TEEEA i+ 5 11 7 3) 41+

$itdetrdia00 s 101

el AR Ra

NGXP R




Rit R {T#B4007 #f

BEXZFTHTENRIIAHM

FIBLEHK) (ciEEm)

PR RER HF

BEXP M

b3



m B & N

(BIEEHD(CEFBRORABEEH"RERSHEM WAIEIEIBESHERBEENCE
FRITNSZHM.

ABHETERINMREERUNAR TS EARYNBIBEHRINA FEBr LRITR
ERAHFHERLTATEERRGEONUE. 2HRAL CEFFEIREEHNEENHRIES.

AHBMEERTE CRERTHF EFHE AT HARELRA(BESHEENCET
RO BEE T ¥ NET A%,

AFEERBTEAAE DOSHKIETBITMUK CEFHRN BEAHE LB EURB B E
M, LA RFE Windows 3 FiE17#I U2 PASCAL A C WM EF AN KB AWM E L HEHEMY
BB

ABAERITENR LY REELXMXLUNAN R R M BIENAIHENIRSNAT
ERBREIEESE.

ZEHEAMEREAFHEHEBORE, ENREETOHE.
ARETE, BRBR. @HREHBAIE: 010-62782989 13701121933

BEEMR®E (CIP) ¥iE

BAEEM .CIBESH/HE . RHEREE . —Jean. HEKEHERI, 2007
(BHEKZFEITEYL R #HAD

ISBN 978-7-302-14751-0

[. ¥ 0. O QR M. OKEEM —HF4K—#H OCEF —BBFHIT
— &Y %4 . TP311.12. TP312

o E R A 598 CIP BB 5 (2007) 55 024916 2

RIERB:. LEE

WEEDE . £F5H

HIRE 1T, HEKEHRA i fh: LREEKEEHRE A B
http: / www. tup. com. cn 1 #%: 100084
it ) #l: 010-62770175 14 M. 010-62786544

BRGEEZERSE: 010-62776969 ,c-service@ tup. tsinghua. edu. cn
B B K f#.010-62772015,zhiliang@ tup. tsinghua. edu. cn
: AR ERKE
 bEHER BFEXH AT
: EEFERE
. 185X260 EP#HE. 21.75 ¥ 493 TF
e 15k
: 2011 4F 5 A 5534 WENRY
: 598001~668000
: 30.00 JC

—_—

=
SN NI ok ok

HE w3

3o

RRE . 025648-01/TP



Al

“BEEM R ENEFE TN ERELRARRER, EXREHEN¥
HOBCRE, THERARMELI L LA NEBR, AR UESL
WRBRENEH ANBLBRRERFAFER FIRFERG) KR
BE.ERE .

AN 1 EGREB B RENPHERABLXDELARAF2HE
FTEAMREEXANAR, A TR MR KA 8 KL, Xk,
MA_XHUREEEAXBNBRBEENRAENRAF8EEENAHRAER
GRRERFTSIRNHAFRAENEABRAFIFERF L EHLER
T BTNBERIRAT R FEN R LR AT RM R RN
FRBF L2ENEERAOXHEN. ABRBELEMNE _BOHEXEL S
BFH AFNEMENHRHES 1992 F 4 AHBRNCRBEEMIE ZBOF K-
HEEASTERHTHAHBEXANBRA, AE-—RUBLEM . B2HS
HAAR MR K EXBAGHAPLIAT %

SHPRAXCETHALRBEEMMEZNERET A HERFH
EMPEEHTHER  RELRCETHRE  PAAKLAHNFHIFREL
WFHFEENE, BRCETTRMEAABAANERHA TR, ELTEHE
HRE—WEA“BAXREF R AR BELEHAEBERE, KA FXE
BERAXPHRERE - MEAACEFTFPHET — MO TFE,FHHFCH
BEHNIRAEASEERIAEMRT MK CHREFT. EEAFINE
HUEREBEXBNIX S LIANAEN BT RARTCETHNAY, XER
BYm it LRI ATH CHR CH R F,

MEBMEFREH “BREBELEMR-NTELHERER R, CHHFERE:
FRANARTEN M T B ELEMEORE, UEALAS RO RBLEEE
LWBREM FREMREMENE L A NS EBH XN B2 oz H
ARABER, F—FEARENEFIIBURIEAEF RN EIE, B
REERENBFEMALPERZ R . FERBFTRAAL. #RUEBL
BERFAURBAFALA#TTIEMABF R T RFHEON WS I LN
B WAL BEENRERBE AN NEERRED . XFHAARHHE
BFEHRBEENNE X URY AL ERS Ao, B THRELHALA
UL RELEFILBELXBRNERA NS FEIT O RNEFRITHF— &

«I-

Tif



HH,
AFETHEAHENEXLZ VO AR KR ER A . T UELNFELXHXE
WA, I F R T N 50 F 80, MU TARFEFH & b fo ¥ 4 LR
R AHARAHAERA I« «WEF , EEMEH 5.8 11 12F, x4
XFRB . HAZE-ETHZ LTHAFHENRAZFIHRHBEARS
., AFYBRFBRUHERIFEARAET¥IAS., FRLAFREKFARE LW
R, MBPRXEANEREZEMR., DEAEXB(HRELEHICET R (K
BEMNE BN ETRELEMEHLE E W C F Pascal £ 5%t 4t B
BANAHTFHREIRZHEBXAHES.
EXLRENTH(RELHWEEN CETH) . HFELAFHHRA DK,
FARUTEENI A EIEFTHRANFIETTH,

FRE WA EIH AL G HA R
RHER SR T MR ENEE

B LA e RIS TS



---------------------------------------------------------------------------------------------

BEARME S FIRIE corvrereerororenesrosssrnnesesasensssessssnescossseaessossnsnsesossessuases 4
BB BB AT FITR G ICIL worveevrsrersrrsrernnssensssstirisieneessssnsssssstnanensss g

e« 14

ceeee 17
. 18

1.4.3 BHRBEENEER -

F2W Lfex -

2.1
2.2
2.3

2.4

2.3.1 ZBHEEETE eeveeerrrrrerereinniniitiiiiennii e,
_mzmimﬁz—&*ﬂﬂu BT P L T T TY R T TR TY PP T

2.3.3 WL -

FIW RMEAT -

3.1

3.2

**3.3
3.4

"r3.5

3.1.1 FBUIBISTUABHIGE M eeveevervossoniiinencctennctteenccniiieunccennes
3.1.2 &&{Jﬁ,ﬁ‘;*ﬂgﬂ seceeccescescetcetcesseeseesecse et et cessessessescascsessn e
ﬁ&{”ﬁﬁﬂﬁﬂ..............................................................................
3.2.1 ﬁtﬂgﬁ .............................................
3.2. 4 %'g;‘kﬁ eeeccececcenceccenctececcenccectaccccecceaccectecsacssasaccastecsaneanes
3.2.5 FEIATXIRAYH cevvoevoecoecocnecnocnetnntnntaienitienenncenenenceriarnseseeennse
&gﬁﬁﬁgiﬂ seeceecet et ettt cencetcetcenetcen et neacassetcotcetceassesennetcennan
3.4.1 FHBEIBITYPAFTURGGE XL voreeereeneeerennensstisissssnnnneesesaneminneenes
3.4.2 HMII—RFMERERALR -

3.4.3 {BSFBAFI—BAZU HUBF R LR -
ﬁﬁ;ﬁ:&;ﬂ teececsessessccaccccscsscscscssscscsscesairtscne

1.4.4 g%mﬁﬁirj%;ﬁ

13

13

13

18
21
27
27
35

39

44

e 44

45
48
48

ees 49

49
50
52
54
58
58

e« 60
e« 63



BEAT H coreeeereeernerereentien s e e e e

4,1
4.2

v 4.3

4.4

4.2.1 ERIFFTEFETIR veevereersrermsersssenmssmnssneaenas
4.2.3 EBEGHEETERE IR +oereeereeerersssserseriansnisnissione s e ote suerene es

BRI PO R B ecveereronnerornasnnesnns
4.3.1 ?%$ﬁﬁ%%u&ﬁm®ﬂ%pr)

4.3.2 MERUCERH—FRHEESE - ceereeseneeens
B 458 1 7 2 481 - reeeeerenetenene e et e san e aen

- 86

Y 4.4.2 FESTIARB|FE eeeerreeeeererecrnenisienens

5.1
5.2
5.3

5.4
5.5
""5.6
5.7

6.1
6.2

6.3

6.4

seccescen

M ICEBIAHYFEIR sevrereresrrecrrnstettiomiiiiiiiiiiiiacinn.

5.7.2 HE#lITXE

6.2.3 XA HITERELE R e vevvevernrennsnnennenneneeuersneaeneenans

6.4.1 WEFEMEEH--

secessscsesvac e

- 70

70

- 72
- 73

75
78
79

<79

80
84
84

- 90

90
91
95

+ 95

+ 96
<. 106
- 109
- 110
- 112
- 113
- 115
5.7.3 BT X EMFERELER  coovervreerensosronsennterntinntensnsnnaee e

115
118

- 118
- 121
- 121
- 123
- 126
- 128
- 128

132

+ 135
- 135
6.4.2 FEARE AR HUBE B cercorererenvancreortiitiiiiin i s e e
6.4.3 B FIERHIRIYE TG oo verroeroerermoneneonsmmrentamniiitsienitt es s seesan e

137
138



**6.5
6.6

**6 7

7.1
7.2

7.3

7.4

7.5

7.6

6.6.1 BT SUIF (BEFBI) coevrorreerrreressrnsseraraeecsenaranenas

-+ 149

- 152
= 156
«» 156
== 160
.eee 161

Esﬁ&'—ﬁﬁﬂﬁiﬁw
NB‘JTI‘ﬁ

EB@EX%#%
BRI EEH -

BB eveeveoosesnnctctaretnctetnneennccecrctnencessitesessesccecsnntstesasnsensanses

7.3.2 rEWEﬁi
P B o 5 P ] R -

7.4.1 %ﬁ@&?ﬁﬁﬁﬁ*ﬂé&ﬁ

*7.4.2 ArEEKNREESE- veeteennesesneneneesonnansonnanes
To4.3 B/ R eor v sereersresssnsesssessatnessarssteses e anenesani ersaen ssnsasone
" 744 BN TSP R e eereerererererresrnnrareansestnrnissnesnnesnnans

- 183

. P X1

7.6.1 &%Aﬁﬁ@jﬁ%%mﬁmﬁﬁ%@u........ cerreeseerienresnnanenes

7.6.2 4§— ijﬁz[ﬁjmﬁﬁ%é
sesceccssensscrscsscnans -« 193

7.5.2 %ﬁ%&
BEgE -

RSWM HEFUEE--

8.1
8.2
8.3

8.4

L -

B RRRE

8.3.1 Tﬁjﬁg;nim&tm......... S SO

esssscsse « 199
-+ 201
= 203

8.3.2 4ECEM-
8.3.3 @Wﬁ%

8.4.1 T;ﬁjﬁﬁi|’]§B{J#m.“...................... cereuseesisreasessasasassersons
. e 204

8.4.2 SrEE Y-

Tﬂmiﬂﬁﬁﬁmﬁ& eemeesetteractstterasanes

eggoecnces

T

139
- 144
144

146

163

e 164

166
167

e 167
« 169
- 170
ceee 170
- 172

173 |

> 176
e 179

180

187
190

- 193
cesseces 195
=+ 198

198

203

205



8.5
"*8.6

9.1

9.2

9.3

L SR
10.1
10.2

10. 3
10. 4

10.5
10.6

10.7
LBV
11.1
11.2
**11.3
*t11.4
V-

o BLTCURLEE eeeerecrerernnnenttttcntnioninmesiioienssenesessssomsessasentecssnsoseane
9.1.2 FETBAYZEIR eeooecrrrersrsrnntnrintiniosivnminerentnnsienseecssondenssooras
*0.1.3 BRASMIZEMYBE I coerreereorsrtosionioniintineinrnetintonsenseeanetnennennes
9.1.4 ?%’IMF—?%E‘JE& eeveaseerenentesrasorsunssasaas en
iveverns Ceseteteitestesetssntctssencrosessssiensensescanses 226

9.2.1 _ﬂﬁgﬁﬁﬂq&ﬁ AR e ceevtsensacsonsonsonsansaresesonsnnsens
S 5 1<
9.3.1 LA RMA Foeecerrrtrcrtnaiiiiiiiticiiaiiistnstciticescosccencasannesees 257
== 256
=+ 259
- 263
« 263

HEERE -

9.2.2 B_#F B

mER -

9.3.3 AbFEMRM I
9.3.4 ﬂ%%%ﬁﬁﬁ&‘&ﬁﬁﬁ

REBHEE - T T Y T R T RO P TR TR TSNP PP PPN

. L T T LT T T TR R O TP PP T PP PP PP PP PR TPRT TR TR PPRYP AP PP
10.2.1 BB AHEFR v orecrrontoresesnternecnareennsones
10.2.2 HAIEAHETR vororeorroneenserenessnasnenns

BT HE G erreveeerercettnttntiitiiiiiiiictetietettecestitantstisicettessacsecsanses
PE PR HE S eeverereatentintiimitiiititniieicinceriatitiirecnttactecsocsescatsonconsactastes
10, 4.1 fEBATEIRHERE e oo rererssbrrrenenionniassenesneiseesaneosiesnansannsnnses
10.4.2 BETEZERRHERE oo oo veroosomrocsnrartonenenssissannessnsstesesnnnsneons

EFFHEFR -
HYH R

10:6.1 HRBFHHFE--

10.6.2 BEXEBHF--

SMEBHERE -
SR B AL

206
212

- 214

216
216
218

oo 222

225

227

247

253

265

«= 265
ceer 266
- 271

272
277
277

- 278
e 279
- 283
ceee 284
. 284
ﬁﬁﬁﬁﬁﬁﬁ%%%ﬁﬁm U SO

288

T 1 e
AP EBHE T B 7 P eevseesrorerosecnccacectvancctsonssncassccessensssercecassosncnssnsane
BTG I B SE L eevvvevoesecocrccscrccmntarcsnacatsecnnracies
E&-ﬁ%ﬁfg}? teeersesastttetetssesstsresartsenssssenannson

295

- 297
weees 299



**11.5 B EIHFHFAR creceerceercintiiiiiiiiiiiiiiiiiiiiiiitiiiiiiitiiitttiattiettiettintccnsecaas
L R T R SRR S STE e
12,2 JIUPE L weorservucnnasssacssaannasssacnuannaassesanuannasssasssssasevannnaanssassvannne
12.3  FRE| Ut eeeeeerenrententetititititititietitettetetectatetitentnecntencnnans
12.4 ISAM STHEFD VSAM STAE eeeceecerocsnssnntantiionsessssaiissonsossassnesnsons
12.4.1 ISAM S0 cevereceececenractutiituiiniitetiitacitiitaciitaseecactasacans

12.4.2 VSAM U ceeereereetiiiiiaiiiiiiatitititiatietietietannacsannanss

12,5 BIEBAFIRSTAE (BUFUSCAE) cveveeerneeersnesersnneannesesesesesonssensnsmnessnnesoen

oV][o



Bl1e & B

H 1946 FF— SR LR LR TR LK CE R R EZZ 8 b AT E 8B
BLEREEFLR L, KL BB A ™ H— & BB AL, BRI, X B
FERENNANERET B. W4, HBIIERABARMLSHEN . HEILH N
AEAERRTHEHE MELBATEHN FEARELESERETREOLET
. SN, AU TABOMREARNBERRIAFZR KENERESHEA
—EHEWHEE, RGBT TR - LEFHEE. 3 TREL - FHEF, &5
AR BEAM RO URFELENRZBEEN KRR IRE VRSN XER
EBMERBER,

1.1 fraRBmEH

— MR BL, AtELBR - R EN, KRETEEI TN SR . EEENR
EREHMRE - ESHRARY RE RO — TR RFREANEL . BEHRERF,
TR AR EERBRAME . FREFAER LT 7 R A A 3R B AE B %t
FOHREXLBENRZATHORR, RERAREWET MUMBR. Fm, RERRE
G AR FRBARE TR BRA O KRELNEERE MO TR, R,
ELZMERETEREREAETBRMUME. TEHHE 3 MIT.

11 AHENEERRREASLAE. SHREER—-FSF HEAEHE
HREEA MG RE GRERE - EES% WA R E 5 E A W L 5x 07 K F
BL.ABTERIARBELEERABSERFR. EEHHERNEEMEEN R HEBES
H, FHEE RN, A E D RMHN,FF. FAATENLHAA SRR, WiTRL
MEHMBERXERRFALOBEGFR. SE—KFHF LA BB EFEETH
BRT . HEMFEL RS HRAMME R EEE THHAR. 8—FBHEHE—K
—MERS BAARKHEZEAREHRANBE, REEFHRANEESL KEFHERHY
%5, AN EHEBFHRRREP T AR —KEH R SIFHEF 8045 B X4 3
KABEBE MELMPLSIPFHIINRTIR ME 1.1 Fin. BR 4 HRERHX
HEEPHAIRROEFRE, RN EEREERERENBREERNBESH
ZOXMBAXHHTEN. BUNHRNEFESREAIL . CEREEESE, EXRX
REENRFERS TR BRNNRZEEFFEENE-FRHANZEXR, X
KB AR REERRREN.

Bl 1-2 HEPLAAX RS, THEALZ T LR AN 3R B B A AR X 3E B SRk
HEAECHFATEN. dTNERIREE—Z RN T EILETH, BT, AT AR
EXTFERLHN LB P A ATREENFLURMEENREEREAL, 3FE,—1

o ] o



001 LR 2 & Bp il S01
002 Hit f1% B Lo1
003 BEHRE TR So1
004 SR Rik$H S02

(-3 3 001,003, - Bt i 001, L 002,
Hig h%¥ 002, ®TE 003, S 001,003,
KR 004, E308 004+

A1.1 EHEZRXER

R FEX R A NEE RS LN KRS, EN AR R RBRO Y EERES
Fyo B, ZEXTZR R ST E LR B X ROR X IR A oh AT BB A B AR —— RN
HIR. Bl 1.2 B R HF OB — 4R, WM R 2 18] 5 56 R 2 B H SRt 2
RIBH X MRRRREER, B KR8 R T UIRAE BILA% B, 6l W E
L 2() BrR WM R AT AR A 5 N8R I 1. 2(b) BT, i A& — N BT RI B X AT IR
A 4 FTREE B R . B ER AT IR BI G R B o BT A AT Bt LA R
FEE— K E L M AE—RERKNR. WR7EMEFFRZ AR R, W RE
TR R B R X IR I R R AR AR AR B A F R R A
AT AR AL RE TR MRS, B R —F RS .

X

o]

X

]
O|X]X — olX

o

xio

o}

(a) ) (b)

B2 HEHMER”
(a) EHEEBRG; (b)) MEHHREE.

G113 ZXBOXBEITHERRNE. EF.ETFXXBOATRL.EHAHRL
AT FTRIFIEH B BT T E S X O F LA B8 BT A BB WM E
Z A, NRER B E MM B AWE . BEA—WE L3@QFREAEXBO,H$C
MERBITHE, EBOF 13 RATHER, HhH 0 L FNETT, 0 A>B f1 E~C,

U0 HFREFANSE. BN 3X3 WM, M 3 BT & F— 7L R 1. 3 F— X R A
o

02.



WA KA RER B ETT, 10 E>-B M A—>D. A, EBEDONNARERETETERNE
B 7

B 13 AXBOXHEHEIEHR
(a) AXEEO; (b RFBEBHE

T H X AT 8 B A R B AT R — AR RO B B BRG] AN A B )
Bep, AT LA — AT 7R — AR B T B 2 (8] LA OF & B9 5% R RA AN TR 22 18] 4 o
KERN, WEA LI, GMABERE 1 3R EXEO L —KEK, B E
P 22 6] B) P 4 32 7 3 T A (B B o 7 0 T 4l B S BB IRT S AT . B BT MY (R S 4 K
X PR B T A By e £ [ B, BEOR X I B B A TR — RR U6, 3 HL BEOR A RO 7 9 0 A T
RAREAMRBE, M AHBARMRN I TR, B 1L3IMFRI—-MEALR,
IR B o (9 O R s AT AR B, B 40 3 5 BT 52m A D—A f D—B B & B Al
17

ZEIANBIFAR,HRXEERETHE MEH AR REF IR, &N
FWMEZROBIESEH . EHip, AR BB|EWE TR ERETENRF R
TR AL BRAE X R LA R EATZ B 1 5K R FRIE S B 5

“BARAW AR R — TSI IR EESNR N 1968 EATFHRER LK. FERXZAT, B
AR GERMBIRE, MRLHEFTPAELERE., 1968 FERE —LRXEZHITEILRNE
FI R, BRI BEREHEE N - TR B RBOEENRA AR E. X5,
BARSHILTMEL, R R R W OBEIR R SGE. G, BERSHX B ERT T
AFEME EEREOE B XREHE AT ER TRERZ CEEEMIBNE. R,
B TR AT BT B, A U8 S8 BE A B i B v 5 T ELSE 6 2505 1R
BORFEREGH  XR A — BT KT HEEHWHAE. BER BERBEREN B R
J&, TE“BAR AR P N T XA EEEHR KRG HAR P HNE.

1968 FREMF » Bk « BHERFEBITA T BREH W RWER ML FHOGHEMN
BREFRITHIEE - B(BAREREE AR ARG EHRRE N EBEW M X
HBEMEE. W20 4 60 F£AKRE 70 A%, BT RBERF , RO RN H T, 5
WRFBOTEABF R T EFNEZERE ANMIBEREER RRELEN ANBTFR

e« 3 .




A9 K R X 2 Y R R B B — AR S5, L RO — R R s B . W 20 HiEE 70 &
R HIE] 80 FA040, % R R A A B 45 4 fERRARZE tH 3L .

HAAERE, “BESGH"LELERN IR ITEN S LEET P %O RBZ—,
R ENZ LN ERRBRBZ —.

“BREGH T BB EFR-1EE
T BRR. “BIESHW OB RA N
REGFEVESG N ERGEL FHEE
FAFRUOT 55 BT SV L, T LA ALK
TR AR EEETNH LR TR RRERTF
BREBRIERG B RBBE TR EFHS D
MBS, TERT R B R R AT R % 8
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EI B R R F R R, T H R & sk
RHFEF BRERE BRERELRHMRERF M AR ARTF W EELM.

ERERKRE, BRI R RIRELE, — T W6 & % SR 55k F B 8
BARGEMBBBRAE R, L% BB % 55— E . Wl 5008 26 8 0 M AR
THEBIRGH, ERA— MBS BRBEATIFER.

1.2 BEAESFARE

XTFXE

BRWAR
¥iERRE BEMNER

EAF S BRI — S ESARERUBENE X, UESiEEREFNE
T, REEAAAREEELG M ES R B RE,

M8 (data) R B M EY RS HR, A RSP RIS G 8% A DB HLF
HPIH BRI BNFSORE. CETENBEM TR ERN, S, —~F A%
54T I7 R AR R, AL BIX R R BB B — MR F R F L E R
ML R B TR S, B S BRI S BIR A RN, ER S ESH
AT A3 5 4 S 7 0 2 F 34 A T |

B8 5T K (data element) B 342 9 37K 337 , 76 HH B LR 3 PO 1 0 — I A 47
HBAALTE, B, B 1-2 FER R — R, B 1-3 o o — A I B
BRI —ABETE. B —MRETE T B E TSR (data item) 4 R, 5140, 5
1A BHBEREAN - ERELE, MTHEEEFHE—TNHBE EELS) N
— BRI, BRI BOR R T 48 B BN A
. MBI R (data objec) RUEFAHARMBBETENES  RREN—IT &, #
W ENERES N=(0,+1,42,) , FHREFREMNSLES C={'A’,
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M 454 (data structure) R EZ AIFE—-MBAETHHEEXLRNBETRNES.
XRABMBEEWO—FEREEC. N1 1HP 34

BFAI LR R, EEMAEES, FETRBARNLFE o o ° 5
WOTMRECNZAGEELMHAR SHHB/TRMEZ %8 o0 o
8] f 9% TR R Ay 5 4 (structure) , MIBPB L EZ AR AW °° 5

R AR AT 4 REREH: (D BE FHWHEH g 0 0 00 0o
BETEZABR T ART - EE" XTI, HEHL M
RRO;(2) BEEM  BEHPRBIETR 2 LA
—AERE (D) BIEN IR R 2 A —
AHEMHER; (O BREMBFREN 454 1K IE
ERZEFEEIMEIOER, B L5 N LR 4 KEA
BHMERE, BT RA"RBETRZAXER IR B
By — R, B et T PR A MR R
BREM TR Xy SRS MR — 1 =l

#

Data_Structure = (D, S) (-1 w15 4kmAsmltiRE
He: DEABELENARE.SED ELXRMWARE. T
B AP FRAZ.
B 1-4 TETFEHBED ERETBINT E X E R MBS
Complex = (C,R) (1-2)

H: CREWANLHMWES (c1,c2}sR=(P}, M PREXNEESFTC LH—-FXER
{clye2) b, R A B (1, c2)Rm 1l REBER, 2 REBHEE.

Bl1-5 BERMNTERE - NFFEHENBRF EEFEMEHRRE DAY S
WHEE,WEEENRFHRENE ——REDAT - BEEH. BRREN/PDHH
18 1~3 BHFRER 1~6 BABELR, MR RZEIHXRE : HITHE PR
A THBMARERS-ZEWEERRAE. WATLIINT & LEHESEH

Group = (P,R) (1-3)
Her, P={T,G,,**+G,+S1,**Sm®, 1<n<<3,1<m=<2}
R={R,,R;}
R ={(T,G | 1<i<n, 1<<n<{3}
R, = {(G;,S;» | 1< <n, 1< <Im,, 1<Kn<C3, I<im <2}

EARBIRG W R AR M RMEXT R — R R R BT L, B N REXT R R

HRMBFER, SHEXPH“XR"HARANEBEETEZ MM BEE LR, Bk XHH

O MTFHELEHXMER.ESMKE —ME BT L R AL SR AN RENEEA K
AR,

Q@ BRHBEEPHESHSE M.

® THRREM,GHRRERE.SERKEE,



R R BN . R TS BIR M H MR T EH BN SIS R, IR
BRI B R ERE .

BB ST B PER (LR R AREN RSN, UREHEEN. ©a
BRBETERNRRMLROER. EHENPEREBOR/N B R 5N —1,
M C(bit) , ZE B ML, RATHT B — A 2 T AL 40 A 78 R T8 R 1 — A i B8 R — A
HHRTR WA FREOMEER B 8 B R — %) B ERK
XAz 8 55 7 K Oelement) B4 & (node) . 24 ¥ 42 76 2 By 2 T 5048 01 41 SRR, 4 88 b vt
BT 4 A BRI B T3 58 B S S8R H ( data field) . PG, T0 2 MR4S M AT B LB BE T &
e B AL R ,

B TT B 2 1A 36 RAE VAL B B RN OR IR B0 2R 7 2 DA ok 480 M R Bk 4 L 5
H S B BT R R F PR 540 R AR G M RIS ST O 4 L e B B A A R 1 B
TR HEB T MM ERERBETEZ AMERLR. A, BEAFATEEN
137 88 FR — A SCH U BT LA s b AR AR B 4 AN FR B B R R — N E R, A 1. 6(a) K
FR B 21=3.0—2. 31 Al 22=— 0. 7-+4. 81 MUBF FERELE 4 5 S5 00 DR O 15 AR B
1571 T RAFHE M A B 38 $t Cpointen) FRBB L E Z F BB ER, A 1. 6(D) HERE
B 21 BB X AE RS M, o SO0 BB 8 2 D 04 6 R B S “04157 B 41 R %R (0415 B
BEEI A O, BRI RENNYBEN RS EOH N FE, USRELE
B, AR — ANk R B T 2 S BOSCHE GB ) 254 , T B0 9 S AR T 57 0 77 4

0300 3 o
0302 _5 3 o415 _, 4

0632[ _g.7 0611
0634 4.8

3.0
0613 0415

(€)) ()

Bl6 HBFHEWRER
() WRAERGEH:  (b) BERIEMLEH

MR TEE AR, BRAEMENY REE TR R X REAER TR BN
B HHTABREREBFESHER LITREEEWR8MAE, B Rt LI E
DA TR b SR 4G R A SR A5 M, (HR AT A AR BB T B & P R AL B8 K A7 Sk 8

O FHFANGERETRNRITE RENA L FTXEERI B,
@ EERMEF REBIXGHEMENAFTERAEAGFEREN EROS T B ETHEIBML
mz.
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EHMTUAFRAREABFETFREN —BERA"RARERMFFHEN,UC
BEREN B RAREAFHEN. BRRIMNECEFTERE—THITCHESLA
CUEmABNBAALES  B2EBP TN FRENRBBEEHEC Eﬁﬁ&%*ﬂg
BRAHHREIRUFREN.

¥ 15 AW (data type) RABELEHETHXH - HS, ERELAERERFE
B AUZEEP I BRENROEE. EARKBFESRAENEFDP.E40%ER.%
BEREAABA-NEHBNRENBIERE, RUASHBEHAE TERBFRTH
617 B o Rk AR AT R EEL T, DA R AE X 808 E AT ERE. BBUEAR
R—MMEKRGMEXEXMER M- AREHER. AW.CEFTTHEATER, K
fﬁﬁﬁ%/‘ﬁI7L%¥ﬁ(gljﬁlj\m?ﬁ?$nB‘Jm#) RE T EHBRAE Ty in el T
BRABRESEREEA.

REA"HARRE  SABFESPORERBT SR . L RIEEHHRTFE
B, EPRAMERAT BN, PN CETPHEF R ER LR FRHRRMBE

KA FRERBAMELRE, F-RREWAED. SHRAUNERBE TR EKEMNSH
HRH, AR U EE . FEEHEL T RIESHH, WAl IREWR . B4
FEHETHERAR, BMBTUREBECUTUREAS., EEMEX L. BESH
AURRE—HEAEMHRASHWHE”, WEWRBTUERE —-HREBEEHRE AR

—HPBIEA R .

Lk b AEHBNR RERMNBSHERRTREAES P, SMLBBOEEFIH
BNBEGRE RERRE BRES BHEESOBRUT AR FRURLEHAE, F
W, —MTEVEGREEETE N FH FERTERE, BN REES ITEN
Bt —ERSREERDEBRAEZR . MBABFESRENBIERA, KRAETE
HRENREBBRFILRER BLHRIESRIBETOREARBRELHA. FIAKEAR
HHMEN, NEAHNAEE, RIENBBETEINEPER S X —/F B, mx AR
BARBUMAFRE ZATEENRE - RAPALTENATEIEAELRT G,
B, AP EEAEBCAANN  EATE TR B ETEINATRENMRRN, LA
REMEHBERMMAERN ., W FEERMN  BFRITEFEENNNRE HE LR
A7a R a0 AR H B 4 0“8 AR I AT .

3h & 3035 26 B (Abstract Data Type, i #8 ADT) B# — /B8R DA K& %
B EM—HRE. HREERXRBYENNBRTFEN—AZBEE, TS HEETEILA
B R RMERLR, A RHAREH ML, HEEHEEFERE, BAE W
HAM BRI .

HMBHEAMAPEABMEL R LR~ EE. AW, M ENRHEER B
BE—NHMRBBEERXY,RECNEARLESE LZANFETUARR,Hb FREXH
PR AR EA P ERBEMRN. B, “BR"HEXETRERBHRERR
FREE.

O ZEH#BEITXWLER. QBEHENMNESRENRGRE.



A—HHELMRAPE BN E , CAERR TR LS PO E XHETAY
BRERBBARXBBEEHAEEHERD, . FAEAFERTREREHAS E
XHBERE., ATRERHHERR EERBEFRITFEEPHEH, I REREN
ERENBIEREZ L MARBYEREZ LUEERERENRMRITHFER )., B
FEAR BB RGBS ML R BR E 8 C— SRR T X S 38 i — 4315,
FETEBIR A RR A X SO BRI 38R R L8R 9 409 , T AE A SR S SR 18 R 1 R R i 22 A9 B
MR AORE. BA,MEXHBELRUNHSBEREE, 56 XM RELR KR4
BROEABRELRER.

A@?ﬂi?ﬁﬁ?ﬁﬂm%#ﬁﬁ%ﬁﬁ' MAAEE X RARFMEH 3.

WRTFT R, MR BIE R B E X —MEBR M E XX ER E Y —HBREAR. &
AN R, AT AT 3 FpAR.

IR F # B (atomic data type) B R FRENERNERFT RN . XXM HIEL
BEL HA—-BRELT CHNBARELBEURERR. HEANGELEENEHH
JRFEHEAR, Bl R 100 K%,

‘BRI A #K B (fixed-aggregate data type) BiZ R AW T B, HEHBEHENRS
BEMEWAR. PN, EEREFH LKA EHRFXLEBR.

W3R & ¥ W (variable-aggregate data type) MIE E R AR MM LR, WRTERE
REME"H RSB B RHE. Hln,n 7%)(—'/\“75[?%&??“ B R BRI A, H P
JFHIR K E R AR,

BRGHMBRITGR A ERAT,

FORIE 5 i T =X s SCHR X 7 ﬁﬁ%ﬁﬁ?@ﬁjfﬁlfl?—fﬁgﬂiﬂ‘

(D,S,P) (1-4)
ﬁ*ﬂ%ﬁ%ﬁ%ﬁ%DL%%%%f%ﬁDm§$ﬁ¢§°$%%muFmﬁi
AR BRAR

WT R BABE (
MR R BB R R 0
MR (HUBXRIE
e3 T UNELT VTS

VDT R MR

b B R RBUE L R M SRR AR UK

EXREZ(SHR
BIHE R A < BIER R AR
BIEGR . (BELRER)

BERFEAFMSE - BRESHRANBRERERAESIASED & T4, BRTRMGtE
MBS AR BRAELE R . “WIIR SR R T #R 4R AT Z BRI 45 44 0.3 S50 6 2 19
RSB, WBRAERY R AN HEER. “BRESR R TREEYZRZ
B BERE M BCR AR MR, EVMBREFEIS  MEHBZ.

e 8 o



Bl 1-6 WMBHERB=TRHKE XL

ADT Triplet {
HiEXI & :D= {el,e2,e3|el,e2,e3CElenSet (EX T XEZBENEINES )
BIBX &K Rl={<el,e2> , <e2,e3>}

BEEBIE:
InitTriplet( &T, v1, v2, v3)
MAELR METZ0H T, 70K el,e2 fl 3 SR BIRLISH v1,v2 1 v3 HE.
DestroyTriplet( &T )
BESAR .S THTHHEEK.
Get( T, i, &e)
YRR =E TEFE,1IISKE,
BAESR M e BE THE i THME.
Put( &T, i ,e)
MR KM =0A TEFE, 1S,
BESER . WETHE iTHEN .
IsAscending( T ) :
WA ST T E R,
BAELER MR TH 3 ANTREFAFHF), WGEE 1, FRGEE 0,
IsDescending( T )
MR ETATEHE.
BAEGER MR TH 3N TRILREFHS,NGEE 1, BFRGEE 0,
Max( T, &e)
MRS ETHTEFE.
REER A eBETHINMTEPHBRKE.
Min( T, &e)
e KM S0 T B,
BIEG R HeBlH TH I PMTEPHR/NE.
}ADT Triplet

% T ¥ iE ¥ B (polymorphic data type) 48 HAE 89 BLA A0 € BB R AL #ilt0, Bl
1-6 HE LHIM R EIE KA Triplet, T K el . e2 Ml e3 AIURBERFHRFH S, &
EERZMBEHRSMRRABREHTRRZENAD . KT, MEHTREE MR
L, ERZBIMRRMERE, A RERMER. NMRBERUNAEE, BGHRKOERF
HMRFHE BHFZASHHBERE. BR, FTEIEANRMOBFRITEFTN C++ FX
A2, FHPHEHEMBBERBURESESHHEELE  RTFBRAL CEFTHEIH
RTE, M RANEITHERERSOBIETHENEL. 046 1-6 i) ElemSet B R §i5E
B EERAFETEXH SR RRBROBENE.

L3 #HMRBFEREMERRNSLHA

PR BE LR E S BARERBRR AL, DA ALESPEFEREHESE
BRI NEW, ACLLANBERASFHRIE. BTEABEREBFRITES
« g .



MERUER LN RMRBEERENEAANLR, FETENRBESENAREERIERET
BEE,BRANTHEMCESZANLCETHEIBRIR ANBHHIBHER—
ERTHRBRENHREE. XEFHESHSRENERAT LR AERN, FAURT
CEFTHAT . ABEHEHRR CRE CH EF. ‘
FHRAMWXCESTHEET CASH—ITELOTR AMNMTETY BN, A
TEFTHHRIIE. UTXHERERA.
(1) BMEXERMRH.

/] B RRENRD
$#t define TRUE

1
jt define FALSE 0
$#define OK 1
$#fdefine ERROR 0
$# define INFEASIBLE -1
$# define OVERFLOW -2

// Status BEHMRE, HERKBLERREAH
typedef int Status;
(2) BIBEHW B RN FEREH) AAEEE X (typedeD) 3R . BIBUTRKBAE R
ElemType, i /I 7 26 BB KRR BT L.
(3) EABENBEERMALUT BB RPEHE
BMWAR RPL (BESBHR) {
/BB
gz 2
_ Y/ BBAE
BTRENSETEERARRN, AR PERANEZERTUAEER RN, HER X
ERATER. —BME, a.bcde FAEHRE RS, ikl mn SHEERER
%, pq.r AR ERE . YRR EENRHSERRENBN, KRPGE XK Status
KB, FTETEEER BRTEARAIRN, MET CHEFHIIAAANS LR
FR. ERBERP, U ITLHSEAHNEIHSH.
L REFETH
MERE ERE = AL
BERRE TEL1I=%EL2==%RLk=REX;
ﬁiéﬂﬁﬁ (BRE 1, BEBZ K =(FERX 1, , BER k)3
BWE=-GWE;
Zmg = (ﬁ 1, fH K);
TRAL 1= REX;
TRERHETR. ALETH-ZBRE(BHTH. KLETHDL

RHBE TRE—ERE;
KURE TRAE=-FBREKX T RARXT REAF,;

(5) HwHIBETH

FHEA 1 i (RER) B
B 2 3 (BB B,
e 10



else iE4];
FXiFEA 1 switch (BER) {
case {§ 1. iFH]FF)] 1; break;

case {H n: iE4]F %) n; break;
default. iEAJFH n+1;
}
FF%iER 2 switch {
case & 1. A% 1; break;

case %% n. EHA 5] n; break;
default: iFA)FF n+1;
}

(6) EHRBMAE

for {5 4] for (MAMERERFF; K4 BREBXFID B4
while i H) while (&) iB4];
do-while {E4] do {

BRI
}while (%A4);
(D BWiBME
RP A HRIER return RiEH ;
: return;
case &5 % 4] break;
REERIEN exit (RERE);

®) WANBHERA

WAER scanf((#X$], R 1, , R n);
WHiES printf (OB, REKX 1, , REKX n);

B AR,
9 TR
BITHER  // XFFF
(10) A REH
REK nax (R 1, RIER )
*ﬁ/j\ﬁ min (iﬁﬁ 1"" 7§5$£ n)
R4 xF{H abs (FiXR)

RABBEME  floor (RAR)
RFEMBEHRE  ceil (RER
HBEXHER  eof GUFAR) B eof
HRITHR eoln (X4 R) B eoln

D) ZEEEAE

Hizp&& . xfT 2 && B, M A{EN 0 6, REX BRE.
BEHE||. *F AllB, % AENKIE OB, REX BRE.
* 11 L]



B 1-7 WHBRHEIERE Triplet BRAFAFLI.

N—-—=---- RRANSHTEYITFRER - - -~ -
typedef ElemType * Triplet; / Hj InitTriplet 4}A¢ 3 ML B ilﬁ]

J=----- ERRMEHERRBYRS - - - - - -
Status InitTriplet (Triplet &T, ElemType vl, ElenType v2, ElenType v3);

/OBESER MET=ZTA TR el.e2 M 3 FHHMUS I vI,v2 | v3 B fH.
Status DestroyTriplet (Triplet &T);

VE: i1 FEvn R T8
Status Get (Triplet T, int i, ElemType &e);

/ORI S RA TERRE, 1SS,

A OBVELSR Rl B H THYSE i TTHIE.
Status Put (Triplet &T. int i, ElenType e);

A P& ool T A 1KICE,

NOBREER - NETHNE i THEN .
Status IsAscending (Triplet T);

N BhERE XA TERFE.

/O BAESER MR THIANATREAFHT, WIEE 1, FMER O,
Status IsDescending (Triplet T);

/O RIEFG XA TERE.

fOBRESER MR TH S AMATREMEFHER, WER 1, FWER 0,
Status Max (Triplet T, ElemType &e);

/ R&E . =TH TEFE.

/OBREEGR . HeBEETHINTEPHBRAMA.
Status Min (Triplet T, ElenType &e);

N VI ERMG . ETA TERE.

/) OBAEL R A BB TH 3N TRFHRME.

N—=-==- EHEBPENEHA - -~ - -
Status InitTriplet (Triplet &T, ElemType vl1, ElenType v2, ElemType v3) {
/ ME=NE TRIKE TR 3 AN STRGMEN v1,v2 3,
T = (ElenType * ) malloc (3 % sizeof (ElemType)); / SFEE3IMTENGEHSH
if (1'T) exit(OVERFLOW); / SEAFHESHEK
0] = vl; 1] = v2; T[2] = v3;
return OK;
}// InitTriplet
Status DestroyTriplet (Triplet &T) {
/N OHBR=TTA T,
free(T); T = NULL;
~ return OK;
} / DestroyTriplet
Status Get (Triplet T, int i, ElemType &e) {
AI<i<3 A eif[H T HME i THIE.
if (i<l || i>3) return ERROR;
e = T[i~1];
return OK;
Y/ Get
Status Put (Triplet &T, int i, ElenType e) {
AI<i<B, B THE i THMEN e,
if (i<l || i>3) return ERROR;
Ti-1] =

return OK;

.12-



}// Put

Status IsAscending (Triplet T) {
A MR THIANTEEFFHS,MEE 1,5 WEE o,
return (T[0] <<= T[1]) && (T[1] <= T[2]);
} // 1sAscending
. Status IsDescending (Triplet T) {
L/ MR TH3ATRERFHS, NEE 1, FRER O,
return (T[0] > = T[1]) && (T[1]>= T[2]);
}// 1sDescending
Status Max (Triplet T, ElemType &e) {
O BeiBEiER THBRTENE.
e = (1[0] >= T[1]) 7 ((T[0] >= T[2]) ? T[0] : T[2])
: (P11 > = 1(2]) 7 7(1] : T(2D);
return OK;

Y/ Max
Status Min (Triplet T, ElenType &e) {

/ FeREH THR/NTENME.

e = (o] <= 11D 7 ((2f0] <= 1(2]) ? T[0] : (2D
(el <=m2] 7 7(1] . T2D);

return OK;

}/ Min

L4 BRMBELSH
1.4.1 Hik

8% (algorithm) B3 45752 [ R 2 IR — Pl R, ER IS WERFI, Ko &
—HBERR—AHB MR WA, —NEEERA T 5 M EERE.

(L BHE —MPERLABRCGHEMSENMABD EMNTAEFSZEERH
B—H# AR5 OH TR

(2) MEY HETE-RELSLAEHRIOE L REBRBN AR E (.
I EHEEMEGT Bk R — N — R BT B, B A8 R A RS AR

Hith
(3) A — A EEEETN, DEE PR BRESRTETE 2L R
ABERITERKE LN,

(O WA —NEBRAZIREINEA X EHARA TREMEEORNRNES.
G) Bl —NMEEA-IREIEL XEEAHERRABMARTERLEREXR
e, A

1.4.2 HEEITHER

BERIT =N REERNEEABUT Bir.
(1) EFHED(correctness) BN YW EEAMBENTER. B8 — KRR BH

O HH.AFHBSFRAREN, MBEALKE AN, TEZY.
@ FAXEEERENRIEIA.EF2ASEHREE].

e 13 »



TR B UUSE SRR UL BA O A L T — N 58 ) BSR4 D B, B A AR 4 74 » H B
BYRAERESTHRER, EEOM SN TRA R0 T b 5% 699 % 69 T b
IR . B B Ak Y A E R R B R B WM ER S F e
BEMNEAFET.

“IER AN XEERHREPARRKEN, KETRAUT 4 PBK 2. BFA
AEERER b BN TILARAKERSH UK R B RABROGR ;c. BFX TH
LHEENRE HLATHE IEEQLARABERSBHREASRIERWER;
d BFHF-UAENSABERE~EREABUHERNER. BR. ZHAVE
BEXTHERBENEER, FIAARBSAREOERAEBHA Z—RIENITER A
LM WNFRERGFEHTELHR, T—BRERLT . EHUE c BEXHEREEN
R — N RFRESHEARE.

(2) Wik (readability) WHEIEBERITANRESZR, KKARNBENST. o
BYEFA BT ANE (R iR EE BT S TRERSER REURKNBY.

(3) #RAtE (robustness) X% A S48 3E 35 B, 005 0 BB 24 3th o IR B SR AT Ak
B MAREERARKDHRBEAR. flm, M ROBABEROEE, BRARE=
AR ERZ A B RMERFRFEN . YWARNBRESRRNNE—NME AR, RN
WG TR EWMA LGS . I H AL 58 89 07 1k LR R Bl — 7R S IR S IR P R
WE,MARITHHRGERERE P LEBFHRT, UEEERHNHBRKRB K L H#1T
L1:

4 MESEFMBARR :Bﬁr#wﬁ BEH O RAERATHE., MTF /-6
00 A 2 Bk T AR, T O LA 0 0 O . 77 R R 9 0 BT L
FREMBAFHMEE. BRESEREERTRIMERSMEMRERX. R1004A
B2 5r 53R 1000 S A B F 243 BrE AT B ] BUE T S M B RA —EHEH

1.4.3 WEHEHER

BN T ESKEZE S S OB FEIT BN LB 47 5 BT I #8100 o 8 ok g
B2, MEE-TRFHRTNEEEERMTE.

(D FRGEHOFTE BRIREBITERBREA T8, E%%ﬁ?ﬁﬁﬁiﬁ
ZARBEENERFTES —4RETHHRNETRBUSBRSE. BXFHBTEER
ARG — RO FABITRBREREHOEE ; 286 R M5 i BB T i 8oL E
# BRHEFRERER, ﬁm‘ﬁﬁrﬁﬁﬁﬁﬂsammﬁ R ARIH B KAD — MBS
EHERTE.

(2) BRIAHEERNTE —NABRBRFESREWEFETEN LB TN
HEARRBRRFTFIEE:

O HK 45 i B 1 3 1 o] o SR g 5

@ MR, Finsk 100 LLRER 1000 KA B EEG

Q@ BERFMES MTR-TB%, LHEFHWRIER, AT EABRK;

@ REBFHEENIFAENER;

e 14 - ’



® HLEHITH S HERE. |
BRA—AEEARAANET IR, REAAR MR IBEETHE, REERR NI
BHL LSBT, SRR, X RV R R A R RN RRERAEN.
WX S BB R ENER, TUA Y-S E R SR TER AN,
RKBT RS IEGEY AR » E7), BB, TR REIERN R,
L — AR SRS R S RESR 3 RO MR GE B A RIE R R MR
BB, WEER AR TFRENSEANE. I TEFREA—-RENARERE, B0
foek B, vk o 2 B — R ot T TR 5T 0 (0 A R 2 26 T SR VR A 0 1 0 S A, A
Pk A R T B BT 80 0K A g ke [ R

BIgn, 30 F BT AR BIFEA N XN S REAR TR A0 B Bk o, “Te vk ” 15 380 2 46 B 4 6 [
REEAIRIE . RN BT I 1] 5 R A 3R (TR B AL BT 9K »° JRIE Ko » 4R
T(n)=0n*)?,

for (i=1; i<En; ++ 1)

for (j=1; j<&n; ++3) {
cli][3] = 0 v
for (k=1; k<=n; ++k)
} cli](3] += a[i][k] * b[k][3]1;

— S B Bk A R B AT B K SR B » RN ER f () B

b B i Rt P SR
T(n) = O(f(n)) (1-5)

B 7 B LR AR 7 G888 K , B 0 BRUAT B 1B 0 388 K SR f ) B 180 K S8 A IR L R 2 1
% i B} {8) 48 %% BE (asymptotic time complexity) , R FREF A B HE.

SR, BOVR AR L ) A R A 0 SRR AR B 2 2 H T BT IR ORI B 1k B AT B DR E
He B0 S B , BB T B R B EIEIR A R0 E A1 P BRI E , BRI R B R A B
A S MR . 30 O BLBE (frequency count) 5 By BXT5 1 T & ST 1O TR 3 B0, 76
TH 3 ABERS,

(@ {++x;5 = 05}

(b) for (i=1; i<En; ++1i) {++x;5 += x; }

(c) for (j=1; j<En; ++73)

for (k=1; k<&n; ++k) {++x; 5 += x; )}

FEARME T 1 HEA BB IR Lon B ot R 3 BT BRI S 5 5 51
H O1) O F OG?) A BIFR K B B REEGFIT A B HE8kE o] 882 FLA R ] B 22
BEA BB OClog n) FE B M O(2") % . A [F $ Bt 4Bt 6] S 22 BE MO PR A 1B 1. 7 BT
SRR, RATTN R AT R I B TR B O 3%, A AR BM B .

— BT X — AN R (R — 2 ) R g% — Fh 2 A BB 1R Sk i 30 B 3k 0 B 1 A

O “O"MBRE LA D REBE n 89— BB 2,— 0 () REE— A EQ B M, E8 Y n>
ny BYEBIE R |z | <M f() ] :
e 15



T(n) gn

3000 } 2
| [ o
2000 =

1000 |

3
1
1
5 10 15 20 7

B L7 %R KR

FBE BT, I L 75 B[R] Bk o8 FB LA B A 4, B 2 0T LA R R i 8 AE R T A R AUE, KA
BB IAT A R BR1E T R B AR X B ], X AP BOE E T4 S BB R A — BN H 5T 2R
H T 3 A I () B 2 B SR R TR AR = i3 KR, M 7E X DO A 3T R 2
ABRENTREEGEAFE WELT AR KB EXRT » (38K BRH AT, fim, &
THIRFBH:
for (i=2; i<=n; ++1i)
for (§=2; j<=i-1; ++9) {++x; a[i][j] = x; }

B 4+ x BBFTIKBRTF n KRN 2, ERBEAFEREIR (n— 1) (n—2)/2 h 3
KRR,

B EW T Bk 4 B AT KSR B I B S A B AR TR
904076 T 5 R ML HE R I B3 o

void bubble_ sort(int a[ ], int n) {

/R BREFIERHIIRADEREFNBHFES.
for (i=n-1, change=TRUE; i>>1 & & change; —-1i) {
‘change = FALSE;
for (j=0; j<<i; ++7)
if (af[3] > a[j+1D {a[jl«—alj+1]; change = TRUE; }
}
} / bubble. sort

“REFET ST BRI A RARE, Y a PHRFIIRANERER, RERAERN
AR A 0 AU FFIN B RENEFI, BERERPTREN n(r—1)/2. XX
REZLHI,, —FBREPEETBEEHOTFHE, IEBENHAATRORABRERY
SABE, S AR BB (B S 2 B R R R R . AR 2 TR IR A SRR T
BB »! R HESB OB S, NB A F PN RIERE T, (0)=0"), R
T » REAR 215 OLF - 2% P il A 005 58 1 B ME 2 X DA <, B30 1 0 7 24 ) & 2% Bl 3R o
P . Bit, A—MEATEERRNDERITIEEEERNFER T i E & 445, B
AR BEFELUMGEREEPITRE N~ R, s, ERERHFHRKEELR a b
o 16 o



MBI RAERENER MERAHFEREEFBFR THNBEIELERNIT() =00,
EABURSEPITRONEERE, REFNEIN  HEBERBR TR BRI E&E.
LRFBRNTUEBFEEMESEH AP ELERGERFEH. URNERMERY
B, 5 EHETHA 10X 10 HEBEHEF, PATEHRA L2ms, WHBERONEEIHE
T(n) =0@*) AIAGEE A 31X 31 F %6 e A e Bir i i 18] KB (31/10)° » 12ms~358ms,

1.4.4 MEMEESABE

KUTEEWRRIEAE AP USEEHE (space complexity) fE W B i T 7
= B R, S '
S(n) = O(f(n)) (1-6)
Hepn HRBHAE KD . =P ENPTHEFRTRETFHEZRRTFTFASHA
B HFR RN AREN, OFTE X RIEHFITRIEN TR TN — 25K
AHBEFBEEWHBEH. ZWABER SEERBRTREA S, BRI, R
TR R AR ZSMO BN 8], 7 ) B 7] B 25 2 A A B B 7% 25 (8] R A S8
RRRERER) . FHBIME RAEX T A B B R 302 8 80, AR 38 2 R T4,
FI0OETRHEEHFAEERE TXE., XWMR &% HEKE T8 A U BRRE
PGB 5L, B B IRE LR 417 .

o« 17 o



F2m & % %

ME2EEH 4 ﬁ%ﬁﬁ%ﬁ@#ﬂ KULHHRAR ERETROETHRE

i, (DB — B — MRS — A BB TR (O TR — i — AR BUS

—MHBEITCR; QOORB-ITZBEFHENTBETRIRAE TR DOBR
B—AZh  RE PRI PE|TRYRE -1k,

2.1 LRMHERHBEE X

KR (inear_lisO BBREHERM AN —MPW/WEM. BFZ, —ITEURE D
BELRNARFI. ETEBMEETRPOREE L ERNRGHFL T &AM, BT
B—ME—NTHE  ETUR—TH, BEHMBERROEE . HlW,26 THXFRE
FHE:

(A,B,Cy,2)
R—AEHR RPPRBETREENFEFR. W FERN 1978 43 1983 FF &£ &
SHITENAE RRAERL, TURLHRNERAS
(6,17,28,50,92,188)
RTRBE TR R,

EMERPORERS, — BT R AT LAHE T BITE Gem) HR . X FHE L
T BB TR HFRIE R (record) , A KBICFR LM R LR (file) .

B, - ERRNFERBRELRICRNA 2.1 Fin, RFGTEEHFIL I —
FLoEHER F5 HH FR HERMEERLE 6 M ERTA R

TYEECERETREDRET |a§:m

FEMK 790631 -] 18 91 g
Biar 790632 %% 20 91 —

b Uf: 2 790633 3B 21 91 R

WIrar 790634 ::) 17 it9l HEES

B2l #4@BRELECR

SZRERIANMITFAR KERPHEETRTUREHELN, BR—KERPH
TR LERE AT, DERR—HENR HPBBETRZAFEEFBXR. HHA
HRiCH

(alv"'ya,'—1 ,a,‘,a;-f-],""a,,) -1

‘s 18.



W 0 FET ava FETF e K ar £ o WEHBENRTE a0 2 o 89 E 85 2
J—ﬁg )':vi i=1,2,yn—1 N’ai Eﬂﬁﬁ—/ﬁﬁﬁiﬁﬁ,% i=2,3,%ym B‘fﬂli ﬁﬂﬁl’é‘
— A EERK.

BUERP RN (=0 EXHRERHKE =0 RIS HR., EESHF
HENMBETEBE - AHENNE o RE—-ANARETE 0. RBE—IMHIET
Boa BB ARETE KR WRETE o ERERTHLF.

D BHRRE—MHURFENRESEN, ENKRETRESEHMKREE, WHREERNY
P48 ST B AU BAHEAT 5 18 iR AT AT iR A RO BB 25
M BIR KRR R E I .

ADT List {
Witk .D={ a,| a, EElemSet, i=1,2,,n, n=>0 }
BIRRX K Rl={ <a;-,,a;>|a;-1,2 €Dy 1=2,,n}
EXIMIE:
InitList( &L )
BEGER WE-NEHERHER L.
DestroyList( &L )
WM& KR LEFE.
B R HBRER L.
ClearList( &L )
MEEG RUERLEFE.
BREER B LEEITR.
ListEmpty( L)
M4 - BHERLEFE.
WAELH # L5 3, MR [ TRUE, 75 W& [B] FALSE,
ListLength( L )
MR RG KERLEFE.
BESR GER LPREITRENE.
GetElem( L, i, &e)
&Ry .2%E LEHEE,,1<<iListLength(L),
BEGR FHeBE LPE i MEBTRAME.
LocateElem( L, e, compare() )
VI ih A& R ¥R L EFTE, compare) B TR M E B .
BEZRBERALPELI NS e HEXER compareO BB TEMALF . HEXHNBIETR
RFFTE, MR EER 0.
PriorElem( L, cur.e, &pre_e)
M kG RERLEFE.
BELGR . Hor e RLHKBELTR  ERARE—1, WA pre- e B EEHRTK, TN $R1E
KW pre- e BE X
NextElem( L, cur_e, &next.e)
MkkGE RUERLEFE.
BEER . Four. e RLHNBBLTR . AXREE —1 WA next_ e REIEHF 4, BNH
fER W next_e BE L.
ListInsert( &L, i, e)
W& RER L EFE, 1Si<ListLength(L) + 1,
BEGR - ELPEiMIBZABAFHBETER o, LHKEMN 1.
ListDelete(&L, i, &e)

.19.



Vth & B R L EHFEHIES,I<i<ListLength(L),
BREGR WBRLOELiNBEETK A e BEAMELIKER 1.

ListTraverse(L, visit())
MK KERLEFE.
BAEGR KRN LNEM BB L RAA R visit(), —H visitQORK, MBELK.

. } ADT List

St bR E LR BB A BARER, B A #HT - ERERNRE, AW BRI RH
MU ERRHREHB—NRER BN RERFTFRFEAN RPN U LR ER B
B — 1 teRE.

B12-1 BERAMAHANLMER LAMLB SRR EE A M BIKERPHK
WARIHNERFHRD  HER-IHHEEG A=AUB. ZRERMREREUWT
BT RERUER LAVBHFETRER LBHRMAFETLRER LA PHRHBETREA
BRMRLA bk, RENRMER LB PREKBEESMBETR IFFREELER LA F
HITEW  ERFENBAZ., ERBESBRAATIHEE#RZ.

void union(List &La, List Lb)

/ EHREERMER Lo FEARE La FRHBEETREAR La b
La. len = ListLength(La); Lb_len = ListLength(Lb); / RAMRWKE
for (i = 1; i <= Lb.len; i++) {

GetElem(Lb, i, €); J BRIbPHEINBETERS e
if (]LocateElen(la, e, equal)) ListInsert(La, ++La_len®, e);
/) laspRFEM e HRAMBETE  MBHAZ
)
}// union

#HiEx 2.1

Bl2-2 EHLkiER LAFMLB FRBETRRMEIEBE FHES, BERE LA F

LB H3#H— B EHER LC, B LC F R T R EIEBBA FFHES] . #l,
LA = (3,5,8,11)
LB = (,6,8,9,11,15,20)

iy
Lc =¢,3,5,6,8,8,9,11,11,15,20)

M EREBEESRA AL, LC PRIRETRRE LA PHBE TR, S LB FHEE
TE,MBELRRLCHEHE, REW LA LB PR TEZMNEARLC HEIAT, HfE
LC PR HEIEEBA FHES, T RFE R4 i Fj B4 LA LB pEATR.H
Bi SETATHEMTE N a,j YRTHIEHITEN b, N MR EAS LCHRTE c A

a Y a<lbhf

c =

b % a > bEf

@ ++Lla len FRBH La-len (LM |, REFHEARER. EREFS H ESBREZR MRFEHES
BB S RYRESHNERN 1, UEHER.

0201



BRBE M WAESN 1L, EFELEBALCZE . EFLARLBYHFER. t
RAFBEEMEL 2.2 iR,

void MergeList(List La, List Lb, List &Lc) {

/A BRZHER La 1 Lb P BB T R ILEIFERBRHET .

// W3 La f1 Lb BRF MR MR Lo, Le HEE TR R AR BT,

InitList(Lc);

i=3 =1k = 0; ‘

La_ len = ListLength(La); Lb_len = ListLength(Lb); .

while ((1 <= La_len) && (j <= Lb.len)) {// La fl Lb 3%
GetElem(La, i, ai); GetElem(Lb, j, bj); '
if (ai <= bj) ({ListInsert(Lc, ++k, ai); ++1i; }
else {ListInsert(Lc, ++k, bj); ++3; }

}
while (i <= La. len) {
GetElem(La, i++ , ai); ListInsert(Lc, ++k, ai);

}
while (j <= Lb. len) {
GetElem(Lb, j++ , bj); ListInsert(Lc, ++k, bj);

}
} // MergeList

#HE 2.2

ERWAFE A et ) E 2B BOR TH R BRI A List & P E AR E 17 B ],
B 1 GetElem H1 ListInsert 3X B #24E BP0 4T B 8] 71 K Tk, LocateElem By $47 B ]
MBFKRIEL, MBS 2.1 At EE 22 E H» O(ListLength(LA) X ListLength(LB)) ., &
¥ 2. 2 WBT A & 22 BE M)k O( ListLength(LA)+ListLength(LB)), BARE 2.2 b4 3
M while) TR B EHRAE Y  fij B MR P LR EERNBIE CER, A BB T
RWEHH#ITHEREFAYEP - M RUEENBECEIERARNLEX LCH)E,
RERB I RERPHRRTERKRBANT, B, 5 FE—HE KA LA
M LB), J& B4~ (while) #§ 37 /)] R 47 — MEF & .

2.2 BRI FER ML

SURNFRRENEA - Hi EENFHETRRKFHAERNEETER.
BEEERNENTER G I AFHEIT, 3 LT & 858 — N 30T B9 77 45 s otk 1k
HPRAOENTHEMNE. MEBEERPE 1 MEBFECENFEHEMNE LOC(a.) FE i 4
W TENEMEMNE LOC(a) ZHB R TIXE.
LOC (aiy) = LOC(a;) +1

— R RUERNE i M BRBILE o NEHBLER
LOC(a;) = LOC(a;) + (i —1) X I (2-2)
¢ 2] o



A LOC(a) BREMEMBE - NMPIE LR o WEMNE, EXHRBEEROBHVER

H k.

2R 3 X b DL 1N R R R 3R 9 L 77 45 9 BT BR 4R (sequential map-
ping) , EH HEXMEMEHNRERNINTFER. ENRAR, ARPHBHITR o #
a1 MRS EMHALE LOC(a) M LOC(air) . BATEYR, UTRETHEI A “YEAL
BN RRARRUERTRELRZANZEXR. BT HEBELRNFHELBERNZ
HROBRBMNEMZ - IMAIRECREKERPHMNFRELNFERAE2.2). A
W, RERE T FRAERNBRUE, RERPE BB TRE TR, B &

F T ARG R — R BEDLE BN AR ST

AERE BURTKERE
e LA g

FEbiREE

b+

b+ (i— 1)

b4+ (—1)
b+l

b+ (maxien— 1)

%

1
2

=W

2.2 SUERNRFEREHREE

HFRABFRITES P ORARRGE YL BUN R, B, 8 % A Bk
B G5 T BT AR . TENG, B TARMRKE R, & B RFHZ= R
BARTAR,ME CEF PRSI —ERH . MTHA.

N= == - - KUERGDHENRAFEFHESH
$#tdefine LIST. INIT-SIZE ~ 100 // ZHFEMSHHWHIER
# define LISTINCREMENT 10 / SfREHSHYARER
typedef struct {
ElemType * elem; V2 A0 3
int length; /O HBRKE
int listsize; /| YRTH B A & (U sizeof (ElenType) Yy B 4i)

}SqlList;

7E ERE L A RS elem IR R RAFE ML, length TR EERLATKE.
JGL P % B 38 A 3 M R R A JBLFF 2R 4 BE— N U UK/ IR =5 (8] FF o R e R B9 X4 T
KERRIO"(SREE 2.3). listsize AMMFR YA M FREESE KD, —BEBA

o 22 o



TR R R, 5T 2475 4L B H)UF: 4 A1 — Ak /b % 72 LISTINCREMENT
A BUR TR M.

Status InitList. Sq(SqList &L) {

) HME—-A SRR L,
L.elem = (ElemType * )malloc(LIST. INIT. SIZE » sizeof (ElemType));

if (1 L.elem) exit(OVERFLOW); / BERISEEY

L. length = 0; N BREERO
L. listsize = LIST. INIT.SIZE; / ¥IAEMAER
return OK;

}/ InitList. Sq
uE 2.3

EXHERERD, FHTARERNRL LB, MHLERS M RBETES. B
RERSIEENE CBESTTRANTHRMAOFE, B, % L £ Sqlist 2R pIFFEXE,
MEPE i MRIETER Loelem[i—1]. FTEHEATERERNEARBRHAREE
WG £ 7 4 e B O SE B AR )

el Fh R AUERNEAREREERMERNE i— 1 MEBETEAE i MK
BETRZEBA-NFHBRLTE . REEHERE N  WEEER

(a] SRR NN, PR ,a")
CERKER n+1 kR '
(ais**yaiisbsa;y = va,)
BHETE o Mo, ZHBBBLRRETEL, ERERNITFAEEW D, HT28E
FARSHBIE TR EYENE R RS, EH B i=a+ L, FUNLHABH TR A
BB BB ERMEL.

FE B Fe B F5 WE Fe B
TR i 3 JTE TR
1 12 1 12 |- 1 12 1 12
2 13 2 13 2 13 2 13
3 21 3 21 3 21 3 21
Wipx 24
4 24 4 24 ——4 24 4 28
A 25—
5 28 -5 25 - 5 28 5 30
6 30 6 28 6 30 6 | 42
7 42 7 30 | - 7 42 7 77
8 77 8 42 8 77
9 77

(a) (b) (a) (b)
2.3 LHRBA 2.4 RERMK
B 5 RR B BEKRE

(a) AR n=8; (a) MBI n=8;

(b) AR n=9 (b MBRJE n=7

u230



i, H 2.3 RAR—NMRUEREHFTHARENT . B HEETREAES RSP
MNERL, ATELXKERNB 4 MBS PTRZEBBA—MERN 25 WBELR, MFH
BONEBSIMRBEBOREREEBI—MIE.

—BERT ER QA<M RRZNBA-ITTEN . BEB ZEH G n—z+

DATEREEBI—MIE, IHEE 2.4 FiR.

Status ListInsert. Sq(SqList &L, int i, ElemType e) {

/ ERFRERLPE i MBZHBAFMNLE o

/i MEEMER 1<i<ListLength. Sq(L) + 1

if (i <1 [|i> L.length+1) return ERROR; // ifHAE

if (L.length >= L.listsize) { / BRTFMESEC %, E
newbase = (ElenType #* )realloc(L.elen,

(L. listsize + LISTINCREMENT) * sizeof (ElemType));

if (! newbase)exit(OVERFLOW) ; /| EHSERER
L.elem = newbase; Y/ 5
L.listsize += LISTINCREMENT; // WM H#ER

}

q = & (L.elen[i-1]); /A RBANE

for (p = & (L.elem[L.length-1]); p>= q; —=~p) *(p+1) = =*p;

/ BANBRZEHTEGS

*q = e /A e
++ L. length; V& -33:-B!
return OK;

}// ListInsert_ Sq
WiE 2.4
RZ  GUERKOMBRBRIERERE R n WRHER

(@1 0" @iy 9 @i 9 a1 9" 9@n)
TREER n—1 KR
(al L PR, FUREPRLD ’an)
BRAR 1o Mo ZEEBRAREBNL, AT EFHESH ERBRX L, F
BEEBHTE. WE 24 TR, A THRS ¢ MRETR, LFRAE 5 A S8 8 T
?#ﬁﬁ?ﬂﬂiﬂuﬁﬁb—/‘ﬁﬁ
AR T MRS 1(1<1<n)/l‘75§5‘f%%})&% i+1 ZE n(Gt n— DN TRKK
EAT B — ML E, A 2.5 FiR,
Status ListDelete_ Sq(SqList &L, int i, ElenType &e) {
A EBFRERLPMBRE i M TR A e BREHME

/i BB HER 1<i<ListLength. Sq(L)
if ((i <<1) || (i > L.length)) return ERROR; // i ARG

p = & (L.elenfi-1]); /o ABEHBRTRNME
e = *xp; J BEHBRITEAERS
q = L.elem+ L. length—1; / BERTERMNE

for (++p;p<<= q; ++p)*(p—1) = xp; J EMRTRZEHILRES
» 24 -



—-L. length; / BERE1L
return OK;
}// ListDelete. Sq

W 2.5

MEE 2.4 f12.5 TR, YEMFFREMNRERPRENMLE EBARMB—4
B TR e, Ha ] EEAREB TR L GAER, BT RO REN AR & EE
HAEMERRME, MBH TN MEBRTHARMBRTREMLE.,

B p RESL i M TEIMNBA-NTTROBR, MERKEN » HEERTFEA—
AR FRBH T RREHPEECFHREON

nt-1 .
E, = >, ptn—i+1D (2-3)
i=1

Bt g RRIBRE i ¢i§ﬂgﬂ$,ﬁlﬂ&%}§)§ n IRERPHBE—ITTRH TS
BHARRBWPEECEHKREON

Es= D,q(n—1) N Y
i=1 )

Rkt RATT B R R H R BT E L A RMR TR BRSER, B
1

oy

PZaFT %7 %
M=K, (2-3) 1 (2-4) AT 43 B 4 A K (2-5) F(276) .
_ 1 < . _n -
Eg—n—H;(n—l+1)w? (2-5)
1< ) —1
&=7E(n—z>="2 (2-6)

B (2-5)F(2-6) T B, EFFEEWHRERPEATMER - HETR, S
wBshREp—RTE. HEFRKN 2, MBI ListInsert_ Sq i ListDelete_ Sq B [B] & F¢
RO,

RARMIRITIE 2. 1 Wb 2-1 FH 2-2 WIREERF FHEMRHRER DL
FEMBEIERENM. BHBEH RFRORBRABRE M BEWTR O R
ZEHR O, XTI FHHATHBARENERBHT MNAREBITE.
Hit, Bk 2. 1 WFT oA EE MR T AR K LocateElem WHATH E]. EMFR L
hEHEREFEEN e HANBBELENBEHENTER . S e ML FHBBETRETK
B2 mEK2.6 fin. NEK2.6 P, BEEBERETHATREZANLE”, &
LHFEM e HAKTE a., WK D i(1<i<L. length) , M4 L. length, B B
LocateElem_ Sq B[R] 2 22 BF 9 O(L. length), H ik, % FIFE La 1 Lb 1 5 » union
e 6] & 24 B 2 O(La. length X Lb. length) ,

int LocateElem. Sq(SqList L, ElemType e,

Status ( * compare) (ElenType, ElenType)) {
J EMFRERLPERS 1 MES e R conpareO TR M AL FF
. 95 .



A ERBNGE B A L PR E . FREER 0
i=1; N iRFERE 1N TEBMF
p = L.elen; /P RTENE 1 M TENFEELE
while (i <= L.length && ! ( x compare)(x p++ . e)) ++i;
if (i <= L.length) return i; -
else return (;

}/ LocateElem Sg

Hix 26

St F MR 437 MAE I 2. 2 AEEREHEAEREAUNEX 2.7. BR.
Bk 2. T PREARENTTRIRE”, Bk AR EI R & B R O(La. length+1b. length),

void MergeList. Sq(SqList La, SqList Lb, SqList &Lc) {
A BRIBUF KR La 1 Lb TR B E IR BT
// V33 La f1 Lb 18 B M OUF L4 & Lo, Le BT R Lk B IE B w5
pa = La.elem; pb = Lb.elen; '
Lc. listsize = Lc.length = La.length+ Lb. length;
pc = Lc.elem = (ElemType % )malloc(Lc. listsize * sizeof (ElemType));
if (1Lc. elem)exit(OVERFLOW) ; // TR &M
pa. last = La.elem+ La.length-1;
pb. last = Lb.elen+ Lb.length—1;
while (pa <= pa. last && pb <= pb_ last) { VaEE::
if (*pa< *pb) *pct+= xpat+;
else xpct++= xpb++;

}
while (pa <= pa.last) *pc++= xpa+t+; /A La R ATE
while (pb <<= pb last) *pc++ = xpb++; /A Lb IR AR TTE

¥ // Mergelist. Sqg
Hix 2.7

O OEWER 2T PE-MEFE A MERRENTEE: UFLEARE R ME
477 IS TR A I SRIE L, X « pa= * pb'B, R E P Z A Le. WZE
. ERBRARERERE union XML MM EELEDNAR. Bk 2.7 ZHUETREMN
BRI, R A = OB F Laf Lb R B RERY (AL 4P TERS) R
L BATE FAEEE Lath A ELEREHTLBEE, OB THAFE Lc R
7 W ABRELIR L RE T RERTRNO., R85 2T RKMEBHE GBEO B
# P e, el R 10. 3 WihiR BB 4k 7  EL AT B & 2% BE R Onlogn) (Boh n HEEHERE 1
RN, M. EURUERREAHBTEANESHBEE NN RTTES
THF . ‘

O FHLLPAKEA La YRR Lah cEBMEF LIABH TR BREFAWHTEEKRT La P A
JCH). : o ' : )
« 26



2.3 KHERNEARAMELER

M E— TR R R, R RF AW EARZEXR EHSHRE T
RAEMEALE L aAnss. BT UBMEREFE— TR O BT AR,
EMMARKER . R, NS —FERE XA CHER T XMFEHEENOE R E
fEARMBRAEN BEHARTE. FHRIVETRARNS —HRRTE—
BAGHEN, HTERAEREE L SN TR EYEAE EAm®. B ERENTFE
B BT LA 0055 5 (LRIt 2% 2 T J0UF R T BE LA R A9 4R

2.3.1 £HEER

BHENERTEENNEARA— AR BN TEEATHERERNEETE X
SRR SERT LR L AT AR RS . B, N TRREBIMRE LK o SHE
BEMBETR a0 ZAMBELER BB TE o R B THEELEENERZS,
REEE— M REEE RSN ER (RGN EELE . XREMHEEAREE
TB a; MTFREILR, RN A (node) . BAFBHAR: EFFHEETRESOBRKEN
BB PN S AT LB R N ST . S5 AT R IR R 0015 BRI St .
AN H (e, (I<i<n) ITERE BSOS R — MR B W R MR

(aysas s+ ra,)

R AR . Uk FHE RO BEAT RAE —MEHB, AR EERRS
R,
O pinLE 2.5 TR AR

(ZHAO,QIAN,SUN,LI,ZHOU,WU,ZHENG,WANG)
IR T E R B AN R IO TEBUL 1M Sk 3SR IR AT . LR SR E R B —
A RETEOEERBO MR, AN aFRE-— T RETREAHE
SOk, IR M v B R — 45 S 0454 % " (NULL) .

Fri# s ak B R i & B
1 LI 43

7 QIAN 13
L¥EH H 13 - SUN 1
- 19 WANG  NULL
[ 31 ] 25 wuU 37
' 31 ZHAO 7
37 ZHENG 19.
13 ZHOU 25

B 2.5 Rk

FAAtEEREARERN BB TRZ MK EEXREHE A PREHERN. &
AE L N BE TR Z R B R R BR BB S PR R KA
o 27 =



Yy BN TR EAR B, X R A8 5 1 S JEIGUF B R S R BR

TR AT R R R AR BB B S TR B, 55 R A B A Sk R B b 9 9
. A 2.5 WRMERTERME 2.6 FIRMER, XRENEMSAERN, LLHR
REFRANOKUERPRBELRZANBEINF  MARSME TR EFESFHL

E w0 [~ @ [~ s 4 0T
[0 470 [~z [~

B 2.6 SpBERNEERS
LR AT, B R T p K AR AT — B, 8 CIET R ARSI E R IR.

#===== KRG AEREHEN - - - - -
typedef struct LNode {
ElemType data;

sti'uct LNode * next;
}LNode, x LinkList;

B L & LinkList B, W L A RERM LI, ERRARPE-IEH, &
L }“z”(L=NULL), W IF AR R R R =" R, KA KE n B “B”. A, RIVES
RHE-TERZAM RN SRR HLE R, G BRI T LR (S
B TR IR R I HE S I BRI, Sk 5 S B B T SR R T — 4 R A
OB — TR RN ELE . A 2.7 FiR, B, B R L 41k 4
Mo BERERNZ R, K SR ", mE 2. 7(b) Fix,

L= [ =3~ ~{=[r] 1]
(a) (b

B27 WhEEEMBER
(a) 5 FK; (b)) FF

FERMER NS, B T2E EMSNFEATEREYELE FES, NE4
TRFEVBERTAEREROBHRUETESS., MELASRP EAFEASTENE
BAUBZRBRAEHEHNRER. AW . B M TENEENENLSELEENRS AHNE
Bz, B p BEMKERDPE i MUETER (G E ) O8E4 W p—>next A
i1 MBWAR G A a WIS . BaFEHR,. & p—>data=a,, I p—>next—>data
=a . MM ERBERD WEE I MHETELINLBHGHEZIR B, LR

O SR a BEPEEN a G- o G MERS p FEMASRIRAEEEBERE p PR . U
EHER.

028.



REAFENAEMG LW . TERITE K GetElem RS RTHLHR., o

Status GetElem. L(LinkList L, int i, ElemType &e) {
/LR AN BERNLIEH.
/S LA TTEFER, HERS e JFiI&E OK, % WK [F ERROR
p = L—>next; j = 1; /) BRI, R
while (p & & 3<Ci) { J s REER. A pERE i TEE P IE
p = p—>next; ++3j;
}
if (Ip| 3>4i) return ERROR; // 8 i M TEAELE

e = p—>data; / BEifTE
return OK; '

}// GetElem_L
'ﬁ;“f 2.8

B 2. 8 MEABIERILE j i HFEBIEH powhile BEIREFRBERESHE
RRERPUEBAR, & 1<G<n, MBER i — 1L, BNMBERN », BB 2.8 W HEE

3 H O, P P
e B, I SCBCHE A R S L >it*lj, (EH-

B8 7 LT
BRRNEERHENFAIRELE a “

MbZEHBA-NBFELE <, EFp HH
PEERFHEMPERRS K a B#KE. W
& 2. 8(a) TR . .

HBABERLE x, HABER—TMEEBI xWE R AGBEAERERS, R
BARENZBEEN EREBYUE SR a PRHHEH,. CHBEHME R x, MEA R x FEHE
HENEMES b ANTELHIN TR a.b M xZAFBHEHXFNEL. BARFKBEHER
mE 2. 8(b) iR, B s HIHSL L x WIgs, W _ERIGEHE U AERHRE N

B 2.8 ZERESEXRPEALSHBHBHRE
(a) /AR D) BAR

X s —> next = p —> next; p—> next = s;
RZ N 2.9 FiRTERERTFMBTE b i, WERBRPLATE a.b Fl c 2
P B EMT, UE BN A a PR R
T3] e[~ L TEE LSRN LSl
mmmmees ~ BN
M 2.9 7EBLEER IR A B 4 6 p—>> next = p—>> next —> next; |
ERARB TN, , 76 B A1 3 o 7T B 48 A B BR 1O B 4 £ B

MBR T ERHRPEARMER-ANEAH, IFBRBEHTMATEBIITE. B
2.9 A 2. 10 480K ListInsert #l ListDelete FE B R P HLH .

Status ListInsert_ L(LinkList &L, int i, ElenType ) {
N OEBRGEROAERER LD iANEZHBEATE e
p=1L; j=0;
while (p && j < i-1) {p = p—>next; ++3; } / IWE i-11EH
e« 29



if (1pfl 3> i—1) return ERROR; - SN AATFIREATREM I
s = (LinkList) malloc ( sizeof (LNode)); H EBHFER
s—>data = e; s—>next = p——next; / ?ﬁAL H
p—>next = s;
return OK;
}// ListInsert_L

HiE 2.9

Status ListDelete_L(LinkList &L, int i, ElenType &e) {
/) EHERG SRR ER LD MRS i TR Hd e BEHE
p=1L; j=0;
while (p—>next && j < i—1) { / FRE i MRS p AR

p = p—next; ++3j;

} .
if (1 (p—next) || j > i—1) return ERROR; / MR BARGH
q = p—>next; p—>next = q—>next;  / BRHBHELL
e = g—>>data; free(q);
return OK;

}// ListDelete_L

nE 210

BERR L HE 2.9 B 2. 10 W MEREHH O, XRKEN, RHES i M
- RAZEEA— TSRS SR B E KRB 1SR BTSSR
S AL W 2. 8 Tt RITELBM, EWERIE&EN O,

K 2.9 2. 10 L RIIEHHNBIRT CiBEF P HB KA K H malloc A free,
BECERFREBBEEAMNREETPHEESHMANMIRR B, Bk pHfq
B LinkList B35 & , M #1447 p= (LinkList) malloc(sizeof (L. Node) ) ##E I & 1 R84 R
—~ LNode RIMZ A, RS XA S WEBIRMVERAHEH T E p; RZ AT free() ME
R H R EIR—1 LNode R G R, BIEHESETUEERRERSE SHH. B
I, BEER AT FHEEHAR, ER—MABEN. BATHAERESET ISR
REZEA.8MMR5ANERAFERESERE, ﬁﬁ%;luﬂa%%ﬁi.ﬁiﬁﬂfﬂéﬁi &H
e, B ANRNBRXFRENNIBRER-ITITEBRBERHLTRE. PNSEHY
BREE EKRBIETERERFEMBASER, HE2.11 &2— AM%%?H%%EH
BYAHERNER KEEEEEHRN O,

" void CreateList_ L(LinkList &L, int n) {

O BAFEA 0N TRE B R LN RBRER L,
L = (LinkList) malloc (sizeof (LNode));
L—>next = NULL; N RBI DRGSR
for (i = n; i > 0; —1i) {
p = (LinkList) malloc (sizeof (LNode)); N EBREE A
e 30 »



scanf(&p —>data);  BATEME
- p—>next = L->next; L—>next = p; / BABRK
}

}// Createlast L
Wik 2.11.

THENVEMTERIERFERFA-IEFEE.
Bk IE4th La FT Lb BEE R FIANRIER LA M LB WIFHEEH, B0 La
I Lb BB HMEER Lo, 3R 2.1 W H 3k MergeList B9 B4, F T 3 4454t pa.pb Fl
pc, Fo o pa #1 pb 43545 1A La A Lb Rrh MATHRF LREIE A KIS S, T pe 481 Le B
BB JG — 45 5, % pa—>datapb—>data, W pa Frig 45 S8EE D pc FEEHZE,
BK pb PT84 FBE RS pe TG RZE. BR BB REN S LAMLB Y
JEE KM ,pa Fl pb 53 HIEE La F1 Lb RPFE MR . BFEMHAS ipc HHETHE Le
kEE . HTHROKERIREN, WE - MEFRRITHRM R pa # pb BiEs ., YHp
— MR, WA MR TRCARE MR ER S - N ROBIABEEEEE pc Tk
HRZER, EHEE?%@JUH#W"I‘?i%%B‘Jﬁ%-ﬁﬂﬁfiﬁ?. 12 FiR,
void MergeList_ L(LinkList &La, LinkList &Lb, LinkList &Lc) {
7 BB La fl b MO R IR RIS
// VA3 La F Lb 18 B3 A9 BB R MR Lo.Le Moo R ikt 3R W HEFY .
pa = La——next; pb = Lb->next;
Ic = pc = La; /R La L2 RAER Le kB &
while (pa & & pb) {
if (pa—>data <= pb->>data) {
pc —>>next = paj pc = pa; pa = pa —>next;

}
else {pc —>>next = pb; pc = pb; pb = pb—">next: }

} .
pc—>next = pa ’7 pa : pb; YA fﬁ)\?ﬁ]%&
free(Lb); © ) B Ib kB A

} // Mergelist. L
| HiEx 2.12

EERSAN L 12 HNAEZREMEE 2.7 AR BEEEERERRE. £
FAITERI— TR ATESBF RO EH,MATERER MR AZ
BIF X RBER - EHE T REFLMORRETEE B ER MR,

A B, AT 5 — dE R AR R K R R R B nF AR

#====- KRB DRERIIEN - - — - -

$#define MAXSIZE 1000 / #EMBRAKE

typedef struct

ElenType data:

int cur;

n31.



}component, SLinkList[MAXSIZE;

RFHR T EEFERR B "RBNRRBF I ET PR AEREN. E0EHER
Rz BA NS BRER -G RN BRRGERS D REBU B RESE
BATHENEER. RANETHBUTERLLE L AR BEREENE - A,
P 2. 10Ca) B FTR R FE 2.6 HFAIMNRER. XRFMELEHNEER LS B8
KezsiE BEEREZENFATMNBRRERABEDHTE, WEERHEH QAL
RIS EEMRE. M0, E 2. 10 BRTHE 2. 10 FiRE R EHARETE
“SHIP MBI TR “ZHENG” 2 B IR B . 3T M4 AHRNRHERER S, &
TIAXFARAH RN REL N SRR,

0 1 0 1
1| ZHAO | 2 1| ZHAO | 2
2| QIAN 3 2 | QIAN 3
3| SUN 4 3| SUN 4
4| L1 5 4| LI 9
5| ZHOU | 6 5| ZHOU | 6
6| WU 7 6| WU 8
7| ZHENG | 8 7| ZHENG | 8
8| WANG | 0 8| WANG | o
9 9 | sHr 5

10 10

(a) (b
2.10 BAEEERH
(a) BRATHRE; (b) BREHRE

¥ S & SLinkList Z4ZAR &, W S[O]. cur AF - EREHAFTHNE, FR i=
SLo]. cur, ) S[i]. data FAELRMRMBE— N BIWETE, H S[il. cur ARFE AL RAER
HPMMNE, —BREL SR INPBBERERNOE kG0 S cur #HRFR+ 14
HRONE, ARAERSHRPLAREROBRIEMNSDBERMM, LB MR i RF
Bh&EHH p, i=S[i]. cur PELNIEEHEB LT p=p—>next) , BN, EBMTHEX
LB SE A B LocateElem MM % 2. 13 firR .

int LocateElem. SL(SLinkList S, ElemType e) {

N EBSHRERBERLPERSE 1 MED e LK.
/A BEREMEEEF L RHALF, SREEH O,

i = §[0].cur; /il RBPE-ITER
while (1 & & S[i].data | = €) i=S[i].cur; /) ERPBEER
return i;

} / LocateElem_ SL

Mk 2.13
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RS HABRSERPLABANMBRBRENEE. WE 2. 10 M5 TR, 1
FreRKRENNEH RN ARRPRBEA SHBROERE 2.9.2. 10 XL, FFAF KR,
a1 AP B C L2 malloc 71 free XN R . A THARAFHESBREGMEH,. R
KM EREFAREEATURBHBRN S BARRER— TR HANER, BLHTH
ARETNERER EBER - IS RERFEANTSE SR MR W& D
BB TROS REEDEHERL.,

BULEEBEHEA-BUB-ARFRITRBSERNEE.

B2-3 BERHARBAES TR, EBRIEFAES AWBESERS MEERALE
ABHTERNFNER SR, EFEMN BHERKITE MM SEKPRRZ, KL TER
WA SE.

HEHERFEWERL RITECALIIMTER: OBENMBLAERMBLE—MER; @
MNERAZHBE -4 OBZRERSSBISASRLE A ME% 2.14.2.15 1
2.16 Fimn.

void InitSpace. SL(SLinkList &space) {

/| ¥e—E R space Hr 5 43 BEE R — 1% FI#E %, space[0]. cur kg4t
[ “ORREIRE
for (i = 0; i << MAXSIZE-1; ++ i) space[i].cur = i+1;

space[MAXSIZE— 1].cur = 0;
}// InitSpace. SL

HiE 2.14

int Malloc. SL(SLinkList &space) {
/ HERASEERES, MR ESEMNE R TR BNER 0
i = space[0].cur;
if (space[0].cur) space[0].cur = space[i].cur;
return i;
} // Malloc. SL

WiE 2.15

void Free_ SL(SLinkList &space, int k) {

A BTIRRMERS SERBIE AR
space[k].cur = space[0].cur; space[0].cur = k;
}// Free_SL

Wix 2.16

void difference(SLinkList &space, int &S) {
/BREKBARAS A B LE  E—EHA space PRI RRESAR-BUB-B
/ HBEER, S)@lﬁ%ﬁ?ﬁ'o Bit& Az MR BK,space[0]. cur Ky Ligét.

InitSpace. SL(space); /PR BERER
S =Malloc. SL(space) ; /ERSHELER
r=8; /iR SHYMBRESA
scanf(m, n); J BAAMBRYTENTE
for (5 = 1; <= m; ++7) { /) BIEE ANER

i = Malloc. SL(space); ) ARERS

scanf (space[ i].data); J BAAHTRE

e 33



space[r].cur=1; r=1i; N EABRE

"}/ for
space[r].cur = 0; / BERNEBHNS
for (3 = 15 3<<= n; ++3) (. / ERBA BRTE . EREYRS . MEA . TR

V.13
scanf(b); p = S; k = space[S] cur; // kifMLHFAPHE-IEE
while (k != space[r] cur & & space[k].data t= b) {/ ZEXBIE DA
p = k; k = space[k] cur;
} // while
if (k == space[r] cur) { J EHBRPRFEZLR BAE c i AZE A
/B BRRE
1 = Malloc. SL(space);
space[ 1] data = b;
space[ 1] cur = space[r] cur;
space[r] cur = 1;
Y/ 2f
else { / REREERP BB
space[p].cur = space[k] cur;
Free SL(space, k);
if (r ==k) r = p; / EMBRER r s MR B SR
}// else
} // for

}// difference
niE 2.17

R 2,17 o, FU — /AT B GG SR b B SR bR (E MR A A 2 AR TS A 1
b SERK TR K BB S IB R n . WAR IR o . BB 2. 17 BORY DB A B b
CO(m ~<n),

space(0 ¢ 11) space(0 ¢ 11)

0 8 0 6

S 1 2 S 1 2
2 ¢ 3 ‘ 2 ¢ 4
3 b 4 . 3 n 8

4 e 5 4 e 5

5 g 6 5 g 7

6 f 7 6 f 9

7 d 0 7 d 3

8 9 8 a 0

9 10} - 9 10

10 | 10 11

11 0 11 0

(a) (b)
M2l EENEMNBRAER
() XRABBES: () FBRA-BUB-AMNEES
L 34 -



211 REE 2. 17THAFHNAEE. BRIZESG A=(ch,e.g. fod)B=C(a,byn,f).
WE I RABAES ANTEZEERAMNBEXSHEATSHERMRE. A
2D AR BN RAES BRITEHAEER S PHRIKFEA o BBk 6. 5EA n #FR
JEHPREBL s space[0]. cur IR KIEE r WER 7.

2.3.2 ﬁﬂiﬁﬁ

ﬁﬂ%ﬁ(cnrcular linked list) &% — W}Liﬁﬁﬁ%ﬁﬁﬁ% B, BN IPRG
MERRE IR Rk BN ERE B . B R E S5 Rk
PIRPHAML AL INE 2. 12 FiR AR TEIREER. RO & 0T LUA £ T8 09 16 5 b

Bl 2.12 HmyEREER
(a) %R (D) BE

EARENBENREERER 8L L0 ETFHEFOBEFRERL 1 o
pnextRERE MEENRETET % ' ,
fst, EAmER SEErgRtrrE (P [ [ a
1 TR B Sk 48 6 (2. 13Ca) B R o AT o
wrsREaL. nownranray A=
BR—A R F A — N RORRAS '

REFELAE. HRERUA 2. 138 %__EB_ . |

18 SR AR AR RO S SR AR LA B2 pEEy l A
B S #H B ET G2 BB B O, & 3 13- _‘/vB
FERWE 2. 13(b) FiR.

2.3.3 Wagx W 2.13  (UEERRIE S 1B R i 4
() WA EX: (b AN L

PEie X FRERNES SR
ﬁ—ﬁ*?ﬁ%ﬁﬁiﬁﬁ%ﬁ@?ﬁﬁﬁ;é%,bk%’l‘%ﬁtﬂZiEﬁEﬂ[ﬁ‘*“ff{IF?—ﬁﬁfﬂl‘u“ 7
RIBELAWEENE, NTARLBH LR, BAER, ERERTP NextElem B4
_ fEFIE % OC1) JTi PriorElem B$ATE E] R OCn) . o 32 B 54 23X Fh 88 g 14 1k 24 o]
i) Ff X [5] & % (double linked list),

B, Eﬂﬂ%i&‘l#ﬁ*ﬁﬁ/‘f”ﬁﬁ H—f5m A%, 5} 45 ] EL14 i
B.ECIEFTPAIMRNT .

N===== KUEROnERTEHEEY - - - - -
typedef struct DuLNode {

ElenType data;
struct DulNode * priors



struct DulNode * next;
)DuLNode, #* DuLinkList;
MEHNERRLEL, NNERVITUAEERR, WE 2. WEOFR . EXPHEEH
3B 2. MDA ARE AN REGERNER. EWAERD & dhEHRPRE—

[ﬂior [ element | next l
(a) L Al B C

Sef -

®)

B 214 WmsEFRsd
(a) G481, (b) ZHNAFHFER: (o0 ESHNEABHFES

iR B84 (B d 2% DuLinkList 1258, W B R4
d —> next —> prior = d ¥> prior —> next = d
XA R A LR B T X R R R .

TEW g R, RN : ListLength,GetElem 1 LocateElem BN EWH K—IF
BT, MEMR B R R MRS ROBREAR, BEBA HREERANAR, &
W15 6 72 o % T B A BB A 1 L 6, B 2. 15 AR 2. 16 451 BUR T MR FIdG A 45
REREE BN . ENMMARSHIMBE R 2. 19 F1 2. 18 Bz, WE W B E R EY
O,

o _*»_ ____ - i
!'— i 1 - ' :l'-_|®_} 4 2y b
LT 1] = 2 ®®
- o L T-VJ
3 Eane:
F2.15 ZEWEERDRERL B 2.16 ERHmERFB/A—ITES
M4 R R E Bﬁ&ff&‘]’?éib’lklﬂ

Status ListInsert_ DuL(DuLinkList &L, int i, ElenType e) {
A EEREROVEBFRERLPE i MUBEZHNBALTR e,
/OiMEERER ISI<HEK+L.
if (| (p = GetElemP_DuL(L, 1))) / ZHELHREHAMNE

return ERROR; // p=NULL, EpiAN B RE
if (! (s = (DuLinkList)malloc(sizeof(DulLNode)))) return ERROR;
s—>data = e; ' k
s—>prior = p—>prior; p—>prior——>next = s;
s—>next = p; p—>prior = s;
return OK;

}// ListInsert_ Dul
W% 2.18
. 36 o



Status ListDelete. DuL(DuLinkList &L, int i, ElemType &e) {
/BRGSO EBEFRER LS i~ TR, 1 RAREY ISISEK
if (1 (p = GetElemP.Dul(L, i))) / ZHELPHEPH i TRV ERE D

return ERROR; // p=NULL, B4 i ML BEARFE

e = p—>data;
p —>prior ~>next = p-—next;
p—next —>prior = p->prior;
free(p); return OK;

} / ListDelete. DuL

nE 2.19

MAEFHIHE PR, i FERESRASEANA LREA MR ARTEBHFH
RACERERZSHAT . ERAURNELFMEHN. RN, ELFEELHARLER
B, MREHERG K EN A MBUFFHSGMERS S —FE, 8 TEERT GRZH
X R AR ERR, WBBTRERERFHMCF RS R, MEBETRER
HEERPR AL B ITAE. Rk, WEERRL A H REE X RERRREERRE.

— ARG RN EHRERRHEX T .

typedef struct LNode {// % R¥KH

ElenType data;

struct LNode * next;
} * Link, * Position;

typedef struct { V- = 23
Link head, tail; / #5BMAHERPHLERARE-TER
int len; / RREHESERPBWTEHNE

}LinkList;

Status MakeNode( Link &p, ElenType e );

/ AEE p I AEN e BILE R, 3B Bl OK; % 4B 5% I, N8 [F] ERROR
void FreeNode( Link &p);

/ B p AR&R

Status InitList( LinkList &L );

/ ME—-ITEBRHREERL
Status DestroyList( LinkList &L );

/ ERENERELLABFE
Status ClearList( LinkList &L );

J BEHER LERIER . FBRRAERNEAER
Status InsFirst( Link h, Link s );

J BRhEREEEENLER B s THBERBAEE—IMEEZH
Status DelFirst( Link h, Link &q );

J BEH LR FERENLE A ARERPHBE IS AHFUER

Status Append ( LinkList &L, Link s );
/IR s i (B IR SO N — RS S BB ERUERLNEBE —1MEA
/2R - HARTEER LNBHRBAFHNRER

-370



Status Remove ( LinkList &L, Link &q );

A MBRREERLPHESESHL o RE A EEELMNEEHERFNRES
Status InsBefore ( LinkList & L, Link &p, Link s ); ,

/ EHpHERMEEER LIRSS F s IS HNBAE p IEE XA,

A OHFEEARE p IR AANG S
Status InsAfter ( LinkList &L, Link &p, Link s );

A ERpEEEEERLIN MR s RS SABALE p S AZE,
A HBBEEH pIE R FIEA ML A o
Status SetCurElem ( Link &p. ElenType e);
A EHp ERMAMHERIN T ES e B p TG SPRECENE
ElemType GetCurElem ( Link p );
A BHpERAEERTH -G GEE p RS AP RETERNE
Status ListEmpty ( LinkList L )3 )
7 FHRYEBER L Ny R MR [ TRUE. 5 W]SR [} FALSE
int ListLength( LinkList L );
/OB RLPIERIK
Position GetHead ( LinkList L );
/OBEREERLPREEMME
Position GetLast ( LinkList L );
/OB HEELYER -1 EANE
Position PriorPos( LinkList L. Link p )
/ BRI pIEMRHEERL PR — NMESGERE p IS AN ERNEONE.
A/ EFCHIE WK [B] NULL
Position NextPos ( LinkList L, Link p );
/B pHEAHEEE LRI - MR GEE p IS SNEREHONE,
/& KRG 4k R [M] NULL
Status LocatePos ( LinkList L, int i, Link & p) 3
AR p HORERPEREH L P L DGR IR I OK, i ff R4 %8¢ IR 9] ERROR
Position _ocateElem (LinkList L, ElemType e, Status ( * compare) (ElemType, ElemType));
/OBRPEEERLFE 1N e WERH conpareOHEXRRMTRNME,
Y ERFEXRERITE , NIE [ NULL
Status ListTraverse(LinkList L, Status ( * visit)() );
AOREA LA TR B R visitO, —B visitO%K M. WEBERYK.

EEREXHREEENERBES R T Destroylist, Clearlist, Remove, InsBe-
fore PriorPos,LocatePos, LocateElem # ListTraverse §8} 8] & 24 B fl # K R IE L2 4,
HC Al 45 1 9 B () &2 2% BE R A & 4 B ¢ . Append $F B B [B] B 2% B U A A B9 45 U BUR
b, FUHRXSREABRE A LG WNES P TRZIHATLKIMBRE Ak
AP R TR Wk 2. 20 FO 2. 21 BTOR.

Status ListInsert L(LinkList &L, int i, ElemType e) {

HEFRESHAEAURLAOB iPLRZAHEALE e
if ( !LocatePos (L. i-1, h)) returnERROR; // i {HAREE

if ( ! MakeNode (s, €)) return ERROR; / EEREEYERY
InsFirst the s): // W TFMNE I NMEAFHRNER.S -1 1MEAREHLRESR
return 0K;

} // Listlnsert L
e 38 o



HiE 2.2

Status MergeList_L(LinkList &La, LinkList &Ib, LinkList &Lc
int ( * compare) (ElenType,ElenType)) {
/ BRBEELER La W Lb T RIBMEIERBRHT] .
// B3 La il Lb BB R RIER Lo, Lo MU B BBMAEIEBBHT] .
if (1 InitList(Lc)) return ERROR; /| FERESE SR
ha = GetHead (La); hb = GetHead (Lb); // ha il hb 4} §#5 M La # Lb L &5 &
pa = NextPos (La,ha); pb = NextPos (Lb,hb); // pa Fl pb 453§ 7] La i Lb o7 24 B4 &
while (pa& &pb) { // La# Lb ¥z
a = GetCurElem (pa); b = GetCurElem (pb); / aMbAWETLUMHETE
if (( * compare)(a,b) <=0) { / a<b
DelFirst (ha,q); Append (Ic,q); pa = NextPos (La,ha); }
else { // a>b
DelFirst (hb,q); Append (Lc,q); pb = NextPos (Lb,hb); }

}//while

if (pa) Append (Ic, pa); /O La PREIRLE R
else Append (Lc,pb); /B Lb R RLE R
FreeNode (ha); FreeNode (hb) : A/ R La fl Lb B9k 45
return OK;

} / MergeList_L
Wik 2.21

By 220 B 2.20 4RI E 2.9 B 2. 12 W ERR, B0 E 8 28
AT E TS A .

2.4 —IuEIAHIRR KM

HEEFRAMBIE, CERNRLEHYRBARN ., ERE L~ —TETRP, (2
HEARFE R
P,(x) = po+ prx+ pox* + - + px”
EHrHIAMREME e, B, EHENR, ETH—/1 K%L PXER:
P = (posprspzs=spa)
BB BREEXREr. NFER.
B Q. () R—IT m KRBT, FIFE kMR QK ER:
Q=1(q:91:G2+*"* +qm)
AR,/ m<n, WA EFHRAHEMHER R(O=P,(0)+Q.(x) THLH
ERFENR:
R=(po+qsp1+q:p: +Q2 33 Pm + Qo s Prmrr 9% s D)
BR,BRATTLUN P.QH R RABFFHEEH, B EHAMMNEEEX+4H
. B2, -2 ANBREANNEMUFELBRT. R, EEEHES, BH
AMKRETRBEH BB FRIAFFHRENNBRAKERERE., S EELE
¢ 39



RORETERE LB, FRIUFFHEEHNBRAKERERE. FHREELE
¥
S(x) = 1+ 32100  2,2°%°
iy Z A W, BB — KB 20 001 BIRIERREZR, RFMNAE 3 MEFITR, XM K
BB RN Y B R, (R NR RIS R BN B 4R 00 7[5 i 77 8 A5 B
B, '
—BERL T —IT n RETXAE B
P, (z) = p1x + pox2 + o+ + px‘= 2-7)
Hep,p BEB He: RN ETREGCHBR
0 <y, << o <e,=mn
EH-TKEXR m BB TRAEFRNMEET(RETMBRTO HLER
. ((prse1)s(prser) s s (Pnsren)) (2-8)
- ELTR P, (), EEERBAE T n+1(=md) N REBART ML R FREE
MEBH T RELHEME—FHRE. BRE XN TF SOENEHRA, XHRREBERRKTA
=z 6],

Xt R FRYER PR EEW, B (2-8) 8 X — T WA o] LA BRI R R
ik, BN ARFHRAR M WERLZHXEMMHEENE. FHRMEZHA
BEAT“SRAE AR 2 IR B R PO B E 3, )R 7 26 00T 0 3R B0 0 A7 45 4
BIw], B MR AR FRERR. ATHREEITR M A RS RGBSR BRIERE
H—LEBAMNEBH.

HWRBEAR —TTEHAKEXINT .

ADT Polynomial {

MR # D= {a:| a; € TermSet, i=1,2,*,m, m=0
TernSet BN TEEB T T RRARABWEHNRREROELY }

B|/ER RL={<ai-,,a>|a1,a:, €D, Ha- PRBRME<a $PREHME,i=2,,n}
BARBMIE.
CreatPolyn ( &P, m )
BESER WA TN RBAEBHE BIL—-LEMAK P,
DestroyPolyn ( &p)
Ma &G —LEZHA P EFE.
BAEER - BB —HLHA P,
PrintPolyn ( P )
MG . —LETAXPEHFE.
BESER ATHH N —TEZHK P,
PolynLength( P )
mth&kH.—nEHX PEFE.
BESERGEE —TTEWX PHIH.
AddPolyn ( &Pa, &Pb)
VI e — T Z TR Pa F1 b ELFERE.
BESR . TRETAMMEE B :Pa = Pa+ P, R —TTEWMR Pb,
SubtractPolyn ( &pa, &Pb ).



BEGR . ZRETANBIEE,BP:Pa = Pa-Pb, B/ —ILELHR Pb,
MultiplyPolyn ( &Pa, &Fb )

VIt &4 . —TC X WA Pa 7 Po EAFFE.
BAELER . FREHAAEREE, B .Pa = PaxPb,HH—TELHA Pb,
}ADT Polynomial
LR EREXH—TCELTR, BRI AR GFHEEW. Bl B 2. 17 FRFH/IEL
HEERIPRAI—ITLEZIMR, Ay () =74+3z+92° +52" I — L Z TR By (z) =8z +
222" —9z%, MBI, BIMERBERZIXFH—T.

A -1 7] 0 3|1 9| 8| o—={5[17A|
-\ {81 22] 7] of—1-9] 8[A|

B

B 217 ZWMARKNELRTHEEN

iy LB X R R M R TR Z R L e R 7

R4 — 70 25 T2 AR B0 #8932 B AL U « Xt TF A~ — JC 2 0K o B A 18 HOM R A 30, X R &R
B HAANF, WA R MBI B —T 5% FRA— L2 P HEREA
MFE ST AR B “TE TR £,

eI % B B R R B AR K B Polynomial b 2 A4 B AEH & L, “FI BT "R P
GRETAER M ZAWN ST AMER P RN HEERUMNT BB qa f
ab A FIR A EHK A MBWMA B F YATHEAT LR ARG W R4 R P 18
B, E T 3 FER: O aa FiES U0 BUE<IB 5 ob BT 45 R 8 18 5018 , W BL
# qa }EFTIRE RBAB“RMEBHX"ERP L5 O qa FIBHE KK BPES
ab Fr 1845 U FE BE, MIRI BG4 ob BTG S A B ‘MBI R P 55 Of4
qa BT 45 R I8 JME = 1 41 ob B8 45 sUB 48 B0 WK WA 25 a0 Fh 19 RO 45 A 4
ARF, MBEK qa SRS REBE RN B ob IS A RZ NB0K A fh5ER
H R AR B 5 A JE R B qa M ob FTIRE A, B, i 2. 17 PR MERERRH
ZHAHMBR W MBI "ERNE 2. 18 FIR, APHK T ERREEBBOLE L.

N T Tl ook [T T {sA]
1 C Nz

H2.18 MAmMEAKMEIAR

EREFAKHEMAE RN E—TIT R AFRNEF RO BR LMY ARIZ 4
WETF, G EELBEBETRE RGP EL . Bt 20K 2052 UF
R RN AL RIER TR .

FEMMULAKR, 2.3 TREXWASFRRMER T —RBOLER, TRR—
TERAMNZRE FER. AFERNEFRECLSANERERLAR. —£
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RETAMNZREFER. FREENEF RSN ERUEBRERLRR, —£
LocateElem FHREEARF, BT WM Nk A FF X R H1TH A B 4E OrderInsert, 31 {3 BH
mF:

Status LocateElem (LinkList L, ElenType e, Position &q,
int ( % compare) (ElenType, ElenType));
/) ERFERLPHFLES e WEH E R compareOBMEN 0 TR M q R LPE—4
/) ER e B RIALR, HE M TRUE; BN g HARE—15 e WRHE B conpare() B
// AE>0 BT KBTI i A7 B , 338 [6] FALSE
Status OrderInsert ( LinkList &L, ElemType e, int ( * compare) (ElemType, ElemType));
/A PRI E B conpare O MILE N e MG NBAZE PR LB SR L

Bl 2-4 HRPIEAKE Polynomial 493 H .

typedef struct { // MM RR, BTN LinkList BT ER
float coef; V3
int  expn; VAL
}tern, ElenType; // W34 :tern i F 24 ADT,ElenType 3% LinkList fY¥IENT 84

typedef LinkList polynomial; / RERKGERNEFERRREAR

#=-=---- EARMENRIRBRS - - - - -
void CreatPolyn ( polynomail &P, intn )3
A BAnTHRBABE BT RR—TETRANAEFERP
void DestroyPolyn ( polynomail &P );
/ EHR—TLETR P
void PrintPolyn ( polynomail P );
/T —TTE WA P
int PolynLength( polynomail P );
/B E—TCE TR P AT K
void AddPolyn (_polynomail &pa, polynomail &pb );
/) RBERRAMEBHE B :Pa = Pa+Pb, HHR—TELI= Pb
void SubtractPolyn ( polynomail &Pa, polynomail &Pb );
, / FEREMAARBZH, B :Pa = Pa—Pb, HHH|—ITLEHRA Pb
void MultiplyPolyn ‘( polynomail &Pa, polynomail &Pb );
/ RREFRAMAFEH, B .Pa = PaxPb, B/ —TELH Pb

H===== EXRENBEBRED - - - - -

_int cmp ( term a, termb );

/R a BYFEBE <(EK =) (@ >)b B3, 4 38 E - 1.0 fi+1

void CreatPolyn ( polynomail &P, int m ) {

N BAnTHRBRMER BARR—TERARNEFERP
InitList (P); h = GetHead (P);
‘e.coef = 0.0; e.expn = -1; SetCurElem (h, &); // BELEANEETE
for (i=1; i<=m; ++1i) { / RKBA o M ESH

scanf (e.coef, e.expn);

if (!LocateElen (P, e, q, (*xcmp)O) ) { / YA R P REFE LB HM

if (MakeNode (s,e)) InsFirst (q,s); [/ HRERHBFBARE

}

}
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}/ CreatPolyn
WiE 2.22

void AddPolyn ( polynomial &Pa, polynomial &Pb) {
/ BWMA M :Pa = Pa+Po, AWML HAMNE AHR“FELHR”,
ha = GetHead (Pa); bb = GetHead (Pb); ,/ ha #l hb 4} BI#8 ] Pa il Pb f k%5 &
qa = NextPos (Pa,ha); qb = NextPos (Pb,hb); // qa Fil qb 4+ 5I$ 5 Pa F Pb Hp M ATEE &

while (qa && qb) { / qa fl @b WS
a = GetCurElem (ga); b = GetCurElem (qb); // afibAFEPRHUWHETE

switch ( * cmp(a,b)) {
case -1; / ZI PAH HATH ST MAD
ha = qa; qa = NextPos (Pa, qa); break;

case 0 / BENIBBERS
sum = a.coef + b.coe’ ;

if (sum 1= 0.0){ / BHAEAXA AP YNEIANREE
SetCurElem (ga,sum) ; ha = qga; }
else { / MERZIAK PAPYUWE SR
DelFirst (ha, ga); FreeNode (ga); }

DelFirst (hb, gb); FreeNode (gb); gb = NextPos (Pb, hb);

ga = NextPos (Pa, ha); break; .
case 1, // ZW PB YR K R BUE /D

DelFirst (hb, gb); InsFirst( ha, gb);

gb = NextPos (Pb, hb); ha= NextPos(Pa,ha) ;break;

} / switch

} / while
if (! ListEmpty (Pb)) Append (Pa, gb); // k¥ Pb R KGR

FreeNode (hb). // F&if Pb k4K
} / AddPolyn

Nix 2.23

WA — T2 T HE SR B B0k » AT LA A A — 50 28 T =X0H o B0 e SR S 3R L R D e

BEYTUAIBEAN—-RIIMMEZE. BiR AG@H B@OARC-DHZTR, N
M (z) =A(x) X B(x)
=A(x) X [zt + bz 4 +o» + b,z ]

= i}biA (x)x%
Ko, 8- HBR—-N—TEHK.
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H3IZE R MBA 5

BRAMFIRFMEZNRESH . ABEBESHARE . RAUAFIBRRER, K
HETFRAMINNELARERIBRBEN TR, ENEREZMORER, I, TK
HREENBIREH . EABERBARE, TR ML R KA MR KPR EE N H
RPERY ., ATEN ENRAESMRERE S, RER RN RHBFRIT S, BN
REMBERY. AERT IHSRMASIAE L RRFTEMEIS L 45— 25 A
BT .

3.1 &
3.1.1 HSBERIBRNEN

HB(stack) BBMENARBHGHEARMBRMENRES, FHilk, RKRE, KB
i A FARRR A SRRV R TR (top) , ME ML M , R 3K 3 FR M R & (bottom) . A F TR M E R
HERk.

BEER S=(ar1,a:,°5a,) M a; HRIKTE 2. AIRTATE. RPTEKK a)
azsesa, MRFHR . BRME - AP TENIRTTE. RAER BRHOEREEREH
So BRI H#EAT R G 3. 1(2) BiR) . B I, AR XFR 8 5 i3 5 H (last in first out) fI£R
PR (WFR LIFO 54, B XME ST HE 3. 1(0) i AE S R LR .

i R

/ i s

B

S | a

i

’

LI

RIK

n|i|

3.1 #%
() RWREE; (b) B&RBAENRRR

R R RIERR T ERTETEASRMEBRS, BF ROV HE RBARTUTR
%. TEHAHROMBEFELHKEL
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* ADT Stack
HiEIE: D={ a, | a, CElenSet, i=1,2,*,n, n=0)}
BIEXBR:RI={ <a,_,,a, > a,,aED, i=2,--,n}
Y5E a B AR TR, a0 S AR .
EXRBRIE:
InitStack(&S)
BIEER - BWE—-ITEKRS.
DestroyStack(&.S)
Mk &M R SEHFE.
BELR R SHER.
ClearStack(&S)
MBS RSEFE.
WAEER S WHER.
StackEmpty(S)
PR &M R SEFE,
B R AR s IE#R, 1K [B] TRUE, & N FALSE,
StackLength(S)
V&G R SEFE.
BESRGRE SHITENE MRMKE.
GetTop(S, &e)
M HFME RS CHFERIES.
BELR MeiBHSHRTILE.
Push( &S, e)
WM& AR SEFE.
BESER BATE e HFHRMITE,
Pop( &S, &e)
Mk &G - RSEFERES.
BEER BB SHRTTE, A e BEHE.
StackTraverse(S,visit())
VpEE R SEFERES.
BAELR . NREBIRTRERN S WENM KRBT EAARYE visitO, —H visitOKMK,
MEVE RS .

}ADT Stack
ABELUFEEDSIHKRKE I E SCRRHE AR, R BE T R AR 7N A
BENE X, I RIEATTEQBREDARR, MERAR T TR B8R E T HAR.

3.1.2 BRAHRFMEH

R RLM AR WA PR AR T
GG PP A% » BIVRR B 0 P 7707 45 4 2 ) R — 401 3tb b % % 0 7 6 LT AR K PP I B BRI B A%
BB TR , RN 184 top IR RTUTRENFRP M E. EH K IREER
B top=0 RREHK, EF CIEFHHRAMTIRATEM 0 Fif, LU C EHRRIEFE, 1
BB E AW SRR KRRE B —E, B TARFE M AL 2B o B % B K 25 1A B K /R A4 3
B, — B, BRI R SR AR ERGBARR., — T REEOMER KX
RAM—THARR REENALRS GROZAABEANEZRT K. A, W
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&%WA#ESNWKIMTsum#%iHMﬁﬁmﬁﬁmnmxmuman
(MRS E) 3 U T RER JEE R R N E X,
typedef struct
SElemType * base;
SElemType # top;

int stacksize;
}SqStack;

H b, stacksize RARM YA AT EANBRATR. ROMALBRIEN KRS RWAIE
BHTH—WF I base AR ARRIB 4, EMFR T, EHA M ARKBKLE, &
base H{E% NULL, Wi R IR MR FETE . B top WARTRIE 4, AT IS MR , B top—
base AJ#E R AR % WIIRIT , B HIBAF KR DT KA, 184 top 3 1, MBRAR T KB, $54F
top W 1, FE, EERPHRMBH BAERTTERN T —MBLE. B3 2 BRTM
FRFBEETRMRTMIE S Z BB XER .,

o
E
D
c top
top - "
top
base base | A base A base A
K32 BRUEHEMRPITEZENER
PATF R R iR R BB 1
// ===== ADT Stack f &R 5HLH =====
f === RMIRFEEHRR -

#define STACK. INIT. SIZE 100; /) RS ETESRE
4 define STACKINCREMENT 10; /2 E 4y MR &
typedef struct {
SElenType «x base; //ZEMRMEZ AT MEBZ )G ,base f{H % NULL
SElemType *top; /#RTH#E4H
int stacksize; A EHE B FFEESE,UTE DR
}SqStack;
f === EARMENRBRBEY -----
Status InitStack (SqStack &S);
/WA S
Status DestroyStack (SqStack &S);
/BB S,S REHE
Status ClearStack (SqStack &S);
/B SBRER
Status StackEmpty (SqStack S);
/ F¥% S Rk, Mg [6 TRUE, 7 M 3& [B] FALSE
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int StackLength (SqStack S);
/B S TG EANE R E
Status GetTop (SqStack S, SElemType &e);
/) BERARZE, WA eREl S HRTIEE, 3K Bl OK; % MK [8] ERROR
Status Push (SqStack &S, SElemType e);
N BATLE e AFHRTOLE
Status Pop (SqStack &S, SElemType &e);
/) ERARZ UME S WRTULE,F e 8 EIH(H, 18 [ OK; % MK [E ERROR -
Status StackTraverse(SgStack S, Status ( * visit)());
/) MRIEFR TR KX RS BN T ERARY visitO, — B visitO KK, MBERK

N === EABENERBRES) ————
Status InitStack (SqStack &S) { ‘
/) HBE—EES
S.base = (SElenType * )malloc(STACK. INIT_ SIZE sizeof (SElemType) ) ;
if (1S.base) exit (OVERFLOW); V-2 Tid 3 8
S.top = S.base;
S. stacksize = STACK. INIT. SIZE;
return OK;
}// InitStack

Status GetTop(SgStack S, SElemType &e) {
[ ERAZ A eiREl S BRTITE , IR Bl OK; % MK Bl ERROR
if (S.top == S.base) return ERROR;
e = % (S8.top—-1);
return OK;
}// GetTop

Status Push (SqStack &S, SElemType e) {

/) BATTE e HFHRTLE

if (S.top — S.base >= S.stacksize) {/#k# . BIMFFHEZH
S.base = (SElemType * ) realloc ( S.base,

(S. stacksize + STACKINCREMENT) * sizeof (SElemType));

if (1S.base) exit (OVERFLOW); // fEf% 4 Br kW
S.top = S.base + S.stacksize;
S. stacksize += STACKINCREMENT;

}
*S.top++ = e; S
return OK;

} // Push
]

Status Pop (SqStack &S, SElenType &e) {
JOERAE,NME SHRTLE, H e BEHE, HERE

OK; 75 JU 3 I5] ERROR .
if (S.top == S.base) return ERROR; - B

e = x ——S. top;

y ;eturn OK; E 3.3 @RrxEAR
op

data next

BRI
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RAER BT AR 3.3 FTR. BT RARAERRHERBIENSH . R
HEED T L, ERAERATTR.

3.2 REYRLFHEH]

B FRRG M A B 0 B R, B B R P A TR, AWK
S JLAHR R BT

3.2.1 ¥sifER

TR N A o B B R T B LS BT B A A () A, LA 2R T R

Z, HPp—-NERERETTYIRE. »
N=(N divd) Xd+N mod d (FH: div HEERZE ,mod HRKZEH)

B0 : (1348) 1, = (2504) , HiIZ B F BT .

N N div 8 N mod 8
1348 168 4
168 21 0
21 2 5
2 0 2

BRAEHE —NHETIERMOBEF N TRAMEE TR SRR ITE
WHSHSENA#ERE. BT ERTRERR A B AR ™= £ A\ H B S
Bz, TUFT Bt — AR LR B A BME L AT P At R B AR . B, W E
o 7 S B i/ \ 32 0 B E 25 S0 O SRR 5 T35 i RR P B 4T B L Y B O 5 4 A B B A
i ik

void conversion () {
/N TFRHARER—-TER TR TS 5 SE N\ K
InitStack(S); /AR
scanf (" %d",N);
while (N) {
Push(S, N % 8);
N = N/8;
)
while (! StackEmpty(s)) {
Pop(S,e);
printf ( "%d", e );

}

}// conversion

HxE 3.1

XEMARKEHEHFENEGRNEA T, XN FP.RBENFIIRER
. 48 -



o RHLBE—RIBAR RE—WBHE. B, FHEESROER. ARAHEELAR
WREBG? AT ERBEEARFL ARNFARETRFRITOEE, ML T AR
MXERK.EEEEES/DT . MAKRAANER T BN R, EESBE X558
AT EBEET .

3.2.2 EEREMNRE

BREAXFAFLERHES AESMFTES, KRENIFERE, BICIO) R
LI DIFRERBIER,[CDROCOODB (ODHYRFERNHBR, REFESRS
ICEE K7 AT R M SUA B X MRS R R . FIE B THIESF5 .

CcCI01>]

12345678
HHRNBEZR TR N ESE . EARESHERNEAMESHLIA, ATMERMHR
BoANES HNE - ES U RARENRY, MASERSE - MESHEREN . BL
TMESOTHHE, R, BERHERE=AESD”, HYFERNBERE _-INE
SRR UE A ES U RBREL N THE=AES . ERAE AN ESHH/REH
BTHE T ESEERTEONMESZE BN ESHHRBAHE  HRZE .52
MES KRR YRR B REF T, KKK, TR, XML RS
SREBFAHEYE. L EREPRE— ML BEA-NES HRAHES WREMHE
ETRIMHBSEMUPRBBLUNER RERASENHELERERES , MEN—ITHH
ERGERHHEARY, BRERANERT WA REROP RN EAERET %K.
F5h R BT IR MG RN AR ER TN . WEREBAREMEIITEZR.

3.2.3 1TRBERF

—MERRNITRERIFRIIER B WL REA R R FEARS W
BRER. BTHPESR LETRAN RERIEAHZE, Bl EERERF .5
BZ N FRIFARFPEEX"HBEBRIEEE LN . BREFHBER, &1 -8
ARWK FAUBZRAFBAN—TFRHREZTHFEAAPREX. ATAPRALE
G, HERIE RN TR EE. f10, %02 ZIHARREA KW —FR2E 00, T
HHFE—TBREFH” URFH— N FREH MRRAYMBANTAZERSRAEU
BT LRA—MBETR@”, LF R YRITHF RN FRAE LK. S, BIRAL 5
ZTXRERITFR:

whliff #ilrfe(sH * 5)
outcha@putchar( * s= #f ++);

WIS B A By 2 F 5 RAT -

while ( % 8)
putchar( x s++);

HE T RENMABHRE N —MREW  BYNRRERT A FRZELEENT
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B MR EHEARLBRACARBITH, WEZFRFEARTG NRE—TBEF, WA
RUME—FF NRER—BITH, WEFFRENZR. LRLCEIBETHARR

3.2 fik.

void LineEdit() {

/ RIRFRR S, NE BRI R ERALBENBREK.

InitStack(S); /HEEERS
ch = getchar(); ) NRSHRBRE—1TFH
while (ch | = EOF) {/EOF Jy & U WK
while (ch 1= EOF && ch {="\n") {
switch (ch) {

case '#'; Pop(S, c); break; //{¥ ¥4i%IE % BB AR
case '@': ClearStack(S); break; /HEE SHTH
default : Push(S, ch); break; /BB FRHER, REBRHHE

}
ch = getchar(); // MAWEBEWT —MEM

}

HAREBRTMRAFHELERATBRHEER;

ClearStack(S); N EBSAHTR
if (ch != EOF) ch = getchar();

}
DestroyStack(S) ;
}/ LineEdit

Wik 3.2

3.2.4 EKERP

REFHPMAAORYOMFTEBRE-TEANBEFRITRE. dTHENREE

B R BRI BRI 8, BIAA O &, I
—J5 BRI, A R B, WKL RE; &R
BB E L Be— A W EAERR, EETA T RERE B
BERBNIE. 3T RIEAEM A E EMEHFEEE
B, BRFEA—TEHEHNEHRRFEAADRS
R EMEE. Fit, EREEERNOEE TR
HWHREBRTMRET .

B, RN R AT LAUR A 3. 4 BRI RER
ARE, ARHENTREAEEUZEATRER),
RN CIHABRO T RER) . FIRBEELARR
BpRZ, ARBHEE EAREZNIFA —EER.

NN

Ho

B YA E YR EHRAIBR TR AT EE PR TRAR”, WREE
b ABBHERNERBER. E YR ETE”, WAA“ YRR, AT —
RBHRR R T A BN LM, M EEEZ RN O A A B AT
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B L ke 1) 73R F B R — BB, R HE R ORI Z S AL MASRE
LVORB M 4 A7 ERTE” WAL SRR E MR B k. TR —
BB HORCYBME A 4 AAFECRE. A 0D EHESKHT R, BBRUKSIER
“HHTERAR”, IR F AR LRTEE LB —NEER”. i, “WABREHRE
BP S M4BT B AR “ A BT BE 2 L BR BT — B IR B BRAE B 0 “Hh AR
REEF—-ZMADBE ONBREHEERTHAHERINT

BRELYRMNENMEIACME;
do {
HLURAEE,
W AR R AR V& UN: 23
EZMBERHOME. MR, /| RBBEFBAERT

BN B M ATABORS T IRAF W LRTOLE
}
s,
ERAZHRTAMNENERMBTRAREHER,
T35 52 3 A0 24 B0 B % IO ek - i S 4R B MR AL B A T — M 4B 3R
ERASHBRTUENLEHATE,
m{ WMERWAERE; VAN 2L F3v3 ik
FRAZ,MEHFURFHREMCE,
HERI N TEHHESRBERERS;
} ,
}while (R ARZS);

I, MR — SR B AR T 96 0 R R W B RO E B, RO SR X

7 e B TE B, T BB E M AT AR bk R BT R B R st A 2 R B2 , th A 2
B 2 AT B4R R e R R BBTESERA R A D .

typedef struct {

int ord; / BEREBRBLEMN"FS"

PosType seat; /) BEREXRETRH"LEREALE"

int di; / ABREBRERT —EHRN" FE"
}SElenType; / ARTRER

Status MazePath ( MazeType maze, PosType start, PosType end ) { )
// ERE naze HAEEMA D start B H O end AEE, MRB — KERERT OAREBIR
// TR, 338 B TRUE; 75 Rl i& [E] FALSE

InitStack(S); curpos = start; JBESHRE A ACOCR"
curstep = 1; N/ REE—%
do { .
if (Pass (curpos)) { / MATM BT LUEM,PRKR Y EBSAEER
FootPrint (curpos) ; / BT RiE
e = ( curstep, curpos, 1 );
Push (S,e); / IMABR

if (curpos ==end) return (TRUE); / B|HXR&SCGHMO)
curpos = NextPos ( curpos, 1 ); J F—HBRYMMNENES
curstep ++ ; // ﬁ?—ﬁ‘—‘ﬂa
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Y/ if
else { / MEIMIEARFEED
if (! StackEmpty(S)) {
Pop (S,e);
while (e.di==4 && ! StackEmpty(S)) {
MarkPrint (e.seat); Pop (S,e); / BTAReEESMRT, B E—5
}/ while
if (e.di<<4) {
e.dit+; Push(S, e); VE: WA ¥
curpos = NextPos (e.seat e.di ); /) BEEBERAEREE W LS SR
Y/ if
Y/ if
}// else
}while ( ! StackEmpty(S) );
return (FALSE) ;
}// MazePath

Hix 3.3

3.2.5 REARE

REXRERBFRITEFTHREFPH—ABREANE, EHLIERRHHX—4
BAEGTF. XEAR-MEREWR. ) AEHANEE BRI BR/RERE".

BE-NREABFREFHRREN—NBELSFI REEENEBARARME, BE
EHRRB ERAERERAR. AN, BEXTHMBRZERARM:

442X 3—10/5

HEETHAERNUNZEE ML, B,

(1) FeTeBR, 5w

) NEBRE;

3) kEEWN, FHESH.
B, XA B AR R B R BB B R

4+2%Xx3—10/5=4+6—10/5=10—10/5=10—2 =8

BRARAERREREINTBEMREXENRERLAMNZLR MR BRBREITH.

L A EEREE B IER (operand) GEE X (operator) Fil 7 BB 4F (delimiter) 24
R, BATREN R E, — 8, RERETURE RO TURK R AERESE RN
WA EERTUNINERBER X R BN B EERN I I EARRAG LS
FBEMRERLERAE. HTHROFE, RIVMMUGTEHREARRXIRXMNRERE. X
FREAXRETIGBRBR 4 MEEF. EEREREHRIE—REERE.

RIVEZERMARFERAIER, EMNHROES ML R OP, BELR 3 £
BHAN,EZRENB—FH EBFH MR EIANBER 0, M6, ZENILEXRELET
H3IMXRZ—;

0, <<0, 6 MIREBET O,
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61 =92 61 H‘Jﬁtﬁ'ﬁﬂ%? 92
6,>06, 0, KIEENET 6,
RULIEXTERZERHXMEERR.

£3.1 AFEAPREXER

N 8, + - * / ( ) #
+ > > << < < > >
— > > < < < > >
* > > > > < > >
/ > > > > < > >
( << < < < < .
) > > > > > >
# << << < < < =

AN )+ —.x Ff1/% 0, BFEE R T CEETO”, BMNE), 4 0, =
0, Bf,4 0,>0,,“B”"REBEEIXMWERFT. A THEERH EXXANERELHBRE—F
“HPHRBANEBRN—NHES. BFHCO=Y"BRYELESHBN . BFSANE
Q:E‘gé%ﬂio I‘E-]E’“#”z“#!’%ﬁgﬁ\%iﬁ*ﬁ%z&o “)”L_-j“(”\“#”—‘:j“)”u&“(”
5472 MEREXRR XRANREIXNPAALFCIHE LI, — BB BXFF, N
TANHRTIBEESER. £ TEHNTRP . RITEBENBANRERNASHIER
iR,

NERBARRES: TUFEHAREAN TER. — i OPTR, BUFHFEER: 5
—A R OPND, I FFRERTZHER. RENEATAR.

() BRBREFRIZR . ZFXXNERF 4" HEEFRORIEITE;

@) RREAZEXERXPENFZR, HELBRIEHNHE OPND £&, & 2 5 B £F U f1
OPTR RRMRTUZE A LB BPUS MM BRE, EEE N R XA RME L (B OPTR
BREARTOTR M YRR ARNFRE R E™),

B3 AR TRXMRELRE.

OperandType EvaluateExpression() {

/) BRBERXNRMENEAREEY: . % OPTR 1 OPND 4+ B M B B R MEEHR,
J PHBEFESR.
InitStack (OPTR); Push (OPTR, #');
initStack (OPND); c¢ = getchar();
while (c!='#"' | GetTop(OPTR)!="'#') {
if (1In(c, OP)){Push((OPND, c); ¢ = getchar(); } / RERCEFN SR
else

switch (Precede(GetTop(OPTR), c)) {

case '<'; / BT ERERK
Push(OPTR, ¢); c = getchar();

break;

case '='; [/ BESHEWT —FH
Pop(OPTR, x); ¢ = getchar();
break;

053.



case '>'; [/ BRHBEHLERAR
Pop(OPTR, theta);
Pop(OPND, b); Pop(OPND, a);
Push(OPND, Operate(a, theta, b));
break;
}// switch
}// while
return GetTop(OPND) ;
} / EvaluateExpression
wiE 3.4

BAEtb R EATHEDNER. HH Precede RAICEBERRMRTEBER 6 SFAN
B 6, ZEE SRR B K Operate RHITZITiZH a 06 MR MBRRIFRE
R WP EXNMEEN—HERMES I ERFREROPEAERZ ; MREBBIIATRE
KoM EBHITHEH JERBENER.

# 3-1 FIFBP: EvaluateExpression reduced X B AKX RK 3 x (7T—2)R{EH, #E
AR TFHR.

e OPTR #& OPND #% WATH FTERHE
1 # 3x(7T—2) 4 PUSH(OPND, ‘3?)
2 # 3 *(T—2)# PUSH(OPTR,* » *)
3 # % 3 (7—2)# PUSH(OPTR, ‘(’)
4 # % ( 3 T—2)# PUSH(OPND, ‘77)
5 # % ( 37 =% PUSH(OPTR, *—*)
6 . #x(— 37 2 # PUSH(OPND, “27)
7 # % (— 372 ) # operate(¢7’,¢—?,%2%)
8 # % ( 35 Y # POP(OPTR){ £ —xt155)
9 H# o* 35 # operate(‘37,¢ % 7,¢57)
10 # 15 # RETURN(GETTOP (OPND))

3.3 HREBHEMELH

BREA—TERNRARERFRITESPXABAH. —TEEXRARNACREL &
U # V8 R ] TR B W R B R R B, BRI 13 R 3.
 BARBFRITF—-AMBRANNITAR. H— AREPFRBEBEE NN, DRK
3,78 B4 B e o 4K '

Fact(n) = {1 Fn=0 3-1)
n e Fact(n—1) Fn>0
2 By Fibonacci %
0 En=0
Fib(n) ={1 FzFn=1 (3-2)
Fib(n — 1) +Fib(n—2) HAhERE

F1 Ackerman pREL
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n-+1 EFEm=0"
Ack(m,n) = {Ack(m —1,1) . FEan=0 €3-3)
Ack(m —1,Ack(m,n—1)) HAEE

SR ARBEEW, X XRE, HTEWA S EA R BESE, BTN
{Er B AR =, 8 —KNE, ﬁﬁﬂ@ﬁ%&’ﬁ@ﬁiﬁ?ﬁﬁ%% {Bfﬁiﬁﬂf’cﬁtﬁ
AR BER S, I\ B )5 B8 . Hanoi %,

$13-2 (n Bt Hanoi HREBEHE 3 M5B8 XY M ZHEE, EEEX k

A 2 MHERDERAHER KAB KRS R 1,2,

X Y z n FEIZGE3.SFHa). AERE XHEN 2 NE
: BBEERE Z & IHAH R F & HE, lﬁ:@zsbﬂﬂd‘
EPE T HHN .
¢)) @Yk,\ﬁﬁﬂzsb——/l\lﬁlﬁ:
B 3.5 3§ Hanoi 3 F8 - (2) BT AEE XY fl Z PRE—IEE L
HRTR A (3) BT DA — MR BEREERND .
MWEAZ L.

M ERB R E BRI RIER? L o=10, FAEEEAR, AREHRSH 1 HWEEN
BEXEHEBEEEZ BN Y o> W, FRAEE Y EMBIEE, HRRIEREE
HERnMRAKZ LR n—1 ANEISZNERE XUKR EREMDBEHE Y £, WA &4
HMEAnWERNEE XBEEEZ E RAEEEEEY LK —1 MEEUKE LR
MHBEERZ b, TR n—1 MEEN BB E S — N EEN B R FE
15 R 27 A (] A6 I JR 1 0 [0 R, R R R A MR/ 1, R T LU R R 3R 8 . H it
AR AL 3. 5 FRIRAME » B Hanoi SERIBH C K%L,

void hanoi (int n, char x, char y, char z)
/O Ex FPRERHDMAAKEEEMTHES N 1 Z n i n 4B £ 3550 #% 3
/Y z by B ARSI R .
/W #RAE move (x, n, 2) ATE X KN (c R¥MER 0 ML RER, WHEEHED .
// printf(" %i. Move disk %ifron %c to %c\n", ++c, n, x, 2);
{
if (n==1)
move(x, 1, z); VHEREN1IHEZN BT 2
else {
hanoi(n~1, x, z, ¥); //#?x_tﬁ%?blirhlﬂ‘lﬁﬁﬁlm z fESE B 3%
move(x, n, z); V/HEREI nWHEZN xBH 2
hanoi(n-1, y, x, 2); A/% yEHESEN1En-1 B‘Jlﬂlﬁﬁﬁ! z, x fERFBhI%
}

W00 NS Ul e W N

~

WE 3.5

B KRB ER BB RG BB B WA B RAM . TR, E
T HERBEMARITER? SFEEEWREZEFTEABANEE.
S5LERBRFOTPIRFNTRFZANEZREEXRMAEM, EE?&% 4
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BT FE e, VA R OR A R O B S B R 5 B R B T AR R AT

BE L SE-AREWBTHEEARR AR, EBTRARERZN, REAR
FeS2IR 3 M E . () BTA M EC7E S 58 [ b b 25 15 54558 4 B0 F R LR 775 ()
EARRMRTERSMAEMKE: Q)EEHE BRI BARERNA D . TSR RHE
1 R BT, R SE R 3 1 LA (DR B R AR (2) BB A &
BBR K s 3K B EE RBUR AR E b S R S B RAA R . HH B4 BN
RS VR R, 4 R R R SRR E R, R R MRS ENBHEBYIE
AARTHRLH, DREKBAIBRERTHNFEORES AL HE—MRP . BYARA—1
R, RN T AR — MM, S 24— BEGR H A BB S AR5 X, U 24
BMEETHRENBERLERT. M, 28 3.6() iR ERE main PHATBEK
first, i 2E SR 3 first ®0 XA T B3 second, W 3. 6 (a) JB/R T 24 i IF 7 AT i 3 sec-
ond R BEABARAIRA , T HE 3. 6(b) JBRM E ¥ second 3B H 2 J5 IE $h47 B ¥ first
AN E AT R RS (B b LB 4 RR B R R IR [ sab) .

void first(int s, intt);
void second(int d);
void main(){

int n, n;

2

i

-

first (m, n);
1. ...

}

P | < =

int first (ints, int t){
(a) int i;

second (1);
2; ...
}

- 3 3 =

int second (int d){
int x, yv;

= g

(b ()

B 3.6 EEH main RITHWHEIEFTRAORE

— A RARRNBITIREUT SRR RERA, 2 E AR %A AR
REA—AEEEilt, MBRAAEXN - EZRNRERBARLCGETHRR”. BR
FRZEHBRHEMNERBRNE 0B, WA EREAFERRBAHRAS 1B NE i BB
HiMAR RN HEAT BB i +1 2. RZ, B BBEMEEAEE—-RE”,

O FHERKATHATHRYEB UNKRIEH A BHAHRE . REX BAHAREH.
e« 56 '



BEi—1 2. A THIERHERERRT, REBRI "R ETER"OENE B
HESETHREHNEEERER. S—-BREREEANR— A THER”. Kb
BEFANEESR FANREERUR E—BARE R, GiA—EBE, e —
AFHTHERREART. SiBE—2EE, RARTRE — 4 THIER, U Y RTHT R
BTHERRDREETERRTRTEDSR. FX ORI EDIOR", HRERERID
FHRR TR 4T MRS AE 4.

B, & 3.7 RRTIEA

hanoi(3,a,b.c) (3-4)
BAT R O\ 3 SR A 0 B A o 538 0 O TS 1B 8 3 A 00 " 38 VB T AR AR R 75 1Y
BUER. BFRESS IRORARKT RS 4 MES R MBS THIZREE 5 4
BB <58 EL 0k A 4 AN SEHES B, 36 DUE I 58 0P 505 )T 5 2R 8 I M , R A R
FRMAE EHE N 0, B 3.7 5 P ERRIAIGEH .

S b 76 V8 P o 000 0 P R B ()R — S A 5 OO 4B o T LAAS 38 5 10
w, B SMEFRITESHE T T AT NGE T % BEEEERRRITE RN
MEEAAERS R ERLAERREB R EBHAY,

o1 T 335 U5 o Y s 9 T, AR B 0 T L RS M IE B 5 55 48 BE B L B L R AL 0
B AIE S (B C B F) SR R0, 2 F P 4 5 B % MR iR B 4 R Rk
8. B Rxtsat— 2 3 M R A, R A B T B R SORAS A TR,

WEEE e B TERRE '
o ) . 1 R R #ooom
MRK | 479 | GESb.n 8. x .y .2 ) ’
_ HERBHEAS— BN
O 2 b ¢ K7 AT B )5 4 3
5 » 0,3,a.b,c¢
HEEH ‘ 0498 1 it A F — 922,
L2 3 Hi 8 — B B0 O 41 (A7) 5 3
2 | 7T e 6zacd NSRBI B B i
° 0.3.a.b.c (ﬁ)so
% TR IE A ()5 o
2 b rL ABEZRBHE. KRB
1,2,3. | b 6,1.a,b,c F3. % 1 Sk ai
3 9 6,2,a,c.b I_::;EL] 1 ZEcRANBRNGTIBHE
. 0,3,a,b,c “EBAA.EHNEZEE R/
WHUD6,
A b ¢ ﬁZ%Eﬁlﬂa@Ebﬁ-
2 6.7 » 6.2,a,¢,b MBI THEAT—E
0,3,a,b,c ; 1 B,

3.7 Hanoi EMBHERETRER

=]

ELRARE P -BBESERBEARAERHEAE LA EH. RITBREERH ARG & 2
BUE.
L] 57 L



B8 151 28 A 3 BETERRE s .
MEK | 8 | GEbnf,x .y 8,28 BSRENRE L

BISEEH cBEDLE,

3 1,2,3, | P 8,1,c,a,b MBI BHE =R,
9 6,2,8,01b ' ? b e EEEBE _RWMES
’ 0,3,a,b,c 478,
L rh AEAGTOBREE -2,
2 8,9 ’ 6,2;39C1b ﬁﬁig%—‘gﬂgiﬁ"fﬂ
0,3,a,b,c 7)6,
: ¥ISHEAH BEc)E,
1 6,7 YIS a b ¢ MNBEREDTH#AT—B
’ 9109890y C ! &Eo
1,2,4, rED.' MNE—BEHEHUTIS #
2 ’ 8,2,b,a,c A%:Eﬁﬁ
5 0;3,ayb,c - °
: . X R ¥1EE&AbBEAR,
s vz 6,1,b,c.a 41 l ABEAGHIBHBZR
9 8,2,b,a,c — BEH,EEZEL _RIFEAN
0,3,a,b,c (£1)6,
a b 3 HeBRERAHDBECHE,

MNBREDTHEAT—R

e

2 6,7 > 8,2,b,asc ’_L
0,3,a,b,c 1

#1SHEKMaBECS,

1,2,3, y1,a,b,
3 ’ i MBI B MBS,
9 8,2,bya,c
0,3,a,b BEIES - REHGEDS,
909a90DyC a b .
IIEE]]W MNEAUDIBHBZE,
2 8,9 8,2,b,a,c
B EBEE—BEA (TS,
0y31a,b,c
1 8,9 MNEHEDIBHBHE
’ ovssavbyc &sﬁ@iig&.
0 RE Bt RN,
B 3.7
3.4 BA 7

3.4.1 HSYMBABUINHENX

FikR MR » BL 5l (queue) 2 — B 5E it 5& B (first in first out, 5 X FIFO) & &,
CERAFERN—IMHFETHEA MES —HBRBRTE. IMRIMNEFEEPHOHNE—
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B, B RHEARIINTRR R EIT. EF B, 25 A K — 3% 04 5 BA B (rear) , IF

) B 9 — % I B8 4 BA 3k (front) . R BAFY
Hq=(arsar5*5a,), B4,a0 WEA LT
Foa, WREIABTE. AFIFHTERER
@y saz s sa, BT HEA R B B\ 5 L H 88
BEXMRFRKBH, R 2R, REE
arsazy s an BB TFBAIIZ 5 v, 7 BEIR
BABI. B 3.8 REAFIKIAER.

HBAFY ABF

8 6, 6 * .

l I
B B
% R

B 3.8 BAFIMAEE

BAIERFRITFRENHA. —MTRANNHATFRERERZEPRELH. &
ARZERFETHHTENRE S . ANEJLMELET. IRETHERBTREL

M E O AR A R R S5 R UOF HEBA .
%t BASK B9 L SE A BAF b B i M R AR .

8 4B E AL o0 B T AR S A0 L AE
FUR 5 v i i B P AR BA R #E A BR B .

BAI IR 1E SRR BRAE AL 1A 8 A, AR YR M BR B 72 R B K B CBPBA KO #E4T .

THE% AT R BIEREE L.
ADT Queue {

WM D= {a:| a, €ElemSet, i=1,2,+,n, =20}
ﬂﬁ*g:R1={<ai_,,aj> | Q-1 aier i=2,'---,n}
AR a ATk a5 HEATI R .

BERIE.
InitQueue(&Q)
RIELR BWE—1TZIF Q.
DestroyQueue( &Q)
PIsh &A% QB FFEE.
BRYELZ R AP Q B4 B L A BFEE.
ClearQueue( &Q)
&G AT QB
CBRIEGR QB RTAT,
QueueEmpty(Q)
Mtk &R AT QB FHE.

BAELE # 0 N2 BAF, MK [F TRUE, 75 M FALSE,

QueueLength(Q)
PIta &M BAF QB

BIELRGEE Q WITTRNYGEIBAFI M KEE.

GetHead(Q, &e)
BIoh &AM Q0 RIESAT.
BEGR HeBE OWNALTR.
EnQueue(&.Q, e)
MR AT QEFE.

BEGRBATR e N OWFHARTLR.

DeQueue( &Q, &e)
WG &40 HIESBRATY.

BIEGF MR QMIBAKITR Il e BREHMH.
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. QueueTraverse(Q,visit())
WAL QEHERES. |
RAEGR: MAKBIAR, KK QBTN BB TR AA R visitO, — B visit()

K MRAER

}ADT Queue

MAREL, EEBUBEEF I ARSI AN 2 b E LK ASIRE . A H BT
TR AR RIFAE X | ~

B TR FBAFI Z 4, 5B F — b BRE HE B 45 14 2 TR BA 51 (deque) .

W3 BA B 2 R 4 A R BR ARV E RO B T B R PE R . X IR 5 S AR AR A 1
Frdm s 2CHn A 3. 9Ca) B7R) . tLATBRAR —BE , AT LA — 1 Bk I 1 0 IS0 45 3R EL oy XU BA 571
M 3. 9(b) B . FESEBRE Ao, & AT LAA S 32 PR 69 SR BA S (B — M iR SRR IFHEA
FOMIBR » 55— 3 A R A3 A B T35 BA B ) iy A 32 FR B X 35 BA ) (B — /N 3R 1 R I
C ATIRIBR . B — AN R AV R A DU BA T . T 40 R PR E S BA T A B e A A
TEE FAE A o B, T2 KU BA B R A O B AR AR SRR IR T

wA — A
m% Gl G, aa oo a, _’!g
w1 W2
@
L 7N i

ans ;"'-I ‘;
lllll.lz a4l
7"
.,

R/

b

H3.9 MmAFIAREE
(a) WIRBAFI; (b)) BRHEERN

JRE XU BA 51 A R 0L AR A BA 5 BB R L (L SR BR b A2 R R AR R B AR FIBA
SIE R AR A TS .

3.4.2 $#AF—BAYIMBERXRTMEH

MEREREL AT BT IH R EERR .

Rl £ FRMATI AR SRS . I 3. 10 Bim. — MNERFIBRFTERN 25148
AL FBARIIEH ORI LIEH BRI A B —FE. XB, MRERM R
BB ATRETERRL . RIMNUAEAIIBM— LG L L LBHERLEGEA.
B U, 25 BB BA B B B A 1 0 Sk R A R R SR AT B T Sk 45 K I 3. 11 TR .

HEBAI BB IER D B RIEA TR B ERREREL, RAEHTBREBEH R
4 3. 11D ~ (D RAR T X PR REH TR 4T BB . THSHEATIRE
BIBLREE .
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data next
Q. front

Bk

QT e

B 3.10 #ANREE

Q. front = VA A ]

Q. rear
(a)
Q. front [—~f77T F-~ x [
Q. rear Eu
(b)
Q. front x yiA

Q. rear

© :
Qifromt [J—ep/7d " | [x]
Qrear |, |

@
B 3.11 AFlaEiEs R
(a) ZRAF; (b) LXK x ABRF

() TR y ABRRFI; (d) LXK x HBAF]

/=== BEEAS — B AT HEEH -

typedef struct QNode {
QElenType data;
struct QNode * next;
}ONode, * QueuePtr;
typedef struct {
QueuePtr front; // BAk#K4
QueuePtr rear; / BRI &
}LinkQueue;

N ——=== EA PR RBUR R
Status InitQueue (LinkQueue &Q)

/J BE—-IBBFI 0
Status DestroyQueue (LinkQueue &Q)

J ERAF QORBHEE
Status ClearQueue (LinkQueue &Q)

/% Qi REEAT
Status QueueEmpty (LinkQueue Q)

// &B\3] Q K= BAF , iR [E TRUE, 7% MYiK [6] FALSE

int QueueLength (LinkQueue Q)

/ BE QTR B AT E
Status GetHead (LinkQueue Q, QElemType &e)

J ERPIARE A iR E Q #IBA LT , & [ 0K; % MK [5 ERROR
Status EnQueue (LinkQueue &0, QElenType e)

H/BATE e N QMFHARITER
 Status DeQueue (LinkQueue &.0, OElenType &e)

/ ERFUARZE BB Q KIBAKTER, ﬁieﬁﬁlﬁ:ﬁ 318 [E] OK;

// 7% W& B ERROR

. 61



Status QueueTraverse(LinkQueue Q, visit()) .
/ MBKBIBABHK XA Q F BN TR AA B visitO, —H visit RIBLUBERK.

) === AR R () —-——-
Status InitQueue (LinkQueue &Q) {
/ HE— T Q _
Q. front = Q.rear = {(QueuePtr)malloc(sizeof(QNode)); )
if (10.front) exit (OVERFLOW); V&2 Vol W3
Q. front ~>next = NULL;
return OK;

}

Status DestroyQueue (LinkQueue &-Qj {

/BT Q
while (Q. front) {

Q.rear = Q. front ——>next;
free (Q.front);
Q. front = Q.rear;

}

return OK;

}

Status EnQueue (LinkQueue &Q, QElemType e) {

J BATTER e QMR TR
p = (QueuePtr) malloc (sizeof (QNode));

if (1p) exit (OVERFLOW); V&:2: Lid: W
p—>data = e; p—>next = NULL;

Q.rear —>next = p;

Q.rear = p;

return OK;

}

Status DeQueue (LinkQueue &Q, QFlemType &e) {
J ERFIARZ, WM O BBAK T E, A e 8 B {H, 318 Bl OK;

// & W& [E] ERROR

if (Q.front == Q. rear) return ERROR;
p = Q.front —>next;

e = p—>data;

Q. front ——>next = p—next;

if (Q.rear == p) Q.rear = Q. fron{:;
free (p);

return OK;

}

EERERNBERRP, BREEBMBRATI L TREEPHFRERL. —BE
BT MBS L TR NTB BRSSP HEH . ELAFHRE - TREME B
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FIRMEEMERT , ML T AR ERT MM (5 L5550 .
3.4.3 fAIRBAFI—BASIKI M FF R AL H

U FEAR AR AL, ZE AT TR RS b B T A — 4 b bk E S A 0 S TR IR
HOABAFI L BIBA S R AT R Z 50, M T B A A 95 4t front #1 rear 53 B /R BAFI kLR
BB TEMNE. ATEHECEFTTHARIEREL, EHRINAE: WHES T
i}, 4 front=rear=0, 8 HHAF KBTI RTCEN, “BIEEH ¥ 17 B L RHERAFILTER
B, “skHg i 17, Hb, EdES AT, Sk iB4H IR AR mBATI L T R, TR I 4T IR A& 38 1
BAFIRITTRI T — ML E, A 3. 12 Fis. :

Q. rear

5 Ts
4 Q. front I
3 Q. rear Q. rear

I ——|
2 A Q. front I
1
0

Q. rear
S ——
Q. front

Q. front 5
=]

(a) ()] () @

3.12 k. RIS MNP TRZENRXE
(a) RS (b) Ji.J2 Fil Js HHLEABATL () o 0 ). MAGKB MR
(d) JoJs F01 Js HSEBABFIZIE Js B Jo BMIER

B M4BT BAS A EE R B R 2 (6] O 6, U 24 BAB b F A 3. 12(d) By RS BT R AT B4k 42
BATHARGR . ANSEFHERATEREFRBBEIN. AW XA E 67
RARAE, R IT MBI EY KB H, BAMNFI LR AEEFREH. —MRI5Y
B Ik R L BA B B S — A SRR B &S 1], fn
3.13 fiR IR Z K IEIREAFI . $ 41 FIBAFITER 21
KARREE, A 3. 14(2) A1 FF AT #, BA %I 3k 5T
RE L BIURTER I 205 o J M fAGHEA, 28
MIBA 31 25 &) 35 8 o5 W5, a0 B 3. 14 (b) B R, M B
Q. front= Q. rear; R Z, % Js J« F J; #H4E N
3.14() K BAF P M B%, BEBA B 2“7 AR, 0
A3 lafin. B FAEXER Q front = B 3.13 BIRAFIRERE
Q.rear, HIL AT W, REZRK Q. front=Q. rear L
HHAFI SR S"RREWH”. TARMLEETE.: H—BA R MHEM UK BT
RSPBRWH-RPVA-ATLREH, AE L BF L84 RSB HESHT — L
BEFRET B BRI 2 W RENRE.

MERSHAI R, ZE CEESPABADS S RN —BBERLHABGHRAT . mRA
PR R A RIS, WA FR B R E — N B KBS B s & Al P Tk HifG A A
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[ 2 |
B 3.14 1EIRBATIRYL BRIBE
(a) —fM1®: (b BABIMBY; (o) ZEAFY
BA S i) B K K BE L B SR AT BA S

TEEF AT R R R YA T .
No=——= AT — AT R MR P M —————
#define MAXQSIZE 100  /BKRBAFIKE
typedef struct {
 QElemType xbase; //HIMAILHIGHAS ISR

int front; ke EANRE BAAN L TR

int rear; /B ENARE  HMAFIBTEH T — B
}SgQueue;
W === EFAF R MIEHI LR ————-

Status InitQueue (SqQueue &Q) {

/ WE—TEFQ

Q.base = (QElemType »* ) malloc (MAXQSIZE * sizeof (QElemType));
if (1Q.base) exit (OVERFLOW); //FFfi4 Bk

Q.front = Q.rear = 0;

return OK;

}
int QueueLength (SqQueue Q) {

/R QBT E A, BRI M B
return (Q.rear — Q. front + MAXQSIZE) % MAXQSIZE;

}
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Status EnQueue (SqQueue &Q. QElenType e) {
J BEALR e HOMFHARITE
if ((Q.rear + 1) % MAXQSIZE == Q.front) return ERROR; // A%
0.base{ Q. rear = e:
Q.rear = (Q.rear+ 1) % MAXQSIZE:
return OK;

}

Status DeQueue (SqQueue &Q. QElemType &e) {
/) EBFIARZE MR Q Ak L& . e iB E HAH . H 18 [l OK;
// & RIE [ ERROR '
if (Q.front == Q.rear) return ERROR;
e = Q.base[Q. front_;
Q.front = (Q.front+ 1) % MAXQSIZE;
return OK;

3.5 BEECE M

ERARERP RN CBAREZ N TRPHSERKF TR EHAMON R, X
PE— 2635 3h A AL Al o T B BA B AR A R S B 45 TR R BA 1 e R
RARFZ—. XEHEIEENA—-DMRTLFHORUBRF. ‘

BIEERITH ANMH O RAEEP NBRRBEFNTEABATEPEARIT. H
FHEAHOEE NN Z REERE-NF/ BRHEST S AR S0 FES 8 O RTK
HEBA X FRIFASBTHES WREMFOMLFREZH U EaHENF:RZ.
HEANEOYEEP A MESHEALBRDHIMLGE. BER RS —TEFU
LR AT B X Rl 55 15 3 3R HH R — KR & P 7E AT 58 B B F S B ]

R T HAEXAN P E, RITARTEEES NF /X RAT I RT WA 6t
Z.EEBEHNEMAENEPERTRERNE, FAFPERBEINEME—XA
HEABRITHOENBRELRG TG, HEEXRTHETFRITIN R
B R BT R MR IR R B R AR R SR U BE AT AL 3 XA — PRI T
B R, B3 6 AMER FRABRTE A HMEBSEFRINEUERF.

void Bank Simulation(int CloseTime) {
/BT FER G - RAF P ERTE SO TR E.

OpenForDay ( ): VL R
while (MoreEvent) {
EventDrived(OccurTime. EventType) ; /R 353 %]
switch (EventType) { ‘
case '\’ . CustomerArrived( ); break; /OB EPIAEMNF
case 'D' ; CustomerDeparture( ); break; J R EFEITEG
default @ Invalid( );
}// switch
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}// while
CloseForDay; /R IE E et
}// Bank. Simulation

W% 3.6

THNEREBEFHXA, EEETRENRF PR ENBRES W R HERE,

B OABENEENRE“EH, BHMNEIEGRREGRANESRERRZ.
BEPLAENEHAERL:. - LRREFIARESE S —REF EFESE. B—XRHHER
A BB ZIBE % P Bk B RTE IR S — S R A B 200 T et 2% 5 3 45 T 4 6 B) RS T AR
- WEIWE. HTRFEHREEARENZNERBFHT NEFARNEEFE.EE
BERERBAFMBBRES.

BUBEFTRENS BB ENREREAZFHAMS, b FRiEBEZBITAH 4
AEO,AUEFPRE 4RI BFIPEXEFNEEFREZT A BABRNNZAME S
NEEFFRONE. FMAFIPHRLEFPIAEEFOHBESNES HTE
% BEIT BAS e it ) R R BIOHE R AR B 2 P B T B4 A et 21 5 5 2 U, XA BA Sk % P R A
E—THERINEPETE G, Bk, 7Tt 2% 2 LT G RAETH 5 Faae.
OFHEFER DI SHOFF BT Q2 SHOFPEF;(W3IBFHOEHNERF;
(4 BHOFFEH. ,

MU ESHAT R, EXIRUBF P RATERFFRELR . AFEEMAT. E1MNK
BARTR BB FIE LT -

typedef struct {

_intOccurTime;  // HHREMZ

int NType; A BHRE,0 RRERES, L B4 FRRENE IR FEMS
}Event, ElemType; [/ B{#%, % fF# % LinkList F¥#TT R LW

typedef LinkList EventList [/ BHH#RAY,EXNAFEE

typedef struct {
int ArrivalTime; /Y BIskEt %)
int Duration; VS k2 3% d0g!

}QElenType; A AFIMBIB T RER

BUAER I PEMA T H L 3.6 PR EERESBRMTERLN.

SEBEMBEPIEEFALHE,

HTEXFRHRTH . Z P BB 2 R HBEFHE AR REEILN, AR
P REELBORAE . RA—etk , BISE— N EHRZ# TR0 %4 0, B R B HIEF 4
BHE-NEG  ZEEIEP AW ZEN—IF P BN BE. BLER 5%
BUHRENBETERNEILE . H— AN RBENE A HEESFENE durtime;
BN T —Z Bk H e E [ B intertime, /8% 24 7 25 4 & 4 RUBT 21 K occurtime,
TFT—MEPBIXEHREN R ZH occurtime+intertime, B LR =4 — M HHE 3
BEREABARGERRBENE P UNEAB KT TRRLHAS $; &EZAFI EH
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ABTHE MR~ BB EGEATGR.
EPBFEAOLE LRER, HRTERE M ERTIEE W E, RS+
MR B EEENIRES EASNRE—NFRNALE EFES.
BE RIS HE LR BURLEW T LRMSTEHRHRBERF, B 3.7 FiR.

/ BFFRBINEIRERR

EventList ev; V& Yis i

Event en; V- 23
LinkQueue al5]; VS 3181
QElenType customer; / BRER

int TotalTime, CustomerNum; / R ZXFEEEE, P

int cop (Event a, Event b);

N KB G aREMNB< F= R> FHDRWRAENATHEE-1H 0K !

void OpenForDay() {
/| PIRRAE

TotalTime = 0; CustomerNum = 0; VA ?Jt&{t%ﬂ’ﬂd‘}ﬁjﬂg}hﬁj’go
InitList (ev); /BB RN SR

en. OccurTime = 0; en.NType = 03 / BEB—-TEPIEEH
OrderInsert (ev, en, cmp); J BAEGR

for (i=1; i<{=4; ++1i) InitQueue (a[il); / BZBAFI

}// OpenForDay

void CustomerArrived() {
/A 3B%E P BIAE 4 en. NType =0,

++ CustomerNum;

Random(durtine, intertime); /R BERLE

t = en.OccurTime + intertime; / FT—& P Bk Z

if (t<CloseTime) / BEMEREIT . BAEHR
OrderInsert (ev, (t, 0), cmp);

i = Minimum(q); /SR BE B8 A

EnQueue (q[i], (en.OccurTime, durtime));
if (Queuelength (q[i]) == 1)
OrderInsert (ev, (en.OccurTime + durtine, i), cmp);
/) OBES IR - EFEAFBEBARTEHR
}// CustomerArrived

void CustomerDeparture() {
/ AEEBE P EFFE 4 en. NType>0,
i = en.NType; DelQueue (qfi], customer); // M iAKW HLE,
TotalTime += en.OccurTime — customer.ArrivalTime;
/BRIt EFFEENE
if (! QueueEmpty(qfi])) { / EEBE i AN BRELHFBAELGHR
GetHead (gq[i], customer);
OrderInsert (ev, (en.OccurTime + curtomer.Duration, i), ( * cmp)());

}
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} // CustomerDeparture

void Bank . Simulét ion(int CloseTime) {
OpenForDay( ) ‘ / Wtk
while (1 ListEmpty(ev)) {
DelFirst (GetHead (ev). p): en = GetCurElem(p):
if (en.NType == 0)
CustomerArrived( ); /B EFALSEN
else CustomerDeparture{ ); VAR 3. ¥ 92k $ix 3
}
A I 2948 E a ]
printf( "The Average Time is % f\n", (float)TotalTime / CustomerNum):
}// Bank Simulation

wiE 3.7

33 BEGENEPHDELFHNEAED 30 78:FMHSBRBITHNESY
P i} ) P AS /L S kP RUBUE A — A F P BX B RO RiiETT .

MR & B — 1855018 8 en. OccurTime=0, [} en, NType=0, W ff B & £
MAEEELEC(23. ) AR T F —F B ARITHFEMS (OccurTime=4,NType=0) A
S 4 RN AG S — 4 R S — 4 81 1 A9 BA 3 5B (Arrival Time = 0. Duration=23),
Tl Ak B R — N F 7 B I H A (OccurTime=23 . NType= D A B %&.

BEREFE ER I MEFEP AL FH(ERA en. NType=0),en. Occur-
Time= 1. 13 FBEHLE R 3. 1) T — % 1 B5 B AT A Y OccurTime=4+1=5,/H

SRR AN IR AT WK BRGS0 E P R AN BAS] A BA 3k (Arrival Time=4,
Duration =3) JH i — & PR SIS (Occur Time=7,NType=2)H A F 4 F.

BIBRHIER LS — M A VR E PR HEH. en. OccurTime =5, 18 2| B HL £
CHLao N A S P R BB (Oceur Time=8,NType =0) , [6]6F . HI B =LK P
WM A A e CArrival Time = 5o Duration= 1), [ WA T LB HF B84 K
(OccurTime=16,NType=3),

MR RABE — D48 H R NType =2, IR RFE A EHOIME P B IFRIT en
OccurTime=7. M 2% = 1B 5] 89 BA 3k . curstomer. ArrivalTime=4, W ZEHFTHEE
WFE) Ry 3 2r 4

KK R R RN —BE N, 4RI GREWME 3. 15 iR, ev.
first M &kiRE .
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Ham B

RN EWEREA BN YR EA F RFHEEE. ARENEFRINEE S, F
BERENBAFSENEREAN. BEESSNIRFNRE, =L TERSLHE,
ERE FR BB N R ERRY S AERRRENWBRERHES b, At d=E T —
APIFHBRMRE, PHB—BREEYS. ELAMESWAERF T, BRFENER
BESEFZFREE. S 40BBR b, HE 542 Fsak DL 590 2 55 . 7=t f 5
BE—BEURENFABLEY. XUEERERRE . XFHERF . NERE. ARIE
EHRREURSAAVBRS BEUFHBHEEILENRY,

RIS RIEARH BN EAEHETERRBRETE TR R, Jik. 4
HEHBREN L EE R AR SRS 2B, T, ERFARRN RS, LK
FHBAERFANE S B ERTH S L E, RAFREREHRERSENF
MM . X — B, RO IT IR — B30 Y o 40 SRR AR AL R Rl MR R 4

4.1 HBRFBHE X

& (string) (RFEHB) R MBI REN FRHALARMAEREH, —RIEH
_ s="'aa;a,’ (n>=0) (4-1)

Hop,s REBNA, ARSI SREXRNFHEFRBOME e (<D TURFER HFER
KR, SR 2R E « U BAOKE. DAEHQBRENEE (null string) , T &
KENE.

B EENESNFRARNTRFIRYZEN TR, L& THM0BMMMERE
B, BEHRERAEFAFOFSHIRAFHERTOER. FTREZRHOMABUUTS
ME— A FREEEPHEEREER.

BB abuc.d HITFH 4 48,

' a='BEI' , »='JING' .

' c='BEIJING' , d='BEI JING' )
WENMHKESB A 347 M8 HE aFb R Md WFB.afEc Ad R ELR
B1,Tib%Ee PHMBR 4,7 d PORENRS, o

WA B RSN, S EUS XA B EES. SRR, RA MR B KER
%3 HAAX LA B B FAE M S0 A%, Bl BB RS b B d IR
%,

{578 — R R, RENFH X B3 BEER, B3 SEASFRRTFH, EHEAR
EATRESERARBMERRETE.

P B R HE S &
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x="123";
M#EH x B—HERL . BAECHEERFHFEN 123. X

tsing='TSING’
1, tsing J— 1 HERA , T F AT TSING £ KA. |

EEMMAT . SHEFRBHFERESPH AR, BN T UL BELBFRT
B, B— ARSI SHARGSB' YLK B (blank string, FEK: WARRZH),
EHREKENBPSHFEFNIR. A THERER, UERMNARS ‘O RBEREH”,

EB B AR M Rk P R AR AL, R F B BB XM RAR B FHE. R, H
MEABRENEUEREMRAED,. ERERNEERED, KEU RPN TRENRE
MR, PMESHERFTERENTR RBES TR EXME LBEA - TRAHER
— ARG, AP RERRED ERUABROBREERNRENR, AIMERPERR
AFBRRBR—NFRERHEMNME LBA-TFRURMBR—FTRE.

BEMBBRRBEE LW .

ADT String (
T3t : D= { a, |a, € CharacterSet, i=1,2,+,n, n>0 }
ﬂﬁ*ﬁ:& ={ < Ay > | a1, & €D, i=2,%.,n }
EEXPE:
StrAssign (&T, chars)
¥ h At chars REFRYEER.
BELER ER—ITHE%ET chars B‘J$ T,
StrCopy (&T, S)
WG R B STFE.
BESGR HBSHEHNBRT,
StrEmpty (S)
Wi &E B SHFLE.
WG R 5 S HEH, MK E TRUE, 7 W58 [6] FALSE,
StrCompare (S, T)
MGG - BSMTHE,
BEER.ES> T,MEEME > 0;%F s = T,MERE = 0;%5 s < T,AREE<O.
, StrLength (S)
Va4 . B S FIE.
BRAEGER BB SHTRNMEC-HIBENKE.
ClearString (&S)
Ytk & B SHFE.
BIELER G SHEIESH,
Concat (&T, S1, S2)
M & . BSIMS2 FE, ,
BEER A TERS S MS2KEMBAFH.
SubString (&Sub, S, pos, len)
MG %44 . 88 S HFE, 1<Cpos<CStrLength(S) H 0<{len< StrLength(S) ~pos+1,
BELR .8 Sub R EI 8 S 5 pos NFERBKENR len W F .
Index (S, T, pos)
Vit &4 . B S THE,TRIEEH, 1< pos<<Strlength(S) .
BELR . EXBSHEENR THHAN TS, NEREEFEHES ‘F% pos 4‘?%21‘%
—WRHBANER; FUWERENR O,
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Replace (&S, T, V)

PR EG B, TMVHEE, TRESZS,

BRELAR - AVEREBsHHANFTES THENRERN T,
Strinsert (&S, pos, T)

It %4 88 S FI T 746, 1<pos<_StrLength(S) +1,

BELER LB SHE pos MERZINBASR T,
StrDelete (&S, pos, len)

WA 8 S FFFE , 1Cpos<(StrLength(S) - len+ 1,

RIFER NS SHRHERE pos MERBRKEN len T,
DestroyString (&)

WG R SFE,

RIEAR - BSHHE,

}ADT String

MTRHYEARERTUAAANEX T & EXEFAREBFRIHES BH S
RKEN, MU ZBETHSEFM AR, ZLABREERRE L 13 #HEES, BRE
StrAssign., 8 H# StrCompare 3R i & StrLength ., B3 B¢ # Concat Pl B3R F & SubString5
FREREM BB RBN B/ PMRETFE. DXERERTRAHLbRBEERIR, K2, 1
fth 85 B/ (BR 8B 1 B% ClearString Fil 52 448t DestroyString #M) ¥ 7] 765X N B /MRE T £
8.

B4, BT A A SE SR B R AOR T 8 S8R LB 2 A B4 Index(S, T,pos) . B
HEEBER B S PRNE iGHPEN po ) N FRFR KEME T HEHTHMP
T A, HAHE MRBEREN BN iGN I EEBSHRAEENS THEN TSR
1B, I3 4.1 FiR.

int Index (String S, String T, int pos) {

A TRHEER, HEEBRSPE pos MERZEHES THEH TS,
A TR B — XA FHRAE S PHALE, BRI O
if (pos > 0) {

n = StrLength(S); m = StrLength(T); i = pos;

while ( i <= n-m+1) {

SubString (sub, S, i, m);
if (StrCompare(sub,T) 1= 0) ++1i;

else return i ; /BB FHREERFHAE
}// while
Y/ it
return 0; / SHARESE THENTS
}// Index
u*xE 4.1

4.2 BHRRMELH

WREBFBOGHES T . BRRENEARBENERLI, WATFAMILB S
E.WFRFFNT, BESRERELBYBRE T, SGUTEHER LA,
- 72 .



BHEIMIARRFTE, 2N BT .
4.2.1 BKHEFEEHER

RO TRUERCIFFESH, A2 E SN F A THAERENTRR.
FERRERIFFESEH S, BB HETEXNEERIBE—IEEKE
MR, AT E K AN THRZ,

f-=---- B RNUF RS - - - - -

$#tdefine MAXSTRLEN 255 /P 255 LIRE N B ABREK
typedef unsigned char SString[MAXSTRLEN + 17; VAR=3: 573 &1 k3

BB BUE L KENRE AR, B Hie XK ENRENSEE%, RN
BT, MEBRKARMBERTE: —RERE CHROIBEE, LI TR 0 RN
B SCBR K BE , N PASCAL B F B RRRAXMER T E; “RERMESEM
— M ARHABKHERFICFER  MERN CIEBEFTPUNRRBEMNKRSE, KIS
KABRESHE, BRRETHTHEBHRE. _

FEIX T 778 45 g R 7 I G £ S B B A9 BRAE , F D LA SR BR BB AR F & R Bl .

1. $BEt# Concat(&T,S1,52) X

Rt S1.S2 #1 T #82 SString R B AR, B T £y & S1 B8 S2 B8R, B
8T MEGE—B S S MEMES. 8 THMEKE BB S2 MEMHS, W REH#HT
AR REE B BRER AT, RRFHATRAE, B KW LRI RIE, T
SISz KEMARMEE, B THR™ETEEDT 3 MER: (1) S1[o]+S2[0]<
MAXSTRLEN, #1 & 4.10(a) fiR, BBIM SR T RIEBRBLER; (2) SIL0]<<MAX-
STRLEN 7ii S1[0]+S2[0]>>MAXSTRLEN, Jli§ &2 S2 9 — #4807, BHWE T R
B OS2 M—AF L, INE 4. 1 FTR; (3) SIL0]=MAXSTRLEN, M/E 8 & T #3E
BREEGE IR, WA S1 %, ERBEHRINEE 4.2 Bk,

Status Concat(SString &T,SString S1, SString S2) {
// P TIE B S1 A S2 BREET RGBT B . # R &M, WK [ TRUE, & U] FALSE,
if (S1[0] + S2[0] <= MAXSTRLEN) { V& 3 1.1
T[1..s81[0]] = si[1..s1{0]];
T[S1{0]+1..S1[0]+S2[0]] = s2[1..82[6]];
T[0] = s1[0]+S2[0]; uncut = TRUE;
}
else if (S1[0] <C MAXSTRLEN) { /& 1.
T[1..s1[0]] = s1[1..s1[0]];
T[S1[0] + 1. .MAXSTRLEN] = S2[1..MAXSTRLEN - S1[0]7;
T[0] = MAXSTRLEN; uncut = FALSE;
}
else { /& 1. 1€ 8§58
T{0..MAXSTRLEN] = S$1 [0..MAXSTRLEN];
// T[0] == S1[0] == MAXSTRLEN
e 73 o



uncut = PALSE;
}

return uncut;

}/ Concat
Hx 4.2
s1[o Sz[OJD
s % < 7
. i 1 !;ﬁr - |
7| ! 0

o) Jeaxsteeen]_]
(a)
sie] | sefo) ]

si| 7 s Z)
L P
[ i - H
i & FESST 2
T[o] MAXSTRLEN
(b

st[o sz[o]D
s | = %
- ]

S2 IR P AWM E

o) ][] maxsTrRLEN
(©)
B 4.1 S|ABELEME Concat(T,S1,S2)REE
(a) S1{0]+S2[0]<<MAXSTRLEN;
(b) S1 [0]<MAXSTRLEN i S1£0]+S2[0]>MAXSTRLEN;
(c) S1[0]J=MAXSTRLEN .

2. 3R FH SubString(& Sub,S, pos,len)

RFBHIBRMAZ B FRFIIOLRE P S P MNE pos MERFFIEKER len BIF
FFFIEH BB Sub ., BRABEASEREHNER . BEETRZEAAESHNSE
AR ERENTRZME, Y2 83E5keT 58 B ERROR, HEERMRME R 4.3 fin.
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Status SubString(SString &Sub, SString S, int pos, int len) {
// Pl subi& B S 2 pos N EREREN len FH,
// EP,1<pos<StrLength(S) H 0<{len<(StrLength(S) - pos+1,
if (pos << 1 || pos > S[0] || len<< 0 || len > S[0]-pos+1)
return ERROR;
Sub[1..len] = S[pos..pos+ len-1];
Sub[0] = len; return OK;
} // SubString

nE 4.3

SGERNMRETR,ENFFEERT, XABRIENFERER“FRFIINEH",
BENNREREETERNNERFIINKE. F—BRERAR WREREPHAS
3B Bt £ R MAXSTRLEN B, 55 R B A0 3, X F 1% B0 R {UZE SR B #5 88
A RERAE . EPHHMBBED  WBA BRELTTBELE. RRXMERIEFTRRE
BEKEBRKE, siASRPENTHSE.

4.2.2 HHSEEMET

XRAMBRNERR U -4 E SN A TR BREFHFS L EBNKN
FRzZEARERFITIBTHELENE. ECESTF . FE-IHRINE"HA H
FHX,Hh CESTHHAELE BRI mallocOF freeOFREH. B mallocO) N E
A=A i BB 4 e — SR SE B AR K BT R A 0 S 1) L 5 40 BE AL B » WUGRR [B] — A48 1) A R b Ak
BTt fep B i Eat, Fet, AT AR B S E, HE B R BEIFRERN—FB2.

H====-- BEEARMERRT - - - - -

typedef struct
char *ch; N ERETS MR KSRFHEX, BN ch Jy NULL
int  length; / BKE

}HString;

XMEREMBRIN W ERENMEET “FRHFIINEHH#HTH. B, 82 HRIE
StrCopy(&T,S)WYLAB LR, EH TERE, MRS T H GSE, 48 S Rk,
HhEe THARKDNSE SKERFHFEMZE.REHB SHERHZS T +;XW
B AR Strlnsert (&S, pos, WL ABER, B SEHIBANPETFHSHBT
KEZ MM, REHTBEIN, WA E 4.4 Fix. '

Status StrInsert(HString &S, int pos, HString T) {

// 1<pos<(StrLength(S) +1, £ S K5 pos M FRZRIEASR T,
if (pos<{1 || pos > S.length+ 1) return ERROR; // pos R4

if (T. length) { #/ TIEE MEFIBEEEBEAT
if (1 (S.ch = (char * ) realloc(S.ch, (S.length+ T.length) * sizeof(char))))
exit (OVERFLOW) ;

for (1=S.length-1; i>=pos-1; --1) / ABEATHHEHME
S.ch[i+ T.length] = S.ch[i];
S.ch[pos—1..pos+T.length— 2] = T.ch{0..T.length—1]; / #HAT
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S.length + = T.length;
}
return OK;
}/ Strinsert

Nix 4.4

DEFHEERAEEAIREBFRITESTIRA. & THROIRFHESHARES
WA R A B B RPN B K X B EMRE, EBRE, BB H
MMABFPOERER. UTHRNRIR/DBRAET RN HString PRA KRR
VLR

// ===== ADF String WBRSKI =====

N === RS RERRN —————

typedef struct { .
char *ch; /) EREES, NEHEKSEFHX, BN ch g WLL
int  length; /O BKE

}HString;

VEREEE Bk BRI - - - - -
Status StrAssign (HString &T, char x chars);
N ER—AHESTHER chars 8 T
int StrLength (HString S);
/BB S HTTRAB R B R K.
int StrCompare(HString S, HString T)
/%S >T,MEEME >0;% s=T,WiBEH = 0;# s <T, W E{H <0
Status ClearString (HString &S);
A ¥ sHRE®s FRHSdisE.
Status Concat (HString &T, HString S1, HString S2);
/ FA TR EIH S1 # S2 BREETT R AIHTEB .
HString SubString (HString S, int pos, int len);
// 1<pos<_StrLength(S) B 0<Clen<(StrlLength(S) -pos+1,
/BB S Ky pos MFERFBKEN len F &,

H=-=--- EAEREHNHEER - - - - -
Status StrAssign(HString &T, char * chars) {
N EBR—THESTFHER chars B T
if (T.ch) free(T.ch); /BB TIRAEE
for (i=0, c=chars; c; ++i, ++c); // KRchars KE i
if (1i) {T.ch = WOLL;  T.length = 0; }
else {
if (1 (T.ch = (char * )malloc(i * sizeof(char))))
exit (OVERFLOW);
T.ch[0..i-1]= chars[0..i-1];
T.length = i
}

return OK;
L] 76 .



}/ StrAssign

int StrLength(HString S) { _
// BE SHTRI B HRABHKE.
return S. length;

}// StrLength

int StrCompare(HString S, HString T) {
/ &ES>T,RREME >0;% s=T, WM& EH = 0,# s <T,Mi&E{E <0
for (1=0; i<'S.length & & i<T.length; ++i)
“if (S.ch[i] 1= T.ch[i]) returnS.ch[i] - T.ch[i];
return S. length-T. length;
}/ StxCompare

Status ClearString(HString &S) {
/S REH,

if (S.ch) {free(S.ch); S.ch = NULL; }
S. length = 0;
return OK;

} // ClearString

Status Concat(HString &T, HString S1, HString S2) {
// P TIEEHy S1H0 S2 BT AL AIHT R .
if (T.ch) free(T.ch); // BEIBIB % 8]
if (1 (T.ch = (char % ) malloc((Sl. length+ S2. length) * sizeof(char))))
exit (OVERFLOW) ;
T.ch[0..S1.length~ 1] = S1.ch[0..Sl.length—1];
T.length = Sl.length + S2.length;
T.ch[S1. length..T.length— 1] = S2.ch[0..S2.length-1];
return OK;
} / Concat

Status SubString(HString &Sub, HString S, int pos, int len) {
// F SubRE & S % pos NMEFRKEN len F &,
Y/ H,1<pos<StrLength(S) H 0<len< StrLength(S) ~pos+1,
if (pos << 1 || pos > S.length | len << 0 || len > S.length—pos+ 1)
return ERROR;

if (Sub.ch) free (Sub.ch); / BIAZE
if (1len) {Sub.ch = NULL; Sub.length = 0; } /) BT

else { / EBTFH
Sub.ch = (char » )malloc(len x sizeof(char)); c
Sub.ch[0..len—-1] = S.ch[pos—1..pos+ len—2];
Sub. length = len;
}
return OK;
} / SubString
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4.2.3 ERREFMRT

MRURNEFHEEWARL BTRAERTAFHEBE. d THAWHER
H—EMFHEN B TR E— PR WA RFHBEN, FE - ERRNH
W, BEANMERT UK —NFR T LR ENFE. A, 8 4 2R KD
XABEBIERERANERONER B4 2M0BERAN 1 R, Y EKD
- RF IR TRRA-ZRARKDHEGH, NERFHRE - MERA—E2PH
B, E A L4 "R RETRGER AR TENTHE 215
KRS,

head

—~{a[e[c]o[ F~{E[*[c[a] J~{1T=[=[*]A]
head (a)

b

M 4.2 BEMERTFHITA
(@) GRRNMR 4 EH: (b HRRMR 1 HER

T T BT 88 OB AE , 25 LR AT B (L, B Sk Fi 6 SN T R — A R S B R
BE P BUE — M A IR TR A KT . BRI S BB B SR, %
BT - |

Ho==== == BRREFHRR == == ==
$#define CHUNKSIZE 80 / TER B P E XK
typedef struct Chunk {

char ch[ CHUNKSIZE];
struct Chunk * next;
}Chunk s

typedef struct {
Chunk * head, * tail; /OBEkMRRE
int  curlen; J BREEKE

}LString;

TR T, X BT HRAER, R T Sk 6 R LFF 1 4 BV T, J00 o 8 4R %
By mgER. REBGNWERNRITETHITREGRE BRHEERENTLEE —
TEREHTHFR. '

EEAFHETRAP . ERRPEERPFERTANBRAEE—HBRER. EE
BEWEBLENOBE. EERBRLBRE S, FABHSEERKIRE, Him, —
EHWILEBANFR . BREBORF LTI RE. IERRMNZBEENFHEE.
Fr o8 BT E SR

BT S MR
L S Yy Sy T
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BRERBE D NG S A/NE LB SRS, RTH, 70 SR, MBI
B o AT 19 SRS MO S 22 0 AR R 1 A 2 T B AL S B B
MEREH, BNFRENA MR- EEER. —R, FRHE/D I F R LA R
8R40 it A O AR T R B I

B 1 B B A PR A M X S B R MM , IR B — T B2 AL LB BRI
59 PR TR IR 0% 8 o PR RR ELAE B2 . LT, o (L 7E B U7 45 W B B 2
e B 52 TR P 7 4 A B 4 10 B BRAE 250 O O R M B AR A

4.3 BPERNILERE
4.3.1 RFHRGWHYELHL Index(S, T, pos)

FHOEMBEAEIEREBHRIXERGEF THRIBEXR ), EEHBLBRE P
BEENREZ -, Z4L1ITPYEHPARMBEARELSH T EMREN —FHEE.
R\EHE 41 HESBRE, RAEKIFF RSN, TS H AR T H b B R ER ITAD
Bk, B 4.5 iR,

int Index(SString S, SString T. int pos) {

/BB FB TEES S P pos MERZIENAR. EREE, MWBHMEN 0.
// i* T 5“5"‘_;3’ ’ 1<P°S§\5trlﬁngth(s) °
i = pos; i=1;
while (i <= s[0] && j <<= T[0D) {
if (s[i] = = T[iD {++4; t+3; ) /) BRERRERFEN
else {i = i-j+2; =15} /B EBEF R

)
if (3 > T[0]) return i-T[0];
else return 0;

}/ Index
Wix 4.5

B 4.5 WREE RS, 2T BEES M R 8 S S T 45
EFHEBENFRUE. BENEATER: NEH SHE pos MFEHFEMEXNE -1
FRHUEZ  EHS NSERTHEEEFFEUNEENT I FREFEHR K
AWFREBEZ . KKAE EZER THPHEIMFHEREKNES STH M EENT
HFEFHE, WHRERES, RRE AR THPE - I FRHHENFHEZTE SHH
FE,EUNRCRAE, REENT. B4 3BRTHER T="abcac'MEH SHILARY
B (pos=1), :

BYA4SHERLES THR, BERLENAGE IXARE S, JELER, 5
W, fERBEEA'STING' REFET T LB at,

'A STRING SEARCHING EXAMPLE CONSISTING OF SIMPLE TEXT’
EREEF A WHILE B3R KRB #TANFREEROKRLON 41,585 % (Index+T
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[0J—D+4, XMBU . BT EFRPE2REMN 4 MR BN FRHER T WKL, Kb 7
P R — R B . ERXFER T, B RN EERER Ontm) . Hip

nfm FHAFERMEXNKE, AW, EFEER
T ZEEHMREHNBRMK. Al SEKABRH
00000001, ffii 3 & 2'000000000000000000000000000
00000000000000000000000001" 8 , it FAER BT 7 4
FRHRO”, X, EBRHH] 52 MERHCO”, Bl
BREEXNRE - T FHHIERS, L RHEH i
BI#E i—6 WMEL,EMAREXNNE-NFERFHRE
FHBE BEAMCRIBSTRHEG i FEE 45 K0
WHILE G5 R B K 46 * 8 (index * m), H W, H ¥
4.5 EBRHRERTHHBEERER Onxm), XFpHE
RIERE 0.1 WFFHH LA SLBEPSEHA, B
REFBRPIRFELSNIMESB LN T
HOATEIREEH i WEKREY. 01l BAUHERZE
MAZSE. b, — BN EE B REREEE
BRA—T01 8, —HERE_E—NMIILEANOM1I A
B, EZHMT RN ELRAEMER 01 $,

yi=3
¥ —#ER ababcabcacbab

abe
$y=3

yi=2

B MUKl ababcabcachbab
a
ti=1

Yi=7
PB=MMIEA ababcabcacbab

abcac
$i=s

¢ i=4

PR ababcabcacbab
a
4i=1

$i=5
$AMER ababcabcachbab

a
ti=1
i=11

)
HAMICA ababcabcacbab

. abcac
i=6

B4.3 Hi4.5MERTE

—ANFAFH ASCI BT AFE R R 8 N " #EAIf 01 B8, BHEWFHFMAETHENFLE
B RAER—A 01 BRI TR — B, BRET VW, RITEAB 5 — MR

BRI ER .
4.3.2 BAEEA—FhastNx

XA HEERE D.E. Knuth 5 V. R, Pratt #l J. H. Morris [G6f 235, B L AfTHR
EANRESRHF RN SRR RE(ERY KMP B3 . WE LA PIE O(nt+m) H6T [§]
BEZFERPBOBERICERRE. KK

SH— ML AL

[ ]
= -

=]
o

%M TR

> P >0 p

FE=HMICA a b a b c a
a

bcabocacbab HEF.BY—-HBLELIBPHAFH

j=3 HEEAR R, R E W i 45 4t 2R

: e e b . CABBMEHVCE N REHA
 EBIHRAREM—RERE. %%

=11 HTHE. TEAEAREAFER.

[E] BRI 4. 3 o #0 UG BC 3 R 4, 7E

>t B=BMIER, Y i=7./=5 F&L

j=2 BA%ZH, XM i=4.j=1EBHEFHAL

B 4.4 BUABEEALE SRR

Mj=1,i=5 M j=1LUKi=6 M j=1X 3 KUBEHRRALHTH. BAINE=a157n
ICRAE R AT, EB P 4.5 6 MFRLRED 'f'a (AR B 2.3 f1
ANFR) . BAEATHE-NFRRE o B EETHEMX 3 MERFHTHE, T

. 80



B AR 3 N FRNMEREHRIT =7 /=2 NN FRALENT, AE, 25—
BV EL b T ARG, (IR H XA B R PR BHEHT i=3./=158
MFAFE. Mk ERNLENSRD . BEBF Y, mE4 45w,

BN BERL. BEEBR i BRBH ppop. s N LB ST
LN T KBS R, TEBR TR . YICE SR AR AL (B s, 7 p,) B R
BUEARSATHERSE, BRAFR, YEBPFE A FHEEFE MFHR
B (R HEA SN, EB P  MFRHGHBHRE DN S8R P F R E R

BB B S P k<D FRMRGE HLEE, MK PR — 1 M ERBFBRL
HHRTIIRRR-2), HRT BB £ >F ?ﬁETﬂi‘é%f\(‘i 2)

‘pibr s’ = sepn Siaesi (4-2)
ELBRNFILE"HERE
Diwr Piwre P = s Senasin (4-3)
B (4-2) MR (4-3) {H T 5 %K
‘pipr b’ = P P i 4-9

B2 AEABFHFERERG-ORNFENFB, MYEREES, TRPE  NFRHEH
APE N FRARBEAEN ATBAEAN GRS ERRNPBE LA ERMERPE A
T, bt Kk ke— 1 NFRETF B prpope MBS EBPR I MFERHZA
KERE—1 %%%lsi—lz+lsi—lz+z'"5i~l,*E%D Eﬂﬂ:»lﬂiﬁﬂﬂ%b&ﬁiﬁqﬂ% RANFREFEH
I | TR LBR GREEHAT

B next[j1=k, M nex:[ jIRBIMBERNPE j N F/HE X B PHUFHF KA,
ARAPREHFMEBTXFHETLEOFHFOMCE., BHT5] HER BN neat K
B RE 3L

0 Mj=18F
- Max{k |1 <<k<<jH ' 'piper ="D;urp;ia’} )
nextlj] = 4 g g 3 K 25 (4%
1 HautEm
B0 SCRTH#E S T AR R B B next REE :
i | 123458678
B abaabcac
nextlj] 01122312

TERGHEER I next P2 )G, CEC W 40T #EAT BB LAFE &« A1 A B3R AR
EREEETR, S BVIERN pos.j WHEN 1. HERREBRS s;=p;, W i Fj 55
WLEW, i AW B next [GINMBEFILE HWRE WEHEAHYE 1,50, B8
AT = next HIME RKREKE . EETHIFHMARE: —F R j BIIFEA next {E (next
Unext[+-nexe[j ]+ 11D B FF LLEEAH S, MIFE ST & B3 1, QEBEHATICES; B —Fh &2 j R E
EANFRAE N FRRE”), MR FEE R Zm AR — M E, N E 5

MT— PR s BREXEHRFHICE. 845 FRER ERIERIBH—DHF,

KMP B INEE 4.6 Fin . EREERX EMERE 4.5 BRAML., REZANETF Y

¢« 8] o



Vi=2
CEH acabaabaabcacaabec

X ab
' 4i=2 next[2]=1
T8 aren)
baabaabcacaabc
) aca .
B 2
. dji=1 next[1]=0
{i=3—>§yi=8 °
%= EX acabaabaabcacaabe

abaabc
B A j=1—>j=06 next[6]=3

Vi=8—}i=14
EL acabaabaabcacaabc
. Eio (abdaabcac

tj=3—>4j=9

4.5 FIABKKN ner REHTEREMIERHA

DUt AR o 7 SRRV B B 6 6 R #6 j B EB) meae [ BTHAR 0L B b EATEAT
B, 36 EL ik e j R ETET 4 i MG WA 1. BEIRNE  PFHAR
RO L FRAFE MM EENE i+1 T FHEEFHITERE.

int Index. KMP(SString S, SString T, int pos) {

RIS T next BPOR TEEH SHE pos M ERFZEHAEM
/  KMP 3k, HP,TIEF, 1< pos<StrLength(S),

£ YL

i = pos; j=1;

while (i <= S[0] && j <= T[0]) {
if (j==0 || s[i] = = T[] {++i; ++3;} /) BREHRERFER
else j = next[j]; / BRBEAEB

}

if (§ > T[0]) =xeturn i-T[0]; / ERRT)

else return 0;
}// Index._ KMP

Hix 4.6

 KMP &3k R7E BB R B8 4 next MPE M ER EBITH, R A, MATRBEX R K
next BREEHR? .

M ERTHET R, W BB ENBRTERABASTWAMLCENEREX. RITTMR
AR U & PR M T R next REUE. .

B X8 A
next[1] =0 ) (4-6)
B next[j]=k, XRPLEBRKXBFHFETHXER:
‘prevp =P i’ -7

Hb e R I<k<jBWEANE FBEATREEL>SLIHRER A7), kH
next[ j+1]1=77] BB H FF1EOL .
o 82 o



(D) F pe=0p; JIERPAEERBEH

‘prp ="piwnp)’ ' (4-8)
HERTBBELE P >k HEERU-8) 3 XRR B nert[j+1]=k+1, B o
next[j+ 1] = next[j]+1 4-9
(2) & puFp; yﬂJi@%Eﬁiﬁ%qﬂ
b FE pian

B ATER next Eﬁﬁ&ﬁlﬂ@%ﬁi% A’lﬁiﬂﬂﬁﬁﬂﬂ‘)ﬂ@ B BHGEREH XEK
KNP, MYMELRRNILEBF.CF dimers =D1r Djmrrs = P2y P =pe1 s WX pF b
W RO R A WS BB P S next (RN FRAEBFHNE j AFRAHEEE, &
nextlk]=k', B p;=py JWRHAEFTHPE j+ 1AM FERZHEE-ITKEH k' CBp
nextl R DB K TR, MERXPPANEFHRKEN T HEHES, B :
‘P’ ="piwr by A<k <k<j (4-10)
XRR next[j+1]=r"+18p
next[j+ 1] = next[k]+1 (4-11)
I3, p, o JUKBER R ZRN A RIEZHERPE next (R INFRHM p; X5,
''''' KKK, HE p, AP RN EHEER D RERGFEEM L A<t <HWRE
2R (4-10), 0
next[j+1] =1 (4-12)
Biltn, B 4.6 P RBER B, ERBAT 6 NFIFE nexr REAE , WK next[ 7], B KR next[6]
=3, X psF ps T po M py (BAH next[3]=1) , XMWY FTH FHERX @A E3.
BT peF o T H next[1]=0,F7 LA next[7]=1, T H ; ssasel 78
K pr=p1 W next[8]=2. #z | abaabe| ac
B#E LRI HBEERKU-6).(4-9) . (4-1DF -
(4-12)) , 45 8 KMP B3k, W8 2R next B MR E  nexlo| 011223 ] 12

B B 4.7 iR, (aba)
(a)

void get. next(SString T, int next[ ]) { B 4.6 AR next B

/ RER P TH) next %ﬁfﬁ#ﬁ/\ﬁt,ﬂ next,

i=1; next[1] = "9 = 0
while (i << T[0]) {
if (3 == 0| T[i] = = T[] {++4i; ++3; next[i] = §; }~

else j = next[j];
)
}// get_ next

HiE 4.7

B L THREREREN Om), B¥ BEXBHRKE - LEROKE BMEZE,
BRIt ot A DG B B R 5L BT 3 i 05X R TR (BRI
B EiEBWA .
(1) BAREY: 4.5 WA ERER O * m) (BE—BIER T » B35 19 BT B (7] 35
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LT Otnt+m) , AL ESHBERA. KMP HRENYBERXSFRZBHFAEFEZ“HHT
R"HELATABBUER 4.54RBE, HE KMPERNBRKELAER RS ETHHIE
AFEH, BN LRD N EBNATALZRAH —BE , XX ALF MM A BB X
X RA R WT A BEA VSRS, T X% ML EiE.

(2) BT E X next RPTERLER T HABRKE. A caaa b’ EMES
aabaaaab LEH,Yi=4,j=48Fs. ch[4]7t. ch[4], Hnext[j M8 = B B F#H 4T
i=4.j=3,i=4.j=2,i=4.j=13X 3 WHK. ; |

L b AARAFE 123N MFHAE 4 4 P

12345

aaaab
e NN £ E T P nentl§] 01234
A HEE WA LU - AW 3 4 M FFH nextvall j] 00004

B EEHAT i=5./=1 NHFRFHLE. X

RUL H & EREXB I next[j 1=k, MWK F p;=p L EBPFR s, M p;, LER
FRLATEEM pe HAT B T EEEM Porn AT B B ATE UL, BL BT 0 meace[5 10 F0
next kI, BT HIHE next MY EERBIRMAIE 4.8 Fin. R ILEERARE,

void get_ nextval(SString T, int nextvall ]) {
/KRB T K next BB EMEH 7 ARY nextval,
i=1; nextval[1] = 0; j=0;
while (i < T[0]) {
if (3 ==0 || T[i] == T[JD {
iy 435
if (T[1] = T(j]) nextvalli] = j;
else nextval[i] = nextvallj];

}
else j = nextvallj];

}

}// get. nextval

Wik 4.8

4.4 PBRAEN A
4.4.1 XFEHE

XEHREBRFRE-NAHAFNRERFERF,. S EATREFNGARNBELEZ
ATHAMBFORBHRURDAZHAXBENEENEGC, XEARBHLHELE
HFRBEHEABHEN. BEREMAFHBEFHIREFAR, HEHEARER
— K, —REREE B R ER EAB RS ERBRIE.

AT mBHTE, AP UARARAFRRTFEXERIS DET R BRAE T
(AR, AR RMEHF EEMRE T . RIOITUEXAFERR—-NFRFB KA
XAH, TURXARHKTH.TXRREFH,

A T 5l —BRRERF:
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main (){
float a,b,max; ]
scanf ("% £, 5 £", &a, &b);
if a>b max=a;
else max = b;

}s
RIMNTUERBEERR—NXESH. BADNEGNE 4.7 Fin. BER” Rk

T4

201
m| a i | n| ( ) {] 4 l | o] a|t a b s
m| a | x ; J s c a | n| f ( %l f sy | % | f
, & | a ’ & | b ) J i f a|>1|b m
a x | = a 3 o e | s e m| a x| =1]DhD
NI I

B 4.7 StA#ERA .

AT A B TURAT » 76 3EA SCA G 4 B0 B4R , 4 48 7L PP 576y SO A B ST AR L 9
HRATR. NBLREFRNFHERE. ARNE-AHHTASAEXAHNEKRTS.
MARKE—TUERE-THTS BHEBLEMXTTRORE. BREE 4.7 HFRX
B HE—T, BRIKTSH 100, MZHIXABHITRNE 4.8 Fin.

15 A 4 ik Kk K
100 201 8
101 209 17
102 226 24
103 250 17
104 267 15
105 282 2

B 4.8 BWATHRXEERNITE

SCA R R PP R B SL AR 6 AT IR B A F AR 6 A RIS SRR T T RER
MRERTABARMBRETFR - UEERTRFPETHRE. SXTHRKESLT
SEACHEHEE, NEARTEFSEFEZR, ANEEBRETHEAEMIE. I
RE/ARMEBR—1T . RED RITRIOBASMER . HBMERNTEFAERELHIT, W
BEBRARPHEANERTS(BHRAT—HTHITS) . ¥ TERGTE ITREET
SR FHN, B, T RETRNBEASMRZERTBIRECEUASGHEREER
W, RROBEF SITREM ERAERKR. & TR URERNTREARTIE,BHIU
FEFEAT R A0 M BR B2 B, 7T L RN AT R TR AR A8 B B 16 38 A 0 B BR BT 8 R 9 74
XA LA At (E

LSRR T XA REBBRFPHELRE. HAEKNER EETEEIFEZEAR
THE .
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4.4.2 BIAKRSIE

FEARRETANMAMNEEAEZ —. BTHEERRNIERERERBHTR
RS EHERPERN - MEENER I TRAZAME, MTEENREREY -1
FHRERIRLE. FINRNE LI FPRAGHEFESERRRETH 3 KRIIR. 2
PP Z EELNILRSHE., EXRRET . HBERRIARTE BHREASF
MR BERBEF—EHE. HEBRFHMERBY“HAXBEARS.

#ln, 5 4. 9() FH BHAMHXBARS RNE 4. 9D PR, REREH MR
ARSI RPERNIMEFTBXNEBYEH. ITETER. TRELRIBIEARTFH
Kk, TEETRMARMANSEBEXHERXNME FiaR.

#5 + % X HBE5R5I

005 Computer Data Structures algorithms 034

010 Introduction to Data Structures analysis 034,050,067

023 Fundamentals of Data Structures computer 005,034

034 The Design and Analysis of Computer Algorithms data 005,010,023

050 Introductioni to Numerical Analysis design 034

067 Numerical Analysis fundamentals 023

(a) introduction 010,050

numerical 050,067
structures 005,010,023

(b)

4.9 BEXHRAXBARIR
(2) BEHXMH; (b) XBARIIE

EETHIREEEXHER:

(D ABEXHPEA-ITHS,

(2) \HHaBFRBERXRBIAFARR,

(3) X HERFHE—XBI, ERTIRPHFTERIFEHMAOEARE.

HRFINBLEBPABERMERRTRXBH RE—KEARARFERIELT
B« A" HE R I I “an” (“a” “of” [ “the” D, MFHMBE B, HAS AR, R
BEERYAAR, ERAMBRE—AES, HXREE, BA KGN FICCRIA K ERS.

ERIRPEHNXBANTHRHAFTHER . H—-RRIRLEFRXBANRS
W, ABEFEFAPB/ABERNNT X _RBERIIRPEALXBEYRSIM. A
R RAREREN ST, TEREATRXE=ZTRIENAEIHR.

HRBEREEM.

HARIRUER, AER—F B BLEPETFXRR, KEBAR, MR ABFFES
WEW , AP EMIR—INFRHE.

RIIBNERR BRIFER EERIBTRARATHEARE BHXERSE
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FERERB . N TEBEREARRAS I EPFHITROTEER  ERABTFE#E
W RPEBORITEERIAR H—RRBIA BRIIBNEEEW, WYL BTEF
B RARARAMBRRNERE, K- RBERI hTFRERII AR ENERT
BHEMEA, HARXBHANBSRINEALF  EEZAHBHEERE . WERAERS
#define MaxBookNum 1000 /B R 1000 A H@RET| F
#define MaxKeyNum 2500 VE TIET P33 3

# define MaxLineLen 500 J BEHBEHBAKE
#define MaxWordNum 10 [ ARKBREER

typedef struct ( )
char «iten ]; / FRBHHRA

int last; / RENKE
}WordListType; /) ARBBEIAFR
typedef int ElenType; / ENERMBIBuLRLE IR (FSHED
typedef struct {

HString key; /KA.

LinkList bnolist; / HHBERIINEE
} IdxTernType; V& ClEE 3!
typedef struct {

IdxTermType item[MaxKeyNum+17;

int last;

} IdxListType; / BB BERERFD
VEES XS5

char  x buf; / BEBEWK

WordListType wdlist; // @3

V-2 3 13
void InitIdxList (IdxListType & idxlist);
/R EE, BRSI R idxlist h R, HIE idxlist. item[ 0] —5 B
void GetLine (FILE f);
N NXHEFEA-NBEFRABEHPEFKX buf
void ExtractKeyWord (ElemType &bno);
/M buf FIREH 4 K17 B 1F ] wdlist, -5 A bno
Status InsIdxList (IdxListType & idxlist, ElemType bno);

/ HH5 K bno j 35 £ KB 1E K 17 JUBUF A R 5| & idxlist
void PutText (FILE g, IdxListType idxlist);

/A BEBRMERS#E idxlist B B0 9

void main() { / T &K
if (f = openf ("BookInfo.txt", "r"))
if (g = openf ("BookIdx.txt", "w")) {

InitIdxList (idxlist); /B HRETIFE idxlist B R

while (! feof (£))
GetLine (£); /A3 £ EBA—AHBIEEF buf
ExtractKeyWord (BookNo) ; // M buf B KEEHE B HEK, 55 F A Booklo

-870



InsIdxList (idxlist, BookNo); // HH 5K BookNo XL EEAIBAERSIE
) : :
PutText (g, idxlist); N BEBKES E idxlist BB XH g
) )
}// main

HiE 4.9
ALBMERSEBRLETEA  BERLHATHIHRIME.

void GetWord ( int i, HString &wd);
// Pl wdig i) % wdlist 55 1 KRB,
int Locate (IdxListType idxlist, HString wd, Boolean &b); _
N ERSIE idlist PEBRBFES wd HEHNXEIT., FHEE WERRERTI#E
// FEIOLE, H b BUH TRUE; 5 W& F#F AL B, H b B{E FALSE
void InsertNewKey (IdxListType & idxlist, int i, HString wd);
/) FERBIR idxlist {5 i LB AR RBE wd, ¥ BB B REINBERITE
Status InsertBook (IdxListType & idxlist, int i, int bno); . )
/ FERFIR idxlist B95 L A HAHS % bno B§R5I

MU AT R RFIRNEA BB MA R 4.10 FiR.

Status InsIdxList (IdxListType &idxlist, int bno) {
' for (i=0; i<lwdlist.last; ++4i) {
GetWord (i, wd); j = Locate (idxlist, wd, b);
if (1b) InsertNewKey (idxlist, j, wd); /o BAFRESIM
if () InsertBook (idxlist,j,bno)) return OVERFLOW; // HAHBEEKF
}
return OK;
} // InsertIdxList

HiE 4.10
Hp 4 MERENEEREIAHINEE 4. 11, 4.12, 4.13 1 4. 14 Fi/R.

void GetWord ( int i, HString &wd) {

p= x (wdlist. item +1i); /) BOAAIRFE 1 FHS
StrAssign (wd, p); J ERRBEFHE
}// GetWord ‘
Ex 4.11

int Locate (IdxListType &idxlist, HString wd, Boolean &b) {
for ( i = idxlist.last~-1;

(m = StrCompare (idxlist.item[i].key, wd)) > 0; --~1i);
if (m==0) {b = TRUE; return i; } VE: %!
else {b = FALSE; return i+1; } :
} // Locate
HE 4.12.

088.



void InsertNewKey (int i, StrType wd) {

for (j = idxlist.last-1; J>=4i; --173) / BBRIIM
idxlist. item[§+ 1] = idxlist. item[§]; )
/ BAFHRIIM
VAL i

StrCopy (idxlist. item| i].key, wd);
InitList (idxlist.item[i].bnolist);
++ idxlist. last;
} / InsertNewKey

7 MBEBERIIRAZR

Wik 4.13

Status InsertBook (IdxListType &idxlist, - int i, int bno).{

if (| MakeNode (p, bno)) return ERROR; / EER
Appand (idxlist. item[i].bnolist, p); / BAFRBSES
return OK;

} / InsertBook

Wit 4.14
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BSE BHMTNE

LB MR ELEN T I BB CEBRESANRTRE, TRNERSEL#
B, FETRHFRBESH—REAN XRTUBRRRURETEIXLHY
B: RYWBEAREF LRI BESH.

B RRECLMBBH—MHRWAR, R?Ef’ﬁ&ﬁﬁ)?ﬁﬁ%?#ﬁﬂﬁﬂ%ﬁ&
ENEHRE. Ziﬁum%ﬁﬁ;éﬂ%%ﬁﬁtﬁﬁéﬁ%%x#'ﬂ%ﬂ T2 & I B S A
REIH M.

5.1 %SIQHB‘J%SL

KL FRER, MR BOBRBBATH M 5E N

ADT Array {
BRIt ®:jL =0,000b, -1, i=1,2,,n,
D= {5, INC>OFRIIAMBH b BRYAS i BHKE,
i RPATENSE i BT, ;,.,, €ElenSet}
$e#R% & .R= (R1, R2, -+, R}

Ri= { <@y g oy s By gy #1003, > |
0<i<h -1, 1I<k<in Hk#i,
0<<j:;<b: - 2,
By gyredy 9 gy ondy +1mg, €Dy 1= 250005m }
BARE.
InitArray(&A, n, boundl, +, boundn)
REGR - EEB o MEEKESE, WAEHERAKRA A, 3B E OK,
DestroyArray(&R)
WIS R HBRMAE A
Value(A, &e, indexl, -, indexn)

MG &G AR o ER A . e ATETR,HEER A TIRE.
BREGR EETHAER W e MENFTHBEN AWTREME,HEE 0K,
Assign(&A, e, indexl, ---, indexn)
MEHFG AR ER A e TRER,HEEE M THE.
BELER . ETHRABR K e ERAFEEN AKTE,FEH OK,
} ADT Array

BRE—A CEERMMEL . AEREXT R n B P EA Hb A ETE,
BAERBZE n M LEMAR, EEILRD, TR a,, ., O<ji<b—DBH—AE
EEMTE. Fi, REEA LR, X n PLRIERH LR, NMREE—IE, A
HBOE TR AUR T H — SRR, W o i A BUE TR B T — AT 4R G
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Jesre i) s BT AHRMBEBE R 0/, <b:— 1,6 AL ERKEG=1,2,,n), &
RoYn=10,n EPHARBUIEKPERNER, RZ n ERABTUERREEERY
. B RITBFTUNA—MRERE XL » E5A,

RIOTUB_ERHEAERERIFE T ERLEHR: ENEMBETRLE -IEK
gk, B, BS LQFRRE—ZHBA . UmfTn FINEEERR., ETUE
R ER

A = (aosa1 s ra,) (p=m—18n—1)

HPBIMEETE o 2—MImBEREANLER

a; = (aoj,alj,°'-,awl_j) 0 <_] < n—1
(WA 5. I FFR)HE o B—MrHBEAMLMHER
a; = (@i @iy »*** 481 ) o<iKm—1

(A S 1R, ECEFTP  — N _ERHLRRTTUEX R ETERR N - BHA
KRR —FRAEARA , R,
typedef ElemType Array2[m][n];
EMT
typedef ElemType Arrayl[n];
typedef Arrayl Array2[m];
B3, — 4 n BEARRT LIE A HBIETE N n— 1 BHARBMN —FHAALR,

Aoo aon Aoz Qo.n—1 doo Qo Ao,n—1
A= ajo a:l a.lz al.:;-l s A, = aio an " [ARE]
: : : :
Am—1,0 dm—1.1  dm—1.2 t Am—1ua-t m—1,0 Am—1,1 Am—1.n—1
(a) (b)
Apsin = (Cagao *** 0.1 s (dr0@11***@1.a—1) 5"y (@m—1.0@m—1.1""" Q- 1.a—1))

(c)
B 5.1 —#E¥ERm
(QEBERRR; (DI —%HFH;: OITHEN—HKA

BH—-HBEELEMEBRMERRATRE. Bl BRTEMOMBALMERZ
5 B RAFFHUT R B BUOT R E R 1E.

5.2 U ARYIFF =R FISLI

HTFHE—BRAEBRASRERRE W ER, — B8 THRA, MW P HEET
ENMNEMTEZENEARZRRABE LA, R, RAMFEEENEREHEEBRY
HT,

HTFAER TR — NSNS, MBAR N SENEH, WA —HESF R ITARE
HEBETERAENRFEAEEE, HlanE 5.1 (a) WZEKATTUERIE 5. 108
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— B, WA ERWE 5. 1(b) B — R HUE . MR, N R HTERAEET R —
b L131 ¥ R 3 ¥ (column ‘major order) BIFEME R, W 5. 2C) s — M B U R
J¥ (row major order) () 7¢ 4% 5 ., B 5. 2(b) fFR. 7E$" & BASIC,PL/1,COBOL,
PASCAL f1 CEF &, mm%ﬁﬁu??}%ﬁiﬁm#ﬁ#m ifii #Z£ FORTRAN & &, ﬂ%l
MR LUFIF R E RSN,

LOC(45)=LOC(a00) ago LOC(4$=LOC(ao0) ag
aln - . R L . Qo)
\ Aé“ . \ Asl)
am-10 [ Ao
L. <
LOC(4{"=LOC(a0)) a0 LOC(4{"y=LOC(a10) an
ap ) ' a
\ Z ;l) . 14 Agl)
Qm-1,1 a1
7
| ’ ) |
LOC(45 y=LOC(ap 1) o1 LOC(4421)=LOC(a-10) n-1,0
‘ . 0|.n;| Q1.1
rZL‘? > ALY
Gy}, -t J Am-t. n-1
AD= (AP, AP, - A, AD= (AP, AP, -, AD)
x}l) = (“aj’ @1jr"** s G-, ) A?) = (aw. Qi1r 18, m-1 )

(@) ‘ ' (b)

B 5.2 —HBANRFHEETR
(a) BFIENER, (b UITRNERF

B, N FHA, -~ BEMETENEBMEROKE, BTN EHEFHESEA, RZ,
Eé‘%Hj—*ﬁ’F’FTﬁ'IjUE*BEZﬁéﬁJB?HW?%ﬁE FTHEAUTFENEFRFHLE
¥R B0 F LA .
BREMETRS L AT, W BB A FAE— TR a; BIFFBEL B 7T il
FRH o _ .
LOC(i,j)=LOC(O,O)+(b2Xi+j)L (5-1)
A& ,LOCU, )& a; BIFFBEALE s LOCO,0) B aoeI FFIEALE , B 84 A ME LR
f%uﬁ LR Oy B ik B BE HE _
BRG-DFES B —RIER, A T«%@Jn”&ﬁ?ﬁ%ﬁﬁmﬁﬁﬁuﬁmﬁﬁ’\iﬁ
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LOC(]19]2 ’ "'\7].'1) =LOC(0,0,++,0) + (b, X+ X b, X j1 +b; X+ X &, ij‘
by X +iOL
—1 n
= LOC(0,0"" 90) + ( E]: H bk +]n )L

i=1 k=1

485
LOCGy» jzoorsja) = LOC(0,0,-,0) + D¢, (5-2)
i=1

Hibr c,=L,ci.;=bXc¢;» 1<ikn,

R(5-DFH n BRAWRG RS, FHEH JATENEREERL FTHRIEH
W, — RS THRANS BN KE, ¢ REER. BTSN TREMEAE M FA
%, B IREU P E— TR R R A S, RAITREAE X — 18 M N BN

B |
TR MR F RSB
[/ ===== BHHMPERRER ————-
# include <stdarg. h> /N RRAESL SO, R E va_ start,va_ arg #i va- end,

/ RTFRBEKSEE
$idefine MAX_ ARRAY_DIM 38 / BEEABERWBEKRMESY 8
typedef struct { -

ElenType * base; /) BASTRENL, B InitArray A2

int dim; /AR :

int * bounds; /) B RN, B InitArray 43 BT

int * constants; /) WA R KRN, B InitArray 43 B
}Array; .
Ho——=== HEABEMRBFEREH —-——-

Status InitArray(Array &A, int dim, «-);
/BB din FORESS M5 25K B A8k, MM S8 AH B A 404 A, 3FIR ] OK,
Status DestroyArray(Array &A);
/B A,
Status Value(Array A, ElenType &e, )
A ARDBEA e ATKLER HER 0 NTHME. .
JEETHRABR . e BEAFTHEN B HTEE,IFEE K,
Status Assign(Array &A, ElenType e, <) ;
/AR n#HA . e HTEDR HER o N TFHRE.
VOETRARER, W% e A FTIEEN A MTE, IR E OK,
Y === HARIA MR EIE -~
Status InitArray(Array &A, int dim, =) {
A ERER din MERERKESSE, WHEHNKEA A, HEH ok
if (dim <C 1 | dim >> MAX_ARRAY_ DIM) return ERROR;
A.dim = dim; a
A.bounds = (int * )malloc(dim * sizeof(int));
if (1A. boundsl) exit (OVERFLOW) ;
N/ EEBKESE, MAEA B bounds, 3R i A HTHE B elentotal

elemtotal = 1;
e 93 «



va_ start(ap, dim); // ap Xy va list X8, REHREKRSEEERHOHEA
for (i=0; i<<dim; ++1) {
A.bounds[i] = va_ arg(ap, int);
if (A.bounds[i]<C0) return UNDERFLOW;
elemtotal * = A. bounds[i];
}
va. end(ap) ;
A.base = (ElemType * )malloc(elemtotal * ‘sizeof (Elem'l‘y'pe)) f
if (! A.base) exit(OVERFLOW);
/R W B o, FFFA B. constants[i - 1], i=1,--,din
A.constants = (int % )malloc(dim * sizeof(int));
. if (! A.constants)exit(OVERFLOW) ;
A.constants{din=~1]=1; / L=1,#4 #9383 LATTR MK/ e

for (i=dim-2; i>=0; --1i)
A.constants[i] = A.bounds[i+ 1] * A.constants[i+1];
return OK;

Status DesfroyArray(Array &-A)}{
/BB A,
if (] A.base) return ERROR;
free(A. base) ; A. base = NULL;
if | (A.bounds) return ERROR;
free(A. bounds) ; A. bounds = NULL;
if | (A.constants) return ERROR;
free(A. constants) ; A. constants = NULL;
return OK;

Status Locate(Array A, va. list ap, int &off) {
/ % ap KB TR E AR MR HXTTRE B PAAN H bk of £
off =0;
for (i=0; i<<A.dim; ++i) {
ind = va. arg(ap, int);
if (ind<<0 | ind>=A.bounds[i]) return OVERFLOW;
off += A.constants[i] * ind;
}

return OK;

Status Value(Array A, ElenType &e, -+ {
A ARnBEH, e ATETE.BER M THHE.
/ EBTHRABR N e REX I EH AKTEM.FHEE K,
va_ start(ap, e);
if ((result = Locate(R, ap, off))<= 0) return result;
e= * (A.base + off);
return OK;
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}

Status Assign(Array &A, ElemType e, «) {
/ARoBHE e ATKLER HER  MTiRHE.
N ETHRAER, WH e HEMRSAFTEEH A KHTER,FHRE OK,
va. start(ap, e);
if ((result =Locate(A, ap, off))<(= () return result;
* (A.base t+ off) = e;
return OK;

5.3 45 FEH)FEARTEAY

EERREMFS TETHREFHRGIENR. T, RITBEBIOA B EE
A Bt , T 2 040 77 8 4 I ) 7 » A T 4600 6 O ) 4% 3 3 BB 80387 T

B ARRESEHBEFN, BEA ERLRFRESET. ANBFRITES
REMR T SFEREE, AP ERR AR E.

R ERES TP LF WA — BB & R, AN R AT ZEAER KT
REERFLR. AR AT VEFMEE, TUSXREFHTERFE, HEESHTF
R4 N ENMEMF TR E— =R XN FTA S 2R .

BEEMRNTRIETTREEE TR HE — AR, RN HRERE LS
BRAERE R R MMAERE. Tl IS EMMESFH.

5.3.1 ¥%EK
%‘n BraEfE A T B TR iR
a; = a; 1<iyi<n
MFRA n BYXFRAERE .

3 F X FRAERE » AT AT LA K G — X AR TS — A2 I U Tt A TE RS 77
BB n(n+1)/2 ATERZE R R, Rk— bk, RV LT 0 EFEHET =/ ES
L

BRI —BBA saln(n+1) /2100 n B XSHFRERE A IS, N sa[ RJFI4E R JT
a; ZIBAEE —— XM R .

HoDoyj1 Hizj
k= oD (5-3)
DI yi-1 %4i< ‘
X‘f%ﬁﬁ%%-ﬁﬂ?ﬁ‘(z,]),i@ﬁfﬁ sa *&@Jéﬁﬁzﬁaq 9&29%’#%%% £=0,1,2,---,
e D) 1 A salk 1o B TTAERERE T B G B i) o ML H saln(nt1)/210 o

B PRAERE A B EgEFEE (L 5. 3),
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[ an | az I azz Qs I b ! Qn,1 I e I an.nw

n(n—1) n(n+1)
2 ’ 2

1
3] 5. 3 xt%éﬁﬁmﬂiﬁiﬁ%

530 77 0 07 o R 3 B T = B B F)ﬁE‘F(J:)~ﬂ3ﬁl$% 5P B
(MO ZAREENAZO TR ITHIER c T » BrERE. MR T M RER”R—#,
REEET (DO =ZATHTZ, Bm— N EE R c SR,

EBEN T REHANEE T —RREERN AERE., EXMEES, TEH K
FFERBEPEUEN AL AP OBOFREBP. IRTENAK ENEZEXN ALK
b THETHEMAL EHNTZA A RMETE BT, WE 5. 4 Fin, XXFER,
AT AT RN (BTN E, UM AR R ESFHE— 254 k.,

afk Xt ALK

~
L G 1n—2 Gn—1,0—

(a) b)

E54 MNAER
(D—KHEE:; O=XNHEHE

7 B A7 3% 2L T TR 4 T A O S o SR T 4 2 A 2R — 1 B A AR L M T
RATER T4 SRR B — g o SR BV T oo — R P X% R

AT FESCBRRL I R RATE 2% BB 5H — KA, B LRETL, AAHRAE
AR BT Z N RAE R, SREENEREERE LSRR, SRET
—HRAE R,

5.3.2 BHEEHE
HARBRER? AMMEELBHKNE L, B RE—MEANTW EEX T %10
. BEREmXn WEET . Bt I TEARARNZE, é'\a:m,%@%ﬁéli’ﬁﬂ@ﬁm?o

EH IR 0<0. 05 MFRAMBERE. EREZHBOMERE, A TIHMRBE LB HEE
R E X, RO T LR E RWEZEE.

R BT R AIE B E LT

DT SparseMatrix {

Y& :D={a,|i=1,2,,m; 3=1,2,%,n
a;,; € ElenSet, m #1 n 435I F7 48 B 4977 B 5l 30}

e 9B o



;% R :R= {Row, Col}
Row= {<(a,;,8,;+1 2> I<isn, . IK<n- 1 }
Col = {<ayy a1, > 1<i<n-1, 1<j<n
HABRIE:
CreateSMatrix(&M) ;
BIEER QIEWBERE M.
DestroySMatrix( &M 3
VBEE - RHREELEE.
PSR HBWBEME M.
PrintSMatrix(M);
MR &G BHREELNFE.
BEER - MEWHEEREM
CopySMatrix(M, &.T); i
MBEE - HHEREMEFE.
BAESR . HWAEEMEHBRT.
AddSMatrix(M, Ny &Q); "
Vs &G WABEM S NHTEAAN RS,
BEER RBHEBFERNM Q=M+N,
SubtMatrix(M, N, &Q);
WIRE & B M 55 N 4T ECF B R A % .
CREER CRMH AR Q=M-N,
MultSMatrix(M, N, &Q);
WA REER M BFIRET NHITE.
BRUELR RBAEERR Q=UxN,

TransposeSMatrix(M, &T);
VRES -BEEFENFE.
BIEGR - RBHERE W EERT.,
}ADT SparseMatrix ' '
0o 577 7 i 4E R B EE 48 A IR 7
ERERFHEOES, AFEHERREENET T, B . RTHFHIETTHEZS,
BBFAE T FEHFEFMANGEG,) . RZ,— T G jra; E—HE TEE
AWM—TERT. . RREFETHRAEZ NN =ZTHREATHI R —RE. Hlw,
TH=xHF*E
«1,2,12>,¢1,3,9),(3,1,—3),(3,6,14),(4,3,24>,(5,2,18),(6,1,15),(6,4,
—7)
mEG6, DX—XFT FIEETHENES.5 PEEMMS R, M ER=TTHR
WARZERFEAUSIHBRESEARNERGEHETE.

-

_ 0.0 =3 0 0 15
ro 12 9 0 0 0
12 0 6 18 0
0 0 0 0 0 0
9 0 24 0 0
-3 0 0 0 0 14 0
M= T=1]0 0 0 0 —7
S 0 0 24- 0 0 0
0 0 0 0 0
0 18 0. .0 0 0
. : : 0 0 14 0 0 0
15 0 0 —7 0 0 O0J
0 0 0 0 0 0]

B 5.5 WBAEE MAT ,
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1. = ndFR
BELUREEEEARBER=TEdR N BRREEN —HESFHEI A —R
IRz =AM 2.

N-—--- BREEN=TH4NFrREHEER —— -
#define MAXSIZE 12500  / BREIEZTANEHKBAMER 12500
typedef struct {
int i, 33 / ZIERTHITTHRAT TR
ElenType e;
}Triple;
typedef struct {
Triple data[MAXSIZE+1]; / IEBTL=uH % .data[0]JKR A
int mu, nu, tu; / ERENTR B METTE

}TSMatrix;

T, data RPARAREZ TN ZTARUTHFIEFTFHIIN, ATHEBNRFEE
AEBEHIHEBEEMNTHITREERER. TERTREXMHERFHEEHT mMrE
REMHHEZH.

HEZER—HBENENENEE. MTF—-TmXn WEEM, ERNEEERTE
— A Xm BERE, B TG, ) =MG,),1<i<n,1<j<m. #m,.B 5.5 PHEEMM
T HA%%EERKE.

BR, —-AREEENEBEERNARBHERE. BE o Mo £ TSMatrix B3
B, AHNEREEMMT, B4, WMHa BB bR

WA a Fib ZEERT R REMD . (DBEENFAEREZS; OQO¥BEI=
FTAPHF HERS QOB THZRAMKFEITLRAEENEKE. TS
GBI, BRI ELHE =K. MMM b, data PR =THARL T 8947 (M #3)
A EFRKHEETIE .

J
12 3 —3
6 15
—3 1 12
14 5 18
24 1
18 4
6
3

15

24

DDA G W W e ] e
B = N W O ks W B e
S W W DN N = ] e

14

[
(=9
™
(v
Y
o
o
I
-+
o

A LA PIRpAb B 5 8
(1) # 8 b. data P =AM KFRIKE a. data FRBEMW=THHITHE. BE
PLIRBERE MMWFIFRETHE. A TRBMPE-IPFAHEFIR . RENHK=
TLH % a data NE—TRENEH—E, B T a data RU M KWFTFEREFRERENTEF
TR, BB BIRIA R b. data NI B . FLEAEEHRINA L 5.1 iR,
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Status TransposeSMatrix(TSMatrix M, TSMatrix &T) {
/ REA=ZTHRTFHEER, RBHESE M NERERT.

T.mu=M.nu; T.nu=Mmu; T.tu=M. tu;
if (T.tw) {
q=1;
for (col =1; col<=M.nu; ++col)
for (p=1; p<<=M.tu; ++p)
if (M.datafp].j == col) {
T.data[q].i =M.data[p].j; T.data[q].j =M.data[p].1i;
T.data[q].e =M.data[p].e; ++q; }

}

return OK;
} / TransposeSMatrix

niE 5.1

SEXAEE, TRATIERLE p F col WIPEIEIF 55 B HY , B B 1 B[R] &2 % BE
A O(nu + tw) @, BIFI M S B EFTH B RBRE L. RITAE, —BRERE
BR %N

for (col=1; col<=nu; ++ col)
for (row=1; row<=mu; ++ row)
TLcol][row]=M[row]{col];

HEtB E %R O(muXnw) , HIERTH MK tu fl muX nu FIEKE, B 5. 1 KR
HEREBRHI O(muX nd®) T (B0, BB 100X 500 BSEREFA tu=10 000 M IEETT), AR
HE THESH, B EEMERE T, EHEE 5 1 fGEF tuKmuX nu BIER .
(2) M a data PETTHHKRFHTHE B HBEEN=ZTHEA b PR KK
B, MABFAWHESEEM FE—FNE THFE—FHE—TEBITHE b. data PRIH
BB, IR AZEXT a. data P = JTEHMKER B /T, Ev] P b. data PR EM A E
E&. ITHEXLMNE , AHEN NEREMBYE—FFPIETTHMR, ETREBE
—F B —NIEFTICEE b. data P E M E.
FEM , BEM B num M cpot BB . num[col JRRERE M FE col FIFHEET
# N0 cpot[col J#E R M %8 col M FE—NIEFTTHE b. data PR LM E. BRA
cpot[1] = 1y
cpot[col] = cpot[col — 1] + num[col — 1] 2 <L col<<a nu
Bl m , %F & 5.5 BEERE M,num 1 cpot MI{EINFE 5. 1 iR,

£5.1 EEMBER cpot A

(5-4)

col 1 2 3 4 5 & 1
num[ col] 2 2 2 1 0 1 0
cpot{ col] 1 3 5 7 8 8 9

@ BT M nuF M tuER nuF tu, ATFHE,
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BT RO B B B R 5. 2 BTAR .

Status FastTransposeSMatrix(TSMatrix M, TSMatrix &m {
/ RA=ZTHIR T RIFEER, RBRERE W NEEIER T,
T.nu=M.nu; T.nu=Mmu; T.tu=Mtu;
if (T.tw) {
for (col=1; col<l=M.nu; ++col) num{col]=0;
for (t=1; t<<=M.tu; ++t) ++num[M. data[t]. i1 / RMPE - EIEZILNE
cpot[1]=1; :
/K% col TP —HIERITFE b.data YK S
for (col=2; col<=M.mu; ++col) cpotlcol]=cpot{col— 17+ mmfcol-1];
for (p=1; p<=M.tu; ++p) {
col = M.data[p]. j; q = cpot[col];
T.data[q].1i =M.data[p].j; . T.data[q].j =M.data[p].1i;
T.data[q].e =M.data[p].e; ++cpot[col]; .
}// for o
y/if
return OK;

} / FastTransposeSMatrix
iz 5.2

RAFRMNLAH—MEEZH TR M AR, WBE LR, BETHE 413551
B BLARER PR SR HST B R nu F0 tu, A TT SRR E R ER Otnut+tw) . 7E M KIEFT
A¥ tu A1 muX nu SECE A, FATEE 2B N O(muXnw) , MEMEE M EZRE
THE . :
ERAMFRXBEFEIRTIRE, ENFAR EFTERTETFAFER B
WETHTRTIRFLCBNYEREZE., AT, ZRETSFRE—FHIEZTT, WEMN L
FFER TR,

2. ITEBHENIRFR A

HTETFHILFEREE-THEZT WFHNEE-THE- I ERTE=N4HEX
FEME. VI, TR ETRESEBEMNBE PR, R T E BB K4
cpot B BEMBEENFEEM . MEAM FIHEER "N tARITEEE R
BT &, KRR T -

typedef struct { .
Triple data[MAXSIZE+1]; J EBT=THFE

int rpos{ MAXRC + 1]; /BB ERTHLER
int mu, nu, tu; A EERTR B FETITAH
}RLSMatrix; A

22T T3 80P/ 6 B AR TR B0 B 7 o 25 50 6 H B 20 7 B O AL A

O REHTE coot WEEMMHUS—T . ETUR S HBEE .
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P EEARNZAREERORKEZIREN. HR
Q=MXN
HP MEm Xn EHENEm; Xn, EFE. Yn=m HE:
for (i=1; i<<=ml; ++1)
for (j=1; j<<=n2; ++3) {
oli103]=0;
for (k=1; k<<=nl; ++k) Q[i][3] += M[i]0k] = NkI[ils
'
WHE BB R ER OGn X, Xn).
HMMUN ERAEMFA=TAREFRENN, RABERN ELREE. R M
N 55 A '

0 2
3 0 0 5
1 0
M=1]0 —1 0 0 N = (5-5)
—2 4
2 0O 0 O
0 0
M Q=MXN AR
‘0 6
Q= |—1 0
0 4
B =554 M. data,N. data F1 Q. data 533K :
i j e i j e i j e
1 1 3 1 2 2 1 2 6
1 4 5 2 1 1 2 1 —1
2 2 -1 3 1 =2 3 -2 4
3 1 2 3 2 4
M. data N. data Q. data
W aaf . M F1 N k18 Q W7
(1) FHEEQPILE
i 1<<i<m
QG ) = M(i,k) X N(k,j) (5-6)
) = 2 MG ! 1<ji<n

EZMEEF, R MGOM NG HDRERENE BEHIT-RKFRBEE, WLHFE,
XHERE—-TEAIEN ERREAIAT., B, ENHREEFTSEN, N REXFHE
BARE IR ATE DL, AR Q IE, REZE M. data #1 N. data v $8 T 48 57 9 & %F 70 2 (B M.
data 411y j fH I N. data 9 i (EA S F X TR MR,

@0, M. data[ 1] R BERETL(1,1,3) REM N. data[ 1 JE RO HEMBIL(1,2,2) 4
;i M. data[ 2 1 R/RMEREIT,4, D) MATHM N PIEFTTEHE, BN N. data P&
Fikm4apmE. ARAT R A THEIAETHRM, REX M. data[ 1. . M. tu]FHEANTT
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'imbMMM)ﬂéﬁmnK§<mL&ﬂN¢m*ﬁﬁﬁﬁ%i?%medﬂ
A<k,  1<j<n,) MFERIFT, W BT N. data F I HREE NP S FHFHEES
Jt. ERMBERNITEBEENIF R, N. rpos FRIBHTEXEL, i, R
G-5)H MMM N B rpos (HUNZE 5.2 fiR.

52 SEENErposE

ow ) 1 2 3 4

rpos[ row] 1 2 3 5

HE, T rpos[row I /REMEE N 158 row FTHE—NIEFILE N. data FHF S,
rpos[row+1]1—1#{REE N % row ITHBE—1EZTIEE N. data FWFES ., Wik
FE—fihBE—NERITE N. data PN BEBARABRE N tu T,

(2) MBEGEHRNYEABIER . N F M PHENTE M. data[ p](p=1,2, -, M.
tw), B N FEA W R &M M. data[p]. j=N. data[q]. i B0 K N. data[q],KE M.
data[p]. v #1 N. data[q]. v By, M MR G-6) B M, fHEM Q H BN TENHERE S
it #,X A M. datalp]. vXN. data[q]. v R QLiI[jIHF M —4. HE T,
PEXF AN TTRE— B AMWER, KMENR REEHEA M, REMETEWREE
BMBIE XK B MM ERE,

3) WAMBLEFEHERHRBA—CERBHERSE. RZ BEXG-6FE 0 RE
M k) X N, DA RF, L EZIE QUIGIEFTERIZT. AHEBRERE QFHTERT
REFT, RAERBHBENMEAEBER. BFQHTEMITENMM FTENITS—
BLX M uRHAFIRU M MR R EF R, B e Q # 7 BATA B, k8 BitR
MBI PRIGRQW—1T)  REBEHFHE Q. data F %,

B, BTN RR B RE A TR (Q=M X N) 3t B o] KRB R 0 F .

QFIMR:

if (QRIEREM) { / BFRE

for (arow=1; arow<= M.mu; ++ arow) { N OREMRE—1T
ctemp[ ] =0; J BMBER
HHE QW5 arow [T RIFFEA ctenp[ ] #;

¥ crempl ] REFRILELHFHED Q. data;
}/ for arow

by if
Bk 5.3 R EREBREHGR.

Status MultSMatrix(RLSMatrix M, RLSMatrix N, RLSMatrix &Q) {
A REERR Q=MxXNRATEBHEEFHEERR.
if (M.nu != N.mu) return ERROR;
Q.mu=M.mu; Q.nu=N.nu; Q.tu=0; / Q¥4
if (M.tuxN.tu != 0) { /J ORIEBEKE
for (arow=1; arow<= M.mu; ++ arow) { /B MHE—fT
ctemp[ ]=0; /BT ELRBRMBEER
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Q. rpos[arow]=Q.tu+ 1;

if (arow<M.mu)tp = M. rpos[arow + 1];

else{tp=M.tu+1;}

for (p=M.rpos[arow]; p<<tp; ++p){ / M 4MTPE—I 2T
brow=W. datalp). i // RBISHRITEAE N 0772
if (brow < N.mu) t=N.rpos[brow+1];
else {t=N.tu+l;}
for (g=N.rpos[brow]; q<<t; ++q {

ccol = N.datal[q]. 33 / RBTLTREQPAS
ctemp[ccol] += M.data[p].e * N.data[q].e;
}// for q

Y/ R8O crow( = arow) TR
for (ccol=1; ccol<<=Q.nu; ++ccol) / EHRGEETEST
if (ctemp[ccol]) {
if ( ++ Q. tu > MAXSIZE) return ERROR;
Q.data[Q. tu] = (arow, ccol, ctemp{ccol]);
Y/ if
}// for arow
Y/ if
return OK;
}// MultSMatrix

niE 5.3

SWERBEENNBEEREENTER: RN ctemp FIBILHBRIARE R
OM. muXN. nu),R Q ¥ EHERITH AT EIZ 2 EH OM. tuX N. tu/N. mu) , F7E
BRI E 24 R OM. muXN. nu), Bk, B A8 EEZ&ERE OM. muXN. nu
+M. tuXN. tu/N. mu) ,

EMEm fTn FIMBHERE NEB2aTp FINBHERE, W MPEFTHNIK
M. tu=38y XmXn,N PIERTH M N. tu=08y XnXp, LB H & 5. 3 MR B 2R
B O(mXpX(A+nddx)) 24 8,<<0. 05 F1 8y<<0. 05 K& n<<1000 B, Bk 5. 3 fyatE] &
HAERHEYT OmXp), BR XBR—MHYBENLER.

MRBCHBEELFIRRREE QABEMHER, WU -4 BHAERR Q. HEH
AR ERmAaT,

3. +FER

MERNESICMEMMLBARESBR P BB KA, ﬁ*ﬁ%mﬁﬁﬁﬁ%%m%
ERESTHNEEE AW, EEYEEBMBEREA 7R EN, B TESTHE
ARBIBRKSEIE A data PIUERNBES. I, N XFHBBRMERE, RASEXFHEN
RRZTHMREEETRBY. '

EERP . BTEFTTA-ITE M ENERERHP i e X 3TN EAHER
BTN IT FIMESTHE, AR right AUEER—-TP T EFTT, |
TR down AUEER—FIFFT—1TERT. A—FTHIEFRTEDT right BEER -1
KUESEE . F--FIMNETGET down BEER N RUEER . BN EFTTRERNTH
RPN E XRENINERPH NG BNEBERART M FEREXHESR,
BRI T FHE . TRAR N EBTERO LB MAIERGLE
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M—RPAEFRZ. Hi, X (5-5 FHRERE M B +FERNE 5.6 Fix,

M. chead
l 1 1 A | |
M. rhead
] [1]1]3 1[4]s
ATA
| 2] 2 |-
ALA
— [3[1]2
ALA

M 5.6 WEER MK+ FadR
HES A RBBEEFN +FRRRINEL T FHRNE L.

—— WOIERE )+ PR RS -
typedef struct OLNode {

int i, 3; / BRIERITTHITHI TR
ElemType e;

struct OLNode * right, »down;  / EKIEFBITCHIAETRMFIRN G S
}OLNode; % OLink;

typedef struct {

OLink * rhead, * chead; /) FrFaFl ek ka6t M B E kB CreateSMatrix 4} BL.
int  mu, nu, tu; / WEEENTEFIRMESTTH
}CrossList;

Status CreateSMatrix._ OL (CrossList &M) {
N BIRBHES Y. RATFHEFHER.
if (M) free(M);
scanf(&m, &n, &t ); /A MBTRFIEAERTE
Mmu:=m; Mnu:=n; Mtui:=t;
if (! (M.rhead = (OLink * )malloc((m + 1) * sizeof(OLink))))exit (OVERFLOW) ;
if (1 (M.chead = (OLink * )malloc((n+ 1) * sizeof(OLink)))) exit(OVERFLOW);
M.rhead [ ] =M.chead [ ] = NULL ; /A PIRATFI LB M B S FERITHE
for (scanf(&i, &j, &e); i1=0; scanf(&i, &j, &e)) {/ BEEBKFEHAEET
if (1(p= (OLNpde * )malloc(sizeof(OLNode)))) exit(OVERFLOW);
p—>i=i; p->j=3; p-—>e=e; / ERER
if (M.rhead[i] == NULL || M.rhead [i]—>3>>3) {p->>right=M.rhead [i];M. rhead [i]=p;)}
else { N IEETRPNBAME
for ( g=M.rhead [1]; (q—>right) && g—>right =>j < j; q=gq—->right );
p—>right =q->right; q ->right=p; } / EBREEA
if (M. chead [j] == NULL || M.chead[j] —>i>>1i) {p->>down=M.chead [j]; M.chead [j] =p;}
else { / BEEFRPHBAMLE _
for ( q=M.chead[j]; (q->>down) & & q—>down—>i < i; q=q—>>down);
p —>down=qg-—>down; gq—>down= p; } /o SERFIEA
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return OK;
} / CreateSMatrix_OL

gEx 5.4

SHFmfrn P HAEt M EFTTHBHERE, BIL 5. 4 BWIATHEEIR OGXs),s=
max {m,n }, XRHAEET M EZTHESAHBBEIECETRMINRPOEANM
&, B ENIER AN LR RTFRAEMER, RZ, &% UTFRERFBKFRKRE
AZTLH, M T FHERNBEEUSE R OOBBRY ¢ AEFTTHIMEO.

FEBIHEE T FHEERASHHERLES, MM LR BEE BMBEEA L7/
ZE.

T AR R AN A4 2 25 S B BTN — 70 25 T 20 AR BIAR A8 100, BT R TR i R — T 2 I
A RA — A2 (BP0 , T B R B JEF A A BT AT EMINE . B4 B
TEAT R P ARSI F b BUEHH AR BREHE B SO h B 4% MR E 2 MR Bh 16 5T .

MmN EREMGERSE R A MFEM A RWIET T a,; R REH 3 FF L.
ERER a;+b, ;BERE a; (0, =0 B s E R b, (a; =0 B . B, Z% BIMAA Ex%
W, A B o R R UL B R LS ) val BU(E (e, +6, 70, RE A (b, =
0), MEHA—ITHEL(a; =0, BHE—FhrlREMEI L : A EEFREANEFTILH
X RE, AR A RETT, B A MRERMBR— 48 (a; +6,=0), B, BN EH
AR KT EETHT. ME-ITHMNT RN KD MERE A f B %ty
PR E— N EBTCE SRR REE FiR 4 ARBL M.

R AEZ $5 4 pa M pb 2 HIE MR A F B 17 EAHRE # P45 5, pa==NULL
FUHERE A FEZTPRAETT, W LR 4 MELR T RR

(1) #& pa==NULL & pa—>j>pbh—>>], MIT&EEE A HENERDIEA—NERN b
gEs ., Bt TR R AT AT — 45 A right BUE, AR — 5 P ET—45 R 89 down SH4E.

(2) # pa—>)<{pb—=>j, W RZ¥ pa o5+ G M.

(3) # pa—>>j==pb—>j H pa—>e+pb—>e | =0, M R B4 a;-+b; #{H% F| pa fif
&L E 0 e BLAD AT, HoAh BT A A E AR AL

(4) # pa—>j==pb—>j H pa—>e+pb—>e==0,MTFEME A EEKEE XM
pa FIT#8 45 & . IR, 75 ok 28 i) — 17 AP AT — 45 05049 right 3UE , LA KA — 51 il — 45 s
down HE{{H .

HTETHARNMEBRLE S, BT E Ry — MR, E—B . EANTER LR
pre 84t , #678 pa FTIEEE AT G S H - R. EANE -FIMER LiR— 15
hi[§]. & B WIE F 51 6k 2 (9 3k $8 4T A R L BI hi[j]=chead[j].

TRERAHEGERE BMBIEMEA FHBRESEE-MEENER.

(1) Y1tk ,% pa Hl pb 5 A M B WE—-TTHE-ITEFTRNGE LW

pa=A.rhead[1]; pb=B.rhead[1]; pre=NULL;
H% hl #5561k
for (j=1; j<=A.nu; ++j) hl[j]=A. chead[j];
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) BERFSREKRLBFTE R EHB BHFTPREFTRHOS R, B pb=—
NULL Rk

@ # pa==NULL & pa—>>j>pb—>j(ll A X —FTHFEFTRELE ), WUF
T A PIEA— pb B MR BIS A, BEHG RN p, W A MITRP A
e T AL

if (pre = WULL) A.rhead[p—>i]=p;
else {pre—>right=p; }
p—>right=pa; pre=p;

ARPIERPHRBE BEEMMPIBRE., BEFTMN b o= I FRRIIFLE SER—F
PRSIk hllp—=j 1M E . REENNHERPBAFLE A

if (1 A.chead[p—>7]||A.chead[p—>j]—=>i>p—=>1i)

{p—=>down=A. chead[ p—>>j]; A.chead[p-—=>j]=p;}

else {p—>down=hl[p—>j]—>down; hl[p—>3j]—>down=p; }

hi[p—=>j]=p; '

@ # pa! =NULL H pa—>j<\pb—=j, M4 pa AT F—1EFLE N, W
pre=pa; pa=pa—>right; '
® & pa—=j = pb—>>j, ¥ B P YR L KHEMEB] A P YATE K L, B
pa—>e+ =pb—e;

Bt pa—>e! =0, WBE A2, B MMBBER A PELE R BITRPIEE RN

if (pre == NULL) A rhead[pa—>i]=pa—>right;

else {pre—>right=pa—>right; }

p=pa; pa=pa—right;
RIet, % 78R E P, BEERBF—5 BT IKS &, Hik hllpa—>j1#H Mm%
A REWMTBBHMNIRE -

if (A chead[p—>j] == p) A chead[p—>3j]=hl[p—>>j]=p—>>down;

else {hl[p—>j]—>down=p—>down; }

free (p);

3) BAGARBRE—17,M4 pa M pb AT —THRE-NTEFLERFCHE
LUE '

BRI NMEENITATUBETRER : NG EORE, #ITHHE BRI
BHONEE—~IMHEGBENMNEELABETN AMB W+ FERETHY . HBAREE
BERRTAMBEEPEFTTRO N ta fl tb; LB RN BEEREN OCttattb),

5.4 JTXFRHIEX

BARBL, I AREBAERNOE . BEAFRHIFRAists, AERBBAURSEH
BHR st R, JESATALEEFTRNRLHEEST LISPIEF B XRE
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AEANPEEH  REBRFURR N —RIINT XK.
HBRBAERB T A RWEXMT

ADT GList
MBI & D= (e, |1i=1,2,+-,n; n>=0; e; €AtonSet E§ e, € GList,
AtomSet AR HEXMR )
WX K Rl={<ei-), &s>|e1,0,€ED, 2<i<n}
BEME:
InitGList(&L);
BEGR AIRSHT XKL,
CreateGList(&L, S);
M EG SR XRHUBERERSB,
BREGR . h SR XKL,
DestroyGList(&L);
Ma kM XRLEE,
REGR -HBSARL.
CopyGList(&T, L);
MbakGE T XRLEE,
BELGR B URLEWABAT XK.
GListLength(L) ;
MMM XK LFE.
BELGR RTXRLMKE, DTRME.
GListDepth(L);
MG KT KR LIFE,
BRUEGR R ARLOBE.
GListEmpty(L) ;
MR T R LFE,
BEER AR ARLRBERE,
GetHead(L) ;
MR &M X R LEE,
BEGR B XRLKXL,
GetTail(L);
MaFH: T AR LFE,
BEGR.B XKL,
IngertFirst_ GL(&L, €);
WG KM LR LEFE.
RELGR BATK e FR"XRLMB—TK.
DeleteFirst_ GL(&L, &e);
AN XELEFE,
BIELR - MRS XRLHBE—T R I cBERMA.
Traverse. GL(L, Visit());
WRRGE. T XERLEE.
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BREER . BHTXRLHBH Visit LEEFITE.
}ADT GList

J-XFER—BigE
LS = (a;,a;,°a,)
Hep, LS B X R (a0 ) HEZR ,n REMKE., ELRERNE T 0 1<i<n)
HRHRFRANTE. MEXRHEX o TURBAN TR, WA R XFE, 45K
HIXERLSHWEFMFR. IR L AREFRERR XENERK ANEFBERE
Fo Y XRLSEDE HRKE—ITE o LS Rk (Head) , FEHRKTRAMBE
(g ya54°e ’an)% LS Wﬁ%(Tail) °

BRATXRHNEXR—NBANESBANE#RT XENXHB T LROHE
&, THEHINE BT LENHTF.

D A=O)—AR1NEBREHKERZ,

(2) B=(e>— 5k BRE—TEFe.BHKENRN1,

(3) C=(a,(byc,d)—FNRCHKERN AN LEDIHANETF a FR OG0,
.,

(4) D=(A,B,OO—J3IEDWKEN 3,3 P TEHLEIIE. BR, BTFTRYMER
NG A D=((),(e),(a,(b,c,d))),

(8) E=(a) E)—XRB—TBHEHMR, EWKEN 2. EMET—-1MERMFIE
E=(a,(a,(as=))),

M ERE XTI FRIHEHFIRN 3N BEEL L.

D PR TRTURTFR MFROTELETURTFR - HE.FIRR-IEE
WG, TUREBEERMER. AI0ES. 7 #RWEFE D, BFUEBRRIIE, U
FHREREF.

(2) FIRFAHHMPIRFIE, BlE LREFH,
Fik A\BRIC R D WF&, W7 D hA[ AR BHIH FR
BE, TR E S FRNZFREKSI M.

(3) FIRTUR—MRIBH R, PP RETURES
BEW—1 TR, flNE ERRE—TBRHENE.

CREBERXMRL KREHE XTHALM— T
RERLTREEF QURESR. MARBLERNF Es57 FIRHEBRR

. Bl
’ GetHead(B) =e, GetTail(B)=(),
GetHead(D)=A, GetTail(D)=(B,C),

B ¥ (B, O IR TR, WA L3RS 5 .

GetHead((B,0))=B,  GetTail((B,C))=(C),
ERREBHRIIROMUDAR. HENER, KRE =0 FERKE n=1, 7 5 #1182
HEX REBHAERO),
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5.5 JTMRHMAEMEH

BT LR, a, e FHBRTRATUREARARANEH(RERT, RES
), FHILXE LR IR F s on B RS XFRE, SMETRTH—-IME R

R

AT RS RN B TIIRPMBETET
RENRETERI R, AR EMMHEMRE R —FRE
RLAUERRIR; —MEREFE R AURRET.
MEFBA EFIRAE, WA BERELMERE; K

Z,—MHENRIMERBTHE-FEFI R, gk, —

AREFRAH 3 MNMRAR ARSI FHRF LI R
M RERNEE IR MEFLEARTFRENE AR ER
AE (I 5.8 fin) . HIERE X HRHIT .

#----- P XMk BRI HRT -

tag=1 hp tp
AR
tag=0 atom
BEF4R

B 5.8 FIRMERGKEN

typedef enum {ATOM, LIST }ElemTag; // ATOM==0.J8 F,LIST==1,F%

typedef struct GLNode {

ElenTag tag; /) AEES, ATFRABRTFEEAMELE R
union { / RFERMELEENBEER S
AtomType atom; // atom B JRF45 S (B8, AtomType HA P E X

struct {struct GLNode = hp, * tp;}ptr;

// ptr R R MFEE L, ptr.hp M ptr. tp FHIIB AR L MRRE

}s

} * GList; ) VERE =3
A=NIL
B C— 1 1},
[l =] [ T =]y ]y [A]
D—-III/\IHIIHHHII/\IWB [oT<] [o]4d]

1
AN NE ML

[ofe]

B 5.9 J XRKFMEWLRH

EWRERET T RGBT, ENNEHEEBMES. 9 fin., EXMEESEHT
FILFER (DB R TR LB s, HEMIEE IR, L NER—15E
SoHZE R hp BIRRFIRRR(ENEFERBRARE LD  p BRAFNERERR
(BRIEEREIZ B I  BUNSLARLER DO BFGLBIRFETHTFRFALER
K, MEFIRED P, T aMle ER—BR L, b.c Md ER—FERHKa fle {§—
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B.BMCRERRA—BRFE:QIBEENRESNHMAFIRNKE. UEIIMRIE
EMBREESIRNRETRSTE. BTRAS —HEREHHERETRIER, ME S.
10 FE 5.11 frn . HEREXEHIT -

Ho===== RN REBERTFMER -

typedef enum {ATOM, LIST }ElemTag; // ATOM==0.J8F,LIST==1.FF
typedef struct GLNode {

ElenTag tag;  / AR®S, ATRARTEEMEL S

union { / BFEEAMRELANRARS
AtomType atom; // RFEENER
struct GLNode xhp; / BESKMRLIEBH
}s
struct GLNode *tp;  / MYTREERM next, {H T I TEESR
} ®#GList; /X B GList R BHKBEER
MFFIROXWHFEEN, RERERBACHIREEI P —FEREPT,
. [ tag=1 J hp J tp —] l tag=0 j atom l tp |
RER R BTFEAR

5.10 FIXRNB—FEREN

a—[i[aTn]

s—i[ 18]  c—{il;[A]
nen o [ 3~{1T TA]

p—[1]_TA] Col s [ 3-{o [T F-{ol4TA]
1| A 1 W

s—{1]

B 5.1l FIRMA —-MERRR

5.6 m ILEZIAMIRR

 E—-BWR T AN XESKEERBAR AR N EMRFRE, M ET
PUXHERER, ) XRPH—PMREARATURS N XK, — P m TEHRANRAR
BRR S SR A B B R SREL S
5 2 BP, RITEERRERGMALZANRT —TEHX, - —TEHAA AL
FI—AKRER m BEANRIETRA A BIETE REOTFHE B0 R ERK R .
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XE BIHEMAIRR m TE2HRX., — N m iEAANE—TL.BEEH n MERT.
MEARERRBZR  MNENBELEEE m+1 MBI, UFEE— I RELEM m N
B, XHFEFRIMNE: —RERLZTAFETHNETERERD, EBE m MET
ST ), NSRRI R 2, HHR A LN TR RAESH, R RE A
HIRNRS, BRESRAE. —BX » EARNETR, BRI HE SKMRF,
XA REHEEARE. Bt BT mn 2P E-THNEALRENA Y SH
METHEBWEEE  MAETFHAMKRER. AIN=xEHA

P(x,y,2) = 2%y’ 2* —I—Z.z:'“’y-sz2 + 3y + v e+ 620y 2+ 2y + 15
HeBWWETHEARMERE, M »* .2 FEFIXZRER . MERE X

P(x,y,2) = ((£° +22°)y* + 32°y* )22 + ((2* +62°)y* +2y)z+ 15 .
BARARAT. BE, RIBREXNSHRX P, ERET z WETRK, B A2* +Bz+
152, ARHP AMBEHENRE—MNz, W _LEWMA,15 B : WBRIHRK. #
—BHE Az, y), XTHREBBE y WETX ., Cy*+Dy*,liHF CHMD I X H—TT
ZHA. BHUE, BN ERABRTEERH - EENEETAARBEHBIAR.

ER— m TR S EoBE—NEET,. MEEMBMHEE -4,
F%., A, — T m THEZTAAERREHNEETHEIR, MERBRXESE _FILH
FUX MY THT XERRER m TEAR, AN ER=TEHATARG-HT X
RER T NURHBERH BTN

P=2((A,2),(B,1),(15,0) (5-7
K A=y((C,3),(D,2))
C=2x((1,10),(2,6))
D=x((3,5))
B=y((E,4),(F,1))
E=x((1,4),(6,3))
F=x((2,0))
ﬂ%m*riim%:ﬁ#ﬁ%#ﬂ%ﬁ)‘(%ﬁ;miﬁ?’ﬁﬁmr)‘(iﬂ@#ﬁ%mo R
BRSNS

|tag=ll exp I hp l tp I |tag=0[ exp ] coef ] tp J
RER BEF4R

b exp HHEPOR, coef H ZP hp A KRBT R w0 BAR-BHT %K. I
KELHBWTF

typedef struct MPNode {

ElenTag tag; J BRGBTFEEMEBELER
int exp; [/ PR
union {

float coef; // R¥PUHR

O RTET XEHFERZAN—1 T, UREBHET.
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struct MPNode * hp;  // R4 BB L4
b
struct MPNode xtps [/ MM TFRABEEM next R T TEEA
} % MPList; // mICETRR] LRER
ARG NEWNEHREHWNE S 12 iR, E8—BLER—-IFLELAHAE
exp ARZERNEL, THA—EBEFRESIARPHELZIT, M exp BFEHH R ZETTE
—HERAPH IR, kB p TEEGE SR P exp WE 3 AZTAFETH M. TR,
XS RN EM TR,

E5.12 =xZWR plx,y,2) WEBERRER

5.7 T XFEMBHRL

EEIEPEREBHRBEWEW BRFSE, HASIEH ERE, RERBFR
WHE S TR HA 3P R PATRRBE, Bl AR AN KEE. £8P
B, ROTHA—RERB A, WR—EERRESRA SR ERE, RITE
RESEHEHBEHESE R FRREE f(n)=n! WE, WRALEFHAER". RZ.E
Xt (o) R AT 43 6 SR A% 1 3o A2 o 48 3 Y 2 R [R] R 44 M IR) A9 T R) A (4 Hanoi 3% (5]
B, i ARBE A BEAES, HERFART AN IR EAS AN BSE
B HAWNES TEMG, RERSZERBHEENRITFEOARABRMBE R NERE.
AT, BRIOATE2E e T i@ B E S, REL XERRE, e el B %
635" (Divide and Conquer) # 17 IH B & HH .

XX Rl G R R R e, BRI ULAS B MR AR E L. B ¥R
G2 ol 38 19 8 SC ey R AR TR 9 45 70 B ER A AR

BAEXMERTHAT IR RASBOLERE. BRI ERNERB
(8 8 8D T IR — A TR AR 72, (5T SCBR LA A3 0 R, BREE 1R 1B
G, HERESEMBRMBAMA L. FBREREBHVEATEREZBAWAE
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BRBHCRE . 4 3-3 89 n B Hanoi 3§, 78 n=1 BF A] DA B 8RR 1547 , B B4 M
XBEBRHD ZHEL, —MBELT,.ZRASEN o, R FRNKRLEREN n=0K
n=1%,

B IEE SCHIFATHGR T T E RN SRS B L ERE L. BRARITHER
R M —ANE 20 8 BE W] DA S A% L T 1R R A B, B o K e T 1L W) A M
AR AE JB 4, T BT S A A B () BB A R B A A AL B D B s R, X S F ) AR L T, SR [ R A
BTN T . BHEXHBEATRRHRXFIEEENFRISEZEAFHLXLR. T2
Hanoi #[a]E N H . FEEREE n MEAN X BEBE ZHE L, TUEEHER 3 4
FRE:(DERER1IEr—1 W -1 PMESNXIEEBE YIEE; (DOBHES N 0§
FANXEEBRE ZBE;DBHER 1 En— 1 HWESEN YBREBE ZBE, Kb
(OF) B F R @R R [ B AE B M, RESH (—1 M D RFEL, LB T# A,

BT R T A R AR B4 5 B, NI ZE BT A R e, R (DB %
N E BN B I AALRE LB, A e R B R T BB AN O GR IR R ) . X R R
0 BT 45 B4 R JER () R SR A ) A F ), RO O — B B AT AT AR A 5 (2) 3t ek B
(45— I FI AR R R — N R B AR RO O — B, WA BB SE B AR B R X
HIZhEE, VIR B KR KE . 1E0 RS 50 3 B ik B ar e, el U5 90 MR IR AT 13 44 iE
B B 46 R BE AR BE R AR IR R B IEH .

THEITHST X RN 3 HEEE. BELYEMITRN XEHLEBAXRALHKE
F#k. :

571 RIYERWMRE

JCXROBERE XN XRPHMNOELR, BT RO —MREE. flm, £xEHR
J” XRWBEE R 2T P BTN

PEEEINSE ]

LS = (ay,a; 4% 50,)
Ho a,(i=1,2, m)BHREFHN LS BFE, MR LS WIEE R 28R n A FRE, 8
MFRBAR o HRE & o REF MAEXHEERNRT & o BT XE, WM LR
BEALEE, T LS MRE N o, i=1,2,,n) EE PR KMEM 1. SEBE XL, HFH
EXFTHERHBEER 1.

MR, K XENRENRBABEARN LGRS . S EZMEF, ARERSB
a(i=1,2, ) WHEE, " ARNRERELZKET. BR.EMNLKFREENRKE
%1,

INE

LS=(a,,a;,,a,)
5B DEPTH(LS) i IHE R
FATH . DEPTH(LS)=1 X LS A= Raf
DEPTH(LS)=0 X LS HIEFa
I 4435 DEPTH(LS) =1+Max{DEPTH(a)} n=>1
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HME X AESRE HREE SR . B L& GList Ry &, M L=NULL R#HJ"
MENER,L—>tag=0 RPRFT. RZ,LIBARE R, KGR FH hp #84HERR
kBN LS TFRMERTH tp IEFTHERBLESPH hp HéH M LWEZ
MFER. BER—FFH oo HERNFARERPH hp 5530 LINFR. dk, RS
NRBBE S RBINE 5.5 Fim.

v int GListDepth(GList L) {
/ RALBERFEREHN . RTXRLHEE.

if (1L) return 1; / EREERHN1
if (L->tag == ATOM) return 0; / BFHREERO

for (max =0, pp=L; pp; pp = pp —>ptr. tp) {
dep = GListDepth(pp —>ptr.bp); // REL pp—>ptr.hp Kk 8 FREE
if (dep > max) max = dep;

}
return max+ 1; / EERHNEERETENRENR MM 1

} // GListDepth
W 5.5

ERBHRMPTIRLE EREH) LRGSR, ERFFEERBETFRORE,
REGABET XRNOBE. Hlm. "5 B3RRTRXEDWEEMNLR. BHH
BLRBEISRPHES L ORI, EEAERANBERFRCHEEERATNT

(ONONCNCNN )
x1=((e), (a(b,c,d)))

I e~ _ 3 -
~— x2=((a,(b,sc,d)))
IL == x3=(a, (byc,d))
\2 x5=(b,c,d)
()L_—_Il(e) x3+ =~ sB=(c,d)

B 5.13 R/-XEDNEENLE

R.MENESHHPBERFRICHEFENRBHTFENTRE , NE 4=EIJFM“>‘L§ D=
(A,B,O)=((),(e)s(as(byc, DONWKEEN 3, HHBERHEXSIT XEDWEHEE,

mA .
DEPTH(D) = 1 +Max {DEPTH(A) ,DEPTH(B) ,DEPTH(C) }
DEPTH(A) = 1;
DEPTH(B) = 1 +Max {DEPTH(e)} = 14+-0=1;
DEPTH(C) = 1+Max {DEPTH(a) ,DEPTH((b,c,d))} = 2
DEPTH(a) = 0
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DEPTH((b,c,d)) = 1+Max {DEPTH(a) ,DEPTH(b) ,DEPTH(c) }
=140=1
g1t , DEPTH(D)=1+Max {1,1,2 }=3,

57.2 BHIrE

ESSTPERE EM—ITEE XERYTLBRERLANRR . RZ ., —HHEN
REIMBERTE T - XK. B, EH AN NERESNEFEE LR,
RIEARET., R LSEFEE,NEWLS BEH R, MEHBENBRESXNT.

AT InitGList(NEWLS) { B2 %}, Y LS H = £,

B . COPY (GetHead(LS) —>GetHead(NEWLS)) (& #iFEL)

COPY (GetTail(LS) —>GetTail(NEWLS)) {(E4%IEE}
ERRUBES. O WERRR WEFIRNBEEREIHNNZEER. REBITMEESD
AR ——XNAFER . EARARERHRNFERE. AETEEEH XEHNEHE
HBINHEIE 5.6 iR,
Status CopyGList(GList &T, GList L) {
/ RAKRERTEMEW B XRLEMBRT LR T,
if (1) T = NULL; / Rilz#
else {
if (1 (T = (GList)malloc(sizeof(GLNode)))) exit(OVERFLOW); // BEL K
T->tag = L->tag;
if (L->tag == ATOM) T->atom = L-atom; / HHlBETF
else {CopyGList(T—>ptr. hp, L—=>ptr. hp);
/ B Xz L—=>ptr. hp §—A Bl & T—>ptr. hp
CopyGList(T—>ptr. tp, L—=>ptr. tp);
N B X F L—=>ptr. tp B— P BIE& T—>ptr. tp
}// else
} //else

return OK;
}// CopyGList

HE 5.6

EEXEEATES GAXMEHRHMENT . ERT S RB G XROEHL
B.EETRUXRCHABFEEIR, UERAERZMN THE.

5.7.3 BITNRNGHEN

M ERBF T URBEMBIFEEN TP URI X XRATHRET B
B X, THRMAH L. —FRIET ARIBRRIMREFBL; 5 —FHRES
XBRBERRETA n MHAFRBRETFRREFRONER. EITREL NENIFHES
PIBT X PIRB 47 T IR 37T
BRESARHBEEAFTRRE - FHE S, WY SHESABH XRESE.
BEB AT AR A 5. 4 1P E LR B R F 3k GetHead MIMRFIR KR GetTail A BB
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FXRNERFHEN. XM EABEMEHOBHEER AN, ZETAFRZ.,
THESE _Fa T E#ETITE.

I RFHFB SHARARMER: (1) S=( )’ (FHEMWSHE); (2) S=(a,
Gyetaa, ), B @ (i=1,2,,m) B ST H . METH-MERL S ) XENEH, X
BFHE_FMERLSH XRFEE AN TR BINTENBERERAN R TSR o (i=1,
2ye0om) o BEBFATBBITF R X RMBEE , AT SBIHT XERAH o, (1=1,2,,n)
BUYMTFRZEMOER. BEEES. 8 IR HEHRR Y X ENEBEH, NEH
nNFROTARPEn MEEEFN. BiG=1,2, - DAEEHPNERIEEY
BEFHINREA . B M RESHWERES I NULL, FH, MR EEFEERET
REE NG i MRERMRLIBH hp HIH o BIWTFERG=1,2,-,n), B, H S
BT X RNEET LR o, (i=1,2, ) BFREEE, X,o AJEEH 3 FER. (D)
HWRERANZER; QOKEN I HAFFBR,ORESIHFERS., BRAIHHHFLY
BHHALERE, FRAIZRIAREG-NETFEAF—FEREHEEH. Gk, &R
FBEMATRHBWRLENIHRET IB TR XREREEEHIBAE XL,

BEAG. BEUE Y SAmRBE
BRTHANTR % S HEFRHE

JAEAT . BB sub A2 S PRIMNZFEIMMF B BN 5105000005, B 5. (i=1,2,
oM NEEFRB, WG s BE—NREEHSH hp MBI HE s
BB FREKEH BB ELHRESNREIES A NULL SN, KA RS A
MREBH BB AECZEBIMNEL A,
fB5E BR B sever(str,hstr) B ZHRE N , NF 8 str RIS — A" 2RI F R IR
hstr, J 0 str OB F 8 hstr O ZFHRIARE, E 8B str FRAFEHF,, MR
9 hstr BIOR#RAERTH str, MERIEG M9 str 2588 NULL, B LRBIHE XATB 88
XRFEEMAE T BB 5.7 Fim., BRE sever INE B 5. 8 Fi R,
Status CreateGList(GList &L, SString S) {
N RALBHERFHEN B XXOEERRAB SR LEL, Hemp="0"
if (StrCompare(S, emp)) L=NULL; // G5 %
else
if i! (L = (GList) malloc (sizeof (GLNode)))) exit (OVERFLDW); ) BELES
if (StrLength(S) ==1) {L—>tag = ATOM; L-—atom = S; } // RIBBEFIXFHE

else {
L->tag = LIST; p = L;
SubString(sub, S, 2, StrLength(S) - 2); N BRIERES

do{ [/ EHZBo/T%
sever(sub, hsub); // M sub #4385 H{ F L & hsub
CreateGList(p —>ptr.hp, hsub); q = p;
if (!StrEmpty(sub)) {  / REKRZ
if (1(p = (GLNode * ) malloc (sizeof(GLNode))))
exit (OVERFLOW);
p—>tag = LIST; g->ptr.tp = p;
Y/ if
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}while (! StrEmpty(sub)) ;
q-—>ptr.tp = NULL;
}else
} // else
return OK;
}/ CreateGList

WiE 5.7

Status sever(SString &str, SString &hstr) {
/B B str 4 H R FFS hsub HHE—4 VZBIH T, str G T H
n = StrLength(str); i=0; k=0; / kiEMREMPLEESIK

do { N BRBIBHE—-ITES
++ i
SubString(ch, str, i, 1);
if (ch == () ++k;
else if (ch ==")) —--k;
}while (i<<n && (ch! =',"' | k! =0));
if (i<n)

{SubString(hstr, str, 1, i—1); SubString(str, str, i+1, n-1i) }
else {StrCopy(hstr, str); ClearString(str) }

}// sever
Hix 5.8

« 117 -



BOE P

HRSEHE - RKEENERUERIBEN., P UMM U RN E A, EWER,
RUSXERENMBRREH . WEWERRER P SHE, MAKHSHEKBAE
Mt SHAVMRTANRERFR. BEHFRSSR P GER BHH, NESER
Fo  TARERRBRRFNEREN., YOEKEERES MELAHGREANES
HABRZ—. FEERITR NN HEEEH RS FHRE, FFRRABAS =X
 MHEBRER.BEABILARARTE.

6.1 WHEHERRE

W (Tree) & n(n=ONMEENERE. EEE—BRIESKB. (1) HHNE -
PR AR (Root) 45 &5 (2) % n>1 B,
HAGEETHR m(m>OANERAEXWE
lﬁ% T, ' PRSI mvﬁq’ﬁ—‘/l\%’%zkgl
B—#, 3 BAR R B F B (SubTree), #1 @
n,7EE 6.1 5,(a) EAE MR S MK
DRE BNMNEENH. HPARR, HS
%ﬁiﬁﬁi 3 /I\EZW‘EBEH‘J?%: Tl = {B7Ea
F,KqL},T2={CyG},T3={D,H,I,],M}; (a) (b)

TZ.TMT: MEBRAKTFH,EELHHLRE
—BW. Bl T, 2N B, XA ASH M6l Hensl
BAE AL TFE; T ={(E,K,L}, Ty, = (@ RARBRH, b —RivH
{F}o Tuf T . MR BHFN. M Tu P ELB(KIM{(LIRENFREAHZRT
B HE R RE - MRS H R,
ERB R HE S R —ARERRERMR THREERBW B E L.
' ADT Tree {
Wig & D:D RAFHABENORBTENES.,
WX R RE DHNEE, WK IZW; _
ADMNE-MHRELE M RAISHE,FMR= (), HRIMF-TEE.:
(D EDHHFER—MRNBHRIETE root, EEXE HTEHIK; :
(2) # D- {root}#®, M## D~ {root} l§— R4 D, ,D;,+,D, (@>0), MER 72k
j,k<m)ﬁ D, ﬂm = @EX#EE#J i(l<i<m), ﬁ—#éﬁﬁﬁ* x; € D,
# <root,x;>€H;
(3) X BLF D- {root} R4, H- {<root,x, >, ,<root,x, >} HE—KW—I R4 H,
Hyyrer By (m>0), IHMER 1#k(1<<1,k<m)H K NH = @, AXE X i(1<i<n), H, £
D, FEI IR ER, (DL (DR —BREEEE LR, KB root WFH,
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EXMEP:
InitTree(&T);
RELER WESH T,
DestroyTree! &T);
MG RN W THE.
WG R HEW T,
CreateTree(&T. definition);
Wi th &4 .definition 3R THE X.
g R definition IR T,
ClearTree(&T)
MG RGBT HE,
BAZR AR THAISH,
TreeEmpty(T);
MRS W TEE.
PR R A7 T R R R [B] TRUE. 75 M FALSE,
TreeDepth-T):
PHERE T HFE.
WA R R T HEE,
Root{ T}
IR AW TR,
RIELR BE THH,
Value(T. cur ej;
M &G W THEE . cur- e BTHPRDEA.
PR R R El cur- e 1H,
Assign(T, cur. e. value);
VIERG W THEE . cur. e R THENMEA.
BEL R 4558 cur. e RIE R value,
Parent(T. cur e);
MERE W THE cur e BTHENGES.
BESAR . Hcur e BTHIERG R MERTHICE. FUERER S,
LeftChild(T. cur. e);
MIRG &AW THE cur. e B THEANG N,
REGR  How e BRTHEHFEI MEREHBEE T SUER"S",
RightSibling(T. cur. e);
VISR R W THEE cur. e B THREMEH,
BAELR Houw e HERPE - MEREHERLS EURKEZE".
InsertChild(&T. &p. i. ¢);

MR- WTHEPHEATHPREIMEAISISPABARNE+1L.ESHcETR

3.
BESRBACH TP piEHEANE i BRTFH.
DeleteChild( &T. &p. 1):
MR W THE oA THPENGHA<ISpHEENE.
BREFR . BR TP o AIEEEANE i BTFH.
TraverseTree(T. Visit());
PR R TIRAE Visit RS HBEMNAREK.
BESR EERMKIFN THE NS SARABHR visitO—-KBEZEE—K.
—H visitOR K U#RERK.
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}ADT Tree

WG R SO — B IH B0 E S BIER I X ORI MBS . Bl & TR E
A, WA RBHEREX. WA 6. 2 FianE 6. 1 PR ZEHER. HF
(ORUREEFBIRE—EESHEER. DN THPEMRIES RELSHEL. RE -1
BEA-DRBEARRN; (b)) BUT XKWBALRE AREN o TR HRARA B8 E
MAEFEERNEDN (o FAKRMARRECRUBHHE). RRTENSHEA.ER
ATHEMEHFEEFRITENERFRITPRHERSE. —-BRER.D2FRHTEFTR
A AR KGR BN R R AT B — AR

A
BZZZZ77A
ELZZ773
KezZZa
LEZ273
Fezzz73
Crzzz7773
GezZzZ2)
DPZZ2772)
HEZZZ2
MzZ2
i 1772772
(AB(EK,L),F),C(G),D(HM),L,1))) I ZZZZ2
(b (O}

B 6.2 B 3 Fh &Rk

T 91 440 % g o ) — S B AR

W REE - MRIETHERE TR TR L. S0 TRERNER
i B (Degree), B, ZEME 6. 1(b) s, A B9E N 3.CHOE N 1LF E N0, BHO0 MEA
FRAMF(LeaD B ZHE A, A6 L PGS K.L.F.G.M L] BEMHNTF.
FHOMEARNELBERRD TR, BMLE T XA MRy AL A
R B0 B AR P 2% 2 A B IR A . AT 6. LCb) BB RO BE S 3. 45 0TI B AR B 9 %
Hi M BT (Child) R M 45 SRR N BT B UFR (Parent) . Bl 40 ZE /8 6. 1(b) BTk
BHLD N A TR T, RN DR A MBF. T A MR DMK A— 1 BENET
[ R % (Sibling) . B4, HUF1 S BN, BoX LR —HBT . TAND R
M A, %A RS R R B GE SUT A M 2. B M B %N AD
FIH, R, PSSR I TR P AT — 25 B BR W K% S0 FHhe 0 BRYFAN R E,
K.L #F,

HEMBR (Leve D NBFF A LE BRNE B BHBEFNE . SEEAKE
IR METHOBRES (+1 2. HUEER—BHRE AT HERB, FIW.55
G5 EF.HLJEX¥ERE, #hgh i8R R KRR 8 RE (Depth) R, A
6. 1(b) BT /R YR IRy 1.

MREH P AR FREINEZESBARFN AL MKRZM YEF
B, AU N EFER, AEFRPREANFROBEAISE T BEANKRIRE
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—MET.

F(ForesD & mn=0BREAMKLHWHIES. MRTFIMEAME . HFREB
EA MR, 1 LR LABRARFRE A B33 T 1 %8 SOR T IR R .

MBEEWTES (E—BHE—PZ1H Tree= (root . F) . K. root REIETE.
R IR S F Emm200 B ENE . F=(T, . T, . T,) . ¥ T, =(r, . FO R
R root 958§ BFIE Y me=0 B FERARATIL TR AR Z A7 6 T 906 R

RF = {<rot,r, > 1= 1,2, vmym >0}
EAE A I TR RN S XA R EHE X,
B RL T 12« (8 AN W] B0 2R 49 v Rt ) A B 4 B R ORI

6.2 — X #

FE S — MU B0 77 8 25 4 S PR A Z A, JR AT S 90 — RO R O — U il R IR

6.2.1 Z“XWHENX

ZX B (Binary Tree) B 7 — MR R, ENFAREIM A OELZ HAMRTH
(B -XRPAFERERT2MERD HFE. X FRAELELZ 2 HRFREER
Hifs) .

G B 2 R T ORI E ANF

ADT BinaryTree {
B\ R DD EBRAHASFENBRBTENES.
BWI_K R R:
# D=, R= ®,F BinaryTree H75 = L.
DO M R=(H HEWTFZILXER:
() ZEDPHFEMRE MR IBOBIELE root B XFEH FAHTEK:
(2) % D-{root!#® M {7 D- {root} =D, . D.}.H D-ND, = d:
(3) #D,AO M D, PFELEM—HTE x «<root.x, >CH. HHEMAD LY
XA HCH; D #0.0U D PHFEM--MILE x . <root.x. >EH.
HEfFEHED FMWFEEHHCH; H= | < root.x, > .< root.x, >. H . H, |3

(D D HEDR—BTESEELH XW HBARMATH. O GEHDE-BFAETEX
B TR AR A TR
BEABREER.:

InitBiTree( &T);
B4R MEY ZXR T,
DestroyBiTree( &T);
MG &G X THE.
BAESR HE_XUWT,
CreateBiTree( &T. definition);
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P14 % :definition S5 i “ UM THIE X .
PIEL R 3K definition W — X T,
ClearBiTree(&T);
VI & X TR,
BESGR BE_XWTHIETH.
BiTreeEmpty(T) ;
MR X THE.
BELER . F T HE "W . W& B TRUE. & W FALSE,
BiTreeDepth(T);
PG F&E . AW THE.
BESGREE THRE.
Root(T) ;
Wt FNE X THE.
RELFR GEMETHR.
Value(T, e);
PR X THE e RTHEMA.
BIELR RE e (E.
Assign(T, &e, value);
PR X THEE e RTHREMA,
BRIAEGR L H e RIE N value,
Parent(T. e);
VIR AW THE e RTHPEANMGEA.
BEGR . He RTHERGER NEREHIE. FUER"E",
LeftChild(T, e);
ARG : X THE e R THPEIEA,
BEGR BB e WASUT, HeXEBF MER"S",
RightChild(T. e);
VIdE &G : AW THE. e BRTHEMEKR.
BREGR . BE e HBET. HEe XEBET MEE"E",
LeftSibling(T, e);
VIt AW THE e RTHENMEA,
BUESR:E@eWERS., HFeRTHEBTFREERS NEEE",
RightSibling(T. e):
MM EG: AW THE e RTHENMEA.
BREGR.EHeERY. HFeRTHABTRAGRA MEEES",
InsertChild(T. p. LR. ¢):
VI % X THE P HEATHRNMSE R IRAOR LEST XMW c 5 TREXEA
P, _
REGRBREIRFORIBACHTFp FEEANERNE TR, o IRAANERE
REFHUR A cHETH.
DeleteChild(T. p, LR);
M RN X THEPHEATHRIGEEIRAORK L,
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BEGR MREIR KO 1M TP o HIELEANERE TH.
PreOrderTraverse(T, Visit()}):
VIth & XUB T HEE Visit B X 44 S5 B 1 6 1o R B
BEGR EFRA TSN ESEBARE visit IR A R - 1L visitO R B W #
fERM.
InOrderTraverse(T. Visit());
PIHh &l OB TR Visit RUE S REM AR
BEER . DHFRAF T HEIMESABAAER visit KA K. - H o visitO K M. W #
fER M.
PostOrderTraverse(T, Visit());
VI A W T FETE Visit B LS ST AE M R B .
WAEGR GEREMA T8 NS A A RE visit —KEM-K. - B visitO XK W #
fER M .
LevelOrderTraverse(T, Visit());
VA &l U T TRETE Visit B S BRIEM L TR B
BUESGR - BRRA T.ME M S RHBE visit —KHM K. - H visitO R K W #
ER M.
}ADT BinaryTree

ERBEGMARIAE LR RO U th — DRGSO B RTR 9 B FR N
ETHRMATHE . EARAMCHN ZXRA M. T M B Rl = SOM Wl OB
ESCGENBAT RSN, A, ZXRalLAE 5 MOEARTEE K 6.3 Fix.

o 0D

(d) ()

_ 6.3 —XRMSHEAES
(a) 28 XM (b) (LA BEE MO R (o) fiFRAT MR
(D EAHTFHHESH XH: (o EFRNEMH LM

6. 1 G ARNE XNORBERBERAT M.
6.2.2 —_XHpHR

“XHAE T ERRT.
HHR1 E_XWMB REESH 2 '"MEHG=D.
MARMEESIEBLERE.

i=10, RE-TMREGE. BR.20'=2"=1 XM,
BREBENHEY ;. 1< i<i.@BRL . WHE BELELH 2 "MEH. Ba.aTl
W =i BB H T .
MARFEE. B —1BEEZH2 “MAE. HITZIHMBISENEZEE R 2,
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MER R EMRRESEAE  —1 2 EMBRRSEBM 2 MF. 0 2xe 2=2 ",
HHR2 RENIW_XMELA 2 -1 MEE k=D,

B 1 AT L B k) XA R R4S 5k
& I3
DGR i B ERRRL S = 22t =21
MRI WEf— R W TR KRGS SN n, B R 2 BI%E S8 e
ne=ns+1,

B WX TR 1S W SR T A 2 BB D T % T 2.
B A 3 S

n=n,+n +n (6-1)
HEZXHPH DI, BRTREG SN HRESHE I XHEA KRB IS

BB n=B+ 1. TS SR AN | 5 2 AL S 0 BT LA B=n, + 20,
TR

n=n +2n+1 (6-2)
X (6-1)Fn(6-2) 14
n, = n. +1

5E 48 SO G OB R IR R SROE A 0 XA,

—HRIRIE N & HLAT 24— 1 N85 800 Z XREFR 3 = At BN 1R 6. 4 () FIFR 4 - BRI
BE Ay AW SR SRR 1Y 45 SR B — 2t L RS B R R KA B

OTLAH UM YT SRS  AERTMARELEE. A LR T . ALES.
HIOW AT 5] 58 4 = R Lo REEN £ B A 0 NG540 U4 B Y i — AN

SAERSREN b XM REN 1 E 0 S —— M. RZ IR X #H,!
mr 6. L RN - BIRE R4 BYE 2 XK., BRXFARMESE. (D I FELER
ATREA AR P L s (2) SHE—25 5 A A DX TR FINOERER K L0
HED LR FIMUECRIZR R LS L+1, E 6.4 ) FDRRESXH,

TR ERZEGGTHA. TENE R XA E BN,

R4 A0 NS E S XM AR M lognl+17,

WEHA . BORTRE R b WIARYENE R 2 MISE & X HE LA

2P — 12— % 2 <2t

TR E—1<log n<lk. KN b BRI AT k=log.n]+1.

MRS WORA —BRA 0 NS ISE R = X CLIEE Hllog. nl+ 1) 45 S BT
G5 CASE 1 RS log )+ 1 2 BEMEFD AHE —45 8 i Q<< 4

(D R =1 W 7 & ORI AR - ERGE s IR > 1, W B W% PARENT () &
ghidiliszl,

(2) R 220 WG58 i REBF S0 0 AT 4 B H 2 #F LCHILDG)

U (R R A B RS ASR Bl o E A R R R A S ol - e X N,
2 LR B AN - BB R Z JARREBNT o Wb 8,
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® @
©

6.4 FERIESH XK

@

() WZXH; (b FLTXH: OfMDEZTL2ZXH

RE M 21,

3 MR 2i+-1>n, ML E i BHBET
HEMHABEF RCHILDG) B4 & 2i+1,

RINMBBERIEH () F ), EAI AN (2)
MOHEH M,

MFi=1,HRL - XWHE X, KAEE
FREEH 2, B o>, MIAEAL S 2, it
BHIEEBT. 45 MEBTHRER
GH 3 EERIANHFLE B3>, BTG A i
ELEHTF.

StF i>1 0] B RAE RIS (D ’RE 5
A<j<|log:n DEHBE - EENRE R
(XM EXFER 2 5 =27,
HEBTLIE i+ BHE-1T4E 8, Ko
B2 =22"Y=2i, & 2i>n, WX EET:;
HABETOLRNE i +1 BRE 1M E 8. HaA
B9 2i+1,% 2i+1>n, WEEET: (O#
B jA<j<llog:nDE E RN ENHEN
(2 <G<2 — 1, B 2i+1<n, MWEEBZTH
2, BB TR 2i+1, XImS R i+1 MESR
HERN I MERWALFREELS . EEH
EBEF MHEELH 2i+2=2G+1),BEEH
HEF MEBESLH 2i+3=2G+D +1,

LCHILD () LCHILD G+ 1)

RCHILD (i) RCHILDG+1)

EETXHPLEE M+ E,
BT

() #5 41 i Fi-1 ER—R |

(b) Gii i+l RER—E L
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FiRABE X W EESREE AR THEEZRB LR,
6.2.3 —NHKEMHMEN

1. WiFF G4 h

V=-=---- S MM BRI R - - - - -

#define MAX TREE. SIZE 100 A KSR

typedef TElemType SqBiTreefl MAX TREE SIZE]: 0 S NOCTEERLEY

SqBiTree bis

e MU P 47 B 5 400 0 5 S FE B 20 52 T — 411 M Bk i 88 (0 P SR WK ) B AT L A
EELHAMAEE AW IENE R TR WEXEE-XW EES N i 85 CEFEMED
FEXH—BPAT TR i—1 HoED. Bl B 6. 6(a)BfRNE 6. LILFTRESR
ZAWBBFIEEER . TP -XW NSRS EE SRS X W e A
HELCEE—BEBAMMN S a D, WA 6. () FFR Xfitnﬁmﬁlfﬁfiﬁmﬁwu[’ﬂ

6. 6(b) BT B LA 0" /R AN FEFE ML S o5 . by I BT WL X R LAY f7 6B 45 M DLE T o 4
[T e ool
(a)
Lfepsfofsfofo]oln]s]7]
(h)
B 6.6 SURHEINLITE (¢ B4 4
(a) 524 XM (b — i - L H
X, AR ERKRHHELT .- MEERN £ B PARENT
R b NEAMAER(RPREEE N 2 195 :
BOHTEKEN 2 —1 9— B84, @
2. HEATEMELEH
BT AR [5) B 25 445 0T 40 0 AS DT 20 66 i LCHILD RCHILD

(a)

FrfEsm, XM E LB XML
(G B8 6. 7(a) B s ) B — A $038 0T 2 51 4 ) H
EHFREBA G, N ER - X R e EEE

| Ichild I data [rcluldl
)
Ichild ] data ] parentl mhildl

PHESELAST I AAE . BEEMAE . A ©
B,mE 6 7(bORFR., A, MTEFRBNL N
6.7 X MMES N ISR

BT » TS0 BT 7E 45 8545 4 b 38 i — A 45 1) 31 %L ot
WIS L I 6. 7() FR R, R R X W A R
HBREWMTB XM FRHEMIFRIHRZ N X () BAT S MEE DAL A5 A
BERM=NER.ME 6. 8 TR, BRMLIEH ‘
WA ZXWERGESR. FHIER ETE M EAN T XERP A D, &
6.3 WHRNMNHFRFHNTUA AR ESHBAMEMAERAGE AHHHS —HERRF
AW —ARER. UTRINERMNE LR EAR AN R EH .,
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/i XM AR & - - - - -
typedef struct BiTNode {

TElerType data;

struct BiTNode = lchild. * rchild: / % 4i§4% f- 5%t
}BiTNode. * BiTree;

HN====- EARAMBBIERBRGEH - - - - -

Status CreateBiTree(BiTree &T);
A BEFEFEAZNXRBEAHEC - D ED SR AT RS
/BB XERRRA AW T.

Status PreOrderTraversc(BiTree T. Status ( « Visit ) (TE!emType €3
A R ERAATH Visit BRSSO 1 00007 H el 8
A FEFRRA W T A A R Visit kLI K
/ — B visitO KRB R E R IK

Status InOrderTraverse(BiTree T. Status ( = Visit)(TElemType e)):
RS RIE G Visit RXET AR N0 KRB
/P RE T X TR NS SR A Visie SR K
/) — B visitO) %W B AR

Status PostOrderTraverse(BiTree T, Status ( » Visit)(TElemType e)):
/R R RIFARG M Visit JEXF4S B AR 0913 1] oR 5K
/) REER S X TR AN S e R Visie KL 1K
A — B visit OO0 W B4k

Status LevelOrderTraverse(BiTree T. Status ( x Visit)(TElemType €));
/ARG RAFEGT M Visit R85 M 0013 HY o B
/) RPER UM T X NS GO R B Visae 0L -k
/ —BvisitORM L UBFERK.

6.8 fERIGELH
(a) BB T EEA: () Tk v LR
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FEARRMFEEER P LA XWHRETEBAR, R S x BBE PARENT
(T,e) , E=EXHRPBRESH LR ME_XHRPUFARBHBRLE, Gk, AR
hRni R AR BRARIE Z SUR I TE B Z AN E B % B F T e fE . 1
AR L 6. 2 TP B UM SRR IEXT UL | 3 FfF S Wk T HLak .

6.3 W XL E - XH
6.3.1 BHE-X#

EZXWH—SN Y, FEERERPERBAEEMBENS S HEMNH P2
B —H TG, XMBE T —1EB =X P (traversing binary tree) {9 [a] & , H])
W Z R RBR AL P BN FE SN RBEUR—K, m AU R —
Wo “Ui)”/ & KR AT ARXT S SESMLHE, MBS S NERE. BAXARMES
R BR—TASGBROEE., M- XHUNAR B F-XWE—MHELRHELSH. B
ANESETBEAE IR TR MR EF R —FAE, LUEME R LS SRR — 1
LR PEBAF b, M T 6 38 I .

D 5 SRR 388 U S ST, UM Rl 3 N EE A TR RS R EFRAL T
W B BB MK U T X =8B, (B E T TR X R . Rl L.D.R 435 £ x i
P F R U5l AR 45 S A i 4 F# . W "W A DLR.LDR.LRD.DRL.RDL,RLD jX 6 %
W XA R. HREREEE. W RART 3 FMFG, 2 B FRZ R 5 R FF 8 5 L
BOFEIMERDFRED. EF-XROBHEEX AT TRRI - XHKEEE L
E X,

e ¥ I — R BB AEE R

HXW AT M EREFW

(1) Vi) AR &S

(2) SeFm e F#

(3) ¥ BT HF#.

IR T XM R EREE R .

X R W S A w W

(1) FIFR I ZEFH

(2) Vilal R4S &

3) HEFRLATH.

JE R T X R EE R .

F R kA WA B A

(O BFEBETH;

(2) BERBIEFH;

(3) Pila R4 . :

Bike 1 /U TEARRI _XHEABREMERERAE-XER LR, 57
28 (Ul 9 B rb P 0 7 M A o D ARS8 IR B L I AR R P — — B 2%,
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Status PreOrderTraverse( BiTree T. Status ( x Visit)(TElemType e) ) {
AR ZNERFESEE . Visit BRI T ERERL H R,
A SEFER BT TR T B H A 5T A BB T R A T R B Visit,
A B Visit RER

/W Status PrintElement( TElenType e ) { // %i;c & e 9{H

/ printf( e ): L SR AR e
V4 return OK;

V4 }

// W B9 %) . PreOrderTraverse(T, PrintElement) ;

if (T) {

if (Visit(T->data))
if (PreOrderTraverse(T —>1child.Visit))
if (PreOrderTraverse(T ->rchild,Visit)) return OK;
return ERROR:
}else return OK;

} // PreOrderTraverse
Hix 6.1
Bl 6.9 Frae X ORR T REAR
at+bx* (c—d)—e/f

1 76 T A SUR 5 177 (9] 45 B0 S8 SR R 4 R HE RO, TS B g R R
5IH

—+ax b—cd/ef (6-3) e
FEBU s BT XU AT S XU R TR RS

a+bxc—d—e/f (6-4) e 0
Ja D e X B, i = XU B R R RS R :

abed — % 4 ef/ — 65 G ® OO

MFEXRREE.LLE 3 AFEING6-3) . (6-)FG-5 B IF HFEER
0 08 s (24 58 S AR SR Gl 2250, ® Q)
MR T R D7 B RT3 Rl TR 22 R 6] b R o @

EF IR SRR L A FRNER XA, WREDEH |

P H K B IAE XA Visit A 0 3 MBI EERE 2. oo fiktaths
Mt BT R AERBRF PFEARFERTLE  (c~d)— /by — L
SERAARIAY. B 6. 10Ch) BT Sk B 48 KR T3X 3 Fs 7

BRI, HP. T RE Sk 2R B R AR DI, 1 b A Sk 7 M i
VAP R T 5 1 = R T L I RO T P9 B A 4 R AR SR L B RS

B SOHE R AR R U SCANF 5 A Ok B R R R U A — TR
MRAT TR R GUE B 37 RIEA =G -BAEBO GETRD) CF 4880 WA Ry R h L A f’rifiﬂ\'»‘l“ -
B i A0S R R B B M BGE TR G O W 2 TR A BRSO B M AR
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(=) (© Al ———h |

(@) A/il/r—L-.‘J,i\E] &: {—5-1 :El
//’/ // @ \\ \\\\ t\_)@tvl
Al ] Al T ] @
O O

M 6.10 3P EAdRREE
(a) xR (axb—B T M () BAHKHBRATIR
X Rhiphg ammbnEe. flin.dFPFRERIGT RS REERRAET
WS B TR TR Z BT HEAT . B 49 o R AR CE () 2258 JH R (B ) A R I A 2 )
M. AERBRN I HERF 2 4R GERFALN AR (KB . KF B RABFEFIC
FoESEN XA IF (S h R RERFES, Gl AE 6. 10(b) 2 5 7] 1§ &
6. 10(a) IR BER MBI BER(— * abo) HPEER(a* b—OFGHRER (abx c—),
RGN EERTIRPEE THERMREEMRATEETH AN NIEEHE
. B AP EREASEEREEMT SR AETAERORESTR (DITECRPES
BT H—RBNAAMIE RS TR M RS S AR W R TS R R w1 63
A3 LRI A AR TR L BD AR 1 A T R FE EE AR (O B R TUS R PR IESHE B Z . W
BEE—R. &R TR E W0 Y 672 B TUC R P56 TR S (D E
RMAFHRIRE. MR YRTRENBHER. WHALRER. AF—-AEE.XERERHR
AR AERERTLYMEOREH THZEBRRTUCRPHEE T, LAl H
WA R = AR e B s Bk 6. 2 A 6.3 BTN LR 4N AT HLBR L DA A0 IR
HE,
Status InOrderTraverse(BiTree T, Status ( x Visit)(TElemType e)) {

/O RRAZXBERFHEE Visit B HE TR BENN TR,

AOPFERNZUH TR E R E T BE TR A R Visit,

InitStack(S); Push(S. T); A R

while (!StackEmpty(S)) {
while (GetTop(S. p) && p) Push(S. p->>1child): / MZAEF R %

Pop(S. p); VX Lg%
if (!StackEmpty(S)) { g RS mAE— %

Pop(S. p): if (!Visit(p->-data)) return ERROR;
Push(S, p—>>rchild);
Y/ if
}// While
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return OK;
} / InOrderTraverse

Wix 6.2

Status InOrderTraverse(BiTree T. Status ( % Visit) (TElemType e)) {
/O REAZXEERFMEH Visit B X888 T R BRI N A KL
A RFRERA R TR B E L EAIE TR R R visit,
InitStack(S); p = T;
while (p || !StackEmpty(S)) {
if (p) {Push(S. p); p = p—>>Ichild; }/ RIEHHAR BHLEFH
else { A MRAEEHE R U RS R R A TR
Pop(S, p): if (!Visit(p->>data)) return ERROR;
p = p~—>rchild;
}// else
}// While
return OK;
}// InOrderTraverse

Hix 6.3

“I 57 R UM R R AR RO BERE L TT LA ZE R B O B R X 4 R AT S R R R X F
— BB AT RERHIE, RESWBEFERNHEESTERRE RZ, AT £8P
AR GBS WA . B B 6.4 BR—MNMRERFIE S XK
M- REERMTE. X 6. 8(b) FTR =M & T 5 R F U A 7/
ABCPO®DEOGOOFO O P
(B o RAZHFROTEIIHANME _X#E.
Status CreateBiTree(BiTree &T) {

J BEFRFRA_XMPEINE—IFR SBFRRAIZEH.
/) WE BRI AR T,

scanf (&ch) ;

if (ch =='"') T = NULL,

else {
if (1(T = (BiTNode * )malloc(sizeof(BiTNode)))) exit(OVERFLOW) :
T->data = ch; N EBBER

CreateBiTree(T —>1child); /J HMEEFH
CreateBiTree(T —>>rchild): NV MERTH

}

return OK;
}// CreateBiTree

Nk 6.4

SHZXHTRANERBERT EREEF FRFREFH BTN EET AKE
AL BRHEST.

BRGEF -XHHEEDHESRERTES QWA SEB—FHKFHITEDS .
MEnAGEEN X HEBREZRERS R O, IRHHZEEIIR PR K

FE MWOEE,BHREL TR 2 WS EERERN OGn) . 85 AT R = X
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HMBF e, OFRERN =X ERSREE 6. 13) . W EFEEHNFEFERER
FIREBFEE WEHIBRTATARR. QTS5 WHITIERER XRNBEEH%
Ll RAERSHEN X EREFREN. HERN IR PAH ARG REFEIKE. 4
AT A B R A = ] (EX R OR R B E R R KK .

6.3.2 &R_-_IH

M b5 BT IR AR A R T T OB R DA — R R R g SR — N RS
B - XWMPEAWEFFIEZPRFRFINEEFFI . XLRERMS—PNIEREE
TRUEARE EFEEIMEAERE - MRS - MO EXEXEFIFEENE -1 E
EMBAEEE® ERETRENHR RIVEEZHE-H O, GIWMER 6. 9 FiRmM
SXWE SR ERY atbxc—d—e/f FCHRIBR « JEHKE —'.

BE . HUZXBRENFREHR, AERAILEEANE ABETER MAREES
S REE—FIPHHBERNEAGERE XHEERAERE NS IRP A LB,

WA RAEXFERTERFBIANGEER? — M RARNIERESNE N ¥
AR £ B fwd F0 bkwd., 53 51| 48 75 45 T8 MR AT — R PP 3R 7 B 48 B B TSR R UG 4K 45 B
BRXHBEBERNEEEEARRE. B—FE. 68 n"u‘%ﬁm:lfﬁ%qﬂﬁ%‘é
FEHIATHE., AHREBEEMAXESHERERE SNBSS EER.

REMTAE - EHEREEFH, MK lchild IR EEZ T . B4 Ichild B R
HATH ;B REA TR UHE rehild BEREAEZF . FWA rchild iR EFH%. X
THRERE. MTHELS RS0 MBI RS

| lchild ’ L. Tag ’ data ! RTag } rchild l

He,

LTag= (0 lchild B "G S KWEBETF

U1 Ichild BUAs 7 4 & 0 A 3

0 rchild BIEREEWEET
1 rchild B# R4 S MG 4k

IR i M — RERERD AR SN R RER, Hhigmsg
SHTRAME IR MR, MERREH - XHWHRZ NE K= XH(Threaded Bina-
ry Tree). BIONE 6. L1 FRAPFRE XK. SHMBHFFRRERNE 6. 11
(WOFFR., RPLRIBHFEREETFR . BEAINRRGEMATBME) . 3t Xk
DEMRFRGELERIRR -IHHNIRMYHRRE.

ELREW EHTRG, REERIIFIFHE—IEH RERKREAEHAEATH
f& 4k k25 B 1T Ak . -

AMTEER R PR ST 47 LIE 6. 11 (P RRRW HPIRE WA T4
RUARREAR WAHBHEBEE R TEANEHE . MESDREHRNESR . WHFE

RTag= {

O EBEFFTXPRIM BTG 4" 5 LUR Rk 58 5 5718 1 5 o A AT IR S 4% .
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B 6.11 KR -_XWEHFEHEN
(a) PHRELR_XM: (b) PIFREER

LM A MA B AR N TE R BB EHNER . SR ARIE P R8T RYRLE A
LA RS BN RGR T A TR TR E -SRI ATRPRAE TSR, sl
TERE S WG M H RN AEH R LA TRORS S - REMR LRI ETH
EHEGER L WES BINER  WES ERPRES oo RZ.EFFRERFR
SRR A HAERERD A RNLR I8 7 HATIK . B N8 P 2 R
fE Vi1 B — 45 R (TR P Bl T RIS 50 R AT

EEFERRWN P RE SRR IR A 0 3 MER. (DES
MxBIXWMR HGHRANT: (DOEE S x BRVGENGET
REHDENEZ T HRVCRBRE A TR WG 4 B0 5 XUR 4
M) EEA x BREAXGEM AR T BHIERH TR H G 4k
FEM A TR B EFERFAI 8% — a5, BlwE e 12 Br
AAGHFEHER XN SR BREHNEG S C. 40 CHEH%
HEH D EEFHEHANES G MES DWEHIGE S E, 7]
W AE G PR R AL | R U5 4k i 55 R 45 55 0U% B R S R Y
ZXEERIFFELS.

ALERFAR XM BRI X B H 2 RETR AN
O BEERTFEK EHIHENER/N AT ERR. N SEERFPHAIY
T 4 R B 2 4R A TR T B A A 5 b B 4RO A L U R TR R B R A AT
RO

o612 EITE4%

BE XA

N X XA R R
typedef enum PointerTag | Link, Thread !: , Link==0.{§%f.Thread==1,4¢%
typedef struct BiThrNode {

TElemType data;

struct BiThrNode * lchild. * rchild: ,, £ #i{% T184t
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PointerTag LTag. RTag: / EAEE

}BiThrNode. * BiThrTree:

HEERL REAERNEEEN EZXNNERER L AR — L8N,
4 3L Ichild S @Y 5 41 8 1] — SURE A AR 25 A1 B rehild SRA 8 #F 18 (0 o FR 8 By B U (] B9
B RZ A AR PR PRS- AR lchild BEBHMBE 14 R
rchild BE 565 ML H. XTFHAIXWELT TR EER. BETAE—
A6 SR WS 4k TR 17T .t AT M B S — N AR IR SR AT 8 BT (A 6. 11(h) BT ARD .
TREE 6.5 IE R LAXU ) 0 3R 6 R 0 FE G G I X — U AT B BT R K

Status InOrderTraverse Thr(BiThrTree T. Status ( * Visit)(TElemType e)) {

/T AR TSk KRR A 1child S ERZE AR AT S RARH K
/T T AR R T 09 458 0 Bk 3 8 B8 ST K R A R O Visit,

p = T->-lchild: / pIBEIRER
while (p 1= T) { /) EWERG SR . p==T
while (p —>LTag == Link) p = p->1lchild; i
if (1Visit(p~>>data)) return ERROR; /) Vi HEFR TR
while (p —>>RTag == Thread & p —>rchild! =T) {
p = p->rchild: Visit(p->>data): /) VilE JEkE R
}
p = p-—>-rchild;
}
return OK:

}/ InOrderTraverse. Thr
Wi 6.5

WA R kir — X RHMR R B TFRELMHLAEH X ERFRZHE
HAEE RN G RORR M RREUANEEREERIEAREE, BRARRLH
AR ANERANIBPERSHENIRE, ITETEILBPIHRS RN LG X
M — AN E S pre BRZR AR 10 WM T A4 R IR AT p 3818 M BT U B A9 45 A, AU pre
EPM TR, BB PFREEIPFRRELERNERNALL 6.6 M6.7 fix.

Status InOrderThreading(BiThrTree & Thrt. BiThrTree T) {

/TR DT U T IR JUP TR R L Thet 5518 LS5,
if (1(Thrt = (BiThrTree)malloc(sizeof(BiThrNode)))) exit (OVERFLOW);

Thrt ~>LTag = Link: Thrt->-RTag = Thread; N BREX
Thrt —>rchild = Thrt: / HiRE B
if (IT) Thrt -=>1child = Thrt; VE 3% & -0 V% Ladok
else {
Thrt -2-1child = T:; pre = Thrt;
InThreading(T) : /PR RA#HTRREERL

pre—_-rchild = Thrt: pre-~RTag = Thread: 4/ BEE—1THS&EKL
Thrt ->rchild = pre;
}

return OK;
} // 1nOrderThreading

" 6.6
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void InThreading(BiThrTree p) {
if (p) {
InThreading(p —>>1child); / EZFREEL
if (! p~>1child) {p~>LTag = Thread; p->>lchild = pre; } / HEZE
if (! pre ->rchild) {pre —>RTag = Thread; pre—>>rchild = p; }/ JEHRXE
pre = p; // R$F pre 381 p HIHTIE
InThreading(p ->rchild); [/ HFWEREKL
} .
}// InThreading

HiEx 6.7

6.4 Ml FF M

E—TRITEHEW B Rm BRI B E, H B HFHARES ZXR X MEXER,

6.4.1 BEMEREN o
ERRBBL A MY RS HE RN RARRTR . KB, RIME 3 H%

MR,

1. WERRE

BB U —HELS FEER NS S RN ES NS R PR — MR BHEREIGE
EREHRRPHLE  HEREANT .

J=-=---- WHDRREMER - - - - -

# define MAX_ TREE_ SIZE 100

typedef struct PTNode { / A EH
TElenType data;

int parent; // BUEMALEER
}PTNode;
typedef struct { VR ¥ 1! VAT
PTNode nodes[MAX. TREE. SIZE]; © o [RT
int r,n; VA :Y:0kvh ik T ' 21 g 0
. 0
}PTree; O e 0 s e
_ « (D11
pm,me 13 BR—ARERnERrnes @O O 5 [FN
6 [F| 3
%, O©OM® 7 (6 s
XA EEMAETENME A (BRUID RE 8 [H| ¢
9 (K| 6

W— I DGEMHER . PARENT(T, x)8/EF UEY

EMEINKH. REWAMA PARENT #/E, 3@ 6.13 WEIERRERM

IR B4 vt R B TR, X E ROOT :

OREHNPATIR. B, ERXHEFEP, REANBETFRBERTEIEN.
2. BTFRAE

BFRPEIMESATRESRTIR . WTHAZEER, WS MERA SN EHE. ]
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FRAMMEHEE—RTRAORE ENERPHEITUAMT RS SEK.

data childl child2 childd

data degree childl child2 oee childd

EXAM—MESRA. MR RDPHELRARN, Hbh dhMRE. & TS
MEBLENBENT GHFUARPERE SR, SRR, ABEH, . E—BF n 18
RENKkBOBPLEH nk—D+H1 SR, ERBE LA NEERETY
ZRERARMAE P d A ERAE degree MMM d. strt, BN HIEMSH,. B
ERIHE,

H—MPEREGIMANBTERENRE BRRA - RMR, BB RER
MEH M o MERA N BTFHEHRGFHBRTFRERITR). M n PRBEXHAR—
TRER I TETER. TRANFESEEN, IMEEERTEIBEBINT.

#----- ROBTFRREMRT - - - - -

typedef struct CTNode {  / BFL K

int child;
struct CTNode x* next;
} * ChildPtr;

typedef struct (
TElemType data;

ChildPtr firstchild; // BXF&EELI4

}CTBox;
typedef struct {

CTBox nodes[MAX_ TREE. SIZE];

it  n, 1y / BRBEMBHAR,
}CTree;

M6 14()RE 6. 13 MM BT RTE., SHNERREHR, BFRREETFR
B B TR MR, A E AT PARENT(T, O 8. RITAENERREN
BIRRREAER WENERFABTHRAE—E. 6. MO RBXMHAMS
M —5, & M 6. 14(a) Fm MR F— K,

3. BFRBRRE

| XRBCXR#EFRE ROXBRERE. DU XEREROEEN., SRPH

SRR NR ARG SNE I BETFEEANT - AR X, 2 ML Y firscch-
ild M nextsibling & .

H=-=--- WO —XEREBET - AR TMBER - - - - -

typedef struct CSNode {

ElemType data;

struct CSNode » firstchild, * nextsibling,
}CSNode, * CSTree;

A6.15 -E6 13 RN BETRASR. MAXHEMENETEREFHMAER

fB. HES FEARGSKBFEHRE. A . HHIHRALEA xHE i BT HMREE
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ol A {3 J={5/A] of sl A] —={3]F={SIA]

1|B}I A 1| 4] B{A

2| c | —={e]n] 2[4 C | J={s]A]

s[p|A s[o|D[A '
——t|R| {0 [1] F~{2]aA] —=a[=1[RT —3={0 (1] +={2[A]

S|E} A 5§ OlE} A

6| F | {71 F={sT F={s1r] 6{ 2| F | —=~{7]F={s] F={oTA]

716 [ A 7] elG{ A

s[H]A s elH[A

g{ KA 9{ 6] K|A

(a) (b)

B614 M6 13MMABARMRRE
(a) BT8R (b WHENBTFHEE

M firstchild B BB 1 M BETFERRAGHEBETE R
¥ nextsibling B EZEE i—1 £, ERB xWE i N
Fo. R, MR IEGANE AW E— PARENT i, M
BB F St B PARENT(T, x) #4E.

6.4.2 HHES_IMH%BR

M T = U R BB AT = U R T AR A H T
B B R A A TT S R 5 SURE 2 R B — A X
*F. HRRR. A SN TURARE-H—B X
WEZMRL, N EEREE, BN _XEXEHF
B, ARMBEARRATE, M6.16 ERMBRTME R o s me 13 dhay—x
WZE R RRR BRERE

MR B = Bk R R B S FT S AR AT — AR R R

Bl 6.16 W5 RN X RRH
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BB =SB BO FRAET . BRARARE S AR R AR R — B 1 AR
SE » ) [RLBE AT AR AR A U B S B R AR .
fiﬂﬂu B 6. 17 /R T FRARS = XA 2 8] B Xt 1 9&%

2

W52 UM R R 0
e G)
(Q) (D
® @

B 6.17 FEAS UMW BN KRR H

BA—— R B % R P HBA IR 5 = U AT wﬁiﬂm HERAEXLWT:

1. AR — X it

ﬁﬂ% F_{Tl ,Tz Y i }%ﬁ%»ﬁlﬂﬁfﬁm?ﬂﬁlﬂ’f’é&ﬁi"ﬁ:ﬂﬁ B=(root,LB,
RB), .

(1) % FR%,8 m=0, BAHEH;

(2) # F 325, B0 m=£0, 1 B #9483 roor B) Sy Ak 38 — B 8948 ROOT (T1);B
E:J'P‘W LB %M Tl *E%,QB‘J?N%% Fi = {Tn ’ sz L) Tlml }%&ﬂﬁﬁim:XW,E
HFW RBRMAFENRF ={T,, Ty, T B BT = XM,

2. ZXWEHEBRENK

P B = (root, LB, RB) & — # — X &, W o #% i T & W # #% R & #
F={T;,Tys+sTp}:

(1 & BRE M FRE;

(2)#B SIEJ—z,m'J FgE—8w T, 8 ROOT(T) BN X B i root; T, +
ek R FRBRAK Fy B BRAETH LB SRR HMF H8 T, ZHN R,
BB F' ={T,, Ts, -, T} RH B A FH RB 535 TR ZAK .

MERBHEXEHS HHEEEEEE %, Fat, ARS8 4R 8 %R
X ERER T,

6.4.3 WMHFEHRNBH

E R G B SE LT 5| BTFR O R T B 07 3 - — FROR B R QRF) BB 4%, B - S 1
ERMRE R RERKEREITRNERTR:F—FHEBERAKP)ER, . £KKE
BEGHSRTH . RERAREK.
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Bildn, %t B 6. 16 B AT SRR E 5T , T B R FEI N
ABCDE
A AT IS AR BT, AR I S R F I R
BDCE A »
i HR B AR AR MR 53 19 A9 8 SC, AT AT LAHE H SR Ak B B A 3R BT s
1. SEFF IR B 2R AR
EFMIEZE AT T RN EFHZ .
(D) Vi Ak 8 — R AR S
(2) SeFpil P ss— e P AR 45 A B0 F I 3R AK 5
(3) SeFi bR 558 — B 2 )5 B R KA HY BB ZRAK
2. HFF R B R AR
FARMIEZS , W BT 8 F 3R #0008 G 2
(1) - o 3 G R bk b 35 — R RO AR 45 A B0 T 2R 4K
(2) Vil 5 —BRW R IRSS &
(3) FFRPIEREE — BRI )5 B R0 B ZRA
F X 6. 17 v ZRAKIEAT 56 Fr 8 57 A R IR B, W 43 5148 BB R R RN
ABCDEFGHI]J
W 3k
BCDAFEHJIG
B b R U 2 I 5 e B A U T T, 24 R AR R U, HSE — B T
TR e B ZE T, TR B SRR S A R, WU 5 2R AR 4 S A o R T B O 3L
Xt o B9 SR B e PR R R R T . X 6. 17 o R ZRAK X B B T SUARE 43 B AT 5 R
o P 3 7, AT £8 f0 _E R AH R B R B
B OE AT I, 24 LA = SUBE RAE W B TR AE S5 A ek L 0 G S AR R B RS AR T T AE I = XU
PRI MB R BEERELHZ .,

6.5 W 5EHEE

FERBBEET NEMRRMEMRKKE LR

WRES SHHRREAR RARK . IHROMERN, WKEI -PMFMRE.

BREESSHWENMXE. MEM €S, EHlcle= {y|y€S/\ny}éﬁtHH’J$A
(z]rES A r €S EBM—T R FME,

HEREESS EH— A%méé%,mﬁa:i"%m%%—ﬁ"éﬁﬁ‘%“&gﬁ 45
BIALLA#E R ¥ S R AE T AHZBFHE S, S, EMNKHFINR S, MXETFHE S,
RS BR FME,

EMXRARALMF P EHFEN—FRXR, FBN FHHETHB%%&%%E‘J%
MERRMIFEEES HENRBERXLRE L FHFE,

#lantE FORTRAN i&EF , 7T LUF| /| EQUIVALENCE %ﬁﬁ&"ﬁ?ﬂiﬁi’éil—l
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— N, XL AR R % EQUIVALANCE 5HI B EN R AN BREYHNTRES
HTFHG RSN AN E BT ESENEMEAN, MFA—SM AP EBFERTH
SARBIE—FHRMhE, A RSSM AR E L BB BT RMER R/ R
SHEPAESR,

MIFEI RSN AKR? BHBESSEH PN AR . m MM (x, ) (2. yES) WEMR
HBETEHERXRER.FRKSHR.

WEFMENREITUT #HLT:

D 4 SHESMTEZSHERL - TRERIMHANFEEHES .S, S,

(2) BEEA m MEXM B PEABBM () HE My FBTFE. REK—M
ﬁ,ﬁiixesnyesj»% Si¢sj ,ﬂ'l-ﬁ S, #Asj #ﬁsi 7‘3?;3”(32% Sj #AS; #ﬁsj j‘]
), MY m NMEORELHELS.S S .S, WA FEHNNS R MK,

MERATR, MFENEBTHREEHITHREA I H—BRHERSEIRANE
AH-RHEENEARERFETFH: A -RAIFBIEAHLEHNES I —ITEE. B
. EBE—-TEE LR 3 HRENHSBIELRE MFSet,

ADT MFSet {

KiRME: FiSIMrSet KA . MEH n(>NA AFE S (i=1.2, - DDWR. BT
E AR R F F[-vaxnumber. . naxnumber ] P4 ) 8 3 5
BEXK:S,Us,U---US, =5 S,CS(i=1,2,+,n)
EERME:
Initial( &S, n, %, X, 2o+ 4%, )3
WA R MRLRE. HE-TH o N TFRENFERIADIHR x OHEHES S,
Find(S, x);
ME R SREGFENES xR SHRANATENRA.
BELR . BERER. WESP xR THES.
Merge(&S , i, )
Vg & .S M S, R SHPHBINERHLEMNIESHES.
VIEER B BE. s S, PH—IMIHFAD—4H.
}ART MFSet;

BASE & o 36 Bl (5549 B0 41 52 S8 S B0 T F B b S 0 07 o 0 A2 1 2 4 4 A
HFRARESE. WATEREERUES N EMAOMHRIERE, WBORTFRESN
Fo/NL B BB A BAT MR AE . AR MFSet 265 v SR 25 4% 56 BORT 5 36 S 4R 048
AORITTRARBERERES. AT UHEK F=(T,,T,,,T,) T MFSet &
B4 S, BHRPRE—BR T.G=1,2, )RR S P TE— T S.(S.CS,i=
1,2,0,0) JHP BIAEERRTEPN—ARR 2 N BEFEEL. S BIELTEA
— AR DGR RS, HAERE RN AREFENLRK. P, E 6. 18(a)F(b)
PPN A ER TR S =(1,3,6,0) /1 5. =1{2,8,10}, BR, XBMMELEHNS T
LR EATHESNRE. BTETEPNRAITHER, WERES I 8E, AE
B— T RR RIS — IR TFEM MR, M. /6.18(0) % S,=S,US,. R,
ERBENR R FTEESNBRE AEA IR RS SRS HERBIN GRS
ANk, ‘
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s
21 L 3

() G
‘:b & ® ofoxc
& ©®

(a) ) ©

A 618 MEW—FRRE

(a) 8§, =1{1,3,6,9}; (b) $,={2,8,10}: (o) =8, US;
HEFELHXERFHRIE N RANERTNEEEHEH WTHR:
N====-- ADT MFSet MW IR RFEERR - - - - -

typedef PTree MFSet;

BEBS, B IR R BAHIE SRR KM 1k 6. 8 MH L 6.9 Biom.

int find. mfset(MFSet S, int i) {
HEREESHiETRAR.

if (i<l || i>S.n) xeturm -—1; ViR ShiE—TFH
for (j=1i; S.nodes[j].parent™>0; j=S.nodes[ j]. parent);
return j;

}/ find. mfset

Nk 6.8

Status merge. mfset(MFSet &S, int i, iat j) {
// S.nodes[i]# S. nodes[ 314 N S WIE R HZ MM T4 Si fl ST WREE K.
f RIFH silUsi,
if (i<l || i>S.n || <1 || §>S.n) return ERROR;
S.nodes[ i]. parent = §;
return OK;
}// merge. mfset

Nk 69

B 6.8 HIME 6. IMMNRBIAMESNNAODOMOWM K d BENEE. WAl

HA R IRERAEASHNRYEENRERAOIBRER., RE-TRRNBTF.

BEE N FES S, S BN TFERE-NTHA S,={i}=1,2,n, 0 Hn i}

- AAE—AREAPBEFR . ME 6. 19D FRR. AE»— 1 K“F"REFRIASKER

BRAEHRESERNTRALHRES  MWBEHINEAWHEERN n, E 6. 19(b)

Fim, MRBHLESR“H " BREZRBELATERRR1"FEFEORE. N LB
ERHTEIER O T .

UM EREEH"REZHEANTEPFIBRANBE . AL ERA LK

FERBEEABATRREOFHEOR. Nk, FHAMBERFHEES S RE A par-

ent MM FRPTRNARBORE. BB H RERENAEL 6. 10 Fix.
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void mix_ mfset (MFSet & S, int i, int ) { . 5y ] $3 Sn
// s.nodes[ 11 S.nodes[ VBB sERHE @O @ @ - @
/ WFEAFE SIS MRGER., RHE s:US)
if (i<l || i>8S.n || 3<<1 || i>S.n)
return ERROR;
if (S.nodes[i]. parent>>S. nodes[ j]. parent) { ’ n1
/ SiFT 8RB si B siUsUs
S.nodes[ j]. parent += S, nodes[ i]. parent;

5 U s Us,

@

51U 5,

S.nodes[i]. parent = j;
}else {

S.nodes[ i]. parent += S. nodes[ j]. parent;

S.nodes[ j]. parent = 1i; . Py
} 6.19 3" MMk —F BRI
return OK; 2

}/ mix_ nfset @ n TG () TR

WiE 6.10

AT AIEB , Mk 6. 10 #AT“H BB IMEAW, HEE R B2l log.n]+10, K
fn A S PHAFEIIBRALKMEA, N

B B, B B find_ mfset 1 mix_ miset f# %5 # 7] B B (8] & 24 BE & O(nlog,n) (¥4
E£APE n MITE, ZEEZHFIT n—1 K mix #E).

#6-1 BMEESS={z|I1<z<n BREEBE},RES LH—-TEMXER,

R = {(1,2),(3,4),(5,6),(7,8),(1,3),(5,7),(1,5) -}
BR S HEMA,

L MFSet KRR S RRESS,SHRANTHN S.n. FEH BFEIRRAAB
B— % H 3, S. nodes[i]. parent WEHIK -1, ZE. S4B - MEMENGH.H
RUFHRE N FAFTRES . EXWIMEASHF WEHLKENXEZREZRN, XF
ERLEE; BMRAIFXFAIMES. B6.20 BRTABER BRI 7 M SM XA S 31k
RE(ESEETESNEES) B 6. 21() IR ARE— SREMENABHEE.
BREETEZNEAH HHEFLBRBRK . ATE BRI BETENEES B
B, BRAEATH— 5B 6. 8 Bt HE 6. 11, YFETE i AEMNBE B, EH
BN — N ESEE"NINE BT EARITR BELHTERTRRHRL

BT,

© HHEMEERZ:

% =10, Weh A — MRS S EIREN 1, Xllog. 11+1=1, " £,

B <n— 1 BRI LRE i=n HIFRY . RE—BE TURREREHEHE mQ<n<n/DATE B j
WS, IEEn—m A TR BRI LW S, EHME HHE 6 108 HARLDLAGHERRES.

EAHMTHS, WEBE<TH S MEE, NAHGHREM S, HE, A@itllog: (n—m)]+1, BRS Mt
Llogzni+1,

‘ %%#ﬁﬁ%ﬁ S, MERE>FH S BRE,MEHEHRERS BRE+1 B (Llogm]+1)+1=_log, (2m)]+

1< logenl+1, - . )

« 142 -



S, nodes S. nodes S. nodes S. nodes
1{—1 11—2 1|]—4 118
21—-1 2 1 2 1 2 1
3{—1 3| —2 3 1 3 1
4i—1 4 3 4 3 4 3
5{—1] MIX(s,1,2)5}—2 5]—4 5 1
6| —1| MIX(s,3,4)6 5 6 5 6 §
7] —1| MIX(s,5,6)7|—2 | MIX(s,1,3)7 5 7 5
81—1 Mlx(ﬂy7vp) 8 7 M]x("5n:,) 8 7 Mm('v19§)8 7
g{l—1] — ol-1] /" 9l—1]| T 9|1
:
n|—1 n|—1] nf{—1 n|—1
B 6.20 REMAEIERH
(D) ®-® M 0@
@ @ (5 01001010
' FOXOX0O 0]0,
®
(a) (b)
K 6.21 FREAHH

(2) EEBHBRZN: (b) KEBBEZE

int fix_ nfset(MFSet &S, int i) {
NORELFETFE . FHN i ZRBBENEFEARERROBETFEA.
if (i<l || i>8.n) return — 1; JilRkRSHE—-FEHRRA
for (j=i; S.nodes[]. parent>>0; j = S.nodes[j]. parent);
for (k=1; k! =3; k=t) {
t = S.nodes[k]. parent; S.nodes[k]. parent = j;
}

return j;
}/ fix_nmfset

niE 6.11

fRiEH 6-1 F R B9 8 MM EX R (8,9, MEMFT fix(s, ) WBEZFE
6. 21(a) B SRR R B 6. 21(b) B, ’

EALIEH, MR fix mifset A mix_mfset B4 K/ K » (LS X5 0K 8t E]
HEEHOan)™, K« B— M HKERZEBHNRE  EEXLTRBRHFAHES
HHH A=Az, ), ER «(m)FE XK A BB, B () HERE AD) >0 K
MEADN . L FEFRRABNEEE » WTH a(n)<4,
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6.6 #HhR S W KL

# K & (Huffman) B, XHRBINW . R W BREREOH. AET ZHEA.
AV iR B .

6.6.1 BIL-_NH (HKXB2H)

HAHHBENBERERENES . AEP— 8 RB5 — MR R 5 30H X
ML Z R B PN X BERHBREKR. BOBSKERARBR G —
BN REZM. 6.2 1 TPEXNEL-_NHRERXHBBKEREN -XH.

1 LIRSHT B —RIER . BB RNE N, SRANFRBRBRKENNEL L
FIRMZ MK KESEA EBNRE. WOBEBRRS KB AN P HE W T4 AN

BB 14 K I 2 B A RAE WPL = wil,

PAVE A5 n AR e vney s ooy, D AW —RE 0 P FEAEBZXW, B4 T4
SR o G U R HE WPL BN — U AR R — R ik X B 8,

Blan .1 6. 22 by 3R UM ABH 4 N oEFA K aboc d. 2 HHN 7.5.2.4, B4
BB R K E S R

(a) WPL=7X24+5X2+2X2+4X2=36

(b) WPL=7X3+3X3+2X1+4X2=46

(c) WPL=7X1+5X2+2X3+4X3=35
Bl WA B/, TTURIE. ERIRKER HHFERBRKEEREHENR 7,
52,0 M A A FEEH X HARREER/N.

B 6.22 HARFM RS KRR XXH

(i S SE R I RE R PR R S M AT AR B R ENEH L., W EREH—1KE
rife R LR HORF. BROUBFERAS. AEARAGENETZHR. M.

if (a<{60) b="bad";
else if (a<{70) b= "pass";
else if (a<(80) b= "general";
else if (a<C90) b= "good";
else b= "excellent”;
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RMHELBALUEG6. 23 MHERERT. WEIABFBEREGEH.HHHERY
WA BRI, MR R FRR R RS, R ENE. BRELREES,2
HERBHE 5 MEE WA BRI, B HRERNTRFR.

iR s 0—59 60—69 70—79 80—89 90—100

H.H ¥ 0.05 0.15 0.40 0. 30 0. 10

W 8020 A |k A BOIRTHAT 3 AR 3 WA LAY LA RE18 45 . LA 5,15.40,30 A0
10 Z AU — 8B 5 MM FEARWNBHREW . U FTEBME 6. 23(b) BIRMHAES R &
A RBSHBRESBIHHBRKRBBHLER. Bh TFEIHEEBAHK LR H
R LB FF BRI 6. 23 (o) Bron MM E W, M E W AT 5 1 ML i LI
BEHA 10 000 N A SR, FH A 6. 23(2) WX E D BRBATIRME, W ST HT 31 500
W HBE AR A 6. 23(c) M E BT IRAE , LB IEUR AT 22 000 K EHH .

(a) b)

(c)

M 6.23 HEAASWMHHMESE

o M EHRKEHNB? RREBEAB T —MHE—BOLRBOE . B X
BHY., HARINT

(D MEPEAEL o« PMUEH{w »we s w, MR n B - XWHRESF=.T,.T.,
T RSB _XW T P RE-ITHE I w MBS HEE TS,

(2) 7 F PERPBRREE SHBER/MIMIENELG FRBE —BHN XM, A
B _XWHRESAWBEIRE ATFRHEBRESHREZ.

(3) 7 F PRI X BN, RBHFEAN-XWMA F $.

(D BEQOMB).HEB F A BRI, XWWERHREH.



B, B8 6. 24 JBR T I 6.22(c) B Mk @ W UM R, JLebr, A4 A b AR B A2
= BB A,
‘@é £ 1 s s S i) L R 1SR D 7
() ®© OO WA % B F W AT
) @ 6.6.2 HXBRE
) )

HAl #AfTREZEREFHEEFERRES

(
7 11 18
® O ® 3, BT M TR R R R
G B EREE . P, IR EA RN A B A
QO 9 CCDA,ERH 4 HER, RERN RN S E
O ® W43, B3 A.B.C.D BEF 4513 00,01, 10
() @
© ¢

Mo, MER 7T AFHFHBEXEN
'00010010101100", # & 14 fir, Xt A7 £ Wt , 7T #%
A — TR,

LR EEXBE XN  FELAKRUTBHE.
MRAMBNERFEOTKERENRG, BibB XPHARBEBEZHFEHRARTEEN
A, W A2 2% i S B ERT B . RRIT AB.C.D W44 %1% 0.00.1 F1 01, [
LR 7T AFRR IR R SR 9 FEAFE000011010", HR , X HEH X R B
F,PlINE R X HFERRPR 4 NFRHN TR 0000 M H BMiFE, RE AAAA' K
R'ABA', AT LAR'BB %, A, HEE R KEREHHRB, WLREE - FZHN %R
BERARA T FRORBOS, X REHRENRERD,

AR A ZXR R BOH R MR RS . BRAE —RmE 6. 25 Fra X #, 1
AN FERMHERR ABCDRX AN ER  HATEN X RRFRH 0 AR IERTE
UMM AMNBESEBM FEEANBE LS X FRABRNFRHBERIZH FEHFER
TS . HRE T RUES, (B B R AT BT . kA 6. 25 ff8 A B.C.D
F) — HF I BT R 4R 8% 43 %4 0.10.110 F1 111,

XAafa g R a XS KBREN AT R RmB R B
BEMFRAERCPTHIAHREN w HEBKEN L. 8

Soh U B SR KN D wid, . W B OB
bR w, BT AR L 1A IR B F 0 B K
B WD w8 UR AR KB, T

HE XU EBREN - H M BRBE N Mg mRy H62 WRENTH
SR AL, BT — B 5 B AR 0 11, o1 78 B A = S T
BREERIHRERT.

T E e S .

HF#R SR P RA R 1 89558 G2 UBR M 19 (strict) (3% iE M A9) = XU#
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Bl 6.24 #HREMHWELRE

M| AWO
B(10)
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W—BRE n A~ TFEHERBREMILE 20— 1 MK T UERE—D KDL 22—1.8
—ERA S, MARESREN? BTEMRHRERZE, W REBBAN T 58
RE—FAHTFRRNBE MARETAREZE-FNREHFHER. WS
GRS ERATENER XTWAETERNER. B, RETREMEN

/i HREMMBRERDHOTFERR - - - - -
typedef struct

unsigned int weight;

unsigned int parent, lchild, rchild;
}HTNode, » HuffmanTree; [ HELREAFHEBRER
typedef char * x HuffmanCode; / AN MBAFMBRBHRT R

RXSBROEHBEZWMELE 6.12 fin.

void HuffmanCoding(HuffnanTree &HT, HuffmanCode &HC, int * w, int n) {
/W o A FRRBE (>0 , ME#H K EW HT, 3R n MERFHR SR HC,
if (n<{=1) return;
m=2%n-— 1;
HT = (HuffmanTree)malloc((m+ 1) * sizeof(HTNode)); VER=2: % 3::|
for (p=HT, i=1; i<=n; ++1i, ++p, ++w) *xp = { *w, 0, 0, 0 };
for ( ; i<=m; ++i, ++p) *xp = (0,0, 0,0 };
for (i=n+1; i<<=m; ++i) { Va1 v3 1]
// #EHI[1. . i- 1]##% parent Jy 0 H weight B/NHBFANE R . HES 5N sl fl s2,
Select(HT, i-1, s1, s2);
HT[s1].parent = i; HT[s2].parent = i;
HT[i].1child = sl; HT[i].rchild = s2;
HT[ i].weight = HT[sl].weight + HT[sZ].weight;
}
H==-- NHFRRBERGIFRHABRERD - - -
HC = (HuffmanCode)malloc((n+ 1) » sizeof(char *)); / A n M EFRBELIBE mE

cd = (char * )malloc(n x sizeof(char)); /) SERRREE TS

cd[n-1] = "\0"; [ RBEREK.

for (i=1; i<=n; ++1i) { [ BAFERRBRERDG
start = n-1; /O RBERFOE

for (c=i, f=HI[i].parent; f! =0; c=f, f=HT[f]. parent) / M FE B FRHB
if (HT{f].1lchild ==¢) cd[ - - start] = "0";
else cdf —— start] = "1";
HC[i] = (char » )malloc((n-— start) x sizeof(char)); / W& i M FRAEHWARSH
strepy(HC[i], &cdstart]); /M cd SH AR () B HC
}
free(cd) ; / BB IESR
} / HuffanCoding

NE 6.12

mWE HT il » M BEAHFER.BE I ABRTABRES. EFRANRBRER
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F HUEXRREDSIRER. EXE 6. 12 P, REIMFHRUBREFABEAHF

PMFEWLEN. GTUNRHUR AT ERARLEN , RBEIH FEERBROEHN
BB RE &, B 6. 13 FiR.

N—-=—-=--- TRIERARTHKREN , RBRERSE
HC = (HuffmanCode)malloc((n+ 1) * siseof(char *));
p = m; cdlen = 0;

for (i=1; i<=m; ++i) HI[i].weight = 0y / MM KBHHHAEZAREEE
while (p) {

if (HT[p]. weight == 0) { /b3
HI[p].weight = 1;
if (HT{p]. 1child 1= 0) {p = HI{p].lchild; cdlcdlen++7] = "0"; }

else if (HT[p].rchild = = 0) { / BiEH FEARHNFHIHD
HC[p] = (char » )malloc((cdlen+ 1) * simeof(char));

cd[cdlen] = "\0"; strepy(HC[p], cd); / AHABGB)
} :

}

else if (HT[p].weight ==1) { / \a
HT[p].weight = 2;

if (HT{p].rchild 1= 0) {p = HT{p].rchild; cdfcdlen+ +] = "1";}

}else { // Hi{p].weight = = 2,58 [
HT{p].weight = 0: p = HI[p].parent; ——cdlen; // BFRRLA.HEKER ]
}¥/ else

}// While

n%k 6.13

RHMTERRSREICPFRHE, AMRE R BEFH R TAEREBFREBET,
HEHTFHARLERBEATRHUNFR. ARNEBARELTR.

Bl 62 EREREEEFRE D RAMH N 8 FFAF, MK 5K 0.05.0. 29,
0.07,0. 08,0, 14,0. 23,0. 03,0. 11, X H H K SR

B w=(5,29,7,8,14,23,3,11) ,n=8, M m=15, 8% bR H i 7T M5 — Ak X B 1t

i 6. 26 Fram . HAMSEW HT MEHRAMBE 6. 27() fin, RAZRAME 6. 27(b) FF
AR ERBME 6. 27 PR,

B 6.26 B6-2HBREN
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HT HT

weight parent lIchild rchild weight parent Ichild rchild
1 5 4] 0 0 1 5 9 0 0
2 29 0 0 0 2 29 14 0 0
3 7 0 0 0 3 7 10 0 0
4 8 0 0 0 1 8 10 0 0
5 14 Y] 0 0 5 14 12 Q0 0
6 23 0 0 0 6 23 13 0 0
7 3 0 0 0 7 3 9 0 0
8 11 0 0 Y 8 11 11 0 0
9 - 0 0 0 9 8 11 1 7
10 - 0 0 0 10 15 12 3 4
11 - 0 0 0 11 19 13 8 9
12 - 0 0 0 12 29 14 5 10
13 - 0 0 0 13 42 15 6 11
14 - 0 0 0 14 58 15 2 12
15 - 0 0 0 151 100 0 13 14
(@) b)
HC

1 {01 1 0 ]

2 [T 0]

3 Tl 1 1 0

o | T 11 M 6.27 f46-2 MFEPNSAH

5 | (a) HT 991

6 LT 0] (b) HT py# A,

7 = () MK EBRP HC

g LT T 5]

~
J
~

6.7 EIWES5HRT

ERFRI R EHY—XR AR BREBRRRBRRORE. 0 mik H AR
BN B 5 A , R 2 4R 08 0 R0 B0 s A0 1 9 35 T, 7 2 ) D K 408 F B R ( Backeracking)
BREARM. A¥EwERHBAAIERN —MHEEF R . CARBIRELR LR 1
EFAT—RREW TR, AR AR R RIT AR AY . 7258 X 78 G 3 8
FANRARBEX A BEMAEHEAIRIHTERBARRT. P TRAME.EF
—AMRERF,
63 REnANENEANTESE.
REANERROAKASA BFETRITARNES. W:.A={1.2,3) M ANFE
(A = {{1,2,3},{1,2},{1,3},{1},{2,3}.{2},{3} .} (6-6)
LR AUAES 7 HN AN RERTHXIRERGBOAIHR, El NS —HE
SHE., BRHEITER—NES CRERZE . RAEBSAPF PR . HIESH
APHA TR BETESGA. RZ-MNEAGANBICEXXEBE - CERERNMHRE . €8
RERNARE . ARBBRELKE. WREFE (AMAKNIRABER KK ES
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A PR RFTRERE GO R,FETLUA—RE 6. 28 Fra s =X W, Rk ER

B 6.28 WMEARELERIETHRER

AR EETEORSEMRE. W HRRESAEREETEONBERE N E) ;0T
GRBRERAERE GNE 6. 28 8 MM FLEERTR(6-6) I (A 8 AT
TS i(i=2,3, . n—DENAEES MNEREHES AFWi— 1A ATEBRT
B/ S A SRS (A L RER B A XERE”) . BHREETENLREY
JoFFR BT X BRI RO R, BN 6. 14 FRHR.

void PowerSet(int i, int n)
/ REnATERHREGDHFRS D), BAREHEHAFIH i- 1/ TRETRS4H,
AOBRAE LN TCRBHTRELHE, # i>n,ARBEEN— TR IFRBZ.

// 914598 B . PowerSet(1, n);

if (i>n) WHBRK—PTE;

else { HPUE i c¥E; PowerSet(i+1, n);
&4 i LE; PowerSet(i+1, n);

}

} // PowerSet

NE 6.14

Xa‘ﬁiks. URBTRHREBEEH . BRUZHRZRAES NURBEHEENEE
6.15 Ff7~ o . :
void GetPowerSet(int i, List A, List &B) {
N/ RUEBABREE LAHRBRAREL WH—ITXK.

/ RERkGEARBGTRBAMMKE., F-RAAXEKH BAYBR,i=1.
if (i>ListLength(R)) Output(B); // #HX37 BIE,. P (MMH—P TR

else {GetElem(A, i, x); k = ListLength(B);
ListInsert(B, k+1, x); GetPowerSet(i+ 1, A, B);
ListDelete(B, k+ 1, x); GetPowerSet(i+1, A, B);

}
} / GetPowerSet

NE 6.15

A 6. 28 FHRETMME—RE _X#, WHEIMH FLERNREBRRBLR P
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AT BE H BLARZS (BP R RB RO A8 ) o AR AR 25 1) R A (20 39 A0 3R 455K A i 85 SR A 2 2R O R
SHAR—REHEZ W . LB P 3R 250 BT R #7407 & o APk
ZERTE.XINHANH FESIRRBEHBRHRERE. IRXAFEHRB\IBRAE
BRRFEAR KA T AT RO P, 768 Pd 2 o 3y £ AR A B RIF I 4 3.
Bl6-4 K4 2FRBEHFTAESEMBUERNG T, KITHE 8 BEMBRAN 4 £
D .
B 6.29 BaARESIEPEBRENEAMBL. XR—ROXH,. W EBIERERR

6.29 PURJE B ERER

— M RBARE-RENAR. RESRFAHANMERS  EE&EREMETF. &
MERIMTHEE 4 NTEFENMNE BEEMNZ HENSEHREB LWL 3 A
W& BEMENMHFBALSEHIT LR T . HEF/ -7 . HER ALK, &
6. 20K a ZAM I FHRBEARTERNGR.
RITBERGEARNWIRAE L RAREFBGTERBHAE 6. 29 WRERKKIRE.
WHPHRS SHBRERHANEE LREECHBI - TEENGR(APEE LREEEL
AP ER R EA R EUERKR BB HEREARFFNOERTH, BIE EH
BZTRRNOGERRETER . E4% WAREH R TFH . BNHERTHIZ. BE
6. 16 9 KFTERGEARNHNBEE:
void Trial(int i, int n) {
/) FHEAFEREE L ZE X n AR - 1ITERBTEARAKEHEOH i-1 MLF.
JRNE TR ENEEM T EESEONE.
A % i>nE, RB-NTFEHR. Wi,
if (i>n) WBEEBHYWHR; /o k i, BN 4 BERHEA
else for (j=1; j<<=n; ++3) {
S LITE JIRE-MTF
if (YR REE) Trial(i+1, n);

O EMHERRE 3 MAREN.
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BEELITE I HOKET;
}
}// Trial

#HE 6.16

Bk 6. 16 Tl — B RME FE R ARE . FPE 6. 16 AT FE % 5 9 ok R A By — MR B 2%, 2l
R W 2k R B R,

6.8 W B I

AFHITHRHH T REBRRER  AA n M RN ARAESHHAZ SR T
A W RO, RS T SR BB

FEVHE SR B2 T S R A R R

BW_IWTHMT MRS S ERNNRE S E N RN R, BENNEL TR
SRR

WX T AT S0 RH: ZEAHE, T LA X 4 5 B 52

ZXH AR R R R AR » MR IR R AEE b,

7 n RN WR T TSR b, =1 W26 =1 R A —MREE S HOH
by =2 1 b =5, ENIMEA S S ME 6. 30(a) FE 6. 30(b) fim. A7 >3 B XM

B

@ b ©

A 6.30 —XBHES
(a) n=2;. (b) n=3; (c) —MBFE n>1

— BT — R 2> 1) AN B — SUR T U R R i — MR — B
M TRA—RAA n—i— 1 M TR R (N 6. 300 B, Hoop
0<i<n—1. MBI FHBHAR | |

by =1
{ - (6-7)
by = D \bi bpiys n>=1
A7 LA R A A R ORI e X @ A K.
Xt 51
b0$b1 ,...’b"...
%E S HE R BB A
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B(z) =by + b1z +b;2" + o +b,z" + o

=2bkz”
k=0
B _
B*(z) =boby + (bo.b; +b1bo)z+ (bobz + b5 +bzbo)22 + oo
o 4
=206k, 02"
p=0 =0
BIEG6-7 ‘
B (z) = Ebmzp
p=0
B8
zB?(z) = B(2) =1
B '
2B?(2) —B(2) +1 =10
Rl _ KRB

B(z) = 1Eyl—d=
2z
BEWJ{E by=1 vﬂﬁ lir{)xB(z)=bo =1
Bk

bo = 128

MA_HA BT
1 * l
(1—42)? = 2[2 ](—4:)*
k=0 | b
% p=0 Bf,R(6-10)HE—TA K 1 WE

B(z‘_:_l_z (— 1)F 1241
2 =
oo 1
=2 — 1)m2tmtlgm
m=0 m+1

1+ 24228 +52° + 142" +422° 4+«
- XTER(6-8)#(6-11) 48

i

2 (__1)n22n+l

n+1 ‘
sz ()

(n+ 1)1

(— gt

(6-8)

(6-9)

(6-10)

(6-11)
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__1 Cw!_ 1 -~ )
“n+1 alnl w1 7* (6-12)

B & & n AN B R = XA O R

RATEFT AN T — Aﬁaﬁ%n‘z@ﬁ’u\l’]@o MN_XHWHRFCE2ME,EE—HB =
MR RNAF R MR FFFIRE—N. Rk, SRS EANNERIIRRERFRS, 88
BRE-BR-XRB? XREHE—B?
B8 S, U RO BT R BT R e U R AR 45 R D, szﬁfﬁ&%ﬁ L, BEREAETFH
R, WELRWETFFIR BT ERLRBD;MB —FE,. B THREEGEERE
EFH LREHER D, BGHEHATH R MBEA DERFFIISBRFAES D
ZHRETFRERMPFFINEDZERATHERNPTRERN. RAX,REBLTF
WH PP P2 S AL AT BT R FIR R AN BAE TR BT B A TR/
HFRFIIMES . MREE.EVBASIBR XN,
Bl 6-5 CHMERMMFFIRMBITFRS5R .
BEFHN: ABCDEFG
HFERFF:. CBEDAFG
WAl R ESRABR N, RWEIRME6.31 fix., HEBMFEFMNENZ

(A) (A)

B ;@a

(2> (b)

P 6.31 HEIFAGE RS E RN LR
XAEGHR A A, M2 F 8894 7 ¥ 5] % (CBED) , E FRIGF R RFFIN (FG) . Rt KB

MEAETFWEETRF RS 4% (BCDE), /A FHH © ©

MR R (FG ., X, THAFNNEFRF .

BRI F SIS A 1974 T8, A TR B0 BT RQ Q@

B AR RS IS A A T ® @ B
LR AR LA T 4 R R R R SR %) 0

BT AHE R XN, ETENE—#, S &

EE T RAANEIES . - o
RATT UL BRI BA » M SR

AN XUNEH., H6.32 EAARAFATHFEREIH_XH

BEMNZXWR n NMERN 1B n MUKRS, BAHFFFIN 1,2, ,n, WHAT
AT A, AR W B R FEFFIARR. mE 6.32 IAmiER 8 MEAN X
B ETTMETFFFIARR 12345678, T () B9 5 FEF1 32465178, (D) B = 51 0
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£1% 0 2,

BRE W[ RRS IF [BRE R | RRE tﬁfﬁ] BRE R

%= k-4 % % %z
1 1 1 1 1
12 12 12 -3 1= 1
123 1 2|1 2 2 '
12 313 k-3 1|23 1% 2
11 2] 1 3]3 2 3|3
k>4 1| % 1% 3 |Z T2 |2 3

B 6.33 AR BT AR AR A

23147685, Bk, R RG-S H XU 030 18 1R RATF SRS N 120 19— UM 57 8678
B FESIBE . T PR B B — MR AR R, U
BT A5 52 T F S HEAR N AR MODUT o2 T 48 S R A9, BIIE 6. 33 o
TRH n=3 R FITE A g — SR 76 Rl BT AR OR A RIS 45 MOKF IO K . i, B
BIJFFE 3 12+ 7 RE78 B89 o 5 P 51 030 E A B0 120+ 325 D O a8 0 1

on RAGHFINEE . ﬁ"ﬁﬁ)&@
dop { % QQO —Ci' = (6-13)

+1

& BB BT SRR .

(ﬁ) g% Cfg “6.4.2 FAE ZXUW M E B AT AT —BR AR AT

§ HBEBE—H—REFLG TR XN, K2

. MBRE n MERERRESHR BB E

6.30 RARFESHRA=y - TRF 2 —1 DERKIAH M =R 3

A#FE. B t,=b... B 6.3¢ RRTHRA 41

SROWARE S NMERPH XWX R. NEFITR, ZRIHEW T RREEFR,
A (OFMDRBREARESHREXFEH P, EMNEIANEMRLN) .

O BHEHHBITRAE 457H.
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M

s17 H

B (Graph) B— AU BNNEN R EHBREH. ERERT HEWTRZHE
NERUXR . BMBETRRE-THENBEN—THEFH ERNBEHRP, BHE/T
RZEAAEABHBERXR HEE—BRENBETRTENT -BEFE I TR (BHE
FHEROMX BREMNE—BP—ATREHIRGELOBAX MERBLEH D HRZ
R ERTURERY, AREEH M RBORZ MR, bk, B ARRS
ZEPREFERNAERR . CBABENET¥ . EBF. U8 A AR TR HE
BRI ER MBI F .

REEHBBERBPOEI T RN, 7606 00N A BB 0 8RR T
WO ELBRE R, BT EEIENFMENLDERE TEORENTHR.

7.1 BEREXFARE

B R—FREEH, I E—HEARAE RWR THRKRBEFERE. ARBERBES
SEXLINT

ADT Graph {
B R V. VRAAHFRSENBETENRS BITARK.
BWXRR:. S
R= {VR}
VR= {<v,w>]| v,wEV H P(v,w) W, w>FRM vE w B,
‘ WHE P WEXTR<v,w>HEXRER )
LA MIE P: ‘ .
CreateGraph(&6,V,VR);
s &V E&ﬁm;ﬁ%,‘nﬁ RESMHES.
WIESGR BV VRHEXHEEG.
DestroyGraph(&G);
MRt - BHGHE.
BIELR - HRE G,
LocateVex(G, u);
MR &Y H GHEE, u M 6 PR A HRIRIE.
BAELAR.ECPREETA WILERZTAAEZBRPNE ANERKMEFL.
GetVex(G, v);
MBREGF - BCHFE VREGHEANTA.
BELR EE vE.
PutVex(&G, v, value);
MEEG - BCHEE.VRCHEITA.
WAELE X v R value,
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FirstAdjVex(G, v);

MEFRG - BGHE . vEGCGHENTA.

BAELER - BAvHE-ITSETR. ERAECHEFSETLE MREREE",
NextAdjVex(G, v, w);

M KRG - ECHE . vRCHPENTRS v £ vHIPETA.

RELER . BE vHHENTVvEO T SETR. HvR vHEBE-THELME

, m“s”,

InsertVex( &G, v);

WG &G B e, v MEAR TS A HRIE.

RELR . EECPHEBF A v.
DeleteVex(&G, v);

MG &M -BCHFE . vRCHFREITA.

PR BB CHRTA v IR,
InsertArc( &G, v, w);

MG RE - HCHFE . vHAwECHPEIIA.

BELR ECPHER<v,w>, & CREME, B BEXHIM<w,v>,
DeleteArc( &G, v, w);

MG R BHCHFE . vAwREGHBEITA.

BIELR A GCPRBRIE<v,w>,% CREM B, NE MR HRM<w,v>,
DFSTraverse(G, Visit());

WG %A TP, Visit RTIA MM B .

BESR SEATERERLCES . ZEIABTHENTERAEARLE visit —K

Hfl—&. —B visitO& MK, W#MELYK,

BFSTraverse(G, Visit());

FIdh A& A4 B G AFAE , Visit TR R A R M.

BELSR NERGT ERERT . ERHLIBRPHNENTARAHEH visit —K

B—%. —B visitQ %M, MpERIK.

}ADT Graph

EEPORETLRESKYETA (Vertex) ,VE G Gy

HWES, H(v,w)EVR, M v, w) T RN vFw

B — 4% (Arc), H#R v LB (Tai) sk 91 44 & @

BANAHEEES VR RFATAZANXE O @r@
._ @‘

W @ (%)

(Initial node), Ff w Jy I 3k (Head) 5} & ¥ & @ ®)

(Terminal node), WA W E B N B @

7.1 E#RA

(Digraph), #<{(v,w) € VR %A (w,v)EVR,H () HEE G5 (b EHE Gy
VR B3 HE, MAXFEX (v, ) REZXHNEF :

%, RN v Ml w ZE N — %Ki (Edge) , i W EFR 6 T 1@ B (Undigraph) , BlNE7. 1(a)
F G REMME,EXHEKITE P, ) MERM v 8w BH— P AERE.

G = (Vi,{A})

V1 ={‘Ul s U2 9y V3 9'04}

A, ={<'Ul9'Uz>’<'0197)3>,<U3,'U4>9<'U4,‘01)}
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B7.1()% G AEEAE.
. G, = (V,{E;})
Hp Vo={v,0:,03+0450s }
E;={(v1,02) (01 »0:) (02 5v3) s (02 905 ) s (w3 504 ) » (05505 ) }
RNA» ZrRBEPHEARE H e BRARMHEE. ETEHTRR.RITFAEE
AR A SR, BE (v,0) EVR M v# v, A FEME e WREREERR

0 Qj—%—n(n—l)o ﬁ%n(n—1)%ﬁ1&9%rﬁjmﬂﬁﬂa%£m-(c¢>mpieted graph) . X T4 [

B e WBERER 08l n(n—1). B n(r—DEARANAHERNERELE, AR
% BRI (20 e<<nlogn) 4 B F Xy ¥ B B (Sparse graph) , R Z 4 W # @ (Dense graph),
ANENARKES 5 EHXHE, XFS B 8080 R E B (Weight) .
HEHAUERN—ATABS - ITRANESRER., XHENHEETKRIN
(Network) ,
BEAERHAEG=V(ENDFG =V, {E'),MRV'SV BE'CE, MG HGH
F Bl (Subgraph) , mJizu E 7. ZE%EB‘J—~1‘*M%

“deves

(a)
W O—mw® ®
:
D W ®® ®
(b)
B7.2 FERH
(a) Gy IFE; (b) G BFHE

StFEEE G=(V,{E}), MEMN (v,v) EE, MHTE v # o B X P &K (Adja-
cent) , B v 1 v’ AI4BEE . 1 (v, o) 4k Mt (Incident) FI A v fl o', RF R (v, o DHTHAA
o $EEEE, TiA v B (Degree) R v HIXBEMAKMEE Lk TDV), HiW,G; h
TR v WER 3. MTABEG=V,{A), MR (v,v)EA, MBHETUK v PEB AR
o A VR v. o, o YHITRA v, v HEBE . BITHA v LB ERKRR v
B X\ B (InDegree) , 383k ID () M v HEHIM M B KRN v Y H B (Outdegree) , iL R
OD(v); T & v B X TD (v) =ID(v)+0D(v) . B, B G, A vy WAEID(v)=
19&”; OD(’01)=29E TD(Ul):ID(U1)‘+‘OD('Z)1):3o —ﬂiiﬂ!,ﬁﬂ%]ﬁi,ﬁ Ui E‘JEE#J
TD(v) , BRA—NHE n AT e ZHBMWE, FHREMT XA

e= 1> TD(v)
i=1
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EE G=V {(EDHNATE v B A o' WER(Path) B— P HAFH (v=10,
Vit s Ui =0 )y FH (00140, ) EEIG<m. R G RAEMA, MBZLRE R,
TR PPN R B vijmr svn)) EENS<m, BBERHNKERBZELWARKHEE. H—
AMRARBRE — TR AR ERREIHF(Cycle), FIIFHAAER BAME
BRAMERRE. RTE-TTHAHEE - TRAZSI  HRATUSAE S H K BBk, K
oy 1) B (o] fi% i fR B3R,

EEXEEMEGH  MRARMATR v BBAAHRE. WK oMoV 2EEN. WEXTHE
FEBFHANTE vy, €V,v, flv;, REEK ,MFR G &% B (Connected Graph) , &
TIMHRH G RR— N EER,ME 7.3(QPHN G NEEEER.BG A3 M EEY
2, AE 7.3(b)frin. Frif il 5 B (Connected Component) , # 1 & 7 7] B # 8% K &
HTHE.

G——0 @ ®
O® | |\©
Om) Omt)

| N N\
(1 K) o %)

(a) (b)

B 7.3 XmlEREEESR
(a) LIHE G (b) G W3 EES &

EMEGH, MBENFE—X v,0, €V, v.7v A v Blv, FIN v, Bl v, BEERK
B2NERGCRBEEE. AHEAFHRKBREEFERSAENEAKEEESR. SlnE
7.1()FH G, ARBREEER.BHECARNREES R, WE 7.4 FiR.

— M EEANERRE- MR EETE. ESEFEPLBHTA.BRERURR—
B n—1&3. B7.5RG PEAEBESBN—BRERN . mMRE—RERM LR
m—%sh, BEWR DT, BAXEZDERCEBHOBHEATRAZAETE XK RE.

® ®
(%) O ©
Ny b C
(—® ® Q
7.4 G HRABREENE B 7.5 G, MR ES B - R

—RE n T HAHERMEENE n—1 KA. WR-ABEHF 2 AMHIMDFr—1 4
HyOMBREEEE, MRELT n—1 FHW—-EFH. BE. A1 FAWER—E

RERK.
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MB-AEEERE - NBEHAER O, HATRWAER R LWR—REEH.
—ANE R ERFREE TR AR, ﬁﬁ@*é%mﬁ,@/\ﬁ/@uwﬁ%?‘ﬁ
AHZHRAE K. B 7. Gﬁfn‘ﬂaﬁ @'J

pfs

B7.6 —AMERABREERZEK

TERTR BB B AR A0 E SR X TFTUR AL B RSB E SMAE” A2 — X
M. E. NERZESEHMNESORE, BFHRRZBAFELFHXRBITLE
B o TS HES R — AR TD AR — A TR BT B REE — TR B —FH,E
—TAMSBEAZABRFERFRR. BATRENE ROITEFEFRRKER
BRI P HE B S GX AN EFIRIA R VR 6. Bk, Frif ‘TR ER A B2 X
TEEXA AN BRI PR GRFS) . R, o XA TUR M BT A § & ST
HB L EXNMHRPARERT B —-IRE L MSER. HRNMTRAHBEIHTHEKX
Fh, AR b+ 1 AMBEANE e M PEAHT A BRI TRE T EERN T —
TRERAE

7.2 BRFHEEH

e 0 T JL A 3 B AR SR T IR T T SCRRURE LA Sh o 4B A LA BI04 B 5
i, B4R o O B AR O FF 190 2 5
@, hFENGHLRER ERFHITA
2 AT B 7 7E 56 R DR M G 0 LA 3008 8 R e 47 B
Rep B BRERTRZAOELR, HEBRA
0L A 1 4 (LT L8 B 4 0 0 2
RRTRZEMER, B—HE, AEERRER
BREAWE, ER—MENLNEARGSEH. W AKX ar
B BB B 48 B R R 1 4 SRR
e — AT B BB AP B DR 015 . 1 6 7
SR 45 1 S B R A1 5 T 7.7 TR B 7.1
A EE G MEMEG WEERR. BR.OT it R
PR e 5 151 BE 3002 A D Bk BE ORI/ BE ®
BT AR E RS % B BORK W DU B4 1 EEEER
EEH IS RBBEFERBET RZERENT o womss & G HZEEE
B BB RO R IR R, X & B |
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RAE, Fk, MR, LA P AR A XS, TARER G BARESE
THBRE, TR SHERENAREN. TRANESER SELERNTFER. T
[ gl N2

7.2.1 MARTE

RPABA S HIFHBRETR (TR ME B ABETRZ MM X R GARID B
B. REL#RMT .

N=-==-- AMBRA(PEEEFHER - - - - -
# define INFINITY INT. MAX [ BKRKE
# define MAX. VERTEX_ NUM 20 / BRBRAK

typedef enun {DG, DN, UDG, UDN} GraphKind; // {F W B ,%H &M%k E, M)
typedef struct ArcCell (
VRType =~ adj; // VRType BDIRAXARALE, MNEXME, 1RO
/ BARHLE X HE WA EEY,
InfoType = info; // BXIMAHRAT B HIIE4
}ArcCell, AdjMatrix{MAX_ VERTEX. NUM][MAX._ VERTEX_ NUM];
typedef struct

VertexType vexs[MAX. VERTEX. NUM]; / BRER

AdjMatrix arcs; /O BEER

int vexnum, arcnum; /B 2R TR S 3K
GraphKind  kind; / BERMRERE

}MGraph;

B, B 7.1 %G, fG, MASEERIE 7.8 FiR. U_BBARTE n M TUAMEE,
TAEM n ATUSRIE BRI n® NI B IS ER . 255% 18 0 160 VR ) 4435 56 Mk RO XAk e , ) T
RAEBHEEO TR BFEAEEN T =AGE L=/ TE.

G1, arcs = » G2.arcs =

O = OO

1
0
0
0

© O O
—_— O = O =

0
1
0
1
1

Q = O
©C O = O =
o O = = O

- HET7.8 EMNEER
B THRERAZAZTERAIMNARZIARETEARIDEE A EHREBED
BRHE. MFLEE, TR v FHERSEEREFE 7 @RE  FDRTRZM, B
TD(v,) = :VjA[i][j](n = MAX_ VERTEX_ NUM)

XtFHEE, S ATHTRZHATSR v ﬂ‘JH&'EOD(v) BiFIHMTRZMATE v; B
AE ID(v)),

PO ) 8 182 56 ] 7T <& S Ay
Wy, j %('U,wvj) ﬁ('y,-,'v,-) e VR
Al4 7 —
1= {2

Bln, B 7.9 S T —NE M AE KSR ERE.
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5 o 7 oo oo
oo oo 4 oo oo oo
8 o0 o0 oo oo 9
©© oo 5 oo oo 6
c© oo oo 5 oo oo
L3 o0 oo oo 1 oo
(a) (b)

B7.9 MEHESPELER
(@ AN; (b) PGS

Bk 7.1 RESBEMEMEH MGraph F X B g M & BAERNTHIELS, ERER
CHMAEAAKHEREE. WRGREXAN, WAMAERE 7.2, HE—/RE n AT
AMle ZNMERMG BB AEEER OGN +e-n), FhXHEFHEEM G. arcs AL
FRT OR)KKE .,

Status CreateGraph( MGraph &G ) {

Vi %Fﬁﬁéﬂ(%ﬁﬁl@)ﬁj‘& HWEHEG,

scanf (&G. kind);

switch (G.kind) {
case DG. return CreateDG(G); / HEHMEG
case DN, return CreateDN(G); ,/ HWEH KM G
case UDG; return CreateUDG(G); // W LHWE G
case UDN; return CreateUDN(G); // #M&E LMK G
default ; return ERROR; :

}

}// CreateGraph
WE 7.1

Status CreateUDN(MGraph &G) {
J REABHAPEER RRE WEXHM G,
scanf (&G. vexnun, &G.arcnum, & IncInfo); // Incinfo 3 O MIBAWMARHMLEL
for (i=0; i<<G.vexnum; ++i) scanf (&G.vexs[i]); / WEHWERER

fur (i=0; i<G.vexnum; ++i) A BIE AR SE B
for (j=0; j< G.vexnum; ++3 ) G.arcs[i][j] = {INFINITY, NULL}; //{adj,info}
for (k=0; k<G.arcnum; ++k) { /O HMESBEERE
scanf(&vl, &v2, &w); N BA—FBKE R TR A R BUE
i = LocateVex(G, vl); j = LocateVex(G, v2); // BWiE vl M v2EGHHE
G.arcs[i][i].adj = w; - N W<<vl,v2>HRE
if (IncInfo) Input( * G.arcs[i][j].info); / EZEWIFHELEL., mﬁ)\
G.arcs[j][i] = G.ares[i][3i]; / B<vl,v2> KRR <<v2,v1>
}
return OK;

}/ CreateUDN

Hix 7.2
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TEX BB Eth 5 T30 7. 2 WHTHI A A ¥, 1, FIRST_ADJ(G, WK v
B AP, W5, B LOC_VERTEX(G,m) B v EE G HHALE, B v E—BH
2 vexs HHFES i, U =W arcs 1 i 1T LB adi BAE R 1" BFATIS
P ER NP - BEAERG FHNE. AE, T SEAEBRGCPHUEREN/
FIZEHE— adj BMER1V"H L BFESS.

7.2.2 PR

B4 | (Adjacency List) REM—M@EXFHENH. ESERRP HEFEIHR
By —ARER,E NRERPWNERBREM TR v A IAEMBERUTER v
RRBI) . B A H 3 MREAR, HPSELR (adjve) HRSFMR v FEHSER
AR, B8 (nextarc) TR T —FA B IR L5 s 3 3R (info) 7 BE M BIRM R M (5
BouniE%. SR EMR—ARKER. ERLERT, BT BH & (irstarc)
BEBERDPE-NEEZIN BREFHETSR v 2 REMAE XE B KR (data) .,
W BTN

RER | LER
info J | data l firstach

I adjvex | nextarc

3 e 3 Sk 45 AR CFT LAGE AR 320 38 LABUF 25 TR A7, LU BEAL DT RAE — TR RO SR
Pl 7. 10 ML FIRSFIHNE 7.1 8 G, MG, WPHEER., —MENSERFRE
gz AL R AR

f===-- B SEREMET - -~ - -
# define MAX_ VERTEX_ NUM 20

typedef struct ArcNode {

int adjvex; V% AL V=Y kA
struct ArcNode * nextarc; /) ¥giE T — R IR B HE &
InfoType * info; /WA XA BRI 4
}ArcNode;
typedef struct VNode {
VertexType data; A TRAFER
ArcNode » firstarc; /15— AR B TR B IR 4 4
}VNode, AdjList[MAX. VERTEX_ NUM];
typedef struct {
AdjList vertices;
int vexnum, arcnum; VAL e
int kind; /BRI EIRE
}ALGraph;

EXRERE n AT e KL, B HPBERE 0 DXL AR 2 PREK. BA,
2o (<20 IR T SRR ERE LS RER T A MR, B

REESREHELIIL.
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n] 2] 3~{1Tr} EXFAEHFERD, TR v BE

[}
%A W i AR R % S T A [
FEaEEnn LB AERTREANRART
sLu] F{o]n] - v WO R RS 0 0 R
@ Pk, TEHA SR IASE AR
MERNDE B i AN RRTS v AR, A

Bl o] F={2[F—{olr] W ATETHEWSAHAERUATA
Bl ={ o] ] T{a]al v RksyiK, o7 LR — A fal A 5

W N = O

Bl =2 F={ oA} SR MM EANTE v B ER
%| {2l F{1[7] Bho: h3k IR A%, BIINE 7. 10 (o) fF
b ‘  FRAEAEG WHBER.

o[ n] F={3TA] ERYSERRLSERN,ERH
1| At oTA) AMBAE SN A TRANSS, W
2| | <=l o[A] ERMREIERE N Onte), B,
sl n| S 2TA] FEBAERA BB EEE S

O B2 UNEIEREHRN O e),

EPEREFEGRIE-TARNE
B 7.10 BERMBEEE
(a) G, MSBER; () G, MBER: (0 G RBSER —DPEAMT — PR ARA
HEBEBNTUR (v M) ZEREA B K
WAHE,NFRERE P HE MR B ARSEEEHE.

7.2.3 +RER

13K (Orthogonal List) & [0 B K 7 —MEXFHEEH. TLLEREEA HE
MBEEMEBERGABRKRBIN MR, E+FRERP IR THEOBEPE K
BE-NTELMETHEIRAAEE MR XEEL[NEWN TR

L WRE R

lTailvex headvexl hlinﬂ tlink ] info J [ data firstin | firstout

TEZE SR A 5 AR PRI (tailvex) #1338 (headvex) 23 51358 75 JE B I 3k X A TH
HEBEPFHAE, % hlink MK HARNT - R0, S dink FEmMIMEMHBKT
— %3, info ML MRIMMMHRGELE . WLHEMIKER —F L, NEHMF# IR ELER
—fExRLE. ENWAERMATAE S, B8 3 MEAR K data BFF M SHER
BE B, TR A BB FRSE s firstin F firstout Ky B A, 40 F148 7 LIZ TS A LSRR
KB~ S. Bl B 7. 11(@QPREN+FHEROE 7. 11D IR, EHARE
MBBRESEETERRBHEERENS N+ EERUITUERREPSRERNERTFHEEN £
AW+ FEHRP.UMERTENRREBRAER . FRZRAHEAMUEEBRER, A —E&
HEFEAR . ZLEANRAERENZEARRERE, M RMUFFHE.
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L] CLLT-CELT]

C D
©

O CR ENESEOAES
w UL T eleal ga[a[a] 3 s[e[ala]

b

711 HmEN+FER
A BN+ FHERFERROIEX BT R

H—=--- AOBEN+FERFERER - - - - -
# define MAX_ VERTEX. NUM 20

typedef strict ArcBox {

int tailvex, headvex; [/ KIMKBMLTAKAE ‘
struct ArcBox # hlink, *tlink; / 43 9 k4 [ #0902 A 5] At 90 it 4 3R
InfoType * info; T/ BWHRE RN

}ArcBox; '

typedef struct VexNode {
VertexType data;
ArcBox » firstin, » firstout; // AR MZTEB —KANMEI

}VexNode;
typedef struct

VexNode xlist[MAX. VERTEX_ NUM]; // FkmiE

int vexnum, arcnum; /A T P X R TR SO
}OLGraph;

RESA2IMTRANERN: FANER . EUETZAMEBN TFER . HBEEW
B 7.3 iR,

Status CreateDG(OLGraph &G) {
/ RATFHRESTRR, MA@ E 6(G. kind = DG),

scanf (&G. vexnum, &G. archum, & IncInfo); // IncInfoR O MBMASHMEES
for (i=0; i<{G.vexnum; ++ i) { / WERERAE
scanf(&G. x1ist[i]. data); / BABRHE
G.xlist[i]. firstin = NULL; G.xlist[i]. firstout = NULL; // #¥1i&4k#% 4t
}
for (k=0; k<{G.arcnum; ++k) { / BABWHMETFER
scanf (&vl, &v2); /WA FRABRAER
i = LocateVex(G, vl); j = LocateVex(G, v2); J REVIMM 2 EGHMNE
p = (ArcBox #) malloc (sizeof (ArcBox)); / BEBRBZSHE

*p = {i, j, G.xlist[j]. firstin, G.xlist[i]. firstout, NULL} // X}30%5 5 BME
// {tailvex, headvex, hlink, tlink, info}
G.xlist[j]. firstin = G.xlist{i].firstout = p; V RBREATAMHIMELATFA
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if (IncInfo) Input( * p—>info); / BERTEMEER WEA
}

} // CreateDG
wix 1.3

ETFHRTRAZHREL o AR LEZRBL v ALK, BTES KA
HRMHEEMAE(BRTFE, TERBL T FHEIRNFANRE). AN, dE8X 7.3 750,82
MTFRRNNEEAEMBEISERRMARN. EREFEOERNHAT, T FHRE
REAKHIA.

7.2.4 HESEE

B3 % M* (Adjacency Multilis) BER BN S —MEXGFRHEHN. BRASEERR
T B — R MG ERERT AL RBTAAANEHER. BR,EH
BEFE—FA vHoy) ARG ER M MERP, XAFEEORER
RAE. Bl F L E KN AR RBEX L HTEARE, X ESERENAEL
SRMBR— %A%, AN TERIRRA-FAWENER. B, EHTX-RKBREY
EEEREERRABELEREFHEENEREE. |

PESERWEMN+FHERRY. EERZERT 8- RUA-ITERERE
BT PRI 6 MREAR

[ marki ivex Lilink ] jvex i jlink ] info l
Hr,mark FARER, THUBICEEAREHB R s ivex M jvex K ALK M B
TR EE WAL E silink 3818 T —FMKHF AR ivex B3 ;jlink 15 15 F — &K M F A
jvex ML, info R E UM RN EMEENEHR. BN TREA-ITELER.E
B 40T BT B A S A

data firstedge

Hf,data BAFREFZ TR REE B, firstedge MR E — R KM FHTR A 5
W, 7. 12 FinAEREG HPEBER, EREZERT IEKKTR-TEMH
BERER—EXRD A TERLKBFRAIARA, WS AL AFHERER I MERP.
AR, MEHEMNE,, HERZERMSERNEN, MNETR—RAEBSEXPAR
MERER, MESEZERTRE-IMER. B RTEALE K PHM—MEE
AN BEZERATOEREMSERER. EPEZERL  SHERBIEN LI IRM
MERAM. BEBERPOBRFEHAMT .

VEREEE KRB S EERREEET - - - - -

# define MAX_ VERTEX. NUM 20

typedef emnu {unvisited, visited} VisitIf;

typedef struct EBox {

VisitIf mark; / PEARic
¢ 166 -



e

] ! 1
A

4 = Lol (ol [olas]a]

VZ —d

= =
al =L D] L=l ]s] ]
[1[a] [ ]z]afe]na] -

]

[0 ~)

Kl e

B 7.12 EREG MEBELEE
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int ivex, jvex; A B A TR A R
struct EBox # ilink, # jlink;// 2+ 345 BKEXEATUR T —%&4
InfoType * info; /N BhfE B g

}EBox;

" typedef struct VexBox {

VertexType data;

EBox  » firstedge; / HEE— KB TR A A
} VexBox; :
typedef struct {

VexBox adjmulist[MAX_ VERTEX. NUM];

int vexnum, edgenum; /1) B 2 TR R 3
}AMLGraph;

7.3 B MR B

MR EEA LA ER, RNFENEPE-—THAHRZEBEDPHATS, S —
AR BT R — K . X — 33 72 5K Y 4% BB #4938 B3 ( Traversing Graph), B8 B &2
R R E YL R IR IMEE AR L BB R SR R,

M. ERRTEURRIERBE. ENEANE TS TRAEANTAHE
P& FTUAEDHETEANADEZG THTEEABRBERZE, XERZEA L. A
B7. 1T Gl FERPFEE, BRAENRT visvovu ZEEEN (v, X
AR v, ATHEFR—-TEBEHRISK.ERHEN TR, LFCTEICHR
WRTHR . ML, BATAT IR — BB visited[0..n—1 |, EHVIHBEE N B K F
F,— By TR v R visited[i] " A8 MBI OKFES.

BEEERFETEABRE FERERERMN BERERE. B EOEME HE
#HER.

7.3.1 FERKERR

BREAL 8 R (Depth First Search) i@ HE LI TR ERBH . RERWAEHRBHY
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i A

BEMBEREREFHATARG U, WRERCHERTABFENTE v &
%, Uil TS REREKM v IR BRI NSESHREEREEIE, EEBSDHA
Moo A BB TSRS R B F R B EE AR, B EE P - R Y
B TR B ERER, EZ AR A TRBE I EBAE.

UE 7. 13() R EHEE G, I, FERERRRFTENTEWE 7. 13(b) IR,
BERNTE v HEFHITHR . EHRITHA v 25, BBXER v.. BN v REJHE,

B 7.13 BAEEAITE
(a) BB Gy; (b) BEREHENIE; (o ITERCHEHRNILRE

MM v, BERBITHR, KKK EEM viovsvs BEBTHE., BIHRT v 25,8
F oo AR SR B, W RE D v, A TRENESG, SREEED v,v, BE
o BB BT v, B9 — AN A RBT, MB R XM v, B v, BASHT FE. Bk,
BRI SFREFFR .
V) —> Uy —> Uy —> Vg —> Vs —> U3 —> Vg —> Uy

BREE-ABEHNSRE. ATEEFIBRFETFRAMAETCHITAE, BHE
PIFIR &R A visited[0.. n— 17, HAI{H N “false” , — B 34 TH & B 18], ) B4R B 19 4
BR“rue”, BIMERBEBMELE 7.4 M 7.5 i, o w=0 FREFEESBES.

O BB LA LT RN R I T R, LA#%%B‘J&%%T@ME‘J%& HeehEERREH
iRl B 4R R KB B R oR DT R 4R .
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J-—--BETLAHMISERANSRTE ———
Boolean visited[MAX]; /iR B YA
Status ( # VisitFunc)(int v); /) R R

void DFSTraverse(Graph G, Status ( % Visit) (int v)) {
A XE GEEERBE.
VisitFunc = Visit; / FR2FRH% R VisitFunc, {f DFS RO B &4 S ¥
for (v=0; v<{G.vexnum; ++v) visited[v] = FALSE; / if[EirEAMiGi

for (v=0; v<G.vexnum; ++v)
if (lvisited[v]) DFS(G, v); // Xt ¥R {yEATH & @ DES
}

Wik 7.4

void DFS(Graph G, int v) {

A EE v AN TR AR H 53 U5 b YR B AR S8R B I 6.
visited[v] = TRUE; VisitFunc(v); // {5/ v MNTHA
for ( w=FirstAdjVex(G, v); w>=0; w=NextAdjVex(G, v, w) ) '
if (lvisited[w]) DFS(G, w); A X v BRI R R 4B T AR w518 A DFS

WiE 7.5

o ERE, R R, AP SN K ZLEA—K DFS &3, By —BEA
TRBERSREHHR, RAFNEHRH#TEER. Fit, 8HEKTBRLHK RS E,
FRERASESWLE. HERNNENBRE TR ANEHEN. YE _fKHax
AP BREREE N ESEHN, ERE N ANBELTRNEN O?) Kb » HE S
DR, MYLUPRREENFEEHN , RPEEFTERESD OCe) , Kt e HEHE
PAMBRAE BRI, Bk, MR REFMES W, BB S48 K8 E i
BIEZ&EN Olnte),

7.3.2 "ERAERR

I" B4R 558 R (Breadth_ First Search)ii H A FHMHEREF BT RE.

BEMAEFRTR v R, EWRET v ZFERKVE v BHESRG DR HPEA,
IRJE G A DA 8 B R R YR B AT ) 4B A, 3B SR U TR B TR B 4R B 47 S
FJa B (] B0 TUR B 4B 8 RV BV e, B 28 1 o BT A B B T A T K, 0 4 8 S5 R B el
B, EUCAE P YE AR, WA EE P - M RY BT RN TUAEERS . EE L
REE.EEEAFHTAIRBBEHRBNE. BAER T EREERETENTERY
v ABRBA HIEER KRR o FBREMEERBKER 1,2, KA. Hl, %
B G, #17) BERERRBHHLBRME 7. 13 iR, BEDIE v fl v, WPES v A
vs,y%lﬁf&?kiﬁl'ﬁl Uz B‘J@Bﬁ,ﬁ vy M vs K vy BISBEER vs Fl vy yBaihim v BABEER s,
BT XSRS RS E BRI LB DA AR, B R T EEET .
BRI TR AV 5 R

L4 U ~> UV > V3 > Uy > U >V >V > U
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MEERARREL ERFHIRTORE—MHRGERA. 3#EB, 5 TIKD
BB RRKER 2.3 KR TR BRI UFHEE BN RKER 1,2, - BT XK.
IR Sel F B I Bk 7. 6 BT

void BFSTraverse(Graph G, Status ( * Visit) (int v)) {

A T ER RS E G, BT O i FIHR R A visited,
for (v=0; v<<G.vexnum; ++v) vigited[v] = FALSE;

InitQueue(Q); / BB Q
for (v=0; v<G.vexnum; ++v)
if ( lvisited[v]) { /v ERVIR
visited[v] = TRUE; Visit(v);
EnQueue(Q, v); /v ABAF
while (!QueueEmpty(Q)) |
DeQueue(Q, w); /AR TGRENAFBEN
for ( w=FirstAdjVex(G, u); w>=0; w=NextAdjVex(G, u, w))
if (! Visited[w]) { A w g u B M SR D ) B 4R B TH A
Visited[w] = TRUE; Visit(w);
EnQueue(Q,W) ;
y /if
}// while
Y/ if

}// BFSTraverse

HiEx 7.6

AN ERER . BITHAESH RS, 85 E SR LE ERET HRIMIRE
BERKITR, Bl BN NRBH AN EEXEMRERCERETER, HERR
| Z AL OUAHE TF X T R 0 B R R

7.4 PR A R

FEIX — 45, BRATIHE 8 B PR B B SR A I o 2 38 4 [, 34 30 B /MR A R
DREZFEHSEFMENSFHENTRENRXER.

L 7.4.1 RREMNEESRINERR

XA E#AT R, X T EEE RN E P E—-TR R, #TRERERR
BTEREER @ RBEPAATA. MESEE, WEAS TR B RHETHE
o MB —RKAN—IHHRERAHRETRRL B S BB O TA N EFIR RS &
EARFHTEAE. OlIU.B7.3 PG RIESEE,ZRE 7. 14 iR G HEERE
FTHREREHRER,.3 KAA DFS 2B (G NATA A.DM G HRBIANTRHNE
2IbR ‘

ALMJBFC DE GKHI

E3PTRESTH I EFERMTXERSNL - EHRTEEEEG B3 MEE
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—
[

IR IS F I RIEIGIEFIRIEI RS
]

I
™

B 7.14 G HPER

B HIA.

Xt FAE A B, 8 S B P A TR
KSR A8 B e i — B R TR
AR X 8 i T A B B A R A R
BEEE AR, B0, B 7. 15 () BiR
R Gy BB AN, B 3 REE
P Se A R A

BB LA BT L2 B R AE A AR PR 77
LM, B L 7. 7 4 Bk % 8 B A IR B
fh e LR MK, o R DFSTree o $INE 3
7.8 fim. BRERT.7T WNRIENE
58 Fi FE ]

void DFSForest(Graph G, CSTree &T) {

/ BBSLTI B G AR BE AR S A AR AR
/ BIDBTF R RBEET.
T = NULL;
for (v=0; v<{G.vexnum; ++v)
visited[v] = FALSE;
for (v=0; v<{G.vexnum; ++v)
if (lvisited[v]) {'

p = (CSTree) malloc (sizecf (CSNode));
#p = { GetVex(G,v), NULL, NULL };

if (IT) T = p;

else g -—nextsibling = p;
q = p;

DFSTree(G, v, p);

A8, E 7. 3(b) iR,

REGHNEEE G PRELNES,
A B b — TR A R T R, 0
EGHBRFANES TG M BGY, K
TORBHFEALABRTHENANES;
B(ORBERKWANES. BER. T(GOHNHE
GHHATA—EHRERRG Hk/DE
BFE.EZB7.INTHEL, EEEABK
— BB, AR REREERBIN
RGBS B BT R B RE RN
SRR e AR . BN, B 7. 15 (a) F
(b) B 743 3 i B B G, RO BE 4R 6 Ak B
M EREERN BPRELXNES

Q

(c)

B 7.15 A R A BB AR
(a) Gy BRI R ek IR W 5
(b) Go WT™ FER G LA 5
(o) Gy BT %4 RAEMK

/8 v TR R B A A RS R
/S REARES

/) BEERRIE

/ RFE—BRAE AR AR (T B4R

/R At AR AR (T — BREAR Y “ L35 ™)

/a8 B AT A R AR
/] BSLUA p AR A A
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} // DESForest

Wix 7.7

void DFSTree(Graph G, int v, CSTree &T) {
AMNBE AR RFEERERFE GBI THRYERN,
vigited[v] = TRUE: first = TRUE:
for (w=FisrtAdjVex(G, v); w>>=0; w=NextAdjVex(G, v, w))
if (lvisited[w]) {
p = (CSTree) malloc (sizeof (CSNode)); // AEMBFH K

*p = { GetVex(G,w), NULL, NULL };

if (first) { N W v REV RS ET R
T->1child = p; first = FALSE; / BRBBWEBZTFE R

Y/ if

else [ w R v Bt R BT A A SR TH A
q->>nextsibling = p; N RE—-PEVEMEARER

}// else

q = p;

DFSTree(G, w, @ ; A ABEeATRHRRERCRIEGCELFERW q

/R
} / DFSTree
Wik 7.8

7.4.2 FREMBEESR

RERECHERRRENEANBEESBN NN ERT . BEUTFERER
i E RS IR EE S BN S BT .

(D EEREG L AEANTREREUZTRNBYIKHTREREHERER,H
BHFAESER NS REBER (BB HE DFS B WIAFEE T A EX, Bt
7.3 1R MEBEMT R RSB Y : (2) FEFF A DFSTraverse R ¥R H JE#1THEE R
$AL, BIFEA O Abfm B count=0 KiF4); (b) 7EiR i DFS RPZ AW EZRB RN TR S
PBRES — B ¥4 finished vexnum]H, Bi 7E DFS ¥ &R Z g ik finished[ ++
count]=v iEAH],

(2) EHME G L, N8B /5 58 B8 BT A (B finished[ vexnum — 1] 51 B TH &)
BB LA TUR A Sk B IR 0 B R B AR e RSB T » 5 O YR A BB 15 [ B A [y B o
FATA AR THRESATFREZREROBAIATAE R REESHHEERELR
WP ARR A, EEAR M E A TR AR 2 N1, e @ DFSTraverse if &
eI F ek R P E Z MEFRBANARKZAFMBH v M finished[ vexnum—1]Z fin-
ished[ 0],

B, 8 — I DFS e BIEER BB G RBINTEREEREWE G F—1
BEESBNTIRE. '

BULIEE 7. 11 B R 60 16 B AR TR v 5 R A VR BEAR SE 48 3 i , 48 8) finished
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HATHTAESH,3,2,0); MENTA » &kﬁiﬁﬁﬂ@ﬁ)ﬁﬁt%&?ﬁﬂi ﬁﬁ]ﬁ"
TR (v svssv ) Fl{v)  XRBZAEMENFHANREESIBENTRE.

ERREBEEFIBRME - HELAN . DRE—-ITEEEG,, & G=(V,{AD), ]
G =WV {A D MNTFHAE(v,v) €A LE(vv)EA,. I G FHAEMG FHHRK
(2 EFRME G TR finished[ vexnum—11H RERER G BB G . 7 HE
H.EG FLHBREREERTIARTE -BEHHTAENNIC HEEBEFI BN
RE®,

B, PP 57 R 58 % 18 4 B 9 e U 2 4 AR R T AR D

7.4.3 B/INERB

BREE 2 MBHTZEBLBEFEKREMN, WEE 2 MBHTRATE—1 £, X
B, HRASZRXE—~TRE, M ERTELRWITR FELXHEREN.

EEWMNEHZEEHATLRE - KRB HNBREMNE—EHEFRAM. n MR
MZE, REARERE n(n—1)/2 ZEEE B4, A EXETEBHRBEPERE —1 5%,
LI SRR R DR

A LAREERRRR n DT K » AN BT BB E 0B 5 R, Hoh A TR
AW GARTFERT ZE LR, RTAWBERRHEMYARM . T n NTEKE
WA AR EARRMERRN, B—RERMBETUR-MERFM. RE RNELE
R — R B, W RS FE R B, X Ia) Bk R ¢ 1 7 3 N BN A AR
(Minimum Cost Spanning Tree) (ff#R G B/ANE BB I RIE . — R4 B B0 st 2w
&AM ZH,

MES/NMMENTUAAEEZHEE. KPSEEERNAT 8/ B T 5 —F &K
Hd MST R B N=V(EDR—1TZEEMN.URTSAEVH - ITESTFE. &
(wy I R—FAABR/MERMO I, P uecU,ve VU, NLFE—-BLTH (4,
v R /PNE B,

AURARIERIERZ . BEM N fEA—RENEBRHBEAELE (o). BRT R
HEEM R —R BN E B, K0 (w0 IMAS T et 4 SR 8 E S T PR
—%BEwOMEE., F—FE. BT TRERKN  NE T EOFES—FH W YD),
HpueU,deEV-U,Bufu'ZHE,v Mo ZEHEBREME. MEHG ), E]
W ER AR, ARSI -RERK T . BN LoOBRRHAET W), 0 T HR
MIBEAREF T, T BAE (uw,v) H—BREB/MEBRN . BB ETFE.

% B 4% (Prim) B3 A9 H ¥ £ /K (Kruska) B 3 B % N FI B MST o4 Rt & & /M E
BB B,

THENEEEBERE.

Big N=(VAEDREEN, TERN LB/NEBRWPFINES. BENU={w}
(W €V), TE={}F1g  BEHIT TREBIE . EFA u€U,v€V—U i1 (u,v) EE B
— &R B/DA (w0 »v) AR TE,F# v, FAU,BEE U=V Hik. WA TE #
BEn—1%H,. 0 T=(V ,(TE}) R N HB/PERK.
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RHERX DB EERHE— BB A closedge, LHIEFEM U B V—U 25 &/MH
M. MEMEL v € VU, EMBRAPHFE—NHND & closedge[i—1], ERER
AL, K lowcost 8 BRI, B, ,

closedge[i—1]. lowcost=Min{cost(u,v;)®|ue U}

®H0 040

(0 ®
(@) b
ON )

® ® ® ®
@ (e)

- E 716 W EME R ERDERA TR

vex BAFME A EM HTE U ch a0 TA . BN, 7. 16 FRom i B 0 30 v Hy 7% 00 B9 — A58
B/ IR B i R, 7 M7 A R P A B M o A A B B S AL AN 7. 17 BRR . WIRRE

: 1 2 3 4 5 U | v-u | «x

closedge

adjvex v, v v, {vi} {v2svss 2
lowcost 6 1 5 ] Vy s V50Vs }
adjvex Vs vi Vs vy {viwvs) | {v2ovys 5
lowcost 5 0 5 6 4 Vs 'y Vs )

adjvex vy Vg V3 {vievss | {vasvy,
lowcost 5 0 2 6 -0 Vg } vs } 3
adjvex vs vy {tvisvsy | {v,,vs} 1
lowcost 5 0 0 6 0 Vi oV}

adjvex V2 fvivvs, 4
lowcost 0 0 0 3 0 Vg sV, o V3 ) )

adjvex V1 9V3 Ve g

lowcost 0 0- 0 0 0 VisV2sVs} 0

B 717 B 7. 16 MR B R o B ML o 4 R 0
Byl F U={v}, W8 VU PETHENBR/NAO.DIMKHFIHA 1 & &0 9,388

— AR B/ (o sv0) = (1,3) gt BB b BIEE — &1, B v (=v) FFAER U,
RIEBRHBBATHE. 55K closedge[2]. lowcost B0, IARTAA v, B3 AU,

® costCu, VRFABFH(u,v) BII .
o 174 »



RIS 81 T3 (s o 0,) EBIAUE/NF closedge[1]. lowcost, M B & closedgel 173 #1645,
v) BREAUE., FEBY closedge[41H closedge[5]. K%K, R U=V, @Y=
BYWARTMAPEERE, HAR IR AZ A AFEN D E LA R TS AME
(INT_MAX) , ¥ HIBEE B 7.9 Fimk.

void MiniSpanTree. PRIM( MGraph G, VertexType u ) {
/ REEBAERAE o MR HEHER G HBR/MNERN T8 THERY.
/ RFATASE US V- U MR B B B E X -
//  struct {
YA VertexType adjvex;
YA VRType lowcost;
// }closedge[ MAX. VERTEX. NUM];
k = LocateVex ( G, u );
for ( j=0; j<<G.vexnum; ++3j) VA& )ik &Lk T
if (j! =k) closedge[j] = { u, G.arcs[k][j].adj }; // {adjvex, lowcost }

closedge[k]. lowcost = 0 Y B ,U= {u}
for (i=1; i<G.vexnum; ++ i) { / EERA G vexnun~ 1 AT A
k = mininun(closedge); /) ORE T T MR kTR
// B} closedge[k]. lowcost =
YA MIN{ closedge[v,].lowcost | closedge[v,]. lowcost>0, v, EV-1U }
printf(closedge[k]. adjvex, G.vexs[k]); V& 1341 0h
closedge[k]. lowcost = 0; JBErHREHFAUVE
for (j=0; j<<G.vexnum; ++ j)
if (G.arcs[k][j].adj << closedge[j]. lowcost) J BHEHAVGEHEER

31
closedge[j] = { G.vexs[k], G.arcs[k][j].adj };

}
} // MiniSpanTree

nx 7.9
M, 5t 7. 16 M, AL 7.0, BB HERKER S ZHH: (v ),

(U3 s06) s (s »0s) s (U3 »12) » (03 s05) } 6

AREET.9, BEMPE 2 MR MBI RTVRAWBIFEAIRER n. 58
ZAEREBERRFER n—1, HPEBHNHFEIR . H—RZE closedge[ v]. lowcost F13K
MELHBER n— L, H-REFHEZERE /MM, HEEN ». b, BEWEE
BB B R EH O(n®) , 5 M R RYA BT X, B 3B A TR D T80 B R B/ AR .

MREESHFRERRBHER, EWEE&E R Oleloge) (e MNP HMEE), Hik
EENTFEEBEENE. &4 TRAUBA LR BN ERR.

RBNMRREENTS —BRERFYBENERWN. BIREEN N=V{ED, 4R
MNEBRMBEREIRE n T RAMEAWEEFEBR T=V,{H,BFEITHLER
—NEESR, £ EPEFERMBEDINALEZHRBHESAEE THYARANEES R
E A MAR T, FUEEHATHEET —KRNB/DBH. KREEEET
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FHEATABER —EES& LRI,
B, @ 7. 18 i RKBREH FREENE—RB/MNEBMEKIE. RO 5K

@‘@ ATRLS:

B 7.18 RBNRREEMNER/M RN LE

1,2,3,4 I 4 R0l TR LR &4, MEBBMAR T H .80 H 5 BRKA (v 00
v, v PER. BHEINEKBHPBRER —EE87BE. EMENMA T F, W&
T e A [ g T F — /AR (=5) B/ Cop v RGN E BT B WA IA T,
1 4 3 R — AR /A SR

FREEZEEN e FNETH—WBELUS 9 TN BB RFF B+ 834, 0
FREFB/MAM AT Ologe) BBt Al (5 —K T O(e))e XERW T 88 %EE
SBUBRRE—NEMIKNHE TWAFHLHIBRUTRENRKIR, 7]
EALL 6.5 45 H A R #9 MFSet RERHR T, M1 T KRBT O (eloge) By 8] , di I,
W RRE LB R E R BEHR Oleloge) .

7.4.4 XPTAMEZESR

BEEMEZTA o UEM v MABWEOZE HEN - EES 2B RFE R
B R E ', MR v B % E B — X ¥ & (articulation point) , —M&RE X
F 5 % 38 R 9 B B 7% 7% B (biconnected graph), ZEEEEE L, & — X TH A2 0H
BAOFERRER, W78 2374 TR D RAK I T TR A 530 B AR B B9 S 1 .
EEEEELEPHE AT AERFREREEE, WREENEBBEN k. XTR
MEFEEXRFPAREZNA. BR - ANRAEEHENENEEERR, KRG
B, LB A HARERE PSP RER BAEERERIER T/E; X, — M=
MEREEEN, N YSRERMEE RS REE XA, KE 050 5 B8 % L8 E T
1B, ZF KL BB XBEBR T HEEENE, MEXLETHRBNFR
ToENTHTFHNEBAZER . RZ . ERSF P . EERBRUITNERR  UFEFHLEH
M B 15 R BPRT

B, E7.199EG 2EEE ,EARESEER. APE 44/ XTRAB.DHG.
EWETRR BURFEKMIR B 3,6 RB4ER 3N EESPR(A.C.F.L.M,
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JYAG.H.I.K)FI{D.E}, %, EMETE A KD KRG UERFEKKF MG,
B Gy B4 B R E A, o 0, 6 SORREE
FAREREGRETREEMGLT S FEETHHERSEEEEN,

B7.19 ®%EEGs B 7.20 Gs BBRER L RM

7.20 FIAR AR A B R ERSCHRE B Gs FT8 WE R 56 E Rw, B 5 sk
SKFFWIL L BRFOR B (AR R LD . MR E-HR o MH . REFER
AEEZRERBNBEL MEICES AN BN RENHALESREEZWEERE
BB A . B BN S 4 RN AT A8 BT SEHT RA

(D) #4BMHRAFRRFERULRTFR WRTED A XY R, BYEFR
FERR G A G F W BUR 30, B b, B M R W BUR A U AR R A AR bk . B 7. 20
FRTHA A,

@) HEEBHFREANEHFRS o, AR THEORM TR PR MAE A YBAERRA
v WA EL, W v R R BN E M o, W74 A i At 8 43 35 4 I F R
e 7. 20 FE TR B.D G,

# %1 B Graph= (V. {Edge}) B3 & Sl [Fj it i) 15 5] s X visited, 351 A—Hi i o6
B low, Ml — WK ER AR BRI ETRGEBEFFENFTELXRT L,

SE S visited[ vy B8 B AR 4548 8 I % 8 A R S R TR v VIR 55 58 )

|wRTR vERBREERN LHBETFER;
k BA v EREMREEBA L b FEABREH
low(v) = Min< visited[ v],low[w],visited[ k]| | B4 K ;
(v,w) € Edge,
(v,k) € Edge,

EXTFRATR o FEETER w B low[w]>visited [ v], M E TR v BAXRT K. BR
Y w R v B TH R low[ w]>visited v], B w REFHHERE M  BHE K EL.
HE LA, visited vIEBI N « EREREERWBAHFFIFRES, RBH
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DFSEE P LW A FELA KN visited[ vy ] = + + count (Z£ DFSTraverse 1 & ¥ {H
count=1D) BI ] ;low[v]TT i /G R REREEBRWRE, T o ERFFIFHKFEM
i F7 iR Hf DFS BN RFHER, HItBRRER B REHWEEETRAIRXTA
MR TR (LB 7. 10 fIB% 7. 1D,

void FindArticul (ALGraph G) {
/ BEEECUSEREAEEN ZRFBHCLEWRHA. £/ coumt
*F U5 ) 34
count = 1; wvisited[0] = 1; /) RESERL O STRINEBRF IR
for (i=1; i<G.vexnum; ++i) visited[i] = 0; / HAK|TWAMK UM
p = G.vertices[0]. firstarc; v = p->adjvex;
DESArticul(G, v); A ABvIASHEAREREERXTA.
if (count << G. vexnum) { J ERROBEERLHRTH
printf (0, G.vertices[0].data); / BEXV&H . BB
while (p —>>nextarc) {
p = p—>nextarc; v = p->adjvex;
if (visited[v]==0) DFSArticul(g, v);
} / while
Y/ if
}// FindArticul

NiEx 7.10

void DFSArticul (ALGraph G, int v0) {
A ABEONTERHEAREREAGE G ERIFMUHXTA.
visited[v0] = min = ++count; // vO R count AUIE M TH A
for (p=G.vertices[v0]. firstarc; p; p=p-—>nextarc) { / ¥ v0 HEBIMPEREARE

w = p-—>adjvex; /oW vo SRR A
if (visited[w] == 0) { /owRGHE, R v0 BT
DFSArticul(G, w); // B EIRTR B low[w]

if (low[w] < min) min = low[w];
if (low[w] >= visited[v0]) printf(v0, G.vertices[v0].data); / X¥ XK
}else if (visited[w] < min) min = visited[w];
/ wB R, widvo ZEE R ERHE%E
}// for
low[v0] = min;
} / DFSArticul

HnE 7.11

B, B G, PEWMA TR visited 7 low B RFELIN T 5 .

i 0 1 2 3 4 5 6 7 8 9 10 11 12
G. vertices[i]. data A B C D EVF G H 1 J K L M
visited[i] 1 5 12 10 11 13 8 6 9 4 7 2 3
low[i] 1 1 1 5 10 1 5 5 8 2 5 1 1
KB low HBE W F 13 9 8 7 6 12 3 5 2 1 4 11 10
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Hep ) RE RS low EH A, I FTAEEBU,L), W low[J]=Min{visited[J]
visited[L]} =2, MifE#R—4], ERBEPRERAIENRDEERE TN, B FRAER
XK SHA Bt hEREEHARL . AREPREX Y.

HTFLREENSEBRRE MR, Bk, REW AT EIEZENNR Ot
o, AHTRENEELSE, IR EREZPHM—LFEANT, ERAHRR, B4 %RE
HE 5.

7.5 A OB KL

— MR WA 7 B R H @ F 3R B (directed acycline graph) , f§i #{DAG & . DAG
AR—AEARNWE - BROEEERE, I

B 7.21 3R T B W . DAG BEFMA 15 B |

BIF . .
FHEAERMREHAXTFAMRSE

AWARTR. Sl TRREK

((a+b) * (b * (c+d))+(c+d) *

ATLARSE 6 BT MR RR B 7. 22 fin. FAMNBEERER, TRAAL — &
MR FREL, M+ DM (c+d) »e F, E-XWH, EMNLEZHA. HMAHER

B7.22 A-XWHERRER 7.23 #ARFEAWE EEFE

X E, WA LB AR F AN E, AT FEFEEE. BImET. 235 R RAF—&
BAMHRLIRE.

RE-NMEMEREFENPE LT E LS. XTI 06 B KB, % 55K 8 5
B2 EAREEREHRTMN TSR, WS EFER, X T4 mE R, X &
MATTREREAREREERFATS - BRERW ELTAHK. ER. NRAAHEL
AR v HRKRT E dis(WERZATH B —FMTA « BT v B EH AT 24
R BT« BERWER v TH MNAEREPLEFELTTN v Mu K,

FREAECRHRA - T IBRALNATIBENERITA. REFANHERZ
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bb, JLF B B T2 (project) # ™ 4 & T M FRAE R (activity) W F LR, X &7 T
BZE,BERE-ERFHAR, WHPRETTREY
FHRLMER - BT ILEERZ)G. HEITTRAR
G, AfT2% 089 2 W8 A5 T A (5] - — 2 AR B &5 0]
17 ZRAH BB TR 5T BT 6 5 B B S B IR, Xt L T
LB HITHIMEFAREBBERORE. TEHS
XA FEITEZ .

7.5.1 IR

f+4 7 ¥ $p HE FF (Topological Sort)? f#] B UL,
FNMEAGEHN—NMRAFBIAZEE LN —N2F X w724 aE5FWERE
BERZ TR, BEEBREFXTREN2ZF B BE AR S A AR
BIE X : _

FEAXENAXZRBERMW. I HROMEEN, MK REES X LHRRF
% R RE4 X ¥R (Partial Order) , IR X 84> x,y€ X #H zRy K yRz, R
BREESX FHEFXEA.

EWMME . RFEEADBNARIBRRZEAMEE. M2FEESPLERAZEY
AT, LB 7. 25 AR AE mE, BRI (z, y) BR <<y, W () #FRWF,

®
@?@ ONCSORC

(@) (b)

E7.25 FERRFMEFHEME
(a) BARMFE: (DEFRLFE

(DEFREFE., EEQEERE LA —AET <o, RIMFE<"ETR o F
T ve) Ul () TR HITFH A FF, FLIX AN 2 FF Fik b 35 40  FE (Topological Order) , T B 4
B LB BIRINE IR EE RIIMNER .

—ARTREOERETHRRER - RER., CRER-MHINER, LR
AR EEYREE, BRE—-MRERE(BATHARR IR, BhE—%F
MARRFEATFIBRZANKFELEGEXR).

B, — ANl A A2 T — R B ARE (A 7. 26 iR, b A iR
BREME, EH FHAERRE, OGRS A — iR B0 72 551 RS R
HEBIRE A TG, W, AGREFRIFER M) L2 MR A BB I
M), REEREEEXTEBZANTEME XE. I LETUAEHESE
WM R, ME7.27 iR, BhHARRER. FRLOORFEREG. FiRE

« 180



EFRE WERZEG  NMESHFIRG ).

XA ARRES, ARERENRHREXRNE BRI ARRESHHMN
(Activity On Vertex Network) , §#k AOV-R, ZEM b, ENTE  BITE; H—%F W
BeA, W i R MR B MRS, FGDRMBP KWLM i R MEEME: &
MERE%. o

BRERS REAK etk A
G BAGIHERM x
C, BEHF¥ C
Gy BAREW GG
C LHES G
Cs EE R GGy
Cs HEL R Cu
& o IR Cs,C;
Cs RERS Cs+Cs
G LR e x
Cuo KERYK Cs
Cu H¥iEyE Gy
Cu BAE 5 BT Cs+Ci0rCi

B 7.26 HAELMEELTEITHRE

£ AOV-Wh, R % B4 83K, B R 72
ERERELTEDNUEC I EREE. 8
ROXBEFREN, BRI HXRENREE, TR
B FEAT. xR R 5 S008I ok U6, &
BFE7E— M FEAESR. B, X4 &8 AOV- B
BARHEMHREFES. RMMHERNE
1] P s 3 T A B 9 0 AT T 9L 35 T b T A
TS ER7E S AR 3N A FE RS b, % AOV- o
DEREAES, B8 7. 27 AREANT B7.27 XrRBIEREXROHRE
BAEINE R

(C1+C2+Cs55Ci5C55Cr5Cy 5Cio 5 Ci1 5Cs 5 Cr2 s Co)
il

(Cs»Ci0»Ci1+Cs3C15C12»Ci 5 C; 5 Cs 5 Cs ,Cr, C)
YRR, 3 I E W TS R AR RN R FSD . ERNFEGERPRZ-TTRENTE,
Ul 26 20 452 5+ TR B L R 2 HE 2 ST TH R

WMATHATRINEFR 7 BRI R
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(D EHEEPE—-TRANBRHHLSERHZ.

(2) ANEFRBBRZTAMTAELLERNRHNK,

BEEELRNS EELEVUAYEHH RELHNEAPAFELHNENTARIE. B
— R L iR B A B R AR EE SR,

DL 7. 28Ca) A B A B, B, 0 F v BWARE, WA EE—1. BEEHD
vs s FEMBR vi BRI Cvssv) oS5 v v)) ZJE RATAR v BARTE, M H v HME » KK
(visv) v M o) s Z 0 v Al o BRRA AT, RRBHE . TR EE— 2%
AT, BAMIMEFEN S RNE7.28 BiR. BERIZENENRIMNERERIN.

Vg~V " Vi "Vs V2 V5o

(=) (= » & ®
@
@‘@ () B B B ®

(a) © ) (O] )
W 7.28 AOV-RRHEIGINEFFI =% MR
(a) AOV-F;(b) 8 vs Z/G5(c) Bl v /5
DR ZEQOBHEuZE DBHw2ZE

MATTEH EALP LB S0 BRI B RATATRABEREA ME R FHEEN,
ELAEL G sl — DTS A E R 34 (indegree) . A BEH T B THA B 4 A AT
AT, MBR U R LA E A B IR B fE, el 3 DAL TR A B 1 k353

ATREEZRIAEIFHTL TAR-REEFAFAENTHTR, B8
WIS EEMEE 712 iR,

Status TopologicalSort(ALGraph G) {

/ HIE GRAMERFHYH.
/) # GREIEE U G B TR Y — 4~ 4R ¥ 5 3F & [ OK, 75 ] ERROR,

FindInDegree(G, indegree); // %% T 2SR A BE indegree[0. . vernum— 1]
InitStack(S); )
for (i=0; i<G.vexnum; ++ i) / REABTERKS
if (lindegree[i]) Push(S, i); N OABEROEHR
count = 03 /A XHEHTA S

while (! StackEmpty(S)) {
Pop(S. i); printf(i, G.vertices[i].data); ++count; // %} i B BAHTH

for (p-G.vertices. i|. firstarc: p; p=p-~nextarc) {

kK = p-  adjvex: AR 1B PEEMAEY
if () (- indeyreeik|)) Push(S, k): / £ AR KA O A B
}// for
}// while
if (count<IG.vexnum) return ERROR; /TG-S

else return OK;
} +/ Topolog:ralSort

HE 7.12
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SPTER T 12,0 o AR e RINKIA [ B 5 53K & TR A B Bt 7]
HRERNOC;BFARTRARMH EERER O EHIMEFL B, HH HEX
B B A TR HE— AR — AR AW 1 R VEFE WHILE 154 B B 34T e K, T
L, BB BIEZEN Otnte). ERBINEFHBEESETHITRHRRBEREN
Ak .

A 1) P AP R, i T P % B L Sl T AT 4R A HE R L B B ok 3R, ) i o
RAMRHTHRERCBRET G, BER I DFS BT EEATHTR, B
HEFFIPRE—ATHA. ik, iR DFS ¥ 55125 T 5k M T8 51 (G ]
K32 1% 2 B AT finished B4 b W TG FD B b33 @ WA P50

7.5.2 x<EBE

5 AOV-M A3t i B2 AOE-W (Activity On Edge) Blsi ERIEH N, AOE-W &2
— WA LR E K, T E R E S (Event) , I8 375 18 35, BUFE R 15 b 75 48 i Bt
6], i@ %, AOE-[ u] 5K it B 1T %8 9 58 BB i)

Bl B 7.29 B— 1M RBREME 11 BFEHM
AOE-R, HPH INEMH vivvsvy s sv , BT HE
HRATEEZHNENCETR . ECZENES
AL, v RARBIHTEFE, v RREA
TRER.v, #R a Mla BRER,a; M as AL
i, SHENMEIHEROBERPITZEDIE

FBFE] . Ebin. i&aha) HE 6 Kia, HE 4 K%, B 7.29 —4 AOE-R

HMFENTIERAE - PR AN — DA,
MEEFHER(EHO T MNP IE—-PMAFENEN S FRBESM—PHEENTH A
(MY RO A3 &

M AOV-RARE . AOE-MAEFHAKEER . (DRERBER IRELFEL DN
6] 7 (2)WF &6 3% Bl R B ma T2 ok o k47

B T AOE-F fp 45 &7 2h 8] LU 17 #3347 . Bt LA 52 R 08 9 % 5 e [ R DA FF 3
FIEBANBEKBENKE(XBEREMBERKERKBRE LEEDRHRENEZ R, AR
B2 EIREIBED . BRAR K BE B A B B 42 1 48 5K 8 3% 42 (Critical Path), BRFAH AR
v oMo Bl v MEBRKBREKEMWMES o WFRERERE, XABERET AU v
MBI RAOES BRI HEE . BIA e(DRRIES o WERFEFHEE. &
AT LAE L — M ES R BRB IR (D, XRERERENTRZERWATR T, E 3 o
R U MIF IR ITHIR ], BIEZE (D —e(DBHRETZRED o; B EAR. RI1E
D =e(DMEMBEBEES. BR. XBELENFAAEDBRXBES, B IR
SERAERBIE S AR TR, FINE7.29 PR v B v HEKERR
(01502505, 05 509) » BRI K AR 18, Bl v, MR PR LB ER 18, TGS as MR FFIRET
B2 5, BORFFhaT 2 8, X WK E R o, BRI RABRNEER 3 RER . HBALE
A TREER. B, i XRREs B RPN R B, IESRRREX
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BREDIN IR HEENTTH.

HESTTH, BANXBESIRRER c(D=IOKWES. I TREB ACE-MHF
BH e (DM IO, BLEMRBEMFHBRRERERE ve(HDMBBRAERE ©1(). WRE
B a. BIKG YRR, HIFEREIE K dut (L)) B MTRR

e(i) = ve(y) : 7-1)
(D) = vl (R) —dut({j,k))
K ve(DF vl G TR B BE4T
(1) M ve(0)=0 FFEE A RTHEIE
e (j) = Max{we (i) + dut ((i,j))} (7-2)

(dyjp €T, j=1,2,yn—1
HP,TRIABUSE MTRNLMNIRHES.
2) M vin—1)=ve(n— 1)1 )5iEHE
ol (7) =N[jin{'vl(j)—dut((i,j>)} (7-3)
(i, €S, i=n—2,,0
HA ,SEFAFLUE: MR NEHRMWES.

XA BEAXNK T LA ERINEFRBRINEFHOIRTHT. kR
Yove(G— D) AHTE v HTEMBHBERZERBRBZIEAEHRE, T o/G—1 A
ME v WTEESMBREBRERNARBZEABHE. B, TUERIMEFHERM L
HE veG—DH vIG—1),

H A BN T R R X BRI R B .

(1) BA e WG,k B AOE-M KA EEE

ONBERvw R, Lve[0]=0,FHIMFREKS AR TR K 4L 0 & vel ]
A<i<in—1D ., MRBBAWHRPAEFFIN R TR NN TR TLEE 2, W HEHAM S FE
R AR BER, BRE I BFUHRTERG).,

(3) NILR v, HR, 4 viln—1]=ve[n— 1], MFHIEFRERBETWANRELR
BT vlli][(n—22i2>2);

(4) BBATRE ve Mol H,RBEI s BB FFLHEE e () MBBIFRETEILCS)
ERFMHEREMY e(D=1(s), MR XEES.

mEFrR, I EETAK ve EREHRIMEFH IR I HTH, FHHIMEFHEE
FETBE: (D FERINEF ZRTRYIE 2 ve[i1=00<i<n—1); (DD EHEEFHI—
MHE o WERES v WBREREN B BRIE:F velj]+dut (G k) >ve[ k], W
velk]=wve[j]+dut((j,k)) s (O R TRERETINEFFIIWF T HS AN o H, %
WWTEHIMEFHIBPREBHNAEINE RS XTEARINEFE LD, HF— R
ERHINAEFFINETERBETEAN ve HZ B - NRBEEREE VL HINEF
5,

SHEER T 2REREE 713, NEE 7. 4 BARLBRENEE.
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Status TopologicalOrder(ALGraph G, Stack &T) {
J BEERMCREPEREREN, RETSAEHNR PR RENE ve(2RER).
/ TREIFATSE,S A TABET R,
/&G, MR TEE GH—HINFH, HfEKME Y OK, F My ERROR,
FindInDegree(G, indegree); // %14 TH &R A indegree[0..vernum—1]
BEAETARKS:
InitStack(T); count = 0; ve[0..G.vexnum~-1] = 0; // #Fikik
while (! StackEmpty(S)) {

Pop(S, 303 Push(T, j); ++ count; /I BTAA TERIFHK
for (p=G.vertices[j].firstarc; p; p=p->nextarc) {
k = p->adjvex; /X i ETHRAMENMERAMAER 1

if (—- indegree[k] == 0) Push(S, k); / HEAERF o, WA
if (ve[]+ * (p—>info) > ve[k]) wve[k] = ve[j]+ * (p—>info);
}/ for % (p—>>info) = dut(<j,k>)

}/ while
if (count<(G.vexnum) return ERROR; // PiHIEI A EIB%
else return OK;

} // TopologicalOrder

WiE 7.13

Status CriticalPath((ALGraph G) {
A CREMM L CHRETXRIES.
if (! TopologicalOrder(G, T)) return ERROR;
v1[0..G. vexnun - 1] = ve[G. vexnun—-1]; A PR TR B4 9 BB R A B ]
while (] StackEmpty(T)) [ BEIBFRETRE v1EH
for (Pop(T, j), p=G.vertices[j].firstarc; p; p=p—>nextarc) {
k=p->>adjvex; dut= % (p—>info);  / dut<<j,k>
if (vl[k]—dut<vi[3j]) v1[j] = vi[k]—dut;

} // for
for (§=0; j<<G.vexnum; ++ 3) // K ee,el FIX@RIES

for (p=G.vertices[j]; .firstarc;p; p=p—>nextarc) {
k=p-—>adjvex; dut= * (p-—info);
ee=ve[j]; el = vi[k]—dut;
tag = (ee==el) 7 %", "";
printf (3, k, dut, ee, el, tag); // WXL

}
}// CriticalPath

iz 7.14

B F R NE R b e A R P IR B BT T 2517, W AR W #) A DFS %4, 728 i DFS
RPZ AR (T-DHETUR v B ol HENWE v WITE E&E 80 o HHERE).

XAMHERMRBEERESN O@+te), BRI —MHEENEREFENE, BT
YL A9 15 30 B B I 4G B[R] F BB R A I R R OCed , BT DL B BYSR X B ER 2 iy i
BEREEHR Onte), A

B, & 7. 30 BRI BERME 7. 31 BiR, AT azvas Fl a; HREIES,

SR — & NE R B R A RBER, A 7. 30 R
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()=~

b

7.30 AOE-REHXEKEZ
(a) AOE-F; (b) X@K&

—
n

WA ve vi % &

a,

0
az
v3 as
U as

Us as

DDA NW O
00 ~3 O N O

Vg as

DA W WO N
N DN A SO ]
_0 WO e O | )

ar
as

B 7.31 M 7.30Ca) iR AOE-R 5 TR A 9 & 4 I (8] 705 3h &4 FF 4 B )

st F 0 7.29 BRI M, Bl BRBRBIENN a1,a0.a7 a8 a0 M an . B 7,32 FF
Ny BT PR RBEERR : (01502505 50150 FI (01 0025 Us 5 05 9 00) o

FKRELIEN: A ACE-FRMARETRZRMNERIEFHMN. Lht,RxX
RERHFTEASBVRESHBNEE TR -ERRY. HE, B TMHEMER
EHRESN B, BRXRBEINERFELHTE
W ER —TE S RN RS HXRER
MSAE . B, FE 7. 30() iR BRI, # as 1
Rt R 3, M AT RI, XEE S PR o, X i@
rdEm. &R o KEBEBUR 4, 0 (00,
v v ) RERXBHRE, TR, RBEHNHEE
RERAREN. RAEAHEMPXBBRENHERLT  REXBEHHEEAFR.

CB—FHE.EMPHILAXBER. BL.ARRR - AXBRAE LN XBENNE

B, 2ARBIBENTIREE TN MAFREFRNE/LERBER ERESNEE.

7.32 7.29 B B RS

7.6 BEKR

B BAETH L b 2R T — A 3058 ¥ 1 2R 40 I AT AR P B Y 45 40 3 32 7 S B Y 38 8 Y
%. WA 7.3 HiR BHRHRARABETARSRTEHXERR. XTEHRGEA L
B, RERHMOEHEE. M, —UKREEN A K B, HBEE—KBPF
HURBEBOHBLE. BRETES-EHBTELE, WX TMRNERRIABERRER—&
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B 7.33 —fEAXERHHARE

AT AR BFIEAMBERSHNBE. RIATATIR A R EE ERER
#F,—EHBBTR BRE L. ftprd) EREERH L ARTR A BTN B KR
REPHEREBO WIS, BB E A 5B ZEANTARRERN PHME AR, XRL
—RBHANEANRERERE. A3 FRERR, THEEXLHRTERERA;
i %4 F B YR 3, R A R A BB E R . I THEEERREXER, T
B LA A AR R PR T R R, S TR N A, X ERAES. KNERRE
MERRAERERE LAMKE, TREEE L AMREZM. 82208 B KA [
L33 » K FUBUK B A B AR — ) A TR IR AR B L R B E RS — TR
3 7 & (Sourse) , B JG — N TH & Jg #8 &K (Destination), FHEITHAH R T RWRERE
328

7.6.1 AREMBIERXETSHOBERE

RATER BT SRR R S EHAE R E G RMBEA v, KN v 3G it
RETANBREHRRZ. |

B, B 7. 34 FIRMRA HE G HA v BHKASTRZE N REREZ, mE 7. 35
Fimk. WERE I, v B v AFRRFEREER: (vo,v:,0) F (vosvi50:)  FIEKER
60, MR HWKER 50, Ht, EERM v Bl v, WBEEEZ TN v B v BEBE.

AR 7B X B B 487 SR BT RL (Dijkstra) 32 T — AN B8 22 1 B 3 39 B0 U 72 4
BEBARNEY.

B, Sl — MBI MED, BRSNS RDLIIESR M TR E MM G SR 54
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BR AR BiERE BERKE

W v x
vy (v 5vp) 10
v (e ety s 01) 50
v Cup yvs ) 30
Us (U »U4 s U3 »05) 60
A 7.3 HHEEBE Gs B 7.35 HEEG PN v BHKASEANBREREZ

BRo WBEABREHRE. ERTAEN - EMN v B v FILW DLINIR EHHUE; E N
B Dli]JRoo. BR.KEXR

D[j] = Min{D[i] | v € V)

KB RRRN v th R KEREN— %ﬁﬂ%?‘ .42 Y S ORI

Ma, F— KRG BIEE R — AW BRI R Z AR o, W
M E X REBERRE R (v,v)  BER (vv,v). EMKERERMN v 8 v, WIKEH
BUE, %2 DM v Bl v, WK EABUEZ A,

—BERT .BES AERBREBRENESIHES, MATEN. T-KRERE
BHRER[RH ORERW (v, ), RERFHREE SHRHRIATHRE B XTI = & B
. XAAREERRIEY. BEEERLE -ITRAARE S+, MERAFE-FLRIF
# SMKELEBEENERE. HE,XZATEN. BAHRIMEERBBRKEBHHK
R EZRIE RN, &ﬁﬁ%ﬂt%%%ﬁﬂﬁﬁﬁﬁ%éﬁ}Bi‘”i EMNPHERILEES
H, BB BRI . v

At E—BELT, TR KERENREREHRKELR

D(j1 = Min{D[i] | v € V— S}

K, DLl #E R (v, v) ERIAUE, ;E%‘E D[£] (0 € S)FIIK vy 0:)_E BIAEZ A,

BEU LA, ATUAB N TRRNE .

(D BRI BEERE arcs RRRWE ME,ares[i][j IR AW viyv;)) EH
B, & vv) ) REE,WE arcs(IL IR (EHEN LTBAFNWBRRERE . S
HERIN v HEWBEBRBENASHES . TRVHRENSE. B2 .M v HEBE
FHAB AR A v THREADNNRERBREROIENR

D[i]=arcs[Locate Vex(G,v)[i] v €EV
(2) EH v, [E18
D[j] = Min{D[i] | v € V— S}
v, RRMEBREBN—KZN v HERNBREREHNAR. 2
S=SU {j}
G EBEN v HERESV-S EE—TfS o, ISHBEEREKE. 1R
D(j]+ ares[j][%k] < D[%]
M&sk DL]R
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D[%] = D[j]+ ares[j]Lk]
O BERAED D n—1K. AEREBN » AEAEHAZTAHREBERK
BERBBEKFH.
BET. I A CEASHANBANIFII A,

void ShortestPath_ DIJ( MGraph G, int v0, PathMatrix &P, ShortPathTable &D ) {
// P8 Dijkstra W RE M G v0 MR BIHATUR v MRGEER PLvIRHFIKE Dv].
// % BLv][wl} TRUE, ] w &M v0 B) v ¥R REREHRE LT A,
// €inal[v]} TRUE 4 H{N Y ve S, B2 LR\ v0 Bl v B HE12.
for (v=0; v<{G.vexnum; ++v) {
final[v] = FALSE; D[v] = G.arcs[vO][v];
for (w=0; w<G.vexnum; ++w) P[v][w] = FALSE; / BB
if (D[v] <C INFINITY) {P[v][v0] = TRUE; P[v][v] = TRUE; }

}// for

D[v0] = 0; final[v0] = TRUE; /%A, TRRTF s &

A TR ETRER, BRRA vO BEAN v IIAKBERR, v s K

for (i=1; i<{G.vexnum; ++ i) { // HAx G veaun-1PTHEA
min = INFINITY; / HETET AR vo BUR M B BE Y
for (w=0; w<G.vexnum; ++w) :

if (1finallw]) J wBEEV-SH
if ([w]<min) {v = w; min = D[w]; }  / wIRE v0 WREE

final[v] = TRUE; // B VO BURBIEH) v IIA s 48

for (w=0; w<lG.vexnum; +tw) / EFHUMBEHRERER
if (1final[w] && (min+ G.ares[v][w]<D[w])) { // %k D[w]f B[w], wEV-S
D(w] = min + G.arcs[v][w];
Plw] = P[v]; P[w][w] = TRUE; ,/ P[w] = P[v]+[w]

Y/ if
}// for
}/ ShortestPath_ DIJ
Wik 7.15

itn, B 7. 34 FrRA FM G B ABEIERE K
[c0 oo 10 oo 30 1007
co oo 5 oo oo oo
[e) co oo 50 oo oo
oo o0 [ole] co oo 10
oo oo oo 20 oo 60
oo oo oo oo o0 co |

EFX G MATHARSREE NFTEMN v B HKABZTHANRERE, UREALE
D EHELRE TR .
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Mov BIERSH DEMBEREHNREILIR
i=1 i=2 i=3 i=4 i=5
oo oo oo e e oo
k%t
X
10
U2
(vy y02)
oo 60 50
Us
('Uo 2 Uz 9'03) ('Uo Uy ,'03)
30 30
Uy
('Uo 9'04) ('Uo v'Uo)
100 100 90 60
U
? ('UOv'Us) ('Uo;'Us) (o sy rus) (€73 9'03,'05)
Uj Uz Us Us Us
S {'Uov'l)z} {'Uov'Uzv'UA} {vosvzsv3 90} (Uovvzv'llay'(hvvs}

RN XA FIERBITRE, 85— FOR @B AERER O, E-4
FOR 15363847 n—1 W, BRIPATHR EIR O(n) . FUBKEEERER O, W
RAFNSERENT 0 EWFFHEH, WARE K D et ET UL, Bl FED
1o B v AR R/ S B B B RIS AR, BT LALB A B R Ot

AMTTRERFERANFRBRE - MEENE NN BERR, BR, X EE MR K
MBI A TR M BE B R — R A, N E R AR O’y

7.6.2 H—XNMKZAMHMIGHRE

BRENEEH—NHER:BRUA-DTARFEREERT AT EREE
W. XHEIRBE-MNTRZEAKNRERZ. SHRTHEN OG0,

REENAHRBFEFloyDREM S - I ER . XIMEENRHEAEEFERR
On®) B LRk,

P BEIL N E WP BELERF cost MR, HEADEL.

BERRATR v Blv; WBRERE. RN v o, HI WM v Blo, FE—KEK
BERares[il[j IR, B BER - ERBREKR, HTHT n KiK., HLEERER
(v: 50050, ) BB FTE CBPAI B Coi s 00) F v 50 ) REFEAE) . MRFELE, M HE (v, v) A
(v v, v ) BB REBRKEREEERIN v Blo, FRATHEANFSRAAT O WRER
2. ﬁﬁuﬁﬂg&iﬁi@bﬂ—ll\]ﬁ.ﬁ U1 ’&ﬁ%%!ﬁn%(vi9"’9vl)ﬁ(vl ’""'Uj)ﬁ'ﬂlﬁgl
AHRBNTEEIHFESART 0 WBEBE, A (viysv, - v,) RETEREMN v
Blo WFAHKHFSART LNBREKRE. BENCLBBMMN v Blv, PETEF
EARTFOMBRERBHLE APREFRATANEFSAKRT | WRERRBZE BHY
=AU v, AT, KKK, E—BBRT . E (v u) Moy ) 2
BIRM v Blos MM v, Blo, PEITMAHFSRKT £ —1 WBREBRZ, WH (v, -,
Vs ) MERBIWMN v Blo;, BEFETRKFSARF -1 WREHEHER, KK
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BEREEERN v Blo, HPRITSANFERATL WREBE. X ES0 n KL
GBI RBRILREMN v Bl o, BBEHE. BT, LR B R 78 4 % & B 3 B g
.
HE X~ n B H B
DD D@, D e , DI, wer DnD

He
D"V [i](j]=G. ares[i][j]
D®[i][j1=Min{D* " [i][;],D* P [i][k]+D* " [kI[;]}  o<k<n—1
MERHBEAKXTR,DVLIGIRM vi Bl v, P EAITHAMNEERAT | WREH
BRKEDCYLIGIRA v Bl v, W PRITHEMFE S AR F L WBEBBRMKE; DD
LIGIRERMN vi B v; MBEHRBIHKE.
BT 7. 16,

void ShortestPath. FLOYD( MGraph G, PathMatrix &P[], DistancMatrix &D ) {
// FAFloyd Wk REFN G FEXMTA v w2 HMBEHZ PIvI[w]RHE
/BB DLv][w]. # PLvI[wI[uldy TRUE, ] u &M v 8] w 48R 58
/AR EENTA.
for (v=0; v<{G.vexnum; ++ v) N EMERZAYVBC BB RER
for (w=0; w<G.vexnum; t++w) {
D[v][w] = G.arcs[v][w];
for (u=0; u<G.vexnum; ++u) P[v][w][u] = FALSE;
if (D[v][w] < INFINITY) { / MvBwHEEKZ
P{v][w](v] = TRUE; P[v](w][w] = TRUE;
Y/ if
}// for
for (u=0; u<G.vexnum; ++u)
for (v=0; v<G.vexnum; ++ v)
for (w=0; w<G.vexnum; ++w)
if (D[v][u] +Dlullw] < D[v][wD) {/ MvZ uB wh—KBRTE
D[v][w] = D[v][u]+D[ul[w];
for (1i=0; i<G.vexnum; ++ i)
P{v][w][i] = P[v](ul[i] || PLul(wl[ils
Y Oif
} / ShortestPath. FLOYD

HE 7.16

B 7.36 HIAEE
(a) HEM Grs  (b) SPBERKE
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Blan, M A LR EE,TREBE 7.36 FraHNARE G K8 —XF TR 2 8] /) B &5
BREREBBKEMET7.37 Fim.

D(—l) D(O) D(l) D(Z)
D - : o
R ; o1 2] o | 1] 2
0 o | ¢ |11 | o4 | nn]lol| a6 ]| o] al]| s
1 6 | ol 26 | o 26| o] z2]5s5]ol]z2
2 3 0 3 7 0 3 7 0
P . i' P( b= P(z>
P
o | 1l 2ol 1201 z2]o]1] 2
0 AB | AC AB | AC AB | ABC AB | ABC
1 BA BC | BA BC | BA BC |BCA BC
2 CA cA |caB CA |caB CA |caB

B7.37 B7.36 PHHENENTHARNNRERRERBRKE

4% Loy ey HIRE AT A
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B8 8 AR

8.1 #% R

ERESENTTHES NE—-HEBERERNM BT ENERNFERFHRE.ER
REHRRESPOERRAMUMR SRS RABNEEIE. MWER L . EHRHH
BMEBAEBEA —-EHHNEMNER, EBFDATHEES , IR T K BB E 13 % B
MM B TTRAITH . FEPEHTEN L XM EHEEN TERBBFRECRER
M., ERFIITZH . B ARBANBESRILABESAENEFAXIANFENRENE
XL, A TR MRS BTN R N aE (45 sk SRS b hE) . EE T
BEAESZE BRERAREEEAAFHIITRE . BFPHEANEEA TR SBT
B GRRAH) R Fz , BAIX B A P72 Ak R R B 4 3 8 7E 4R iR s AT I BE AT A0 B .

B—rE,YHENRER A AN B2 NN ERBEERESA B2
Ab, #R IS 34N F P TR 8 R (3 PDP-11/03 B INFF 0 32KB, R4 5 A 4KB, i Bl
fl28KB), HEZRFANFRRGT,. ZMNAPBFRAE-IMAFRSE, KGN
FREGHEOAGEREBERERBJTHRT . FHE . EEMNFEASGMH AR, ETRA
B EBEHAR,

SHREREHNRFRFRR, FREEHR - NTEAEAMNEENEE. FAFRES
HRERFAMARMNBRERETURBAFNEHERT L. ETRAMELEHE, 4
KERERE —HEFREAMRERERET . FRBURDESHEHERFY R —ik
EAFARBFITE.

HEFHEEENERNERFREWMARNA A RYWERAEAT? X0 ERIR
BHPABERAN BB OAT, UEFHER"=ENEFH#T LR BEFROA
PHRERFARGEH—MEL , LT REBFHTIRFH - SETE. B, ERRH
MBI BHFHREERED FRIBENAFRLKPIRRE. EXEREBRBFPE—IBILA
FMERGPUMEILT LA . EZRIL+H. ‘M. ZRAERSELFH P (R KA E
B—MntESRNER., A TRRTEERL . ETFTEMNITSH . BERSIEAR
R B 3t k7 5 Y DY AE DX R o R, BR R 8 4 T A b ik 3% R 1 P FE X R T R A s D
RTHR”, ,

BRAEHLARMNSDEEHEERSE  ENFILH, BMNAERR SRR (K
HIFEBRFPRZIAE" . MERAPHEARS, B RBEREER, REUWKKETSE.
B, EREBITHIH BIMAEFEREER SRR F KRS Kt Ra&ET &5 A
Fiht X (B EE MR RBDHR-NERK”. FMES 1@ FRIKKE S A
HAAREHNRENANERS. 23 —BNEUES . ARAFBHEHR. ERSANAE
REREHR, SREENAFERERL SHRAESRNRRFZEHRES. WE 8.1
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BiR .

(UANU YURNUYONUNUR0YY

(2

0] PURUN NAENA

(b)

B 8.1 B ERLESHRE
() REBHTIW: (b)) REBHETHEZE
B XRAFHRAPFEAREERSENF R4, REK nfTH07
WA PR — MR EREREN RN ZHRPHTHE, MABEKES,
RARAPHAFXEEEZR, EESRLEAT (HMBERKREZ RRAMEHEE L KK E
Rout, RGEA EZEWHFARAPARERANZRRGFEEFALAAFE BHEFSHBNE
RERE-BEA D KHZRR, H-HRBRAF —BERTER . EHER AT
KRB AZE RS, R, F4FHOAFPBERIERNFN, . RETELREINAFER PR
AERABRFAPRE—-NMEE"HZSHRIEZ. HEL, RATEL—KICRFESH
Bw mT A AERR”, MRNEWTUR“BRE", W LIR“ER". WA 8.2 Fra ¥

25 000 39 000
0 10 000

(a)
BIEMEE  WERAL  BAWR
10 000 15 000 %R
31 000 8 000 25 R
59 000 41 000 25 R

" 99 999

(b)

av

qj——“foq T olaow[ =} o ool

()
8.2 FHEFHMEAIBRFTHAFRENTRAZEE
(a) HERE:; (b BRER: (O HER

RAEETABRTHAFRERAAMEHHATFHAZEE. HHES. 2(MHRERRK, K
PENREGQE ITER MG SRRX/DMEAERL. B8 2()RER, RF—

PMERER—NERE, REGRBTHERE B AETHAZEEPHERREA—
MER, ‘ _
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FEH 5 HH A R R R 7 3 S P R T 3
8.2 WM M= IR KBTI

X W EERARTHASARETHESFHSMOTE, BRROWEILBN
B XK RGERERERERBFERAN B LIRS RO HEETITR.

mERR, ATHASARFEAFATARNZRR, B—REERTH— A,
% PR A ERE  REMTTH A S ERF MR — R s MR P BB &5 A
m, REB EB S EBA R TR AZ R RS . Ei, A5 R R ER”. 7
BREETOAREER, THASERTUE FA 3 HARNEHER.

H—MIHRRRGEETHEIE AP BRI EOFERNER. XA RS E
B AR R 70 TR G TF 035 AT BN U R A P A X BT A /N4 R TR/ L
BRORE AREER— N THAZER. B TFRFEARMER, WAREEBER,
RERSE -G ASRLALIT, R YHPBRATR, REREGR M BENE
RBIE AR LI, TR, XFAERFHTHAZS HREE ER—ER, XR—F
BEANDBAMEEY TR, NP 2 HH2.3. | RESR"PHBSERRE—H.

B, REEGYEAPERSEOFERA L THAMORE. HILER
%, —BERTRBLETFATAASER, A—SRFHE SRR, Fw X35
FEEERLGFWAEERDE 2 MF 4 ANFR 8 NFRAFR, URERE 3 %
BANFHH 3AF 5 AFM I ANFRER, ENWRLEH DI av2.avd A av8,
NP 8.3 BiR, A4 AR B — D FRAE B R Uink) 47 B (tag) M4 KX BB
(type). Fov . JEIG N X B 3 PR MG A TR type BIE K07 “178“2”, 5} 51
RRGEEKDH 2AFAAFR AT ARER tag HO"R“1" D HIRTH K N E R
B o PR s R P A A 0 IR — B b T — 4 A b, TT 4 AR P BB R/ B
2.4 1 8 NFEHYELEA R, LA B4 BO R BB O SR ZEAR KR BE L RIS — ARSI,
FUR 2 5 K /N R A EC I B AL R B B A B BT BRI BE R 3 A A B
— NGRS EL A P TR AT E A BB/ R . i
B, s LB T 0 25 DR S A B R A/ MR I RSL R R BT, R XML R
GRA MR BB AT B 44 R SRR RERNERY N E
ARA BT, MLE EAFSAHAR—ERFEFBRINERSRA, ARHFERE
BAT AR S B/ SR B 4 L 1 B K R B R S RS A TR B o
ATE/NGE SR, L B RGBT RO A EH AL N TE , BIAT T R
HHRAE, BILZS, EREARERSH S RAE KRR LRHE, RETATT
SH.
B3R, REEETHIESREA AP AR KN EE, TUEERTE.
H i, AR I R AR DS R AN R . B RERE PR T RS
GEJ et 3N

RERFH IR, BAARSRE—AERE, WAHMAZERTRE-KDN
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B A XS, BEE 23 B B 24T, T R A 25 ] 3R o B 4 R K/ RS B B 2 T
2, BRI 8. 2(c) AP ik 2R B O X A A 00 B9 AT R A = ) 3% .

tag type link av2 [j{]
ojof ojo] - —={0f oA

avd
value @
ol1] of1] of1[A

‘ ‘vs@ |
0 FRHK
tagZ{ ol 2] o] 2] ofz|A

1 AR
0 HHEKPMH AT
type#{

1 BRRAHANT
2 BRKANNEANF

(a)

(b)

B 8.3 A 3FRhA/NGAMA A EE
() BagsH;  (b) ARASEE
- HTERPERIRNAE WL ROEHR SR EEOE TR, &R FBRIFE
MR A, MTH — G A K/NE (size) , YIRS WL EEER, INE 8. 4 Fik., &8
H i) space B2 — LU E SR RESE .

tag } size | link

0 SRR
tag=
space 1 HAR

8.4 THRHRNHEBHE RGN

B F AT AZE HRFRERKDARE, MEFENRE - 0o e RE. Bik
ERAPRRADN n AF, T AT AZ RRPUE —RKDR m=n 725 Wk, U ARHE
HPRNn—RaaEEPEIENAL, ARERKXKDR m—n BEIER—
MERBEERPIT . AW, ETHAZSEKRPAETIADT » 2 B, ZE
B—RUE? EH A 3 FA R A5 BRI .

(D BRUEZE. ARLEHTHERTHAAZEAR HRBANE I KDADF
MERR—WaAREA, . TAREERASEA RS SHMARILEF, A%
FEROKPERF. WEEKH, AEEBEM S RARBAEERORLPA. flm,EH
8.2()MREMER Us HEARRIHFE KBHNF . REETHAZERPHENTE
W, R — 12 PRBR B 3 2 BR, WP B3k 7 K/l TKB ) — 8R4 43 BE 2, F 4 8KB
M RRESERT A 8.5 iR, B 8. 5(DNFEAAF G ARk,
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2) REMEE. FaAFMAZERRERD—-DIA/NT 0 BRBEE» = RRE—B2 5
EHEAP. NMARESRAELCEZXMAAMAZHRALIABRAN —B. R APRE—
BRANF n HBREREn MZARH#THE. BR,EE 8 2(OKREN, RER MK
BoAZRARK—BAAESHP, U, 2BEERAMAZERMNE 8.5(b) fin. £H
REMEGEHTIEN, ATBLASRSEBRZOUENEER. B%, BERETHAZ
B REEWEZERGK/DEDERERF B, ARRBE KT n §07 HREPAT 3
1750 BL B AE B WO, AT B Z RRBA B G ENLE E ..

Q) REMGE. BAUMHZRRZPANT n BRERTERANZ RRE—Bo50
AP . Bl 8. 2(c) BPRZAEE BLALH K /MR 41KB B = IR ) — B 4 73 Bl 45

av

‘ 10 000 31 000 59 000
B o8 000 0 [41 000] A

av

(a)

10 000 31 000 59 000
[ 0 [15 000] o 0 [1 000] o 0 [41 000 A

avy
(b)
10 000 31 000 59 000
| 0 15 000 o 08 ooof e o]34ooo]A

(c)

18 000 (32 000,93 000)
1|7 ooo|

I—E

)

B 8.5 45K/ B v T 7S Bl R
(a) BMERBEGRMBITHE;  (b) MEAEUSIRWHITHE:
(o) HBEMAFMHATIE; (D HELAPHLHAR

AP rEENFRAZREERNE 8. SR, 8RR T WARE, Mt ] F 2 6

ROEHP IR RERNADAREPEF. B BROIEEFER, RTAEX TR

BRI RP R OESAF  MBARBAERN—TFHELBABTHAE

RIRMELAE . SR, ERRNFFEERNESRRBABSERNELVE X,

bR 3 M ECREEBA TR . — BRI, B & EE M TR 4 B8 R AE K/

E®F; WAL, WARRENS MR HT SRR, SRRK/DREEFERHEHER, B
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RGPS E - SEHBE/ DITIEEMNAN/ DT AT ARERERERROAF
BRUERMEEHREENNFRERKER, ATIEB M EREE TE R R/NEHEE
MRE. RZ . A TEEMUSERENAFERRRKOEG R PHTHE AT EER PGS
RRDMETHS,BHHEERTERSENAFRPMEERENRE. MEKRUAEH
SEEBEIA . B EN TREZE . BHEMNTREE LA KIERSTTHET RN H
RAWMAMBHKERNERL. AEE LUK ERUGESREFERTHHZERE,
i B O 5 4 A TE 3k B AT s SR L 48 MR, 40 BC B R 75 25 10 B8 3% » T [3] WS Bef A o 37
MZRR"BAERRPELYHVE L FRENTER REMS AL SEME M, HF
ERER, BB R E .

B, AR ERTRAAFN TR EXFELEENTEETIRAR - AFNEEER
RiHRDERBB KD P EMBEEARURREN RENEEEES,

ELRERANRETEARZEARNERTEE—T"ELSHHEE. IREARK
FE 7S BT HE AT 5 BE A (DSBS 3 7R P K0 25 DRI 28 3 48 50 S0 /N B o5 AR R BT SRR
2 PRR B G, BPAE R s ik 4R 4B BB 25 IR Bt ROBAE I P45 U A B AT A 25 )
HPUBEREREANKERERSEXLEAT A TEHBHAAAE HER
R G LE [ WO N5 R i MR RO S ARG HF R AT RER B4 . B ATE IR, B
kA, HANEEBL SEHSHAFRTRERR. RALRN T ERETERT
FIHE B SR B R G i DU AR .

8.3 HFWIRE

i R 7R % (boundary tag method) RBREREH ALIHITHE N X B —
BEBRFE- ERTE-HIRFHE=ZMEL. RABFTEHESRREZE I NE
EHAERGWIOTTF A Z H R D ETRERUSHT QT EREUSHTT. REH
FRET - EEMAFRHEBAERBRNGAR LA BARR, AR R E 8 & AR
RERRERERKAFRENZHRN S THAMNEDECE S HHESHRFXER
RENSHRR UEHFEHEENTHEEXAEGR—TRTRERKERK. TE
43 5%k 7 G5 09 7 A A 25 16 2 1O 45 4 T L 40 R L A B o REAT IR

8.3.1 WHAZERNEN
AR AERBRFHNEEEHWWN TR

head llink tag size rlink

space

foot uplink tag
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EHERR—ITTHR., BIESH 3T AHM. HP space H—HMAt ELMFHERTT,
RAUASTARAFPEAMAFXE . BB K/NE head FHY size AR, 3 LALEB head
JEEE foot YER B HIT AR 5 7E head F foot B FIR AR EIR tag, HIRE S HRF tag
RIE 07, GRS tag BIE R 17 foot L FESAET, B BRI R ML R P space
ZEEA/MTEN . HiHERERL, RITBE NFRIR/DLFE” R ALK, bkt
A7 R BRI R, 5 MR TR Y size M E BB R B KAD, BHE L F head FMKH
foot B 5 25 [6] , B 1% head I foot &y — AN FHY 23 &) , (H7E 4 BLBS B REA I
BB CIEES ERE TR AZEAENEREWESCHIMT HBAMBIEARR.

typedef struct WORD // WORD: NFF KA
union { // head i foot 4 HIREERHNPE - FHEEHNF
WORD llink; /R ERTRE R
WORD * uplink; A TRERER, 45 A A G Rk ER
}s
int tag; /OB E 0B, LA MERYA,
int size; /S EIE L /KD
WORD #* rlink; AR B ERE R
OtherType other; [ ERHE S
JWORD, head, foot, * Space; // * Space; 8] F| A %S [H] 45 §+ K Y

H# define FootLoc(p) p+p—>size—1 / 1 p Friss KHEH

M AZERIREANEFEHER. head H# llink F rlink 23 5148 [ FTH & KL A5
BER. RPARRLE R KK pav T HRPE-E R, HEM—-IERE
EREERPHBE —NEAGRLEHIZE MRATHAZEERHRZE. foot FEY up-
link A K4 ERMELE L EWEBAES ARG E . FWE 8. 6(R—1
diH 100KB NAFZ [E M RETE BTt e g al R S 3R .

8.3.2 HEMNE

SEHE S LR E R, BRRIRAE KU EHT R, W RENARKIEH pav B
BERE, ENMAZERPHTER RAF - NEFEFANDTERIENEFHECOR
ZIRGE, BITGHEIT I, BT HENREEABOLEIT . EARRREFEETOTH
RYE :

D BERANMHERFLIENZSRROEED m A F(BELBRER . HEFKS
BEARMNPLSE n MFERP - HR m—a MFRPRNERINBEEERT WES T KD
BZE BREPRUA—LEFERPEUIBAEENZRHR, XRRKRKEET 2R (E
BOWEE. FKAHDPER - BE—TEBLENER . Ym—n<eW . EFRBImWZH
RERDPELAP RZ RAERT n MFHAFR. AN, A TREBRIES, AEH
RERFPHR RS EER .

2) MAGRGEHRNFE— T E S FRERNE FLERFHER DG AERE
kA4 pav BriE & AL XAAF EMERWR RS NIRRT E. RZ, WRERIEMN
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pav

E = Tofto o000 o 3—

pav [0} ‘
@ - R €V
I-E—'W[)oi 15 oool[ - : o 8 000 | 59'@ﬂo] 41 000 .JAI
e |0
=19
® 2
I_I_é—go%o]sooolv.- . o[ 8 000 : 0300101410001 -
s To] e 0]
pav — Jo]

()

B 8.6 JERGH A A EE
() MEHERE: (b BEFETHEAREHRS: (0 #TELIEEHRE

FRIL ST B BT B, 650 B IS AR B /NS 57 30 43 T ZE R e o, U T 5 b SR
. KRR EBRARZIT, 21 pav 15 IR 712 4 RIS 5 05 B058 5
B, B 8. 6Cb) B AR P 25 I R AE 4T 4 IR 25 O RS 40P 8. 6(0) .
Wik 8.1 R LRSI M A
Space AllocBoundTag (Space &pav, int n) {

J BARNT n 6975 R, 5 A I BOAE R 8 3636 | 2 Mk 5 75 03
J/ NULL, %4} B2JS o A A2 IR 25 , I pav 36 1513 o L4 2 0045 5 105 26

V-Vt
for (p=pav; p & & p-—>size<n & & p—>rlink! = pav;
p=p->>rlink); J ERBA/NF n R
if (1p | p—>size <<n) return NULL, A BAREBEE S
else { / pHERRBIME R
f = FootLoc(p); / BHEER
pav = p—>>rlink; / pavikiE »p S ENERE K.
if (p—>size-n <= e) { /J BRABR . AMRE<=cHWEHRE
if (pav==p) pav = NULL, / STRASHEENSE
else { N ERPHBRIRMLE R
pav—>1link = p->1link; p->1link->rlink = pav;
Y if
p—>tag = f->tag = 1; / BRARYE RHLBREREE
Y/ if
elge { /A EERHE n MF
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f->tag = 1; /BT BREER IR &

p—>size — = n; / BREKRKN
£ = FootLoc(p); /TR R BRI ER
f->tag = 0; f->uplink = p; 7 RERRRRE
p=f+1; /B Rk
p->tag = 1; - p—>size = n; / BESEHRLT
}
return p; /BB G B R E s hE
}// else

}// AllocBoundTag

HiE 8.1

8.3.3 EKH*

—BRPBB S AR, RERSLER U EH K ER-ERETESE. I THEY
Bt ENRE SR — T RUBANE R NEATERENBRM S ARME.
ERERTAZHHR. ITEREEENHNFR (XL S ARRE RO MR E#ER
AR (e, MRA 5 P —

BRI P RO FF IX B0 3k B8 ik Do p o U5 00K ot ik R 40 9 P9 47 X A RS 38 4tk
p—1; SHE kP AT XK TR IRy p+ p—>size, EAIF MR ERMEH T X
A X BRI & (p— 1) —>tag=0; M RBAK AL PR % W, % (p+p—>size) >
tag=0; M RHAH AW R HIR.

AHRMREZ A WX N G SR, AL 2 5 2, B T O 2 IR BRE p— A
GRIBAZAMAZRRFHT, EREEPXRENE, WS ESREIHFR—15
RGERARSERERE MU SHEBXBHR—MEAELE ABRBRE RER, N
DK 3 REERBA-NERBEAMAZ RS, TERINKX 4 FHERIHNHRE
(LSEX- ¥

(D BHRKZ GWX R G AR, e REERRBEANA. fFhRRiRE
FERE WHLE BEAT 40 B0 e X 7T ) PR 25 18] R 4 45 40 B A AR AT 0K, U3 0 28 IR SR A A FE &
AR BT, SRR RIE AT pav TG A ZM(RZE) . THRWT .

p—>tag = 0; FootLoc(p) —>>uplink = p; FootLoc(p) —>>tag = 0;

if (] pav) pav = p—>1link = p->rlink = p;

else { g = pav->1link;

p—>rlink = pav; p->1llink = gq;
g->rlink = pav->1link = p;

} pav = p; /7 RRIBEHERATROENNREEANE R

(2) BHRMAEBXASRR, MASK A &5 HR. B TRERMLBMZES R
PR RERHE R, Bk R R 7 4R 2 AR 45 4 NS R size BMME R EHREBEL A
RRERBIT] . R -

n = p-—>size; /| BEBRE K

s = (p~ 1) —>uplink; / ESRE AR LER Ak
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s~>size + = n; VAR &% i kNN
f=p+tn-1; £->uplink = s; f->tag = 0; /BB RHRIEE

(3) BHBRIA SR N W, T ALK h G AR, 1 TRBSREK A SRR
9 Sk BRME AR L BRI O 2R TR 4 R ORI 4 4B % VR R A 9B B0 K ISR . 55 R
BMOALBAE ELPEL Al ERPOBRER. #RWT.

t = ptp->>size; /A AR 7S TR R Y K S 4 bk

p—>tag = 0; /e REIENE SR AL
q = t->>1link; /o o+t G5 R TET A A A R P A BT RS AR Sk FE etk
p—>1link = q; g—>>rlink = p; // afEE * p BETIK
gl = t—>rlink; A al ot 4 S FE ] A A A ) A R R4S R 0 Sk B bk
p—>rlink = ql; ql—>1llink = p; // al 818 * p i 5 4%
p—>size + = t->size; VR NN
FootLoc(t) —>uplink = p; /IR R 1 BT S S SR ER
20 000
30 000 = |0] 30 000l ——
[1} 20 ooof E8K
o )¢ ]
- 20
(a) IS}
——F=To[3s ooo]_‘—I To]15 ooo] L—
WAk HER
HEX
1]
(c)
_._l“‘r o]15 000] L_l_ =t Jo[45 000 }—
HER i
MR
HEX
@ a0
A8.7 [MAEiEEE MW R R R
(a) B BIFT R (b) Ze 4P X B2 INER 1% 5L

(0 HRRESRBHER: (D E ASXYREHRMFR

(4) BHRWE ABXYNEHER., AF S THRERE-ERN—PRER
FEn R Az E S, QBRI B WA space R, RN EHER PR EABERR
e, FEBETHARMT
p—>size; /AR 3¢:3:0 b U
(p- 1) ~>uplink; /) e E PR
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¢ = p+p—>size; L

s —gize + = n+t->size; N BEHE RN

q = t—>1link; gql = t->rlink; / al =ql

q->>rlink = ql; ql->>1link = g; J MEERERRE AR
FootLoc(t) ~>>uplink = s; /B RRE S E LR

BZ TR S TESNSE AR TR R, E8 ERKA B
KAFRE L REZHASERBHNFRETRE RN, EATEZ OB NTHAZME
RERRIMENZHRERSHZ  BE I THHASER L SERTRE KA
R UARRERMBIEF  MBRREANBATERER. I, FERHB /1%
0L, E s R B R AR H ', A A S EROKDIER. B—RER TS
RIEHRET & AR .

ELAE 3IMHELT, TAMASERNZLME 8.7 Fin.

8.4 k1 R &4

(R R4 (buddy system) RBIEREHPHRANS —MABHFHEHETE. EAAR
IR ER PR HIEN, SRR AN Y R ERARA P RZ . EA PR
WX EER. FIARIKME . FERKERE P, TR SHARIERR, AN YR 2 1
kRFECe AFREANEELD ., Bl 5B HE 2 M FHRFXE, SR & ARKNY 2!
AFETI<n<2), B ETHAZRZPHZHRAMABRZHIKE. H4
WAl FANFEERR 2" NF BRI K/NRATRER 2°.2' 2", TEARMAL
T—H, 5 3N EEBRFBXIRE.

8.4.1 WHAZBEXRMHEN

BRAZYAIMNANFZEERN 2” MFOBAEN 0 B 2" — D, MEF RE TR,
BIABERR—AKDR 2" B RR.ESTT-BREZE, BSRRET 5 ARM
ZHRK. ATESERNERTEEL, RITEFERMMIRANERRBEF-KFRSP.
BIMTFRER—AVNEER IRNERTEAE n+1 N EX m+1 ARLEHARRS
HALER— MR, XRRKEREFHTRAZEE.

ME#RTHEREHWMA 8. 8(a) iR, H P head HE LW, B—1H ¢ MRYA
RLHIE T, R B Link SRFN rlink 305} 5145 15 7] — & % 0 BT IR RS Q645 5 tag UM
BA0™“1”HIBRE IR kval UIE D 2 MIFEWK kjspace B— D R/DK 28— 1 M FHELEL R
R CRBTE M, 3B head 5 —NFHZSED .,

AR AZERKPEREWE 8. 8D FIR Hh m A FRBHER, RERANN 2"
MEERPH -G RN SR, Rk mBHEN R b MRAR RIS B
5B nodesize BRNKBERFERKMA/N, UES M ERFE. KTHAZERY
PR, A EMARMT .

#define n 16 / ETRI AR 64K FHY 2 MR, FROME A n+ 1

‘typedef struct WORD. b { '
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WORD_b * 1link;
int tag;
int kval;
WORD_ b * rlink;
OtherType other;
}WORD_ b, head;
typedef struct HeadNode {
int nodesize;
WORD.b x first;

A BARTEE R

[ REEE.0.EH, 1 5.
A BRRAER 2 HREK k
A kBB ERER
A FRIRARE S

// WORD: PYFFF R, 45 kB SE — N F AR head

/] BERERRE KA
[ BERER L

}FreeList[m+1]; VE - £I0b &3
2° A
1A
llink | tag=0 | kval | rlink |} header z
2% |A
space 2" ‘IOI“‘I*]
nodesize first
@ )
[
20 A 2° Al-l:lloll(—ll-—l
21 A i 1§ R 2* 1 !
7 I_ TolK[-[iTel¥] *lolxlwl 7 I- IOEESOEE
2" |A 2™ |A

(c)

(C)]

B 8.8 KHERZEFHIMAEMER

(2) SRR EEW; (b)) BHWHRE; (© FRIHRER; (D FREHR

8.4.2 HmMEE

BRAPRGKADL n YAFERN, BEETAAREIRERAKNEG » HILEH
FRAUFREZ MBTRFIERE NSRRI EFERTFRAIZ . UENEGRE
RS FRPEZER, AERB-AZRR, WHHP WL ABRLER P T0HERRT

SHEAMHEKFRT.

BEARMOTRASHENRSNE 8. 8()fim. & 27 '<n<2—1,X%HkE+1
MFERASMARERREEREFBE NG RFSEAAP I, FH2 <2 1,06
RETFEEKRMI2THFRIZ MBFNERAKDR 22 HFRPIBE -, BHP—
EAHBARP . FRN—FEI-IFLEEBAEGRKNR 2 HFRD, MEAS. 8(dD
iR, &2 <n<2"""—1GA/MTFEHER .FEFEERDT 2 HTFRBIIZE,
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FRR MG SN 2! T REBE—5 Rk 20 » 7y )
—/NERREAF MRV RRE T ERPEA [ ;ﬁ/ =
TEGE B /PNR 28 2 v 21 F R, BEEAEE+HL e o—
AFRPWRHESNEBII R p, BBBSRAAIH oo |
5 SR A A K p (o PR h 28 R I IS sk X WY |
BALRFROFEAOEH MBS IR »+ 20, z W R
P2 e p2 i B BT R (B i=3),

TERARKESHRZ.

WORD. b » AllocBuddy (FreeList &avail, int n) {
/ availl0. .ol AR AZER .2 AR KL EE, EERDTF o HEHR,
A/ T4y O AR B R R AR R, 338 B 08 stk 5 7 MK ] NULL
for (k=0; k<< =m & & ( avail[k].nodesize<n+1 | lavail[k].first);

+Hk); / ERHBRIRERNTE
if (k>m) return NULL; /5B K, 38 B NULL
else { /N HATAR
pa = avail[k]. first; J BETSRFREIF-ITER

pre = pa->1link; suc = pa->>rlink; // 4353 W BT3K /G 2k

if (pa= =suc) avail[k].first = NULL; / AEEZFETHRSE

else { N/ AFRME«pa R
pre—>rlink = suc; suc—>1llink = pre; availl[k].first = suc;

}

for (i=1; avail[k-i].nodesize>=n+1; ++1i) {
pi = pa+2¢*, pi->rlink = pi; pi—>1link = pi;
pi->tag = 0; pi->kval = k—i; avail[k - i]. first = pi;

} /) RRARLIEAMBFR

pa-—>tag = 1; pa—kval = k- (- ~1i);

}

return pa;
} / AllocBuddy

Wik 8.2

8.4.3 [EIN*

ERPBRABMEAKNGARN, REVMEIFHNZERRBABTHRAZERF X,
X, FRE - I ESHEAREFR AR EE. EREKERETNFREN
“UKAE7EHPIAN = IR IEH .

Bk WRTATR, ERQERNZSETWER - M RO ZRRSBAF A K/DHES
BRI, X P Rl — KR S R R /DR Z B KA. Bl . BE » FR/D
A 2t MERRKMH AL, B p MOD 247" =0, MiE1 434k » F p+2" KIFADERR
Rk, FELKAERGEH B A, R YK S R B3R AR, B2
B E A WA RS, BIE R/ AR R Bk A 4R H AR iy [/ — K3k R R B , AR 18 3F
E—, BlmEFH ABRENERRARKRE.

B Uit 7 E WS RARET , LB R M I KRBT AZE R, ER MR ERBEHER
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0 2m—1 2™1

i+ | » V7777

RIGEBAEMNTRPOAER, UBERN FRPRBALKEFMBRZ . REFH
FEHEHERRMKERBTRERS. KEKEE, ERBEHFTBESRRNKERRES
REE, BB ABRMM FEFE.
BIRMHER p, KR 2 RFES KRR

p+2¢ (F p MOD 2:*'=0)

p—2% (F p MOD 2t =2*%)

B, B AT HBARER K/NR 2°=1024ChE M 0 ) 1023), 5/ Y 28, B4
hE2h 512 Bk AEER IR SR bkt Ky 7685 K/ 27, R IR sh bk 384 YLK Ak B FE 46 Mo 31k
256,

buddy(p,k) =

A B B T SR TR AP ) B TR
B2 o KB R 01,52 0 6 B B R B T LU K B T2 7 A A

8.5 FTHAHITIKE

PLE 3 Wit m B E M A A M AZ R REATHEEEEE. BHEA
R 72 PP TR A B BEAT 50 BE 5 76 P REOFE O B A AT IRDMC, B R 6 2 10 A B SRR
B TMERE. Bl EXRFHEERES, AP LANRS HHR" B
HHIE R . WMEZR PN RNBAERGES, LB EA R0 BIHR 5 B
RiRZ, SAPFRFHRTEHRBHREN BB SEE. XN, EFACESRER
Pt P 2385 malloc # free B RBR R R FORAMABMAEEN . BEEHSER
R B BN R G A 5 B R B BAE R G A AR A 2 9 B B B A S AT B0 W 72 4 “ G R AL
JUVE“ BT 7B R

‘RABRTREREAFAEEAMARERABKNEHMER. ST CRE
FFB

p =malloc(size);
* p =NULL;

PATIG R REDAT p=malloc(size) Jy Fil /7 5 BE B 25 45 R 6 I 258, ook 18 B A1 A
[EE s gz

p = malloc(size);

<I.=P;
free(p);
PITHERERH TR q BE, MAFTBRRNS B E R ALV MBS o i A,
MHEXFHHEL“BEWHR, FEHEIENESERETATAN.
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H—TH,HTEMAE SRR, e ER L RUE.
PIMERRAPBFPAE 3T XREGW, 0E 8.9 fin, L L, M L, 458 EfH
FLME LR L ML HXEHFR L AHGNH L, 32,0 L 34T LRFHE,

B89 FHEHAETRMN XE

EXHER T, BEANBRRBRN — N EE, BREL REMEH,MHEL AL 4E
R EBER L, BN E L, $56HE, TG4 A 45 A b B AT R 25 | % b (5 7% L
L, BRI, SMBIE TR L, M L, ATA=E“BEHR" R, ERKE L &
G5B M L, 0 Ly B F AR B AT X S5 5l TR B R B A R T
BA“T BT,

0] R YA I HRRRR

(D SRRSO A FRES LR EMI—A 2L % M, IR — A
7R R R T RS RN R E . BN RRE N TN, kT RE
X RPEEA BB,

(2) WEX AT AERFETOLBS, M FANERERAECREEH M5
RE, EPRATAAZRRNE . Ao R HRATR I, K54 2480 8
HRBBE—E, RN - FOTRAS AR, ERFEAERT. BR, E—RIESR
T RELB ML SR YA RBERN. R, 4 F— N ELESTFHERF, g g
FEGEARADEVL X RENFA Y5 EA TN TR R, AR, R4, 5
BRI XEE PG EARRESAN. RZ, THARAEESAPHEASSREE LA
MT.

Bt WO T P B ST I A B 5 AT B — B RN BT A & I A B AR, EHSS 5 &
() LR TE G TR B A E B IR — /M5 A (mark) 3, R E TR R TR 2
HOATA 45 S AR R IR B 07, M LA AN & S AR R BB N1 BB R
ANTT R FFEBE 2 RUBUT 38— . 4 BT 47 A8 0 07 (0 45 A S B L — A 3 B0 T R R 25 1)
F. HBEENE. ERBTHRES BTN, TP — 5 B 78 5% 3 5 X 89 2 4 B0 AT F A
FEROLP R IR TR0, H AT D EER AR RGEE R E. TERA
R 3 iR EEE.
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(D BAEE A EEF R, RSN RIELR ERBEHT XFE B XE R
AHEEWFEERREY. RIS HEE iR $) B3 I8E LT .

ERENE AR ER—MEELE NRETREARZ e RES, S
ERERELAGRBELIAFRLARE. '

EMEERER.SFRAAFRANBRESHRZ. BR. EBE—-ABRANLH
BARNRNBBAE. XBSANEREATHSSE. FE, B TFHENBERAE,
BROARFSHE, BRIERAEAER IR 2k i X 58 8 4% , 75 RISt 7T Bk ey
T i R o R R A 0 s T M R R

(2) FREEE BEPHIRGATDER X ENRT . N~ XERFREER
KB, RPEFMEE: —HRTREA SAPREREE: B —MERE S SAPE
AT LSRR W EREMF UM R, FIRPHTERS
AMYTF XM FEA TURMTER X B FRNIEREHE, LRE
BHPRRBERORNAR.

B0, BT —SUR BB T, X RN R YRR SR, X R R AR RS
SeIi 3k $E 4 BB 1 T X 3k bR A, RIA K R R 3k 28 B R AR i i R B IR AR,
BRI NSRRI TRLEANELE RAEERRE E—-BERREBRH. RE LRHEST
SR, EIRE NI, IMTBOTURBRERERRRT. BN EMENEERE
WRE TR,

BR AT XM FEM BEREERAT WP RHFFT EREBRBT, RE B
R PI R RUGR T . FIRE, K 5L I A8 38 MR — AN BAB) GX B3 3k 0 — SUR R
B3R AR AR R E L R AR IR B R AT AC ). TEXFAIEBERE
o, B AR AR B BA ) A 25 B HL 38 DA B o P A AR B 2 2R /DN o (LN 8 U5 B B A RV G ) A
MEE A ABE R WM IR, B G RREA R .

(3) ARG EAZNEHBFCRTRENEE TRRERHEETERER
B AR BRNIERBER S, REF N, RRN IR N T8 T 8 55 4 BT E i B
7, DR LR 3k 2 5 AT DAY SR R B, 4k T X R B AT G . S SRR 8E AT B B ik
BRI ERS, T URRMRE. EFTENENEETREAACEFELINE
25 BB tag hp A tp BORRBRICTEF LR HWBES. H.XTHE 8. 10 I/~ Xk

LL]_’:’_I‘ e 8 k
[l Al L[ TyIAl

b f h m
[LEE-{EA (oF)  (IhH
BE LFL]:*W-\‘ (Rl
d v i

[Tol-]

M 8.10 @B Lk
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miRE. BREZBBEEPHES p WERMEAEN bR N .OYE4 pH b BRAE
Kk c ZHTFH b ARRUILE a EERT); QEREAGEZEFERR . RAEHKH pEH DB
MFRR {NFHIE D AR QE b WRESETZEMELFKBR,F p EXIHEM a.
SHX R, AR R P AR, TMRELEE plH bBE c 2/, %% b & PH hp BH
EUCHIE a, 34 b B R P tag MAVEB AN 0" W 4840 p i b B 1) £ 287, W EH b
ZRTH tp BB EBCHIEN a,tag MEER K1,

TEFEASRE %M A BEE BRES. 10 FH" XK L' EMEFR.

BEPRET SAEHERKMES Y p BRARNRE KAt 180 p WBELE K q
8 p WRLBRRE, WHE 8. 11 F (MR,

% q 51 p WRKG RE, A S HARLA . OR p WRIRE-ITRE N,
WEFHREVNBFENERLERITERERENS q A p HRE QR p WXL AT RK
REMERENFR NWETRIRLRES o FRE p WRBIW; Qi p R AR M
BEHFR UTRBIRLTR Mo MR q WEt HEETBHIBMp WE. HTIE
T t 185t B3 A9 BEAR, LAETE p B RS S0 FIaY BE4R B p W8RG A (BME ¢ B [E 3R
KEE) , MAEBBGX AR EZ AT, MR T t BIIREER, B4 p B AW hp
MER t, B tag BEIEH“0”.

A—IE, Y qi8M p WREMN, WAl BEH WP ramwa Op KRB IR IR E#
FR,MNTBEIRBH TR, B p t B EEMEMNMB. I TIETYHMREAWETER
GRLFRIREERS p t IWEWEZAEIE TR B4 p BTSSR M oo BHEKLR ¢«
REL tBEp.p RE GOp WERNZ"REC I EIREN TR, Mot RH p FTEH
RO EARE, N p P18 B B2 G ¢ FTI845 R AR ¢ AT /SR — 4, R B ¢
HZRBRER. GLARTR .« WBHIBRRCEREELW hp BRK p HP, KR
R WEHP S tag BMEEKE., EANIER « NEBEE FHRBLBHE, TN
HERTTF—SNHta. H#tEARESREL MNBERTHBERNERE, &t
SREABGBENRE MNAZERER—BEHERER. &Aﬁﬁiks{fﬁiﬁﬁu? (GL
AT X R KIEED

t = NULL; p = GL; finished = FALSE;
while (! finished) {
while (p —>mark ==0) {
p—>mark = 1;
MarkHead(p); / HRIBRRLEHWIES T, NBBEHEHICFEER,
} / Bpim#EL,; &M p RE
q = p—>p.tp;
if (q && q—>mark ==0) MarkTail(p); / BHHEEHCRBR,HpEAER

else BackTrack(finished); // HNEREEHBIHE — 14 &, W finished Jy TRUE
}

REEH) XFBHHEEMA R 8.3 iR,

void MarkList(GList GL)
// BPFIEZE T L% GL(GL! = NULL . GL->>mark == 0), Xt & il R MR E L At
t = NULL; p = GL; finished = FALSE; // t#mpWEH
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5
[ 2]

-3
_;
-]
[ 1o
]
o |
[>]
o
[;]
o [=]
[>]

() (b ©
a a a e
t J1|0]A| o= 1 1] 0fA[+] ¢ J1]0[A[o~{ 1]A]~
b { b f b f
JanncyRnnD EYnnnLPRnny Nennnc nnn
c c i [ :
d : d 9 d
) (e) f)
t=NIL
a e a e g k
1]1] [ [1]A] + 1|1 A,,|1|1|A|j7 [1]; 1|g{A
e bl 9 ), q h
BB BOE)
: ’ (b)
(1]1]¢]Al

) q

8.11 ﬁﬂii"ii

(2) BB, q WiEmERk; (o) HEtmBLTRMEE—5;
(D MRRERAMEEERE BB .qHARE, (o) BEtMERFMEH—FH.qFERL,
H HwHRB—#, (p) B BRFR,.qAIRE;

(h) BetERBHERE—B q BEARREIHIER),
O et pEmBRY AER L. q Bk

while (! finished) {
while (p —>mark==0) {
p—>mark = 1;
// MarkHead(p) 44k
q=p->p.hpy /gl *p MR
if (q && q—>mark==0) {
if (q—>tag==0) q—>nrak = 1; // ATOM, %3 I F 45 &
else {p—>p.hp = t; p—>tag=0; t=p; p=q) [/ HEBHEFR
}
)}/ ERMBELHEE
q = p—>p.tp; / afgm »p RE
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if (q && q—>mark==0) {p—>p.tp=t; t=p; p=q;} V&3 3 Uik 3
else { // BackTrack(finished) 44k :
while (t && t->tag==1) { // LIST, B K. AEEEH
q=+t; t=g->p.tps g->p.tp = p; P = Q;
}
if (1 t) finished = TRUE; /[ &%
else { / MELEW
q=t; t=q->p.hp; q->p.hp=p; p=qg; p—>>tag=1;
Y / HERFRRE
}
}

}// MarkList

Ni%x 8.3

8.11 st A 8. 10 Py~ A R#TBA MR SN FHEWEURERE. (DHIE
8. 3FMAMATR R A . (DY R (o) N ot 1 K07 B 30 3 B AR 45 U B9 hp 345 4 RO 1%
. (DFRRYRKBHFERERBEATH SN HHHEHERL. MOMDFET
BPRSTEISNETE . AR T 250 TR B 1 S AL O, AXEBH IR E T
#hFE

WEER I MAEEAAE, BIHERERSHATERMMAFE, E3HE KL
ATHAZESBARSFAE AR TERED, LFREMRE KNG R EBEEN
W, B et ] L FHELR, WA, ~BEREFH. BN RAERR, RREHHE
7. MAEBEAHEERENE A LERB I HAREBL . AMETESA —EZME,
BN ANFHRELS . 82, T0H R8T RR e E &, 7 5878 350 4L B A9 1
GLFRA

EH,EABTHRETERGREFRFTREARERTHREN, EHRTLUEL—4
PRAE R B e AP B ATV (LT free MEMIBERD . ARBM—FER, REBERA S
BY— MR ERREFZAPFEFPIAERORLEH, UENAX S HRHET
.

TEROTUNEARTREREERMERMG . WERR.BIMREIFL#
7: 85— X SASRMEE . A ERB—MEE, KA ESIERBRIEL. BE
BHERASAER N U EIRIABNEN o NP o ARSI B LR
AZRNBE - LR FEM BFERMRENERABREE—RE. BRTAZEE
HEE ML UARRER MOEH o ARNHLHO . G, WRE X BHBEN
aN+oM, R RN TAE [T M—N,

BR CARTREZIATEMNRENRERKERIANTUEFFREHTAERR
BX. RITARE—-ITEAERFTRTHFYRE (GN+M/(M-NI)RERI K
. BB o=N/M RxAFE R K%, W ERF B ER (cptc)/A—p). HH
T 3/4 MG R ATAL K B o=1/4 B, BN ERFTHR P B EY 1/3c,+4/3c2,
RZBAFF 14 WERATAE R o=3/4 bf, KR — A E TR T 6 E K
3cit+4c,. TR, THAAFEEPRELBNESNTASE A0, WERXHLETHR
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TEBCRRE . AL, A YR RE UK E B 170 X B4l LR R A3, R
A—WERFIUHKE. METEATHEEREEBER UEREENRERE. BR
ML T LAl REFRHE — D H I &, HWEBIWLHBATEN ¢ RELR RERAS
HiEfT T &.

8.6 ff fif & W

AT L e g sh BT B BT A — IR B AL B S — B IR R
“To G R RR R A S (] 2R X A AT A S TR RCR R R A, A ROR/NAT LA
A, o BT AR ]

R—THRENAD -MEUNEFEER T %, BN ITSHHEELIR S, A

0 1 2 3 4 5 6 7 8 9

10 stadr
20 NN A| 12 0
30N \ NN\
40 B 6 12
50
60
70 7 C| 10 18
80 /
90 D| 8 28
free (a) (b)
0 1 2 3 4 5 6 7 8 9
VOV A A A AL X YA A A
20[/ /X 2002 NNV AN
30 ANNNNINAMINNR > 12 0
/ B}l 6 12
/
D 8 28

13/1
free

He12 BEMEERERE
(a) ¥z5[E]; (b) BAFHBMR,: (o) BREHNE; () BUERNFEHBR

© )

EWANZ, TRASEHE - M EENFEX . ERFEFPRZ AR, GRS
BoER XA AT R as PR —3 . HERMPER R — MRS RZ I 1R
KEMENBR(EER I, YA BE N D RLQLR M RE, 8458 5 m &bk (R
b B3 N MR, MB N ZA N ERHNERRIERAA WS ARMNIHK
ik, EFAFEAETRENBEEHSANSITIERRANIAENFHEEE. 6
wmEANBLAERGETHE AB.C.DX 448, HBBEKES R 12,6,10 f1 8., BRiXHE
164t free WAMEAZT M BAX 4 MRENFHE S E P H A5 5% 0,12,18 #
28, A 8. 12(a) M (b) fi/R . /3 BLJG ISR ST RUME N 36, B, XMW FFEEEKY
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SEBEEEEHE. RZ,.ARAPBRASHRREERE. B TRANTHASH
B R — HhhtE SRR, Tk B A UK BT B M S IR B FF BIBAN ER 4
RREFEH IR R WIS, EX . AHHEE. —HE-BFAPBRFH
SRBNHEAT B ESE, Bl an, B 8. 12() Y, 7E c RB B M B E Bt BB RV A 8. 12
(W, AR B BNEERERE 8. 12(DNRES; Z—FEEBRRFIGEB Y AE
e R B s R B A7 A R, B B AT ) R 58 () R 48 4 B B 4R 41 38 1 B | b bk B A AT A
ER., KN BERMENREEFRENSHRER -, B AEN 5 HREBESE
Y ) B 23 A) B ik X, 7 9 4% B9 S b bk KRR K — %Aﬂﬁiﬂ-ﬁﬁmilﬂﬁ& A 8. 13 fr
Mo HP@IEEHRE, OHIERFEHRE.

A /X AN A A X A
A A A A 747 Y/ Ve "/}?Z' /AL
N/ N A VA /AL 2777

/A A
A XN A I
/,/ Al

free free

(2) (b)

B 8.13 RYFAIE A (FFE= ED
() REHT: (b BHR

B R TE A T R R L, R SE AT B B4R, B R BN S R R AT WA 1R
HE LM EWRRF FRRNEWETERFD ; KT HIT T 4 L8RAE:

D HE S ARG, AREBIEHEEENFEZ R, X5 G Ak
EERBERF L. HiL, JBROLW AR B E W AT B 3, XRS5
RERBZAMZE W EAE A B, Bl A8 SARNE - FHERAF.RT
B K B4R (PR o P BRI R /D) R 7 380 (7 B K A A A R o5 TR B IR R I A5
B BT VL — A FT bR, LAFF O o5 IR 7E R 48 U5 LA BB ik, B ST — FKHR
1 3 41k g o PR 2%

@) BYRAPHNEERR, UEEFERSE AP B RBAZERETT.

Q) RESMNGARTHFEORE. HF B0 RMFEROES, WTREHRBK

D) HHAESRARIBAF I L. XERERFEEEENTHE.

B, ERTHERFNRE. BE BEEHRUFEMERAEHZREERH
BAEHAL .

TR, FEREE AR TR EERE R, i AU EERIE T S RARE
%), MERBYHA LGRS REHE. Bt FREFORE-ITRERE, BEARBE
BRAH.
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mom & &

AREFB2EEBTETFELNBTEMRETERENRBEH, AX—FWIT
BH—MELRMATKBEEANBESN—AERR.

TR R (Search Table) R F— KWK PR AR (BIEROMRNES. BTRE”
FHRHBETEZAFEEZENBHXR BHERRRE—MIEERENRELEH.

MHERREEHITHRER . OBRARNMRENBELERBTEEREZT ORR
RN BB/ TRV SR QEERRPBA-TEELR ONEREZTHE
FEAMEE/AR, BENERBRENFAMERIER"WORE MHREXERRIBSER
& (Static Search Table), HFEARIBFRNBAERRPAFENBE TR KENE
#FXFHBREFERNENBIBITR  MFR LA F N 3 A ] (Dynamic Search Table), |

ERBEER, AL FEXBEHT BRI, fln, ERESHEPERE
B KN HRESHE EFRPERENMA"HEFNEXESE. HP“AiE5H
B AFROBITRAER—KERE.

EEMARKGRNARGT  EREVRBEANEHNZ—, WREFRFPHS
R ARLBEREPFEERFH.

HERAILFEEBERFAE-ITEEARASHEELR(RIER)WERRTRE
EMBENB/AR(FIER).

ATEFHR, LAGHINMBEHRAHRDETN. BETIA-ITKBFEH
o

XBF Key) ZEBEAORGEICBOFENMRERNME, HETLURARCGRID -
ELRRIER). EHXBFATUE R R-—IMER UHREXBEIEXRT
(Primary Key) St RRIAEF  HEXBFHAR). RZ . HAURINEFiERHXE
F R KX @F (Secondary Key) . SEBLER A — M HEIWet, HARFI N EBEL
K.

B (Searching) M|ATHRENME EERRPRHE—THXBFSTACHN
IWRBBE TR, ERTFTHEEXEN—TCR, WHKERERINE, L ERNER VS
HEMIRNES RESAZICREERRFHNE  FRFAFEXRFETASHW
R JURERRED, KN ERNERTA/AL M ERR T HKE.

B, YA ANARKREAZEXRSH, 2BEEWRATUHE 9.1 IRRY
SWEFETENR . RPE—FTH-ITER. FENEFESHCROXBTY. BRE
EEN 179326, MBS ERTREEBENERRAMES, KN ERIRIN. F4
EAHR 179238, Ml FRPBAEXBE N 179238 MR, WERARI .

MAETER? BRE—ANEHNPERENMNBETRNIBEKB TN BETE
EEM RN, Eit, X RATERNTEBRRTRPEE TR KM RXERGX4
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RERANMM LD HRE—RM. FIINERESTE, d TRIESBEREHN &
RN KB R (RIS 542 BARERITUF Gtk WER K T ERERNFERSER
FRBRESN, REFERRPIFER, AR ZA A WRIESHIE. X, ER%
XA, B TFREZBANFEEFRRPORFREN, BRERNABENTHR
PRI RALRE MAERESERAIE N FRETRR PN EED XA,

" = & ®» & #%

. ® 4 B4
i % Bk EX SME B Y| 1 £y

179325 | BR4T 85 86 88 100 92 90 45 586
179326 | Rk 78 75 90 80 95 88 37 543
179327 | #¥F 82 80 78 98 84 96 40 558

B 9.1 W5 maRn

W AP HTERN TR OEBBENARTAR . EmiTRe, A2t
MERRE—FEFRENBBELEN. BOERHTRIRELRZANEEEHR
—PMRETHMBRR, AERWRAE, I, FERBETEZ WA N F—8E R,
DAER MM BT Z R B LS — MRS MR R R ERE. ABRA I RBEER
RMHEERZ A RBEE LRI R R RIE LI,

CEARBUBEWHITRS B RALBFRUNBIRTELBNGE - FHIT.

SRS B 56 f A RY Y E AT LR

typedef float KeyType; Y/ %]

typedef int KeyType; /&3
typedef char % KeyType; / FHF&®

BB TELBENLR.
typedef struct {
KeyType key; /N REFS,
/ HAtis
}SElemType;

MW XBFZOHBAETHIMTREE X

N - MBEELRT
Hdefine EQ(a, b) ((a) = = (b))
#define LT(a, b) ((a) < (b))
#define IQ(a, b) ((a) <= (b))

N - F R

f#define EQ(a, b) (!stremp((a), (b)))
#tdefine LT(a, b) (strcmp((a), (b)) < 0)
#define LQ(a, b) (stremp((a), (b)) <<= 0)
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0.1 BABRSE

MRBEREBESERROELR:

ADT StaticSearchTable (
BRI/ DD EARAMHERENBELRENRE. EITEBEARIEHFLAYAR, TH—HR
L€ PSS
BEXRRBELERAR-IMEE.
EXIRIE B:
Create(&.ST, n);

BELZRME-TT oM RBELTRHBESERE ST,
Destroy(&ST) ;
MR G .- BEERER STHE.

WAL R B ST,
Search(ST, key) ;

MG R - BSERR STHEE key HRMRBFRBHFRMSEM.
BELR . ESTHFERXBFET key WHEETE  MRBENZTENERERTH
NE, EMHRE”,
Traverse(ST, Visit());

MG & BEERE STHE, Visit B T RBENNAEHK.
RELER HEXRHEFEXN STHENERFAA R visitO—K AN —K. —H visitO%
W, MR R
}ADT StaticSearchTable °
BEERRITUARANRRATR ERRNRATEF,  LRERBEN T ED
Z“‘I’E—]o '

9.1.1 WFRMER

DR RREMERFZRBEERE, M Search BRTHAMFERELHA., =HF
RUREEMFFHENERTFHEN, ERUEERERTLANBRBLEE LR,

H====- BEERRGNUF LN - - - - -
typedef struct {

ElenType * elem; J BETREES AL BRI LFRKESR.0 SRATHS
int length; N BKE
}SSTable;
TEERFERMLI.
JE FF 2 #% (Sequential Search) BRI BN : ANEFBE—NMERTFH, B4 #H1TIE
CRMXBEMACEWHEE . EXRMCRNXBFNACHLEHESE, MERR, KT
AL RZ . EHEEF MR HXBFNACHUEBEEAE MRPRFREFE
WRERARY. WERIBATHABEE .1 #RZ.

int Search_ Seq(SSTable ST, KeyType key) {
N EMFRSTHMFERAXBFS T ey WEELTR. HRB WRKMER
N BTEERTHME,FUH O,
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ST. elen[0].key = key; N R

for (i=ST.length; |EQ(ST.elem[i].key,key); - —i); // MISHEBIR

return i, / BABR,iHk0
}// Search. Seq -

wix 9.1

MR EH B 2 P MR LocateElbm_Sq —3, R R 7E Search_ Seq H,
BERZATEX ST. elem[ 0] X BFRME key, HNETFREZERLIBRFE L HERN
BARREERSTHE. M, ST. elem[0JBE T MMHWHER., XNR—IBFRITHK
T b Bt , 4R T 5K SR E B , 33X A B UE BB U & R 7E ST. length=>1 000 B}, #H 7 — K&
RFTHFINEILFRS—R(ESRSEHRE]P 342 TR 7. D, 4R, BHRHHEA
BER TRkt

BERBIEMHERIH

 EBIEPYRRHER-IERERNEES 3 & . HRAERE(ERERNTH
REEZ ZERERAEEREENBRENT SFEMURKEYHMEM AR
fhtERE. M FERBEERE, EF ATE-IBILMEBZER. L EREEFHERER
ER“BIERHRBFNEESEATHR” B, EBHUHXBFMAEERTE LK
B RN E DR E R R TR E.

B ABECREERRPHUE, WA HEATHRIXBFEMROPEERK
RERH LA B R R )Y B9 F 39 3 B A€ B (Average Search Length),

MFEE n MERHR BRI W EHERKEN

ASL = 3P, (9-1)

i=1

Hep. P, RERKRDPE | MERHER, B EP =1;

C. ARBIZPHXEF 5%%ﬁﬁ%%%z AN T, F 4G B B AT R
XKBFIMY. BR.C HAERIBARATAR.

MIRFFZEROEBARL.C BRTFHECRERTPHMVE. N.ERBFBF -1
LR, BB K HERRZPE -, UBEE R, —BERLTC EF
n—i+1,

B n=ST. length, MM FEZE R FHERKER

ASL =P, +(n—1)P; ++++2P,, + P, 9-2)

BEEMCRHERERHE, B

=1/n
EUE%M$’I‘§UE‘FJW¥§&B‘J5F@§&&E#J

ASLss =2P,~C,~
i=]
LS —itn
n i
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1

ASL & ="*2’

it BPEMERNEREEFRIHE. Sl BLREFENRIHREL KR
TR AN, NEHEZRAXORIIERNERBRLER TRERENRTICR.
HFRO-2)FH ASL £ P, =P, = >P,>P, BABR/ME. Bt 3o RHER
BEAEHERRERTABAG MCROERBER, RS IT R M & R R AT H
B ERPIEREERMRAEDEREFHS UERBEREEK.

R, E—BER T CRMERMBBERERE. HTREERBE, RITTU
FE/MEF R MR — M R, TR P HICRAEERFETRREERBA
FRWRFEHES EEEREEXMNICREERLSBPANER S, MEEUEHZERER
PR BRY . REEGRERZEHRHNERINTRERBERE.

A RARIVEEEETRBNHMAEREEHL, AR AR FHERREEK,
RHRY n BAE, ERAERME. AW, EABRANRSE . BEMLEENE . B
RGN MER, ERIERBEEXBFAFOYINA, WH, LRFAE X
SKMERBRAEER.

AHES, ERMNFHERRKENITHERE EP = 1 WRATR T #1780, BAEY,

BRITAANBRERBRZ“BRINH. Edﬁﬁ%!xﬁﬂa‘%&ﬁj BERATBTEE RN SRR
P HRGR . EELERN AN AERER T, & RB I T 884 A B B T fe KR
£, BHRERPICER - BRH , BERARIIWERTLUZBAH . YERSRIHHE
HARGEZUMEN , EREENEHERKENRERRIN W FHERKESERARI
BB R EZ

St FIRFER, RIBA B key HTHE , B RA R 4 E HBAT BRI XBFA
Bk nt+1, MRERRIES ARG BT REERR, NS MERHEREROHEE, N
P,=1/Cn), WEH AP ER W FHERKERN

. 1+ ) 1
ASL’, =§’—1;(n—z+l)+?(n+l)

(9-3)

=%(n+1) (9-4)

C EABERUEEY R AUTRER R M E R K E ARSI & K
¥, EmFRGL.

9.1.2 BHFERWER

LDEREEERBAEREMN,Search BREAT HITLERKLIH.
37 4 2 & (Binary Search) AR SRR . EHEFECRFIENEE(XE . RER

O ERPHFAFCRNEBERETIIXA
ST. elem[i]. key<(ST. elem[i+1]. key i=1,2,,n—1

MFR B EREREFHIT.
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HHPEEEBRIFRABZERNIE. .
Bl . EAMT 1AM ERETRNERRCEBRFIIFETENME .
(05,13,19,21,37,56,64,75,80,88,92)
BEBERXEFH 21 M85 WHETEK.
B low Mhigh FHWABRETENERBEN TR LR, 14 mid HERK
B R AR+ B) mid =\ (low+high) /2], ZEHBIH, low 71 high WFIE L H1HK 1 A
11, BP[1, 11 A F VS .
THEESEHE key=21 HERSR:
' 05 13 19 21 37 56 64 75 80 88 92
A low A mid A high ,
BHESERTEEFEAE MBI TENRET ST. elem[ mid]. key 54 EH key 4
e, W R ST. elem[ mid]. key>key, i AR B LK & F7E » M FE X 8] [low, mid — 1] B8
B P9, U & 18 61 high 48 1158 mid—1 ANSER,EH RS mid=L(1+5)/2)=3
.05 13 19 21 37 56 64 75 80 88 92
Mow Amid Ahigh v )
{l5L4 ST. elem[ mid]. key #1 key Mt , B} ST. elem[ mid]. key<<key, R ETEEHF
T, BFE[(mid+1,high JTEE N, 4184 low 58 mid+1 NIL R, KR8 mid KFHEHN
4, 3 ST. elem[ mid ]. key 7l key, H y 4%, MIZ R BRI T ETTREXR T F TS TR
mid §1E.
05 13 19 21 37 56 64 75 80 88 92
A lowA high
A mid
FE key=85 FEARIE:
05 13 19 21 37 56 64 75 80 88 92
4 low A mid " ¥ high .
ST. elem[ mid]. key<<key 4> low=mid+1
Mow  Amid A high
ST. elem{ mid]. key<<key 4> low=mid+1
4 lowh high
" Amid
ST. elem{ mid]. key>>key 4 high=mid—1 ’ )
A high 4 low

W EA TR low> L F high, WHEHRPBREXBFET key WTR . ERARI.

M ERFIFAIR T ERIBRULTFREFEME ISR XBFNL EHLE,
HEHE NERRY . ERXE MNEMEE EEFNRAFEVCBCRNXBFETAE
EHREERXEHRKNNTFREH(EAERIRID NI,

FRITEBERLSBOEE 9. 2HBHR.
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int Search. Bin ( SSTable ST, KeyType key ) { .
J EBEFESTHRITEERKLBFTET key WBIETE. HHRE, ﬂlﬁﬁ{ﬁﬁ
/BT ERERPHMLE, TR 0.

low = 1; high = ST.length; / BEXEME
while (low <<= high) {
mid = (low + high) / 2;
if (EQ (key , ST.elem[mid].key)) return mid; / BRIBGETE
else if (LT (key , ST. elem[mid].key)) high = mid — 1; / SKSEZEREXEHFER
else low = mid + 1; / BEERFXEHITER
}
return 0; / BREEPAGFERELR
}/ Search. Bin
Wik 9.2
FrEHERAELE ST

B ER NN ATROBHREHAT. N ELRERSETA:

RIAFONMTENTHE 1 KGRIABOMBONMLRFE LE 2 K RAFO.O.0
MO TRBEE 3 KGRILO.© .OMDIMITER LB 4 K.

XN ERSBATAE 9.2 FRH _XHR#ER. WHEIERARARF-TER,
SEPHENZERERTHMER, BRRI T HRERIBHZNRNHER, NAIE
B ETT,ZER 21 HEBRTFRET —FNRALE NOKBER, MG EHET LMK
BEMONEER LS SBRSROEHEN EMERE. X000, REFFRFE
— R R BRRE T — R IR G 5 B) 500 M B 9 25 & B B A2, R0 58 AT 1L AR
RN NG R ERER LB RS, B, I E R R D AT B
X BEMRBERELWOBRE, TTEAE n NG R AERBRE Hllogn 419, BT LL,
ok 2R L 70 2 BRRTH I FNA S AT LRI L R F MR ES Hllogenl+-1.

WMRER .2 FinHENPHAGRHNE
et Eim— A — A RS S HEE, I
B 9.3 iR, FE.KXEFBEENHER
ISR EE A (5 Z AR, FRER L8 (B 45 1 O R R
B0, WA EERNERA RIS REBR
ET—#MRERBNBESINER, NG
EHFTHRHXBFIRETREE LARE
BAEL P .ER 85 MBI ET —KMN

R R [9-10| B2 . Bk, ﬁﬁéﬁ&ﬁﬁﬁzm&mma%ﬁﬁﬁﬁttszm;eﬁ#/*ﬁ

BEZ W AE it lognl+1.
B2 EBERAOTLHERKER S DR?

B 9.2 HRWEERIENAERN
RER 21 IR

O HEMEZLXUR BENHTESFERKZEREN LU » M ANHZRORERN 2 M R0EE
ZXREREER.,
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>~
=
>
~.
-~
~

1—-2] [2—3] [4=5] 15—§] 8—9] 10—
B 9.3 ﬂu;_?bﬂ%ﬁﬁﬁﬂﬁﬁﬁﬁ?]z 85 M B

AR HEERL . BEAFRYKE n=2"—1(RZ h=log, (n+ 1)), MR IT ¥ &
ROHEWREER L R _XW. HPERN 1IHERFT LT BRI ZHERE 2

A peeoee BRUCH h SR 24, BRRT B MEROERERNS (P.—T ) W%
BRI EROTHERKE
ASL, = _"IPic,.
= 711-,2] . 271
=2 bog (14 1) —19 (9-5)
SRR 7, 2 n BRK(n>50)8, A FHLEEMLE R .
ASL, = log,(n+1) —1 (9-6)

AR, EERNREEIAFERG, BN ERREATERR AR T EHREN
G HEH R T EA RO ST REER .

DUERFERFBEEREN HTERO T ERITLERZIN CHEREBRER M
HEHER.

EEHREREBRBLEEEREIONFESTRBJTL/EN. BRFANZFCR
MR NBEIRRE /N 1,8 n=F,— 1, R5¥ 4 EH key f1 ST. elem[F._, ]. key #
FTHE, EHHE, MER MR ;% key<<ST. elem[F.-, 1. key, Rk LE#4 H ST. elem[1]ZE
ST.elem[F., — 1] FFEPHTER, M4k AEH ST. elem[F,_; +1]FE ST. elem
[F.1INFRIFAGER. G —TFTERHKENF.—1. EERBRERPVFIEBEIT
R RIF, BRI ERTHHEREBRNE Ologn)) HHLITEERE, EREFE -
RESFN ITHTH HEE . : '

n L] — h—2 0
O ASL. = gp,c,- =1 26 —i-j]j-zf“ =%—(22i+2§2-’+»-+2"~1 ng)

j=1

=L@zt = Tra-—nz41]

n41
n

= L+ Ddog a1 =D +17 = 2 dlogy (a4 D - 1
@ ﬁﬁ'#iﬂ_ﬁfﬁ)‘(ﬁsz=0y F1=1y F.’=Fi-1+Fi—2v 122
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BEERRERELHEME key RBFEHIT LB KBF ST. elem[i]. key HERF .

A key—ST. elem[1]. key o
& i= ST. clom| b1, key—ST. elem[ 1. key(h 14+1), H 5 ST. elem[1]#0 ST. elem[h]4>

HARFRPEABRDPXBFAMRRRBTHICR. BA XHEEERRBTXEF
BAFHHR EXHIELT S RRKBERRUF R, LB ILITRE R,

9.1.3 BESRRNER

E—I ARV EREENITERE“ SRR W R THTHN . IYERFES
FZIDFRMBEREREER, B 9.2 TRHENERNERIBEFTI LR, Kk
Bit. WREFRPESIERHERBIELE,HH X MAR?

B -TRAHT. BEAFRFES MR . FEALEMNZF IR ERRELRE, 2
A p1=0.1,p,=0.2,p;=0.1,p,=0.4 Fl ps=0.2, MHLRO-DBEXL,MHEFE
BATITEER, BRI HEYERKERN

s :
DIPC, =0.1X240.2X34+0.1X14+0.4X2+0.2X3=2.3
i=1

EHR, MRAEERN SHEHELME 4 MORORBFIITHE, WRAHEN FHEE
EFFINRATRIPHITIEER NERRDN K FHERKER

EPC =0.1X3+0.2X24+0.1X34+0.4X1+0.2Xx2=1.8

XU, %%‘?i*%wﬁi%ﬁ?ﬂ%%%%ﬁ A 9.2 iR EMBETIELER, K
PEEBR LR B . IRA R RN HATERE? BAER, HRERIBE NI ER Y
T2 =it HE R MR

WRAERERBGGHERL, NEEREBABRENHERRBRERANBRRKE
Z#PH{E®

PH = th (9-7)

BB /MER X, Hn TR RS 'ﬁﬂ‘)/‘ﬁ(apﬁgilﬁﬁﬁ) sh: A i MER
EZXR ERBREGE SN wi=cp:(i=1,2,,n) , et p, HERHERER,c X
EANEE. R PH EBE/DH XN 85 R ZE R (Static Optimal Search Tree),
BT HEBARRERWE RN ERNRE, B 7EAR S P RERA TS, B MBI
EHERSEHE], WA EET A -FREEURRERNOARAEE.
EFM— T EXBFHERFRITRFT]

(rroripr st sry) (9-8)
H . key < ry,. key < +»+ <r,. key
580 RAN B BUE A

Wy s Wig1 9°*" y Wh -9

BHE—R R, EXR IR FRANRERE PHEEFARETREREN X

O PHEMYHERKERELL.
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W REE U B R X S R AL E R (Nearly Optimal Search Tree),
HERRERMN Y TER  HEERO-DFRNICRFEFN PEE << PMIER
WERE AT 15

h -1
AP, = | Zw,- — ij (9-10)
i=t

j=1

mﬁlj\ﬁ(APi:‘f?th{APj } ) y?ﬁ)ﬁﬁ%‘]ﬁ?ﬁﬂ{n 010 97’i—1}3Fu{7'i+1 9'"9&>#‘Jiﬁﬁ

SN ESY

BRUAR 2 A, 5 B NN RO WETFTRAE T,
HEFHE AP,5IARITRER

=1
HE wi =0 i sw,-, =0,
i—1
Wiy — Wi = ij

L (9-12)

Sy, — Sw; = ij

j=i1
AP,‘ S l (Sw,. ——sw,») —_ (Sw,'_l —le_1) |

::](sw,, +sw,~1)—-sw,r—sw,v_1| (9"13)

UL R MR KA R BB D B R NSk 9. 3 BiR.

void SecondOptimal(BiTree &T,ElenType R |,float sw[ ],int low,int high){
/ HFFR R[low. . high] R H BITMER sw(H T sw[0] == 0BT ERMERN T.
i = low; min = abs(sw[high] - sw[low]); dw = sw[high] + sw[low—-1];
for (j=1low+1; j<<=high; ++j) /) EER/ANY AP E
if (abs(dw- sw[ 3] - sw[j—1]) < min) {
i = j;min = abs(dw-—sw[j]—-swlj—1]);

}
T = (BiTree)malloc(sizeof (BiTNode));
T->data = R[i]; N HEBRER
if (i==1low) T->1child = NULL; J EFRE
else SecondOptimal(T->>1child, R, sw, low, i-1); / HWEEFH
if (i==high) T->rchild = NULL; VA

else SecondOptimal(T->>rchild, R, sw, i+ 1, high); / ¥&&HFH
}// SecondOptimal '

#HZE 9.3
Bl 9-1 BHEINRBFHERERHNEY .

¥@¥ A B C D E F G H 1
WME 1 1 2 5 3 4 4 3 5
M#EE 9. 3 MERMERF IR BiHAUE SW 1 AP WEWE 9. 4(2) iR, 14 1E
IR - ERWWE 9. 4R,
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key;

HH}:—I
N - N

SW; 12 16 20 23 28
AP Co27 25 22 15 7 0 8 15 23

) A

AP, 11 9 6 1 9 8 1 7
€::)) Ai di

AP 3 1 2 0 0 0
() i Ai Ai i
AP

€::)) ri Ai

(a)

(F)
(o _X®
® e ©
® ©

(b
B 9.4 MEBEXRR-XERMNRHA
() BT AP, (b)) RRERM

T W WA E RW BT R, BA B KR8 T 8 DAUE , N7 T 88 i L8
BARKXBFOREL S EHSHREFHED. B MAEE Y RE . ERPERN
BUEB KRB FERRERNBIRE R

#1192 BRESMRBFHAEFRIIHNMBUER

¥ A B C D E
mE 1 30 2 29 3

RIS 9.3 FEFBROERAME 0. 5B (Q) )

ROABLEROKRERMOELSOFR. £ G B & Y

B, WA PH X 152 F48 PH XN 105, (3 G & ®
*RNZBTARS, KEERRABRRER — ®

B RAL A Z 2 0 1%~ 2% AL 3% T

BHBK G ERA OREOTELRIES o e nngan

O(nlogn) , R ILH % 9. 3 BRAEE P BN - N ER (b A2 HK R R

B R <

AREE RS ST R, HERSIBRUTIELER. FRAERW I
ERARI, BN HABLEM key MHMESNXBFHEL, EHE, WERRD, K
BRERHICREAITR BRHRELEME ey PTRATRERKHKBFMAANEL
FREAFHPREEREZTERRNBIARII A L (HEHRAMT HITEH _XHF
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RHERFRECL.ELER. ATERLBREET —AARIAFELCRFESR

(H 45 50 B — R EEE , HEAT LB R B 7 BN B B IR BE » B U, AR 2 R W

MFHERKER logn IEK. TR, ECRNERBERANER, T HRAE RSP RR
BEARN A XHFBERNR BRAFRNERNERNOBENAE 9.4 FinR,

typedef BiTree SOSTree; / RRBERBMRA-XHEENEESR
Status CreateSOSTree(SOSTree &T, SSTable ST) {

/ BEFRSTHE-BRERAERN T. STHRE TR EE M veight,
if (ST.length == 0) T = NULL;
else {

FindSW(sw, ST); /) EBEAERFE ST HEPETE N weight B3R BIHAERE sv,
SecondOpiamal(T, ST.elem, sw, 1, ST. length);

}

return OK;
}// CreateSOSTree

Hix 9.4

9.1.4 RIIMFRWENR

FURSIWFRERBAEEIRSL, W Search K] A RABERKELIH ..

SHRERIHRRSINFER, XBRPFERG RS TS, EREREP.BRF
BUSh, TR —NREIR”. B, E 9.6 FIRnA—ITREHRIR.FHPETH 184
iaivﬁfﬁ'& 3 &%ﬁ(Rl 9Rz [ 2 ?Rs)\(R7 9Rs [ 9R12 ) \(R]B vRu [ 9R18)9X¢ﬁ/l\¥ﬁ
(BHBOBR —MREITLHPEERTNE  XBFHERIXTFRANRRRET)
MIBHMEIEREFROB—MERERPAUE). RIREXBFAF WRREAF
RESBRAERF. FFE“OREFHKHRE N FEPHALRFNLBEIKFE-NF
RPHNBAKXBF . FEANATFRPUHTAXEFHARTFE A FRIHNBAXE

£ 35 =
BMARMF |22 | 48] 86

Bk (1] 7|13

{22]12[13] 8 | 9 | 20]33] 42] 44 38] 24] 48] 60| 58] 74] 49] 86] 53]

Mo.6 RERARIIE

Fit, A RERABTAASHT. SRE[FEFILRIENRGFR REERTIIF
R, BIRAEMHE key=238, MK key RRAMRIIRPERAXRBFHITHE, BN
22<key<<48,MRXBFNH 38 MIZREHFLE LEEE A TR . I TR-RIITHPHE
HERE AN TRFNE-NDICRREZPE 7 MER . MES 7T MEREHATIHFER . E
3| ST. elem[ 10]. key=key Fik. BMEFRPBERBFET key HIZR (BN key=29
KA 7 MERBES 12 MERERBTH key LEEAH) , MERART) .

HFHRIIMABRMNRIREXBFEF WAEROERTLURIMFER, FTH
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FEER, TRFIERREBHIIG, WERD RBRFFER.

B, ARERMGE R XHHEREENTASR.

NRBREOTFHERKEN .

ASL, =L,+L, (9-14)
KL, WBERESIBZAETTERN I ERKE. L, VERPERTENTEHER
KE.

—BEET BT RER, TURKEN n GRBOBIRO R, BREE s
ER B o=[n/s; XBERFEMCRNWERBERHE, NERERNERR 1/6, 55
BMERNERBEER 1/5.

&R REE R EFRESR, WARERGEHERKE R

ASL, =L, +L, = 12 +1 Z b+1 s-iz—l

=7(§+s)+1 (9-15)

AR, E R ERRKEANARR n FX. MEANE-RFHERI IR FR, S

SEn HIRTRT s RANEEYN . FHIEH, 4 s Bvnbt, ASL, BB/ MEVR +1, XAME

HWIRFERA T RARSE, HESRITEER.
ERITEERBENER, WA RERNOFHERKER

ASL), 2 log, (—:’—+1)+-;- (9-16)

9.2 FBFERSRE

EX—TAT -, RIVFTRISERRORANLA. SITERRNOERIR,
REMABGREERIBPHEERK, BN TAEHE key, ERPTHFERXBFST
key HIiE 3, M2 AR K [, @ﬂ]?ﬁA%ﬁ?%? key HIILF. UTRATERRH
& X

MRPERBHTERRKELWT

ADT DynamicSearchTable {
BB R D: DER%EW%E%&%E?E@%A ENMBB TR SHLBMER, THE—HRR
HETEHXRF.
BEXERBFECEXFAB-IE4.
EXREP:
InitDSTable(&DT);
BRELER WE—-IPEHHEERRE DT,
DestroyDSTable(&DT);
B KRG DEEREZDIIFE.
PSR RN SEHRE DL,
SearchDSTable(DT, key);
MERG-FAESERRDTHELE, key BB F RN EEME.
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e s B8 DT MR BT ST key WORIE TR, BB N TR W EREF B
ﬁiﬁ’émﬂ,’h“ﬁ”, . | >
InsertDSTable( &DT, e);

PR S EERR DT HE e ARBANBELTE.

BEGR . EDTHPAFERXBTE T e key PHETE UBA e B DT,
DeleteDSTable(&DT, key);

VIR SIS ERR DT key FMXB YR BMARNS EME.

BELER . ETHEERXRBFET key WHETE . WMRZ .
TraverseDSTable(DT, Visit());

WK BB ERR 0T F4E  Visit YR BENN AR,
BESGER - REMXFXN ITHENTMERAARH VisitO—KEZEL—K. —B VisitO%k
W, R YER K .
}ADT DynamicSearchTable

HEERBFTERFAMRA T . BEATFEITEUSHE SRR HGLH
.

9.2.1 ZXHFHMEE_#

L. ZXHEFP W R & R 2

H 2R XEFER? _

= X #EF B (Binary Sort Tree) RER—-BER; RERLEE FIRN XK.
(DEHEEMEFHAZ,  NEFH ERELERNESNTEHRERNE (OFEHET
WARZ,MAETH ERBEEANESXTFENREEANE: QBERE ATRELFN =
XHEFR B

BlEnE 9.7 BRI PR XHFH

B 9.7 —XHEERTH

CXHEER AR X SR RE LR E SR TR, ENERSBAKSGE =
XAEL. B NHFHAEN, AR ACHEABRE ANXEF LR, ZEHS, &
BT, BB KELCHEHABRE SHABFEZRNK/IER, HREEFRELFRE
YSEHTER., BE, TRONEREN R OEHEN,I L RERIBNEE
9. 5Ca) Fr sk .
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BiTree SearchBST(BiTree T,KeyType key){
JOERBH THE-_XEFRPRHBERELBTE T key WRELTEK,
A BERBI, MR B4 25008 7T B 45 AR M08, 5 WK B 25 #5 4
if((IT) || EQ(key, T ~>>data. key)) return(T); / BERER
else if LT(key,T —>>data. key) return(SearchBST(T ->>1child,key));
N EEFRSEER
else return(SearchBST(T ->>rchild,key)); J EETFRPSRERER
}/ SearchBST

Hix 9.5(a)

Bl 7EE 9. 7@ IR X HF R P ARXBFETF 100 Wi R WS HAM
BRIERBKBF) . B bey=100 ARG KM KB FEHE, R key>45, M %
RUGHRBA TR, A FRAS, H key>53, MGKEER UL SQNIBHE TR,
BT key MIQHA FRR LT 100 %, WA R REH ML S@EEHE. X
MER . 7(OPERXBFEF OMER. MERSBRM AR EM bey SXBF
45.12 R 37 Mk LB Z 5 , B ER UL KD AR A FH, WA FH A%, W38 %
WHhBEAREICR, RBERTRD R EEEHEN“NULL”,

2. ZIUHEFF RIS A R0 BR

FRA R, “XHFRE -SSR, HESEAE NNEHWEEAR—K
ERK, TTREERIBD, YWPAREEXBFETACHNEARNBHRTEA. HiE
AMGEE—ER-DFRMG FEEFARERARNHERB R LR RE—
MERANEBETRABETEA. A BH L MO REFROEREEUERE
% 9.5(b), AEREAE A AR BB EHF AL E . BmABEBINHEIL 9.6 iR,

Status SearchBST(BiTree T,KeyType key,BiTree f,BiTree &p){

/BRI T XHFR PRI ER L XBRFET ey MBE TR EBERRI,

A MRS p 8 EBAR TR S KL IR El TRUE, F R E p A B RS LUK
/) BIG—AE R IR E FALSE, #4t £ 381 T AYXUE , H A 14 A R h NULL

if(1T) {p=f; return FALSE;} / ERAEY

else if EQ(key,T->>data.key) {p=T; return TRUE;} /BRI

else if LT(key,T->>data.key) return SearchBST(T —>1child,key,T,p); // e FH ke
else return SearchBST(T->>rchild,key,T,p); / EARTFHPoEEAER

}// SearchBST

3k 9.5(b)

Status InsertBST(BiTree &T, ElenType e ) {
A EXHFH THIRFEXLBFET e key WEIET RN, IHA e }i& [E TRUE,
// % WI3E B FALSE
if (1SearchBST ( T, e.key, NULL, p ) { N BERARI
s = (BiTree) malloc (sizeof (BiTNode));
s—>data = e; s->I1child = s—>rchild = NULL; :

if (Ip)T=s; [ BIRGER s HEFHBRE KR
else if LT(e.key, p—>data.key) p—>>1child = s; / IFEZEH s HEBEF
else p->rchild = s; VE Lt -3- XV L1 =3

return TRUE;
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}
else return FALSE; / WHROAERBFHANSE R AFEA
} // Insert BST

nE 9.6

ENSHHE, 23 —-RINERBAREZE TER—BR IR, RERHLRE
F P K {45,24,53,45,12,24,90} ,ﬁwiﬁm:ﬂﬁkmﬁﬂn 9.8 Fi/R.

¢ ®

(a)

@ (9
(12

B 9.8 —XHFWMHELTE
(a) Z5#; (b) #A 455 (o) #A 245 (d) #A 53; (e) A 12; () #&A 90

A5, PR M EE A RBENAE R G R R
WRE SRR RE T ACIERZ) . XRB U, — T 5T LESHE— R X
HFR T R—E R, AN N BE X T PRI T RO B, AU, A
FEREASEERT UBER, B RIEA RN SRR GEER B R TR e T
AR, ROB S A IUB RS R AR, B RdE S BT, Ry
FE-NMEREALBA-MIRTHABES S HMICR. ©RU, - NHEREAE L
BIFHEERASE, URA TR B RSN, BERDSEREN—MHBEERR.

BB ZE R L E A AR E. X F— R U R UL, R —
A RRBA RS . B R DB 45 A0 AR B TR Bk 2R AR BN T AR B 4
. AT A FXHFEN,MERE - EEAHEETFHEERFHH—MER, RE
EMBREA LR ZEKIBRE - W R,

B4, I ZE = XUHEFR A M 2 — AN R IR MRRTE — XU B &« p@
(MG A EE N ) HIGEGE AR * (AR O, ERK— B, TR *p B *
REBTF (8 9. 9 PR .

TE4 3 FFRATITR

(1) F *p B AN TLA, B P A P 9058, A TFMEHFEARERFEE
25 H, N R R XUR 45 A BT 4B T

Q) HExpBEEABETFHP. REREH TN P, i HES P R P EERVE

O WUTHEHEBL oI FHESIN « p(R+ I G X PL M P FHBRIEETFRAATH.
e 229 -



BRE R * f METHEIT . R, EIEBHEABIR = XHEF R R85

) FHxp GRNETHAMATFHEARE. BR, AR M ALE. WA 9. 9(b)
AL A % » p G5 R AT, R % = XURHB B8 FEF) % { ++-CLC+- Q. QS, SPPR F -+ ) ,
EME*p 25, IRBEMTRZAMHEM A EARZ, TUARRME . X—24 *p
HZETFHA = fETRLT « p WA FHR « s G TR ME 9. 9O iR R4
*pHEEMBR(REZEMBER « . RAEFENZXHFR P EZCHEENR(RE
ERY . ME 9. IR, SUBEEMK * s FR «p bt F s REZETFH S UE
W E*s 25, RES S, K *s MIXGE * q A FREIT,

(a) ©

B 9.9 TE-XHFEMPHMB«p
() A » fRIRMTFH; (b M * p 280
(c) MBR » p 25, VA Pr 1B * s 9 FHEIETE
(D) BBk *p ZJE M »s BR = p BiHE

FEZHEF R LB — AN R BER IR 9.7 B, RP B TR 3 i RES 5T
BRI MBRBREMBEE 9. 8 Bk,

Status DeleteBST (BiTree &T, KeyType key ) {

NOEZRXHFEW THREEXBRFET key WHIETEN, WHBRZBETELE A,

// 338 [Bl TRUE; 7 JU 35 [] FALSE

if (IT) return FALSE; ’ /) AEEXBFETF key WEETE

else { »
if (EQ (key, T->>data.key)) ({returnDelete (T)}; [/ RIIXBFLET key KB TE
else if (LT (key, T—>>data.key)) return DeleteBST ( T—>>1child, key );
else return DeleteBST ( T->>rchild, key );

¥
} // DeleteBST

Hix 9.7
H Mg BB s 9.8 FifliR:

Status Delete ( BiTree &p ){
AR HFRPHBRER 0, FEBRENERE FR
if (Ip->rchild) { / AFHENABEZTHETH
q = p; p = p—Ilchild; free(q);
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}
else if (lp—>1child) { / REBEERECHWALA TN
q = p; p = p->rchild; free(q);
}
else { / EHTFHRHRES
q = p; s = p->Ilchild;
while (s —>rchild) {q = s; s = s—>rchild} / #E,RE5HEIRL

p—>data = s->>data; VAR 10k 3 EA oM
if (q 1= p) qg—>rchild = s—>1child; / EBExaWhETH
else g->>lchild = s->>1child; /OB aWETFH
delete s;
}
return TRUE;
} / Delete
Hix 9.8

3. ZXHFFM I E RS

MATR B2 R AT (key=100 Fl key=40) ] W, 7 “ X HEFF# E BRI KT
FTAEENERNLEBEET —RARE KBRS S BRRTRE 5 E H R
MEARFIMBETHRERKEM LEERFERREO Hik, M ERRU S5 EHE
A R BEA BRI R . R T E B RN n QIRRF SR RN — ), T
EH AN EERNXHERFRHAME—. K 9.10 F@MbD) KBRS HFR P88
{E#BA R, (B ATy KR F P50 (45,24,53,12,37,93) Mk, T /5 & B KR F 51 (12,24,
37,45,53, 9D M. (DWEIHEEN 3, M (DOWHRER 6. BN FHERKERE R
B 6 MERMERMBME, N 1/6, WOR B FHERKER

ASL,., = %[1+2+2+3+3+3j — 14/6
M (h) B L B IR E N
ASL, = %[1+2+3+4+5+6] —=21/6

1 & O

(a) ()]

B 9.10 FRAESH_XERN
(a) XEFREYH(45,24,53,12,37, 9D M - X HEH;
(b) £BFREFIH(12,24,37,45,53,93) B2
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B, &H » MERN RO THERRERR OB SA %, HEEHANXE
FAER MR R B YRR RIOREN n, T M ER KN (R

PP ERMRD, XRBRENFRL. BRA . BREFNELE - XHFRHOBEMTEERY
AR, LV YERKERM log.n MIEK. A, ERFHHEREMMR?

BEESH n(ZDARBFHFEINH i PXBFDTFE-NRBF n—i—1 1%
BERTFHE-ITXRBF N BETRH - XNHFHE - MERNERBEEERF
T HPHERRKEN

P(n,i) = %[1 +ix (PO +D+m—i=DPr—i—D4+D]  (9-1D

HP POREH i MERN - XHFREOFHERKE W PO +1 WERETHFE
AXRBENFALBRENEHE P(r—i— 1D +1 hERGTFRFEN LT A
HBRBHFHE. UBRRP n MRBFHHIRBEIH, HE—-TRBFERF5
R 1A B 2 4, e JERE MR ERE, AT O-1DEAMN i FTF0E
n—1 BFH1{E

_ 1 n—1 )
P(n) —;g;P(n,z)

~1 +;12~§)[ip(i) +(n—i—DP—i—1)]
KEHBEBHERABRPHE—TME K. X,i=08 iP() =0, EXATHE K
, n—1
P =1+53P@ a2 (9-18)
i=1

BR,P(0)=0,P(1)=1,
B (9-18) Al 18

n—1 nz
DIiPGY= [P —1]
j=0

n—1 2
X MNP = (n—DPn—1) + >,P()

j=0 j=0
A %[mn) —1]= (n—=DPn—D1+ (—n—l—)—[P(n— D —1]

By P(n)=(1——1;)P(n—1)+£—nl—z (9-19)

mﬁ?&/\ﬁw 1D PG KM P(DH=1 T?&%
P(n)= 2 "“( + ot

= 2(1+i)

n

) 1

)+

1

1 1 1

(z+5++7
M2 n=> 25t

P(n) <2(1+-1—)1nn (9-20)

n
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AT, AL ES T, “XHF R FHERKERM logn ESHESHN. R
L, EFBEELT (FAPRIER, XA EREAMEELN 46. 50N, HBEHNR X
HEFF B o B o AT AL A B, R — SO,

4. P4 _ R

8 — X #t (Balanced Binary Tree & Height-Balanced Tree) X ¥k AVL #. ER#
R—BREH AEREATIHREN _XH . ENETFTHANETFREBLEFE XM, BLX
TRAETROREZENEMNMERBL 1, 8 X L4 S A FE&EF BF(Balance
Factor) & X AL RHAEFRNEEB L ENE FRIOEE, W& X A4S
WP EREFRAGBRE-1.0M1l, RE-XWM A - INEANEERFRENEKRTF 1,
MZE_IHREAFEN . WE 9. 1) Bra R WRPE R, TE 9. 11 Fim M
BAT @0 =X, SR E N RS ST E R T . |

(1) ()
OO (U 3
O @O0 O O
” O
(2) ()
. © (O @
OX © © O
O
)
B0 11 TSR TA R R4 R T T

(a) FHE—XH; (b) REHHH - XH

BRINBABEREMBFIIWEN X HFHEBRE AVL . BEX AVL B E{EM%
ROEAFROBEZEZHBAED 1, WA HER EMEEM logn BRIFBESR K P
n AR . I, EHFHERKEBRMN logn RIKRL.

nfal fE A B — SLHEFF R B E R R BB -1 RGAF(SRE 9. 12). Rk
RPXRBFFIIN(13,24,37,90,53), WM 1 MG AQHWERMEFHH - XUH,
EBAUZENMRAVEN ARRESNTEERFBFH OE RN —L; FEKEH/A 37 2
B HTHSOWBFEE -1 82, AHATAEEHRSR . AT —BRHEH
A—LEBE-LBHAR ZRERENIBAHONZED, REAMNFHLRFEET. Bk,
AT LA B — A [ 22 30 B A “ BEHE " I B4 L S B R QAR TS HO N ERZE TR, 1A,
HROMOMEHE TR O, MAMRF - NHF WA, %S/ A 0 M3 X
B oHTEAOKBFEHE -1 ZER -2, HIFHFHATHFHALEHENRR . FHTHE.
B TEROBELESONETHE B e EAMREE. ¥ TUEEON

BREFRRG, BRERR W se e, LEVE, WL F L GENRE K MEDR
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(©

(&)
(€3] g
(2 (2)
OO & (&
© &» W
® @ (h)

B 9.12 FHEMHERLRE
(a) ZEH; (b) A 13; (o) A 245 (DA 37; (&) MZEBESEH A MER T4
() FSHEA 90 M 53; ()IF—Wi A MBT & EHE s (h) FEo WM AR EHTHZ

HEWETFTHHR, OB AECHEFROMR. XIFHXTRET FRKR“ER"#E
AIRETEE R AR RE CLE 9. 12(H — (b)), i — X H W A B4 4L 0 F 145 .

—BBELAT . BRETEXHFW EBALATMAEFHENR/DFRBLESAKE
R a(B a REEAL REE, BV HEFAXEBLS 1 WEELE L, WK EFHGE#
TRABMABTTIEN I T 4 FFR .

(D BAARPELE - B TFE«a NEFRBERNAETRH EBAL R, xa BT
BHFH1IME2, BHEU «a AROFRERETE, NFTHT— KA A KRS e 5
Y, A 9.13(a) Fi .

(2) BEERTELE . B FExaMETRBRESNETFREBAG SR, xa iV
WHFHE-1ER—2, ML xa FRGE KW FREREVHE, UTHT—KE L3
iR RE. WE 9. 13(OFR.

(3) WEBEH (GERA FELAB . ATHE~a MEFHBEEAWATFRLEEAL

BoxaMEEHTH 1HE 2, BMEL *a AWE AN TR ETHE, WFEHTHRERE
(GREREAROBE. WA 9. 13(b) i,

@) WA GRERE) FELE A TFE ~a WA TFHBEANETFHLEEAL
HoxaFHEFH-1EN -2, B xa AVRE SN TFREEZTE, WFHITHK
WH(RERELROBE. WA 9. 13(D iR,

bR 4 FER A, (DRI, QM@ ITHK. BERENERBERSHFEFET
XHFRFE PRI BXBFEFIANEXERFIEHZ. R, AE 9.13 7]
B2 BB —FEN E2 T FERELEZE U *bE *xc MREF TR N EEH X
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.

| ;.ICL el gIBefr—1
1 |
BAGR @

B 9.13  UHEFFHREEY T 48 e B 4
(a) LL&; (b) LRE; (o) RRE; () RLE

WLOMEEREEMBAZIU «a AR FRMEFR. B, 27680 = XHEF# R EA
BE TR Z R UEN B/ EE TR AT FEEHE AR, BASE L
ZIERFHEEMBAZMAER, N AEREAKE LA EEE SNV EE,

TE V- 8 — XUHEF W BBST EHA—MHRBIELE e M AR RTHANT -

(1) # BBST Nz, MEA — P EIETE N e BIFLS A 1E 0 BBST MR 4 AL, R Y
WEH1;

(2) # e BT BBST MRS S M XLBFAHE N ARHETEA

(3) FeMxET /T BBST BB L HHXEF, M H7E BBST WE FRPRERE
e HAFEILBFIG S, e ATE BBST WA FH £, B YEAZEH L FHIRE
BE 30 (+ D a4 Sk T IR RS RLAL B2

D BBST ML A FERF I - 1A FRPOEERTEFROEE  MERES
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AW ERFERN 0,BBST HRERLE;

@ BBST W SN THBFR O(E AEFRUEEHRS MERERWTFERT
Wk 1,BBST (W 1;

® BBST WHRZSAHWFHEFHN LUETHHNEEXRTEFHRINEE) % BBSTH
EFRBESNEERFR LUSHTEAAREHLE, FEEARLEZE AR
HEAMAETRREANTEEREFERN 0. WHHREARZE;

# BBST MAFHBRE AW LEREFI— 1L, NEHTERE G HE XU R F
ERE GHERELBZ G . BURERMRE ATFTRREANFEE 7. WHRE
AAE;

(4) F e WXRBFERT BBST WL ANXEBF, WHEBBST WAFHPAFE
e HAHARLRFHUE S MK e MAZLEBBSTHAFH L. HHYBAZEHNETHE
BERm(+D, 2R ARERAE S . HABEBEMC FHREMNHK, EET AT
#F.

BiRFE“6. 2.3 X WA MEH P E XN X ERNE RPN — MRS RF
B E TR b, W ERZEV M — X HEF# BBST EHA—TMFHNBETE e WBRAR
B 9. 11 FiR, KA AV HLENBERMER 9. 12 fin. B 9.9 MAXK9.10
SRR T T AL 3 b BT A R R AE M IR R B RS RO . B R EME
BEREVFELEMBEERLU EETETHE.

C“XHER R B E R

typedef struct BSTNode {
ElemType data;
int bf; /N EREFHEF

struct BSTNode * lchild, * rchild; / ZE.BHFHS
}BSTNode, * BSTree;

void R_ Rotate ( BSTree &p ) {
/) SHEL % p AR S X HERRE G AL EE AL B2 )T p 1R R RRHARSS A, B BE R
/) MBZERHETFHARE R

le = p—>>1child; / lcfgRl »p WEFRRER
p—>1child = lc->>rchild; // le A FREER »pHEFR
le—>rchild = p; p = lc; /J pIRMFBBE R
}// R-Rotate
WiEx 9.9

void L. Rotate ( BSTree &p ) {
/S xp NN S XHEEREAELR, B2 G p HEFARBRE R, DR
J RBZEBETHORER

rc = p->rchild; / rcIBEK *p HAEFRBE R
p—>rchild = rc—>>1child; /e MEFREE xpWETW
rc—>1child = p; p = rcy / pEBHFHRER

}/ L- Rotate

Hix 9.10
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# define LH +1 N ES
H#define EH 0 /& T
# define RH — 1 Y& 1
Status InsertAVL (BSTree &T, ElenType e, Boolean &taller) {
V BEFEHH _XHEFR THPARAGFEN e EHRAXBFZHER NBEA-ITHRETE
A R e MHER,FER 1, FNRE 0, #EEAWS = XHEF &K EV4, W/ETLHE
/N WESEAE, /KR teller R T KBS
if (1D {/ BATFE R WKR”, & taller Jy TRUE
T = (BSTree) malloc (sizeof (BSTNode)); T->data = e;
T->1child = T—->rchild = NULL; T->bf = EH; taller = TRUE;
}

else {
if (EQ(e.key, T->>data.key)) / WHEREM e HHRAXRENE R
{ taller = FALSE; returnO; } / MAREEA
if (LT(e.key, T->>data.key)) { /O RIERETE « THIEFHPHTER
if (|InsertAVL (T —>1child, e, taller) ) return0; J/RIEA
if (taller) /J BRBAB «THEFRIEEFHKR”
switch (T ->bf){ /ORI T B
case LH, / BAEAEFREAETFRE BEALEVFHLHE
LeftBalance ( T ); taller = FALSE;break;
case EH, /) BAE EFRER,BLE LTRSS
T->bf = LH; taller =TRUE; break;
case RH, / RAETFH wzj?WE,ﬂE‘E?NQE

T~>bf = EH; taller = FALSE; break;
}// switch (T ->bf)

Y/ if
else { /O DLGEEEE » THE TR PRGTER
if (!InsertAVL (T —>rchild, e, taller) ) return 0; N RBEA
if (taller) / BEAB+THEFHEETFRER
switch (T ->bf){ ./ RETHYEE
case LH; /J BEARETFREAETFRR . BE ETHER
T-~>bf = EH; taller =FALSE; break;
case EH; /) BAEAE ETRER, EA FH YR TR YA
T->bf = RH; taller = TRUE; break; ’
case RH; /J REETFREEFRE REAETFHLH

RightBalance ( T ); taller = FALSE; break;
}// switch (T ->>bf)
}/ else
}// else

return 1;
} / InsertAVL

Wiz 9.1

void LeftBalance ( BSTree &T ){
/A STATRE T RIS AR WA PR A, WL A R R4 THA

V& okt
lc = T->1child; / leBa »THETFHBE A
switch (lc —>bf) { /RE T HE TR K8, R8N P54 2
case LH, J BERABAE THESTHETFHLE . EERAELH

T—>bf = lc—>bf = EH;
R_Rotate( T ); })reak;

case RH, T ) BERBAE«THEBTHA TR L EESELE
rd = lc—>rchild; J rd3BE » THEZTFHEFRR
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switch (rd->>bf) { / BR*TRHEBFHIEEETF
case LH; T->bf = RH; lc-—>>bf = EH; break;
case EH, T->bf = lc->bf = EH; break;
case RH; T—>bf = EH; lc—>Dbf = LH; break;
}// switch (xd —>bf)

rd->bf = EH;
L_Rotate ( T->1child);  / X *THETHELERTEELE
R. Rotate ( T ); A3« THEEREELE

}// switch (1c —>bf)
} // LeftBalance

Wit 9.12

5. FEMAERMN I

EVEN EATERNIBAHFRER, B, EERIBF A EATHLRY
KBEFIMEABIWHEE. BA.FF n T RBEFHTHERNHORARERELR? K
A XA R, RATEATREN h P ERTRARLE R,

BRLUN, RRBREN L B FERFEFHRLERIE. BRNo=0,N,=1,N,=
2,3 B Ni=Ny-1 + N +1. ETXREAMBERRFIIFE MU MABRNEEZIE

(11
9. % 508 No=Frs— LT Fy A% F o5 (24 o=120) i N, 955 7

PNl RZ, &H n MERNTHEWBRATER log, V5 (n+1))—2, Bk, %
W AT E R A et R] 2 22 B8 Ologn) .

LRX = XHR WA SRR M EREBNIT R R ESHENRTR THITH,
HERBEAE, MBUTFO. L3 BSMRNER"PHITE. A TRRERUE.TE
MIFEICFEREN EHTHF FRELARFEERR(REBERF REHEER 9. 4 HE—
BREERMN. BRKAEBERHBE-B - XHFH ,BERXRNERNAEEER IR PE
A BRER. —XHFHEBR-XERD RHIENER, RERKAERREBRENE.

9.2.2 B-#f1B*#

1. B ERHER

BRE—-MTFENEZHERN . CEXGREFTREH. ERHENBIHWHEN
BRHEERER.

— B m B B, SO B, SO R T HRE R m R,

(D WHEIEEELHE m B TH;

(2) ZERGEARERTFEE MELERBRFH

(3) BBZATEELRERELE I m/2 TR

W FEWMELRESPEITHESRE

(n,A0, K1 A, Ky 3 Ay e K,y A

O ZERLEBRNENSATENES n MBI RBFHIDRAEH.
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ﬁtp H K,-(i=].9"' ,n)ﬁ;&ﬁ?,ﬂ Ki<Ki+1 (i=19"' 911_1) ;Ai(i:(),"' yn)ﬁ*ﬁ‘rﬁl

TRRGRMIES, BB A i TR TP RA S AN XBTHNT K. G=1,,n),A,
i FRPRELERMEBRENRT K, n(m/2]-1<a<m— D R X BFHNB(R
n+ 1R FHANEO,

G A FERBEAER—-BR L, HEAFFELR(TUFERIBEIRE
RARBEIE R LR EXEEE SR 1R X R G HE N E).
BN 9. 14 PR —4R 4 Brid B3, BB N 4.

B 9.14 —# 4 BH

B B HE XA B E#ITERNIBAM - NHFROEREL. G, %
914 ¥ B EERXBF 47T WABUMT - HAMNBIFH, MBERG RMBE  RE > a
Zr B afRPRE-NXRBFE, HARMHE 4T>XRTF 35, WEFELIEEH A BT
HOFHAL MR * c HRLELERBERARBT (43 70 78), T 43<<47<78, W#
FELERS A IR THE. R HEHKRE g ERLERLS R PIRFERRE
XKBF AT, ML, ERBY . ERARIEIEBEU, AIMER —BRBPER 23, AR
Frih, Bh 23<<35, MMEL S PR A BB« bR XEHN b ERFRE-IXR
¥ 18, B 23>18, Fi LUMA R hEE M6 A, REB e 5. RBEEAN 23<<27, WIF
SHET IR, sbad AR S Fe ut F 4 L RBMR B R AFERR T 23, ARERKA

HR, :

MR AL, 7 B W EH# T ERNLBE - MIEH ARG ANELE AP XET Pt
TTERZHTHIRE.

BT B ERAEXHFRRT, B ERERY RINFRER, 76 B X507 B 1%
B, AEA B, BRERRX-MTHA.

#tdefine m 3 // BRI, Ei’kN 3

typedef struct BTNode {
int keynum; V- T-LiE3 S50 8 EA-4:0p &N
struct BTNode # parent; VA ACEE 37
KeyType key(m+1]; / XBFERE,0 SHRTRA

struct BINode x ptr{m+1]; / FREsEE
. 239 .



Record * recptr[m+1]; /) LFEEEEE,0 SHRTRAE

}BTNode, * BTree; // BREEF BRELER
typedef struct {

BTNcde * pt; / BEERBINE R

int is A1 BEERPTHRBERS

int tag; A 1. ERE, 0. ERRHK
}Result; / BB RERIR

B 9. 13 MEMMRT BB RBMENETH,

Result SearchBTree(BTree T, KeyType K) {

/ FEnl BT EERKBTE KRELR(pt,i,tag) . HFERBRT MFEM tag= 1,84 pt
J ARESTE i RBFEST GHEUFEMS tag=0,F T K WXBFNE AR ot il
JERPEIE i I RBEZN
p=T; q=NULL, found=FALSE; i=0; // #iRk,.p EEFEL S qHM p KWK
while (p & & !found) {

i = Search(p, K); ' // ¥E p~>key[ 1. .keynum]p 2,

: / i{E8 . p->key[i]<<= K<p—>key[i+1]

if (i>0 && p—>key[i] ==K) found=TRUE; // RBIBEXLBYF

else (g=p; p=p——ptr[i]; }
}

if (found) return (p,i,1); /BRI
else return (q,1,0); 7/ BRARDE R K HEAMLERE L
}// SearchBTree -
WiE 9.13
2. B-IERST

WHH 9. 11 W, % B E A ERE AR ERRMA. (1D B4 RN,
(DEHEFREBT . §TF BREEEHERE L, A —Z R RERE LB
B CZERERE 9. 11 A IR | UG — ZE MR R 72 977 o AT 19, B ZE R % b R B35 6t
p BRGSO SR IS BA AT AR BRI AN ERRFEERENST K
MEET., DR ERE AT - RERLEAFFEF—KERERNHSEL, K
B FEREAR E TR MU B X BTG S B LR, RS E BRE
REENEERE.
 BARBIRMNG, MASESSE B ERBAERN. WRE, & N MERTY
m B BRI R KRR 7

SB—H8 3 A0 BR . B BIEORE X3 BrE B LA AR R EETHRA
KRBT, BOH A RBFEETRAYCY 2 R 3,805 238D, Bl EXBF IR
2 W ORE R 2 IPHFERERN 2)) EXRBFIR<6 B, ROFEFBA 3. K
2. BRWRER 4, XBFHARBH>7 (S RE 9. 15(2)), WA, B A A
BT RMXRTENRAKE.

— RS A AT AT 2 = X PR AT, R REE W L1 B m By B AL
B S |

RIEBRNEL B—BELH | MER B RELH 2 ME Sl FRRZ M

o 240



(a) ) ©

B 9.15 ARXBFHEHN BH
(a) Z5H; (b) N=1; (¢) N=2; (d) N=3; (¢) N=4; ({) N=5; (g) N=7

FAELBERELE /) BT NBZRELE 2(0m/2] YA v s KK
#5841 RESE 2(m/2D AR, T+ RIS T TER. & m B BRE
BA NAXRE, WM T4 EMERRRINNGEE N N+1, HEE .

N4+1=2x* (m/2Dh*
Rz

1<10grm,ﬂ(~]\%)+1 (9-21)

R A N REFH B LT R MRS A B R B TS A B
L RIS S BT loga (N5 ) +1.

3. B4 B9 A R A BR

BRKEBRBURENEHE  BMEAXBFNR. BhTF BRE[THXBFIN
BA=m/21—1, B, BRBA—PXBFRRERFEN— 0 FER TRY £E
BRERBHENFLRERPEM—ITRBF . ERLESNXBFIEAEL m—1, WH
AR, BEMBEFELERN“GR”, MA 9. 16 Fix.

B, m 9. 16() Fin R 3 Brty B-H (B Mg % F &R (M F4RD) . BERFHRKE
AXRBF 30,26,85 M1 7. HARBLERMENBANME. HR 2 BHETER, B
0 MMAZE»dERP- BT »d PRBFHEAEI 2 m— D, BB -ITRBFEA
. A 30 /5K B-WWE 9. 16(b)FiaR. R, BdERBERRT 26 FLHEAE
»dEP, T+« dPRBEHHEET 2, WNTH » d FRBFENE K, RBF 26
BREM GRS DREE » d B R T RBF 37 ZHATERME 6 FEBIN > &
BIZE R« d' s, FIREXETF 30 MRS « d WHRHBARRIRE RSP, BT «
bARTRRBFHEBREAML 2, WHATR. HAFHK B-RINE 9. 16(D xR, KMl
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o x g FHAS ZERARBANE R MY 70 RHMBABBELE S, BT xe P
XBFHEBY 2, MNBRSBHIE R xe M xe, A 9. 16(DFTIR. BREEBAREF
TRy, xcyx b il x a MGG FER—-TFHRE R *x m, A 9. 16(H)~G PR,

(e)
B 9.16 7 B-WHHITHAEBRN TR
(a) —#R23¥; (BHBEA3ZE: (©.(d) BA26ZE:;
()~ HABZE: (W~G WBATZE
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f : B n
50 ) (Ce1) (85 ) (00

d &
G I DREGID R
)]

A 9. 16 (&)
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—BELT SR TER TR,
BR*p GRFEA m— 1 MRBF, YBA—TXBFEZR ERPEEERN:
mvo 9(K1 9A1)""9(KM9A,,.) -

HEH K <K 1<i<lm
WHEK « p FESHI xp M p ANER . KB *p ERPEERRH
[m/2] —1,A0,(K11A1) s> s (Kfm21 -1 9 Afmyz1 <1) (9-22)
*pHERPEERE
m—{m/2] s Armz1s (Kimze11s Aimyzia1) 2% s (K y A) (9-23)

MART K Higst » p' —BBAB » p HIELE K.
EBWEHAXBERNSTBIMBE 9. 14 FiR, K q i B &R B SearchB-
Tree R FI M5 B T48.

Status InsertBTree (BTree &T, KeyType K, BTree q, int i) {
/ EnB BT EER *qf key[i]5 key[ i+ 1]JZ EBAXRBF K,
/) EBIRESIR VB NESH#TLENESLHNAR . ETHE B BH.
x = K; ap = NULL; finished = FALSE;
while (q && !finished) {
Insert(q, i, x, ap);  // ¥ x M ap FHHEAB| q>key[ i+ 1]M q->ptr[i+1]
if (g—>>keynum < m) finished=TRUE; / HASZRK
else { / ARER *q
s=[m/2); split(q, s, ap); x=q—>key[s];
/¥ a->key[s+1..n], g->ptr[s..n]Ffl g->recptr(s+ 1. n]BAF LK * ap
q= q->parent;

if (@) i = Search(g, x); N EREER »qFERxPHBAAMLRE
}// else
}// while _
if (1finished) JTREM SR aMEN NI REREECHRNIER xqM xap
NewRoot(T, q, x, ap); // HEREHER(T,x,ap) HFTHRL K » T, JR T ap K F R 15 ét
return OK;

} / InsertBTree
nix 9.14

RZ EEBHEMNR—ITXBE, WU RBEXBFHEAR FAFMER
2 EREEABRTENELARE K AXPHXBRFHEFRS Fim/2]l, MR ER, F
MEHTA ISR MBRE. BERMHXRBF WIELMLE R PH K, AT LLIEH A BT
HFRRMBDABF YER K. ABEHMNNERFTHE Y, A, £/ 9.16() 8
B-# BB 45, T LA » £ G55 R B 50 AR 45, RFHE » (Rl 50, BHL, TERA]
AU RFTCHRETREXRERPHXBFHHE. BT 3.

() BMXBERAELESPHRBFEERDFIm/2M RBEMNEKE S P HEEX
B K MM R A WAL ARZE, flm, KB 9. 16()fim BRI EX@F
12, MG B-RIME 9. 17(a) i .

2) BMABERELESPHEARFEBESETFIm/21-1, IS HERHEBHERS
(BRERB)EEPHEXBFHEATF /21—, UEERRAPRLEETFHENMN RS
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B 9.17 7 B RERXBFHHE

RIKABEEBEINEL AP, MHERNELEAPDITFEAP)LERZ LB LBFHE
BETHBEHEMCBEHELS K. Hla, NE 9. 17 % 50, BRHARBLE R F
6l EBExe LR P .MM e ZERPHSBBELATME«f Mg FRXBFHREY
ANFIm/2|—-1, TP ESEPHXBFHERE, A 9. 17(W iR,

) BB EEANMEHESH A BEEAPNLRFHENETF (m/2]-1.8
BEZELEHEARY, AHAERBLE Sl i DR AP A T, NAER £ XBF
ZE B ESE A FRANLBFENEES M ESCELEAPHXBFE K —&, £33 A
FrERBEAT (BEREARR, WAHZEERBLEA ). Hlm, WE 9. 17(b) iR
B-# i 2 53, MR M 2% « £ 25838 « T P HBRER @B “SHOMPE e AP
6l —BAFBEABE S xgF. MBEEHNNELITOHR. MERNKFBENES
AR EBFHRE/NFIm/2T-1, WRR KRB, Hlm, 728 9. 17(c) i B
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M EXBF 37 Z/E, DK D ARFRRER CHE MIRMHEIGE » a FRFRBF 45
—BRAEHZLAABE R * e, MWEREH B-HUWE 9. 17(D B,

7 BB RNERERAH R . BRESASEHEIEACE L.

4. B*#

B SRR XM R R 69— FF BB ERHO, —F m By BTHM m Brid
B-RKERET:

D A RTFWHRERFEEn TRBF.

@) AN FERTFEETERXBFTHER, RIG M X EXBF ORI,
HM T4 R A G REBT HR/D B /MR,

Q) FIENERRERTUBRERRII B GRFRNTERHTHBRERO PR
pNE 2 ZIVES £ N

PlanGE 9. 18 FiaR s —#R 3 Briy BT %, BHE B* R EHE WAL, — T HEARS
RoA—MEEXBFR/DHHFER. Bk, TN B RETHFHEREE . —FEN
BMRBFENFER, 5 —FHRARE I, RTHEILER.

root

9.18 —#2 3 By B

£ BY I EATRENLER BANBBRMLIBRES LS5 BREL. RREERMN, &
FRMER LR BFETHEME FAR L, MERS4ZATHIAMN FERK. Bk, EB"
R AEERBIESE BRERBEET —RAARIAN THEINERE. B RERKNS
PrEMTF B-W. B*RNEANEN FERLH#HT YERTFHXBFIMEKRT n HE

ARBRFAEE ENFaxREer g an[ 2 w2, e ennnrs

APNFRNGEXIANMERPHRBERRET . BT REMRGEN F4 #7450 F
ZRFHBRARBFHMERN, REFLRE S PHETUEI - DR RBFHE.

HEMRT 4 S F X RF OB F[ 2, KR RSB LS WAL BINA B4
M.

O FHREK, CERERBARTELHWT.
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9.2.3 #&%

5 k8T B 8 (Digital Search Trees), TRE—HME>2 W, WSS
MARES AT LR, RASEARLBENRS, P, LLBFRNM,
W% A RS — AR B LR RER, WSS PREE— N FRFR, XHRES

RMRBXBFHRNERTRTE.
BEAMT 16 MRBFHES
{CAI, CAO, LI, LAN, CHA, CHANG, WEN, CHAO, YUN, YANG. LONG,
WANG.ZHAO,LIU,WU,CHEN} , (9-24)
A EAENTHRRTE

HABRREFHARBENIR S HF&:
{ CAI,CAO,CHA,CHANG,CHAO, CHEN}, { WEN, WANG, WU}, {ZHAO},

{LI,LAN,LONG,LIU},{YUN,YANG},
REMEF 4 M RBFIMEAT | W TREERBE-ANFRHARRTHE. EH/THR
HEXBFET 1 WERERE=ZAFHARARGESE . RUEXE HEZFMNTER
FREF-IRBFHNIE. FIONEFHRN CHRETHETMTRINH .
{{(CAD,(CAO)}.{{(CHA),.(CHANG),.(CHAO)} ,(CHEN) }}

BROMEES FRATRZANERRRZATUA—RBREZR, XRWERRE. 5
m, FREARHAETHE .19 irBRERR. BMPIREIPWERTFHIHRR

O (L) (W) » @
(&) OB ONOROIOIOIONOIOXC)
OO @ OOOOO®O®®E® ®® ®
OOOOOME® OOO® OO0 ©
©O®® ®® ® ©®
®

B 9.19 HRRO20)XBFENH—BEK

BFEMAHNC.LW.YMZMSAXBTTE. MREIM F&ABETESNFRARN
FHRBRR—ANXBFE M TFERATHRETS SRAFRENGR. ENTERIEY
Higm ERBFIC RIS .

ATERANBAFTE RONVEBMEAFR MEA-BHFARERAZEAKFERS
AEEHAER FHBLERF S DTEMER.
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A BRUANMEEEN.

D UWHBETFRBERRERER,
NEANXEEATE 3 418 symbol . %
ERBFH— N first B . FHEERE—
BT RBR T4 s next B MBI E A LB K
8¢, R, MF4 KM infoptr MAFHEIE M
BERBFIDRITGE . BB R EBW X AR W
B, Blan, B 9. 19 B 2 88 A 5 0L & fn
9. 20 7~ (B Hh R H 58 — BR 74, AR 4
B .

WEMKERTTN T H#T.BELEHE
H K. ch(0..num—1),H 7 K. ch[0]ZF K. ch
[num—2]RARFEXBFESP num—1 HF
FF,K. chlnum— 110 53R AF § , A DU Y

B 9.20 WHEMRH

MRIE & IR first 85 R B — R F R RS K, LA K. ch[0] 645 K 49 symbol 3t
B WG first WA LB T —F 8, EME next BIRMFER. HHES"HHEK

A% M ERA BRI .

SR xE BB R LA T AR
# define MAXKEYLEN 16 N RBEHRKKE
typedef struct {

char ch[ MAXKEYLEN |; VS =

int num; /) RBFERKE
}ReysType; VS £23

typedef enum { LEAF, BRANCH } NodeKind; // &S FK. (HF,4%)
typedef struct DLTNode {

char symbol;

struct DLTNode * next; V& ACBA -k L

NodeKind kind;

union { '
Record  x infoptr; VAL BTNk o %k

struct DLTNode  x first; // X & ENBE T

}

}DLTNode, * DLTree; /R AR

WFEEER R A RIC R MR BB 9. 15 LHL,

Record * SearchDLTree (DLTree T, KeysType K) {

A EEEREN THPERXBFET KWICR EHFE, WERHEARCROEH  FUEERS

V11

p=T->first; i=0; /Y Wk

while (p & & i < K. num) {
while (p && p—>symboll=K.ch[i]) p=p—>next; / HERXBFNSP i fi
if (p && i<K.num-1) p=p->first; /) BEERT—A

++ 1
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} /) EBERER

if (1p)then return NULL, VA < %N %]
else return p-infoptr; VE: %3 2l
} / Search DLTree
HiEx 9.15

RETEIMERIHBRE dMIXBFHBE"AR, EXBTRAF, N d=27, 5K
BYRBE, W d=11, BWHRE L WBRRTXBFHPFHRBAH. BERXE
FREVK(XBFPE—MREAEMENBERERD, NENENFERE K

?ﬂﬁﬁi’:&ﬁ%—(bkd) o XBBXEBT 7R (B 8BRS, WA DR

HTERNTHERKER A+,

ENEM P EARBER - XBF Y TEMPRENE K EBASRMBR—RTH,
ERAEER.

) FURNPERRRTEWN  WUNHEBINERFUITE 4 MEE A R K
X# Trie W0, ENRBRWHENME QAR FERANBRLEENERABRAE - E&T N
THREBRREFAEREER— M HFER, BEEN FTERPHFEXRT REMIE
RO EER. Hlm,E .19 FrIR@WF, NER ZHLER S HAXH, WER 9. 21
MR Trie W RE - EHXRF ZHAO RMXFEB KM FLR. B, 7 Trie i
FERMER A XEREH d M HEA BRI RERPESH BN E
BOO M TR (FHRBFHEME AT RABEH I . EFXERIPARBER, B
5 B R TR TR DGR AP R RS RO MBS BT B R E .

«a SABCDEF GHIJKLMNOPQRSTUVWXYZ

[]ll?l”llll]lll”]lllll]*]l‘lﬂ
A O A E U
ﬁll [T (G L0 éé@
0| & e, @
(TAD TAD a> ap W W
Y A E ln_n
Lsl 3l | . @@
$ NO

CHA CHANGCHAD
B 9.21 R (9-240)XBFEM Trie B (KE=5)

fE Trie % AT ERKOIBN . AMRERHUR BN EHEMANWEHZZAT,H
EHFEMLENTANPHXBFNGEEMASE NERRY, E0 XS R PG EME

@ trie XAMARM retrieve(RR) PR A WA FRATHR, EHFR (try) .
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MBS NS, BN SR PRXBF MG EEAAIHE, UERAR. HR

typedef struct TrieNode {
NodeKind kind;
union {
struct {KeysType K; Record = infoptr; } 1f; [/ HFEHEK
struct {TrieNode * ptr[27]; int num; } bh; [/ XK
}s
}TrieNode, *'i‘rieTree; /) BRAKR

MR ERBETNHEE9.16 THZ.

Record * SearchTrie (TrieTree T, KeysType K) {
/ERB THERXBFET KNSR,

for (p=T, i=0; /KRB ERENER
p & & p-—>kind == BRANCH & & i<K.num; / *pRAFTHER
p=p—>bh.ptrlord(X.ch[i])], ++i ); / ordD REGEFBERFES

if (p && p—>kind == LEAF && p—>1f. K== K ) return p—>1f. infoptr; ,// HRMIY

else return NULL; VE:-%: %N 2]
.}/ SearchTrie . .

Hix 9.16

MERBRIBITR, EERRIMET —LZABEN FLESOBE, M, £H
9.21 b,&#H%EEF CHEN W3 BH : MBLE S «c R, 2B Y XK. BENEH FE XA
8, W& CHAI M dBAMME R « HE BB Y EAEH c A&, MTRLERIAE
RV HBROTE S N, A RA R B, F2E 30 B B R T 48 MO BB . RATTAT L
X EBFEBE—MAEN S, LUGER Trie WHOWRE. Slm, B 020 fL@FE
RS, TENT 8. SEEFRAALRENTEZE REERE - EHARS
HE TR BEEAFH - HERX AW, dBEmMAE 9. 22 PR K Trie 1,
EEWE B FERESNE L RAHFEEHES =R L. FARE Trie

C L - WXYZ

- | nN

[1]

E9.22 XMOO20OXBFERAS—FMAREBAN Trie WOEE=D

O Rk ord 2B K. chI]FRHEBRRAUFEFETFBREFFS FHERFHF S WFSHT.
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WERRE BRAY Trie ROBAREN LUFAHEE (—1 BE AR CAHXBEE
HAR—MFEA. EXRBEE N ESI FERPREFLBEILARA LT
SR A1 7T 38 43 32 B B LA A R R TR

fE Trie # £ 5 FRHATHAMMER, REBEHA MM MAMER Lo XER. Y7
85 H P num SEERY 1 B, E AT BHER

WEEW A Trie AR HOFRHARNRRTE . EMNASAOEL. AHARBE
PRSI I, R h 45 A B KL R A Trie MEHBNBNENGE.

FEXMMERATRTR, EMNERIBHREMAREIHE. ET —FAREMNTF
(RIRMAEFOWBE, HA RN MEBRTRHORE. dTREEEAEAHES B
o5 R AEBUR B RAMRFEM B & BRI I L B A XM ETME P ER KBRS

9.3 B & #
9.3.1 tARBESR

TERTE TR A0 & PR 4y (R MR W) o, 1T R e 45 H b (A X B R REHLEY , B0t
REXRFZERFERENLR, FIL ESWPERITRMBHT — RIIHXBFH
Mg, X—RERFERTEHRRHERME, ZHFERN, KBRNERY="5
“APBHRRTTBE; FESR LR . N HEE A E R A B R, KR RI< . “="A
“>73 FATHE, 23R A0BCR AR T 2 R R o T AT B0 EL K K

AR A 15 B0 B A AR 2 AE AT 3R, — IR PR B B8 B BT 20T 3% IR R AL B 2E 1 SR I
BRUBMENEBEZAEY - ARENMMLER fESIXBEMEH R — M
— R B A B, EWAERN, AEREXIHMER F RDLEMHEK W&
FK) EEWPRELRTERN K BHEMIDT, WSEE FEOMNERLE L, bk, RE
BT R ET EEREREIDR. U, RITRX AR £ H % (Hash) B3,
XA BBBI R IREE,

RITTUE—ARERGBREAGH T, BRERT KL HE 4 MK HERK
A%, B K —ME R B RN ERET R

w/5 WX % BAR D [5).3

BAR TR —HAE C.30RFHXKER P CLHIRRS H i HHERHIAD
R, S i EHCROXBEE . HER—RTICENFEHECE Cl. Sm.BERIFET
MHEEN 1L,VEEEEBLETNERERAD, RERHE COIIMICRPA. BREXA
BABEREBHZ,NBEBY f(key)=key, R, MREH T KA FH REIA ot 8
B, ARUEAIA, R TEEFENUBK ZENXBE. BRRBXEZUNEHTNF
FFER AR B BUEH B f(ey) =key, TR E RER ENELIRT, FHiE
EESEBRHAE., FINMRNTUAXBEMNBHEE: ( DRXBFFE-NFREFE
ZHHFES/ENRA R, BN .BEUING WWEBRENFEB B EFERPNFS,
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FT LR (DERXEENE - IMNBE N EBREFBRPNFSZM,REH DX
ANFME L, FH 30(R KK, MBk 30, #n: TIANJIN WE BEAFZ“T"M“N"HF S
ZHR 34, MM O4 NEWBERKME; R(DEREMNNFEWNE BT ERE ASCI
BRI F /AR Z N\ SERER, RER XA S5 5E R+ 3 S RER L 30
PR, ERBERZNMLE 30 WHEHEHME. #im. HENAN L HABHFTFEEH
“H”FI“N”, Efi1# ASCII 152 F1 K% (226)5, LA (226),, B BA (30),, 1B &K 16, 0] 16 X
HENAN By % R 3UE, NCRERA PN THRE. ERAODEHEFRIXBFEX
3FARHE A RBIER T RS FH BEMEmME 9. 1 5.

®9.1 MEMNQEENTRH

BEIJING | TIANJIN | HEBEI | SHANXI | SHANGHAI | SHANDONG | HENAN [SICHUAN

k
Yol | G | e | wwm | e wF | A | g

Si(key) 02 20 08 19 19 19 08 19
faCkey) 09 04 17 28 28 26 22 03

faCkey) 04 26 02 13 23 17 16 16

WX A F AT W

(D MBFRYPE IR FEBFRENRERREC, REMBEMARETH M
g mm A R EBREERK AFEEZ BT ;

(2) AR XBFTRBBIE—rEFHbhk, B keylskey2, i f(keyl) = f(key2),
XFHBLAR AR 52 (collision) , B i 7] o8 $U 1A AY 3¢ 68 7 X % W8 7 bR R BE AR A5 B X iR
(synonym) ., #iin.%4 % HEBEI f HENAN &% ,{H f,(HEBED = f, (HENAN), X
. f, (SHANXD = £, (SHANGHAD; f, (HENAN) = £, (SICHUAN), XFH S 4
KRG, MDA RENERT, BRI, B8 LRI 4 MEFHB
MK 19, CLI9]REEER —ME R IBAHAM 3 MERERERE FH AN ER?
FHHMER S MAREREFBENEOLTT AT 087 B %158 45 T LR A X ff b ze
RBE . MINREXMIFH. RATREHR 30 MO F, T UFHHHTX 30 M RBFHSHE,
HEHE-MEYRRA BB B Ah R RS,

R TE—MER T, R AR/, IR B AR, HR, BAEHRENE
BYESDMAESHRER. EX . XBFEAUBX. ENTEQERETHRIXE
FoMMAEESH TR AEHERPHOMIE. BIEREN 2, Wbt X 0 B n—1, H
W ZECESHNAFRFPIMNBERE TR ARRI-KBER., HREWBH R
RN RBFEANEEHANET AN LR BIFREE XN UFE RE M 8 1
FRHEET, MXBFAR R HESK/NE C, *» C, » 71 =1, 288899 X 10", fij £ — 4
FREFPHIAMNGRFAEERN,ZREK R 1000 B2, HitE4RHTEN 0 3] 999,
B, E—BELT,RAERRE—NESFBRB, XM AT B, Hilk, E2smn

@ Hash(BEIMNFEEERTE.
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T RENANBERE - HHRFRYE MARRE—FEEPROTE.

GLEFR, TINTHRE AR AREREN R R H (key) MAL B M RH FEH—
HXRFHRE A RAELEAN IR (XED B, URBFESBIEFHR"ER
ERERPHFECE, XFHREFAIRBR, X —BREIBH IR HFERRE, T
Frib O B AR 0G4 s ik SR B St dtk

T4 BB e A R B AL B A R T R AT IR

9.3.2 WERBHHBESZE

BERFRBEOTERE, ENMAEHTERZN. EATEHARA 2R T HWH
R . .

EXNTFRBEREPNE—ITXBFE 2 HBHRBR I Mt £ 4 P EA— bt
B BE R R A S5 1Y, T AR I 2 re 75 BR B 39 51 9 (Uniform) B B ¥, B, MR X
BN HREBB N HEVA ", UEFE - HX BB RIS AR
A Hu ik X (8] o, AT 2D PR

WA AR TR

1. HREht sk

BXBFRRXBFHENRERBER AL, B,

H(key) =Fkey B, H (key)=a * key+b

Hep o M0 HEBCXFMEE BB A S EHO .

B A — N1 H 3 100 F AR FG TR, P, FRIENXBT, BAH KER
XBFAS. MFI. 2 PR

%£9.2 HEEIUMFERIHHNZ—
b ik 01 02 03 25 26 27 100

Eiy 1 2 3 25 26 27

A% 3000 2000 5000 1050

XEE,EEWR 25 SWAE S, M REERNE 25 T,
X EH - IREEHENAORER, XBFRFEH BEREMXBEM—HE
H(key) =key+(—1948),1M%% 9. 3 FiR.
9.3 HEEUMFEIEMMZZ
3k 01 02 03 . 22
E4 1949 1950 1951 oee 1970

A& o ven "ee e 15000
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XHE,EEE 1970 FHAMAL M REESE(1970—1948) =22 TRIA],

HTFEBEEIHFBHESMXBFESHA/MER, B, N FARHXBFER
SREMRE, HEERTREAXMBEIBNFRRD.

2. WFERITE

BREBFRUU » HEABC. D10 BENTHBZO . FERERPIRLIAMN
REFHEFRME R, W7 BREBFHE T AL H S bt o

BlnA 80 MO F, HRXBFR 8 L THHM. BEAMBERHRKN 100, , W TR
o+ 53 5 BOH R A A ohE . BOBRBEAL? U2 (78 B fo  7 sb bt R B B 4R e A v oE, U
TAAHX 80 M ABFEET ., BilX 80 M XBEHH—FAMTHH .

0 00 O 0O 0O 00 0 0 00
e L T = T Sy Sy
W W W W W W W W W
—= o U W N O O N e

. o
© 00 A 00 DN I N
W Ul = W 0 W o W
(3 VT R N I Y
NN NN N D NN

DO O OO O O ®

MRBELENIHPRMNER - FOOMBRS 17, FOM R ATHEM 1.2.3 K 4,EO®
I SRTREIR 2.5 2R 7, X 4 AR B . T HEA 4 ALRlF R FREVLE, B
AR PEERAL, R P BALS B RINR )G & 2 BEALME 08 & b dk

3. FHBHE

BEXBFZEHERPRILAABABI., XE—-—FEETANHERERBEHITE,
BHEEERHFRENA—EBAEXEFHLRFR R PBILEBEA—EEE, T
—ABEH B P EILABRMB NS A X, AL ERENLS B XBEHBANBE
Wi RFEVLE . BB RRRE.

iy BASIC BEF PHIRAFEY — MM &R, BR BASICET P AWFNIR

RN —INFE, BR—NFEN—IEF. EHENRTARCASFHRRRFEAH
Fo A 9.23() FiR. BARAREHEINFTRONAEHBIENXRTE. BREKH
512=2°, M AT B R BFF /G ARE 9 7 S B b A tuat . Hlm, B 9. 23(b) 5
T—BiR A RN % s ht

4, @

HREBF 5 F AL EAEF M ILE S (BJE — WA WAL EFT YRR, REBXJLE L
B2 B0 A0 (B A FE I b bk , X R 3T 8 3 (folding) . XBFMNPIRE . MH
RBFHE—N EBFFHRBBI SN, TURAFTERBIR AL,
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A B C - Z 0 1 2 - 9

01 02 03 32 60 61 62 71
(a)

i % x @ F (kgF)’ WA HE(2Y ~27)
A 0100 0010000 010
I 1100 1 210000 210
] 1200 1 440000 440
10 1160 1370400 370
P1 2061 4310541 310
P2 2062 4314704 314
Q1 2161 4734741 734
Q2 2162 4741304 741
Q3 2163 4 745651 745

(b
B 9.23

() FRHOARFRRANER: (b FFEFRIWF tat

Bl . G —FME X EBEE - ERRERBHS ISBN)ER—4 10 a9+ s 4
B7 HEEUBEXBFRL-IMWRAER, YHEMBAAEFH 10 000 o, 7T R AT & 4
AU ERI M A R, ZET R P SO0 B 0 AT LA R A B i #0 [B] R B A W R O B
By B R 5 B 8 — B B AR AL X FF ARG AR 5 8] R B A — B 1) B — SR
SrEFRETE, REXFHEMN. WERRERBRS 0-442-20586-4 Hra 7 Huht 4 9140
A 9. 24(a) FI(b) FiT 7R .

5864 5864

4220 0224

+) 04 +) 04

10088 6092

H(key)= 0088 H(key)= 6092
(a) (b

A 9.24 BIWEEREWFA
(a) Bz & (b) @R Hm

5. BREKTE:
BAXBFHENMNKTRERZRZLEm N REFRBRE NS FbhE, B
H(key) = key MOD p, p<m

RE—FHREL. UREANHERFERNFTE. ERANTUN R EFEERE
(MOD) , Al T8 F B FiZ B2 5B,

ERIENE . EEARERXEEN N p NEBREE. & p EWAF . BH=E
R, HETE3MTF.

BEBARAFEHENTH _HHR R AT ABRFTWRREFENEFHERN
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NBEHIBRR) W REXN p=2 B, XITZEATENFREBMEITLR BXEF
ABHEZERBTERMEM 6 A #HE. XFTHXBFNIAESMERZBAT. B
FEBFRARE N FAMRBRARIRA . W0 al,il, templ,cpl Z ¥R MR Xid.

FrEABREFof NI ERAH pfEFHXBFHMAIE N pf BHEK.
B, p=21(=3XDE, FHEHF7HWXBEX 2] REMBABIEHH 7 H
fE¥.

XEF 28 35 63 77 105
W 5 Hbhk 7 14 0 14 0

BRA D RIRRF xy 1 yx, Kb x.y BRHFR, RZEMN LSS 6 A2 2 3

BOSHNH () (), W ERBEMRIRFF B X BT 405 A
keyl = 2°c(x) +c(y) Ml key2 = 2°c(y) + c(x)

BiEFARERBE R H I, B p=t9,t BENEH. ¢ BENEH. WY ¢=38,X
KB FSBIIEZN 3t E. HR

[H(keyl)— H(key2)] MOD q

={[2%c(x)+c(y»)] MOD p—[2%c(y)+c(x)] MOD p} MOD ¢q

={2%c(x) MOD p+c(y) MOD p—2%c(y) MOD p—c(x) MOD p} MOD ¢

={2%(x) MOD g+c(y) MOD g—2%¢(y) MOD ¢—c(x) MOD g} MOD ¢

(HEXE— x & (x MOD (¢ % ¢)) MOD g=(x MOD ¢) MOD ¢)

Y g =30, LXK

= {(2° MOD 3)¢(x) MOD 3-+c¢(y) MOD 3— (2% MOD 3)c(y) MOD 3—c(x) MOD

3} MOD 3

=0 MOD 3

HAAKNZEER . —BIELT,/TAE p AEBERAEE/MTF 20 BFREHN S

6. BEHLEE

e — AN BEHL of %, BUSC 8 F7 B AL oR 3000E 9 B A9 R A ik, B H (key) = random
(key) , " random NFEVLEAE . HEHE , Y X BT KB A SR A I A & 08 A ok B
B,

TR THEFFERARRMFLRAARFEMSAEER. @5 . FRNENEAR:

(D HESFH R F E(BEEFESHEE);

(2) RBENKE;

(3) BAERBKN;

(4) RBEWZHIHEN;

(5) LR AERME.

9.3.3 AmmzmEgAE

9.3 1IHARMAERPEREYSINMH R LB R, BEAEE#E, H
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M, b R EMRFEERAATRIN S —FHE.

BB HEFHHAEN O~(n—D , WREBIEHXREFBIAMMA LR (0
n—DHNBLEFELER WABPR"RABIZLXBFHIERRIA S 18"
Rt ZLABERRNIBPTREGE - TTHEFF H i=1,2, -,k
(H,€[0,n—1])., BB AP REEBBMA - FEIE H, RERE
e, M ERTF —A bt H, .3 H, AR, HRE H,. KKEE,.HEZ H AREMW
RFIE M H, HIDFRERPHMAL.

HE AL E R TEERTHILM.

1. FFBOEHEB:

H, = (HCkey) +d) MODm i=1,2, bk (k<m—1) (9-25)
Hr: H(key) AWMHEE: m AMEBERER; LHWEFF]LAIHF T 3 FEE:
(1) di=1,2,3,,m— 1, FREWEFEWEEI;(2) d,;=17,—17,27,—27,3%,oee , £ 17, (RS
m/2)FR ZIRFEW BT ; (3) d:=hREVLEUF S, FROVBE ML BRI B 8LF .

Blan, EKERN 1 MRERFCEHFXEFHHHR 17, 60, 29 WiEF (B & EE
H(key)=key MOD 11) ,BL 5B M2 5%, F R F Ry 38, b MA 7 o 40715 B 0 5 bt
S, MR, HAHAEFEMEHEW T ELAEN, AR T —4 ik 6, 3R FBRT —
Atk 7,050 R BRI A HEE R 8 WAL E RS e Ik B RSB R, IEREA
MERPFSHNSHMNE. FAZKENEBRS NN XEAFSH 4 BALE. L
Al 15 B th FE VL B 803 A sk (S W 9. 25) .

1 2 3 4 5 6 7 8 9 10

L L [ [ [ feofurfes] [ [ |

(a)

LI [ [ [ JeoJurfesfss] | |

(b)

L[ T [ Jesjeofarfee] | ] |

(c)

([ T [ss] [eoferfee] [ ] |

(d

9.25 FAFFMCELRAEHEMRE KRBT N 38 WICRBARGHBFR
() FART; (b) RERWBEHI; (o) ZWHERMFEFI: (D BT EBI], EEHLES] 9,

N ERREFRUEHIINIBFTUFER AR HRF i+ 1,i+2 B EEH
FIERN, F— I R&MBIER i i+1,i+2 F i+ 3 FHIEREFEA +3 WU E, XFE
REHRRABPREHEDNE A BIEARBICRSEFE —NESEF I AR
PR —RRE”, BI7FELL B[R] SCR B wp 523 28 o R T B R SGR B v 28, B AR XA 3R
KMERFF . E5—FmE, AR RN AR URIESE  RERHFRKRE
W BRI ARENRK I He, M KEWMBEBBIIREFERHREL m AW
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453G HBEO M RBET AW BT, BEYLE R F ], W Bk T oL .

2. BRAE

H; = RH(key) i=1,2,,k (9-26)

RH, HRAFMEHE B AR X A= Lt R HES - R & B, 53
MRRABERE., IMFTERGFERE” BHM T HEHE.

3. bbbk

WA XBFERIR AN ICRERER —-LEERT. BEERHFRBT-ENB &
it E X E 0, m—1] k, W — BRI &

Chain ChainHash[m];

HEBI BB RERERTH, L Hmtith i KIERBB/AB LB A
ChainHash[iJi# RS . EHRPHRBAMCETUERLIIKRE BT LESE, LRFF
FRAER—-XEHFERFPERBFEF.

B 9-3 BM—4HX@¥ERH (19,14,23,01,68,20,84,27,55,11,10,79)
M) vh 7 R B H(key) =key MOD 13 Fé&Ehhl AL BErp RAGE FT B MM R INAE 9. 26
B o

(o1 ] 4—~{ 14 |9~ 27] ]

W 00 =N A W e W N = O

—
(=3

g LRI ==
1 ﬁa i
>] [ >} [} n
] [ B
> > >

-
N =

9.26 EMmitBAHEPREHMBEFR
(F—ERFXBFAPEXRER
4, B —PMAEBHKX
XURLHEMRY—~FFE. BREFEBEWERIOm—1], WikmE
HashTable[0.. m— 11 EER . BN EBER—NE R, B M E OverTable[0.. v]
hEHE., FEXBFNEARPRBFIRAAMNER  AECMNORAEREEIY
M R4, — B REMR BBEABHRE.
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9.3.4 BMEBERNHERRRASW

ERAFREH#TERMIBABBERNIREL K. 4T K H REAENR
R RPORBIEH ML, ER PR FBEFCR, MERAR:; ENHEXET,
EMGEEME, WERRI: BURBEERN R WL B PROFTERT —bt™ &
ERBFRPRNMBIZ"RERPFHCRNRBFETREENNIE.

Bk 9. 17 HUATF M E HE 5 07 3 (BREEM AL M) B MR B RN ERLR.

/- - - FREHBEROFHEN - - -

int hashsize[] = {997, ... }; VAL:E £ -5 ¢ -E-Bm = rd: b £ 9: 2]
typedef struct {

ElenType * elem; / BETR ML, B A REA

int count; /S BETRAH

int sizeindex; // bashsize[ sizeindex]Jy X Ry Zs &
}HashTable;

it define SUCCESS 1
# define UNSUCCESS 0
# define DUPLICATE -1

Status SearchHash (HashTable H, KeyType K, int &p, int &c) {
/O EFBESLRMFREPERXBEN EHTE . EERAT, L p HAFERE
/ TERERPAE, K Bl SUCCESS; 7 M, LA p 875 #& AL R , 338 |5 UNSUCCESS,
N e U MRREGCHMERT R RBEANSS

p = Hash(K); . /RIS s ht
while( H.elem[p].key != NULLKEY && / BfuEPMAEH
\EQ(K, H.elen[p].key) ) VE I3 £EXY
collision(p, ++c); / RBT &t
if EQ(K, H.elem[p].key)
return SUCCESS; / ERRI . pEEAHFERETRURE

else return UNSUCCESS;  / ZE#R AR TN (H. elen[p].key == NULLKEY),
/ piBEMRB/AME
}// SearchHash

HiExk 9.17
9 18 ESMAEREEMNE 9. IDLRAT AR HRGB/ARE,

Status InsertHash (HashTable &H, Elemtype e) {
/ BRABINHBARBETK e BIF B EL AR H R, & B K bR KK
/AR MERBER

c=0
if( Se;rchﬂash (H, ekey, p, c))

return DUPLICATE;, / RPACHEE e HFHAXBFHIAR
else if ( ¢ < hashsize[H. sizeindex]/2 ) { N HRREERB cKEB LR, (c HRETH)

H.elem[p] = e; ++H.count; returnOK; // A e

)
else {RecreateHashTable(H) ;return UNSUCCESS;} [/ ERMEHER

}/ InsertHash

Hx 9.18
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Bl 9-4 BHH -3 FHRH—HXBFIEW AR H(key) =key MOD 13 f1L& #
BEW AL vh R A PR K a. elem[0.. 15N 9. 27 iR,
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
[ TiusJorlesz7]ss]iof2ofsafrofasf1ifio] | | |
B 9.27 M3 a elem[0: 15]
(LM% BEBN H(key) =key MOD 13, 2b 5 W28 N R MR HHID

HEBK=84WERIBN . HARBEHMHI HB4) =6, a. elem[ 6 [REH
a. elem[ 6. key#84, ML FE K R4 FH#Ht H, =(64+1) MOD 16=7,1 a. elem
[7)JARZ H a. elem[7]. key#84, MIRFE R np R G H it H, =(6+2) MOD 16=
8,a. elem[ 8] % H a. elem[8]. key=284, M E R I, B EERERFPFT 8.

BEME K=38 WERTRN . AR H it H(38)=12,a elem[12] R %5 H a. elem
[12]. key#38, M#{ F—#pak H, =(12+1) MOD 16=13, i F a. elem[13]R 22, U
RPFPAFEXRFEET 38 WiER,

M HERHERSET .

() BRRAEREXBFHSCRNFMABZRBL T HERR . BHTHER"H
PEERRERNERIBDAR - AECEAXBFHTHUBEHITE. Bk, HRU
EHERKEEIEERMFROERUENRE.

2) BERABPTRANAECEBATHENRXRBFZHNEBATTI=ZAHE - BHEEH
BOLAEMROFEMSEROERETF.

MAERBNGR EAEREAPROBERE. AR, N FHYN"BA/BRT
LB E : AR A 75 R B R — A BENLE R B F, A v R T B AR, B o — R E i
TREHWBHFBEEDSH MATARAEBEMNEHERKENER.,

R — B REMARNEERECUAFRMLERRY T EBINBERA
B, EMKFHERRKEOWAR. W6 9-3 Ml 9-4 FHFHABHER, ELRHERER
HENME T, A& G N EIERKERN

ASL (12) =1l2(1 c64+2e4+3+4) =1.75

EEEEFENEEMNESERKE N
ASL(12) = 1—12~(1 e 64+243+3+4+49) =2.5

EREBEL AUEFRNEBSIELBRROLB S = AR _RRE, MBELEE®R
A HIE ARSI GE EF R MBI EL B RASRERDER, BARE
Hosk AR B S REAR R ERT .

E—BEAT ABERRTEHRANEFR, KTHERKERBTHRARGE
HAF.

MAERKEHETECH

L RRPAMERN
WA REKE
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e REMAHROERBEE. EWME, .« B, REMENTHERRNRZ o BKA, %
FERANERBE, FHICRN, REWROTHEERBRA, WERN . AEERS2ZH

FHBRNXBFH M HLRBE.
A LAE S L1
RERME IR RERRI P ERKIE S

s,,,~%(1+ 1 ) (9-27)

l—a
FEYLRE BB . R EN BB ER SR RERERRIN W EHERKE R
1
S &~— —In(1 —a) (9-28)

B AR A RERRIN W EREEN
sm~.1+% (9-29)
HTRAEREERARIIN TR BB MBS EEE XL MR E L EEE

EERABRIH MG FHERKER  ERARIN TR EHETHENELREIEH
WIB{H. FFEFTER AR AL B ph R 7 B R A M A R E R A R BT O R KB

a5 H

U, w%(l—l-*(]_l—a)z) (9-30)
— REFWEE
Uy~ (9-31)
— DRI T B 8 %
U, ~a+e* (9-32)
B it

T E AR — A AR RO HET TR, _

AT KER m RHERPREAA » MERHERTRDWEHERKE. X4
BB S TEREXKRPEASE n+1 MORE TR BRI B EE .

BE: (DEHFRPRYIN. B-ERPE Mt RS OLBEWREFE
ROt i R BE ALY .

BB p B MRFBA R ENROEE; ¢ RABHIT i KEBEARI—4
“EALHNG A MR CBIRT i— 1 R AR, i KAMBO MR, NH.

= =11
y ! m =1 m

n—1 _n ({;_n—1
) == (1 m—l)

—1_ . n—itl
1

.=l.n
m—i+1 L LA —

—1 n—it2 1— n—i+1
1 m—-i+2( m—i-l-l)
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=—n- . n_lou 1 ——n—-u 2 (1_ l

bn m m—1 m—n+1 = m m—n—+2 m—n+1)
- L N

pn+1—0 q'H-l_m m_n+1

AT IL.FE p, Mg, ZIL,FEXRRR
q; = piy — Pi (9-33)
HE . SKEINm B ERPEHA » MERN BRI EHERKEN

w1 nt+1
U, =2)¢C: = D) (py — pii
=1 i=1
=l+Pl+P2+.‘.+Pn_(n+])Pn+1
- 1" RIS L TE )

1— 1

m+1

-

T1—a
HTRAERP n MERREBEHEAN ERE-TERFTTFHEREOBEE AR
HA T R0 3R B PR A MU bE B BT AT B U BRI R T B . I, SR KN m g R ¥
Hn R HERBREINOFIERKEN

n—1 n—1
S, = EP.'C; = ZP,’U.'

B% 1 MR RO E RS, B o=

n—1

1 & 1 1
oWV TR AT

m

zL"-J dz %——l—ln(l—a)
nJol—x a

MEA LSRR, AERHTFHERKER WER . MARE n HEHK. A, AT
nZRKBINBATUEFE - TSENEEARNFLUEBKFHERKEREE—IEERN.
 HBRENR . FEEFS i A R ARFMBR—MER MHBEXICREY
NEEHEA-THRENFS UERABAECZEHEANR LF"HIER.
BREEAMR FRANEAAERAANXBFE AU R RE HE
BIRE & R B R R EHTER X B FE B RN R 1t — 158 5% 8 (perfect) i
AR . .5 PASCAL EF Y 26 MREFARE TR L RABFH R
H(key) = L + g(key[1]) + g(key[LD (9-34)
Het L AREFRE key[ 1 IAB T F& key[LIABE—ITFEF g NN FRHBIH
FRELBRE..HW g(F)=15.g(N)=13, H(FUNCTION)=8+15+13=36, Fri8m &
RKERITGES LS E B HI 111327 W~328 F).
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FL10E N HEF
10.1 #% &

HE Sorting) R EHNBFRITHH —HEERE.EHIERE - RETR
(FHEFR WERFI L EFHIIR T EXBEERFHFH.
MBI ERNRPEREH A TERFE . EEFEHENTHREREXRBTERF
M. BAEFHMFRTURFAERABBEROFTLERE R P HERKENR
log, (n+1D—1, T EFHIAFRRBHETIFER, RFHERKER(2+1D/2. X
BEMR(ELR_NHFHE B HIBRESRE - HEFOIRE, B, %M
REMHEF T ERITEITEENEREREZ—.
HTEF R ELERBENHEF TR0 EXL:
BEE n MEREFIN .
{R1sR;»***»R,} : (10-1)
FAR KX BF N
{Ky1,K;»+» K, } . .
THRIE 1,2, sn I—FRhHEF 1y paseee s po» EHAB DL I R 88 7 96 B 0 T B0 3538 38 (R 3k
3 - ROF ¥ 3

K, <K, < <K, (10-2)
B (10- 1) B FE 51 LR — R X B FH FF I 5
{RPI 9Rp2 [ 9an } (10-3)

BRE— IR AR N HEE |

ERHREE R H R K, TURIERR,G=1,2,~, D W EXRE, 6T URIE
R MKERT EERETREMNNAL ., LK BELRT, WEM—MERHTRF
FAIGHEFEBANGREE 1L K. RKERT, WHFHERAME—, BN &
FHIERFAFTRFER KA U EXBFREWITR. B K =K, A<i<n,
1<j<mrizt)) , AEEHFRMFFIF R SUET R, (0 i<j). EEHFRRFAF R, 5
SF R, USRS H A RBEM, K2 £ T REHFERERFSF R, SUETR.,
AR BT F RO A ok RRRE 09, ©

TR R TR R L G PRt R e W R P BRI P HE P O 0
B2 — e PO RDHE PR , 75 10 2 H P 0 R A7 MOFE H L R AL AE B 58 15 A0 PP
B A — KRB SRR R R R R, B AT — KR AN TIER,

O EWRA-DFH"SURZ"T , MKEEBHXE.
@ NMABEHHEFFTE, REEH-HXBFHIARACHABEENT.
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EHFIRT UM FAETHRNEFLIR. 2HRERPITRABHEF HET—F
FIF RS BHERE .

RBHFOTERE . ARHLEHBN S, BERU MBI IRBENTE. €
—FHTEBAEARNRRSGEASESAMFECNERAONARHENRES) THEM. W0
RIGHE PR PR A FUR RIS I EBHEFF 7 3K 47 40 28, MUK BT A M AHEF X8
HF EEHF BF R REFSER MR EABEFIBRTARN THAEREK
G MBI 409 3 38 (DM RMHEF I, Kt RIEREN O(*); () L#HWHFITE,H
B ] S 7% O(nlogn) s () EIHEFF , Fobt FHEFE N OWd » n) . FEMRE—XNH
—FARBRE  BEXBTREZN LN EETHRED. E. RHRECGERANEF BRITH
THHNEB=%, HFRNER) . BREEEIEZRAFTHLER,RT REWN KA LU, E
EEMR T RSN R LITH PN BRI RN, A T2 I MEEEmF L.

BEE,EHFHIBFPBAT T RMHERRE: (DUBEFAIXBFHRAD;
OBERN—-NMIEBHES —ME. A—MREMNKBHHF T EREBRLE
B, 5 — D RIETT LUBE S A IE R T AR TFURR. FEFHCRFATET
FI3 MR (DFEFN—AICRFRESLTESN—AFHEATE. ERUT
KUERGPFFREN, EFTFHEHHMNHER R, MR (G=1,2,,n—1), EfIH
FRAURGHES. EXFHFEETRP,ICRZERRAFRR b HFERRE, WLHH
FoFEBBHIER: (O—HFFFCREFREBRSEROT, ERZANKEXRH
BHER, WLAHFEFAMEBIICR, AMBBEIRET; GOFEFICREFFHE
— 4 My it G BT A LT N, R BT 5B R — MR R & T RO B 0 stk 1) B ZEHE AR AL
BHRABICRES, B sh ik @ B FXEE R “Bik”, EHFERZ G B %Rt
R E AR IDROFHECR. R MM AT T HF R )RR &
FEZFMEET AT RROHR XA HEF. EEAERRS, BRFHFEFH—HiZRUU
ERE—FHRAEHE, BN TIHEHFEERL, RICRORXRBFHNER. WEUGTTHEN
KAWL, FHICRBBEE R T R

#define MAXSIZE 20 N = RERAK/PMIFRAOBKKE
typedef int Keylype, / EXEBFXRBNBEHRA
typedef struct {
' KeyType key; VS =21
InfoType otherinfo; /Kb iEm
}RedType; / BRAERY
typedef struct {
RedType r[MAXSIZE+1];  // x[O]MBERF{EMWRETT
int length; /R RKE
}SqList; /W R¥EE

O BNEHFIERS, ARBERRIAOKFAER MALITEA MEBRRIE, BIEH 5 SR 4R HEL
FOBORABTERE,
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10.2 & A HEFF
10.2.1 EHEBANHAE

E BN\ HEF (Straight Insertion Sort) R— M BN ENHEF TR, THEERBER
H—MERBAZCHEFRFRNAERFRD AR E -5 GCRBH 1 HERER,
B, EMRFHEF N —HIC R MBHI M T R
R(49),R(38),R(65),R(97),R(76) ,R(13) ,R(27) ,R(49) ,+++ (10-4)
BEEHFLIESD, Eﬁ4¢mﬂi8&%%$ﬁi§m¥kﬁ=iﬁﬁm HR—1& 4 MEFH
AREF
{R(38),R(49),R(65),R(97)} (10-5)
REHRQ0-O)FE 5 NEIRBER 76 KIERBALRES, UBIH —THHE 54
ERPAFFI L NEEBERA0-MNFEFFHITERURE RGO FPMBANAE,
RIEHTEA. BEMRODBEZJTNEER, B F 65<76<97, 1 R(76) RIif A FE
R(65)F ROV ZIE], NTUBBI TR HHE FFEF
 {R(38),R(49),R(65),R(76) ,R(97)} (10-6)
ﬂr};&ﬁ(lo-s)ﬁjaﬁ(lo—mmﬁﬂ%~ﬁﬁ§§ﬁAﬁH¥, —BEAT i SEEBAH
FRBER . EEEF i— 1 MERNEFRTEN 1. i—1]10h@EA—-MEF LB . BR
FHIMERNARFFHRA (1. iL3F A AHFEREMU A TEERBACEHIE
PR ENATHRMF,ZE (oI RBUMIY. Z£8 —1 BENERYILES, TR
EBIEFE. BMEFLSBIHT n—1 HEA B . ABFEIFHE 1 MERERE—N
BEFHFREI,RENE 2 MEFEEMETEA, EE&AﬁﬁJ&&&%ﬁ?ﬁhﬁmﬁ
FRFIALE. RERMEE 10.1 iR,

void InsertSort ( SqList &L) {

/ RMFERLEHERALRSE.
for ( i=2; i<=L.length; ++1i)

if (LT(L.r[i].key, L.x[i-1].key)) { OB LI iliBABEREFS
L.x[0] = L.z[il; H BRI AR
L.r[i] = L.e[i-1];
for ( j=i-2; LT(L.r[0].key, L.x[j].key); ~-3) o s
L.g[j+1] = L.z[3]; N ERE®

L.r[3% 1] = L.z[0]; / BABERMLE
} .

}// InsertSort
niE 101

BRA-OFXBF R, HBEE 100 1 #TEEBAHFHLIBRWE 10. 1
fim. @

O RMOBFREXBFN xHIER,UTHA.
@ I i-1IRRSEHFHMBPRPTHEA LR i—1 HIERFERNUEH.
QO NWERRL.EHERICHEROKES,TWRFIRXRE.,
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(A XmE]: (49 38 65 97 76 13 27 19

i=2, (38) (38 49 6 97 76 13 27 19
i=3, (65) (38 49 s’s) 97 76 13 27 19
i=4, O (38 49 65 ;7) 76 13 27 49
i=5, (76) (38 49 65 7'6__9"» 13 27 9
i=6, a» ds 38 49 6 76 97 27 10
i=7, @D a3 27 38 49 65 76 9;) 49
i=8, @ s 27 38 49 B 6 76 9.7)
 BWwL. :[0]

F10.1 HEBEBAHFRA

M EEHBGRAT I, EREAHFHOBIERE, A Z KR, WA EHBERINATR?

MEERE, ERBRRE—MCRAMBZ |, A FRE , PR ERRIER  LBH
PTRFFHRPABICR. Ko —EBAHFREL. B 10.1 FEEK for 8
BHRPBRTRBICROXBFEMN i — 1 MERHRBFIHBHXER. #F L. olil.
key<<L.r[1]. key, M| &R+, RBIERHWXBF/SFFFHFII L.o[1..i—1]P i—1
MMERHXBFHUER Y PRRXBFHT LR, HE L o[1..i-1]P i -1 MEREB.
WFERANHEF LR GEST n— 1 AR, W HE RS T R X R IR A P

PICUT A2 ) B BT X B B B WO BME n— 1 (S 1) i 5%
TR L2 2 HFTI R KT A F M5 LU B2 )0, &
O B0 B3 K (k2D Cn— /2 () £), 98 S 30 B9 A B 5 B K £

(nF (= 1/2(B ] G+D)) B TR B REHLAY , B EHE 95 b 992 T B 450

105 51 0 BE AR P, DU AT P38 ML O K L OS948 1 2 B0 A B PP
BT X B L 0 LB BRI B 2 MO, 200 /4, o, LB A SR OB
IS BE S O,

10.2.2 HAuBEANHEFRE

AE—FRIRFTR, EZEAHFERRE, B L. YHHFFIEROEE
n /MBS, XB—FREFHHEFTE. B, EEFHEFFIFHICREE B U
BEXAERGAHF. dEREITERHERI L. RERBEAHFRRGE, AW
B R 37X B R O UCIE IR T8 TR SR IE AT

1 B AHR

HTEAHFRNEFRERE-TEFRPHETERABEA UM 9. 1 Fagitig
AR, XM ERBRETHRATEER"RELIR, dHTHBEAHFRZ DT EAH
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B¢ (Binary Insertion Sort) , RB Pk i ¥ 10. 2 Fris.

void BInsertSort (SqList &L) {

A R LAESTREARR.
for ( i=2; i<<=L.length; ++1i) {

L.rf0] = L.x[i}; / ¥ L.cx[iJE S L.o[0]

low = 1; high = i-1;

while (low<{= high) { // %€ r[low. . high]hiT R EREFBANAE
m = (low+ high)/2; /¥
if (LT(L.z[0].key, L.x[n].key)) high = m-1; J BAREREX
else low = m+1; / BARERER

}/ while

for ( §=i-1; >=high+1; —-—§) L.x[§+1] = L.x[3]; Y CFRE®R

L.r[high+ 1] = L.r[0]; , /A

}// for

} / BlnsertSort
HiEk 10.2

MNEE10.2EGEH TEBAHF B MAEE S AR EEBEAHFHERE, Lot
] LB, I BmAHERF R T RBF R MW HEBERE, MERNBHREAZE. Hi,
W BAHRONEERENS OGP,

2. 2-BIBAHRF

-BEBNSFERERELBAHSFOEM EER#Z HEANEROHFIBR T B
BRORBCERRTE » MERHWBERE ., RAMER. ZR— A L. r AR
Hd, B L o[1JRES (1], 3648 d[ 1B REEHFFHF T R4 T RALE KIS
FRARBMN L r b 2 MERBEKKFAD d[1JZHRZEHWE R P, LBHELD
FEXBEM A1 XRBFHTHE,F L c[i]. key<<d[1]. key, W¥ L. r[i]3HAF
dlIJZRMERET. RZ W L LEAR dIIZENERFRP. EXHE L,
T dBRE—NEFRE R, TS first F final S P REFIBIEBIANE
FEISIHE—-MEFHNRE M EREJPHCE. BREEEAIBEHEEAC
B,

PR A0-O R RBERHHN, HT 2-BEBAHFHIR LA 10.2 FiR.

TE 2-BRIE AHEE BB R ML KR n* /8. Bk, 2-BiEAHRF RSB EIT
FHRRPCMARBEN BEBHITR. HE, Y L[ 1IERFHFICRIXBFREIRE
jcﬁmailh‘ CBEAHFRESRZENRRYE., A, %#ﬁ%—:ﬁkﬁﬁﬁ*fxﬁma

REUEFHENR, ST REAHF .

3. RIFAHF
#t define SIZE 100 / BEERFER
" typedef struct {
RcdType rc; / BFER
int next; A BEHT
} SLNode; VE +--¢ 3
typedef struct {
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SLNode r[SIZE]; J OBBTLELES

int length; /) BERYRKE
}SLinkListType; /) BAERER
(¥t k@FE]. 49 38 65 97 76 13 27 49
HESBB dEREDT.
i=1.; 49)
first 4 4 final
1=2; (49) (38)
' 4 final A first
i=3: (49 65) (38)
4 final A first
i=4, 49 65 97) (38)
4 final A first
i=5, (49 65 76 97) (38)
4 final A first
i=6; (49 65 76 97) (13 38)
4 final A first
i=T7, (49 65 76 97) (13 27 38)
4 final A first
. i=8; 49 49 65 76 97 13 27  38)
A final 4 first

10.2 2-BEEAHF ARG

BRUFREANBSERXMENFHICRFINEREH . FEH. I THEATER
BB AFFRIOHABIBLE A HORLGERERNXBFRBRAERK
MAXINT. MEBAEFOIBHRNT . HEHBBERPRATRAIVKS RS
EOMFE K SR —METFER  RE KRB TIRAC7E 2" B (G ROFICRKE
FEBEBAFBEADNBERE RS . LA A0- 4)*%9&%?%@] RIEAHEF RSB I
& 10. 3 i~ (B A BT R EHABLET .

MEFAHFRIBETRL, RIEAEFOESREMREE - MERBEADCHEF
MERES, MEBBAHEFHL, ARZANRUBY 2 KEHEREBIHICR, H#
BFRBPRBEHITHLRFRAMNLBEREMER. Hit, RBEAHFFRNRERENER
o(n?),

B—FE.EEARFHERRERB-NAFER, WA EHTFER, A
BESEATRENLE R, N T RESSHLA R ROITEBER, M T HERFTEHHS.

EHERNMER: MFEARARFER BERPE NSRBI ERANSE 10
Bh, 50,8 10. 4 RERBARFEEINAFHERL SL. RELERAPHEHEHK
BRBREOE-ANSEEDXBER/INESERAP TR 6 WA4R, HPICRNB
ERANE - RS, WE SL. f[1]R SL.r[6 ]JE& . F AN TATHBESERPH
“ET MEREMERRN BRI LHRZWAESL ([P ER. CERZE
B SL. r[ 1] #84F BMaEh“6” (WA 10.4(b)) . I Z2—BFR.EE i MR/IXE
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0 1 2 3 4 5 6 7

8
MAXINT [ 49 | 38| 65(97 |76 (13|27 |19 key 3R

VBRRE

1 0|—|—|—]|—]—]|—=|—=]| nexti®

MAXINT {49138 |65 |97 |76 | 13|27 |29
i=2

2 o1 —|—1—|—=|—=|—

MAXINT | 49 |38 | 65|97 |76 13|27 |79
i=3

2 3|10 |—|—|—|—1|—

MAXINT {49 |38 | 65|97 |76 |13 |27 |29
i=4

2 314 |lO0|(—|—|—|—
. MAXINT | 49 |38 | 65|97 |76 {13 |27 | 49
i=5

2 3(1|85|o|a|—|—]—

MAXINT |49 | 38 (65|97 |76 |13 (27|49
=6

6 3(1]5]o|4]2|—]|—

MAXINT | 49 | 38| 65|97 |76 13! 27 | 19
i=7

6 s{1ls5f{olal7]|2]|—

MAXINT |49 | 38 | 65|97 |76 (13| 27 | 75
i=8

6 8|1 |5|o0f4|7|2]3

B 10.3 REAHERHA

FRERRBETTHR p B p>i 195 % , W E# SL. [i]M SL. [p], B4 SL. ([i]H
BEBMERD o TR BAFFANT i HABRTERBR"RT R, WY p<i
B, RMEEMREERED p=>i M1k, B 10.4 IR REHIERHSBIR, '

X103 HART LREHCRNIR. FEBFH  EEHERHIBRS, BIWE
REMCRAUBLART—KRIERHZHR, 0 3 KBHICR, FUEHIIREL BB
3n—DRIERMBZ), EHRHIMBIBAH LN EERE.

void Arrange ( SLinkListType &SL ) {

A BREWMGER SL P ELEKHBH EMBITRAE M8 SL PR RELWFEIERM

VR o d g 2
p = SL.r[0]. next; / pERBE—ERN SR
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for ( i=1; i<<SL.length; ++1i) { J Srll..i-1]RidROHEXEFEFHT,
J BiMERESLHPYMMBENRDTF i
/ BRBE L NER IR p AR SL P ERIMNE

VACE L ES L Lok 3

while (p<Ci) .p = SL.r[p].next;
q = SL.r[p].next;
if (pl= i) {
SL. r[p]«—SL.x[i];
SL.r[i].next = p;

/) RBIEF,EE L MERB
/B IR 5, BB LUS T ¢ while JESFRE

o 270 o

B 10.4 EHBSERFAFTIERKIRE

)
P=aq /o EBREABABHNEE, IRE i+ 1 MOFRERS
}
}// Arrange
Wik 10.3
0 1 2 3 4 5 6 7 8
maxint | 49 | 38 | 65| 97 | 76 | 13 | 27 | 52
MR A (a)
6 sl1ls5|oflal7]2]s3
i=1 maxint |13 |38 | 65|97 |76 | 49 | 27 | 52
_ (b)
p=6 6 |@|1(5|0o|4|8|2]3
i= maxint | 13 |27 [ 65| 97 | 76 | 49 | 38 | 52
()
=7 6 @®|m|s5io0|4|8[1]3
=3 maxint | 13 | 27 | 38 [ 97 | 76 | 49 | 65 | 52
p=(2), (d
; 6 @[(m{mlo| 48|53
i=4 maxint |13 | 27 | 38 | 49 | 76 | 97 | 65 | 52
p=(1), (e
] 6 ®|MMl@6|4]o]s]|3
=5 maxint | 13 | 27 |38 | 49 | 52 | 97 | 65 | 76
: 1)
p=8 6 @D|D{6{@®]|o|5]a|l -
i=6 maxint | 13|27 (38|49 |52 |65!97]| 76
p=(3), . ®
; 6 @D D|@® @] o] 4
i=7 maxint | 13 | 27 | 38 | 49 | 52 | 65 | 76 | 97
) 6 @ DD ®]@®|D]@®)] 0



10.2.3 HRHF

i RHEF (Shell’s Sort) R “45 /) 18 8 HEFF ” (Diminishing Increment Sort) , B H £
—MREAHF R T B TER EER FRATR LM A B RS,

M EZBAHFHITEH, HERNEEREN O, BE, EHHiERFT
NYEFTR, AN EERETREZE O, HWTRE, ESHCR T ELRFERE
"R, BIFFIHRE T 544

L. r[i]. key < ?é?é?{L' r(j]. key} (10-7)

MIERBELON, EEBEAFHRNERTAAER NS —FEXRE B FEHEBAHR
B, UE - HBR/PEHEBOEER. FREFERAXFAT B RN EERBA
HEFF AT B B M — R AR i .

ENEATEE . EHBEIMFHERFIIHRNE T FHEINSDHTEHEEAH
F RENFI PRI RESE R, B SERIERHT - REEEAHFE,

PIUAKXQO-O WX BFE /M, BB - TH/REFHIE. WHEEXBFEFT A
10. SHYSE 145 B . BB EFFIFR 5 N FRFHI{R »Re} (R » Ry}, {Rs» Ry } »
B10. SKISE 2 T 25 6 17T, A B BN FRIATHEBAHF  HF 2 R mE10.5
B 7 IR N LTI EFIBRE 7T THFIIN S BRI —BE RERF. RE
AT AR, A5 FH 3 AFHFS: (R ,R R/ »R}, {R,,Rs, Ry} Fl
{Ry»Re R )T HBEHAHRF, R RWE 10.5 M5 11 1757, BJ5 X B4 FF|#4F
—HMEEBAHRF . Z0, A REFER . BNFINICRCELBFIERRAE TS,

[SMEXEF]: 49 38 65 97 76 13 27 29 55 o4

49 13

L ]
38 27

97 55

76 04

—HEEFSER 13 27 19 55 04 49 38 65 97 76

13 ?5 38 . %6

Zib_ 4 97

R 13 04 49 38 27 49 55 65 97 76
SHEHEFFSER: 04 13 27 38 49 49 55 65 76 97

B 10.5 #FH/RHEEFERH

AR HEFP SR I, A /R HE B 00— N SR TR B B M R 2 R B < R R 4
7 MR HRE T ERHIERAR - FFH. W LaR, E - A EE N
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5, BN BRN I ATANRENEBEASFERCRAXBFERMNE—FFF
PR —MNMEROXBERTILE, BEXBFER/IDHIEREAR— S-S HERNES,
MERKNENE, A\MFEAE#ATRE —HNEN 1 NEAHFN, FICELSF
F.REECRNLBHENBNTERAFRF, BEHREFHNEEZEREREA
HFEK. TERABEERERTHARALRAR REFNSR, VAR EE 1. 1 AERIEE
10.4 i —BIER. H/ARHEFEEMAE 10.5 k.
void ShellInsert ( SqList &L, int dk ) {

N FRLE—BFRBAEF. ZRERN—MEZBAHFHL ETUTER.:

V4 1. fiGic R EMMER & AORE 1;

/7 2. f[0]REREHFRAT.ARHER., ¥ i<=0u,HAMNEERE.

for (i=dk+1; i<=L.length; ++i)
if (LT(L.x[i].key, L.x[i~dk].key)) { / T¥ L.ilMAERFHETE

L.r[0] = L.x[i]; / B L.x[0]

for (j=i-dk; 3>0 && LT(L.x[0].key, L.x[j].key); j—=dk)
L.z[j+dk] = L.x[j]; / CREB . ERIEAMLE

L.x[j+dk] = L.z[0]; /A

}
}// Shelllnsert

NE 10.4

void ShellSort (SqList &L, int dltal], int t) {
/M BFS ditalo. . t - L)X BIFR LAERREER.
for (k=0; k<<t; ++k)
Shelllnsert(L, dlta[k]); /) — iR R dtalk]BEAHRF
}// ShellSort

HE 10.5

T R HE P B 407 — A L 7% 0 LR, BB 2 O B R B B “ 8 P 90 4 B 3, S0
— BN b SRR PR, B, B E AT I MR AR — R BT R B F )L B K
BRWHAC B —RRRNEE, WG ARY, SMBFIY dalrk]=27"—1 8, %
IRHEFF BT R BE R O(n™) , Jooh ¢ R HEF B, 1<k<t<Cllog, (n+ D) |, BHAE
KBOTRER SN o ERMEERE A, B REFHE W L RNB I RES N
n'*, % n—>oolif , AT B nClog:n)?” . 3 B FFFU T LA & M ERSEQ, B 75 v 8 . oL B 38
BFFIHRERER 1 ZANART FERE - M HBELAST L.

10.3 th o H F

X—HiHE— KRR HTHFAN TS HPR AR —FE R AT B
#2 /1 HE FE (Bubble Sort) ,

O HiuHEAFFm.
-9,5,3,2,1 ditale]=2:"*+1 o<e<e<Llogz (n—1) ]

e40,13,4,1  ditalk]=— (34 —1) 0<k<e<Llogs(2n+1)]
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EMHFOLTRRAE, §EWE—MERWLBFAS M EROLBEFTL
8,3 0 (B L. c[1]. key>L. [2]. key) JUB BN ERZHRZ, RE LBB ZFER
B TROERT . KKK, HEH n— 1 MERFE 0 MERNXBEBFT L
gHik, ERABHFUBE—AERET, LR EAXBFRANTRALZRIRE -
MERMARE. RERTEZMERHT, WA 2—1 MERETRRRE RERE
EXBFRANTRELZEYS ~— 1 MERWARE, — B, 5 i BERHFRM
L. (18] L. fn—i+ 1 MR K L RA ST TR MR BT, FE B "B LR HDR,
HERRE n—i+1 MERPRBFRAWITRBZREE n—i+1 HUR L. B
Rt B AT A (L<h<<m) BUENHEAF , BAR , 3 5152 M HE P 45 50 09 4 A0 I D2 “ 2 — A
RR B RA BTSRRI ROBRE”. B 10,6 BARTERMBFHAZH, AERT
RERRHFOLRY, XBERMTRF LA T TRERE LR, TIXBFRL
WD RFLERE T, B— A —RBA"HELNEAR RS R L 4.3 FHEK
RHER”FERIFHRL.

49 38 38 38 38 13 13

49 49 49 13 27 27
65 65 13 27 38> 38
76 13 27 49 49

13 27 49 a9

27 19 65

19
97

w
oo

NBHEY B8 5 3 22
3

MR | 8
M| 8
B3 L |
MRAHEERER
AR W
MR B

E10.6 BEXRHEAERA

SHTERHEFBR, FRE Y EWBFIIRER I, U R\ HT—EHEF
HELBTHET n— 1 RXBFEH LR, AABIHICHR: RZ, EWHRIFFI R B F"F

3, M FT n—1 WHF . MHEFT D) (—D=n(r—1)/2 KHLE, FESHBRHIER

B3y, B, BRI EEZBEN O,

BRiE HE A (Quick Sort) ZXHERHEFH—FBtE. ENWEABER, Ed—#HFH
FHHIC R 2 W RM LB, P —BAERWXBFH LA —BIERHXBFED,
T 53 B X AR C RGLEHITHF  UBDENFIERF.

BEFHEFHAEINRL. ([s], L. r[s+1],, L. [ t]} , HEREBEER—MERGEH
AL — MR R L. rlsDAE ARM (B R) (pivot) , RFH T REMEH HHHAKEF:
REAEXBRFBREMICRBEZBECHUEZIN BITAXBFREANICRBEE
EENNEZE. AHTUX ‘KB CRBEFENVLE i FXRR. BFF
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{L.rlslpeess Lo e[t 1} 3 @I RBEAFHEFA(L. [s],L. r[s+1],,L.r[i—1]} F
{L.r[i+1],L. r[i+2], -, Lo e[ t]} o XA BBRM— B REHEF (R— KR4 .

— B PREHE R B R BIER . BB AN 4 low A high, B B3 {E 43 518 low 0
high, BAXMIZ R E R @FH pivotkey, W HSEM high Fr i BE M RRIAE 1
RKBF/DT pivotkey HICRMBEBICREMZH, RAEMN low FFEABEAEHE, &
BB — KRBT KT pivotkey HiZRABBICREAL S, EHXHH HZE low=high
Ak, HERMAE R 10.6()FIR.

int Partition (SqList &L, int low, int high) {

/| ZBMAFFR L FR Loc[ low. . highl M T F , MR HNIE RBI AL, 3438 B H 0 8 , Momd
/ EEZHMUBWERHRRCUNDTFE.

pivotkey = L.r[low].key; / RATFROE-NTERERHBICZR
while (low<high) { V'R 1o b3 Ao Lk
while (low<<high & & L.r[high].key>= pivotkey) - high;
L.x[ low]<«—L. r[high]; . /¥ AR RRIE R /D B F 35 e BRI
while (low<<high && L.r[low]. key<(= pivotkey) ++ low;
L. r[ low]«<—L. r[ high]; /¥ AR B0 F K B0 530 % 2 7 R
}
return low; ' /BB P E A B

}// Partition
% 10.6(a)

BALH ERE SN, BB —IHER T HT 3 KICF B3 ORED) WRE. WL
EEHFIBRT N EMIERNBRERZAN, BHREE—BHF SR, B low=
high U BARBMICROBEMNE. HHTHE ELRE R, ¥ KEICREHFERE 0]
BArE b, HER R P RAE rllow]sR r[high]R BB 3h, HE — M F SR E B R

ERBEERME L. B 10.6 (DR,
int Partition (SqList &L, int low, int high) {

[ ZBMFR L PFR [ low. . high IR R, AIC R B0, 3038 B AR 6o | , o md
N EEZHUBDWERHRRCUMNTFE.

L.z[0] = L.x[low]; / RFREB—MCRERBITFR
pivotkey = L.r[low].key; / BHIERXRTE
while (low<high) { /DA% B A 3 30 i 1) o R 44
while (low<<high & & L. r[high].key>= pivotkey) --— high;
L.r[low] = L.r[high]; A # BT R A0 R 5 Bl
while (low<high & & L. r[low]. key<(= pivotkey) ++ low;
L.r[high] = L.r[low]; /¥ R IE R K AT R B B R
3
L.x[low] = L.x[0]; A BEhig R B
return low; /BB R

}/ Partition
- W% 10.6(b)
B Q0-O PR XBF A, — BRI B ME 10. 7() Bim . BMREHEFHE

BABRHET. EREFIIPRE-MER . BREFR  FEUHT—HREHFSES
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H%% 5 B TR BB T R FI AT REHE T, A 10. 7B BTR .

pivotkey
I
49 38 65 97 76 13 27 49
BT
7 ' 4
1 jle=—1"j
#HIT1RZ®ZE 27 38 65 97 76 13 19
A [\ M.
i —i j
HIT2REBRZIE 27 38 97 76 13 65 19
A —. |
i je—1j
#HATIKZERZE 27 38 13 97 76 65 49
R N L E—
i/ —i j
HFT A RERZ R 27 38 13 76 97 65 49
X
ER—EHEE 27 38 13 49 76 97 65 49
(a)

M RAE {49 38 65 97 76 13 27 49}
—K¥UMAZRE {27 38 13} 49 {76 97 65  49)
SRHETREHF (13} 27 (38}

R R (419 65} 76 {97}
49 {65} gx
&R
EFRF {13 27 38 49 19 65 76 97}
(b)

B 10.7 REHFERH
(2) —BRHEENR,; (b) HFMANR

BRAE RN REHEFEE MBS 10. 7 A 10,8 iR,

void QSort (SqList &L, int low, int high) {
/ JHARER LK FFF Loc[low. . highWE R EHF

if (low < high) { N EERTF1
pivotloc = Partition(L, low, high); // ¥ L.x[low..high]—4KH—
0Sort(L, low, pivotloc—1); /) SEFFEBIBHER ,pivotloc BREH A1 8
QSort(L, pivotloc + 1, high); /B TFRBEHF
}
}// QSort
MiE 107
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void QuickSort(SqList &L) {

N XA R LAEREHER .
QSort(L, 1, L.length);
} / QuickSort

Wi 108

WREHEF BT BS IR Tog () =knlon, Hh n ARFHEREFRICRHIE L HE
M LERIER,EFERBERN LR CEHIDHFTESD  REEFHERE T £
B/, Bit, RN EMNS . REHFREEMBEANERTW —FATHERETE.

T ERATIH 4P P EHE P B 2Bt B HERE .

B T(n) R n AME 3R L. r[1. . n] 34703 HE 5 7 78 6 18], W) iy B 3% QuickSort
Ay,

T(n) =T s (W) +T(k—1) + T(n—k)
HAP Tou () R n ME R AT — BIREHEF Partition(L, 1, n) BT E, AE 1k 10. 7
AR, EFMERE n RIEH 7T cn BARZ(c AENHE); T—DR Tr—E 455
L. r[1.. k=18 L. of[k+1. . o] Pie FHTHRFHFE QSort(L,1,k—1) F QSort(L,
k+1,n)FimetE. BEGHEFFIFHERRELHEEFN, UE—BHEFZE L B1 Ea
Z (6] A fa] — {8 R E 384 [R] , BB HE PR BT 7 B[] A9 S 359 4 I >
Tog (n) = cn + — ZET,,,,(k —1) + T (n— &) ]

k=1
=cn +72 T e (D (10-8)
i=0
B Toe (DB RENHR) KRR O-1D S B R (10-8) AT H#EH
T (=227, (n —1)+2"—1

n+1 1
<Tng(1)—l—2(n+1)(2

1
n+ l)c
< (—g'+26)(n+1)ln(n+1) n>2 (10-9)

W REHFEANR,EFTE RARER (O(nlogn)) WHF T EH, K P HHER
. HE,.BEVHIERFIIRRBFAFRELA o, RAEHFEEMLAEBREEF,
HetAEREN O(n®) . HBRHZ, EHKR=F B A58k N 5B HIT R, B L

L. t[s]. key.L. r[t]. key il L. r[[ st ﬂ key, R = o 2 3 G B o 60§ 5 0 A

RERZCREM L [ ]J5E#, Bk 10.6(0) A%F., ZBRIFH, RA=ZFRPHHANT L

KA BREHFERFELT O, R, HENN, ORREREHSFESHIRE

FIEHEXBFERFNERLTER OWKEMERE. MU, THTFHRBYR“—KR 4"

Fnk fEdRE high B 1 Al low 3 1 M HTRBE"RMAE, HEHESEMCRLE T H

PP et AT e , R B R 33K R B A A AR B AR B 43 B 5 R 5 4t low F0 high 78 A T35

FPERIMBHEBRPREHTE LRI RN, FHRE low 78 KSR [ BB 3
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BERAHTRRICFEORE, WAEFEEM R FRETHTF R 0UM, EHE4H high&
A TG 35 ) o T 4 % B3 7R P B AT SR SR RV BRAE WA R E X RiR T RATHF .
BAR AR 5 — 2 OO TR HEFE 9 SRR

B B B T A, B ) B, SR HE B P SRR E TRT E TS S RO B A HEF
BOANEEEE, EIT SNSRI B 2-BEAHFZSI BRTE—TERAHRM
A BREHFE-MIEERELABIE, FE - HHEFHE TR
B R BE AR R BN TR, AR R B R BREE Hllog. n [+ 1(BAERINESRHR B
B, EBHHFZE KA E R A TS — i, W SR 0L AR BRI n,
MBERBERKL. 7, E—MHFZE LB BRBRBLKKE, BN KEENTF5
B iE AT AR HEF AR B B K R BE AT [ O OClogn) o

10.4 & # H &

JE 4 HEFE (Selection Sort) A BB R . B—RE n—i+1G=1,2,,n—DMEFR
PR ERERE/NMIICRENEFRFIPE  HNiEF. HPBRHAR N EERREBHE
18 3 3% $% HE ¢ (Simple Selection Sort),

10.4.1 MHERHRF

— R A A RE N B i WEBFRMELBE N n—i+1 MERPE
HEBFR/PICE,HFME A<D MERZHRZ.

BR,% L[l n]hie RATHREBHFNEER: 2 N1 En—1,8fTn—1
HEEEARE, B 10.9 iR, AZER . MRARSHFARY . ITHTICRBIAMER
VEWR BB, B /ME I 0" , RN 3(n— 1), RTi, LiiCRB W HHES nfl, i %
BT LRFRNLBEREMERE . R n(n—1)/2, Bit, RO EEREHREONRD .,

void SelectSort (SqList &L) {
/N SR LR R EHEE .

for (i=1; i<'L.length; ++i) { /) EBE L/NNIEE BRI
j = SelectMinKey(L, i); // #E L.x[i..L. length]ds % £ key B /DHIIC R
if (il= §) L.r[iJ«—L.x[3]; /5 iTERTH

}
}// SelectSort

WE 109

AR 4 > RE A i LA o sk W 2
M ESRAT L, SRR HE R 00 £ E R B AT O T A 9 b gk, BR L Bt B SR e B HE P A
AR HRHREZR. BRENXBFPEBB/ME, Z0#T n—1 K,
AT, RBEERAEHN n— 1 P RBFPEBER/MERIE—EBEHIT n—2 KB EHEF
R8T n—1 KR BER, MR LG & #EFRHF P AN LRERE. EhRE. &
BHETHEGEER—MEEHERF. SN, E8 M BHRAPRUENILZELFREILY
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HEE, AR 7+6+5=18 HHECEHIHRE . EZHR, FHEZ AN FLRERFD .
B, & 10. 8 BREEMH FE AP M RFIHEL B RV 4 HHBZFER
H 4 A MEBEE“CHA” . “BAO” “DIAO”#I“WANG” , RIGZ B R G L REMN—HREZ
B EEBAO”, BR . EBBRENERXR UEARTETAERE. ¥
REAS - HBHEPHATENEFF. hilt,EZLET“CHA’H“LIU” “CHA”#“DI-
AOHIFI B2, ER M EE“CHA”, H B, BRBENH HLFERABEE“ZHAO”,
“LIU”F1“DIAO”3 M F 2 AT . BEXFHFRAERNEETSHMBEEHRF.

(zHAO)(cHA)(___ H(_* Y(p1a0)(YANG)( XUE )(WANG)
)

A 10.8 WirELBEREA
() ZBRBEMHEBRF: OBREFHHFUE; (O BREBFNHHLE

10.4.2 BREERHF

PR R HEFF (Tree Selection Sort) , X #R #8458 F HEF (Tournament Sort) s Re— %
BBRENEESTEEERNTE, BEM 2 MERMNXBFHETRALE, . REE

Ho[ 2 W RNE Z E AT R 8 W B B D BT IR RN L
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XA BEAH—RE n M FEANTL T XMER, S, B 109 hH - XRE
A8 A REFHENBE/DRBENLE. 8 M FHEEPRKRFEEIF A 8 %
Y B EAREAPOREFHESTHE AR TFE AP XBE, MBS A+
MR TEITHR/DRET ., ERRBEDXRBFEZE REXRNOTEBYE,
HIE KNSR T (UFR R FE QPR BT (DB B KM, RGN XM F55
SOF8E, MEAE (BAD LB KRBT HTHE  BENAT FEEBROBR LSS SR X
i MRS S B F AW ERTE . FE, TRKE A DNBI R TE X@F (S
WE 10. 9 (). HTEHE n M FHEAMTLE XM EE R log,n 1+ 1, M 7E
WAERHET BT BAXET 250 38— R/ X B F AT H AT logn WK 5L, B
e, BRI RIS AR Olnlogn) . BR. XFMHEFFEMABBEESARLS AR K
H" T Z R FGRE . BT IRAN, BE 8 (. willioms) 7€ 1964 4E4R 1 T 5 —FhJE
AR —— e .

(b

E10.9 A R HEE R B
() BB/ GRER 13; (b BHK/NLRFN 27, (O REBEHSHLBTY 38

10.4.3 HHF

HEHEFF (Heap Sort) RFE —MZRA/PIHBIZE B, B MEHEFHIERS5F -4
FrtE = 18]
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BHEXINT :n ATUREIFT ky skysoee k) HEAVEHER T RRERZ N,

k,' < kz,' {kz > k2i
£
ki < kain ki = ko
(l: 1929‘",|-%J>

N ML RS XL ) — B 3H (B A — M A R FII N FHER BRRE -T2
TR AENEXERA . B2 XMPHEELRESHEIRKTF@EADMPORE.
HETHERIE. B EFI ks b B, AR TTR (RE L2 XR R &
HFEFIH n MR B/MEEREKRE . W, THRNFFINE, MY TEL2ZXHn
& 10. 10 7R . ‘ V

(56) (12
(83 (27) (30 (24
G @ @ &) @ @ &
Q

(a) (b

B 10.10 KR H
(@ BTUERRBAM, () ETCREEME
{96,83,27,38,11,09)
{12,36,24,85,47,30,53,91}

FERMBETNREMIZE FREKR — 1A TERNFFENRR— 3, 53
n MNIEEPREK/ME. MERERT.ERBA—-INERFEI, XN EBEZ NIEHS.

M, LHBRHEFFERRRAME: (DT H—-ITTFFFER—1E? (OW
MEMEETRCRZ G  WERKRTERN DI

TEEMNEE =/ RE, M, & 10. 11, BEHHBETR TEZE, UES
BE— 1 nREARZ, mE 10, 11 Fix. WNBERKWE FFRE R, NNTE L
ETHTARBNET., BAUETIRMRE ATFTRRESNELRZ, i TATHRE
T RHENTEFRRER RO BN AR G5 RO, M 27 #0197 ¥ Z T 97 BT
2T Z MR T AEFHAH”, THITHN L RAERM AL, EEHTES . ABRGEHRE
WA 10 11O iR, RN n—1 M TRXPHE/ME. EX LRI R BHRTTE 27
FgPRE—-NTR 97 X ERE,BIME 10. 11(DFARFHHE,

RIMMHEXPTERT AT FRARIR MR,

M= T LRI EENIRRE —TREBE" NI R. EREFANERE—1 5%
2R, UG- ELARERRE/ 2 W TR RN EMNEBL /2N TEF
. B, B 10 12 PR _XWERR—TE 8 M TEHIFFF

o (49,38,65,97,76,13,27,49)
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TMEENE 4 ATTRFH BT 97>49, WXk 2, 3585 59 55 & 10. 12(b) ik, H
785 34N TK 65 MRS FFIMRAME 10. 120 FiR. BTS2 ATEBAR
RFRE EFRBRE, NRKESORFIRE. B10. 12() Fr I BERTE 49 255
BRI )
HEHERE R BL N EIE 10. 11 i, X MM R A E 10. 10 Fix. NEHELS
RA 101 FHHE X3 0 BT RIE T X RPIERBE FF S W ZE 47 190 3%

13) (97)

@ ® ® @ @O ® @
@ ©) @ @ |
F10.11 WHLBEHTRFAERERN IR

(a) 3; (b)) 13797 XM|IFHINE; (o WRESHFTE;
(d) 27T M7 REEEHITRBERAOF %

1012 MWMMAMRN
@ RN () o7 RAAZENRE, o s RRRLRNRE,
) SERMBZEMRE, o 15 RMASRBAND
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FER— N RTR”, HAERB - NTXRBFARKKERHFSFIFRE—TERXK,
RIEXFFIPH n— 1 ERBTHE EFREREN I KTR”, MEREEEZHF
ZW. Bk, “MENIERBFERNETFE AR T

typedef SqList HeapType; / ERBFREHEERR

void HeapAdjust (HeapType &H, int s, int m) {
/ BRI Hc[s. .0l PR REXBER H. r[s]. key Z 5057 R M X, A RBAE H. x[s]
J HFERE M cls 0]RA-ARTRCGIHPIERARBETS)
rc = H.r{s];
for (j=2x8; j<=m; j* 2){ [/ BreyBRANETHERETHE
- if ( J<m && LT(H.r[j].key,H. r[j+1]. key) ) ++3; /3R key BREIID R TR

if ( ) LT(rc.key,H.r[§].key) ) break; N e IEAEMNE s
H.x[s] = H.e[i]; s = 3; )

}

H.r[s] = rc; . / BA

} / HeapAdjust
HE 10.10

void HeapSort ( HeapType &H ) {

/) X W AT T _ v .
for ( i=H.length/2; i>0; --1i) // $8H.x[1..H length]HE iR A T

HeapAdjust ( H, i, H.length );
for ( i=H.length; i>1; ——-1i) {

H.x[1]«—H.x[i]; / ERTUE R LR EHF 77 (1. i]5
/ BE—TERHEEXSR
HeapAdjust(H, 1, i—1); /¥ B x[1..i-1] BFAERIXTHE
}
} / HeapSort
NE 1011

W HE R T B SHE R BB XA ERRE, BX n BRRXHERBRARY.
BE BT A ERRERYGEMAERIENETHREME" L. WHREN &
R, IEEREPHRTHXBFHBREZE N 2G— DK, MERI TR, BER
h BEE, BILHITHRRF HERBAEL 4n.0 X, n MR TS U RHE N
Llog.n |1, ) V& % 2 %7 % 61 8 F HeapAdjustid Bn— 13K, BIETH R BR KRB L

O BFH i BEWERKESY 271, NB 0RO UM EREN h—i+1 WA S| K HeapAdiust 2t 8
B BSTHX BF K BRBCR N T R2 M,
> 2t 2h—)= 3 2 (h—i)= 524 -]<(2n)21/2’<4n

i=h—1 i=h—1 s=1
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TRZE,
2(Llog; (n—1)]+|log, (n—2)}+++- +log; 2)<2n(llog:n)

H Ut B HEFFE RAR R LT, Had B E 2 BB R O(nlogn) . X T REHF KR, X2
BHFHBRREE. W BHEFNT - MERK DT RANRBIFHEZ R,

10.5 H ¥ # F

93 HE P (Merging Sort) R X —XRRNHFFE. “BHH"HEXREHAIRFH
UENERFRASR—IFHARER. ERTAFTERE N RERRS, TRRIUFH
PG R RN, T Om+ ) O HBK F XM, AABFNBEES
LB, BEMEFIEE n MER UABRE n MERHOTHA, BMTHAIMK

BEX LABRAREN BE[ 5 MREN 2R 1 WEFFFFLERFEN, - MLE

HLEEBB—AKEN n WA b XM RN 2-BIR . S
10.13 g 2-BFFHHFH—MBIF .

MR BE [I49J fslsJ tslsJ [slm ['Ilsl [1|3] 27

! | |

—RBH2ZE (38 49) (65 970 (13 76) (27

ZBEM*2E (38 49 Iss 97) (13 2'{ 76)

ZWBd2ZE (13 27 38 49 65 76 97
B 10.13 2-BRIFFHHEA R B

-BRIEH PR ORERK —BABATHEHSHFHNE R BFI—IE
FREH  REECEYUTERE 2. DAY 10.12 FixR.

void Merge (RcdType SR[ ], RedType &TR[ ], int i, int m, int n) {
// #%H P9 SR{i. .u]#M SR[m+ 1..n]HH}H HH FF#Y TRLL. . n]
for (j=m+1, k=4i; i<=n && j<=n; ++X) { /¥ SR g R /MBI KA TR
if (LO(SR[i].key,SR[i].key)) TR[k] = SR[i++ ];
else TR(k] = SR[j++ 1;
}

if (i<<=m) TR[k..n] = SR[i..m]; /) HBR4AR SRIL. . o] EHB TR
if (3<=n) TR(k..n] = SR[j..n]; /R 4&K SRS, .n]HH T TR
}/ Merge
HE 10.12

O BEAITHRRNKRESI I mAn,
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B HEF B AR [ o) R B0k merge 4 SRLL. . n]eh /R HI40 LK BE b

WA FBEATHM IR, BB EHES KER 2 WA F R, FFRAE TR, . o], &
NMEAFHEF T H AT log,n 1B, TR, LHIFHHFEANFHCRERBNHYSH,HK
Bt 18] & 2% BE & O(nlogn) ,

BHERE 2-BIAFHEFRE SN 10, 13 MEE 10. 14 Fix. HEBEREMR,
BRHEAMEEEEA LEEE BESHAERE. HEZRAEINEETERNSEHHE
(1],

SREHF A AL, B HFRNERERAR ER—MRENHF L. BE
—BER T RAF A 2- BIAHEF R HAT ARHEEE, KXW HFHEF A58
% 38 10,17 fT ik,

void MSort ( RedType SR[ |, RcdType &TR1[], int s, int t ) {

/% SR(s..t]F 3 HEF R TRIs. . t],

if (s==1t) TR1[s] = SR[s];

else {
m= (st+t)/2; // ¥ SR[s..t]¥4rJ SR(s..mJ# SR(m+ 1..t]
MSort (SR, TRZ2, s, m); // BVAHKE SRLs. . m]IH 3 KA F R TR2[s. .m]
MSort (SR, TR2, m+ 1, t); / EIA#% SR(m+ 1. . t]HHFHEFH TR2[n+1..t]
Merge (TR2, TR1, s, m, t); // ¥ TR2[s..m]#l TR2[m+ 1..t]J33 B TR1[s. . t]

}

}// MSort
®Ei% 10.13
void MergeSort (SqgList &L) { .
A FEF R LEEIFHER .
MSort(L.r, L.r, 1, L.length);
} // MergeSort
B 10.14
10.6 & % H# &

B ##HE AF (Radix Sorting) 2 1 1l T BT 38 % 2 HE FF 7 3 58 & R M IRl i — R HR 07 3
MBTJLHT B8 AT L, SCBLHE AP 2R 8 S B 7 161 B0 L B I8 B ic RX W R 4 , T 58
BB A% EATIER SRR R, TR — MBI EXRTHFNEE
MR BERRTHTHFFNTIE.

10.6.1 BXBFHHF

ftAaREZXBFHTFEE? £F-BEHF.
ST 52 IKBEMKTFREN:
B2 P33 PA P23 <PA
. 284 -



<Y2<YP3<<YPA<LB2< B3< < A
B KBARAALRE” L (S<O<V<®) MEMHEQC<I<-<A), B“LE"HH
PR T A", 76 LB AE B P TR MR T B K /BT , M1 e “TE 27, & “TE 7 MR, T 1
BEME. BB EERN EIRK X RN, EERANSER. ERRRYE
B8 RARFN 438, B—RHESEE RN LR, RESFIME—REREE X
NEBEF.

WARAS—Fhrk: REAREE"SR 138, REHX 3R NEARE
—R (B2 Z b, A3 by B R 4 BECAY) R IEHE AT 1 A A
WREEFERRALEA"IR 4B BEEX 4 BRBRANEANKEEE—E(SER
T, EREE, A FRED RN LR R M, XFRE 8y
RERFMHEXBEHHF T,

— BT BIRAE n MRS

{R\sR;,**»R,} (10-10)
HEMERR FEEdADAERBF (KL KL, -« KD, MR FFI(10-10) 3 % & F
(KK, K OEFRE R FHRIPEEHMERZ R AR A<i<j<nOBHET
FIHFXEO. |

(K?,Ki,, KT < (K3,Kj,,Ki)

Hi K BABREMERT KT HRIBKMAXBT. ILASXBFHF, EREHH
FiE B R RE AN R EM LR K HTHE HENSRET TR 84T F
o I REBAE MR K H, B2 HREBN TR RBF K #5HF.% K &
ARABARETEM TR RRES, AEX K #THFZEBANE— T
PR RBAA RN LR T (K, K, -, K0, TiG 4 9S4 F AN K g 78
B BGH T FRARRBEE — BRI — N 5, X 07 5 AR 2 3 W 6L 4 5%
(Most Significant Digit first) 5, 8B MSD & ; 8 _Ff HFER_RMNBRALXEFE K EH#
FHRF. REENE—MREBFE K HTHRE KKEE, EEN K #ITHREER
H—AERRF. XF I HEHRZ % BAE 4 5 (Least Significant Digit first) ¥, &
LSD &, \
MSD #1 LSD RAE R ARM“LBFRF"RETHE, RSN B XBF
BATHERR BT A A k. EALEFRTURH XA ENRRRS N &8
MSD #EATHERE DT F 5B RSB RE T F 5], RIEX & T RFI4 SIRATHERE T 3%
LSD#fT# i, AU AR FRF, MBI M XBFREENFIS MR, Hx
K O<i<d—2)#1THF R, REEFIRENHEF F k. B—FE, % LSD #iT# e, &
— R &G T I — M RRBF K O0<i<d—2) WRFIE, B — 1 %8F K WA
D » i ] AR RTLY BTk & fh Bt % B 1) o9 e R SR HE R I o, T R i
FF RS U7 R SEBUHE R , 10 R R R SN ST 0 T SR R

D (@al, a8, BT DRI R LB Y 5=0,0,0—1 B ,0' =5, T o/ <&
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10.6.2 S|XEMHF

YO A B4 B RSB T R R R X BB SR R R AT HE R — R AR
k. :

HWERABFTUBREE T LBFHATIRM. AW, EXBFREME, AR
2 OSK<999 AML MTHEE— M HHRFER—IXBF, WA AN K B 3
MERFK K KDER, Hb K° REMK.K BHUHK B XEXRF
K R 5 AFHARMEAE,NTERREH 5 MEBF K L,KLKL KL KOER B
K'RAEZEMNE i+1AFE. AFORIMABHNENXRFE K BEHERY
HENCHEFE,SK <9, MFRH'A'K <'Z), Mk LSD #1THAENFE, RBENM
BB BER, X BT O RFEE R H i %44 8”3 RADIX IMBAF) 5 E K
72 MLERE d K. BXRTEERERFRZ I ESHRF, X “%"#H 2 RADIX
RIBUETE R, £ L R L BENER T, B2 5184107 F“26”,

kR b, BEHEHGIZE, R R SR E ERICFETHERR AN
EFE. RTLEHENGBRAZEHRBBABNA RERZF%OHBFHERRA-
DIXXN MERZED KA. BHE 1954 F£H AR H ARG DR A R B HFE
PAZEH L3I, E LB AT E n MER A 2 X RADIX M BB TOMEBI S H. I
B AR ASEREEEEN, UXEET n MEZWBBZE. TERIMRRABX
FhgE R MHE IO I .

EBE—NREPF. BAUBSHEEE - MEHCR, S RLBHHRE-A
B3R, A 10. 14(a) FiR ; 55— RS RN B AR B0 6 B F (ML B0 #AT BB T R 18 4+
HBERPRICRARE 10 MERRI 3, BT S HIERRBEH KA, I
B 10, 14(b) w3 op fLiTR e[i14r BN i ARSI K6 RIS B—MKER
B FTA TR BA R IT R A AR, S KA T~ S AT K2 R, BEH %
10 AAFI R IE RER— R, A 10. U(OFT: B-HAR S HKRERE=
MRS HRELFEM BN EER# T, AEBAMEAR, mE
10. 14(D ~ () iR . EHHEFEEE .

FERR ML Z BT, T8 TSR R A

# define MAX_ NUM.OF.KEY 8 VS 28 ok SN
# define RADIX 10 /O RBFER, 2T
#define MAX_SPACE 10000
typedef struct {
KeysType keys[MAX_ NUM_ OF_KEY]; // %@&%F
InfoType otheritems; /) HAbE GBS
int next;
}SLCell; / BESERNES KA
typedef struct { - _
SLCell r[MAX. SPACE]; J BEgRATHESE, [0 LER
int keynunm; / BEHYAXREIE
int recnum; / BEERNYNKE
}SLList; / BERERAR

typedef int ArrType[ RADIX]; [ BEBARE
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[278}{109] {063} {930} {89 {184} {505 | {269 008 -{083]

(@
e[0] e[1] e[2] e[3] e[4] e[5] e[6] e[7] e[8] e[9]

[269)]

083 ] 589

[930] 063 [184] ([s05] [109]
flo] 1] ff2] 3] f[4] {51 fle] {[7] f[8] f[9]

b)

[930}{oss}-{083}-{184}{505 [-|278}-{008 ] -{ 109}~ 589} 269]

(c)
e[0] e[1] e[2] e[3] e[4] e[5] e[6] e[7] e[8] e[9]

[109) (589

[269)]

505 (930] 063] [083]

ffo] 1011 ff2] (3] f[4d] f(s] 6] f(7] f[8] f[9]
(C)]

[s05}~{008}~{109} {930} {063} {269}{278} {083} -{184]{585]

(e)
e[0] e[1] e[2] e[3] e[4] e[5] e[6] e[7] e[8] e[9]

[083]
063] [184]  [278] (589)]
[oo8] [109] (269] [505] [930]

flo] f[1) #[2) (3] f[4) ffs] f[6] f[7] (8] f[9]
03]

[00s}-{osa}-{oss}-{109}{184]{z69]-{278}{s05}{s89] {930}

®

B 10.14 #HXRFEBHF =B
() WHBRE; (b)) B—RFEZE; (O F—HEEZE: (D B_BIEZE;s
(OFE_HMREZE: DE=#IEZE: @F=Z#WEZEWERXH

Bk 10015 NEERENHF P —#ARNE R, Hik 1016 A —RENER B
10.17 REXERHFHEE. NEETEZEL ST » MERBEREMNERE 44
XEF . BIXBFHRORETENY d MOETEAERFEFHRBIEZEN
Odntrd) KB —#MAENREEREN O, B— MR RHHEEREHN
OGrd) BN HEF T EEAT d BT EAIRE . FIRHBIZEN 2rd 1 BAFIIRE. SR BT
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THEREREEH, AN T HMLUUPERFHEERWERTEmME . RHMT o4
BEF M E .
void Distribute (SLCell &r, int i, ArrType &f, ArrType &e) {
J BEERLN r BPid R # (keys[0],... keys[i-1DHF.
/OBRBREE 1 AN RBTE keys[i]B 7 RADIX N F R, EFR—FRFICFEH keys[iJHF.
// £[0. .RADIX - 1]#1 e[0. .RADIX - 1 ]2} Bl#5 M & FRBE MG —MEE.

for (j=0; j<<Radix; ++3) £[i] = 0; N BEFRUIBIAER
for (p=r[0].next; p; p=r[p].next) {
3 = ord(z[p]. keys[i]); / ord ¥inFhE i M RBFHS (0. . RADIX-1],

if C1£[51)  £[3] = ps
else r[e[j]].next = p;
e[3] = p; N eI ERNERBEAS I TFRSP

}
} / Distribute

#HE 10.15

void Collect (SLCell &r, int i, ArrType £, ArrType e) {
/) BHEBIE keys[ 1] B/MEKHK £0. . RADIX - 1] & FRIKKBER—TEE,

// el0. .RADIX - 110 %& TR R4 .
for ( 3=0; £[3]; J=succ(i)); / RE—1IEZ TR, succ HRGHEH

r[0].next = £[3]; t = e[3]; // r[0].next I ME—NEEFERE-ITE K
while ( j<CRADIX ) {
for (j=succ(j); J<KRADIX-1 && 1£[3]; 3=succ(3) ); /BT —1TEESFHR
if (£[31) {r[t).next = £[j]; t = e[j];} / BEEWRNEEFR
}
r[t].next = 0; JrHEEABRE - EESFEPHERE—I4EE
}// Collect
W% 10.16

void RadixSort(SLList &L) {
JLERBEHESERERHNINFER.
A% LAERBHER 8 LR AR KRB E NI KNFEFBAER.L[0ALEA.
for (i=0; i<L.recnum; ++ i) L.r[i].next = i+1;
L.r[L.recnum].next = 0; J B LBENESESR
for (i=0; i<<L.keynum; ++ i) { / BEBKRMME MK & XBFHITHEMKE
Distribute(L.r, i, f, e); VE B Uil
Collect(L.r, i, f, e); VN1, &

}
} // RadixSort

#siE 10.17

10.7 &% N ERHERF 7 I R HUBLE

SGAEUBAENITENEMAREF T E  ABENTERATRR).
MTFRATLABH T LASE:
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HF Ik 4y ] BICHB '- B~
o O(n®) O(n®) ' o)

BEHE O(nlogn) , O(n?) OClogn)

B H R O(nlogn) O(nlogn) ow

B3 HE T O(nlogn) O(nlogn) O(n)
YT O(d(n+rd)) O(d(n+rd)) O(rd)

(1) WP-34a (] 4 BB T 5 » PR HE P B 4 FL B 7 O (6] B 4 » BB P 7 B 3R 1 0L
T B B BB G HEFF B SFHEF . TR BB LB R R 7 n BOKE, B HEF
Pt MBOEH R B ERRRRB A HERS .

(2) ERFH“MRAEF"QERSREFZISINHABAHEF . ERHEF R £%
BHF HPUHEEZBAHFFNERNE HPIHHICRBERF R« EBR/I, ER
BREMHF IS, BB EMAMBHF 7% B nREHF A HEFEEaE R
fEH

Q) BHEHFHONEREEERTER OW ). B, EREMAT n HRRKTXE
FEUMNIFS . BHXBFRMRK, TFHFRKEBHIERM BB RBFE"IAR, WAFT
S TR RBF AR FI G BE TN BT TEHETEHEBEAHRT.

O W HEHREER LR, BEGEFRBEM AT, AN ERERER O
i 187 B PP R BR E B9 AR T, AR HE PR R HEFP A0 /R R SR B R R 0T O HE PR O
EREABEN . —BRU. HFIBRFH LB REHSHRNCRXEFHHET
MHEF TR E K . ER R KR, BEER TR R RE K, N ARERHEF 7
M5 - AERBRE AWM, SREEH - RAABENLOR. RZ,MBEHHFY
%, BRERB-MAFEBABENHREA. AT REUBRTHFRKICRNOERR
FHTH . MFAKNEFTERERELXRE. HHFHKICRORRBFHT, W MNR
FREFTREEEFHF T ERANREE.

GLR.EXRITRMAEHFTEF  BAB—FHEREMNRAK. FRERT 2
BRHEL . ARERT » BAAKER ARy B, XA TREAFHOUE Y%
A.EZTHSHTEEGEREN.

FZETENEHRAFEEREMFFHEHN LLAN. AREHFLIBRTRET K
BigROBE. HIERBREGMCRET G ZEBRE) 0, 0 FFERB K, oot 7R F#
SHREFMEN. NRBASF EXBRHF, UBKHAREBSIZR. BR.F
MHER ik AR HE P AR HE P, TR LR RHEF . X P8O0 T oI LA 47 “ ik HE
F7 BT — 1tk BigRMEMICR: ANESFIBRFABIHIT RN B304t
PN REIPIE. B3 E 10, 15 (a) B 7 98 3 5 51 3 17 30 bE He P o, 7T B i &
adr(1* 8) EFHHF RS ade[i] : =i, REHF IR FTHERT 1[i] * =r[jIHBRME
i, B LA ade[i] + =ade[j MUER, MIEHFSRZ /G, o bk [ & P S EHE R HEFERIEREK
W o rlade[ 1] 10X BFB/PRIC R rladr[8] R BF R AMIE R, A 10. 15(b) B
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R BEERENTRE odr WEEHCRNYHEAVE. EHAXOT.

r(1:8) | R4® R(65) R(38) R@27) RO R(13) R(76) R®@9)

adr(1: 8) 1 2 3 4 5 6 7 8

(a)

adr(1 : 8) 6 4 3 1 8 2 7 5

(b

r1:8 | RU3) | R@?T | R38) | RW9 | RMB7) | R(6S) | R(76) | R(ED

adr(l ¢ 8) 1 2 3 4 8 6 7 5

()

10.15 Mt HeFFR B
() HHEHERAGEARGTBRE (b) HFERUE MR, (© BEHERLRIHRE
Mi=1 BEXKRESMTBRUE EWICRRETERBML. & adeli]=i, M r[i]PE AP
i4‘&/]\9&%?%%%,ﬁ{ﬁﬁiﬂ‘ﬁa§$%¥iﬁﬁ; # adr[i]=k#i, MH A (ki
FRE M BADARRBFEHICR NEGEFCR [IZEH [kKIFERBE [IINHEE®
E. 2@, # adr[k]#=k, MR rfade(k]]PiBRBE [KINME L, KKEHE,HEE
H B A E j=adr[adr[---adr[k]++]], %R adr[j]1=i R, HEHFICRBE 1004
BE. THER—NTABICRMBHN/MER. A 10.15 HHF, & FHE 10.15(b)
adr[1]=6,MZEEE RUDUE, B RODMN r[6 W EBEBZE ([1 100 E. X BN
adr[6]=2, MR RSN r[ 2] BB E (6 H. R, ¥ RCOBE (2]
B, et B adr[4]=1,0 RUDMEA ([4]WMER E. ERERFER)SKICF Xt
o) RS I 10.15(c) BiR . Wik 10.18 By EREHC R MBI
void Rearrange ( SqList &L, int adr[] ) { .

/ ade P % L B9 FEOCRE B L. r(ade[11)R8 L MR,

N ARG adr BHE L. HHEF.

for (i=1; i<L.length; ++1i)

if (ade[i]1=1) { '
j = i3y L.r[0] = L.e[i]y /) B L.x[i]
while (adr[j]!1=1i) { // % L. r{adr[1IME RBIME B adre[j] =1 A1t
'k = adrfj];  L.r[3] = L.x[k];
adr{j] = 35 3 = ks

beli] - Leo]s sl - 4/ EREFEE
}// Rearrange |
HiE 10.18
A ERBEESE L BT ESN MR HEEE KT R A CRY— KB

O ([iIWEEHE cBRAFHIF 4R TH.
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B, MENMERELBHFEMTR WXENDMEFZEEE /2N, BT
MEBEPEZBIHICR3/20K.

ABREETRO—NEAER AREFTRABNRREERL L. RIES
ER.AENRNEMHEFTE ABRFFATHNEERERY O, R Y
OCnlogn) , X HOH) B EH LR IB4 Ologn) BERTH TR, G R, 85 K5 —
FhHERE 7 8 BRI E I B0R EI B 22 B R T OCnlogn) WR7

B FAEIHE A FHF T % RS2SR E T LR TR B XA B
VEsEAT 09 , W) 37T A — AR 26 L F B 10. 16 FF 7R B0 21 5 4 R R 1 K HE 7 B W2 2.

[Ka<Ke<Ki| [Ka<Ke<ki| [Ke<ki<Ky| |Ki<Ke<Ki|
® ®

B 10.16 HRHFIBKHER

B 10. 16 MHEMRR 3 M RBF AN K, K, 1K, WiIERATHEBAHEFH
SRR E N EARERRIH N RBFEAN KR HE GFRIPHRRXKE
BFRMAMER. BR K. #K, #K #K,, MHF Z AR K HEFI X 3 MER (R,
Ry, R IZIEJARIREA THI 6 MRFR: (DK, <K, <K;; (2K, <K;<K:; (3) K;<K,
<K;; (4) K, <K,;<K;; (5) K, <K;<<K;; (6) K;<K,<K,,#®AH#H X 3 IERE
ﬁﬁFF?/D\EIﬁEﬁ@J-F@J 6 ﬂ'%% (D {R1 9R2 aRs }5 (2) {Rl 9R3 9Rz }; (3) {R3 ~R1 1R2 } ;
(){R: R, »R3} 5 (5){R;»R;3,R,}; (6){R;,R,,R,} T 10.16 PHHER L 6 L&
HRRHRRX TSR, HEMEHTHE-RKUEFRLEN, AL, XME
MEUHREL B HETHWHERLR. HE MBI BRREIIEHFEBAERIE
HITH LB REGR AN RBIMEFIHEE T FEAWBREKE. ATHEIL.16
R ERBRER 4, W3 3 MEFHETHF EOEHIT 3 KHEEK.

HE-BRIEL S MERBTHEZELOTHATEZLORXBFEM L, XA RE
EMT AE n M ARMREBN—EX P HEROANMNIUFHY X EENIRENRD
BRERRKEREE. ATFE 2 MERKFFITRUANMBRESE 2140 WH#HR » MER
HFIBRNHERLAF I M FER, BRAEP—-IHF, NEASERHRER
HAaptik, ROELHE, FE _XWHRERN UM FHEIWMERER 2 RZ,
EH u M FER MU REZE S R log.u 1+1, ZHBB,. R » MERFFK

. HIEW EBEEE—RKE N log (nDIMERE., ARBBTARLGR EM - HB“H

BORTHFHER ERRER THRBETHERREED Hllog, (2], R, XL
T —AERERTR RO REE S NARETHRRREI KT HE, B2
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1956 4£,H. B. Demuth & RA T 5 M A THFRABTE T KRBV FEDZRE,
Lester Ford 1 Selmer Johnson ¥ H # )™, #£ H 7 13 34§ A ©(Merge Insertion) H F§, &
'n<115‘fﬂfﬁ3 MR B M og, (2DIHER.C. BEHFEHKRLR, Bllog, (nD]=

O(nlogn) , ERZ R MK BE L EHRRILEBHTUB"HATHFHEEERIFRLT
BB I BT A E R R EH O(nlogn)

O HHEAHFRABES LOEKE 10 B0 BE—E,
© TF#H Bm) Mn)F Fm) R n MR 573 A SR 5 36 55 P A0S 308 A PP B 2 MR F
BRI 7 10 E SR ¢

n 1 2 3.4 5 6 7 8 9 10 11 12'”13 14 15 16 17 18
Mogzn!1 ."| 0 1 3 5 7 10 13 16 19 22 26 29 33 37 41 45 49 53
F(n) 0 1 3 5 7 10 13 16 19 22 26 30 34 38 42 46 50 54
B(m) 0 1 3 5 8 11 14 17 21 25 29 33 37 41 45 49 54 59
M) 0 1 3 5 9 11 14 17 25 27 30 33 38 41 45 49 65 67
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B11E S EHE

E—EFERE IR HFEFRORRGOHT, IFHEFHICREHENFHES
EEHFLIBRPTHTERON SMFZEHZSR. Bib, EXETRIMEHTF M, §
ARETHRMIMFEBRETFROES.

11.1 S FE B WER

HE N — B RIS . AR () RSN S8 (HAE) . TR 5 B 7T BE AL
PR, BLAFBGR B BR B A Bt AR . SRR BS SRR FORE A (REEHD) , BT
R4 J5 & RN AR

1. BB MR

B RS RN — AR, BEM
FIMRES K EHH 1/2 25, MK A% 3600 %R, 48
AR, SRR, R R BRI L, IR s 2
BHRE AR, R R, i/ B LR
DL B E RIS R E RS AR T (E 1. 1),

e 1/2 BT R E LT A0S 9 RLs 7 A = B
BRGEXHY o BHR 7 B4, Mo EEym,g— 5111 BWESITEE
BHRTRR—FRH G ART TR, B —REHERRA) ., ik, B% ETiET
ERMXFEBR-HHIER. EHY LEBREREACEN, MARK RN,

B 5B E Y S 2T 800 5] 1600 AR 6 250 {1 (RIS T 49 — i
#¥0O BB E RED 200 %,

MEFREZEHNRE ME—FEEREVIEHESY 5 D), BT URER
/BB RS, TR/ S8R TR i AT, TR M LR
HE, BT MENTEABEIRERS; K2, R/ EERE, AESRED %
L EST—MRENTE, FHl RS FHSRAFALGER ZAEE 35
X, 0 4 1 BR IRG (Inter Record Gap) . #3856 [ MR B, 3X A A BRE % % 1/4~3/4
¥, WREGNFERFEALNKER 80 MER,IRG X 3/4 FF, 3 8 M~ 1 600
N ERFRBEE , FF I RALH 1/16,% 15/16 g4 AT IRG(B LA 11.2(2)).

X T ABOLR IR, % % A R IR KB A IRG M. EBSREREEH,
AREEFAHNFREACARY TREETFIAFREEHR—BE—KE ARE,
FE . BN FEFABRBESR IRG, 38 &5 8] B 8] B2 IBG(Inter Block Gap)., B 11. 2(b)

. 2 ¢ 3 £

A%
Bl

O FHEEREREN—LHAFRLER". B RERKTHERFRATEBNEE LHER.
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V) 20e [BG] 20tic (IBG] 2otick [IBG] |

Ll LLL

NBSEANANGEE,

() (b)

E1lL2 ¥ ELERFHAEAE
() FHAK 80 FRHMBF; (b)) RERFROEF

AN 20 MREN 80 FRWFMUFRERET L — MO HEHRPHHOR,

BREIMEFT A IRG BB, AT AR BEFHA AR, R KEXT IBG
KB,

BBRETE A /O BE., BA—-R /O BRETEENMNYERBPZINFEINK .
REBNENXPREFTBTENGR(—ITFR4) ., BYER - NFRYUN . EARE
AMRXPRECH,EA MALHIAT VORE . EENEHXERP .

KUEBEALEBR BRARFERANIE. EERAEER. BRIE/EHHRE
—AERFAED,

REYHLBR PR RE HEXRBER? XREARIEN. WERAEKXR
KoBHERAE IKFW~8KFY., XREFMR—KEE KK, W &M BB K, 7T
B AN B R KK, MENEFRNERERK ATIHBRATFEREE,

A LERE — R E 8% ey ed 8 & A 4L

- TI/O=ta+n’tw‘
Hep: o, HEERBE],E/ BLBXEREERFTEYHERERMUEFTTE ;. HIER—
N FRatE .

BREBREIAGRERT LNME.LWR/SLAEMRBREX. A, Hik/5
LES MB 1 NMYHRZEHERLEWES 1M HERENERNTILEY,
Eik/B kO TR MR, MERNE B ZERH R RN, 0 [ B 17 BT 3h , Bk it o
B ER, HBIMRERELIE/ BN A RER, XTRER/ILasHe R, Hit,H
FREW RIFFFRA RS, WL/ BEBZMEERTIRFER, B 4%/ 5L FRF
B, MERMNEEEREHHEN, §BERSESED. XEFFEERRENEEH
FOEERENBRELEBAFE. B MFEFRREETEATAREHAD . RITIR
FRBHRXBEE.

2. BRFREMEFR

BAR—MEEGFRNFHRE(DASD), ERUFRNEZEARAKNFTEN.
ARUEFERERBHTVFER, MAUEEFRIMEFE. EHERK EER, &
REFELBEREE. BRE-TRFHEK(SHENNBRFELD, 8ELFHFER
HUEHEE, FERCREUE L. B TRENEBNSFESFRLE, FUTUEER
B, BATTURBAN, UG ETRAMARA4. S—FELEWAE. M6 FR4
RB, TR EMBETRAMVIMIBAERER, FFUEEXEH 10 M EYTAHRRERS
B 11,3 fiR.

BAWHBHTER/EEENIE. RRFEE- ML, M EES, Y%
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BER/FLTEIN . ETU#TEENE/E.

AUEEES AEELRNES LR, BELENE
—E F AL MEL . ERAEAHN . TARE/FE—
ELEWER.

EHABNRELRTBIN, BHABRETEN, —1
HERAE—-IEL, EATUNZE LW —EBZHE A —E.
MEEE-ITHE L AFRELR#ELRRNZIHN, FA4L
FR—-BfE L. £ MELEERHERMEEAR— B
m AN MR EA A E LW ES. E¥%.81MELE
A 200~400 ., TERE FIFH—-MREFRLAA—-I=
bl AFES HES . RT.

Hep  FHSHER/FLNRMES . MREBERFS
E/AREEENAE.

RATUHRE—-RER BELARSEHEH, BIEFEHK LB
FEAFFHEHLFHERIEMRIE);REEFEHENEFELE B1L3 EHLar8H
RIEMAZT BE. B/ ERRER.

UL E#A FEE-RERFTFHA A E 3 MHK:

Tyo=twattu+ne* tun

B, T ERE (seek time) , B/ 5 k & BT E] 5

tu XG50t 8 (latency time) , BpSE (5 S RO WI 56 1 B i 7% 2125 3k T B aT[A]

tum 17 4E %y B 8] (transmission time) ,
BT R A% B BE S BE TR IR, 4y 2 400~3 600 5% /4y, M fead R BRK AT 25 R (%%
—BE R ED, A NERERE—RE 10° FR/HM 5X10° FRF/HZ0E, WEKE L
B/ EAMNEEEREIENE EHBEAIERELR 0. 18, B, EHE LA
BAE BB PR EEBER - ERSGEEE L, URER/EFEEN BB L
3 51 % 30 i I B, LB R S BRI T AT,

11.2 4R F -

SMERHEFF A b e B AEX ML BB BRA AR . B S AT AN RN K SNFE EE #
MERW o BAE TREN I BT XA B (segment) , R IKIEA NI F BRI A
WHF HEX EN#ITHF . HEHEFERANEFFXHERE AT EEHRXER
FEF 30 A3 B R (run) s R G, XX B IHH BHTBMPF . FHARERFHT
X BEHENER  EEZRABNMEF XA NLE. ER.F-HENIERE—SFEE
WREMHE. FEFEHRE_HEMANFNTRE. EN—TREEFREIIHEFR
VE 3 R el BEAT B 7

BREH—TE 10 000 MERH XM, BEED 10 KAHHFHE 10 MEIIEEFB
R1~R10, K& —BEE 1000 Mex. REMEMEOTERAROWHAN . EEH
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Sl NMERFXHAILL.

R1 R2 R3 R4 RS R6 R7 R8 R9 R10

L_r_l L_r_l L L
R1' R2' R3’ R4’ Rs5’
e 1 !

R1” R2" R3
L ] !
R1” R2"
L _ - 1
HEXH

M EETR, f 10 MU BRE — MR HTT 4 BN BN m
AEHFBREIm/2 VB XFIEH T ERKR 2- B HEH.

BRNMEFBRAFR— T EFENIE. EEAFEST, WREE, E—FFH
merge A BEA LB, HE, EHREFFLAWHEHN, AUEFA merge
uR, MAEHTIFHE/S, IRBTRNATEEFH N EFFEEBHEREF N
FRENFPREHR. £1L1TPELED, WIMFLESHE/ TRUYHER G
iR, BRELAPENYERT LA 200 ML, WE—8HHFHT 50 RE”
50 W “E”, 4 #8538 0 b Py BRHEFE B B 9 21T RO R/ B AR FE SR B L AT 500

KW/ 5.
—BERT,
SIEBHE P BT 7 A B st ] = Y ERHE P (P AE W8R8 3F BO BT R BB (/) (m X 15D +
SEEREBE R (dX o)+
PRI 3 B B B U (s X aat g ) (11-1)

HA: 1 BAMEBI— D368 3 B BEAT 78 HE 7 B 7 B B 939185 1o BRH#AT — KON
B/ Bt B39 1E s utn R MERETAMBHFR/EEL m HELHBHEFZEH
BB HG IR BB s HIEFFHRBG A BRI/ B W, Bk, EF] 10 000 MEF
FIFA 2-BRIFFBEAT SN HE AT 5 B B B 1) DY

10X 215 +500X to +4 X 10 0002,

HHP o BRTHARINFRE BR 0Bt BEXBE, B, BB/ HENRERN EE
EFRTFELAFEREEHRYL.

‘ TERSH 4 MOEFSRERE . EX LOI R 10 914613538 Bt AT 5-B%
VA5 HH (B — 8K 5 MRS MUTHERFXHFBEFRR—ITFRFFXH WA THE
AR R HAT R SRR B R/ B IR B E B E 2 X 100+100=300, t 2-B&IH 3
WA T 200 KHiE/5.

Rl R2 R3 R4 R5 R6 R7 R8 R9 R10
L f Jf N L | } | ]

R1’ . R2’
L i
» E)?ISC#F _
A 3R — AR T 5 #EAT AN HER BT R 3/ B AN IR R ASF i B 3 s UIE B
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T —RAEO T , X m AF146 0 I B AT k- B4 )5 308, 19 3 A B3
' s = Llogim | (11-2)
AL, EE N kB m BREWL s, THAFRXF AT EITEZ.

11.3 BV HHFRZH

MR (11-2)785 110 & TTRIRS s ATIRASMER/ SRS, B2, AFEiT®R
o AT R I, BN N b 4 SO0 BRI 3 OB ] st . BR A T ARRR X AN G VR 2

SR 2-BIA. 4 u MERAMERAMEAE L, B merge AWHATIEHHN . H83
3R —MER VR — K LR, B E A « MERNAFBREET u—1 K.

BEE-BEME. ©u MERIFEL MEFRL,BREHEHE - DRNE L
A B R BUNGIT T, BB 15 36 B 955 — N0 % 000 L H B A o B
X BEHTL—IKLE. RE,SHAEFEHEFEPH— DR, BEH#TL—1
W, BRI ABEY « MEFNBEFBEFHT(w—D G—1DREHE. Bk, % 2 4ME
RSO AT SR  EATEF B PETH RN ERRE N k-1 (r—1) BRFF
BEERIEHBN m A B R (11-2) T8 3R 261 18 7 B A9 M O RN

Liogim J(k —1)(n— Dty = I—logzm

T | =D =1t (11-3)

T BT Y RIS B VSRE & MM K T SRR Bt Tk

k TSNS BT o B 828, SRRV AF BN . R, HEHT -HEH*
A 1 FI“ T % 7 (Tree of Loser) , AT {72 & ANE e o 6 ) 55 @ 7 B/ 090 e o (L 78 3
Frllog. & Jk Ho e , AT 48 6 B0 05 3 Bt B 1 3R (11-3) 28 HLlogemm J(n—1) 2, » BRR, XA E
FHR e EXR, EFEHN L HHEKTHEK.

BRA2ARUER”? ERWEEEHRAN—FER, HxXTH, RIITHKRE 10.8
M 10.9 PR ZXH A HER”, BB ELARESHRRRALE ABFESPHHY
B RZ  HEWNFRERPIETRIH#ITEOZIZEEFHNUE, MiLEEEZSNER—
ERLE,ErAa—R‘NER”. S, 8 11. 4RI —BELH 5-BEH KB HEH
Is(0. . 4], B HF LR BAHFERKBAFRENSE R . AF NS5 MEAFBEF Y2
TEHEEICFHREBE  MERPRE R SOIHPELE K [0 EE”, A liER
FHRFEFHB/DRBFIEFIEZB P HRICT 45K Is[3]#E=R bl f1 b2 BAHF
S PR BEED b2, E#E bl # b3(b3 BMHF45 b3.b4 1 b0 £ Pi3H HLIE )5 1 H Y
KHEOHITHE . SR S[IINEREMNPHREN b, EXRERPEBRFHICRZ
B REBRM F4E b3 PRE.ERIRA—EHBEFH T - MERNEXRE. RENX
R EMIGEE SN RBEHEITHRE  WEBEZIELE S HEEHEM LEER
BEDE. WA 1L 4R 4B 3 PMEFBSRE 2 MEFSMBHe, BERHR/NE
BEERIE—-THIFBRPHIEFE. FTHIEEAFIBRPRIAFBES, TUES
NMEAFEPHN— T RBENBRKENIER. YEHNEE RN XBFEIAIRKME
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1.4 SF S-BE IR A RE R

B, REKRIEHE R B TFEH k- BEHFQBER M BRE R log.k 141, W £k ME
FPEEB/DRBEH LT log 2 MKHLE. BEWHWBABES LR, RELSHK
EHELARGERBE—TERIRBFHMFERLRENEIMHTFERHRARIESL

W4 RN BT R E B AT .

TEMFE 1L 1 ARERAARERET £ -BAHFMER. T R0 AR
HEWHTEN ERETRF THAFEFEFROAET, TLLANAFRCEANT. BE
11 2 #REABE W ERR/DRBFRICRZE, A BIRAEKERERT—1
B/NRET ., B 1L 3 AMBUENNIBHBELER.

typedef int LoserTree[k];
typedef struct {

KeyType key;
}ExNode, External[k+ 1];

/ BERREE-XKEREHF, TRAMFFHESH

/) SNE R, REFBFRFERHXRT

void K_ Merge (LoserTree &ls, External &b) {
N FAREW s HEREMOB k-1 MWk MIABFBRPHICRAHF AR LBHFE.
// b[O]ZE bk~ 110 & L& k AFE L2 HER k MEABHFB P SICROREE.
for (i=0; i<k; ++1i) input(b[i].key); V2 V' Q3 PN=Fid: s FN 380 )

CreateloserTree(ls);

/ B—MERBRBFISIER
[ BMER 1s, KB B/DREFH b[1s[0]]. key

while (b[1s[0]].key != MAXKEY) {

q = 1s[0];
output (q);

input (b[q].key,q);
Adjust(ls, @) ;
}// while
output (1s[0]);
}// K_Merge

» 298 »

/e SRR/ RBFHFEBFR

/ BREHR A B M AT (RBF R blq]. key) HiER
/ BERHHEAR

/ NGRS H aHBABHFBRFEAT—MERHXBT
/ RERER EEFNR/PRBT

/B EBAKKRTE MAXKEY fiC R E BRI HAH B

Wik 111



void Adjust (LoserTree &1s, int s) {
/B FEE R bs]BIRE A Is[0IM BB AR KA
t = (s+k)/2; / 1s{t]R b[sIMWELE K
while “=>0) { -
if (b_s_.key > b[1s[t]].key) s<«—1s[t]; s EBREHMEH

t = t/2;
}
1s[0] = s;
}/ Adjust

Hix 11.2

void CreateLoserTree(LoserTree &1s)
/ BAbL0]R blk-110EL-XH 1s WM FHARER k MXRBFE . HNHTF
A BIBE k KR s WBRABEN.

b[k].key = MINKEY; // ¥ MINKEY Yy 36485 0] 88 49 8 /M

for (i=0; i<k; ++1i) 1s[i] = kg /) BR 1s P E"HWE

for (i=k—-1; i>=0; - - i) Adjust(ls, i); // #KKM b[k-1],b[k-2],...,b[ 0] %A
/N EWE

}// CreateloserTree
MiE 113

BEERE—R P ENEEFEBRRE . MATRESER t R-IREZEE R
R,

11.4 B -EE&FHF

B 11-2 RNB A, BB AR R, B m RIEK, B, B> m BB s
MA—%BR. R BRIAOMN 1L 2 FHITEP B, m RIABXH2IABHEZE
BRWBRBFBRHANE, BR m=[n/l |, b n B HPHITRE L HWHB RS
BYFMERE. BEEL—-ETENEHAEEFE  EREIRPBIIERAX XBFH#
BB RENE RN, i, AXEFERTARHERSNE M BIEFRK
KE IBREE—BSHBRHER, AE2KB FHTAREFNTHNETEXB R, W
m GRS . B, EEWRD m, B L RO R RE %,

Wi%- &4 ¥ (Replacement-Selection Sorting) & 7 W 7 1 # HE /¥ W) Z &l 1783k
M EMNERE EBRNMEF@AFENRBAFBOKI RS, EER/N @B RBF
A R XRFTH#HT .

SMEREBFRE. CHAMBXHEE 24 MER, BEINHXBF 5N 51,49,39,
46,38,29,14,61,15,30,1,48,52,3,63,27,4,13,89,24,46,58,33,76, BIFAEILIEKX
AR 6 MEF, W EFEIHEHEFEFAEF RSB T 4 MIKHEHE.

RUN1: 29,38,39,46,49,51

RUN2:1,14,15,30,48,61

. 299 -



RUN3:3, 4.,13,27,52,63
RUN4: 24,33,46,58,76,89

HRBGUOEFRTHF WARBAT 3 MRENE
RUN1: 29.38.39,46,49,51.61

RUNZ.1, 3,14,15,27,30,48,52,63,89
RUN3.4,13,24,33,46,58,76

BRI IEFFHESCH 8 A X FL AR B3 B0 % B X FO, RAETHER A
WA,FO 1 WA BIIARENZ HARAFTHER WA HERTTEN w TR, WEHR-
HEERHFHRELER. o

(D AFIA w/MERBITHEKX WA,

(2) A WA shih i Hrh 2 @ B i /ME 98 3, 1T 8 MINIMAX i23%.

(3) ¥ MINIMAX g %1 8] FO %,

(4) FFIRE, N FIMAT—MERE WA 1,

(5) N WA hEiH XBFHE MINIMAX iERHXBFROTRPREBDIXRF
0% ME R B MINIMAX ig . _

(6) EHE)~(5), HEA WA FHERHF K MINIMAX g %K 1k, i 8 8 —4
MBRFBME—PNEFBRMERFES FO F X,

(1) BHQ)~(6),HEE WA Iz, AL UHRFE.

B, P B A ER-EFEIEME 11.5 Bin.

FO WA FI
51,49,39.46,38,29,14,61,15,30,1,48,52,3,
% =
63,27,4,¢
25 ' 51,49,39,46,38,29 14,61,15,30,1,48,52.3,63,27,4,+
29 51,49,39,46,38 14,61,15,30,1,48,52,3,63,27 4,
29 51,49,39,46,38,14 61,15,30,1,48,52,3,63,27,4,
29,38 ’ 51,49,39.46, ,14 61,15,30,1,48,52,3,63,27,4, B
29,38 51,49,39.46,61,14 15,30,1,48,52,3,63,27,4,¢
29,38,39 51,49, ,46,61,14 15,30,1,48,52,3,63,27,4,
29,38,39 51,49,15,46,61,14 30,1,48,52,3,63,27,4,+
29,38,39,46 51,49,15, ,61,14 30,1,48,52,3,63,27 4,0+
29,38,39,46 51,49,15,30,61,14 1,48,52,3,63,27 4,
29,38,39,46,49 51, ,15,30,61,14 1,48,52,3,63,27,4,
29,38,39,46.49 51,1,15,30,61,14 48,52,3,63,27 4,
29,38,39,46,49,51 ,1,15,30,61,14 48,52,3,63,27,4,%
29,38,39,46,49,51 . 48,1.15,30,61,14 52,3,63,27,4,+
29,38,39.46,49,51,61 48,1,15,30, ,14 52,3,63,27,4,=
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gk

FO WA FI
29,38,39,46,49,51,61 48,1,15,30,52,14 3.63,27,4,
29,38,39,46.45,51,61, 48.1,15,30,52,14 1 3,63,27 04,0
29,38,39,46,49,51,61, % ,1 48, ,15,30,52,14 3.63,27.4,
29,38,39,46,49,51,61, = ,1 48,3,15,30,52,14 63,2744

1.5 BHR-EHFHFIRRH

E WA FiE#% MINIMAX ig R BB F A BER"RELHR. XTBEW £,
EHEAEMITE, ERNR B R AEHFFOTAETMUEA. OAFIERF
HIERAE A ME W BN E S R TIME WP RE AW IRERBR LEXFRXBFR/D
RIIER; (DR T E Tk MINIMAX iR, # 8 MERME— N EBFBENFS.E
AT R BT BT, S5 R B S, BB /NI K B s B S R R B T R TN R R
QOUEWMHBILTNARTERFFFICROES YA F"FH . RENFIZTHA w
MMERB THRXE, A T LARBER, i TXEERHBES Y, MEMHTFEE
MIERMEHNBE ATTZ T REBBRERNEE P E. X 114 RESR-EHH
PRI EHR, R R — PR EF BRI B MA L 11.5 FrR. Bk 11.6 MAX%
1L7 23R T B - EHFFPHRERNNRENNRHLRE.

typedef struct {

RedType rec; /g%

KeyType key; A MIBFPRRBU R BF

int rnum; / BiRBAHBRKBES
}RedNode, WorkArea[w]; J RAEIER, R w

void Replace. Selection (LoserTree &1s, WorkArea &wa, FILE * fi, FILE *‘fo) {
A EBER 1s AT TR va b BER-BEAF RPBEHB, 1 HWAH
A/ CREESCE) IS fo R I X4 (RE X B4, RN XHBHETF

Construct._ Loser. (18, wa); ./ PIEEICE W
rc = rmax = 1;° /e BRSHERNTBBFBRHES,
/ max 3§78 wva B RBFHBYBREHFBENBRXRS

while (rc <= rmax) { / "re=max+ 1"IRHEBAXGHER-EEHFE TR
get_ run (1s, wa); /) RB—ADVHEHE
fwrite( &RUNEND. SYMBOL, sizeof(struct RcdType), 1, fo); / ¥ EIGHIARET AWM i
rce = wa[1s[0]]. ranum; / BET—-BHES

}

} / Replace. Selection

WiE 11.4

void get._ run (LoserTree &1ls, WorkArea &wa) {
/) RB—DEHIEIHE 1 AR, £0 il 084
while (wa[1s[0]].rnum == rc) { // 1B A MINIMAX 32 3 & X4 B0 BR By
q = 1sf0]; // a8 MINIMAX i2 SR 7E wa 1 B

minimax = wa[q].key;
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furite (&wa[q]. rec, sizeof( RedType),1,fo);

A ¥R AF R MINIMAX B % 5 A 1 X H
if (feof (fi)) {wa[q].rnum = rmax+1; wa[q].key = MAXKEY }

N BMAXHER . BRICR B "max+ 1"B)

else { 7 BMA X EER
fread ( &wa[q].rec, sizeof(RedType), 1, £i); / MWBAXHEAT —EF
wa[q].key = wa[q].rec.key; J BRXEE
if (walq].key < minimax) { / BHREANCERT—B
rmax = rc + 1; walq].rnum = rmax;
}
else wa[q].rnum = rc; / BEANICRE YRR
}
Select_ MiniMax (1s, wa, q); // ZEHFEF Y MINIMAX i
}// while '
}// get. run
HiE 11.5

void Select._ MiniMax (LoserTree &ls, WorkArea wa, int q) {
/W wal gl B WOH A AAR L B MINIMAX 8%, 3 1 a iR EFEMIHER
for (t=(w+q) /2, p=1s[t]; t>0; t=t/2, p=1s[t])
if ( wa[p]. roum<<wa[q].rnum || wa[p].rnum==wa[q].rnum & & wa[p]. key<<wa[q].key )
ge——>1s[t]; VS ¥o3 a:) 3k
1s[0] = q;
}// Select. MiniMax

MiE 11.6

void Construct. Loser ( LoserTree &1s, WorkArea &wa ) {
/) BAWANERENELER wa, REBER 1s, BN X BFRAGIEREmH s BR
/ R wah g B

for (i=0; i<<w; ++1)

wa[i].rnum = wa[i].key = 1s[i] = 0; / THEX R
for (i‘=w—1; i>=0; - i) {

fread ( &wa[i].rec, sizeof( RedType), 1, fi); / WA—NEF

wa[i].key = wa[i].rec.key; VE 3 T £

wa[i].rnum = 1; / HBESH"1"

Select. MiniMax (ls, wa, i); VL 1€

}

}/ Construct. Loser
#E 117

FAMERMNTEAFHETER-EEHFHNORBRE DA 11. 6 FixR, e
BA1L6(~@QBRTHRENBIIBFTHREEARA. BREBIAR/PEXBFHIT
FHR wal0],Z )5 5tk wa[0]. rec, 3\ FI FE AT —MERZE wal 0], H FEMNXBF
/NTFRIAITS BT R R B, MR RFHA RIS RNBE R 2G0E 11. 6(h) iR, T
MTER Y wa 1]IZEHMARNXBFEE wall1]. key K, W EFBAMICEHEENN
1A 11, 6D FrR) . B 11. 6D FA NS 6 MERZ B HEB K MINIMAX iE RN
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Hil6 BER~EEIBPHBER
(@~ (BLMHEW i H B/DXKBFIER wa[0]) (W) ~(DFEIFH ) MINIMAX 2%

wal 1]t s wt. B 11, 6()RBUAEBH L KICRE wa[11Z B A TFRAN T —MoFEH

KBFHANGHESHN 2, AETEXPHRAIERNESHN 2. HLBEN LB
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) MINIMAX B RH B SR T HRERNEHFEMNFES, XPHLRE SR, WHEFH
MINIMAX @R 52 T —H#R B ER.

M ERTT R, i B -2 B SR H R KEARS, BAEY, Y8AXH
IR R BT NI BT AR A RN T KE N AE TR A/ w BFHE.
XERR R E. F. Moore 7£ 1961 SEMN BB - A BHEFMASIN AL PE LY.

BR—-GHSHNEREH L SHTHEE, X T EWEE GRS W BE/ %
WEHENERAS) , ENSREERASINN.EEEL ATEUEE. BR EX4,
RAZE S RESAPHERS, BELNRELRFE., BEEAHR, BIMEE L
HRERER—NHSHAE, ERESNNNNRSRE, REEN A HES SR
AdMBEE LHRERENR. EHFBBRMRR, BEERERSNE 11.7 iR, B
BRI B ERE W SAERY w AR —BOKEY B TEENEENHAELNE
WIS R b, WA VTR Lt —BEENBREERENY h B 2w,

gﬁﬂg_‘ztuugﬁg

SERER

1.7 FEREASIREFENKORE

KB B -REHT 5K, TR P AR RIF B E MBS, 4 ) MINIMAX ig
RELEENE FRANTRIFLF THE, YL BF NN, FROLBT L
MINIMAX Ka/MyBRES, X, IR 4885 # B OF L RSN ENRE,
X —BRR R &N, MR T — BB (F R EESIE ENRS, T — 8P
FHEE) . dK, B REHBRFEEENE—E, BRTAERNERY w U
B - ETBNIGH B B EE Y 2w, |

BHE W EFRA I A0, S » AT T BT S 4 RPTE 9 1834 B
Fr %t 8] 2 O(nlogw) .

11.5 & £ 3 3# #

X—FETRHRER, hER-EFERFTERWHREHFR, ﬁﬁ&&ﬁf\%fﬂl
BwAFE MR

BRHBHR-EESD IO MUHREFE, HKE@EHZREOKK R.9,30,12,18,3,
17,2,6,24, BME 3-BFEIEH, RAH M (ERRAFIBHYED WA 11. 8 FiR, B &
MRABRR—THREAFE, BEPRFRABHBEHKE. BREMIRS—IDHE
B, WG 885 I B | AN AT B/ B IR BCh '

(9+30+12418+43+17+2+6+424) X2X2=484
HRVEEFBRENKERRRBHN I FHRAMBL M= RO F R ENER
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- EI1L8 3-BVHEEFEEF R

el 484, BR,FAFHFRAR, FIBBEF MR, TR BERKE (FHINFIE/B
REOFAF. EBRES 6 EFEITRTH n M FARHFRBRRKEREN XK
X SR, FEFEE 2 M THRNENBBREREGN 3 X4 Xk XH, T
R REW. BHit, HXKERFH m MWBEFE, WE—RERERENRIFH,
EAI B TINREH N RN AFRTRR/ BREBHRS . .5 ER oM %E
FEATHE—RME 11. 9 BN 830, 8 R #4718 3, (U 0 A2 4T 446 iR/
5, XBREFWERBRAERFH

B9 3-BSPATISIF AR AE I A m1L10 8 m#aiawma#w

B 119 AR BHE—REIER 3 XW,.BINPRAEERIRNOWER. BERE
8 MWIRIAH B, BN, EME A TR0 T — BN 30 g3 B, WMBERHEHF
R, GRBA B E RS BV T RS —IAE 2- R340, oM WIH3E B AR R 3- %
HF FHBEHMEAF TR R/ BREN 386, BRXFARBEFR. EHRHAM
R UMBEFBENBEREN . BHRMEEITH RE”, RKEHR B AR FEN,
BAFH M T AW REE, B, XTMRA 8 MMBRFBEHEAFKAME 11. 10
iR,

R 2 ,mn#nzmm&mﬁav HI3INWHREENIHMOMER  BF =

no—1)/2, Hh,ns BREIIWER B . ne REAIZTHERE. BT ne DHBH, N
(no—1) MOD 2=0, XBRU, X 3-FEEFME, RE LS WBHAFBRN MBI BEE, A4
Tl BE.

E-MELT, ¥ e-BEAHTE, ZRERBH, H(m—1) MOD (¢(—1)=0, MR
BSEMBE, FUNEMME—(m—1) MOD (k—1)—1 M BE ., RAER, B— ma;m
(m—1) MOD (k—1)+1 B&1H3%,

ERBERFHNEFRFRITERAEHER FEAFBRL-KREFAFBEHK
EMECERKE YR MBENRS X,



w125 X M

MBRL XHRRBIZRNEBE. IR ERFEEEFES(NFEHER PRIER
REAR HERE_RFHERFOMEEB PRIERBE A, FETRIXHESF
R PRRATEREEMEEN LI E,

12,1 ARIXHFHESBS

. SCHE R .

X#(iloRBABERMANIIZARNES., THELIDRHOEBARTELR A
3 B 2R G B SO RO PR SO

BERGTHXHNR—ENEZNFRFEI, EEW . TRE. CTHUREZNE
B R MERBR— AL AP R T RN T &, B30 1015 B R4 R T4,
B—AE BRI~ BEIER, BTN RS.

BRESO RS A EHNIERNES XL IEREH - IREMRETARK
£48, BRI P AT TR B R A A, SR TR B AR 1R AT 4 B B B
RS AT SR BN, BN, I 12,1 R R N — AR X BN R AR
HRRE—MER, EH 10 MRERER.

H"E

B | mom x| mer | shim | wm | e | B

BA

Fng (1501 | 78 90 104 95 87 83 40 577

x| 1502 64 | 88 | 90 | 74 | 90 | 98 | 41 | 545

kAR | 1503 | 90 101 85 89 76 87 42" | 570

&k | 1504 | 85 73 90 91 85 77 35 536

#BHE | 1505 | 75 75 81 78 67 80 37 493

A12.1 BWERSEXH

IR AT RIS — L RERIERIBFMAERIERIMH . EXHEHEMC
EXEHNFEEREMER, WARXRKIZRAERICR, XL RERH XHHRBEKIZR
XEEXHFEEFRREAFHAERIER, MHRFEKIERH. |

BREXMHETHKICRPREFHEOSREXBF XM LBF M. HXH
FHRIERRAE —ME—RRIEROEXRBF, MHFBAXBF XM EXHFRIERRT S

+ 306 o



AT EXBFIBEEETIREBFE MHRIELBEIME, ERFHEEXET
MBETURR M R B
CIERZESWNYELEH '
ERMZBEMBRHCRERAFBNABRFRAENERAN TR BAFAMRIENE
AR R
ERNYBEEHRBBRENBEEER L FEEO TR ER BN ERR ML,
EH ORI EZEBEWEREM A EANE, MCROYEEMN RS REBEES
[B] 8 ) A A 77 BUE SR (], EREAR R M B ER R &4 F ISR A SRy
K. MIL1FHFRFERA: M WRIEREHNRITENA—K /O 44T RE Y
BEABRERBA, M TEEHREMRERE. ENAPEER EREZERER, T80 F
MR/ REERAEREN. EYBICRMBECFZATHEEETI S HXLE.
(D) — MY BEIERFR—MBEICE,
@) —TPHIEREFESTERIER.
) EMPHEIERRR— BRI, :
B APE/E-MEREEEBITR, AR EIC RN RRIEREHWERR,
K122 WBERRTEMRR, AFHERICRMYEBTZHE LRE —MXR, WD
EFALIVEE R L3

V) 14.714

e B
LR E
ic# D

icgY .
] | D
CRA PR

e CRA BN

g 4944 |

B12.2 ERKEBREWSYELEWEFIRH

« CHRBREGE

XHHBREREFE . REMBK.

XHHEREA TS 3R

(1) AR FBRT —1E8iE%.

(2) HEFBLFREE i M ERITH.

AL PR A B AR R AR SR 18 R P 5 (BT SR A8 A S B I 435 ) B30 3% RO AR X
£ B #AT AR,

Q) BRBFHFIHE—ME BN —-IR—MABFEREHEMLNIDFE., MK
WEXHAUFMT 4 iR

O WHifE . EAXRBFETATHNITR. Flm. 28 12.1 BxHd.88—4
HEIUESHEEEEL . ENHEEXIER.
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@ Rigighl . ZEAXBFRENKBAKIER. Sl £8 12.1 WX PEAER
g i 2 R, M A SE B IE S M REEE.

® BN B ELBFHENRK. AMEABIESEEZENFYIULHIT
FRAETPEMIDR. '

@ /R UL 3SFARBAKERESERNPE. i, ZEH8407%E 600 4
i b BT 100 4L b, RE B EFH U T RSMETE 98 4L LML EITR,

XHHBRAERA—ER MR- MERMEH —EFR 3 iRk

SO R BRAETT LA SE R At B ROR B . 38 S A Ak X B2 A ) R R
REZRARZELSHARRRRANEY, THBLBUMAR. FRMXGRERLSE
AAERRNER. MM, —RAE SRS RE, R AG BOH R SR AL 77 8147 19
B R AR LR, B HTRBBE U — RN ERAEKIERE— T EEX
B E—REOELZEEHITRELE,

s XEH B H

SCAERE N T (RS S RN B . AT LUK &
SERMARFR, REXFRE IHAFAS BEIASRMEAR, — 2 8T
RAMHYBEHRNGEEREMER, 0 FFHEN TR, u‘ii&ﬁ%ﬂ KAFREBFE
BB A BXd SCHAE MR RS . AR A FILM K AR R B .

12.2 i F XX &

Wi P S 4 (Sequential File) g 4% J 78 34 v 1938 48 M 4K WK 7 A 77 B A IR T 22
S B FE CH RYRIC RN MZRICRNAF RN, ERFHEANHY
BIC RN R ERFFROL TR A A, T PR E RS W BT R Z R K h 1
SRS, MR R H. _

B P 3T A R AR 408 SR B JF 5 BRIE R A X L B R FTF R XH AR TR . BN
RE2: .

(D) B i MER, MPEBRECZINA i —1 MER.

(2) F\ABEIE R REMEXHFHRRE.

(3) HEEHFXAPHFEMCR, W LI A HTRE .

B FIRF X HHRRREEERNEER, BHFEATRATRFFR HEER
BB BB R B BR AR IR T E R

B R — R A O A B A, L AR B AR R SO RRE R . BT
XHEATFXAHBERER CPRIEREAS  REHBBRNHER . EXRHCHE
e, —BBAD - REHFHET EAZHICREH—R, ANEXHANIBTEA
FHERMAERSHHICRARBREREA. ITERFERERL, 2R L H KT
XA ERBER R CEERBEEGF NI HZRIEREENXRT .

B 34 oAb 283 R AT AN T AT

B B RUE SCAFFR I U R — R | FJ‘fﬁB‘Jf?EﬁﬁSR%”PmEE——A)'C
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H REESF M FRES —GRF L, BB AT AT EXHNERNE.
EXHEXRBFANZEREARBMNRFAF BHFXHLANEXAHFHRAOEF

KE. B, BEMNESFXHETHF . REHEXH
MEHFIXHFEFR—TFREH. B 12.3 FXE
ByAEE., ERFHIEF MFEHEXHE5EF
XA R R, LB BN R BT H 0 5#TRE. Xt
TRBFALEREXMFFHICR, WEEEHE AN
EXMF ERRMCME" TR, R RBFMIT
B, “BE"FRABA,WE” N EHEBUG RHHCR
BAFEXMH. “BA’RABERXBFHILE, THE
HEFXHLEBANERERH EXAME LR,

A — R H K B  HEXHRTFESH
PHERRBBIEREN—NER.HBPES X
BT ICRERBFIPIKMFHS . —KKFAR
XHBEFE—NEF G BF G RERSHF,
JAE 0 B B SO R Bl — A A 30, R B A

B 12.3 BRI B E

12. 4 fim.

HEXHKE © EXH FEXH
k5 5 % [ e oEm | 1
#E | & 41 50
s 12 B 5 [@ﬁﬂ W 5
R | #ms - 2E78
AR ET L— B 8
FRE 6| sEmw0o [ A 100

B4

o 1 W 14 - K512
2 200 REIS [ RE 75
S 21 KE 15 - BE 14
wE #8360 [ 24 133
B 18 .

#8200 [ g)q £ 360

B 20 = | m=20
. RESI0 {@FH | KES10

@A | K

Bi12.4 @AKEXFRIAGIRER

HABHABREMARE 12.1 iR, BETHIANERSHT CRANT

f—EXH; g—FEHFXMs b

FEXHF. ER=ZEREXBFBEHT]. =

FIMERGMERP , BHR—MBEURBRER,HF EREA D" RAME;
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“URREY.

void MergeFile (FILE * f, FILE * g, FILE * h) {
/) HRRBFRYEF TS NF M £ g BHBBAF I b E4AXEHHET
AT EALE R g RS, X ER N~ R RRBFIER, B g XHFX
N ERERHBRIEABA. hAREXH.

fread ( &fr, sizeof( RedType), 1, £ )
fread ( &gr, sizeof( RedType), 1, g);
while ( !feof () || 1feof(g)) {
switch {
case fr. key<<gr.key; / ZAHEB”EXHEFIER
fwrite ( &fr, sizeof( RedType), 1, h);
if (1feof(£)) fread ( &fr, sizeof(RcdType), 1, f ); break;
case gr.code == D" & & fr.key==gr.key: / BgRB” E3XHFiEF A H
if (1feof(f)) fread ( &fr, sizeof(RcdType), 1, £ );
if (1feof(q)) fread ( &gr, sizeof( RcdType), 1, g); break;
case gr.code == ‘I’ & & fr.key>gr.key: /AR P gr T X h WEM
fwrite ( P(gr), sizeof (RcdType), 1, h);
if (1feof(g)) fread ( &gr, sizeof(RcdType), 1, g ); break;
case gr.code == "U" & & fr.key== gr.key: A/ BRR”EXHFRIEFE
fwrite ( Q(fr,gr), sizeof (RcdType). 1, h);
/ B Q¥ £r Bl or HHBR— hEWEIZF
if (1feof(f)) fread ( &fr, sizeof(RcdType), 1, £);
if (1feof(q)) fread ( &gr, sizeof( RcdType), 1, g ); break;
default ERROR( ); /et o th
}// switch
}while
} / MergeFile

wiE 12.1

ot BB R E., BEEXHEE 2 MER. FFXHAELE n MER. — K
THOLT 3 55 30BN, AT LREAT IS HEFF WU BY M 2% B2 25 OCmlogm) . B IA I A i
RIS 7B R O(n+m) , W BB A ERAL B2 B B (/] O(mlogm+n) . BEFTHKIRA/ it
BEBENRE WX T FFBRER XKD (2R, MEAH 4 BB+ %/ 5

Fesvaoy 2 - [ 2 e <[22 o,

B b BB SCAF AL A B ANRE T SCAF R, AR M BRT P BREAA . AEFHA
Hg R K ER, T UARRLFNEHF, MERZBRERNEXHHT. BR,#E

O HEIEREWBATANBANGER.
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SR HREAC BT AFE — S RE A A AT

MM XHHGTIMFEREC TR O BN LM FER HPHERKER
(n'+1)/2, 5 " BB & WRIE R BB E EXSMFR/ BT E » 12 0 B Al 7]
DBBARTH . WEEMXHT URTHRERRFTELER IR ERISARHTIEE
®). HE EXHFRKEBE LSS MEEN, FTLEREFEREL KRB, HNT
A

1B WP ST » LT SR8 B RO 30 2R IR U R ik b BB S8 L, DA T 55 R L —
AT A BT AR E S BIE R R I SR KB — e B R AT AL
B, ERRNTTUAE XM ERBNBEERMCE.BRZ . BRXEENER 06
8], (B AT AR BUR M 3R 4 Z . R B LT 2 2% 45 B (13].

12.3 & 5] X

BT S0# A 2 R ORI 2 4, 53 B 7 — T4 % 8 850 R W B2 R 2 ] — — Xt
BERME—RIE. RBEE AR R RS R AT ARSI

B 12.5 FR AR RIIRWAI T, RIRFHE—THERSIH. R i
BHEXBEEF B RPORSITREELRT REBBITRDIFHT, FRER
T AL LRI HES R RS R M. K2, &5 IX iR R % RN
I HE5 AR 3R 31 3E MRS

BRIZEXS ) HR | DELERS , RKBF R | WRILRS
0 4 101 15 -

7 119 04,

' 123 . f. 31

o | 126 |11

— O =

1
2
3

L m125 mIERM

RIEZRHARGERFAPERY. ELREARTHERWANBT IR,
FHRRIITIFICRMANEERFHI B2 ERRAZEEEN RS RETHE.
Flan, %R F B 12. 6a) BBIE 4, Kﬁ?%l%ﬁu@ 12. 6(b) fir 5, T B 12. 6(c) b X AiT
FWALBRETORTE.

REXBHREFRVEBERRELRFGEANARD AR, RRLBAE 9
B AR EREE, A TS BT B h ERET R, ERNKLEEKCT N
BRI W HER BRI LK R B R BEINE L R EZE R LR A TE 5
. BFRSTMNKELCR/MES  MEETHRSIEKEANE, AR XA
PHATRR RN ESMERR, B — KRS, —KiRidF. FHETRIZREFHN N
EREIERTHATEERE. ' ‘

QO wPABRERNERERCRETHE HHFE MR RAK R, FR R0,
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YEILFRS RLS| &8 R F| Hit XBT |\ WHEILRS XRF | YBILERS

101 | 29 | %® BFER| - 02 104 | 2 101
103 | 05 | %M |gBR| - 11 05 103 05 | 103
104 | 02 |E4 |BER| -« 17 110 02 104
105 38 X |FHAR| - 29 101 38 105
108 | 31 . . . 2| 31 108 31 108
109 | 43 . .t 38 105 | 43 109
1m0 | 17 | o« | . 43 109 17 110
112 48 . . 48 112 . 48 112

(a) (b) (c)
B 12.6 RSIHEMF RS
(QOXHFEER;:; MESIR; COBWALSERPEIIRSIFK

RE B BE ST MBR—ATRE, (U B 4 R R 3 T mA—ME
i, R IE R B TRER KR, F R R R iE ARSI EHIT R, B E NG
Wi RETRBR KR, AR BRRT R4 MR HRT A,

iR S AR, R BEREX, UR— N YEREART. S e
SRESKITFISME, A, TR REL PRI I ERR, BRE 126D
KEIEF & 3 MYBERISME, B— M UEREN 3 MR WS ERKE12. 757
. BRDRE, CERERR, BERI R RERRIER. 3 KIFESFNT. £z
REHTEAEE, WATRTER— LR, EERRTHNRES BB H~RIE
SERF-FERE-PEERE. TRRIBABRE - ARSI DE=BREFS,
U 5 Wik ESME.

ERMEREIR—MBEER ERRIBHTREN ., HEMMEE, EBERR
FHE, BRBEFEEARS . B, SR AEEATR P BREHREH, BR
FASIARI . W= R (R R B LR, X R R, A
BREBEAE, XETFEESRBREN, UEEE T LR RS, i LR R R LRE
HFHER, B YREENEREARE, AEAREUSNEN R RN TR
SR (RTPERDERS] REREREES o EREA TIRATE. K2, 438
BB, BRI ROFT) A B e 57 MR BT B T8 2 W U5 IR 5M2F » 35 L, Vi (80 Sh AR 1
W HBERBEZ LRSS, BR, MRSV FESMEHRE, RN R REBRET RHF
B, B, KA ERA m XA BRERTIE. m K
BRAXRT | WERS ERERRTFRITAMESNBEREAKA, XM

7 1 “9.2.3/BM7HIVHE T L, B E A T ERLRHK
38 2 REPRBFHRTIE. *ﬁLi&ZﬁﬁFﬁﬁH‘Jﬁiﬁ%
46 3 181, MR FIRAKES , 7T R FI Sk RAEAE P 5 M (U

BRI BRI s K2, MRA Trie M. B2, M
B12.7 EI12.6IFRIIRARI o m sre pomd o] b o 77 28 4R 00 B 161 K78 2, 7
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MAME R R R ERB A BB TF W RAERRE MRS ROFE.

BRI AR,

5 E AR B TR R R LRI HEF , W B B ANE R R R
BT, ML RS R Z N RERS, N ARTUERS BPRFHER”, B
ARIIRETHERECLRRBFERMERLBEER . MRS HIT R LR
FIFFH W3 — iR R — ARSI, MR RRZ HERERS, RS
“MER”HRIELANEESES, FEERE. FT—HRNBRAEANRIAF
Xt

12.4 ISAM CH4F1 VSAM X4
12.4.1 ISAM 3‘;#

RS FE ik ISAM 4 Indexed Sequential Access Methed HWEE, ER—f %
B FBRBOTHXCHARATR. B TRERUKHE A HEE =R AR iRE,
WA LB AR AA EEAREC=RKT . XHNICRER —&4H F
TR, 7 SE 4 R FE — MR TE b L SRS TR 7R A ZE AR AR AR T b, %o TRl — R I , O g
BEORFIRFFR. SNE 12. 8 IFRE - THAL LK ISAM X4, 8 MEERT
— M REERI B MEERTI T H AR EA RS BRI, mE 12,9 fF
B ROBAEXBEHNEHTR, WEXFRBEEFTRR - MIRNLBF(ER
ABRRBEF) FEEREBETE - MERWLE BERIMNE R T h X
BREMBEHPWBIAR WERRZEEPREER—MERWELBF@EAXBR) 5EHEH
ARERERBERSIME. FERFIFRERMEE L. EEERIIBL, S5 #E
B, WA B A E RS MRS —ERSL.

T ISAM X ERRICRE BN ERSI B RRBMAYWEERS . BEAEE RS
RECFFAEETHRERS, BENRERS RACRFERENE - MOROME,
MHREZEE L #TNFEREZERIINIE RZ ERBEZBETAFEERIDR,
MFTEHZLEPELIER. G, ERRBF N 21 WICRNNERBRNE 12.8 F
HELRR. .

ME12.8 FEETED . BMEE LEFRAE - MEE X H BRI T PE %
BRI XRANBEACEFEEN. BT ISAM XHFICFEELBFIMFERY,
MEBALCRENFBDIER,HER—-HELBR—MERBERHKX, AN BR#EER
50, EHBEHXAA IHEREFE: (DEPHFR—BINXHR—IPRHAE 8 H
s QOaBFR—8MHER— M ERHK; QK P ELEHEA —BRHRITRER
ERMHEFANBHX, FRZEREEALAKEBHX, H12.8 RE_MiEE.

BIMHEENEFAXRIRFHFHEEH MENXBEREH . A-HERHNIZFE

O XEMBERS.LRIBERS . vREIRABABERS].
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BRI

[ R e
—={s0 [ ! winR3
| R R Ry R Rs,
RERS] | , | :
164 | ——  [1ee] ] ] 1 [ - R
330 | —— L____r‘ WK
£ L | . —
620 . 215| ¢ [ asHxs|
1100 .—_l 810 - Rll’l c. Iﬁﬂs
) . asof ¢ | | I—‘ [ --- |Raso‘
4150 -—l . _ BWHE . -
‘ |—l " am G,
4150 ' 3843 ¢ HARS|
1 I L Ist
4]50| t I ] I ¢ e [Ruso

B 12.8 ISAM X {4454 % 5

x@¥ 14t xRy e

HEARRTF|IM #HRFIH
B12.9 MERSITEH

e AR, BB RTI W H R TR WX RFE R AU ER BN RWBALRE T
b MG RER HEHHE TR, B 12,10 Fim AT T8 & A0 B8 i Bk H)
Fo HF@QRFBARMYE—RE LRRE:; (DO NEA R B BB _EFRBFRT 65
FHERBRER, B Ry H ERHKHEMR: () MEA R ZEHRE, At 2 B8
EARGIMAXBFE R 80, R HRFI WA XBFU N 00, HisHEMNE 1 BEE
IEREP Roos (DRAYEA Rs F R EHRB R BALEE S EWE - MEFHAET
i RusdiH . il T 80<83<<90, Il Ru EBBABBHR MENE 2 BEBHKKE
—AMERLIH T HRE T R B, R KRS 2 BRI MU H RS R A5 448
IJEJ RBSo

[ L J
123 x n
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CEARIIT MHRIIM EFRIT RHRIIM

0 (Ta | 1 fwsiTa| | |ams

Rso Rso Ry Rso Rso T,
E2
Rioo Rizo Rizo Ris Ris Ts
v T, #HK
(a)
|ACE F Y 34
[Ru] gr LR |Rw]Ru]Re 277))
[Rw [ 1
‘ T
(b)
80 Tz'l 90 : T4’1 145 ' T3’1 ‘:— i!*gl
Rso Reo Res Ry Reo T,
EEX
Rio Rizo Rizo Ryss Rus T }
Reo / T, BHKX
1€))
80 | Tyi | 90 | Tes | 136 | Teu | 15 | Tex
Rso Re | Rs | Re Rw T,
g ' ' EEX
Res Rioe \ Rizo Riso Russ T, }
Rso / Rus / Ras Tan T, %tﬁ X

(@
A 12.10 ISAM (M AR ML
() AR (DIBA R ERBH I (O BA Ry (D) %EIBA RsHBA RS
ISAM T HBRICRHREBZLB/ANRE L, ARRBAFMUBRRICR . EHEH
A B EEMBRARICEIE , MATEB S CRBBRES . BEELEZRGHM)E, XHH
ZHTTREREASE. KN  KENERFABHX MEAXPXRBBLEE, B
WEEEEE B ISAM X4, BiIERREARE, iﬁ?ﬁwj ZEHR—-ITFH
ISAM X4, W EARX 2 HEEHX.
BE . RIMHBIHE—~TF ISAM X4 HERSI MR,

B - BERIBESBMEENE —E L, B4 Eﬁ?%l%@tﬁ.ﬁt&i#%% A
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AEER? ETE—RRRBFWEEREERS URLBELETAREB, RNF
BRSBHEFOTFYERD. BEXHLE o MHEE . HEARTIES @ L. W
3% B BB AP 9 (E N

=l[2(:c—z)+ Z (1—1)]
_ =l[x—(n+1) +n(n+l)]

n

o XBER U, AEE RS BB X A B R AR L.

B

&

48 —0, %) z="51
X

12.4.2 VSAM X f

B EEENA % VSAM £ Virtual Storage Access Method S, XFERK
ERRATRERGHBUFHESWIIE, SAFRETE. AFRE, X RFEHKX
R R KRG BB AL, SRS TR  BOESRAFRAMRE LR KK
. APEEBRXHPHERMN  AREZEX MRV UMUERSENE CAARE
% B4 B AT X SN HEAT R/ B4 .

VSAM X gHmmE 12. 11 fin. €8 3 MOHMR: R KR.URFEMBEE.

, T
/\ .

- WUF

~[]
BN, ENEN

B 12.11 VSAM X#HIE&Hu=ER

XHRIE R RAERER S, FER PR~ KA H NS E # (Control Interval) , B
BN VOBRENER LA, EH—HELENFFHEPAITHAR . 6 X & 9K /AT RS+
ARTAR, BRA—XH LERXEHKMER. S/MEAREEE -ITREMEXE
C FRBAFHIIRILR. MFRARTE-BAR—R B W, AXHEHRTIMWS . WF
RPFRBNMEHXERRT . 84086 X B8R0 FEH A SR MxEH
DX [ H B R R R BB S AN 1 s R X (B 3R 61 . A T AR K X 18 R 31 BUE BB FF &
H— SR ERZ AR HES, METERXERL-BRERTRERT . HE
B EBEIRT . FARNRITRHBAXBFHNEH ARSI ERAR XEFEHR
B0 R B WA R ES K. Bk, VSAM U4 BE AT 76 0UF 4 R B AT IR AR I, UAT A
BEENRI B RGO BRHETEXBTHER. MFRP -5 S ER X N
W BT 4 i X R B AR — AN 4K, FR AR 8 K 38 (Control Range) . B/~$5 ) X &) o] # 5 —
BB E T E N EH KR AWy — R .
F£ VSAM SCHFH, 18 RAT AR E K B, ME 50 X B R T ARGE RA S LIS, iE
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FEMERMERFRIERHKES MEMX AR EHFE LS X EFFF LR
B4, EH X E AW MmE 12.12 iR, E?ﬁﬁ']lil’]t#ﬁl——/haiﬁﬁbkﬁﬁﬂ&ﬁl%'
Vﬁﬂ#tﬂﬁiﬂﬂi‘ﬁ*ﬂﬁﬁ

. IECCREEY Bkl | BHEE
1El§ .ee ﬁni ) i) 0] . /B(J i 0]
2 | B A BREE | BEEE

B 12.12 #BHEXENSEHRER

VSAM U4 8K B X, R IE A IR ED B XN EHSH. ~REM
HXEAARHKIC R, ERR—MERAEHEFRZAEEER; —RESIMEH XS .
A5 A i H X E,FEMFENRS PHEAXESRE., YBAFTRN, kS
BHFIEREEABMM A ER X BN HREERNTRERBARIERHXBFENE
REF MEEXEAXBFRTEACERXBFHIERAERHGEENTABS. HE
A TICREAZ)E HH X B E W, WA T — e R AR BT 56 X E 850 R, B E
F—H L RB BN R — G X 2 Zw R X E SRR FR MRS MHE
FH X O 2BA 2% B0 5 X E , 21T H KR e 50 3 BE BT SR 4 STR
B Bt MBEEERIBTHERFE. BEdTERHXHEER.MOREFRE
L.

FE VSAM SCHF A B BRIT SR » 55 4 7] — 485 i X [R] o 8 i B 90 3 5% 88 7 K B 1 % 1)
Ba U= EEAUREARNICR. FE R X EES, NG SURTF S FHEEHR
51,

BT 0L, VSAM X S E BB MM E R, — M RABRFEL 15 AWFMERFA
Fi%. BEMERR SRR EER, AREN X FETEH, FERRHR
Hu R A BT RFETER, BER—ANBEACR WA H 5 ER— N EA TR 6 R
R

AT HEtERE L RtRAL, VSAM A T — & MR E AR, 15T RBF M EL RIIH
FrAES. KFgEETSRSFHE13].

12.5 EHEFBOUH G

BHEFBOCHE WA RS (Hash) BT AR . ERUTRAER, IHRE
X RBFHEILET— ﬁ'ﬂ“iﬁ‘iﬁﬁfﬂ&tﬂﬂ#%B‘Jﬁ&f{%ﬁiﬁiﬂ@]ﬁﬁ’&ér [
XRBIIXAH.

S5MHFERFFKE X FIXARE, B EHXHCREWRERARRK. &HTFME
R B — N F b AL FE B SUHE P XA A Y SHE (Bucket) . BE — MR BEFF
m AR X BB m AR SCIR B 9E R T LAFE BOFE R — s 1k B9 6 P T 3458 e+ 1 A
SCIA) Y BRA A R A “HE . AbBRES 0 7T SR A W45 32 R AL B b SR B & R O 6, (B BB
M, EER ML
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HREBH"E  WEEB m+1 MRAFRB S — P, EERERE L&
HRR” s A L BRAT m RIS RO “ER”. BREEREREAMERE HEZ
EjRE SR, YEEMPIRARIAFACRN  RMBEHFEIABEFERHETE
£, B, AER B MR AAEBEBRE WY HEMCEAERERET, &
WER—-HEL. flm, E—-XHFE 18 MEFR . HXBF 25K 278,109,063,930,
589,184,505,269,008,083,164,215,330,810,620,110,384,355, WA E m=3,
W o=7. AIRBAYEMEME R H(key) =key MOD 7. HILBBIWEBFRX
#nmE 12,13 ik,

. EEEXAPHTERN, BARESEERBHE A B (BERS)  BEMKICE
BARFHATMFER FRIAXBFETHCHNICE WRRRY BN, EX/AR
AW RBHAREBRZE M EHNARITHRFE LT B URBEIR A0 R %
HBHICRBANFREHITMFER HERBRRIB AR, Bk, BWERN
5] 5 :

=a(te+1ti)
Hep: ajﬁﬁﬁlmﬁm;ﬁﬁﬁ(ﬁé’ﬁﬂ‘*%ﬁ*ﬂﬂzﬁaﬁi’%ﬁﬁ) X 6% 3 ik Ak 2 A Ok

Uﬁ,a 1+——;te ﬁ#ﬂ—*’i‘ﬁﬁf%ﬂﬁh‘lﬁ]m HNENFPMFER—MERFTTHE.
a %%ﬁﬂ? EBII X

= —

bm
Hepn AXEMIEREGO B . m IBHEE. BR W m TBD o, R o B
ANy B BN v KB T 20> >0 MBRBE A T TR, 12,14 RRT « Ma
MER,
 EESFRCE P MRITRE, R A R, SO X BT R —ARIE B AT

W E ] —_—
0 | 063 | 184 A
1[se9 505 [oos] 4—330 | | [a] . 1
2 A & / 2 g 10
3 269 | 164 A } x
4109 | 620 A ' ' g.
5[278 215 [ e10] o— 110 [ 355 | [ ] B
6 930 [oss [ 38¢[A | ‘ 3 ey
M 12.13 SRR M 1214 MMEERERKKS LR

B2 HEFBRXHFRHRSE SRR B RATETHF @A MR E, 7
REERATFERIIX, TEFMEE. HESR ARBETRFER, Rk 2T
R, BAR TR FRAGR,FEELIBRIEA MBRZE, T8 R X445
MAREEE, BRSO A I S BT B BR IR R . AT IR E A M
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12.6 ZRBFIXHF

ZRET XA HR SR EX X HT RPN, A EXBFHTH M,
REXTENRKXBTHTHARBANARBER.

B, B 12. 1 &R E BRSSP EFIES B ERBF, B0 M&RRURS A K
REFE. AFEXAEN TR 847 600 2L EMIER: BERN TS FF,
WMRCHAR P REERBFRT WY EIEX 23 R KR F KA H , RN B
R — MO R T R, AR RE. A, NERBFXHBRTHRUEILS TG
MTERALAEZIh, BRI —RIIMRKBTFRG . KXBFZRSITURRER, ©
AURFEREN; RIBZTURMFR, BTURME. AIEXBFRIIEAR, 1R
FIMMEEFTRRBY RAA—KXBFHEMERHEXBFRYBIERS. THEHIW
WHMERBFXHFRAL T &,

12.6.1 SEEXH

% B % X # (Multilist File) 45 &2 8 R % £ X R F 0T R— BB, 3
BYEXBFHRIGFEIERS ) ME-IREBETRTRLEFRI FHKER
3D, HERER—REBFHIDRMBR— R, TRV DERHRS KR NAE
B3, BIRIMAFERXBE KB ERKE.

B0, B 12.15 iR A — A S EERCE., HP, 22 R ELBT, DRELENMF
BECHTERNE AR FHER ERIIWEA 12. 15D FR,RITAPREXBF
HEFEPHRKRME. TN . EBEINEBIRER 3 MKRLBERA, EMNHRSIME
12.15(0) ~ (iR  REHAR A RF N IE RSB ER SR, HTXERLBFR
Bl EABLEEHRLREFHME. PN, EEEHNEBESTE 400 U LH%EE, R
BEAERIELER 400~449 X—T . RABENE SR LB H R, IR ZERFHAIC
RO, X, EEEAREE AN AERMZIERNEE, MRNARSIER L B7HLE
HER RN HLEHE BREEMIR BERERANEBXHITRE. Wetw
BHBRFEAMERNKE, BRM BN KEREHEEPHITR.

ZEERMS THE WS FBH. NRRERERERNERKE, WEA—
FEREESN, N T ERBERRNLEHZE. BR. ENE-TERHNRBE
BEESMREBFNER DM ELITR.

12.6.2 @HxH

EHXHENSERLHNRANETREBTRIWEHWAR. EX¥, KEHEXHFFS
MR XBFRI VEHR, AAHRARXRTHICRZEA R HE, MEBHERT X
KXBFH TP EFRXEEROYHEICRS. AW, EAXHREHERNE 12. 16
Bim.

EHRERTINFLETRRICRER. HFHRNRE R, SAERIER, ATH/
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LB

BRE B 2| ¥ 5 ® W |gBEs | B B 0 R B
01 |F 2 |1350|02| #%# [o02| 412 |03 [F 02| T |03
02 | D/hgk | 1351 [ 03 | Z#: [07| 398 |07 [ B |04 | 7§ |03
03 | Bt £ |1352 (04| itEHL |05 436 | A {Z (05| P |04 T |05
04 | 7REE | 1353 | A | REAS | 06| 402 |08 | R |06 | 3 | 08
05 | B 73<‘ 1354 | 06 | $FEHL | A | 384 | 02]Z (07| T |09
06 |# # |1355|07| Rmif |09 356 |10 | B | 07
07 |BEP¥ | 1356 | 08| ki |08| 398 [ A |H |08] Z
08 | #Tf|1357 | A| B | A | 408 {01 |8 09| R
09 | ¥ #t|1358| 10| R |10 370 |05 |[H [0 T | A
10 [ fF (1359 | A | B | A | 364 |09 | A
(a)

Ex@E | kgt WRBF | KB4 | kKE
1353 01 % % 01 4
1357 05 HEH 03 2
1359 09 | 04 4

(b ()
KRBT | kigeh | KE
Gl 02 7

wRBF higs | KE z 03 | 3

1350~399 06 | 6 - 1 | s
400~449 04 4 T 01 4

(d (e

B 12.15 ZERXMARH

@BEIXMHF; DOEXBFRI ©FLRI (DBBEIRI (“EBRE"RS

IR, AR R EEFETRRBZH, WRARF KA RIIFHIERT

MR FEIEREERXNERGEHENT.

/AT ERICRE, BHROEERENER . EREBNEAHFERFTAAR —K
RBEWICRSEA FHIE, MBS BZEMMBEE.
B SR AR B EE S, TR R 5B S (Jm ISAM 3044 , U 8 3k = o B FF T

ROEXBFTMARDEICRS.

BIHESCFR B S RSP . R —R5I R AR XEFINEREA R & EHH
RHKEAS, F—EHRTEAREOULE.
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01, 02, 07, 08

A

03, 05

=
H

04, 06, 09, 10

(O F I #HR

350~399

02, 05, 06, 07, 09, 10

400~449

01, 03, 04, 08

(b BBEEHR

02, 04, 06, 07, 08, 09, 10

03, 05, 07,

01, 02, 03, 04, 08

H| || H

01, 03, 05, 09

(BEBREEHE

B 12.16 E#HXHERTIRH
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= ]
X ¥ (binary tree)
ZXHeFEW (binary sort tree)
X EEBW (binary search tree)
ZW#HM (quadratic probing)
+¥E4# (orthogonal list)
B-%
B* %
Trie

Zxd#E (list of 3-tuples)

J" X3 (Lists) (generalized lists)
"B R (breadth-first search)
F# (descendant)

FH (subtree)

F & (subgraph)

F & (substring)

AQV-R (Activity On Vertex network)
AQE-f (Activity On Edge network)

JTH (element)
BAF (queue)
BA3k (front)
BAEE (rear)
a1 F (doubly linked list)
M BAF! (deque) (double—ended queue)
M (parents)
EEW (doubly linked tree)
HFFB I (inorder traversal)
GERBAM) FERAR (infix notation)
X # (unordered tree)
ZE B (undirected graph) (undigraph)
EXARITHE (garbage collection)
SEHEB (allocation strategy)

+ 322 o

"
121
227
227
257

103,164

238
246
249

)

97
107
169
120
118
158

70
181
183

"
6
58
59
59
35
60
120
248

128,139

129
120
157
206
196



4+ & (blocking search) 225

W#HERF (internal sorting) , 263
XA %58 (text editing) 84
X (files) ' 306
EHK (Outh) (bave fixed size records) 306
AEE L) (have variable size records) 306
BRXEFE (H) (have only one key) . 306
EX@F (L#E) (with more then one key) 306

F ik E#L (open addressing) 257
o i n

3454t (head pointer) ' 27
345 5 (head node) 28
i1 (edge) 157
H F45 R (boundary tag method) 198
S MW (spanning tree) 159,170
B/ (EBEB) (minimum) 173
4 R FEM (spanning forest) 160
AYF|F 25 ] # (available space list) 194
KB R BE ASL (Average Search Length) 217
S — X $ (balanced binary tree) 233
% EF (balance factor) 233
MR (balance rotation) 234
¥ H P (mid-square method) 254
¥ #1593 (balanced merge) 296
HHHEFF (merge sort) 283
H3H AR (merge insertion sort) 292
H3# B (merging segments) 295
SN EBHER® (external sorting) 263,293
A & n

TERE ¥ (storage density) 78
8B4 (storage compaction) 212

TEfE% M (storge structure)
WP (FERELEH) (sequential)
#R (FFHEEH) (linked)

%BES%EH FIFO (First In First Out) 58
AP i (preorder traversal) 128,139
(W) %M GRIH) (preorder) 138
fE#5EH LIFO (Last In First Qut) 44
fEFEMm T (postorder traversal) ' 128
WENERGRE) (postorder) 138
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(RERXMDEH/BAR (postfix notation) 129

{5 ¥ (backtracking) 149
A6 M (digraph) (directed graph) 157
#H [ EH B (directed acycline graph) 179
W (ordered tree) 120
#H B (sorted segment) 296
KPR G (buddy system) 203
R (network) 158
X¥ K (articulation point) 176
KPR (critical paths) 183
XBF (Key) 214
FEXRBFE (primary key) 214
WKEFE (second key) 214
HAZEMH (Dynamic Searh Table) 214,226
@ X (synonym) 252
M3E (collision) 252,256
BEWH (rehash) 258
DYBEBLIR M (random probing) 257
#ikHERE (sorting by address) 264,289
SER A ] (delay time) 294
F #ad H (seek time) © 295
{& 45 mf B (transmission time) 295
£ZBIH} (multi—way merge) 297
FERXMA (multilist file) 319
+ i [}

B ) 2R B (time complexity) 15
W 3T 6 5] 2 2% B (asymptotic time complexity) 15

fir (bit) 6
H (string) 70
258 (null string) 70
ZH B (blank string) 71
B.B& (leveD 120
S22 X W (complete binary tree) 124
5¢ 2@ (complete graph) 158
4REE) (adjacent) 158
PEBEH (adjacency matrix) 161
484 % (adjacency lists) ' 163
& (BEHR) (inverse) 164
MBELE X (adjacency multilists) 166
%A (connected graph) 159
& (EEE (strongly) 159
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E%8 (B) (biconnected)
#3845 & (connected component)
¥ (binary search)

#7833 (folding method)

BA&m (shift folding)

{1 5B (folding at the boundaries)
H5E W (decision tree)

#/RH#F (Shell’s method)
BB HET (qksort) (quicksort)
fE1BX (gap)

AP E AWM IRG (Inter Record Gap)

$ (6 64 (1 B IBG (Inter Block Gap)

JAN
2| MW (space complexity)
P WIRAT (Abstract Data Type)
JRF 28 (atomic data type)
15 5 B4 % M (fixed-aggregate data type)

] A5 I 4 J X (variable-aggregate data type)

£7% P38 3 M (polymorphic data type)
R4 R (linear lists)
KR (linear linked lists)
© R¥EEEM (linear probing)
R - (threaded binary trees)
R WEER (threaded linked lists)
BEER (singly linked lists)
M (graph)
HE (degree)

ABE (in—degree)

H B (out—degree)
DA (vertex)
W (arc)
HiERE (immediate predecessor)
WEEH (immediate successor)
H#EEHE (immediately allocate)
F 4R (topological sort)
K b4 A (topological order)
B (list sort)
W EW (tree of loser)
#A (query)
HERE (table)

176
159
218
254
255
255
145,220
- 2n
273
293
293
293

n
17

©w 0 00 0 =N

18

27

257

132

132

27

156
120,158
158

158

157

157

19

19

253

180

180
264,267
297
307,308
214
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&R (node) 6,120
BF (children) 120
# 4 (ancestor) 120
# 4 (pointer) 27
##~3% (cursor) 32
B (stack) 44
R (top) 44
i (bottom) 44
M (tree) 118
W #91¥ (enumeration of tree) 152
WHIME (traversal of tree) 138
Py #53% (Hash table) 251
A% B ¥ (Hash function) 251
W R E (weighted path length) 144
(FRIERXKDAHERR (prefix notation) 129
RIS (prefix code) 146
HKHUE Hirst-fit) 196
. &, (searching) 214
MR (sequential search) 216
W& (runs) 295
R34 (sequential file) 308
B 88 R ¥k (division method) 255
HEEHEF (selection sort) 277
W8 GEEHER) (simple) 277
B GEEHEF) (tree) 278
Bt (segments) 295
+ B i}
BB B (discrete event simulation) 65
¥BRMERE (special matrices) 95
BIH K (recursive function) 54
B (root) 118
BHEHR (bubble sort) 272
RIIMFEER (indexed sequential search) 225
RIIWFX# (indexed sequential file) ’ 311
ISAM (3C#) (Indexed Sequential Access Method) 313
VSAM (X #) (Virtual Storage Access Method) 316
33X (indexed file) 311
BHESC# (inverted file) 319
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+ — & . §

BRIE (depth) ' ’ 113,120
WHE R %4 R DFS (Depth-First Search) 167
FEYL¥(# (random number method) 256
HEF (sorting) 263
¥ (heap) 75,279
BHEF (heapsort) 279
EPEHF (radix sort) 284,286
#H X JE (control interval) 316
H R X (control range) 316
¥ (bucket) 317
BB (dummy run) 305
+ = & ]

#F (linked list) 27
Gt (chaining) 258
EABEBHF (linked radix sort) 286
P& 4R (circular linked list) 35
TEABAF (circular queue) 63
HHXF (equivalence relations) 139
%t (equivalence classes) 139
4508l (latency time) 295
FEMk (forest) 121
B (optimal tree) 144
B/AMERM (minimal spanning tree) 173
BBk (shortest path) 186
BERS (best-fit) 197
BEHA (worst-fit) 197
BE IR % MSD (Most Significant Digit first) 285
BAEALAE S LSD (Least Significant Digit first) 285
BAEHHW (optimal merge tree) 304
L WAEAH (Fibonacci numbers) 221
PRWHRAER (Fibonacci search) 9221
MHEIERE (sparse matrix) 96
MBLE (sparse graph) 158
¥HETF (load factor) 260
BAHR (insertion sort) 265
E# (BA) (straight) 265
#E (EA) (binary) 266
2-B% (A (2-way) 267

F AN (tabled 267
W33 (hashed file) . 317
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P iE (data)
R TTE (data element)
HBH (data item) 4,18
YiB R (data object) 4
P XK (data relation) 8
BB LM (data structure) 5
B (logical structure) 6
WM (physical structure) 6
HIBEHKA (data type) 7
A (arrays) 90
WE AL (digital analysis method) 254
FEBERW (digital search tree) 247
S BE (frequency count) 15
B2 (path) 144,159
MW E (dense graph) : 158
15 MHEP¥ (tournament sort) 278
BB (replacement selection sort) 299
WX # (full binary tree) 124
+ B & n
M3k (algorithm) 13
M A4 # (implementing linked lists using array) 32
MALRE (pattern matching) 79
MAEERR (Static Search Table) 214,216
#5200 (stable sorting method) 263
g5 /NY B 3% (diminishing increment sort) 271
A& (disk) ' 294
k& @ (Huffman tree) 144
#H xR M (Huffman codes) 146
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£ 1 % b}
Bubble_ sort (a[], n) /B aPEZFIEFENREDEXEFHBEET 16
® 2= -’
AddPolyn ( &Pa, &Pb) / BRE M Pa = Pa+Pb 43
CreateList_L ( &L, n) N BEUFRA A TTRGE BT FRLESHAKRERL 30
CreatPolyn ( &P, m) A BANTHREABE . BRIBR—TETAANEFSERP 42
difference ( &space, &8S) /) E—RP A space PRI BRES(A—B) UB—A)
V). Fd T 33
Free_ SL ( &space, k) /B THRIKNSHAERERIEHESR 33
GetElem_L ( L, i, &e) / B e BEWLERNAKRL PR i M RBTK 29
InitList- Sq ( &L) / BE—NEHERERENNRERL 23
InitSpace— SL ( &.space) /| ¥—B WA space B RER— R 33
ListDelete- Sq ( &L, i, &e) /) EMFRER L MBS i MK, 3l e B EHE 24
ListDelete_ L ( &L, i, &e) JOEHLEENAGKEHERL P HEHE i TR,
/ 3 e iR EFAE ‘ 30
ListDelete_ DuL ( &L, i, &e) / MB#HLL R NEWHR MR L 0B i~ 5K 37
Listlnsert_Sq ( &L, i, &/ ZMFRHERL BB i MERZMBAFHTK e 2
Listinsert_L ( L, i, e /) ERRE RN ARRER L 0 i M TRZWIBATR e 29,38

ListInsert_DuL ( &L, i, e) /TR TR RE R L W i P ERZWIBATE e 36
LocateElems Sq ( L, e, ( » compare)) // ZENUFRUB L hERE 1 M5 c MEXEEK

; // compare() & 5T X 4 S 25

LocateElent- SL ( S, e) JERBRBERBRL PERSE 1 MIN e TK 32
Malloc_ SL ( &space) / HEERAERGRES,WERSRHLE S TR, ZUERO 33
MergeList ( La, Lb, &Lc) / BEFERRER La I Lb BRIFHE RS Le 21
MergeList_Sq ( La, Lb, &Lc) / H#FHFEMAER La 1 Lb B RIH KA FENUTFE Le 26
MergeList- L ( &La, &Lb, &Lc) / HHFEFHER Laf1 Lb BBF A FHRESR Le 31,39
union ( &La, Lb) / VAR Lb PHARE La BB TEFBEATB La 20
' ﬂ Iix n

Bank_ Simulation ( CloseTime) // @47k £, 8031 — R A& PR TE E Tt E 68
Conversion () /R TFTRANER-PEAHENESTHRESHESEHNAAHE 48
DeQueue ( &Q, &e) . / BRAEESEAT Q WBALITTER A e BEHME 62
DeQueue ( &Q, &e) / MBRIEEEIFAT QMBALITTEK, I e BEHME 65
DestroyQueue ( & Q) / HEERR Q 62
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EnQueue ( &Q, e)
EnQueue ( &Q, )
EvaluateEx};ression( )
GetTop ( S, &e)
Hanoi ( n, x, y, 2)
InitQueue ( & Q)
InitQueue ( &Q)
InitStack ( &S)
LineEdit()

MazePath ( maze, start, end )
Push ( &S, e)

Pop ( &8, &e)
QueueLength (Q)

ClearString ( &8)

Concat ( &T, S1, S2)
Concat ( &T, S1, S2)
get_next ( T, &next[])
get_nextval ( T, &ﬂextvél[])
Index ( S, T,pos)

Index- KMP ( S, T, pos)
StrAssign ( &T, * chars)
StrCompare ( S, T)
InsIdxList( & idxlist, bno)
Stx"Insert ( &S, p(gs,‘ T)
StrLength ( 8)

SubString ( &Sub, S, pos, len)

SubString ( &Sub, S, pos, len)

CopyGList ( &T, L)
CreateGList ( &L, S)
CreateSMatrix_ OL ( & M)

/W BATE e REET] Q HFRRETR

N BATEER e REFRRI Q FHARBTE

VE X 2w X3S INE A ]
/R e BEIESPFR S HRTTE

Y OB x ERSH 1 E nfyn AMEEEANMINIEE 2
A HE— SRR Q

/ HE—AEKEFRP Q

N HWE—AS R S

/=R RERE

// K% E maze PIAD start B T end Bo— &8l
/W BATE e HIMFER S HFHRTTE

/ WRIESWURR S WRTITR A o & B

A BEEFRBAF] Q B9 TT A BIBAF K B

¥ 4w
[ HRIERERE R S W N2 o
/P T BE A B U S1 A S2 BREK TR A

/R TEE R RN B S1A S2 BT R B

/ REERE T Y next BPA

/ RERE T # next BHBEMH

/BB FE TEES SHHLE

/RIS next BEERES TR THEED SHYAR

[ HBE¥% R chars BABHFMSEWN S T W

/OB EREHEWKE SH THEHEER

A ¥H5H bno X RITEA RS idxlist

/) TEBAFEEE MR E S R pos MFERZRIBASR T
/BRI ESWN R SHKE

// F8 Sub & ERFFFEEE S MBI S 58 pos NEREKEN
/ len T &

// P Sub & BEFF LM E S B8 pos MEFEKE
/R len BT '

: ® s ¥
/7 REKRBERTFHEEN B LR LARBB XET

/ RALRERFHEEN ) AR BERRS SR LR L

/BT FRREERTOBAERE M

FastTransposeSMatrix ( M, &T) / REA=SRAMBFEEROBHERE MW BERT

GListDepth ( L)
MultSMatrix ( M, N, &Q)
Sever ( &str, &hstr)
TransposeSMatrix ( M, &T)
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N RAAKRBERIEEN SRR L WEE
/ RRATEBEBEFHBRNERRE Q=MXN

62
65
53
47
55
62
64
47
50
51
47
47
64

77
73
77
83
84

72,79

76
77
88

77

75

77

"
115
116
104
100
114
102

A UBE—N RS RIS S str 58 RPES : hsub Fl str 117

/A RRAZTANFRERNGRBESE M S BIERE T

99



% 6 X o
CreateBiTree ( &T) Y EERRFRAGEE WE - XERERN AW T © 131
find_ mfset ( S, i) /) REESH i FETHEKR 141
fix_mfset ( &S, 1) - / WEIFETEFEN I ZHRBFBLHFAEABERRABETFES] 143
GetPowerSet ( i,A,&B) / RRERBRESHR A KERE p(A) 150
HuffmanCoding ( &HT, &HC, *w, n) / #@E#REM HT, HREFHHHREHNE HC 147
InOrderTraverse ( T, (* Visit)) 4/ # @I XMW T KIEBHEEE 130,131
InOrderTraverse_ Thr ( T, ( * Visit)) J RFERF _XRRERBRIN XN T 134
InOrderThreading ( &Thrt, ™ /SRR -XHN T.ERPFRRER Thrt 134
InThreading ( p) /XU PRBH X RETFFRREL 135
merge. miset ( &S, i, j) J RSHEHBAERHELHTRSIA S HHFESUS 141
mix_ mfset ( &S, i, j) /RBEAEAHZXETRS M S, KR SgUSg 142
PreOrderTraverse ( T, ( * Visit))/ feFBA-XH T MR HE K 129
PowerSet ( i, n) / RE o MTRBRE AKFE p(A) 1150
Trial (i, n) A/ Rn BERBHAKNSEMR FHEHZ 151
% 71 % |
BFSTraverse ( G, ( * Visit)) /T EREREE G, ViR (Visit) B 5 BT A TR 170
CreateGraph ( &G ) / HIEE G REA (BEEH RRTFREN 162
CreateUDN ( &G) / METER G HBAEER RRFHEN 162
CreateDG ( &G) / MEEREG N+ FHERREMER 165
CriticalPath ( G) - Y BMEERR G HETREIES 185
DFS ( G, v) : V'S R V- 3 1=F 1 3: 2vn 3 Vg e 169
DFSArticul ( G, v0) /NS VO NI REBRIRITE G ERFWHMAETR 178
DFSForest ( G, &T)  / BEYXAEGCHERREERBANEDBEFEIARERT 171
DFSTraverse ( G, (* Visit))  / W H GHERERLRT 169
DFSTree ( G, v, &T) B AT R B SR B G ST A T AR B R 172
FindArticul ( G) JERFARUEEEG LABRTR 178
MiniSpanTree_PRIM ( G, u) // FALEBEENE o AR EWEN GHB/MERM T 175

ShortestPath_DIJ ( G, v0, &P, &D) // 3 Dijkstra B RA B G AT A vO0
J BIRKTA vBREK%R PLvIRILHNKE DLv] 189

ShortestPath_ FLOYD ( G, &P[], &D)>  / A Floyd B RAE MM G &K WA v
/i ow Z R RERER PLvILwl R K E Dlvliw] 181
TopologicalOrder ( G, &T) / REAMGHERAFAENBRRERFE ve 185
TopologicalSort ( G) /&G XEE, K GHTAN—TRINFES 182
# 8 X n
AllocBoundTag ( &pav, n) /O ARRRENEE SRR 200
AllocBuddy ( &avail, n) A ARBERENTFHE ST ERE 205
MarkList ( GL) /) BEIEET XE GL. X RPFTAHRMBENS KR E 209
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CreateSOSTree ( &T, ST)
DeleteBST ( & T, key)

InsertAVL ( &.T, e, &taller)
InsertBST ( &T, e)
InsertBTree ( &T. K, qs i)
InsertHash ( &H, e) .

LeftBalance ( &T )
L_ Rotate ( &p)

R_ Rotate ( &p)

Search_ Bin ( ST, key )
SearchBST ( T, key, f, &p)
SearchBTree ( T, K)
SearchDLTree ( T, K) .
SearchHash ( H, K, &p, &¢)

Search.. Seq ( ST, key)
SearchTrie ( T, K)

SecondOptimal ( &T, R[], sw[], low, high)

Arrange ( &SL )

BlnsertSort ( &L)
Collect ( &r, i, f, €)

Distribute ( &r, i, &f, &e)

HeapAdjust ( &H, s, m)
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% 9 ¥ o
/ HERFRSTHERERERW T 225
A EBEZ_XHFR THPEERBFEST key WM T KT, W BER
/ BEEEELE K p #iEE TRUE; % 18 B FALSE
N EFHH-_XHAR THEARRRTAFEAHAXREN
/N ERZERBATME X HFW R X748, WE oA 237
HJ EZXHEFH T PARAFEXRRTEST o key HEIBTRET,
/ A e3Fi&E TRUE
/EmYPrBHT L&A *q ) key[i]5 key[i+1]ZHEHA
/ xBEK
/ BERARYBHEABBILTR e BIF KBS HFR H P, EH
/ OK;EmRREE K, MERBER
/ ARIEE T BIRER IR UM EL F R L E
A REp BB R RLE ABEZ)E p BEF
/ BRER
A XPLp A BRE_XHRRELABEAE, LB p IBAF
/ BRBER
J EERRSTPHEBERRRBFE T key
/ BB/ATK
A ETHE_XEFHTRABEREXBFET key iy
/ BETR
/ EmB BW T EERXBF K,i& B4R (pt)i,tag)
/ EESNER THERXBFESTKHER
/) EFRESLMFER HFERXBE I KW TR
/ EBAERSTPHFERHEBTFET key HBIBTR
/ ERE THERXBES T KHIER ;
/ B % Rllow. . high] R H RIHER s
/ BEWBEXRAERR T

230

228
244

259
237

236
236
220

228
240
248
259
216
250

223

® 10 % A n"
/ BERSERSLPELARHHAERBICRMAR, 8 SL
/iR R X RBAE T HT
A MR LR mAHRF
/AL keys[i] B /M E K#¥s 0. . RADIX-1JF#EF#
/) BRREBER— 18, [0.. RADIX—11H & FRHYBH
/ BAEER LK r RPTREE (keys[0],... keys[F 1 DA%,
/BB i NRBE keys[i]# 7 RADIX M F&,#F—F
/ BHICFEM keys[iHH
/ BA Horls.. m]FiC R XBFR H. r[s]. key 250 %R
/ERNESLARREE H. ([ 8F. & H ls..m]RH

269
267

288

288



/) — AR TR e R X M) 282

HeapSort ( &H ) /XM R HHETRER 282
InsertSort ( &L) /MR R LEEERAHR 265
Merge ( SR[], &TR[1, i» m, )/ ¥#AFH SRLL. . m]#1 SRlm+1.. n]JAF KN EFH
// TR[i. .n] 283
MergeSort ( &L) /SRR LERFER 284
Msort ( SR[], &TR1[J, s, t) / ¥ SR[s.. t]E3#HFH TRI1[s.. t] 284
Partition ( &L, low, high) /) X®MREE LB FEF L (low. . high]#9itF WM F
/B, 338 B 57 A A 274
Qsort ( &L, low, high) / XBEE L RH TS L rllow. . highl# 17 REHF 275
QuickSort ¢ &L) / XBER LT REHE 276
RadixSort ( &L) J LRREBSERRANBRER, X LERKHF ERL |
' / BRABXBFENIKHAEFBSER, L [0IWLER 288
Rearrange ( &L, adr[]) / adr BHANIFER L AR, L. fladl[i]JRSE i /MHITF,
N AERER ade BEEL. o ERAF 290
SelectSort ( &L) A WM LR T 277
ShellInsert ( &L, dk ) /SR LAE—NRRIEAHSE.dk K 272
ShellSort ( &L, dltal[], t) /M EREF dital0. . t—1IX IR L {EH/ /R 272
IR SRTRE " n
Adjust ( &ls, s). /B F4E R bl IR R 1s[ 0] BE A2 8 3 W& W) 299
Construct- Loser ( &ls, &wa) / WA wAHERBIREIER wa,ﬁﬁlﬁ#ﬁ Is, % H X B F
[ BAHRIER 302
CreateLoserTree ( &ls) / Bablo]B blk—1]NEL-_X# s I FERFEE k
’ /) AXRBE A TN k BRI s WEANEN 299
get_run ( &ls, &wa) / REB—A R B 301
K_ Merge ( &ls, &b) J FIABER s RSN 0B k—1 Bk IMRABHEF 298
Replace_ Selection ( &ls, &wa, *fi, »fo) [/ ZEMEW s MRFETER wa EHEH-EE
/) HEFERWBEHB, fi HRAH,fo Jyi i X 301
Select— MiniMax ( &ls, wa, @) / M wa[qliEBIME W AR L% #E MINIMAX i %, H
/A BRERE/NBHR 302
® 2% n

MergeFile ( #f, xg, *h) / AR FRMEFNESHFXH g BHBAFXHL 310
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