHBPIREEE. “ERINOETE, GANUNE -2,
HRREASH, BRE-THEITS, BMEU/ISB, 5—1HTS, REXA =S4
H." REARANFEARLAAAOEONENHEEESEAZARC S iyt
REE” TR? BF WL A FIEA— L FRBITHREE— “SEih” 2
i 77 R 5 A A R 7

13 RMOIHAREA—NMERERRRBEL AT REEZH— A 2T LUE AT
—MERT R MEAR 5T

14 EEL-THRBEMRNE LN Point KMER I, K5 108, CHEFHIIEK.
— T RArecaGCeometryXMERMA, B Hp. TRWMEL NG — 4
AreaGeometryXt RE L EpAt, BE—Itrue, XA T BEIL TR

static boolean
containsInIntersection(AreaGeometry[] g, Point p)

1.2 MSRBMAEF IR

EAEFE, RIRBATHSMES#, ARRELABEXRBF T ESHE. 4
AOBBARCELHANBESRERER, MEAABRESHERFE, B—FESE
ERMA-RFNMR, BYEALER ( programming model ), 8731 R BT 3 %
MHREE LITEINERLC R M ESEL, XUHRRBFRIERMNS 1, #
MROBFRT MRS BEED (imperative model ) ( INCiEE . Pascal®MFortran ), B
PR (functional model ) ( Lisp, SchemeRIML ), BHEXHEE (declarative model )
(Prolog ), HABRENEIWR B @ R 4925 R B ( object-oriented programming
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model ), FBifk* 4% (object model), XFHERIHESimula, Smalltalk, C++FiJavaffi XHF,
AHEATHRSERELST ZHAMBFROHRY,

BRI R P 4 T 201 8 SOFE R P #, AR Bt FortraniB FAE MR M BB ST A —
A5 FRI A B, 7E3% 4142 4% 31 4% (imperative programming model ) T, BFFHEHN
RS FFIAR, B—MEAHRTRETELA YIRS —EBLBENFPHASTR
EraRbm, MRBUSAMATE S, BFOIRTSSTENLFE E—RIREEL
FEIMEF o

SR RNE S AR MAEN, TRUFE-A2F (BER) I MEHER, — A
TRAARMBEIFTUBTFARKHE, BHRESTEFEXFHSRFEMEN, Lk
HMZR, TERBPITHHOEENE, BWEESEELERT - MEHENNSE, &
¥&: WFFSH (BN, do this, then do that), EHLM (if Mswitchdrd ), ¥ (for, do,
Mwhiledr 4 ), BHE (ABRACHEAD ). BHEFAFEXIBFAAXSE IR, &
BREEET, ERERRNAREBPRBEHITLEY IR, Fortran, PL/1, Algol,
PascalfMICi& 5 SCFFBH B R,

TE & A2 AR i1 A ( functional programming model ), HLFRB % i+ #% ( applicative
model) T, WREAXXTEWREWE, MARMNEN=ENBIIER., REENIEIRE
ER I ARG B S . BRI T 20 250/ FH, WLispitE,
‘E LISt Programming language B FE K4, LispEVMBEEHATAIE®R, X2HE
NERLEAFSHE, EEREFEREHEHERRUZE—-IFEF. REXFIES GMN
ATHZREEFEREEMBETREBES, HPHRESNAML, Scheme, Haskel F [ 4]
MRCLOSIER ., RABFRITEFRETHUTEHRESERHSH, BEPERHTH
BAMEN. i, RBEEFRE—MEAKE THXELRANENRERER, RIS
Ea. WA, BFEEERAMABALIN ., SEEITHESELEYES —4 (first-class )
Mg, BEREU, SBRTUENSEER, AT LEN—/MERE, &0 LIFEEES
WEMT, ERHEOHER S, SEASENRFBEE, (EEXFE b ERES,

RPBRFHREHEFEASEBNST EREIRAREEEREA . SNEHE%, A
BT HRASER, EN#ETEER. R, WAERAHLisp, ML SchemeH A 2 4
PR —SERECR BB AT 2 AR /E, R . A& L. ‘

i & XA (declarative model ), B A THMRU K4 5%+ 8 A ( rule-based
programming model) T, BFR2H—AMMMeHARYN, HEFRMSETERNES
(RE) MPFEEERTE (RN, BN EED M REEENL R, ERERiT
BRBRFS, BFENEERSIATIEUMBY RHER, MEEXRi s, S8HEH
ERNABEMMNZEMEBERXRREN ., IREXBFERIIEBREHZMOOE, £
BHBRITEETURE. BFEREXLOHAERES, MEZEXE, XHERT, %
RIE TR R ITF R iTE S RProlog, AT EBRBRFIRZIT. LI XA AE S b m 4
BENERSH. R, B FProloghEHEMSH M EHME, B AProlog it T —
BEHSHARREHETHE,

x4 A (object model) Al —HMEXEH XM RESRERFRELEIE, Javadt R
RE-ANEEAMBRFRINES, EESEZIRE R L U3 SRR 0 20 0B R
BE . MIAMRERFRITHHHERSImula, 4 F20it Le0ERMMB, B2 amoE
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(M8 . Simulap\ Algol-60fF % T HREEMMER 51, FHRMXT I EFF ( coroutine ). H X
#. (RBFE-ITT8, ERBRITAUEPLE, RAGECBAMNEMBESRFE ).
Simula-67, & Simulaif 5 MW EAE, BETIRMNEH IR, BREAHBEZHH,

SmalltalkiE 5 /™ 4 F 201 270X 2], B Xerox/ FElPalo AltoBF R P LK. BRIk
HEHWER, HRITR-—THEASRBEFRINES . EEEHEMEFHHRE 3R
RN, HEBA—MREBYURTR, XAES R TS RE R X288,
ERHFRETE, 3+ 44X RBIXNBHEIM L4MKBELEETH; MAESmalltalkE, £k
3+ABMA—THE: MR3REEERE, + RIHEL, MRMENSH, N TEHI+4
M, IRAMRIREBEE +4, IHEBIERNRT, RN ABLEXRHHF.
SmalltalkiR E X T AAAFHEBERANBEERER, —AHER—IRESHMME ., B,
FIEA4 factorial (HFE) RIEANMBEAREIEE factorial, XEEETG 24, —
TREFHEMENSEPE XA RBFHHEL . #ln, EiRanarray at: 2 put: 5
REENRSHAER HanarrayW FHEN2HME L., XM HEEREHanarray 8N
at:put: T AN, XEBFar: Mput:4E2HSILE R F S,

Smalltalk B BT BB H, RNIGEEGEUHRBARGEE, WEAFEEWALHEZT
il REWBAE LT HEMIBILHBE S, MASRGE T MBS PR BN Jmne

(I FRAEFNR LK DT, REERNEESERBERNEHSEN). g
| fEJaval, XERES SRR UG, WY SRR A, AR,
SmalltalkZIE A~ N ERHA L FBHAL, SFEHERF0. ARE0 . EEHEERE
MBS O . BERS, UURHRM,

W FTCEFWC++HES 4 F20tH 2804/, B /R 56 % fYBjarne StroustrupFF & .
MCBIC++HI 5 — N iBE FFR M C with Classes, B R Simulaif 5 X £ i — 245 4, B
RCHIIBEM . IC with ClassesB|C++, TN T AT LI E (B R ). RECFBIEFER,
LLER 51K R SepL i) s X SE AR R AE 198SEE K A Crr 1.OBRE B IR LAY o M 198 54F 3
19904, C++ AU MK BE AR ARLER . 7619904 % 47 () Ct 3.0/ £ & B # R 1 5
HALHE,

FEREILE, Co+Bl N —FIEE SR M5, XEHTFEECESHA, CEFEIL
ENCHBIFHATHRTFE, X0 LIFECERF REBMN C K977 2 S AR C++ B 57 1
A5, PR E AR E L E AR L, MUEXCIEFELAE —ETHRNAIEMES
HFE T Corto Co+HIA —BLH M T 5] 3 5235 5 BUA 1945 4, BRI T —F e, FEE
AT LUE X — KR M — DRI B, ARTT LR Y — O 4 FHEE
WDAERSHARSTRABNESL (FIRFHERNES X%, FRFEESHESLE),
RUFERATHREA T RNE R, ~F<XEEMBRIER, 3 ERARTF—PTEHEM
EMBCHBEAME (BEHRE) SRITHMED (XS, Java H X7 8 O 0 & & 4k
RMAZFFLALER )o C++4 £ BT B2 K 145 41, B —im, fEh—FEmiE
FRERFEREE—EEE,

Javai™ A F19914F, %4} Sun MicrosystemsZ 7 #— 41 T 72 I 75 James Gosling 817 40 F
HE-MBTHAREAEEE . AR FHE. B EHREEBOREBIES, 3
19944, Iﬁﬂfﬂf]ﬁf'ﬂﬁﬁﬂ‘]ﬁﬁ%%?ﬂU?Eﬁﬂ@ﬁ?lﬁﬁ@l:*?%ﬁﬁﬂﬁ%%\
TLEM. WK, BBEN. EEBENIES, flefi] i Javadt & T — Nk HHotJavahly
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RGN RE, FEI199SFEFE —RYRER. H1995F 5 MW SunlE REITH, JavaE BEATF
S/ P (applet), /M BB AT UBR ATEMITHH BN EEEFHITHHE, &
BEERIJLES, JavaB @M N LEHRIES, B ENAERHEENEEF RS, Nk
ARBRERRBMARF . BFRE N Tava 2TF 19994 %47, FEtETFESHTF-4EL
Wit#Java 2D, LR HrE M HHIHEE

Javafli S ZRAMERZ-BREMFEMIH, MR “—AKRSE, B F L5477,
HlavalR BB MIFT)E, EFEMNATRITRBE—HlavaF T (Java bytecode ) 54,
DXL B Javaff B 88— JavaE 3L ( Java virtual machine, JVM ) M TAFBHIES . Java
A AT AT AR R — B REIVMEINLEE LB 1T, B FHA RANBREREHEIVM,
BrilJava%ei¥ 87 ol IZEHSE M L2, TRIETUEFRANTEE LEF, XfEJavaily
EHANENES. F5bH Flaval§ — RIIARHL, HHlavaBF BB % A ZHK
HELAPITXLEBRFHNBE, FURTEE—NJavailf, B 0 F A% 4 BGX A2
IR, ARMERIRLHEFERIA, — /N TavalB FF o L3508 KR TEE,
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HEZFUBEEABHNMER: B4, FERESRHEENIR, MRREEFE IR,
BRARX S EBXMNZNES,; KWK, FEAFEEMN R BERGEFRITER TS
FRFHMR, EXFHERT, IBREHB—ENBEBF RIS MR thIER
HITZER

TEAES, ROBEZI -HHTEXHIBUEMFERANESRRERANBRER.
SBRMBEEIBEN T HREE, SAHRBRTIEMORELR, EXEEXET
TAERMEE, AR MM TR X TG,

2199, RINBWRIBEMEWELLS, EAFEIBREE—FHHREAE, 22
WHAARIHMBBAENFTS, 23T RIavalI R EIS (SR SEMBHEEZ IR
B —82 ). 2ERTETNEITLLEIIERMALHANFHEE L. IBSR (B
FRERE) (24%) MBARMBERET (25 ).

2.1 HRPIEFTE

— M ABTUNEANTERE. 8%, SBRERT —MifHEME (abstract operation ),
EREA, PEEHMEER; XK, SBMIRT —MtFid4 (computational process ),
XE—ELR, BIEMNEAREEZTRMAIE. IBOXTI T EHEFTKR: itES
BLB T HRERE,

SERENEXFRNERTXRANTE. A, $RTFTHEHEEsquare®E X, EHFER
— M EBBHET:

static int square(int k) {
return k * k;
}

—E, XTYBEXHRT - MR RE, XTREFEGA-EBEK, & @
WAERMFT . H—FE, SBRELHERTHTX T BOBRESE. MAK KREUEH
BHEELR, 82, dBEXBERTIEFRERN THE (EROHSBRIE) wign
TERMMERXETHEN (ZHFRX).

it #2# # ( procedural abstraction) ¥ — I BEERE T ENZE TR SEIE,
MFARASBENEFAERE, SR—MEFRAYHER, XEFTT, SRR
MERKEREXEEMN, MM FEUMLRESAALEL, E—PEEHEAT, GRE
BEAFEARN: E—1HAZAEF, BAHEANWEEMD, 209K BT LA
AHXc=vNa'+b* KB, UTHRBRFREMAXNARERFT AL oMW E A=A
K& Ke: '

static double hypotenuse(int a, int b) {

int ¢2 = square(a) + square(b);

return Math.sqrt(c2); // returns the square root of c2
}
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1 #hypotenusel) LBKH T i B squareR it EE1E, B ERKB T square I 5L
BA . d#squared] IR T A A RELH .

// version 1

static int square(int k) {
return k * k;

}

Z5h, EA R LA — MR R AR

// version 2
static int square(int k) {
int res = 0;
for (int i = 0; i < k; i++)
res += k;
return res;
}

FH, dBsquare® fT LI T AR ELH .

// version 3 *

static int square(int k) {
float s = (float)Math.exp(2.0 * Math.log(k));
return Math.round(s);

}
ENRAE M squareR B THFE MM S BIE. UE D ERETHLEN, S5
WMAEBTF. 7B, RRsquaref LHATA, A= H WA — A fsquarely it &
HEBtE. Tt AWM — 1 squarefid, idfhypotenuseR iy [ B S8/,

HBEMBAFIERRA, 0%, BB IBREEMSBRAEN T, BFRTLE L
RO E A A A0 T S B I O T B AT 3 AR R LA AR T B 2R R T AT A R
HEENRT—1FE. #:3Bhypotenusel§fi Fh, BFATUERAE IR squarell]
M ERMER T M Shypotenuseid B, Raidsquaret® it TRMAMTH, X4
THARERELBHAR, fﬁ%ﬂﬂh)’potenuse&ﬁﬁi?*%?fﬁﬂ@ﬂﬁ
Java.lang.Math.sqrt, JIWHEANBEMSER FE, FRINTEHER L HFRL T
B, WXHAEITavahfi A BRK T H B E T TR,

HEMBMEKE MM EET, REBEBESER ALY, BRIV Ao A8 A SEBE B 5 v
BAEERERAX I ERYEE, HAASENEF KB T EBAESHNEE, MEE
BAREKIZHFR, M, HHEsquareEid Bhypotenuse WA, MEHTRE
squarefiA 2% ¥4 1, B hypotenuseliRIEH, Byt B square X MR A %
TR MR EE, REEMNYIAFT AR,

MEHEZUE, EXBME P, SREEE—FRHREE, £ M5mEm A Jata o
WA SEERAN “BETF. B4, R — MU BRARENMRBENRT TR ML
247

—MITARRES BN TRE X, B, HENIR B R T IBELHMIIEE,
BE, TR AT ER— TS 2 WA EERH T b B4,
EREAMLFUR RTINS 46, HEREXHNREANTITE, BHETAHFR
T, B~ MEARERE T RSy, Brih N8B — R
AHEERIE, MBRET 6B ATHAR,

%—W?ﬁi&ﬁﬂ%ﬁﬂf%Eﬂ%ﬁiﬁ%?ﬁi&?ﬂ?%%%A[ﬁ?@@%ﬂ?ﬁftiB‘Jﬁtﬂé—n*%
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FBIMER . UT RXTitEsquared) —Fh iR .

static int square(int k)
// input: a positive integer k
// output: an integer denoting k squared

BAFRE R AT HABIER, MER—TRIEA MR, REBRIEANHRAR
S THHAFHFIENAEARETESRS AR BR:

static void printSquare(int k) {
// input: a positive integer k
// side effect: prints k squared
// to the standard output stream
System.out.print(square(k));

}

THEXA S BRABIEARG A A £ 3 S RN LRSS, dftranslatel®
REBA—A ApHMB A BE HaxRdy, ol FRIEG E B Bidx ML, 16y LS dy
AL

static void translatel(Point p, int dx, int dy) {

// input: a nonnull point p, and two integers dx and dy
// side effect: translates point p by dx and dy
p.setX(p.getX() + dx);

p-setY(p.getY() + dy);
}

W translatel W BIMEFRE Spl A, BRAREME, F,

Point p = new Point(2, 3);
translatel(p, 4, 5);
System.out.println(“p: “ + p); // p: (6,8)

AR EEMBEANXFIRBREEN, XEMM ARG TR, SBRHOBRERT TN
MBRFHEMBSZREL. W TREMME, ﬁiﬂﬁ@b’k”&’ﬁ)ﬁﬂ@ﬁ%*fﬂ&—"i&@ﬁ
HEFLERS—ATR; M TR, SBRURFRERT - HEIATLERE.
ﬁiiﬁtraslatelml:t dﬁtranslateZME?ﬁ‘/\%ﬁmp\ ¥R dxMdy, FiEE

THA, HRRSApMaxfdyEH A, Spled BRET R,

static Point translate2(Point p, int dx, int dy) {
// input: a nonnull point p, and two integers dx and dy
// output: returns a new point equal
// to (p.getX()+dx, p.get¥()+dy)
int x = p.getX() + dx;
int y = p.getY() + dy;
Point q = new Point(x, y);
return q;

}

d#translate2iREl —ME, EARZEEMBEER. RECORIEET -4 5HH
RME, HEAREBREMEFENX RS REEF BT SplRE, 5

HR, dBtranslatel Pt B T p R A, EEAEEBA, UTHRBRERTXH
IR .

Point p = new Point(2, 3);

Point q = translate2(p, 1, 2);

System.out.println(“p: “ + p); // p: (2,3)
System.out.println(”q: “ + q); // q: (3,5)
translatel{p, 4, 5);

System.out.println(“p: “ + p); // p: (6,8)
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%3]
21 XF—AABKY, REREEXFERERISRRETURY, HFLAUTIERE:

static Point translate3(Point p,
int dx, int dy)
// input: a nonnull point p, and
// integers dx and dy
// side effect: translates p by dx and dy
// output: point p after it is translated

22 B TEMHNTERMEIB 1EMNPoint P, B HFEHKTHBH B Aaxfdy
Bais, BIATERTEX I SMEMA SpZ M EE.

// methods of Point class
public void translate(int dx, int dy)
// side effect: translates this point by dx and dy

public double distance(Point p)
// input: a nonnull point p
// output: distance between this point and point p

A HIF R R R R T 3
public class TryNewPointMethods {
public static void main(String[] args) {
Point p = new Point();
Point g = new Point(p);
g.translate(3, 4);
System.out.println(”q: “ + q);
System.out.println(“dist: “+ p.distance(q));
}
}

2.2 TERA

AREHAMR T RN, BRI TSR R, XA a1z
FZEEYL . 7553 B square B T

static int square(int k)
// input: a positive integer k
// output: an integer denoting k squared

F, BEPABRAER A EBBAMEE A Hsquare, METH, o 8squaref{fE [ —4
BEE, ZEFTRAMBENENT,

XA R AT E 44 (precondition ) G B &4 ( postcondition ) Frh . HiE
FUFRATME B RAE P T LA R &L FEAGRIBERE P HETHELAM
HIRTR THRESTRE&HE.

AT REASENHERMGME B &M, BRINAHT — 4 ERETE LS, a3
BWEUTF=Z4T4),

* ®RF & (requires clause ) 8BS B BIAT B &4, BIfE ST AS 000 B B9 2% 12k

* 5B F ¢ (modifies clause ) #Il i T # it BEAEK ML E . X ZF L H R R R

MEA, AETEESO8 IR TR HREKFETE,
* AT 4 (effects clause ) iR BIEAERA LHTTH, X BBy A0 R B WA
B A FHERR M, X-FRARdBNEBEATMENAEMAREE R, BEHE
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AU YT/ RO ENLROTH,

HETE AR RN (BARARAIEMEMRABRERN), BRTATL
WA, HIBRAFERERNNE, BRTFOTUER., ByE—NERNt RS
PAE— O, PRUMERTAEE RESEHIMN . FTHERE/L M X—RRENHF .

EifBsquareI Bl T, MEXARIBRLFEH - ERRERER, FELH
RN BRRE - FETWHAMEPITREBME ., BORTE TR Sk A B T 85 A URIR 16 i 2%
B, BREREEDNEAIIBHEAGAEERGO Y E

static int square(int k)
// REQUIRES: k is positive.
// EFFECTS: Returns k squared.

TS BITRE—TPBREMIBtranslatel E X :

static void translatel(Point p, int dx, int dy) {
// REQUIRES: p is not null.
// MODIFIES: p
// EFFECTS: Translates p; that is,
//  p_post==(p.getX()+dx, p.getY()+dy).
p.setX(p.getX() + dx);
p-setY(p.getY() + dy);

}

HAER FAI %, p_postid & A S piik 2, PRYESEHAANECHRS,
DTER Tid#translate2 I LI HE S ERINIIER.

static Point translate2(Point P, int dx, int dy) {
// REQUIRES: p is not null.
// EFFECTS: Returns a new point q
// where g==(p.getX()+dx, p.getY()+dy).
int x = p.getX() + dx;
int y = p.getY() + dy;
Point g = new Point(x, y);
return q;
}

idBtranslate2 &G BHF 4], B 8B BA B S p MM % R AR A
dBtranslate35translate12{y, BT IR BB S 8 5

static Point translate3(Point p, int dx, int dy) {
// REQUIRES: p is not null.
// MODIFIES: p
// EFFECTS: Returns p_post where p post is
// p translated by dx and dy:
// P_pPost == (p.getX()+dx, p.getY()+dy).
pP-setX(p.getX() + dx);
p.setY(p.getY() + dy);
return p;

) -
if#translatel, translate2, translate3WJ L BIREMRMEL, BEMNERTAR
BT A

EF—%d, ?Efﬂﬂu%ﬂfiﬁ?ﬁa%ﬁﬁ%ﬁﬂ*Eﬁ%i%’%ﬁiﬂ%o % A LA O
X REE—NHEBEBE - TR, EPRIBEY MRk, KRS
o] LAV S A X S R0 B P G e B FHLBMFTRTM. BRFaRERT %X
R, W IR R R T S B R . L, &P SR
XML RS Y, HE P — A xR K B KR, — RV, TR HE—
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IHEZBARE

RS EMR, MROEFFRAMREHROIBAMBEE AP FEEBRRFA.
ByTH. ERTH, XTTERBEBRNBMRERE. BFBF, BINEEHXH UG
T, BEET -ERERFENRNA,

ERSE

NBERASBANEHRAEZRAG AP (contract ) XA ML KR MBI E &
HREERTHARREAN., AJBRFARANTERGEZRARAENNS . FERMEH
RLUFAKRBT S ERANIBYLS . ERATOHRTIXE S NHE LW
WARRY, BERMEYECERER, BRFAUIHRESTHREIERRENHE
Xt %o

HTADERAESBRAAHAR TR, AU YHRS R, RIS e
BERE. ER-TUHEFAAIBRHSEEHAHY:. MREPFBIRTEM—&RE
M, Re; YEFPHEETHEMNIELRE, BRAIBHEBALREBRTH,
ABRARSHE. fln, YEFU

square(-2);

A Rsquareff KB THIR, BABR THBOIMBRE, 8T MK, T4EA

square(4);

BREIT{H7, dBsquareTEHETHEAFHER THATER, CRERESE
o

RFREFBOL W= R, WS — BB R RS B &MY
RN —H I REE. (E—BRME— 18T (assertion) £ FIR AW LI E LM
REX ) BEERFBRLE, HATH IR TS KBRS, TR &R R
REHLAFR. UTRGENHELRGAEELAGW 3B translate2:

static Point translate2(Point p, int dx, int dy) {
// REQUIRES: p is not null.
// EFFECTS: Returns a new point g,
// where g==(p.getX()+dx,p.getY()+dy).
Assert.pre(p != null, “argument p is null”);
int x = p.getX() + dx;
int y = p.getY() + dy;
Point q = new Point(x, y);

Assert.post(g.getX() == p.getX()+dx,
“result not translated by dx”);
Assert.post(g.getY() == p.getY()+dy,

“result not translated by dy”);
return q;

}

MARAIMERE — 1S BAAE Btranslate2, RERTERTH, Wie
Assert.preXMi —MHWRENR (REKRLSET —Hhitd), REMBASTE
RHE, B—MUREENFERSE, MEREHRERARMIED, JavaRBR LT
FHEHHHBARAERNICR, RERHEEF. AN, &

translate2(null, 2, 3);
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LEEHFOF~EUTHER:

> java TryAssertions
Exception in thread “main” banana.FailedConditionException:
precondition failed: argument p is not null
at banana.Assert.pre(Assert.java:9)
at TryAssertions.translate2(TryAssertions.java:12)
at TryAssertions.main(TryAssertions.java:8)

R BAGRUMNELERRNEE P HEER,
7o, B translate2 ML TR, P, BESBMMKILERyENH
IR ST

int y = p.getY() * dy;

B4, MHEEES

translate2(new Point(2, 3), 4, 5);

WL, BEFLTEHESERNT.

postcondition failed: result not translated by dy

BAEERGRB, BITTUMERTBtranslate2 B4R,

AssertRHPEL THE Hikprefipost, AEMNARNNSHBEREMEELE. F
Epre AW ZHAR: —IMHREXRXANRNELRE, —TREFSEHEmsg. MRAH
RFERMERE, BATERMEMERE; TMLEE B, RHANERAEYR, 7k
#iHiFailedConditionExceptionX W —NEH, X PFEMSASHRBLEEEN
FHE. BTRERBLY, Hikassert.postEAMMME X, Assert KB EXT
—AFHEconditionRBE —BMEML. UTHEEX:

public class Assert {
public static void pre(boolean test, String msg)
throws FailedConditionException {
// REQUIRES: msg is not null.
// EFFECTS: If test is false
//  throws F#iledConditionException
// indigating the failed precondition.

if (1test) {
String s = “precondition failed: ” + msq;
throw new FailedConditionException(s);
}
}

public static void post(boolean test, String msg)
throws FailedConditionException {
// REQUIRES: msg is not null.
// EFFECTS: If test is false
// throws FailedConditionException
// indicating the failed postcondition.
if (ltest) {
String s = “postcondition failed: “ + msg;
throw new FailedConditionException(s);
}
}

public static void condition(boolqan test, String msqg)
throws FailedConditionException {
// EFFECTS: If test is false
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//  throws FailedConditionException

// indicating the failed condition.

if (ltest) {
String s = “condition failed: “ + msg;
throw new FailedConditionException(s);

}
}
}

LA F 2 FailedConditionExceptionZ&H)E X :

public class FailedConditionException
extends RuntimeException {
public FailedConditionException(String msg) {
super(msg); }
public FailedConditionException() { }
}

JE BT 5 X RRRA . REW S ARG IR R, WS 6T %
ZRBT, ERFRITHRERK. HAEXNESRBIBRMT IR M EEMMHR
WMEE, FUAEFRENABPREEANE. BREUEHassert XKk ARKA DK
BFF. :

23 RE

ELBREPEEHSEAERREN —BIT k. Y— NS SR WE, BitE s
%'éﬂ‘g‘\%*ﬂlﬁlﬁ@—FailedConditionException—ﬁéB‘Jﬂ/l\iﬁﬂo RES5
FailConditionExceptionEMAXMEFHRLEHFHIT—HLLEEE (MEEFH R
BERAMRGEEMS), BREFEMSHARFBA R BAMNEE R, WA, TELELT
KMEHENER, fE%FailedConditionException%&ﬁ%ﬁﬁ-ﬁ%ﬁ%fgﬁE‘Jﬁo

Javaf@ fft 7 58 3@ FI I % L A4 (exception mechanism ) RAMEEERFIFY . 5%
R-MARIHEHER, EREXEBATHSEE, RENHFEETF—4REE
FISCHF . BECHPRTERA . FAEMER . RESIH 42518, Tavaly B8 HLE 25 R
BRI AR, EFREERHEMRER4EH “TE%” LBRAB,

FRELHEEEHBEFFTAMBERFFER. YERERHR BN, Rof 5B
e BEXLEHRMAMBEERHETHRREFERENNS, XM EMENE DR EHKE
TRREH . MHREAMH . E3B# Athrowids), REHRGEENERRME
B HJavaf@ B S 90 i .

U BERRERERE A REN, AACHARBTRSBESEIESRITLE, B,
REAFREEBILEEAR, TEANEATIRERBLEI RENINS, MRS
HRAVAGHRE, JaaMBRSHET, HLEIBNMITEITOEERANEREE,

ik FERESBEAN TS, FLEE—MERR™ 4 EHVEREBASE., Fmgi
MREMERRBEIRLFEAF BRERTORRE, TERBENSERNEFH LRy L
FEMERE., SBRMEOREERA B TEYE. E4dBLMthrovs Fah, ZARAER
MERIFAh . BN, FrEEEE AR uL.

static void translate4(Point p, int dx, int dy)
throws NullPointerException
// MODIFIES: p
// EFFECTS: If p is null throws NullPointerException;
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// else translates p by dx and dy:
// p_post==(p.getX()+dx,p.get¥()+dy).

YidftranslatedME—TSE AIEH, ESHENullPointException®E ¥,
HEMRGECWIEAPELXTXMITH., translated 5 —Fih#itranslatel 41,
HRE LA dxHdyHEREHBA Sp. EfWARZATE Ftranslatel PHIFTEZ
HARFPAZE, MitranslatedWE PSR ATSREEN., YR EXFHE L,
translated4 £l — " NullPointerExceptionX MW B H A&, @it HH,
i AR B FURS AT USRI B & AR 0 7 00 B 480 AR A SR

LHIBRMHEMEBOREN, SRNEHTANZHR L& HMRELBE LR KM,
H3BkMthrows FRMMXIIE I BMFTAERELRY, UTEREBRRAT R/ E
B LB B R AR

static int min(int[] a)

throws ZeroArraySizeException,
NullPointerException
// EFFECTS: If a is null throws NullPointerException;
/7 else if a has size zero throws

// ZeroArraySizeException; else returns the index
// of some smallest item in a.

231 ZRERENTITRERY

NullPointerException@lavafie X HiFE R HEL P4, FFEHREEFE2-1
WRBEREH, R REMKREL java. lang. Throwableds, ©RFTH it i 4515
MREMNROLE, ErrorX W TFREEH Rlava@ B RN R EWEF B8, K
HIRIF KSR X RIS, EExceptionii FRIP, Javal K 4 & F 4
( checked exception) fl & % # % % ¥ ( unchecked exception) . #% %I #b ,
RuntimeExceptionKH FRIMEAZKEE RN, MExceptionX M bfiFAH FRILE
ZRERE.

Throwable

A
I 1

Error Exception

Ja)
l T

Runt imeException checked

é exceptions

unchecked
exceptions

K21 RuntimeExceptionB‘J%@7%2;%’@@55ﬁmﬁ@ﬁfﬁﬁﬁﬁ%ﬁﬁﬁﬁ

O ARBERY -BRAXABFRITBE R, AFEEARARY, iKY T
(ArithmeticException). DiI¥Z# A ( ArrayIndexOutofBounds ). BB ER
7% (NumberFormaException), MER — /G X &8 HN# Hnull R
(NullPointerException), LI BRuntimeException¥HKE X A HHRZHE
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FHEE, EMZERANTR T E X FailedCconditionExceptionf, BRILH|ZHAssert
KM TBind (22.19):

public class FailedConditionException
extends RuntimeException {
public FailedConditionException (String msg) {
super(msg); }
public FailedConditionException () { }
}

ERERERRTHTHRRETRRF 8 S AEEHAOER . (BRI LU 88 Hum R
XEEL, PINEXHFNBER (EOFException). REITHF - KREEH HE
( FileNotFoundException), IXE{THF — M 4EiR#E R A URL ( MalformedURLException )
F, ATEX—NFHZREREL, RUFHY Ejava. lang.Exception:

public class MyCheckedException extends Exception {

} o .

ERERTREZRIFHOEYN, ROETIROESEHER., FHAZRBESHHR
HFLUTHLAN . '

MR- HABUALMYE - ZRERY, IR EOEE (HEFH) LAE TR

kHthrows FAIRFIM , HAFEHR, SRUFAEHATECTRMENZRERE .

CIRABERAT AU ZEER IR, B4R BE LT B s 5% .

BRI FE, RECTHACULSBEXPLBG R,

MRBABFXBHLAN, FiFHSME LR, MAZRES WAL ETXHE
BN dRTUMEAZEEAAREWAZRERY, ABTUMELEERETAEE
FENAZRERYE,

KRB EERIRELFHANE— Ry — LR ESRER AR SRER
Ho BAEH, EIRMERTATRASHREY, BN throws TAIPEES .,

232 WHRE

EME—1TRE, FEFHthrowiBfl, THESKEE M ExceptionZ iy FRASE
B, Hn,

throw new FileNotFoundException();
RECNRIEE AMEHEE RN — AR T TR
throw new FileNotFoundException(“cannot find file “+file);

HfileREXHE, ATRBRYMEOMIZEE, KREERE L % getMessagelt &,
Assert XM BETEMEM L FHWIRHNFF. translated B FTREHAR
7—M0F:

static void translated(Point p, int dx, int dy)
throws NullPointerException {
// MODIFIES: P
// EFFECTS: If p is null throws NullPointerException;
l// else translates p:
// p_post==(p.getX()+dx, p.getY()+dy).
if (p == null) throw new NullPointerException();
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p.setX(p.getX() + dx);
p-setY(p.getY() + dy);
}

233 HiERE

HNE Ay flcatchHRMRALERE . SBREHABRELcyR P, 4H
EHARHANRERBOABCEEcatchF, #ltn, THRABRAEEFZR s
v AUE.

// string s is expected to denote a signed decimal integer

try {
int i = Integer.parselnt(s);
} catch (NumberFormatException e) {

// handle number format exception here

} .

MRFHEsEAER, dBiInteger.parseIntWBEASHBE —4
NumberFormatExceptionERM R # . MR E N F S catchfililh, H 4 EfEcatch
B EBeF, REWITX Ncatchik, FEcatchd, #H MR E AT LLE TS Bed A,

HH B catchR A HEFE — 1 tryhf, A catchB BB LRI FigE, 52
RIFE -SRI UEZZINRE Hcatch B BIAT, iR catchIRHBHE R KR
IR AN, EHIIT. TAE—THEF A catchi I8, #HTHE2.3%
I 36 B 46 E M minid 72

// a is an array of ints

try {
int indx = min(a);

} catch (NullPointerException e) {
// handle case where a is null

} catch (ZeroArraySizeException e) {
// handle case where a has length zero

}

REF - UBRZRE Mcatch THIFT, EHWcatchFAIRRERT, REEM
WATLBRERE . MRER B catchTAIT BRI SEE, REHALEEIBH T
T, RERTAMLENcatch T4, RERBEL B —RAEAMBRK (call stack ) ]
EE#H%. ITEBIS IR RN SR BB BINENSE N k. BT ESEHKREK
s, BERA-ANHETUREXI SE, WREREFEREXIRY, BaTkeRs
Javalg #l#l .

234 HER%

HRERER, WALSBTURR I ALERE, E—MEATSEN LEE, &
XMELT, FELFHFEH R ERLREG S MR ERw (ELAEZRESRE
MBS TR )o UTF RSt Btranslates HHFEMIEY, BEALHAFABE L.
translatedd HthrowiBA)7E T 5] 52 B gk 44 % .

static void translate5(Point P, int dx, int dy)
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throws NullPointerException {
// MODIFIES: p
// EFFECTS: If p is null throws NullPointerException;
//  else translates p:
// p_post==(p.getX()+dx, p.getY()+dy).
p.setX(p.getX() + dx);
p.setY(p.getY() + dy):
}

S translateSHIE— NS EHE N nulldf, F—RHESFEBE I nul INERpHIE
EEESIH, M, JavafE B S NullPointerException® % . BH ¥
translateSH AWK TRE, ZREFEEBATHARE . XEFEEEtranslates
EEMthrows FA P HE BT H BEER T8 P BiENullPointerException R # .

ML ERE R ITERMS MlavaltryfcatchRILERBIRE ., BHMIEFRT,
AR R E AR ELryS b, AR EORBYEHRENS Hcatchihh, BB %K
AT LA WRAEMR TR : F—, YHATFELETENRES, ERET - HEHR
EXMR, IMREMNRURSEREBNRERA—-MREN, XEXETACUBRNTY
FREMR; B, RELERBATUMETERDE, MRELERRE—-RE,

UTRE—MELKRF, ILBHR TR EESERLE -0 0REXE
KRR, XN TBRIET ABEEBNE 4.

static void translatePointsil(Point{] points, int dx, int dy)
throws NullPointerException, IllegalArgumentException {
// MODIFIES: points
// EFFECTS: If points is null throws
//  NullPointerException; else if
// points[i] is null for some i throws
// IllegalArgumentException; else translates each
// points[i] by dx and dy.
if (points == null) throw new NullPointerException();
try {
for (int i = 0; i < points.length; i++)
translateS(points[i], dx, dy);
} catch (NullPointerException e) {
throw new IllegalArgumentException();
}

}
tryRP B ER M translatesHforfBif, 4fHnulli@ftranslatesit, T4
‘iNullPointerExceptionR ¥, XHLHHITR Etrydk, #tAcatchih, XEEK
eHAEBMEAIFENR, FAUBE—IHWIllegalArgumentException¥ B R ¥ ¥
e,

HELHERFTNE A EECRBER. TRARIE—A6F, HEERE LHH T
M, BSAAARKNRE, WRpoints[i]HNnullf}, BEMNFHE (dx, dy). FE
RiZE:

static void translatePoints2(Point{] points, int dx, int dy)
throws NullPointerException {
// MODIFIES: points
// EFFECTS: If points is null throws
//  NullPointerException; else for
// each i, if points[i]) is null sets
//  points[i] to new Point(dx,dy), else translates
//  points[i] by dx and dy.
if (points == null) throw new NullPointerException();
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for (int i = 0; i < points.length; i++) {
try {
translateS(points{i], dx, dy);
} catch (NullPointerException e) {
pcints{i] = new Point(dx, dy);
}
}
}

235 ERRE

BRTHMOEREAHERYE, AEETUASIFMFEREMLREE, $—, 18
WLLGREl - FHRERERZELRE, AHFARRMNSHEXRERAFARGE LM,
F, SBRAURE-PMHEFRRRARNIFE. BEX L, XBEHFFECLEHRTIL
T4, HEERPHBHREIGHNRBES TR T OLEN ., AT, Javali R ENHE
MEES, ELTUFSBRWEFLESRHAES S, oy hPER T IEELHEMA
B, RS catch S T REA A,

EEARFHTHEERAE N OAFMREXR, ERBERARNUTFBRESE MR
BHERER . Y- HEBAEN, ESUNERFORLEHE, WEEAHERN
H—TEYH R, XM TEERRNBER, STURMBERE AL, CHTLLY
HREAFENEFRBEBE—KELM,

B ERFREVT SRR RE. BEXR A, 7 LA R Rk
HAE, MRBRTEMNTRTE, FFAARBEMBINNT. SREBEEEER
THREHZRTEP . XFXMFEEUTILESRL: $—, SR ETE4AA6M,
EEPHRGERFOELT (SBFREERNITET), BAMRARERET; £,
BRABESRAEFBF R ENEE, MISA YT AR RE 2HE R T8,
ﬁﬁﬁ%ﬁﬁﬁ?ﬂ@o&ﬁiigﬁﬂ,ﬁ%ﬁ%ﬁ?%%ﬁ%#&ﬁﬁﬂﬁmﬁﬁ
B, ERERTHEEAOEN, MERYRIBROERTFOEDIN RN TR &
B —#a. BRRD, RFESATHNNERAFNONS, BRREYITELA4BRE
BB, dBRAEAEE EHELREENTH,

RABARITLIRN, ENFERTFALSH, BEFWAEBRLIRD, BT EREFT
MEREERKIL. MR, ™HRMOHERGE¥RAAN. F, SERNEHERE
BEAMHRETHERN. ARSERENERAE, EHELE BTSN, FT6Y
AR URE, XBERERHESBERERET AN -, HHREELBEMER
THBRWMER, XRETHAHENL,

%3

23 HETHIavad BRUHAER—BRF4. B TA. ERFE. FHFEFELN
KBRT java.util.ArraysEZ SRR T iava. langfl, 7ELHFE (BAEHHH
HstaticKB) o, KWEBELHEAREthis, CHYMARIEFEUHL
(BFE P staticKBMAH B, BAH LHITL ).

(a) static double Math.random()
(b) static void System.gc()
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(c) void String.concat(String str)

(d) void String String.charAt(int indx)

(e) String String.replace{char oldChar, char newChar)
(£) int Integer.parselnt(String s)

(g) static void Arrays.sort(int[] a, int fromIndex,

. int toIndex)
24 LA THRIE:

static int min(int(] a, int lo, int hi)

throws NullPointerException,

zeroArraySizeException, IllegalArgumentException
// EFFECTS: If a is null throws NullPointerException;
/7 else if a is empty throws ZeroArraySizeException;
// else if 0 <= lo <= hi < a.length returns the index
// of some smallest element in the subarray of a from
// index lo through index hi inclusive;
// else throws IllegalArgumentException.

25 BELE—-ITHIPHEASEN T Boin TR T HEHA TR,

static int min(int{] a)

throws ZexoArraySizeException, NullPointerException
// EFFECTS: If a is null throws NullPointerException;
// else if a is empty throws ZeroArraySizeException;
// else returns index of some smallest item in a.

26 MEHRNRERFEHETRELIRE, IMFEEF LKL RE—AHETR
RIEWARE, IMTEA T ARER? WRTavalt S8 UH , X FFh 7 258 BF 5 4R
K987

24 TELHE

#4 M (procedure decomposition ), XFRN B & F £ 41L& ( top-down structured
design) &% fmiL ( stepwise refinement), BEMILBFERIIFST KA EZER M,
ERGHWARBIEFMC, Pascal PHEERRIT ., FHHE ML ES Javath TR
BdR, FUABORERAYNREETHRESEEW,

BINGE—N A RRRANEE, XFHPBERERNESENENFRE, #HZE MRk,
BIaR FREHBEIFEBRRRBNR. FREASETUEHARNG TS, BTN
BRENTHE, SRRERT A TREHBEREH, BT RS AP U EEREE
B, TBEERTUELET,

B RREM T T EBRABKR . EBENRITHTIFGE R GRS, N T Ek
FAEME, F3BARATFSHRTEENTRE, XEIBAHE—ERER T IERREY
B BEFHABTURECT BN B S EMSRERER, dEMSERE 2K
XFFRBRAE LA, T X e 1E A0 gy K R AR A B RSB B HI R B T

ARHRHRBIBEERE DT BOEZH, RIVEASBIBRENRFR -2 %
SortIntegerArgsHIBF, EA— R RMNBSKAMAT HE SR BHFITE E X k2%,
THREBFHER, BERS A AL

> java SortIntegerArgs 6 4 2 3 9 34 8 26 4 1 7
1234467889 26 34

BFOEBRIMATUAE 2R 0 RERES ., BILBREA—- 640K TRE
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ER, SBKBEHRELAESEHERAN T -EIBWKFEES., 8%, BFHE
—RERE-BEPHIBRTENRE, HHERRERBKRERLMEZ., H2-240H
BREFPHBRREELR (nain) TEN=ZEER.

DB SHEE HRRBA,

) BB Ha b WBEHTHET

3) fTEI¥ A a,

main{String{])

il

getNumbers(String[]) sort(int[]) printNumbers(int[])

sort(int], int)

/\

min(int[], int, int) swap(int[}, int, int)

E2-2 #BFFSortintegerArgs 4514

AT Emainid BB E L.

// method of SortIntegerArgs class

public static void main(String{] args) {
// EFFECTS: If args[i] is a badly formed integer for
// some i, prints an error message; else prints the
/7 ints denoted by args in nondecreasing order.

try {
int[] a = getNumbers(args);
sort(a);
printNumbers(a);
} catch (NumberFormatException e) ({
String msg = “Error: argument “ + e.getMessage();
msg += “ is badly formed.";

System.out.println(msg);
System.exit(0);
}
}

main BT AR BEraind BRIWERNE. B AnainZ @G HHEN,
PIUBFRMEFARZMAF . MEAPA-IRE S REBYSEEARREN, BF
SITEHERB B LR, FTHERARVXFIT NS

> java SortlIntegerArgs 4 pear 32 tomato
Error: argument pear is badly formed.

SEnainKBTF=ZALE, TEARNBEE—TEX=/28., 6ELEITE
getNumbersfE L. *

// method of SortIntegerArgs class
static int{)] getNumbers(String[] args)
throws NumberFormatException {
// REQUIRES: args is not null.
// EFFECTS: If some args[i] is badly formed throws
//  NumberFormatException; else returns an int array

// containing the integers denoted by args.
int{] a = new int[args.length];
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for (int i = 0; i < args.length; i++)
afi} = Integer.parselnt(args{i});
return a;

}

MF getNumbersf& A~ EREBEKWBH, A< HInteger.parseint ik
F=4 —/-NumberFormatExceptionXH M R H , HHEHEI TBgetNumbers+, I
ERAUKBAMNEMBRTFEMBANargs A BN, BXE2— A NKLTHFE,
getNumbersH) B HIEX — 5,

I ¥ printNumberstl R Himaind BIFAN . BXWTF .

// method of SortIntegerArgs class

static void printNumbers(int[] a) {
// REQUIRES: a is not null.
// MODIFIES: System.out
// EFFECTS: prints the items in array a
// in the order a{0], a[l], .., ala.length-1]
for (int i = 0; i < a.length; i++)

System.out.print(af(i] + “ “);

System.out.println();

}

maind BT BRA BWITFBHEF, BR%— B FIaT LA 8 8 108 50 R HEF 89 5
#H. ESortI.ntegerArgsﬁf?‘FF‘, RFTRBMEHE., TEXIMTE IS HMTE
sort ARl F—RHAR N SEHHF LR

// method of SortIntegerArgs class
static void sort(int[] a) {
// REQUIRES: a is not null.
// MODIFIES: a
// EFFECTS: Sorts array a in nondecreasing order.
sort(a, a.length):
}

BN, sortdBREL - MARNEATI AR AA., IEMESHY, BHYRITT
A sortBEAWENBLAHNERTHEH. YSortIntegerArgs.mainid fsorthi,
ATUHEER U — A BAS AR BN, HRETUEL—PE D — B W sortst
B, EWUEEMIFE TR (W% 32.9f0%92.10), HWM 3B EfHgetNumbersHl
printNumbersiX ¥/ i3 &, s

UTREFANSH K sore B .

// method of SortIntegerArgs class

static void sort(int{] a, int n)
// REQUIRES: a is not null, and 0 <= n <= a.length.
// MODIFIES: a
// EFFECTS: sorts a[0..n-1] in nondecreasing order.

ERTAMERTHSa0.n- 11FERTHHAMBTAANTE E—-BRERali JERKE
Hj- eI THA, EBET T, ali+l), ..., aljls XBOSi<j<alength.
HEFATLIERER T, EERN S Esort 3BT+, BIMERAT B 45
('selection sort ), X 77 ¥ bt Ho At BOHE RS 77 B 0 3R i — i BEREBRESNGT. ZEBHRE
BB Aa0.n - 13FRE BN —T0, MK, BESa05cH, X B a[0]BD K B
NI, all.n- NNEFTTRTHI., F—KELSBEN, Mall.n- 1] HHE TN, FF
BHESa X, Xia0. NEETHFFI S B/NORE, #Ha[2.n- NEBETHEA
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B LME BIUF FEFI BT, RIS UMERRN T XAERZRA K BRE, EREEnK, HEBiK
BEEBRERRE, o0.i- NEETHRFFANTRANAWANT, alin- 1NWEE TR
EEFHAINR., nREEREZE, al0.n- NEE T M HEFFIIFHT, F5RE

BT
A THITEBEEF, ROFERBEFRAFRINB/NT, RO LU FI2.3% it
Bmin, TEHRITRA— I dErin, NEMBRFATUEL, CHEFTRNAE KM

// method of SortIntegerArgs class
static int min(int[] a, int lo, int hi) {
// REQUIRES: Array a is not null,
/! and 0 <= lo <= hi < a.length.
// EFFECTS: Returns the index of some smallest
//  element in a[lo..hi]. ’
int indx = lo;
for (int i = lo+l; i <= hi; i++)
if (a[i) < a[indx])
indx = i;
return indx;

}
ERFFIELITE —MERANZRPIT AL .

// method of SortIntegerArgs class
static void swap(int[) a, int i, int j)
// REQUIRES: 0 <= i,j < a.length.
// MODIFIES: a
// EFFECTS: Swaps the contents of al[i] and a[j]

WA T BfEminfisvap, WAV UFF I8 E B HF T Bsort T :

// method of SortIntegerArgs class
static void sort(int{] a, int n) {
// REQUIRES: Array a is not null and 0 <= n <= a.length.
// MODIFIES: a
// EFFECTS: Sorts a[0..n-1] in nondecreasing order.
for (int i = 0; i < n; i++) {
int indx = min(a, i, n-1);
swap(a, i, indx);
}
}

EUBAG], FATHEUEI T — A RRE, BIAG— R 50 8 R 5 80k BR — 2 0 P 4 51 36 4T
Bl HNHXNEBABAI=ZAES: (1) BEFSHBETH-PERRA, (2) B
SCRUERTHF, (3) NEDGITEHBRNAMME. $— 8 SAMEST L5
H#EH 3 # getNumbersflprint Numbers5Z . B— BB AFELIRIE N —R
HHEFRBTHA, BRI SENEFIBIN, X MES XEIRITEAEE, —4
RIRTFEAFHEANAT, BEBninZH, 5 RERAPHETARSE, hE

swap7E Ko
%3

2.7 SLEETEITSHE Bswap.

2.8 Bistlava I BAME, BHEERIBRAEE IR T EEEE FERY (AR ESAT
BLRIIN EXETFstatic), FHBEIMER — %K, Hita, THEBFITEH
HAZABKNAK, XEHKHEERME.
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public class RightTriangle {

public static void main(String[] args) {
if (args.length < 1) ¢

String msg = “Usage: java RightTriangle n";
System.out.println(msg);
System.exit(0);

}
int n = Integer.parselInt(args(0]);
printTable(n);

}

public static void printTable/int n) {
for (int i = 1; i <= n; i++)
for (int j = i+l; j <= n; j++) {

double hyp = hypotenuse(i, j);

if (hyp == Math.floor(hyp)) {
System.out.print(i + “\t” + j + “\t");
System.out.println{{int)hyp);

}

}

public static double hypotenuse(int a, int b) {
int c2 = square(a) + square(b);
return Math.sqrt(c2);

}

public static int square(int k) {
return k * k;
}
}

RightTriangleBRFREUEKEHK N SECRARAN, F4n.

> java RightTriangle 20
3 4 5
5 12 13
6 8 10
8 15 17
9 12 15
12 16 20
15 20 25

AT P RAR R R LBl sort IntegerArgs, H HARIREFET L ITAE,
29 (HEE) RETHHHEE X Rsort:

static void sort(int[] a, int n) throws

NullPointerE;ception, IllegalArgumentException {
// MODIFIES: a

// EFFECTS: If a is null throws NullPointerException;
// else if 0 <= n <= a.length sorts a[0..n-1]

//  in nondecreasing order;

//  else throws IllegalArgumentException.

fEsortIntegerArgsflF R M sort I BRAMERE—ENERTFA
B 5| HREREEZ AR, A4 N+ AfESortIntegerArgsBFHE FF
HEBEEREREOHF I Esort RAITHIVE?
210 (EH) HHUTRHSEE d#8sort:
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static void sort(int[) a) throws
NullPointerException {
// MODIFIES: a
// EFFECTS: If a is null throws NullPointerException;
// else sorts a in nondecreasing order.

211 THIAEminWLHALIRERBELXEPRANWERNEERMSF. XMTETLA
ERBEEEN, WTFHR:

static int min(int([] a, int lo, int hi)
// REQUIRES: 0 <= lo <= hi < a.length.
// EFFECTS: Returns the index of the smallest
// item in a[lo..hi]) of least index.

HEENXALZEHEFEERE, RERnind BiR /NI FHRE, X2
sortid A THRIEEHHE N maind B LIPER, SHMM, IR getNumber
HEABE—- N AR (naind B ) FEENEBMISELME. NERKE
HRARE, BPAR— IR LA G EANT R TR, ERNEST LS4
B? NERBEMRAKRE, ERAA- B EENERAGBTE P IHAERN
KFEEREE? (RATESST PR ESHEMBRF NN SEABF X & EE, )

212 LB -1 LZ HSortstringArgsHBF, EXNFHF B HITHRERMUTIRE
SortIntegerArgsX B REMMIEE, THRBFHITNRLEER.

> java BortStringArgs twas brillig and the slithy toves
and brillig slithy the toves twas

25 #17

BT ATUAEMEEROHRRERLHMSERE, FUSBMEETIUSHYN., &
HETEREAEROBRBERCHAMBBFEAS ., IRERF LR ( recursion ),
— T AAAC KA RNTBE RS,

TR - FREHXRTITH. TUATBoinLRK M S RIER Y — 1
BdT, BEFRAallo )P ERBE/DRWAGE . FTELERNTAIER AR .

if (lo==hi) then return lo;

else {
best <— index of scme smallest item in af{lo+l..hi);
if (aflo]<a[best]) then return lo;
else return best;

}

E—BEERL T — Blo/hFhidt— L LR XHEERXINSE . ERTHT
WA (B fEallo+1 hil ) I REBNT, RIGIREXAREallo] P8/ EWTFHME. 75
allo+1. .hi]F IRB AT F WAL H2.4% F X sortIntegerargs B FE X 1B
minkhFT. XBEFHUT HFidBmin2fLH .

static int min2(int[] a, int lo, int hi) ¢
// REQUIRES: Array a is not null, and
// 0 <= lo <= hi < a.length.
// EFFECTS: Returns the index of some smallest
// element in af{lo..hi].
if (lo == hi)
return lo;
else ({
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int best = min(a, lo+l, hi);
if (a[lo] < a[best]) return lo;
else return best;
}
}

BAadBnin2fRAERATAES, FUBEERZRAK . T WEERITT UK
ABmin2 HERAEEH: TEninPnin2 ERLLMAN LR, Hikelsetk K
B—MERTBY R

int best = min2(a, lo+l, hi);

THEHRESBnin2iif )3 R4 .

static int min2(int[] a, int lo, int hi) {
// REQUIRES: Array a is not null, and
// 0 <= lo <= hi < a.length.
// EFFECTS: Returns the index of some smallest
// element in a[lo..hi].
if (lo == hi)
return lo;
else {
int best = min2(a, lo+l, hi);
if (a[lo] < a[best])) return lo;
else return best;

}
}

L EER U R AR RGO FRIBRRAETTEMERER., RIARKE
RAXAXREH, Bk, TRREXENEXTUFANTFERNE, DERETEERRE
A, HIBRAAE SN, ELAHEERNERT R, £, TRAELASENR
BEMFAMEKR, HAXHAREREHHERNHRBERRY, SRERENTES
LA TRRB/NKFRIE,

ATHERBES DBTUEEMBR, SBREWIK4 L4 (stopping condition) £
EREME, —BREFRABIATHE, INTRERTUAERRTNLEE—S 035
BAH, SRR TFREALENIn2, RITSTUAR:

o Kok e Rlo==hi, XNEBERERF LRI EEBR,

clo<hifZi# 344, Hlo<hifit, XNEEHRTE NP R - lo+1, BB BELENTH

HMKE, JBREWHRZLE L FA0 M BRTH,

HMRBRETURAEASRENN, KATUHEHARE., XHEMNEXFRERE L
( recursive definition ) {244 % 3. (inductive definition ), % &% 4 9 3k i B BUE L
B 7 R 35«

n!=n(n-1)(n-2)--3x2x1x1
B e R P o] LA A 2 SORTHE, R R:

ol = { 1 n=0

n(n-1)! n>0
EEIEXMEXT, RMNA0! =1, XMEHEXTET FTEH4! HES:
4! =4x3!
=4 x3x2!
=4x3x2x1!
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=4x3x2x1x0!
=4x3x2x1x1
=24
KA TR R T B E ST, K IR Rr==0, TH®E KRS0,
BHEEMT .
static int factorial(int n) {

// REQUIRES: n is nonnegative.
// EFFECTS: Returns the factorial of n.

if (n == 0)
return 1;
else

return n * factorial(n-1);

}

B factorialEREMSHENERBH., 4R, LTUBRIEHERXRERHXIIE
., HEEN—BB&MF, DY 3R factorial H— I REEFARRILE - FE
IllegalArgumentException, MBIX—EMBARM T EREX —IMHBBEET B
BB R

static int fact(int n) throws IllegalArgumentException {
// EFFECTS: If n<0 then throws IllegalArgumentException;
// else returns the factorial of n.
if (n < 0) throw new IllegalArgqumentException();
return factorial(n);

}

AR factARBHM, BREAAN IR factorial RBEAN. A— 4 n¥CkER
d#Efactorial RRW R, WEBAnERMEN, factME—415%, HHYfact
F M factoriall}, BfEfRiFfactorial WBERFAEELBAWE., ReactXHEMIE
BASE, A1 RASERUTROE AN, TR AR )AL EA S (nonrecursive
shell ),

AR RIRL LR —MRAEBITEXMEERE, XHETUEACHE—F. WFH
HIRRBME, TEBEAER Y F B dallo. i) B BA R .

static int count(int x, int[] a, int lo, int hi)
// REQUIRES: Array a is not null, and .
// either 0 <= lo <= hi < a.length, or lo > hi.
// EFFECTS: If lo <= hi returns the number of times
// that x occurs in a(lo..hi); else returns 0.

HREH B UBE, BT ERMLNE TG F R Hallo.hil , B FEKTHR.

static int count(int x, int[] a, int lo, int hi) {
int count = Q;
for (int i = lo; i <= hi; i++)
if (a[i) == x)
count++;
return count;
}

MR, —A BB L0 T 05803 SGHAT . iEC, T «TE F B M ali. j1F H R
ﬁ’ ﬂu%@}:

i i+l j

0 i>j
C.={ C.. i<jHx# a[i]
1+C, i<jHx = a[i]
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EMEXNERTEET Z/AER: B-MELRTFRYA JAEN, #MRESFE; B
“HERT, FRARNT, HERNIAE TelilFxtEali 1P BB REE TE
ali+1 1P H ARG BEFERRF Talil, BrLAxTEali. j1F AR E T 10 Lk
ali+1. /P H BB XNBEELET THANE Bcount i IFLHR .

static int count (int x, int[] a, int lo, int hi) {
if (lo > hi)
return 0;
else if (x != a[lo])
return count(x, a, lo+l, hi);
else
return 1 + count(x, a, lo+l, hi);
}

BHAR—FMBRNFE, EEEANEYFLAIE. MARNGLHABN# ALK
( recursive structure ), ER£—F B & E LHBIBLEW,

%3

213 E24FHFHELHAN SR M sort IBF, BEAANIBnin® K N3 Emin2,
REEHMIFEIT I BSortIntegerargs, BFERAEHMD? MiXLTHREY,
%38 B minFlmin2 35 B0 T 4 7 60 1 3 3 1,

2.14 ¥ &% (power function) FATHEHBEIPF R E X, HPrRIEfBiK.

ab:{ 1 b=0
a-a* b>0
Blan, FHE2ZMHHES:
=2 x2?
=2x2x2!
=2x2x2x%x2
=2x2x2x1
=8
ETaHXFRAEN, HE—1 3R power)iFHLH .
static int power(int a, int b)

// REQUIRES: b is nonnegative.
// BFFECTS: Returns a raised to the power b.

215 MRAMT—-MRALSE, FEEEEMALLEBRHE, BAX—EFKNEAE
AR KEPTHAIBAKISE R, BLE, NRSEBASHKTEARBNT
IEREA, BAXATBITIBRE RN . HAlavafiE— M ERE B ARKERS
ZIFHBEASE, BRAE—IRIETREHAERSKIETFHRAERAKRELE,

216 ¥ k%A EH %) (Fibonacci sequence ) X PEFFLEHY .

0,1,1,2,3,5,8,13,21, 34,55,89,--
RIRATTREOM, HHEENE - TEBSFHENRTEZN, THET
#YBITE X

n n=08n=1

b(n)=
1ib(m) {ﬁb(n—1)+ﬁb(n—2) n>1
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EX—TRTRIAGHIEEEXHBEAIERTELERARIS IR TR

static long fib(int n)
// REQUIRES: n is nonnegative.
// EFFECTS: Returns element n in the Fib sequence.

F—NavaBF P EREHLRE, -1 EREESHn, HFHTRHEHER
NRFFIIHC

> java Fib 6
Fib(6) = 8

WMRTRHIBBEESLHBEAEX, KREEITEEibH B HRARFBRME, [
BETREANBHITERESERIT. S0, SEEHEib40) B TEBEEIb(39)
HMfib(38); WHLib(39)FE T HMALib(38)MEib(37), ALUBE DM EiIb(38)
RETHRK. MAMENEZEITEIBRFRAIHEER, STREibAEITRARE
fret B M AEnNIEE, BTN AEEERMYAE, BEEE/ MR,

MAXANZHG, RORESHBOASRBHROIRENSELS, TERIDXBE
BT BRI . TEHR—EMAEIE T (GE1THE 5% AR L F ).

static long fib(int n) {
// REQUIRES: n >= 0.
// EFFECTS: Returns element n in
/7 the Fibonacci sequence.
return fibHelp(n, 0, 1);

}

static long fibHelp(int n, long a, long b) {
// REQUIRES: a and b are successive elements in the
// Fibonacci sequence.
// EFFECTS: Returns nth successor to a in the
//  Fibonacci sequence.
if (n == 0)
return a;
else
return fibHelp(n-1, b, a+b);
}

ERXAERT, ERALEEFibAAT #Tid B fiblelp, HE B EibK
A, FHAEHETKIONEENRES), HESAEMNEibBHERARTE
£ib(100). BF—-RRAE HIE?
217 ®E—MBRIALERIAT T m S ERE.
(a) HEREFEHallo. .hilHIH .

static int sumOver(int[] a, int lo, int hi)
// REQUIRES: Array a is not null, and
// 0 <= lo <= hi < a.length.
// EFFECTS: Returns the sum a[lo}+..+a[hi].

(b) AEEEBHallo..nilF ME BT 7 BB A FRE
static void squareMap(int[]} a, int lo, int hi)
// REQUIRES: Array a is not null, and
// 0 <= lo <= hi < a.length.
// MODIFIES: a
// EFFECTS: Replaces each item x in a[lo..hi] by x?.

(o) WRMAIBInl T ERRE K.
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2.18

static int summation(int n)
// REQUIRES: n is nonnegative.
// EFFECTS: Returns 0+1+..+(n-1)+n

(BERRESEL — T EEEREARTHTEI+ 2+ .+ nlIFHLR,)
(d) #g8HxtEallo. ) FPER G AN EBE, HER - 1 (FHRUARHEIMELR ):

static int find(int x, int[] a, int lo, int hi)
// REQUIRES: Array a is not null, and
// 0 <= lo <= hi < a.length.
// EFFECTS: Returns the position of first x in
// aflo..hi];
// returns -1 if x does not occur in aJlo..hi}.

J2H#H A (Merge sort) 5 — 1 FHFI R MK AFERNERE ., HERENT .

static void msort(int{] a, int lo, int hi)
// REQUIRES: a is not null, and
// 0 <= lo <= hi < a.length.
// MODIFIES: a
// EFFECTS: Sorts a[lo..hi] in nondecreasing order.

A Bmsort T LIRES LIMBMAHRF . i, 2. 4 FH#EEF—/SEYTE
sortf LIAIPHHEFLHUT :

static void sort(int[]) a) {
// REQUIRES: a is not null.
// MODIFIES: a
// EFFECTS: Sorts array a in nondecreasing order.
msort(a, 0, a.length-1);

N BB T, UHERmsortid B, TR TRIT TR ABRR.

if (lo==hi) then return;

else {
mid «— (lo + hi) / 2;
sort af[lo..mid] in nondecreasing order;
sort a[mid+l..hi] in nondecreasing order;
merge(a, lo, mid, hi);

E—RERT, Llo<hift, XFBERHS T HHallo. hilsr B BE KB R 1
oy, RERM GFEMERARE) BFHEMETF, REBCSHFNTERLSH.

static void merge(int[] a, int lo, int mid, int hi)

// REQUIRES: a is not null;

// 0 <= 10 <= mid < hi < a.length;

// a[lo..mid] and a[mid+l..hi] are both sorted in

// nondecreasing order.

// MODIFIES: a

// EFFECTS: Sorts af{lo..hi) in nondecreasing order.

qBmergelf BN F 9 F B allo. midIFalmid+1.hilE 33— HE g9 5

Hallo.hi]l: BELHTNERBEFMNRAN TR, MNBHBENNM BTG, &
KUEBEH TR ANDN, EE—WRHEED, EERSRUYFTA LR, BN —
TR HBIER Ao, HEER TR, —BHEP N ThELTHRATBEED
TROTR, FAPHANTERSEEHA K Ao, THRIEmerge th
(SRS

static void merge(int[} a, int lo, int mid, int hi) {



o HEHLE 43

int{] b = new int[hi-lo+1};
int i = lo, // index into a[lo..mid}
j = mid+l, // index into a[mid+l..hi]
k = 0; // index into b
while (i < mid+l and j < hi+l) {
if (a[i] < a[3j])

b[k++] = a[i++]; // copy a[i] into b
else
b{k++] = a[j++]); // copy a[j] into b
}
if (i==mid+l) then copy a[j..hi] into b[k..hi-lo];
else copy a[i..mid] into b[k..hi-1lo];
copy b into a[lo..hi};
}

LIHEBrusortfimerge, REHEF—NavalBF, ZI—-TFTHFHNHEFEF B
(IRATLIB B F Sort IntegerArgs MISZ IR, SXBERE AT LAE B4 3 HEE ). R Tk
frid#nerge, RATLAM# fijava.lang. System.arraycopy ¥ & & 784,

INGS

ATLUHPE RN R B 07 ORI — 358 —RAEN— iR, AR BIR
MBI, —RENTHABESENEY ., IRBESBIBEEER -HHSBRE, XH
RABBEEHAALBENE P NREE P BFNAEE. SEMRNEERSLE T
BT ERER—TRET A LAY

SENWEFMRBASBNE M LAMENRY. SBRNEESHEEE HET
SBROMERFHIELT, JBLRSLBMBRENSGE. BEIBNBRERES
HIRLR X 555 T RGBSR AR IE

A TRHBdBRLANRIE, RIVATRKTFORBRIBONESSE, BERTO%R
WAL BHERSE, EMNBUAEEEIBLERRIERS, REZ5, BRFH
Bl T AR LR T R B BB XY B o SRRV LAGE RO R T TR T RAE
FTHREBATHR, Javath RETHRBMERYE ., BESENLEREHR LN,

HRMEAABRI BT ERWERFN, ROTURKEISTEHBOBLDE, [
BHBRITERATARNERENOER, 58— RHdBSEET F—BREEmEE,
BERBEOIBRRTEEBREABRE, SRITEXACHAAC RSB,
UREMBIEBER. M REAIBRRRRT AT ERRME, Ed s — %8
BIEAMBERE, ROTURKE - EHECHIE,

M-I RHRBRMRE AR, BHRETE, FEFEREMNRE T X —a
A BEERET R D MRBIE, AT LA X LL4T % 5B X 3 % 77 52 0
EREH. B, dBRMKTUEABERRN TSRS, NEMSKAET =0 EE,
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EE—FF, RIVFITIRME, BT I BEHRBEE—TRIME. ZFE
AA—AABEE-ABRE, THAFTEANEITRIERMALRS, AX—FF, &
MERR S —HARAXBHHMRATY, EEMNZEIHEZL, IRBLEHE (data
abstraction )o EFBMBERT , — MR E, Lin— PR, FUE—ERE, FRE
FHAN—ARENEANAT T EREAXERENHIL. B ETNMEEENR
YEXCH R SEIVT MIEHE, TWOH A 75 RIE © B (5] B9 %08 /2 0 o] #40 385 09 S8R 16 2 0 ] SE 31
. MERBEREAEF—ADAHED——ABRE—RRBEETHNBIR,

JIFARHEMBOEAMENEHN EBM SR 3. 2WKE TR R P IE L SFEE K
BAEE, RN BHEMRAERE. 33T RHENGERRE. 34BN BB
FiJava 2DBIEHEHLETE . 35TWHIBXEFARBZAB—-IBFH, X NHEBRFATUE
RENGOTEEE. REXINTUHABRFENFENMENEREREBRHAEL, BEHNE
)5 | i B A T B LR I AR P R A — AR,

3.1 HMSEHERR

— P EARKEEA (concrete data type ) R — P ##EAE (data value) WES, SEEK
BIRA T ER— G RIE, JavalR R R R BASIB AR, MER, ZHMMARE,
BN, JavaRyBRIBMBEA AR - 2 (2147483648 ) B|2* — 1 (2147483647 ) JalE FAi G %
BHES, —TEEHMNFVNERAZHENNBEERR, FREm. B, F. BE
FREMERE,

BR, FHEHN, FRATTERECHMNFVEFS HHIBHER, S2HM
REPMBBRESAFTE: RERFENEREAOBRERWMEIN; 0T 8582 T
AEMREnERE. S, 57 00R%B0RE M MBS R BB, HFiEg RS —
TRUTE:

int i;

i=64+7;
BRERMTE#ENRREHRESENFERSERMOEHAL L (BRI, Tavaik B8
BT IUAMLE B R LUE FEBGHITIREEE ).

FRERD —MRIOLBBBOBIEAER, GER R, MRS 288 0T ¥
e, MARBECENBRINEETHWRERBRERMMAMELRN .. TEE— 06 848
FREMIavaBF, IPMBFUMERFEEENBATHESN, FEBERBRIKA
By,

public class SillyEcho
public static void main(String[] args) {
String s = “";

for (int i = 0; i < args.length; i++)
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s = args[i) + ¥ * + 8;
System.out.println(s.toUpperCase());
}
}

UTREHZERNA T, ARFRBANGST, MEEFERERFBET

> java SillyEcho Hello Goobly World
WORLD GOOBLY HELLO

HTHESillyEchofBF, RAFAEITIEHEENFRRBE: B + BIEREK
EEBETFHE; E—RFHAHamENGS (W apple”) R~ F/FE; FlA
stringZsftoUpperCase F ¥ - FHEHEBRBAKEFZRF B, XHBRIERHEHF
A, A"RAEFRBRNMEBARN ., BX EEJavaP, FHETUKEASAFANFTERRIR
ARER, XEARHEXH0EE, »

BHEKR, BEPERRTURESEAENSHRITARITHIE, EHEECSHAT
RR, TIARBRENER L, ERAKEN, XTENSHWATATNS, RITSEXL
ERTH. B, MEANERSTMEREEEN, HARKOEIETTEH B I
R, ERRNFHERNEAFTREECNMHATRR. HIRBEX BB SNREEREE
CTFRXABIEE L RENLE, HRHIEEA (abstract data type ), FEIFRKEEA (data
type), B—HWEMER LA —ARIE, MBHEARKRBFUERENMER, TAE
BREPEHABRERMER L, ##EH L (data abstraction ) — @ 1115 AR BIEH
BER-—N BT RBBEOBRIE, MARHEBANERMIHR,

EREMED, —ANBIBEHERRR—ARE M — AN 8, X REHRIX
HEH £ o (interface ), &/ IE R VIREBIEN . WEIBME A MW (implement ) 43
FENARRFNETIERFHBRENTR, IFREHRNBHAZT A RIEENE
AmFEETEMEIH,

FEREEHRERERSR. 58, EPAFETHRIFANSHRATRTERS. KM
AL HZEEREEMEHRE, MATAMEXEKBELABYER., K, ATFHEPRE
THREEAHIR, ARRERFBEORY, BELHANKTHARHE A WEH., &
fa, BTRERBEONETEFN SEEZERETROTE, BT L ERiEdknE
FENRTEE LIFRT AR, XERMNNEBER LA EIRENHSBESE,
123X — B PR ATH 08 40T 10 BB 52 A0 X S0 40 5 A B M B4R 25 o

BRTHFE. FHNGRHNEFEBEBIBEBI, Javalk BRIEFr SHHAE N WL o848
%% (compound data type ): Javaif S ARMES . B Flava P B0 S8 5 gL E, LIS
SHELDNENBERI A LR (reference type )o M —AMEIEHEBEA KT HIT,
RITEFREEN— %4 (instance ) B % (object) X3, HATIE "hello ¥ K —
AstringXM LM RstringtRMBIH, WAl WA Y ELFRMEIE,

BRTRUFHFBEBNERN, Javab BUMWEFTOE SBIERBY T E, XEETEHR
Tavaf 34 . O UURIGEEHM ., BO0ARE LHFHWEEXBBRRASREN, LM
BEE LR T HMBER LY, TERIMTEEIHSY,; MRS O RAIABHEERSTE.

3.2 iREAMTMIEHRS
AEHET TR L — 2 ERT

FEW RS . ROVE
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FERA—FEIT eSS BUEAERGTERE - RNTH. BINRENTERAEER
REMTR. BRWBIMER.

321 X

HERILFEHAPNERSAHZHEHEEENS: KFHBEABMEESHRRN ., 5
—MEBAEH NN (x,y) WEBEEOTAE, HFEPIMARESDXES: NESF
W, BB RAL, RAREMTITHBSyN BN, MECRIEEYR, WA E
8 (mA) B MBRRABE, Wik HaEs (M) B3, yWERSHEM, A
(0, 0) BHIERE (origin), ZRE3-1 (RATBES X xBIEXMEA, yHE2RME 1Y
PERERAEERE, BEXBEHLNRMEIFHLIFERIavalI AL B BIFR, EAE
HiEES AR ),

+(0.0)

$ ——t—————>
+ X
T *23)

v’

B3-1 §RIILEmMA (2, 3)

ROV R — D FRAL BT B B A K PointGeometry, NBFE AR o
EROMMELR—-NEIBARLIG], LOEEBT, BREE, EEEBEEN—IHEH
BRBERER. XN RBIFH28E? XEBENME—RER? £XE— FX%
PointGeometryHJ REREH (class skeleton), ‘B A[LLES BY 30471 AR A Iy B9 2 3
B3V

public class PointGeometry {

public PointGeometry(int x, int y)
// EFFECTS: Initializes this to the point (x,y).

public PointGeometry(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
// else initializes this to (p.getX(),p.getY()).

public PointGeometry()
// EFFECTS: Initializes this to the origin (0,0).

// x coordinate property
public int getX()
// EFFECTS: Returns x coordinate.

public void setX(int newX)
// MODIFIES: this
// EFFECTS: Changes ¥ coordinate to newX.

// y coordinate property
public int gety()
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// EFFECTS: Returns y coordinate.

public void set¥(int newY)
// MODIFIES: this
// EFFECTS: Changes y coordinate to newY.

// other methods
public double distance(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
/7 else returns the distance between p
/7 and this point.

public java.awt.Shape shape()
// EFFECTS: Returns this point’s shape.

public void translate(int dx, int dy)
// MODIFIES: this
// EFFECTS: Translates this point by dx along x
// and dy along y:
//  this post.getX() == this.getX()+dx and
// this_post.getY() == this.getY()+dy.

public boolean equals(Object obj)
// EFFECTS: Returns true if obj is a PointGeometry
/7 and obj.getX()==getX() and obj.getY()==get¥();
// else returns false.

public String toString()
// EFFECTS: Returns the string “(x,y)".
}

RE - RERGHERERBIavaliRE, BRECHRRERESEN, wndkiER
BMAT UG R, TEALMaval iSRRI REREHR I TEFRBBELE TR T IE,
HERRELHE. YRR B ERSH S R I BE KB B L,

—REREMUARIMAEA—1PE, BEEL N EALNBETUESS . TiF
HERE, TEREFINTryPoint R R E M HPointGeometry KN BB,
BRFANETSE: F—XBHSHRApIMxHyLIR, B0 BRI SHR 5 p200 %
br. BIFATEHI Spl. Rp2MENZIEMERS, URSpHp2t B4R B3 S p I F LS,
WRp2BEBA, WRIAp2HEFEL (0, 0), THREBEMRGHF.

> java TryPoint 3 4 -5 8

point 1: (3,4)

point 2: (-5,8)

distance: 8.94427190999916
point 1 translated: (-2,12)

> java TryPoint 3 4
point 1: (3,4)

point 2: (0,0)

distance: 5.0

point 1 translated: (3,4)

LI FRBTryPointEKHE X :

public class TryPoint {
public static void main(String[] args) {
if ((args.length I= 2) s& (args.length (= 4)) {
System msg = “USAGE: java TryPoint x1 yl [x2 y2]";
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System.out.println(msg);
System.exit(0);
}
int x1 = Integer.parseInt(args(0});
int yl = Integer.parselInt(args([l]);
PointGeometry pl = new PointGeometry(xl, yl);
PointGeometry p2 = new PointGeometry();
if (args.length == 4) {
int x2 = -Integer.parseInt(args[2]);
int y2 = Integer.parseInt(args[3]);
p2.setX(x2);
p2.setY(y2);
}
System.out.println(“point 1: “ + pl);
System.out.println(“point 2: “ + p2);
System.out.println(“distance: “ + pl.distance(p2));
pl.translate(p2.getX(), p2.get¥());
System.out.println(“point 1 translated: “ + pl);
}
}

HYERAIMT 17 AR TryPoint BFRY .
> java TryPoint 3 4 -5 8

BIF A# A K TryPoint .mainFF 14T, 1B YHOEFT— A gavaB e, LA
—PERMEF (FFFKTryPoint), RFRAERILXPHH Fmainf LN E I8
PAT. mainFEF B — 4 string 1KBHSH, REEARXNFRHBBALES K3
Simain (FAHH SR A Rargs). HTUBHEXNFRS, AAFEENRBRY,
Rk EEAENZ RN EE . TEHiE:

int x1 = Integer.parselnt(args[0]);

ER-ITSHENBY, HFBERRAT R, EBSp2BHEN, SEERES (0, 0)
L, BURBFEE-NSHE, WAp2TEMSUEMED (x2,y2):

p2.setX(x2);
p2.setY(y2);

RECL TRINFERAREXRY, TEKEEASBNMEREHEE ., TEL
BEMGER: £—, NPointGeometryHiE —FERIE, X B R SRy bR E
FRAFRR, HHXHERGFERE MRS FHTH S .

// fields of PointGeometry class
protected int x, y;

B2, KR TEOTHERBEENFEEWTE. %SREPointGeometry M8,
B THEBERITBUSEOEH CNRA LR, y:

public PointGeometry(int x, int y) {
this.x = x;
this.y = y;

}

ELEMHERT, 2B FthisB FEMENX S, BAEWRXNRE, this.x#gX 4
R EBIEx, TREE G0 xIE T E0SHx,
%:AWE$%§&%—¢ﬁH%(%m&mmwh

public PointGeometry(PointGeometry p)
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throws NullPointerException {
this(p.getX(), p-get¥()):
EW%W%%*, KEFLthis HARFAMAE —TWESR . BchisAMERS, BEER
B ESHSROBEMEYRE, EFHF, thisUHMEESHHR, b T8
—TAERNSBNECHEF, BEE—MHESEEA. MER-T, #AthisAAR
& £, X —EA LR EBNE—&KIEBEN,
B~ HESRESH, FEHNE-NERESNHA:

public PointGeometry() {
this(0, 0);
}

TR B U7 IR H O A xR AR B O o SRR [ED 4 B B O SR BRAE SR ( getter ).
RAE getXGR [ AR AR, RFFZE S WX

// method of PointGeometry class
public int getX() { return x; }

PR BB E M 7 B BRE IR E & (setter), BB H set XK BUE S BYx R AR{H -

// method of PointGeometry class
public void setX(int newX) { x = newX; }

RFRARNE XA REE WV RFIELA 4 (property ), RIBWHY, KBMEMREL
MEFREXGHHEZ AT EgetMset, FlnAitExFgetxMset X Z KM E MR E L,
— IR HERERENRBE T EAE BRI ARE (accessor ),

M e, RBEFER—MH N %L 5% (mutator method), B YH TR
(mutator ), BT B8 XT & 3C B A0 5 B AR FR 0 A0 88, 2 3 W LA ke 28 b R 7S (94T
FIFEAAE IR . MR, KMEFET X EBFEEE (selector), HERIEFH
% RELFHEDRREENHEOTE. B REE, REZEMR, 8Ekis
FTRFERE, KEREREER, BHRFAE M SENE.

EE-TEPFETEEANTHE —BRRBEEN, fEPointGeometrydg, —
REERLR ERFELAMRALFNRE, A, EF—%P, RIJEED—I%K
BT, EHRERAERAEES T, MRABDTERS S, HEOEFRRDAER RS
HERM—TEF, HAREEEATERKN T EREIH. NEPWAEE, Kaiss
REBMRH—Ho, HENBTFRYED, MARETHIH,

PointGeometryd#iiE L T UM 45y, IR M ik & L 545 20

// methods of PointGeometry class
public int get¥Y() { return Y: }
public void setY(int newY) { y = newY; }

%XTPo:LntGeometryE‘JVJﬁ%gﬁﬁﬁxﬁyﬁﬂﬁm%f: BTRE-—THRHFE,
distanceF KB A Kp, BIEpD) & 8 IR, P32 6] Y BE B 1T 4R 38 ) AR <2 3
B: AAZHENEBEEER—MHASATZYE N, BREHAZAENEKEA DL
FR A yH AT, SN KETEABNT FRNE R, LI FRdistanceE X :

// method of PointGeometry class
public double distance(PointGeometry P)
throws NullPointerException {
long dx = this.getx() - p.getX();
long dy = this.getY() - p.getY();
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double d2 = dx * dx + dy * dy;
return Math.sqrt(d2);
}
shape5iki& Bl —1~ java.awt.Shape BRI R, 34T PREBFICHAHE, F

HZshapeF EKLH

// method of PointGeometry class
public java.awt.Shape shape() {
return new Ellipse2D.Float(getX()-2, getY()-2, 4, 4);

}
translately i B K E B shdx 847, #yRiKFBIay M, IFEdxR
iE, MEma¥s, SMEELE; dyfBsi 5K M, TEHELH.

// method of PointGeometry class
public void translate(int dx, int dy) {
setX(getX() + dx);
setY(getY() + dy);
}
MEFD R Ay EERERE, WENBIANESE, equals HERR LB A

REME:

// method of PointGeometry class
public boolean equals(Object obj) {
if (obj instanceof PointGeometry) {
PointGeometry p = (PointGeometry)obj;
return (p.getX() == getX()) && (p.getY() == get¥());
}
return false;

}

M Fequalsiy iS5 LA 2B RO ST SOBOR M, B LU B 56 Ml Javaly B &
inStanCGOfﬁf’Eﬁﬁﬂﬁﬁ%ﬁ%@%PointGeometryX{fﬁ, MBE, RITZ2HE S
¥ g pointGeometry#,

PointGeometry p = (PointGeometry)obj;

H T/ M instanceofMifobjRPointGeometryXf £25|H, HmEF SR ESEm,
RIE1E KoMy HEE 5 M0 A A A Ee A, IR AZNEE Eltrue, BMEE false,
R L Hobi R EPointGeonetryX %, equalsHitik[flfalse,

tostring FIKEE ~ M RRAWFERS, FARMNBERNEFMNERE., MW, A
(5,7) HE/R"(5,7)"FX:

// method of PointGeometry class
public String toString() {
return “(“ + getX() + “,” + get¥() + “)7;

}

HETHTREBANRE AR FHEN, tostringFLBAHER. M, BEE
Bplflfi— 1 RXR, FER

“point 1: “ + pl

RAREGRE: BEF+ WERERRFHE, ARERRANR, ERERNAR
(string) BAGRREF, + BEFELTXPEE - NFRBEE, AFERAERE
—IRXME, MAR—IEFHH, A ER tostring 8 A SRR BB B — 1 =5
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B, MBANREIAWERFHE, XA H"point 1: (5,7) "%
&3

3.1

(ER) HELE% HWdistance, equals. shape. translatefltoString HE R
LB, - EARBEEET APointGeometry M x My, MR BIEMN HgetxM
get Y ER KB M BIR, BN, tostring FEF AT HIER LM

public String toString() {
return “(“ + x + “," + y + “)";
}

HRE—T, UBREES AR RERTEORAMBREERT 40

32 (E&) RangeXf RARF /R —BELBINTERE, EHRAMBEIFERE: &IVE (min)
R (max ) #tE, BUMEREBATEKRE, #9EE 2 < x < 6T LABERI2.6], XE2
RE/ME, 6REKME, BENKE (length) BREREMR/IMEZ 2 (6-2=4), HEM X
A (size) REFMEFTHBEHNE (5), LLTFR— I RangeZKIHELELE

public class Range {

public Range(int min, int max)
throws IllegalArgumentException
// EFFECTS: If max < min throws

//  IllegalArgumentException; else initializes
// this range to [min..max].

public Range(Range r) throws NullPointerException
// EFFECTS: If r is null throws

//  NullPointerException; else initializes this
// to the range [r.getMin()..r.getMax()].

public Range()
// EFFECTS: Initializes this range to [0..0).

public int getMin()
// EFFECTS: Returns this range’s min.

public void setMin(int newMin)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If getMax() < newMin throws
// IllegalArgumentException; else sets min
//  to newMin: this post.getMin() == newMin.

public int getMax()
// EFFECTS: Returns this range’s max.

public void setMax(int newMax)
throws IllegalArgumentException
// EFFECTS: If newMax < getMin() throws
// IllegalArgumentException; else sets max
//  to newMax: this_post.getMax() == newMax.

public void setMinMax(int newMin, int newMax)

throws IllegalArgumentException
// MODIFIES: this

// EFFECTS: If newMax < newMin throws
// IllegalArqumentException; else updates
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// min and max: this_post.getMin()==newMin
// and this_post.getMax()==newMax.

public int length() .
// EFFECTS: Returns this range’s length: max-min

public int size()
// EFFECTS: Returns this range'’'s size: length() +1.

public boolean contains(int a)
// EFFECTS: Returns true if getMin( )<=a<=getMax();
//  else returns false.

public boolean equals(Object obj)
// EFFECTS: Returns true if obj is a Range and
//  obj.getMin()==getMin() and
// obj.getMax()==getMax(); else returns false.

public String toString()
// EFFECTS: Returns the string “[min..max}".
}

X —"Range, BELRMULAEWIHEY: KN IZEX N EMEHREREE,
FHRBEESENWFEEWRIAREREMRFBRH L., KTUATEHEREN
A, XNRFEREEROD 100 H K%, RIFHEY — R T b 5 5% T 58/
FHE, EfFRange X RKRMELITHSRIHEE. BEFEH, WHBRGEE
[0..100] (REMRUBHSHAHLERF LR METEEEL100), 6% — kA H
HEMKDABS %, ADEEREFE - I, IMEE R —40% "R/
HRADFTERIE N =453 % % (binary search ),

public class GuessNumber {
public static void main(String[] args) {
int n = 100;
if (args.length > 1) {
System msg = “USAGE: java GuessNumber {n}”;
System.out.println(msg);
System.exit(1);
} else if (args.length == 1)
n = Integer.parseInt(args[0]);
Range rng = new Range(0, n);
ScanInput in = new ScanInput():;
System.out.print(“think of a number Yy
System.out.println(“between 0 and * + nj;
String response;
try {
while (rng.size() > 1) {
System.out.println(“current range: “ + rng);
int mid = (rng.getMin() + rng.getMax()) / 2;
System.out.print(“is your number greater “);
System.out.println(“than “ + mid + “?");
response = in.readString();
if (response.charAt(0) == ‘y’)
rng.setMin(mid + 1);
else
rng.setMax(mid);
}
System.out.print(“you’re thinking of “);
System.out.println(rng.getMin() + “17);



B3F RBEHEL 53

} catch (IOException e) { .
System.out.println(”i/o exception... byel”);
System.exit(1l);

}

GuessNumber#E ff i — > ScanInputXf M A5 iE ABIEH 29, ScanInput
K H) BRI E I RA
33 (ER) FYEHFHNHELBMLinesegmentGeometryit § %R, —KEHKBREH
PR HIXT R E BI04 pOFFHERT BT — AN 8, pI N B —4 . E—HERT,
BRIVARHLBEENpOR A (RBHLE) FlpIdh s (BERNLS) WERNRE.
LineSegmentGeometryXHELRIT .

public class LineSegmentGeometry {

public LineSegmentGeometry(PointGeometry po0,
PointGecmetry pl)
throws NullPointerException
// EFFECTS: If p0 or pl is null throws
// NullPointerException; else initializes this
//  with endpoints equal to p0 and pl.

public LineSegmentGeometry(int x0, int yo0,
int x1, int yl)

// EFFECTS: Initializes this with the endpoints
// (x0,y0) and (x1,yl).

public PointGeometry getPO()
// EFFECTS: Returns a copy of endpoint po.

public void setP( (PointGeometry newP0)
throws NullPointerException
// MODIFIES: this
// EFPFECTS: If newP0 is null throws
// NullPointerException; else updates the p0
/7 endpoint to a copy of newPo0.

public PointGeometry getPl()
// EFFECTS: Returns a copy of endpoint pl.

public void setPl(PointGeometry newPl)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If newPl is null throws
7/ NullPointerException; else updates the pl
// endpoint to a copy of newPl.

public double length()
// EFFECTS: Returns the length of this segment.

public java.awt.Shape shape()
// EFFECTS: Returns the shape of this segment.

public void translate(int dx, int dy)
// MODIFIES: this

// EFFECTS: Translates this segment by dx and dy:
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/7 this post.getP0().equals(getP0()+(dx,dy)),
// this_post.getPl().equals(getPl()+(dx,dy)).

public String toString()
// EFFECTS: Returns the string “p0-pl”.
)

T E/NEFHHLineSegmentGeometryds, ZEFITENBLUSGEBEER:

public class TryLineSegment {
public static void main(String[] args) {

LineSegmentGeometry a =
new LineSegmentGeometry(l, 2, 3, 4);

PointGeometry p = a.getP0();
p.setX(88); // endpoint p0 of a not affected
System.out.println(”as: “ + a);// a: (1,2)-(3,4)
System.out.println(“length: “ + a.length());

// length: 2.8284271247461903
PointGeometry g = new PointGeometry(7, 8);
a.setP0(q);
gq.setX(34); // endpoint p0 of a not affected
System.ocut.println(“a: “ + a);// a: (7,8)-(3,4)
a.translate(2, 3);
System.out.println(~“a: “ + a);// a: (9,11)-(5,7)

ER, spHiFikRa.getro () R, pREEATH LM AP0, XEEFEE
Ka.getpo ()5 MM R RFMIERB PO P AM— DN, WHXHEIER
R aHIREH M. A, BERaMREUASHTAQUBETZER, BRSqs
AREHaWpomaE. BERHRT, EXBREPCHCREFRR S (1
PointGeometryXf R MFE ), RAAFE P EHEH TN A, THA Hshapel L

// method of LineSegmentGeometry class
public Shape shape() {
return new Line2D.Float(p0.getX(), pO.get¥(),

N pl.getX(), pl.qget¥());
}

34 (E/R) —NAM (auribute) B—MEF - HY, EFR—AFHE, HEFE%
BE XS BETUBARZH - RA0EE. G, - EHBTUEESE 5
&": Color.redfl “MIM”: 3, REXRER—NLEN=FAK. BHGTUBESE
BHEH, BN &B5 - HEHENE—ZFHEE, THE— 1 Attribute
B‘J*E%%T’].

public class Attribute {

public Attribute(String name)
throws NullPointerException

// EBFFECTS: If name is null throws
// NullPointerException; else initializes
//  this to name:null.

public Attribute(String name, Object value)
throws NullPointerException
// EFFECTS: If name is null throws
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/7 NullPointerException; else initializes
/7 this to name:value.

public Object getValue()
// EFFECTS: Returns this attribute’s value.

public void setValue(Object newValue)
// MODIFIES: this
// EFFECTS: Changes this attribute’s value
// to newValue.

public String name()
// EFFECTS: Returns this attribute’s name.

public boolean equals(Object obj)
// EFFECTS: Returns true if obj is an Attribute
// and obj’s name is equal to this attribute’s
// name; else returns false.

public String toString()
// EFFECTS: Returns the string “name:value”.

W, f (value) BEADKK—MEW, HRAF (name) R (BHHEA
UBZE—-TRENET ). MRBTEENATAR, MENBANRM%EY, it
ENHEEEERSE. XBEA-A/PMEFATUERAXA%:

public class TryAttribute {
public static void main(String(] args) {

Attribute applel = new Attribute(“apple”, “red”);

Attribute apple2 = new Attribute(”apple”);

if (applel.equals(apple2))
System.out.println(”this should print”);

System.out.println(”applel: ” + applel.name() +
“:” + applel.getValue()); // applel: apple:red

apple2.setValue(“green”);
System.out.println(“apple2: “ + apple2);
// apple2: apple:green

ELPAttribute#s, HHFTryAttributes K AIHNRBRFEI R T,

3.22 %k

SR A E AR B . B R R AR 4 (standard
orientation ), BBy F-47 T skyhl. BIETL M0 K AMITAR I FOMIE, KB E L
AL T AR RN L. h TR b
I (RPN, SRR T ), B S o
LTS 942 E ( position) Ex s kRRlyA b7 b
AMAFTEE R BT — o R R (width) Il 5
REMATHIGRE, & (heigh) £ E S S
Hn WK (RE3-2), RIEEBIGE. I
REMRESEHRARLORL, FI3-2 A — M A E £ LT B
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LT RBEITAELBIERBIARIELR .

public class RectangleGeometry {

public RectangleGeometry(int x, int y, ]
int width, int height)
throws IllegalArgqumentException
// EFFECTS: If width or height is negative throws
// IllegalArgumentException; else initializes
// this to a rectangle at position (x,y) and of

// given width and height.

public RectangleGeometry(PointGeometry pos,
int width, int height)
throws NullPointerException,
IllegalArqumentException
// EFFECTS: If pos is null throws
r/ NullPointerException; else if width or height
// is negative throws IllegalArgumentException;
// else initializes this to a rectangle at
// position (pos.getX(),pos.get¥()) and of
//  given width and height.

public RectangleGeometry(Range xRange, Range yRange)
throws NullPointerException
//EFFECTS: If xRange or YRange is null throws
//  NullPointerException; else initializes this to
// a rectangle of specified x and y extents.

public RectangleGeometry(RectangleGeometry Ir)
throws NullPointerException
// EFFECTS: If r is null throws
//  NullPointerException; else initializes this to
//  a rectangle with the same dimensions as r.

public PointGeometry getPosition()
// EFFECTS: Returns this rectangle’s position.

public void setPosition(PointGeometry p)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If p is null throws
144 NullPointerException; else sets this
// rectangle’s position to (p.getX(),p.getY()).

public int getWidth()
// EFFECTS: Returns this rectangle’s width.

public void setwidth(int newWidth)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newWidth is negative throws
// IllegalArgumentException; else sets this
// rectangle’s width to newWidth.

public int getHeight()
// EFFECTS: Returns this rectangle’s height.

public void setHeight(int newHeight)
throws IllegalArgumentException
// MODIFIES: this
//EFFECTS: If newHeight is negative throws
// IllegalArgumentException; else sets this



B3#F HBEHE ST

// rectangle’s height to newHeight.

public Range xRange()
// EFFECTS: Returns the range spanned by
// this rectangle’s x coordinates.

public Range yRange()
// EFFECTS: Returns the range spanned by
// this rectangle’s y coordinates.

public boolean contains(int x, int y)
// EFFECTS: Returns true if the point (x,y) is
// contained in this rectangle; else returns false.

public boolean contains(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws
// NullPointerException; else returns true if p is
// contained in this rectangle; else returns false.

public java.awt.Shape shape(}
// EFFECTS: Returns the shape of this rectangle.

public void translate(int dx, int dy)
// MODIFIES: this
// EFFECTS: Translates this rectangle by dx and dy:
//  this_post.getPosition() is equal to
//  this.getPosition()+(dx,dy).

public String toString()
// EFFECTS: Returns the string
// “Rectangle: (x,y),width,height”.
}

XL HRectangleGeometry X ZHi, KB~ FEMITN. RIIEE—-1%%
TryRectangleWNARKF, EUNANMHREE - WERNSE (XHS K LR
RectangleGeometryW WS B WM& ) B HH, TryRectangle® FH HET rily
TRHEMRF; RERFALER, BERAPWA TSR, BT EREFS
HAPBANE, FEREXESEELNBRE]S; REBRFH—-B®RR, AFH
WARMN, HEBFLAEME; APEMAL (0, 0) BEERF, ETEHNRER TS,
BEFSHGIR T —MER, EMELAMHARELR (10, 10), T30, BE20:

> java TryRectangle 10 10 30 20
Rectangle: (10,10),30,20

? 20 15
(20,15): inside
? 40 30
(40,30): inside
? 41 30
(41,30): outside
? 10 16
(10,16): inside
200

(0,0): outside
>

WARF#dTryRectangle LI, BAFEE LTSt LR TIME— s
Br. RiG, ETR—ITHBAR, FARELHBET “2 7, MBIAR FET S5,
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Wi %A, RUARESZARTREEEE N, PTHALH:

public class TryRectangle {
public static void main(String[] args) {
if (args.length != 4) {
String msg = “USAGE: java TryRectangle X y ";
msg += “width height”;
System.out.println(msg);
System.exit(1l);
}
int x = Integer.parselInt(args[0]});
int y = Integer.parselnt(args[1l]);
int width = Integer.parselnt{args[2]);
int height = Integer.parseint(args[3]);
RectangleGeometry r =
new RectangleGeometry(x, y, width, height);
System.out.println(r);
ScanInput in = new ScanInput();
PointGeometry origin = new PointGeometry();
while (true) {
try {
System.out.print(“? #);
X = in.readInt();
y = in.readInt();
PointGeometry p = new PointGeometry(x, Y):
System.out.print(p + “: “);
if (r.contains(p)) System.out.println(“inside”);
else System.out.println(“outside”);
if (p.equals(origin)) break;
} catch (NumberFormatException e) {
System.out.println(“please enter two numbers”);
} catch (IOException e) {
System.out.println(“i/o exception... byel”);
System.exit(1);
}
}
}
}

T HE#¥ HRectangleGeometry XML, KA FE X TRange KRB ( 104
232),

// fields of RectangleGeometry class
protected Range xRange, yRange;

EP I EEKEGRREX - EE: xRange R FELFREE (EHBNKEAEE),
yRanglefRTFyA iz E (ERNEENBE ). S, 5k

new Rectangle(new PointGeometry(1l,2), 3, 6)

HTEPAEEER:

XRange: new Range(l, 4)
YRange: new Range(2, 8)

HE, HERBREREREN T EEREM, XERRAMNXREFH—F, %I+
SHTH A B AT RES
THZ%XRectangleGeometryf PU-MHy ik 52 .

public RectangleGeometry(int x, int Y.
int width, int height)
throws IllegalArgumentException {
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if ((width < 0) || (height < 0))
throw new IllegalArgumentEx?eption();
xRange = new Range(x, x + width);
yRange = new Range(y, y + height):
}

public RectangleGeometry(PointGeometry pos,
int width, int height)
throws NullPointerException,
IllegalArgumentException {
this(pos.getX(), pos.get¥(), width, height);
}

public RectangleGeometry(Range xRange, Range yRange)
throws NullPointerException {
this(xRange.getMin(), yRange.getMin(),
xRange.length(), yRange.length(});

}

public RectangleGeometry(RectangleGeometry r)
throws NullPointerException {
this(r.getPosition(), r.getwWidth(), r.getHeight ());

}
BIMMB="HWEREZRARASE D (NS MWER, SN EERARS -1
EH. EXIMERS, RHE - E#VNxRangefyRangeSIFii5 .

ATHRBELHNE, RITEMxRangeMyRangelk 18 /IME .

// method of RectangleGeometry class

public PointGeometry getPosition() {
return new PointGeometry(xRange.getMin(),
yRange.getMin());

}
SEHEHMALER, FBdxRangeHyRangefi i/ Ma, [BEHKEHNES AL,

// method of RectangleGeometry class
public void setPosition(PointGeometry p)
throws NullPointerException {
xRange.setMinMax(p.getX(), p.getX() + getWidth());
yRange.setMiqMax(p.getY(), p.get¥() + getHeight());
}

BEMTFTEMEENKE, TERRSHMKRENRELTE.

// methods of RectangleGeometry class
public int getWwidth() {

return xRange.length();
}

public void setWidth(int newWidth)
throws IllegalArgumentException {

if (newwWidth < 0) throw new IllegalArgumentException();
xRange.setMax(xRange.getMin() + newwidth);

}
ShapeTy #1& X METE 9 FE R 3 42 .

// method of RectangleGeometry class
public java.awt.Shape shape() {
PointGeometry p = getPosition();
return new Rectangle2D.Float(p.get%(), p.getyY (),
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getWidth(), getHeight());
}

B i~contains HEREBARRBEEXMNMEEMN. & (x,y) HEEA, HHEMHx
TEFETE B9 6 B A Ay ZE B TE My ie B -

// methods of RectangleGeometry class
public boolean contains(int x, int y) {

return xRange().contains(x) && yRange().contains(y};
}

public boolean contains(PointGeometry p)
throws NullPointerException {
return contains(p.getX(), p.getY());
)

%3

35 (ER) TH*RectangleGeometryH LM, XITERE X EMgetHeight,
setHeight, xRange, yRange, translateMltoStringitk. N THEFERE P A
RSV —MERNFEEH, xRange %K 6  xRange 5| AR X S B — 4
# N (yRangeFHEPHEHEM ). UTIIEEA HtranslatefitoString ik
AT R
RectangleGeometry r =

new RectangleGeometry(new PointGeometry(2, 3),4,5);
System.out.println(r); // Rectangle: (2,3),4,5

r.translate(10, 20); )
System.out.println(r); // Rectangle: (12,23),4,5

RAERR - EMER T LW ( R xRangeflyRangels ),

33 #HE

# 3R (encapsulation) BHEM AR TEHAAD —EM TR, JavalRfit & ( package )
XA R, 2ENF - BETREANETHRMUBREER: HEHET —
HMEREEN L, A, ARMBHTEGTURREN, ZrETENNBEOME
i1 E,

BN LR EREE—HARENTERCEREGRE, ZMeFH— 8 TE
XRABEHBOERX, XIHERER—FEERHRE. HETUREN: AFEONBE
LHBRMEHHTE, WEHAERENAIENCEEN; MROAETATSER
CHEEAR (ME3-3FR) ; MEFNESCERS. MENICERRZLBEN, B
ARPALELEARABTEERER; MTALEZRERBE, BIEREIHN
EPWUIE., IAEEPBTUREGERANAEED, AESREAAEHRNG
EEAMTE.

HEMEARENRFRMIATFHTESEER, R HELEE, HEAMTHE M
HEBETHELRE. BNEFLARERHRANROREER, AR MM ARZD,
UM RT A EEEHATEORTER, ATHRIES SRS EEHE, 585K
BHEMTEF . ZREABTHREZERABAED, FUNS AL EMELRRY
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A
(e )
B—1
P
pog--3: 0
a2
FE3-3 MRAEHKT 40
3.3.1 HEMBEEX

KENWBARMREEXM RN T EMLEN., BEEHEHIA TEASE B, X
BEATRKNEEE ., BHRENBRENTHE, ATERAXFET2ES: XWRERMH
KMFTERLRE, MEXEFETUHRAEEMEHLER. AAESEEZRLTT
EHBAT, KRATUBERR—MEER, EREXFHH AL HEE KRR L
BITER.

BRI, XKEXERBEETRNEARRZL. IHPARIEE: F—RHEHA
HYR G- HEBER-ANCHEEN (ZEEJavah ), XN HTREERTREM
CEBAEDT, MAXNTFEMEABERKE T EHRE, MRENEA KB FE
R, DIREHE, —HEBIRMHIEobject. ZIHE—MHENWTALSHME (THRE)
FEBR, IRFHFE N yoyo M, EEFBRARN T FE—NK, BEHESELE LHE
KEHER. ARRINAE, ERFRAEFBEEXNRBFTUEETWBEZ RS
W, @A B AT LR BB LT E R 2%,

FIAMERARMBEONTEMABRM S LRANTELE N LEXHRES, RE
FEFOGEERATEASEORFEAMN SR, A X AEEOMEH., BT 5%,
Up- Counter X REFEBME, MK K0, LUSHHA—WIncHERMMN, HEFRH
Tvalueli¥k, RAHEERMAE, TEHRERENEREX.

public class UpCounter {
private int value;

public UpCounter() {
// EFFECTS: Initializes this counter to zero.
this.value = 0;

}

public void inc() {
// MODIFIES: this
// EFFECTS: Increments this counter by one.

this.value++;
}

public int value() {
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// EFFECTS: Returns this counter’s current value.
return this.value;

}
}

EFHIME#H R upCounter # MBME, HETE XHRESTENEE, SEMH®
TERBMAY, IRREHBEWROELRENEN, 2RE3-3, KE LRET 3
REMPUEMLHR, EREERERERITEXHENFE.

Javafi B DM AR P A WEDRTAF AN, BOSH T —49RIETRAE L
AT, EMNERERBIAX M EAONES, BE, BEIEBEN -5
BHRALIRE . EXREEAY, BRI ETREREETLE XMW,

332 BFEERE

FERBATRERMIAFHMBTE, SXTERALAEFEHER. BFF
KREFEHERMREANIEAE T EFE FEWOLH,

5 SR LK — RS SRS BRI T ERER ARAEE, 55—,
MEFRITERE, REFSEEBHE, BRRITETLE, YROBDHFEHNETH,
BRA—MEHRENBRRE: BFRTE —BRESINACSBHENEE, BIERT
REQHERB., EYRFATEFTERRBEHEAD? MEXMHER, M THb
ENEBFREHENERRPEE, FERBETUBHRITR A REATEHOME., ERER
BRERTARRES, YTBEREN QMRS , 3509 THIE— 040 LI X 405
— AEFEERHNERAA. FMUAFEERENEHAEEOSEPRSHZANKS], fE
BF R EBRTEERAXMXG,

B, MEFBE. FHAERKRA G5 RS S . #ln, fERectangle-
Geometry¥ X MixRangeflyRangel{E X Hprotected, EJavabR X BEHRERS
RectangleGeometryH) F R B MEIER G924 7T H B4,

Tavaf@ R AR DU AR . I ERFRREMNSHE. public (~F).
protected (&%), private (#% ) HMpackage ( BRIAFT N HALR )o 52 LABE, 42
BT MEBMEERERFERARME FET—tgzEr, AT AnNCIE 30
AXZVIR; RO RA R0 R LIV, F 2 00 R (54 BR 5 R 5«

*public: Fr&XRE LA,

* protected: J& T R— M 25t 5 BUF 1 F 2 09 3L A AL )

* package: BT [A—&EEXT LT LA,

*private: {UB FR—MX R LIHE,

FEBRINENEBITF, NAFBRE, 7 EAFR 59 BR & A< 057 1 4. EOTH/ARE
VMAELH, BREIIAEARE, MENZ. BAEZLTEE A i 4T fT 3
Bad—RMETHZEE—EHL L —-EBEHKE, &P VT I8 B — L B R o B R
FRACSWNEMELEREN, PRESHEFTUHEAFTRER, Bt EHE
ZR%

EANEBGF, —NavaBFFHATEHG A — 2 8RS8, X5 B A RO B A B
Ho X48F AWM~ upCounter A ( W33.15 ) Fit% .
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public class EvenOddCount {
public static void main(String{] args) {
UpCounter even = new UpCounter();
UpCounter odd = new UpCounter(};
for (int i = 0; i < args.length; i++) {
int k = Integer.parselnt(args[i]);
if (k%2 == 0) even.inc();
else odd.inc();
}
System.out.println(“number of evens: “+even.value());
System.out.println(“number of odds: “+odd.value());
}
}

TEEBRFHE AR LR

> java EvenOddCount 0 2 4 6 9
number of evens: 4
aumber of odds: 1

fEEvenoddCountBFF, main ¥ @ B NS (UpCounterX 3L H)), 1=
EHEAEEV RS ORI R nainf 5 E B 858 o A B8 B B s 1
YA 4R R B2 PR IRAE R

odd.value++;

AE 8 B0 07 B R i R — MR R T
odd.inc();

FREEIILE S A B EOHASREES, XRERIERORE R EE LB,
RF—HE. SOFFFXNROLTRE D RE U 0 0 07T R R HETR

FRRBEAURP RS R AR TENEF . BNEMHERBTEHRE NS
H, MRENIHARAEMTRER, IFREMNSEORZRE, EPARFSTIHRLH
WM., A, BNRITAREE D, BBUpCounterySTMERSy, 45
HAE%E T FEEvaluelf P IE S B/ MERIEME .

// class UpCounter: version 2
public class UpCounter {

private int value;

public UpCounter() {
this.value = Integer.MIN_VALUE;
}

public void inc() {
this.value++;

}

public int value() {
return this.value - Integer.MIN VALUE;

}
}
UpCounterd%E —j [ FR MR A A H # D4R, HFEvenoddcount®fF QK&
TRFEAMAKRTER, CHRTHERTR, EATSHRNSLOENE, ML
F, BiEvenoddcount B 1 /6 i1 H I ivaluels, BAAREBETUBMALT
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AR SR
System.out.println(“number of evens: ¥ + even.value);
System.out.println(”number of odds: “ + odd.value);

XHEAT, BFHNIT RS ZUpCounter B LHWTIHER, BELABFLEHHA
AN ESERTREREM RN

>.java EvenOddCount 0 2 4 6 9
number of evens: -2147483644
number of odds: -2147483647

B EREFEINBOAREOMEAXNE, FRREFNEHEIEES B SWER
ﬁo

%3

3.6 RectangleGeometryRMEERTEMEAFHEHEL -, WEMMNERE 4
R, BEEAA-TRESWEHNER, MEMxRangeHyRange BT WA B,
EXRGIH, ERFEHEVIATHERT, H¥r LI RectangleGeometryd L)
BERFEEN S CAE—3.

// fields of RectangleGeometry class
// (for this exercise)
PointGeometry pos;

int width, height;

B, WEEE,

new RectangleGeometry(new PointGeometry(1,2),3,6)

WEFRMT:

pos: (1,2)
width: 3
height: 6

RectangleGeometry R B A ST 7 B B B BB BE B WAL TR
A EHEVilMxRangefyRangeld i i 7 ff FiRetangleGeometry3K i & I A&

kEBFF3.22W P M TryRectangleBF (FRMERMENEO =S 5, FL
N % Rl TAE ),

3.4 Java@ElEER

BRERMNEL¥IILMERXR, SIERNL, BRARAELEE, RIVEES
PARAINFELENE ., EX—Fh, EBEHFRIavab FETENLEALNTRER, AEE
35TH, RIVHAHRE —MlavaBfF, EHOPLE-MREEL, X/MBEFEREA,
EERENABFEEBINLAREF (LEKRACHENER) NER. XIMBEFERY
ERHRECEE)TRNEPEENFHRARLEBBRMEN, TRREZLRER Y
SRR RETH TR

3.4.1 Java 2D API&EER

LEREEELHBM L RENLE, Elava 209, —IHEHLE P LHERLE
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3% (rendering context ) B%& B M 3R3% ( graphics context ), B R java.awt.Graphics2D
EWEF. 2EREFT=1H4: '

cRTRLEFRM, EHUAR=MEHEE: BRE. HTEPVEREIBEHEE,

P —HLEARENRES, SFELEXFENFHR, BERATANBENEEL

%,

RA—HLZEEENROTE (WER. XXAAER), BEEHLEILEEE

K, Javal 2 B AN SR,

1) N 8 3 B 318 — 1> Graphics2DXf 52 ,

) IR ER L MEREXR,

3) #& E K % B Graphics2DI) B .

4) V3 M Graphics2DX R L E F ik, MAANLEFERATERHMERENSAE
EBRMUE,

EVRTHEIEREERX NN EE, RANSBARSEERNANETS (Fim,
ERFELLE, MARSHBITEM AR IMEhis ),

3.4.2 ELLEIAEE

HAREFAMENE ORAER (frame), Elavad, HELBRERE LN A
BFNESHO, EER-IFR, TUESATZHMEME, FWRE . XFEH. M
HAR. XEAHHEHBEERFEZAMOERERNEERET, I XHEIHASS
( content pane ),

ERYH— LG HERTFHMY (atomic component), BB EII A EEGSEMA
f, Bl IREMXFE; HMAAFNKRYES (container), EHTT A S H A
#, -1 HFHRE @K (panel), ER—NDHEER, ¥ENEAEL L HFERL
WORNMNFFANBEL WA EEETHRBERERTHG ). — BRI, —MERES
—HEZEN, TXEEEP XA — O HMAN, THMbEED XE — a4
FE, PR RAMH 64 F K44 (containment hierarchy ), X — J2 K 5 H (948 BAE
B, NEERR LA, BLREREEH—EOSEHE, S04 LAy 4
BRI H B HE L ARLE,

H3 4R BFNERRE, INEFARSEP L TGN, ERYNEBDOIEE
=Z4NER, AEBITHRRA: SEK. REERMHEEER. RERETELERIEED
BABZT-EY., HRAERCHFENNS,; RAORCSHAL 4O NEY,; HEH
BAHKERERGR. 34N TEHE-NEAGRERRREWE, Mo whEs SRER
#, HFWHRREFAMS (XA, AT ).

ERECHEFHTSEERNF ACMEMAN. MEENEMBRFENE, RASHEM
BFBIE, REELERERDN, REELE—KERN, BSRERT. EG< B8
BB XS EMFRBEERFAC ., YERANSHEE AT, BERFRY. iX 4
FHRER, EEEZNFNEF S Krepaintll AL, SR THTRIG., {HrepaintiH
BEARLMEELAD LRIFEAS, MELSHURFEESE T —Kkils,

HERRF B, B AAAGETRE, RERMARAS, BEFRZHBEINME
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RR&H. ERELICACATRNERIYN (KQER), RAEEFEERS S04l
#HfTRF . FFAFSERRFAC, LNKAERFEREE, RAER LEHXF;
MEJAMFHAR, S0EF (WER) A4 SRR EHET BT HMEHIHE,
REGFENARRFAC. IFFHIBRNEL - AIQSRREHNHTFH A, &
BRI, BIERERFAEC, RERRAH: S METFEAHEBRRFAC,

frame

contentPane

fieldPanel buttonPanel messagePanel
keyLabel valuelabel insertButton\ removeButton
keyField valueField findButton messagelLabel

E3-4 Javali HIERFHMECHESEKREN

HANERIF, EHRTENPaintComponent ik, RHENSRE - 2ER
5 (Graphics2DHSL#l ), FEEPaintComponent H L% % .

// method of javax.swing.JComponent class
public void paintComponent(Graphics q)

fgﬁ‘j‘f%JComponent.PaintComponentB‘J%ﬁf*nBﬁﬁGraphics%ﬂ, {H 3L PRI A
Z¥ R Graphics2D, XfEH KHGraphics2DRGraphicsiy F &, XEHMENT Slava
LIRTR AR A3 .

RINWEALEBFHERE LR S, RHRELTEEBEELASKNERL, XEEH
BRRERLEXE, —BREVEFHERSE X raintComponent H ik, HACHERE
2K, PointComponent F A RAM TR .

public void paintComponent(Graphiés g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
// program-specific rendering using g2

}

g3 W H ¥ B Grephics 2D N TR IE # 52 1] KTiR 2 BF S M2 3MIneE, A5 SiEH
i)éﬂﬂ—~ﬂﬁ@ﬁ2ﬁ)¥ﬁ%ﬂ:ﬂﬁgpaintComponentﬁ%%iiﬁo
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343 fIREEER

=HEEXMRAILUAZEES L

»JEAR (shape), —EJUMMEEER, MEL. HE. HLML, SHERIH

Java.awt.Shape®# O,

o XA (text), AILARARRMFER, XEMGamL,

o B8 (image), MHAE K java.awt.image.BufferedImageds L,

AHEARELHFIERE, WERAB—&AXE,

BN M EBERMK/NREITFRIREN, XA P FNH (user space ), BRINTEM
TAGRRANRSELBREA LA, SHEA8BM, yHm TN, YERE LSBT,
HyRUBERER., RIAHNEREELABENTFHASHAREYN (RIITELE
APPSR, GEB. BROEES).

java.awt.geomBHENTRELIHM jawa.awt . ShapeBE DML, B
Rectangle2D.Float, Ellipse2D.FloatMlLine2D.Float%3, HHN1E & F3
Ho—#3, frointGeometry.shapeF ¥ B 4|# ;58 H —/ ] Ellipse2D.Float
XA

// method of PointGeometry class
public Shape shape() ({

return new Ellipse2D.Float(getX()-2, getY()-2, 4, 4);
}

BEAABEFE—IFOE (x,y) BRVINE, HPaimAISBERRAMNMIEL L M
HNE, ERNSEEEREREMNE., FNELlipse2D. Float I T shapedE O, Fril
shapef k1R M1 RiShape & B Mo

Java DR THZERE: HE. B, BAEE. KL, 24, B2, 58 (&
FRH“TEHF., XX, REO T EAEGER ). RITXBIHABRKIava 20X HHEI KN
My, TRMBREH.

3.4.4 EHELEARH Y

Graphics2DMRHFRTLEARSFE. CRUTHE LM BHA RS MG .

*paint FIREHIERL . LEHRESGEL,

* stroke EHIEEEEERER,

s transform MR ZE SLEAEXEMHHENT LR,

* front UA 4 91K

* composite IR E MM SFHENE RHRES .

eclip R (cliparea), BHLERHE I REA, LERELEINKBIER.

* rendering hints REIFH L2 EREMEFH F B,

Graphics2DRBMEMMBMAKBEMREE k., #ln, Bitg2Rcraphics2D
XT5, ALATEERR B2 paint HEH .

g2.setPaint(Color.green);

SCENFR T EE ) 3R 15 22 B IR 9 24 B stroke :
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Stroke stroke = g2.getStroke();

& 55 FEEB{d Fpaint, strokefl transform/B 1,

—MERX KR (Shape) AT LIABRRRIMEH . NEHAL (fill) FikEss
(stroke ), MGraphics2DXM R REFNBEEBHTHBER; MLHBELN, BEH
Graphics2DX R KEdrawil B, XFNHERFTEZUEBRM R G ASH.

Graphics2D¥paint/ B AR EHAMBBMA NI BER, X BHAETUEE
filXHjava.ant.Paint OIS, BRHAEMEColorR, EREMEEF G,
Javalt /L HABM L A Paint®E, GradientPaintRBHHWAHE EH AL R
B, TexturePaintK [ FHEGE AL,

REEESER—EHAY, o, RKOLLUEENERERE—MER:

g2.setPaint(Color.blue);
g2.fill{new Rectangle2D.Float(10, 20, 80, 40));

B/ A RE R 2B RIR K €, HBlg28paint 158 1 FIK A setPaintBi,

stroke B ELH B ERYNEE WK, Java§ jara.awt.BasicStrokeZ&
Rnstroke, RATHHE strokefy FERE . QT 4T T stroke R B M 5 . RSB IMZE . BE
WA . BasicStrokeXt R AT & Bt RAVEATE A S SWERNSHIESHEY, T4
AAAFHERS. Graphics2DHstroke/B1E B B £ LiBasicStrokedt £ N B R L LT
setStrokefH B MM, A, UTRBE —LHMBEEOM (20, 30) B (50, 80)
B

g2.setStroke(new BasicStroke(4));
g2.draw(Line2D.Float (20, 30, 50, 80));

Graphics2D¥Htransform/B ¥ R P2, WHEMHRE, RIAEAT, A
P %R F %458 (device space): MIREAELELEIA LA, s, y
WET, LREEANIGE (BREHRENEE), FRAXMBRAREPSER LS4
— A BREAGELBEREREL, flin, &4

g2.fill(new Ellipse2D.Float(-50, =50, 100, 100));

Wi — RSB, HENI0ME, BT REELBYEHNA LA, FLUZE S
BAELEVEMNETA, FXLRANSZ—BTLUES ., HERXDEE, BRIy
REAPZENEAEBARNLEEE R OB, BREAETIEHNKMEH TR
widthMheightRE, WA T EMMRBEBIHHFI %M.

g2.translate{width/2, height/2); // translate g2
g2.fill(new Ellipse2D.Float(-50, -50, 100, 100));

REREEN, CRUAELEFENFTRT . EREFRBHAOSHAN, 20—8
ERXARPZEE,
RS ENRNAESERBFHES fpaint Component i, EREL—KE
MM IERFF 244 -

public void paintComponent(Graphics g9) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
// translate the origin of g2's user space to
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// the frame'’'s center

Dimension d = getFrame().getContentSize();
g2.translate((int)(d.width/2), (int){d.height/2)});
// program-specific rendering using g2

o
XHEEER L, MEo2APZANEABER2EFEb.G. EE3-5%, BASKR
RE&=TE, KSR ERREBHTHAF 6,

|

)

B35 RELEAREDE, KALEABHTHAP 0

translate}j#£ H EGraphics2DR M IR EHR BRI ¥ H ¥ —M, Graphics2Dp
$ikfffrotation, scaleflshearFik, EflStranslate A AE—BHNEALT #
( elementary transform ), rotationfi¥kBSEE QEFE AP S, scale ¥ 8Ty
EWRBORSE L/ DR 26, shearBEH P2 B, SFERLABD (HNSFEER
TRFITA ), Graphics2DX ikt getTransformflsetTransformJy B3k %
FEEBEFETERE, B0 — %N L4 (ransform ) #%[% (AffineTransform
AI— LB ) AT EetefE, Bk FE, BRTELAASABHL2ETLE LI, MLHE
AEMKBKB R P Z R R AR TRE RIS, XEMEESeEMEIA,

3.45 #£@E

A2 24824, Graphics2DMW R A LIE L =ZFEEME: BR. XAMESG, &
PEARER, ERLELMjava.awt.ShapelE DWW L. BREFFELE . HNEHEFE
(FERELlLTE) MBEARLH (FHdrawiik), B LS ShapeXt R h &5,

// methods of Graphics2D class

public void fill(Shape s) throws NullPointerException
// EFFECTS: If s is null throws NullPointerException;
// else fills the interior of s based on this
// rendering context’s attributes.

public void draw(Shape s) throws NullPointerException
// EFFECTS: If s is null throws NullPointerException;
// else strokes the outline of s based on this
// rendering context’s attributes.

filn, TERBEAKOETEL N100ME .

g2.setPaint(Color.green);
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Shape circle = new Ellipse2D.Float(50, 50, 100, 100);
g2.fill(circle);

B oA 52 BB g2l | FmE L,

EEHUERNBEEE, EREUBRIENSEHN — 4 drawif B %A Graphics2DX £,
i, THEHARBUAOE, EREE, BHELEEAAR (10, 20). F'0. HI0MER
IR R .

g2.setPaint (Color.red);

g2.setStroke({new BasicStroke(4));

Shape rectangle = new Rectangle2D.Float(10, 20, 80, 40);
g2.draw(rectangle);

B EIBINE A, RESRERE.

HARTTLAR 0 & 7 — R ETEHRHRBLRZH . IR RELEANREBHIEN SRR
LhemaEaR X MR, FTHARBHERcraphics2DX 5928 B

// construct a graphical object

Shape shape = new Rectangle2D.Float(50, 50, 150, 100);

// set rendering context’s attributes and fill
g2.setPaint(Color.lightGray);
g2.fill(shape);

// set rendering context’s attributes and draw outline
g2.setPaint(Color.darkGray);

g2.setStroke(new BasicStroke(8));

g2.draw(shape);

B 3-6 8 /R BT = i BRI 45 51, JH o e 4 9 ) B 88431 50,

X
¥

Bi3-6 WHEAMBERNER

3.5 JavaB# 2 FEsLH

EX—TH, RERITT— M EBANERY R FARSAERNER., EX /18
ORI —NRR TR B R B

3.5.1 &R

ERTEZEH, FAWERBEFPEENREE S RE 5~ A —E R, XA E
BEEEEATHOLESE, HENEREE FHFEBLE. EFEBEERF,
ZEN —ApplicationPanel¥ i F%, ApplicationPanelZk (78 & WKt #B )
%E%ﬁﬁﬁ&?@javax.swing.JpanelﬂﬁgﬁtﬂtﬁbﬂT“Eﬁﬁ’.ﬂ‘]ﬁﬁ%ﬁﬁo YEH
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ApplicationPanel K734, ZEFATHE—NEH, FP AR H AR ™4EEE.

mARE A —applicationFrameX %, EREHE T —F, ApplicationFrame
X (EXHERHRB) TEARHERELENER I — 2 M7 8, FHR TR LIRREN
A (A EEREM TN ) REAERFTFFR L,

BIRE I OESREERNEF L HPaintOneRectangle, EBRFELHITTE
B BT R R A

> java PaintOneRectangle x y width height

BVRFEL-THER, EXMEREEH -1 REEE, KMEE (x, y), Twidth,
fFiheight, BFRBEMT.

public class PaintOneRectangle extends ApplicationPanel {

public PaintOneRectangle() {
setBackground(Color.black);
}

public static void main(String[] args) {
parseArgs(args);
ApplicationPanel panel =
ApplicationFrame frame =

new ApplicationFrame(“A Green Rectangle”);

frame.setPanel(panel);
panel .makeContent();
frame.show();

}

new PaintOneRectangle();

// static fields storing parsed program arguments
protected static int x, y, width, height;

// parses the program arguments
public static void parseargs (String{] args) {
if (args.length != 4) {
String s = “USAGE: java PaintOneRectangle x y w h”;
System.out.println(s);
System.exit(0);
}
X = Integer.parselnt(args{0]);
Y = Integer.parselnt(args[1]);
width = Integer.parseInt(args([2]});
height = Integer.parselInt(args(3]);
}

// instance field representing
// the contents of this panel
protected RectangleGeometry rectangle;

// creates the graphical contents of this panel
public void makeContent() {
rectangle =
new RectangleGeometry(x, y, width, height);
}

// paints the contents of this panel

public wvoid paintComponent (Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
92.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
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RenderingHints.VALUE ANTIALIAS ON);
g2.setPaint(Color.green);
g2.fill(rectangle.shape());
}
}

TH—M#—/H#iTiEPaintOneRectangleX F I LE ., PaintOneRectanglely
EHPREARETRABRE, BAHAGRANTRFEREKE, FMFUBNRAE XX IH
SR, BEFEFE-NHRIKCOHSREEE,

PaintOneRectangleBFIIT N B Amain F TG, THAANES LIS,
mainid B 5T 31k

1) A fparseArgs it B HEFSH .

2) | F K PaintOneRectangleXff ({RfFE7E MW AEEpaneld ),

) CEFMER (REERTLR framed ),

4) WMER R BHELR S,

5) [l Mt panel X iXmakeContenti§ & , GJREE,

6) [BIHESR frame & Eshowil B, HHER AT HAL .

parseArgs T LIERFSRFHBABFTANBR, XBRIEBFSHx, v, widh
HMreighBFEHBER, HRFEEFREBSTRS,

HOFPRHREER BT MPaintoneRectangle XM LH S ( HimainfliE, 3|
R—LHIH 5 AREER T L Epaneld ). XE—MERLH, CEXTH AL
J7¥%: makeContentFEGIBE KA ; paintComponent 7L &I EMR ETE . 1E41H
Ui, makeContentB@IEEFL ML, XHEH RectangleGeometry 2 £ GFEET,
XA 5 AR 7E L Bl Rectangle® . paintComponent J7 3 £F i AR ' 2 &I
BEMER. HTHEIX—A, PaintComponentBHAK MBS, REKS
Rt liGraphics2DM %, & Hg2; HEE M MAg2.setRenderingHint 7 —
ERIEBERENRE; RERFTERERg2— TsetPaintif B R R BERAE NG 6, B
fa REL g2—MH B HIBEE MR SESHEA

352 BEBEFEH

BRitPaintOneRectangle BF M EEHR AR MEL BT — M EAMK, £F
XFEE, KiTKEPaintoneRectangleBFMAMBRS B KX, TEHEXIESE
BrRABER .

public class MyGraphicsProgram extends ApplicationPanel {

// constructor
public MyGraphicsProgram() {

}

public static void main(String[] args) {
parseArgs (args);
ApplicationPanel panel = new MyGraphicsProgram();
ApplicationFrame frame =
new ApplicationFrame(“My Program”);
frame.setPanel(panel);
panel.makeContent();
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frame.show();

}

// static fields storing parsed program arguments

// parses program arguments
public static void parseArgs(String[] args) {

}

// primary storage structure

// instance fields representing the contents of this
// panel go here:

// make the contents of this panel
public void makeContent() {

}

// paint the contents of this panel
public void paintComponent(Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
g2.setRenderingHint (RenderingHints.KEY ANTIALIASING,
RenderingHints. VALUE ANTIALIAS ON);

}
}

ETXMERITRET, FAKRAERF&HEHR="MyGraphicsProgram, i H#fEE
MBI EN TR T ENTH, IRERFARNREBERAENERS
() BT o

JavaB2Frp, WHRIFSEWN, F5WmainFERULHE L. BRFPEKFEERL
¥napplicationPanel A BB M, MULKEERWEFPTERILFTIERN, B
ERE XA AGRMA FE, SENAN, FRFAARATEENRNBEFOMES; ¥
BAARNBEFRIITHNESE, F5E Xparsedrgsid#; BURBEFEMEAL (&
BRHEE) BALEEXL—-1THFHEEGH, HELAFAILEFMEE N
makeContentflpaintComponent ¥, MRAXHM, BF RSBV -I~ZHEHO,
XERAREFST, ERNTEHANBNGEELREFHAN,

%3]
3.7 &M PaintOneRectangleBfF, HEHMGTHRAIUFBHE LIS, BEEH=ZANHAXERE

BB

> java PaintOneRectangle x y width height [red green blue]

FE=A"Z28Ch%E, MRARHBFUNNSEEATMAR ENSHEREHS
BhgE,
38 BEUL—4ITHERF, FRFITHNTUREANCSH, KPEAANSHE
ik &

> java PaintOneRectangle x y width height [red green blue [s-width]]
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HEABMANBGER, BFRNREEARE Ns-vidthW O EEE L. W
Fs-widthBEWMA, WEFHEME — 5T —H (FEEB AR HRE ),

INGE

BRSO — P BB RN R —HEEA - R, IERENRXERENAE R
H, EPERELAAZOTRIEE, FEREAERT X ROABEHWMRENTH,
XHEPAREBEAXM RS, MEFEFRETXROLELSHET, AHHE
MBMEEAFZOIRE, WRAKLRBYHBERHAEREWEPRERNYFTRERT
tEe EFMRITEOCRTRABMNRHLAFED, FAERRKMEENMIEY, —4 %
KT HATLUA—MERTEHR: BV ESIARRTE. 6% T4a. EATH
AR F R R (LE2E ),

HEREMARATEANAD EMAR, SHEMHEMNR,; 3R LARE .
k. HERAUBRER: WRMARTCETUR MM TELEB RN, £ L4
BABFS (ARED) A AU 1R AR Z 58/ R SR B T4 . B2 R 3 4
(MBEHAFED) HAAFR-LEBAS RV, BECRENEROES. (58 BB
RPLIMHTTEI SRR

MEMEERBREHNES. SNNESRR, HLBAZS AN EEEQEH
4, TfEBRENERE P AEMEXMROLLRSY, URIRA. SN_EE4ERE
FABURT AR AR S0 AR 55 9 BRI IR P i I 3B o B ¥
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RS ERFRITH - ANEERAR R CENERN . EX—-BPENEFT—
B B B A HLH — 284 (composition ), A4 FRRTAESHAXNRHF TS, M
IHT (HEE) MEHEM. S&HMXTRATREIR A ESEK (composite ), BEEEF
XIS REHIEH (component). HAKMEMBEGZRE MK -Foes Xz 44
rREEK, MEAAHRED. EEARAFAMAEHATEREXTAEHHANTF:. —61TA
HEREB T RAAES. NFE. SBBRFREMIMFHBRY; —F2BERAFSETHR
B, —BREWRBB. X, HABDN.

IR THSHNERE, BRERLZRM XK LR, 42V RITT —8AEREK
FEVMBWASE, XURKEFEEARER - KABNE S . 43T RITFT -1 H*
MR VE EIRHAEE, WREBWHAGROTISHABRNES, XTEGHRDELF
ABE, 44T NBET RE 5L % (representation invariant) WHES:, TRA—&H
KR RRFF-BCREMFM. FIRARE -BHEARERTEAE, —TARERR
WE, —MHRBEAAEY, 45T E-AXEXREEEFHOESR, 82
BEFRIETT.

41 HEMESE

EMZE I LUAGE : WRM KK LA RMERE, BAERDEPEE—FH R,
HEMBERBWNAMERMLE, EMNHEEREK - FONL R, XL
T, RRERNRMROERRZBINENR, BHEMRERAKIN, XUEFE
MRTHEE - BB EARR,

HERXRKASBEWUBREZRN R, —MHAMBEET - IRB/IBREHRMNE, K
Wi, MEREHANMFEAETEFTRNNE, REEHIIEW R (FET4M4) X8 ik,
ORI, EE-KEYNEH, S—%AD0EG (B, 2. 0) 4EXE 14
s FREAP—NAG—WTF, —H 0 FHMY S, HHREN FERR A E e R AR,
HERTE, HEAE=REAL (RE. HA. i), AREFHREIHSWEREH Y5
BEREFARK. TARERHTEEMBEAR, BREHEDNA, B IEMEMEFASR
HEH . —hREYESENHG—BHZE, WU EEST.

—THEMREESWECHANG, B SREEY, MBEAELET, BrESFHZ
HEK. MRBENRAK— NG, WHBETEBEAKME: (1) BB FAERERNEBF
BRAZSMEAMRAT R (2) MEBHMRARBEI BN, XF B A X R Tavaf2 iR
RBHK: MEBRMNFAN—NAM, WNRENHETER &4,

DBHREEHAVTR, B TAHMXY 2 ARG R %58,

2) BT B AR § .

AT X LE R B3 2% fRectangleGeometryk |, XA KEGE4 LHI#H
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f xRangeflyRangelfl . EfIH M RELXRange MR HGIH, BEEMZMEHA, KM
# 2, B A xRangefllyRange FEEHBR T R ZSMHEHMITEEIH, HEHX-—-TEF
WM xrange 7 #:0Y, RFEMAR xRanged| i RangeXI R — P #H N, MARENRA H;
FU28% 2, B hxrangeflyRange5| MBI N RangeXt RER M M £y 2e 08
B, AP REREN AR, BEMNERFNaAE CINEREST =R . R
B — 1 RectangleGeometryM R E—PHAEH, xRangeflyRangel® 5| FI B 1
RangeX R EHAM.

Bl4-1/R TRangeflRectangleGeometryX M UMLK E, LLEEBAE
RectangleGeometryZEHRangeX % ( ZEME2R R — K B H M RangeXt £ 4
B HERE . KERU -£EEFAKNERN LEASEERMY— L OBERRET

HEM
RectangleGeometry
2

Range

Bl4-1 — XS & P T>Range X R 4R 1Y B

K% (aggregation) BFH —MERLZ HBE - WA XLENLE, EBED, —4%
RETHMMRERBC K0, HETAWRATE K AIEISME2, B LR
BTFEITHGE, FEE-TEEGEFEMLEH . 200F, —3HE3A M R4AK, A
HERRSIFERTHMZEEN, YRNRMAEGEASEEHAERH (REFHSEIE
ARMBRIAE), Bl—3GEgi MM E— 1 REBE, CHNRREHARTS. KIHE
ERE—FEEWIEMER, MEEAGERERY IS OBBRER (WEL2),

1.5 1.
Team K >———— Member

E4-2 RA—-DEFHRRE-ITREIRAARORE, T— I RA
AT LA B & F — B 1138 B AR 2 1

REFFAEAATEANELT, WUBHIEAR UL~ PBEEZN, RELEHE
RMARAG. RMERRER —F X, ARENEYEUMLPHBAEHEE X,
PIUREUMLERH T rREMNKS, CHBREXHNTEBARGFERAR, X5
HEH RSP L, UMLEEHRTHAM S, AEHETHR S,

4.2 BEUIEER R

X —WRAVER A LA AR E RS FENI 2. B, 5. 5. Hf, X&R
FIHRE LB R A AR K, R — B, R e 4357 7,

ERZ AT, BAVE— TAREEAM S N TR, T8 1755 11 3 2
— B MALE T ERE CRRBE Y, AU LR R E . RATRRE



— A KA (random number ) FREABECATRE I PUH & RABSER, WA BB, XM
BB RN % — M Ad (uniform random number ), BEE RN ERMEGE — 28, ABHLEE
ML AUEE A e — BAL

FEYLB M ERTEE R AR ZPDRAEN AN, i, HATTLUARZEEEOM1Z A
Pei BEBL/NEG BUE 0% 1000 18] % H FEMLEE AL, AT FARIA[1..1000) % RBENTEE ,

BINaE SHABNLERN A5, g, —MRETUER—MESAD T mBEYL S B
A, BEPLEAT AR E R A, REFFESAXENEILYE, EREERRE
BRULEHES . (XREPNBFLIT iR N ALK % ( randomized algorithm ) ), FE#L
B ETELEE B AR E—AA AN R, SINAEE R —a R .
—HMENB K —HENW=AEHR —TNREE ., EitBEE D, BELEENSTE
RFEFEFABNEAERR, XEANRNELPEAHEES TN, TxE LR
SABRAHMBETNERRE,

FESLEUT 51t #R & bt s £ A B (random numbers genetator ) B FE4E . BATRAF
FBIBEDLBAE AR B # 24 (deterministic ), WAR R TIE T - E X T ERK
LR AEBILEF T 03X 26 oy B 5 B LA AR A8 7 A B BOBERR Ot At (pseudo-
random number ), K4 HBELEUFFIFMEMILEF AR EHMENSYE, TILETUE
o {55 FH 0 R B LR BB ) — A RS BT AR — R M #F (seed) BOBTIB1L,
AT FREEYVLECE A BT — RS RRAORA, ATARIE S P4 — A B B REAL 5 31
BT —REHER. FRNHF—RESZEARNELETH, KEZPBE—/H
FIERRKEIFIEE RRFHBL . MRAMMTFEE S EARMREILES ., DEa50
PENLE A B AT, A oI REE R 5 4 M R i BELEUF S,

4.21 JavagyRandom3

Javal2fff TBENLEE B java.util.Random, FHXHEELRE DA TRITEA
Pk BRI
public class java.util.Random {

public Random()
// EFFECTS: Seeds this new object with the system time.

public Random(long seed)
// EFFECTS: Seeds this new object with the value seed.

public void setSeed(long seed)
// MODIFIES: this
// EFFECTS: Reseeds this with seed: places this in
// the same state as the object new Random(seed).

public int nextInt()
// MODIFIES: this
// EFFECTS: Returns the next random int, and changes
// the state of this to reflect the return
// of this new value.
}

AT B A8 LA 2K B B 6] 4 #2257 7 3 fURandomR £, M 28FT DLIXRE R X .

public Random{) {
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' this(Systeﬁ.currentTimeMillis());

}
EZEMERFAH-INSEOHES, SEVHT.

HiE EsetSeedBEWE B XM, FEAKBFYHIALEE WRandomM R, ¥XE
RERERGERE R FHENHTHRandomdt RAVRES—#, —HIIEHH/AE, ©
ML ERMEEMBEVBUFT . 200K, THX—BRABEKERLER “this should
not print” :

long anyPositivelnteger = 10000;
long anySeed = 1234597;
Random rndl = new Random(anySeed);
Random rnd2 = new Random();
rnd2.setSeed(anySeed);
for (int i = 0; i < anyPositivelInteger; i++)
if (rndl.nextInt() != rnd2.nextInt())
System.out.println(“this should not print”);

FEH—-BRFHEH T Random, EEHEEHIETsNE, REICARBILNIEEGH
REARE, WHESR. MRBFH T RSB, WHET K, 50410005 :

public class CoinFlip {
public static final int HEAD = 0, TAIL = 1;

public static void main(String{] args) {

long nbrFlips = 1000;

if (args.length > 1) {
System.out.println(“USAGE: java CoinFlip [nbrFlips]”);
System.exit(1l);

} else if (args.length == 1)
nbrFlips = Long.parselong(args[0]);

long nbrHeads = 0, nbrTails = 0;

java.util.Random rnd = new java.util.Random();

for (long i = 0; i < nbrFlips; i++) {
int side = Math.abs(rnd.nextInt()) % 2;
if (side == HEAD) ++nbrHeads;
else ++nbrTails;
}
String msgl = “Number of heads = “ + nbrHeads;
msgl += “(“ + ((float)nbrHeads/nbrFlips * 100) + “%)\n”;
String msg2 = “Number of tails = “ + nbrTails;

msg2 += “(“ + ((float)nbrTails/nbrFlips * 100) + “%)";
System.out.println(msgl + msg2);

}
}

EXAERT RSB SRR RKBBEVINE. BE. 5. SF. 5o, Fpxe
REFIFENRBEINRER GBI EANBIELERY, BHRTIIIMRELE LS, X
BEBA RN A ERABRE £ MlavafRandomSTE AL, B T —26/N A8 4k 4
B EEEL.

ASEMEREAMMFETRS, EELELHE,

CHA-NSEHMER, BTHEPEE,

s — - BT R TR AL RE VLB A R AR B T

s —PNERENKIBF—MBEILEB T E,

RAARMESHIBERT RITE, FUXEELRHEE (H4-3), BYEHEEN
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ZBrf, BSEXNERE, FEHFISBRERE LN MBEEHRBROEL, GRAR
£ HCEXBEMABXEH,

o RandomRectangle }.——1-‘ RectangleGeometry

2 RN

RandomIntInRange RandomColor
‘——-\

1

2 1
Li- RandomPoint b—— RandomInt |@—— Random

E4-3 —h A XK BEVIEUE RS

%3]

41 RHBXARY. MEBEAREAEM, EREEHNERARE 550%, ATER
CoinFlipf/F, R IIAMEN X S 2B FEH,

42 WE—/1DieRoll1BF, EHEMB - ITAERF (LEH 186 T, WE
CoinFlip¥#—/MEM ) nik, RGILFI1BIGH IR, X Bnh Tl EEFESHL T,
HENMRBASEHRA, nBiA%E T 1000,

$Bn: B KENMBEBBAGEESMFELTORE, )

4.3 #E—1DiceRollBF, MAUFMBEHEIRT, CRERNWERNBF IR EW R
(B FRA 2R 1220 ), #nkZ/E, BIFERHENEFE 2812) BREKE. n
R—AIEBRFSH, WRASH AN BRI N 1000,

422 BEEY

B Random. nextIntJy kiR Bl A B YL BU7E Javall ine 25 WM FE By . - 298|201,
HER 2R ENRNREGE N AR, BARIEEITiEMRandonInt¥ 22158
W= A BE AL B 2 A sk B TR

#Javaf)Random3s —EE RandomIntZE L T —F nextInt H it HEHET T — 5
L, BEZEFEFXDPHTERTTER, WAANETHESEIIERE T — R
WHEEEE., THEXEELR.

public elass RandomInt {

public RandomInt ()
// EFFECTS: Seeds this new object with
//  the system time.

public RandomInt(long seed)
// EFFECTS: Seeds this new object with seed.

public void setSeed(long seed)
// MODIFIES: this
// EFFECTS: Reseeds this with seed: places this
// in the same state as new RandomlInt(seed).

public int nextUnsigned(}
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// MODIFIES: this

// EFFECTS: Returns the next nonnegative random

/7 int, and updates the state of this to reflect
// the return of this new value.

public int nextiInt()
// MODIFIES: this
// EFFECTS: Returns the next random int and
// updates the state of this.

public int nextInt(int n)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If n <= 0 throws IllegalArgumentException;
// else returns the next random int in the range
// [0..n-1] and updates the state of this.
public int nextInt(int m, int n)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If n<m throws IllegalArgumentException;
/7 else returns the next random int in the range
// [m..n] and updates the state of this.

public int nextInt(Range rng)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If rng is null throws
/7 NullPointerException; else returns the next
/7 random int in rng and updates the state of this.

}

RandomInt#fFA—PHELRLHM, EHME—H4 ZRrandonW R, T rndsL
B

// field of RandomInt class
protected Random rnd;

RandomIntH B MR : — M AWEBE, BYAIHEANFT; B—-41H 12K,
BREMT .

public RandomInt() {
rnd = new Random();
}

public RandomInt(long seed) {
rnd = new Random(seed);

}
RandomIntXt R A[ LAF Fisetseed FEEEM T.

// method of RandomInt class
public void setSeed(long seed) {
rnd.setSeed(seed);

}
nextUnsignedJy %R Bl —MBEHLAE A R %

// method of RandomInt class

public int nextUnsigned() {
int i = rnd.nextInt();
if (L <0) i =-(1i + 1);
return i;

}
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nextInt FEHER, X—BEHNALSERE EE M rndk5| FMRandomXf 3 & —1
ERHEL .

// method of RandomInt class
public int nextInt() {
return rnd.nextInt();

}

HEMRIEHEEEHRRATH - T HEMBE AR A ZE £ (delegation ), 7E L H NI
M fnextInt FEMESEIRESF, nextIintHEHBZ LA HA B rnd, L HW
setSeed T ML HW AR T EHE.

YnextInt FEHENERNBEAFRARN, BRE—TE0..n-1122 18] # FEPLEL:

// method of RandomInt class
public int nextInt(int n)
throws IllegalArgumentException {
if (n <= 0) throw new IllegalArgumentException();
int i = nextUnsigned{);
if (i >= (n * (Integer.MAX_VALUE / n)))
return nextInt(n);
else
return i % n;
}

HnextIntTEHBES EmMall HE, €& E-—NEm. B NKBEIE. X—
TSR SEAEL0..n-m) Z B £ REEVLER, RIS LIRS Em:

// method of RandomInt class
public int nextInt(int m, int n)
throws IllegalArgumentException {
int rangeSize = n - m + 1; // nbr of integers in [m..n]
return nextInt(rangeSize) + m;

}

BJa — P nextInt HEMNSHEN—NEE, ARMBIEREEXNEES. TH
RHELHR.

// method of RandomInt class
public int nextInt(Range rng)
throws NullPointerException {
return nextInt(rng.getMin(), rng.getMax());

}

2>

4.4 XETHARandomIntMnextUnsigned HFEM S —MRA, TiR[EM rnd B BUH
BRA R HE
// method of RandomInt class: version2 (faulty)
public int nextUnsigned() {
int i = rnd.nextInt();
return (i >=0) ? i : -i;
) ;
BE—TF Hft AnextUnsignedj i 4274 4t 7
HBr: AWAEE, H—, R—1 0B, CHERRAR—IEBNE; £,
ERRTE-E0.2 - 11 BENNERERSILEEE, |
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45 XfEnextUnsigned FHEMIEINMAE, ENEEEEZ NendBBINESH, EF)
EE—NERENIE, RFERE.

// method of RandomInt class: version 3
public int nextUnsigned() { -
int i = rnd.nextInt();
while (i < 0)
i = rnd.nextInt();
return i;

}

WHinextUnsigned H LRI AIFIARA 1 SEH, MRAIE A EEY? 41
RER, A—RAEHRXHEBEEREL L,
46 THAEArandomIntfJH B nextIint HEMNS —FFTH .
// method of RandomInt class: version 2
public int nextInt(int n)
throws IllegalArgumentException {
if (n <= 0)
throw new IllegalArgumentException();
return nextUnsigned() % n;

}

REZTEELFRAES, BERMEXMEFEY, HHar
4.7 HiRandomIntXf R fiHRandomt %, BH4 2.1 HHCoinFlipfRFEHSCH .,

423 BEECEAMNBENEY

AW E X #HRandomInt2, HRAETES K E Fnext Int J7 &k i o 48 BUE 76
MEATEE PR F BV E . RTMEF TR AR, ML 588 6 BUE 36 B 7
BFMENMEFPTREEN, XEFEL, java.util.RandonXWRAEARBEEFAL
BERMKER, RITEIHN—I%K, WHEIavafiRandom®k —HE - EE, HRFA
ZHRETFEIITREEERAFEFBEN. THHELAMRandomInt InRangek 4 it
TE—ATH, B A ZE MnextInt sk, ©HME EHE & B — LK,
T&AE S E % HnextInt,

B/RAI L — 1 F A RandomIntInRange Xt £ A, RIESHANBEREIBETHE
MEE. HTXNEERENSESE, FUECHATEPNERRB RS EERT
fEHY .

HEEL, XEREEMBXIRMOLH, MREKFIHLTHRE. §ALEEiEE
). RandomIntInRangeRH AN E, ElR—-EH R —PRandomInt W H, BHEE
rnd3L i, A 4MRandomInt InRange Xt £ & X T A fminFimaxis, BREBEEHEE
MEB/MEMBR KRB, FTEREXMENLEE L.

public class RandomIntInRange {

protected RandomInt rnd;
protected int min, max;

public RandomIntInRange(int min, int max)
throws IllegalArgumentException {
// EFFECTS: If max < min throws
// IllegalArgumentException; else initializes this



N
/7 to the range [min..max) and seeds this
// with the system time.
if (max < min) throw new IllegalArgumentException();
rnd = new RandomInt();
setRange(min, max);
}
public RandomIntInRange(Range range)
throws NullPointerException {
// EFFECTS: If range is null throws
//  NullPointerException; else initializes this to
// range and seeds with the system time.
this(range.getMin(), range.getMax());
}

public RandomIntInRange(int n)
throw IllegalArgumentException {
// EFFECTS: If n<=0 throws IllegalArgumentException;
// else initializes this to the range [0..n-1)
// and seeds this with the system time.
this(0, n-1);
}

public void setSeed(long seed) {
// MODIFIES: this
// EFFECTS: Reseeds this with seed.
rnd.setSeed(seed);

}

public int nextInt() {
// MODIFIES: this
// EFFECTS: Returns the next random int in the
//  current range and updates the state of this
// to reflect the return of this new value.
return rnd.nextInt(min, max);

}

public void setRange(int min, int max)
throws IllegalArgumentException {
// MODIFIES: this
// EFFECTS: If max < min throws
/7 IllegalArgumentException; else changes the
//  current range to [min..max).
this.min = min;
this.max = max;

}

public void setRange(Range range)
throws NullPointerException {
// MODIFIES: this
// EFFECTS: If range is null throws
// NullPointerException; else sets the current
// range to [range.getMin()..range.getMax()].
setRange(range.getMin(), range.getMax());

}

public Range getRange() {
// EFFECTS: Returns the current range.
return new Range(min, max);

}
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%3

4.8 FRHUTHE—KLI 21 KCoinFlipBBF 429 B DieRol1IEF: EBFE
NumberToss, EABWNBITEHnMm, FERESERE[1.m]PEE> 4 HEHL
B, RIFAEMNBnEB N HERREHMHIE G ot REER)TF %
RandomIntInRange,

49 FHATHAMEWEH LI RandomIntInRange :

// random-integer generator
protected RandomInt rnd;

// the current range
protected Range rng;

BRSO KR . B A9 SC B % M S LAY RandomInt InRange47
R, R4k 4.8% ¥ NumberTos s 2 5 2 1k 19 57 19 SC B AR 45

424 BHlE

fEX TR — B HLA A S . RS TIM , 10 RandomT nt2 i H6%HF LAY
RandomPoint& 7= 4 BHHL & , W%%ﬂ%ﬂﬂi?ﬁﬁl%ﬂ?&ﬁaﬁi%ﬁ, BRI R — 1 H L
A FTHE E L E . W RandomPointKM F, HiFRK — NEHAOMILAR, LE ERNS
¥oR fiNextPoint ¥k, IR Bl B M MEHL SR IETE S BOR ZEMETB N . T I &ix
TR LY.

public class RandomPoint {

public RandomPoint ()
// EFFECTS: Seeds this new object with values

// based on system time.

public void setSeedX(long seed)
// MODIFIES: this
// EFFECTS: Reseeds the x coordinate generator.

public void setSeedY(long seed)
// MODIFIES: this
// EFFECTS: Reseeds the y coordinate generator.

public PointGeometry nextPoint()
// MODIFIES: this
// EFFECTS: Returns the next random point and
// updates the state of this to reflect the
// return of this new value.

public PointGeometry nextPoint(int m, int n)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If m or n are nonpositive throws
// IllegalArgumentExcepticn; else returns the next
// random point in the rectangle [0..m-1]x[0..n=1]
// and updates the state of this.

public PointGeometry nextPoint(Range xRange,
Range yRange)
throws NullPointerException
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// MODIFIES: this

// EFFECTS: If xRange or yRange is null throws

/7 NullPointerException; else returns the next
// random point in the rectangle xRange x yRange
// and updates the state of this.

public PointGeometry nextPoint(RectangleGeometry bnds)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If bnds is null throws
// NullPointerException; else returns the next
// random point in the rectangle bnds and
// updates the state of this.
}

RandomPoint E—NHEHK, EAFW MPRandomIntKBAMN, Hp—AMHKAER
BEALcA AR, 55— A B PRy AL $F

// fields of RandomPoint class
protected RandomInt xRnd, yRnd;

KEEH & FEIE T M RandomIntXf 5, 4 53R xab FRBEHLAE IR 28 xRnd Fly4s
PRBEPLA AR yRnde ENI1E B MM FRZAR, TUWEIIH&=ER —BRFH, B~
ERREARBEIE. AEEIOHTAR (RHEE, ERHEFRGFES ), xRndff
HRTES EE N AT, yRod 2B B R A0 _E B E BGRB8 T .

// class field of RandomPoint class
final static int SeedOffset = 123; // any positive int

public RandomPoint() {
XRnd = new RandomInt();
YRnd = new RandomInt(};
yRnd.setSeed(System.currentTimeMillis() + SeedOffset);
}

KRBT SRR T o B 0 x My AR AT A B RSB R B0 T 2k

// methods of RandomPoint class

public void setSeedX(long seed) ({
xRnd.setSeed(seed);

}

public void setSeedY(long seed) ({
yRnd.setSeed(seed);
}

nextPoint HEH FHRB T — N HEHLA, MMBAH S AnextPoint HE, =4
BS R RRAT IR B ( AR EB A NZE R ).

// method of RandomPoint class
public PointGeometry nextPoint() {

int x = xRnd.nextInt(};

int y = yRnd.nextInt();

return new PointGeometry(x, y);
}

nextPoint LR AT LILAE W MSBAFRA, EEMERT, B %7 R
MBS RIEESEIIZRENER P, ERTUUSH TR, EMFE=4
nextPointhii 4 i BR Y

// methods of RandomPoint class
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public PointGeometry nextPoint(int m, int n)
throws IllegalArgumentException {
int x = xRnd.nextInt(m);
int y = yRnd.nextInt(n);
return new PointGeometry(x, y);

}

public PointGeometry nextPoint(Range xRange, Range yRange)
throws NullPointerException {
int x = xRnd.nextInt(xRange);
int y = yRnd.nextInt(yRange);
return new PointGeometry(x, y);

}

public PointGeometry nextPoint(RectangleGeometry bounds )
throws NullPointerException {
return nextPoint (bounds.xRange(), bounds.yRange());

}

, %3

4.10 HE—JavafRff (JEEFE ) someRandomPoints, H—15%n, 4 M Hnt
f1& TR X 8,[0..100] x [0..100]5 g & HL 5

4.1 LA3.5%#yMyGraphicsProgram 847, %5 — M JavaEl B FPaintManyPoints,
ERE—NE%n, BEEHAAM BEANBEILSHAEER IR, oL T EX MR
B AR E N BENL A

protected PointGeometry[] points;

APREVSAREERREY, CERBELEAAREEE, AEHs—14
BRSE W BT X3, A5 AnextPoint FkIHEREA . MR LR F &AL 5S
H938E IR E Y B bounds (X EnbrPoints =4 HBEHL A A% ). makeContent
MR PR HMBATERRT, EEGHELEBn B E I FTER E pointsd

// method of PaintManyPoints class

public void makeContent() {
points = new PointGeometry[nbrPoints];
Dimension d = getFrame().getContentSize();
RectangleGeometry bounds =

new RectangleGeometry(0, 0, d.width, d.height);

T ﬂjﬁﬂﬁPaintManyPointsﬁF?{iﬂ,’ﬁ%EimeyGraphicsProgramﬁﬁEPH‘Jﬁ
LR, MRRERXRIBFLHLEEE, B4 26T UEERZRT.
4.12 % RandomPointH M)A, HEREALBUE R B yRdBI RN FAE E -

// constructor: version 2 (faulty)
public RandomPoint() {

xRnd = new RandomInt();

YRnd = new RandomInt();
}

8 FiX 1~ iR 4~ i RandomPoint 3, HIFWMIFIZIT4% J4.1109PaintManyPoints
BF, B—THEMIAGHEEL G MERE, a2 (IR E B A Wk
a1, HRGI410FHEF,)
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413 B HMFERandomIntInRange—#, #itLBMRandomPointInRectanglest,
HE—TEEEREXEFmAEEILE. BEEEXBEhXWERWSEIEE, BEg
EREREARFE, FRUEBIAENSHNEFHPHRAMBER, THREXIE
FIBAESE .

public class RandomPointInRectangle {

public RandomPointInRectangle(Range xRange,
Range yRange)
throws NullPointerException

// EFFECTS: If xRange or yRange is null throws
//  NullPointerException; else initializes this
/7 to the bounding rectangle xRange x yRange
//  and seeds this with values based on
//  the system time.

public RandomPointInRectangle(RectangleGeometry bnds)
throws NullPointerException
// EFFECTS: If bnds is null throws
//  NullPointerException; else initializes this

/7 to the bounding rectangle bnds and seeds
// this with values based on the system time.

public void setSeedX(long seed)
// MODIFIES: this
// EFFECTS: Reseeds the x component generator.

public void setSeedY(long seed)
// MODIFIES: this
// EFFECTS: Reseeds the y component generator.

public PointGeometry nextPoint()
// MODIFIES: this
// EFFECTS: Returns the next random peint in the
// current bounding rectangle and updates the
// state of this to reflect the return of this
!/ new value.

public void setBounds (RectangleGeometry bnds)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If bnds is null throws
/7 NullPointerException; else sets the bounding
//  rectangle to bnds.

public void setBounds(Range xRange, Range yRange)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If xRange or yRange is null throws
//  NullPointerException; else sets the bounding
//  rectangle to xRange x yRange.

public RectangleGeometry getBounds ()
// EFFECTS: Returns the current bounding rectangle.

BEE 411 BFE, HiRandomPointInRectangle%ﬁ%RandomPoint% 0
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414 Javahfi¥java.awt.ColorZERPE, THIEZLEMHEIRATEL:

public Color (int red,int green,int blue)

A=A ETER2S5Z BB SHAMAcolorMESR, Sl FHA
MR, ZAHEHNRRENFHERANRE (redgreenblue), Flin, TEARHE

Golk: ¥ NEif:of g

new Color(255, 0, 0) // red
new Color(6, 0, 255} // blue
new Color({255, 255, 0) // magenta
new Color(0, 255, 255) // cyan
new Color (255, 255, 0) // yellow
new Color(0, 0, 0) // black

new Color(127, 127, 127) // medium gray
new Color (255, 255, 255) // white

new Color (255, 214, 0) // gold

new Color(255, 191, 204) // pink

new Color(64, 105, 207) // royal blue

it —1"RandomColorZ k& MEEHLE € . IREVH R ZE = A REVL B H 4
A E BZEORI2S5Z MM B, DRIX ML, &, K., FTHREKIER.

public class RandomColor {

public RandomColor()
//EFFECTS: Initializes this with seeds
// based on the system time.

public void setSeeds(long redSeed, long greenSeed,
long blueSeed)
// MODIFIES: this
// EFFECTS: Reseeds the red, green, and blue
//  random color-component generators.

public Color nextColor()
// MODIFIES: this
// EFFECTS: Returns the next random color and
//  updates the state of this to reflect the
// return of this new value.

i fiRandomColor®, BHRLI4. 1P HWEMILAERE, 854 55 H—
MEVBARD . XSAFMER. F-RHEN, AEGEI SANE6, &
paintComponent T BRHEAAR A RMNESE, REBTXELH, B—F
Bo, GRFBEFEBILAHEREYE G, 3IRTFENRGRELE 84S
F (Wcolor (i |F MY Mpoints (i1 MBI ),

WER—TF (5FLIXK), ColorXABSMEXTHEMEAGE, B
BAEColor XKRAM B4R, REESRL N L BSREEEEH, LEQIEN
%o Color XA X Amm .

public static final Color green;

SeifilidFicolor.greenH G, Hiikcolot RIBMMWEAZIf A .
BB, F, OBRK, R, B, BK, B4, Ba, 4o, 04, QR
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425 BEHUAER

X—Y i RandomRectangles, FE XA MFEILETE . 0 F BEHL S B 0L E BR H
E—NEES -, BOIEREERNECHMNER N, X8R EEE PRI R FE
MEEEEITREXES,

BREREHEE ZS, HYVUERA RIS RN ZA £ ALE (width range ) 45451 3 8 % B
(height range ) ¥¢tE, HEMTRBRIEERWENSEEEERBERNWBEE S, EENTEE
BAREEEERBHREELENR/ DR AMEZE, AEGERGNL, RANEED
EMBIREELWRE, RANBEREMBMBEEENEE, IHREHRIAELT,
FEPLETE B R T RZREELHRE . RSN EELERSEMNSECREERTUER
HEMA

F i 2RandomRectangle ik BH ;

public class RandomRectangle {

public RandomRectangle(Range xRange, Range yRange)
throws NullPointerException
//EFFECTS: If xRange or yRange are null throws
//  NullPointerException; else initializes this with
/7 the default width range and height range,
1/ sets the bounding rectangle to xRange x yRange
// and seeds this with values based on system time.

public RandomRectangle(RectangleGeometry bnds)
throws NullPointerException
// EFFECTS: If bnds is null throws
// NullPointerException; else initializes this with
// the default width range and height range,
// sets the bounding rectangle to bnds, and seeds
// this with values based on the system time.

public void setSeeds(long sdW, long sdH,
long sdX, long sdy)
// MODIFIES: this
// EFFECTS: Reseeds the generators for width, height,
// and x and y coordinates of position.

public void setWidthRange(Range newRange)
throws NullPointerException, IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newRange is null throws
/7 NullPointerException; else if newRange.getMin()
// is nonpositive or newRange.getMax() exceeds the
//  bounding rectangle’s width throws
// IllegalArgumentException; else sets the
//  width range property to newRange.

public Range getWidthRange()
// EPFECTS: Returns the current width range.

public void setHeightRange(Range newRange)
// MODIFIES: this
// EFFECTS: If newRange is null throws
//  NullPointerException; else if newRange.getMin()
/7 is nonpositive or newRange.getMax() exceeds the
//  bounding rectangle’s height throws
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// IllegalArgumentException; else sets the
/7 height range property to newRange.

public Range getHeightRange()
// EFFECTS: Returns the current height range.

>public RectangleGeometry bounds()
// EFFECTS: Returns the bounding rectangle.

public RectangleGeometry nextRectangle()
// MODIFIES: this
// EFFECTS: Returns the next random rectangle
/! enclosed by the bounding rectangle whose width
// and height constrained by the current width
/7 range and height range, and updates the state of
//  this to reflect the return of this new value.

}

X RERGZH Y] 5RandonRectangle M R AH L MR EEHEN BB U BN KD
ZWE, AREMNZENEERPRERE, B, 2N EENENSEEELTES
MERK. BTEFERERENRELENTETETERESERH LA, RRET
MYBEMREBEBERSRK, FTUKRM Tbounds FEFRKEBREER ., BAiEY,
iﬁl}ﬂboundsﬁﬂiﬂu{%ﬁgihfﬁé’ﬁﬂ@é“ﬁﬁfﬁsetWidthRange*ﬂsetHeightRange
Tk,

JA EHATH &8t — fIRandomRectangle¥, 7EMHLAIE, FBGHLR < i
BOFLHENERENELRF. IEEE RO ANRBARI A LWAE. &
[0..100] x [0.200)KIFRRE B P, WL 100 BEPVETE, B W REAE20R40Z 6, BE
F£303]602 8], T H X BN

RectangleGeometry bounds =
new RectangleGeometry(new Point(0, 0), 100, 200);
RandomRectangle rndRect = new RandomRectangle (bounds);
rndRect.setWidthRange(new Range(20, 40));
rndRect.setHeightRange(new Range(30, 60));
for (int i = 0; i < 10; i++)
System.out.println(rndRect.nextRectangle(}};

AT m & 2% LB RandomRectangled MR %1 %57 FiRandomRectangleXt £ % 75, {17
fEboundsi +; }%’7E%ﬂﬁ)ﬁﬁE]%ﬁfﬁRandomIntInRanquﬁﬂLEf&ﬁiﬂE, R LE
rndWidthflrndHeightif BELAETE B 7 B ey BE ML 5 A A28 4 Y

// fields of RandomRectangle class

// bounding rectangle
protected RectangleGeometry bounds;

// generator for random rectangle positions
protected RandomPoint rndPnt:

// generators for random widths and heights
protected RandomIntInRange rndWidth, rndHeight;

RAREATILAHEIBAERSE, SNRENEBERT. MREEHEHERR B
T, TAZRXTIABEEEMBRZENE Rk~ FF, XS TFEUEFL S,
EUENREEME:

// class fields of RandomRectangle class

final static int SeedOffsetl 4567, SeedOffset2 = 5678,
SeedOffset3 6789;

[
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B ITHERERTSH, WARangeX R, FXHERGEBH KN, ERESS
VL BRAF R GS A BY IR, 3 HL LABRIA B R (B 45 Fh BT RO BE XS 5 42 A28

public RandomRectangle(Range xRange, Range yRange)
throws NullPointerException {

bounds = new RectangleGeometry(xRange, yRange);
rndwidth =

new RandomIntInRange(new Range(1l, xRange.length()));
rndHeight =

new RandomIntInRange(new Range(l, yRange.length{}));
rndPnt = new RandomPoint();
‘long time = System.currentTimeMillis();
rndHeight.setSeed(time + SeedOffsetl);
rndPnt.setSeedX(time + SeedOffset2);
rndPnt.setSeedY(time + SeedOffset3);

}
FEAMERAAE MR

public RandomRectangle(RectangleGeometry bounds)
throws NullPointerException {
this(bounds.xRange(), bounds.yRange());

}
&P Al setseeds i ik AL FHTHE Fh BT A BEWL B BLESRO P T .

// method of RandomRectangle class
public void setSeeds(long seedW, long seedH,
long seedX, long seed¥) ({

rndWidth.setSeed(seedW);
rndHeight.setSeed(seedH);
rndPnt.setSeedX(seedX);
rndPnt.setSeedY (seedyY);

}

TEHEMNTEREESER . H—AFkboundsik Bl R 6, Ja A~ JF % R
EEMRECEFE B BEFE N, S NBEHE 0 TS 5 E AL

// methods of RandomRectangle class
public RectangleGeometry bounds () {

return new RectangleGeometry(this.bounds);
}

public void setWidthRange(Range newRange)
throws NullPointerException,
IllegalArgumentException {
if ((newRange.getMin() <= 0) ||
(newRange.getMax() > bounds().xRange().length()))
throw new IllegalArgumentException();
rndWidth. setRange (newRange);
}

public Range getWidthRange() {
return rndWidth.getRange();
}

public void setHeightRange(Range newRange)
throws NullPointerException,
IllegalArgumentException {
if ((newRange.getMin() <= 0) I
(newRange.getMax() > bounds().yRange().length()))
throw new IllegalArgumentException();



92 & éy st RALF R —BEH L EH

rndHeight .setRange(newRange);
}

public Range getHeightRange() {
return rndHeight.getRange(});

}

Bf5 ¥ SlnextRectangle HiE, TBRE—HHIER., ZEMEKSRLE. %
HRBEUETR WM R, RIS XA HHA%EH Cinset rectangle ) 1.
HAEHRERGETE A, B BT o D% 28 5 LR T R B
HEX . BAER, MR- Pwx MERNE L ANBERAERE, X EHRIT
ERBEE N, AEAERSEERN AL LAY Spos. BIEEY B Eposi B a2 H
BB — D iw x W . FE R LA,

// method of RandomRectangle class
public RectangleGeometry nextRectangle() {
int w = rndwWidth.nextInt();
int h = rndHeight.nextInt();
int dw = bounds.getWidth() - w;
int dh = bounds.getHeight() - h;
RectangleGeometry insetRectangle =
new RectangleGeometry(bounds.getPosition(), dw, dh);
PointGeometry pos = rndPnt.nextPoint(insetRectangle);
return new RectangleGeometry(pos, w, h);

%3]

415 THRER-IMHABRLF A nextRectangle ¥ BeMSEL, 48 F e - 2oy ARSH LR}
—FE:

// method of RandomRectangle class: version 2 (faulty)
public RectangleGeometry nextRectangle() {
PointGeometry pos = rndPnt.nextPoint{bounds);
int w = rndWidth.nextInt();
int h = rndHeight.nextInt();
return new RectangleGeometry(pos, w, h);

B REX —nextRectangle H ARG IR A BT RAM H ik, H L0l X —RRA N
fraRERE

426 EH|ER

jX—-‘Yil{%E&SfﬁEPMyGraphicsProgramﬁ’fﬁEl"J%ﬁﬂi_t&ﬂ‘—‘/l\@%ﬁf?
PaintManyRectangles, H O FHidtin M B, X/, HEBENLGOER. TEEE
BHBINERF.

RBEBRIFHETSHER, MILERNRF EERE 8, BANER HK M EE -4
X WITEE [minLen..maxLen) ( minLen® & FmaxLen ) N. MAZEFHGSETHRADT.

> java PaintManyRectangles [n [minLen maxLen] ]

MRAWSEOAA, WERARINE; WRE A28, WAE R BAR BB
B MREAZEEE, ERITSEREERNRMENTEE . 1 minLen, maxLen¥){E 7F
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THEAEEARE, FREVHRBOAE:

// class fields of PaintManyRectangles class ‘
protected static int nbrRectangles = 100;
protected static int minLength = 100, maxLength = 200;

MRBFHRAHFESEEA, MparseAargs B E L EENRIAE,
parseArgs F EEHIE LW

// class method of PaintManyRectangles class
public static void parseArgs(String[] args) {
if ((args.length == 2) || (args.length > 3)) {
String s=“USAGE: java PaintManyRectangles [n [min max]]"};
System.out.println(s);
System.exit(0);
}
if (args.length > 0)
nbrRectangles = Integer.parseInt(args[0]);
if (args.length > 2) {
minlength = Integer.parselnt(argsfl]);
maxLength Integer.parselnt(args{2]);

}
}

FEE—TERXEENEF, RAVCERN LS ARFE T AR+ .

// field of PaintManyRectangles class
protected RectangleGeometry[] rectangles;

makeContent i i B EMEVLEE H R FFE S irectanglesH :

// method of PaintManyRectangles class
public void makeContent() {
// step 1l: construct a random rectangle generator
Dimension d = getFrame().getContentSize();
Range frameWidth = new Range(0, d.width);
Range frameHeight = new Range(0, d.height):
RandomRectangle rndRect =
new RandomRectangle (frameWidth, frameHeight);
// step 2: set width and height range properties
Range minMaxLengths = new Range(minLength, maxLength);
rndRect.setWidthRange(minMaxLengths);
rndRect.setHeightRange (minMaxLengths) ;
// step 3: generate and save random rectangles
rectangles = new RectangleGeometry[nbrRectangles];
for (int i = 0; i < nbrRectangles; i++)
rectangles[i] = rndRect.nextRectangle();

}

makeContent F XN =M REM. F—4, Q1B P HHERE KRB rndRect,
LIRESE P9 2 ISR KN B4 AR AR B 1 BE VLA TE 2B ZERE 22 1) Bk, REBMHEE
ERLAR Y KB BT R AR, X ARERR G T A R A RE TR M R T, B=,
ﬁﬂ@tﬁfﬁ7@7nerectanglesB‘JRectangleGeometry%’é?j‘Jﬁéﬁrectangles, RIg BN
B 4 BB AR TR X N B

R RM1ELHpaintComponent 7 B, ERMINE AL HFEER A rectangles
B

// method of PaintManyRectangles class
public void paintComponent(Graphics gq) {
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& 6] 51 R ALK i —B B R A L4

~ super.paintComponent(g);

%3)

Graphics2D g2 = (Graphics2D)g;

RandomColor rndClr = new RandomColor();

for (int i = 0; i < rectangles.length; i++) {
// use the next random color for rendering
g2.setPaint(rndClr.nextColor()};
// paint rectangle r in the current color
RectangleGeometry r = rectangles{i];
g2.fill(r.shape());

4.16
4.17

4.18

SERELHHiEfTPaintManyRectanglesf&fF,

H A i A& fJPaintManyRectanglest2 F7E & K FipaintComponent J7 ¥ Bt #84
ERFHEILEELHEARE . BFELEE/IMEE B K ##HpaintComponent
Tk, MAEVELHEAUEERERE (A—T ). BRXIBFHEHR, &
idmakeContent FEM B NMEEABEMHEIE G, XTEEE XHELHA.:

protected Color|[] colors

KRARFEX MBI, colors[ilfiffrectanglei MBI,

RandomColor3k ( #x3J4.14% ) FAKBERERNEWHY . LAAASHGAETE
EERE®R, RRETHARTAEE, XTERKAESE L, HEHRLEHEE
AASHXME, Javalf) java. awt.ColorKiR it THIEX M EHF A .

to parallel the array of rectangles: colors[i] stores the color of

Z¥alphalit [0.255] TEEAKIME. Ralphafi o, ZLEH,; 2550 F %
B, FRHGEEANEAZHBALER, BN, new color (255, 0, 255,
220) AR ERNEOR,

RE XA BV BB . /¥ RandomColorIinAlphaRange, X HKE X —
MNalpha/ @B, MtlalphaHAEXTHEENER. 2. GHNEGHAER
RandomColorX I —BEREHLH ., FTHEHRXDEHLELE.

public class RandomColorInAlphaRange {

public RandomColorInAlphaRange(int minAlpha,
int maxAlpha)
throws IllegalArgumentException
// EFFECTS: If 0 <= minAlpha <= maxAlpha <= 255
// initializes this with the alpha range
// [minAlpha..maxAlpha] and seeds this based
// on system time; else
//  throws IllegalArgumentException.

public RandomColorInAlphaRange(Range aRng)
throws NullPointerException,
IllegalArgumentException
// EFFECTS: If aRng is null throws
// NullPointerException; else if
// 0 <= aRng.getMin() and aRng.getMax() <= 255

// initializes this with aRng and seeds this
// based on the system time; else
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//  throws IllegalArgumentException.

public RandomColorInAlphaRange( )

_ // EFFECTS: Initializes this with the alpha
1/ range [0..255] and seeds this based on
//  the system time.

public void setSeeds(long redSeed, long greenSeed,
long blueSeed, long alphaSeed)
// MODIFIES: this
// EPFECTS: Reseeds the red, green, blue, and
//  alpha random color-component generators.

public void setAlphaRange(int minAlpha,
int maxAlpha)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If 0 <= minAlpha <= maxAlpha <= 255
1/ sets alpha range to [minAlpha..maxAlpha];
// else throws IllegalArgumentException.

public void setAlphaRange(Range newARng)
throws NullPointerException,
IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newARng is null throws
//  NullPointerException; else if
// 0 <= newARng.getMin() <= newARng.getMax()
// <= 255 sets alpha range to newARng;
// else throws IllegalArgumentException.

public Range getAlphaRange()
// EFFECTS: Returns current alpha range.

public Color nextColor()
// MODIFIES: this
// EFFECTS: Returns new random color whose
//  alpha component lies in the alpha range
//  and updates the state of this to
// reflect the return of this new value.

} ‘
4.19 BHAT K PaintManyRectanglesfF, 4 (BENLETY t BEHL B0 Hi e 15
FLo BITHHASITRANTHER:
> java PaintManyRectangles [n [minLen maxLen [minAlpha maxAlpha)i}}

HEZ28E8 R EERE, FEAE RN SHONBENL B B alphats B, W
RIZESHALEH, Bikaiphail B H[0..255],

43 ZABAES

B BAY L RAITE B A RHA — bt AR B BB AR, ATA
WESE-THEGRWAFRAERBEEETHRMY KA, EXMERT, RTtE—f—
THRFALE, BEEMERE XSS (collection) M, B ERIBIFILE 4
AR BA A5 B — ST . 97 B Monopoly 13528 M6 (EBESTRE ), 8
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EMNASEN—TMonopoly®, FH281 &% HNatlanticAvenue.
shortlineRailroad, parkplaceZ%’éE"Jiﬁo

BE—FELRE, AT HMFNBBEETHIHFAERE, SEESHTPTURE,
XHERAEE LR HEENBERTFEEN. M XEATERBENTE ., —BEHT B
BB RHB . ~ 1 HAEERE T EMIEN %, KUXHNESEI RN ZHAES
XFRRFAMN

BRTHEZS, BRESNEERBREL S . EGWRATIAHS KR BRIESTEY
HRIRY : BEARKUIERIE,. A TE. WERTEMEMEBE, XSRS,
HEBEM RO LM EREIMRER, b, AEERMRETUEREAMMGZEORS, 38
1 FE X £ X AR 95 B R BICA T AR SEHL

EHENE—TFvector, BRABESMIavabrfERZ —, RITKIEXPEKESE
AR EHLHF,

4.3.1 JavafyVector

java.util.VectorXKMEBXH ~INEELE, ELAMEAAFT TN EEMB KK
MEIEK, BBA—H, KB (vector) BIFFHR — X EF1E, F AR TFHRERM
R SEAARKNE, REAGAEMUBRATDT, FERAENTRTE HHTKK
BB, WR-FFERIEABMES, FEREMBESHTEIM B, EREMNE
CHYMB RN ET, XE—HOEBH. A, Y- TAREPHREN, TEENEA
MBEEFTBS—~MIE, EEXMTAFRETHAY, BENTMARIIGEE, &
MEFPIMFRAR, BMREHZEOHE L,

A RERUN S R AT AR, R LA Tava o T e sz i il 2 -

public class java.util.vVector {

public Vector()
// EFFECTS: Initializes this to a new empty vector.

public int size()
// EFFECTS: Returns the number of items stored in
/7 this vector.

public Object get(int i)
throws ArrayIndexOutOfBoundsException
// EFFECTS: If 0 <= i < size() returns the item
/7 stored at index i; else throws
/7 ArrayIndexOutOfBoundsException.

public void set(int i, Object newObj)
throws ArrayIndexOutOfBoundsException
// MODIFIES: this
// EFFECTS: If 0 <= i < size() replaces the item
// at index i with newObj; else throws
// ArrayIndexOutOfBoundsException.

public void add(Object newObj)
// MODIFIES: this
// EFFECTS: Adds newObj to the end of this vector
// (at the index size()), increasing the size of
/7 this vector by one.
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public void add(int i, Object newObj)
throws ArrayIndexOutOfBoundsException
// MODIFIES: this
// EFFECTS: If 0 <= i <= size(), inserts newObj at
// index i and increases by one the index of every

/7 item whose index had been equal to or greater
// than i, and increases the size of this vector by
// one; else throws ArrayIndexOutOfBoundsException.

public boolean remove(Object ob3j)
// MODIFIES: this
// EFFECTS: If some element in this is equal to obj,
// removes such an element of least index i and
// returns true, while decreasing by one the index
// of every item whose index had been greater than
// i and decreasing the size of this vector by one;
// else returns false.

public Object remove(int i)
throws ArrayIndexOutOfBoundsException

// MODIFIES: this

// EFFECTS: If 0 <= i < size(), removes and returns
//  the item at index i and decreasing by one the

// index of every item whose index had been greater
7/ than i and decreases the size of this vector by
// one; else throws ArrayIndexOutOfBoundsException.

public void clear()
// MODIFIES: this
// EFFECTS: Removes all of the elements from this
// vector.

public int indexOf (Object obj)
// EFFECTS: Returns the index of the first occurrence
// of some item in this vector that is equal to
// obj; else if obj does not occur in this vector
// returns -1.
}

REREBIE XL N java.lang.ObjectH A (objectXRFTARMRH ), HK
ER KB X RARAT AR AR B, PR b, 8 % B sk A7 h 40 7 24 B0 A 7 8 0 1
Object EH AKHMX MM R, FIUERR AR ITCEN, 18 R 5 5 5055 [ 0 5
Pl e Shrm R R s AR .

SomeType myObject = ($omeType)vector.get(someGoodIndex);

REAEAFERAHRIN S, MBREE AR RfiJavay G —Fh JE 4L R RE At 7 —
&R & (wrapper class), FEIESET RSN, G, TEGRERAEST B
7, FIEECREELEvH indx B .

Integer iObj = new Integer(7);
v.add(indx, i0bj);

ATH—&EAUMNEEvE indx LB B ELH IntegerXf %, FME B P EE XK
xf 1

int i = ((Integer)v.get(indx)).intValue(); // now i==

HEEM R AR RBIEHY, THEH¥RitPolylineGeometry XK B E M.
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EXNFIFH, REFARBFEITEZNT S
4.3.2 Lk

Big B L, #4 (polyline) BRHVFEH ELMETREXRBARYN, XEHELREHRKH
EE-B. RERITENZ (edge), REBBIS SMMITRB WS (vertice )o ITLRME
—MHBRE~IMTRRRA—~&KNHE, MEMFANTAHANBEAMEE, —KEBD
MR- 158, EHERERT, —FFKTURGE—-PEATRESN. HFEHD
UK. B, MEFATSEFES, EINBERAIFEASRR BT A,

Ea-amn BT HIHETERIRS T & nDIAKK I MOBI -1, iR My By
s n- 1R DBAKK G I M0BIn-2, R TR SEFRV AV, . EEMERTTRN
KRB B X F0 4R 5 7 85 % 37 4R B0 TOU S A s AT i ]

V2
Yo

ey €2

V3

K44 —&ITL
THEITLKPolylineGeometry fHELE

public class PolylineGeometry {

public PolylineGeometry(PointGeometry{] vs)
throws NullPointerException, ZeroArraySizeException
// EFFECTS: If vs is null or vs[i] is null for some
// legal i throws NullPointerException; else if
7/ vs.length==0 throws ZeroArraySizeException;
//  else initializes this to the vertex sequence
//  given by vs.

public PolylineGeometry(PolylineGeometry poly)
throws NullPointerException
// EFFECTS: If poly is null throws
// NullPointerException; else initializes this
/7 to be a copy of poly.

public PointGeometry getVertex(int i)
throws IndexOutOfBoundsException
// EFFECTS: If 0 <= i < nbrVertices() returns the
// position of the vertex at index i;
// else throws IndexOutOfBoundsException.

public void setVertex(int i, PointGeometry v)
throws NullPointerException, IndexOutOfBoundsException
// MODIFIES: this
// EFFECTS: If v is null throws NullPointerException;
// else if O<=i<nbrVertices() changes the position
/! of the vertex at index i to v;
// else throws IndexOutOfBoundsException.

public LineSegmentGeometry edge(int i)
throws IndexOutOfBoundsException



Fa4¥F 2 & 99

// EFFECTS: If 0<=i<nbrEdges() returns the edge at
// index i; else throws IndexOutOfBoundsException.

public int nbrVertices()
// EFFECTS: Returns the number of vertices inm this.

public int nbrEdges()
// EFFECTS: Returns the number of edges in this.

public java.awt.Shape shape()
// EFFECTS: Returns the shape of this polyline.

public void translate(int dx, int dy)
// MODIFIES: this
// EFFECTS: Translates this polyline by dx along x
// and by dy along y.

public String toString()
// EFFECTS: Returns “Polyline: v0,vl,...,vn-1"
// where each vi describes vertex i.

}
Ktedge F LR EIM I HLinesegmentGeometry & ( BT 33) ER, K1
PolylineGeometryX R AIEN, EHAEEWT AN MBEHRET . BEERT R

TR BN (setVertex ¥ ), BEABMBAFEU MMWREHFESANFE, F
HR—NMTRKIEREEF, TR TrolylineGeometrydKAYFT Ny

public class TryPolylineGeometry ({
public static void main(String[] args) {
PointGeometry[] vs = new PointGeometry(] {
new PointGeometry(0, 0),
new PointGeometry(10, 0),
new PointGeometry(10, 10)
}i
PolylineGeometry polyl = new PolylineGeometry(vs);
System.out.println(polyl);

// Polyline: (0,0),(10,0),(10,10)
PolylineGeometry poly2 = new PolylineGeometry(polyl);
poly2.setVertex(0, new PointGeometry(40, 50));
System.out.println(poly2);

// polyline: (40,50),(10,0),(10,10)
poly2.translate(100, 200j;

System.out.println(poly2);
// Polyline: (140,250),(110,200),(110,210)
}
}

#ETkEPolylineGeometryK LB,
PolylineGeometryR R M T A A FiVector RIRFE, IR TS FARHES .
HAERBHNE LHERNSr, EFEBNT.

// field of PolylineGeometry class
protected Vector vertices;

HAMBERROTER: TURRSITRNE TS MIES RamsE; BTlh—48
FENITEME. F—HELT, FRITEER ERECHERSH %R,
public PolylineGeometry(PointGeometry[] vs)

throws NullPointerException, ZeroArraySizeException {
if (vs.length == 0) throw new ZeroArraySizeException();
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vertices = new Vector();
for (int i = 0; i < vs.length; i++)
vertices.add(new PointGeometry(vs[i]));
}

public PolylineGeometry(PolylineGeometry poly)
throws NullPointerException {
vertices = new Vector();
for (int i = 0; i < poly.nbrVertices(); i++)
vertices.add(new PointGeometry(poly.getVertex(i)));
}

getVertexJ KR B F S5 N i TR WAL E

// methods of PolylineGeometry class
public PointGeometry getVertex(int i)
throws IndexOutOfBoundsException {
return new PointGeometry((PointGeometry)vertices.get(i));
}

HiMgetvertexkht, MRHESHIR—IHMAENFE, FLvertices.get FES
#it {ArrayIndexOutOfBoundsExceptionH ¥, getVertex H kM throwsFa i
ﬂﬂE"J%&E&_’IndexOutofBoundsException%ArrayIndexOutOfBoundsException%‘é

B — R, Ailkthrows TR EAS R,
setVertex i I FHEVHE L BT W A WIE

// method of PolylineGeometry class

public void setVertex(int i, PointGeometry v)
throws NullPointerException, IndexOutOfBoundsException {
vertices.set(i, new PointGeometry(v));

}

edgei kiR Eilie, BEEREBEDSvAY, . B TAHFMEGEEBEWE, SKiEH
edge i I B S Hidle BR BT .

// method of PolylineGeometry class
public LineSegmentGeometry edge(int 1)
throws IndexOutOfBoundsException {
return new LineSegmentGeometry(getVertex(i),
getVertex(i+1));
}

PRERPT LTI TN 30 (9 50 ik 1y o R AR T By

// methods of PolylineGeometry class
public int nbrVertices() {
return vertices.size();

}

public int nbrEdges() {
return nbrVertices() -~ 1;

}

BARARBI RN BERBE KR, HEEWtranslate FEFEHS T E
HEPax M B, HyHB S Ray R

// method of PolylineGeometry class
public void translate(int dx, int dy) {
for (int i = 0; i < nbrVertices(); i++) {
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PointGeometry p = (PointGeometry)vertices.get(i);
p.translate(dx, dy):;
}
}

—HFILWIERE FJavalGeneralPathK A B, B java.awt.geomflfl)—4
WH . ITEMEROERECRAEELE LAFEHER., ¥ THARA - MEFNSEE,
HAMWET — 2 WGeneralrPathX £, RIFHEMmoveTol M — W . 3%
BEF—"1TA, WHlineToFABMBE SN ERELBEERK, RERBFT 1K,
EBEITRMEERR, X, BEREAALineTob kB —B#rEt —&%2. TE
fshape B L

// method of the PolylineGeometry class
public Shape shape() {
GeneralPath path = new GeneralPath();
PointGeometry v = getVertex(0);
path.moveTo(v.getX(), v.get¥(}));
for (int i = 1; i < nbrVertices(); i++) {
v = getVertex(i):
path.lineTo(v.getX(), v.getY());

}
return path;

}

toString T L L MR LR M FERS “Polyline”, HERINFH HIFR YT L,
ﬁ%mﬁﬂ@ﬁﬁﬁ%i@ﬂiﬁﬂhﬂBﬁverticesToStringﬁ?E?ﬁﬂiﬁ’ﬂo EfERIMT .

// methods of PolylineGeometry class
public String toString() {
return “Polyline: “ + verticesToString();

}

protected String verticesToString() {
String res = “*
for (int 1 = 0; i < nbrVertices() -~ 1; i++)
res += getVertex(i) + “,~;
res += getVertex(nbrVertices()-1);
return res;

}

%3

4.20 fMyGraphicsProgramE R B E — M EFRBRF . B L HGHITS., BFSHMNG
FRBENEE, FEAL T,

> java PaintPolyline x0 yo0 x1 y1 ...

PrE& v xRy i) A0 b5 53 B R 61 8 20 DN 8E 20+ 13 B3R A o

421 FRR-THLF - MAHARNHEREES. P2 FRIE -1, EFRFEHBLM,
ERV R ECRAT MK R B R 20t B o 7T LA ik & F R B AR A X B B8, 57 LA A B A0
HTF AN, MEFENLT - G ETUEME, GTURFSRHELY - @
M, FSHEEENOB FIT & B - EXTHABOR . 25 — 0T L% T 4
FOME, BRIFSUINE, SEELERIFHINTE, THEXKNLIER.

public class Dictionary {
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public Dictionary()
// EFFECTS: Initializes this to an empty
// dictionary.

public Object insert(String name, Object value)
throws NullPointerException

// MODIFIES: this
// EFFECTS:If name or value is null throws
//  NullPointerException; else if some pair
// named by name exists replaces its value
// by value; else inserts the new pair
//  name-value into this dictionary.

publie Object remove(String name)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If name is null throws
// NullPointerException; else if some pair
// named by name exists removes it from this
// dictionary and returns its value;
// else returns null.

public Object find(String name)
throws NullPointerException
// EFFECTS: If name is null throws
//  NullPointerException; else if some pair
// named by name exists returns its value;
//  else returns null.

public int size()
// EFFECTS: Returns the number of pairs
//  stored in this dictionary.

public boolean isFull()
// EFFECTS: Returns true if no more pairs can
// be inserted into this dictionary;
//  else returns false.

public String name(int i)
throws IndexOutOfBoundsException
// EFFECTS: If 0 <= i < size() returns the name
// of the pair at index i; else throws
// IndexOutOfBoundsException.

public Object value(int i)
throws IndexOutOfBoundsException
// EFFECTS: If O<=i<size() returns the value
// of the pair at index i; else throws
// IndexOutOfBoundsException.

public Object value(String name)
throws NullPointerException
// EFFECTS: If name is null throws
// NullPointerException; else if some pair
// named by name exists returns its value;
// else returns null.

}

M Dictionary,



Fa4¥% 8 4 103

4.22

(3875 : DictionaryR—1THAEE, EEHAT M attribute W RABMES
(AttributeB2fE434hHFHIR ). EEPHENAttributet RERFH P
— BT -Ex. BB, AN RE—EERNHFAttributeZ X AR ES (Hiln,
AU#EHEVectorMBERR ) I, BEDictionary kM EPATETH
Attributef)E{E 8,

FREFRBIEL - MRS E, AURBAENATRERMMENE T -
EXNERESTHFS . MRIRERFE - EIHMREE IR E&D, FEaLXREEN .

protected int findAttribute(String name)
// EFFECTS: If a pair named by name exists
// returns its index; else returns -1.

findAttribute FEE LR AA HENEBA BN, N6 FRY,
Biremove 5 B:Mt, A5 findAttribute FIEXRBRBEHGMR U TENFS, H
P vectorfremove i BBk X N F S BT Xt B I TTE . ] ,
AR TryDictionaryB— AR T XAWMBRF, ST UBLHAS WS
AXBiXpictionary®, ZNHABFAFEFXEAEL T - EHX (HHERF
FHREME ), TEHIEHTRAPTUELREANGS .
* insert name value W&—"name-valuetf ABIF S ; MBLiname N B FHELF - E

MNERFE, WEHEHE Nvalue,

* remove name ¥ Llname R B FHZF - EXTMIER; WRBAEXREQSIEE, R
ZAWAH

*find name THIH Klname h B F M AT ~ M RME; WEBREXBEMEE, 3T
Dt —&H A,

ssize ITENHHFHA KN,

o print $R{F AP T ER K F b gy 3 .

e quit B NAERR,

THE-THEMZELRE, MWEHNFEREHP BB A .

> java TryDictionary

? insert banana yellow
? insert apple red

? find banana

yellow

? find artichoke

*** artichoke not found ***
? insert banana blue

? size

2

? print

banana:blue

apple:red

? remove apple

? finad apple

*** apple not found **«
? print

banana:blue

? quit
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4.4 FRiE—HHEAR

BAEEATHERBHTIHN.: CATHNREMHER LD HAREEEORET XL
BEPFE, BEANER T MERBRZXDERBFHE, PointGeometryZ L HiFE
R RS SR x My E SRR T A8, v ¥R, RectangleGeometrydH) Ll
AFHE FHAET . RectangleGeometry W& MEMEDHRR TERENNE . REMEE.,

WEEREAN, TUERERNNZRAEREREMEAY, B, FF -4
RectangleGeometryXf %, MIRRTIHERENHE AR, X3 FHRE LB,
BABEENRELHAR-IEAR. £F, MR~ PolylineGeometry Xt
vertices REFRABRA M, AR PolylineGeometryit R RFHHM, XM
XRBEMEF W SHITRI N, HREESL FRAXMITE,

AHESTEALE-HUAR, THATH - NEREREHLER, EBRAZS,
EATE TR AR RS- BHARNE: — P EFTEFOMELE, & EEHEK%K,

441 ¥k

— MBI EZEENIT N TR EEHNEREFRE —#iCiZ 7R
— K&, AMURJavaxt e, MELENEDHHEEXEN, LIKAES, EV—TA,
TReZAFRNETNEN, §—-HAHESERS BT EMERIT: ER0IEIZE. R
MEEE. RIEE EURENEEE, RFENSHEERERTRENRS, xR
BRI —H R LR E — THRMIT N ¥ EXENHTF, FF—58EH,
HIEITHEHEE, CHRBNMERE —KALGEEMTE, B a0EERE IR
SR —HY. WREEBIVEBN TS -6, BIRESRET (ERET I EHKH
BHEE), WENHTIRSUE (TLEBR—AFEErH E ),

Elavaili 5, MREREM N FREE T OB S 0ME ., 240 0 ks m e
Y, XEEA RS RETN, XA MK AT (state transition ), BATE T FRITLE
—RIHEN B P Javald REK A WL, RWES LT LM ETHNEE, EFE
MAHEET, BRilRectangleGeometry M AIZES 2.2 Fo 28 iy —#F B — A
A& M Rangedk: xRangefllyRange:

RectangleGeometry r = new RectangleGeometry(2, 2, 4, 5);
// xRange: [2..6], yRange: f2..7)
r.setPosition(new PointGeometry(8, 9));
// xRange: [8..12], vyRange: [9..14]
r.setWidth(7); // xRange: [8..15], yRange: [9..14]
r.getHeight(); // xRange: (8..15], yRange: [9..14]

AUXAMHEBLIFERENE (Flllsetwidthyg: ), A I B AR 4 B A R
& (getwidth gk ), FEMFEI2FHIEFH, REWE P BUR A A5 B IR B 5 B B 28 & 8
( mutator ), T AR 2475 [al PR AS{E AR 28 AT 25 0 it 8 8 ( selector ),

— T HMEMRE AL ESIE TR S WS ST B4, BRI RTEEH
NEEEREELEN., EMREIRETRERFRE S, BHRERERFREENE
SRBINHFE G, HE T, E—BFBRHHRectangleGeometry MR rif RS
REMTEHBRFRPHNSRsREZLHA .
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RectangleGeometry s = new RectangleGeometry(8, 9, 7, 5);
// xRange: [8..15], yRange: [9..14]

BRcMsHEERFMFH L, AHRLAEINIHRE ERERHX— A,

BAWRHRERSHMX R AR, WER—-LMHTR, ERNAABHRBES,
RectangleGeometryX Rrfis@ AL EARHRE, HEMRAENER—-ITREE
WHEE, EMMRERSHEM IR, 5.

s.setPosition(new PointGeometry(12, 14});

BEEE RSB ER cEB LN,

M TFREBLRMHXR, ATLLARESHIRBEREZH) AR (consistency constraint )
RIE . —DFMUBCE UL R BEEARMEMFMAR R X S8R 5. [AKE, RectangleGeometry
R Bwidthfheight AL FURAE R X5 J7 8 09 8 X EMRAE BT 3T 5 09 — B
AR, WHEVKEASKEAGHERFMERTITUEZIMWMHEEN, Rectangle-
GeometryX RHE P A REfsetwidth F K RN TE RE R — Ak, B4,

s.setWidth(-18);

AREBBEEMHREERER - 18, EHBE - 1TEESEREY.

A, FERBEAAFEFETHEHRXN SRR T LRSS, 2@ TRa%s
EREMNHABEEORII-FMAR, L, KEVINERE R S B E
BRI IR B T4 SHEM, PolylineGeometry S phI % P LR B H 8
HEEMverticesBER I FRE.

p.vertices = new Vector();

HHverticesH BRI MM, MiFHLSERXKRMEE N HIH LR, ZTLOPLESE
RAKEFRAAFRIPolylineGeometry 7 57 RIS .

—HUHARPRBRI AL -G R, HERANEBERERRT — NIRRT,

MRS —BHEA R RO RLLOI MR R, Br BB AER TR TH L F—5
HRESEHAEHR, PolylineGeomotryREUF M THIEEZ —BHHE.

EHlEverticesE ~NAAL L REOLS EHHF
5, PointGeometry R RE—HUYRRBES WEH, B A yBE &4 £
RAFHEH—PE,

Ho MR FEOEEN, EHRLI-BHARONEOE, XERNHESHIE, B
Oh. AR FRBEE, BHELFUIRIEEE R AR, XA R — B
HARGRABETEEMTRE . ANB— P HERE, AEHEBSEFRAMLE, BN
EATATLAEET SR, AT RS - RERE RN,

H R B EERITE, RE-BHRYRAEEERE. FEmE5m AT
T: HRZ—REBTEFRIENEBEN; B— 1 BNERYES—BHYE, ERFT
BTN ES, FRTUSR - IRE N EE -BHAHR, RECHTUERACHER
M —H . HR Y H IR E M IIEs, BT E R A B AR SS B &4,

RE—BHARMIERETRAZBRBOESES, ARG SRR G, W
PAGRAE R AR S B R E 10 190 0 B 300 2 1 A 53 BE 10 i e A T A BT 7 % P 8 H B
B AR FERE. MBEFEETHRBERT, AR SR TFERE—BHARE,
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HE, MEGEESRBEBIRT, FRAUBEERTRXNRE, Babile6EssE
B, ATiFESEHRE. —BEFBRESMRHOAREOTRINRE, WRENE
BRIEEHZENARET

442 WHE
X — WAL, BT HRAER T ieNERE-BEARHER,
HEARFELEANES., EINMESY, FESpIFHNEESMERZAEKD,

R ER R E R iR S B, AERNHRE I KESTERKD, £ 1H4-5,

Eh
(UA- /

i o
L

IR FEE
Ba-5 R ERSMEEE

BEVTEE-RAREHERR, A HESLSIET EFBATT, —BKENIDHRYE
HOBNBBERBLTF L A—XBPEHNERTFHAFERBEARRK L, BHEFRE
NMEMMERESRELYE, SHERNEINE, BEL2HHRTRE—MHE,

HMETHEHRRERAET R LA, SREN, EMEN ITHREREEE N
L, BERTEKFT5 8 Lo 8 i oh 448 R 45 REG5 BB 460 B 3F H il S 4T 8 B/ NET o
AT DUAR A B M9 SMERE T R & OB AL B A, MR ERHIINEER AL AW
R, RERMZEDSHRIMEELNREME (WE4-5FTR ). FER AL, 7T LA 8 & 0
B RE. SEEIEHeR,

BB XMEIEFHERLRBEL, TENRRZAE THEL LRERE I EE
EwJrs:, MEARMxRangeB yRange itk (MEMBET LG EIEERES), T
HREllipseGeometryZS AU B .

public class EllipseGeometry {

public EllipseGeometry(int x, int y,
int width, int height)
throws IllegalArgqumentException
// EFFECTS: If width or height is negative throws
1/ IllegalArgumentException; else initializes this
// ellipse to position (x,y) and specified
//  width and height.

public EllipseGeometry(PointGeometry pos,
int width, int height)
throws NullPointerException, IllegalargumentException
// EFFECTS: If pos is null throws
// NullPointerException; else if width or height
// is negative throws IllegalArgumentException;
// else initializes this to position pos and
// specified width and height.
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public EllipseGeometry(Range xRange, Range yRange)
throws NullPointerException
// EFFECTS: If xRange or yRange is null throws
// NullPointerExcepticn; else initializes this
//  to the dimensions of xRange x yRange.

public EllipseGeometry(EllipseGeometry r)
throws NullPointerException
// EFFECTS: If r is null throws NullPointerException;
r/ else initializes this to an ellipse with the
7/ same dimensions as r.

public PointGeometry getPosition()
// EFFECTS: Returns this ellipse’s position.

public void setPosition(PointGeometry p)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If p is null throws NullPointerException:
// else changes this ellipse’s position to
/] (p.getX(),p.get¥()).

public int getWidth()
// EFFECTS: Returns this ellipse’s width.

public void setWidth(int newWidth)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newWidth is negative throws
// IllegalArgumentException; else changes this
7/ ellipse’s width to newWidth.

public int getHeight()
// EFFECTS: Returns this ellipse’s height.

public void setHeight(int newHeight)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newHeight is negative throws
// IllegalArgumentException; else changes this
[’/ ellipse’s height to newHeight.

public RectangleGeometry boundingBox()
// EFFECTS: Returns this ellipse’s bounding box.

public boolean contains(int x, int y)
// EFFECTS: Returns true if the point (x,y) is
// contained in this ellipse; else returns false.

public boolean contains(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
//  else returns true if p is contained in this
// ellipse; else returns false.

public java.awt.Shape shape()
// EFFECTS: Returns the shape of this ellipse.

public void translate(iﬁt dx, int dy)
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// MODIFIES: this
// EFFECTS: Translates this ellipse by dx along x
// and by dy along y.

public String toString()
// EFFECTS: Returns “Ellipse: (x,y),width,height”.

).
THERIERRMLH. MEARNREELEREEE, 55 fposition, width,
height RAFHBNMGE ., HENGEE:

// fields of EllipseGeometry class
protected PointGeometry position;
protected int width, height;

#E AR B R FF fEPointCeomet ry AU T, M ERIAIK B A — A BRI

// fields of EllipseGeometry class
// positions of the two foci
protected PointGeometry focusl, focus?2;
// length of the major axis
protected int majorAxis;

containsHF kAWM EH, HEHAEMF LA =, BHKSp (1, y) BEE
FEEI DY, W7 B AR RN I 3 5L 4 L0034 5 p ) TG 4 2 0 BE 8 2 FIR K 405 [ 3
BEbt, KB Etrue,
// method of EllipseGeometry class
public boolean contains(int x, int y) {
PointGeometry p = new PointGeometry(x, y);

return
(focusl.distance(p)+focus2.distance(p))<=majorAxis;

}

containsJ7 Y IEBEKH T focusl, focus2fimajoraxisHiflfg EMME, i
SOAE SO T B S AT 3R, MR AR TR OB B, — EL¥% [ 84 1F fo]
HBEAT, XK HEAEES ., XREMEARE S — By E:.

KA Lmfocusl, focus2fmajorAxis P é{Ek &M E & LSRR TR
MR A ¥ position, widthfrheight ¥ ¢4 164K & # B &5 4 &

BIRME N, ERRE - AR OB ERS, M B A R EEs S R .
SEREBEMAMMER: AU HMMEBEMBLME Wposition, widthAl
heightil, SREMEMARY A Y tkcomputeFocik#) A h H At = 4 15 .

public EllipseGeometry(int x, int y, int width, int height)
throws IllegalArgumentException {
if ((width < 0) || (height < 0))
throw new IllegalArgumentException();
this.position = new PointGeometry(x, y);
this.width = width;
this.height = height;
computeFoci();
}

computeFoci F A MBLME W LATABRBEGHE I E AN ER MK ENR. &
HEBEGRON, LERMNAZAYFRITERRICBANNE, BHERKEST
HREEMEE S HRAE,
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// method of EllipseGeometry class
protected void computeFoci() {
// REQUIRES: Position is not null, and height
/7 and width are not negative.
// EFFECTS: Sets the fields focusl and focus2
144 to this ellipse’s foci, and majorAxis to the
// length of its major axis.
double a = getWidth() / 2.0;
double b = getHeight() / 2.0;
PointGeometry pos = getPosition();
int x = (int)(pos.getX() + a);
int y = (int)(pos.getY() + b);
int c;
if (a > b) { // ellipse has horizontal major axis
¢ = (int)Math.round(Math.sgrt(a*a - b*b));
focusl = new PointGeometry(x + ¢, y);
focus2 = new PointGeometry(x - c, y);
majorAxis = getWidth();
} else { // ellipse has vertical major axis
¢ = (int)Math.round(Math.sqrt(b*b - a*a));
focusl = new PointGeometry(x, y + c);
focus2 = new PointGeometry(x, y - c);
majorAxis = getHeight(};
}
}

computeFociFHHEHEN T ERETRE—HEAE, A FXAIAFELRE
EllipseGeometryRMAEHED, HNWAERM AR LERDREFHELFE.
HAME R AT EEHEA M conputeFoci, 1V AL X A S5 1M 28 .

public EllipseGeometry(PointGeometry pos,
int width, int height)
throws NullPointerException, IllegalArgumentException {
this(pos.getX(), pos.get¥(), width, height);
}

public EllipseGeometry(Range xRange, Range yRange)
throws NullPointerException {
this(xRange.getMin(), yRange.getMin(}),
XRange.length(), yRange.length{});
}

public EllipseGeometry(EllipseGeometry e)
throws NullPointerException {
this(e.getPosition(), e.getWidth(), e.getHeight());
}

HEE—IWE N, KA —BUARRER I BAERENENEED (BEE
RABETHEZE) P Om#Esy, RESARETESEIX I 4E, CARE Y s &
B 4% : setPosition, setWidth, setHeight, K T R4S 7E X 4 7 3R EI R4k 2 %
B-BMAR, LTHXEREEENBER. SRS S0 SR ETwENE 7
BEREHE, A5 HEHcomputeFoc itk M B i F 5 — 8

// methods of EllipseGeometry class
public void setPosition(PointGeometry p)
throws NullPointerException {
position.setX(p.getX());
position.setY(p.get¥());
computeFoci();
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}

public void setWidth(int newWidth)
throws IllegalArgumentException {
if (newWidth < 0) throw new IllegalArgumentException();
width = newWidth;
computeFoci(};

}

public void setHeight(int newHeight)
throws IllegalArgumentException {
if (newHeight < 0) throw new IllegalArgumentException();
height = newHeight;
computeFoci();
}

shape 7 ILREMBEIMZ R, R EREXMT

// method of EllipseGeometry class

public java.awt.Shape shape() {

%3

PointGeometry pos = getPosition();
return new Ellipse2D.Float(pos.getX(), pos.getY(),
getWidth(), getBeight());

423 % BEllipseGeometryKMHith k. THMRBEE R TtostringHl

4.24

4.25

translate FEEHFT e

EllipseGeometry e = new EllipseGeometry(2, 3, 7, 8);
System.out.println(e); // Ellipse: ¢2,3),7,8
e.translate(10, 20);

System.out.println(e); // Ellipse: ¢12,23},7,8

TH/MBELHAELlipseGeometry XM B —Fh k. #¥focusl, focus2Hl
majorAxisHMUARMEMTHR N RIE —BHELE, HEMSH Mcontains ik
SEHRMLLT B : B Ycontains H B, SHEHEHMENE S LMK
B, RERAREHERHEHATEETEMRANT, IMFEHELEANTHEER:

// method of EllipseGeometry class: version 2
public boolean contains(int x, int Y) {
PointGeometry focusl, focus2;
int majorAxis;
// initialize the local variables focusl,
// focus2, and majorAxis

PointGeometry p = new PointGeometry(x, y);
return (focusl.distance(p) + focus2.distance(p))
<= majorAxis;

HEAR T ELlipseGeometry K KYSEHL, X Fh 7 B4 40 4 & F0 ik &,

WABERZRT, RIFER focus 1M focus 25 5 4 B 3 B M5 59 2 T 59 8%
BN, RAETANEENMHEESHLIRERREY, ALK, MEFER
BPointGeometryXf & R BE{R BB % 45, —FMBERE T ERMIavaly
Point2D.Double (# java.awt.geomfud ) DL SR S AR TER B
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4.26

4.27

5 (Point2D.DoublefPoint2DE P — M HENHEL ), EHER.

new Point2D.Double(5.1, 6.2)

BB — D MW Point2DM RE XA A (5.1,62), HEBEXM YK,
EllipseGeometryZK i focus1Ffl focus2 i FHHINTF:

Point2D.Double focusl, focus2;

ERX Mk EMELlipseGeometryd,
[ : RKB BB RFEBFRK K computeFociflicontains ik ML H, o
LAF|FPoint2D. DoubleXt & fgetxFlget Y B R B B & Myl A b7 . FHER 1L

// method of Point2D.Double class
public double distance(Point2D p)

ATARRIT B R pBI XA SRR, )

HE—NEBNABRE: E—IMHRENE RIS, ST Eh R, =
FEHEANBE:

> java PaintPointsInEllipse n x y width height

WEKNNEE (x, y) BRE Hwidh, BE Nheight.
(BB7m: BEVLSR ZAMBESMEER AR, BUREMEAEEAREZ ST, ]
MTFAENE, HAKMERMOLERERAEN, X HREHL I, THET
3.1415926535898, HEnMH B2 —£: A@— I EFE, BRI HNELERE
FREME, EREERER:, EFREBEUOKERE2. EEFEAT 4R
ZHEHLS (DECIN), DT T B E A RS M, xBRERITSRES T
— N BP=MIN, EF LA Lt ERME: n=4P,

RETHFERETPEM FEAMER (o) MIEFBARER (2r2) ZH.
n=4PR B T A HEH A

%5 —AFindPifFF, WA - MRERSHN, FREF 4 HEEVLE K,
WHEM TSR

> java FindPi 100

rectangle: (0,0),10000,10000
ellipse: (0,0),10000,10000
pi = 3.16

> java PindPi 10000
rectangle: (0,0),10000,10000
ellipse: (0,0),10000,10000
pi = 3.1388

> java FindPi 1000000
rectangle: (0,0),10000,10000
ellipse: (0,0),10000,10000
pi = 3.14127¢

443 FHEY
EX—85, RIS BREEBNL, XM EHRE —BUARLSEE R, 1F
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BH, R BEEY, BbRAETE, WHIHEEE, Mo Fmbms&,
THERationalKHyRELE.

public class Rational {

public Rational(long num, long denom)
throws IllegalArgumentException
// EFFECTS: If denom equals zero throws
// IllegalArgumentException; else initializes
// this to num/denom. :

public Rational(long num)
// EFFECTS: Initializes this to the rational num.

public Rational()
// EFFECTS: Initializes this to the rational 0.

public Rational add(Rational a)
// EFFECTS: Returns the rational equal to this + a.

public Rational multiply(Rational a)
// EFFECTS: Returns the rational equal to this * a.

public Rational subtract(Rational a)
// EFFECTS: Returns the rational equal to this - a.

public Rational divide(Rational a)
throws IllegalArgumentException
// EFFECTS: If a equals zerc throws
// IllegalArgumentException; else returns the
// rational equal to this / a.

public boolean equals(Object a)
// EFFECTS: Returns true if a is a Rational and
/7 a denotes the same rational number as this;
// else returns false.

public int compareTo(Object obj)
throws ClassCastException
// EFFECTS: If this and obj are incomparable throws
// ClassCastException; else returns a negative
// integer, zero, or a positive integer if this
// is less than, egual to, or greater than obj,
/7 respectively.

public boolean islInteger()
// EFFECTS: Returns true if this denotes an
// integer; else returns false.

public long numerator()
// EFFECTS: Returns the numerator.

public long denominator ()
// EFFECTS: Returns the denominator.

public String toString()
// EFFECTS: Returns the “num/denom”.

public double toDouble()
// EFFECTS: Returns a double approximating this.
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MEENRELER: BE-THESYERational W EKMRE, BIRA -1k
MR BT EEER, BRI EREEERS TN, B, addl I AuE
SRR, EaFE— T #Rational Xt &, T Fim:

Rational a
Rational b

new Rational(2, 4);
new Rational(2, 8);

Rational ¢ = a.add(b};

System.out.printlin(“a: “ + a); // a: 1/2
System.out.println(“b: “ + b); // b: 1/4
System.out.println(“c: * + ¢); // c: 3/4

Fl#, subtract, multiply, divide® FEtH R A% A Rational W R HRA . KA
ARERE PRI RBFR AR R T X 9 (immutable ), Rational%fHak & FE RIS .
ERARERTRESHAE AR, HE, PointGeometryXf £ & T X 4 ( mutable),
HAERBETHEHRENAF AR (FItN, setxfisetyHiE ),

A AR %A (MRational ) MIKE X —PMHE (equals) Fk, HNEMHE
GF, REHEFAEMNHIRTENSEEMLEN, 20BN RECHEZE, 4
I B REREARAT LN S, U HEW AR AN S LR S EMER., M
BB FAREMNR (MPointGeometryXf 4 ) HURAARES M — RS (LE] 5 — R
&, AWM EOHSEEERE, ST RSA T Mt REgss.

X B Rational K ZHT, RITEERZENT Y. THEHAMEFFindPiLiebnizil
INTRE -1 BESHa, T — N5 BT B H 3T EE — A rb5E SIS
FIR S Fr/4, &% FLeibniz:

1,1 1 1
l-3+5-3+5...

TEOERFANRTX NS, S8R E i am

public class FindPiLiebniz {
public static void main(String[] args) {

if (args,length != 1)
System.out.println(“USAGE: FindPiLiebniz n"y;
System.exit(0);

}

long n = Long.parseLong(args([0]);

long sign = 1;

long bottom = 1;

Rational pi = new Rational(0);

for (int i = 0; i < n; i++)
Rational term = new Rational(sign, bottom);
pi = pi.add(term);
sign = -sign;
bottom += 2;

}

Rational answ = pi.multiply(new Rational(4));

String msg = “pi = “ + answ + “ = # + answ.toDouble();

System.out.println(msg);

}
}

AR . LicbniaBF W HBRE . 4R MRFindPiLliebniz B R ez BB Yty
(G228, FRpiMMERSH .

THITiERational KW TFEMEREH ., B4R, R BB 53 F R4 5 4 B FERETE R A
KEEERES:
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// fields of Rational class
protected long num, denom;

B X B R R NA BB Enumidenom, BEXEARE, REFMERationalXf§
RENEKMGE, THENEARERTHEMAR, BB -

PN IEB R R AN H (ged) REBRIT MR EKRER., WEREER
b, FHaRERKMEERMbEL, Wirged (a, b) =n, 12FISKIB KN AE HE,
ST B A AL A, 4MTHERRAAE N, WRBEASAEBRAERAAKE T, I
X AR ZH 4 (relatively prime ), 4FI7TRE R, M I2MISKARE.

Rational RWRZ -BHARERHIB KA ABMES., TEL BN —K Rt
FHE4H (Snumfidenom) #):

* BRXAHGHEEM: MBnumBIET, nunFlldenomiy 4 345 I 2 H F &Y

e £&4: IR num=0denom==1

e #5%&4. denom> 0

B — A EEMTURLEFHARB T EER; HlI01/2=2/4=18/36= (-200)
1(-400), RE—BHARNWENERIEEINARWERRR A —RERTE, WEE
FifRational R BMUB R —-HIRENZFER, RTUBIEEAHARER 451
HHRational R SMEMB MRS, FTHEA L 5T,

MEFAEH M ERE

1/2, 2/4, 18/36, ( ~200) / ( -400) —» num:l, denom:2
(-2)73, 27(-3),(-4)/6, 8/ ( ~12)—p num -2, denom:3
0/1, 0/18, 0/ ( -36) — » num0, denom:l

RA—FREN T EREREBEAERSEL, Kb — BB B SRAS .,
P Rational WREMEH, BANMYETNMAFHRIFHIME. B, SFHHE
RYZCR BB/ T, Bttt b T % i T e
A THHEEW, BETRENELHRational KW, TER=SIHER.
public Rational(long num, long den)
throws IllegalArgumentException {
if (denom == 0) throw new IllegalArgumentException();
this.num = num;
this.denom = den;

normalize();

}

public Rational(long num) {
this(num, 1);
}

public Rational() {
this(0, 1);
}
P~ 2 B H 1 28 B M1 AL S num Al denom, KRG F fnormalize FEE R ik
—HHBEHR, BRI EB A FEE T Fnormalize s, EMRAATHEANSHK
HIFE 2 . normalize i iKE X T :

// method of Rational class
protected void normalize() {
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// MODIFIES: this
// EFFECTS: Establishes the representation
/7 invariants such that this
/7 denotes the rational num/denom.
long bigdivisor;
// establish the sign condition
if (denom < 0) {

num = -num;
denom = -denom;
}
// establish the zero condition
if (num == 0)

denom = 1;
// establish the gcd condition
else {
long tempnum = (num < 0) ? -num : num;
bigdivisor = gcd{tempnum, denom);
if (bigdivisor > 1) {
num /= bigdivisor;
denom /= bigdivisor;
}
}
}

FEgedt BN BBMB AL A, HE LT

// method of Rational class
protected long gecd(int a, int b) {
// REQUIRES: a and b are positive.
// EFFECTS: Returns the greatest common divisor
// of a and b. )
while (b > 0) {
int rem = a % b;

a = b;

b = rem;
}
return a;

}

addFARE - A EBRBNSE, LB BEESEMBIA B FFREZ R,
R, multiplyF Bt RA S8, SRR ABEAER, RSERNSR, XFHR
TEMARESEMERE WRE, TEREIINAEN AT,

Rational a = new Rational(2,4);

Rational b new Rational(2,8);

Rational ¢ = a.add(b);
System.out.println(“a: * + a); // a: 1/2
System.out.println(“b: “ + b); // b: 1/4
System.out.println(“c: “ + ¢); // c: 3/4
Rational d = c.multiply(a);
System.out.println(“d: * + d); // d: 3/8

addMimultiply ¥ T 8o e f4r s n, wF.
(ab) + (c/d) = (ad + be)/(bd)
(a/b) (c/d) = (ac)/(bd)

addi B Fimultiplyd B A E LN TF .

// methods of Rational class
public Rational add(Rational a) {
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\

long top =

long bot =
return new

}

numerator() * a.denominator() +
denominator{) * a.numerator();
denominator() * a.denominator();
Rational(top, bot);

public Rational multiply(Rational a) {

long top =
long bot =
return new

}

numerator() * a.numerator();
denominator() * a.denominator(});
Rational (top, bot);

AJLLE fladdfimultiply iR FfYRational W4 2l 8 I E S8 QN 2Ry, A
PLX A X 20 E R —BRRE .

Rational a =
Rational b =
Rational c

]

new Rational(2,4);
new Rational{2,8);
a.add(b);

// return new Rational(4*1 + 2*1, 2*4), same as
// return new Rational(6, 8); constructs
// a Rational with num==3 and denom==4

H TRational X REEFIRAEMIE, BT L HEHI DX R 7% T LUET 4 90 1
BENKS TS FRBHEERGEE .

// method of

Rational class

public boolean eguals(Object obj) {
if (obj instanceof Rational) {

Rational

a = (Rational)obj;

return ((numerator() == a.numerator()) &&

}

(denominator() == a.denominator()));

return false;

}

compareTo i ik L AN RSB H M RobiM R/, WRAMENFT. EFRATS

O

Blobj, MAHLERGEK (-1), THIEBH (1):

// method of Rational class
public int compareTo(Object obj)
throws ClassCastException {

Rational a

= (Rational)obj;

long leftside = numerator() * a.denominator();
long rightSide = denominator() * a.numerator();
if (leftSide < rightSide) return -1;

else if (leftSide == rightSide) return 0;

else return 1;

}

ALLEE, compareTolBibequals FEMAXE B, MErfsHE

RationalX}£,
Bltrue,

FiEKr.compareTo (s) RE0, M HANYSEKXNRr.equals (s) &

isInteger 7 LML Rational X R E N B, HH M SHAIE T RMFE —
B, BHRIET YRational W50 — 8 ¥at, B EMER ZRL:
// method of Rational class

public boolean isInteger() {
return denominator() == 1L;

}
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BZ, HRationalWRHFAIER, HRX -HHEARBHE L, HEEFRHEH
BN, TR RE-—HERARE, ARE-BHAHREL -HRF. Tht, FEH
AR REMEXHE: WEREIMRHRZ-BULIR, B TFENHREREEL,
B BN EFHMRT, SR, Ellipsed R E2TAN, HHEHEMME Y E
O HRAEH FHFE - BHAR, W FHEMNE, RE— B ARRB S,
F B — R RS B T W BT ST

%3]
4.28 StHlRational¥ML;, — AN IEREH BE KRR Bnum/denom, i—E¥AEE
RN K num:
System.out.print(“ocne-half: “ + new Rational(3,6));
// one-half: 1/2
System.out.print(“five: “ + new Rational(10, 2));
// five: 5

429 HEaMERUER S — R 5k R XA, HIErnesto Cesarol] & { Structure and
Interpretation of Computer Program) FHI5| . WABEH B E FEWERZL T6/n,
WE— R AR X — B B U, FAAS M gcd &R E MK A FE
BRERERE. (aMbRERMYSH Sged (a, b) ZF1,) BFWlongh
S nFR R R B BEDL BT BB

> java FindPiCesaro 1000
pi = 3.133682700398331

> java PindPiCesarc 1000000
pi = 3.1409239115514453

45 TEHEARERF

B BRI NI, ﬁiﬂ‘]Eé’éﬁi@-‘é‘ﬁgﬁﬂ.S%MyGraphicsProgramﬁﬁE’ﬂE]ffﬁﬁ}?‘o F
RAIBFER, TURSHEBSUEFERELERKNER, BRATHEPERFES
R CE B, ERX—WRATEN B~ F X R R MyInteractiveProgram, ¥
SVFRE L~ 44 & (controller) MR REHAPMBFEARMNKE, HLEE—IRTF
MyInteractiveProgram&AR M AR F, ZJ5 B IX TR dh R BRAS AR 330 — 25 B 20 4k

4.5.1 BEHLAS

PlaySplatterPoints®/F lT7EMESE N F X P mEBEHLA ( Splattering Point), FJ /2
ATLLEN SR EHBFHNEAERE, SEBLANRLERRSE. Hia. ¥H. 8
REBEY . BFPRAEENTBRESTREAHN S HEY, RAPrEdeflikEngF,
OB - OB, BT HIER N B N S EHG BB, Sige
HE, YHEEMNTH (0, 0), RMEHZEF100, BT R R P AT LA s el
E?%ﬁ@uTﬁ%%?i%%%ﬂﬁuﬁﬁ%?%iﬁﬁﬁi%*ﬂﬁﬁﬁﬁﬁ:

crectangle x y width heigth BEFH YRIEL I E («, y), WEMwidth, BEX

height,
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sshow AHBRELERLHER.

*hide BRERHHIEE .

enewn TEMETEENEn M BEVLA; Xn S8R NAEGCHE,

e color red green blue 240< red, green, blue<?255F1, BH YRIHI{5,

e quit B HBEF,

ZEFHMEANEHNR ., B—12EPrlaySplatterPoints, M FE M framefl
panelX %, JHEIEM/E hcontrollert%, XANHKALLH T paintComponent H o
THEXMRNTZEE L.

public class PlaySplatterPoints extends ApplicationPanel {

public PlaySplatterPoints() {
setBackground (Color.black);
}

static PlaySplatterPointsController controller;

public static void main(String[] args) {
ApplicationPanel panel = new PlaySplatterPoints();
ApplicationFrame frame =

new ApplicationFrame(“PlaySplatterPoints”);

frame.setPanel(panel);
controller = new PlaySplatterPointsController(frame);
frame.show();
controller.start();

}

public void paintComponent (Graphics gy {
super.paintComponent (g);
Graphics2D g2 = (Graphics2D)g;
g2.setRenderianint(Renderingﬂints.KEY_ANTIALIASING,
RenderingHints.VALUE ANTIALIAS ON);
Vector points = controller.points(); - -
Vector colors = controller.colors();

for (int i = 0; i < points.size(); i++) {
PointGeometry point = (PointGeometry)points.get(i);
Color color = (Color)colors.get(i);

g2.setPaint(color);
g2.fill(point.shape());

}

if (controller.isVisible()) {
RectangleGeometry rectangle=controller.rectangle();
g2.setPaint(Color.white);
g2.draw(rectangle.shape());

}

}
}

B _1%RPlaysplatterPointsController, CEXERBZHTH, XMKH
MBEUMILHRBEENT, XNEXEBEX — S, BHEAB Snaink ¥
(PlaySplatterPointsEMmainiidh ) UMEM L MEBET, XHAGEH %4
mainFKBITERE R T LML IZTT, frameth AT HARIET,

AT fErlaysplatterPointsControllerXf£ LK CHERIETT, TRiZEEN
HNThreadBV B%., A TEHMFLRIEH, PlaySplatterPoints i # Smaini 4
BF M controllerM B HBHTIEFT.
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controller = new PlaySplatterPointsController(frame);
controller.start();

THE APlaySplatterPointsControllerBHSEHE .

class PlaySplatterPointsController extends Thread {

protected ApplicationFrame frame;
protected Vector points;
protected Vector colors;
protected RectangleGeometry rectangle;
protected boolean isVisible;
protected
PlaySplatterPointsController(ApplicationFrame frame) {
this.frame = frame;
points = new Vector();
colors = new Vector(};
isVisible = true;
rectangle = new RectangleGeometry(0, 0, 100, 100);
}

protected Vector points() {
return points;
}

protected Vector colors() {
return colors;
}

protected RectangleGeometry rectangle() {
return rectangle;
}

protected boolean isVisible() {(
return isVisible;

}

public void run() {
ScanInput in = new ScanInput();
Color currentColor = Color.white;
RandomPoint rand = new RandomPoint();
while (true) {
try {
System.out.print(”? “);
String s = in.readString();
int x, y, w, h, r, g, b, n;
switch (s.charAt(0)) ({
case ‘r‘: // rectangle x y width height
X = in.readInt();
¥y = in.readInt();
w = in.readInt();
h = in.readInt();
rectangle.setPosition(new PointGeometry(x, y)):
rectangle.setWidth(w);
rectangle.setHeight(h);
break;
case ‘s’': // show
isvisible = true;
break;
case 'h’': // hide
isVisible = false;
break;
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case ‘n‘: // new n
n = in.readInt();
for (int i = 0; i < n; i++) {(
points.add(rand.nextPoint (rectangle));
colors.add(currentColor);
}
break;
case ‘Cc': // color r g b
r in.readInt();
g in.readInt();
b in.readInt();
currentColor = new Color(r, g, b);
break;
case ‘qg’:
System.exit(0);
break;
default:
System.out.println(“bad command”);
break;

}
frame.repaint();

} catch (NumberFormatException e) {
System.out.println(“please enter numbers”);

} catch (IOException e) {
System.out.println(“i/o exception... bye!”);
System.exit(1l);

}

}
}
}

PlaySplatterPointsControllerXE X T H M

// fields of PlaySplatterPointsController class
protected ApplicationFrame frame;

protected Vector points;

protected Vector colors;

protected RectangleGeometry rectangle;
protected boolean isVisible;

frameRF T XN HERERMNSA, BHSTEX-SIAUERBEERFHELR,
pointsEMRHFTETEMNTAMILA, colorsHFf T X & FEHL A B X M 5 &
(colors[i]RFF T HAPoint[i]|MHifh ), rectanglelRifE7E T HBI%ETK ., isvisible
BEIYHEEREEERBELTR,

RT AN EIENSBIENIRE , #¥playSplatterPointsControllerE X T
points. colors, rectanglefllisVisiblely iR E Mt H EK N A bR ( FRrXx s
FEHAE L4 F % (content selector method ) )., JpaintComponentifl M AN
B, URHEZEEH 2. SIWNAM P ELARSXTEHRMED, FF
PlaySpaltterPointsEKFRAXEEAXREREE,

runFEEE X BRSO EETH, BES—BHounh EREFARIT, HHEGE
HEWEEY. run FREEBERAPIGAFHGS, EEREENER, THS %%
repaint{§ EA/IER, UHEERERTN,

EFmEf RGN - N FERET RS R. %% (scenario) Al THHAE
(HKWAF) IREXBTE—RANEBRFXEN TR, Hl, ERILEEBTFS, Ao
W Anewtn LRI BENLAR, — M HRREIUT . A % firectanglefr 57, B—
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MHELEART

UMLBM# THMA X EEB#HE R E: WA EH ( sequence diagram ) I th # B
( collaboration diagram ), XHWMEHBER T B ZHIMNMELRERER, HEEIIHMEESR
AE: BFEEEFANREHEBEEMEEIRF, PMEEEEERAZENRENHS
BEXR, ABFHEARFE (ZAMFCREBAELNFENELZELR ).

WRFEARAH: KEP#MEREXRARMNER, EBHM FHR~AEE, FRBETT.
MNEEFRMEE, NFEH—HEENAE, 8IMVESS5BEHRH IS (FIK
FREBTERRNER ). NBIMMBEFTEPIIE—FEAELE —XNRHNEMLE, RIAE
HEREAMRRFEN., MREHBHEEENREMKRAFHTLNELRER, &
RIEMBERT . XHEMNERT, BEERARFHIAEXN R ZEMEE, T bR A=
HFHERIR. AEHR, BFE—-HF. B4R TXHE—MGR. A Hnew nfy
L2RBaNFHENA, HdnBER, X1 T, XBRERA, . BH#{XMS
(PaintSplatterPointsControllerfI5LH ), MMXHR (PaintSplatterPoints
B LH| ) FAESEST S (ApplicationFramefJSCf] ), R 4M34K 2 (external agent),
—TRTIFHTE; MEA=1BETEABSW,

o] (o] [d] (=]

r newn : E E
Bl A | §

AEE | g

E repaint |

! EARA i /aintComponent J

P e ;

; BaAE |

TR | i

! |

. :

E4-6 GIEEn 1 BEHL BT

MTE46, FRNTTHTEER: F—, FTER-IHREALBEELTAS, T
DAMEHEMELE - ZFHLWRIENAS; £, HFEARUNREE -RBK
LHMRGR, BREATEMERERAKYRE LR, WAENRIEET RIS M
SEF, EHBENREEMAEaddl B fpointsHicolors REXN R, MXERXH TH
BRKRE, FEEXMRFESLRE, FELLE, pointsHcolors REXMSMBA HHA
EWFE . JiH, EEREE repainti B SHMAXE =4, AXFEXIHE, X
EXHFRBETHY LS, EURAERREN,

452 TEHEMEFERE
THMEFPlaySplatterPoints il — MERKIE N T EBRFEH R, ZE R
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HENRYH: MyInteractiveProgramfflMyInteractiveProgramController,
EEABFRITY, ABFE2AERHRLE2HINEHERFHIIRALF.,
MyInteractiveProgramX A FAIHERMEAN . QIBBHIBIHBIIE. XITLBRAE
EHER ELSHEE, YRORBFEFRSHIIT, BT E X~/ #A5 Fkparseargs
( R 7EMyGraphicsProgram# iR F 384 ). THEEHE —PMLHER .

public class MyInteractiveProgram
extends ApplicationPanel {

public MyInteractiveProgram{) ({

}

protected
static MylInteractiveProgramController controller;

public static void main(String() args) {

ApplicationPanel panel = new MyInteractiveProgram();
ApplicationFrame frame =

new ApplicationFrame(“My Program”);
frame.setPanel (panel);
controller =

new MyInteractiveProgramController(frame);
frame.show();
controller.start();

// paints the contents of this panel

public void paintComponent(Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)gq;
g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,

RenderingHints.VALUE_ANTIALIAS_ON);
}
}

BIAKEENEHBNE, ARBPEBENTRENEEANS. EERMENEFH
7%, #fpaintComponent XA HE RHEERNEA, HFEH S E LMW
KBEfT, FUEEXHrunlt, EEHSESHAMN. THEX I LNERL.

class MylInteractiveProgramController extends Thread {

// storage structure
protected ApplicationFrame frame;
// other fields specific to this application

// constructor

protected
MyInteractiveProgramController(ApplicationFrame f) {
this.frame = f;

}

// content selector methods required by
f/ the paintComponent method
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public void run() {

}
}

%3

430 FEEXHMGRMMFE: & FPlaySplatterPoints, AfFBAGS
new n, HHnk— P LKL

431 fEPlaySplatterPointsBFHWM T EHK LN S .

o clear BERES Kk F=A MG RENLA .
erecolor FIMFTBIARIF LAY AT A RIS, YATERIMEILSH 6
RAE,

4.32 fR#FEMylnteractiveProgram®ti, %5 —~ M EHELE N AX B ER BN ERF
PlayDrawLines., Flf #j Alined &K, FMFEG (MBENEE) B, FTHEHE
B XM
*line x0 YO x1 yl FHYBIHEE —KM (x0, y0) B (x1, y1) LK.

* color red green blue 18§ YHIBE, HA0<red, green, blue<?255,
cquit IBRHEEFRF,

4.33 R EH K PlayDrawLines, B — N BIEE 1A M 16 stroke-widthi®,, FHR B EFT
[TE5 0
* stroke n ¥ Fistroke-width{H Ny & R {Hn,

4.34 TEMylnteractiveProgram AR 7, B TG N AR EIER FI 5824 | 45 i) SRk A g
HHFEETE, HfryInteractiveProgram ki E, XA 8 AT LR 5 —
FRCHL T B ARk . JEIEHI B ME Hpanel M TR Cinner class) & X, XAEETE
RERFER Trane LZMERE T, panel2 7T LA B 07 132 4 2 b OBUE . 8
XM, R PlaySsplatterPointsEMEHR, B4, UE T
MylnteractiveProgram#& A i , &5 47 F X B R 0 O o s S 4 B8 2%,

INGS

HEANREFRUH - M EERAEFELHRGTEWER. EAGHAIEEN
WRAGHUK, HER-MEGSRZAMBEKSWANER, B—1% (HEHK) 1
EATEIR 1% (Al HEF. BE—THAERBTENASE, FEEHETY
HWRHASHERER ., AAAFENERXNEHNENESEN . — P EGRRRETF &
BRI RAE, MXES RN —LEHANNRAR, RIEBENIBT £, —
HAREIRE AN (FHAE) WEHE. BERS —FAGRIANERSBHLE,
REUMLHBHESMMEHRENT N, BEEGERUATELE SR LRIkt
EHHERT.

EHAEN, ARAMFHBERBARY, iHH % TESHENEZL, Rk
MASHTRARAKBOHAT EXHERT, BFEMNBES T REP AL, X4
MEEGRUERTE. ALK, WRTELHS . IHWESTUEKA . MER
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P T java.util.CollectionE OMZE., AEEMANRESTRIEMRFSREEE
Mg, LATUEEF SRS YRACHOFED,

BAMWNEEA AL A, XHRARES. REMVERFEALNRAEE ., FREH
REFWMEMITH, WRRTENR, HREWHELENL, I TREFE-ITGHEHRS
T, =ML HEFRE-BHAR, NEBEVHURERKAHEAE FRZE,
RE—BHAYRLAE L,
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H S RBERRM T A EBOHACARE LH LN HE5M%R, A5CK8%E
FAaFHRY, X-BERNEITRSRK, ERAMK, —THETURBRKCHENHT N, K
J& T LS EOX B6ET Ay, A DUESURB T A, BB AT UE BRI &AT R, wrTld
RXCHRPERHANKCARELERELANFHT N BRI, FEHR
MR RRKHL, ENERRL.

SIVNAYUARKMER, XHRBERABX, 52WHSATA AR LEHREMNBR . 5.5t
BT EEN, SeVIELTEMMAR —2HEd, FARATER N EIAMRER,

5.1 #ARRYEH

fE R ARBNTLE XN —DFREHNDH LY R (extension ), XM FEHLE, &
KM T £ (subclassFchild class) ; MM TH L, CHEHR IR E (superclass) A%
( parent class ), — N FR XA LUEREREMAEHRAE, AR ERER T 2KEL
## (inheritance hierarchy ), BES-1BMEXH— LB RBZREHWE, EXEP, %
Boat@WatercraftM—4 F3, Boat XJjEMotorboat, Paddleboatfisailboatf
KK, Hwatercraftfi FANUEKRZ KM,

Watercraft

e

-l 1
Boat Ship
KA

1 1 1
hﬁotorboail l:addleboat | ,;ailboat I
£\

B5-1 — R B RS E

—MEBIRAFE—~KAKER (descendant), WMEBRAK FREBEANE S FHM
— M ER. REBR, XaWBERREERRZR P UL OIBEE, BinKsREAR
—ME, MAKAFHAABRIAL (ancestor ), FEES-1PR T KWatercratt o Lo,
HAME - RERLwatercraft /5, KKRayakHEE X Paddleboat. Boat
HMwatercraft, XEMMEHARMNXRBIREK— A4,

— MR ERAUMEBERRERGRMETE HERELE (supertype )o KM G
WEEGEMERREHN TE (subtype )o FlA, FEES-1H, FHEWETELWatercraftiiy
TR, M2raddleboath) FRI{U M HKCanoe. KayakFflPaddleboath &, — 40Kl
METERNE - FRESRENED, XvatercrattE—- M FRELBRETEHEN
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0. KRR FAR M Alaval i OHLE, B ES 43 A4,

Bs- 1k (RIEMRE), —IMXRTUEEEHENTE, ElavaFBR T Xjava.
lang.ObjectB A XIS, BN REAEHEMNLE, ObjectB i TLRHA BRI,
BAMRBRTRINMEEER, — M RBREWARRRFEMERREETMELRAE,
BFEobject MIHAM— LM EFRARNREMAMNL, EXRASERPRAHRY,

FREFRT BT HRE T FEWER. MRAR—NE, - FHHFEBTLX
HE X :

class B extends A {

// fields and methods of B

, .

IR extends THIEME, MARTHLABRB A% object T, THHLCHBEMNAL
Objecty B KM

class C {
// fields and methodsg of C

}

BAR-FERANE: —PTRITUEAEHRE, TEANRRENBAFE, #
W, 8- FERRBORIANERANRMFE. WEFIRBELRNYELE,
AR T RMLE A (inhert) TRETE,

MR-ATFTEREFRBEACHEMEL, EHERNNTINENILRARS], X
HULFRAEME ., #RESHEARE L —THE, FET B, BRAT LK
WS, B E XH R, BERARN TR TR LAE LERE LI
B TREXTHXLEELMFAR, BREEXY., RE-AEENHF, Kbk
Waitery JE T XEmployee. XR—MHRBARNEN, EHERES, RF4ELE
B — R

public class Employee {

public void greeting(String name) {
System.out.println(“Welcome to Eat and Run, “+name+”.”);

;ublic void farewell(String name) {
System.out.println(“Please come back soon, “+name+“!");

¥
}
class Waiter extends Employee {
public void greeting(String name) {
System.out.println(“Can I take your order, “+name+“?”);
}
public void recommendation() {
System.out.println(“I'd stick to the pizza.”);
}
3

XEmployee® X T~ FikgreetingMfarewell, Efl#Enployeefy FXwaiter
R, BT HARWNEEMHEN, BdEX I HFHF Erecommendation, Waiter
KEwT —AHesrh (N—BOBRARE, RELERIFEREEYEN ). eSS
WaiterBEHiE X T greeting ik, XE—MEEHNHTF, A Hwaiterfigreetingly
B KW greeting F LA RIBEHER
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public void greeting(String name)

KwWaiterH AT farewell ik, MHBEARTE (A EVWaiterXEXL P HH
farewellJi#s ) ; —fiHemployeeMfF i waiter - AR S5EANREL. TH
B —ANE X e 0 T 4B R B .

class TryEmployeeAndWaiter (
public static void main(String[]) args) {
String name = “Elisa”;
if (args.length > 9J)
name = args{0];
Employee e = new Employee();
Waiter w = new Waiter();

e.greeting(name); // Welcome to Eat and Run, Elisa.
w.greeting(name); // Can I take your order, Elisa?
w.recommendation(); // I’d stick to the pizza.

w.farewell (name); // Please come back soon, Elisa!
e.farewell (name); // Please come back soon, Elisa!

}
}

BAEERREL 1L, INMEREHXE - ITHEROLE, —PTFERMEHLE
HE R (is-a)” XFR: FEHUB-DLHABETHREH—ATH . X7 LM ES-169
RERANEEL, BRHHRANFRTURBECHIERFENT N, TR NE 8T Y.
HXFBwWaiterflEmployee, B— 1 MEEHE-FER, FAE— I REEHER
—BHEAHERNT N B4, M—BHERATRR, REETUSE —®BNGY,

AEHR, RUEMEABERRSRRARMESRTEAE “B” XREIAME, MK
THIRE “R” XEN, EINEZER—SLHREXLE, AHER R A 4
EEFR. ORI, — RIS EFEIER, BRENERATN—ILEY R
(—BIHBERK¥EA XN RE¥4,, HRE X TeachingAssistantHH L RE -4
Ko WO, "B REFHBELEOSHALSTY, BOTUEAREITERNEL,
MTXFERE, USRS ENELBERESERATHER,

FERIE, HITHRT MAARERS A SRS HEAT., AGED 4E
BHELXH, MENLANBEER, BAYEHESBRELHEME, X IBgREY, X4
RHSHAZENENRBEEN, — TRV BEORXRENTHEILMNED, L
BREMLH, RERWEBYARR? SEBATHHABA%ER, A= EEWE
RS ABFERE, XBHMEBEIHEROER.

e I & %K (Inberitance for extension ): THRY BLRENT ELFHHITER .
TREXFHFER (R) &, BREAESTHRRN Y IE, TEREMYFITH
BAECHXEPHRBARAZRATFRL, SMERT, Q305 0 R 505 5 o
AT

* ¥4 K (Inheritance for specialization ): FRYVBIERN TR iy — ki
A, FARRFEEHEERNEMITIRE, XHELT, TRG AR T A B T —2
LB, WEET KM,

* WEA %K (Inheritance for specification ): FEBRXEELT ~HHBEHE, ey
BEREXEFWTERE LR, RETH I, UGk A BB R
KEREORERTATEHERE LGB L, TRABERZTEMED, MESR
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—MRERERT, RLBELTHTHSFENMEE, FRERTRBEOMR

SHBEHER, EXFMMRERD, FEPREILEBRGBATHBETH.

HEEFERS, — T FRERECHXIEXEEARRRAN LEN—MER, MERMR=
MERESBAE, EWEAATY, waiterX Y BT Enployee, SEEFE IR HFAEE .
WaiterBBEHM T — ¥ 1T ( recommendation#k ), XEBETEHERNITH
( greeting L ),

HTEBHRA, RITETHNHBR=FHSAER. IR TE=YAEHNER,

5.2 ¥ R4k*

SR A AREY , — T E BB AR N B S RIT N T, FEX— T,
AT EAXRYBRB AR DT URTRERNREN AL, STRIIEBRHELHK
PointGeometryiR{ULMIT M3 SME MM LB ke . RITEEE L — RIS
HEME, BB -ITHEHT RYRNH T,

5.2.1 N¥Hit¥s8

— NPT HE (n-step counter) B—M¥H, EHEEKREEHBEEMIBEL,
EAEBUM Y (step) — I NstepCounterXt RS IEE MM BEI G ; ©Hinck
BRITEER, BUREMENE; HdecH BB HEE, BREBAIMENE,; MAsteph
BARRBEEE; AvalueWEHKBEHMME, TEEI LN E L.

public class NStepCounter {
protected int step, value;

public NStepCounter(int step) {
// EFFECTS: Initializes this counter to
//  value zero and given step.
this.step = step;
this.value = 0;

}

public NStepCounter() {
// EFFECTS: Initializes this counter’s value
// to zero and step to 1.
this(1l);

}

public void inc() {
// MODIFIES: this
// EFFECTS: Increments value by step.
value += step;

}

public void dec() {
// MODIFIES: this
// EFFECTS: Decrements value by step.
value -= step;

}

public int step() {
// EFFECTS: Returns this counter’s step.
return step;
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}

public int value() {
// EFFECTS: Returns this counter’'s value.
return value;

}
}

FMAT RBEEATEEN —1HHEClearableCounter, %Tﬁﬁﬂ*’l\clearﬁﬁiﬂé
HEITHSBMEN0, K17 hMNstepCountertifl, FTHEHAXMRMYE L.

public class ClearableCounter extends NStepCounter {

public ClearableCounter(int step) {
// EFFECTS: Initializes this counter
// to value zero and given step.
super (step);

}

public ClearableCounter() ({
// EFFECTS: Initializes this counter’s value
// to zero and step to 1.
this(1);

}

public void clear() {
// MODIFIES: this
// EFFECTS: Resets this counter’s value to zero.
value = 0;
}
}

ClearableCounterIEM T H Hkclear, HBREBHELTHEMTE. &
EClearableCounterXF #& T R K Mvaluehk, HECHclear FEFTFH.

X G2, EfTHvalue FEFE BN BB E RIS E LSS RHAE
incHidecF B BMEM. ENNK F 4% FNstepCounters RIEEMEMR B IEE—K,
Mi2ClearableCounterZE # i Mt il fclear H =M #H T HE,

%3

5.1 E7§1C1earableCounter?$&ﬁ%{%step%ﬁ?ﬁ%ﬁ&ﬁ%f%, BT Ul step AR 2K
¥ %S{w/y\step%%’l&"H{J%ﬁ%’éVariableNStepCounter, ZENEZY B
ClearableCounter3F1#¥ i F &K H ¥ .

public void setStep(int newStep)
// MODIFIES: this )
// EFFECTS: Changes this counter’s step tc newStep.

public int getStep()
// EFFECTS: Returns this counter’s step.

52 WE—IRHBRFRMiANstepcounter®, T LUEM F B &SR T
BFF:

>java TryNStepCounter step nl n2 ...

ZRFURT — M H NS M Bcount, ENSREIBRENE M 2HH T
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Mo RERTHKNBRRLHEFTHSHE: EilcountiH B n KIFTHEMRE,
R B/ Ncount M@ KOFITEIE RS, 5%, EABEBFHNSHRENLER S,
IR e A H, MR R, WRIEEE, BAOWEESK. TERE— T

> java TryNStepCounter 2 6 3 9 1
step = 2

6 increments: value = 12

3 decrements: value = 6

9 increments: value = 24

1 decrements: valve = 22

522 WTEH/A

JUIT X # ( geometric transformation ), A F% X # ( transformation ), 7EHBEHLE T E
WERE. LAERTHREIER,; LASHRGEARER=L4EE; LTS5 HEE
BET, P, WERLREINBIMERTEYNBSRTL, M, JLAER. &
EMGE, X B FEE AT IR R TR ER X EMTBR. (LB MR,
RETLAI B FAERERESE, XERH BT RTHYET s,

EXNEBITHER ¥4 (translation ), (FFHMH|) %4 (scaling ). # 4 ( rotation )o F
BRE—FHEE-AHEN—NBRHNS B, AR S0 T RER,
EES-2%, — T rip= (4,0) MBI, HyWBE4, COFMBERp = (4, 0) + (1,
4) =(4+1,044) =(5,4),

WAAAUBEMBHR T, BRETHAE. Ry 6048 61 E 7R
AR T 3% #5540 (uniform scaling) ; AW, k3% % #% ( nonuniform scaling ) B £ F4
# (differential scaling ), P L&A= 4EHA S, R A4S (anchor point o Hi4H & & Hl
MXEEFHREGREETHRRAKRSE: UREKFARTAT, SHEERE, AR B
HAFPMTF1, SERBKLE . RN EHHT SR, B EREE XA A8 F
(ERXR/MY) BRAERW, BERCIMSSWIESREEN, HEES- 253, —AKg= (3,
D), SRR Msi=2, WyBlish=3, MEMFHERg= (3+2,1%3) = (6,3 ),

Bs-2 ATHE
REF— DU RE—NERABESH S, XA ETYER O B e 5 TR H 1
RA—1TAEORAERMAE . TElavall RN BIEET, MBOEE, TR 2 ToE 5 R ¥ I
BEEETT I B s ISR OR M, MR RS A . FERES-257, —4 Er=2, V¥ B & e
¥ 0=90° 25 — ML Er=(0,2).
TransformablePointGeometry3s 3 {1} BH TOHRMY BRYEK— T ELTHRN S
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Eim ARG EREMYERN TR, THEERIE TXAETIARKF G B

public class TransformablePointGeometry

}

extends PointGeometry {

public TransformablePointGeometry (int x, int y)
// EFFECTS: Constructs a new transformable point
// at (x,y).

public TransformablePointGeometry (PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
//  else constructs a new transformable point
//  at position p.

public TransformablePointGeometry ()
// EFFECTS: Constucts a new transformable point
// at (0,0).

public void rotate(double theta)
// MODIFIES: this
// EFFECTS: Rotates this point by theta degrees
/7 around the origin.

public void rotate(double theta, PointGeometry anchor)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If anchor is null throws

//  NullPointerException; else rotates this point
// by theta degrees around anchor.

public void scale(double sfx, double sfy)
// MODIFIES: this
// EFFECTS: Scales this point by scale factor sfx
7/ along the x axis and by sfy along the y axis
// relative to the origin.

public void scale(double sf)
// MODIFIES: this
// EFFECTS: Scales this point uniformly by scale
/7 factor sf, relative to the origin.

public void scale(double sfx, double sfy,
PointGeometry anchor)
throws NullPointerException

// MODIFIES: this

// EFFECTS: If anchor is null throws

// NullPointerException; else scales this point

// by scale factor sfx along the x axis and by

// sfy along the y axis, relative to anchor.

public void scale(double sf, PointGeometry anchor)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If anchor is null throws
// NullPointerException; else scales this point
// by scale factor sf, relative to anchor.

BETROBFEREAZIENGTY, SHENEBNBRRTHEER.

public class TryTransformablePointGeometry {
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public static void main(String[] args) {
PointGeometry origin = new PointGeometry();
TransformablePointGeometry p =

new TransformablePointGeometry (3, 4);
System.out.println{“p: “ + p); // p: (3,4)
System.out.println(“distance: “+p.distance(origin));
// distance: 5.0

p.translate(l, -4);
System.out.println(“p: “ + p); // p: (4,0)
p.rotate(90);
System.out.println(“p: “ + p); // p: (0,4)
p.scale(2);
System.out.println(“p: “ + p); // p: (0,8)
p.scale(0.25);
System.out.println(“p: * + p); // p: (0,2)
p.rotate(180, new PointGeometry(l, 2));
System.out.println(“p: “ + p); // p: (2,2)

+

WE FmBFEalH, TransformablePointGeometry#ki& T X2 PointGeometry
fihe IR, LEMARFAANdistance T HER MR BURRHN, LMY pht
HABFEHEN, BESEAMRES AN toStringH ik, T REZLMNIEME X .

public class TransformablePointGeometry
extends PointGeometry {

public TransformablePointGeometry(int x, int y) {
super(x, Y);
}

public TransformablePointGeometry(PointGeometry p)
throws NullPointerException {
this(p.getX(), p.get¥Y()):
}

public TransformablePointGeometry () {
this(0, 0);
}

public void rotate(double degrees) {
double radians = Math.toRadians(degrees);
double cos = Math.cos(radians);
double sin = Math.sin(radians);
int newx =
(int)Math.round(cos * getX() - sin * getY()):
int newy =
(int)Math.round(sin * getX() + cos * getY());
setX(newX);
setY(newy);
}

public void rotate(double degrees, PointGeometry anchor)
throws NullPointerException {
translate(-anchor.getXx(), -anchor.getY()):
rotate(degrees); ‘
translate(anchor.getX(), anchor.getY()):
}

public void scale(double sfx, double sfy) {
setX{(int)Math.round(sfx * getX()));
. setY((int)Math.round(sfy * getY()));
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}

public void scale(double sf) {
scale(sf, sf);

}

public void scale(double sfx, double sfy,
PointGeometry anchor)
throws NullPointerException {
translate(-anchor.getX(), -anchor.getY());
scale(sfx, sty);
translate(anchor.getX(), anchor.get¥());
}

public void scale(double sf, PointGeometry anchor)
throws NullPointerException {
scale(sf, sf, anchor);
}
}

REB -1 S8 Brotate T, B Ap=(x, yBEF SR OAE, FAEFHHA
p=C WAL =ZMRER:

x'=xcos@~ y sin@ ¥ =xsin@+ycosf
EHEFBMMNEHB Ty, BXHJavall S A BB TERARE, FUSEH
Math.toRadians LA EHE B ENE,

PS8 rotately ¥ B S6H A SanchorfEst, LM BEFTELEAKE. B4
LR ¥ -anchor, REELFE LI, R FHanchorfl %, (-anchorfiE & ( -
anchor.getX ( ), -anchor.getY ( )), SMHHMELEM: % FEH-anchor, R
BREXFREARN, BEFBanchorfE E,

THELERFPaintCirclePoints, B T TransformablePointGeometry
X, IMTBEFE-NLBRHEHRTGER SR EN S, BRITEXMEMMSS
B (guide circle ), X SWAT M LB N2, HAMILF @K /NE,

BRFMEH3.5% B MyGraphicsProgrami 4% , MlPaintCirclePointsHER
MyGraphicsProgram®., & T HE & Y makeContentHfMipaintComponent S, &
BEXKFFENBSEMNBAS Hitparseargs,

PaintCirclePointsEE L TR

// static fields of PaintCirclePoints class
protected static int nbrPoints = 20, radius = 100;

nbrPoints MW E A, radiusHRFEELRE. CIIEE XA H T 9% RIAE,
Ba L@ BRFHSRITESR. BRETHSNT .

> java PaintCirclePoints [n [radius]])

MRBESHWA, LEFEMEERARMNE; WEEE-IRFI2E, RS
MM, BFEAESE T Eparseargsit AT [ .

// static method of PaintCirclePoints class
public static void parseArgs(String[] args) {
if (args.length > 2) {
String s="USAGE: java PaintCirclePoints [n [radius]]”;
System.out.println(s);
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System.exit(0);
}
if (args.length > 0)
nbrPoints = Integer.parselnt(args{0]j;
if (args.length > 1)
radius = Integer.parselnt(args{l]);
}

¥PaintCirclePoint¥ 3L {7 7F — 1 07 A8 86 o5 B4 .

// field of PaintCirclePoints class
protected TransformablePointGeometry[]) points;

makeContentJi ¥ A # nbrPoints M § i B & M1 (0 7] B S BAF T HIEA
B pointsi, THEXMFEHLH.

// method of PaintCirclePoints class
public void makeContent() {
double deltaDegrees = 360.0 / nbrPoints;
double curDegrees = 0.0;
points = new TransformablePointGeometry[nbrPoints];

// create point and position it at (radius, 0)
TransformablePointGeometry eastPoint =
new TransformablePointGeometry();
eastPoint.translate(radius, 0);
// £ill array points with copies of eastPoint
// positioned along the guide circle
for (int i = 0; i < nbrPoints; i++) {
TransformablePointGeometry p =
new TransformablePointGeometry(eastPoint);
p.rotate(curDegrees);
points[i] = p;
curDegrees += deltaDegrees;
}
}

makeContent F ¥ LIEERBINT . k@@ Tk 84 HKeastPoint, RFHEX4
RFBAMNE (radius,0), FHRE “Fil” WA, REREGESARMERELKE
nbrPoints . H—WEMiEeastPoint KM —MEN, RV MENBESHE
BE¥ecurDegrees ( RUFIEMN ) M, BT MEK Spointsh,

PaintComponent /7 ¥ i FiFEHLE & H R FF point sEHFBI S . XAIAFEEN
mF.

// method of PaintCirclePoints class
public void paintComponent(Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;

// center the rendering context g2 in the frame
Dimension d = getFrame().getContentSize();
g2.translate((int)(d.width/2), (int)(d.height/2));

// paint each point with a random color
RandomColor rndClr = new RandomColor();
for (int i = 0; i < points.length; i++) {

g2.setColor(rndClr.nextColor(});

PointGeometry p = points[i];

g2.£fill(p.shape());
}

}
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B-12ERENRALTEEAMLERENLIREE N (BEAEE LA, A
n, y#im T ), ffpaintComponent HEH, ¥ TR B EAERELE B,
Graphics2DX 5 28 &£ T translate & . ELBEAIR g2 LR R LRI R ETE.

Dimension d = getFrame() .getContentSize();
g2.translate((int)(d.width/2), (int) (d.height/2));

RFEHS, 34 P HEEHBHENA, BT EHSE A, paintComponent Tl H T
points¥il, X FE/—Ip, KRe2N—FFHHEIEE, REAMHEBERS. &
B, ERBRREHN, ANBGETHESRETL, AFSEEOAES, RISV R
RREHRIESM (LMBEERE ) MILTEBREEE,

%3

5.3 ZféTransformablePointGeometryH@;‘Eiﬂﬂﬁ*M&ﬁﬁﬁﬁﬁy\Q%
PointGemetry#k & HiH xMy, MRE S getXMgety F VM xHfy, i#itsetXH
setREUREMMME, BRI, FR R 805 B i F 8k & i, T 2 38 ot 5 A
B AR A R R AR B R, XM SRL 27 ShE Rt

5.4 —FEEPaintCirclePoints%%B‘JmakeContentJ’i?ﬁB‘J%—~/H‘&ZIK;

// method of PaintCirclePoints class: version 2(faulty) -
public void makeContent() {
double deltaDegrees = 360.0 / nbrPoints;
points = new TransformablePointGeometry[nbrPoints];
TransformablePointGeometry point =
new TransformablePointGeometry();
point.translate(radius, 0);
for (int i = 0; i < nbrPoints; i++) {
points[i]) = point;
point = new TransformablePointGeometry(point);
point.rotate(deltaDegrees);
}
}

BEXMRANZABE. A AR FEFERNE FANSEL LK &
HRHEH,
55 WE—RABFPaintPointGrid, AT I HIMAE H3 X & K H BEALE & 5
Ro BEAANBEHSEREWELNE LR RENES (m) FESE0KTH
WEEEHER (n):

> java PaintGridPoints = n

BREHELRH N R TN wilh K h:

// method makeContent of PaintPointGrid class
// (code fragment)

Dimension d = getFrame().getContentSize();
int w = d.width;

int h = d.height;

B AP EBEM B (), x=i - m,y=j - n, ¥0<i< [wim]HO<j < [h/n],
5.6 %5(—*/!\§§ComparableAttribute1’Eijttribute?é (%334) ¥k,
ComparableAttributediE L — AN F B, PR 58 B AR B F U 38 A/
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public int compareTo(Object obj)
throws NullPointerException, ClassCastException
// EFFECTS: If obj is null throws
// NullPointerException; else if obj is not
// comparable throws ClassCastException;
// else returns a negative integer, zero, or
// positive integer if this attribute is less
//  than, equal to, or greater than obj,
// under lexicographic ordering on name.

XHComparableAttribute Al LIEER (A/NFELE) REFH S
(String) X#compareToiBi—#t, HITRMHEHEFT .. BT RABE2EY)
WA T compareTo F 4T K :

ComparableAttribute apple, grape;
apple = new ComparableAttribute(“apple”, "red” )=
grape = new ComparableAttribute(“grape”, “green”);

apple.compareTo(grape); // returns -1

grape.compareTo(apple); // returns 1

apple.compareTo(apple); // returns 0
523 HZ

ERX—F, R LN EFE LB ERAK ., HL R LE A TR E M,
—HRERRHEL X AKNER M RENSp0MplREN, IBERETRIRAES
MER T F— X AK NG p0fhpl. MTFHARETEM, BLUKET T LIREE -5
ARGRIMSY: EARBETERNED ., BEANALREER E. GRS 3h, B

B e P B sk #R o
& /
“r—‘.—"___,;y P

Po =
B5-3 Vi M —-&EES%K

ﬁﬁiﬁé&E@?@LineGeometry%MI.ineSegmentGeometry#SFﬁﬁﬁﬂé (BR%S
33)e MTRITERE, ERURTRBEWT RN T TR, HER Y
EWETE. XBHESKEIT RSEEN— 0T THEEAXDARMARELR, HBEH,
X MERMNR AT R E RN

public class LineGeometry extends LineSegmentGeometry {

public LineGeometry(int x0, int y0, int x1, int yl)
throws IllegalArgumentException
// EFFECTS: If (x0,y0) is equal to (x1,yl) throws
//  IllegalArgumentException; else constructs the
// line (x0,y0)<-->(x1,yl).

public LineGeometry(PointGeometry p0, PointGeometry pl)
throws NullPointerException, IllegalArgumentException
// EFFECTS: If p0 or pl are null throws
//  NullPointerException; else if p0 equals pil
//  throws IllegalArgumentException;
//  else constructs the line pO<-~>pl.
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// values returned by point classification methods
public static final int LEFT = 0, ON = 1, RIGHT = 2;

public int classifyPoint(int x, int y)
// EFFECTS: Returns LEFT, ON, or RIGHT if (x,y) lies
7/ to the left of, on, or to the right of this line

public int classifyPoint(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException:
// else returns LEFT, ON, or RIGHT if (x,y) lies to
// the left of, on, or to the right of this line.

public String toString()
// EFFECTS: Returns “p0<-->pl” where p0 and pl
// determine this line.
}

EERLAXNE., BTXENEKHNRBARBRE—HLN, FURELERY R
freRgit . HERRE LI

public LineGeometry(int x0, int y0, int x1, int yl)
throws IllegalArgumentException {
super(x0, y0, x1, yl1);
if (getP0().equals(getPl()))
throw new IllegalArgumentException();
}

public LineGeometry(PointGeometry p0, PointGecmetry pl)

throws NullPointerException, IllegalArgumentException {
this(p0.getX(), pO.getY(), pl.getX(), pl.get¥());

}

classifyPoint 7 M SHR SpMxFIy B, BEMN FHENM BN, THE
L

// static field of LineGeometry class
public static final int LEFT = 0, ON = 1, RIGHT = 2;

// method of LineGeometry class
public int claSsifyPoipt(int x, int y) {
int ax = getPl().getX() - getPO().getX(); // va=(ax,ay)
int ay = getP1().getY() - getPO().get¥();
int bx = x - getPO().getX(); // vb=(bx,by)
int by = y - getP0O().getY();
int res = ax * by - bx * ay;
if (res < 0) return LEFT;
else if (res > 0) return RIGHT;
else return ON;

}

EARENRBB SR LR classifyPoint HiE, Hp(r, YR—P R ALK, HIEH
TRy =p -pFv=p-p. RECHEW v FFEEERMT B resth, B%TULp, p,pHh
BRM=ABHEROFERG. resHBF B RE T pARMTYMESH . AR
E%LO

~’|‘§§lﬁ@c1assifyPoint7ﬂ“£%EE‘W]‘/I\iﬁﬁﬂ'chlassifyPointjﬂ‘?&g"?FjE}‘J;

// method of LineGeometry class
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public int classifyPoint (PointGeometry p)

throws NullPointerException {
return classifyPoint(p.getX(), p.get¥());
}

LineGeometryX i T XXM tostringH ¥k, HELKAAR TRENFHBH

R

// method of LineGeometry class
public String toString() {

return getPO() + “<-->" + getPl();
}

MARXBEARE BT tostring T EME X, MLineGeometry R UMY BAKEK

%>

57 RE—-TEEMNARE, B—RELLNAMHEILE, SMRLSHEGREE SR

5.8

5.9

REMRARREN, ITEFAARASNBREHSK.

> java PaintClassifyPoints n x0 y0 xI yl

BPARERR (x,y) B (x,y ) BETHRZL, n VAT, B—EBEL
BlER a6, REREE, XRFFCRERLNEN . BR L FAERNE,
—RELKRRARE—8: S ENELBOSERARAMNET. B, T
B L BT LU — 3 ip= (0,0) Flp= (1,0) EFRBADS—Hp=( -12,0) fip=
(6,0) ®7o FWF L, M Epe= (x,0) Fp= (r,0) Yx. <x FEST LLF R bl

HMAHKIEIHBARBEMN TR, RAEXF M LineGeometryit £ £ 47
¥, BNEKMRTZRREE—1, FURRAAHEEREI0NSETHERR,

L Kequal sRAUWHAELE NS R BEHL.

// method of LineGeometry class
public boolean equals{Object a)

EET BB A Y E L LineGeomet ry2s i,

equalsF VLI =17 .

DIRaRELineGeometryX ML, & [E false,

) MEXRALREHE . BEXKLR EWF D Ep fp, EWENEABalE
A%, WHRpHp AELRat, equalsiflilfalse, HM, XFRLRILLH,

HREXFFR (EEHNERAER —KEL L) REEHRANFTH. BR—4 K
L LR, MBGRETHEALRME—H, equalsi® Eltrue, HMiRE false,

%5 —TERF RN AN equal sit BIELH,
RAEKXRE, KLineGeometry NE ML K4 T shape ik, XA RA R p Fp K
—FELM—FRBEKshape T RBERFIRR, EHAHE K28, &1
HER—-FAENMFERNESEREHES, XRTFELHARN LineGeometryd
F ¥ shape T i, shape T IEEX T HAHq Mg, ENBELE, REREX—ER,

new Line2D.Float(qg0.getX(), g0.get¥(),
dl.getX(), ql.get¥());

qTEp il Bp BT, MpBlq MR fp Blp 91005, ¢ & L1E T E — B
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BBk IKTS

public static final int LineScaleFactor = 100;
int dx = getPl().getX() - getPO().getX();

int dy = getPl().getY() - getPO().getY():;

int x = getP0().getX() + LineScaleFactor * dx;
int y = getP0().getY() + LineScaleFactor * dy;
PointGeometry gl = new PointGeometry(x, y):

KM, ReEHFNTFEpHA—N M EEEL, W TshapeFika, RE
izfT— FPrPaintClassifyPointsBF (4:395.7),

5.3 FRLgx

PG ER N RBREHLENENRETE XX LT —EFE, MEErEg
FAE. BTLEHEXMB RN T ERIETREST . EdBEZREFE, TXE
ERXRBITHEHRL

— P FREZCEHWXENFTEESZNEE, TAZEY LK —EH.

ATRRTARTHXEZHARNE, FRRET ML ERHRETRBHAES,

A TARLANG TS, FREBXEAWTERBILEACTHEIHR,

CATHRARECNXELEmARGHE, FNTFEBRTHENRLHEINTY, BL

A KREMARE, $R R HE Sz,

CATRAMEH X RZRRGH L, RERFHNFLEAEIWREZRESH T,

RATE—#RFER Y R

1) TRREFEESIHEMEBRMBRO I, XEREFRTAMHIIEMR
—H, BREMNEZEFPHERES,

2) TRMFEETHREZREEERMMBEB/HTE, XEREFREETHREERY
MEEL, BREMNFFEREEE M.

RS EKNELR: —MERBRTHRRNITY, B —BNR NG IEER
WHR, TUREENTFRAESH PN —8T R, H p —4~6] F 3k & MyGraphicsProgrami&
&, BRI (ApplicationPanel) HmakeContent i ¥ B — 4 A E A= H i
B, XRTF—MERMITH. Y¥E XApplicationPanel K FHA, BET
makeContentJj ¥, #ApplicationPanel# T, EEHAT, FEKLEES
paintComponent T RLHEE, BRAEBZE XTI HEHFL, AR IS HWE
R, RANFRY; BHEXFWIFTERE, TULHSHESA0EBS LT (SLES4),

JFrame JPanel

i i

ey 1 .
ApplicationFrame [@p—— ApplicationPanel

i

MyGraphicsProgram

5-4 MyGraphicsProgram$§ft T ApplicationPanel
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5.3.1 %ok

HANABEZ —REL—TRAIMEFLHUNERERMMBEHLE, FLARECHL
AR, ERBERIHEUN-EFRBEHRERS . EX—T, BRIV EH%EE L —
RN Z N HPolygonGeometry, 4R ITL K PolylineGeometry,

34 # (polygon) RFH FHEXBHABKNHE, EHE-IMHEAMEHRE—-IT
REMAK, ZHEMFLHELU, TENELAERHAN, MHEEFBEHN. £—4
ZARF, BT EREELSHEHOFEN, FU—ANEMTREAN S IR AL,
E—THRRHEEARS, AEH—&K (M=% (loop)) ZEWMEHC . BRI
MEAEH, XWATEAERR N HER, A B B F n-gonk BRI E M £
HIE.

Bs-58R T ZHEARRFB:: — D ZHHHA TS MOB 2~ 1HEFE, e v Bl ;
nskif MNOBjn-1HEFF , e BT SvHy, (0si<n-1), He, FEHEB Sy, My, BR
—ATRHEATE (1-gon) BE—KOKEHNY, LATUARBERT AT AR .
BS-SURRTHATENEAE (2-g0on) WEE, CHHEXIBRT RANHBL, &
W ERXFEN]; TREXTWEHRESH,

Vo Vo €3 vo
Vo V3
G "’ ) )
€2
€o V4 Vi e
1
V2

B5-5 ARk

Bs5-5thifiBl T -1 SHEHATLRX ., BREXRXAWEINARHR IR LD H
(simple polygon)o — M HEXZFHAMREBAWEHBEEH I RHAEZ K. &0
AR R AR R, A, MRBIIAFEN BRI RIEH R LD

BRETL AR —H, ZHRECENKEME LN AR (interior ), HEAME
R—NEARREHR — AR SERBFELNIENEA, HREMBIELZ I AR K,
HPEZARGA SRR EXRBERY, LS I GEMN LR B, M—ZXEiH
B ASEENEXABRAR, HTHEER, HAMERELMR ( winding rule ), 2848
BLRBER AW — D Sp R B LN 0N, JavafR {7 W0 Fp AN [R] A9 98 22 50 0 .
% - FEEMR (even-odd winding rule ) FIEEBBAN ( nonzero winding rule ),

R - FESEMNT, RO LB R E — &M Ep TG 548, PUE SIS 3 I E5 4 SO 2
AREFEK, SpEZHEAR; MBRE, SpifELulrsE, XA SRR 418 4
SR (parity winding rule), LURIBE S £0F 0T ERE ( AR A ). BRE—TF,
FEBBOLT SpME N, MHRHFRERL,

ATHBEEREAN, UMM EpTFIEE &5 RENZHEH—PTE
Fih, BEHEMH—EE, HBXED T FBHHS, B—THAEIRFERLHRAK
B, MAARZESASROWE . (045X R BORAZ AT RpA N F AT AT,

EREZATEH, SAHMEENNE X 2% AARRE—FM, MTEHRE
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B, MR- ZAREAXFHAN L= ETRAHABR R, YEEIRE—-EHE
B, SIREERSEGERNAER, ES-68RT RA— A LNBAERRGELEAN T
HREMZER,

ES5-6 SAR-FESEAN () METHEHN (4) HEGR - 20T

BRT Wy B8 RS, PolygonGeometry¥fcontains i ¥ MPolylineGeometry
KMEXSRR, INMFRAMAETSREELS AL, 25, BRI A 2% 0 T &P
{37 FHE T 2 52 M0 ) (E"%?E?5.1215&7PolygonGeometryB<J§EILJ@ZFHILXJ‘E?%@E
ZEHLN ). THEAEPolygonGeometry i HE ZHiA .

public class PolygonGeometry extends PolylineGeometry {

public PolygonGeometry(PointGeometry( ] vs)
throws NullPointerException, ZeroArraySizeException
// EFFECTS: If vs is null or vs{i] is null for some
// legal i throws NullPointerException; else if
// vs.length==0 throws ZeroArraySizeException;
// else constructs this polygon to have the
//  vertex sequence given by vs.

public PolygonGeometry(PolygonGeometry poly)
throws NullPointerException
// EFFECTS: If poly is null throws
//  NullPointerException; else initializes this
//  with the same vertex sequence as poly.

public PointGeometry getVertex(int i)
throws IndexOutOfBoundsException
// EFFECTS: If O <= i < nbrvVertices() returns
//  the position of the vertex at index i;
// else throws IndexOutOfBoundsException.

public void setVertex(int i, PointGeometry v)
throws NullPointerException, IndexOutOfBoundsException
// MODIFIES: this
// EFFECTS: If v is null throws NullPointerException;
// else if 0 <= i < nbrVertices() moves the vertex
// at index i to position v in the plane;
// else throws IndexOutOfBoundsException.

public LineSegmentGeometry edge(int i)
throws IndexOutOfBoundsException
// EFFECTS: If 0 <= i < nbrEdges() returns the edge i;
// else throws IndexOutOfBoundsException.

public int nbrVertices()
// EFFECTS: Returns the number of vertices
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//  in this polygon.

public int nbrEdges()
// EFFECTS: Returns the number of edges
// in this polygon.

public java.awt.Shape shape()
// EFFECTS: Returns the shape of this polygon.

public void translate(int dx, int dy)

" // MODIFIES: this
// EFFECTS: Translates this polygon by dx along x
// and by dy along y.

public boolean contains(int x, int y)
// EFFECTS: Returns true if the point (x,y) is
//  contained in this polygon; else returns false.

public boolean contains(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
//  else returns true if p is contained in this
// polygon; else returns false.

public String toString()
// EFFECTS: Returns “Polygon: vOo,vl,...,vn=-1"
// where each vi describes vertex i.

}

HTHNEZARBFERERROER LB IN—KEBETHAy v 08e , BT
PolygonGeometryX 4k /K PolylineGeometry3,

SIS, ZUEVTURE-IMEET—IRENENORLARNE, CNERSHEH
BRe =N ERBETURR - EHBHME, TEHRMUESNEX.

public PolygonGeometry(PointGeometry| ] vs)

throws NullPointerException, ZeroArraySizeException {
super (vs);
}

public PolygonGeometry(PolygonGeometry poly)
throws NullPointerException {
super(poly);
}

BT EAR UIFERE—Kille,_, FUTBERELFEREHT PX—BIMG B
k. Kz —Redgeliik. Hilfledge BB M Nn - 1N, BHUEHSI ML ; Y5
BUNFn- 18, AR KM edgely ki &I EHH

// method of PolygonGeometry class
public LineSegmentGeometry edge(int i)
throws IndexOutOfBoundsException {

if (i == nbrVertices() - 1)
return new LineSegmentGeometry(getVertex(i),
getVertex(0));
else

return super.edge(i);

}
%%tﬁ:gﬂl%EP%?FE‘JiJlE%%E%E‘Jﬁ&%nbrEdges:
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// method of PolygonGeometry class
public int nbrEdges() {
return nbrVertices();

}

—NEHEHZRFBEHRTH “polygon” FEBER FTHRHEFI M LN MRS FES
H, PolygonGeometryMI X HKE X T —MEP BverticeToStringH ¥, BIRAF
SIHRBBRFRE, BARPRIETUSETFRYE, FUT UL toString FERN
PolygonGeometryhft 4 # # X P i .

// method of PolygonGeometry class
public String toString() {
return “Polygon: “ + verticesToString();

}

shape i A LML A M shape F L EHAEM ., H#LHEF, HHclosePath
BEE— T ENE—-IREAR - &N EERk,

// method of PolygonGeometry class
public Shape shape() {
GeneralPath path = new GeneralPath();
PointGeometry v = getVertex(0);
path.moveTo(v.getX(), v.getY());
for (int i = 1; i « nbrVertices(); i++) {
v = getVertex(i);
path.lineTo(v.getX(), v.getY());

}
path.closePath();

return path;
}

LHishapeli K E X7E 1-gonfI2-gonk}, WA =14 ES-SEREEM LR, 1-gonB R N
— MR, 2-gonB RN EEFAITAN —KELE, 756475, BITHERE 5 —1 2%,
2 1-gonil £ [B] % , 2-goniHi i FI 4 R Rl B h 28 . .

EEBEEANT, L—Ep=(x, WL TFEARMNBRE S BN H Lo, XA
RABLFE-TEZARF. XERELZAFCSTHTA, HAEMNBELHEHS E,
ﬁﬁ]ﬁfﬁ%ﬁ@@ﬁ?ﬂ’é%*Wfi%fﬁ?ﬁ*Shapeﬁﬂintersectsf?ﬁ*y’bﬁﬁio B
contains#, W fishape.intersects k., intersects AR ¥ W X 52
BHX, FUXBESpfERN— EENWES T, WRXAIEN B ML NBR D
FHX, REVUSpREX NSNS .

// methods of PolygonGeometry class
public boolean contains(int x, int ¥y {

return shape().intersects(x-0.0l, y-0.01, 0.02, 0.02);
}

public boolean contains(PointGeometry P) {
return contains(p.getX(), p.getY());
}

6 T5Javaf¥y Shape® 0 X T contains H ik, HEEARAHARINWER, shape
HMAESHBESAXEERYAR, Shape.contains(p) N E, X% Apfh T N EBREH
TAFE. BEHIEG, — T HRRRMT TN ES G THRERETFEHALE. T
EHNR, BRBEASENIRAMEH, HABRN X EHNES S S5lavaly Shape
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AR, FrLi%A Fshapefficontains %, Tiflintersects FEERHMRFTLE S,

%3]

510 — 1RSI HBR—ATHENBNE RS, BITRS.2.19 P NstepCounter$
¥ Z N oneStepCounters,

511 WE-MNABFRE—ITZRE, EXA4LeE, RBEREA. XTMNARFEHNS
BOSBEBENBH (FELT4):

> java PaintPolygon x0 y0 x1 yl1 ...

TSy K x My AR E S BRIF2i+ 1 E . .

5.12 f&¥PolygonGeometryRHIE X, #ERFE-—THESEMUFE, EHERESH
BN, RAMERIETHLEHNN ., B¥MPolygonGeometry ] LLE X — /15
RFFBEX A

// field of PolygonGeometry class:
//  winding rule property

protected int windingRule;

URZRBHEMZREEMERE Fk, windingRuleB A I A FTHEN Z —.

// static fields of the PolygonGeometry class
static public int
WIND_EVEN_ODD =
java.awt.geom.GeneralPath.WIND_ EVEN_ODD,

WIND _NON_ZERO =
java.awt.geom.GeneralPath.WIND_NON_ZERO;

AT BREEEMN, TE8 B LR ARG INE 4 -

path.setWindingRule(windingRule);

Flshapely B,
513 ME—TREISUMHENELERT, SHE— S 580E Ao a L n:
> java PaintWindPolygon winding-tule x0 y0 x1 y1 ...
winding-rule¥ Ll “even-odd” E “nonzero” FH B X B, X %I H |
—NEIR K.
5.14 BEMZEJ 421 FFF - HXWDictionary¥, BHEFE - HMEEFN. &X—
AKorderedDictionary i & M FMBH L FHFRIT . REVEMME, 435
B PHES] . X RS ME VI A B nameFflvalue kMG B &M IR T .
// methods of OrderedDictionary
public String name(int i)
throws IndexOutOfBoundsException
// EFFECTS: If 0 <= i < size() returns the name
1/ of the pair at index i where the pairs are

/7 ordered lexicographically by name;
//  else throws IndexOutOfBoundsException.

public String value(int i)
throws IndexOutOfBoundsException
// EFFECTS: If 0 <= i < size() returns the value
// of the pair at index i where the pairs are
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//  ordered lexicographically by name;
// else throws IndexOutOfBoundsException.

R : IRIEPiEY Bpictionaryd, HEZHP I, RIELAF -
XL FHF . " LA comparableattributeX BRERZTF - HN, HILTFHF

BEEEXNRS (SHET56), HE: HRLEFHA AT L&,

Mg B comparebleAttribute &,

florderedDictionaryf{¥pictionaryX 5, A#

— R IR

KIES4 422 B &Y

TryDictionary# /5 3k Miforderedbictionary, JCit fil B B /= %5 A printdy 2

FRIPEESEFITE R

EXTEHIP, EHERKELT - THENLRERANE: FRFHREFE

BFHFET - EX, MERNTFTRELFHIIN, ]

5.3.2 Friditask

FREERY BB AMEAEA—ENHY: ESAHITHNEIRBNWaiter
EmployeeX KBl FRREXH; HZ&IS.12F LA PolygonGeometrydt R X FEH

TEHEE - RTIHHRESE A F.

PRI EE8 (tally counter ) B— PNEiT#28, B2 T TiE A incHidec H K
o incTally FERE T A ERBT Hinc T EHAR MR, decTallyFEH

B decHEBA KIS

AT RBRIIRE T RSN, ?u%ﬁfﬁﬂkﬁrTryNStepCounter(2}’5‘352
F) ATryTallyCounter, XTRBFEE— TR e, EMEEE—TSHH

i FTHSHRE T IHESRERLEN: ElNn X, RERLn K, REEM K,
H%, B-THMABORER, TRSBOEMBHinc. dech Bt FBITENE k.

-

cnt3|fiTallyCounterif %, FHEiRTallyCounter#E X :

THEBITHRH—AHTF.

> java TryTallyCounter 2 6 3 9 1
step = 2

6 incs, 0 decs: value = 12

6 incs, 3 decs: value = 6

15 incs, 3 decs: value = 24

15 incs, 4 decs: value = 22

T RTHET) ERATEZ&BA>4%:

System.out.print(cnt.incTally() + “ incs, “);
System.out.print(cnt.decTally() + “decs: “);
System.out.println(”value = “ + cnt.value());

public class TallyCounter extends NStepCounter {
protected int incTally, decTally;

public TallyCounter(int step) {
super (step);
incTally = decTally = 0;

}

public TallyCounter() {
this(1);
}



146 & ) 3F RALS 1% ——B 5 E 4

public void inc() {
super.inc();
incTally++;

}

public void dec() {
super.dec();
decTally++;

}

public int incTally() { return incTally; }

public int decTally() { return decTally; }
}

TallyCounterRRIM @A T RUAMF LSRR, EE® TincHE, FTIUAEW
inc HFEAUEMTHBEHF BRI FHincTallyli, EWincFEBEA T AL N inckH
BNt HARE:

super.inc();

super KRBT YA RERRRXEMX KR . X B ALK incdy 358 R i B E
BATH; RSEEMincTally:

incTally++;

FlI#TallyCounterX % T decH ik,

TallyCounter¥ i T WA FH: incTallyfldecTally, Eid44L4k/& (inc
Mdec), ¥ kA (¥ MincTallyMdecTally B ) X B Ry g3t [F 52 BUAT 1T B 8%
BHE,

%3

515 LAV HFHA AR TryTallyCounter&fF.

5.16 ¥ X ClearableTallyCounterZ KRR —MFiBiT4EE, EWHUBEE (FH—
4clearf¥ ). incTally WM Einc FEBREH AT HERE GRS HE
BIHITE, RBE—KARclearFRiHE ) ; decTally F M THES K
tl, R ET LY BTallyCounter¥ FH ClearableCounterd, XFF 5
WwaTf7g 7

- 5.4 iXEA%k%K

HUSEAREFRELATENR AR LA CHZEOFHNMSE L B XFELH,
T XN RLMBIERBETREANTN. IFLE, BEFENENREETFRTATW
ﬁﬁo

541 BOMMERE

Javaf 4t T B Fb L ihil ok S R i B 4k K
s —NRATUEA-AMBoORENMED, E—ANEOFET —SHEMNHE T ERS
AEBENT. YRALA-NEOFRRFER, RaLR TR ERENT Y,




E5¥ # Kk 147

o —NRATUS F— gL, XIMHREFEAT -EHERIE, HP—&IHT,
Mo — BB E L], X NTRPRELHMFTERREHHEF & (abstract method ),
HEATZH T ENHRILERNBMR TN, ERIHA T RBRTERENT RN
H—ARELA-NEON, EREIAXMEOFEAN L. TEX—HERA TR
BN B 5-7H R -

public interface I {
public void f(int i);
public void g(String s);
}

public class D implements I {
public void f{int i) {
System.out.println(i);
}
public void g(String s) {
System.out.println(s);
}
}

<<interface>> G
I
7 T
N R H
D <<abstract>> H
E

T

F

B5-7 Gk RKE

XEXDEIATHOI, BOIFAPT Hikefg, BRALAEI. NS RERLE
RECNILER (XM FFHED), BVXDERTHEOISWMNE—IFik, KpE
—A~ B4k % (concrete class ), XEEE T LLEIEKDHY L6,

HABR-ADLERCHEOFFRNE - PHE, SEXELRTEOIRF—
AMFBEE, HIFBRALRS - Fikg:

abstract public class E implements I {
public void f(int i) {
System.out.println(“arg = “ + i);
}
}

AARERALRZEOIFEHNTAE FE, RER -/ #£ % (abstract class )o KER—F
MBRE, FUEREEGL, MBERE X, 5B 2 e

E e = new E(); // erxror: E is an abstract class

BHBRBREETFRY R HRENIE, BMREFET B0, ERET
WATENLH. RBBEOFRHRTEFLIR#, HEXERHARETRY R,
FRERMBEMBEINRILR, BETUANLRETOREES ., XFrT BT HRX
E, FHERAT e,
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public class F extends E {
public void g(String s) {
System.out.println(s);

}
}

REUHRT LGN, FRET ACKHLH, CRGMRT FEENTBELH, %
FRIESEEMLEH, MUBER—-IREE,

—MRATUT R—IHERE, BTUSHEMBEEAMNED, BiRLGELEN, &
IR LAE X — A FiknFet i B emse gD L:

public class H extends G implements I {
public void f(int i) {
System.out.println(”arg: “ + i};
public void g(String s) {
System.out.println(”the string is “ + s);

}

A FRIavaFF $ 48 o 4K ( multiple interface inheritance ), R IfETavadh — AN DL 5D
REMBEGED, —PMENEHT BESRT - MEORBLTH, NELHNE —
THEOFBAR—TEO. LEMBTH, BaMEHRKUART — OB H
MMAEOIS%ART -0,

FHEs-7TE G, ;Sﬁ!*/]—ii,u\<<interface>>$ﬂ<<abstract>>%ﬁ—Eﬁﬁ%%— (UML) ##i%
B (stereotype) WF T, EEAEEEZKD, E. s TIIMEDI, XHETRESH K
FEERITREMNWRE, MRAEMEAM -1 D,

— TR BAFEREG, T BRI T LI DRE MR K MR B RO AR
B, ~TRRENF-IRENTE, EE5-79, KFPRXBRF, EAI, KA LR LE,
IMG. ENINFHOFESTRTReE RN,

TEMXEMBSEBREEY, BN - RURTEHE LM ED, BITEE
FESEMNAEZAEHENERE L,

5.4.2 FEILMER

MBXREBITE Y RES BB — 5 E MU RT N RN . Xt m5 8
MXERFRBERK, AEE—MHOMSELEFEITNABRIK, ENEBEHRR £
#-# (factorization ), X —Frh, RITEERLIEEEL - FHMER, KN
RectangleGeometryMEllipseGeometry KA K, MELBEHXIHILEHRE
MANTTN: ENSAEE. TA. &HAHE, 82X T contains kK Im — A2
REBEXENI, MAtranslate FERBIHEE, P KEBE X T shape i ¥,

RAAEEAHREEREEENR, BENREELE— L, I AR A A &
R, ARKRESCTHFTFEMNFRNEFEBRE. ‘

ATHEFNEKME - HEHRHRRYE, RIOTREHELR T, HBEIIRE—
THELEF, MfRectangularGeometry#, ENRBARATEHILTAH
( rectangular geometry ) BHEZ:, EWMRT 5B TTRERBZMILTER,
fERectangularGeometryH & L T AL FRIE M 3k, 3 H HUR I £ B A9 T B e
HMEXEKP,
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# 1% BRectangularGeometryB S MR AT A B 7 BRLLAT X R 45 i B R 58
BWe? EEMMREBELE, TEMSESE, WX # TN ENIT N RIRE
B, Ef17lfERectangularGeometryK P L H ., translate FEWATLISER, EHH
18 1 iR BT A B FE TR LA B SE 0 B R R TR

/R, RectangularGeometryZ/E= B T MR T

// abstract methods of RectangularGeometry class
abstract public boolean contains(int x, int y);
abstract public Shape shape();

REMBHTEHIRAERI TR, BIFRAERILABEATAEARARBER, KU

RectangularGeometryX ANfELBlshape Hik, LM, —MEEILAEE R EENLE

ERABRAGERBTCIFE— A, i, BRiE—ELD— 9 E ARG ERE,

A0 (FERENA) S EEREPEREMRES,
translate 5 0] LAF| RO B4 ESCH .

// method of RectangularGeometry class
public void translate(int dx, int dy) {
PointGeometry pos = getPosition();
int x = pos.getX();
int y = pos.get¥Y();
setPosition(new PointGeometry(x + dx, y + dy));
}

H#RRectangularGeometryk R T M S ¥ Mcontains HEMELH, B—25KM
containsA] LI7E X B 5L B .

// method of RectangularGeometry class

public boolean contains(PointGeometry p) {
return contains(p.getX(), p.get¥());

}

BRANTEA 2 B Mcontains B— M E ik, THLHE FREL,

FNPKRE M RectangularGeometry K iiE X iX B A B RangeXt § iR — A 4E
JLEE. SRAIMEELERELILMEEHERE— EB. XM3.2.2% ¢
RectangleGeometryR Al gEH—FE . ZRAEL, RectangularGeometry2 i 5C
HHMRectangleGeometry XM LHMIEH MM, FTEELRFE L.

public abstract class RectangularGecmetry {
protected Range xRange, yRange;

public abstract boolean contains(int x, int Y);
public abstract Shape shape();

protected RectangularGeometry(int x, int Y,
int width, int height)
throws IllegalArgumentException {
if ((width < 0) || (height < 0))
throw new IllegalArgumentException();

xRange new Range(x, x + width);

yRange new Range(y, y + height);
}

protected RectangularGeometry(PointGeometry pos,
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int width, int height)
thrcws NullPointerException,IllegalArgumentException {
this(pos.getX(), pos.get¥(), width, height);
}

protected RectangularGeometry(Range xRange,Range yRange)
throws NullPointerException {
this(xRange.getMin(), yRange.getMin(),
xRange.length(), yRange.length()):
}

protected RectangularGeometry(RectangularGeometry r)
throws NullPointerException {
this (r.getPosition(), r.getWidth(), r.getHeight());
} o o-

public PointGeometry getPosition() {
return new PointGeometry(xRange.getMin(),
YRange.getMin());
}

public void setPosition(PointGeometry p)
throws NullPointerException {
XRange.setMinMax(p.getX(), p.getX({) + getWidth());
YRange.setMinMax(p.getY(), p.getY() + getHeight());
}

public int getWidth() {
return xRange.length();
} .
public void setWidth(int newWidth)
throws IllegalArgumentException {
if (newWidth < 0) throw new IllegalArgumentException();
XRange.setMax(xRange.getMin() + newWidth);
}

public int getHeight() {
return yRange.length();
}

public void setHeight(int newHeight)
throws IllegalArgumentException {
if (newHeight < 0)
throw new IllegalArgumentException();
yRange.setMax(yRange.getMin() + newHeight);
}

public RectangleGeometry boundingBox() {
return new RectangleGeometry(getPosition(),
getWidth(), getHeight());
}

public boolean contains(PointGeometry P)
throws NullPointerException {
return contains(p.getX(), p.get¥()):
}

public void translate(int dx, int dy) {
PointGeometry pos = getPosition();
int X = pos.getX();
int y = pos.getY();
setPosition(new PointGeometry(x + dx, y + dy));:
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}

protected String dimensionsToString() ({
return getPosition{) + “,” + getWidth() +
“,” + getHeight();
}
}

RectangularGeometry R T — MR AidimensionsToString ik, ibEH
TREENABCHWtoString FEFHEA, XM HEAFHERAMRABEHER, 767
BRARM L ER JUTERERR L (FNElipse) J5 0 - BB M 4% .

RectangularGeometry e = new EllipseGeometry(l, 2, 3, 4);
System.out.println(e); // Ellipse: (1,2),3,4

R tostring 7 B 69 SC B8 K TH KM dimensionsToString FEFH BN FE
B,

BRAERNTTLIE M RectangleGeometry$ YL M, T MRectangularGeometry
Ky RmkK:

public class RectangleGeometry
extends RectangularGeometry { .

public RectangleGeometry(int x, int y,
int width, int height)
throws IllegalArgumentException{
super(x, y, width, height});
}

public RectangleGeometry(PointGeometry position,
int width, int ht)
throws NullPointerException,I11ega1ArgumentException(
super (position, width, ht);
}

public RectangleGeometry(Range xRange, Range yRange)
throws NullPointerException {
super (xXRange, yRange);
}

public RectangleGeometry(RectangularGeometry r)
throws NullPointerException {
super(r);
}

public boolean contains(int x, int y) {
PointGeometry pos = getPosition();
int minX = pos.getX();
int minY = pos.getY();
return (minX <= x) && (X <= minX + getWidth()) &&
(minY <= y) && (y <= minY + getHeight());
}

public Shape shape() {
PointGeometry pos = getPosition();
return new Rectangle2D.Float (pos.getX(}), pos.getY(),
getWidth(), getHeight());
}

public Range xRange() {
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int x = getPosition().getX();
return new Range(x, x + getWidth());
}

public Range yRange() {

int y = getPosition().getY();

return new Range(y, y + getHeight());
}

public String toString() {
return “Rectangle: “ + dimensionsToString();

}
}

RectangleGeometrydSLH T H ALK A S T ¥ shapeFflicontains,
%3]

517 EHLHMEllipseGeometry¥, #E ¥ BRectangularGeometryd,

543 JLmERMmR

FEX—F e, B E—F R FERectangularGeometryKH MR, &
KHGRBITHEWES- IR TR R EKBREWE . X8R B EWIEA S
BREFAT,

Es5-8 a5 TRAHEED. AreaGeometryfliGeometry, GeometryiE O T
P8 RE R KB EE R (shape) MBEHEE (translate), THERENRE X

public interface Geometry {
public abstract java.awt.Shape shape();
// EFFECTS: Returns this geometry’s shape.

public abstract void translate(int dx, int dy);
// MODIFIES: this
// EFFECTS: Translates this geometry by dx
// along x and dy along y.

<<interface>>
Geometry

| PointGeometry | <<interface>> |ialy1i :y‘ LLi g try |
AreaGeometry

1
]
1 A
<<abstract>> | PolygonGeometry | L LineGeometry |

RectangularGeometry

I ] 1
Rectanqleceometryl lzllipsesemetry—l |Roundnectangleceumetry|

% 5-8 Geometry Mk

AreaGeometry# ¥ D RRUEHHA XM LMEE . 2 HET NI, KAER T =5l
KREE: BE. MAMLZHE. ENHEXAKEARFEAEERE P8 Fkcontains,
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AreaGeometryHE HE XWTF :

public interface AreaGeometry extends Geometry {
public abstract boolean contains(int x, int y);

// EFFECTS: If this geometry contains (x,y) -- that
// is, (X,y) lies in this geometry’s interior or
// boundary -- returns true; else returns false.

public abstract boolean contains(PointGeometry p)
throws NullPointerException;
// EFFECTS: If p is null throws NullPointerException;
// else if this geometry contains p returns true;
// else returns false.

}

AreaGeometry®¥ O & MGeometry O ATk, OV BMH A XH Fextends, H
AEATTUSERED, BORRELHRMbED,

—NMEENRTEAEOCREBSELEREL, FESZEHE, BOMHMSREHEL,
JavadUIF RN B EYR, ABHRE-DATUSREENED, XMEEHTAGEHE
NHERTREHA, KBTS, BHERE-IEL, BRETUNEREMLI4LH,
XEBFERIHEMBELAERS B, RiMlavad LB K, — ) FRIATUY
B—AA3, UMK RN FERRESRIERMSELHTH,

EEMBBEE, GeometryEH—NHEORLIMEIF. HTGeometrydE O FEKH LA
B RkME, BmAEEKL (FKEBEEF RshapefiB A Etranslate ) STHIE—
TT¥k. [BAreaGeometry REXH, BRI B containsiy sk H A {E ] — ERAT Lt 5
Sh—ASkSEEL, BREW LRI F R, TUZBIETEN - IMEREREL, 6
m, TR THEXAHEE MR EAbstractAreaGeometry:

public abstract class AbstractAreaGeometry
implements Geometry {
public abstract boolean contains(int x, int v):

public boolean contains(PointGeometry p)
throws NullPointerException {
return contains(p.getX(), p.getY());
}

}

BEXFP T, AbstractAreaGeometryZk HERRTELEAFA NS B contains HE:,
MEHRRCLLHGY— 28 W contains ik (RectangularGeometry & F X fil
HRAEEHE contains FH:H ), A RIR KT AbstractAreaGeometryd & X R
2%, BRHRE AR, MR- T RAMMY%KHAbstractAreaGeometry s Bl 4
O RN A AL, WEXMENERTEINT ., E5-80E — LK LEHF .
PolygonGeometryK MAreaGeometryJ 467K T 248 10, M MPolylineGeometry
RYERTHH. HEXHE—IFEN: MRMELXEHROTROIERS, BHETEY
BiED,

HRBRUNBRSTERANENMALMED . NEAS-9HR, AHEXT
AreaGeometry# N AL BX —# MK F & abstractAreaGeometry, MEFERE
EHRACRB LI, WA LIy JRAbstractAreaGeometry2k, MTalLI2Es F
AbstractAreaGeometryRJSLHl Bl5-91 ff)RectangularGeomet ry 2t B X BEMLAY .
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MR, BBEFEEMNGXKRERLRM TFRINREELHAreaGeometryE D, #HBE

PolygonGeometryZ —#f,

<<interface>>
Geometry
JaY
prmm e L L 1
i H
<<interface>> PolylineGeometry
AreaGeometry
- ‘T
e - ’
I 1
4 1
<<abstract>> PolygonGeometry
AbstractAreaGeometry
ﬁy
<<abstract>>

RectangularGeometry

A
[ |

RectangleGeometry EllipseGeometry

K5-9 AitPabstractAreaGeometryiZfit T AreaGeometry$ O 384 LI

%3]
518 BHNLMERE, FERIABS SPHINAXBEERBEREN, B
PointGeometry, LineSegmentGeometry2MPolylineGeomet ry¥ ik E
X, FEfILHGeometryiED; HEH# ¥ RectangularGeometry 2 Al
PolygonGeometry® ke X, #FEflkMareaceometryE 0, 34},
RectangularGeometryZ flEllipseGeometryd fE B i — 4L
RectangularGeometryX R NS & 2%, Him.
public E llipseGeometry(RectangularGeometry r)
throws NullPointerException
// EFFECTS: If r is null throws
// NullPointerException; else constructs an
17 ellipse with the same dimensions as r.
RHEEAMMBERG (BAEEMXABESETHENSI itie,)
519 HAREERREREBANER. MA— M HEGERSABEEAL, X HEEH

RAIR/NG B el arcwHarch BB e 1 (AN 5- 105175 Do TRAT XA T AR T2 4
KRB RIERMNE ML HKRectangularGeomet ry MKl , FEMXARELAR
™ T AR LIRS B T 3

public class RoundRectangleGeometry

extends RectanqularGeometry {

public RoundRectangleGeometry(int x, int Y,
int width, int height,
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//
//
//
/7
//
/7

double arcw, double arch)
throws IllegalArgumentException
EFFECTS: If width, height, arcw, or arch is
negative throws IllegalArgumentException;
else constructs a round rectangle at
position (x,y) and with given width and
height, and with corner-rounding ellipse
of width arcw and height arch.

public RoundRectangleGeometry(Position pos,

//
//
1/
//

//
//
//
//

public

int width, int height,
double arcw, double arch)
throws NullPointerException,
IllegalArgumentException
EFFECTS: If pos is null throws
NullPointerException; else if width,
height, arcw, or arch are negative throws
IllegalArgumentException; else constructs

a round rectangle at position (x,y) and
with given width and height, and with
corner-rounding ellipse of width arcw
and height arch.

RoundRectangleGeometry (Range xRange,

Range yRange, double arcw, double arch)

throws NullPointerException,
IllegalArgumentException

// EFFECTS: If xRange or yRange is null

//
//
//
/7
//
//

public

throws NullPointerException; else if arcw
or arch is negative throws
IllegalArgumentException; else constructs
a round-rectangle of given x

and y extents, and with corner-rounding
ellipses of width arcw and height arch.

RoundRectangleGeometry (
RectangularGeometry r,
double arcw, double arch)

throws NullPointerException,

IllegalArgumentException

// EFFECTS: If r is null throws

//
//
/7
//
//
/7

NullPointerException; else if arcw or arch
is <0 throws IllegalArqgumentException;

else constructs a round rectangle with

the same dimensions as r, and with corner-
roundingellipses of width arcw and

height arch.

public boolean contains(int x, int v)
// EFFECTS: If this geometry contains (x,y)

//

returns true; else returns false.

public Shape shape()
// EFFECTS: Returns this geometry’s shape.

public double getArcw()
// EFFECTS: Returns the width of the

//

corner-rounding ellipse.

public void setArcw(double newiArcw)
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throws IllegalArgumentException

// MODIFIES: this

// EFFECTS: If newArcw < 0 throws

// IllegalArgumentException; else sets the
// width of the corner-rounding ellipses
/7 to newArcw.

public double getArch()
/! EFFECTS: Returns the height of the
/! corner-rounding ellipse.

public void setArch(double newArch)
throws IllegalArgumentException
// MODIFIES: this
/! EFFECTS: If newArch-< 0 throws
// IllegalArgumentException; else sets the
// height of the corner-rounding ellipses
// to newArch.

public String toString()
// EFFECTS: Returns the string
// “Round-rectangle: (x,y),width,height,
/7 arcw,arch”.

i H LB RoundRectangleGeometry#, & LIF|fHjava.awt.geom.Round-
Rectangle2D.Doubled& i B M 4 IE I TE AR .

// method of RoundRectangleGeometry class
public Shape shape() {
PointGeometry pos = getPosition();
return new RoundRectangle2D.Double(pos.getX(),
pos.getY(), getWidth(), getHeight(),
getArcw(), getArch());

MREELRAERANT S B contains ik, HA] UZRELSBEHAEF shape
T TR
(xy) T

N Q 5
arcw

Es5-10 BMHEE

TEJava b B FF B B4 By . KRixdrawString i B A2 EFEE, FHIE
ZREN TR FEBIHRELE My RSB, B, T @SSR
fEFFE “hello world” HihBLEF g2 .
g2.drawString(“hello world”, 50, 100);
F—TFH D WELHMBER S EHM (50,100) 2B, FrE AL LM
WALE, LnFEMEE, R2ho2lSaBrissn.
THAATFHRT - FHH%, FHELHNceometryE D, T EAREE
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LFHE “hello world” WHBIZ2EHRED, BH{MER (50, 100):

Geometry s = new TextGeometry(“hello world”);
s.translate(50, 100);
g2.fill(s.shape());

S B TextGeometryR B At H#¥HGraphics2D.drawString BEWE?
drawStringR A KE, EREHLEFEMHE, MceometryENHK R fshapek
%, REEEAIER, WRADEBHBEEINHFHE, R TextGeometry
WL EIEdrawstring 3 H R BB TE. :

B 7R, FRRY ERERR— RN FELE (glyph) WBEREE.
XEFEREMEFHF BRI, EREFHFIHT, MEERFEHRE
K, FHEKRN, FRBAMEECEFOREEE, B2 “CreateGlyphVector” 5 8
HFontXMBRTUCBRFHERERE, Font R ARFHEA , ZAKRE (L#F
TR, I, FAHASEAHE). FhXNITR. CIREERELRER, FontXl
RTE—F#H%LERE (font rendering context ), ERMENEBRTE A /NE
BERRE. BTEEXERMERNAAEEN THREXHRENZI, LTEHEE
EESH N EREIEANE .

public class TextGeometry implements Geometry {

// default font if not supplied to constructor
public static final Font DefaultFont =
new Font(“SansSerif”, Font.BOLD, 12);

// glyphs for this string
protected GlyphVector glyphs;

// position of text baseline of first character
protected int x, y;
public TextGeometry(Font font, String s)
throws NullPointerException {
// EFFECTS: If font or s is null throws
// NullPointerException; else constructs
// this for string s in the given font.
FontRenderContext frc =
new FontRenderContext(null,true,false);
glyphs = font.createGlyphVector(frc, sj);
X =y = 0;
}

public TextGeometry(Graphics2D g, String s)
throws NullPointerException {

// EFFECTS: If g or s are null throws
//  NullPointerException; else constucts this
// for s using the font and font rendering
// context in the graphics context g.
FontRenderContext frc = g.getFontRenderContext();
Font font = g.getFont();
glyphs = font.createGlyphVector(frc, s);
x=y =0;

}

public TextGeometry(String s)
throws NullPointerException {
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// EFFECTS: If s is null throws
/7 NullPointerException; else constructs
// this for string s using the default font.
this(DefaultFont, s);
}

public Shape shape() {
// EFFECTS: Returns the shape of this text.
return glyphs.getOutline(x, y);

}

public void translate(int dx, int dy) {
// MODIFIES: this
// EFFECTS: Translates this text by dx and dy.
this.x += dx;
this.y += dy;
}
}

XKGlyphVectorflFontRenderContextfy&fEjava.awt . font £y, TEiX
TEI$, E-1EERE, B W% o] ff 25 RoundRectangleGeometryH
TextGeometry, BFEHERA MM AEAEE, TEETH T HRE —%& “See
my curves!" B . BIAEENAUBERNRTHBRESBE &, mE sz
TextGeometryX&, H— FT#H &s

g2.fill(s.shape())
*ﬂé%ﬁﬂs:
g2.draw(s.shape())

Z A R,
55 X

% &4 (poiymorphism) X MM BFIE L, FBRANEHSHBA, EXRER P,
BEHBRT XM HHTCR T LR AL FIE SR m—F, A, @i
ZEHE (WHET2 £ 5% (subtype polymorphism )) — M RBIE] D E R T W TR,
B — 2 RUAHE OB 2 P BT LU P B T 2R A S 4

5.5.1 Javaly & A4H 4l

ATHBEEHE, BHEAS 1T AR N A EmployeeX Miwaiter, AXBEE
H-TEMYAZ:
public class Employee {
public void greeting(String name) {
// MODIFIES: System.out

// EFFECTS: Prints a friendly greeting to name.
System.out.println(“Welcome to Eat and Run, “+name+”.");

.

}
public void farewell(String name) {
// MODIFIES: System.out
// EFFECTS: Prints a farewell to name.

System.out.println(“Please come back soon, “+name+“1");
}
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class Waiter extends Employee {
public void greeting(String name) {

System.out.println(“Can I take your order, “+name+“2");

}
public void recommendation() {

// MODIFIES: System.out
// EFFECTS: Prints a recommendation to name.
System.out.println(“I‘d stick to the pizza.”);
}
}

fElava (X R E S MR AL . MRIEFEL (actual type) HIEHARL
A (apparent type )o X RELIRRBBEEMNRIMBHE: MRUEARBRBSI HEXR
RIFRAHIEE, Flm, W TRBEE.

Employee e = new Waiter(); // line 1
e.greeting(“David”); // line 2: Can I take your order, David?

EE—-THEREMVWaiter I RAELE TP HEH, F 1795 Avaiter R FRER
eH)EM M E TP HEY HEmployeetkF. HHF 1T, TR AMM LM THERBE
Waiter HRMAE A R Employee,

FICREEE, WREGFRMBHMERET, MTAENEHENEFENFE LR,
MR RRARBMANRERNME, FETUN—PTEARLSHER S — T ERER, B
BNSEENHRBENT .

Waiter w = (Waiter)e; // line 3
w.recommendation(); // line 4: I'd stick to the pizza.

EREGTH, REAVIAWIRBARFRNLTREABRMEALY, HRwaiter,

REFRTUESHMRHRALY, EB TP, eEAXBENE - FTHTBe
WAEETREAN. ERENTH, wHRNALBRMNE TR R HE M0,

BRMGOALFI ARG, EEONRDRE ML, AEAL TR AYRELR
ATULH . B0, ATLAAEERIXT 51, £E01 8 0 & A S B 6E A X 42 .

int len = new String(”hello”).length();

#iKkAnew String ( "hello") FIRAMXM AR SRR MERAER
String, RIEXNBTIBITRBER ., N, THEHEER.

(Employee)new Waiter()

MEBRTHELRL B Waiter, BHA M TREEETT 4 KW ERXRMEnployee.

MBOELRBBRE THRIALE . SLGARNEVERANE AT LA ALY, FHE
Bl FREREMI, MRHZRLY (Employee) BB ELKM (Waiter) WA,
MEETIAER (Waiter) RIS ELEXR (Waiter) MRH, — M ABLEHSY
X, HERTHMNBAEREFRASEN.

Employee e2 = new PointGeometry(4, 5); // illegal
RiEXe 2 REWEEMER: MRMWENLY (Enployee ) REXN B H LKA
(PointGeometry) WAL A,

FEA-ITXHRN, EMESAMNNEARBRERSLEANTEARN. 5—1 8
MPRBAMBWED: RASEN, FTROALLEVIL TR, filn, HF
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greeting ¥ ¥ AEmployee MBI MW —# 4, U THARBFBEASTREGEN:

Employee e = new Waiter(); // line 5 ]
e.greeting(”David”); // line 6: Can I take your order, David?
e.recommendation(); // line 7: illegal

Mrecommendationi ¥ A2 EmployeeX 1T, FUS LT RIEEN, BRAMNENE
EXE R recommendationf HEAE O H— 4,

BN RBINRWITH: #ASEE, SROATEBILTHENTH, BE
FEGFHERT: 5 AN R KL erectingl§ B, BREmployeeX MWaiterKE
XT—4-greetingliih, HRWaiterEWFERKBTHIT. BUR, X MTHEHAN
FWHEELKAwaiterREW, MAREIREAENployeett E W,

EAAHUFTBEIF

AR, FROAAEB R THENRD, FROATEVRE THEGTS,

RANEEFMERT EHENER. B RBESE TR M A B O A2 Bk
ERHE, HR, XERTH, S TREBETHESSEBMMNE, Fim, 2ETFH
IR

static void servileGreeting(Employee e, String name) {

System.out.println(name + “, how lovely to see you.”);

e.greeting(name);
}

LB FservileGreeting® i B M, ENS e E3 B TEmployeefy 4 F &I
- X%, LEEnployeeX B T greeting® M, FTLAMERFF T L4 5 e % 1
greetingfi 8o B2, greetingl§ BIEMNIT N EHeS N SN ALRB BTN, TE
WH.

servileGreeting(new Employee(), “Elisa”);

ZEREHIT.

Elisa, how lovely to see you.
Welcome to Eat and Run, Elisa.

MR, BFEM:

servileGreeting(new Waiter(), “Phyllis”);

EREBIT.

Phyllis, how lovely to see you.
Can I take your order, Phyllis?

RIE—AEFRBPTF. B— L BRI g2 — A L4 B B % 2 %08
fillGeometriesid BE, ELIBEAN LM E L 35| 2 K HEd .

static void fillGeometries(Graphics2p g2,
Geometry[] geoms) {
for (int i = 0; i < geoms.length; i++) {
Geometry geom = geoms[i];
g2.fill(geom.shape());
}
}

TEfor ST il , WRIHIEAD

Geometry geom = geoms[i];
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REEH, XEBENFi#Egeons i ]F WX EL)E FGeometryBEOWENFE, BT
GeometryR OFEH T HE.

public Shape shape(};

Pt LA 5] geom3 | Fi B9 X 8 & i% shapeild B B & 2 HY «

geom.shape()

HfillceometriesF RAEHMER AT LMERHELAR, MHEHRE LB
H, HAGeometry &~ T BIERK 131 F01 58 BF 2K AT 9T AR —/*EllipseGeometry
BE—MEEER; — 1 PointGeometryiR Bl — M EIBIR; LIk, BIruemEn
KA (Geometry) BT fillCeometryERMEEN, MEANAM R W E T RRE T
fillGeometryFrIEHMFT N,

5.5.2 Java#yComparablei O 5HERF

247, BAGEAT - MA—RERASEOERF, CSESKHER 2SR
k. BFFSHENBRERRER < RHEF. LHEE, REE TR EHFRE
CHA <), ERERMERET UHTEEHF., HTEFEXRIER RS HE R
Y€, Javaf2t T java.lang.comparabled: [ .

public interface java.lang.Comparable {

public int compareTo(Object obj)
throws ClassCastException;
// EFFECTS: If this object and obj cannot be
// compared throws ClassCastException; else
// returns a negative integer, zero, or positive
// integer if this object is less than, equal to,

// or greater than obj, respectively.
}

CompareTo S AN X R Mobj M RMLLE, WRXIME/INF. EFRELTF
obiXt &, M4rFIRE A, THMELK, SCBL T Comparablef# [ i {F 1] 3 U #R 7T LA 47
SKHHEF . I, %stringSLH T Comparable® [, EWMcompareTo ik FMHF
EHERNF/HE.

“apple”.compareTo(“banana”) // evaluates to -1
“banana”.compareTo(“apple” ) // evaluates to 1
“apple”.compareTo(*“apple”) // evaluates to 0

XRational (4.4.3%) AT E X T —F compareTo ik, % Tffi2kRationalk
¥ Ccomparablef:, ILA G 7 B ol 3 8 Uk .

public class Rational implements Comparable {

THERITEE L —sort, E%ﬁ—‘/l\%?&so;tﬁ%ﬂeXﬂLComparab1e5(ﬂ'%ﬁ?ﬂ
BATHER . BRATH 24T DR BHEE F THEXE,

public class Sort {

public static void sort(Comparable[] a)
throws NullPointerException, ClassCastException {
// MODIFIES: a

// EFFECTS: If a is null throws NullPointerException;
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/7 else if some pair of elements in a cannot be
/7 compared throws ClassCastExceptiorn;
// else sorts the elements of a.
if (2 == null) throw new NullPointerException();
sort{a, a.length);

}

protected static void sort(Comparable{] a, int n)
throws ClassCastException {
// REQUIRES: 0 <= n <= a.length.
// MODIFIES: a
// EFFECTS: If some pair of elements in a cannot
// be compared throws ClassCastException;
// else sorts the elements of a[0..n-1].
for (int 1 = 0; i < n; i++) {
int indx = min(a, i, n-1);
Comparable temp = a[i];
af(i]) = a[indx);
al[indx] = temp;
}
}

protected static int min(Comparablef] a,
int lo, int hi)
throws ClassCastException {
// REQUIRES: 0 <= lo <= hi < a.length.
// EFFECTS: If some pair of elements in a cannot
/7 be compared throws ClassCastException; else
// returns the index of some smallest element
// in aflo..hi].
int indx = lo;
for (int i = lo+l; i <= hi; i++)
if (a[i).compareTo(a[indx]) < 0)
indx = 1i;
return indx;
}
}

Sort MAVHFMBRAFFBF RA - T R : SortHcompareTo} &5t
ComparableXf BT HE, 24T P HBAER < HintBEMITHR, E LEABE, #
#compareTo A HEG Bnint, AREFRAPERE/ P LHNE,

F#sort.sort REEM RMAR (MBR ) #ITHE., BNEBER RETH
Comparablef H, EfiARXNE, HMRARILIMED ., HlavaF Rt &£ £ (wrapper
classe ), AJLUERBERBH BRI S, AERKEZFNEREBUEES YD,

Java¥f B — R R RAR R T @2, fim, JavaBInteger® BRI — 4 int
TRERR AR, £iE

Integer iObj = new Integer(7);

BT - HWERTWInteger £, 3SIntegerL B T ComparableE 0, FFLLETL
compareToJ7 % 5L Bl tb B K /RO #R 1

i0bj.compareTo(new Integer(9)) // -1 since 7 < 9
iObj.compareTo(new Integer(“-6")) // 1 since 7 > -§

Bint MIERRREMRIERE RO —BH B L Integer ki, B, %R Integer
AEERR e E F, IntegeriZBft HPintvalue RIBRA LM intld .
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int i = iObj.intValue();
System.out.println{(”i = » + i); // i =7

'FEZﬂySortIntegerArgumentsE@Ef?%ﬂ2.4_ﬂﬁ‘FPSortIntegerArgsEF?UJﬁE#E
F: MABRESEFY, HEMErad. TRNEXNMEFE AT Esort.sort k5%
BiEF. EXEBFRASEER B Integer R, BE -1 H4Ad, BEEAA
Sort.sortXHAHF, HEMNABAITHHEHA, THELH:

public class SortIntegerArguments {
public static void main(String[]} args) {
Integer[] a =-getIntegers(args);
Sort.sort(a);
printintegers(a);
}

static Integer[] getlIntegers(String|[] args) {
Integer{] a = new Integer[args.length];
for (int i = 0; i < a.length; i++)
a[i] = new Integer(args{i]);
return a;

}

static void printIntegers(Integer(] a) {
for (int i = 0; i < a.length; i++)
System.out.print(a[i] + * #);
System.out.printlng();
)
}

Xsortill B ZHHEN —BISH, EHFEEREAN KB compareToy 3 LB FH 4
MREEK/N. FHRXL X RELIT ComparableE O, FiLLENEEMcompareToli

o RMERFHHFA A D EBRHF N ROELER, BT L Integertf %,
Rational¥ %, Stringif R alE KR XTLH

%3

521 (EH) B¥Krational B XWE—1F, #ELHMcomparableE O, RERKE
—/#JFSortRationalArguments, EHBHRAASKEHFAEE-XMNBER—F1F
HEC BNAEBNA TS5 HREBF OS2I NE 21138, BREEXE
AHEIGHTBNFFHETORHEFER., THE—-NETHEM .

> java SortRationalArguments 1 2 3 4 1314191825
1/9 1/8 1/4 1/3 2/5 1/2 3/4
522 F—1SortXRGE-NNARE, BBMASKIENFERERIF, FITEHE%.

> java SortStringArguments did gyre and gimble in the wabe
and did gimble gyre in the wabe

523 (ER) ANTHFELAYE EAWMHERS. BAp=(x,.y),q=(x,y ) TEXITHFH,
SHMFE TR &R, SphTFikg:
D X, <X
) x,=x #Eyp<yq
%K rointGeometry, EEXLHMcomparablet, B compareToly
EOHERE EEHR BB S, KRBT BT 0
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(a) HE—TNRAEF, EA2TSE, InhARLR:

> java SortPoints x, y, x, y, ... X, ¥,

BRF T i a s R bR, BN

> java SortPoints 5 2 3137 2958
(2,9) (3,1) (3,7) (5.,2) (5,8)

> java SortPoints 3 4 hi there

Error: argqument hi is badly formed.

> java SortPoints 1 2 3

Error: requires an even number of arguments.

(b) REEEEFPointsortedPoints, CHME SR K 2 o BEHL
B, HETIERF. BPANBESEEEFERIOLERL, BHEE, Bui s
MEBARXEBENT .

Color.getHSBColor(i / (float)n, 1, 1)

RTBEARKAMENZE, CHEEETETRI/ (float)nkE, HHE
RPHAMMERAEB G VLS. BREGEEERENI, &. 8. BEE.
. %4, FREBI,

553 HREM

ERXISE, WRABEOHEHRERARBRE, BARBERS ST DR —
B, XBEREEENARLY (substitution principle ):

ERYHE P RAERARGTRT, EEMERLE BRGNS, HTUARBFEHL,
F P RE BT LRRAENAL,

HMREAFENHBRERAGFEPRBASRIEMHYEN, TEJavafiEREBE (BAR
TEE) B HTFERENY, HARESENBRBEREBIRE., XMANEERER Ac
b S

BT EAF, KBS RN .

static void servileGreeting(Employee e, String name) {
// MODIFIES: System.out
// EFFECTS: Prints a fawning, friendly greeting to name.
System.out.println(name + “, how lovely to see you.”);
e.greeting(name);

} .
servileGreeting ik ol LA & B & ¥ greetingil§ B B e, H A greeting B £ H
EmployeeXMMBFEMNIEENW, MEH A ABEed MBS M ELLR, HMEERT
Employeef ¥ — 1 F &, servileGreetingMIEMMHEMKE T XH AW E . Enployee
E‘Jﬁf?ﬁﬂ@ﬁﬁﬁﬁﬁé%%l?ﬂ@greetingjﬁ‘ﬂ:o servileGreetingffitHely ! —
TRFK AR, MvwaiterXtfiffiservileGreetingfi, BAY % RE Y e 4% .

servileGreeting(new Waiter(), “Karen”);
// Karen, how lovely to see you.
// Can I take your order, Karen?

VBT MR, FARBELKMED., TR 35 A7k 06 R AL 2 1 8 B AR 45 —
B XHBE PRS0 IE 6845 T LARERE T A0S i i Be 5 89, WaiterX B Fgreeting¥
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i, ERFMEmployeeX IR —B: Ml — 1A FRE, waiter BN
JE
HLBERE-TEFERRMOF T BIRENXEE X —TCookFH:
class Cook extends Employee {
public void greeting(String name) {
System.out.println(“Get the hell out of my kitchen!”);

}
}

HLCookMAEE NS KA HservileGreetinght, KarenB 8 T —MNE R K1 H
fm) {5

servileGreeting(new Cook{(), “Karen”);
// Karen, how lovely to see you.
// Get the hell out of my kitchen!

FBET, CookXBFgreeting FEN, FHXMHFEERWBEE . BB A5,
e~ AT RE. cook2bm? 1AM,

FEGREB R AR ERMEAEEREHMRE . 7 WaiterHicook Bl Fo, ik
greetingf IR ™HIAZF “KiIF" X MAE BN, EAEEERMNE—IE8, i
ERAAHRFI—TEE, IERINTE AN IEBKHF. containsInIntersection
UBAE =128 ApMLHAareaGeometryi# DK ILAEFaflb; BREFEHN SpREEH
HFEMNE R afoly g s, WRER, BEtrue, FEHEX M TEALH.

static boolean containsInIntersection(PointGeometry p,
AreaGeometry a, AreaGeometry b)
throws NullPointerException {
// EFFECTS: If p, a, or b is null throws
// NullPointerException; else if afNb contains p
// returns true; else returns false.
return a.contains(p) && b.contains(p);
}

containsInlIntersectionH AHBafMbMENWELEM, EMNHiFL
RectangleGeometry. EllipseGeometry., PolygonGeometry 3L 4| 3 & H b T4
AreaGeometry FRMELH, T IE T A Taslosy ELKA , T IE MY
KT XEMANRREE EH L RAreaGeomet ryd iR M contains ik

public abstract boolean contains(PointGeometry p)
throws NullPointerException;
// BEFFECTS: If p is null throws NullPointerException;
// else if this geometry contains p returns true;
// else returns false.

BHILTEERUASH R L Heontains ik, HES N SHE S M AT H—
o SBRKIEHRERE T2 A MAreaceomet ry Xt % Mcontains 7 i i SE 31 B 75 Fil
R — 2,

FRFE I RGBT ERY, BRXHRZRE X SR LH R4
B . XEKRE, BN FEFEOHNERMERMZ LR ENR; SERMERNIZE
KBEENST . BAER, AT FRERKEREL.

R FEMANHEMNHERAMFURKBENERRES, WHEEREA WS, A2

Jo0: N2 = P
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MR FRAFENFENEERMELLHNERLER, WHETRELZHWES, B

BREEREPEZX, |

BEAXBEFEHTFRENENEFPFHEREHRASZ TR ROARGAZME, BEALKEN
FMERGFEHLEFWER, M2URXBFEH FRENNELA L —CHBLEEANE
Ky SHHEM, RRAXBHNEBERBEHEE A NWER, FALCENTFROEESNE
H—EREEE P HEXR,

HEEUOBTH T, BIRHRE—1SuperBankM4RITH T -1 KPP, HITKAH
AN &K

IR B &M : RABRER/DPAFSS00,

EEERM: BITREGFEMS%HE .

BEEFRAHENERT, BOEKROREERE =L 0 SubBank® 847, (FEX
TR H, KEEFF, AKX A SuperBank, i 5L BF f# F3 it %t 5 B 52 2 & £ SubBank., )
TEREBEAFEERT, SubBankER L&KM T .

V'ATE RN : RERERDPKRES250,

QEBFN: BT REESEMN6DFE .

XH, SubBankH55 T & LA RN E &M, FME T EHRE., £ PXEDY
BULRAIIRREMAE. BLL, WERANRRERBE, RERLEFSEEXH
EW. RERFB/DRFS00, HAMBLM ; FEREESESHAHEER FikE
ME, TUREFETBELEM2 . RIS E bR A SuperBank Z A MM EW B 8, KT
YREG WA S i SubBank5E B . H I, SubBanki# & T 4 BSuperBankiiili 8 . & WA B &
1 e SuperBank I B B #&44F 158 ; © B B & 4Rt SuperBank ) J5 B & 455 .

¥orderedDictionary (4:35.14) B — A HEHRL (Dictionary) BMFIF,
OrderedDictionary# FRXM EMN B F - HX#THF, DictionaryH) B4 XM,
HAbThRE—# . M~ %P E L RB M forderedDictionary &3] A4 % - (X
B, ERBHRARFY, BREHEXFMUTL, orderedbictionaryi R34
F-ENFEMTERT RN T EERMEELRM, WA EII%E Toictionaryi
WHUREPHER,

KA EX -, BEFRASRENRBENTHCRERE . T 15
KBLBALMAMREAF e, HRATUARBHIESRY, A/ REBRNEE &M, %
U, B.EWHM BRGFEBHA. SN ESLRGE; B.MNSEREFELA. (NS B AHE,

%3]

524 BERTHF, TUREIFOEN. ARAEERNEET, SuperBankit 43
—~>SubGreedyBank, SubGreedyBank4R{T1&MFE & 2K0TF .
I'"ME&E: BEFR/NAF$1000,
2RERM: RITRESEMIRHFE,
A AXBREE THREM? BB SN2 0B T xR
525 EXTEFHITBESLMLREL K, F— FREESNH BB EREEARE N 7
5.26 FIRTH— ML, HIrREEM M, BAm?.

‘public class DoubleStepCounter
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extends NStepCounter {

public DoubleStepCounter(int incStep,
int decStep)
// EFFECTS: Initializes this counter’s value
/1 to zero, and initializes the increment
// step to incStep and the decrement step
/!  to decStep.

public void inc()
// MODIFIES: this
// EFFECTS: Increments this counter’s
//  value by incStep.

public void dec()
// MODIFIES: this
// EFFECTS: Decrements this counter’s
// value by decStep.

public int step()
// EFFECTS: Returns incStep.

public int value()
// EFFECIS: Returns this counter’s value.
}

DoubleStepCounterX R &HH B HER RN Mt ARFALE?

5.27 BRNE 2B 1 FAVEE B, T3 R 17 505 72 0 01 ) 48 7R 4748 9% 75 [ S
LK ESFERB., B, EFREERN—F, RNFEE X — 4%
SquareGeometryy ERectangleGeometry¥, EIPMKREREHE. N TILIESN
KRS, TEBEEsetWwidthMsetHeight Hk, XFAFETUSBEITF .

// methods of SquareGeometry class
public void setWidth(int newSide)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newSide is negative throws
// IllegalArgumentException; else update’s
//  this square’s width
// and height to newSide.
public void setHeight(int newSide)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newSide is negative throws
// IllegalArgumentException; else update’s
/! this square’s width
// and height to newSide.

FEAE

static void scale(RectangleCeometry r, int sf) {
r.setWidth(sf * r.getWidth());
r.setHeight(sf * r.getHeight());

}

ERAFsER/BER iR/, RectangleGeometry X £ E M E R IH Hscale
g8, —YTHEER, B R MR — 1 squareGeomet ry Xt £ /E A5 58 Fiscale
B, ReEBIER, Y TRIAEH, B BscalefE I FARBEFMHA, XEAM
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VA & 28 squareGeometry= A — MK A2MIEF T, HHEBEE R AS:

RectangleGeometry s = new SquareGeometry(2);
scale(s, 2); ]
System.out.println(“width of s: “ + s.getWidth());
System.out.println(“height of s: “ + s.getHeight());

RBBEEHMEA 28R dBscaleMBEHARERZRTEHWER? HEE
BB 7 HsquareGeometry 2% B LN 7

5.6 FigurefiPainter3

LEE-NETHXR, HIERE, REUNIMEL PR HLELS, BR—1
ARERBEHEMIERERE, YA - NESHRE, RABTEMTHIERBEE— 5L,
P—Aar, RATEILEHRBHEE - E Y, MENSEREES —IFE K.

H—TH, BITERIT— 1 Fiquret, BE—-NIUTEBHEHIRELEL, X
BHRAITUS . I ~HEAHANERE N~ PrigureXd R, RIEZ28 TERMEE
KB GeometryE N, HEYH, BBl REIWHPainter KB, Figure i
ZHPainterfliGeometry ( ZRE5-11) M.

PainterBNEXLWNTF.

public interface Painter '{
public abstract void paint(Graphics2D g2,

Geometry geometry);
// REQUIRES: g2 and geometry are not null.

// EFFECTS: Paints geometry into rendering context g2.
}

CHZBE TR (Painter) (LMPainterBE OIS ) CHERE (paint) ¥, LUIES
—MNUMEEBLEF RS, ®aiER, 2ETAXEERR

aPainter.paint(g2, aGeometry);

Hef, g2 —1Graphics2DX %, paint HE LB MEIEHarainter3| X £ 5 X,
EFRRAREN N EH i aceometry, HAE Y X NLAER, SEEFEE XL
AR, SEKbgss,

5.6.1 HEE

EMEHMNMEUPainter BN AR BLETEXRBEREHN., XBEEAE
FigureX, WES-11MEE. Figureh— 1B, EBELAFE— 1 ceometryHf—4

Painter,

0.1 <<interface>>
Geometry
Figure
O\ <<interface>>
0.1 Painter

Es5-11 BEHE T JUTE R fshm
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FigureX £ BUHRE 0B 8 ., BF — 1 geometrydFtE M — 1 painterff i, XHER
TAURRERXEHILAMEERI R, B ECERE Tpaint HE, XNMHEER
Graphics2DXMR{EAMASE .. HEF W Hlpainti B8, ES#lpainti HBEKELBEW
2ETHE, R ERJIUTEEfcraphics2DXRIENSH LT E, THRZFigure$
B X

public class Figure {

protected Painter painter;

protected Geometry geometry;

public Figure(Geometry geometry, Painter painter) {
this.geometry = geometry;
this.painter = painter;

}

public Figure(Geometry geometry) {
this{geometry, null});
}

public Figure(Painter painter) {
this{null, painter);

}

public Figure() {
this(null, null);
}

// painter property
public Painter getPainter() { return painter; }

public void setPainter(Painter painter) {
this.painter = painter;

}

// geometry property
public Geometry getGeometry() { return geometry; }

public void setGeometry(Geometry geometry) {
this.geometry = geometry;
}

public void paint(Graphics2D g2) {
// REQUIRES: g2 is not null.
// EFFECTS: Paints this figure’s geometry into g2
// using this figure’s painter if the geometry

// and painter are non-null;
// else does nothing.
if ((painter != null) && (geometry != null))
painter.paint (g2, geometry);
} .

}

L RK K EpaintiH B, ATUE—MNESFHEERLH L. flin, FTEHEFEE
— AP FigureXt KR LB LEFRE g2 .

static void paintManyFigures(Graphics2D g2,
Figure[] figs) {
for (int i = 0; i < figs.length; i++)
figs[i].paint(g2);
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MTFESHE, FEfigs (1 15/AMLMEEMZEATAENEREREL A,
paintManyFigure5 i #0Al LLIE# T4,

562 WEMEEMNLEAIR

O EFEEARZHRNEEENFE Y I HrainterBOWEKE, BE—TF
PainterZEOWE X :

public interface Painter ({
public abstract void paint(Graphics2p g2,
Geometry geometry);
// REQUIRES: g2 and geometry are not null.
// EFFECTS: Paints geometry into rendering context g2.

}
BS-12 R TAERTHMHEIT B rainter XK E,

<<interface>>

Painter
I\
pm—mme oo . '
l e
MultiPainter <<abstract>>
PaintPainter
I |
FillPainter DrawPainter
FillDrawPainter DrawPolygonPainter

BE5-12 Painterif [ F &Y

KitPainterH il — > EIJE % B 8 B 48 70 P9 35 X SR 20 00 701 S R B 1T W R paint ( F48
34fHjava.awt.PaintBE ORR TH A HTE ESUE T RE, ColorZKLMT
Paint), ¥ T TRMEAFE, MELpaintrainter® X T — A painthith, F & LK
paintPainterf2KE X ;

public abstract class PaintPainter implements Painter ({
protected Paint paint;
protected static final Paint DefaultPaint = Color.white;

protected PaintPainter(Paint paint)
throws NullPointerException {
setPaint(paint);
}

protected PaintPainter() ({
this(DefaultPaint);
}

// paint property
public void setPaint(Paint newPaint)
throws NullPointerException {
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if (newPaint == null)
throw new NullPointerException();
this.paint = newPaint;

}

public Paint getPaint() {
return this.paint;
}
}

FillPainterX BAREAJUMEAR K HNIBXIEK. Ehpaint (AKX PaintPainter
BRTIR ) FFHER SRIERE T YA AMERTNSR . HiARFillrainterfpaint)
Pift, £ AGraphics2p3t R g2HiGeometry & WS %, BN E 2 B A paintB
BEHSTIVMEEAABXE, TERFillPainterf2E X . '

public class FillPainter extends PaintPainter {

public FillPainter (Paint paint)
throws NullPointerException ¢
super(paint);
}

public FillPainter() {
super();

}

public void paint(Graphics2D g2, Geometry geometry) {
g2.setPaint(getPaint());
g2.fill(geometry.shape());

}

}

TEXA-TEREATEENLE TERMMES REEHN . LIBER 25K,
— A RBAM— A Painct R, CEE—PEE, XAELLHBASKETANEES
HIE:
static Figure makePolygonFigure (PointGeometry[ ] vertices,
. Paint paint) {
PolygonGeometry geometry = new PolygonGeometry(vertices);
FillPainter painter = new FillPainter(paint);
return new Figure(geometry, painter);

}

ETRHEE XDrawPainter, XXMy BTH £ XpaintPainter,
DrawPainterK IR E /LA EE M S LB, FIRE M A 2 8% 7R i painth o A9 24 37 (E ok 52
HAERMEANN R, DrawPainterifhif — P strokeds i, FERELHEHIVTEENMNE, X4
W HiprawPainterfpaint i &0, t& AGraphics2DXf £ g2 MGeometrySiH 5%,
ERRBg2ipainB tE Mstroke BIEME, BELHILMBEMIERE., FiBxi%
RET B

public class DrawPainter extends PaintPainter {

public DrawPainter(Paint paint, Stroke stroke)
throws NullPointerException
// EFFECTS: If paint or stroke is null throws
//  NullPointerException; else initializes this
// with the specified paint and stroke.
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public DrawPainter(Paint paint)
throws NullPointerException
// EFFECTS: If paint is null throws
// NullPointerException; else initializes this
/7 with the specified paint and default stroke
-/ (one-pixel wide).

public DrawPainter()
// EFFECTS: Initializes this with the default
// paint (white) and default stoke (l-pixel wide).

// stroke property
public void setStroke(Stroke newStroke)
throws NullPointerException
// MODIFIES: this
// EFFECTS: 1f stroke is-null throws
//  NullPointerException; else sets stroke
// to newStroke.

public Stroke getStroke()
// EFFECTS: Returns the current stroke.

public void paint(Graphics2D g2, Geometry geometry)
// REQUIRES: g2 and geometry are not null.
// EFFECTS: Paints geometry into rendering
// context g2 by drawing the outline using
/7 the current paint and stroke,

%3

5.28 LM prawpainterz,

529 RE-TEERF, EXFAACHELZIE., BFNWSKERL T AHWLE, 5%
J5.11%PaintPolygon®FE XHH. FURMITALSH

> java PaintPolygonWithFillPainter x0 y0 x1 yI .
LHHAFiqure M REXRLHE, HbJLAEK EPolyGeometryits:, LK

THREFillrPainterXf£,

5.30 ME—THEERSF, AEKESNENNE., XEFESEXEER.
> java PaintPolygonWithDrawPainter stroke x0 y0 xI yI ...

BEFNE—- NSRRI ERYR, THREENTRE, HAS BB EZ NS,
531 fEfiFigureX R BB FraintManyRectanglesHSEH (4.2.6% ). BFEHE

X —MFigureX S ¥MHA N q &, REFE KM RectangleGeometry Xt £ ¥ A, 15

TrigureXREHE —MEH LA BB NS e EEEL,

563 HA84ETHA

FIHFAIL, RINCEEHMPEAMLETA.: FillrainterMDdravPainter,
B AT 2 59 P SR M 55 LT PRI 0 22 T LA B TR 4 T S8 G QR FATAE N 48 5 LA P TR B 4
FNEREEADR? XL FEEE IR MMultirainter 3250,

MultiPainterXA M ML, HHNRE—IL2ELAAE I 2B TH, T8SE
PainterXX K. YHMultiPainterit B —4 paintiy B A, EHEpainti B R XL/ E
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—A2ETE, BEELXAE-IELETAR, i, TERNERFE-NER, HHE
BHHASAEE, $EABERHECEL .

static void paintPrettyRectangle(Graphics2D g2) {
Painter fill = new FillPainter(Color.green);
Painter draw =
new DrawPainter (Color.blue, new BasicStroke(4));
Painter multiPainter = new MultiPainter(fill, draw);
Geometry rectangle =
new RectangleGeometry(0, 0, 100 100);
Figure fig = new Figure(rectangle, multiPainter);
fig.paint(g2);
}

KMultiPainterB2— 1T REX, THWHITMTHEHRTEIHBELE IR, THRE
MultiPainterfE X ;

public class MultiPainter implements Painter {
protected Painter first, second;

public MultiPainter(Painter first, Painter second)
throws NullPointerException {

// EFFECTS: If first or second is null throws
// NullPointerException; else sets the first
// painter and second painter.
setFirstPainter(first);
setSecondPainter(second);

}

public void paint(Graphics2D g2, Geometry geometry) {
// REQUIRES: g2 and geometry are not null.
// EFFECTS: Paints geometry into rendering context
/7 g2 using the first painter followed by the
// second painter.
first.paint(g2, geometry);
second.paint(g2, geometry);

}

public void setFirstPainter(Painter painter)
throws NullPointerException ({
// MODIFIES: this
// EFFECTS: If painter is null throws
// NullPointerException; else sets the
// first painter to painter.
if (painter == null)
throw new NullPointerException();
first = painter;

}

public Painter getFirstPainter() ({
// EFFECTS: Returns the first painter.
return first;

}

public void setSecondPainter(Painter paintér)
throws NullPointerException {
// MODIFIES: this
// EFFECTS: If painter is null throws
//  NullPointerException; else sets the
//  second painter to painter.
if (painter == null)
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throw new NullPointerException();
second = painter;

}

public Painter getSecondPainter() {
// EFFECTS: Returns the second painter.
return second;
}
}

2| ?B

<<interface>> iPai
b ¥ T 4 MultiPainter
Painter <+

513 A 2ETEARHMultiPainter

FliMultiPainterBATLIAA AR ENLETA, 44E THRINMLEIT AN, AL
fEMultiPainterXRaME N LB TARBER B — MMultiPaintert b, X%t
Kalt B — T painti BB, EEHAEE —Tpanti B BE - IML2ETE, BEFREX—4
HEAE _ANLETHREDb, ERNWEMN, MEbAE—TpantiEBATHOHE—12EBT
B, BEPTRARERLCACHE 2B TR, BAETEN SN E - M2EATERR—
MMultiPainter® R, B XMFR, TUME P ELMMultiPaintertt i,
BAMEHE AN2ETEREHETH T~ MultiPainter’t 2., LB E 1
MultiPainterX R KX —paintf B, painti EHLSAEH P T2, Flm, THEH
BRH T—1MEE: AGEHAEREAR, AEESHBEREIERE, REBM
TMEERAWAKRASERE EFEHE— K,

static void paintCoolRectangle(Graphics2D g2) {
Painter fill = new FillPainter(Color.green);
Painter drawBlue =
new DrawPainter(Color.blue, new BasicStroke(4));
Painter drawRed =
new DrawPainter(Color.red, new BasicStroke(2));
Painter multiDraw = new MultiPainter(drawBlue, drawRed);
Painter multiPainter =
new MultiPainter(fill, multiDraw);
Geometry rectangle = new Rectangle(0, 0, 100 100);
Figure fig = new Figure(rectangle, multiPainter);
fig.paint(g2);
}

ERFRG, HWAipaint?§ B, figh % —Ppainti§ BB MultiPainter, AN
BHARRSLATRLLL, EASOBHEAEN; BEXZAL BT AdravBlue,
ATBERNBERENMNERRE; RERRAXALET RdravrRed, 2 MR ERNOAE
B SME R o
%3
5.32 EFVH4 Kt BpaintPrettyRectangle, BREMA T EHEGER S =

A EEA]
Painter multiPainter = new MultiPainter(draw, fill);

BoERERERENER
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533 WE-TEAERF, BRALGEXLZOE, HERBRENERE. BFRHAUNT
TEEA -

> java PaintPolygonWithPainter stroke x0 y0 x1 yl

BEFSEEBME T 5300 —H ., BFOHIH— I FigureXt R X FR LN, Kb
FigureX RE JLEJE £ PolygonGeometryXi %, 2K T AEMultiPainter®t,

534 (EX) RNGEESTEXHMWLAETLR. CHLERA -NUVEE, B5E LA
BEKSMNERE, FillDrawPainterBBAH X IIEE, HE M FHAIEH.

public class FillDrawPainter
extends MultiPainter {
public FillbprawPainter(Paint fillPaint,
Paint drawPaint, Stroke stroke)
throws NullPointerException {
// EFFECTS: If fillPaint, drawPaint or stroke
// is null throws NullPointerException; else
// initializes this to fill with fillPaint,
// then draw with drawPaint using stroke.

}

public FillDrawPainter(Paint fillPaint,
Paint drawPaint)
throws NullPointerException {
// EFFECTS: If fillPaint or drawPaint is null
// throws NullPointerException; else
// initializes this to fill with fillPaint,
// then draw with drawPaint using a
// l-pixel-wide stroke.

}
5.35 HHMARTHIRTEMATHEE:

public class MultiDrawPainter implements Painter {
protected Painter painter;

public MultiDrawPainter(Paint[] paints)
throws NullPointerException {
painter = makePainter(paints,paints.length—l);
}

protected Painter makePainter(Paint[] paints,
int n) {
if (n == 0)
return new DrawPainter(paints[0}],

new BasicStroke(2));

else {(

Painter second = makePainter(paints, n - 1);

Painter first = new DrawPainter(paints[n},
new BasicStroke(2*(n + 1)));

return new MultiPainter(first, second);

}

public void paint(Graphics2D g2, Gecmetry geometry) {
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painter.paint({g2, geometry);
}
¥

BFPMHEH r—TMultiDrawPainterl, EHEBFHSEIEATSEZ A .

> java DrawPolygonWithColors x0 y0 xI yl1 ...

ZAXKINERBR —RAELREL: ERERNLAZ LEMRERNER, &
EROMBERNEL, BREE2RERNEL,

564 ZAKLEIR

FBAETAIE, PolygonGeometry St St BHLEERERET S EBHE ( 1-gonH H
—TR) MUBAZATE (2-gonBi il —REL ) HEFRBREE, RIITHEELBES-SHH
AEME: l-gonEBR— T EEK, 2-gonBRFLEARMMES . x B i%it
DrawPolygonPainterK R AR ERX MELEH., TR,

aDrawPolygonPainter.paint (g2, aPolygonGeometry)

MRF iR 77 R B — 1> aPolygonGeometry £ i B2 B H g2t .
¥DrawPolygonPainterd [EDrawPainter, TCHMERNRLENBEER, HEX
wmF .

public DrawPolygonPainter(Paint paint, Stroke stroke)
throws NullPointerException {
super(paint, stroke);
}

public DrawPolygonPainter(Paint paint)
throws NullPointerException {
super(paint);
}
public DrawPolygonPainter() {
super();
}

DrawPolygonPainterfpaint HFIA LM ERX L Wpaint FEMM . TIHEL
W HpaintMstroke, BHEFBH/LAALHWER, B—FRAMNE. WREEL
PolygonGeometry, HEEHHADHEIP R M polygonshape F A B £ BT BT Ik,
paint FPEXWNTF :

// method of DrawPolygonPainter class

public void paint(Graphics2p g2, Geometry geometry) {
g2.setPaint(getPaint());
g2.setStroke(getStroke());
if (geometry instanceof PolygonGeometry)

g2.draw(polygonshape((PolygonGeometry)geometry));
else

g2 .drav(geometry.shape());
}

FEZAEERNIES fipolygonShape FEERZ K., EEE X T =B RES
1-gonfl2-gon f & A9 R ~F -

// constants of DrawPolygonPainter class
// 1-gon case: controls length of loop:
// larger values produce longer loops.
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protected static final int LoopExtent = 40;

// l-gon case: ratio of the loop’s width to height
protected static final float LoopScale = 0.5f;

// 2-gon case: ratio of the loop’s width to length
protected static final float TwoEdgeScale = 0.25f;

TFHEEpolygonShape 5L AALH . WMRWAZNEELE=ZATE, EMEFIEFE
o, LURBERNEFREZALABGRAUT; WRIVTEATHE, MNERERLH
M RIBER. THRXANHENE X :

// method of DrawPolygonPainter class
protected Shape polygonShape(PolygonGeometry poly) {
if (poly.nbrVertices() > 2)
return poly.shape():
else {
GeneralPath path = new GeneralPath();
PointGeometry v = poly.getVertex(0);
path.moveTo(v.getX(), v.get¥()):
if (poly.nbrVertices() == 1) { // poly is a l-gon
TransformablePointGeometry p =
new TransformablePointGeometry(v);
TransformablePointGeometry q =
new TransformablePointGeometry(p);
p.translate(LoopExtent,(int)(LoopExtent*LoopScale));
q.translate(LoopExtent,(int)(—LoopExtent*LoopScale));
path.curveTo(p.getX(), p.get¥Y(), g.getX(}), q.get¥(),
v.getX(), v.getY());
} else { // poly is a 2-gon
PointGeometry v0 = poly.getVertex(0);
PointGeometry vi = poly.getVertex(1);
int mX = (vl.getX() + v0.getX()) / 2;
int m¥ = (vl.get¥() + v0.getY()) / 2;
TransformablePointGeometry m =
new TransformablePointGeometry(mX, nyY);
int nX = (int)(-m.getY¥() * TwoEdgeScale);
int nY = (int)(m.getX() * TwoEdgeScale);
PointGeometry normal = new PointGeometry(nX, nY);
m.translate(normal.getd(), normal.get¥());
path.quadTo(m.getX(),m.getY(),vl.getX(),vl.getY());
m.translate(-2*normal.getX(}, ~2*normal.getY());
path.quadTo(m.getX(),m.getY(),vo.getX(),vo.getY());
}
return path;
}
}

AE-THRMZARKER T, polygonshapely il — 4 iy 84 5 B i 2% i B A9
R BAEHSpRaE| X HE. curveToF Ik MR IA BvIFEE, I—& = w43
BREF, EAANTSE: RIS 5 S p A gl A 4T BERARHZNAS
Bhr. KSR HRAVESH (BB —-MTEL), RERT 1 EE.

EEPITTRRHEOT, polygonShape kBB AMLEN . PIEFAEE &5, B4
BATASGERM TS, BE AL I, IERMvIAZEHAquadTo B —& k2
PIEF; BB RS - A, RIEUEAMvON S A MAquadTo N EME — &=
KRR Bz,

“3
5.36 @‘EJI?E;J5.3343PaintPolyganithPainterﬁ}? , A H 5 ¥ E 1-gonfl
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& 61 3 AL F XA — B H B

5.37

5.38

Tk,

2-gon (MNRZHFEEEWNALU LA, WEEHAR—METEL B ERELY
ZNE.)

B %5354 K)prawPolygonwithColorsfRff, {56 R4 7 oy 5 1 1-gon 1 2-
gon, [B/R: F X MultiDrawPainterF M 2. f|BMultipainterM L2 HE
AER R — R ¥|MDrawPolygonPainterXf £, ]

HE-IMGSXEBF: TUULEBMRBELER (ERREWHE ), 3405
ERY . APEQEREs, TR EERE—14F, BUSTRE FH SN
B, BEES =M W44 (M. BEAEE). STRACHSTEN,
APRA— a4 ENGE — T HER.

new name rectangle

Hefname R B ML BT HIIETE nameF 24 5 4 509 14 4L, HERYHAERE,
oMM R RS E —HE .

new name ellipse

AFBHEFERBHFE. BAEHRESNERMYHBE, A, 64

color 0 255 255
dimensions 100 120 50 25

RELMBACYERE, BBRUAMAER Y LB (100, 120), FHES0. B2, &
REZFRBEEEHRNARL.

select name
BJE, ARHSEEapply® ¥ S AR EN BRI % ENERE.
apply '

WS, YHBOARA6, SER NS, LRTERHN: B (0,0), TR
100, %100,

BEFIXRETIGS.

* dimensions x y width height R B XBIHEHCN . I8 (x,y). Fwidth, B heigth,

* color red green blue BB YFIH G, HH0<red, green, blue<?255,

* new id [rectangle | ellipse] FIYRTABMBA U R~ HYEE, BETCHEBFER
ido BEASHIEEBRERDLWE. MREBFE-NLWidEE, G
BAERBCHFERR. FREEER Y YITEE.

e select id HEZFHidYETEIRE N SiTEE., WMRBH 2 FMidl B, W4t
A

*apply fEHRIAERAN Y FTH AR BN AR NATEE S, MR SEEE N, Wt
AR

sdelete MIFRYRTEE, HIENTEBRE NS, WMRLFEE Bz, WAt2HBFR
.

*print Wi MAETAER . YMHE. YHERNEE. MEBEENEF,

*quit BHBEF,

ATWBBNHS, BEEHELR, DMES R BN YERE. YeEE (m
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RA) ARREER: AENBECETAR, RELBHER/MNERE. KFiER
BUFRANEREHOAR LE2MERNLLR, HUEEHASENECER T
MEALUT .

ETHEHNEESES, EBRRAELATSHMER:

> java PlayRectangularFigures

? color 255 0 O // sets current color to red

? new a rectangle // creates red rectangle a:(0,0),100,100

? dimensions 100 120 50 60 // sets dimensions to (100,120},50,60
? color 0 0 255 // sets current color to blue

? new b ellipse // creates blue ellipse b:(100,120),50,60

? print

dimensions: (100,120),50,60
color: 0,0,255
current figure: b

figures: a b

? color 255 255 O // sets current color to yellow

? dimensions 40 40 20 30 // sets dimensions to (40,40),20,30
? select a // makes a the current figure

? apply // changes the color of a to yellow and

// the dimensions of a to (40,40),20,30
? quit

INGE

BRAG—H, BREKGEANCBIG., S R%ER T XHEN, FREETE
ARNBTE., CHERIBRRRK, HRRIFL., B, TRETURETHT
KK, IRRARLSRZREN, ERBRBREN P, BEEFEENTEK,
SHED, ENUELHEMNERT BEMEOIMRIE,

EHELT, XWLPRCXEFELBSTW—F, FlI0, REELERN—Fh,
R, HORE—FEIHEENH, EITTUEIIAEG.

T RMEK: FRIELRMIR N BT,

FHLMK: FTREBETRTFREN-NIREIMHE,

CRAMK: FREIFA-ANHEMIXLEENRELHNME T E, KO UTIE

fTHZERLHNE IR HIE,

WR—ADRLIMTREFFENOHMB T, WX PREELEE, FUEALEME,
RAART LGEL, MHSELMPTFRYER. K (BEK, fg%) MEnKEr
T—180, HREMNELZATEERRAZAL: SALBEHEINZLTH, BEKE
HT-BOLHR,; BONBARMIEMEH, I RAETB—ARE, EEETLS
HENEDO,

EEZEUHXHT, EERIBXMBEEMMY, oL HTFRE SRS, it
B XBREED, MROELRMPELREITN, BRENRE: ERYEE P KDL
RRAHART, LEMERID BRI RTARATFESE, WRKMTHLCHEREY
BRI —B, XA ABME R T BN,



FeE it N

HATHAIRTLTHED, REERAREEXNRERPH—MA. BIER NI, A7
FITHREZENENMLPWERAEL —4HEGRgRK, TARIME TR -FHEENER
R - &H#X (design patiern ), HRBHXIRMHII LR EMIZEIHXRAMME, £4
B, BABRIEAAWEESE,; KENMA 7T R SRIJMHER . By
ERITER, deRiHES; REEIX =MEAMEMOERITE, AFAANER
SFEREIFTEE,

6.1 ZIHHEAXNEEY

R R A TRREKMG R T ES R, 20200 LU # g 43T BB AE T — W)
BEN AR ZEMNLITHEMS, MEEFRBUBNANTERBR ., BOHERXAHERE M
RUEMAEE, fERANAIEBIXERENTE, XBETEREFESH, THERFRK
HET, HRAUBEHECHBRAENEHFAENRRER.

THRETERAFILESN: IR - DREFRAREBR — 1 EE, M UERE
AREAFABRTEAT LB FRZE, mBERI T, M7 LFHHREHRITERER
W5 TAE; R LA BOT A R A0k, IR MATURES BRMGNE
SR HER. BFRFIRIHENIRNTUEREMA R AT, RTUFBHERCE
HIBRIT . W, ATFRIEINEXHENITETEHBERS, IHERXKTUMSER
XA B SR A AR e R R,

BITEANMAZZEBR T EMR TSRS YR, XEFANEHERT e
REPTRIREFIRE, SCE R oty A 78 SC PR 0 AP 0] 8 A B 41]o #E ( Design Patterns:
Elements of Reusable Object-Oriented Software) ({&it#3,: A EFAE MIXT R KMAIERE))
—Fd, BE-FHERRITERXNER, HHEERGamma, Helm. JohnsonFl Vlissides.
REF-FRFITRRITEXSEN S, PN ETRERY U RAEE.

o #X 2. RRAER, BRXEMARBRITE XY BRI E,

o A RERMER f] B R] LU A

kA E: EXEHERNPESRARTE (K. 80, XHF%) FEBEEI T

RORFAEMNZEGXEMYME; F—BRREMERLHRELRE Y,

R HARFHAEKFTENSERAX L, EEZ A EERAT, TLEIREE

BEFMBRT 5,

HO2TiB64TH, NRITEAMWTAHBRNENERTEERFE FHLEERL L,
RIVEBENBT ZMBOHER, ENEBARER . BRyFEER. 448K, a8
X C(iterator pattern ) i FililRl—MNEBE (MKE. 5lE. £20%) PHEITE, LA
BREREEORABEW ., IKF5EHX (template method pattern ) i FLH—PE 3,
Hoyi) — BB Bal AR, as#X ( composite pattern ) HTRI@EFERE L2 f4A
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EXMBZEKBERER, BERMSERMAN R AN RARMN., E6STHARATHMHHR
Rt ER, XERITEHRITERMNNEREERN —/NEB45a, & LR (Design
Patterns ) —¥HH, FEHFR 23R ERFIHER,

6.2 ERMFZIHER

ERBRITREAH FIE - RE (FEWN—HTENRE. FIR. Fi, ZHE)
FHENTR, MXARBERENZEOKNABEHN, ERBIRA L —HWFHRIRE
TTEMBRE CEERABH (traversing) B ), HiCFYRiFRMNTENE, WRES
a8 7 K& (traversal state ), B30, —PDFIERMNERBJRUWFIFEFTENLEZREN
vifel, FIEREF R TENNE. FIRENRBEMAMTRIRES . XX
REF—NTEWHEFIRF T DT ENRE; NIXREIARE - TERME,

EABERX AR R MEGRENZIFHEABEABS S, BdHEAERE, &
Pl REMFEOMNEHEPMEBE LR, FERERAMERBNBEOENS
R, HEMERBXM TR, 208 FFE4% (control abstraction) , Bf K T4
HXTRETEW VIR EHBRE#THE, '

AT, BRITEE —1Java IteratoriZ DRI ITERKHTF, R5EH
B —ARE R T FUE B & B A 2 1R 8%

6.2.1 Javafijlteratori&Q

HETEHMITEREFLEN IR printVector:

static void printVector(Vector a) ({
for (int i = 0; i < a.size(); i++) {
Object obj = a.get(i);
System.out.print(obj + * “);
}
}

TR D TR LB UE A Sprintvector IR MEHIE®R, M TBRMNEY N4
FURBAHERBHARR. BIT UL HprintArray 3BT .

static void printArray(Object[] a) {
for (int i = 0; i < a.length; i++) {
Object obj = a[i};
System.out.print(obj + “ “);
}
}

G printVectorflprintArrayl X JI7E FX T BRI MIAEY:, B2 E A
FIFEEHZEE: MRAEGaFF—1RLE, BEHITEH, LKL, XHEEHESTHT
WHEMEMESNRER,

EHMEIE T ARG BRETENEHBE, MERETESHRRNTRE., &4
SHERAXFTEMBMROLER, java.etil@HFEFEE M ERBED, BRI R

Wjava.util.Iteratorf ;.

public interface Iterator {
public boolean hasNext():;
// EFFECTS: Returns true if this iterator has more
// ‘elements; else returns false.
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public Object next() throws NoSuchElementException;
// MODIFIES: this
// EFFECTS: If the iterator has no more elements
// throws NoSuchElementException; else returns
// the next element.

public void remove()
throws UnsupportedOperationException,
IllegalStateException;
// MODIFIES: this, and the underlying collection
// EFFECTS: If remove is not supported throws
/7 UnsupportedOperationException; else if next
// has not yet been called or remove has been
// called since the last call to next throws
// IllegalStateException; else removes the last
//  element returned by this iterator.
}

IteratorXMREM— N EHE A EMES ( underlying collection ) X EEH,
‘nextﬁ?ﬁiﬁm*ﬂﬁ@%‘%‘?ﬂ‘)?—‘/l‘fﬁi; MREESHEAELRBEAHEIF, hasNext
TR Eltrue; BHERT, next7 iR E % AhasNext MW £ % B4 ki E T
Ko nextHH—MNENERE G FAWITENEN, JBE, hasNextHnextik—
EERWNT.

while (iter.hasNext())
doSomething(iter.next());

HAiterSE® T I1teratoriE .,
BEEFHRER iterator FET URB — P KB W IteratorttR, Ko BE—F
REXME, £ER

Iterator iter = v.iterator();

WRTvH— 1o, XREE K VectorX LM T java.util.collectionEM, WX
TEANRM TS iterator XK BiteratorW g, THEFIRELTHT
CollectionfE N K{E{f {4 aCollection, FiiR

aCollection.iteratoxr ()

#i& E— aCollectionfiIteratorit% .,

B T RE AR E ST 48 A AR, FRIARR AT AR — 4 Flprint vector# B 8
HEE, ERITEMEM LR collectionfE MM (g vectors ) KE, BT
H—TREFHITE, HARBESH— T BRARBYE, REGAEMRENhasNextfl
next FEBUBIFFITENHAPHTE, IBITF.

static void printcCollection(Collection c) {
Iterator iter = c.iterator();
while (iter.hasNext())

System.out.print(iter.next() + “ #);
}
XH, AprintCollectionitBITEilVectorit vl T I AHHEM T -
printCollection(v);

TOBATRGMRMMER— 2, BEYRERE LMol lectionE D, {HET LUK
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HEERSEHMCollectionfE N List, Ft FTEHHKEHITE R Hal T E !

printCollection(Arrays.asList(a));

ZEPHNE, IteratorBE I P Wremove FEEATANEME ST WK nextil

RIMBRE —NTCEN. LR EEFRARA X Fremove/ERY, XHE A B S —
TRE.

%3

6.1

printCollection{ B M KIIEITEMELMES PR ITE, MRRNELIE —FhiE
iR TR, ENTEAST—1TIE. #ln, RUNERLEEESTHENEEE
HEMZEFTX, WEEFRATEHTRE:

static void paintCollection(Graphics2D g2, Collection c¢) {
Iterator iter = c.iterator();
while (iter.hasNext ()} (
Figure fig = (Figure)iter.next();
fig.paint(g2});
}
}

B#ApaintCollectionflprintCollectionFMEMHHBHE, FRHEL
MESTHEBNTENRE, FEHZBATCHANRERSRERAN —FTF LR
ERAERR AR RE-TRIEHHRHFN HHH (functor )., RN TE
HMEHAEABZREFZENLE, IBPNFEAREFNRENERE, Bl R
B REARF, HHEBETLULRFRIEWREN. FTEHTHEnapCollectionfyE
NS Hmapsh R BHRF, Bk R ERIB IR
static void mapCollection(Functor map, Collection ¢) {

Iterator iter = c.iterator();
while (iter.hasNext())

map.f(iter.next()):

}

mapCollectionid B map. fBRIENME TEGcPFHE -1 LE, HF Functorf
—NEEO, ERFTECT UM ASBGHEITAE 6 84E .

public interface Functor {
public void f£(Object obj);
// MODIFIES: anything
// EFFECTS: Any.
}

Eff FimapCollectioni3 8, HEE N — R LI FunctordE O, HHEFHELH

RETHAPESPHITE LWRE, G, EXHITPESIHLE, TEXLTF
H R A& PrintFunctor:

public class PrintFunctor implements Functor {
public void f(Object obj) {
System.out.print(obj + ¢ »);
}
}

A TEMIEARNTLUITHCollectionXM B FHTTE .

mapCollection(new PrintFunctor(), c);
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ek A — 1 BlF, WATTLIE X TEA RS, KPraintFunctoriiFigurefJif 4
ELLHPBENLEIFE:
public class PaintFunctor implements Functor {

protected Graphics2D g2;

public PaintFunctor(Graphics2D g2) {
this.g2 = g2;
}

public void f(Object obj) {
Figure fig = (Figure)obij;
fig.paint(g2);
}
}

RIGRATIT LU T E AR RS £igs 2 B BA B F B g2,

mapCollection(new PaintFunctor(g2), figs);

(a) fEflPpaintFunctorEE %4 J5314 fPaintManyRectangles3gy
paintComponent & .

(b) EX—TH B EH M LAttachPainterFunctor, THE—/Painteryt
S EADPiqureB 5P HEITE, AttachPainterFunctorf ¥ E 88 S8 N
HEfT—EHpainterE O WS, THHEXXMMLET BaPainter &S
figsPH & Figure:

mapCollection(new AttachPainterFunctor (aPainter),
figs);

(¢) BXREFFETranslateFunctor, EXNELSFHNENJLEETE, EB
x4, yHBshdy 8, i TranslateFunctorfH i 25 A S dxFdy,
THE-MEARG, E%PIHE S geometriesB ¥ M4 PointGeometryif £
(1,2) # (4,5), REENLdx=6Fdy=-28 5 .

mapCollection(new PrintFunctor(), geometries);

/1 (1,2) (4.5)
mapCollection(new TranslateFunctor(6,-2),geometries);
mapCollection(new PrintFunctor(), geometries);

/7 (7,0} (10,3)

6.22 ph&xEXihF

LRIt i polygonGeometry 2 iy 5L 4 TEE AR Rk &G TEREH,
R, SEEHTRIERME AR LS. WA . BHAFTEABRH LB,
FEAT o BRSOk TR £ I s R s IATEAZB N, P
TERBEABHENE, REEHERBNRELBENE,

EDPolygonIteratorijﬁfﬁEbgﬂlﬁéiiﬁ%%%}ﬂi%ﬁﬂf, ERfHDynamic-
PolygonIteratorRR LM . AAVEHSAH BN EME L, BH6-1EH 47
SEZHHERBAE - S LB ITEE AR EMER LA HEITRE, F
KREBRBTEHERESHTRIEN BRI AL, Rl6-1[R B U BA RiFEEAN LB
AR X [/l — Rl % 0 # AT AR
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<<interface>>
Geometry
<<interface>> -
Polygoniterator ]
A <<jnterface>> PointGeometry
AreaGeometry

1
? .

Dynamic *1 Dynamic 1.*
<>_1 ’___ Vertex
Polygonlterator PolygonGeometry

2

-

Ee-1 FHBFHHEH—IRENITAAR, FE-ITASH—IA
(ERME) IRABR (ENRTE TS MG )

He- 1R BATHEZARNEN: — 1S LAHAENEH-IRE A
(vertex) WRHEM, HEREAMELEANWEEHE, —ITEANE NI REFTEFY
MNEEXT -1 (PointGeometryX %), HEBNH (WAME) AN T HHIT—4
BRAHMEME—ITTEAEXTHEMNM), MSxMBEERLSE EMmEE,

THHANADSENENEEITY, RELHLDynanicPolygonGeometry e
KBt vertext, BRENBE O ERBHITHMTH LA,

1.3 S 3 AHITH

HEFUESHEENY (HHEPolygonGeometry LI ) WX T ERAAERH
H: £—, SBRESZHABBEAMBHRECHT SN NRERR, 315L0F b BN
BELEAREBRIE, AERBEAVGRNEHTARY. SI5E0BHE BT RSNy
XEH. £, RE—FHEPRFEHATFEAFTAMMBBRAT A (insertafter-
VertexMflremovevertex), XM A LB TLHRMWEPHED, HEEAETF
PolygonIteratorf FREAZLH GEAEREFBRANAWRNXFANE ), TEHE
DynamicPolygonGeometryhJ 2 HELE .

public class DynamicPolygonGeometry
implements AreaGeometry {

public DynamicPolygonGeometry(PointGecmetry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
// else constructs a one-vertex polygon positioned
// at p.

public DynamicPolygonGeometry(PointGeometry[] points)
throws NullPointerException, ZeroArraySizeException
// EFFECTS: If points is null or points[i] is null
// for some legal i throws NullPointException;
// else if points has length zero throws
// ZeroArraySizeException; else creates a polygon
// whose vertex sequence is given by points.

public int nbrVertices()
// EFFECTS: Returns the number of vertices in
/! this polygon.
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}

public PolygonIterator iterator()
// EFFECTS: Returns a new iterator for this polygon.

public String toString()
// EFFECTS: Returns “Polygon: v0, vl, ... vn-1”
//  where each vi describes vertex i.

/7
// implements the Geometry and AreaGeometry interfaces
/7
public Shape shape()
// EFFECTS: Returns the shape of this polygon.

public void translate(int dx, int dy)
// MODIFIES: this
// EFFECTS: Translates this polygon by dx and dy.

public boolean contains(int x, int y)
// EFFECTS: Returns true if this polygon contains
// the point (x,y); else returns false.

public boolean contains(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws NullPointerException;
//  else returns true if this polygon contains pP;
// else returns false.

protected Vertex vertex()
// EFFECTS: Returns some vertex in this polygon.

protected vertex insertaAftervVertex(Vertex v,
PointGeometry p)
// REQUIRES: v and p are not null, and v belongs
//  to this polygon.
// MODIFIES: this
// EFFECTS: Inserts a new vertex w after v at
// position p, and returns the new vertex w.

protected veid removeVertex(Vertex v)
// REQUIRES: v is not null, v belongs to this
//  polygon, and this polygon contains at least one
// other vertex besides v.
// MODIFIES: this
// EFFECTS: Removes vertex v from this polygon.

DynamicPolygonGeometry X+ B ABHH R EMEFRHED, CINWEERE
AV S E A BEHE ERE TS, REBRMNABEEF -8B I#, =Hbynanic-
PolygonGeometry KW BBEOGE B, X4 i EbuildPlolygonf B S
BAn(n> 0) 1 %A, XL S E T B H MR B B nil B TR S

static DynamicPolygonGeometry

}

buildPolygon(PointGeometry[] points) {
DynamicPolygonGeometry poly =
new DynamicPolygonGeQmetry(points[0]);
Vertex v = poly.vertex();
for (int i = 1; i < points.length; i++)
v = poly.insertAfterVertex(v, points({i]});
return poly;
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B, REE

PointGeometry([] points = { new PointGeometry(5, 5),

new PointGeometry(20, 5),

new PointGeometry(10, 15)

}:

DynamicPolygonGeometry poly = buildPolygon(points);
BrEE—THE (5,5), (20,5) # (10,15) AR =HE, TS ZMETESER, B (5,
5) % (20,5) ZHj, (20,5) X7 (10,15) ZHj, F&E, builPolygonid 2 F AT LU
H#¥ A HDbynamicPolygonGeometryH % " HERTERENBHERAIR TIE, HE

BRI T ROIEP RIS ORIT R, FFRBRA XM,
%3 A
6.2 {ffipynamicPolygonGeometryfHJ% M8 EEbuildPolygonitig,

2. Vertex £

THEEXREHEZUBRNMAERY, HRIVFRANEEEY, ZHFEEH—4
TR (Vertex) MEAM, B BERELZHEN—ITAE . BESSZEHE 4
WA, B—PAMRREECHH— MG EXR0EE, IR UETN
B (MATERAE) B . — I Vertexth 7 ff— PPointGeometryit%, HEHETRA
TEFEPHOALE,

X DynamicPolygonGeometryiE L T Wi M: vertexB|HEHHMTRLE ;, BEY
nbrvertices®RFHEFTMAMEE . XMERATFRERIEBLMVISS DT O
HSHEEHDN, H62MERTHEN RpolyWIEHEW .

PointsGeometry[] points = { new PointGeometry(5, 5),
new PointGeometry(20, 5),
new PointGeometry (10, 15)
Yi
DynamicPolygonGeometry pely = buildPolygon(points);

aDynamicPolygonGeometry

3 —
nbrVertices vertex

L(5,5) [ (20,5) } (10,15)

He-2 shAEHFTHER

Be-2F, HikFRTIH: WLMBEANTIAMKMEENE, &L NFe Y
ME WEEHEMNR: FMHEWE}RA XYW DynanicPolygonGeometry it 5 3| Fl B —
TSR, SRRRECATESALE—ATE. EHNEAEENE. Y UE /T A,
ERRRBEEMAEC, BAEWH— G- TABEEES, TEELVertexiil
B .

class Vertex {
protected Vertex( PointGeometry P)
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// REQUIRES: p is not null.
// EFFECTS: Initializes this vertex at location p,
// and makes it its own successor and predecessor.

protected PointGeometry point()
J// EFFECTS: Returns a reference
// to this vertex’s position.

protected Vertex next()
// EFFECTS: Returns a reference to
// this vertex'’s successor.

protected Vertex prev()
// EFFECTS: Returns a reference
// to this vertex’s predecessor.

protected Vertex insertAfter(PointGeometry p)
// REQUIRES: p is not null.
// MODIFIES: this
// EFFECTS: Constructs a new vertex v at position p,
// makes v this vertex’'s successor and returns v.

protected void remove()
// MODIFIES: this
// EFFECTS: Removes this vertex, and makes this
// vertex’s successor the successor of this
//  vertex’'s predecessor.

public String toString()
// EFFECTS: Returns a string-descriptor for this
//  vertex, indicating its position.

!
KvertexWLHL FEHETEHER T A .

// fields of Vertex class
// position of this vertex
protected PointGeometry point;
// next and previous vertices
protected Vertex next, prev;

KvertexH—THRBHMER, EFEH TAENEHIT— N TANE — TS

protected Vertex(PointGeometry point) {
this.point = point;
this.next = this;
this.prev = this;

}

KvertexBMUHAHME (—41 &) UREMNH— I TREARE ~TAKN T B
point () \. next(). prev():

// methods of Vertex class
protected PointGeometry point() {
return this.point;

}

protected Vertex next() {
return this.next;
}

protected Vertex prev() ({
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return this.prev;
}

T B BB FR R 5 AL B I BB H R A HE ]

/7 meéhod of Vertex class
public String toString() {
return point.toString();

}

Ko 3RAAM T mfr R FMHinsertafterfremove HEWE R, Kb Batlf—4
WisE, 84

Vertex b = a.insertAfter(anyPoint);

HHE6- 3L MR, b AR A EanyPoint T A, MEMITHS

b.remove();

H DB, TR MRKE FIL,
(L) (R)

Be6-3 X FL, hfTa.insertAfter (aPoint)f=4R; % TR, iTb.remove () AL

insertAfterB KM ASEAERF T Snewv, RS Enewvii A YR ENSE.
ATHEHWAEZEDERT, BHRBnewlHAMEE, HF Fnewvlii — T A (B
HAWA) MnextRMEME -1 T AMprevil, FHEZTENEN .

// method of Vertex class

protected Vertex insertAfter(PointGeometry p) {
Vertex newV = new Vertex(new PointGeometry(p));
Vertex prev = this;
Vertex next = this.next();

// link newV into the chain of vertices

newv.prev = prev;
newV.next = next;
prev.next = next.prev = newV;
return newV;

}
Vertex.removeJj M SE B AF 45 3] 2 1o

%3]

8.3 Aff4vertexFMtostring FEMAME N NAH W MR tostringE LM
PR, Javadi FRF SR AR A7
6.4 THEAENT ¥, BHISEHFpoly LK E .

DynamicPolygonGeometry poly =

new DynamicPolygon(new PointGeometry(4, 5));
Vertex v = poly.vertex();
poly.insertAfterVertex(v, new PointGeometry(8, 9));
Vv = poly.insertAfterVertex(v,new PointGeometry(6,7));
Vv = v.next();
poly.removeVertex(v);
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6.5 FLHVertex.remove()Hik,

BAF AE6 22 W BT A HMBEL MW EM L HDynanicPolygonGeometry
X, EAFANZEHE: vertexBREMAFEFTHE N VertexXIRZHIIH,
nbrverticesHRF AW EE. THRTEMNEFE X

public class DynamicPolygonGeometry
implements AreaGeometry {

protected Vertex vertex;
protected int nbrVertices;

public DynamicPolygonGeometry(PointGeometry point)
throws NullPointerException {
vertex = new Vertex(point);
nbrvertices = 1;

}

public DynamicPolygonGeometry(PointGeometryl[] points)
throws NullPointerException, ZeroArraySizeException {
if (points.length == 0)
throw new ZeroArraySizeException();
this.vertex = new Vertex(points{0]);
this.nbrVertices = 1;
Vertex v = this.vertex;
for (int i = 1; i < points.length; i++)
v = insertAftervVertex(v, points{i]);
} .

public int nbrvVertices() {
return this.nbrVertices;

}

public PolygonIterator iterator() {
return new DynamicPolygonlterator(this);

}

protected String toString() {
return “dynamic polygon: “ + verticesToString();

}

public Shape shape() ({
GeneralPath path = new GeneralPath();
Vertex v = vertex();
path.moveTo(v.point().getX(), v.point().get¥());
for (int i = 0; i < nbrvertices() - 1; i++) {
Vv = v.next();
path.lineTo(v.point().getx(),v.point().getY());
}
path.closePath();
return path;
}

public void translate(int dx, int dy) |

}

public boolean contains(int x, int y) {
return shape().intersects(x-0.0l,y-0.01,.02,.02);
}
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public boolean contains(PointGeometry p) ({
return contains(p.getX(), p.getY());
}

protected Vertex vertex() {
return this.vertex;

}

protected Vertex insertAftervVertex(Vertex v,
PointGeometry newPoint) {

}

protected void removevVertex(Vertex v) {
if {v == this.vertex)
this.vertex = v.next();
v.remove();
—nbrVertices;

}

protected String verticesToString() {
String res = “~;
Vertex v = vertex();
for (int i = 0; i < nbrVertices - 1; i++) {
res += v + ”,";
v = v.next();
}
res += v;
return res;
}
}

H¥DynamicPolygon. iterator ¥ #i& [fl —{*DynamicPolygonIterator3 #y 5L,
ENEXHSEARET -,

%3

6.6 5EfDynamicPolygonGeometryd i iE X,

6.23 ZihFiEN R

HEZNKERZ AR ERBXTER (LB PolygonlteratoriE 1 ) KL, HHALM
EERSBHERATLU BHBERHRZARHTIA, HMin., M. BshZABHTA,
FP A LGB R K iteratorl RIE RIS B BT &5,

ZNRERBEEMHBRHECLECHEARAZAENEATIL, XITARI AR
B9 S A RAE (current vertex )o FIHEMR A Wpoint HERB MM T SELE EMMNE, B
HBEIWHT, FRMTARN LRI A, nextfpreviEARIEERABMN—I T AE
AR next FEEEBIHMTEME—TTLE, Mprevi B EBILRTH
REBI— PR . ELEE Anext FESMHERBI TR A%, TiEsEAprevii
FFRATAE, EFNedgeF BB E 5474 (current edge ), 48730 5 % 8 X451 A
ERNE—TTREMA,

ZHFRENBOBU T ERXT LG T A HITH, insertAfterFEREMHTRAS
BA—THFHR, RTENSERBBATSANNE, AARTEEFBEANTSTR
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%%mﬁormwﬁﬁ%W%ﬁﬁmﬁ,#%%ﬁﬁﬁ%@ﬁ%ﬁﬁ%ﬁ~¢mﬁ(w%
HEEFHAE—ATE, WiHHremove HEEHE R ¥ ), moveToMImoveByJy b Fl ¥
U ABHETFEEME—1 8. THREPolygonlteratori OHIE X :

public interface Polygonlterator {
public PointGeometry point();
// EFFECTS: Returns position of the current vertex

public LineSegmentGeometry edge();
// EFFECTS: Returns the current edge.

public void next();
// MODIFIES: this
// EFFECTS: Moves this iterator to the current
/7 vertex's successor.

public void prev();
// MODIFIES: this
// EFFECTS: Moves this iterator to the current
//  vertex's predecessor.

public void insertAfter(PointGeometry P)
throws NullPointerException;
// MODIFIES: this, and the underlying polygon
// EFFECTS: If p is null throws NullPointerException;
/7 else inserts a new vertex vV, positioned at p,
// as the successor to the current
// vertex and makes v the current vertex.

public void remove() throws IllegalStateException;
// MODIFIES: this, and underlying polygon
// EFFECTS: If nbrVertices()==1 throws
// illegalsStateException; else removes the current
// vertex and makes its predecessor the current
/7 vertex.

public void moveTo(int x, int Y);
// MODIFIES: underlying polygon
// EFFECTS: Moves the current vertex to (X,y).

public void moveBy(int dx, int dy);
// MODIFIES: underlying polygon
// EFFECTS: Translates the current vertex by dx
// and dy.

public int nbrVertices();
//EFFECTS: Returns the number of vertices in the
// underlying polygon.
}

1. %% 32#

TR A 5 B T £ PR 2 T kAR B8 BB RBHEUEH TR,
EEAEplol y BB Bdx L, WyMiBshay il LHBBRIESHENENT A
B shdx, dy. ﬁﬁtranslatePolygonEﬁ%ﬁpoly%ﬁ%ﬁiﬁﬁ%, EREiRLE
A HEMBN . BT S 4 AnoveBy F BT A, FENESE.

static void translatePolygon(DynamicPolygonGeometry poly,
int dx, int dy) {
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PolygonIterator iter = poly.iterator();
for (int i=0; i<iter.nbrVertices(); i++, iter.next())
iter.moveBy(dx, dy);
¥

forfER &1 < iter.nbrVertices () IFIF @ ATA WS B —K,

2. AIAR $AH

BN TFERBESI AR 24 % (regular polygon), XREHBEBEHE, BFEFED
MAHMHEN LA, FITHFEEFA=AEMETE, RIMNEFEX N IEbuild-
RegularPolygon, ERLE XM :

static DynamicPolygonGeometry
buildReqularPolygon(int n, int rad,
PointGeometry center,
double twist)

HBEB R ELTE, ZAFR UK center AF G, LradH¥R, BHBEF O LR
Bf gt he¥s twist B o 6-4F7m AL 0 T8 R 8 B F i Al 7= AR 1Y

buildRegularPolygon(5, 1, new PointGeometry(2, 2), 45):

E6-4 MU AENTE

id#buildRegularPolygonBE S =4 L. F—#, AIEIEF /T Acenterh
ZiifEpoly, HHKMpolyHiENEE, Tilicenter2—MBRTE, RESHEME., 55—
F, BHREAZALENTE, EERBERXRP, BT A TBHWESp, U IF MM
(rad,0) B3 mp, REHMATE ML Sai e Aie Sr, BESAREBNYMTHA
BEATBSp. £=4, WRETL, RELHFpoly, LHIUT:

static DynamicPolygonGeometry
buildRegularPolygon(int n, int rad, PointGeometry center,
double twist)
throws NullPointerException {
// step 1: build a new polygon and obtain iterator
DynamicPolygonGeometry poly =
new DynamicPolygonGeometry(center);
PolygonIterator iter = poly.iterator();
// step 2: insert the n vertices
double twistInc = 360.0 / n;
for (int 1 = 0; i < n; i++, twist += twistInc) ({
TransformablePointGeometry p =
new TransformablePointGeometry();
p.translate(rad, 0);
p.rotate(twist);
p.translate(center.getX(), center.getY()):
iter.insertAfter(p);



194 &7 ) 3 R A2 S iRt —— B

}

// step 3: remove the dummy vertex
iter.next(); // advance iter to dummy vertex
iter.remove(); // and remove it

return poly;
}

EE, ELEMEASBRTEAVNEZAENAEEAT I, FES—STHA
FeenterfIRMARLFAN . REEZREFMTRSBEAGIEETAMER,

.EASABERS

THEEHKE L FDynamicPolygonIterator, B M T PolyconIteratoril,
EEXTRADEFE: polygon i F A/ BEMENTF N 1B, vertexBGE
ERBH LA, THRLRER:

public class DynamicPolygonIterator
implements PolygonIterator {

// the underlying polygon

protected DynamicPolygonGeometry polygon;
// the current vertex

protected Vertex vertex;

public DynamicPolygonIterator(DynamicPolygonGeometry poly)
throws NullPointerException {
// EFFECTS: If poly is null throws
// NullPointerException; else constructs this for
//  the polygon poly and any current vertex.
this.polygon = poly;
this.vertex = poly.vertex();
}

public DynamicPolygonIterator (DynamicPolygonIterator iter)
throws NullPointerException {
// EFFECTS: If iter is null throws
// NullPointerException; else constructs this for
//  iter’s underlying polygon and current vertex.
this.polygon = iter.polygon;
this.vertex = iter.vertex;
}

public PointGeometry point() {
return new PointGeometry(vertex.point());
}

public LineSegmentGeometry edge() {
return new LineSegmentGeometry(vertex.point(),
vertex.next().point());
}

public void next() {
vertex = vertex.next();

}

public void prev() {
vertex = vertex.prev();

}

public void insertAfter(PointGeometry p)
throws NullPointerException {
if (p == null) throw new NullPointerException();
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vertex = polygon.insertAftervertex(vertex, p);

}
public void remove() throws IllegalStateExceptlon {
if (nbrvVertices() == 1)
throw new IllegalStateException();
Vertex prevVertex = vertex.prev();
polygon.removeVertex(vertex);
vertex = prevvVertex;
}

public void moveTo{int x, int y) {
PointGeometry p = vertex.point();
p.setX(x);
p.setY(y);

}

public void moveBy(int dx, int dy) {
PointGeometry p = new PointGeometry(vertex.point());
moveTo(p.getX() + dx, p.getY() + dy);

}

public int nbrVertices() {
return polygon.nbrVertices();
}
}

HF% Dyn.amicPolygonIterator':}fl # M T $DynamicPolygonGeometry ik
VertexHMRIPRED, FUAEFEARNERENER —MOH, JTavaP EIFEE O %L
XEMFEAN, LR B WSS B A Rk,

%3

6.7 ﬁffﬁgﬂlﬁéi%ﬁ%‘%E%?iFj',DynamicPolygonGeometry%éEKJverticesToString
T ¥ Mshape ik,

68 EXFS5.64¥FKprawPolygonPainter ( FIFHASHT ) WhEA M 4%
DrawDynamicPolygonPainter { I FEIE LA ).

6.9 LIy ADynamicPolygonsfyd A » 7 kS BbuildRegularPolygonitid,
ERAENENHHTREN T, #18Ljava.util. Arraystl¥E & vt S A oF
TRIEM T B —HE,

%5 E B FraintReqularPolygon, 4 f]

> java PaintRegularPolygon n radius [twist]

WA E RN 0E, CHhSERBESEY.L, BERESENS 6 EEM
B3, $B Hradius, HERRwistE (NBBREBE—1S8, Wwistho ).

610 BERZARAUBMMNEALBETR. RBEFENT: BHRESHDOHES
BHERRS (S8 —1831—1), BHIMEEhEDER ke, TE
buildstarPolygonif B M Fi S HE X MbuildRegularPolygonkiffl, &
AT SR EREREENTABAREFEAHH P OMER, BEESKerh
EERZARMMMUBEE, TH NbuildStarPolygonid .

public static DynamicPolygonGeometry
buildStarPolygon(int n, int rad, PointGeometry center,
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double twist, double tf)
throws NullPointerException {

DynamicPolygonGeometry poly =
buildRegularPolygon(n, radius, center, twist):;
PolygonIterator iter = poly.iterator();
for (int i = 0; i < iter.nbrVertices() / 2; i++) {

PointGecmetry p = iter.point();

int dx = (int)((center.getX() ~ p.getX()) * tf);

int dy = (int){((center.getY() - p.get¥()) * tf);

iter.moveBy(dx, dy);

iter.next(};

iter.next();
}
return poly;

flbuildStarPolygonid M A B2 DynamicPolygons®, RELH FHEE
BRELZHEHWEIEE FPaintstarPolygon:
> java PaintStarPolygon n radius tf
NERELEME, etk Fint, BESEAMEL?

6.1 %-J69%, HidDynamicPolygonsf— M THMNE A . FRETLLES
— /" %XRegularPolygonGeometry R LHHMMENTE, XIAXRPRT
DynamicPolygonGeometry¥X, XMHAFAIE - N HBOMN LT, #7LIRE
A E8 %S (RegularPolygonGeometryZ MBI KB A Tterator ik )
FRBELEP T, THRLESR.

public class RegularPolygonGeometry
extends DynamicPolygonGeometry {
public RegularPolygonGeometry(int n, int radius,
PointGeometry center, double twist)
throws NullPointerException,
IllegalArgumentException
// EFFECTS: If center is null throws
//  NullPointerException; else if n<3 throws

// IllegalArgumentException; else constructs
//  a regular n-gon of given center and twist.

public RegularPolygonGeometry(int n, int radius,
PointGeometry center)
throws NullPointerException,
IllegalArgumentException
// EFFECTS: If center is null throws
// NullPointerException; else if n<3 throws
// IllegalArgumentException; else constructs
//  a regular n-gon with given center and
//  zero twist.

public RegularPolygonGeometry(int n, int radius)
throws IllegalArgumentException
// EFFECTS: If n<3 throws
// IllegalArgumentException; else constructs
//  a reqular n-gon centered at the origin
//  and with zero twist.

iﬁizﬁiﬂ'.ii/l\?éo @'iﬁlﬁiE‘JPaintReguEarPolygonﬁF}’»‘ (%369), #HBHXA%



Fo6% KAHEAX 197

#{pynamicPloygon#fybuildRegularPolygon Fikht, FMEIE— RN ELHE .,
6.12 /E— /X HEFrlayDynamicPolygon, G T0IBRMREHEL

Wit . MBRFRERFSUENLSABL, KAEHGSHEFEHAE. MR
HEERLZHE, HHABREERLHTL, BFEITHHRTN, B0k,
EHIHIRHPBA-ATAE, BREMETHN AT ANZHE. YETFHH, &
THEHR#ERPEERGLZLEFENRERAS ZHE (empty polygon ), FH &
ZRFERNITE G4

einsert x y FEHFIMAEEA—NFHIL (x, y) s FHARIYMR A, WEHR
TEAEZNE, WRB—ITAE (xy) WEHE,

cremove MMER ST MAOFRBEMH - DTSN YT MREREHEST, W
TR 2.

emovetoxy BENYFTGEBEME (x,y) ; WRNSENE, WABIEMERAE.

s translate dx dy 8 AT xR AR B dx, yFREEBIdy; ME N BB, MR

fEATER1E

*next FHRITAME — MRS BN S TA; WRNSEZHE, AT ER
e,

s previous HHATAAMB— N DUREE R LTS, WRISBHH, WA
mﬁé'{/ﬁo

sclear HREZNE, BEREBHE.
+size TEIH ZMEH T SH.

s quit IRHRERF.
THREFETR:

> java PlayDynamicPolygon
? insert 10 10
? insert 50 50 // left diagram of Figure 6.5
? insert -25 S0
? insert -50 0
? next // middle diagram of Figure 6.5
? remove // right diagram of Figure 6.5
? quit
o —_ { YN — > — .
Bl6-SBARTRAKMZAME ., YATUSET A~ BA, AL RIFIEE NS08,
- - -
X X X
——t — I——T—i——l gx —
Ly Ly Ly

Be-5 shxEUEREE
[$27R . {f([f}’i]ﬁf?P]ayDynamicPlolygonﬁfﬁMyInteractiveProgramﬁiﬁj’tﬂo i
WRA —MREZ DR R L i &R 28008 (LN RZEE, FAEE Hnull),
ﬁﬁ%&ﬁ@%ﬁﬁgﬁﬁﬁ%ﬁ%ﬁﬁ@%ﬁﬁmﬁﬁlﬁmﬁfio X FERRN
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PlayDynamicPolygon.paintComponent = HERH . |

6.13 ¥ BPlayDynamicPolygonGeometryZ, i X TriangleGeometry2 [k H

6.14

2R BTRRA-PHE—— T HES. WESTFAZANASK, nREA
AE-FEHE L, MENMERAHE—- IS =AE.

public TriangleGeometry(PointGeometry a,
PointGeometry b,
PointGeometry c)
throws NullPointerException,
ColinearPointsException

// EFFECTS: If a, b, or ¢ are null throws

// NullPointerException; else if a, b, and ¢

/7 are colinear (on the same line) throws

// ColinearPointsException; else constructs

// triangle with vertices a, b, and c ordered

// in clockwise rotation (i.e., visiting its

1/ vertices in a forward traversal visits them

/7 in clockwise rotation).

T E2 B SR BT £ BERE, R A p0=(0, 0), p1=(20, 0), p2=(20, 20), M=MmK
t1fIt2H FTHEIEA 4.

TriangleGeometry t1 = new TriangleGeometry(pO,pl,p2)
TriangleGeometry t2 = new TriangleGeometry(p0,p2,pl)

IS HRERE =AM R MR AR BM next HEIRF, 1 T AR
F#RZp0.pl,p2,

BB7: RTMR=ZSEEER AL L, FEHHA 562 LineGeometry it s,
A'EMclassifyPoint B AW = s B, ¥R X CollinearPoints—
ExceptionZ Xy BRuntimeException, ]

— AR ZATEIRA S S (convex), HEAUSIERBARLTE 0 A &%
MEIELBN FEAEN, ME6-6THWRHER NN NELE, BEAMNNRE,
B AN EZAIEH A AR KT 180°,

Ee-6 4 EihE RN LA

£ A TE P 4% 8 % ( supporting line ) 223 THEAN TS H—&H%, HAML
PREZHAGMFRXELEN—H. WBZES5ZHRHYNES, BRRpREMZHFE
POMOEE &, MESpSHB IR NARE. S8 ( right supporting line ) 3
WEp RN FEAEHAEM; LHBE (left supporting line) HEIpH L T2 MK
AN (S RE6-7), ZidiBIRE DN LT SR NY &,

E6- 7RI R T F 8 Sp ML K LR GRS £ 5 2R T £ B TE 1Y
W, BRRNAe, SpRERMEM (TLUEAeEREK, RpliFih L&A
) ; RENTFIhsksERT, HERBIAS, MREpFAMEDN, N RE
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A (EE6-THEIERMIC ) MpMES N H MBI
L

BN
E6-7 AH: BEEprIMBIL: HE . il fTH A g% B B9 E it 1B

"FEB’\Jﬁ&’rightSupportingLineﬂ%ﬂﬁ?ﬁ’l\%ﬁﬁﬂe‘&iﬁﬁﬁpﬂ’ﬂﬂl%ﬂﬁfﬁ
MERB L, RITRARZAEMNRIENSHE, MEASEATHERBiter, Mt
BAETE=TERM4:

cZHAEREZELH=ZATEANMEZHE, BXERERE-KHELE,

W VIAE 2UE ACLIS

« BN H B0 B 4T IER (AR E % J M TriangleGeomet ryd /e

EN=HEEHEX—H ).

HWIBAETEENEERM:

o BT ENBiterR T Ao ERMBLHTE .

* Zd BB E—LineGeometry W B FHR X F ML,

THREIRMYE X
public static LineGeometry

rightSupportingLine(PolygonlIterator iter,
PointGecmetry p)
throws NullPointerException {

// REQUIRES: iter’s underlying polygon is convex,

//  has at least 3 noncolinear vertices, has

//  clockwise rotation, and does not contain p.

// MODIFIES: iter

// EFFECTS: If iter or p is null throws

//  RullPointerException; else iter is made to

//  point to some vertex through which passes

//  the right supporting line through point p, and

//  this supporting line is returned.

boolean pNotLeft = false;
PointGeometry a = iter.point();
while (true) {

iter.next();

PointGeometry b = iter.point();

// line is the current edge of the polygon

LineGeometry line = new LineGeometry(a, by;

int classification = line.classifyPoint(p);

if (pNotLeft &&

(classification == LineGeometry.LEFT)) {
// support point is found; set iter and
// return the supporting line
iter.prev();
return new LineGeometry(p, iter.point());
} else if (classification 1= LineGeometry.LEFT)
// found some edge that p does not lie

// to the left of
pNotLeft = true;



200 & b 5 RABSFZ I ——BH 5 AL H)

// advance to the next edge
a = b;
}
}

HEF/REEpNotLeft AEER BN E A BEitrue, BRARBI M 5 B8
SA MU AW R TR,

HEXA%IH, idHBrightSupportingLine 2 DynamicPolygonsH ¥
XA, BRELCM YL, EX—"1leftSupportingLineid ¥ FIRARMBIL -

public static LineGeometry
leftSupportinglLine(PolygonIterator iter,
PointGeometry p)
throws NullPointerException {
// REQUIRES: iter’s underlying polygon is convex,
// has at least 3 noncolinear vertices, has
//  clockwise rotation, and does not contain p.
// MODIFIES: iter
// EFFECTS: If iter or p is null throws
//  NullPointerException; else iter is made to

// point to some vertex through which passes
//  the left supporting line through p, and
//  this supporting line is returned.

6.15 wE—-ITEEXEEFplaySupportingLines R IMiX7ERTE %> T4 5 9w it
B, BFAWANSE, EMRE- MR EHF .

> java PlaySupportingLines nbrSides radius

MTFEMRUNENERESLHE, FUXEMNPENENTE. ZEFRERE
ARPEARS.
epoint xy WRAM (x,y) fLiTFPH, BFERPHEHES “(x,v) lies inside the
polygon™ ; WIRE (x,y) S FPI, BFERPAE (x,y) FEHEET (x.y) B
PIRH BN,
» quit BEEF,
R URARMBER S ERRBE, WERBENA6, EHBRAEH,
6.16 ~/\£$SB<J&,*D (convex hull) RIS TA SR/ EHHP, X B E/N
BEREMRAFT - MOEZHREPEEESSHFTEL, MWP—EaE5P, BITECH

( S) RARESHOE (BILE6S),

S~

Ele6-8 —/NEEKME
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—MHREESHM R USRS : BRI, ZER LA T —24]
To BMITREAEFTHN—TA, BEA-RBEANEHFEERELENENE
T, REHRMEFEBEU B FALEER - ZHEER, FEERREES
RS YRR A (FR AL (extreme point ) ), WX A M A AL AR/NTF180° |
Br TR 50, SR HAL S SO FMEMD LR TR, BRI ET TS
PR — RN R, HEREBEITEI S,

FIREEBHBEETLUARGBE - ARAESHNT. EXNEIT P, KT
e — P AR A EIE B ik . IRIXSEAE Sp,p,s o p,,, n=3 (STTLLABASR K&
) CH (i) FRSPRIEA A GFE, H©EICH (i) =CH ({p,, p,, ... p,_} )
HAIW EHARRBBICH (n), WERERECH (S), THEX B EMHR.

convexHull(S={p0,pl,...,pn-1}) {
H « CH(3); // build the convex hull over {p0,pl,p2}
for (int i = 3; i < n; i++)
insertPointIntoHull (H, pi); // H « CH(H U pi)
return H; // H is now CH(n)=CH(S)
}

BRABIRHBEER: SASHFHE=AS (BRZARE—ESE) B 0EH,
RE—-R—TRIBENZHBEABEYT, EREHEFHEEMNCH (S),
E— " RpE AR EORAP, ATEKSRLHR.

static void

insertPointIntoHull(DynamicPolygonGeometry H,

PointGeometry p)
throws NullPointerException

// REQUIRES: H is a convex polygon with clockwise

// rotation and at least three vertices.

// MODIFIES: H

// EFFECTS: If H or p is null throws

//  NullPointerException; else makes H equal

//  to CH(HUp), the convex hull of H and p-

HHCH (HUp) B TFIIRMHER#ITH (HENEHTE, pR— A ):

DHH&# pst RRCH (HUp) = H, BEHibigie,

2) HR e 5pt RUEDL Spf HOBIRHB L, BEABA 1Y S8
TR P, FipS A FR R L4 (near chain ), F—E4 Riksk (far
chain) (WLIE6-9), MpHREEE, HBEBICH (HUp),

6-9 il T pkI i A B B R 9B £ T 0 31 40 B R B 4)
THK B replaceInnerchainE & — ffE R SEHENEZ I TipRH
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SN, BB AR HR A 5ECH (HUp ):

protected static void
replaceInnerChain(DynamicPolygonGeometry H,
PointGeometry p)
throws NullPointerException {

// find left and right supporting lines
PolygonIterator rightIter = H.iterator();
rightSupportingline(rightIter, p);
PointGeometry rTangentPoint =

rightIter.point(};

PolygonIterator leftIter = poly.iterator();
leftSupportingLine(leftliter, p);

// remove inner chain
leftIter.prev();
while (lleftIter.point().equals(rTangentPoint))

leftIter.remove();

// insert point p
leftIter.insertAfter(p);

FHBIETRENTH IR, LB EconvexHull, insertPointInto-
Hull, replaceInnerChain, HEE{1lABIDynamicPolygons$ i, FHE L&
convexHull 7 & /i 80 .

static DynamicPolygonGeometry

6.17

convexHull (PointGeometry[) points)
throws NullPointerException,
IllegalArqumentException,
ColinearPointsException
// EFFECTS: 1f points is null or scme points[i]
/7 is null throws NullPointerException; else
/7 if points.length < 3 throws
// IllegalArgumentException; else if the
// first three points are colinear throws
// ColinearPointsException; else returns
// the convex hull of points.

ERBFHHERRM convexHul 11t &

> java PaintConvexHull n

BHBRFEn N REILR, Wl MREPLARNE, AR EELERENNE, B
6-872 X n N 40BT R ¥ BR HIGE R ‘
EX—TER, ER-IZABACEsES S (EZARAK=ZAEL) 4
B~ =AF. ARHELEELE.

D &ptTEZAHA (H6- 1088 —1E ), BMARR=ENDN=/AE, 2500
Aabp, AbcpFAcap

2) SpETZAB I XFA L (E6-1008F _AE ), BARBRBIN=AK,
535N K AcapFaAbep,

WRpPM=ZABWEITAES, WALAN =K. THH LB
splitTriangleRI LI A% BIXFIF MR .

public static TriangleGeometry| }
splitTriangle(TriangleGeometry t, PointGeometry p)
// REQUIRES: t is a triangle in clockwise
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// rotation, t contains point p, and p does
// not coincide with any vertex of t.
// EFFECTS: Returns an array of triangle
// geometries that result from splitting t
// by point p.
TriangleGeometry[] pieces;
PolygonIterator iter = t.iterator():
// case where p falls along some edge of t
PointGeometry a = iter.point(};
for (int i = 0; i < 3; i++) {
iter.next();
PointGecmetry b = iter.point();
LineGeometry line = new LineGeometry(a, b);
if (line.classifyPoint(p)==LineGeometry.ON) {
iter.next();
PointGeometry ¢ = iter.point();
pieces = new TriangleGeometry([2);
pieces(0]) = new TriangleGeometry(a, p,
pieces[1l] = new TriangleGeometry(p, b,
return pieces;

[s I o}

~ wa

}
a = b;
}

// case where p falls in the interior of t
a = iter.point();
iter.next(};
PointGeometry b = iter.point();
iter.next();
PointGeometry ¢ = iter.point();
pieces = new TriangleGeometry(31];
pieces[0] = new TriangleGeometry(a, b, p);
pieces[1l]' = new TriangleGeometry(b, c, p);
pieces[2] new TriangleGeometry(c, a, p);
return pieces;

o
y |
[a]

(o)

E6-10 =AM HWAIER

f€splitTrianglefiFlZDynamicPolygons™®, REE -1 A EEREF
PaintSplitTriangle, EWHWH SN BUBH, 4NERINPRREH A,

> java PaintSplitTriangle x, Yo X, ¥, X, ¥, X, ¥,

B (x, ) BEE (x, 5). (x,y). (x,y,) RH=AE P, BFNZRE
AREM/DZABRARRMNBE LR, #fsplitTriangleidBAHN =/,
BRAESH=AH2 5 (triangulation) BRI =AEHES. E TR TS #B
RSHFH R, HHEMNEGHBREGFMSHMETHE, Be-11HR%ER=MATE 34,
EMNaBdi2f- A4 EHAR. EXIM%EIF, RINERIF—F4 28
triangulation, HAMRAREH =AEHND. XHEHANEERIMEN 4/
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TR (BRET6.16), LAZHOIE—MGE, REEHEMEIFEROE.
- AE, REHFHTBELYRMERN=ABIHNT, HRUEE-TEEGP.
triangulatiomi@ M— P EFAREAENINZABNEE, BASHENAYA
BB . TR ELE:

public static
Vector triangulation(PointGeometry{] pts)
throws NullPointerException,
IllegalArgumentException,
ColinearPointsException {
// EFFECTS: If pts is null or pts[i] is null for
// some i throws NullPointerException; else if
// pts.length<3 throws IllegalArgumentException;
r// else if the first three points are colinear
7/ throws ColinearPointsException; else returns
// a vector of triangles representing
// a triangulation of pts.
if (pts.length < 3)
throw new IllegalArgumentException();

// container to hold triangles
Vector triangles = new Vector();

// construct CH(3) and add first triangle to
// the triangulation
DynamicPolygonGeometry H =
new TriangleGeometry(pts[0], pts[l], pts[2});
triangles.add(
new TriangleGeometry(pts[0], pts[l], pts[2]));

// for each i=4,...,pts.length, construct CH(i)

// and maintain current triangulation

for (int i = 3; i < pts.length; i++)
addNewTriangles(H, pts[i], triangles);

return triangles;

Be-11 Z: RYARERW=ATHG; £: 41 ERRO=AEH
I addNewTriangles

addNewTriangles(DynamicPolygonGeometry H,
PointGeometry p,
Vector triangles)

R=A2%08H, Hi5Ee, REEKRtrianglesT W SN = AT E MY
BEHRANGp. EHEMEpWEBRPTREMN KB trianglesiH T MRMEGE =1
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B E, ARMBRELE: (1) 88&xp; (2) EAEERAp: ETHLEY
SKEF, FRAT LA BRSO A R AL A .

public static void
addNewTriangles(DynamicPolygonGeometry hull,
PointGeometry p,
Vector triangles) {
// REQUIRES: triangles is a triangulation of hull.
// MODIFIES: triangles
// EFFECTS: Revises triangles to account for the
// insertion of point p.
if (hull.contains(p)) { // case 1
TriangleGeometry[] affectedTris =
findaffectedTriangles(p, triangles);
for (int i=0; i<affectedTris.length; i++) {
TriangleGeometry t = affectedTris[i];
TriangleGeometry[] pieces =
splitTriangle(t, p);
triangles.remove(t);
for (int j = 0; j < pieces.length; j++)
triangles.add(pieces(j]);
} .
} else // case 2
splitFan(hull, p, triangles);

ARG T EEBS EBEREFHMPFL,

(1) 2pa L ESHEZABNSNAG S AL, A HpEWHN =T TLIEA
findAffectedTrianglesd BB, RELEFIIHEM AN AE N 4F
WIBR, 2205 Ll BA1A S pr= M/ = AT Bt

UHEfindAffectedTrianlges HiIREARZH MW = AE, TERE -4 =f
BBA, RE=ZARFTESR PN =FAT., ZLBUREpMEI=AFENLE,
TmEF R ERFR:

pREANAZABGMEES, REKENOKEE (RAE=AESENE ),

pRETEAZAKD L, RIS XN = AEMEA . XHIER, o TR

1557l S

PETFANZATAF G L, REGEXFHN = AT,

PETFTEX-ANZABGRNR, REQEIN AR,

THRfindAffectedTrianlgesit B SR .

protected static TriangleGeometry|]
findAffectedTriangles(PointGeometry P
Vector triangles) {
// REQUIRES: p and triangles are not null, and
// p lies in at least one triangle.
// EFFECTS: Returns an array of those triangles
//  that contain p and must be split into either
// two or three pieces (as in Fiqure 6.10).
TriangleGeometry[] affectedTris =
new TriangleGeometry(2];
int nbrAffectedTris = 0;
nexttriangle:
for (int i = 0; i < triangles.size(); i++)
TriangleGeometry t =
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& By 2 RA AR —— B b

(TriangleGeometry)triangles.get(i};
if (t.contains(p)) {
Polygonlterator iter = t.iterator();
// if p coincides with a vertex of t,
// then no triangles are affected by p
for (int j = 0; j < 3; j++, iter.next())
if (p.equals(iter.point()))
return new TriangleGeometry([0];
// if p lies along an edge of t, keep t
PointGeometry a = iter.point();
for (int j = 0; j < 3; j++) {
iter.next();
PointGeometry b = iter.point();
LineGeometry line = new LineGeometry(a, b);
if (line.classifyPoint(p)==LineGeometry.ON){
affectedTris{nbrAffectedTris++] = t;
if (nbrAffectedTris == 2)
return affectedTris;
else continue nexttriangle;
}
a = b;
}
// p lies in the interior of t,
// so keep t and return
TriangleGeometry({} resTris =
new TriangleGeometry([1l];
resTris{0] = t;
return resTris;
}
} // end for loop
// p lies on one triangle’s edge along
// the convex hull boundary
if (nbrAffectedTris l= 1)
throw new IllegalStateException();
TriangleGeometry[] resTris =
new TriangleGeometry[l];
resTris[0) = affectedTris[0];
return resTris;

(2) ApF eSS M=ABASHAW L AT, FHaddNewTrianglesi= —

ABH =AY, EURE (LE6-12), SHRER

splitFan(H, p, triangles);

¥ RHRp R EHMH = CH (HUp), $4h, HUEpHIE G i S 0 5 i = £
R MEIR Btriangles®, TEHRAX—IBHELR.

public static
void splitFan(DynamicPolygonGeometry H,
PointGeometry p,
Vector triangles) {
// REQUIRES: H is convex, contains at least
//  three vertices, and does not contain p.
// MODIFIES: H, triangles
// EFFECTS: Adds to triangles the fan of
// triangles between p and H, and changes H
// to CH(HUp).
// find left and right supporting lines
PolygonIterator rightIter = H,iterator():
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rightSupportingLine(rightlIter, p);

PointGeometry rTangentPoint = rightIter.point();
PolygonIterator leftIter = H.iterator();
leftSsupportingLine(leftIter, p);

// build triangles and remove inner chain
PointGeometry a = leftIter.point();
leftIter.prev();
while (!leftIter.point().equals(rTangentPoint)) {

PointGeometry b = leftlIter.point();

triangles.add(new TriangleGeometry(a, b, p));

a = b;

leftIter.remove();

}
triangles.add(
new TriangleGeometry(a,leftIter.point(),p));

// insert point p

leftIter.insertAfter(p);

Be6-12 MENFEHMpZ BH BT =MHTF

R F MK B INA B XEDynamicPolygonst, RIGE - EERE
FF#& FPaintTriangulation, B 4n i MEHLA, FXERHEILETE 4 =HF
oy, HBEMELR, BFEHITFER:

> java PaintTriangulation n

HeAn R B = AR BEVLE S B6- 1AM XM= ENESEE.

6.2.4 ERBEBWEMIKA

ERBEAFELT —DHABERBOMR, FHECT RN —BEDHE ST
, MXAZBEHAREH. BABRESET SRS RBREMCRYARTE
MTk. B, — P EROERBTRMFE T RERNWITE, 3 R E AT
ROME,;, SHAAL, — P XWERBTUEE T A, AT BRI S 1 ]
HPLER, AFHCRRE—~MNMTRTENLE., — il AR AR T B4 A1 [0 R
SREXEWHEMNEFHERE XM,

BEACERAE S 1 307 [0 5 B B 0 4 30 FL A Bl s A Bt it o XEERBEETE
IRy W=

F—, BITFATUREERE, MEFREPELHEDEERBRLEZHT R
[ B TR AL, 22548 BT LA SO 4t 19 U7 800 5 WEENEFEH ENVENLED L, &
HEMNBEMNEAHAEBAEE, XMELANRE (NEHE) RBEEMN, BAENT
RE 75 B 5] 19 15 [2) LR 535 2 A28 S5 BUOR IR B0 183 G S5 s th, 3 R R R B P Y R
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RER,

B, B TREEMNED, A TEEAUKREPERNE—FFRNBHRMTEAVN,
REMFEORNKMAKEL; XOATERSLHFERNBR, FPAOITECELELE, R
T ERBFOER R ITERE, REURHHREM BN S H SRS .

B =, AFEHED AT LR X R — D REXSRIEITERA, SHEHEE A8
RKRTH, %616 replaceInnerChainid B F B T X FHR1E

Be- 13 KB RE T EMRBEMEH, EFHANHEBIMT .

*Iterator# v  HRVIME -LRETENESE,

* Concretelterator® SLHIterator#IIIfE, 3 H4FMConcretelterator

MBEBEICRIVIMBREFN Y TENE.

*Aggregate# v FHARENRE, UFEMEERBHERIE.

* ConcreteAggregate® ZlFAggregatedtll,

*Client EifIterator#¥ M 5ConcreteAqgregate®H

B6-13HUMLE S X RH*F/RA LUK L Concretelterator it &l Pt B[R —4
ConcreteAggregateX R, XWERERIFBITHANE=MESE,

<<interface>> Clien 1:—'-—9 <<interface>>
Aggregate Iterator
iterator(): Iterator next() : Object
IA hasNext() : boolean
{ JaY
] 1
L i
ConcreteAggregate 1 * .
J——————— Concretelterator
iterator() : Iterator next() : Object
hasNext() : boolean

Ee-13 AR HEH

B 6-137 5928 L LAAT WL BI A B i e ( RIS LI fec ), BAKE =R HM:
BEMAINEMNES,; FEIFS AL ITORE XA L) ; WfE—#
S ALRMABRERENMERER, IteratordE O X B MR Enext MhasNext,
AP FERFREINIteratorEO S B4, nextik [l —/objectEH , T
hasNexti&[lboolean B, X WA LM L HE T I F 2 Concretelterator F5E i,
FHAggregateE N E L T iteratorfli i i, BITHRIRE - RERRLE, HE
F¥concreteAggregate LN A HiE,

AN R BRI ENBHOTFE L E6 135 R 7 25 HRiEkiiPolygonIterator
BOXNFE6-134MIterator, DynamicPolygonIterator it F
Concretelterator, TﬁTDynamicPolygonGeometryﬁ%{#TAggregateTﬁ]%EElX%
fit T concreteAggregate LM, FEFEMRIterator T IEN H Enext Fi
hasNextfPolygonIteratorF H B A REL FH T Ik, XA EREEET
ITterator TELHM BB YR TE. EMBT P ILEMAWE S BB R (BE
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TTE) WThRE, BARIX S T AE AT LR At 7 i e R SR
6.3 HiFEH EHigIHER

BT EEAATEL—1TEE, —MEBESERNS — DB 5% R385 7T 8
SHBKE, AR - —FLABEH T ER M F % (template method ), B Fit
AP ENZ, QETAWESREEZGHMFRIR, B RERFESERA -1
HRENMMRTTE, FEMBHFEREARMNTFRIRAN ., EAHTPRITEE HXRER
BWitEERRARILMEE

6.3.1 FH/RJL{TERE

BHWCALE, BINIFEENXSB/UMEEHEFERAEE. 5F. A, 20k, %
LHREHXSEBEZRGER, BEAEEEFTUA XL LR HAR., E6-14
AEASEENF, BPHAZAEREEIHSXBEAEE T “HIE%RMEEHE
HRE, AR RITEEY, EHAY=MIEEEE R H (union). 3 (intersection ), 2
( difference ), XLBHFR N A RHKEHE (boolean shape operation ), FE6-149, FH-—4 %
ABEEZHMIEBNZXFIHE; FoABEERE—- T ZAR TS E—ARAR,; £=
THRREEHPBTAB: WA FRAMNEAE, ENEFEH -TEA—MHERL
1 A -

El6-14 /R ILATE

Java 2D APIEF‘@%ﬁHéE’éf’E%EEArea%I%E"J, AreaS I Hl T ShapelEd, B %1%
HARBEREBOMRZE. FTEBLHAreal RELEH T A RNESEREE .

public class java.awt.geom.Area
implements java.awt.Shape {
public Area(Shape s)
// REQUIRES: s is not null.
// EFFECTS: Initializes this area from the shape s.

public boolean contains(double x, double Y)

// EFFECTS: Returns true if this area contains

// the point (x,y); else returns false.
public void add(Area a)

// REQUIRES: a is not null.

// MODIFIES: this

// EFFECTS: Sets the shape of this area to

// the union of this and a

// (i.e., this_post = this U a).

public void intersect(Area a)
// REQUIRES: a is not null.
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// MODIFIES: this

// EFFECTS: Sets the shape of this area to
// the intersection of this and a

// (i.e., this_post = this N ay).

public void subtract(Area a)
// REQUIRES: a is not null.
// MODIFIES: this
// EFFECTS: Sets the shape of this area to
// the difference of this and a
// (i.e., this post = this — a).
}

KareaW i /REiEH add. intersectMlsubtract B, TIBRMRIRE,
Ra1faz#fRAreaxi s, Mt EH

al.intersect(a2);

BealfPRE, BaldBRERa1 M2t XL, Fa2bPRAER S X —RIENER.

B#E, RATTLUfAreast BN AreaceometryXt R afbiy3s X B, S HE
MRaMbWER, HENHEBRAreatt R, RAEEIEIIHEXEEL, XHEBEETE
BB, il BE E—AN R A KIS B 8938 L34

static Shape shapeOfIntersection(AreaGeometry a,
AreaGeometry b) {
Area aArea = new Area(a.shape());
Area bArea = new Area(b.shape());
aArea.intersect (bArea);
return aArea;

}
Bitn, TSR BOE A E 614 8 — A B AR

AreaGeometry topCircle =
new EllipseGeometry(20, 20, 10, 10);
AreaGeometry bottomCircle =
new EllipseGeometry(20, 26, 10, 10);
Shape lune = shapeOfIntersection(topCircle,bottomCircle);

BB, i shapeOfIntersection i ¥ R AT LA F 78 X 38U 4] 8 I8 i 3% 0
ZH, ARERCHBRIE—H T, BEGREREERd— RN applyoph it S
BH, EHF M Areatt REM, H/RHALREENHBE—ASHH . applyop R E
WEARZARBENERAREN. TANBFREOHISHNE. TRLEEN
applyOpsL B MY B = F A JRILARZ B B —Fh e 2 1Y .

public Shape shape(AreaGeometry a, AreaGeometry b) {
Area aArea = new Area(a.shape());
Area bArea = new Area(b.shape());
applyOp(aArea,bArea);
return aArea;

}

LEATE XK B shape it & — MBI MBR k. CEXT— Bk, EHHg—
EEREELH, R Rapplyopis EMBEEBELH. KR . applyOop#E B JLsE
e BRRECHTAS, BRI EEANBRREEMS R L P HE— R,
BRGTEEA - MRS, e EREETFRDLREY, A, RHm HEH
MENTEUECHFREREN ., XS, XL BHERR ST F5 %
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( hook method ),

THE-BHEREITEXER/RILAER BP0 H, inEe6-158 xR, HIgE
BooleanGeometry F & T B H & Xl shapeid e, LuiEMRiIEapplyop,
applyoph Bk LB R EBooleanGeometry M., H— XN —MHE/RERZE,
X B shapeR Bt T, applyOop#F k.

<<interface>>
AreaGeometry

)

JEEE
<<agbstract>> 7| applyop();
BooleanGeometry P s

a, b: AreaGeometry {,”

<

shape() : Shape”’
applyOp() : void
UnionGeometry IntersectionGeometry DifferenceGeometry
applydp() : void applyOp{) : void applyOp() : void

Bl6-15 fERRR A kK ERA A

BooleanGeometryXKHFH W Mifa, b, Efij#fRArcaGeometry¥E ., BILEFIE
=R EMHEREMEAIMREHEET, BMRBooleanGeometryiE X T H 4 4 5
fE: shapeflapplyOp, applyopfi#i{A %R ERBooleanGeometryX S /e,
EAFERPBYART HALHEBooleanGeometry MR H LI T applyop#f,
BooleanGeometry¥ shape F B R E M IEBRE W shapeW LR EAH BB CHEAT
R Eapplyop. XU XRPABMRBIHEAWES . BRI EAR - REINETFHE,
WFHFBREERFEMEFEMSE XEREBIALH,

THE*X%HMBooleanGeometry . EAARIUTER AT — X, FUZLE
L ¥ AreaGeometryiE M, XM E WK HFBooleanGeometry ( VT HI T3 ) ER|M T L
A7 #k: contains, shape. translate, FHERIZEMNLE L.

public abstract class BooleanGeometry
implements AreaGeometry {

protected AreaGeometry a, b;

protected BooleanGeometry(AreaGeometry a, AreaGeometry b)
throws NullPointerException {
// EFFECTS: If a or b is null throws
//  NullPointerException; else constructs
//  the Boolean combination of a and b.

if ((a==null) |] (b==null))
throw new NullPointerException();
this.a = a;

[

this.b b;
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}

public boclean contains(int x, int y) {
return shape().contains(x, y);

}

public boolean contains(PointGeometry p)
throws NullPointerException ({
return contains(p.getX(), p.get¥());
}

public void translate(int dx, int dy) {
a.translate(dx, dy);
b.translate(dx, dy);

}

// the template method shape expects the applyOp method to
// be implemented by concrete descendants of this class.
public Shape shape() {

Area aArea = new Area(a.shape());

Area bArea = new Area(b.shape());

applyOp(aArea, bArea);

return aArea;
}

// hook method required by the shape method.
protected abstract void applyOp(Area aArea, Area bArea);
// REQUIRES: aArea and bArea are not null.
// MODIFIES: aArea
// EFFECTS: Sets aArea to the Boolean combination
// of aArea and bArea.
}

M2 Mcontains TEBEN THEZSHAGRILMEROE R, X%
PolygonGeometry¥ #jcontainsEMMN ., E&, translately BB FRM T4
88— 84k VB AR ILE R

FERLHH H L EBooleanGeomet ry B #applyop ik, T EERFANXEIL
MEERX % IntersectionGeomet ryy 2 i ¥ .

public class IntersectionGeometry extends BooleanGeometry {

public IntersectionGeometry(AreaGeometry a,AreaGeometry b)
throws NullPointerException {
super{a, b);
}

protected void applyOp(Area aArea, Area bArea) {
aArea.intersect(bArea);
}

&3]

6.19 iﬁfiFjUnionGeometry%’s%ﬂDifferenceGeometryﬁé o

6.3.2 ¥HHE

FAE Clune) REBAEMELMS. 29 F BRI E LA BOBER, HHER



F6#F ZH#LX 213

— M HEHK,

1. &¥AH

EBRGTRFAT, SBREARYABMORAEEEHER, S0 8.0E M FHE R
FRERMHR. Ee-16 (£) frlh TEEXAABRMANIFEASASE . L2 EE NAY
FR; RBFRELRESIEIAOKER,

Be6-16 k¥ A B S K

EI?PaintLuneﬁﬁﬁMyGraphicsProgramﬁﬁ, EEBEREX=/Fparseargs,
MakeContent, paintComponent, 55IFRNFMASE . AL EFE . i H &
W% . PaintLune® B %M radiusMoffset, SRR EEABRERRRBE,
THEWMT .

> java PaintLune cffset radius

THRparseArgs y i SC B

// static fields of PaintLune class
protected static int offset, radius, diam;

// static method of PaintLune class
public static void parseArgs(String(] args) {
if (args.length != 2) {
String s=“USAGE: java PaintLune offset radius”;
System.out.println(s);
System.exit(1);

}

offset = Integer.parselnt(args[0]);
radius = Integer.parselInt(args[1l]);
diam = 2 * radius;

}

* A Eﬁﬁﬁ%EFigure%ﬂ#]1uneFigureiﬁ“F', HEAEREaHERE,
makeContent FHEE XM F .

/! field of PaintLune class
protected Figure luneFigqure;

// method of PaintLune class
public void makeContent () {
PointGeometry p =
new PointGeometry(-radius, -radius-offset);
AreaGeometry topCircle =
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new EllipseGeometry(p, diam, diam);
p.translate(0, 2*cffset);
AreaGeometry botCircle =

new EllipseGeometry(p, diam, diam);
BooleanGeometry lune =

new IntersectionGeometry(topCircle, botCircle);
Painter painter =

new FillPainter(new Color(33,140,33));
luneFigure =

new Figure(lune, painter);

}

TH £paintComponent FHEHMELH, HABESHEREHL BTSN RIEEYR
ARER ORISR LA E.

// method of PaintLune class

public void paintComponent(Graphics g} {
super.paintComponent{g};
Graphics2D g2 = (Graphics2D)g;
g2.setRenderingHint (RenderingHints.KEY_ANTIALIASING,

RenderingHints.VALUE_ANTIALIAS ON);

Dimension d = getFrame().getContentSize();
g2.translate((int)(d.width/2), (int)(d.height/2));
luneFigure.paint(g2); .

g3
6.20 LAV hHRPPaintLuneRF,

2. FARE

FEHEEL—%, B RHERE, HERAEABNMBMFE. B THE
PaintLuneBFH HMoffsetMradiusBHs, BEEHMBAINSH: center— ¥
RAEKHLE; theta—F AEM TR EREA (RE6 165 ), LUEREH,
LuneGeometry M T - M UXEB M AEMHMERTT .

public LuneGeometry(PointGeometry center, int offset,
int radius, double theta)

LuneGeometryXE X T AreaGeometry3 # f 1R lune A4S %k A & Hy 16 JR JLAT
A, I d¥ % ComputeLuneff{f KA & B i B lunefy{l .

// field of LuneGeometry class
protected AreaGeometry lune

HTFAEQSHE KBS, BriALuneGeometry2S LBl T AreaGeometryiE M,
THRZEEMZEE L.

public class LuneGeometry implements AreaGeometry {

protected AreaGeometry lune;
protected PointGeometry center;

protected int offset, radius;
protected double theta;

public LuneGeometry(PointGeometry center,
int offset, int radius, double theta)
throws NullPointerException {
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// EFFECTS: If center is null throws

//  NullPointerException; else constructs a
/7 lune based on the supplied parameters.
this.center = new PointGeometry(center);
this.offset offset;

this.radius = radius;

this.theta = theta;

computeLune();

}

public Shape shape() ({
return lune.shape();
}

public void translate(int dx, int dy) {
center.translate(dx, dy);
computeLune();

}

public boolean contains(int x, int y) {
return shape().intersects(x-0.01, y~0.01, .02, .02);
}

public boolean contains(PointGeometry p) {
return contains(p.getX(), p.get¥());
}

protected void computeLune() {

// REQUIRES: center is not null.

// MODIFIES: lune

// EFFECTS: Sets lune to values in the center,
// offset, radius, and theta fields

int diam = 2 * radius;
TransformablePointGeometry topP =

new TransformablePointGeometry(center.getX(),

center.getY()-offset);

topP.rotate(theta, center);
topP.translate(-radius, -radius);

AreaGeometry topCircle =

new EllipseGeometry(topP, diam, diam);

TransformablePointGeometry botp =

new TransformablePointGeometry(center.getX(),

center.getY()+offset);

botP.rotate(theta, center);
botP.translate(-radius, -radius);
AreaGeometry botCircle =

new EllipseGeometry(botP, diam, diam);
lune =

new IntersectionGeometry(topCircle, botCircle);

}
}

%3

6.21 FELuneGeometry3s s LbE 453 B % A 25 4k 12
6.22 HWRAMTEHFARNHENIEANNE. FENSE:

new LuneGeometry(new PointGeometry(lo,ZO),100,120,45)
6.23 EE#FPaintlune, HEHFE=ZNEHTEM . theta, xHly:
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6.24

> java PaintLune offset radius [theta [x y]]

FyRAR BRI T, thetahE MM IEMH . HPrheta, xFiyH BEHHE RO,
BitHENutGeometryRE R E6- 140 EA BRRE, B ERE B —NEHENFEE
HE—TEIEBH . WESE LS FPL i Bcenter, ZAE I n, B E
#outerRadius, B¥ 4 innerRadius, ZHEHEH A Ftwist, T EHERERER.

public NutGeometry(PointGeometry center, int n,

int outerRadius, int innerRadius, double twist)
throws NullPointerException,
IllegalArgumentException

// EFFECTS: If center is null throws
// NullPointerException; else if n<=2, or
// innerRadius or outerRaidus are <= 0 throws
// IllegalArgumentException; else creates a
// nut with the specified parameters.

FlLuneGeometry—#%, ENRELRME O AreaGeometry, HREFT LUK
B LuneGeometry AR FE By AR, f# % RegularPolygonGeometry#l
EllipseGeometryf i REE K —1F,

TR FPaintNut, f# FIATHE Y NutGeometry, WITEwE —Tnkiw
RAAREXRMREAENPOES (xy) WRERE, HWAWT.

> java PaintMut n outerRadius innerRadius [theta [x y]]

RINMBER A E RO, MNP OREA, HE—TF Yinnerradiusffi K F
% TouterRadiushf, &4 AKKILAEE?

6.3.3 #EXHLAERE

ELE—TPNTHE-EABRNAS T A EAR I BT AR 52U B — e

BITHIRILAER R 2. EHRTLSY, @3 EHENUTRE (%514 EE
AR ILAT BT ) B A AR T 4R 58 B8 0k 4 7 — 5% R L R AR N M ik K %L AT B

( constructive area geometry, CAG ),

P R 0 A5 AT LU SR R — LT B 69 U, FRMCAGH ., mE6-175i7 , A

A—RIRMCAGH, BEh—MEABEH—PRE (RTRIENITE), BNl —1~NE
(RN M. CAGHN M WARRRAEY, WHE. LHHHERS,; FHE i
EE SRR RRBER, RRERBRAFHASEXEEBIN,

luneWithIris

topCircle botCircle

E6-17 i ICAGHELIRBE
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b
-

%3

Bl6-177c 0 BREE A AT iy T E BB BMIE, EEX TN BAZR, REHEETT
TREMEEANT -, ZABEREFEILIHERBEENERNSH.

int luneRad, // lune radius (see Figure 6.16)
luneOffset, // lune offset (see Figure 6.16)
luneDiam, // lune diameter: 2*luneRad
irisRad, // iris radius
irisDiam, // iris diameter: 2*irisRad
pupilRad, // pupil radius
pupilDiam; // pupil diameter: 2*pupilRad

AreaGeometry topCircle =
new EllipseGeometry(-luneRad, -luneOffset-luneRad,
luneDiam, luneDiam);
AreaGeometry botCircle =
new EllipseGeometry(-luneRad, luneOffset-luneRad,
’ luneDiam, luneDiam);
BooleanGeometry lune =
new IntersectionGeometry(topCircle, botCircle);
AreaGeometry iris =
new EllipseGeometry(-irisRad, -irisRad,
irisDiam, irisDiam);
BooleanGeometry luneWithIris =
new DifferenceGeometry(lune, iris);
AreaGeometry pupil =
new EllipseGeometry(-pupilRad, -pupilRad,
pupilDiam, pupilDiam);
BooleanGeometry eye =
new UnionGeometry(pupil, luneWithIris);

6.25 E TR MyGraphicsProgramfi 5 —/Javalii i #2 FEPaintEyefl— MR E (B

6.26

Bl6-17), iR F UL ~SH0R A

> java PaintEye luneRadius luneOffset irisRad pupilRad

S2HE X FAMEABRPEANSE, EdEe17PERH TESKED .
luneRadius: 160

luneOffset: 120

irisRad: 30

pupilRad: 15

WEXERFPlayBooleanWEH EAMiAJLMEAE ., BFEES— 1 4aiEE,

BT SHRNLWEAL N —NFORUN LT (2B radiushi ) #4540

&, BEAT-LHYNER, G4 EEFNGRIUTEERRI. XEEEER

Mo (HMRBFNIFFHREYRIHRILAEE RS, 85040 E— RN EHE, )

T A AR

* union n radius B HEEEM— MR L ZHPOEES (BRGS0 ) B
MM nit1 7

* intersection n radius B LRTEEM— N HEHE T EBREPOERS (ERKH
L) AT B L4

* difference n radius BB HFIEE M — N HEIEELREPOERS (EEKDL )
B il FE RS R 3R 43

> quit JBIERF,
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B 6180 =BT 4 B T I B g2 7= A

> java PlayBoolean

? union 4 100 ]

? difference 6 60 // left figure of Figure 6.18
? union 4 40 // middle figure

? intersection 3 100 // right figure

E6-18 £:36.26%2 FFPlayBooleanj= 4 i F T

6.27 FEL5J6.26MIEERE EIAN T W E A4, LUEA LIS R AN LR T 1 L F
¥AE.
s twist d Hiunion, differencefintersectionfyr 438 BT — LA B HEsE 4R,
*center x y Funion, differenceFflintersectionfr &1 EM T — N BAUTE .0 S7E (x,v )0
THEGSEEEE6- 9P =B
> javﬁ PlayBoolean
? union 4 100

center 50 0

union 4 100 // left figure of Figure 6.19
twist 45

difference 4 60 // middle figure

center -25 0

twist 10

difference 8 20 // right figure

quit

[a IS IS BEUV RS IS LN ]

E6-19 %:3]6.27# FPlayBooleanis 4 ) B &

6.3.4 RIBHERAWLS MM B

BRTERAATEL—TEE, IIMEBEOEP - SBEh TRIMY ., TR
TRENTERAER T %, BRTELEA-ARE ST E (BT ), X
RITBRTIEREE, MEFERB TEEIN., FTLRURRANTRAZRERE, K6-20%
BRI —REH, X/ EHE D RMRB Y TE,

*AbstractClass (HiR¥E) BT HERFHtemplateMethod MR 5 38 B 4

W8T Eopliiop2,
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<<abstract>>
AbstractClass

templateMethod()
op1()
0p2()

i

ConcreteClass

opl()
op2()

E6-20 MR B KI5

s ConcreteClass ( B&3) ¥ BT AbstractClass, EFE - XENETH

BJAPER T ETEROBEH T,

AEREMFFF, KBooleanGeometryfabstractClass, HikishapeREii iy
i, shapefkBITH MEIH/RERZHE LWL kapplyop, RidRE Xl =ZMHAH
XHMcConcreteclassEHM, EXUnionGeometry, IntersectionGeometry#l
DifferenceGeometryf =-{~ConcreteClass,

EXFRITERXT, hERFELHMERRTERN, 8§ M Concreteclass HE
LHMERTEPHMB . ATERTFEEREWEN, FUERTURS E5HA0E
FTROERXTUBDEZRABERHEER, ANTUBESNS FEIRTEIRN TS,
MR- ERARBHLALKE NS T, BAEERELALY.

6.4 AEigITHER

BEEL, AeMARH—HET a4 (primitive ) HE— 244k ( composite ), H
AR HEME S ERE T LLERABRFHASE, BT 4 kARG 2R T UG
BER. BRHRITEANXBEEX T T HEFHSAASKTHMED, FXPE
—EBRETHAEMARIEK, —BEELEHS (component ),

Javaff] Abstract Window Toolkit ( AWT ) Bh{si FlX filest . P e & RUEMGUIETF
HUAGMHENEMEY (£34.20F78 ). GUUETFHEEHRE. Sk, #Fid. X
FH . FH FREETUASHMETAGWEANR, XENTE—FALE, FUTHTLL
BIEHC, HAFHGANERIERE. XENEASAAENACRHERN, BLE
PR R E — A repaintf B — A, MARBEZETREFAL (MRARIFD) &
-1, .

EENF, RIMMAEGRIMEABREFHSRE, BHARRKHSE AR,

64.1 HAEH

BIARN L, ROEFEOMEGTRE: BEWER. S6AKNENTE . 26K
WARLAER. XhE, ROFTELHNERELREBL, NEH 2R, XHELE
(composite figure ) R H LA RAGEARY, BIMAAXRHASERGRAA LR,
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M, IHER, FARTRHRERA., ERHFHSRELE, BYSEREENEEHE.

Ee6-21 MIHEGHE

ERACEANRERE, —RASBERSHET MG LB 8. M, Rl
X—THEERARE — KRR — 2T, BTN EEE X KM L5 552 E
R, —RULREFESRRFEE AN AETAEMEMIEL . FaEss -
RENBERERIFFEME EAEABES =R AT LA {68 o 7 3L b 086 o B A B 4 1
WMEGTEIEMAL LR M FE e,

HNE X —1GroupNode K ERALHE, GroupNodeXf R4 —HBM PR B A, T
HACHE FlGroupNodef #il 6 6-21 1 gy i 7 M -

GroupNode face = new GroupNode();
face.addchild(contour);
face.addChild(leftEye);
face.addChild(rightEye);
face.addchild(nose);
face.addChild(mouth);

7 FEAHEESD, TReontour. lefteye. righteye. nosefimouth3| % Fiqure
LBl BN, lefteyefirighteye#bs — ik ok A K, mouthf&— N4k & A 7 /R JL
WEE: i— 1 RAXE—-1EE (HaFarEs). P 6-2272 31 19 15 4R 2 Uk ) BF B U
REXTEMZEAIMEE,

face anotherFace

contour leftEye rightEye nose mouth contour nose mouth

leftEye rightEye

E6-22 E6-21 MR T I 09 70 o 1 2 I

Ao-220 B R E R E FREH 2 B ( scene graph), HPHHAREREMNTERL Y £
(node), ZLEIHFAHNMI L. GroupNodeXXf & faceM ' M LA FigureXint s,

ERSE D, GroupNode MM AFH N ¥ 5 ( children ), T4 SR 23 NUFHI M
BIEE— BRSO, HAbRk g m, THWANRSIFREE, B & 5 e B B
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RS, \ENFWSRIEDINEE, R5IMEAXNEE,
B4, BRfaceXHMGroupNode X T HMLITHM? HELEMREAK 4
GroupNode paint®|%EFEq2iTN8E .

face.paint(g2);

HRBE R addChildy #6381 74 S M8 flremovechild MR 79 &, B
REMchild FBRERIIEHRFH A, EREEFXEM3IH. S, THERFES
A EARHRIIE, REBHERREE,

Figure eye = face.child(1);
eye.setPainter(new FillPainter(Color.black));

FIBf, GroupNodefRft THRIINIFREG T4 Mk R B, AT EXBABT LS face
HHAETHANRBRENRE.

Iterator iter = face.iterator();
while (iter.hasNext()) {
Figure fig = (Figure)iter.next();
fig.setPainter (new DrawPainter(Color.green));
}

FIBRIAILE, BROATHMWERc 2L EEE, EXAEFER. W@,
GroupNode "] IR ER, BB 6-22 1 anotherFaceFBE S, H=RE 5.
JfﬁanotherFaceH@eyes%GroupNode, EHleftEyeflirightEyei R, TEARBE4E
WM. TR EanotherFace:

// build the composite figure eyes
GroupNode eyes = new GroupNode();
eyes.addChild(leftEye);
eyes.addChild(rightEye);

// build the composite figure anotherFace
GroupNode anotherFace = new GroupNode() ;
anotherFace.addChild(contour);
anotherFace.addChild(eyes);
anotherFace.addChild(nose);
anotherFace.addChild(mouth);

GroupNodel) FH m AT LI BIMAE A GroupNodeHFigure. XA AAEE
EIZhEE, PTLLEMTHABRIMRRE, #IH HNode, NodeRE % LI .

public interface Node {
public void paint(Graphics2D g2);
// REQUIRES: g2 is not null.
// EFFECTS: Paints this scene graph into
// the rendering context g2.
}

BNFI B Figure X M X B2 LW itpaint H ik, FrlAFigurefiE X REEB ML,
B B & S BNoded O .

public class Figure implements Node {
// same as before

}

5] £ B K 22 X GroupNodek 1 B 3 M NodedE [ ,
i6-232Node, GroupNodefiFigure HMX X AM, A F ik GroupNode i —
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& ARt REESF R —BEH B

HNodeXt SHM, WX Node yGroupNodeHJ# T, GroupNode#INodeZ [H &R E
*%K, NodeXfi TR ZBEHELE “*” fR0EKEL): GroupNodef] I FON BN
NodeXfH ., FigureRXXRRTFHN. NodeFEORMUTHAAGRENE D, X RSA
TRAEZEEE.

<<interface>>
Node *
paint()
Ay
U dommmm e
A e
Figure GroupNode
paint(} paint() O

getGeometry() addChild()
setGeometry() removeChild()
getPainter() iterator()
setPainter()

Be6-23 45 EMER

HERGroupNodeX MFigure R #E L M NodeE D, HEfIMNEREARH ., WME

6-23RF 7 ,

GroupNodefR T #244t T38/m. MR, iHRFAMFM TS, BREM— B

HT%; BEREAEMKBgeometryMpainterF Mk, AR, &
EHA AL EE ONode, ERBRETHMY (Pigure) MY AHE ( GroupNode )
BT RACHED,

T H¥ A BeroupNode L HRIL, M croupNode W) 4 SIRFE K B B k&S|
HRF, THRLH:

public class GroupNode implements Node {

protected Vector children;

public GroupNode() {
// EFFECTS: Creates a group node with no children.
children = new Vector();

}

public int nbrChildren() {

//

EFFECTS: Returns the number of children.

return children.size();

}

public void addChild(Node node, int i)

1/
1/
//
//
//
//
//
if

throws NullPointerException,
IndexOutOfBoundsException {

MODIFIES: this

EFFECTS: If node is null throws
NullPointerException; else if 0 <= i and
i <= pbrChildren() inserts node as the i’'th
child and increases by one the index of every
child whose index not less than i; else
throws IndexOutOfBoundsException.

(node == null) throw new NullPointerException(};

children.add(i, node);
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FH A xaxisHyaxis, ¥
AR FRIC .

}

public void addChild(Node node)
throws NullPointerException {
// MODIFIES: this
// EFFECTS: If node is null throws
//  NullPointerException; else inserts node
// as the last child.
addChild(node, children.size());

}

public void removeChild(int i)
throws IndexOutOfBoundsException {
// MODIFIES: this
// EFFECTS: If 0 <= i < nbrChildren{) removes the

// i‘th child and decreases by one the index of
// every child whose index is greater than i;
// else throws IndexOutOfBoundsException.
children.remove(i);

}

public Node child(int i)
throws IndexOutOfBoundsException {
// EFFECTS: If 0 <= i < size() returns the i‘th child;
//  else throws IndexOutOfBoundsException.
return (Node)children.get(i);
}

public Iterator iterator() {
// EFFECTS: Returns an iterator which visits this
// node’'s children in index order.
return children.iterator();

}

public void paint(Graphics2D g2; {
// REQUIRES: g2 is not null.
// EFFECTS: Paints this scene graph into g2.
Iterator iter = iterator();
while (iter.hasNext()) {
Node node = (Node)iter.next();
node.paint(g2);
}
}
}

GroupNodeR PR KA LM RBHL TR K FchildrenLHE, MMlpaint ik
MERTURRET ULBEMFH S, RBERE— I paintili BB node, RETLEY
HSEEBEE.

6.4.2 EITAIRH

EETFR, RIVEEX—DFEHEMLITHEAxes, REBRNETFT —HH Bk

\

RITERM. ARBAE, —MAGHRENARER: KPR REEMy, G2 EEH
STHRIC RN R, WE6-24FTR, KFHMEEMEOAZER (0, 0), A M AE LS
(REFRR100). AHKERERE, X RRMEH - T SERY, TEEFHA
ATERAYT R, Ef& BB —HrigureSHm, Hiw
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[ E5l+l=J l}
licks aogline Dok igjyLine

E6-24 —xt iRty @
FAENNBEMAxes KM ERFINT .

public Axes(Range xRange, Range yRange,
int tickStep, Painter painter)

Z2 ¥ xRangeli & xHI T4 . B xRange M AL 75 B B [(xMin.. xMax], xBiM 5
(xMin, 0) B & (xMax, 0) ; yBH 5 HFE,; S8 tickStepERLRBAMNE; BHK
painter®A— A Painter M5 A, ATEALKEM. FHEHIADES>4:E6-24% 1
A bRpD -

Range xRange = new Range(-50, 150);
Range yRange = new Range(-150, 150);
Painter black =
new DrawPainter(Color.black, new BasicStroke(2));
Node axes = new Axes(xRange, yRange, 50, black);

EFEEC4THHLIRMNR, TUHE—IMEF A, SRATWITH AtaceM

axes:

GroupNode faceAndAxes = new GroupNode();
faceAndAxes.addChild(face);
faceAndAxes.addChild(axes);

THHRBAxesK A, tickStepFFtE R AR B AR BB S Z M B 3, tickHeight43F £
FARLIRBENMARICHERE, xAxisHlyAxisi 5 F R Myl

public class Axes extends GroupNode {

protected static int DefaultTickHeight = 2;
protected static Range DefaultRange =

new Range(-100, 100);
protected static int DefaultTickStep = 50;

protected int tickStep, tickHeight = DefaultTickHeight;
protected Range xRange, yRange;
protected Painter painter;

public Axes(Range xRange, Range yRange,
int tickStep, Painter painter)

throws NullPointerException, IllegalArgumentException {
// EFFECTS: If xRange, yRange, or painter is null
// throws NullPointerException; else if tickStep<=0
//  throws IllegalArgumentException; else constructs
// a pair of axes whose x and y extents are given
// Dby xRange and yRange, the interval between tick
//  marks is given by tickStep, and the axes are



Fo® & i H X

225

// painted by painter.

if ((xRange==null)]}(yRange==null)||(painter==null))
throw new NullPointerException();

if (tickStep <= 0)
throw new IllegalArgumentException();

this.tickStep = tickStep;

this.xRange = xRange;

this.yRange = yRange;

this.painter = painter;

createAxes();

}

public Axes(Painter painter)
throws NullPointerException {
// EFFECTS: If painter is null throws
//  NullPointerException; else constructs a pair
//  of axes with x and y extents [-100..100), tick
//  marks every 50 units, and painted by painter.
this(befaultRange, DefaultRange,
DefaultTickStep, painter);
}

public int getTickStep() {
// EFFECTS: Returns the interval between tick marks.
return tickStep;
} 3
public void setTickStep(int newTickStep)
throws IllegalArgumentException {
// MODIFIES: this
// EFFECTS: If newTickStep <= 0 throws
// IllegalArgumentException; else sets the
//  interval between tick marks to newTickStep.
if (newTickStep <= 0)
throw new IllegalArgumentException();
tickStep = newTickStep;
CreateAxes();
}

public int getTickHeight() {
// EFFECTS: Returns the height of a tick mark.

}

public void setTickHeight(int newTickHt)
throws IllegalArgumentException {
// MODIFIES: this
// EFFECTS: If newTickBt is negative throws
// IllegalArgumentException; else sets the height
//  of tick marks to newTickHt.

protected void createAxes() {
// REQUIRES: Instance fields are initialized,
// MODIFIES: this.children
// EFFECTS: Creates a new set of axes.
if (nbrchildren() >= 2) ¢
removeChild(1);
removeChild(0);
}
GroupNode xAxis createXAxis();
GroupNode yAxis = createYAxis();
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addChild(xAxis, 0);
addChild(yAxis, 1);
}

protected GroupNode createXAxis() {
// REQUIRES: Instance fields are initialized.
// MODIFIES: this.children
// EFFECTS: Creates a new X axis.
GroupNode xAxis = new GroupNode();
for (int x = xRange.getMin(); x <= xRange.getMax();
x += tickStep) {
Geometry tick =
new LineSegmentGeometry(0, tickHeight,
0, -tickHeight);
tick.translate(x, 0);
xAxis.addChild(new Figure(tick, painter));

}
Geometry axisLine =
new LineSegmentGeometry (xRange.getMin(), 0,
XRange.getMax(), 0);
xAxis.addChild(new Figure(axisLine, painter));
return xAxis;

¥

protected GroupNode createYAxis() {
// REQUIRES: Instance fields are initialized.
// MODIFIES: this.children
// EFFECTS: Creates a new y axis.

}

EE, Ri¥FWcreaterxes FERATHEREHAUELIRM. MBELRHEZRE
£, tickStepEtickHeight RAEZLN EEHOI#, MAcreateAxes FEEMBREHR,
REBHEHUE,

%3

6.28 (HEx) THEAxesHILH, HHRERFTEE6- 2404 BIRHIAG,
6.29 FHAEXLIrHMBARERX. v, HAEAxesI EHMABERY. ViREW
Wik ¥
public void addLabels()
// MODIFIES: this
// EFFECTS: If the axes are currently labeled does

//  nothing; else adds the labels X and Y to this set
// of axes, rendered using TextGeometry.DefaultFont.

public void addLabels(Font font)
// MODIFIES: this
// EFFECTS: If the axes are currently labeled does
// nothing; else if font is null throws

// NullPointerException; else adds the labels X and
// Y to this set of axes, rendered using font.

public void removeLabels()
// MODIFIES: this
// EFFECTS: If the axes are not currently labeled does
//  nothing; else removes the labels from the axes.
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EAX. YRR ARSI TE B 6265 I T, MR B TES % BT Lgurest R ERX.
VBRI, S8 I BT B TextGeometry &, Bl XbRIEH-D A X —ILITEE

new TextGeometry(font, “X”)

Hffont¥ F FaddLabels HEF (MRAREEZEASH font, MHEH
TextGeometry M BRIAF& ), XBX., YiRERTUAIFE FEHME—RMAFRE .
A -, BIFE L — 1 booleands, EREATIRALERT & E.
6.30 MERFPaintFlower, ¥ aE6-21HE%EIE:

> java PaintFlower n radius
WIMEERE T, ENESSHEETEEGEE, BE%E Yradius, W
FTEALS, ENNEENZBIRNER, BRESEALZ.

6.43 TTHASHE

H—NEE X R B B Java B HE ( —4Graphic2DXt$ ) B, EAERMF
ZTRARAREL . RAEAT, APSELRRMavall RIARRRE M. TIT0%
WERERBENZLA, HEET R, YMATY R, FAFyE NG EME, ArsEL
PRER R HJava 2E R ransform BB, LB RATSES . LKL, MEE
BREXBENHF, 334 PBURTRFASHRLITER.,

ERTH, RIOBEL T HEBIFRNYATH S%H, TransformGroupX £
GroupNodeM) 72, EEXTHFH HEMMWLERE, WA ABENTFLIEER? 5=
MER: B, TURRNOBEEMEY, SHERERRAMFRERT. N, &R
AERET, WR-NMERHAFTTFLER, WERERMHLFTERYENS, &
TEHAIRAT, MBERMNATTTLEH, WRREBOEREN (WE6-26).

BT, NTREBE, RINEESXEANLRE., EEIBIFES, —AFEHEM
TUES RSN AL, 803 AHBENFENRTFE, SHM3IATE, XY
BHE X BN RN, EERENTEN. EEENE, SEFANBRTEAS. £
TRBBHUN, MBREFRAREMTHE, WEnE I HasBRESk. Flw, mEs
630/ — MR EE %, Wi Ab2sk I #RE H 4.

FE, TUSE-TSHANLRAER, TAALERLEBMEMERENEER, 1
B R M b — A, TT LA T AL O N ARAT R A, B b AT 4 b 40 SEE
FTR W26 S B TT LUK 25 b £ A 87 38 7

1. TransformGroup ¥ 47 #

TransformGroup2 £ GroupNodeltl ¥, EURXEBEEXT—IEHLTEE, A
TFTEMLENTFTE. ENZENXERES-25, £l TransformGroup#,GroupNodeHy
LHIGEFR K53 A ( Grouping node ).

HERREF, TransformGroupHi @ XM AR ERHM FEMR T SRIFEY, &
BISEB A F L4 4% (child coordinate system), EH#MADEH X244 (parent
coordinate system ), TARBRAR M BIRE B H, — A AR R AR B B A A R R SRR
ATRIRR, IRERATUBERLITENRKE, MYREXTBCHBEER, T
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WA FITEBHEMENCTAELBECHLER, M ENMRERFigureX R,

H FrransformGroupf)F 17 m KT E BIAL AR R E ML, BT LA A bR R & £ R LAY,
W, k. KR, ERTVARRBEZEA. TransformGroup Rt T IR FFEE/L
HEAME (LE6-25), THRHEFREECNMAHE. XEHATFHHEBRIREBsquareFrigsl
FiFigureXt R, RAR—MUKAL100, TOEAELMESHERE, ZETUHENT

Geometry geom = new RectangleGeometry(-50, -50, 100, 100);
Painter fillPainter = new FillPainter(Color.green);
Painter drawPainter = new DrawPainter(Color.red);
Painter painter =

new MultiPainter(fillPainter, drawPainter);
Figure squareFig = new Figure(geom, painter);

S

GroupNode TransformGroup
<<interface>>
Node - addChild() <t translate()
removeChild() rotate()
paint() iterator() scale()
paint() setToldentity()

El6-25 TransformGroup¥i & & & X T Ja ¥ AL 47 R B4 410 A

THARBE#ETransformGroupXf £ rNode, i AsquareFighFWdE, RE
rNodefJ A5 R AT & iEf45° .

TransformGroup rNode = new TransformGroup():
rNode.addChild(squareFig);
rNode.rotate(45.0);

E6-26F 58— B KR T BirNodeBIL B H g2 45 5

rNode.paint(g2);

B RX n: BEARHRL IR ; KELRERE rNode® X, EHE
PREERI AR R .

B6-26 BERHLIRR . BELITRMBRE N LIREPWEHE

IR USSR R, FTEAESEEMEGC 260 % “NEFRHER,

TransformGroup tNode = new TransformGroup();
tNode.addChild(squareFig);
tNode.translate(50, -25);

tNode.paint(g2);

AR R A ORISR AR MK BT B 00 2 PR L BV R B/, R A R
o KYMBMEERNEARERATHY, ENLARACHRASHR, TRONRABE
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mHEe-26P B =1

TransformGroup sNode = new TransformGroup();
sNode.scale(1.5, .5):

sNode.translate(50, 50);
sNode.addChild(squareFiqg);

sNode.paint(g2);

FEARRER#ITTRREL: SEH, B8, FEEEMNRLIRX. ViRl K/
FEEZH; H—TSAHEBRFARZA R sNode BB LYE, GH I3 fsquareFig,
— RS, FENIITREREERN,

B, ATLIHERINE L rNodeE A BB GroupNodet, T HiErNode,
tNodefE }yGroupNode Xt £ ) F 37 & .

GroupNode scene = new GroupNode();
scene.addChild(rNode);
scene.addChild(tNode);

HERRE BT Hscenetf AT A rNodeiFﬂtﬁodeE‘J’fﬁﬁE o i h P B g2hT .

scene.paint(g2);

GERESRFA—-EFERK, BMEFBMLEMTER, He-27HBATHRENTA
AR ERW (scene tree) WEE: BHN - THAETHREFHIRBARXYT A, W0
Al squareFigFl it B TrNodeflitNode, L L, HEEMEWHRIEN LA ERRE
(directed acyclic graph ), B—F " LHRCRE ., B &E, squareFigly{F a2 k&85 0
rNode. tNodeMIZR, #lM, TH KRB FEE-2THBW N ENEENELLE .

squareFig.setPainter (new FillPainter(Color.magenta));

T

() squareFig

LY

H6-27 HE B scence T W HER
WIE L mAHiR, ATE N Trans formGroupK iy HiELS .

public class TransformGroup extends GroupNode {

public TransformGroup()
// EFFECTS: Constructs a new transform group having
// the same coordinate system as its parent node
/7 in the scene graph.

public void rotate(double theta)
// MODIFIES: this
// EFFECTS: Rotates this coordinate system by theta
17/ degrees around its origin, from the x axis
// toward the y axis (i.e., clockwise in the
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1/ default user space).

public void rotate(double theta, PointGeometry center)
throws NullPointerException
// MODIFIES: this
// EFFECTS: If center is null throws
// NullPointerException; else rotates this
/7 coordinate system by theta degrees around
// center, from the x axis toward the y axis.

public void scale(double sx, double sy)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If sx or sy equals zero throws
/7 IllegalArgumentException; else scales this
// coordinate system by sx along x and sy along y.

public vnid translate(double dx, double dy)
// MODIFIES: this
// EFFECTS: Translates this coordinate system by dx
// along x and dy along y.

public void setToIldentity()
// MODIFIES: this
// EFFECTS: Restores this coordinate system to that
// of its parent node in the scene graph.

public void paint(Graphics2D g)
// EFFECTS: Paints this node’s children in index
//  order within its coordinate system.

}

LEABERF EREERRE

ERA T M TransformGroup IE ML HMZA, BE—LHLHIAR, EMRMNE
SEBIN, THRABES —MLER, BIRHEATANRIER, BE-IFHRIEE,
A el 247 & £#H ( coordinate-system transformation ) B RN X ( transform ) B =
RTREWEIRER, THAEBIARFRNENLEER, RENELREZEZEVENS BB
AR R

Javarh 4t T AL 4R A ¥ K java . awt .geom. Af fineTransform, AffineTransform
MEZLBWE[RCEIFER - IHLENR, AERNLFEXZLSHER., BIFE
THEMBEMtranslate, rotate, scaleZEETHRE, THEHAAWEEK
it formfy A& AR AT 4 BEH 45° , RE WM LHSONMHE, ByM LB 1004
B

AffineTransform tform = new AffineTransform();
tform.rotate(Math.toRadians(45));
tform.translate(50, 100);

AffineTransformE ARt TsetToldentity ik, IKEFERMRITE., FTHEHH
AffineTransform MRS EH T RIS EWIFL .

public class AffineTransform {

public AffineTransform()
// EFFECTS: Initializes this to identity transform.

public void translate(double dx, double dy)
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// MODIFIES: this )
// EFFECTS: Translates this by dx along x and

// dy along y.

public void rotate(double theta)
// MODIFIES: this
// EFFECTS: Rotates this by theta radians around
//  the origin, from the x axis toward the y axis.

public void rotate(double theta, double x, double Y)
// MODIFIES: this
// EFFECTS: Rotates this by theta radians around
// (x,y), from the x axis toward the y axis.

public void scale(double sx, double sYy)
// MODIFIES: this
// EFFECTS: Scales this by sx along the x axis and
// sy along the y axis.

public void setToIdentity()
// MODIFIES: this
// EFFECTS: Restores this to the identity transform.
}

ﬁmﬁﬁﬁl‘Eé’éﬁmﬁl«\ffineTransform!:'i‘JéléﬁiﬂEﬁylﬁﬁo B aNFE3 4.4 h
Graphics2DX R A — transform/B ¥ = 2 B & = B bR % | transform /8 # 4 (&
RAffineTransform¥ %, Al M #3465 FF 8 M transform B b V8 % % ) B T 48 %) T
EENNE, TR THMEIEpaintComponent, PH— 1% Hscened| 2 EFE
g2:

public void paintComponent (Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
Dimension d = getFrame().getContentSize();
g2.translate((int) (d.width/2), (int)(d.height/2));
scene.paint(g2);

}

g2 ARELE L4, EELEBHEEA92/E, 2R FRNE B TE
BHPLSR, IHLENBAEE SO/ BFIFEG, g2fjtransform B W EEHh X% W
translate{ BB %W H . EH

g2.translate(50,100)

R : g2dtBltranslatedl B )5 KikranslatelH 843 ¥ Aff ineTrans formif & ,
FTLABE4, Graphics2D¥ [FIR4 R L b JURME B AR B7 B 7k . scale T4
BUAELR R, W% sx, By M sy

// method of Graphics2D class
public void scale(double sx, double sy)

rotateF AR TR LIFR, W (x,y) BARAINES SR thetafF

// method of Graphics2D class .
public void rotate(double theta, double X, double y);

BUan, T R B B U5 B 0 ] 2E K 4R o sy o — AR RE 45° B9 IE I -

Dimension d = getFrame().getContentSize();
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g2.translate((int)(d.width/2), (int)(d.height/2});
g2.rotate(Math.toRadians(45), 0, 0);
squareFig.paint(g2);

XHEQHLRRAEBIDERN DL, REHEEFLHRARES
Graphics2DE R T —transform ¥, ELlaffineTransformit R N A
B, HBLNHBTHRIRE:

// method of Graphics2D class
public void transform(AffineTransform tform)

FRUS — Mg EN T ERE: EXGEMAffineTransformW &t form¥F i &
BIER, RAEEtformfE%g2, B /BHtransformfi N tform, P T EABMSE
RE: B2 RiRR45°, RGIEHBSONEN, WyRliE 100347 .

AffineTransform tform = new AffineTransform();
tform.rotate(Math.toRadians(45));
tform.translate(50, 100);

g2.transform(tform);

squareFig.paint(g2);

Graphics2DdiR AL T BN 0 6 52 I B A K188 tEtransform, E1E .

// methods of Graphics2D class
* public void setTransform(AffineTransform newTform)
public AffineTransform getTransform():

BX, Graphics2DR ML (L EIFE ) Hiransform/B 1 — 2 A7 B F B
transform/R M M & java.awt.geom.AffineTransform¥ %, CEE TR EHLHE
HARLEFANERR, SEREEETXEITFEREBIFRNFE, MBS, 4
B BERE . KR, UARMBBET RS, Ti0 4 B TR 1 i 5 AT ] 35 7 B 25 6 7
B, EMURAAMN I REREHAffineTransformit 5,

3. B Transformgroup ¥

BMNATELATransformGroupX T ! TransformGroup£GroupNode iy F
X, EHALEGroupNodeZER N T — I HWAKRER, ATEMNEHNTS S, WA
Graphics2D—#, S FZ B YAffineTransform¥MWTH ., LBk,
AffineTransform¥fF NAMFR XKML, BII=EMWELE NK6-28.

Graphicszl)—!.-—L AffineTransform 1 TransformGroup

&6-28 TransformGroupXf# M Graphics2DX! R & FALLineTrans form#& R T 4 4f & B F
THYE TransformGroups fs & X :

// field of TransformGroup class
protected AffineTransform tform;

TransformGroupK HE N T~ LS ¥ 52, HEPEE TAffineTransformit
Rtform, IREHEE P, TransformGroupM R M ERXH HA HEIWALIEE .

public TransformGroup() {
tform = new AffineTransform();

}
ETransformGroupX R MWAERFM+, EURKBANFRGLFRTEE, W
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translate. rotate®{scale, XLl B RiE I BNEHN : TransformGroupXf ¥ X i B
EROETFREformM P HAffineTransformB 4., THI R TransformGrouph i
E X

// methods of TransformGroup class

public void rotate(double theta) {

tform.rotate(Math.toRadians(theta));
}

public void rotate(double theta, PointGeometry center)
throws NullPointerException {
tform.rotate(Math.toRadians(theta), center.getX(),
center.getY());

}

public void scale(double sx, double sy)
throws IllegalArgumentException {
if ((sx == 0) || (sy == 0))
throw new IllegalArgumentException();
tform.scale(sx, sy);
}

public void translate(double dx, double dy) {
tform.translate(dx, dy);
}

public void setToIdentity() {
tform.setToldentity();
}

HE, BRENSASERE, REWE,
TransformGroupfpaint FEERXEEF L — i, "Fﬁﬁpalnt?iﬂiﬂﬁjkﬂ:

// method of TransformGroup class
public void paint(Graphics2D g2) {
AffineTransform oldTform = g2.getTransform();// step 1

g2.transform(tform); // step 2
super.paint(g2); // step 3
g2.setTransform(oldTform); // step 4

}

paintHHEMPITHE WY, Hhg2R B paint ML B IR,

D RBHRFQRETROEN, XIMEEHNTHEALTHEREDRLT AHWLFEE.

2) BAB KN EBR tformp HEIFRETE g2 F WS, X -SRI 2ERXAE
BARBIRR,

H M X—H AN TFH AR g2, lﬂﬂyTransformGroupEFJﬁC%é%GroupNode?é il
B M super.paint (g2); HERBIIAFHEFI A,

4) IRE 2RI — N EH, XBLHM, Eﬁﬁfﬁpalntﬁ?ﬁ%gFTUﬁﬁQZB@%
WEREREE,

ERRENERERHABRIER T, 2EKREQARELY ANMEEEZATNE
TFHR, ZRERAIH LB PIRE 2B IF R B SR E S EE, B SR
AREEHEMRBLENTHE, EHEERESLETEQIETHRIFELELEANTF
Vs, TMENTFYEERT 200 LIRE L AN, 75 B g2 #transform/@ tE & A A5 4k

TEHE-—-MHT, E‘—'_Fﬁl]mfﬁ'l’ransformGroup%,ﬁEﬁ%ﬁZEKlﬂE}Qéléﬁ(;?\_t
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¥ AnodefE R E . LineOfNodesEER—NHEEMFHAKNAT A, BIMTFVR
ETransformGroupX %, TransformGroupX £ X & — P nodeF TR, Xnt
TransformGroup¥ A M BIFRE - EHRBREINN . F11HMAGKREEBIH B Kpos,
UEE /8 F E— 1 B3dxfidy, FTHRRZERLHR:

public class LineOfNodes extends GroupNode {
public LineOfNodes(Node node, int n, PointGeometry pos,
int dx, int dy)
throws NullPointerException {
for (int 1 = 0; 1 < nj; i++) {
TransformGroup t = new TransformGroup();
t.addChild(node);
t.translate(pos.getX() + i*dx, pos.getY() + i*dy);
addChild(t);
}
}
}

THEHRAEE#EALine0fNodes KA B RKKWEER, H¥ facekFiguredii g,
XER2S5, LIRRMANERERS0, RE6-29:

faces =
new LineOfNodes(face,5,new PointGeometry(0,0),50,25);
faces.paint(g2);

T mfacesHI5SNFT a#f R TransformGroup, B TransformGroupT a XA —
M Eface, W6 29 MR AERE.

T T 1
1 .
J ¥ ..
face

E6-29 #H77 M facesF15{ TransformGroup T &, BTV HA S facefE R EH FH &

%3
6.31 SEXETHEENBHRMA?

public class MatrixOfNodes extends GroupNode {
public MatrixOfNodes(Node node, PointGeometry pos,
int nl, int dx1, int dyl,
int n2, int dx2, int dy2)
throws NullPointerException {
Node line =
new LineOfNodes(node, nl, pos, dxl, dyl);
Node matrix =
new LineOfNodes(line, n2, pos, dx2, dy2);
addChild(matrix);
}
}

N E—-/fffAXMatrix0fNodesWBF, EBFAEE6-I0MAEAR, HF
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face L E X Z H0MREMFigureXt S, LT ER R L4 B 6-308 R~ i
T B 4 e
manyFaces =

new MatrixOfNodes(face, new PointGeometry(0, 0},
5, 50, 0, 5, 25, 50);

—
- 00000

Fe6-30 REEKER

2) i PimanyFaces ¥ S MR KB R E.

6.32 TH¥ScaleAndRotateGroupf THE A & n G HESE FI45 B 1% AnodesC
B, HPE—nodeLHB ALK, Kt node LM REE E—LH KRR
LZER (sfx, sfy) A thetaEFRH . XREWECHNER, LTRLEHE
FRAE2EMMES T TEMESERINT AR

public class ScaleAndRotateGroup
extends TransformGroup {
public ScaleAndRotateGroup(Node node, int n,
double sfx, double sfy, double theta)
throws NullPointerException {
if (n == 1)
addChild(node);
else {
TransformGroup tgroup =
new ScaleAndRotateGroup(node, n-1, .
sfx, sfy, theta);

tgroup.scale(sfx, sfy):;
tgroup.rotate(theta);
addChild(tgroup);
addChild(node);

DFEEG TEHAEAMEDNERE, UHEBER EEMANE.
new ScaleAndRotateGroup(node, 3, .5, .5, 45.0);

D HE—BRlavaB LR, L0 —HBERAEENANESHE, BFARNT .

> java PaintScaleAndRotate nbrSides radius n sfx sfy theta

SR nbrSidesMradiusHi BYE N T S 1% ScaleAndRotateGroupi i B8 K FI 15
RN EHE, KNSR % ScaleAndRotateGroupf 41 25 K9 9B 2



236 . @Ext RIS K —B

B, TEHXERHTREMGE &8 R RBTERA SR

Geometry polyGeom = :

new RegularPolygonGeometry(nbrSides, radius);
Painter painter =

new DrawPainter(Color.black, new BasicStroke(4)):;
Figure polyFig = new Figure(polyGeom, painter);
Node scene =

new ScaleAndRotateGroup(polyFig, n, sfx, sfy,

theta);

A TEE =R, BRKEEE-3 1R =AEE:

> java PaintScaleAndRotate 4 100 8 .707 .707 45
> java PaintScaleAndRotate 4 100 16 .9 .9 10
> java PaintScaleAndRotate 8 100 40 .95 .8 10

KEl6-31 F2FFPaintScaleAndRotatef i i B

6.33 Wit—1"# NplaySceneGraphlIBF . & REUEIT A4 85 3 52 KA I 9 B T 4
MR, FP M Hdefine S BN A BE, HERETUAL T H%E
B RPAUTREANGSURMGEHEEEERNER.
define name rectangle x y width height
R CIH G SR BRARE
define name ellipse x y width height

HEEEEMER, ERRTYNAE, RieAnE—4EY, BESEUE

BRTHHGHET, BRRSETEL FRENSHER.
select name : )
FHRGLOERTYMEE. s, TEHaIER.

rotate 45 10 20

W HATETE SR (10,20) MR 4 BEgkase
ABRFAUSRIBMES TN TAWEE, 0L SR SRR T8 24

AELIRH, THRFTAEGLSHINGRER, ‘

* define id [rectangle | ellipse] x y width height BIE—N % RidBE, fiFH (x,y),
WA 182 W widthF height, IR A% Kid B C 2HE, AR LT T NS A2
BRSO LRI RN YT AT, BRI S iE 5L E,

* color red green blue BRI YFBF G, FH O =P BERSEWE, SR E o<

red, green, blue <255,

*selectid EFEANid BT A YFEE, WREHGE NidWEE, REFETRIE,
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erotate thetaxy %55 (x,y) Wess Y451 B thetaE ,

o translate dx dy B EETE, (M s, yHIBIhdy,

» axes [on | off] BRI YATEE K AL IR R AR
*quit BHER,

Be6-320 FH—B R ERBIM R &R

> java PlaySceneGraph

? color 200 100 100

axes on

define a rectangle -50 -50 100 100

rotate -45 0 0 // left image of Figure 6.32
color 0 0 255

define b ellipse -25 -50 50 100

translate 50 0 // middle image of Figure 6.32
select a // right image of Figure 6.32

L I I S B IR VI V]

F6-32 #EFplaySceneGraph4 B i B % 4

(77~ : WY Hscene B HyGroupNode, TransformGroup ¥ W T &,
FigureATransformGroupfF A . BREEME kpaint?§ B4 scene, B,
BFPEA -1 PlTransformGroupW 3| A LIC R YA EE, HAEEMBIHE
JERS X YFEEN, ARF M paintComponent 71 BnAbrih; R ALir%h
N BARRE, FERXAFER N — 3 AR HAE R Y Bl Trans formGrouply 745
M, RI5B Escene, REMBRIZALIRE., |

6.44 ASENNEHMER

AV EAARMBIEFAMFMASKRNZREN, FXEFHENE S &K
H—XFF. XARIITEXNEERE =2 HREBS (WE6-33F75 ):
sComponent# 2 ERRAAFTHHIANELBIHEWED (W NodeBE D B

Component ),

*Leaf¥ #iLeaftEETHMAMED, EMNNMRRBEANE T4, MFigure
¥ RLeafds,

*Composite® MUK EDOHEXN FHMMBREFE, iMGroupNode &

Compositeds,

% ;i@ componentE O S EHITRE ., MAMBRLeafBHITH, N HEL
HHE; MAXNRREComposite a5 L, WEBEREREATCHWENTALE, R
WEHCEREM— LM, ME6-33MR, MAHAGBESIHAMED T Mopl., 4
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&% H iy tkaddchild, removeChildfigetChildF R EHRTFAMGHERMAE . BRELE
HLeaf X R HA -1, BLFRLAUAREEEZA, A MLeat HAEMEMEF WA
B, BRMEaERT U hie A lcompositek P BB, WRINEHFF=-,
TransformGroup®¥ & T GroupNodeZ,

<<interface>>
Component

Leaf Composite : children

op1(); op1(); ~=m~===bocu—
addcChild();

removeChild();
getChild():

.f;r each child g
g-op1();

B6-33 HEBITHERAMEH

FEHE S, B W3t S 88 52 B M 6] component i 0k A8 T & P THE,
HWAEET XX R EM FHERRA S, 4% P EBES M conposited & 1 FH 4
S fireat® i composite B HAM I IR, BMLFAR S RH FAHGELHS Kk, —
WA GBI EKIEE Ecomposite FAMF KA (addchildfremoveChild)
fE N component MM —F 4y, XHEMBMIEFTAEXNEWEOBIMK, X EUFHZ 2 it
HE, BAXFEEE FLeat MR ELEZETLE UM FHAEETENE,

6.5 &itER P

RHBEAMRES, HEFHRTEAREER, FMUEER YHORFETE I3
TRM. (BIHHERX) XERERARHIET R, B—RABHE B WU ERHGH%, Bz
HRXBGEH 27 RIPTEKXNBEN TR H=F . €128 (creational ). ## A
(structural ) 1474 A ( behavioral ), B3 B FOIRT M4, EHRERREN TR
RN HRERMA R AT RIS, A7 N BRI BT 3 R BE 045X
RIEMPMELE .

FF T AREBE (scope) MBXHFFTHYE, MRHARXBEAFLEANE? £
KX (class pattern) FEABE, BOREFRZEHLE, KRR FE L ARF LW,
ERBEN, ERIEBFORITEIRPRREE . 28X (object pattern ) 4bIxt %
MXR, MEEXBIEH, BAMREHEREEERF N ARSI,

REBH B AU XA EE . LREOEN ST 0 ok, 758 8o
HARMARHHMLES ., X— A BRI ERAEESTEY, AR IR, &
AT A R A& R B K AR R MR AR E by T E (M ps), BE P
RAARKMERBEARZEN, BV BLRTEAERKED, T EEEITE 8
B S, BB EMTOHER R TS TS,
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B BRET % S ) =R B0, RARERRE T IR — P REM R E
MUENFE, MXARBEHIRLAREH, BHERREMNSZEMZE, B
BTSRRI EHREXNRMEFP ZBIHITXLERE, MUTEREFITARER,
RAEEXETFHRERX, BAERJINREZRARETHARAMEETHRZEANER
e, BABEKXRHEN: ERBMRLEBREMENAZMHLKETRE, BEHHENRE
AT LIRERTESL . £F ERT IR AR R — AT At R,

BRFEEAEL—1ES, RPN —SERLREMEN FRIIN ., XE2HE
AR T EATULE - 1EE, BMEENHEP— S REE AR FEO ARSI
AR BETEEXR FTAIEEN, CRAER, XEANEETFRZEHNBEXLE.
MERREXBRRTEH A EHTFRLHAER T EREROBR G F IS, XHLERES
B8, HALRE—-BXERFERSMTREERFIWITZHE M.

ASEARTHNRAGRETFTAGRNASNRMBZREN, HEX5R i HMTEES
MEFXRARY, HEMRBEAZESFHIFEOR BN, AR -FEHIRER,
AAERETHRNAENRERERSZNTE, AAEARIEN: EBRFETP S
AFNREFHGMFNASETE,

AV H ISR BRI LR AR R . T 5 X (facatory
method pattern ), A F AKX (adapter pattern ), ME Z X ( observer pattern ). A% X,
( strategy pattern ),

6.5.1 I Ax#s

L) FEBEXAEE P A5 5008 — N5 9 0 % 5 7S 5058 B A0 2] F %t 52 g it
%, BIRMAANREFRIE, T FEERARNEREIE P BE—IG—HED,
7 EL {6 8 2 g Xof 5 Y S o 6 Rt AT LA AR L

EHRGE, — T ETCUINBFEABER FESMSENEY, BF PO TIEHST
AR &SB TR (paint tool), FINEHEF TANEE. HAANTRE., SEEHSHT
H, B TERHAFRKLRLR, 55HBrushTool. BucketToolfMCurveTool ¥
RN REREMBHR— P PaintToolBEOLUBEBRFHH, Y¥APEFEFTELF—/4
EHERRF - ITEETEN, BREAR I URETHENTE, TENEBREH
AHERURNROTERER, LR L, MBEXIBER— T LR 805 0 EE T
BHEE, MATABRZHHRLE T AR RER,

LI EBRARB BRI %, AREAHARAMERTEZR, S50k
FXToolButtonM FRMHEER. MR L ToolButton Bl — % i
createTool, EHMENTERHTLH., SN UBFEBIAP AHE/ BB TEKMANS
fhef, ELRFUN T RBEMRSIA, I KikcreateTooliy B AN 5, BIRHR LY
PaintTool X & . 2R, EEHMHM — MBrushButtonKWELMET, ©H®
createTool AR RIE — 1 BrushToolXf % ( WE6-34), MM HHEEKRMAM, B
FlEXNMEHE, ELARAXMNRE|HBEE TR clickedButtond, HiEBHTT
H & ARl BrushTool K AL 4 :

PaintTool currentTool = clickedButton.createTool();
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<<gbstract>>
<<interface>> | ToolButton
PaintTool
T createTool() :PaintTool

i T

1

!

H
BrushTool BrushButton

_createTool() :PaintTool

,,,,
e ”‘
return new Brusﬁ'l’ool( ):

Ee6-34 T A% m

HFN R B P EEcreateTool FHEF, BFFFMEAIR T EMTEFAR, H
B HcurrentTool X R ELHPaintToolBEMN, Fi AR A LIZEAHIE T 0 L FRE B B 15
RTERE.

KB McreateTool XA N T/ H#E (factory method ), BN T 5 BIE & 49 4
o EXFRIEA S, HAETHEMAER.

*fiRCreator® HELI HEME (MEFEH P M ToolButtonKk L — 14

Creator3 ),

*ConcreteCreator® ¥ fECreatorXIHLMEMI ) H¥ (MBrushButtonFl

HfhToolButton i FH ),

sProduct## v ETL] FEMBEMMEAED (PaitnTool ),

*ConcreteProduct® ®H—#LHMProductiEN; AT/ FEABYIMNEZE

ConcreteProductHLH] (MBrushTool MHEH ftbPaintTool B FH ),

TV TEBEARRTEP SR EHMEANNROEZ B OKEE, XREEXSE
REXMERERS: EPELTI FRAUBMNE, MHEWABETEHERAR
Productii A2 E#EFREK & ConcreteProduct, 7 X% /7 &k T ELHILEE— %,

BE L] FEAERTERM. A TEA—1EE, BRI EREFER— o
HOHHFMROMSE, EXNENLHREBEOTAERTFENTFREEN (B4 TFHEK
HEMTEERERE ), IFERTERAR L FERCIEF S, HEHFEEEY
BFpT& .,

T TEBRARTOEEER, BVEATAREMNSE, AN XBFRER, BY
EMARTRZBPBRBERLE., BHEZEBEME, L% (Creator) HE XMW T/
FEATH— 1 $ 41 F2 (concreteCreator) LB, CreatorKiiXF R kL ZE %
RMProduct KM RBERXREMEFAXMNBHN, XM EFHEZEEE LT Hik
createTool KA [A] 32 B M 4 .

6.5.2 EEAEE
ERERARANMEFEFFR, B HENEORBBE - NEPBENED,
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BEFPITLUAMAREZEOAEEANRHRS (XBEWNRHRIREFEXNR) TIATERE
Efl. WRRE, EEXEFARFIRZEIM E—TERS, XITERSEEENEDE
REAZPHTER, ZPRELERFEABRS N RZREBENRS. ERENERANR-IFE#K
X, ERBEBAMEROELWERAHETN, FRA-IMHEE LB IEHIL MG
EREEX,

EXFRITEA G, AdapteeBBRETHFEHNIEEHNRAB YHKED, Adapter
ERUE P REMNEOH i Rladaptee fIThEE, T 2 M0 B354 B3R -

*Targeti# v FTREPHFHEMNEOD,

eClient ffifTargetEN S5 &R HFTLE,

*Adaptee X BHUEFHBEMNBARRNEREE SrargetiERNED,

*Adapter® JEACAdapteeE NP Target#EH,

Mok, ERBEIZBTEHEYN, BTBTFHE2ERANTBFRER, BT
HEMARE NAdapter W R & adapteeff, Adapter 3T E 974 B 5 ¥ iR
AdapteeHHAILIEMAH B IHAA T, HAadapteeI R AT THERN T, 4T
5.20F i TextGeometry KB A T XM R, JavaliGlyphVector i L2 4
BREX A, BEHERA RceometryiE O, FFLURIT T TextGeometry2, B
EPRUET GeometryH N X FiGlyphvector KBS R LA T W R, HE
6-354, TextGeometry¥HAdapter¥Xfffi, GlyphVectoryAadaptee, Ti
Geometry# [ R Targeti# N,

Client <<interface>>
Geometry

AN

i
)

1
TextGeometry —l‘—' GlyphVector
K6-35 EACASRT R

Mo —AFHER, SRSERNNE TFEER ., XRH Padapter K EMRKadaptee
KXWIIEE, RENTX; FEfAdapter XN ELHEFERWTargetE O, F6-36.2 M
RKAEHREMNZEMXE, BIFBENEGREG-35,

Client <<interface>> Glyphvector

Geometry
x r_f
H

TextGeometry

E6-36 BRIEERER

E6-36 M BIRMIG I ARLA, XRZENJavalliGlyphVector kRIS %, B X
TextGeometryXRLAMHI T WMRH L, EAdaptee H AR IEMS LT, BH S
REXAEHBES A, EREHFREAN EEMR M Eadapter 7 UE Eadaptee K iy R
470 RN EE S RAdapter A4k &adapteed, H ARk KAadaptee
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KHMFE, SHHER, BEFENFERH X TadapteeRPW LT AdapterEH
4 7] Ll EAadapteek ML T2,

653 AEEFHRX

AEFBRXERT IR (KA E4HF) RENTANHMTER (FRAILEEL) WE
MAEERT . HEAMRESKAETR, T8N WEE LUE T 11 A B §W5
i, BARAEANEE, REENRRENOFTR, mEFHER. RE. HE%,
LR AR R AL, SAREEFRSEBIENG RN EHER,

AR AT MEEFRFT4EY, RUEEMFRAAMNBRCERAN I E . Y HiR
HREREZLN, EELABE N UEESNupdate FEBA TN, BinyELRE
Zl#update RS Y, RAMREXNEEAREARTRENFE, SHRE BHRE
8BRS IE B updates & MBEHRIFX BARMWEH,

TR XA R EAE R

*Subject® fiFXfobserverF|EH# T4, PRSI i BT R 2K E AU BR B A A9 W

- EENHE, MHEMConcreteSubject FRA KRB ILHIMEE

*ConcreteSubject® #'J& T subjectd, M EMREBEATIET, FEHFTHEWEE,

*Observer#v FEX [ —1#0, ConcretesubjectHIRA A4k E i 1X 48 01 3%

i# HlConcreteObservers,
*ConcreteObserver® % -"ConcreteObserverfS#HEL I ObserverdE O LI
it ficoncretesubjectREBILMIT H,

nE6-37f778, ConcreteSubjectWRAKAAILA, T Mnotifyall sk, &
T EPRKBHENENNES .

Javal SRR E FUEERR . JavaP A MBA. 5%, GRS, A4 Ep
KU AP &S, MABRREETREREL -, AFRATRER SN =4E5F, =
PR ERE LT W EMHFE (FRREA ) X5, ElavaB BRIk HLE
o, FHEERERREE, SAATEEMN, SSBHTHNES, deilkm i
BN, Javal B HBRUEE7 2 PN 5H.

<<interface>> <<abstract>>
Observer  |° ¢ Subject

update(Event) add(Observer) 4 *;r each observer o
Jay remove(Observer)’ = o.update(e)
! notifyAll() -
’ T
]
Il

ConcreteObserver ConcreteSubject

update(Event)

E6-37 MEHER

MEERANBRRAREEETFRNEE 2R NI REN., BRABAE TS —
AL T observerE MM, WXt ¥ M MEE KN EIELHA—LHM. HEFETHR
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BREBANAFENNEE, hREEFZRWNEL. ARTH, XREXALFRE
PR EAL : TREEE X R IR ENTWE R BARZ KT A

BEREEENRMNA-BRTUESIMMEE, — M REEGTERENRES NS
Bir. EXMELT, HAAMREEupdateTER, B (£4) KIEEASEHEHA
BAirk&ET %,

6.54 KHHER

—TRBEEERREEMBRT L. REBEXEREEZHRATEHAR 40, &
THBA—-HRERRBFEREE, BT EMNRRLAZEPE—HED, ZRTUER
EATH BT~

BBIRR, Javah 588 (BT0) TGS EREL (IHM . SCARMIES ), X
o280 FE AR 8% R REAT A S HE S BEAL AR 17 i SRR, BR 4 R 8 B 28( LayoutManager ),
FlowLayoutiBAMMAEBE —1T—F7HF, MicridLayoutiE FRMBAE M, HARE
HEFIE R EFe, ERE N LayoutManager i ORI B A R ERRHITRE, FEHE
FRBMELALayoutManagerE N, AREL MEHEOREHAGREEE, HEE
THRAREERALRER ., X TlavalH RS EBETIBBENE,

B 6-38 Javati BB B AR MR R, HoAH =150

Container 1 <<interface>>
LayoutManager

|ITT T T e, e, e——— N ] 1
A ]

FlowLayout GridLayout

BE6-38 AT AN R EBER

*Strategy#¥ 0 < XFif Concretestrategyk ¥ 0 ( fLayoutManager

o),

*ConcreteStrategyX ®MXBMNAE LI Strategy B O LT ACHEAM

# B (IFlowLayoutfGridLayout ),

sContext¥ & —/Concretestrategy Xt 2 K3, FH@Lx4s HE A

Strategy# N fT—/ %K ¥ ( MContainer ),

B H concretestrategy?s E Contextf S B R R E WIES, A WF kR,
—JfEContextB AR LI BEME LIRS HIEA; ZREE M contextHESHE A,
XERE T LLE S HEE fcontext 8 B R EMIEM{E A, Javal) fii oy 5 B 2% 2 I 58 — #b
e, HEBAHENAREESH, RTHCHENBSASE, %F*ﬁﬁ%‘ﬁ%&%’t—ﬂd
REXTAB/NEMEE, NEROA/NNEERBTIE,

REXBE T NMNSEER. ©AFTELMEA: 55—, BEFInAESREN TEERL,
ERATFAE A strategy s O A R IR A9 77 1 e ke (5 5 MY E Rl %
BMIATMARES AR, £, SANERTUERSEH, 5=, ] i B 5 0 3 9 3R g
MNEFZELEW,
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R LU — MR TERENE ML, T LIRSERREE SRR
EREARHARB G R ERAALE B ir. KRR B REBE A FE T EHSEX,
AIAZRIRREE AR 5 A8 R 1 2R TR R 619 7 12 ) S R A B TR AT RS i R
i it T2 Bk RO SE B B AR L AR 4 o

ING

BHEZ, RITERRE T E R SR s, RERER T ik
Py (B0 R A B R R AR e o . BRI S A E T2 A R 5 0ME . iR
ML T B X MR A S R AR, R RS TRASRAE B R, HFHM
MNE%ESH FRIHERAFTEN T, RS A R IR W85 5 iR R,

B EMATHRBWMEES %, REBRTHN =%, 228X BFURHKY
£ SHURXMBROAASEWENEZARERNEN,; FAREINEETHR>
BB YMEXL R, HRBBETA NFHE. 2RXTELMEMBEAURLFRZ MGLE,
SRERFAMBHEMER . BIKEFRITEREHE R R — DT R B mE
L ER A 93 R

AEHNET FEILMEH R,

« L) F KRR S E B QIR — A 5 SO 1 A 5 i S Rk R

HBHE (I RRER),

CERBEXENBEEFER, B MU ENEORBER %5 E D

(WM REAREWRIRBER ),

cEAOMXRWMBHSRITTAMRE SRR RGN, H5 S e BT A p s

BB (SRR RER),

CHEFEBRXELT —PESE, RSB sBRE R TH PRLBM (FHE

FAER ),

cBRBBXBUET M-I REMRIUEANATEQIT, MAARBTH LN

WM (7T HRATRER ),

cREERXE X T —AX R B3 S ERERBL (T RB s ),

c RS MXRBEZHRBKNE - FREEREE, FEiEdAREnERmaml (5%

BIX R ),
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F7E BOXNRNFAEFER

& & xt £ 5 A4 AHEE (object-oriented application framework ), FFRER, BRITE
At —MEX, ERRARMNABFHNERREANES, BFATUKACHEREH
R, HAMERAE N FEAEMNMARFRNTFR SR, B RERERMNEEREIH
BESTHKAE—EN, BRERFRITEIR 2R, A, BFEERMELILLEL, W
HEMETHEELTRITHER,

ERCEATHREMARFOE, WEHE,. 2BEG. BERE. 4G 1TE. BF
REEMFE., X—F, BRI1EIHEMSE 0 T AR ( Abstract Window Toolkit, AWT ) F
Swing, Ef1AmMIavatiESR, MR AEERNIF A EE - R E ( graphical user interface,
GUL) k. 71V RER, FENRILSFZBEFWUTRNBEAN BT Javal GUKE
B, X—ENESRAIRKEERGENTULHNGEAREAENERF. £EH0HE
B BEBGUIRavalESR, I B F XM ESRR UL — B & X E AE R A4 &

7.1 FJavaiERB8 I EFGUIRE BRFE

AVGRERN—BRFA, AR EIavalERH AU ENERTEER 0O/
BfF.

711 EERES

H RO ERRSEMUBEAO IR, RICEF D80 56 4 7T LUE T
AMMBAGHER, MAFTOTTUES R EARER ., ERTUEE KRS
XFHER. —MEERRR M EFENARF IS TERANKERE. DERHAESE
RIFR B AR, BT #E REE GRS AR A28 7T LUk B 2 S HE 2R A0 H i .

METERNUABFENS, BEEHHR—MEE . RENABFHSERT, HFiE
BRI KWK A, F BT LR ARF R E AP, ERdRt—
BEAH, ETALEM EET R E R A SRR LUK e BB T 8975
AL, HASIEERRALE,

ERBXFRAER, WXHRBEA, ZHEHERRENERER T KRR HE
FREERIT. BHUX, MRS ERREE, YR L TR FF &5 BB M
&, WERMARERTAE, REOSHBFERBTR—CRRRMI RN R,
MR, HIRORNARFREN—-MELSETIROEE, BENRTREMEEAFTEN
B ERBENABRFRENTY, MXETHREHE, DEABFRRTFLE, 8
thay, HRHUE, HHERAERRITHABRER, KBRETHYSHBHN, A, B
AERTHET —BRBESMEIRMRTRE, FOFEIBERTOHBEEH, HHS
R RRTREAR, E5 FEMMLER,

EREARBERACNRACSHEAAGNE ERRENAGE LT U EEER,
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Ao, R, EROEHETEHAFNFER, YTFENFKRAGHF, EREMRT
Al LR gk AR B Al A SR I R AL

EZEE X T #.5 (hot spot), ﬁﬁbﬁ&%%ﬁﬂﬁﬁ%ﬁﬁ%%oﬂ¢mﬁﬂ%T
ERERENEN, RTHAEZNNABRF TRANTENEEAR. NARF
KRS ARA LM NT RS EREENEB,

AR TR WAERR, WUFR— MR ENREFORENERSE, B
¥ BelavalI HAF LR QBB WAt ] LLHGE A, Ny BIFrames JPanel ¥,
BFRBAT HRXKMREAIIRE, RS T Hror B mE 2R — %7 5 IUER R
MIBRIT R, ATEHMERRELSBEMAT VY, BTEWFLRES, ik, KT
PLEX—T9 T JPanel 3 8 #paintComponent 7 ¥k iy ¥ %k B RAT ML B E R,
EEIHRELEME, FRENZIMEENBEKZREWELRR, BHEXF A%
VBB Y RE, LA RESSRNESR HEE (white box ) HLE,

ERGESHERER, EXHERAT, ERIAGEXTUBAERNED, FE
HEEXFHEGRA AERRENAG R TIREEMERMED, BE4 N HER
FAEEMNERGEHPBBER, ATTLIEE &R ES M NASNIIRE, BXY
MUBIBERAGFERAFENANS, TALEBELR, FUSITHANESHERY L
& (black box ) HlL#l.

MOFEERTHOAARBENY; KEHWIELF A% AN REAL RS,
E—RKSTEMATava SR B & FGUIN B FE 8 B3,

R ERAZEMNXREBLE., EENE ERRY LR A, HaaRie
CREANEEWETT, TAEREREWNABREPESE| # 02 0iRitER, B
RORATRAEREBANEE, XEEIRASEO R ERBMTREES LG
FEAEHBER TREREL L TR T E, BESRMNEH (G8) B5 R E_KY
BRI BARZB AN, BEARBEEX —MERFE, &5 FRTIER Y EEE
MMRETHE, NTTZRES. B3H40ES (BE) HASMER AR EH.
RE, EREX-THANLHNBOUEHAGETUREA., FEEEL—EH 0
ok SR B B R mE R O,

HTERENAGRRE—E, HAXMRBRETRTH, FMUCNRERHERE
2HMB . NEMAEH, ERUEHERELR, BRENQSEER, MK, it
ABTTEMBENRBES . BIHERILEERTHY, AL ENTERZHERTF
REM—FEFTEH. BEER—1BF, MR R T h S S EE RS
LHRMMR

ERELRAREME, GFF.

ERTEMNARFOEMNARFGROE MR, ETER, FRETUMAX

BEITMATAREERE,

o —RURUL, FERET—MERMOMABRF LI LTFRERRER,

« MAE SR SR Tk B0 B AR 7 — BOR DL LL B T 52, 1825 T JF & HE 2R A 7 8 A B9 3R B

-7 8
RTERMUABRFHIARREEWEFT., XERECNTEELEES, 255D
Ry R, tE6HTREMMNEPAENSEYE,



FIE BN REFARFER 247

FERERBH B AR ZALL:

« B IFHNESRRAE, T EAR St E]

s FRERFEE MR T RE— AL FHT T EBREN LR, AMERNTRERE XL
A REH, HANABFHERSMWE., ERSEE. NABFRASMELKNE
HeAEFHEE.

cBETRRMMARFSMEEELENAHLTENL, DEMAFRAOSENERRE.
c W - MERGEHELFANABRFHERGITFERATER, IHERERESK
NHBRFERREIRERIMS, RIGRESRRE NN ARE, KoM EARE®
FEAFMER (RRABEEATHHARFHELR),

TR -TERELBEBERES . (RT, 2INLTFHFREUMNNBEFE
HESERE. EATBEZE, ¥JERFTENENHERERERTHLT.)
cHRAERN, RRRFETHABRF R ESEH, EXEBRFORGR.
(XFEHAEERREELAANARFNRESR. XRATNABRENF &
HERNEFTHHREFROMRNAE L, MABTENSEENSEE,)

7.1.2 JavaBJAWTHISwing

BIHRIN I RMNEABRF RO TEFIBRET AN A E 8 08 A,
HScanInput3RIEAHBI. HE, WEMAAFEHEETFCGUIMER, EMUIHERE
RBRREG. IR, M. SERAT, EXARBAAZ, BRI HEHBLY
BB FEEHAPRE.

Javaf GUHE Rt =N FEFAAM : A, MR EHE B L R 5152
BLFA PR AT AL AL, SR AR . XHEAE. ¥, XARBMAIE, A4ESA
BTHE, AVRFEOR—FAN. IERTERT - TR REH, W34 — B
AOEAREE T AREEBRARSPEMANRE, Fi, AETUSERY
BHT, RB—BXF-H#NEREHN, RREEENEIRREN (I, &, &,
B, o )o Javalty B MR 2 B0 RO AEAR AT . BIAN, S P R — AN REL,
BB R (BPTIBEEU0TER ) 730 w4 1 h 4

fEJaval OPFIHEMAWTR B A RGUIMBE AT R . AWTH KA M5 S a4 ( peer
component ) R SCH, MEAHRFAMTFEEHEHHCUIRS, Bian, MJavafl F1E
Windows F EIZ1TEY, 1% H A Windows R4 F M A4 4K LB, % 7EMacintosh T &4
Bt, %4 FMacintosh & 58 F B9 #0404 14 Sk 2 30 . XHBFEEEX. ARERNTETWHF
ﬁﬁﬁﬂ%t%—ﬁoﬁﬁ%%F—E%ﬁT%¢$S,%ﬂﬁhmﬁ%ﬁ%%%%?é
ﬁﬁ*ﬁﬁﬁmoMWﬁﬁﬂﬁ,Eﬁﬁ%Gmﬁﬁw%%—%W§$§,@E%ﬁ¥E
ﬁk%ﬁi%%%ﬁ%ﬁﬂom%§~¢ﬁﬁﬁﬁﬁ§ﬁTﬁﬁ,E%%E%%%ﬁi
%W%ﬁoWﬁ%—¢ﬁﬁ%ﬁ#ﬁﬁﬁ%GM§%ﬁi%,ﬁﬁﬁ&é@%%Xﬁ&ﬁ
E%,E#E?Eﬁﬁﬁ%ﬂ%?é%~ﬁq®%ﬁ%ﬁﬁ,Mmﬁwﬁ$,&ﬁ§%
FHRORERGLERMANBMAGUIFE X 1051k, .

XA 7 Javal .1 F Swing 18 B Al ok Javal. ITIEE B IR A X RO B AT 2 4 a4
( lightweight component ), MAKEREREAWCUIR LAY, (K2, AWTH B
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A ER M (heavyweight component), B KE TX AN, EEEHEEMERARE,)
B2RAMZLHTavaRIBELHR ., A4 hEEdTavaUBAETARKE TF 4 8 HHGUIE
gnt, BFELZTFE LWATARTURE -8, MAVBFAKESNEE LRAE—
B, ¥R EETHERERNRTENER

Swing® B A B R A R EM Javal) P BB FE . Swing L AWTH T A 14H 4,
M HSwing® A B @B KEERK, HHEFEE, SwingRBEBMAWT, TTREMNFEAWT
IR E. A, ZESwingMAWTREMLURSWERT (XMERBER), £EEZH
AT FEME FASwing, T Swingl i FHREF Al Ll diJava 1 2 EBRANBERBRERST. &
i S HF Swing B 28T o8 A R R — i 18] A4 R,

FAERHLMIBOEITH TR E TGUIRF M JavalE B HE M A T, 72V R 74V 85
IBRETGUIRBFM=THRIMS: BHE4®m., AHFMAREEE, 75 87 7HH— 4%
T GUIRY R F B 158 B X 26 4 B30 43 Sl 76 — R T4E , XA BT ARG EB ML .
FETE F B X R TEAR

7.2 JavaE{rEny

R—W R Javal HAER, HRA—RIIOEF B AR, XEBFERET
HEREBRENEEZNE . X EFIHFHFEAEH Flava LIRE&IRA, tol HF
SwingMAWT, HATHARITER Flava 1.0 B HEE, HACILFELBERT,

7.21 %A

JavaB PR R BT MBE AR A . B bR BARYE B P 0017 3h T 7o A 4 i 48 12
RRERRBCBRNEEHRENER, RN EEHTRHE, LI, — M RATHEE—
ABER, ERREEX AR SIEHTR . AR A S AT, MR E S EE
o Javaf) B BMERRBES, SIEENCHRMNKENBRAE4RE, DERAT
REHBARFEET ., FdBETTEE WA, RECEJavai FHERR AN E NEZER
Bpar,

HElavalI BHEA T, HERBH N F4HR (event source) TIME X BN T4 Ko
(event listener ), {2 HGUIAMRIERE P MaER LM, B, MEMEEE. WA
XAB A KB 5% SRR B R Pk — T, — NS4SR T, GUIZ 4
REMHE. SHGR"E—NEHE, CRESNE - NESEHEE S mrse. =
1 R 4R B3t J7 o LA GE v U X B8 O S IR DGR I S T 5

FHEENS F VTR FH %2424 (event handler ) Z— KA © S W
WEBEGRET , BHAERFRE S 505580 E LWk, BREFGEHFEHNR
B, RENEFFLERFBEAR. (FEEHFUFRENE I EHLBER ), — T aE
MBEEARKE B FHE (event object) BEfE A= ML BAEF EHAEEFESE
ARSE W A= I oE -2 BN HEHXEHUE— MgetSource FEXH k4=
HrEs (B4 ), FrA BB R E R java. util . Eventobject 2 iy F 5,

TR, FERSAREBNES, RANEEEFERAREBNELD, i, 2%
MPE—A %4 (javax.swing.JButtondM L ) B, ?ﬁﬁl\i‘“i—*/l\ﬁlﬁz$#
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(‘action event ) —~ActionEvent XM RFMAYM N LHABILT T, LT HAK R T HH
MEE R (MnShifti@# sk Controld® ) MR T T XHMEFER . FHI—MHTFR, YA,
T BARE, BUAR AT A G 4L — 1 RARF# (mouse event ), MouseEventif R SH
BUTES: WBARMENEREET; BT BN THMGRIRE E My L ir, A&
HEHRENIESEINRMNAF. ALBNEHRNIE, BITNZTE—avaBR B fEf0 &
ERIZNGUIAHR L EFHER, 8- TRBANEHR REEE Rk HEs,

IR RE, RUZFE—TEEAFHHET . BREINEFEFE-ANHBRE,
RRFHEMETR LR RNH—HH. ZBFAE —MRA Triangulatef 34, XM %4
o, BREBERESEEPH—H=AK (ELH=AFANER%ET6.18. B7-2BFR
H o WAMBRREE SEWEEZR T miiEa e 2.

PointSetPanel panel = new PointSetPanel();

% #ll Triangulate & FA T T B9 15 5) Q1 21 -

JButton triangulateButton = new JButton(“Triangulate”);

H-ANHGETE - ANE, CERRC2EMNE A B4NTES, EaAEEAR
TEMFHETRNTTE. ERNOH T+, panelfETriangulate 84l T B A X E Ik D)
Hi, ﬁﬁipanel?ﬁ&ﬂ}ﬁi—/l\ﬂ}Triangulateﬁ?’%ﬁXﬁ%Fﬁi%%ﬁmiﬁ‘ﬂ’{%%o FEM RS
THEIER R .

triangulateButton.addActionListener (panel);

EM B BHEE, — AN F RO ERR T CRGR MR, FEXAE T,
panel XK addActionListener J ik i M i BOH FH 340 48 At 5 A T W 7 1 3k
KUY BT K. panel STE Triangulated fl 7= 4 B A B9 S 1E B P R A858 50, T 204l
MY EH=ERUSEANT,

ATEM—TEHR, HHEETBNE—FBER I EROER ., ARITWEHF5,
panel—ER LA Sk 4, EHHIMiL, panel—FELHE DActionListener:

public interface java.awt.event.ActionlListener {
public abstract void actionPerformed(ActionEvent e);

}

panel LI X MEOMFL KM A addActionListener M AL KILE, FX
AN Jr¥panelFEM R A — S0 0T 58

// method of JButton class
public void addActicnListener(ActionListener obj);

fiipanel’ R EActionListenerE I —NFH, TR T BEEM R Y — 4 34
BNYE SRR M OT B8 (SIS 1F A ),

HBEHEFE-NBARN, BRI EMALITE, 5, EHRSEAE B
ZUMEOBEITHROMM Y EFLET %, PASEHEENEENREYSREL T,
FEHNETHIBFH, 2 H 7 # Triangulatedi 41 6t RAERBpanel NTHA .

panel.actionPerformed(e)

SH e RHERRABIHETHEMEMNE, XHBpanel—FEXLMactionPerformed 3,
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HAEELHMT ActionListenerE O, EH R, Y- FHUTREEMRI—-1FH
HE, EMASERBFIE T EHEWRIREGLBEREFFE, BdXEFEFHEE
MEFETREEFHRE,

FHBERERETEREHEMHLWS. fln, AR TEN SR TESKEE.

// method of JButton class
public void removeActionListener(ActionListener obj);

EECIF

triangulateButton.removeActionListener(panel);

MBI UT 88 triangulateBut tonfE A Filpane LMK ; o4l i 31 FE 4 =
A, panel$NHEEM, HFCHKEM,

EHETSOEFLEEFRRCHNEHAN TS, EASEEHRERT, KIFS
RAIER LI F 4 MBEF % actionPerformed, (EEBITUBEHE B H M4
HMEFOFGFLET), ERMNMHITE, PointSetPanel XM E KA THER.,

public class PointSetPanel extends JPanel
implements ActionListener {

public void actionPerformed(ActionEvent e) {
Object source = e.getSource();
if (source == triangulateButton) ({
// respond to action events produced
// by Triangulate button

}

// else handle action events generated
// by other event sources

// with which this panel is registered

}

// other methods
}

FEactionPerformed H ¥HILBLH, B KB BREMBEBNIIA. BER,
H-NERET SRR BESANEHEN, CSOFEEREFTRNNEGE, X
O T, BT triangulateButton&4A LIS, paneliFAIERMANT H A #4, Wipanel
B RLECER T MR AR T T . B getSourceF % R7EEventObiectIHE LI
(BREEFAEMHFRBORLA), B RME R SR .

BT IRATATHH FHRZAMWXRENELE, JButton KNEHMBA K
AbstractButtoné%?}?(Tﬁi‘i&addActionListener?ﬁﬂremoveActionListener, LI f&
FEMMEEEA TS AbstractButtondilhE X T H ¥ fireActionPerformed,
YRS TR, B TE MRS SE, EEAT-IFEUEERITER (&
HE6-37 ),

E7-22 BRRABIFH It R ZEX EAERNTE, & T w85 P RaE,
fHitriangulateButton® % B S —4 fireActionPerformedif B, XMW E K ik ¥ &
EL— > ActionPerformed{¥ B R % X M fpanels H/FE X W panelEMalEE S, R
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M, BHRRERNEARFARLAN, REFXENRALMEMRBIRAEREEE
B

<<interface>> <<abstract>>
Actionlistener '—-—-—-—O AbstractButton
ActionPerformed() addActionListener()
P removeActionListener()
1 fireActionPerformed()
’ i
1
'
PointSetPanel
JButton

actionPerformed()

E7-1 BTUEERITRA M Tavaly FHER (LLRE6-37)

aUser triangulateButton panel €. ActionEvent

T T T T
] ]
| _ addActionListener(this)

o< u

1
| fireActionPerformed()|
1
1
1

click

ActionPerformed(e)

-1 getSource()

]

E7-2 WFE, 25 5Triangulateit 4l —EE M EK,
DA JE R 2 P s it RAR R i B

722 AIBRERREF

MT22% 287251, BRATEFRENEANETFGUINER, BB AN —MRR .
BT E AR AT ES A SRR MM A, SABFE (723%) VET
B EF, TURARNRNESRBI R, FEABRFELE - ITHEAMNSHT RS, £
FHPGE. BREELRENATNENEERNZS AR L, BE—1BF (725
W) I TEBERGED, FAX M EAEFTHTI23 VM ASEEE, @ifxs
BFKE MR B Iaval FFBER, (E78 08 02 X 572 XF Swing B 48 IR %) T 1 4
BLAY (AR AET 3F BT oAb SwingH B9 8 F ),

BMNWE-NTETCUINBFRELSEEA, SEERPEINLAN/NE, B
AUEERNERELATRARGBEMILE AT LS, EMBR— EENS, BAO
BERERXNERTUMEE.

EA1MClickPointsBFR—FE K, RJavalTPanel KW /B, I F 3
RAERIF. BYBAFECLlickPointsEiR F AR, Rt —4 &4 E4 ( mouse
event), RIFFHRjava.awt.event.MouseEventIHILHl, ERNAELH S, BRYE
MEFENES— I BERFES, PEEACEM Y EC BREa e, LR 2
M E RN, XHRE-LENETEHN T EERE AN, FTEERIIMNClickPoints
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public class ClickPoints extends JPanel

// fields

L

implements MouseListener {

public static void main(String[]) args) {

}

public ClickPoints() {

// initialize this application

// register this panel as a listener of
// its own mouse events
addMouseListener (this);

}

public void paintComponent(Graphics g) {
// paint the current set of points into
// the graphics context g

}

//

// implement MouselListener interface

// this program responds only to mouse clicks;
// the remaining four event handlers of the
// MouseListener interface do nothing

//

public void
// handle

}

public
public
public
public

void
void
void
void

mouseClicked (MouseEvent e) {
mouse clicks

mouseEntered (MouseEvent e) { }
mouseExited(MouseEvent e) { }

mouseReleased(MouseEvent e) { }
mousePressed(MouseEvent e) { }

// additional helper methods

}

BIREHHEYT#—EEXMjava.awt.event . MouseListeneri 0, HEOH
BRI, BTEN -S40 RRGEFNE. M, YEkESEE — /8%
B, AL - REEAFAAS KIS MnouseClicked L, L/E i@ &1 I I 58
REANEE, TARXIMEOMEN:

public interface java.awt.event.Mouselistener {
// invoked when the mouse is clicked on a component
public void mouseClicked(MouseEvent e);

// invoked when the mouse enters a component
public void mouseEntered(MouseEvent e);

// invoked when the mouse exits a component
public void mouseExited(MouseEvent e);

// invoked when a mouse button is pressed
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}

ClickPoints® LM T MouseListenerB 0, LT UMEHRXNEDFEHEAD

// on a component

public void mousePressed(MouseEvent e);

// invoked when a mouse button is released
// on a component

public void mouseReleased(MouseEvent e);

FHLHETE. TRNONARF AN AHERETENET4EXNR, FURS

mouseClickedH# At MBFHEELR, HitW M FHLABEFH A BRM. RITHE

2w py BT S .
FTHERZERCLickPointsK LM, ETHEEEH, RITEE—HF Nfigures

HRBPEF UGN EE, RIOEESES — RIS @& RBR 4 SHWHf,

// fields of ClickPoints class
protected Vector figures;
protected RandomColor rnd;

FTEHHREXAEAFEOMNTI, R AR RSO M3,

public class ClickPoints extends JPanel
implements MouseListener {

protected Vector figures;
protected RandomColor rnd;

public static void main(String[] args) {
JPanel panel = new ClickPoints();
ApplicationFrame frame =
new ApplicationFrame(“ClickPoints”);
frame.getContentPane().add(panel);
frame.show();
}

public ClickPoints() {
setBackground(Color.black);
figures = new Vector();
rnd = new RandomColor();

addMouseListener(this);

}

public void paintComponent (Graphics g) {
super.paintComponent(g);
Graphics2D g2 = (Graphics2D)g;

g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,

Renderingﬂints.VALUE_ANTIALIAS_ON);
Iterator iter = figures.iterator();
while (iter.hasNext()) {

Figure fig = (Figure)iter.next();
fig.paint(g2);
>
}
//
// implement MouseListener interface
//

public void mouseClicked(MouseEvent e) {

Figure clickedFig = findFigure(e.getX(), e.get¥());
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if (clickedFig == null) // no figure was clicked
addFigure(e.getX(), e.getY()):

else
removeFigure (clickedFig);

repaint();

}

public void mouseEntered(MouseEvent e) { }
publi¢ void mouseExited(MouseEvent e) { }

public void mouseReleased(MouseEvent e) { }
public void mousePressed(MouseEvent e) { }

protected Figure findFigure(int x, int y) {
// EFFECTS: If (x,y) is contained in some point
// figure returns that figure; else returns null.

}

protected vcid addFigure(int x, int y) {
// MODIFIES: figures, rnd
// EFFECTS: Adds a new randomly colored point figure
// at position (x,y).

}

protected void removeFigure(Figure fig) {
// MODIFIES: figures

// EFFECTS: Removes the point figure fig.

}
}

AT 5EMCLickPoints MY, FELATCH =AM RN %, X FH MM
Wb AT RMERK . addFigure HFEBE—MUERE (x,y) WFA, FHEHS
BT - 2l

// method of ClickPoints class

protected void addFigure(int x, int y) {
PointGeometry point = new PointGeometry(x, y);
Painter painter = new FillPainter(rnd.nextColor({));
figures.add(new Figure(point, painter));

}

removeFigqure ¥ figh K B figuresth iR

// method of ClickPoints class

protected void removeFigure(Figure fig) {
figures.remove(£fig);

}

BT - RPBTHfindFiqureldf MR REABRSH My, BEES5E (1, y)
LR EE, MREARENSEEFEREEnll, —MEPSE (£, y) MKERE
XHPEMERNF— T EEMERR, TUEER, UA (x,y) HEL, URKEREHE,
W REfigures P BN, HBRAAP, PREEE., MBRARIT S K4
P, 7B Elnull, THEEEIRBRRAE R,

// method of ClickPoints class
protected Figure findFigure(int x, int y) {
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EllipseGeometry disk =
new EllipseGeometry(x-3, y-3, 6, 6);
Iterator iter = figures.iterator();
while (iter.hasNext()) {
Figure fig = (Figure)iter.next();
PointGeometry p = (PointGeometry)fig.getGeometry();
if (disk.contains(p))
return fig;

}
return null;

%3]

7.1 Bit—1M8E5clickPointsHi BB FclickAndColorPoints, MR M A
PAERADCRE, RRIBEME, MEFEEEG (BakEl),

7.2 Wit—1 U 5ClickPointsH UM FClickEllipse, NEMEN AP SEHiE
BERM, mE—HE, WEBGENL, 88K /NE10.40] 75 E A BEVLE,

7.3 EX¥PointZoneGeometryHKPointGeometry, 4 Fikcontains¥ Wi A
REBHEEXMEMER/NFR, RFEVXEEZ, MR SKBREERE—4F
&, RBE—1A. THREHERPHY, E R TARE T HMPointGeometry 4k &
B IT I AR T Bk

public class PointZoneGeometry
extends PointGeometry
implements AreaGeometry {
public PointZoneGeometry(int x,int y,int radius)
throws IllegalArgumentException
// EFFECTS: If radius <= 0 throws
// IllegalArgumentException; else constructs
// a point at (x,y) and sets its zone radius
// to radius.

public PointZoneGeometry(int x, int y)
// EFFECTS: Constructs a point at (x,y) and
// sets its zone radius to 2.

public PointZoneGeometry(PointGeometry p,
. int radius)
throws NullPointerException,
IllegalArgumentException
// EFFECTS: If p is null throws
// NullPointerException; else if radius <= 0
// throws IllegalArgumentException; else
// constructs a point at p and sets its
// zone radius to radius.
public PointZoneGeometry(PointGeometry pP)
throws NullPointerException
// EFFECTS: If p is null throws
//  NullPointerException; else constructs a
// point at p and sets its zone radius to 2.

public PointZoneGeometry ()
// EFFECTS: Constructs a point at the origin
// and sets its zone radius to 2.
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i By 2 RAL/F it — B B A H]

}

public boolean contains(int x, int y)
// EFFECTS: Returns true if (x,y) lies within
// zone radius units from this point;
/7 else returns false.

public boolean contains(PointGeometry p)
throws NullPointerException
// EFFECTS: If p is null throws
// NullPointerException; else if p lies
// within zone radius units from this point
// returns true; else returns false.

public void setZoneRadius(int newR)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newR <= 0 throws
// IllegalArgumentException; else sets
//  the zone radius to newR.

public int getZoneRadius()
// EFFECTS: Returns current zone radius.

#ln, AT FEe— BB

PointZoneGeometry p = new PointZoneGeometry(5,10,4);
if (p.contains(new PointGeometry(5, 12)))

System.out.println(“print me”);

if (p.contains(new PointGeometry (30, 40)))

System.out.println(“don’t print me”);

Rty “print me”, BER&K (5,12) 3 (5,10) WEE/F4, WL (30,40) 3|

(5,10) WEEE K T4,

EXHcontainsHik, RATHELEE M HEARELE, AEXZRENR
BEGHEE XN THE, %Efgi&ClickPoints.findFigureji?‘z‘::, &R
REREEMARFAMBEABIER, S)5E/7ClickPointsBRE,

723

BT EHZERTHETGUINE FEditPoints B~ AERBEFE, TL£722%
FClickPointsH AR, EFA SME BRI E, B8 UH i
BEABHAFRKME, S—HBHEERFLURB, EIHP B, :

EXAZXNMEF, TELERGFHNEFHES, SFKRTRFERE. BRIk
BRAEES. RINELHE, FM—MouseListener {4 WiIF 280 LI4L B8 T BLAR
BB BATR A S o 7 Javah R4 T 630 BAR 48 D MouseMotionListener,
EXWTF .

public interface java.awt.event.MouseMotionListener {

RERKEF

// invoked repeatedly while the mouse is dragged
// (with its button down) in a component
public void mouseDragged(MouseEvent e);

// invoked repeatedly while the mouse is moved
// (with its button up) in a component
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public void mouseMoved(MouseEvent e);

}
R BAREHE, A TEMMEHEARWS, BREETERAFTIE:

// methods of JPanel class
public void addMouseMotionlListener (MouseMotionListener 1)

public void
removeMouseMotionListener (MouseMotionListener 1)

HRETEEMES YT aListerner:

panel.addMouseMotionListener(aListener);

Wa, BRI, alistener@ WX RAREHAEM ., HFHIH, YEIFKEAR
FHRTAMBIHERE, RESSHBENL:

aListener.mouseMoved (e)

HeelF TRARHEMHNGEE . K08, MRREART HAWED BN, RESTRE
% T 8
aListener.mouseMoved(e)

BZ, Javah WA R RARHE M MU 2E, MouseListener (RURHA M) A
MouseMotionListener ( RARB I B4 LT3 ). MouseListenerR7E BT 1k
BERBEA M L% KR F; MMouseMotionListenerB7E BARH &t Bk 3
Ft. EEFEditPoints®, FABEMMERWEIREMH, BrLIEOIEIE I W5 R IR
R FIEditPointsHARAN P, XBEditPointsHREBATEHE, BEHAWET
BOHEM, MREBEMOBENEF SRS AR,

FHERREERENBIRFESE, MOFIHTEditPointsEMRE, BITLELE
EditPointsHE A BAFFNITIAE (AHRK) RLHXMHE, XRAFCIEE
£ fHEQitPointsB A FIFRX &, FHKRBFEditPointsHKH LI,

public class EditPoints extends JPanel {

protected Vector figures;

protected RandomColor rnd;

protected Figure clickedFig;
protected PointGeometry clickedPoint;

public static void main(String[] args) {
JPanel panel = new EditPoints();
ApplicationFrame frame =
new ApplicationFrame(”EditPoints”);
frame.getContentPane().add(panel);
frame.show();
}

public EditPoints() {
setBackground(Color.black);
figures = new Vector();
rnd = new RandomColor();
addMouseListener (new EditPointsMouseListener());
addMouseMotionListener ( :
new EditPointsMouseMotionListener()):
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}

public void paintComponent(Graphics g) {
// same as method ClickPoints.paintComponent

e

}

//
// the following three methods are defined the
// same as their counterparts in class ClickPoints.

//

protected Figure findFigure(int x, int y) { ... }
protected void addFigure(int x, int y) { ... }
protected void removeFigure(Figure fig) { ... }

!/

// inner class: mouse motion listener for mouse motion
!/

class EditPointsMouseMotionListener
extends MouseMoptionAdapter {
public void mouseDragged(MouseEvent e) {
if (clickedFig != null) ({
clickedPoint.setX(e.getX());
clickedPoint.setY(e.getY());

repaint();
}
}
}
//
// inner class: mouse listener for mouse button actions
//

class EditPointsMouseListener extends MouseAdapter {
public void mouseReleased(MouseEvent e) {

if (clickedFig == null) // no figure was clicked
addFigure{e.getX(), e.get¥());

else if (e.isControlDown())
removeFigure(clickedFig);

clickedFig = null;

repaint();

}

public void mousePressed(MouseEvent e) {
clickedFig = findFigure(e.getX(), e.get¥());
if (clickedFig != null)
clickedPoint =
(PointGeometry)clickedFig.getGeometry();

BIABLERHE P ERBE ( adapter class ) ¥ BM MK, B WEditPoint-
MouselistenerX¥ J& [ MouseAdapter®, WIE7-3ff7%, MouseAdapterKLH T
MouseListener# DR M A M, HEN HFELELSERIE.

public class java.awt.event.MouseAdapter
implements MouseListener {
public void mouseClicked(MouseEvent e) { )
public void mouseEntered(MouseEvent e) {1}
public void mouseExited{MouseEvent ey {)
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public void mousePressed(MouseEvent e) { }
public void mouseReleased(MouseEvent e) { }

}

Hit, EEX—TBAREGHETRE, AR AFETE: —2Y BMouseAdpaterss,
REBEHEMTW . LHAEditPointsMouseListener KFHFRAXM T, ¥V RE
MouseAdpater, )5 ® EMousePressedfliMouseReleased i, HMM T EABE,
H AMouseAdpaterB EX ML T . B—MHFELYR R EE L HMouseListeneriE N,
XELTEEOPH AN T EEHTAA T, REARHRE %,

<<interface>> —————| EditPoints <>—b_ <<interface>>
MouseMotionListener | Observes Aobserves | xyo cel istener
1 I
L 1
MouseMotionAdapter MouseAdapter
EditPointsMouseMotionListener EditPointsMouseLlistener

BE7-3 EditPointsBFEHILEH

S, JavaiRfit TMouseMotionAdapter, FIRME4L BT LTS M ST .

public class java.awt.event.MouseMotionAdapter
implements MouseMotionListener {
public void mouseDragged(MouseEvent e) { }
public void mouseMoved(MouseEvent e) { }
}

KMEEMIE, JavalR it T WM AREM RARTE 4 0. MouseListenerE N E
REHEARMBAR B S AHM A% H; MouseMotionListenerdb B BIRH AN E 4,
WIFRER, Javahft 2EAFEMHEOLR? AN EOHF EEAFTERERBETLLSH
M7 BEREITHE, ATRROBNERLBK, SMEEEEMt, REAGLHE,
PrilBAr B & 5 R EZCPURE., RTRBARDEMRERS, Javad 85X 7
FEFOLEDTT. MRBFAFTELBERAFBHEMS, W AE#HMouseListenert
B, XHETURBEFHME, 722% P HclickPoints BFRE X ALHN ., HBE
TELEBIRBHFMHE, 4 HMouseMotionListener 0, ®{].L Wity
EditPointsii/B TXFEH .

%3

7.4 BYEditPointsBFMLH, F— AR REBREE — N F 0B, W
REEMRAESE, INHERERLH (MEEEAEMASSHE ).
(7 : R RIF R B EIE figures® B MR F R E]

7.5 E-—ADragEllipsesBfF, THM%&J72% ficlickEllipses& SMfl, X HIF -
AP URBRESRERHMNE, YAPFEE— 1 HE R TR EER
Zied, BHEEBEERFEE, ERBRERSRE, BB B BB AL
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(87 : fEMousePressed iZ:H, HWMREFRBE G EAHES, MWEFLHH S
HEME; RENREEHERIFES), fEMouseDragged’i B & BAF X Hj s AL F
B — T R EZEBISIHE, HRFISRRA. ]

7.6 H—/sweepRectangles@BfF, EHRAEELFFEARTESIRY —HERK: T
RARIRHE, — M RKEBIOW, SLTEHA (x, y,) WFWERET (EPAIBE
ABAETE), BEBIBHIAS (x,y), FAWELBHE (xy) RAFBEES (x,
y,) IR R, FEEHESHEBBRREAR AN, MiEE R4 A b 8 50 RARET,
ERRURES WA REMFELMEE.

R : ST BN, RES (x,y,), EV—ITHNEREEE, FECHIE
EERET, BERHES, BRYNEENBUFRMFRENEE, KRFER
ST EAT R T EERFEE . :

// method of SweepRectangles class
protected void updateCurrentRectangle(int x, int y)

He (x,p) HEBTRENE, (x,5,) BEWE. B8, (1, y,) THEEEHBY
WA F - AR, XRAHAYEREN, ]

724 RBEXOHEFRF

EEYH, BITERIT— M TRESHEHETFGUINRERFEditPolygon, TIE
HRESBREDEHBEELYTRATRER. YA/ ALTER XS0, S04
— A, HEFEALYMTAWER, XIMHATNYHTE, FABESEET;
RAPAIUEPERNR, HEEECESB—IHFHMCE, XIPTETHYRTL; 7L
AT LA b TR $ Crl S M B — N T, 33X TH A0 AT — A T 3 AR 24 T T o

EditPolygonf Ml b —¥ MEditPointsifF HLEMIMLL, A 2 22 30T W T S BT LA
EERRETHE, BEMNWEALEWERRMN, EditPointsKHEXTHA AL
EANBARFF T A, MEditPolygonllE X7 K2 PolygonListener Vil &b 3 B
FEHFARERLHEERE.,

EditPolygonX R MNJIranelHAM*K, EEMH P Figured B i .
polygonFigure FRIF LA ; vertexFiqureRTFE LM A, BT & X — MM
—“"paintComponent ¥4, EditPolyonitE X T F#isetVertexpPosition, &
HHRRAA TR SITAKME. EditPolygonXE X :

public class EditPolygon extends JPanel {

protected Figure polygonFigure;

protected Figure vertexFigure;
" final static PointGeometry InitialPoint =

new PointGeometry (100, 100);

public static void main(String[] args) {
JPanel panel = new EditPolygon();
ApplicationFrame frame =
new ApplicationFrame(“Edit Polygon”);
frame.getContentPane().add(panel); :
frame.show();

}
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public EditPolygon() {
setBackground(Color.black);

// create the polygon and vertex figures
Painter fill = new FillPainter(Color.blue);
Painter draw

new DrawDynamicPolygonPainter(Color.green);
DynamicPolygonGeometry poly =

new DynamicPolygonGeometry(InitialPoint);
polygonFigure =

new Figure(poly,new MultiPainter(fill, draw));
vertexFigure =

new Figure(InitialPoint, new FillPainter(Color.red));

// create and register the listener
PolygonListener listener =

new PolygonListener(this, poly);
addMouseListener(listener);
addMouseMotionListener (listener);

}

public void paintComponent(Graphics g) {
super.paintComponent.(g); '
Graphics2D g2 = (Graphics2D)g;
g2.setRenderingHint(Renderingﬂints.KEY_ANTIALIASING,

Renderingﬂints.VALUE_ANTIALIAS_QN);

polygonFigure.paint(g2); // paint the polygon
vertexFigure.paint (g2); // paint current vertex

}

public void setVertexPosition(PointGeometry p) {
vertexFigure.setGeometry(p);
}
}

PolygonListenerXEBHENM HERECKiter WP W E N LR BREHEAEN.
W AEditPolyonk f Bk R B ER LN MBIA, B RITMAIR X0 T 8o
ZEBEZS5EditPolygonBREM., BRME, XUMNALEENTRERS
EditPolygon; R Y MEA MM BE R LT/, BEBEMEditPolygon, FL£,
PolygonListenerfR¥ ;X EditPolygonEHRMIFIA, LEMESIERFEE.
PolygonListenerif & X T — /KRB MM vertexBeingDragged, T B91H KRR
REATATEHMES, PolygonListenerdE X :

public class PolygonListener extends MouseAdapter
implements MouseMotionListener {
protected PolygonIterator iter;
protected boolean vertexBeingDragged;
protected EditPolygon panel;

public PolygonListener(EditPolygon panel,
DynamicPolygaonGeometry poly) {
this.panel = panel;
iter = poly.iterator();
panel.repaint();
}

public void mousePressed(MouseEvent e) {
vertexBeingDragged = findVertex(e.getX(), e.getY());
}
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public void mouseReleased(MouseEvent e) {

if (vertexBeingDragged && e.isControlDown())
removeVertex();

else if (!vertexBeingDragged) {
PointGeometry p =

new PointGeometry(e.getX(), e.getY());

insertNewVertex(p);

}

vertexBeingDragged = false;
panel.repaint();
}

public void mouseDragged(MouseEvent e) {
if (vertexBeingDragged) {
movevVertex(e.getX(), e.get¥());
panel.repaint();
}
}

public void mouseMoved(MouseEvent e) { }

//
// protected interface
//
protected boolean findvertex(int x, int y) {
PointZoneGeometry disk = new PointZoneGeometry(x, y);
for (int i=0;i<iter.nbrVertices(); iter.next(),i++) {
PointGeometry p = iter.point();
if (disk.contains(p)) {
panel.setVertexPosition(p);
return true;
}
}
return false;
}

protected void insertNewVertex(PointGeometry p) {
iter.insertAfter(p);
panel.setVertexPosition(p);

}

protected void removeVertex() {
if (iter.nbrVertices() > 1) {
iter.remove();
panel.setVertexPosition(iter.point());
}
}

protected void moveVertex(int x, int y) {
iter.moveTo(x, y);
panel.setVertexPosition(new PointGeometry(x, y));
}

725 HRHRBRIEERF

M5.6 T RMFigure i, RITBABRR S /LMERLME KRB X H, JLMA
B R B LI O Geomoetryl, M EMIIMEELHPainterE I, Figuredt 2L
BEXBHANET. FMENER, BREX2Y XILAEE (geometry) HERERMYE XEE
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(figure) WREBRBEEMN. HBA723THHEditPointsBEFFHIILFERIAILR
B, SAPSERFUE-AF AN, XEVLENILMEAREESE, RIHTELF
HHEAE, EditPointsBF A THNES, BUET - NEIIVAEE, RE0ET —
MEEB KN LE TR (panter), HEFIHAR—FERL,

HAEX—Te, RITEHRHEditPointsTF, XBEMMNE ZiRM X 44X =/
AHERE. IREMEIE - HWEDFiqureManager, VBB EES, TFE#HR
EREBMAMTTEHRE, RHEAEEESNIEHNEFE B ERHERE S
HITEEMEREENFTIE. BFRNMETMEditPointsBFBEE, R BA
ZZAEEEERBETENRE P, INENEFHLERERAEY, BESEHE
E#NBERFT, EORARSERE R,

MR RAERE, HHWBFEditPointSetMIEditPoints—E, (AN BRIk
BWAR (£R%KET-4), EditPointSetE LT —/ EditPointSetManagerdh
LH— B EER. EditPointSet BN AN BATHERLEER R EEEAR.
EditPointSet HCEMILMEL . G, M. B SE%, MEditPointsK—#%,
EditPointSet R E X T B BRI 4 W7 2845 9 M EB 2 M T 4L .

A
<<interface>> 1 1
FigureManager EditPointSet
a)
H
EditPointSetManager

KEl7-4 EditPointSet#/F ALty

Y%k EFEFigureManageri®O. FigureManager#Z O E&HEEE T WL EE MY
TR (HHESBEARGILAEY ) URERREESNT N, EEMNE, B
AP 64 JLITE A (selected geometry ) (MTREEMAT S, P a8EH T s L
EERRERBEFBN, Sln, AEHEEBF X EFILAEHBNES, W%l
FIEE AT S: . i, BT HASMEHIE ). FigureManager [ Hselect Bl
MERESEE N UTEE, fiselectedfm& & 24T & & LM E add#EfE
E-TEARLAEREX R ERBEEMADEEE S, removel B M FIB/ AR JLA
BJE 09 B TE BT 3 R 48 P MBS sizeF LR EBIEEE S PHILAEIEH; getik TR
BV RJLMTER . 8] LA £ indB: Ve B L R . PAFE — 1 55 p 4 x 3 F0y e e 4 8 P
B, findiBEHpH “frh” WEMNMESHHILTEE,

XM EEERBUABH TR EE T, ‘BB P8R #E i & 2% updateManageri¥
BREHE, R EHEBERMT getFigqures FHRE N ERTHWEABENT 5, X
HEFTLUATEEDESX—EE:

aFigureManager.getFigures(). paint(g2);

HYg2RLEAE, FigureManager 0 HE XM .

public interface FigureManager {
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public void select(Geometry g)
throws IllegalArgumentException;
// MODIFIES: this
// EFFECTS: If g is null deselects the selected
// geometry (if any): else if g belongs to
// this collection selects g; else throws
// IllegalArgumentException.

public Geometry selected(); R
// EFFECTS: Returns the selected geometry if any;
//  else returns null.

public Node getFigures();
// EFFECTS: Returns a node representing the set

// of figures.

public void updateManager();
// MODIFIES: this
// EFFECTS: Any.

public void add(Geometry g);
// MODIFIES: this
// EFFECTS: Wraps ¢ in a figure and adds it to
// its collection.

public void remove(Geometry g);
// MODIFIES: this
// EFFECTS: If g belongs to some figure in
// the collection, removes the figure;
//  else does nothing.

public Geometry get(int i)
throws IndexOutOfBoundsException;
// EFFECTS: If 0 <= i < size() returns the i‘th
// geometry; else throws IndexOutOfBoundsException.

public int size();
// EFFECTS: Returns the number of geometries
/7 in this collection.

public Geometry find(int x, int y);
// EFFECTS: Returns some geometry in this collection
// hit by the point (x,y); returns null if no
//  such geometry exists.

FigureManager#E NP HAMEEAGLETT, TEMLAZONERME, Lo
findFEF “Rp P —NIUTETE” B LEB N S p & 7E L B b ek R pd i JU
R EE .. FilupdateManager kK IR A EMHR, DOBLR B M4 M 5
ALMKERFERG T NEH
EditPointSetXHYLHMAT LIMER INMAH AREEHENHAT, TERTHLE X

public class EditPointSet extends JPanel {

protected FigureManager manager;

protected PointGeometry clickedPoint;

public static void main(String[] args) {
JPanel panel = new EditPointSet();
ApplicationFrame frame =
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new ApplicationFrame(“”EditPointSet”);
frame.getContentPane().add(panel);
frame.show();
}

public EditPointSet() {
setBackground (Color.black);
makeFigureManager(this);
addMouseListener (new EditPointSetMouseListener());
// the following mouse motion listener is
// implemented as an anonymous inner class
// (see the explanation below)
addMouseMot jonListener (new MouseMotionAdapter() {
public void mouseDragged(MouseEvent e) {
if (clickedPoint != null) {
clickedPoint.setX(e.getX());
clickedPoint.setY(e.getY());
manager.updateManager();
}
}
)i
}

public void makeFigureManager(JPanel canvas) {
manager = new EditPointSetManager(canvas);
}

public void paintComponent(Graphics g} {
super .paintComponent(g);
Graphics2D g2 = (Graphics2D)g;
gz.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
RenderingHints.VALUE_ANTIALIAS_ON);
manager .getFigures().paint(g2);
}

class EditPointSetMouseListener extends MouseAdapter {
public void mouseReleased(MouseEvent e) {
if (clickedPoint == null) // no figure was clicked
manager .add(new PointGeometry(e.getX(),e.getY()));
else if (e.isControlDown())
manager.remove(clickedPoint);
clickedPoint = null;
manager.updateManager();
}

public void mousePressed(MouseEvent e) {
clickedPoint =
(PointGeometry)manager.find(e.getX(), e.getY());
manager.updateManager();
}
}
}

EditPointSet[lEditPointsM XK FIE FEN A M AR, EditPointsE [ S
FEEE, FUECEAREFRABNEA TR ML BEB OGS R 5L,
EditPointSet M|l {RFFfEBmanager P A S MM FH 4 E . HI, mouseReleased
HIER TR A BR B, X R ) R 4 B 28 A 3 addFlremove s B 52 K 1Y

#EEditPointset MW ERYT, BABHFH LT RIAY -1 EL A H L
(‘anonymous inner class ), YWy 2% & ¥ ¥ addMouseMotionListenerf§ 23, By
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EMouseMotionAdapter?s, R T B EmmouseDragged s, HMMW A ELRHE
ZARKAERTELEN T LHNBERTHBAHN. WRBHUTRHEXBEHE,
HEATEEH—1TEF, ARV EEXLAEBANTE,

BEXEXEditPointSetManagerfEH ., BEEXNT ENEFE : canvasHF 7
HERRYIIHE, BEHEREESNERZpantil BAER; nodeRFRESENHY
H; rnddPRE-ITHENLIEARSE, AEerEnBeaEs. THR
EditPointSetManagerfJE X .

public class EditPointSetManager
implements FigureManager {

protected JPanel canvas;
protected GroupNode node;
protected RandomColor rnd;

public EditPointSetManager (JPanel canvas) {
this,canvas = canvas;
node = new GroupNode();
rnd = new RandomColor(};

}

public Node getFigures() {
return node;

}

public void updateManager() {
canvas.repaint();
}
)
public void add(Geometry p) {
Painter painter = new FillPainter(rnd.nextColor());
Figure fig = new Figure(p, painter);
node.addChild(fig);
}

public void remove(Geometry p) {
for (int i = 0; i < node.nbrChildren(); i++) {
Figure fig = (Figure)node.child(i);
Geometry g = fig.getGeometry();
if (g == p) {
node.removeChild(i);
return;
}
}
}

public Geometry find(int x, int y) {
PointZoneGeometry disk = new PointZoneGeometry(x,y);
for (imt i = node.nbrChildren()-1; i >= 0; i-)
Figure fig = (Figure)node.child(i);
PointGeometry point =
(PointGeometry)fig.getGeometry();
if (disk.contains(point)}
return point;
}
return null;

}

public Geometry get(int i)
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throws IndexOutOfBoundsException {
Figure fig = (Figure)node.child(i);
return fig.getGeometry();
}

public int size() {

return node.nbrChildren();
}

// methods of FigureManager interface

// not used by this application
public void select(Geometry g)

throws IllegalArgumentException { }
public Geometry selected() { return null; }
}

FVHEFEHRTETFRNEFEMTavaBE HER, E4E GEFIGUIAMN) £H
PR, BAEEASERNE. SF4EMEESN, BdEASIEMNES BRSNS
H-BBEFERFGRE, AMESEHFLHEBFEATHNR, hEGLBEBRERZR
R ALHE,

MRERERERSBERETENITH, BARTEELEAF LTS, EXNRBL
AFEHFEFMEED , B0k, WRBHUTSFBABEAR=ENESE, B4
FHERSERELIHActionListener#E 1, XRJavah H A EH BT (BEEH),
WHRHERHRRAHS, EERKEFTERGFHEN.

BEEFREHE, ALY BELRENGUIEAMYE, By BRTLE LHMT NI ES
FEHTH, Fl0, EditPointSetiidd BlavailJrPanel K EEN, BRAE—IEHE
B, E®E T paintComponent HILH WM THMITH. XRJavaF kR EH WH T
(BEZEH ).

%3

7.7 B HKEditPointSethLH, JEFEk HEditPointSetMouseListener LK B
BEAETSEA-ITELRTLRITH,

7.8 #EFEditRectangles, BT 6 sweepRectanglestfl, BEBEA
. B, RAEEEENTR L RESRRN, FECIBFMNER, WRE—4
EFERNEEABFRIES, WAEAFNEL ., BiK, HCul@It s & EE g
E(MRFAEMNELASNEE, BMER— ). FAEBSHEE, MiXE X%
EditRectanglesManager¥X ¥ FigureManager# [, EditRectangles{#i fi[&
JE &M EditRectanglesManageri2 IR % o

7.3 @HAH

BERFEOTREHERA . R, 75, XAE. B3%. FRAIEEMEMG a4,
MRXWARCEERR D, FRTCHEAFMABELS, I AEMARTHHE
HERXEZHRACTEREH (LHEE4), S5ERENNET S LBEBEENTE
B OHESE (frame), M ARFEFAM, HibPEF A58,

ElavalR St WA T EFHAWTH B A AR AR MS K java. avt . Component
KOFH, RFEM—1TFXjava.avt.ContainerBR AR, ARKMERRT HLSE
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BRI XK containerfComponentEMFH, MiCcontainer TR XEHENTEH .
Z“~ComponentF & iy SCH 4 AL,

SwingRJavaF ETAWTZ LW H — T BEES X, SwingE X THREjavax.
swing.JComponent, ¥ & T Container2l, SwingZl 4 # R Icompoent FH,
M&Elavat REZ RLEXTME, TUEEGER, B7-59BR T AEHFIHEKGUIH
e, XAE SR T AWTHI Swingeh #528F08: O — /R4y

B, SwinglHREUTFHIIFG, SHERT, Swingll iR E AEHX MK AWT
AR AAMF I BHRE, MEAWTH AL KButton, MZESwing® HJIButton,
75, SwingFRE X TIREBEMHKR, XL P HKBAE AWTH H B G HIXHR B84

<<abstract>>
Component

T

Container  KJ——p Window

i 1

JLabel <<abstract>> Frame

JComponent 7?
JComboBox

JFrame

JPanel

JColorChooser

<<abstract>>
AbstractButton

JAY

JButton

B7-5 FEPHIAMCGUIAHE

7.3.1 ComponentfiContainer

BRTAWTH MR B XA, FAWGUIASHLUME R java. awt .
Component B, ZEEKEH T B 55 G4 X 5. foreground ( # 5t ) Fbackground
(HR), ENERRNAEE REHIER. 9 LR P B B R R BUR R ShahE, 4
HRERE =L BARE4, ComponentE L T LA FHEMMER A LTS 78k

public void addMouseListener (MouseListener 1);

public void removeMouseListener (Mouselistener 1);
public void

addMouseMotionListener(MouseMotionListener 1);
public void

removeMouseMotionListener (MouseMotionListener 1);

java.awt.Container XA TRYANAMNAEBMR, AL EXT £ adds
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removefM ER Iy, EAMTUALIARE I 2 mMMERAMF, LIBMAH R, —Fb
add T ARERMNBREEM—NEN; H—-FREME indxBAMMAN (REF—
MAAAE H0):

public void add(Component component);
public void add(Component component, int indx);

Rl#tcontainer# & L THREAMZ ML HM AN EMBR A W removey i .

public void remove(Component component);
public void remove(int indx);

getComponents i #iR E A28 H AT A A $4H, getComponent 77 Bk [0 — 7 B
414

public Component( ] getComponents();
public Component getComponent (int indx);

Container# #ifH —H{EH NLayoutManager i £ 4t layout, 4540 (& A %
FRAG A R A AR . X TF RS EBREET AT RNE,

7.3.2 JCompbnent?S

javax.swing.JComponentfIE KB SwingH 4B IR EWE IR, LR EINE
THREMERWERZS, Bl #Swingd A # R Icomponent TR, B T HERRL L
Container®fT A4, JComponent X X BHTHREAAWNT N, Hh
setToolTipTextJ)j ik AR E NI EEA M Lot B MIRRE R %K E X Tborderd:
W, HEARRRLE GRHEERM. —FETEBMY, AR, Mz, $HES, 5
—HRATEME, MEk., HARBHAS) ; JcomponentI R t—1 57 55 1 384
XM setPreferredsize. setMinimumSizeflisetMaximumSize, FREBHAM
EABFHIN, FHFERBREHGOBRE. BB T, [AlBf JComponent f# F XY
R rp i B HELRFES) ( frame sequence ) (HHUELAEREEFRX, E—XKEPBEF ) HEF
%, BT LERIN, Jcomponent RBH T HFLHMMIRE .

7.3.3 JPanelk

JPanel kR SwingFAM I — M H AR AER . — N EREBRF DB NN LY
R OME. AMFQIRFRHE. NREMD - AAEBERT, BEXSaddl AR,
WASENAGEXNR. G0, TEEDEN— %4 EKaPanel d .

aPanel.add(new JButton(”Press me”));

addf MK B Container SR ER Tk, MATRAERWAMWHI BRE T 0
REBSHEN.

AHAREEBITENTD (JFrame ) 1, B% @M IFrame [
getContentPaneRRBERMN AR, ERMFERAFNER, REAAASEWadd
T IPanelMBINEHP, BREBEAH (LERESR) MABERS .

JPanel topPanel = new JPanel();
frame.getContentPane().add(topPanel);
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// build and add new components to topPanel

H—FELRTERAE - FIPane LIEE R AEL WAL

JPanel topPanel = new JPanel();
frame.setContentPane(topPanel);
// build and add new components to topPanel

7.3.4 JButton3

JButtonX i FLBEM, E7-6F X EHE FE M= EMAMEIButtonKLH|, —
TR LA 2R XFHER, B 5IButton M5 M textMiconM Xt i, X B A5 (4 7]
LA R 2890 dhik, T Ui s .

public JButton(String text, Icon icon);
public JButton(String text);

public JButton(Icon icon);

public JButton();

B T B L BRI 2 A, textfilicon$F 47 ) 7] LA F 77 B setText Mset IconiiE »
HSHAPALRARE, RAME— 1 EEEM, EitactionPerformed B EAH
# W88 (ActionListener) #&WB HHEM, ActionListenerd#E N ENIT

public interface java.awt.event.ActionListener {
public void actionPerformed(ActionEvent e);

}

SR, JButtonK PRI RMEM M B LTS/ addActionListener Al
removeActionListener, XM LM IButtonE M KT H—#, BEETHR
XabstractButtonH LHE .,

7.3.5 JlLabel%k

JLabel XA T EFHENXFHER, BANEIRRXFEFHLEAALATER (RHF
B X F R HKITextComponentd: i ). JLabel A FettextMlicon, HEHEIRLZEE
o XFHIF R M Component 2 4 AR A 45 P fontlk I o JTLabel¥SiR R4 T V0% 5 i1
NAEMGEHREM BT K, IREENER — SR mE AN F, FXiEs
HAHHHE. W, ¥EEXFERAEED EN—MRSEBENAE, Bheis
SRERBEGRE. '

7.3.6 JComboBox3

HEEMHA T HEERIE, EEERHER: —RTBYRY, A—HERTER
Mo £ YRR F, APATUBRERNTNEFTURAFNE (EFNBENE
AW ) BAERT, ASERRTBBRE, XAMEERA S LM% & BLA T b
BFE. BT AMT-RPHRFRAEASEET - HAE, SV ENEE AT SARER
fE, 209 s, E7-11PETUED FRIIRNETRE— AR GEE, SAxitd
Z—REE-FMFHEE,
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HEEPHERNRIAT U R R A, TEHEAMEMOTAHEES:

public JComboBox(Object[] items);
public JComboBox(Vector items);

FEIERGIEA NP EET N HSE:

String[] colorNames = {“red”, “green”, “blue”, “purple”};
JComboBox colorBox = new JComboBox(colorNames);

JcomboBoxit R T — MERESHIMEL, AEIERAEMUBTAHAAIE,
FTAOF 4 TARHES, JCcomboBoxBMEE M HHEAHERBERFET ., Kt
getSelectedItem/F LR EEHEI, getSelectedIndexik Bl FHR{A:

public Object getSelectedItem();
public int getSelectedIndex();

SMABRASE, MRBAEFETRIIRD, NgetSelectedIndex HFELRE -1, H
H FIcomboBoxH B ™ ftselectedltemFlselectedIndex, B ity F & B4~ 7 5k 7 3k 1k %
.

public void setSelectedItem{Object obj);
public void setSelectedIndex(int indx);

R setselecteditemii AZ Hobi REXRZERIFES, MHAATELRBETRDHWE
— N, —RERT, TRBAPLEBERENTAEERELREN,
WS R R ATLUSIAMMAMME, XEhFtaddItenflremoveItemsZ sy :

public void addItem(Object obj);
public void removeItem(Object obj);

addItemfEHFEIIRIGEM—Tobj, removeIltemMifrobiTi, %4 IComboBoxiF
Bt 7 LU 5 2 3L 3 00 A0 80 BRI B 5 % o

RPEFBER, AEESE—PaEEN, SR EHEETRESKRI X HEE,
JComboBox¥EfftaddActionListenerfiremoveActionListener i B: 3 vk M Fl i
HEAUUS . EMOEHRITRYEEE XM TER FtactionPer formed:

public void actionPerformed(ActionEvent e) {
JComboBox source = (JComboBox)e.getSource();
String item = (String)source.getSelectedItem();
// process based on the selection item

}

ARAGEATEREMH LR, IHELT, SAERTRER—IRETE, &
AR A AT AT A R S

7.3.7 JColorChooser#

E7-6F77R, JColorChooser R ft— I/ a] LA BB M X IEHE . X IE4E B B4
HAHR: EEMEBER (chooser panel ) F1F i i 71 W Hi 4k (preview panel ), % &
RERTEEFRANER, RBEERBRHFER A R —%EEia, =RFE
SHRAZKEEELNERRR: (a) Bk ASwatchR MBI GREE R F®EFE; (b) 8



272 & 161 2 RALS ik st —— B ) b

3L HHSBERIKE @M A EMMIEE (hue-saturation-brightness ) %% ; (c) WL HIRGB
BAKLOFE (red-green-blue ) BIAMHEKEE ., WRMNFPERAEW (AP EEEHIT
Z BT AR R X AR R R ), BEE= LM OKBNEEIFRMXFIE; CancellHFH
BB LA IEHE ; Resetik B XWHEEW SRS,

JColorChooserF =M A%, HPEHAMEAM TENBRSTEERA RN
X TEHE

public static Color showDialog(Component parent,
String title,
Color initialColor)

parent R IEENXAG (WEMEEAFTEEREXELNENT, NS R
null), titleRXEHEMEL, initialColor@XFEEM IR . 4R P XX iEHERT,
showDialogiR B 5 A F#IERX: WMEA P KOKEYM, RERKESGA; WREHRH
HFCancel A H XM BEEXAKM, WiRFEnull, EABFAXFHHFREH
JColorChooser, NE7-6FF7s.

|

ol o B |

D SFTILAE (D Damioes | E ;
(o] coms [ nm |

B7-6 Bk HXEAE

%ﬁfﬁﬁﬁiB‘J%:ﬁﬁ%%lzﬁJColorchooser%E@ﬁ%?&j‘j&createoialogﬁug%}g@
XEHE . XA TR A U RO EER G B XHEHE, %4 OKF Cancel i 41 1
FRLRYIE SR o 8 RIX 2K R B S —Fh B BB IColorChooserd i 241 24 45 41 44 1
ABEfIEE+, E B colorF 2 4L B 351 €2 6 % 28 HE A B0 45 M AR (b S VT SR S 1R B3 4T .

74 HKREESS

R EEA (layout manager) FIREHHAERRHHHT H R, java.awt.
LayoutManagerBE A X TH RS H BN —BTH. WE7-7THR, Javag@ X T — &
LayoutManager$ N M STH . S ALL — A28 0 7 J2 4 BB SR U o 20 58 o 481 {4 o HE B 137 22,
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] 5 88 K 1% setLayouti§ ER A E D E— MM R E -

aContainer.setLayout (aLayoutManager) ;

BRTRIHEFEMARGR. MIEHR. AFHFRI, AWTHSwingH & XL TR
ZHMERMNAR, HPNELMHRA (GridBaglayout) EBREREBRAH, WERAS
WA

. 1 i ,
Container K>—— <<interface>> <<interface>>

LayoutManager LayoutManager2
---------------- =1 1
H h 1
FlowLayout GridLayout BorderLayout

77 aEPEHANTRERS

741 HBRBR

HAAHF (flow layout) BRIEFB[FHAMGENALEDL . N BT HIRF—1T—1T#
fEF, MRAFAEBFHXFER-FT-THER. AHEFHRPEEAEBRSEIIMA
HISRfEAX BL, TH—BREFTEET-8HIES.

public class TryFlowLayout {
public static void main(String[] args) {
ApplicationFrame frame =
new ApplicationFrame(“Flow Layout”):
Container pane = frame.getContentPane();
pane.setLayout(new FlowLayout(FlowLayout.LEFT));
pane.add(new JButton(“Button one”));
pane.add(new JButton(“Button two”));
pane.,add(new JButton(“Button three”));
pane.add(new JButton(”Button four”));
frame.show();
}
}

TryFlowLayoutf2 /5 F i 4l 8 A B M E 4 L 0F 22, FrlaHREnBg R, 84
HITHEARELE . BFERBASHE AFlovLayout W SBHES A X (BG5S
HEBINEH ). FlowLayoutsE X T ¥4 S MLEFT. CENTER, RIGHT4 BIEREL .

BHMEL, AARSHAREES—H, SEBORNIEN, d4MEESHEERL.
B 7-8R BB AR /D AR R A5

B7-8 ¥R A
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742 MEHB

MAFET R (grid layout) A LAGIE EFTHRMIIE NS K/ DWETE R ITRE, &
THUEE - F . SRBRNSER, PR ANRESL, A dpEE S,
GridLayoutRMMESRF AW EBESE, 25 AMBHTME, 7R THE
Fr B B 247 35 RS A S N B P 1

public class TryGridLayout {
public static void main(String[]} args) {
ApplicationFrame frame =
new ApplicationFrame(“Grid Layout”);
Container pane = frame.getContentPane();
pane.setLayout (new GridLayout(2, 3)};
pane.add(new JButton(“Button one”));
pane.add(new JButton(“Button two”));
pane.add(new JButton(“Button three”));
pane.add{new JButton(“Button four”));
pane.add(new JButton(“Button five”));
pane.add(new JButton(“Button six”));
frame.show();
}
}

GridLayout R BM T — MW S B W ERINT .

public GridLayout(int rows,int cols,int hgap, int vgap);

RER A SEUH FRAMNZ FEIE R, hgapm 4832 KK FEE (LRE L H
%), vgapRaMPITZ M MEE TR, WA S 800H & 5 0 5US A2 5 %0,

E7-9 RBHER
743 ARHKR

AFAiR (border layout) EBABARE MK : b, B, K. H. 1, TEHEA
HABREZITEST, BIRB— M, PEAXRT BY RS L, T At 29 B 6 4

BEANECHA MR, HEM— A AGB AR, RREUBEBEMNXE, M, TEWE
’ﬂ?E{aComponentﬂ[iﬂJaContainerB‘Jﬁ%BZiﬁ: A

aContainer.add(aComponent, BorderLayout . SOUTH)

BorderLayout®R{2M#t T A M#A % BNORTH. SOUTH. EAST. WESTHICENTER4} 7| &
AAEANXMEER, EH7-10MEERH FTERFE™ A,
public class TryBorderLayout {

public static void main(String{] args) {
ApplicationFrame frame =
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new ApplicationFrame(“Border Layout”);
Container pane = frame.getContentPane();
pane.setLayout (new BorderLayout());
pane.add(new JButton(”North”), BorderLayout.NORTH);
pane.add(new JButton(“South”), BorderLayout.SOUTH);
pane.add(new JButton(“East”), BorderLayout.EAST);
pane.add(new JButton(“West”), BorderLayout.WEST);
pane.add(new JButton(“Center”), BorderLayout.CENTER) ;
frame.show();

orth T
|
Wes ! e IE-
‘h;____ Souhi
E7-10 ARGER

HTAGKMNBERaddFERE - MSHRE, FRUABHEMANKFREEXEER,
BorderLayoutZeiR £ T — A B> S 509 H 1 2% PR in K 41 4 22 18] Ay B g

public BorderLayout(int hgap, int vgapj;

hgapll B R ERBEEEE, vgapl g ERZRAMEE,
7.5 AHMEBEHKITEE

FWPHHARANEENERRRBGHERERF, RO e84 mE o g
HAGHE—BER. F— Aﬁﬁiﬁﬁﬁ)ﬂﬁﬂiﬁﬁiﬁ%ﬁ@, MEZTBFHXEMTMA
ASEFRFFRICRA P WEBFBAGE LT, ol REBMEA,

751 gt

MABRHREES, ColorPlayBFWER D MAA TR : HHEE AT F
HREAHAHE, BRXREROEN %M. BFAESET-1HMY, RREELT
ARAEGHE. Adi%kFredkl, EHHBERAE, greenES, blueBlk . EFEcustom
B, M- EREENEE, AP RBER G~ ﬁ’ﬁ@#?&ﬁ%%lﬂl&@ LR E
BHNBE; MRASEERNEE, WHERKE,

THEHKColorPlayR L HAIR T — N EMH LIS 0 S AN RMA ., Husore
MEHLEEFactionPerformed AN, BHREXNEMHE (I EREZ— ) B3I,
REDFFINE, TEARZEBNERF.

public class ColorPlay extends ApplicationFrame {

protected JPanel canvas, controls; // two main panels
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protected JButton redButton, greenButton,
blueButton, customButton;
protected Color coclor; // the current color

public static void main(String[] args) {
JFrame frame = new ColorPlay(“Color Play”);
frame.show();

} -

public ColorPlay(String title) {
super(title);
Container tcpPane = getContentPane();
topPane.setLayout(new BorderLayout());
// creates and adds the canvas panel to the frame
canvas = new JPanel();
topPane.add(canvas, “Center”);
// creates and adds the ‘control panel to the frame
controls = new JPanel();
controls.add(redButton = new JButton(“red”));
controls.add(greenButton = new JButton(“green”));
controls.add(blueButton = new JButton(“blue”));
controls.add(customButton = new JButton(“custom”));
topPane.add(controls, “South”);
// creates an event listener and registers it
// with the buttons
addListeners();
selectColor(Color.red);
}

protected void addListeners() {
// REQUIRES: The four button fields are not null.
// MODIFIES: the buttons
// EFFECTS: Creates an 'action event listener and
//  registers it with all four buttons.
ActionListener 1 = new ActionListener() {
public void actionPerformed(ActionEvent e) {
Object source = e.getSource();
if (source == redButton)
selectColor(Color.red);
else if (source == greenButton)
selectColor(Color.green);
else if (source == blueButton)
selectColor (Color.blue);
else selectColor();
}
}i
redButton.addActionListener(1);
greenButton.addActionListener(l);
blueButton.addActionListener(l);
customButton.addActionListener(l);
} .
protected void selectColor(Color color) {
// REQUIRES: canvas is not null.
// MODIFIES: color and canvas
// EFFECTS: Sets the canvas background to color
// and repaints it.
this.color = color;
canvas.setBackground(color);
repaint();
}

protected void selectColor() {
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// REQUIRES: canvas is not null.

// MODIFIES: color and canvas

// EFFECTS: Shows a color chooser dialog; if the

// user chooses a color from the dialog then

// selects the color; else does nothing.

Color newColor =
JColorChocser.showDialog(null, “Choose Color”,color);

if (newColor != null)
selectColor(newColor);

}
}

%3

7.9 java.awt.event.ActionEventREX T FHEHIMFEKESE5MEEHHXHNEE
FHE: :

public String getActionCommand();

getActionCommandik Bl FFF R A H 4 M 4 F % ( command string ), Ul
REAFE IR, WS FEEZEANIRE (Label ), #lin#kredid, WK B4
$£ “red”, EFcColor.addListener FEMEHR, UEE KActionListener
ST B A A R X A4 |

752 iEFHa

KkEHE _#EFColorRecord, EY¥ BT colorPlayMThit., B T U Hif ki
HZAh, ColoRecord¥iMT — M HHAMEAGHE, HbEHMA—HRAEZEARFAWEER, H
PR R AR EREREREA, MERSEAAERAZHEGLRE, BEEFRF
Wiizfr, APABEMBaEEEREENTEEREMABASES R, B7-11%
ArgFEUafFEaERER. RAMF#TEENASTETIIRAITH,

E7-11 Color Recordi2fF
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ColorRecordf LM H, HitselectColorZ2EH K, EARITEN, F—1TEK
BHEEEG G, SRR BB OEEE P EE.

protected void selectColor(Color color};
protected void selectColor();

EfIHTIgEMColorPlayH selectColorffiffl. ColorRecord X EX T =M EHH
A, Effjf: indexToColor, nbrColors, addColor. indexToColorH 4l
BEPMNETBREMNGAME, TEHMFEEEALX— S5

protected Color indexToColor(int colorIndx)
// REQUIRES: 0 <= colorIndx < nbrColors({)
// EFFECTS: Returns the color at index colorIndx.

nbrColors AR EIEFHGAEKE .

protected int nbrColors()
// EFFECTS: Returns number of colors currently stored.

addColor F W MFH BB B HGHE D .

protected void addColor(Color color)
// REQUIRES: color is not null.
// MODIFIES: vector colors, combo box colorsComboBox.
// EFFECTS: Adds color to the end of vector colors,
// and creates a chip for color and adds
/7 it to the end of colorsComboBox.

AL EEEAHE, ColorRecordE X T —"icolors, BN (Vector) H
REFRFABGESHColor¥ S, THRFEMLE Y.

// fields of ColorRecord class
// combo box of color chips

protected JComboBox colorsComboBox;
// colors[i] stores the color of the chip at
// index i of colorsComboBox

protected Vector colors;

// methods of ColorRecord class
protected Color indexToColor(int colorIndx) {
return (Color)colors.get(colorIndx);

}

protected int nbrColors() {
return colors.size();

}

protected void addColor(Color color) {
Icon chip = makeChip(CHIP_SIZE, CHIP_SIZE, color);
colorsComboBox.addItem(chip);
colors.add(color);

}

J7 ¥imakeChip® 37 3R Bl — Mg & F/M MBI EME G K, Hie s 2 InageIconst
RFTK, A—K/PER. ImageIconLH T IconkE: N, BT B E TN
BEMFT N, FEE Y.

// method of ColorRecord class
protected Icon makeChip(int w, int h, Color color) {
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// REQUIRES: w,h > 0, and color is not null.

// EFFECTS: Returns a new chip of width w, height h,
/7 and filled with color.
BufferedImage im =
new BufferedImage(w,h, BufferedImage.TYPE_INT_RGB);
Graphics2D g2 = im.createGraphics();
g2.setPaint(color);
g2.fill(new Rectangle2D.Float(C, 0, w, h));
return new ImageIcon(im);
}

makeChipJi ¥ e8I € K/ BufferedImageX %, REHRBLHLEREq2, FH
g2iBufferedInmagedi i EHficolor, Baff FiBufferedImagefl # 3R M

ImageIconXf £,

THZColorRecordEAIE X ;

public class ColorRecord extends ApplicationFrame {

protected JPanel canvas, controls;

protected JButton redButton, greenButton,
blueButton, customButton;

protected JComboBox colorsComboBox;

protected Color color;

protected Vector colors = new Vector(};

protected static final int CHIP SI2E = 16;

public static void main(String[] args) {
JFrame frame = new ColorRecord(“Color Record”);
frame.show();

}

public ColorRecord(String title) {
super(title);
Container topPane = getContentPane();
topPane.setLayout (new BorderLayout());
canvas = new JPanel();
topPane.add(canvas, “Center”);
controls = new JPanel():
controls.add(redButton = new JButton(“red”));
controls.add(greenButton = new JButton(“green”));
controls.add(blueButton = new JButton(“blue”));
controls.add(customButton = new JButton(“custom”));
colorsComboBox = new JComboBox () ;
controls.add(colorsComboBox) ;
topPane.add(controls, “South”);
addColor(Color.red);
addColor(Color.green);
addColor(Color.blue);

selectColor(Color.red);
addListeners();
}

protected void addListeners() {
redButton.addActionListener (
new ColorButtonListener(0));
greenButton.addActionListener( ’
new ColorButtonListener(l));
blueButton.addActionListener (
new ColorButtonListener(2));
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customButton.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
selectColor();
}
})i

colorsComboBox.addActionListener (new ActionListener(){
public void actionPerformed(ActionEvent e) {
int colorIndx = colorsComboBox.getSelectedIndex();
selectColor (indexToColor (colorIndx));
}
})i:
}

protected void selectColor(Color color) ({
this.color = color;
canvas.setBackground(color);
repaint();

}

protected void selectColor() {
Color newColor =
JColorChooser.showDialog(null, “Choose Color”,color);
if (newColor != null) {
addColor (newColor);
colorsComboBox.setSelectedIndex(nbrcolors()—1);
}

protected class ColorButtonListener
implements ActionListener {
int colorIndx;

public ColorButtonListener(int colorIndx) {
this.colorIndx = colorIndx;

}

public void actionPerformed(ActionEvent e) {
colorsComboBox.setSelectedIndex(colorIndx);
}
}

// the following methods were already defined

// in the text

protected void addColor(Color color) {...}

protected Color indexToColor(int colorindx) {...}
protected int nbrColors() {...}

protected Icon makeChip(int w, int h, Color color) {...}

B RHEBEXTHOHEGBTEE, Hfred. greenMblue ) F 4 W IF 28 R F— 1 W
¥ ColorButtonListener)SLf, ColorButtonListenerf MBS K ET @ %
{8, actionPerformed ¥ &' B tb & {E, FHERETERF TR GG R,

&3

7.10 fRRA# % ColorButtonListener$ factionbPer formed I THEH A X
LW

public void actionPerformed(ActionEvent e) {
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selectColor(indexToColor(colorIndx));
}

B 4B ¥ ColorRecord®fT AT 4L, HiAE,

7.1 $B¥colorPlay® LI, it N EREA HOWEMH LWL, ERred, green . blue
BHMEHERSEF B LHME, EHEERTFAColork RS, X4
KW actionPerformed® A AN, ERBEMHA,

712 ®it#ETGUuifd/FSweepFigures, REAMMEHR: BN - EHEKR,
WAEEBAX, BA FAPSHOEREM&GI 780 MY, RRAZ4ETFEET
URERE SR, 6 ER A — M — P HEHE ., clearkkdll, FXBEREA
ERFHER; HEEPHRANEIR: rectanglefellipse, [/t Frectangle)5, =
AREENETE, Efellipse/5, FHEMEEIME.

718 BEEI 7129 R FSweepFigures, PR A h#% F BAR R
I RAinet, EERERRESBs, HBBGER, FUHBRERER (ME
B THAZIEE, WABIHS—AEE), LR85,

7.6 RE=RAEHSERF: Trangulate

ANERWR-NTHARUIER=ZALHIWEFCUINBEH T (BIFRENT-
12817 ) AP SBRFXEEEARMER: (1) APERFES L6/ RIT ek S L,
EHT 25T EditPointSetBFMA: FP A& BRI F A, B3 ERED
A TR SHECHMBR A (2) B/ S T B A AR s

-

Trianguiste Clear | | random - w7 =7 J

El7-12 TriangulateffF

ERER EARNEE, —MRER—NAE, EIMERS N Ao At
Triangulateft4Hl, B/F BN SR SEMNZAE Y ClearI MR SR =HE M4, B A
RAREW,; BANM—NRIRE, vl 0 Y57 A5, HEA LB Z AR S FH =M
B MTHR—THEHE (B B Rrandomyk T ), o 4 IR o5 thy 5 B TH L= £ 7
SEEAE (B2 %6 1sBATHE, SNMANERES S SABNER), HE=
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Fhie . randomiE WL HEF 8 AL, user-definedi Il PRI SR HEF A &,
sortedfE S N EBIGEHF B AR
WE7T- 13 BFERBEEHWHA, BFETTAALTEERRER., £ —

TriangulateXf RIELQEFH TR TrlangulateCanvasLJfﬁﬁﬁﬁ]?ﬁﬂﬁﬁ*ﬂi
A~=fEEl4, TriangulateControlPanel#HEH BT AR LR LH, £, 725
T EditPointSettE W ARBRFH—F 4. L E, BE7-48AET-134, BHA—AR
Rl 72, B FrriangulateManager¥ i 7 #1720, FfliTriangulateCanvasi] L)
MEHEERXEH, M AR @i FigureManager& O,

<<interface>>
<<interface>> JPanel Changelistener
FigureManager P
T :
7 L |
H EditPointSet !
1
EditPointSetManager A Triangulate !
1
)
1 1 !
TriangulateManager TriangulateCanvas TriangulateControlPanel

L J

B 7-13 Triangulatef@/F M4

TE%MTr1angu1ate§$3¥ﬁ“ﬁlﬁ‘a‘ﬁﬂ]E‘Jﬁ FHIEH, XPMERR—MEE, 58
ﬂ?ﬁlﬁﬁﬁ%ﬂ%ﬁiﬂﬁﬂ@m"ﬁﬁ B A AR AR, OSBRI KT B
HRERMEE, RAFEBRTENMENZSHE, FEIXENL.

public class Triangulate extends ApplicationFrame {
public static int D_WIDTH = 500, D_HEIGHT = 450;

public static void main(String[} args) {
JFrame frame =
new Trlangulate(”Trlangulate", D_WIDTH, D_HEIGHT);
frame.show();

}

public Triangulate(String title,int width,int height) {
super(title, width, height);
Container topPane = getContentPane();
topPane. setLayout ( new BorderLayout());
TriangulateCanvas canvas = new TriangulateCanvas();
TriangulateControlPanel controlPanel =

new TriangulateControlPanel(canvas.getManager());

topPane.add(canvas, “Center”);
topPane.add(controlPanel, “South”);

}

}

TriangulateCanvasfi K S BHH = ﬁ%ﬁ/*“ﬂﬁl‘ﬁ@ﬁ/ 2% Kb SWEMdhE

I KEditPointSetHIRAE; M=AFHSWABLLHEHERSEEAE, TE
f%t:ﬂﬁééﬁé)(:
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public class TriangulateCanvas extends EditPointSet {
public void makeFigureManager(JPanel canvas) {
manager = new TriangulateManager(canvas);

}

public TriangulateManager getManager() ({
return (TriangulateManager)manager;
}
}
makeFigureManager F 2 XK EditPointSet P EXN W - T FE., BIEEX
A, TriangulatecanvasZRE T HCOHETESHE,
THITRERER. B7-13PXRARMNERLYEKLIH T CchangeListenerE 1,
ChangeListener®E X F:
public interface javax.swing.event.ChangeListener {
// invoked when this listener’'s subject
// undergoes a change in state

public void stateChanged(ChangeEvent e);
}

— P EHAEL KT (change listener ) VEMBIAA T E4AMNE4ED, MEAES
REKEMLN, ELEMAENSMstateChanged 7 @8 8 FTA O EHHO WIT 2, XA
2 BT AT A A B R R R — B,

REMEFABRR—#, SRERERE AR SRS, YERT N =R %t
BACH, EBEEE L - ES, MY MBHER stateChanged 7 38 8 .
SHHM, HEREERME - FEARMBE a8, ErEs s, R
stateChanged 5% IAM . stateChanged IR B 7 F BB S HR T B 7 4575
PR =ABENRSE,

B 7- 147 BT #3209 U SR A P 4 Triangulate R 4B R R B — BFISE 4 (X B RS
FERAYMAETUEE =ZABH S, MESER): Triangulate 8 695 4 1k 17 52 58
addTraingulationFEB Y =ZAEH 4 WRABAERKE, 40T ERFEES
HE: REEBEEBRBFEA, 3 KfireStateChangedi§ B4 BT, DREHEAEITEA
CREAE; A A E AR5 B stateChanged T ik .

MR & Triangulate R AE A HERTER AR 0 (MEFALT=4)
addTriangulation&iM i 7 %, Triangulatedf 4l M B A UITES MBI X NME L, HRID
EHARPFREGES, REXMFEEL. B7-UETEEE S5 554,

R IR LI E UL, —MEFRIEE S BB SR, A A SR A
HEHE -1, TEHNEEX:

public class TriangulateControlPanel extends JPanel
implements ChangeListener {

protected TriangulateManager manager; // figure manager

protected JButton tButton, // triangulate button
cButton; // color button

protected JLabel msglLabel; // message label

protected JComboBox pointOrderBox; // point ordering

public TriangulateControlPanel(TriangulateManager mngr) {



284 B A R A2 SR ——B R EH

// register this panel as a listener of

// the manager’s change events
this.manager = mngr;
manager .addChangeListener (this);

// create buttons, register their listeners, and

// add them to panel
add(tButton = new JButton(“Triangulate”));
tButton.addActionListener (new TriangulateListener());
add(cButton = new JButton(“Clear”));
cButton.addActionListener (new ClearListener());

// create point-order combo box and add it to

// this panel
pointOrderBox = new JComboBox();
pointOrderBox.addItem(“user~defined”);
pointOrderBox.addItem(“random”);
pointOrderBox.addItem(“sorted”);
add(pointOrderBox);

// create message label and add it to this panel
msglabel = new JLabel();
Border border =

BorderFactory.createLineBorder (Color.blue);
msglLabel.setBorder (border) ;
msglLabel.setHorizontalAlignment (SwingConstants.CENTER);
msglabel.setPreferredSize(tButton.getPreferredsize());
updateMessage();
add(msgLabel);

}

//
// implement ChangeListener interface
//

public void stateChanged(ChangeEvent e) {
updateMessage();

}

protected void updateMessage() {
// MODIFIES: msgLabel
// EFFECTS: Sets label’s text to number of points
// and triangles.
String res = “v=" + manager.nbrVertices();
int nbrTriangles = manager.nbrTriangles();
if (nbrTriangles > 0)

res += “ t=" + nbrTriangles;

msgLabel.setForeground(Color.black) ;.
msgLabel.setText(res);

}

protected void updateMessage(String msg) {
// MODIFIES: msgLagel
// EFFECTS: Sets label’s text to msgq.
msgLabel.setForeground(Color.red);
msgLabel.setText (msg);

}

//
// action listener classes for the Triangulate and
// Clear buttons
!/
class TriangulateListener implements ActionListener {
public void actionPerformed(ActionEvent evt) {
try {
String pointsOrdering =
(String)pointOrderBox.getSelectedItem();
manager.addTriangulation({pointsOrdering);
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manager .updateManager();

} catch (IllegalArgumentException e) {
updateMessage(“Too few points”);

} catch (ColinearPointsException e) {
updateMessage{“Colinear points”);

}

}
}

class ClearListener implements ActionListener {
public void actionPerformed(ActionEvent evt) {
manager .removeTriangulation();
manager .updateManager () ;

-
-1

}
}
}
aUser tButton manager controlPanel canvas

T 1) T T 4
A click 1 ! i i
addTriangulation() ! ! H
1 1
i I 1 ]
updateManager() H ) : i
repaint() i H

i
1 m
fireStateChanged() i !
1
i |
| |
stateChanged() ._ ! !

updateMessage()

E
]
1
i
1
]
!

E7-14 I =/AEH 46065 "
TriangulateManagerXEHEFEAEE: AL QIR AEMYW ARSI HH=

A, AEEREYMERHBENLHEEditPointSetManagerifftly, MM =AW ESE
iftRHTriangulateManager B O LAY, AR FEAEGroupNode s B
Triangulationif{h, =HAERAFTEWFII A, L1 [ getFiguresil B, R BH =
AT, NEEGESENTR; BN, BIE—FEH TP HcroupNodext 5,
— I FHARSENEENNR, B R=MENE,

TriangulateManagerZH[AB} & X T changeListeneris, T HMHE—Ery=E

public class TriangulateManager
extends EditPointSetManager {

protected GroupNode triangulation;
protected ChangeListener changelistener;

public TriangulateManager (JPanel canvas) {
super(canvas);
}

PFIEIT AT . % B i ElupdateManageril BB, £ fireStateChanged i, &t T i
RS #fstateChanged ik, XM BERT-UFEER, FTEHELE Y.
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//
// override methods of FigureManager interface
//
public void updateManager() {
super.updateManager();
fireStateChanged();

}
public Node getFigures() {
if (triangulation == null)
return node;
else {

GroupNode topNode = new GroupNode();
topNode.addChild(triangulation);
topNode.addChild(node);
return topNode;
}
}

7/

// adding a change listener and implementing

// ChangeListener interface

/7

public void addChangeListener(ChangelListener listener){
changelListener = listener;

}

protected void fireStateChanged() ({
if (changeListener != null)
changeListener.stateChanged(new ChangeEvent(this));
}

/7
// methods used by TriangulateControlPanel class
//
public void addTriangulation(String pointOrdering)
throws IllegalArgumentException,
ColinearPointsException {
// REQUIRES: node, triangulation, pointOrdering are
// not null.
// MODIFIES: this
// EFFECTS: If points contains no more than two
//  points throws IllegalArgumentException; else
// if the first three points are colinear throws
//  ColinearPointsException; else triangulates
// by ordering the input points according to
//  pointOrdering and adds the triangles to
//  the node triangulation.
PointGeometry[]) points = extractPcints();
arrangePoints(points, pointOrdering);
Vector triangles =
DynamicPolygons.triangulation(points);
triangulation = new GroupNode();
for (int i = 0; i < triangles.size(); i++) {
Geometry g = (Geometry)triangles.get(i);
Painter painter = new FillPainter(rnd.nextColor());
triangulation.addChild{new Figure(g, painter));
}
updateManager();
}

public void removeTriangulation() {
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}

%3

// MODIFIES: this
// EFFECTS: Removes the triangulation and
// updates the manager.
triangulation = null;
updateManager();
}

public int nbrvVertices() {
// EFFECTS: Returns the number of points
// in the point set.
return node.nbrChildren();

}

public int nbrTriangles() {
// EFFECTS: If triangulation exists returns the
// number of triangles; else returns zero.
if (triangulation != null)
return triangulation.nbrChildren();
else return 0;

}

//
// protected interface
//
protected PointGeometry( ] extractPoints() {
// REQUIRES: node is not null.
// EFFECTS: Returns an array of the points
// in the point set.
PointGeometry[] points =
new PointGeometry[node.nbrChildren());
for (int i = 0; i < node.nbrChildren(); it++)
points(i] = (PointGeometry)get(i);
return points;

}

protected void arrangePoints(PointGeometry[] points,
String ordering) {

// REQUIRES: points, ordering is not null.

// MODIFIES: points

// EFFECTS: Orders points according to the protocol

// ordering; does nothing if ordering is neither

// “sorted” nor “random”.

if (ordering.equals(“sorted”))
Arrays.sort(points);

else if (ordering.equals(“random”))
Collections.shuffle(Arrays.asList(points));

}

7.14 TriangulateBFH BN AHBERMIEN, HEBURFFANSHHHE Y H

7.15

7.16

&,
[#87: EHTriangulateManager®fadd ik, 1

AiETriangulateBFH, HMMEESABHNIN LT, HELEF, F=4

RIS ER N EE,

RTEA UBEiEClearik 4l A 34 W07 88 B FlupdateMessage 5 37 HBERERM

I SEH 2
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7.7 BE#%EF: DrawPad

EX—F, BRIt—-THTLEMEREENRTGUIKRFDrawPad, DrawPadf
ERGER TR : S TUA e 10 ¥ B AR A 7T LU7E b i i A I A AR . 35 T AR
EH =M. BRIEH (shape button ). #4H T H ¥4 ( pointer button ) 5o 3 4l
(color button). WNE7-1577~, FEMREH ©EPolygon, RectangleMElipse, F'Ef1H] A=
EMBERARERGETL; B4 TRED, BrERTEZRE, BAREIEE, kT
EAEEFLERBNRD (FEEER, BEEMNARRAESENRSE, DE7-158
BEEAEME), RETUENEEXRBEHE, RBCHIWREL. RHCREE, My
— T HEEFENEEREREF A, FHCEATRTEE, XTaEBFHNIESRE

HFiTR AW,

H7-15 prawpad®f¥

DrawPadB/F MBI EH=AKE., F—IKE (EH7-16) EEHRBERF HGUIL
MEREEDS; B KB (H7-18) TEMAREHBMHLITE, B=1KE (EH7-20)
EEMEEMAFNBERERTEARNER. = MREZARMAToo TN RERKY .
FAEAF R AL Tool BN, ARABER ERRIFEME, T ES =AW 45
AL 77 10 EHR A Hprawrad WA MEE SIS, 7720110 T M9 B AE L7 22
(ToolZNMEMFRH) ; 773WNAEEERE Y E.

7.7.1 DrawPad®yB#FE N STEse

DrawPadZ — THWARKB ) MFA A EARMKHES . 5 KR KControlranel, TH
HHGATEREE ML EBE TR, B EiR%Eoravcanvas, 7 EEE A4S
BEE, BRET7-16, 24 P N5 51 T AR 0 e EaEM - MM BRE
W UT 8%, RS R P BRpE, BlAnF P #kRectangleld, © &M — 1 i #
TERPE RN T AR BRI 88 A RS T S E S Bl Too 14 [ . BF#H
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— /" DrawPadManagerXI X EHEE, DrawPadManagerX LI T HEN
FigureManager, N T EH, BHiMNEEEHBZKEYRITERELE,

1 1 .
DrawPad [O————  — DrawCanvas <<interface>>
«qobserves Tool
<<interface>>
FigureManager A
1 Z} o
i 3
1 o
controls P> =
ControlPanel DrawPadManager
? 1 ToolButton

Kl 7-16 DrawPad#2 /5P ey 4H %

EX—Th, RAETHET- 160+, 4B X Ddrawpad, b%XT - Y
mainJi ¥, DrawPadf— MU & 1 %) AR FE 7 A28 .

public class DrawPad extends ApplicationFrame {

public static final int DEFAULT_WIDTH = 500,
DEFAULT_HEIGHT = 450;

protected DrawCanvas canvas;

public static void main(String[] args) {
JFrame frame =

new DrawPad(”DrawPad",DEFAULT_WIDTH,DEFAULT_HEIGHT);
frame.show();

}

public DrawPad(String title, int width, int height) {
super(title, width, height);
Container topPane = getContentPane();
topPane.setlLayout (new BorderLayout());
topPane.add(canvas = new DrawCanvas(), “Center”);
topPane.add(new ControlPanel(canvas), “West”);
}
}

PRI A RERES, QFARANEH TR RAEERER, 5 REHEE
SR EH — 1 ToolButtont RER . BAIFEQIE T B IEAT N BB 14 T SE WM, Xt
ZAft AT EKControlpane L1k 25 1 I A B X He 4L 47 5 120 I OF 28 1 A B

MXMBAEZEAKRRFE, B FEAREToolButtonif 4, FﬁU%ﬂFﬁAddActlonLlstener
HHEEMEHBER, THEControlranel i ¥ .

public class ControlPanel extends JPanel {

protected DrawPadManager manager;
protected JButton colorButton;
public ControlPanel (DrawCanvas canvas) {

this.manager = canvas. getManager();
ToolButton polyButton;

setLayout (new GridLayout(5, 1));
add(polyButton = new ToolButton(“Polygon”,
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new PolygonTool(canvas)));
add(new ToolButton(“Rectangle”,
new RectangleToocl(canvas)));
add(new ToolButton(“Ellipse”,
new EllipseTool(canvas)));
add(new ToolButton(“Pointer”,
new PointerTool(canvas)));
// install the polygon tool initially
polyButton.doClick();
// color button
colorButton = new JButton(”“Color...”);
colorButton.setBackground(manager.getColor());
add(colorButton);
colorButton.addActionListener (new ActionListener{) {
public void actionPerformed(ActionEvent e) {
Color oldColor = manager.getColor();
Color newColor =
JColorChooser.showbDialog(null, “Choose Color”,
oldColor);
if (newColor != null) {
manager.setColor(newColor);
colorButton.setBackground(newColor);
}
}
}):
}
}

# L controlPanel Wi 28, BifafkficolorButtonyEMESIFSE A5 H
TActionListenerBEMNMEZHNRBANNE., YHPA ALHARan, EE
JColorChooser.showDialog# i B EFHEXEE, REHAFREEENT 6 LH
XfiEHE, JColorChooser.showDialogiR 8] B i i 5 (IR P BUE R 1E H A %t
WHE, MEEnull), EERTRENELERSHFOS A RESGRANTS S NEE
€ (RATRGGHTENHEP Y3EE ),

ToolButtonB—T5THRMAMEM ( TRELHER - LR RE = 50
#) BAPCAGTASER, EHNEHLRTSSEETHNTE, AEReENLEE A
LEBREAFYENE, THRToolButtonfyLH . :

public class ToolButton extends JButton {
protected Tool tool;

public ToolButton(String text, Tool tool) {
super (text);
this.tool = tool;
addActionListener (new ToolButtonListener());
} .

class ToolButtonListener implements ActionlListener {
public void actionPerformed(ActionEvent e) {
tool.install();
}
}
}

A7 1T FERA T HAA R TERAR AT TEN B AN — & BT SR,
theNewTool it Blinstalli§ B, AJFinstal I BIEAEA, HILHSTENSEER., Y
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BIp, BB (finish) ¥ theoldToolfE N BARE M LTSS, HBHE;
KRG theNewToolTEM NFT & BARE M LT 88, HHTMEHAM (init), XIMIBRERE
X Tool# D HMiDrawCanvasXK P L4050,

DrawPadf /¥ i B 7 AR h DrawCanvas L H , WA 7-17f7~, DrawCanvas¥F
X Tinstallfe, EXANFEPREFERBFES BT/ EMFHOESFKITE, H
HfDrawCanvasX A EEZTHREHAEAE YfiEMWpaintConmnponent H &,
getManager F ¥ HiRFBINEEE MMM H., FTHEHAdrawcanvaskE L.

public class DrawCanvas extends JPanel {
public static final Color DefaultColor = Color.blue;

protected Tool currentTool;
protected DrawPadManager manager;
protected Figure currentFigure;

public DrawCanvas() {
setBackground(Color.black);
currentTool = null;
manager = new DrawPadManager(this);
manager.setColor(DefaultColor);

}

public DrawPadManager getManager() {
return manager;

H

public boolean install(Tool tool) ({

if (currentTool == tool)
return false;

else if (currentTool != null) {
currentTool.finish();
removeMouseListener(currentTool);
removeMouseMotionListener(currentTool);

}

currentTool = tool;

addMouseListener(currentTool);

addHouseMotionListener(currentTool);

currentTool.init();

return true;

}

public void paintComponent(Graphics g) {
super.paintComponent(g});
Graphics2D g2 = (Graphics2D)g;
92.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
Renderinqﬂints.VALUE_ANTIALIAS_ON);

manager.getFigures().paint(g2);
}
}

FEREDravPadManager®. EMEEMERLMEAL HGTEE, ©LEHT7.25%
THFigureManagerf !, #fDrawpad®fF ki, E M MINE LA 4 R EEE
ERIROHEE - MERRE, RENSGHOCENFHS ., X5 EH5) (Layer
Ordering) WEHYT, BIEARBEEEHNE, Bl BRARKEIE F RIKK T,
ORI ERBEE T EEMNEE. ME7- 15RO EANTESATEREELY | &,
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toolButtonlistener

L)
]
]
auser :ToolButton 1 | theNewTool:Tool canvas the0ldTool : Tool
— ! : : -
1 ] ! 1 3 1
;cmul. ! ! { :
actionPerforged() ! ! !
install(}_ ! H
instali(this) i |
finish() !
removeMouseLjstener()
]
removeMouseMotionlistener()
addMouseListener() AD
1]
addMouseMotionListener() H
1
:
init() !
t
1
'

--[
--C
-[

s v
1 )

B7-17 FEEH - E5E TREAFE

MEEHSHE AN IERATBENMATNILMERRCR FTHOEE .. X5
getFigures{H G AT, BHEBSBRMFAENELCUERRESRPHEE., BHARRERKGE
R ER T T EAR, BRI ARR, #Ahilightstrategys {577 10 5% 1k &
R L b ZNGESE T

DrawPadManagerZKE L T A : canvasHIRFEE A % 53 f; nodelf %2 By
FREETHTAREEMAY S (LRE, Ki¥XBnode— P painti B H K L2 & &
) ; currentFigureBMEHFFIEFEFETIH; currentColor MR 4ATH6
hilightStrategyHRRAEBRE BT A YA %M. FH EDrawPadManager® e ¥,
HAPFIATEOEREME, BE4T PR

public class DrawPadManager implements FigureManager {

protected DrawCanvas canvas;

protected GroupNode node;

protected Figure currentFigure;

protected Color currentColor;

protected HilightStrategy hilightStrateqy;

public DrawPadManager (DrawCanvas canvas) {
this.canvas = canvas;
node = new GroupNode();

}

public void select (Geometry g)
throws IllegalArgumentException {
// MODIFIES: this
// EFFECTS: If g is not in this collection throws
//  IllegalArgumentException; else if g is not null
// makes g the current geometry and moves its

// figure to the topmost layer; else no geometry
// is made current.

if (g == null) {
currentFigure = null;
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return;
}
int indx = findFigurelIndex(g);
if (indx < 0) throw new IllegalArgumentException();
else {
currentFigure = (Figure)node.child(indx);
node.removeChild(indx);
node.addChild (currentFigure);
}
}

public Geometry selected() {
// EFFECTS: Returns the current geometry if any;
//  else returns null.
if (currentFigure != null)
return currentFigure.getGeometry();
else return null;

}

public Node getFigqures() {
// EFFECTS: Returns a node whose chidlren
//  represent the set of figures,
// including any highlights.
GroupNode n = new GroupNode();
n.addChild(node);
Node hilight =
hilightStrategy.makeHilight(selected());
if (hilight 1= null)
n.addChild(hilight);
return n;

}

public void updateManager() {
// EFFECTS: Repaints the canvas.
canvas.repaint();

}

public void add(Geometry g) {
// MODIFIES: this .
// EFFECTS: Creates a new figure with geometry g
// and a painter based on the current color
// and adds figure at the top layer.
Painter painter = makePainter(getColor());
node.addChild(new Figure(g, £ill));

}

public void remove(Geometry g) {
// MODIFIES: this
// EFFECTS: Removes from this collection
// a figure with geometry g;
// does nothing if no such figure exists.
int indx = findFigureIndex(g);
if (indx >= 0) ¢{
node.removeChild(indx);
if (selected() == g)
select(null);
}
}

public Geometry get(int i)
throws IndexOutOfBoundsException {
// EFFECTS: Returns the figure at index i.
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Figure fig = (Figure)node.child(i);
return fig.getGeometry();
}

public int size() {
// EFFECTS: Returns the number of figures
/7 in this collection.
return node.nbrChildren();

}

public Geometry find(int x, int y) {
// EFFECTS: Returns the geometry that contains the
// point(x,y) whose figure lies in the highest
// layer; returns null if no such geometry exists.

}

public Color getColor() {
// EFFECTS: Returns the current color.

}

public void setColor(Color newColor) {
// MODIFIES: this
// EFFECTS: Sets the current color to newColor,
// and if there exists a selected figure,
// changes its color to newColor.

}

public void setHilightStrategy(HilightStrategy s) {
// REQUIRES: s is not null.
// MODIFIES: this
// EFFECTS: Sets the hilight strategy to s.
this.hilightStrategy = s;

}

protected int findFigureIndex(Geometry g) {
// EFFECTS: Returns the index of the figure
//  whose geometry is g if
// such a figure exists; else returns -1.

}

protected Painter makePainter(Color color) {
// EFFECTS: Returns a new painter based on color.
Painter draw = new DrawDynamicPolygonPainter(color);
Painter fill = new FillPainter(color);
reburn new MultiPainter(fill, draw);
}
}

ERYSUE EIN J:ﬁDrawPadManager?éE‘J?‘J‘&‘B‘J}EE%#[:[:FigureManager%EI?E‘
RMEEAMHER, HIi0, FigureManager. findid 3 f % A K Cx,y) “dg” WL
B, MprawPadManager.findiRTHEAE (r, y) WE L HHJLTEE, REEE,
F%TEHFigureManagerﬁlIl?E‘I‘E’B‘Jﬁ&%orawPadManagerﬁﬁéﬂ"’,TE/I\/L}%‘?’T?%
getColor, setColor%ﬂsgtHilightStrategyo

getFigureliikME XRE &, BEARRMNIUE B Hnode 3| A &, MLEE
—AHRANE, HPE - FH S Mnode, MBEZANFHEANBRELFEENS A,
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nodeIRRERF SR BRIERE,
%3
7.17 5EfDrawPadManager2$fJsEHl .

7.7.2 DrawPadiy3E 4 W0 es

B L AP B AE —— BAR A B RUAR M 3 —— WU LA B 4Bt E A b B4R T — A TR
B B, mRAZLLE TR (pointer) J§, RIFAEHTRFER; WREHETEHK
W, BRGSO B TSR TR . A9 S miieE7-18 M Too L 8 O iy B 7=
EWTE,

public interface Tool extends MouseListener,
MouseMotionListener {
public abstract void install();
// EFFECTS: Installs this tool in the canvas.

public abstract void init();
// MODIFIES: this
// EFFECTS: Any (initializes this tool).

public abstract void finish();
// MODIFIES: this
// EFFECTS: Any (cleans up this tool).

public abstract HilightStrategy makeHilightStrategy();
// MODIFIES: this
// EFFECTS: Returns a highlighting strategy
//  appropriate to the type
//  of geometries handled by this tool.

<<interface>> <<interface>>
Mouselistener MouseMotionListener
|
<<interface>>
Tool
fa
]
1
<<abstract>>
AbstractTool
Ja
I | 1
PolygonTool <<abstract>> PointerTool
RectangularTool

I
LRectangleTool—l L EllipseTool ]

E7-18 ToolEOMEWFHE

E7-1TFR NP B R B M — N LR, initMfinish RN,
EEXEFENEBEAGRAERE TRUMB RGN L G,
R HKabstractTool LW T #: O Tool, BEZELEFTRTLANKBS»TH. TR
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HTHAER: - MHRREECETHNEGANS A, - RREFEHERNERETHERN
5|, AbstractToolKAE M T instal lFEMNRINIT . EEBCHXRBE A F,
MALERMY, REYW/LMEE A nlIHF R ZTEEFBAE ZHNES, initHE
HWBRANTAEENBEERSENMERANEEEEPHEE. KM ENTH IR,
BEBEMFE, TEHAIMRELAbstract ToollE X :

public abstract class AbstractTool implements Tool {

protected DrawCanvas canvas;
protected DrawPadManager manager;

protected AbstractTool(DrawCanvas canvas) {
this.canvas = canvas;
this.manager = canvas.getManager();

}

public void install() {
if (lcanvas.install(this)) {
finish();
manager.select(null);
init();
}
}

public void init() {
manager.setHilightStrategy (makeHilightStrategy());
}

public void finish() { }
public void mouseEntered(MouseEvent e) {}
public void mouseExited(MouseEvent e) }
public void mouseClicked(MouseEvent e) { }
public void mouseMoved (MouseEvent e) { }

}

AbstractTool W TRUMENX LT EALHANEMBAIMBLTEF B
(mousePressed, mouseReleasedfimouseDragged ) MToolEOFEBKY I Iy
makeHilightStrategy, 4%, AbstractTool# FH BT HE P BB canvasi
manager W] LA (o) @ 45 F0 R 5 2%

TH%M FHEPointerTool F i AbstractTool iF R X . PointerToolHF
wE, BHAMBREE., TEREXETHNERAPER.

cHAPRERM TAN, MRYAEBETWEE, WHEREER, #E %G

AEKER (HR, SBREXTREBIEN, XiFE N+ 2EF).,

CMRAAPAREEMER, Nedks, ZETAEME— I EESFEETE, nREpS
REEEXSOEAE R, Yt ERBEEN.

SRS —ANEET, BEMECRSES; YBRREN, BB ENERE N

B, HINR Yk E @i B EARS, BESEMR.
THiRErointerToolE X :

public class PointerTool extends AbstractTool {

protected Geometry currentGeometry;
protected PointGeometry lastPoint;

public PointerTool (DrawCanvas canvas) {
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super (canvas) ;
}
public void init() {
super.init();
manager.select(null);
canvas.setCursor (Cursor.getDefaultCursor());
manager .updateManager();
}

public HilightStrategy makeHilightStrategy() {
return new OutlineStrategy():
}

public void mousePressed(MouseEvent e) {
currentGeometry = manager.find(e.getX(), e.getY());
manager.select (currentGeometry);
if (currentGeometry != null)
lastPoint = new PointGeometry(e.getX(), e.get¥());
manager .updateManager();
}

public void mouseDragged (MouseEvent e) {
if (currentGeometry != null) {
int x = e.getX();
int y = e.getY();
int dx = x - lastPoint.getX();
int dy = y - lastPoint.getY();
currentGeometry.translate(dx, dy);
lastPoint.setX(x);
lastPoint.setY(y);
manager.updateManager();
}
}

public void mouseReleased(MouseEvent e) {
if ((currentGeometry != null) && e.isControlDown()) {
managexr.remove (currentGeometry);
currentGeometry = null;

}
lastPoint = null;

manager.updateManager();
}
}

%éPointerToolEﬁiﬁcurrentGeometryFﬁ}KﬁﬁEijﬁf]ﬁ':FE@Eﬁ@}féﬂﬁglﬁ?o b}
lastPoint R BAMESIN B3 LFTLMENE, ZRCFEE AN E, YR 7Y
3, mouseDragged FLiI BB IR, HEEBMYMAREZBGRIES, B3
B dxMdylE e, B ERE AL E R G E BupdateManager F ik, Fi e 38 %7
FIEER, makeHilightStratety FIEHSEIR B — BB B RER, TREMBY
REEET 730 hitR,

TEERMNZBEEEER (ERAKEE) WITL, —RERLT, EERTRATE
FEERMEBYATEE., EEEEEROTANERT, AP SBEVERIENES.
FHEEXNFEEELAERNTR.

YR %S EERT A, MARFEFEEIH A+ EABRB ML T LKA 5,

WP EBALE;, R2Z, WiEdh BB, HHHRE N+ FEF,

Y -AEEHEEDS, RPARECRHE—NABFNCE., EXHE, TH5E
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R FFFE IR A S X R NKERHECRAN,

cHEFTEEMNABRE - ITREEEEERE, XMEXNHREREERHEMEN “A”

RBREH.

cWMREAEFEE, APulEad -4 FHEE, ZfE—14 (), REHEBRIFRS

A—MTE, S—THEXNH. -

« MR EER IR REARF0, LT EBHBE

X RectangularTool @ XML BALER, BRATHRAMENEZERRSHEX
PRI, B, EMEXNER, ENTEOT UHESRAL, KKk, EXMRITS, #H
TR SRR T & ( WE7-19), RectangularToolk
HinitHER—MEBRITE, XTFTEN— T HERANERTTUBKREFTHERE,
FARMR B canEdit REM ., MR HEcanEditRAFRILHY ., XEBKEH -
(init) EX T —1EY%, ZEEN—1#%, (canEdit) B FHLH,

makeRectangularGeometryR—1T) F ¥, B HmousePressedF:EH, H
RUBEEXM K. Al FrousePressed FiEH R R EQ ML B TERER
UX —-REESmakeRectangularGeometry HFEM FREHR, H ik,
RectangularTool KM T —MEIBRF M SMED, LW TFLRITEQ BE KM
ISR NBEIT7-19TTLAE h, RITEHA TiXBRZER,

<<abstract>>

RectangularTool
<<abstract>> e
RectangularGeometry | cangEdit();
init() === == =em - e
4 canEdit({Geometry)

makeRectangularGeometry()

1

RectangleTool .
RectangleGeometry et
canEdit(Geometry) ,/ new RectangleGeometry();

makeRectangularGeometry()]

Bl7-19 FEFE TR SR A B 7 R T s

T 2RectangularTool WL IE XA W : geometry BB S TEAEASR
BELAERE; anchorBAANRARNECHNEAENER ., EXHRELT,
anchor# AR R X AN E . TR RRectangularToolfy2KE X .

public abstract class RectangularTool
extends AbstractTool {

protected RectangularGeometry geometry;
protected PointGeometry anchor;

public RectangularTool(DrawCanvas canvas) {
super(canvas);
}

public void init() {
super.init{);
canvas.setCursor(Cursor.getPredefinedCursor(
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Cursor .CROSSHAIR CURSOR));
Geometry geom = manager.selected();
if (!canEdit(geom)) {
manager.select(null);
geometry = null;

} else
geometry = (RectangularGeometry)geom;
manager .updateManager () ;

}
public void finish() {
if ((geometry != null) &&
( (geometry.getWidth() == 0) ||
(geometry.getHeight() == 0))) (
manager.select(null); ‘
manager.remove(geometry);
geometry = null;
}
}

public HilightStrategy makeHilightStrategy() {
return new BoundingBoxStrategy();
}

/7

// abstract methods

//

public abstract RectangularGeometry
makeRectangularGeometry (PointGeometry p,int w,int h);
// REQUIRES: p is not null,
// and w and h are nonnegative.
// EFFECTS: Returns a new rectangular geometry with
// position p, width w, and height h.

public abstract boolean canEdit (Geometry geom);
// EFFECTS: Returns true if this tool is capable
// of editing geom; returns false if geom is
/7 null or otherwise cannot edit geom.

public void mousePressed(MouseEvent e} {
PointGeometry firstPoint =
new PointGeometry(e.getX(), e.get¥());
if (geometry == null) {
anchor = firstPoint;
geometry = makeRectangularGeometry(anchor, 0, 0);
manager.add(geometry);
manager.select (geometry);
} else
anchor = oppositeCorner(firstPoint);
manager .updateManager();
) N

public void mouseDragged(MouseEvent e) {
if (anchor != null) ¢
PointGeometry curPoint =
new PointGeometry(e.getX(), e.getY());
updateRectangularGeometry(anchor, curPoint);
manager .updateManager();

}
}
public void mouseReleased(MouseEvent e) {
if (anchor == null) return;
PointGeometry curPoint =
new PointGeometry(e.getX(), e.get¥());:

updateRectangularGeometry(anchor, curPoint);

}
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protected void

updateRectangularGeometry(PointGeometry pl,
PointGeometry p2) {

// REQUIRES: pl, p2, and geometry are not null.
// MODIFIES: geometry
// EFFECTS: Updates the dimensions of geometry such
// that pl and p2 are made opposite corners.
int x = Math.min(pl.getX(), p2.getX());
int y = Math.min(pl.getY(), p2.get¥());
int width = Math.abs(p2.getX() - pl.getX());
int height = Math.abs(p2.getY() ~ pl.get¥());
geometry.setPosition(new PointGeometry(x, y));
geometry.setWidth(width);
geometry.setHeight(height);

}

protected PointGeometry
oppositeCorner (PointGeometry p) {
// REQUIRES: p and geometry are not null.
// EFFECTS: Returns null if p is not near (within 3
// pixels of) one of geometry’'s corners; else
// where p is near corner ¢, returns the corner
// of geometry that is opposite c.
PointGeometry res = new PointGeometry();
int minX = geometry.getPosition().getX();
int maxX = minX + geometry.getWidth();
Range xRange = new Range(p.getX()-3, p.getX()+3);
if (xRange.contains(minX)) res.setX(maxX);
else if (xRange.contains(maxX)) res.setX(minX);
else return null;
int miny = geometry.getPosition().getY();
int max¥ = minY + geometry.getHeight();
Range yRange = new Range(p.getY()-3, p.get¥()+3);
if (yRange.contains(minY)) res.setY(maxy);
else if (yRange.contains(maxy)) res.setY(minY);
else return null;
return res;
}
}

E—TLEEﬁ“‘?@kectangularTool?ﬁ/I\Mgﬁ?}iB‘Jiﬁﬁﬁo makeRectangular-
Geometry T ] 7B R7E®A & iy JL 1T B it (. 3k R geometry==null H KK ),
mousePressed & XBEAEREEHPETRGCBRTNER (EEREE)
T8 . canEdit KM init FEEEH LA TR E AN EH, init B H
canEditRAMZT AR BEmBEEPEE, MEREE, T 335 o BT BRI M 3L R 1
FETHRWEFRNEE,

RectangularToolB‘Jﬁ_ﬁi?%ﬁi%Q;Iﬁ'.ﬁ]%makeRectangularGeometryfﬁl
canEditH ik, TR F¥RectangleToool 1 E X

public class RectangleTool extends RectangularTool {
public RectangleTool(DrawCanvas canvas) {
super(canvas);
}

public RectangularGeometry

makeRectangularGeometry(PointGeometry P,int w,int h){
return new RectangleGeometry(p, w, h);

}

public boolean canEdit (Geometry g) {
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return (g instanceof RectangleGeometry);
}
}

BiERINEQEMME LN KPolygonTool, XNMRKITAMI2ANPMEN
EEEGREI[RBHEL, FRMREXANIRARMATUSBER, RaUCIRRMEEZHE,
T APolygonToolif[al Fl F 1T R ek

TSR RTEHE LR, NRARFERFELEBEMAEZHE, WEkhEER
x; RZ, Wk ERESEBER, 3 HXREN+EEBIFR.

s Y—AEHEHEEPE, APARSEGEREMEE, WEABEN— A HTUL,
AT RAESTENSEE; o, YaiABmER, SHii— 1 ATRY
A MRARA AR, WEABERER, RintT -, XA B
BFHME,

WEFTEHAENREERREES, YAUBERNGEEET,

cHMRBALTEE, APARGAGERE-ME, CAHAL0E I TANE
Uik,

cMRFFAEZHARKTE ST, Mg,

PolygonTool#s# LB A7 .2.4% iy PolygonListenerBAR L EAIERE LA, .
iterBREFXRPEAVNENTEENE, AREFFEREABHTA; HRHM
vertexBeingDragged AR IRA P REARGEET A, REMK, TIIERE
ATE=ERKH: B—, A —HITHAPolygonTooly BT #abstractTool; &,
PolygonTool " PolygonListenerMREEACHFHEE, MAFHERSHEE (T
MERLKAbstractTool 47K Tmanageris, ) kZM; =, PolygonTool H{Ei A
BOMEXEERR -, RACFNEZRERSLYR, tEAREVARANR, 58
K&, BIIKNERE44E EmnousePressed. mouseReleasedfiimouseDragged#
FHE, REAEMFARNRT R ENEARE. FHLPolygonTool MR X ;

public class PolygonTool extends AbstractTool {

protected Polygonlteratcr iter;
protected boolean vertexBeingDragged;

public PolygonTool (DrawCanvas canvas) {
super(canvas);
}

public void init() {
super.init();
canvas.setCursor (Cursor.getPredefinedCursor(
Cursor.CROSSHAIR CURSOR) ) ;
iter = null; -
Geometry geom = manager.selected();
if (!(geom instanceof DynamicPolygonGecmetry) )
manager.select(null);
else {
DynamicPolygonGeometry poly =
(DynamicPolygonGeometry)manager.selected();
iter = poly.iterator();
}
manager .updateManager();
}

public void finish() {
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if ((iter != null) && (iter.nbrVertices() <= 2))
removePolygon( ) ;
}

public HilightStrategy makeHilightStrategy() {
return new PolygonHilightStrategy(this);
}
public void mousePressed(MouseEvent e) {
vertexBeingDragged = findvertex(e.getX(), e.getY());
) . .

public void mouseReleased(MouseEvent e) {
if (vertexBeingDragged && e.isControlDown())
removeVertex();
else if (!vertexBeingDragged) {
PointGeometry p = new PointGeometry(e.getX(),e.getY());
insertNewVertex(p);
}
vertexBeingDragged = false;
manager .updateManager();
}

public void mouseDragged(MouseEvent e) {
if (vertexBeingDragged) {
moveVertex(e.getX(), e.getY());
manager.updateManager () ;

}

}

protected boolean findvVertex(int x, int y) {
if (iter == null)

return false;
PointZoneGeometry disk = new PointZoneGeometry(x, y);
for (int i=0; i<iter.nbrVertices(); iter.next(),i++){
PointGeometry p = iter.point();
if (disk.contains(p))
return true;
}
return false;
}

protected void insertNewVertex(PointGeometry p) { -
if (manager.selected() == null)
makeNewPolygon(p);
else
iter.insertAfter(p);
}

protected void removevVertex() {
if (iter.nbrvertices() == 1)
removePolygon();
else
iter.remove();
}

protected void moveVertex(int x, int y) {
iter.moveTo(x, y);

}

protected void makeNewPolygon (PointGeometry p) {
Geometry poly = new DynamicPolygonGeometry(p);
manager.add(poly);
manager.select(poly);
init();

}

protected void removePolygon() {

Geometry poly = manager.selected();
manager.remove(poly);
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init();
}

protected PointGeometry selectedVertexPosition() {
if (iter != null) return iter.point();
else return null;
}
}

PolygonTool K EX THEEE BRKMHERHA HkselectedVertexPosition,
MEHEREEERRN, RBREAX - ERRG YT E,

%3

7.18 ZEHEllipseTool,

719 XLhrt, prawPadBFEESERMARBYTHE. —FREEETR (AEEE. BH
MEHE), B—FERATHE TE (pointer tool ), HEEBALEITHREEATLR
FritAmAEEE T R®A? BAE —1LabstractDrawingTool RFTHEE LR
RIS, EREE B T- 18K E I E e A BE M — T A ? BEE Drawpadffp
IR T, RRARBEBELHAbstractDrawingTool 4T R 7

7.73 DrawPadtiE EF R ~EERE

AimEitied, YporawPadBF P WER FHEEERFN, EXABEPEES LT
. BEEHEBZPHA-ITHAVYERAITAENEE, XMHETEEFE (NRF) g
FREMERENFY S, BEEESAHARRE B /R ER AR EE LB ™4 A6
BB REE Ei’ﬁm%%fiiﬁi%%%ﬁ%makeﬁilight, ZHEREWASEENT
A, RAEEBEHEBEE T AMABET A9,

FUBARFMEESTEARR ., YEHETTEN, SFNEBNOE YT aE
% SEAEEIAN, £PHNEE (HERESHE) mE—ERERE; YERASH
LR, TEE (ZAFR) WALER, FHYAHETAAEERS,

EEEESFALHAFESRENEGNZH, MTEXAEEEEARBTER. BIKR
MERSLPlHilightStrategyRE M., XMEAOTE X THA I YinakeHilight k™4
AEB KRS, E7-208, =FRBLLECH T R L Hnakerilight Hik,

HTRFBEf—REEZEN, TAESR—ITAEMNAREBTNRBRABEERE. AT
BMEX—R, BMTA#ELAnakeHilightStrategyF ik, LIMEEIREFTF MK,
H— A THHELEN, EAnit TEFEARBEEHEI — T nakeEilightStrategyiRk
Bl R R, EHOREVUBENTIREE R RN AIR. HA P A $PointerZ 4 B,
PointerToolfyinit ¥ fimakeHilightStrategy, makeHilightStrategy®
P4 outlineStrategy MR H B EHLAIBE ERHI . X R IHE R ke
EBRE, BRI FREEXFLABRE B REE,

THZE—THilightStrategyMEM FRMELH, H9 HkmakeHilightfE AW
ZBEEg, BE— "X RgHNEREENT S, HilightStrategyBE AEXNT -1 BEH
EMBENGALE TR, #0HilightStrategy @ XM TF :

public interface HilightStrategy ({
public final static Painter DefaultHilightPainter =
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new DrawDynamicPolygonPainter(Color.red,
new BasicStroke(3));

public Node makeHilight(Geometry g)
throws ClassCastException;
// EFFECTS: If g is null returns null; else if g's
/7 type is not compatible with this strategy
/7 throws ClassCastException; else returns
//  a node representing a highlight for g.

y
<<interface>>
l DrawPadManager —] Tool
makeHilightStrategy()
’ 3
<<interface>> =
HilightStrategy <<abstract>>
AbstractTool
makeHilight()
o PointerTool [
r4 OutlineStrateqgy
makeHilightStrategy()
makeHilight ()
<<abstract>>
- BoundingBoxStrategy RectangularTool -
makeHilight() makeHilightStrateqgy()
- PolygonHilightStrategy PolygonTool |
makeHilight () makeHilightStrategy()

H7-20 RREEBRPI) AEMERTHERMRNA

OutlineStrategyRELHBAIMEREHBEEREE T, HTHAW
DefaultHilightPainterRE®FEE BRI, KoutlineStrategyIE X .

public class OutlineStrategy implements HilightStrategy {
public Node makeHilight (Geometry g)
throws ClassCastException {
if (g == null)
return null;
else
return new Figure(g, DefaultHilightPainter);
}
}

BoundingBoxStrategyX7EM A JLMEAE g AB M - B2 EF B R BIERAE;
RWABEARELSME, WmakeHilight FrLierk ¥ ¥ BoundingBoxStrategy
HIE 3L

public class BoundingBoxStrategy
implements HilightStrategy {
public Node makeHilight (Geometry g)
throws ClassCastException {
if (g == null)
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return null;

else {
RectangularGeometry r = (RectangularGeometry)g;

return
new Figure(r.boundingBox(),DefaultHilightPainter);

}
}
}

PolygonHilightStrategyXLMAZ AR JHBEEEEE R, FHBR YN
Re EEXT — toollk, RIFXPolygonTool W5 A, X EEMYRTANME.,
¥ PolygonHilightStrategyME XN T ;

public class PolygonHilightStrategy
implements HilightStrategy {

public final static Painter DefaultVertexPainter =
new FillPainter(Color.white);

protected PolygonTool tool;

public PolygonHilightStrategy(PolygonTool tool) {
this.tool = tool;
}

public Node makeHilight (Geometry g)
throws ClassCastException {
if (g == null)
return null;
else {
GroupNode node = new GroupNode();
node.addChild(new Figure(g, DefaultHilightPainter));
Geometry vertexPos = tool.selectedVertexPosition();
if (vertexPos !{= null)
node.addChild(
new Figure(vertexPos, DefaultVertexPainter));
return node;

}
}
}

DrawPadBFF R T MM B REAMOLTE, MERMNFERMBEAETL.
A &R FAMEREEA, RENET 5 5B,

HRUMBAEXSUTALE, AFEX PN EBE, SARETH

AreaGeometry# i,

« EX—NRERRCIBMBBULMERLEH, XMEEHTool DO,

MRAEBAGENERESRERE, & NHRHAE,

¥ EHmKcontrolPanel &L/ {& .

(a) HM—FToolButtoniZ4 BI A B HI IR =+ .

(b) W#EcControlPanel MM REHELE, LS SHFEANET.

ETEHMGIF, SHERETE,

%3
7.20 #EDrawPadBFWEM L, M- 125 HAER %G (B2595. 100
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7.21

7.22

RoundRectangleGeometryZE il ), HHMWIT W EEE TANHERE T EH
l, BAAELANKMEERISOMEE.
Bgd720, FRIMAEREANKAERNCEASHKAMTER LA, Fim, ARIE
A ERKBO025MEM E20MR K, FHEATE N EASTEN0256F M E20MR %
[#875: RoundRectangleToolX T EE HUpdateRectangularGeometry
Fiko ]
[FlPointZoneGeometry E X B ¥ — S PHBER ERA M A KB (4:373), %
LineSegementZoneGeometry R E X B E —BABRLWEZERNNEER KX 5
(WRFE—SBILWIER/DNTR, MARSEPELRBERET ), RENE®REZ, RATLL
WME WREREREMAEBRLNEAE., LineSegementZoneGeometry L I
AreaGeometryiEN, THARLH THIEL.

public class LineSegmentZoneGeometry
extends LineSegmentGeometry
implements AreaGeometry {
public LineSegmentZoneGeometry(int x0, int Yo,
int x1, int yl, int zoneRadius}
throws IllegalArgumentException
// EFFECTS: If radius <= 0 throws
// IllegalArgumentException; else constructs
/7 the line segment (x0,y0)-(xl,yl) with
//  the specified zone radius.

public LineSegmentZoneGeometry(int x0, int yo,
int x1, int yl)
// EFFECTS: Constructs the line segment
// (x0,y0)-{x1,yl) zone radius of 2 pixels.

public LineSegmentZoneGeometry(PointGeometry p0,
PointGeometry pl,
int radius)
throws NullPointerException,
IllegalArgumentException

// EFFECTS: If p0 or pl is null throws

//  NullPointerException; else if radius <= 0

// throws IllegalArgumentException; else

//  constructs the line segment from p0 to pl

// with specified zone radius.

public LineSegmentZoneGeometry(PointGeometry po,
PointGeometry pl)
throws NullPointerException

// EFFECTS: If p0 or pl is null throws
//  NullPointerException; else if radius <= 0
// throws IllegalArgumentException; else
//  constructs the line segment from p0 to pl
//  with zone radius of two pixels.

public boolean contains(int x, int y)
// EFFECTS: Returns true if the point (x,y) is
//  no greater than zone radius pixels from
// (some point in) this line segment;
// else returns false.

' public boolean contains(PointGeometry p)

throws NullPointerException
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7.23

7.24

7.25

// EFFECTS: If p is null throws
// NullPointerException; else returns true
// if point p lies no greater than zone
// radius pixels from (some point in) this
// line segment; else returns false.

public void setZoneRadius(int newR)
throws IllegalArgumentException
// MODIFIES: this
// EFFECTS: If newR <= 0 throws
// IllegalArgumentException; else sets
1/ the zone radius to newR.

public int getZoneRadius()
// EFFECTS: Returns the current zone radius.

}
J#Line2D.ptSegDistiR Bl — M A S B - REBEMEE, XM HEHET
EMEANSH Hcontains FEM LIS, AT EAERKZ N EBERNET L.

// method of LineSegmentZoneGeometry class
public boolean contains(int x, int y) {

Line2D shape = (Line2D)shape();

return (shape.ptSegDist(x, y)<=getZoneRadius());
}

DrawPad B P —MNRBLH TH, TERTHAERER.
HAPRGETRN, MRARFEEFENRE, WkFEBERET; Kz, 0
EPEERERER, FEGE R HFERE,
s H—-RKBEYEPE, HATRABRGEEES T -SSR, TN
H—AWmERFERE,
WRBHAEFEE, APARRAHFREEI RS B, NalE— K8,
BRI ARSI B0 A

KBEEENTEB FLineSegmentZoneGeometry W Sk KW R Hkh (&
SRBEBAKXTREEERNANEROERES ), HPRBER HILBESE,
DrawPad BF M- MR EHAHCREEAR S EF AN S HEE, kR
ControlPanelfjColorButtontiftl, HERIE— M FHERK, THEBRT L NEHE
FBRHETMHLETH (painter) FEA 24575 BB £ 1Y stroke.,
DrawPad 2 P 8 il — MR K BE M SEHE, HRERTRBFE 1", 12", 13", nqn
FEASES EM— R RASEARNGRE. QBRFEEN, THERT I YHE
REAFRMLETEMNEE YA EE A Mstroke, T84 AL k5001,

INGS

X R EN A, EESRNARFERR - HTEHNRERS. TERE
BRI SR R BRI HE, ERBTUFERNIERGAGS SR, Y REy
FHENABRFE, FREEEHZTELNRE, ZREH 6 a3CERE RN EREY
AT R, EREHARMLRTE: %R (HE) MN4HL (BE) .

TRABRF MR MU S OER N ER, B8R AR R R — R 0 M

EREUNRFRANARFREGAN. REBEFRNE TR BRI —
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B, BFEAELETARMAHRTETFER. TERGENFR. BREIEENERER
R-EHREFES, BERSAEAFREFMALL, CRMENESLBE, MEEENE
AU FRZRETL,

AWTHISwing R JavaBl B R TR FFF AHES, JavalE R EFBEH=HoHR: HE.
HREHESNEAEA, AFRAFTARATRZEME O/, wmEd. miKR. HiE
. KB, XAEMFRES, ZRETUSHNELMBAAGNEAYE, TREEBE N
FRHAFIERPOHSE, MEHERRAGEHNLEITH,
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ARPAERYSHERFABMRERARSRATR, BENTERNRBEMA. E
EXAMEA, BIAEZRIHT —14L HscanInputF, FRBZARFMERSE, &F
—MERRX KB R AH T

public class TryScanInput {
public static void main(String[] args) {

try {
ScanInput in = new ScanInput();
System.out.print(“Please enter your first name: *);
String name = in.readString();
System.out.print(“Enter an integer: “);
int a = in.readInt();
System.cut.print(“Enter any number: *“);
float b = in.readFloat();
String res =

“Don’t you know “ + a + # * “ + b + ” ig “;

res += (a*b) + ¥, ”* + name + “!”;
System.out.println(res);

} catch (NumberFormatException e) {
System.out.println(“I can multiply only numbers!”);

} catch (IOException e) ({
System.out.println(“unexpected i/o exception”);

}

}
}

THEEAANZEHAF, HFRAAEANRERLS.

> java TryScanInput

Please enter your first name: Arianna
Enter an integer: 4

Enter any number: 2.5

Don’t you know 4 * 2.5 is 10.0, Arianna!
> java TryScanlnput

Please enter your first name: Phyllis
Enter an integer: 18

Enter any number: David

I can multiply only numbers!

ScanInputXMiF B A WP IRBRMEE, REAE, WARBZRAAZSAFHS T,
BEZERE. B MBRTH. NRABAERA, ?ﬁﬁﬂ??ﬁ%ZlﬂbﬂﬁE?ﬁ ZK
MFRHBRYUE-NFRBLE, B, WA

thisIsARidiculousString

WHreadstringy P ab AT, B LB Bl — A F & B thislsARidiculousString, RETEIE X
EXRANRFA, R, WERBA

6.3-7.42

WMreadFloat FERBEMHREL, BRHEAR— T, R, WEEGA
6.3 -7.42
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HHAreadFloat FESIEA63, MBHEEHF - HreadFloat, EA-742, THE
ScanInput?@H@ﬁﬁ'ﬁ:

public class ScanInput {

public ScanInput(Reader inReader)
// REQUIRES: inReader is not null.
// EFFECTS: Constructs a new ScanInput whose input
// comes from inReader.

public ScanInput()
// EFFECTS: Constructs a new ScanInput whose input
//  comes from the standard input System.in.

public String readString() throws IOException
// MODIFIES: this
// EFFECTS: If i/o exception throws IOException;
// else returns the next string in the input
// stream (a string is a maximal-length sequence
// of nonwhitespace characters); returns the empty
// string if at end-of-file.

public int readInt()
throws IOException, NumberFormatException
// MODIFIES: this ‘
// EFFECTS: If i/o exception throws IOException;
//  else if the next string in the input stream is
//  badly formed throws NumberFormatException; else
//  returns the integer the next string denotes.

public double readDouble()
throws IOException, NumberFormatException
// MODIFIES: this
// EFFECTS: If i/o exception throws I[OException;
//  else if the next string in the input string is
// badly formed throws NumberFormatException; else
// returns the double that the next string denotes.

public float readFloat()
throws IOException, NumberFormatException
// MODIFIES: this
// EFFECTS: If i/o exception throws IOException;
// else if the next string in the input stream is
// badly formed throws NumberFormatException; else
/7 returns the float that the next string denotes,

public boolean eof()
// EFFECTS: Returns true if at end-of-file;
// else returns false.
}

ScanInputf —MESHMWESR, T UESEMEMOBARE. i, T
AT EJ7#EEscanInput Hl— A U4 4 filenamelt B, 1T M SCHE R A K .

ScanInput in = new ScanInput(new FileReader(“filename”));

ScahInput?@%lﬁﬂT:

public class ScanInput {

protected static final int MAX STRING LEN = 512;
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}

protected Reader in;
protected boolean eof;
protected OneCharBuf buf;

public ScanInput(Reader inReader) {

}

in = new BufferedReader (inReader);
eof = false;
buf = new OneCharBuf();

public ScanInput() {

}

this(new InputStreamReader(System.in));

public String readString() throws IOException ({

}

char[] buf = new char[MAX STRING_LEN};

char c;
int count = 0;
skipWhitespace(); ’

if (eof()) return new String();
for (c = readChar(); !isWhitespace(c) && !eof();
¢ = readChar())
buf{count++] = (char)c;
return new String(buf, 0, count);

public int readInt()

}

throws NumberFormatException, IOException {
String s = readString();
return Integer.parselnt(s);

public double readDouble()

}

throws NumberFormatException, IOException {
String s = readString();
return Double.parseDouble(s);

public float readFloat()

}

throws NumberFormatException, IOException {
return (float)readDouble();

public boolean eocf() ({

}

return eof;

//

// protected methods

//

protected char readChar() throws IOException {

}

char ¢ = (char)0;
int cint; :
if (buf.isFull())
¢ = buf.get();
else {
cint = in.read();
if (eint == -1) eof = true;
else ¢ = (char)eint;

return c;
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protected void unreadChar(char c) ¢
if (buf.isFull()) f
throw new Error(“internal error”);
else
buf.set(c);
}

protected boolean isWhitespace(char c) {
return Character.isWhitespace(c);

}

protected void skipWhitespace() throws ICException {
char ¢ = (char)o0;
do {

¢ = readChar();
} while (isWhitespace(c) && teof());
if (eof()) eof = true;
else unreadChar(c);
}

//
// nested class for managing one-character buffer
static class OneCharBuf {
char ¢;
boolean isFull = false;
void set(char ¢) {
this.c = ¢;
isFull = true;
}
char get() {
isFull = false;
return c;
}
boolean isFull() {
return isFull;
}
}
}
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EETEZN, 2P EEERFHSETFRMARMETFER: BEEERFBR
MyGraphicsProgram( 3.577 ) 1 F 7 v] 32 B 1) 31 25 B JE 18 Fr B AR MylInteractiveProgram ( 4.5%7 ),
TEHAB MR, ENHERBEANRE L —1%%KY BapplicationPanel, f#if
BESEEREF, 31 (FEBEB-19 YMyGraphicsProgram) FEEHERX KW
makeContent /¥ flpaintComponent 55, U WERGIBENLHBERNS.

R EXEERERRF, $2X (ZEEB-1% AMyInteractiveProgram) BEE %R
XHpaintComponent ¥k, Mo, BFEX— MBI, AEBRHXEREMERE
&M% (7EEB-19 HMyGraphicsProgramController ), MyInteractiveProgram
RiLERB[ENEH - HE. YFERGFE, ErEfBREHEE, ERERYHKY
BIEAE, BFEREEACTER; BIMEHBRTEENSIE, YEAAHEENE
AR, 4 & Erepaintil B A HELE,

javax. javax.
swing.JFrame swing.JPanel

1 : ?.
ApplicationFrame < ApplicationPanel

makeContent ()
paintComponent ()

iy
I 1

MyInteractive 1{> MyInteractive MyGraphics
ProgramController Program Program

EB-1 EEEFESE

THRApplicationPanelZ MApplicationFrameKiE X .

public class ApplicationPanel
extends javax.swing.JPanel {

// the frame that owns this application %
protected ApplicationFrame frame;

// to be overridden if the subclass takes

// program arguments
static public void parseArgs(String(] args) {

// EFFECTS: Processes program arguments, if any.
}

public void makeContent() {

// MODIFIES: this

// EFFECTS: Constructs the graphics content.
}
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protected void setFrame(ApplicationFrame frame) {
// MODIFIES: this
// EFFECTS: Sets this panel’s frame.
this.frame = frame;

}

protected ApplicationFrame getFrame() {
// EFFECTS: Gets this panel’s frame.
return this.frame;
}
}

public class ApplicationFrame extends JFrame {

public static String DEFAULT _TITLE = “My Frame”;
public static int DEFAULT WIDTH = 400;
public static int DEFAULT HEIGHT = 400;

public ApplicationFrame(String title, int width,
int height) {
// REQUIRES: title is non-null, and width and
// height are positive.
// EFFECTS: Constructs a new frame with given
// title and size.
super(title);
setSize(width, height);
center():;
addWindowListener(new WindowAdapter() {
public void windowClosing{WindowEvent e) ({
dispose();
System.exit(0);
}
}):
}

public ApplicationFrame(String title) {
// REQUIRES: title is non-null.
// EFFECTS: Constructs a new frame of given title
// and default size.
this(title, DEFAULT WIDTH, DEFAULT_HEIGHT);

¥

public ApplicationFrame(int width, int height) {
// REQUIRES: width and height are positive.
// EFFECTS: Constructs a new frame of given size.
this(DEFAULT_TITLE, width, height);

}

public ApplicationFrame() {
// EFFECTS: Constructs a new frame of default size.
thiS(DEFAULT_TITLE, DEFAULT WIDTH, DEFAULT_HEIGHT);

}

public void center() ({
// EFFECTS: Centers this frame within the screen.
Dimension screenSize =

Toolkit.getDefaultToolkit().getScreenSize();

Dimension frameSize = getSize();
int x = (screenSize.width - frameSize.width) / 2;
int y = (screenSize.height - frameSize.height) / 2;
setLocation(x, y);
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}

public void setPanel (ApplicationPanel panel) {

}

// MODIFIES: this

// EFFECTS: Adds panel to this frame.
Container contentPane = getContentPane();
contentPane.add(panel);
panel.setFrame(this);
panel.setPreferredSize(getContentSize());
pack();

public Dimension getContentSize() {

// EFFECTS: Returns the size of this frame'’s
1/ content pane.

Dimension 4@ = getSize();

Insets insets = getInsets();

int w = d.width - insets.left - insets.right;
int h = d.height - insets.top - insets.bottom;
return new Dimension(w, h);
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Y% — @ #i5 % ( Unified Modeling Language, UML) B M 2 EE N ERE, UMLE
RERAEMARBAEE XRBZRITHPHESHAE. UMLEE#RHEFZITESEHE
M. EXEIERER. LHERE. RANARMEXRIRSE XHLERIESYE
Be, MERRERERN RS0 AR Y BB & o 8 69 R W7 HE 1 T R 7 48 ok 52
FH . BM1997FEHOMG ( Object Management Group ) & y T [f] X £ B4 9 47 1
UMLERAR T Tk 5. ﬂﬁﬁ*ﬂrmﬁﬂﬁﬁﬁiﬁ EFHEZNMA BB ERTHFRAUML
ENERIES .

AHFHNBUMLK—/NE5 (2% XRPHIE TILASIUMLA TS ), TELE
BTRAZBCTRRERES: ATHRRABSEWH LR (class diagram ) MEF %
RAshBEMMAF B ( sequence diagram ); K EF R KL 2], YRR ZIEMER,
PR RN — 2K R MBI SR, TIX 802 R 58 Taf 280504,

ARGEEMATREREBITHMEMITHEL, BUFE AR AS R AN
RHKREE RIS 8 3 B3 0 e 85 ,

C.i %H

KRERREMBZBMRR . FEUMLF, 2150 5 16 8 60 %5 R 75— £ H 894 i i
LRZ BRA—R, EATUEFEXLRBEMXE S, NRA B X 8 % E 7
DX, KARETEAT LN ERR LM LR, Bl 40 45 <<abstract>>, <<interface>>, #i
RMTR (AEHMREAMEED ) KRR NEHE,

ClassName ClassName <<stereotype>>

ClassName
attribute

attribute: data-type attribute
attribute: data-type

operation()
operation{arg-ist): return-type

PR EFAEEMEL FWBRER Y £83 (association ), {n—2 % 5CH 6 & 5%,
RELBHH— LML, RKEKRAEBEFNRZ A —KEER, KRR UAZH,
EEFAAPMELCZAGEAERGLH A Flu, HETEMEERS, WE Happroves

#association namek FRClass1 approves Class2,

Classl > Class2
association

name

RERRATLUA TR KB B E#kERITAE, FEUMLHF FRHA $4% ( navigability )
RAREGINHEBEET . RE—DT 8 LI SRR R FEW AT 18] _E AR
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BHIRBFAED DRI, WRAHEL FMARARTENDE R, TEHRERLKERESR
Class3W LB LIRH B HClass4, HMREFTT,

Class3 Class4

KERFIKRIRLUEMACS SRR, ERBEEXNKRN EEHRERACE. MWREX
REBAIREACE, WRISHHAXLEEIACE, ACRERA 3 EH (multiplicity ),
FEXRBRAR W ESEHEME (multiplicity value) (BHRERAR ) FREE5XLENTEN
BH. TERBESEHENERE (THHANTRERRERBR):

n FRn

a.b MaFb (a<b )
a,b,c FRask bk c
n.* MnB) %4

* OB 24

THERRCLassSERA LI S5487/ Class6 L FI KB, MR HM, Class6i L
HEt 511 class5R LM B,

Class$ - Classé

#84 (composition) B—MBEHRE R ML, RREZ RN LELBKSIHMWLE,
—MREXR CEE) FER DR R (BH). ENZEEBEEYE SIS, B4
SRBRFRRR, MBARGLET, VA OS2I HNE, A4ETHNTLOER, Lo
BRAEAGEHZE -, FTERRClass7H RIH IPMRENClasssi g,

*

R%& (aggregation) RA—FHHRERMXE, BERKZAMNLELEESHSM
XFR. REANBEARBAS, ZREAN - IHLTUSMESBIE, BEERYS
CEE, TORHAEBRNX %, FTHXELRRClassIM B EIE 2 M Class10X 4,
RN &R Class 100 R 7 LI BN Class9xf it

Class9 = : 2 Classl10

# /K (inheritance ) EX T —MITEMEH TR Z AM SR LE. AR FRHELLE
WMEERLHS LA, TRERYE, ERETEONSH, THE$H,classi2¥
E'f¥%class1l, MiHcClass13BEY BT Xclass11, XM TE D Interfacel,

<<interface>>
Classll Interfacel

—F 2

Classl2 Classl3
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C2 BEFE

BFRARBRERENGRPNRZEANSHEERFR, BEEERAXMRENNEBEE
RIKEMLR . WIFEEERANM: KPHRAARHNR, EER THRRNE (8L
MF) MFEFHNSEA-ITHEAEERENERERS, IRENRNAL. EHE
KRB ENR, ATRAEXRBRNEAXNEZRFEEN. NREXTRAE 6r sk B # Wt
REMEBPEENLKFERERER,

BFETXMNREAFETUENLLEEMNLELESHRRN, WREAR—NRERHH
RHEANE, TAFEXSEN, RATLUAESHMEN &L, BERY: 48 £
Z, MBBERHREZBTEHHBBEN. HWBHER BRXMR LT HITES, #E
ARRAEXEFEANEESECRHEMAH NS, YR EN TN, MRELFES. MR
XRETRERTLBHIEN ., ENRENE LBR—DHEKBPAE R RN R BHE,
BIEEMKERRZ T HRAESN., WTFAH, Y—FLinesegmentGeometryXt £ i 3
— A translatel§ 8 87, E# & XK translateil B 43 R p0oFlpl,

I;Client ] I:ineSegmentGeometrTl Lpp: PointGeometry] IE: PointGeometry l
T T T T
] 1 ]

translate(x,y) !

translate(x,y)

transtate(x,y) E]

L

—TXNBRANTLUES KA HERUBEBEA MR, MROCIEEFHZRNE
AREERIERRH; Y- N REBRHARBEEE, ZHEA “X” iR, R¥Java
MR ERRESEXNRYERE LA EA KT S REE K, ERREHS A
REBEUBBEH. MTHHR, SEZABK D containsi LA ERBFLEE (x,y) B,
ERR—-TER, REREHBcontains@X—BR, WERTEAETA (). YERE
BETERBEEBARRE, ERHEBH,

I £I;|_gg§1 l :PolxgonGeometryj

contains(x,y) i
shape() (> : Shape
contains(x,y) |
4
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AR FET— R WL EEHRbananal W, EHNREANBREACPLRL R
ERAGEENERE. FRENRBRALANTCHARTREZAMNXER, BREKIT
EHITE, HREANABY A (FEFVANTA) B4Y 5 (group node), Bf
GroupNodeX R E M FRM LM, TransformGroupPH HABE—-TEHAN R, ERE
RYEERIFENER EEXT MR R, AxesBHUE-NMET A, EQARTA
FEN—XRiaH, HRATHYEARER (FigurekWEH ), EESBFE—IIL
i@ ( geometry ) Fl—A2 B T H (painter), AT THBERENFEARHMRE, HSR
6.4%

<<interface>>
Node
paint()
R ? """"""" H
——-—-O Figure GroupNode
paint() addChild(}
? removeChild()
iterator()
0.1 0..1 paint()
<<interface>> <<interface>> yay
Geometry Painter
Axes TransformGroup
translate()
rotate()
scale()
setToldentity()

JLTEERBIE (figure) PHBEANEEHLHMBGZ—, BRITE AR EZH TR ILAEE
B: AreaGeometryRFHRH A X B JLMER, RectangularGeometryX#HiRiE
KILMERE (5.4.2M5.43% ) ; PolylineGeometry R/ E#EEHLBRARMNIT
2 (4.3.2% ), PolygonGeometryRX A VFTH LW EHE (5.3.1F) ;
DynamicPolygonGeometryZH 70l LIBMMBIALNE, GREHFHTA. HBREER
BHWMA (6227 ) ; TriangleGeometryfE62FH =B HEFREEBAER; Hit
WA fiTextGeometry (4 35.20), PointGeometry (3.2.1% ).
LineSegmentGeometry ( %33.3). LineGeometry (5.2.3% ) FIEH AR HEEJL
B S firectangleGeometry (3.2.2% ), EllipseGeometry (4.4.2% ) f
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RoundRectangleGeometry (5.4.2% ),

<<interface>>
Geometry

shape(): Shape
translate(dx.int, dy:int)

JaY

H 1
i i 1 |
! i 1 {

[TextGe:)metry] IPoin(G;ometrﬂ ;;::éeer;:::; [Pooyline«: try| | LinesegmentGeometry

contains(x:int, y:int} : bookean
contains(p:PointGeometry) : boolean

T

1 -
]
! i

DynamicPolygonGeometry <«<abstract>> l PolygonGeomem [Lineoeomeny I
RectangularGeometry

{ I 1
[ TrangieGeometry | | RectangleGeometry | [ ElipseGeometry | | RoundRectangieGeometry |

HEZHEH-ITHENITERAR (622% ) —ATHEAERHEELH—AEAT
SAEAHETE (ENFFHEREME—ATEAT—4 T ), ERERZHEERER
BPHEZHE (6237 ). HRILMBEEENEANIUVTER#TH. . 2HREBIIY
FIMERE (6.3.17 ),

<<interface>>
Geometry UnionGeometry
—! IntersectionGeometry
<<interface>> <<interface>> 1 <<absract>>
Polygoniterator AreaGeometry BooleanGeometry
A 4 DifferenceGeometry
]

DynamicPolygoniterator O'+ DynamicPolygonGeometry

t.

Vertex

—_
-

PointGeometry

2

Bl —-NMLAEEM— 2B TAARK. 7E5.6% 4, BAFM R T Paintersks
B, ANATEMpaint Tk, FRNLETEREEBHIIN, 0 P R B 5 P BB R
P& o m 3 5% ﬁﬂi%ﬁPaintPainter%ﬂT’E’E@??@B‘Jpaintﬁﬁ; FillPainter#ffl
DrawPainterf}HIFIREAMEL ML ; (HPprawPainter FiE FIL 5% A FH R
A—BHHETEHE, I —TTANEDHE), DrawPolygonPainterHl
DrawDynamicPolygonPainterZ BIREHEMH S LA WL KL, MultiPainter
HRE—4HLBTRAGER, FASRNEE. HEMNHNHAGHRPaintPainter
B, EXRTHEIMLETEARNFES HEMHEF —INEHAAMultiPaintert}, &
REELZARU FH2ETERES,
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<<interface>>
Painter

paint(g2:Graphics2D, g:Geometry)
. A .
1 L
MultiPainter <<abstract>>
PaintPainter

2

FillPainter DrawPainter

i

FillDrawPainter DrawPolygonPainter

EHEREVBREREN, Ao RENBERBERER. RIINE T IR
A M %: RandomIntffi flJavaliRandone N & & # B &+ 3 /8 B AL % 3 ;
RandomIntInRangeM B E L EH BN EE; RandonPointEEEBE X B4
BEHLA ; FHRandomRectangle?t & & B X =4 HHL & & ; RandomColori®
HEREYLE G, BT X BEYL A RSB 42 NG,

‘ I RandomRectangle 7 RectangleGeometry

2

3 ¢
RandomIntInRange ' RandomColor
1
. 2 1. :
— RandomPoint RandomInt ’G— java.utilRandom

FHEBRZER BRI T oananal PFRANEAMED, NSNS B0
TEVHEIMENR, BATEFERE-TRBOY R, fim. DifferenceGeometry
XY & T BooleanGeometry., M Fbananatl FIKMEHEHEMENH, FIUL K
KPR KREENNBZIEAT4EM, i, PointGeometry X LR L LHT
java.lang.ComparablefiGeometryH M ED, BAI IV PN BN BEEHTHX
RO B

'y

KEXIIR
ASSEIZE o o e e e i e e e e e e e e e e e e e 221
AIEIDULEZS - oo e e i e e e e e e e e e e 8334
BooleanGeometry2R ( KBl AreaGeometry ) - o v vos con i os e 0631
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DynamicPolygonGeometry2s ( iﬂ‘.AreaGeometry ) e e 062,27
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RegularPolygonGeometryZ - -o v i ot v it v e e e el B2 3 6011
TriangleGeometry?é‘ Se e e e e e e e e R 5] 613
DynamicPolygonlteratords ( 52 BEPolygonInterator ) - - -« vuv woe e cee s vt cve e evn .6.2.3%
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