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12.7 BRIHE  coveerrrerreininiiinn, 372
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FERX— B, RATAEA A H A B IR0 R E S e U RBF ROt A— S
HITHE .
s BHEFERKBARATHETHRESEEREARA THETHERARSE
B,
« BHEABHRBITENORANBFEER,
- MEEMENA,

1.1 EEITEHAR

A —H N TMHmMEREHPR L MrKE . BATFRZ K ik # 5 M (selection problem) .
KRZYFIG—MINBEFRITRENEES - IMREIFHEENEFASE T AHE, “8
% Wi ek EARE.

Z SR —F AR ERX N MGEH -8, FadERERAEE, LnER
HeRr, LLOSWUm - REHHE T, RERBME ¢ FRTR.

R — SR B B 0] LUSEIERT & MO RBEABE (LR B ) 5 HAF, 5, ¥
FTHAEBEEMEA. Y cREERN, REDTFEATHE & RN Z8g, 50
B BBAHP EROME D, RERAPH— o BF LA, B EE RS, T
BEMIEERICRENERERE,

XARHEEREGHRE L, BUGEE R K. RN BRAE R . BNEEELF? B H
LEEE ARMANEEEEET RASE 8RBV, 7E & =500 000 894
R #TERLE R, P REESHEM RRAYAERER; SHRAEERTETEIAEE
TRARBEZ(BERBEEERAE TERMNER), 5 71 EH TR AR, ZHEEEE
—F AL SN REM%. Hit, SARMNBHEANTEEASERLESR, HRENMNARE
IWHRHFNEE, AN FEMEEAESHEHMNNEAREELENEASERNS, XK
R b o N E TN

FE_AMEEBE—TRTH T MARH—EFHNE
18 0 "B A R . BinRER I F kP A0 B E, Xk iE A B
BACE . EEEE AL LT A BB, tER6+F, B 1-1
7R (9 i B 8848) this. two. fat FI that 4. B8] this A —
TTE—FIRMLERN(1, DAAFEHEME(L, 4); 7 two M(1, A 7N
DE(3, 1); far W4, DBI(2, 3); T that WM (4, 4)BI(1, 1),

WEZR /AT ERNE LR EX RS, S EiREPHEN8E, BRBES—
HFE=JTTHGT, 5, HE), RIEREERAGE. XTFEKRRIKREN for 83F, BEREA L
EEWMHEE,

Al LR, *TFE— MR HFTEF R NEFNITA AT, 5, Am, FAEOR
el R i R EE R AR X USBHERAKRREN E R NRELER

- P o wm o | h

B ooe = | L

-
mm BB IR

E L




= FAE ;

R A R F R, AR AT A o 5 4 — S ],

T SRER S B AN R DR M AR I AT R AR R R T Ak b M0 B I A0 F Rk UERR
XUFHBBA 1647 16 FIL K 40 N EA MBI, R, BRRIBFRER Y R4 iR
(puzzle board) T8 I FREA b B —A B M, N b5 A0 B R0 2: 5 A0 24 1] 0 A ]
KR AR, BOXFR B ERTEZM, A, X SR R4 ot 7 00 A
Jeit, BREAIARMARAT L,

EHBREYE, — P EEORSR . BH—AT U TARNERHRS, IRXIERF
B K HKIEE EFT, BASTHERERT EEM RS, RIEEABHEINTAR
KA, A H R RS TR, bR a7 14 & R R BRI E
T, AN E DB SO TR S W R BB . X BT R

RBIBEA R BREATEL

1.2 ¥FEAANS]
X—$IE—eREEREESES L NERAR, EIEARNIERTIE,

1.2.1 #¥
XAxB=xA*E
%B‘E: XA-B
(XA)B_—_XAB
XN+ XN =2xN#£ X2
2N+2N=2N+I

1.2.2 ¥

FEHENAE T, RIEAREDIOE, FrE 5T SR RELL 2 HKA.
EN.XA=B,4HNY logxB=A

BiZE X AT BB LN ERFR.
EE 1.1

logAB - E;;GCE; C}O
UERA :

4 X =logcB, Y=logcA, BB Z=logaBo Wt E B CX =B, CY=A LK
AZ=RB, BAX=/1ERNF4E(CY)2=C"=B. A, X=YZ, XEHRF Z=X/Y,
SEFIRE
EHE1.2

logAB = logA + logB
iERA :
A X=log A, Y=log B, A& Z=10gAB. Wl FEERBRIANER 2, 2X=A,2"=B
% 27 = AB, B BE M =AM 252V =27 = AB, HIlt X+ Y=2, XFUEHA T i

EED
(3] i — A PR AR, TSRS AL EES
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log A /B = logA - logB

log(A®)=B log A

logX < X(XTEFERY X>0 7. )

log 1=0, log2=1, log 1024=10, log 1048 576 =20.
1.2.3 £H¥

GRS MUV YN

R
Ezr — 2.'\'+| —1
f=ﬂ

L

i=0 A-l
R, mRo<Aa<t, W

N 1
LA A

N T oo MR T 1/(1- A), JHAR R TLTHEC A3,
RATATUAFEMOFEERET D) A0 < A < 1) AR, 4 S FoRM. L
S=1+A+A+ AP+ A+ A7+ oo

-
e

T
AS = A+ A2+ A3+ A+ A + ooeens
AN SR IR A T X B S AR (XA E BB I R BOHTT), FE AT ARITAHE, RE

T 1:
S5-A5=1
X FE AR 15
.
S = 1-A

ATRUAARB TR D) 2t BRI IR RATE R
1 2 3.4 5

S=E+§E+2_3+E+¥+ tttttt
2 ki35
. 2.3 .4.5.6 ...
2S5 =l sttt
W 5 A4S F R 1S )
_ 1 1 1 1 1 ..
SElF Tt T st
ﬁi-]l[:t'nS:zD

A3 B — R PR B SOBCR ARG (AT CRE A BT LA i A AU R L

i . N(N+1) _N?
s b= 2 ~ 2

flhn, Ak A 2+5+8+”: (3kh—-1), ERER 3(1+2+43+--+k)-(1+1+1
bt 1), BIR . TERE 3k(k+1)/2— ko B—FCIZEI I WA 55— 05 H 5 — SO
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(FIA 36+ 1), B GHEECEE —DAEMONEE 36+ 1), F%, BTH 22 XN,
R BRI £ (3k +1)./2, X 5T A& R,
- RENHTEMENAL, ENTHEAER LKLY .
S 2 = Nd(ﬂ_tléﬂg@_i‘_ll ~ ﬂ;

=1
r\[é+l

N
b i a _
;*“"nkJrlﬁ k71

9 g= 1, F— MR B RATAE F i AR, AR BB
o (i O b e B HA R H R FAS & B0 Hy WE0E A, JOR B0 AL, TR
iR EBE T y=0.57721566, X {HFR I B3 F #£ (Euler’s constant) .

Hy = 2 _1' =~ log.N
PUTFEASARXRART R —ROREER.
Z FIN) = NF(N)

PIFOEDWOEPWIE

1.2.4 #MizH

NE N A - B, AR A 5 B N FlR(congruent), it A=B(mod N)o B
WHE , XERETLS A DR B # N £, FrEfREHSEMERN, T&, 81=61=1(mod 10).
RS R —#, 2 A=B(mod N), W] A+ C=B+ C(mod N)LA 2 AD=BD(mod N)s

T EE AEEE, KhE — s HBIEeeRIEY. IRATH b B

(5] oy, b, RUEA—SEE BALRLER [
1.2.5 iERAAE

F B MR LS My AT R e B B A B i RO B R 2 A o o R IE 2 (8 /R g8 A E A
A ST A RO TE B 78 ) o ME B — AN TR AN B ) BB B0 7 P2 th— T S B
344 % AE BR

b S A AT B B AT B ER 4 . B — B AR B A (base case), sE R0 E
gt RS (SR ) /Ny G B R B AL ) TR LE 5 1 5 X—E L BRRBHEN, &BF, 2
4712 8 48.i% (inductive hypothesis) . —fBIR¥, X EE R EEN AR RE £ MR
O A SR RS A o SR 8 PR X B S IE B i N R — ME B A & + DRI . Eilk
EHEIE(E » BAMBOHEET ).

Wl — AT, RIPEREREIREE, Fo=1, F1=1, F,=2, F3=3, Fs=5, ...,
F.=F,_, +Fi5, ¥ i=1,#2 F,.<(573)% (g YT Fo=0, X AR ZREM T
KR TIERRAFER, RITEERIUEE BN F LT RAL. HHRIE Fi=1<
5/3 % Fr=2<25/9; XALIE TRAEWNE . BBERNT i=1,2, ..., & oL XELEIR
By, N TIEREE, RIVAZEIEHR Fi\ <534 s E LRATH

Foo = Fp + Fiy

BRNERBTESAR, RITEH



o

7l ity 5

Frar < (573)F + (5/3)%!
< (3/5)(5/73)* 1 + (3/5)2(5/3)%"1
< (3/5)(573) Y + (925)(5/3)41
eI H
Fooy< (375 +9/25)(5/3)%!
< (2425)(573)%
< (5/3)F!
AL UEA T X e F
(E5 A FRATUE R T i Y
T2 1.3
w1, Y 2= N LGN+ 1)
= -
SRR B RGNGEE S . T AEIY . AR A, B N = | fRHERS . W L6
i, FRATEE A 1<Sk<=N F . AP EZEE TR E BT N+ 1 GElsra).
A4

Ml
> it = E i24 (N +1)°
-1 P=1
W9 (R A 145 3
N4l
2 2= N(N _1_333_} F (N +1)?
=1
o NN +1) | v
= (N+ 1) N+ D]
(v EEIN LG
N+ 1D(N+2)2QN+3)
- 6
ESYIiA |
Zi: _(IN+ DN+ D) —g J[2(N+1) +1]
EHHIE
if 31 = B AE RB

AR BB RSE  TEHXAGER BERA S T TR Fiy = 144> 115,
RAEFRUERA

G ATF AT B A B AR ST, AR TE A T 8O R B P A 7. AT
B R R R IRE . — ﬂ%ﬁﬁ?ﬂ?%ﬂﬂﬂﬁ?ﬁiﬁﬁ’i‘ﬁﬁa AT UEBRIXANEE, AT

B E AT . T, FEETRKHER P, T P, P2y ... B ERTHEYI R A &
%R

N = P{P,Py P + 1
Boh. N RH P, AMH, SEEE N RRER. TR, Py, Py, POARIEEERN. B
AL R B AR L XA — S, e RREE R DBy $VEHES
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S — -

.

Bl i, P RRKRMA SR R LA, X IE Rk R

1.3 #BYEEL

RINABHIRKZHECERB R G — R R AR . Flan, BATarRHARK
C =5(F-32)/9
EERBERERBREE. ETXMNAR, 51 C REEIRMET . BREEF h i
FAFESHN, H—T7 X817 CERF.

A EHEECERBUAA KR ERTE A E L. fER—A-01F, AT IR B $uE b
N—ANREF, EWE F0)=0H F(X)=2F(X-1)+ X*, AZXTEXRINER F(1) =1,
F(2)=6, F(3)=21, LIJK F(4) =58, ¥— REAE A O #K & LHSLFR R & i#8 )2 (recur-
sive) i, C AR RBURE AN, CEEENRECE, CREMUUZHIER IR BN —F4
B, AR B30 8 5 R BERRE A ot (B IE B ) B C A0 AL RDR SEH . FRAT L fi -+
SRR I B F I R AU EER /s ok, BRI eR¥—H, B 1-2 48 TR F
33 93 B,

int ]
FC int X )
{
J* 1%/ if( X == 0 )
FAAY] return 0;

else
f* 3/ return 2 * F( X - 1) + X * X;

} |
Ei1-2 — T iEHeRE

S FTRVES AT AR A 4 B L (base case) , BIIH I B8 RO (B BT LA A B L T A PSR B
1. E “F(X)=2F(X-1)+ X% Z%H “F0)=0" ITFEEHFELEAEL—#, C
(O A B BCE T ERS B, LRI XM, B =1 RRRREA .

EFRIE, HIANEEFATHESHBROM Y. — % Rk B EREMERH
B4 (circular logic)? R A BRARINTE X~ REJHMEX T EH A TS, HERNHES
FH B B B 5E S R M — MR M SE . e aiE T, T F(S)RAGE] F(5)MEA
WERRY, EHE R F(4)1838 FOS)MEARMHRE, BIE F()RREXZABX F(S)RiT
®. HAREENE R e A" WEET XS 3 EIEAFR. X
B RAPELH DR EMEE,

LB E, %IFE A F S H MR RRA A AR DRSS E 4 MEEFHRRF,
ABFRS =T ERITE 2F(3) +4 x4, XHE, SMEHIT—MTE FQ)®FEAM, XX
B 2F(2) +3 % 3, B, XEHITFRE—HE FQ)EM, X ERELIRW 2F (1)
+2 %2 M. R, ERTE 2F(0) + 1% 1 TiAE R F(1). WEt, F(O)LAMPME, @ TX
B PR, EEIREAHE F0) =0, M F(ORITEBZER, HERN 1. R)F,
F(2). FOUERRRE F(A)MEARREEITR k. PR R HE R 6 e B (X et E B &I iR
(L TF 2 A 25 13 09 ok S2 1) DA B B AT s 30 3 AR AR R B B UL B e U o BT

O TR R R R, R SRR S AN



i .

FEMMEET, 2R RE#FTEIZRENE L, fla, 18 FO- 1) {EES 20
HF(—-2), F(-3)%%. AT gE A RNE, HBFas AR HER. &
AR BE R A NSRS A B R, BATPE B RERE 1-3 4. B 1-3 PREFXFEIRESHS
=47 9 Bad(1)@E X4 Bad(1)., B4R, %hr b Bad(1) R HEEE D, XME LG AT RTL
. WK, AV E S Bad(1) IR H e AE. &5, (TR VLEIC RS0 L E,
B, — R, RIS UZRET— Mg B o8, mE e TR IEfEr. H
AR X 2, SN A IE#, KA Bad(2) 8 Bad(1). Hitt, Bad(2)t ARER HHA, A (LN,
Bad(B} Bad(4), 1 Bad(5)#FE VM Bad(2), Bad(2)H A MM, EIMEEMEAGERL . F

VBT 0 ZA, EABRFEAMEME N IARE SR BER N FRHEE, FEER
ﬁﬁk?ﬁfﬁf IXFEMITF O,

b 1 e S B0 U B AT RS SR A )

int
Bad( unsigned int N )
{
/* 1S ifCN==20)
f* 2%/ return 0;
aelse
/* 30/ return Bad{ N / 3 + 1 ) + N - 1;

13 L REIaEE

Jof B (base case) . (R A1E 3 JESL UERTE , B A IS VA BURECR %

2. Fﬁﬁﬁ-‘fﬁiﬁ:(mkmgprﬂgrﬂwﬁ AT HR e S ISR AN T . 38 R IR P A0 28R RE 8 W
7 SR TR A e R

FEAS 35 HR 3R 3 U e e — S () B . P R RO N — B, BB A KR,
T e R R R A 1A S IR A R B, FRATIASFR A X % 1 B R
FRRATAE AR H IR RR o i —SEia] . 0 13 2 ) A e P A L ﬁﬂ%ﬁﬂ]ifﬁﬁ A
Bk R E gk XA 2 . O R A Ry, FTLASERR b B AR B AT 4L, SEIS]
Rb A B o T A ) B3] OO T ZER A TR AR FEHE A R AR B L IR R RE ) B A
A & ILX S BIE — AR, TEHBLTHER, S E MR EERTERNED
R ASAE X AR TR B HE

0 (T FRAR B 2 53] 058 U M G T < S SRR A 0 D ER AR X Ak B AT
A, Fo TR 7E i) o A R S A, Ao IR TR AR XT i 217 R P R BT A B, BB A XA
AT AR, E A — e R AT M B ADR " St iZ B iEl R B & L AN iA]
WA EBREETR, BaX T EmAESLE L, ) B b — R A B B AR E
YR, AR A TR AE -

FTENH H &

WA —A BB N A REEITHDE. A TR BB N AT A PrintOut(N ), B
SN IK(J{?PE’}@“Q_E&':PA&%%J%&%JHJ‘?U% C AT XA B AN
PrintDigit; 0, “Prindigic(4)’ B3 R A M 1| £ 78

B 2 ] SR — AR R WIS AU . ATED ©762347 CRAITEEESITEE 76237, &
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JGEATEN “47 . B _2EiEA) “PrintDigit(N% 10)" BE S 5/, (HEFE—LHALERE
Ll Exkr FRE R, HitRATeLLAIES “PrintOut(N/10)” B ITHIFRE

XEFRNT I LM — B8, FIRIMNNAFTEFRAEFARBEHRAEN., BT
BRATH R E C—DHAEN O, HULRERE, RO ERLHFER, MR 0<N<10, B4
RATH BRI IE LR “PrintDigit(N)” . BLAE, “PrintOut(N)” BEL4t4E—M 0 3| 9 A7 IE%E
B e X, T S R A0 1F S RO AT RN IE R BOE X B, RAFEEIEIRE Lo B RS
W 1-4 iR,

void
PrintOut( unsigned int N ) /* Print nonnegative N */

AFf( N == 10 )
PrintOut( N / 10
PrintDigit{ N % 10 );
1

)

e

1-4  FTEPEEFHEHFE

RITEA S LERH Mo S, RATATT LABEFE H mod #1E (EMFE R ER AR,
Ak N%10=N-|N/10] * 10.°
L ZES =

ATV BB EEAT ERECEE RITER R 45 T B e .

ER1.4

W NZ=0, a8 3TN E B IERE .

HERA (1RE N Fr & ¥7a /M, FIREEIEN)

B, R N BE (T, RABRFBREEHKN, HHEHEEAH—K PrintDigit
SRJG . % PrintOut XHETA & SIS ECE D HBOIREIE B THE. & + 1 SLA9ET T LB AT £
RIS R — (S BRI F R R BT kAR F R B I —LN 0], BARBRBERRE
W IEHaRFTEN 3, RGN —IEFER N mod 10, R ZEFRES EFBRITENHIER £ +1
(g, FR, BEHNE, A OEERRE ERIBITEI K.

XA EW BT B4 247 4%, LR EAS FREENER. ERRMEERITEPE
B, [Rl— G A BN E I B o] LMBSGE T IE B, 8RR R B s /) )l B A
(TR A AR B)) 4 AR R T R IAT A AR A . LR W R 443 . .17
#5 tHEBIFRSE = Mk

3. &3+ 5E M (design rule) . RIRFTA B )V FAERAEIEIT. X R —REEMEL, HNE
BukE, SR RN — AR A VEREEICE AT, AU XEEE KRR FR
. BRI AR A RIS, MR, FEFEWHA T, XIEERI TR
g4t , B EPIRESE L E AT

09 4 B R A A I D TR . BRI ST LT R A R (B @ AR AL
A TR, T E A BT IR ROARRE) , (R e R4 AN M (R A for HRFR
B . FRATTHETE 3.3 WE 4Tt AW R M R G T .

Oy it ¥ ( procedure) B R U1 {l 7 void TEATeRE .
O LXIENNITRET X WERKER.
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o % IR R, R R SR IH A Y AR R AL I .

1. AR, LR I HERSIE , & 04U It RE AT .

2. ARl XTFARSCTE E R B AO T . R UG I AR T B SR AR I B
AT K A 2 B0 5 1) HE

3. RN R A RV TR AR R AT .

4. 4 ALEk & 3% ) (compound interest rule). FEK#F — [l B[] — 2 BaF, Y120 76 A A
F 1 AR FE o e B PR RS TAE

S5 VU % 1k 1 TR 1 DK 76 R 1T ) 71T 25 TR L (R SR R W A AN R 2 )
BAECF R EHA AR — ORI A R — &, HEARIEEHRES M FEN], HE kA
A I R a3 YR IR N I A TR B T AY .

RE

X —ERHA P EHRR R D EEG . T EIG KM ANRE, IR EE
NMAFIHIF R EEN . (SAERMREFEREN, )FE RN X TF A &£ —
AHLES L RRENERA FTREX 75— M ESAEA R LS BB T8 HATRAET —
BRI, JF X B e RS - IE AR

23]

1.1 5 —PEFRREENSE, 4 kF=N/2, BiliEEERFEBRFEXST N AARER
ZATigfa),
1.2 HR%H— R R T ak ek a) B
1.3 P{HEH4LA 1/0 9 PrintDigit BRE, 85— ol DS BT E B (T UERRY) .
1.4 CHAE W
# include filename

HiEA], EiEASCE filename HHEHAE A S include 1IEA)4b . include 15/7) ] LB ; #h)i&
05, A filename 25 BHA AT LD include 4], {HAE B R — A SCHTE(T el P AR AN RE £
STHE . RE—EFE, HEEAB include B BRI — 30 B 3t
1.5 WEMF3 A
a. log X<X XA H X >0 AL,
b. log( A®) = BlogA
1.6 R FHIEH:

.
I

=

2
b. 2
-2

AR

oo
= f .
el -
LB
- | & .

-1
|

1)
P
11
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1.7 14t
i 1
i=| N2 l

«1.8 2'%(mod 5) B &7
1.9 4 F; B4 1.2 TP LHEFAR L i T 3&K.

i=1

b. Fy<¢V, Hrp ¢=(1+45)/2
» « c. i Fy SR E AR LR FREL,
1.10 iEB FIIAR.

a._f (2i -1) = N?
b. gﬁ = (ZE:)Z
e

B B HEFBIRE T AR E I NECERZE, Xhr—MRaRi1], (2], [3],
9], [10080[11). % CRIGIRE [T M E RSB, EREZERABHE 8, IF
EALFH ST TE. ERARMBEE TSP,

A BHEIRERE B CRENIRI8] . MARIRATL ANz - (8 BUA 51 M ifT 025 RO B1 M o
RATF BT E ARG FER (A EPXTRAKN BB RERBD), €475
M Ty TR ATTHE B B B I — SR . AREX AR WIEE N ESH [ 12 ]8R] — 4 4F

i K R R TEM .
¥ AR KU 7E 24 F 9 5494 Fritie , Hh—sg ey soikmi4]. [61R7],

1. M. O. Albertson and J. P. Hutchinson, Discrete Mathematics with Algorithms, John
Wiley & Sons, New York, 1988. :
2. 7. Bavel, Math Companion for Computer Science, Reston Publishing Co., Reston, Va.,

1982.

3. R. A. Brualdi, Introductory Combinatorics, North-Holland, New York, 1977 . (BBHE =K
iR A LR ALY, DR AEE, YU Tk L, 2002, R —FEE)
4. E. W. Dijkstra, A Discipline of Programming, Prentice Hall, Englewood Cliffs, N.J.,

1976.

5. R. L. Graham, D. E. Knuth, and O. Patashnik, Concrete Mathematics, Addison-Wesley,
Reading, Mass., 1989.
6. D. Gries, The Science of Programming, Springer-Verlag, New York, 1981.
7. B. W. Kernighan and P. J. Plauger, The Elements of Programming Style, 2d ed., McGraw-
Hill, New York, 1978.
8. B. W. Kernighan and D. M. Ritchie, The C Programming Language, 2d ed., Prentice
Hall, Englewood Cliffs, N.]., 1988.
9. D. E. Knuth, The Art of Computer Programming, Vol. 1: Fundamental Algorithms, 2d
ed., Addison-Wesley, Reading, Mass., 1973.
10. F.S. Roberts, Applied Combinatorics, Prentice Hall, Englewood Cliffs, N.J., 1984,
11. A. Tucker, Applied Combinatorics, 2d ed., John Wiley & Sons, New York, 1984.
12. M. A. Weiss, Efficient C Programming: A Practical Approach, Prentice Hall, Englewood

Cliffs, N.J., 1995.
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% (algorithm ) & AR i — D ) 8 BT R . iR ER RIS S MES. T
A leel, — BEE R RLOT B (AR 20 8 o2 By . 0B 4 H B2 giUE 0
%5 o T B B b it ] af 7 (] SRR IR A ). SRR AR RS EE KR
I fa), B 20X MR MERE A T 2L RIFE, — 8 16 FT TR REEE A
FOULas b sl e .

fEX—B, IR ITE

o Qfefhit— R B B AT E]

o UNqelHE— R e a1 IR (E] MR B AR REAIR 2R

o HLCHofE RS SR

o B — DR E AT TR MBI R R A EEAEHEE AR

2.1 BEFEEM

fitrit B YT IR RE R T 09 2t — RER R & — P BRIe (A, AR — B R
AU OFRITT S M BELE R E SOF LG .

R S E L

EN U BRTEETEE ¢ Hlon, 152 N=ng B TON)=f(N), Wik T(N) =
O(F(N)).

ENCUBTFETEEE ¢ o, @152 N=u, B TIN)Zcg(N), W2k T(N) =
Q(u(N)).

EM:T(N)=0(h(N))MHMY T(N)=0(h(N)H f{w}~ﬂuf{\}J

EMX ﬁﬂﬁ? N)=O(p(N)H T(N)#FO(p(N)), W T(N)=0(p(N)).

BXEEE S H B R 7 R Bl a) 3 S — oA X 9 ﬁ%mlﬂheﬂﬁ i W FEAE— L
e x5 F— AR EA /N T B - R B (L, R, f&f{‘v’}{g{\')ﬁ#&‘hﬂ%%?ﬁﬁﬂ'
LN, TR, KNEE fl]ﬂ’]#ﬂﬁﬁ% # ( relative rate of growth). 2 H 4TS <2007 H]
)RR g, KiH AN A Eﬁ%éﬁ]lﬁgc

HAR N BUME, 1000N EHND K, {0 N? DUEHRA RN, Bk N RZER

KRMESR T, N=1000 BFdrs. BT LR, &a E"'ﬁ*{a’&%’*ﬂ‘ ng, MEIH

CANIBRESE T(N)—REK, WMT#HZBEEEET, W F(NESS TIN) R
TL«THHHWJ%TP TIN)=1000N, FIN)=N2, ny=10001 ¢ = 1. TATETLLLE #o=10
M c=100. Bk, FEAI9TLAE 1 000N = O(N-) (N FH4). Eﬂiﬂﬂ%ﬁ{iﬁjk O idik. Afl]
BN AN e AT, A TR O " a

BELTE A S G AR SR R T B, B A A U TON) A R/ T 5T

SOfINERE. ST EX H\J}—ﬂ(g{‘ﬁ}(&”!ﬁ omega )ml}{ TN A HE K
¥ ST () (NI E . S=AE XL TIN)=0(h(N)) (B "theta” ‘ra%ﬁii’\!}ﬁjf’é?
[CATGF (=) h(N)EIEIE. B5- /‘*EA T(N)Y=o(p(N)CER o "R I



12 F2F

e e e e

TINBBEENF(<)p(N)BEEE, EAMTRK O, BAK O &8 3 H R X a7
BT

R TIEBAEANRE T(N)=O(F(N)), BITEEARIE X X 25 3, W2 {EH—
SRS R, — R, X bk A IE A (alE A RIS G ) B AE R A BRI K
BB, BRAEBRIREANHR(RTREEAEREM).

BRI T(N) = O(F(N)B, BATRERUERE T(N)BELUASRT £(N) B EHE
K B F(IN)YR T(N)BE— LK (upper bound ) . SHERF, F(N)=Q(T(N))E®RH
T(N)E f(N)#)—TF I (lower bound ) .

YER—BIF, N3HKE N2 R, BFEIATATLIE N2 = O(N)H N> =0Q(N?). f(N)
=N2Hl g(N)=2N? MR, AT F(N)=0(g(N)F f(N)=02(g(N))#H&
R, M4 RS LR R, REFEMAICS “0()” Fon o] lEHksi T AL
T, B, E g(N)=2N?, 4 g(N)=0(N*), g(N)=0(N>)fl g(N) =
O(N)MEAR EBEEERSH, HEG— P EFEBEIFNER, B g(N)=0(N° )AL
7 g(N) = O(N?) T HRFRER SR BT (%) o

RITERBRHEEL LN

=W 1.

i T.(N)=0(f(N))H T,(N)=0(g(N)), B4

(a) T{(N)+ To(N)=max(O(f(N)), O(g(N))),

(b)) T, (N)* TL(N)=0O(f(N)* g(N)).

E=m 2.

R T(N)E—A £ KETA, U T(N)=60(N*).

=03,

WHEZ Uk, log N=O(N). BEFRRITMEE KEERER.

el R R KR AR LR T m T am |
K 2-1), c %8

WAt HILEREE. 0%, BEBEURMIEGER O RIER N | AEF s
WM AEER T(N)=0QN)R T(N)=0(N*+N). & Ny | HER
AL T, ERMBRE T(N) = O(N?), RERER, 7R | v
Fh O TR, &R AR TR, HEHT— | ae

ST LB 2, T B T RAFEE R, SR AR B RARAY.
L ﬁfﬂﬁﬁﬁﬁiﬁﬁi’rﬁﬂﬁl@mﬂN}/g(N}ﬂEﬁﬁﬁ’i“ M2-1 ARKNRICE

R AN g(N)HXTERE, A s AT LA PR %k 1 0, © it MR A A D ]

HEAYME -
o« PRBRE 0. XK fF(N)=0(g(N))o
o PR ¢ # 0:XFHRE f(N)=0(g(N)).

O 4k (L Hopital's rule) AR, & lim f(N) = Wﬂ.nliﬂ;g{N} = oo, mﬂﬂmﬂmqm% Jln;lcf’(N]fg’

(N), i £ ONIYRL g (NYAFRIR FIN)H g (NDB TR
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o PR (XEHKE g(N)=0(f(N)).

o MEBREEE). —FH X L(ERNN T AL EEXFHIE) .

{iff X R 7 i JLF SREE B A . @ N, P eRE AN g (N R K & a]
VLFH TR B S BOr Bi9 8. Blin, R F(N) = N logN Hl g(N)=N", #E4#FE F(N)H
cON)EPAE R B E P, bR R log N FINCSHE PR B, X 584 log N I N
S R PR — R, NS E R 0, ROARRTIC A ME, N A KERT logN
AT ER . B, g( N)ESER T AN g,

Fah, fERME ERMEE: AERR FIN)SO(g(N), BAELCKREHAFX
I HE FIN)Z0(g(N))ZEIRN, ERAE L.

2.2 EHE

H T EIEARMER G S, RITHE MR, RATOBRREA L Ghri
(W FEEHL, TEPLES s S BORFE AT IR MR HER A BAFE 2 R G0, WA ez,
Ho R A%, (AR T oL bt UG AL A0 2, BERIALAR AR — (F (A B B ARG Af 4L 98 — 1>
I TC, K T A ER W, RATH B R ATOBIEIR — & BURTH I LA A [ 52 1 [ A9 8 4
(Kot 32 AN Hods ) F ERFEE B A Mok B sl HE i 2 B, B R AR RESE — i ) AL
SR Rl B BB RILA KRN

PR, MR B, RR, TEBLSTA TR b R R BT AT 653 AR 4 18 S A [
6], s, CEFATARERL | — YA A O [l — YOk, R 0 ek — A B AR LA RO
g, A, BT EEETROESE, ROTERHHRORTRE, BRI, Frili
SNEE VGO 7S

2.3 EHWayinE

FAMHT AR B VR — AR BIR BT . AL R M E AP i e . A
V6P 2 B AR O 4R SRR L B AR B T AR G R 0 e, R, RARENIRER
(), B TR AT S L R Bk T AT B0 g R R R T (S 0 A B R i 1)
A

W R, WA KNEE MR E L, RATE XA BB T (N)H
T (NY L APBIRSA N I, BRFITE S 10 F 593877 i 1) RUBIRAS B8 T i 178 1),
B TN Toome (N)o SRHFEE LA, B AXEERHPOTUA T LML

R, EORIR R, AT R R R BRI T dia et . HRAZ e
ST AR T AR, SRS RMmA, TP AR B R . 55—
B R R R SR R R . TERER LT, PR A URTRER W 2r
s g, (Bian, 4R FAR S FHRA?)

M — A F, TRAHEAE T — 1 518 Pk
B K i F FF SR

AEBB AL Ar, - An(TEEB TR, 3K D0, Ae BOEBCOKME ChIr g, Wk P

£ 8RR O MR TFIPSITARLN 0)



H FYE 3

RN

.

BIA -2, 11, —4,13, -5, -28F, ZEH200M\ A, 3 Ay).

XA RBERFLUARS N, FEREEINFAERBENREE L, MXLEEENERLESR
RA. RITEVHERBZEER ERE S, XNMBEEREEETEN EL(REREH—6 AK
Bt EVEAEER) KB TR ZER 2-2 45,

e -

Hik 1 ] 2 3 4
B[] o) 0N 0N log N) O(N)
\ N =10 0.00103 0.00045 0.00066 0.00034
oA N = 100 D.47015 0.01112 0.00486 D.00063
XA 1 N = 1000 448.77 1.1233 0.05843 | 0.00333
m N = 10 000 NA 111.13 0.68631 0.03042
N = 100 000 MNA NA 8.0113 0.29832

2-2 HHEEKT RS e LR R B e E T EHE OB )

ZPE A EEMHRESER. M T/NEREA, BHEERZESEA, HIiRA
VBRI A TEE, ARAKBRNENETRANERBMRAXNMER T -0\, &
xd FEE AR EORET /M A RBILTARLFUNRE NBEFRIFEERE KN
%, BEEX, XREBFAET, BNVENHMEETRFRE R M TRKENEBA, L4
RIE RS R EE(BRTE 3 WEFTHK).

Hk, #PEr b enE A B A B RE R B THEE 4, UAEREA
WICHE F7 ) B B 1) AR BT BB 7E 4R b HeoR iR SRR A e R oK. KR ZHRMAE
SR A, BRI A — RS — BEERIRA, MRS SRR HE, TR
HROEEFERAFT, ELREERAROTANTR. HL AR, E#REEEY
A BT ABUR A [ B SR AR B B/

B 2-3 45 X R E BOE TR R A0 K R, REIZE REE N M 10 B 100 #91H, BE
MK R RRIE R, BREE 3 WEERREREN, BEA—EER (0 —%K4)
EHREEHARER, E 2-4 R TEAMEOMER. RERRE RS, BIEHAR

B/ NREBE R, RACHEIKIE T

3
Alg 1. O(N") Alg 2. O(N?)

Alg 3. O(NlogN)

Alg 4. ON)

| —

0 [0 20 30 40 50 60 70 80 90 100

B 2.3 &FiREKTRTIMAEE (AN N AL AER)E




nﬁﬁﬁﬁ 15

— — o — o — o ——— e e e

Alg 1. ONY)
|Alg 2. OINT)

0.5 Alg 3. O(NlogN)

’ / y

.1

Mg 4. (N
O 1000 3000 3000 4000 5000 6000 7000 8000 9000 10000

B 24 SHRiTERKTRIIMELGUEAE N SRR D) H

2.4 ErTRETE

£ LR B — AN T s ] . TR R E LR ERE .. RN ERFIER
rhfE] B R, e E B R B AV AT O AR AT RE R 2 e I D s T

— i, PR LRR B A RS E R R R EL B, ik, AR
TR B AT . AL, #EAT A BEE A B TR 8 Sl an i i A k. —
Rk , 2B i HE M B T AT A R AT AR

W T EIARAT, TRATERAaT 24T AR E WETE B0, Hi, RO F—L.
AT P LB T, MR AT EMEITE K O EfrafEl,. T K O &—1 EfF. H
W IRA AT, 4 B AR RS FTat A, Sohn b, T as R A RIFIE 5 A6 ] T
BN BESE 2 | B AT HR L T (B, R T BERRAT LS R, HAEATTRESES
2.4.1 —AERRGF

R D0 i BN R B

int
sum{ int N )
{

int 1, PartialSum;

W 1%S PartialiSum = 0;

/
f* 2*/ for( i = 1; 1 <= N; i++ )
[ 3%/ PartialSum += 1 * i * i;
JE A return PartialSum;

}

X AR R AT R T 8L, FEEAS TR, 4 1 AR 4 174l — T RIS O, 5 3 4T
BRI Vi o5 R PO/ B R T (BT Ut , — YOk Al — IR M) , FIERAT N UG 4N 4
] BT, A ATAERIIG AL . WA (SN AR 0 B RS R A BT . T SERY T
BT | AN R TE, BRA AL N + 1 ABFE T, LR Y RIS N AN i (6] &
6. HE2N + 2, FoAT1Z2 M VA S BRBORIR W E A FFR, BB R 6N + 4. U, B 115 1% PR

B O(N).
LT {1 TR A — B S AR R T A X S TAE IR 25X AT F R sk & A AT 17

119

120]

{



}6 jgdz j%

BT, EEMR, BFRITETA O MR, FMIFIE 20T LRI IR It B AR
REH%E, B, H=AEKAGEE) BRE 01BN, RERFHEEREL -, =&
RPN TR R XX, $—5 for ML BRRATER, FLI7ER T
(LB RN B, BT A8 BT — AR .

2.4.2 —fgEm
#=W 1——FOR fah
— K for PEFREG B 4T 8 E) £ $ 2 & for FHIR A5 &) (L3R K ) 69 12 47 8T 8] kL& 4K 89
K
EW 2—ER TR for TEIR

N E G A G IR — A B IR N SR — Fr 1B 6) K89 B AT B ) A 158 6] 9 1B AT
Bt ) 3 VA iE 48 BT A &) for FEEREG K &G AR,
e h—ABF, THRFH B O(N?):
for{ i = 0; i < N; i++ )

for( j = 0; J < N; j++ )
k++;

BN 3—MIFER
KA EATH A KPR T ERE, A POARXERAMFHELEE; 2.1

TEEMN1(a)).
e — BT, FEORRE A B AE O(N)  FER O(N?), RETFHHE O(N?):
for( i =0; i < Nj i++) -
AL 1] =05
for( i = 0; 1 < N; i++ )
for( j = 0; j < N; j++ )
AL i ] +=ALF 1 + i+ 3;
=M 4——IF/ELSE iEf]
R a2 d
if( Condition )
51

alse
52

A il Jelse 3E &) #9iE TR AR AR AL F| 87 e b S1 Ao S2 P IEATR ] K& B A EAT
B 18] ¢

5 ARTE SEME T T X Afbit At i, (BRI,

HA A MA@ AR AG, (B, 43476 A SR g 2 A P B0 (S B3 R ) 1l S IR T Y
AR BV, RAXEEABET M. WREERANE, BAGFE/UHERE. 22 H
SCBF bR R B L A0 for TR, WIAMHTE M RARM M . B, T Y R BkhR LRlie

— A B IERR , MITILEFTRTEIA O(N):

Tong int
Factorial{ int W )

if{ N <= 1)
return 1;

else
return N = Factorial( N - 1 };
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XA F X E T B SRR EFEANGE o 2l IRk W AR, R R R — A R R AY
AL A Y RHERY . TERXFMEOLT , ST BOoR R — TS AR, o TR B FFA]
RERAE ML, HE TR, br eI AR 8R ME S AHE.

long int
Fib( int N )
{
FAEn SV if(N <= 1)
AN return 1;
else
Ju 3w/ return Fib({ N - 1 3 + Fib{ N = 2 J;
}

WIEEE ., EEFM TS AHEFEN. aTE, WS ER TR, HEF N K2
30 W IFIETT, A AR BRI E ARBIFCERMBEITA. aHama. & TN) AR
Fib (N)EEFTaE], 8 N=08 N =1, WE{7ef e 255 8l , B 47 LAgchl s L
Ko [ B FH e ) . AR EBOEATE, BRAIRINTA LB T(0) = T(1) =1. X F N #H At
(fBY i 77 fa] AR X TR MERS T MOia 1Tt R BE B 45 N > 2, WA Tz ek BAY R[] 2 =
17 FROE B AR 48 =47 EE TR, 5547 i1 hn e Fss o ok $OR A . Hi T eR B0
HIA R REs, SAEL iRk, B KeREGAME Fib(N-1), Mmifgid T
AR X, EHRE T(N-DAEEEIT, EOEEiEsEh, $ KR ERAAFTERE T(N -2)7
R BTE AT RIBHE TSR T(N — 1)+ T(N =2) +2, Hrp “2" i &% —17 LAy T
RS =7 EfmgE, FEMT N = 2 81T FHET Fib( N)#Efreda 4.

T(N)=T(N- 1)+ T(N=-2)+2

(HE Fib(N)= Fib (N - 1)+ Fib(N - 2), HILBHFANEAESIEH T(N)= Fib(N). &
1.2.5 S HATIER T Fib (N)<(5/3)N, 608t al PUE (P T N > 4)Fib(N) = (37
NN AL, IXANERE BB AT (] LLHE SR B K L X R BUR BRI il R B — TR
AR IR R A for TRER, iz TTHT E] AT LA g S TPk sk /b F

XA Z L, RENTEEEREEZ &0 TEEW, B rEn 1.3 PaukayEa
55 U 2% 3 B 2 T (2 AR S RN . i, 7ES AT EE - IE D Fib(N — 1) 3Cks |
HET Fib(N —2), XS BEMFEMES =17 FASE R fm LERITE 7 —iR. 5
15 8 I A AR R IR S BE KRB TRHA], XEIF RS TR S A Taiid—
Yo BB EE GBI, BT AR R RS B A TR B . A B R RE A PR
9 R R
2.4.3 BAXFFIIEENHE

BLZE 58 A0 T AR DAV KR 8 LB B R T IR S AN el e 58 — IR AR 2-5
ik, T RS R R ML R A BT HE . for IR (IEER A BRI C A0 AR GRIITE
B | PR — AR BA, AR MR SRR KRR e R 2
KA REIT

ZE A L EHLETT GXANGZAE R Z R 2EW ) o s 1T e O(N?), X5
R SRS 64T, B 6 TR AR T =ERE for I O DB, 5211 LY
W K/NH N

552 MEHANN N - i, BEATHEE/N, {Hdae’ N KA WA (B SR A RO O T AX
ATREL B RAMRALR, B3 MERRY KD ) -+ 1, HATHERBZEM DI N,

|
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FHEEH O(1-N-N-N)=0(N?), &4 1 BHHAHAL O(1), M4 7 f1 8 BALHF
Wi AT O(N?), HAEMTREFZER AR ARER

int
Max5ubsequenceSum{ const int A[ ], int N )
{
int ThisSum, MaxSum, i, j, %:
ST 1*/ MaxSum = 0; .
JE 2%/ for{ i = 0; i < N: i++ )
FARE LY for( j = 1; J < N; Jj++ )
{
PN LF ThisSum = 0;
/* 5%/ for{ k = 1; k <= j; kst )
/* 6%/ ThisSum += A[ k J;
/e 1/ if( ThisSum > MaxSum )
/* B=/f MaxSum = ThisSum;
}
J* 9=/ return MaxSum;
H
B2-5 ®ikl

B9 |, B BB IER A/, TR AT AR O(NY), TiRAT LAY
fEH R A AT 6(FbXHF AR, FEHREBARMPIRS) . — PR, 7EXHK @D -
RS R EGI, BN D0 20 D0 BB, B BN 6 B
PRV (R 1.2.3 s A AT RARERA P BIShR (. $e B, RATHABING N
BRI KT N MR M AR, 8 ERINA

21=j—£+1
k=i

E'_{j_;ﬂ}:@“”;l('”‘”

E, ISR

ﬁ%ﬂﬁ%ﬁwN—f¢ﬁ%ﬁﬁm§%2%%ﬂ%ﬁﬁﬁ_ﬁﬁﬁ
A - g — i MNUN-i+1(N-i+2
émJ-gm¢>=§g L+ N +2)

N

N M
>1it - (N+%)Ei+%(Nz+3N+2}Z 1
i=1 i=1

i=1

1

2

1 N(IN+1Q@2N+1)
2 6

~ N?*+3N?+2N
- 6

RATAT BUB AL MR — A for TEFRA R 3L IBATRIME AR BRTHEM, XM
TR oh AR R BT o ) TE R R BGH T TT BOEETUAR 2, A =
A+ ST A TR, B 1R S AT 6 7 LTSI SR o B 2.0 3k —

MG TE . Bk 2 BAAE O(N?); XFEAGSH b HE 3 HORT i 53738 R 4
T A B — AN AR B 2469 O(N logN)Es, RITAERRMERE . BERM

Q)N(N+1)+N1+%N+2N

(N+2 5
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int
MaxSubSequenceSum{ const int Al J, int N ) |

i

int ThisSum, MaxSum, i, j;

| FERN AT MaxSum = 0
| Jr 2/ for( i = 0: 1 < N; i++ )
1

S 3 ThisSum = 0;
i AR LY fﬂf‘{j:ii j < N j""‘} !

i |
! Jie 5wy ThisSum += A[ j 1 |
! JrGE if{ ThisSum > MaxSum ) |
|7y MaxSum = ThisSum; l
i }
! /v 8/ return MaxSum:

= R rre——

H 2.6 HiE?2

M OO N) (DR, XA RS R ARSI R AR A R —
b A (divide-and-conquer ) ™ Fe WG HAR e B ] S A R S RO )1 () SR I
ML TR, SR AT BRSY. IET M BOB A T LAY AR 4 R B O ] RE PR R
I T, He I 1 I A T A %

I NIME T, B FREF Rl GEE = Ab B, BUE B B S A Bl iy A F
i F A A B ol A R A B B S M T o A A P B TR O T LA
UK 5 R A R R 0T DL 3 SR A A 0 SRR (R BT RS —
SRS B R (A BRI — Aot ) MR RS ERX R —
BT, BETIEA

Cwrrs | R )
4 -3 3 -1 ] 2 A -1

— e rve—

O PRI R A TIFSIA R 6 (ATTE A, B AL TG K5 d Bk T 151 M 8 (AT
# A Bl Ag).

N EMIL A HR S — TR A EUE 4ONTTE A B AY), TR E A B —
ATCERIRFRIE TOATTE A B A,). B, SRS Hilld g R 4+ 7= 1
(MWITE A, B Ay).

S ATTEF), 784 A ) ok T P SR SR kb, JR I Y O R £ A O Y T
EOFRE, BN 1L, B2-7 R T X RER N —FLRT .

BN 3 TR AT — e . 5 I A A — B SUR (&R A A YL
.Emmmﬁﬁﬁh@mmﬁ,EMEET&%%M&EW%%a%ﬂ%ﬂ&ﬁﬁﬂ%ﬁﬁﬂ
Ll R 0 f1 N — 1 ififa shikid #.

o1 (TES 4 AT FRHER O, IR Left = = Right, o REFE—TE, FHHAZIT
ﬁ%ﬁﬁﬁﬁ%ﬁiﬂ?ﬁﬂ;kﬁ}R@nmﬁﬁﬂﬂﬂﬁmﬂ%ﬂﬁFN%ﬁﬁﬂz
ﬂ,ﬁﬁ*%&ﬂﬁmﬁﬂ%ﬁﬁﬂﬁﬁﬁﬁih%6ﬁmm7ﬁmﬁmmﬁﬁﬁmcﬁm
ﬂm%%,ﬁﬁﬁﬁ&%ﬁ$?ﬁﬂﬂ%ﬁﬂﬁﬁ,@ﬁﬁW%$ﬁ@ﬁﬂ%ﬁ%ﬁ¢ﬁ
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static int
MaxSubSum( const int A[ ], int Left, int Right )
{
int MaxLeftSum, MaxRightSum;
int MaxLeftBorderSum, MaxRightBorderSum;
int LeftBorderSum, RightBorderSum;
int Center, i:
FA ¥ if( Left == Right } /* Base Case */
f* 2+ iFC AL Left ] = 0
/* 3%/ return A[ Left 1;
else
P L return 0;
AL Center = ( Left + Right ) / 2;
VA A MaxLeftSum = MaxSubSum({ A, Left, Center );
f* 0/ MaxRightSum = MaxSubSum({ A, Center + 1, Right );
J* B MaxLeftBorderSum = 0; LeftBorderSum = ©
/* 9/ for( i = Center; i >= Left; i-- )
{
S*10*/ LeftBordersum += A[ 1 ];
JEL1y if({ LeftBorderSum > MaxLeftBorderSum )
S12*y MaxLeftBorderSum = LeftBorderSum;
}
/*13%/ MaxRightBorderSum = 0; RightBorderSum = 0;
/*14*/ for( i = Center + 1; 1 <= Right; i++ )
{
/*15*/ RightBorderSum += A[ 1 ];
/*16%/ if( RightBorderSum > MaxRightBorderSum )
Vb ¥V MaxRightBorderSum = RightBorderSum;
}
/*18*/ return Max3( MaxLeftSum, MaxRightSum,
/*19*/ MaxLeftBorderSum + MaxRightBorderSum );
}
int
MaxSubsequenceSum{ const int A[ ], int N )}
{
return MaxSubSum( A, 0, N - 1 );
}

27 #WE3

M B RITES 12 FFURE 1317ES 17 1Tt EER P E S R KB R, X
ABIHIB RN BRI BB AR . I (pseudoroutine) Max3 1& [BliX =~ RE )
KPR AKE .

BR, REN, B K EAREETEE S0 . R, BFRFAEERERT
i, EmMBANENEBREEETHENRTFCEEIN, RE/NHBMAS, &R HE AT P
TR BER,

SHEFF I A B AT T B ST AT T B PR R R M T R L. & T(N)EREX
NN B FREFIFIREHTE R RTE . MR N=1, WEE 3 ITERFS 1 TR 4 47
A AN R, RO I—TBEgET. T2, T() =1 &, P F L ALE T UGS
VIR, B 9 A 17 7 ZMEA for TEER, BHEEN/MOFICE, WES 5 TS
18 55 XFA for TER BILEMMBIM A, Bl Ay BT TTR, MERHFARN ITEREREY
g A, 76589 B 17 RS O(N). B 1FEIR ST, B8, 13M18 1T LR
W TAERERE SRR, NS O(N)HLATLIZEE . HARMER 6.7 fr s T THE. XMfr



JE ik 5 4 21

SRIER/NA N2 B FRo @R N RS0 . KL, XFTETES TON/2)4mE
Je, AEW 2T(N/2) et BEIT. Bk 3 RS 898HE K 2T (N/2) + O(N), Fefi118 3|
F R4
T(1) =1
T(N) = 2T(N/2) + O(N)
Ry TEACHRE, BATTUH NAUELE AR O(N)E; i T TN RELEERK
O kFARE), HXAMFEAREREER, 755 75, RITESE D00 7k H R i .
FEFBE, R T(N)=2T(N/2)+N, HT()=1, 4 T(2)=4=2 = 2, T(d)=12=
4 * 3, T(8)=32=8 = 4, UK T(16)=80 =16 * 5, HEXE BRI HTLIES], B
LA N=2 W T(N)=N #(k+1)=Nlog N+ N=0O(N log N).
XA N R, FEAEW N2 BEARE T o iz by 6058 51 6T A, 5
Br b HAM N R 2 BRER, 5RA RSN, FFRT)ELEBE AN RHEEH 18,
FHEMERT . 24 N A2 R, RINZOFEEME LM/, HEK O M4
FIEATER,
fERERET S, BITEEBILEHMJLMERA N A, X8, RG24k BRXT
FEFHIAGE IR i, A ECHEREE AR ARMEMHEE A EEE 28 P
.

int
MaxSubsequenceSum{ const int A[ ], int N )
{
int ThisSum, MaxSum, j;
JE L ThisSum = MaxSum = 0;
J*r 2 for( j =0; 3 < N; j++ )
1
FAE LV ThisSum += A[ j 1;
FAN- A if({ ThisSum > MaxSum )
J* 5/ MaxSum = ThisSum;
A AF) else 1f({ ThisSum < 0 )
AR AY) ThisSum = 0;
!
f* B/ return MaxSum;
}
M2-8 B4

AHETEAR W4 BRI AR EFRE, HEEHAAM ABEREERTITHREBLERS; K
(TR OEE LR HEEN— AR, & REdRE T, —B Al [#
AR, TRABEEERICZ., Fitt, RSB AR L, BT LIBNUTEA
1 R LIRS BTS04 . ANy, TEEREEZ], Bk EEfBkANEES
TR A R L B R B MR ) o B SRR I B B A A AL B 2 (on-
line algorithm) o 1% B2 )3 AR E BT TER B LT R RMFE,

2.4.4 BEITHE RO

IR RIRAM T I AR P E S EE . RIELFSH, FLmaBEFU O(N
log N)BHERETT . BRIHABE A, T8 0 B IR 0 A 5 9 R 5 — i U e R — A S
EREHEE (ORI KD HEA R -5 GEFAE1/2), RaizEE#AZ O(log



&)

r.
et

22 o

N) A—F@, wREANFHEARIEEEB Y — 7R (eFR Ry 1), FLrEIHE
EFELA O(N)#,

SR, A SRS RSS2 E O(leg NEL, Hln, FHA N ¥, Wj—14
Bk QR IR XS AL RE S QUN) BT E B R, SHIRITHRBIX KA O(log N)F&:
i, AR EE ARGEC AT . RO OER AR A0 =0 1
35 &R

5 —A B8 W WY 2 4K (binary search),

S ER:

Bk — AR X B A, A, ..., Ay, BERLEHAHAAEAEY, Kk
A =X TFHri, R X REKEY, WL = -1,

0 B R R M ARG RIS, HETEREeatm, SR, X EEA AR
O A HERF S, SRR BB R RER R RN . — AR R X BB AR AT
. MER, MARRRI T, R X NFREBTE, TRARKN T LU H FFE 8 R T 5+
FEENCHFEN TR AR, R X KTRPTE, BARNGELHE 452 (1
TEAT BB BN, B 29 51 T AP AR B (AR R Mid) . KFRFRFRIR T
CiEEBAETARMN 0 FF G A 1.

e

int
\ BinarySearch( const ElementType A[ 7, ElementType X, int N )
{

int Low, Mid, High;
J* 1%/ Low = 0; High = N - 1;
Jr 2y while( Low <= High )
{
‘ /% 3%/ Mid = ( Low + High ) / 2;
fro4rf if( AL Mid ] < X )
Ju 5% Low = Mid + 1;
else
PN LT ifC AL Mid ] > X )
Jr 7Ry High = Mid - 1;
else
J¥ B/ return Mid; /* Found */
/* 9r/ return NotFound; /* NotFound is defined as -1 */
¥
@29 xtiorEdk

B EYCERETEIRARITE TR S O(1), B HTREETRIA I V&3
M High — Low = N — 1 FF#AF# High — Low =~ 1 gEH WG High — Low HI{HZE
I EEF R AT TR, BHROKEEZL NN g(N-1)1+2. (itm, # High -
Low =128, WZE&KEIVE High — Low KB AER 64, 32, 16, 8, 4, 2, 1, 0. ~ Lo ) A
W EFFRTAE O(og N)o %4, RATWAT S B fret K@ fEa s, A, M1
S e R 4 A B A4 X R S PR X R SR AT AR MR IRE LR

BRI IUEERERINME MBS BT, TG TE O(log N)BFE Y
Find( 23k )34 , {E R AT HALRIE (FRAIE Insert (A ) #4E ) I E O(N)B[E] , FERHE
R (AN A VFHE A SR R BRI ) B KATEERAER B AN S ARERE



& 5 P 23

AR BEMERDTESRB. A6 FR—PEF, EEERE (4 Pie g
B oCENHEMER,. XTREMATRERN, RoAERSMIECE. TEATLUGARE
iy, i FRARY 110 Bock, HEERH—1 o £ RS FHE /AR ERHRT T 2
AR SR 2R Z AT IR
R BEEE

BRI ER AR LR TEE . S SR B R A U Ged ) JE: [R] 0 82
B T EHMR KRR, TR, Ged (50, 15)=5. B 2-10 A EETE Ged (M, N), %
MZ=N, (IR N > M, HEARSE— K& R e T E AR .

unsigned int
Ged( unsigned int M, unsigned int N )
{

unsigned int Rem;

FARR LN while( N = O )

{
J=2ef Rem = M % N;
/¥ 3Ff M = N;
P M = Rem;

}
/7 5%/ return M;

B 2-10 BJLHEERE L

i EAREIIANKE 0 ik, BEHETREEIREALRE. Wi, W
BLOAM =1 989 il N=1590, MIAEFEFIRE 399, 393, 6, 3, 0, MIfil, Ged (1989, 1590) =3.
Fn TR R, XR—MRERE

AT AFA AT AN E Fr B (AR T 8 e AR BUF IR A B R log N AU
PR A, (AR HRATE R AR (% M BN T sl s R/, R RRINAE R, Bt
A BN 399 (ULFEF 393, FE b, E—UERPREOFALE— TR EH FEm. A,
BATATRAER, ZERRERLUE, 2BERSEREEN - XMIENT, ERKBEZE
2 log N = O(log N)MiSELEITaE, X MEFHAHE, FERITEEREZE, AT
g1 B FLAEAES .

EE21

B M > N, Il Mmod N < M/2,

1ERA -

(EAERRMETE . TR NSSM 72, W FREVNTF N, MCEBEXFHE FRsL. 75—
KA JE N > M/2. HEE M (USE—TN AIIRBHIM - N < M/2, EBFIE.

ML BT, 2 log N K#H 20, MRAVLEETT 7 RKZH, HIbA AR IRREX =
T ATRE R B A AR, L b, XD R BHEREARTEE T (I M AN AR 4P 2E AR
PR S R I ) 7 AT AR TG IR 1. 44log N BULBBRIRE RN 1) E 7 22
Jo BB IR 0 R A B i, HOE R EENREEN 9 (12 In2 InN)/n* +1.47,
BiE8

AT RS — 1 0l TRt — B R (B E— B0, dy B2 B 1 /Y
M- AR SRR, AL, A D RETEBILE — S VLB R TR A X R — SE KB (BA —



.24 ,35.2 jt

PR

MRFRFREBHEDE) BT TR 708 BATR R B R BUE iz 170 R /Y
3 g8
HE XY R RHREEREAN -1 KRk AR B 2-11 FRBERREEN. R 1172

84T, R N BER, BRITAE XN=XxV2 XN mE N BHFH, W XN =
XN-1D/2, x(N-D/2, x

1

Tong int
Pow{ long int X, unsigned in N )
{
Pl S if( N ==0)
/* 2%/ return 1;
f= 3= if(N==1)
/i~ a4/ return X;
FA L if({ IsEven( N ) )
/= 6%/ return Pow{ X * X, N / 2 );
else
f= 7% return Pow( X * X, N/ 2 ) * X;
}

A 2-11 EEEARREEH

filgn, HTHE X2, FEEmTEST, ERAR 9 Rk,
XBZ(XE)X, X?:(XBJE X, X15=(XT)2 X, X31=(X15)?. Xa X:SZ:{XBI)E

B, FIEENRERBIRER 2 logN, BN LR ETZMIKRRE (MR N &
%0, KB, RIOIXEH—NBEARIHHEL . B EREEES T E HaRiT~h .

HNRE B RS MAB T AL E L EREHERAEEM. £/ 2-11
B3 ATEIAS 4 ATSCRR E AR, FNIME N £ 1, A% 7T IR MiARR SN, 27
11387 LG i,

fx 7w/ return Pow(X, N-1) * X;

TR R, 35C 1, BIFUWELL O(log N)IZEAT, B Fedk /751 6] LART—FF
Fab, FEAAXE 6 FRBSERATRE, BRCTNEERLIFARER:

/% Ga # / return Pow( Pow( X, 2), N/ 2);
/% 6b %/ return Pow( Pow(¥X, N /2), 2);
S B0 * S return Pow(X, N /2 ) * Pow(X, N /2 });

6o 71 6b FIFTERERIERE, BEX2 N &2 2 Wit HEA Pow #H— TR 2FA
BB, X, BFEEE - ERER, KRR T BT (RA R BREFHEBR) -

A 6c FTRE MR R RRER, BN ERDRNAN /2 3 1938 A TG AN R~ 28T
et HEFREARTER Ollog N). RATIEHEH MBI TH EENE BRI EH
2.4.5 RWBRESH

HAMRTRE, WEES - RAEREE L, BT . — B SL BT A A
ﬁ#mﬁiﬁ%ﬂﬂﬂjHﬂiéﬁﬂilﬁ]-‘ﬁiﬁﬁiﬁﬂfﬁﬁdﬁﬁEﬂiﬁﬁﬂa‘lﬂ%%‘ﬁﬂaﬂq YN K&
R A s TR R R LA T 2, — KBRS TR A TR LA F 4, T = P IRE
F 8. LIXE BA ]S AT RO B AF 24 N 88— £ i B AT B ] AR Em— 8%, s
O(N log N)ﬁﬁﬁﬂﬁﬁﬂﬂ%ﬁ&&#ﬁﬁ]ﬁﬁﬂéﬁﬂwH@ﬁf&ﬁ%—g‘ﬂ%ﬂmﬂo an E ALY



W .
__#af—ﬁ_ 3 25

L) R BCHERTH, HH N XAk, AT E AT R MRS R, #lhn,
TR TR, M N =10 82 N =100 8F, i2fr0E g Bkt 2 — 5 7. faf
B M ERERIFE R O(N log N)RF 2R BEHER.

BiF— M RFESE O(F(IN))KS—1HHE T2 N f R EE GAER A 2 96
BRI )HBE T(N)/ £AIN), Hf T(N)REFELKWEB W TEHE]. IR F(N)EE
FTO ] BB AL, AR AR E A E ST — N EFE . MR AN R, WEH #E
WS F 0o R ANMETEMTTREF AR O(F(N))R, H8AFHME AR

VER—BF, B 2-12 R IEFEGT B YRR /DN TRET N AR EBE
HEMBE, (4 N, EREHEHTO6 /2. )

Rel = 0; Tot = 0;
for{ 1 = 1; i == N; i++ )
for{ § =1 + 1; j <= N; j++ 3
{
Tot++;
iF( Ged( 9, 7 ) == 1)
RE.I+1-;
t
printf( "Percentage of relatively prime pairs 1is %Fyn'",
{ double ) Rel / Tot ),

2-12  f&Em RSO B AR

R S B BRI AT . B 2-13 BURSEPR B B IR E — & R
Y B RS TR, R ERE L, R RETE — PR B W RERY, DIILRTIS Ao
FrHATREIE R &, £ O(NDHE O(NlogN)ZAIRA ZREH, FAMEHE KERIE.

N CPU time () TIN? Tind TN log N
100 022 002200 | 000022000 | 0004777
200 056 001400 | 000007000 | 0002642
300 118 001311 000004370 | 0002299
400 207 001294 | 000003234 | 0002159
| 500 318 001272 | 000002544 | 0002047
600 466 001294 | 000002157 | 0002024
700 644 001314 | .00D000I8TT | 0002006
800 846 001322 | 000001652 | 0001977
900 1 086 001341 000001490 | .0001971
1 000 1 362 001362 | 000001362 | 0001972
1500 3240 001440 | 000000960 | 0001969
2000 | 5949 001482 | 000000740 | 0001947
4 000 25720 001608 | 000000402 ,GUDIEJE_J

A 2-13 % b ik (R i 22 Mg 47 B[]

2.4.6 SWEREEMIE

s, AR AT R, REREOLAL, R 20 2 e B A7 S A (— BB il
Pl EE), & AT RERFEa fr et IH] 52N TF B T 32 47 I 1) 7T LR AT RS I 7 A
EANLAEGHE, ST E R AR, BORH R T A B AR AT LA BN, (HEXETE
R R, MR R T RS R, P T R A BT AR LB 2 (FEVF B
TR AR REY) o B T R 1 S R A ot A AR OB 0 2 ST (K B AR BT S %



'|

("
I

[_

_2_‘5 2%

ci

&

AN QU TR R R AR 204 R . B2, ERAREEN O HTEM. W
SRR N AR B AT, (HRFBLIE AR SR . fE R — 107, A BHEKA]
BB — A HEFEE(FERHFE, $7 8- MEFREENRRGE 8 %), EfIARAHE
TE 20 fTRFG. A /RHER (Shellsort) M3 AT IA R E, AR ET & Hr4Ew
e, BEFZIEGEROTE. A1, RAIJEX BB AT HeA 20 P8, el
W R B XS H

—KEBEATRT R0, RO ARSEMB], A58 7 ERITEE X ma— 617
T A Ao O o e L BER BEAT HEE B TE MR E T RB % 2(N log N) KL, T
S S — R B R, BB AT S FSR A R — 0 T R FH R i )
B —RE

EABLERET, AV BIAL AR 3 AL SRR TR PN 0 Ged BLIEFORFEH
VI FHAE S, AR B0, 200 BT AR E — KT GEF N 55— 200 L2HED)
T 7E 43 7 — YR HA K 200 (A MM FRE TR, i TR R ELR 200 (807,
Rt R BREIENEEN ., RFESEHEEARSTERY 107002, L E#HENST
AT ERY 1200 KFeHk,

%]

2.1 MK EHETFHES:N, VN, N5, N2, Nlog N, N loglog N, N log’N,
N log(N2), 2/N, 2N, 2N/2 37, N2logN, N3, @4 R B B8 R R 1K
2.2 # TN)=O(FIN)H To(N)=0(f(N)). THFABLRL?
a. T(N)+ To(N)=0(f(N))
b. T{(N)-Ty(N)=0(f(N))

T(N) _
C. irg{rﬁ) - [}{1)

d. T,(N)=0(T,(N))
2.3 BEARECEKEBENR:N log N, B8 NN (> 0)?
2.4 FHIXHEREE &, log'N=0(N)o
2.5 SRERE F(N)F g(N), 18 F(N)Z O(g(N)) H g(N)# O(f(N))q
2.6 IMFFHANEFHBHHE-:

a. tEfrat R (ERK O).

b. FGESRRRFIES SRR, 3 N BE T RARES ST 6.

c. FRSIBRAYIETT )5 1R T B0 A BT HEAT HEBL .

(1} Sum = 0

for{ i = 0; i < N; i++ )
Sum++ 5

(2) Sum = 0;
for( i = 0; i < N; i++ )
for{ j = 0; 3 < N; J3++ 3
Sum++;



130 Sum = 0,
for( 1 = 0; 7 < N; i++ )
for{ 1 =0; j « N % N; j++ )
SUM4 ]

4} Sum = 0;
for{ 1 = 0; 1 « N; i++ )
for{ j =0; 7 <1i; j++)
Sum++

{5 Sum = 0;
for{ i = 0; 1 < N, G4+ )
for{ 1 =0, 7 <1 * 1; j++
for{ k = 0; k < 3 k++ )
Sum++;

{6l Sum = 0;
for( 1 = 1; i < Nj i++ )
for{ 3 =1, J <=1 * 1; j++ J
ifFC 3 %1 ==0)
for({ k = 0; k < j; ke+ )
Sum++;

2.7 BIEFEEEMA N AR — N EYLES. Flin, (4, 3, 1,5, 21803, 1, 4, 2,

I

I-J

SIELEAEMER, 815, 4, 1, 2, 1HAAR, HAE HBBRINE 3 %G, X1
FRIFR T — e Bk, AR AAE— VL BAF RandInt (i) j) . BV
FIR AR A B ¢ Ay Z A — . Pl =Rk
1. MTFHEAMATOIR AN -1 A W THEA AL, EREBILEEI)E AR
Foadrmm AI0], ATLY, ..., Ali— 16, AR HIEA Al ]S
2. RBH(1), HREFELE—THIMBEA ., FRZ R Used (LM ) B . 24— BEHL
¥ Ran BAVIBEAEAL A A, 8 Used [ Ran ] =1, XL, H—TEEHL
BOEA A7)}, T H—S kR 2 F LR C S s EM, mARRE T8/
HERHE (RT BB BEAT ¢ AR,
3. HEZBAEH ALil=i+ 1. 5.
for{i=1; i< Nz i+ +)
Swap(&A[ i ], 8A] RandInt( 0, i) )3

a. IEHX =B EE A AR B, JFH A 1 B A SF A RER) .

b. X — N8 P48 W R aE a5 3 ()2 nT REHERR A A0 B T A BT (RER O) .

c. BRIE MBI BT E DB 10 K, HH—TRFEHE. X N =250, 500,
1 000, 2 000 IZ47F4F 1; X N=2500, 5000, 10000, 20000, 40 000, 80000 izf7
B 2 % N=10000, 20000, 40000, 80000, 160000, 320000, 640000 B TFEFF 3.

d. ¥ 3B 0E fy i E] SR 2 A EA T LA

o. BIEENEAFRMET T ELET A7

g el T HESE R E 2-2 PR, Ymbx e HE AR TR A XKLER

HEE AT ARG T @ AN B TR S R BT B I ] R 45 4 Hp e (R

B?

HIEF(X) = 20 AX TE B

a. FERGEFRITIRFER .

b, {§ifH2.4.4 TWHIBREITE.

36




[37]

28 FE2F

e e — e — ey,

2.10 EETFAEEFHN Homer HAD). M8 F(X) = 27 AX #ofi.

FPoly = O;
for{ 1 = N; i »>= 0; i-- )
Poly = X * Poly + A[i];

a. At X=3, F(X)=4X*+8X>+ X +2 {5 HiZE /&4 R HITHY
b. BEZE LN A BB R A R
c. REBERIEITHEES D7
2.11 HH—TERHBEERRHEEBE A, < A< As< ... < Ay BB EGFE
WA HIRA = BWBEEREITHIEREZ DY
2.12 HHABMEER(EHBTETE)
a. KE/INFIFHIF
. RE/DHIEFEFIF.
SRR F REFI
WE— I REFRHEEER N EFERY
CRMBRFERSWE THEITHEREZS (N RR)? FRZEBEL O
(V' N)BBEEBEF )
. A BEFN M #RFREFRE. B WERSLD?
d. IREBFTERINMETE T fafTita EitA(H B #mR)7
e. HARHRE— 20( —HEE) AT SR T R B HA# E —1 40( Z#H) 1 M EE &
REZEBH = T0E]
f. i N 8B A BT REESHEG? rAar

[
—
T

]

+2.14 Erastothenes fi&—MMBFitE /T N BFTAERBMITE, WO EIERE 2 B N

TS, AT B/ MR BB % i, $TED ¢, REMIR 7, 24, 34, ... X
i >V N B, BEA L. B ERAETR RS
2.15 EE XS AT A S 8 RIER .
2.16 AR#EHE, BHRESKFNERF.
217 4T HRERIEEE P ROTEE KB BHTE (B7 B8 N I R &=R)
218 BF A F B 24 KRB FR ST E S HIAKT 150N logpN N, ey
fE, 17 2T 51 fa) £
a. N {HABAR(N > 10000), B— MRS TE FIA SR IR RR?
b. N {HAR/MH(N < 100), BF—AB P E TR EED7
c. 3F N=1000, B—EFFHZTHER?

el et

219 Johk N BB A, HEETERE - MRIREEYL N2 #TCE (X EER JT R
BEH—T). B, BEH
3,3,4,2,4,4,2,4,4
H—APFETER 4, A
3,3,4,2,4,4,2,4
Wl L EICE. MRRAE EETE, BARMEFEZELK, T T 2 SR g i ) 8L Y



— PR
Bk, B Ba ko) — M EE A (G EAES), AR ARBE—F TiEA L ET
FoiA¥. BV AT AT ERALERF Lt A £ 804, X E4F 2 54040 6907 A7
Bk, AR BHEA AN NMERT, M E ZAHA B R A A, RN
WF, NI b2 — B B P, FUH2LTHE, KB A F Ay, Afw,
R ECANAF, WRELPZ —md) B P T4 LA R8, ik F A48T £ L5
EREAGNE, KRG, B FHREE B PHKIEL; BAE A NIRRT, (A
H47)
a. B IH G 22k 2
« b. 2 N BAEET, b rgy
» o KBABNETHE R
d. A Tfun ey ik e (i HIM DN EicH B
v o EH—IBRIFRBEELCE.
: R AEREANTRT BRI PR RS A HEREE TR
2.21 HES | SRR E ke R BRI B R Kb 10 R
a. I R. CHIW 4pRldern ket rhaof 8, FIECRER a8, B ALESS 1| BERT
W EEA R, C MW RRIIETTHELEZ D7
b. (PR R WSCHE T R0 £ R A e A B AR AS B — A s AT I E G 2 1
Wik

ek
L sl

[
[
=

.22 AN EE R M 5 ATHIE AR Low = Mid M A JE: Low = Mid + 1. ;XM EFLHE
IEAIE TG ?
2.23 ST AR EEEGIGER P HA - TR
2.24  WEENE3(E 2-7)HE 6 IT RIS 71T
/% 6%/ MaxLeftSum = MaxSubSum( A, Left, Center - 1 1},
/% 7%/  MaxRightSum = MaxSubSum({ A, Center, Right J;
fe#, P RFEEEIEFa{TE?
2.25 L HEATFEMNMEEAAEAPRIT NN+ DIN+2)/6 V8 =E AR ETIUB LAV [¢

RO T BT NN + 1)/ 2 Wkl MRMR ENET N Gk BEsUe o
SREK7 PRAEL: HIX R R 4L & F RN

&% LK

Bk (57 A AT BRI B Knuth TEH = BANHIS], (o1 7] A MHAT. God
B BE 6 )b XS — AR MFEER T

* 0, kQ, K6, U/ o it B Knuth TE[ 8] HHIEH. {B X F X2t 1 LG —
goRE, ARRIREREA 00" B, B AEREEH "00" BARE KA HIER BB R
£ Wb, UEEME 007 8, HARFEEM 00" Fr P

BAFRAIRMREL A3 AB2] “3]AN( 4 )4 ] AR I LR AR I AT B BE 1Y (39
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FIF &, LA

AT LIS S (] AR R A R RO AE # - SRR b B DA E U TR T AR I e b &
AT — R FE R B 2 R, i WA B A R (] *&ﬂ”]luﬁ VIR R R AT
P AR, R AL

o A BERERI(ADT) 69H#LE

o A DR Fe b T A RR R

o IR AT R Hfe S B U5 1 A9 05 H

* I ADT RHAERAIE R Myt rhayli B

A Ay s B e R S, BT AT HEZ LA EN R MESE M. sk L, EiEY
Fefd. FEAIRMEEE R el gk b drny— B A LT oy R #

3.1 HWRHEEER

PP IR B A ) 2 — 2 BB AN o — ot ik a] DLl R 4R o ) O s A sk
(module) R SEH . B ERBUE— B QAT 8 A E IV 55 . e L iR R s B
A BHRAFIR/N. Bk LG wok, A EFIERAKREFEES G2 5
AN — PR AR RBEEEY . B, BRI Y R R T R 2l X
ZHEMRE— 1R, XEFERBMGERSHEY . i, & E RS . AP
2R BRI B BT WU ENE T R IF &AL BB A AR B JHH”]
g 23R A G . @R B AR R AR A St B TR A A A AL

H § HOE £ A (abstract data type. ADT) & — 632 EAVE & . SRR E R EEE0

%o {E ADT (958 P AR R e AL a9 S A X el IR RS G

W g | ES . FFEIAERE &l LR B 80 210, SR e SRR
I MO AR R OB SRR R S TGRS R R T e
1170 F A EetE . TS ADT, FRATTAA & W 5F (union) . & (intersection) | A& Kb
(size) L' B B4 (complement) FHfE . s #&F . FefijdLnl L) DS R, SRR &3 (find) ., iX
R AR A LE LT —ROARE A ADT

Fefay AR AR | SR R R A SRR R T P RS — O, MRy o R ) A oy
WA AD T &7 Hob i — s (e o LU i V8 LA S A R BOk 1 Wi TR 15N
it E—r!:’uzﬂi-ﬁsﬁ’lmm A 2l i PGS T e ADT #ERY PR R %% 5 S8 fE R ey
550 T X Rt 2 e F AR AR TR E R L &

TR ADT AT A0 W 24 R 30 T T B A e 2 2 T iR
Ha} b PG A Y E AL (RS M ) — R tUER TR R & . KT ff$F1 LFJH}E;hf;H'J

CRREURAE R ADT SUEEAN BT RIS EAE TR A BT iy Ll 2R 7L
J;FLH’J. Toit . TR TR A B T {7 fnfar IF A 5 BRAY.

3.2 F ADT
AT — R A, As. As, ..., AcBOER AT, X DRATR/ e - 3k

41



32 #F3#

IIRRR/INA 0 B9 A & (empty list) o

S FRE S AN, RO A, 58k A, (4 A, ZJ5) 3 A, (i < N)BIEK A,
(i >1), EPHHE—-PTERA,, MERE—TILER Av. RITHERNEL A, WHTIIC,
RNEN Ay WESETT, TTE A, ERPHAE R, A THEERK, BOETEPRREED
AT EEBE, H-RRREENE TRBERITN.

Hix s g YHENERINERE ADT i iTHRENES . PrintList M MakeEmpty
REFAERVE, HTEERM S W Find R B X FH KRR Inserr F Delete — 2
MEMENIBREAFMBREA LRFE; T FindKeh MR EFEANE EWEASEmEERE)
M., E 34, 12, 52, 16, 12 B—4-%, W Find (52)&3&E 3; Insert (X, 3)FHEAER
AR 34, 12, 52, X, 16, 120 RRATES B OB KNG FMAKIE) s T Delete (52) MK 1%
% 34, 12, X. 16, 12,

W A RBEIEEERA R Y, R BERBRF R RRE, BRI I A
L FBIREE (BN, F3R Find (1)iBEHFA7), BRILEATLARII—2ES5, LUl Nexe 1 Previ-

@ OUs , E{I‘]%Etﬁﬁ‘ﬁiﬁﬁfﬁpﬁﬁ#ﬁ}%ﬁi@@Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂfﬁﬁo
3.2.1 ‘EYWEFALR

S i A PR M SR TT LUE S R R A, BRARBU RSB EN, HRERTES
EF MR ER T BEFEMG A, NTTSRRARKAZERE, XREH
BFR, HRREFEFERMAPHEIFRT .

Wie S T8 PrintList 7 Find 1F 0 SFHUY BOBRRE LA YERT [E14RAT , 10 FindKeh JUZES
Bae], R EAFBRGOERRS R, Flin o B A (X 2 bR R — BT R
aﬁﬁﬁﬁ%ﬁﬁﬁﬁ+ﬁﬂﬁﬁ—¢ﬁﬁM§ﬁﬁmﬁ,ﬁM%%—%ﬁEM%%ﬁ%#WWﬁ
ﬁ#%ﬂ—%ﬁﬁa@ﬁﬂﬁﬁﬁﬁ%%ﬂﬁRﬁOUﬂa?ﬁ%%uﬁﬁﬁﬁﬁﬁﬁ%ﬁﬂﬁ
mﬂ¥wi#,ﬂﬁMﬁ%E%ﬁﬁﬁoHﬁﬂhﬁﬁﬁﬁﬁkﬁ@i—%ﬁﬁ%ﬁ:&ﬁﬁa

B AR R B0 47 A T2 4 st 48 L B ey A/ MR SR SE E A1, T A ] 3002 —
R PR SR 45H
3.2.2 #%

ﬁrﬁﬁﬁAﬁm%%ﬁﬁ%%,EMﬁﬁﬁﬁﬁﬂM$ﬁﬁﬁﬁ,@Mﬁm%%ﬁ%
wETgEEZ, B 3-1%KE T 4% & (linked list) B — i AE

ﬁﬁm~£ﬂxﬁﬁw#¢ﬁﬁm%mﬁmuﬁ—%%@ﬂﬁﬁﬁiﬁﬂ%ﬁﬂﬁﬁﬁ
#ﬁﬁﬁm%wm%ﬁuﬁﬁﬁi%ﬁ@mﬁﬁu%E—%iﬁ%h@mﬁﬁ%mwuudﬁ
ﬁé@%ﬂ#ﬂ$%5ﬁ%ﬁﬁﬁﬁaANHOEENmLﬁﬁa

ﬁﬁ@ﬁﬁ?,E%ﬁﬂﬁ%ﬂﬁﬁﬁ%%ﬁ&ﬁﬁ%ﬂﬂ%ﬁﬁuﬁﬁJM%PHﬁ
%ﬁﬁﬁ~&%ﬂ%ﬁﬁ;%zﬁﬁEP¢mﬁﬁﬁﬁﬁ%$ﬁ¢m—¢ﬁE,Eﬁm%%
BB — AW ZEWE— T LUl P —> FieldNane i, H FieldName 231l
ﬁﬁ%ﬁ%ﬁmziﬂE}Q%&E}J*ﬁmﬂﬁﬁﬁcﬂ&ﬁﬁﬁﬁ+§ﬁ.ﬁﬂ&ﬁ
1A AT AIE 4 $IR 1000, 800, 712, 992 Fl 692. 8 AEEMRIEE A A 1E 800, B
%ﬁ?ﬁ:&%ﬁﬁﬁmﬁﬁoﬁ%ﬁTﬁﬁ&ﬁﬁ~¢%ﬁﬁ?%mmﬁma%ﬁ,%Tw
ﬁﬁﬁfﬂm%ﬁﬂﬁﬁwﬂﬁﬁﬁﬂ%—¢$ﬁc%%EE%%@%?E%EmGEE%E
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_ , . : ,
A | Ar | | A ' B |
[l B ey N e I s M Iy B
M3 —EEE
A iﬂ_ﬂr LA:JE"!E[ [ A 902 1A Iﬁﬂ L As [0

. i | | | - |
1000 800 712 592 602

3.2 FfEHREANEER

N T AT PrineList(L)8% Find (L, Key), H{1R ¥R~ MEEHEEBIZEMNS 1T
&, SRS H 88 Next fEEFFMIZ L APA] . X FPER/E B R ZL M, BRAXPMHETES
b BH R R, FindKeh #AEAR WS SCAAVRUCE R FindKth( L, ) TER O B]E]
VLB AR TR, B hX A RRTN, BEBEA FindKh 82U 1)
HEp ey k4T, B, FindKeh( L, 2). FindKth( L. 3). FindKth( L, 4)PLK FindKth( L, 6)0]
i it %o gy — A E e SR B

W 2 o] LA S R — 5 LB, B 33 AR ERF MRS T RAETR.

l' Al |- A r;q:_i:h A Ay _H 1

H 3-3  MeEREHER

A A A T B {0 ] — Y malloc 8 FH M R G245 81— ¥ T (G DR IR 48 78 ) FETE R
HATRIR 5SS, LR ETER 34 e, HPRBaRm R

L B A

-

B 34 EEEREA

3.2.3 BEF&ITHET

R B R DL R A R AR IE LA, (LR A LR T AT RE S h M. B
%‘#$#E&%%ER&EE§%%E@AEﬁ%ﬁmﬁﬁ%ﬁﬁn%:.%ﬁmﬁmi
ﬂﬂ%%a¢ﬁ%ﬁ&,aﬁﬁﬁ%T%%ﬂﬁﬁ;ﬁﬁ*%ﬁﬂﬁ%ﬁﬁﬁ%%%n%i
%ﬂ%%ﬁ—ﬁ%ﬂ%aﬁﬁLﬁ%H%ﬁ@mﬁﬁ.EEW%ﬁ%@iﬁﬁE&H%%ﬁ
FHTE AR IT,

$ﬁr,%ﬁﬁ¢ﬁﬁﬁﬁkﬁ%%ﬁ&ﬁﬁﬁz¢ﬁﬁgﬁﬂ%%&-%ﬁﬁ%ﬁ.ﬁﬁ
BF A 3 (header) 37 4 &, (dummy node) , X J2:iM H B9 —FJ 1L, EERHSSRENE. &
11205 FAERIE 04, P 3-5 Fm— DA REMEER, ERAR AL Ay, o0 Aso

R AR SR VA et - e fa) B, KA VTR E RS BiFE FindPreviows TR [ AT A R Y
ﬁﬁﬁﬁ%ﬁmﬁﬁuw%&Mﬁ%ﬁ%.%ﬂ%ﬁﬁﬂ%%m%=¢iﬁw,Hﬂ%wM
%ﬁ@ﬁ%mmﬁj%%ﬁ%ﬁﬁﬁ&%ﬁ&%ﬁwﬁﬁﬁkuﬁ.EWEEM$ﬁEE%T
Eﬁﬁ%ﬁ%ﬂﬁ%ﬂ&%@%ﬁ:ﬁﬁﬂ%ﬁﬁ%ﬁ%ﬁﬁﬁ%ﬁ%%ﬁwﬁﬂﬁgkﬁ
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| T T

header _lL-.- Aj l AE_.|_, Ay ] - Ay [ As | +—
/J

L

E 3-5 AARLMEER

M. ABMEXRE, RIEREXBEME, XRLFAEMRNTAERRILEASITHRIER
XABE R R B O RBE T RAE . Bilbzsh, BEARERFKUER T AP,

ERBIF, BAPHICXER ADT KRB RSRS K. BT, £ 3-6 R HKTE
BRI, R C AAE, TENLERE List (&) Position (42 & ) LA K& bR B IR AL AR5 £E P
A9 hk 0. BARRY Node( 45 &) FTEAIIE ¢ XA

#ifndef _List_H

struct MNode;

typedef struct Node *PtrToNode;
typedef PrrToMNode List;

typedef PtrToMNode Position;

| List MakeEmpty( List L );

'~ int IsEmpty({ List L );

int IsLast( Position P, List L J);
Position Find( ElementType X, List L );
[ void Delete( ElementType X, List L );

Position FindPrevious( ElementType X, List L J;
void Insert({ ElementType X, List L, Position P );
void DeleteList{ List L );

Position Header( List L };

Position First{ List L };

Position Advance( Position P J;

ElementType Retrieve( Position P };

#andif Je _List_H */
/* Place in the implementation file */

struct Node
{

ElementType Element;
Position Next ;

¥

B 3-6 BERMARIEH

RITHBREHNE T REENRE LM, YRIRE W RIGH 0L EBIRE L
Bt A M RE E N — A, 3.7 BRR AR KRR, RAESTBHE ST

R
T ERER 3.0 e, B M AR LR R A RGN TE, BT
B RAFLER.

RATEEHF—APIBR Find, Find 76/ 3-10 i, €& XA TTRE LT 0
. %2 R (& &) BIEE THE, BNRS (diRmiE T
AR, BALERRADHE, TEEHIUARRIT. p :

HEGEARKRREES Find BIRHIARS S, KER
R AR T K ML LA . R B, R — R
R0, RITERE—IREBRE .

L
K 3.7 WRLHTE
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: /" Return true if L is empty */ i
| int
| IsEmpty( List L }

[

}

return L->Next == NULL;

3-8 it — T EE R E R RATR K

/"™ Return true if P is the last position in list L #/
/* Parameter L is unused in this implementation */

int
Islast{ Pasition P, List L )

{
return P->Next == MNULL;

¥

- _ J

B39 WM EET ERE R A RIS

i
/*

;‘ﬂ’

/% Return Position of X in L; NULL if not found =/

Position
Find( ElementType X, List L }
{

Pasition P;
1%/ P = L->Next;
2 while{ P != NULL && P->Element != X )|
S L P = P-=Next;
LA return P;

B 3-10 Find 7

—

PN RR R B L Ay ocE X, RAIFERE: R X H A g — IR =R
ASRA ., BB AIRNMEAA 27 FRATAY IR MR B — KB X, R X AEEPRNTEAT
s A, R, RATES R FindPrevious BREEREHH X FEITCRIRTIRTC P, LB FR

GIEFRETER 3-11 RN . FindPrevious IR EMTF Find , EFEE 3-12 Il

|

/* Delete first occurrence of X from a Tist */
/% Assume use of a header node *

void
Delete({ ElementType X, List L )

{

Position P, TmpCell;
P = FindPrevious({ X, L }:

if( !IsLast( P, L ) ) /* Assumption of header use */

{ /% % is found; delete it */
TmpCell = P-»Next;
P->Next = TmpCell->Next; /" Bypass deleted cell */
free{ TmpCell J;

{

311 ERNEEREE
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/* 1/
Tl
S o3/

/* 4%/

J* If X is not found, then Next field of returned */
/* Position 1s NULL */
/* Assumes a header */

Position
FindPrevious( ElementType X, List L )

{

]

Position P;

P=L;

while{ P->Next != NULL && P-aNext-=Element != X )
P = P->Next;

return P;

A 3-12  FindPrevious—— 85 Delete —#{# ) Find 2

RITEBWRE—THIBRRBAGE, BEBANTERSR L MUEP —BfFA, X
A Insert B — A TCRBABId P FiEmA B2 5. RIIXTREFRENE, EERE
i ABRVE ] SE B WA SE T E ORI . RA FTRBEFCRIBA R E P AL (RIENE P

5]

| 48

/' A/
/)
/* 3%/

/*ar/
% 5%/
/* e*/

/% Insert (after legal position P) */
/* Header implementation assumed */

J"I

Parameter L is unused in this implementation */

void
Insert{ ElementType X, List L, Position P )

{

Position TmpCell;

TmpCell = malloc( sizeof( struct Node ) );
if{ TmpCell == NULL )
FatalError( “Out of space!'!!™ );

TmpCell->Element = X;
TmpCell->Next = P->Next;
P->Next = Tmplell;

B 3-13  HEEROTEARNE

b MR TR BTE), BREX ABNEEMEME PATEATE. ETLLELEA Find-
J Previous Ti18%l, AHEBEQRERAHE T4 B 3-13 5EAGXLEATS -

W R ZIEE LSS Insert BB IsLast B2, RECARBMEAL. ZHE
oM, RERINERTETHLSFTEXLFEL, Hit, A EEE L A Al RE(CE 568 A

ADT HA8 LRI

& Find 0 FindPrevious B4t GEH BB Delete , BRI FindPrevious ), 10 2490
HETA RAEE O()RtiEl,, XEFEANERENHLT, A FREZRE R MITEESHD
$e 4 t TR Find # FindPrevious , TERIR WA FEfratiE R O(N), B it HE

KBS T ROERUTERFBN &, FERE, BT ER ON), P A b B 2349

HAEN R

O BEAEN, AUARRFRELALES.
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I 3-6 R H AN BIAE A Y . RATR AT LIRE — N IEK LR Previous. FTH
R B AESR
3.2.4 ERMER

EHEIAREERNEFREAZLANH TSRS EM AR, i " memory access
violation” BY, “segmentation violation" X F{Z RLAE B ER B T RO T ok, — T EH
FI AR BTGt A B, i, tnRE 3-14 P47, ARa P ELEKE X, HA
sk A AT REFE M N TE R A 2. B— T HANHREXFE - 13MF 6 /7. WHR P E
NULL, W4gmREIEEs ., X REME P AR NULL, Brul R A R, 258, R
framre., {FEMA Insert BFIRREIRIEX—m. Kibfymt REIREE— 14510, A MR
WA I% 84 AR NULL, A2 C &iEa Rt IRux s, At AR C i
— B4y, MR- REBBEES —AREIER TN, RTBANEABIERIEZ
1. XX AR WA REZ—,

/* Incorrect Deletelist algorithm */

void
Deletelist{ List L J
{

Position P;
Jr 1%/ P = L->MNext; /* Header assumed */
ALY L->Next = NULL;
FARE LY while( P != NULL }
{
JE 4%/ free( P J;
Jr S/ P = P-=Next;

}
}

H3-14 BT ROFERNITEA

55— R 8 v K {67 B FH R B A malloc R FRE— N ETAYSEIC., RATLALCHE, =
B3 (6] A CE R RO PSR 3 AR BB G, T HR A R i A5 ] 25 g s W T RE = B AR 9 3
Hl. AR s o U i B0 T B — 7 B8 ) malloc FEBR¥, malloc (HowManyBytes)#f
ﬁ%ﬂﬁﬁﬁﬂﬂ~¢ﬁﬂ%%ﬁﬁE%Wﬁ%mmmﬁn%—ﬁﬁ,m%@ﬁﬁm—¢ﬁ
Es R A BT, TR L ERI BN AR malloc f1 %, AEWER
ﬁﬁ#%ﬁ—ﬁﬁﬂ%ﬁhwmmWEﬁﬁﬁﬁWﬁﬁﬂﬁﬁuCE%memm%ﬁmﬁ
A U0 callocs X FA BIRE AR R AL A stdlib. h k30

A7 s () R T BN, /RAT LA free RS BAM R LR FIULE, free(P)IEIRE: P IE
(e A L A, B b BB E RE X T o

W%ﬁ&*ﬁ—¢%ﬁﬁﬁﬂﬂ%ﬁﬁf%ﬂﬁmmﬂmmﬁﬁﬁﬁ%$%Mﬁ$,%
ﬁﬁ%ﬂﬁMin&—ﬁk%ﬁ%ﬂ%ﬁﬂ—+mﬁﬁﬁ%ﬁ%;5—&%%%%@%%@
#M%gmﬁwﬂgﬁ%%ﬁﬂ%%%ﬁ#ﬁmkﬁﬁﬁw,%ﬁﬂ%%%ﬁ&ﬁﬁ%%ﬁ
fg3E R, BT R A A9 NULL #6541

Eﬁﬁ@ﬁﬁ—ﬁﬂ%iﬁ,ﬁﬁﬁﬁﬁﬁﬂﬁ#ﬁ—%ﬂ%ﬁ%,ﬁ%%%ﬁﬁﬁ%
mﬁAﬁW%%%E—EWWﬁ%&ﬂmﬁwwﬁgﬁ??ﬁﬁ#%iﬁ,&&%%—¢%
N%ﬁﬁ.@%Eﬁ%%ﬁmlwﬁﬁE,WﬁK%ﬁmﬁ*o¢%~¢m%.E}mmﬁ
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LA EBR A R EF 7 L (RRTEAE RS L ERBET),

B 3-15 B/ T MBR TAERIIE® ik . 403N B = 6 THRSIRRSE R, Rt /R Al HE
ERABREELHEMFABRSSRMETH, MRENEFERTE. £HEEE T -TEF
(WERT), XA E 23] (10 000 M4 ROREHE &, BBEFMRT 25 5, #HL L, $c
DAFE 24 Rk 400U SRR, X B AR 225 B —MERMBIFESR O (N log N)Bf[E] L4 N 1
HIL.

/* Correct Deletelist algorithm *=/ __\

void
Deletelist({ List L )

{
Position P, Tmp;

Jr 1*/ P = L-s>Next; /* Header assumed */
J* 2%f L->Next = NULL;
/* 3/ while{ P != NULL )}
{
J* 4%/ Tmp = P->Next;
/* 5%/ free( P );
/* 6%/ P = Tmp;

!
#

A 3-15 MBRFMIER L

G — /N4 . nalloc(sizeof (PtrToNode)) &R, HREIHFAHEMILLI AL E
gzl ©RGEREH AR — 12,
3.2.5 WER

AR LB R R . bR R B TCRE Y, SR AR R T R AR A
O MRS RN — N, T A AR R IT T RIAT . T ER— T M
B RN TSRl AR, Rt 154 A R B B T B n— 4% HABELXZMIEHTE
B, B—E, Bk T MERERAE, B S A4 P 26 8 ) — I35 1 AT B T A 38 R DRl —
AERT; IMEBEMBL . E 3-16 #R— WK (doubly linked list)

Al As i As As A | T2

LT

A 316 —WaEER

3.2.6 fEFHER

IFERE WA TR R A AT R R AT R . BT, Al LABEA R
sL(EARK, WEEHRETRERE), H H R T LA W ja) 6 3 (55— 1 BT AT K TR BT
S M BEIT) . X ARSI S, Fol X Fh s w7 s N A B h R B
3-17 SR T— AT LM fER e

A, " A T Ay Ay As

B 317 — PR AR
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3.2.7 #lF

Ffi RS AR RAOBI F. PR ER—C BTN PR 5 R R
BRI T LA ER BT HE R —Fh . f5 . ROIAG— 2 BIT, S 1
LU T A R A .
A ADT

AT LRI R X —Fh 6 F—TC (A L) SR i SRR R A, 4 F(X)
= NV AX G WURART A R BT, IR AT AT LA 15 AR A B R B R
ALRE et SO, W, T B BOCBR AR RO IR, SR, FRATTAT LA A B
318 g KA, K, FRA BT S AT R RO IR T Ik Ak R
AT RRAE B N7 3-19 B 321 BB . ZEOKE G BT G N F A E ], W)
Ferd: () B 2 A TH T8) 15 P AN A R B R BURE e . B3 A KT T AT (R R 2
A, HIE P(X) = 10X+ 5X¥+ 1 H P(X) = 3X"0 - 2X1"2 4 11X + 5, B4
AT IR AT R AR AT T ATLAR i, KRR RIARIEAE 1 FRLA O FE 5 Y8 -4 A
LI K RATEEERRS L KB RRITAEE R,

!
typedef struct

{
!_ int CoeffArray[ MaxDegree + 1 1;
}

int HighPower;
* Polynomial;

B 3-18 ZIAR ADT A% BRI E

void
ZeroPolynomial({ Polynomial Poly )
{

int i,
for({ i = 0; i <= MaxDegree; i++ J
Poly->CoeffArrayl i 1 = 0;

Poly->HighPower = 0;
}

Mg 3-19 #HZOAP R FHIRE

void
AddPolynomial( const Polynomial Polyl,
const Polynomial Poly2, Polynomial PolySum )

{ ]
nt 1;

PolySum->HighPower = Max( Polyl->HighPower,
PolyZ2-=HighPower J);

for( i = PolySum->HighPower; i >= 0; i-- ) _
PolySum->CoeffArray[ i ] = Polyl->CoeffArray[ i ]
+ Poly2->CoeffArrayl 7 ];

|

|

\ ZeroPolynomial( PolySum );
|

|

g 3-20 WA i ad
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void
MultPolynomial( const Polynomial Polyl,
const Polynomial Poly2, Polynomial PolyProd )
{

int i, j:

ZeroPolynomial({ PolyProd );
PolyProd->HighPower = Polyl->HighPower + Poly2->HighPower;

if( PolyProd->HighPower > MaxDegree )
Error( "Exceeded array size" J);
else
for( i = 0; i <= Polyl->HighPower; i++ )
for({ j = 0; j <= Poly2-=HighPower; j++ )
PolyProd->CoeffArrayl[ i + j 1 +=
Polyl->CoeffArray[ i ] *
Poly2->Coeffarrayl j 1;

A 3-21 P A 5 )

B Fh Rl FASE S (singly linked list) e BHAMHE M EFHE—THLTP, FEX
S B T LAY B WA I FE HERE . Filhn, B 3-22 e R FR P (X)F Py(X) . BB IRATH
LA FEE 3-23 AR EA .

B LR OCIE O e

p, "

| 3 |199q 121492 ,11|1 s 04—
P

2

322 ATERAMNERER

typedef struct Node *PtrToNode;

struct Node

{
int Coefficient;
int Exponent;
PrrToNode Next;

o

typedef PtrToNode Polynomial; /* Nodes sorted by exponent *f

B 323 ZW ADT #&R LM

R RS . MR R T, 4P ST A I R PTG 2 ) 2
A HIE H R, XA BROELHR, RIHEEEES.

BN
ﬁfﬁﬁﬁﬂ@%:’fﬂ%“”fﬁﬁ-ﬁ#ﬁ'( radix sort)e A 3 HE 5 A R F XA A (card
wort), EHEABRHEALERZN, ©— AT ERFA RO
WERATE N AEE FEEM 15 M(EM0E M — 1), RATATLIRIME A 7875
2| gttt poHERE . AR X B (bucket sort). RATEB— M, FRZH Count, KN

{

0 0 AR, TR, Count A M THIT(HM), FHRMBIEHREMN. X A BIEA
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B Count [ A; 138 1. ERTE W8 AL LS, FAREEL Coune , TENEIHHIEFFRIE. Z8
AR O(M + N); HiFBHEES . 0 M=0(N), W#E=HEFHN O(N).

FHHE Y R R THREES LARESN 2R . &EKIME
10 1%, JEEI7E 0 #1999 ZjE), Tl Ay . — Mk, XROFI N - 1HM NI, p
REREAES, DR, NIAREEHERET ., MR KL T, AR Rug (k2 8 H
HEF . BB ER R S (&) " (6 8 N BrBUG L) se AT HE R, SR Xt
PR (HBOM AT, H%., XIMBEAES T ERSER, HE, WRERNHERERKEZ)
BRI TR HTHERHDY, BABEHERIEMER. YR, BrEE T T HEAM
FERE R, B BT R, & EAR, RRIHEERa—1 %+, &
B, BT BOTREERA SO0, R R RBER ER R, AT BE LR KDK
N, BMzsETRE O(N?),

Fifii ] 7 3508 10 S Eepy SRR HE T B LR . AR BB AR 64, 8, 216, 512, 27,
729, 0, 1, 343, 125(H1 10 A8, WHLHES) . 8BS REER AT, A
[ a] fEfEAL, TR R LR 10 HEAT, ot BOFABUX AR B 3-24 Bn X A
gafr® | R HEE BRI R0, 1, 512, 343, 64, 125, 216, 27, 8, 729, BlfE
T IR U S A A8 (B 07 0BT R et T8 —a HEF (DL 3-25), S " 8HFmitt 0, 1,
8, 512, 216, 125, 27, 729, 343, 64, BUEXA R EHM AR/ HIFSBIM R, Bio—
WA ACHE T R S LT, R s T 3-26. BIGRBIMREO, 1, 8, 27, 64, 125,
216, 343, 512, 729,

|

o 1] s12 | 343 |64 | 125 | 216 | 27 | 8 | 729
0 g ]

_1|z'|h3 4 5 6 | 7 9

A& 324 95— HSLEHE T RS 1 HE

SRS

8 | 739

1| 216 27 | | .

ERECNR 343 64 |
1

I
'I]I[]lﬁ‘r4ﬁﬁi'r'39

A 3-25 & sREHEFE O

[ = o
b

= =T s

| 125 | 216 | 343 512 729
: 2 3| 4 s |6 -1 8|9

326 G- EHEF S A

R GRS E RS R, BT — A T AR QRPN B [ — ™ F{E
FEHIESA . Rt FTE SRR RIE 7 4L R A — T AR ”Eﬂ]%bllﬁlﬂ?ﬁﬂl_ﬁ:
RN, ZHEFFEERIELR O(P(N+ B)), Hib P REFFHIMEE, N B G HEF )T

£ %, 1 B R 4B, B = No
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{EA—1F, AT LB (32 1) T B L Fm o B f B3R 8RR 7 ik HF
F, BERMNEXRNI2VHBHSEET A =8HT. EXETENL, ZEEBER
O(N), HE, AolfEMNAANRITEES 7T EEFRNELEREGYN, B E KM L.
(BRANICE, logN WA FREX 4K, TiRE &G RFERAMINTE.)
EEE

BRI BE — 0 FHRERGER RN A —FTA 40 000 B4 2 5000 1RE /)
REFEERWHRBGRE ., BTSN HSIHEOERE, B MRENHEN A
M BER .

RS I R R . X TR 100, FHRA - IFEEM=
ITRER, BIHSEER B B REERE R A 120 0009, K#450.1%.

MAEENEIHENRENFE S ENR. RITOEEE¥4E R
g, B 3-27 BRERB .

i N N I T A TR

Sl 52 53 54 S5

Cl

T
b

r
C3 T

C4 l

— L—--- L~ e e

327 HEMEENERER

EARZERT B, RITEAEHTRERI— TR, Fif R REE A — kI AR
TEFRIG, e, BT HIH C3BEMPTA A, RITA C3 Fritlat A AT R R T
HITR ¥4 Sl BARFEHBHER. (BT LAE T BRI A R AR B R R T
GRS A, — BRI E, RV ED C3 # (FE8 P % AL R RZAT, RAIFFHET
R 7EEEE P AL E ) IR BT UG ER T S3 M55 — 14T, ARG I R S4 S5
HERY E. MEE—&FE, SR Ttk AT A IS 0L 00 o i 1 TE A T R

(AR R A 2 AME R BRI FERIRRRELT . i RE AR ST
R R4 R B — AR LA A BT A R A B e A 1 v 3 42 T A
BRI A TIRBREREERRD, BRI R AT AR ER . RFRE R
H Rl AR 2,48 — A~ (e 3k ) BT REEA ELREAR AR IR K MR ST BOHF 8 25 1] B89
KA, BRSE LT EEANLE.

3.2.8 $SERIIFIRER
i#%4n BASIC #1 FORTRAN SV R TR S A X REE i) 5L 7 L4 2 T SR BB JH S



i, I8 A2 53 Sh Y SE BT i o FRATTRFA R R 75 12 H-FR R 3% 47 (cursor ) SE B,
TESER MR SE I P A B T E
| BARAAOEE — a5tk . PSR O &S A BER AR T — a5 ik a6 £ -
2. P ETE S F AR O] LLE AL T malloc 1] M R 862 i N AF (global memory ) 1§ #|, Jf0]
i 1L VR free B REHL
HEbR ik DA RE LI L B B AR P . W R | BB NERES -T2 RSk
e, W T P REMeIT, HBEE T LR R - Hht . B 3-28 &5 1 iR
BRI R E

#ifndef _Cursor_H

typedef int PtrToNode,
typedef PtrToNode List,
typedef PtrToNode Positian;

void InitializeCursorSpace( void J;

List MakeEmpty( List L J;

int IsEmpty( const List L ),

int IsLast{ const Position P, const List L );
Position Find( ElementType X, const List L J;
void Delete( ElementType X, List L J;

Position FindPrevious({ ElementType X, const List L };
void Insert( ElementType X, List L, Position P );
void DeleteList( List L );

Position Header( const List L J:

Position First{ const List L J;

Position Advance( const Position P );

ElementType Retrieve( const Position P )

#endif J* _Cursor_H */

/* Place in the implementation file */
struct Node

{
ElementType Element;

Position Next :
b

struct Node CursorSpace! SpaceSize ],

B 3.28 AR A

PUTE R AT | ik %48 2, ik CursorSpace ¥4 (9 T -y }
P E8 4T malloc F free (YERRE. ik, FATHRE — 1 !
£ (B freclist) , XA FARTEALfTRPRYREITHR. % |
Sy FC 0 fENEL . HEIRRLE AR 3-29 PR,

% F Next, 0 BI{HZ4 T NULL 8% CursorSpace
B w ik B— AN R RO R G, BRI B B RS
K AT malloc THEE, ¥ (E#KG i () H—TICEM
freclist IR, A T AT free THEHE, AR %R T
freclist BIRT 5o P 3-30 it malloc T free ) 18 i K
W . WRAA A, BARMEARELE  E32 —THIRILE Crospe

£

=
2
ooap e ) B b e B o— ‘=

O o e~ T bn B b = D
—

—
=
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P = 0&FRtLH, ERHBFBEAEZEAH, HH4ALFE CursorAlloc % — 47 HAZE
#:4E (no-op) »

static Position
CursorAlloc( void )
{

Position P;

P = CursorSpacel 0 ].Mext;
CursorSpace[ O ].Mext = CursorSpace[ P ].Next;

return P;

}

static void

CursorfFree{ Position P )

{
CursorSpace[ P ].Next = CursorSpace[ 0 ].Next;
CursorSpace[ 0 ].Next = P;

}

B 3-30 fi#8: CursorAlloc 1 CursorFree

HTixs, RO LARERT . ATHE—H, oo | Beest | Nem
KA —A kg MBI xR, E—1 6T, EHE . 3 .
331 4, SR L W{E R ST M KEN 3, W L {ARER a, ! ° ’
b, e, i M FREEFEc, d, {; i heades E

357 B B BT 0 P R A0 L pR AL, FRAT UL A S | header | 10
iR [A 554t mEtMFE S E, e mBmEE, K332 2 3 - )
AR ER B NS EM RN, B 333 LM YA ERET | s ¢ 2
BEpF RN, B 3-34 RAY R Find &\ & L FH X 10 a X

B R . SCHMBERFTER 3-35 1. BA, TRk
(945 O ST LR — R . BJS, A 3-36 R Insert HIUF
PREE

fl 3-31 BERWEREIN B

/* Return true if L is empty */

int ]
IsEmpty( List L )
{
return CursorSpace[ L ].Next == 0;

}

B33 MR- ERRE AT N RE—UHR LR

/* Return true if P is the last position in Tist L L7
/* Parameter L is unused in this implementation */

int
IslLast( Positien P, List L )
{

}

return CursorSpace[ P ].Next == 0;

B 333 MR PRERSRMWKRNRK—IREN
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/* Return Position of X in L; O if not found */
/¥ Usas a header node */

| Position
Find( ElementType X, List L ) |
| {
| Position P;
| g 1wy P = CursorSpace[ L ].Next;
[ LY while( P && CursorSpace[ P ].Element != X )
1 ST 3=/ P = CursorSpace[ P ].Next;
] f*oaxf return P;

B 334 {AIFE Find——{#FbRcHl

/* Delete first occurrence of X from a list */
/* Assume use of a header node */

void
Delete( ElementType X, List L )
{

Position P, TmpCell;

P = FindPrevious{ X, L J);

if( !IsLast( P, L ) ) /* Assumption of header use */
/¥ X% is found; delete it */
TmpCell = CursorSpace[ P ].Next;
CursorSpace[ P ].Next = CursorSpace[ TmpCell ].Next;
Cursorfree{ TmpCell };

}
}
L s
M 3.35 AT T R 1 09 BT Delete——iFbr L3R
/* Insert (after legal position P} */
/* Header implementation assumed */
/* Parameter L is unused in this implementation */
|
void
Insert( ElementType X, List L, Position P )
{
Position TmpCell;
P LY TmpCell = CursorAlloc( );
| Jr 2%y if( Tmplell == 0 )
f /7 3%/ FatalError{ "Out of space!!!" );
Juoan) CursorSpace[ TmpCell ].Element = X;
S 5% CursorSpace[ TmpCell ].Next = CursorSpace[ P ].Next;
i* e/ CursorSpace[ P 1.Next = TmpCell;

A 336 AHEERHITE ARMEAHIE Inser—BFAREH

A IR A AL, ERA— SR, X RMNE ADT HANE, ENPRANEHNE
TR BOMRE, STEL SR AR A, WEARSE AT LUARAUE BRI, Yl LR
A ARSI FEESL, AT NFERERE, Fik, WRIEfTH) Find oR B X IR,
U 5 S R A 3 B 2 AR
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freelis_l- MFEHE EEFRRA—FHEBEOBHES ., M freelist B FEAYEITRRINE free BLTE
BEARIC, HIt, BSEHNTE freelist BB TTRBBREEENET. A -FHEHESHBES
XFHETE, MPERR (stack), BB F—TEiTiEM RS,

3.3 & ADT

3.3.1 BR3

P (stack) TR AR A OB FUAE (6— MU B E 7 A9%, WL BRI, 1Ry
R (top). IRMEAIIA Push GERR) A Pop (#15R), WI&HIMFHA, 5% M RMR B
AR TE. BEHAMTEN LLE{EH Top PIBFERTT Pop ZHIHITEE. WK
JEFFHD Pop 5 Top —-BBA N BAR ADT MISHR, 5— HTE, HIEFT Push 0251 R B —
PMEBER, BAR ADT &k, O

Pop(5)
- Stack S < PushiX. S)

Top(S) i |'

B 337 FRANRY. @il Push [AERMA , 1S Pop MBS

A L LIFO(E #t et )R, 7 3-37 |
R AR AR EE Push Jo4 ABRAET Pop F -
Top RAHEME, WEMWZROBERBGE :
Fos ke MR A AR W RS 2 R — AT, i
MR, xR FFRE MR, A LR E Push F (i B

1141

Pop #4E . (1311
@ 3-38 ﬁﬁ&i&ﬁ%:’:ﬁﬁﬁ H‘J—"I‘?EH%EFJ {16}
:Hzo #ﬁmgﬁﬁt ﬁE%%ﬁiﬂszTﬁt ﬁﬁﬁ
TCE M~ Wt A 338 HRER, RARTUTERA B
3.3.2 XHIEHR

HTFRR A, BIEREIRE T EHERRR. BATTH 45 P UAT RO L BT
v, —FhO7 R R, OB — RO AL B, EmBRAIER—WHEE, WR
(i B AR B B, S R AR R A R S R ) R RR T 8 o
BEEREN

B SR B oy R R AT R T ARLI Push , T BBRK
st LR LI Popo Top e R EERTIMTE IR CHE. A Pop BAFEH Top 3
et — . FA1AHT LA AT — W HIRER IR, (B4 T HERARIBE RN KT HESR

Bl o
B, RAT7EME 3-30 e X BRI B — k. [ 3-40 R, Wid=

Pk & A
plE— AR R 2, RETAE Y — kB R MakeEmpty % & Next 15 5H48
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1 #ifndef _Stack_h

struct Node;
| typedef struct Node *PtrToNode;
typedef PtrToMode Stack; ‘

int IsEmpty( Stack S ) i
Stack CreateStack( wvoid ); -
void DisposeStack( Stack 5 );

void MakeEmpty( Stack § };

vaid Push( ElementType X, Stack S )
ElementType Top( Stack S };

void Pop{ Stack 5 )

#endif /% _Stack_h =/

/* Place in implementation file */
/* Stack implementation is a Tinked 1ist with a header =/
struct Node
{
ElementType Element;
PtrToNode  Mext;

LH

A 3-39 £k ADT B SLHI A S8 = 1
|

int
IsEmpty({ Stack 5 )

return S->Next == NULL; f
1“ ]
A 3-40 WL E BERAPR—REN
NULL(LE 3-41). Push FAE Jy 18 st i rim A LB Ay, Hd, a6l fE o H I
(L 3-42). Top HISCHEREL B RIS MIE FRTHE T ZRA (L 3-43). &5,
Pop J&if 2 BB =AY RT S M oC E T SE LAY (LA 3-44)

Stack
CreateStack( void )

{
Stack S;

5 = malloc{ sizeof( struct Node ) J;
if{ S == NULL )
FatalError{ "Out of space'!!™ J;
S=sNext == NULL;
MakeEmpty( 5 )
return 5;
I

void
MakeEmpty( Stack S )

if( & == NULL )
Frror( "Must use CreateStack first” };
else
while( 'IsEmpty({ S ) 2
Pap{ S };

341 plE— T ERAFIE—EREH
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void
Push( ElementType X, S5tack § )

{
PtrToNode TmpCell;

TmpCell = malloc( sizeof( struct Node )} );
if( TmpCell == NULL )
FatalError{ "Out of space!!!"™ J;
else
i
TmpCell-»Element = X;
TmpCell->MNext = S->Next;
S->Next = TmpCell;
}

}

B 3-42 Push e AE—8ERLH

ElementType
Top{ Stack S )

if{ 1IsEmpty( S ) )
return S->Next->Element;
Error{ "Empty stack" );
return 0; /* Return value used to avoid warning */

}

g 3-43 EERTGTRMFAR—BEREIHN

void
Pop( Stack 5 )

PtrToNode FirstCell;

if{ IsEmpty( 5 ) )
Error{ "Empty stack" };
else

FirstCell = S5->Next;
S-»Next = S->Next-=Next;
free({ FirstCell J;
}
}

M 3-44 MIRMHTTRAFAE—ERLIH

TR, A MR TE 2RO 18] B e R B AT 3 T B R BIARR A R (22
BB, ERBRRBTRA/MOEIR T . R SCH 7 i B R A EE T 3T malloc 1 free ()7
IR RS L B B A, A5 DR SRR B BIAR A L R ILINE . A Ay RO T (B FE SR — 1R e
LR BT MR AR, YRS RE e, EREERE TR
b, WIE, Y4B MREFEHGATH, EEEERES TR

HrRan |
RSB R T IeE IR AT R R E AT R . KRR AN IR R

ﬁﬂ%ﬁ%%ﬁ%#¢ﬁﬁ%k$a#ﬂﬁ%,ﬂ#$%+ﬁﬂ,ﬁﬁﬁﬁﬂ%ﬁﬁﬂ#
¢,Wﬁﬁﬁﬁ?%ﬁﬁﬁ,Eﬁ*ﬁﬂﬁﬁﬁﬂ$%¢ﬁ&$%ﬁﬁcﬁ%*¢ﬁﬁ&%
kﬁﬁﬁ?ﬁﬁﬁ%%ﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁgm%ﬁﬁﬁﬂﬁﬂﬁ,%ﬁﬁ%Mﬁ%E

{3 R R L B
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AR LM RIRE G . B — T HRE 1 TopOfStack, W T REE - 1(XH 64 |
RS WEATE) . B THEATE X EATNZER D, RATH TopOsStack M 1, REH |66
Stack | Tufi)fsﬂaf‘&'? = X, Hb Stack BRFEEERANEH, M THRELRTE, RITEERE o
{tih Stack[ TopOfStack VRIS TopOfStack W 1, 4%, f FISTEMAATE Z . B Stack
KM TopOfStack AR E— TR BVESHH—8849 . FRH2BEZE R R E 2 5% R fh (=
T VEBEWIL T EREEN, AAEREBHLRER T EEFEZ T M08, %S
GERFEIT AR, RR0% R R R R A, X, PR — R BRSNS AR AT
A B FEER B A AR 2 & B AR TR op-of-stack ) F BB AT RE. X X AT A AY ADT #
AR Y. R Ada F1 C+ + XREBYIR BRI HE & b L ARRESE LRt iX T 3A M

PR R R (N DL R (]S AT, 0 H R LLAE R B R R e A R AT (R S AL AL AR
b A AR AR TR A AR L ERE, WXL Push F Pop &R AT LIS — 2%
WSS . BORL B RO R E M E e S R M — Ty, XA SR X R
FhUL s, EDRRAR AT R R AR HLRIE I S 2 B A BHE G

AR B BT RCR A a) R AR I . TR AT A EE RS H R BT AR AR IR L

o0 |- TG R B, WHESHR A Pop 3R X R A9 Push ERHFRE I BAL A IR 5 2R A A 5
B IRIARE MR (B R X s A AR I R B B B g B, W
7T BE AL PG L R AR B E SRR 2 By ), i TR, BRAEGESSIRAL PR H E EH A
ACITEIRVE R G), —IRTERR MR f 4 LR 73RE A T, RAREZ N
W T EEE L 7 B — MR R RIS B T B #R e R 1 , IR Pop #AE M BIFELE AN Pop
AR TS SR AR AR, B R, XELBRALREFEFBUIERETTE,
e | M FEAR SO BLIR B R 1k — I A SRS B A IS A A . R AR R AE TR U
Heft B, BRI — N RIE R S AR S X B L, XERE ., 2R
g sl BN . YRAOZEEE RS SR s IR EfITTR, ARA S ENTHE
BE %k L AR AT DK B 112 (comment them out) o TEHAT P ER UG . FATTH
TEEh T LR AR S Bl — R AR A B 1.

61 3-45 ¥ Stack (RR)BERE MG 10 — SRR TEE . XGRS TopOfStack 3
Bl Capacity H. —BAIERAAER, Wik o gz S, K 3-46 glE— 1 RAHE
Rl RRR . B 3 ITEIES S ATIEE ARG HY . TS 6 17 EIHS 8 17 His & tkny B4 . # 9
5 10 FFHTEEALER TopOfStack FUR Capacity. REBEFTEOGL: 511 1712 18R

oA T B R LRI % 4 E B DisposeStack . X AFIFE 1 e R BURENAL, R Ji5 BEHI R Sh
Hylk (L 3-47). #1F CreateStack TERREFALRFRE—TEL, i 16 5% # LM AT
wH ., RIS E R LI PR RN TT A, 3R 25X A AR P R T BB B[ 67
FIG SRR e, AERIR, SRR IR I SRR R 5T

HAT0 2B A AR IR FIR R TR . R BHRERIES T R FEAFE
WOk . I ARTNRETHEMAFREMHREHRE — SR OFIRE, et 5 B E MR
T ARRIA T . (6 C+ + PRI T ERIREIS A, TRUERNGE £ RORER, A
(F AR R REIE W is1T. C+ + VF fo ik J LR A [7) 26 Tty e A 6 A () A i A A el 4 (T
Push ® Pop), ﬁﬁﬁﬁfﬁﬁ]ﬁ%%ﬁ, 51 A5 O] g (i PP LE R

AT T FERERUE, RERMBOEES L MREE. AT LA ADT KU e
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#ifndef _Stack_h

struct StackRecord;
typedef struct StackRecord *Stack;

int IsEmpty( Stack S );

int IsFull( Stack § );

Stack CreateStack( int MaxElements };
void Dispose5Stack( Stack 5 );

void MakeEmpty( Stack S5 );

void Push({ ElementType X, Stack 5 );
ElementType Top{ Stack S J;

void Pop( Stack S )

ElementType TopAndPop( Stack 5 J;

wendif /* _Stack_h */

/* Place in implementatioin file */

/* Stack implementation is a dynamically allocated array */
#define EmptyT0OS ( -1 )

#define MinStackSize ( 5 )

struct StackRecord
{

int Capacity;
int TopOfStack:;
ElementType *Array,

| H

A 3-45 HRpFE-—HEH LR

Stack

CreateStack( int MaxElements )

{

Stack §;

Jroaxy if( MaxElements < MinStackSize )
f* 2%/ Error( "Stack size is too small" );
Jr 3%/ § = malloc{ sizeof( struct StackRecord ) J;
JE 4y if{ S == NULL )} .
/* 5%/ FatalError( "Out of space!!!" );
/* 6%/ S->Array = malloc( sizeof( ElementType ) * MaxElements );
/* 7%/ if( S->Array == NULL )
/* 8%/ FatalError({ "Out of space!!!” );
J* 9%/ 5->Capacity = MaxElements;
S*10%/ MakeEmpty( S ),

FASSAY return 5;

B 346 AR —BUHEHR

void
DisposeStack( Stack § )

if( S != NULL )

free( S-»Array ),
freel{ 5 );

H3-47 RERGFIR—HRAKH
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BT B A RIZ P REF T R RTH, X BB A S RAEH R AT, FH H /M IR E b ag il
H L 3-48 £1E 3-52) .,

i int

| IsEmpty( Stack 5 )

] {
}

1

return S-=TopOfStack == EmptyTO05; J

348 Kl — R s B A B — B Fﬂ
169 |
void

MakeEmpty( Stack 5 )

S->TopOfStack = EmptyTOS;
'

349 QTR R —RALH

—

vaid
Push({ ElementType X, Stack S )

iFC IsFul1( 5 ) )
Error{ "Full stack" };
else
S->Array[ ++5->TopOfStack ] = X;

M 3-50 PRAFIE—RALH

ElementType
Top( Stack S )
{

if( 'IsEmpty( S ) )
return S->Array[ S->TopOfStack ];
Error{ "Empty stack" ),
‘ return 0: /* Return value used to avoid warning */
}

A 3-51 HARTUR E AR —B AL H

void
Pop( Stack 5 )
{
if( IsEmpty( S ) J
Error{ "Empty stack" };
else
5->TopOfstack--;

}

352 MARHH T EMHBE—H4LH [70]

Pop 18/RE AR B AT R GFEARECE) 1 K2 B R SRR R R BN ROA U
H A S, (R 3-53 RHXTE C PRETEHTTE.
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= IR 5.

ElementType
TopAndPop( Stack S )
i
if( !'IsEmpty( S ) )
return S-sArray[ S->TopDfStack-- 1:
Error( "Empty stack" }:
return 0; /* Return value used to avoid waming */

}

Bl 353 HHRTUTE MR M FIE—BE LN

3.3.3 &HA .

BAE, MERIHERERB TR, W2XERELBITEMRBE B, 2 AE
AR, X REREEERANEE., ERMFZMAT, RiMGH =107, F=1
B2 LA FF R AT 48
TEHs

G BRKE R BB R IR, (HRN ¥ il TR — RS (IR — TR SR
RGN SRR RTIM L ETMISH, MEERFRIFRAKE.

GEEMERT— AN TERERREES S4TSR HRA— IR TE,
B AEEES . G S R RS SR BN MRS . FA (O] _a%, #
SO )TRARM. BR, RMEGHHAS M KREBEF, $EIRRXEHHERELH.
HESAER, RIVURERES , HiESMERES TR 28 BT HAR T

XA LGSR B — MR, BUEILF

B ATE, BAFHALILHE, wRFHAR-AFHAT, WHLBAET .
WwRFHE-AHASS, WERERRME. B, FRAEHRE, PRBEOFTR
23t B e S, DR, EXHAE, wRARFZMRE,

RN REXNEEESEREITH. RIFE, ERRMEN, HaL e AW ATHEA
TR, EI, TRES (online) B, RHYWE ., YA, P e AT b R B A
— SN T —— Bl R T B IR
BREFIERX

B RATAE — A EEHE SR — R e, UL, ATHE— 51 B
O LE AL 1.06; TR BT IGY S ARG LA B BRI A 3t B o mE ML N 4.99,
5.99. F16.99, ABAM AR B RETT A E

4.99 + 5.99 + 6.99 * 1.06 =

G R R, X R R RTEAER 19.05, HERPFER18.39 T fi] B
IS R A E - ER, (B 2 S i (T A R B TR A i R S 2 8 T A

EH o
Ay, AR E LB A LA e, B, S QA — T AR E — U
% B, A

4.99 % 1.06 + 5.99 + 6.99 * 1.06 =
%Eﬂ#ﬁmﬁtﬁﬂjmﬁm%%us.@}ﬁﬁﬁﬁfﬁﬁﬁﬁtéﬁ%ﬁmféﬂ%(w.sﬂu Bl
HER—-REsHEY, B 3R AT R4 T LB IS S T A B BIE R E R, (62 P 22
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sk i Eid e 2s 5L

17 0 A B o] DL 4.99 R .06 HIFEIFFE N A, BRIGHE 5.99 Al A, tHin, /&
R RATA A FROTHA% 6.99 I 1.06 HIFEH KB RIAFN Ay, W A FTH A, ¥ i
2 R Al AT LUK i PR EI A B 50 F .

4.991.06 # 5.99 + 6.99 1.06 * +

X C U B (postfix)BE 18 % 2 (reverse Polish)ic i, HoR @S RG22/ E
TR R AR . TR RS RS 0 R E . I E R T HE AR
iy i B N E B AT HE B AT A T SR S BB (R 5 ) b, R B 5 B AR
o i, &k

6523+ 8= + 3+ =
T BN FERRARKS, B2

| T
{ TopOfStack — ! 3 \
| |2

o 1c]

TR S+ TS, BTEL 3 M 2 MR, JEEENTRIR S BB AR 72

e
| TopOfstack — 1 ll
i ¢ |

ey, B ERE.

I
|

! TopOfStack — | 8 |
. N
|

RH

BAE R E) A = " BB 8 A S i, FFH S « 8 = 40 itk

| |
N TopOfstack — f

1
v

4

=

|
|
|
|
|
%%xmﬂ—%ﬂ"%J&mmﬁwH%&.%ﬁs+4u=ﬁzma
I “ \ W‘

|

[= SR

| |
i

i
| TopOrdrack — ‘ 45
| -

AR 3 TEATRESP,
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3
as |

( 5|
BRIGY + {818 3 F1 45 WRRFHLL, JERE 45 + 3 = 48 KARRH.

’ TopOfStack —

o)

TopOfStack — | 48
&

— —

B, BB —A "B, Ny 48 fl 6, HEE 6 » 48 = 288 itk F .

—_—

Topofstack — 288

HBE— A ERERDERGBER O(N), BRI A TSN TR IR — L&
R PR VR RN T 26 28 B Bnd a] . ZE BT ERERR ALY, EE, H—-TRAKXLERIZ
B4 e, WA LEMEEMEERNL, XB— 1B,
R RBAE R

BT LR RS S E AR A E, 1 ERAE 7T LR — iR R R Rk L
(R ER Gnfix) ) BRRE SR, BITESAAFRE+, *, (), HFEFHHEHLSS
g v T T 45— M 30 1) BBV 4 F/ MRS B ), RRATTIR B — BRI R BB AL BRA]
ol h BB

a+b*ct(d*xeti) *xg
s R ERFER . ERHERE

abec * +de * f+ g * +

wosEl  AMERARHE, STEMETREIS S ERA I, MG LA SFFE
FAH#TT TF B B A R £ 2 I Bt R VR AR TR v T S R T B BB L EE
Eat R T ER AR . RIIN—DERIFHRITR.

MERB—-NEES, WAERTREAL, KHENFSEHERRMNEZ (X
N AEFES, BEERXNERFS HEHEE, HFAEt.

BRI RBEM MRS+, 7, (), BLRINIMRPEERTRERL
B AR EEHTE NI, H—TH50: BRAERTEALE )" R, W RATLA AR
PEEE (7, T XRRAE, ©+ TR EREBIE, (T HINERER LM TRAT

e, RITEEREFEALT.
BIE, MBRIEDGAMAR, RIVERTTR ML AR ZRERZK, HF5E 2

o
ST AR AR TR, RATHHE LM R SRS AR R R . B, a
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WA, TREMMM L. R5, “+"#EAHFHALR . SHE bIEAFRMA L. X
— BT 2| ARSI E
;J L_ab “

Stack Output

o "SEEA L BETFRIRDUCE I« "R, SMBAEW, © Tl &E, o
BIEAHEH. Eit, &TA

+ | abc |
Stack Cutput

EENASRE -+ "5 BE— TR RITEA, TER" AR IR b
HRRRE TR+ S, ZEAALRREBEIE + "SRR A HEILER; AR,
KENIHB 2R + " S EARRT

|
+ | abc*+ |

Stack Output

FABERNEER—AC, BTFARENRLSR, B EsR#RT. K5, dBAST

i
Lf_
+ [ abc=+d |

Stack Qutput

WEE AT . ROTUEE—4 » "o RIFEEAEAES, BUNFES AR RRE, Hit
ﬂﬁﬁtﬂo —F—/?‘E e, EﬁﬁA#ﬁImm

(
+ [ abc*+de —‘
Stack Qutput

B SRR + 7. RAITE » "HHHH L, REH"+ EART. XLg, AT
B f It o

+

(
+ r abe*+de*f

Stack Chatpunt

gifr . RATES—A), BRIt AR, R4+ "SI,

+ [ abc*erde*f+ |
Stack Output

T SR A, EEAREAR R RIE, ¢ BUEAT .
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* 1
+ [ Tﬁc*-rde*f-r_g_J

Stack Output

REWMARNZ, BHERMEFRFHFS ML HE L, HAREREK,

1
r Iahc"+de*f+g*+i

Stack Output

SHEARR, XMERATE O(N)FE LS — AL TS AT LG S
R W 1 O A A T £ £ S % LA B T 2 Bk kA 4 [R) B0 A0 S 2 TR 0Bk FIBR L TR 2109 2 4R
g, —MITB R ERRAR " - b - JHBRE b - ¢ - "IIARFEHM abe - -7
RAVGEEMT ERA LI, ByXERERRNEIASEH, —BMHLRL0E, il

FTHEHEOEADREMNGBIALE AR 22 = 28= 256, MAR 43 = 64, RIPEICHRES RN
5 AP R B S,
R

900 5 2 2 B AR e — R S B RRMGR IO e . X BRI, IR R
B, SRR TS R B th R AR R , 7 T VR PR 3 pR 0K 2 T R U
GO . ALHIIG, 2 I R R M AT B AN, DA TER A B AT 50 fE R e P
BERp. XU B— AR BRI IRA YL BS A AF AR EE , (AR AE KL wh e G TR (9 3 IR AR
HHE IR 14 F752), RIS KB HAOR R, KREEL T A SN ERET,
o A B GE [ A R TS S RIS, SRR,

st 7E B AR, BB T EER, EIMARE TR AT
IR [ e (2 AT N R85, SO TIPSR — 38 %, HELRRE
HRTEE— IR HBE T — N (pile) TR, R RMEBIN R, ZRKA sl
P ) — S AU X S A 28 . IR AT S A BRI T, BB 4 © e R ) B i R
i R BB FIR , B (pile) TIRB RO BRI “ 48" 3R SR BT A WA 38 . RS BT [E
55,

B AR TR R — MR SR, TiiXERELIEAMNES—MBEFEITES
discln R AE L, BT fEfE A 15 B B FR A 7 3 12 & (activation record ), EY Y (AR i (stack
frame). TESURIISILT , B MO . MATIR R B R TR M. B, — &R HiEH
ST R TR EREE ORI ) o ZESCRRIT LA BORR % B R I FE 2 X B 3 ) TR
e 20 R AR 0, B FA KRR EETTH MR, RS B
BEATTHEEAMN., BiH N, FRERSEEERMNRER,

RS R A E S MR G, B SHRMRANRHEY. EXERS
B, MR & R — A RSO, B T AR R BV IRI AR R ROy o RO i
SRR, WIS, SR KB RR. MR EREROERR, AR
FEERA IR s A — TR SRS S HE e S A BT FE B, LSRRI P Y
iR, AR RN MR — i E AT ARBSIER, X eefs B s BRI E— R
AT BB L3R [T Mt —— B 4 MREORR MR I B AT R A b2, IITTAR T A
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FEIE O B PRANDE 208 AR 2 0] 20 X il 038 5 2 i R 5 1 H CR i R HETS I ) 89
femahiE. BH—m, et 0w E O s b o] U Bk R 55 e) . & 3-54
P B R TER — A EE &, BRI 2. Thr b EIEWE . & IE W #h b # s R A Bl
o, fEH@EAWE 8. i UEE X AR ERY, HE2AFEME, HRXIMEEER
20 000 TG E, WAA TS 3 7ax B 20 00018 shid # A9 — M. HARART AR X
HeiE it A T ENA S 2 A B I, Wb XA PR e fE s MU i), (AR
20 000 JCE B AR VAMERF B3, AT HE XM EEE.)

/* Bad use of recursion: Printing a linked list */
/* No header */

void
PrintList{ List L )
{

A b iFC L = NULL )
' {

A 2 PrintElement{ L-=Element );
| f* 3=y PrintList({ L->Next);

' }
| |
] 3-54 EHMRLNER: fTE—T8 R

XA FERR N i )3 (tail recursion), 2l AR 5 A 2 89 1] 5. Ry kR 17
G IR A 2% A AT LA i 6 09 V8 R B goto 1B ) FFFESLAT N B Xt pR BORE S 2 U W
HEATTTHEE. CEMTEIER, BIRE T AFTEEE; RS RZE. %
b B B EGE RO . PR, FRATTEE ol LAA 5 70— v 39 Al B 4 AR B9 AR EE{H go
to PR B TN, [ 3-55 PR BRE 3-54 B R, i0d, IRIDEIFE A 2
() while TEFREEH) . HEAL(H FH goto & RiR BA 4R %88 Q0{v] A g LPRiEiH .

/* Printing a linked 1ist non-recursively */
/" Uses a mechanical translation */
/* No header */

void
PrintList( List L )
{
top:
if( L != MNULL
{

PrinttElement{ L-»>Element };
L = L-=Next;
goto Top;

i
}

] 3-55 AFIIIFTEN— 3 ARIRE AT LS AGX I TAF (R A8 260

B I B B e R 2, DABCR SR R RS RS A st s . (B EP R G, BLAFIE
EHMBEFACERE.

6 110 2 B O T R B 22 (A B8 SR A PRI i o I 2 ), X AR S ITK
Sukh. A R ER A —ANER, T EL AU R AR A AR AR PR E () R/ MACBUAR BT, X
A FEA AR R, TR AR — S AT S, RRAEN, BARERPRS R
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KA K L HFM HR DR FRR, BREE BN ARt T EFRiE 1T M (615 B i it
BAE.

3.4 BAZI ADT

@R —#E, PAF] (queue) B RFE., SR, { FHEASIEHE A FE— S 2047 i I o I 7E 55 — v ik
3.4.1 BAFIER

BA B B A3 AE B Enqueue (ABN), BRIEZ A 5 (MY BN R (rear) JEA—ITTE, 1B
# Dequeue (HEN), TR (S0& [F ) 7E F 3k (4B 3k (front) ) )T R . B 3-56 Ban—
AR R

Dequeue (Q) | Enqueue(Q %)

Queuve Q

A

A 3-56 BARIER

3.4.2 BAFIRYMASEH

MR IR —EE, TR S EARGLHREREGEN, BR—F, ¥ TE &
Ve, &AM HRE A O (1) BTH A, AFIMEREMEEERYN, BIF%
. BAERIMMTSAFIKBELIL,

s FE— ARG, RITRE -8 Queue[ JUA KA B Front Ml Rear, EfUR
TP BATPEEC T L FREE T BT P M R BT Sizeo PR X fE B RIEN
AR —T 4, RS BIEA B ANEE A LA B EENREN]. TERERETRAT
ERAS B —ABAF, @, B s e TRA HEARENEY . 5, Af =44

TEAGLRTEAIINTE.

5 | 2 ! 7|1
Front Rear ]

AEN Z IR BN P ffi—ANTE X AR, BRATiE Size Fl Rear 3 1, AG B Queue
[Rear] = Xo EH—ATEHN, RIVEEEES Queuel Front], Size W1, SRIG1E Front
3 1, AT REA AR CHER T AL RE RN,

KRR —MEER A, £ 10 W ABNE AT FE R T, A Rear BUER
10, T F—KBARRSRE—NAFENGCE. K, BAB et iF RAEEJLA R, B
FILETUREEEHAT . BER—FF, B ZEA U S REMH S T B\ E AR,

B R, RE Front Bl Rear Bk AR, R XERAFFL, TRER
5 e B A R U6 ) BA B 0 30X A i 4 R 8 4L (circular array) 3L B

%ﬂ@ﬁfﬁﬁgﬁﬂﬁfﬂﬂﬁﬁ%ﬁfl‘ﬁ?{iﬁ'ﬁfﬂﬁﬁﬁﬁﬁﬁﬁlﬁlﬂﬂ%)a 8 Front 3§
Rear 1 1 H84 T 84, oK EREEE N BANE —IOE,




R, HFahF]

59

Front Rear

ESSENNEERER

221f Enqueue (1))

L] ] 2 4]

|

Rear Front |
29t Enqueue(3) 5
TIT [T Lh
e o
2217 Dequeue 311 [7] 2 I
o | [ 2 ]4]
Re-ar Feons
293 Dequeue iR 4 g
COTTITIIon
- J

733 Dequeue 31:R 19 1 J5

3 : 214

£18 Dequeue JFig el 3 J&i Rl s BA S s

1

3 2| 4

Rear Front

ETFIIWERLE, ERGFHEESY. B—, QNN ESNTEREREN, HY
L BAF) Ay Es B —IK Dequeueﬁf‘ﬁﬁzqﬂmﬁfﬂfﬁ@—%xﬁﬁﬁﬁﬁﬁ: B, FeEFPRitA
B4 i S ) B 7 R 2R A B B BASK FIBA 2 o B, A 22 AR Fl— 1 IR RS R
N, A KRR R EAETTIE, Bl 4 BAF R =S BT Rear = Front — 1. BAFIEYR/DEIE
5 Rear #1 Front BaNE M, X R -FrIE#BRBM IS, BAFTEREHREE, B,
R EE MR R BT R, IR ARRERIFA . ARSI AN AR
Ay, AR AE BB KN ASize, W STFTE ASize — 1 1JCRIFBASIZLR T, oA H
ASize AR IR/ METT B X4, T 0 B P i —. RAEE -FIRE UM, [H25H
IRIRBF S PSR — 86 . B TRl A ST, P (e B SR AR A 1 P Fems R/ BK

TRt iR T REA L B T—2eihiE, FWEE— M ARRES.

/81

LEARATE Enqueue BITRER SR TIAIIH A/NRL AR, (A EgeREAH DR, BRI
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B, AR EAEE EIEES , BN Dequeue 1R/VFT. AT IXFF#EEE, HER R LR
RS, BRI E BT . — BRSO AR ATIE Y, B IR R4 BIAY Bt (E] 5y
AEEHRNE .

FRATE LGS F e AT R B ROR S R AT, HARPIREBIESS . &55, 1EH 3-57 Piath
BASIAFE B, IE AR TRR 60 ¥4 SE R R AR, RATE I — B RN, BT ER U
B CreateQueue Fl DisposeQueue , HAF, BATEBE R MM AT R E = 690 LK
My 23 BAF ) Bl 72 (B 3-58 RN 3-59), SR AT LA R [sFull , ESERIH A7 TS i
HITHEE, R, Rear 1 Fromt ZHIFHITAIL N 1. RITHERS HRIE HEIER Fagueue )
PR, PEROEE AR, RAOT7EE 3-60 18 BIBA S BB LB

#ifndef _Queue_h

struct QueueRecord;
typedef struct QueueRecord *Queue;

int IsEmpty( Queue Q );

int IsFull( Queue Q );

Queue CreateQueue( int MaxElements );
void DisposeQueue( Queue Q );

void MakeEmpty( Queue Q );

void Engueue( ElementType X, Queue Q ):
ElementType Front( Queue Q };

void Dequeue( Queue Q );

ElementType FrontAndDequeue( Queue Q );

#endif /* _Queue_h */

/* Place in implementation file */
/* Queue implementation is a dynamically allacated array s

#define MinQueueSize ( 5 )

struct QueueRecord

{ .
int Capacity;

int Front;

int Rear;

int Size;
ElementType *Array;

FE 3.57 BAFIAERIFEER

int
IsEmpty{ Queue Q )
{

return Q->5ize == 0;

}

) 3-58  WKBAF R A H5 B —HA KR

vaid
MakeEmpty( Queue Q )
{

Q-»Size = O;
Q-sFront = 1,
Q->Rear = 0;

}

B 3-59 kA SR HIE— KA
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static int
Succ{ int Value, Queue Q )

{

I if( ++Value == Q->Capacity )
Value = 0;

return Value;

!

void
Enqueue{ ElementType X, Queue Q)
1
ifC IsFullC @ ) )
Error{ "Full gueue" };
else
{
Q-=51ze++;
Q->Rear = Succ({ Q-=Rear, Q };
Q-=Array[ Q-»Rear ] = X;
!
i

B 3-60 ABABYERE—REHSLH

3.4.3 BADIMIELF

A7 JURHME S 4 ch AR BB A TR M B . BT A SE AT RUfE B b 4R E AT 7
B FHR TN, XH, fih R I EF .

MRS - G ATARITENL, T8 A BE MU BHESRKR . . BOXTEAT5C
STERHLIRFE M A bR BAB -

SR I P O UCHE AR (RE%) R — MBS, B, 75— S ST A BAAR 2 A 31,
[ A7 IR 45 O G e J22 e ok BB 583K 51

F— AT RE T RIMER . AL PCHLIYRGRE, KR i — o
ST 5 2R PSS L i, B FIL At B HLA P P R R A 300 A (P A i ) 75 1) S AR A89 L X
e R A — T BAS

ﬂi-—qﬂ?ﬁ?fﬁ}?iﬁﬂ_fr;

o WFTA RS RIS TT SRRSOl SR RV — IR — 1 BAS

o FERHUBIRO A, WP BASRARE L, B TR, FAENRAE—15%

Frge PR . TELCHRE RS I B K 0 AR o e BoR i B T ISR oy B IR IS
A IR T — MR R SRR

Job 38 A S A oo P P HEBA T 5 5 ] L S REAR 55 BB ERS HE R4S, AR
K Y [ MK PR F)BERR 9 HEBAIE (queueing theory) YR BU# S 3o IR R AK
1T FH A BA S O35 LA B LR P 79 0 AR 9 it A AR A5 A SR OR[> SR E T B
SRR, SRR T, AR T AR . R A9 TR AR AR
B AR B ISR BT, FTOR B TR BB R A BASY R (B8 SRR
KRREA ) . XN R E R, ANFIRRN, AR L.

WA b MER R, T2 R R R 2 . TSR IR ()R
R SR A MR, TRATTEME I — PSR MATHERL. R e ARK, B AFKATIE

IR AEA R A AT AR 2 X T MBA T A T Y - UOER bR AR R R R L

82
83 |
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i S A — L RPR A R R E A MO BT . 5 6 R SFH DR RTHITH . B
I EATVRERS & B9 T EAEF TR R RERE 45 1 A B 5 for i ] B9 B0/ &

IEtE—#, BASEAHMAFRE SR E, IHE—RANRELSHNEREE TR,
LKL AHT

BE

AR T —28 ADT M8, I EMA=MET LAMKBIEXE (ADT) B T4
e, FEANRREBSERELRNBELR S ENBEET T . RBP4 HE R EAR M
Seft 2, {HRWRAFIE T EAEEFR LA

# . RAMAS RS ELTITRHRE PR EARAGBESH, KEOHTFIEY T Ef]
PEZH . 1AM, ROEBRE DA ARICRSEMREIA, PRER%R LR
fEEly. Xt EREEREEN, HIFAAREYEERTEE SOV, Ml
P S 0 38 9 O SCHR T R B T EIGESL G PR KRk . BB IR HSR K, (HEEHAR
SELFE R ARRAE ; IR AREL AT RE R BOR R IR B

%73

3.1 REITEH—RSERNITA TRNERF.

3.2 BE— R L MB—MEEP, ENAEURFHTI KB #4E Printlots(L, P)
YATED L ke P ARS8 FeE., i, i p =1,3,4,6, B4, LF
G153, B4 HE 6 Mo EFEITEHE. B Printlots(L, P), PRIEZ F g
BREARNFREE, ZOBENEITTHRAREZP?

3.3 it DA E (MAREIE ) R ZHMHSKTE, EH
a. BEER,

b, M.

3.4 BEFICHFNE L R L, AEAERMRBERSHRE L0 L OEE.

3.5 WEFHACHFNE L M L,, AEARAKERERT A L UL, &

316 HEWTHEAILHAFMGEE ., FESTMARE. H—TEREH MERXBAZ
Wik Ar B4 M TIRIN 0, BB AVREOTE i 6] R 207

3.7 BE—AREEFAZTMR, A HELH. ROFRIER ST LRFRX
HNFEREZR -THEER.

a. ¥ L O(M2N?) i a) Rz R - ) B
vb. BE—LL O(MAN) B B 4T R F, HP M B HA B/ B AR
UL
xc. E—TLLO(MN log ( MIN) ) B |8) ST ) FE I o
d. b TE R i st ] R 7

3.8 HENBF, MA—IZTR F(X), HEEFX)) YReG R FEAgRT R E 7% 2
L0 FATRE RN F(X)M P 3] REA R RA TP IERE.

390 PHEASHEERREEE, BEEAXUTERARBRNTE. HHE 24 0y ¥ 0 3

9 #Am
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3.10  Josephus o) F R N NAM 1 BN SHS, B —EE. M1 SIFHE
W4T, S MREREEERL S ANBIERRE N, BB E, &
AEBERR NG B AR+ Gl . RERTOARME. Hit, g
M =08 N =5, IHKKEFRE, sSkE, R M = 17N = 5, IBA%ER
ABIIFR 2, 4, 1, 5.

a. WME—PEFHEIR M FIN £—MB{H T Josephus (A8, W /RA)FE L A] GEHRL &
B, B {rREEERBIT,

b. YREVFE Az f TR E) &7

c. TH M = 1, IREBFEMNZEFTRIEREZ D7 T RE N(N>10000), H free B
P 12 G o] g o o e R 2

3.11 HEHER—-TRERSSOENRF. oalAEEMAEE 7 B, JFEellny
BATETE] . BEFRAIUA T L KA GRS FTE T AR Y At 7

3.12 a. RE—TIFREERERL O(N)AE] S k.

«b. RIS ESE— R O(N )BT [E] R Fa k.

3,13 F ST 45l eI RN . ®RE— B T THE, A
£ 1000 R ECHIT 4 = 8T

3.14 RE-MEFE-IEEASEER, #H
a. HE#

b. WFEbR
315 a. B EIEE (seli-adjusting) ERBCASH . BFBRNE R E R, FEHE
Bt ABRTE 3k HEAT, M— T B Find Vil ed, 8k 88 8 & LM A 1
A% A TV A4 R 5F MBLFY
- b. B AMBERAERTIH,
o, AT EEA KB R EERE p, o IF B B R U R AR A o0 R AR
Tk

316 EBERITAE-DETFRAME AL0..N - 1], FHARNBEMERAA MR,
LastPosizion FHGIEN N — 1, (i EMEE MR E BMBR TSRk E/ N, HEE (56
361 PEYPHISTRFFES . 138 Delete MG E j FHITTRIFERBIA

f* 1y for{ 1= 0 i < LastPosition; i++ )
{

/= %y i=1+1;
/% 3%/ while{ j < LastPosition )
foary iFCALT ] ==AL3T1)
Je o/ Delete{ 1 };

else
/T 6%/ J++;

}

361 MEPRBERETCEHGE —HELHR

a. BRI R R AT AT TAERY .
b, M -MAZRIEEE XTI,
wo. WERFRENSAE S, WX EBHKETHEES T
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64 F3F

d. e F LR ETaE R L7
re, BH—TEELL O(N logN )i ) HeiZ )88,
wr £, A QNS AR EL Y, R A% R BRI RS H E Q (N logN ) I EL,
(Em: W7 E,)
s g, WEBT: WURIRATARIFER LB Z S H A EME, - Hax s e 7w AR SO8, R4 3K
A FIFCE 8] 8 b B sk T LA R 1% 0)

3.17 AETRESE MMk, 5—F 2R BBk (lazy deleton) BT, A S
MipE—4~ ok, Tl HARC EiZoc R BB (5 — AL (bio) 8D . 8 MIBR
FIAEBMER 70 B9 N EUE A B S5 0 — S R B . SR BR T R AR s B T
E—HZ, RITBHEANFE, XTEA SR ICH T ST TiRER B PRI 2% .

a. Fi| H b ) Bk %) O SRRk
b. 45 SCELGE FtEE M BR A bR e s R BB E RO B
3.18 HIFIIE S wmERMTFEHTZHRT.
a. Pascal (begin/end, ( ), [ 1, 11)s
b.C(/* */, (), [ ], 1)«
xc. REBWMEHTENRAE R

3.19 RE—IMEFIFEESFREWE,

3.20 a. HE—PRIFEPHELRERBG LS, BPHFAALET(7,0)7 0+,
b. ERREMABRMBRHESRE T £,

c. RE—NTBFHREREAERPHEHERLA,

3.21 WEUA— A BATEHEMROAR, RIEFANE—RTEEER, TR
R BIFEARER i AP

3.22 xa. R FEEHRY Push Tl Pop $RAELL RS =R EAE FindMin BYEARSH, H FindMin

B EZ AR/ NTE ,, T A SRR T @z fTalEI#ERZ O(1).
«b. JEEE, W R AT A S WU R ERAE DeleteMin, 384 /0 H — F #1260 1E 2%
QogN)AFfEl, 3, DeleteMin R HFFMIBEB/ING TR, (FABTHERER 7 5)
+3.23  ULBAIAT A — N EEHE B =AM

3.24 2.4 HO AT HEREIREKMBAGRMEE N = 50 FE7, HREnA M
Seg? Rfha?

3.25 SwESEEBAFIRGIRE,

a. BER
b, ¥4

3.26 AUESBAF( deque) B — S35 () R ALR HOFAR S, IH BB P LLEAT T I HRAE -
Push (X, D): $5 X i\ ARSI D 5
Pop(D): WWHEAF D o B B A 5 200 H-H5 R 1]

Inject (X, D): ¥I X & AZIBUGASI D B R o
Eject (D) : MORSRBAS D o BB B s T4 FLR [0
BB ¥ TS IR, SR REESE O (1) E].



F4T W

T R E S AR, SEROKEA RIS E RS, AEHEH. AR08 -FE s
BlEEs ), AR ERER2 1T eHEE R O (log N) o FRATI B 18] A8 X 10 R Fi 40 25 0y 76 MK
F R R AZ L, ERIE T EEENEE T 8 EiRaTH AL BbAh, BITie T B, &
THRAHR L FAEX BB E T EEA R Olog N) .

FATPE BB Y X A B 25 64 Y i = U & & M (binary search tree), fEiTEMLE 22 A
(rree) AR WA MBS, Hil, IR0 e I35t 8 — By b A 59 e X —
=, AR

o TR RN FRBILNRITHEE RS PSR GN.

o F R eSS HIR TR B AR A AN

o FE 0 Qndal B AR S FFLL O (logN ) 2B e] 2E17 09 & R w8 4E . LA S an ol 4 4L AT 21

RIRTE BRI O(logN) o FRATER NS 2R S F 7 RE R LS o] 5k B Le4 4

4.1 WM&EHIB

#(tree) AT LAFLRE AT 20 Lo @ AR A9—FF B SR 0y 2R A 00 k. —BRR st
YERES . XPNESTILIRSE, #FIES, W —H it BREAR (root) AU 8 » LA K 0 48R
BANES (TR Ty, Ta, ..., T, SR, XETRPE—RREEEAR » —5F 0

Hif (edge) BT 2 .
R TR R IR » 69U (child) . i » A —HFRE R Y 5 (parent) . 5] 4-1

1< I HE SCRY SRRL AR

a1 — AR
NI LR IRITATE, —BRE N NTERN - 1 REEES, LB —0 A
B FETE N — 1 AR RS T RI LA B, BROEEEDTT RERRENL
¥, MBS SR — N IOROLE 4-2)

P42 —FEEEMB



6 Fa#

fEE 42 ofih, W AR, WA FE-NMURAHBEAEILFK. LM, 1%
A UEEEEZSNILT, A fERENIILTF. BB IL TN SR At (leal); LEH AR
& B.C.H, 1. P, Q. K. L. MAIN., RHEHFIICERNT RALH (sibling); H, K. L#
M ER R an . FHEU A 7 i 0] LLE A8 3 (grandparent ) #1 7T (grandchild) < & .

M ny B n, B9842(path) E LR E ny, na, oo, m —DFH RN T 1 <<i<k,
0 B on AR, EXABERR K (length) Az EHBRFIRE, BP & —1. WE—T R
FEHOH —REN O R, 8, £ ARBG W RREFFTE—REHE.

SHERE A n;, n; BIEE (depth) WMART] n, BME—BEEMK. Fitk, BRAFEER 0,
n; 897 (height) BM n; Bl—HARHHREKEENK. EHFTH ORISR0, —BRRIE
BETEHRNE. YTE 42 FiR, ENEER1LMER 2; FREEN 1 HEE 1;
ERE R 3. —REESTFENREORTRE; ZRELEETXRRNAE.

MRIFEM n, B n, B—RERZ, A4 ny £ ny B—ALA8 3 (ancestor) T 7o & 7y BI—
A B (descendant) o TR 7, # ny, B4 ny & ny 89— 42 5% (proper ancestor) ffij 7z J& n
f)—~ R J& & (proper descendant) .

4.1.1 BHXH
SRR B —FhOT BT L RS AT A REIESNA E S SR, R RN E T

"89] ILFHE— RIS R, B TR L FBOT VR R K R SEARE, B
@ WESIREHR PRI E & ILFH A HBEOHEREATTH, BAXEETERDHIREZ
. SCBE AR, AW ST LT BERY R EE R R, 43 R e U

BRI

typedef struct TreeNode *PrrioNode;

struct TreeNode

{

ElementType Element;
PtrToNode FirstChild;
PtrToNode NextSibling;

}

L

A 4-3 WY S

E4AEE—ﬁWWHﬁEﬁiﬂﬁﬁﬁﬁ$$cE¢WF%%%%ﬁWFM£MM%
—)LF ) 185 . MWEEBIA BT K BAE 17 NextSibling( F— L% ) f#84t. BHREHEKE,

Frl AR ENTE S

(&)
© %
aoo
®—Q

44 FEME 42 PIRERHREE— LT/ T - RRHRTE
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£ 4-4 R, Wil E A - BE A% (F), 5—8EEmLF (D), mamMHE
X RPE SRR A .
4.1.2 WHEHERR

RAREZNE., MATHHEZ—RE4H UNIX. VAX/VMS # DOS R 3 25 H#E
EZGEHREHREH. B4-5 8 UNIX XHRGH -1 HEKE R,

fusr*
—_—

mark* alex® bifi*
book* eourse*  junk.c  junke  waork® course
l l
chle ch2r chir copl5a0® copd2]2*
T
‘_'_,.r'"-'-'-.-.-‘-
fall®6®  spr07*  sumd7* fall9h* falla7+

i - I
svlr sylr sylr prades proglr proglr proglr  proglor  grades
A 4.5 UNIX BH3#

XA FRRE usr, (BFEEEHHESHEL " REHE—TBFE) v A =4 L
F. mark. alex # bill, Ef1ECWEHBLEHR, FHilk, “/usr" @& =4 HRMWARA EMX
Y. T4 /usr/mark/book/chl. r %5 = YOE it B A WL T SRR, -7
G BRI BRI —-2BRY . XA REERTRIT, HAEREY
{75 P B R M B , AL, TEARR R T MBS UEE T LEEA RN 4T, A
B TR E MR TR AR MR AT ES RRIMEES . 5 UNIX RGP H X
MRS TR ILTFH—3CfE, Bk, X HRJLPRT 2% R R a2 R i )&
O, AT b, MBI bR A R B - B R b, BRATE R H R L
S 4 B e (SR ASCIT 15 B—R A )M P eE 2.

WRATEES B RP A NS FE. RIS EEER: BER J BXHFH4
A, RS (rab) R HE S STEN R . ZEEREE 4-6 PHEH .

static void

ListDir( DirectoryOrFile D, int Depth )
{
fE 1S if( D is a legitimate entry )
{
JE 2%y PrintName( D, Depth };
JE 3/ if( D is a directory )
AR A for each child, C, of D
FAAA Y LigtDir( C, Depth = 1 };
| }
| }
void
ListDirectory( DirectoryOrFile D )}
ListDir( D, 0 J);
}

B 46 FIHAFCERG D HROHIE

O Eumxi#£ﬁ¢ﬁ¢Eiﬁﬁ—ﬁ%mﬁHi$§ﬂﬂ%—@ﬁﬁﬁﬁimﬁﬂﬁcEﬁ,FH%*.
UNIXC P R A B, T 2269 (treelike) -
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92

[93]

68 #a¥

BB KRS ListDire A T BRI A#IT4E#, ZHIRTEMNH 72 IEE
0 FFlh. XEMERER-AARKICTER, MARTAGBEEHENENARHESH, B
., BEhBIR ListDirectory T2 A GIREFISN R EBE R .

Wi ZHEA RS, LisDir WSHEBIM TSI M. RESIHSHE, WY KW
L FHERITE LRSS g TEn k. MRE—HZF, BARIMNERB—T—1
Wb e AR LT, XELFEE-ITEEL, BYTESHG B EK. B
1EE 4-7 F R,

Jusr
mark
book
chl.r
ch2.r
ch3i.r
course
cop3530
fall96
syl.r
spra?
syl.r
sum97
syl.r
junk.c
alex
junk.c
bill
work
course
cop3zl2
fal196
grades
progl.r
prog2.r
fal197
prog2.r
progl.r
grades

47 BROEFFIE

SRR O S B A Fi8 7 (preorder traversal), FESGAFMPTH, X415 A ML TAERE
T H9iE LTS B 2 AT (pre) HEATAY . X BRLE TR, B ATXEA T RIR AT
Y. BAEAMEFRSE—K, BFS 2FENTARSHT K, BIE3 17 th b 2B X
A ST —. AU, ¥ FENANE—NILTEGE S TRE ARG —%. A~
it LTFEA BRI AT A AN 1. RS, B S T EHIT I, for EF AR, B 41E
FeERATEm_E—WK, @A for AL IETE NULL #8551 L, BENSAEBER —XRERIES .
B, BV AR IERERE, WEA N XA TRES, WEEfTRTEEE O(N) -

P FhiE R B2 & A i& B (postorder traversal) . TEJG FFE I, fE— T AL H
TAEREEMEILTFY SBHEE (post) #1TH . B0, K 4-8 227 B 5 Ry AR TR 9 B ox
gy, Ho B35S A R BN B AN S 5 AR B X R (disk block) #1~ 8.

hTFEHRESHRXMN, FBHEfIEaEAD, R ATABEH AW BT SO & A R
BB, BE R EEERHEETFH F“/usr/mark(30)” . “/usr/alex(9)” 1" /usr/bill
(32)" (N, TR, BERHUBELETHE Frh g H 9 S8 (71) B Ause” 8 A EY—
Age, 472 . B 4.9 %K SizeDirectory B F i Py R o



fusr®(l)
miark®*( 1) alex* (1} balE= 1}
bk *( 1) course®( 1} junk.cib) junk.c(B) work®(l) course®il}
chlr3) ch2.r2) ch3nd) coplsi0™1) copl2i2*(1)
‘_‘_'__._F-_'_.__'___,_,—o—-—'—\-._--..\_\_‘_‘_‘__\_h-
FRll9E* (1) sprad* (1 sumaT= 11 fail9a™( 1) falig7*i(1}

f*
;'"I*
J,J'n
Jlf'i
j.h*r
,l"f*

II.I'*

Y,
sylrtl)  sylpSy  syle(2) grades(3) progl.rid) prog2 el prog2 (2 progl.e(7) grades(9)

E4-8 SifEFEHGPIEEA E RN Unix H3R

1=/
2/

3=/
g% f
5%/
6%/

7%/

static void
SizeDirectory( DirectoryOrFile D )
{

int TotalSize;

TotalSize = 0;
if( D is a legitimate entry )
1

TotalSize = FileSize( D J;

if( D is a directory }

for each child, C, of D
TotalSize += SizeDirectory( C );

}

return TotalSize:

—

me DAR—BF, B4 SizeDirectory H iz 1] D BT R, A0, # D S5 HRR
BB I BI7E AT 70 G GEIT M) R B b 220 O T DX 51 5 e 368 s SR g 1 5 P38 R
B > AR, B 4-10 BnEA B R a0 A /NE I iz Bk A/
!

A 4.9 itH—HRRDHHE

chl.r 3

ch2.r 2

chi.r 4

book 10
syl.r 1

failg6 2

syl.r 5

spra7 [

syl.r 2

sum9? 3

cop3530 12

course 13
junk.c 6
mark 30
junk.c 8
alex 9
wark 1
grades 3

progl.r 4

progZ.r 1

fall9e 9

prog2.r 2

progl.r 7

grades 9

falle7 19

cop3i2l2 29

course 30
Bill 32
fusr 72

]

.[
E
B 4-10 8K ¥ SizeDirectory BIHLIL

(o]
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4.2 —X®

= X M (binary tree) B—H, HP B THAHAEEZTEIHILT.
A 4-11 Baa—Bh— TR AR R ERE X, T, T BAJEENZ

411 —E I

— R —AEFEE Y IR REEER N NEE,
XA FRARREE, AR, XTFEEEEAN OWN),
i % TR 2 BB — SR, B = 3L & 3 A (binary search tree),
HIEENEHERE Olog N)o RERE, EMAE 4-12 FHY
@IFRTR, X MNEERITULREI N - 18],
4.2.1 XW
HA— R X W R EZEHFAILF. BTN AT LA TS &
HEEETH. RO TEGH E RN TR, B2 RARRH=N
R EI , — A SRR H Key(L8F) 15 B0 P48 M35 5135 £ (Left Fl Right)
HIR A (WE 4-13)
REFFeE S Fa0is & gk W aT LR FHEIM b 5l W AT — YR AT, 020
malloc QI —A . HAETUTEEM free MERIE B
95 AT LA R ST e R P A AR I Y Uk, (B, o — A i g, (] B o —
o B E R, BN XA SEhR E AR A (graph) . S REIR S, RATHRAH B E i
NULL $64F. FWEA N4 M8 B - UHEKTE N + 1/ NULL #&#.

=

typedef struct TreeNode *PtrToNode;
typedef struct PtrToNode Tree:

struct TreeNode

ElementType Element;
Traa Left;

‘ Tree Right;

b

413 —URTHaAEH

UM S SRR ARG EEN . — R F E A2 — R TE AR AR T ST,

RATRIER R R XA A

4.2.2 FTiErAW
4-14 FR—A A& ik XH} (expression tree) H1HIF a5 AR i f2 3R 4 8¢ (operand)
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Fe i m B i, A AT S O AR A (operator) . H X B AR A ROBRAERRJE — ey, B
R E MR B XK, BRI R RAER, EE2 T ALRBIRESEZTHIM
JLFH). — DTSt e LA —NILF, WHA—H BB (unary minus operator) 1FIE .
FRATRT LA a1 VT B A TR R TSR AN HTER A B AT tE b i B i kX
BT B, FERATGIEIF, ZFREER . + (b = )", AFRHBERE((d * e) + ) * g,
HLE MR RR(a + (b * ¢)) + (((d * e) + 1) * g)7s

Bl4-14a “(a+ b= )+ ((d»* e+ [)*g)  MFRiEH

FRATAT LLGE AR A IR S A EA R, KRBT ERLNEH A, o fiE
L 7 e A FE A A R TR — 1 (O B E S R AT E B #) PR FE A K (infix
expression) o XFR—MEAO (L, WA, £)FRK ¥ Fi& B (inorder traversal); BT H P4
FikRER, AR TRE 5L .

B AR T RS R AT A TR, AR, RETENSEAF, MR IR X R
B T AR, Wi R abe » +dex [+ gx 7, AN, TEHE3.3.3 0%
EHREkR, SRR R — R kB A8 A (postorder traversal) . HATHPCE4. 1 TR
Lo X T HE R M

5 i RS RS TON I B, RGBT A FRAMA TR, HER"+ +a
* be* + * defg” A A H FIAY 3T & (prefix) ik, X Fh [ SR MG b 26 /78 i (preorder traver-
sal), BBERMNBEs T REE. VS, TRA TR B AR A B0 1 L0583 SR
HE—RTEAH

FRATTBUAE 4t —Rb B R Bk U I LR = M TFRIIE&2H MiFP LA
AR EHRIEX R, PRt T (7T REAS MO B Rl PSR BB A I RA AR . BTl
o EEEE 3.2, 3 HIE SRR, KW —EemEALER, WRFSEERE
B, B AL A BT R R — R 16 E BTE AT HEARR MBS ZBRIE, A
23R AT1A0 AR P 3 s 45 [ BUAR R Ty B T, MIFRPITN RSN (T, (4 ) I B —BRABTRI B,
R ER R R EERE, B . BILFA ISR T, # T R J5 445 1) X BB R R SR EHTEA
B

FE—TPF. HRAN:

abh+cde + % *

T B, BRI Rt 1 R A L B0 LR AR R

o kTR, T LR R B
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[
lLCL
B, o+ RRA, BRSPS PR M B, AT RORITY AL, T R
BEAR
l ]

97
98

23]

O O,
WG, oo d Ml e BUEA, TEGA Y SMQIRLE , 41 EIXE DL RO K1 6 BFE AR o

| N, SN
\>©
(2) )
BETRIEAC+TE, HEFEMSH.

| NS

| ™~
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Ila . ARG -, MRS, miaEm &G R RiEd EER Y.
| ' | !

4.3 TR ADT— X EHRH

TR — A EE RN AR IR A BRI P i A AR O
Fil . ERNE TP, BRAEEEROERFRRANFN, FARPRRL, BREENHE
R, RIEBBIE, FENXRFRERM, LUGHLEAEZNNL.

i — R = AR R, X TR B X, ERAE TR AR SR
N X XRFE, MENETRPIEXRFEAT X HXBTHE. EE, XERE,
B4 1 78 E AT DA e R G — i 7 SUHERE . 7EM 4415 R, ZE IR AR, (AT
AR B, A A E L R R 6 W A GE W S EF R AOMETRT, A1
AR AR T,

A 4-15 PR URH HAEANAREERW)

BI7ELS i 0 — WA R AT M BT B R . TR, h TR IR X, A
B E X R R B, A X ERN A TFHRER O(log N), B AR AT — A A
A B R . TEE 4-16 hRRTE B R R E OHSH PRECH— MR . BMTFETA KT
HERAFN, By, BRI 2 H BIEEEHR, ERIMEARERLEEA <.
“>"Fe="al AR FX TR
4.3.1 MakeEmpty

A EREFER TR, R IR B RS D TR G S
BR ., 1RSI E B ER A0 e . A 4-17 i B, R AR
% -
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#ifndef _Tree_H

struct TreeNode;
typedef struct TreeNode *Position;
typedef struct TreeNode *SearchTree;

SearchTree MakeEmpty( SearchTree T );

Position Find( ElementType X, SearchTree T );
Position FindMin( SearchTree T );

Position FindMax( SearchTree T J;

SearchTree Insert{ ElementType X, SearchTree T );
SearchTree Delete( ElementType X, SearchTree T );
ElementType Retrieve( Position P );

#endif /* _Tree_H */

/* Place in the implementation file */
struct TreeNode
{

ElementType Element;

SearchTree Left;

SearchTree Right;

b

B 4-16 — I

SearchTree
MakeEmpty( SearchTree T )

{
FFCT 1= NULL )

MakeEmpty( T->Left );
MakeEmpty( T->Right ):
free( T );

}
return NULL;

FE4-17 #i—BREHpEE

4.3.2 Find )
XAV — A E R T A B T X M S IE T, MR AT

7eMi& B NULL, W2 @isxmiRERm 8, R T & NULL, #RAFIIA Lk (]
NULL. A0, tiRfseE T PRXEFR X, IBARMTLARE T, &M, B T B
£ TR B TR BT — OB E A, XREBT X SFEET FRARFHXR, B418 7
PG B R X b SR 1 — R L

R BT . SE5 601 R B R EX BT A AT, 75 W K AT fETE NULL
e LR AR % S RA A MR L HE RG#EA T, BRIEN, izfﬁmﬁ
A3 19 VA FRERSE AR R A3 B AT LA — IR —4> goto EARASMARE. REH
Ho i PR AE X LR A AT, B B e i 2 T B LA L HE A BRI D AR B , T I R T A
ke Zs [ EH R AR O(log N)TE.

4.3.3 FindMin # FindMax - Y
33 A 4% B3R RV o B/ T R B KT AL B BARIE X T EEREMU T ES

1, (HEXH S Find BEAHA, EENE, BRIV TR . AR



Position
Find{ ElementType X, SearchTree T )
{
FF( T == MWULL )
return NULL:
if({ X < T-=Element )
return Find( X, T->Left ):
else
if{ X > T->Element }
return Find( X, T-»>Right );
else
return T;

B 4-18 WY Find $21E

7 FindMin, WEF IR B BB LEILFRAAS#T. KL SER/MHITE, FindMax §i1
4 F A LTINS AR,

TRGEIERMAS U EFFLBTFRT R AR EHAE . RITAPF T ERS X
AR, FHi#H%S FindMin, Tif3E#H4% S FindMax( L 4-19 FiK 4-20),

Position
FindMin({ SearchTree T )
{
iF( T == NULL )
return NULL;
else
if( T->Left == NULL )}
recurn T;
else
return FindMin( T->Left J;

)}

B 4-19 ¥ = L3 HEY FindMin #8135 50

Position
FindMax( SearchTree T )

ifC T '= NULL )
while{ T->Right != NULL )
T = T-»Right;

raturn T
}

i
—

B 4-20 %= W EHBE FindMax #74FE 558 M

PE E F R R /O A B S R AR R A SR . BARNO SR, ARSI s g
U EE, WA, BEFE, & FindMax 13X T MO R F 4 i, RO RAT] S AEE DLk
HEAT THE. RE/E AR, BIRZRERA5E)/ 0, BAEITT — > Right = T = > Right —
> Right " IXFERNERRE S — 23
4.3.4 Insert |

HEITHE A SRR MBI A R AR, R TH X AR T dr, PRE] M AT Find R

PR . WRHRE X, A At R S (R ) o L, K :Kﬁf\fﬂiﬁﬂiljz‘_’{_'
Perr RS — b B 421 BRERMEAEL. HTHAS, R A58 Pz B R AE 2
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11 Find. ERAXET 4 W4k, BNFEELTH, BEHAAAFETR, Bt 5 A7EX
BRAE L, MTX M E LR BT EAE AR

4-21 TEHEA S DARTAILLE R XA RE

A TR AR LUE A 7R AR P R B — MR AR R R A R RAL . X
AR I T RSB ZS (6], (B, ) O B AL BB BIR o B AT (R (AR A TR R AR
K)o MR, WRRET R —NEREH T, WAXFIETAE, R RATTLHE
HA MR R PTE SR EE—NRBBIRE S, MERRES —RERN .

B 422 BREAGROERE. BT T s pR, mRES - KisARER, N
B, Insert BB A— MR T8 FBRHR ST 3. 3 8 ATA05E 10 47 R ii A X Bia
TR

SearchTree
Insert( ElementType X, SearchTree T )

{
/* 1%/ if( T == NULL )

/* Create and return a one-node tree =/
/e T = malloc( sizeof( struct TreeNode ) );
J* 3%/ if( T == NULL )}
f* 4%/ FatalError{ "Out of space!!!" );
else
f* 5/ T->Element = X;
/* 6/ T-sLeft = T->Right = NULL:
}
}
elsa
f* T/ if( X < T->Element )
/* 8%/ T-sLeft = Insert( X, T->Left );
else
Juoary if( X > T->Element )
S0/ T->Right = Insert( X, T->Right };

/* Else X is in the tree already; we'11 do nothing */

/*11%/ return T: /* Do not forget this Tine!! */

422 FHATCED - XEERRMGIRE

4.3.5 Delete
FAF B BUR G, BRI R AR _BABEHEMENT S, RITKTE

% B LA R E DL
IR SRR, R AT AT AR BVER o R s — AN ILTF, MR AT BAE

HA AR A g T SUR BOMBR O TR, KA i F b L TR EE TR ), T
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423, R, BiMBR T A BRECAHESIA, MixW A RE T ’Eﬁ*ﬁﬁﬁﬁﬁﬁkﬁﬁﬁ
SR ARES B A

B 4-23  BAHE -)LFH 84 BRI RS #0170

2 SLRAC I LA B LF 0T 8, — AR I R SR m R A A T4 A Jo/ M B
(FRZC 5% 4R B)) AR B AR B U A BR AR N9 S (BRAE B R o RO AT R P A e
NG B ARTTRER 2L, FFUASE IR Delete(BIBR) 5 % . B 4-24 B/n—REE AR KR
AT E RS s R, BB AURRM AL T HORRT R 2. ERA TR
BB/ INBURE (B) BT AR, SRV SRR R 3 ST 5 AT BIAR A B BR o

M a24 BIBREAMAILFEIT(2)HTE HTF

B 425 RS RMER B9 TR, B ERBERFAR, KA EHTZM I TR SRR UE
KA FR PR/ S, 5— A DeleteMin OR JCTT 1L 27 5 i o 2 B R A e A ik
MR TR RN TR

ﬁu%ﬁlﬂl‘%ﬁ@&ﬁ?ﬁﬁ, ﬂ*lﬂﬁﬁﬁ&@ﬁ%%ﬁi?ﬁﬁﬂ%(lm deletion ) : j’—’i‘ﬁ:i%ﬁzﬂﬂ
B, B e, TR ST SR AL S X R ) BT A R G TR
7, PR et iE s DA SR B AR T AT L i B4R r g B 4 AR RN B B RO
W, BB AR RERT B — AR H L Ot a?) B, 15—~ S BB < AY R
M/ NGRE I EE . A, ASREOMER B K BT RE AR, IR 2 4 B — 187 SR T i T 5k
R T

4.3.6 FHEEIH
HE, B MakeEmpty 7}, RATHAZERT— TR (IR VERRIE R O(log N)atE], AR

IR B R R R T — 2 XK, S R M K Bk A . B, R Ma-
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SearchTree
Delete{ ElementType X, SearchTree T )

!
Position TmpCell;

if( T == NULL }
Error({ "Element not found” );
eglse
if( X « T->Element )} /* Go leftr */
T->Left = Delete( X, T->Left );
else
if( X > T->Element ) /* Go right */
T->Right = Delete( X, T->Left };
else /* Found element to be deleted */
if( T->Left &% T-»Right ) /* Two children */
{
/* Replace with smallest in right subtree */
TmpCell = FindMin( T->Right )};
T->Element = Tmplell-=Element;
T->Right = Delete( T->Element, T-=Right J};

else /* One or zero children */
{
TmpCeTl = T;
if( T->Left == NULL ) /* Also handles O children */
T = T-»>Right;
else if( T->Right == NULL )
T = T-»Left;
free( TmpCell 3;
}

return T;

B 425 S EIRe i eR G

keEmpty 41, FTA BIBIEEE O(d), K d REEFTVIRIRETH R ORE.

RATEAY S, BEFAOREBOISH%E, MMBETAE T ST BREN
O(log N)o

AR O BT 5 S AT RE B VR A #6.34-42 K (intemnal path length) . FATHIER EHH
AR AR 4G, LAY Tk R ) X ERAR P BT AT BB AR R AT

4 DIN)BEA N AN SN T REBREEK, D) = 0. —8 N AR EH
g W EAE TR (N — i - )W A TR UERIRER 0 — R R, HP 0
<N. DG RBRMAETFRIOKIERAEK. ERERR S, sy SR B, FHF
gkt T4 TR GRS K, FRIEEERRR:

D(N) = D(i) + DIN =i —-1) + N - 1

m%ﬁﬁ%ﬁﬁk&ﬁ%ﬂ%ﬂ&ﬂ,ﬂﬁ?:ﬁﬁﬁﬁ%ﬁiﬂﬂ&h%ﬁ%k&ﬂmﬁ
?%—4%Aﬂﬁ¢%ﬁ#%ﬁﬁ%ﬁh@ﬁ?:ﬁﬁmmﬁijwuxnﬁnwwq—n

HTHERR(/N) D (DT

DIN) = Z[ XD ]+ N -1
165 7 S RBIFRIE TR XE, BRNTFHEN D(N) = O(N log N)o RMERT
SERTEBEEN O(log N)o AER—AGIF, B 4-26 FREHLAERAY 500 4 RERII9H 8

PR 9.98,
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101
A 4-26 - FREEHLAE AUA — L ERR LE’

08
B, FRBRESXIEREERE F—7iHer irg e V- Baziradfal E O(log N)
HATLIER. BEETMERE, B ANFERT AR AR R AR ol 68 H 3
8. HHE, FEEANBBEEETHEEAA TR L TREER, BEARMNSEMGT
BN SRR R A A IR AR AR AR AR, HEMT HEME E
HRkER . ©BIERE, WERITSEEAFMBE 0(N2)K, FBAR MM BEERE 6(VN).
7525 7 W Bl Insert/Delete 5. B 4-26 o 4 UL B &K B B AT & CFXHIRE =

12.51), Wk 4-27,
Ak
‘ih‘ H
R |
oadaR
j

h

|

B 4-27 7 O(N?)IK Insert/Delete J5 4 L AR

TEMIG AR, R4S LLE T BRI F R RN R sl FREBIROCTT IR UEBOH
50 2 L R R R, X R BN R T R R R R T, (R, #
# M EhE FAEBE X — A, RIS AT F E RS LA, PR St T/ AR | R R AR A
SRR, HETAE, MR o N2 Insert/Delete, ARARUT T LAGEDFH!

FERHE EER N, BT SR E 4 — MR LR AR, FTAEW R B
%, OXEEIR AT RS, RATREA G, A, TE B A7 ) B = 2 PR B M BR AU &L T, 7T
DLERE A — 2R R A T RE IRy, T ELIRATT 0T AR S b RFR SRR A BB T
AR O(log N). B& L IHE M —EAHITE S, XA RS THEMEREEREER
W45 B

0 L ) — KR TG HE R (R AR, AR A—E & Tnsert $RAEHRF AL S KB H] 1T 7 7 5k
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ARSI EFE R, BRI ERS R a IR RE A LT S A M. —Rh i s kot 2
FA — R M (balance) B BN 95 H 4% ET 1 SRBREE AR LR

AFEZ—HNERLIREER ., B2, KBEBERE RN - I ERWE REE,
M HEREFHEREFRANE., A, B8N 1k 7 b8 % 4 5 BRI A9 — S f
. T, BAENBREN—FREEERE, B AVL #,

BN, BWEHO T EEMFEERE, AFHAEENERE, BEEBRBFZEEHEM
—A AR TR, FEREENRENRER. XHEBNEES N —RE T AR
(self-adjusting) K25, £ - XERMOBEHR T, I TFEEEITSRBITAFRIE O(log N)
BETE R, {HEATLIIFRE R 8 M IR BN RETE TIEREE R O(M log N). —H
R PARY B4 AT BRI . A ETIS B9 B 454 iR R (splay tree); B
R HT AR S A 2, ROTIETES 11 Fiie,

4.4 AVL ¥

AVL(Adelson-Velskii Fl Landis) ¥ R4 A TR X AEHM . X FERIFLHE
AR, T HEAURIERNOEER O(log N). BRAKNEHEREREA THAGMRR
B, A 4-28 AR, XFREEIFANESRA R TR BER K

BTG EERERENTAHLMELHERG
FFRETFRAA TR, IR FREOSEELXHN - 108
EHEXAENL), MLRAHRE 28 - 1| AW AR EEY
@4 (perfectly balanced tree) i XA, Bk, BRI
b 5 2 R UE T BT/, ER AT M, RELAE
Hl, EERRERE B

i AVL REEREA Y S0 A TRFE PRsmg B4 ;:ﬁi;ziﬁ*

BEe | W XARR., (SREEEE XN -1.)ER ‘
400 . AR AVL #, BEAMR AR, B0 AERT At RE"E
(ze. ATPGER, KECEE, —4 AVL WIEERL N1 4dlog(N +2) — 1.328, HELE
FHEE R logN Rt —e, ERHIT, B 4-30 BR—BAEERLTR(143)HERN9
g AVL . SRR A TRIEEE R 7 BV ABE M AVL R, A TR ERERN 8 5 5
Wiy AVL B, S EVERAT, EREEN A 9 AVL B, BT A S(h) s S(h) =
S(h—1)+S(h-2)+14H, #F r=0,S(h)=1; h=1, S(h)=2, pRE S(h)HIEE
sy, dHEE FERBIAXET AVL #EIRER T

Hil, 18R ATERAIE ASN GRITHHE BB ) , BT AR BRAEER AT LA LIRS (6] O (log N)#K
1To MutiTiE AR, Fo AT 0l R S R E AR BT A PR R, TIRA
RO A B B R R ZE T - A — 0 ST BER AVL BRI (a0, # 6 mAFRE
420 g AVL W SRR R TN 8 T SRR F.) IR B AERXFR O, A ESRE
WERRE LS A A X — AT FXLE, 5 BAAT DUE 3 R EAT R AL A 08 TE R AR
A 1FRH K 3% ## (rotation) o

TEimA LG, £ R A A B AR SR B AL T A T R BB, BB RA
XY S R AR R A e (719 X SRR AT R E T - {5 BT, RATREL



A

5
8
4
3

B 420 MR NERR, BRAAMRHE AVL 8

B 4-30 EEECH 9 B/ AVL

HE| A&, THEFREERS T AVL &4, AT H I 2E 58— X a1 = (BREOR
4 8 ) T EPR SR ER, HEIER, X —EH PR RIERRE 2 AVL FE.

FRAIHE LA BB TEN S AU oo MTFEETERBEARNILE, FHESEATE
i o« SEFATREGEEE 2, EREL, RAEE T REHILE T s ER T .

1. % o B2 LFRAE TR —IKHE A

2. 3t o ZELFRVAE FRIBET —IKIE A

3. % o B9 L FHIE FRBEFT—UEE A

4. % o WA ILFEE FRIBET —IIE A

W 1 F 4 B%T o SAERAER, 12 M3 2%T o SRGREFF. Fit, Eit LR
BRSO, 2498 M ARFR 0 0 R B R DRI TE -

5 R A A TE A O LN A — ZE RO LA - AR D), IR DL
SR fi— P E 4% 3% (single rotation) 1] 56 AL VA 1 o~ R RIS A R TR AR BT E (R
1 5 B L A -2 BRI ), T LA I T 1 R A 2R ) R AR 4% (double rotation) Je b HE . K
(G AEF, XUERNHR M EARE, EIEKMATFERN—LRILT. AT K i
iRk se ekt IEBIENTR LUMR M A9 F-flr, HIMES H AVL #f i — Rk (E KBTI IR
5 12 SR ARG T A R, A B IR T AVL REEE (AT
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& 4-31 Won B A ST 1. EEAMEELED, MEREWEELAL. LR
e ar b BARBO L . 0 by AR AVL F&ERE, AAEMEFH A TRE2 Z(EF
E LA BEAR AR S E) . REFH#EAAOER RREE | f9—FalgetH 0L, /A ZHR
by R AVL #5¥E, (EEERAZEXMFHEMNAT . 7 X 28kH—B, XEFEELT
B ZERE 2R, Y AATESH X EERl—/KFE L, R b, EFALRIC &K L T6E

T Y WREBEYE Z E£R—R L, FRIRE b SR MR BE LR AVL &4
P 88— R

B 4-31 R 1 MRER

FERRE e, RINE X B2, ¥R Z TB—F, &8, KNEFEE#EH T
AVL BHERER,, ik, RATERZHT S UER—BE M, mE 4-31 K958 8505
T, MSWEARE. HNESHEREERAEN, WENE &, A EREODER, E3hE
e, EEIEAT, b R THOR. XERMOEESFRAN], EERF £> &y,
FREGME b, BT by WEILF, X HZ RS R, BEILTM & AT, TH
Y W& BTk, 5 b, Z A BB A, ATLOE B R b, WELTHAE E, X
B, B A WHITUF B9 2R AR5 2 2

SRR IRE LB E WAk, BRRNBA BB - XERK, ER—R
AVL R, BN X MEB3T—E, Y SEERKKFEL, T Z TB—E. b & ALHE
B AVL 3R, i EA16 FRERE 67 A 7 — 6 b o A OLinie, AR EH R A
EEARTER R EAR, MEAREDEEFN X KB T. Bk, SRR Sk
BREAEE S —SNBE, BTiGATES—SHiEs. B 432 Bn7Ek 6 HALLRR
B AVL RS 4 8 BARET &, T&, RITE 7 M 8 ZHH—WHEEHK, SRBIALA
HOR

B 4.32 A 6 BEI T AVL ¥, IS 2L MNeH U HEIRE
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N4 R R B, T 4 RF— P FRIOTTIE . 1 4-33 $5 10 e o i . 313k
TR — R — 20 . R AVL R HRIASHES 3. 2 81, REK
FifA 4 8] 7. GEEAXRET | BHE— R8T, AVL FrEE R g, KIEMRS
Hoe ILF-2Z ) i T A e i IR I, T DR BERE 2 AT A1 Z S5 B P ARAR

: — &
Be¥e 2 Wi s 25

E LR R AN A, TR Bk R IR ATHE A CCHE T R 4 R, XA (A
W {EAE A S BEER 7 TETT AL 3 Zhag AVL M, Wi L SRR O HABIE . BRIEF 5 R R
s Al b GRFR A B A EAE WA A AT i I L AR 2 B9 LAl
W P E LS 4 0 3, X SARA RIS, Wi B s (4 Sl AT
Ay ) .
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Best 2 0 (%) Be¥ 2 i 114]

FRFAHEA 6. XFERT S E— PR 8, FAENZE FHRER 0 M T8 =
BE ok 2. PRI ERAITEMRANTE 2 FiI 4 Z (0] S0 — KB BE 4

s

s (a5 BANE 2 B 4 BT 4 BRI A TR AL 2 B T R T L
(94— R ITE 2 R 4 208, BB AN B LY . RAPHEAR T —TREBTE 7,
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E 2 IMNIER:

4.4.2 WHH
FE#RME RS R A 4-34 s, XTI 2 f13 EEARE R [AETE
FF# Y KIFE, BEEREREENTEE., ke 8e SUes: £ K 4-35 F&RWN,

A 4-35 AE-HUBERBEWNE:?2

1EH 4-34 FEOFHR Y B8H —THEAR P, IMFERECTREZH. B, RIT4
R TE - MRARETR, T, RO GESERE RN TR b 3 9 REk.
TR, IR B B C A B D KRR (RIFENBRER), BRERINARERE

R, W LXHRER, 78 435 0 B FIC BEER D 1 152,

BT EETE, RIOED, REFL b, fERR T, TE 4-34 FORMTE ks M k) ZFEEE
B A T R, BRI b R, XA & R R AT, ks RYE
B LT, NTIZSHE T XNENBLE. F5EH, BREHINRKZE AVLHH
Ttk , SRR ETIE ¥, i ] o 10 728 BE A L B A LART RO K, OBRIERT A )
FPEHEEE SRR, B 436 50, SR 3 tha] LUBE TR LMEIE ., P
MG T, HAUR SR o« WLTHDTZEMERTEEE HE £ 35 JLF 2 [ e e (O ROR
RAHRE o

o {71/ SE 0 BT ) F B0 BB B LB HE A C 8T 10 Bl 16, HBETA 8, ARAMEA 9.
FEA 16 25, EAEHABFFERE, BREA 15 RE5IRETAT &b B 8 BE A -
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RIE T 3, FEEL —IKA- ARk ERITHEF, X1 - AR &
7, 16 M1 15, O, & REFXBFTHEA, kb BERAXET 6T, ML 2REX
BEISHY S, FRA, B, CHID #RSH.
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FTREKNEA 14, SHFE - DOER, 8RR 0 TER & &4 -2 WERe . B
WK 6. 15H 7, EXMBERT, b BEEXET 6 M1, b RAAXET TRV,
i by B BELBY 1S KW A, TR A MREXLRTRHSOWALE, TR BRZETH, €
Yk 7 AN LTF, TR C BRTXEEFE 40N AL, BE. 78 D AREX
MM 16 BT A B

MEBEIMATEA 13, AERLRETE— APl BT 1377477 Z0E, P9
{1750 — O L P K B S U IE 9 LA
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®
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e

12 Il A LT B — R .

ATHA N, AFEHT—DHIER, X THER 10 HEARTREIFAER. &I
A 8 NiFkfTHeER: , XAERE S T — B EAE AR

BIS, RIMHEA 9 LEZ W FREE, &, 9 5I8&HXRT 10 977 EH
A, fF 9 7 10 F1 8 (6] (8 Rl 9 MIBE LAY A 10 MLT), BHRHRATT— T

ekt | RAVEBIT dhoR

eI RAIx LR Ba . BRILFRERZST, GBI T IR R, ARER
B X — B AR AR B AVL B T ik, RITEHMAE X #AE T R F



___%i W

R Tip) e R T M@ AR, IBAFATERN, BN, RAE T i G A
i, ABAFRNVRIE X VAR T 0 T o 9 R 7 40 2 00 B ek sl DU, B i 88 3 1 (JF
b SR H AT 00 ) . MITSERUE A . BT —U0iEse SR8 2 LU s [n) 8T, AT
40 Mo 4 5 JE A A R P — IR R 2 RS R IR PRI . R, EAEHEIR FREIT 450
A G HER , RIS s AR IR IR B M RSB AVL B,

PR N B K B S A B T RIEREmShs FalE FREERZE,
BAREE RN, SRR E AR A A, MR RO (ICE + 1, 0, — DFRRIX
A, XaERa FEHE FOEEITE, BREMERFEEHEPE. REWBEFEE 0 /0E
e — S ER E . MBRRELHREF, AR EEEERN R,
T, I A B 1 PR T B A 3 A A B P OO B AR E T A B R TR B P A . A
(L, fF AR LB A7 GE A dae /N B 2 R A bW , (R b i R f 2 ] & AN Rl B AE 4w
=491, 8 i RITEME L 255 BZe X e . BEARR P, MRl AR 242
AER (LR ).

£ 7 FETE, BEESRTS AVL MG sefife . ARaf, OTHEM— T, K
SRV, B, BITHERET, X PER 4-37 B, KITERHZE T RE
{56 5 B IR B A B L X R B AL B NULL #84 fM A BT I . %A% I AE B 4-38 119
chis i RARIBEAGRSREXAEAS, BAE FEh—E RO AR WE 4-39).

—

l struct AviNode;
' typedef struct AviNode *Position;
typedef struct AviNode *AviTree;

#ifndef _AviTree_H

ﬂ AviTree MakeEmpty( AviTree T };

Position Find( ElementType X, AviTree T };
Position FindMin{ AviTree T ),

Position FindMax( AviTree T ),

AviTree Insert{ ElementType X, AviTree T )
' AviTree Delete( ElementType X, AviTree T );
ElementType Retrieve( Position P };

#endif /% _Av1Tree_H */

/® Place in the implementation file */
struct AviNode
{

ElementType Ejement;

AviTree Left:

AvlTree Right;

int Height;

L_j:

B 4-37  AVL WY S A

O 11 4-40 FPAYARLER], SingleRotateWithLeft 0 A 7 ) W R g A RO RT, R Tul g o)
B 4T . SingleRotateWithRight (80 TAEMEFAHEL , FBeFTER 4-41 HiaRih.

A5 10 S — 4~ R BT LA 4-42 FTRERAYXUERE . JLReIT 1A 4-43 &l

% AVL RGO 20 B LA . o S B BRI VAR X B0 D 2 S R R F O e
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SF RO RBE o

#a¢

static int
Height{ Position P )
{
Ff{ P == NULL )
return =1;
else
return P->Height;

Bl 4-38 1HH AVL ¥ S AR AR

AviTree
Insert{ ElementType X, AviTree T )
{
AF0 T == NULL )
{
/* Create and return a one-node tree */
T = malloc sizeof{ struct AviNode ) 3},
iF( T == NULL )
FatalError{ "Dut of space!ll" )};
else

T->Element = X; T->Height = 0;
T->Left = T->Right = NULL;
1
1

else
if( X < T->Element )

T->Left = Insert( X, T->Left );
if( Height( T->Left ) - Height({ T->Right ) == 2 )}
if( X < T->Left->Element )
T = SingleRotateWithLeft( T J;
else
T = DoubleRotateWithLeft( T );
}
else
if( X » T->Element )

T->Right = Insert( X, T->Right );
if( Height( T->Right ) - Height( T->Left ) == 2 )
if( X > T->Right->Element )
T = SingleRotatewithRight( T );
else
T

DoubleRotateWithRight( T J;

il

t
/* Else X is in the tree already; we'11 de nothing */

T->Height = Max( Height( T->Left ), Height( T-»Right ) ) + 1}
return T;

B 4-39 [ AVL R AT SR R B

2N =
A(igiaz5 JZNZN

A 4-40 SANERE



/* This function can be called only if K2 has a left child */ ]
/* Perform a rotate between a node (K2) and its left child */
/* Update heights, then return new root */ |

] static Position
! SingleRotatewWithLeft( Position K2 )

{
Position K1;

Kl = K2->Left;
K2->Left = Kl-»>Right;
K1l-sRight = K2;

K2-s>Height = Max( Height( K2-»Lefrt ),
Height( K2->Right ) ) + 1;
Kl-sHeight = Max( Height( Kl->Left ), K2->Height ) + 1; ‘

return K1; /* New root */

P 4-41 PITRIER R BIRE

B 4-42  TUHER: 122

/* This function can be called only if K3 has a left */
/* child and K3's left child has a right child */

/* Do the left-right double rotation */

/* Update heights, then return new root */

static Position
DoubleRotatewithLeft( Position K3 )
{
/* Rotate between K1 and K2 */
K3->Left = SingleRotatewithRight( K3->Left };

/* Rotate between K3 and K2 */
return SingleRotatewithLeft( K3 );

B 4-43 A7 OUSER: a7 2

4.5 {REH

B T AT HE R — R M AT R MO B # . M B Bt (splay tree) , EPRIEAZE RIFF AT
:ﬁﬁiMﬁﬂﬁ%ﬁﬁﬂ?ﬁﬁUwﬂwﬁﬂﬁﬂoEﬁﬁﬂﬁﬁﬁﬁﬂ%&ﬁﬂmﬁﬁ
3% O(N)RHEIRIATRE, 7 ELIkRE A0 Rt A tn i it BAETE R O (log NIHRARL e
%%%ﬁ%%mﬁ%:ﬁﬁﬁﬁ%ﬁkﬁﬂ;—ﬁﬁﬁ,ﬁhﬂﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ%
AP A O (MF (N )R, TRAT8EBE i #5E (amortized ) IBFTHIALY O(F(N))e BELL, —
ﬁﬁ%ﬁ%ﬁ&ﬁ%ﬁﬁﬁﬁ%ﬁ%%hﬁ:%Hﬁﬁﬂ%ﬁﬁiﬁ.ﬁ%ﬂ%%ﬁﬁ@%
— 4 HRYARER P —2E
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R BT XA T L. T F o XBERRORE, SREBERIEEHNE O(N)IHER
W, REEHMAERERT. EE—UiHE, BELER ON), BRTHEAENth, —2#
KRBT, BA— BRI R I B R A R B, HEMER, e, BRA
ERMABEE, BERFWFEHME O(N)EEIEXEE M itk 2%
O(M log N)EAT0 IR ZE MBI LSBT AN T, B A RIEAE R AR5,

0 AT B AR T LU BB IRLR O(N), TIRITIRE R —4 O(log N) B R BT
R, AP AR, RE— AN, ERLMBEEH. BN, —BR(EA—-TEE
(945, RATEAE T BB T AT Find #4E. XA S RYUSR B, WS Wi L
# O(N), 4 M KR IEHR O(M - N)EBTE

HER AR, YT EHIAE, TRESE— RS AVL R HIBE 5 8k 3
B R, R EIREE, IRATEIHE PR IEIEVF 2 107 S BOR, R
H 7 T LA S B S 5 A RO HE— A T 19 B AL R a1 A, BRI, G AR, BEARR
{770 s R s T LA A AR (B SR AR B ) RO Ao BRTEBEIE b 44 1 05 0 B ) SR 40,
X T B LR, BN SR YA S R e, AR T AR A
AR BIEER, XML EE AN EREEE. A5, MRAMERERR
B SOVAS ., BT RER A 2 a3 AL AURS (R B 4 S BB AR 4 i
T E HHmHE) .

4.5.1 —AREEE

S T R RO B MR () — R T R R TRAT RN , R I BT . X RO RAT I TE
AR F RS — A S ENTR Y S SRS . fE AT, HRTE T E M hXf &y 2
FF— W (— 1K Find) ZJ5 B & A 101518




SRIG, BATME ky M ks ZIAIHER: , 153D — R,

HESEA TR UK HERS H B &y BRI

(k)

XS B RCR RAF &, — TOMERTRIR . (BT &y B0 — B UARE 5 (HETR) . R
B A 5 Ah— AN 2 (o) JLPHETT AN k) ARTFVREQOVREE . X AR5 A U ) SUHSHE 75
Sl S AL HE S, WS R BRI REG GRS £, BYUTTAZERIB, (BT
17 90) 55 I (e ) Vi Bl 3 HC A AR . SR B RTLAGERA X T R A S A E
FF) M AMRELETEEQ (M- N) W, EH AR RS o X R /)
o R TR S RIE AR 1, 2, 3, ..., N BRI G 0 TR ). it
(5] — Ry, RO A — e LTI . T RSSO BSETE R D O(N), BIEX
KA B, EEEFHEAXETHN 1 RHEEE N - | DRTHRR. R R
UL, XSEEET N 2 A9 A YCAE R N — 2 D EIREI ] (R R AT R
gyt RS Y = QOND RSB LR . SRR R RS, HRATTRER
2 kM AU o
4.5.2 BRF

R FF (Splaying) 0 BB AL 81 167 70 48 (O HE A% (0 A0E  ASSd £E e o S R ATTRR 1
4 M R A TRATTURAR MR HE I L I T B R . & X RAEVA IR R B A O



2 PE

A, RAITEFEX A MEZ LR RIE. R X S ERR, AR BBkl
X FRHR . Xt B H IR BRAE E MBS 05Er . BN, X A GE(PYHRRZ(G), 1
BRI LA BRI E S . BRI R Z P (zig-zag) B (RE 4-44). XH, X
BEHIILFRER, P EREILFHER(RZHR) . ERRXFER, BARMIBIT KR
AVL IR XUIESE . B, HEE —FF—F I (zig-zig) W : X P s{ZFMMELILT, &
#HIRAILF. EXFEFSLT, FRITIEHE 4-45 2230 R 8 a0G T AR .

126 A 4-45 —FI(Zig-zig) HE

Ve R BT, K EBENEIFRRR, X & AT—K Find:

BIWE—ERE k., BRE—NZFIE, IR ki by B ks HAT—IRRHER) AVL M
irct g =2 b1 < S
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5 by TR N — S R— 1 —FJ0, LN by by F ks B—"FIETES: , 155 R/5 AURT .

IR A —S/ N FARMER 3k, {HR R AR (U D iml 45 s B sh B[ i4t, m HiR AT
iR B AR S A AR K EOR D — AR (R Y R B 2 1) T HEFE N2 -

FxEEMLETE N1, 2,3, ..., NHYAIEAS G R P LR . Whrkiga]
HULIERR O(N)BTE =4 5 — e B ek S RHIE MRS, Bl 446 IR HEXCRT N LT
SRS, KEEF, fEXEETER W AHRGER N - 1 ASRuinE)ZiE, X
SR 2 M AR BB N2 AR AR N - 2 EERIT; RTFETRIRVA]
A8 2 R0

s
A aa6 TS RITHER

N CERT N 2 B0 B AT AR AT ST AT R R AR N4 HEETEZ N, HHINE T T
S FRE RN log N(N = 7 HIBIF R, FHETR G B T X RS ) . B 4-47 B[ 4-55 &
AT 32 A4 R R G 1 B 9 BIARR, SHR B R SELEILT. BRI EEMTEA
)£ 7 SR W o LR RMIRBCR IR B R . (26Pr |, AT R FEAEE Ao
1 HYE R RER R Y, TR, N WigAIFEEE# O(N)RIREE].)

5 ] 2 T O VB T R A B AR 1) R SR B A AR IE 24475 (7] % R A I 1T S BURE i 1E A A SR
(R R, X EE R R AR R A f . 3 7 ) EE A AR BB, I S HE R W AR A
REHE, i B T 2t A TR AT TE BRI Ea Y BT A5 A4 AHB 25 BUA B9 10 Y
1t ot A R . o, RATAER- SRR GR, [ERIE(TA R, ATTE Y
w7 I FTR AR IRk . KR, ibﬁﬁﬁzﬁwi%iﬁi‘nml’%%a‘-ﬁﬁl-#ﬁm%%‘F—iﬁ]’ﬁfﬁﬁ, H
e TR FUR R R LB 44 T ATTH] KATHTES 1 EUEm T E e, BT8R
Vet 2Pk TE O(log N )X A AT B R RAR X B, BE R A A REE,

ﬁfl‘]ﬂbliﬁﬂiﬁl'ﬁ]%ﬁﬂ]ﬂ%%'ﬁﬁ%ﬁ%ﬂ%ﬁ%f S ARPRVERE T S _EHERI AL . AR
BpiZi s, MBS MR TR T, I T (ZEFRFIA TR R E T, PARKICE
GXIRES ), A 2X A T EMB IR T MR T, fi et T, A — A £ L TR

27!
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M 447 HE¥ELILTFHRNEET S | RTHER

A 4-49 K RTEIARFEYT AL 3 ALRRTT



B 4-50 HEAETE AR ET S 4 LRI

B 4-51 S H000AIRTETT A S b T

/R =

B 4-52 HAT i EIRAET R 6 b RIT

A T

P 4-53 HERTEAIMTE TR 7 AT

FATATLAE Tr A LT ISR BER

SRR BT IR A, AR S A R R, B E, WERMEER K AVL
MENEL, IEANVELZRHHEOHARAVFERELETER M. ThREBREL, EXEK
FrE Al AR E B ARS, RulXMREEEIEEE. &5, RITEL, MEME L
M, ENESERPEZETHET. H—-MERES 2 TP SRELH,
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B 4.55 HATEERMET R 9 LR

4.6 wiaviEh

BT AR R BT T HER, R BRI A0 B T R R R
#, P 4-56 P EE I R SRS T X AR

void
PrintTree( SearchTree T }
{
SF( T '= NULL )
{
PrintTree{ T-»>Leftr );
PrintElement( T->Element ).
PrintTree( T->Right );
t
}

B 4-56 HENUFHTED U E AR A I

2 EEEN], Wil R HT S N, ERITATEE R, XEAE
s E R | AR FR A b Al B (B T ERFESIE TR, BiEFENH). PIFEh
B — B O SR 2 T, AR MR A, BRI TR . XA &R
B i S, BEET RS AEATRER O(N) . X RENER & — 1 R HTH
TAEHRR % Beat M. & — W e — W, MEs— 1 TaAFTH TERANES
NULL. #7 FA ot B8 e HUT PrintElement. BT 7E8EANT7 4 ) T4 76 98 % 30T (R] AR



S N A A, HE TR EA O(N).

HF RN TF BB B A TR R A B YT, Fan, K TTitE—4 A
B, RINEERETHMEIRIAEE, B 457 PHBEFRETESERN, A FRE—k
YRR N LS R 2 A — 43 BB e U B PR E i A R A B 0 Y e A
& R . X RP— A T e i s A A, IR ERTE R L E] . B TER Y
S T AR S BmtE], R LA SR TR R O(N).

FeA T WAL B0 = Fh % A4 1 88 200 4 48 51 (preorder traversal). X B, A7 S 7EH
JLFAT 5 2 A Ab B . XA By a] LR FI R R B br SR — T

PRS-

int
Height{ Tree T )

iF{ T == NULL )
return -1;
else
return 1 + Max( Height( T-=Left I,
Height( T->Right ) );

B 4-57 {3 FAS Pl DT BB 8 BE 0 B R

B xS iR A — LA BB, AR P AL NULL B, SRia A 2R T
W YERE, LB — SO B X SEBIEUOLE B TR, R B A R BOR 10 T
SRR, RRFREE, BB BN T AR BB IERE T RTHRD . MU
7 B (level-order traversal), A TLART# AW ELE . EZFEFH, BrARER D 7 a%
TETRIE D+ 1 807 A2 AT TADIE . J2 s 5 LA R R AN R e 7 1 T E AR
WHERY s EREIBAS , T AE RS A BT R B A

4.7 B-Bf

BREA R IERINFTE B E R EE XU, (AREH -FME A ERRK A Z =X
R, X PR Y 8 BB (B-tree) o

Mk M ) B3 2 — R LA T 5IE IR PR R .

. RIGUREE R AR, SEHILTEIE 2 1 M ZE.

o RSN, BT IER S ILTECEI M /21T M ZE .

o FrA R TR R B ERE £ .

i 4s ) BaR S ERI T . BTN R [ 8 & A R R S 4 L THIARET Py,
P, ..., P M9 ERIEFH Py, Pi, ..., Py *kﬂﬁ@ﬁd‘i%?ﬁgﬁh v Ras oy

by o MR, AIHEA HedgER NULL, THITAIE) & MRZAE XH) W e —-Ha, ]
Fhi P, TR B TEEANT TR Py RRT , WILHES Wyt T AT SEPrR g, XAk
W ey # R A B B RAE I & A S R T D SR AR o i i) F- 7 8, FRATTRS
B WAl . BRAZHEXL, X LAE— K B AR AN TR LiEsE, A
Fe AT 158 XA B R — R AT IS M (Y —Rb AT B B Fo VSR PR ERIR A R A R b ]
DA £ BB R L A ZE — A H R R B R RE ) B AT A R (R B ) £E (JEAR)
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MR NETIE M /2T M Z 8],
4-58 HHIR R 4 B B-BE— B F .

,}21 ag| [72]]

[N

15 25},31 41"1 159 Jﬁ4l91

INWAEARNNAN

1.4.3,11' 12.13 l:s.ls,w! 2124 |[ 25.26 || 31.38 \41.43,4&'&,4@,5(}* 59.68 ln,?s 84,88 [91,92,7951

—
L) = b
-

4-58 4 B B-#

4 B B-REE WATROFRIE R 2-3-4 B, 177 3 B BA o fik 2-3 . FRATREELT 2-3 MO RERR
344 B EOERVE. BAEM T HEAY 2-3 WG,

8 11.12 16, 17 22, 23,31 41, 52 58, 59, 61

TR B PB4 5 (B ), B A S TR, B P A R R R N R
o M CAMER, BRI ERARAILF. RAEEL, EASHXBT. Wit
HH LR EA TR . T BT Find, RITMEFFHIFRERERNCR T STHHETY
& F A GRATBER — ) EZ MBI LR RE (BRE) A F AP — I,
ST % 4 LB 36 B X BAT— WK Insert, TATH Se4& BT Find R R#FT. 45
h— PR, RATERE THA X ERGOME. fln, HTHAXBTR 18 HH A, &
(AT AR B — E o E TRBR 2-3 RO . 18 AL RRRE FSIE T,

8 11,12 i 17,18 22, 23,31 41, 52 58, 59, 61




#‘i 99

AL, BT AR RGN T A R, I BRI BEE A LR ATHER . R
FAN TR 1 IHASIR P X, AEAS KB | ATR TR R 280 1 X 0 A O i
TRAZTEEREAR TN RHET, XEDARITH. BRAEIMERE, WENTT A, 817
TRANDXRT, FRHEEENCEaEE, WhE.

11, l?_J lE‘JT IS]

R, XM EBEEASEESITEE, A28 19 3 A S Y ATAR PR SR e AL
MPEHEFAY L, BN EERNRET, BARINMNEE T IIRR,

22, 23,31 | 4
|

--------

Cons || 2 L!ﬁ.l?;] 18,19 | zz,za.all 41,52 |58, 59, 61
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5.2 HYIRE

HU%%AH@K%?E%&- N — A PR AU el 2 FAE R [P Key mod TableSize " W45
B BRAE Key RET5 B s FEAR MR . 7EXFBIL T, OO R BUR R 2 (P A H I8
B, R RF/NE 10 T AL 0 M7, W ERARAER) B eR B — AR
. HEEBIVEEGEES, Wb 7R % L AR, 471070 al H R IRIERI X
VR M AR R BT, A BRSO (U R R A B EL G BT Y S CAR

s 1 BRI &
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A

WY, REBFRFRE,; XML T, 85 RETHE 7M.
— B ERIETFHED N ASCII EEmMER, - 52 %, FiITFHE-Y

Index, B/&HFRBAE E{EER, A 5-3 SLHZEEH AR C I 20l 7 /2 1H
D ik PR F AT B

typedef unsigned int Index;

P 5-2 OO R GR B Y R B

Index
Hash({ const char *Key, int TableSize )}

{
unsigned int Hashval = 0;

f= 1%/ while{ *Key I= "%0° )

fr2vf Hashval += *Key++;

f* 3=y return Hashval % TableSize;
1

B 53 —ERAES R

& 5.3 thif AR poHC ) R B S PR ) A T AR R &R, A, R RE K,
) B AR LTRSS T . B, & TableSize = 10007(10007 RRE), FHRITA N
AMETL 8 ANFEMK, BT char HEMERS R 127, FHEF] R BEETE 0 A
1016208, HA 1016=127x8, BAXAE I AC.

B A0 R B 5-4 TR . XAE R BB Key Z0H AN FFSMIN NULL 4558
M.l 27 BRI EREOERARSN A2, T 729=27" KRB RAFER=TF
. HE, BAOE{TREEYLE, T2 K/MEET AR R 10 007, HLRMNKELBE—TE
A D, W REARITHE, RXAREENE. 2R 3N TFH(BREH)A 263= 17576
FhE[REAYA L, (B i3 8 2 % K M B LR /A F R 3 MNEBHARIASBEIRRSR
2 851, BMEiXEEE &8 A thae, AN RA RN 28% B HIEHIIH . A, BIRBEGIT
B, (BR8P %R KB P R BOE R BIE R

Index )
Hash({ const char *Key, int TableSize )
{
return { Key[ 0 ] + 27 * Key[ 1 ] + 729 7 Key[ 2 ] )
% TableSize;

}

54— REA B R A KT

B 5.5 B T B R 3 Rz, X S BRI BT R OBTA T, JFR
~ﬂﬁtﬁbﬂ§3‘ﬁ?ﬁfrﬂﬂ("ﬁﬁﬁ E:cffm—l Key| KeySize — 1 — 11 32, #%%%Bﬁﬂﬁﬁﬁﬂﬁ
) o BAFARSE Homer IMIGHE (32 #9) ZTARE, B0, R he= kit 27k *
2Pk, MR- RREHTAR = ((k3) X 27T + k) X 2T+ & #4T . Horner ¥ MIHE
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— —— = e — e E— — i —

HY EBIRT n KB

| Index
Hash{ const char *Key, int TableSize )
i

unsigned int Hashval = 0;

F* 1%/ while{ *Key '= "\0" )
i fEo2=f Hashval = { HashVal << 5 ) + *Key+s+;
| ¥ 3%/ return HashVal % TahleSize;
|

I |
B 55 4RV R KL

A1z A 32 408 27, EFCUH 32 tEeik AR E M L3, RS Zikdlay 5 A7,
o7 hnE, fERRFES 2 fr e el LLRFER A e alOR AU .

Pel 5-5 BT R GO D) pR B0 80 4 1R 01 AR ARG, (R B S8 B N LR SRy I
(LR fifFli dy, A2 B ARt ) - WU e P AR RGP A8 ek B E R R 22 467
i ZEYRTE], AL, BT TFHE SR L RAMNEE. TEXMNELE, W F e Ees 2
AAEFIEG 897 7F . bt CBF A K R B s e £ (i, CEEF T RER e BN
Mok, O RO ARG AT M LA A, LRI T 2 RIS LA AT A
FEVEIETE A DU T Bl AT B L F AR L BT A RO R B, X A X A—E A
R R 808 e 0T 8 TR (OR8] 3 R el b 7 A A3 2 S0 2 A A BREUR B T

BT 0 EE BT R s AN R — PR EHE AL — LR &
(e (BRI, AR 4Bk e — A ge , X PR T B BR . MRIX PR b A9 77 i A LR,
AT e P R R R A B R S B S EE AU RCE IR

5.3 SE®EE

e SR E RO B W o B 42k (separate o [0S
chaining) Ho: g B E— M A CEREE - Y 1! ik
b, WHIERL, e REA Rk, Wi, ROLHEHS
BB RS ARG, W AR R T e e
xRk, AT RITBIRXRFREN 10 M2 rF¥or s -5
OO R B Hash (X) = X mod 10 CRERNARER, 0 {16136~
PSR TR, ) 5.6 it B IS MM R . s R Re,

KT Find, RRAT1HE IO MEORBE B M D&, o[ ({3 34®]

S 3R T L8 B )y 2ok % AR [ 4% B Y 48 4R R 7E
(7% KHAT Insert, TR AT H— R &K EIZITREE
A0 A TE IS S (i R AR R T, 0B 20 8 S A A e, B A
iﬁ%ﬂ%lhﬂ%ﬁ%iﬁ%%%%ﬁﬁ.%zﬁﬁ%ﬁﬁAﬂﬁ%ﬁ%,ﬁ%HﬁAﬂ
ﬁmkE4%¢ﬁ%ﬁmﬁ%¢a%ﬁ%ﬁ%ﬂﬁﬁﬁ%%@%%mm—ﬁ:ﬁwﬁmﬁ%
N )26 B9 ATt AS LR A T i ELS [ A i3 AR e Bch T RB IR e T 0] -
iﬂ%ﬂﬁﬁ&ﬁ%%%%ﬂﬁ%&@iJWﬁm:E¢MUmwm%ﬁH%3%*m

56 SresEERgIR
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FFRAAMER . EhREEREMaRE M EREE (U RBE P RERNTED, ENER
Y| T ekt sh S 4 Beas 8], I ARAY HashTable 28R gk 248 M i 5w B9 T £ RY

#ifndef _HashSep_H

struct ListNode;

typedef struct ListNode *Position;
struct HashThl;

typedef struct HashThl *HashTable;

HashTable InitializeTable{ int TableSize );

void DestroyTable( HashTable H J;

Position Find( ElementType Key, HashTable H J;

void Insert{ ElementType Key, HashTable H };
ElementType Retrieve( Position P );

/* Routines such as Delete and MakeEmpty are omitted */

#endif /* _HashSep_H */

/* Place in the implementation file */
struct ListMNode

ElementType Element;
Position Next;

b
typedef Position List;

/* List *TheList will be an array of lists, allocated later */
/* The 1ists use headers (for simplicity), */
/* though this wastes space */
struct HashTbl
{
int TableSize;
List *TheLists;
b

B 57 BRI RHERIFY

£ 2%, TheList B3LFR F & —N 48 148 [ ListNode 453 B8 1 B9 £ 3R A A X
typedef, AR BELAH HIRAL . ) B

B 5.8 Bl AT Ha ko, TR B SERA S LB R A9 AR BB 4 TR 6 T T
sH LM AR ZS ), RZSE R, W H R E— 5, B & — BRI [ —
ANERFEE . B 7 FIRB RN KN - EH, TH 8 FTRIE 10 fTNKEFETE List i) — 4
4, BT List #E Lh— M, BbEs R viaEno 2. ‘

B0 List 8052 R# L, FRARMZAT AR IE 1o EERMFRT EL, Bibs
B BT T—AE LI E T M Next 4 NULL. X5 11 25 15 fTEes, MR, B

12 A7RI5E 15 f7 ] LARTE R

H - > TheLists[ i | = MakeEmpty{):
o, BRBATA LR AXRKIEN, (B H i b e R RO RE A, BT
MR ROTRF— MERZ A T 58 12 17 i malloc AT T H —> TableSize
W SCAT DA I ZE A Bt L2 i 38 T — K malloc #R4E

H - > TheLists = malloc (H - > TableSize * sizeof (struct ListNode));
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l HashTable
| InitializeTable( int TableSize )
{

HashTable H;

int i;
P S if({ TableSize < MinTableSize )}

{
Jr 2w Error{ "Table size too small" );
FAE LV return NULL;

t
/* Allocate table */ \

AR L7 H = malloc( sizeof( struct HashTbl ) ).
/* 5%/ if( H == NULL )
S B*/ FatalError( "Out of space!!l"™ ), |
FA A H->TableSize = NextPrime( TableSize J};
/* Allocate array of lists */
AR LF) H->TheLists = malloc( sizeof{ List } * H-»TableSize };
FAE LF if( H->ThelLists == NULL }
/*10*/ FatalError( "Out of space!!!"™ );
/* Allocate list headers */
/*11*/ for( i = 0; 1 < H->TableSize; i++ )
{ I
S*12%) H->TheLists[ i ] = malloc( sizeof({ struct ListNode ) );
/*13%/ if( H->TheLists[ 1 ] == NULL ) }
/*14*/ FatalError( "Out of space!!!™ );
else
/15 H-=TheLists[ i ]->Next = MULL;
} )
AT return H;
‘ }

A58 EEERTRMTIRLEE

fORRES 12 ok, 55 16 TTiR [ H.

i Find(Key, H)BUBAIRE E— 4, ZEsHEm A S Key M HI0. SEELE Y
BEEE 59 hEt, B8, F27HH S ITHFETH 3 Eiha ##4T Find R . BHIt,
w3 8k R ADT B93C0B0 A7 AT LB B L, 84, #0% Element Type &—TFRFH#, R4
HY 452 R (B A6 25T F R H 8 ] stremp H strepy JREAT -

-
Position
Find{ ElementType Key, HashTable H )
{
Position P,
List L
VLI ¥ L = H->TheLists[ Hash( Key, H->TableSize ) ];
L LY P = L->Next;
f* 3%/ while( P '= NULL & P->Element != Key )
/* Probably need strcmp!! */
/* a4/ P = P->Next;
g 5w/ return P;
}

5.9 AEEHEPIRN Find B
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FS5E

F—TREAGRE. MREEANMNCLEFE, B2RNRT 20 FURIEE
HEIR AR (A 5-10) . OZICE T LURAER MBI ; HALXHBERTEK. TE,
wARRMATRMEFEA EFRTE 3 Rl ARSI Push P, WRE 3 THH
e ADT HELFHMER T, BAENTMTUHBIXE.

/xS
f* 2%/

/* 3%/
/* 4%/
/* 5%/

/™ 6/
TARAT
/* 8*/
/* 9t/

Insert( ElementType Key, HashTable H )

Position Pos, NewCell;
List L;

Pos = Find( Key, H );
if( Pos == NULL ) /* Key is not found */

{

NewCell = malloc{ sizeof( struct ListNode ) );

if( NewCell == NULL )
FatalError{ "Out of space!!!" );

else

{
L = H->TheLists[ Hash{ Key, H->Table5ize ) ];
NewCell-s>Next = L-=Next;
NewCell->Element = Key; /* Probably need strcpy! */
L-=MNext = New(Cell;

A 5-10 4 eI RAY Insert PR

B 5-10 P HE AR BB S OHERE, BRHEHETHREG SR SRR LR
R, B, 05X L) B E A0 BB P 2 170 B MBS, B AR AT RRL%

152) #HE,

; I G R 25 b A TR SR FE B ELAZ S0, B RATTATE X MR JIRAE RO 138 )

B R aERREE, BARFREMARE, BXEMREAOUNER L RETTHid 2R
B RISE, RITEEEEN—ESHTBHILE

st (LR REE TR rh R ; — - XN ERMEE RS — 185
LA AT, BERIIMEMERK, FeTBFIRET, H25HMRRALZE, XFFHA
Z FATEME AR .

ﬁﬂ%iﬁﬂﬁm%ﬁﬁ%&mENMAﬁﬁﬂﬁ*%ﬁﬁ%ﬁﬁﬁﬂﬁﬁm%mﬁm
fE FEsEFF, A = 1.0, BUsOKFERKENR 2. PIF—WERAEEN TERITER
ﬁﬁﬁﬁﬁ%ﬁ%#ﬁﬁﬁﬂtﬁmﬁmmﬁm%ﬂﬂeE—&Kﬁ%%ﬁﬁW,ﬁwmﬁ
Eﬁ#ﬁﬁuxﬂﬁﬂEWNmL%ﬁhﬁ%%ﬁﬁﬂ%ﬁﬁﬁk%l+(Mﬂ%ﬁ%;
E&E%%%ﬁwdﬁﬁﬁﬁﬁﬁﬁﬁﬁm%LWﬁmm%ﬁ%ﬁ~¢ﬁwm¢ﬁﬁ%
ﬁﬂ@ﬁmﬁﬁoﬁﬁﬁ$,ﬁ%xmﬁ%t#$ﬁg,ﬁ%ﬁﬁ?ﬁﬁﬁﬁmoﬁﬁﬁﬁ
ﬁmE<J~ﬁm!ﬁuE{iﬁﬁEﬂjcflxa‘?ﬁ—‘?ﬁﬂaﬁﬁ&ﬁtﬁxﬂﬁ’ﬂ%m, ik A=1), IEWIHT
ERE Y, RN UM —NMFR M, X R — MR

o ﬁ?ﬁiﬁ?ﬂﬂ%ﬂﬂﬁAﬂﬁW*ﬁEiﬂ,@ME&W*@E?#FE—¢%E&&@Hﬁﬁﬁﬂﬁﬂﬁu



5.4 FHELUE

OB EGN BRI S R EARE, BT Bl b T B AT ], PR X 3
TR &0 et | [R) B pA SBr E AR SR D) — R At g S BR (A R AR
Heh e 8, FF A 33 F) ik (Open addressing hashing ) &5 #h—Fh F BE o PRV I ik . 1F
FHOGEN BN E RG], MRAhREE, B4t B2k R g0, HEHRE 58
MT Rk F—HL, BT hy(X). h(X), ha(X), %%, M#epilk, Hdb r(X) =
(Hash (X) + F(i)) mod TubleSize, H F(0) = 0. AL F e . O ET A L
EEBE A RN, LI BCERH LR BN R B S g R R — MRk, X
HHGERE SRR e, BEEFRIZATF 2 = 0.5 BERNTHOR 28 = % 10 rh =
RN
5.4.1 LMHHRMZE

TELPERRI R, R F 2 R MERE, SAIER F(i) = i XY TEMRIE
A C (LFERTAT A LR R LABE R b — s 8T, B S- 11 B {1 5500 v A 1) 0 1l 8 ef B0
BB 189, 18, 49, 58, 693 A B — P EF R PR OL, T e Y b 58 O T ik
F(i) = 1i.

sk | A8 | WA | HAw | HASS | HA |
| 0 449 _::‘-.I.? 49 ]
1 iR 38
2 o |
3 '
: 1
;3 | |
| &
L 1 . |
B 1 15 15 18 I8
I g j " Ei R 89 J il Ry

Pl S 11 ERUCHE A (2R PEEEI 15 2] T BOE BEROTR

s A phISfEHE A GRS 49 B s THORA T — 2 Wnt, Bt 0, BobhbzJIt
Wh . S S8 YA 18, 89, 49 AR, K SIKZEARE - P HIT. X 69 )
GEAVEMB T AL . QSRR SRR H d BT, (ER AN AL B R (2 A
W ERAE, EMERMRESS, SR ST R AT R KR, R
— ik B 4 (primary clustering) , TR, HUII B/ IX R HOAT(e] 36 S A0 T B 2 RIK B B T A RESS
b e, MG W BRI A R

BRI e X P AT BT, R AT LUER, {0 A R T ) TOUSUD SR B RO T4

Aﬁﬂﬁm%ﬁﬁﬁmﬁﬂﬁ%m+lﬁl—AFLWH?&%%%&%%M%%U+IK
Lo 2)). MR St B A A IEIT A SR ARSI 2 G B AT
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UEHOIRT . BEINSEE AHMEIS ), AR A Z A T2 4R T35 L S e 0 B ]

MERERE RS, ot AREAEER . ROBRE—-NMRAHE, HBS
YT ER SR RIS . TRV RBR AR S, XERRESAW, FEHE A A
RAEEEIET | MRS, 8%, BITFHE AT R P Hm 6930 8 K8, X
FRAEIIRMBD 5 A THHFEMAERE. BT8R SR HEA 1 - 2, Bk
MBFEHEMA B TR 1/(1 — 1), —RIER TR EE T 28 E T & AR
BRIV, S— B EIEAN, ATUERE KA EROLR, B, RATATLA
(i Bl — WA I A 38 B9 JF 8 R T — IR R Th 2R 4% 49 - 24 R4

FEEH, 2 £ 0 PIYFTEZ Ak, FHit R NEAREFHED, AR 27
B mitm, 7E E@ERET, A = 0.5, P46 18 AYFF R RTE 18 Bl AN #E R, MEF A = 0.2,
T 18 BHEAZI— x2S mE A, B 615 [l 7 i LG 4l AR TR (L 69) YT
A5 . BT LAE o A S A ) 8 B A R R, iR B

1M1, 1,1
1)=1 ] Ade=1m

AT 1-A
XA BRI T M IR S A 9 AR . BENURIIE ERY A, M H PR EHRA
fEELABSCE D, [ 5-12 SEE PSR I A A (R B 2R ) S5 35 SE AL w2 A Bk Uy 2k P AL 1
HEVE T . IR Stirn, REShERFEALHIA U TR,

Ul

15.0

12.0

9.0

6.0

30

0.0
10 .15 .20 .25 .30 .35 40 .45 50 55 60 .65 .70 .75 .80 85 90 .95

512 SR PR (k) IBEHL i A5 B T B A BRI 3
(S FAEIIER: UBARMRIHER: 1 AEA)

M A = 0.75, B4 L EAA RS H7ER B h —RIBABUTHW 8.5 Wo R A =
0.9, MFHHEN 50 %, TRASHMY ., BRMREALFEZ, 7R 4 33X W] S HA I e B A 4 K
110 YORMARL . WX BARFE), INRET LA ST —FBIRNE, A LRI LA
BAMEIE. R, R A = 0.5, MABABRETHRTERN2.5 W, 3 BN TR

P AFEHEW 1.5 K.

5.4.2 FHFAE ‘

7 BRI T B R PR A — YR R AR ) BB PR R IR T Sy 5 09K 2 v 2% R R
BRI I8 . MATRORERRRE F(i) = &, B 513 PR T4 A w2 e BT 78 B A9 S HU
7 2% ME I 1) -+ ] 0 FF BCE BRI 3R

w 49 5 89 phaERt, HF—UBENF—MHT, ZRTRZEK, FIL 49 BB AEAR



S, S8 TEMVE 8 Abr=4 e, HIEM R T mIMEMAZE T Harmrh%E, F—4
AP OTERR (I E 8 22 = 4 kb, X HITENEHIT, Wik, KT 58 sEAFE T 2
b W FoeET 69, ADFRM TR L,

[ [ 25 [#maw | #ias | miAs | fAs | @As |
}_U 49 49 49 |
I |
‘ 2 58 58 |
|- - i — ]
| 3 6Y
|4

|

il 5

|

16 | 1 |
| - T

!I ' i . o |
‘;. 8 18 18 18 18
ja] 89 | 89 89 89 g9
L . |

5-13 fEBWEAR, FIRF 7 #0018 B 89 FFBGE IR &

W PN, (LB LT BEEEIRIFA R ER, B R TERE 2 1K. XY
TV F R S A S . — BRI o, MR AN R BT B A R
—of L BN BEARIE - YR B — s BT T R B R B A R T LU R R
7 EE

NIRRT, WMRERA—ERTN, FHFARMI/DERE, WARNBIL LS
A ITE o

EHE5. 1

QR R i, HERMKDEER, BLYGEELVH - FREHNIE, BHEGEAE A
_"A;ﬁfﬂ{]fmﬁc

Wkl

o Ja iy Ko/ TableSize KT 3 BICAN) 5 RATUEH], HIL TableSize/ 2 |14 AL
B RE. h(X) + i2(mod TableSize YK h(X) + j°(mod TableSize )5 ik BB or B AP Y
A H 0 < i, <\ TableSize/ 2 ). FHEdFE , REGXMAPIEME, B+ 5, T2

R(X) + it= h(X) + j° (mod TableSize )

i’= j° (mod TableSize )
2 7= 0 (mod TableSize )
(i — )G+ j)=20 (mod TableSize )

T TubleSize EZE¥, AM, BAG - 7 )%%F0(mod TableSize), 21 + 3)FT 0(mod
TableSize), B8R i 7 RESH, BAHE - TRBEREATERN. HO < i, j<LTableSize/
5 |, B AR R R T REMY . DT, BUL TableSize/ 2 [ FIE(LH 2 LFHY. SN X
ﬁﬁ)\ﬁﬂ::ﬁ%é(%%{fﬁl?‘hﬁﬁi)m'n}‘Liﬁi%ﬂ?%’fﬂﬁ'ﬁ%lﬂﬂ?ﬁifm H o R A
[ TableSize / 21 OTEEBI BB (L E . WRBE A | TableSize/ QAR EALAE, BBA=E A
JLEHER I Y,



IZC? ﬁg15 j?

A FRA L — L — N B, AR AR T RER M (B SRR # M L LB
B, MEICEREE. B4, EHKNREEREEEFEE. CWRENKNEEZE, Nk
HEHICH AT S B, PN, HRAADE 16, BBAKkNIT HEEFEERNME 1, 4 K9
B RS AL

TETFRCERLET F b, RAEAMIBR R VE R REREAT, UM AR ICATREE &5 2t vh
%, TR EFEET I, Flin, RRATMER 89, AR4%LEx LATA KA Find Bl &0
AEEE#ETT. BHit, FHEEBIIRTEBERNER, BREIFMFRL T HFAFEREEX
- WA .

LRI ER B EEEALREHER S-14a b Fr., XB, RITAHERNE,
iR A BT A TR, SASBBERIIbP -, X o R3S oAl k.
ZENPIEAL(E 5-15) B2 [E (5 1 7258 10 17) RS B E A ITH Info MR E N
Empty #1A.

#1fndef _HashQuad_H

typedef unsigned int Index;
typedef Index Position;

struct HashTbl,
typedef struct HashTbl *HashTable;

HashTable InitializeTable( int TableSize );

void DestroyTable( HashTable H );

Position Find( ElementType Key, HashTable H );

void Insert( ElementType Key, HashTable H );
ElementType Retrieve( Position P, HashTable H );
HashTable Rehash( HashTable H };

J* Routines such as Delete and MakeEmpty are omitted */

sendif /* _HashQuad_H */

/* Place in the implementation file */
enum KindOfEntry { Legitimate, Empty, Deleted };

struct HashEntry

ElementType Element;
enum KindOfEntry Info;

IH
typedef struct HashEntry Cell;
/* Cell *TheCells will be an array of */

/* HashEntry cells, allocated later =/
struct HashTb]l

int TableSize;
Cell *TheCells;

b

B 514 FrECEHEES|RKE RIS

O M%ﬁwx¢%mM4hdm#ﬁ,ﬂﬁﬁ%?ﬁ#%ﬂ&ﬁ%ﬁFﬁﬁdﬁrﬂﬁﬁ#ﬁﬁﬂﬁﬁﬂﬂnﬁﬂ
PR R ER MR,
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HashTabhle
InitializeTable( int TableSize )
{
HashTable H;
int 1]
el LT if{ TableSize < MinTableSize )
{
fu 2ef Error{ "Table size too small" J;
/™ 3%/ return NULL;
'
/% Allocate table */
JE AnY H =malloc{ sizeef( struct HashTbl ) };
FA-LF iFC H == NULL )
JEoars FatalError{ "Out of space!!!" };
P AT H->TableSize = NextPrime( TableSize J};
/™ Allocate array of Cells */
S B/ H->TheCells = malloc( sizeof( Cell ) * H->TableSize J};
f gy if{ H->TheCells == NULL }
F*10/ FatalError{ "Qut of space!!!™ J;
JELL/ for( i = 0; i < H->TableSize; i++ )
f=12=/ H->TheCellsi 41 ]1.Info = Empty;
fELYS return H;

B 5-15 ¥ TTBoE B R FlE

)43 B S D 3 —FE, Find( Key, H)HRF Key FERII R PRI E . MR Key A
3, 6 Z Find $E FIEUS (98T, L E UH BN, Key BEBARMT . S5, B
KHAFIC T Empty, FFULEIA Find RMRE S . AT HEEL, RIMEEESIROLDED
Ky th BB A%, EUE RN 7 S 0, RITREES 4 7A00 L
(CollisionNum) » ZEE 5-16 BYSEH S, F7iC R MER AR L T RPN KIRTERA . XA RET|E
e fa) L, A kg R A BER AT . RATEESUKRIHEE .

1

f Position

Find( ElementType Key, HashTable H )
{

Position CurrentPos,;
int Collisionkum;

AR LY CollisionNum = 0; .
fe 2%/ CurrentPos = Hash( Key, H-=TableSize J;
VARE LV while( H->TheCells[ CurrentPos ].Info != Empty &&

H->TheCells[ CurrentPos ].Element '= Key )
/* Probably need strcmp!! */

{

f* oanf CurrentPos += 2 ™ ++Cn11isiquum - 1;
f= 5%/ if( CurrentPos == H—}Tab1e51ze J
[ 6%/ CurrentPos -= H->Table5ize;
}
f= 7= return CurrentPos;

E 5-16  FHT A ERN ST %Y Find ##&

554 4TENE 6 17 0 BEATF O BRI A PRE TT . mﬁﬁﬁy&ﬁﬁﬁaﬁﬁtﬁfﬁﬂ: F(i) =
F(i — 1) +2i — 1, Hik, T A E R T T DL IR L 2( SRR bR AT — L T
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122 FALE 2

FFEAL) HW 1 RBhE . WRF R E RO R, ABATT LB I TableSize 8T 1 1713 1
HGEN. XHEENFEER, BB THELUFTENRENGRE., FE—-FEENE
& FATHEEIRFRER, UNEE!

BEMGIREEA . NSRS R, 7 Koy B4FE, RIS 24 EF
. b T/ERER BAEs. FN, RATMICER ANTTEME Find B MO, &
FETER 5-17 R EIR,

void
Insert( ElementType Key, HashTable H }
{

Position Pos;

Pos = Find{ Key, H };
if( H->TheCells[ Pos ].Info != Legitimate )
{

J* 0K to insert here ®/
H->TheCells[ Pos ].Info = Legitimate;
H-»TheCells[ Pos ].Element = Key;

/* Probably need strcpy! */

F 5-17 AT RO R A P

BT EHEIHEER T— IR EE, [HEHF B[R —f B b AHRE 7T F R0 A R ) 45 5 5
TEo X AUAE = % 4 (secondary clustering) . IR ERER G FR—N/Doi, BERIGREH,
WaERER, T—RESIRBINAOFHMER, TEmBEARESHERX TR, AdiX
T WP — S TR IE FIBREE
5.4.3 X7

BT E MBS — A PRI iR 7 3 B XS (double hashing) . XF FXUEF, —Frill
FHEBER F(i) = i+ hasha(X)o XAARERY, RITHE - MEF KB HE] X HEE
B hash, (X)), 2hashy (X)ZAEER . hash,( X) B RFH S RIEER . a0, F1E 99 i
AFIBE BT R a0 A3, MR R%ERE hashr(X) = X mod 9 B ARIEM. HiL, R
—EAREEE 0. B, ARIFATA iR TTER AR B (FE T E BT X R AR R,
BB F IR EEB)BREREEM. EW hash,(X) = R — (X mod R)XFEH RECRHEE)
BIFEVERD, Hh R H/NT TableSize B WRBIEFE R = 7, BS- 18 WBAHAS
ATHE AR AR BFRER

A PhES R BETE 49 BUBAMIBHE, hash,(49) = 7 - 0 = 7, B 49 Bim AR E 6.
hash,(58) = 7 — 2 = 5, Fi& S8 GIEABINLE 3. #Ja, 69 P phgE, M EEARIBEE
% hash,(69) = 7 — 6 = 1 K . IRENTHER 60 AZIE 04, BARSFE—T
W, BT hash,(60) = 7 — 4 = 3, AER{Z=ANE 3, 6, 9, RiGR2, HBRE—1Z
G TE . — R AT BB R BRI A, AAX REA KB XFHTRIT .

FED 2R, | EREEIRLERRKNRERE AN AR R T B R B,
FHE, HE, £ OB T e i U R ARE R KN ARBEBEEN. AR ER
23 EABFED, BATHES S 8 KEME, AF hashy(23) =7 - 2 =5, H#ERKNME
10, BRRINRE—TEEME, X MIBECEMHM 7. Bk, MR RHRDPARREL, B
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LA U AT RESRAT HISC . AR, G RAGHUH IEBRSC 3R, MBI, U8 9 #00 U £X
JUF-FIBE YL vh 5 o J5 i T M) . X 1S WO Bl BRG] . Ak, iAo
o {1 S AN el B, DT S8 ] BB BE ) A HL IR

l . i !
Sk A | FA | A | HASs A |
0 | | : 69
i | | L
2 ! | | T
3 i ! B 58
! 1 H R
4 ' ! |
5 | |
- ; —|
L6 9 | 9 |
’ | | i |
. S T T 18 18|
9 89 | 8 T 89 %9 |‘
i M S

 5-18 i WAL 7 ik B FRICE HE R 3%

5.5 BE#I

o T4 Sy 00 B FF BCE HEIBOA i, AR A T R BAG KE , IR AR A2 AT [A] K
WA EET K, B Insert #AEATREL M. Xl B A EER KE MBI MHAR ST S I
B, g gy B R ST T AR — A A R A A 3 G L P — A e T B0 R O, 04
AN GA BN £, TR B CGRIIER ) 70 E BB B E IR AR AR R .

BN, S ITE 13, 15, 24 # 6 FAEIK/NE 7 B FFBUERLBEIFE - BTREUEA (X)
= X mod 7. P{E S MR I M s vh s (Al . 18 A4S RAG B B R AR RTE R 5-19
i

% 23 fE AT, BEAR 520 dhil AJS B FR A EE 70% W BITRIE Y . Dl 2
St BTATRA TR S — I H 3R, RANZ TN 17, BN 17 BEERA/DFRTE
_ANERL FESIEECH A (X) = X mod 17, FHEIERIIE, FFRICE 6, 15, 23, 24 U
13 AR ET . RERBIERLE S-21,

0| 6 0 6

1 15 | 15

2 ] -3 BT

3| 24 o 3 24

4 al

5 51 »)
3 13 f l (3

B 519 AR A 13, 15, A 5-20 i FEHERIGE A

6, 24 B EUERE YR 23 I i FF HUE AL AR
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A PAER Y {5 B4 7] (rehashing) . BARXBE—MIER &5
RIERYE ; HsTTIE]h O(N), EAHE N P ooEEHRGIm RN
KA H 2N, Fid, HFARAEERY, AL RERRE
XAE. FFAR, ERENBIIIZHORCEHFE N/ 2K
Insert, MRIFIMNBIEMEA FROIERIEA FR—DEEFFeE. ©
MEXFMPBEHERTFN—80, BAHYREAEEN. 5
— T E, WRBFEBIWEARX ERREN—F7iETT, BAREMmAT
AL PR B AN 32 B R P8 2 R o D 1

P RG] AR A 2 #h k8. —Figek R R B e
Bl—EEE Y. 55— R R R A YA KM A E R
5. B =Ry i (middle-of-the- road) B : MEIEE -3
WA FREHTEEY . B THEEEEN TR NENEENSHE T
%, Eilk, PUFRBIE FEEEIM S =R, T RER AT HIR

BEFIERFRARPHEOPFEBRER, X—RRE
# FAAAEEANER PRSI RAAEEHGEERR, Bk
iR 2 B S s MR B A (AR 5. FREGE R AR
TEHAGMBIEEE Wb, BN, RS 3 50555 LT,
AR 2 F8 A7 AT LA B — S SUE /N B, B — b8 Ut
¥ . [Fe B R B BA S

F 5-22 &89, FHIA L BUAR 9.

—

E =T - = Y L I =

f—
=

p—
b

f—
b3

Lad
ek

=

._.
Lk
L

,,_.
=]

B S5-21 EHEBIIZE
A T B ik RO 2

1 HashTable
Rehash{ HashTable H }

{
' int i, 0ldS%ize;
Cell *01dCells;

Pl 01dCells = H->Thelells;
Pl 01dSize = H->TableSize;

/* Get a new, empty table */
f* 3 H = InitializeTable{ 2 * 01dSize };

/* Scan through old table, reinserting into new */

J*oary for{ i = 0; i < 01dSize; i++ )

ALY if( 01dCells[ i 1.Info == Legitimate )
| i e"/ Insert( 01dCells[ i ].Element, H };

f= 7%/ free( 0ldCells );

f* B return H;

!
A 5-22 o FEIBCE b s R
5.6 TR #3

A B LS B0 B MR B AL B TR R AN [ERATAES 4 EREIM,

O RN AR R ERMAERIERE.
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[
Ly

i A A RS R T O B S BOACRL

HRTE R, OB AAT -t 20804 N OB N AR A ) Ak A,
HEZalft M MO EMA— TS AWEE M =4,

1 S5 (O BICE B 0 e el e e O . IR A B el T, fE— K Find #2111
], G E L X a8, B 2 6 FHE AR Rl e e, A0k, Y
£ AR, BATBATICI E KGRI —#, ©RE O(N )R]

—Fh S )15 3 AY {8 T #7486 % (extendible hashing), © 7t % B 0ok BE & o o] $0F T — K
Find., #i ARRAEH T Z1R D B0/ L]

[1255 4 %, BRI EAHEE Ology~ N) . Bi#E M a0, B-REE9RE M. AL b
fi1aT PAEEE M Qe iy oA, (418 B-RIAOTRE N 1. BeEs, 785K LA B T4e] Find #5061 2% —

S —— s S — S

factor) K&, UEF R T EREET Rt 8T REs e T sty x—41
BFe) o] LLUREE, A0 23R TSN A — A SClray 0 8 . X E A wl 4 ) (8 F ) g

MTEFTRATMEE, FRATMOEEERILD 6 WA S M. | 5-23 Bk S BdR Aol 3 i)
Bk T MRAR 4 MR, EidX AR eI TR E . R R AR M =
4 AT E . BETS BB A R R RO GO AT R HOR IR R ARG X B S AR BGE .
o EsS, B D R SR G AR ARTFREDN B R (directory) . T, H AL
Hy 2P dy WL FPECE LA RSN, o BRE TR AR, It J < D-

R AOCEEE 100100, TAHEAS SH RN, HES AR CEHR T, RAaEWF
Hre . R AT B4 BRI B R, AT AT LR E L X R B H R A RUD
fahn gl 3. X e AR AT B 5-24 FRBRHIR .

00 01 in [1 () 001 N 011 D0 101 110 11
| i T
/ | i \ \\\_\ y / / M
} §
(2 (2) (2) 2 {2) (2 (3 (3 (2
OO0 F [O10100 | | 100000 1110060 COOTO0 | {01000 | | 100000 | § 1010007 | 111000
aa1o00 1 [011000 | | 101000 | | 111001 001000 | 1011000 | | 100100 | { 101100 | 111001
100 101100 o0Ln 101110
AR 10110 onianl
i 5.23  ATPrREE) . REn R & 5.24 AIUECE. fC 100100 6 AL H R HIG

ﬁ%.ﬁﬁ*ﬁ%@%ﬂ%ﬂ&%mﬁ¢m%5%mﬁﬁcmﬁ,ﬁﬁﬁ+aﬁﬁﬁﬁ.
{H 2 S bt o BR B A B e by ] -
M%HE&A%@?mMML%ﬁﬁnﬁmwﬁﬁﬁ%%.mﬂméﬁmWHmwfm
F D = 3. Skde BRI R E LR 000 F1001 FRFHATERT. WA 5-25.
ﬁ%##ﬁi%ﬁ&%mTﬁﬁ@ﬁﬁwhmnﬁﬁﬁﬁmﬁ@mmﬁﬁﬁwm?ﬁ
B, M EEATRATE RS E
é%,ﬁﬂﬁﬁﬂ%WWMﬁﬁﬁﬁ?fJ+1%%%&&@%%%$+ﬁ%%ﬂnﬂ

167
Vot Bl DRGSR AR A T R AR AR EAT . R IE 00 1) I 1E T 45 % R ¥ (branching

168|
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126 F5F

i, MWIREREFHE, D = 2, IR A 111010, 111011, HFEREHA 111100, BBLHF
KohahziisE e 4 UK AN R28Y . LE2—TE2FIEINHEY, HETHIAEEIEE.
HW, HFEEE LT (duplicate key) W ATREME ; HEHFEZ T M MEE BT, WEZRERE
JoRL . DA, FE M S A A A .

ST TN N7

(3) (3) (2 (3) (3) (2)

000000 | [001000 | (010100 | | 100000 | [ 101000 | | 111000
0001001 (001010 | [OL1000 | 100100 | 101100 | § 111001

001011 101110

FE 5-25 TW[PHEF . 7E 000000 A BRI BE

XL BEHAE X A 2RV S EE R, X LA XTI E S
KRB (TR AT ) KE M.

G, RAINEATT B G ERE, X iR SN IR H RN T ER N, X2
LR T OB . AR (bit pattern) BE 2

B B HREEANECH (N /M) logse. B, FIIWIHRKEENR In2 = 0.69, XM BHE
R, HEXSEARAE, BN TFRANEESH, (M + DIEEME, — 25
T LR,

FIRAMERE, BROMEA/NGRAIERE 2P)% O(N' * YM/M), Ik M R/,
15 2 H R AT BEI M ok . FERCRREBL T, TRATAT LALLM i 40 & 45 i R A9 75 §1 T AN 58P Y
P DCRETTLUEAN M A9(E. b T 43 s /Mg H R, ATLURSE MRSV RN E] 8T Find
MfE R, R HFAKREAHETR, MAB AP EARBERTEN,

B

st 5] T 4RI DL ST B 1) 5 B0 Insert 1 Find #8245 M AR, ERE IR
WA TR RSB EER, BN RE AR HARF RS RRBRE, ff
e FE L BB R E R

o T4 B E AR A, B HUE F AR AR AR A U B R, (ERIUA iR RN
EET 1. T RCE R B E Y, BRI SRR, NS F AR Z#E 0.5, WOk
[ AN, AR AR A T HOE T | R T REo HEFEE A LA R R
(SUR4E) R LH, XK SRR AR T . T A Bt BT BB B E KHO %
fiFoL, X RRERR,

— QR AT LU SE I Insert # Find B8, BTN FEIRH Olog N), Hlz—
Pt S IR T E A R A T S SR A (RS A T BB R tH /TR B A HE
HiE— A FRHE, BEIIRERTREARERE, TN AR LR E R BIE— 2L E
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WEIETA I, B EREARN . ALt, O(log N)XABHEPRW AL O K4 %,
X 5 AR B 2 i P A Fe 0 A 7e B i bR i

F— i, BA BRI — Bk B TR RY B, A R AYER A B AT RE(E AR s Ay
PR 22 . Ehr &R RS PRa e M, I, R AT EHAE B L R AGE &8 HE T
i REE, AN ARERZ e BRI X MR 45 4

WFEFHERE AN H . HFE AR R RN b A e R R 45 4 i
#¥5 & (symbol table) . #{FF X Ab0|EA L, FHRHA Insert fl Find Eizf7. bR
T RAR A, PRI H S o A o TR L 170

By e xt FATATE I (o] AR B A 6, RS, 5 S EA KPR & 7 A R
oo, ME ARSI AR, TN N B E T BA A 1 s E SRR A
4, S ANIROTRER — 8 — R F R HES . i an, T ol UL R, W4
E R B ROIET RTENLFIFEM A ibml, ibm2, ibm3, F%, B4, A fd LR
HWESNTEIN: -E-r Psa luaiops &

BORIR P = FF WA RS B 7E A e SR p FEIF A U R I A I Xk Ay ARl 94 r i
TR i B T B AR e BT B ) 6 — S L WA A B R
il B RS B AR M R R R B O T A Ik T AG X Fh — AR AR R R (rransposi-
tion table)

B S — S RIER SR TF. EBSHGN (S IEWMEMLL) FERE . I A
A AT LB TR, 23 DU AT LA e P s R L A R ARE A A, AL
RN HES | BRI LA T T SO b B LT 7w B R P R AT 45211

AT HE B B | 2R F kA R S R X — B, QORGSR AR
o 3 BB R AR ER IO NMNEREANE R, B AEARE W F i B i R T AR AR
2 g Et T O( W), X ANE (AR BT 8 6 £ 1/0 T A2 e AR L sl 5 75 e S A TH . 0
(A S04 S — A TS AL (AT, #1, A e, FAEO M — iR R TR
sIHE S O(1), i SUAF 1R 78 MO 77 160 (8) R A i B0 4%, Rk — B Beaas 1 ot ) 2
O(R-C). BHEFTHEER O(R-C + W), ERXMEL O(R-C WA T Kol 11T

AT DA — 0L, B AR MR IR SRR B TTRS O] S Sef AR A T A -
%3]

S 1 R A 14371, 1323, 6173, 4199, 4344, 9679. 1989 FIBBURE (X)) =
X (mod 10), fEHE®R .
a. TTERERYIE,
b. i FAZk PRI Y HRCE HE RO % -
o. {8 S F I (9 T HCE HE ROV &
d. B REFIRE h-(X) = 7 — (Xmod 7Y FFBUERERIN R -
5.2 felBgR 5.1 RYEG R HETIRIGIR .
5.3 %E—%ﬁﬁ,ﬁ%ﬁﬁﬁﬁﬁm\$ﬁﬁﬂﬂ&ﬂﬁﬂﬁﬂ%&%ﬂ?ﬂ%ﬁ“ -
FiéT I 2R B =
5.4 E%Eﬁﬁﬁﬂﬁ*ﬁﬁkﬁmﬂ%ﬂ%%ﬁﬁ%ﬁ%m‘m%ﬁwcﬁﬂﬁﬁﬁ
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T, BATATLIHERES—1R, KOAWERA—F. BYFEEYTREHN Z6HF
BozZrcEantE, IOTFEI 8 -1 ERHFR. EHEI B —-TENHERZ
BT, RN I%H Z AT
5.5 B—MHEBREBEEL -TMFINFG) =, HP o= 0H r|, 72, ...y ry
RATN TS BABELEEY (B B8R R —K).
a. UEBH, TEXFRRIE T, WRBAMN, AR EEEEHRR.
A S5 301 B8 X R SR B S T PR A 7
IR EAEBUN TR A, A7 —0EA R BT a2 £ 07
MRFFEEFTFR A, T KR ARG ER AR Z D7
W —PERE (RS E AR SR ) A RS . MR A%EEE P AYHR
soyk | B /EEA?
5.6 BRERERITENEL ARt A?
5.7 45— R, THTEAFE, BRAGHIR M FN BRI 20 A (sparse
polynomial) P, I P, ti%. B BHAR T 18R, R SEITTH AR R
J& Next $85H B (5 3.7), A1 P, WWFELL P, 98—, BKEREKENY
MN . — 77 B B X S HE 5 3 A R R 2, (B R, XJ/EHF MN THex,
MITRER S, $RIRAENABERE T, 5—MHER, RITAIEZMKXMIETIHE
B EN1E3F, RERERHF-
a. WE— I BRFLAB_MITE.
b, MR HELTAKLH OM + NI, Bk ydkrzs b2 L47
5.8 —AHSRERFIEE WA CEH BAHTAEE S ELRAR EER S
A, @iZiE A A 30 000 BiE), MiSCHRA, UETFHEE R EXHZHE ASFET—
B, R R R R A S A— R, HEE ARSI T AR E
#&iﬁ@&#%@ﬂﬁﬁ%f??%#ﬁ%@%ﬁﬁﬁLH$W#AL+1¢
sk (S ] IR B AR E BB A %), BITE—MFHGELLR, XTHEED
7S 8] ?
5.0 MBARGEAREEEERARERSE M EEIET, BARNMIREBSEE -1
WY B LT MEEIEE T, AR —L(bi) BUR Table (TR I
WK 0), KK/ 0 B TableSize — 1., HiEE—TRiEE, RATRE Table
[Hash(Word) 1= 1. FH&5EHEAN EH?
a.W%~¢$ﬁﬁﬂﬂm¢ﬁﬁﬁ0%ﬁﬁ,%ﬁﬁ%ﬁ%ﬁﬁﬁ*q
b. RSB — AN 1 AR, BPAZRRTE R,
BB EFE TableSize = 300 007,
c. EREELVAF?
d. TFiZEEPHE— M EROHEEE D7
e_ﬁﬁ%i%ﬁﬁﬂM%ﬁﬁ,H%ﬁﬁﬁ3%$ﬁﬁ%ﬁﬁnﬁﬁmﬁﬁﬂﬁ?
L5.10 iR —A g R G AL B 0 AR (LA FAREFETE AT ) .
5.11 &%ﬁ&&ﬁmA$Aﬁbnﬂx¢$ﬁpymﬂmﬁﬂﬁ$ﬂ:ﬁﬂﬂﬂﬁﬂﬁ
i @ (pattern string) 18 8l — @I {H H, HiE ¥ EESNA A A,

o an o
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AsAs. Ay AsA AL FERAB A LAY o LAY TERUNEINE
PRk A P Al a0 RN TSR BB E R — LA, B A#H - DFF—T 7
o % ER AT OB LA S A ICAE . R S Pr ERGSCICED, AR AR BIL(HE A R iY)
{7 ¥, WITEPCEC R WOX T A K RTREAITE &0 F 4d8E:0t 1T

8.

b.

=

d.

* g,
wof, R —TEE, OEEEITEfE N O(N/ER).

— A~ BASIC #5 th— 28 9] 4% 38 395 W01 1 4 5 030 ) A - 458 2 0 it 1 T goto 8K
gosubJg I—MEBA]FF S LB . #E — P Gk A) BASIC BIF G W H
Hraws, e AERS F MG, SRS MBS —ifa s D R
A PMEEE N KB — LR, (HR2ESAP, BRFSa DUNE] 32 R RE
¥, RO IFE AT AR BT (RIS T, -

5.13 a. FlFAFEFREMAWEZELHFEERF.

5.12

5.14

B % 3L

b.

d.

IERRANSE AA, . AL, BIRPIHEC R, B4 A, A . AL IR AT A
LA 5Bt E) R

WERIE A TEFB] A Ok + N0 S B 11 DT AC BT EE 2% RO (E]

I R s D 75 ) S SR RO TS R B Y

AR S S WA SR A

flik—1EY, HERHEAZITHERN Ok + N).

B AERER A WL W OB BT BT, AT AR A sty s Be . (4
BLOW (T W G g e Y — A 8] IS 2 AT T A O S B AR ) K i
. ) BARXERER I 7 I FE AN, HEPR EHAR, HAFEZHR
fa A A B AT 8 . 24 LA ) i) P T — R I AR, A SR A SR 1)
VENBTBATESMIIE T, B AT AT 8 B AOFIH T AR R 2% 1k R AT R AR
=R §7ia SR B ) 3. 27 e VL DS ALIE g8

SRR ] B S A O 2 ADT it HEATRAT AT LR (b) &6 (A5 e i -
Gltn, ERATRIFTE S excel” LT REL, BB A FRAT Rk A 2658 M Sk UG T
B excel” AIET AL B ) R B TS RE SR T AT AR

e 2 SRR LM B X4 A 4 R AT SR 00 k2 A B IS EOE = VARG
dr, ek TAERDZARE . BRI E R

Fe g K8 10111101, 00000010, 10011011, 10111110, OTTTHTTT, 01010001
10010110. 00001011, 11001111, 10011110, 11011011, 00101011, 01100001 .
11110000 . 01101111 3 AFI—4 75 9 With el ORI B mEs R, P M = 4.
515 REABRELIHAT ], WRRNE R AR ANTE, A EHTERES T B
FIFF B E HE 13 4 b el 2

FA B ELAT 1 5 LB TR AR . R E A TR B 4 BT IR 2 AT IXERG L 1T LA/
5 A M A, R TFE R B H SRR A, 24 {8 15 5 A S5 A R R T e A

HiBE

g RS SR 17]. TR E IS8, SR SR i & B F Y 44

1741
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ATLAFE (11 ]9 4R 3], (14 DR ARSI RR  [15 1405 w28 ok By — S @ il DL —
BB MG . X T A SRR S BT 77 R0 2 B ARG R AT LATE( 8 |3k E

XS BT T (9 IMI13] s 55 5h—Fel v 22 M B 5 F2J2 455 #(9Y (coalesced hashing)
(8IXFHLAFE T HER . Yao 20 ML EUER], X T RZhA KA FFH, —BALF (uniform hashing) &
LH, EXFHBIIPAFERE.

MEMAXBTFELOH, BATERIREFE, EATENRR, R[2]M]7], F&
FEHRBIFREAEI 4], M FXEFR, BUKEEHF KB TRHENSE A,
i e ot 3 o BT e P O BE AT

ARSI A S], AR TFe]MI19],

SEPLGEY 5.5 B—F A BAE16] IR, % 5.11(a- DEAL10], (e)FITHLHL12],
m(HBAEL],
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265 IEMII(E)

IR AR B FTEDHLAYVE L — M B BA 91 . (H R 06 B e Y e . . T gEH
— I e, A SR ST A 7 Wi e B R b . B ok, #F FEFTENHL
AT IE AR 21 8 Ak B —50 100 TUay Mk 35 FF4TER . W SE-& 3 Ay 0k i 2 B fa &b
SR, REEARRBIRAE LR . (A2E, KEBRARASIZL AN, Al GER
> K )

Kfelp, EZH P AEE D, BERGFHEBR FLIREES THBEF ST HE. —
M- - i R R R T — AN BRI A — R R — AT FF R R K
FIASI B AR . PR R E RBUAGI b & — ME BT E, HFEETT s #Hi%lE
A BB ) B 52, e b R BE 1T 5E FE IR R B A Y K R R R e — R IEAS K G
i, A AR AR TR S s 1T im Z A AR RS o] 2 ab 3. — Mk, Rk
S AT HETR LA R, X SR EE, Fi i C S i 89 S b e 5 1 v A I
R AR, AR B AR E/MEWIRE S iz A R

X Fh AR 04 N L 2R R A BA 91, FRATFR 2 M4 £ P47 (priority queue) o ¥ 5l
i, AT TIE

o ARSI ADT B4 LB

o (BT A

= BB R e R S P -

FeA s B0 2 Bk 45t T i LR P i s 8 — F

6.1 #=E

A AT R B T O MR R R SR EE W . Insert (A, B8 LR B 5 LAY,
DL DeleteMin( BB Ee/NE) , B A TAE 4R L SR EFMER RSB BASI P /R JTE - Insert
L S F Enqueuel ABR), i DeleteMin W) 2 AF 4 Dequeue( i BA)7E 1 SCBA 5 H g SE A R
# . DeleteMin BREHE 2 08 A . B TRA YOG A AERE—1TEFEHK. &
BT o A TR 3R Ak b e X A R R P B R IR B ER DeleteMin LA F Oy 2C
1z Y

U] e 2RO 5 4 BRE . AR AT R SRS — SE4E 4 . (X SE RN EVE TR T4 TR A9 1%
f, AR T 6-1 Frfi iR pY S ACBI R -

—— e ——

TrvertiH

- Dt’:.l'frff‘awri‘!_[ﬂ:mjt Priority Quewe H ||~'1

M 6-1 ST AR A R

bR 7R RGeS S BT R A 1 A F L TR S TR RATHE A RIS BAS R el AT

(177
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ShERHERF B TERZEHIL (greedy algorithm) BT WL AA MR E R, BREELIRE
KB/ CRHATIER : 7558 0 SRS 10 |HRNVEEE 2| — LR FIF . ATDHE TR RIT
5| B RS B P B — T RE AT

6.2 —EEARTHR

F JLRREA B89 i L BUAR S BAF . BATAT RAGE A — R B RER L O(D)HATIRA
PR, R GiZEEEUMBR/ T, XXEZE O(N)sTE, H—MTERE, HERibRREH
FERAE; XHEEB{ARNE S (O(N))T DeleteMin ER{EFE(O(1)). T DeleteMin [#E
VERBMA L T IR IR ME RS F L, FI AT & B R BT AERE.

F—FhSC IR e BASI 0 A7 ik B A P — 4R A, & %of iX PR AR A ) 152 47 vt [E] B S
O(log N). RGHARBEILE, TMBENIAR, HXEIEERRLH . 1o RITHER 6
—CEER/NT. RERELEFROIY S FRENGO T, FELFRME, R, A
TR . TERTFHEE, B DeleteMin B EFHBSBE T, H FRHEFEHICRRE
SR BET AR MFR, X REERPENERE LT —NNER. T8, BT a,
A LA AR RN TR O 5, 33K B 1k BRI AR S '

FREERMTREA LS, AAEEFFFZEHATFTENRE. RITEEEHAES
HBHRE WA EERE, TUBFEENE O(log N) Z#F HARFFERIE, AL LR
WE BRI A, XM T, WA SBR[ L — N BA N TG
Bl RIS, RATEHHE W] STEE Se BA S LA ST A BB 3F . XN B AE AL P A L R0
EBRTEMAREEH.

6.3 —Xif

2 (7746 {5 I 03 b T L0 £ = 38 (binary heap), € B9 AT ££ 56 BA 51 i SE B 10
AR, LLZ T 2 4 (heap) i AN AL AS 6 i o o P B — AL AR T VX U 45 4 A X S L
fEA/N, AR UM DR A SRR — R, SRR P MER, EIGTHE AT
M. TE40 AVL R —HE, A a9 —JKERE AT RERER X M P i — 1, Rt HERGERIE LA
o HE () A P AR B R A A B R, S EC EOF AR

6.3.1 LR
R — AR ST S BN U, A RERBISNRERZ, KR ERITENERLHEHA,
SEERRTFR R % 4 = SUt (complete binary tree) . B 6-2 iR T iXHF— 101+

HHIEW, —HER A B2 TR

H28 B2 - 1R, REWRE, T2
XK ERELlg NI, BREE
D(log N)n

—THEENMELR, BAT2_X
WHRAE MR, BTl LR — 8RR
MATEESE ., B 6-3 P AEEE A 6-2

g HE
ST AP — & ERTR, ’ A 62 —HEe XK
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I ILTFAENLE 2i b, BILTFHERILTIRQHETQ + Db, ERRENERELi/2) b, B
e A i R, T LI 200 B 5 B e b T B0, N4 B LGB 7R
AR AR RSSO M VBT . Bk B R /N B I S, (R T S0 A
B R R, 7ER 6-3 1, HERA/NRIRA 13 N TCK . MRALA — D RLR 03 R
AR

63 Se4 WA LH

A, ~PHEIESHWE G — PR (BB F R AEE) . —MUREK AR
LU AT HE AN B 6-4 B — LRI A BAA AR, B S 3-47 ik B AU A
e, B 6-4a QIEBE— 2 HE. B 11 ITHER AR,

#1ifndef _RinHeap_H

struct HeapStruct;
typedef struct HeapStruct *PriorityQueue;

PriorityQueue Initialize( int MaxElements );
void Destroy( PriorityQueue H J;

void MakeEmpty({ PriorityQueue H J;

void Insert( ElementType X, PriorityQueue H J;
ElementType DeleteMin{ PriorityQueue H };
ElementType FindMin( PriorityQueue H );

int IsEmpty( PriorityQueue H J;

int IsFull{ PriorityQueue H );

#endif

/* Place in implementation file */
struct HeapStruct
i

int Capacity:

int Size;

ElementType "Elements;

H

P64 {RFEAT A

A BRI A LT R R, X B, LR A S I T B R B
6.3.2 HEFHER

{88 g DS BT O R S22 38 A (heap order) ME . i1 T3R80 PRk #2 11 le/hot, B
BN e b R R R EFRENIZE— N, AR AR TES
AT 15

R A B, RITERMFEER, £, TP X, X B A8 55 I 36
s N (RSETF) X PIREERT, RY SR ERALE). “EE 65 e th B R — A
WL (H L 01 BRI A R Ol gk Fm A T BB ) o RIS BB, YT REEY, B

3 ﬁMﬁ.ﬁﬂﬂuﬁﬁ~Tﬁmﬂﬁ.Eﬁﬁﬂﬁﬁﬂﬂﬂ%ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ%ﬁiﬁuﬁﬂfm%&ﬂ
T Lo J R R BT R b T, (HX R B R ATERE
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RENTREERRE %%,

H6F

ARV
/2%

/* 3%/
/* 4%/
s/
’,l'r* EWJJF

[
/* 8/
A
/*10%/
f*11*/

fr1s/

PriorityQueue
Initialize( int MaxElements )

{

PriorityQueue H;

if({ MaxElements < MinPQ5ize )
Error( "Priority gqueue size is too small” J;

H = malloc( sizeof( struct HeapStruct ) ),
if( H == NULL )
FatalError( "Qut of space!!!" );

/* Allocate the array plus one extra for sentinel */
H-s>Elements = malloc{ ( MaxElements + 1 )
* gizeof( ElementType ) J);
if({ H->ETements == NULL }
FatalError( "Out of space!!!"™ ).

H->Capacity = MaxElements;
H->5ize = 0;
H->Elements[ 0 ] = MinDarta;

return H;

E 6-da {EFEBATI A B B

65 PRTEER (RAZERHHRHE)

FOHE M PP B, BN T AL ET DLEE AR AL 4R B B, FRATLAH HOet ] vE p B A2 R

Fiﬂdl‘i’[iﬂo
6.3.3 EFRIHERIE

it AR & R R SCER R, BATFF T ERNREREE SN, ABERAEERT

MEFFPER
Insert(ff A )

%ﬁ#&iﬁXﬁAﬂﬁ¢,ﬁﬁﬁ?—%%ﬁﬁﬁ%ﬁd¢§ﬁ,@Mﬁﬁ%ﬁ%ﬁ
%WQN%XWMﬂEﬁ§ﬁ¢ﬁ#KH%ﬁW%,%&ﬁkﬁﬁaﬁm,ﬁmmﬁﬁ%ﬂ
ﬁﬁLMiﬁ@Aﬁiﬁ*,E#,%ﬁﬁ%%ﬁ%ﬁﬁLﬁ—ﬁaﬁﬁﬁﬁﬁEﬁX%ﬁ
ﬂﬂ%ﬁ*ﬁioﬁﬁﬁﬁﬁ,%ﬂﬁkmjﬁﬁ&ﬁ%?~¢ﬂ%ﬁﬁﬁiﬂ¢§ﬁam
T4 14 FEAZS TR THFHER , BICH 31 AR/ £/ 67 Rk gL R R, HEIR

HEA 14 BIEHOIE,

SRl MR 1 W U i -3  percolate up) s HTUCRFEME T U HEIR IEFMRE. fEH
A 6-8 Ff s BRISIR B 5 SL A«
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Ae6 ZHMEA L4 GBI EN, Bl EE

: :

B 6-7 Hr 14 0 AEIAT EAHE py LB

/* H=>Element[ 0 ] is a sentinel */

void
Insert( ElementType X, PriorityQueue H )
{

int 1;

if( IsFUliC H ) )

{
Error{ "Priority gqueue is full"” };
return;

}

for{ i = ++H->Size; H->Elements[ 1 / 2 ] > X; i /=2 )
H->Elements[ i ] = H->Elements[ i / 2 1;
H->Elements 1 ] = X;

M 6-8 4 AT —4 T AR

S 3047145 7T LA FH Insert BiIFESE i 2 8 SCHE ACHe i A L 2 @ v IR MR B0 PP R S B L e
B R AR E 3 AMEIER . MR -ITE Lk 4 2, ARk T A0 H i S RO R E
BRSO AR 3d, MRATXENFEHRA 4 + 1 KIRE.

BB A ) TC B R AT R EME, I A T — B T . XEEER L R
T BB E AR while 1835, SARTRATAT LA BB IR MEIX — &, AL, FATRA
BT MR/ ERCE (2 B 0 ADASE while TEERS AL IE . X AMELBRIEN T (35 T)
$E e AT AT (s FRATIHRZ K AR 9E (sentinel) o SEAPAE LML HE R 3 1 OB o SBAL TR
— %W {% B.(dummy piece of information), AR T B G ERE AT — KA, AT
& — e A,

NS A B0 T 2 SR T 0 B/ T AT — T SERUAR AL, IR 4 X PR A B9 B (8] 5 35
OClog N). FHIBE R, xF FBKIEBER ., WOIEM, PfT—KI\EAFHI/R 2.607 K H
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B, B Insert TR FH ERE 1.607 2.
DeleteMin( fH B & /T )

DeleteMin LB FREA B G, R B/NTRESH; HEATTEMGE. 24
Br— g hoTht, R RS ET 1R A TFRERLD T 1R, AP RE—
AE X BB E T . R X a B E S 7R, 34 DeleteMin 52,
X — A KATRE, BRI NEWEN L FHENEBASI, XEREE U THET
—E. BEEZFTED] X ATRABERAZS 7R, B, RITOIEEREE X BEAGENRFRE
HE/NILFH—&EE LR —NEREIGE.

7EH 6-9 T BIR DeleteMin ZRTHHE . MR 13 5, RATLNE IEH MR 31 B2
HEd, 31 ARERED /R, EXEBRREFHER, T2, RIEB/MIIILT 14 EAZT,
FES N TR —2LE 6-10). EEZER, {819 BASN, EETF—E LEI—THE
7o BRIG, B 26 BAZSK, EREXE L —MHHEN. &5, RIVBLUE 31 BAZITH
(B 6-11), 3XFh R Y FEBE Y 4% F & (percolate down), TEFL LI BIRE P RAT LM T 1

Insert 78 1 F L Bt 5 15 6 ik St 7 30 B BRAEE

g ®
@ ® . @ ®
o ® 0 ®
®®O @ © D@ »

690 TEMALEI SN
) (o) G2)

31 ORDESD

B 6-10 71F DeleteMin FHIEE FIERMAMZE

& D

B 6-11 TE DeleteMin P RIE G P4

31
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FEHERG SCBUH 220 R IR MM P TR TE AR O TR MO %, IRt 3 — A 1 1
H=TILFRIN SR N2 GILEOR TS A ST AL T, B sk #p B S — 4B s
. 7EE 6-12 #RABEF R, RITCTES 8 47T TIXFRIIK . — Rl JL 15 400 1% ¢ oo Jy 7 12
AR IR RIEIC T - D W SEERA M N ILF. K T LR ML, SN B
. fERD PRI IR, R AR T AR AT T | bR D B B HE 20 J5 T A0 8] E . IR
W TAE RSB IS LA FS T AX 2 80, T EL O A0S R W R 75 o S B (o A R 1. R AN
LA ILFRFENE, BERERTBIGA ot 2AIKZE, B AX g~ kTS

—bRid.

ElementType
DeleteMin{ PriorityQueue H }
{
int i, Child;
ElementType MinElement, LastElement;
FAS LV if( IsEmpty( H ) )
{
fr 2x/ Error{ "Priority gueue is empty” J);
ALY return H->Elements[ 0 ];
'
fro4r) MinElement = H-sElements[ 1 ];:
PR LY LastETement = H->Elements[ H->Size-- J;
J* e/ for( i =1; 1 # 2 <= H->%1ze; i = Child )
{
/* Find smaller child =/
[ 1/ Child = i * 2;
f* 8rf if{ Child != H->5ize && H->Elements[ Child + 1 ]
P LY < H-»Elements[ Child ] J
SELOYS Child++:
; /* Percolate one level */
/11 if{ LastElement » H-»Elements| Child 13
Fr12*/ H-=Elements{ i ] = H->Elements| Child ];
else
F¥13%/ break;
}
J*l4%/ H->Elements[ 1 ] = LastElement;
JE15*/ return MinElement;
}

M 6-12  # — LHEFHFT DeleteMin &Y £

XA E R BIREIEETe R Olog N). FHM 5, SEBIRLEATEILT FiES
HMIKZ(CEFEAWIRE), HEEEiTaHE N O(log N) .
6.3.4 HABAIMERIE

B, BARKRE/MERET ATER BRI A, B, fRMORE/NTI A HE (ML PRI R
JIMEHE (min)heap) 763K B A TC H HAI AT #E B - F55 B, —MEATRURAY X T FA{E BR
L B, EARTEA TR R, EREDERDEMEEa T VR —
L IR 6-13 FiR g AR RIEEH (AT R A b)) ROTES], X TR CEITA
M — (5 B, e EERM L (B2, FRECRTR L, N ER R Al
). B PR, MR EEREERECEEE A, I ABRMEZ S, a2 H] 31 i
B e st se Fofth (MR EE M . (EMZ . B RUEA RIF BB AR, )

I B IRTR R A RS e DT E LR, AR AR JLRR AR B A T
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AN, TR =R R R R B LA BRI TE B (8] 3E47 -
DecreaseKey ( F&{i% %58 7 I{H )

DecreaseKey(P, A, H)¥/ERRRAENE P AR XCRFHE, FREMEE NENE A, H
FiX ] GEWE A E Y FF , BRI NE o X T AR, RRE REEHEFER M.
RO EBRFEREFECIVERUERORESREESTT.

613 —HERMNTES-H

IncreaseKey( H il XX F ()

IncreaseKey( P, A, H)#E/EmM7ENLE P AR XBFHIE, MEREBEVIERR A, iX
] LA F ik s, BB R A St MK E7E S N FE CPU B MR R ER .
Delete( HiEF)

Delete( P, H)#AEMER#EHLE P L/ & X 38 3 B SE AT DecreaseKey (P, oo,
H) ., SRGFHAT DeleteMin( H) 58 M. 24— SR F A ik (AR IE R L 10 ) B, B4
MGG AT BR 2 o
BuildHeap (¥ 2 3 )

BuildHeap( H) ¥4F3# N 4 %@ F/E N AFIRENBRAZ S, BR, XATLEH N
AHIHERY Insert(3E AR R . B TED Insert ¥4 O (1) FHBfE LI O (log N)H)
BT A ], BRI 0 B ST R R O(N) P BT AR O(N log N)BHH
WEE ., TR RIS, WA HAERE T, T HRIE 2 RIE XL BB LI
Ve H B ) S, BRI, BEBREEIRIE R EaT RIR A R A TR EN .

R EEREE N NEBEF UL EIFRARS, RESHERFE W, an &
percolateDown( 7 )T 55 i FIE, FEAPATH 6-14 % 1 B — AR B A HE AV (heap-

ordered tree) .

for{ i =N/ 2;1>0; i-- )
PercolateDown( 1 );

B 6-14 BuildHeap /98 Z 5

B 6-15 F B —EARHETCE R . B 6-15 BIF 6-18 i H4x-H AR 2R B IK Percolate-
Down B — A HBFTER ., 8RB B —WREREBPILFH S, A—1T£
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FREUMLT SR AR TR, B NRE T RA 10 REL(TREC PSR 11—
EMEHL) | SR 20 R ELER -

M 6-16 % {F PercolateDown(6) Zf&; #1: £ PercolateDown(5) Zf&

B 6-18 7: T PercolateDown(2) Zf5: A £ PercolateDown( 1) Zf5

T Hi5E BuildHeap 1 TIS RO S, TATLBRE LK RECIF o X AT LAGE LT M

R 5 R I HORIB R, TR BARARASRE. MM AT HHA R EFA O(N).
EE6.1
1% bl | AN S kb I 2 A = U #E (perfect binary tree ) B 1T 5 B 7 T BO HT N
WAL — (b o+ 1) .18?:
WERR N,
e sy it R B D 0 1 T BEER — 1 A0 2 . BHEL - 2 b2 A
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R — S — PR R PR R R R J— J— R
e ——— e ———— . n
= B — - o

TRAR—BIEREL — ¢ L8 27 DR E . AT 1 R 8 BRI

b"
S= >2i(h - i)

=h+2h-1)+4h-2) +8bh -3) +16(h-4) +... +2" (1) (6.1)
mh AL 2 1838 5 #E
2S =2h + 4(h — 1) + 8 - 2) + 16(b — 3) +... + 2P(1) (6.2)
BB AR R (6.3), RITER, ERHETEABEHEET, Wi, 25 - 20k
~ 1) =2,4(h = 1) - 4(h - 2) = 4, %K%, FHE6.2)MBE T 2IEHE(6.1) PR
B Hie, BB R(6.3)h, HE6.1)PHFE—THER(6.2) AL B, - 5
HETE FFR(6.3)%, RATIEE
S=-h+2+4+8+ ... +22 14 2b=(P 1 1) - (h+1) (6.3)
X FEUFRE T e B
5248} (complete tree) A2 HEAE — UBt (perfectly binary tree), [HEFN 113 B MG R L
HS AR SRR F R, B TSR S 2P 20 T ), R
REXPTRRO(N), Hd N B M.
BRBFBIED) SR XHE BuildHeap 2T S BT A, {02 SERFHFHA
RRTTHERR, MFRA N = 2P ANz eR, RITEANAERIR 2N, R8T L
WERH . BEMAE N - b(N), Hd p(N)RTE N B #HFmER 1 8.

6.4 fAEBAFIRIRLA

A2 ARBIELEAFI T THRE RGP, 7658 9 &, RIVERDNMTIINTA
ST LA BB ERSe B kb, AP A2 Anfar il FRERSEBAF RIS 2R A~ BRI .
6.4.1 &#FiE)@&

RITHELBRNE—aEERES | ERaF P, HHEAR N TITRURE—
ARE L, X N ANTENETURSFEN, ZEFEEEREE ¢ MRAKITE.

{68 Eha i TRAER, BRENSBARREBOEE. BN RERITERREY
AL LMK T B i AR T IR, BELE YT E, BRERMEERNHTR
o ME Y O(N?) . B—ANEEM g 1B, ¥ b DICREA— IR HHET .
ST R IR NE S A B, BRI M RARMITR, H— TR b
phHEE. TS TE N TRE, MR TEX, IRAKE £ ASTEREEZ:, WX H
CEMBMERS b — | A TEEEERKGE L. SRR, 8 e MR ERTRRE
A R BT O(N k). (R VIR & =[N/ 21, IRAXPIFIHZE
#HE O(N?) . &, MTFEEN £, 10T LR A BR A : B (N - £ + DA R
%ﬁﬁ*&ﬁk=[Nfﬂi%t%ﬁﬁ%ﬁﬁm%mﬁmﬁ&ﬂﬁ%ﬁﬂ%ﬂﬁﬁ%ﬁ%,
B bk B9 MEFR R T 424 (median) .

ﬁMEEE%mﬁ¢ﬁE«Ek=rwﬁﬂmmﬁﬁETEMﬁmouvmﬂﬂ@ﬁ,ﬁ
R0 B A S .

®i% 6A
W T EEER, BIERITREEREE b NN R LRE R BRI N T
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— . PR — — ; . i i .

ZIEA DR . SRS LB N BuildHeap B3, F5, $AT £ 1K DeleteMin 845 Mi%
HEfG 2 B CE L ETRITAE R . BER. G U E e PR, FRATTHR AT LUK 8 J5 4 fr (] 25
R £ M ERKMITE.

BOPBE B L #E L i B AR RY . W SR (E ] BuildHeap, 4 55 HE 59 B 541 12 R IR J2
O(N), MHIK DeleteMin BT O(log N)  HI T4 £ X DeleteMin, IR (115 3] &5z f 7ot
MR O(N + klog N). THE £ = O(N/log N), BB4izitif|a ik T BuildHeap #24E, Bl
O(N). MFKA £ (H, BEBITETRA Ok log N). IR 2 =T N/ 27, 20z frif[a] W] &
G(N log N).

R, WEREATN £ = N BITIRET T R B S sEE IR E, A0 AR LR
bl XA SCFLARTE] O (N log NMWETHEF . E58 7 &, R anfbizik, 78— FR
i HEF R, WECEHE A (heapsort) -

HiZ 6B

LFH 2 A, BATE BRI AE, R N ERRMITE. FRIMNERRE 1B A
B TEAT—BT 2N TR TS 2 D RROCERES S, TERT # DILRBEALUE, HAHEA—
E L EN, HnESSE P MERACEITHE, X P TRANITE RS, HE,
S, &S AR, MREHFKCEER, WLRFTEAE S B S, Hat, SHE -1
SN E, CAIRERFEIMEMITE, W AR, ERAL Tt FOTHRE] S Pl
LA, HHRM, EHREEE.

XA A | BRI E AR A, s BIRMER R S 8T £ Tt
23 331 F — % BuildHeap VAETE] O (k) 8 & AHEF , hEE HARITTEMRIE R O(1)
(Kl e RAHEA S)HI BBt Olog k) (TELEEHMER S, H4EAFCE) . NIL, BAYHH]
Ok + (N = B)log k) = O(N log k). ZFH LA MR P AEEIEE T OCN log N)-

e 7 &, JR0T8 B B WEr LISE Bt E]) O(N) BRI 7558 10 37, RITHHRF—
UL O(N) BRE T BRI R Bk, BUA AR UL PR B EIRAFE
6.4.2 EHHEH

3.4 3 WRIHER T - M EEWNHN R, EIERINA—DRE, R, ME
(13035 H 0 BN AR BB £ DAY B AT — D TR . 7 3 5 0 by 4B o A1 R K
pod . MR BT (— EL A 4 5 b et 6] PR R 4% Aot I B )t R At FRATTAY 2 ERTE T (I
%2 0T B 2 A e T HE R BA TR AT BB A SO R G L

T LA A LA L b (O — S, B AR T LUK H B ok, SAMIBG A & MUK,
AT S R R, PR B LR AER 1T AY s FE AR AT ] . R RR T A WITH R
Al UL E RIS TR HE RS R E L L Ui

L b B R A S R K OB N SRR () - (& M E5K, F(D) — (LA 1
2:, Wi — 2 bt .

ﬁMﬂmﬁﬁﬁ%ﬁﬁ%&ﬁ—%ﬁAm,Eﬁ%ﬁﬁ%%ﬂﬁﬂMﬁW%MH%ﬁﬁ
AL R BEF kBT RIHERE . FRA AN L i F-— R o ME B A [R] 7] 2 foli P A i) ] &k, PRZ
h -4l 2 (rick) -

ﬁﬁﬁﬁ%mw~¢ﬁ%%ﬁ@ﬂ&oﬁ%ﬁ%~ﬁﬁﬂ%ﬁ:ﬁﬂﬁ#ﬁ~m£
W, FRAERREA-IRERE. WRA, BE 2 2 (TR S A () FE 44, BB ITRRL

A
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BWAHME BERMAW S BLTE B9 5 8RR & AT, S H

X RS R Y o] LR, & A2 17 B R] AR B 2 s F M B (B L E A P,
BRI AR, TEE LR XARMAN—40. I TEHEMM AREET I, B
B 26 1 BT UR I B B9 T 02 — (millicick ) 35K A P B9 BT B[R] R LA 1 000, &5 R .
AR T 1000 15!

BEXFREEN LR EES - T BRI RERER T -S40 E . MITERFXRE
EHHBIN . FEAE—0F2), BB T —F 4R E QWA T -BENRIA, 8&
Rb)TE—BHARS—BEEIF. & Fol ISR R EBFOFARE, HRITA®
R BOR M E R A W S IR X - .

mREREIF, BB a SR BT E ST POR L B 5 A (BA3Y) A
EERAE BIMIBETESR., MRA, AR EXMBE, SBEAHEASITRER, it
Az & BRI antE], RSN SRR EmE RS L,

MEHFRBE, RARNMEEAFVHMNR ., WRER, AR LI AT FEE
BME(BAF)) i BN, RN EEE—MEAR, HEME R, 8T =4
AEHFEENEHRPE,

IF &R Z AME AT DL — A5, i FRITEERIBEMHEREWEL, &
B ERESHREENEFHESRA—MEENSIF. T—8FE T —TEEHF -1
B TF (Wb B R AN ) s ENEE S B,

MR R EHRRRE R, (BT AEREAERNE, RE C MMEF (WA 2C TH4)
p AR, IRAERIAETHRESSRE O(C log(k + 1))°, EAHHH ML HIFE
#% O(log H), HF H = & + 1 HHERIK/D.

6.5 d-H

BRI R, UETFEILRSEAEGEREATI MR, o3 " SUERE
BHEST, ERR-ATIOR, REFTRE R SEA d DL (R, Z3UER 234,

B 619 ERMBE—A 3-8, BE, IMBEL_UERBZ, B nsert RIFMZITH ]
M O(logy N)o SR, ¥TF KM d, DeleteMin RAEREEZ, FHRARIKT, HE J
AILF R NE ROFIER B, IR, X SR d - 1 I, TR
sfe g FR T ER R 3 O (d logy N)o R d %%, B4 2R P AR 1E 4952 17 B (8] 4 2
O(log N)o BIRIRAT LAER— T4, B, BE R LT RIS R AR AR BE AR A 11
Fd. Bk d B2 6R, BB SKKRMNEFTE R, FYEAEAR L 2R AR
SR T o d-EER FRA®R, FATESFSHE, HEARTLE DeleeMin (R E~
R (B F AR ATRER) . MPESEBATIR KA AESE 22 A EFFRIRIR, d-HEWRAR
I, XM T, d-MAESLLS B RKBOHR KT R EFR. 85, HIEHE B R,
TESCBR A 4- T DARES U

Fﬁ%ﬂiﬁ'ﬁmﬁb‘ind%.i%ﬂ{]ﬁlﬂéﬂlﬁﬁﬂEﬁﬂﬂﬁ;%:%fﬂﬁ‘*&%%ﬁi—ﬁ‘iﬁﬁzﬁlﬁ%ﬁ&

o RIHE OC log(k + 1)) AR OC log EYLLEESE B = 1R MIRAL.
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o SRR A BRAE U Merge(B ) o AFTEVF 2L BIHER) 5 (848 Merge #R4F #9247 W)
£ O(log N) o BAEFNTBRIIE =M E AT A MBAEGW , E01HA B HF Morge #
fE. FRATEHEE I A HER EISE 11 S1he.

—0

o /Jj-\ahh““-

6-19 —4~d-JE

6.6 LR

iR LS R IR B RO SRR A IR ERE (RO O(N)IHE]ZEHE -~ K Merge) T
AR A RAMTREME. FHRET, SHFUTHFEE—TRAE LR 5 T RE T
J:, A F R AN B SEt ] @ (N ), IEFEM N, BT A SR A T R R S
BB B A AT, SEBRh ., ATREFRMFE R (45 P A R e g s b aR s ML
F 2 A 3 i o3 2 B RE B ik ) o

19~ SUBEAREE, £ X (leftist heap) HL HA £5 5 RGPk 098 B, FIATA SR HE
R, AR R MR YR, BRI NICEE R . At A dE TR
Je MR AR M — B0 K IR 2o AN R BEAR S 8 Y (perfectly balanced) , TS5 bs A2
] FAE & A F o
6.6.1 ZEXMERIMR

AT — 4 X A2 % (null path length, NPL)Npl (X )E L MM X B
WAL A REEANE, Bik, BF 048 1 AILFB Y AE Npl 40, 1]
Npl (NULL) = — 1. fEF 6-20 FoRfeh, FEA2 RIS BTSN

M 6-20 FMRRIMEREK, AAZLAMRELNH

L TV ANERRE TR ILT AN TR RN ENMES 1. XAt
HAFEAILFRT &, BA NULL ERERE - 1.

LR TR e~ X, EILTRERREKR 54 L FIERE
Bk [ 6-20 i FUA —HRARE (DA 0 SRR ) i R AR PE T . XA SEBR LA T e R A
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V)R, FAEBARERE TR e 8N, #30h 7 fEFFE R A T S B KR
FRG AR (1 BLSERr B8 T4 3 8E) —RHitk, BOIEE T £ X8 (leftist heap) X4 FR o

FE AR KA TIERAERE, FFUGENMZE. BLE, RALHENAGREHEE
MR R AR, B, ST —RBEEL TN S X HFBUSZEILF . Hat X W an
A AHER MR

EIE6.2

fEAME LS r TTEARERRURELE 27 - 1 T 5

uERe

WA EE R, TR - = 1, WLRELOFEE-IRT R A5, REEX 1,2, ...,
P AT RS, BRAELGKEEE - LAY ARNAERR, i, REFEARRE LS -1
WA TR, URELBZEEELE r DT ABETFR (BN ERARLRR) . XXM R
TR B, BaEERTR DA 27— 1A, i ERY S, TREZNE
FAg 27 — 1A, ERRIE.

M A e 2R, N AN ANAERRE — RO BRERE AL (N+ 1) MR 3
£ HERRAE ) — A B R BT A 0 TAE G B BT, EARIERIER A, 1 — BT A 1E
T, HATERI2 09 Insert H1 Merge A RESREH e e IR . L b, EZHEREIERE K.
6.6.2 AHRIRIE

W A A ARE RS . TR, A RRAIFMRERETE, BEARITAILERHEAE
R B M AR HE B Merge. B 2E, RITEA B — M RIR AR, R504 a0
SeE AR AT % . R ARBAZRE H, 71 Hy, WHE 6-21. EH XKL,
R R A, HE, B/ NRITEERL . BEER . IS G R AT NS, B

TR EAR —MERTRR KA,

Ee21 WAERXE H, #OH,;

BB — MRS R, IRATRATAT & B 5 s B, b T AR
AHE, RNTEHRBENKR, B, AT EA KRR A 5 RA/NRRE R4 F
WA gE . feApld, RATREME H, 5 H, PR 8 AbiAH THSEIH, REIE 6-22 I

bR L I R, TR R X R R S o, R, RATIUAEE A BB
PO TR E R, i, IR EERIE, BUEMARR—RASUR, iSRS Ee s es IRY:NEZ
S F G, XARMRIIGEUE S B AR R BESR B AT e Ab F B R T (R AT — BRI e
sSHEHE), MARA LB, RERIIASSERA I 2EALRARR T X 2 I3
3, RANES 1 Epitie . B, RIMEXHEERN H, g A LT (LA 6-23).
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26

E6-22 ¥ H, 5 H, G FHRSGIFHER

6-23  H, # EH 6-22 F e ARG ILFIER

BURELSE B AOHEN B MR, HE, EARANME, FOMRMATRIOTREN 1
TR A TRIOBRER b 2. Bk, ZRAHERERLEEIN, £d, BHEH, KR
SURRERN. HTFEESE, BEE TRELARN, RILZFREAEL, HREELRit
B, XEE—, RATHEXHRM TR T . 8 MR RMEEIT . AR
W7 LF A LT (B 6-24) HEHBIBAEK, MR T Merge, HEFHAEKEMAAEILF
BIRERSR KN 1. R, MRBREEAER, MAFA TR AR 0, M ARAK
By, SURBENLES, FEXRMER T, BIEUMRELT., BR, RATEFRMRRIARE A AR

23

E 624 A H, MRAJLTRBEIMLSRE
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B AR E B R AR BR T80 Npl(FEE K)o, BEPaERE L(HE
6-25) 5 XMW EMRR ., BITES 4 FELED, Y- cEEHBAT B0 ZXRET,
WERTHREARKEE . BAES LR kB LS A FRRR RSN AEE ., AF0E,
PO AR AL SNHERY Insert 5 MR Insert fF#MAE(BHEMH AHBAERRE), E 6-25 Mk —17
R TR X FRE S —FP 7 8 IR BB A 20 X A BIRRHSIE R Insertl; 75 Insert # 58
— S R AR IE AR . XFERE AR AR R R L 2k, Hy—
Fp 77 2 BI4E PriorityQueue 7 B A48 [0l TreeNode RITEEr, MEBRFTH TH/IME S <

#ifndef _LeftHeap_H

struct TreeNaode;
typedef struct TreeNode *PriorityQueue;

{ /* Minimal set of priority queue operations */

/* Note that nodes will be shared among several */
J* leftist heaps after a merge; the user must */f
J* make sure to not use the old leftist heaps */

PriorityQueue Initialize( void ).

ElementType FindMin( PriorityQueue H );

int IsEmpty( PriorityQueue H );

PriorityQueue Merge( PriorityQueue H1l, PriorityQueue HZ );

#define Insert( X, H) ( H = Insertl( ( X ), H) )
/* DeleteMin macro is left as an exercise */

PriorityQueue Insertl( ElementType X, PriorityQueue H );
PriorityQueue DeleteMinl({ PriorityQueue H );

wendif

/* Place in implementation file */
struct TreeNode
i
ElementType Element;
PriorityQueue Lefrt;
PriorityQueue Right;
int Npl:

625 AR

B % Insert fe— -5 3F EL B FIAbFEE - & e, BT LUE AT I Insert B B2 L0 ARE S L
15 Lo P 6-25 — BRIk SO, H o P A AR B R — G O TR FHEHSE
%), DeleteMin LBEE AL R,

A gtk g PR (B 6-26) 2 — BT LR & — LR BRI IFRIE Hy A B/ SR B
BIAR . SRR A FEIRETE Mergel AT (E 6-27). X, JF bh B P A A A A AN B A
T4 S WA SR A HRIENER

AT A BT R 5 4 B AR MK AR BLIE T, B 2476 338 UF 8 3 1) %o — 1 B VT TR 9 R
TR RS TAER . B, RITEE SR ERIBE S Olog N)o A1 Lo
O R 3 U e SR R A (S AT o A FF P G B EE L R
. RIS RIRFFEHE H, # H, A2 By, eSS W2 LF A FERKA]

O B—MIEREXEFRFAED BE ORISR TR,
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B, AR 3, 6, 7, 8, 18, MEFEIIMW TR R/ER 6-28 . 55 @iy pliHE,
JLF RS TAEE 2 U HE M R e B IR A BB 5 o5 BT, AR 628 Hh, TEW A T M3 —IK
e, SR ShimAER AR, BRI E A S MR, BRFERME. RITH S EE I
B . 0 FR R U o AR A A R A E Y

,-”‘
‘,."1'-‘!
,."*
J,.-'-::
‘fﬂ-

rr'f.'

1%/

& Efr!."

3%/
4=/
5%/
6%/

7y

PriorityQueue l
Merge( PriorityQueue Hl, PriorityQueue H2 ) \
{
$F( HL == NULL ) |
return H2; '
if{ H? == NULL )
recturn Hl;
if( Hl->Element < H2->Element }
return Mergel( H1, H2 J;
else
return Mergel( HZ, H1 ).

)

P 6-26 7 F Ao U HE HY G 2 B R

‘ fx 1%/
/o 2/

/* 3/
/e av/
/% 5/
f* 67/

A

static PriorityQueue
Mergel( PriorityQueue H1l, PriorityQueue HZ )

{

if( Hl-sLeft == NULL ) /* Single node */

else

{

}

return Hl;

Hi-=Left = HZ; /* Hl->Right is already NULL,
H1->Np1 is already 0 */

Hl-=Right = Merge( Hl-=Right, H2 };
iF( Hl->Left->Npl < Hl->Right->Npl )
SwapChildren( H1 );

Hi-=Npl = Hl->Right-=Npl + 1;

B
|
|
|
\
|
\

 6-27 A AR KRG

/628 &3 H HH, FH RS R

iﬁ%ﬂ,ﬁmﬂuﬂﬁEH%AmﬁﬂﬁﬁﬁﬁﬁﬁﬁmmNmﬁ%%ﬁ%Ai%T
mﬁmmmmhﬂﬂ%ﬁﬁﬁ%ﬂﬁ¢ﬁ,ﬂﬁﬁﬁﬁﬁ¢ﬁ%#¢@ﬂiﬂﬁ—&
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DeleteMin BYBHE] N O(log N) . XBTFIFRERE 6-29 FIE 6-30 145 H . DeleteMin 8] LLE A
%, ‘B8 DeleteMinl Ml FindMin. {8 E JEEFH—ES% 8,

PriorityQueue
Insertl{ ElementType X, PriorityQueue H )

{
PriorityQueue 5ingleNode;

/* 1%/ SingleNode = malloc{ sizeof( struct TreeNode ) );
Farer if{ SingleNode == NULL )
FAl L FatalError{ "Out of space!!!" };

else

{
FAN L7 SingleNode->Element = X; SingleNode->Npl1 = O3
/* 5%/ SingleNode->Left = SingleNode->Right = NULL;
A AT H = Marge( SingleNode, H );

i
P Ay return H;

E 6-29 ZBEMEBARRE

/* DeleteMinl returns the new tree; */
/* To get the minimum, use FindMin */
/% This i1s for convenience */

PriorityQueuve
DeleteMinl({ PriorityQueuve H )

{
PriorityQueue LeftHeap, RightHeap;

PN L) if( IsEmpty( H 3 )
{
JE S Error( "Priority gueue is empty" J};
f* 3%/ return H;
'
S oAy LeftHeap = H->Left;
/% 5%/ RightHeap = H-»Right;
S oery free( H );
[ 7%/ return Merge( LeftHeap, RightHeap );

6-30 A FHER DeleteMin {2

B, RATAT LB v — = SO (B ARG EH B M LA O (N) i [ B 3z — 2 3
RS UEBREARN, BEROREBEMETR, FARNGE AU LR 52
Jo M ARG, LA BT B9 P o A (A $4 4R 4 25 5 o BuildHeap HORCR AT LAE 1
IR A TRRE R FREMAEE . %3 P aERI—TRRITR.

6.7 FE

#138 (skew heap) 2o HMEM B EN, TIERBIRE . FHEMAAMERRAR
(o1 (AR A AVL W 936 R o RHER AP 09 Z 30, (B R AN L5 HBR G . A
AFALHE, LTEET ANSHAEKNEMESBRRE. FUERH BRI i} 22 R AT
PUTEK . A, B e s R Ta I O(N). SRT, [EAnf A —He, ATLL
FERI (R 11 2)E 8 M KESERE, BABIRFRETTHEE O(M log N). Hitt, #HEE

Yk B4k (B B (8] (amortized cost) 7 O(log N)o



LA F (38 ) 151

FARHEMR, FHER AR GRS HRE . X Merge BB ZE MY, &K1AY
SR se e MRMRERLE, B8 - Fsh, Bl AR, RiTEFE2ELIILFHEILTFH
J2 72 A HEHE P R O S AR e A0 2 I B & (B TR, BR T XEA R LA RN
BRENZBENOAL LTI, L TR XA st B 78 B R03 IH LB By & 4
RIS, R TEhR ERARNRREREE . AU, iR E A ARG Er, HE, i
G A EERAL LT, BitdT 22 BRI . (ERNBFFF, Py aBa LT, B 98]
WAVARL A ARG ) FHh, AFERFRATRE AR ST A R R A3, BLE 6-31. 2{;0

SN
@ H.

6-31 PEHE H, FOH-

MERM RS H, § H, PHRE 8 L THA I, I ATNTHE A 6-32 F M.

e
f-f’rﬂ\‘_rzhh‘h..
—
e
T i
' ?\r-f“’f -—-._hrl,all_r
}_.:\ '\-\__:-{k“..
;/ _ ™,
.-/E‘ |}-‘-:—"-“. I8 V:_ﬁ
N (N — —
4o /
FoN {
ARy O {33
1'\._./"' .-”I '\____,'
/

632 ¥ H, 5 H, MAFHESIHMER

LR A S LY, B, ARGEE IS S AR 1.3 1) RATA SO B2 A
. AN HERETS R AR . A A BRI B SR A BB AR Hy TR
LT, i Hy 818692 JLF R T4 LT (ILE 6-33).

R R, BRAS BRI SRR K 15 AR TR

oA o AT @ 2o et HE IR RE JE A e AT A HOBRAE . B ORABR IR, BRES RO W S SC e
piA A S LFRL LT 2 LABIF2 R, SHETHREE: AT B LA R
S A ST AR E 1L T 2B, FI B ACR R E R [ B A B R (5 201]
LR T R BT LR ) CUBRS)  IX R A IR AR R 5 =

O SRR AR TE 4 —HE (B M R R RS AR AR R e R B R A Rk R TTR
e b 8 R — B AR L LT AP 230 4515 3 &5 8 1 iz MRS R
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B 6-33 SHH4BEH 1 H, mER

FHERSTHEEGS . B, BNABETRMRK, LG8 IRL A fEH T8 Z 1= H]
Mk, BRIy EERERATHZM, RBEA — MR, BT Z M0 a0 = 8] R fr B 2
TR A B AN B A 5 o i S e L F o WA A SO AR O EE A0 A B AR KR — 1 1
o S L 04 10 B (J5 & O BETE R M) o SRR B H 0K B B 0 V- 8 15 B M B 0B R 2 5 RT E
ff LB AR AME

6.8 ZTPRAZ

BRELSHMBIEEBWBRIELEY O(log N)BHE], XFMMEZFET EH. EARN
DeleteMin, B0 B S M4, BAIRAVAE, 3G ERETE 5% PO it ] 3 1F
WA . ZIRBAF AT X =R, B KIRIER BIMFIEE1TRIES O(log N), il AR
VES-E5 1 2% % B a) .

6.8.1 —IABAFI&H

=3 FAF) ( binomial queue) REITFRAE LB R ITANANIIH LA ZLET, —T2M
BABI R E— R R, TR S, PN Ak (forest) . HEFR G —RERALR
EIEA, = (binomial tree, JE B RRLHWHREBRK). B - MRELEST
(1R — I BN 0 B TR R — AR AR RN & W IR B, il iR — AR IR
B, _ MHER) S B0 B, - AR L. B 6-34 B4 TIM By, Bi\ Byy By KAX Byo

W\Qﬁ%
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MEHFED], 0 B, H— T4 HILF By, By, ..., By (WHREN. SER £ 6950

BRI ATA 2F AT, TTETRHE d ﬁﬂﬂ%,ﬁﬁ%ziﬁﬁﬁ(z)n AR THE R P ] — TR

LIRS E LR EH RN, B ATRNTAESE H W RO SRR R R/
(PR SEBAT . ilan, K/NH 13 @IESEABIAT LI BRFE By, By, Bo #e. RATA] ALK FR &
ARER 01, BRI TR FR 713, i BRERXFEN R 7 ERRRT, B;, B,
B, B8, 1 B, Uk Z =

fE R, R TCRELIAS Al LiZon K B 6-35 HEAR. 203]
6.8.2 ZTARAFIERIE

i, Fe/hIT el LLE A R BT AR AR R . B TR EA log N BRARKH, Kt
/TR LARHE] O(log N)HRE], 535k, WRFATICHE 2 i/ T 78 FU AR A1 390 ) 2 L ief BT
., M AT AT R 8 /N TR B L O (1) B AT T IR AE -

MR IS RS B RS B, AT B i . IR 0
BAF) H, Al Hy, EFTSIAAATHEDICER, LE 6-36.

FOFERAERA bR A AT E — R R TR . & Hy M TS T H,
WA RS 7 0 BO TR Ho A, BBCFRATSEA H, R 0 89 ZIURME S Hy 9 —F85%
SRET, TR SRR | BRI, T Hy B H, ARA BN 190K, (RE3AT]
AT LIRS 1A, AR/ AR B T, DT A7 8 100 2 I TR, DL 6-37. X
BE, Hy 6 0A RRRER | 00 . BUFEAF7E RIS 2 00K, B H, 0 Hy JRATHY P
A IR Sy b SRR — BRI L TR BREEED 2 M THURRE] H R, e
¥ HCAR A R, BB -AREEE D 3 B TR, BT Hy R H, BB RN 3 B,
% T IR Hs 89—884), BTSSR, RIGH RN IIATIAIA 6-38 Fras.

65 (65) (18)

# 635 BAENTILEMN M 6-36 A~ IEAF H, M H, & 6-37 H, #i Hy
TR H, B, B4t
® & B
@

B 638 —IAEAFI Hy: 30 H, f1 Hy MI%R
1T L {0 A B A S L o A 3 P AR TR 3 4E 9% RCRT I i & 3t 77 1E
O(log NIk, B HEBIKFE TR Olog N)- KRR AL, KAl
5 B4 0O R HOR) $ BE B HE R 0 ZITBAS 4 SR (R e 2 1R TR AR RO 1
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AL Et R BIENE, RITAEQIR RN AW HRT— K&, X
R R EiTo AR R O(log N) . SEXER I, 05806 Bl A IR LA
AGIER B/ TR B, I aBfratiEs i + 1 I, #lan, H(HE 6-38) 8t/ A
1 R, BB ABHETRE MK, & F WS R BB EESR 1/ 2,
FRRAITBIBBALEMEFL L, Wik, FHna a8, AU, s, s5—4N
R 28 B9 I BASI AT N IR Insert ¥ L R BRIAWIEATIE AN O(N), FEE, RAN - 1
W LB R A AT REHEAT I ERAE s RITIBEEMESL,

Ye—4~61F, FRATAE 6-39 1A 6-45 FEaELKFEA 1 2 7 R —1ZI0EA,
4 BIE A B —FIRWISE. BRIV 4 5 B, &3, BR—-WFNEER 1 W, RIGHEN
5 B, &3, BR—MEER 2 R, BRFNEIS ., RIEXEHEE=L(PIRMEH
IR A 7 UEHT —KEAXE— T HEE, BREZKWEIHRE,

o % % D%

B 639 FE1HAZE HE640 H2HAZE E64l EIBAZE Hed2 EABAZR

: g T

Hed43 HESHEAZRE Hod44 ZEOHEAZE M 6-45 TETHWMAZE

DeleteMin AT LU 3 2 2648t — HLELA /MR A9 IR R SE R 2 FMN By, LRI
HRSEBAEI N H, RATA H BRSO Z b 2 00 B, , TEBGT I UM BASI H' . BIRE
B, (9#, 183 By, By, ..., B -1, ENBFEBRMEENRS H' &3 HHH,

BAEEHR,
Ve R BT, WA H, 17— DeleteMin, ETEE 6-46 xR . B/NRIRE 12, B I IRAT

B5IE 6-47 FIFE 6-48 FRBAEAEG H M H' . &3F H M H 828 = BAFY B S 8
e LB 6-49 FiR .

II_:,.'@ @

B 6-46 —IREAFI H,

| ® O® @
r O D !
) ®

A 6-48 —HBAF] H': B&#% 12 ] AY Bs

W 647 —TAFY H', @& Bs 5b Hs FRTH B W
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S — S —— P

&)
Yoa Ba—e

65 (65) @ 16

& 6-49 DeleteMin( Hy ) #9458

HT T, BRHER, DeleteMin VR IE WA -2 R — . & A R/DITEBIR I
G BAT] H # H AL R 8] O (log N)o A IFXFABAFNXIE®R O(log N)IFIE], Hik, #4
DeleteMin #EE T EFA] O(log N)-
6.8.3 ZIRAFIRIKI

DeleteMin #:4F % BHGE R BB ETA FRIMBE S, Bk, %52 — MR MPRERR L
BN S LFEEE - MR, MAE T AERE - REERE - DILF(RA
TS AT . IR VE R TR . L F R ST TR AR/NMIEF . BT ERIERE SR A
oA B RS, YRR A R, R s — R L F 8N B 5 — BB Bl T ROBRE
B R R AR TR, B, DL/ A 7 AR R e A BCR . LA, JRATTA
BESE A7 20 M A 5 AE T ITURE T2 36 R —I0BAT . IR BA S A IR A

M. TR E- T AREEEE. B ILTFURA RS TR E LU

MW T HES
& 6-51 S a2 6-50 i —IAS . 1 6-52 fBn IR T s R R

e %‘O

E 6-50 mAEFEHE IRAR] Hs
T T 1

®

B 6-51 AR H, BiFEm AR

BT AR R TIAT], Rl E S ER A BN FRRER /N IR B 6-53 47
T~ T & JE B S AL R . A 3 IR OB ITRE A, L 6-54.

TR Merge VR0 M M ST H. % BB H, W Hy 436, A HERMA H,
s Hy. 1EIT BRI AL B BB | WAREER . Ty A T, SE R Hy BH, oF
Gk T Carry B0 L — 78R BOM (ATRER NULL). W T, f77e, BA!! T, R 1, &
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R

J—

My T, 20, SFHAMRBRIM, XFFEEN  URBER + 1B Carry B TR Y25 R IE
AR, IR BARE T 8 Mol fEETE P AYE—FP . BB MAEL 0 TR B A WA S Y
RGHE. BAILE 6-55.

—I5BAFI ) DeleteMin FFE7ER 6-56 P4t

LB AT E /N E O AR, FRATaT LU WA S T B 3 HE — U i R A
EbRME BIERAE , N DecreaseKey H1 Deletes DecreaseKey f&—1X PercolateUp, I1$IRATH —
A B A A E B E KA, B4 PercolateUp A] LIEt[E] O(log N) M. —KIEEH
Delete A PLiE 1 DecreaseKey F1 DeleteMin LARS[E] O(log N)&5& i 5 i -

typedef struct BinNode *Position;
typedef struct Collection *BinQueue;

struct BinNode

ElementType Element;

Position LeftChild:

Position NextSibling;
b

struct Collection
{

int Currentsize;
BinTree TheTrees[ MaxTrees ];

h

B 6-52 ZIBAF| RIS

® Ym0 98 ®

B 6-53 &P IR

/% Return the result of merging equal-sized T1 and T2 */

BinTree
CombineTrees{ BinTree T1, BinTree T2 )
{
if( Tl-»>Element > T2->Element b}
return CombineTrees( T2, T1 );
T2->NextSibling = Tl->LeftChild;
Ti-»LeftChild = T2;
return T1;

B 6-54 A FRRER/ NPT Z R o B3R
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/* Merge two binomial gueues */
/* Not optimized for early termination */
/* Hl contains merged result */

BinQueue
Merge( BinQueue H1, BinQueue H2 )
{

BinTree T1, T2, Carry = NULL;
int 1, 3;

if( Hl->CurrentSize + H2->CurrentSize > Capacity )
Error( “"Merge would exceed capacity" );

Hl-=CurrentSize += HZ-=CurrentSize;
for({ i =0, 7 = 1; j <= Hl->CurrentSize; i++, j = 2 )
{

Tl = Hl->TheTrees[ i ]; T2 = H2->TheTrees[ 1 ];

switch( '!T1 + 2 * 1I1T2 + 4 * 1iCarry )
{

case O: /* No trees */

case 1: /* Only H1 */
break;

case 2: /J* Only HZ */
Hl1->TheTrees[ i ]
HZ->TheTrees[ i ] =
break;

case 4: /* Only Carry */
Hl1->TheTrees[ i ] = Carry;
Carry = NULL;
break;

case 3: /* H1 and H2 */
Carry = CombineTrees( T1, T2 ):
Hl->TheTrees[ 7 ] = H2->TheTrees[ i ] = NULL:
break;

case 5: /* Hl and Carry */
Carry = CombineTrees( T1, Carry J};
Hl->TheTrees[ 1 ] = NULL;
break;

case 6: /* H2 and Carry */
Carry = CombineTrees{ T2, Carry J; |
H2->TheTrees[ i ] = NULL;
break;

case 7: /* AVl three */
Hl->TheTrees[ i ] = Carry;
Carry = CombineTrees( T1, T2 J;
H2->TheTrees[ 1 ] = NULL;
break;

[
= -
= kJ
=
—
-

b
}

return HL;

@ 6-55 SHmAEANRTHHE
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ElementType
DeleteMin{ BinQueue H )
{
int 1, J;
int MinTree; /* The tree with the minimum item */
BinQueue DeletedQueue;
Position DeletedTree, OldRoot;
ElementType MinItem;

if( IsEmpty({ H ) )

{
Error{ "Empty binomial queue" );
return -Infinity;

1

MinItem = Infinity;
far{ i = 0; 1 < MaxTreas; i++ )

if( H->TheTrees[ i ] &&
H->TheTrees[ i ]->Element < MinItem )
{

/* Update minimum */
MinItem = H->TheTrees[ i ] -»Element;
MinTree = 1i;
}
}

DeletedTree = H->TheTrees[ MinTree ];
01dRoot = DeletedTree;

DeletedTree = DeletedTree->LeftChild;
free( 01dRoot )};

DeletedQueue = Initialize( );
DeletedQueue->CurrentSize = ( 1 << MinTree ) - 1;
for( j = MinTree - 1; j »= 0; j-- )

DeletedQueuve->TheTrees[ j ] = DeletedTree;
DeletedTree = DeletedTree->NextSibling;
DeletedQueue->TheTrees[ j ]->NextSibling = NULL;

}

H->TheTrees[ MinTree ] = NULL;
H->CurrentSize -= DeletedQueuve->CurrentSize + 1;

Merge( H, DeletedQueue )};
return Minltem;

M 6-56 —IEAFIAY DeleteMin

BE&

e —2 | RIE ZBEFISEBAF] ADT 94 Fi S8 1k A0 g . brofl ) — SORE ST
FRipMBEBERATRERN ., EABER, RHEHRMMN=E, BASEHFEE0
FIHIBRAE o

RITHET SIS IR, KRBT =LK, SHHAHBEIZL. 2RI
IR e B B S S, AR AR 60 W4 N ) — R B E BRI . ERATEA
B, B AES 11 BT, ZWBABIRM, QA R AR AR A B HIR [ 5

R (1155 E B SEBAFI B LA FliE . AR RS TR BRI B RATRAESR 7.9 M 10

EHKEHENMMA.
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6.1 #IHNTH FindMin ##t DeleteMin pREL . #21E Insert HI#E{E FindMin #B8E LI # £
[A] S B 2

6.2 a. BEH—K—"THK 10, 12, 1. 14, 6,5,8.15.3.9, 7.4, 11, 13 12 i AFl

— IR RSB R RS R,

b. T (i AR IR 5 AL o 2 P e ) B AR 0T — > T UHERI G R .

6.3 BHTE EHEZRTMEHEDIIT 3 K DeleteMin SRAERIEE R .

6.4 HEEXHEP T FIEMFIRERRBT F IR G,

6.5 HHIHMEL - TE HEP T T Insert, DeleteMin, BuilldHeap, FindMin, DecreaseKey
Delete fil IncreaseKey 58I

6.6 TEE 6-13 KR FLE DT LT

6.7 a. WFPAXTF W HE, BuildHeap 2 F LK M#EFT 2N — 2 K HEL.
b. iEB 8 ST E BYHE u] LU i T £ 69 8 W LEETH A .

« v, HM—PHE, FHl—;N FO(log N)WRICE HR 4~ HE.

6.8 FB, FE—KMSELHE(RATLABIR N = 28 — DPEE & D/ o W B L
log & A5,
6.9%a. B —EBELAEH = /N TFEAME X SR T s IRIBRIEN %A
O(K)iafr, Ha, K By a%s.
b. YREVE LR LY R BIA 8518 1 AT AT b e 45 Hg ng 2
co. I ANEE, EERERRY 3N /4 B T SUE PR R X
e 26,10 BB AEHE, B OM + log N loglog N)HERE M A7 sidfi AZIN - ICERY
e, AR ET(RLA
6.11 HE—THFWA N TMUEHA
a. WEf—1 T HiE AR — T HEP
b. VAR #ER [ B S — 4.
He s B A B T EHET . RF L BB A Bz T
6.12 H/ DeleteMin BAETERIMETL T 2log N K HAE.
va. BB} R (E78 DeleteMin #:4E R il log N + loglog N + O(1)KITRIH]
ML, XSRS ERE R NEERD .
v b, T RARTE(a)Z 4 A F7 L 18 LUARFT log N+ loglogiog N+ O(1)IIEHL.
o+ c. PREEEHX TP AR AR L7
d. 76 H A4 4 T R B FF B BE 7 AMZ IR B B B8 I R 47
6.13 ME 4 d Wt — B g, BRANAITAE ¢ B9, HAC R L FERTEMPEL?
614 F—A dHEREEHTAE N A TTE, TR ExHMIT M K PercolateUp Al N N
DeleteMin.
o, F M. N fld 3780571 $IE R B A E T I RE 2007
b, W 4 = 2, B i HERERE TR E R 2007

b
[ ]
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FoF

c. B d = O(N), BRETTEEEEZ /D7
«d. Xt d YEfH Ak ¥ &/ NME B A)E T a7

6.15 F v — K3 (min-max heap) & X FFFFIEEE DeleteMin F1 DeleteMax ) %8 45

I, BARERR O(log N) . Z&5H5 = XXHEMRE, At, HEFHERN: T
FEEERE FEEN S X, A7 X LSRN TERNIOGRERATERNHE
LOXRAEXH), X FHAHRELHEETR X, F#E X EHXBFRTE
FIXFER/NTEMEKL, WA 6-57.

®

) )
(5 @ (@ )
@B ®® @6 0 @
HEE@EE®EOOOE

& 6-57 &b BE

a. Rfi1anfar #2215/ THIE A IT?
«b. BH—IEEE—F T EEARIZERD - BARMEF,
wc. BH— AN EHERIT DeleteMin il DeleteMax.
v d. WREES DAL PR ] e sr — /) — BORE?
. ve. BRATEELHHRIE DeleteMin, DeleteMax EA & Merge, 18— AR A LA
] O (log N) X F¥ET A HHR1E .

6.16 &3E 6-58 FHFHAN LM,

P 6-58

6.17 EHikFEEas 1 815 mA— MR E MR T HER
6.18 TEFA TR LSRRI : KT 1 B2 - LFHAS RS

B AR, B4 B — R AR -85 (perfectly balanced tree)o

6.19 & — 4 R EARHE B ARGT.
6.20 a. 7= 2 HERE & A B X ¥ DecreaseKey?

b. SERIZINAET TR L (R AT REAYE)?
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6.

6.

6. 30

21

MAE FCHE A — > O R B AR 5 0 — oy i 2l I SR B . BMIRR — YA
HESHbRC M g ER BN aT . 23077 — FindMin 28 DeleteMin i, #pil Ry
R B A AE DI EE R ()R8, DR A M Y e 0 20 48 S o i B EL 5 52 4K 39 S B
A fL/NIT, X T RERS BRI BRI b — L TR W s . TEIZ T IAEF, Delete TE %
— A7, {H—IK DeleteMin Y FindMin #9585 A4 #1 T # (500 B b0 A9 779 5509
A I E—IK DeleteMin 5% FindMin J& 8bRi2 81 S HLEBERT ST £ 4,

«a. WERIN{EI L Ok log N)BJIE 4T DeleteMin-

« b, B —RhEEE A, g T IERE AT DeleteMin fIRSRIR O(k log (2N/k))-

.22

.23
6.
.25

24

.26

FATT AT LALAZR P B ) 3 A U P4 T BuildHeap #24F -

EENTE SRR Y AL

MM, AT X SR B — AT, ZfE, bR HERBA, B EN], PG IE

gERABN, HEIASIR BTN

a. IEBIZEEERINEIE T O(N).

b, A4z EE TFE PR AR

A HE 6-58 REIB AR,

B sty | B 1S HOF AR RER ISR .

EBF ARG RS A R . R R 18 2F - LIRKFEAR— R ie =
(9 pkHE | Bl 4085 I8 B — R B4R S MR (perfectly balanced tree) .

(i FRARHERY — SUMEEE T LA T — > N DL EMRHE. IR S 6.22 F
R B R FERY S 3 h - F TR O(N)s{THTE]?

JEBH —J5 B, YA I By, By, ..., By - (JEANHRAILF.

EMI SR & IR d ﬁ‘(i)’i‘ﬁv‘“.&’—m
I 6.59 PEY P ST B4 3

(13)

@

q 6-59

a. UEBR; Wﬁﬁﬁﬁ%’&@:mﬁhﬂlﬁﬁ N K Inse

O(N).

@ 12
(i8)

re S SRR T ) 2 A7 ) R

b, B ANEYORESIE N RN TS, fETRERERSMEA N - LKL

o
vo. BB —ANEE, BOM + logN)EREEETT

TCE B IR, uERRR ISR

afEps M T EEASIN D

6 31 B AR B A AR 52 Insert #4E . A B Merge.
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6.32 XFFZIipASY .
a. B Merge(H, H)R 2 EEH AN B3 LHE EXKE .,
b. IRE H, PEAWET H Carry W NULL, B Merge BB LA L5 3F.

c. B Merge FARH/NEIR B BE FF BB RBIN F
«#6.33 BEARNE I R AHAFENGWESHRBRMR REOR ., RITERE

HAEERE R O(log N)BHELIEIMFIER AN O(1) K A7
6.3 REFZET, BIEFHEESALER C Y, 2y i3, ..., in, BN
B ow, wy, wi, ..., wyo RERELRHFARNYREEEXR, BE—&FHAGE
HEHSIHAENEY, TEEFERARELHNETF. N, /5 C =5, aailE
2, 2,3, 3, MIRATAT AR S F LR,
—fRi, XA RIMEEE, BACHNAERARRTE. RE—1ERF, A%
i1 S5 BT 5 & T (R SRR -
va. BYRHMARBBEZHERNE—ITETFHINRBRARTHAEEHN AR
FRE— AT . GBS T KRB EEEL 38T, XAR
RIS R. )
b. EYMEBAMEEERERPVETH
co. MR ABBAENT XA RAEREGRBEHET .
e vd. EEHERE A E DR Y % R HUSEHEF T2 REIS BIRSR YRS
6.35 FRITEERHIEIE DecreaseAllKeys(A) I B HE MG S RGEH % . RBEREGRE
 HER BT R AR T E R & A, TR e R A HE I SE BT i, RRERT
e B p e, T E R R E AR EA1AIE 178 B M DecreaseAllKeys LA
0(1)B47.
6.36 XFEEEE AP B E AR [ 57

S 3K

— W ATE[27] R . G T AR R A [14],

BRI TF[19], £ M H Crane[11] KR BIFH7E Knuth[21 ] k. FHHEH
Sleator #1 Tarjan[ 23] H €], —HBAZ i Vuillemin[ 26 1% B ; Brown 24t T 41 f4 B H1 2
PEBOTFST, 38 EE T S BN EAFE SR PR (4.

%37 6.7(b-0)BE[17]. %3 6.9(c) B (6], FHIMAKY 1.52N Wit EE = Uk
B e (22 AR . AR A IR (26 6.21) & B[10]. %5~ 6.33 Y — e A 2 AT
81 E.

B/ - BAHE(% 6.15) RRH#AR R T [1], R e HAE B A B S BRAE [ 18 FI[ 24 ] 7
g AR 46 BA 31l ( double-ended priority queue) [ 55 #h — 26 F 7R JE A /& deap 1 diamond
dequeue, YA F(5]. [7IFI9]. 55 6.15(e) B ZE[ 12 1M1 20] P4t .

b b A5 R AR S BA B 7 1 i 3 I TR 32 HE (Fibonacei heap) [16], AT FES 11 Top
e IR AR AT BB O (1) BT AT, (EMERBRAF AR O (log N)-
FiHE (relaxed heap)[13]?5@1&%%%7%‘“&%*&5]9‘]5(Fﬁ%#ﬁﬁ:‘%)n (3] AR R £
Vi) 18 B B AR B BIA R TE 57 5 b Fih A R K ST B 7 ¥ 2 X M (pairing heap) [15], EHE
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ternal sorting) . S TEAR SR TITIE.

TRATTLE 9 B HER 4 Ao i

-ﬁﬁmwﬁ%mﬁmunuﬁWW g AHERT
R A R HEIE (Shellsort) . EABEAERE R, L o N-)igfT. HELEPHE
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o (] HEESEEE AR O(N log NBYHERFEB

o (Tl FHAYHERF AT B Q (N log N)IRHE

AT A By B R U S RER L XS s e R M A CR
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a9 2 JF ( comparison-based sorting) .

7.2 HEAHEFF

7.21 B
e py kg 2 — — R 35 A HE A (insertion sort) - WA N -1 #4 ( pass) VHE -2

WOAFTF P =1 B P - N - B, i AHIERIENALE 0 BB P AT R A HFRAE
WG R T XA . PR o BE P b cERECHEFR. E I BoR—1
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| o #0864 st R 2 | BN |

|
il o\ 25 8 4 64 51 32 21 1
" TEp22iE 8 34 64 51 32 0
| Ep=3 2k 8 34 51 64 32 21 1
i bl T 8 E T S 64 21 3
‘ GpsSziE | 8 21 32 34 51 64 4
71 RS A IE AR
r_J void
‘ InsertionSort{ ElementType A[ ], int N )
i {
i int 3, P;
{ Element Type Tmp;
\,.r‘*l,-" for{ P = 1; P < N; P++ )
| {
Jr 2%/ Tmp = A[ P ]:
\;ﬁ}*f Fgrﬁ:j-F;j}U&&ﬁ[j*1]:‘Tmp;j")
I!‘*4*r’ Aljl=A[F-11
/% 5%/ AL 31 = Tmp;
} }

72 HAHEF AR

7.2.2 BNHEFRSH

o T IR — N ERTET N Wk, WA AR A O(N?), Tl Hix 4~ 52 i
B, DN ULST RESR A BT LA ENZ A FekiH A3 F P gk —ME, 3 4 1TRIBURE R
AT P+ 1 K. XEFAR PoRA, 33 B2

NV 224344+, + N =0O(NY)

S, R ARES BUEHE, P2 O(N), BRAIE for FRERAIRLILE,
By BB AT Lk BT F, IR A LR GEAR B L F— T i 3E 30
IR 206 AP EFT AR, hTF b2 R A, BIEHERIIELETHIRITN
. SRR L, R R LA R, FAREE TR O(NY), IR T 1T

7.3 —EERHIFREENTR

BT B AL A3 FF (inversion ) I FE B P R A MR i < BA[i] > A[j 8P
f%AhLAUDQEL%%%%**ﬁAﬁﬁﬁh&6&5L3L2wﬁ9¢ﬁﬁ.wua
R). (34, 32), (34, 21), (64, 51), (64, 32), (64, 21), (51, 32), (51, 20) AR (32, 21).
B, X IE IR EE A AR GEEER) PUT B T HIREL F SRR, B A M A
s S HE B B MR AB TC R4S BE T BR— T T fi— A HEd AR A N BTEETES
Uwﬂﬁﬁﬁﬂlﬁ,@%ﬁkﬁ#%ﬁﬁﬁﬁ%ﬁ%rﬂﬂ*ﬁ*fﬁﬁﬁﬁﬁ¢ﬂﬁ$
¥ FRE. ENFEE ON), NHEAHER AR EHETT .
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AMEEE TR E R ASAEE) . FIRZEE. 300 ASR RN N 4
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EIR 7.1

N SRR A T R NN - 1) /4

Uk BH .

STREMERER L. SIERRFLR L ERPRRFRE 21, 32,51, 64. 8. 34 %
B AP EERABA (e, v), Hoy > o B HBE L ML Zh—1, widas 2L
—NHE ER L MEMRIFEL PHEEOEMIN(N -1 /2 Wi, FyEfiZE
-, B N(N = 1)/4 TR

XA E M S E AR oy, et I T B A Ao E R B Y-
MRMAF R

EE 7.2
i L AC i R AR T R T HEF AT ] 3 R T (N A
uE AR ;

IR E B R B N(N — 1)/4 = QON7) . R g HEb— P, N
Q0N AL,

X B A1, e AN O 2 S8 A 2R T R 2 gl AHEIT ARG i
FLGH I8 S s HE Ty R £ HE 1 56 B —Se ) A S0 . Al S BL IR AT X
PR, b, R T T HIAR T E e e HE IR B R IRsE R R I B
L ARRAE . ERNIE, XU ELEES EOEARESOA R Y. BRI TR A Aav ki AE
WA, MR PR R E RS
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HEAT. iR T A IE T, E R R A B B AN 1k — N

7.4 FHIRHEFF

7y VHEIF ( Shellsort Y19 24 FRE T 8 %2 W] # Donald Shell . V% 15 P8 R 8 (8] B [
M8 —MEEZ —, A, BNERMSEEI, g 78 TFEL AU g 00K [E]
W R R, Tt M — s (] PR Y T F R LR o 88 L BT A A i R B Rk
T U TEE) PR AR TE R MRS — B i o T A L T A7 e
N {8 45 +)> 3% 3 3E A ( diminishing increment sort) -

FORHEEE R — S by hae ooy By, MU E A5 (increment sequence) . REE i, = 1AL
fo J G P VBRI AT AT, ASid, A5 Eei B9 b S A — g R A A (g TR e X
A fe (R h, I — B, TR R AL = AL+ R (XY
ST BTA HIBR e MR BT SRR SR - HEF (heesorted) B9 A0 14
7.3 4 g 5 B HEFE S B R A R HEE A — N R R (R B AGE M ANUER ) L
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di, 4 b, — HEFFEIVE AR AT Ay DS AT BALIA T AR AHER . IR B A A HE
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void
Shellsort( ElementType A[ 1, int N )
{
int i, j. lncrement;
ElementType Tmp;

J* 1%/ for( Increment = N / 2; Increment > 0; Increment /= 2 )
fr 2/ for{ 1 = Increment;, i < N; i++ )

{
Jr 3%/ Tmp = A[ 1 ],
Jt 4% for{ j = i; j »= Increment; j -= Increment )
/% e/ if( Tmp < A[ 7 - Increment ] )
/% 6%/ Al 7 1 =a[ 37 - Increment ];

else

FAY LY break:
/¥ 8/ Al 3 1 = Tmp;
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|+ 243+4+5+6+7=28; B, Ef5—8iHEFR 1L 2840 2 Z AT fa] .

AL TR B R OCN?) LIGSRAGEN] . WITBIE 22085, A 8 b, 60— BEHE I ol
Iy DX N/he DTCREEASEFAR. i TRRAHET R U, R — T 0 7 52

Ol AN/ ) = OON/hy ). ¥ETA & 8 HET K F0 25 5 S A8 G(E;_,.\":f’h,-} -
OUNZNT 1/hy) o TRk el B A — A LT, JEA B 2, %R b 9 Sokomt e
o= B, 300 17k < 20 TR, RITERIEMAR O(N).

e I
By 19 2 103 11 4 125 13 6 14 T 15 8 16
s HfFE | 1 9 2 10 3 11 4 12 5 13 6 14 T 15 8 1A
E#ﬂﬂ‘r—ﬁ\ 1 9 2 10 3 11 4 12 5 13 & 14 7 15 8 16
fE-HFEN | 1 9 2 1003 11 4 12 5 13 6 14 T 15 B 16
:ﬁE]_-ﬂsjw‘r;ﬁj 123 4 5 6 7 8 9% 10 11 12 13 14 15 16 |

i

H7-5 BARFEROFRAFORETIERS M 13 106)

AR RAEEE T, X RS E K, FIE/N IR AT RER W R/ Hibbard
b — A ROR Rl RS, SrEEE T GEEEIE BRI E R ek EEw 1.
3.7, .0 2b— 1. SR LR RMRE R, HXEAX RS REA LM T
T £ 30 15 S 41 B (8 FRLX AN 48 B 9 B A R HE I A R T B v ], 5 AE BT AH WH K.

T 7.4

i [} Hibbard H9 60 7 R HEFE B9 BRI s AT O(N 7).

LERA ;

BAITAUERA R T RAIEM eSS . X MIEY R R HE2E0E (additive number the-
ory ) VR AR BT R O 2E . ARREARIE T XSRS H TR

FIETw—HE, M E#, oA 156 B B A — B HETF B35 AT ] (9 8K 5 A R F. X
T h, > NVRE R, RS AN EHEERERF ON/h). R N AT T LA
1 ST, T RK, AAL. EWE, o AT 700 200 F T X 4 R ) 2 A R 60 X
FeAdi9s RRATEEEMME, M TFME P EITEICE Ap, HERAT he- e, SR
AR EEMTE P MAREKT Ap.

s ST - HEFERE, FATRUE T AR heo - HIT Rl Ao FHIFRY T 1E e
HOIEWLN. 2B P RIP -7 AR LE, B i<<P. G Beohy . B b, BRI
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28K AP - il < AP AUk, B i ATER A, b, SHIEREAS (LHERE
e, atf AP ~ 1] < AP, #lan, M3RAT18E4T 3-Heeed, U &0t 7-3F
FFRIS-HEFR T . 2T A7 f1S BERMEH A 52 = 1 X7 + 3x15. AL, A[100]A4
AREANT AL152], AR AL100]<<A[107]<<A[122]<<A[137]<<A[152],

BAEE, hyor=2h o+ 1, B Ay (B by LB ARTF. EXFEIET, TRGEMH, £
FlChyoy—1) (hyon—1) =8h7 +4h, —FERMBTERBETLARN by (50 by LA S
(MATKRENESELER) .

LA R, B 4 FTH) for THFRANTTIX e N — b, (VB FEE -1, BEZHIT 8hy, +4
=0(h K. FEREINNGIE#HEB T O(N) -

FIF A2 — L R R h, <V NOOELHEE r REE, 2 B msiadE

172 142 i
O(XINm + >, N*/hy)= O(NDJhe + N* X5 1/hy)
k41 bB=yti2+] k=1 k=172+1

B g T A~ FAR S SLAT RS, FEH hy, .= O/ N), Bl FR RN

= O(Nh, ) o(il): O(N3?)

{5 ) Hibbard 38 19 7 R HEFE V- H 1 8 170l B AL 45 RE0A B2 O(N), 1
Bt A HEREIE I IZLE R . Pratt EEIEH, O(NY ) MRERTIIZMERF.

Sedgewick i TURMERFE S, H BRI iEF70d ] (2 W] LIAFIRY) A O(N*3),
T X e R A 0 E B S A TR R K O(NT0) . BRIRFFIHGH, TESLERPX P I Az
7% Hibbard B8 % , RAREFREIFFIIL, 5, 19, 41, 109, ... {, EFFIH0E
94~ Q.24 |, MERA - I 20+ 1, DK X ) B P AT LU ) 5K
BI%E . AT ] RESL I TR TE AN B B 15 RE S XY A R HEST IRE 1T B[R] 45 h oKy
VE, HE XM R SR R S RO A TTARIERY

* T 2 RHEE ARG LA R ., EOFERSMAS A b— R E R H ER
RAAE AR, ARHERRE AN A H AR RILE A8 BT — T B

AR HEE B M RETE SO B P R e 2 T AR AZ Y, BME XS TELATITE N hEnt. 4
T 5 A (B A R o o HE b K R B A B £ 1 R B

7.5 HEHERF

U 6 EEBIRY . (EASBAFIAT LI F LS O(N log N)BFEIEIHET . Bk s
1 1) fr3 3HE A (heapsort) A R AN E S BT RBIR RAEM K O Bf7hiTE, i, e E
H118 F i ] Sedgewick 1 B 751 (9 A R HEFF

A28 6 Sy N AT RM - M REA ik, s ERE O(N)R . N EE
{i1304T N K DeleteMin #4E . & BRIBUT B/ TCE S B TR HE . X LT R IR B R
— AN AR PR RO S T SR, RATISE N TR AHEF . BT DeleteMin iAol
O(log N), B B agiE T EHE O(N log N

FEEMEENEEFEERT - HnAE . Nk, et R % . TEREE
G Al RE RN AR, R, KA RN ] 55 — 4~ B py R s et el RE R O(N),
AR e B RS AR ] XA Tl R 2 (e G fel i




BE B I8 S 1 B A EE A A B0 & R R HERY 50 . TEBRIK DeleteMin Z J5 . HESi /)
1 Wik, (FMEA G By T el KL RCRI RN 2sag o0 & Bilan, IR0 A — 1 HE,
EHAHATICE. B—K DeleteMin P41 A, iz R Do E, H I a1
A, BEREE 6 . F —ik DeleteMin 754 1~ A-, I T ZMERERAN L, BHEITE
A- AERIR S b

i X RS, TERLG — K DeleteMin 5, Z 5B LR R AT IF 6L Fix et & W
FU AT R B T B HE L SR SR . A 2 3R AT AT LA FE AR A SR R R EE Y 226
kT ILF s FrE E#?ﬁ?%?“(nmxuﬁ

FEATTE SE B AP () — > (max) HE (Bl TR A P O 7 SEPRfy ADT . BB 5 Ay 2
W BRSPS B PR T — L SRS R iR S
CESE— AT E L G A NI RETT T R UET N - 1K DeleteMax #:4E. 48
B, B W LB HEAI AL X e on K. B, B AR 31, 41, 59, 26. 53,
S8. 97 FrigBIAHEIE 7-6 Bk

T TorTsa]soT2e [ar [ss 31| |
6 7 8 9

a 1 2 3 4 5 10

% 7-6  {F BuildHeap BT EX VARG #9( Mar )3

I 7.7 GRS — K DeleteMax Z S5 9HE. WIEPE I, HEP ARG TR 2 31 HE $i£H
d1ii B 97 (AR — WA MEEAR B A E R T iz . 7SS AT 5 K DeleteMax ez S, i%HE
9ol |- R — IR, MEHESH P E TR TR 2R (K5 2l I B IRy

b |59 SEEé!Eﬁ 41 |31 9?[ | |
01 2 3 4 5 6 7 8 9 10

[ 7-7 TEH I DeleteMax J5 ATHE

FAHEHEE O R RDZE B 7-8 shsath . MM AR R, A& SUE. M e E A R R B
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b 1AL bG, Al HEHE R A0 R (0 0 AbrY G . e, SR AR IF S OO R ALY
FEe AR, it AR /D

#define LeftChild({ 1 ) ¢ 2 * (1 ) + 1)

void
PercDown( ElementType Al ], int i, int N )
{

int Child:
ElementType Tmp;
/1 for( Tmp = A[ i ]; LeftChild( i ) < N; i = Child )
{
/2 Child = LeftChild( i );
' 3y if( Child '= N - 1 & A[ Child + 1 ] > Al Child ] )
/* 4%/ Child++;
/* 5%/ if( Tmp < A[ Child ] )
/e 6%/ Al i ] = A[ Child 1;
else
f= 7% break:
}
/v B/ AL 1 7 = Tmp;
i
void

Heapsort{ ElementType A[ ], int N )
{

int i;
f* 1% for( i = N/ 2; 1 »=0; i-- ) /* BuildHeap */
Ju 2= PercDown{ A, 7, N J;
/* 3%/ for( i =N-1; 1 = 0; 1--)
I
fE 4%/ | Swap( &A[ 0 ], &A[ 1 ] ):; /* DeleteMax */
Y PercDown( A, 0, i );

)
t

& 78 SEHET

7.5.1 MHFHISH
RIS 6 EEF, B—MBWEEREHT 2N KL, ER & %/ K

DeleteMax B Z FAE) 2 logi K H4E, BBEEHN 2N log N - O(N)KHLE (I N=2). K
W R MIEET, SHFERZEH 2N log N - O(N)KILEL. %59 7.12(b) i ARUEBIN
FHi 4 9 DeleteMax 4k , 4 a] SEF B A FIE TR BIAIE o

Gipte . MR R RN EE R BN TR AIAY H R FOR IR A O
. SR EFIRIE, A A BESETE Lo P2 ia 1Tt Al AR LA LA [o) RE A T % B2
1) DeleteMax B FEBEIR T HEROREHLYE , (E 7 HE3I0TEIE S S 2%, Boll, 7 — ML BT IR Bk

A B Th Y

B 7.5

%t N A~ H I  BEALHER AT HEHEIY A ) LS B 080 2N log N — O(N log
log N ).

iERA :

HyH HE RO B @ (N )L, IHBEFRAT] WS B B W — S
Fil, 2, ..., Nt
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B K DeleteMax S 8UCKEFHE T o, 12 B E T 20, ik S F T8
(4 AR HEREE . A 7E — T8 790 cost sequence) s oL day Lo dy L, ERE T
BRI BRI My, = N0 o gl BB (ARG HOREK ROR 2 M,

“ fUND R NIRRT of Lllﬂt“ﬂ{ﬂhf‘d T.42). fON) > (N/Ade) ), Hip o =
2.TI828. L AR PHFIE] PR S HE R BOCE TR/INIS A 4 CRERILR (N /160N ) B HER N T
M = NUog N - loglog N = 4). SH%ZEEHEHIER AT, My, 097592 0 B M O
KA COBI—T, IXFE, HE R EE D OM . (M. Fefi 1A A b 2 ik 77
AL LA /NG FER T 50

«*Uf% d, J2 LB A 20 BT FAEBAY d, . (AU ITREEIK A9 24 1 al g

Mt T AE, IHEEATFS D, X0 DeleteMax (9 B 5 I 9009 1~ 8 2 2
Sp=2%24 24
A C R B . A — A E R TR D
Sp =2

|K A BEAS o, PTHL 1 I log \FJZIEJEHHE B, R B AE (log N TalRERYIF I D
B, T BT EIA O MR 5T DeleteMax 79089150 e 22 BOFHT Y M YT
1740 A Bl LA BF A X BRI 90 Y DelereMax JF 9009 180 X FE 88 7 2015 31 7 (log

N pNoM

AT NT M R S8R 2

\‘{mg N)V2 < (log N)V2Y

ﬁ{l.]ﬁliiffif']i;ﬁ M = Nliog N ~ log log N — 4), BB HH#IFMN/DMT M RUHERY U 2
BONZLO)S, WEHEFRATAT m AR . SE I

LT e, ATRUES], HEHEIE SR MHE S N log N — O(N)IKELEEL, MiHfF
£ 5 AR RE I 8 35X S 5 f',l%"—*liii]f*#ﬁf;t_l.'ii 2N log N — O(N)IRKELE (T A2 E
7S AR PR A I ) X R A RENEIE R (B E A AT ) i R R A A 0] &

7.6 RHHF

B A Fe AT 10 B EE B )2 HEHE A (mergesort) - JTFFHERFLL OCN log N) R 1R & 1 i
W FT . T T A LR R EUL T R R R IRR R

A A A R IR A CH R ORI R A FRECHRIFAY . BT LA S

rﬁﬂ% AN e I ] L it R B — S HE IOk e REARHY G R R e M

GAKI A B, — B C, AR =T RGER Aptry Bpors Cprr EfREE 3
ifi;ﬁﬁ?#lmfﬁﬁﬁﬁﬁ,. AT Aper JFI BL Bper 190 (05 /N E BedE 1) C AN — D8, MR
PSR — . YA A RA — D SR ET R, WA — A bR R 8 C
O R AR A4 LT A P
LI}IJ 24|7 Lr hll”_-'h-: | | | 1 | |

T
Aptr Bptr Cptr

BB A A 1. 13,24, 26, B4 B &4 2. 15, 27, 38, Moz ByHiTmb: &

ifl‘;l'
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S R o —— e e R PR
J— R J—

56, FeBerE L 2 ZEEE T, 1 Bm®) C b, SRE 13 12 T H R

1[13]2e]26) [2]1s]27]38] |1 ] |
T i f
Aptr Bptr Cptr

2EEEEmA C A, SRAT I3 A 15 TR,

[ l2afas] [2]ws]arfas] [a]2] | |
A;?.rr B;’W C‘Lr

230) 1I3EERMB C P, TR 24 F1 15, XE— T 26 127 HITHCEL

] 13_J 24026 |2 [15]27[38] |1]2]13 IF
A,I?rr B,Irrr Cptr
1]13]24]26] [2]15]27]38 Ihl 2 (1315
A;rr B:::r Cptr
1 13?4]2&‘ 2 [1s|27f3s] |12 ]13]15]2s
Aptr B;rr Cptr
$ 26 INE C b, B A E2RI%.
1 [13]24]26] [2 15 27[3s] [1]2]13]15]24]26
T 1 i
Aptr Bptr Cptr
MR B RIHATMENE C b
1 [13]24)26] |2 15 27138 | |1 ]2 [13]15]24]|26|27 38|
A,I:tr Bptr C,I:-*rr

AT HER R ] B RERYER, BARESHITT N -1 IREE, P NZx
ﬁ%ﬁﬁnﬁrﬁﬁﬂ—ﬁ,Eﬁﬁmwﬁﬁ%£~¢ﬁEMﬂc¢‘Mﬁﬁﬂwﬁ%%,

EELBERMETITE.

El . R EERERR, MR N = 1, BARA-PRTEHT, ERER
SR, AN, 805 H s R R A B L A U %5 B HHHEIT 15 B HE - 5 G PR 7 5L
$ RIS BRI E I X R A A OR R . . 8K /AT E B 24,
13, 26, 1, 2, 27, 38, 15 HEF, T AT 03 H K B PO A B8 F I S B A S HER, 1SR L
13,24, 26, 2, 15, 27, 38, S5, #xFES&IF. BAEEL, 2, 13, 15, 24, 26, 27,
38, %H R ZHAY43A (divide-and-conquer) R BE | U4 ) B 4 A — e /N B ) 1 9R f i UFT SR
W iE BB BE R S B B R AR B S B R B B R A EBAEE A DRk, K

(BENEE2V S -EL R

3 HEE R —Fp S B B 79 P&, X DR Mergesort f I B8 I R i I B e
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MSOH ﬁ{l_‘ ﬁhgﬁa]ﬁﬁ o
[

void

MSort( ElementType A[ ], ElementType TmpArray[ ],
int Left, int Right )}

{

int Center:

if( Left < Right )
|
Center = { Left + Right ) / 2;
MSort( A, TmpArray, Left, Center );
MSort( A, TmpArray, Center + 1, Right J;
Merge( A, TmpArray, Left, Center + 1, Right };
}
}

void
Mergesort( ElementType A[ ], int N )
{

ElementType *TmpArray;

TmpArray = malloc{ N * sizeof( ElementType ) J;
if( TmpArray !'= NULL )}
{
Msort( A, TmpArray, 0, N - 1 };
freae{ TmpArray J;
}
else
FatalError{ "Mo space for tmp array!!!" J;

7-9  IBIHERFHR

Merge BIFE RAE 0 . WX Merge #4338 398 FI £ 5 3875 B — SR it 804, B A6
B LT REA log N MG AF B AN E & ShH , X3 F/NAAF LA MRS ey, 75—
. 115 Merge BB 8075 20 B B RS/ MEIGE N FF, BB 4 H malloc A7 FHAYBSA] 1R Z . ™
HRIE 4, BT Merge if F MSort R fG —17, B A F— B %) BTG 82— > i B B0AL
g, i ELAT Al N A SO AT 4 AT SMARE A MR, XHEE]
AR REAR RS, B 7-10 LH T X1~ Merge B2,

7.6.1 BRHHEFHISH
I3 HEFE B T 40T 3 A B BB 7 BE R R B SE ). BT AH BT S — PR K
. Big N R 2 MR, WIRITET L&A RAS @MY T N =1, HIF
HEFF 7 AR R B, RATTHC R 1o B0, o N AN HEF KRR S TSR KM
N/ 2 B I HEFE BT R B L FE 0 _E A RGBT 1], B RERIER . TRARS R KR
T(1) =1
T(N) = 2T(N/2) + N
KRR C R, EA LRSS ERE. BRI ERFT . B M BN
N ERBHERWFL, RIS RIX AWM . HERE1 2
T(N)_T(N/2)
N N/2
RN 2 RAERM N BROLRY, A BT LU B

T(N/2) _ T(N/4)
N/2 — N/A4

+1

232/
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|
| /% Lpos = start of left half, Rpos = start of right half =/
|
|

void
Merge( FlementType A[ ], FlementType TmpaArray[ 1,
int Lpos, int Rpos, int RightEnd } 5

{ |

int 1, LeftEnd, MumElements, TmpPos;

LeftEnd = Rpos - 1;
TmpPaos = Lpos;
HumElements = RightEnd - Lpos + 1;

/* main loop */
while({ Lpos <= LeftEnd && Rpos <= RightEnd )
if{ A[ Lpos ] <= Al Rpos ] 3
TmpArray[ TmpPos++ ] = A[ Lpos++ 1;
else
TmpArray[ TmpPos++ ] = Al Rpos++ ];

while( Lpos <= LeftEnd ) /* Copy rest of first half */
TmpArray[ TmpPos++ ] = A[ Lpos++ ];

while{ Rpos <= RightEnd ) /* Copy rest of second half */
TmpArray[ TmpPos++ ] = A[ Rpos++ ]

/* Copy TmpArray back =/
far{ i = 0; 1 < NumElements; i++, RightEnd-- )
A[ RightEnd ] = TmpArray[ RightEnd ]; l

—

& 7-10 Merge A

Hl

N /4 N /8

T(2) _T(1)
2 1

¥ R A X e AR AR, SR, 45 270 h i BT A5 4 SBURLIN 3 45 S 5 T A BV A 45 SR
I T(N/2)/AN/2)RBEESES R U=, FELE, SE B B PR 7E T i1 A 701 15 8 O
£ RA1FRZ Ny & 48 (relescoping) SR Tl FERTA AL ELZ)E RIEWERA

T(N)_ _T(1)
N 1 +log N

SR R HAR R TR RON 2 7 T A N EUE log N T, MK AR | AInE
*185 log N, BHEHFERU N, RIVGAREHESR
T(N) = Nlog N + N = O(Nlog N)
T, BT AIER @ et AN Rl BRLA N G 2 Wh B A gt S ol GER 4. Xk iE A

fF 2 fEBERLL N BT |
5 — R R AE S RAR KR . RATEE
T(N) =2T(N2) + N
SR T AT AT LA N2 fRAF) By Iy #et
2T(NZ2) = 2(2(T(N/4)) + N/2) = 4T(N/A)+ N

+1

PH e 1 2
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P —

T(N) =4T(N/A)+2N
B S LR EA R %, RIEH
4T(N/4) = 42T(N/8))+N/4) = 8T(N/B) + N
R AT
T(N) = 8T(N/8) + 3N
SR R 5, 7981
T(N) = 2*T(N/2%) +k-N
H £ = log N, 182
T(N) = NT(1) + Nlog N = Nlog N + N
A AR Oy 2 AR L. B — R 04— S B AG TAF , S5 51— SRARME Y
8 4 11 AAE L ATRESAT , IR /0 thse ORI, Rl R Ml — B8, BRIk
R T (R AT
BRI LBE N = 2°0 SMHTT LA ARG S N AR 2 A9 FRAOHIIE . WL
B F LT R — R G h LRI BORE RO ) -
BAFIHHIFOEITIER O(N log N), RREHMAF ERHF. ERABAET S
3 BASHEFE 00 RA TR EM NP TE . 168 Tk DB BAE SR B DL AR 748 01 [l
AR — BN T A, JCAE R TN T HE FREROHETE o SRR UL AT LA L 7E 3 09 22 2K
A OB A F1 TmpArray 69 €18 F158 6, 1336 HEFF A9 — B IETE 0 0 LLAEI2 9 5K
(R3] 7.14), HEMEXEE, A FEEQMBATFIAME . AMLERERRERF, &)
WIF WA RF L. AL, AEMEREEE, AR IRRA S B RHT 5k
R

7.7 RIEHEFF

FHIT RN, WA (quicksort) BAEXBRTRROCMHFRE, €1F
HZFTr AR O(N log N) . ZHEEZHTUAFRIR, EERZH FHER R A & Rt A AR
B, TR AOMERE SR O(N?), RIS ko] & S X FHHiT. 55 98 2 5 Sk H o Ak
R R R IS b R AL T 7E L B AV R A REE AR AR — R, BRWSIKREE
i o5 T AN MEIE R . (R IFHFHEF—#E, M HEFE R —FhAMA AR IR . KA S AF
F B9 3 A B g il T 51 AT B8R f DU A 4 A

1. R S FXENMBR 01, WRE,

2. S BE—TTE v, RZAWAL(pivot).

3.% S - {oul(S ft‘ﬁ%fuﬁ}ﬁiﬁ‘iiﬂi*’i‘ﬂﬂﬁﬁéﬁﬂﬁﬁ S,= {z€8S - (v} | x=vifl
S,= [7€S - {vi | x=vie

4. iR [ i quicksort(S,) /G, 4BE v, ¥ quicksort( Sz) 1 -

B F 3 E e F X4l TR T R A AL & (3) 4 E B RER AR BME— A, BRI stAL T
— A R AT I SR AT 1 R X R I R AT BB AT AU AL Hs A, T
AR TR T R —E R RRTHE S, 1, i A A — 24 S, o, RERIRIIAE
BB EREE A

SR S ae .
e — e —— — — —_— —— - —— - ——
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| Pl 7-11 SRR IR HE R A — A BUE R . X AT (BEYLM ) 5 R 65, EHPHAR
JLESRPE/ N ES . BB/ NI ESHERFE R 0, 13, 26, 31, 43, 5STGEIH
B 3), BMARBRESLLLE, KHENMESNHIFRESET.

@:ﬂ 43 57 65 75 @

E7-11 et & A RE T

ROAERILE LRSI, BREREENRE, A . WA HE AR
B p HE P VT M A A T T AR M CAE (B (3) ), At HIHIFHFA
AL REA T I AR MR A/N, XRMEE R RE, B R R R
T8 (3) B ERF AR R AEE SN B T AEFER, ERBEGR SN
08 9 R FR O BRI BB A i

AN IE, B ENRRS B ST, RINAEIRRAFTX LR T, THE Q)
SRBO)VEEFETE: XEMBHTERERBHTNEERHTHER, BT LR E
HEF AR H A M ITIE, G 43 B {2 % 1% 7 i R M/ B R 2 R T A 5 R AR BV A R
R o
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7.7.1 &EBAE4AT

SR IR F R BB U EAE AR A Su R RE S B HEY T 1E, (E R R RFER
SRR -

—MBIRMFE

WHA, BREZS T ZEENEFERES - oo EHERg T, R AL, 3E
2K LAESERY, (B RE AR THEF MR PR, BB ARXFERRA R4 —1 %
R, BAEMTCEARRSERA S, SEEEEIA S, EAEE, XFEHTER
ETERTA BN IEE S . LKL, RS- uEAERg T HS A R HF 6, A4
e HEF 7E 2t alf R kR, RSk L HRAR T AS, X2MESmmA. R,
B EmE A GRAE — KB TFHFEESOHA) RS E LY, Hit, FRE—-TTEEN
WAL TC R4 R B £ 8, ROz BB AR S, AR RERGT A E R A SR
R A E KA TT, At XA BB — Do R ARG TR A HE A EL ., AR
X W b BRURE 41 T 1) TR
—MREMIEZ

FhE R T RV T . — RO LX R RS AR 4, FRAEMEYLEE A
5] i (T AR AR AT BEARAR R 2 W) . B BEHLAOHK AL T A o] BE B 7E I A Wb 7= A 95 R
NE. B, BOBHER —RESHN, RABRSATREARKTSOFHEST
it ]
= ¥ {43 B 3% ( Median-of-Three Partitioning)

] N MR EESI N2 BRI, WA TTH R R R R E, A
B2 XTRMER G, HE BB REHE IS, XA R P EA TR o) DUl B YLIE R =
AR TP EE VR THSS ., $5E, BIEFRE ZROEY, B —Re
ok B F e AL E E = AR P EE R A T, flin, WA S, 1, 4,
9.6.3.5.2.7,0, EHEANTERS, HUTERO, P OME(L(Left + Right)/21) LH
FER 6. FREMATME v = 6. BRMEH=HOPE M EE N T HHEF A B A HT
(TEXFMFE T, X4 —Rem), R 7 HEHFRY 5% KafiiE.

7.7.2 SRR

£ JLFR 4 S e D T S0k, (E L A 1R 6 20 0 B RE B 4G P OSSR KB &E R,
TIRA S M s IR, A A —-FE MR TR RL 2M. B — bR R
g5t SRS ML E R MR TR R EH AR BUER. | AR DRI E PREE
B A TEF . MREVIREA ST —F, B2 F 1 B R M BARE

f f

S E R RIR R NTEE R, J5E RV B R I E S TR S A7) 1k

%—ﬁﬁ%ﬁmﬁﬁ.M%ﬁﬁ%ﬁﬁﬁﬂﬁ‘%ﬁﬁﬁ%ﬁ%ﬁ@ﬁﬁﬁ%lﬁoﬂ%ﬁ.

PR, IR SR B0 5 o
TE%E'JFﬁ&%{ﬁﬂﬁﬂﬁﬂﬁ?ﬁdwﬁﬁ%iﬂﬁﬁﬂ@iﬁﬂlﬁﬁ?ﬁﬁ-‘fﬁﬁiﬁﬁﬂﬁéﬂE@Eﬂla
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HEAL N AR AR RUIT S .

4 i ey WA, AT | AR, BN TRATRICE, R 28, Bl
RFWAITTHITR . 5 i My ke, i $8 0 — - KouEmj f§m—/hoE. R 75 1
L, LI TCE IS, RAREL - ReEZBmAATE—/huEBR AL,
£ FEaF, AR, mj g E, HR A

B 1 4 9 0 3 5 2 7 6]

RIGRAZ e | Fj IBRKITR, BEEELBEER My Bt E,

B-KERE
2 1 4 9 0 3 5 8 7 6

1

238

WAL, §Hj B2THE, BORNERR. ARNBJE S RERAITS | FrRmgL k.

SEAnZeE
2 1 4 5 0 3 [ 8 7 9
1 1
I pivot

Eﬁﬁ—ﬁu%ﬂﬂﬁﬁiﬁ%ﬁmﬁﬁﬁﬁﬁ}ﬁmﬂﬁﬁﬁﬁP{i%ﬁ*¢i§
ﬂﬁﬁﬂmﬁﬁ,ﬂ%ﬁﬁﬁ%ﬁﬁP@ﬁ—&ﬂEﬁﬁﬁ@%miﬁ,ﬁ%ﬁﬁPtM%
Mﬁﬁﬁﬁiﬁ%mﬁﬁﬁTu%M%%%ﬁﬁ,ﬁﬁﬁp>ftﬁﬁ%ﬁﬁﬁﬁkﬁﬁn

ﬁm%ﬁ%ﬁ%ﬂ¢3§mﬁﬁﬁmﬁﬁﬁwﬁ%?ﬁﬁﬁ%%ﬁ$aMﬂETﬁsﬁ
ﬂ—%%%ﬁﬁﬁ%%ﬁiw,%@@ﬁﬁmm&%jﬁﬂ~¢%$ﬁﬂﬁ%%ﬁ$ﬁ%ﬁ
EﬁﬁigEﬂﬁﬁ&ﬁUﬁﬁﬁﬂﬁ%Iﬁ,E%ﬁ%ﬁﬂﬁ&ﬂﬁﬂ#ﬁ%ﬁﬁsM
m,m%iﬁﬁmjﬁﬁ.%é%ﬁ%%ﬁﬂi%%ﬁ?ﬁﬁﬁ%ﬂsyh

TR E AT, RATE BB P IA R FEAMFOW. IR ) #F L,
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AT EHITERE RN, BAXMUPFRATAEL, BEHIE OSBRI
By S TErRRIZE s, B SR T B R, X R RIS TR LTSN FRE, RIF
HEF 3 45 VR TR AT . i B AE TR O(N log N).

WUR § F EAEEL, BB ABRAIIZA ML AR E i R BRI AR, AR TAc
IR, RORIXFEMI T A, BRIEMEOSCH FAHEIERATEHRE i REFEMAE.
T EEEE AR (RENNE, S TR ). AR
ERAEEANENFRY. WREFAMXRTREMRAN, MasTeEME O(NY).
MFHHEENE AT S, HERESHERE - TEE IR TEE. B8 H%0aT = =k
a] Rt A SRR T

XFERATEE R, T AALENZRE MG FREAELRE T EREIFHA AR
A0 TR B, W R BB T T SRR T, ARATRITAGE ¢ Fy Ak X
Fix g A, X LPR B R ATE T K aT R DU Rp ] RE4E Al — 09— TR T HE

MBERE, SEEELAHFCENEEANTFHEBE. HilA AmEX S 000 HHIFH
G0 ZHEFEND? B4 RANEHE, Yl rE® R, 8&F 100 000 P&, H4H S 000
AR, RS, HUEHERE XX 5 000 AT E S TEEEA . K, HIEEEWETH
{#3X 5 000 MHIF A TCE BB B B HF -

7.7.3 N4

IR /NE AL (N<20) , HUEHEF A andE AHEF . A 0Uint, BoAtREH R 2%
. BB TR 2 0 R A . 38 N R U J5 B R T/ B BOALAS 328 UF e {5 P ARG HE T
A 2 L B A HEFE SR A X/ NS B HE R R o . (o P o R S B AT AT & KN
15% (AT B i T 208 BB HE o) @938 frad el — R 8988 18 36 B (cutoff range ) J/& N
= 10, BIRTE S B 20 Z AT —BUL FEFEA AT AR LI B, X Rk R g T — 2t
E TS, = AN CE M P E TSP B RE - EE A TR .

7.7.4 SCEREIDRIEHEFFGIFE
He vk HE P A SR sh 2 LA 7- 12

void
Quicksort( ElementType A[ ], int N )
{

}

Qsort{ A, O, N - 1 3;

B 7-12 tREHFFESEF

Eﬁﬁﬁ%dﬁﬁﬁ%%ﬁﬁﬁﬁu&ﬁmﬁﬁﬁmmmlﬁﬁEﬁHﬂM@Hﬁﬁh
ﬁﬁﬂ%%—%%ﬁ%ﬁﬁﬁmﬁﬂuﬁﬂﬁﬁﬁﬁﬁﬁ%ﬁ&%ﬁAUﬁﬂwﬂm@d\
Al Center |18 3 HEF . X RO BOAR BSOS AL, EZ =R R/NE AT Al Left |,
MﬁE%%ﬁ%ﬂﬁﬁﬁEﬂﬂ%ﬁﬁnEﬁﬁ¢%ﬁﬁ%ﬁﬁﬁﬂﬂMﬂd,ﬁmEEﬁ
%mﬁ.ﬁﬁtﬁ$mﬂﬁqEﬁ;ﬁﬂﬂuﬁﬁﬁﬁﬁﬂﬂuwmw—H#Eﬁmm&ﬁf
ﬁjﬁﬁkﬂ&ﬁ+1%R@ﬁ~20E%ﬁﬁﬁﬂwﬁﬂﬁ$uﬁm%ﬁﬁﬁjﬁﬁﬁﬁ
E.ﬁ%%—%ﬁﬁoaﬂ,&M$ﬁﬂ&jﬂﬁn&?fﬁﬁﬁﬂé%$mﬁﬁﬂ%ﬁ$
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i, B A T EAE Al Right ~ 1], HREE—ElRIric. B 7-13 mfEr it —8ed
(B8, CREAGAMTARMMER. RIT#HEIEEAI Al Left]. A[Right]. A
[ Center JHEFF W7 BB AL 7T RAST ROERE AR IK — 2, ERMAE, XH-EHER(L
%3] 7.38).

/* Return median of Left, Center, and Right */ }
/* Drder these and hide the pivot */

ElementType
Median3( ElementType A[ 1, int Left, int Right )

{
int Center = { Left + Right ) / 2;

if( A[ Left ] > A[ Center ] )

Swap({ &A[ Left ], &A[ Center ] );
if( A[ Lefr 1 > Al Right 1)

Swap( &A[ Left 1, &A[ Right 1 J;
if( A[ Center ] = A[ Right 1 )

Swap( &A[ Center ]}, &A[ Right ] J;

I /* Invariant: A[ Left ] <= A[ Center ] <= A[ Right ] */

Swap{ &A[ Center ], &A[ Right - 1 ] ); /= Hide pivot */

return A[ Right - 1 1; /* Return pivot */
¥
M7-13 LRE-WPHESETENRF
#define Cutoff ( 3 )
void
Qsort( ElementType A[ ], int Left, int Right )
{
int i, J;
ElementType Pivot;
J* 1%/ if( Left + Cutoff <= Right )
{
el Pivot = Median3( A, Left, Right );
/3 i = teft; j = Right - 1;
PR for( 5 1)
{
J* 5% while( AL ++1 ] < Pivot ) |
/* 6%/ while( A[ --§ ] > Pivot M }
J= I ifC i <3 )
/% 8%/ Swap( &AL 1 1, &L 3 1)
else
S 9/ break;
¥
S*10*/ Swap( &A[ i 1, &A[ Right - 1 ] ); /* Restore pivot */
JELL*/ Qsort( A, Left, i - 1 );
J*12%/ Qsort( A, 1 + 1, Right J;
else /* Do an insertion sort on the subarray */
S*13=/ InsertionSort( A + Left, Right - Left + 1 );
}

B 7-14  BEHF R AR

/7. 14 BB R HEF SIERORLL . EEFBABIMBIAA. XEALFFERGE
@3 R MR R E TR |, AR R RN M
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Ub iy B 86 P T = P (L4 B0 — S B I VE PR O3S0 5 G S5 B T A (4 R 41 7 3 e £
AT TAEITBIE, BAXMRFRAREFHEFN, EEET i 7 FETEEN0E
R BAELE j B bR &

%5 8 1789 Swap N THEE FI0E AN BT ., HEBEEFR, & EEFRFRU
HIEBEAN TR GIFX AT, AHEE, FERIESHE A X A, (A FRX 4B
GRi%es, LHITHERIE .

RIS, W S TTRES 6 718 L o AR HE X At B0 A RRIEER  — 1 198
1EB (BB . — MR, R — MR AR, % %A 1R 5 10 HEFF o AR R A0 A
55, R, EAEFEARE AT, 4 NEGRI RIS 3 175 9 F7 A 7-15 P
BaCE XREREEESIETH, BHAE Ali] = A[j] = Pivot M&R=4E — A4 ERIEH.

S350 1 = Left + 1; j = Right - 2;
f= 4%/ For( : ;)
i
/e 5%/ while( A[ i ] < Pivat ) i++;
/* e/ while( Al j ] = Pivot ) j--;
ST ifFC i <3 )
/* 8/ Swap( &A[ 1 1, &A[ j 1 )
else
il A break;
}

B 715 MREHE D EE). e R ETER R

7.7.5 REHFRSH

EAVAEHEF AR, HuE R RO, i, TR ERE—MEiELAL, &
(114 A HE R AT R AT, B — N FEHLEIR e (R B =8P 8l , Xf—2&/0
i S Pt A 8 AR TE L. MIRFEHEFE —RE, B T(0) = T(1) = 1, PReEHEF AE T ]
AN IE VB 6032 1T B IR0 A L 7E 28 7 2 ) 9 £ M st (A 4 o ) 38 B ALAE B A 0T
f]), FA1BRHEAMPERFXER:

T(N)=T(iy+ T(N-i—1)+¢cN (7.1)
Heh ;o= [S, |2 S, PHTENE. RITEEE =5
BIFE R
WA TR R R INTE . R i = 0, INRRTZMICCERN T(0) = 1, AR RN
T(N)=T(N-1)+N,N>1 (7.2)
REMRFTE7.2), RATGE
T(IN-1)=T(N=-2)+c(N-1) (7.3)
T(N-2)=T(N-3)+c(N-2) (7.4)
T(2)=T(1)+c(2) (7.5)

W BT X e AR, SE
T(N) = T(1) + ¢ > i = O(N?) (7.6)
i=2

S IF SRR AT o A BT R

240

242
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BT IRR AR

ERAFRITEIR T, KALTTIESF (7 T oRMEl, 28 7 M BCAH#ES, AR T8GR I
FHRFEAN XD, BRX S HMRHEEEKMET, BREOTRITRXLK O ER, B
e ik o] LA SZ 1

T(N)=2T(N/2)+cN (7.7)
T(]
TN _T(N/D (7.8)
RIMNREEHINHE, 183
T(N/2) T(N/4
N/2 - N4 | (7.9)
1(@:4) gw@ (7.10)
T(zz): L., (7.11)
M (7. DT 1) EmER, FHEERENLE log N4, T
TE\"T}: fg” + clogN (7.12)
A E
T(N) = cNlogN + N=O(NlogN) (7.13)
R XMAFHEN SRR, Hit, RITEEMERNER,
EHMR T

TRBEMTS . M FEER, RIMBEMT S,, §— " XFMBREFA R, B
WA K/NIEREE 1/N, ZAMREEx TRATX E A KA OB 7 8 77 ik 550 Bl A 2
. Fpk, M FREHBEREH A A, AP RRETF X (subfile) BEHLIE K9 77 81 77 IAA
HE(H XA AT AT 0. AR, X6 B ok S BOR S 18 SKFraa AT h AL B S R B )

AL, TN T(N — i = DTN (1/N) 7 ITG) o B

(7. 1) |
T(N) = £[ 2 TG) |+ N (7.14)

=0

mEMR N FUHET.14), WA

NT(N) = 2[‘?‘7*(;)}”,&;2 (7.15)
ENFERZRAFS AR EE, ﬁﬂ“lﬂluﬁﬁlﬁ WHHE(T.15), 55
—l)T(N—l}=2[;‘__,T(j)]+c{N—l}' (7.16)
M (7. 15)8E(7.16), WFE . |
NT(N)~(N=DT(N-1)=2T(N-1)+2cN-¢ (7.17)

B, SHHBREANELEENT -, RIFE
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NT(N)=(N+1)T(N—-1) +2eN (7.18)
BEAET—1TEH T(N - DFER TIN)BARX. SHESE OB, A&

(7. 18)MIERAES. Ak, A NN +1)EBFHE(7.18):
T(N)_T(N-1), 2

(7.19)

N+1 N N+1
BAET LI T840
T(JN;\;_ 1) _ TEVN_-IZ) +%J£ (7.20)
T(N -~ N — C
NS R R (7.21)
B FR(7.19) B (7.22) 4, 153
N+l
;(ff = T(zl) + 2.‘.‘4‘:,; "i‘ (7.23)
RN loge{N + 1) + }"‘%, Hd y=0.577 nU 45 b B 8 (Euler’ s constant ), FJ &
TN~ 0(10gN) (7.24)
M
T(N)=0O(NlogN) (7.25)

BRXBERMNELER, BRI EHARE——BFRFHFELBRELR, &P
TR G AR AT R AT LU — b b R B A T A B e B i
o, cEE AR AEE A, R — e E R PR EOECE. MR TRIERBCHT
AT T A, SRR BTG R R A
7.7.6 EENEERE M EEE

AT L 4% b i HE FE L #f D i% 48 9] A (selection problem), XA ERNES 1 BMF 6 &
CAEF, M, AR, RITREBLIEHE O(N + & log N)IREISF £ MERK
(F/N) T, AFERFEMFFHELR, EAH—1 O(N log N)R&.

i FRATEEBLL O(N log N)B[EAEHHEFF, B b, AT A 30 B Ay 3 () R AR B — 1 B 4
gt R, RIINMBHERES S PHE A/ TERE LT SRERF R, B, H
AR RERY ., TR SR X R R Al B ik i % (quickselect) . &1 S 1A S FIXRA
#. HREEFERERIT

I. RS =1, 84k =1, FHFS g TV AR A, I AN R L
(cutoff) FrEH | S| <SCUTOFF, Wi S HEFFIFREIS £ A RhIt.

2. EER—THEATT v € So

3. BES S - (ol AFIH S, M S, AR FEHSEHEF P T IBRE

A, MR RIS, |, BBAE b MRATLHBRIES, T XA LR T, & [E quickselect
(S, k)c WE L =1+ |S;|, BARKATHES £ AT, BITEEERERERE, &

‘245
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W, X%k TER/ADITHIES, P, B2 S, B - 1S, — DMNR/AoT. O T— 0
138 A 78 [8] quickselect (S., & — [S,] — 1),

Bt A, REERE M T - UGE T R M ARRIK REEFE N R E AR
HHEFFAIHE, 2 O(N?)., HWEX, X2 AREHTFHEFFREEE S IS, F
— N ETHEE; TR, EEFUSMAREN YA - EITAA. A, FEETEE
O(N). BAEgHrEp T HEF A8, AR ERHE— B4,

PEEFEN IS ZMENFERAEERSR, HEFLE 7-160 MHELEN, B e 1
B/UHTENLR b b B TIFRMHET ; R AR EXHE, BATER G

—
/* Places the kth smallest element in the kth position */ !
/* Because arrays start at 0, this will be index k-1 =/ |
void
Oselect( ElementType A[ ], int k, int Left, int Right ) H
| |
int i, 1;
ElementType Pivot: l

£ 1%/ if( Left + Cutoff <= Right )
{
/= 2%y Pivot = Median3( A, Left, Right );
/3% i = Left; j = Right - 1;
/= a*f for( 3 ;)
{
f* 5%/ while( A[ ++1 ] < Pivot ){ }
/* 6%/ while( A[ -~ ] = Pivor ){ }
[ = 75/ if(1 <4
/* 8/ Swap( &A[ 1 ], &AL j 1 )
else
A L) break;
1 \
SELO* S Swap( &A[ 7 ], &A[ Right - 1 ] ); /* Restore pivot */
SE11x/ if( k «= 1)
A YAT Oselect( A, k, Left, § - 1 3}
SE13r/ else if( k> 1+ 1)
/*14*/f Qselect( A, k, i + 1, Right );
else /* Do an insertion sort on the subarray */
F*L5%) InsertionSort( A + Left, Right - Left + 1 );
1

E7-16 HhEXRFNEHE

(o ) = B p (P BOR 4L T 0 7 A AR B I L & A LR L P RS RIERY . AT, 8
S AR TT, BT AR KA R R L MRS R O(NDRY, AT 2 181
ShF R MY Ry, B E B TR IR L. 7656 10 ERAEZE RN
T A R . RAEHH BB TOR — T BT, ERERERERE
Pt ZAORR—L,

7.8 XBEZEHMPHRF

LTINS, RINESBIT TR R LU R AR O R
AR AR G AT R B, FRATETREA S LREABAIOR, (Tl Jick <
& ht . REEED . EM T YOI SR UARBLS (R AR K ATRT GEAR B i —
SRR, RS, X se(E BT . X T AT BRI, AR BRAERL R
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M, A i B ACH R S5 A ] BE LR H B BT AR AR, A OB SRR EAR K. FEXFRELL T,
SRR R L AR AL S AR A RO FREE . IR e AR EHR M A R Y, AR
P ACHR AR IR ATHET . BCEME , BT A ARz g A FR ISR e B BOHE R RE R AT
FATIFRZ A 18] 4k A (indirect sorting) 5 AT LAs R fl 7 6 A0 B AT C £ 4 ad 2o 69 A0 7 B4R
gEHy . XEEIR ] 6 F E A B A5 b BRAT A oK B R R A B R Y

7.9 HFH—MTH

ARG EI 2 O(N log N)WHFE . B, HRHETRITLSE ST
AWIRANTHEM, A R AF BN R ERAT TR E Q(N log N)IKEEE (I QN
log N)EIEHE]), BEEEFEHEFE MM T E W BA TR A R R ZUER T LU —
SAFIMERAERHHEAT . AR EAE SRR EE EiTT QN log N)IKHEEL.
X R A, DREHEE A2 — A RO FRTLE N B R a IO -

R, RATHE TSR, AR R MEETFREERATRT AT &
Mog( ND TR HEIFFHEE log( N W . FITEEIR. A N PR RZLF, HH
(LT HE B A X AR T IER 21T -

7.91 REH

i F A (decision tree) BRI THEH T AR LS ERMDXHE, RERE—R R
AT AFERAETCEZR —HARHET, EHEAETIH LR - WRRERER
YA

B 7-17 B ER X RE =1 LK o, b Me HHFRER, BEOMERSERL.
(Fe A4 7 e e R B & A RO & I AT HL B, AT B PR30 e ik aT. X
oo B TR — IR HUAE R RS o R b, PR LRSS RS M T RERRE . R
0 < b, BBARH SMATREMBIRE. MEREFATS 2, BACHILE o Me HAERZ
ATGES N RIRY T AL A AR BRER . 45 a > o, MBEZREARE S
T 77— MG, BICE BT LR E RS R A5 THEF. # o < o, WREMAGE
Sb . N TEE M T BRI, CR AR E bR R EH A XML, RIRIER
T E K.

S U AT HE I B — R AR T LU R SR . MR, R R ARUE AR W
A A I T e R AR A R AT AT RY ey HE P B {6 0 LB S T R IR MR IR I . K
IR . R TE RO L T AUT T U, BT FL B 7 S OB TR I A9
R . hTFREREL, Bl RiEr —RKMEgE. B TIEH TR, T BE B A B
AH R I

513 7.1

A T REE NG B XR, W T REH 27T,

WE RA ;

ﬁﬁ%ﬂm&ﬁwﬂm%d=0.Mﬁ£ﬁ£~ﬁﬁﬁ.ﬁﬂﬁﬁﬁ&kﬁc%M'ﬁ
ﬁﬂ“m.fﬁﬂ%%ﬁﬁqKE%H%H?W*%*&%&E%%%d*|pﬁﬁﬂﬁ
TR EA 24 R, B EBRE A 27 TR ERIER T % 3,
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#F7F

a<h<c
a<c<h
b<a<c
b<c<a
c<a<bh
c<bea

a<h bca

c<h
[c<b<a)
()
l[a<b<c] [a<c<b] bc<a<c b<c<a
® © ®) ®
717 SRR
5|1 7.2
BHAE L AR - XHEEZEPRMog L 1.
UEAR :
PR A 5 | PR ST BIHEL
ER7.6
U T E A A R HE R B B E N F 2R E log (N1 TIKELEL
UERR :
St N ATCERFORERORAE N AR, A ETE RS B e
ER7.7
O fd T E A s (T HE R B A T E 1T QUN log N)IKEHEE.
UE AR ;
B RO A E PRAT A, T E log( N DIRHE
log (N1) = log (N (N — 1) (N - 2) .. (2) (1))
= log N + log (N — 1) + log(N =2) + ... +log2 + log 1
=1log N + log(N = 1) +log(N —2) + ... + log N/2
N N
=5 log 5

=Q(N log N)
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XFRERE) T AE W, ST UER S ARSI 45 R 0, 4 i i {513 & - 2 (information-
theoretic) T A, —BCE BIRAE, WRFE P AR FREX 73, mEEE YES/NO #Y
B, IR 2 (e ESR R SR EE T BR & log P I X TAEfTAT H
FHEF BB a1 E], IERH S MES R ATRER) . X a5 Rt THlg| B S, KA
BEBESS . BA L AR S = e FEREE DA log L,

7.10 HHF

BARRATE B —TUE B T T B B — B B BRIE T w Bas T i (e
Q (Nlog N), HERINTEICE, 1L mg T AR E#THEF U558 2 AT RERI .

— AR F R R HEE (bucket sort) . AR HEF BB IE# LE, LEH -2
BWAMOEE, ABEE A, Ay, ..., Ay U RB/NFM MIEBBEAEMR . (BREA LT H
ST ) MR R XFES, BB ERE R, #H— KR M BEHR Count HIBEH, 8
WEai 4 0, FR, Count M NHIT(ERFRHE), XEMIMGILAZ . Hik A; BF, Count
TA M 1, TEFFAE M ABIRIEAS, HIHA Count, TEDHHFFG AR XA AR
O(M + N); HiFrBIBE4S ., R M HO(N), BASEKE O(N).

BRXABEMETRTFR, BHELEHEAE, BAEHAT LR EE RN
Sl S EOE S AR, B A R R EBAT T MR H R, R
TER[ P/ ERORBE (W 5.6 75) . BARXANE T AR T Sl B E B AR R,

T, B ERSTE T HFEE T R AR A &8 R PR PR bR —
i [ o5 A RO HE T B T R T8 AT LA AL 6 i A R B 8t (R A DU T
(= EM—hs, BERM, WREEBIIMITRAGER, BN iZEBRBEARTUBOE
o, X EAIERREIRSR 1.

R HFE BT U AR A, HREIR EHFEDZHEA RUE— &/ B
. PR HE R X R B HE FF T B L R/ M RAE 1o

7.11 SMEBHERF

ﬁ¢ﬁ¢,&M%ﬁﬂmﬁﬁﬁmﬂﬁﬁﬁﬁAﬁﬁﬁkmﬁeﬁﬁ,#ﬁ—%mmﬁ
W‘EmmﬁﬂﬁﬁﬁﬁKEKEWﬁa$%ﬁﬁﬁﬂ%%%ﬂﬁﬁ%&ﬂmﬂmM@Lﬁ:
i it S b EAR K A A B
7.11.1 AHABERONE

k%ﬁm%mﬁﬁmﬁmﬂmﬁﬂﬁﬁ%ﬂm$ioﬁmﬁﬁm~¢ﬁﬁ$ﬁwﬁiﬁ
Ahﬁhﬂi-hduﬁﬁﬁﬁ#¢ﬂ@iﬁ%ﬁiﬁﬂhﬁﬂﬂhﬁl+ﬂaﬁﬁiﬁ*
E%EU%Hﬁﬂﬁkﬁmﬁ'ﬁ%Hﬁl‘ﬁliﬁittﬁ Al Left]. Al Center |F1 Al Right o PR 2 TN
ﬁﬁﬁﬁ%ﬁ,%&%ﬁﬂ%ﬁﬁﬁ%fTEﬂ%ﬁ$,@hﬁ%t%ﬁﬁﬁ%ﬁﬁﬁm
). BREBIETE— KRR L, ey T 56 5 il 15 R0 6 sl Sk IR T O RE SR IR L b L IROR
15

%Tﬁﬁ%%ﬁﬁﬁﬁﬁ%ﬁ,MEE—AxMﬁMKﬁ,@%%ﬁﬁMﬁ%KHW
ﬁﬁﬁﬁiﬁﬁA#ﬁ—#ﬁﬁ%ﬁ&ﬁﬁmﬁnﬁﬁﬁAﬁEﬂﬁmﬁﬁmﬁmﬁﬁﬁﬁ
Hﬁkﬁ&ﬁ%ﬁ@ﬁ%ﬁﬁ%i&ﬁim,EﬁmﬁﬂowﬂmhﬂﬁﬁmﬁAﬁﬁﬂm
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Li{E TR O(N)EtHE],
7.11.2 SMBHEFER

& R & HE RS BAFAE S B (G0 HE R L R HE R A IR E R 2, R
HIEN— B TR L TAE, MR ) B R 5 PR B IEIK . T E—1c
ER B Sh A IE WA R, R LT (B 0] b ) EESE 09 I TY A RE S 4 3
Haifi1a] -

FATEMREELE AR sh 251 7 HEF TE. AT EMW A Hah &5 310178 2 HF
E, TS =R aS T Mibsy T, R A - A, BARNMUAE A
Bt (R E AR E QN K .
7.11.3 @RHEZ

B B SR HE FE B 0 AR - HEE P ) Merge PR, RRANTE W/, T, T,
Tors Thay ENTEFEE AR P E KRG, RIESEMRES, B o« ABH Z4H
VES ARESS , 2 FIMER R . REUBERWTE T, b, FRANFAIU—REN(FHET )M
MNEF. —Fh BROEERSE—H W AR —IKIEA M icsk, TERERREX LD 7T,
RIS P X s e FEAIC R BT 8 T, 5K T, b, BRAITHEEHARD PRV IC R M — 1
Wi B (run). MGEXEZ TS, RAVEE A SR RRNOEASHERAFE T+ a0
ABAEAEF] .

T 81 94 11 26 12 35 17 99 28 58 4] 75 15
T
T

T

., e e 5 . o 1 o B P —

R M = 3, IRAEMERHE LS . B R 3R BT AR -

T {
T.

T 1 81 94 17 28 99 15
| T 12 35 96 41 58 75

BUTE Ty A 1ot G — s . FRATTH 481 REHF A0 55 — DITB BUL FF 8 & & T, 1845
BER T, b, ZERRE—THENORSR, A5, RIOTEAESERETRET NS, &
J . HgLEBET| T, b, gk Ao, B T M T, HE T, 8 T, k=, 1T,
ﬁ%ﬂhﬁThﬁwﬁ,ﬁﬁﬂTa+M$cﬁ?ﬁﬁ,ﬁmmﬁ?%m$%mﬂﬁ§MM$
b mmaRrEE, HEEMRNSE, X—KARE o« BIERRA, P b B
Wt | ST 8 4M RO, RI14EX IR APIFERNY N H— D,

TN EE og(N/M) TR THE, Shn— Bt pm i . Flin, FHRITH 1000 7
AER . BANOR 128 NEY, WA 4 BFET RN, ME— 8RS 320 PWE . R
(TEEE 9 BT, RITOEAFHEEE log13/31=3 8, LTHEFR.

7.11.4 ZBHEH
R R T B AMOREAS , I AT AT LAV S A S T T A, A A

(0 (2-8%) BT TN b BB I RMAEMEIX — .
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T 11 12 35 81 94 94 15

T 17 2% 41 b1 75 99

TH

Th I ‘
[

T3z

T 11 i2 17 18 35 51 58 75 g1 94 96 99

Ti: 15

T 1t 12 15 17 28 35 41 58 7§ Bl %4 9% 99

?
; t
T ‘

B A4 T B 15 RV S K B — N AR B B R AR ) SRR SE R, RS RN
IHITTE, TSI R R b, PR R S A RE R R, BTk B AR, D
2 X R LR AT R IR, R BITET, EAM 2 DU E P R/DRIICR TR
R g FoATTAT LGE S FR AR e PSR x st o R R iR/ L. N TR TS BIREE
FEE, AT —IK DeleteMin $4E . KF HIN AOREHT A1 AT HEDE , Q0 SRAEM ARG _LAYIR
Bl kST, IR ATA T BT T B A AR SEBA T b . AR IR T T, TR A AR
B = AR b

L
T
Tit 11 81 94 41 58 75
L. | 12 35 9 | 15
Tis 17 28 99

[ =
T

|

|

Wi, BAIAEEFS 3858 LT

¥

l;'f;. 11 12 17 28 35 81 9% 9 991 I
| T, | 15 41 58 7S
]

Ty I 12 15 17 28 35 4] 58 75 81 94 98 99

Tis _ B ;—_;,

= — B ———

#m&m%mﬁﬁﬁzﬁ.ﬁﬁbﬁ%ﬁﬁ%ﬁmﬁﬁﬁwmwwmﬂ,@ﬁ%ﬁﬁ&
M$ﬁﬂkﬁi¢oHTLE%M?,ﬁﬁﬁE,EﬁH@ﬂBBH=23ﬂ%ﬁmﬁuﬁi
ﬁ%.ﬂﬁk=S,ﬁﬁ—%%ﬁﬁT%E%ﬂﬁﬁﬁﬂgRM=4g

[252}
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7.11.5 ZHEEH

E—TVHERY k- S R B 20 MR, XX FN R AE, B £+
R A A RESE AR R DA Ve R BT, TR FOE S R Il R 2- B A TF

WA /S T,, T, 8 T, £ T, LAE—TRASE, ER/5E 34 M. —Fitsf
BEE T, 8 T, ME— B HHA 17 MAE. RERNMNTLUELRSHA T L. 58—
B4 17 MEBIREH . BT RTA R E BB AE — R B, BRI AE L AR H P Y — 2
W FL S T, FLAHFT B — kA& 3F, PUTEHA0EE A Ha 8 MM T, #0127,
HE AT a3, X RCR B T IR AT B ey 15— B A 3 ST T A Yok T

B — kR RAR SRR 1 34 IR AT by B Ay, IR FRATAE 21 AR T, b
W3 AMEEE T F. ARG, 75 T HEZA08 13 MG T, Lo e, &0 L
BIEREH T, #0 Ts, SRSEEA 13 MRS T, F8 MM T, A3F8I T, £ et Fef]
AH 8 MMEHR T, AL, X, 78 T, EWET S AMWBmAE T LA 8 i,
RIS, ROTBEAH T, M T,, 5%, TEMEAEXEESEGEEHZ G5 &RE 9IS
M

' MW ET A T ET A L ET T ETAT, BT+ Ty ETT, ET+ T,
| Mm% 25 2R 2E 2R 2R 2R 2K

T 0 13 Al 0 3 1 0 1
T 21 B 0 5 2 0 1 0
T | 13 ] 8 i 0 . 1 0

MR RS RERAEE, flwm, & 22 MRBHE T, £, 21 T; L, 0| 25—
WAHERIES T, b1 12 R T, L 10 D&, ES—wa¥FE, T, LA 10
MRS T, b4 2 S, Het, #RaEER r Ik, BAE T, W Z a3kl Rae s
B4, B T, 4 8 MR T, 4 2 M. FRE, RA1ABE R4S, 2R T
56 MREH T, f2 Mg, BRd=#agHZE, T, 842 AR T R ERA
(TN, RIS — IS N 7o — L, RREREIH.

1 b, RS R EERIEE . RN B ERE— D EEIRRE Fy, R A
4 3 MG T R B AT A 7 R RN T I BRI Fn - F0 Fy 20 0, R 1 R
A BRI R B — 1 38 I IR S 80K 0 251 ) — SLIEI 8 (dummy run) R HURMNEEHE . TR AR 0T
— G I R A TR R A B B AR

AT LR F B e 78 k- 85800, R RITEES £ B 4 i AR BT T Bl 3L
o NEEBERE LN FO(N) = FO(N - 1) + FP(N - 2) + ...+ F®
(N — b)) BEULGE SR &Y FO(N) =0, 0<N<k — 2, FP(k - 1) = L
7.11.6 EHiEE

BIE TR AT E % B AR A & EARNT 2 F5 KR 2 T R B R THE: BEA
RATEE L HL R I T ITHF, BEGRERL W . XA R R GER R,
HEHNES oA SRR L L, e AR R PLEE A IC R EM . W
g A B | AT — 0 R LR TR R E SRR, IR 4.6 B AT LB A X A ITER H

AR Rb AR FRATAT ALY 7= A R Y — D BRI 177 i R O 4 34 ik 4% (replace-
ment selection). 7+, M ﬁ“iﬂiﬁﬁﬂﬁﬁ#ﬁﬂﬂﬂﬁ‘ﬁ?ﬁﬁfkﬂ% FAIRAT—IK
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DeleteMin, E&/MYICRS B H W L, BABABRFEAT —ME®. WRELRINS
AR, AN LHEEmBHL AT $, F, FREEEHA SRAIMS . @ T 7T
BB D~ TT R, Hi, BATATLHEX D FITRIFARIEAFIHIFEIX (dead space) . ELF I
BERME, M TEAT TR, #— P ICREASX B L XM TR P iy
k. WOTGEXFEM S BREFIRAAIIR A/ NAT, SRz e, R AEX
Y A G B T B L — R A R SEBA S TR R R — BRI ER . B 7-18 MR TR AT IEAE
AR XA/ F R R M T, P M =3, SETEUR SR,

e ——— ———

BT O IR i i BEAMT—nX

H[O]  HI1] H(2]
M 11 94 81 11 96
81 94 96 81 12*
94 O& 12# 94 35 |
96 35® 12" 9 17+ (
17 35 12* End of Run. Rebuild Heap -
i 2 12 35 17 12 99 |
17 s 99 17 28 :
28 99 35 28 58 ]
35 99 58 35 41 \
41 99 58 41 15*
58 99 15* 58 end of rape
99 15* 99
15* End of Run. Rebuild Heap
MR 3 15 15

B 7-18 R g EE A4

TEX AT, B R 3R, X 5@ HFER 5 MRS AR, EFNW
B, 3B A — BT AP A G SR A R B AR, AR AT LAE B R R
Fe e TR 2M B ER . ST RATIT SR KB T, it 160 NIRRT AR 320 I
B EN, SO HETHT M, EXAMTR, ROVETE 8, BREFEOHRT
BA[LIS AR, RATTEER 125 WE VI, B FOMRHEFER KN EA S, BT E 8
5 — A 0 AT B B AT ) P A B AR R

R AEF, S HE R MR LR E R, R, AR R T
o T MHEFE Tt I s e R L (S A A B 3 R B AR X s T A AGE B BT
SMERHERE | XL Bk R A R AT (AL

B

o F B — R R HER LR R, R TR AR AR . &R, I a7 e o
TR E RIS AR K/NERE. B 719 B BN (fE— B X BB E AL
AR FR & R OR [E] /N SO BB AT R 1]

S N AR R — BBEHLHERY , TR A R I OUR HEF L bREtE . 7-2 &
g TFEALET . A /RHERREH 7.4 TR B, %A ik & B Sedgewick 1 §tiz
7. BT AHIHER, K/ 100 E 2 500 0000 A5, {5 PR A g R 9 A /R HE R BT
sE TR H 2 O(NT%), SEHEFFBIR S 7.5 1 PRI Fp AR T R
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_ 1 -_
| WARTE | BRI | BT | AT | RGEHDT IR
I!i N OIN?) OINTS 3 | O(NlogN) | OiNlogN) O(Nlog N
10 0.00044 0.00041 | 0.00057 0.00052 00046
100 0.00675 0.00171 | 0.00420 0.00284 00244
1000 0.59564 0.02927 0.05565 0.03153 02587
i 100007 §8.864 0.42998 0.71650 0.36763 31532
I 100000 NA 5.7298 8.8591 4.2298 3.5882
7 47. 282 i
! 1000000 NA 1.164 104.68 065 ﬂ 282

B 7-19 A (A HE B e o b OB A [A] X LARR )

S5 Rl R S AORR AL T, A ATEULE. EE AR, XU AU RN . 55 R
= ER A E , BAETEEN 100 # MR A TTHER . FLaNFRATET LAS — T i
(g = 30 ()RR T A A R BRSO . TR TSRS — IR I A B HE R . R 77 7 H fh
e R TR, ST IUEE S E e, YA, R T AL E S wE. K
(R ITEE S S FRE MR, i, HRERILAS AR MR E SR E ),

& P 1Ak R 0 v B (o) TF AR A s A B e RE R A AR HE P — RER . DO HERF )
POEE AR E O(ND BRI ER (4 — N it R — AT, B, XFh R
HHAHL S B R R, A E T ARRER B R . R B — e KR A 3
[EHERE . R4 b HE T ) R %k M i . B, KEAZERE FRRSIEE - 1TR
VR TE. W ASEERHL B BT R AR 40, MRIRAE 2% Ex R, 840
W B A HEE . A RHEE A SN E . R EE R T LA T, AR R A ] T
. RRHF BRSNS R O(NY?) s X R RIS I & A LR B R BN EE AT,

HEHEFE AR HEF 18, REER— AU B BENIEF O(N log N)HZE, M
P TR AR IR, 8 TR, HEHE R E TP ELEE. B Floyd 42 B8 RER
HEEERA | BEE K A, PR RREERBEoER -8, KiEEH
U Sk e S S R B N B AR A T AR e T T4 (4550 7.40).

A HEE DU 7E/ M SRR AR B R I A A KR L. RTBCH SRR AT,
o B M BERT F AR R I HE Rl 487, T HEMHE— S B AE %, KmRIC
ZEF., SIEESEHFA LR

23

7.1 {HEEEAHFERS3, 1.4, 1,5,9,2,6, SHEF.

7.2 WRFHTHRLBRTEHREE, BaEARFREI TR EE L7

7.3 ﬁﬁﬂﬁ&iﬁﬂﬁﬁmﬂf+kLEM§M%%ﬁ%om%£ﬁmﬁﬁﬁ&ﬁ
| MREHR2E - 11

7 4 ERERIMEI, 3, 7 MMARIES, 8,7, 6, 5, 4, 3, 2, | BITARHFNRIINE R,

7.5 a {EA2-HEFFES11, 2| A RHF AR T EE 2
b EBE. SHEEM N, FETE—A 3-HEFs, HEA/RATF ON?) B REELT.
. EB. SHEEM N, T 6 BIFS, HEA/MHTF O(N)EMIETT.

lﬁﬂﬁmiﬁmﬁmlﬁuﬁwu.ﬂ%ﬁi,ﬁmﬁﬁmﬁﬁﬂﬁ%ﬂwﬁkﬁ

e HE—EE.
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x «b. IEB, X FXEHE, FELETHER O(N?),
«7.7 WEM, F—A k- HEFRIXF MG A- HEFF, WIEDRE & HFFE.
«»7.8 EB], (ERIA Hibbard B X 1938 8 Fr 51 (9 7 /R HE PP 7R B0 16 F T 8942 47 15 (8] 2

7.1
7.12

7.14

7.20

Q(NY?) 7 ATLHEB LI R TEERR 0 2 1 /R ERF R EREE (27
AURTE] . SR RTRAE A, b 4, ., hn) - (S, AT E Input-
Data[/] = 1, HWIEH 0,
1 7E A /R HEFF X F R iR i A B2 1785 [|) «
a. HEd R I A BERE
*b. RFHES 850 A BE
FRFIRR T B 7-4 5 45 B9 25 HEFE IR A48 SO e I N IR TE Rz 1T e TR) R 7
a. WHR Increment B{EE, WFEH 2 7HIM Increment i 1.
b. TH Increment BEE, WESE 2 1TAIE Increment I 1,
f5 1 HEHE R tfeT A PR A KR 142, 543, 123, 65, 453, 879, 572, 434, 111, 242, 811, 102.
a. X FHHEF 808 AR, HHEFziTeEZ S A7

"b. UEER, HEHEF BE L RS E AT LRI,

FIHHHFE® 3, 1,4, 1, 5,9, 2, 6 HFF.

A F 3 3 anfe] SE BRI HERR 7

2 5 F Y EEE AT IR SR HE R At E]

a. HExd FF A9 A BB

b. FFEHED! A% A B

c. BEYLEH A SR

ZERFHEF AT R R AR B . EW, HIFHEFERIREE T AT LR

W¥H Nllog N1 — 28N 41,

= S 4y Bk L Bl o 3 s b3, 1,4, 1, 5,9, 2,6, 5, 3, SHEF.

{7 25 vp P i HE PR SC B 7 B S T 48 A BB O BRE HE PR Az 7 B 18] -

a. i P A4 A BUE

b. FFHEF )5 AR

c. BEYLAH A BHE

WA T EEE P LR ER %7, 18:

a. B—PxR

b. MM ER BT HHRKE

c. — P HEHLITE

‘d. S AES TP XBFEHNTIE

a WFAG RS I, ST R AR E s T RLEE A

b. MBI TATHOE 4 B aE (475 M3 B — D SRAUTHRB R TR § f) #HA
B MFTA R TSR, b TRIEREHE Y IER T TREMER M
B EfTEElRZ A7 758

o. BRI 4 M0 e wef B — A SR AUTHIF R RBTAL I, EE ;
XML FAARE L. A T HEHEHEF E % THE, & EX8F ke
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Bei? SPr A BB A SR, ROEAEF BT E R & 00

7.21 ZFA R EIE T RA T, R AP HE R AN T RETE & ket

7.22
7.23

7.24
7.25

7.26

7.27
7.28
7.29

7.30

7.31

7.32

7.33

7.35

7.36

P 20 LR THBWEHSS T =HeME/FIRBUEDy 3 BIPEHT, A VSaThEt.
WE— T RIFLHEHERE.

FMTFFLBELFE: T(N) = (I/N)[ 2 T()]+ N, T(0) = 0,
RV RAHFERRFROTRABRIFENT R AR 2 AWy, AF 24X FF
PR T 69 (stable) . AFPHHFHEMLEREEN? BEAE? AT 47
BEE N ML T, SEEA ((N) B TR. R ,f( N)ET
FITEBL, AR 2 anfep b A Bl HE 72

a. f(N) = 0(1)?

b. f(N) = O(log N)?

c. f(N) = O(/N)?

*d. fIN)BRBGEFBARTIREBLL O(N)FRIHEF?

i 78 N AcEHEDPRRP IR — TR X BT EEETEE Q(log N)IKEHLE.
FIFH Stirling 238 N1 &=(N/e)N V2aN&H log (N1)BE#{ETT .

‘a. FHEE R N DIOTERRBEA Z ORI INA?
‘b, BHAIFA N AITCEAHED B P i LB R LT R

TFE, [ A EEE 1<key<<M HNWMBBCRTFTHIN TILEARF
T B2EE O(M + N).

WHE N D ITENRH R OEHAFER BT true Al false, 21 0(N) ﬁ
B, BEHHIXEITTEMBITA false B TCE EHETE true WITR AR . 15 H

it F w200 =2 (8]

BE N I TEMBABE =P AR B EBRT true, false #l maybe, &iH—1 O
(NYEH:, EHH X, HEA fase KT EAHETE maybe JCR BYHI T,
i maybe JC. 3 ER7E true LR AYRTIE . PR FBE(E R Bk b =S 6]

a. B, {FAIEFHENEES 4 MTEHTFEE 5 K.

b. 4 —FE A 5 KB 4 MILEHIF-

a. iFHY: (FAMTTR T BN E R S DT EHTFHRTE 7 KILEL

‘b, B —AEERTIREEE S A LEHRF -

B AR HE R I b 2 R B AR A RE
a. Fw /IR

b. Hibbard &3¢ &t

c. Knuth W¥ig& . h, = %(3’-"' 1)

hk+|

d. Gonnet By & . h,=L%J. 0 b= L5 I hy= 20 = 1)

e. Sedgewick &
LI AL A P HE B T P4l e Tk e
a. W4C: H—AE, PEMTE, BIMTER, =ZHChHE, ik Galic
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b. #IE{EM 0 5 20,

7.37 WE—1HIREAWNTHAT IR el s &, Bl =1dR
IEREF B LN

7.38 WIANTLEH =B PEMRBRUT . £ Al Left 1. Al Center ] Hl A[ Right i A,
HHE 5 Al Right 1388 VLl #0208 k3047, a0 7 7 Lefr &0 H 5 £
Right — 1 Rb(MARE Left + 1 Fl Right — 2).

a. @A R2, 3,4, ..., N -1, N, 1. dFizwmA, SFR#EAFEENEZ
RLRILIPRE 24
b. B AYIE R RFHE, ST A, X R REHE R AE et e R Z 00

7.39 FBA: {ETE T HEEMHEF R AT EFY 2(Nlog N)IKEEHE .

7.40 ZETHEM PeroolateDown Bk AT & X A—12 7 (hole) . #ifi FIFIFE L
7% X FULTFRIGIEL RIS ER B TERMILF EBE X L (TE(mar HERTETT
), g 7 T SEcE LSS PR IERE. B Rk
WEE B RS USTEE T, AR T RESHEARF LT, HEEHE
TCRHL B B — Bt F T REREIRsE R O TIE R MY, LGE R A 2R T o
IE. B U AL NG, ISR AR ST R RE AT (E] R T A

7.41 2—FE, DR AR — N KRS THET

7.42 a. i@t HEHE (build-heap) B {6 2N KR S LHE B HED BRI TR N /

22N,
b. I Stirling ARV BIZF -

7.43 ANSI C ZR I qsort HBUTE C MBUEH . qsort I HLEHEFF SRR 2L SCBL (X
R ) . T R A SRR T R R 2 gsort BEE H B KB R
F—EepaHLAY 0 A1 1 s,

8% 3wk

Kouth BB 13 ]8R 204 B e, BIRK I—AHFHEEE S %K. Gonnet i
Baeza-Yates[ 5] & — S0 8 B 5 R DA Be kIR i Sk B 5%

4b B 7 AR HE P B JE 38 S0 [22 ] Hibbard #9383 [6 )48 1S 28 — 1 A9 f FH I i 5t
A B TR, M 7.4 B A13). Pra T RALIES]HRE], fARIHT A
BRI R 2, SO RFRIR R BRI 10], [21]F24 ] U AL /Y
FRRTF25]. RiEMH—AEREH BEHEFFIESS DL ON log N) BRI 1T
HEI[14], A /R HEF B 1S a1 H R USSR B A Mk . Yao[ 27104 - BT EAT 1 P
B itr. HERMTY RIIELHNR. it 4% Eh B A0k 38 WS (23],

4 HEFE B Williams %8026 ]; Floyd[ 2 1324 THIE A MERT AR L. ETE 7.5WB16]-

I 3-HE PR B B A L R A A e (4 )P E A ib 3 5 S 5 8 SOE TR 1§, AN HEH
07 1] HLAZR A e el ST A R R B AE (9 [P ik

Mo HERE TR [ Hoare[ 71, XA /T TIRARE, R T At ik, R
S AT E B, TR SRR G & Sedgewick aE B [20] M E8. ITEPHE
g B e = e[ 17), [181A[19]d4 . [1 R4 T A C S2 B H £ 7 FE 20 B i 6y
dpitt 3 LS ACRR4) qsort BE BREKHY S BL T IR B R BRI <

H
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HF W FHEF 1L E Ford #1 Johnson[ 31918, XhiE G T —1 83, BILTHE
M s (AR BERE) R BE R T . xHERSS M Manacher! 12 145 i f 8 TIAL -
SRERHER: R YR TO11]. 52 7.25 iR R EHEF B C B Horvath[ 8 #2841 .
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EB8E AHHARZE ADT

TEIX—5, FRATIHIAF R 34 ) B ) — Fh A BOAR 4540 . 30 B0 45y S B OF 1 A
BAERAEEILITARS, mHE AR — R PR SGE. ErSeB AR R, SRRAE
ARERNEFHaE,. WEIE B&F, XSRS MR 1WA 88, N ek LR
HE: BIAF LA R EOE AR TR S WA rHERTER . M TR AME ADT, Ri1H

o TR ANy EGF LR D By S B 1CH SEBE

® i 7 R S 0 MR AR KM e A R
o b7 — b i S B A ik A A T [E]

o fri— R EHIR A

8.1 EMxXHE

3t FH—ITE(a, b), a, bES, aRb HE N true FH false, MFHEES S LE
Y # % (relation) R . N aRb & true, PARATIR « 50 BXFR.

% 1 # % (equivalence relation) 2R FH = THFRKXE R:

l.(ER¥)FHRER a€S, aRa.

2. (A PR aRb 24 B AN Y bRa .

3. (&) #E aRb H bRc W] aRc .

FATHEEILHTF .

LR < AREMER., BATREARMED a<<q), "T{HEH (B o<t Mlo<c 1§
Hae<lc), HERNAEMKHE, FHAM a<<b FAEERT b<a

b, %, i% i M (electrical connectivity) B — P4 X R, PN EERTRELIERFL
. EEEBREARM, EREMCEEEHSHEN. MR o EEBL, A4
b AR S ERE R a. G, R o EER L, i 6 NEEDc, 4 o EEH . BHit, &
SEHER—TFMEER

MRFEAMRHENTRA—TER, BAEXLEMNEELXREN, EHRIEXR—-TFHX
Z . RS E T A MR o IRITEI b, MR o 56 HXER. WRFTA REREARE T
g, PAXFXRBE—TFMER.

8.2 ZhAEEHEEE
BE-AEHRER T A EBROEERMEER o Mo, WETT a— b, s
LK RN — A R, B2 M4 9R 34> THETT LALLH St (e sE . [AIEEAE T, X
T3 B 0 SGHE R SR B 1T R AR BB
e —A BT, RES T KENES la, a2, a3, as, as| EEXL—THHRFR. HHS
HIE 25 M LE, ENME—MREFXRAEBRAXR. R, B8 a;~ az, a3~ aa,
As— a1, da ™~ a2 BWEE—WITEEEE LEAN., RINEZLESREENHXEXR.
AL E € S WS % (equivalence class) & S B—FE, CREMES a BXAN

263)
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JLE., R, FMEEAX SH— 5. SHR—- PR AR EFERE - EH AP
FRE a ~ b, RITABRIE « Mo REMER—NFH2Arh, HATITEA TR Z 60
T H

B ABIERVIE N MEEHHE (collection), B TMEGEA—TILE. VIHMMRENA
AR W false HRBIX R . BIESEE —ARMTE, Mifi S;NS, = 0; Xl
1Hix s 44 R 4 Z (disjoint) o

e, AEMEERTFHIT, F—MiZHE Find, EREEFAECENES (BFM
RVWEGF. E_MEREFNER. WRRNEERMER a ~ o, WARINHELELEFLE
Ha Wb CEEXE, XATLLELN o Mb #H4T Find HFRERENRESER —TFHRPK
2. MRTIIARER—%KF, BLFENMEARHFZEE Union, XFHZELETH o« Mo KIH
NEMEESHFB—PIOENLE. NESHMLARSE, URNSEREEZ 1 FHES Si= S
US,, £HERFANEA MREITA MRS AR, dTFXMER, ¥ E ST
AR A HH 2C % & #Y Union/Find Hix,

FE RS A (dynamic), FROHTEEEIITEE RS, 45T LLER Union 8B A 4
NS XAV AR BB (on-line)#24E . X4 Find $R4THY, B4 B KB LA kL
HEAT . B —R AT BE R L (of f-line) B ¥k, MB EFEEMEL LM Union M Find 75 EX &
A~ Find 28 092 R LA FI T4 $847 $1i% Find B9 Union —8(, 1MiZH A LR B BT A BA1 L
ERE T HENER, XFERNEMUTSM—RER(E—RREBRIH—IF HEEAM
= et ] FSE 2 BT 4e A ) A — R DT RL OB R BRLAY, B R0 200 R 2 AT A Im &L, SRIE A
REAKEE T — MRl .

A, RIS R T R M AR, M AR EMEEAINAIE. fTX
AEE. BRIMERFEHTENTM 1B N FES S 3 B4 5 kRS i 237 R 6
E. FE, FanRITE S;= i, i = 18N,

AT BE AW, B Find BEKWEFHATFER LREYIER. RIEEEMNX
7T Find(a) = Find(b) 2B o« Mo EF—TEET,

XE BT EESR SR EER, BN (SR H R FET P RR
wE, K ELEmHE— TR,

W B A ) B O R IR, — R R RIETE 4 Find BB LLR BORIR R T 2 178
BT, T 5 —R 7 RUSIESE4 Union AESS LA BRI 2 17BS A1 EAAT . BinA AN
— HF AR B .

AT EE TS —FLL B k. Ff Find ERR, W LTE— T B P RAF T UK
By KR4 T, BT, Find 62 80 O(1) A, @IRATBEMFT Unionla, b), HiX a
AN ;R b EEMA . RABERNTEMZEE, WA BERL A, XA
pE bt O(N)BHE, T2, %% N — 1 K Union #E (X RECK, 4 2 it AN TR AR
i AMEST)REER O(N)HEEL WRFE 2(N?)K Find ZE, Mot RYy,
B H7E s AN BT F 4 Find 2 Union EE KM MEITEEN O(1), R Find 2
EREBLE, BLAXNTFREAATEZN, |

R R TR A — AN S b TR R — MR X 7E O ETRY B 4 1 A I
i, ERRINALERE A A2 FErEgELE SR T fEheT O(N?)IKFEMH A
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IR, NI E A I GE b i /b it i A T (]

ISR FRATL ERE A FMEM RN, HTERTT Union BREEUN ST 26102 T BURER
KEOZEMEN LT, AT N - 1 IREHHLSHBEIFFFH A O(N log N). HEHET,
B TR ENSNRREEE og N K, BEABRERIFH KSR E AR A 502K
FELEEMFERSEMBHMMER. FHRAXFHE, FEIFH MK Find IEFIN - 11K
{19 Union Bt 2% O(M + N log N)BFHE.

EAZ R HATT, BRI 4 Union/Find P18 — gk, AP Union ZHAE 5 E
Find iz B EME—st, BNl , TENFAE L M X Find FIEE N - 11K Union B11&17
AFE Btk O(M + N)Z—ri.

8.3 EBEAWEEH

OAE, RATHMEAER Find 8458 FHEAHFEN 4T, M HBER Y HICYPAITER
& T HIE MELR, VERTEXFIANTTE LMY Find B EHFM LT . - FEE R UERR/
¥ ERE—NES, AR EME N TERABER. X, RS LARR 4 BT
BES . BITEEARERE—MES. GOfF, WEESNEHRK) TR I EGEH —
ANEE . RINBESRXSER A —ELTR LR, HERRENEES, HARINFR
BN —{E Bt R— P RI5EH . ESMATHRLMNN SAL. ATATELXYANEY, B
S AT AT LA A g e B A TE — N . BB U PLIFRTTER § HIA0R.
MR R, IP4 PLi] = 0. 7EE 8-1 fagEbkd, XF 1<i<<8, Pli] = 0, IEWFEME PR
B TR B X, R, e R . 8- 1 R T X R R
£ FE, HHEEL, RIGERKICRHEIEERT .

' A .
boodoooc
RSl AMTEE. BRUREFFNES

% T AT R AR Union B85, BAiME—T SRigEm SRR 5. B
SR SR VEIE TR Bt E] . PR 8-2. 8-3 Fl 8-4 43I RFE Union(5, 6). Union(7, 8 ) #1
Union(5. 7)J5 BIZERk, b, RAITRH T Union(X, Y)EHHHRE X BILIE, =R E 3

A HE B Fm WA 8-5.
‘ !
5 dod Q
()
82 7F Union(5. 6)Zf5

$CE X #9—IK Find( X)$efEil iR a4 & X A8 RO 52 e PATIXUCERAETE B
A 54w X BN SR BUELL, e oR 33 T (B T AT LA B (IR B KR X BT AL
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éééé *

B 83 7E Union(7, 8)2ZF

ONCRORONG

84 7E Union(s, 7)2fG

nu[unasfs]?[
2 3 4 5 6 7 8

B85 LEaRedEERARR

M EEATE, BEy -BEERI N 1MW, 8 —K Find 89 SR HH T2 217 8 (8] 2
O(N) —MHF5, EfTetE M EEREAEH M MESRITER, EXFFRT, M KiE
PR ERINEIE T AT BEIE %% O (MN )i [E]

Pl 8.6 | 89 iR F o AAE R LI, BiESRRCEMTT. £RINEARE
o1, 3% Union 76X S0 {9 b #E17 60, ARHMRER 2#E i EEW A TE#Tr, HES
Unionfi TR IK Find LAWEE X 648 .

#ifndef _DisjSet_H

typedef int DisjSet[ NumSets + 1 ];
typedef int SetType;
typedef int ElementType;

void Initilialize( DisjSet S J;
void SetUnion( DisjSet S, SetType Rootl, SetType Rootl );
SetType Find( ElementType X, DisjSet 5 );

#endif /* _DisjSet_H */

E 86 AHEESHERSEH

S 5 R A PRI 6 R 1) R S R T 0T 5 SL (3% Union $44F 1 25
36 ) TH. B, 7EM 8-4 BOREMRT, RATATLABE, BT S A, B F—4 Union BUAFTE
il 5 w4 = 20 AT REMLE B (B PR R RS AT AR B Union) . 498, X MBI &

SAEF, REFLEEHOHLRME T —K Union B REIKK . H— BRI &UNTER R
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void
Initialize{ DisjSet S)

/87 AHALESHMGLME

/% Assumes Rootl and Root2 are roots */
/* union is a C keyword, so this routine */
/% s named SetUnion =/

void
SetUnion( DisjSet S, SetType Rootl, SetType Root2 )

5[ Root2 ] = Rootl;
b

] 8-8 Union( ARBIFH )

SetType
Find{ ElementType X, DisjSet 5 )
i
if(S[X] <=0
return X;
else
return Find( S[ X 1, S }:
}

89 —ARFEFRMHLES Find Bk

AR AN TR BIFTA Union PRSI REAY, B IR L/ 84 AT BEZE T — K Union

WREl fELERBIFE, A MILLKRTEF—K Union PEBIHRE, BN (MXIF

MOTETE 6 BT EESIE 11, 2, 3, Al RRYBEN TR AR 16 FAkH (5, 6, 7, 8IHH—T IR
511, 2, 3, Al — AN TTEE I, BHEEE SRR, WEME R RFHRE LR R
W—B AR, TAEFN A TR T EMARER, BER (M), 6(M lg N)
DI @ MN )RR FEZiEH, Rit, SN REIRSLE,

3ol — Z 51| A B = 0K (quadratic) 3B AT [B] — R R AT 2. AIEHR, HILRITES
SARIEXFERIZTTH Rl A .

8.4 RIGRHHEE

T 9 Union BT BAE HEE /Y, TERAEE BRI E B TFRTERS
3. ST ARG R BB T ESTBEA SRR, {348 b8/ BB AL B HIAR B9
T ﬁmmﬁﬁ'ffﬁ"q{ﬁﬂk*l‘iﬂf‘(unian—by-size)n B 5 75 =K Union #9352 K/
HE—HERY, R ATAT LA R BT8R R4k B/ MATTHY . B F—kiEH & Union(4, S),
[ 2,45 BWTE LA 8-10 I FRAK 2 B A Xt /N T R T H % Union, BLERB LI



B ERH(E 8-11)

OO0 £

& © T

A 810 FARDRIFMER

000 Q

P 8-11 #HIT—IRIEERIIHAGER

FATATLAERA , R XL Union #R IR A/NEITH), IBAEM P LK ESIA 2B
log N, HAFERWAMGELTHRE O MME. SENHFEHE—K Unon M4 RIME
fneet e, % SN EFEORE VST TERPERR— 8 L. N, ErREREH
RIS log N W. (FRMTE 8.2 WARRMPEERE EF AL X EH . ) XEKE, Find £
B ITRHELR O(log N), TS M KEEEMZED O(M log N). P 8-12 HEIREH 7E
16 ¥ Union J& A o] fE3 BIX FBIRAI R, 10 B4R ETH B9 Union #3F A 3 A/NMORETT, R
2% B A 218 B A (B TE MRHETESS 6 TIHEd R —IH ).

E8-12 N = 16 FHEFHIE R

B TLBXFE, RNBEECES R KD, @ TRATEH ERMERA— 124,
B AT AR B T R LR B R B N S OB — Ok, B BRI R O B ek
R — 1 T (i 8-7 MFEEMATAIR MR ) . SHAT—K Union i, BRFREIKR D
/N R E AN R, KR, A/NR IR EBUR AN TEIE R, HFARHEBI
. FUEE AR, WTFEERASEMER, EIEY, & REKRIHFNES M
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Wiz HFEOM)FEmfE, X2 F SFEPLEE Union P17 AT — M B — 271/
HESCEF F—IPR)SKESSH.

b —FRSEBL AT ¥ R 4 & B £ S5F (union-by-height) , B [ &£ LR UE BT A7 B9 B 19 K ¥ I 2 B
O(log N)o FRATERER BRI 9 & BE T A 2 AN FFATHRLE Union {8 5K 89 BY AL 0 BEAY 5 £
T XE—FTFENE D, F R A YR 5 5 SR i R B /5 BE A 60 (g e 4
MIRRRENE 1), XBE, $&R BRI RIZA/NRIFRI R BB

T 345 B BR — B4R A B B R/ R g @ FER R E R AR 7R . B 8-13 iy
e S BB AR 8 BOR F B URS

bbb g

& ©C

8
-1 -1 -1 5 -5 5 7
1 2 3 4 5 6 7 8
0 0 i} 5 -2 5 5 7
1 2 4 5 6 7 8

/* Assume Rootl and RootZ are roots */
/* union is a € keyword, so this routine */
J/* is named SetlUnion */

void
setUnion( DisjSet S, SetType Rootl, SetType Root2 )

if¢ S[ Root2 1 < S[ Rootl ] ) /* Root2 is deeper set ™/
5[ Rootl ] = Root2; /* Make Root2 new root */
else

!
if( S[ Rootl ] == S[ Root2 ] ) /* Same height, *

S[ Rootl ]--: /* so update */
S[ Root? ] = Rootl;
|
)

B 8-13 () KIFHNERF

8.5 BRIEESR

EABHER B Union/Find B30 T K SO HIL AR 52 4 TS, e AR R R A,
i L FiEgE M AMEL (FEFTA MR ) B RAMER . A, O(M log N) ) B L
Rl RS A 5 I B AR ER. Fln, Hn SRR A TR BT A (48 A Sl — 1 BA B o I B A ik
B AT TR 3E ABK, 8 2 B G OUR & K. i1 15 B Find . Union £
B B4 RET AR R S R L 0I5 1 T ) B . T LRI, AT Union R
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e . e e
= e — o —— . — — — — o — -
. - . .
. -
- = = -

THBRAFZYGHMATE, X RETXHFAME . AT Union #1E R T o7 & B B0 ™= A M
MERAEEAR, B E LA SHEEI TS, Bk, KO- 8Es i EHin L
T {5k B8 3 o R e — 7 32X Find BRAE L B RE R 89 TAE .

X TP BS B B B4 Y {38 42 R 48 (path compression) . B&4E 48 7€ — X Find #:4E 88 $ 4T
1 5 B FT Union BB, EEBER Find(X), WA EZEHRER, M X FIRE
BEAE B AAME TR AR . B 8-14 FEHAERT A 8-12 Ay IR BB AT Find
(15)Ja 45 BR AR YRR

814 HREESH —-THF

B8 4% FE 4% () SCHE(E T FBSMO R E T &3, 8 13 1 14 IAEEMRIE M — T E,
45 & 15 #0116 BAEBHIE TRMIE., Hith, XX SRR A PR T BOR ALt (RN A
)R sh e LA R AT AR RS, |

AN 8-15 P BFEFEE Ny, BEESEAR Find #E8UE AKX, A Find fifE¥
ML RS SIX 1% T i Find R FE; X, ARESHRBBEEERILIS,
X SIS . A AR A R R B — T A RO s B, RESEEE T AR TR AR

SetType
Find{ ElementType X, DisjSet S )

AF(SI XY ==0)
return X;

else
return S[ X 1 = Find( S{C X 1, 5 );

|
L -

B 8-15 FIBAEHE4EH4T A CER Find HBIF

TR BUAT — 2 Union BAERURHE , MEESGR—MFRER, BAFEFSHRED
G AR T TR A W CIER, HTERRE LT AT R AR T L M
IR ZEE O(M log N)EIETE . Fit, 7EXFEE T e PSR tERE T 328 42
— ™ 1 AR PR ] R

AR Sk /INR I E IR, X EER G AT LARI AL Gil e KL BEPE PN
INRFE T LA I (] BRATIESE M e K, R I R 7 I A 7 B A TR 45 T o K B S — i TAF
FER RS XA R ERBA R, FEEERIMESED, MEEHSR
155K H R W45 & TERTA B L T 20K = AR R R AR

A R A R A SR A BRI, R B i FE A AT AU A 18 FE o RAVRA AR
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AR ZEH R EN. EREALIE! B, X THRM R & E IR
e B (A B PR ——rank) , [R50 EHERBGROF (€ E R BLAE €2 T AR EH) IR F &KX
ISRIFRFE R, AL, SR ERT AWK/ EF R, SERNRIF—H,
T T AR R R SOR R A H . T —RIE, (AR IA SR A2 e 4 AR RE
% f %5 o D B IR L iz AT 1R

8.6 HRECKHMBIZERNEIAFR

W R AR R, BEERNEE T IILFREMR. 3, ERAFE T TEN
BHEl R @ (Mo (M, N)) (B M=N), H¥, o« (M, N)& Ackermann REI, Acker-
mann BA¥HNTF E Y

A(l, j) =2, ;=1
Ali, 1) = A(i —1,2), i=2
Ali, j) = Ali =1, A , 5 — 1)), i, j=2
B ERATTE L
a(M, N) = min{i=1 | A(i, LM/N]) > log Ni

RaT A E B Rl RSP o« (M, N)<4, XWMEANARAEEERN. 5ok
%2 Ackermann BRI A BT B log" N, E& N MEFI N1 HERUEHRE. T2,
log” 65536 = 4, XEFEN log log log log 65536 = 1, Log* 2% =5, T BHLE, 2°°°] &
—ANE 20 000 RIBERI AR, o (M, N)LFhr FEZEL log” N #BKHLE. BT, «(M,
NYHARES, BitafratE A 2LEm.

TEA Y BT T PHAIE B — RS — S &5 B . FATHIER, (EEIMFR M =
0Q(N)¥ Union/Find 34 #E# BELEFHRE R O(M log* N). MR K/NKFR B
K3, XA FRFRER BT R, A E MO AEAR BB YE RO 50 LIE, R2W %
PR TSR — T EE#THE - HEEERMBRBEOTITZ—.

8.6.1 Union/Find HiE4 47

EX—/T, BiELE M = Q(N)K Union/Find FRVE B AT R ST — T H 4 R
{9 . Union # Find 7] LALUET I (B, (A2 Union RAZ BT Find W H) FH B 12 48
5o :

N5 R S BBk - B S BIOS I BT R, AR, B THEBSRIFAIEN,
N S B AR S 2EE, BIE, RETHEE—TBN log N B &, RITE
FEPIHEELER » SR —DRTEEBHAF . B TS Union AT (AT
L4 MRS EL AT AR 0 ) B A4, PR ) T LA o 22 B A2 PR R A R R

gIE 8.1

L0 47— B F Union 3640, — BN r TSR EDE 27 MEB(RFEEHET ).

i

Weengis:, MTFEREE » = 03IBBARYL. £ TE&KNr () B A B S B
W, HS XRBRTHR, BRFR X KIS —¥ Union 27 T, M T, ZE#TH. 7 T, B

O Ackermann BRECE R AL, j)=j+1, =1 &L, Heh g e, B, TR ER.

bo b2
~1 =]
—

:
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B X, R T, BRBE - BB T ME—MEEN r OREL T AELHIGH, X5 T 2
Bfwm/PEEROMBEFE, B T, 98N TFEF -1, T MBNTFET T, BB
MF T A MBERGEET, M, B T-8%K» - 1. TR T, 888 » - 1, RIBA
MEE, SEWELHE 2 NEE, ATTEEH 27 1~ E%, 91,

13 8. | HFFA, BRRNHTIREIES, a8l »r HIEEYSLRELE 271G
B, R, BEEE T UREX R, HAERBIEEEMN TR R L, A, Mk
Union, % HRIIE EgEe, RO AR A B, SRR SERME T E. Xesnfr s
B EMERBESE—FE, Hith, Y#EBN r 89 S NBW AN, R EY T LIZE .

F 2, THEaE M TA B 48 A 2 1A B AE R 48 A0 B Y -

31128.2

Bl (AN EEREN/2,

WEEA

ERRABES, BN r T SEHEELHE 2 AVANFRAE. £ TRBEE
RGeS R » 003 5, B, Bh r RN SEEM TR ESHZRN. TR, #FEES
N2 ARHZH TR, NTTREE N/ 27 B r 8795

FT—AB|MEUSLAERBRS W, M EERIIGSTTARELERN,

313 8.3

7€ Union/Find B3 64T —81 %1, Mot S04 6 B2 E AT S a8 A im g .

i BR

HER T TEERR 2RSS, BB R RO (B BT MRERREREAR R TTR o e w i
NSRS, BR A R Union FHER v DRE LR w —EH 7. Bilte v BT w I8k

PERA1 S XY B A R, TIHR 8.2 HIFRITE T AT IR T 8% ro R HE

274; i Union KR{4, FrLA5|2E 8.2 #£ Union/Find B BT By B B 1R ISR TR 4R i P IR AP 2
R hY. [ 8-16 35, MEEFEER 0 11 WY AR, BEE - W r T REED.

o\ 8.2 FERHEERE » BA ATHEAEAE N2 N1 ARE TR BT B 2R
HETER, PR ATREN T MR - XA R R L. T 8.2 ik T BN r OREE=N: ke 1 ¢
il 8. 3 MAVERITENM A . EMBTHEE, A MBI A BIR MR B

ERAIESEH T ERERE, IERARERBEMT : SEMT A v #Y Find Fif 1£.9% (9
BE 5 M v B AORE R b a4 A M EORE o BREELLFRAT X4 Find EM o IR AR
bt — AN SR — AR . A T BRI R R B ERENT—
AN FTEA—A . PRI R — N ATHRE, B ARBRF N T, HBHELH
i, AT CATEANFETEER, XHESHTESR.

Vel — S M HRES, RATFEAZESRINER PR T, RATIGUEH , TER AT
i) %t F4EIK Find RATHAEFEA—E RIS . RITERFIEH, R B GEEA—E &/
FRAP TP SE L 31 3T 22 A MO ok K75 1) BE 85 77 AR 20 1T A9 LA B0 o

T7ERS ML AT BRI T HE R . A PR PR 1 R kAT B —LEBR A
WA Find, FoATHHE— 63540 A7 UL IR B9 6 42 T 42 10 2 ok 43 T A7 Bl — S8 5 1 TR
[k THE s E RS TR S, RIETEES TR FagfE R, EiE R - 18
A SRS IR, RIVERIE B - MEARER, IG5, FATHERYE ¢ PEITE -
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AR A il BEAE R 75 2] B Bl ¢ R BV, IRJT . RNTEER TR ¢ TR
Fl— G BN SR PRI SR M A S8 X MR AL RAE R R34 M AY
BH ENSR G rER

B 8-16 —HRAHAMZER (WG T EAERE)

RS IOBR A RA ., B r EOREG(r), T G BEGHIE . (LRERH ¢ PR
Bl F(g), HbPF F =G "R GCHW, T, EEMKA g > 0P TEE F(g) -
Flg - D.BR, GIN)BRRABAN— M EFRMB LR, 67, BRRIERE
B 8- 17 B4, TERXHER T, G(r) =Vrl. EH g FRBKMBEF(g) = g7, 3
MEEFH g > 0BEBF(g - 1) + 1 HE F(g). XTARAEHBAO0, B AT HE,
RATEARITERA 0 R SEEN 0 (T E ., 1EE, XERk 2 il — S8 i) BRAN AlAY .

FRAIARTRE, REFMRICREEMTRIFEEZZS K, W ﬂ #
4 Union $§ 2 1E % Bt fa] . B, SEARUEBA I, Union 0 0
bR R AR ; a4

FA Find( ) TE7R (98 (8] IF bb F AR 2 ¢ BT B4R 19 RS 3 1;::2352 9
I“Eﬂﬁir'iﬁﬁ‘ﬁu A, #'E‘iﬂiﬁ:ﬁﬁié.tﬁ?ﬁ—ﬁ‘ﬁ-‘iﬁz\—ﬁ“ i {i = 13 + 1 through - I

i, Fat, ERXEERIIFME 2, BARMNARESAE
FEMER, AR ARHBIREES. Bk, RIOTEEETH
) FRER AR R4 . IR 11K F 4248 S M (fancy accounting ) B A7 ¥«

AL E | TS IR R LS — TS v, RITERADKA Z—FA—T5W:

1. R v B8, 8#F v BGERR, 8l v NIGEES v AEa B, IRaTEinE

> TR —A iR, XREEH IR AFALEET -

2. B, H—-IERSPFABKILE T,

5|12 8.4

AT EM Find(v), FETARBETRREATA, Fifrs MM BERESF TN v 3
R B SR

i AR

B

i —3%, RNEEFERBIEEEN 1 THEARPA fgErAFIZEEN 2 FHEANET

A g K gk
FATHHTRE M X Find, A 1FHZRHFE—K Find PR TEA LA S P T A EIR

8-17 #BksrmiBRd
fr ] RE A9 R 51

276
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2| 8.5

Gt AEyE, EEN 1 FESTANTEARLIT A M(G(N) + 2),

iE AR

AR, Xt FIEER Find, B TAERAMTHILT, HIKFEARNFESST. HE5H 8.3,
ISR E AR RN SRR, M TREA G(N) B4, EsHEEREH Find,
EFE ERA GIN)DHABY SR BN 1| EAST. TR, £IERERHEHZL
H G(N) + 2AESTaT AN LS. B, €01 F, %4 M K Find &2
GFA M(G(N)+2)4£4,

W TEBIZEEN 2 FHIEMEASTAEARNBEARMEIHE, FRAVHHR I TS A 1R
ind $24 FRTEARIS T Bk, IR —HEERAEREN 2 FTHEATUS o, BBA o #ill % ESE
BRI AR AA TR SES MBI CE. (TEXE, RIVERI T IEfE# T
FE) TR, B4l ¢ > 0 PIH A v EENRLT SEHHERE ¢ ZAIRZSTUBS F(g) -
Flg — DR, BNZKRZBANINCIERLE, 3 v BIFTH RRFN IR 1 357,

5|1 8.6

Bl g > 0PBAKIE V(g)EEH NRFE -V,

iE AR

M2 8.2, BEREME N2 BN r TS . W ¢ PROBCRA, RI1EE

Fig)
vig< > N

.
r=Flg-1)+1 2

[= ]

< > X

r
r‘—F(I‘l:H'l 2

51¥2 8.7
TABY g BFFE AR EX A TRBRA N HEERNF ()27 Y,

B

Rk — A T S B Y A RTE R R E TR F(g) - F(g - D<
F(g) AMERST, 518 8.6 HVFRITRE i TURAELE M) T 00 9 i A ik T ARG
B EH R

313 8.8

fEEN 2 FMMTEASTERE N N F(g) 2770 AR

B

B BE 410 R & A B 089 TE K L B LB R R R 28 i 4 10 R RR DT RAE AR

& ST 1. Rid, ROVERZAER L HAba R ARSI FHBGERIF -
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B — -

APAEEA LN 5 o TR R K A el 1558 5 | 355 v 7 .
XHE, FRATSLEBIZe B0 1 FO ) 2 AR T, R EBECh
[y
M(G(N) +2) + N> F(g)RFs1 (8.1)
HOTEREIE GIN)RERY F(N). B8, RITELHR Lol A HEFERITEENE
fea %, BREEMESESE CINB/MEEMFAEEL. A, £ GIN)K/p,
FIN)SEERA, XSERIFLMOR. — 2 aREEER F() Rt FIO) = 0H
F(i) = 2F0 - DVigRE XHm. TESH GIN) =1 +log” NJ. E8-18 Bt
e IR . FE, A0 REER0, XERRMNEMNES I BPERA. FIEFELTHR
{8 Ackermann EREL, 1 RERMEHFIEMNE X EHAARRE(F(0) = 1),

EE 8.1 #l Bt |

M ¥ Union # Find B9z 17850 A O(M log” N) . 0 0
i BB : : ‘

2 2
i F R G R SUBABIU R 8.1, RAMMEHHN OMG || 3 Shante |

5 throu &
n _ . ; . ‘_‘G{N} (g—1) 7 throu % {
(;‘V ))‘ O(M I.(_g 1\?)1 j]ﬂgj':%]:ﬁ El']-ﬂE‘ﬁﬁy -N_,"_J a=1 F[:g}fz:: o ! 2 65513? :erilhlzﬁﬂh |
7 truly huge ranks

= NIV = NG(N) = O(N log" N) - thF M = Q(N), Btk
Pt RO M 8-18 EAEWIH IS

®iMp9aHristh, e AN BEEREF BN AR, e sa sy 5
AT 5 4 B () 7 B AH RS FE /D

8.7 —1HH

e /e R T DL PR M — A T, IR T mE . BT — A
AR R B EE RN — ST ENLEE RS BT RN A, REER—
AP L E— RIS B —ATTENL R — D HHI AR 2 %
K% A B UBEHL (on-line) Rk . B, XD EZRE —R— S T, MR AN LNAES
TEAT—Hf 25 h A%

XA B A — A B AT UEFF R — AT EUEIE AC KRS T, FATEK
84 H B HLA] LSS S BOUS EATER— MRS, TUREN, F8 R R —
ANEMLE . AR — R — AR . SRITEAL N EE LW, v )BF, FRATIHE
A7, Mo ER—NES S, MR ENER - 88 Pt AR MG MR ENERRERE
ad, ARIMEETIIENPIESG . ERENES, B 45 ) 4 B 8 X HAUS R 5
HEE—MES, WREE M PNEERN G1HRHL, IR 225l @RI O(N), R
SR 3 FIERAR R 0 T 1, RATE BRI B TR E O(M « (M, N)), [H AFFTE 2M
K Find M1Z%& N — 1K Unions, AN B AT A fE S P R PER

EF—ERMBESEI—TFELHMA.

B4
RA1E 2B IR AR A AR # R BARETH ., = Union HRAEPATRE, BLIERE T
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ME., BT EGRBENBTRALEEY. X8, BLEEE, 8-S HAT2BEN
B, FEEFAEAERIER EEZAM, Union BRIEM; HHX—5, RITEREI]—1
BRI EZRE Y.

P2 FE4E B 8 ¥ (self-adjustment) IR BRI Z —. RAITCEAHIA— Ly (R IER,
R WES . B FEEEEE, RN RS RE, HATERREEE SHEHKEIRN
T i J AN X A TR RS — B 22—

%3]

8.1 HHTH —REHFEABLER . Union(l, 2), Union(3, 4), Union(3, 5), Union(1,
7), Union(3, 6), Union(8, 9), Union(1, 8). Union(3, 10), Union(3, 11), U-
nion(3. 12), Union(3. 13), Union(14, 15), Union(16, 17), Union(14, 16), U-
nion(1, 3), Union(1, 14), 4§ Union &

a. [EEHTH.
b. &M EHITH.
c. FR/NEFTHY,

8.2 T LBA G —RR, R BRGET S R R IRT T K Find.

8.3 HE —MEEFRIERZEEEMEFRIF T EOBR. RETEFILLERTA
FSFhA] e i AL — R S A RAE

8.4 IFHA, W Union IERESEF ST, BBAMERE -MRREHEMN R Oog N).

85 a WFBAIE M = N2, 384 M ¥ Union/Find #:4E B TR ERE O(M).

b. k8, WHE M = Nlog N, 84 M X Union/Find BAERE TR ERE O(M).
vc. M =0 (N log log N), Ml M ¥ Union/Find #fE#)a 478} ] J& 2507
«d. M = 0@ (N log” N), I M & Union/Find PVERIE T (E] R E

8.6 35 8.7 WrhmEFE FEAERME. (1,2), (3,4),(3,6), (5,7), (4,6). (2,
4), (8, 9), (5, ). Eili 5 L& A7

8.7 ME—-TRFLMS.7T WHHIE.

+8.8  (EFEA A I — BN AIERAE Deunion, B BEBR i A 8 BERR 5/ ) Union 2R
k.
a. SERH . AR % B R 9 DL R R B B 42 FE 48 #E4T Find, 4 Deunion BRUER
53473 FL#%4E M ¥K Union. Find #1 Deunion $fE7£%% O(M log N) Al
b. it 442 4 #1153 Deunion RHMEBT?
v xo. $EH AT SCIET A = FRIERE S ELE M YIRIEIESE O (M log N/log log N ) i
8]
£8.9  (BZTRATAERIN—FEIEME Remove(X), ZIREE X MEHATRE S PR L
T BT O ES T, $5H WA BB Union/Find BHEESESE MK
Union, Find. 1 Remove BAEMZETEEIN O(Ma(M, NY)o
y 2810 B —ANEEU—E N TUERFIN X TAERBA, MEXIEA (0, w)HWE v
Flw BORIT AN, IREFERAIZLEA O(N log* N)HFEEEAT .
+8.11 WEM, WRFTA B Union #R1E Find Z AT, AR 48 FIRE R E R AR RBETE
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LR PERTIE], BPAE Union AT BT HLE QI .
« x8.12 WEM, WREE Union BAEEEHTT, ERZES LY Find #17, 2RI HIEE

FTEFE A0 (M log N)-

8.13 iEWi, @I Union A /PiIT HHATEE R 4R, AR AR IEIE 247REEID O(M
log”™ N)o

8.14 ZFALEAEAEM 1 FURABRE EAYE— A LA S48 M B M A (4R B R
PASEIR N Find( i) B94@ 2542 /& 45 (partial path compression). X" {3 4% -F % (path
halving),
a. WE—PTHEEHERTHE.
b. HEEA, R Find BAEHITHEET 43, WA IS R R K IR 2 4% /oK

3, HEREEEiretE®E R O(M log™ N).

2% 30

K # Union/Find ElER R &R TRl LIE(6]. [91A[ 11 ]9 F]. Hoperoft Fl Ullman Uk
BT 8.6 1H O(M log” N)R. Tarjan[ 15]MEBHF O(Ma(M, N)). MHFM < N#E
K uy (L EF A ) B9 R W F 21 18], X442 FE4E M Union #92& Fp H i J5 ¥ tL ik B AH ) A9
B R e[ 18]

H Tarjan| 16 ]25 9 — 1~ F F4a i, fE— FEHIPRE T ALFE M K Union/Find #EH &
Q (Ma(M, N))BFE ., 75—2eR /a0 &0 T (7] 14115 H AR A F

Union/Find ¥E45# 9 R W F [ 1151101, Union/Find [f] 8 9 3 L84 PR 1 72 AT LA LA
O(M) RS, W8], XFEBETEENBITHEIE UK «(M, N)EF, Wlt],
& . #(graph dominance) A B AT 494 (W55 9 BLAISE 3CHK) o Aib—sefg[10]MAEHRIE
M R IR R B . RS T 10 4 BF . Tanan % 5 T B e A AR e
B — s AR K17 ],

Union/Find o] B2 E 89— 225 LT [S]. [12]. [21]#1[3] — 2 g (T B AR IR
(X TR AN ERAE R ) ) B B AT B [B] Y R 45 AT #E (4 ) A 13 ] 4R 2

4:5] 8.8 7E[20 g, —Hy Union/Find Z5HIFE[19] 4, VRS HISTIFE ZHOPMF.

1. A.V. Aho, ]. E. Hopcroft, and J. D. Uliman, “On Finding Lowest Common Ancestors in
Trees,” SIAM Journal on Computing, 5 (1976), 115-132.

2. L. Banachowski, “A Complement to Tarjan's Result about the Lower Bound on the
Complexity of the Set Union Problem,” Information Processing Letters, 11 (1980},
59-65.

3. B. Bollobas and I. Simon, “Probabilistic Analysis of Disjoint Set Union Algorithms,”
SIAM Journal on Computing, 22 (1993), 1053-108s.

4. N. Blum, “On the Single-Operation Worst-Case Time Complexity of the Disjoint Set
Union Problem,” SIAM Journal on Computing, 15 (1986), 1021-1024.

5. ]. Doyle and R. L. Rivest, “Linear Expected Time of a Simple Union Find Algorithm,”
Information Processing Letters, 5(1976), 146-148.

6. M. ]. Fischer, “Efficiency of Equivalence Algorithms,” in Complexity of Computer
Computation (eds. R. E. Miller and J. W. Thatcher), Plenum Press, New York 1972,
153-168.

< M. L. Fredman and M., E, Saks, “The Cell Probe Complexity of Dynamic Data Structures,”
Proceedings of the Twenty-first Annual Symposium on Theory of Computing (1989),

281



214

#8¥

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

345-354,

. H. N. Gabow and R. E. Tarjan, “A Linear-Time Algorithm for a Special Case of Disjoint

Set Union,” Journal of Computer and System Sciences, 30 (1985), 209-221.

B. A. Galler and M. J. Fischer, “An Improved Equivalence Algonthm,” Communications
of the ACM, 7 (1964), 301-303.

J. E. Hopcroft and R. M. Karp, “An Algorithm for Testing the Equivalence of Finite
Automarta,” Technical Report TR-71-114, Department of Computer Science, Cornell
University, [thaca, N.Y., 1971.

J. E. Hopcroft and J. D. Ullman, “Set Merging Algorithms,” SIAM Journal on Computing,
2 (1973), 294-303.

D. E. Knuth and A. Schonhage, “The Expected Linearity of a Simple Equivalence
Algorithm,” Theoretical Computer Science, 6 (1978), 281-315.

J. A. LaPoutre, “New Techniques for the Union-Find Problem,” Proceedings of the First
Annual ACM-SIAM Symposium on Discrete Algorithms (1990), 54-63.

]. A. LaPoutre, “Lower Bounds for the Union-Find and the Split-Find Problem on Pointer
Machines,” Proceedings of the Twenty-Second Annual ACM Symposium on Theory of
Computing (1990), 34-44.

R. E. Tarjan, “Efficiency of a Good but Not Lincar Set Union Algorithm,” Journal of the
ACM, 22 (1975), 215-225. .
R. E. Tarjan, “A Class of Algorithms Which Require Nonlinear Time to Maintain Disjoint
Sets,” Journal of Computer and System Sciences, 18 (1979), 110-127.

R. E. Tarjan, “Applications of Path Compression on Balanced Trees,” Journal of the
ACM, 26 {1979), 690-715.

R. E. Tarjan and J. van Leeuwen, “Worst Case Analysis of Set Union Algorithms,”
Journal of the ACM, 31 (1984), 245-281.

M. J. van Kreveld and M. H. Overmars, “Union-Copy Structures and Dynamic Segment
Trees,” Journal of the ACM, 40 {1993), 635-652. ‘ ,

J. Westbrook and R. E. Tarjan, “Amortized Analysis of Algorithms for Set Union with
Backtracking,” SIAM Journal on Computing, 18 (1989), 1-11. |

A. C. Yao, “On the Average Behavior of Set Merging Algorithms,” Proceedings of Eighth
Annial ACM Symposium on the Theory of Computation, (1976), 192-195.



F98E Bt &EE

X —%, RATHEER P — My 8, B AMUAELR P A A, mHE T
FELIRETRRR AT, B AP B G B Bl S BOE R S8, AT LA S iR 2
FEH AR RO

o LA BESEA T PR ERI AL, EATRN AR AL AR e (A

o SRR URRIL-EEE ELE R

o 4 A MR RER S5 AT AR K M PR AR X L6 B 3B AT ) .

o AN BRR KR IR 518 R (depth-first search) W E ZHTT, 46 B Wl REAE LA

LRI (] oR -y TR R AR A1

9.1 BEFEX

/B (graph)G = (V. E)H .5 (vertex) % V Mk (edge)ff E A, 8 —FKiAMz
— A (v, w), o, w € V. B ITHFREER (arc) . R G ATFR, B4R
ny {5 A7 61 64 (directed ) . A7 (61 4 B A& Bt 0 A & B (digraph) . T s v 1 w 4R 4 (adjacent)
WMH Y (v, w) € E, TE—PTBEN(v, w) ANTEEHR(w, »)BXEEF, w Mo BE
H o Wl w 408, HERHESRRA S =R, FREI(weight) BLE (cost) .

b i) — % %72 (path) &2 — PN TS TEI w, wa, ws, ... wy, 5 (w;, wiiy) €
E, | < i< N, XHE—%BEHK (ength) Z%HER ELHHE, €FF N -1, A= E
THSTUBRE —XBE, MERZALETH, BAKEHKN 0, XRE LFRFEHN
FHER . MEEESE —FMN—TTHABEE BN (v, v), BAKE v, v ARHE
I 4~ 5 (loop) o FRITEIHE B E —BUH R T, — KM %2R —&ME, HE
BT A TS B R B, B — TS AR5 — T al BEA ) o

LR HE (cycle) BHRE w, = wy BKREDH 1 B—KIEE; MR R A5
2 AR EmAE, T EmE, ROTEROET R, XERMABBAET LA
B2 u, v, u AREBOAEE, AR («, o)F(v, o) BF—FL. (HEEAR M E
*Em%ﬁ%ﬁﬁﬂﬁ,ﬁ%%fﬂ%%%ﬁﬁiﬂom%#¢ﬁﬁﬁﬁﬁm,Mﬁﬁﬁi
8 & (acyclic) ., — 1~ 7] T B A B L8 FK A DAG.

ﬂ%&*%i@@*&ﬁ"%ﬂﬁﬂﬁ%ﬁ@ﬁﬁﬁﬁﬁ*%%%,mﬁﬁﬁﬁﬁﬁﬁ
il # (connected) » FL XREME R BY A o] R 9 J&: 3% 1% 18 69 (strongly connected), WIR—"TH
6] B A~ SR Y, 2R E #Y A s B (underlying graph), BUALIN b o875 ml B LAY s
VEIH A, BB 4%A ) EFR N 2 5 4 i@ 49 (weakly connected) o 54 B (complete graph) & H 8 —
R} T ) B A A — SR B

ﬂ@i%*%@ﬁﬁﬁﬁﬁﬂ%—¢%?%ﬁﬁﬁﬁaﬁ%ﬂ%%—&ﬁﬁ.Eﬁﬁ%
Wﬁﬁﬁ%ﬂ%ﬁﬂ%#&“%ﬁﬁﬁﬁ,%ﬁﬂﬁﬁmﬁﬁﬁ—%ﬂﬁﬁgﬂWMﬁ—¢
ﬁ.ﬁﬁwm1ﬁﬁﬁ%ﬁ%ﬁﬁcﬁﬂmﬁ&,E#m~%ﬁ%ﬁﬁﬁ,@%ﬁ%ﬁmﬁﬁ
b & 47 AT GE 7 PN (] 2 T K (K 2R FH S AR JR] (B an, AR T3 ) . ATREFRTH BB Z R YL
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e —— e — — e —
———— e _—— —_ P —_
e —_—_p— —
= —_— - -

BB E# A, RSB —13% CBI BAMUE B — DL, A7 n) fE IS B i 0
EEF MG Z R BRI .. “BfE" v UL RIGh BB BB R, o] DURARHE — R el B 4
AN ERETE R RER.

BT AT U — N E R, B R ENEE X O RR—I TS, mE—KEFiHERRE—
&, HEYEATRERFEERE, NEFR(FEMNREH) %, R TRFERE —&
BBk, s s Bk BT BB A 28 il SR

EABREAT S, BRITHEEHEEECHILNEZSHNMAH, XEEPIFEZREEMANEXR
A, Hk, RITMEANEEORERFEFEERN.

9.1.1 HEWFEFR
FATH % B AT 1) B (1) B AT 2L % 7R ) o
MAEBRATLAM 1 AT A 4 S . B 9-1 PR RMEEE 740G 12 Kl

o1 —AHmHE

FErER—FE R TR T RA, Rk 45 48 46 M (adjacency matrix ) F /R
. MHFEEN (u, v), BITE Alu]lv] = 1; BW, BEHBTEE 0. MmN A,
RAFRATTUE Alull o) TE, T 4@ — AR K el & R ANMAUE IFRiE R AR A FER
1. fln, BRI R R E T RS BEE, IR 2 B ATI (i o HBARATEAEMIALL . IRET
R EERITFRE S RO B, I AT LUAE - oo (B FWIFMH A 0)KRBRAFF
FERTL

BRXAFTHLERIERRSR, B2, EMZERTRA 6(] Vi3, mREMIAE
BE . BLAXFERORMBEAKT . HEREME S (dense): |E| = A V%), TR
BREEMFERTE A, ERNTEEE PR ER R A, WA, i, WHAEE
F— MR, #E AT 2 2R, Kb JLEFTA M ERE MR, RERTGE.
Wi, {F—8k 0 KBEEA m&EE, TE, 01 55 P A 1) P EL P OB AR R el A, U
~ 4| V|, 8E 3000 O, IRARNHBF—1 3000 AT SR, ZEF 12000 ki,
ENTEE—AK/NN 9000 000 FIFEE. B AR TR 0. IMEWEREE. W
}Jﬁ‘iﬂﬁﬁﬂ.ﬂ‘iH@ﬁﬁ%ﬁi’%ﬁ:ﬂﬁ%iﬁﬁﬁﬂ@ﬁﬁ, i A & s A ETERI IR

MEER R, BaEUL, NEE R (sparse), O B 4 i A phe T i R £ P 404
% (adjacency list) T X B—1T T, oA P — 1 RAF RO A SRR T LB 9725 Rl
KK OCEl + |V]). 92 B 7231 g5 I 3k BT (header cell) HIEXHL X ER
M 9-2 0] LLIE REHUE I . WERAAA, B 233 BRI 915 Bt ] AFFREZE SR T
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1 & _

o2 EMBERETREL

SRR RN EERRHES B, KRER IR ER; SR8 (u, o) HEERITERS, W
s (Bl g R A bR AUER . EREHEPEF R ERUSETSED A o BEAFTA R
o, T3 BT LASE o fa A AT AR A RO AR R ST AR, BT PN (8] 553 28 T i T~ BUSE EE

75 B SEBR N P TS AR AR T, XA A IR 2 ARRK . BT RN
el R E LT I — MRS, R FRATLAR AN 2 F BT . 5ehxXm T
RAES T EREREI#E, %85 F PRIV BTS2 T UL TEETE
L5 VI ZEBARSS ., XEaSTERBEIEANMEET. HENE—18R2 ). £8FD
Wi AR, RIGEESTHHAITIERCSKET T8, REMNFEEFER AL ER
Bl WETE, BARMBEMHX AN NBHES, E0, RIDE T DT A% RS %
Th 5 40 T B 4% =7 RO A9 4 518 A BRI R .

At BRI B, FTA BB B RE ARG S . B TRATRINEREH H IS
4 F A B B g, B — A4 5 R AL AUC RN TS AT —F
iR SR, MR AT, RBEER RN =R, ARG TE
GHIR . F—R i RAR B — R B R RS L, R 7k A = R s K R
£ ADT H94hE P (B 3 (K70 8 BEA Sl o 364 i Al s) R BR A oR 51 1)

225 e g AR R AT RERE ) ADT RO DIIAD . TRAT A Mk 158 %), R, BHERRIE
i 8 ik U M

9.2 IR

RN B B X A 1) G B PR A O L B — B HE PR CHRNREEE—ZN v Bl o, BB,
I ALEHEF R o WBTE v; BYJG . £ 9-3 o ) P 2 s T T M ST KF IRR S F . A i
(v. w)ERIRE v UHEIRRE w EERETE, AR 990 FNHEF R S BRI R G 2R
FUTERERT,

BER . MBEESEE, AT —ATHER B AT R LA v flw, v
HTF 10 A w XET ve WO, HEFE A b B — A9 T4 & B A HEF A BT L ). 1 9-4
Fl vy, v2, Us. Ugs UTs U3y Vs BB R HET

I#I’ ?JI'Q Uz'l Ujg 1"4, ‘03! "{,."?, ‘I}ﬁ
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9-3 A RTRLEHY Y UM

® 9.4 —EHEE

—ME R R R IMEF B R R E - EAE AL S . AERITE R B
&, B EAenh —ENEFMBR. KRG, RO RN A R IR B

NTH ERFTEERL, RITETA o AT (indegree) & L i (u, ») FIFRE A
B R ETA TSR ARE ., fHi% Indegree $14 # 47 i1k H I IE A — 43R, T LA 8
I1aT AR BB 9-5 g B AE B — MR NIRRT -

void
Topsort( Graph G )
{
int Counter;
Vertex V, W;

for{ Counter = 0:; Counter < NumVertex: Counter++ b
{

V = FindNewVertexOfIndegreeZero( };

if ( V == NotAVertex )

Error( “Graph has a cycle" );
break;

}

TopNum{ Vv ] = Counter;

for each W adjacent to V
Indegree[ W 1--;

FE9-5 (A sy hHERF th1CEs

o ¥ FindNewVertexOfIndegreeZero $4# Indegree 41, 34— 1" KPR S
M AR 0 BT, . R XPEA T A ATFIE, HAEIRIE NotAVertex; XEtENREZEAE.

A % FindNewVertexOfIndegreeZero /&4T Indegree ¥4 B— AR RAIB A, B8
Yokt G ERESR O vV ) EHE, mFA | VIS HEERIEAL P B s = AT R ]
O(lVI®)e.

A T R BRI TRA AT LUS S X . B TR B TR TE T X Indegree 2X
SRGIRFERR . EEER A, I8 4w R E DA — ST o A BE BB B, 2R,
BAR DA —/NEBA EAEAE L, BAEERAR 0 BT SRR A&F TS
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A Al LU R TR (R Bt fh 45 ) ABE N 0 A TR BOE — R BRI &1 7 1 51X

LAY 5780 . BT FindNewVertexOf IndegreeZero eREGE B (FF-MHBs ) & FPRME—T & . 2
TR TP X BE AR T 5 A AR, Kots Tmﬁ#EbMA&ﬁ%UHEEﬁA&¥$
NS &, FATA] LA A — R TN ]
WMIAS, B, ME-ATAGTEEAR. B8 1 2 3 & 8 68 7
SRIE  ETHAE R 0 TS A~ | L S -
WesHIABI R, MRz, BBR—ATR | v : 11 1 0 0 o
& v, S o AR TS AR | o o
| NE G AERER O, %S | S T e e
HABAFIh, Bit, FIMEFRBTEHEA AR o o o oo -
I . T 9-6 BRE—REZ BRRES. B w e w o e u

XTBEMHELHRER 97 945
W OHIRTE R, RS EISEC 28R B 9-6 ATES 9-4 P A% P R HE R IS5 R
— AR B AT E A NN . RO 4 TR B od R
AT AR A B ITA ., RS — M TopNum , BRI RIS

void
Topsort( Graph G );
{
Queue Q;
int Counter = 0;
Vertex V, W,
A LV Q = CreateQueue( NumVertex ): MakeEmpty( Q );
fE 2/ for each vertex V
P A if( Indegree[ V ] == 0 )
fE Ay Enqueuve( V, Q );
JE= 5%/ while( 'IsEmpty({ Q ) )
{
A V = Dequeue( Q );
PR AT TopNum[ V 1 = ++Counter; /*Assign next number */
f* 8%/ for each W adjacent to V
FAME: LV if( --Indegree[ W] == 0 )
/*10*/ Enqueue{ W, Q J;
}
JELLES if ( Counter != NumVertex )
/L2 Error( "Graph has a cycle” );
FE kLT DisposeQueue( Q ); /* Free the memory */
1
287!
- {
/97 AT IMIEF At RS n

B AR R, AT E R R BEEN OCIE| + [V ZILAH for 53
{hxt 48 it T AT — BT, XAEREVR M. BAF B AE X B A TR B Z T — K, mP]
itk 4 25 16 B 0 ieF ] 12 70 P 9 /N BE

9.3 mERGHE
XIS R B, AR R 5ERA (v, v) RREE
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FRZMA U (R RE) e, . —HREER vivyon BER I o 0, MRS ZK
(weighted path length) . M A2 K (unweighted path length) H2 & FAAEL BIN - 1.

PRBERRE)H:

E—PTERE G = (V, EYH—"5RED S s fE A, LM 5 BIG hE—1Hith
To o7, ) e o AN B A2

Wtn, £ 9-8 BIE T, M v, B vy MWEREEAEEEMED 6, ERM v, B v, F] v, H
B ve BIRRAZ . LELX PO TO0S (8] () BB 08 AL B AR 1 20 — MRk, AR IR e A 2
ARG 2D AL 20t , A R Y, AR ERNA. 2EEE, £/ 9-8 ;A
i, M v Bl v, RER-

RTEFI e ERAE fEAD. B 9-9 PryEsE M AR a R A GE/ £, M vs Bl vy B
BAAZBYE N 1B, i FEMIER vs, ve, va, vs, v FFTE— BT, EMER -5,
X EBANARAREER, BHRITTUERR P# @R, Hl, XM T 8
4G AR AR AR E R KBIH, M v, B v, MRERREERHER, B RN RIEA
FIEE OB ER ., SXNIEFROUAH #i 45 B (negative-cost cycle) ; 4T th BU7E B PEf, ok B2 IR Rt
BRHE R, B RENRVRELRS, ERT I8 BT R s i 7R vy &
WL, fERA BT, M s Bl s MERBERIERN 0.

Eo8 AmAG B 9-9 A4 A (EE A E

V5 B R B TR T E R RS S R, I RTE R TR L A REITR LR
i . (3T EMTERR (B 1000 F BB HRIER) , EBAAR (fF4 1000 717 Fr 26
FR0) s TR — e FL AR R 94 A, B 4 TR AT RE R T B 1) LR 4K B M — B T AL
YA L % 2 R T R e A TR

e 77T B P S A2 L A S B S A R P R B R B T S P
R, TR LUK ALV B EFRI AR T, RATAT AR B RN — TR 5 B0 — 710
G BB E R ME, EAEIERIE M s B DTSR E Hak M s BIBTA DU e &
(R F—NERET)MEE.

To T A R R B A T A B . 1 S, TRV I ORI e A2 T4 1
@ELOUEl + | V)HERRE. Kk, RIEENE, WRELRARL, I 2MEKE
BRI R, XN TERE R A B BB G5 S BAT WS TR OCIE ] log [V

mEEE R, RIOERE - AHENE R AR EHOMERAEE A
OUE] - VD)o BT, T LA ER H T R (A5 PR T M RRA RO

9.3.1 EHEREHRE
910 Tm— A EHRHE G, HERAETTA s Vet AS K, RITEEREBM s FIiTA
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HALTH A B i gt e, TN AW B 3 TR P i L B0E 2@, ke EAFERL. B,
X R WA B R B A2 Rl BRI RF BRISTE , TR M 3RATT AT LA Fir 9 R LAAL 1,

910 ~PEAAHEG

A MR AT Rt B B AR A K T AR LA I BRAR AR B AT O . DR TP B A AT

T TR AR S C R
RN TR s K 030 BT STZITLAGEE M s B oy BORSREERR KOl 0 BIBR 12, JEX AR

AMric, E3IE 911

¥a ¥

B 911 KIFsY Stric bilat 0 & UBEM Y R GRE

SAERATAT LI SR S s BEES O 1 T, X DAGE 5 A 5 5 PEpAET
SETPARE), HRATER, o M v, 5 s HERA AL E, RIVEEFRREE 912 o

B o.12 HHFAM s HEBEKN | HTUEZEHE

HAE A LA TR R4k tH AR e M s tH R IR AR N 2 BITR &, el A4S v M v
GOTO A (BE RS O 1 ARATH L), TR BT R R A . XU REVFRA, B v, Ml vy B
ﬁﬁ%%ﬁﬁzﬁﬂmwﬁﬁﬂﬂﬁﬁmaﬁﬁmmiﬁu
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B 913 FHFErEM s BRI 2 BTHE Z 5 E

BIS, Wit AR SN RIEAY v, B vy FHSPAYTIASFRAT 0T LU BE, s #l v B —
S CEERBR, MEREHISEHC 28T E, Bo-14 BB RGEEE.

M 9.14 BREMERRC
XM E - PNEMFERN S K R F (breadth-first [, Known

search) , FFT AR R AL TR A« B TF b A ST R THL A 2 e ¥ \
Mh{f, T e 3 B AR 46 T 5 R e W (. X AR A 19 2 i T |
(level-order traversal) . .
5 TRAOE, RIS IR R, B 915 BRKH | |
e k[ (OMaes SURAIVE LUk I Gl TN A >
stFEATLA, RITEBE=TME8. 8%, RIHEN s . mois mromaEsk
BT B B o, R FRIRIIEHIR, BR s 4h BT ) I AR itE ARG
RALEBIAG, T s ISR KN 0, P, REFHTUHRICA S, TR RIS B b L Pri i
2. Known FIHIME T SIS EN 1. By, FTA TS ETR R Known( L HAY),
ﬁﬁ%ﬁﬁu%*?Hﬁﬁﬁﬁ%uﬂﬁ.ﬁﬂﬁﬁﬁﬁ%ﬁﬁﬂﬁﬁﬁ%%%,E%ﬁﬁ
T S i ab B S R BB 25 R

A A BIETERE 9-16 iR . F 9-16 RME BEMBLX LA X, EiLEE Jd = 0 LER
EH N Known, REFH d = 1 LHTLN Known, AR 4 = 2 EATS A Known,
w3 HERE d, = oRITESENTN « BAERL, =4 + 1.

@ity p, TR, ATLLE R LA e TRAT B i A 14 & B B W e T .

m$ﬂﬁﬁﬁhﬁﬂﬁmﬂﬁﬁﬁ%ﬁﬁﬁmﬁOHVFhﬁ?ﬁ%%ﬁﬁﬁ.@N
FLE T AT B TS R 3K M Known T, (ARMEFEABREGE, BB NumVerter —1 HlE-
ﬁﬁﬁ%%ﬁmmﬁﬂmﬁﬁﬁﬁﬁﬁﬁis@%Eﬁ%%%mﬁﬂﬁﬁﬁﬁmm.%M@
9- 17 I M TS, vg FTI5 A EIE K ART, ST TR BT & A O LA B AT R B X — A

I i
i 0
I {
14 i
!
I
L

= & ¥ | &

0
0
|

cocoooo »

H H H M
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‘ wvoid
Unweighted({ Table T )} /* Assume T is initialized */
{

int CurrDist;

Vertex V, W;

A1) for{ Currlist = 0; CurrDist < NumVertex; CurrDist++ )
£ 2%/ for each vertex V
SE oS iF (T V ].Known &% T[ V ].Dist == CurrDist )
f{
FARE L TL V ].KEnown = True;
JTsES for each W adjacent to V
/T e i T W ].04st == Infinmity )
{
YR LY. T[L W ].Dist = CurrDist + 1;
/= B/ Tl W ].Path = V;

b

o916 EREREBREERNRLE

917 AT 9-16(Dh{CHS ) A0 HUE A B B 75 A IR

FEAT AT LA TR AE % 2600 T XHA SN HER 69 ok e HEBR A IR . TEE— 2], RAFfE R
KA AL, BN d,70, —8HEH d,= CurrDist, TIHREWA d,= CurrDist
+ 1. BTN, 5 2 ATRAE 3 FF 8RB M0 LR B A 1E LA B 0 2 AR 5
TR

—ﬁilﬂﬁfﬁﬁfﬂ?ﬂ%ﬂ?ﬁ&?f%%ﬁ%ﬁ’hﬁ%D | # ¥ d, = CurrDist B)AKITH
ﬁmu#ﬁm%ﬁdf=ﬁwﬂﬂ+lmm@mﬁaE%2ﬁﬂ%3ﬁWWWﬂmmﬁﬁ
I:ﬁWMHEmﬁﬁ%gE%Sﬁﬂf%ﬁ%ﬁ%ﬂ%&%MﬁﬁﬁﬁwmﬂZ#ﬁ¢D&%
Emﬁﬁﬁ&ﬂ%&I#ﬁﬁﬁm,ﬁz#ﬁ%ﬂﬁﬁﬁlﬁﬁuﬁﬁT—%mﬁﬁ&

S0 AT 7 0] I R — A BABBIX FAS B — AL . ZERIRIF AT, BAZY RS HEER
S CurrDist BRI S . SRAVBMIEEE N CurDist + | AARLAPETURR, T EN B8R
UM, FHMRIE T ERFT A ER N CurDis M EHALEZ f5 A B H . e
CurrDist A GOELE — AT A BAL B2 F5 , BAS LA HBER A CurrDise + 1 9IS, B
ﬁﬂﬁﬁﬁ%ﬂﬁ?£gﬁmRﬁ%ﬂﬁﬁ%ﬁﬁﬂAﬁﬂ*m%@ﬁ%ﬂ&%ﬂa

ﬁﬁmﬁﬁﬁﬁmmmﬁ$oﬁﬁﬁﬂ¢,ﬁmaﬁﬁﬁﬁmmﬁs%ﬂEMHThl
mwﬁmcﬁﬁﬂﬁﬂsﬁﬁﬁﬁ%ﬁu%ﬁgM%%%mﬁ&ﬁﬁﬁﬁmﬁﬁmﬂﬂﬁ
%.%ﬁﬁﬂ%&ﬂ%ﬂﬁﬂﬁﬁﬂﬁﬁ#%mF,%ﬁﬂ%%ﬁﬁ&hﬁmﬁﬁﬁwm&
Eﬁﬁ%%ﬁTD%Ememﬁﬁﬁﬁﬁ:*+mﬁ—ﬁﬁﬂﬁﬁﬁ&£ﬁﬁAMﬂ,E
ﬁE%%%E%ﬂﬂ%%%ﬁﬁ%%ﬁTﬁEgﬁﬁ~%.mmmﬁﬂmfﬁoanﬁm
ﬁﬂ—ﬁﬂﬁﬁ%@t%ﬁﬁﬁ&%ﬁ%mm@mmoﬁﬂﬁ@mmmﬁ%%%ﬁ%ﬁﬁ
75 5 Uy 8 5 AW AT HRFE — 2L

Sﬁﬁ%mﬁﬁﬁmﬂﬁﬁﬁ.ﬁMEﬂ,R%ﬁﬁ%ﬁ%,MEﬁwmﬁ%

OCEl + [V
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void
?nweighted{ Table T ) /= Assume T is imitialized (Fig 9.30) */
Queue Q;
Vertex V, W;
f* 1/ Q = CreateQueue( NumVertex ): MakeEmpty( Q );
/* Engueue the start vertex 5, determined elsewhere */
feo2e) Enqueuel 5, Q );
FAE LT while( 'IsEmpty( Q@ 3 )
{
P A V = Degueue( Q );
f* 5% T[ V ].Known = True; /* Not really needed anymore */
PN 5N for each W adjacent to V
A if( T[ W ].Dist == Infinity )
{
P - TL W J.Dist = T[ V ].Dist + 1;
A LN T[ W ].Path = V;
JE10*/ Engueue( W, Q J;
}
}
fE1lx ) DisposeQueue({ Q ); /* Free the memory */
}
A 9-18 EAUREMAEEAAE
nHiRkE s HBA vy HiBA vs HiBA
v Known d, p, | Known d, p, | Known & p, | Known d. p,
i 0 = ] 1 'y 1 1 1 1 'y
v 0 = 0 0 = 0 0 TS 1] 2
v ] o 0 1 0 0O 1 o n 1 00
[ 0 = 0 0 = 0 0 AT 0 2 m
1y 0 = 0 0 e 1] 1] = 0 0 x i
Vi 0 = o ] 1 Uy 0 1 FIEY 1 1 L'y
v 0 = 0,0 0 = 0 = 0 0 = 0
Q: Lo l 1, Ve Ve, U, e Ly, by
vy HiBA vy HiBA vs HBA v+ KB
rﬁnmi,p,mmd.p,mni,p,llnnwnlfp,
I 1 1 1 1wy 1 T 1 | SR 1T 1
'y 1 2 L4 1 2 I 1 2 F 1 2 1y
{1H 1 0o 0 1 0 0 1 a 0 1 0 0
iy ] 2 1 2 1 2 1 2
i o I 0 I o 1 3o 1 oo
Vs 1 i i 1 1 "y 1 1 ' ; 1 1 sy
e 0 = 0 I 1 0 3 oy 1 kR
Q: Vi, U5 P, - i empry

9.3.2 Dijkstra 8%

B 0-19  JCASR I B v A 1) 48 o] 22 1

S P A, TR 2 1 B ) RE AR R T, A AR AT LA fg Ak B AU

ALk

RIVE B SHEARNER. B, S0TUREERICH Known( B %) #7, BEH
it unknown(H1 #I . REART—H 3t — A TR — MG B d, o XA L
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EFHCHTUEERPEITE M s Bl o BRERREAIK. RILIAT—8, &ilid# p.. E25]
e d, BAA RS AT S .

fid DR AR I o B A ] BT Y — B B M 48 Dijkstra 332 (Dijkstra’ s algorithm) . iX 4 30
T R AR R AR B ¥ (greedy algorithm ) AP Y@ XS T — Mt 73 B BOR A — 119
B, 7EEA B BT AR M0 B M R R AP0 b E. B, AT HEERMRTER, K
T NERBHET 25 24— 10988 (quarter), RERET—MAM, famM—am, X
AERFEGHARVCHENETRTE. AEHEEFENRBEET, ZREAR BB NI
N TR 15 EAMEFE, WEm 12 #40—-TRR MmN FARFERERE, BN E
BHHER(—D 2T = 05 AEREN (- AHmMa—11rm).

_ Dijkstra B RE G H —F, IR EGE T, TE® T BB, Dijkstra WLk —
NS v, CERAE KBTS P EA RN d,, FFEEFHN s 8o RERERECH
8. BRI HERT S 4, ERES TEHMN.

EEAGIER, Hd,. = WEd, = d.+ 1, BEit, #F08 o BEEM - REERE, W
T IAFR ERT 4, B0, IR 3% AL AW T R E AR 28, R4 d, BFTH
do+ o R—PHHENERBIIRE D, =d, + o0 wo B2, AR w B LT
BRE—AMFEEhEERE, EENHE 4, BAM o BO; FEFTEENEREN o (1L
(AR L B A T &) B (8 RO BR A

B 9-20 I ER—A01F . B 9-21 FoRWERCE , BRIFHR R s Bojo B TEFER
T v, , BRME R 0, B AkRiCHEH, B v, A, 4R T gk T B <D
3] o, BTRERE v Fl vy XHEATUEHY TG EE %, Wi 9-22 FiT7R o

r Known d; po | | o Known d, p.
vy 0 0 ] ’ 1 0 0
Ve 0 x 0 v 0 2w
vy 0 x 0 " 0 x 0
4 ] = 0 'y ) | i
1's 0 = 0 5 0 e 0
Us 0 = 0 Ve 0 = 0
b 0 = ] 1= 0 x 0
B 9-21 HT Diksira 922 o BiE
E9-20 AMAG WM ENYBEE B B UG 9 2%

Tt R v, IHFIEHEE, TS vy, vs. ve. vy EBPEMTLL, MEALE FEE
FiE, K 9-23 iR,

HHEER v, v BRSERNS, HEEEE N, T E A LEEM. vs RWEF
(BRI, B2 0, BER2 + 10 = 12,T0KA3 B2 LR AR, B 9-24 il
FEC BT S PR B LA JE B3R

T A BB T AR vs, HEW 3. v RIS, BEREEAHERE, BA
146> 5. REEER vs, ¥ ve WIEETAE 3 + 5 = 8 HRWNE9-25 R 7R

BF AR TER vio ve PEIS + 1 = 6o RAEFIE 9-26 FIREIER

RS . BT ve. B/SRYFER 927 FKil . 928 38 o B 3 R TE Dijkstra B2
(2% 1 T AT b i o B Y A B TOR A A AT SE BT o



Known d, p, }_lJ_Iinuwn d. Py
v 1 00 | 1 l 1 a0
¢ 1 2o i 1 2
J | ﬂ 3 1"y ] B's I 3 s
1 [ I 1 " Py I I (]
' 0 3y s 1 o
rb 0 9 1y I, { 8 y
0 31y J - i 5 :J
923 £ v, A 924 T v, 925 7E vs BRf5 v;
B0 E R B HE AR B E A
v _[ Known d, P v | Koown d. p. \
" l 1 0 0 vy 1 00
iy 1 L t 1 2
iy \ 1 3 iy 2] 1 3 14 ||
i | 1 iy 1 1
L'y ) 1 3 L'a 1 1 3 'y
t ] 6 - ' 1 & - r
1 \ 1 51y 1 5 1y |
| e
H9-26 # o, HFEHAERAR B 027 TE o, B ECHE HIG  H R L

KT BRENFET AR EAT A o BERER, RINTGRSE — D@ BIRRE: p
¥UEH BT IR

MAEL 52 Dijkstra B RS, RATHEE, HrERL, XET M 0 3
Num Verter — 1 ¥ ( LB 9-29) 348 1% 8 13 ##2 ReadGraph FA1H0E A AR E A S — S0
xH,

71 9-30 BOBIRR . FFAARY TS B FE 8 BRI LB . SRS o — o 2 K1 FF £
IO 5 A o

FIRTEE 9-31 o i3 03 A2 1] LA B 3 R A2 . B 8 s Rt BB TRAR o T
FITH S A R, REBBRTUE v XERA R, BRYREREFN.

E 932 B FEAE R, ERE— R EREN R for B,

R RIEEAE RS, RERAHE N, R %SRBI SR, IR 2
BRG] RS R RS R (L] 9. 7a) . iaf 7oA T RIRIOAI T %, JATLAE
A E PR R M 4, IRAE— IR O(] V)ETERER/IME, MITE
ANE R ER O(| V) E &R E/IME. BRE d,. KIEHER W, [IESZ 31k EZ RN
s fitm O ED. Bk, S&ssftEl o(El + (V) = O( V%) InRERFER,
HFE! = @ VI2), MRZEFAUE F i HAA ERAR, B B BE T ] S R R AR

mEEERHN, A E| = 0 V]), BAXMHEERKET EXFERT, B5
o g A R S BA T R . 8 B T EE T LA — ., —H R

#2758 5 TR R~ DeleteMin $21F, A Sk — H & R i B ME TS §RE], T
ZTHABRRERSN, WEABEE. ES9 FREFRARWM LR AL,

Ry AT A R DecreaseKey #4F . MERT, R E/MERIEIE N O (log [vi),



B e o Rl
—— e — o e— e

B A ST AR L TR AR ], B R 2 T T IR DecreaseKey #AERIAT ] i 015 H 2 17 (6]
FOUE! log lVI + | Vilog | V) = OUE| log | V), & XA ik si B oY 7 o o
A TR BA S A A MO 3 FF Find 845, Bt & M8 E AL AR 17 B ¥ 7 2R B F
Nd;, ERRAIN P ST ST B, RS R RSB, AR AR IRMES, dn SR
FBC X HE (pairing heap—— 58 12 38), MFEIFA SR

M 9-28 Dijkstra BERNS TP E

typedef int Vertex;

struct TableEntry
{
List Header: /* Adjacency list */
int Known ;
DistType Dist;
Vertex Path;
bs

/* Vertices are numbered from 0 */
#define NotAVertex (-1)
typedef struct TableEntry Table[ NumVertex 1;

B 9-20 Dijkstra B AR
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void
InitTable{ Vertex Start, Graph G, Table T )
{
int i;
/' 1*/ ReadGraph( G, T ); /* Read graph somehow */
i 2%/ for{ i = 0; i < NumVertex; i++ )
{
fe 3u; T[ 1 ].Known = False;
P AV TL 1 ].Dist = Infinity;
JE SE/ T[{ i ].Path = NotAVertex;
}
f* e/ T[ Start ].dist = 0;
t

B 9-30 FIELHE

/* Print shortest path to V after Dijkstra has run */
/* Assume that the path exists */

void
PrintPath( Vertex V, Table T }

if( T[ V ].Path != NotAVertex )
{
PrintPath( T[ Vv ]l.Path, T };
printf( " to” };
}

brintf( "%y ¥ ): /* %v is pseudocode */

P 9-31 o sk R AR 1 i

void
Dijkstra( Table T )
{
Vertex V, W;
P AV for{ ; )
{
fr 2/ v = smallest unknown distance vertex;
FAE: b if( ¥V == NotAVertex )
f* 4=f break;
f* 5%/ TL V ].Known = True;
f* 6%/ for each W adjacent to V
VAR AT if( IT[ W ].Known ) _
/* 8=/ if( T[ V ).Dist + Cvw < T[ W ].Dist )
| /* Update W */ _
9/ Decrease( T[ W ].Dist to
T[ v ].Dist + Cww ),
/*10%/ T[ W 1.Path = V;
t
}
t

& 932 Dijkstra HEA NN
5 RIE SR ITE 9 1THE w FIHH . A B A AT & XA, TELSE
R EA TS A fEE £ T — 8t = DeleteMin 30 P 4 B /) 8 T A PR SE BA S
WERET, DA S EEARELEMIBER, XH, o 2 7 — AR, EMAT DeleteMin
HE - RHMABEE I AL RN 7T B R B T S IR Y, i L4 e 80 L 2 2
g, B, AR K/ANTEET EIXAK. HFIE| < | VI?PEW%RE gl El <
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2log | VI, BRI FEAZwE e A A, 8, ITPRBE - O E| log | VIR, &~
o, FlEFERABE M T, RN AP e ER . Ak, RONIZTTEREE X
AR VIR DeleteMin, FFLLE#E LB 1R o] gEE18 .

EE, 3P VLR AR A S e SR ) 8, e — R EIEE R,
AR K 28005 AR . i, 1R 5 A O SEBAS R itk (e U AR 0.

IR AR BB E H . B8 4 Dijkstra Bk Al GES A HAFAYATIA) F . A% 11 55, KA
B T A SR S BA S Bm 4+, Y fCE B AR B2 (Fibonacci heap) o {df I iX #h RS H £ 52
fritEl & O ED + |V log | V). FiKIERERA RIFHIBHTE R, Aid, EFEMY
MR RS TP, R, MAER SR 75 A B D S e b LA — WUHERY Dijkstra
B A, X ER A IR e E R, Eﬁﬁﬁif’fﬂuﬂﬁiﬁﬁm&%}ﬁﬁﬂ
A ETR A B .
9.3.3 REMLEARE

B ERA UL, AB4 Diksra BHEREITAEA. MBET, —B—PTUT « 820
w109, IRERATREMEA BAMIARRTI S o A—&ER o MAMEKE. EXHEAFET, ®IM
5| o BHED u BREM s B o A5 v B, 4 9.7(a) ERMWE— M ET

A EATEREE—EE A RE —RAmE L, kbR AL, BT R
E kR [0, RGN R ARIERE F, X RATREEZELH, BAREARFE
SRR AR B AR ENERE T .

R AL ) R TCAL G0 B 3 25 4 TR e S X AN R, B A h i@ 7 i (E] AU K AR
M. MBI T X TFROMTAMES, BARIMOAETERSBCEENER ., i, K
THE s IBIAFI, RIG, B —rBREIE—TTE o B, REFAES o LTS
w. 1B d,. > d,+ cy. wo RIEEH d, Fp,. HE w A 7EBAF b i i HE B R BRI BA B P,
T LA TSR B — A RO (bin) WA AR E7EBAS B BT O FATEE X RAER
AT M5 - B 9-330JLF ) BT RIE

void /* Assume T is initialized as in Fig 9.18 */
weightedNegative( Table T )
{

Queue Q;

Vertex V, W;

f* 1=/ Q = Createueue( NumVertex J; MakeEmpty( @ );
| fr 2/ Enqueuve{ S, Q ); /* Engueue the start vertex S =/
L /= 3%/ while{ !IsEmpty( Q ) )

{

JEARS V = Dequeue( Q );

/5% for each W adjacent to V

It B/ iF( T[ V ].Dist + Cvw < T[ W ].Dist )

+ Update W */

feasy T[ W ].Dist = T[ V ].Dist + Cvw;

/i 8%/ T[ W ].Path = V;

S 9r/ if( W is not already in Q)

JE¥10=/ Enqueue( W, Q );

}
}
JE1=/ DisposeQueue( Q J;
1

B 9-33 B i ARORU R B B e R P

ﬂ

303



230 Fo#

BRI B A T (LB T TR, (R, 5 6 1755 10 FTA0 R AL FLRET —
WIS SLARE R AT AREZATIUH VI, Hitk, QR AR NEreiE g O
(|E[+| VI )(%:=9.7b)., X Dijkstra ik ZRE, FiEfE, LEPHAEZIERS, W
R EBEE, BANENEEETRER T L, BdEf—TEEsm v + 1 WEE
WE iz, AT LR IEEREZ L .

9.3.4 XxXHEHE

01 R 1 R IO G, BB 3 AT L i S e 7 B IO R R IR, e ] AT e
B, ok B Dijkstra 885 Bk LAFR FMITAF 26458 005/ T 18 48 50 56T vl DUAE 0 ThF
FEinfTRmHE S T, R B kiEs — W il

Bl 24— AT AT v BREILAJS , 4% R0 FhHE P 0 0, 30 MR RITOE 50 A2 i B I A
i, RILERIER o, 0] AARFES, BT AR R N 21T Y -

i S R 5 o W AT B SR A B ol Fak R 76 3 ¥t i), [Autizqsitieh OCIE +
VDo

To BBl B AT AR R T S — AT EN S o Blmie, HARETE, B4
ATBEA . B — AT BRI AR (Al 8 ) fh 2 R R RS . JRATTAT LAE B B AR SRR Y —
AEEERRE, B EN—HRAET S —FR S A5, M PR ERR MR R
DHEM B RER S HE T RKEERE, A 24 FRi2 e .

TEEN 4 EERRE R # 8% 42 5 # % (critical path analysis) . A1 HE 9-34
ch g BV R RATTRO B F . AN SR — N AT 80 3h i LA e 52 AL 30 1 B 4E 97 st [a] . (A
. ZE A 5 B (activity-node graph) . EFBIMARERLEXR: —FiB (v, w)EK
L v BHIEFNVE w IFRERISER M8, 9t ok % B U TR A . A MBS (H
sl a) B ) B A AR A sh7E ol LU AS[E 890k 5 88 1T iR T

g 9-34 el

SRR TR A B BT L R ) B R LRy RO R . FEXRRE LT . A LAl 2
o E e, TERRSEH RN MEPRITIAES, FEEA, C, F, HEELI0D
] By, 5 — N T B (8] W A WP s AR T LA RE A LR Z K, A ZE T e b 56 )
wtiEl. @i, 3R A, C, F, H P —H0RE E 52 s ] HE 2 10 ARG . B—H
G, S B CEE, A g ER B A ] 8 AL R E F RN RS ST AT 1]

g T AT XM, RATIE BN 4 E% {3 4 17 2B (event-node graph) . A L
R — A VR 5 E AR BE M e . BT S B AT v AT I [iSE SCiv e
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HF o G, XL W, @l A T e, W FINE S 5 0] fE T S A5
— P EN T T LA HAt s b . O TR s | BEE ARG (SR M MRV B R ) , XAl
EALER . MRE 9-34 AT AN 9-35 Fis .

E9.35 HEHSEHE

T AR R AR R e et ], AT R EBRBNE T H ORI — D FFR B E
B TR A, A B R EGHE B B, ORI REA IE{H A9 (positive-cost cycle)
TF7E, XS0 (PB4 T B s S R Ao 7 (B S b BLIE (AP, AR 2 F AT nT LA SRR
M BEER, Aot T XA R A C A RIS R, @ T HEAT AR ELER,
PR AT A 4L B B B B X R T A5 R B R R B A T s
SERASE] . INE EC, B A i MR s, A8 2 m] AR

EC,= 0

EC.= max (EC,* ¢y, )
{v, wlEE

[ 9-36 BoRERNELEIFAET S B b F R 50 e e .

936 EFPSEHEE

97190 BT LU 15 S0 B 5 AT A 52 W Jo F 5 RS (8] A R e 1] LG o AT XL
YEf AN

LC,= EC,

IL.C,= ‘ "};ﬂ E( [LC, ~— Co. )
S FAEA TS, St — MR A0 BE e DA I3, A6 (R mT DAL YRR (W] 8 it
(8 BT 5 R MU S AT A R e AR R, T e 5 B ) U 2 B 5 £ AT T S ST
¥t # . B s et E] ik 9-37 P .

M 9-37 ik 5 Ak aT (]



ftus )
— — I:TJ
~ in

308!

22 o

1 5 P 6 A O BA R 8] (slack vime ) {1 X0 1 8 1 T L3 X838 76 A 43 8
SR A . 75 i
Slack(, = LCyu—EC,~c, .
[l 9-38 i Hi TEFF 5 25 P e 1S R B PR SR 8] (1 958 =000 . T, LB
B LS U R, R R B S B 1.

R 9-38 B F-5T RN TE) | o0 5 LA Ta) A B st B )

B MM R B R, XS R X BRI EIME, BRI RIS R, EOFE
—&SEE M E- WA R, XEE AR R X 42388 72 (critical path) .
9.3.5 PTERXBEHRRE

AR EEMEER B EG A TS ZEMARERE. BARNTTLETT | VIIKESH
pEE s, ERNEE T IHFERENEE, RITEENEA ERMME, JLIEXTHE
O

810 2, RAVSE DI RAER X RSN — O VI Bk, BRMTHER.
TEGHET| VI (JE T SEBAF) Dijkstra 8 248 R HO B 1] 5, (ERIEIRE Gt it 5
PABC A S 1S B R AT R eSS h S . S8R, W TREE HRA&ETT | VK
tk A BA T 485 B9 Dijkstra 8%

9.4 MILKiftia)M

R ENBRN e HAMEG = (V, E)o XA LML EET T EEAKE
R R AR LD ZE Dk R ER . ARDTA, — T s, FR A & & (source) ,
—AB 1 FRAKCE (sink) o 3 TAE— &I (v, w), BBEWH ¢, - RUAIRY ST B P
AR S s XARBUS  BAE—TH S v, S A BT ST A R R RO
s BHEM s Bl ATLLES BB Flan, XA 9-39 A EE, RAHES, Al
i B B s

E9-39 —EER)MERBRKR



IEGnm @A PATE R, BRADAEBLERNERNR. S a A 3 90000 H
A, EREX 3 DAL ¢ Fid. TS d Ma Flb 53] 3 DA, HEENESEE
KHREF . —PEARTUEFEREM XSG SM AR, REATRAHAE L R
FR PR (BEA TR ) 5
9.4.1 — I HEBEMNBXREZE

P F 1 B B B AR R BT T, RITME G RIS — R G G
EREMEENRBE 2R3N, FIEE G, RETAMLERA T, KO 4E LB IR L8
G, (& RAR . RINEME—TE G,, FFHEA B (residual graph), ERRM THZAILAE
BRI E 200, A FE—&i, BATTUNEEPEESirMimit & LR, G, 1
1Y {5 5% 4% id (residual edge) -

EEIHE, RITFRE G, T s Bl B9—KBERE, X RFEIZMBOE K 8% (augmenting
path) . X &2 LB/ MEDRETURNBIKES— D EMRNE. RITELHE G, H
EHHEG, BB —H, YENE G, PEAMs Bl (B ERAERE L XAFERAH
EH, EAM s Bl B2 RIEEEREN., BR, ARRES A —EEFE, IR
kb 3B XA [ . FRATTEE R B FiEi XA, TEMEZHIZ G, G, MG, . BidHX
NEHER NN B PIHRRECE WA 9-40,

B 9-40 B, WAL AE YRGB
ERAESEEM 5 Bl s HE, BIRBRAIESE s, b, d. 1o WARATTLIAE 2D
B B P X R BB OB — . TR e — B (fAn) — Al WX R4
SRE MR ARE PR . XOFE, AR EIE 941,

941 s, b, d, t MA2QATREGMIER G, G G,
Fifi. Fofi1aT LAEEEBETE 5. a. o\ 1, EHEBRBET 2 A BT IR T o HETT BRI
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e, EIE3E 9-42 HafE.

942 ¥Ws.a.,c,t MA2ZTRAUMKRN G, G, G,

We— R T ERRNBER s, a, d, 1, BREEHEEEN T PAAWRED . 55R1EGF
B 9-43 BRI .

[O] ®
o2
g oo
hhxr 2 1

. 3

© © ;
2 3

O] O)

B9-43 5. a.d, t MAIDNBREMKEN G, G, G,—HXEIE

BT ¢ s HERAT LB, HEEERISL L, SRIEY S MAAMRRERE. N
TEEEERFTE, RGBT GRATERRE 5, a, 4, ¢, KARBEEE 3 TR0, W
TIAT IR AN R . RTEFE S, RAMEEERAB R AREAM 5 B ¢ OETHE, B, &
TTEERERFIRR ., XERBEEGAAN— BT B 9-44 ST AR R R

B 9-44 RBGEHERE s, a, d, t 10
A3ARAIRBE G. G, G,—HER IHEEFRE TR

T EEEEAN, ROBERESCEEMEE, Hi, S FRETEER £, HF
(v, w), BITEERFBFEN—KERY £, Ml (w, v). XL, FATTAT LA
DLHIR 77 1 e Bl — o T Bk ek B T R 1) o S i P IR B T IR Fe i) IR 46

%@ﬁﬁ#ﬁﬁﬁﬁﬁ%SJhdJ.ﬁﬂE%ﬁ@WEn



945 {EREFwMEEL s, a. 4. ¢ A 3 TBL A #E

N, ERAEPHENTE o Bd ZEEEA T, REEE A LEHRTUM o §
610 SHA S 3 W AT R 40— TR AT R TR RENE N 2 |
MK <. b d. ar oo to BIEM d Bla BA 2 BB, FEMA (2, )IRE2 & B
AR, BIA R SO T SR B 9-46 Bk BT A,

B 946 (FHTEWBEER s, b, d, a, ¢, t A2 THRALHTRIERE

(XA E PR R KRR, E, BRI, FREME, FTLOEN, BRANFRAESR
M, I AZE R B URARA L. IS0 A REYE, dlh T4 BAEE. 28607 E
G T, (A3 ARE AR TAERLAN . BAERTEERER TRV,

MERRFESHERKAKY f, B4, B TFEFEKERGRMEEDM L, 8 TH
BHEGE, MITEMEITEIEN O(f « | E|), Bl i AU S B2 5 1 — AR a1l L
2L OCIE B E, S0 NEAT A A AR ) 2 S F B 9-47 %

M 9-47 ZRMIEIEKNIT
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R W B B 2R A2 3% 1000 000 JF &30 F) 2 000 000 A S . BEHLAYHE 1< 24 AT 1L
BEH o Mo FERAAMBEITESEEK. ERIMERERE LA, IBHTEE 2000000 KIEK
R, T IR ATOUR 2 S HOE PR RE A B RO .

bt O X ) A TR By i B R A AR KRB R A B . TR R — RIS T
KA — DU R REAR P T A Dijkstra 335 19 528 (single-line ) 8 2IORF 22 58 R T4, R
Cap e NEIGHEE, FRATTLIER, O(IE| log cap,,, ) FIE BB 2 LR R R . 7EXFF
BT, BT FRKERAE—ITHSEE O(Ellg | VI)BHE, AR E]F R
O EPlog | VI log cap, ). INRERE /M, WEZRATLER O E e V1),

B — TR ORI R B ES B B RS, A AR, Ea DX R
IR KRR LT BB — &/ N0 . XA RS B9 (8 A1 Rh LI, T LAULE B
FEO(E!- | V)ERK, §—2£1E%H O(E), BEAXNRERERE Y, P EE1Ti
ok OCEI IV

A ATRERS X —E kTt - SR as s, fFEJL-EmE Bk, KPR
B MR TiZ RS TR A B ENE OCEl VIYBEWMRE, HE L&A
HROUE||VIogl | VI2>ZIE! WRMOUEIV +1VIP  IMEZRCEHAR(LSEX

RERN I HANR KRR 1M EHE, MZEKEARTLLIEE O E V)&
B, X HBREFE NP

P e B AGAT R A BRI M E AR, I AR ANE R BRI M0 4E B 5 5L bR
HEFTRY A R A B, — MHIERY . 315 T R MERY (RIS 3% ) LA (min-cost flow) [RIRE. 5
NP R, RS RAIR A (M), e R R TERTA R BRI PR — T8
AN LT . E BirXE33  A [i] 85 g B 9 AR CE BB 3 A T

9.5 M/IERH

ﬁﬁ]ﬁ‘%%ﬁm?—*’i‘lﬁﬁﬂﬁ—'ﬁkiﬁm*ﬁﬂi—‘ﬁﬁ*l‘iﬁiﬁ(minimum spanning
tree) . AN BN B A & X, AaREREERE, K& X, —TEEE G #Y
E/VE BURTEE H K E BB G T TS R e AR, L B A BV ERL
WA BN G B, BR—MEH A G AEENFELR, HERIE
BB G RAER, MEEROEEHE G BaEE.

e 9-48 i — A R — N E R B/ BB (RETS RN — B, (EXOIF AR R
W) EE ., fER/MERRHR AR VI - 1 B/VERRHE — BRI, HOAETCE [ o i
IR E TS, FTLVE RN BESh, TR R B PR B BT A T ) /S OB
MR RATEE R MRS S — R FEda ik, IR/ P .

AR R T, MR —&ARRT T ke dmits, W=t —1 . PUEINEA
thig d{F B — il , W S5 A A B9 FFPE . QISR e aofl o BR £ R A (EAR, B 4B E
R AR B B 3K B A AR Y (AR o 0T B T A U T 0 30 7 BT sk Sk PR 1Y 200 L 3
sy, IR 2B S B E i A RS A (BN B L EREE— &% EER TS TERF
Tzt B b — & nofi. EfFL, T 5 /s AR 3 A AR S A FRATT A 28 A R
Wik, X BIE T R/ () B R EE L.
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B 9-48 M G FE MR/ R

9.5.1 Prim &%

FHE N SR — R R R LSS — S K, TR, ERE N O
WIEAE AN, BORE LRI M SCEE A0 TS B 4 A4

LB BT — B2, R AT B B — 4 B 2R B b A TS, T AT M R
AR T A, BETE R — W BT LU A AR (s ), 8 (u, o) OERFTE « 314
ki B o RZERE AT BT B B/ #, TR — T TS IR B BB R P
0494 B B AT M v, FEEGHIEE B/ VE BURE, FFIRET, v, TEMEFRORE L, EAERR IR
HEREN. B—ERM—&RM— P TSER L,

949 {EE—HZEH Pim B
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FATTLLUE 3, Prim H A L MR 558 B2 8 Dijkstra B3 — K8, R FIAT - 4F,
A 1D R < i p, UL E—T4845, 5T 2 2 R (known) BY % J& K K
(unknown)f. XH, 4. RiEE o PIE AT ANRENH, T p, MESE G WENRG
BTN, BEMEARe—, RA—-SARE: dF d, 0@ SRR, [HHE o 8 ik
AR, B L, EEEM AR E R, SN o BERG, M TFE—1Y o 26
EMRAN w, do= min(dy, cw. o)o

ROWEREHE 9-50 HH . v, Bkl vy, vy, vy BEH. GRAME 951 PHYES
e F TSR vy, B—APBAEHE v B v AFE, BAERCHM. o A%,
KoM d.= 2 THM v, B v, MAHIEE 3; A HMMTSEECE#H . B 9-52 BR324,
BOF—ANEEROTER vyo XIFAEMEME S, REIER vy, EXWE o, BIHE, B
[ 9-53. 1%HL v, BFIAE 9-54, vy BIEBUAME v, Bl o5 HATRERE . REHIER v, Bl os, B
VA

ISR e 9-55 Ly d . AR RGART L MIZ RPN (vp, v)), (vss vy), (oy,
1)y (vsy v1)s (vgy v7), (w7, ve)o ERPEAIERE: 16,

¢ | Known 4, Pe i v —! Known o, P, v Imwn d pm ‘J]I
| v 0 0 D Lo 1 0o 0 v 1 0 0 |
'z 0 = 0 I' 55 ] 1 9y Iz 0 PR l
i 0 = 0 || 11 1] 4 by iy 0 2 1y ‘I,
iy ! 1] = 0 | (i} 1 vy 1 1 t
i 0 x ] g i 0 S 0 ' ] 7 174 Il
g 0 = TP 0 = 0 s 0 B oy ‘
I X 0 = {0 s l! 1] kS 1] = o 4 1y I|I
9-50 7E Prim Bi#H M 9-51 7 v 9-52 T 1wy
R ROPBIRE A HEHENE BEHHE RGN E
:
= T . !
v Known d, p v Known d; P r Known 4, Pr_”
™ 1 o o0 | v i i 0 0 | ] i 1 o0 o |
1 2wy £ 1 LA I| I ] A U I|
iy 1 2 iy |3 iy | 1 ) (8] | ‘ 1y 1 2 Ly
1 1 1 1y 1y ! 1 1 try | U4 1 |
o, 0 7o s 0 6 - | ] Us 1 & - i
P 0 § o g ! 0 1 - | | I 1 1 -
J - i 0 4 vy I'.' i 1 4 1 ||I | (] i 4
[E 9-53 E 2 5F11 3 E 9-54 E 7 E g-55 E Tg ﬁ] Ug
EEERAERERR B R E Rl e R IS i % (Prim B2 E)

ﬁﬁ%ﬁ%%iﬂ%%tﬁD%mwﬁmmiﬂ%*ﬁ%.H?U%mmﬁm%mﬁﬁ
AR LA ., A EEE, Prim Wk e L B FiEfTr, B S %S S
BRSNS — S LR ERBIR AR A P HER ) EATEE Dy OCL V), BEX T
FE e PR 1 R B IR (6 P U B A7 B () O(1Ellog! V1), WMTFRHEMHEELE T

IR
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9.5.2 Kruskal ®i% T ® air |
55 TORP R AR B S SR MR IR N B R, ECY BRI e EEF
DR R R S IRE R R T E ATy | 0 L BE
. SR P 9-56 B REEEREE - 8
W b Kruskal Sk RAEA M bk MIOR A . FFREE | o0 <+ an
MR FEE | VO SR TR R A bR | L S AR
R R OB . R A R T, SRR R BN A, e o B2
U-57 @.ﬁﬁﬁ%ﬁ”i”ﬁﬁ#’mﬂﬁrfu Eg_a}ﬁ Km*‘-‘.kﬂljﬂ:'ﬂ:
W T G R
O G® q@@) .\.®
OO @ ¢ OEEOROENO®
@ 1 14
O @
D, (9 —

957 fEE 4 2ZEH Kruskal Hik

LB AR R R B E A, LR, BEMBEBEIGEN (u, o) FIKIRINE
i F . fi—ZH i Union/Find BE7EX PG .

RATBRE— MEEHELR, CEREEOE—mZ, TR TH -TMMEESHE
(04 T17E 24 AT 4 B B AR (spanning forest) il HIL, FIATEBRYEEEACHES
o N o Mo ER—AEAS T, BAERENARERF, BAGTRIICLEE T,
B ERENA (2, v) RSB R— . R EARER— N EEH, W ZLmA,
XL ETA o Mo XFAEEIE—RAIH. BHEH, XSRS AR, HA
CH (e, o) MBI A, v Sl e EE S v, W2 e LREEER, 25|
R T ER .

EIR, W5 HEFF AT F B, A, 28 1 B i) 8 57— o D) 2 O A 9 AL L DU,
DeleteMin $HEE KB EINER ., AT . R EZ LA O —/NERrh TR,
A TG A A SR A TRERY . BN, R — TR v LARE Y 100 M (vs, vg).
B 4 BT it S AR 85, [ 9-58 HAY R Kruskal a] LLE H — iR B NVE R . [
1 = R BAR A AL, Eﬂiﬁﬁﬁﬂlﬁtfﬁﬁﬂﬁ'ﬁﬁk@b&ﬂﬁﬁﬁﬁﬁE@fbﬁﬁ?ﬂmiﬂﬂﬂlﬁjﬁ
of AR SRS ELRURAE T, N EHHTE, TERBIIRI A 1A AR EedE, R A IC
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e —— e

#9F

A El .

i

/® 1=/
/ey
fr 3

/% 4%/
/e 5%/

/* 6%/
/* 1/
/* 8%/
/* 9%/

/*10%/
/*11%/

}

void
Kruskal({ Graph G )

int EdgesAccepted;
DisjSet S;
PriorityQueue H;
Vertex U, V;
SetType Uset, Vset;
Edge E;

Initialize{ 5 J;:
ReadGraphIntoHeapArray( G, H J;
BuildHeap( H ):

EdgesAccepted = 0;
while( EdgesAccepted < NumVertex - 1)
{
E = DeleteMin( H J); J/* E = (U, V) */
LUset = Find({ U, 5 J;
Veet = Find( V, 5 };
if( Uset != Vset )
{
/* Accept the edge */
EdgesAccepted++;
SetUnion( S, USet, VSet );
'
'

J

4 9-58

Kruskal ® A TAXH

SRR R O E g ED), EZ MRS, ¥, fiF El=
O V(2). BHAEF AR L O E llogl V1), fESRRA, W0 M B b o ]

e R

9.6 REMREHRMEA

TR A 46482 (depth-first search) X 56 Frii i (preorder traversal)BIHET Fe AT A To
oo TR o, REREHR I FTE 5 v TG R R R — R T, A
ﬁ.ﬁfmf=@UVU.ﬁﬁﬁﬁﬂmﬁ%mﬁﬁﬂﬂﬁO“Ehﬁﬁﬁﬁﬁﬁﬂﬁm
. MERIHEENETEZGLRE, N MR aBRIITE/ N OFH. AL, LFRATT V) —
&mﬁvMNﬁ,é?ﬁﬁﬁﬁE&ﬂTﬁﬁﬁ,Eﬁﬂuﬁﬁﬁﬁ%ﬁﬁﬂﬂ,%ﬂﬁ?
H*Hﬁﬁ%ﬁﬁ%%mﬁﬁﬁﬁmﬁﬁﬁﬁﬁﬁnﬁﬂﬁﬁ,ﬁ?iﬁﬁ,ﬁ%ﬂﬁuw)
E%ﬁﬁ*&ﬂﬁﬁj—ﬁﬁw,wL%ﬂﬁﬁmuMGE%W¢WEﬁHﬁJKﬁ§m
e 2 (AN ST 4 AR , AT — 1388 FXUAR RO

r

|

vioid
Dfs{ Vertex V )

Visited[ ¥V 1 = True;
for each W adjacent to V
iF( Wisited[ W 1 )
Dfs( W J;
4

M 9-59 FERTRRBERR
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(28 ) M /KRR Visited | [0V IRAL Y false. i H OG0 i e 4 177 (0] 449 75 5558 14 18 H]
7R B, FRNTRIEA S A TBRETERR . WRER X m a9 B AER, 52 M HEIERIER
Ay, R RESUTR AR T S HE, AP R T AREIRCH T 5L, RIg R
BEOE S 7, FEAkER i N R B A EE RARICH Y S Ak, “E A FERIES - &A R
vila)—ik, Brll BEE R4S, WHirs e SntilgtE O E! + [ V).

9.6.1 Zm@MA

Fom EEEER, HEMNYMNE—TEHEMERERERERR G- HAZ
ey R R AER A S, IR TSR R E A R M e . MR e A%, I
ZFRATRT AR HE A B3 38 4 S FE R B AU TR B U e R TR 71 32

Y HIRBE LS BN — 0T, REE 9-60 B PIRIIM A S FF G, HeT, Frid A 4
PilEl i 69 3 A A Dfs(B) . Dfs(BYFRIC B kil HE R D (C) . Dfs(C)HRid
C Hifaat iR IREA D (D). Dfs(D)BE] A M B, {HEXMA G 80 S Rd
T, HEAREEATT T, DS(D)RER C 2HEMTUL, B C Ry, BHik
65X B A R E AT, TR DAs(D)RES Dfs(C). Dfs(CYEE| B 2PHER, 28
T, HRBUNEE LTS E tR4EL, WA DA(E). DS(E)¥ E fEfric, 28
A FIC, #EEZR Df(C). Dfs(C)EEIF Dfs(B). Dfs(B) 2B A FD JFiREl. Dfs(A)
mEs D ME BiRME, (RITEF FE2EMEANFIK, —KEERN (v, w), B—URAF
B (w, o), (BiXLFEEREEPERIEM—IK, )

Mo60 — 4 XEmEE

Fe A VA BRI e il ok iR B 4K 28 2 Ak Bt (depth-first spanning tree) 10K, ZWHIRE A, 2
&g R B T A . E R — R (o, w ) &R BT b MR LA (v, w)i
B w EARBIRICH, BUSTRITAER (w, )N RB v BARIRICH, B4R AT BE R A — 2%
WERT. MEYRILE (v, w)HERH w SERC, HHHRNER(w, v) A v th
2D, IRARMIGEE —KBL, FHFRZ A H @4 (back edge), FaRIXF N"ELH EAR
B —#B4r . B 9-60 RO B (E iR R 9-61 R

D RSB —MA R RN o PR MREER. MRERNEE EHFHEE KRB, WHE - DRITICH
m;ﬁﬁ?ﬂ T s 'L'k-a-L...tﬁ:'[P 1}_|§£ﬁfé‘—‘&ﬁﬁﬁt?ﬁﬁﬁﬁﬁfﬂqm,ﬁn ﬂﬁmﬁjf”ﬂﬁﬂmﬂ G{ | Vl }ﬂrﬂﬁﬁ

I 5 ) T BB O S 18 AR W T R O T 6,
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Eo6l LAMKEEMRLERE

RO AT R 7 . SRR A i 3z ) e e S A IR TR AT X SL TS Bl R IC Y
W . R R R, B2 A 603 A () B E WA Dis, BIKERE R —H
B, BAESEREIEE K & £ A& (depth-first spanning forest) .

9.6.2 WEiE{E

NE - EEOERE AT — RSB G, BT 0RER, IRAXFRIXRE
36 L R ol R A i 38 %9 (biconnected ), b ) o Y B BLE B AT . R EH g S 2T E N,
B, B4, HHE—aTEYLEMET AGEET, WG AZEmE, SR, 5K
SUIHEILE LERE RS, 2000, MR AKBHAZREIGERD, o, HRTW
SSRGS, TP BRIk RS AR T B

R A EAREAGEE R, B0, 5 HMER S P AT 75 AR 4k T8 nH 4531 & (articu-
lation point) . XY ST E N AP REEEMN. K 9-62 PHEARIGEREA: DA CHD
Bl BT C @R G Ak, MMERES D IEE f1F WE G BHRRTEEE .

() ;

o6 RAHS CHDME

YR O 448 24 Ut — 2 L 1 i P o A BT A O AR PR 1B S, AP AP E— IR
TR BT eI R I TS B I A E %S o X FH— TR v AP SEF



q & F #* 243

%5 N Num (v). RIG, X FHRER AR LM RGP o, RS RENTA,
FINFRZH Low(v), &AM o Frbh, 0 AT SRR £ 540 H ol 88 A — AR ¥ [m i (LA
WIF)RE], B 9-63 HHIBEE LA AW B 5 B/F 4, RIG 48 7 ERIE N T el A #]
{1 Fe (R 4 5 T

f9.63 FEMEELLEH, T ERE Num M Low

WA, BFICHEHSBRKSSTAN 1(A), BREimiEyEdrlaz D,
RIS AE 1 — 2T N R E A o FRATTAT A XTI R Se A R B T — DR LR A U R
H Low. T low BITE LCATH Low (v )i

1. Num(v)

2. EE (v, w) PR Num (w)

3T H (v, w)PRIEIK Low(w)

P NE

AR AREGH , TR R A B ) TR B — AR i, R R R
UL kAR L 3 DA S T BBV A — 2R 15 11 1, 585 = by sk T Y — A 1 8 R e B i 3
H FIRTEEN » WA LTI E S Low BG4 TR Low(v), R X R — A e s
o FAE—&ifi(v, w), ITZERE Num (v)H Num (w0 ) 58] LA HHE E R R — R iRk &
A I, Low(v)BHITE : RIMIFEHR o BPBER, I S M3, et
E/ME. FPAMITEER OCE] + [ VDB,

R F S a0t 2R x5 BRI A M F s REELR HHRYEEZT TR
F, AR EERNILT, 51 2 B AR DU 45 4 5 A 343 1l 20 A 76 AS ) ) AR s TR AR o
A — A LT Bk 2% A AT RM R . 3 TAEf HARTUR v, ERESMAMNSE |
THEANILT w #18 Low(w)= Num(v)o EE, XA TER AL B R A I, W& 323
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PEAT R A AT

HEANTFERRHENF S, B C D 8, IERE " (K)o 2HEM. DA -1
FE, B Low(E)=Num(D), —##2 4. B, ¥ ERERE—FHEEXD LEME
fof—x, ARt EE @ D, R, CHE—TELE, HA Low(G)ZNum (C). A 7k
ZHEBIEW, FATLAHERIEEH “only if " (102Y4) ¥4 B (B, EHBIFHRIES) . FITHE
CEE—BST . 1ERE AT, OGS (B 9-64) FIFTEX A EMAIZEEAETR C
FiaEER @ RAEGR.

B 9-64 & C FrHGA AR ATE DI BHE ek

B, RSB SCBLE %, 9 8 F /R B Visited [ ] (FIEEN false)
Num![ ], Low[ 1Hl Parent[ & RE R, BALEH — N2 RERMM Counter , A% 5EITE
Fi% s Num [ VR4, % Counter MGILN 1o WHXEERRPAR—TEFRRIF LT, Hid,
614 A I B A AR L AN S O SR BB 451 . RITEHE ERAREE 5
LA

FEmFe e 2R A8, KE S LB T — KT A Num i f5 — #5178 i
HE Low $SCH, 55 = B 7 T UL PR A e MR LL T 2 i 2 B s b . R, PAT =83k [y
B—HiRe., H—B7EE 9-65 F &R,

/* Assign Num and compute Parents */

void
AssignNum{ Vertex V )
{

Vertex W;
i1/ Num[ V ] = Counter++;
FARrLAr) Visited[ V 1 = True;
FARE LY for each W adjacent to V
AN LV if( 1Wisited[ W1 )

{

JE 5%/ Parent[ W1 = V;
/¥ 6%/ AssignNum( W };

}
?

B 9-65 XA Num BEEHAVBIRER (L)
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S NG — i T AR S el T, AT LU cE P 9- 66 TR RES R SEEE ., 5 8 AT b EE—
FFRAITE L. IR w SFEEE v, A REHFEAH w BER v PEF w, XA E—FTED, M
RE--Z0E&XEHEEZEMNS, BN, BB Low 50 Num [ 15 #9 8/
1E A58 E RIAREE

‘ /* Assign Low; also check for articulation points */
l void
1 AssignLow( Vertex V )
{

H Vertex w;
\ fa 1=y Low[ V1 = Num[ V 1; J/* Rule 1 */

gu2ey for each W adjacent to V

{

‘ Ju 3%y if( Num[ W) > Num[ V] ) /* Forward edge */
I: {
] JE o4ry AssignLow( W J;

P if( Low[ W ] >= Num[ V ] )

A printf( "%v is an articulation point\n", v );

g TRy Low[ V ] = Min{ Low[ V ], Low[ W ] ); /* Ru1e 3 =y

}
else
/* B/ if( Parent[ V] != W ) /* Back edge */
FAN: ¥ Low[ V 1 = Min( Low[ ¥V ], Num[ W ] )i /* Rule 2 %/
}
)

E 966 itH Low HHREEEHFSHMHE(ZEIHRAKREK) S
T AEAE— A ] — 5 2 S 308 7 U5 P 7 (0w W0 738 U 4 i 0538 0 98 L U & A Eﬁ
B 5 S ATAL TR, B 9-67 HAYE FR K H B2 AssignNum F1 AssignLow 456 i — Fff B 1% “
1 15 5 e ¥ FindArt,

void
FindArt{ Vertex V )
{
Vertex W;
[ 1y Visited{ V ] = True;
fr 2%/ Low[ V ] = Num[ V ] = Counter++; /* Rule 1 */
/¥ 3%/ for each W adjacent to V
{
P L if( Ivisited[ W ] ) /* Forward edge */
{
J* 5%/ Parent[ W] = V;
/¥ 6%/ FindAred W D;
A AT if( Low[ W ] == Num[ V ] )
/" 8%/ printf( "¥v is an articulation point\n", v J;
P LV Low[ V ] = Min( Low[ V ], Low[ W ] ); /* Rule 3 =/
}
else
Je10+/ if( Parent[ V] != W} /* Back edge */
SE11*/ Low[ V ] = Min{ Low[ V ], Num[ W ] ) /* Rule 2 */
!
¥

B 967 fE—WERE AR (R REX R AR ) o i ) s A A M (P RES)

9.6.3 BkiuElEH
4 9-68 Ty = AN . —NHATROBER R N e X Lo A T ARLAR I — W TE
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i ] B RN AN B MR LB T Yo — B [a) B, = re 45 o PR, {9928 [ B H- 4a
P B AR R L R — NIRRT AR . AN SRR AR SR AR R, AR A BEAEBLR]

Phit —ik.
=

B 9-68 =iREIE

B RS RS AL P ARG T AN LIS, mEA S RER AL B THE
EHEE, TR SMESHER, E2, oA BN R ARG & T RAE A LK.

FoATTAT LA T 45 B AN A8 AR R R — 1 T AT X 1 (R R A AR Ve () L, P A 3 el
LB SR NALE , i 9-69.

== e

P 9-69 R liF KR fL AL

RS L2 S, RATUAEE it — R 4%, %R ot B Y 18 ARt 18 & i ) —
Y. HIERATE R WM EE”, B2RA TS FIRE N, R b BRI IR,
SRR R AE 1736 4F s BRhfse , SAREE ISR . RIBEE FENBUR AR, XF
o) B3 A 0 Bk 45 28 42 (Euler path, 7 B PR ER AL 2R 35 Euler tour) 5 Bk 32 & 34 ( Euler cir-
cuit) [ SR I BR U AL (5] 5 1) SRS A AR, (BI04 TR S A . PR, 7RI —
R M 2 BRI [ B )

LRI — AR, HLAR SRR EFEAR A AR EE R YA REE R B
ATH B TE (BD, T10 430 BB B A A W REAFTE . XEE Y, BBy, — A
WAL MR RE T, MEAT—TA o 00 RAE, I AER B RIS B A FIX
R B R & v B AR IR B, FVRRIEEA v S, AT AR ETR
o, TRATHERE B, B ITFE A TUA N E RS, B LRNMA—TFBEMTRH A
BG4 TR — A AR R LS, 5987 ) RS 8 — M BRRLIAE . X L, KCRDAR SRR
I B RE A — R L E R S AR, IR REMTES TR, A ARG
PRt AR AT REFF A o

b B RS TR T BRI B AR PR (- B, Aid, EIHFARGEVRRATHNZ
e R 1 A 5 P A PR — A B [, 0 38 16 TR A 4 B e . FFOC L
AT S PR RS, BRI, BT TILA B FE 8 0 £ 17 3 PR A MK et
FAL K FeATTR T LA LA SR ket (] 48 o i A — R [

chy T AT LR P B (B R P A AN A, B T LABR B i A 4 — R B
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lolpf . gbE, BAFER T KEERNAEERE. ARE " HERN "Bl RELEHEFITA
i, FM1F 5 T LA g R,

FEEET, RAOTTRE R VR T E A —8 2 M AT B 2R S . 08 AR AU A B
HN¥IEH5E, BARTRESH AR AE. BAES e+ 52 A R VRIa) 4
R ERRE— TS, T B — IR E A R X & A4 — g, {LEPHE
B kA a1 i ., dkskizoad B2 B AT A A9 ER R T B A IE -

VER—101F, ZEE9-70 P, S5 FH, XA — TR, BN S IF
i, FeTMT 5. 4. 10, 5, MEFRATE Ll &, B KH A8 A 3. W wE 9-71

Frm e
3 @/®\D 3
g o 1o I —

]1

|

Tk e Td
=)

-~

st

P 9-70  BX e ) E

Eo71 WIS, 4, 10, SIGETaHHE

BB, FRAIMTRA 4 BkeRitiT, IR E RARIMA., 85R, XEHRE4 1, 3,7,
411,10, 7,9, 3, 4, MBRAEX LB EPHEDIFNEHAORES, 4, 10,5 L, 2 FRATIG

B &P RIS, 4,1, 3,7, 4,11, 10, 7,9, 3,4, 10, 5
WG, BTFHEERER 972 %, HE, EXTEP, FifF 7 B TOL 55 %) R 0 SR A (R AL,

B . RfiRiE e B — A EENHE E . BT AR TREAREER, BXIFARR, iz
A R BRI B AT —A TSR 3, W ATRER BB AT LR 3, 2, 8, 9, 6, 3o E g2l
K5, RNBII®KZs, 4,1,3,2,8,9,6,3,7,4,11,10,7,9, 3, 4,10, 5

@

& 9-72 EE&4J.1?A*HJ&TJLL4J&5EWE
BT HR7ERE 9-73 h, EZBRE L, WA RBEHALKT- ATAR 9, B4 09,
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e et —— e ————
= = -

12, 10, 9. S4B EHHER AT, FKIH2 %S, 4,1, 3, 2,8, 9, 12, 10, 9, 6, 3, 7,

4, 11, 10, 7, 9, 3, 4, 10, 5. HErA L Egna Hat, @ik k, RSB — R # .
®

® ® ® ®
®\®/@ ®
973 7ER&#:5.4,1,3,2,8,9.6,3,7,4,11,10,7,9, 3,4, 10,5 58 FHHE

WFEEEAR, LA E L ABIE R . AR REARAR s i S B ik B AR S
F PR, PRI RE N — MR, e ERERHMEER, T e BEER
RATLFUR B — M RBERM AN M8 . LPHEN AN, LAAIHE SR
BE T, NXDHTEHT F—REE K EE R, SR RIETES TR (8] 0 TS R B
B A B THEREN OCE]). FREYHKELSH, BLOEI1THE Y
OCIEl + |VI).

AR ARG (A R 7E [ B o R — A R R A, i L R - T, XD
Al AR 74 % 4 41 B 9 # (Hamiltonian cycle problem). B$A% 23R X1 [a) R {EL-F 2 A 2 FIRK
i [ g [ B — A, (B, MEHEECRNAERE R, RITHE 0.7 WhERE AR AR,
9.6.4 BEE

il 5 T ] AR R 6 SEL R, b BT LAl 3ot % B 0 SE 48 AR LA LR e (5 7 A (e B A 2R 8 A
Bagimn . IRAMEANY AR EE K RATRRAT A&, £XFELF
RATEREAFAEFTH T S TFEE, REPITHREREEE, BRIA KT AMETIH .
Ve R 7, EREE 9-74 FRIA EE,

[ 9.74 —A-f A

RAETS B FEFHREFEREEE. EWRBS B, C, A, D, EMF, %5, fE3
Ak TR S B E T R, RIVTEMEELE H T, e} 1 ®J . BE, 4E G st
T RRE—AEERITUS . X R LR R RN 9-75 HH TR -
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B 9-75  dfmasEsIIRELCER

HEE e B B LR (o, w)ill, HPH w EXENCEFETHIC. EL
P, EfLER—SEmE, HRERITTUAER, FAESRRRNAIFAEMRFS. 5%
B mhin(A, B)M(I, H), B —EHE 1 (forward edge) 11(C, D)FI(C, E), ENINA
WH—AD P SEE—NEH. RERE -8B, (F, O)FM(G, F), EfFEAEZEHHCH
B SRR . R I R A — AGE 0 S S — S ORI A B TR TR
MBI TELAX R A A [ B AR R P, RN ERNE R,

4 e fd IR AR ERNEETEX R =Fh AR 317 5B e iR RETX L
HERIA, RIPCEBE—EZ% .

HERAEEN—MAZESI - TAMERSREXEE, B . — T HamERX
BES A YRS, (FENEET ML, HiveA_REBE, )iEd i iEiRics,
MEF W AR E— AR A R T EE . #ETRINEFA S — 5 R E WS
R ERREERTATIAISERIMES N, N-1, -, 1, RERZLEWN, ZFHTFHL
—FH,

9.6.5 BEREBESTHE

BRI EE SR, ROTUER 4 EmEREEREER, MRESRR
i IR ARNIER P AT ARITEN—ETE, ENBXARRBEEN. XBALR
il — R RE R E I R MR, Fid, MR EERERERBES.

B fERAME G EHET— IR (AR . i ek R O S R AR S P R P
G T EEE, REEE G WITENLRE, ER G,. B 9-76 S E{LRAE 9-74 Bimayi
G WG, ERAEMNMRSRLE,

EREEN N G, AT —RIERE R RTSER . MR SRS 5w B TR s — KHT Y
R AR, TR, RIETS G FFEY G, MEEREERR, G MHETHN 10 {EIZ T 55
ol F A T, EF— IS RIE H S7F86 . Xy 1), T—KERE B Gt
it AL C MF., WEeERR Dfs(D) E&ZERA D (E). 7 B4R B B R oA hE
ZEARE 9-77 AR

FEVZ TR BE AR S A B 2R PR o B0 B AR (G SR 52 & RmE B A YRR 24X RIRE S F
HV L — BB 4y 3. B, XHFRATAP T, XLERERF I HIGH, {H, I, J},
'B, A, C, Fi, IDIFI{E{.

o TR E S A AR, BAEEE, MARANBUL v Mlw # A 7] — 5k 8 o1 2
. B ATESEE G FRRFEM v Bl w BRI w Bl o MR, Wi, % G, PHAFE. B
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977 G OEEREEE-— BT RIG ., IH. I ]I, iB, A, C, FI, DI, [E]

. IEFATUE v flw REG, WE—PMHEERLLRR D, B4 BRENERA A GEER
— AR

W TIEZEE R, RAILHHESE, WRFEATA o flw £ G, MR- THRERRE
R . A8 2 RTETEM v Bl e BIRRAR I w 5 o BOREIE. b, RATATLUED, R «
B G, 88 v WEELEERRER, BATEE %N 2 Blo MMk Flx HIBEIE . AT w N
MRl A HEFE 1R B — 2 = B w FIM w0 Bl BIBRIE . X SEBRIZ NI BREALEM o F w FAM
w B o (B3t x) LR

HF v Br G, HIEEREE RPN EH, BLFE G, —%& M 8l v B
%, WTIRTE G H—Mo Bl z BEES. Besh, BT » BN, Bk« MEE— IR
WEREINESNEFESHS. TR, G5 - IREREERE A LHE o A THYEHEE r B L
Ve R AT A . BESRTETE— &M v Bl BYBRAE, I v R x 16 G B E R R — A E
—EW o T ZIEER . XEKRE G P Blo A—RER, IERAREL.

9.7 NP-E£MNE

X2, TRATTE AT B4 Fh 5 LG (RIS A0 o BT 1 X S IR AR AT — 1> BTz 17
ol | B AR , TRl A R, SR ANZ— (O E gl E))-
WG, TR, T RS, AT H IR b R R A

Rk R A, R AR — AR T A B AR K, 1% ) B8 J 2k A i ] W]
(. P A [ B — A L, B L R TR TR R, i A HE A £
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(AERTA

X A 1) PR ) B A e, G AR 8 A ) Tt S R P () ) AR ) o {ELR L A e A () 2R B A2 ]
# ( longest-simple-path ) % A~ FIH 2o i (0] FL2;

XS [al A L Fp, HSC RS BT FL IR A T4 AR Y0 R . X T I S R e AN AN RE 2
B, M HAFEERUE A 2 0B ] 12 47 B9 LRI 33 . X8 (o] R ) — o 3 0 005 X 1 S db g
AA] BB L Fe 45 BaT ]

TEIX 45, FRAT DR 1A B e R ) &, 3R o) BB RE A 2 8 Ay, L IR AT Rk AT PRk
Bk T SCAORRIT. SORE o, TRATTA0 16 T B (6 2R M ) b A A0 55 45 58 /0[RS M 0 i 45
ik

RITHED, FEREEEMNEE, SIIES AN EREEFME, XL8m i —1
%, {4 NP- % 4 (NP-complete) R X 46 NP-5¢ 42 ] B0 0 ) B 22 E AR FE W E H HAE
HE VLIS RE N TR R B E E a8, B4 TR X m s 200t al e, B
21 HB A 20 A (]

9.7.1 ¥55

E I E K, F—FEEENESR. RITECLEF, 2 )W LR PER FR
. RATPE L O(logN ) BEETTHE , HREITE 4 FBGE B MO S ok 28 (ke AR5
D ASSEEMOEY), BEAMBEEE L. filn, Gud(BmEBAREOEE, HHT
RAE M FIN B, £3% O(logN)BHE], i FiX 380 Al logM Fi logN A~ Tk i o
W, I God B 32:50FR | 2E # B it (a) X 55 AR 9 E SR/ F 22 . kel A1, o
(1 i T AT (], T A4S 1T ] 2 1 A S A IR O LAY R . —RRiSR, FRATTANRE
W s 7T E] L P AT .

W T, ST TE S B MY [, X S R AN HE, LLE TN RER
(B3 ARk RAE & O, IR A R RAZIE, LA RYER <0 KD
¥E, AT LAEER, HHEILA AT RERR R AT A A9 — T AL XS AT " i AY )y R
o] ¥) % 19 # (undecidable problem) .

ATk g AS T S (B 2 4% AL 19 8 (halting problem) . B MR ILIREY C HiFJRFA
—ANBHE R, BN BE SRS AEIBERTIR i ELiF RESE#6 & AT A A9 CPR 1317 X B 2
AR S, EBRRATSOFIE, B i R A5 T AL B RBER ], MhTHiF e
ffs S5 1 1 33 Fof 394 928 B 1) G 1R A o

% ) K1 R 1K) 5 (Rl A A B IR E T SR RETRBESECAS. HTFX
JE [, A X e n) Y g i 2 A T ) % & (recursively undecidable) .

MBE— A TREFRERTFESE L, BATHETUAT A K. e s —
AR LOOP. LOOP {E—AEF P fERB A P B 5217, R P B Sisfrifin i
TGFR, W B REIE YES, thiR P B HETREE T, iR 2 R E A R BoR NO. (U
2RIk, RATHLL LOOP i A— T TCMIEH.

%uxmﬁﬁ%ﬁ%ﬁAw%ﬁ¢H£%?§ﬂuxm%m,%amﬁmnﬁﬁﬁ¥.
B R ] fETE S S BUOF S B A A E T R & KRBUHIR

FARERATHYE X, R P(P)&IE, M LOOP(P)IEA ~ P ERIEH. 85 P = LOOP
Etf%mﬁiﬁﬁw,ﬁﬁuxwﬁﬁ*unHPMﬁ%£Aw¢%ﬁﬁﬁcﬁﬁ4ﬁM%ﬁ
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ik LOOP(LOOP) £ IE 3t A—1 TRIEH, BRXEARIFER . H—T7 i, 4 P = LOOP
B P(P)#t A—TRRIESR, W LOOP(P)AZ L, MBS B R —HXIE. Hit, &
fi1EF, 85 LOOP A n] REFFTE -

9.7.2 NP

NP K{EMEE Fab T Aol HE RS a2, NP fLFEIE#H A % 3@ X 8 8] (nondeterministic
polynomial-time) ., #E B EFTEB— B ZIEERIT— KBS, RIB\XKMES, YLEEFHFE T
WARETRNIES, XEE—HEH. M—RIEMERILEN R L EREAEFER. ©1]
U ST EEEAT SRR, MREXEEENERPA - RSHEREOE, Bk e
BRI EHROLE., Eil, 66 E RIS EA EW ORI (L) RE S . XMHFE—D
AR EHERY, B AR AR E— S IERERTREL, EE R S LSRR HE TR L
4 \HELL R 15 0 Qe 5 — N AR RS M T ). RITERS, EMERERA M
MFRICEEH, A, EFERRARANBRIAB K. B0, BIERERIEEE, AnA
& (A AN R A T Y E Y o

Kedo— AN AR R 8 F NP B 3R AR /8 (yes/no) (A1 818 5 ki A 8L, 1
3R (1 17E 209 B[] P4 BE AR IE B — N e A (T & R U S B R B, AR A AR T NP
d, AL OB"HH, B AT SR TEFAERE, B, X3 0855808,
— AR ER PR - MR E TSR AR E R . TS E—&RME, RIEE
7 B A R G R — R A0 A, PR /R (Bl R T NP B RER
F K BB ER 200 " SR BIAE X4 10 1) 5 th 7T A A0 5 ik T B T NP 3 3 25t S A9 (2 4]
o B SRIRER 7B, Lk A

o F A g B REAE TRIF 3, Bk, NPREEHNA &H ST E# 8. Afl]
238, BRBIE-MERERLTHTERE T ERAESBE, BHWE NP FREFEAS
BAT 2T E SRS, SEMREESRAEAR, TR, FREEF A ARTLEZ N
MGt R A ATREN, RSH B RMTRAX 4NN, [HEET, ERHHT R 2E2 ik
FRIME ) TAE, FefiT8 R ER E Q(N logN) K R ME BEIRER T IALIFEA
USRS REM TAE, HARRREEARE K,

FEEE . ARFTE B0 $)E B AR F NP, % EH e — 1 ER S B aE R
81 S B — A P A e A R A TR B — i — R AR R — Rl SR 1 20
A A faf LA 25 3 2R ] E B — 0 B A R R R LT AT R BERCEE BT A B H
W — A — A RIEAFT . B, Fna & /R i A9 R A HUR AR T NP,

9.7.3 NP-EZ£ia#

B HIRTF NP HIFF A 8, fFE—TF%, UK NP-% 4 (NP-complete) [} &, B
&7 NP R HERY A, NP-SE4& A —MER, B NP P () 4E —— (Al B & R % 2 T I 24
i, NP-52 &

Al P, AT LA ERE P, I R — TR {45 Py 1007 S5 65 &R mT LA 45
W P H— 5B, SRAE P, SREHEE B IR R AR R R —ABF, HEILELT
SEEN A — RS, M s i RO e R R i i B R R AT . 2R
O A R R BR . X T ST IA A P () Py, 5575 FHEX 2 #Y BT
A i TAE 3R LA Z 10 3Bt (6] 5€ 1
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NP-5¢ 2 0] 82 BofEAY NP @R RET, — > NP-58- 28 [aE3 A el PLUAE NP
R e F#ErF, HER DA AEREZT AN AEHE . Hik, WWREE NP ZeFEa —1
ZINA AT, H4 NP FE— el @R EEH — 1 2000 6] A . XER NP 5220
AUEFT A NP [6) 88 P i MERY (5] &2

HWHATAH —4 NP-5E4 0l P, HiZ P, CHUR T NP, B —&/&¥E P, BHAHH2
A Py, (EERATATLLESE A P, K& P, il REH#FE T £HietE, BT P, B NP2
By, NP g8 —~ o) EER ] Z 08 T 29 68 P, . 1 H 20 p0E AN, RITEE, NP Y&
H—A ) @] 20 A AR P, RAPERIEHAK P,, RAEHEE P, 1A P, KL,
P, f& NP-524/ .

VR4 F, RIRATE S HGEM % /R 10 (a8 NP-5¢ 2R, @2 4% 7 (traveling
salesman problem) [RIEAUN T .

& (0] £ £% 5 ja)

phor_ Al G o= (V, E), THRHAEUEER K, BEFEE—-MARFFASHH

BH<K )78 ¥ 7

BEA RS ARFE TS/ RS, B VIV -1)/2 ZLEFEm B R
. %l AR L EEA N . Fln, IR R EES SefLERE A, B RO
B T LB A L XA LB SE ALY . S FL R PR MR s i RIFE PR 7E 45 T AL Ak 2 (i
FooE PR Ep et R s T A ALBFLE AT BE . B T RNGEL T — DI FA (A
R E B TSI B LME AT — BB B A AL ), F8 Sk B 3 i #E 7 1) 60 it (] PR /] 21 J5c />
PR 0 3 145 B B9 & — K [e] 45 5 5 [R1REL

MEl gt RE R NP2 2, A5 FED, @A EEg, YRERT
NP. T IERRE B NP-524 i, FoAiT T 20 7002 st e o8 25 i A () 830 013 24 g i ] 5 9% 53 ] g
W, HE— T FAE G, GG HHEENTE. T G WH—-&H(v, w), WE(v,
WYEG, BATHEN 1, BN, ERAGER 2. BITER K = | VI, BWE 9-78.

D

o &

B 9.78 W /< 40 B ) 705 8k L (o] B 9% B ) R
BSRIE., G B — A BRI Y E A0S G A — BN |V [ 5 50 Ied

FREC

Wi LA VF 2B R NP-5E4 IR, S 1 UERASE 137 AU NP-52 2269, WA B B E
F NP, SR — i 2 NP-sE 4 AR R 2% e . AR Ja] 45 4% 5% [0) 891 B) AE 5 S A
EAH L R, OO B IR LA RS R A, B RIS — LR, FEFE

335
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T Z4-AlE R NP-5¢ &l@ 2 J5 A4 % 8 LPrig ftA 2yay (a8 . i F 34T H e iF — e py ik,
H R AFATE T 20 T8 A 246005 HE o] LA A 5 IS 10 2% 30K

4.0 A3 & AT REARUHIE 55— NP-5¢ 4 (o} @12 a0 o] B4 b Uk 0 2 NP-5¢2 /), ik
B —~[a] & NP-52 20, TFEM B4 —1 NP-E @ T e e, EHikbREERET NP-
SE4 IR, W F N E R E AR AT AN . B — S UE B 2 NP-5E 4 1 ) B AT i 2 A (sat-
isfiability) [a] 8. 34~ AT i 2 4 o] AT — A A IR FA SAE A AR IR F iz ik b &
A5 B A — R ER(E 1.

AR SRR T NP, AR AEGITE— IR EFLAAXWEIHAEERESTHHE (true).
{5 1971 4, Cook i1t AHEUERE NP AR 4 7] R AR o] L4 A5 3 B o] 6 2 1 =) BT UE A 1 0] %
B NP2, ik, fHE T X NP & — i BAE M E L. NP P81
(] GEER AT 1L — & e 8 RO S LE 2 ) R . THE LA — M 2L A8 B AR A B
A HL( Turing machine). Cook $5 4 1X & H1L 8% #9sh FE 40 (] GE 9 F — R E B R R 23 =X
BITCE B9 R AR, ZH/ARAR MR, YHOOSH ERVLZ TR i A E -
T RETHNER

— B[ R RGE A 2 NP-SE4 R, W — KHH Y NP-SE 2 B8, 6145 54t e e ML )
B, wEEHEN R NP-52 2/

B al i R RIS, TR 2 A 5 R G B e R, e R B R BB AR
o] EER B NP-SE4 (a1, Hah, A —SeIRATT# AT A9 el BB 10 2E 48 (bin packing) (Ml . W2
(knapsack ) o] 5 . P # % f2.(graph coloring) A& LA B H (clique) ) 1e1) R A 2 44 1) NP-5E 4[]
Wi NPSE4 A AN, BIERABERZGAEMES), BIEERS, 2%, 28
2 FE BRI FA MR S AT A

&4 4k

e =[A

13X —2 , AT BB fn e ok 45 i1 14 2 S B 7 Tl RO RS . S th IR PR o 48
BAEEREN, Hi, TERT LIS EEYHESHRER
AR B B — K, SIMUT A AR R 1655 10 F06 I8 A0 Bl 26 )n) RG22

ik
%)
9.1 HHE 9-79 B— N EIMER .




9.2

9.3
9.4

9.5

9.6
9.7

* *

*09.8
9.9
9. 10

9.11
9.12

9.13

MR AR 9.1 P IMET B, BRIGBIARMHF? 24—
€ e RSO T TR R

5 — TR T E AR INET .

PR MER E B, — DR MRARTEE O(I V). e ik
W E T T — A AP R T (5N — SR B B 7EE 2 O(1) ) HE 5 X
iz F7 8 [E]

a. R 9-80 MY A SR AT A A TR G A B R R A

b. & 9-80 FER B oL B ATA H At 0155 19 f k7 AU A2 -

1" 9-80

W H] J-HESCIET (6.5 %), Dijkstra BiERIFIER M@ iTet 2 207

a. BHTEAE— SN T AN, Dijkstra B85 HHRE RN T -
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B 10-0 o R SLZEARS I EATRCHE , 45 A0 AL MUY S TR R O diR 2243 SO 1 AR
A ETILEREER TR R, B, SER MR, AR, R
“Tl K, FRETREM 011, XFERLA U e . MRTH o EHRE 4, MIFAL

3520 BRf K, BRABFAAREBE (cost) BF T Ldifo
77 UL A newline ALK B— 4~ JLF 15 5| —F b B 10 - 92 i A 1K 85 B o 69 XA5 - i



H &R T 267
I newline FF5HEIENERE —ERCTY S E, JAMTEFE 10-10 FEaR . SR HT# Y
HAE 173, HiZ{HMRTR A AR L.

A 10-10  FHPLF AR

FEE, B 10- 10 BRYRHE—B # A4 (full tree) : AT T GelF BRI, sGNNI
— AP R AR S B X MER, BRI EMRMNCEE5RN, B -PIILFay W e a Liw
LB =,

R FRFER RAER I b, BB AT ]t IF 51 A RE S g R U SO RS, filan, St R
2 0100111100010110001000111., 0 A RFHLF, 01 WA RFRNK, H010 21, TES
_AERR L REBRERR O, TRFES s. HEM 11 & newline, T FHUE 7 HIE a,
25K, 1. 1, e Fll newline, Bk, XEFHRBHKEEEARHAEZE, HERAHFAHUS
B AR RTE BP o] . 3 RE— b 4 i Y A50ET 48 45 ( character code) . R, WR-—-1F
FrRCZE AR A, BRsE AT RER TREIRADIR A — It .

g R, RAE R, AW EE TR (0 B2 LK) S /M SR, K
R A7 B2 R R F R . B 10- 11 it s 1% Bl e B E B R A IR AU . AN 10-12 5T LA
BH, XFEISEHT 146 T HAF.

BEZ: RIS BE BHNK
4 001 10 30
£ il 15 30
i 10 12 24
! 5 D00 3 15
1 t oo 4 18
spdee 11 13 26
newdine OO0 1 5
# 146
|_.Ei
M 10-11 RIEETEM B 10-12 RLATED

T, TP ZRMN R, e R AT LLE AT A e m S B R B LT AR B BET
B () A 6 ) R T A i R SR . 1952 A Huffman BT — 1T, B, XRh Y
49038 1 RO K 8 49 (Huffman code)
mEABRZ

ANF RIS BRI FERFH TN C. #4 J & B 3 (Huffman' s algorithm) 1] LR F -
Bk — 1~ B W A AR A BR AR T - R A T RO T AR A 1T 3 1k B /ML
FiRRE T, BT, HALETRLL T, F1 T, A FREHH, #X i ¢ -1 K. R
A, HFEC B AR — BT R {5 B — R, R R i

sy k& SRR -
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HATitt — > BB T S5 0 BRAE . [ 10-13 FORAG 40 H9 REAK 15 B4 04X
FEARAL L NE R o PR IRAO R4 I B — 2, GRS 1 H 10-14 P RIFRM. T
THERTRORA S T1, XA IR A3 — 0 5. BIPRITS s RAELT,
1, IO ILF A LT R AEREAG ; TR AT LG VA S 8 o D T FE R BT
B MARUE R IR REORE AL, SRR EES . TR AT @S
f, B AR E RGBT I IRATIZ R T oK PRBCRIREATRITR A .

@ O 60 O & @

F10-13 MERSEENMERE

-~

A 10-14 H—KEHRHKRKERIL

PRAEA AR, T B R/ R, X BRI T1 f0 ¢, REREN S I al—
MR, RERZE T2, FUE 8, WA 10-15, =44 T2 Ml o A& T3, HAUN 10+8=18.

B 10-16 BRXIKEBIEREE R,
() ®
& O O & O
B 10-15 SRS HENEReHE

o e

t

g O @
M 10-16 BEREHEHRKERIE

(ARG, BEALRBARR R AR | AR P B G [ 10-17 45 i
TR T4 FERURTE T4 BTR . BB A RN o T T3 1IN, ] 33X TR ARARY B AL i
. EHEERIE 10-18 B

.
o) @ ®/@®

B 10-17 BMKEH ERREERE
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q®®\o
e «‘@

B 10-18 BRREGHEHRMKBSHEL

&ia, KRBT AOREIFERIE 10- 11 Fosim . B 10-19 8 X g a R, 1
HAE T6.

B 10-19 B|E—KEHEHBRERE

RO BORMS K EF AR BAIER BB T FAANA TS EFSLY . 0t ez
UE AN METE BIR O SR H6 Y, BCARITC 48 B — BT B9 an e et s A Y .

HW, RATWUE B30 R B /N FAF o 71 3 SR F B IE AT (R HAR Y 50
VARIREHOIE ) . OB FGF R ERER FIEM, BFAIE o 8 g REBRBEH T S, BALRTFAE
B v REENY S GOERERS) . ER o« MFFENT v, BARNTATLLES TR ENTE
B )07 B T S A A E

SRIGARATIAT LASAE , 7E MR RRE AR BT 5 AL B F 75 0T LA S i A s ma S I . 3X
R, BT LR B R R, EEAEFIRALEERNASEN LS RS- LBA

TEHE AT L@ ARSI SE . MRS, BATA N AR ERER ERATLY
. TR, ERNGOF T, 23mkaIEUE, RITTLHEFFERRE ¢ STFAF T3
T4 4, XA RIE AR R4 A TEREEEFN ST A AT

ZESERPEENERET, 8 - MERNBET—KAHFMBREHTERHNOE
€. RATH BEEMRE/NIW

R R 1A R4 X S BRI — MBI, R4, B FXIEN AL C 1Y
5 BA B 3£ 47— U BuildHeap. 2C — 2 1K DeleteMin #1 C — 2 K Insert, PRl iz A7 i 6] O
O(C logC). ¥ F— R M LIZA IS H— 1 O( C2)E . AT SEB Ty 4 /)
BEGLTF C K., £ ASCII FAHEMMBER T, C 22/, XA Rz F7 i (a]
] R fEXFERIR A, 5B b L A BB 17 e () &R TE R TE A A XS
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th FE46 SR B RI-ER 1/0 L.

AT HTLMEZE. BT, R LSRG AROEL, B A
ATRRIERS  MOX A LR i, W 10,4, X T —S/h I, (£iE %0 B FRp U
B RGBT, RS WS RRTRER XY K. M5, X T LIR I F] 5 IR
AT ERER B o T RBIE, [EREMA/NET KRR

FOMAERE: ZEEE-NEBANAE R, BmEERREEE, BT RG.
PR, T AT AR SR AR R R AN BRI A B . B2 R SN ML S
G G

10.1.3 iE{l3E o) &

TEiX—45, T 14 2 18 Fou 2 B (0] 41 ( bin packing problem) (8 & . XLR LML= 1HR
e, (HROFE BRI . At , FRATHRAE B R ™ 4 RO IR B LI A~ K
R N TG KK 510 520 s sxo BEABFANEE [ ] —
0

0.3

R 0< 5, <1, B RE XY H B R/NH A TP 0.

£, CREMTOERER L4820 A6+, B 10-20

@il 0.2, 0.5, 0.4, 0.7, 0.1, 0.3, 0.8 iy —HL¥)

B 0 78 P

A TR e T A 1 28 A [ 2 4 —Fh KL (on-line ) &4 [4]

W, (R, SRR A— TG A

_ ) B 10-20 % 0.2, 0.5, 0.4,

HEFRF —F8) 5o 58 = Fh R BLHL (off-line) A R &, fE—T 0.7 0.1. 0.3, 0.8 B BRI
ML A E R, AT o 35 R T 5 55 B A A 0 A KR R '

SRR AZIEA AT, BUE RV 2 B KA 8.2 TiTiEad.

R
2 ‘
B B, B,

BRI EE

w8 AR, — BCPLR K B 7E ARV BRI ST RIS BL T AL SRR L AL RE S
SRR A R, TRAVENE, BME F IR, P R A AU A — TV i SRS A REAL

BT — {94 3 A RER R o
TR AU B SRR AE LS AR, BRI 4 & — LA T B R AL g

THHL - M ANIFIURER Y S + ¢ B9 M AFTBRIFET ), Heb 0<e<0.01.

B, MBRIESE TR NIRRT, B 2 ik £ T3 4y & AT LUBCA R M A
W, B — N REBLE E A BT IS T XU T FIERE A XS 1, B

B, TP EER AL ¢ WM TR, [ RATLEAT MR S A0,
T A KRS [, MANBAE LR RN 1, RONT L RS AL RS RANR, T 1, BT¥ RAPHOR A
B 1 GG A, B A SR R A B R T . B A KL
B SR [, B OEARRIRIE . SRERITAER] [, Xt FHRPLSA P8 A (LR LTI

RS, LR SRR AT SR, Bt AR G FE A BRI UE L
(N SR B — B TR o SO IR0 A A R, AR A BATAT LUERA TSR
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B S S S —

I 10. 1
e T BRHLE A B ok B0 (A S IR A TR A
UERA :

BRI, AR LS M EEE. FERE—STELmw AT I, RIS
%A EE, %IFSh M AN EM S RIRER. iERITHEEREELES M 0
R T4, EABEET o MT. b, BR800 M2, EARNH

MAE T ERAB IR, TRRTAE, RIERITHET 5 00t RREBL.

25%«::%0

MIEEETEFT A Y R EBEHE B A MthE. 185 » MEFZEARYTARE T
BRI A TS, KN/ M S EETE TRT 6 NMEF S, MFA KT, LR
H-AETFRE. AP A TERARSEARTIYS, MELANBEFEHEEG Y
B ERRITER . 8 2M TS EEEE STE 2M - b AT, H2M TS T M 358

AT R, FIRR I R REEF QM - 6)/M< .

AR 6/ M< 2, T RFRERY 0/M> 5, Tt HI.

BATICHUI SRR GRAE G AN T 5 0 R LR A B A

A7 = R S DR BT PR O FROR 2 F — R OB (AT B2 B0 S 0
s B EIEAF ISR
FHiE SNk

R AT B B AR T R 164 (next GOJER T MALEAER 9 H0F, Fefl 1K H
R MR  B F — M T bk, MBRER R E, TEARITEHA T
it A, BEFFBE— MARROME T . MRS A A | T ELE LASRAERY 321 . 1
10-21 §R% F 58 10-20 HREH AP Ra M.

] 1 T = | |
3 . B s
0.1
= %
0.5 I
0.7 0.8
0.4
0.2 | 0.3
]
B, B, By B, Bs

M@ 10-21 % 0.2, 0.5, 0.4,0.7,0.1,0.3, 0.8 HMTFIESEE

FOTGE A B AR R, iE SRR a5 .

EFE 10.2
A M R 5P 1 ERFTE O RIRAE W FSUE S kAT AR AR 2M

NRIT o TEHE— BN B T O0E A JEk A 2M -2 1
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ERR
Z AR N EF B, MB,. . B, MB,, P IEYSOADZHLAKT 1, &
W ETF XSS ST A B, F. RN ZS R T ARSHEIEF,
ZKNTER), MEE LB RIFAE. Fit, FLEASEERESHERH S RHE T
RN RERE, & NI, N R SN s, =050 0 2
{B¥ 5, =2/N. % N AT 4 %5, B 10-22 BBt &H 2 FR/M R 0.5 1
I N4 N TFHER N2 8RR 2/N W — 8 FAHMR, SR ANA) +1,
B 10-23F R FHESBEEMH N2 M. BHilt, THESREATUHAILF & T
BRI T

| ) [N
. N
0.5 I ] 0.5 2N
_i —_—
!
0.5 05 (.5 /N
24N
2/N
B | HE B’l!ﬂ'—‘l BN.-H#I

B 10-22 %1 0.5, 2/N, 0.5, 2/N, 0.5, 2/N, - (B B 2 #H i

= o =
2/N 2/N _ N
0.5 0.5 0.5

i —
B | H: IEI.I“'«l'.-".‘.

& 10-23 %1 0.5, 2/N, 0.5, 2/N, 0.5, 2/N, === B FIE SRR

BREEHE

BRTUESBEES 1A HEMERRIE, B2, WM REELRPHRE, HATED
o JF R R4S TR S D TR T B F o 7eRTI MRE 1T P, AP RME RN 0.3 8994
WA B, 8% B, MiARHRE—Hif T

& b6 A Fok (first fit) BOR BT X 48 - o g %
TR — T AR R T ENE - o] |
AT, ML, AANAIREDSNSERCER | || 0
HEAT SRR, RITATFRE—H | or || o
BT [ 10-24 S IATRITWIRMES AT HKE [, |
R ENCET T L
B E Y A O 60— 8] 0 o A _
B TR EE WG, KR N a

O(N?). HATRELL O(N log N)iEATH LI E W&
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ERikRIHEE RS,

B R A VAT, A M AR — M T MK PR T 0k
HERBAEROET, MEENDRRLEIE —  EROBT P T BRI
I P UGS A B GRE IR S 0 & RIS 4

53— FrT Fell HEESH T 3% A B R T B I R A R K38 B 0
. . ATATREE . AL R RIET BRRE LN, AL ENEE R,

EI210.3

G M RA— S R PTRE RN TR, RS R R TR A

[ ], feteteisrmaa il (M - ) MR

UERR:

SRATKRNSE TH

W PR YCE 5 B0 8 2 P 2 T4 14 9 25 LT — 22001 F LS 1025 B

. ERHOH A 6M MRNAL + ¢ ITURE 6M AR/ + ¢ BT NEE R R 6M
FANA S+ ¢ BT, — 8] 00 R ANtk R A A0 R/ 8 — T A R B — T o

)

BALETE oM METF. WAEVCESHE Y, WFHE 10M M-

=
T+ = | s

/T+e 1
1/7+¢& s 173+

1/ 7+&
/2+e
1/7+€ 1/3+¢
/7+€ _
B\ =By By, =B ap B apr1 =B jom

E10-25 BHUGESEEMER I0M AmAR M 1 FHEE

YR A TR K RICK/ MY S TE 0 F | ZEMYRETER, 2RERMH, (5%
B & BRI A R R AT 3 2% AT . TEF BT, R RTLIHERE. &ﬂ
BiEEAHE ‘

o 144 55 45 25 0 55 K LW J2 A2 36 2 3o (best fit) o 60 A AT — T HD A A
B B B — B M T A T, TR ACEIFT A4 F o A4S Aol € R Bl A 7+ o SR

f

AR 77 i AN 10-26 Pran D | 0 | o=
VEE, FNE 0.3 MIARKIE B, MRRAET s |
B, JEtE EAFE By ik, i TRAOTMAEMEFH | | |
FTEMB A, R AT R Bt RER B
£ AT, (AEFRIFRE, BREMOEREERRE | 02 ||
RN, RMEESERLRERRRE, 28417 B B; By Ba
fE A4y T ELRETE— s A, AP deii AR A UL 10.26 #10.2.0.5.0.4, 0.7, 0.1,

T ikEXA R, Ait, BE ARG R R 0.3, 0.8 MBEESHE

07 0.8 !

0.4




2 F10F

(1), SR SEE ON log N)EEMEHE, T X E BN AR LR IS E .
B4

MERNGESEWE LB RS EELER, WARMNMIZSME TS, L6
o, BT RAGEIIRAE RSB ZRBIR S i, BRI RE 24 7
AR F

B LA B TR AR S RMEE, [ o, o1
RIS ST RS A B B B A B . BB A [ KA o
R T R T HE L R K O 0 S A B It
R ITE AR B B S B R EE A, ARlEs | of 07
% o i& 4 i 8 5 (first fit decreasing) Fl i 42 16 418 & JF ik %
(best fit decreasing). [ 10-27 fHAERIIMBThix s  5— —— 5
kR AR (RS E— MY T BARR LS.,

AN RIS AT E UGS B, M FREEs M10-27 08,0705, 0.4,
B, SRILTRE-BE. hFEEwR AN TR 03 02 O 1 WERESRE
Aya] RE, Iﬂ%ﬁ%ﬁ%ﬁﬁﬁﬂﬁmﬁ%ﬁ%ﬁﬁﬁm{{ﬂﬁkai%#iﬁ;ﬁii-(ﬁrst fit nonin-
creasing) . AT IS ARG ZFR, Ak —RBHE, FATPERIZR ABIEE SRIENHEF.

RARERS M S — MR, HUGESEEEA 10M AR 6M M F IR
W AT I T RS B R . T RER, R — R RIS ER M T, T4
MY 2 R P B T A i (4M+ 1) /3,

SRR T FIONER. B e, A T BT T BT M AT

%, AR T ST E RIS R L . B R, AT ) T

RLALLE M- 1, IBXFAEREARERITEI, SMNNETREIRETE (M - 173
s BAERATIE A X P I AR L5 R

5132 10.1 :

& N T 4 AN AR BITFEHEE) 2 3IH 510 52, oy s, FPBREBIERAT A

M AT B, HOGE A I BB A Frt (O5T 900 0K MR 5
UERA :
S | TG RHAS M+ 1 TR — 5. RITEEEY 5 <3 o RIKE

04

T TEW A >3 o
m?ﬂ@WﬂMﬁmﬁumﬂWWMmem,ﬁw.ﬂdpuuﬁﬂpinmw

B, FIEMEET By, By -+, By BABRE RAPN G
RIS - | MR BEHRA— N TIEES i T i R B RERARE . B

LR ATIEN (e 5>+ BTN M MEFHIWT . HRRA LA T AR

T 5, SRJG R T RR T A A RIS
WEBAET B, B, i 1<z <y<M, B, AWM B, H—Ti, % ) Hlx, 2
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B, PRSI, 4 v & B, BTG, v =y, BR o, SRR R T
FEMMHEE v, =5, B, 2+ 1222y, + 5,0 XBEKREF 5 .E':ELI;’J_TM,&EEB}, Sal: o ﬁ'ﬁ-ﬁ:

116, R REA). B, SR & > BRARITARAE § 6 KAPZHER M

T 56 M FEE—-TY6, e M- METEEPAT Y6

A TR ZS 1, RIVEHAGTEER A SEA M NEFHR %, X530 E
WA

SR, AE 51, 50, v, s PR R REEA PO LRA -1 T, Bovin R GE
W, B4 B UGE S B kMR, T4 HIE, BUGEEB M AR Sit1s Sje2s s
HEE—TART ) N, FICETIERAE S X8, EEfEAT ST, FrnlRm i
FIE, ORI ) METF AR AT, dIET A, KK s, 5522, 0y 5 BT
RELETE M- METHESSD, BRAMENIHE, TRXEMMEEN 2(M-;). ©

R, W s, >, BAREER 5 BAEHAEM MT Sy — %, %51

FOIEBBR R T . $LE, BRENREBAX ) METPE, BRBRIEERA, BAEK -

EABH MR AR, EERARRN M- METFZ—PREL2(M - /) + LI
EEGX M- MEFH. BIb, EMETRAIRRAZ S8, MENFHE—FaRT

L mmR. KRR
X 5B AT/ R R A M N TSRS, BT 0 B0 E R 5
. T 5 <5
3|38 10.2
AN F R T 8EERE M- 1,
ng:: P
BT ASMIET PRIEESHE M A, RiVEE D s <M, BNIAKNYE
A A M AETF. BT 1<j<M., BF B, BAGREW,. &l M MM TF
TSI AN 21 100 s ango SLEF, HITFRT M AMET R BTN LT M SN F
W EFTE DRI TE, TR

__,S,,,,.Lw +21, SHUW, + )

i=1 1=1

BAE W, +a;>1, MUW‘T z; Bﬂlﬁfﬁaéﬁmﬁ i, B
__Zs,- > ZM:] =M

Ik N TECEAM MET R R RN . B, BB LAEA M - L TSI

EIE 10.4
A M RALE R PTR BRI T2 T B U A T o BT AR TR S

(4M+1)/3;

O BEWESHEBRXEILEREAM - AEFHESTEFPRAFTYS ., Hitd 2(M - )5

362|

!
563
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276 FE 3

UERH ;
THAE M~ L TSI T st . /MBS 0L, B, RETRERLT (M- 1)/314

HREFET o I, B UGE SR RSl TR T SR 2 0 (4M — 1) /31<(4M + 1) /3,
REREUER, X9 UGS A MR A T UE AR B, A — 1N EBEHR.

EE 10.5

T M R LR T R T 0 R LR TR, o UGE £ U vk BT R T B R it

11

o M+ a. BEBh, FETEMETS T UGE £ BBT B M M T 05751

WERR :

FRFEEH IR, T RATED TRFIRR: £RANEL + e B oM I,
SURRA AN + 2¢ 0 6M T, B FRR L +e B9 6M I, WFRAMNA S - 2¢
12M 5o [ 10-28 H B AR A B OM M F, T H YOE A& ML B 1M
T

BiRE HRiaSHME
'. | 1 [
174 - 2e: | 1M -2 5 5 1/4 - 2¢
174 + € ; 1/4 - 2¢ 14 + 2¢ 1/4 + € 1/4 = 2¢
|
o 1A+ 2e 1/4 + & 1/4 - 2¢
f 12 +& { 12 +¢g
’ L4+ 2E /4 + ¢ /4 - 2&
B, —Bay Bema —Boy By—Bgy Boya —BayBays =8 1u

E10-28 EWESEMEEER LM AT, BRE OM T2 5w A R A BT

TELBRT, HUWERBBEENSORIEE . MRKDMERAXEIE S oA, I 5N
WA TFHBHEN RN 0/ M), ERBEEENLRBRXRAREELE LTSRN — T

(21 b

10.2 SieEZx

FF it B 09 55 —Fb i B9 4076 (divide and {ﬂ]quer}ﬁﬂia SR PR LA

43 (divide) : 1B R B/ (MR, BEAEBLRIM) .

ifi(conquer) : )5, I\ (] BT F% 1 ) T T o) A0 ) i

5, FETF SO &S B8 0 98 R B0 8 iU g Bk, e SCh Ra— v
AR EREARMEEE, RIT—RBE TSRS (BPEA EAER). LR(1FM
A5 R B A LB R

RICLBHILANEEE., F 2.4.3 WRAN RS &K FIFFME>ZHG— 1T
O(N log N, 7655 4 B, ToAT1E Blid—Besk vhot a] (b I v . 7656 7 &8, AT AL
Mk 2 B 7, BR D FEHEE R R, B 7E BN LR B 2 Al A
OfN log N)HIBS ] 5 .
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KB EREENETHF, £ LERTRABETRRRE, MRENLR
Bl ERPHNEN. F£1.3%, RIMEI—MELANER - PEOBRE. £52 3, KNE
RERPITARWERRZEE ., A5 4571, RIFE T _XERMN —SLHARERGE. F6.6
W, AT AT HLERHERE AT, 78 7.7 THE T — 7 B4 P 20T ) i ik
Fo S8y, B8 ERPAME T AHAAERN Find #1E. 5 9 TR H UL Dijkstra HHEEH
8 1 B 5T B R Y — SE 1R LA B B AT IR (R SR R M H A . e LSRR LR AN R
AR, oA R#TT—0EIEEA.

FAE 2.4 VIR BB BB IR BB A 6930 AT AR A HEaR %,
HERMERET, BREELR ERABEHE T,

EiX—, RAPGBINAEZE L6 RO — R R TE LT 5 89 R
WET LN A, TRATHAE B R 89— Xt Al LAZE O(N log N)BF[RHREI . 2<% [
— e S 4R TiHE U] oh 5B S — e lal £, e fTRT LR A B R R . AT HoR AR IE AR B
iR A S R, RATBR A —E R O(N) BRI o o] @ Pk £ o] B . 3138
BFB AT LAF o (N2 )3RAE 2 1 N- AR B3R T 37 1L o (N ) SRR I M E MR A 3. AN 3E
R, BRI E B R R TR ] R A R AT, (H AR A AR B R, e
HALH.

10.2.1 SAHEZEMIEITRIE

AT EE BIMFTE AR/ EE AR R B — L F R, B AT R AR 2 ]
BRRG—-EB4Y . RIE AT RSN TAE LI B E A%, Eh— 1+, RiTEaFH A
SR AN AT B, B R R AN — 2, R O(N) B TAF.
i 75 3 5z 17 B B) 5 R (A Ol X4 MR 56 AR 1)

T(N)=2T(N/2)+ O(N)

RAES 7 BEED, FHBEMORER O(N log N)o T 5EH AT LR E KEH 5373
AT EREETTE A,

£ 10.6

HH T(N)=aT(N/b) +O(N-)KIfEN

[O( Nblesa) Ha>b
T(N) =30(N*logN) # a=0b"
O(N*) #a<ot

HP az=l, b>10
N3
ﬁﬁ% ? EE#%E%M%%! ﬁ{ﬂ%ﬁ& N Eb E@%:?%g ﬁ‘r% P\I‘: bmo LH:E;.T .I'\J/(E):
BT R NE= (pm )t = bt = 6= (07 AERATER T(1) =1, 388 (N HIH
HHEF, WE

T(bm)za‘r(bm-i‘} +(biz}m
LR RRATA o BRI, MR

T[bm] _ T[bm—l} +{£ﬁ}m

(10.3)

am am-1 a

= 1

366
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FATATVAXS m BYHABMEN FZ I, 55

T[bm_I} B T{bm-?.} [ bk m=1
am—1 - am-1 T ? (104)
T2 T3y e
ﬂ-m—l - am—3 + l ; (10-5)
TwY) T | [bk]
a2 17 (10.6)

FeA {3 I (10.3) ) (10. 6 ) B s 77 B W4 43 U0 SR A PRAERL T, 455 Z0 i1 4 BT A T 5K
b k5% S A NAE— T, i)

Tf;m:' = 1+g{5’;] (10.7)
m bk f
it
At
T(N) = T(b™) = a*’*iﬂ[i—jl (10.9)

M o> bk, BAMTEE—ANRNT 1 0L %S, BT X5 EBEHMRRT 1%
¥, BEE FRBBU— B R, Wi (10.10) L :
T(N) = O(a™) = O(d*®N) = O(N'"%?) (10.10)
IR o = b, BRAFPE—TiE R 1, BTREH 1+ logN WM « = 6 BEHRE loga =k,
F
T(N) = O(a” log, N) = O(N'®?log, N) = O(N*log, N)
= O(N*logN) (10.11)
BE. W8 o <bt, WA UTREPHmEAF 1, AW 1.2.3 FHE T2 2AAL,
1453
o (B5lay™ 1 — 1
(brfa) — 1
B A e — R IR AR AL
Ve lg—A T, MHHFH a=b=2 H k=1, SB_FEEOL, HIEER N O(N log N)o
mEIRTTRE =N AE, SO AERREE N —F, A O (N BB 0 1 VE46 i ik =
. M a=3, b=21 k=1, WAMER 1 Bor, TREEF O(NP&3) = O(N"¥), K="
ek NGEEEE O(NY) THAUAIREOEEGTE O(N*)KE TR 8], R BB
= R I AL .

T(N)=a — Ola™(b*lay™) = O((BF)") = O(N*)  (10.12)
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ARTEENEIZEH 10.6 BRAEE. RITESGAWSE, BAEHEFESNT . £
10.7 #E 7 Ay A <3 .

EE10.7
Ji#t T(N)=aT(N/b) +O(N'log’N) i H

JO(N“‘S#‘) +a>d

T(N) =<O(N*log?"'N) # a=10"

lO{N"’ log?N') Fa<p
Hraz=1,b6 >1H p=0;
E’10.8

s D o <1, MFE T(N)= Sk, T(aN)+ O(N)IIEHN T(N)=O0(N).
10.2.2 BESE)E

FKATE—ARB AR AR FEE LAY P R py=(xy, yi)F po=(x2, 32), WA
p1 F py BIRIERJLBEEIEE M (2, — x2)7 + (v — 32)° 1'% RITFERE —WREN R A
ATHER S o5 T AR B0 & X R T F XM AR B , ENMERAE,

MBAETE N A4, BARBEE N(N-1)2 W AERIEE. RIT0T LG ENTf XL
wEE—AMBENRE, AR ER O(N?)E R, B FXMIrEE—fiE i
w, IR B S E i —2t,

B xS D 2R « A FRHETR, Bt AR fER/a fmE & LAz o
O(N log N2 . i FHRIEFARANEILN O(N log N)F, PR B 2RO SR, ZTF
FEEEA b B i () S RE AL

i 10-29 i@ — 4/ DRIREA SR P, BEARIXSEE O o BRHER, IR 2 RATEEA] LAE —
SARRMELS, ISESRFE: P M P, XHGER LR H . BERNGRINTEILTH
A THE 2. 4.3 5 B A TR FIA G b L BT se 2 AR . B — 0 sl RE#E P T,
REESTE Pp F, RE—AFE P, PWH—E Py o iERIBEX =R HIMM 4, | dr
Hd-. B 10-30 SR AEHHEHIX =T,

=]
e
o

a

B 10-29 — /AR S B 10-30 B P P, WP,
Eh B T REMER
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FeATAT LA U Mt B d), R . A I I B
HE de. HFRITAE - O(N log N) MR, FEi
RITLIREBIULEE ON) BB THEHES deo ot | 1
KOS LED, R h S —E RN EE
FERIFB NG O (N) TAEA R, BB 4 & 60 5 ) 4 2 prol P4
O(N log N). 71
% d=min (dy, dg). BT —TWELS LR, ) Ps |
W de xfé ARk, BARNEFIHER de. R M Pi

de BXEERIBR R, ME X de M SO RTE D EIL PPN
6 BER Z I AT HE X A XS 4 — 7 (strip) B 103 Hi
W 10-31 BR, R RARSRRE TRERRIE

B (I FIP R 6 = dg)o
B FR AT LA R deo XPFRISS MR RS, BUH T30 89 S T 20

EH0H, Fx L, BHESIEFHEE O NINEREX NP Hik, ATATLILON)
it ] X L AT AR R . B 10-32 DR IRBD SE IR ik, R CIBE ML, &
BT AR 0 FFEG

/* Points are all in the strip */

for( i = 0: i < NumPointsInStrip; i++ )
for{ j =i + 1; j < NumPointsInStrip; j++ )
if( DistiP,P,) < & )
& = Duse(P,, P/ 13

A 10-32 min (&, de)EHITH

BB T . g i 5 Al GEERTE X ARHPR B A, BRI R 7 5 A A B LASR R (A] iz
7. FATAT AR F OB MBS RN BIE de MPIAD Ry BAREFIRZE. &
W, de>0. @H PR ARBTNN v LIEHETY . Bit, 8 p, Mp Ky LEHERT I, B
SR ATTAT LALKEE AL T p, . . XA HLAOIEZEIE 10-33 CHEL,

/* Points are all in the strip and sorted by y coordinate */

for{ i = 0; 1 < NumPointsInStrip; i++ )
for( j = i + 1; j < NumPointsInStrip; Jj++ )
if( p, and P, 's coordinates differ by more than & )
break; /* Go to next P, . */
else
iF( DustilP, Py = 6 )
& = DustiP,. P 1

B 10-33 min (8, do)AVRIETH

BN R TR RS2 1T R4 % B ERRE . BN TR p. E py M p; By b5
M2 AT 6 HaR N for JEIRLLET, RADBING p, BETE. BN, K 10-34 R %
T py AATINLE po B ps H1EE FIHBS(E 6 ZHRIAPREMHA

WFTEMS o, EEAMHETREE 7R p, BFIE. XA O A e A RE TR AE
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IR KA T 6 % & RN EERARTRE A LI E 6 <6 THRA. H—F
fi, E8D oX 8 ARHHMANSELDE G AREMNEET, BT/ G834 105, &
E—PR. RESPH TR p, MEBERT 71 GEZFE. RIAFEARE LA 10-35
Fim. IR, B poM pp B HRE SR BENATLGRARG S X T LRRE 78 K i%,
ME—FEEAR A <22 BB KBRS TNEON0), XHRRFE.

. " peleps Puy Puéﬁ’m Pr2
P Pa
’; y . Left half (A x &) Right half (& x A)
A | Ps
Fﬂa p:, :
e B e & > Pra PrsiPRr3 Prs
A 10-3¢ FEF A for RN | 10-35 B&FA T EEFEEEA:
HA ps W ops BHEE HEAN LA NEHETASE

W EFTFES p, BEE T NEEZE, FTUITELL 0 M dc B ERZO(N) . I,
B FF A — 2 /B )3T AN S RN ES SRR I LAE , BRI RUF X il s e
5iti— O(N log N, 8Rifi, BATEEAFIESH O(N log N)HIHE,

FEE T, BIC2EIXESER v SERHEFRBUARN . RX T8 18 AR
AT IXRPHEERE , AR AFNTIXA O(N log N)RIFEN_LAE X HEIRE—T O(N log' N)H .
Tt IR A 42X 288, EHAEMR S O(N)E LR R, R, AYEHEX TEEA
VEHM TYERIMEE] O(N), MERIE O(N log N)R A,

A R BRI R — IR o AFRHEF A SRR, T — TR y SRHEF # s )
%, A4 RIEGXFANEN P A Q. XFFEA LUE — 1 BUL BHEF A RS O(N log N)
B FE AR ER, P Q, RGBS L RMRAMANSEGR, P MQ 2%
SR BRI NS R, RITCLET, P RESEPRESIF. —BHKCH,
HIFEREE Q, IBE— N TEMAMNM Q. HQr. EHHEM, Q. F1Qp H HABILM y
e b HEE . YR E A, AT Q FIFMBRI « PR/ AT IR IAT Q
0 A A#H B A, XS RIE R B e v LRHEF.

SRR BRI E R O(N log N, EXNRMITT ON) M TAE.

10.2.3 &FEEA ‘

1 4% 15 551 ( selection problem) ER AR M A N ML EMER S HH9F £ MR MITTE.
113 o o ] TE K BOAS TR LA B RN, XM IESLA LT &= [N 275

01 6 ERE T ERNELE Sk MR JL L. 57 & oh i i LB
B HERE (s iR R LLEHIEHE] O (N)iEf7, $3% E, E7E Hoare Vo iR HE HE R LR e S0
W CEr T

372
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282 ,g 10 i-

BARXTHEULEFHHEET, HREA - ON)WERER. @S EH
FF, AT IR GHLL O(N log N) B EIE BT E S Y, Aad, oA RE e £ AL & RE g
LI O(N) B AT RS2, 7E 7.7.6 FHGIA AP B3 s e SU B v M 9 iy, Bt
XA e i R b AYE)

FeATEE, BA B2 R AR R, & N AFEIEA (cutoff point), 7EBUESETE
AT R HHET , o RIEHE—DITEK, MBHRATT (pivot) . HRRITEBHERTES S)
RIS, . S, SHEMEARAKRT o WoLE, Mi S; WEEHELRNF o WLE. &G, R
P8y, B4 S BHIE L MR ER LS T E S, PE 2 DR/ ICE M
2, mEL=S, | +1, WHKATHES ¢ T R/ADBICE. B, € S PaE L T R/DHIITER
BS, ik — 1S, - MR/ CE. ITEEMPGER 2R EREXE T, XBRE
K@) RAE —Fla @A R

KT BE AR, AT AHEIEF )8 H R R —& 0, mA U R
IR/ L TTE ., MR, MERNIES LN et | RS, 4SS RIAXAE—-TIT
%, HMERY R BB AE TR REAL 2 K 2 0yt a) FAR KR T

S FHREHEE, 18 B4t — R A R R = T R HE A9, Xt~
e B TT A AR GBI, (BT I AR —FMREIE, FAT0T LIBEYLER 21 &, LIE
IHENSE T ATHERE , S 11 MR T EERRAT, HERI T REE Mot Kifi, WxR
X 21 MTEER 21 ARATE, BAMATHRAY ., ¥ FEEY R, RO T LIER A2
O(N/logN)ANTCE, FISEHERF L O(N) Bt E# EATH Y, MG B W A L E 15 3
AMFRRALTE. Bat, TEREIE T, XR TR, HARITAEEE O(N/gN) P
Sy ot TstE R TSN - O(NNgN) 1M ERITEE, EAE N KT
¥

BRI . LA PR B . 60, ROPKEES, AT LA ER G RE E# B T A
SN, HE, HEF - MTOEREE, XREKEEM—TRERZE. RITAZM
WHL T2 R A PR B, TR A R AR AR B R AP

EAWRACERREEWT .

1.4 N ATTESR NS, s TE—4H, ZBEZL 4 M)ERATE.

2. HemaEnhm, B8 LN/AS]APIERE M.

3. SR M BRI, AR AT o B,

FATERAAE “F A tbhmp ™ ( median-of-median-of-five paﬂitioniﬂg)ﬁiﬁﬁﬁq ol i:1]
g5 W AR A TR B M O B Bk . BUAETRATIE, “F AL A I R I ARUER % )
T N B R A R AL T0% . RILEEIEN, X TRIMEFRIE, A oo LR
WP E L, LAFRIE O(N)RETTH E .

e TR N AT LA S B, RIAHFEZRHMICE. HR NS HEAR, XM
B AESEAICE ., RIS EED, SRR, B ER LIRAIERE N A
10k +5 R, BRITAERBRFANTESRIRN. S BB 0 B AR UE RE A b B R i
TR BN L. [ 10-36 F5 24 N =45 i, WA T REFIE T o

760 10-36 F, o AAFZEEEHEARATRITTHE . BT © B9 Ao Ry, mR
(R TR LR, BLORETE 4 M PIRT v R4 ANF v, BAVHIAE L MIS &



K id 455 283

ARIXSEHITL, AR — KL R F TR AL A TN T4 0 5 A TR H
KFEPEHFEATTR . RIS H RBEERITK , F 71— B AT — KT C
£, A, T REIENF—NRITTEE , 7 104 H WHTH: BA L BAmm
BAPATA, o IR TR 200, 72 104 T RTE.

S LRMHEFF 34

JKexel
O O

fcclclieNe

Medians

@ @160 O)
@ @010 O
8. 210|0 8
00106 6l
®.816 0 0
0.016 8.6
0.016 e 6!
0.016 0. 6!

B 10-36 A TriEsE

L MTESH RNTERIEATF v, M S RTRE T BHGTERIEDT v TERERITH
Biep A 14 DAICERM 14 /DT, Wik, BAERRE LR 45 - 14 - 1=30 770K
AT

IEFR B AT HE BIRTHE AN 10 +5 @—RH9 N BT, EXMEST, FEL L &
TEME NS RTE, 2R +2 4 HETE, B 20 +2 40 T RE. Bk, A3k+217
TEMBEATF v UK 3k + 2 A TCEBRIUENT v FTREXIMER TRAAARZAIUER
Th+2 < 0.IN AEE, ME N AR 10k +5 BB, LS UEAS AT 247 17 A5 2 A
g,

T (9 o) SR e S RIR AU TRETTR M A B AR AP IR AR LALAH S
R E] 5 TR MR, Flhn, A S WHEH 5 M ILRHAF . RATLAHEITLN /S JUGAH
HEE . EX—S1E8 O(N)BHE, RERMLAGTELN/S TRAN T, 8 HHEIL
AL HE IR E P TR BXFEER O(LN/S] log LN/SL = O(N log N)HIE
], EIHAREX 2. Ry RS | N/S] A RE AR L.

BRfE i A B AR T A5, IRARE — A ERMETE i, AR A FEH T 1)
REE NN, BN, B COAAE EFMALIE, ZE TR SR SR LB PR R 5 R T e
%ﬁﬁﬂm$%ﬂﬂﬁﬁkﬁm%&%%,mﬂﬁﬁ%ﬁ¢$ﬁm,Ekﬁﬂﬁ$ﬁ%ﬁ&
mm%ﬂWﬁwﬁ,ﬁﬁm&ﬂwmﬁE$%Mﬁ%—ﬁﬁﬁ,Eﬁﬁﬁﬁwﬁﬁﬁﬂﬁﬁ
FR&MR, EWNTRERR,

=i 10.9
{# F “H AL I e AR B A B TR EL N O(N) .
UERA :

ZE gl AN R 0.7IN H0.2N G 7 1 34 09 ) R LA R £ B I T A 2H AR AR R
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10.8, HizfTial R R .
BRI B EHAH

IR R T U R R EE R S TR E A RO B W RATE T RIKmB .
WA 1000 PEHIES S HHEFREPE 100 MM X, BRITEFESHTFES, EH
100 B . TRATEIE X MMEEF/D L EMT S 85 10 M/ . JLIEE STME s 1
B/AMBULTEEEANT X, i S 8% 1S M E/MIBULF S ERT X.

i, N DITERE s PIUEREEA ST 4 6 BETE, FmIIHERTE#EEE
T R T s RO ME . TRATHEE S R (v) = ks/N = 8) P HIFE (v = ks /N + 8)
M E, JLETUEE S PSPk DMR/NCEEELE v, T v, 206, HH B IRITH
HAETF 28 ATUEMNEREE, 8 ¢ MRNTTEABEX T EHE A SEREME, mIiIa K
B THEEM, A, BE s 16 %884, REZRRLNERRITTLEE, B _/MHE
FHEAE THEALE AL M0,

HIBHITAT . TBARNTKESEI, & s = NPog! >N Mé=N"log N, MIHEHH
B N+ b+ O(NPlog AN), BRILKISNE REEH . (R £ > N2, BBAFITATLL
EEBERB(N - ) NRKITTEMINFRE . )

F A AT RS 5 AT o BRJE — TR R BT UCGE R AR E v, 1 oy BIAUHY . BRBDR
o SR SRS, MR RE AR ST Nk v, 78 S HEH BT (expected rank), El
N+k+O(NS/s)s INBE p ANTEAS PHH, BALKEHERAMFTX ST HITIES
G, B OCs). RS b NMENTERES FHEL, BARMBE O(N). Kiff, s Ho
£ AR B G E X M R L JE R AR o (1/N) KA, [ bz o] B e B A o (1),
T4 N kAR T 0. —FREE AR EESST 1021

KA, R FTESAAEE 15N KHE. SR, ZHENITE s HRFA
B, XE—eHL 38 A AR L A Y . AN B R XHE, 2REZIEY, %+ HE 1IE 14
SE, % E B sE 2 e g B4 7 B RS RSB
10.2.4 —iEHEEPYERNE

X RATHR—AE R, REE R N 80 Fo A1 i AT R R
e R DLE Bt ] s A, B oM A BAR /D W FAHE, X MEIRA AR mRERLITE
Bagdo/ e B e, B4 B RMREH BRI [, i 40 16 8 1 W LA E 3K (sub-
quadratic) B [HE1T o HATENBLIMARIE, T AT L Fr i RS N XN HEEFTR

BEHAERE

TR AR R N (BX Y KIS R X MY BHR TR, AR 2. 55 R =
i A EE B IER. B, R TUSTXMEERERE X, Y =0, LFE AT
A Rt E B RSEE 0N )WERE, ZREN X FE - RFHRER Y BE—
{i By Ty L

B X = 61438 521 T Y =94 736 407, HR4 XY =5 820464 730934 047 bR X Y
W R L i B LR R LA B U B, X = 6143, Xg= 8521, Y, = 9473,
Yy =6407, Ffilidfh X=X, 10+ Xp LA Y = Y 10 + Y., HIEAGE

XY =X, Y 108+ (X, Y + XgY ) 10" + XpYe
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P

FE, XPTAES 4 RFEFHER, B X, Y, X Ye, XgY, HIXpYr, B8 - MEE
K/ 2 (N2 805 ) . L 10° F1 10° Y3 SE PRt R A — 28 0, X B3 fg #y JLcn
FHEE T OCN)MIe TE, SRR ENLERZEERITX 4 WRE, £—TEY
M RAEIE Tk, IRATRIEREH

T(N)=4T(N72)+O(N)

MER 10.6 ZER, TIN)=0(N?), ARBRAERNEA S X EE. B T15F

~ANERE S, RATLHERDT 4 AR EAH . XHEMMELTRE
X, Yp+ XY =(X; — Xp) (Y= Y )+ X, Y, + XgYg

TR, RIOTARARKREERITE 10 R, el LA KFEEHF N LB 2% AKX

Fe: s R . 10-37 iFoR i) RFEK AR 3 UGB AT,

5} {# HWHS ME
X, 6 143 B {H
Xz 8521 W
Y, 9473 W E
Yr 6407 W {i
D, =Xt - Xx -2 378 O(N
D:=Y¥yg=Y, =3 066 OiMY
X Yo 58192 639 TIN/2)
XaYr 54 594 047 TiN/2)
Dy D 7290 948 T{N/2}
D, = DDs + X Y + Xp¥i 120 077 634 (N
Xe¥sr 54 594 047 ol il - X!
D; 108 1200 776 340 000 O(N)
Xy 10t 5 819 263 900 000 000 O(N )
XY 107 + D310 + XpYg 5 B20 464 T30 934 047 N

A 10-37 SriaHEEAIRATIEO

%5 B BRI BE 2
T(N)=3T(N2)+ O(N)

Wi RATES T(N) = O(N%3) = O(N'P), BRAXTEE, RATLHEAH— TN
e, %A 00 AT LA T A5 0 T AR

ST A MR R — R B, TRATET LA i A e AT ek A — N REO 0, WRATR [
0. BTk ITESBR P ERRAERE, I AR TR XTI RO E R DL AL

B FE T AT IR WA IR A, R BRI, BRI
N FE o, Tidti N REA TR —S Y, R R R TR
i1 S

A A M R N E R O T v [ 10-38 At — TR O (N BRI R
C=AB. Hrh A B HIC ¥ N x N i, %EREERA TRERENE L. HTitH
C,,, WATHE A W% 7B 155 SR, e BE B T, B PRI 0 Fn.
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/¥ Standard matrix multiplication */
/* Arrays start at 0 */

void
MatrixMultiply( Matrix A, Matrix B, Matrix C, int N }

{
int i, j. k;

for{ 1 = 0; 1 < N; i+#+ ) /* Initialization */
for( j = 0; j < N; j++ )
1031 =0.0;
for( i =0; 1 < N; i++ )
j J <N 3
k < N; ks )
il +=Alil[ k] *B[kI[3JI]:

10-38  fRI2RH) O(N) B

KHALIES W EREREREE TR QN /11, 7£ 20 42 60 48K Strassen
378 et TAMEATRE (N BBERE, Strassen B M BEAE S RICE — T EFE R 4 B, A
10-39 Fir7R . IHHT 25 5k B

[Al.l HJ.JHE:J B1.1T=[C1.I Cl..l]
Az Azxll[Ba B!.lj Ci1 Ca:

B 10-39 4% AB= C @ 4 BeFerk:

Ci1=A Bt A 2B,

Ci2=A B2t A 2B,

Cr1=Ax, Bt A B,

Cy2=A,1B 21 A22B;;
VE—ABF, R T t1TRE AB

B 4 1 6175 6 9 3
%=‘125?4531l
512 9|1 18 4
35 31 4 1

FRA1E XTI 84 N2 x N2 BriEr:

E 4} L 6} 5 _[5 6] 5 _[9 3}
1.1 1 2 1.2~ L5 7 k1 4 5 t. 2 3 1

L 1} o[ 9} 5 _[1 11 \ _[8 4]
27, 3 227 |5 ¢ 21713 > la 1

Wt FEATATLAHEAT 8 1 N/2x N2 B BER LM 4 1~ N/2X N/2 B R B B N i . IxX
W76 %R O(N2)RFIE] . S M TR RE T i, B A58 178 Tl i 2
T(N)=8T(N”2)+ O(N?)
MEH 10.6 RATEE T(N)=O(N?), HBHE T84 fF st i [F 3 A 14 B HORIE
ERH . RANLAUEF RIS BE LR 8 TELF o Strassen TR TFEEREDGR
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2 1) — FOR B 45 e AR b HE B B E A 7 DGR A . X 7 PR
M,=(A;,-A,-) (B, +B;;)
M,=(A,,+A;,) (B, +Bs>)
Mi;=(A; - Az,) (By,+ B,>)
Mi=(A, 1t A1) By
Ms=A; (B>~ B,;)
Mg=A;,(By;— By )
M;=(A; 1+ Az,) By,
— BT ey, NEEERALUE T 8 wonikis |
Ci =M+ M, M+ M
Ci=M;+ M;
C =Mt M,
Cr,=M;—-M;+Ms—M;
R E X P L0 2 HES BV R AR . BRAE IS TR ) i I 2 0 5K AR
T(N)=7T(N/2)+ O(N?)
EABHXREMA T(N)=O(N"")= O(N*%).

NS —kE, AU FHERE, 124 N AR 2 (B OHER, Ailid AR AN
SR Strassen BIETE N AR AR nE B E AR, EhARHE HEEERAINTAE
Ym0 TE) IS, THECERES Tk, YRFAEaEe, £8H FERmE RN
miaE. Hik, ©RAAMRERYE, AT, CRIEEFEEROKEREIFEN T, £iITH
HUR RSV R SR — %, BNME — N EIRE UEA BA A& 2o, (HAEQLEYI LA AT 20 4
BT ER

10.3 BhSHMY

ZERi—4 ., RITB R —N AT LABEE L R 3R a0 ) 8t o] LR R— PRk, &
21 T MR T I8 R 1G5 B E TERERUE .

(AT 3238 RN SR O A R BRI AR R i, (AR A R N W A RR IERRY
e B Y R SBURBR Y, MR PREER AT RE R S R LT, FRATT A6 R 45 e
st SESRY . MR NE R EEESRIEEHE E, LEH TR T RN E R RGO IO R TE
L ANFER . R ORP O R — BB 75 Y i b A L% (dynamic programming ) .

10.3.1 A—1®RKEEH

768 0 ERMER, HEERIRE B R AEFRIEF IR, FI1ZE 10-40 i
B R ETEHE T(N)#ER T(N) = T(N- 1)+ T(N-2) BT T( N)E BN 3 ¥
e ERE RO A6 R I B AR EE R, B, L E T(N) & LA -5 35 3 A0 32 B0 ) 7Y
Edges: B NP ==i- & L0

379

5%, HFHE Py IREOHREFy - M Fy-o, EIL A A& Bl R W H =

W SRR, X SHE 10-41 PH O(N)RE.



/* Compute Fibonacci numbers as discussed in Chapter 1 =/

|
|I int
' Fib{ int N )
i
l if( N <= 1)
| return 1;
else
‘ return Fib{ N - 1 } + Fib{ N - 2 };
|

B 10-40 HHEYEEIFLEOENEE

int
Fibonacci{ int N )
{
int 1, Last, MNextToLast, Answer;

if{ N <=1 7
return 1;

| Last = NextTolLast = 1;

for( i = 2: 1 == N; i4+ )

{
Answer = Last + NextTolast;
NextTolLast = Last;
Last = Answer;

}

return Answer;

}

B 10-41 FEERIPREMLER L

U 8 B R R T ROERL G T A TR Fy, FE— DX Fy My
G, R, 1T Fao R Fy o, Fy- 878 A, I ER PR E Fyo,
QR R, ARG, IBARNITUAKI, Fyv 81H T3 W, Fy_o BT SIK, M
Fo IR 8K, %%, A 10-42 iR, JUARTHR KSR BIEER. AR G 1F AR I8 R
PR e (R B — PR WO (B B F T 0 O 2t B F iR A F T R E A, B4
G381 xRS R O KRS KRR T LB S X R A AR 10-41 SRR A A R R .

P—" Hﬁ““‘*ﬁ—ﬂ

F4—~”"f K‘\F? R R
B R - Fl P~ "k FIT RO
-7 et FUOF0 BUOTFO Fl” FO
FI” FO

P 10-42  BREFIHIE R BB

He ks — AT, RATERS 7 P RMEIARSR CIN) = (2fN)L C(:) +
N, HPpCOo)y=1, fﬁiﬁ‘a‘iﬂ‘]ﬁﬁﬁﬁﬂﬁ%ﬂEﬂﬁ%é&ﬁfﬁt%ﬂﬁ%, llztﬂﬁﬂaﬂﬂuﬁ
I 10-43 H A9 R X A IR
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double

Eval({ int N )

{
int i;
double Sum;

1ff N ==2027
return 1.0;
else

i
Sum = 0.0;
for( 4 = 0; 7 <« N; i++ )
Sum += Ewval( i )
return 2.0 * Sum / N + N
}
!

H10-43 3B C(N) = (2/N) 207 C() + N B @R

L, R U T A PR T AEXRESLT , JEATRHE T(N)WEE T(N) =
NV e N B 10-44 TR, HTFR 0B N - 1 —MEEH — D (EB) &

FPEE, A O(N)BIMHIN TAE (E B 10-44 BiR R RATETEBE A7) X TIN)K
BMIMTEI, EHMEEERRN, S ~%, RIOVE2E 10-45 PHEF. XM
R T LA R AT L O(N?)BFT, B AR TRRMNEF ARG, RENE
e g, e TREREARE O(N).

C5
c4/;7 %‘Tﬁm
/ \Nm cz/ lllfl.‘I\Cf.} .':1/ \C‘E} \}Iﬂ

C3
C?/x{ \E;\RWJD le/’ Efﬂ \Eﬂ EH/// \Eﬂ \ED }:ﬂ
\

lef Cco Efﬂ }Cﬂ .}Cﬂ

\

co

B 10-44 PR A Eval PGB RITHE

10.3.2 MEREFREERINF RHE
W ENAERE AL B, CHID, A H4EE= 50%10, B BB = 10 x40, C HHEE =

40%30. D 4% = 30x5, BREMREEERATLHREY, BRERVFAEM, AT
bk & SR O TRTR ABCD T LALME B S INE S R 5 B H R L. HRT B p < q
g x r B BIEMTE, R por WhnE R . (T HAIEL Strassen kXAt b
R 0 R B B R AT E R B R, EILR AR X TR VR4, 1T
B ABCD EEWITH =R RIL BRI TR AT

A EREER T, B RR X MR R, (R 9 2 A AR R 4 e

HHEF R . AT EMBETHEWT . '
« (A((BC)D)): it  BC &FE 10x40x30=12 000 YkFed:, 8 (BC)D AT E

12 000%% Fe B3+ & BC, AMm 10 X 30 x 5=1 500 WFIX, A1t 13 500 WA, K
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(A((BC)D))MIETEE 13500 IxFeEHBE(BCYD, AT 50 % 10x5=2 500 k-,
it 16 000 W,

double

Eval({ int N )

{
int i, i;
double Sum, Answer;
double *C;

C = malloc( sizeof( double J * (N + 1) );
if( C == NULL )
FatalError( "Out of space!!!" );

CLo] = 1.0
for( i = 1; i <= N; 1++ )
{
Sum = 0.0;
for( 3 =0; § <1i; j+ )
Sum += C[ 3 1;
Cli)]=2.0%5Sum/ i+ 1;
}

Answer = C[ N ];
free({ C );

return Answer;

)

/M 10-45 (EA—AFKHE C(N) = 2/N3 7 C(i) + N

« (A(B(CD))): i1E CD FHE 40 <30 x S=6000 RFik, i+H B(CD)METEE6 000
WA €D, RN 10 X 40 X 5=2 000 KR, Ait 8000 IKFeHk, K(A(B
(CD)))WEEE 8 000 T H B(CD), MM 50 < 10 < 5=2 500 kL, &it
10 500 Fe = .

e ((AB)Y(CD)): 8 cD EE 40x30x5=6 000 . itHB AB FE 501040
=20 000 TP, K((AB)(CD))HIHE E 6 000 W ELIHHE CD, 20 000 WL IT
B AB, SMI S0 % 40X 5=10 000 xF, Bit 36 000 K.

e (((AB)C)D): & AB FE 50 x 10 X 40 =20 000 K He:, it B (AB)C W{HT %
20 000K Fe1+ 8 AB, M 50 x 40 x 30 = 60 000 W, 7 it 80 000 W Hik. K
(((AB)C)D)HIMETE 80 000 KFLIHH (AB)C, #5030 % 5=7 500 W,
St 87 500 KTk .

« ((A(BC))D): it BC EFE 10x40x30=12 000 K Fk. itH A (BC)H{ER =
12 0003k T3+ & BC, 4 50 % 10 % 30 =15 000 Y3 H:, A3t 27 000 WA, K
((A(BC))D)WHEE 27 000 Ik E A(BC), N 50 X 30 x5 =7 500 KFL,
it 34 500 .

FERHE R, B WHIR A R T SR s HE ST s B LA 2 — R

sV, I, P —eiTER R SRR R AN, AENE, BB NRERE
@5‘ (1P &R FIAS |, T EL T BER NFFE B9 A SO KRR, BERRATE S T (N) BNUF 891 8o JLAT,
Lﬁ T()=TQ)=1, T(3)=2, i T(4)=5, IEMHEAIRINIFEZH, —KH,
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-1
T(N) = D) T(i) T(N = i)
r=1

M, SRR AL A, o, Ay, HEGEITHTRER (A A A) (A A AV It
i, A T(OMIETRE(A Ay ADHA TN - OMITETHE(A Ao Ay) e B, 3
TRADATRER) ¢, FFE TGO TN =) HEITH(A A A )AL AL Ay) s

XA B IA IR RL # B ) Catalan £, ZFEHBEOGK. Hiv, X FRE N, 5572548 £
A AT RERYHEFIIT 9 5 B R AR I T8y SR, XA RO i R T AR, %R
A FRIEFIEREM, MF I1<5i<<N, & ¢, ZEMA, B T2 A He, 17, FUERE
Fei BRIEMATH . RAVEE L co HE—THHE A, FITEL

UL 11 ege Righe TEIEATFERE IR ALp AL+ 17 ARighe -1 ARigne T T B B FRIK B IR
Woo M ren =00 WEIGHIRER (AL A (AL Apige ) » T Left<<i < Right. i}
BRI TR IEL R mp b mis1, Rige t Clefi -1 CiCRighto X =T AL RIT R (AL, A
(A1 Apige ) A BCEITRIFRB R LAY L

MR BATE X ML g DTERRHININT TR EHRERE, B4, & Left <
Right . W

Mpsi . Righe = hﬁg}f{"&wi Miee,i t M1, Right + Clefr — 1CCRight |
XA, WRBINTATE ALy Arig, WRILEFREHIIGUF, HEATRIRE AL,
A FIA 1 Apig SR RER B ICHBARAT . X RRIERERY, B A8 W FATAT LOE o R R 8yt
BB BT E Mg R

ENARATAEEBIFAEPERF, N, EnRIESES—TERY, IHEMERFE
R BARRE, R, T RKARE ML g N2 METEITE, BB AFT U —1
FRTFHOX B, BB R, MNF Right — Left =k, IBAREBTE Mg gig. 1TH
R EAIREEM, Ry -« < ko XERFRRITITEX N RTEEREIRNT .

MERBEER M, HIRIEEE BRLFRNTEIT, R ARMTATLMERSE 9 #
BB ER, KBTI Mg g RATERZIER ( WE, XMEREER. H
HAEFIE 10-46 BT~ B B BB,

BRASELAARRE, BE, RITECEER, 7B 51 A MR 6 T 538 8 4 FREEE AL
AR SRR AFAL . TR o, § e HEEANRFRTRERN, EFANE
MNERITEARE L EANE FR—BUN, BIEFEFLM. Aif, — BB BT LF
W Es . BN U B U (FRARE), MBHRIET — SRR, BATESEA
3 R B ] KRR T

B [ k. XANEFASSERERE, AELEU ON)HEETT. 2%
TR T — A ERAE Y, B i FHAT B AR R TRk A i (] (8RR AT R & HI T B B AR
(o3 1 B IE) 215 %, B IHGX N R AR S AR
10.3.3 BRAEAZXERW

= A AR AP TR TISHA: BE—FIHRIE w,, w,y, -, wy MERHIAIE
EMHERE py, pas oy Do I B R T L — b A — R T SUEE AR o A J S B ) (4 B Y
s 2 E A [E) B/No TE— B SRR P, PR d AbfY— AT R BT B A9 KRR
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d+ 1, FIHIE o BHEREL, b, BARNHEE 2 5.1+ ) ML

|
|\ /* Compute optimal ordering of matrix multiplication */
[ /¥ C contains number of columns for each of the N matrices */
i /*C[ 0] is the number of rows in matrix 1 */
! J* Minimum number of multiplications is Teft in M[ 1 J[ N ] */
[ /* Actual ordering is computed via */
| /* another procedure using LastChange */

J* M and LastChange are indexed starting at 1, instead of 0 =/
l /* Note: Entries below main diagonals of M and LastChange =/
| J/* are meaningless and uninitialized */
|
|
H
H

void
OptMatrix( const long C[ ], int N,
TwoDimArray M, TwoDimArray LastChange )
{
int i, k, Left, Right;
long ThisM;

for{ Left = 1; Left <= N; Left++ )
M[ Left ][ Left ] = 0;
for{ k = 1; k < N; ket 3 f* k is Right - Left */
for( Left = 1; Left <= N - k; Left++ )
{
/* For each position =/
Right = Left + k;
M[ Left ][ Right ] = Infinity;
for{ i = Left; 7 < Right; i++ )

ThisM = M[ Left J[ i ] + M[ 1 + 1 ][ Right ]
+ C[ Lefr - 1] = C[ i1 * C[ Right 1:
if( ThisM < M[ Left 1[ Right 1)
{
/¥ Update min */
M[ Left ][ Right ] = ThisM;
LastChange[ Left ][ Right ] = i;
}

L
L _
P 10-46 &0 PE R R AL B P

fEh—A1F, B 10-47 RRERBRCFH LT RAURE T [ me |
(B AR, B 10-48 BoR = BAlAER — X &M (SR (BN T3 a ] 0.22 ‘
i

am .18

M E 10-49 FFR . and 0.20
w5 KRR AR TR R . (E B R R R M R IAPRAE || s

0.05
if 0.25
WL, REEGFROBAGR., o BMERETFRAERN. | o 002 \

o

R R B, 5 = RO FEE T LS AT oL
$)0 5 WO R R AR AT R AN o N
A AR, Y R R R B Huffman BB9H,  mmmeeeas A
TURE BB, CHREAREEERE, Wik —RRHE =X
S RERAE, VRN SR T AR b, A0 U R R

o 75 0 4 o PO R S e B ). R R R AT EE () — S
Wiefr+1s + -+ WRight -1 u’gwﬂgu—ﬁ:iﬁﬁﬁqﬂ Iﬁﬁﬁﬁ:}iﬁ'ﬂéﬁu wh {’F}J*ﬁs E
P Left<i< Righto WHIEFRBTLE wiop, s w1, WAFHLIHEE worn s
R — AR . A X BT RIE SRR, A RV EATT AR

u.’R"Rﬁr
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R JR— —— —

(EFRACE, IBGHRT wip, o wri BERIE. BIL, ATV R = LR R
H# CrLy. pige BE-— DA B 1050 A]EER B H B

B 10-48 X T ERSEERS = TrIEE XA KH

%A B#1 B2 B #3
ffia) n¥ a4 4 Vi i} 8.4 Vi i} L Hr
wy D Once Sequence Once Sequence Once Sequence
a 0.22 2 .44 3 .66 2 .44
am 0.18 4 072 2 .36 3 0.54
and 0.20 3 (.60 3 0.60 1 020
egp 008 4 0.20 1 0,05 3 015
if 0.25 1 0.25 3 0.75 2 0.50
the 0.02 3 (106 2 0.04 4 0,08
| two 0.08 2 0.16 3 0.24 3 (.24 !
Hit 1.00 2.43 2.70 215 |

B 10-49 =HR T A RP A

A 10-50 M W ERFAIHEE

W15 Left > Right , BARHFFER 053X 32 NULL #7, X F - XA KRB RN EA X
RS AW, IRIET p . ETREOARHMEGTEORE Cyp. - ATRHEMTEORY
M A Civ 1. Rigneo W 10-50 Fﬂf?? X FARR A AN w, FRERER LA E T3 R AR FF

Wk -2, Ei, R 0 p M g o FRAHMTAR
Righr
min ‘}P + IC‘Lf-.l'r i1 + C!'l-l. Right + ?PJ T T‘]pjf

Lefe~ v Right i= Left p=it
R

CLeft . Right =
in {C + C b
= min P.i- i+1. Rig '

Left= i< Right Lefr. i1 1. R = Left !

MO AR L RS — MR R T X ERR 0 . 1808w EL_#H*J
2540 R TT LU A BEE Clog. rign B/MEE § (HTTEREE TR PR I IR BT LU R B R R
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#10%F

ENOE

E10-51 Bk h B AR T RIGE &N T K8, &I AR E MR
ERBE IR B o BRI AR TR R A A R A AR . R 10-48 AT

7 Y 55 R
Lefi=1  Left=2  Left=3  Left=4  Left=5  Lefi=6  Left=7
A= a.a am.am | and.and | egg.cgg | if.af the..the twn..:wnq
" [22] a [.18]am | 20 and | .05 [egg [ 25 if | 027 the [ .08 [iwo
. a.am | am.and | and.egg | egg.if | if.the | the.iwo
ﬁ‘l‘ﬁ=2 T + . N
58] a [ 56[and| 30[and ! 35[ if [.29] if |.12 Jtwo|
ﬁﬁ._}—a..and | am.egg | and.if | egg.the | if.two
[102[am | 66 [and | 80 ] if | 39] if | 47| if
T a.egg [ am..if and,.tl'_le cgg..tulvfn
1.17) am 1.21|and | .84 | if | .57 ] if
a.iaf am_the | and..two
=5
Bf 1.83]and [1.27] and [1.02] if
a.the | am.two
= =6
Zf .89} and [1.53{ and
a..two
=7
R 2.15] and

A 10-51 HFRAS ARG - L aERMATHE

FFF—AFRE R F XEBD am. . if e i AR R R s R T B W 10-52 BiR . B
B AR AN ACE am, and, egg I if AT R AYB/NER BRI R . BIA0, % and BALE
WAL GIRHIR, AT RS am. .amGESBTEAITE, EX0.18), HTHEE egg. . if (&
0.35), T Pan + Pand + Pegg T Pir=0.68, SHH{EHF 1.21,

386
[
S_EJ

0+ 0.80+0.68 =148 .18 + 0.35 + 0.68 = 1.2]

S,

0.66 +0 +0.68 = 1.34

am..egg

0.56 +0.25 + 0.68 = 1.49

B 10-52 %f am..if BFEH(1.21, and) WITH

SNV EE AT LR OCNY), B e SCBaT , RS S — D S EAIR . A
wih b O( N2 ) B H e — B 5] AT THEA
10.3.4 FFEAMERERE

15 = At S G — BN AR AR H B AW G =(V, E) a1 AR
TR 755 O TERATH B E A 5 R AL R — Bk, MR
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B s BURTA H A I 09 Bk A% . X B (Dijkstra) X EERIELL O V12 adEES T,
(B2 SEPR b X Rh s ) B R, FRATHE 45 1 — 1> J /) B T A DR 3o 8 4 IR ) B A 3 X Y (R
XPNEEREEITEIELY O V]?), EARY Dijkstra B | V| POk —Fp i i o E X E
HHREMETTEER, FRREMBEREERES. IEFE- O HEHREGNER, B4
X PR YHERIEMIZTT; M Dijkstra B35 AT 2 K MA

iEFRATBHZ Dijkstra B A —SETEHM W (EZE A LIE S 9.3 7). Dikstra HiEFE S s I
HRIF B A . BB A DL BRI E R E P s . R SRR TS 2 v, A4
WMTFEDN wEV, B d,=min(dy,, do+ coon)o XN, (M o) F] w BEREEESE S
ATEDENE AU s B w WIBEES, BRE BN sURiEH) 3] v RIEHEEM © 5| w B4R,

Dijkstra BB THERRYBE L. RIVRFERFX LTS, BIDE D, EX
B o, o, RER v, vy, -, v FERPRIBUR BRI, RI\EXNEL, Do, =
epe HPE (v v) FREEMAM ¢, R BH, BEEL, Dy RESM o Ho §
AR

W 10-53 Bk, 4 k>0 BRAIT LS D, , FH-TRAELK. M o Bl o HEH
Uy U2y """ U Vi g o (] T o ) S PR AR T R AR o, 4B A (] TS ) i R AR af,
H R RBEIE v, v, Moo, S IRAIRAE BT, HP R RREE MG £ -1 1~
SfERBEIT S, XBRETFEAAR

/* Compute All1-Shortest Paths */

/* A[ ] contains the adjacency matrix */

/* with A[ i ][ 1 ] presumed to be zero */

/* D[ ] contains the values of the shortest path */
/* N is the number of vertices */

/* A negative cycle exists iff */

J*= D[ 3 ][ 1] is set to a negative value */

/* Actual path can be computed using Path[ ] */

/* A1l arrays are indexed starting at 0 */

J* MotAVertex is -1 */

vaid
Al1Pairs( TwoDimArray A, TwoDimArray D,
TwoDimArray Path, int N )

{
int i, j. k;
/* Initialize D and Path */
f* 1%/ for{ i = 0; i < N; i++ )
/e 2x/ for( j = 0; § < N3 j#=+ )
!
/= 3 o[+ 1031 =A041[3 73
[/* 4=/ Path[ i J[ j ] = NotAVertex;
}
/* 5%/ for( k = 0; k < N; k++ )
/* Consider each vertex as an intermediate */
f* 6/ for{ 1 = 0; 1 < N; i++ )
AR AT for( j = 0: 3 < N; j++ ) \
/* 8%/ ifCD[ i 1L k]I+DlkIL3Y=<DLi 031

{
/% Update shortest path */

/9 B[ iJ(j1=00illk]=+-DLKICITI;
b UV il Path[ 1 ][ k 1 = k;

B 10-53 A &g
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Dy i;=miniDyy Doy i pt Dy sl

FFEFERGE R O() VI3, BRATHE I sh S MBE)F R, X0 E] 5 br b A F 5 289
TR

RS b BrEE KR TS (F — BB, FTUUBERXRHEGEMWAN VI < | VIEERERE. &
mi, A b ek ES s e Egie L LL R fE A al T & 85 8 A o, RIEFE—TRRE,
Ey BA— MRV, B Dy, s=Dp i oDy 4 ;= Dy, XEWREL T
FIRER A B A AT B, X T WELS R TR 10-53 PRREEF, A5 C WEE
—B, BEFHETEMN 0 FihasS.

fE— Tl TR, 5SS (ERDN AR F)EREER, RE LT 5 EZH Dijkstra
B VIGERR, BAXBEMOEFIEE RE. B 1738 4 79 LOFHTIIT, % 6 173
F 10 T A HATAT. BiE, XTREEFRRESIHITIHRE.

AP R AR EE IR TET, EARRME— RN EREA R R E AORW S
A (] B A A A B TE 0, B A X B T o o A o A (] AN S () R ) PR B Y e . S
K F R R, U EENEFEINWRICRE—TEPMALES TR EN. £
BfE IR, A LB (BARAXH LR S EHEN L EE REMER), M —HEHLT,
Zh 25 ALK = ) 2 Bl R A e S ) AL B A

EXRE L, MRREE -SSR EE, BARRE L AR, shSHLE
£ [T 15— 453 15 2 Uik AT LR E

10.4 BEMHLEZE

BB — (S, EEf B 5 MR HE L. HRETE Y EETRACHEF,
o F IR PR MR, — R REES MRF 2M Y KHET— KR (m
) BT, kel 7 SR, B SEER b AR R B AR AT LUK 408 IR
A e R R B ABHE S T X e i 5

LR RS A e R, AR A X AT LR X 1R S B K Y 50% T RO TFAE
e T RE SRS B A S o & T A B HEAT I, RS AR AR DRt 4 1 R X R A
R R EE R B L E E AR R AT I AR, X 4 M6 A B A A DL 4 X
R S AR AR S 2R B, X G TR AT BB — LU R AT T

0 R ik S M ) — T B — R . WX — R AT (AT I R A g
MATTIE A S RERT 1)) , TETFIG b IRE SR DR R SE R A BT . RAIXF A 2. 15
RN ARSI R R A BT, MR MBI AR, X, AR
T BT R 2 LR, 25 RABTUTISS %k RORERAS R S0% o KR T IEMIBR AR A 1
G e A MRS IS | AN R AT R A BR AR B T (L, A0 S 6 0 S U
EREIFEHM—, 3R KB LR A2 KW EX T

AT BUR T 018k 2 9 BEHLALSE 1 (randomized algorithm) # 77k fESEIABAE , Bl
WM ZE A — WO O T OB A0t R PR T P 8 AL T LR T T A
HAHLEL

B HLAL B B S R R T A2 4 () LT R R AR RIS A G BRI R a2 A B [ A
. WK MET, FREEHLLEE S A R aA, iR R R TS A%
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A). XEEREREARE S LAEN, HREEHFEERMHYESERN, ENTFEOHF R

HIEHEHFF PR . B A AE— 1 ocEENRE T, 7k B AV L 8
TTEE AT, EXHEHHET, SR EiTaEEE o(N?), HAEG— L&A RIGE
PEHU e KT E AR AT . SR EIRIIE Z AT X BITE T, fFEFFE MM A SaEE i 1
A FIF AN TTI ], Y B AECHIFEERR, ik AL (N RTEEETT,
S B LUHIE AV AGETTEIR, A E¥ A WA AFR RIS FTRER], S T H 480 Bl
LB -

(i Tttt 8 b R ATE R B BT B0% AR ESF 0T RERY . LB B A ASL, filn
ILFHERF RS AR B E LG RN BB 2E L, MXar- b —n i, FilEXRE
HEFE M — W, B YL E S, BT ARTIREEMN, RV, &
{i1aT LATS B — AN S fsz f et (a], AT FRAT 12 X B A o] RE A4 BE HLEOBCT 2 1 A & X Fr AT g
Wi AR EH, {#RIBEVUIRA e R EHEF BB 2 — 1 O(N log N) IR R R . X2
%, WHTEMRA, BFECAHFNE A, BEMEILEE ITEER, SRR EER
O(N log N). B854 70} B R LB T F AT E R, HE, HRE XN R R
5. B4, IEmRM7EEEEE S PR, BRSNS A LBRTREE
AT LSRR L br i . (U2, MY LEE T 2.

X —%, RITEESEEIALKRDBE. 8%, BITHAZEL O(log N)ALR E] 2 HF
= LA RRHRERE BT R, XEREFEESRNOEA, RARMEILE. NBELE RS
E . X HBAI 245 AR, HAEHERMERTWEE TAR X415, R, LT
S TR AR A HE R MR A AR R R R R

%= AR EMRAB RS EERWRILE . PR, BACHNERNE
i nd A AEREAUL B . RITABHXFEEETEREEREAE. A, LA LR
0] LUNE) Z AT
10.4.1 FANEEERE

HFRINGBE S EEMmE, RERINVMES —MEEERE. Lk, RIEAHE
HLMEfE BN E R AT HERY, BRSOk # TE 2, WM A fERREHLAY . — MK,
2 4 (LB (pseudorandom number) BEE# T, THBENIEURE K BREEEVLHI FEALECH
V40 O S0 OG0T I 5 ChBE LSO B X Lot R K84 2 A aredae, RiRERAY, Wk
R )

BRI A TSR HEE . xR, RAITLABEYLA AL 0 31 1, —FpigaE R % & R
b BB A LUBET SR UL, TS 8 KR MRS i A 2 T s T PR Rb . e
FeATAT WS B B A sl R, [RUEAE T, W R A EEEYLEF S, LK ERAHET .
R R ASKORTE B, 7ERRFRE T e ph AT RER A B R 1L B4 e a) A s i S A
S WEELE [ B EAEEAT, IRARTA A Tt A R, P R LEXT &R &
i 316 FE) 2 ) 4 e ) 93 i R P e PR AT RE R R — R0 LB FRATTR 31, HiF &SR
F}{I)ﬁf-ﬁ']{muence]cﬁ'ﬁﬁﬁﬁiﬁaﬁlﬁﬂﬂjﬂ: mE—HEmhREEHMMELER, Bat—
VR4 B L R T R o ik R Y T RERY

“ {EAY R AR A A T4 (E FH R B # DR L -
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7 LR R B TR SR Y T S R R AR BUR A #R, BT 1951 S Lehmer B 5EHiR . B
Ty, T, e RO AL

Tiv1= Ar; mod M
AT FEXAFH], G o BEMNME. XMEMEA T (seed) . WHR 2y =0, HARXA
Rl AN REEPLAY, (HRERME A MM EFGFEWH, A EMEMKY 1< <M HMEREFH
B, R M EERE, B4 o REASR O fER—IHF, R M=11, A=7, ] xn=1,
AR 2 BT 4 LR B0

7,5,2,3,10,4,6,9,8,1,7,5,2,

B, EM-1=10 180G, FRRER. Hit, XTFHNEBAE M -1, e/ FE R
(FRIEACSLETE) . R M REE A SIS A —e BRaEas ey B A (full perod) M - 1,
A A (kNS AR SRR A IR A=5T zo=1, WAFIIHE—TREAHS.

5,3,4,9,1,5,3, 4, —

B M EEREEA, LN 31 AR, R4 T RS i L P of U6 R iR R
K-, Lehmer BUUE A 31 PHAFHER M =23 - 1=2147483 647, X TiX I HE, A=48271
L e PR e - SR (R — . B TS T S #IE A BT X S S ) T
# EERITEER, TSR TS, RRBICH T EIRE KN, HIRIE 308 9%
SRR HE XA AR ARA B RR &

R LEERBRAMNER, i, SREREREN « WFFIR AT, X
B4R RS EEANELFL., X2 RERaEMARYGEA, HEE L
HORE R BRSO TR E o= 1, X8 S BRI ABEPUF 5. YHF TR, AT L
R R e ateh, ta] LIBSRA P A — T EE .

3B A — MY FFEXE (0, 1)HBEHLE (0 F1 1 BT R AOE) o 7 WLAYHE 5t ; :X AT 1A
AR M BE]. gt s, A KEa, f)AIREYLECAT LA R ORI R
A 10-54 h “BAE R B, A, ZEEE RAERARLE DRESE IEH 21T

static unsigned long Seed = 1;

#define A 48271L
wdefine M 21474836471

double
Random{ woid )

Seed = ( A ¥ Seed ) % M;
return { double ) Seed / M;
If

void
Initialize( unsigned long Initval )
{

Seed = Initval;

}

B 10-54 AREIEW LEMBEMB A LS

A B Y 1) B R e T e o s B AN R R ER-oe -2 ha g AOECE SN
S DYBEMLIE . Schrage 8 th— 11 #%, e AT B R T A RO BB AT 7E 32 AL AT A
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o AT M/A FEHRBOHEENTHE XN Q M R, TE EAEL T, Q=44 488,

R=3399, R<Q. BITE

Tie)] = AI',: mod M = ;"‘1‘[“- - \- MIJ

M
a5 g A
a5l 5L %)

HF 2= Q L g—fJ t 2modQ, BATAIURAFIA B9 S — I Az, HEH

= A (Q[§J+mm@d¢?)‘M‘L£J+M(L§J L J)

= (AQ - M)| G |+ AlzmodQ) + M(L%J | A
i M=AQ+R, HIt AQ-M =-R. FRRIHFZ

xin = Al mod Q) - R 5|+ M(| 5] 1 5))

W o) = | |- B | sk 0, AR, BAFIAREHIEMEEOM 1. Bk,

14 BEE]
Tiv1 = A(Ii mod Q) - Ri» %J + ME(I;)

POERIEEE, HN R<Q, BT E AT A] LR W8 et QX BLEIERE A =4827]
Bz —), A, (CYRTRENT 0BT, 8(x;) =1, Bk 8 (o) AFERAMBITH MR

AT L o SRR B . X TR 10-55 PEUERT

|
static unsigned long Seed = 1;

#define A 48271L
#define M 21474836471
#define Q (M / A )
wdefine R ({ M % A )

double
Random( wvoid )

{
long TmpSeed;

TmpSeed = A * ( Seed % Q ) - R * ( Seed / Q );
if( TmpSeed >= 0 )

Seed = TmpSeed;
else

Seed = TmpSeed + Mi

return { double ) Seed / M;
1
vaid
Initialize( unsigned long Initval )
{

}

seed = Initval;

10-55 TAETF 32 fudl EAIREDLEUAL 4 4%
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300 _ £ 10%

HE INT _ MAX=2' -1, X EFREEEEH LE. AT RE&AE I B (R 1% Fr A O BL 25
FECNRHEPE P ERA — 1 /M8 10-55 DB ITFIB A NI B3, (HEEERE,
LA RXHE . FEEFARESET R

zie1=(Ax; + C) mod 27
Horp B AR BEICRC LSS B BRAIE, T C Rar k. XEFEWRE] +;, AR 0 1 Z[E /Y
—AME. REMR, XEEEFERSEAEAEZE AN o, E—RMEREAREAE
i, Bt b, (GRIEE)BK £ LA 24 1855, iF 2 LR PLEUR A= 25 H I 10-55 B fit
AIRENLE R A BTN L. XS EA RN TRERKOEILEFIMELEATIERN. &
5, TR — P HEIFEPETRESERFE Ty L £, G,
Ti01= (482712, +1) mod (2*' 1)
L F YL, X F R X R LR AR AR 22 A RIRESS -
[48271(179 424 105) + 1] mod (2*' = 1) =179 424 105
HG, EFFE 179424 105, IRk 4 2HBEAT AN 1| BTEH.
10.4.2 BT

BB S — LR R O(log N) BN ] L HRF 2 4R Fil A BB 45 F . IEWNTEATT 41
P ETRBIGY, XM E X TAT B A A48 — K IRVE R B 1Tt A B ERE Oleg N),
e B TRENLECE A 2800, SRESRIMMBR R FTA ¥ B HEF (9B E 183 5 344k
i 7 i a] S UCEC A9 R R ) .

B AR TR SR S R £ . B/ 10-56 B R. T IK A
6 GH E] O b T A A Y S, XD PR N

[ U [H B O H2 2 [H 2]
 10-56 fAgEER

| 10-57 FR— B E, EREES, SRV —DHINEEH R TR R
A B s, ERE I, R T, BBEEIN2T+1 T

B4 10-57 HAIGMETES 2 MERITROBITOER

J X FE YR, A1 FIE 10-58. X H, S FE0UR 4 BT A — MRS
F N FEOR 4 R L, RATNAT+2 MRS HE.

'| %

: I 1 22 -
8 19 29
L ° o]} E 20 o el B

B 10-58 HEHEATES 4 T EAFEMIBHHEER

dJ

o A LR IE Y — M T A 10-59 Bras . 2 ¥ E Al AR T 12T T
& B EE A BRI, ABEE— KB TR L EE log NI s AMEEE], —
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KRS AR RIEFEN O(log N), ER N AR b MATH — M T AL EER —Fa T
W FR— R AT EHALAR . 70— AR B B — 2 S T RERZ N O(log N). IR, 7EX
SRS O FE IR A E T A K (binary search) .

s

N

22 1
PR — ] )
Tead A P e e b B P
B 10-59 HEHEAAEE 2 R EMISHH R

X FPEARGE A R R WA A KT TR R (6 P R A 25 4 1) DG B T U R 45
W&, BATEWHA £ DEHAS SE N E B 7 % (level k node) . 40P 10-59 B, & £
By S A B (k= BT A AELBRE B IER-NESRBE TR,
Adt, B 10-59 $5HH e E AR B MMM R, xR, RAITIEE A5 mATE S 2' DS
A9 PR 4, ML LA L mR AR — 2L A PR ) R AF .

MEEHAFTENRE, RIS BB S tht, IR0 200 e
AR, AR 10-59 ATEH, KA FEMTERINTE, RO 1AM EE2ZHT
AL —fEHE, K 128 I R B A RO BX B WREYLERE T S B i
755 0 i R M — BORE T B 3 AF i 4 B R BE A SR EE R iZ W AR . [ 10-60
s — 4~ ML R A BB & (skip list) o

Tl

| P

T

B st 13 1422 2
HA- g o e e O j@:
M 10-60 —TBkERE

b FEIRIATLLG , BKERRE MR8 1. APAT—IK Find, FATHERTT SN
B TG, ISEXA I —HE, BERAKXFRIMNEEIFIRHTAHF—TT A
(& B NULL)BTE T . /A5, 12K — Ui 3 ek #h oy . M7 8l— i
(B, SR FIETE FHRAY S AATHE, FEAEX RSP, K T HFT K Insert,
i UG LEHUT Find BHIREE , W WA — MERMTHE R T -y sl /G, HH TR (e
BRI E 1) BHERI FR . BERE 10-61,

|

h 13‘-.-'-.........................---- -
i 2 110 et s = B g
el T o e i I et

10-61 i ARTFHEA G HIBLER R

.
I
(o
I

8 [ T+— * j:
- m-'-—‘UTPT—" -:_ﬁ?H_.’ZD— 3 29

L
:
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3-‘:]2 % 10 ——é-

R orirfsd, TR ERGEMILCHN) B L ORGPy s a8, Hik
it FEIZRIM T ASMNENTAEEEATMN, XEHFRN, XLBREREFNEMHA
O(log N). 4%, EEACHIEAETER, HESXERAERKHXH].

CBEBRFEE FRUIER, ENTEEEMATTRPEOTE DB OR8N LIERE ) . R
AR XA, T4 FATa] AR 8 — Kt % 3 F— R 26 (0L T FE B0 (rehash) RO 35
RIGFRY, BMRENF S EEARMLHTE AR, MR, AiFSMa s LR 3R
CE2
10.4.3 FEHEM

fEX—9, RIEFBEHRE AR ESEREEM G, EWES 2 FTREBIRFIE, i
LT FEARE T KB R 0 RAEYE, EL U — 1 200 PE0ERLR 100 LA R BT,
TEBXHHE, RIOBE M RN KER . EABERAE NHE WL 4 892
17 B ) i — A (L BCE RN B AR R, B Ui K BB )8 F EE 2 e LAY
G i, KRR 3 B0/ N (04 KO B 00 T o KA N KR IE , E R
202, FF i, XA RPN KR NP T80 I, ERAENK LHOBILPEZ
TRERNTERS A0 A RGE .,

X —25, RATHS B— T AR Z M 200 B 38 . X D REE R — 1
FREH, BARNMTUGEXTHARER. MRERAREHR - MERERY B4, X1
Bl L5 BOBER T AR 100% 15 & R 5, iR MR A RBT 80 i TR E M3, T2 K
W B AL . B, X EEESSHE, RS RES, RATTLIHLH
A HC AT BN

FREH R EFE L MNP D (Fermat) EH,

EE 10.10

2 N B, R P RER, BHo<A<P, B4 A" '=1 (mod P).

UERH

B E BB A B AT AR AR — A BGE HE 4R

wan, hF 67 REM, Hik 2%=1 (mod 67), X TWIX—PEN E@%;‘ﬁﬁ%ﬁi
u, OEHR—FEE 2V =1 (mod N)o W58 2Y 121 (mod N)RAOL, ABARKATATLAEE
N RREH, B, MRS, e N RATEEER. Flm, #E 2V =1 (mod N)
(HEARZRNER/DE N EN=341.

SOV R A A, (BEERT A e HRR . BTERL, f7E N BT ERE R
4 M FRAESENEIT AR RATT U ZREZ AR TR B 1<A<N -1
e AV '=1 (mod N), WEA N THREREKEL, FNEM N HEARER, FE N=341 1M
A:&%Qﬁﬂﬁﬂ3m5%(mﬂﬁﬂoﬁﬂ.ﬂ%ﬁmﬁﬁﬁﬁﬁﬁﬂ,%ﬁﬁﬁﬁ
N =341 18B I EFAER.

FARIX B R WA A m&ﬂﬁﬁfﬁﬁ.ﬂfﬂ%%ﬁﬁﬁuﬁEETm%ﬂWﬁ
e _ﬁﬁﬁmﬁgmmcmmmm#;ﬁﬂﬁf%ﬁﬁ'T%MﬁﬁﬁVE#Wu<w<w
Hif AN 1=1 (mod N). B/NXFER B0 561. B, T AT T — /B ) B 33K 2

AL,




J &t {5

— e ——— e PR R PR — - R
= SRR ——

e 7 5, FATUERA i — KT F 7 #0 (quadratic probing) &R . X/~ H A FE o1

SWF
EE 10.1

PR

303

s p BREBH O0<SX<P, B4 X°=I1 (mod P)LHEHWF N X=1, P-1.

UERA -

X’=1 (mod P)EMWE X>—-1=0 (mod P)., XgRW, (X-1) (X+1)=0 (mod P).
BT PRERER, 0OKX<P, Ht P LA RREER(X 1) , NEBERX +1), B

B, WEZEHE AN (mod N) L —BZIRATR TG T, AR S A
TR IR 2.4.4 WHOEER, A AR NEEIHA JUR L2 5L A, F6f)
BT N BRABE BRI RER 10,11 B9, XF 7 ETERE 10-62 F5EH.

/* If Witness does not return 1, N is definitely */

/* composite. Do this by computing ( A~ 1 ) mod N and */
/% looking for non-trivial sgquare roots of 1 along the */
/* way. We are assuming very large numbers, so this */

/* is pseudocode */

HugeInt
wWitness( HugeInt A, HugeInt i, HugeInt N )}

{
HugeInt X, Y;

Af( 1 == 0 )
return 1;

X = Witness( A, i / 2, N );
if( X == 0 ) /* If N is recursively composite, stop */
return 0;

/* N is not prime if we find a non-trivial root of 1 */
Y= (X*X)%N;
(Y == 1&& X !=1&& X !=N- 1)

return 0;

if( i %2 !=0)
Y= {A®Y ) % N;

return Y;

}

/* IsPrime: Test if N >= 3 is prime using one value */
/* of A. Repeat this procedure as many times as needed */
/* for desired error rate */

int
IsPrime{ Hugelnt N }
{

}

return Witness{ RandInt{ 2, N -2 ), N -1, N ) == 1;

A 10-62 —FEERERARE

Tl 058 . R BB Witness IR BRI R 1 98 IMAERCEUEN T N AEER,
I R R, BT IR Rk S RPN TR AP ERR, X FAEM (FE4r K
BN, TEH A BN -9)/4 MESHEZREESHHRNSEE. HEH, R A REEHLEER
. Tl BE ISR NRATRE) WER, RAZLHE 75% HORTHLE B R F AT, IR E

400
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304 | £ 10#

R

Witness JEAT 50 U, WUBRMEA USRI RORER 1o R, SO ST BORRLIA Ko 0 300%

MR E AR 1470 =271, FhF EXRAEHRTFOMEIT, ©HM N L EE R
Lo BMEGME, AT ATRER BN REE AR, AR TEE R EG AR ESRE AL 3.

10.5 [E¥MEZx

KAV EEEMNERIG — B BB T/ 298 (backtracking) Bk . TEIFZIFOLT ., [B1#)
BN TS EEENGWLH, HEGRE—RAEE, A, HHFASE, B,
fEF S IE T EAHELE /1 (brute force) FH MR, THEREA R ENTE . S8, MHRELMXT
. M TFHEFEM S, O(N?) BB E R Y 2ER, B3 ART 5% A (AT NP 52 4) (],
ONHYEFEMEBEEALGR,

RIS E RN — BRI RE-EFHFETHNERFZENFE., FAEFZRERZR, H
— O — e R BRI, iRt AW AIER, RER G REFEEREZ NN
. MBEMAEMNEAHCEBEFMAE, TREE, BBABBER L. MBEINE—F, EP2ZE
BT R BB T AR, IRARNTL T X — £ HElE sy 5 EROL. 5
%, XA RES BRSO Y, S, QURIRMTABINTIES TR rTRER S — IR E
B2 N IERE M F BER B, BN, BITRLELEARENERE F. EE, &
RXABERA FREHW, BREHAERLRFAAMA MR, g, 5By Koty
H &R IR R RS2 R0, 12 b RAIER R EBUN T, B TR BB
# RHHE R . 76— PO EE— K4 nT BE 0 89 832 0 i85 37 (pruning)

KA B EBMEENFEANE T, $ - SRITEIUTRRRE, 246 T EREE N
(5] [ 5 45 G 3 kAL A o 2w ) BB IR T A2 R A ()i
10.5.1 WHRLHERC)H

REGE N A8 pry P2y s PN AT =B o 2 ;%p!- B e B, HE—FRik
o =0 ke SM ARG A . X N AN EBEES—XSER NN - 1) 2 D (A2
DTNz, — o, | (i) ) RIRE RS . B8R, e E S, ARG O(N?) B [a] §4 15 B 2 5
o XANELKMARHETR, BE, MRBITEZAL O(Nlog N[ FEH, B 23X Sefp
3 0] LA B HERF . M %8 & 32 1714 (turnpike reconstruction pmblem)%}}\ﬂ“’:h?rﬁ%ﬁfﬁf@ﬁ
AR TEMEE A T Y (B W RERTHE BREER RS 5 300 A L
H. XA ERE A T k2 E TS A 20 B b AR e iRt 2 K 1 BB E A% KBy 8% L He i IR
B O R R B BBt — R R ARIE £ & T [R] P SE AR
L R EA T E—EL O(Nlog N)BTT, EIERIFIE T 0T RER e SaE R el .

sk A E IR Y — R, BT LLE R BT R s F— M RmiaELs 2 H
MR KRN AR —FEEE AR T 040U R A g i) x5 LUTE B LT i i 1Y
[ A,

4 D REEMES, #i Dl =M=N(N-1)2, fFA#IF. X

D=11.2,2,2.3,3,3,4,5,5,5,6,7, 8, 10

G (D] =15, FHRIEE N=6, BEUE r, =0 Fli. BA, =10, X 102

D g KHITTE. ¥ 10 A D FRER, e {1748 5 9 5 FE T ROBE S AN R BB AR o
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I —
-
<

x; =0 Xg

D=11,2,2,2,3,3,3,4,5,5,5,6,7, 8

B TR P RANZE S, XMEY, B4 x.=2, B4 2s=8. dxT BN, FRAT0TLIK

AR RAEEY, BAEAW N GRERS M@ (ENENER), RABAEI 0 EE

AR, BTG E =8 MAZTHWRIENH. RGN D PRERER o - o5=2
.1‘5_1128; ;T’EL@]

x; =0 x; = 8  x¢
D=11,2,2,3,3,3,4,5,5,5,6, 71

T RAHEN. BF 72 D PRANK, BHEA 2,=7. B4 =3, WIF =7,
WL re-T=38 25— 7=1 WLFHME D . BIT—FBMMEI#ELLED b, H—
F, MERIE £,=3, B4 3—x,=3 M 25— 3=5 857 D P, XL HEHIHHE D
b DRI, TR R RO R . R, AT R — R R AT SRR, 403
BT, IRATRATE E X Fasid B AMOIR A e . 2R — M ERRINTE =7, 85

I | 1
I | [

|
|
I|=U' .1:'4:?.1'5:8 xe = 10
p=12,2,3,3,4,5,5,5, 6!

R, 171188 =0, 24=7, r5s=8 M 1,=10, MAERKMEER 6, BHE 2 r3=6,
Tl =4, (B, WR 23=6, B4 24— 13=1, XBRATEEN, B 1 FHRET D. 5
FHilE, R =4, A - x9=4 fl 25— 1,=4, X EAHER, BEA 4 RiE D P8
— . B, XNMEFERSABIME, AR E A

BT zo=7 REEZAEM, FAREITZR =3, MWREXEATT, BAKNEF LT R ITFR
k. BE, BITAE

| i i ]
| | | |
x; =0 x; = 3 x5 = 8 Xp =

D=11,2,2,3,3,4,5,5,6!

?ﬁfl]{ﬁ*@ﬁ#iﬁﬂ Ay =6 *ﬂ I3 =4 Zfﬂiﬁfﬁu A3 =4 EZ:EJEEH}!L Ejiﬂ' D Htﬂﬂﬂ—’?“ 4-.
%k EREEAR, x,=6 BTREN), TRENSH

| | | | |
| 1 i | |

xy =0 x2 =3 xa =6 x5=8 x¢=10

D=1{1, 2, 3,5.5|
Wi F O FE R 7y =5, KRN, FAEHES D RyZEE, BTS2 — 7w
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B 10-63 B—HEHER, RFEAFBMIRBITE, X8, RAIBA 5 ZAERIL,
M REARICHAE £ 238 B b B SHT R Fn X ST i) 3 5 4 E RV E
A—F AR RSHEE R AHAATRER 5 SERILT 1, WERR—RAIEME)
i E

10-63 g % Bl 7 28 (0] 501 A e o )

S P AN B O A RS A R A ER IR 1B B, BR BN IR Turnpike WK 10-64 fras. EEBCR
B X (REEREL) . R D N OmERE—/ 0, WiRE rue, 5B
g X b Tl D RSE. BN, GRE false, X HREKRE XN, BERBEER AL, £
BN FETRES ), ana Ml oy B TE, BT D, 3 H 38 B T 1518 8 B Place AR E A1
8RB MRIE | D = N(N -1)/2 E&#fT TRE.

[
int
Turnpike( int X[ ], DistSet D, int N )
{
ft 1=/ X[ 11 =20;
Vg 2y X[ N ] = DeleteMax( D );
booge 3y X[ N - 1] = DeleteMax( D );
| 4y FCXINT-XIN-11€ D)
{
/* 5%/ Remove{ X[ N ] - X[ N - 11, D J;
P AT return Place( X, D, N, 2, N - 2 J;
} N
else
Ju Iny return False;
b

B 10-64 HCMABERER:. EKaFIE T

O REETRME T ERL, RIMEHT ATEERE, R R I T, R A R
£H,
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E RN R EIMEE, WA 10-65 Fin. SKEHEMEE—HF, R EHLHY
R RIMEEFEBERSEU R Left MRight ;1. Trighe e TRA R B HUCE 1 51
x AR, WR D REE( Left > Right), IBAMELRT, RATTLURE, &0, KATH L=
A 2Ry = Doaro R EXSMEEE(LIERAE) I, 22 EiX— 5, BB
XHEE R, M Left B Right — 1 A . IR XEFE AN, EM Left 3 Right — 1
ANZERKY, BARNZRE 2= an — doae » AR T B RXFEATT, W RIBT
i EmN, —MREZSRD], WX ™MERRLZET return 1B X B L% [B] Turnpike,

/% Backtracking algorithm to place the points */
/* X[ Left ... Right ] */

J* X[ 1 ... Left - 1] and X[ Right + 1 ... N ] */
/* are already tentatively placed */

/* If Place returns True, */

/* then X[ Left ... Right ] will have values */

int
Place( int X[ ], DistSet D, int N, int Left, int Right )
{

int DMax, Found = False;

S 1/ if( D is empty )
= 2%/ return True;
f* 3%/ DMax = FindMax( D );

/* Check if setting X[ Right ] = DMax is feasible */
f* 4nf if(| X[ j ] -DMax | € D
for al1 1 = j < Left and Right < j = N)
{

FA- LN X[ Right ] = DMax; /* Try X[ Right } = DMax *f

/t 6%/ for( 1 = j < Left, Right < j = N

A AT Delete( | X[ j ] - DMax |, D );

/* 8%/ found = Place( X, D, N, Left, Right - 1 );

J* 9/ if( 'Found ) /* Backtrack */

SELO* ) for(1 = j < Left, Right < j = N ) /* Undo deletion */
FAd A Insert{ | X[ 7 1 - DMax |, D J;

}

/* If first attempt failed, try to see if setting */
/* X[ Left 1 = X[ N ] - DMax is feasible */

J=12%/ if( 'Found &% ( | X[ N ] -DMax - X[ j 1 1 € D
/*13%/f for al1 1 = j < Left and Right < j = N ) )
{
/*14*/ X[ Left ] = X[ N ] - DMax; /* Same logic as before */
J*15%/ for( 1 = j < Left, Right < j = N)
Jele*/ Deletel | X[ N ] - DMax - X[ 5 1 |. D );
fELTES Found = Place( X, D, N, Left + 1, Right J};
JELB* S if( !Found ) /* Backtrack */
/*19%/ for( 1 = j < Left, Right < j = N ) /* Undo */
Je20%/ Insert( | X[ N ] -DMax - X[ 3 1 |, D)3
}
21/ return Found;

10-65 WORAKRER . HBNSEAEAR)

B AT RRAEE, 58 9 TEIE 11 ATRARE 18 17315 20 T ERIRAT . BATTR]
R D VR — AR (B RHRE 4R, XRE XU BERBE0. PSR PN E
W IR EE ON)KRESR D, R 417, R 12813 o2& I MBRF Find, 2
xRt IRE A0, BEd DA ON)A LR A TTRBEMEA K3t Place )8

404

405
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B Z % 2N X Find, MHT Place ZEiZa i M kB #, Bt LaLEH 2N? X Find. T
&, R R, IR 4B T E Y O(Nlog N«

LR, MWEEREN., WRRMRERE, AR LR EZARE . A1 1A
i AERENHEAEERE. SBIEH, R SHEBABIREL0, D, |5 HFFE LT
G, BKH D, = O(N?), BRAFERA B H] LT 2 i 2 AT U R
10.5.2 143

VERtE— R, FATR % BT B AL HE R TR A 00 SRS, PR TE B sl PR g
Ve — BT, FAT PR FH AT 248 220 =R WA (tic-tac-toe)HEXE, M EMREBEAR SRR

WR T BRI AL . AP A =ik g 2V 5.l #EAT T 40 A 2 S BL Y 2 A #8
A WAL B L2 B S REREL I R A R RS . X LAREAE R 2 A A
— e f B R B MBMGEE, AT LGE A RN, BB, 2 sy )y g el Rt S 4R
Gk, afLE S E R, MRS T b, AR 40E o F— A R IRATE AT L R AR
A BT — A4, MR, X ETEERF A mA S EYUR#HT KA
S UN S

R R R R ERBOR A — M E R AT EE. BRI RV
BAl LB ENE + 1 FRATEE o it EYVSMB A BB RME - 1, A ER RS E X
Jry LA B o oY R #% 3 4% & (terminal position) ,

R PMIEARLIRAE, P47 B A 338 1 B 8 T e B AP M . X
AU 44 s 4 K (minimax) T B& , B T RLAY — 0 () RSB EER A B i ER/ME, T —07
GHEN) HEFEERAER K,

(5B P )5 8 42 E (successor position) Bl M P E—HHE AT LUASIMAEM A E P 10
oL RARTE P ENLEER, IE AT IAHR A MG Ak B TRV RA
BB —SITH, XBE P WM, FTEEEERSME P ME, ZREHHMA WL P, #9eT
GIEHE B, RGP R/DOE, xR/ MIRITEA— I B hAA

B 10-66 PR FEFE TRV R EFE, B 173158 4 TEEA MBSO RRIE,
MR AR EAGE R, AKX MBS RIEASH R, HEP Value NIZ L FTA 1 fE
Ea L BRI, 5 ST E YA BN AT RERE , 55 6 17BI5E 13 AT ATA Ry 1 Uk
TiHATIE R, B ki B8R K S 8 B 10 T B R, WARITKAIILE
FindHumanMove & F FindCompMove, FfLAX 2% 1559 R T B AN — SN
YL F Hoi B LT Al i AR T AL B E A (L B, AR A Value F1 BestMove 4 8¢ T
#i. B 10-67 B ETHAZEHS/ETE, BT FHAESRL S BER AN (R
gh, BT BB SChr HAR MR, S5 E, it — B Y BRI R S
A, XAENE R O E R XRE— R AR L/ e T 1, Rt
6 Tk 5 81 7 B - 4 TR Bl R B B B

i1 F i B A ] R A6 AT £ [ o B AR (B R B AR A AR A S) i A b BO R A kAR S P Ak
X (s B AT R I, B7E, RS ORI SEITE R SRR AR “Bf4” M “f&
HEE” T,

Ve K —ABIF . TEE 10-66 & BestMove £ 5 7] LA B B EBL A9l . FindCompMove
i ] % BestMove A LA 2E 48 #0X A~ HL 41k HBE ., B9 TS E AP X ERE
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1. BT EAEFA R ME SRR E, i FindHumanMove F 8 53 755 /- 38 ¥4 o1k
HiixX B AE T HHHRER &-

/* Recursive procedure to find best move for computer */

/* BestMove points to a number from 1 to 9 indicating square */
/* Possible evaluations satisfy CompLoss < Draw < CompWin */

/* Complementary procedure FindHumanMove is Figure 10.67 */

/* Board is an array and thus can be changed by Place */

void
FindCompMove( BoardType Board, int *BestMowve, int *Value )
{

int Dc, 1, Response; /* Dc means don't care */

FA LN if{ FullBoard( Board ) )
f= 2=/ *Value = Draw,

else
f* 3%/ if( ImmediateCompWin({ Board, BestMowve ) )
f* 4%/ *Value = CompWin;

else
S 5/ *Value = Comploss;
/* 6x/ for( i = 1; i «= 9; i++ ) /* Try each square */

1
J* Ty if( IsEmpty( Board, 1 } )
{
/* 8%/ Place( Board, i, Comp );
f* 9%/ FindHumanMove{ Board, &Dc, &Response );
S*10=/ Unplace( Board, 1 }; /* Restore Board */
J*11*/ if( Response > *Value )
{
/* Update best move */

fE12*f *Value = Response;
f*13*/ *BestMove = i;

}
}
}
}
}

B 10-66 H/MMRA =B RBE R, TR %S

HSRTESE 9 ITAFRMER &, FFH De M Response 0% (X R IR BRI LEEE) , AL
%, FindHumanMove ¥iX BER AR A B BB AR T, S8, IARIRITE 2R,
LT EE SHEF B GR—IR1) o XRTEM FIFREREH Y scanf FR BRI A WL HISE <.

RIHE— R X HHBREE—E4TE. RTBEMITERFEITRIFRNGEE. B THE
XA ESURATERNEE, B EIERE#E 1.OFESAOMESLH 971621, i
HELHILS, WARABRFHITE, R TR RITH, A YTTEIES 25
g, FTEEAMAIEN MR 51854, Y FHABEE— A LRI, TRIRE AN
REBE 9761 4, T4 FHABEEIEM 0L ERT TR ESE 13233 MuE.

X AW, PE BRI E PR, W RBIL T AR SR L BRRA T
B SRR T, RIEXBBANE I FEZE REFEIEER. BHE AT R

O RITEFEABREL FAFREAERS . A, XA IHFARETEN.
o i, B FEETEHER, BANTFE-SHRESH 10O MIRTRLE, B faff J2 A< 15 7 fe 7 A X
HE RS A MR, XA B R RERE (B 3 A AOF-
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AT R o R T R A E i — AT B EMRBCT RS W, fl, £ TFHE
FErp, SRAH R %0 Q-7 A7 B PR 3 A A X B N5 X — S B SR AE eR BT T R h
REXEEN, AATREIATHEES RETHXN BB L. BIFRITHEIL FEERF
R AR ARIE S

void
FindHumanMove( BoardType Board, int *BestMove, int *Value )
{
int Dc, i, Response; /* Dc means don't care */
Jrols/ if({ FullBoard{ Board ) )
S 2%y *VYalue = Draw;
glse
FARELY) if({ ImmediateHumanwin{ Board, BestMove ) }
JE4RS *Value = ComplLoss;
else
{
ALY *Value = CompWin;
JE e/ for( i = 1; i <= 9; i++ ) /* Try each square */
i
A AN if( IsEmpty( Board, i ) )
{
/* 8*/ Place( Board, i, Human };
| f* 9=/ FindCompMove( Board, &Dc, &Response ),
\ SE10*/ Unplace( Board, i ); /* Restore board */
J*11*/ if( Response < *Value )
) /* Update best move */
/12 *Yalue = Response;
JELIS *“BestMove = i;
t
}
'
}
'

B 10-67 HhRAK SRR E L ARESE

il MFHEITHE, M EEENREERREFESHATEAHELIRA. ZERin|
BITHRZHE(ply) ; ESTREREE ., K 7 EHXUEE, FELFRENE -THEI
ZH.

TEXt 2SR R R A T BT B 45 B R MO A i Rt — ey ik, X7 AN AT 0K
HEHREZREME R ﬁfﬂE%ﬁ'ﬁ]ﬂ?“ﬁﬁﬁ%ﬁﬁﬁa—"?‘ﬁ*idﬂﬁﬁﬁﬂﬁ'ﬁﬂ“ﬁﬂfﬁ
G B B, FERES—SEKEE D, BFEHESER 10-68 PR LM E, PUE SE e
T T I A— MBS SRR R AL B ENTE RS L BT —T&
BROTE DT IX e E B R £ 4 Y 8K B & (transposition table) ; T JLF B 58 i A YOk Sk
A fEFZERT, XA LUYE KRR fla, TF— BB REH B, HBTHIXEIR AR A
RAHBLTF, BF(E] B A R — SR LT R ERNE TE.

a-p #H

Mi‘]#ﬁﬁﬁ%ﬂli%ﬂﬂﬁﬁiﬁ%fki&%jh a-B & ¥ (a-B pruning) E 10-69 BRTE—&E
ﬂ%ﬁ%*ﬁﬁ%%%%%?ﬁﬁ%ﬁﬁ*ﬁ%“%ﬁﬂﬂﬁﬁiﬁ‘ji@fo i H X A A — AR 1 TR A
(game tree) (BIBRAE K 1 TR A7) — FL B Rk FIX A AR, B RS R RAEWME
% B, R R — R AR )X R EZE R AY(E N 44,
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X x|o | xo!x

A 10-68 BAH R E A PFER

P 10-69 —EBEENHEER

B 10-70 SR F— SRR E, BH— LM ARERN Y &, LA PR A
WA B . FATTIERT R A BCER R A

27 (4 D ©) (% & @ ) Min
@ »n ® ® & 6O 00 o ®@ a6 0 Q O 0w
DBODOB®O®DBBDO®OOO0BB®@E@OOO0000O0O0VC
B 10-70 —HRBRBMAT ISR

woske YA D, B 10-71 BREs D RENCEEEINEER. i, AL
£ FindHumanMove F3F1IEFEFTH X D ¥ FindCompMove. sk, FA1E £ FiE FindHu-
manMove & Z %8 [ 40, BN ER— min W, B—Hmm, EMN max HALTAaEEEK
| —AMEE 44 BIBFF. HERE, D I el AN 6] BESE X ME . Nk, D AEERME. EW
B A 7% TR Y R o FR IR FIRERE S AT & B A &M o # ¥ . FindCompMove #E Y
w0 b S {8 (o) #4638 25 FindHumanMove. 1R FindHumanMove iR P M R MERT
X/+E, 384 FindHumanMove 57 BRR [
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P — — —

B 10-71 fRiC“THREAEEN

KUHBRERKEET R A #MC, X—K, FI7E FindCompMove I [8], 3 H IFE %
A FindHumanMove A8 C B9{E. B 10-72 B/RE TR C BRMXFFR. A, WAT
FindCompMove ) FindHumanMove & min |2 &, B2 HE CREBAFE — T EREF 44 (F
B WHFFHEAX—FEKAEETFY)., &F FindCompMove & — =it #) f A{H 68, It
CAE min B EEAMEALERBXER. FHik, C ARBORME, XFH 28 5 R0 4 3
HW TR o REOMHRIER . BPR T RS SRENRITIEH] o #B.

@ Min
o -

—_——

B 10-72 Frid 7 WP REAREREN

STHE o-B BT R AR I 10-73 BAREIE of BT R —F (BRI MR
1), PRALZEEBS 5 — L ACH A 218 EUE TR

T FEAMFI o-B BRUR, XFZERRAE R R R S SR PR (R, ) AR
HEp B s F R T, X PRSI T AT BERLILF (K15 5 BT 41 28 A AR E
WAE % . HAth— ik, QBRI T ERA MR R BER.

G, of BB RBEERSE O NI AL, XE NEZEMEFREIAD.
KRB KR, TR A op R R 5 IR R LB 1T R RIAT O TR #,
(18 = s WAL T R AR, PR RS M ME, EEERZHE, B 97162 A
W H IS REREME T 4493 1 A (X H AR AT ) -

(e R IEAT, HHE LB S T it R F R 2 5. BRI R AR T A R, T
LT LA B — S T A 1), T AR AT S SRR
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/* Same as before, but perform alpha-beta pruning */
/% The main routine should make the call with */
/% Alpha = CompLoss and Beta = CompWin */

void

FindCompMove( BoardType Board, int *BestMove, int *Value,
int Alpha, int Beta )

{

int Dc, i, Response; /* Dc means don't care */

f 1/ if({ FullBoard{ Board } )
FARrLY *Yalue = Draw;

else
FARE L) if( ImmediateCompWin( Board, BestMowe } )
/* 4% *Value = CompWin;

else

{
ALY *Value = Alpha;
PN L for{ 4 = 1; 1 <= 9 && *Value < Beta; i++ )

{
/T if( IsEmpty( Board, i ) )
{
f*8ES Place( Board, i, Comp );
FEN LY FindHumanMove({ Board, &Dc, &Response,
*Value, Beta );
/*10*/ Unplace( Board, i ); /* Restore board */
JE11eS if( Response > *Value )
{
/% Update best move */
fE12% *Value = Response,;
F*13%/ *BestMove = 1;
'
}

}
}
}

b s

M 10-73 A o RMOVE/NE A SEMREE . RS NER

IU%

xR T EE RGP RN R AR A T MR — R, LS
AR F Xy R TE AR MR . WIS M, SR RmAHFIREN, WF
i %5 TH I 5 38 () L ) o AR 2R

%3]

(0.1 TF B ARS8 v 0 LUK 25 0 T8 B84 Ml 11 BE T 9 P 24 52 U 18] B/ Mo
10.2 iif'ﬁ}l.kjl! jE! T jN ﬁﬁ-’)\‘i E*mﬁ—ﬁ\ﬁﬂ.ﬁgmﬁﬁhﬁrﬁjﬁ{ﬁ%%ﬁin jlkll
gk j, ZERTIEIFREE ¢, WSERL, IR A IRIE d, %50, {HE R E R LG 5%
AL A Bk
a. &H—1 O(N?) R PR X
« b, BMARHESLIEE O(N log N)HIREF. 327 (] 52 4 U3 R R AR
IS RHEE ., BN AT TG AARHERBELEMLL o (N log N)
LH
10.3 —ATHUTIHRFAETEST. TH. #:47 (newline) . Z 5 M F: §5(100),

413

414
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FaTE 3

10.4

10.5
10.6
10.7

« 0.8

10.9
10.10

10.11
10.12

10.13
« 10.14

= 10.15

(415 10.16

10.17
10.18
10.19

10.20

+10.21
10.22

10.23
10.24

ERE(605), #17(100), ES(705), 0(431), 1(242), 2(176), 3(59), 4(185), 5
(250), 6(174), 7(199), 8(205), 9(217). Ft&H Huffman &%,

RIS AR — T 2 R4S A Huffman 8509 04 k. Sib—F W& KN
£k O(N)B 43k (BRFFS4h), He N 2RSS 8 T4

UEAA Huffman %85 4 AU (L BT 4865 .

UERA ;. WSRAFS BB EHET M, A4 Huffman BEEAT LALIZ P B (8] SCEE

M Huffman BEE W - EBSCHFESS (FIMEESE) -

R 4 1A 31 T LA FE R B A 0 20 (S R 7

N lﬁi;tfhjh—é- -2e, N I,ﬁijcflx:i:r% +e, N Jﬁiﬂ:flx%% +e,

AT LARHE O(N log N)EHEWESBEMEEEEHE,
FEHZE 10.1.3 Wit Er B M E X8 A 0.42, 0.25, 0.27,0.07, 0.72,
0.86, 0.09, 0.44,-0.50, 0.68, 0.73, 0.31, 0.78, 0.17, 0.79, 0.37, 0.73,
0.23, 0.30 B#R1E,
Ga'S — R HL AR & R 4R R I B (FE R E] 0 BT R AR F 8RB ) BOTERE
IERAEHE 10.7,
U E #E 10,8,
N A SURA— A R IESIRT — X S Z A O(N 7).
WEX FROE S B, TEH N S8R O N), #: FAE—E%-T 0%
.%n
G — R P BRIE AT EIA
=AML A R i, B R R ML TR A R A
SFRA-E A H I 0 T O B R e R RV . R A AMEET R AR -E AT P R
A IR A7
S 7 B O R, PR A AL R R IR T i, RSB
10.2.3 R BHOHBEE D, HEENHKBITHIE.
i ZATFHEFAMCH T RS AR EF T K EE Er g A
X B b LB IR
S RRAE 10.2.3 YRR MR LT, JFHRE o s BEITZESE.
%mmmmﬂﬂﬁﬁﬁﬁﬁxvgﬁ¢x=um,Y=ﬁmo%ﬂﬁﬁﬁ%ﬁﬁ
g
Fo i e A S R EM PN EB X =atbi MY =ctdi 3
a. WEBA

X, Yp+ XpY,=(X; +Xg) (Y Ye) — X YL — XgYr
b. BT N- FAR B SR O (N ) B W% kSR SO Rk

TR

10.25 a. 35 fnarsi oK K 2 0 IR IR BB = 43 2 — K/ AN T £ 38 5 B - M E TR

e

v x b, IR B~ ON' OREE, K e>0 HEESH
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10.26
10.27

10.28

10.29

10.30
10.31

+10.32

* 10.33

10.34
10.35
10.36
10.37
10.38

10.39

c. 1€ b A EEE L O(N log N)EFIG?

At 2. Strassen BHAE 2 < 2 AT A W LR EEY,

B4~ 70 > 70 R EER] LARE R 143 640 XL AT, $5 X ol gB 98 A3 T it By

Strassen HH 85 H AR .

HE A AA;AAA, R R4 Hd, XA EON A . 10x20,

As: 20X1, Az: 1X40, Ag: 40X5, As: 5%30, Ag: 30%15.

ik PR SR B AR TEERRE. €82

a. ITEENEHTEE.

b. THE &5 R,

c. WEBAMNEME M, MM, ZEEFEEEE M, 5 B0/ (A EwE
Z—)o

HE—MEFITEEERENRETF, £, BFRERrRERNRF .

15 Tl R A B = AW, R iE S AR B a(0.18), and

(0.19), 1(0.23), it(0.21), or(0.19),

B AR MY BRI T U AR R R AT EXRERT, ¢ 2X

R w, < W<w,, BEE W HRIT - KERIBE, HP 1</ <N ¢ BXY

W< w, BB W AT R EHR OB, M gy BX W > wy A7 —RAKBHE

1N

AN .
$c EE: E’-=lpf + \'_/_JJ=0€}J' =1,
ﬁ C;'. j=[]| %'}!EII

Ci'1j= wz'. ¥ + min_(cr}k gt C.L;}

& W ik 9 % <% X (quadrangle inequality) , BRXTFTAT#Y i<<i” <j< ,
W, ,+ W, <W; +W,
BB W BRERN. R <RG0 Ba W =W s
a. iFBA C W2 MAEARFEL,
b. 4 R, REC, ; \+ Cy ,EBIB/MERIRK Ik (RS, EHFHOTHET T %57
BAH k). UEBA .

R:’.jéRi. I Id:“*-;Rz'+l.j+l
c. iFBH R IBE ST R .
d. FEIES C FFFAMTAE LA O(NS)HHE,
o. (i FABSETH A LALL O(N?) I ShS MR TR
BE AHBM 10.3.4 PR E R EREITL R ERE,
R EVL RS E BRI A28 . R e ?
B EEERE R RITIEA . WER LU R RN B
25 s Bk S 34 i A ) O (log N) B IEZCUERA .
E 10-74 B — AT R B, BRI rand BB (XEFE R H
). fnEEEVLECR B TR I M = 2" BB (RIRAEXTEIFEZ RS LT,
R 2.6 o ik R 72 B 1 FUM A PERE ST 2
a. FIEUREE IR 2°Y=1 (mod 341).
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10.40
10.41

10.42
10.43

@

enum CoinSide { Heads, Tails }:
typedef enum CoinSide CoinSide;

CoinSide
Flip({ void )
{
ifC Crand( Y % 2 ) == 0)
return Heads;
else
return Tails;

] b
A 10-74 AOERMTEERFR)

b. 5 HEELEMRERLY T N =561 A A BE N EFERIE LER.
LRWRAMERRE,

MEFHSSEFEHERNES LT AR, BAXHARERNER AN
(homometric)s FHEEESHH BRI ARIGSE: 11,2, 3,4,5,6,7, 8,9,
10, 11, 12, 13, 16, 171, REXFESE.
PREBEEGEAT - HEEESRBEAARNERERE,

5B 10-75 FAIRAY o R ERBIIE R

@ Max

® ® ® - -
® @ & 5 & @ © 5 i
@@@@@@@@@@m@@@

W@@@@@" @@@@ N @@@@@@@@@W@@@@@@

10.44

10.45
10.46

« 10.47

*»10.48

A 10-75 HEIER, R LR

a. P8 10-73 PAYEEFF L o BUBUA SR B RI?

b. LMY EE ¥ B

B tic-tac-toe HLH T AL #E

— 4 % [ %) # (one-dimensional circle packing problem) 1 F: & N 4 2 15 4y 2
Fiy ey e ry BOE KR X LB R — & TR, BG4 EES & T IRA M
). [ A HER) e R BFRE . %R R R R B R T & TSR . B 10-76 L %n
_ABIE, FERRARN 2, 1, 2. BUNRSHETRRER 4 +4/2

WEME G R R=AEAEFR: ¢ o T o w=Cu wo 5 it N &L
MR ERENRTER AR, =T ¥ 5 /N A TR o
BiRfr RS Rem, FEHE N=2 ANE B B (8] — 48 % S #UE E (robin tour-
nament). TEX K#HFE L, BABRBIFIT RN -1 KI5, SxtkFay
OHET T I, A —BRE RS
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9.656

\ !
B 10-76 B ) B F

10.49  xa. WFAE—RD EEFR P BEELUNUT p, L p, o KIS BRE R
A I<G<N, p, BEX p,  HIECIE,
b. Zti—A O(N log N) B #FH X PR LHE. IREVBEATLMER £~ (a)

BYERH
«10.50 AEFHEE N NMEKESP=p1, p2, s Pne — 1 Voronoi BRFFFE 5T N
MEIBR; B— R4, #18 R, FAAABSEERLL P AT fa] b By S B HEGE oo
10-77 B4 (B0 HEN) 519 Voronoi B HiH—1 O(N log N)RiEMiE

Voronoi B .

N

B 10-77 Vorono

+10.51 & % 4% (convex polygon) REA W T HEFI ZATE WE AT 2 MR R
B AeWELEZE N, & & (convex hull)in) R W — A T B A R
(ERD B/ 2. B 10-78 8% 40 M A ERMGE, HHREAEH—

A~ O(N log N)EE:.

B 10-78 — T OAEAEF
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FI0F

*10.52

= 10.53

*10.54

* 10.55

*10.56

—— e — .

FEEHAE - TBRENRE. BEH—RIEKESTMNHN a . as, . ay BHEIE
wy, wa, o, wy HE, RIOJFBEECHEBKERN L B —L57, e R HE 2 Ha
M, THREERKERE 6 (ZX), HES 07406t 5 a] L slolicds (A2
MARTF 0), [H1F—4T wowy o wy BHKERZ L. SR, XTFE—4H 6K
AW L - b | A B (ugliness point). Ak, fJg—IT72 B4, FKATRAE °<b
AR 2 (B A) A, I B A s B T) , RV RIG — i AR E % . X
B, MR b Bla, Mla,  ZRIMZEHMKE, I 24E0M—17 (BE 1755

waw g wy (> D) HARRE R Zi__l. (b ~b1=(G—i)1b =61, Kb b

ZAT EE AR RN XEE & <b B RGE—TER, &, f&E—-1TRAEAN

PHEHEH

a. BH—PNEHEMYBEERLEE w, w,, -, wy HERKEN L 89— 270 R
INHERE, #F: T i=N, N-1, -, 1, 18w, woq, o, wy B
T BHERR 5 3.

b. % VREGE B BB E] N2 (8] B A A (FE R 3ial N N B R 30)

c. ZERERIERTNITEVLARBOCITEIHLRFF KT O, B 6 MEAEN |
(Z5#8). TEXFER T, ARFs A, BT - M/ s a2 R0, 4
H— AR ) B — ST ITENL A s DR H AR E

F K% 18 F 15 % (longest increasing subsequence) [FIRRUN T : 4588 ay, a2, =+, av,

R HETE ﬂj]‘::ﬂjz‘:"'{ﬂfkﬂ.fl"::fz{"'{fk Hd AW & {H. e —AFF, W

WAR3,1,4,1,5,9,2,6,5, MaBKBEEFIMKERICETIIN L, 4,
5, 9). BH—1 O(N?) B HOR M B AR 1 1 75 [l
B/ 3t FFE#] (longest common subsequence) A& AR : 45 EPAFH A = ay,
as, =y ayy MB=by, by, ", bn, R AMB —_ELEEHEKTIC=c. o2,
o BEKE R, Blin, 3
A=d, vy, n,a, m,1, c
il
B=p, r,o0, g, r,a, m, m, i, n, g,
MR EAIEFHIN a, m, HEKER 2. i — AN E SRR AL FIEIE, R
BN ZLA O(MN ) EETT
=2 %) PL AL [7) 81  pattern matching problem)#1F : 4372 ALEP S H—FHFEHP,
B PTES PHBE YR, L4 F A I & (approximate pattern matching) fLi% =
G 3
1. —AFHTE S PEAEP .
2. —AFFE P HEATES H.
3. P FIS ATLAE— LB EAR.
49 k IRIRPLES, Fitn, BHRAIES “data structures ixtborpk” FHEE “textbook” T
VR Z = WHRILE, ER(ITIRE|— DR FEA—T e, — r MR o, MIBR—A
Py, A O(MN)EHR BT BB ICRIE, b M= [Pl N=[Sl.
61l (knapsack problem}ﬂﬁ—‘#ﬁitﬁu?: BEBBEST A=ay, a2, "y ay
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S — N

S N

M—PREK. 71 A —THIS B K FEW?
a. BHH—PEBLEHE O(NK )RS a8,
b. Aft4EAUEH P=NP?
+10.57 BHE—PHRMARGL, EHETHE ¢, o, -, oy B LUBEIAHEF) .
a. BH—1PEFHER K HERIr& B/ T
b. &l — A EHETER K 2FENARNHER.
«10.58 E W 8 MRENEI—H(8 17 8 Fay ) Bt A a1, MY fo B BOR BN Ay dn
R tEE—47, KF—%, El—K(ALREE)M AL L,
a. HH—THEPLEEE S MERG BRI HAHA L.
b. # H— B ¥ B 2k [A] — 6] 8L,
c. EHRXWANBEIF LB EiMzTTHE .
£10.59 ZEEBERES, £ R1T7CH EWEETLGER ISR KB 17H I<C'<B (K
th B f&Ht&m AN, RIEA
IR-R =2k |C-C|=1
BA
IR-R'I=1 R I|C-C|=2
I — R IR D e LA - — R FIBkTT, TR GFUiml BT A i H— iR Ja DL el
EAIBAR R R A
a. WIS B RAM, WM DEFRB AL
b. 24— E¥E R S — KA

Distance
Shortest( 5, T, G )

{
Distance dr, Tmp;

if( S==T)
return 0;

dr = =;
for each Vertex V adjacent to 5
!
Tmp = Shortest( V, T, G )
if( ey + TmMp < Dy )
dy = cev  + Tmp;
¥
return dp

B 10-79  #RIE KRS HRER L
10.60 R 10-79 PHEBIHRIE, ﬁﬁ%ﬁﬁ’i‘ﬁﬁ@*%ﬂb& S B T MBS WAL

o

a. EAEEN T —ROE R AT A8
b. UEBAZ S x TO R P R4 UL

o. HEEMBRAHEBTH RS DT
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% ik

Huffman SRR ON 22 ] WEENSMERE3 ], (331 34]P5HE. H—
FRULATHYEA8 77 R HE Ziv-Lempel %E5(60]., [61]. XEMREAEFEENKE, EIHLES
TIARFR . [81F1[36 12X M K45 h BEHEFRILEE,

AR (A RAE M 1 43 B B 9] R FE Johnson MY 18 CHFE[23 R R % 7E4: 10.8 H 4
H B I B3 A6 o] BT RO E A T 2k B S0 (57 s XS RAE[ 371/ [ 55115 3 — 2B Al o .
[ 49 1A T X I AL A8 R] B ) 55 — P A BE

EH 107 ESERL 7], BRIEASEEBTI50]), [52)#A T Wi /0 H A @M /N
H. R EANS M AB[S9]8 S, EHEILMENFAISETHRAEERZ[14]H
451, [a1]F[2 Mt S — 2 EHn AR, R2]EE TEREE TERTE0TE JLEARER
1#1%%5 E R —AN T IZ B30 H 5% .

2 et R R B e 3C[9], T1713 8L 1.5 N YR8 Fu eIk B b AL B BURE JT 35
O(N" ) gk B [24], E[101F1[26 1148 T # THES o Strassen B B 5 3C[53],
XEIE R — R, HAABRA KBNS, Pan[43]45HTETHIERE, (A%
10.27 PHIE Y. SHMBFHAER O(N>), ZEERAETF Coppersmith Fl Winograd[ 13 ]

AR 2 SRR EE(S VR 6]. EREHEF MBI £ 19] 85T, 3021 JUEH
Z B al LLLL O(N log N)BTEIK## .

Knuth[ 27 18t — 4 O(ND)BEHEREE - L ERR. A AW RERERE XN
Floyd[ 16 ], BB FFEFH O(N3(log log N/log N)'?)H ¥ th Fredman[ 181451, A B A
SR X ER A AR, MM R EEON 12 AR 1/3)f[54 )5 MREIRE
W3], ERELET, shEME s Tar A a8 s N — 1 HFRES, Xk
#3)10.33, i 1T S8]h#ERA ITE .
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d=max(2,LIEI/IV]])
BT Dijkstra 53 B 8] 5 840 2
OCIElloga+yeivin! VI
AR R L, O (1) Pk B (8] 32 75 BT A 2 A B HEBRAE (1) — Fh AR 5548 , {2 DeleteMin 1
Delete B#b, B 1E5 O (logN)HFEAHSE] . FRATSLBG ) , 7E Dijkstra B2k P R AR SRR E
WMERFE OE! +| Vilog| VI )RIFE],
4 9 AR 323k (Fibonacci heap) =38 i ARG HT M WLEHES ™ T — U
DecreaseKey # — #f¢ Rl 89 £ 7% ik ATLARTE B ACE ik B p EAE BT b
. WFXMTECTFRAEGE O0) ML B F , BT E R ITiL,
W A3 (lazy merging) : RA MR TR FE S A BHITEH . XKLL TFHEEMEE. X7
FHiHE 4, Merge KM, HREANME S HALHRIENES G E &, FrL
DeleteMin #VE T B2 B B £ 94, AT X AR R B & . A fT—IK DeleteMin
AT REFE 20 LR pE i A] {8 R 55 BB 08 1] 15 44 B BT 1 19 — £ Merge $R1EH . TR,
— IR 5 $t8Y DeleteMin 221 7E HopT T B A A B A IE % KM B Merge 3R1E, ENREB A7
HAMAL
11.4.1 YIBREXERMIA
15~ UM, DecreaseKey M 53 18 MR 7 A AOME 285 4 L0 3 R b 0B L 30 it iU o
SH . TEREONIE T, S OogN )mE], X 25 il o] R ) B K B a9 1< .
mEREXENIIHHARE O (logN) BITEHE, IR 25X Fh sk AGE A, Blin, #8XF
FiEET AR, W DecreaseKey AT REE S O(N) A, WA 11-9 BT P,

A 119 it EuEs N- 1@ 0 P O(N)ETE

RAE 5], 3 F A R HEHBE DecreaseKey RAET 7 S ik A1 F WA 11-10 5
B, BIERITRERME N 9 KRBT REIKE 0. S 2 AR B, ) 5 ) HE P A B

X RPN ER 11-11 FRELER

AR 0 FagBIR , B M EMIRIE £/ B AR — B L A3 XA KK
ﬁ#ﬁ%%ﬁw%%ﬂﬁﬁ%ﬁﬁﬁﬂlﬁ,ﬁuﬁtiﬁﬁlﬁﬁﬁ.ﬁf&ﬁ?&ﬁﬁﬁﬁﬁ#ﬂﬁ~ﬁq 2 XA
F AT DecreaseKey BRERI Y &, % P HEMRXT R EYIE LS RS BIPIRE, B X

O EAETRATRREIRS RN TR, G RN EEHTIENHE.
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W H, M T,, T, RERORERE H, G520, BAEELOE 11-12 B,

11-12 P2 GG R e maeRe

0 AR R R 2 A, IR 4 BT AT LALAR ] O (logN ) & 3, M RAE WAL TEAL 1o
REEH, H, BRERSE, BABE N ANEBEREEL. BT R ITA 3 SR A R 2 2 5
HE PR, PR BRAE DR AL AR o

SR X BT R RATAME, AN T, ROELRHE T, 555 0% 82 Ao O R HE SR,
XEAE TR REBNSGI:

- HEMPET, IR O BR AR I RO T B R 22 A M O PE R < BT AT LA R T

HOETE
. MTFRAEBEKRZE log(N+ 1) A&, BRI ATREN P 2 T, HYR ARG
2 FHIBTLlog(N + DAY A, B 11-13 8/ T H, ¥ T, B AHEGH Hao

B RAITEELL O (logN) B4 T, HAERERM Hy, RFEEIF H M Ho, R LAFRATT

(B —ANE A R HE P IRAT DecreaseKey ) O (logN) Fik. B 11-14 2R RZGIH&EN

HiR,
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E11-14 @Eiat43F H, fH, MR ERE DecreaseKey(H, X,9)

11.4.2 ZIRBAFIRIMES I

o R R S P A R 08 AR Bk B MU & OF (lazy merging) . TRATHIEX TR T
— X5 BA B 3 3 BA B4 47 — X Merge $4E GER & 1l A AE, © B — M SRIG T ) 19 Rk B (7]
O(1) . %F DeleteMin, H#A A ] 3282 O(logN) .o

XAV o T A FFA AR, REER A IR REE-B ARG T
By I EA S, AN 0 — T BA S T BE A A HE R/ B AR, BRI BA T AP
35T AR —BOrE, FoA 2 B i i B — AR A 3] (lazy binomial queue) . X E—FRHREEERIE, Z
BRAE o R E 3 (B IR IR ) B T FIBTF—EE , — K3 AGE i 81— 51 & Z A3 IF
WA HMER. KHETAIHFEBEN.

DeleteMin #RAEEREGIE £ , B 4 HAb T B RAT B AT MR — TS 5% 22 (R 24 HE f) 30
BB, Fat, IE R AT EIE B, R R O (logN ) # # 3F Bf (a]——if AN LA A &
O(logN) BIAFHILHE . KT HRT DeleteMin, B A1t GFBLGR B F/MTE . WHI BTk,
%Eﬂ"lﬂl%r‘ﬁﬂﬁwuwﬂﬁ.ﬁ%ﬁﬂﬂﬁ—ﬁ*i‘ﬂ’fﬁ%ﬂﬁiﬁ—ﬁﬁﬁﬂm W rT AT E T A R RR
#ﬁ%kxjwﬁﬁﬁﬁﬁxﬁiﬂﬁéﬁ#jbmﬁﬁﬂﬁﬁﬁﬁﬂﬁ%#ﬁi-—-/r:lm&ﬂﬂ

G, B 11-15 Fm—MBE B . tE— s A S, TRER £ T RN A
HlE B Kb R T RAT DeleteMin. 38 {7148 L4 AT 36 BE4E 80 /N T R MR, FEEBIA 11-16 7

6 MR

{
434

£ O P o e

B o11-15  feE i EA T
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© o o oy

B 11-16 TEMBRE/TE(3) G RIS WA 5|

BUAETRATTLZ0RE BT A B & FF 1175 2 — MR ERY) TS . — D AERY —I0TBA 5 45 1~ %k
ERAEH R, b T AR T AR, AT AR LLIE H T B (T) P R B R A
Bt 1] (2%, log N, BB~ K FA BB~ ) SE B Merge. Mk, FATHI I R M — T84 Lo, Ly, - - -,
Lr_ +1 B R, BREKKEREE. B1% Ly AN R METH IR IR AE 11-17

EalipUR -

/* 1*/ for( R = 0; R <= [log N|; Re+ )

/r while |Lg] = 2 do
{
/' 3/ Remove two trees from Lg:
f* 4%/ Merge the two trees into a new tree;
J® 5%/ Add the new tree to Lg.q:

}

11-17  #%&E — A5 493 &

il it — DGR 3 AT R S ATHOTERE WA SR B R ED 1. X ERE X
IR BT 57 2o nd 1] A0 1R FS HABSEBRAT T — 1 I, HP T 2 RS, X BE) for (3
HHEORT while 78264 B AR I 2E 3 O (logN ) B [8], 35X 3 1532 17 I 8] BUF BT 2R O (T +
logN). P 11-18 BRI X R WA B IR TR DL

P o P

® &
(3) (& o
(19 (©) (D (19 ® (1§
O D @
(3) (&
(9 (&) (1D (13 (1)
& D ® @®
)

B 1118 I0— e IR S IR IR 5
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11 — TG BA 31 RO 84 53 4
R T HEATBE I BA S YRR A3, FEA T R B o 1 A 5 B 8 9 MDD Y £ e
8, R, S I BA S A7 S R A AR
EE11.3
Merge F Insert Y HERZ 1T (B % F4idE —THBAFI ¥ h O(1). DeleteMin f9H##iL iz
FristE] A O(logN )
UERA ;
X B R R BN AT E A PR EE. PR MEA 0 BALE SRR
. B, 23— 502G, BREE ) 2 B ETTRE e — 7 E5F .
%t F Merge ¥4, SEERET ] 4 5 %0, 0 =10 A S B S P AR RO BRBUE A 21, (A
M, A RE(LL.2) n] HEBAR E 5 O(1).,
W F Insert BAE , FoAL bR a] R 5 ¥, A A0SR E0R 21 1, LR R R O (1)
4 DeleteMin LR E 4. 4 R NASE/ITENRNE, WS T BWHORE. T,
7E DeleteMin BAETF AT IAIR R T, FHPIT—IK DeleteMin, Be/D ¥ S H T 1 i
BT — AR, XM T T+ R R, RO AR IR — MR =
TiAS). WSR2 O DS H iR %, I8 2 IR b 6938 R 1] &, AT IR B E /) SE PR
BH T+ R+ logN S5 — i, — BGEXE, f T BB ML logN A, B AL
300 B 5 T HESE N (logN ) — T 48552 B o i) 360 43 98 A 08 A o 2 O 75 2 S o 1) 5 D8y
NogN+R. T & MR #E Tk, Bk & ATHE R<lgN. X, &A1#5
DeleteMin ¥4 HI#EL B E] F O (logN )
11.4.3 EiEMITHERIE

FAIRAIRT R R Ay , 38 B AR R HEHE 72 UM DecreaseKey $4E 5485 35 BA 5] Merge 3
ek ok, A, A 1A BE— 5 st A BT 3 F X ma AR A () BAE T, AR AL X e Th
B AT S IE IR A5 AR MRS A EE IR ES b, G — R R N
logN Mg RFFRL. B TrEME —MmEAS th DeleteMin BRI B E) C 8 3F 2 2logN + R, A
I, 4 F DeleteMin B RFEATEE R = O(logN )L,

Y TARIE R = OQogN ) JRATIX BT A B IEAR TS £ 0L T AR IA N

o W (B R YIBRT ) de 2 — AT S (R W A8 AR ig.

. E B IT R A R B A A LT I AR N E AT IR XA A
SIZEAR R T — 43 B A AR A0 4R O LR BB AR IT. % MY - TR ALK 0 B (cascading
cut) , B HTE—IK DecreaseKey e aT BRI B UOX TP UIER

P 11-19 R TE DecreaseKey BAE 2 B 3£ B0 22 HE - 1) — BRI o WK 39 MR

i 12 Boad4E , HE P B B %Y ST I S s R T — R R . BT
& 33 Eﬁ%.ﬁﬁﬁciﬂi%’ﬁﬁ@%:’%%%ﬂ@?ﬂﬁﬁ,bkﬁﬁﬁmﬁbk“}zﬂﬂfx:*ﬁﬁ( 10) U1 BR .
B 10 Bk E T ENE - ILT, FRE XM S FHIER. EA S EPX R Nl 5 BR

R AR E ERITSTEK O ic B B R B A CE G BT IO R, L AR
?%E:E?"



# I 5 I 337

YErRICH) . BUESET A S AR EARIC. SRR 11-20 fifR.

B 11-20 7E DecreaseKey 1k 2 J AR T I A B

T ERAEARIC A S 10 F1 33 AEERC, B ABE T ITEERT S XA [E]
REuE R EER.
11.4.4 BFEFRAYER

& BRI ANERERNBEAT T ESNE R(FHYEMMBO#BE—TF. Bk
FATFHEA N MEEaTET SM#AOgN) .

g1 11.1

4 X BEFIREMPMOE—T S, 4 o X8 MRERILT. W ¢ Mg EL 2
i =2,

WERA

fE o, BT X Laontg, X BB (FRB)ILT crhean ey 1o T, HEEHEEE o

B X BAE -1 ALF. BT A RA YA MR R AR A B, AT RITE o
kR X FHE R BOWH -1 LT MK RBE, EER2EZRE-TT
WAL RRETREZLEN X k. Bk, 20Hi -2 1TLT

MEIE 1.1 ASIER, BN R OEENALRAITFZHER

5|78 11.2

4 F, Bl Fy=1,F, =1, K& F,=F + F (R 1.2 TOREHEI R, B&H
REINEFEEYNSELEHE Fro M@ (BEHFEBCS ) ‘

UE A :

4 Sp BEACHR BU/NOR, B, So=1M 5, =2, REIIH 11.1, 8% R f—B# & A
BmELSHR-2,R-3,..., LLAO TR, B LS —BRELAE TR TR EF
Sp IRA S —R, XMAE Sp=2+ 250 S @ Spo I — 1 F/NE. BHIEW,
Sp=Fg+ (%23 1.9a),

B O B R S A S BOR LA BOR K BT A B R s A G T HOAT BT A i B
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Z M 0ogs). T, KA

51¥ 11.3

LR RAEAER T SMELHR O(logN) .

WERA :

HiEM FEim e .

BT AT 089 B Merge. Insert VA K DeleteMin 3 #4509 Bf 8] F-, 38 24 3 {1180 7 4
af LA E R uE B BT E R AR RLA T . 4R BRI M E E TR ERE T
DecreaseKey #9 O(1)8}18] % .

X} F—K DecreaseKey ¥ F B 7 % B9 SCFRB (R] 2 1 0 b 76 31% 3 4F 10 i) BT 3R 77 (9 9 X V) Bk
R e I TFRIEVIBRAKEATRES L O (1) BRE, Milb 117 (L A m9 46 KA 4
. M 11-20 FRATE R, B AOBRESE PR b 2B & B R 1 B i i hn . R {72 200 o A
PR T X EAER B IBR I E RE SR B B . L IRATABE ML F sR B i FEH
GORRS, BA S AR 3R ASRESEUE AR Merge #RPERYB ]S T . BRI 11-20 JATAE B HEKY)
5 B ARIC R S A B U B O B BRI B o T AR A TR R G R
TR B AR % 1 SR T Y SE PR B] 5E 45 RO 47 B3 i 1, R IR TR R MR ICET T R R
VE 2 A d, BRI AT E, BATBLKE —FIN RS VIBR IR BN 2

EHE 11.4

W HE 2 HE X T Insert. Merge 1 DecreaseKey RYHER B ] H ¥4 O (1), Mixf T
DeleteMin U] & O(logN) -

UERH :

(i B A S R I HE 4R 2 e R ARSI b A BOARIT Y S IRE T — A B IR RO AL F

Y0 HEBRER. TR, 23— R EREZE, SRS ] )R S SEEri ) —

~ER

%+ F Merge FtE , Shratia] & 3 5, MR bR IC W S8 H B AER, HICRE L E

(11.2),#ERBEA O(1).

ST Insert 24 , STHRAT )3 80, W AGRREOE N 1, MRic 1 S8 T 8ORE, Hik,

(g Eighn 1, BriEE R Ed R O(1).

WF DeleteMin #4E.4 R N & B/ T ERMEE, L T BARAVERTR PR

AT — W DeleteMin, BATH VO # &L T2 8, BRI RN R B RR. a8

S G HE T AR AFRIT AR ) T LLRR 2 —SedRi0 /9 95 R (B HIASRE R 7 AL 9 BRic T

SLOSX R BERLMEA T K&, ELTAI RESIE 13N THRY

logN=T+O(logN). I TFHREFTHER O (logN)RH, i bR ic 1 8 B S BOU A AT BESE

i, Wi ERERE O(lgN) - T, 5 52 B o fea] 0 457 B 9 A8 4k o a2 ok D 45 E

DeleteMin £ O (logN ) #i% i+ 6] 57 .

BJE £ DecreaseKey B:E. 4 C HRBYIBRHIIKE . DecreaseKey A SC PR 1E % A

C+ 1, BRI IR 6 S 8. 8k (IEZREE ) U115 ] HE— BB DA i 8 0 2844 1

IR B AR T — T (B AT — TR W 5 R AR IO OR) WAL ST eI

PELUIRRA A B K B 5 — W Bt Al B8 — A R ARic 4y S (£ 11-20

AN A AR bRIC A, X R AR A 8 2. HE, B EEER3I-C.
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TE SRR 8] 707 22 A ke ok W5 2 S A0 4,80 O(1)
11.5 1HEW

EREIE — 017, AR TR EM K TRt el . 58 4 T, TEXN I X H75
BZJG ,— P RFED TR = — R RRHRER X B ERAL . BIEH (2ig) . ZF (zig-zag)
R Fl—FIE (zig-zig) BERs . WX BEREFE AN E 11-21 By s, BAMNLIE  WRAET A X /AT
— R R BERE IR A WERERT P REMICT E, G BERNBEIL YR GE X ARREJLFEIE) .

M 11-21 Hies 2 FEN—FE R R, S0 - DI (RR )

FoAI T , 345 A X A AR HRAE T/ e ] IE EE T AR B X RO R B BT A 13
ISR AREA B IRAE T — WS BB 2 TR RS — PR R A R UChES. A6
LAEATHRIAE S T 1| I ERERE A

H T UEBR RFFHRAEA) O (logN ) R I (A 57, 3R 0176 28 — DL 5 bR 30 X R O 1 JRe T
B AE B S RERS AN O (logN ) T EL 7640 5 193 61t 19 B BT PAAT AU BE A% O UC L. R i 2 X 22 R
U ) 32 98 R AR A R R — P 20 5 OO . S 2 55 0 B 1 R SR LR RS T A A
VIR, XTI AT A3 , B A B — YR 1A 3R] AT B O (N, H— TR LLER
WG4 A 2 A X A LR B R

— A LA AR R @ LK

O(T) = 2 logS(i)

ieT
Hih S(i)ftR i WEEHIE(EE i BF). A R BCREXTW T A A BT EUR
S(i) HIATEA .
FEitkic s  RAITE X
R(i)=logS(i)
X {615
®(T) = 2R (i)

ROV 2§ BB A RIERALT R A HI R B b 447 , IS RS S S
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ARl AR . TERT A X REGH D BB X B0 FEAR, A, B— R 2 BRI K
RSB (08 B, magnitude) . X FEA N MU S8 —8# T HABRE R(T) =
logN . HBHFIE AR RECE TS EAME R B RS EENENLET, H—IK
BERs a] ISR HIF 2 A B ER LA HE X P NG MIBtEETL.

fEUE F B EEZ AT, RINTE T FIE1#.

51 11.4

MPa+b<c,H a fbBHHEBE B2

loga + logh<=2logc —2
UERH -
HRIER A LA AT,
Vab<(a+b)2

TR

S ab<<c/2
W41 5 12 2

ab<c*/4
144 3211 8 B0 8 U 5 BRAIE

AT I L s A GIE BA L R P o R P R T T E M — B B R
ER11.5
EY S X RIT— R T R LA E & 2 8 3(R(T) - R(X)) + 1= 0(logN).
UERA
i H R B T 75 S RTERRT AL

e X BT R, IR AT e B i B8 VRN m R 15 F
B HERRTE N 1, EEASL. E, RO MR EDA —KER

WAL SR FERA, A R (X)F1 S, (X)ZEX SRR X MBAAND, 2
R, (X)F S, (X) RAEXERIFIRIES X HBRA/. FATTHF U B X — UK L R B R
R R Z N 3(R,(X) = Ri(X)) + 1, Tt — K Z FIHE e sk — 5T e e 9 RE AT
L Z % 3(R(X) - Ri(X)). FAVMAER, MR FA &5 RITR A, Frig 2l A
i AL AR B Ay A F .

R TR  SehErt A L TR R (X) + Ry(P) ~ Ri(X) -
R(P). & MABLESHITE . FHHEE X ®H P ORI L. TE,

AT, =1+ R/(X)+R/(P)-R;(X)-R(P)
W 1121 RITES S.(P)=S,(P), HIti8% R.(P)=R,(P). Xk,
AT, <1+ R;(X) - R/(X)
HF S(X)=S,(X), T2 R(X) - R, (X)=0, IR 18T LA hn 4381, 153
AT, <1 +3(R(X) - Ri(X))

2 R N TR AL SRR IE R 2, WAL H BN R (X) + R (P)

R(G)=R(X)~R(P)-R(G). BOEE 28— L B TR 57
AT igasg =2+ RAX) + R(P)+ RA(G) — R,(X)-R;(P)~-R,(G)



L A 34]

MBS 1121 FATER, S(X) =S,(G), FRENMBLANTE, HIEITE)
AT.pwg =2+ R/ (P)+ R /(G) - R(X)~R,(P)
KATAEEE S, (P)=S:(X), AM R,(X)=<R,(P). RAfHHEH
AT i g <2+ R/ (P) + R;(G) —2R,(X)
M 1121 BATEB S/(P) + S(G)<S(X). MERAILIHFIE 1.4, IF 21152
logSr(P) +logS/(G)=2logS;(X) -2
i1 B A9 AT, B A
RiP)+R(G)<2R,(X) -2
RATHEHALA NS
AT g o =<2R(X) —2R;(X)
<2(R/(X) - R;(X))
BT RAX)=R,(X), AR5 5]
AT ioag <3(R(X) — R;(X))
R B SRR RS ATERRAE R R T 2R
., BEEMALERR R (X)=R (G),R(X)=R/(P),R(X)<R,(P), UL R
Si(X)+ S(G)<SH(X)o RITEBARLNTTEIEL] 11.8,
BARFHEA LR ES SR IFOREAE RO . B 1122 BR7ET A 2 69— KEF
I EFHITEO S £ B TFRIEEE . 4 R(2).Ry(2) \R3(2)M Ry(2) 123X 4 HBERHEARAET 1 2 1Y
B SR ENER, HAERIRE N 3(R,(2) - Ri(2). H_HR—FRier LR
H3(R3(2) — R2(2)). BJG—4 RS, E R AREE3(R(2) - R3(2)) + 1. BHl it L B T
PR 3(R,(2) - R(2)) + 1,

A 11-22 TENE 2 RAPERINEITES

g R W —— L rh B — e AT R — R R —— B REE R ]
hENk ., RATES, 15 45 X BIFFH SRS K 3(R(X) - Ri(X)) + 1 JH R (X)#
X 15— BIFRIMRE, T R(X) R X TERE— 2 RITERIER. i F e — R ITAE X
A7ERLD  EHFRATES] 3(R(T) - R(X)) + 1 MFEER X TFH OClg N)o
B Sy S — RS AR 004 — VMR A 275 B — YR TF , R LA AR A (0 S B ) e — KR
TF g R I B — AN B . B, TR R R RAEE 3t O (log WNDE SN RIS BU)
i Y B — i 37 8 PR, BB UE B b R R 5 T R B IO WM E IS HiTiE.
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BE&

RAE X — 88 B SHHT IR Al JH T — S BRI B SR AT o T A 4T, 2R
i — R R IR SR B R R SHORS . BRI R 5, ER
FEARRHESR A BRAE 2 o 4 B SR TE S0k 11 — YRR R OB %, 6 4 o B — S R 1526 F 9
RERLN . A LUER SR R AR HHEMRE , B R 3 5 5B ME LA A R
AR TR B A PR 1AL B L R 6 AR 25 A T RE R

IR o B IR 8 VR S B A O 1 KBS T A B I RE R . S Rk
R 5 1 BRI 8] 25 T AL O8], Dt 23 G (SRR ) O] R — A7 T L

IEAI R (11.2) BT Bk, — UCBRAE ROREIE I 1) 5 T 55 ko o P 35 PO,
Ve 31 PR 1) 55 F A 7 9 R T R B L, LB LR IE YL TR 4
3T AR BLICIRR 6 R 0 — 1 R LA LA,

4 R 0 A TR VIE Jo/ 0 (283887 e 2 300 O TF 6, 01 344X B 1
V810 7 B8 B AR, TR S e B 40 AR 6 o (35 AL B B TR, S
MR AL 5 R A

2>

1.1 Hartm—A4 BTSSR M Ul A R AL /DT 2M A8 (8] $057 1 i 1] 7
11.2 @@y —4FH N=2 -1 PTEM IS, ZBHIT M A Insert Fl DeleteMin #
Ve, B BUEREER Olog N)BHE, HH2X5/AR O HEEFEFAF
J&?
V1.3 A — RSB —IKSIHEE O(N)FHE A ERFE, IEB X TUR 30 b i A R
FAER O(log N)PEE AR EER R INMFIE R
Fo AT AT — B8 [ T ) F Mo A IR B AR & R SRR O (1) MERETE].
BRI L T AR O(og N)FERR A DecreaseKey #1F
SCERAE R AR R R S U AT Dijkstra B M AIPERE .
4IRS AR HE S B B AT A MR (R L FRARFIA LR ) . i
T FE A RS R s TR R R R A R T E BT
11.8 M —R—FRRFMMERE LR 3(R(X) - R (X)),
11.9 B m S R i R TF (O R R 5. 4B ¥ (weight function) W (1) AHETE
it AN SRS RS A SG) ML | ARE T ERTA PR (AT R A5
07 GO i %ot T 15 I 75 FE FF R (E B o 4 3 oK ORE ok B BT AT BT RE BRI B0
W(i)=1.% N AR S8 H4 M Sififal . WEBH AR E
a. BHViEEEE O(M+ (M + N)logN).
ob. TR g, R R X P H i, q; >0, 75 2 B9 a) o) a] A

«11.
11.
11.
1.

-1 o h B

O(M t Zqilog(qui))
11.10  a. $H Ml sCBLA 8 B () Merge RIS N AR ITCEWFREMEEN -1
X Merge 32465116 % O(Nlog® N)B[E],
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»b. HEPFHUGHER O(NlogN).

L. 11 FR{ITESE 5 THEE 7 BRI (rehashing) : Y— P EMFEILEHE A B —LpntE, 0
HE— AR E, HEN EREEHEHY. FRAERESAE -1 IER/
R B R E B — IO A BRE R BER BT A O(1)

1112 GEBR, R A RIFMER, AR — B N-F9 40 2-3 WAE ST ) M D6 ABRE ™4
O(M+ NI 573,

1113 H A HERF A9 T BA 3 ( deque ) 2 B — S0 I01 i) Fe 4L LA BB 254 , o LAXT 4T R 52
E
Push( X, D) %50 X i A B DU SI D BRI %5 -
Pop( D) : MXL¥aBASY D F Bk A BT SRTOFE EiR [ .
Inject( X, D) 4B X i A BB S D B R 4.
Eject(D): A AUBA3 D FERZ: BRIk E,
FindMin( D) : 3& I XU BA % D # e/ .
a. FH R Q04a] LA 1R AE 5 B R A B) 23X SR AE

«« b R AAT LA BRAE 5 BRI B TR i (8] S X S 4

11.14  GEBR ZIRBASSEBR L L O (1) JERIN ] L5 & 8. & X ZIBA S GL 8 T i 4

BREO R KA R R

S5 Xk
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B 124 (iFFE_EERS 19) 8 TE T RFNE L

Tt A — TR 15 BHR B P I (O ARAL , JHALE 20 1 25 Z 8] 3# AT — UChER
BB TRBERES) R . AR 19 RSB IEB e iRl A FT IR 18, T 1S MIE
Wik FRE S L BB S LB . RIEE 123 B RN R R



348 F12F

AR EALBHRAR N~ T A RRE T EMERAR IR, & TXHE
Wah e, B ER AR50 aiaREE MBS R E/Del BN R, XTIk
PIUERBRFRERR TSR, E—RKAERERIET, HIFHEEMBLIFEUERIFEAE,
XEE, EHTIE TERNEG, EHASHERR. X, ERHRAEEETHMAR,

] 12-5 B B9 2 Initialize FI3E 4B NullNode #ric. FAEF HRIC NullNode FR—-4
NULL #54t. BIMSREFAXHEAREAREF (ERNESEFZOER L), H 12-6
il RIS REF . X BAY Header 11 &AM RA 11 EREBIE X 3 R BB & Bl A
0 R AJRERZS (R FAL R L BT FRAO TS TE R LI #HTT) .

#ifndef _Splay_H

struct SplayNode;
typedef struct SplayNode *SplayTree;

splayTree MakeEmpty( SplayTree T };

SplayTree Find{ ElementType X, SplayTree T };

SplayTree FindMin( SplayTree T );

SplayTree FindMax( SplayTree T };

SplayTree Initialize( void );

SplayTree Insert{ ElementType X, SplayTree T };

SplayTree Remove{ ElementType X, SplayTree T ).
ElementType Retrieve( SplayTree T ); /* Cets root item */

#endif /* _Splay_H */

/* Place in the implementation file */
struct SplayNode

ElementType Element;

SplayTree Left;

SplayTree Right;
1

typedef struct SplayNode *Position;
ctatic Position MullNode = NULL; /* Needs initialization =/

SplayTree
Initialize( void )

{
if( NullNode == NULL )

NulINode = malloc( sizeof( struct SplayNode ) )
if( NuliNode == NULL )

FatalError( "Out of space!!!™ );
NullNode->Left = NullNode->Right = NullNode;

return NullNode;

B 125 {hER.EB e iE i

IEﬁﬂﬁMJ:ﬁ&ﬂﬁﬁ,Eﬁﬁxgziﬁfﬁﬁzm,k&ad&r.]..efr. F1 Header. Right Ly RNEE
RAIL(XFE— NN R—— M IEEH I 191) B TN Z 4, BRI R AR X A

HLRY



B R B FE AR I 349

/* Top-down splay procedure, =/
/* not requiring Item to be in the tree */

SplayTree
Splay( ElementType Item, Position X )

static struct SplayNode Header;
Position LeftTreeMax, RightTreeMin;

Header.Left = Header.Right = NullNode,
LeftTreeMax = RightTreeMin = &Header;
NullNode->Element = Item;

while( Item 1= X->Flement )}
{
if( Item < X->Element )
{
if( Item < X->Left->Element )
X = SingleRotatewithLeft( X );
if{ X-sLeft == NullNode )}
break;
J* Link right */
RightTreeMin->Left = X;
RightTreeMin = X;
X = X-»Lefr;
}

else

if( Item » X->Right->Element )
X = SingleRotateWwithRight( X );
if( X->Right == NullNode )
break;
J* Link Left */
LeftTreeMax->Right = X;
LeftTreeMax = X;
X = X->Right;
H
b /% while Item != X->Element */

/* Reassemble */
LeftTreeMax->Right = X->Left;
RightTreeMin->Left = X->Right;
X-=Left = Header.Right:
X->Right = Header.left;

return X;

A 12-6 ATE FRREFLE

[ 12-7 BRd—TEARR T FRLE. — A FEE (MR FE ) EaR, HIR T
Bas iy IR A — B SR, B, RATELE Tem BRI T T HHERNBESFT
[tem, M B AT — 1 & Hl#E N JRAARFIREA Ttem, T 5 A4 K 94 AR B NewNode I
FENRE ., MR T HFRESHEKT lem REIA T (9 FTR M E A9 TR AL L NewNode
i — 1 TR T T B2 FRIMIE N NewNode HIZE TR R T WEHRETAE/NT lem &
1 AP 22 B R AE A . EXPFEILT , NewNode R FT RO
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., .

SplayTree
Insert( ElementType Item, SplayTree T }
{

static Position NewNode = NULL:

if{ NewNode == NULL )
|
NewMaode = malloc{ sizeof( struct SplayNode ) );
if{ NewMode == NULL )
FatalError({ "Out of space!!!™ };
}
Newhode->Element = Item;

iF{ T == NullNode )

{
NewNode->Left = MewNode->Right = NullNode;
T = NewNode;

]

else
{

T = Splay( Item, T }:

if{ Item < T->=Element )

{
NewNode->Left = T->Left;
NewNode->Right = T;
T-sLeft = NullNode;
T = NewNode;

}

else

if( T-»Element < Item )

{
NewNode->Right = T->Right;
NewNode->Left = T
T->Right = NullNode;
T = NewNode;

'

else
return T; /* Already in the tree */

!

NewNode = NULL; /* So next insert will call malloc =/
return T;

B 12-7  BTE T RS A

(8 4 8 RATES T R TR 22 5 8, B — KR FFRHEMER H PR TERRAL o
B RS A 12-8 RAOMBREIE . MBREL R XN AR A R R, 3L R
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SplayTree
Remove( ElementType Item, SplayTree T )
!

Position NewTree

if( T 1= NullNode )
{
T = Splay( Item, T );
if( Item == T->Element )
{
/* Found it! */
if( T->Left == NullNode )
NewTree = T-»Right;
else
{
NewTree = T->Left
NewTree = Splay( Item, MNewTree J);
NewTree-=Right = T-»>Right;
}
free{ T );
T = NewTree;

return T:

A 12-8 AmE FRmMERTSRE

12.2 4R/H

i | AVL W4T 5 — 25 Fh 21 B (red black tree) ., %F£L B R H9BRARE7E B IR A IE
FE# OlogN)IfE, i A RATHE D, (4 T ABRMER) — R E 9 R85 SL BT LU
A5 M5ER (5 AVL ).

IR R A T E AR AR

| B— AR EERAe, SEENRE.

2. REREK.
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2 I 1 — MG R, T BRI B R E R 2log(N + 1), B, FIRRIER —FF 2L
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PRIC T B — TR AR, — & NullNode, & #I1E AR 7E 8 7 B R AR A 2 5~ — 4> NULL 45
Bt BIRICH AT - col— M5 B IERBR LS. Ak, ERAITEH LB EH
8., BRAARBEIY, BNEH - RENEEIRE, W AwAHP %2 T>Right,
HIL PRGOS, B 12-13 B0 EHRS hIF R

/* Print the tree, watch out for NullNode, */
/* and skip header */

static void
DoPrint{ RedBlackTree T )
{
iff T !'= NullNode )
{
DoPrint( T->Left );
Output( T->Element );
DoPrint( T->Right );
}
t

void
PrintTree( RedBlackTree T )
{
DoPrint{ T-=Right );
}

12-13  {ER™EARic R e R

BATAEEMER B AFIE Inidalize X 36 E KT R R A RS — R LA 4 Ini-
dialize FFiZF 3 NullNode 4M2 P A (FLJG MRS AT LL4F 52 NullNode) . 3% FI28 B A Bk a0 [&]
12-14 Fi7R .
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typedef enum ColorType { Red, Black } ColorType:

struct RedBlackNode

{
ElementType Element
RedBlackTree Left;
FedBlackTree Right;
ColorType Color:

b
Position NullNoede = NULL; /* Needs initialization */

/¥ Inmitialization procedure */
RedBlackTree
Tnitialize( void )

RedBlackTree T;

if({ NullNode = NULL )
{ MullMNode == malloc( sizeof{ struct RedBlackNode ) };
if{ NullNode == NULL )
FatalError( "Out of space!!!" };
NullNode-=Left = NullMNode-=Right = NulTNode;
Nullkode->Color = Black;
NullNode->Element = Infinity;

'

/* Create the header node */
T = malloc( sizeof{ struct RedBlackNode } )
if( T == NULL )

FatalError{ "Out of space!!!" };
T-»Element = NegInfinity;
T-sleft = T->Right = NullNode;
T-s=Color = Black;

return T;

B 12-14 RIS

/% Perform a rotation at node X */
/* (whose parent is passed as a pqrameter) */
/* The child is deduced by examining Item */

static Position o
Rotate( ElementType Item, Position Parent )

if( Item < Parent->Element ) :
return Parent-sLeft = Ttem < Parent->Left->Element 7

SingleRotateWithLeft( Parent—>Left )
SingleRotatewithRight( Parent->Left )]

else

return Parent->Right = Item < Parent->Right->Element ?

SingleRotateWithLeft( Parent->R1qht )
SingleRotateWithRight( Parent->Right )

B 12-15 BEFIE
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static Pasition X, P, GP, GGP;

static
void HandleRearient{ ElementType Item, RedBlackTree T )
{
X->Color = Red; /* Do the color flip */
X-»Left->Color = Black;
X->Right->Color = Black;

if( P->Color == Red } /* Have to rotate */

{
GP-sColor = Red;
if( (Item < GP->Flement) !'= (Item < P->Element) )
P = Rotate{ Item, GP ); /* Start double rotation */
X = Rotate( Item, GGP );
X-»Color = Black;
}
T->Right->Color = Black; /* Make root black */
}
RedBlackTree

Insert( ElementType Item, RedBlackTree T )
1
X=FP=0GP=T;
NullNode->Element = Item;
while( X->Element '= Ttem ) /* Descend down the tree */

GGP = GP; CP = P; P = X;

if( Item < X->Element )
X = X-»Left;

else
X = K-}Right;

if( X-»Left->Color == Red &% X->Right->Color == Red )
HandleReorient{ Item, T );

}

if( X != NullNode )
return NullNode: /* Duplicate */

X = malloc( sizeof( struct RedBlackNode ) );
if{ X == NULL )

FatalError( "Out of space!!!™ );
X->Element = Item,
X->Left = X->Right = NullNode;

if( Item < P->Element ) /* Attach to its parent ®f
P->Left = X;

else
F—}Right = X;

HandleReorient( Item, T ); /* Color red; maybe rotate */

return T;

A 12-16 AR
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ERA—Z. Nk, ROTBI— &R . FEFTERIE L.
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HD TL
= 10H 25 4 45 -
:{ 5 1ﬂ 157320 oG [0 503

A 12-18 —4~ 1-2-3 BaEEBkER &
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WROTES LR EER T2, nRRIVEEDREBUE R 3 B ARITE
S B PR T LR R L AT R 2 B | i RIBR . i O 15 o ) A R 19 1R
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MW 3IEMRBE 2R, AT THREEARIERN3 By (1B, A B A pam (25) % LA EIS
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B 12-21 EA2T-BE B 27EABERN L B SEA
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wm AFEMET R, SRITE—E h W SEAFE A + 1 e, RITARETE R
6 O(h) T h Mgs N B — A FEE . BN, A EFRERA O(log’N) T .
_EAmE TR EEEREEN b VAP A AR B TRIOREES
B Rt E I — A S R RS o BRI PRI LSS 1 BRI AR

2 — 1 4 8 & 2 LT BE o I — a5 (). SRS R AR AU g —JIURITD 7] 7 1 0 BE AR
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WA B A5 A4 e ) 2 R Y ZERITAEI S, BN ARE A ERINTRE—J=ZHE
g HeE AR AT —A73 A AL BB L IF ke T — I 0 (R b R R Pt )

o B ARG IR BT — U i, 25 HBRAE =TT b, WR-ANTRE
hhg PR A BB 4T SRR B P LS th BAE A Al . A—-EEENER
FIBA S R RV EA 3By e BT R

BACY 8 i — R AR R AL BT EHBEERERS, ROEAT —TRT
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RRMGEIEAL, MARLHBIEHRER T LLE R, MRAB AN B DR RT R
NULL #1780, 3 4 B MTe 1R 5 5 ol 3 i AURS s n = 1% .

12-25 f6 1, B E BN R R\ AL BB F 2 20/ — 26 FBEIHE 0L ELLL BN D18
%, AP RRYT LR R 2 8] A BIAES FRATA 2N 0 5, B R G 6 8
M—I, X FLEM, BATA N I BT aa W iae  — i E—78 &0 (bi).
Hit, AT TRREMIMEZHEE, A2, HHEARIIX S, B aRBREH, Mk
BRRFEHEAKL 1.5TN 5 HIK, EF O, o€ BB R L IR M A = [E D F
ART L

XEE LT 7632 L ARE HIBEE 4 5T, M TRERSE, G
LR A ) UNIX, WA R (chunk) RECE K, ENTER 2 2 KR EFaEBEFEH 41T
FHEHk, FR T 2 AFHHFERESD A 16 FHH. 245 di P A 4 4
FHEARGET B B T 134MFHHTRMLBERM 4 32 7R B, X
BT, FENBERES A A 16 M FY,THE 159N DA, BB — BN 25N
NFES, TR, ABRIPEE 32N ANFY ! XGEBERL LR E— DB (bio) 23EH 5 3
;X R B HAE BRI NZ—.

struct SkipNode

ElementType Element;
SkipList Right;
SkipList Down ;

b

static Position Bottom = NULL; /* Needs initia1jzatjnn */
static Position Tail = NULL; /* Needs initialization */

/* Initialization procedure */

SkipList
Initialize( void )

{
SkipList L;

if{ Botrom == NULL )

{
Bottom = malloc( sizeof( struct SkipNode ) );

if{ Bottom == NULL )}
FatalError{ "Out of space!!!" };
Bottom->Right = Bottom-=Down = Bottom;

Tail = malloc( sizeof( struct SkipNode ) );
if( Tail == NULL )

FatalError( "Out of space!!l!™ };
Tail-=Element = Infinity;
Tail->Right = Tail;

}

J* Create the header node */
L = malloc( sizeof( struct SkipNode } );
iF( L == NULL )

FatalError( "Out of spacel!l!" );
L->ETement = Infinity;
L->Right = Tail;
L->Down = Bottom;

return L;
i

M 1223 BREERRER R  FERAIR L (ALK S )
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/* Return position of node containing Item, */
/* or Bottom if not found */

Position
Find{ ElementType Ttem, SkipList L )
{

Position Current = L;

Bottom->Element = Item;
while( Item != Current->Element )
if({ Item <« Current->Element )
Current = Current->Down;
else
Current = Current->Right;

return Current;

12-24 WEEMERFE . Find B

{

SkipList
Insert( ElementType Item, SkiplList L )

Position Current = L;
Pasition NewNode;

Bottom->Element = Item;
while( Current != Bottom )

1

while( Item > Current->Element )
Current = Current->Right;

/* If gap size is 3 or at bottom level */
/* and must insert, then promote the middle element */
if( Current->Element >
Current->Down->Right->Right->Element )
{ NewNode = malloc( sizeof( struct SkipNode } );
if( NewNode == NULL )
FatalError( "Out of space!!!™ );
NewNode->Right = Current—>Right;
NewNode->Down = Current->Down->Right->Right;
Current->Right = MewMode;
NewNode->Element = Current->Element;
Current->Element = Current->Down->Right->Element;
}
else
Current = Current->Down;

/* Raise height of D5L if necessary xf
if( L->Right != Tail )
{ NewNode = malloc( sizeof( struct SkipNede ) J;
if({ NewNode == NULL )
FatalError({ "Out of space!!!" };
NewNode->Down = L;
NewNode->Right = Tail;
NewNode->Element = Infinmity;
L = NewNode;
!

return L;

B 12-25 WEEBKERE EATE
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i EPEBRBR R PERE LT (UL R EER . 4T 3 A BT B9 SGE AT, F i X A7 AAS .

if{Current —>Element >>Current —>> Down —>Right — > Right —>Element )

TR O R — BT R = TE 2 ) — T e, A5 4 X545 = 90400 i T 1 4
17, A8 B Right F85t. B 12-26 X2 G RIA0 4850 , XS5 MMEEEE 4 T4
e BB, RITFRZ A 1-2-3 B i T Bk B 32 /) /K - #4855 30 (horizontal array implementa-
tion)o IFNTFFEEERIE A A/KFHAR A @B B W —4, AT A X P 2 098 B i &
PERRER . BRRN T A R AFIE A FFBTIT , T RE R MO8 TR E M) REL AR

25 o

L N |

|
e | - r4 H U
5 10 150 201 25 ZT. 3ﬂ.| 35 40 | 45 S0k u‘

B 12-26 B 12-22 KSR

12.4 AA-#}

B A BT BEAOESR: AL B B AERH E 2 A AR MBRERE . WA E TEBRBCR RIS TE &
fE—E R FE/ s (BB E N, XBEIRN=MRC T AR SR,
Bk R b B B — AR LAY TAE. e —37, AT A = X B (binary B-tree)—Ffi 5]
(B 4055 B35 5 S B SC BT 3, X FRE oY 45 BB, BB AR — M R AL ERN  — 1
Y ERETUE —MIILTF. MEREES  RIFN—EZEN,

1. 5%, RITMARE A LTI URAHRE, XRHEER TAH L WRERHELY
. TR TE MR  — A B R — AR A R - LTF LR
SN F—ERE LT (ERIERAAR), BB ELILFH S0 R LURR AR
4, BN, RATBTUA—A WY S04 TRP BT SRBZRTEY .

2. RITBAHSE XL RE

3. FAHRE BIEE— N E % (shor)) BB (N 8 /4~ ), AR AL — B AL (bit) F
FBAY H—EEME. XMERHET M E K (level) o T RKZEK

o B1L,FEEN SR
. BT SHEK EET RELH,

o $xl, W IR RN
Current —> Element = = Current —>>Down —>Right —=>Right —>Right —>>Element

A S TG X LI 20% MRS
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s WEMAXTRBERD 1, H5ZT R AR,

I BIAILERE B AAR, B 1227 BT AA- R EARISE R, RITHE - WER
frid ¥ F NULL.

OSRFRA 1R AA G54 BOR MBI (0 55 0 iUZ I, BRATRATE 3, AL F R L E ALY 548
L — PR, AL TR LT EK oS 1 AMEREREEE),

7K 4% 48 (horizontal link) 2— M S 5FIZR ML FZEKERE . XIMEHTFRER
KO R AR JEHARRA P MRS K, B 12-28 B —BR AA-RIRY AR B,
IR EFANWBEETER. —THUNMNEADRERE#RTT. AL, AW EE™ A 2 B)iE
AP — AN KOS, T 45 BB AR =B RS A KRR .

[

/* Returned for failures */
Position NullNode = NULL: /* Needs more imitialization */

struct AANode

ElementType Element;

AATree Left;
AATree Right;
int Level;
¥
AATree

Initialize( void )

iff NullNode == NULL )

{
NullNode = malloc( sizeof{ struct AANode ) );
if({ NullNode == NULL )

FatalError{ "Out of space!!!"™ };
NullNode->Left = NullNode->Right = NullNode;
NullNode->Level = O;

1
return NullNode;

}

P 1227 AA- SRR A R L
30

O ONRCD

A 1228 #HA 10.85,.15,70,20,60,30.50.65,80,90.40.5,55,35 {3 B|6— & AA-f

73X AR 150 — v B e A T LAk [ R 15 B ok i o A B TR R 20 K P bR il e
Wkt NI g A A K B, Xt R 4 9 Y 4 Skew FI Split, A 12-29 X 2 i iE M AR
S, —¥ Skew B F A A K EEE S, (B (L RS M A KT EER, B RATE SSITT
Skew , SR J5 i Split, TE—IK Split ZJ& , BT £ R #Z U, B THE— LK R
A KEN S BmIE X B B S A 4 I — o (] B, 3 4 () AR AT LA AT | E
Skew /Split 8977 BEfde , WEAER AT16E AR IR 8 o AR A X AT UL shitse a., B 12-30 fifiik T
XA .

4% 45 45 A 12-28 R AA-RRISHAETER 12-31 ZIB 12-35 F3R7R. B R AL FR
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74
< ’
1477



364 E12%

e e,

e

R BB E R E R 40, AT, B TRAIERZE TF ZHRERIE R, B IFUS3CFE LMY
AN, B RINDE, MR- N WARERI, BAELRE A LT, XEWRE, HMER
—ﬁ“-ﬁ“.ﬁﬁﬁﬂ?ﬂﬁ ) ﬁ{l] a’E.'\HILiﬁﬁﬁ%ﬁftﬂd“H‘JJL%{tgﬁ‘?‘qﬁﬁ ] E{%EEEE%#EI_D

/¥ If T's left child is on the same level as T, */
/% perform a rotation */f

AATree
Skew{ AATree T )

{
if( T-sLeft->Level == T->Level )
T = SingleRotatewWithLeft( T );
return T;
}

/* If T's rightmost grandchild is on the same level, */
/* rotate right child up */

AATree
Split( AATree T )

{
if( T-sRight->Right->Level == T->Level )

T = SingleRotatewithRight( T J;
T-=Level++;

t

return T;

P 12-29 AA-B :Skew i B Split i

(X—( — (X0—»)
(x}—(R) G - .
m I ({Left Rotation)

B 12-30 Skew #1 Split. F&E R MEKE—IK Split FRigim

m 12-31 A 45 @ ABIRFR LR

30
Gr<ip @ 63

m 12.32  1E 35 abik4T Split Z /R
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B 12-35 7E Skew70 1 Splic30 J5 8 /5 B B AIHY

AATree
Insert{ ElementType Item, AATree T )

if( T == NullNode )
{
/* Create and return a one-node tree =/
T = malloc({ sizeof( struct AANode ) );
IFC T == NULL )
FatalError( "Out of space!!!" );
else

T-sElement = Item; T->Level = 1;
T-»Left = T->Right = NullNade;
}
return T;
}
else
if( Item < T->Element )
T->Left = Insert( Item, T->Left );
else
if( Item > T->Element )
T->Right = Insert( Item, T-sRight };

J/* Otherwise it's a duplicate; do nothing */
T=5kew( T);

return T;

B 12-36 AA-BEAEE

ﬁTﬁWs?ﬁmrﬁ]E.ﬁm{ﬁﬁinﬂH‘* static #0548 & DeletePtr # LastPtro M A
Remove B I3 8 , B LUX AR B LT static B CSIRATE T — A AR e, AR
DeletePtr, B 3 A158 V3 #hi# Al Remove H BB K Ik (FEHR T e R AT X A
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SEHEATIR) | AR AE G0 SR B B A IR ZE R b, IR 4 DeletePur 448 1M 61 & & M 4. LastPur
AR At . EBIRNT BRI BRI A I, BT R Z W ER L, A LastPtr
BAamZ A 1 MESFREN TS, BOAMZR P RER.

ME AR AR, ROAITE 2 8% | BYW A EE DR AR G EREAR] free MER
JZIR 1 ERTT AL

S T BB R IR A R . Ve
T B BOR, B K A et =
Vs, AT HYAT . WEMBRE T ! (37 ~(4) O

H-PLFHRR I ERA=TME ) o ) et 31 AKF A8 A 58
AR AR LT TREZEE AN oo gimm S G AR IE
WRRITRIE E)FER T HRK s mim s o sk oL

£ 2,882 T BB FEEREML. o,

BT H— LT B4 T 808 LT B MR KRR, JLBT, RATT7T e il — 2K
FH6ANVE: T, T WHLILFR,R BN ILT, ARXEIILFHELILT. B 12-37 %Kik
T B 181 B A AT REAH O .

EHEIBBRLE, a2 NS SR TERN 1 97 8. &k, RINLAABET
S 3 ZEBI AWK R, XA FHERKEE(—KRET RS M3 ZE, MEE
EWE S A4 ZE), EXFFRTABRYHTA T. B—Fm, WRMEkA AL, B4
T #9447 S Al fEZ R 2 (A gk AT BEAR K B89 T 3 X T B — KRR DURERS (76 T FFig) . M
TRl it B A X B T, 3841 R B F = 1K Skew BPRT ., — ELJR A58 L, U 78 98 FE BRI Spliit
R LI S A e ek B2, BRI N PR 12-38 BT . A& HEDRE , X M AR K
K AR (AT S A BB A

{
AATree
Remove( ElementType Item, AATree T )

{
static Position DeletePtr, LastPtr;

ifC T != NullNode )
{
/* Step 1: Search down tree */
[ set LastPtr and DeletePtr */

LastPtr = T;
if( Item < T->Element )
T-sLeft = Remove( Item, T-»Left };

else

DeletePtr = T;
T->Right = Remove( Item, T->Right );

}

B 12.38  AAB BRI

o EAHSAL AT Find 8, ST SOABCRAKES T 1 BT Y = B R, S 0 G R A AT R SRR
ﬁ!ﬁﬂ
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/* Step 2: If at the bottom of the tree and */
/* item is present, we remove it */
if{ T == LastPtr )
{
if{ DeletePtr != NullNode &&
Item == DeletePtr->Element )
{
DeletePrr-=Element = T->Element;
DeletePtr = NullNode:
T = T-»Right;
free{ LastPtr ):

/¥ Step 3: Otherwise, we are not at the bottom; */
/= rebalance */
else
if( T-zLeft->Level < T-»>Level - 1 ||
T->Right->Level < T->Level - 1 )}

if( T->Right->Level > --T->Level )
T-=Right-»Level = T-=Level;

T=5ke"ﬂ'(T);

T->Right = Skew{ T-=Right );

T->Right->Right = Skew( T-»Right->Right };

T=5plit( T 2;

T-»Right = Split( T->Right };

return T;

B 12-38(42) AA-B . HIERTE

12.5 treap ¥

B 5 —Fh — WA h ] BE R AT g — I treap B . EIRBER R —HE{E AIREHLEGE
A AT B H5 AZBEELS t O (logN) B RS (] A9 E . 75 4R 18] 3 [ T 46 F # = LA 0
O b E A PR AR ) | T 46 AR B Hs I 3R 4 = A R 0 e R % . AR
BRIREEREL HIRE O(ogN )M,

(reap R QI HIET 8, LABCR TR A E B B TR B W R B A e L A
IR R — A, IR R R R A B IR, — 1 treap RIBLE —FR T
WA AR AE L AR S R M R R A T A R SRR A B AR E SRR e —

K.
N o —TEE AR R AR TR A RAEl — 1 reap W RN . XIRE 5 B AAE
S BN EERERERGT SLRRR, Hit, MERELERN N o] R & HE P T
FEAET N FHFE R, 2% ERE SR, REK Priority BEVINE. #rict NullN-
ode BIL 4k Fa oo, MM 12-39 Fi7R .

£ treap W AU ASRAE i B —HE AT IIAZE FRAT 1T WS 1% treap B 19) L iE
5 B F) T R L SE S R HE R 1k . AT LAEBIRERE A KRN T 2. 75 E P MIBR A T 4R Y LA
B EHET A N B oo 3R B R SE R E L F B AR i) BRI AR MER. — B
TR BT R ERE. B 1240 FIE 12-41 o iy ) B ) R T S BX B ik, —FRAR
BRI AR A £ (5% 12.17) B, YT AR LR, B
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R4 NullNode fE R EMLILFRAILF. B, © 54 ILFiEs, ZEiEF IS, T 2 NullNode,
A L PRl AR, AEFERIMLHEBRERFER C; R XM BRI AR, B4
Remove BIRERM. (ChHft4?)

Treap
Initialize( void )
{
iF( NullNode == NULL )}
{
NullNode = malloc( sizeof( struct TreapNode ) );
if{ NullNode == NULL )

FatalError{ "Out of space!!!" };
NuliNode->Left = NullNode->Right = NullNode;
NullNode->Priority = Infinity;

i
return NullNode;

B 12-39  treap WEIFI IR 1L

Treap
Insert{ ElementType Item, Treap T )

if( T == NullNode )
{
/* Create and return a one-node tree */
T = malloc( sizeof( struct TreapNode ) );
if{ T == NULL )
FatalError( "Out of space!!!” );
else

T-sElement = Item: T->Priority = Random({ );
T->Left = T->Right = NullNode;

i
else
if( Item <« T->Element )

T-sLeft = Insert( Item, T->Left );
if( T->Left->Priority < T->Priority )
T = SingleRotateWithleft( T J;
}
else
if( Item > T->Element )
{
T->Right = Insert( Item, T->Right ).
if( T->Right->Priority < T->Priority )
T = SingleRotatewithRight( T )}

}

/* Otherwise it's a duplicate; do nothing wf

return T;

E 12-40 treaps:ﬁ}\ﬁjﬁ

treap R4 B 720 5 SR P O oA e ot AR 4L VR B A SR BB S 4 A Ak 3 7 3 Y R R
> Rt T AR E R — R R P R B TS B R IR MAFR e 4 F A 3 A FLHER R
R i)t 4 A TR AT TR , treap 8, 1 B 2 LA I8 VA T IA RO S B AL RS IR o
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Treap
Remgve( ElementType Item, Treap T )

if( T 1= NullNode )
{
if( Item < T-=Element )
T-»>Left = Remove{ Item, T-sleft };
else
if{ Item > T-»Element )
T-»Right = Remove{ Item, T-»Right };
else
{
/% Match found */
if{ T-»Left->Priority < T->Right->Priority )
T = SingleRotateWithLeft( T J;
else
T = SingleRotatewithRight({ T );

if( T '= NullNode )  /* Continue on down */
T = Remove( Item, T };
else
{
J/* At a leaf =/
free{ T->Left };
T->Left = NullNode;

B 12-41 treaps: Wit 2

12.6 k-d®

W N A — AN 3 B O R R P R AR AR MR BOR AT RER T B
it o (48 TR S6 4E B 7E 34 B 49 2 1] BAEIALE 100 000 X 5THT 150 000 E 3 wd 10PN I
XA () i ] i — 4 0 BB 5 1) ( two-dimensional range query) o & — R T, & AT LA B
70 2 0 13 V) B 8 o R T BUE H ) — IR EL O(M + logN )Rt Al fge, X B, M
R i 25 ) BT 4R 45 O DL A 91 3 RATZEN R R E SENFRLERIRBH T

— AR AR AR EAHE A RIS — R T HAT, MR L
A RS A REF T BEEEERMARE, B 12-42 Fx—R 2-d W fa] —BR2-d
ﬁiﬂ‘ﬁﬂ‘]ﬁx’\ﬁﬁ%ﬁ]—*ﬁ:ﬁ.ﬁﬁﬁﬁ/\ﬁﬁﬂﬁ?ﬂﬁ‘lﬁkﬁ: EH R i, RATRERE
BRHIZE. f’ﬁﬁéf#ﬁﬁsﬁﬁﬁﬁ,ﬁfﬂﬁﬁﬁﬂiﬁqlﬁﬂﬁ’i‘ﬁﬁﬂﬁﬁ?ﬂa B R ATFEL)Z
FREIZE O F 1 ZiE. A 1243 BRMERTHEARNER 163X — 3 R AT s I3, B F 5K
*Wﬂ?fﬁﬂﬂ;@ﬂﬁ%%fﬁ*ﬁ?,ﬁﬂ‘]*ﬂrﬁﬁf"ﬁﬁﬂ 12.23, H9RETE FIE—T8 Al
e A —REE T RITWERFRIFERTT, BRRBENRERS XL B,
EA A £ M E ST, BR A XA B R — T

R InERE AT, — R R 2-d 5 — L AR H A A g F P o -
B O (logN) (EBIEFEMZ O(N).
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1242 2-d W

S

static KdTree
RecursiveInsert{ ItemType Item, KdTree T, int Lewvel )
{
if{ T == NULL )
{
T = malloc( sizeof( struct KdNode ) );
if( T == NULL )
FatalError{ "Out of space!!!" };
T-=Left = T->Right = NULL;
T-=Data[ 0 ] = Item[ O ];
T-»Data[ 1 ] = Item[ 1 ];
}
else
if( Item[ Level ] < T->Datal Level ] )
T-sLeft = RecursiveInsert( Item, T->Left, !Level );
else
T->Right = Recursivelnsert( Item, T->Right, !Level )
return T;

}

KdTree
Insert{ ItemType Item, KdTree T )
{

}

return Recursivelnsert( Item, T, 0 )3

|

M 12-43 A 2-d WiEfTRIEA

AME - X ERWARIOH O(I%N)ﬂﬂiﬁ%ﬂﬁﬁﬁﬁ,fﬁﬁaﬂ%ﬁﬁﬁﬁgﬁﬁﬁ—ﬁ
S 2-d B . (Gl SR 7E T, X B —Fh 7 7R AT BEAE T AU ERE , TR BEE 7E 2-d W RiTAHE
)8 ﬁﬂ]ﬁﬁ@fﬂﬂgﬁﬁfWﬁ%ﬂﬂﬂﬁﬁﬁﬁ?ﬁ*%%ﬂi‘fﬁﬁﬁ#ﬁ.ﬂﬁﬁfﬁﬁfﬂ%
3. Al , AN TEAE AR EA B A0 A B 7 2 BT N BR BB R A P A 2 BT AT
R AR 185), IR AR TR EEBE LA O (NlogN ) B 8] # 3 — 4R 38 A8 F 8 24 W, xRS
12.21co

A LR ar LITE 2-d W EiEAT. AT L EREBA IC A, R TR KT —
AR ICED ; J5 & FR o 3R 4 IE & & 14 (partial match query)o X FARpER R (E3E) 7T B &
(range query) IFFARTETL o

FAC B HES AR - EROERA IR BB P RETES T
g IR {5 4 & 2 8] B BT A B30 . XERERMEAT B PHRRGNE, mE 12-44 Fim, @
B 25 180 o — U U B 3 T 2 B R A it 7ER VA VA R 2 A AT AR, FRATT AT 1L e S By
A A ALERIF.
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/* Print items satisfying */
J* Low[ 0 ] <= Item[ 0 ] <= Highl 0 ] and */
/* Low[ 1 ] <= Item[ 1 ] <= High[ 1 ] */

static void
RecPrintRange( ItemType Low, ItemType High,
KdTree T, int Level )
i
if( T != NULL )

if( Low[ O ] <= T-sDatal[ 0 ] &&
T->Data[ 0 ] <= High[ 0 ] &&
Low[ 1 ] «= T-»Data[ 1 ] &&
T-sData[ 1 ] <= High[ 1] )
PrintItem{ T-»Data ).

if({ Low[ Level } <= T-»Data[ Level ]} )
RecPrintRange( Low, High, T->Left, !'Level );
if( High[ Level ] »= T-»Data[ Level ] )
RecPrintRange( Low, High, T->Right, !Level );
H
t

void
PrintRange( ItemType Low, ItemType High, KdTree T )
{
RecPrintRange( Low, High, T, 0 );
}

M 12-44 2-d W EA

3R S E T, AT AL Low M High SFRATEERMHI. 1 PRIT—KEH I
B i) AT ZE X I IC iR 3 AN B i K BT R — oo Bl oo, HARVEHRE MK A
B A A FICAL AT B R R T RY(E

7 2-d A b A SR 6 UC B0 2 4% 76 9% O B IR - 1F b TR REE, B O (logN ) , Tl #E
WA TN O(N) . — YR30 2 45 032 47 B (6] 4 8 T G fa) 45 ) -, 2 5 BOR &0 IR AC, K
B FE 20 TE R, RARE =SSR, Ele &GN,

o F AR T, — KT A W E R M KU ACRT BEAE SRR TE RS [H] O (M + V' N).
AT L R AT AT B AT 8] 4 TR, FTRMLTE T(N) =2T(N/A) +
O1) .8 TifescRerh e R E T A, X ERI M BA R 4%, WX FRE
f N7/ N logN ZMME BRI T K O i85 T E DM EBITFE,

T REHLH T R, AR E RN T EETHER OM+ N ) K a=(-34
JIND 2R TFHE). RENELAS ANBRNGREEEA EiR T HEL 2-d WH—KCEE
#HEEiE TR E]

i F kb GERITEDOL, R TR R T, R AT T 82 E IR SE R F TR . A,
Esﬁzﬁﬁﬂlﬁﬁtﬁwﬁﬂﬂéﬁﬁ,Eﬁﬁﬁﬁﬁﬂtmmﬁkmﬁﬁﬂﬁ—-ﬁﬁﬁﬁﬁﬁﬁEﬁﬁg &AM
Eﬁﬂ%ﬂ%%%ﬁ%ﬁﬁ%%ﬁﬁﬂ%&ﬁﬁ%&%:xa‘?ﬂﬁilla’ﬁw,—-{kﬁﬁlﬁiﬂﬁﬁﬁﬂfﬁ
WAEATEHE R O(M + kN'"V4), TEREDLIIEE) k-d B R £ TP p T REBT
TR ERER O(M + Ne), Hip o B

(24*a)P(1+'a)k"p==2k
(Me—) O TEM. M&F p Fik, o BOHHHBIESLT L=2H p=1 (4 {8 5z kA T X R
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EREE BN SRR — A RIS —ME R B LR R ROITRHTX
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TEIRPT RIS

P 12-47 CompareAndLink & 3BT 3#

/* This is the basic operation to maintain order */

/* Links First and Second together to satisfy heap order */
/* Returns the resulting tree */

/* First is assumed NOT NULL */

/* First->Next5ibling MUST be NULL on entry */

Position
CompareAndLink( Position First, Position Second )
{
if( Second == NULL )
return First;
else 1
if( First->Element <= Second->Element )
{
/* Attach Second as the leftmost child of First */
Second-s>Prev = First,
First->NextSibling = Second->Next5ibling;
if( First->NextSibling != NULL )
First->Next5ibling-=Prev = First;
Second->NextSibling = First->LeftChild;
if( Second->NextSibling != NULL )
second->NextSibling->Prev = Second;
First->LeftChild = Second;
return First;
b
else
{
/% Attach First as the leftmost child of Second */
Second->Prev = First->Prev;
First-=Prev = Second;
First->NextSibling = Second->LeftChild;
if( First->NextSibling != NULL )
First-=NextSibling->Prev = First;
Second->LeftChild = First;
return Second;

1248 BORTHE: AP THENBIE

Insert #1 DecreaseKey MAE RS AR B L . DecreaseKey FE— Position X R .
t F T Position 765 B — UK AR BER E (R8T 302 , UL Insert @35 =S5 Loc it
Position 2 El 4 EAE , Loc S HEE#$. BFMA 12-49 Frm, MEFHERFEADT
4y B 4 DecreaseKey HFIE BB H {5 7k R T, B 48 B 6 25 ¥ T RE A T
Fe. A DeleteMin 12 Hih e R e E, i 12-50 FrR .
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FAVE 3

/¥ Insert Item into pairing heap H */

/¥ Return resulting pairing heap */

/* A pointer to the newly allocated node */

/* is passed back by reference and accessed as *Loc */

PairHeap
Insert( ElementType Item, PairHeap H, Position *Loc )

{
Pasition NewNode;

NewNode = malloc{ sizeof{ struct PairNode } };
if({ NewNode == NULL )

FatalError{ "Out of space!!!" };
NewNode->Element = Item;
NewNode->LeftChild = NewNode->Next5ibling = NULL;
NewNode-=Prev = NULL;

*loc = NewNode:
if{ H == NULL )
return NewMode;
alse
return CompareAndLink( H, NewNode ),

/* Lower item in Position P by Delta */

PairHeap )
DecreasekKey{ Pasition P, ElementType Delta, PairHeap H )

{
if( Delta < 0 )

Error{ "DecreaseKey called with negative Delta"” ),

P->Element -= Delta;
if{ P == H )
return H;

if( P->MextSibling != NULL )
P->Next5ibling->Prev = P->Frev;

if( P->Prev->LeftChild == P )
P->Prev->LeftChild = P->NextSibling;

else
P->Prev->Next5ibling = P->Next5ibling;

P-=NextSibling = NULL;
return CompareAndLink( H, P )

12-49 A2 AT HE ; Insert Fl DecreaseKey

PairHeap ‘
DeleteMin( ElementType *MinItem, PairHeap H )
{

Position NewRoot = NULL;

if( IsEmpty( H } ] }
Error( "Pairing heap is empty!” );
else

{
*MinItem = H->Element;
iF( H->LeftChild != NULL ) _
NewRoot = CombineSiblings( H->LeftChild );

free{ H };

return NewRoot;

B 12-50 AL DeleteMin
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LR BRITAE T —2 4075 I : CombineSiblings Qe[ L 817 248 JLF B4k, H 2 & A EE
WEEAE T REME $2 {1k an 38 5 0 52 HE AR 64 ] B #E iR 5. BPEGEE , XF-F #F B K & DecreaseKey
PRAE ) — AR e R AR UL, B 12-51 a0 SR AME S — N 2T E E el
P& HE)ifgF .

/¥ Assumes FirstSibling is NOT NULL =/

PairHeap ]
CombineSiblings( Position FirstSibling ) |
{
static Position TreeArray[ MaxSiblings ];
int i, j., NumSiblings;

/* If only one tree, return it */
if{ FirstSibling->NextSibling == NULL )
return FirstSibling;

/* Place each subtree in TreeArray "/
for{ NumSiblings = 0; FirstSibling != NULL; Num5iblings++ )

TreeArray[ NumSiblings ] = FirstSibling:
FirstSibling->Prev->NextSibling = NULL; /* Break links */
FirstSibling = First5ibling->Next5ibling;

}

TreeArray[ NumSiblings ] = NULL;

/* Combine the subtrees two at a time, */
/¥ going left to right */
for( i =0: 1 + 1 < NumSiblings: i += 2 )
TreeArray[ 1 ] = CompareAndLink(
TreeArray[ 3 1, TreeArray[ 1 + 1 ] )
/* i has the result of the last CompareAndLink */
/* If an odd number of trees, get the last one */
3 =1 -2
if( j == NumSiblings - 3 )
TreeArray[ j ] = CompareAndLink(
TreeArray[ j 1. TreeArray[ j + 2 1 )i

J* Now go right to left, merging last tree with ¥/
/* next to last. The result becomes the new last */
for{ ; j»=2;3-=2)
TreeArray[ j - 2 1 = CompareAndLink(
TreeArray[ j - 2 1, TreeArray[ j ] )i

return TreeArray[ 0 1.

B 12-51 BextsE. s G Ik

X RE AR Wi?%@%ﬁ%*ﬁfﬁiﬁﬁiﬁi%ﬁ&,ﬁﬂﬁ‘fBZiﬁﬁﬁﬁé‘%%
(two-pass merging) o X R ERIA B, 5 ILT X CER -, RN —
YRR ORES I, REPIITE B, NEH A, e —4 , BATEB —WEHF T I E
iR ARSI S RAeH. fln mRA 8 AILF oo Bl oo B AHE—KAWHHT o, M

= ME§5H¢R?ﬁm®ﬁﬁﬂﬁﬁmhﬁﬁﬁ—Tk?ﬁﬁﬁ%ﬁ%%i%ﬁuﬁﬂﬂ#Kﬁﬁn
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12.18

12,19
12.20
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