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MM TR ETREH ML R KSR E MR RER BRI T FRSE. ‘W7
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ZEARE, XEXBERRAME. BRE—TM0E L3 FRMEXER, Kp C
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T, X J AT | T B () R B A R R — R B I BRS04 B D
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wER, WERLIWP, B EABEERE L.3(ORFRAXED LN —&KEK, B E
B2 %R R R XA B B R RN AERA R FAETT. REETHEBEEN N
it B A A B S 6 R, SR B L B TURR—F B, i EERFLRBEEN DT
AXREAEHAGE, MENBAMENR TR, B L3WFARI-FRAER,
BE SR FERTBITOARBEG, 60 3 SEITRMRE D>A fl DB W&
AT, '

b3 MEFAR, HRXBEREITERBENRFEE AR R, W RE W
R RMEZRGBESEW. B, ARER, BEEHE-NTHRERETENEF R
HEE P H BV REN R URENZ X RANBESEHER.

B LGSR VE R — I TS IR B R AR 1968 A FFIRRALA . TEXZHT, EME
S A T AR, IR B S P AT ER . 1968 FAEXE SR ENITEIRNH
B3, B RIB B GH ILE N — TR, BXH R RN EENBR A ERBAE., L,
BUR W LR AER SRR R MBI A FESGE. BE  BIEEWX TSy 13
BEME ESREOE B XREFEH NTIZER TRERZ (BRERIHAZE. R,
B FHEE LA AL P BTN, B, AU BREE A 5 PO TG, T HLAE 26 205 18
BUBEMAEEH, XR#— BT K THRIBEMHAS., EER . BEREERENAH R
B E“SUES M RR P X T SR G R X B NAR S PNE.

1968 SELEAF « BK « EBIFH BT “BBEW"HWEVER, i EFHRCGHEN
BERTTEIE - EEBRRE AR RAAM ERBIEN BB ERNMIFREN K
HBENEE. W20 e 60 ERKD] 70 R0, HE T KBBRF, 4w ML, 45
HWEFRTRAIBFET TEENEERNS  AMNBKRERBER BEEH”, ARBRFR
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T 5 R B o B S 0 () R P — A MO 5 R, B R — AT A R . DA 20 TiE4E 70 4F
R EB 80 ERW, FFIRAEWEREWEFRAR% LI,

HMERE, SIESH BLE 2R U RITENLS LA SRR PN LREBEZ —,
e R EI S L EEERBREZ —.

BRI BB PR -TIEE
ML ERER. “BUREH" TR ARLY
REHBVEG I EREEL FREE
MEBOF %) WPt FE, T B Mt B
HFHHREEEBEVNXR, TRERRERF
ERRERG B KB BIE TR EFERSF
FIAERE. ERREERRNBLIEIE
WTHREE  UEERMEFRBETEER
HE. BH, WA BB 24 T
2 HENEATT ARG =EZ G —1]
O RGnE 1.4 i) . EENRE S,
“BIRGEW AR — BB RIS B 1.4 “BOHE M BT Ab Y M4
EH BRI MR, R RH s
ARERF BRERE BREERAELIHMRERF AR AR FHEELM,

HBTENHE, “BIBEW N RBIFRGE S, —FH, B [ &% 78058 4 5 5k )8 8
BRESWEIRNEAR WEERBEHIBEWE: 5 —FHE, Nl BEER B KWLk
WIRBUREW, DR — MBS, BRI AT TER.

LSS

o Eop i
BgERy: BEAER

1.2 EABEMARE

FEANH, BN — L ETMARBRUBEHE L UESEERB LR MIE
. XEMEHAEREUREHETHZRHIA.

WiE (data) BT EMEYMM S 2R, B EVB 2P EBHFARAAZ TR D
FPOTENBEFLAENFSHER. ERTENEF N TR, fli, — 4 F A%
B rEBR RO BRERF, KA BN KRB LY — M REBRF AT LEREF
AL RETFRE. B, BB BRI & RN 2, nEG FEEH
T LA o 4 5 U 2 T RO T

R T F (data element) BREIEM A BAL EHBHRF FEEEN T BEHET
R, G, 6 1-2 PRSP — R B 1-3 B o — 1 E B A
A —TRAETR. B, —MEEETR T B E T4 BB (data item) L BT, B 10, 5
Flp—FBRHHERAI - M HEXRR . MBBERPHE-HANBLE EEFL2H) N
— BRI . BRI PR BN B B R BN A

BB & (data objec) RERMAMKETRNES . REEHN - TE. B
M BRHEENRREERE N={0,£1,£2,}  FEFZHFHEENREE S C=('A",
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/B/'.'.,/Z’}a
B £ # (data structure) BAIE Z A —MB LIS EXRZHBWTENES.
XERABMBESHN R0, NL1W$ 34

BIFALUER, R RER, BECTEBARINLAFTE °o o ° 5
W, TREENZAFEELFELR XHPBBITEMEZ R85 0 ©
] B 36 R AR N 58 (structure) . BIBPETEZME KR RM °° o

FRASHEEA FH 4 KEALH. (D KE FHFN  op 0000 oo
BETEZMBR T FEF—8AE7H%R 5, 3 F LM
EEO;(2) RN LR BT R 2 BEE— X
KR (D) BREN  EHP ORI R 2 E A —
AR EARRR (O BREMIVREN  55H P HBR
EEZEFEEIMEIWER. B 15K R 4 KEE
GHNXEE., BT R RRETEZALERINE B
B — R 41, T B T PR A R R
B LM T R S BRI R — A T

B

Data_Structure = (D, S) (-1 mis akmixesmLrE
Hb: DEBELENARE.SED EXRMERE. T
TH 2 B A ] B ) F iR 2.
B 1-4 7EEIEED, EHETBRINT E LR -MEESH
Complex = (C,R) (1-2)

He: CREMANIEZBMWESR (1,2} R=(P},MN PRENXELESFC EH—FXAR
{(clye2) ) KA B, c2)Fm ] BEMMLEH 2 EZ M ET.

Bl1-5 BRERMNBTERN - ANFFEHENEF, THERAEHRRENAERE
WE S, WE BN BRFHRENR—RENE BT - BESEE. REESNDHH
LATEIW 1~3 B RAER 1~6 BABAEHR, PHRRAZEB KRR ZIN1ERBR
E, Mo EBAHRERS - EWAABE. WU T 2 RIS .

Group = (P,R) (1-3)
Ht, P={T,G,,,G,,S) 5,9 ,1<n<3,1<m<2}
R={R,.,R;}
R, ={{T,G) | 1<i<<n, 1<n<3}

R, ={{G;» Sy [ 1<iin, 1 <im, 1 <In<<3, L<im <2}
AR B3R G5 B R SCASUIR X R AR X BB — B A R, B AR UL B AR A X B &
HRMBERA, SHEXFRRRERNBBE TR ZANEBRR, B KRN

O MTHELSHXMEER ECERE — 8 —BANE XL TR B A 168 A 17 B BT 3235 00 8 BUH BT
ENGN

@ BRUHETHEABEE—HH.

® THRFRIFW.GCRAFRE.SKFIKREE.



BEGBEEN. R, ITOEBE MK B 6N T E AL P SSB B 8R40, W iie
FEHRMAETBENPERE.

#SI%E**’F’ME#%HLEPH@%r(l%w&{%)ﬂ%ﬁﬁﬂﬁmmfﬁm NHRERENR. EA
ERETENBERANLENER. EHENFTRRERWB/DEMRE T HMNENH -,
W4 (bit), TEHBHLF,. RIITUA—TEETFMNASTERERN - IPRR—1T
BB TE B AFEN M BRFER—TBE A 8 S HBRA—AFRHE) BEH
XA 8 3 76 OCelement) B 45 & (node) . 24 34 7 K th & T 3038 90 4 s &F , 7 5B o %
BT & A B8 T 0 T 7 BB R O BB (data field), HM, TERESAAERERE LR
BN P BRI,

B ST E 26 B9 % R7E T E ML A BEAR R [ 9 2R 7 B « Nl FF M4 i 3k B A R AR,
H AW RRNEEEH BFFHERMERGEEEN. TUFRBHESRED
RGBS THHEMMUERERERTRZAWEEXR. AN, BXARITFRH
L EFER— AL N LSS 4 A FREOMBRR-AER B 1. 6() %
KRB 21=3.0—2. 31 }l 22=—0. 7+4. 8 KWUFFFREGTH : R J0UF BRI R 216 B
1R TR AL B (pointen) BARBB LR ZMMBB LR, E LW KIRFE
o2l BRI, P MBI BN ARAEN 0415”4 R ER (0415 2
BWOEEBIC, R PHEWHYHEERNET MW TE. UERESE
B AT — B B 0 B B Y T 25 E 0 BUIE GB 8B 454, T B 3 I SR B4R TSR B B A7 4
%M.

0300 3.0

030z g3 o415l 53

0632 _g.7 0611
0634 4.8

3.0
0613 0415

(a) (®

B .6 HUFHEEHTIEE
() MRS (b)) BTN

TR AR . ERERENTRBETRAEXREFHERTNYBEL
B. Bl TABREREZBFEFTHER LT RBEWRIBRME, I AR EARFF B
IRl R R 451, BRI TTUE AR EBFE S P REM QR A - RER

O FEPHRNBEBBCIRERAITR EFUA L TXEERIRZ.

@ HEXEMAT.SEFXEBALNEHNITERAEXNFREAM, AR T BT RTEIBRAS
Mz.
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&L BT LT BRI RS A M — B B SR R AR A A, L C
EERMNEH TR RER BN, BNRIE CETERE—IRIT CHELM
C BE T i R BIAL B ES , B 4 4 it it AR B S M R BB S5 W 7E C UL SR b i
BT AP E RIS,

BB KA (data type) RFBBELEHBE R LN — MBS, ERE B RERRBRTIE
o, FUZIE R BRENSHEE., AABRBEFESRAESHERY S ER.¥
BRESABE A THRNATHEELE. XBHBRBSHNE T ERFRITH
(6725 B e sk S T BRI A0 7 B DA R FE X B A b A A EAT HOHRAE . BHIR KR
B AMEMSARE UEXAMAS B0 —GREN B, S CIETTHEREER,
1585 2 FE A IX 6] - i 8 M0 CIX (8] /I TR ] B ML 88 o 8 SCFE B b B3 o ot o8G5
BRHBESERTE.

Bl BN R R RIE S PO BOE ST A I — R R IR R T
B, ETRBGERERTAHEG, MM CEThMEARRTCER LR FRR B2
KA AGH KBRS KA, B REEWRN, HHEHNERME TR EEMEH
S R, B R T LA AR A 3 LR B T A R A M A0, T LA R . B
MEBMETHBRAR, BT BTULSER, BT LRRMAS, EEMEX L BESH
TUERE— A AR, MW R LAE i — R e X
R —HBREA .

SR L EH AL MR R RGEA R ERBETFERES . 8 B RO REW
BHBARE BERE BRES BHEES BRET AR FRERE WL, £
m, — A ARG R GE R AR B ETARE, R E R AN
B —ERS REHBEHEERETHR, MBREFE T REOSERE, LRERE
ot R 2 B AR R B (L B, BDIC 4B S SIS IE S O BB e R S B . 5L A BB
B B, B R, BIE BRI AN DSBS X —F F B, X
SRR B R R, ST TS B IR B — S P R TR B AR S R R
B0 A P R, R E T R RO S S AL A IR T R R R
6 R R A SEE . BT BCR A BRI B E M UUR R ER
7 b G e, T 2 EL B 44 0 “ i R 4 AT 4T

i & BB J B (Abstract Data Type, Aif8 ADTD) B — P HFEER R E X EIZE
B bR — AR, SRR R T AURR T B M — A BB, T S5 A LA
B4 R AL BT 3, BRI R BB H B0 AR Ak, RE T MBCRS AR AS  BB R R
H AN B
 RSEEARAMBERELE LR AR, B, ST BN R %
BE AR FERAR, RE AR EEE E I p 7 5o LR B i FHE L
FORSHHEL EAPBERERMAN. B, “B8" N B ETFRERH OB LS
T, |

O fEWET XML ER AT EILNEERERRGRE.



BNE.MARRERMNEBE, EABRB T RS LHES B EGHERN
BEERA (WA HRXARER M EERERR , AEAFHAPERTERGARENATDE
NHBEERE, NTHRERGENERR, A ERBREITFEETRL, - REREN
ERNETEREZ F HAREYEREZ L(GEREENRGRITTER . B
EHRKGEEEOE MM S b, e LA BT X SHE L —HRE,
70 e P B 48 X MR B R R LR B A, TR B RS R P I R R R I
EARSAEBRE, BRTEXNEERENHZEREE, 56 ZMREERE KRGS
HRnEHABREORERE.

— A EWMBHELRRAKGEIGERT N A E X RAMEH 3.

WRTFTR, B BER BN E X — M EENE X ERER W — AR EHR. &
BEENRFERRE, T4 R TF) 3 RRE.

B FH B (atomic data type) B FRBUMHTBNERATSHN ., XBMBPBER
AL, BY—REAT . CHANEEFEBEABEUBER R, BE0ALEE LHH
JBFEEAE, Bl AR 100 PR,

B BB A ¥ B (fixed-aggregate data type) BAR LR BWHW TR, HEHHEREH RS
HEMEHAR. A, EHEREFNLEKEENRTREHR.

A W& J B (variable-aggregate data type) MBI E R A K BMHELE R TERE
RAEHRSWEBATE. B, TEX—N"HFFEHFIHMRPERR, K
Fe o B R AT AR B

BR,GHMABAGRIAEWER,

MBPWEW T R E AR MR BW AR ATAUT = ndHR2n

(D,S,P) (1-0
He,D BEENSE,.SED EWXRE . PREM D HEARELE. ABRAUTHERE
PEE T C S

ADT ERHFEABE (
BB R BIEX R HRE SO
WEXR . (BBEXRRHED
BEERE(EERENZE O
}DT MRBBERBE

Hoob, B TR 6 R B0 RN R , B AR E R K

EAREZ(BHP
VIR IR ER AR
BEGR (BRESERER

EABREAFHSERES R R NRERGBAE:SIBSEOA & Tk, BTRMES
AES BRRERIEGR . “DIRRE"HR T RAERGT A BRIE SNSRI E R
FMFEAWR MBRERM IR EAM G EFER. “REGRUATREERERZ
L BIESMERCRIL AR R FER . SWRRGHIZ  NEBZ.

» 8



ey 4 {10 )
(}‘ L} L;GL‘

Bl 1-6 FRPEERB = TANE X

ADT Triplet {
WETt & D= {el,e2,e3|el,e2,e3C€ElemSet (EX T RABEHRENES) )
BWEXF Rl={<el,e2> , <e2,e3>}

EXRE:
InitTriplet( &T, v1, v2, v3)
BELER WET ZRA T, 70K el e2 M e3 HBIBIRUSE v, v2 1 v3 K1E.
DestroyTriplet( &T )
BIEER . ZuH THER.
Get( T, i, &e)
BIRE&MF . Z00H TEHFE, 1SS,
BESR - Ae BB THE L THE.
Put( &T, i ,e)
VIt &M Z0H TEFE. 1S,
BELER - BETHE L THEN e
IsAscending( T )
MmES .= TH TEHFE.
BELR . MR THINTTREFAFHSUGER 1, BAEE O,
IsDescending( T )
VIR EG . ZRUTERE.
BELR . MR THINTTRERFHS,MER 1, FWEHE O,
Max( T, &e)
PR&EE XA TERE.
BEGR . He BB TH I M TEFRNRRME.
Min( T, &e)
W& =M TEFE.
BEZR . HeBETH S MTRPHR/NME.
}ADT Triplet

% 3 8 % BY (polymorphic data type) B 18 FAH B B 4> A5 E RO B IEREL . B4, 4
1-6 HE XM R BB RR Triplet, HILEK el e2 fl 3 TURBHBRFHARN TS, B
FEERMHEZMBROMRRBEEATRRSENAD . R, ARETEBEA AR
ML TR ZERRRER, BRRERHER. NBRBERBHAEE, R A HRO
AR MR A SHBEXRE. BR. FTEPERMNRNYBFRITES @ C++ HFXL
B2 . AEFHRHEHBERBREESHHEELE RTABRAXCESTFRIW
RTE,BMATEEERER OHEETENEL. 05 1-6 H K ElemSet £ 3 A8 E
WEHAFATEXN FENMRREEHBENR.

1.3 #HZBEEHNERSLZH

MR BIES A AE N B RRE LR R AL, B AR EFFE B
ROREHF MG, HEELANBRIERASFNRE. A TABEREBFRINES
s 9 .



MBRER EIT S EEA M ERMEI, AT REN R AR R T ERE
Mg  HRANATHEMCESZANK CESHIMARTR, ARRANBHEE—
EOSHRRENRSREE. XEBRESEWSEENERAITERAHEN, FHRET
CEFWAY, LA FHERBR CHE CHEF.
ABERAMLKCESHET CEEN—TRLTFE ANMTETY EBU, ¥R
un;:ﬂﬁﬁﬁi52bﬁé L11:XT;£fF%§§§ﬁé@ﬁ
D BEXFRMER.
/] B RRERE
# define TRUE
4t define FALSE
#define OK
f define FERROR 0

$#t define INFEASIBLE -1
4 define OVERFLOW -2

// Status B RBHAE, HERBRLERREND
typedef int Status;
() BIEEMHFER FHESH AREE L (typedeD R . BB TELBAER
ElemType, B F 7 £ AR BB BN BT € L.
(3) EABMENBEIAL TR RBHR .
AMAE BRE(EBESEF) {
/231X
B
Y /O RE A
BT RBEHSHEFERALBSI, BEPERANEBERTUAMEERE RS, DENME
A FER, —BWE, a.boede FRAEREBITERSL ik Imn ZHAERUER
&, pa.r BREREERE. XM RBUR EE KRR RS, BECGE LK Status
B, ATETFEEHR.BRTERAFRS, BT CHIES BRI RAR NS RER
FX., EESEP,. U ITLHSENS I HBH. '
(4 WEENE
WAME TEEZ=-FRBERX:
BREE ERE 1=ERA 2= = BRE k- RER,
&ﬁﬁﬁi(ﬁizl,,EEZk)(iﬁil < RER K
WG = WA
BWE=(E 1, HK);
TREAL J=REX;
BRALAEH T KIETHR]=EREAGEH TR LETH]L

ZTHRBEE BRE-TRE;
FOWRE TERA=HFUEREKX 1 RBL T REBAR

(5) ®EEFEAH

B 1 if (RXER) B
&{FEA 2 if (FEAER) B

. 10 .
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else iFH];
F*kiEH 1 switeh (RIAFH) {
case { 1: i5HFH 1; break;

case {f n: {E/A)FF ¥ n; break;
default: A FFFIn+1;
} B
FFEiE4A] 2 switch
case & 1: i5A]F% 1; break;

case %14 n: iH4)F%) n; break;
default. iER]JFH n+1;
}

(6) PEIBEMAH

for & f] for (BRI ERERNFF; £ BRREKLFHD B4,
while iE 4] while (&H&) iEA];
do-while i&4] do {
BT
}while (% {);

() EWENE

Eg ) S| return XX ;
return;

case Z B iEA] break;

RELHER exit (REMRE);

(8) W AMH HBEME

WAER scanf((XP], TR, ,FEn);
ﬁﬁi%"ﬂ printf([%ﬁ$]v§ﬁﬁ 19"'s§ﬁl‘_’t n);

BHEEBEXSE,
) E=R
HITER [/ XFFF
10) EERHAH
KRB KMHE max (FHERX 1, -, RERX
KRB /ME min (FERX 1, FHERA n)
3R 4 X {8 abs (FHAR)

RABESE floor (FRHR)

SRk v B ceil (FAEF)

HI B CHER eof (XA E) 5 eof
HEITHER eoln (X {4E &) F eoln

(D BHEEEHE

5iz8&& . 3T 2 &&B, ¥ apENR o, AESX BRA.
HEE] . XF AlIB, X ARMENIE O, RESX BRAE.
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Bl 1-7 MSEAELR Triplet FRMELHR.

Y/ RAHSSHENRFFEREES - - - - -
typedef ElenType » Triplet; // B InitTriplet 4}AC 3 M EEEEE

g = - BB RBURRRA - - - - - -
Status InitTriplet (Triplet &7, ElenType vl, ElenType v2, ElenType v3);
/) BAEER . MET =CH T, LR el e2 Ml e3 A BIBRUSE v1,v2 [ v3 MME,
Status DestroyTriplet (Triplet &)
VE: YT T g ]
Status Get (Triplet T, int i, ElemType &e);
/MM . S0A TERRE, SIS,
/) OBEEER . F e RE THE 1 THE.
Status Put (Triplet &T, int i, ElenType €);
/W& = 0H T EFE,1<IS,
N BAEGR BETHE i THENR ..
Status IsAscending (Triplet T);
/R E&M . =NE T EFE.
/O BREEER ME TH 3 ATREFFHS L MR E 1, FMEE 0.
Status IsDescending (Triplet T);
[ WEEE . ZRE TEFE.
/) OBEZR B TH 3 ANTEERTHES,UEE 1, FRER O,
Status Max (Triplet T, ElemType &e);
/B EREZTHTERE.
J OBREER A BRE THINMTRIHBKXME.
Status Min (Triplet T, ElemType &e);
N EE . ZCHTERE.
/BRI R e BR TH 3T E TR ER/ME.

fJ----- HABEHEHR - - - - -
Status InitTriplet (Triplet &.T, ElenType vl, ElenType v2, ElenType v3)
/) HESIE TRKE TR 3 M TERMAIMES vl vZ 7 vi,
T = (ElenType * ) malloc (3 * sizeof(ElemType)): [/ ZHC 3 MINEMEEZEH
if (1T) exit(OVERFLOW); / FECFFFEZH LM
T[0] = vl; T[1] = v2; T[2] = v3;
return OK;
}// InitTriplet
Status DestroyTriplet (Triplet &T) {

/BB =JTHAT,
free(T); T = NULL;
return OK;

}// DestroyTriplet
Status Get (Triplet T, int i, ElemType &e) {
/I<is<3, &M T L THE,
if (i<{1 || i>>3) return ERROR;
e = T[i-1];
return OK;
Y/ Get
Status Put (Triplet &T, int i, ElenType e) {
A<, B TS LTHEN e
if (i<<1 || i>3) return ERROR;
T[i- 1] = e;
return OK;

. 12 .



)/ But .

Status IsAscending (Triplet T) {
JMBTHIATRE ST UGEE L, FAEE O,
return (T[0] <= T(1]) && (1] <= T[2D);

} // IsAscending

Status IsDescending (Triplet T) {

/MR THIANTEEEFHES, WER 1, FREE O,
return (T[0] >= T[1D) && (11> = T{2D);

}/ IsDescending

Status Max (Triplet T, ElemType &e) {

/ ReiBEE THBRTRNE.
e = (1[0] >= 111 7 (0] >= T 2]) ? 7(0] : T[2])

H ((T[lj >= Tl:zj) ? T[lj H T[Z:));
return OK;

}// Max
Status Min (Triplet T, ElemType &e) {
/ BeiBEgR THBRDTENME.
e = (T[0] <<= T1D ? ((1[0] <<= T2] ?700] : (2D
: ((T[1] <= 12D ? (1] . T[2D);

return OK;

}// Min

1.4 H¥EMBERIW
1.4.1 HZE

B (algorithm) BX #E M B R B L BW —F R, ERBSHWARFH, . K&
— &AL RA—PRENRME; W, — M EEREREF T 5 MEEFHE.

D AFYE —MTHELASEEMAENRABEIGAESSZRER B
B HUEFFTNEOATER.

(2) MEM BEERPE-RESCLTERWK T RE BB R4 S,
FEHEEAZGT . BEAAE - FRITHREZ. X THRHEA RBE HER K
L i

) Wi —THEESETH, NEEXTRHRNRERETUELIC L LA E
EBEPITHRICREIK ..

(4) WA —NMEBEEZRIMRENTHEA, XEHARE FEMEERXMRYES.

G) WY —ITEEF IR IHEL XERHERBARTEREREXR
B,

1.4.2 WERGHRER

BEBIT— N RBEN S BARUT BAR.
(1) EMMEP(correctness) BYENUYHEAGKEENER. B¥— 1T KEEEY

O ER.AHFOMSARAREN. MAELR ERGEN, THEIZN.
Q@ AREZEMERNSHRIEN. H2RESEHE8].
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=k, BE A% R RO AL DR B 7 SRR L T — 4~ 92 ) el B R gk ) R R R R AR A P R
EHEFRETHATR, EE LM SAEN TR A S S A0 T4k 2 5% 5 B 8
SCHEBIHER . R e R A B Bk BT 2 BB TE R B R R E I, BRI IER S B R
BREMNRAFET.

“EM”— NG XEEENAEFEBRREN, KETSAUT 4 M BEK: . BFA
EIEEEIR; b BEN T ILARAREESE RHEAEEHERPE R c BFEXNTH
OEBEMRE FRTEE AEEGILARABEREH U B EMBRARRNAGER;
dBREMF—USENSASERE=EREAKEHERYER. BR.ZJEJZE
BN THWERENRIEED, TEARBARBENREABRAB—RIEK T HEREA
TR, MTFRBEKGEFEATEZ LR, —BRBELT BE LS  BEXWEREER
HR—NBEEFERGEBIRE.

(2) A& (readability) HFERIT AWRERSZR, HKARILEHIT. o
BMFEDTANEENER BEEENEFS TRERZHR LRSS,

(3) @4t (robustness) 2 AR IEBLBT, Bk UL AE S X M )R RE SR AT AL
| OHASEAEPEESHEHER. i, M RLUSHAEERBER, BRARE=
A ERZ M ER BB, YMANLRESRAINE - MEZ R, A
HeEitE L WS A DS, A A BE I RN RZR B - RRE R R R
WE,MARITHERFEARRE, . HPUEBFHHIT, UEEESHNHMRER LH#HT
Qb3

O HESHKEHBRER EELE,BEBERRERREEIITHORE, X TFR—F
BaRAEENEET USRI, TR EENEENER. FREBFRBERERTIRS
IEBENBATEEER, AESREFHEEFTREIFERSAEHRBER XK. K 100 MA
B 43 55K 1000 4~ ARSEH 4 RTS8 R E -2 EF.

1.4.3 BERENER

Bk AT B IR AR B kg ) AR T R T L BB AT I T I AR 0 D Ok BE
B, MER-ITERWRTHEEEARMITE.

D FEEHMFE BABREZUHRIABEAITHIE. ARNEZTERBIZEY
K, ARBEHBFTES - 4A3E THMRERE BB UIBNE. HXMFTEAR
A — BN FEB T RBEESEHOEE RS R M T BIKE T BN E
H RGEFERE . ARNESEEELRAGHNS . BRAMNEERAS —FHEHSH
HERNITE.

) BEANEENFTE — I HAREEFEEHRENEFEITEN LET78 RN
FEMBT BT FIEE:

@ HKIE B B0k ) b R

@ [a)RE A, B ansR 100 BLAER & 1000 LI EH

® HERFMES X FR—-1HEE, ZHEFTHEHNBE , TR ER B

@ HMFERFHFENIBRIBHER;

o 14 -



® PAFHATHESHERE,
BR,F—EEARRKES LI, 5H AR R 5 ER 317 HE, EEAR AT
BHL BT E R AR . ﬁ%%(ﬁﬁi?@ﬁﬂﬁHﬁl‘ﬂ#iﬁ‘.ﬁ%%&&ﬁﬁ%%ﬂqéﬁ%n
WX S HEHEL KA RNEE, T UM RERE BT TERE R,
R T RIS GER ARER »RR) , RE UL, B2 R B

— AN B R A R A U 4 CRNPE 3R 3 ) AR BRE (18 B A IR R R A R 1)
LR T B B[] B R F P B 5 B BO0R %Tﬁ?b&ﬁi@—*ﬁ@%Klﬁ%?ﬁiﬁ#&ﬁ
fs R s B2 3 B — TR 0 T BT 9 50 10 0 AR (B R o 2R 2 ) S 0 2 B A R 4 B DR AR 1A
BRI EE PATRIREBE DB R B

Bl EM T HARMBEANS NXNEBEMERKESE P, Rk 2E 2 EEHRME”

REARE, BNEEHIITEE 'ﬁ?%zkﬁfﬁ(%%)ﬁﬁﬁﬁﬂmkﬁn WIE M, 18 4E
T(n)—O(n o,

for (i=1; i<&En; ++ 1)
for (3=1; j<En; ++ 7
cLi]l3] = 05
for (k=1; k<=n; ++k)
} cli1(3]1 += alillk] = b{k1[4];

—HERT . BT EARFEEIITORBENEAE » WEN B (D) B

B ot (] B B AR
Tn) = O(f(n)) (1-5
ERAMEEHE n §3% K, BERATE B 6 KR )R8 RMR, R E W
iR B (8] 8 2% | (asymptotic time complexity) , MO8 £ E.

v SR, GFRAR] R 0 B AR AR A0 RN R H B B ST KRB B AT B R BRUE
H AR, ZHEA T ERBEREA NN EE DR ERE, EHRTEREAEIER
EAIFE AR . B8 WEE (frequency count) IR KB EE PATHWRE B0, 7
THIABRFES:

(@) {++x; s = 0; }

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

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

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

ERAEAET 17 RE A RSUE SRR Lan Fln?, WX 3 B BOR I E 2254 5
2 O OGn) Fl O(n®) Ay BIFR R BB KM AT T B . HEEvBE Mt mE S
BEAXHEH Olog ) FEEH OO %, ARBERNEEEERNERNE 1.7 Fin.
ME A R, RN ZER T RALSTRN OGH MBS, MAF BB HEE,

—BER T — B E ~RER AR EE - MEARERITEEEWNEE

O “OMBRELHD.H FBEBH n f— BB 2, =0F (D) TR ER B M, §78% n>
no BHEBEE R | 2. [ <M F(a) |, '
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T(n)

2" n3

3000

2000

1000 |

H1.7 HRERKERKE

2 BE BT , 5 B 098 B Y O 5 pRUL AR R AR 4R, 3 B T DUXE R A R 3R AR IR T R AL, A
2 B BAT A TR R4 B B AR X B ] X R AR T4 S LR AR B IR — R B I R B 2 R
R HE .

MTEEAMNEERESEN RRX FRBERE » (KR, N EEUEH TR R
RBERTRBE(REAFE)NERL T RERBEXT » 6 KEHHEAT. i, &
TrHRFEY:

for (i=2; i<t n; ++ 1)

for (3=2; 3<=i-1; ++3) {++x; ali][3] = x; }

BA] ++ x MPITRBCET n KRR 2 , ERBAPERERXN (-1 (n—2)/2 $i¥
REREH .

FRELT . BEPEEREERZRATHRECERE R B RS ABRERARTAR.
FImETIREHFHEES .

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

/B aPREFINEFHIAR B DEXREFHBEIFF.
for (i=n-1, change=TRUE; i>>1 & & change; —- i) {
change = FALSE;
for (j=0; j<<i; ++ 7
if (a[j] > a[j+ 1D {a[j]<—a[j+1]; change = TRUE; }
}

} // bubble. sort

“SEEFI AR SF AN N EARRAE., B PMBEIAENERE T, EARERY
BATIRER 0 BB FF 0 B K B/NE R, BARBERRITRER n(n—1)/2. X
KHEWL RN, — BRI R B 0T, BI5 R B 5T T R A A SR S 0
L RAEEAE b P A R O B (B A e B DR IO P A A e . R a PRIA R A BE R
BRI T n! RO HESUE L O BERAN S, M REHEF PN E B E T, (1) =002, R
T ZEAR 5L T » 45 Pl A 008 5 1 B0 ME 36 X LA 0 80 0 0 T B89 BN D O 2 O B
DLBRSE . B, 59 — 0 BB AT AT (L B 3 R B B R IR B Bk 7 B AR A UL F A B e 42 2 L B
AP BRFELUGEEEPTR R — A ER. B, LRREHFORFFERR a b
e 16 »



WG ARENEF  WEBBHFERERRBEATHRHEERENT() =00,
EABUGEHEPCHE BIERE, RIEFIHREN HEEF B TR E 285,
SRPRMNTUEENEENFSRITAMDMESEGREREHR. URNEREHERY
%, % EVLEFT B A 10 X 10 B9 %6 BE AR R, PRAT B 8] 24 12ms, W fy B 55 59 i 6] 52 2
T(n) =0n*) WG B B 31X 31 A% BEAE I BT 75 B 8] KBOA (31/10)° « 12ms~358ms,

1.4.4 WEMEMRZEER

R T B iR R 5 B, 4 45 P LU 22 18] %8 %% BE (space complexity) fE N B3k BT % 77
f = Bl o B L i 4E
S(n) = O(f(n)) (1-6)
Hr n BEBRAE RN . — T ENRGTHEFR T HEEFHE SRR TES S A
B ER BRMSARESNS ORE SN BE AT REN TR TN — ks
AHBEFRFEENBIZE. ERARENR SZERBRTREAR S, MEETE, N R
TEOFBRBANERF BB 2 (8] 7 T GL R B 5 18 A2 55 BT 75 25 (6] CR i A 3082
MBRRERER) . HHSIZEMEN THRABERRERE LR WKL B 0 Fik T %,
L0 BERHALEHFAEERRETER. XNRAEEHBKETHEOE A, WRE
BIEBISh , B B IR LR S AT .

.« 17 -



Howm & M O#

M 2 EEE 4 HITIRAHGH . KEGHHFAR - EEETRNESERE
, (DFER—-B—PEREE - TN"HEETR OFER - -SRI RE
—MNHPHRETER:; OOBRB - EEFHETIERECRYRE —ITE; (DRE
F—AN2Z5 BT EIM BTSRRI RET-TE4%.

2.1 ZeMERBREE X

SR (inear_lisORBEAHLBEMRN—FMHEELEH. 52, - IMREER 4
BETENWERES. ETENBETENREES S ERRNFR T SAHEE, BT
BR— 1T EHK TS . BT UR—-TH, EEZRKMEELNELS. flW,.26 MEXFFH
FHE.

(A,B,C,++,2)
B—EEE ZTFHRECERANFRFR. X0, M 1978 43 1983 @%ﬁzﬂ
SHITENHAE RN BER, TLUHLERNEREE .
(6,17,28,50,92,188)
EHHBE TR EEL.

EMEENRERD, — M RELETUHEE T BER Gtem) R, 76X FHF R
TR EBBETERRIER (record) , A KBICRHK R XHRI 4 dile),

B, — N ERNEEREEARICENE 2.1 iR, BPENEEHER I —C
FOEHER RS R VER IR AEERAE 6 M BIETI4 .

ma | %% | eu | 78 | ma | mmenn

EFK 790631 " 18 it 91 f g
BReT 790632 % 20 it 91 — R

XEFE 790633 ] 21 # 91 Iy

[ 3 790634 5 17 it 91 MEEH

B21 #ARRELBIIR

SGEERIITHFAR ZERPHEETRTUREMEREN AR —-KEEPH
TRGERAHRARSE, MER - BENR  HPBETRZEAFEEFBLR. 5KK
(2. 35V

(al"",ai—lvai9ai+l""’an) 2-1
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W&+ a1 |ET aiva WMET ain TR ai R a mﬁgﬁﬁ%ﬁivai+l% a; WEEG %
TEE. Y i=1,2,,n—1 0,0, HANE N EBEFL, Y =23, ,n b a. FHIA
— N HENE.

BURDTEMIR (=0 B X HREROKE ,n=0 HEIER. EEERT
HEARETEBE I THESHAE. Mo BE—-THELR 0. BRREE—-THET
Foa BF MBETK K i WPETE o ERERPHNIF,

SRR —HYRENRREN, CHRETRETENRBAE, I RERN
B TR A LA AEAT U ], 38 AT SEAT IR A TR 55

HRPBERBEBERNEXWT

ADT List {
MiEx®,.D={ a,| a, €ElenSet, i=1,2,*,n, n=20 }
WWE K .Rl={ <a;_,,a;>]a;-1,2, €D, 1=2,,n)
EXBRE:
InitList( &L )
BRESR NE-ITEREREXL
DestroyList( &L)
WG EG AUERLOFE,
BELAR HBRRHERL,
ClearList( &L)
M EG RERLERE.
RIEER B LERYS R,
ListEmpty( L)
MR &S . SHERLERE.
BEZR L AE R, MR E TRUE, 5 W& B FALSE,
ListLength( L)
Mg EHERLEEE.
BAEER GEHLAEEITEM.
GetElem( L, i, &e)
W& LR L EFE, 1<<i<ListLength(L),
BEER . AeRALHE i MIBTENE.
LocateElem( L, e, compare() )
W& RHEE L EFTE, conpare O RBBE LR H KM .
BEER GEHLPE 1IN S e W EXREK compare OB LR MALF . HEXEHHBEALER
REE MR EER O,
PriorElem( L, cur_e, &pre_e)
Mk EG KRR LEFE.
BAESER . Lo e ELMBELTR, AFRRE 1, WA pre- e B B EHATE, TUHRIE
K pre- e TE X
NextElem( L, cur. e, &next_e)
WMB Y RERLEFEE.
BEER . FHor e RLORBLE  AERERE— WA next_ e BEIEH G4, TMH
fER W ynext e T5E X.
ListInsert( &L, i, e)
WE &M SR L EFE, I<i<ListLength(l) + 1,
BEER.ELPE iNMIBZINBEAFHEETE o LKEMN L.
ListDelete( &L, i, &e)

» 19



W& MR LEFEHIFE, 1<Ki<Listlength(L),
BAECE R M LS LA BETR I BB LMKRER 1.

ListTraverse(L, visit())
MRS MR LEHFE.
BAEGR KXY LB MER TR AR visitO, —H visitOKRMK, WHRIERK.
} ADT List

X ERE XM PR R MRER, DU HT - HERERORE,. G0, W HH
AU E RS IFBR—TERER BN RERF TR RFA U LR EER B
Bl — 1T RE,

Bl2-1 BREFMAFHITREERLARMLB SHEREIERA MBEPLERTFHH
HILEANESPHRA , AER-IHHES A=AUB. ERERWLUERENT
AR RRUER LAVBFETAER LBFMAFE TRERLA PHEETREA
PIRMERLA dE. RENRHER LB PRRBBEMEEILE IHREELZER LA P
HITEWEAEE NEAZ., ERBELIBTHTIHRE#HRZ.

void union(List &La, List Lb) {

/BB LERER b PERE La FHRBETRBEAZ La
La.len = ListLength(La); Lb_len = ListLength(Lb); // RAEWFHKE
for (i = 1; i <<= Lb_len; i++) {

GetElem(Lb, i, e); /B IbHPE i NMRETERS e
if (! LocateElem(La, e, equal)) ListInsert(lLa, ++La_len®, e);

/ la AT e HRKEETE MWIEAZ
}

}// union
BZx 2.1

Bl2-2 BEHMAMERLAMLB YHRBETRREEBBE TS, BERE LAW

LB AR —IMFHMARERLC, B LC FRPE TR NEEIFRBAE FHS . #n, 8%
LA = (3,5,8,11)
LB =<(2,6,8,9,11,15,20)

Il
c =(,3,5,6,8,8,9,11,11,15,20)

M ERFEEESRATH L, LC BB REE LA FRBETE, L LB F T
TR MRBEERLCHER . RGH LASK LB FHTREMNMEAR LC S BIF, KE
LC n BB MR BA FHES , TR  Fj 948 LA LB pEATE. &
B YETTENITRE Na,j YATTERITR N o, M HTTRIEAS LCHhTEc A

a B a<l bh}

c =

b Ma> bt

© ttLa len RS La-len WHEW 1. AFEERARN. EREFS H ESBREZF MWERREHS
BEBRARECRESRWERS 1L UBYEF.
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BRIEE M MWESR LERETEBALCZE . LAKLB FIlFE#®. £
RAFEEINEE 2.2 FiR,
void MergeList(List La, List Lb, List &Lc) {
/ BEREHER La f0 Lb MBI T RIREFEBEHET .
// 133 La 1 Lb 8 DI WRIER Lo, Le BB T R B EEBRHET .
InitList(Le);
i=3=1;k = 0;
La. len = ListLength(La); Lb_ len = ListLength(Lb);
while ((i <<= La_len) && (j <= Lb_len)) {// La #l Lb ¥ydEzs
GetElem(la, i, ai); GetElem(Lb, j, bj);
if (ai <= bj) {ListInsert(lc, ++k, ai); ++1i; } -
else {ListInsert(Lc, ++k, bj); ++73; }
}
while (i <= La. len) {
GetElem(La, i++ , ai); ListInsert(lc, ++k, ai);

}
while (j <= Lb_len) {
GetElem(Lb, j++ , bj); ListInsert(Ilc, ++k, bj);

}

} / MergeList
Hix 22

ERWANE M RE 2 EBR TS EIERA List & X EAERAEH AT E,
40 GetElem # ListInsert X Wi #:E 5 847 B ) M1 K 36, LocateElem B 3147 B+ ]
MBRBIEL, MEE 2.1 KB R E R EH O(ListLength(LA) X ListLength(LB)) , &
B 2.2 R IE]) & 24 BE W 28 OC ListLength(LA)+ListLength(LB)). BREE 2.2 h& 3
AN (while) JEIREFEA] B REY : f1j BIERPELHFRFENBEE TR, A BB HET
RWEFHETHELLE FESEP M REENRETENEBARNKK R LCH)S,
REBHN—ANEERFHFRTERKKBBANT, B, N FE—HEKHBA (LA
M LB), 5 H A (while) 1§ 3018 4] R AT — MEREK.

2.2 ZRMERBINFFRAMELH

SHERNIFTFEREHEA -t d SN A TR R RS RN EETE.
BREUEROENTERT S I AR, F U G S — DR TR fE s bk 1
HEWTCENEEME. MAKEEPE +1 M RIETENFEEMNE LOC(a, ) FIE i 4
BT EWIEEMNE LOC(a) Z B R T XLE.:
4 LOC(awy) = LOC(a;) +1
— BRI, RERNE  MEIETR o WEHMEN
LOC(a;) = LOC(a;) + (i —1) X I (2-2)
o 21 .



K LOC(a) REBHERNE M EETE o) HEBMLE, BEHRBKEROEHLRLER
e at .

2R ML 32 103X b AL P9 2R BR 4R 1 3R 1A BT 77 1 45 1 B P BR 4R (sequeential map-
ping) B R HBEMHRERIIFR. ERRRE, IRPHESHITE o W
ai IR AR SE I FE05 6L B LOC(a) M1 LOC(aiv ). BAEBL, TR AT R YR
BHA"RBAAUBRTEECEZANEEXR. TR TROFHEALBEHML
HROERMBHEEZ - MEETRELUERTHMFRELAERRA2.2). &
i, REHE T AR ENRRME,  RER P E—FETREB TR BT %
7% 1 WU PP 77 451 R — P BE P IO A B 454

X 3. b i HERE BIETKERYE
FPHLLF

b a; 1

b+1 a, 2

b+ G—1) o - i

b+ (a—1)1 a, »

b+l

=N
b+ (maxlen—1)1¢

B2z KERNIOFFEEHRER

B T 1 R P R+ 2 o 0 L2 i BEHLAE R B B 3 2 PR 2 S
SR BOIE LEH oh BONTUR FE RS M . TRt TR MR K E T2, BB Bk A b IR
AR AR CiEa b RS AW — SR, TR,

/i BUENDHESENTAESEE - - - - -
#define LIST. INIT.SIZE 100 / KMBEHETEGWHESEE

#define LISTINCREMENT 10 / KR EHEERKSEME
typedef struct {

ElenType « elem; V2%

int length; N OHRIRKE

int listsize; A RIS BC A B (UL sizeof (ElenType) Xy B fr)
)SqLiSt-,

e L3R GE SCP L BB 4T elem TR R KRR H I, length R ERM YR KE.
G P 2% B 90 S A0 B A B R R DU R v e — A BUE RN B 8], IR R R 48T

KEBRRIONEREE 2.3). listsize IARMUF R YRR B K/D, — BEBEA
. 22



EETTSER B, 245 EAE , B % UF 268 01— K/ 7248 LISTINCREMENT
MEIETTENESH.
Status InitList_ Sq(SaList &L) {

N WE—-TERRER L 4
L.elem = (ElenType * )malloc(LIST. INIT. SIZE  sizeof (ElemType));

if (! L.elem) exit(OVERFLOW); Y S RE M

L.length = 0; ) BREKERO
L.listsize = LIST. INIT.SIZE; // ¥EEBEER
return OK;

}/ InitList_Sq
WE 2.3

EXFIEMEH T, AR TRRIE RO LR, VRS M RETES, R
REMIEBNE,CESHRANTHRAOFSE, B, % L £ SqList KBKIAKF X,
MEFE i MEETER Loelem{i—1], FEEATREEROEARMMBRFEHREL
WO P 74 R B B S T 9
2.1 W, AU ENEARERKNERRENS i — L MUETERSE i M

EAEEZRABA—AHHRETR, REEHKED n WREE

(Cll 9%t 9 @il 3@yt ,an)
BREER n+1 WRHEE '

(al y** ydi1 ,b,ai g ’a")
BEAE o Ma ZEMNBBERRET AL, ERERNITUSEEEHR P, B TES
EHSHBETREYENE RSN, B, B =+ L, UL ABHTES
BB ER L RN,

F5 BB FS % Fe BB Fe RiE
bivs TR TE JCE
1 12 1 12 1 12 1 12
2 13 2 13 2 13 2 13
3 21 3 21 3 21 3 21
MR 24
4 24 4 24 —— 4 24 4 28
BEA 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
B2.3 RHERBA B24 KUEXRBB
R JS BR B HE MR
(a) AR n=38; () MBRAT n=8;
(b) HAJE n=9 (b) MBRSG n=7

e 23



B0, 8 2.3 BAR—AREBESRTEARENN .G, KRBT REFHE R TH
RBE., N TERERNE 485 MTRZER/A—MER 25 HBPHRTR, UFTRH
ES5NEHE SN BELRKREEBH—TLE.

—BEA T ES Q<KD TERZBA N TR . BRB 2 ER G n—it
DA TREEBH—MIE, WAk 2. 4 B,

Status ListInsert. Sq(SgList &L, int i, ElenType e) {
J ERFEERLPE I MBZAEAFNILE e,
/ ifE R 1<<i<ListLength. Sq(L) + 1
if (i << | || i > L.length+ 1) return ERROR; /[ i A&
if (L.length >= L.listsize) { /S S A L 3 0 A AL
newbase = (ElenType * )realloc(L.elenm,
(L. listsize + LISTINCREMENT) * sizeof (ElemType));
" if (1 newbase)exit(OVERFLOW) ; /TR BRI

L.elen = newbase; / FEL
L.listsize += LISTINCREMENT, ) WINGEHER
}

g = & (L.elen[i-1]); / aRNBEAMNE

for (p = & (L.elen[L.length-1D;p>= q; ——p) *(p+1) = *p;
J BANBRZEHARE®

*q * e N A e
++ L. length; V33 B
return OK;

}// ListInsert. Sq

' Eix 2.4
RZ . RUEENMBRBIERERKEN n HERHER
(ays = s@i1+Q;9a; 419" 'ay,)

TREKER n—1 HEHR
(al N PRI ERY, SRR 9(1,,)
BEEE o Mo ZHEBBBXREERMA, BT EFBEN L RBRX TN, F]
REESBITE. WE 2.4 R, A THERE « MEETLR, BFENE S TEH 8 T
EBRRERMBI—MLE.
—BEET L HBRE Q<iSHOANTTENTHENS i+1 2F nGE n—DPITLREKK
MR 3 — L E, B 2.5 B,
Status ListDelete. Sq(SqList &L, int i, ElenType &e) {
/) EFRERLPMRE 1 MTR A e BREIHE

A 1A BES 1<KiListLength. Sq(L)
if ((i << 1) || (i>> L.length)) return ERROR; // ifEAR G

p = & (L.elem[i-1]); A p BB R M E
e = xp; /BB TTRAERS e
q = L.elem+L.length—1; / RETEWMNE

for (++p;p<<= q; ++p) *(p-1) = »p; / BHBETRZEHLRER
. 24 .



—— L. length; VE 33

return OK;
}/ ListDelete. Sq

HiE 25

MEXE 2.4 f 2.5 AT, HEMFFREWHRERPENME EEASRMER—1
R TRN, Kt E FERRRAEBI TR L GRAITE Y, B3 o R K 35R1E 0 B B
B EREARRIE , MBS TR EBR THARMBRTROME.,

B p: REFE i M TRIAHEA—NTTROBMB, MEREN » HEHERPEA—
A TT R B BT R B 3h L R KB B CE R EO N

1
E, = D pin—i+1) (2-3)
i=1

R g RIS i A TR, LK BN » 0RHERTBR— TR BB
IR KRB EE CEFHKREO N

Es = D q(n—1D (2-4)
i=1

Rg—BHE , RITTUBEERERNTMUE EEASRMNEBR TRBESHEEY, B
1 1

et T

MK (2-3)Fn2- 7] 43 FI T R X (2-5)Fa(2-6) .

1 & n
1;:.,=mi§=]l(n—z+1)=7 (2-5)

b=

_ 15, _y_n—=1 i}
Eﬂ—n;(n 1) = 7 (2-6)

MR (2-5)FQ2-OF N, EIMFAESEMNHZERPBAZMBR - RETR, T
ARRP—ETE. HRKH n, WA ListInsert_ Sq M ListDelete_ Sq Y it 6] & 4=
BEHR O,

BERMKITIE 2. 1 Fehfl 2-1 ff) 2-2 WBREENFEEERNZERRHLHR
FEMNEERERNIN. FEBEL MFRNRBL"NBRE M REBELEGHEE
FHEHHO, LXFAANMFFHEHATWBAREHNEZRET WATEBITE.
Bk, B 2. 1 AT EY B F ER PR FER K LocateElem MMITEIE . EMIFRL .
FPHEVEREGFEMe HRAKWBETENERHEN T ERE. S e ML PHEELEZI T
BZ AL 2.6 iR, NEE2.6 Pl BABRERHARAIMATRZAMNLE”. &
LM e HRMWTTE a., W HLBREY i (1L, length) , FM K L. length, BIF 3%
LocateElem_ Sq BB} Bl 22 B & O(L. length), B, % FWFEF La # Lb Tii =, union
B E] B 24 ¥ 4 O(La. length X Lb. length) ,

int LocateElem_ Sq(SqList L, ElemType e,
Status ( % compare) (ElenType, ElenType)) {
A ENFRERLPAERE 1 MEE e R compare O T E BT

.« 25



A EBRE,WEEHEAE LPHAF, EREE O
i=1; A iBVIENS 1 S TRNAF
p = L.elem; /e HMERSE 1 M TENEHEVE
while (i <<= L.length & & | ( * compare)(*p++, e)) ++ i;
if (i <= L.length) return i;
else return 0;

} / LocateElem_Sq

Wik 2.6

STFMFRMEH”, MAEE 2.2 TEREHRE A LREEUNEE 2.7. BR,
Bk 2.7 PHERBRERTRBRE”, BENREZREN O(La. length+Lb. length) .

void MergeList . Sq(SqList La, SqList Lb, SqlList &Lc) {
/ BRBFFLER La 0 Lo T REEERBHES
A/ 183 La f Lb B BH NIRFRER Lo, Le LR B EFBRBHT
pa = La.elem; pb = Lb. elem;
Lc. listsize = Lc.length = La. length + Lb. length;
pc = Lc.elem = (ElemType * )malloc(Lc. listsize » sizeof (ElemType));
"if (1 Lc.elem)exit(OVERFLOW); // TEfE4rBR M
pa. last = La.elem+ La.length—1;
pb. last = Lb.elem+ Lb. length—-1;
while (pa <= pa._ last & & pb <= pb. last) { Y/ =E 2
if (xpa<(= %pb) *pct+t+= xpat+;
else xpct+= xpb++;
}
" while (pa <{= pa.last) *pc++= xpa+t+; JBEALaWHATE
while (pb <= pb_last) *pc++ = x*pb++; /A DHERTE
} // Mergelist.Sq

HE 2.7

EXERL 2T B MENEDOENEEMTEER. U FREBARERMEE
A7, BR 5y LR RIS SRR O, X4 * pa= » pb B, AW HF FZ A Lo, W iZH
BESE AR R E W union SEL M, MM EI R REHRFE. Bk 2.7 ZHUHRMEH
. MR, HFEEE . OB F La fl Lb R EBE (F—EA4PTERS, W
Lb HEALE, ARELE La PAERLERBHATSBER: OB THE R Lc RR“H
27, WAH AR AE KR L RAR B R "BRAER T RH D, X782 70 R K838 3 (S ) iy
FRFE,ATHA 10,3 TS K REHEF , Kot R Z 2 E R Olnlogn) (Hh n R HEF &
TRTE) . BRI, BEUKMRRTERHETEANERBEE N AN RPTRE
FTHEF .

O EHBLbPREHEA Lo BRF La b KBWAF LABDARBREBANTREXT La P E M
TR
- 26 L J



2.3 KYERMHERFTRNEIN

M E—F e P R, R ROIIF AR R AREZEXR EHSHAIT
RIEWHEAE E a4, BT UBILEREFE—- TR, ENFHCETH -,
EMMARERR. R AB—FERE, XM FRABERT IHFRENNE R E
i A R RAER EBHKRBTER. ATRITBETRRERNA —MERRTE—
EXFHEN, B TEAERZE EHSHTREYERUE M, REERAMTHE
tELE BT BA 5 R BRIB R £ T WU R AT B AR

2.3.1 £MEER

KUZNERFREHNFSREA-HERRNFHATHFBAERHBETR (X
AR TTT LR ESN , BT URAEEN . B, hTEREMELR o 5HE
BEBRBETR e ZHAIRBEXR, WHEETR o RE. BRTHFEXEFHERZSS,
ABEE - EARERERNGEEIEEFESRNFRUE) . XFHEEHREHE
LK a; TR, BB R (node) . ERFEFH MR P FEEETRE SR N
W AR SR E MR RS, B ETERNERRBERE.
MR (@ Q<< R BO B — MR, BV R R

(al ydz s ,an)
RSP, X FRERNEME AT REST MR E X ARt RR A
%,
flan, B 2.5 iR AR
(ZHAO, QIAN,SUN,LI,ZHOU,WU,ZHENG, WANG)

MR RGN, BN HERVEBRD TN LB I BT, LB R ERPE -1
EZREBE-NTHECROFHREONFRALE. AN B TFTRE- T RETREFE
BiES, W@y RE — T4 KB A2 7 (NULL).,

i 1k B B R
1 LI 43
7 QIAN 13

L3546t H 13 SUN 1
19 WANG NULL
25 wuU 37
31 ZHAO 7
37 ZHENG 19
43 ZHOU 25

2.5 RUEERRG

RAEUHERRAIRERN BB TRIAWBEEXARASRAPHEHERN. &
AWEUL IR AR TR ZE B E X ROBR, NE 8 SRR BEE TR AW
.« 27



9y FE A B R SR B4R, e M, I AR 4 O AR U R B B KRR

B TR T U R Sk A B A AR B S R T B Sk R B D AR
e, A 2.5 GRS R T E RN A 2.6 B R RENEEAERN,ROMR
BEHERNAERPRIETREZAMSBIIY, HARES N RE TR EFERPHE
BRfiE .

Barm To—{am 4o = Ty

|

o 3 - e

B 2.6 RE@RMBERE
H_E R AT, S5 R AT ph SRR 4T — 0 E L 7E C Il & AT R S fE 81 7R A

J==--- QR RERTHEH - - - - -
typedgf struct LNode {
ElenType data;

struct LNode * next;
}INode, * LinkList;

B L 2 LinkList RpYZE &, M L W BERMLEH ERARFTRE 14K, &
L A“zs”(L=NULL), MIfi £RMRER K Z"R, HKE » KB °F”. AW, RIELE
K- MERZHWR— DR RZ ISR k5 5888 8T LR AR T 45
B B MR K EFRAOMINGER A SR B REREEE - RE
SIS — AP ESANAEBAE). E 2. 7)) FiR, i, RNk BH R kS
B BEHRIERMWLESNBHEAE”, B 2. 7(b) B,

L~ 3= 3= 3 ~{=[A] -]
(@) (b)

B 2.7 FhERMBER
(a) EFF: () B

ELERWOIUFFHEBRD, G TEE LHSORA TR EYECE RS, WEt
TRMFEUERTANAHROERUETERY. MAERSERD . EMFHDOTROF
BUBZRBRARENRR. AWM. SMTENFHRUERLSELERNRS AN
B, Bikp REMKERPE ADABEILE G A 0O CHHEE W p—>next ZHF
Bt AMEETR (E R ) BIEE. BAWERE p-—>data=a,, Jll p—>next—>data
=a.. B ERERD . MEE i PMRETRLOFN KB MR TR, N, AEERE

O R« HWHBEER & WAL p F53WIEBE v AR KNGS BIFHUBERE p PHSELO., ™
Ry, ‘

.28.



£RIFHEIERNFHEEN ., TERITE K GetElem ZERERTH L.

Status GetElem. L(LinkList L, int i, ElenType &e) {
N LR L SRR LB,
/M iATEAEN, HEBRS e Hi& Bl OK, 7 ik [ ERROR

p = L—>next; j = 1; /W pREE -G R T RITEES

while (p & & j<<i) { /s EEER. B pEEE i TER P AT
p = p——>next; ++ j;

}

if (1p|l §>>1i) return ERROR: // 5 i N TTERFTE

e = p->data; /& RO

return OK;

}// GetElem. L
HiE 2.8

Bk 2.8 MMEABRAE R O j A IR IS R EE p. while 15 BR U o B VA S 5 B
TR K, 2 1<ion, W Ny i— 1 B W N 7, BB 2. 8 B )
&E R Oln), P, p

bR, LA AR Pl \:Ialj, Al

B R ? . )
BRRINEEREROFAANBIELE a ©
b ZREHA—PRIETE <, B8 p WE o
BRI A e Rt g, O 0F EPRETRABAMRG AL
& 2. 8(a) BT VAT -
WBARETE x, HRBER— N EREN x 45 RIS HAERER T, RE
WA R X AT B a H T b, ELHE 2 x, TS x P
SRS 4 A b, ATTSCBL 3 ATEE ab 1 x ZAEBEE RMEL. BASN RS
mE 2. 8(b)FFR. Bk s MIGHE S x IR, W LaRIg4H BB RER R R
s —> next = p —>> next; p—> next = s;
K2, 2.0 B e R R TR b it N 7R R S HITE a.b A c 2]
P K AR AL AT MO R a o A 1 IR B
T wr. B o drdsrn s o o5, s et ot e
t 4 .
A %
K 2.9 7EsERTD MG SEHEE p—>> next = p—>> next —> next;
BRE 7T, ZE BB 2 T R A M R B I B
BB F ZE B T A B R A A R AR ER TR, B
2.9 M H: 2. 10 435~ ListInsert 1 ListDelete TE LS P RYSEH

Status ListInsert. L(LinkList &L, int i, ElemType e) {
NOEERE RN AEANRELPE i MUEZHEATE
P = L: j = 0;
while (p && j < i-1) {p = p—>next; ++3; } / FIWPi-1 14K

L) 29 -



if (1pll § > i—1) return ERROR; /iMFIHERFEEmMI
s = (LinkList) malloc ( sizeof (LNode)); /BB R
s—>data = e; s—>next = p—>next; / BALH
p—>next = s;
return OK;
}/ ListInsert_L

Wix 29

Status ListDelete L(LinkList &L, int i, ElenType &e) {
/) TER RS RERNER LD MRS i TR, I e BEHMA
p=1L; j =0
while (p—>next && j < i—1) { / FHH i MK IS B AHETH
p = p—>next; ++73;
}
if (1 (p—>next) || j > i—1) return ERROR; // BB BEF&H

q = p—>next; p—>>next = q->next; / BBFBRER
e = q—>data; free(q);
return OK;

} // ListDelete_L
Hix 210

REAENBE 2.9 AR 2. 10 WNEIERESHN O, XREN, HESE (M5
BZHBA—ITFHEERBRE  MERLBOAEERIALE -1 1MER  WTFBRE
A NEY 2.8 TR . RITESBH, EXNEARERE RN On),

EEE 2.9/ 2.10 F,BAIEAH5IAT CEFT PR Mr AR malloc M free,
HE,EREREBEXRBVRRAESPHFESHENM IR R, BiRpMq
£ LinkList I #25 & , R $14T p= (LinkList) malloc(sizeof (LNode)) f4E It R 48 4k i
—A~ LNode BRI 4 5, AN XA R NERMUBRAIBEI TR ps RZ, AT free(q) FE
AEHRFER K — LNode L &, MR EHE BT UZERKRERERTH. H
W, AR FEERAR, ER—FMIBEH. BNTAFMEE AN MERIL
FER S MERSANZRATREIRAE, METUHRENTRPEFER. B
W BIBHERNEIFHERNNIBRRRE—TITENERVIR. DANER"HY
BRBE MMRBIZLERE L HBITRBAZER. BRE2ZL 1L E-IMAERRERLEM
EYAERMNERE  HENREREN O,

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

N OBEFRAn N TERNE BYFRLERWARRERL.
L = (LinkList) malloc (sizeof (LNode));
L—>next = NULL; /ORI RE AR ER
for (i = n; i > 0; — 1) {
p = (LinkList) malloc (sizeof (LNode)); /LTS AR
e 30 o



scanf(&p ->data); /A TLEM
p->next = L—next; L-">next = p; VE: VS E+5
}
}/ CreatelList_L

IF&‘ 2.11 .

TEITHEMIERANEFERIEN - NEFER. ‘ .

MR k384t 0 La 70 Lb R0 9 AR PE%R LA R LB MM, LETF La
A Lb AR HEER Le, B 2.1 WP H B MergeList 1 B8, |/ L 3 184 pa.pb #
pe, 25t pa 1 pb 4 BIHE [ La 220 Lb Foh Y RTA LA IE A B9 &, T pe #18 Le b 24
B G — 1458 & pa—>>datapb—>data, W pa T84 D pc FiIESAZRE,
WK pb FIRGE SEER pc TG RZE. BR. BHAOMBRER S LARLBY
JEZ5 FBt, pa Fl pb 2B 1H La Fl Lb BHE MR, BN RS ;pe #AE R Le F
khéim. BTFERVKENBREH, WE - MEHRRATHRM R pa fl pb HIEZ, ¥H P
— N REE R - MR TR AF T MWRER S - ENR R BB pc iR
HRZEH ., ABREEFEREROER, MBS 2.12 iR,

void MergeList_ L(LinkList &La, LinkList &Lb, LinkList &Lc) {
J EHBERNER Lafl b NIURBEERBHEF.
/ B3 Lafi Lo B BIF MR LR R Lo, Le WL R RIEEIERBHET .
pa = La——next; pb = Lb-—next;
Ic = pc = La; /) Pl LaBiSkEs SR Lo Bk g A
while (pa & & pb) {
if (pa—>data <= pb->>data) {
pc—>next = pa; pc = pa; pa = pa——next;
}
else {pc —~>next = pb; pc = pb; pb = pb-">next; }
}
pc—">next = pa ? pa ; pb; J BEARKE
free(Lb); ' /OB Lb Bk &SN
}// MergeList. L

ik 2.12

RERHEH . AR 2. 2HNAZRENRE 2.7 . BEEZXERE. £
HRNTERN— N ERN  AFEFBRFRNESZH.TRBEERFAIMERPLEAZ
BRI KRR, EFE TR EERBBOR RGN SR EER MR,

Fit, dL Al A — SR R R R, KRR U T AR

H===-- SURNEBSRERTHEN - - - - -
H#define MAXSIZE 1000 // @EEMNEKAKE
typedef struct {

ElemType data;

int cur;

-31-



}component, SLinkList[MAXSIZE];

XA FTEE FERREH"RBNBERABFRINES P EASEREN . £ L%
Mgt Eo  BAN— MO BET NS, RN AR GERE cod REBBHBRE A&
HAFHANNE, RANETHBTERLE A KRB EENE T4 4.
BN 2. 10 R IFE 2.6 HRIMENR. XFMFHEHRNTEB LS E 1K
KEyzsia AAEERE RN BANBRRENATBITE, NFBRHEH WA EHE
KREMEWHOEERA. Bl B2 100 RATH 2. 10 iR EREBBARE TR
“SHI” M BB IR G E“ZHENG  Z G PR BL . 0 T A4 BRI A R R K ), R
A XMHARARRANERES UBRSHE.

0 1 0 1
11 ZHAO —;d 1| ZHAO 2
21 QIAN 3 2| QIAN 3
3| SUN 4 3| SUN 4
4| LI 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 0
9 9| sHI 5
10 10

(a) (b)
B o210 #FmEsHEgRsH
(2) BHETERE; (D) BREHRE

B S 2 SLinkList B35 8, S[0]. cur ARFE - NE B AERATHME, HFX i=
SLo]. cur, ) S[i]. data FFEERHERBE NI ITE, B SLi]. cur ARPE AL HER
HPWE., —BER.EFINSTERRERNE kA5, 0 SL. cur #HREL+ 14
HEENNE., BEEBSERPTHARERVBEMDEERAM, IBERBER I R
&8 p, i=S[il. cur WHRELHRHIEE CEUT p=p—">next) , flf0, EHEHER
S H ) 2 K3 LocateElem #1B : 2. 13 iR,

int LocateElem_ SL(SLinkList S, ElemType e) {

JEBTRERURLPERE 1 MV eWLE.
/ ERELMEEEE L PHAEF, BUEER O,

i = 5[0].cur; /AR EPFE ISR
while (i & & S{i].data t= e) i=5[1i].cur; /) ERPINEER
return i

} // LocateElem SL

Hix 2.13
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X ol AT Y E R A R P S IR AR BRIRE R B RL . A 2. 10 a BT I, 18
SHEB YRR E RN R RTINEASHBRHAX 2.9.2.10 KL HARBNE,
28 o Bl P [ © 52 3 malloe A1 free S P BRM. 37 T %A 48 5 R BB IR
%%%%%%ﬁ*ﬁﬁﬁiﬁu&&iﬁﬂ%E‘Jﬁ%ﬂiiﬂ?ﬁ%ﬁi—*’l‘%}ﬁB‘J%i,ﬁ%iﬁﬁ?ﬁ
B TT A R BB — A S R R R A IR R R 2 EE R BR R B R
Mgk FRMgE SR ERER L.

AUELEE(A—B U B—ARFIRITRESHERNBE.

Bl2-3 BRGARMAESTE RABRLIRRES ANBSERS MEERAR
& BHTEGFRER S &, B EMN BARKTE, WA S RPMERZ ., BN ETR
WA S %E.

HEEEEWEL, RITASH 3 PR OBBMREEANBLR— TR ©
W& RS RBE A ORSHEAESNERA%EL A ANEL 2.14.2.15
2.16 fim.

void InitSpace. SL(SLinkList &space) {

/¥ — B space d1 & 4 BEEE B — % FA4E % - space[ 0]. cur k¢,
/) “OTRRERE
for (i = 0; i << MAXSIZE-1; ++ i) space[il.cur = i+1;

space[ MAXSIZE— 1].cur = 03
}// InitSpace_ SL

HE 2.14

int Malloc. SL(SLinkList &space) {
J EERTRERES BEESRNSE A TR, FRERE 0
i = space[0].cur;
if (space[0].cur) space[0].cur = space[i].cur;
return i;
} // Malloc. SL

HZEk 2.15

void Free . SL(SLinkList &space, int k) {
/B THEIkHSRESEIREERER

space[k].cur = space[0].cur; space[0].cur = k;
}// Free_SL

#HEk 2.16

void difference(SLinkList &space, int &5) {
J R AEA AR BHTTE B H space PRI FRREAB-BUB- B
/) HEAsEE, S HHELIH . BREASERS X, space(0]. cur JyFL k185t .

InitSpace_ SL(space); &} g
S =Malloc. SL(space); /ERSHLER
r=8; JriEE SHYIBESE R
scanf(m, n); /WA AFI BRTTE M
for (j = 1; 3 <= ms ++ 3 { J BRAER AKER

i = Malloc. SL(space); /R

scanf (space[ i].data); A AN TTERE

0330



space| rl.cur=1; r=1iy S BABRR

} o/ for
space r . cul = R R
for (3 = T:3-7= n: ++3){ JARKBMA B ITE EFREHRP,MEA T

/& 13
scanf(b); p = S; k = space[S].cur; / kEARFAPE-TER
while (k 1= space[r].cur & & space[k].data != b) {/ EXHEERPER
p = k; k = space[k].cur;
} //while
if (k ==space[r].cur) { S BRPAFEERLE BAEr IERZE A
/AL BEARE

i = Malloc. SL(space);

space[i].data = b;

space| i].cur = space[r].cur;

spacde[r].cur = i;
Y/ AE
else { Y BARCERP MR

space[p].cur = space|k].cur;

Free. SL{space, k);

if (r ==k) r = p; A EMBRMRE «c RIBE L WEBRREE
} // else

} // for
}/ difference

g% 2.17

EBEE2.17H, AE - MM TFREBERFPHEAE(EEG AFEREREAN
B HEKEA KRB I EFR 2 R NEF m K, MBS 2. 17T WA ERE RN
O(mXn),

space(0 ® 11) space(0 ¢ 11)

0 8 0 6
S 1 2 S 1 2
3 b 4 3 n 8
4 e 5 4 e 5
5 6 5 g 7
6 7 6 9
7 0 7 3
8 9 8 a 0
9 10 9 10
10 11 10 11
11 0 11 0

(a (b)

M2 ZBEWENSBSER
(a) BRAMEES:; (B FRA-BUB-ABHEERS
L] 34 L]



B2 11 BEE2ITHRITWRER., BiZES A=(cbse.g,frd),B=(a,b,n, f),
ME 2 IR RAES ANTEZFERNEER S MERASHERNRE, B
21D FIRIBNMAALES BRTUEIEER S PRKIAA o BB 6 38A n BB f
JEBR B . space[0]. cur Jg& FISERM L ME . r BIER 7,

2.3.2 ERER

fEEREE K (circular linked list) & A —FBAMBERFHENH. ENRRRERTERE
— R I R LA A BN E R Bl AR E— SR R TR
Bl P AR I 2. 12 PR A RN EER. R0, BT A S EENEFE

(@) (b)

B 212 BERER
(a) e F; (b)) BZH

EHREROREMRUEREL B ZHNETHERPRNEFEAREZ p K
p—=nextBEERNE, MEEMNEESE Tk

it EANEE Frmssetre (YT [ a
e AR L ITRE A2, 13C) fFR) , 1]

Exem L. mmsncaggar AT HEs
BB B — RN ERRS A @

FHFRLME. MRHEE 2. 131
TR ARG iR A (U B {153 ESIP

B 6H B AT, SE BB B O, & 3 13- (s
EREmE 2. 13(b) iR, )
2.3.3 WHEHER E2.13 NERENERESR

() WIS (b)) BHENE

UEITE SN FHEMNE ST R
F—ITHRrAEEEHOBHR A AFEIMEABERBMEHEEIEHME S &
BEIBLGEENEERNB NENRLEBEH L. BAER, EHFEERTD, NextElem 84
F7at A % OC1), T PriorElem BRAT I N OCn) . i 32 FR 4 4 25 3 B 8 0 ok (0 ik o, 7T
) W 16) & 3| (double linked list),

B4 B ENEERNGE SR ERAOHR, E—mAEE%. B—18 @ HE
B, ECESTUHARNT .

H====- KRN EREESEN - - - - -
typedef struct DulNode {

ElenType data;
struct DulLNode * prior;

035-



struct DulNode * next;
}DuLNode, » DuLinkList;

RS MIEFREL, WSRO AEREAR, B 2. BOFR ERTHEAM
AT 2. 14D FTIR A R RGNS R, ENEERD A dNBEARPE—

[ prior l clement | nexﬂ
@ =l (a3 Is] ][

(b)

B o214 X sERRH
(a) B A (b SHNRERER;: (o ESHNAETEE

45 S W84 CBI d 25 DuLinkList 21 8) , W B RF
d —> next —> prior = d —/> prior —> next = d

XA RARNE LM BT XS

TEWFEEEE G, HEE L. ListLength .GetElem 1 LocateElem & {UFH P R —1F
BB WEMHEEHRMELERNBRIEMREEHA HBREERAOAR . E
X[ % 2% o 7 TR B BB Ay el B AR gL B 2015 Al 2. 16 a3 R BoR T BRI AL
SEHREHERWEL . BB ESIIMEE 2. 19 f 2. 18 Fran, ME KA E E 2B 1y
H On),

@ P
Rl Sant —_
L e =E T
\-——-@ ——————— — ‘
B 2,15 FEREEEEP MRS B 2.16 fEMNMFERPBEBA TN
SRS AR B SR B

Status ListInsert_ DuL(DuLinkList &L, int i, ElenType e) {
VTR AN NERARERLPE i MU EZHWEATLE e
AOAMEERERN ISISKHEK ],
if (1 (p = GetElemP_Dul(L, 1))) 4/ ZELHPWEHAMLE

return ERROR; // p=NULL, B A B &
if (! (s = (DulLinkList)malloc(sgizeof (DulNode)))) return ERROR;
s~—>data = e;
s—>prior = p—>prior; p-—>prior—>next = s;
s—>next = p; p—>prior = s;
return OK;

}// ListInsert_Dul

#EHE 2.18
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Status ListDelete_ DuL(DuLinkList &L, int i, ElenType &e) {
J BBRELESANTNERFRERLANE i MR 1NEGEEN ISISKEK
i€ (1 (p = GetElemP.Dul(L, 1))) / ELHFRESR i MLRMAEHEH p
return ERROR; Y/ p=NULL, BI85 i MG RAFE
e = p——>data; :
p —>>prior —>next = p-—next;
p—>next —>prior = p->>prior;
free(p); return OK;
} / ListDelete. Dul

#HE 2.19

A BT R AT, B TR R 2 B A0 & BR) A B RE A BRI R R E B 3
T HRERSHAT . CRAUBRNERFEEN. AT, EUFEEFLATLLEEL
BAE, ISR R MR K B R WIBF RSB A — il i TRER D .G RZH
BX R AR RER B TR ELERTH L "HESE ML, MBHETREL
YegER PO A BRTIVE . WL, NSRRI R EE LR R R BRI,

— ARG AR R R R E LT .

typedef struct LNode {/ 45 S5 8!

ElemType data;

struct LNode * next;

} * Link, x Position;

typedef struct { /OEREKR
Link head, tail; / A FHEHNAHERPRHIEINBE-TMER
int len; /TR EESERPREBETEN N

}LinkList;

Status MakeNode( Link &p, ElemType e );

/Y ERH p FE B e B4 A, FHR [ OK; 35 43P 42 I, U 48 [B] ERROR
void FreeNode( Link &p );

/B p TR

Status InitList( LinkList &L );
J RE—IEHRESERL
Status DestroyList( LinkList &L );

/B NEE LLABEE
Status ClearList( LinkList &L );

JORBEER LERBNSR . ABEESEENEASH
Status InsKFirst( Link h, Link s );

/ ERhERAEEROLEE s TREABALERE -MERZH
Status DelFirst( Link h, Link &q );

/ BEmbigmAtaRNkE S - MBRERPHE ISR &R

Status Append ( LinkList &L, Link s );
/¥4t s BT (R UIESH S N — B SHBAEKHBR LNEBE —1EX
J2Z2E HUBERELNRBIREERFNEER

. 37



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

/) BMBRREEE L RHBRESIEY B, SR LYREBRATNBER
Status InsBefore ( LinkList & L, Link &p, Link s );

J B p EmMRHEE L — R s FTIERIEAE p T RZW,

/) FBRIEH o HRAFBANES
Status InsAfter ( LinkList &I, Link &-p, Link s )3

/B HmAUERLTH—TER, J%SET?SQ*)H%AEPF)W”%AZF

/R IEH pREFEANESR
Status SetCurElem ( Link &p, ElenType e);

J B pHERAKRERERFIN—ITEE B e EFH o AR PRBTRNE
ElemType GetCurElem ( Link p );

/ BHpigMRUERPH— TSR EE p FIEERFTRETERNE
Status ListEmpty ( LinkList L );

/) BEEYEEER L s, MR B TRUE, 75 MK |5 FALSE
int ListLength( LinkList L );

/ BEEUEERLPTETH
Position GetHead ( LinkList L );

/ BEREERLPLEANMLE
Position GetLast ( LinkList L );

/ BRERHERRLIRE-TEANMLE
Position PriorPos( LinkList L, Link p );

J BHpHmAHEXLPH -GS BE p A ANEENENNE,
/ EHTHIW, W3R B NULL
Position NextPos ( LinkList L, Link p );

/ EHp A EER LI — IR, zélil pITHE RN ERTHNIE,
A #ETJE 8k, WK 6 NULL
Status LocatePos ( LinkList L, int i, Link & p ) ;

A BB pRAREERLPE 1M ANLBIER OK, i R4 K F ERROR
Position LocateElem (LinkList L, ElenType e, Status ( % compare) (ElemType, ElenType));

/OBEREERLPE IS e B2 K compareOHERXFEWTENAE,

/ ERFEXREMNITE  RIK B NULL

Status ListTraverse(LinkList L, Status ( x visit)() );

/RS LEATERARE visitO, —8B visitOR B, MBIERM.

ELFREXHEESERNELEIE DB T DestroyList,ClearList, Remove, InsBe-
fore,PriorPos,LocatePos,LocateElem #1 ListTraverse i [a] E ERE L RIEK 22,
H A E R a ) E R EMMRKI K, Append $11E R B 8] B 2% B W AIE A B85 S BUR
E. AAXERERREZHLAENELE P TRINBBATEIMBRE AR
REFM M EEREERMAE, WAL 2.20 A 2. 21 PR,

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

A EFRGEANEREUERLNB iPMTRIABATE
if ( !LocatePos (L, i~ 1, h)) return ERROR; // ifHAHE

if ( ! MakeNode (s, e)) xeturn ERROR; VA F-X:2 - 55d. 3
InsFirst (h, 8); / MTABITHAFHNER. B i- 1T EARERNKER
return OK;

} // ListInsert_ L
- 38 L ]



HE 2.2

Status MergeList_ L(LinkList &la, LinkList &Lb, LinkList &1c
int ( * compare) (ElenType, ElemType) ) {
/) BRISESNRE La il Lb TR E B .
// V33F La F1 Lb B B G MR R Lo, Le T R BIRE B BT .
if (! InitList(Lc)) return ERROR; /T ZS (6] 4) B 2K W
ha = GetHead (La); hb = GetHead (Lb); ,/ ha I hb 43 51#§ M La # Lb PPt
pa == NextPos (La,ha); pb = NextPos (Lb,hb); // pa 1 pb 4} Bl #5 ] La #1 Lb H MaTH A
while (pad&pb) { // La 1 Lb e 28
a = GetCurElem (pa); b = GetCurElem (pb); / aflb NFRPHYALEITE
if ({ % compare)(a,b) <=0) { / a<b
DelFirst (ha,q); Append (Lc,q); pa == NextPos (La,ba); }
else { // a>b
DelFirst (hb,q); Append (Lc,q); pb = NextPos (Lb,hb): }

} //while

if (pa) Append (Lc, pa); /O La PRIRE S
else Append (Lc,pb); N b R RIRE S
FreeNode (ha); FreeNode (hb) A B La F Lb By3L 45 &
return OK;

} // MergeList_L

#HiE 2.21

Bk 2,20 B 2.21 Sr 90 EH: 2.0 A 2. 12 R E R, BN EERE
FATE TSR

2.4 —ILZ I HFRR KA

P AT R, B AR AR BRAH. ERE L, — T —TETRP, (0
AR TR AL
P.(x) = py + prx+ po’ + -+ pox”
Tl ARBE—TE. B ETENE, BRH- MR P RER:
P = (posprspzsspu)
H--TRE RS ERLR Ry WIFSHE,
B Q. (D F—Ttm KETR, FETRHRER QRER:
Q= (qo>q1+gz5"""qu)
sk — % m<a, WRAZHRMEMPLER R(O=P.(0+Q.(x) FHL&H
R = (po+quspr+qsD2 +qos*" s P T Quus Powt1s*** 5 Pr)
BRCERATTUS P.QAR RAMFHEMHEN, ERZIEAMMPRIERE L+ HHE
. B, tEHRNWERERAMAELTEELMRT . R, EEEHLAP, L0
A WRB TR LSRR, FRIRFFHESANBERKERERE. HHEELE
. 30



RORBETEERE BBMBRK EBINFEEERNBERKERERE. FHNRELE
T fn

S(x) = 14 327%%° 2,209
ML, B —KER 20001 BWRMERERRR, RPNA 3NEZTILER, XA
7 25 18] B TR B 0 IO 24 B A B, fEL R 40 2R R 7 B AR R B0 ) B 4R 0 0 IR N A % AR L B
it

— M EF BT — I8 n IRETX AT B B

P, (x) = pia + pya 4+ 4+ px (2-7)
Hi,p, BRE N e MW IETRECBHRE

0 e e < <e,=mn
HHR-IMKER m BN TEE AN BRI (REORAERTD WL EE
((prse)s(Paser) s s(Prsen)) (2-8)

B E—BWE LW P (0. ERFER T o+ 1(=m) P REBANE, Mk REEES
AP T RELSHEH—FHHE. ER. M T S(OEMNLTMA . XMERHERATE
=M.

PR F RV R PR B, B R (2-8) 8 LW — BT R W] LA PR A5 %R
FE. AXFEHNMHABRFHPBRAR -, WERESTXIEMMEENNE. & HATEHA
BEAT SR S A B 2003 00 R BOREE S iz B, R AR 20 T 0 R B IO AR A 45 4
Biw], BN R X FHERR. AW EE TR0 R AR SRR ARk
R—-TLEHANEH .

HMEBELAY T ZWAME XN

ADT Polynomial {

WIEIR:D={a;]| a; € TermSet, i=1,2,-,m, n>=0
TermSet PP BT TREFT M ETRRBMSHMERRERANEH )

&E*%:Rl = (<ai-—1 vai>|as—1 »a; €D, H a;-; :F'B(J*Eﬁ{a<ai *B@?&ﬁfﬁ,i= 2,41 }
EARRE.
CreatPolyn ( &P, m)
BREER - BA o THWABMEE Ex—TEWR P,
DestroyPolyn ( &P )
WG FRME . —~TETX P EFE.
PSR HH—TEHWA P,
PrintPolyn ( P )
MR —TEMKX PEFE.
BAEER ATHME -t £ WK P,
PolynLength( P )
MK —nEHR P EFLE.
BUEFR BE—-TEIX P PHTIR.
AddPolyn ( &Pa, &Pb )
M KA — L E TR Pa M Pb ELFFFE,
BELR. EREHXMMEZES B :Pa = Pa+Pb, HHH—TEL T Pb,
SubtractPolyn ( &Pa, &Pb )

e 40 o



BELER . ZHEESWRMBREBEHE,BP:Pa = Pa-Pb, HHH—TLEL W P,
MultiplyPolyn ( &Pa, &Pb)

Wih &M . — LA Pa fl Pb EFRTE,
BELGR . ZRETAATRSHE B Pa = PaxPb, HHH—TTEMA Fb,
}ADT Polynomial
SHFRE W —TEHR, BRI R ARAAHEEHN. Al B8 2. 17 PHEANX
HEENHER-TEHR Ay () =7+32+92 + 52" M— L HE TR By () =8z+
222" —9x, NEIHH R, BN EREREZTRNPH—T,

BN e IO AN B 0GB
NG e e[

F217 BWMKXAXNRETHEEN

T EH AL SRR NEEE?

WRAE— T Z AR I 953 EH - 3 TP —TT BT A 18 o R A9 T, X B &R
oM, EXMARE, MR METR"F B — TGN TR —TEHA A HEA
HAR BT, W4 HIR PR MBI F &

FEU , 32 B8 bR R B8 25 B Polynomial H B A BAE K E I “ME AR F )
EEAEFAER T ZEAFNTEZTAWERTHR. HEEMWINT BRIEE qa 70
qb S Bl R Z TR A MBI B F HE#HT HRENEDSE S W BRSSP RS
BOR, A TF) 3 MR . OFRET qa T84 S IR HUE <84 ob BT 45 KT 50E , U B2
BB qa IEFTRRENBAR MBI ER P E; OB qa MHEERANBHE> B
qb B4 sUB IR B0, MR IR 61 ob RIS R AR RS WA BR T X OFE
qa BRI 45 MAIE BUE =35 4T ob FTIBSS R W38 BUE, MK WA 55 5P B R JORI . & o
AAHE, WBY qa FHES SN REUE RN B ob IS RGRZ ABTX A KWER
OB BRAR LG L SRR IE S qa M ob BRI G A B, B 2. 17 R B AERRRN
ZHAAMIMERHMETRRERNE 2. 18 iR  BFHKIERZREEBRNE A

LTl (T[]
) e T

B 2.18 MNBARFMERR

EREZEBXMHMEBRA LT AF RN EFROSBRELEM REAZ A
WET . FEELBEEETEN R HAMMES . Fib, 23008008 7 158 20 LA
FARPEBE R I B A B AR R 52 AL

FEMIRARRE 2.3 WREXHEEFRRUER T - RPKHER, MRR—
TEFAMMNZREFHER. FFERNELIREELNSKEBERERLRRE, —£

|41a



REFRMNEEE SR, AFERNEAREELSRUEERENLAR, — &
LocateElem B B8 R R, — B &M 1A 5 % 2 #1718 A B9# 48 Orderlnsert, BL Ui
.

Status LocateElem (LinkList L, ElemType e, Position &a,
int ( * compare) (ElemType, ElemType));
/) EEREELPAES e B HE R conpare OIE K 0 HTTE U q /R LHE 4
/MY e g SR PLE 3R B TRUE; F W q #RE— 15 e R HE R compare O}
A AE>0 TR MR WAL E , 38 Bl FALSE
Status OrderInsert ( LinkList &L, ElemType e, int ( » compare)(ElenType, ElemType));

/B RHE B conpare ) A E HEN e HERBATEFERLOBELNE L
Gl 2-4 B EIEAA Polynomial FILIL .
typedef struct { / B FEm,. BHAMBAE R LinkList #EFTTR

float coef; VS
int  expn; VAL
Yterm, ElenType; // B2 %4  term i T4 ADT,ElenType Jy LinkList {3038 X R 4
typedef LinkList polynomialj J R RREANEFERERRZIA
N REABEWRBFERES - - - - -

void CreatPolyn ( polynomail &p, int m);

AT BERAER. BIRTR—AEZTANEFER?P
void DestroyPolyn ( polynomail &P );

/OEE--TERA P
void PrintPolyn ( polynomail P );

/ ITENSR Y — LB WA P
int PolynLength( polynomail P );

/ BE—TLERR P TR
void AddPolyn ( polynomail &Pa, polynomail &Pb );

/ RBREWAIMER, B .Pa = Pa+Pb, FHH—ITLEIA Pb
void SubtractPolyn ( polynomail &Pa, polynomail &pb ) ;

Y/ RBEFRAIBIEE B .Pa = Pa-Pb, MK —TLEHA Bb
void MultiplyPolyn ( polynomail &Pa, polynomail &pb);

N RBEGRARIEE B :Pa = PaxPb, B —TEHA Pb

H==— EABREGEERRED - - - - -

int cmp ( term a, termb );

YO a TS E < (R =) (E>)b MR EE . 2 BHEE - 1,0 f1+1

void CreatPolyn ( polynomail &P, int m) {

JOBAnTHHERRAMER BB R -TEAANEFELRP
InitList (P); h = GetHead (P);
e.coef = 0.0; e.expn = —1; SetCurBlem (h, &; / RELLEHHBBTEITR
for (i=1; i<=m; ++i){ / #HK&KEA n AT

scanf (e.coef, e.expn);

if (1 LocateElem ( P, e, q@, (*cmp) () ) { / MU Z P AEEZIEHW

if (MakeNode (s,e)) InsFirst (g, s); / £RELFBAHER

}

}
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} // CreatPolyn

BWix 222

void AddPolyn ( polynomial &Ppa, polynomial &rp) {
/) HTR M .Pa = Pa+Po, MAFAEARXMEKHR ST,
ha = GetHead (Pa); hb = GetHead (Pb); // ha #1 hb 45 ial Pa F1 Pb B K& &K
ga = NextPos (Pa,ha); gb = NextPos (Pb,hb); // ga fl gb 43456 Pa 7 Fb B METE R

while (qa && gb) { // qa #l qb eSS
a = GetCurElem (qa); b = GetCurElem (qb); // a®M bR FRPYUMLETE

switch ( * cmp(a,b)) {
case ~ 1, // #Wi: PA P NATLE AMEBEAN
ha = ga; qa = NextPos (Pa, qa); break;

case 0 J WEBEBERS
sum = a.coef + b.coef ;
if (sumt= 0.0) { / BHRBHX AP EHHEANRKME
SetCurElem (ga,sum) ; ha = ga; }
else { / BIBRLM PA P HATEE A
DelFirst (ha., qa); FreeNode (qa); }
DelFirst (hb, gb); FreeNode (qb); qb = NextPos (Pb, hb);
ga = NextPos (Pa, ha); break;
case 1; // %I PB A A4 R 18 E A
DelFirst (hb, gb); InsFirst( ha, gb);
gb = NextPos (Pb, hb); ha= NextPos(Pa,ha);brealk;

} // switch

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

FreeNode (hb). // ik Pb BILk&E &
} // AddPolyn

w|ix 2.23

A — T2 RAMRHE S, TUFMAREN—TERWRAHM BRI, B ARE
BETUAMAI—RFMMEEE. BiE A B@AIRC-DHEHR, M
M () =A(x) X B(x)
=A(z) X [bix" + bz + = + b,z ]

= Zn) bA(x)xs
Hp, §—T#HE - —TEHA.
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H35 F H A B

RAMASIRFHEENRELEN., NRESWAEE RSB RE R, K
PEFE TR MRS RERAERBENTE ENBRERRIKER, B, TH
AREHMPEEN . EABBRLEBARE, EMNENAERRKAHEMNFHRERNH
SHEXRY. BTN ENALESHRGRED, HIRLER R RHRFRITT, B
RERMPIEEH. AR TIHRRMATHE SRR EMETIS, BHG H— LA
HIBF .

3.1 &
3.1.1 HMSKBBABRHEN

B(stack) BRENERXRBHTBRARBRBRENRER., B, IREHR. KRR
WA EFRER S X BRI B TR (top) , AH M b , & 3k 3 Bk i B & (bottom) . AEFILE SRR
HERR.

BRIAR S=(ar1,a:,°0a,), W a) HRIETR 2, ARTBTR. RPTEK a1
azssa, BRFPHR BROFE-NTENIRDTE. BAER ROBBRKE
SeB A EMBITRCNE 3.1 ). B, 8 Xk Ei# 5% W (last in first out) £k
HE TR LIFO £, ERX TR FTAHE 3. 1) IR B E B R R R

ik i3

/1

R

- Q.

. —
T

u|;l -q—{—l-j‘ N ] !

B

(a) )]

3.1 %
() ROREE: (b BEBRAESERR

REEARER T ERTETHARMES, EFREHL A Z RBRRTUTR
%. TESHRMOHRBEERENE L.
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ADT Stack {
HiEI&E: D= a;| a, €ElenSet, i=1,2,>+,0, n=0}
HBIEXE:RI={ <a, ,,a>|a_,, €D, i=2,,n}
Y58 a5 A T ) SR R AR .
BEXBE:
InitStack(&S)
BRI — A2 S,
DestroyStack(&S)
VG KA AR S EFFTE,
PSR IR SHHRK.
ClearStack( &)
k&G R SCHEE.
BESER B SHIEHR.
StackEmpty(S)
M®HERG - RSEHFE.
BAESR AR S kR, iR [B] TRUE, & W FALSE,
StackLength(S)
WM FG R SERFE,
BAER ORI S W E NI IRMKEE.
GetTop(S, &e)
WMEEGE R SBHEEHES.
BREGR . HeBR SHRTITE.
Push( &S, e)
WME R R SERFE.
BAELER BATLTE e AFHRBTE.
Pop( &S, &e)
VIt &G R SEHEERIES.
PR MR SHRTTE. A e REIHE.
StackTraverse(S,visit())
MR &N R sEHEERIES,
ARG R DREFIRTUKE T S ST BE T EFMARY visit(), —H visitORK,
MR .

}ADT Stack

ABEUEREEPTIANRKE AN EE CHRBERE, R RE TR BB AN
B SE SO, I FRIBA TT R R 0 AR, MIBR R TUT R R0 IH AR .

3.1.2 HRHERRMIH

LR LN ARWA MR AR R T 8.

NG G » BIVER 4 WO P A7 465 4 2 1) R — 2 b ik % 5 9 77 A B DT ROR A B B RR IR B ARR
DB BARTT R - [l i B i 8 6t top IR RTT R EMFR P E . BT REEE
M top=0 RAZH, ET CIEFTHTHANTHRAEMN 0 FFE, WXL C EMRIESH .0
B RE SRR KR AE s 53 — J7 8 » it T ARAE 68 I 2 72 v 7 7 B3 ok &5 Je B9 R /MR MEA 3
He, —BRE, EMBE LSRN ANRERMBERER. —TREENBIEL kR
ROE - EAAE  REEMHIERS, YRNZEAGERANEZEYT K. ik, 1T
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WEFAY 8. STACK_ INIT_ SIZE (7 f# 75 6] 9] 44 5> B 8 ) #1 STACKINCREMENT
(FEREZS B4 ER s 80) . 30 DA TR B R BAE AT R B E X o
typedef struct {
SElemType * base;
SElemType * top;

int stacksize;
}SqStack;

For, stacksize $E R L AT AR AR . REWIHLREN RRENHTE
BT — KR L, base Al FR VAR R I 4T, EUF P EMA W ARIRWALE, &
base #{2 NULL, M| £ BIRGEMARFFLE. K cop AR TR &, HAMEE AR . B top=
base A] ¥ A% MIHRIE . B HIEA WA T TR A, 3541 top 3§ 1; BIBRER TITT K 6, 15 61
top W 1, Bk, ESHRPHRTUEEHBAERTOTRN T —MMEE. B 3.2 BRTM
Pk 8 TR AR DS Z MBI X R R &R

top
E
D
c P
top B
top
base base | A base A base A
A3.2 BRUHEMRPITEZHEAMXR
AT B iR p AR HR 0 B
// ===== ADT Stack I BREGELH =====
N BRI ERR -

# define STACK. INIT.SIZE 100; / TEEE E IR Bl B
# define STACKINCREMENT 10; /SR SRR
typedef struct {
SElenType « base; /ERWEZRIMHARLZS base JJ{H Yy NULL
SElemType * top; /RRTRHE &
int stacksize; BB RO EE, UTE R RA
}SgStack;
/A EARBENBHERHESE ---~-
Status InitStack (SqStack &S);
/ME— SRS
Status DestroyStack (SqStack &S);
/OB S, S TEAE
Status ClearStack (SgStack &S);
7 BSBEBAER
Status StackEmpty (SqStack S);
/ #F¥ S KAk, MR [ TRUE, 7% U iR [E] FALSE

o 46 o



int StackLength (SgStack S);
/RS 870 E B RIRR B K
Status GetTop (SgStack S. SElenType &e);
J AR WA e SR IE S R TR F , 313K 1Bl OK; & JU i& [5] ERROR
Status Push (SqStack &S, SElemType e);
/O AEATCE e ARERTTE
Status Pop (SgStack &S. SElemType &e);
7 ERAE MR S AR BITH B e & E R , 34 [E] OK; 75 35 [ ERROR
Status StackTraverse(SqStack S, Status ( % visit)());
A MR BIBR TR R P BN T EF AR visitO), —H visitO 0, W #4455 i

Y/ i EASEMREHR®ED ————-
Status InitStack (SqStack &S) {
VaCE
S.base = (SElemType * )malloc(STACK. INIT. SIZE * sizeof(SElemType)):
if () S.base) exit (OVERFLOW); /) A 4 BE 5
S.top = S.base:
S. stacksize = STACK_ INIT SIZE;
return OK:
}// InitStack

Status GetTop(SqStack S, SElemType &e) {
Y OERAE A ek [ SRR E . IR B OK; % M3 [8] ERROR

if (S.top == S.base) return ERROR;
e = % (S.top-1);
return OK:
}// GetTop

Status Push (SgStack &S, SElemType e) {
A EATTE e HFRTTTE
if (S.top ~ S.base >>= S.stacksize) {// i .8 INTE4E =S ]
S.base = (SElemType * ) realloc ( S.base,
(S.stacksize + STACKINCREMENT) * sizeof (SElemType));
if (1S.base) exit (OVERFLOW); //7E4if 4 Bt 5

S.top = S.base + S.stacksize;
S. stacksize += STACKINCREMENT;

}

* S.top++ = e; S data next

L T ]

BRI

return OK;
} // Push

Status Pop (SqStack &S, SElemType &e) {
AOERAE MR SHRTTE. B e REIHE, &M
OK; 75 1l 32 5] ERROR

if (S.top == S.base) return ERROR; - BIK

e = % —— S top;
return OK; , N
} // Pop B 3.3 HEthonERE
/
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MR R R — R ME 3.3 iR, B TRIBERKERBERREH, WER
HRIES T LB, ARG THE .

8.2 R AR b

mTREGEMAREH#HLT ﬁﬁ@ﬁﬁﬁ,ﬁﬁ&@ﬁﬁﬁiﬁﬁjﬂ MERILR. %4
WHEJLAMERBL A B SR T

3.2.1 ¥HEik

TR N MEAMd AR B ERETENSRA T ENER G, KBRTER
Z,H P HRERETTHIRER.

N=(N divd) Xd+N mod d (3. div ¥ BEEH ,mod HRAKZH)

40 . (1348) 1, = (2504) , R BB T .

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

BRAAERH - WETHERNBR . TRANIE - E0+ S8, T
W ERSENAERE. BT BRI BRI ARSI SLPUF = A\ 3 SR &
BOL, T FT B, — BOR VLR B L BIMR AL AT R AT B B AR . B, Rt R
A A8 A5 B B\ B A LR R U4 YRR B T B o B O 5 e A X R A9 A
ik g8

void conversion () {
AN TFRANEE—NERTHHBEEC TS H S HSEY ALK
InitStack(S); [ TE R
scanf (" %d",N);
while (N) {
Push(S, N % 8);
N = N/8;
}
while (! StackEmpty(s)) {
Pop(S,e);
printf ( "%d", e );
}

} // conversion

"E 3.1

EEMARKNELEHSERNBEARNG T, EXMFP RRENFIIRESL
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XY, E—RBARR, RE MR, BF, FHREFEHER . ARAHERLAL
WREAG? FRMT EREEREE S ROFIAMETREFRITHREE, W2 TAR
MEAERK, EEEWEANDT . MAKANUER T BRI AR, ﬁ:’%’-ﬁﬁkﬁﬂf%ﬁ?
B F A8 B S 4RI

3.2.2 IESLEMNER

BREXBXFAFCLEFRMNES . BESHTES, ARENBUFEE, IO

[ I DIHRERIB/A,LC DO (ODHAIFRERHBN. RRESES
PCECH T 3P A “HIRr BB B X MRSk MR . HlnF BT HESF.

CCL301>]

12345678
HHENERTE - ESR . EHNFESHRERNENAMESHHI, RTERMHL
BoAES M- ES DRARERN R, MENERSE M ESHERKY . FL
TESOHHI, R, BERHEE=ZAESD, HYSLEMNBERE -G
TERE WECAESHRERL I TEEANES . ERE M ESHHFLEH
RTR— TS ERZTEUNMESZE . BETESNEREANE HRZE .52
MESHRFLEREA YA REGERES T, SRR K. TR, XA EELEE
5REBAIHEYE. B EREEFRE- MR BREA - ES ERERES MREMH
BTHRTMBRSGENBFEUNER AERACENER  ERERES  WEN—I 5K
EREMAHEART, BRERANERPHOFTARNEEOPHN A ERET 4.
A BB NIRRT R LR E N, BEREBAZEENITERR.

3.2.3 {THRRBER

—IRENTHRBEEFONER  BZAFNAREANBFREE HEARSK
BEX. ATFHAELXS EHTRAN, ABRIERHZE Bt EERBBRF .S
EX-IMTFRIFARFBREX"HHEBRRNREN S, BIFHBERE, & —1 6
AZGHE, HUERZRAPFBAN—TFR REZTEARPFEER. AFRAPBAALE
HOIOFERAB RN AT LKW EE. G, 580 RANBIEAN— N FRRE S, 7]
HE—TRER 7 DR — N FRER MR RAYMBANTREERSRE
AR WA ARA — M BITR@”, RS HRT P FRA SRR, B, BN &R
ZTREWITFER:

whlift # ilrfte(sif % 8)
outcha@putchar( x s= # ++);

WL FRH AR T FIPAT

while ( * s)
putchar( * s++);

AU, TR MEARNE A —MREW, BYNLERBERZ T A FHZERENT
s 49 o



AR TRARRERSORRBITA W ZFFEARI MRE— BB, WA
RO E— N EH MR ER-NBRITH, WHEFRAREISR. ERCESRTRAEE
3.2 k.

void LineEdit() {
A FAFER S, NRIRBER—THERERAAIBRHAEKX .,
InitStack(S); A/ HEEES
ch = getchar(); /B RERE— TR
while (ch |= EOF) {//EOF H & XK
while (ch 1= EOF && ch !="\n") {
switch (ch) {
case '#'; Pop(S, c); break; //{{ ¥fRIEZATIRHR
case ‘@', ClearStack(S); break; /EHE SHTH
default : Push(S, ch); break; /H M FELFR, RELBERHKIEL
}
ch = getchar(); / MARWBURT—-1T9F
}
BARKIARTORAFHEXEAALIBHBER;
ClearStack(S); N/ EESHER
if (ch != EOF) ch = getchar();
}
DestroyStack(S) ;
}/ LineEdit

Msx 3.2

3.2.4 HEERMME

REEPAAOHEONFERER - TERNBFRTRE. dTItENFSRE
B E W R R R BORMH T, A A Ol &, R

BT, E R, WA, AFUEE An
BBE L $— B RERE AERA RGBS 2SS
BERAN . HTRIEEEALE EBenRmE 1T T 7
B AT B AR M EHRRRERADRY SO
MBS, FiERAEARNEEENAR YA Z
R R HRTTRNET . A 717

B ORI 3. 4 RN REE P AAA P A un
REE . BB RSO (U By k), A

AR ARLRN T RER) . FIRERLIER B 3.4 %k
B IERBHEE L ARER IR —EHER.

B LRI E R EERIRTRE N2 EE R EN T RAE WRRE
- RBENEEOREABEE A YA E TR, WA YRT 2", ek T —
NEHRR AR T B Y E”, M EE AT O F SR
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S T L M e 1) 7 B BT — S T, SRS B R R 1R 7 S G LA T 1 AR ERR K
EEE R T 4 A B R R MR BT LR BB E SR . BT T —
GBS SRR E A 4 A FE ORI EHSM IR, BRI SER
« g g g 427 AR TP FE AL B0 R “ M AT L BUE — @R B “PARR"HIRE
B MATRL B AR Y AT R 42 E B AT — B E BRI B AR B i AR

R E o —&MA DT O M RERNE LT RMANT .

HELMUBONEIACOMKE;
do {

ENFIEYTE,

m{ LR E ARG N MARE
HHMBRAHMOME, WEH; /7 RBBEBRERERS
ENYIH LA BN RS TR AT EEME

}
&=,
ERASHEHUBHEHMBTEREEER,
T 342 58 S5 B 24 BT 0 B A 7 O 4t O 1 R 4R B RO AR AL B A T — A BB
ERASERTM BN LA ARTE,
m{ MERTLE: /BRI 3 OB E R
ERAS NEHURFHRTMCE.
BHERI - ERESREHRERE
}
}while (B AR%);

TEBL, M UL — A AR LTI AT B AE, R RS E BT REE R, B EREK
FEALE AR B E SR, T BB MR B 2 b (BT R B AR A LR, AR
BN A RENEER(ENAEEEHRREE .

typedef struct {

int ord; JOBERERREEWHFS"

PosType seat; J BEREREPH LA

int di; / MIGEESRE T —EE RN A"
} SElemType; NOREITTERT

Status MazePath ( MazeType maze, PosType start, PosType end )
/ EXE naze RIFTEM A O start 8] 0 end §938 18, MR8 — KIERER T ARKEIR
// B, 338 [ TRUE; % JUl 38 [E] FALSE

InitStack(S); curpos = start; / BETYEME" RIADMNE"
curstep = 1; N BEE—F
do {
if (Pass (curpos)) { / ME{UBTUEDS.PEAYEIIHEER
FootPrint (curpos); / BTR®%E
e = ( curstep, curpos, 1 );
Push (S5,e); / MmAKE

if (curpos ==end) return (TRUE); , FlE&LAGHDD
curpos = NextPos ( curpos, 1 s // F-~ﬁ£§%%ﬁﬁﬁﬁﬂﬁﬁ—:%
curstep++ ; N BET—%
L] 51 .



Y/ if
else { / ME(fIBEFEEEL
if (! StackEmpty(S))
Pop (S,e);
while (e.di==4 && ! StackEmpty(S)) {
MarkPrint (e.seat); Pop (S,e); A/ BTARBRELRIC,HBE—5
}// while
if (e.di<4) {
e.di+t+; Push (S, e); VBT HaER
curpos = NextPos (e.seat e.di ); g REYWMMERZE A LSS
VAL
Y/ if
}// else
}while ( ! StackEmpty(S) );
return (FALSE) ;
} // MazePath

HZ= 3.3

3.2.5 RFEAKRE

EBEARERBFRITESHREPH —DBREARRE. EHTHARRMAHL—4
HAETF., XENFE-FEREW. AEANES, EERBAMERE”.

BE—AREIXBIFERLEHREN - MBESFEH  REHEN R ERME, B
EEEB ERABERAR. A, B TEHHEREZXIRKME:

442x%x3—10/5

BERETHERTUNZEMMN, B,

(1) SE3eBk, J5 s ;

(2) NEHBL;

3) BFESH, GHESS.
M, X EARFIRX W T B F A

44+2%x3—-10/5=4+6—10/5=10—10/5=10—2 =8

BRARCBERARBEBXMEEMREXRZNAERLHANFEXRN VR EREBRITH.

' A — A~ Tk X E R By B AE B (operand) 35 B 4 (operator) Fl 52 PR 4F (delimiter) £
B AR BN N8R, — s, AR URA R RO T UR BRI T ER TR
WRMGEERTUNNERBER XREERA BB EERN I A RRAE LS
FEEMBEXLERAFE. ATHRMEE, RIVGHEHAEREZAKXWRERSE, X
MREXRGMB.RBF4MEER. EEAEHER BE—RYEER L.

BRIMEZERANARFERIBER, CIIARNESHE RN OP, BIE LR 3 £33
BAN EEENE £, ERB M EANERO Mo, THMNREXLEEZEZRAT
H3IMERZ—;

0, <0, 0, WILXEAUET 6,
. 52 o



61 =62 61 mﬁﬁ%*ﬂ%? 62
8,>0, 6 WILERET 0,
%31 EXTERZAMXMRLEXLR.

#3.1 HPpEBREXER

01 § + i / ( : i
+ > > < < < > >
- > > < < < > >
* > > > > < > >
/ > > > > < > >
C < < < < <Z =
) > > > > > >
# < < < < < =

BERI(3), 4. — . % F1/K 0, B EESETFCERFO”, MM, 4 6 =
9, B, 4 0,>>6,,“#"BREFRNMNERHS. ITEEAE, EREANBRLHABER—F
“u I REARERN—WEE., RPRCO="FRYELAESHAR . ESAKE
BEBER., FAE,“#7="4"RRENRRLRBERE. VHFCH"5DURC
Beg >R RMELE XRANEZRFAAFCNMHAHLIR, —BEBBXMHHELR, W
AN BT EESER, ETENTES, RNEEEFTAANREIIASHAERE
iR,

NLRBERMAEE, TUMARAS LER. — % OPTR, HUFHF2ER; 5
—AFR i OPND, AU REHAREELER. FENEFTEE:

() HEERERRISR, ZEXARBRE"HEEFROBRETE;

Q) RRBEAZZRXPFENFH, & EBRERN# OPND %, % £ 8 85 A U M
OPTR R T B A LB M ARG EM M 8, HEB N R B RMESTHE (B OPTR
RERTLRMYERANFERINH").

B AMBRTXNRELRE.

OperandType EvaluateExpression() {

/ BEARIRRRMEGEFRE Y. # OPTR f1 OBND 4518 Z EARMB R AR,
/ OPRHEBEBERES.
InitStack (OPTR); Push (OPTR, # ');
initStack (OPND); ¢ = getchar();
while (c!="4#' | GetTop(OPTR)!="#") {
if (11In(c, OP)){Push((OPND, c); c = getcharO; }  / FREBEFNHHE
else
switch (Precede(GetTop(OPTR), ¢)) {
case '<'; [/ BRTTEMRENK
Push(OPTR, ¢); c = getchar();

break;

case '=', ) BESHENT -FHF
Pop(OPTR, x); ¢ = getchar();
break;
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case '>': /BRI HEELERAK
Pop(OPTR, theta);
Pop(OPND, b); Pop(OPND, a);
Push(OPND, Operate(a, theta, b));
break;
Y/ switch
}// while
return GetTop(OPND) ;
} // EvaluateExpression

Bx 3.4

BEEPEEB TR, EP Precede BHEBBMFRMNRDEZRMA 0 S5iAW
BEF 0, Z AR K RAEE; Operate T ZITIEH o« 0 0 MR MR RZRIFERDL
2, W 7= A X A~ 3 B 0 — 2 RE D 48 2 IR (81 78 RS SR B0 b (B] 28 B 47 5 IR R M R PR AT ek
RO EFHITRERE JFREBHENSER.

B 3-1 R B EvaluateExpression reduced WE AR FERX 3« (T—2)RKE ¥4
SRR,

L OPTR # OPND #% MAFH F EBE
] # 3« (7T—=2)4# PUSH(OPND,*3”)
2 k=4 3 *(7T—2)4# PUSH(OPTR.® = ")
3 a4 % 3 (=242 PUSH(OPTR,. ‘()
4 2% 3 -2 % PUSH(OPND,“7%)
5 # % ( 37 —2)# PUSH(OPTR,*—")
6 2 % (— 37 AR PUSH(OPND,*2%)
7 oo (— 372 pE: operate(‘77,¢—-",*2")
3 = 35 ) # POPCOPTRY{# s — X34}
Yy g % 35 S operate(*37,¢ % *,°5")
10 € 15 -4 RETURN(GETTOP (OPND))

3.3 HRES#HHELIHN

R AT EERHRERFRINEFTEABEE. ~THENAACSR#ET £
SN E) i P ] (T4 T AR L eR B AR A U R

BEAERFRITF - PMEANRN TR, H— AREBCERBEBRHE XK, KK
27 B B 3R R %

Factn) = || &n=0 (3-1)
ln-Fact(n—l) ZEu>>0
2 B Fibonacei %
J() Hn=0
Fib(n) =<1 Fn=1 (3-2)

]\Fih(n —1)+Fib(rn—2) HMHE
Hl Ackerman pR%

o« 5 .



n+1 FEm=0
Ack(m,n) ={Ac’k(m—1,1) : Fn=0 (3-3)

Ack(m —1,Ack(m,n—1))  HAIEE
g M H MBS, I TIUR T RS, B T WA S BA B, IR g): ok
VM IEBER = . R - KRS, ARNEESREABRNBEBEW, @Fﬁﬁﬂ*ﬁ

Wi AR R B 8, 0\ B /5 A&, Hanoi ¥ RIS,
%132 (n B Hanoi S RIEDBEAE 3 M2 HMEN XYM Z H‘Jtt@ FEEE X b
HE o MNEBAMERAHEKDBKRESH 1,2,

X Y z n R CINE 3.5 Frw). ﬂ?*%xmiﬂgn)f‘@
BT Z b I8 R R F & HE, B 8% a2

SSSSNSSASNNN]

SRR FIHLI
() SR ABB—H;
B 5.5 3B Hanol (2) BT AL X.Y F1 Z HA4E— 5 |
R (3) AEATRS 240 B4 — Bk I R AR/
BB L.

AT RBEELHNRER? Lo=160, HELERE, AERRSH 1 HEZN
W X HEBEIREZ LEIE ;Y >1 6, BWAIAKE Y ERBE R, FREAHEAE
HERnWEAKZ L —1 AERMIERE XUKB ERRMDBERE Y b, W5
HENnWEASNEEXBEEEZ L AFEREEY LK n—1 MEKUKER ERE
MO EEEE Z b, TR n—1 MEZA—EEBE SR —NEERRERE— MR
T6) 5 LA A [E]  E J YE f R R, RO IR AR R R/ 1, R G T AR R R Y 7 SR k. B
AB MBS 3.5 FiRKRME n BY Hanoi EAEK C K.

void banoi (int n, char x, char y, char z)

) HEE x FRERK/ABAKEALET FAESN 1 E n il n M E &N #3)
/ EEz b,y TTRERBIERE.

// WA move (x, n, 2) AE XN (c RUEN 0 HLRTR, MMBHHHO .
// printf(" % i. Move disk % ifrom %c to %c\n", t+c, n, x, 2);

{

if (n==1)
move(x, 1, 2); /HERREERN1IVRAEN =B 2

else {
hanoi(n-1, x, z, ¥); /¥ x RSN 1 En- 1 HEHABA v, z (E5RIE
move(x, n, z); VHERSI nHERN B 2

hanoi(n-1, y, X, 25 /Wy EREN 1 En-1 WEHABI 2, x AEEK
}

O 00~ U W N

——

Hx 3.5

BR,XE—BERE ERROPITER P . WERHETHRAM. TR, X7R
BRI EEEBRRRRZRAETHANEL.
SCHBRFRITFERFNFRF 20 88 &R E X BRARL £/ RIET

055.



WEES, AHERREREAREOZANEERE R RTEIREKETT.

EE, ME—BRMETHEARR R, EE T REAARRZ,. RER
FSERR 3 M. (DM T M LASE R [ k45 8558 4 80R A R BURTE (2)
WA RN RARERDEAME; OBERNEBIBAREMAD . TSR/ BB
ERARRZ, REGNER 3BT (DREHRRABRMITELEE; OBBEAE
B BUE K 5 () 4K BB A R BUR A R E stk R B RAA R . YA 21 Rl
AL A A, $ RS A R SR [ 7 B R bR R g IR B R BB R A B A8
R EER, DRABENTBRFBEAH AT ORES BZHE—MRP, BYHA -1
EEE RN EERTAAE — M FHE, 84N - RECRH N, B E X, 2
HEETWRERNEERLERT. M, EE 3.6(c) HiR E BH main FHAT RE
first, i 26 AR 4% first XA T B ¥ second, WA 3. 6 (a) BAR T X 87 IE 76 04T BB 4K sec-
ond HEAE B AR BORAS , T B 3. 6 (b)BR M B B second 38 H 2 /5 TEHAT W HK first
rh 3L ANE A R R S (B DB m AR S F R R E ) .
void first(int s, intt);

void second(int d);
void main(){

2
i

int m, n;

- 3 g =

first (m, n);
;...

}

P | < w

int first (dnt's, int £){
(a) tint iy

gsecond (1);
2, ...
}

T s

int second (int d){
int x, V'E

= 4

(b . (e

B 3.6 FEI main HATHEEBTRARE

—MNMEHREMBTIBEMTFE N REREAR, 2R AR EA R
RRE—R¥GEE, MBERAAELN - T EENRERBHARBETH ER. BR
WHAZRBEREMERB AR MAERBEAAREREARAR L ENE i BB
HERAARBAIHAT B ME i+1 R, RZ,BHE  ZRAMERE -2,

O FERWAPAATERBMNFERKANAHARY . REXBIBRAAEK.
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BIsE i —1 2. % TARIERH BRI ERHIAT, REB R — B H THER OB 2
HESCEIT A AN REERE. S—BERRARBEAMR N THER".HPE
ERENLESE. FTENRBERURE—BHEEL. SEA-BBH,.R>E—
AT ITIEICEEART. SRHE—EBH, RART A T/ARR, N ARG R
B TAEIE SR IR TERRTN T/AETFE, RXME RN WEIHCR”, FHRERGEIC
FRRTIRS N LRIFBIRE.

B, ® 3.7 BR TiEA

hanoi(3,a,b,c) (3-4)

BT AR O BB AR H R RNE 3 H R BT HR [ 2 R0 i B TAERREH
TAER . HTEE S FIRNBEHREP RS 4+ MSE NSNS THELREE 4
WS R F ik 4 AN LESEG I DU IH R P RIEN TS RE B ik, BB
ERPAEEHIE R 0. B 3.7 F P RARBEE .

LhEE.ERAEEMEAARRZ BR—EERSENE, W E2ES 5T
. B, B MBFRIHESHA T ACATNERT R QFEEAEARBM TSR
R EAAERS) . RERSERERBHEIHAT.

mMFBHERENEN . BFZE. MEENEREERBIENR, Bk, #IH TR
HARAKES PN CES HTRFRIN . AAPRHBFMARBRERBAY
B, AAXE—RBERBEREN  AFH/ BB RERETEBATIER.

#EERZKRE wooom

Hiz i1 175 4) BB TERRE
i )=3/ ¢ 75 (i&iﬂ:mﬁmﬁﬂfﬁ,ﬂﬁ)

1,2,4 MEFRBHAE-ERRH
! ’ s b L EREEA S, Bl
5 » 0,3,a,b,c
' I"E‘p‘l AT A T — .

1,2,4, 2 H % — B RS (1) 5 #
2 » 6,2,a,c,b AR B S
0,3,a,b,c 5.

ME = EMES S #
b ,_L AB=ERH, WGFEHR

1

] 1,2,3, | b 6,1,a,b,c tL[ | M3, %1 5HAHa B
9 6,2,a,¢,b I‘l:a [ B JFANBRUDIBHE

0,3,a,b,c ZEBRHAGERZEHS _BEY
B (6.

—"

, . H2BHEEHN BEDbE,
2 |6,7 » 6,2,2,c5b ,_L WEHUEDTHAT—R
0,3,a,b, i

asbsc — B8,

Bl 3.7 Hanoi KB R EHKEZTAEE

O EQQI‘%&‘J%Q\EEP,—&#%%%lﬂﬁﬂaiﬁm*ﬂikﬁﬂaiﬁﬂiﬁ—&bﬂ,ﬁn‘t,ﬁﬁ] A E&BEBRANLR
L.
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HB B TiE BT RERRE i & ‘ "
%@1 79 | GEiton . x .y E.2 5 REA&KR W

¥15HEHcBEDE,

1,2,3, | » 8,1,c,a,b WEGUHIBRKE =R,
8 9 6,2,a,¢,b 3 b ¢ BEEE _RMWEM
[ 0,3,abe (D8,
- ch1 AEHNGDIBHB=R,
2 8,9 > 6,2,a.c,b BEEE —-RBNEAN
0,3,a,b,c U786,
BISHEH aBE /T,
1 6,7 a b c MNEAUDTHAT -
’ 0,3,a,b,c l: jéEn
R EE NN — == W R MIE A DS |
»2,b,a,c .
5 Otsiaybsc A%_‘Eﬁﬁn
e b e #1SHAMbBE S,
1,2,3, | » 6,1,b,c,a MNEBUDIBHEBE=R
ol 8,2,ba,c — BEGEEES ZREA
0,3,a,b,c FPs.
a b c W2EHEHbRE S,

2 6,7 » 8,2,b,a,c MEMUDTHAT B
0,3,a,b,c J‘L J rJ::L] &I,

WISEEH aBECR,

1,2,3, y1,32,0D,
e ’ :;:bc WiEA )9 B = 2,
9343 DsayC
EEEE R ERNS,
0,3,a,b,c . b .
s lao TIL [ EEH MER GO BHE 2,
, o BEIES— BEA T8,
Oysvavbyc
1 8,9 MBAGEIBHBEME
’ 0.3:asb,¢ A EE L
0 kS WK ETT E R

B 3.7(8)

3.4 BA %1
3.4.1 HISBEXRBUINEX
FER AR, BA B (queue) B —Fh 5E HE 5c ) (first in first out, 5 H N FIFOO &M%,

ERAFERN—WHAETEA MES —HMERTR. XMBRMNEEEFFOHNR—
« 58 »



Wi, BB HANIWTEREEIF. ERFIF, RFEA M — 5 UM (rear), fLIF

T B4 £9 — 3 50 B A BA 3k (front) . R BA S

Hg=(araz,ra.)  B4,a MBALT  wps

ﬂl az aa hadd a

.o, WELNETR. BAFITHITREER | ]
aysaz s+ ra, BIIBUT #EA B 3B H BA S i R R BA
HREXARFRREBL ORER, RAEE * &
aysazstttra, BB FFAFI Z S5 a, A BEIR HY H3.8 BAFIKRER

WFl, B 3.8 BAFINAEE.

ABS

AR R B E U, — A RRBNH TRERERKFOMLHENR. &
AEZEBFETHHTENLRSET, AREJLMELERT. NREFNERSFEED
S AR 1 B B TR 1 5 U HE BN o 5 R 0 5 T B R M o £
S50, BASK B FE kS A BA B oS S R . FLJR R PR A BA R AT

BA T B384 55 4R AU IRAE 2 0L, o 8 A , TR D B0 2 A B 2 70 2 00 3 6 C B BA 3k ) 4T

T 48t BA S i R B R L

ADT Queue {
@& .D={a;| a, €ElemSet, i=1,2,-+,n, n=>0}
BWI/AF RI={(<a; 1,a,> | a;1, &, €D, i=2,~+,n}
AR a ATk a MR BAFI R .
HEEBRIE:
InitQueue(&Q)
BAEER A ZAT O,
DestroyQueue( &Q)
MR &4 AT QB AT,
BESR A QHER ABEE.
ClearQueue( &Q)
WiE &M AT QB E.
CBESR O O AT
QueueEmpty(Q)
Wh & AT QEHFE.
BELG R F 0 RS, WK 6] TRUE, B FALSE,
QueueLength(Q)
W& AT QB FE.
BEERGER OMITEANEGRIAFINKE.
GetHead(Q, &e) ‘
Bih&AQ HEEBAF.
BEER  FHeBHE OMALITE.,
EnQueue(&Q, e)
k&G AT QEFE.
BRIELER - BATK e HONFHIEBTE.
DeQueue(&-Q, &.e)
WA KA Q HIEERAT.
BEER MR OMWBALTE B e BEHME.
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QueueTraverse(Q, visit())
MR AR 0BRSS,
MAELR, Bk BB R KK 0 B8 MR T R 8 M visitO, — B visitO
R, MBRER '

}ADT Queue

MRAECL, AR BLEEERTI HK AN N EE LRI, S B HE
TLRRBENHABFAE XL

B TARFIBAFN Z 5, B — b BR 2 M JUHE 45 F B T BA 3 (deque) .

U A5 R PR 2 48 AR I BR R ZE R MBI AT IO R 2. X TR0 40 B AR B3 5 1
¥R 2CaNE 3.9C) Bian) . Al RAR—AF , 7T LU R — N BRI 5 9 P 48 OF Lb i WU 0 BA 571
NP 3. 9CbY TR . FESEBRAE A o 35 7T LA 4 114 32 R 9 O BA 3 (B — /3 S P I A
FIMIBR , 55 — N30 R A3 A B B0 BA 3D 045 A 32 BB A XU BA 5 (B — /N33 AR R i 46
AT o 55— A 5 R SR I R 0 SO BAS1DD o T 00 57 R S M3 BA 30 BB 0 1A
TE R R AE R AU BR » 2 XU BA S R 45 AR A A AR R A AR AR T

BA — A
me % % T M — e
W1 w2
(a)

SO TR T o
o NTEERR
. > WL TR LT TN

Bl 3.9 DlmbAslREE
(2) IUmBAF;  (b) SREHHN

REIAFIERR AT LLARFIBAFI E R G, H L Br bR AR FImA RARFIBA
FIH L B AR T8 .

3.4.2 S —BASIEEXRRMELIHY

L PERILL, RSB A R EMER. ,

e RFR WS B PRSI, I 3. 10 fiR., —MERFIBATEFRAN 4514
Ak FBAB B S (BRI R IED A B —fE. B, KHRW 5
B RATREFERL, RITEWAEATIBR I — D LG4 H 4 L8k 4 K.
H G, 25 B BA S B I B AR 4 D0 Sk R 4 PR 4 41 238 3L 5 K, 0 3. 11(a) Fm .

NS A BRIEBI N BRI AT BR R A BRI 0L, RE M BB BRI Rk
AL B 3 11D~ (D BAR T XA BRIEHTR B BIMER. THRBERFISR
BRI
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Q. front [ =771 A
Q.rear | — 7
(a)
data next .
Q. front [ - 7 A
oo g B
b
Bx Q front [F—=f7T {5 {7 [A]
Q.rear | ]
© —
s Qtrone [ 1] [2]3
Q. rear |, |
T A e @
B 3.10 HEBAFIREE 3.11 BAFIBHIES BMRE
(a) AT, (b )‘Eﬁ x ABAF;
() JLE y ABRFY; (D) JTE x HBAF
// ===== BDT Queue R RGLHY =====
H === BRI — IR TREN ————-
typedef struct QNode {
QElemType data;

struct QNode % next;
}ONode, * QueuePtr;
typedef struct {
QueuePtr front; // BALIR4H
QueuePtr rear; // ARBIRE
}LinkQueue;

/=== 2 B O B ORI Y —— -
Status InitQueue (LinkQueue &Q)
/ HBE—"EEAF 0
Status DestroyQueue (LinkQueue &Q)
/) BT Q,Q REHFIE
Status ClearQueue (LinkQueue &Q)
/4% Qi Kz BT
Status QueueEmpty (LinkQueue Q) )
/ FBAF Q K2 BAF] , W& [B] TRUE, 75 M 3% [6] FALSE
int QueueLength (LinkQueue Q)
A BB QBITE A, BN R BAS R BE
Status GetHead (LinkQueue Q, QElemType &e)
N EBRFIARZE WA e B H Q MBALITE , 33K [ OK; 7 MIE [E] ERROR
Status EnQuéue (LinkQueue &Q, QElenType &)
N BATR e AOWFHUELE
Status DeQueue (LinkQueue &0, QElenType &.e)
A BERFIRZ R Q Bk TTH , i e iR B AR, 38 F OK;
// 75 M8 [E] ERROR '
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Status QueueTraverse(LinkQueue Q, visit())

/ MBSk BIBA B K X BAF) O P BN TR A RE visitO. — B visit KL MBREERK

W -—==- EFRAEREERA ) -
Status InitQueue (LinkQueue &0Q) {
N WE-ANERFQ
Q.front = Q.rear = (QueuePtr)malloc(sizeof(QNode));
if (1Q.front) exit (OVERFLOW); /EER R
Q. front —>next = NOLL;
return OK;

}

Status DestroyQueue (LinkQueue &0Q) {
/BB Q
while (Q. front) {
Q.rear = Q. front —>next;
free (Q. front);
Q. front = Q.rear;
}

return OK;

}

Status EnQueue (LinkQueue &0, QElenType e) {
H/ BATE e B OMBFHIRETE
p = (QueuePtr) malloc (sizeof (QNode));
if (1p) exit (OVERFLOW); VE:3: pid: W
p—>data = e; p-—>next = NULL;
Q. rear ~>next = p;
Q.rear = p;
return OK;

}

Status DeQueue (LinkQueue &0, QElemType &e) {
N BERIIARE, MR QB LT R, A e iR BV HAH, 338 B OK;
// & WIig 8] 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. front;
free (p);
return OK;

}

ELRBERHBEEH#RT, FREEEEMNBRMFII AT REERFTHERERL. — R
T, BRI KT R (U BB AL S KPR EHYRFI P BE— T REME, A
.« 62



FIREBHBERT . HRENAREHEFREGERLE L.
3.4.3 fBRIRPAT—BAFIRIIBRFF RAFAKI

FONF 5 AR A 28 181, 7E BA B B0 A2 5 40 v L BR T P — 4L 3t b 3% 6 40 7 A B TR I
BN BAF 3k B BAFI R B TR 2 41, 1 T B WA #6 4F front #1 rear 43 I35 7R BAFI kTR
BSIRTENMNE. N TECESHPHARAFEER, ERHRINYE.: WHRMALEEAT
W, 4 front—rear=0, 8 ¥HAFHAF B ICES, “BIRE W 17; B LMERAFI L TE
B, “hgEMHE 17, HE ST, KB RAIE AT R TR, MRBHEH B L E

BAFIBITEM T — N E, i 3. 12 fix.

Q. rear
Q. front

o = N W e

(a)

Q. rear [

Q. rear

Q. front JS

Q. front
e |

(b)

() (@

B 312 L. BEHMAFIPTRZIEERE

(a) RS s (b) J1.J2 1 Js ABBEABNF ; (o> J1 F0 J; AHAEHE MBS

(d) JoJs Fil Js tHEBABRFIZE Js & T4 SRR

BT LA/ ARSI o BCA B K= 6] 6, W) 25 BAI b F B 3. 12(d) B4R 25 B8 7R B -4k &2
BWAFWMETER . BN SRS A mESEF BRI, AW XA T W F
BRARKE TR A BREY R ASE, B ARSI WEFRA SRR L. —MR5Y
B 8 R O A 30 s 89 — > SRR 10 35 1R 40
313 PR IRZ NGNS . R4 FBAF) L K Z 6
KEARZE, A 3. 14(a) R85 A5, BA 5 3k o
EEL.BAFIBTERI . ZE JeJ, #1], kA,
MIBAZ] =5 8] ¥ 8% o5 6, @ 3. 14 (b) Br 7, U B
Q. front= Q. rear; R Z, & J:.J« F1 J; A4k N H
3 U4BBAT PR, FERAFI R “S7HRE,
B3 14 mn. M BHFEXERX Q front=
Q. rear, HHLAI L, REZ R Q. front= Q. rear 1k
FIFBAF S AR SRR W, AIARMAETE . H—RBE—MrE A LXK 315
RBPERWH_RILA—NTETH, AL T LIBH AT BT — AL
BEERRWT B EERAFI 2 REMRE.

MNERFHFATR,ECEFTIARAIS I —EHARLHBEHRAT ., RS
PSR R A TGRS, WA B e — B ORBA S B 5 25 A P 6 ok B4 B

B 3.13 fEFBAFIRER
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B 3.14 {EFBASIML RIS
(@) —Mtlol; (b BAFH#e; (o) FEH

BABY B B KA B B SR B BA B
TEPFBAF KR BB AN T .

/o= IS —— AT BT FE 5 -
$#idefine MAXQSIZE 100 /B ABFIKE
typedef struct {

QEleaType « base; /BB B A 4 BEAE B S R

int front; AR EAFIR S AL T E

int rear; AR ENIIAS BEAFETEN T - NE
}SaQueue;
N o——=== EHFAFT W HEARENBEERR ——-—-

Status InitQueue (SqQueue &Q) {
Y/ HE—-2 50
Q.base = (QElenType * ) malloc (MAXQSIZE * sizeof (QElenType));
if (1Q.base) exit (OVERFLOW); /FEEE4Ed&K
Q.front = Q.rear = 0;
return OK;

}

int Queuelength (SgQueue Q) {
/IR Q M TT AN, B BA T py & B
return (Q.rear - Q. front + MAXQSIZE) % MAXQSIZE;



Status EnQueue (SqQueue &Q, QElemType e) {
/ BATE e N OMNFHIBTR
if ((Q.rear+1) % MAXQSIZE == Q.front) return ERROR; // BA %Y
Q.base[ Q. rear ] = e;
Q.rear = (Q.rear+ 1) % MAXQSIZE;
return OK;

}

Status DeQueue (SqQueue &Q, OElenType &e) {
[ BHRFIARE, MM Q WAL TE, A e BB KM, iR E OK,
// 7 Wig [E ERROR
if (Q.front == Q.rear) return ERROR;
e = Q.base[Q. front];
Q. front = (Q.front+1) % MAXQSIZE;
return OK;

3.5 BERCEIER

EHEERS . RNEBFLABIFEATHEPHSERRF IR EZHAAER. X
B-REINENBEFEFTEMINIIMEERZ ROBRELEHN, ﬂ&%ﬁ)\@]é@ﬂ“ﬂ
MARNFZ—. XEHREENE—ETLE WELRRF,

BEEBRTEANHOMNSIZERES NERBOGITNIRAHEEHEARIT. B
FENMEOERINARBER-IFF  BREEFEF ABASNFESNH ORIIRK
HEBA, X FRIGEABTHEF , MRENMFONLFRESH, W] Errh B & k2,
HEANEOBFEPS MESHEABRLHINMEEE. AETERE —TIBFU
BRI XA S ESIHTE - RPE P ERTER NV HE.

HTHEX PR E, RIARTEEEGNF P A BRTHEFRTER 0
Z,EEBREMERNENENERTHEERE. FAEMEENAENEME XA
HEABTHOEFHRERFREFYNE. FEFBXETMEFRITXIHNNZRE
B R, WA BB PP R 3 R A B S8 /5 IIUF #E 1T AL B, ke — LR T
RE GRS, H 3. 6 HIRMER FRBRGTEF NEEEGESIEURF.

void Bank.- Simulation(int CloseTime) { . :
/BRI FEEL Gt — fWEFEﬁﬁ@QH‘H‘ﬂﬂTH

OpenForDay ( ) ‘ VA& 11
while (MoreEvent) {
EventDrived(OccurTime, EventType) ; V& 431

switch (EventType) { 4
case ‘A’ ; CustomerArrived( ); break; Y/ EEPIREST

case 'D’ ; CustomerDeparture( ); break; J B EPBETEG
default : Invalid( );

}// switch
L] 65 -



}// while
CloseForDay; /T ESE 39S B ]
} / Bank. Simulation

HE 3.6

TEHITEELBRFHEZH, LB TREARF IR EN RIS R HRE.

B3 6 MENFENSEESH . BHNEERREFHLRAMFHREMRZ] .
BHEPLEOEAERE. —REEPFARES: B -KREPFEREE, T—RBEH4EL
H R ZIBE R P Ik B R G —RE 4 & ot 20 h & 535 P e RS R BT AR
BHETE. HTREBRSREEFRAER N EEITTHT MWEHARNEEFR HE
EReREAFBRESE.

BEUBRFPEEN A —FMREENERZFEF MBS, B FRIEBRZBITHE 4
AEO.BEEFPEE 4 ML AFIFRXEFWEEFERE AN ZIFE S
HEHESFFEOME., SMANRRALEFPOIAEEFEIHERTSFNER OHTE
S BAFBAF A 2B R R XA NE P B EGEZ, XREE, G AKE F#HEF
HE—NMEERSWE A BETFES. Rt A2 Bl 2L NEHFRE T S M.
OFRELRSOILEFHOZAFEF; G2 SHOEAER; (W3S 0E/ET;
5 EHOZFET, ,

ML B4t al B EX MR P AFEERMF SRR R . AREEMAG., E1M
BWETRAEE S ME LT -

typedef struct { )

int OccurTime; /B R AR

int NType; /O BEER 0 RABERES ] Z4RFAENMEONE TR
}Event, ElenType; / ERE R PR LinkList MBIETTR AR

typedef LinkList EventList / BEERER, EUANEFH#E

typedef struct {

int ArrivalTime; /&g
int Duration; / HEEEFEEE
}QElemType; / BB e R R

BEAERIMEASMTES 3.6 FHENEFERESTRE WM LM .

TBWNHEFBREAMLRE,

B TELEAET R, B AEN 2 R H M EE S R EH NN, AR
Pl AN ECRRE . FR—RHE, BB EEHITHEZN o, BREREFL
BHE—-INEG4.ZEE8IMNEFPRALHNAER - F P BARE. BlEZE P8R
BUHEERTATERNEILE: B— Ak ZBENE P BB S FFENE durtime;
HEZRT—F P RBAKMEE B MR intertime, R 470 2 4 & 4 M 2 occurtime, ]
T—AZPEAEGE4A BB Z A occurtime+ intertime, MMM ZEHE—NEHNE S B

BEAEAE R R BX S F PR A B ST TS TR R BRI s i BA S e 4
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ABIRE BRI — N F P B AR HEARNR.

%P B NALEE R R, R B R E S RATIE B R R AR5 A BAS
MR ZE S EERENIRE S EAREMEE - HKAKE P BT F+.

BERATA BT LR BIRS M T LB MRAT SRS BR R, B 3.7 Fi7R.

/ BREPANNEIERR

EventList  ev; /) BHE
Event en; VA 35
LinkQueue  g[5]; VRS -Ial '8!
QElemType customer; N BPiRR

int TotalTime, CustomerNum; 4/ BRI FFEHEE, FFE

int cmp (Event a, Event b);

/RS REMB< K= H> FHEDbWRERNZIFRE -1HOR L

void OpenForDay() {
VA Y% 1

TotalTime = 0; CustomerNum = 0; /4 mtﬁihﬁﬂ“ﬂa‘lﬁlﬂz)ﬁﬁjb 0
InitList (ev); Vi WML EGERAISE
en.OccurTime = 0; en. NType = 0; /) BEE—ANFFRREG

OrderInsert (ev, en, cmp); / BAFEHER
for (i=1; i<{=4; ++1) InitQueue (q[i]); / BEZEBAFI
}// OpenForDay

void CustomerArrived() {
/ WEE P BIAEM, en NType =0,

+ + CustomerNum;

Random(durtime, intertime); /R EEYLE

t = en.OccurTime + intertime; N F—%& P EAE %

if (t<CloseTime) /OBITHARRTT WAEGR
OrderInsert (ev, (t, 0), cmp);

i = Minimun(qQ); /K& EBEF

EnQueue (q{ i], (en.OccurTime, durtime));
if (Queuelength (q[i]) == 1)
OrderInsert (ev, (en.OccurTime + durtime, i), cmp);

/RS L AT AR RAE IR A S R
Y/ CustomerArrived

void CustomerDeparture() {
[ RBEPEITES, en NType=>0,
i = en.NType; DelQueue (q[i], customer); // MRS i BAFIBOHEK %/
TotalTime += en.OccurTime — customer.ArrivalTime;
/A R EFEERR
if (1 QueueEnpty(q[i])) { N BEE I EIFEEAESE
GetHead (g[i], customer);
OrderInsert (ev, (en.OccurTime + curtomer.Duration, i), ( * cmp)());
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} // CustomerDeparture

void Bank_ Simulation(int CloseTime) {
OpenForDay( ) ; /B
while (| ListEmpty(ev)) { |
DelFirst (GetHead (ev), p); en = GetCurElem(p);

if (en.NType == 0)
CustomerArrived( ); /b E P BRES
else CustomerDeparture( ); VRS F- 98 i 200

}

A B I V1 5E B

printf("The Average Time is % f\n", (float)TotalTime / CustomerNum);
} / Bank_ Simulation

WiE 3.7

B33 BEESENFFHELFHEERED 30 4 HMHESBERRTHEFSH
B R AL 5 A 4h . BIUBRENE—-1F PR EAO"FHREETT.

BMBREMEEE LR 88 en. OccurTime=0,H K en. NType=0, N §§ B 18 2|
WABENLE (23,4, E R—A T —F F 254817 B (OccurTime=4, NType=0) A
BHGRRFINE—ME P HAES —F OB BAS F (Arrival Time =0, Duration=23) ,
B F AR HEL , A R — & PB4 (OccurTime=23, NType= DI AFHE.

WEEARLE-ANER . MEFES,BEIEHER en. NType=0),en. Occur-
Time=4,8B|FEHE R 3, D, M T —& 1 BIXRTHAFE S OccurTime=4+1=5,H
FHHE-ANEFAORZH, MRIBIKEZNE P IEZDBIABA kK (ArrivalTime=4,
Duration=3) , B Wi 4 B— 1 & B I 8T (OccurTime=7,NType=2)iFAH K4 £

BBREGHRELE -1 IRFE P B EHH, en. OccurTime=5, 18 3 FEHL %
(11,3), M 3E A B4R M F 4K (OccurTime=8,NType=0) , [Al B, R B (I 58 = (1 & 7
A = BAFI B BA 3k (Arrival Time=5, Duration=11) , HMiEAFHEEZHNHE T KX
(OccurTime=16 ,NType= 3‘) o

R EGRAE TS B R NType=2, B RE _AEHOKNE P EFRTT en.
OccurTime="7, #f| =55 — B\ 5 8 BA 3k , curstomer. ArrivalTime=4, M /b ZEHEBTHEH
BE] R 3 S

KB, ERUARE N —BN BN, FHERAAFNMGREME 3. 15 Fix,ev.
- first EERLIEE
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MRS

[ w N e

IrTr% I

llrleislelelplele [elplelylelalelele [elyielelelrirly]

(18,4

Q
& -
2 [ T
Y wsamZZC-BT0
[
4 [ v,
e /

Q

- W N e

= W N

[37]2JA]

3.15 BB (EE 3. DIBFEFRMATREZ R
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Haw

WHEN ERIERECRO SRR L REFHAERE. ERENEFIIHET ¥
FHREENBMARMBHOEREAY. HEESMIRFRNER, PETFRBLH,
R, AF R L BE 0 — R B ST B BRI AR B B R BT LR A T —
RIIFEHBHERIME. FHA—REKRYS, ELAESTHRBFRF S, BEFMER
BEBEZFRRE. EFEFLEBFE D, BE K EL M RS Y 258 7
BE—-BERENFHFRELEN, XNGFEERERE . XFHREEF . HERL.ARIE
EHRREURTRANET S, B UFR S HEE N R,

AT, AL RMNEAG T BENNEGEN I ERRBBETENTER, B, 4
BEABRHEN L BRBRNEABEIREBSL . WH AR KRN AT, FFAEEN
FRHBAAEARBES BASCLERFHBOLE, RAFUREREEREREENT
fBEEH . X — B, RATEIHE — A K B B R ENILM AR M EEN .

4.1 HARIME XL

& (string) (HEF BB AZFNRENTFRHARNERFF, — KL R
s='aja;**+a,’ (n=0) (4-1)

He,s BEMNA B SHEEXRNFERFIRBHE 0. Q<< T R F & BF K
HMFR;BRERFOEE nHRABHKE. FENFHHBRNYZE (null string) , B
KEIZE, _

BRERNEENFRARNFRIRIZBENFHR, A& FROBHENMBERIE
B, BERFFEFNPINTFSHERERERPHEE. THRETRPHMERLUTH
ME- N FRHEZBIHMAERER.

BN B abocd AT RY 4 48,

a="BEI' ,  b='"JING'
¢='BEIJING' , d='BEI]JING'

WMEMHKESSIN 3478 HafbBREMd WTFB,afEcfd PRMLESR
R1,MotEc PHMNER 4, ELdPHMNENES.

RN EEEEN, YENYXH A BOEHESE, BREWR, RAE YW RHKEM
% FHENTXMA BN FRABEEN A HE, A EFF B ab.c M d RELHAH
%,

EHAE—RWE, BELFH X R SFEEX, HASSEASARTH, EWEMAR
RATHRESTEASIBWERREND.,

Bl AERFRITES+

« 70 o



x="123";
MER x BN BERL. RATWHERFMAFSH 123, X

tsing='TSING'
H,tsing B— A BB, T F 75 TSING BH{E.

EEFMAT, SHEYERNFEHESFH—ATTE, B AT LA B 15+
M. M RE SHEA RIS RS HE (blank string, HER AR RZE).
EHEE N B PSR FANAE. ITHEERL, UERIARS O RER SR,

B 138 5 4 MR 2R e RO AL, X B T R BRI R AR AT HRE . R, 5
M REAREREEEEBALEN. EXEENEREES, KSU BN TR ENRIE
gL PmEEERETERENTE RBEN TR EXENGE EHA - TR MR
AR TR EARRES WU R HBEEERBREMNR, AMERPERK
AFH RKB—AFHEERHEMBEBA-NFRURMB 1T 8%,

B SRR AR N E LT -

ADT String {
BB &K : D={ a,|a; € CharacterSet, i=1,2,++,n, n==0 }
HREBR R ={<a.,a> | -y, @ €D, i=2,-.,n}
EXBRIE:
StraAssign (&T, chars)
Wi & .chars RFEFREER.
BAEGR ER—THESTF chass B T,
StrCopy (&T. S) ’
Wk K. B SHFLE.
BEZR BB SEHBRT,
StrEmpty (S
Wb B SHEE.
BIESER s Ry5s a8, WK B TRUE, %5 38 [ FALSE,
StrCompare (S, T)
MR & B S M THE.
BAEGER & S> T,UEEME > 0;% S = T,ULREE = 0;#F s < T.WLEEE< O,
- StrLength (S) )
Wi A B SHEEE.
BELER.EEHSHTEMR HFABHKE.
ClearString (&5)
VIR KM B SHE.
BAEGER G SHITH,
Concat (&T, S1, $2)
BIh 44 S1 M S2 R,
B R A TRE R S1 M S2 BREEM AR .
SubString (&Sub, S, pos, len)
¥IHh &4 . B S fE#E , 1<{pos< StrLength(S) H 0<Clen<(StrLength(S) -—pos+ 1,
BVE R . A SubiR A H S % pos MERBEKER len T &,
Index (S, T, pos)
Witk &M 8B SH T H7E,T RIEZ B, 1spos<Strlength(s).,
BEZER . EEBSHEEME THARN TSR, WEREEEBSHE pos M FHZEHE
—RHBAPIE; SNEHKEHN 0.
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Replace (&S, T, V)

MR EG. ES,THVELE.TRESTH,

BEZR AVERTHRSHTHAMFEE THENAERK TS,
Strinsert (&S, pos, T)

It & F 8 S A T FE7E , 1<Cpos< StrLength(S) +1,

HELER AEH S W pos MERZAIEAS T,

StrDelete (&S, pos, len)

VG & . B S F7E, 1<pos< StrLength(S) - len+1,

BAESR NE SHBRE pos MEMBKEN len T8,
DestroyString (&S)

%8R ST,
BAELR . B SHEH.
}ADT String
T 8 0 A B 5 T LA R R 1 52 ST B » 8 35 76 00 D S U PR M o e o
KRN, KBS WS EFMAIE., ELRBMEBWABE LY 13 HEEP, BRE
StrAssign. & H 3¢ StrCompare 5K B8 StrLength . 82 B3 Concat YA B3R F & SubString5
R MM AR SR SR RO BN T4 . B S 3RVE R AT SRR A SR R ER XL R 2 B
fit 2B B 4 (B 5B ¥ % ClearString 153 8§ 8% DestroyString SN A EX MR/ MRIETFE L
g, AT A A E R B RARFRBEFRELTHEMEL Index(S, Typos) . B
RABEN B SHERME IGHTERN po) M FHE KEMP THEN FRS
T, EHES, MRERKEN L, BTV EE 1 EZERSHPARAFEMB THEMNTEN
1B B 4.1 FiR,
int Index (String S, String T, int pos) {
A THRIESE, EERSHE pos M ERZEHEES THENTH,
/OB EE - XN FRESPHMNE, RUEEO
if (pos > 0) {
n = StrLength(S); m = Strlength(T); i = pos;
while ( 1 <= n—-m+1) {
SubString (sub, S, i, m);
if (StrCompare(sub,T) 1= 0) ++1

else return i ; /BB FRERRPHAE
} // while
Y/ if
return 0; JSHABES THEN TR
}/ Index
HZE 4.1

4.2 BRFAMELHR

MREBFEITETT . BREENGATNBGHNEELA, WATHFHLRH S
H, FAFHEE., BEEZHEERELEORF R, BEUERENERNHA.
« 72 .



BA 3HILARTZTE . ARAAWMT .
4.2.1 ERKEFFHEETR

KL FRUERNIFFAEEW, H— At E S WA E AT B EN TR,
TE B B E KRS AR S P i B XKD, A B E LS E R — 1B KE
MR X, AT AEKBAMTHRZ .

J====- BHERNUFERER — — - - -
# define MAXSTRLEN 255 // P UIEE 255 LIASE X BB K
typedef  unsigned char SString[ MAXSTRLEN + 17; /0O SRASTFERBHKE

BEULRKEAEITELKENEEABEE B e XKENSENEE R . RZH
“BNT. MERKARMERTE: —RUERECHRMIE, UL TR OHNBAS R
R B B SCBRK B, i PASCAL IBF PR AR RAXMRATE; —RERMEFEM
— AR ABRKRAEHIZICEZT  MEERN CBESPUNO"ERBEMAY. LA S
KBRS H, BRAETHITEERRE,

73X B A7 A8 45 H 2o B ST SEBR BB AR AR, T DA R BB AR F R R BT .

1. BB Concat(&T,S1,82)

8% S1.S2 1 T #8/2 SString R LA, HP T Bl S1BE S S2 538, 1)
BT RMEART—BfME S NEHESE B THRHENE —BMS S2 NEMRS, I AE#1T
BB EE R RAENT, RESHNRAE , BRI L RN RE. T H
SIfS2 KEMNARHEA, B THMZEAEANT 3 FMHER. (1) S1{o]+S2[0]<
MAXSTRLEN, & 4. 10(a) fi/R, BRKE T REFRMHLER; (2) SIL0]<<MAX-
STRLEN 7ij S1[0]+S2[0]>MAXSTRLEN, ¥ &8 S2 f—#B4r 8 M7, BB HE T A4
A S2 M—AFE,mE 4. 1(b) R (3) S1I[0]=MAXSTRLEN, W& 5 g & T 3k
BEEELE R, MM SL %, EREEMARMEY: 4.2 R,

Status Concat(SString &T,SString S1, SString S2) {
A/ R TR S1 A0 S2 BREEW BLAIHT S . AR EMT, WK [E) TRUE, % ) FALSE,
if (S1[0]+S2[0] <= MAXSTRLEN) { VT 1.
T[1..81[0]] = si[1..s1[0]];
T(Ss1[o]+1..s1[0]+s2[0]] = s2[1..82[0]];
T[0] = S1[0]+5S2[0]; wuncut = TROUE;
}
else if (S1[0] <C MAXSTRLEN) { /B
T[1..81[0]] = s1[1..s1[0]];
T[S1[0] + 1. .MAXSTRLEN] = S2[1..MAXSTRLEN - $1[0]7;
T[0] = MAXSTRLEN; uncut = FALSE;
}
else { /B R sD)
TLO. . MAXSTRLEN] = S1 [0..MAXSTRLEN]; ‘
// TL0] == S1[0} == MAXSTRLEN

¢« 73



uncut = FALSE;
}

return uncut;

} // Concat
Mix 4.2

s1fo sz[O]D
s1| V0 s?| )

7| | Y,

TEOJD MAXS’I;RLEN
(a)
s1fo s2[0]
s 7 | 2
[ ) i -
S2e B 0 FAHF A
T[O]|5|j MAXSTRLEN
(b>

| | o= D

SRR
T(o] ED MAXSTRLEN
«©)
B 4.1 =Ha9BELTH1E Concat(T,S1,S2) R EE
(a) S1[0]+S2[0]<MAXSTRLEN;

(b) S1[0]<MAXSTRLEN T S1[0]+S2[0]>MAXSTRLEN;
(¢) S1[0]=MAXSTRLEN

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

RFROIBRENEHFRFIIHLE KB S IS pos M FRFTRKEN len K F
HREFIEHE S Sub F, BR, ABRERXEFEREWER ERTHRZEAFSLHSH
P BRENDS &G, Y2535 R E ERROR, HEEMABMA R 4.3 Bk,
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Status SubString(SString &Sub, SString S, int pos, int len) {
// FA SubiR Bl # S #% pos MEMFEKER len i F &,
// H,1<pos<(StrLength(S) H 0<{len< StrLength(S) - pos+1,
if (pos << 1 || pos > S[0] || len<C 0 || len > S[0]-pos+1)
return ERROR;
Sub[1..len] = S[pos..pos+ len—1];
Sub[0] = len; return OK;
}/ SubString

HiE 4.3

S ERAMRETR  ERFEEEHRR, SRR RENRRIEN“FREIIOEH",
BAEMNNREXAERETEHNFRFINKRE. 5 —REFAR NREREPHAS
HFFI MK BT E R MAXSTRLEN B, 4 & AR BB, XA E LA (U AE SR BR B &
BARE R4 EBRNEMBEP . NMBA BREVTERE. RRXMEREFTRIRE
BROBRKE, P50 HNEEE .

4.2.2 HOBREFHET

XM EERERINESER. U — At EEN R THERBEZRRF L EENN
FHRZRARERBFIAIRPHBLENE. ECESTP.FE—-ITHKIAE"MAR
FHX,.3HE CIESTHIEIE B mallocO A freeOREH . FH B mallocO K &
AFER BRI — R LR K TR M2 A, & 2 BRI, MR [ — N8 ) R i s ik
BIfE 4T fE R EEAE, RN, A TUE A BT E, AP K BENFERERN—FS.

J----- B EERER - - - - -

typedef struct {
char = *ch; N BRIEES, NP RIEFHEK, BN ch X NULL
int  length; /O BEKE

}HString;

EMEFREMRTNH MR RENBRET“FREIINEHHTH. G, BEHBSE
StrCopy(& T, ) ML AE B R, &8 T EFF7E, NARKSE T 52 H, 48 S AEH,
BHAENSR THEANIS S KEASMNFHER,REHS SHEREHBISE T ;XMW
BB ABRE Strlnsert(&S,pos, ML HE LR, HB SEFFHANEFHESHME T
KEZME = 6 R G 247 REZ H, nEIE 4.4 Fiw.

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

// 1<pos<(StrLength(S) + 1, 7EH S M5 pos M EMZ AIMAE T,
if (pos<(1 || pos > S.length+ 1) return ERROR; ,/ pos R4

if (T.length) { /TS, MEFSERERBEAT
if (! (S.ch = (char * ) realloc(S.ch, (S.length+ T.length) » sizeof(char))))
exit(OVERFLOW) ;

for (i=S8.length—-1; i>=pos—1; -—-1) / KHIEATHRHMLE
S.ch[i+ T.length] = S.ch[i];
S.chfpos—1..pos + T.length— 2] = T.ch[0..T.length-1]; / #&A T



S.length + = T.length;
}
return 0K;
}// Strinsert

HiEk 4.4

PERHEERFERIREBERFIHES I RA. A TRIRFREHNBREH
GG P 7 A 5 40 A A A, A B 8, AR R R K LB TR, B R RIS, N b
AR RO HEA. UTHRN A8/ RAETEH HStuing BRBHBER
W .

[/ ===== ADT String WRRGHM =====
Y RS RAHRR ——— -
typedef struct {
char *ch; /) ERESSH NERKSRFHEE, RN ch )i NULL
int  length; N BREE
}HString;

W= ERBEHBERRBRI - - - - -
Status StrAssign (HString &T, char « chars);
/O ER—ARESTEYR chars W& T
int StrLength (HString S);
/) BE S TR B RABHKE.
int StrCompare(HString S, HString T)
/%S >T,MEEM >0;% S=T, MEEE = 0;% s <T,WBEMH <0
Status ClearString (HString &8);
A SHEIER HBERSHFLEENE.
Status Concat (HString &T, HString S1, HString 82);
4 P TIREH 51 A0 S2 BT R AR .
HString SubString (HString S, int pos, int len);
// 1< pos<{StrLength(S) H 0<{len< StrLength(S) —pos+1,
/ BEE S % pos MERBKERN len F&H,

J - =~ BABMEREEER - - - - -
Status StrAssign(HString &T, char x chars) {
JER—AHESTHRER chars @1 T
if (T.ch) free(T.ch); /) BN T A 2 E
for (1=0, c=chars; c; ++i, ++c); // Rchars KK i
if (1i) {T.ch = NULL; T.length = 0; }
else {
if (1 (T.ch = (char * )malloc(i* sizeof(char))))
exit (OVERFLOW) ;
T.ch[0..1i-1]= chars[0..i-1];
T.length = i;
}

return OK;

.76 .



}// StrAssign

int StrLength(HString S) {
/BB S MITERMGHRABHKE.
return S. length;

'}/ StrLength

int StrCompare(HString S, HString T) {
A& Ss>T,MREH >0;#% s=T,W:EE{E =0, S <T, MR EE <0
for (i=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;
}// StrCompare

Status ClearString(HString &S) {
/A SHRATH.
if (S.ch) {free(S.ch); S.ch = NULL; }
S.length = 0;
return OK;
}// ClearString

Status Concat(HString &T, HString S1, HString S2) {
/ FA TR Ey S1 0 S2 BRI R ME 8.
if (T.ch) free(T.ch); // BiRIHZ g
if (1 (T.ch = (char * ) malloc((Sl.length+ S2. length) * sizeof(char))))
exit (OVERFLOW);
T.ch[0..51.1length—~ 1] = S1.ch[0..S1.length-17;
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) {
// FA SubiR Bl & S K5 pos M ERBKEN len T8,
// He,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); C Y B IHZsE
if (1len) {Sub.ch = NULL; Sub.length = 0; } ) BFH
else { : N EETH

Sub.ch = (char * )malloc(len x sizeof(char));
Sub.ch[0..len-1] = S.ch[pos—1..pos+ len-2];
Sub. length = len;
}
return OK;
} // SubString

0,770



4.2.3 BHREFHERT

R Fe ) BE SRR FU IS 0L, TSR PR G R0 AR RE SR (B, ol TR A MO
PS54 A R T R — DA SR AT SR A, A — B RN
WU B 55 4 T AR — A T LA FE A . B0 B 4. 2C) REEKD
B A SRR 4 A FRD MR B 4.2 RIS AR L SR, 55 &K
KT 1B, T SRR R AR IR B — MR R —E 2B
fE 9 B BB AR B VB A SR A GE O #  F R T 88 0 F R, R— 4
RIS,

head
—{ale[c]o] F~{e[r[c[u] i =[=]A]

(a)

head
)

4.2 SEMERTHETX
() BEEKMNR 4 ER; (D) HEKRANN 1 HER

A TE T AT HAERE, Y LSRR R EN, BRSBTS T R R— DB R
HRPHRE - NEE IAE AR RKE., WWE K B EE A REE LN, U
BT -

J) == == == BRBEFHET == == ==

ftdefine CHUNKSIZE 80 A/ A1 P ORI b

typedef struct Chunk {
char ch[CHUNKSIZE];
struct Chunk * next;

}Chunk;

typedef struct {

Chunk » head, * tail; /BRI EE

int curlen; /O BRETRE
}LString;

B TFE—BET X BT HRAE M, K 2 M Sk ) BT FF 148 BU T, U % & (AR o6
BaumgER. RERHWBRNEATETHTRSRE, BN ERRE N FAHEE—
TREHERTFR. '

FEERFET P SRR DY ERNNF AT AR ARE -RERER, €H
YA RLBENRE, EEHPHLRRE T, TLEBENBEERREBSE, flam, —
AERILABAN TR BREBORT EAANRE., ARRRMNEBRENFREE.
Tt % BT 2 R

R AR
R = e AmE A
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SRR /NG KN 1B EE AT 8, AT A G R R. MRAE S A
B P AT SN BIE , WS B PSR A B R AE I B TR WA A0 B A B UK
MEEE BHEHENRIME-IEERR, —B, FREN WFHOILART
R4, X AL 5 M 2 1 ) 77 0 O A R A '

B 1 1 S SR R B A M X S S R A, BB IRAE B — E T AL, B R MR A
BAEMEEEMRAE . L AR EREE SR, 1S, BEEENTHEWN R
VE 9 S BRI e RACHE RAPBEGS M P OB 0L, R MR BT .

4.3 HRHEALERE
4.3.1 RFSEBRELEY Index(S, T, pos)

FRyEMREEEHREBMERER P THIERE), EEHELBRE P
BEENBREZ—. 4Ll THEEAEOROERAREAB TEMREW—MEE.
MIEEE 4.1 WEADBE, RAEKIFFEHLSH, 7T U B AR T H S RER T

Bk, A 4.5 B,

int Index(SString S, SString T, int pos)
/OEBAFHTETITRSTE pos M FRZBEWME. HEREE WEBEHMESR O,
Y FHrp,TdE2s, 1<{pos< StrLength(S),
i = pos; j=1
while (i <<= S[0] && j <= T[0]) { .
if (8[i) == D {++4; t+i; ) /) BEKRBAFER
else {i = i-3+2; =15} /RS G REF TR ILE

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

}// Index
BE 45

HEE A MERBIES, SRR AT BIEE R FER S HERXSE T 45
EREEMNFRMNE. BENEARRRE . NES SHE pos M FEREMEANE 1
FRUEZ AR NAEETEBREETR BMUAEENT I FREFERIHE
RPFRHHEEZ., KEKEE AZEEX THIHENFRHERRNESR ShH -1 ELENF
REFIEE MAREERAD, EREAMER THE - FHEFHIREER SHY
FS, BEMHERFE, RRENT. B 4.3 BRTHER T="abcac' MFE & S HILE T
F(pos=1),

BRASHEIRIRS THRZ HEXENARE IXARES, AE LR, H
W, R AR STING' REHEE T T E$$86t,

'A STRING SEARCHING EXAMPLE CONSISTING OF SIMPLE TEXT’

ERE T WHILE BF KB IS TR N FRRBAREBO N 41,455 % (Index+ T
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[0]—1)+4, KB RH. BT 82 RIEN 4 A, BN ERHLE T RKS K
Kot AR — K . AR T Bk R ) B 22 B 0 Ot . Lo

n Fim SN E B AR B KB, AT, R .
FREENRENBE, i, Yk ay FOHEE ebabebeacbad

abe

00000001 , Tii & # 3 '000000000000000000000000000 =
00000000000000000000000001 B , pf FHET 1 ff 7 4+ HMER ababcaboacbab
FRB K07, N, ERPE] 52 MNFERFHRCO”, B tier
BHAEERNBEE - TFRURAAE, TR | s—mrm ababeabeacbhab
E#E i—6 MMNE L, FARAWE- N FHARE abcac

4i=5

ﬁ%ﬁ,ﬁﬁ\@mﬁﬁ**ﬁﬁlﬁﬁm 4 Yk,mu SrIBsUC AL aba{)i:4abcacbab
WHILE 1§k ¥k 46 x 8(index * m), B WL, & .

4.5 EBRFER TR EEREN Otnx m); XFHE v
REABE O HRFANXABLBE P2 LA, H FHEHEK ababeabeacbab

hEFRPUBFES IR B RO LE"H T %o
B, AmMIIREH B KER. 01 B AEFE N E ababcabcacy?}lj
MAZS ., m, —2iBIWERE B R ECEE abcac

ti=s

BRA—T01 B, —HERRE—NILEANOMIYA H43 BrisHwoRLE
BB, EH#MTBEV ELRAEMNEE 01 &,

—ANFRE ASCILBW A LAF R 8 MK 01 88, BN FEMEITREI P LA
A RERN— 01 BAMEMNFERRE—HEERF. BIRET 9, RINENB S —Fsr
SRR B .

4.3.2 BAEREMH-—FHHRE

XFhpaHEERE D E. Knuth 5§ V. R. Pratt 1 J. H. Morris B 6t 2 BLE , B 6 AfTFR
EARGR—EBRY—ERRREGERRI KMP B3 . WE KA LA O(r+m) K it fE

L ims WRG L ERE R R R, K
BoMER 2 babocabocoachab BETHY-MERARTEATH
" L= P Rt , R E W i 4, TR A A

W—MEE b o N ., BAERmImsIn e R
b ¢ A% Bh” LT 86T ) — BB S, 2k
i=1 yi——yi=11 TR, TEEMNBLERHFER.

BEMER o b abocahocaebab EBE 4.3 HWERLRR, %

t z—’“=6 EEMEICEE R, Y i =7.=5FHL

. BAZR, XN i=4.j=1 BEHFH L

M4t RARKE LR RS B, R, BFHRET R, =4

Mi=1,i=Mj=1URi=6 M j=1X I WLEHBRALH#ITH. BINE=TL

VG EE 45 SRR T A8 Y, B R 4.5 A1 6 M FRBRED VA (R B RS 2.3 M

LAER) . BAHERPHE - ERR o BRERE BN 3 MEFET LR, TE
o 80 o



R GRS A PR BHREHAT =7 =2 HOFHFLEHT. FE,EH—
WITE R R EHARER, UEEERX A A BB FRAOMBREMT =3, j=18
BIER . B AR TR, A B, A4 AR,

M —ER. BREHER i ERBH p popa s A LB AT
H,HTEHEGEES . FERR T REM . ST B AR E” (B s 7p,) B X
BCEABRSATHER LT, SAER, Y ERRE A EREEPE ] TR
B (BB AZ) R, TR FE i N EFG A EY) N SR FHANFRE L

1B I B B SRR P8 e (R<<H AN FRFSRE R, MR TET e — 1 M FRBO TR
FHRTHELERG-2), ERUBEE L >LHKETIXE JC(4 2)

“prbr b’ = s Simr s (4-2)
MEZ2BRM B RE" RS RE
"Piirt Piesrrt Pimt| =S Sinztr s (4-3)
R (4D R D RE TSR
‘prprpia’ = P P pia (4-4)

RZ HZEABPHFEHRERG- OB FH, MYEELES, TBPE  AFHEH
APE; N FRUBAEN NBEEIE GRS ERAFE L AFRAEHSE A
FRX T W ARk A= 1 N FRN TR p1p o BESERTE MFHZH
KEHE—1 H‘J—?%,si—k-klsi—-kﬁ#".si-—l,*ﬁ%9 EM,EEE{R%LK&EQ“P% k /l\iﬁ—%i‘:$
W5 D FAF LR R TT .

E4 next[j1=k W nex:[j I RAZYBMATE j M FRHEETBPFHEFRRE"H,
AP EEFRNERPRFAHRTHEENFTRANME. m%T%I&&K%% next B
ey

0 ;=18
~ Max{t | 1<<k<j H ,Pl"‘PIH, = ,Pj»H—l'"Pjﬂ/} B
nextli] = 4 g1 A R 25 B (49
1 HApE R
B G AE SCATHE T S R 5B Y next eREME -
j | 12345678
B s ,v:(abaa'bcac

next[ ] 01122312

azwmitmm BTG, S AT A0 F 247 B LA F94H 4 M1 42 B4R 1 B A o
FREBRFER, S FFER pos.j HHIEN 1, ZHEKERIRP si=p, Wi F; 55
W1, BN, A, BB next [ FIWNMNBEBLER, HEHE, NBHESLER 1, S50 5 5B
BT~ next BRAE RKEHE, HE FHIFRMATLE: —Fb 8 j BB EA next 18 (next
[next[ - nextlj1- 1D BT FRF AR, MIAE 45 B8 1, 2K 4T ICAL; B —Fh 2 j IR B
BHE RS A FRHRED, NSRS AR A B — B, DA EE

BT AP s BREAEHTFHRER, B45FiRELE P RERSBN—AHF.

KMP B 4.6 FiR, SRR EREE 4.5 S8 . REZANET X4

e 81 o



vi=2
B acabaabaabcacaabe

B ab
dj=2 next{2]=1
X% arne
baabaabcacaabec
55— aca
B a

di=1 next[1]=0

: Vi=3—+}i=8
== EL ] acabaabaabcacaabec

abaabc
LS8 b j=1——j=6 next[6]=3

yi=8—}i=14
£ acabaabaabecacaabe
B (abdaabcac

pj=3——>4j=9

B 4.5 FFMERE nexr RBHEFT I AL 8 1 FR B

PR B PRI R4 ¢ AR, 186 j B BB nexe [ I BT A KA E L EHHAT
B, B X3R4 BERN 4 e WRANYE 1. METHNE  TFRHAE
AWE 1 NFERFAE NN EHHE i+ N TFREEFHETRE,

int Index_ KMP(SString S, SString T, int pos) (-
/O FIHBEAE TH next BPOR THEFEH SHHE pos MNERZFHUEK
/ KPR, FHi,TIES, 1 pos<<StrLength(s),
i = pos; i=1;
while (i <= S[0] && j <= T[0]) {

5

if (4==0 | s[i] = = T[iD {++1i; ++3;} / BERRERFER
else j = next[j]; / EXBEERS

}

if (j > T[0]) return i-T[0]; / ERERSh

else return 0;
}/ Index. KMP

HEx 4.6

KMP B2 EC MR B nex: REER R EIITHL R4, TR EBE B H
next RPETR? .

MERHEAT B, MR ENBRA TR B A WMAMHLEN EBER. BITTM
SHEE X EFRERNTERE next BEE.

i E 8
next[1] =0 (4-6)
B nextlj]l=k, XRPAERKXBPHFEET XA
"propin’ =P b’ 4-7)

Hb e AWERE I<k<; HENE.HXBAEATREEL >SEHESER A7), M
next j+1]=77]BEH BFFE L .
. 82



(D) & pe=p;  MWEHAEEKXSF.

et =Py by (4-8)
HEARTEERGTRE £’ >f HREXU-8) XM B next[j+1]=k+1, HI
next[j+1] = next[j]1+1 (4-9)

(2) & pup;  MRBIFEZRKX B
‘pre by Py
R ATHER next BB MBI E BE— MERILEMAE, B M SRR TR NER
R, TSR RM TR BF 6w =0 P = D211 P = P U 7y
SRR RN BEUER TS et RN FHMESHNE j AFHAHELEK. &
next(kl=k B p;=p¢, WHBEEEPE j HIAFHZUAFE—-ANAKEN £
next R DEIBK FH , MERF P AT FHERERD £ HFBAES, B

by’ = b A<E <k (4-10)
EREB  next[j+H1]1=F +1H) ‘
next{j + 1] = next[k]+1 (4-11)

FE.%p,Fpe WEHERXBEEEBIEAZEERPE nexct[FINFERA p; 357,
------ MRREHE,HE p, MR P EANFRHFILE RIS E R L (I<E <R
X 4-100, 1

next[j+1] =1 ‘ (4-12)
Bidn, 4. 6 PR E, ERE 6 N0 nexrt BEE , BR next[ 7], H A next[ 6]
=3,X psF ps, WFEHE ps T oy (HAH next[3]=1) , XMHE TR FBEX M ALEF.
BT ps 7 p1» i H next[11=0, Lk next[7]=1, M KA '

j 123456 78
iyp7=p“J”JJ next[8]=2. # abaabec ac
WIE FRIHFEER(GRU-6).(4-9) . (4- 1D F -

(4-12))  f5 I8 KMP B3k, AT 8 51K next ¥ g el 011223 12

HomE S 4.7 iR, . , Caba
(a)

void get  next(SString T, int next[ ]) { H 46 Azt ¢ M
. x N nex

/R E T ) next bR MEIFFF A B next.,

i=1; next[l] = 0; T3 o= 0
while (i << T[01) {
if(j ==0 || 0i] == 1liD {++4i; ++3: next[il = 3}

else j = next[jl;

}

}// get._ next
CEE 47

By 4.7 MBHEEREN Om) ., #BE BERXEHKE n LERHKE B/NEZ,
B it , X B AN UL Fe B Bk e 156, T 388 0 X et ) BB Y .
BiE B W
(1) BRE Y 4.5 ATAIE 2R OGa » m) AHIE— RS0 T - B3¢ BR 60 3047 B 835
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BF On+m) , A EASMBE R, KMP BB UER S5 FR 2 MEFEFEZBIT
BHHER T ASBLERE 4.5REB%L. HE KMPHEENEREARKT EBKNIEEH
AEEY, B ARRSE P, N EBUBALERAH —& XM AR EX
SCHRA B DGR AGA KGR, MERE L ERE,

(2) BUEE X next BEAERLBAFR T A BRI, BB R 2 aaa b/ ERMESR
aabaaaab VCHH,Yi=4.j=4KFs. ch[4]7#t. ch[4], Hnext[j I WAL T/ H 1T
i=4.j=3,1=4.j=2,i=4.j=13X 3 KHLEK. ‘ |

12345
L L E RS 1.2.3 T FRAP 4 4 e ——
RS, HABEEN RS AR s 01234

LS, T A AR —SH AW 4 MR nextvall §] 00004
MEEEETi=5./=1 NNFHFLE. I8 S

B EH ERE XBE next[j]=k. MERF p=p.  MEEHDPFERF s, Ml p;, LBER
nt , REEFEM p HATHE, T HEM P F47 LU B A1IE U, BT B9 nexe[ 5 157 1
next[k 1HAE] . MRS next BB EEMBEWE R 4.8 Fim, WAITRERALE,

void get_ nextval(SString T, int nextvall ) {

// SRR E T i next R¥E IE & F 77 A S nextval,

i=1; nextval[l] = 0; j = 0;

while (i << T[OT) { ~

if (3==0 || il == T[iD {

iy s ‘
if (T[i] '= T[] nextvalli] = j;
else nextval[i] = nextval[j];

}

else j = nextval[j];

}

}/ get_ nextval

Hix 4.8

4.4  ERIRAERL HZ B
441 NEAHE

XAHBRFRE-THAAPNARERFEF . ERATREFNBANGY &2
ATFHRAMEENHBHRUEDAZHAXBENERNEE, XEAHBHLHES
HFFLEEHE AR, BRZH A RBERFOIREFAR, BRELRAER
—HH, BB EERNER BANMBRELERERE.

ATHBHRITE AP TUARRRFMBRTRHEXERNGIETH . BHEAEE T
CHR WA AR M4 EEMRE T . BRIVTUBXEERRE N FRHFE KR
XAH, RURXARHTH,ITNERKTH, a

A T3 —BRERF
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main () {
float a,b,max;
scanf ("% £, % £", &a, &b);
if a>b max=aj;
else max = b;

}s
RINMTUBHBFERE— I XAES, SADRFENE 4.7 iR, BFHHk
F14¥

201

m| a i n | ( ) { M| 1 ol a t a , b

m| a | x N s{c|lalmnlf]|( % f | %1

, | & | a & | b | o i a|>1b m
a x | = a f e 1 s e m| a x | = b s
J1 Y| 4

B 4.7 SxARERRH

R T B HE A 6 T AAT , FE BEA SCA G R B AR, SRR R Y S SO B R ST A L Y
WERAMTR, NBEYEFROFERE. ARNE—THETHASMEAANERITS.
MTROG—TNERE—THITS BABBERNRTTHROKE. BRE4.7HRX
R E—R, BRBITES R 100, MZ XA BHITRNE 4.8 Fin.

1% & 1R b hk kK K
100 201 8
101 209 17
102 226 24
103 250 17
104 267 15
105 282 2

4.8 B4L7HEAXETRHTHE

A GREBRR P R WA TR PR, 2 AR HTRIEN R ITINFER.
WMRERERTHBAIMBETFHF UBBROTRIETHRKE. HEARTHRKREELT
SEACWFEHEZE, WERZITEH S RFEESE, ANEREBRTHERVE.
REBADMBE 1T . RBY RETROBEARMER . FRMERNTRFETHERTT, W
REBRARPHETNERTSBEIT —THTE). A TERFE.TRERT
SRHITF N, B, T RATHEARNBRZERTBIREMBEUREHLETER
T, WENEFSTREC, ERAEYR. & THRRUTRMITRERRIIN, BT
TEFEAT A T B M BR B AE A, T LA AT R M TR B A LMBRITY RNFH.
ARV - A I

EBRT XA RBEFTHELRE. RAAHEYE,  BETEXIELEZEH
w5 .

e 85



4.4.2 BIRARSIE

FEERRETENNANEENRZ —. B TFEERRNERZRERERENTR
RS FWERREAN-MEENGER A TRREARE, TEENEEREY —1
RS R, FIIIRITE L1 WHREIZHWEBHEBERRRETH 3 KRGX. 7
PATEBL MHFBZHMFLSHTE., EERRET . EBLERRIATE BRREANE
BB BEEBER— AR, BRENEREL“BELBARS.

Fian, 5E 4.9 H BHMHRBRARTIRME 4. 9(b) iR EEMEH KR
HARFRPENIBHIBRNEBYFE. R TETEM, TRELERIRINEARATFH
g¥R. TEETSHRZMMNS B XHERXIERFER,

HE A& K8 HEE3I
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 Introduction to Numerical Analysis design 034
067 Numerical Analysis fundamentals 023
(a) : : introduction 010,050
numerical 050,067
structures 005,010,023

(b

49 HEXHRAXBHRIIR
(> HAXME; (b)) X@AERSIE

BEETIRIEEZEHER:

(O ABEXHFHRA-THEH;

(2) A5 B SR BUITA KB A TR

(3) SHARPHE—N XA, ERFIRPHTERICEMN HEAZRE,

KRN BER PSRN ARESRRBIR . FE-KERARRERIHLS
B8 B 18 R I “an” “a” “of” [ “the” %), R BL B, LS BRI, R
BERE RRR, EAMEBEPE—IHEE, WA RER, AN R CERMRRED.

ERSIFRTEAXREENTEHATRHEL. K-RRIIRLEBFHRBRHESI
W, RBEEZFAPEABSRIINAGE-ERERIIRPFEARXBRANKSITLEBA
m&%ﬁﬁfﬁmwﬁo THREATESXE=ZRENR KL,

HERERIES

ﬂi%%]%’&%mﬁﬁi AR HERETXREBR, HPEHFR, WX AP EES
RN E] , o AR R — AR R,

R RNERFR . BEINBER, EEEKZHEﬁF%‘%’%%S:&ﬁ?@A%‘M’E {H%ﬁ??%l%
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FERERA N TRBEERBECRAS o EPHITRMITEER) , ERANF 845
WM RFENRITACERIAR LR XEE, IR RNEESN, WA ERTERF
%, RARSEAERAWBERE K _RHESRI AT HEERIBERII RO E RS
BAEMEA, AARXBRAKBESRINTBAS BEZRHAERE, WERMAERS
R .

$# define MaxBookNum 1000 /B A% 1000 A-B@EESFE
#define MaxKeyNum 2500 /B EHNBKREER
# define MaxLinelen 500 / BEBMBREAKE
$# define MaxWordNum 10 / AERNBARER
typedef struct {
char »xitem[ |; [/ FHBHEKA
int  last; Y ORARBKE
}WordListType; Y VRBBIRF R

typedef int ElemType;

typedef
HString key;
LinkList bnolist;

} IdxTermType;

typedef struct {

struct {

N REXERBFRTREB N BER(BSKED

VS 35
/7 FERBSRIIMER
/ RIIBKE

IdxTernType item[MaxKeyNum+ 1];

int
} IdxListType;

/EREER

char * buf;

WordListType wdlist;

VAR T.5: 10z

last;

/N RIRERERFR

VAR E:E 2003
V/ARE

void InitIdxList (IdxListType & idxlist);
N BB EBRIE, BRT| 5K idxlist HE K, HE idxlist. iten 0]ik —25 $

void GetLine (FILE f);

VA EFEA-ANTBEHERABERE WK buf
void ExtractKeyWord (ElemType &.bno) 7

// W buf RIREL S 4 X RIT BT K wdlist, 3 5FEA bro

Status InsIdxList (IdxListType & idxlist,

ElemType bno);

/¥R bno B F5 4 S B 1R 1 SN FF 4 A R 51 3R idxlist

void PutText (FILE g,

IdxListType idxlist);

N ORERERSIR idxlist HH B g

void main() {
if (£ =

/ EEH
openf ("BookInfo.txt", "r"))

if (g = openf ("BookIdx.txt", "w")) {

InitIdxList (idxlist);

/ BIEAART F idxlist AR

while (! feof (f)) {

GetLine (£f);
ExtractKeyWord (BookNo) ;

/X £ EA—AH B {E B2 but
// M buf BB K IF DK, 455 7F A BookNo

087-



InsIdxList (idxlist, BookNo) ; // ¥ F 5 X BookNo By ERIAMARIIR

}
PutText (g, idxlist); N EERMRSIR dlist HH B XM g

}// main
g% 4.9
FEMARTEELHITEA BALRTIERE:

void GetWord ( int i, HString &wd);
A/ Fl wd iR B iR) 3 wdlist o3 1 @A,

int Locate (IdxListType idxlist, HString wd, Boolean &by ;
/ TEEG| K idxlist PEMBEHFES wd HEWRRHE., EHFE WEEEERS R
/ FEIGLE, B b BUE TRUE; B E BIHEA BB, B b Ul FALSE

void InsertNewKey (IdxListType & idxlist, int i, HString wd);

/ ERSIE idxlist E i T LA AF KB wd, H U REBSRIIMERIE
Status InsertBook (IdxListType &idxlist, dint i, int bno);

/ FERFI# idxlist M3 1 A HEAH S bno %3
H AT RTI RN ABEORRE 4. 10 BUR,

Status InsIdxList (IdxListType &idxlist, int bno) {
for (i=0; i<wdlist.last; ++1i) {

GetWord (i, wd); j = Locate (idxlist, wd, b);
if (1b) InsertNewKey (idxlist, j. wd); /o BEAFHNERIIH
if () InsertBook (idxlist,j,bno)) return OVERFLOW; / IHA S5 &S5

}

return OK;

}/ InsertIdxList
HZE 4.10
H 4 MRERRESCB S BIIMBE S 4. 11, 4.12, 4.13 1 4. 14 BiR,

void GetWord ( int i, HString &wd) {

p= » (wdlist.item +1i); N BIRERBE 1 FHER
StrAssign (wd, p); N EBRREFFHE
}// GetWord
#HE 411

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

(m = StrCompare (idxlist.item[i].key, wd)) > 0; --1i);
if (m==0) {b = TRUE; return i; } Vi %:]
else {b = FALSE; return i+ 1; }
}// Locate
B 412
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void InsertNewKey (int i, StrType wd) {
for (j = idxlist.last-1; j>=4i; --7P / IBBREIM

idxlist. item{ j+1] = idxlist.item[j];
/ BAFHRTIM .
StrCopy (idxlist. item[i].key, wd); /BB
InitList (idxlist. item[i].bnolist); /B BERBIBRITE
++ idxlist. last;
}/ InsertNewKey

#iEx 4.13
Status InsertBook (IdxListType &idxlist, int i, int bno) {
if (! MakeNode (p, bno)) return ERROR; Y/
Appand (idxlist.item[i].bnolist, p); / BAFHBESES
return OK;

}// InsertBook

Wiz 4.14
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EsE BHEMTNE

LB R NAEERFHEETERRIELSWHET R, TROEREAS BT #

M. AFEITISH PR EE S A
B RPNBWARAF LRI REEN.

WA XRATUBREEKERETRE X EHY

BAREEDAMRATH—MEELE, LPFENREFRITES BIONBARER
TR EARE, A DS B AT R T 0 B 0 8 RSB, B R W A

RAIH PR

5.1 ¥rdAmE X

KB TFRER, R BIERBEH T X E N

ADT Array {
Y¥iEdL:3.=0,b -1, 1i=1,2,--,n,
D={ay .5, (n(GORABMARELR b REAS i EHKE,
i RPEATEME 1 BT a5, €ElemSet)
¥iEXE R=(Rl, R2, :, Rn}
Ri= { <@y vy g 5 By oy, 41003, > |
0<<jh<he — 1, 1I<<kin H k71,
O<ji<b1 -2,

8y sy, 3 Bypeg, + 1, €D 152500050 }

ERRIE:
InitArray(&A, n, boundl, ---, boundn)
BEGR . FER  MEEKE A, NI EHE RS A, R E oK,
DestroyArray(&R)
BEGER A ERBA a.
Value(A, &e, indexl, :--, indexn)

WMEEGE AR ERH c ATETE . HER n N THRE.
BEER EXTHRABR W e RENFIEEN A MITEME, FIRE O,
Assign(&A, e, indexl, ---, indexn)
MGG AR BERA e ATREE.BEERE n M THRE.
BELER . ETHABR UG c WERAFEEN ANILTE,HRE 0K,
} ADT Array

EXE—NCEFRBHEL . N EREXTR,» EHRHTZTH f[b,- THBETLE,

BITLRBZE MREANYR., EENMXRT, LK a; ., O, <b—2)BEF—TH
HEMTLR. R, AHBNRRAME X n PREANMBEEXRR. MEUER—F,. A
HBEFEAEBLHRTH —BEXE., BAPHEN BB LERBS N T —HATH G,
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Jese i BATIHRMBREBER o< <b— 1,6 MAH EHRRKRFEGC=1,2,n), B
R, %M =10 n AWRARBARIERMALER., RZn FHAQTUEREBLERY
B, HML BRI B S — /A Bk S » 8.

ROTUE - ERHABEREIE—TEREARR: ENEBIMBETRBRE-TEK
hdeF, Han. B 5 LQRFRE—ANZHEA, U m T2 FINEEEXFR. EWTUE
BE—aMER

A = (agra1 5 sa,) (p=m—18a—1
HPBIMBETE o 2—MFRBERANEER

a; = (aojs@1;5° 18m1.;) o< j<n—1
(I 5. 1) IR BE o B—TTHBE AR SR
a; — (aio’ail’""ai.rl) 0<z<m—~1

(W@ 5. L(OFFmR). ECESH, — N _HEARBALUIE XS BARA N — %A
RER BB, ht iR,
typedef ElemType Array2[m]|:r_1:|;

EMT
typedef ElemType Arrayi[n];
typedef Arrayl Array2[m];
3, — A n ERARRT LUE XA HBIR TR n—1 BERAR T —GERA LR,
oo o1 doz Ag,n—1 oo (2 Aoun—1
A",>;,,= a:o u'n ajz al,:z—l s A, = Qo an . ar,n—1
Am—1.0  Am-1.1 Qm-1,2  "*" Am—1.a-2 m—1.,0 Ap—1.1 o= 1 on— 1
(a) (b)
A = a o ***@p,n-17s @roait = @ia-1) s s (@ i,0@m—1.1** Q121 )

()
B 5.1 —HEFEREE
(DEBEERXRR: (WIAIRBN—HEE: OFMEN 484

BA-HHELERNERMERRFELE. HK. R TEBRNTRAMHERZ
Sh B RAFBOTE B BUTRENRE.

5.2 H4H BT Fos ML E

HTPHH - BAEEASMERRE WKER, — BB THYSH, WER R HEET
ENMBMTEZENRARZRABREZS ., N, FAMFEEERERIBTARE RN
#HT,

HTHEMERATCE - BNEE MBHRNZHEMEH, M —H SR TERY
HHBBETERANRFAENE., MOE 5.1 () W_HHATLLERME 5. 108
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— W R TTE R 5. 1(b) I — AR . MR, X R AR AR T —
4 LI 51 B % £ (column major order) BFEAE S R, W E 5. 2(a) i — R LT AN E
B (row major order) M fE ik A, A 5. 2(b) TR, Y B BASIC.PL/1,COBOL,
PASCAL #1 CEE ™, B R UAF N EFWFEMHLEH, E FORTRANEFH, M
RIR B F N EF RS .

\
LOC(44)=LOC (a00) doo LOC(AY)=LOC(ao) a0 W
aio agt
by 1
LAY L AL
am-10 ap,n-1
* 1
LOC({M)=LOC(ag) ap) LOC(A{M=LOC(ar0) aip
ayt ap
\ Egl) } A§\)
[ a1
J
LOC(AR, y=LOC(dg.n-1) Go -1 ) LOC(AG ) FLOC(@pe1.0) a0 ||
ay -t Am-1,1
& L A®)
Ap-1, 1 8m-1,n-1
A®= (AP AP, AD,) AD = (AP, AP, -, AL,
Z}‘) = (@0j» @155 """+ Gm-1.j ) AE” = (a0, i1s "y Biym-1)

(a) (b)

5.2 LEEUE NI RE 807
(a) UFIERER: (b) UFFHENER

M. % FBA, —BRE T ENERMNSBNKE, B NESREMESE. R,
REAH— A FHREREMME AT EMERLE. TR D FOEEs
4 50 F AU .

BEEANBIETE S L AR, W BE A PIE— T o, WIFEMMLE W i
TR E

LOC(i,j)=LOC(0,0)+ (b, Xi+ )L (5-1)
AHL,LOCU,j) R a,; BITFEHEALE ; LOCLO, 0 R a0 WFMHEME BN B A A WERYE
fEr B, AR R 3 b b B Rk

FRG-DHE B —BH. TR » EHRANBRWTERFERLENTEAK.
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LOCG1 »jz s 2jn) =LOC0,0, 0+ ,0) 4 (By X v+ X b, X j1 by X o+ X by X
+'"+bn Xjn—l +]n)L

n—1 n
= LOC0,0,+,0) + ( D27 [[ b + 4. )L

i=1 k=il

A4S R

He

ft &5

LOCGi1s jz»**sja) = LOC0,0,++,0) + D ci j;
i=1

C,,:L-yC,'flzb,'XC,’ 1<i<no

(5-2)

KO-DFA n FHRANRG R, FHEH JATENERUTERL FTRILHE
¥ —EBfE TRANBENRE ¢ BRFER. B THESNTREMO B HH
S NUEBRBATESTRMN EREE., RIOFRRARX AN EEEHNENE

#AJ [

T REAH I RS AL

=== BHYIMFFRERER —————

# include </stdarg. h> /W HESL S0, R L va. start,va_ arg Ml va_ end,

/ RATHEBREKRSHE
#define MAX_ ARRAY DIM 8 / BEBERBWBRKRER 8
typedef struct {

ElemType « base; /) BATEEAL B InitArray 4}

int dim; VA &L

int * bounds; /) BB REAE, B InitArray 4B

int * constants; /OB BB R E B, B Inithrray 4B
}Array;
y/— S VT LT m—

Status InitArray(Array &A, int dim, =) ;

/AR dinm FORES 095 4K B & 2k, T M 36 4 B B9 304 A, 365K [B] OK.
Status DestroyArray(Array &A);

/) BB B,
Status Value(Array A, ElenType &e, --);

/ARG E e RTUETR BER o [~ THRME.

A EBETHARER N e MERFIREHN B HITEME,HIEE OK,
Status Assign(Array &A, ElemType e, =)}

A ARnERA e ATLETR . HEFE M TIRE.

AOETHEABR N e HEME TN ANTE. IFEM OK,
/e EAREWEE#R -———-
Status InitArray(Array &2, int dim, «) {

N B din BB EA Y, WA EA B A4 A, 3558 | oK

if (dim <C 1|/ dim >> MAX_ ARRAY_DIM) return ERROR;

A.dim = dim;

A.bounds = (int x )malloc(dim * sizeof(int));

if (!A.bounds) exit(OVERFLOW);

J EEERESE WA A B bounds, H3RK H A #9570 % M elentotal

elemtotal = 1;
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va. start(ap, dim); // ap g va. list X, REFHERSURGEENEA
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) ;
B. base = (ElemType * )malloc(elemtotal x "'sizeof (ElemType));
if (1A.base) exit(OVERFLOW);
JOREBBR BRI E S e, HFEA B constants[i~1], i=1,+,din
A. constants = (int * )malloc(dim * sizeof(int));
if (1 A. constants)exit(OVERFLOW) ;
A.constants[dim-1]=1; // L=1,3&4 83 M LASTR KK/D N EAL
for (i=dim—-2; i>=0; --1)
A.constants[i] = A.bounds[i+ 1] % A.constants[i+ 1];

return OK;

Status DestroyArray(Array &A) {
/B A,
if (! A.base) return ERROR;
free(h. 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 R, va. list ap, int &off) {
/& ap RS THRAESE, MREZETEE 2 PHMHE off
off =0;
for ( i=0; i<{A.dim; ++1i) {
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, ) {
/AR BERA, e I TRER FEFEE o N THRME.
A BETHEAER. M e RENFBEN A HITRE, IR E 0K,
va. start(ap, e); .
if ((result = Locate(A, ap, off))<(= () return result;
e= % (A.base + off);

return OK;
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}

Status Assign(Array &A, ElenType e, ==+) {
/AR nGRE, e LR TE . AR o M TirE.
/O ETHRFABR,WE c HERAFHETH ARREE,IHEE K,
va_ start(ap, e); V
if ((result = Locate(A, ap, off))<(=0) return result;
* (A. base + off) = e;
return OK;

5.3 FEMEHI KGN

HEHERMEMFS IR ERNETFHANBENR. B, RITBXNBHARER
2% 5, T 2 4 ) A 5 R 9 00 » DA T B 96 o 9 4% T2 B BB RO AT .

BE, ARZES W BTN, BEA EHARFHEEET. FRBRFRIHESE T
BB T HFEERE, AP ERARERRETE.

SR » FERUE 3 47 P 2 8 BE— 26 B BUTR W B JE B Rl I R SE R A A 2 E A R B9 T
EREREFRR. ANATVWAFEMHZR, TUNIREEXATERER. HERSF
i 48 8 B MEA R KT R Bl — = ) R T AR B 6] .

BEEMARANTRREFTTRIELRE WA — & ME, W AR I N5
BRERE;RZ . HAWBERE. TESHNTEENSESEFME.

5.3.1 H%iEM
HnEREA PR RETRER
a; = Ay 1<, j<n
IFRHR n By X FRAEFE

XF T X BRAE B . RATTAT LA A B — X X FR T - BE— N g A /), W BT o DU TF
R n(r+D /2 A THERS . RR—BE, RITTUSTFERIEFEFHET =A@ EN
AL,

BB — 4B saln(n+ 1D /246 n I FRERE A WAL, W sakJFI%E R T
a; ZEFFHEE ——FRNHXR:

HoDijo1 Hiz
k= G —1) (5-3)
]—];— +i—1 Hi<j

% FAER A — L THRG ) T4 sa BRBVERE T a, , 2, XEFA ) £=0,1,2,,
D 1 R sl 1R O TELE ARG B B i) E1 R saln(nH1)/2]%
BIRERSERE A R GEAERE LR 5. 9).

0950



[ T oo [ ax [ o | Lo [ = [ o]

n(n—1) n{nt+1)
k= 0 1 2 3 5 — 1

B 5.3 XEHRABMEMNERTE

XMESHEENTERRCERTAERE. FET(WO=ZAEERBERFN L
(PO ZAREENASIPNTHRNER c RTH - BrERKE. WBRTHXRERE—#,
REBHET (D =ZAFHILZH, B— N c WFES R B,

ERESTPEREEANEE S - R SR EERX AEE. EXMERED, THL
EETHETEUTH AKX IR ONFREE P, PHRTEVAX LMEREN ALK
EFHETESAR EWGZIN A RMMTENT, WE S5 4 Fin. XXMER,
BATR AT R LUT R E, RUAM AR OF B ERBAME 5 A L.

a?!ziiﬁ*i
250 4y
“10 “11 “12 o
\
\
\ \
\\ \ an 2.a—1
\\
, Bn—1, —2“ —1m—
n&'lJ
(a) (b)

E 5.4 MtAER
()—BHEH: (b SXAERE

TEFR A X SRR BR N A B R 0 L R BT I A TR 80 — A 90 B S0 LR L M T
RATERTH HERFEEE — BB P RSP B TE—BRAT T XR,

SRT  LESEBRB P RAITE B L EB 5 —REM, HEBTRETL, EAGRA
—EHE RO AMBER. XSREENERTERE SR EREEZR. IRET
—WRATE R HRE,

5.3.2 BEER
A RMBER T ATTRRA BRI E LT RR AT B R T #8109
& BBEE mXn HEEP.H: TTEARTE, /v‘\r?:mxn- i

BHEINK OO0 RN BAESE. FEEENMABE . ETIMBEIERBBAE
FEE X b, RAIZET LA E EEE

MEHEARERHEEENEXMT .

ADT SparseMatrix {

HEx&:D={a,[1=1,2,-,m; §=1,2,+,1n3
a;.; € ElemSet, m Al n 43 HIFR A 48 B 0947 B 050 %)

. 9§



#i#EK K :R={Row, Col}
Row = {<(ay j,a;+1 > 1<i<n, 1<<i<<n— 1 }
Col = {<Cay 5,8141,5 > I<i<m—1,  1<<i<n )}
EARBRE:
CreateSMatrix(&M) ;
BELR QIR R AR M.
DestroySMatrix(&M);
ME &G BRERE VEE.
B R . HBRBHERE Y.
PrintSMatrix(M);
VIRES - MBEFENELE.
WIEER WO BRER Y
CopySMatrix(M, &T);
VR EG - MBERVEFE.
BELAR - ARBEEYERBA T,
AddSMatrix(M, N, &0);
WHa A MBERE M 5 N 1T BRI ST B A2 .
WELER RKBBEEMH Q=M+N,
SubtMatrix(M, N, &Q);
PE &G - BEERE NS N ETRMPIE REE.
BRUELR . RBBERENE Q=¥-N,
MultSMatrix(M, N, &Q);
VIR A B S M I E T NBITHL
PMELER . RBAEBFRE 0=UXN,
TransposeSMatrix(M, &T);
VithEH BEEEYEE.
BEGR REREFE MNEEEET,
}ADT SparseMatrix

06T 7 B B R R R AR A AR R 7

ERERFEEOERS, REMBHEEREWIETT. DB THEMEIEZTHEZS,
BUHFARNIC T ERESAAKMEG, ). RZ,— P =TREG.jra) E—HRE T EE
AWM—1MERT. M. BREETHESETTH = TARETFIEE—#E. Hlwu,
THI=Z=THE

(1,2,12>,¢1,3,9,(3,1,—3>,(3,6,14>,(4,3,24),(5,2,18),(6,1,15),(6,4,
—7)
EG, DX 3T FIEEREAE 5.5 FEE MM A —FEAR. Mo bR=THE
MARBRRFENSI BRBEEAF W ESTE T L.

0 0 —3 0 15
0 12 0 0 0
12 0 0 18
0 0 00 0
9 0 0 24 0
—3 0 0 0 0 14 0O
M= T=1{0 0 0 0 0 -—
0 0 24 0 0 0
60 0 0 0
0 18 © 0 0 0
0 0 14 0 0
15 0 0 —7 0 0
00 0 0 0 1

M 5.5 ﬁmﬁ%MﬁT
e 07 o



1. ST

B A EEHRER AR, WA BRRESEN R EHFET—RK
M#HRZ A =THIRFE.

) - - WRERMN=TRANUF R RS - - -

ftdefine MAXSIZE 12500  / BRIEZTAFEKMER 12500
typedef struct {

int i, 35 N BRAERIEMAT TR T AR
ElemType e;
}Triple;

typedef struct {
Triple data[MAXSIZE+1]; / B = 04 % ,data[ 0JKH
int mu, nu, tu; /SR ARSI A AR B T A
}TSMatrix;
M, data P RRFEFRTUN=ZCARUITF I ERFBUFHSI N, A TEAHE P IS
AGBENRXHBEEARN THSELEEZE ., TEEITREXMESFHEN T st
HEENEBEZHE.
HRBEZER-MEREENWEEZERE. X F - mXnWEEM, ENEBERE T 2
— P nXm BEE, B TG)=M3,,1<i<n, 1<j<m. F0,8 5.5 PHEEMH
T HA%BER.
BR, -NRAEENEBEENRERBERE. BiX o 16 B TSMatrix B4
B.0MEREEMAT, A fTH B3 6 R
MO a Fi b Z EIH 2R W REMEB . (DB EENTHIEMEESS; QBEN =
JEAHE G HEREASR QOBEHZTHZRMNKFEALHEENEER. fI&EF
GBI, RERMMEAE =4, MMM b. data P =THEL T 7 (M K5
2 FE R HES 8

i ] v i ] v
1 2 12 1 3 -3
1 3 9 1 6 15
3 1 —3 2 1 12
3 6 14 2 5 18
4 3 24 3 1 9

5 2 18 3 4 24
6 1 15 4 6 —7
6 4 —7 6 3 14

a. data b. data

BT LA W b Ak 2 5k
(1) #H8 b. data P=THMKIFRIKTE a. data FREENH=THFTHE. B0E
U IRBEE M KPP RETHE. ATHIIMYE-FTHENEETE . FENR=
TR a data NE—FTRENHE—E, BT a data B M WITEN EERERENER
TLRY, B AR BRI R b. data BEA MR . HEBE SRR IME R 5.1 FiR.
e 08 .



Status TransposeSMatrix(TSMatrix M, TSMatrix &T) {
/) RA=STHEREHERT, RBBIESF M HEEER T.
T.mu=Mnu; T.nu=Mmu; T.tu=M. tu;
if (T.tw) {
a=1;
for (col=1; col<=M.nu; ++col)
for (p=1; p<l=M.tu; ++p)
if (M.data[p].j == col) {
T.data[q].i =M.data[p].j; T.data[q].j =M.data[p].i;
T.data[ql.e =M.data[p].e; ++q;}

}

return OK;
} // TransposeSMatrix

Wik 5.1

AP E S, TERN TR p M col MFENEF P 5ERN, MEIE W[ ZRE
% OCnu » tw) @, BRI M BGS B B A BT MBI AR ARIE L . RATHIE , — AR B 5%
BREN

for (col=1; col<=nu; +t+ coD)

for (row=1; row<=mu; ++ row)

T[eol][ row]=M[row][col];

HEfEIE 2 R O(muXnw) . HIERICHNE tu F muX nu RIFBHE, Bk 5. 1 RYETE
HZEHR R OCmuX nd?®) T (B, BIZFE 100X500 HAERKEFH tu=10 000 NEFIL) , AR
TE TESEENEERERS T, BHER S 1 {UET tu<muX nu HFER.
(2) B a data FERAMKRFHTHE B EBEN=tHEA 6 PHRANM
F, MREBHAEHEEEMPE—FE THE-THE—-TEFTITE b. data fFRFH
BB, IR ATEXT a. data F A = SRR ES: BT, (0] HHE K E b. data P YN E
bE. ATHEXEMNE, EEBR NARBSMYE—-FIFETTHNE, HETKREE
—F Y —NAEFRICHE b. data PR B WM E .
TEI , B E M B num M cpot BN M. num[col JRAREME M % col FIFIEFIT
B8, cpot[col JH R M 5 col I —NIEFILIE b. data PR SV E. BRAE
cpot[1] = 1;
cpot[ col] = cpot[col — 1] + num[col — 1] 2 <{col<<a nu
Blin, %+ & 5.5 MEEE M,num Fl cpot BI{EINZER 5. 1 B,

#51 EEMBER cpot E

(5-4)

col 1 2 3 4 5 6 7
num[ col] 2 2 2 1 0 1 0
cpot[ col] 1 3 5 7 8 8 9

O ZEH.EITHE M. nu A M. tu BB nu# tu, LTFH.
[ ] 99 L]



XF B ERARESE, RERWBIEL 5. 2 fiw,

Status FastTransposeSMatrix(TSMatrix M, TSMatrix &T) {
/ REAZTABFREMER  RBHEE M HREERET,

T.mu=M.nu; T.nu=Mmu; T.tu=M tu;
if (T.tw) {
for (col=1; col<<=M.nu; ++col) num{col]=0;
for (t=1; t<=M.tu; ++t) ++nun[M.data[t].j); / RMFEB-FIFEFTITH
cpot[1]=1;
/ RE ol FRE MBI b.data PHFES
for (col =2; col<(=M.nu; ++col) cpot[col]=cpot[col - 1]+ num[col-1];
for (p=1; p<{=M.tu; ++p) {
col =M.data[p]. j; g =cpot[coll;
T.data[q].i =M.data[p].j; T.data[q].j =M.data[p].i;
T.data[q].e =M.data[pl.e; ++cpot[coll;
Y/ for
Y/ if
return OK;

} // FastTransposeSMatrix

Wik 5.2

AR AR Z AT E RO, A E LB BkSa 4 5
B BB IR PRI R BT BN nu A cu, BT B BB EZRE R Onut-tw) . M KHEFT
At B muX nu FHEFE, K RERKEN OlmuX nw), MIERBE L EERE
R

ZRABFEXFAFHUTRE . ENERARE FFLERTEOFEFFH. B
WETFHITEITMFLBRYEFZE . RW.ERETESFRE-THETIT, WTEAEL
e AT AR

2. T RBHENIIFR

HTEFHIFBRER—THEZT, MFAES-THE T EBRE=ZTHR
FRME. A, TR ETRERBEERNRE R FARK, IR TF 0B H4A
cpot BlE EMHMAEHNIFHEMT. RAMHFHTREFR "N THARNTERER
B, LR BRI T

typedef struct {

Triple data[MAXSIZE+ 17; Y EBIGL=AARE

int rpos[MAXRC+1]; J BETE-TEBTHAERR

int mu, nu, tu; /BN FIBEFLSE
JRLSMatrix;

ATEMNEHEIRAEGEHEROA T . FEFHXMRR T ENLRE,

O HREMIHE cpot WEEMRBRS—T , BHURS - mBEaH,
« 100 -



BAEEHRNZRE RO RREFTALRN., A&
Q=MXN
Het .M Em, Xn, BENREm, Xn, . Bm=m NAH.:
for (i=1; i<=nl; ++ 1)
for (j=1; j<=n2; ++7J) {
oLi1[j]=0;
7 for (k=1; k<{=mnl; ++k) Q[il[j] += M[i][k] = N[k1[3];
}
BB EEZE R OGn Xny Xny),
UMMN EHBREM A - GHAREFHEAN . RARBEALREBERER. BEM
M N 51514

0 2
300 5 :
1 0
M= —~1 0 0 N = (5-5)
—2 4
2 0 0 0
0 0
M Q=MXN X
0 6
Q={—1 0
0 4
CA1H =74 M. data N. data Fl Q. data 4> 51
i ] e i j e i ] 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
BAmnfI A M FI N KRB QW2
() FRFEEQHITE
i 1<<i<m
QUisj) = DIMGi. k) X N(k,j) D (5-6)
£ I1<;i<n

FEEBBEP A MGORM NG, DHERE IR  BEHIT—KREBE, LKL,
XHEE—TEREN, HERBAE. EHI, 78X W HE BT8R i, B X f ok
BORAE B A E D, K Q WM, HE7E M. data I N. data 538 B4 N & XF T & (B M.
data 4 j fEHI N. data 1) i HAHF XTI MFEEIA .

B, M. data[ 1 IR /RAYEE G (1,1,3) REM N. data[ 1 ]R R HERKET,2,2) 4
;i M. data[ 2 JR/ANEFEIT (1,4, ) MAFM N fEMTEMTE, B R N. data B %
AiR4momE., TR, A THRAETHRM, LEX M. datal 1. . M. tu]h§E T
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E kMG k)) (1<i<<m, , 1<<k<<{m;), I FJ N. data o B A M R B JCE (b, 5, N(&, i)
A<ty V<< TP AT, T E N. data FFREHE N FE L THHEES
TG, ERBEMENTERSEENIRFER P, N rpos ARINBH/HTHXEL. AW, K
(5-5) R N ) rpos (N 5. 2 FR.

% 5.2 EPENHBrposfH

row 1 2 3 4

rpos row ] 1 2 3 5

HH,B T rpos[row ] REME N S row THE—TIEFTLAE N. data PR FS, M
rpos[row+1]—1 #REHEE N B8 row ITHEE—TEZEILE N. data FHRFS. Mk
B—fHFRE—1TIEFTE N. data PR EBRRE N.tu T

2) MBEESHARENELRBER. X F MPEANTE M. data[p](p=1,2,+-, M.
tw), P N FEFAEH B &M M. data[p]. j=N. data[q]. i BJ6E N. data[q], R7E M.
data[p]. v Fil N. data[q]. v BB, MM R G-6)BH, FREE QF BN TENELED
R, XN M. data[ p]. vXN. datalq]. v B2 QLI+ —80. AETHRE,
Xt BN TER— BTN EER, KVENT , REHBH M, REBMNTE M RAH
BAMBELHKBITAHER .

Q) A REEEMHRYRAALA -ERMARERE, K2, HEXG-OFEMrEE
MG XN DARRE, L EME QUILIETRAT. HHFEREE QPN ITEER
RHERT, RAEARBEEMMEAEEM. BT QP LEMNITSHAM P TENITE—
X MBERHFIEUM WTFRERFG, BT Q#ETBITAE, KRB RiTK
MBFRIERQW—1T) . REHEEFHD Q. data b £,

M. EAAREEEHEREQ=MXN)H IR RHHRNT

oWusik

if QEEREM){ / BIARH

for (arow=1; arow<(= M.mu; ++arow) { /S A MEE—fT
ctemp[ ]=0; / BMBEER
B Q H 5 arow TR I FEA ctenpl ] H;

# ctemp[ ] Ak BILESHFFHE Q. data;
}// for arow

/R
BHES.3IRERABRENAER.

Status MultSMatrix(RLSMatrix M, RLSMatrix N, RLSMatrix &Q) {
VREERBRQ=UXNFRITEBEHFMEER.

if (M.pu != N.mu) return ERROR;
Q.mu=M.mu; Q.nu=N.nu; Q.tu=0; /oW
if (M.tuxN.tul= 0) { JQRIERER
for (arow=1; arow<{= M.mu; ++ arow) { /OB RNE—1T
ctemp( ] =0; /MBS CERMBEER
+ 102 -



Q. rpos[arow] = Q. tu+ 1;
if(arow<_M.mu)tp = M. rpos[arow+ 1];
else{tp=M.tut1;}
for (p=M.rpos[arow]; p<tp; ++p){ / M HMTHPE-TEET
brow = M. datal p]. j; / RBIXBITE NFHITS
if (brow < N.mu ) t=N.rpos{brow+1];
else {t=N.tu+1;}
for (g=N.rpos[brow]l; q<<t; ++q) {

ccol = N. data[ q]. j; /) RBILELEQHFE
ctemp[ccol] += M.data[p].e * N.data[q].e;
}// forgq

Y/ KB QHEE crow( =aromfTHEFTT
for (ccol =1; ccol<(=Q.nu; ++ ccol) / EREFHZITEER
if (ctemp|ccol]) {
if ( ++ Q. tu > MAXSIZE) return ERROR;
0. data[ Q. tu] = (arow, ccol, ctemp[ccol]);
Y/ it
}// for arow
Y/ it
return OK;
} // MultSMatrix

% 5.3

S ERBENEEERERE N TSR BMES ctemp W HB BT EERE R
OM. mux N. nw) 5k Q 54 % 56 B E 2K 9 OCM. tux N, tu/N. mu) , #47 [
25 17 A B[R] & 2% BE O OCML mu X N. nu) , B i, S i B 8] & 2 B 3t & O(M. muX N. nu
4+ M. tuX N, tu/N. mu) .

EMEmiTn IHWBERE . N Zn 177 p FIKNWEHER, W M FIEF TR
M. tu=8y XmXn,N PIEFITHNTE N. tu=8 XnXp, WA EH 5. 3 By6t A H 24 &5t
E OmX pX (14+n6uSx)) » 24 6,,<C0. 05 Fl 6y<C0. 05 K& n<(1 000 B, Bk 5.3 WETHEE
HEFHYT OnXp), B XE-DHEHEBHLER,

WRBERGEEDRFRRPEE QAHERAESE, W _HHART Q, HFEMH
BB ERRT.

3. TFHER

M0 B A AR T AR B AR B A A o AR AL B R BT, 3R SR AU A7 45 1 oK
RARZTCHMEER, Bl EEEEE BMBEHFEA E"HEEN . HTEFITHE
ABMBRE SEIE A data FURMBE. A XTXFRBIWERE, RS FEESEH
FRZTTHMARERERNE Y.

EHEEF B ERCTA-TE S M ENERERR Kb i e X3 NMNHESHER
ZARFILAENT SIMETTHE, MEAER right AUEER -FPT—-1NEZET, W
T3 down AR -5 T —MEZx, B—THIEFLEN right SRR
KR, B HWEFTHED down BEER N RUEER . BT EZTHRERENMTHE
KN ES NBENFIERT NG BNEFERR T - T ERXXNEE,
ORI A AP 5 MO8 + B3R, T IR AN 2 DU B AT B R 00 Sk 48 BT A 9 i R i Sk 45 4
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W—EBEERZ, B, X (5-5) PREREMEBTPERDE S 6 FixR,

M. chead
| | N
M. rhead
pELnE anE
— 2] 2 ]-1
ALTA
pEEE

M5.6 MBUER MK+FEE
B 5 ARWBEEN +PHRIRNMEL +FHERNE L.

p - WEE RN+ SRR MRR -
typedef struct OLNode {

int i, J; / HAEZTTRAT AP T AR
ElenType e;

struct OLNode » right, » down; Y RFERTHETRAMTIRMN G HEER
}OLNode;  * OLink;

typedef struct {

OLink * rhead, * chead; /AT AN B L M B AL h Y CreateSMatrix 43-Ap.
int nu, nu, tu; : / BBEEESTER IEMETTAH
}CrossList;

Status CreateSMatrix. OL (CrossList &M) {
/ BBRWBERS Y. RATFERTRESR.
if (M) free(M);
scanf(&n, &n, &t ); J BANMITER FIBEHERT R
Mmu:=m; Mnu:=n; Mtu:=t;
if (! (M. rhead = (OLink * )malloc((m+ 1) * sizeof (OLink))))exit(OVERFLOW) ;
if (1(M.chead = (QLink * )malloc((n+ 1) % sizeof(OLink)))) exit(OVERFLOW);
M.rhead [ ] =M. chead [ ]=NULL ; V) A eI P EANCE - O - Tan L k=t
for (scanf(&i, &3, &e); il=0; scanf(&i, &j, &e)) {/ HEBKFHALERT
if (! (p= (OLNode * )malloc(sizeof(OLNode)))) exit(OVERFLOW);
p—=i=1i; p—>j=j; p—>e=e; A EREA
if (M.rhead[i] == NULL || M.rhead [i]->13>73) {p—>right=M rhead [i];M. rhead {i]=p;}
else { N FEEITRPHOBAMLE
for ( g=M.thead [i]; (g—>right) & & q-—>right >4 < js qg=qg->right );
p—>right = g->right; q ~>right=p; Y}/ RBATHEA
if (M.chead [j] == NULL|| M. chead[j] —>i>i) {p—>>down=M.chead [i]; M.chead [j] = p;}
else { N FEEFRFHEACGCE
for ( g=M.chead[j]; (g->>down) & & q—>down->i < i; g=g-—>down);
p—>>down = q —>>down;. gq-—>>down = p; } 7 ERFIEA
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return OK;
}// CreateSMatrix_ OL

g% 5.4

StFmiTn SIHA ¢t MEFTMBAER, Bk 5. 4 WRATHE N OGXs),s=
max {m,n}, XEEANBET —NERTHESHBEIBEECETRMINZTHEAM
B WEESMERTMANEERFRAEMER., RZ, EHRUTFAIEFBRFRKE
AZTH TR T FHRNEERER OOFELEH ¢ REFTHIEO.

TEHRIMIBETFERRSMAEEN, MASHBEE BMBAEREA £/
BH,

P SEREAR I AN SE 2 P iR P — oo 2 A AN A 0L, BT AR Rl i & — ST 8
2t U — AN ETT AT AR SRR E WA T GFEMAME) , B4 4 A %
AT R NFEFI R B A MR R BB N E 2, TR E L WHBIEE,

BRF N EEHMERERN A NFMER A'FHIERICq, RWTHER 3 HER.
'EEE%% a; +bij ;EE%% a; (b,-,' =0 Hﬂ') ;_EJZ%L% bij (aij =0 i), Ehﬂ:t’:ij){%‘ B ﬂﬂ@]A J:£
% A BERER - FHEERRUL, BB R BERL A K val {E (a; +5; 70) , BE R (b; =
0, MEBA—THGER(a; =0), BE—FAIBBHELE: MAEEFHENETITH
Xt RE, FIAE R AR IT, BIXt A MERER MR — N5 & (a; +b;, =0), B, B iEE
HETNEENE-TERTHT. XE—THEMNTRLLZS 5B A ® B fF£iX17
PRE—-ITERTHEREFHRLE . A% ER 4 HARERFBILEZ.

BRI 14T pa Ml pb A FItE R A #1 B HAFEAM B WP A4 S, pa==NULL
RUEHF A GEZTPRAESTT, W ER 4 HERWLETRER.

(1) # pa==NULL B pa—>j>pb—=>], MITHFEE A EHHHERTHBA—-TERI b
Zi. Mnt, TR R —AT PRI — %5 R right 348, DL R F]— 3 8T —45 A1 down A .

(2) # pa—=>j<pb—>j, M| RE¥ pa - FHHH—#.

(3) #& pa—>j==pb—j H pa—>e+pb—>e | =0, M R EH# a, +b; BI{E 2% P pa FF
FEEE R e WRIA], HAB AT A W EA AT,

(4) # pa—>>j==pb—>] H pa—>e+pb—>e==0,TEE A BN R FHE
pa FTtE 45 . WA, T BE Ml —17 T — 45 I right BUH, LA — 5P aT— &5 S 1
down IR {8 .

ATETHEANMBRSE S EFERL LB ERE. H—B. FANTHRLR
pre 55t , ]8R pa IS AWM RS SGH R, EANE-FINBER LB 14
hilj], EMwE MR LB 4, B hi[j]=chead[]].,

TEXKEERE BmMEEREA EHRESBE-THENHERE.

(1) %1464 pa Hl pb 53514 A #1 B IS —FTHE — N EB TR NG &L B

pa=A.rhead[1]; pb=B.rhead[1]; pre=NULL;
H4 hl #1814k
for (j=1; j<&=A.nu; ++j) hI[j]=A. chead[j];
+ 105 -



(2) BEAS B RKEEATES, HE BHATHEEFTTRBSLE AL B pb—
NULL 34 ik

@ # pa==NULL &, pa—>j>pb—>j (8l A X — 17 FIEFTRC A B, WFE
1E A RIEA— pb BTSSR EH G A, BREHE AN p, WA WITRFPHE
HHEMT L '

if (pre = NULL) A rhead[p—>i]=p;
else {pre—>right=7p; }
p—>right=pa; pre=p;

A KPR TR OEEMEMMBRE. BETM hlp—=>j TR RBF 4 SR — 51
HRRTIRSS &L ORIk bl p—=j 18 B, RIS SR PRAFTE A -

if (! A.chead{p—>7]| |A.chead[p—>j]—>i>p—>1)
{p—>down=A.chead[p—>7]; A.chead[p~—>j]=p;!}

else {p—=>down=hl[p—>j]—>down; hl[p—>3j]—>down=p; }
hif[p—=>j]=p;

@ # pa!=NULL H pa—>j<pb—=>j, W4 pa $HE AT T —IEFITL =, B
pre=pa; pa=pa—>right;
® # pa—>j — pb—=>j, W B h HATH A MEMD A h X504 &8 1,0
pa—>e+=pb—>e;

Bt pa—>e! =0, MILE A, ENMBR A FZKL 5 BT RPIEH TR

if (pre == NULL) A. rhead{pa-——>i]=pa—>right;
else {pre—>right=pa->>right; }
p==pa; pa=pa—>right;

FIBF, R TSR P HIE  BEERIFE —5 h WETIRS &, Bik bl pa—>i1#5 %
2k S R G 0T 8 SO RE 3R E

if (A.chead[p—>j] == p) A.chead[p—>3j|=hl[p—>j]=p—">down;
else {hl[ p—>>j]—>down=p—>>down; }
free (p);

Q) EETARERE 7, ML pa Ml pb A T —THE - METTE R HQ)E
Uk

WX XA BRI AT AR TR N — S AR E, AT OB B R AT
FHHAIR—MEEGCBEIBESRAETY A M B MHFERZRTAM KBEFREE
BERRT AMB BEEPEF TR N ta M th; LB IR EEREH OCtatth),

5.4 JTMERKEX
BUA BT R R R AT, A A BRI I Clists, BB R AR 55

FREIE list IXFD . JTEHMATATEREENRLEEIES LISP BT XERE
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HEAGPAREN RERFRRAN—RIIH) LXK,
R BARRE SCRIE LT .

ADT GList {
#HiEx®:D={e; |i=1,2,,n; n=0; e; €AtomSet 5 e; € GList,
AtomSet AEMHEHER )
BWER RI={<e;-, &,>]e,,e, €D, 2<ikn}
ERBIE
InitGList(&L);
BAESR AEEHT XKL,
CreateGList(&L, $);
M EGE S EIURHIBBERS,
BAELE S S QIR XK L,
DestroyGList(&L);
WM& XRLEFE.
BEGR BB EL.
CopyGList(&T, L);
WM& XRLFE.
BEGR R LERBRTXET,
GListLength(L);
TR &M T XRLEE.
BEESR . RSARLHOKE MTEMK.
GListDepth(L);
B &M X R LEE.
BEGR R UARLHOKE,
GListEmpty(L);
W& XRLFEE.
BEGR FETARLETRNE.
GetHead(L) ;
M &k T XELFE,
BEAR WM XERLHL.
GetTail(L);
MR T XRLFE.
BEER B XERLWE,
InsertFirst. GL(&L, e);
MEHRME T XELFE.
BEER - BATR e BRI XRLWE—-TE,
DeleteFirst. GL(&L, &e);
FIR & XRLEE.
BUESR MBTXRLWE—nE A BEHAE.
Traverse_ GL(L, Visit());

MG HM T LR LFE.
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BAEER BEATXEL HEH Visit fHENTE.
}ADT GList

J” X FE—MBiSE
LS = (al sy ,...,an)
HA,LS B XF(a a0 ER n RENKE ., ERERNE X, a (1<i<n)
RRFRANTR. TES LROELF o TURENSTR, BT IR LR, 555
HITXEBZLSHRTFMFR. IR L AAGFRER XENER  ANMNEFEFERRE
Fo HXRLSEENHFE—-ITE o H LS WRK(Head) , FHATEARK K
(az a3, ,a,) & LS FR (Tail),

BR,XERHNEXR—TBENES BN E#RR LERFXHEB T RO
&, THEFIZE—ET XRHET.

DA=O)— AR NER.EHNKERE.

(2) B=(e) JEBHRE—-NEFe, BHKENR 1,

(3) C=(a,(b,c,d) FIRCHRKRERNZ,HAINTEDIHAETF a FE <,
d).

(1) D=(A,B,OO—FHZDMWKENIINTEHRENE. BR. B TEHER
NG WA D= ),(e),(a,(b,c,d))).

B E=(,E)—XR—-THEHANEX, EWKEN 2. EMSET-1TERBFE
E=(a,(a,(a,))),

M EREXFBFRIHEHFIRN 3 ANEELL:

(D FIRHTETURFR M TENTELETLURFH B, FIRRE—IEE
WHEW,. TUFEERBFER, GIMES 7 RAWEFIE D, BHRUEBEERFE, U
HTRERETF.

(2) FIRAAHMPIBHILE, HWAELRGFF,
FiRABRMC XD WFR,ME D FELURLIHFFHE
B8, T 2l i F /B FREKEI A

3 FIRAWUR—~TBIEMFE, BIFFEATUREA
HH—1FE, flFlR ERE—MBRENE.

RABAT R X R KRB E LA A AT — AN FEEF)
RERKTRERETF LU RESNR. MEEZRBLENF] Es57 FRMNERER
x. Bl

GetHead(B) =e, GetTail(B)=( ),

GetHead(D)=A, GetTail(D)=(B,C),

BT (B,O K= Fik, W o gkt R 53 .

GetHead((B,C))=B, GetTail((B,C))=(C),
ERREHEIIROMUDARE, HENSER . KEn=0;5EKE n=1, @53
HEL ZBHASHRO),
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5.5 J MRHFMEN

T T T Car g ) B8 6 3 T BB AL 0 6 4 (R R T, LR 91
) , R X B PR 2 B 4 7 8 R B SR AP , S5 ISR T R AT —
£R.

AT 4 AR T T AR MU TR T
BHET RIVE . BT ERRENOE R —FRE [ ope1 | "
4 LR AU — R T4 A, IR R T

RGN
MEFBM . EHEAE, MASBRELMER: K
Z,—MEERRLMERTE—HEFIE. HI,— vag—0 o
ARG ETH 3ARER FFER TERFE LI R p——
%ﬂ?&%%@%m?‘éﬁiﬁ:ﬁﬁlﬁﬁi%ﬁﬂ%m%ﬁ:ﬁ:%{i@ﬁ T
FER N 5.8 fim) ., HERXEXHEBENT .

/=== XENLBEEEMES -

typedef enum {ATOM, LIST }ElemTag; // ATOM==0.JfF,LIST==1.F5#HK
typedef struct GLNode {

ElenTag tag; A AR, ATRAEFEINRER
union { J RFEEMELESNBEET S
AtomType atom; // atom £ %5 S U (EI%, AtonType H P E X

struct {struct GLNode = hp, x tp;}ptr;

// ptr BRE [ KIEEHIE, ptr. hp M ptr. tp S HIIE R L FERRE
}s

} * GList; VARE 3
A=NIL .
5 agriEp TN
G pn  GLI3-GL I 3-GI A

GO O b8 69

el T30 A
a0

B5.9 T RKFEEW ARG

EAWREFIRET T CREE T BRI EERME 5. 9 Bin. EXMAHEEH P
AILFER  (DBRE ROV LI a5, HEMAE S 515, KR LR BB E RS
FOBZESRATH hp BIERFAREL(BARTEALBRRE L tp RIBAFIRER
(BRIERBAZ, WIBHAZE, BMNBD ARG R OB BARIRPRFHNTRALER
K. MEFNEDF,JETF afle R —BERLE,T b.c Md ER—FZREHKa Me fi—
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B,.BHMCER—BERTFX:ORBRHRESNMBEAAROKE. DL M AE
HFMBRE FATRNREREETE. G RAN M8 SSHNERRRIIR WA S.
10 FIE 5.11 i, HIBE SR .

/A TR RAUERFHERR -

typedef enum {ATOM, LIST }ElenTag; // ATOM==0;JRF,LIST==1:FFk
typedef struct GLNode {

ElemTag tag; /ARy, ATRABTEAMERE S
union { /BT AMBESHBEAES
AtonType aton; / RTHRHESE
struct GLNode *hp; / TEHMFELLE
}s
struct GLNode *tps /MY TREERN next, IH T~ TRER
} *GList; /T X FAER GList B—RT RBAREHEE

*tF 5 R M X BRI LEH, R ERE A C I RER R R4,

| tag=1 ‘ hp ‘ tp ‘ ‘ tag=0 . atom ‘ tp J
REH RTER
B 5.10 FIRMA—FELSLEN

A
onn INE ST

>~ T DOEDEEENnN
DNE RS ME R

E 11 ¢ |A
DOESHND

B 5. 11 FIERMA—MERRT

5.6 m LB ER

FE—BBERTHERAK CREZHEEAR RS R WA MR IEZ . W) KA
LR FRM, ) L RPH— N RBRRATLURS AT LR, — P m T E KB HR
BER ) SCER B b Rz P 0 L Y S

£ 2 Fh  RATEERREROMALGITE T —LEHRK, — A —E L HA AL
R—AKEHR m B8R T RE WA BGRB8 B0 2tk R R FR .
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X BT RR m TEHR., — P m TETANE T, BEHE m L,
MBARERERER, WEMETETE n+1 MR UFE—REEM m 48
B, BEEEFRAARE. ~RERETAT SN ETHEZRLD  H8E m &L
S ERAERE 2 6], WK s RIR 35 22, B R B T B i AR ST o R AE A s ) B 2 B S AR
AR AERAEHRAE, & m BEARMNESHN, R RE S KDBAR,
XFERESTEEBESENAE. Bt T m 22 h 5 TR B E B AY KT
MALEENBEES MAETRHAEERERS. fln=t£mK

Plz,y.2) = 2°y’2" +22°y*2" + 32°y* 2" + 2 y'2 + 62 y'z + 292 415
Hp &G cREARARMARE, MW 2 FEFAEREHR, MERT A

Plx,y,2) = ((£" + 225 + 327y + ((2* +62*)y" + 202+ 15
EHRAEART . BAE RITELREXNEZHAX P, ERET = WEHA, P Az® + B+
15", ARHEF AMBAHXR—N (2, ) WZTLEZHX, 15 B = WFERBM RE. #
—EEE Az, y) , XAEEERE y TR, C°+Dy ,MEF CHMD I X f—T
ZH K. BRUE, FNEBHXXBAFELEHTTEN & TN REHEREITHN.

fEAA—A m ST B WX E T - el — AT n e B o s 1%,
L%, B, — T m THEBIAEERENFETE TN EZMA. MERRXEE LT xn
2, BT AT XEREZER m TETAX. Sl ER=TTEHTHAKXG-1HH X
FRRUROHEEE BTN

P=2((A,2),(B,1),(15,0)® (5-7)
Hef A=y((C,3),(D,2)
C=x((1,10),(2,6))
D=x((3,5))
B=y((E,),(F,1))
E=x((1,4),(6,3))
F=x((2,0))
ARMUFT LROE MFEERRE XRR m TERRM RN MEN. EX
B RGN

tag=1

exp L hp L tpj [rag=ol exp | coef T tpj

RER EFEA

Horp exp RIEHOK - coef HREIK hp HHHRR TR o HAR-BRT 48, HiE
HE LA -

typedef struct MPNode {

ElenTag tag; A R FERMELER
int exp; VT8
union {

float coef; VX &

O BATET XRBFWZH M~ LT, UREREHERL.
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struct MPNode * hp;  // RE S NELEEH
)
struct MPNode xtp; / WNSTFRESEEN next, BT -TILTEAR
} % MPList; /o BIR X FER
RG-DHT LERTEHERMES. 12 iR, 8RB EHE-MNRLEG S
exp 8RR BEWETT, ] Fl—HERAFEH LA T HE LT, i exp MEMO R ZETHE
— AT AR, LI8E p TSRS S P exp WE 3 ISP THIH. TR,
XFE W T R AT .

EENE NN

1|, [o[ 5] 3[A] 1, [o] o] 2]A]
| [

[1] A +{oho]1] +—{ o [ 2[a]| | [1], A +{ o[ e[ 1] F={o]3]6]A]

B 512 =ZxEBWR pla, v, D) NEMEHRRER

5.7 JTMARHBHRE

EH3EDYER,EARBSHEN BF SR AR HIEHERE, REEEFR
HEE T A, BA#EEERARITREBE BEAEENGRKE8. EBFRIT
MRS, BRATHFA—WRERFBH., MR —-DREYRELESABMBEERRE, RIE
BESEHTHBESEARHBER () =n! B, WALEFREBRH". KX 7
Xif (] BR A7 4 R R A 0 o R P 18 2 B9 2 0 R ] R M S M TRD B F el B (A Hanoi 3% i)
B, BERBE -3 HAER AE A HRERAWIERNBEEERFS AN ELEE
B.EAMES THES. BEERAY¥ERPBENTOTIFEOREFETN S X NEE.
HEAN R, BRI EL2E TS MM Ia8 e, REU LR e A
15 #:” (Divide and Conquer) #17i# HB KR ITH L,

XiF X 2R A B R BB R LA E W R R RR I E . S R
SRR, 33 U3 R SO e A A A 40 T B S S R

BHAEXHERTHRT -8 BRI ENLERE. BR-IAEREEA
(BT 8 WER) o] IR — TR B (B S B AL AT 938 03 72, R 45 1R 1R
WA, LEREIERBRNBEWLE L., MBLERSHEVEATESER AN
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ERBEIRA . T8 3-3 B n Br Hanoi 3 [FRH, 7 n=1 B 7T LA HeR B, B B &N
XERBHE ZBEE, —BRERAT.EFZHSEHN o, WBEAKKREREN n=0 5
n=1%, :
BIEE X AANT AR T I S HN S APR AR ASRAENFEL. BERITHER
B+ AN 2 i RS BT DA A3 A ARE T () Ak F B, G e 3 2 VB 5 DR R R A T
£ 44 4 JR M, U T ) R R U A IR #R A AT b B T O R 22, X B T I AR AR T R AR
BRI TR T . HBIAE Y 0 B R R X PR AT A LR R . I
Hanoi M@ HRH ., FEERE » MNASN X BEBZE 2B L, TUHEESHE 3 T
FEE. (DBHREHN 1 Er— 1B r— 1 EHEN XEEBZE YEE; (OKHRS I K
BAMNXBEBE ZEE;QBREN 1 E— 1 HEAN Y BEBE ZEE. Hf
(1) FI1(3) B T 1] B R o] B AR AT IR MR, RESH (n—1 F ) AR, BB SBT3,

B 38 U9 B A BT P B B VA g B A A T, W E B A R e, R TE R (D E B
B BB E SRS ULER  PER E SRR Sh RE AT RE O G F R A B9 R D » R R
B 7 45 1 R JEL Je R M SR A TR B0 F IRV RR, R O — B AT AT T A 5 () X e P
ME—NBEERRER AR RANRE, RERED -3, LEESCHMBEI P EX
RITHEE, V1 S AR S KR IFERIE . IF G0 45 52 00 49 5 E B A RE A, R 4 (R B A7 R 40 E
AR N EEIER.

FTHEIHET X RN 3 MHREE. BELYEHRTRN XERBREFERHRELHRE
T,

5.7.1 RI"URMRE

Y ENREEXR XEFBRRNER, B RN —MEE., fl, 2K
T XENREE RN EZTR PTG
PEINSE Y]
LS = (a1,a5,°*0a,)
H o, (i=1,2, ,)BHABETRN LS WFHE, WK LSHREAT2HHR » NTFREE, &
ANFRBEHRFR o WIRE & o BET . MAEXHREEIR . & o B LR, WA LR
BEALTE T LS WIRER R a.(G=1,2, -, n) WIEREREKREM 1, ZRERES XK, IHH
EXTAERAORER 1.
BHEA R, R UENEENBRABERARIN LGRS . sRMEF, HREXRSE
2 (i=1,2,,nRFEE, " XENRERESGRKBT. BR.ENEFRERERNBEKRE
£1,
IR E
LS=(a; yay ;)
%R E DEPTH(LS) By 10 E XN
AT, DEPTH(LS)=1 W LS hrsEEHt
DEPTH(LS)=0 Y4 LS HEFH
JEE B DEPTH(LS)=1+¥Ia<):{DEPTH(ai)} n=>1
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B MRS E R YT B, Bk L &2 GList B4 &, | L=NULL £#/"
YENEE,L—>tag=0 EHREF. RZ,LIBAEREA, KL PH hp BEERE
LRI L B —A TR TSP p KT RBE A PM hp 5 E L KB
AFE, EE—BHH tpp MENFERS ST hp B4 @ LIKFR. B R
N FEFEEERTRBINE 5.5 iR,
int GListDepth(GList L) {
/ RALBHEREMEN R XRLORE.
if (1L) return 1; /) BEREERI]
if (L—>>tag == ATOM) return 0; g BTRERERO
for (max=0, pp=L: pp; PP = pp —>>ptr. tp) {
dep = GListDepth(pp->>ptr.hp); // KL pp—>ptr.hp HkIMH W T HRHBEE
if (dep > max) max = dep;
}
return max + 1; J EERAFERZCENRENREKMEM 1
} / GListDepth

Hix 5.5

ERERAAT SRR BRI CREGE R TR B AR E S TROKE,
REGEBE UEHFEE. fln,B5. 13BRTRIXEDWEENSRE. P
BEREBISRPIEL L WELRE, EHERSEANBERFRICHREERLKT

(N ONCHACHN

| -~ . x1=((e), (ahc,d)))
\\\\\\\ x2=((as Brc,d)))
{ - x3=(a, (byc,d))
D——M 1 - x4=((b,c,d))
X i x | 5=(b d)
(e) x3 \2\ x e
o NI 1#3 S~ s=(d

B 5.13 RITXEDHEENIE

FLMAMNG SN ERFRICHEFRNREN FROEE, NEHAT I L& D=
(A,B,O)=((),(e)s(as(bsc, d)NMTER 3, HHBHE LW XEDHEE,
A .
DEPTH(D) = 1+ Max {DEPTH(A) ,DEPTH(B) ,DEPTH(C)}

DEPTH(R) = 1;

DEPTH(B) = 1 +Max {DEPTH(e)} = 1+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) }
=1+4+0=1
/I, DEPTH(D)=1+Max {1,1,2 }=3,

5.7.2 EHIXE

FES.S YRR AP XEHIASBRRLMRE, R, — X #E #
ELMERTHE—RBE—NTXFE., A, EH—N XRRESHEFEELNRRE,
RIESREIT, Bk LSEEXR.NEWLS BREH F . MEHBRENBHE LWTF.

AT, InitGList(NEWLS) (B2 %}, LS AE EAT,

UEZP!IDT:COPY(GetHead(LS)—>GetHead(NEWLS)) {(EHFEL)

COPY(GetTail(LS) —>GetTail(NEWLS)) {E#lFER)
ERFEUES.ONERER  NEHENREERBIMMENER, REBVMERT
MR ——XNNHE S EEAEHENTFHE. AT EREH XEHNBERE
BANE 5.6 i,
Status CopyGList(GList &T, GList L) {
J RALBRBERTEMEN B XELEHBRT XERT.
if (IL) T = NULL; / HEEE
else {
if (1(T = (GList)malloc(sizeof(GLNode)))) exit(OVERFLOW); // BEFZE A
T->tag = L->tag;
if (L-—>tag == ATOM) T—>atom = L->atom; / HHBIBET
else {CopyGList(T—>ptr. hp, L—=>ptr. hp);
/ BB X F L—=>ptr. hp ¥ — B4 T—>ptr. hp
CopyGList(T—>ptr. tp, L—ptr.tp);
J BHILFE L—=>ptr. tp B— A BIE T—=>ptr. tp
}// else
} /else

return OK;

}// CopyGList
HE 5.6

EE.XREFERATES, FRXTBHREMANET BT HBRBRE T CROEH IS
BLEFARUS R CHBABFEELR, UEBIERZN T H.

5.7.3 B NRHNEFREE

M ERBIF SCRBAERBABERAITEP AT AR EXN LRATHRIET B
A X, A WA AT T . —FRIET X ERABRE R NREBFR D B — MR
HEEBREETE n M TROBEETFRAETRONR. BITREL) SCGRIFRE
P X B A B T IR 3 AT
BEE XENBERABERE—IFRFE S, WL S HESHRNT XRIES.
SEBE AT AR A 5. 4 15 b B RS K K 3k GetHead MNP EER GetTail WA BHE T
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"X ERMEETEEN. XN EHREEMERNBHEERIMEMN, EEFTETKZ.
TR Rt AT e .

U EBRFHFR SAEAERHMEN: (1) S=C)CGFERNZSHHR); (2) S=(a,
ays2,) s B 0, (=1,2, )R SHWFHE., WHTFE-MFL SHI XRAITER, X
MFE_MBELSHI XERFEA M FR.BNTFTREVUBEREANITFR o=1,
2,0 ,m), WBTTISMIT R NRMOBEE, T H SBYK XEMH e G=1,2,,n)
BUMFRZEWRR., BREES.SIAREREHREN XRNWEREW NEH
nNTRATXRPEn PRGEAFF. FiG=1,2,n— DI REHPHERISH
EBHEBHIPMRER, BN REANRERE I NULL, FH, R ERFHEREF
RETEME N REFBRLIBE hp HEHH o BIWFEG=1,2,-,n), BHM.H S
BT XRKEBATHARE 0. (i=1,2, B FRMRE., X,o AJ8EE 3MHIER: (D)
WHERANSHBFQOKERN I WRZFB; OQOKESIHFEER. BR.AAFHHFRHY
BHMAERE, FRISKIRE-NEFEAF—MERIBHEAR. hlk. R
ZRMAFHBARHEENITRT,AIS TR XERERTFHEEMHZEREX.

AWM. B XE 4 SR RBEH

BETFHESMTFE 4 S hpFHBN
HAATT . BB sub KL% S T BINRIEIMM F B IEN 51,5005 b s, (i=1,2,
o) RAFEFRH, B s B —DRE R FASH hp B I s
BN FROLBH BEREELHRESNWRIES I NULL 4, KA ES A
KRB SIREMEEZREBINRE A,

1B 7 BRHL sever(str,hst) MITIRER , M FF 8 str PEUHE — A, "2 BTN FRIRE
hstr, J 4 str BAM EF B hstr M ZEHRRFARHE,E B str FRAFEF, WNBERS
9 hstr BICABRAERT I str, MERAE/G 9 str 725 88 NULL, B8 ER i IHE X A5
N EFHEEWRE PR ME Y 5.7 iR, BRI sever INE B 5. 8 iR,

Status CreateGList(GList &L, SString S) {

HORRAkBBERAMEW. B NEMNBEERS SHR XKL, #emp="0"
if (StrCompare(S, emp)) L=NULL; // |75 %E
else {

if (1 (L = (GList) malloc (sizeof (GLNode)))) exit (OVERFLOW); ,// B3k i
if (StrLength(S) ==1) {L->tag = ATOM; L->>atom = S; } / RIBBETF L%

else {
L—>tag = LIST; p = L;
SubString(sub, S, 2, StrLength(S) - 2); / BANRES

do{ /EHEEBo I TE
sever(sub, hsub); // M sub #1438 Hi %3k B hsub
CreateGList(p —>>ptr.hp, hsub); q = p;
if (! StrEmpty(sub)) { V3%
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));
g—>>ptr.tp = NULL;
}else
} // else
raturn OK;
} // CreateGList

"Hix 5.7

Status sever(SString &str, SString &hstr) {
/) ¥AEZS B str A E R4} hsub HHE A Z AT F B, str HZIE KT8
n = Strlength(str); i=0; k=0; kit M ARREMNMEFHE S

do { / BRESBHE-TES
++ 1i; .
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
& 5.8
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6 E PR T B

WRIGWE - REEMNEREBRELEH. XPLUMA - XRENER, EWE X H#
RUSEXRAREXMBREH ., WERHEERER P EFE, MARKSHRENS
Mt oA SAVAETANEE SRR, RETEVNSSR P HRBE) ZMA, NEHFER
Fr, iRk BRERFNBEEGH. XWEREEREY NELHBREENEER
HYERZ— . AEEATR X OEREEH R ERBRE SIFRRMB/RS X

RS R  BENRILALAGT

6.1 HREE XFMEARE

B (Tree) B n(n2O M S EAMARE., EEE-RESHT. (D FANE -

E IR AR (Root) 45 555 (2) ¥ n>1 BT,
HAGET N mm>0 MERETHE
BRE&E T, . T, T P BN EAAE X
R—188, 3 AR BB F B (SubTree), 61 (@
L, 7E 6.1, () A — MR EHR
() RA 134 S0, P ARR. HA
LENR 3 N ERHERMTFE: T ={B,E,

F,K,L},T.={(C,G}, T;={D,H,I.J,M}; (a) (b)

T.T. AT, HERANTFH, BASHRE

—ER. Bl T RN BLRRE SR R Lot

WA EAEZNFE; Tu={(E,K,L}.T,,= () RERGESMR: () —IH

{Fyo TuM T #E BHFH. W Tuh EER(KIF{LIEEMNRRLAHEZHF

b, EHAG XA MR SR,
LR AN E XN B —HEARRERME T RS HERER A E L.
ADT Tree {
HiEx D0 RAAMRASENREBETENES.
BEBXEREDNTHE MNEIEH;
HEDNE—ITEREICE WM RASE, ENR={H ,HEM T ZLEE:
(1) EDPHFEER— MR BABIEICE root, BEXE H T LT

(2) & D~ {root}£®, MTELE D~ {root} {fJ—4 %14} D, ,D, s+, D, (m>0), FHEHE j72k(1<
Jk<m)F D, ND =0, AMEEMN i(1<<i<m). —FEKELE x €D,

A <root.x; > € H;

(3) % F D~ {root} BRI, H- {<root.x, >, ,<root.x, >} HHr—HI— MR 2 H, .
Hy oo Wy (m>0), SHEE 35#2k(1<<3,k<m A K NHE =0 AWM E i0<<i<n) . 1, &

D, LM TIERE (D E D ER—-RAEEE LR, R AR root BIFH,
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AR IE P:
InitTree(&T);
BEGR - HESWT.
DestroyTree( &T);
WMk &M W TIE.
MR SR T,
CreateTree(&T, definition);
W Hh KA definition 4 I T H5E X .
WVEL B . ¥t definition &R T,
ClearTree(&T); f
WKW THEIE.
BELER . EH THEIER.
TreeEnpty(T) ;
mmEkH W THEE.
BAELEIR 35 T A, WEE B TRUE, 5 FALSE,
TreeDepth(T) ;
s &t W THE.
BAERERTHEE.
Root(T) ;
MG W THE.
BAEZR GEE TR,
Value(T, cur.e);
MR FME W THE cur- e B THPRENEE.
WAL GRE cur- e HE.
Assign(T, cur_e, value);
MEEE W THE,cor_ e RTHPEIHEAL.
BEER LK cur. e R{EN value,
Parent(T, cur.e);
WK W THFE,cur- e B THENME A,
BAEG R H cur- e 2 T WM A, NGE E B R E, @ﬂﬂ&ﬁfﬁﬁ“”’”
LeftChild(T, cur-e);
WE KM W THE cur_ e B THENMFEA.
BEER  Hour e B THIENFEE WERENEEETF, BNER“E”,
RightSibling(T, cur. e);
WBEG W THEE . cur_ e RTHFEIER.
BEZER . Fouwr e HERR MWEREMERLS, FURHMER S,
InsertChild(&T, &p, i, o);
WM EG W THEpHE THEME A I<ISp IS AWE+ L ESHc S5 TR
M.
BEZR BACH TH o HEHNE LRTH.
DeleteChild(&T, &p, i);
MBRG W THFE.oEH THREME R ISISp HEHHE.
BRIEGE R BB T p R AWE i BTH.
TraverseTree(T, Visit());
TR W TR, Visit BN R IRIEMI R R R B,
BRESR BEMKEXN THENEAARNRY visitO—KEEL K.
—H visitOR M, MgEELK.
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}ADT Tree

WM E LR — R E M ER S E X H AR ES, BB S THEKE
HEE. METAREMHERER, WE 6.2 iR B 6. 1M PFHHEHER. HP
(DRUREES (WA -BELSWER M TFHIEMAITES  HEFHEX, RE -
BES - MRERFRN;: (b)) BUTXRNERRRN, REDH FRBERABNE
WEFEBEZENEN;: (0 FARRMAZERECAUBNHRE)., ERFEWEREL, ER
ATHREUEIREERERITENBRRITPHEZEE. —BRER, 2FRHMFIRTR
HETABRREWRER . W R TSR —HES.

A 77777774
BEZ77774
EzZ772
K¥z7a
LEZZ3
FezZzz723
Cerzzz771
GPZzz7]
DYZ77772)
HEZ7ZA
Mpza
177272
(A(B(E(K,L),F),C(G),DHM),L,D)) 1 Zzz72
(b (c)

B 6.2 Wyl 3 MRIE

T EF ARG R — B AR,

HWHERET -TMHBEREEETERIRTFROS . SAHEANTREKRIEAR
B9 (Degree) . #ltn, 7EE 6. 1), AMERICHER I FHERO, EHOME R
FRAMF(LeaD REMmME A, E6. 1(HOHHFME S K.L.F.GML.] KEMMHF. &
FRHOMEEHRIELEREARSXES. BRESZH. AXESLHRIATSE L.
PHEERMNREANENERE. WEG6. LK BER 3. EENFROBHRNZ
25 R BF (Child) , HI R , K45 SR A B F B (Parent) . B30, ZEE 6. 1(b) BRI R A9
W, DA AKTR T, WAR.MWDEAMNEF,.MANERDMIGE,R—-MENEZT
Z B EFRSE % (Sibling) . Gl HIMI E RS, BXEXRE-LHES .FTARDE
M. FEAMEERNBRZLESAFTES X ERFALSE L. o.M KM AL AD
MH, RZ,URZEEAROFRHPNIE L EBHRIRE SN Fih. MBHWFHRE.
K.LfF,

HZRMBR(LeveD ARFHEXE . RAFE B . BHNEFRIE_E. HEFEELE
BLIEMEAFHORKERE (H1 B, RUFRER—BHERENER B, Hn,. 848
GH5E.FHILJERELH, WHEFANBXBREIMHRE Depth) RFE. E
6. 1(b) BT R AR I BRE A 4.,

MBHHPERANETHERNEZELARERTH(AMRELLR . WHEENIEF

B ENRIEFE#. EEFRTPEELNTHIRKAE -IET . BRAEANKIRSE
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A BT,

FE PR (Forest) & m(m=0)BEARHEZNHBES. XTW*@/I\%‘ﬁm B> HFHA
AR BAR. B, T R ZR AR AR B8 IR B 5B SOR R AR

RIEB LTS AR — W E—A T4 Tree=(root, F) , }H :root RYHEITK
FROR B AR LS 1 F B m (m=0) B B AR, F=(Ty, Ty por o To) o B Tu= G FO R
18 root 955 i R Y mA0 B EMBARTFRERZEEETIIXER:

RF = {<mot,r,->|i=1,2,-",m,m>0i} ,

A E SO A B FE B AR 5 = XU Z BB EE L.

WRIR A . ERRMKERETH Y ERBRERARHER.

6.2 — X W

FESHIE — B O FE R 5 1 B LR AR AT &‘miﬁ“ﬁ'ﬁﬂ?ﬁ—ﬂff’ﬁﬁiﬂﬁmi’ﬂ%ﬁ%
RH,

6.2.1 —XRHENX

= X # (Binary Tree) &5 —F R BEH, ENRAREBIMEGREZRAFARTH
(IR REEEAT 2 WA A, X FRAELGZ S HKFARER
mE.

B BIEAR R EXIT

ADT BinaryTree {
WEX&K DD REAAHFAKENBELRNES.
BEXER:
# D= @, R=,FK BinaryTree Jy25 — X ##;
#D#D U R={H} , HRIMT ZJREK:
(1) ZEDHEER— RN RYBIEITE root, EEX R H'F%ﬁ’“EK,
(2) & D- {root}#®,MFEFE D~ {root} = {Dy, D, },H D, ND, =
(3) H D7D, WD PFEEE -HER x ,<root,x1>ea,ﬂﬁaz oA o} : 5
KR HCH # D70, 0D PEEE —KILEK x, <root,x>€H,
H#7ED FHWEE H CH; H= {<root,x >,<root,x, >, H, H};
(4 DL, {EDR—BHFEEEXHN IR  BHHIBRNETFH, O, {(LHRE— ﬁﬁ‘*z&%x
MY BRARNETH.
EEIRE P
InitBiTree(&T);
BELR WES XM T,
DestroyBiTree(&T);
WM& G . X THE.
BESR HBE W T,
CreateBiTree(&T, definition);
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¥R % fF :definition £ —3UW T BIE 3,

PVELE R 3R definition i~ X W T,
ClearBiTree(&T); .

WA X TR,

BAEER B -IN THAZK.
BiTreeEmpty(T) ;

Mk F XN T,

B R A T RE X, IR B TRUE, 7 M| FALSE,
BiTreeDepth(T); o

WA E . X THEE.

BEgRGER THEE.
Root(T) ;

PR XN TR,

BRESRGBETHH.
Value(T, e);

BB EG W THFEE e R THREMEL X,

BIEGR GER e M{H.
Assign(T, &e, value);

VIR R THE e R THEAMEA.

BSR4 e RAAN value,
Parent(T, e);

MEEG: B THEE e B THEMEE A,

REFR F e B THERSE A NREEHIGE. FRERE S,
LeftChild(T, e);

WM& XN THE, e R THREMEA.

WEER. BN e MABT. HeXEBT. MEREE",
RightChild(T, e); ’

VIR &AM R T e R THRANEAN,

BELR B eWEET. He XAET, MRE“E”,
LeftSibling(T, e);

WMBEE: —XR THE e R THREIE N,

BEGR . B eMERN. HFeRTHEBRFRELRS MBRE"S",
RightSibling(T, e);

W& X THEE, e R THENEA,

BELR . BE e AR, HeRTHABTREARE,  MEREE",
InsertChild(T, p, LR, c);

MRES: _XRTHEE pHEETFEIF R RAOKLEZ AW cETAMAXHES

FRAIZE.
BEERBERIORLBACHTIFpIEFEANERETFH. p IHERNEEL
BAETFHUE Y c WA TH.

DeleteChild(T, p, LR);

P& _XW THE P THPENMER LRI OFE L,
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BAEZR ME IR OR LW TP p IS RNERETH.
PreOrderTraverse(T, Visit());
M SR AF « —SUME T FEAE , Visit R G5 B AR L F R A
BREER EFEE T NS SRR visit ~KEN—K. —B visitO XK, W #
ER M .

InOrderTraverse(T, Visit());
WIGE F A . W TFR7E, Visit B¥TE S ERN N B,
BEZR . PFEN TGS S AAEHR Visit — KR A{{—®K. —H visitO %R K, M
e,

PostOrderTraverse(T, Visit());
VI &AF: XM TFETE, Visit RXT 65 SRMER N AT R 4.
BREGR . GHFEN T,XE8 M ME A AR RN Visit ~KAMN—K., —B visitO k¥, M
S

LevelOrderTraverse(T, Visit());

BEE XU THETE , Visit B XS4 AR AR RO T R B
BUELSR - EFEN T, 82 S B R Visit —RAER—K. —B visit QK ¥, M #
fERM.
}ADT BinaryTree

Lﬁﬁﬁ%*’@%ﬁﬁﬁé)‘(%%:lﬁﬁﬂaéﬂﬁ%Ha—ﬁ‘*ﬁ%ﬁhni:ﬁiﬁﬁ%ﬂﬁﬁy
EFRAA TR LM XA . BT XRRTW R = U, i = X
ESGENWAT LIRS, dik, “ UL 5 M4 A, i 6.3 Bk,

% O Up m
(@ (b (©) (@ (e) '

6.3 XXMM HEAES
(a) ZZXH(b) ARG EAN _XH; (o) HFR B0,
(D EAFHBYESHXH:(e) EFHISH XM

6. 1 WHEIAKHE XWHARBEREAEH T - XH,
6.2.2 WK

X EA T ERRHE,

HR1 AE-XWHE BEEZH 2T IMEHAGCED,

A FHNE A B 1R M R .

=18, RA—TRER. BR.27=2"=1 XK.

REBEXNFTAEM . 1<G<<id, MR BB B EEZH 2 ' MEE. A, T
UEBH j =i B A AL AT

HANBR R -1 ELELH 27NMER. ATFXWMNEIEANEES R 2,
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MES  BrMBRXEAE NS —1 BERB RS EHN 2 F.02xe  =2"",

HE2 BEIIH_XWELH 21148, k=D,

R TR EEN XRS5

ST B EMBRESAR = 22""‘ =2t—1

MR I R AR X T, MR HARE AN o BN 2 WS e, W
n,=n,+1,

W, WO THER I MESE. B _XWPHASESWENNTIET 2,
B LARCEE R B8R

n=n, +n +n (6-1>

HEXWEHI L. BTRESIERKEGEBH - LHEA BB AT
BB a=B+1, TFXsHXRHEN 1R 2 M8 SH BB BTUXE B=n +2n,,
F RS

n=mn +2n+1 (6-2)
mRG6-DHFG-2)15
n, = n; + 1

St T XA - XMW R E AR RIE SR XN,

—BEENEEAR 2 -IANMEEN XA BE -, WA 6. 4(a) iR —BRE
EH4AHHE W IR REE R LN ABRERRE L.

AU XS ST EERS AR SARELAE . B LM T.BEESR,
HEABIHES - XHHEL, BENEN . a MESAN XN, YENYHE -5
EHESHEENFNHE_IMNPRERINLE NG E—— U RIAREZXHO
6. 4(b) TN —IREE N4 MWEL_XW. BR XFPRAOFLE (D HFERR
AHAEBRRKBERMKEE LRI Q ME-S8 . HEHAFXTHTFHNNEXRERY [,W
HESTTFTHFINEARBERLI LI+, WE 6. 4 FOMDAREZLE XM,

TLEIXWBEREZHETHA. THANMBETLE XN EERE.

MR 4 BA o NS ARTS U EE Nllog.n]+19,

IEEA . BIEEN £ JBESER 2 B XHHEXH

2 ~1<n 2" —1 B 2'<n<2t
FRB b~ 1<log.n<<k, BN kb B, BT k=|log.n]+1,

MRS MBEW—BAE 2 NS ENTLE ZXR GLHEE Hlogn]+ DM SEEF
HENE 1 BZBELognl+1 B BEMENH)MME—EH iA<i<n) . A

(D R i=1,ME5H i B XWR, BIGE; MR >1, WHEMFE PARENT ) £
g ali/al,

(2) R 2i>n, WG R i TEZEF(ER i AN FER);BUWHEEF LCHILD®G)

O HEEWMEANBHWERH D R - IHFELYRHER., ABPd—RLUkE L.
@ HHLaRFAAT 2z WBRNEH.RZ[1RERNF r WBNEH.
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B 6.4 RHESH_IH
(@) WX (b)) E2ZXH: (ORDIER LW

RER 2,

) MR 214+ 1>, WEE i EHEF;
HMHAETF RCHILDG) &4 54 2:+1,

BIMTRERIEHC M), ET LA
MBOBHD,

MFi=1l, AL XHHEL, HEB
TREH 2. & 2>n, WARFELES K 2, LH
gE i REBEF. G  WEBETHLRER
GiE 3 HEH S 3 RETE R 3> n, BB G AL 1
XEETF.

¥ i>1 A HERHHFLRITIE: (DRE ;
A<j<Uogen DEHE -1 EHRE N i
(HXWEESCMER 2 vl i=2"""), [
HABTLRE i +1 BROE—-IEE K5
B 2 =202 =2i,% 2i>n, MELEEF;
HEBTLRNE i+ BHE IS K%
B¥ 2i4+1,% 2i+1>n, MEFETF;: 2R
B A< G<llog,nDE LR EHHWRE R
(<< =1, B 2i+1<n, MHEEBTFH
2, BEFH 2i+1, XGmEHR i+1 WEER
WERN I MELAWNERFRELENLE . FER
EEF - MESLH 2i+2=20G+1),ZEFR
EEF MERELN 2i+3=2G+D+1,

LCHILD (D LCHILD.(i+1)
RCHILD (i) RCHILD GG+1)

B6.5 BLE-XWPEE Mi+1IMNE,
REF
(DGR MiF1ER—-BLE;
(b &EifMi+1 FER—BE
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FimbEe "IN EESREE AR TERZEMXE.
6.2.3 —_NHHGMHEN

L. RFF 7 RS540

VEREEE — U MR RRR - - - - - ‘
# define MAX_ TREE_SIZE 100 /X HBERERE
typedef TElemType SqBiTreelMAX_ TREE-SIZE]; / 0 BB THFHERE S
SqBiTree bt;

BRI F SR E SRS E, A — A EENFHERTRKE LT . A
EFAFHRELE XMW LR TR T2 XN ERS K i KGR LTREMEN
EEXH—ERAT TR i—1 RS, Fln, B 6. 6() iR AE 6. 4(b)FIARTES
SRR SR TR UL RSN SR SR X LS S
st BR L AR — B B AR N A B, AU 6. 4 (o) Biram 23U Y L FE 7 1 45 4 i 1
6. 6(DFIR, AP LUOCRAAFERE R AETR, XHMFHFHEEHANERT L

Gl s o [ [ [o]u]v]
[fefafelsfofofofofe]r]

B6.6 —XWHIRFHFEHEEH
(a) SELTXH: (B)—M_X#W

T, ERLERFNFR T, —MNEEN £ B PARENT
A b AMEENATR RSP REEEY 2 0% :
BOHBEBEREN 21— 1 M—BH4. @

2. BREBEW

C O ENCE e DR ENCE N0 LOHILR S
ARG, B U IE LB A, UM% K Mot | o | ]

(4 6. 7(a) Bi7R) f — BT R M4 548 f H ey
= AT B PG SOH AL R XU e R [icuta | doen | parom | et ]
FRERELEE 3N WEBMA H K ©
B, mE 6. 7(b) PR, AL, HTHETRIALR B
e N ERET UL EET RS S S oakdach
EEROBEBLME 6. 7QF R, AARTM g in i
HEREWT/ UG BRI R =X (© &A= RS RGN
BERM=EER, WA 6.8 fim. BRI
B ZXWHBRES. FHIES ESE 2 MEAN - XEEFEn+1 AR, &
6.3 WHERMNBLEATUMARESHRFHEMERFEL ATMRAR —MERXE
EEH—ARER. UTRINERNE LMo EARE0RBURR .
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VEREEE SRR R EEAR - - - - -
typedef struct BiTNode {

TElenType data;

struct BiTNode . » lchild, * rchild; / ZEHBTFHE
}BiTNode, * BiTree;

#====- H AR B MBI B - - — - -

Status CreateBiTree(BiTree &.T);

/) BEFERFEA SR P ERECDERD AR ERRREN,
N ORENEREAN AT,

Status PreOrderTraverse(BiTree T, Status ( * Visit) (TElenType e));

/ RAZXEERGFHGEWN, Visit BTN BRIERI R B .
JOEFRE XK T, A AR visit —KE K.
/ —B visitQ 5%, M#|ELK.

Status InOrderTraverse(BiTree T, Status ( * Visit) (TElenType €));
/RS REMEEW, Visit BG5S BIEM N B .
/PR X T, 3SR AR Visit —KHM—K.

A/ —B visitO KM, MBEEK .

Status PostOrderTraverse(BiTree T, Status ( * Visit) (TElemType €));
N RBNGERTFHREW , Visit RS ARIERNHEBE.

/ BREE X T, G R RE Visit — KB —&K.
/) — B visitO R MFE R .

Status LevelOrderTraverse(BiTree T, Status ( % Visit) (TElemType €));
/) RAZXNERIFHGEMN , Visit BXE SRR AR
A/ BRI Z3UR T, 8 A SRR R Visit —KAN—®K.

/) —B visitOR B W #EELY .

(a)

B 6.8 HBHHEW
(a) XMW XNEEH: (b) “XNEH; (o) ZXHES
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FEA R P A RS H P, SO U ISR AR T R A R, IR A R x B3R PARENT
(T,e) E=NERPRAEDLH, MAEXERPURMREHHREE. Gt ER
P R A AR, BRI XMW WIB S Z BN % BT HT M EME. B
KL 6.2 HepE LSRR ERMEX UL L 3 Mfr g5 AT I

6.3 A _XRFLRE W
6.3.1 BH_X#®

XA — R AR, EEERAENPERLAEMEENLS S HENH 2
GEB—FTEROE., XMBHT —BH =X (traversing binary tree) # [/} 55, &f
WA EEBRBELIHFENE A FEENEABEW R —K, AR —
W “ViE7H & SR, TARN S SESFLEE, b SR NER%. IR
M¥E. B TABSBREGEE, WX - XRURR, B FXHME—-FIERESEH. &
NEEMEBAEFRE TR BAMTEEIR MR, UMEMRE - X L5 s £ — 4
LR PEBAF L, T8 T8 [

(o] JB . SR B33 VA5 AT, XU B SARARTHAR . BE S  EFRMATF
M. Hl.EHRIKRETX =7 EEEH TENZXH, B L.D.R 53 5F~ R
B3 ZE F4 U (R AR 45 A5 Fn i 47 7%, M AT DLR.LDR.LRD.DRL ,RDL.RLD ix 6 #f
RWEXWOAR., EREXRERE MAF 3 HEL, FHKRZHEEFEE . F
(BOFRBEMEWFRA. BT _XRPYBEAEL THTFTREH _XW$EEEE
E X,

Fe R B XU R RAEE LR .

HEXW R M B BN

(1) iR &5

(2) BFBHEFH;

(3) EFHRFAETH.

R T X R R R -

N RS Ma BeE w

(1) R EFH;

(2) PHEIRES

Q) FFEAEE TR,

JE R = X R AEE R

W R EE W s e B R

(D) EREFAE TR

2) ERFEHETFH;

(3) Vil 4 R,

B 1 /NTERBRH _IWEARENRABRE-_XSERLNEHR, BET
P ol 3t S5 B b R B RS R BT A IR B Bk, AR R —— B,
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Status PreOrderTraverse( BiTree T, Status ( * Visit)(TElemType e) ) {

/) ORBIT X R, Visit B BIE TR BB AR,

/RGBT XM T R IR R X A BT KR A R Visit,

/BB Vvisit REUE .

V4 Status PrintElement( TElenType e ) { / ¥ E e BY{H

V4 printf( e ); A FREE A a8
/Y return OK;

/ }

// P B . PreOrderTraverse(T, PrintElement) ;

if (1) {

if (Visit(T ->data))
if (PreOrderTraverse(T ~>1lchild,Visit))

if (PreOrderTraverse(T - -rchild,Visit)) return OK:

return ERROR;
}else return OK:

} // PreOrderTraverse
#ix 6.1

BIE 6.9 Fimi — X RORR FREKXR
a+bx (c—d)—e/f

# 56 FF 3 B e SURY 4 U (7] 45 B0 S S UK R 4 U HE SR Of L T AR B U B SR F

3k

——+a* b—cd/ef (6-3)
B sb, o R D ok T U, AT A8 0K T U R RS

atbxc—d—e/f (6-4)
J& R I 0 — XU a1 AR U B S R RSN

abed — % +ef/ — (6-5)

MERERKE, UL 3ANFEFIG-3) . (6-DF G-I T RESR
MR RR 2R FRERRAEERRGAEFE 2R .
B3R = SUAR R P A ST, 3 Bk DT B 2 R R Ak Y
EFHRBEGEMBHEFTFRAERER. WREREEF
HHEKEMBIF I AR VisitigBA], M 3 MRHERTE2MR.
M NBEHRTEBYAERELEF PFEME TR G2
TEMEM. 6. 10 P AR LNBRRRT X 3 fiE i

OJOROIO
®
© @

B 6.9 FikxR(atbx
(e—d)—e/DE = LW

e dR. He,HTHHLIRAER-ZHBRFAMN, 0O ARRNE
U8 PR R B B AR S5 M = MIE L RITEMIOF B M F R 0 RN B F UG TR

O T XWRRREAME T E X WT - #HFAR B A&, AR =
BHBKRAXFEEREX=E—REFOGEHER G5 Z1ME50 , W 5 1

X LA — A R A
LEW*W\E¥W§T% B

BHATHERRE B ESCRSANHBIERFRERFCER - TEF MEFR I, BAEREF X HRAX,
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B 6.10 3 FpiFAEREE
() BEA(axb— W XH; (b)) BHHBPMGTILE

XA BRPHRESANAHNERS. Sl 8 FFFREFPIHNSESRERFLT
WG BT TR Z BUHEAT W BT B 44 A 7E 18] 22338 U1 O [ 60 1 o4 3 0998 A 2 1
B, REEEEN 1 MER 28R BIERM AN =A% RE®. )N HFEFT
T EREN _XWREF(EPF . REFFF. flin, NE 6. 10(b) 4548 HE
6. 10(2) i R RARX M BTH TR (— * abe) \PFRR (ax b—)FFHERRE (abxc—),
PRBREENTIRT R A TAERORES TR T EES NN WIESEE
%o Bl NP FRIBHEEPTERP RS TERORETR . (D IEERHES
PO, H— BB RN ERNRS KRR RE S, I MR THE R P 1543k
N P T4 BIIE M FRIR BB ST R (O BERTUC R P s 4t E o2, W
BEE—Z,HRMNATREEE, W85 R 2452 B R THE R F 4 IS B SO &
RAETROGRE, MR LEARGER LB R. NS —AEE XERERF
ATHHARRERFYUMENREH THZERRTICR P W HEE N, b asE
PR T — W IE R BB R B 6.2 F1 6.3 FioR, 4L 5 A 47 KA, UL i
bL:Y N
Status InOrderTraverse(BiTree T, Status ( * Visit) (TElemType e)) {
A RA_NERTFHEN Visit EXIHETEBRENNAEEK,
A R R T AR T XS N SR T K R B isit,

InitStack(S); Push(S, T); Y/ :Eikipid:]
while (!StackEmpty(S)) {

while (GetTop(S, p) && p) Push(S, p~>>1child); / MAZEIRL

Pop(S, p); Y EIEEERR
if (!StackEmpty(S)) { YRS . mE—%

Pop(S, p); if (1Visit(p~>>data)) return ERROR;
Push(S, p-—>>rchild);
Y/ if
}// wWhile
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return OK;
}/ InOrderTraverse

HiZE 6.2

Status InOrderTraverse(BiTree T, Status ( * Visit) (TElemType e)) {
/O RB N RFEE, Visit B RIBTERENM AR,
A/ BRGR X T 3RS AR B, 3 BB D R A A R visit,
InitStack(S); p = T;
while (p || 1StackEmpty(S)) {
if (p) {Push(S, p); p = p->lchild; }/ B AR . HFLTH
else { /BRI RRER B TR
Pop(S, p); if (!Visit(p->>data)) return ERROR;
p = p—>rchild;
Y/ else
} / While
return OK;
}// InOrderTraverse

Hix 6.3

“UR TR T 3O A R R M R ERA, T LAZE R S AR P A AT B R R AR, X T
—BREMRAIRERBPR, REANBETE R HARERFERKE, RZ, WA R H
AR A A R R B XU ARG . B B 6. 4 B—MRSEFF P BS ZXUH
M REERKER . XE 6. 8(b) BRI BT IR FFIUF A FHF

ABCOOPDE®PGO®OPFDPO P
(B o RAEHFER)TRILAHRMM ZUER.
Status CreateBiTree(BiTree &T) {

VOERERKFRAZIMPEENE—DIFRD . IRFERERSH,
N EENERERA IR T,

scanf (&ch) 5

if (ch =='"') T = NULL;

else {
if (1(T = (BiTNode * )malloc(sizeof(BiTNode)))) exit(OVERFLOW);
T->data = ch; /AR

CreateBiTree(T —>>1child); /BT
CreateBiTree(T —>>rchild); N BER TR
}

return OK;
} // CreateBiTree

HiZE 6.4

X BRI ERBER T LR EREF PRFREFNEANLEET AL
AEHEBRWHEST.
BRGEI MR EE PHERRERTAS R WA RHEB-FHRFHETRST,
X & n ANGE R IR KR EERERN O . IR EEHIBFREER
BER W HERE BN ELT R . WS EERERHR O . 8 P70 7] R = XU
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RSN, IR ERN =X ER (S LEK 6. 13D . KN BEFHENPEFRER
FEEGEE, WEFEEPAED R, WM 8. 5 WHITIRHEH T LR EMA
o1, R B AR IR B — U R AR AR G4 L IF 7638 I 1 B P R R 16 ST I AR DT B 2
4 W AR 7S 8] (LR fOKE (R (] BB TR K

6.3.2 ZKR-IW

M B BT A8 SR T = URER DA — B HLIDEE U P g5 R HER R — N RS,
B -XWPEEHEFEFIRTFERIREFFF . XEH LR T EREERH
FRMELBRE. FE SR BE—IMARE - M EXEKEFFPFHRNE-TE
ENEANEEES(EFRETREBENHER . RMNEEZHE-5 0, BMER 6.9 FFIRK
XS EF RS atbxc—d—e/f BHBTRE « L FHE .

ER, YU XERENEHEEHN, RBERIAGEANE FETFREE MABEERS
AR EE—FRPHNHBRMESAER . XN ERREEETNIELRH A REI,

MARAEXFHERISIBEPEANEER? —TERHANSPEREGNE R LM
B4 fwd 0 bkwd, 2 I ARG SEKE—KFREGHBA MBS HER.
BR . XHMEBEHNEEEERKREE. Z—FTE.EE 2 MEAN_XERPLE
FE 1588, A REEEAAXESHERERESWITERSHENER.

REMTHE  HEHELEFH, WK lchild BEREEZEF, EM 4 lchild R
Hl; &S EEA TR MK rchild R HEETF, B4 rchild SR KGRk, K
TRABE, ARHRES RS, HMENFE

| Ichild j LTag ‘ data

RTag

rehild |

He.
[ Tag— {o Ichild MBERE RV EET
1 Ichild ##8 7R 45 S AT IE
) 0 rchild BIERE R AET
RTag= {

1 rchild MIERE R G4

DA RS RS LI — N RN XU S, MR MR, KPR
ARTIRAG 23R4T, MR R, M ERRH ZXWHRZ R KX B (Threaded Bina-
ry Tree), HlINAE 6. 11D R APFFER _XW, SHEXNNHFFRXRERNE 6. 11
(DFiR. EPERIBHFEALEEFR . BRAIRRGERGTEMELS) . M XH
IEMKTFRGERRIRE WK BRI

EREW LR, REARIFFITPHE-NER RERAREAGHEER
Jadk R etk

WAL R W PRGN G LIE 6. 11 E‘J*F?@%?W%%*E WA T4
REAHEKRR WAHBEREBATEANESR NEEbWEHINER » . WHHE

O EREXVTXFRIANAENGRSBURBETFRIFTBEIFHNERMGEL%.
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6.11 RR_-XWEHEBEN
(a) HFSBR XM, (b) FREARER

FRRERWAEYREH  UEEHBRAGARNELR . R, 88 FEHRRRA
H.ERMERNRBHEATHEGRNE - ITERLBATHIRETHEL. FlW
ERER » FEOE, B AT AHERARA FRIORER -7 REMALEHEHETE
EREFRENINEGRINER ~HWEH EHFRER c. RZ,EPFXKRWPR
SGRAMERMMER FEHAREND, MEENER, 8- LTI, T W8 52 T &

BUIRE— N ER(ETRPRE T RSO NHATE.

EEFERMTRE[GRBEERE, 75 3 HIFL . (DES
RxBRIXRBR, GRS (OFEER x BRIENLEET
BREENENEBETFEREIKREEL TR, MG READES
RQ) BEER xREIGEHEBR T, BEIEREL TR, MG %
ABGRRE TR EREFEIFI MK 4R, SIanE 6. 12
ARAGKFEHRR_IWM . EXBHEANES R C.ER CHESH
NER DGR FHEANGER G MERDHERNGERE, 7
W.FEfG FRRAW LRGN T AES UK, IR FHRERY
EXEREFHEEW.

AR EPFRR UM LR T UK, B A (R B 2 BE AR R

612 FEREH
KR XU

O, EEBRTFEL EFWITRHWER/N EATERR. Rt HEXBFHHRA-X
WRELERINERGE SR IBAEFI WA EME S, WA RARRERER

EaEm.

/ AW X R REMBER
typedef enum PointerTag { Link, Thread }; // Link==0,3§%t,Thread==1,4&%
typedef struct BiThrNode {

TElemType data;

struct BiThrNode * lchild, * rchild; / A&HBE T4
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PointerTag LTag, RTag; /) ERRE

}BiThrNode, * BiThrTree;

WHEER, G RAERNFEEN, E-URHRRER EGFM— k4K,
A3t Ichild SR 638 1 — UM RORR L5 5 3L rehild BREE 4135 1 o PR 5B G o O (R0 6 B
B AG R 24 T R P g 5 — 45 Y lehild B MBE—TE R
rchild B FSEH BB L2 M, RFHL N - XMET T P RARRER, BTAE—
A R LS Bk AT LT » 0 T AR — A4 SRR BT IR #4738 55 (AR 6. 11(b) BT .
FREE 6.5 ERUNFAKRERNTFEENN Y ZXRETRTHEE.

Status InOrderTraverse_ Thr(BiThrTree T, Status ( x Visit)(TElenType €)) {

/TR Sk A SR R ZE 6 Lehild SRR R TS RARLER.
/) REEE - XREW T RIER ISR XA 0 5T R W A R B Visit,

p = T->1child; // pIBERE K
while (p 1= T) { /W EE R . p==T
while (p—>LTag == Link) p = p—>1child; B
if (IVisit(p->>data)) return ERROR; / IREEFHIZHER
while (p —>>RTag == Thread & p —>>rchild! =T) {
p = p—>>rchild; Visit(p->>data); / TiE S gkEs R
} .
p = p—>xrchild;
}
return OK;

} // InOrderTraverse. Thr
WiE 6.5
R4, LIS - U HARRILR? §FRERLNERER - NeER+F ket
B 1 AT IR SR 4K B9 R R L TT BT IR SR 4 B9 1% B RAA T T B A R A8 3 LR R AL 1Y
SBRANERFNIBHBERSHENIR. ITETAAIBRF AL ENEREX
R BR— R4 pre 32035 0 IR U5 150 3 B 25 A8, B4 6t p 38 10 AT UH I 45 40, T pre
I EANIE. TS R R R R AR H R NS 6.6 7 6.7 BN

Status InOrderThreading(BiThrTree & Thrt, BiThrTree T) {

/RGO TR P ERRML, Thet #EASER.
if (1(Thrt = (BiThrTree)malloc(sizeof (BiThrNode)))) exit (OVERFLOW) ;

Thrt —>LTag = Link; Thrt->>RTag = Thread; [ B3GR
Thrt —>rchild = Thrt; ki kg Sk
if (IT) Thrt —>1child = Thrt; /B, WA B
‘else {
Thrt —>1child = T; pre = Thrt;
InThreading(T) ; /PRI ITRFEEL

pre—>>rchild = Thrt; pre->>RTag = Thread; / BE—ITHHARK
Thrt —>rchild = pre; ’
}

return OK;
} / InOrderThreading

Wik 6.6
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void InThreading(BiThrTree p) {
if (p) {
InThreading(p —>1child); // EFREERIL
if (I p=>>1child) {p~>LTag = Thread; p->>lchild = pre;} [/ BHEAZER
if (1 pre —>rchild) {pre—>>RTag = Thread; pre—>rchild = p; }/ BHRE
pre = p; /{3 pre 15 p HATIK
InThreading(p ~>>rchild); / & FRAERRL

}
}/ InThreading

Wik 6.7

6.4 M 0 FK

X — R EW 0 RR RGBT B PRSI UMM XR.

6.4.1 WHIEMEH

EXRBHNAF AMEERASHEANTFREMRETH . ZH.RMNNME3HE

R EEREW .

1. BERRE
B —HEL S BN S R AN ESENE PR — AR R HIOE

HREHRFHOMNE, REAEHWT .

y--- - BORRBIEMER - - - -
# define MAX_ TREE. SIZE 100
typedef struct PTNode { / &S &EW
TElenType data;
int parent; // RN ER
}PI‘Node;

typedef struct ( VR k1) AT
PTNode nodes[MAX. TREE. SIZE); © o [RT=1
int T,n; /BB AR 21 g 0
}PTree; e e O s = g
' 4 D 1
B Ee 13 Br—BREEnzrrnes @ ® B 5 EF4
[ F 3
&, ©O®ME ; [¢ 6
KRR T B S (BRI B F s [l e
9 K [

We—BE M. PARENT(T, ) #BETUEH

BrfE A LR, KE WA PARENT #4E, H2 8 B 6.13 I UE FR SR Al

RET LR, ERBTHEE, XBE ROOT

OBEMRITIR., ER, EXHBREF . REJANETHBERTENEN.
2. BFRFE

HTRPEIMERTTRESHRTHUTHSESER, BB MERA LSRR R
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g R I — B TR RS A BT EE R P IS T LA T PR A

data childl child2 childd

data degree child1 child2 . childd

ERAE-—FEARL NEEERTNESEFBA, Kb dARWE. B TRF
MEEENENT LFUGETEBESEES,. SHERE. AERDL, E—BF n 15
HER kM PULE nk—DH1AS#EE. ERAF_MESBRI, MEEHERDH
g ERAFMEN, P d H5 SN E, degree MAER d. Wi, BRETAFMESE . HE
YERFE,

B-FMhEEEENEANBETS AHNER. ERE—RER, HUURERER
B, n MERE T ETEEMFHRETFHEREITR . T nRIEHXHAB—
AERUR, I TETER.TRAMFEHEN., XHEEREHTELSBEBENT .

J----- BB TREERER - - - - -

typedef struct CTNode { N BFER

int child;
struct CTNode x* next;

} % ChildPtr;

typedef struct {

TElemType data;

ChildPtr firstchild; / HT4ELIEL
}CTBox;
typedef struct

CTBox nodes[MAX_ TREE. SIZE|;

int n, r; / ERBEHBRAE;
}CTree;
B 6. 14() 2F 6. 13 PR EFRAE. SERREAR, BTFRREETH
B R FHRERSSH, HAEMRT PARENT(T, ) #1E. RATE BB ERREN
BFRTFEEAER. DENERTNBTHEAE L. B6 LORRXMEHLE
i —4, CRE 6. 14(a) TR KRR — A,
3. BT RBERRE
XA ERE R-XERERE. WU XERER WSS, BRFE
ARBAEES B R EERNE N BETERANT M RAEE R, 25 mE R firstch-
ild 3 1 nextsibling .
N====- W XERET - AFOEHERR - - - - -
typedef struct CSNode {
ElemType data;

struct CSNode * firstchild, x* nextsibling;
}CSNode, * CSTree;

B 6.15 & 6. 13 FHIW BB T bR, MAXFFEEHETEREMN KR
. BAS TEXRARERETEORE. AN HEEHRERI xHWB I TMET MRESL
+ 136 -



of AT {3 d=15]Al O 4] A} —1=3 SIA T
1| B A 1] 4B A
2 c| —~{e]A] 2l 4| C | —J={6]A]
3[D|A 3] 0| D] A
——4|R 0 1 2 ——4|-1]|R 0 [1] +={ 2]A]
s|E[A s{ ofE[ A
6| F| =7 8 9[A 6| 2l F [ ={713={s8] +={9]A]
71G [ A 71 6]lcla
s{H]A g| 6| H|A
s[XK A 9 6] K| A

(a)

(b)

B 6.14 H6. 13HHMBABRERE
() BiTHE: (b)) #IEMNBRTHE

M firstchild BREE 1 M ETER . REHEETFER
) nextsibling IELE i— 1 £, FEIRE x WE i M
F. YR, MRANENE SR~ PARENT i, [
FERE (8 #1500 PARENT(T, x)#4E,

6.4.2 FHHE_XRAIEGK

By F = UM AR ER T AR R M AR AR LA, T
BLT X4 AR A TS R S T SUR 2 T I — X R
R, BRAY, AR, AT EE -4 X
MEZ0n, N EEHER. SN _XERLEMR
W, IEMBERRTE. B6. 16 AMMBRTRS =X
W2 R g R

MR B — X4 7 R B SCRT T, 4 £ — AR AR X4

w

B6.15 E6.13FMH_X
HERFERE

-y &

B 6.16 45 — SUR#9 X R % RN B
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QMZXW,EE?WUZQO ERHAPE RR RS SEREE R R S
S, T R RETT 3 AR U X LR R
wilhn, B 6. 17 B T BRAk S XM ZRIMIX KR .

(a) M%‘_xmm e
bt
wE_XaxE T
@@ mmﬁ

0 o

B 6.17 kS5 = R BT RL R R A BI

XN ——MMHEXERRBEABR S XA AT, e LT

1. FEAREE ¥ L — LR

WR F={T,, Ty, T} R FRHK, AT 42 40 T LN &% e . — R — X B=(ro0t,LB,
RB),

(D) & FAS, Bl m=0,0 BAEH;

(2) #& F ez, B m#0, 0 B B roor Bl MR P E —BW KR ROOT(T,);B Y
EFRLBRMANT, FRESHFRFENR Fi={Tu, T Tinm  HHRTRK ZXH; H
ATW RBEMEMF ={T,,Ts,e, T, EEHT B UM,

2. Z R B R ARAR

WR B = (roots LB, RB) & — B = X &, W 7] 3% &0 T M W ¥ 8 8 & Ak
F={T19Tz9 = sT }

(1) % BR% M F R=E;

(2) # BAEZS, N FpgE—FW T, R ROOT(THM R X # B :ma root ; Ty &
BESNTRENRF, 2 BATR LB B8 BM RN F P T, Z5hHRKRHAK
BB F' ={T,, Ty, T} BB B MG T RB F 70 RAZ,

MERBHAEXESH B HE RN EITER. R, ZRAFR AR IR T 5% 865
X BRERSEHR.

6.4.3 WHHEKNBE

P AR G5 4 9 RE SCRT 51 o DI FR U R 38 DT AR B 07 0« — P R B AR (KPP @ P A B . S 0
BB IR G R RGO B IR P R R 745 3 — R R B R QR I, Bl ek ik g
B P RT3, RIS DT RIAR S
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it , %t B 6. 16 B 1T B ARE BT , 6] 154 1SS IR F 5 8

ABCDE ‘
%t B 1T 5 AR R B . AR R AR RS R

BDCEA

5 BB 2R PR RV A LB VT B9 S, FRATTAT LA H Bk 0 v o B O 1

1. FeFF il B #R bk

LRSS, AT # T R BN 7 2

(1) Vil gk EE — R R S

(2) 57l 86— R 45 S 0 T Rk

(3) SoFri I 555 — B 2 )5 T4 B 1 B BRAK

2. HF P R AR

HRMAEZS , W AT T R HNGE I 2

(1) 738 7 R AR P 58— BR AR B AR 45 A B 1 1% 3R

(2) Vil — R IR &S A5

(3) i T B 2 58 — R 2 05 TR 4R B9 R A BB BR AR

F 3 6. 17 p ZRARGHEAT S5 FF i D A0 P R BT » W43 5148 B BR AR RY S8 R R 51 O
ABCDEFGHI]J

o FE 51
BCDAFEHIJIG

fh 5 2R L5 SR 2 T LI BT 80, 54 B S U L B — B T
I PR B 8L 2 F A B AR 0 2 PR P AR TR U R 6 S e D B 4 3
it = A S PR o R, L 6. 17 s 2R AR RE B 80 = AR 4 B AT S50
3 78 SRR 4 51

e B I 00, 24 0 S 2 B 7 5 RO 40 5 AR U AR T £8P = U
0 55 7 o B0 S B

6.5 #5%Hrn)H

TE B BB o A B e R AR 5 R

MRES SHHAXRER EARK JHRAOMEBN, WKEI—-TEMER,

BREESGSHEMXE, MWEM €S, Hilclr={y|yESAzRy) B HHES
(xR SSTHEANH €S EMA—TR FHAE,

HZREEAS LTSN XRA MAXNENMRRUASEXNESHE—R5.
BIEJA#% R ¥ S R AEFE T AKX FES S, BN S, M XLFES &F
xS R HMAE,

EMXFZRALHAPT T ZHEEN—BXR, FENAMBETUAGENELTENE
MRRR D TESHEM A B TR A E R E0 R,

Biin#E FORTRAN &3 ., o7 L F| | EQUIVALENCE M i M BFETERER
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—FEAEBAL XL FE R EQUIVALANCE BH B EM X EMN B PHEEES
HEAT RISy, BB Uy 3 i B B S 7 S S B B AR A B AL, T IR — 25 Y 26 R B0 R PR AR B AT B
AEEIR — AP 3, Ah R A S K Bk AR RT TR R4S 9 B/ A
LEMBEYP,

BT R A M KR BIREA SEn ARE . m AFEN(x, ) (2, yESHWEMHMH
MBETEMRER R, FBR SHRI4S.

MESMBHE R WT H#T.

(1) 4 SHESITEZSUER-—TREEIMRANTE K S,S, .S,

(2) BEIEA m MEX MG MEANEN () B My IRTE. FR—K
P BiIR €S, yES; & S FES; ) MH S, HAS, FHEBES WEERES, FHFAS HES, A
Z5), WY m MEXE LA LGS S, .S, HHTREEFENNS MR FMHE.

MERT W, RIDENLKEFSFESHITHREE I - H-EHNERSTBIHANE
iR _RAEFNB TR ETE H=RANENERMENEEG N -IEE. B
W FE N ER 3 R R HE 2K A MFSet,

ADT MFSet {

MIEME: HiESE MWSet HAEA,MEH n>ONTFE S (H=1,2, DK, BNF

£ 5 i B #F 2 F [ -naxnumber. . maxnumber ] P B 5 5 ;
BHEER.SSUS;U-US. =S S CTS(i=1,2,,n)

BEAEPE:
Initial(&S, n, x,, X, 9%, ) ;

BIEGR WHELBEE, ME— T H T TFEENMNFERATEIMRRA xOWRKNES S,
Find(S, x);

MBEE SEEHENES xR SPENTHEMAA .
BIEER . BREH. BESPTxFBTES.
Merge(&S , i, 3 );
WBEEZMH SHSESHTHMIERHZWESES.
BEZR A BRE., BSHSPH—INFAR—AF,
}ADT MFSet;

ASEA MR (G PR EWARTAL LR T AN ERRIEAEA
AEREEFERS. MRS UES FEMMBEEELEY, WRATRESH
- RANCL B R BT AT R BRAE . AR HE MFSet 2RI g U SRR BAN 3 AR 04
AR A AR B EHERER. AF . UHEKF=(T,, T, -, T,) &% MFSet B
£4 S, HHFHE /W T.G=1,2, . )FERSFH-ITE-—F& S(SCS,i=
Li2yesn) WHBIMEEBERNTEPH—DHA o, W BRETERL . 28IMEEPEA
— MR EDCERNIEE A ERS AW ARETENZR. Fl, B 6. 18 F(b)
R BN A IR R T S =(1,3,6,9}#1 S5, ={2,8,10}., BR . XHNKELENE T
TR ERBIFESPERE. BTEFEPHARAYRHE, WELHESHH"BRIE LB
B— T EMARIE RS — B TFERMMRET ., Flin. 6. 18()H S;=S, US,. R,
TERRENRAEEEGWBRE RBENZERASE S HE, NEmE, EERIBOBEL
HALE.
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5, Sy 3

(&%

(2) ) (©)

K 6.18 HEAEM—FRRE

(a) S]={173y679>; (b 52:<2v8510>; (o) S:;=SJUSQ
HAE T SL B P A R AR NSRRI BUCR R AR AR AR 454 I F s
/A ADT MFSet MM ISR RFMER - - - - -

typedef PTree MFSet;

BH . 2 4R SR AR A SRR R SE B AN 3% 6. 8 FBREEL 6.9 PR

int find. mfset(MFSet S, int i) {

/OREER SH LTEFHENE,

if (i<C1 || i>>S.n) return -1; Y iARBSshiE—-F&
for (j = 1i; S.nodes[ j].parent>>0; j=S.nodes[ j]. parent);
return j;

}// find. mfset
#ix 6.8

Status merge. mfset(MFSet &S, int i, int §) {
// S.nodes[ 11# S. nodes[ 3143 $1 4 S B E R AN SE MBI T4 S1 A1 S5 MIARLE 1,
/K& siUs].
if (i<C1 || i>S.n || <1 || 3>>S.n) return ERROR;
S.nodes{ i]. parent = J;
return OK;
} // merge. mfset

BEx 6.9

B 6.8 M 6.9 MBRIEZESANN OO O, K d RFHHEE. MHET
e A, XM R RS ESHRBEREMBE RO ERE X, KE—-MRBHH T,
BRA n FES S, S BANFERA TR S, ={i}(i=1,2,,n), 0 fl n
RA—TREGRBRERR, WA 6. 19 F xR, En—1 K “FH"RE, FBREBRBE
A ZHME B ERAPRRE S NBEERANEAWHIEREN 2, A 6. 19(b)
i, MBRENEESRH"REZSEHEHTERRRA L IETEOERE, 2B
ERy B ER O(*) T,

B IMER I BREZMEAN FEFFERANEE . RESSRALH
THEMBE SREETRA LW FEMNR ., Rk, M0k 7E B SRS A1 par-
ent A FEDPFTERABBENAME. BRBERNHREBEME 6. 10 FIR.
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void mix. mfset (MFSet & S, int i, int j) { 5 2 53 Sa
J S.nodes[ilf S.nodes[ 1IN swEFAE 2O @ ® - O

/) BIWAFEE Si S MR R, RIFE siUS]

@ U s Us,
if (i<<1 || i>S.n || §<<t || i>S.n)
return ERROR;

if (S.nodes[ i]. parent>>S. nodes( j]. parent) { n_l
VY -9 458 4 A CosUsUs

S.nodes[ j]. parent + = S.nodes[ i]. parent;

S.nodes[ i]. parent = j; 195 o
}else {

S.nodes[ i]. parent + = S. nodes[ j]. parent; 0

S. nodes[ j]. parent = i; b
} B 6.19 “H7HRAIEH— Rk RFTY
return OK;

_ (a) n MER; (B “FH"##
}/ mix_mfset

HiE 6.10

FLAIERR R R 6. 10 AT “H " REBHNEA W, HEE A B it log.n]+ 10, &
TS S PIAFERTRARN SR,

Mt M B find- mfset F mix_ mfset % 24} 5 B A9 BF 18] & 22 X O(nlog,n) (24
EEFAH n MR, ZLHT n—1 K mix #E) .

Bl 6-1 RiXESE S={x|I<x<n RIEBH},RES LH—-ITEMXE.

R = {(1,2),(3,4),(5,6),(7,8),(1,3),(5,7),(1,5),+}

PR S MM,

A MFSet RRIKAER SKRRESS,SPTHANMNF S.n. A . HTFEIRAA
B —A 242, W S, nodes[i]. parent KEHA—1. 25, BAB—SMEX G, §
SLMHE M RAFBES EXWIMEASHER W EHKENXEARZLN, XF
EALTE; EMMAHXIBNES. F6.20 BRTAE R BT 7 MEM R EM S AL
ROLE P EETEENEES B 6. 21 iR IMEE 1 SREMNHNEE.
BREEFEZNEH WHERELBERBR, A TH BB oW ETEREE S
], BATE T~ E 6. 8 Bt N B 6. 11, YRETLE  AENNE Bt 78
HEREm— A EERETHIEE, BT A ARBITER | B2 K IT T 574 B R 0
BT,

O HREMA%ERZ.

Hi=10f , R RE - MRGAMEER 1, Xlog114+1=1, " EH.

B i<n—1 B R, RE i=n BFERL. FE—BRE TURBZEMEMSHE nI<n<n/DATE BN
BRS, MEAn—m A TE BN EEWS, GG REEC 10N i HEMRL L NEHSHIBRG S,

HRIUMTHS HERE<TH S WEE.WAHEHREN S #HE, R@itllog (n—m)]+1, BR K E ¢
Liogan]-+1,

FHEWWFHS, WEE=FH S HFEE. MAHFHRER S R E+1, B Logem]+1) +1=Llogs (2m)|+
1<l logenl]+1,
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W 00 =3 O WL e W N~

S, nodes

Gy N

4
MIX(s,1,2) 6
MIX(s,3,4) 6
MIX(s,5,6) 7
MIX(s,7,8) 8

—

n

S. nodes

N W N

6
MIX(s,1,3) 7
MIX(S.E‘?)B

._._.._49

n

O R R

MIX(s,1,5) 8

- 9

B 6.20 REMAEITRTH

Q. OO M _0-0
S ® &
OO O
(a) e (b

)

& 6.21 HrREAHRH
(a) AR 2ZH: (b)) EEBGEZE

int fix. mfset(MFSet &S, int i) {
JRELIRAETE BN i ZRBELITES AR TARNBEFEN.
if (i<<1 || i>S.n) return —1; JARESTHE—FENRRA
for (j=1; S.nodes[j]. parent>>0; j=S.nodes[j]. parent);
for (k=i; kl=4; k=1t) {

t = S. nodes[ k. parent;

}
return j;

}// fix_ mfset

S. nodes(k|. parent = i;

% 6.11

R 6-1 F RIE 8 MEMMEIT NG, D, WERT fix(s, O WBHEZFE
6. 21(a) BRI AE AL 6. 21 (b) BIRY |

BEZIFH, M HEE fix mfset fl mix_ mfset ¥4 KNk n ES NFEM A LE
HEEHOnea)™, Hp oD BN HEEBREEBHRE . HEEXLTENARLE
EHHN A=Az, o), MR a(n) E X H A BEE, Bl « ) E R Ay >n )]
SEEAN, U TEFEFRAIAMEERR 2T S a4,
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6.6 bk ok & K HUL A

#h K & (Huffman) 8, XERBRARH, B — R W R R K ERENWN, HE 20,
AH TR B = X

6.6.1 RIML_XB(HEEXBH)

Hios R MR R E NS, IR — 8B 5 — 555 2 8 4 M X
ATERZEMBE, B LN XRARMBRKE, HHBREKERNNERE—
HREBEREZM. 6.2. 14 8 U954 = AN B2 X k42 B 546 A9 — UM,

A LRREE B O E B R AR R LA
FIMRZ BB RE S S DA, B0 2 4 B i o T o T 45 S

IR K B2 BRI WPL = 3w, |

BA n ARE(w  we s w, | BAE— A 0 A FE RN U, 4 T4
KRR w;, W H A AR B AR K B WPL B/ — SURFR AR th = SUBH S ik ok B

B0, P 6. 22 iy 3 BRZSUBLERA 4 NI FA A aboe d, S RIWAL 7.5.2.4, B4
FHE A B A2 1 BE 5 31 A

() WPL=TX2+5X2+2X2+4X2=36

(b) WPL=7X3+5X3+2X14+4X2=46

(¢) WPL=7X1+5X2+2X34+4X3=35
HA LM B B/, T LARIE B4 bk ok @5, BIICH AU 22 K I 7E A AN 7,
S\ 2.4 M 4 M FHE RN X P EERN.

Bl 6.22 RAAFRMRERKEN X R

TEREARLEHE AT, AR MK @M AT LIB BB EHEEE., AN, E5H—18E
AHBEBBREHNFNEF . R WEFREE, AEAHAEAETRER. 0.

if (a<(60) b= "bad";
else if (a<(70) b= "pass";
' else if (a<C80) b= "general";
else if (a<C90) b= "good";
else b= "excellent";
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RAHE SR 6. 23 WHERKRER. MR ELABRFHREMEH, W HEKH
WARBR,MMEEEREFNRERE, P EREFTTFEE, HAELRAETT, ¥
HERRHTE 5 SR LI RAY SN, MEEI MR TRAR:

S8 0—59 60—69 70—79 80—89 90—100

B % 0.05 0.15 0. 40 0.30 0.10

W 80% L FRBBEHT IWAIRULMLBEABHHER. BEL5,15,40,30
10 R AHE—#A 5 A T4 AR SR, NETEZME 6. 23(b) FIRKHELTE, B
AEKBIHRBELIR PN EBERPBHER. B TENMHSERERRLE. K
R LB T, RATE BN E 6. 23 (c) Fi R B & W, 35 06 A @ W o] 5 i A B i AR T
BRI 10 000 N A, B 6. 23(a) B HE T BB 784, W B L F#4T 31 500
WHE ;WA EE 6. 23(c) WA B SR ITHRAME, N S ILUF #4T 22 000 WILE.

B 6.23 HHEAFZFIHOHETE

WA IR EHFRENR? HRREBRFEAL T —MFE - BABROEE, BRHR
SR, WHARWMT .

1 *ﬁﬁ%%ﬂ@ n /|\ﬂfg{wl » Wy v'",wn}mﬁi n ﬂ:XW’%%% F= {Tl N PIEITN
T, ), P @R T, p RE—AHECE w, RS E, A TR,

(2) £ F HERFERE S ER/ DR ERELG FRWE—-BFW X, B
BN XRABESOPEAIELE G W LIRS SWREZ,

(3) 7 F HRIBR X WIEEH, M B3N X HRmMA F #.

@) BE@OMB), BB F HE—-BR AL, XBRNERHREN.
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. B 6.24 BARTE 6. 22(c) AR EWHMETE. Kb, REJ L EMH

= R R,
. L 7 s 6 S5k B JEL A AR S DD SR R B 7 B 4
é) (sz) O ® O wELESETHHTITR.

(o) (@) 6.6.2 HEABHRT

(a) (b) .

B, A RETESERNEETFRRES
BB EEENX TR G — HEH W FF4

RIOFRE. Bl BEFELZREIH ABA
®Q OO CCDA,ERA 4 HEH, RERANFHHHE
OO ® ) W4HBE. ik AB.C.D %4 5% 00,0110
o1, WM ER 7T AFZHFAEXER
'00010010101100", & ¥ 14 £, X} F 8= Y 5f, 7] #%
A — 4 BEAT IR

YR IEBEB A, FESAKRTEERE.
MR X TR K BRSNS, B ik 30 b b IR 8 £ 0 F /R B R AT B dm 19
GRS A5 M SO MR TR . IR T ALB.C.D W54 %1% 0.00.1 1 01, ]
ER7TAFRBECTHBEERE R 9 WFERFH 000011010, (B, Sk #  3CT 3: B
B Bl nfE 26t X M F R 8 P ET 4 D FRE TR 0000 BRATH SR IEE A AAAA', B
2'ABA', 1 LIR'BB' %, EH, HFERITKEFSHHE, MWBFRRE D FHH R
BEHRARS - EHRRBONS, X ROHRETSRE,

AT AR = U R B ok AT R R . BRI 6. 25 BRI XUk, K
4 TFEESHER AB.C.DRXANFER, HABES X ETFER O ESXERT
LA AR S A B T SN BR A X FRERN R BE NN TS ATH
ISR . 2T AE R, IR B s — HE B AT SRS, Wi 6. 25 FF#3 A.B.C.D
B9 — 2 I AT SR A 43 B2k 0.10.110 1 111,

AN AR B s SO R K B S R AT R RS R B
BEMFHERCTHANREN w,  REBKEN L, 8

S A n A SR D el . BB XU
L EE w R TR BAL L1 AR BT 8 B
B M Sl 8 =R R K. T,

HHEXRKRBREN ERNNBABNYY - HEFhHg B625 HARBRA
ST A L T — A % B AR 1Y 51 B, ol 18 B B B BT
BT ER N LB R,

i i R

B T 65 B AR e B B 1 9% A CGXOHRE SURR P2 19 Cstrict) (BRE 9D — SR »

+ 146 -

(©

624 HREWHHWEIE

®/HE AWO
BQ10)

C110
D11




0 — A n PHFEEOMHRENIEE 2n— 1 MR TUFRBE—IT KPR 2n—1 8
—WA P, MTRESREN? BTENRBRENZE, IRGBEFAHFEIL
RE—KNH FEBA MG, T NEBBEARG R E - ZNRETFREE. WS
ETME . EBEAIENGER XBABTERANER. A, BETRGFHEN. '

=== HREWHHRERDHEMER - - - - -
typedef struct {

unsigned int weight;

unsigned int parent, lchild, rchild;
}HTNode, x HuffmanTree; /S RP LTS
typedef char x x HuffmanCode; / AN RPN AHFMBRERBR

KX SHRENEENEL 6.12 fiR.

void HuffmanCoding(HuffmanTree &HT, HuffmanCode &HC, int * w, int n) {
/W o M FERFHAUE >0 SRR S8R HT, R o N F R K 8 R HC,
if (n<{=1) return;
m=2%n- 1;
HT = (HuffmanTree)malloc({m+ 1) * sizeof(HTNode)); J OBBIERRE .
for (p=HT, i=1; i<=n; ++i, ++p, ++w) xp = { *w, 0, 0, 0 };
for ( ; i<<=m; ++i, ++p) *p = {0,0,0,0};
for (i=n+1; i<<=m; ++4i) {  BEBRERN
4/ #EHI[1..i- 1] # parent 3y 0 H weight B/NB AN A, HF S48 K s1'H 52,
Select(HT, i—1, sl, s2);
HT[s1].parent = i; HT[s2].parent = 1i;
HT[i].lchild = sl; HT[i].rchild = s2;
HT[ i].weight = HT[sl].weight + HT[s2].weight;

}
A= - - AHTFRERBERENTFHROHERBRG - -
HC = (HuffmanCode)malloc((n+ 1) * sizeof(char *)); / 4 n P EHEEHLIEHmE
cd = (char * )malloc(n * sizeof(char)); /ARSI T AR %S
cd[n-17 = "\0"; / RBERE.
for (i=1; i<=n; ++1) { /| BAFRRERERD
start = n—1; /O RBERGMNE

for (c=1i, f=HI[i].parent; ! =0; c=f, £ =HI[f].parent) / MM FERH mRHD
if (HI[£].1child ==¢) cd[ - —start] = "0";
else cd[ —— start] = "1";
HC[i] = (char * )malloc((n~- start) = sizeof(char)); / HE i M FEHFRBLEESH
strepy(HC[i], &cd[start]); /M od B 455 (88) B HC
}
free(cd); /BB IESR
} // HuffanCoding

HiE 6.12

mE HT Wil n M BRAT FERLLBE—IMFERTIRER. EFHOABKER
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& R EENSHESE. EEE 6. 12 5, REMFRAHUBRERTGENTF
FIMB AN, BTUNBREE, BFEREREN, RBE M FERTRANER
RIsh RS MG, B 6. 13 Fim.

H=—=—=== ERERDBIHREN . RBKXERD
HC = (HuffmanCode)malloc((n+ 1) x sizeof(char » ));
p = m; cdlen = 0;
for (i=1; i<t=m; ++1i) HT[i].weight = 0; / BPishREM M HEL RERE
while (p) {
if (HT[p].weight == 0) { / BE
HT[p].weight = 1;
if (HT(p].1lchild 1= 0) {p = HT[p].lchild; cdlcdlen++] = "0"; }
else if (HT[p].rchild = = 0) { J BIEMFEEANEZENHD
HC[p] = (char » )malloc((cdlen+1) » sizeof(char));
cdlcdlen] = "\0"; strcpy(HC[p], cd); /) BRI amEE)
} 5
}
else if (HT p].weight ==1) { VAL
HT[p].weight = 2;
if (HI[p].rchild 1= 0) {p = HI[p].rchild; cd[cdlen+ +] = "1"; }

Jelse { // HI[pl.weight= =2,38 |
HT[p].weight = 0; p = HT[p].parent; ——cdlen; // BEIRGH . RHKER 1
Y/ else
}// While
#i% 6.13

FEHLBERSBEXFEFE ARER RFF ORI HAEREBTREET,
HEMFHEAERBRTFREHENER. AR EEAEEEER.

Bl6-2 CREREEBFHRETRTAIELI 8 HFFF, HME 5K 0.05,0. 29,
0.07,0.08,0. 14,0, 23,0. 03,0. 11, iXi& i F & 455 .

B w=(5,29,7,8,14,23,3,11) ,n=8, 1 m=15,3% FRBE 1L vl 1k — iR ¥k Kk &M
WK 6. 26 s, HAFMEW HT WAHREINE 6. 27 (@) fin, HALE RS ME 6. 27(b) B
S BTARR R S R IME 6. 27() TR,

B 6.26 Bl 6-2 K &R
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HT HT

weight parent Ichild rchild weight parent Ichild rchild
1 5 0 0 o] 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 4 8 10 0 0
5 14 0 0 0 5 14 . 12 0 0
6 23 0 0 [4] 6 23 13 0 0
7 3 0 0 0 7 3 9 0 0
8 11 0 0 0 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 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 15[ 100 0 13 1z
(a) (b)
HC

1 0 1 1 0

, o]

3| (1.1 0 ]

_—

4 [ I 111 B 6.27 £ 6-2 MTFMEN

5 | (2) HT M5

s [ o) (b) HT ##7

7 L_— 0 1 1 1 (o) HRERE HC

g L[ T 0]

(e)

6.7 [EIWIEE S EE T

ERF RIS, A YRR —HE BRSO SUR SR =R, 61 40 2 3 R
B\ B TR A , A R AR R R K B 3B R T TR R P R A [ 3 (Backetracking) 89
BEREARSE. BPEURERTROAIEN —MHEEFE ENRBIBLRER—1
SR T — R ORER 7R, R AR AR BRI, T2 RE 7R g i
L EMBENRBEIX A RESRENBEIRRITERETTRET . BT HARE, &E
— BT

B163 REnANATERHEGHRE.

ERANBEEHRS A WIATERAARNES. W.A={1,2,3}, A KFE

p(A) = {{1,2,3},{1,2},{1,3},{1},{2,3},{2},{3},®} (6-6)

HARLAT A 5. 7T WA AM M ER BT X RBENBHLRE. B . NS —AK
SHEE, BENEITER-IMES . EXEZHE AEKF AP IR . HEES
AFFITLR . RETES A. RZ-AEFANBITRERE . CEREWNHRES . ER
BRENTRE . ZAFRBETRE. MRER (DM TR BATERBKKITES
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A PR RFTREE GO R R, R A —RIE 6. 28 FiaR 8 — X, RER

B 6.28 WELRAELEBIEFHREE

HEPEEITROREEMRE . WPRRESRFIFETRNOWERECHESL) ;T
BERFRENALGREE 6. 28 P 8 MM FEHEARRRN(6-6)HFEE p(A K 8 T
R iG=2,3,n— DEWNI XL MNEREMES AP i~ 1 M TERHFTT
B/ & BA LRSS (EFXRR B HAXERE ., BUREETRWIBRI N
Fo i DX R S R, B Bk 6. 14 Bk,

void PowerSet(int i, int n) {
A/ REATENESGANTEES D, BAREKNCH AP i- 1 M TEETRSLHE,
/BB LN TRERTRELHE, & i>n, WRBEREN A TEIHHZ,
// ¥ 78 :PowerSet(1, n);
if (i>n) BHFEH—ITE;
else { HUZE i MJTHE; PowerSet(i+1, n);
&% iMLE;: PowerSet(i+1, n);

}

} // PowerSet

B 6.14

MEES UREFRERBEEH BEUKRZIRRES W RBENEENE %
6.15 F7s o '

void GetPowerSet(int i, List A, List &B) {
NRERVERES LEURBHRRELE WW—FITE.
JREE R AHARBEEBH YR KE. HF—REAREKRKN,BRSE,1=1,
if (i>ListLength(A)) Output(B); /4 #ith Ma7 B{H.BIP (MH— P TE

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
wE 6.15

Bl 6. 28 PHPRETBAME BB XK, RPN TEEHRSHBRKBAE S
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] Bt BLAGIRAS CED (AU AR ) . 4R T AR 2 il 20 9 [T 98 0 B OR A i » 588 SR A W R IR
AR R —RBH SR, MK AR R B RS 0 R TR A T JE B R Pk
SRHET £, XA HHAMH THEEAFLANEHROEERS. XRRABEHKRELETE
BURTE A AR T AT S0 ORDE T, 7R P 78 Y R IRE AW R R A8 X
gl6-4 K4 BERBYFESEMRDUERFT. RIVE S 2ERERLN 42
B
B 6. 29 BaRRMEBPHARSHERER. XR—RIXK, M EEBIERRR

el

BE
S
-~

B 6.29 YRS MEAHEREN

—ANRBAHERBR— I TENAR. BESEIHENVHERES HE L TEARTF. &
MERHTFEHE 4 MTERBMMNE, BEEMANZ, AN G EARBLAHEE 3 14
WEME,MEMEAM M FHRASEHL LR T . RER - . SHEFR—-XHAL. B
6. 20 RE M a ZHNH FEEBEAGTENAR.

RAEEEARNSBENE P RARKMA T RBETE 6. 29 MRAER TR,
WP RN HAME L REFERI ARG R(IEETEFEE L
AT E R W AR B WK K ERE I W EARK NS R TR EEH
BZFRIBNARETGE, A8 WERBHETR B XA TFHIL., B
6. 16 KT B G RMHBEL.

void Trial(int i, int n) {
/O EAFBRRE X o B -1 FERETEARHOM i- LMLF.
NOBRNE ITRGSENEER FRBESECME.
/ Hi>nw, RB-MEEGR.BHZ.
if (i>n) WHERP LT, /o 4Bt Bl 4 25 EE
else for (j=1; j<l=n; ++3) {
EELTHE IFIHE T
if CHRTHI R A ) Trial(i+1, n);

O BEIFERRTRA 3 MAREKM.
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BES TR IFHRT;
}
Y/ Trial

Hix e6.16

Bk 6. 16 AT — SR ZE NS . BB 6. 16 T FF b (31 3 B oR A Ay — ARBE K, 2640
EEAR LS AERE ERABAEESE.

6.8 M B it #

AV eI RN RERE B n M ANARESHMAE Z0®R? T
ERATET S XM, RE DS RHET B,

VTS X AT R RN ARE B

ROXHW TH T HURE . _EBIERBE —EIR I/, BENNELRFH
4 H AL

B T AT S0 B 4K . & R OUHML, T EBTA W B4 A L M BE T BEMHE.

TXMEH R RERRITERA o NS A AR XA EHE o,

En HBNERT ATERHBE 00 =1 RER;6=1 RIAE—TRESHN;
b, =2 F b, =5, ENTHIEAS B mE 6. 30Ca) FIE 6. 30(b)FFAR. B4, n>3 K X0

Congan &

B 6.30 —XHWMELS
() n=2; (b) n=3; (o) —EE n>1

—BERET , —BREA n>DAERH _XWATUERRH - TRES. —REA
MEAHETRN—RBEHE n— i~ 1M AA TRERNE 6. 300 ), K
0<iKn—1, HLATATHBHELAK:

by =1
{ - (6-7)
by = Db byins n=1
AT LAF R A R ORI X S A K.
x5
[70 ,[)1 ,...,b"...
TE SCHE I BR 3
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:Zbg.zk
=0
H A
BZ(Z) =boby + (bobl +blbo)2+ (bobz +b1b1 +b2bo)22 + e
% »
ZZ(Zbib,ﬂ-)z”
p=0 =0

BEG-T

Bi(z) = Zbﬁ.lz’

p=0

B I8

zB*(z) = B(2) —1
p

zB%(2) —B(2) +1 =0

3l A X

B(z) — 14+/1—4z2

2z

BAIME b =1. A limB(2)=b =1
Fr LA

B(z) — 1—+/1—4z

2z

FA—@ R

B(z) =by +biz+ b,2° + =+ + b,z + -

~ [1

B(z) =l2 2 (_1)k—122kzk-—1
2E |,
- (1

=2 2 (v_l)m22m+lzm
m=0im-+1

1424227 +52° + 142" 4 422° oo

Xt BB (6-8) FI(6-11) 48

b,, — % ](_l)nzzn-(»-l
n+1
RIS AT

(6-8)

(6-9)

(6-10)

(6-11)
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1o emt_ 1t

= -12
n+1 nlinl n+1C§',, 6 )

b, =

B, &F n MEREAHALH XWﬁ—Czﬂ

BRINETUNE —NAERTEXREE, N XHWEGFEe2ME. 25 —R=
WG SRS E RS R, Rk, BESSNETFFIIR ST, 68
BEHE R -XHR? NEEME-R?

BEN, XM FRAREHRRESD. HRETATFH L.EEEIL TR
R, EZSAWITFERIF . E— I EEALERD A —FHE. 8 THFRHRLRR
EFW L AGBHERD,BRGEAETH R UWRLEE DERFFINIENRHHS: D
ZHRETHESNFFFEIN . EDZERETREANTRFFI., RiIX . RELTF
R b R P b 85 AN ORI BT R FIBRAR LS 43 A F W B HEF P 50 R 74 i
R FHIBER 4 . KUK SHE, (7158 1975 B BAR UK,

Bl 6-5 EREAMBITFIIRGIFEFIILSH R

HFEREH: ABCDEFG :
HFERFEF:. CBEDAFG
M % LR BRB R R, g S BmE 6.31 frac. HAdEIFFIEH_

PR

(a)

P 6.31  FT BT R RS M — 1R T XU R R
XRBBR A, NELZFRP RS N (CBED), 5 FRE T ERIHFGC), Ritkisg

MEAFHMET RS20 (BCDE) , & FH# 1
MRS R (FG) ., 2, ] i A FR B RTTF
FIFMIP R REFIMES ANAETR, B4 TR
FRIIMFFFIIMES ANEFR,
iR rE B T A E S S R F S A
BT AIHE—BR XK. ETERE %, 0 o

B TR AR o
BATAT LGSR EAE n MEANARR
AN - XREEE. K 6.32 HAERNFESFFEIE X H
BRXM X a NEEN LB 2 MURS, ASEBFFFIN 1,2, ,n. W b 7T
R AL, AR AR B R FIIAR. B 6. 32 BURBRA 8 Mg EAN X
R, B AT BT 5 AR R 12345678, T () 4 I o FF PR 510 Ky 32465178, (W) I B 7 FF 3 4

+ 154 -



£1% 10 1Y,

BRE WE] RS WE [RRE R (RRE R | BRE N

B %z 4 % z
1 1 1 1 1
12 12 12 4 1| = 1
123 1 2|1 2 12 2
12 3113 z 1|23 4 2
1 2|1 3|3 2 3|3
% 1|2 1|% 3 |Z 2 | & 3

H6.33 shFmmARmERAYR

23147685, Ak, KH%*E‘J“XWE‘J&E%%%W??FJ@% 12.n B ZX WA RER
ANFFFIINEE. MAFEHNIRELR RIS KSR BRI E. X
IR S E T HE AR ROUY  sE THE )éiE‘JFP TSI, BN 6. 33 BT
AN =3 NARESH - XHEFFEINRKREMNVG AL AKFHXR. Bk, &
RIFFFFF 12+n BrREAR BV T PP AU OB B AR D B3 12+ n 3R RIIGURR HE AR 0 i AR BT B

dQO BRMHFINEEH. XTMEEHNO
O;f Og 33 be o= Lo,

n+177?

o/& B XM RIS IR &

O%) gjb O;% “6. 4.2 ZRAkS XU B 7 o AT 1 — B R AT

§ HRERE-N—-BREEG TR XN, RZ

© R, MEA M EAARRESHHHEE

mo.34 RAARpEmER_s L MRE 2T AL IR

HHR. Bi s, =6, E6.34 BRTHA 44

HERAMMMER 3SMEAN XK XE. NESTR, 71T SH 8T BRIEE TR,
Bt () () B BIRE A B SR FEX RS, 18I REFED .

(6-13)

O BERFRELIPFEAE 457 H.
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$715 H

B (Graph) B— MR R AN ERNEROBIELEH. ERERP BT TRZA
NEBELE, B M EBETERA N EENERN— BG4 EWBEN T, BEET
EZAEEHENERER, FES B LWBELETENT-EHFE M TR BIHH
FHEEOMEL BREME -BP—ATEEHMERE ML MERBER S EAZ
%R RS R, BRI ERABIE TR Z AR, i, B AR A
T B REERMAELE, CBABBNES S BEY WE Ay Al TR HE
PR RBE R A .

EH RSN RRE S T E AR, 78 50 SR A B i 0 BRHE fn e 22 3
B ERAE G, BT ES I EMEMEER U ERETBBRENEH.

7.1 EHEXMARE

BR—FEEEN, I E—HEARRE RAR THRBUERE, MFBIEXBEN
SEXIT
ADT Graph
BRI V:VEAAHARENBRBETRNES FATRR.
BB\XRR;
R= {VR}
VR= {<v,w>| v,w€EV H P(v,w) ,<v,w>FRM v B wiik.
B Pv, B X THR<v,w>HEXHFER
BRWMEP:
CreateGraph( &G, V,VR);
MEEAE VERMNTSE VREBPHBHES.
BAEGER VA VR E (B ER .
DestroyGraph( &.G) s
k&G B GHE.
BEZR . HREG,
LocateVex(G, u);
WM& B GFETE,u A G IS A R4 LE .
BELER . ECHFERA o, MERZBEAERPLAE, FMERKMBIELR.
GetVex(G, v);
&G . BCHEE.v2CHEANDA.
WAEGRGEE v E.
PutVex( &G, v, value);
MK BeHFE vRGHEITES.
BAEGE X v B{E value,
e 156 -



FirstAdjVex(G, v);

W& B CIFEE . vEGCHEITA.

BESR.ER vHE-ITSETE. FRAECPRASEML MRS,
NextAdjVex(G, v, w);

MBEG - BGHEEVREGPRAITR v 2 v PETL. ,

BESRBEE vRHEMFwE) F-A8EHA. HvB vRE - TPELNE

m“z”,

InsertVex(&G, v);

Vith &Y B G, v MBS HAHRBHE.

B R I G AR LA v,
DeleteVex( &G, v);

VIR &M B GHFLE VR CGHENTR.

BELER MR HTL v RHMAXRHON,
InsertArc( &G, v, w);

VS BCHFE VMW R CHRITTA.

WAEG R CPHBER<v >, 4 6 REME, WEHENERE<w,v>,
DeleteArc( &G, v, w);

MR - HeFEYHMWREGHRAITILA.

BAESR 2 CPMBRIM<v,w>, 3 6 BEE K, W PERXT RN <w,v>,
DFSTraverse(G, Visit());

VG &A% B G R, Visit BT R MM H R,

BESR . WE#TRERERN. £RHABR PN EN TSR R visit -

BAL—K. —B visitOQ %M, MPfEL K.

BFSTraverse(G, Visit());

¥ h %A - B G FRAE, Visit R TR WP A R &L .

BAEGR HEBTT EREEH. EEALBPHMESTABARE Visit —K

B—%. —B visitO %W, M# ALK,

}ADT Graph

ERPHEE TR EE RBMAAR (Vertex) ,V &

HES. H(vw) EVR, M v, ) TBRM v Bl w

B — &K (Arc), HFR v 38 B (Tail) S ¥ 14 & (%)

Gl GZ
WAMATEEES VR RRATAZANXR W @r@
b od

W W (®)

(Initial node), ¥ w & 3 3k (Head) B} & % & @ ®)

(Terminal node), L B B B R 2 H [
(Digraph) ., #<(v,w)E VR HH (w,v) EVR, B

B7.1 Eassl
(a) B Gis (b) XA G

VR B3 FRE, MU XTI (o, ) REXBHANEF
%, AR v Ml w Z B — %Ki (Edge) , i #9 B #5 8 X (@ B (Undigraph) . A7, 1(a)
B G EANE,EXEKEKIEE Po,w) MERM v B w B—FKAMHBELE.

G = (Vi,{A D

V., ={‘01 sUp yUs 9Ty |

A] :{<'U1 9'Uz>y<‘U19'U3>’(‘U3 7'1)4)7(7)4 s'U])}
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B7.1#H G, HEHE.,
G, = (V{E;})
Ko Vy={v,v,v,0 » s }
E;={(v1,12) (01 »01) (0 y03) 5 (03505 ) s (03 s 04 ) s (w3 505 ) }
RMAnBRETHAKE A e FRASRAKNEE. ETENRHERR,RITAEE
TS HE SRR, BE (v ,0;,) EVR A v, v BB 4, X T T B, e 8 BUH 7 B 2

O@J%n(rz—l)o ﬁ%nuz—n%maﬁm@%w,%é~<c0mp1eted graph). X F& [

E,e BUETEERE 0 Bl n(n— 1D, B n(x—DHE&WKNABEREKRAAERATEEH,. AR
£ 1R (N e<<nlogn) B B R K 8 BE B (Sparse graph) , X ZFR8 g $ B B (Dense graph),
Aot E MBI RIE A 5T XN E, X R 5 B K2 2R 56 5 80 AL (Weight) .
XERAUERN—ATEAAS - I HAWESIER. IHFNHEELRIN
(Network) ,
BEAFNEG=V EDHMG =V {E'D, MRV'TV HE'CE,M#HKG HG I
F @ (Subgraph) ., #l0, & 7.2 & FE K —LHF,

@:
® W W—®

B7.2 THERH
(a) Gt FHE; (b) G B FH

SEFREME G=(V,{E}), EH (v, ) EE, MK » fl v B HPEAX (Adja-
cent) , Bl v 1 o' #E4R4E . 33 (v, o) WM (Incident) FTIRA v M o', ME B (0,0 HYMTAAR
Mo AR THA v KB (Degree) B M v XBKHAKEE ,ich TD(V)., #l,G, +
TS v WER 3. STHEHE G=,{A), MBW (v,v)EA, MK v BB TH A
o TR VABBERTI S v. (v, v YA vo o MEB, PITHAE v I MWB ERY v
BN B (InDegree) , i 20 ID(0); UL v WEWRKE B #H R v B‘JtﬂE(Outdegree),iﬂﬂg
OD();TRAEA v BN TD () =ID(0)+0D(v), F, @G, BHA vi HAFEID(v)=
1, OD(v)) =2, TD(v,)=ID(v)+O0OD(v)=3, —f#, MBTHA v BEICH
TD(v) y RA—AB n NS e FAFMHWE, HREMTRE

e =22 TD ()
i=1
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LI E G=(V(EDHNBA v BT A o' 1 B (Path) B— M TRFF (v=1.0,
Vin vt s Vim =0 )y Fe 1 (051 50:,)) EE, I j<m, MR GRE MM, MBELRFME,
A EFI R B (i1 »0,) EEG<m, BROKEERE LRWAXMBPEE. F—
AT A FBE — TR U R B B 42 7 O B B B3R (Cycle) FHlFTSAER HAK K
REAITERE, RTHE— A]ﬁﬁ*ﬂﬁ}:—-"]ﬁﬁiZﬂ‘ H A TSR & B0 [ B R
Ay i R [o] B SR R A ER

EXEMEMEGH  MEATA v BITA v ﬁﬁﬁﬁ,ﬁlﬂﬁ‘ vHl O REEN. MEXMNTHE
FEERATRE vivv; EV, v, Hlv; ER R A M, MFR G 2 3% 18 B (Connected Graph) , &
7.1(DHM G RE—TEEE,.TE 7.3@PHN G WEEEEN.EG A 3T EES
B,0@8 7. 3(b) xR, FrifiZiBs B (Connected Component) , 1§ K& To 16 B KR K %
HTAE,

® ® ® ®
N aNi
@ (X) ONRG

®|7.3 X E&ﬁﬁiﬁﬁﬁ
(a) THIE Gs; (b) G W93 EEN R

EEME G H, MBEXMNFE— v, EV,0,7v, K v Blv, BN v, B v, BEEK
B, GCREEEE. FREPHRAEEEFERBAEMEBEMEEESR. HE
.U H G AREBEEE . BEHFAAREES R, ME 7. 4 PR,

— M EEENERAR-MRNEETE, EEH BT 2B B RE R U ER—
B n—1 &, B7.52G FRAEESBH—BERN. WRE—BERMER
m—%&h, bEMR—TH . BHAXZAFRBERMOBERATREAZEETE _KERE,

(&) ®
N\ - |ee
(o—W ® )
B 7.4 G MFAREESN R 7.5 Gy By kils B 6 —Ma R

—BH A TAMAERRABNAE n—1 %8, MR—AEE 2 ATAFMNF—14&
L MREEEE. MBREET -1 &0, M—EEF. HE.Hn—1 ZAWER—=Z
Rt LR '
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MBR—-AEEEBRE T THANAEN O HRKTUNWAREYN 1, MR—RA AN,
— AN EE N ERREEETREARAR, SARTERTR.BRERUAESE TR
FHEZHA MRANR, B 7.6 Finht—a.

00
6000
(®)

7.6 —AFEEELERFN

FERT R B B A RAERE X, R T I AR B m B R 2 — M
M, BN NERZREHNNELRE . BPHNRAZEAFELFHXRBILE
s B o T HE ) L — A R AR 5D AT — D TSR AT B RS — A B B — i
—TANPERZEEAFEERFRR. BAHTHRAETHE, BRIFEREAPHAKMER
RO FE HE P ke G AN HEFIRIE R VR EK). BB, Frif TR ER PR E R X
TREX N AN HERHI O EEFS) . R, X ENTRR A SR QST
HEBA L EX N HEA P BRER T E T HE e MBS BRANATAHSELHIEK
F e URE e+ 1A PEAIAB A BERNT A SEITRE - BEINT —
TPERRE,

7.2 ERFHESH

ERELETEHBEBSEH . RT I XERAM LS, B UERRARNFHES
1, ET1R B 7S F B B4 5 B OFLF B8 R0 68 X Bt
BOBIEM. ATENEHWEEER, EEMATR
Z R REAE AR K R B B0 R 0k DABHR T R A
KPmpBEMERRATRZANXR, PEESH
WP B A0 4 7 o 45 4 o {EL T LA B BOAH B B K Y
RRLERZHMRR. A—FE . ASE#ERER
FEARWE, ER—FMREANENBRKRLEH, B
PA—4~ i — R R £ 8 B R B 8 R TR
B — AT, KB R A 5 R R4
AR R PEAREH E 7.7 RN 7.1
hEHEG MENEG NEERE, BR. BT
ARG ANEREAAHE. R RERME/NE ®
BOTREMZERS AR ERREBEB RO T ARITE
REW MERBVEFHEET; RZ. HHEGI T
REHCHEERIARNEREGH, X 5B EW

+ 160 -

7.7 EMBEHE
() Gy MEBEESE; (DG NEESXR



ARG, [, ST , 26 52 BR B R 20R IR 46 ), T LR 9 L b B RO B
FHRE. IR SN ESEHTNREN. TRANASER QBESERNTFEE. T
43 Bitie .

7.2.1 HARTE

AR SASHEHEE TR (TAONERARBEIRZEKRRCARIDKRE
B. HEA#BRWT .

/A BB E (P EREERR - - - - -
1 define INFINITY INT. MAX /) Bkl o
3 define MAX_ VERTEX. NUM 20 / BRTBEANEK

typedef enum {DG, DN, UDG, UDN} GraphKind; //{# [ B .4 & M. 7 HE H, X6 R}
typedef struct ArcCell {
VRType adj; // VRType RIS X RAER, WEME.F1R0
/) BRREE R RE, N R ERE.
InfoType * info; / HWMMREB W
}ArcCell, AdjMatrix[MAX_VERTEX. NUM][MAX_ VERTEX. NUM];
typedef struct {

VertexType vexs[MAX_ VERTEX. NUM]; Y TS

AdjMatrix arcs; /O BBER

int vexnum, arcnum; A BB SRS SR 3

GraphKind kind; / BRRERE
}MGraph;

Bl B 7.1 G MG, WBLEHME 7.8 Fin. U_BRBARRE n MR WER,
FBEB 2 MTRERM 2 MG ERFER . &% B B S8 E R A X PR, o]
RAESHEMOFTRARFEAERNT =A@ EZA TR,

1 01 0
1 1 0
1 01 0 1
0 0 0 O
Gl. arcs = , G2.ares= {0 1 0 1 1
0 0 0 1
1 01 0 0
1 0 0 O
0110 0

B7.8 EMSEERS

B THREEFZARETHUITRZEARET R (RIOAE, HEHRBEAN
TARKE. X FREE, TR v BERSEREFTE 7ERE  FDMTRZ A, B

n-1
TD(v;) = >, A[i][j](n = MAX_ VERTEX_ NUM)

j=0

MNFERBE,E  ITHRRZAMAITR v FHEOD (), j FIHNTEZHATE v, B
AEB ID(v),

B By 48 B K T 5 X
Wi, j (vi9vj> Ll Ui U; ‘/R
ALy = [t B R €

Bln, B 7.9 FIH T —ANE 1 A E P EERE.
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8

w § § o« 8§
§ 8 8 8 8 o
g8 8 o 8 = 8
§ o 8 8 8 =~
-~ 8 8 8 8 8
§ 8§ o = 8

(a) b

7.9 MEHSEER
(a) I N; (b) S$8EK

Bk 7.1 RESEEREHESEH MGraph L3t B fH R EN LHER, EREE
CRMEAARMARAEEE. WEGCRITAM, WARERE 7.2, HE—1TRHE T
SFe ZHMEEMG W RBEREROG +e o n), HPWPEER G. ares MAHK
R T OGP HyB Al

Status CreateGraph( MGraph &G ) {

/O RRABREEEER RRE, . WER G.

scanf (&.G.kind) ;

switch (G. kind) {
case DG; return CreateDG(G); / MEEHMEG
case DN; return CreateDN(G); // WHEHMMG
case UDG; return CreateUDG(G); / WE&EXWEG
case UDN. return CreateUDN(G); / WX XM G
default . return ERROR;

}

} // CreateGraph
B 7.1

Status CreateUDN(MGraph &G) {
/R RAAPBREE BRE . HELHM G,
scanf( &G. vexnum, &G.arcnun, &Incinfo); // IncInfo 3 O M WA S HMEER
for (1=0; i<<G.vexnum; ++1i) scanf (&G.vexs[i]); / HWEATHRMRE

for (i=0; i<<G.vexnum; ++1i) Y WIMRAL AR ERE
for (=0; j<G.vexnum; ++3j) G.arcs[i][3] = {INFINITY, NULL}; // {adj,info}
for (k=0; k<<G.arcnum; ++k ) { / HESREER
scanf(&vl, &v2, &w); /A — KB R TR RAUE
i = LocateVex(G, vl); J = LocateVex(G, v2); J REVIM 2 EGHME
G.arcs[i][j].adj = w; /O <vl,v2>HIBUHE
if (IncInfo) Input( % G.arcs[i][j].info); / HFWEBHHXEL WA
G.arcs[{](i] = G.arcs[i][{]; /Bl 2> ERIR<<v2,vl>
}
return OK;

} // CreateUDN

BE 7.2
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EXATEGEW E 5 TEM 7.2 FHRFIEARMAE. WM, FIRST-ADI(G, v v
HE A4S, B, B LOC_VERTEX (G, ») R B v EE G PHALE, Bl v E— X
4 vexs HHIFES i, ) BB arcs FE i 17 LB— adj BREN VNI BITES S
S EN P ESEEG PHME. A, T SEAEBGCTHRUEEN/
P2z faE—4 adj BE R 1R BFEIIS.

7.2.2 4PER

483 % (Adjacency List) REM—MEIFHEN. EVERP , HEREITTHA
B AR, ARERTNEEETEETFEA v B CGHE RERUTEA v
HRMID ., BAG AR 3 AR, H 458 AR (adivex) HR 5 T v 4BEEH) A TER
o 1 i B 3 (nextarc) $7R T — £ 1 BRIK 49 %5 A 5 B0HE B (info) 72 4% A1 i1 2R 3IAH % 0 15
BLRES, BMEREMR—AELE R, ERLE AP, BT RHE &R Jirstarc)
HEERPE -G, BRAFH TR v WA REEH XE S WBER (data)
01 B TR

radjvex T nextarc Linfo ] |jdata Tfirstarc —l

X 0 R 3k 2 A CRT LABE AR 80D 38 0 LU 45 M 108 A7 6, DALBE REAL 1T 1 — TR A9 B8 3%
FInE 7. 0@ M FRFHIHNE 7.1 G MG WPER., —TENPERGFHS
MR MR T .

H=—===- B REHEs - - - - -
# define MAX_ VERTEX NUM 20

typedef struct ArcNode {

int adjvex; /IR 160 1 T A A
struct ArcNode x nextarc; / RET —&IMAHRE
InfoType * info; ) EMARE B
}ArcNode;
typedef struct VNode {
VertexType data; g BEER
ArcNode  # firstarc; A TR — AR R T S B IR B PR 5

}VNode, AdjList[MAX. VERTEX. NUM];
typedef struct {
AdjList vertices;

int vexnum, arcnum; /B R TR SO IR
int kind; / BRMHEERE
}ALGraph;

ERBEDH 0 AT e KA M EMBERS » kAT 20 PREK. BA,
fet M (o< ) O P 40 8 TR L D B 4 S 24 R

REFEEREHERWIK,
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T ERE R B R, TR v W

ol BRI R T A
o[ % | J-[3]2] k8 i MERT S A BRRT
NMEGn v O HEE, R SRABE 0 R A
@ SRHER. 1EHTE BER AR AR
e RE RN K i B A BRI v BAE. A
Ny 2 STA]  E T T A R T MO BT
2| | el o] o] T 1IA] o JoskBON, 7T LAge s — A4 o 0 3
AR REEDN SEE, WM BANTUR v By —EE
w| 12T 3117 Bho, 3k MIL A0, B0 7. 10 (o) B
® RHEFE G WRPEE.
‘MERnD R PR R AT, B
an ABTUE S BB N A RS S, W
AEEDn SR E LR Onte), B
DEnn B 2 A A B T A A

© B 2 URRIERER O e,
EPERLAGRIAE—TRINE
B7.10 SERRBESER
@ G HBEE: b G HERE: © G hasse | PR MW BB A
EERA TR (v M o) ZEREH AR
WHE, MFTERE  PRB ) MR B, ARBREHETE.

7.2.3 +FER

1K (Orthogonal List) RF M E KA —~MEXFREHN. TUEREKE ME
MBBEEMBTERRESERBIAN—FER. E-FEXRP MU TARE &
WA ML LN TEINHRARE MR RELSANEHNTRUR.

ftailvex Theadvex

EWG A PAE 5 AN K B (railvex) #1 3k 3 (headvex) 43 B 48 75 I F1 903K 3X B A~ TR
SEEPRME,F hlink 78w 3Kk AHE AT — KK, M tlink $5 M IMBMEE KT
— &K, info BIE EHZIMM M RXFE S . WLMFIRER—#E L WM R IR ER
—gERLE., BIANLGESAT RS S, Bl 3 MRAR: H P data A AT AHRX
BIfE B, I T M & FR 55 5 firstin # firstout B4, 43 B 48 1) LLZ A R WGk B R
HE—DIGEL. FlW B 7. 11@QP I REN+FHRROE 7. 11D R, EBERE
RIS BEERER REMAEREE, U+ FHERETUERESEEFENERGFHMEN &
AR+ FHERD LR ENEREBHRER. SR RAMEMAE ARE R, A —E &K
HRFSAER . ZLREANTAE A ENZARREE, MRITFHFMHE.

hlink \ tlink ‘ info { data {ﬁrstin {firstout
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) [ N pnNESCON,
( [T
(%) (w) * V,|!|— 2] 0 2] s]a]A]
P N EaBOL 3l1]A 32 [A]A
L

16

B AmEfTreER
A E A+ FERAHERSNERAD TR

W====- H IR FRRAERT - - - - -
# define MAX. VERTEX. NUM 20

typedef struct ArcBox

int tailvex, headvex; / ZEMKBEMLTANME
struct ArcBox # hlink, ®tlink; // 45293 Sk A8 [ 0 3 B2 A =) Bt 3R A 3ok
InfoType # info; /B RAG B R

}ArcBox;

typedef struct VexNode {
VertexType data;
ArcBox # firstin, # firstout; / 4B MEBAE - ARWAMBIK

} VexNode;
typedef struct {

VexNode xlist[MAX. VERTEX.NUM]; // Fkm#

int vexnum, arcnum; /% T R A X T R
}OLGraph;

HESAn RGN ERMe ZUMHEREURLZAMER T FER, KERN
Bk 7.3 iR,

Status CreateDG(OLGraph &G) {
/ RBHFHBEHEERN HEH EE 6(G kind = DE),

scanf (&G. vexnun, &G.arcnum, & IncInfo); // IncInfo 3 0 A WA & HMER
for (i=0; i<G.vexmum; ++ i) { N mERLkEER
scanf (&G. x1ist[1]. data); ) / BATRE
G.xlist[i]. firstin = NULL; G.xlist[i]. firstout = NULL; // ¥)¥@fkigét
}
for (k=0; k<{G.arcnum; ++k) { / WABEIHE T FHR
scanf(&vi, &v2); / BA—FRRBETRE
i = LocateVex(G, vl); j = LocateVex(G, v2); J REVIM2EGHUE
p = (ArcBox %) malloc (sizeof (ArcBox)); J BEERBSH

#p = {i, j, G.xlist[7]. firstin, G.xlist[i].firstout, NULL} // X+ J0%%5 & BR{H
// {tailvex, headvex, hlink, tlink, info}

G.xlist[§]. firstin = G.xlist[i].firstout = p; /) TERLAE A ISR PEE Sk A
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if (IncInfo) Input( * p—>info); / ERSHMAEER WEA
} o

} // CreateDG
wix 1.3

E+FHEZPEEZRIY o HENI AESRBU o KW BUESRE
DARHEMAEKEE, TERY T FEXRWANRD) . A, aB8% 7.3 TH, &
St FHEENHAEAENBVSEREARN., EREFEEONAT, T FERER
REAWTH.

7.2.4 MEEER

P32 £ B R (Adjacency Multilist) R EME W B —fEREHEW. 5%@5&%%
T B B — R IR S MR A PR P A S R BT MAMEFER . HE, 748
BEPE—EN L) BB AANES  MHS; MRS, RO R EENREY
SRR, 51407 A T A O U6 P X A AT SRR 4R, 0 B B R R E
BRMBE—£DZ, W EERIBRFA—KANFH NN, B, EHTX—RREH
T i E B e R PR AR E R MM E R .

SEEBROGHN+FHREL,. ECESERD, 8 FUH—TEERT,E
B30 F B R B9 6 R AR -

[ mark ‘ ivex I ilink ﬁvex i jlink Linfo —J
Hp,mark Ri5EE, TALMCE R AR T HE R ivex F jvex K Z M KK B A
TAEE T AL E s ilink 38 FH T — &K T A ivex 5 jlink 8 1 T — KK W F A

jvex HI3L ,info R 1E MAGAME XK &R E B HEH . BN THRAEA—-TMERRRE
B 30 T B 7S B PN S R '

data firstedge

Hoef, data SAFBEFIZ TR S M K B 15 B, firstedge MAE R E — KRB T RT A . #l
WA 7. 12 FRAEREG HPELER. EXRBERD,FAKKN TR —-TS10%
BRER —#RT, A TEROEB TR WE LS R ERER ERS.
AR HEEETNES, HEEEERNSEROEN UNETR—-RLESERT AN
MERER, MERRSERPRE-ITER. B, BRTEAS S PHEN—MRE
ShBEZERTTHAERANSESMAR. EVERLER L, FMHESBRIERN LA
PR, PESERNBRUBEBMT .

/A EMBERSELZEREFHRR - - - - -
1 define MAX_ VERTEX_ NUM 20

typedef emnu {unvisited, visited} VisitIf;
typedef struct EBox {
VisitIf mark; /i RARIE
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[ s m—
oL i = Lol [afy ] [ Lofa]s]]

1k T [+ 1
2| 4—={ T2l T[o, ] [z, [e]']
3l '
o % ———HJiMAIl IZIAM?I
W 7.12 XEEG HBEEER
int ivex, jvex; / RAKEHPAREAWLE
struct EBox # ilink, # jlink;// 4rH148 M KHHX A TRA MW T —&H
InfoType * info; /R 3V -Ri-kis
}EBox;

typedef struct VexBox {
VertexType data;

EBox * firstedge; A $E B SR TR T T R 30
}VexBox;

typedef struct {
VexBox adjmulist[MAX. VERTEX_ NUM];

int vexnum, edgenum; /AL oyl Y=% ik ¢
}AMLGraph;

7.3 K ®#E A

R R AL, RITABNERE - BRI EEPHATSA, HEE—
AT AR — K. X — R BB BB (Traversing Graph), E#EHE &R
KA E W E B R EIMEFRR B R R E R R R,

R, BB ELRMBHENES. BVENE—-TRAESTEMERM T LM
BEFUEFRTEARAZE IREEEEABEBERZE, XEBZH A L. Hl 0
7. 1M G, TFEPFARRE BREVHRT visvsvv ZEBHHEH(vivm) X
YRS v, RTEERE TSGR Z K, €8I EMTRE, BHHE T 848 Vi
AT . A, AT AR — BV A visited[0. . n— 1], ERMBEE VBB H
T, —HiFETIHRA v, BE7 visited[i ] E"HRE M PH R HKRFS.

BEEAPARGEMEE - BEREHERMT BEXAEEER. B XnEmEmE
#IEH .

7.3.1 REREHEE

R E R £ 18 T (Depth_ First Search) i@ 7 2500 F 1} i 55 48238 17 , 2 % i 55 1838 J7 9
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.

B A AR 75 o A T 5 B VT 0, WO A1 S0 R T BB A A w o
5 VR TTA R S AR TR v B S48 ] A A At R VR B A S I B R R Tl
F o 7 B2 M 1 TR AR B 51 B0 325 O L o 5 5 TR A SR ) UL 25 s P b — A 8
e A B TS AR R, B R, T 2 I SR A T A AR B B 0k

B 7. 13Ca) 3 [ B G, B, 9 B B 46 8 R i I At AR A 7. 13(b) R R O,
BT v B AT R ARV T I o 28 S v, BN v RE I,

B|7.13 mEENTE
(a) BEA Gy (b)) BREREEBRHILE; (c) ERERENTE

MM v, HRFITHEHER., KRB EEFEMN v,o.u BEHITEE, EURT v 25,8
F oo BB AECHUHRL WERED v, A TRAENED  BRUEHES v,v,. HE
v, R T v BB — B8 RBR, MR XN v B v, BEEHITF X, B,
BB BT V8l FF 51 R .
T V= Dy >V, > Vg > Vs > V3 —> U —> Uy

BRXE-ABHANIE. NTEREFTIBRFETFRSTHARTC TN, BH &%
i El R R visited[0.. n— 1], HAME K “false” , — B AT s B 5 Tal , W EAH N 894 &
B rue”, BAEMBHMBE 7.4 M 7.5 PR, HP w0 RRFEEDEER

O HEHUHHLNEIERRNRERGRBER, UFHLNBERABNHNKE. RPN EBERRE 8
Va1 4R 1, KR n DA B AR K .
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J - BRT.4MISEHBLRATER ———
Boolean visited[ MAX]; A ViRbR R A
Status ( % VisitFunc) (int v); [ RBEE

void DFSTraverse(Graph G, Status ( » Visit)(int v)) {
/G e SRR
VisitFunc = Visit; /{4 B & VisitFunc, f# DFS A BT SH
for (v=0; v<G.vexnum; ++v) visited[v] = FALSE; / ifERHEFAMMBL
for (v=0; v<G.vexnum; ++v)

if (lvisited{v]) DFS(G, v); // Xt R4 R4 TS 78 A DES

WiE 7.4

void DFS(Graph G, int v) {
J MEvATSHEBRERFEERERLE 6.
visited[v] = TRUE; VisitFunc(v); // H[FEE vAHS
for ( w=FirstAdjVex(G, v); w>=0; w= NextAdjVex(G, v, w) )
if (lvisited[w]) DFS(G, w;  // Xt v @M K VFIE B4R EE DU w k)= 8 A DFS

"k 1.5

S ERERE . ERFEN,EFEIN TR ELEA K DFS B L HA—-BEXEA
AR SREHG R AABNEHEZ#TER. Bk BHENLELE R E
TAERESBEANDRE., HERNNENBRTHARANGEHESENH. YA 484X
R R E NS, BREN TR NBESTTHEN O, K » AE S
WRE. MYEUSEREENFHEEHN, REEZSTTREN O, KF e HTmE
FARBEA E BRI, Bk, YR REREEES AR, RS 18 2R I B i
BEXEHRN Onte),

7.3.2 T"EREHER

I~ B A 5% #8 R (Breadth_ First Search) i Ji 2540l T 1 i 4% 2 UGE 7 92 #2 .

BEMNEHETR v HREHRT » ZERERVIE v BN REGVRTHEES,
SRIE G B L SR sl th RAR T R BT BB R FE RN TR SEAIE
FURBUIR M TR SRR R, EZE T A B 80 R TR 88 S8R s
B, HMeEENEF TSRS WA EEP - REFH AN TIEERS.EZLE
AR, EEERPHATSARBHRB L. RAOFER, T BEREBRETENTREU
v ARHR, HEEE KREM AR EREERRKEN 1,2, WK B,
B G #7 ERARRBHNSBME 7. 13(OFR . BHIHA v #l v TR v M
v RIEMRK VI 1] v, BOSPEERL v A vs K vs WSBEER v M o BB v, MIBEER v
B X S T i B P S E BT [A F BLE BT R TR HR g U Rl B e SE AR T I B I
REW TR TR FI R

Uy > Vp > Vg > Uy > Vs > Vg —> UV —> Uy
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MEE R REM ARG W RPUEE—NREERE. 38,5 TR
[ AR BN 2.3 B TLA, B HHEBAFI A FF E E MR M B R KB 1,2, B TR
JTEAR SRR B INE R 7.6 BTN

void BFSTraverse(Graph G, Status ( # Visit)(dnt v)) {

/B EM SRR E 6. MBI o FUy FHR ERA visited,
for (v=0; v<G.vexnum; ++v) visited[v] = FALSE;

InitQueue(Q); /B HIRBIBAE Q
for (v=0; v<{G.vexnum; ++v)
if ( tvisited[v]) { /v MR
visited[v] = TRUE; Visit(v);
EnQueue(Q, v); /v ABAF
while (1QueueEmpty(Q)) {
DeQueue(Q, u); /O BAKITTR MBI E N u
for ( w=FirstAdjVex(G, w; w>=0; w=NextAdjVex(G, u, w))
if (! Visited[w]) ¢ A/ w R u B R (R) B B TH

Visited[w] = TRUE; Visit(w);
EnQueue(Q,W);
[N/t
}// while
Y/ it

} // BESTraverse

"Hx 7.6

S EREE. BITHAESH KA., BHENIELELREE S H MRS
BEE, B BRI KRR B K RHE B 4 MEE L ERGEE. BEARRE
2 A AR T X TR AR 3 1R A R AR TR

7.4 P P 1] AR

FEX — 15 o, BRATTHE I PS8 Py P 50 80 0 SR A T 0 0 1 TR0 S i B /N A R
UREEBESEGEMENEFEMITRENRR,

7.4.1 ZEEREESRNERR

xR ERTRER, S TFEEE MEFNEFE-—TREEZ #TEREREER
BSUENERR.EUHEABEFHATA. MEEER, MEAE M A R HITHE
R,MEB—RA—TFRHREBAEEZEHITERIBPBIANTR RIS & E
BABFATAE. AN E7.39P0G BEERE  HRE 7. 4 iR G MASEERR
THEEMEHRER .3 KA DFS IR (AHATUR ADF G HABRWT AR
k.

ALMIBFC DE GKHI

R3IATMEESFMEFRERBFXET D . @R TEEERG W3/ EE
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o|A| 41l F—{sT F+—{2] F+—{1]A]l

1|B| 4—~{i2[ F—{6TA]

2iC| 4+—={0ofA]

3|D| 4—={4]A]

4| E| +—{3TA]

5| F[ +—{0TA]

6|G| 1ol F—{eT F—{7TA]

7(H| {10 F—{6TA]

81| +—{6[A]

9] J | —+—{12] 4

10K 7] 3+ 6lA]

njL| 4—-fiz 9 0JA

1ziM{ +—{11] {91 4
B7.14 G mPEE

B(G) i,

WFEEBBE, BTEEIBFHR
AR, TR A E L 0 — M BE T AR
A AR, X 5 A A A B 4 R R
BERE RN, Fl, 8 7,150 BrR
H G, WIREREEBHRNK, Tl 3 BREE
PR e 4 B 4H A

B LB F L s RIEAE BRI
G, WEE 7.7 A REEEBHEE
e B BE AR, HoP DFSTree slBEUINE K
7.8 fim. BR.BHE 7.7 WERIERE
MBI AR,

void DFSForest(Graph G, CSTree &T) {

/B K B G IR BE AR S A B AR AR B
VO BEVBETE)RBERT.
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 (sizeof (CSNode));
#p = { GetVex(G,v), NULL, NULL };

ifF(IT) T = ps

else g-—>nextsibling = p;
qa = p;

DFSTree(G, v, p);

gL, @ 7. 3L B,

WEGREEE GPIMBEHANES.,
T WA b A — T A R R T I B 0 E
EGHBTEAIAES TG BWG), K
TORBFEIBRFTHENANES;
B(GORBEKWAMES. BR. TG FHE
G A TS — B R EEE G Wk E
WAFEL.ER.IYTHEL.CEREEAN
— B A, AR RERERREIN
R e U B B R R RB RN
HITER A E R, i, B’ 715
(b FFR4 9 % @M G, WIEE R BER
W EREERN BPELNES

(%) (h)
Yol oBN© @
e
RoERCECH
\(a) (b)

1 8 10

I\ _13
T
W2/
H)

B 7.15 A B A R AR
(a) Gy KRB IEE B
(b) Gy M BEIR B4 ALt s
(©) Gy MRS B

/B v T R 9 A SRR AR 45
/ARG R

f HEERRE

/R — B SRR AR (T AR

()

/R B R T — R R BB ")

A q BRI A R AR
/B LA p R HE R
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}// DFSForest

#Hix 1.7

void DFSTree(Graph G, int v, CSTree &T) {
/OB AT REER SR E GBI LA T R AR .
visited[v] = TRUE; first = TRUE;
for (w=FisrtAdjVex(G, v); w>=0; w=NextAdjVex(G, v, w))
if (lvisited[w]) {
p = (CSTree) malloc (sizeof (CSNode)); [/ HEETEN
%*p = { GetVex(G,w), NULL, NULL } ; :
if (first) { N Ry RE—- N RBRPETR

T—>1child = p; first = FALSE; / BBHEBTFESL
| Y/t
else { /) w R v Bt oA B 1 ) A 4B B T AR
q—>>nextsibling = p; / RE—FETAHERRER
Y/ else
q=Dp;
DFSTree(G, w, @) A RBEw rTREBEREERERTEGRBY FEBRN g
Y/ if

} // DFSTree

Hix 7.8

7.4.2 FHEMNEZESR

FERGBRERERAMENREESBN - IHNERTE. BRREUTFERESR
i E B TR AR A5, M SRSREBE S B S TRIAT

(D EFHHE G L AENTRSA B REUETHANBYRHETRERCERR,H
e LA AR A 3 R AP 52 AL (BB 4 DFS R0 M B TUS HEFI AR k. M & @t
7.3. 1M EEEN T H A8 (a) A DFSTraverse &3 & 347 H U B 6940
TG4k, BIFE A O &I b count=0 ByEA]; (b) 7EiBH DFS MBIZ B ZRERWTRS
RS — B A finished[ vexnum A3, BIZE DFS R4 R Z A0 L finished[ + +
count |=v HiEH],

) EEME G L, N5 5 5 R R B T A (B finished[ vexnum — 175 i TR &) i
K U IR TR A R 3k B SR VE 26 ) B R B8 48 3808 1 » &5 L YGRS 8B 5 R 1 i A =
FETA MAKRTHHSAFREERERNRITA DR AEELHHOBREREER
BH KRLER, EEZ A ERFEBTAREHE BN IE. iHE A DFSTraverse i %
fE T AP E - MERBHKAR K EMBA v M finished[ vexnum—1]ZF fin-
ished[ 0],

H i, B — KA DFS e mRER R I RIBIN A RERA RE G f—1
BEESBWTAE.

BianmE 7. 11 iR AE mEBEATA o BREREREE KRR, 183 finished
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BARHTAEN1,3,2,0) ; MENTA v BEREXEHEREREEREH SAH
AR (v vs v Fl{w ), RRBRZAMENFH M BREESBNTLAE.

FRRBEEABRNSE FH . HELFER: OHRE—ITERBEG, B G=(V,{AD,H
G.=(V,{A D JFHE (vi,0) €A BE (v, v)EA,. BIG FHEMNG MK
(2 EAME G, b, TR finished[ vexnum—1]H RIEREREERET . W LUHE
BL,EG FLHBREREERENTFE—BHHNEAEIAICHEEREIENT
HEY, '

B AR ) BB R 98 % 8 4 B A e 18] B 2% BE A AR BT AR R

7.4.3 B/INERR

BREE n METZRBIBGFHREM, WEE - METRATE~—1 FLRE. X
B, BREFBRIFE—NEE, MAERTEEBMATRETELXERM.

EERMRTZEETLRE — KR E M MBEMH —-EHEFAM. » MR
HZE, BEABRE n(n—1)/2 KL PB4, NTEXLETRHZE T EE —1 %,
LLGE BRI RE R B IR ?

AL REEMNKER n MR U R METEFTREENEFRE, EPRNHYTR
RABT A FAPRT Z AR E, RTAMBERFHEMEBRN. XTF 2 MTRANE
B AR FEARAFENERN , B—BREBWHTUR—~TEEM. AE. RINELEE
XE—RE RN, BRRESNERED . X BB R 5 %8 M BN £ R
(Minimum Cost Spanning Tree) (& #5 B/NER B MR H ., — 124 B R0 B8R R/
E&BHRMZA,

WEBR/NMBENTUEEMER., RPSHEENET B/DEBRH BT 5 —F &K
3 MST R B N=V,{(EDRB—THREN,URBRTREVH-ITEESFE, &
(w, N R—FBEEBR/MUBERM I, HP ueU,veV-U, L FE—-BREEH (.,
) B B/NME B

AU ARIERIERZ ., BEM N HEM—BRENEBRRBACE (w,v). TR
HEEMN LA —BRRDMERR, X8 ) MAR T et B BB EX, TR SFE
—&AEw,ONEE, B—FE.8T TREERN  WET LOFES -0 G ),
Hp €U VEV-U,B ufMu'ZE,v Mo ZEHERBHEE., MENG ) ET
HBR LR, ANBAS —-BERN T . BN OHRNEETF @ H0), 0 T R
MHEABF T, TREE w0 —BR/MERN. AHMBEFE.

T E (Prim) B M & H F /R (KruskaD) B3 2B A Al MST ¢ B S/ E
BB,

THEANMELEBEE.

B N=(V,{(EDREEM, TERN LBMERRAANES, BENU={u)
(o €V, TE=(} I . ERPT T RBME - LEFE «€U,v€EV—-U Wil (u,v) EE F4§
— KW B/ (wosv) FARE TE,Fbf v FAU, HEEZ U=V Hik. WK TE #$
WA n—1 B0 T=V,.{TE})X N B5/NERK .
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F I E R E R — 4 B closedge, BLig R U 8 V—U BA 5/MUH
W3, 3G v € VU, 765 B S P 77 26 — IR 43 & closedgeli— 1], EEEH
A8, HoH lowcost FEiEZIA EAIAL, B AR,

closedge[i—17. lowcost==Min{cost(u,v,)) V{u€ U}

(D @
@ 4 @ 54
®» ®» ®

B 7.16 B EH kA IS R A U At

vex B Z KM B 7 U R TSN . B4n, B 7. 16 BTR i3 B3 B g I 9 — 4%
Be/ME R B AR AR B P M B B R & S BRI 7. 17 BUR . BIIRRE

' 1 2 3 4 5 U V—U k

closedge

adjvex v, v, i {v,} {vssvys 2
lowcost 6 1 5 Vi s Vs e Ve )]
adjvex Vs vy vy Vs {visva} | {vasvis 5
lowcost 5 0 5 6 4 Vs 9 Vg )

adjvex v Ve Vs {vievys | {veyvys
lowcost 5 0 2 6 0 Vel Vs } !
adjvex v Vs {visvss | {v,,v;} 1
lowcost 5 0 0 6 0 Ve s Vit

adjvex vy {vyevys 4

{Vs )

lowcost 0 0 0 3 0 Ve s Vi sV}

adjvex Vi3 V3 eV

lowcost 0 0 0 0 0 Vi V2 Vs ) 0

B 7.17 P8 7. 16 MR Bk RS B A B A P A& A B

Bt F U={v |, MBI VU P& TR /NG, B KB TS 1 A& &b, 387
— AR B /NI Cuo »ve ) = (1,3 A AU 9 — &L, WEHRE v (=, HALAU,
SR IEAE B B SO h B . 2596 closedge[2]. lowcost 82070, BUR T v ELJF A U,

M costCu, v) RARE T iH(u.v) HL
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RIE b F il (v 0) FHIBUE /DT closedge[ 1]. lowcost, M F B closedge[ 11434 (v;
ve) RIEANME . FIEEH closedge[ 4]0 closedge[5]. K EHE . EBU=V. BEUZ
SR 2H R R AR R AR R . B A TR D TH A 22 18] R 72 78 B9 371 W U R LI Fo 3 19 Ak R
(INT_MAX) ., & BB R NME % 7.9 B,
void MiniSpanTree  PRIM( MGraph G, VertexType u ) {
/) BREBEBEENE o MTEHEREM G R/ KN T8 TH& KA.
/e R SR U S V- U AR BN e SR B B X

// struct { )
V4 VertexType adjvex;
V4 VRType lowcost;

// }closedge[ MAX. VERTEX_ NUM];
k = LocateVex ( G, u );
for ( j=0; j<<G.vexnum; ++3) /BB R
if (§j1=k) closedge[ 3] = { u, G.ares[k][j].adj }; // {adjvex, lowcost }

closedge[k]. lowcost = 0; /) HIEE.U={u}
for (i=1; i<{G.vexnum; ++ i) { / EEHEA G vexnum - 1 AT A
k = minimum(closedge); JRETH TR BrkTA
// MBS closedge[k]. lowcost =
V4 MIN{ closedge[ v; |. lowcost | closedge[v;].lowcost™>0, v;EV-U }
printf(closedge[ k). adjvex, G.vexs[k]); /W AR R
closedge[k]. lowcost = 0; JEBRTEAFAUS
for (j=0; j<{G.vexnum; ++ 3j) .
if (G.arcs[k][j].adj << closedge[ j]. lowcost) J BEREHAUGESEER

_ N
closedge[j] = { G.vexs[k], G.arcs[k][j].adj };
}

}// MiniSpanTree
®wix 7.9 ‘
Blan, 38 7. 16O P M, FIFBEE 7. 9. WA RK LK S KAK:{((vv),

(vs 506) » (05 9 ) s Cus 402 ) 5 (02505 ) } o

A EER T BEMPE » A, ME— Aﬁﬁ@]ﬁ“@b&ﬁﬂ’é%tﬁ’j%%)ﬁﬂﬂ n, &
ZAERIBAMNBEER n—1, RPEENAER . H—R7E closedge[ v]. lowcost 3R &
IMEHRERI n— L H - REHFEFRAR/NMOOL, KBRS »n, B, HEBEE
MR EEAE R O . ER P B EX, B ERTFROFABHO M OE/MEBW .

MRS F/REEREHEE, CRaTEERE Y Oleloge) (e AMP N HE AR, B
EHNTHERBERN S, B8 TRAOBRK P B/NERK.

REMEREENS —BEBRMYB/PMERR. BREEN N=V,{(ED,M4&
NEBRFBREARE n A THRATMEAWIEEEE T=V, (D .BREINHEER
—AMEESE. £ EPRERNEDL, EZAEMHOTREE THARMNEES B
Eo B HMAR T, EMEEEATEET -ZRNB/NKD., KKEREET
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TR TR ER —EEN R EAL.
Bim, B 7. 18 FiR MK B R BB WE— ﬁ%d\iﬁiﬁ%ﬁﬁ ﬁffrﬁ%ﬂj\]

'IM‘: 68

(a)

B7.18 RENFREENER/NMEEHHLRE

1,2,3,4 4 KA FHEERZMAE MEBEMAR T o, R0 5 WP EN (v ,00)
Moo BEE. ANEMEKHOBRAER —EBSR L, BEfEMA T b, M &6
T ehp= s [ B, T F — &AM (=5) B /NI (o v) R BN EE S B AT IA T, |
B, M3 — R R ME R .

FREBRBELN ¢ ZAZPWH— W BAEUSE 9 BHA L H 7RI B M B, 0
BREFER /MU E5HTE Ooge) WA (B —KTE Oe)). WERW THEANEE
NBUBRE—TSNA.WHE TMAFHAHIBEMUTFRENEM TR, el
PLEL 6.5 A MFSet BREFE T, M1 T BB O(eloge) BT A, B 1Y,
e ERE RS EE&E RN Oleloge) .

7.4.4 XPRMEZEESR

BAEERNETE o IEM v MRS HZE - HEN—ANEEE DB BRMNAE
BAUEWEES R, MARBA v HRE R —4 %% & (articulation point) , . —PMEE X
R A% 8 B AR N 2 B % i B (biconnected graph), ZAEEHB L, AB - T AR
BOFIEBIRBERE , WIAE B2 3T A DA B2 4K B 32 TH R 9 45 2 Bt RS e 3 I ) 32 3 1
EEEEELESHE L ANTRSA BBIRERERE, MRLENEEE R L, XTFH
MEEBELRPERENAH. B8, —TRAEGEMEVENEEESR KRG MA
£, X RB— WA AR ESHBR R BAEWREMIE R LE; X, —Mixs
P R A, T M MR B R AR R R B S P B 5 T BT A ) A4 A 4R 4% 5K T
1 EN ERAAEE AR XBRBRE T RESENE, WER LT HERBHIER
T BN FHUBAZEW, EZ %‘Eﬁi%‘# %%ﬁgﬁﬁfﬂﬁl_ﬁ% {K%Wﬂ:ﬁLﬁ
R e g SC AT R B AT,

Flm,m®7.19 PEAG, REFE . EARELEN, BPAE LI XHRABDRHG,
HMETS BUKFRAKBEA B 81,6 g8 3 M EESE(A.C.F.L .M,

* 176 -



73 AG.H.I.K}F(D.E}. %, £METE ARD %G LA RFHKRF SN0,
R Gy B4 80 B A 5 4 B L 36 SRR
i B e R E TR BE f LT AL T H AR S REEAN.

E7.19 %E#EE G W 7.20 G, BREERAgE B

B7.20 iR ANTS A HRRERCERBIEG: FREERGERR, BHK
KERWH, BREREGBIAREEBRN LMD . MRPE—TH o TH . HBEFER
WETZFEHRIOSES MENFESMhENRENHELESREEZHBER
B4R EE R . IR SE A B AT 1R B 2R R Y A i ‘

(D) HEAEBHHBAFRBFARY LTRGBS B RET R, BAEPAR
FEBRSAFFH PTG, B, &M ERTUR, & RN EERAEREA. WE 7,20
TR A,

(2) BB RN TR o, AER TR TR PSR HBAER
v B SEB B, M v XA, BN B E o, W75 50 B B A3 808 5T k.
mE 7.20 AR B.DMG,

# %t B Graph=(V,{Edge})E ¥ & S i [ it B 175 0] lR %L visited, 35| A —AFi 1 5B
B low, M —RIEFEREBRRBEGEAREBEEERPEERTERXT A,

£ X visited v HRBRCE KA T EERETIRITE v WKFES ;8 X

|w BT v ZERBEREERE LB TFA R

k BTAR v EE BB A B iy BB A
low(v) = Min< visited[v],low[w],visited k] | fH5E45 & ;

(v,w) € Edge,
(v,k) € Edge,

R FRA TR v FFEB T w B low wl>visited v], TR 0 BHXH R, BN
B w R v BT SR, lowl w>visitedl v], B w RE T v WESEHERL.
B AT A, visited [V BI R v ERBERBERM W FFAFHFES, AF%
o 177 -



DFS & % & 3k B 4~ 35 ) st 8 visited[ v, ] = + + count (¥ DFSTraverse ¥ & ] {H
count=1) BN AT ; low[ v]TT p /5 F i [ 3% BE R 56 4k RUR SR 48, T o 26 )5 PR 31 o B IKFF
# B i DFS BB KA BB R RE R EERR TN RETRERET R
MEERER 7. 10 MEXK 7. 1D,

void FindArticul (ALGraph G) {
fOVETRIE G LLARIE RIETEML W BRI ML 6 LR F L. 2R count
oF i (] 13
count = 1; visited[0] = 1; /O BEARER 0 B IR A R AR
for ( i=1; i< G.vexnum; ++1i) visited[i] = 0; / LR TIU& M K ik [
p = G.vertices[0].firstarc; v = p->>adjvex;
DFSArticul(G, v); /MBI ABEREREERETR.
if (count < G.vexnum) { J ERWORERPLTARTR
printf (0, G.vertices[0].data); / MEXWH. AWM
while (p —>>nextarc) { ‘ :
p = p—>nextarc; v = p-—>adjvex;
if (visited[v]==0) DFSArticul(g. v);
}// while
Y/t
} / FindArticul
#HE 7.10

void DFSArticul (ALGraph G, int v0)
HREOITTRRIMERERTRTGE G ERIFME XA
visited[v0] = min = ++count; // vO B count il A TH A
for (p=G.vertices[v0]. firstarc; p; p=p->Snextarc) { / % vO WEIPLEWEBRE

w = p~>adjvex; /w0 B AR EETH A
if (visited[w] == 0) { Jow RGO BT
DFSArticul(G, w); /B EHIRAS Low w]

if (low[w] <C min) min = low[w];
if (low[w] >= visited[v0]) printf(v0, G.vertices[v0].data); // XH &
}else if (visited[w] < min) min = visited[w];
g ow B, w2 vO A RN L el %
Y/ for
low[v0] = min;
} // DESArticul

# 7.1

#l, B G P& A& visited 1 low 89 RBBE T A .

i 0 i1 2 3 4 5 6 7 8 9 10 11 12

G. vertices[i]. data A B C D E F G H I J K L M
5

visited[i] 1 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
SR8 low (E K F 13 9 8 7 6 12 3 5 2 1 4 11 10
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Ko J BB AR low TS, i FHAEBM L), M low[J]=Min {visited[J].
visited[ L]} =2, WER— 4, bR &R 15 F G R AR ERZ RS, 8 TAR W
XA ARHH Bl v EREERAERL ERRTFRERMNZ.

T B RE T RRRE— SRR, E i, RET AW EERETIHN Ot
e) o F T O E R AF AR K P — EiE AR A B R A
HT5%M.

7.5 A ICHERENH

— AW A 5 B R %S M 5 B (directed acycline graph) , fff 5RDAGHE .DAG
B — 28R 1 W 5 — AR R 2k 1) L 40
Bl 7.21 3R TARK.DAG B FA [ B #
#ilF .

AREHERBASE AL FRIRIX
AMAEHRTHE. #lin FRRKERX

(Cat+b) * (bx (c+d))+(c+d) *

e) * ((c+d) *xe)
AT LA 6 BT = UMk RN 7. 22 iR . FEREERER, TRAA &
HENFREERX, MCctDHc+d) e F, FZ_XNP, BMNEUEZ LA, ERHEE

B 7.21 A .DAG EIRIA B —

B7.22 ASXH#EREER Bl 7.23 fRREXMH A LITE

T, AT LB A R AR AT E AR BT 235 R R AR —%
BREA [ TLHE . '
BE-THERREHFERBE LB R A, xFF 0 m Bk, 2 55 7 5os 5l
2 o 18 B [ 501 CE 48 1] © V1) B9 TR B ) » U 0 X8 A7 2 26 5 T X T4 1) B Ok 134, 53X 4k [l
MAAREREMREREERFENRT S —RERM ET AN, B, MRNAREL
FEATR v HEERFT 7 dsWMERZATHA—FATA « BT R v BEDNET. 24
B, BT u EERK LR v 8T WEREPLEFELES TR v flu M,
HREAREBRHR - IR RAENH#TIBHNARTR. REFHANHFRZ
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b, JUF B A B9 T8 (project) FR AT 43 g 5 T AN BRAKE B Cactivity) 7 L&, FiX L F T
BZE, BFRE-EAGNAR M PRET TREHY
FHBLMER - ETFILEERZE. WESTEME
G, AR B R TS T T8 B (LR - — 2 L2 BB 5 BRI 2
77 R AR B R A TR 58 BB 6 BT SR AT B[R] X BT
AL BT RINEF MR R BR AN RMAE, THT
SR X A E T IR Z

7.5.1 3RIMHERF

2 £ 3 #b HE FF (Topological Sort)? & 81, H
FMNESGEH—NMREBIZEAS LN —TE2F X1 ®mr.24 a4FGEEE
BAERZAHINEF . BBREBBRFPRXTRENL2F 0 BR BE AR S5 28 R
BIE X : 7

FEAE X EMXRR RARM . RAHROMERN, MWK REBES X LHRF
KHFR.

# R BE4 X WA (Partial Order) , IR @ 2, v€ X §6F xRy 5 yRx , M
HRREESEX LHELFXER.

HWE, MFHEESPABIBRAZETLE, ME2FEEEGP2ERRZHEY
AR, B, E 725 IIRKAAEEE, BPl(z, ) RR <y, W) XXM,

C
@?@ CQUACRC

(a) b

B 7.25 RAMFMEF A E
() BRMF: (ORREF

(DERREF. EEQNARNEEARBI—AER 0.<v, BHREFS<"ER v W
BT v) , MDD FARWIRNEF, BXT2F KA F F (Topological Order), i H118
P E LA B INE R RN

—ARRRENENETHAEER - RBEE. ERERE - IMHIABE RER
—AEREEHRRE FRE A REREEATAER LR, BhE 454
MAEREAAFIBZENKFLR FRLR).

B, — ARl 2% A 2 S — RFUEAIRE (N 7. 26 Fim) , B iR
BREMIE, CHY FHAEERE, MGESEE): 5 — SRR S MEERE N T R
MR BERBA BTG, W, ECRF R RR )R BB )2 2 2 AR B 12 (K
B, XEERAGEXTRBZENHEMRB) LR, XALAMUHAHEE
BRIBER, ME 7. 27 FR., BRTARTER AMACGDRREREM, ZHB
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RiRR 7 MK, MEFHIRG ).

XTSRRI AR SR AR 5E % R E F B AR AR R R B S M
(Activity On Vertex Network) , i #k AOV-K, MNP, EMNT A BITH ] B—REME
BEARL 0 i B BT B MRSk, FGGORMNP—FI R K EERE: R
MEEG. o

BRHEES WRAK ek K
G B R i 2 P
C, BB G
G PR GG
C, CHRES | G
G EE MR | Ci»C
ot HENRE Cu
G % R Cs s Cy
Cs RIERY ' Ci G
G LR & , x
Cio LAY , Co
Cu ¥ayE Cs
Ca HEA B - CorCurCr

B 7.26 BEELMEENAENHIRE

EAOV-M e, AR RA M, B AF
EXRERERBESNRL A M EREZNS. B
REXREN. HFRITHXENRER, TRH
BERRHAT. 5B P8 B 5 E SR U, R
AT~ FEMER . Bk, X 48 E ) AOV-W I
BAHAENDRESHEET. RN HPERNE
MEARERETAWHEINEFFI . ENPIE
TR BE T WHEINE T 5, W3 AOV-M
BERELEF, flm. B7. 27 wEMELEMT B727 RARBZAMLEXRNEHE
WA HINE R FES .

(Cy,C,C3,C5C5,Cy ,Cy 5 Ch5C1y 5Cs 5C12 2 Cg)

il
(Co3C105C11»C55,C15Cre s Gy 3Gy G, G, Cr s Gy)
CHRR X AW &R AR EINEFFID . FRMEESFRRE-TTRENIE,
)t 0 2305 4 DA PR B0 P SR % R 2F >3 3R .
W e AT MR 7 AR IR R .
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() EEAMERE—- MR BN TS EREZ.

(2) NERMBRETUSFTAUERRBHI,

Egiﬁﬁiiﬁié%ﬁﬁﬂEﬁMhﬁﬁﬁﬁﬁ*ﬁﬁ&%ﬁ%%mﬁﬁioE
— i B0 UL RA A B R AE SR

DLE 7. 28Ca) B RO 1 P S 480 L B A oy O we B UK AT R — . BB S
v TN ve T s v ) s (g0 ) Z I R TR o BOHHTER W v Bl % o B
Coryoy) oy s w0y 0 » ZJF vs R o ERUA BT, MRS, TP AR — A R R
i, BAMGIMER R RME 7. 28 iR, BREBNRAERERRINEFFEIN.

= (= » » ®»
NN

)y ) ) O ) ¢ W

2 % B oo o6
(@) )

(c) (C) I O (¢))
W 7.28 AOV-REHBIN T RS #
(ay AOV-M:(b) %ith ve Z/5:(c) Bl vi 2555
() S v ZJGs(e) Bl v ZR: D 8l v A

YT AE B LA S BLY EE R R B R, RATAD R AR RAE A I R A 414
LA 3k 25 A b i — AR RO BE B0 B4 (indegree) . A BE N % 19 TR B 9 B4 AT 3K
{9 T 2, I T A B A S R B O A 4R 1 0 T 386 A SISk TR A BE O 1 R K3

NTREAEERMAENBOTS, THR-REFETEARNTHIL, BLFTH
MBI R Mk 7. 12 B,

Status TopologicalSort(ALGraph G) {

/AT G SRR R HG :
/¥ G, W G T A M — GNP 58 B OK, 7 il ERROR,

FindInDegree(G, indegree); /3% TR AR A indegree0. . vernum - 1]
InitStack(8);
for (i=0; i<{G.vexnum; ++ i) N BBABETARS
if (lindegree[ i]) Push(S, i); /OAERO HiER
count = 03 /3 E TR AV

while (1 StackEmpty(S)) {
Pop(S, i); printf(i, G.vertices[i].data); ++count; // #jihji BHAN T
for (p=G.vertices[i]. firstarc; p; p=p->>nextarc) {

k = p-—>adjvex; A 3B B BEARARER
if (| ( -- indegree[k])) Push(S, k); / #HAKBN 0, AR
}// for
}// while
if (count<(G.vexnum) return ERROR; Y EREWEE F B

else return OK;
} // TopologicalSort

#wix 7.12
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SR 712,508 2 AT e &INAA @ B 5 830K & TR 8 A BE 80 B ]
BRER O BEABE TR BIERER O ERIMEFIE S EHHE L
B, 454 T AR HE— U0 — KRR AL | B3R fE7E WHILE B B 3G AT e IR, BT
DL, BB RIE 22 N Onte). FRWINEFHBELRBRT FITRHRRBERY
o

W ) [ P T ERI , A ) A R AR S 8 D AT R AR R B S B R R ER U ph L
B R AT E R RE R, REE T DFS MR TR BB AT 2
INEFFRRE—TA. Bt %R H DFS REK /5107 TR M TR FF G
SRR % 8 43 8 A finished 04 B A TR A FFF) B 8 15 3R Hh A R P51

7.5.2 XEHERF

5 AOV-FIARYM B & AOE-R (Activity On Edge) flsi R R1E KM . AOE-R 2
—ANERHAE LT E, T, A RSES (Event) , IR R IE S, ERFEIFREMN
i), i, AOE-H] JF i At 3 T2 40 52 LA 1) .

Fiwm,.E7.29 B—MBRENEAE 11 FEIW
AOE‘WO ;i':fjﬁ 9 /l\$44: Uy 2Uz 9V 9°°° sy sﬁjl\g
BERAEEZHMMNENICETR.EEZEWES)
AIAFFIR. v BRABISTEHA B, v REAN
TR, v FRa, fla;, BEREM a, M as AL
Fih. SENMNEHHKERWBRITRESIINE
gIntEl, e, iEEh e WE 6 K0, FE 4 K%, B 7.29 —4 AQE-F

HTFENTITEAE - I HHERN—DREA,
HEEEHRBR(EH T WP RE-PMABEIBH A FHBEOF—-PTHERITH S
(ML D »

M AOV-M AR, % ACE-MARFARMMELE: (DEREF IBRELTFEEL D
7 (20 W2 T 50 2 B R T AR HE B 1 6 7 B

BT 78 AOE-F H 45 235 gl vl L3+ 47 Hu #F 47, B LA 58 B0 L2 i B 4 ) (6] B D\ P 28 0
HERANRKBENRKREXEIEMEERKEREBER L SENFERBIZ N, AR
B2 EIMMBE). BEKERK WS MK EKE (Critical Path), BREFH AR
v Mo B v MEKBERKEWMMEGS v HRBERAEMRE., XTEERETHEL v
HRGIMFRRWEDNREFENE. RITH e(OXRRIES) o BB HEE. T
B EX—MESHH BRI EAEt B (D) X R EAERENTEZEMIRT,.E o
ERUFAFBHETHRE, MEZE IO —e(DBREBZRIES o, WEEILE. BRI
ID=e(DORENMXETES. BR.EAEBRA LW AENFHERBIES, BHREY
TRIEXBIESHABMRTENHEET. FWE 7.2 NN v Bl v, HERKBEERE
(v) 02505, U3 >0y )RR R 18, B vy MR RARE R 18, WG as WEB I HE
Bl 5, BB FFLEH R 8, X BHRE IR as #IR 3 RIFBRELR 3 RER . ALY
MBS TEMNTER. B, 2 XEREN BN R B0k 2 LS a, UESFRES X
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SIS TR E AT,

SR, BB LBEAREER (D =[(DMWIES, X TRE AOE-RFF
B e R 1), BRI R BB B R E R E ve() BB RERF v/(). MEF
Ea, BIRG.R)FAR, HFFENMEICH dur(G,e) WA TRA

e(i) = ve(y) (7-1)
1(3) = vl (k) — dut({j,k))
R ve(HF vl () TP HAT
(1) M ve(0)=0 FF 1 =] B3 #
ve(j) = Max{ve (i) + dut ({i,j))} (7-2)

(o0 €T, j=1,2,yn—1
Hp , TRIFEUS THRAANRHIMHES .
(2) N vl(n—1)=ve(n— DM JFHE
W (i) = Min{ul (j) — dut ({i,j>)} ‘ (7-3)
<i,}> €S, i=n—2,,0
HP,SEABEUSE  TTHANBHIRKES.

EATBEAXNNITELASANERDIEFMERINEFHRTHT., e
BoveG—DMBFE v, WEMBEHNEREEENRERBZEAEHE, T oLG—D WL
WIE v; W ERNBB RENEREBZEAEHE. L . TUERIMNEFHREM
HE ve(G—1DF 0l(G—1),

HEBRMTHARREBEENE .

(1) A e ZIG, k), B AOE-F R TEREEH 5

(OB R R, Pve[0]=0,FMIBEFRAL LA NRE L 45t [ vel i]
A<i<n—D) . MABEWHIMNEFFI P TSN BN FRFTREE », WM 7E
R ARERREBER  BRA L BURTERG),

3 MLR v, HER .2 vl[n—1]=ve[n— 1], HBHIEFREABRTEAWRBER
BT E] vili](n—22i=2);

(4) RBEBETRE ve Mol H, REFRI s B EFFLHET ] e (&) FIEB AR EILCS) .
ERENBEREM e()=1() , MR XBEEF,

WER, TEETHRE ve ERERIMNEF VIR PHTH, BXHHINEFHEE
EM T : (D EHIMNEFZERIIME. L vel i 1=000<i<<n—1); (D) EEE i —
AMHE v WEERY® v WBERAENEAERE: B velj]+Hdut (k) >velR], W
vel k]=wvelj]+dut({j,k)); (OATREEFHINE R FIIMIAFHEL AN o H, 8
ETEHIMEFOSIB I REBYRINEFFY XFBEERIMEFEE B ER— R
EREHAEFFI NETERBESTEAN ve HZE MNRRNEREFE NS HINVEF
F3l.

EHEE T 2HERER T3 MER 7. 4 EIRLERBNEE.
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Status TopologicalOrder(ALGraph G, Stack &T) {
J HEM G RASERTFHEH . RETMAEAHNBRERENT ve(2RER).
/T RBINEFI AR .S HBAET AR,
/& GEREE, MAKRTERGH—IHINFF, B RE N 0K, % W 7 ERROR,
FindInDegree(G, indegree); / %% T &R A indegree[0..vernum- 1]
BEABEMAES;
InitStack(T); count = 0; ve[0..G.vexnum-1] = 05 / #i{tk
while (! StackEmpty(S)) {

Pop(S. 3); Push(T, j); ++ count; /I BTAA TR
for (p=G.vertices[j]. firstarc; p; p=p-—>>nextarc) {
= p->>adjvex; /%I ETANENTNERNAER1

if (—- indegree[k] == 0) Push(S, k); / HABEEN 0, WA+
if (ve[j]+ * (p—>>info) > ve[k]) ve[k] = ve[j]+ * (p—>info);
Y/ for = (p—>>info) = dut(<{j.k>)

}// while
if (count<CG.vexnum) return ERROR; // i%H [a] WA [ B
else return OK;

} // TopologicalOrder

HF*E 7.13

Status CriticalPath((ALGraph G) {

/ GCARER &L C MBI XBIES,
if (] TopologicalOrder(G, T)) return ERROR;
vi{0..G vexnun~ 1] = velG. vexnum~—1]; /WAL S 53 4 A B R R AT E
while (! StackEmpty(T)) JOERINERRET A vIE
for (Pop(T, j), p=G.vertices[j]. firstarc; p; p=p—nextarc) {
k=p->>adjvex; dut= % (p—>info); /) dut<<i,k>
if (vi[k]—dut<<vl[§]) v1[3]=vi[k]—dut;
} // for
for (3 =0; j<G.vexnum; ++ 3j) /R eesel MILEIED
for (p=G.vertices[ j]; .firstarc;p; p=p-—>>nextarc) {
k=p—>adjvex; dut= x (p~>>info);
ee=ve[j]; el = vi[k]—dut;
tag = (ee==¢el) 7 %", "
printf (i, k, dut, ee, el, tag); / HHREEH
}

}// CriticalPath
Wik 7.14

T3 3R $0 R 06 2 7E I B3R M AT 3R T 64T, MR ET A A DFS E 4, #6358 tf DFS
B Z AR (7-3D) BT A v A ol EHERHE v WA EERSM o HHESRE.,

XEMEEMRRIERENN Ote)  BR,AT—FHEENERRTFENE, BT
THE IR TS Bl B B I R B 8] RN AR FF RA B E] A B Z B R OCed s BT LA B ISR S 48 B A2 A e
ERE#&ENR Onte,

Blin, 5B 7. 30Ca) iR MR R WME 7. 31 Fia, T W a, was e, RREBIES,
HB—FNEABNC AR, InE 7. 30(b) BT,
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(b)

B 7.30 AOE-WRHXEBEZ
(a) AOE-R; (b) X@&k#&

T & ve vi b

ap

T
o

az
as
aq
as

)

o3
QW A DN WO
o NN O

ag

DD oNN W WO Ol e
~N Oy G DN e B O —_—
—_ O W O e = O

az

as

B 7.31 B 7.30Ca) fT s AOE-W s T &5 () & £ B 1R F0§ 30 4 JF 2 B )

%t F B 7.29 BiRER, AT HH BRI X EIEFN a1ravar-asra0fl an . WHE 7. 32 FF
N ,EH]W&W]‘%%%%%:(M 2 U2 9 U5 y U7 sug ) Fl (v 50, yUs yUg 2V ) o

SRR EAIEH ] AOE-Fk B R & TRERWM ERIENAHN. LhkKE.RX
BBERN T EASBVRESABABE TR -EREN. BR O TFTMREREHL
EMESN. B, BHXREIWHEHENRENE
B0, AE 4] — 015 B % S BT (6] B9 i B B S R W L R B A2
ks, .3 TFE 7. 30 I RBIREDR . & as B
Feoeet R Bl 3, MW R B, X BIE SR, X
ARG, 25 FE O o B9 EBOR 4, 0 (o) o,
vHu) REREEERZE. AT, XBEDNEE
EEREERER. RAEERRERNLRERNEAT . EEXBEANEELER.

BN, ENPEILAXBER A BRER - A XBBE LI EEE NN E
FARESBEANTIBRGETH, MLSREREEILAXERA FHENREE.

B 7.32 B 7.29 iR M C RS

7.6 B BE

BERETEI LR — 308l RG] R A B A 454 R R S0 BR N 328 M
%. MK 7.33 B, AR TR R RIRT L,  RA R HAERR. XMEEIRGEAU
B, RERGWSFHEBE. GIm, —UKREENM ABE B, MAEERE-KEPD
HERBBLHBER. BRETPE—HHTELRE WX ITMRAERRIA ERRER &
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B 7.33 —ANEALENMNHAR

AR ABBFREHNBERLHNERE. RITATATA A R EET EREHE
R,—BHBAZINR BRA L., e85 BERAE RN L, AIRTA A BITRA B Wk
REPHREBLOMER . BE2EASBZANRARERZAPENE AR XAL
—RERANENBERRERE. Ao, FRERE, TREXLHRYEERA;
%t F E YLK, BEMEENRMIVENBHER. A TERLRREXER, AI5H
LA BN ERA PR T S, R P R, S ERAESE. WRBEERKE
MEBRAFRERZ LAKMEE, MRREZ LA WAREZ R, % 8P 208 B A 54 G
FUIE 5 357K FGK B B AR BERE R — ) AR T AU W, AR AR LM — TN
H R A (Sourse) , B & — T i 8 /X (Destination) . T i 1 T b B 3 L A9 B 461 B 12
[ RE '

7.6.1 ARAMBERIARAABMAHBERE

RAVERTERRCHBERERE . SEFREREGCHES v, RK 0BG hH
RE TR KBRS

Blgn, B 7. 34 PR HERARE G PN v BIHRKERAZ MR ERE, WA 7.35
B . WEIFAI I, A v B vy HRRARFRIBEAE : (vorvz 0 ) W Cvpsvis0s) s HTE K E R
60, M JE & BIRKEN 50, HI,FERMN v Bl v, WBEHE TN v B v BREBRZ.

ISR AR X B ERA2 7 AW B (Dijkstra) Bl T — MEBRBKEBR MO RF =4
BREBRIEY,

B, SlE—"HEAED, EMEAN S BDLIRR LHHTRE MM G 0B E A
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e AR BREBR BERKE

W U X
Uz (vys1) 10
U3 (g evy s vy ) 50
vy (g sty ) 30
U5 (o » 04 503 505) 60
B 7.34 WA RE G B 7.35 HHEBEG PH v BIHKFAHRERE

RS v WREBENKE. BRWEREMN o 8o, HIK, N DRI A AE 7T
& Dli]Hoe, BAR.KERN

Dlj] = I\/Iiin{D[i] | v, € V}
MBEREN o BRMKEREN —RBRERE. LEBEERAN (vv),

WA, FT-RKERENBEBREEH - FB? BREZXKEBRENESR v, WT
A, XEBREHER (vu)  HERE(v,vv). EWMKERERN v o, WK LW
BE, B F 2 DL IR v Bl v, B EEAEZH.

—BELT.RES VEREBRERENASWES, MAEH . T -£BEKEZ
(BHARR OFEERK (v, 2)  RERPERZDT S PR ARG B AT x WK
B, XOUARIEERIEY, BIEKERLEE - 1THARE S P, MEHFE—-RLAR
ESTKELERBENRERE. HR . IBATEMH. BIRNERBELEKERNEHK
FRTEEBRARBEH . B KENEBEREWHABREYE =L, EMNEESUEE S
o, BB BLOE .

CHE-BERT, F-A#EKERENBREREHKELE
D(j] = Min{D[i] | v; € V— S}
Ko, D]k &R (vsv) EHBUE, BE & DLl (v € ) FIW (v, ,v)) FRIFVEZ N,

BB L7, T LA B T #RNE .

(D RBERAFRHBEE R ares KRR ERE B ares[i [ 1R R v, 0> £
B & oo ) REE, B arcs[ ][I (EHEMN EHAAFNBEKERE . S
HERBMN v HEHBEBRENASHES . ERVNHEREISE. B2 . A v HEEE
EFHASWMS (K Do AIRIFNBERERKRENEN.

Dli]=arcs[Locate Vex(G,v)[i] v €V
(2) %#¥ o, 75 ‘
D[j] = Min{D[i] | v, € V— S}
v, REYFREMN—FN v HEWRERENERSE. &
S=5SU {j}
) BB v IBRBIEGV-SEE—TNE v, TEHNRERZKE. IR
D1+ ares[j10] < DLA]
e D&]K
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D[k] = DUj]+ ares[j1[%]
() BERED DI n—1K, ARKREN v FEA LHKEMSAWEEBRERK
BERKEREHFI.

B 7. 15 AR CIEEHRMEARHFE R,

void ShortestPath_ DIJ( MGraph G. int vO. PathMatrix &P, ShortPathTable &D ) {
// F Dijkstra ERRAFEM G B vO TR BIHKA A v B G2 plv] REHFMKE D[v],
// #& Pv][wlX TRUE, U w &M v0 B v HATRAB REE 2 LT,
// final[v]¥ TRUE % H U4 vEeS, BIEARBM v0 B v R EHBB.
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; V&1 -25
if (D[ v] <C INFINITY) {P[v][v0] = TRUE; P[v][v] = TRUE; }
}// for
D(v0] = 0; final[v0] = TRUE; Y M. VOTERTFSE
AFBEFER . BRRBOBES vIEAMBRERE HFmMvISE
for (i=1; i<{G.vexnum; ++ i) { // HAx G vexnun~ 1 P&
min = INFINITY; A BETET RS vo TR A B iR BE Y
for (w=0; w<G.vexnum; ++w)
if (1finallw]) /J/wliEAEV-SH
if (O[w]<min) {v = w; min = D[wl; }  // w LA v0 A EE
final[v] = TRUE; /B v0 TUSBGEAY v A S 8

for (w=0: w<G.vexnum; ++w) [/ EFRLUFHBEHERIES
if (Ifinallw] & & (min+ G.arcs[v][w]<D[w])) { / ¥k D[w]HI P[w], wEV-S
D[w] = min + G.arcs[v][w];
Plw] = P[v]; P[w][w] = TRUE; ,/ P{w] = P[v]+[w]

N/t
}// for
}// ShortestPath. DIJ
Wik 7.15
B, B 7. 34 BiRA 1M Gs BIH AR BE
[co oo 10 oo 30 1007
oo (o] 5 (%) @) [o'e)
co oo oo 50 oo co
oo oo oo 20 oo 60
o0 oo oo oo oo o0 |

X G HT@AFBBELE BN v IHAZETANREREZ, UREHE LR
F D A& ERE I FRR
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M ov BIBA S DEMBREREYRBLRE
%R i=1 i=2 i=3 i=4 i=5
oo oo [e%e] [ oo
(4%
X
10
(%
(v rv2)
oo 60 50
v
('Uo » U2 ,'Ua) ('Uo ' Uy 9'03)
30 30
Uy
(’Uo 1'04) ('Uo 7'04)
100 100 90 60
Us
’ ('Uo 7'115) ('Uo 9'1)5) (T)o Uy y'US) ('vo-y'U4 s U3 ,'Us)
Uj 2 U4 V3 Us
S {wo w2} (st st } {osva yUssUs ] {{Wo sz vUs U4 s Us }

RN HXANHEMEBITEE, 55— FOREHRMMEEXER O, EF4
FOR 85 #63#47 n—1 K BRMUGTHHER O, FUSKNBERER 0" . W
RAFRSERENG W B OFESH, WARER D Kt E ] A, EiF7#E D
1] B +P 28 ¥ B/ o B A B B R AR BT AR R B R T30 O

AMTTHBAFERINBES BT - ERE SHRERE, (B2, XA REMR R
REEMBFTATRMRERE -—HER, ANEERERE O,

7.6.2 H{—MTARZEHREHRE

BRXANREH—NDPEE:BRU—ITHANER, BERERTHATFUEE 2
K. ZH,ETREBE—NTAZHNOREREZ. BHPITEEN OB,

XEENFHBEFREFloyD BREKS - TER . XINMEEWHBEIEREDLE
O(n*) B K LRk,

FERPFEERPOAE TR EER cost HR, HEABHEL.

BERRNTE v Bl v, HREKE, MEM v Blo, HIL WM v Blo, FE—KEK
ERarcs[i ] IMBER . ZBEA—ERRERBE, MTHT n KIAFE. BALTRER
(vis w5 v;) BB HETE CED B BN Coi s 00) Rl Qg o0 ) REFEE) . IR, M LB (virv))
(v s V) BB RKREBRKEBREENIN v Blo, WPBRITHAMFSAKRT 0 WEB AR
7. BMERZEBEEN DTS v SRR, R (v, o) M (o) 2 HIR S
MRIMFPETEMFERIRT O MBEEE A (v, v, v) RETREEMN v
Blo, WFEITAMESAATF I HWEEREZE. BEMCLBRMM v 3 v, FETUIF
ERRFOMNBRERBHELBE NPERPEHTEANFSART 1 WREKEZE B
M—ATR 0, BEHATIAI. RKEHE, E—BRBEOLT B (vissu) M (o) 5
RN v Blo, MM oy Blo, HPEITAKNFSAKTF L—1 WBERKSE, Wi (v, -,
vy v) FIE BB v Blo, BRARTHAFSAKFL— 1 NBEREMALE KK
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BEREEFEN v Blo, BFBEIHEEAMFSARKRT L WRERE., XH, LT » WHLE
BB REBHLERM v Blv, WERERRE. HII7E:, 7 LUF K SR8 & X TS H 1) &
BB,
BE XL — n B ERF5)
DD DO DW L eee , DX wen DD

Hp
D" [i][j]=G. ares[i][j]
D® [i][3]=Min{D* " [i][j],D*  [i]J[k]+D* " [kJ[;]1} 0<<k<Cn—1
M ERTHEAXTR,DVLHIGIRA v Bl v KPHABAMFSAKT 1 WRER
BRKEDYLIGIRA vi Bl v MPRITHANF SRR T kK WBREKRENKE,; D"
COGIERM vi Bl v WEBEBRENKE.
HILAEER 7. 16,

void ShortestPath. FLOYD( MGraph G, PathMatrix &P[], DistancMatrix &D ) {
// JB Floyd B RAEM G &X A v i w ZR M BREHREZ (v [WIRE
/A BRKE Dlv][w]. # {v][w]lulX TRUE, W u &M v B w 24 2, SR8 &%
J EBE RS, :
for (v=0; v<{G.vexnum; ++v) NOEMNERZEPGCNERRER
for (w=0; w<G.vexnum; ++w) {
Dlv][w] = G.arcs[v][w];
for (u=0; u<{G.vexnum; ++u) P[v][w][u] = FALSE;
if (D[v][w] < INFINITY) { VS RNk
Plv][w]lv] = TRUE; P[v][w][w] = TRUE;
Y/ oif
}// for
for (u=0; u<{G.vexnum; ++ u)
for (v=0; v<{G.vexnum; ++v)
for (w=0; w<lG.vexnum; ++w)
if (p[v][u]+Dlullw] < D[vI[wD {/ Nv&uBlwH—&BEFES
DLv]lw] = D{v][u]+Dlullw];
for (i=0; i<{G.vexnum; ++ i)
Blv][wlli] = P{v][u]{i] Il PLullwl[il;
Y/oif
}// ShortestPath. FLOYD

HE 7.16

B 7.36 WRAEME
(a) HHM G5 (b) PEEH
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fdn, F L RE Y, TTRGE 7. 36 FiRHRARE G, ME—X TR & 2 6 B E B
BREHEBEKENE7.37 Fix.

l)(u 18 D(O) D(l! D(ﬁ
D ‘ .
0 1 2 0 1 2 0 1 2 0 1 2
0 0 4 11 0 4 11 0 4 6 0 4 6
1 6 0 2 6 0 2 6 0 2 5 0 2
2 3 o ] 3 7 0 3 7 0 3 7 0
P(—l) p(o) P(]) ! P(Z)
P -
0 1 2 0 1 2 0 1 2 0 ] 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 B7.36HFMBANSNTAENREREIABBRE
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58 % BRI

8.11% &

EHHSERITES, N E—HEEEHERNE T ENEAFRSTRBRE, B R
RSB A %iE S PR RPN LR, B R BRI RS S ﬁﬁ@éﬁi,%ﬁ*%
BARBETEBSE —SHHNEME  ARFRTRER S BUEE TR WEBURE XX 5
R ATREITH. ERBNTENL X EHEEN THERABRERECRER
B, ERERGZH. ARV SESRIABETRENEFREANTNEE
TR L, IFFF AT BB B X 5L P37 bk (S b SR ). EH T
RABEEZR EFARREEENARBILITE B P EANFHETAHEZEE
g(ﬁiﬁﬁ)ﬂe%%,Efnmjmmﬁﬁﬁﬁt%ﬁﬁmsﬁﬁﬁﬁﬁﬁi&ﬁmﬁWﬁﬁé}m

B—FE.SHENRBEENAPEAN BAB I NERBEREEA—BL2Z
Sh, #RIA XA P BB AR 6 T (Jn PDP-11/03 W FF R 32KB, R4 G Al 4KB, i P B A
5 28KB), HEZASSNKRRET, SMHABREEE —NRER S, IS4
PREEANNERERERERBTAET . HE.ELRWAERGERN, BT RA
HBEhEEBAR,

SRERAMHFEARR, FHEEBE - NMEXMXEENRE. FEHEEH
HREBRFAAFANRERAETURAAFNUEFERERT R, EIRANRMEME, £
BERZRE—HIFRANRERGEREY ., A RBRNSHEHEE TP RH—1
EARAR#TITR.

NEFHEHENEARNERRENMRE RGN ER”ENE? 04 B faR
BHAAREEAT R OAR, UEFN SR =ENEFRHTHE? REFERYA
PARERFAREH—MEL MATEREFHTABRFIH—TEETE., Bt . ERHE
K SHFEEERET FRIBMAFRRNDAFR, EXERFRFFE—-IRILD
F.MEREPMNRILT LA .EERIL+TFT. R, REBKIBEL AP (KM AR
R—IHNESEHNAFR. ATHRFEERL  EZTEMN TR HEHRSPERARH
FA R bk 7 SE B AR X R o FISR”  BR R 8 40 BC A4 st ik 7% 8 M 9 77 X O “ 0] 1 I 25 TR B
RE R

BR.AEHLARNDIESFHEERSE ERF L  BEIMNAFRE—-1T“SHR”GE
WEBFPHRZINE” . BERAPFEARG, BEREEHEFR, REWKRKIITHE.
Ak, ERLEBSITHOVNE, BMREREER EARBRFERES Kbt RO S ET SRR
Hiak X (B ARG MBS B— SRR, MmES. 1) FiRNKKES 8 MNF A
HOETMENRENATRE. 23 —-BHBIUE . ENAPETER. CHREHEHHNE
RERS W, XREEINHAEXERE SARASHER T RENRS. WA 8. 1(b
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BiR

)

8.1 FHATFEMAELSERTHNERE
(a) ﬁﬁiz‘sﬁ?ﬂ)ﬁ;: (b %ﬁiiﬁ%‘:l:tﬁl‘ﬂz%
BB LA 5T 0 P P HE A R R SY B B 4 R 0 T R 2

B IR  — R R R RS N B L 2 RS AT AR, TR A B 4
R4 F P B PO IR R 5 55 DR B 4 MR 60 AT IR A 99 25 RIS OF B 2 4 i )
SROBT R G % B BT A S R A 0022 IR, 36 BB BT ALR AR BT IR F
REHEERBEAN—PKWERR. B—FERREAS —BEHFHR. EH R EAF
R BB 25 R IR, 5 4357 10 PR P2 K O I P P R 0 7 A M A P 7 X o T
AERB AP RE— A AE NERRIRZ, Bk, REBRY —KIDRHFE SN
H&H‘J“‘Iiﬁlﬁﬁilﬂ%”,lttﬁﬂﬁf*W‘IuE“Ei%” AT DR “EER. W 8. 2 PR N A

39 000
10000 31000

mh/m

(2
FORCE R PR KA FRAtER
10000 | 15000 =R
31 000 8000 %W
59 000 41 000 25
®

av .

I:g 10 000 .31 000 59 000
‘ 0 |15 ooqf 0[8 000] « 0 |41 ooof A

(c)

B 8.2 @ﬁﬁﬁﬁﬂﬂﬁ*%ﬂ#ﬂﬁﬂﬁlﬂmﬁilﬂﬁ
(2) HAERSE; b BEE: O&E

ﬁﬁéﬁﬁﬁ*%Wﬁﬁ*&ﬁﬁﬁ‘##ﬂm_fﬂﬂielﬁli K@ 8. Z(b)%ﬁii #
FEANRECE STER MR SRR ERES, B 8. 2(0RER, RP—
MERFRAR—NZIRR, RGBT o B o B W B Jy 2 7T ) A 23 18] 3% P M BR 33 A —
TR \

+ 194 -



FE 4 BT R R AT Sh AR B R T3
8.2 TWIFIFZE AR KT EITIA

X—WEEFHATHASHERTHEFEIEN T E. BRRAOWHO LBE
BOXRRGEUERERGRBFEREN R, ERURERNE LTI

mEFRR, UHMASHEPAIFEASIRNERNR B—REFRTH T4,
YA P ERSER, RENTHASEERPMBE— SR SR P BRI 5
i, RABERIFFCEARNTHASZEE D . Bk, oTH A S RFRECTREL”. R
BREBETHARER, THAZRERAUETI 3 HARKMEAER .

E—FMEARREBTHEFAAFERSENFHERMER. XHERE, &
BIRMIE R 7E R G RIBATROE B S 6 A 8 N X TR K/ #LRE T R/ R 8
B REREBHS#ER—ATHAZRR. A TFRPELKRDER, WA RN XEHER,
RERE - TEASRARANT R SAFBERAEN . RERERA T BRAE
RREAFERLEIA ., R, XHEFLTHTRASERELE LRk, XB—F
BEAKNISFEERN TR, NE 2 EN 23 | REBR"PTRBSERAE .

MR, REBTHEAFERSENFEREE THRMORSE. HHER
G, —MEATRELETMTHAZEHRE, A—-#RFHEIR/DHERA. B E3hE
EREBERAPHAPEBERSE 2AFANFREANFHAER  MARERY 3ME
BRNGHHRIANFE S AFMIANFHRER, EMNRRLBEH 25N av2. avd 1 av8,
ME 8.3 IR, BMERPHE N FRAHELR (link) 47 F I (tag) ML KA A
(type) . F RN X 3 K/ LSRR, type BE 07, %178 “2”, 4+ 5l
RARGEEKDH 2AF ANFREANF iR ER tag HO"H V" FHRRE R AZ AR
B S EIR R I M E R T — SRR, M4 KRR ERE K/ HI
2.4 M8 ANFHESESR . BEH 4B E T IR TE R KB LA — R IR BL ML,
REMEARMERSENBRHERMERNISH , FEAS KABERNER, N RS
—AMERLCERP RO NFSEARF TR RR T EABIMEE R PRERT . [FK
B, OB R A 2 IR RIS A B AR R/ SR Bk PR BIAT . ARTT X RIR OL Y R
GEH PR EAL . B Y25 S S RAF N ERMSE RERNERY NS,
SEAEHEAT, MER LRFESBHA—ERARERBRADIOEZSE, ARG FERES
BRSO EHI/NRESEME R, ERRERBERPHERRBTRER/NREE
AENERMERD R EEERERASEET  RAAEFHFARNFE, NRTFHEE
RBAME. BRIELZH, EREXNREER G SR ER R LRA R, ZET AT
Bii.

BIFMELR, REEETHRIEAE A HAFREK/PAEE, 7 I HERMGAE.
Eu, TR AZRARTHERMERRODEEEEYN. EX . REREPHTHNRE
AIRBXFARE, '

RGN IR TAER , BN NFERE - RE AR AEEFEFRE - KPR
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A U AEIX 25 6, B2 4 DA [ED MR 9 34T » T ) PR 25 B 2 o B 45 R/ RIS S BE 22 T
A7, bR 8. 2(o) R RS X MR T R ASER.

tag type link ,vzl l
av4l I

ofo] ojof e - —={0]0]A

value
of 1] ofl1] 0] 1|A
av8 ) ] '
- {0 %5 PR L—{]
tag= — 0] 2] e of 2} o o] 2[A

IO -V I\ R RGOS 2
2 HAKRMDEANF
(a)

0 HHAMKZAT
lype‘-‘{

(b

B 8.3 A 3 FA/NE AR T R
(a) M (b) AFASEE
HTEEPEEARNDAR MEENEMNSHPHFBELEEERAR S PR E
R 2 Ih TR — G S K NR Gsize) LIRS RN FHE, MB R4 fim. &8
i space BUR - MBI ESEH NS,

tag J sizeT link

0 ZRK

= {1 5 B

space

8.4 R KNBEEMGELEH

B F A0 A 25 1) P IS ROR/D AR, M 2 BL B s A — N 0T r BR A LR, iR
REAPBERADN n A, WA MAZRRF A —RKDH m=a KSR AT
KRR n —BIHEAPELSEROAL, FAEHERRK/DN m—n WHRIEHN—
MESBEERPHT. KM, ETAAZSERFEETAIANT n BT RRE, ZFE
BR—e v EE LA 3 MAR B

(D BXRBEE. ARLBHARBERTMAZHER, BHERBHE T RDRDTF 2
HERRG—RATEAHA, . THRASERASRAESE SN GBI H T, A%
KEMKDETF. WEEKEN, REERE NS RREAEEROR L. s, &8
82000 MRERAFAA U, HARLHHIE TKBHNA, RAEAMASERPHTE
W, REE A R EINE R ZR, M e BeR R/ 7KB N — R B2, F 4 8KB
B AR AEERD, WE 8. 5(DFR. B 8. 5()AAEHE R B LK.
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(2) BEREE. FUMATERP —DADNT n BEEIE n 0 RRE— 535
Fea P . MARKEARMELEAMTHAZHENLIIRER—E . RE AP RE—
BANF n HBEEE n 953 HBGETT AR, B2, 5E 8. 2o KRS, RERMIZH
BIATRRO—BAAMAERF U ARERTRASERMNE 8.5 . M
BEMSERT RN . A TELSKIEBEDUENER. B, HARETMNAE
B R EM RS ERE KD ANEREF, b, ARRBE R KT n 89755 RRBDE
1400 B 7E B BT , 08 R I 28 BRI A B @ L B b .

) REWEGE. FUMAZERPANT « HEEEPRROZEHRG -5
B R . BlAnAEE 8. 2Co) MRS B R NDRE K/ A ATKB B35 IR B 1 — 3840 7 BL 45

av
10 000 31 000 59 000
i 08 000] 0] 8 ooo] 0 [41 000] A

av

(a)

10 000 31 000 59 000
o 15 000] o1 000 | 0lu 000| A

av
(b)
10 000 31 000 59 000
o 15 000{ o 0|8 000 0 {34 000[ A

©

18 000 (32 000,93 000)
1|7 000

[—B

(CH)

P 8.5 45 UK/ Rl AL B T 23 Rl 3R
(@) MEWMA BT B (b MR A T 2B
(o) WEBEBFIMLITHE: (D FERARIAM AR

R orBlEma F A ERNE 8. 5(O TR, B4R AT W48, i a7 £ 5 25 8

RNEMNEERROKDNERENEF ., ZH, BROBLEER. AENERPHEG

F—AER IR PR EA P TR AR — DL A AR TR

BEIRMESME X, S8R RTINS MREA RS ROE LM E .

L 3 MAMKRSEHIK. —BRIE, REMEGEEHTHERIENNER/DE

B8RS, FOvERELE W IENSAT B SRR A/ R E R 2 Rk, B
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MR G AR A — e A A R BN R R B/ N e AR B R SR R A
B DL W B JG TR R AR B N B KB SR, AT MR R TH R R/PEFIRT
HRE. RZ . B TREMGERBINNFEBRNEAPHETOE AT EERTHE
RRPABTHS,BREEATERSENANFRDMEERENRE. MEHERUSER
SEEEILN, B ENTHEZE,BXERATREFEALEBITHIET L AN F
ROMAMBBHEENIEL. AR RS, ERUSESENTEATHASHEE,
T (B Y S R 1 A E 2R Sk BT s B e te MR, A B TR E 8 R, T B B S 0
MZRR"BACERPELINVE L . TEATER: BREMSTROSEMER, BT
TR R, BB R E .

B, ARKERTERAARN TR, BXELENTLZRTIHIER .- APNERE
KERDEBH KD PERBREARUARBEN RENEERSS,

EERFEANRETERESRRNEFTE BT EREHF"HWAE. XREANRS
FEA W BE 4T 40 B 0 [ O S 7 o, KB 25 PR R B 40 B /N o PSR E BT UK
ZRREWRZ )G, B R M A BH A Z RRE AREATA G S BABTHAHE M
RH UBERERHANWKERNFERSEXESIT, F TEARRMANE  RER
R GUAE [ WO 5 PR i ik A AR B S PR A IR R FTRE R MO 45 8. B mnid i, 76 FE i 3
e, BANSERI SEMSHAFRTRESHR., RESHNTEBETER S
FIHE MBI SRS ARG TN LA .

8.3 NAIRE

i 54712 % (boundary tag method) BBRERGEFAUHATHES X S EH —FFF
REBRFE, ERTL-WIIRPHE=ER. RAERENSHBREEE—INE
BHERGHH A ARASERS; DRI ERUSHT . BT RBEEMESHT. BHEN
BFRAET - ESTAFERHLTAETIENGR L4 FIRA R, DR R R 88 & Ak
HRERHR,EHERKAF BN RRNG THINEYEME SHMAPHNERE
REAZSHE UERFTE I EEMNTRERRAGR— MR THRANSRE., TE
4337 B 2R B 0 ] ) P 25 IR 3R 04 45 M B L 43 BC A (B ik B B v BEAT VIR

8.3.1 FAIFE=z=ERNLEH
AIFIAE RPN SEWINMT R

head llink tag size rlink

- space

foot uplink tag
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TERR—AEHE, A S 3 WAHMR. Hd space H—H it FEEE MR AIT,
BT ASMEEL LA R B P AE IR, B K/DE head H B size KR, 3F LA L HE head F
JEER foot V5K B BB 34 55 7 head 1 foot A3 B RAE IR B tag, EREE WL T tag
H{E K 0”7, i BBk A tag IE 917 ;s foot B F 45 AURES , B ML B B AL R FESS S space
A E RN . iT R ER R, RAVRE WS RN 779 B AR, ik
P27 g B R it , 25 A Sk HB P R size BB M BN AR, BIE K head FUKHER
foot BT 5 25 ] , F R head Fl foot & & —NF M= B (E1E 5 FL it ZBE ATt .
B CES ELETHASRRNEREHESCH T RAKEIERE.

typedef struct WORD { // WORD: NfFFH
union { // head ffl foot 4} BIR L KMFE T FHMEREHNF
WORD * Llink; VS 3 RECok- it
WORD % uplink; A OREERR ARG SR E
}s
int tag; JOBERE 0 ER, L HLABNERYE.
int size; /SRR KD
WORD % rlink; VS 2 AUl =E P
OtherType other; J FEH AR
}WORD, head, foot, * Space; // * Space. ] F| 2 A $E 4TI A

ft define FootLoc(p) pt+p—>size—1 / 351 p Fife& SRR

AAAZRREANEFEAHER. head ) link F rlink 2 48 @ RIS S F/5
BN, RPAEREIGER, REEH pav TUHBERPE—E R, BEN-IESH
AERBERPHE - ITERGRIBHIZ, WERATFHHAEZEFENE . foot FH up-
link AL A, B EALE R EMEN XS RRKE R, FIINE 8. 6(a)R—F
5% 100KB AEZERPRAKESTH AN TMAZER.

8$.3.2 omEE

SEKEE LB A, BRRIRAERUGEET R, MR BEARKFES pav 7
EERE . EMARAZRRPHTER RAFE-NFEANPTERSIENTHEGOR
R AT TR E . BT HEENREEARET . BT IRETFERETOTH
FAE .

(D BRVAAWBRBLENZSHROFRN » M F(BHERBHE  FBRK Y
RARNFGE n MFAAP R m—n MFERMNE QDB ESERT WEET RS
BRZE ERPSUHA - EFEH/DERSEAE SRR, X AKRHE T 450 E
BOREE . FHMBPER BE—NELNER e, Y m—n<eBf ,BAHERN m AN
RERSBAERFRZ, ADEREF » M FRAFR. RN 0 T #EBHRIEH AER
ZERTPR A2 ELERF .

2) MREBRAEHRAF ISR HRERNE BLEREFREINESERE
k158 pav FF 164 AT, X A S ME W R RS WA . R, R RS EMN
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} = Tof10 0000| =

pav °
I%I O]
[—lé—go?q 15 000 | 3 QO(iol 8 000 | o : W]oLu 000 | Q—J
|
0
0
(b)
[_I;_‘.’O‘l’o‘ 8 000 |« o, oioM 8 000 | o 2 g00]0[41 000 | -
15T £ 1]
pav m
()

E8. 6 HEAZWMAM=ER
() MPBRE: (b BHETHEERRE: (o HTEIREORE

ARG ST EBTER, B0 RE R AN /DY S R S, )8 e LR g
. ERMFER . EBRSBEZE 214 pav BHRFHTE SRS SRWERSE A,
40, B 8. 6(b) B /8 H] Fll i %5 B RFEFH T 2 FLZ 5 MPREMAE 8. 6 () i,
B3 1R EARSERBHBEENR,
Space AllocBoundTag (Space &pav, int n) {

/) BEBARNT o 95 R, T 53 B AR LAY 77 B, J5 58 () o bk 5 75 R
// NULL, #%4yBd)a vl R A B R, W pav £ i 3 o W 43 il B 45 s 1 e 4k

V-
for (p=pav; p && p—>size<n & & p —>>rlink! = pav;
p=p—>>rlink); JBRANT o RS
if ( 1p | p—>size << n) return NULL; / BAH, R EZS e
else { // p IR R B2 H R
f = FootLoc(p); /R ER
pav = p->rlink; / pavigin »p EEH MG HE R,
if (p->size-n <= e) { [ ERIEARE<=eWERKER
if (pav==p) pav = NULL; / AFMASRREAER
else { / ERPRBEE S
pav—>>1link = p->>1link; p->1link—>>rlink = pav;
Y/ if
p——>tag = £->tag = 1; A BB LS S SR ER AR BB AR
Y/ if
else N DERERME o
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f->tag = 1; / BEA FR B R AR &

p—>>size - = n; / BRRBKRAD
f = FootLoc(p); VE ISt Fee 33
f->tag = 0; f-uplink = p; / BRBERBIER
p=f+1; VE ACE 4k 3
p—>tag = 1; p->>size = n; /R SERLER
}
return p; /R SRR it
Y/ else

} / AllocBoundTag

NiE 8.1

8.3.3 [EgHx

—HRAPBERE AR, RETLHER L EHNFERT-ERBJTESIE. ATHEY
Bt W E WRE AR — PR TS S NEETERENRRY 5 ARKE.
HRSRTHZRE. ATEAREESIAFR (ERE G HARIE WO KA R EEBR
AR SE, WRESHIAX—A.

BB P R TR PUAE X B K R ik Do o JU 5 LA s ik R 4R B A X B IR R s ik S
p— L SR BB NF R B LT Hak H p+p—>size, BN TP HRIREHRRI T X
P BB E R 25 (p— 1) —>tag=0; M RPHZEPH S R, % (p+p—>>size) =
tag=0; W FZBHHA P AT W

B REBR I 72 A X 0 o R AR, U b B AR O 1T A, REOH BT S R BRE R — A
HBRBABTHAZSHRPHA, ERFEBXESHI WA SEZSXEH R
FERAARRERERR M SEBREHR—TERELE GHEXEBRSIHR, N
RIK 3 REBRBA—NMERBETHASEES, TEARMNMX 4 MFLLFIHRE
T E I .

(D BRI E GVX N ERAR. W RBEEMRBANT, & FARFRE
FE 3 8 WHLE #EAT 23 B A 3o BTl B 238 (6] SR Y G5 M BB AR TR, AT 89 =5 IR R\ A E R
AL B A . 6 BOE R RS ALE pav 8 T R ZET(HZ)E)  THRINT -

p——>>tag = 0; FootLoc(p) —>uplink = p; FootLoc(p) —>tag = 0;

if (1 pav) pav = p->1link = p->rlink = p;

else { g = pav—>1link;

p—>rlink = pav; p-—>1llink = q;
q->rlink = pav->>1llink = p;

} pav = p;  / ARIBHRNESHITRAENYBRAEETRNGE K

(2) BEAWEBRRKAZRHR, MABX A GHAR. B TFEBERMLBMESSR
BRE R AT <8, R A E B A B WREE R I S size BNEHEHRRELS X
MREREN AT . H#RWTF -

n = p->>size; /BB RN
s = (p- 1) —>uplink; /2o 4B 2 PR BR A sk 5 41k
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s ->>size + = n; V&% 3 AR PG
f=p+n-1; £->uplink = s; £->>tag = 0; ) OEE RS RREE

(3) BB A4 X 2SR, T ZE4P X R 5 Fse . B TR MR A PSR
Sk ZREL AR L UM L 42 v gk o el JEUR O A 4B 25 R BRAS R A 3 G B K S IR R AT, 45 S IR
WA BEAL  ELWED, HI.EEPHEREDS, #RINT .

t = p+p->size; /AR R Sk AR i

p->tag = 0; N e REHFHE AL
q@ = t-—>>1link; /) oad o« e 85 SN R A E R AT IR R Bk FR AL
p—>>1link = q; g->>rlink = p; // a i = p AT
ql = t-—>rlink; /) al Ko« t B a3 B R A8 (R 2R P 0 S Ak A A Y Sk AR s ik
p—>rlink = gl; ql-—>>1link = p; // al 4818 * p ) Ja 4k
p->>size + = t -—>size; /B R R A
FootLoc(t) —>uplink = p; /R ER AR 1R B A R e KR
20 000
30 000 ~—=J* jo 30 000l ==
{1] 20 000] E8K
‘ R
11 20
(a) S)
[o] 35 000 ———I J0[15 ooo] L
Wk LS
HEX
F o]
(c)
e L= & s s—
58K y 344
ik
HBX
@ adlty

B 8.7 ImHcA7 il R R BT A R A AR
(a) BERBIFTHER s (b) ZEARIX R E IR EIE 5
(© ASREZERLMFR; (D E£.HEXYRESHRMFL

4 BHHRNE ABXEATHR, AEIITHRERLE-RBRA-NKRER
HEAMAZERY, AZEMAE P WK space FER, RN FEEER T M X4 M R
GREE . PrEBUE AT RGR T

b —>size; 1 BRI A
s = (=D =>uplink; VLT
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t = ptp-—>>size; V- AGEK E S

s —>size + = nt t->size; VA WERFE AR

q = t—>>1link; ql = t->>rlink; Y/ al =ql

g—>rlink = gl; gql—>1link = q; / MERSERBRE R
FootLoc(t) ~>>uplink = s; /e R R AT 4 ) S

B2 RARIR B TSNS R Ak B AUR IR T AR R, (1R 72 B A P R
B MR, BAZHISEHSNNEREBTRE RS, EATEEAR T THAZH
EEHERBMBHUSAEEHAHZ, BE B FAMAZRARLERSEATRE IR
B AR SHEEF UBRRBEAMNOCATERER. hl, FERH—MH
5, B WS R B A AR H R, A RS RRHRDER. RSB T4
RIEHT SRR,

fEERSE 3 MESL T AT A = B R AL 8.7 iR,

8.4 k£ R &

k& 4k (buddy system) RIBERZ P RBN S —FASHFREDT X, EMaR
FRIREEAL, ZE A R R E R, AR BRI SR N R AR R R BR
WEXEEER. FFARRKRE EKEREST, TRESHARRERI, XN 2 H
RRFECR HEANEBEO . Pl HAPHE 2 MFRAFXE, SR G RARKAN R 2
AFET<a2) ., B ETHAZSHRPRZ HRAML AR 28 L KFE. F58
MEFIANERRN 27 NF, NS RREB DR TRER 2°.2' 2", TERfIIML
T—HE, 5 3 MRIERNT BRI RE.

8.4.1 WHEABERNEY

BERAREWITFAANFEEERN 27 MF AN 0 B 2” -1, WFETF th BT,
BAMNFRE—DKRANN 27 MEEREBT T —BNEZGE, €2 RRET & AR
SRER, ATESERNERTERERL, RITEFERIDMERAKNERRET —KTRP.
BN FRE-AVNEHER  XHENWERTEE m+1 D BX m+ 1 ARKBHAMES
HARR TR XRRKFEREFHOATMAEFEE.

MEHE RPN R EHWINE 8. 8(2) iR, P head AL AL, B— i 4 M4
AT %, Fod i Uink BUAD rlink 3843 5148 1) A — 8 % P AT IR A /G 4K 45 05 tag BORE
0”17 BRR A4 kval BB 2 B9 TEIK ksspace R—AK/NK 28— 1 AFHELEN
23 8] (FIRTE 240 3B R head 5 —NFHIEMED.

AAAZERNHEREME 8.8 R, K m AN TRBAER, RAER/NA 2"
MERDE NS BNEESE ., RLEBHESN0R b WA, BR 18 54
53 ¥ nodesize MFREFER P ERRB KN, UESENZERTE. KATFHASERK
BRERE, FEHRAT

#define m 16 S ATFASEESER AKFR 2 HBR. TEH M n+1
typedef struct WORD. b {
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WORD . b # 1link; /BRI E S

int tag; // yﬁﬁ?ﬂ&’o:é’ﬁﬁ,l::‘iﬁ?c
int kval; N OBRKRAER 2 HRER
WORD- b » rlink; /SR G A
OtherType other; Y EHHAER S
}WORD_ b, head; // WORD, HFEFERR L EME— N FHHA head
typedef struct HeadNode {
int nodesize; VA3 A EACE T WGN
WORD_b  « first; /)RR R LR
}FreeList[m+ 1]; Vi S35k ¢ 3
20 IA
2 [A
link | tag—0 | kval | rlink || header :
2% A
space 2" o= :I
nodesize first
(a) (b)
[
2% 1A 2° |A IIO‘K-—]{m—l
2*71A — 1 f R i [ T
2* o[ K] o} $[ o] K[ o~ ¢] 0[] ~| 2t |erdfolK $]ol¥] -’
™ |A 2™ |A
() )
B 8.8 kfERGTMIHMASME
(a) SRBRMPGEAREH; (b) BRWHRE; (o FEINE;: (D FREMNE
8.4.2 HEWEZE

YBRAFRE KDL » HRNFERN, ERETARAZEIRERKNT n HILEH
FHREWFRES, WEFRIEE-ANERSEZPAER TR MFNERE
K EFRPEHER, EERB) DR, WK Ao 28GR R RH
S AR TR '

BB AT A A A2 A RAREME 8. 8(o) iR, # 28 <n<<2' —1, XHk+1
NFERAZ M ABEMBRER PR NGO RA A B H2 T <n<27' — 1,
BB TFHEERNE 2T HFRAZ MFENGERRDA 2 HFRPBE —8EH P —
XA P FRE—EEN—DFERBAELS KRN R 27 7R, mEs. 8(d)
Fim. & 2T <n<2' " —1GH/PTF R BB FERASRNT 2 WTRE N,
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MREEENE SRR 2 WFRPBUE - RSP 2w » AL
NS A TR BB S BRETAERAHEA 2 _—
LSS AU 20 20 e 2 TR, BRAEEEL e —
AFRIMBENERQESRMmA Y p, BEBESESHAI® p2 | ot
o F SR B 0T MG Motk S p (o5 R R D i 2 PR R B9 1 st ik XD , T
BALRTERNHSEAWMERBLUES IR p+277,
pH2 T e p 2 I BB R (B R i=3)
THRABERESHRZ.
WORD. b * AllocBuddy (FreeList &avail, int n) {
// availl0. . m] N AT MAZEEEZ .0 HHFESERE, FEANDT nHERR,

/WA TR AR B AR A SR L 3% 58 B sk » 7 SR [ NULL
for (k=0; k<< =n & & ( avail[k].nodesize<ln+1 | lavaillk].first);

B or

(%
3

IS

t

++k); / BRHBEAEERATE
if (k>m) return NULL; A Sy ER S , 3R 6] NULL
else { /OERTAE
pa = avail(k]. first; ) RAA AR FRAE-IEA

pre = pa->>1link; suc = pa~—>rlink; // 45355 /7RG 4

if (pa= =suc) availlk].first = NULL; / SEEZTEEREE

else { / MFERME*~pa A
pre—>>rlink = suc; suc->>1link = pre; availlk].first = suc;

}

for (i=1; availlk-i].nodesize>=n+1; ++1i) {
pi = pa+2-i; pi—>rlink = pi; pi—>1link = pi;
pi->>tag = 0; pi—>kval = k—i;  availlk-i].first = pi;

} o/ BRI REANB TR
pa—->tag = 1; pa—kval = k-(—- —-1);
}

return pa;
} // AllocBuddy

Hix 8.2

8.4.3 [EIH*x

FERPRBRBECREMEAR S AR, RETERXFHNSWHREAZTHA=EERYE,
XE,FREE - MBS AR R R MRS, BEREKEREFNERER
IR PET BB A 2 R B E I .

Bk HE”? WORTFTR  E DB 2 F R/ EW — M RH = R4 REH K/ HEE
MR, X WAl R — KRR /DRBURZ I Rk, Sl B3 p AR
X 2t A RSP Rt . B p MOD 207" =0, MAT g #ik 28 p M p +2¢ WW A R B
Bk, KRGS EE RRE R GRS RRE A TR, R
Y, B H B IRBR B 68K /ME R B ik AR 4R (B 2 i R — KB4 R R 8, A 13 3
fE—E. SmEHH ABRAERRARIKME.

B U 7E B A PR Y, B B SRR B KR B A Z R AT, MR BEEBHHN SN
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2m 2™1

WL YY)

IR AR TR BT R, M E MM TR P RBFKAEIFMEBRZ . R HH
BRSNS HEMKEERTRSRE., KEEE . HIAFIBSRAROKERRES
PRRET, BiEA RN FRP L.
B R p, RN K 28 IRTER, HAK B R d bt 5
_[p+2+ (G p MOD 2'=0)
buddy (p, k)= b2 (G p MOD 2 =2
B, B AT H A RER AN R 2°=1 024tk 0 3] 1 023), MK /Ny 2°, 2 45
BER 512 BIPk fE B B B Mk o 768 K/ 27 iR AL O 384 Bk I it Oy
256,
BABREEERAEEHTE , HiEE TR,
B AKERENESREEESE EERRARH T RAFKEMES =EBH .

8.5 JLHMITIEE

Pb 3 WitiemEEBR AR AT AASEERETHASHFREE. EHRR
B T2 PP SR A7 AR AT 4 BT s 75 PR P R OAE B IR R AT BT, B AR G B AL P SR R
AT A E M, B EX R BEERGE D AP B ARE S R R
HKHIER . MEZREPSEFRORERSE D, YA P RF ARG B R EA 4
KiRZ, SAPARERTRERERENBERTSFE. XN EFRCESTRER
Rt , Al i it malloc #1 free BN BRBOR B R HR S EAMBRA M. BARHEA
B BB B M7 B 1 DR IR B R A A A 2 G B A R AT IR 7 AR G
JT BBV [

“ERASTERAFREAFABEATNRERARRKNEMMER, SINTH CE
P B

p =malloc(size);
p = NULL;

WATHI R, B H 4T p=malloc(size) AP S EMNE R BV LABT,. TEBEAA;
i F 55 B ‘

p = malloc(size);

q'=P;
free(p);
PATHE R TR o B2, MR BRI NS RSB ER D mEE o Frissis,

R X R ] BV, B BB SERETEMAN.
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B—FE B TEWA SRR, U e R ERURE.
Gl A PR A 3 AT NREW, A 8.9 BiR,Li L. M L sr3I N EMIH
FIAghr, L B LA L, EEM TR, L AN Ly 33,0 Ls S 34 LRITHE.

B89 FEKETRMI UK

EXAMER T, RESAHBERRN — A&, BRERL REFEMA, XL ML ME
R, ERR L, B A L 38408 RS A SR ERBITHA=RERT (mE TR L
ML EREERXRMARTRL ML, A=A “BHVRRZ . EFHERL R
25 SRR U 2 Ly A0 L WA R AR B AR, X 2085 2 iy TR B B0 Dk R 4 B 1h
BRI

W P A E? BRI

(1 FERAVIRH S A FRET KRN —NREE R HRIL DT H
B, ERME R T RR XRAEERE . RA ST E N T, T RE
I XEPEE R BRI

(2) WETHRT . ERFETHIRD NIERERESLAEERTEEA.H
AEW BRI AT RIS IR E . HE A B b I RAT BT, 5 BT A 4 Bl B A B
ZEBEE—E BN - TFNTHAZRE, MERFEAENT. BR, E—RFAL
T REHEFNMHLLE SR YMARBEAN., AW, F-PEESTHRF, BLE I
FEFARADEVN, X RENFA LM IEETEREHZRHR, N80, B4, B
B EX EE FNESBRAAN. RZ THAF#ZEFHEREARNSETA
MT.

B M W TC PR A ST R 4 P 2B 4T . B — S RN A S RS S EhRE . [EBEE 5 &
B X RSN ESNE R EEME— MR E (mark) 8, BRELHATREZ
B BT A 45 AR B R B R 07, i EAR SRS SR BB N1 B SRR
A~ BT R P AE A 2 BLIR FF 4 — 38 . 4 BT A AR 30 07 i 45 U BE 32 B — 1N 3 4 AT A =8 )
. HBERMNER. LRBE S RESHATH, W — 5 S5 H H X8 & 4 (BT A
8 LR SR T AT, B, AT ZBETEMR RSB % L. THERA]
MR 3 MIRER .
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(D #AEYE: AN EBEATRAT A, AR e R e SE R B RGBT R SR BT
AR ESRED. BATTE L& H Cis &) BEMBIHE T .

IR, MEFRE: HR- - MRELR, MURETREAGRZ MIRES B
ERERGAGRB I IBIRLMEKRE.

EAFERBEL. S TFRATEPAWRERESHRZ. BE.ERE-TBANEA
BHANROHEBINE, XBONEFERERTHEIE. FH. B THARNERSE, &
BRI AE A S #E B R TE R X IR — 4 2 R KB AR AR, 75 US4 ol A e
T 7 b s A R o R R B B S T R GG

(2) EBEEYE BFEPHERGERIDEI) LROEH . N~ RN FHESEN
RERPEMNME L —MELRER ERTPRAKBHE: D —MEREG A .E5F4E
HFPARE . R LB MRRES  MERELUT UM - XNER. FIRTHITRES
REATZXRPRH TS TR TEA XM ERERROERHRE, REAE
BRPRHRARBORNAR.

B0, LT = SUA B TR 8 , X )T RN RIS, X R AR A,
SR Sk 48 £ F 2 1 T X RSk AR R B4 F 2 AR s HAR G S R BB H KRR AR,
HIIRIAZREANTCRG ANEF L RE BB - RWERKS . RE LR#T
SR EIRENLE. IR O URBRERCEZAT. RAEMERRERE
BREFHRHEL.

BARETTURMUTER ERAEERT, MFI R ERERERBEG, RE R
RPN REZ B . IR, A 5L B 8 B 7 B 8 — AN BA S G AN B0 70 = U B A
(93 P ik A U AR R R . R B R 2T A B g, EXFHMAERHE R
T, BRM R ARBAF AR HRBREE T HROA R EMBRE A R R E
T E— AT E RN, Bkt R BB .

Q) MARERAGHEHBINCETRENEE LREERRERTERER
ERARROEBARE S, AXEE SRR B RER R T 0T 8 5 a 18405 1 8
. AEFE R i Rk 2 )5 AT LAWY SR BB I, S T % R B HEAT R T . IR R ATRE A 580 07 i
ETIRE BT E R WA AR R, ETEANMBRNERPREFAE SR ELNE
iU tag hp A1 tp BORRBRICREH IR PR, B33/ 8. 10 Ry~ L&

B 810 Fr#Ms Xk
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AR R . BIRLEE B k4 p SR RN EARE A b 4 . O 2456 p B3 bBAR
skoc ZETEW b AR (KA a EERT) QERIREZEHER . RERS pEHDH
MRE B BERE b AR;QED NRBHETZ/ENELEMKBR, £ p EXEM a.
5N R FEA E B PR AR, TR M4 p B b B ¢ ZAT. M b &P R hp B
TS a, 3% b 25 S P B tag SUAOEBCN“0” T 2454t p i b BB £ Z AT, MSEHE b
25 S tp MM EBCN B a, tag MEER N1,

THEASRERNEABEQE . BE 8. 10 FH XE L' EMERE.

BRhmRET 3MEMERNIEH X p AR RE At A p BEBRERq
e p MR RE. A 8. 11 F (@M FIR.

g p WRLGEAN . THRAE3SHELLEA - ORp WRLXAR-ITRER,
W38 7 # k NBMERLE AT ERERNS o Bm o WRE; QR p HRLNERK
RO EARER TR WERRFRLRES o\ p WREIA;OR p KIRELHRM
HENFRUNEERTRLTHE B p R o WE, HMETHBIHURp ME. HTIE
T t 4 BMEER, MELE p R EIRS 6T R EHRE] p MRS K (B B [ 3R
SR , MZEBBOX A1 4T B Z AT M BIE T t B3 M2, B4 p BT84 S/ hp 3
HIMEN t, B tag BHERH“0”,

B—JH, Y qigE p WREN , WTRRAFRMELLI: Op WREAIRMITEN
FENEBFRRBO TR B p o HEBEMMNBI. HTIETUHARESAHER
g, FIREEYNS) p A NEZAIRIE T B2 B4 p BT R tp BMEEUON t,
RES tRE p.p RIE ;Op WERRA“S"HREBE N EAREN FR, LA R p M
FOM ERRE, W p BB BRI R D « TGS t N ER— 2, BlE R
HENBRER. FEHRTAHBHBERCIERE t L6 hp S trp HF KR
B —A7 WMEHBS tag MHERE., BAUIER « RLIEWA 4P R E, W
HIRTF—#mtgt 4. HEtEARESRBL MNSALBHTRERNRE. &t
HHREBENER MNAZRER-BHERER. BIMEEARBMARM T (GL
R URBKIEED

t = NULL; p = GL; finished = FALSE;

while (! finished) {

while (p—>mark==0) {

p—>mark = 1;

MarkHead(p); / HRLAEKRZBIHES FR UEREHICRBE,
} / BpfEmEL;EWp AL
q = p—>p.tp;
if (q && gq->mark==0) MarkTail(p); / BHIE4HERHEEZ, HeoHEARE

else BackTrack(finished); / #MNEREHFHINE — 5K, finished 3y TRUE
}

KRBT ARBHBEENMER 8.3 Fim.

void MarkList(GList GL) {
/ EBIEZS T X F GL(GL! = NULL A GL—>>mark == 0), % F& A RIMFENE AMFE.
t = NULL; p = GL; finished = FALSE; / t#m~p#&FE
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@) (e) ®

a a e g k
' 1A= Lalalg]Alp 2] 2]A] = l ElROD
4 bt q
LT (LT
h)
Al

a e g
1 [T LT G
h
t p 0
i) q

B8.11 WH) X#

(2) ML o MRk, (b)) R ML T MMEE—F;
() HERGRMIEERHA TR o BHER; (e) HETMKRREF MHE— B HWEFEk;
O KRR (g) 1S BRERB . BHARE

() B MRBTAELE -, BARRB(RLIHNER);
() B HEERES M~ qBARE

while (! finished) {
while (p —>mark == 0) {
p—>mark = 1;
// MarkHead(p)# 404k :
q=p—>p-hp; [/ affE «pHEXL
if (g && g—>mark==0) {
if (g—>tag==0) g~—>mrak = 1; // BTOM, 3L K 45 ‘
else {p—>>p.hp = t; p->tag = 0; t =p; p = q; } V3 Uik
}
[/ RO E -2 0k 7
q = p—>>p.tp; /oafim xp HIERR



if (q && q—>mark==0) {p~>p.tp = t; t = Dps P = @ ) Va3 ViE 3
else { // BackTrack(finished) B 404k :
while (t && t->tag==1) { / LIST,REZEK . NERREH
g=t; t=q>ptp; g >ptp=PpP;i P
}
if (1 t) finished = TRUE; // &K
else { // WM&k EH
g=t; t=qg>>php; q->p.hp=p; p=gq; p-—>tag=1;
y / HERERE
}

}
}// MarkList

#Hix 8.3

B 8. 11 BRx{ @ 8. 10 S URHATEF MR SN A WELRA. (D HE
B8, 3T ATR R A . (DY FI (o) gt i Rk M B B H BB 4 R M hp B #HRY 15
o (DFRYHRKE 5 RH T RBHATREN WHHEAEL. NOMORET
BRI EWRIEE . AT S8R RS EARE, AXEBHEETRZ
*h3E

Mok bR 3 MR A A FINE. 3 MR E N R BRI, BB AW
ARASEBNRSFMHE ER_RE TEREES, LFRENRE SNEF R EREER
WA, R ] R FF AR R, T H, — BRI . BN RAERSR, TEEHAshE
7. MERDEEREGLE HHLEREIHBEABZ.AMEFTELSRE—EZH,
HEHSSEFMANEHERES . B2, A BITRRRR S E &, A 8B 78 3L B 4L B 1R
TR .

BE LARATHRETERHRFRFTHEARERTRL, ERT UE—1
IR RS AP BT GEUT free RPEWER . FRH—MELR, REMERA S
B MIRERRERAFBETHEERNF LR, UENX L5 H BT
PR o

TERATUNTHATREREELMERMTT. MR, BMEERIP M
785X EREAMGE AERTR—FEE, LN ERNS KBERIEL. B
B A ASEREH N, MRESBRIREEER o NCEP o ARNMEEOE L RN
AEEE -8 JAFEH ARERNITRENERESE—E. BRETHERE
HEE MG NFREER o MOEP o ARENELD . S, WREE B FEY
aN+e. M, R E B ERES S8 M—N.

BREARTREXTTAENREME/E BRI KT BN EKNTHE R
X, RITARE- N ETRERFTFROFIRE (G N+ M)/ (M—N)RERZINHK
R, BRI o=N/M FRAFE AR EE, W LR FHE BN (aete)/A—p). HR
b 3/4 WHRATRAG A o=1/4 B BN ERFTFHEEN 1/3c+4/3¢.
RZ EAFT /4 WERATRAE R, B 0o=3/4 B, R — DGR BTE X8t [
3citdc;. AL, ATRANAERF RELBNE SN TS S R L H AT #
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TERBORIRAE . AN, T B 24 R G 8 MR35 1T B, 8 4 2 SUAR AR B I 26 38, B 5
A-RERBTRRE, W T XA TEERERER, UEREE RAMS. @ik
HIIM R FT DL RS SR H R — R &, MUK R B M TR TN & RE AR R BB R
Hafr ..

8.6 1F f B 41

RITTET JL 49 o 30 B 3 A7 B BT B — A 2L 1R B 4% 4, B ST — A5 B
T PSS R R T R RS R R X A BT R 25 1) 2R R G R 4 4 » HE R K/NAT AR
I, 47T AR

X -VHBEN RS MDD EE I . EENHSHFRHERLE D, R

Dbt o2 i3 8 16E: F0 i B 9

10 length stadr
gg § & Al 12 0
gg Ve B| 6 12
o / €[S 8
2 L il Dk 13 e

(a) (b)

free

Ot ho 20 B e S0 ug o 7o 80
10 A X X 4
200X/ NN
30ANNNNY ‘ AL 18T 0

I' D| 8 | 28

=

free © CY)

E 8. 12 MEMEEREE
() BEE: (b)) BREHBRR: (O BEENR,; () BYSHTHEBE

%‘@M\Bﬁuﬂﬂ)ﬂ%l‘ﬂ%‘ﬂ%—ﬁ\i&hﬁﬁﬁmﬁﬁz,Eéﬁi%ﬁF?ﬂPf/’ﬁzw“iﬁ”,ﬁmﬁ
FC AR J2 DA 334 BT ) 23 i) e ) 1 — B, HERIMER BN R Z N 45, 18
S48 13 B AR (R Mokt . 24 7 o o N A~ B 0L 09 77 B B it 3 48 &1 16 15 M AL (%
st B3 N DAL TR 30 Z BT 4 O B 4 IR 28 F A4 o R B 4 1R
bk, [BESE 4 “_%EP%&%%ﬁﬁfﬁélﬁ]%iﬁ#&ﬁ@ﬁfﬂt%mmgw&ﬁﬁﬁ%%m ]
W RN BAERLETH AB.C.Dix 4 TECHEBEKESHN 12.6,10 18, Bk
1Rt free TR T, W4 B4 X 4 B E 4525 ) RIYI AR a5 50K 0,12, 18 Fu
28, SN 8. 12(a) M1 (b) 7R , 4} FLJ5 HOHE 5 4 B8 W 36, BRI I o 33 e i 8 4 B 77 B A EBL 1
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SAEBEEEER, K2, EEE P BB R BRI, i T RS AR =
B 2 B — Ak 5% 0 A7 A R R B I W 6 2B T R I 25 IR R R BN HE B
BB, AR ERRE NS . BN AR MR- B R RBAE
BB AT BB R, 0, P 8. 12(a) RO M, 7E o SRR IBCFE B SR B IBI O 48 A I 8. 12
(o) B, [ABHE B R AR B RUR B 8. 1I2(D RS B —FBRERFIITIEPAE
B o e R B A R L T ) 4 IR S 8 4 G MR R 6T 4 1 SR R ik Bt A AT AF
B . BET B0 B R R BT A % R BRGE B — o, B BT A o SRR AR B
] i 25 6] B9 I bk X, T 980 4% B 6 Stk X BR g — B Sk SR B 25 PSR J0 A 8. 13 B
A HA () B EHRTRRE (b)) R RA G HRE .

A A /A s X X VA7
/A7 N /R A

A A A AT A 7R VA VAN A
VAR /A YA XN AN LA

/A YA

XA AN IX N /
A/ A/ A

free free

(@) )

B 8.13  RRAHATJE B (FF RS D
() BEEHT; (b)) R4k

M EA ISR X BT E R, AL RS, B RBX G RRETRE 5
BB B RE (RN SWATREARRD  HIKT#HIT T 4 S 8HR1E:

(D HESHROF AL, N BR ML 6K B2 8], X 8§ — 4 5 A Sk 2
TERHE N . i, TR AR BEREMETB S X WA B2 AR S
BE B Z R G B R b AR b at . R B S ARNE NIRRT R T
WL B B (TR o AR K/ AR AR SR R X 91 i A7 A R 2 o5 R R B IR SR B
FIZHN ETRSL —F kIR, LUAEAE 5 R BRTE R 45 5 N A KO3 ok, B S — BT
[SB:ihi QPO R e

(2) BHRAFMMKRERR, UEBEFEREE A BF AL ERET,

(3) ARG HARPEMOEE. EF BRI MFEROES, WREREBY.

(4) BFAE S AREB R FtAL . XEHEEREEREEHN T

EW.ERTHEERORE. BE BREHRUFEMER NS REEEKY
BRE#a) .

AL, PR R A L T BT R B E O R A T E AR A R B (BEAT S AR T
B, MEEBRHA GRARPRHEHE. Bl #FREFERE-TRERE, HEAHE
AR

« 213 -



Fowm #H W

AFBLEBLBERZE T HPEEN BT EHRUREXKENRIBEN, EX—FTHT
WH—MIELRN AP ARERANEESH —BRE.

ZH K (Search Table) Bl Al —RAMWHELR (RIEDWRKNES. HTRE”
FHBETRZAGEE TSN ER, HHERER -FHEFRBEHBIEEN.

N ERREEHITHRES . OBARTMRENPRETERBEERET (ORER
BEANBENBETENERRE: QEERBFFBA-NTRELR: ONERERTH =
EMETER. HEXNERERENFHER I EROBRAE URERERZABTER
% (Static Search Tuble) ., HFEARMABPRAMNBAZREPAFEMNBEE K, HENE
HE DM EFAENENMBEETR WK R ZHEE R R (Dynamic Search Table),

EAHEAEF, AL PFBXBEHGERTAE, A, ERESHERER K
BARENHEIE S EFRPEREMAHET S XEE. AP BifsH
B F MR - ERE.

EEMRERGRU ARG  BERROUEBEANEWNZ—. WHEFEFTHS
REELERAEPFERES.

BRI, FEERDIE-ITEAREHERE TR (BICROHERRPRE
AR B BRI R (BRIER) .

HTEFHE AL HEINBFENHNHI T L. BERIIA-INXBFEH

X EF (Key) BB TR (FE R FEAN BRI E, FHETRRRGRID -
BrLRRIEH) . FRHXBFITUE AR R—NIER. UHRLXBFHEXEF
(Primary Key) Y ARIRIER, HEXBFRIAFRD . RZ,HAURIETIERXE
FRRXBF (Secondary Key) . HBIWITR A — T HAB I, KT BI NV ZEE T
RHE.

B (Searching) RFEAENRNME EERRFHE - THXBFETAEHEY
ERBEE TR, ERPHFEIRH—MCR WREREBRN, WA EROLERNEG
HEMCRMFELS RERZICRAERRFOCE AR AFERBTETHEEN
EFURERTRL, LN EREGRAT A H— B R RE = 14t

Blan, L AT BV B RFEAEZ KRS, 2WEEMRSTUAE 9.1 FiREl
HHERETENFT, RPEB—FTH—-TER, FERNEFIES NCRNXERT . BRES
SEMEN 179326, MEG ERTHEEMENSHRFAME 2. KN ERNBRIK. F4
REMEN 179238, M FRABARBT N 179238 B1IE% , WA KA B .

I HTER? BRE—ITEATERENMETROIBERB T XN BETR
RGP AT AL e . BRI, ST RATEREO T ERR TRPHEFETERRMAF LR XA
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(EBANBIM RO EAE RN, FEEESHN. A TRESHEREHP (F
A A 19 4 BR (ELIE ) 43 26 ELAR 8 RIRF 4w+ , WU 28 4R 19 07 26 i A2 S DU 25 3R A 2 T
PRGBGSR B TE I IR R, B H BN PR RIE S A k. X, E %
XRGAR TR R RN F AT R TR T RN, BB R AT EN 7R
i — AR R R, TR BREBFERF PSS FRETHRPRA B KAIE,

o % % B OR  #
" s B4
it B | i Shifi | HeE | WRE | E | AY

Bt
x

179325 | B4 85 86 88 100 92 90 45 586
179326 | Blide 78 75 90 80 95 88 37 543
179327 | 8KF 82 80 78 98 84 26 40 558

B9l ®ERGRRY

FEAE L TEHH BT ERN T BB E M AR AR .. EMEFE, AEitie
FARERE -MEFREMNRESHE. B EREH TRPHEETEZHMNEEE "RHBE
—ANESTHMBRR ABERERAE., S FAESWE TR Z A E— X ER,
DIMERIE AN ITE RGBS —MBEENERRERE. AEBIHRBESER
KM B H LR REIELRAT IR R R MEBIELH N T .

EABLUESETHITR D, B RAXEFRAMBIE T ERAE —HHNT .

Y0 Y 6 B S S R UL B AT LA

typedef float KeyType;  // S0H

typedef int KeyType: V%"
typedef char * KeyType; // FHHE

typedef struct {
KeyType key; VS £
o /AR
}SElemType;

MK FHBAERNMTHEE X

Ao - MBE R RT
#+define EQ(a, b) ((a) = = (b))
st define LT(a, b) ((a) << (b))
# define L[Q(a, b) ((a) <<= (b))

N - T ERFRE R

tidefine EQ(a, b) (!stremp((a), (b)))

# define LT(a. b) (stremp((a), (b)) < 0)
#define L[Q(a, b) (strcmp((a)., (b)) <<= 0
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9.1 BIBHEME

HRPEAEBSERRNELH:

ADT StaticSearchTable {
BENMKDDEEAHABENRETENES. ST BETEY T A REMA, TR
HETENXRTE.
BRXERRPBECEAAE-TEE.
EXBIEP:
Create(&ST, n);

BEZR HWE-ITEF oM BRECERABSERRE ST,
Destroy(&ST) ;
Ptk & M BB ERR STHE.
BB B B3R ST,
Search(ST, key);
MR BAERR STHE key AMABFRAMF ML EM.
BEER . ESTHRERXBFE T ey BB LR MERENZTRNERERTH
NE,BMHRE", »
Traverse(ST, Visit());
W &G HEERE STHAE, Visit B TRBENNARK.
BEER HERKEN STHEIMTERAER visitO—KHEMN—K. —B visitO%
THC » 0 45 4 5 T
}ADT StaticSearchTable

BEARRTUARARMRR T E, EARNRRTER KAERBENTEL
ZNCIP

9.1.1 MFRHNEHR

PUBF RR SRR RGBS ERSE, W Search REWTHMAFERKLH., W
RiHe BT A g B o i SE 8L, E R MR P R B R 0L B 45 3 8 L 58 Al

/A BABENENNFERES - - - - -
typedef struct {

ElemType * elem; N OBBETEEESHENL. BN REGRREAR,.0 SATEE
int length; VE 331

}SSTable;

THEFHSIFERKOIHR.

JIFg FE 25 #8 (Sequential Search) MER IR N - NEPFHRE —MEFRFH, B #1718
X BFEFNATHENLE . EEMCRNLBEFZNAEHELEHEE, WERKD, KRB
FBELR: R . EHEE TR . HXBFALAEHALERASF, WEARFREFE
O, ERAR. WERIEBIHERL . 1#HARZ.

int Search._ Seq(SSTable ST, KeyType key) {

/) TERRERSTHIFFERRARBFET ey WEETR. AR, WRHEN
/ BETERERTHMLE,. EMH O,
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ST.elem[0].key = key; /.-t

for (i=ST.length; IEQ(ST.elen[i].key,key); - —i); / MEHER

return i; ' / BRABIR 1K 0
} // Search. Seq

wE 9.1

EXAME BB BEME 2 P EP LocateElbm_ Sq —F. HRFE Search- Seq #,
HERZATESX ST. elem 0] X BFRME key, HWET R EZERIBTE P HERLN
BARRBEHERTE. 7K, ST. elem[0JRB] T HRWHHIEH. XNE-NMBFRITH
75 b skt » 2R T SC BRTE B , X1 O RE G ZE 4R 7E ST. length=>1 000 B, #47 — K&
RN EHHEILEFELS —XSRSEFE]IP 342 TR 7. D SR, GERBERT
WER Tinit. :

BRBENEES T

EE1ERFYRER . FE-NEEFANEBEER 3 & - HEELEHERAEITH
RS . SRAEAE(EREENBESHIT SEMUEXBHMMES MEENHE
fitkft. M TERBEERK @ RFE-ITR/LM@#EG=E. L, EREEPROERE
ERBIERHNIEBFNACEATHE”, BR, BHUHEBFNE EEHTT LB
MR RN HEEAERERBEEFRNEE.

BN HREDREERRPHME . FRNAEEATHENXBF IR EER
AERBEAERRDG K ER K E (Average Search Length),

WNFEEaMERHR, BRBRIIEHWFHERKE R

ASL = ZP,-C,. (9-1

Hef: P, AERRFHE MERWHER, B EP =1j

C: ARB|RPHRBF '3@%{51‘5%39%1 Mo R, MG EEC #7 E
XBFIM., BAC EERIBRARTAR.

MR FF R IRBTRL,C R THELCRERTPHAULE. W.ERERPBRE -1
ERELNFEERE K MERETFE - ICRH MFUE - K. —BERTC ETF
n—i+1,

B n=ST. length, NP ER K FHERKER .

ASL = wP, +n—1)P, ++++2P,, + P, (9-2)

BREEMOFHERBERMEE B

P,=1/n
MESBEEFELATMFEROPHERKES

ASLg = S)P.C,
i=1

Ny,
—n;(n i+1)
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i, BHEMERNERERATARE, Ol HLREENRIHBEL KR
FERCE BN MAB SR AENORHIE RV ERMRLER TRRERAZHRGICE.
BFRO-2)F#H ASL#E P, =P, =->P, =P, BXER/NME. B, SHICRHOEHR
MERASHERREEFTEBANESMCROERESR, NS iE RO ERERETH
B ERPIEREERBERH/NDZEREFHI UERFERUE.

R E— R T IORHERERITALEIE . ATRFAERAE, RITTL
EBMERPRBE—MRRES FERFRPHERBRREGRGRFEEEEA
BRI PSR ERERAMIEREERIBPANEEY, UEELEMZERER
FRAOHBERE. SEEBRKERZEHBRNERIANCRERBERE.

RFERARIEEEET RN EMEREEML, KR IR PYERRERK,
R Y 2 BAR, ERBEEK. AT EERANAAE - BEMRABENE. €
MBRHEHTEMER, TRIERBEERXBEFE FOH MM, WA, J:J&ﬁfﬁﬁ’l’éﬁ
SR OREEA.

AHEE, ERMNFHERKENTRREAE ZP = 1 WHETR FTHATH . BAER,

BATANBRERER“BIN"H. E#ﬁﬁ%%ﬁ%%@] BERATESE R E R
AR, BEXRN AN KB RERT . 23R A BE 4 R BUTh B BT R KR
Z ERRERFICEE » BRE, BRARI MBI LUZBEAH . YERARIDE
EAEZRN EREENTIHERKENRERBRYNNW EHERKESERARY
BT ERKEZM.

X TFIRFER R LB M key HITHE, BRARI BT A EEBTHBENRBES
WK n+1, BREBRDS ARG T EEMERE, S8 MCROERERLHEE, N
P.=1/Cn), (KT P ER AP HERKE N

(9-3)

, 1 v ) 1
ASL’, =§;§(n—z+1)+—2—(n+1)

==—3—(n+1) (9-4)

EAERHLUE &P, MUTEE RS0 5P 3 2 R B AR A D i 8 L BR
B &R,

9.1.2 HERPER

LERFREANTDEREN,Search BT HITEBEHRRKRELH
B (Binary Search) HER SRR .%%Eﬁﬁlﬂiﬁﬁmﬁ@(glﬁl) YREB

O ERVFECIUXBFEHETIIXRR
ST. elem[i]. key<(ST. elem[i+1]. key i1=1,2.*,n—1
MHERFIOFEXBFEF.
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SHPEEERRABBEABZCRA L.
. BT 1 AMRETERNERRCERFIRRETRNED
(05,13,19,21,37,56,64,75,80,88,92)
MEEREBF N 21 M85 WEIETE.
B st low M high AP TRHETERELEN TR ER, B mid #18K
I8 g o (B (L B B mid = (low+high) /2], ZEBLBIH, low F high BBIME ST H1 N 1 7
11, B, 11 A
THABAEHE key=21 HERIRE:
05 13 19 21 37 56 64 75 80 88 92
A low A mid A high
B4 BRI E R A AL E I TR A XRT ST. elem[mid]. key 5455 {8 key
., B H ST. elem[mid]. key>key, HHAHETEERE  LERX B [ low,mid—1]#17E
BP9, M4 3541 high 3818 mid—1 LK, EH KB mid=L(1+5)/2/=3
05 13 19 21 37 56 64 75 80 88 92
A low A mid A high
{524 ST. elem[ mid]. key 1 key #tt , F# ST. elem[mid]. key<<key, LB EILEEF
£, HIE[mid+1,high JTEE W, WL 4 low 380 mid+1 ANTTEK R mid WFEN
4, H %% ST. elem[ mid]. key 1 key, R A%, M ZRR, FEATRERDPFSFTHE
mid F{E .
05 13 1% 21 37 56 64 75 80 88 92
A low* high
A mid
HE key=8 HEHIRE:
05 13 19 21 37 56 64 75 80 88 92
A low A mid A high
ST. elem[ mid]. key<lkey 4 low=mid+1
A low A mid A high
ST. elem[mid]. key<lkey 4 low=mid+1
A lowh high
A mid
ST. elem[mid]. key>>key %4 high=mid—1
A high 4 low

WE BN TR low> LR high, WABRTRAERBFET key WITR  ERABI.
MERBIFA R IrEERIBRUL TREAPRABICRYXBTMEEELE,
EAE, MERRY, SRS MENMEE EEHWXEAGTECECRNRBFETHRE
EREERXEHK/NDTERRABRARID L.
ERITEBERISBMBEIL 9. 2 #WRPUR.
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int Search._ Bin ( SSTable ST, KeyType key ) {
JERFESTHITEERERBTST key WBETER. HRE, WBEHEN
/) ETCEERPOAE,.FWR O,
Jow = 1; high = ST.length; /) BX[EwE
while (low <= high) { .
nid = (low + high) / 2;

if (EQ (key , ST.elem[mid].key)) return mid; / RBAFELER
else if (LT (key , ST.elem[mid].key)) high = mid - 1; // #€ZE7eRT¥ X [H#H47A R
else low = mid + 1; /SRR X ALETER
}
return 0; / BMEEFAGFERELR

}// Search_Bin
Hix 9.2

PrEE RO MRS

B ER NATRYEHREH T, N ERERIBAA.

RIEBONTENFLE 1 K RAFOAEONTEFHE 2 GRAEO.O.0
MO TEFTHE 3L RAFO.©.OMONTERHLE 4 K.,

XAEHRSETAE 9.2 IR - XRRHER. WPEIMERERRP—MER,
25 P IE N ID R R P IALE BRI AR R B A U R R HLE
LA, ER 21 WA ERFRET —FNRBLE SO BE, MAEEHETHEKR
RFEMAZBE LN ARG ROEHEN LHERE. KL, RIFFRPIE
—ERMERMRET ~FARERABSKICREMNE RN BEE, WA EEETHE
BT A S EAER LB RS Fil ¥ B R R a 247
HXBFANRRENBAWRE, T EH » 4R KA W MR E Hllogn 419, FTLL,
AR EFE A RRI TS T E AT BRI X BT IRE S Hlognl+1.

WMRERE 9. 2 FARAERF AR RANE
et Em— A — A RE S, W
B 9.3 fim. HHE, RXEFTEE R AHER
RSP BREE A (5 Z AR X , R AR L6 R 1 45 /0 B
R, WA EERNERARINE T ERR
ET—FMARER[LISNBE SR, A E

B 9.2 HRITEERIRMHER
RER 21 R AT LA R B 7 % T B L RS

HAELHIm &R 85 MBI AET —&MN
WBNLE A [0-10]MBk 2. B, BT B RAE B R AR A EE AT LB RBFEAK
B aAREtllognlt1, |
A THEERWIPHERRERS SR?

O HMEMEZE2TIAH EBEHH TEHEIRNERRZIEREN LU M ANHAENNRERM M ENTE
TXHHREMERE.
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-
~
~
~
~
i

2—3] [¢+—5] [5—=6] [7—8] [8—9] t10—11 f11—]
B 9.3 mEAABEAWHERMER S KER

HiTiE T ERL, BEAFROKE n=2"—1(RZ h=log: (n+ 1)), WA IT ¥ &
RGHEMBREER A WH XK. HPBERI 1 WERE LT BRN 2HEREA 2

Ay RUH b B 24, BREFEZRWEREEME (P= ) WE
BRI LRGP ERKE

ASL& == i Pici

Il
2=
'M’

je2r
i=1
- "jz’ loge (n+1) — 1° (9-5)
SHEBEN n. M n BA>5000, A/ FILEMER
ASL, = log,(n+4+1)—1 (9-6)

ﬁIﬂﬁﬂ‘éE?RBﬂﬁﬁtﬁﬂlﬁi}?ﬁ?ﬁ%,@%ﬁilﬁﬁﬁzRiﬁmﬂr‘fﬁf-‘?‘i,ﬂﬁﬁﬂlﬁi}?#ﬁ%m
TR EHERLERERFETIEER.

UEFERBABSERRN, #ITERN T ERITEERZIIN EFEETFRERA
HEER. ‘

EFRARERERBELFERAFFICHF AN RETLSEN. BRITRFRFIERE
ML EANBEIBREUN 1,80 n=F,— 1, R 5K 5 EH key M1 ST. elem[F,, 1. key i
ITHE . HEM%E, MERET; # key<<ST. elem[F,_; ]. key, M 4k%E £ § ST. elem[1]ZE
ST.elem[F._; —1 W FEFHTER, HEN%ERE T ST, elem[F._; +1]F ST. elem
[F.—1JMFRIPHFAFTER, G —TFTRERKERN F..— 1. EERPRERAFYERB LS
BB EHERINBHATHEEBERDE Ologn) AT EHE. EXE—TMER
RESE RFHTM HEE.

@ ASL.= Z"]P,-c.:%znjc,-:%zhjj-ﬂ—l =%(§2*+2§2"+---+2“—‘Zo)2")
=1 i=1 j=1 i=0 i=0 i=0

= %Eh < Zh— (2042 e 2] = %[(h—l)zh +1]

- —i—[(n+1)(log2(n+1) — D417 =" liog (nt1> —1

n

@ XMEFINENL R Fy=0, Fi=1, Fi=F,_,+Fi—;, i=>2
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AR EARIE A T M key KB E T LB M KRBT ST. eleml[i]. key FIEHITIL.

~ key—ST. elem[1]. key _
4 = 5T clom[ K], key— ST. elem[T]. key N 11D , 2 ST. elem[1]#1 ST. elem[h]4>

AREFRPEAERDPRBFABRARBFRICR. BR, IMBEEERLETLXRY
WA AR, X FFOR T T RKBRBF R, PR TR R .

9.1.3 BESHRMER

AR EREBNITREE“SHE " WATR T HTH. A/ HFRTP
B FRMAERBERAEN A 9. 2 FIRHERBRNE RS BRAITINEER, LGk
Bit. WREFEPHICROEREERSE, HF5 A fT9R?

HEBB-TREHAT. BRAFRPES MR HEACHAEERNERERAS, 4
A p1=0.1,p=0.2,p3=0.1,p,=0.4 Fl p;=0.2, WFERXO-DWEXL , WMHEFE
BT EER. BRI W FERKE N

: ,
DIPC, =0.1X240.2X3+0.1X1+0.4X2+0.2X3 = 2.3
i=1

B2, MR EE RN SHEMEATE 4 MERMWRBFEHT W, LB AHET BakEEE
ETHIRATHFIIPHTITEER MERRIR Y FHERKE Y

EPC =0.1x3+0.2X2+0.1X340.4X14+0.2Xx2=1.8

EAR B, éﬁ%%*%wﬂiﬂdé?ﬁ%%f%ﬁ HE 9. 2 IR ERMBITHEER, K
HRER DR BMM . ALK R INFTHATERB? BAF U R ERE B ER Y
% SUR R, KA R R RAE?
MRREBERBDKIEOL, WEEREESRENHERBERHTRABERKE
ZHMPHH®
PH = > wh, (9-7)

BE/MIMW X, HP:n AR EESH I RBIERFENEE b AE i MR
EZXH ERBERREGE RN wi=cp:(i=1,2,,n) , HH p, HERWERERE, c N
EANHE. R PH HERE/PM =X 08B E 2 38 B (Static Optimal Search Tree),
HTHEBRSREERNEROHBEANEE, BEA S P RIERAITE, BB
EERSERE]. ERHAZRENBE -MAEEUERERRNOEREE.
EH—THRXBFHETFRIERF

(Frarin s srs) (9-8)
H r. key << . key < +++ < ry,. key
580 AN UE R

Wi s W1 9°*° s Wy (9‘9)

HAE RN, BRI XHWRERAEEKE PHEERARERAERERN X

O PHEMPHERKBERIEL.
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R IR B/ BRIX S = UM g R R B R 8 (Nearly Optimal Search Tree),
W REERMOTERE . HAERO-OFIRMIERFIFIE (U<ISHMER
HERE SO ER

h i—1
AP,': |ij——zw,-
j=il

EY%/J‘{E(API'ZI?LYI"{AP; D) »?ﬁ)ﬁﬁ%’]ﬁ??ﬁﬂ{n sVit1 9" 9 ¥iy PR iy g ,rh}ll‘@iﬁfﬁ

=1%=

MR ERR A BIRAREROWETHAETH.
HEFIHHE AP, T A RITHHERM

(9-10)

sw = D, w; (9-11)
=t
I w—; =0 F swi—, =0, M
i—1
Wiy ~— SWy = z'w,

L (9-12)

SWyp — SWw; = Ew}

=1
AP,‘ = | (Sw;, —'mi) - (S'LUi—l _.S'LU[_l) |

=l(-WUh +Swl—1)_swi—3wi—ll (9-13)

R UG T 54 3 AR AR B IR B Bk Nk 9. 3 TR

void SecondOptimal(BiTree &T,ElemType R] |,float sw[ |,int low,int high){
// BE 3 R low. . high| R BT HUEF sw(HF sw[0] == ) M HRMLERS T.
i = low; min = abs(sw[high] - sw[low]); dw = sw[ high] + sw[low—1];
for (j=low+1; j<{=high; ++3j) /) BER/NY AP, B
if (abs(dw~- sw[j] - sw[j-1]) < min) {
i = 3;min = abs(dw—sw[i]-sw(§—101);

}
T = (BiTree)malloc(sizeof(BiTNode)); '
T->>data = R[i]; /RS R
if (i==1low) T->>1child = NULL; [ EERE
else SecondOptimal(T->>1child, R, sw, low, i—1); / WEAE TR
if (i==high) T->>rchild = NULL; V= k=

else SecondOptimal(T->>rchild, R, sw, i+ 1, high); / WEEAEFH
}// SecondOptimal

HiEx 9.3
Bl 9-1 EMFINEBRFHEFELEHBMBEN.

*#¥ A B C D E F G H I
wE 1 1 2 5 3 4 4 3 5
MFEEL: 0. 3 WE RN BRI EF BIHAUE SW F AP HEWNE 9. 4 TR, &
PR — X EHRR A 9. 4(b) iR,
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key;

r—-\n—\})—-
[SCRE T v v B N
©w v T o
o]
©
b

SW,
AP; 27 25 22
) A

AP, 11 9 6 1 9 8 1 7
# i Ai

AP; 3 1 2

¢:Y) pi Ai 4i A
AP,

€i:3) Ai ri

12 16 20 23 28
15 23

[oers
(%)
-3
[
[e

(a)

(®)
(o X8
a ® @ O
@ ©
(b

B oo.4 MEKM - NERKA
() BIALEM AP HE;  b) KEERW

HFEMERRERRHOITES BEEEENREFRMRAUE, WA 7] 88 I
EAHRPYXBFHE LS EABHREFT HRE/D. AR EE Y F . BRBEH
PEBRKHXRBFHERRERMORS S

Bl 9-2 BT S NRBFHAFRLILHEBAEN

*@¥ A B C D E
WwE 1 30 2 20 3

B 9. 3 43 T8 K HE 25 T IN B 9. 5 (a) Q) (3)

FOABABRORRERMOE O5OFF. & G W) G YD

HH . ME PH % 132, RHM PH N 105, (53 © & %)
KRBT R, KT RN ABREER . &

B S SRR 2 2 0 1% ~2% R 356 70
T L L L LY T Dot
O(nlogn) , AL 9.3 B BEEBHEM N ER (b) %S BT R
BRI

MK R B A T L FOE R AT R, B AR 2
2 ROR TS T  Fe RS O hey FUILARSE 5 402 B0 B 4% U8 RS0 0
B SRR N R B RIB A ey N TFRAT A KRBT TIAI 5
s TR A 1 DS A3h 4 1 CHE3E SARUT  H9 — SLHE
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WHEREEEL EHAR . BTERIBBREET —ANARBAFELCRIES A
(BRI 45 ) M — AR B2, AT B SR B A O M W I TR B B O AR 4R
32 2K B A logn BRIE . AT, ZEiC R M A& R R AR, 7 K E R 2R
BABERN MXHRBESNR EAFRAEREERNOBENEE 9.4 iR,

typedef BiTree SOSTree; S REERWRA - X EENTEREN
Status CreateSOSTree(SOSTree &T, SSTable ST) {

N/ BHEFEST HE—RERAEERR T, STHWHETE & F PUR vweight,
if (ST.length == 0) T = NULL;
else {

FindSW(sw, ST); /) B BE TR ST P& BEITER K weight R FiH AR sw,
SecondOpiamal(T, ST.elem, sw, 1, ST. length);

}

return OK;
} // CreateSOSTree

g% 9.4

9.1.4 FHIIHFRHER

HURGIMFRZRBEERRK W Search RPTT FI S RE AL,

SRERXHFRSNPER, XRMFERG - . EREREP BEEX
FUS, TR~ REIR. B, E 9.6 FIRA—IREHERSIE,RPEH 184
WWFR, A 3 N FERMR R, sR) (R yRg 5+ 3 R12) V(Riz s Rig» s Rig ) » S B A F 5
(BBEBOBRYT M RIITLHPABEHFAT . XBFRHANLTFRANBEAXBET)
MBHMEE R AT ROE—NCRERPAE) . RIRBXBFHFT WEXREAF
REFRAF. TR ARAFBURE N FRIFALCRAXBTHRTE T
RPHRARXRBT BN TFTRIHNTAXRBFHRTFEATRPHB AL
?, ...... ,ﬁzm%?&n

® 51 &
BRXBT | 22| 48] 86

Rt (1] 7113

|22|12[13] 8 | o | 20] 33 42] 44] 38] 24] 48] 60[ 58] 74] 49] 86 53]

Bo6 RRERRFIX

ik, rRERLEFT S PWSHT. BRERFRELRRTENR(FR)  REERFIF
B WA EME key =38, M LH key KRBT R P BB RXBFHITHLE, BN
22<They<<A8,MIKBE¥ N 38 WL REFE, W EEHE AN FRY, AFR—KIITFHE
HIRBZATRPOE - MCRRRTE 7 MEFWMAE 7 MEFHEHTIRFER, B
%] ST. elem[10]. key=key K1k, BRI F RN BRAEAKBFET key KL F WBHIMN : key=29
i ESE 7 MEREES 12 MERERBFR key KBEHAS) , MBERFRY .

HFHRTI AR R R R B FA T, W B 602 37T DRR 2 4R, 25 7T
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rER, MR ICREBETHSIE, WERS HERTFER.

B S RERNEENAXFARHERBENHHBGHR.

TRERGTFHERKE RN

ASL, =L, + L, (9-14)

Hep L, AERRFIRAETERNFIERRE, L. NERPERTRNVEFHER
KE. :
—BAELT AT IRER, TURKED n WRYTHUIR s R, BHEH s 4
EFBo=[n/s , NBERPBEMIRNERERMASE, WEREROBEERS 1/6,
BT ERHOERERRN 1/s,

HRUFERTEFER, N oRERYFHERKEN

b 5
ASLw =Lyt Lu =32+ 3i =0t s4]
j=1

2

i=1

:%(Sﬂ+s)+1 (9-15)

AR B ERKEANAMRL n X, MTAME—RPHIDEME s BHX, £4
En BIRTRT s BATAERN . BHIER . Y s Mynif, ASL, B /MEve +1, XAE
P ERA TRARS ERRRITEER.

FRITEERBEFRER, MAREROELHERKE N

ASL,, ~ logz(-:l——i—l)—l—% (9-16)

9.2 BT ERE

EX—FHT -, RIVITEHTERRNBRALA, SBERIHEEE,
REMABREERIBTATERN, XN FAEH bey, ERPHEARHLRFET
key BICSR MERR B E, TMHARXBEET key BIEFR. UTRASEREY
X

HMBBERAUNTERROEXLWT .

ADT DynamicSearchTable {
I\ K DD RAFHFABEMNBRETRNES. SN RETERYSH LB, THE—4FR
BETENLEFE.
BEXRRBELRFAB-IT£4.
. 7.3 113N
InitDSTable( &DT);
BEER ME—- TN SEHRE DT,
DestroyDSTable( &DT) ;
MR SR EHRR DT HE.
BRUEE R BRI A/ R F O,
SearchDSTable(DT, key);
VIt 2R BB E R DT HE key WAL BFREMF ML EMH.
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BEGER EHFERXBFE T ey BB AR MEREN X TRHERERTH
g, BUHR S, '
InsertDSTable( &DT, e);
MG & BB ERR DT HE e FRBANEETE.
REER EDIPREAERXBEFET e key WEIETLE . UHEA e B DT,
DeleteDSTable( &DT, key);

VIR B BB R R DT 774 ey HHIXRBFRAMF ML EMHE.

BIEGR . ETPHFERXEFETF ey WHRIETE UMK,
TraverseDSTable(DT, Visit());

W& ShAAEIRE DT FHE, Visit BITE S BREM AR
BEZR . ZEMREN THENTES MR VisitO—RAEEZ—K. —H VisitO%
U B A S I
}ADT DynamicSearchTable
HEERBAVERARMNRRAFTE. EXRFHHITIRUSHR R RN LR
ﬁ%ﬁ

9.2,1 “XHFEWMEHE _XH

I ZXHFREEERSRE

AR XHFR?

Z X H#F# (Binary Sort Tree) HER—-BERGBNEREF THHELN ZXH.
(OEEHREFHAE  MEFH ERELSWEBNMNFEHREANE(OBFEHMET
WAZS  MAETFTH EREESNEIXTFEMRESHNE OENE A TFRBSEIN
XHFH .

BlanE 9. 7 Fim R BAR Z LHEFF A

@ ®

B/9.7 Z~XHFERRA

CHEE R R XA R R ERE LR AT R, T R BRI
AR, YT UHFRASR, E AR AT EARE SN RRT R M A
RN 7 MR IR 40 (AR BT 2 H KD R A BITEE FREUE T E
WA R, B, TR UERAE D = U H R AR, T R AR I
9. 5(a) Frdlik.
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BiTree SearchBST(BiTree T,KeyType key){
/) ERIEH T - XHFR TR EREXBTET key HBIETLE,
/) EE RSN MK B 48 W R T R4 AR 4, B R E S f A
if (1) || BQ(key, T —>>data. key)) return(T); / BEREER
else if LT(key,T ->>data.key) return(SearchBST(T ~>>1child,key));
/TR AR
else return(SearchBST(T ->>rchild,key)) ; / EEHTFRPRERR
} // SearchBST

B 9.5(a)

Bl .7 9. 7O R X HEF W R ERXBEFET 100 M7 B HERNE
W RIDRANXBT) . B key=100 FIRL AW RBFEVELE BRH key>45, M2
BRUGHBE TW, A TR ARZ, H key>53, MBS EERUL SR ETH,
BT key I KA TR LBT 100 H%E, WERRI, BREH WL SQMEHME. X
WMEE . 7(OHFERXBEFET 40 WiIdRK M ERIBEL EHEM key 5XEF
45,12 J 37 M4k Z G R B R UG A QRN A TR, A TR b s, W3 i
B PR A RERE R, B R A BT R B4R ST {E A “NULL”,

2. ZUHEFE B B A A FI BR

MM XA, PR — M SR, RiFAE MNESHEE TR
AR, MREERIBRDT, YWPAFEREFETHREENSE SN BHHTHEA . FE
ARG R—ER-AHEMON FEA I ARERFRII A ERBE LR RE—
MERNEGTFERAETES. IR FHLE PP _NHEFRNERBERABRE
#9.5(b), IMEREEERARIAHR EHHAME., MABHENEE 9.6 Fix,

Status SearchBST(BiTree T,KeyType key,BiTree f,BiTree &p){

J R THE N HEF M AR A E R B FE T ey BB TE A BRRY,

A WA p MBI TR LS N, IR B TRUE, F IR £ p S AR 2 LR Y
/) BeJE— 858 IFiR 18] FALSE, 35 6+ £ $51a T B9 UK 9 86 98 F (o NULL

if(1T) {p=f; return FALSE;} N BRI

else if EQ(key,T —>data.key) {p=T; return TRUE;} VT4 R

else if LT(key,T->>data.key) return SearchBST(T —>>1child,key,T,p); // T FH haksEaik
else return SearchBST(T —>>rchild,key,T,p); /N ERTR PG E R

}// SearchBST

Hik 9.5(b)

Status InsertBST(BiTree &T, ElenType e ) {
#BZXHFER T OAFELBTET e key WHIR TR, 5 A e IR 1A TRUE,
// % WiE 8] FALSE
if (1SearchBST ( T, e.key, NULL, p ) { V-2 ZN: R
s = (BiTree) malloc (sizeof (BiTNode));
s—>data = e; s-—>lchild = s->rchild = NULL;

if (lp) T = s N OBIERER » s AFPIBE S

else if LT(e.key, p—>>data.key) p—>1child = s; / #iG& & »s WAETF
else p->rchild = s; [ B s BAEBT

return TRUE;
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}
else return FALSE; J WEEEARTFHRANSGR . AHFEA
}  // Insert BST

Wi 9.6

ENSHIBE. 23— RIINERBAREZE  TER—B XK., HTERKXE
?F?‘ﬁu%:{45,24,53,45,12,24,90}ﬂﬂiﬁiﬂﬁ‘ﬂﬁﬂ-‘fﬁtﬂ@ 9.8 iR,

?

(a)

M
©

B 9.8 —XHFWMMEDLR
(a) 258 (b) A 45; (o) A 24; (D) $A 535 (e) $HA 12; (D) A 90

KBEH, PRBH _XHFRATBI - XBENERFFIGXAMERREH - XHF
WEE X REN, ZETUECIERZ) . XMBR, — N XFFINALEIHRE R X
HFF R T2 R— AR P E R A BN X R S AT HE R B . AUk,
FHEKNBASERERTTUES, BREA WS SBE ZXHAR LR H-F45 58, NE#T
BABRER  ALBHHME R NFUSHEANSE AN, BB RESHA ., XRHEY
FE—-NMEFFILBA-MERMATEB S HMITR. BRE, _XHFHBRAF L
YT EERNE, XRA T%%ﬂsﬁfﬁ#ﬁ HHERNBERRN—-MEERR.

R, ZE-XHEFW M E S REBRFE. W F BRSO, MERP—
MESRBRERXNW. BH u%ﬁumﬂﬂfﬁﬁﬁmﬁﬁ%wmﬁ%ﬁ%%ﬂT%ﬁﬁH‘Jf“
. R G TFXHEN  BMERN LN ERHAYTHEEFFIPH—TER, RE
ERBRREAGE R ZEWKIARS X H PR SR,

B4, AE R M E - AR BREZNHFN B S « p®
B4 EMEH N 0  EXGES AN » f(FRBH N D BERR— B, Tk «p R
MEBZTF(BE 9.9 FimR).

THES 3 FMERFITITIR:

(D) FExp BRI TFER WP M P BAEH. BTFHEHFSE vﬁmﬁﬁrﬁﬁ
R B9 GEH, W R BB DGR s 4B AT,

(D) H+«pHEHABEETFTHPL RERELTH Pr, i RES PL R Pr HERAIKE

@ KUFHfEaREet p(R { TS RN » p(F » 1 )& ALPL #I Pr ABIRAHETRAETH.
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WL &« f ATFWENT . B, BB AR X HEF A R .

(3) B+ p BAWETRAATRIIAE ., BRI ERMELE. IE .90
A EM E ¢ p B ZRT, FER R XA RSN - CLCo QL QS SPPRF -
EME*p ZE  NEHHMATEZ AWEMEERE, TUARMB®R . K—R4 *p
HIZETFRN « L ZEFW, T »p WA TN »s WAFR, WA 9. 9O PR KRS
* M EBENE(REEEH B x p, ARBN -XHERNIHECHNEZRNEEEH
BEM) . WE . ST, UUEBRER s BR xp i, BT xs REETH S, ME
Wik *s ZJE, REAS SR * s BIXUE » g A THEIA .

(F)
(P - . .
CRe : 5
CRe
(a) © (d)

9.9 FEXHFEH PR *p
(a) A« f MRETH:  (b) BB« p ZH;
(0) BBk *pZJ5, LA Pr BN * s OB FRIGIERE
(d) BB *pZJE UL« s B = p WEE

FEZNHER LRSS EEMEE 9.7 Fn, KR h g 3 G E R
BHMBRBRIE IR 9. 8 IR,

Status DeleteBST (BiTree &T, KeyType key ) {

JOEZXHFER TR FEERBFET key WHRBLE, WM BRZBIETEKE A

// 338 [6] TRUE; 7 Ji{ & [6] FALSE

if (1T) return FALSE; N AEEXBFET key WEIELE

else { _
if (EQ (key, T->>data.key)) ({return Delete (T)}; [/ RBIXBFEET key WEIWTE
else if (LT (key, T—->>data.key)) return DeleteBST ( T->>1child, key );
else return DeleteBST ( T->rchild, key );

}
}// DeleteBST

i 9.7
HAP /e BmE L 9.8 IR

Status Delete ( BiTree &p ){

A MNZXHRER PR ES . AEETH ARG TN
if (lp~>rchild) { / AFHEMRABEECHETH
g =p; p = p—>1lchild; free(q);
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}
else if (|p->1lchild) { / ABEBEHNETH
q = p; p = p->rchild; free(q);
}
else { /J/ EHTHRBRZE
q = pP; 8 = p->lchild;
while (s —>rchild) {q = s; s = s—->rchild} / ¥A.REHARRkL

p—>data = s-—>>data; /s R B L S “RTIR”
if (g = p) gq—>rchild = s—>>1child; /OB« qEFR

else g->1child = s->>1child; /) BE~qWETFTH
delete s;

}

return TRUE;
} / Delete

Hx 9.8

3. ZXHIF R BB R R

MBTR BB R BT (key=100 Fl key=40) T I, E - XHFEW FERE X 2T
ETHEENEANIRBRET - FMABELHBULERHWBENLR NEEELE
HXBEIETHEEREM LRSS HERKE) B, ik ERELU. 5/ EH
EENLEFE I EAEIHOEE., RM.ITFERKEN n WRWHERBHE—, T
EE A MEEN - XHFEREAARE—., B9. 10 MM KHR - XHFRFE LAY
B ERAE R, (B AT th LB FEF (45,24,53,12,37, 9D MR, TG BB XBFFEH (12,24,
37,45,53,93) M. (OWMMEE XN 3. MM WKWERE KR 6. BNTEHERKERE,. B
W6 AMORHERBERMEE, R 1/6, MMM FHERKERN

ASL .y — %[1+2+2+3+3+3] — 14/6
MWK ERERRKEN
ASL ., = %[14—2—}—3—1—4-{—5—1—6] — 21/6

@ &

(a) (b)
W 910 AREEAN_NERM
(a) EBFERYHN45,24,53,12,37,93) 8 “ X HEEMW
(h) XBFHFHH(12,24,37,45,53,93) 2 ¥ B
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Ei, &8 n MEAH - NHFRYFYERKEANRMOBEERX, HREH/ANKE
A T H R SUHE R R A O B W%%ﬁﬁ%n,£¥iﬁﬁiﬁﬁ§ﬁlﬂ(ﬁ

WFERMERD, IRBREMBER. BR BEFNBRE-XHEFRNKEEMTLERY
HEMAR, LT HERKEM logn RIEK. A, ERF9ERIMR?

BRESE nZDARBFHFIP . P RBEDITEHE-IRBF n—i—1 MK
BERTFE-XBTE WERHETEN _XHFERE - MCRWERBERHENE
ST R PHERKEN

Pnyi) = —i—[l +ix (PO 4D+ m—i—DPh—i—D4+DT  (9-17

HB POIHEGE iNERHN_NHFHOTEHBERRE, W PO+1 IERETFHFE
AEBENFTALBRKREOENE.Ph—i—D+1 HERE FW RGN %R FEN T
BB FHE., XBEERT M RBFEHHFIR B W, IE— X BFETF
FERE LN RE 24, BE n PHBEAHR, WA O-1DHDAN i FF 0 E
n—1 BE¥E

1 & )
P(n) ——-;;P(n,l)

n—1
=14+ 2 D [P@ + (r—i—DPi—i— D]
AHER EXFERPRE—THE TR, i=0 8 PG =0, EXTHE R
P =1+L3PH > (9-18)

BHR,P0)=0,P(1)=1,
B3 (9-18) AT #15

n~1 2
2 PG = 5[Pm —1]
n—1 n=2
X MPGY= (i~ DPr—~1+ D P
j=0 j=90

. 2
("—Z-i[P<n~1)—1]

By P(n)Z(I—%)P(n—l%F—Z——% (9-19)
Hiﬁ?ﬁ"iﬁ(f) 19DFFEFH & P(1O=17 _I?Eﬁ

P(m)=2 "“( + L Tt

2 &
Ef A %[Poz) —1]=—1DPn—1) +

M= n>=2mt
P(n)§2<1+%>lnn (9-20)
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B AT R, ZEBEAML S T, XM S 3R B A logn REPREH. K
i FE S e AL F (B ABFSTIE B, X Rl o0 th B A BE R A 0 46. 500, MR EM R — R
HE 7 i B0 1 7R o R AT T B ARV AL T, B SO BB .

A, P W

3 % — X #t (Balanced Binary Tree 8% Height-Balanced Tree) X #% AVL #, Bl #&
B Ham HEREATIHHEN XM . EHNEFRAAE FRELFEH _XH, BA
FRFAE FRAGREZEMAEXMERET 1. 28 UK L5 A0 F 8B F BF(Balance
Factor) & X X% 4% M B2 T A B BB U 25 B A TR B9 W, P #7 — UM B Fr A 45 1
WEEEFRABERE-1.0M1l, RE-_XMEA-—ITEENTERFHENERT 1,
W% X RAR TR . WA 9. 11 () Fi7R o PIAR- 5 — SO, T & 9. 11(h) Bt B M
BRS80SO 25 S R E R RS AN .

(1) S
OO ONS’
O © O O
s O
(2) S
. © ORS:
@ O © © O
O O,

»

B 9.11 FHSRPEHN - XHRLESHTHRT
(a) FH XM (b)) REMH MR

RMNFHEHITAEFFI B X HEF W E R AVL &, BR AVL & F{E@%
MBI ZEA FREREZ 2R 1, 00T LUE B & 895 B M logn £ RBER A (b
n REEANED . B, TR ERKE QM logn RS

ey s My AR B — SUHE A RN W R BB — N EKAF(SRE 9. 12, iR
R RBFFH H(13,24,37,90,53), ZTHM 1 AMEHAOHIHBRMBE TR ZXH.
A 24 ZRIMEVER, REBE S EHET BF B 0 BN —1; 7EGEEEA 37 2
B TH AWM BFESE -1 2R -2, B AT AFEHEOHRE . WatF—BmRES
A—kF—LRHNAR  ZEERENIHEIHORED . BB LR 4T . B,
AT UK — A ) 22 20 BF 4 S T B B AE , S B S @ AR A S QN ENE TR, e,
HEOMAOWTEHEFERN O, BRI - NHEF M a8, FE48m A 90 M 53 2
G o THA@N BF Al —1 ER—2.  EF WP HATHOREENRR, FHiTHE.
EHEHTESQRELSONETHE Hit A gein EERAEE. Y TUEEDH
B TR, BRE R LR W AR, N B, MU AL S ENRY S, T EDR
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) ® (c) Gd)
@ ) @
® ® @& @&
© )
o &
(2) (3)
ORRO OO
(53) » W
® (50) ®

B 9.12 WA Bl R
(a) Z5B; (b) A 13; (o) #BA 245 (DA 375 (e A Wa4 A Mess V-4
() MBI A 90 1 535 ()5 — W £ WBT 4 Heds; (hy B Wi L B4 R T2

HENETHHOR ORI ENE FROR. XFHIRIET R R R1E
FIRE &, J5 R A2 BB (AL 9. 12(E) — (b)), — XUHEFF W th ARG 5510 15 .

—BERT . BB TEXHEFW LBALSHA L EENR/DFRBE A WS
Bk a(Bl a REBALARE, BVPEE FAXEED 1 HEELE R, MR ETFER#
FHEBHMETTHRAN TR 4 AELL:

(D AmAEREELE - B TExa NATHRESVETFR ELBAG A, xaHF
B Th 1ME 2, BELL « a HRAFRRLFH, UFTHAT— K 64 B §HEH 8%
fe, Il 9. 13 Fim.

(2) BEERVFELE - B TE 2 WETHBESRNETHERALZE A, xa P
HERTFH-1ER—2, BEL xa BRGSO TFHRETE, T HT —KE A 5B
riestie. WA 9. 13 FiR.

(3) WHBEE(RERA)FHLE .- B TExa NAETFTHRBEEANETWLBAL
o« a P HR T 1ME 2, ML »a IV RN FHELTHE, NFRHITRHKESE
CRERBARORE. WME 9. 13 IR,

@) W (AR FELE. A THE ~aWETFTHREANEFRERAS
Hoxa W PHERFH—18KX—2, BHEL xa YREEWTRHERETE, UEHTHK
s (ARG AR #BRE. WA 9. 13(DFR.

B3R 4 FERS, (DRI, (ORI (DMK, EERENTERESS HRE
XHRFR ST PREAFRBXEFFIENERAFERZ. R, AE9.13 7
BB —FEA AL FERELEZE, U b xc ARNFFRAITEHE X
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’Bn

BAGX &)

B 9.13 X HEFF RV 6 e W B
(a) LL®; (b)) LR#; () RR#; (d RLHE

M. M B ERREANBAZRL « 2 PROTRAER. FHit, 5680 _HEFHEBA
B R K 2 AR AU BN TR T R A BN . ROR A HERL A B
ZEMFREEMBAZIAR, BMAZHHEARE EAHEES SR PHRE.

FEVH ) AR BBST A~ AFHBETK e MBRABEAHARNT .

(1) % BBST N, MHA — P BHETEN e HFFLE G 4EN BBST RS KL W
GEHE 1

(2) & e BRETF M BBST KRS B X FHE, M RHFTHEA

(3) & e WRBTF/NT BBST WRG S KRBT, M B7E BBST WA TH P AHFE
e HHFEXBFHLE A MK e WA BBSTHAETHE, #E%ﬁAZFE‘JZﬁ?Nﬁ
EM+DR, 23R TIARBERAE .

O BBST MR R FHEHR TN 1A FRNEE R TETHTRE  WERE
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ABP&E FEBCH 0,BBST HIFE AR

@ BBST W% SHPHEEFH 0(& A FRNEERLS KRS SN TEERT
¥k 1,BBST WREH 1, |

@ BBST WA SWEHEFHN LAEFHMWEEXRFAEFRERE) 2 BBST i
EFHREANTPERETHN LUBHTERARTELE, EEARLEZS, BB
SRAEAFRBE AN TEEFEIY 0, M IEERE;

# BBST WA TFRMLE S0 THE TN — 1, WE AT 5 4 5 15 4 0 3 e 56
WA, BB G  BURSERMELE A FRBRE SN TEERE T, W RE
AR

(4) # e WXBF AT BBST WML SN IWLEF, T B4 BBST WA FR P AREHE
il e BRI LB FRL A, N e 3 AZE BBST M4 T 1,36 H 45 A2 S 105 T E
BERAN(+ DB, S BB AR R R AL > . HA BB AR () h T RN R, X W B F
HE.

BIRFE“6. 2.3 U MOTEAELE 17 h F U0 = XL 3% B 45 A R S i — TR RR 45 AP
HH F AR bf, W LR A = X HE A BBST FA— M HBIETE ¢ RIS E
I 9. 11 B, b, AP BB R B 9. 12 FiR, B9 9 MERE 9. 10
S BIHR T 2 P45 A0 B8 P 1T 4 DR AR AE M ZE e R AR S BUAS 6L IR . PR
BMEVHLEMYEELEL, EETEADHE,

CXHR R KBS LR .

typedef struct BSTNode {
ElemType data; _
int bf; N ERMEEET
struct BSTNode * lchild, * rchild; / 2 .G T
}BSTNode, * BSTree;

void R_ Rotate ( BSTree &p ) {

7 FFEL « p RRE XA R WAL L, A2 S p 55 1 T RO AR 4 N, Bl e
A RBZEHETFRERE R

lc = p->>1child; A lefRE B » p MEFRBLE
p->>1child = Ic->>rchild; A le IR FREEN « p WAETFH
lc—>rchild = p; p = lcy / pEEBRIRG S
}/ R- Rotate
Hix 9.9

void L_ Rotate ( BSTree &p ) {

A UL p R SRR R A AL B, R T 2 U p?‘éﬁ%"r&ﬁm*ﬁ‘*ﬁ B e %
/BB AT A T RS R

rc = p->rchild; / xe ["JE‘J*DB‘JE%W*E%)‘%
p—>rchild = rc->1child; A ore MEFRERER « P WA F#H
rc->1Ichild = p; p = rc; A p I FHIREE K
}// L. Rotate :
HiE 9.10
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# define LH + 1 N ES
# define EH 0 Y/ 3-]
# define RH - 1 /vt
Status InsertAVL (BSTree &T, ElenType e, Boolean &taller) {
JOEEEEG SRR TR AL c HHRRBFHE R UBA-TEETR
/K e HF A IRE 1, BN RE 0, AT = X HEFH & 545, Nk &
/O TEFEA AR E taller B TKBEE
i (D /) WAFE S HKE”, B taller i 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)) A BT EREM e AHRAXBFERER
{ taller = FALSE; return(O; } J MARBEA
if (LT(e.key, T—>data.key)) { /O BIESETE » T A TW R HTRE
if (1InsertAVL (T ->>1child, e, taller) ) return0; /REA
if (taller) / BRBAR s THETRBEETFR KR
switch (T —>>bf){ JORE TR
case LH; J BREEFHEEFHE . BEELLELR
LeftBalance ( T ); taller = FALSE;break;’
case EH, V4 E*E,E%W%E,ﬂlﬁﬁ%wiﬁﬁﬁﬁﬁﬁﬁﬁ
T->bf = LH; taller =TRUE; break;
case RH, /BRAEAEFHEETFRE, AL ETFTRER

T—->bf = EH; taller = FALSE; break;
}// switch (T->>bf)

Y/ oif
else { /OSBRI « TR TR P HTRE
if (}InsertAVL (T ~>>rchild, e, taller) ) return 0; /ERIEA
if (taller) / EEAHTHETRELATFRER
switch (T —>bf) { /R« TR
case Li, ) BRETHLETHE AL ETHER
T->bf = EH; taller =FALSE; break; '
case EH; A B TR, B A R R T G
T->bf = RH; taller = TRUE; break;
case RH; A BEEEFREETFHE&G . BEEE YL

RightBalance ( T ); taller = FALSE; break;
}// switch (T —">bf)
y// else
Y/ else

return 1;
Y // InsertAvVL

=iE 9.11

void LeftBalance ( BSTree &T ){ .
HOATLAIRE TR A MR AW IE A HREL A  AB LSRN, 4 THA

/ORI A
lc = T->>1child: /ole g « THZE FRIBE A
switch (lc —>bf) { /) AGHE « T B AT B BE , FF A A8 B P4 AL
case LH, OB EBAE > THEBRFHEFR L  EERLLELH

T->>bf = lc->>bf = EH;
R. Rotate( T ); _l’areak;

case RH; A HEREAE*THERTFHAE TN L, EENELE
rd = le->>rchild; / rd¥8M * THEZFWATHE
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switch (rd->>bf) { [/ BE *TRHEBTHFEET
case LH; T—>bf = RH; lc->bf = EH; break;
case EH, T->bf = lc->bf = EH; break;
case RH; T—>bf = EH; lc-—>bf = LH; break;
}// switch (xrd ->>bf)
rd—>bf = EH;
L_ Rotate ( T->>1child ); /3> THEFREEEF-ELE

R. Rotate ( T ); /Nt T ERELE
}// switch (lc~>>bf)
} // LeftBalance

HE 9.12

5. VW ERK S

FEEAR LT AR EMEFA AR, Bl EERIB PR EEETHEY
KBFNMEAELHORE. WA FHE 2 M RBFHPERNRARERS LB X
R XA )R, RAVESHRE R h PR REBLE R

BELU N, RREENL HTFENPEEHRRILERE. BR.No=0,N,=1,N,=
2,#H N, =Nioy +Nip + 1. IMREMERREFAE AU ARERRETRIE

[13
9. % A0 8 Ny = Fye— 110 Fy A% F o' 45 (300 o=108) o v, 9% F

P E—1, RZ . &H n MEAKWTERYRREE N log, W5(n+1))—2, EHIk, %
AR L BT A R BRI B 42 BE A OClogn) .

FRM ZXHRFRA X FERNNEREEAITERRESHENNRTHITH,
EERERAE MEMUTF. L3I BAMBNBER " THITE. I TRHERUE.TE
BRI EHTHR  FHEXB TR QBB AF REERER 9. 4 HE—
BRAERFH. BR, KMERMUE R VAR, BEREERMAREER IBRPE
AGRER. ZXHER@EHR X ERD RSB/ E, BRBRREERMRBESRE.

9.2.2 B-®fB*#H

1. B-# R AR

BRE-FMTPEANSHERN . EEXHFREPRAN. ERHEMAXHBHNEH
EHEAERBE.

— 8 m B B-A, BN SR SO R T FV SR m XA

(D) WHEBNIEREDH m BTH;

@) ERERIARH FTERLMNELERRTH;

(3) BB A ELHMERELEIm/2 WFH

(4 FEMELRES SFETTIERKE

(n,A:,K, A ,K;»A;z 5+ ,K,,ADD

® EFLEBHNEIFATENEE n MRS RXBTHIERNES.
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Hp, K, Gi=1,,m) BERF, B K.<Ku =1, n—1);A,G=0,,n) AT
TR S MTEE, BIgE AL TR A S ANXEFH/ANT K .(i=1,,n),A,
e TIPS ANLBEHRT Kon(m/21-1<n<<m— D) B XBFH T E(HK
n+ 10 FRANE0.

(5) I MM FEEBERLER—RK L, FARTEBGIUEERIBES ARE
ook W45 A, SEBR B X S 4 ERFRTE R X B S SR ET NS .

Bl 9. 14 BiR A —iR 4 Br iy B, B E R 4.

B o 14 —HB4Amm B

B B-WEIE AT AL 78 B BT A RSB N H R REL. flwm.E
BOl4MBRHEERXBF AV HLIBENT . EENRIFH ME\ERG SEH KRB +a
GE, Axa AP RE - RBF HAEME 47T>REF 35, WEFELERE A Fr
WAL IRTEE B * c B, ZERE WA REF (43 M 78), T 43<<47<78, M#
BELFEIRE A IR TFRP. FRIREH RS « g &8 ERE RPIHFAERLRE
KEF AT, HE.BREY . BERABRDWTBREEN, FlmER BB AL 23, AR
Tk, Bk 23<<35, MR LS AP iesh Ao B « b AR . XNEA * b FRFRAE X
F 18, H 23>18, ARG s P 3B —AR4E A B x e 1. FIEE R 23<C27, M M8
TR, sUEt R FE 4T BT I F 4 8 IR R B R A E X B F 23, AR E R MW
HE,

AT L 7E B-R E T E RSB E - MRS 4 B R A MES AR F
TERELHTHIR.

BT B-#EEHEXHENRG . BEREHERY RINFEOER, 72 1 X5 F 1 i3
B, AR BHENRER, BRGARBMTHH.

#define m 3 /BB .ESR 3

typedef struct BTNode {
int keynum; V- FT-LiP < Sy @ Y -§: i N
struct BTNode x parent; VEACEE 31
KeyType key(m+1]; /ORBFHER.0BHITAA

struct BfNode = ptr{m+1]; Y FREE R
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Record * recptr(m+ 1]; N i RBH AR SHALKH

}BTNode, * BTree; // B S A B R
typedef struct {

BTNode * pt; / BERBRME R

int i Al nEESTHXRTERS

int tag; A LB EREM
}Result; /BRI ERERKE

M 9. 13 RE MM ART B-WAHERBIENEH,

Result SearchBTree(BTree T, KeyType K) {
HELHR BT EEREBT GRELRE (ot 1, tag) . HERART WHIEE tag= 1,84 pt
/BRSPS A ERTET LGB RSGMEM tag= 0,8 F KW REF R/ ATER S pt i
OEEPEIAE L IAXETZE
p=T; q=NULL; found=FALSE; 1=0; /[ ¥iht.oBHEESE S @ o WIGE
while (p && !found) {
i = Search(p, K); / FE p->key[ 1. . keynun HE & ,
/11818 p >key[i]<<=K<p->key[i+1]
if (i>0 & & p->key[i]==K) found=TRUE; / W PFHLEBF
else {g=p; p=p—>ptr[i];}
}
if (found) return (p,i,1); /S BRRE
else return (g,1,0); J BRI, IEE K AEAMEER
}// SearchBTree

& 9.13

2. B-RIBEHT

MER 9. 11 W, B EH T ARSI ELRREE: (DE BHFRE K
(DEZGRPRXEF. AT BWENHFEEEEL VAT - ERBERERAE LT
BCEEE 9. 11 PRAEKID,ME—BERBERENFHHTH, NEHA L RBIEH
pHiEESE AREATPHERRANE AEEAANMTFERRITEERENET K
BXET. BREBSEFT - RERULENEFFHT-RERERATHEZH LA
B, ERE R AT AR KB SR LB FATELS SE BN EMERY 2R E B-R#E
REEMEERE. ‘

REEBRFHER MR ELEREBWLEINERERE. BHE, & N IMXEFH
m B BB AKRERE?

HE-RIHH BR. % BWHEX3 K B LA ERRESEEMNARD
KBE, ZLHE-AREFZEFRAECH 2 33, R 2-3 48D . Bt , HREFAES
2B HMBRE R 2 (B FHERRN 2 HRBFANAB<O6H, WHRERBH 3. R
2. BRBTRER G MXBEHDBRSLTA=7(BE 9. 15(g), Wt , 848 K& S
B REM BT MR /NEH .

— B BB A A AT 2R SO AT BT IR E R (1 B m B BRI REAEY
B EE.

REBRHEL. BE—-RELEINEGRGE_RELE 2AEGE B THREZIN
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N=0 N=2

N=1

[ w T o > X

W
(a) (b) ©)
N=3

N=4 N=5
G 8 2 &0 G & D
7] (¢] [¥] [¢] [¥][¥][¥][¥] [¢][¥][¥][¥] [¥] [¥]

@ (e> €3]

& 9.15 ARXEFHEMW BR
(a) 85 (b) N=1; (¢) N=2; (d) N=3; (&) N=4; (f) N=5; (g) N=7
BAERRERZLEm/2l BTH MNE=ZRBELH 2dm/2] YNGR ;s R KK
BB LI EELE 2dm/2D A& T IH1 BRSESATTEE. & m B BR&
AANARET W FEANERARIRE SR N BHKE:
N+1z=2x (m/2D"
Bz

zglogr,,‘/ﬂ(%)ﬂ | (9-21)

BHLR B AEAA N AT B EAFTERT SRS 55X B 5 0 B
13 R4 S BOR AL logra (D5 ) 1,

3. B B 3 A Bk

B-# 09 4 Rt B S B , B A SRR F TS, i F BR4 PRI
W= m/ 21— 1, F b, B IRIEA — AR BFRRIER FRM—A0HF55 5, TR Y B
BEENENFLRRESFRM— D RBT BRSSO RBEFENIRABE m—1, W HE
ASER B MBE LG SRR mE 9. 16 FimR,

Fign, B 9. 16 () Brachy 3 B i B-1 (g 25 F 45 5 (BIEF 45 260) B TR KIS
AREET 30,26,85 M7, HAHELSERMENBAMNME. BB «a BEHITER. HE
B0 PIFEALE » d B RF T« d PREFHEA R 2Bl m— 1D, B~ XBEFHA
FEM. A 30 JFH B-RANE 9. 16(b) B . [BE, Bl & R E XM T 26 TRRIHATE
*dBRF. BT xdFREFHRE D 2, T FH « d P HEHB NG A XBT 26
REAJEPIN R IRETE « d P MR F 37 RER SRS A8 B3 = 4
MR« d B, A M T 30 FIHEREE R « ' RSB EH B A BI XGRS St BT »
bARTHRBFHBARARBL 2, WHEAZR. BASFH BRIE 9. 16(DFFR. %M
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B 2+ P A 85 ZIE WA R MM G5 AW 70 T/ A BIBURE AEf . T x e
RBFHEBT 2, MBERPHAER + e Fx LK 9. 16 FTR. BEEBAXRT
78, xc,x b ¢ a MG R, IR — DETRIRER x m, A 9. 16(h) ~ (D PR,

¢ d £
(3 12) (2 )d( 37 )( 50 ) (351 70) (100 )
(d)

(e)
B 9.16 7& B-RPfiTEA BB FE L
() —B2-38; (WA ZE;: (D) BA26ZE:
()~ HABZE: (W~ HATZHE
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bt

& f
e ) 3 H(Cs0 )

¢ d &
2z ) Caee) 37 (500
6]

Bl 9.16 (48
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BRI T ER SR ﬂ
B *p BEPFER m— 1 MRBEF, UBA—NXBFZE ERPETHFERN:
vaov(Kl ;Al)v"‘y(Km vAm) '

HEF K <K I<i<<m
HEAFETH « p EE AWK xp M x p AR K p BERFEHRBEN
Tm/2T —1,A0, (K A1) seee s (Kl -1 s Afmszl -1) (9-22)
*pBEEPEERR
m—[m/2] 2 A2l s (K szt 10 Arzen]) o000 s (K s A (9-23)

i KB FE KrnMEsr » p —BIFBAR = p WIGELE 8T,
B EHAXEFNSRMERE 9. 14 R, P q i BB EREBH SearchB-
Tree & [F A& B 1%

Status InsertBTree (BTree &T, KeyType K, BTree g, int 1 ) {
/ EnH BT L5 A « gy key[i]5 keyl i+ 1JZ[EIHARREF K.
N BB AR, NERESEATLENS S RFE.E TOE ol B#.
x = K; ap = NULL; finished = FALSE;
while (q & & !finished) {
Insert(q, i, X, ap); /O x e HFEAD q-—>key[i+ 1]f g-—>ptr[i+1]
if (q->>keynum < m) finished=TRUE; / AR
else { N ABER xq
s=[m/20; split(a, s, ap); x=q->key[s];
/) q-—>key[s+1..n], g—>ptr[s, .n]fl g->recptr[s+ 1. a]BAFLE K * ap
q=q—>>parent;

if (g) 1 = Search(q, x); JOEDGEER ra P ER xHWBEAME
}/ else
}// while
1F (1 £inished) /T RAR (B aWE N LR E R A E S BALE ol x ap

NewRoot(T, q, x, ap); / R FEBE(T.x,ap) HHFHHBREER » T,J& T M ap H T W4
return OK;
}// InsertBTree

HE 9.14

RZ . E5TE B EMEE—NRBE, WELEHRINZREFIRES A3 NP BB
2 EBRENARTENELRRE S RPN EEFHAEARS Fln/2], WMBRER, &
MEFATGI"E R MBRIE. BEFMBXBFNIELRRSE AP K, UAT LB A Br
BFRTPHBIARBEFYERK . REAEHEMNNE S M E Y. Flm, E£E 9. 168
B-# M2 45, AT LA £ 5 S A 50 BAR 45, R « f g Pl £ 50, Bk, FERAT
AUAFTEHBRE TRELRESPHXEFZHER. ET5 3 /A6

(1) BB F LR P RRBEFRE RN TIm/2 W0 RFMILL S &%
BF K MAMEMNIEE A, WHOREAMIS AR, G, WE 9. 16(a) fiR B il k@ F
12, WERE R B-RE 9. 17(a) 7w .

(2) BMABEFREE S PHERFTHRESE FInm/21-1, M5 %% SAHBKA LS
(BREREOEAPHELBEFERBXTI /211, NERRABEAPHEN(HE
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bt

f

Ccs D) (d 37 ) (50 ) (861 70)

(a)

B’ 9.17 7 B#h BB X BRFENIEE

ROWEBF EBEICEL ST . MENEESAP NI TFERAP)HERKXLBRBFRX
BETREFMXBFEHELSSP. FlW. MBI 17(@F Mk 50, TR HARBLERF
K6l EBExe B8 MK e GRFHBBE«LATHE « { M x g PRBEHAY
AAFIm/21—1, PGESL SPHRBZHB AL, 0E 9. 17 iR,

3) BMABFHELESMEHSHABEETHLBEFRENEFIm/21-1.8
BRGEHRERLE, BREARBE Sk SRS AP WEs A g, Mamxxgs
ZECERESSPRANCEF B M EDCELEEPHLBF K —8, §H3 A
Frigpgah CERAEARS, MEHZTAENALE S . fln, NE 9. 17(b) Bz
B-Awf o i 2% 53, MBI 25 % (4580, 308 « { TR RIRE R (B S MIBGE » e AP
M6l ~EAIFHLGRAE R xgh. WBRIEHWME 9. 17(OFTR. WHRELENELS
BB TR ENTFm/ 211, WK R HEAE AR B AL ER . B0, 26/ 9. 17(c) B9 B o
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MEXRFEITZEIGEDHEAPHRERCIE DO MMEIGE » a AP RBF 45
—BAHELARFBER »e P MEBREH B-RINE 9. 17(D Fr.

BRI HBRESHNERERATER, FEES2NSEHHUIIEECEH,

4. BT

BRI XHRER TR HK—FF BRETERKO, —F m B BRI m B
B-RMWERET:

(D EHEnBFRHESTER» NRBFE,

(2) TAKM FERTESTT 2N XEFHFEE . RN FXERBFICRNIELH,
B 785 A AR SRR F B K/ B /N KR P48 .

) FTARIERRESTUREBRERRI B SRAPNEFRFROBLESOPHE
NG E-LNE S

BlanE 9. 18 FraR A—ER S BY W BHE B" W EBABWALEE, - M EMBE
FoA—NREXBFERNHFEA. L, TN BT HATHHEREE . —FEN
B/MRBFRBUTER, 5 —MEMNRE ST, HITHEILER.

4: 15 ——21 3744—(51 59 )—(63 72 )—(85 9197
|1 P11 P ol RR

B 9.18 —4R 3 Hrag B #¢

£ B W EAFTRENL AR WAMMEBR G B REA L5 BRAEW. REEERN, &
LW R EMRBFETREM, AR L. M RSN FTHIMF4 5. B, 7% B"
B AEERED SR . BRERBRET - FARAN TEENERR. B RHERNS
HEBT B-#. B WEBAMNEN FAEAR E#HT, HERFHXBFEIAEATF m HE

SR e FE kT S w2, e enmnes

RPN FENGEXRIERPHRARET . B W MER G UE M F4 25T, 4% F
BRFPHBAKBTHEMERS  REELRE NP HETUEN - DR EBTEE.

ERMR 8455 b @F WA F[ 2|0 AR %502 3 2 BIFA BRY
%4,

O FHRER.ECARBAEFEXGHT.
o 246 o



9.2.3 @&

@ AR F B BB (Digital Search Trees), ER—FE =2 M, M REINEH A
FREAE AR XRBT, MERSEARLBRFHNFS. Al HXBFRME,
W Eh REs—AMRALEXBTFRAFMUESFTREE 1M FHER. XHAWESH
HARALBFHRMNBERWTRITE,

BEEWMT 16 T RBFHEAR

{CAI, CAO. LI, LAN, CHA. CHANG., WEN, CHAO. YUN, YANG, LONG,

WANG.ZHAO.LIU . WU ,CHEN} (9-24)
A ESENTHERTHE.
HRAEREEFZRARKBENDIRS T8

{ CAI.CAO.CHA.CHANG,CHAO.CHEN}, {WEN,WANG, WU}, {ZHAO},

{LI.LAN.LONG.LIU},{YUN,YANG},
REMHPANRBEFIERT 1 W TFEBRREAFEFRARH#THE. EHETHE
WAEBFEZT 1A MEFRRE=AFRAFRETES Y. KEEXR, AZENMDTE
FRAS—AXREFNIE. BN EFERFI CHESTHITO TR TE .

{{(CATD) .(CAO)}.{{(CHA).(CHANG) .(CHAO)} .(CHEN) }}

BR.NEES . FEMTEZRANBERXZT AR ERR, XBRWEER., 6
W, ERESREAFTHAE. 19 FiRKER KRR, PR AWERTRHIRR

()
O (L) (%) Y @
A OB OROROICIOIONOIOXE

DO @ OOEOOO®E®® ®® ®
OOO®O®E® OO OO ©

©O®® ®® ® ©
®

B 9.19 FARN(O-20)EBMFEN -RER

HFEHNCLWYMZHSARBTTE. MREBIM T8 SBREPE AN FRHERY
FREFR—-TRBFE . HFEATHREMAS SERTHERNER. EH TEALEE
B mZXRTICRNIEH .

ATERMBATE, RNAEBHEF M, HR B PRBE L ZEK SRS
AEERAR FHFABERN S DT EMFR.
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BB LS.

(D URBBETFRPHERRRREN,
WMEANDXE AR 3 A symbol 3. f7
BT — T s first 3. IR RIS —
BRI 35 4t snext . FFHER A A LR
#4t. FEAT, - F 4 S infoptr BFHEE A
BRBFIORANE . R SRR AR W &
. @0, & 9. 19 BT R 8 B XUEE A o i
9. 20/~ (Bl Fh Rl 58 — BT, KR Eo
B .

ERKERT M T H#T.RREEHE
3 K. ch(0. . num— 1), H s K. ch[0]E K. ch
[num—2]RARFEXREFEH num—1 HF
%K. chlnum— 11 HERMF § , AXUER B
B4 & R first 54T R BB — B TR BB L 2, UL K. ch[0JF1 S5 S ) symbol 3 1
B A, WK first ML T —F/4, B next BIAFFER. HFEES"HHEEK
A, AR .

9.20 WERRH

MR BER R AU T SRR
# define MAXKEYLEN 16 / RRENBAKE
typedef struct {

char ch MBXKEYLEN] ; /OREE

int num; // f%?ﬁ)ﬁ
}KeysType; VES £

typedef enun { LEAF, BRANCH } NodeKind; // &5 &H% . (3T ,4 %)
typedef struct DLTNode {

char symbol;

struct DLTNode  next; V18X 0-8: ki s

NodeKind kind;

union {
Record % infoptr; /TR KIE R
struct DLTNode  « first; // XS BETH#4
}
YDLTNode, * DLTree; /O R RR

WMAEFER A RICRBRAERFE .15 LH,

Record * SearchDLTree (DLTree T, KeysType K) {
W EESVEN THARXBTS T KWICH, EHFE, WEFHEFZKIE R M35, &R [ %
/23y
p=T->first; i=0; Y/} L4
while (p & & i << K. num) {
while (p && p->symboll=K.ch[i]) p=p-">next; / ZHRXL@BFME i £
if (p && i<K.num-1) p=p->first; N OEEBRT 1

+4+ 1
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y / BERER

- if (1p)then return NULL; / ERARI
else return p->>infoptr; /BRI
} / Search DLTree
BiE 9.15

B PENEANBAE d MERFHE" AR, EXBTFRAT N d=27,FHX
BERWE, N d=11, BROEE L WBRTXBFPFRRBMLHTE. BREXE
F S BEHLAY (BP Se i op 45 — (B A A (B A ME R AR D M AE U P R g — B iy

Slziﬁﬁﬁi’ﬂﬁﬂy%(lﬁ%l) o XBBRE T B FR (A BB T FE DU

HITERYTFHERKE N 1+,

FERE W IR ARMBR — N RBF MY TENPREANE J EBASMBR— R TR,
EHAFEER.

(2) HUWHZEHERRAEN, MMNENERPEER 4 D EH L L B R
N Trie 0, EMNBRIENMEREAHTERNBE LIS RBRAE -1 T W
ARZEBE EFAERESR— TN TR, AN TERPAEXB T REmIL
TR SER. B, B o 19 BRsR b, W25 N ZBI% KN 8 W AR, AR 9. 21
HMIRLEY Trie Wip RN EHXRBT ZHAO RHEXERERH T4 R, B, 7 Trie i
PEHRHE A A XEREH d T BN M EARERFESHEEN IR E
BUBO MM FEA R (EH REF BB ISR . XL P AREER, 84
XA RERNHFRYHEIGRE R P EERZE RO MBI ELERE.

$ABCDEFGHIJKLMNOPQRSTUVWXYZ

HiﬂHJllUllHlIHlllHdlm
B_A | A 0 A E U
Illln Han Jdlﬂl nEnN

U

0 | & n|®
RS (o> S @ B D

A lE T T1]

L 1
s o - GAN® QU

el T el 1
B 9.21 FERO2OFXEFEMN Trie W (FEFE=5)

fE Trie #f E#fTERNI RN - ARG RHE . ENGEEMMNREHZRR T, E
BN TFHLETTERPHRBTMAEMEME, WERR E4XE R TN EME

@ trie XA ERM retrieve(B AR B P B YA F TR, BFF (try) .
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MR BT 2, MM B SR LB F A B EFAE, WERARL . HR

typedef struct TrieNode {
NodeKind kind;

union {
struct {KeysType K; Record = infoptr; } 1f; / M-FE5K
struct {TrieNode = ptr[27]; dint num; } bh; [ HEER

}s
}TrieNode, x TrieTree; V- 1E3

W RR ERBET AL 9.16 XHRLZ.

Record » SearchTrie (TrieTree T, KeysType K) {
JOERMTRERRBFET KHILR,

for (p=T, i=0; /M EKBENFFENER
p && p-~>kind == BRANCH & & i<(K. num; VAR Y LA

p=p->>bh.ptrlord(K.ch[i]}], ++i ); [/ ordD REFAEFHERTFS
if (p & & p-—>kind == LEAF && p->1f.K== K ) return p->>1f. infoptr; / ZHHREI

else return NULL; / BRARY
} // SearchTrie

Hix 9.16

MERERASBARN, EERBRINET -FARBHTEINEE. Flu.ER-
9.21 b . BHRAXAF CHEN KIS BN - AREHR « HE . Z B VAR BEHEH THA
3, MAEHL CHAIWHBAMBER «c ME . ZRYEARH e S, B TRERPAFE
FUAHB RIS A2, MERA R dtt, HAERKEEEKSTHEOEE. RITAT L
MRBFEEF—FFERTE, LA Trie WHBRE. Fl, R\O20OPXBTE
MEF LI T 28 . BEETRARTRENTEZE . R EBA—TFHAR S
HEANFHE BEBEAFH - WEXXAH. hkBBME 9. 22 froR K Trie 8,
FEER LR THESRERNE L RAM TERIHELE=Z L. BTRE Trie

c L WXYZ
AI— [e] il [yl Tele]
G |1 N O
» G N U %
% CAT AND) | (WU
@ A N G| N
[ Tl Tel |
CAOD (CHAI
G 1 U QAND QU

F9.22 MO20XRBFEERAD —FHEEBIMN Trie MEFEE=0

© B ord B K. chli | FHRERBREAFHEFHRTFS HFEREN S HESHE.
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REROTREE , % AT Trie WERKEEN LWHAHE (—1 ZEAE AN XBTH
BEAR—t T A, HHEEEE, NAHEEN FELPREELBILAF LA, =
SR AR AT 43 3T B RO R B R

TE Trie ¥ b 5 F 347 3 A R BR , SR 75 BEAR ROt 33 A0 B — 8643 SCB . S5
X EE A nom SEEE R 16, E AT BRER.

WUk I Trie B 2 BB OB RFNRRATE. ENASANRES. AEARKNE
LSRR T I A 5 S I R SR ) Trie WA MBI XUER E N GE.

G RITETR, ENMERIEBREMARG IR E. ET —FARATF
(AR m S D M ER , R RO KB T BB . i TR EE BRG] B
%5 R B BUE B B IR A R B R BUE IR A T E T F R IR KR B A 47 .

9.3 M Hu =

9.3.1 HH4ZMFEER

FERTE T IR M & R M (R MR W) G IE RELS W PR EX A B R LA, fid
RMRBTFZEAEERENXR, B, EEWPERICRNFTHET -RAMCBTH
i, X—BAERTBEEIA IR HEME., ERFERN, KENERI="5
AR AR IR AR R AR B ARN, KEKRER R ="H
“>73METRE. A RABERKE T & RT R P I EATRY LB

BERHLERAEAGSEM LB, —REFEREEBITEICE, BRLHAE LR
FREBMENXBFEZHEL - TMHEMMNXER fLEGNMRBFEMER P —ME
—HIFFREM BN, AWM EE R, RERBXMMEXR fRILAEEK K&
K EEMTHEEXRBRTH K MERER, MWLEE ((KORFMEALE L, Hilk, A%
BTN HERBEEILR. R, RIOVRX DX KR £ 8% (Hash) ¥,
BEXMERETHRIRAER.

BRI AR - BHERNEEHANGA . BRERY —KLEH 4 MHXHWEREK
ARG R, BN XA —NMER, IE R B HETN .

ST WX % BAO Wk fal

BRI — 484 CL. 30 RAFERX KR, B CLIRRSH i (XM A D
. He i EhicRNEBE, MER RS DRNEMEYE CL]. M. Bt
MamsHh LWEREEAFLRHHEREAD, RERSY CL1IME BT, BRmiEx 1
BHE SRS R WIS A R f(key) =key., SRTT.REZEH T KPS R EOIF A0 1
B, WBUNAE. R TEREEN UK AERIRET. BRBXEUNENETHF
FRA WL MBS 7 BB f(key) =key, T £ H EEH BN RHBE, H T
EELRBRAE, MBI LEXRHREER: (DRXBFPE - ANFREFE
RAPH P S IE A k¥ Bl .BEJING WM HRBENFE B EFERPHNTFS,
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BT 02; (D EREBFNE —MHBRE N TFREFZRPOFESZM, R H X
ASFIUE 2 H 30K A, IS 30, Fn. TIANJIN fE BRAF/“T"HN"HF S
2RI 34,5 04 N E IS A R B (3 ERBMNFHE P F F 84 ASCII
R3S BARED Z B A B HIE R R G R X\ 3k 5 B0E BUR + i i BB R L 30
BUAAS, 4B BN M E 30 MihmF i, M. HENAN (kAo & F 80
“H?F1“N”, & {16 ASCII 3 2 #1K (226)4, BL(226),0 B L (30) B R ¥H 16,0 16 A
HENAN 7 R 80, ENC R EREH N TRE. ERAOSEHRD B RBFEX
3R RFEA A EPE R TS A R E IR 9.1 fr3.

- R9.1 BMANKEIMTH

BEIJING | TIANJIN HEBEI SHANXI | SHANGHAI SHANDONG HENAN [SICHUAN
key o | ko | audo | wm | e WK | GmED | ami
fi1Ckey) 02 20 08 19 19 19 08 19
foCkey) 09 04 17 28 28 26 22 03
faCkey) 04 26 02 13 23 17 16 16
M A5 F 7T I .

(1) BHBREE s, AR ER BN BREBRREC, AE@FELMEeBRFERK
BB A EREREERRAFEEZN;

(2) XA R XEF ] BB R — 8 Atk , B keylkey2, T f(keyl) = f(key2),
XA R b 32 (collision) . R 18 A of BUE B9 6 8 7 3 M A o BOR BLAR i B X 3a
(synonym). #liN.3%4 5 HEBEI #1 HENAN A% ,{8 f, (HEBED = £, (HENAN), X
. f, (SHANXD = £, (SHANGHALD ; f; (HENAN) = £, (SICHUAN), XF IR B
R REME, MAES —FEH BB T ENUTE . & LRMTIX 4 MHE RS
a2 19, CLIOREEFR — MR, A KM 3 MERERERPH AMER?
HHE A EE 3P ARERE A BB LAE 08 & B HGES &8 7T LA A 3 Bh b 32
HER. FIREXTHF . RATEEA 30 E 3, o LMFH - 7IX 30 MREF R,
WA LR A RBOR B R PR KA.

R E—BFAT R ABRTEHAS , MARRTLRAE., BN, BHEBRRMNX
BEEABMUESHRE., EF  XBEFEASUBR . ENCROENATTHBHYXE
FomhlEASNTRCABRARDOBUEE, BREKN o, Wit X 0 B n—1. #
mZECEFHRIEFRFPAIXNERTFHHRRFEL KR EER., EREDH B
ZERHMABFEANAUIFATRTENREE BRIEFRRAFEXHUFZENEN 8 L
FRZHF, WXBFEIRFOMES KN G, » G, » 71 =1, 288899 X 10", Wi & — 1
BREFPFHAMARRAEARK,.#ERKN 1000 2L, it E4PFHTER O B 999,
Bk, — BT A R R— N ERBRR, XA R e AR, Ei, EEES

® Hash(BFEIWEERERE.
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FHENANBERE NG RBE R BT EBERE —F R IT .

& EHR, I THREH R RIERE QAR R H (key) FALHE 5T 5 30—
HEBTRGD — NG RN LR (R ED L, UXREF LR PR ER
BRERPNAHALR, XHRER IR R, X —REIRHFE N B HERREAN, HE
R i B AR A it sk # 3 bl o

T 43 B A R R0 AL 2 eh SR I 0T 3R AT I

9.3.2 MERWHWESE

HERFRENTERE. EARERTEZH EAREVARI AR F HGH
BREL .

EXTFREFESFHE—TREF, S0 FH B PG B H bk 84 P EA— A Hak
BIE SR A 50, AR 28 7 IR O 9 B B (Uniform) M & BB 3. BAE B MR X
BEEIRE R R — N FEHLA AL, Uf@ﬁ—*ﬁ;@%?%"“%ﬂlﬂ:ﬂ’jﬁfﬁﬁﬁ
A HE X ] 5, ATTR A R

HRRNWEWRARBHTESR -

1. EEEEI®%

BMEABFRRBFHENMRERPE I BABIL. B

H{(key) =key B}, H (key)=a * key-+b

Hia Mo HEBRCXFBRAEREUME SEEO.

Bl . E—1M1FHE 100 F WA DEFGRITR, HP, FRERDXBFE, BH KRB
*BFEE. MEI.2HF.

9.2 HEEHRBENAZ—
ik 01 02 03 25 26 27 100

Eiy 1 2 3 25 26 27
A 3000 2000 5000 1050

KR EEWHIR 25 FMAEZS, M RABEERLE 25 WA,
X E - EREEAMAOEESR, XRFREN, B BERBLRFN—5%K.
H(key)=Fkey+(—1948) ,10% 9.3 fims.

%£9.3 HEEIUBRERHGZ=
Hihk 01 02 03 22

FE 14 1949 1950 1951 1970
AB 15000
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IR, EER 1970 AR AR N REAS (1970—1948) =22 TIAI A,

HTHBESHFEELESMLRFESHIPEE. B, TFARKXBFA
&REmE, HELBRPREEAXMHREBERHNFELMRD .

2. MFRWE

BXBFERL » HEMFCN 10 RN T HHEO FEMFRTTRE AR
FBFEEFLRMER, WA BBRFOE TR AR AL

BltnA 80 4MieF, HEE TR 8 AL HEHIE . BMHFRNRIKN 100y, , W 7] B
3 B RIS A db b . BB ALY SRV 48 B A A sk R B A v e,
FBENDX 80 MRBFEF. BRI S0 NMKEFFH—HSWT .

oo CO o0 00 00 0 0 00
[ = T e
B> W W W Ww W w W
o T W N D 00 N
. Loves
W o A 0NN = NN
W Wl =W 00 W o NG
G WUl O H D N R W
[S2 BN TS I B I - I o o

O @ Q0 ® ® ® © ®

MRBFEEHSTFRITIEZA . FOOMEMRES 17, QM ATHER 1.2.3 R4, %@
fr LATREER 2.5 B 7. X 4 AU ARAETE. B TR E R 4 LR R R R FREYLAY, H it
AR AE R R AL, SBCE R R 5 5B AL B IR S & R AL e A it

3. FHEAP %

BRBFLHEHOPRILA ISRl . XR—FEEANWERSHRER .
BEEEEHFEYUNA—ERAMEXBFHSHHEL BREFBILLER—E4E. M
—MNCE T JE B UL BB B — B AR K, i AR BEVL A R R B F BB &
Mok R FENLE . B B R IREE .

#lan . BASIC R FH MR R — MR FR. BRI BASICET F AT
REN—NFH R FEHN T . EHEVNRTRARANA#RHBEERFSMK
FoE 9. 23 iR, B RFETEINFRARHMBIEHARE. BEERKH
S12=2", M AT B 7P 5 Bl O fu B oAbk, i, B 9. 23(b) 5 i
T—EAR R RENTH S A k.

4. B\ '

R =BT o B SAL B R 8 LR 4 (B Ja — B8 20 9 L 80FT AR RD - 4R J5 B L 38 4
RO BN (& R BEAD FE R G i ik, X 7 R PR M T B 1k (folding) . RBFABRE Wi B
KEFHRE M EHFOBEREYIE, TRURAT BRI RA bt
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A B C -~ 2 0 1 2 =« 9

01 02 03 32 60 61 62 71
(a)

i ® P (g’ My Mo bk (217 ~2°)
A 0100 0 010000 010
1 1100 1 210000 210
] 1200 1 440000 440
10 1160 1 370400 370
Pl 2061 4310541 310
P2 2062 4 314704 314
Q 2161 4734741 734
Q2 2162 4741304 741
Q3 2163 4 745651 745

)
B 9.23

(a) FROAHMBRIMER: b HFIRFREB Rt

wim . H—-FEXEBRAE - ER R ER RS ISBN) . ER—4 10 A8+ 2 )
BT EZUEEXBTFEL —MRHR, GHEEBRHEART 10 000 i, 5 R BT &
E— A RS A R . TR B E T B B W LU B AL A i A A B B R O ik
AL B R R BUE B B — T R AR AL R 55, SR S5 RN 5 B SR B R A — 35 1B 5 — o v
SEIFRRE SR, REX M. 0 EFRAERE SRS 0-442-20586-4 Ky A ikt 43 Hi 40
9.24(a) M (b) BTN,

5864 5864

4220 0224

+) 04 + 04

10088 6092

H{key)= 0088 H(key)= 6092
(a) (b)

A 9.24 BT ERRKEBBFaI
(a) HAr@in; (b) EFBm
5. BREBABOE
BREFEENMARTRHRRE n 8 » REFBREIWH L. B
H(key) = key MOD p, p<m

XRE—FERE, UEEANHERFREEN T L. EARNTUN LR FHERE
(MOD) , b Al T & F AR FEEZ FBE,

HEEENE EEARER/BOER N p WEBREE. & r ENAR. 5574
M XiE. #EETE3NF.

BERBARRAFETBEITRN _HHRBRAICHXBFEFWRRAFPENFZEAFA
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INEEEI B R RGN p=2°" BB, XPEREITE I REBAEALHR, K XRF
EBEEAGTRMN 6 L osrhl. XETHRXBFHRAARMERZBAL. AW
BT RS — A F AR R RRF, 10 al,il, templ,cpl %I RN A F.
EPESBEHRATF o WFEEA pfBTFHXBFHG I pf KHEL.
B, N p=21(=3XDn, FHEHEF 7 HWXBFN 21 RENBHHIIGH 7 K
& E
x| 28 35 63 77 105

rS A Hhk 7 14 0 14 0

BHE TR xy B yx, i x.y B FR, LB ENTRPLEEURS (6 AL Z )

BOA (O F (), W ERFTAFRIRF BB 50 518

keyl = 2%c(x) 4 cCy) Fl key2 = 2°c(y) + c(x)
BRABRELABEREH AL, B p=tq.t BENHER ¢ BEANEH. WY =38,
FAXBFREBAIEEN 3. HXH

[H(keyl)— H(key2)] MOD ¢

={[2°c(x)+c(y»)] MOD p—[2°c(y)+c(x)] MOD p} MOD ¢

={2%(x) MOD p+c(y) MOD p—2°c(y) MOD p—c(x) MOD p} MOD ¢q

. ={2%:(z) MOD g+c(y) MOD ¢—2°c(y) MOD ¢g—c(x) MOD g} MOD g
(B E— = & (x MOD (¢ * ¢)) MOD ¢g=(z MOD ¢ MOD ¢)
Mg =38, FRNK
={(2° MOD 3)c(z) MOD 3+c(y) MOD 3—(2° MOD 3)c(y) MOD 3—¢(z) MOD
3} MOD 3

=0 MOD 3

HARAMZEAHE . —BEFL T, T L& p ARBEAEENT 20 HREHH S .

6. FEMLEH:

PB4 BEHL o B, B 58 7 B BE ML R BB O B B9 M # ik, Bl H (key) = random
(key), H:#F random MM EH. BE YAXBFRERENRALEHER S RBEE
B,

LR TAEPFRARRFELERARRK S AR, @F . ZROEER .

(D R A RPN (BEEGESHEE);

(2) REFHKE;

(3) AR

(4) RBFHI A H O

(5) EFMERME,

9.3.3 AEMRHFE

FE“9. 3. 1 HrAaRme a7 b B 48 S 29 50 H W A ek BT LA /b b 58, (R BBk 4, R
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i, AL B b e RIS A R B A — T H .

B FERNIER 0O~ (—1, WERIEHXBFEIKMBFH AR O
n—DHNBFERELR, W ABHR RENERXRBFHNICRRI S 127
RS AE EL B RYEIBPATESRE — U FH H i=1,2, ks
(H,€[0,n—1]). BPZEAbERmA A bl e, H/ BN A - R &ia H, HREE
W, MERF ik H, . % H, R, BRE H,. KKXE.EE H AREW
1k, W H, Rt FER PRI,

WHE AN RN T EE THIILR .

1. FFRCE S

H, = (HCkey) +d) MODm i=1,2,,k A<m—1) (9-25)
R H(key) HREHRE: m ABREREK: AHHEFF, TWETH 3 B
(1) di=1,2,3,,m— 1, REEENFHI];2) d,=12,—1%,2,—2°,3% o, LR, (RS
m/ 2B AR BRI 5 (3) d, = DhBEALF L B Ol REHLER I B 891

B, ERERN 1 NBERPCEEREFSIHN 17, 60, 20 MidFk (BHEBH
H(key) =key MOD 11), BLE ML 7, KRB F N 38, B & K EUS 2 A s dik O
5,7, FHALRW BTk EE, BB T —ak 6, 3R BRT—
ANtk 7,505 B A Hbhl S 8 AN B bRt Ik b P RSB R IEREA
MERFFSHSMMNE. EAKENEHI, MNZEAFSH + WUE. B0
A8 B Dy BENL A B b hk (3 W 9. 25)

rol ll J3I feolirfos] | [ |
(a)

LI [ [ [ feoJurfeefos] [ |

(b

L T [ Jesfeofrrfae] [ [ |

()

L1 [ Jssf feofurfes] [ [ |

(D

B 9.25 FFFHCEILALE shAEH, BTN 38 MIERBANGHBR AR
() FAR (D) REFRMEHF (0 ZKRMBEBF (D HHIKRR ARSI, HRNEF 9,

M EREHERUFERINOABRPAUER—-IHR . SR i+, +2 B EEH
FigRkue, F— S &EMAE R i +1,i+2 M i+ 3 HIDREHEA 3 AR, X E
HEBRIBPEENFANE - TR HEREARNICREFR - NEREHHBIHRR
B —RKEE”, NELEF G RER T XEMTIERLER PR, BR, X
RMERAF. BA—FE, AREFENFHILHE B RET UAERE . RERHRAEK
W, BRI - I A REMRYHI H, M —KEWMEEF REEBREERZK n AN
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4+3G RO KR Bt AT 80 BEHLER I R Bk T B LA

2. BEE

H; = RH (key) i=1,2,0,k (9-26)

RH, ¥ B RFI A % R, BN7E R A= A sk R B B S — A& B foh st B3
WMRABEE, XFTERSFERE” EMMT I E AR,

3. FEHLhE B

WA XRENR AN REEER —REERT. RRERFREENEA
ik ZE X [0, m—1] 1k, MR — R E

Chain ChainHash[ m];

HE D BNVBREBRSHE., LAl i WiERWBEBABKEH N
ChainHash[i]f4 £ F . EHERTHBAMET UERLRKRE AT LFEF [, LURTF
A SGAZER —LKESERPEXBRTEF.

i 9-3 Ba—#lXEER (19,14,23,01,68,20,84,27,55,11,10,79)
4204 75 BB H (key) =key MOD 13 Fi4E #o ik 340 B vh A TR M A R INE 9. 26
B o '

-{ 01 14 27 79 [A

TNEENRENA

sllel

-

!Il n
5B
= 5]

W 0 N O G e W N~ O

—
o

5
o
n
>]

[y
[

g
=
>

BNnaa

Y
[\

9.26 4k bt ¥k b 3 vh SR B B G R
(Fl—E#RPRBFAPERER
4, By —MAEHEX
XUELEREN—FFE. BRWASEWER L. n—1], WERE
HashTable[0.. m— 1R EX LR, B P BER—MIC R, B RLE & OverTable[0.. v]
R FE., FAEXBEFNEEARPREFZ IR AW ER, AEEMNHRAHBLIEEB
MaAEsaRA 4, —BRAEWR BEABHE. .
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9.3.4 MERNEBRRHESH

ERFRLHTERWIBAMFEROIBEL . HE KE REERNR
RS RPOR B bk, R P WA E L BRA LR, WERT R T LB RT,
EMAEEME, NERRD FURBEERNRENLERROTERT i, B
EMFRPEMBRN S RERFTHERNRBFETAEEN NI,

Bk 9. 17 HUFBEMFHE (BRI B B RBHFRNERLE.

[~ - - TR A RGN - - -
int hashsize[] = {997, ... }; J BEREERME - TEENREEFT
typedef struct {

ElenType * elem; J BETEEEEL. ST ImEA

int count; /SR BE TR

int sizeindex; // hashsize[ sizeindex Ny MET AR
}HashTable;

# define SUCCESS 1
4 define UNSUCCESS 0
4t define DUPLICATE -1

Status SearchHash (HashTable H, KeyType K, int &p, int &c) {
JOEFBELRAEREPERXEE L KT . AERRY, U p - EYE
/ TEERERPALE K E SUCCESS; FM , LA p #8721 A AL E , 331K [E UNSUCCESS,
/e AU EREC.HNEES . tRRBARSS

p = Hash(K); /N RABWE T Hhik
while( H.elem[p].key != NULLKEY & & / ZMuBHHEEIER
1EQ(K, H.elem[p].key) ) VEIES EZNE
collision(p, ++c); N/ OREBT—HEEMp
if EQ(K, H.elem{p].key)
return SUCCESS; / ERBRY.p BEMSEHRBETRME

else return UNSUCCESS; / TR AMIN(H. elen[p]. key == NULLKEY),
/o BEEKERAME
}// SearchHash

H/E 9.17
B9 IS ELEABRAEE(EX I INTATHUEISF EWI/ARE.

Status InsertHash (HashTable &H, Elemtype e) {
/ BERREIEEARETE e BIFBCEHLMFR 0, HiEF OK; & R
N AR MERBER

c = 03
if( SearchHash ( H, e.key, p, ¢ ) )

return DUPLICATE; / RPEFS e FHRAXRBFHTE
else if ( ¢ < hashsize[H. sizeindex]/2 ) { YRR cREB LR, (c HRMETRD

H.elem[p] = e; ++H.count; returnOK; / A e

}
else {RecreateHashTable(H) ;return UNSUCCESS;} / EEWHEH

}// InsertHash

"k 9.18
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Bl 9-4 BEB9-3 TR M —H L BF A A B H(key) =key MOD 13 FIL& 4
FRU &b T b AR BT B A R a. elem[0. . 15TINH 9. 27 FoR.

o 1 2 3 4 5 6 7 8 9 10 11 12 13 M 15
[ TreToi[es]er 55 19]20 8e[7oza[1ifro] | | }
K o9.27 W% a elem[0: 15]

(R BN Hkey) =key MOD 13, 4 b 2 0 £ 573 B BFD

MEM K=84 MERTE N . EEREBBRFA it HB4)=6,H a. elem[ 6§ ]AFH
a. elem[ 6. key#84, M — K b4 H/E #Ht H, =(6-+1) MOD 16=7,1f a. elem
(7IARZ5 A a. elem[7]. key84, MR — W rp R 5 B #usik H, = (6+2) MOD 16=
8,a. elem[8]RZ5 H a. elem[8]. key=84, M A M, RETRERFF S 8.

BEBEK=38 WERSBR A RBFHI HB8)=12,a elem[ 1255 H a. elem
[:12]. key38, M T —Hhk H,=(124+1) MOD 16=13, i F a. elem[ 1312 = id%, M
RPRPARFEEXRBTFET 38 MidR.

M RABER BT

(1) BRBEREXRBTFEICRNWEHBMNBEZRBEL THEERR BT HEY
A, ERARAERNERIBNIAR - IR EHEMXEFHITHROLRE. B, HELU
EHERKEENERRFRAERBENEE.

(2) BRUBHFEMNAESHEHBTHENXBFHANAEBRTFI=ZAER - BEHR
BOABWRANTENMARNERART.
 BARBGFREAEWE R RKAERE. BRI TYINBEREKT
LAMBLSE < AR 0 A SR Rl — L BE ALY R B 7, 7= A b R B9 T BB ek M e, B O — MR O
THRENWHFEREEITH, MATREREXMNFHERKRENEW,

MEEE—HXRE, REHFRMRERR, UARMAE SR T EBINRERAS
B, EfTMFHERKERARR. mE o-3 6 o-4 PFHPMEHER, BEICROEREAE
HERIRT,.HEREO N EHERKERN

ASL (12) = %(1 c64 244344 =1.75
EEEREFRNERID W EHERKEN
ASL(12) = %(1 C64+24+3+3+449) =2.5

BERHEL AEFRNEHFIELBERRNIB P Z LR ZKRE, MBEERK
F AR AE I B IE R X AR R s T A P RA S RERUBR BB H
kA R HIC REAF HEERT

E-HELT . ABESRTERANEFR APHERKERBTRERNE
HET.

M R BB R T 5 SO

L RPEANRRE
R R KT
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e FRERAERNEBREE, EWHE, « BN REMROTRERB:RZ a B, &
HEEAMICRRE, BEHITEN, REPREMTHRERBR WERN, AEERTSTZHE

THEAXBEFH MR RRERE.
T BLER
KEFRN BRI ERERBRIH W PFHERRERN
Sam~ 3 (1+125) (9-27)

FEFLEE M EHS . RFEMEEFI A ERFNSHRERBIIN NP IERKEN
1
S ~— —In(1 —a) (9-28)

bt A BB EMNRE RERBINNEHEREE N
s,,c~1+% (9-29)
HTHMEHEREERASRI T A EBRBD A EEAF X, WA B0l E LR HF#

EERFRIH W PFHERREN . ERARINTNEEEHET LB XBF L
PEE. AATIER, ARHLEPRTERRNEHRERARIN N FHERKE

s+ 3

Us ot (14 7257 (9-30)

— KUERVEFE
Uy > (9-31)
— DIRE LRI 5 &
U, a4 (9-32)
Sk

T EALAREYLERN B9 — A A KO BT = .

AW KEN m HRHRPEEE » MERNERSRIHFHERKE. X1
MY FEREXKETHASL n+1 MR TBEN HBRR B BIEE.

BUE : (DA RIS MR P&k B RS (O LB BRET~%
f 1t R BEBLES .

HER p A TEFHAHRESREOER ¢ RATHT { REBA KRB -1
“EOUHIE AL (BIRT i— 1 RREWR 8 i RAWBDKER, MF.

=1—-"
m qllm

_n n—1 n, _n—1

pz_m m—1 = (1 m—l)

pi=" n—1 n—itl _n n—1l n—it2 (1_n—i+1
m om—1 m—i--1 ELRR— m—i+2 m—i+1>
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n n=l | 1 =n.. 2 (1_ 1 )
m m—1 m—n+1 U= m—n+2 m—n—+1

n
Prr =0 e m— 1

EI,VL'HE b *ﬂQi Zl‘ﬁ] vﬁﬂz;&%\ﬁ
gi = P — bs (9-33
Mk, SEE R m WEAERTPCEE » MERH BRI NFHERKEN

ntl il
U, ZZQ.‘Ci = Z(Pi—l —pii
i=1 i=1

=1l4+p+p+ -+ p.—n+Dp

— 1n R4 BB

1 -1

m+1

2
1—a

HTRERD 2 MORBABHAN, ZRE—CRITTERKBKHPEE RN
A BT T A HR 3 s A A bk B BT SR AT RO LRSI B . BB TR K Y m B R
Hon AR, ARANA K FHERKREN

MU EMFTR, BHERNTFHERKER cWBE MALE » WEH. Bk, FE
n 2R RINAATUEE- S ENEERNFUEBRTPYERKEREE—MEEN,

HEEENE, FEEFESMI BRI HRPMER —ME T, MFEKICRH
B EEA-TMRERAFS, UARTAECZFEAN R LAHIER.

REERAME, N TFRAEMEAMRARHXRBFE AN BT URIARENE
B R H L, R EHITERNLBFEE, BRMR A E T — 1R M (perfec) ]
AR, Blan,x PASCALEE P M 26 MREFHE TR w3 M & K5

Hkey) = L+ gtkey[1]) + g(key[L] (9-34)
He L AREZRKE key[1IHBE—MFRH key[LIABE —~ 1T FH e ANFHEK
FHFEH R, i g(F)=15,g(N)=13, H(FUNCTION) =8+15+13=36., FfiBM#
RRERIVGESASEHHE[14]327 W~328 T,
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H1oE NBH R
10.1 #% 3%

HEF (Sorting) R ENBFRITHH M ERRE. EHIERE - THETE
(RIBFWERFI . EFHFIR - ELBTFTEFHFI.
ME I BENITRFASER A TERSTE BEFEHANTHORREEXRETER
M. BREFHIBFEATURAERNEERNFTFERE HEPHERKEN
log: (n+ D=1, TTRFHRIRFRAGHEGTHFER, HEHERKE RGO+ D /2. @
BEMNR(TRE_NHFRE B HWIREGHE M HEFRIRE. B, % g
REMHEF FERTENAIAENERREZ —.
HTETFR, EEREXMEFT —THIHE X
BREE n MECRBFT A
{R,yR; " ,R,} (10-1>
HHEMNMXBFFI N
{Ki»Kzy+ 1K, !}
THE 1,2, n W—FHS prsp2s o o EHAHM B KR TR W0 T A IEB K (R
B D)X FR

K, <K, < <K, (10-2)
B EER (10- DM FFFIBA —MERBTFAH TR T
{Rp1 9sz !'"9an} (10—3)

R —FRERIHF.

FRHFE L PHXEF K, TURIZE R G=1,2, -, m) W EREF, 07T URID
FRHRKBF RERETRETNAS. &K BEXEY, NEM—MERI T
FAGHFERBIANERREE —K;H K BRRXEF WHFHERAE— BHEH
FHRIERFIIFAEFER IR U LRBFHENIER. BR K =K, (<i<n,
1<j<n, i), BEHFRTKFES S R LT R, (B <)), HEHFEFEHFIIF R )
TR, UHRFANEFAERBEN; RZ . EAREHFFEHRFIIG R, SETR,,
MR ANHFETERTREN.

HTHHEFHICREERR, FREFIBRT B ROFHENR, TEEEF T ES
PIRE: —~RENBHF HHRFHFERERETEVNENLFES P ETRHERFA
B R - RENBAF  FHOEFHEFICRORERK UBAF - KA ABEHLIICTH,

O FHKXAC-DFH"SUAZ"F UREFBHXR.
2 MABENHFTE ABERL-EXBFORFARPEORBREELT,
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EHFSBTMENIEHTHEHNEFLRE. 2ELREPHTEARESF BET—F
it SRR HERF .

NBHERFHTERE AR LEMERET S, AERE —MBEANRBRFRNTE. B
—F T ERA S ANRBE BEAERARMFEICERAMBEHIIRES TEH. W
S35 He Fp oL A2 vh AR A 0 OR IR U X P B A O R AT 4 98, R BT 4 A HEFE (XX B
e EEHE AFEEMTRHFSEE MREAREFIBF RN TAERREK
SF, A4y 3 3 (LERRHF B HNEIERER O ; (D EENHFT &, K
B (] B % BE 9 O(nlogn) s () EHHEFF , HBHRIE BN OWd  n) . AEMRE X4
—B AR, AXNBTREZHEENEETHED. E. REHEGTENLBRE RITE
Y EZE FMER) . BEERILEATHMER RTEERKEFFLUSE
HENR T B ZE R ESTH R o BrRE 8 R, AR T2 Mg EmaT s HiE .

B -EHFHIBPTAOTTARMELRE: (DEEFIXBFHOKRD;
OBERA—TUEBHZER—ME. T —TRENKBBEHF T ERUBELE
8, ME—MRET GBS R R ICRNFHTARTURE. SHEFRHCRFIATAET
FISHAEMTA: (DRFEFH—HCRFRERIEESEN —HFEAETE., ERLT
SMEROIMFHFEEAEFIIFHEBHPIMERR, MR, (G=1,2,,2— 1), EfIH
AN BRHEE. EXHFETXP, CRZEAHRFRR B LM ERE, MLRH
FUAEBBHIETR; (O—HRFEFERFREBRSHEROT, CRZAPKRFXREH
HE R, WELAHFATEBHIER, BB REHIT; QOOFHFIERESFME
— A FE AT, AN AR —MER & MR E Rt &, EHF L
BPEABIHICRA LT, H Ik (7 & P X LS R “Hat”, EHFE R 5 H ik Rtht
MEFRERBCRNFHUE. £ _MEHETRX T ERMHFE KR REF £
BEFAEMT AT XA ORI HETF . EABRITES, RFHEFH—HIERU
ERF—-FHTERH BN THRIERER, RICROXBFY IR, WEUSHEN
KRB BEF  FHHC R BERBBN .

f#define MAXSIZE 20 / —ARERPHNRFRNRXEE
typedef int KeyType; V- 3E3 £235:} 3 ¢3!
typedef struct {

KeyType key; N RBFWR

InfoType otherinfo; /oA e o
}RedType; VARGt %3

typedef struct {
RedType r[MAXSIZE+1];  / r[OJNE=RMAEWHRET
int length; A BRERKE

}SqList; / IRFFRAER

O BREHFIBRT, ARUBERZEMNRFRR MALTEA MBRAE AEHFLARA B ARD
FOERRABEER.
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10.2 ¥ AHERF
10.2.1 HEBAHF

BB N\ HEFE (Straight Insertion Sort) R— M B R HNHFEFE. EHE S BER
B—MERBEADCHEFVERFRP AWEI N CREBY 1 HEAFER.
B, B HEF 0 — AT RN BHEF TR O
R(49),R(38),R(65),R(97) ,R(76) ,R(13) ,R(27) ,R(49) , - (10-4)
BEEHFIRP.AM 4 MERERXBERMOKRFEF I WE—TF 4 MERW
HEF5 ’
{R(38),R(49),R(65),R(97)} (10-5)
BERR Q- S NMEIXREFH 76 BIBFBALRES,UEBA—-IFHHE 54
ILFHERFF, MEEBERA-DINFFIPHTERUAE ROOFTNEBEBANMLE,
REFHTHEA. BEMNRODEMAFTIMFER, BT 65<<76<<97, M R(76) NIBATE
R(65)F1 R(97) Z [8] , AT B B T 5 # B e 751
{R(38),R(49),R(65),R(76) ,R(97)} (10-6)
AR (10-BIK10-O MBI M EEBAHF. —BRELT,.H  MEHEEAH
FHBER . ESE -1 MEFMAERTEY 1. i—1]%FBA—-MEF [i]F.ZR
EB i MNMERNERFFFS 1.1 HE . ABFEERELU N TEERBAMNEN IR
FRRMA TR A, E [OJLRBEMMN., £EH — 1 EBEEWNERNIESD, T LR
EBIEFR. BIMNHEFABRIET n— 1 MEALB . EEFIFHE 1P ERERE—
BERFHTFRILABENE 2 MEREBRNHTEBEA . AEENFIIEREXBFIELEAE
FFREFIAIE, HERIMAE R 10.1 Fix.

void InsertSort ( SqList &L) {

A MIRFRLEEREAHRF.
for (i=2; i<C=L.length; ++1i)

if (LT(L.r[i]. key, L.x[i-1].key)) { VOB L I BAERTE
L.r{0] = L.e[i]; V- K oL P
L.r[i] = L.e[i-1];
for ( j=i-2; LT(L.xr[0].key, L.x[j].keyd); ——-3)
L.z[j+1] = L.c[§]; / BRE®
L.r[§% 1] = L.x[0]; / BABERME

}

}// InsertSort

W 10.1

UK Qo-OPXBF RO HREE 10. 1 #FTEEBAHFFOLIR WA 10. 1
B, @

® RORTRBTH xWER,UTH.
@ LR F-S5HFHPERPTEMA LB -1 RIEZFET.UER.
Q@ AMEERRBFERERROKFS MAFIRXET.
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[(EXMF]: (49) 38 65 97 76 13 27 18

i=2, (38) (38 49) 65 97 76 13 27 49
i=3, (65) (38 49 6*5) 97 76" 13 21 @
i=4, (97> (38 49 65 9*7) 76 13 27 19
i=5, (76) (38 49 65 72—;7) 13 27 3§
i=6; a» ds B 49 6 76 o 27 @B
i=17, @> a3 2z 38 49 65 76 o B
i=8, @ a3 21 38 49 15 65 76 97)
t BmmL. (0]

E10.1 HBEHAHFRG

MEEHRRT R ERBEAFFRERERE A5 LR, BAEHBERMAR?

MEERE, ERBE—MCRNWBB SR, A ERE, HFOERRED . LBW
AEBEHRPMBIICTE. BT —BBEAHEFHHFL. Bk 101 FEREY for
FHRBEBRTHETRNEBEESW 1 MERWRBFZEMEXR., F L. o[l
key<<L.r[1]. key, MIN{EF+ , FHEICRHXBFRTEEFTHI L.o[1.i—1]Fi-1
MR R BF UGN h R F AT I Loo[ 1 i— 19 i—1 MERER.
AN HEF S B GHEAT n— 1 B AR F, YR IERERBFIERE FH

FICATHRZHCERDE, iR HIT RBF BN KRBEER/NME n—1 (EHZ‘ 1),ig%
AREBI: RZ, YRS PiE RGBT RN EFHII (LU THRZ A “E T, B
MEBREEREKRME (n+2)(n—1)/2 EDE RGE I TR & E e N

(n+4>(n—1)/2(EﬂZ G+1 ) HEHHEFIEFRBULN, BIRFHEFF i iC Rl gt

E’J%ﬁﬁ?ﬁﬂ&ﬁ%%*ﬁﬂ R AT AT B _E 3 B /MEL AN B KB B - 39 ME L 7 0 B IR 3 A HE R A
AR RBFERNERRBEABIAIEREORE.LAHN " /4, AL, HEBAHERF O
BREZEH OGP,

10.2.2 HMBEAHERF

ME—TRITe P R ERmAHFERRE, BESLH. SHFEFICRONEE
n RN X R -MRFHEEF T . BER.BFHHEFFIVPRICREE » B WA
HRAEBBAHRF. ARTEITRWHNIE. EERBASFOEM L AR
BUABATX AR BREHRBER,. THTNSMEATTFRHI .

L @A HRF

MTRASFRNEARERE-NERFRPHITERMBEA M 0. L8RP
AT XA ERRAE R A A YR R LI, f Be AT B AHEFRRZ N I 48 A HE
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¥ (Binary Insertion Sort) , HEFHEIMEH 10. 2 iR,

void BInsertSort (SgList &L) {

A FWUF R LB AHT.

for ( i=2; i<C=L.length; ++i) {

L.r[0] = L.z[4i]; A ¥ Loe[i]8 3 L. c[0]

low = 13 high = 1i-1;

while (low<C= high) { 4/ # rilow. . high|Hif L B R G FHBANLE
m = (low+ high)/2; Ve
if (LT(L.r[0].key. L.r[m].key)) high = n—1; JOBEASEERER
else low = m+1; 7 BASEREK

}// while

for ( j=i-1; j>>=high+1; -=-j) L.r[§+1] = L.z[§]; N ERER

L.r[high+ 1] = L.r[0]; /A

Y/ for

}// BlnsertSort
W% 10.2

MER 10,2 H 58 W U748 A HEFF 7 7 B0 77 8 23 18] A0 B0 A HE U A D - A B
B8] b B T AHEF (U T X7 8 B9 R B TS R B shik A%, BHik,
TEBAHFHNBEIZRENR OGN,

2. 2-BRAEAHERF

-BEANAFREREBEAHFHOER EESGEZ . HBNRBROHF S B P B30
ERMREENRTE - MERMHB R, AERMEER . BR—H L. r AXRB KK
Hd,H5eH Lr[1JRES d[1). 304 d[1]1F BRI 5 87 5 o &b T oF 8 42 8 i
FOMBEM L r 15 2 MERERKBAR dNIZHLZEHAEFRFI P, £BHHIC
FHKBEM ALK RBFHITHR, & L r[i]. key<<d[1]. key. W# L. r[i1#5 A 3
dlIJZRIMAERFRY. RZ, W LB AB dIIZENERFET. EXHE SR,
¥ dBEBE—MEFR R, FHIEP 54 first § final 4 HI RSB FEBWE
FRIIFHE-MERAEF - MOREJFHLE. AAEREAIEHEEAS
Hii.

LA (10-O P ER@F RG], #4T 2-B B AHF WL B0 A 10. 2 iR,

7 2-B B AHET B BT RENK B h #° /8. B, 2-BE A HEE R BB R B 34T
RERBMARBAX BABINICR. FE S L IIRFHFERTLEFERIRE
REGIERE2-BIEAHFREEREENRBE. B, EFBERFIBI IR
R RARBFESH, HITREAHF.

3. RIEAHF
# define SIZE 100 / BTERER
typedef struct

RedType  rc; Ve 2!

int next; VEi-Lig:)
}SLNode;; /) BRERER
typedef struct {
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SiNode r[SIZE]; /O BHITARKER

int  length; [ EREWAKE
} SLinkListType; /) BEERXE
[y 49 38 65 97 76 13 27 49
HEFEIBRS dREWT:
i=1. 49
first 4 4 final
i==2; (49 (38
A final 4 first
i=3; (49 65) (38
4 final 4 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 4 first
=7 (49 65 76 97) (13 27 38
4 final A first
i=8, (49 49 65 76 97 13 27 38)

4 final 4 first
B 10.2 2-BREAHEFRA

B EREANBSEREAUENGH IR FINGFEHER TR I THEATER
B2BRBEFTHRAIOCHIBIRLGA FERLGA LIV RBTMBERER
MAXINT, MEFAHFHIBERNT - BB SERPRATHE I 1IN IR (5
AOFBLE AR —NMERER RERKE TR CE 2" B (E RO g R R e
FERBBAEFBADEFREE S, HUKRQ0-OFHXBFENF,. XHAHF KT END
& 10. 3 fi (FE & B id R R AR HET0 .

MEBAEFAEBRAN, REAHERFOEAREMARE - EREADNCHEF
BAEFET., MEEBAHRHEE  ARZANEUBR 22 KB ERBEB T, H#
FABPRERATHXBFRMLBEREHER. Bit, REAHFHONBERET R
on*),

B—FHE,ZEAHFHNERARRB-IMNEFEE M RENCHITIIFER, R
RERITRENLER . N TREL A F R AR, T/ IHE RHATERHS.

FEHICRNMER: MFAHRERFER BEETE IS8 2 REANE M0
B, Al B 10 4QREEHAHFEHRBANAITHE SL, BELE A PREmn -
KR BRNE-ANEH NXBFRIMSEARBATPTH I 6 MoR, HPigRNB
ERANE—SE P, % SL.r[1)MSL.r[6 B, FENTATHBESEEDN
“BETL R ES S IME RN NERINERZANAESL r[IJPHE R SEHRZE
B SL. r 1] #5 4t Bk p“6” (JLE 10.4(b)), I E— BN . EE i B/
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0 1 2 3 4 5 6 7 8
MAXINT | 49 [ 38 {65197 (76|13 |27 |49
MBRE

1 ol—|—|—|—1—]—|—
MAXINT | 49 | 38 | 65 | 97 | 76 | 13 | 27 | 49

i=2
2 ol1|—|—|—|—|—|—
MAXINT | 49 138 | 65|97 |76 | 13|27 | 49

i=3
2 3jl1|lo|—|—|—|—|—
MAXINT | 49 | 38| 65|97 |76 | 13 | 27 | 49

i=4
2 3|1{4fO0|—|—|—|—
MAXINT | 49 |38 | 65|97 | 76 | 13|27 | 49

i=5
2 31|50 a4|—|—|—
MAXINT | 49 138 |65 |97 |76 13|27 |49

i=6
6 31|50 4al|l2|—|—
MAXINT | 49 | 38|65 |97 |76 |13 |27 | 19

i=7
6 311|504l 7]|2]|—
MAXINT | 49| 38|65 (97| 76| 13|27 |29

i=8
6 81|50 4|7|2]3

B 10.3 REAHFRH

FHRERBREATTHA p BHp>i W58, WEH SL. «[i]1#0 SL. «[p], B4 SL. r[i]9
TEBMHERN s A TUNBAHAFFAENT i BFERBIMHIER WY p<i
B RS RBERED p=i Hik. B 10.4 IR REHIERHERILRE. '
BE10.3#MRT LREFHERHNIR. FREH . EEHCROIR S, BIREFLR
R/ MCRBMEULIHT —KICRZEH, B 3 KBICR, TUEHICRESTHT

3r—DWIBFRHBE,, EH A HUMBEAHFHNEIZRE.

void Arrange ( SLinkListType &SL ) {
O REBSHR SLREL SR EERIDRAR, §8 SL P RWXBFIERR

VR %1327
p = SL.r[0].next;

key i,
next i,

/e HEARE-NIEREYRE
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for ( i=1; i<CSL.length; ++1i) { 4 SL.xfl..i-1]PiEREHAEFHEFHI,
A OEINMCRESLPHYNLERADT 4
while (p<(i) p = SL.r[p]. next; S REEiMOR.FH R ESLPLNUE

q = SL.r[p]. next; Vo RMRARHRE
if Cpl= i) { )
SL. r[p]+=—SL. z[ i]; JORinE.EE MO RBIN
SL.x{i].next = p; J HE R ENIDF,E48 L5 W B while JEF L E
}
p = q; JpHETREAEABHER, VRS i+1 MORELES
}
}// Arrange
#ix 103
0 1 2 3 4 5 6 7 8
maxint |49 | 38| 65|97 |76 |13 |27 |52
R E (a)
6 sl1{5lo0]4]7]|2]3
i=1 maxint | 13|38 | 65|97 | 7649|2752
(b)
p="6 6 |6 1]5]0]4]|8]|2]3
i—2 maxint | 13 |27 | 65|97 | 76 | 49 | 38 | 52
(e
p=7 8 @im|s|o]| 48|13
=3 maxint | 13127 | 38|97 |76 | 49| 65|52
p=1(2), (d
; 8 WlMlenl ol 481513
i=4 maxint | 13|27 | 38|49 |76 | 97 | 65 | 52
p=1(1), (e)
6 6 Wi ¢]0|5 3
i—5 maxint | 13 | 27 | 38 | 49|52 | 97| 65| 76
M
p=8 6 DD ®] 0| 5|4
i=6

maxint |13 |27 | 38149[52|65]97 |76

p=1(3), (g)
; 6 |®DMD®|® D] 0] 4
=1 maxint | 13 | 27 | 38 | 49 | 52 | 65 | 76 | 97
p=(5), (h)
5 6 |®|MIM]®I@®]Mm]®] o

B 10.4 EHHSERFATCRHLE
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10.2.3 HRHEF

# JRHEFE (Shell’s Sort) X FR“48 /)% B HE 7 (Diminishing Increment Sort) , & 72
—Fh R IEAHE R 2 B0 o, (B FE B ) 3 B BRI LR HE R O SR BRI Bt

M EBBAHFOINES, HEENRIERERN O . BRE , EFHCRFF
RERTH L ANEERENERE O, ARTRE,. ERFERFIEXBFELS
BRI 5hBA T IR

L. r[i]. key < ?l?é{l“ r(j]. key} (10-7)

RICREOE  HEBAHTFNEERTRRKRB NI —FEXRE . A FTEEBAHTF
BHEMA,NAE 2 ERPRBERERER, FREFERAIFASTH AN EEGEA
HF#HTEOE BN —Rm AR T,

TEHEABAR . BHENFHIERFIN SRR IET TSN HTHEEBEAHE
F, BB I FFPHCREEXE RS, B 2EiERH#ET - KEEBAHRF.

PUKAQ-OF W EXBF RO, EBE-THFAHEFOLIR. VHEXBFFFIOE
10. S8 LATHT R . BRI SR 5 AT HF (RiLRe ), (ReyRy b sy (Rs s Rio ) o 10
E10. 5% 2 1T 25 6 TR, 2 BINB N FRIISITHEBAHF HEF &R WEIL0.5
B 7 AR ANE L ITHMBRFFBAE "ITHEFINTIBR Y —#E5/RHEEF. RE
HTE B RHEF MR TH 3IAFFI: AR RHR R}, {R:»R;, R } F
{R; »Rs »Ro ) EITHEBAHR  RERME 10.5 WE 11 TR, B NENFF ST
—MEBBASRF. ZRH . A5REFLHE ENFINCRDHEXBFIERBE FHES .

(MERBF . 490 38 65 97 76 13 27 49 55 04

49 13
L )

38 ‘ 27

76 04

— HHE

f

R 13 27 19 55 04 49 38 65 07 76

13 i? ﬁB 36

?9' 4 97
CHEHERELESE: 13 04 49 38 27 49 55 65 97 76
ZHIHER AR 04 13 27 38 49 49 55 65 76 97

B 10.5 FHRHFERH

M ERHEFFSEAT R, FREFH— AR FTHRIINHERAR R 810 Z B4
B MAKHBEN SR HICRAR— T TS mEsd, B—sHFe gyl
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5,5 — RHE R AR Y 3, i FREM P MM EAHFPiERMXBFENF—TFF5
BT — D R X B TR, B R TR/ RRARE— S - S Ew R,
TERFR RS AT B ERTRE —WINEY | WEAHFR, FACELS
B, E D T B B A B B AT sE BHE R, R LA RHEF W [ B R R E B A
HAEE., TEAEBRESHALRA REFAOTE, L ERHHER 10. 1 AERNE %
10. 4 iR — R . FRHEFBENE L 10.5 Fim.
void ShellInsert ( SqList &L, int dk ) { .
/IR LAE—-BERBEASE. FEERAM—-MERBASFFEL ETUTEH.
V4 1. fRICRMUEMAMER &, AR 1;

Vi 2. r[O]RBREERT, AEHE, ¥ <=0, BAMED R,
for ( i=dk+1; i<=L.length; ++1i)

if (L. r[i].key, L.x[i-dk].key)) { / EHLc[iJBAEFRHEB TR

L.x[0] = L.x[i];s /Y BHEE L o[ 0]

for (3=i-dk; 3>0 && LT(L.x[0].key, L.x[j].key); Jj—=dk)
Lor[j+dc] = L.x[]]; / RREB. ARBAMLE

L. r[jfdk] = L.x[0]; /A

}

}/ Shelllnsert
#Wix 104

void ShellSort (SqlList &L, int dlta[], int t) {

/) B RS ditalo. .t - LIXIBF R LIERRHR.
for (k=0; k<t; ++k)

ShellInsert(L, dltalk]); / — Rk dita[ k] M IE A HERF
}// ShellSort ‘

B 10.5

FIRHEF b B — A E 22 B0 R R, B D B )R BT B3 B R 1 B PR, X o R
— ¥ bR R AR . H ik, B B AT R LM RE ARE MR KERFS]LEX
BHNIRCBE - LRBMNER. WAAEY, YHBEFIN dtalk]=27""—158,%
IRHEFE BB I AR OG¥/)  Bovp ¢ b F B 1<<ke<t<Cllog, (n+ 1) |, BH ATE
KEHCRERM EHER . Y EEMFEEEN . FREFATHHBEMBIREL N
n'?, % ncofif, ATRA B nClogm)® . HBFFHI AT LA & R EED, (% R . L (1
BFIIFHRERAER 1 ZANAEF AR - MERELHET 1.

10.3 B & HF

X—HiT e — KRR RHITHFROTE KPP B AN —F R E AR M
#2361 H#E B (Bubble Sort),

O HtwEFHN.
-+9,5,3,2,1 dita[2]=2"*+1 0<k<s<Llog:(n—1)]

--+40,13,4,1 dlta[k]=%(3""—l) 0kt logs (2n+1) ]
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ERHEFNTEEEE. TARS— M EROLRENE - MERNXBTHIT
B, %3 FE (BD L. r[1]. key>L. r[2]. key) , I B ME RE M2, )5 L E - MiE R
FBSATRMLET., RKEE B8 —1 MEZAE 2 MERNERFHATTH
Rk, FRMERAE —RERET R R EAXETRANIIREREINRE —
MMERWMEE, REHTE - BERES, M a—1 MERFTAERE, HERE
EABFRAHICREEEINE — 1 MORHBE L, — 1.5 BEREEFREN
L. (178 L. r{n—i+ 1R R M4 N IE R L@ T, FH 7“7 2 RAT BT R,
HEREX n—i+ ]l MERFREFRAMICARIKRIS —i+1 HAUE L. B
Bt BB AT R (L<k<<n) BEFEHHERE . B4R , 1 B2 M HE Fe 45 3 o9 2% 1 B K12 “ 7 — B i
B BB A BT R R, 10,6 BR TRMEER KL, WE R
R, EREM RS, LR B/MGERIF K PR E R LB, TS E R
MIERIFHARE TR, §—MA —R“BR"NELXAHKEGES R L 4.3 FHEEXK
SRR PR .

49

w
co
w
oo
[~
oo
w
o0

13 13

38 49 49 49 13 27 27

85 65 65 13 27 38 38

97 76 13 27 49 49

76 13 27 49 a9

13 27 19 65

27 19 76

49 97

o # - % % - %

¥ i o] 4 i o} B

B He HE HE HE HE HE

= F B F F F F
)= = )= & = =

®10.6 EEIHEERD

SHREBHEFRRE.FHEL , EWHFFUREFF, N RITET —BHF &
HEFSBTHT n— 1 KRBFRAKEE EABHIER; RZ . ENHFI N BF"F

B, M HEAT n— 1 BIHEFF . |WHAT Z G—D=n(n—1)/2 WKE, HFESHREHICR

. Bk, SHREIZERER OG).

BRiE HE FF (Quick Sort) BXTEMHFH—Fhdiit. EMEFBEE B —BHFH
FFHRC R R B R, K — M IE R RBF WS — RO KRBT,
WY 4 BT X P RR S i R THF , LR BRIFIEF.

BEFHEFFII AL (s, L. t[s+11, -, Lor[t ]} B RAERER —MERCEF
A — e R L c[sDE R (FX KO (pivot) , RF I T RENEH HFIHKITR:
BIAXBFREMNICRHBLZEEECNUEZN BT AXBFRERNICRBELR
EEWMEBEZG. A TUR“NH" ERXREHRENLE  E2FKR . BFEH
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(L.e[s]s» Lo e[t} A @R BN F RS (L. c[s], L. r[s+1],, L. r[i—11} F
{L.t[i+1],L. e[i+2],, Lo e[t]} o XA BRRE—BREHF (FH KM .

— RSB HE R A B HOE R R AN 15 4t low A high, EFTEIE S HIH low
high , A% 310 5 i 6 8 ¥ 0 pivotkey, U % 56 M high BT 18 (i B & @ AT RKBHE 1
¥ F/NTF pivotkey Wi RAKBICREMLHR . REMN low I EERMFHER, &
BB A RBEFE KT pivotkey D RAMBPICREH LK, EEXPMH EZE low=high
Kk, HERMER 10, 6() iR,

int Partition (SqList &L, int low, int high) {

/ ZARIFFF Lo F3 L. c[low.  high]Rig 3, ERMICR B B RIAREME, it
A EEZHEMIEREFIRUMFE,

pivotkey = L.r[low]. key; / RAFERHE - MCREREIDR
while (low<'high) {. VN okt k-3 An LA EEE ]
while (low<Chigh & & L.r[high]. key>>= pivotkey) —- high;
L. r{low]«->L.r[ high]; . /¥ Ee AR BT R/ T R 3 B B K B
while (low<Chigh & & L.r[low].key<C= pivotkey) ++ low;
L. r{low]«—L.x[highl; /R EIT R RMID R BB R
}
return low; // iR (8] KR e BT 7 L B

} / Partition
8 10.6(a)

AfTHERBRHN, X% — R THT 3 WIS KB IHRE BBRE, ML
L EHFEIEP R RNREZERAN BAYREE- MRS R, Bl low=
high B A BREICRNBEMNE. ARTHE L RERE, SR EMIZREFE (0]
BB b HER B A RAE rllow ]8R r[high 1M B m g, B2 — M F &R G B R
IERBEEMRME E. AL 10.6 (DR,

int Partition (SqList &L, int low, int high) {

/AR L F & r{low. . highJiT & KB T R B . HR BB 4607 B BLaT
JEBZHUDEIERIFKOUMDTFE.

L.r[0] = L.r{low]; / BFERAS—-CRERMICR
pivotkey = L.r[low].key; VS S
while (low<<high) { A PR B 3 32 R b 1] o (] T
while (low<high & & L.r[high].key>>= pivotkey) -- high;
L.r[low] = L.r[high]; VR 3:4,%:: 0 TN :obe 3 3L
while (low<<high & & L.r[low].key<(= pivotkey) ++ low;
L.r[high] = L.r[low]; A BRI RARIE R BRI R
}
L.r[low] = L.x[0]; /T SR AL
return low; /B E RSB

}// Partition
Eix 10.6(b)

PR A0-OHH KRBT HH , — M REEMIBRIOE 10. 7D FR . BMREHEF T
BAUBRRNH#T. EFREFIIFRE-ER.BREEFF, EWHT - BREHFE B
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P35 B BT R BT AT PRS0 AT B HEF , i 10, 7O B

pivotkey
l
49 38 65 97 76 13 27 19
wiaRE _
S h Y,
i jl<—1"]
HAT 1 kX2 27 38 65 97 76 13 9
) M N
i —r1 j
HAT 2 R 2ZIE 27 38 97 76 13 65 49
A ¥
HIT3IREBRZE 27 38 13 97 76 65 49
N | S—
1! =i ]
HT 4R ZE 27 38 13 76 97 65 19
Ao
SER— B HER 27 38 13 49 76 97, 65 19
(a)
wWiRE {49 38 65 97 76 13 27 49}
— KRG {27 38 13} 49 {76 97 65 19}
a3 B BEAT R B HE T {13y 27 {38} ‘
#W HR {49 65} 76 {97}
49 {65} 2R
£
BERET 13 27 38 49 19 65 76 97}
(b

B 10.7 HREHFRA
(a) —BREAR: (L) HENLSTR

BEEANREHFEZENEE 10.7 MEE 10.8 Fimn.,

void QSort (SqList &L, int low, int high) {

A FFER LR BT S Lo low. . highlfE R #HEF

if (low <C high) { /REXTF1
pivotloc = Partition(L, low, high);
QSort(L, low, pivotloc~1);
QSort(L, pivotloc + 1, high);

}

}// QSort

Wik 107

// ¥ L.r[low. . high]—433% —
/H JHETFRBIGHITF pivotloc B B
/R FRBEHER



void QuickSort(SqList &L) {

/MR LAEREHF.
QSort(L, 1, L.length);

Y/ QuickSort
#Hix 10.8

R HE R B N T (n) =knlon, Forb n HEFHEFE B HI R RO £ R H
AEEARIFH,EFERBKERMEECGEHIDHEFFEP REFFHERET £
BN, Hit, REHa AT, REEF R BTN BB 0 — R AR HEF T B

T E RSP EHE T R AR .

B T RX o ik Lor[ 1. o) #ATREHF TR of A, W B B E QuickSort
ay I,

T(#) =T s (n) + T(k— 1)+ T(n—&)
Hi T DR 2 MEFHEFT — B HPEFEF Partition(L, 1,n) Fr o ], WEH 10.7
AR, EFMEHE 2 REW, AT cn BRZ(c HENHED; Te—DM Th—R) 53 5A
XL, r[1.. k—17#1 L. f[k+1.. n]d I8 R 747 B B HE 5 QSort(L,1,k— 1) # QSort(L,
k+1,n) R E . BREFHEEIIRERICRERIEETIN, NE - #HEFZE 21 En
2 6] 4 ] — 18 B #8832 4 ] , PR HE P T 7 (] 9 S 29 B0 A

Toy (1) = n —l—%E[ng(k— 1)+ Ty (n— k)]
k=1

n—1
= cnt+ 23T, @ (10-8)
BE Tae (DGO REANHED) ,LFERO-1DKHHES, AR 0-8FTHH
Tﬂg(n)=%.._l 1)+ 71‘—'1
n+1
<22 Taug<1>+2<n+1>( + + - +n+1)
<(—l27'+26)(n+1)ln(n+1) n>2 (10-9)

ﬁ*ﬁ?ul?&iiﬁ?f?’ﬁﬁdy%,Eﬁfﬁﬁﬂﬁﬁﬂ@(nlogm)E‘Jﬁlﬂ??ﬂ%‘*,ﬁslzﬂj‘liﬁﬁﬁ
. HE, EMRIERFINEXBFEFREALAFFo, REHFBHAATERHER,
HEfEIZREHN On®) . AMHZ, EHK=F A7 8 5k Tk 5% BUK i 5x . BT EL 3R

Lo s, key L e[, ey A Lo | 5 [ key = ke v ot e i 00 i,

REWIZIEFM Loe[sJEH:, Bk 10.6(b) A, ZRIEH, RA=ZFRP I T X

KB BRBEHFERNFER T HEME, AT, DEDN, A BEREHFERECRF

FRHRBTEFRHEL TR O M RIZZAE. Rk, T T R —kxlq”

FE TESE S high W 1 A low 3 1 B[Rl B ZEAT 7 HRAE, BIZE M BB~ iC Re b T4

P ot BEAT BB, IR FE B B P AN R IR B 2 Bl 18 8 $5 4F low 1 high 72 M 1 5%

6] 5 ) B B B AR P R R AT BT R B AR 18 4T low ZE AR 1 R I I B 3 g
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B EA#HTLRICRORE, WARETEN R T RETHF K04, FH 4 high %
TG 58 150 R T 9 S R A 4T SR RO BRAE , MR TR BN R T R AT HET
BRI R 5N k5 BB R HE SRR

BT A, B A B F , S R 6 T 2t B R T AT I8 B & R HERE O
HBOAEHEE AEITHEN SR TSR -BEASF 2 MRATE—MC R
ZEENA A REHFH - MREERERRER., FE—BHEFEHFILRFINIT 0L
HR K EMEE BT RS, MR KB KRE Hllog.n [+ 1(BERIESRHER . H
B EBHHEF 2R, A B R TSI — 5, WO BRI E O R R KIRE N n.
MRREEH10.7, - BHFZE LRSI B RIS 0K E, B3R EERNTF5)
B IS AT R EHEE AR B9 B KRB AT %5 OClogn) .

10.4 % £ HE 7

PR HEFFE (Selection Sort ) MR ABEBE . F—ME n—i+1G=1,2,-,n—DPIEFE
B LR /PNICEFENEERFNPS MR, BT BN A N EEBEARNE
ﬁ*ﬁ&ﬂFF‘?(Simple Selection Sort),

10.4.1 MHEEEHF

— R AR RN B  REBFRBOEE A n— i+l AR P
HRBFE/MIER,IFME A<D MEEZHRZ .,

BARLoe[L . o] TR REFHFHEERN: S N1 E2—1,#fTn—1
HERERIE B 10.9 PR, BREER . MARFHFIB S IR HTIERBHNE
R B D, HB/MERO”, B KMEN 3(n—1). R, TiCF AP HEH 04T, i &
BEAT B 268 ) 6 L B R B R, Bk n(n—1)/2, B, BEATRE BB EOMY),

void SelectSort (SqList &L) {
/) ORHIRF R LERT AR FEHEF .

for (i=1; i<CL.length; ++1) { [ EBRE L AMIER, IR BIN
j = SelectMinKey(L, i); // 1€ L.x[4i..L. length]qfliﬁ& key B /NHID 3
if (il=3§) L.r[i]e—L.[§]; / S%iNERTH

}
}// SelectSort

#®iZk 109

AR 4 » BE T i LA E DR 7
M B AT, 38 B HE AP 69 R BR AR R AT 50 8 78] £ U, DR 0 A 1R A e B HE P I
MR A e M E Z R . BR7E o MRBFHEHB/ME, EOHT n—1 KEEK,
R, REEFRE n—1 MRBFHRFRPMERIFE—EBEHT n—2 WK, HEF
FART n—1 W HCBEER 545 8., WU AT 9 4 UG &% B I B 4 F P B RO LU Bk B, LBR b
FHEPHRISEER - MEEHF. M. ESNMEFHRPRENIZELTE LY
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HE,MAR7+H6+5=18 HHBM(EHMERR  HECHN FRZ MR LEBER) .
W, 10. ()R BEEHH FERF M RFZIALEYE RN A4 BHURZIFTER
B4 AMEBEE“CHA” “BAO” “DIAO”MI“WANG” , RE LN PG RN —GRFEZ
BB EBAO”, BR ERBANENAEBRXR DERBSETHMNERSE, ¥
RBEMPE—RBLEPHATENEF . BN, ELI“CHAHM"LIU” “CHA” f1*“DI-
AOHH G HEZE, BRHBEE“CHA”, HE, X BENHEREE“ZHAO”,
“LIU”fI“DIAO”3 Mt F Z M FATERR] . #HEX MR BT 2 HNTBERHESF .,

DIAO )( YANG)(_ XUE )(WANG)

(e)

K 10.8 #HEEIBESEHE
() HERAENHEREF: (ODRREEMNFZEE: (o BEFENHGHHRE

10.4.2 WREREARE

B EFEHEFE (Tree Selection Sort) , XHr&8 R F HE P (Tournament Sort) , & —fh
BERENEEHRTEEEFNTE., BAMN M ERNABFHETERILE.REE

ﬁiqﬂr%_l/l‘ﬁ/J\%Zlﬁjﬁi&ﬁWWi B MEER, EELRBRDPRBFHRIERNI L.
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XS BTH—BE n M FEEPNEL - XRER, flm, B 10, 9P ZXHE
FM 8RB FRELB/PEBFNIR., S M TFHEAPRKRERIATZHH 8 TX
B BN EARGE AP ARFHETHE AETFEAPR/DHXETE, MRS A4
RXEFI A TESPRBPRETE. ERHBR/NBFZE REXRWAEEME,
BOEBWANLEE NFET TEAPREDRBFADBN BXE” RGN ZM F5
SFB MELEEA AN XBFHETHER . BN F4 SPIRMBEZ EEESAHX
B MARE SR AR IR/ ERTE. R, TRKELNDBEIRKOFTE LXBFE(S
W 10. 9D F()) . MTEE n AMHTFLEERTESE XM EHEE AN logn 1+ 1, M 7EH
FRRBEHFE S BT RALBF 2 ST —PRDLBENE HET logn IR HE KA
M, BRI EERE R Olnlogn), BE, XMHEFFEMARBF#SHRL . MBX
HE HTZRPEBREHRA. I THND BUEBET (. willioms)fE 1964 FH BT 5 —FIE
K BEHF ——HFHF.

(b

B 10.9 WIEEFEHF RH
(a) i B/bXEFEH 13 (b)) HHT/DREEN27; (o) HHBE=MXBTFTH 38

10.4.3 HEHERE

HEHEFF (Heap Sort) RFE —MERF/PMHBIZ R BRI RN L5FH -4
Fri#=s (.

* 279 -



MR ELIT o MTTEKFEF (Biokyo k) YR YHR T RRE FRZAE.

ki < kZi {k1 2 kz:‘
B
k,' < k2i+1 ki 2‘ kéH—l
(i =125 )

0 R I PP 51 Xt B B — R 304 CBD DA — BB 1R LR P I P BE R D B LR — 152 2
SR MR A XE A P HTA R RE NHESART (EAPNPORE.
ABTEANE. HEEFT kok ok R, M TUTR (FEEZ IR HR) &
AT 2 MR KB/MEGBRKE . B, TFIRA 551 3% , 3 5L 58 & = X i
A 10. 10 i, .

(a)

B10.10 SEMRH
() BTHRRBBAM; () BTTERRR/ME
(96,83,27,38,11,09} .
{12,36,24,85,47,30,53,91} |
HERISERHB/MEZ B ER/HKR 1 P TLROFIIEXER— %, MEE
n NTLEPRK/ME. LR EIT, BB —-FFERF5I XA SRR M HERF
M, EHBEHFEERRPRE. (DB NTEFERAER—H? (2Om
FIEHEERTEZ G RERRTERN I — T F
FTaEkities A mE., Fn, & 10 11@QRA M, BEARBRTTEZE, UkEF
BE—NTRERZ, WA 10. 11D R, WNRERNA HTHEN%E,WNEL L
ETHTFBRNA., BAUBTTENRLE A TRBREANERRZ i TAFHIRE
HWENTFETFRBE SOEBDTHELE S0 WK 27 M 97 RHZ ;i F o7 HBRT
2T ZIEWAR T A TR R, MF/LET N ERHFAKRE, EENTEA BEEHRE
A 10. 11 Fim, BT TR n— 1 DU RPHB/ME. EE LRI R BHETTE 27
MEPRE N 7T THEFEE,BRME 10. 11D FrRFE#.
BRI AR EH FRRBIBRI ML,
M—TMEFFIgfENI R - MREHE" NIRE. HREFIERE 1%
XML MNBRE—PELRRERERSI/2 M TE AR B NENBI/ 2N TEF
M. H,E 10, 12PN -XWBR—NE 8P TENEFFF
{49,38,65,97,76,13,27,49}
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TN 4 NTCEFFIR, BT 97>40, MK Z . X HSG K FFIME 10. 12(b) B, Al
B8 3 XK 65 W ZEAAMREMAE 10. 120 fin. HTH2ATR 384
RFHE A FRBOE, WTFEERFFIAZE, B 10. 12 FIANMERTE 49 Z)5
< 3 4: 0.

HH P E N 10, 11 FTR, P MR B R AL 10. 10 iR, NEHRFSE
R 10,1 WHEE—B M FICRFFIERBFIEBRA FHF WEREHFHRE

(13) (97)
I® D @ ©® ® @ © @
< (@ ® b
(27) (38)
® @ () O

()
® ®

() (C))
B 10.11 WHBT TR AEETEMNTE

() 3 (D) I3RMITRBREWEE: (o WBIFHFE,
(d) 27 #0197 32 Ji F9 34 47 VA B AL 64 3 3

B 10.12 BUBHELERG
() TFFFF (0 97 MBEZEHRE: (o) 65 PHAEZRHORE,
(D) 3BBPMBEZEMRE: (o) 19 WHMEZERRNE
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R — R TUR”, Bl S 8 — DR BENBANIERF SR HRE - TERXR,
RIEM I HET n— 1 TRETHE, EFHCARY N KRICE”, WHREEZHTF
SR, B, NIERETRANETE W THET.

typedef SqlList HeapType; N ERBIERFHERR

void HeapAdjust (HeapType &H, int s, int m) {

/) B H s o] iE RRXBTR U r[s]. key Z MW R HEAE A BB E H o[s]

/owXgE g ls ] BRI RTERGIRFIERHRXRBFTE)

rc = H.r[s];

for (§=2xs; <<=m; 3*=2) { / iffi key RRMBFE A 1E Tk
if ( j<m & & LT(H.r{j]. key,H.r[j+1].key) ) ++3; /3 key BERKICRE T 47
if ( 1 LT(rc.key,H.r[j].key) ) break; /e REBAENME s &
Horls] = H.r[j]; s = 3;

}

H.r[s] = rc; JEA

} / HeapAdjust

Wit 10.10

void HeapSort ( HeapType &H ) {
A MR B TR .
for ( i=H.length/2; i>>0y ~- 1) // {8 H. r[1..H length 8 g K TH 3
HeapAdjust ( H, i, H.length );
for ( 1=H,length; i>>1; ——1i) {

H r[1}<—H.r[i]; A BRI RS REHFTHF a1, . i)
/ BE—TEREELR
HeapAdjust(H, 1, i-1); /¥l i-1] EFEE R RERE

}

} // HeapSort
#wE 1011

B ESHER BB SR AEHAEBRMB, BX n BREXHERBRAERM.
RARHETHEEERRERWGEMR SRR ETRHRI ML L. MERER £
M, WREEFETHABFHBRRBES N 2G:—- DK, WERE TR FER
hEHERE, BILHTHREFLERBEAET 400X, n MERBTEE-XHKOERER
Llog, 741, 1 i % 2 %7 % & 8 i HeapAdjustid Bn— 13K, BIGH T W HBRE A EE

OHTH BLNEIEES R 2L UEIHRN ZUNNEER h-—i+1»ﬁl'.lﬁﬂ§|_—;—J K HeapAdjust &
HEAHFTHXBFHEREAEL TAZME:

1 1 h—1 h=1
39l z(h——i)z;;_lz" e (h—i)= 212""' ¢ ;<(2n) Elj/2j<4n

i=h—1 j= j=
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FTRZHE,
2(Llog; (n—1)}+log: (n—2)}++++ +10g: 2)<<2n(|llog; nD

B HE R E BRI T e B A KRR Olnlogn) . MX THREHF R, XL
HHEF BRI . BLSL EHEFAUR — ME R KD B AR B A iR = ]

10.5 3 3F HE /¥

A HEFE (Merging Sort) B X —KARWFHFF . “WFH"HWITXRBHHSRAT
DEMEFRAGR—ITFNEFE. ENEATRECARERBAE, TRENFHF
HEWERERTHEEN BUE O+ M FER EXH. ARBHNEEES
KBHF. BEMHEFIEE 2 MER.MTBRE - MERFHTHFILB8TTFFINK

BH LARRWAEN BB TINKER 2 R OEFFRILEEEEN, - I E

E.HAZBAN-NKEN» WAEFFI RN, XFEFTERY 2-BEHHF. flmE
10.13 2y 2-BR A HEFF B9 — T

WX WFE (49) (38} [(65) (97) (76 (13) [27)
—MEHZE (38 49) (65 973 (13 716) (27}

ZHR#ZE (38 49 Lss 97) (13 2;/ 76)

|

ZRBMFZE (13 27 38 49 65 76 97

B 10.13 2-BRIAFHER R B

2-BBHHF PR OCBRERS — SR ATREHSHWINEFFIBFA—-IF
Y, KBE G TR 2. DMA X 10,12 fis,

void Merge (RcdType SR[ ], RedType &TR[ ], inmt i, int m, int n) {
/ HAEFK SRLL. . ol# SR+ L. .01 3 HH FH TR{L. .ol
for (j=m+1,k=i; i<=n && j<<=n; ++k) { /¥ SREFIEF /P AHHE A TR
if (LQ(SR[i].key,SR[j].key)) TR[k] = SR[i++ 1;
else TR[k] = SR[j++ ];
}

if (i<=m) TR[k..n] = SR[i..m]; N OBE AR SRIL. . o] BHE TR
if (j<<=n) TR[k..n] = SR[j..n]; /R4 H SR . . nE & 3 TR
}// Merge
#iE 10.12

O BRAMEFEORESHNA mHn,
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— B3 HEF IR AR [ o [ B3 merge ¥ SRLL. . n]*R ATJE AR ELK By 1

WA R ATRR A, BT E MM K EN 2 WA PR, FFRE TR(L. . n]H,. B
AEFEEFEH T logn B, TR, LHAHEFEMFHICRERENME =M, K
B 8] &5 22 B A O(nlogn) . ’

BEERE 2-BEFHEFENE R ME Y 10. 13 MEAER 10. 14 fin., HEREWE,
BEERMWEREREI_—LBREE,BHLAERE. RERAEANBEETANSEEH
[1l.

SEAE MR, A AR AR ER-MBENHERF T E. BE
—RER T RAOMA 2-BEFHEFE#TABER, KA AWAFEFmE B IE
H 5/ 10,17 fTik,

void MSort ( RedType SR[ ], RedType &TR1[ ], int s, int t ) {

// ¥ SR(s..t)AFHER N TR1[s. . t],
if (s==1t) TR1[s] = SR[s];

else {
n= (s+t)/2; // ¥ SRLs. . t]¥43% SR[s. .m]# SR{m+ 1..t]
MSort (SR, TR2, s, m); /A SR s. . n] VAR PP TR2[s. . ]

MSort (SR, TR2, m+ 1, t); // EFHE SR(n+ 1. . t]HF HEFH TR2[n+1..t]
Merge (TR2, TR1, s, m, t); // ¥ TR2[s..m]H TR2[m+ 1..t]IH3} B TR1[s..t]
}

} // MSort
#Hix 10.13
void MergeSort (SqList &L) {
A SHIRFF R LAEEFHET .
MSort(L.r, L.xr, 1, L. length);
} // MergeSort
#ix 10.14
10.6 % # H P

E ¥ FF (Radix Sorting) f2 AT [ BT 3R & JE HE 7 ¥k 52 & A AH R B9 — b HE P 07 85 .
MBEGTILFT B AT L, SEBLHE P 2R 8 O QB o ] B9 LU B AN B 3h 10 RX W R R4, T 5K
BREHHFAFTEATICRABFHMOLE. EAHFRE-MHEDSXBFHFNEL
Xt BB KRBT HATHERF R T

10.6.1 ZBXBFHHRF

L REXRBFHFRE? KE—TREHT.
BT 52 KM EHIRFRRN -
$2< P33T PA<P2< O3 <PA
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< YW2<PW3< < WA B2 B3 A
B—KEE RN LRT LG (S<O<W<S)HMEME (23 <A, AHEE 11
RIE T 7 ST B R SN, R R A, E BV HE, ML
BREE. Hi, %?bﬁﬁﬁ%ﬂﬂﬁﬁﬁﬂtﬂ?iﬁmﬁa%?ﬂ? BERAODPER: SLHEARE
75y AT URFE Y 4 3, 48— ﬁ%ﬁﬁﬁ?ﬁ*ﬁﬁ%“%@” REFBIFE—HHEEK
MNEBER. ‘

wWARMAA— — R, REARCEMETSR 138, REEX BRBANERSE
—B(“3"E“2"Z L, “4”2{“ 377 b B EH MR 4 KA REH X AT R BB
ﬂ%ﬁi%&ﬁﬂ“lzé”ﬁm A BERX 4 BRBEANERNKESE—RB(MESR
?EAE%LE’) B TR R A B — ﬁ?ﬁ&tﬂt?ﬁ:ﬁ‘%% M. XPIF RTINS
&ﬁ%mﬁzgiﬁﬁzmﬁﬁﬁ&

— R ERAE 1 4 fn‘il‘i@%ﬂ

"{R,,R;,+,R,) (10-10)
HEAMERER B8 d AMLEF KK, -, K7, MH R (10-10) 5 L5
(K°,K*,- K" 1)%#%#& xﬁf?iJ*ﬁﬁW\masiR MR, A<i<G<nBHWET
FIERF*ARD: .

(KOLKY ,K“‘l) < (K?,K!, e, K%1)

H K ﬁ*ﬁ%ih%%# KT'HRABRKRMRXRBTF. ALEREXBFHF EXHERRF
FikHE— ﬁf%%:%Xiﬁiuﬁéﬁ$ K° #17HF R o RE T FRIL.BNFR
B P B 10 F AR A MR A K°1{E,%Eﬁﬁuﬁ§/n‘?$ﬁﬂx¢9€ﬁ$ K' #47HEF . K' H
ARIBSRETENMFEMNKKESE . EZ2N KT #GTHEFZEBANE —FF5
PRIERBEAHERKHRBFE (KK, K7, MESMNENFFHX K #HTH
B BEHIAETFRAIKKBREE-BERAI-TEFFI . XM FERZIAEREMK %
(Most Significant Digit first)iE, AR MSD &; ST EEMNBRMNELGFE K &EH#
THERF . REBM B —MMXBF KT HTHP KKRER . EEZX K° #7HFE R
A—THFFF . XHFERZ AN R A MK (Least Significant Digit first) 3, & #
LSD ¥,

MSD #1 LSD A AN LXBFREF"RFTHR MAREXN B XBF
HAHEFR TR T E. BEALEFRATUEBHIXFREFIENRRSS: &%
MSD #1THEF , I R ZE B SR BE T FRALRBME T RIS HFHATHE MK
LSD#fTHE R, AU 2B FFI. MBI XBEHRREIFEF S MR, B3
K (O<i<d—2)# TRt , REE R ENHFE F k. B—FE. 8% LSD #4755, 7
—ERERET (BISTRT— P XEF K O<i<d—2)WARME,. 5E—1X8F KT HERMHE
FED , B AR ALY RS EIXBFRM LR ETHERFN T, MEET
ETRGFE”FWEREHHT . N L RE - FBEIN TR T EIBRE.

DO @,a' @t D<@, O, BT RIBVLREETE LS. s=0, (-1 8,0 =b, T o' <,
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10.6.2 #MAXBEHF

e BHE R B8 B <A B AN WU TR IR AR i BB 4R L R AT HE R I — R AR HERE
Feko
HERLBFTUEREE TAXBFEATRN. Am, EXBFREE AR
EERE OCTK<999 WE W, MTHEE - M+ HPBFER—TXRBFE. WT AN K B3
A%EF K L,K L KOAR. B K BEME.K' BHUBGK 24 Mg XEXBT
KEH5 M ESARMERA,NTEREH 5 M RBF &K, KWK K KOHR, K
K'RAEZES jHIAFE. BETHNRARTENEIXBT K BEMARH
WER G, <K <9, W FB A'SK/<'Z) , 3% LSD #THIFER HE, REMN
BERMREFE . EXBFHARMERFFPIER B2 RADIX MR P 5 F 1K
£ MHEE JR. EXMTELAEFRINERHF AP B N R RADIX
HKBEE,.E AWM ABFHELT, B4 H“107M“26”,

L L, BEHENEIZE, FA R BV FL R AL FETHEFRRAG
XEHE., R.ETENMHAZEHEBEARANA, REERTOHEBIFHR(RA-
DIXXN AN EREED A K. HB 1954 £H5 ARE AR B DR A B EHHFE
UEHEN LR, BYHAEE - MERM 2XRADIX M HA TSN . it
B BANRUESEREAEER MXEET n MORHOHEBIZE. TEARMARNBR
et N EBHF " .

LB —NREHT. BEUBSHREHE~ MHHE R HSRLREBERE -4
BRI 10, 14D FTR; B— BT RIRKA X BT M B0 HAT, WBID R A T84
EkERPRICRIEE 10 MERFI R X, AR PRICFRBFHLEMEE, @
B 10. 14D i, Hp (L e[i1 B RE i AR LB MBS B—HRER
MR ES AN BiC R4, S HIBm T —MEERFIR AL E 7, BH®
10 PRI MITRER—A R, NE 10. MOFT:; BRI R,. S _HKERSE=
BMARME="BEEI BT M ENEETH, HIBRNM U KRER, WA
10. (D) ~ (@ i . EHHEF B,

FERHARBERZH, BT EHHRIELR

#define MAX. NUM. OF KEY 8 VS Sk $:0k YNt

#define RADIX 10 VS =2 3 81 dop-Rwidll 5 0F 30
#define MAX_SPACE 10000

typedef struct {
KeysType keys[MAX_NUM_OF _KEY]; /[ X@&=F

InfoType otheritems; VE-%i% &2
int next;
}SLCell; [/ BSHRNASLE
typedef struct {
SLCell r[MAX. SPACE]; / BsaERMTTHAEE,c[0IHRER
int keynumn; VARGE 1:0 -] (P &30 4
int recnum; VY EAVEL IR
}SLList; [ BAEERRNY

typedef int ArrType[ RADIX]; / RBHBERN
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[278}-{109]-{o63] -{o30}-{s8s]~{184] {505 -{269] {008 - 083]

(a)
e[0] e[1] e[2] e[3] e[4] e[5] e[6] e[7] (8] e[9]

269

083 ] [589)]

[930] 03] [184] (505 [109]
flo] fl1] frz] (3] 4] {[s] f[e] f{7] (8] f[9]

()]

[930}-{osa}-{oss} {14 [278}-{008}~{109}{589)

(c)
e[0] e[1] e[2] e[3] e[4] e[5] (61 (7] e[8] e[9]

109 589

[o08] 269] [184]

[505] 930} [063] [278] o83

flo] fl1] f[2] fC3] f[4d] f{s] (e1 f[7] {[8] f[9]
)

(e)
e[0] e[1] e[2] e[3] ef4] ce[s] e[61 e[7] e[8] e[9]

083]
[063] [184] [278] (589
[oo8] [109] [269] 505] [930]

flo] {11 fr2] f[3] (4] {051 (6] f[7] (8] f[9]
103

0o8}-{oss}-{oas}-{109}{184 {269 |-{278} {505 {589/ -{830

@

B 10.14 #ERNEFHFRH
(a) MHRE; (b) BE—HIEZE; (0 B-HREZE () FS_#EZE:
(QE-BMBRZE: OESHARZE; (OBESHURZENERXHE

By 1015 AERXERHF P - RME S, B 10,16 A—RENEE B
1017 EAEBHFNEE., NEEPESFH I TF - MERBREMERE 4N
KBF BIMXBFHREEERY d MO BETHEAERHEFHERERLE R
Odn+rd)) KB - RHNEELERN O, B-BRENHHEEZREHN
OGd) BNMEFRIHT 4 AoTRMKE. MTRWBISEN 2rd MFITEE. MR BT
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= Pk R AEAEAE S5 A , MUAR R F AL OB S FE S ID R HFF TR W S B M T n 1
ik finE=d T

void Distribute (SLCell &r, int i, ArrType &f, ArrType &e) {
/) AR L r BARIDFE B keys(0],. .. keys[i-1DHF.
/) REEEE i %EF keys[1]B T RADIX A F &, A — FRPICRM keys[1 M.
// £[0..RADIX - 1]# e[0. . RADIX - 114} BB B & F R HE - T HEE—TER.

for (j =0; j<{Radix; ++73) £[3] = 0; V BFROBLITE
for (p=z[0].next; p; p=rlp]. next) { L
j = ord(r[p].keys[i]); J ord BB FHhE iRy uspilo. . raDIX-1],

if (1£[91)  £[3] = ps
else r{e[j]].next = p;
e[l = ps C A/ BN RBAS I TRD

}
} / Distribute

Hk 10.15

void Collect (SLCell &r, int i, ArrType f, ArrType e) {
/) BWE S keys[i]A/MEAH#H £[0. . RADIX - 11FT#E & FRIRKEER—1#R,
// €[0..RADIX~ 11 R & FRIBEH .
for ( 3=0; E[3]; JF=succ(); / WE AN EETR, socc HRFHEK
r[0].next = £[3]; t = e[il; # r[0].next S MHE - EZFREPHE-ITER
while ( j<CRADIX ) {

for (j=succ(§); jJ<RADIX-1 && 1£[3]; J=succ(i) ); /BT FH
if (£[3]) {=[tl.next = £[3}; t = e[3]; }: ‘ / BEEFEANEE TR
}
r[t].next = 0; JtHERBRE—1TEETRPHER—ITER

}// Collect
% 10.16

void RadixSort(SLList &L) {

/ LERERABSHRERIWIFE.

J 3 LERESHF . FE LR EEAEFANIKNEFBEERL [0k A.

for (i=0; i<L.recnum; ++i) L.r[i].next = i+1;

L.r[L.recnun].next = 0; N L ERRSERE

for (1=0; i<L.keynum; ++1i) { / BRI KFBKRKI S XRBFHITHRMEE
Distribute(L.r, i, £, €); V& 2554
Collect(L.r, i, f, e); VRS L&

}
}// RadixSort

gHE 10.17

10.7 &% AU ERHERF 7 35 B9 B EBE

SZEUBAEANNTBHZIHAREFTE, KEFUTERA TR,
M2 AT LA H 40 F LS
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HFIrk

S £y B

BRER

W

fy 4P
PR HE A
% #

B HEF
BEHHEF

o)
O(nlogn)
O(nlogn)
O(nlogn)

Old(n+rd))

o)
O(n?)
O(nlogn)

O(nlogn)
Odn+rd))

(0]}
O(logn)
o

(ol¢))
O(rd)

(1) WSt ] P RB T = , E HE P B, AT T A M B4, (EARE HE P E BRI
TRR RN M IR HEF . MEMEHLBENSRE, & o BXe, BT
pimet MBS HEF A BENMBHHBFHERS.

(2) o BO“M B HE AL 5 IR 7 AR HE T 2 4 0 TS 4 A AT AR 00 R B A
BHF HEFUEBEBASENRER, YFEFPHICRBEBEF "R o ER/DE, R
BT, R MM HEF & SN RERF B EFESAE—E
.

(3 %ﬁﬁ?ﬁ‘ﬁ@ﬁﬂﬁ%‘*‘)ﬁtﬁTgﬁi O(d-+n), B, EHRAEMAF nHBRKTMXE
FRNYFET . %‘9&%?&1@(&’1?}?5']*kgﬁlIBﬁW“ﬁE&%%?”i@KW,FIUEFTJI
REBRUXBF AREFIGBET DN WFFI, MEHTEEBAHRF,

(D) NFEHBEREE EEHFREREN N &, TARRIERERN O
MR AT R RERER, R, B SEHE A R HEF S0 AR HE R I
EHEABEN. —BRR HFIBRPH LR RE RSN MNMOR LR T M HT
MR R REN. HERENE BEHRBTEREZIEN, MABENHF T &
A, AEHHERE R, B2 M EARRENTHR. RZ . B ENHERT
E.RERB-MATIBABENHRBRER. BTFREHBHATHFERICRMWEXE
FHAH VFANHER FERETRELXEE. EHEFHICRNRLBTHT, WHR
ERENFEEEEHEF T EREHRED:. _

BERR, EREHENFEHF T ES BEB—MELEXMELN. BHERT »
BRMEL FHERT BB BB B, 73 B B AR 48 A R 4% 0038 24 3%
F2EEREHTEESERMEA.

FETLHERFEEREN TSN ESHAN, R EHFEEBPEHITK
BB s . YiERBREISMERT &SRS, BT HFERB KR, Lo 7] R A #
SHREAMEN. UREAHF EXE8HF, UBREHRESHIIFR. BER.F
RHEF F R EHEF B, RSB EXFFE LT T L 3#AT “Hhhk HE
F”, B0 — b it ] B R MR IEFR; FANEHFFIBP AR CR B s i m &
RSB RE. Bt B 10. 15(2) B R0 3 5 5 3547 # 0k 3 P e, 6T B &
adr(1 ¢ 8) EFHHFZ RS adr[i] ¢ =i, LEHFEIBPFHET o[i] : =r[jI008RE
B, ¥ 0L adr[i] : =adr[J 10, MAEHFERZ /G, otk w8 P W ER A HFERICRHY
W rladr[ 1] 1 R BFR/MICF, rladr[8]THXBFRRHICFE, WA 10. 15(b) B
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. BREEBENTRE odr WEEHFCRNYENME. EHFEENOT.

r(1: 8) R(49 R(65) R(38) RC7 R R(13) R(76) R(49)

adr(1 : 8) 1 2 3 4 5 6 7 8

(a)

adr(1 ¢ 8) 6 4 3 1 8 2 7 5

(b)

r(1: 8) RA® R(2D R(38) R49) RO R(6S) R(76) R(1D

adr(1l : 8) 1 2 3 4 8 6 7 5

(O]

B 10.15 su-HEFERA
() FHHCR bl BMAMBARS: (b)) HFESHREHHIEAE; (o BEHCEFIBPFHRE
MNi=1 BERRKEESITTRVEB ELHNICERETERBIM. & adrli]=1, 0 [i]FBHE
iNB/NERBFEHICHR,. ZMVE ELRICRATERE; & odrlil=k=i, MHHEH r[k]Fid
REE i NMBRAXRBENCR . NEGHECR [IIZ2EH f[kIPIERZBE [IINUED
b HKl,# ade[k])F#k, MR rlade(k]JFIZFBE [kIWME E. KKRAKE.BEE
HBIFEAME j=adr[adr[ ---adr[ k] 1], %R adr[j]=i H 7.0 . B EHEFZCREBE I
BE. ENEg—NHARICRMNEBEN/ER. FE 1015 8 F,. B FTHE 10. 15(b)
adr[1]=6,MAEEHF RUDUE . BH RADMA (6] ERE [11HUE. X, BHH
adr[6]=2, MPKE RS r[ 21N BB E «[6MAE. FHE. % RCHBE f[2]84
B e, B adr{4]=1,M RUDMEBEA rf[4IWNE L. TR ERBEAEERICHE KA
mERREWE 10. 150 fin. Bk 10. 18 A EREHICRHE L,
void Rearrange ( SqList &L, int adr{] ) {
/) adr B R LA KA, B Lorlade[i]1R% 1 /MAYICR.
VO AREE R adr BEHE L. o, [ HEF.
for ( i=1; i<<L.length; ++1i)
if (adr[i])=1) {
3= i3y Lrf0] = L.e[i]; / BHEER L.c[i]
while (adr[j]!1=14i) { / REL fadr[ 1 1HIE R B ER ade[§]= 1 K1k
k = adr[§]; L.r[§] = L.x[k],
) adr[j] = 35 3 = ks
L.r[3] = L.e[0]; ade[3] = 35/ B RWHFEM

} // Rearrange
WiE 10.18
MNERBEEGEL B THEBNMERFEGTF-KIERI, FEICRY — KBS

O [iIMEBREHE RAPE IR, TR,
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Bz, MENMERELBIHFCR, MWXBHNMEFEESH /24, FTUEHIER
M 3 B BB TR L3n/2 K.

EFREETRHN—/REE  ARHEFTRAINERBEERMFA”. RIEE
E.ABNEHNEMHBEFTE - HBEFBEATHERRERZER D O, A
O(nlogn) y PO REM ER . IBA Onlogn) EBEREN TR WHRBRR . EFHRE—
FHERF B EERFER T Wi RIE R EET O(nlogn) 17

HTFAETEHEHHEF TS RERHFZ HBRE T XBFERN LB X
YegbfT Y, MMl B — BRI FE 10. 16 iAW ER R X BHERF FEH TR,

[Ke<m<k| |Ka<ke<ki] |Ks<ki<Ks| [Ki<Ke<kK|
® ®

B 10.16 R HERE SRR A E R

B 10.16 WA EMRAR 3 TRBFELIN K, K, MK, RiCFHETEEBAHFY
SR MEENELRERBIWINRBFAN KU, HE A FRABRARXK T
BRFARFMER. BR K. #K,#ZK, 7K, , WHF Z KK HF KX 3 MEFR (R,
R RO)ZEATEAETH 6 MEER: (DK <K, <K,;; (K, <K;<K,;; (3) K;<K,
<K,; (4) K;<<K,<<{K;; (5) K, <<K,<K;; (6) K, <K,<K,,#®AH]3Ei{}k,X 3 MIRZ
ﬁﬁFF?HﬂﬁE?%@J‘F?’J 6 ﬁ’%% (D {Rl 'Rz, R, } 3 (2){R;,R; 'R, b (3D {R;,R,,R; };
(4{R;+R:sRs}; (5){R:,R3,R,}; (6){R;,R.,R,},. T 10. 16 F ¥ ER E 6 &4
HERREFRRX 6 MEFER, AEM EHTHE-RERBRELER, B, XM
WREUHREL " HITHHFIR. FE HE—- I NEFIEHEFEBEFAE
HATH B REGIE AN RBIFZFFEN N FERWBREKE. BTFHE 10.16
BIFIE R BIRE R 4, WX 3 MERHTHFELEHT 3 KEK,

HTE-BERL N 2 MERETHFELTET B DRRBFEM LI, XA @ E
EFMTH/E n MFANEBHN—aX V. HBENK/DMNIFHFI X EREREENRD
REEBRBEE. HTFE&2 MEFWFFTREIAHTMHRES o1, WHR » MEFR
HFIRMAHAERDAF I M FER. BR,EL -0 F, WA EFHFRESE
HaPtx. RIELANE, E _XRBEER L U FESHIRREL 2 RZ,
EH u MM FEE MU B EZEDS Hllogu T+ 1. IREV. HR » MERHEFW

- HEM LS EFE—RRE N og nDIMEE, BBR TR . EM—MEB“L

BUHATHERF WE S EBRREA T HRET N BKREZED Nl log, (nD]. R, X AL

T —AERENTR, -BREFEEREE oS4 ARETHEBEREY KT HE, B3
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1956 4, H. B, Demuth #5685 7% 5 M REFHFABE T KELBHFED 2R,
Lester Ford 1 Selmer Johnson ¥ # ), # H T 13 3# 16 A ©(Merge Insertion) HeFR, &
11 B P 60 b % Tk 3 A0 [log (DT . @, #8487 48 4k 24 X, % [log, (D)=

OCnlogn) , L RZW MBS EERRAIT BEH T LB HETHFNARERTIART
B34 B A BT B B R 2% BE 4 O(nlogn) .

© BHEAHFFHIRES LB 10 BTREF—E.
@ TFTEP B M@ F)AHERM o MPORTIEE AR HFHEFMEHFEAFFRNERI LT
B AT B0 L B 2 -

n 1 2 3.4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Mogzn!1 [0 1 8 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) o 1 3 5 9 11 14 17 25 27 30 33 38 41 45 49 65 67
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i s HEF

E—EAHRE RIS ERHEE BRI BT R RO R AT MR AR ST A B AR
b EHFESBRPRHETERNA IMVFZEEZESR. B, ?Izlis,ﬁlﬁﬁl\ﬁﬁﬁﬂ?zm B
ETBETHEMIEERATFRPIEA.

11.1 MR E R

HEI—REFREES: AESS(ER N EHEBEEE . AFENERTTHEN
FR, EFEEER,.ANER . AR/, SMrEROBEE MR (SR . 5ERNF
ERHRE, GEIEIEBMRE.

1. BHFHFEEMER

B MR BRI — KRBT, BEM
AR REHE 1/2 TR, BKA3X 3600 BXR,E

FE— B, RN S ARSI L, IR —_—
BB AR S SRS B R S, BT/ B AT TTO
DISEBH PR S B R B EEAEARES(E 111, BAX

sk
25 1/2 T T LA LR R O frek 7 4= i

ERGERTN 9 EHR T BE). Lo wHRe,g— 011 BWEITER
BHRUTERBR—ITFERFCUNIRA—-TER I —MEFERRAD . B, #¥ LT
B XA ERAR_HHEE. ERFLERRFZRACER, TAREFRHFR.

B FERMBEEY NS 800 f1ER 1 600 fIEY 6 250 A (BIEH-T B B F
HEO . B ERER 200 T,

BMEAREZZHNRE ME—MHEERSUGEREARN 5 ZW), B IREE
/ERRERESMEIL. BT/ SREENERERENH#HT, MEFABILERER
g B2 — T MMENSEABEIIRERS RZ . EE/EERE  NEHRED R
e B - MNEENSRE. Bk, A% LHSHEZFFHAGERZEERE -5H
X, 14 fi% iE] BR IRG(Inter Record Gap). #RiE/SER KT E, X MEBER N 1/4~3/4
v, MBRENFEHFANKER 80 MF4,IRG X 3/4 -F, X FE XS 1600
N FERBBEH , KA F R H 1/16,F 15/16 M T IRG(B A 11. 2(2)),

KT B R, AR RS IRG . EBREF B,
AREAPAHNNFRALCART MBS TN EREAHR—RE—KRE AW,
TR .BMFEMARBMEA IRG, T3S BBk E i 8] B IBG (ater Block Gap). B 11.2(b)

O FHRAGERERGEN-LERAHZER". EE BERETHCRARTERNEELGIER.
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O ACEAVRAVRS], P rem [EG] wries [EG] 2o fisc] |

(a) (b)

F1l.2 BELEEFRREE
(a) FHAK 80 FHNOBEH; (b)) RBRFROBW

FRH 20 MEE R 80 FRNFERAFMER Y L — M HEERSHHELR.

BT B IRGHEE AT URBETHMARE ROKEXT IBG
MEE,

BRETHLS VO #BE., BN—RI/OBRENEENYERBEINFEEHE P,
REBENEHRFREFMBEMNGRE(—IMZE/RE . BYEE - ITFREN  FLEE
BHRHPREEH.EE MALHT VO BRE AENEH X EZRAT.

RUZEELERR BERAREFHENDE. EEAEER. BRE/SHHRE
— A EREM,

REYELBR.BHEREE  RERBER? TREFEXHEN., WERAELR
K2BERE IKFH~8KFH, XERANMR—KES KK, WHHHWHBHYA, 7T
TR A BHERRK, MNENEFRNEHNERERX, ATTERAFSEEE,

R LIRS —RE R IrE R 8 f R

Tyo=t.+n-t,
Hep. o, HEBREE,E/ BLB AR ER T EYHLEBMENTN Mz, HEH—
MR ET .

BRERNEMESEBT LHOME . YIE/FLMEMNEREX. A, F%/5
KAES MBI L AMYEBRZ R EE L UES 1AM ER EOESNEILER;
HIE/ B3RO TR AN, MEENGEBTERT KRR, W20 E R 7 878 30, Bkt 5
EF LR, HBFRESESE/ BLu A HAS  XRTE/JLaMMeE. Bit. b
FHEHRIVFERMEE, Wi/ BEEBZINEEHTIRFER,FELEE/ BLATHT
Bo, MEENERERT B, i FHERTFH%E. IRAFERREWEER
FLCEBRERABRERBATE. Hit, IFFIRREFTEATFLETAD . AHTIR
FHRBRARBERE.

2. MBEBRNFER

BAR—-FEEFRNFHER S (DASD). R UGB EA LR KNFMEN. B
AR IR QTP R, M UEEFBREMEZRE. ENSFER FER, #
REE BT REE. BAR - TR PHEK(SHBHKEAFEL, SH EFFER
REEGEMER, FERICREREL. B TRHRENEBNSFESRLCHE, BIUAUERER
B, BEFTURERRAN, AT EETRAFEREH. B—HF LA E. U6 R4
H6, B TR EAMBETR&FAIIMITAERFR, LRI RE 10 N EATAREERE
B,nE 11.3 Fim.

BARIRIITIR/EEENIIE. BARE-TEHE FEETMRERE. 4
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EER/BLTELIH,ETUHTEENE/F.

AUEEAS IEELBMES LA, BELANE
—H AN N - CRECATN, ERATRE/FH—
EEWHER.

EEkENELET BN, SAEURTEN. —1
HERE-IREL.-EATUNZHEN—-EBRHB S —E.
BkBEAE—-EE L, AR LMk RFENBIM, L
FRI—EAEEE. &0 L2 RN #HEHR— B &
W, EAEMN T EREAF B LNEER. &% . 81EE
# 200~400 ., ARE LHEH—TREGFELIAHA 1=
Kk - HES RES RS,

HP HESHER/SLNEMNES, MRERERFLE
R RAEBELEONE. ,

ATHE-RER. BEALAREH. BB ERLE
HBFABERLFRAEARIE):REEFFREHEMGEE BEIL3 EhkaniE
HAMLZ T BE.E/EH®EER.

FREL, ERE LRE - RELMFHE S 3 WEMR:

T1o=toer Tl 1 * tum

Hb it 0 T B E (seek time) , i/ B k& A1 49 8] 5

tw 45 Bt 8 (latency time) , B} B RE(5 B R BIR0 14 A0 B HERE 2% 5 K T Byad ]

Lo 9 FE ¥ B ] (transmission time) ,
B F RS RO B FEARAR L 49 2 400~3 600 ¥ /4, M Ffemd R KA 25 2B (e
—BEREED, RN EHER—RE 100 FA/BMEX10° F/H/DZE, NERE
B/ EEERNNAFTEREIENE L(ABERIERNEN N 018, BN, . EHE LF
HfE B A R B R RBER — R 4FEHE L, URAER/FE BN R # &
R BB R, LB RN L BRI AR,

11.2 AMERHEERF Y B:

SPERHE A b i WS XS B B . BT ARERD BAELE #
MEFRM ST B TREN I BF XA R (segment) , KK EARFHFHAERHN
BHF FEXENHTHSF B ERIANAF T XHEFRSANF EEHRXIER
FFXERAFRBE (run) s RGN X EIFHFBHTEFAF, FRAFREFNTF
X BEHFHDAER BERIBIMEFXENL. ER.F-BHBENIERL-EEZ
WIREHWAE. 2EFZITRE _HBEEF TR, BN RIEKEFRE SR
UE 3 B A T 897

BRA — & 10 000 MTRE M. B il 10 KNFHFHBE 10 MIHREHB
RI~R10, K E—B#HE 1000 MER., RABXMEMNENTARANWHEF . EEH
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BN HRXHERIE.

2 R3 R4 R5 R6 R7 R8 RS R10

i I S I

R1' R4 R5'

L (S |
Rl" R2" RS”

| il }
R1” R2”

|

l T
HEXH

MEETR, B 10 MIBEFBRB—-NFRFXH L#TT 4 #EF . B—#Nm
AEFHBERIm/2 AR, XREFFERSY 2-BPEE34.

BRI ERBEAFBR - AFBROSR, EENFHRT, UREHE, L-FFH
merge FBRET LHIIEH . ER, I HHFFLAPFEANE, FUEFA merge
R, MEERTHENR/S, IRBTFRNATERERNEFRREFERERAN
FREAEFTHEZR. £11L.1HHELRE, WIFLERHE/FRUYBER" A
iy, BIZFELHFHEAYHEERA DAY 200 NEF, W4E—8EHFFiH#fT 50 K4E”
50 W“E”, 4 @IS0 L AERHERR o BT AT 61/ 5 BB SN HE T BT AT 500
KHE/5.

—ﬂﬁ‘lﬁﬁ—F9
ShERHEFE B BB 18] = N EBHERE GEA R0 3R 1B 3 BD BT & B BT Bl (m X 25s) +
S EE BB MR (d X o)+
R IE I B T BB 18] (s X ut g ) (11-1)

Ho: s B HB B —H 05 83 BT R HEF BT 7 O B B39 (H s 10 REAT —WOMF
&/ SR B ut, BN o MERHATAMEFHRHE; m REIRBHFEFZER
BB BEFBE NG s HEFRBE:d N BT/ FRE. L, B 10 000 MER
FIA 2-BRISFHATSNHE T BB B (B8

10X £5 +500 X £10 44X 10 0002,

KA o MR FHAKNFRE . BR 0Bt BERBE. HN, BREIHEHBRN FEE
ERTFEBIINEFREEREHRE 4.

THEEAN dMEHSBREXER. HX EOFHEH 10 MIRIAFB#TT 5-5
I (B —K 5 AR 5 MU THERFXHEEBR—NEFRFXH) WA TH
AW, AR AT 8 3 S HERT B B/ B W E W E 2 X 100+ 100=300, H 2-B&IH 3
BT 200 kYiE/B.

Rl Rz R3 R4 R5 R6 R7 R8 R9 RI10
1 { 1 J

R1’ R2'
| J

ﬁf?l)’cf‘*
AR, — XA S - T TR R/ B RBEAEF RS s RIEL.
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TE—RIBRT F m ¥R I8 BT &- B 453 360, 3 3F A%
s = Llogym | (11-2)
BN, EH R RS m ERRBS s, TEAHIRXFSHFETEZ.

11.3 ZREEHEHIFREHR

MR (11-2)1850, 80 & 7T B s, AT SR/ B W, BRE, ATHENN®B
B L E R, AN & S BOE N IR H BB R ut. o FBA AT RN F B VR ?

SE 2-BEH. S u MERAHERHNEHFE L, K merge TBH#FTHI. B8
HFBH—MEF B —WELBEA, WERE « MERNEAFBETHT e — 1 KEEE.

BEA-BEHF. 2u NMEFAMEL NAFEL, BR,AFHEHE—TERIE £
NMEAHEPXRBER/PNICFE PUNENEFBEMNE - MCRABE LR P E L RN
# XBBE#T—IKEE. AR, 8B EHAFEPH-MER . BEHTL-1
WHE. BR,ABEY « MEEHNEFRBERTHT—DER-DRLE. @ik, 578
FHCEFATIN R  ERRBF IR PHETHEN R N s(e—1) (n— D JBRBEST
BEBEFER m A WaRAL-2) A HEAEF B P HT RN B ARES

Llogam J(k — 1) (n— 1)ty = |_ 11°g2’]’:_| (k—1)(n— 1)ty (11-3)
Z

T o B BT YU 36 TR & RO TG . SO I f T3 K

FTBAHFESEENEA BN XRRNFTAFER. AW EEHET k-
Bt i A “ W0 8”7 (Tree of Loser) , AT 7E & M F P 3 th X BT B/D 9 IC R (U 2
Fillog, & I Ko, AT 46 5 A9 U5 3 it 1) Bl R (11-3) 28 Ay Llogem [(n—1)2,, , BAR - XA
FHEER EAFER - BERTEK,

KA ARBER"? ERWEEREFH AR, MM, RITTHE 10.8
FE10.9 PR XA BERN, BB ERRERYRAREL AETERATHHE
. RZH 2 BERFRERPETRATENIHERETRRE  TitEELSHER—
BRI, EAE— R WER”. S, B 11, 4() iRl — LB 5- 3% 15 3 M o
1s[0.. 41, B H B R BRI FE R UTEREIE L, 2510 5 MNEHFBEF YIS
MR EERIC R LT  MER P RER S(LMTGRE R SL0JA“EE”, R
ZRFBEPHRPRBFICRAB B YANICR 4K 1s[3]#87R bl 1 b2 W AHF
ZRTPHBER b2, TEHE bl F b3(b3 BMF4 K b3.bd 7 b0 253 Pish LT /5 H B
RER)HTHLE AL SO JUBEREMNPHBES bl ERBRNIRBFHIERZ
B, RESHM TR b3 PHME,ERAR—HFEFH T —MERHRXBF, R NX
B EMIGEE RN RBFHTHE, MEFEXIGRE R BE AN FEEW
REIE. WA 11 4D FIR, Y58 3 MEFEHPHE 2 MRS MAFH R, BB E B/ R
BACRAB—NAFBFHIER. FTHLEEAFIBRFENBFBEES,.TTUES
AEABEFRIN— T XBFRBREPIER. HRHWBEICRNXBFRIBRKRME
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P14 CH BRI HMCER

B, RPMKEH TSR, BT LR k- BRI 0 BOE R OB E Rl log.k 141, M & ME
R G BB /DR EFEET log. k. MRELE. BMEWBWBRLBES LA, RELSH
HWEARLEARRN N ERPRBFHHFELRABEAEIMH TFER D RABIEL
U 5 R R B W BT S

THEKRHERK L1 HAHRMNARERES L -BEFHER. AT RH 0 HR
EWHTEN, ERETBF THAFEEFERNAT, TLHAREFBREEANTF. B
1L2 HRENABEREBBR/DRBFHILRZE I AH B RABREHNERT -4
B/ARBT, Bk 1L 3AMBMENNIBRNEERR.

typedef int LoserTreel[k]; / BERERE XREREHF, TREANFERESH
typedef struct {

Kejﬂ‘ype key;
}ExNode, Externallk +17; /AR, REBFRFERHXRF

void K. Merge (LoserTree &l1s, External &b) {
JHARER s ERSR 0B k-1 8k MIABEFEBRTHICRIEFBHHAHE.
A BLOIZE bk - 1T M EH Loy k A FEL A RFR MR ABRFBEHMATRYXRRTE.

for (i=0; i<<k; ++i) input(b[i].key); Vs ) Qi PNEE IS F N3 )
N B TERMREEINE R
CreateLoserTree(ls); Y B ER 1s, BB /ANXEESF N b[1s[0]]. key
while (b[1s[0]].key != MAXKEY) { '
q = 1s[o]; /AR ENBE/ N RRERERIER
output (@)} N BEB R qIFHB P M GERF N bldl. key) Kyt 7
/) BERHEEE |
input (b[gq].key,q); Y MBS H AHBAEFRBRPEAT -MERWERT
Adjust(ls, @) J ERWER EEFNR/NREF
} / while
output (1s[0]); /B E B K T MAXKEY #)iC R E B4 H A B
}/ K. Merge
#1110



void Adjust (LoserTree &ls, int s) {
/25 A b s BIARGE A Ls[ OIS R I B H R
t = (s+k)/2; ARCIRAP -3 ICH: 0§37
while (£>>0) {
if (b[s].key > b[1s[t]].key) s«—1s{t]; /st mEGME

t = t/2;
}
1s[0] = s;
} / Adjust

Wik 11.2

void CreatelLoserTree(LoserTree &1s) {
/ B b0l bk~ 11HELETXH 1s M FHERFH kT REBFE . HAHF
/BB k RBREH 1s TR AR O MOE R .

b[k].key = MINKEY; // % MINKEY &y kBl SEp B /ME

for (i=0; i<Ck; ++1i) 1s[i] = ky /R 1s F M E T HME

for (i=k-1; i>=0; - - i) Adjust(ls, i); / K& M blk—-1].b[k~2],....b[0OTH &
/N BEWE

}// CreateloserTree
#x 113

BEBERE— Rk ENEEFERABNT, T EHEEEN L R-ITRREEEEE
A 5] 8

1.4 EH-BHEHF

B 11-2 M EF BRI 2 R, WA m BUE R, B, B> m B s
MH—%ER. AWM. BRIOMN 1L 2 FHITRSTEAR.m B XHEIHRREFZE
BRWBIEF R BR m=n/l 1, n BIFWXGFKITTE, L HIWHIEH
B Ry BB —-FERNsMAfT R ENEIBRPBHICRAMN XBEFH
THEREENFRHTH. B, AXETFEHTABHEFRIANENNBEFER
KE l(%ﬁfé——&%)#ﬁ*ﬁlﬂ_,ﬁ%%ﬁﬁ#ﬁ?ﬁﬁmﬁﬁﬁkﬁzﬂa‘ﬁlﬁi WHETEX BN, W
mBEHTRE, B, EEZE LD m, M L RATERTNHF .

B - % 3ZFH FF (Replacement-Selection Sorting) W E %k FHEF ROERE L83k
M. ERRRR . ERNMEF (BRRENRAFBONIR . EBR/DEEOXRF
A A AT AT .

EMNEEAFRE, CHAMBXEEHE 24 MER. BN XBFE 5N 51,49,39,
16,38,29,14,61,15,30,1,48,52,3,63,27,4,13,89,24,46,58,33,76, BENAETHK
ATZE48 6 4~E 3, W% Eitie S HEF ARSI F 4 MWBAMEE.

RUN1. 29,38,39,46,49,51

RUNZ.1,14,15,30,48,61
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RUN3.3, 4,13,27,52,63

RUN4; 24,33,46,58,76,89

EEBH-EHESTHE, WARBOT 3 MWRIFH B

RUN1; 29,38,39,46,49,51,61
RUN2.1, 3,14,15,27,30,48,52,63,89

RUN3:4,13,24,33,46,58,76

1B B4 R HE SCHF S 38 A SO FLL, 90348 V3 3 B SO 4 H S0 FO, AR LAER A
WA,FO 1 WA WHIHERENZ HRAFLERX WA REFRTEN w MER WEHR-

BEAFOREIRENR.

(D MFIA wMNMERBITERX WA,

(2) A WA st i i @7 BB /MEMIE R, 88 MINIMAX iE3%.
(3) # MINIMAX it #4 8] FO %,

(4) # FIRZ, MM FIMAT—MERE WA F,

(5) N\ WA R XEFH MINIMAX g M ARBFANICRFRER/DPXREF

i3 E R EF H MINIMAX ig%.

6) EEQ~G),HEHE WA FEASHFH MINIMAX ig8# R 1k, B kB8 —1

MBEFE . HE—NMAHBRERFER FOP k£,
(D BEE@~6),HE WA RIE., AR STWHEHE.
B, L Lr 2 BB EIBWE 11.5 Fixw.

FO WA FI
2 . 51,49,39,46,38,29,14,61,15,30,1,48,52,3,
63,2744,

= 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,+
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,°
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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gR

FO WA F1
29,38,39,46,49,51,61 48,1,15,30,52,14 3,63,27,4,°
29,38,39,46,49,51,61, « 48,1,15,30,52,14 3,63,27,4,
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 63,274,

1.5 B#H-SEHF IR~

7E WA $13£# MINIMAX i RS BB A BERRELH. XTFUEREH,
EHEA AT, ERNRBR- EEEFPOIRETMUEE. ORFEIER S
B0 T T B A B SN A, T AR AR 4 I LR 45 R TR PR BER /D
iR (2) 0 TETF % MINIMAX 23, Y S M ERMIR— M FERFRNES. &
B LR, EHRBRES, BRENNIEE BSHRAMMNXBFE N IEE,
GIMERMETTNE TR BFEERNESH IR TG REMNFIZEMHA w
MEFRBI TR, 8§ T LB KER, i FXEEROBRS R, METNTF BB
MIERT SR ANWE NTZES AR EMHBERTE, Bk 1.4 BER-EEH
R AR, P, REB— I WREF RS RMA R 11.5 FiR., Bk 11,6 fiE %
117 43 BIHR T B - s b I W R R 2.

typedef struct {
RcdType rec; N ie#
KeyType key; VNG Lk GRS
int rnum; / BRAFBMES
}RecdNode, WorkArea[w]; J REIER.ZBHR W

void Replace. Selection (LoserTree &1s, WorkArea &wa, FILE * fi, FILE * fo) {
/ ERER s MIAFETLER va L ABRR-EEHFRWBEIFE.£i HBAXH
/O CRBEXE S fo A H B (RE UM B4 . WA XK BB

Construct_ Loser (1s, wa); /IR BE R
c = rmax = 1; N /AEHERNTBBEFBRHES,
[/ rmax $R wa HXRZBYBEHFBENRKRS

while (rc <<= rmax) { N "re=max+ 1" EBAXBNER-EEHFEEER
get_ run (ls, wa); /ORB—INEHRAE
furite( RB.RUNEND. SYMBOL, sizeof(struct RedType), 1, fo); / B HIFES AR N8
rc = wa[1s[0]]. rnum; J BET-BHNES

}

} // Replace. Selection

#HE: 11.4

void get_ run (LoserTree &1ls, WorkArea &wa) {
/) OREB—WRIEHBL €1 M A S AT £0 KiE i S pER 4T
while (wa[1s[0]].rnum == rc) { // De18 B MINIMAX i 5% 8 X4 A B2 i
q = 1s[0]; // q g A MINIMAX TSR 7E wa W @0 B

minimax = wa[q].key;
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furite (&wa[q]. rec. sizeof ( RedType),1.fo0);

/R T MINIMAK iZ B AR S X0
if (feof(fi)) {wsiq].rnum = rmax+1; wa[q].key = MAXKEY }

A AR B0 R OB "mmax + 1" BD

else { /A IE s Et
fread ( &wa[q].rec, sizeof(RedType), 1, fi ); /O MRBAXHRAT—IER
wa[ q].key = walq].rec.key; J ORBEET
if (wa[q].key << minimax) { / HEANICRET—BR
rmax = rc + 1; wa[q].rnum = rmax;
Y .
else wa[q].rnum = rc; /) BEARGDRE SAE
}
Select_ MiniMax (1ls, wa, qQ); // HEFE A MINIMAX iE 3
}// while
}// get. run
Mix 115

void Select. MiniMax (LoserTree &ls, WorkArea wa, int q) {
A W wal R BIMCE W B4R LA 4% MINIMAX T %, 3 i q 3R B BT E R 3B
for ( t=(w+q)/2, p=1s[t]; t>0; t=t/2, p=1s[t]
if ( wa[p]. mun<<wa[q].rnum || walp]. rnun == wa[q]. rnum & & wa[p]. key<walq].key )
g——=1s[t]; / QR E R A
1s[0] = q:
}// Select._ MiniMax

Hix 11.6

void Construct. Loser ( LoserTree &1s, WorkArea &wa ) {

/OBAw MERBAFETEX va, BRBKEWN 1s, Bl XBFR/NIERIH s 1R
/ FEHE wa R B

for (i=0; i<<w; ++ 1)

wali].rnum = wa[il.key = 1s[i] = 0; / THEX VIR
for (i=w—1; i>=0; ——1i) {
fread ( &wali].rec, sizeof( RedType), 1, £i); /N BA—TIDFE
wal i].key = wa[i].rec.key; : V BBEXREFE
wa[i]. ronum = 1; N HBEHR"
Select. MiniMax (1ls. wa, i); /J RERE
}

} // Construct. Loser
W o117

FMABEMNNES FHTEL- EEHFNNBSTREME 11. 6 FFR, P

A1l ~(@B8RTHERNELIBPHREELRRL. BREBIBEPLBRFENIC

FH wal0], ZJ5 . Hith wal0]. rec, M FI AT —MERE wal0], I FER LB T

ANFRIAGEEHICRHORETE WREHFRANICRHB SN 200E 11. 6 (IR, i

HTFESY wa[ L JZEHF AN XEZE wall]. key K, M ZHRANITRORSH

TCmE 11 67D, B 1L 6D FIRAER L 6 MoF2Z/E®B A MINIMAX B RN
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B 11.6 B¥#%~EERA M BER
(D~ (B IEW . M B/ RBFIIF wal0]; (W~DHEFHFH MINIMAX i2

wa 1] ER . B 1L 6GORAERH ZIER wa[1]ZF B FRANT —MERE

KBERN . HEBESHHN 2. BETHERXFRACROESHN 2. b s E B % & A
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# MINIMAX i858 BB A F X4 A0 4 R A3 BEA T 5, 30350 B i B B 45 3 T L BT A9
MINIMAX g #& M & F—RHBEPHE-TiEx.

MERTTR, ER-EEEFFENREFROKERS. BEIEH, S8 A XA
iR B X R N BEILEET , BT MR B H BN E K ERNNETER KA w KBS,
XAEBRE E. F. Moore 7 1961 ENB#-EEHFMBAZIMR LT B L.

BE—EASVEREE L SEGTHES, LTS EE G RY S (B 8/t 2]
ﬂﬁﬁtﬂﬁ%‘ﬁ#ﬂ%)%#@@ﬂﬂ%?&ﬁ%"msﬁﬁﬁﬁ%mb,5211:%51115?0 BR EEA
HAZE BN RESFFHERES. BELHRELEART. HEMEMAZ, ¥ BEE
MREHRER—-THSNME, ERASNIRMOHERE, HBREN A MEAZ LA
AdMBELNRERENT. EUAERARIR BERERZNE 1L7HxR. B
BN BERE NS AR o, AR —BNRKERN LA TRASNEEMNAHENST
FIRESN b MBS EREE LE-BRENREERN h B 2w,

wime L L LJ_J I

HETHE
.I&J:Iﬁﬂ!

FERER

1.7 FEREEASIARLTFEN RS

BB -REAF SR, THERX P HIC R EEHHE, & 1 MINIMAX ig
FRFHRENS, FRANCRIRFETHE, YL@ F hEILEN, FERWERF®
MINIMAX AS/MOBERM S, &K, 0 R ST (FREEESNTENRE,
X — B AR BN MR TR LR E R SEENRE £ T B
AHEEE). MK BE-AWREFEFRASIE B, BRIERNERN w, M
B - BT EVIE B ER R EEER 2w,

BEE W, ER A SR ], WX 7 A0 T 0 SO & 4 BT 0 15 0 36 B
Ef%ﬂﬂ'l‘ﬁlj’?.O(nlogw) .

1.5 & 4 18 W

X—-FENRHEER, A BH-AHRENFRNMB BB HEBRREASNF
wWHHF MR
BRHEBER-EREEINVHPHE, RKEEHEFHO KK K :9,30,12,18,3,
17,2,6,24, B4E 3-B P &R . HAMFM(ERAFIBHE WE 11.8 iR, B
AEBERR—-IMUREFE. AEPRERRBHBRORE. BESMERS TR
B, U R I 3 BT 7 3 AN AT MR/ B IR '
(94+30+124+18+34+174+2+6+24) X2 X 2=484

AR HBAFRNKERREEFM P TSP M =X FRELEKENR
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11.8 3-B4F45 53 AR FH

i H 484, BR,EHFRAME, FEBAFKMERE, NWFBERKE (FHFEE/S
KEONRAF., EHAELE 6 EhYITRTE » M FERANFERNBRRKERENH XU
RSN . FEFEE » M FEEANENBEREREMN 3 X .4 Xk XH, IR
RAHRER. Hit, EXKEREN m NHRITHB, Wi — Rk R S W E R IR,
{8 AT (8 ZE AT SR BT B BT T X AN AT MR/ B R BUA B . BN, 3 B3R 9 MR IS
B — R WAE 11. 9 B BRI, 3 # 47 A 3, (LT X SN AT 446 R/
B, XA W ERBBAEEIEN.

119 3-BRF#PFBRERFH B 11.10 8 A BB AR H 34

ILIMBRENBE—BREEN 3 XMW, BIWPREENIIRONER. BERAE
8 AWMRIEFB, I, EREAFHFLT —MREN 0 WBAHBE. WRAERITHFIN
FEof, BRENEFEREERE, IR T BE —KME 2-BEH, K& RIEHFEE R 3-5
H#  AHEHEHAFFTRNIFER/BRECH 386, BR XIARBENR. EFHRKNMHR
R, LB BFENEEANRN , BRINKENTH R B, & B R 8 W R K EN,
PAZHH FR M REE, A, XMRE ST WBRAFEMAF MY A 11. 10
B

o, mMAERMBERAOKE? M3 XWPFHEERN 3 MO0 KB, BF n=
(no—1)/2, KW ,ns RERNIHEEE n BRENBHESRE. 1T ne DB,
(n,—1) MOD 2=0, XBRH, % 3-BERAFNE, RA L3 KB EF BRI EnEEE, 4
w14 EE.

E—BERT, X -BEAXTS, ZEEEBI, F(m—1 MOD (¢k—1)=0, QR
FEMBBER, ENEMME—(m—1) MOD (k—1)—1 M BE. BaiEH, E—RIEFN
(m—1) MOD (¢—1)+1 B§IH¥*,

HEBERFNYBA I RAITESAFHF . FENFRYI - KBRARFBRHE
EMEEBE EWYHEAENRIIE.
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g1z X fF

MBLRM, XHRABICRAEE. IR ERERETFESR (RFHEB PR
HA R R EZRAFER OMEREB) PHICRE S XM, FETRXHGEIG
HRPHERFERAEMHEENLATE.

12.1 HRIXHBEARR

» SO R F

3 (file) R b K B MEFRAR R A0 IE Al U SR . TR HE R BN R i 4 A
2 B AR RGBT SCOE AR A At :

BERKHOXMHNR - ENWEZNFHFI . REGH . THRRE. CHLRIERE
B X MERNR—NFRAE AP TER 0T &, EX 4P E B2 A T4,
BHEERI—MERIZR, HTHIIFH T

BEERHXGRFAEHNICRNERS; XRIERRE —ITRETHERARY
E4, CURXHHTERMBFENERLL, BIBRTRBEESR KA 2 0BELA 6
Bocfhal R MBI RN, Bl 12,1 iR A — T REBEXH . BMEEY
HBRE—EF, EhH 10 MIETHR.

i

B B BUf | EX | WE IV ANE |0 k% | £ B

¥y 1501 78 90 104 95 87 83 40 577

XF | 1502 | 64 88 90 74 90 98 41 545

¢HH | 1503 | 90 101 85 89 76 87 42 570

&k | 1504 | 85 73 90 91 85 77 35 536

¥BHK | 1505 | 75 75 81 78 67 80 37 493

B 12.1 BEAEXH

XAFE TR A — SR ERERXFRAERIERME. HXHFEMNL
REARNGERBREMAR, MHRXKIZRNERKICR X RIE R XA HRGEEIZR
X EXHTEREGEERERSHRNERIER, WRREKERXH.

BEEXHETHICRPXBEFHE L0 REXBFXHNERBFEXMH. EXH
FHIERRA MR YU R E R MR XR I & TRICRBET &
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E—AEXBFN EEEETIREBEFE MHEAIERBF XA ERTFHAEXRET
HIBAE AR I R B R .

CIEREEBREWMYELEN

ERNBRENRBEREAPBNARFAEME2RN T X, BAP M BERE
AHFRITH.

EROYBLEHREREEYRFHES DEEN T RBEN BRI MAR.

BHEDRABEEWEREAFERAYE. MICROYBLEHUN L BRBGFHES
IR H AR FRIERENE ERBEAR KT ER SR F T R SR 7
K. ML 1 FHITRPE/RRD: — YRR BHRHENA - R V/OGSHTETN
EARELA, N TEEHRENRERR. EHADEE EEEEAER, 28R
KR/DERFEAEREN. EYBICRAEZR/ICRZAAMEFETI 3 MR

(D) — " YHERFHR —TEBEICR.

@) —TMYPHIEREE SN BRILR.

) BNMPHERRR—TEBICR.

BZ AAE/S—TEREEEZBICR . ERMIUAYEIZZNEREREWERE,
B12.2 AR TRXMHER. BFHEBICRANYEIEREE LRE—FXR, WHIC
FZ IR At R

Bk B N
ik E N
B@dD { AN i %
BRY j
l ‘ \ || iemp N /
e RRETREN o

TR WY
122 CRMEREHSWELEHENRE

* XBHBREGEED

XHFRBRIEER L REMBK.

XHHMBREE TS 3K

(D) PR FBRT—1TEHi0%.

(2) HEFBFRE A B8IDHR.

P ERF AR AR BEILRF S (BHCREASEE IR F R S) Ric F M
L BEHITHEREN,

3) HABFFR.AE—TME BRI R-MUXBF SR EEEELBNIOF. K
WEXHTUEMT 4+ HEHHR .

O AR - EAXBFETACHNICRE. A28 12.1 UXHEH L1
WEIESHRFEEL  BEHHEXICE.
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© KR EHERFRBENKRK DR, B, £ 12. 1 HXHFFERER
w2 e A AT A EESIE S R MBS E .

@ BPOAME AEXBFHENRR, FlMEASSESEEERTFHGU EHE
FEL T HEMIEFR.

@ f/REE UL SR AR/REEASRENAE. AW, ERE5SE 6005
BA Lk BBCETE 100 A2k, BRE B4 LUT WAMETE 98 22 LA L 2FFIE R,

X B RAEEA—MER MR- MERMES TR 3 FRE.

SO B BRAETT A SE R B AR R B 7. W SE A A T I e (R BEOR TR
R BB R 2 G LS N R R B, TU#t BB AR . AR B RERE
RAEARBER. i, — RS E SRS RE, KRS OR300 40 2, T RATH9
W REBRELRBR,ETHTHEEE,BTUR XN ERNRKICRE—TFFX
Ht, E—-RNELZERATHELE,

U E M

SHEE A R (A SRR B AR RIS W WBEH .. TR LA &8
HRWHAT RN HEAFTRAE 3 INFHA EHILASANEAR, —MFE B STHN
RAMMYBEEHNEESEBEMER, 0 FENRREE GERHORR KPR T
BB E DA 3s U R Rp IR MRS . AR AL E RMSTF Y BESH .

12.2 W B 3¢ #F

I FF 32 1 (Sequential File) B0 5Fe & HAE L HBBITNFRKEA TN ETE
SEH, BB X R Y EIE RN FRNBEICRNBFR—-BH. ERFHERNHEITY
HICREFEN R LNEEAERAASH, W XREECH  FYEICRZEMRFHE
ErAREE RS AR RB .

MR SO BAR IR T R BT S BIC RN ML B R B ITHERASUGHRA TR, B
J-O-F

(D FBE i MER, LHAEEREEZIAH i —1 MER.

(2) BAF WO R HEEMEXHFHRE,

(3) HEEF AP HREMERE, MLTEBANTEHFTEH.

B FIBE G R RS FRMEER, B EERTRETIIFEFER . ARBER
FITEBL . X B2 B (8] B2 SRR P o IR Wl AT A .

B R—MRB A FBR &, B AT L RRBR I F X 4. B
XHEBETXHNERBRER EAIZFEAD  RERBEROFER . EXTREW XH4E
Bakht, — TS —REHWHEET EATHICRER &, AINESRRIBFH/A
FRIERMAEREAFEFRERICRBA. I TEBERFEER, BRFEEH W IIF
WA RBTEE T GEIEREE S MR EEIERSEIXRBT).

B SCAF ot A0 R AR W AN R #E AT

716 B0 T BRSO FR AR X1 T — R B TR B BUE R E P — T
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T R S A R R — G W B MBS AR N E MR R,
EXHHABEADBEARARZMFEF, B 5 XHLFARMEXHERROHEF
%F. B, RN EE CHHTHF, REHE M4
I 55 AR IR — BT S0, B 12,3 A
BETRER. EEFNTRPUFRE EXFSES
XA IR R R AT X BT H A BT, b
FRREFLRNEXHTHIZR WEEEREAH
Exfd. “FRANECRN, BEREXBFHET
. “ME"AASA MR NERELRE QTR
BAFEX . “BATHAERLBFAHCE, THE
KES XU L EBANEREAF EXGHESNE.
s — RN E X REXHREESE
PHERRE B ER— A RR PSR X
B ERELBFADBKIAFEHS, —KHEAR :
KHBHE-NES AT, EEXFCERSHEF,. g1 secatomssm
FR A e B B 2 SO 348 B — A H SO, R

12. 4 fiR,
wext O  Ex# FExH
kS 8 ?)ﬁi e 1 Osg |- ®S1
FE lf)f‘o %40 50 = RS0
5 12 %5 5 [ @E% | WSS
Fc3:01 % ‘E 24 78 —  RHI 78
4
®E 14 e 12 L—— e 8
FH ?8 —®| 20 %291 100
[
LR i e - RS L
P3| 250 — 2895 [ 80 75
e 21 HE 15 >  BE 14
#H ;ﬁ; n ARB 360 4 133
| ®=s I
£ 200 % £ 360
TS 20 = S 20
SHS10 | @FEH | AES10
5 21
@EA o 260

B 12.4 SRATIK B RHBEOR RE

HAPE R R BI R IIE 121 JOR. ok AEIM A RS HE LHMT .
—EXM e FHH —HFEXM. LRZEBERBTRYHI, &
HXAHFERT EHBR— A RBUTBLER, Kb TRREA D RRME;
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“URAEH.

void MergeFile (FILE » £, FILE x g, FILE » h) {
/R BB IR BT XX £ M g HIFRBIEUE b EAAERET
/TR E R o REXH . UAER SR — M RKRBFIDR, H o XFRHY
/B FOBRENBA. D IABXH.

fread ( &fr, sizeof( RcdType), 1, £);
fread ( &gr, sizeof( RedType), 1, g )
while ( !feof(f) || 1feof(q)) ‘
switch {
case fr. key<lgr.key; V- X Wik S 2 Lk
fwrite ( &fr, sizeof( RedType), 1, h);
if (1feof(£)) fread ( &fr, sizeof(RedType), 1, £ ); break;
case gr.code == D" & & fr.key== gr.key: / MBgeB”ExHFigFk, AR EH
if ((feof(f)) fread ( &fr, sizecf (RcdType), 1, £);
if (1feof(g)) fread ( &gr, sizeof( RcdType), 1, g); break;
case gr.code=="T" & & fr.key>>gr. key: J BACEEPIE ar TN h MgH
fwrite ( P(gr), sizeof (RedType), 1, h);
if (1feof(q)) fread ( &gr, sizeof (RcdType), 1, g ); break;
case gr.code=="U & & fr.key== gr. key, J ERCIB”EXHPIDR
fwrite ( Q(fr,gr), sizeof(RcdType), 1, h);
/ B QM fr Fl gr FAHFH— T hEWBIEFR
if (1feof(f)) fread ( &fr, sizeof(RcdType), 1, £ );
if (1fecf(g)) fread ( &gr, sizeof ( RedType), 1, g )5 break;
default ERROR( ); A FeAl S H 1 B
}// switch
}while
} / MergeFile

w|E 1211

AFHABERNER., BREEXHFEE » MER . FFXHFEE m MER. —B
BOLT 355 XU/, T EAEAT BB HEFE , WY [} 5 2% 25 OGmlogm) . AIERIE 3F 1 &
EE R On-tm), | B8 AL B 1 & E] 2 O(mlogm+n) . BEFTHE BB A/ G
HEBETEPXFTHFBREZ R KANR s(AMNEF), M8 HE AL B /T 5

frwgon 2 - [ 2 e - [222 0,

BER E AR SO RO LA BB SUAF (L, R R BB URTUP BEHA , BEH A
AIE R AR BB BT AR ERST B ) £ 300 M H BB RERN E AT, B8 #A

O HREAFBEWMERINBANM LR
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XA B DI — A4 EFEAT.

SHFF XHE#ATHFEREMTFH OB NRNBFER HPHERKREN
(' +1)/2, B o' AT & YEIE R B XM/ BT S, AFE R K B E AT
BRI . MBEEXHET U#THRERBITEERIRERIGA BTV E
). HREXHRKERE LSS NI, FEERESE#LREBS,HNIF
.

1B F MU SCAF , AT RB BN SRR BAR, W I HE A B H AEE B 7] B @ —
AHIICE, U EAMERERER, RN AE R - RERNBHTHAL
B, ERRNTUEEEIXH EFARIBERNMAF . RRZ .. BRI IER K
8], (AT AR B IR Ah 2, R R T 2 RS H H B 13].

12.3 & 5 X #

BT XHEEREBERZN, AR —KERZBICRAYBIERZE——3
MRXRME—RTR. IREHEXAHEEXARTIRRAR R ARBRIIH.

B 12.5 R AR REIREBT. RIRFHE-RHEBERIIT. FigEXH4R
BERBFER RIRBFHRIITNEREXBF(REBRICRSINFHY . HFHEX
TR KT IS MR RS BF . R2Z,FHEX PILRABRKEFIN
FFHEZ , PR 3R 51 AE MR AR S0

BHRIIRS | IR | WHEERS KRBT & wHEL RS
0

4 101 15
7 119 04
‘ 123 .31
10 125 11

—_ O = =

1
2
3

& 12.5 %%lff)ﬂiu

RIRRHAREBFAIERN,. EEFRARUBBER VRN R — K3 K,
KPR THIERBANEERFHI LW CRAATEEENRIIBHTES.
B0, X407 F B 12, 6 (2) BB X, ARSI R WA 12. 6(b) B, WA 12. 6(c) H3T4id
FMASBPRIHNETIE.

RIXMMRRTRANEEFRSEXBF(HTHRARDER . RRIBMNE 9
BB RERERYU NIFELHT . . ERESI X, ERIIFLEEZIERE, N
RIERTI TR A EBIMNE LR BRI ERAFEZKICR  WRABE RS
F. ATRFITAWKELIER/NMIZ  WEETHRIIZ-KEARNE, HLERSI X
PHTRR RIRAERR, I—KERS, —KigicR. FEHTRIZEEARKN
BERRGI RN AT EERE., '

O HRERAREBICRETHE, SHFE WHRFR ", TR H“07,

+ 311 -



WEICEES |BLS| %4 R &) K (BT | MELRT xRy | MEERT

101 29 | KW |BER| - 02 104 29 101
103 | o5 |Zm |#BER| - 11 05 103 05 103
104 | 02 | Fa |BFRA| - 17 110 02 104
105 38 | Xt (FLR| - 29 101 38 105

108 31 . . . 2 31 108 31 108
109 43 . . 38 105 43 109
110 17 . . 43 109 17 110
112 48 . . 48 112 48 112

(a) (b (€]
H12.6 &5 SR
(DXHBER; OEIE: OWAIBFRUMRIR

R XGHEREEZHT. MR- EFe,. UFHEHEMEHERS T BA—E
FE N ERETRERNKE, ANERIRPEARIIT:EFCRN,  AEEFS
KIEFETFTEERWKRE, M BR R RPHMMESIA.

Lo FEHEBRKAE R RERK, UB—TYHREHAT., EXHELTERER
FIIELKRIFRSNE. NiL, AT RIIRBIL MR FHFAERE. BIRE 12.6(LOK
K5 HRE LA 3 T YHERNINE. BT YHEEEN 3RSV MR ERRWEIL2. 75
K. MRICREN, CERERR, BERIIR . REEBULR. SKGESIENT, HE
REFTEHEEZ MR ER—ZWERS . BEBEBUAENERI HEXH-RSE
—ERBE-BEERNF B BNRE, TREIBAEE - RRIIDEZBEREFTS,
LT 5 KRS

ERMEBERSIR—FBESERI BRRINBIIMPREH. REWT R, BBHRE
AFEBREUHBEEART . Bilt, YHEXHEEAIBRPIEREHELH, R
ARG . M-XHFWE &R B A RER, XS RN RGN, HA M
REBRIE. NHATELASREREH MXTELEZERS| . MEARY RS RWLEE
HEOSE. 8%, SEEXANERELA B L AFFBRRUSHBNRSIRNTXH
TXHF W (SRR ERS L HERERCES I EP#ET THATR. RZ, 4XH
BRI, BRI BB & HFBEIE, MERRTIN T B RITRISNGE, 3 B, RSN
KEEABREEZ LS RB. B ABIOURSMEHRE N RBEHRIIRHE

B, B, WA ERMm X# BRERTIR. m i

BARRT | GHERS HEBRTFEI AN ELMBE KN, X, M
17 1 “9.2. 3/BW I T L, A E A TR %
38 2 KA ML BFARTIER. FLRHEER BT IE%
16 3 1, 4R3I AR KE, 7T R AT RIS M (Il

MRIIRENE); K2, R Trie W, B2,

B12.7 B2 6FRIRMORI o i st i ] b PO AR 28 20 RO B 1] K78 &8 B A
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R 5MAF R S 2 H B E T B O AR R RS R R

BAR,RDI X LR A

8 b B » T B SO T R R R HE P U A AT RS — R
BT, W MRS BRI RE RS BN ARTUERS RRHA AR, B
AR ZETRESECRRBFAERELLEEEN, NERBXAFHEREXR
SN R MU AT X — SR R RS — R TL, R RE B2 N EWE RS, SR RHAT
“HER BRI ESAOERSES, FEERE, T—WEAAHREHNRIIIF
Xt -

12. 4 ISAM X f&F1 VSAM 4
12.4.1 ISAM X4

RS MFEHFNF % ISAM 3 Indexed Sequential Access Methed REEE , ERE—F%
HBERERBITHXHFAA SR, b TRHAR KA EEMEE =200 7F R RE,
MA MR EWBREXHEIRE FEMEEC=2RS. XHENECRER—-&4 E
FERCET , B Se R s — AR TE b L AR S FE PR AR AOTE AR AR RO AE T b L X R — R T U 4t
SEOKFIMFFR. AIME12. 8 HFERAE—THEH EAY ISAM X, S EEE L
— M HERS B IMRERTI THWH AR AR R MMM SR, mE 12. 9 FF
R B-HoMAELXRENRMFERA NERAZREPBER—TCRAXEF (L
HBAKXBE), BEBRAZHMEFE-MERHMLE EERSIVNE TR TRAERX
BEMBSHFRIAR IERFIEEATER - TCRPXRBFBARXEE), 5HHE
AZEEEWBERSINVE. SERSIFRER MR L. EEARIIBEXR, S IMHE
B, AT A E R MRS —ERT.

£ ISAM X ERRICFEN . ENERFIHRRIMEHEERS, ENETRSI
R LR EEEWEERS . BENEERIIRICRFERENE —MERNALE,
HILHREZBE LHTIMFEREZRA ML RZ , HEREEABETAFELKIT R,
WEBHZXHPEMWICFE. AN, ERXBFHN 2L WICENWERBERIE 12.8 91
HELR.

ME 12.8 P FEREAED. BMEELEARE - TREXHE MERSIAPELR
HRSFIT, XRIBALRAREN. &1 T ISAM XHFIEREEXBFFIFHL,
MAEBACFHEBHEIER,HERN—BELBER—-—TEZBERHX, ANBREER
M, AWBUEXAAEIHBEETE . (DEPER—B1 AR M RBE—-WRE
K QABAER—8MHER—ITRUX; QORI ELBMHELE S —BHIER B
EEMEESENBHX, FHBZEHERA{BHKX. H12.8 RE_MRER.

BEMHENEARXERNFFHEN . MBHXEEREW A—HERHENICFH

O XEMBERS,XRISERT, HBEIRDFRART.
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HEXRT

) BE C,
50 | ¢ l w3
1 ) Ru[RzLIRcsi Ruleo
RS :

164 | —— 164' rl l [ ] | oo pﬂ«
330 [ —— | WHE
620 | — X [

215 ®ART|
1100 T | P —-Rm] N |R,15
) * 330] r[ | l tre ]Raso
4150 -—l . BHEK
r—| il C.
4150 3843] ¢ AR
4150[ [l I | » I ¢ IRuso

BHEX

M 12.8 ISAM JCi4 i

Xa¥ et PSS 2 a4t

HEARETIM % R51
12.9 BEERIIMEH

A, ZRE RS B RTIAFHRBFERREELR N RICROBRRKBT; MW
ET IR RTER B R B — e, B 12. 10 FiaR N6 AT R8s 0 &b 3 i B4
Fo EHHB @ NEARKE T ERORES; (b) FHEA Res B 4858 B P RBFKT 65
HIC RIS 5 » B Roo i HH 28t KEE 85 () HIEA Res )5 HRAE, HRY 2 HM
EARSITHXBTFU R 80, HB M RFITHXRBFH N 90, HiBstHmE ¢ BE -4
TERE Roo s (D RAFLEFA Ros 1 R FHRE R BALEE S ERE - MERWMULET
fF Rus Wit . T H T 80<C83<C90, M Res B E A BB X, fEH5E 2 BARBRHWE
—MER IR ERNEH 18 Ro WA E, ARBHE 2 BRI MEBHETI TR E
] Res o

L1l 1 ]
123 x n
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EERIT BWHARIM BERIIM WHRIN

[ 90 Tz l D45 T3’11 Iﬁ*?l :
Rso Reo Rzo Rso Ryo T,
}5*8’.
Rioo Rizo Rizo Riss Rugs 3
T BHK
(a)
(b)
80 | Tw | 90 { Ter | 145 | Tan H&sl
Rs Rso Rss Ry Rso
Rioo Rz Ris Riss Rus
Ro | /
()
80 | Tex | 90 { Tus | 136 | Tyn | 145 | Tey
Rso Reo Rss Ry 7 Rso _
Res _Rmc Rizn Riso Russ
Rso / Rus / ‘ R'BS ’1:4,'1

)

B 12.10 ISAM 3T B3 AF B H 4b 2
(8) AR (DA Res B RB S () A ResJ5s (d) A Ris BI¥EA ResJ7

ﬂ§$z
T, WK

T’}ﬁzs:rz
Ts
T, MHK

ISAM X BB IERWBEBRLBAGABL, ARRBIHSMERNICR, EHAH
B EERBRAR S A, MAREBIERRNBER L BELLE S RKHEM G XHFH
ZHTRTERAGHE. WK, KENCREABER, MEAXPRBBREEMR., B
ML EE TR AN R ISAM XX . ?E'»Bi]i)\l*]ﬁ HHHS, AR~ H
ISAM CHF, SR B A X T 25 H 8 X .

BE, RIH AT —TF ISAM X#HPFHEERIIMMLE.

BE.BERIRESIMEENE—EL PA, EERIIBEHREHHE 4
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M L YR ? Efﬁ—&ﬁ%ﬂﬁﬁﬁﬁﬁﬁ%%’l,Eﬂm%%ﬁéﬁﬁfﬂ*lﬁlﬂfsﬂ,ﬁm%
HRL B TR, BEXHEE o ARE EERSIES cEE L. WK
LB HEE R FIMEN

=-1_[E(x—z)+2(z—x)]

=i[x — (i Dz 2L
& 0,88 o="F1, SRR TR BACERIE KRR R AR L

3

=

12.4.2 VSAM X4

BRI EMERA X VSAM £ Virtual Storage Access Method W#EE . XFERY
EHATRERENBIUHEBOIR . AHAARENE. MAPRE, XHFRFEHEK
BABH XS BREHAM, SAEERTEE BESREFHEACERA LRPE
. BAPEEBRXHEPHIER ARELSEXMCRN YNV ERSEAF UWARE
% B af R AT XN AT/ B4

VSAM X RoZEMIME 12. 11 iR, Bl 3 RAAR: R L WP EMBPHEE.

x3Mm
B* #

1
|- WUFR
!
!
|

, ~[] 2
LMEY, T

12,11 VSAM XAREHRREE

XHWIE R FEREREE S, WEE PN —F S FF N2 H X B (Control Interval) , B
B I/OBENESFAN, CH—HEZWFAHR AR . 5 X 8§ K /T B 4
ARWAR,ER—XH#LBEAREHRMIF. SIBHRETE -IREMEXE
FREERFHEIINIER. MFEMRSIE—EHR—B B ®, I XHRRIIFS. BT
EPFREMEFHXEHRSIT. 8NEHXEHRSI T HFEBIME LR, BixsEh
X (6] o G B K SC B ANIE e B X EI Q03R4 . F TS EH X BN R IR BUGF £+
W—AER SRR AREREE BN ERARER L -BHERPRERS HE
BEEBIRS . FAENRSIMRHBAXBFARA4FEBIEELAR XEFENE
B R BT WdE A4 A . Hil, VSAM R TENFESE P #H AT RFERR, XM
BEENRSI B HHRGDOURATHEXBERR. MFEP -5 S ERF RN
B BT A 3 i X 8 B — 1 1K, BR %38 8 X 4 (Control Range) . /M8 H| X (8] 8] ¥ 4 —
ANBERIE , 8N EH XE Ry — R E.

£ VSAM U, iE ROT LARA E K &, WA 0 X 8 BBk T FB0E RAF LS, B
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EHAMCRNBHERGIIERAKES) MBS KRR EHER WX EPFERIER
W), BH X G R I 12,12 iR, EERHRE EER— 4‘1&'%3}‘%5&&*‘]&@]&9
7 35t 2 TR B 16 o R

‘ TR iE§1.' WK
ﬂli B 5] o) 'gg' i
P mmaE | gaEe BHEe | BHEL

B 12,12 e X ] B

VSAM X f ch A i K, B A B sk REV R X AN EEZE. —REI 8
10 I ) R T 3% ZE K — ME R HE R 2 A EA S, —RES MWK S
B — g2 MR K SEENUF R MRS PR X e KA, SIAS DR, AE
BHOFIERBBADNBNYBHE RN, BEERNTRERANCRNOXBFEANE
KAF WBEHEAAXRBFATEALRXBENTRARHEROTABS. HE
TR RIEAZIE Bl X F B, MR T — /M2 Sl AR 247 45 K 0 2 3, B I
P IR R B F — R KR 22 R KB o SR BT R AR R T W
B (KR B B 47 O O 6] U e K R 24 e O 8 o 0 45
EAR HEMTBRRIRTHESAELS. B TEARREA, RS RESHE
. |

7E VSAM SCH AR E R T4 A — 3 X R R E R X B E R MIE R AR
B3 B AEALUEBANFITR. FE MK EEE BB R N R
3193,

BT L, VSAM UM 5 32 077 8 2 ], — AL RLRR IR 5 40 75 % O PR B 25 I A
. HENRAR HBLAMABBEHEEE, FEEN A ETES FRRR
WIEAMIERETER BR—REAT R F 5 ER— R IE R E R
R,

H TSR ERIDRA, VSAM B T — s LM B BER , A5 61 1 K B 0 TR 41 R 31 19
BRLES, HiEREETSESEHREN]. |

12.5  HEAFBUCH (HFI 30

HEFBOUAHHRMRFM ARE (Hash) IE#THAN XA . ERUTRER, PRE
S R BT A BT — A R ROAL R T R R BB HRE L&
SURRELF 30

S5MFERFRNE X FXARE, #E EHXFCREERRAFRE. HTME
TR — TR AL, FERFUSCHR A, X7 31 1Y U1 (Bucket) o B — N H BB 77K
m AER XM, m MR SGAHIE R R ER — ik %P, 48 m+1 AF
SR BRA 7 R A Ul . AL B B L 0 T R R i A 3R v A 2 e R G 4 o O 3K B R B
X, EER AR .
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MEERBH,BERE L AR LEFRBS - R EEREE S
ARG s A M BRAT m N SCRE RN . WA RER AR,
RIS MR . MR PR AT RO, SIS ST B i P RATE
#. Hi, FER—-BFAENE L BNERERS ENYRLBASRHERE, &
FER—EE L. B, E—STHA 18 TR, HRBF S F0 278,109,063,930,
589,184,505,269,008,083,164,215,330,810,620,110,384,355, MK A& m=3,
W b=7, AREAREESEER H(key) =key MOD 7., m It BB EBEHFRX
frnE 12. 13 B, '

FEE B SO P AT E R, H SRR A E ER A At (A S B B RAIT R
BARERTMFER, HRVAXBFETASEHKTR, WARRY: EM . ERHAY
A ERIDF RN E WX AFR S A FEIDR, T URE S B E O RR 5
HAMERBEARFRE#THFER. AZRRAIBAFARAY. Bk, BHERH
&) g : ‘

- , T=a(te+ti)
R o HEFBUBEMIEE (Y TRAERT P E R, X 68 dh ik 40 3 % i

Boa=1+"5ve HAF I — M RRHTRE OB 1] 20 2 A7 P 2 B — T R BT B AL
o MR RIE T, £ 8 S

n
“om
Hob on HXHWTREGE AEBm HROER. BRI m TR o, LR o B
AN SR BT 26 KB T e>>0i, MBS 1) T 3T, M 12. 14 RR T a Mla
S |
FER A RO MRIE AT , oA R — B, (U X HOBE RAE— 4RI BT,

a

Was E 2] e
0 | 063 [ 184 A
1[589 (505 [oos| {330 | | [a] . —1
2 A = 2 g 10
3 | 269 | 164 A § /
4 [109 [620 A g
5 {278 |215 | s10] {110 [ 355 | [ A | B
6 [ 930 {083 | 384] A gt
B 12.13 EEFRXHRA B12.14 RMWABRMBERKENLE

B2 HEFBHHRRR  XHREILER ERABHTHF BA MBRTE.F
BREER ABERIE, FEEMERE. HRSE . FARITIFFR, AR X BT
VIR, BRI AR TFRAAR,HFEESSTZRKOEA BB Z G, 0ol i R i 2
PG, B A T T B A N B B B BR B9 R . R IR R EA M.
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12.6 HXREFIH

ZXBF AR AR BN TR RBEN, RO EXRFHTRBAE,
ALHEBEMRXBFHTHMARBKBRAEE.

B, E 12.1 EE RS+ ESESH I ERBRT, B0 ML RIS K
S, RVEXTSCHEEI T A B4 600 B UL E IR BEN TSR FF.
MRS E A RE EXEF RS Wk E 3 KRBT M, R FP 7 B
) — AT R AT L, AT RCRRAR . WL, X BRBFXMH BT U LUV IR
M ERASR 2, MBBL—RFINRABFRS] . WXBFRITUEREN. &
TUREREN RIXTURTRE, BT URKER. MERBFRIERAR, BIER
FITNAEKEEE AAR—REABFHEMIRNEXRBFZRYBILRS. THIT
WHMHEXBFIXHHARTIE.

12.6.1 BEBERXH

% B 5 304 (Multilist File) B8R 18 T8 1 8 5 WIUF R — 1 B BEHE L 3F
EYERBFORI B R ERID HE - PRXBFRRIREBFRI FRHIKER
5D, B A FA— KRB FRIDFHR—ER. ERINERERS KR NAS
Rl BARIMEH/REBT LHENERKE.

i, B 12,15 iR A —A S EERM. KH, ¥ SR EXRBF . CREE ST
g, HTERFE R ADTHRHEIWE 12. 5OPR, RIMRHEXRBT
HEFRPNBRE, . EBEFMBEREN 3 MRXBFH, EMNORSI WA
12.15(0) ~ () fi, A MAR X BF HIDRBRER —HRT. BT RERXBFR
3L, EASLEEHRXBTHMA, AN, EEENCBEAE 400 U EREE, R
EHERT R EER 100~449 X—T, 5RI5 A BB EER K IE 4 th R, 71 Xk R P HTA T
REVE ., AN, BB MR R R Z R M A MM RS R LTk
St N2k B bt R R ENE R BE R T R AR X P TR,
SRR K, BAN IR KBRS R TR R

BRI H TR, 0HTFER. WRRAERERFERGLMIOT, WEA—1
FILRREDN, KN TR LR EEEROLEHZE. B2, BN - MERHRE
B, BER MR ERBF R H X ZIDR.

12.6.2 @IHxH#

BEH XN ZERIANRANETREABFRIINEWAR. &%, REHHF
MRAEBFRS AR, RAEHRARXBFHICRZEARIEHHE, MAB SRS X
KERBTFH—TPHFRIEEROYEICRS. S0, LASTHFREHERNE 12, 16
B

EIHERERSNFLETRRICRER. AR EHH, FHERICE, HTH
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7B

ERE | & ¥ 5 * § |Be¥s| B B R B
ol |x 2 |1350|02| #%# |o02]| 412 (03|’ |02|T |03
02 | B/ | 1351 |03 | #ak |07 | 398 [07 | B |04 | P |03
03 ﬁ #1352 | 04 | FHEHLI 05| 436 [ A | Z |05 [P (04| T |05
04 | PREBABA | 1353 | A | BIFH | 06| 402 |08 | [ 06| P4 |08
05 | M sk |1354]06|3+HHL | A | 384 |02 | Z |07} T |09
06 |# # |1355|07| REFA |09 356 |10 | H |07
07 | BERE | 1356 | 08| #k# |08 | 398 | A | |08 |Z | A
08 | BT | 1357 A | K@ | AL 408 |01 B OGIHILA
09 | F gt |1358 (10| R (10| 370 |05 | B | 10| T | A
10 | X (1359 A | BH | A]| 364 |09 | A
(a)

EX@E | kB4 WRBF | REH | KE
1353 01 % # 01 4
1357 05 HEH 03 2
1359 09 B A 04 4

(b) (c)
WRGET | LB | KE
H 02 7

e £ At | KE z 03 3
350~399 06 6 & 01 5
400~449 04 4 T 01 1

(d (e
B 12.15 ZEXRIXERM
@EFJ/XMH; OOEXBFRI; @EBL"RI: (DBE2ELHEI; (Q“EBRERSI

AR, AR KA LW EEPETRRBZ7H, WA BE“RE"RIIPHIERS

MR P HICRSAERZ"HESSHIT.

A FMBRIC e, fHEROEEMEN BN, ERERNEFHERFRAARA—K
XBFRHERSEERFAEINN, MU ZEMNEBS.

BRS04 3k BB B S04 TR R F1BLRF SCAF (A ISAM 34D, T 81 HE %+ B A IR
RNEXRBFMARDHILRS .

BH AR RRES B, ER—KFRBF ARKXBFHIERBAR, £#8H
RPKERE, A—EAHRPEAKERAE.
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HHE

03, 05

B A

04, 06, 09, 10

(@& BjH#

350~399

02, 05, 06, 07, 09, 10

400~449

01, 03, 04, 08

MESESEHER

02, 04, 06, 07, 08, 09, 10

03, 05, 07,

01, 02, 03, 04, 08

(|~ H

01, 03, 05, 09

(OBBREBHER

B12.16 SHXHRTIRG
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Mg A %A # 5l

= T n

X # (binary tree) 121
— X HEF B (binary sort tree) 227
— X &M (binary search tree) 227
YW (quadratic probing) 257
+2Z248 % (orthogonal list) 103,164
B-# 238
BT M 246
Trie # 249
= & il

=54 F# (list of 3-tuples) 97
I~ 33 (Lists) (generalized lists) 107
48 %E (breadth-first search) 169
F ¥ (descendant) 120
F# (subtree) 118
F @ (subgraph) 158
F & (substring) 70
AOV-F (Activity On Vertex network) 181
AOE-R (Activity On Edge network) 183
i T n

TLHE (element) 6
BAFY (queue) 58
BA sk (front) 59
BAR (rear) 59
WA (doubly linked list) 35
S PAF] (deque) (double—ended queue) 60
MW (parents) 120
WEER (doubly linked tree) 248
thFF3R JF (inorder traversal) 128,139
(FEHRH)FEFER (infix notation) 129
T (unordered tree) 120
F i B (undirected graph) (undigraph) 157
XA T (garbage collection) 206
A ER4EwE Callocation strategy) 196
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S (blocking search) - 225

A EHEF (internal sorting) ‘ 263
XA G (text editing) R
S (files) 306
FE (G (have fixed size records) ' 306
KREHK (34) (have variable size records) " 306
Mg (X (have only one key) 306
LEEF () (with more then one key) ‘ 306
FicEH (open addressing) " 257
E & i

3k f5 4t (head pointer) - 27
3L %% &5 (head node) o 28
i1 (edge) 157
1 RARiHYE (boundary tag method) : : 198
H R (spanning tree) ' 159,170
B/ CESHD (minimum) 173
H R (spanning forest) © 160
T #| FZs Al (available space list) 104
FH A K E ASL (Average Search Length) 217
45— XM (balanced binary tree) ' 233
45 R T (balance factor) ‘ 233
-5 ie% (balance rotation) . ) g 234
FHHH (mid-square method) 254
4 IFH (balanced merge) 296
HIFHERE (merge sort) 283
A3 AHEFE (merge insertion sort) ' 292
3B (merging segments) 295
S EHEFE (external sorting) N 263,293
~ & 0’

P8 E (storage density) : 78
FEE B Y8 (storage compaction) 212
FEHESS M) (storge structure) : 6
WRF (FEHEEEM) (sequential) ' 6
#R (EHEEH) (linked) , 6
St FIFO (First In First Out) ’ 58
SR i (preorder traversal) 128,139
(B ED %M GERID (preorder) 138
B el LIFO (Last In First Out) 44
JE M (postorder traversal) 128
(REDEMGEF) (postorder) 138
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(BERMEEFT (postiix notation) 129

& ¥ (backtracking) 149
HE (digraph) (directed graph) 157
# HEHE (directed acycline graph) 179
#H W (ordered tree) 120
A R B (sorted segment) 206
KRS (buddy system) 203
B (network) ‘ 158
%% & (atticulation point) 176
¥ B3 (critical paths) 183
KRBT (Key) 214
F%@F (primary key) 214
WEPE (second key) 214
FHAEWRE (Dynamic Searh Table) . 214,226
[A X i@ (synonym) 252
w2 (collision) 252,256
H% (rehash) 258
PyBEHLEE M (random probing) 257
st HERE (sorting by address) 264,289
FEIE BFE (delay time) _ 204
F & i} H] (seek time) 295
f& At E (transmission time) 295
ZIH3H (multi—way merge) 297
BRI (multilist file) 319
t & n

B a4 BE (time complexity) 15
W 55 B[] & 2% ¥ (asymptotic time complexity) 15

£ (bit) 6
# (string) 70
258 (null string) ) 70

Z B (blank string) 71
B.BK (leveD ' 120
524 W (complete binary tree) 124
Se4 B (complete graph) 158
48 (&) (adjacent) 158
4R PE (adjacency matrix) 161
& (adjacency lists) 163
W (48R (inverse) 164
ApE L EF (adjacency multilists) 166
% B ® (connected graph) 159
% (%EE) (strongly) 159
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iﬁiﬁ (&) (biconnected)
#3848 (connected component)
FEER (binary search)
# & (folding method)

A Wi (shift folding)

] R A8 (folding at the boundaries)

HEM (decision tree)

5 RHEFP (Shell’s method)
HBEHERE (gksort) (quicksort)
EIPR (gap)

&4 A9 E B IRG (Inter Record Gap)
A 49 B2 IBG (Inter Block Gap)

2| 24 BE (space complexity)

B HE B (Abstract Data Type)

JE F 2K (atomic data type)

B 2 B4 # A (fixed-aggregate data type)
] 76 B 4 25 B (variable-aggregate data type)
£ 75 338 24 % (polymorphic data type)

¥ F#E (linear lists)
@it (linear linked lists)
23 ¥ (linear probing)
28 %& — W # (threaded binary trees)
& F (threaded linked lists)
Mgk (singly linked lists)
& (graph)
& (degree)

AE (in—degree)

B (out—degree)
THA (vertex)
M (arcd
BRI (immediate predecessor)
H#FE % (immediate successor)
HEsEN (immediately allocate)
HFpHEF (topological sort)
H$NE P (topological order)
FHEF (list sort)
W EH# (tree of loser)
#j | (query)
#HRFE (table)

176
159
218
254
255
255
145,220
271
273
293
293
293

[
17

©w 0o 0 00 =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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% & (node) 6,120
B+ (children) 120
# 4% (ancestor) 7 120
154t (pointer) 27
#7588 (cursor) 32
¥ (stack) 44
I (top) 44
12K (bottom) 44
# (tree) 118
#8934 (enumeration of tree) 152
WHEE (traversal of tree) 138
#y 7% % (Hash table) 951
M % ¥ (Hash function) 251
WAL AR K B (weighted path length) 144
(FEBXED A B TR (prefix notation) 129
MBS (prefix code) 146
BB A Hirst-fit) 196
4R (searching) 214
i fF 2} (sequential search) 216
JE 8 (runs) 295
W 04 (sequential file) 308
BB 4 ¥3k (division method) 255
HEHF (selection sort) 277
8 GEFHF) (simple) 277
WK (REHR) (tree 278

Br (segments) 295
+ & G

B EEAE L (discrete event simulation) 65
¥Rk (special matrices) 95
% U B ¥ (recursive function) 54
1 (root) : 118
FEHHEF (bubble sort) 2792
#B| W FF 2 (indexed sequential search) 295
2| E 3 (indexed sequential file) 311
ISAM (3 4) (Indexed Sequential Access Method) 313
VSAM (X #4) (Virtual Storage Access Method) 316

E 8| 3048 (indexed file) 311
i HE 344 (inverted file) 319
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+ -
BE (depth)

Y8 B {8 418 & DFS (Depth-First Search)
BEbL# B (random number method)
HF (sorting)

¥ (heap)

WHEFF (heapsort)

HM¥HF (radix sort)

Z 4| X 8 (control interval)

#5% X 18, (control range)

¥ (bucket)

BB (dummy run)

#$ (linked list)
it B (chaining)
SR EBHF (linked radix sort)
& 432 (circular linked list)
PEFRBAF] (circular queued
3% R (equivalence relations)
2442 (equivalence classes)
2 at[E (latency time)
Ak (forest)
B (optimal treed
£ /p4E B (minimal spanning tree)
B4 HR (shortest path)
B4 (best-fit)
BEPE (worstfit)
B &% MSD (Most Significant Digit first)
B % RLAE 56 LSD (Least Significant Digit first)
BRI (optimal merge tree)
LW AEEFEF] (Fibonacci numbers)
ey AW A, (Fibonacci search)
WHEM (sparse matrix)
W HiE (sparse graph)
HHHET (load factor)
# AHERE (insertion sort)

B J&A) (straight)

#fra JEHA) (binary)

2-B% (A (2-way)

# FAA) (table)
5 X (hashed file)

El

Bl

i
113,120
167

256

263
75,279
279
284,286
316

316

317

305

n
27
258
286
35

. 63
139
139
295
121
144
173
186
197
197
285
285
304
221
221
96
158
260
265
265
266
267
267
317
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+
1]
El
b=

¥ (data) ; 4
¥R TCE (data element) . , 4
BB (data item) 4,18

BiE % (data object) 4
¥ 4% %k # (data relation) 8
BIELEH (data structure) v 5
BHEEEMH (logical structure) 6
PP 4E#) (physical structure) 6
BHEARR (data type) ;

¥ (arrays) ‘ 90
F ik (digital analysis method) 254
B E BB (digital search tree) 247
35 (frequency count) 15
B4 (path) 144,159
#F# ™ (dense graph) 158
#F-FHEF (tournament sort) . 278
B#-%#HEF (replacement selection sort) 299
W X ({full binary tree) : 124

+ @B & 5
B3 (algorithm) . 13
# A4 & (implementing linked lists using array) 32
R JUH (pattern matching) 79
AT F (Static Search Table) 214,216
BEWHEFRE (stable sorting method) 263
/N B HEF (diminishing increment sort) 271
Wi (disk) 294
#HRSW (Hulfman tree) e 144
kB AT (Huffman codes) 146
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sk B WA B & 51

® 1 =
Bubble_ sort (a[], n) /¥ e PEBEIIEFHIR B /DERE I HBEF
# 2=
AddPolyn ( &Pa, &Pb) /B A ML . Pa = Pa+Pb
CreateList_ L ( &L, n) N OBEFRA AN TROE BIE LG AR ERNS L
CreatPolyn ( &P, m) JBA mBHRBAER R RR - TEARNE FEEP
difference ( &space, &S) Y TE—B L space PR FRES(A—B)UB—A)
/KBS ER
Free_ SL ( &space, k) 7 TR BSREXR BB & %R
GetElem_L (L, i, &e) /B e BEWLERMASRL B I M EETE

InitList_ Sq ¢ &L)

/O HE—NERIE RS RREE L

InitSpace_ SL ( &space) /B —HER A space Wﬁ/l\ﬁgéﬁﬁﬁ—’l\%ﬁgﬁi
ListDelete_ Sq ( &L, i, &e) A ERFEUEELSRRE i TR, e iR | H (&
ListDelete_ L ( &L, i, &e) N EHEREAMBASERER LD, MRS i L,

ListDelete_ Dul (
ListInsert_ Sg ( &
ListInsert L ( L,

/e g EIHAE
&L, i, &)/ BMBRHXLEANBEFRHRL WS i PR
L, i, e /EBFEER LS i N TRZABAFOTE
i, e JEBRRBERNEERER LS i M TRZABATE e 29,

ListInsert- DuL ( &L, i, ) N EHRERNEEAREE L NS I TEZHEATE e
LocateElems Sq ( L, e, ( * compare)) // EMFRBERLPERE 1 MES e MEXLRBY

// compare() i) 70 2 1Y £
LocateElent_ SL ( S, &) N EBSRERERE L FERE 1 MEN e WTE
Malloe_ SL ( &space) /N EEREREEERIES,NEE SRS A TR, 5 MER o

MergeList ( La, Lb, &Lc) A AR EFRER Lafl Lb BRFHAEFLR%E Lo
Mergelist_ Sq ( La, Lb, &Lc) / H#HHFIMFEE La #1 Lb BIAMNEFITFE Le
MergeList- L ( &La, &Lb, &Lc) / HEHRFRESE La FLbBBFHEFASESR Le 31,

union ( &La, Lb) /BB ERIER Lb PEKRE La P RETEEAL La
® 3 =

Bank_ Simulation ( CloseTime)  // 447l 45 #480 , B5 3 — K 13 % P 76 404748 8 09 S 39 B ]

Conversion () Vi X‘]’?‘ﬁAB‘JEﬁ*’l\ﬂﬁﬁ‘f‘ﬁﬁﬂE&vﬂﬁpﬁfﬂ—%ﬁ%ﬁ%/\ﬁﬁﬁ

DeQueue ( 8.Q, &.e) v / MERAES AT Q Bk TE, 3B e 18 B HAH

DeQueue ( &Q, &e) /) MBRAEZ BF AT Q BT E I e I EHAE

DestroyQueue ( &

Q [ HBERT Q
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33
33
29
23
33
24

30
37
24
38
36

26
39
20



EnQueue ( &Q, e) / BATTR e HET Q WFHBRITR 62

EnQueue ( &Q, e) /BATE e HIEHBAF Q WFHHBILE 65
EvaluateExpression() N BERRERENAERBEANERREILRE 53
GetTop ( S, &e) J e BEHESHFER SHBRMAR 47
Hanoi ( n, x, y, z) JBEREx LRESF I E ol n MHEARANBIIERE 2 55
InitQueue ( & Q) /-SR] Q 62
InitQueue ( & Q) / HWE—E HIERAS] Q 64
InitStack ( &.8) Y WE—AE IR S 47
LineEditO /=R RBRF 50
MazePath ( maze, start, end ) /) REE maze PMAL start ] 0 end B— KB 51
Push ( &S, &) A BATE e HIIFR SHFHRTTE 47
Pop ( &5, &e) / MBRIESIRFER S MIRTUTE, A e B EHME 47
QueueLength (Q) / BEERAT] Q PRI ENE BT MK E 64
® 4 X "
ClearString ( &9) Y %ﬁﬁﬁéﬁ%&@% SHEHRNETH 77
Concat ( &T, S1, S2) /R TR U AR AR5 A B S1 A S2 BR B T K 3 & 73
Concat ( &T, S1, S2) A TR E by fE A LS W a0 H8 S1 0 S2 BRIET R & & 77
get_next ( T, &next[]) /KRS T #Y next WEHE 83
get_nextval ( T, &nextval[]) /O REAE TH next BPBEM 84
Index ( S, T,pos) /BB TFE TEERSPHMNE 72,79
Index- KMP ( S,T,pos) /A P next BPERESFR THEEP SHHME 82
StrAssign ( & T, x chars) /B E R chars MBS W SR T WE 76
StrCompare ( S, T) JOBEEEBENNR ST THRRER 77
InsldxList( &idxlist, bno) // %455 K bno X IFHART & idxlist 88
Strlnsert ( &S, pos, T) /) TERFREG RS S 58 pos NERHZRBASB T 75
StrLength ( S) /BB B S WK 77
SubString ( &Sub, S. pos, len) // H Sub @@/@?#ﬁ%m%% S H¥ pos MNE/BEE RN
// len B F 88 ‘ 75
SubString ( &Sub, S, pos, len) / A Sub K EIETFAEAM A S S pos M ELREE
# Hlen gy ¥ 77
w5 B n
CopyGList ( &T, L) JORAKREREMEN. A NRLEHBAXET 115
CreateGList ( &L, S) /O RAKRERTMEW . B RN PERERB ST XKL 116
CreateSMatrix— OL ( & M) A AT FRRTERINRHRERE M 104
FastTransposeSMatrix ( M, &T) / REA=ZTHIRFRERHBRESE M WETER T 100
GListDepth ( L) /O RFkRBERTFHEEW R LR L RE 114
MultSMatrix ( M, N, &Q) / RRAGTERBEFEMRRNERRE Q=MXN 102
Sever ( &str, &hstr) A UE— SRR BIES P str S BRFEES 4  hsub # str 117
TransposeSMatrix ( M, &T) J RRA=ZAAMFEERHRRESE MW EESE T 99
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6 % n
CreateBiTree ( &T) V4 BERKERAAGSE WE-NERRARH _AH T 131
find_ mfset ( S, D /) BRESSHIETFTENR 141
fix_ mfset ( &S, D JREIFETFREFEN ERBRLFAZEAHERBHETER 143
GetPowerSet ( i,A,&B) /) ARERRRESHR AKNRERE p(A 150
HuffmanCoding ( &HT, &HC, *w, n) / WEHREN HT ERBEHOHRERTH HC 147
InOrderTraverse ( T, (% Visit)) / HFREF XK THEBRRERE 130,131
InOrderTraverse_ Thr ( T, ( * Visit)) J OHRERA X REBERRTRY XN T 134
InOrderThreading ( &Thrt, T) // #FFREHZXH T, ERPFRREER Thrt 134
InThreading ( p) /SR P R X TR FRREL 135
merge_ mfset ( &S, i, ) / RSHEAERELHFE SIS HIHFESUS 141
mix_ miset ( &S, i, j) /O REABERHZEHFES WS WHFESUS 142
PreOrderTraverse ( T, (* Visit))/ FEFRFT-XW T W HE S 129
PowerSet ( i, n) / REnATENES ANREE (A 150
Trial ( i, n) /R o BERBEHRENGERER, FEHZ 151
® 7 X il
BFSTraverse ( G, (» Visit))  / %/ ERLRHE G, ¥ H (Visit) B 5 Ji A TR 170
CreateGraph ( &.G) /) MER G B (BERERRTFHREN 162
CreateUDN ( &G) / METER G HRASBBEER RTFEREN 162
CreateDG ( &G / BmEEREGCHHERRFREH 165
CriticalPath ( G) /BB AERNGHETREED 185
DFS (G, v) A REVATARHERBRABEEREBRTIE G 169
DFSArticul ( G, v0) /OB O THAHREEREEGEG ERFABHRTR 178
DFSForest ( G, &T) / BATEEGHUREREERENOEEBETERIRHHERT 171
DFSTraverse ( G, ( * Visit)) J XE GHEREMRERE 169
DFSTree ( G, v, &T) A NBvATABREERAERTE G, #3 M T AHRKERW 172
FindArticul ( G) / BRHEHEEE G E2WRT R 178
MiniSpanTree_ PRIM ( G, u) / FAEEBEENE o TIAHEEWEN GHE/MERW T 175

ShortestPath_ DIJ ( G, v0, &P, &D) // B Dijkstra R A @M G MK vO
J BIEATE v HRERE PLVIRHWEKE Dv] 189

ShortestPath. FLOYD ( G, &P[], &D)  / fi Floyd B¥%RA MM G HEXM A v
/M owZERBERER PLvIIw] REHRKE Dlv][w] 161
TopologicalOrder ( G, &T) J REM G ETAESNRREEZERRE ve 185
TopologicalSort ( G) /) EGEEE, WS G HEHAN— N REINTS 182
® 3 ¥ n
AllocBoundTag ¢ &pav, n) /B RFIRENAEESEES 200
AllocBuddy ( &avail, n) N AKERERFHESEE R 205
MarkList ( GL) / BRFIEES X GL W RPHARMFEWE RMRS 209
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CreateSOSTree ( & T, ST)
DeleteBST ( & T, key )

InsertAVL ( & T, e; & taller
InsertBST ( &T, e)
InsertBTree ( &T, K, q, i)
InsertHash ( &H, e)

LeftBalance ( &T )
L_Rotate ( &p)

R_Rotate ( &p)

Search_ Bin ( ST, key)
SearchBST ( T, key, f, &p)
SearchBTree ( T, KD
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 X )
/ mERR ST RE—RRRERH T 225
/B T REEXBFST key HERTTRE, NMER
/) EEHETCEL M p B E TRUE; FMIEE FALSE
/) EFEEH X HRER T A RK R R EA M FXRFH
/AR GEEEATE Z SUHEPR R 208, WAE PR IR R AL 3 237
/BN T HRREEXRRBTET o key HBETRE,

230

/ A e33&E TRUE 228
JEDR BT EER * i key[i]5 key[i+11ZBEEA
/ ERFEK 244

/ ERARDEEABETR ¢ DIFBCELLM AR H . FRE
/ OK;EWRERBA K MEREGH R

/ STRAEE T Frig s S M e XMk £ VS e Fe b 3

A MLLpA RARE NHF RN AL AR p 18 AT

259
237

VLt 236

A U p A AR N MERRLE, B2 p B

/N BIRRE R 236

J EEFESTHTEERHXEFE T key 1Y

7 BETR 220

/HETHRE-XEFHPREAEREXBFET ey

7 BETR 228

/ EmB BW T EERXBFE K. B EZR(pt,i, tag) 240

A EESREN THERRXRBEFS T KHER 248

J EFRELEHRHPERXBEIKWITE 259

/R ST RIRFERRXETET key WBIHETE 216

J EER TPERXBFETKHIER 250

/ B K% Rllow. . high] B3 Bt HER sw

/OBEMBERAEERN T 223
$ 10 X n|

/ REBSERSLhEEENBHERRICRME F8 SL

N o R AR FIEREE I HES 269

A FMNRFF & L VST R 8 AHEFF

/) AEEE keys[{]A/NE R {(0.. RADIX—1]F#E& TR
/ EREER— MR, [0.. RADIX— 118K FRINBIES
J BEEELHG rHPidREB %K (keys[0],... .keys[I- 1 DEF,
/O EBEEESE A REF keys[ i RADIXANFR.HR—F
A FHRICFEE keys[i]HF

/ BA Horls.. m]FiE FRXBFR H. r[s]. key ZF R
/ORI XA RS H. ([s]ey %@, Hools. . mIRA

267

288
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282
282
265

283
284
284

274
275
276
288
290
277

272
272

o
299

302

299

301

298

301

302

N =PRI R PIERMRBFERE)
HeapSort ( &H ) / YHEEE H TR
InsertSort ¢ &L) /ORBFRLEERBARF
Merge ( SR[], &TR[], i, m, n) /7 ¥EFH SRL. . m]#M SR(m+1.. n]JHHHEFH
// TR[. . n]
MergeSort ( &L) / XIEFER L EREHE
Msort ¢ SR[], &TRI1[], s, t) / % SRs..t]HHHFH TR1[(s.. t]
Partition ( &L, low, high) A ZBIEFR L PFFH L. cllow. . high]#io %, KR R
A/ B R ENE
Qsort ( &L, low, high) / RIBFERE L RRFRS L llow, . highl# 7t HE 5
QuickSort ( &L) / SHBFR L #7REHF
RadixSort ( &L) /LRRABSHRBZRANIAF R X LEREHF B L
N BhEXBF AN KAEFBRESER L Lo]RLEA
Rearrange ( &L, adr(]) Joadr B HIAERLWEBEFKF B L. fad[i]1RE i PHIEE,
N AR dr BH L AR
SelectSort ( &L) /IR LA kY
ShellInsert ( &L, dk ) A RPP L AE— A R AHEE  dk g &
SheliSort ( &L, dlta[], © /) ERBREF dital0. . t— VIR % L A5 R HER
g 11 0=
Adjust ( &ls, s) A B TFE R bls1BIME S [0l B R AR MW
Construct_ Loser ( &ls, &wa) [/ WA wNMEFRBNEITER wa, BB EN s, HL@E
/N B/MHIER
CreateLoserTree ( &ls) / B bLo]E blk—1IHEL XM Is WM T4 SEA k
v A AREFE A TFRRY k REBRH 1s %R 0 E R
get_run ( &ls, & wa) /) REB—HHHIEHFE
K. Merge ( &ls, &b) A FABER s BHEBM 0B k—1 8 kK MARFERS
Replace_ Selection ( &ls, &wa, »fi, xfo) / ZEMEW s MATETHER wa FABHB-%E
/) HEFRSRAIGR A B fi A SCHE  fo 9% B 30
Select- MiniMax ( &ls, wa, @) / M wal qJ#2 B W& 08 L8 %8 MINIMAX B 32,38
N aBRERENEHE
® 12 ®
MergeFile ( % f, xg, *h) / HTEXBFBEUEFNESRFEXMS Mg BHBRFHFXH L
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