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1.2.2 XA
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F{ int X }
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FY 1/ iF( X == 0 )
fr 2/ return 0
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}

—

B1-2 —TiEkER

HE_FTRVES T ATANE B8 L (base case), RPN BB (E BT WA B B LW A TSR B
3. FH CF(X)=2F(X -1)+ X2 &84 “F0O)=0" XM RHEEFFLREEL—H, C
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FE RO 5 5 S R i — B RS dea)iE T, B F(S)RBE F(S)METE
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void
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}
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2.1 HFEM

i FL i ST iR A I ) B — R R - D RIS R, N8 — 8RR & i iy
ORI MRAERT S E TR .

G A5 T AU E L

ENX UBIATETFERES ¢ Bloau, B2 Niza, B TON) S ef (N, WHEH TIN) =

(O FINT)
TN MM TEEL B ¢ Flouy WEN Ny B TIN)Y =g (N WE A TIN) =
DN,

EM:TIN)=0(h(N))MHMS T(U—OUﬂvnﬁI(w—ﬂuw\n

ESHHE TN =O(p(NDH TN 7 8(p(N)), W TIN)=o( p(N))

“Mﬁimﬁmﬂﬁﬁ@ﬁM$ﬁmeN%ﬁﬂﬁmEM?@ﬁ.@ﬁﬁ&-%ﬂ,
LIXHE & |- — A BRELHI /DT — - eI, BB, 18 /(N < g (N X RER S BLES A 1)
2. 0w ny. TR, AT E E 118948 25 K & (relarive rate of growth): A AT I K N R
B BRI MEHE, RITRESHARIFAELHEZNESE .

AR N BN, 1000N EENT R, 0 N DR E K. it N REEE R (T
EFMEA N, N=1000 BETIN, P E XL, BRRESFEERTS 1 MBI
e FINYRRESY T(N)—K. ATIEZBRHEET. 0 fONELS TINI—HK
ERRTIBE T, TINY =1 000N, FANY=N?, uy= L0001 c =1, FATHLTEAE ng — 10
T = 100, B, FefIvTRA 1 000N = O( NN FHH)  XRICE AR 0L A
WO AN e BT L MW TR Qe T

LTS PSS A T R, IR A — e L mlﬁwmﬁh?m%-“

COVFUNYHIRE A, BT AE L TN = Qe NIRRT omega” )R TON R [E R

f%H =) (NJRIRE . B TN Ohmﬂﬂ%ﬁzmnjgmfn\m@
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TINEE KENTF (<O p(NOIBKAE L ARTFER O, BRE O 6858 K3 WX f o
REfE,

BTERENRE TIN)=0O(A(N)), RINEEASZEAME X E L, MEER -
PP HIREE R, — ROk, XS EIRE UL (ERE R A A ) BAEE R R MBI R R
By, BRIEBRSFBRMER (ARER ETEEEST).

MRATUE T(N) = O( AN T, BRITEHRIERE TIN)BEUART F(N) B3 1
& B/l AAIN) R TINYB— P ERCupper bound ). SHFEN, AN)=Q(T(N)EKH
T(N)YR FIN)YF—DT R (lower bound ) .

fER— 6, NP KR N R, RERITTLHE N = 0N N> =02(N?)., f(N)
= N2FT g (N) = 2N? DIAHFRIE RIS K, W FIN) = 0(g(N)H f(N)=02(g(N))ARE
R M R R, A5 EFHICE “00)” o iEfE T BEL
L F3e, EWH, s g(N)=2N?, B4 g(N)=0(N*), g(N)=0(N°)f g(N) =
O(NDMBEAR LB ER N, ERE—TREEBTFHNER, Bk g(N) =0 (NP
T g(N)= (N T AR RRERER O FEHLF %),

BIFEEBHEES N

Em) 1;

WME T(N)Y=O(FINNHHE T,(NY=0{(g(N)), B4

()T (N)+ T2 (N)=max{O(/(N)), O(g(N)))},

(LYT(N)* TL{N)=O(Ff(N}* g(N)),

w2

R T(N) R & KETR, W T(N) =N,

== 3.

SHEZRH £, logt N=O(N), BEEFRITHEEKEEFTZR.

S 13 L A48 B K RN R A LB o e AT A R (R =5 | zx |
& 2-1), : B%

SR LA R, B, BRERICMIERR R O &R | s i
T, REER T(N)=0QRN)E T(N)=0(N*+N), & ;mm B
XEHEET, EREERE T(N)=0(N?), ZRER, £ N |
Fh O FRHEMATTE, SRR AL, KEH— N | L |

ST LU BN, TR AT, R, ERARE B ARG
B, R BRES B EER m /(N /g (NRBERS  H21 ADMEKE

R SN g(N) IR 3R, Wh B Py 4B T LA 0 ik B U o AR PR AT LA R B
BEWIH

« ERE O XEBHERE F(N)=0(g(N)).

e BMBRE c # 0. XHERE /(N)=6(g(N)):

O M A (L Bopital's rule) AR, # b SN ﬁmﬁ,}f@tg(‘\”: w0, ﬁ“”ﬁ_ﬂf(f‘ﬂ']/g(hr}:j@} FINYg
(NY, T £ ONDET g (NS FUN T o (N) ISR



o PR oo GXEIRE g(N)=0( FIN)).

o TRERIED. —F ERFERIIW TS AL RAEZXMFEE)

AR A LY S RE B R A I3, B, TR SOND R g OND RN IC £ R
VI PH R AR RO ). D, B AUNDY = N logN Bl g(N)Y= NS Atz FINIH
U NDME I B Sl | EWE log N FINYSBE PR R, S log N ORI N
LA H S TR AL —FEEY, e AR B gy, RATRITOEEEIA, N RIS K ERT logh
(ISR, G, g(ON BT AN IR

ok, BEXE FRW TR ARBEIRE AANISO(g(N)), HAEXULERT A AFL
[ B fIN)YZO0(g{N)ZERN, eRFEE L.

2.2 &E

BT AERMERE DR, RITEE—MIIRHEEL. RITABREEA He SR
(A FEEDL, TEDLRS D5 S BUTRI AT . EBUA - DIRERR G4 R, WA HiE,
HE FUR AT %, (8RR Faebr it BNE RA R, SR — A B T EakR 4 e v — T
BHEIE T, T aEE N, BRI EBRITHEEHE QU E PR AT B E R MR
(HLn 32 A A 3 B R TETE R B R S Y 2 W, ENSARREA—Ta R BiR
SR . FAT A R R TR .

BIR ., XAMERA R, RS TEBSUL R A R BT A B2 AR b A 7 AR I i
i BRI, AT D, L ARl — ok, BANE--RERILTEE
%, FE . B TEEE TR, ROE RO TR, Baaes i, 52
X R SR B

2.3 EGWHYERE

T BT 0 B B GOV — R BB AT R ] L ISR T RS TR AT
S PR 2 4 T PR A0 AR B A0 N PL B AR T (BB HIR A0TEE, AL, BRARENIRER
(9, {0 R NIEX HE R AR PR ], BT A9 E B E H I R G 93 ik 2R IR
A

MBI R, BANKNEETENLEFTE. RIDEXHTBE T, (N
Tl NY, S5 A N B, BRRRAE 220 T 52 170 BRI IR RO BT ], B
By T (N T (N)o MBEHFEWLHHA, T 2R E A EL LR,

iR, EAARMEE, MATEENR REREE T Ma M E. KREZ -2
% AR AR F— AR, AUERSI R A, TSRS A RIS B —
A BB BT R A FURRGE BN 2, TLRES BT P A ST RE W)
B8, (0. HaR PR FRHBAT)

sy - DOIT, BATHAE T -5 5T AR
B K i1 F FF 50 G -

B A, As. . AVCTEERSUBD, K 20, A WERKTE (IR QIR AT

s N O, WHR KRR 0).

....
L

18



14 E2¥#

— —rr,

.

A 2,11, -4, 13, =5, —28F, BRI 200\ A, F Al

EPREUERS N, TEREAFERBEWREZEE, TXEBRAEENER
RAR. BITEHLKRAZ RN NHEY:, IOHBEEEELGITEAL(REREN - A&
AT RV EASBEEN) WETTERITER 2-2 411,

10 2 3 5
o) oty | otviogh) | o)
0.00103 |  0.00045 | 0.00086 | 0.00034
0470158 001112 0486 f.0006 3
A48.77 I 1.1233 005843 000333
MNA 111.13 0.68631 0.03042
N = 100 009 NA NA 50113 | 029832

/M 2-2 HEERFRAMALABERRSITHIEIE)

EHENABENFRERERE., dTMNEROEA, BERERZM 5K, FItRRE
NEMARIEE, RAERKERNOSHEZOTRANERDHMNNER T, 5—08E, &
k5 FEEREFFSENET/MNARBRENARFLU SRS WERFRIFAESE R RNT
Yo, MEERK, XEBFAET, BNCIANEBRTETER. MTREREBA, BE4 B
REBIFHER(BREE 3 RN,

Hik, RS epha A B EARBRSENRE ., X TEX 4, LOABETEA
HAB A RR A REE R S R DR PSR EMNEEER . ZRFEZAREE
g LA BB AR A — R MES — ERIEEA, MERSRER S HE, TR
WRNEEERRFR T, COREREKEAOTENTE, B RETHE, FAREREE
A RE T ASBR (R BB ISR AR W BN,

] 2-3 45 H X PR AT R A A R, RE K REE N A 10 2 100 M1E, Hi
HADE KR EB RN, BREY I NRFTERELAMEY, BEH—EER(EE—KE)
ESRIEEHRARER. B 24 BRd TEAMEMNMRE, ZRRAEDERL, HERAR

R/ RIE B, R BBRKIHAH .

;
Alg ). O(NY Ale 2. OV
Alg 3. O (NlogN)

2

: _ agaOow

GE) 0 20 30 40 S0 60 T0 B0 S0 10

E 23 SEHEEATEIMKELGERRES N, R rEY) E



VA 15

—_— e — ——— e —

Alg | N

lg 2. QN7
|
0% '! Alg 3. O (Nlogh)

|
"
iy
” J
[14h f

|
ﬁﬂr ; !ff/

02 |

0.1 f
' Alg d LN

0.0 - _
01000 2000 3000 4000 S000 6000 7000 SO00  S000 10000

& 24 FFERACFRIMOELESISh N Pini i E)E

2.4 EBITHRETE

A LR RS F— TR MIEATIS A . RITEI B R R T IS RIS, 10 RS A R R B
) BRI , R0 P T e B T v TR T RE A A TR S8 AT

e, A LRI, RGBS RERLNE AT HEERE, Wk, E@%
T RO, A OUUL , BT AR A0BE LS AT B TR AR BN AR Rk, -
S . AMHT R BB A AT MRS AOTE L

W T RIAGAR, TRATECRANIN T B9245E  RAFTERRE BT () 200, BRI, BATI R — 2.
RA VRS W FARH T, MTTRITEMBBEIF AR O BiiE, AFK O B--MER. R
AT, 46T B ART AEAT IS 1AL, SEFE b, SH7 %5 5 KRR 10— S WOt )38
B R4 1B THROE T IREE . FRFF AT REIRATAE R . (AR ATREHINS -
2.4.1 —THEMNEIF

KERIE D0 P M — MER R R

IAt
sumf int N )
{

int 1, PartialSum;

I L Partialsum = 0;

fx o2 forf i = 1; 1 == N; AR
FERELY: PartialSum += i * 1 = i;
fx 4%/ return PartialSum;

}

WA RS, SR, B LT 4TRSS, B3
G —1k b AN ] A TE (BT R FR . — WM RI—RRED , TIHAT N AT 4N A
a2 T E ARG i B <IN At K B EE PR E B, AR R
ﬁ%ﬁ%ﬁl&ﬁmiﬁn%ﬁ%wmﬁm1ﬁmmﬁﬁqu&ﬁﬁmﬁ%ﬁﬁw¢ﬂﬁ$
HL?@NHL%M%%W%E@%@ME%%%,%ﬂﬁﬁ%ﬁNh&ﬂﬁ,ﬁmﬁﬁ@@

& O(N).
1R TEE R A — IR AR R XA T AR, BB AL R & 52 A a7



B

6 Fo#

- - —_— — —_— J— —ema oy —wi — e pr——
—_ - - - n

B LAE, @A, B TRITE FA O MEEFR, HERTEE T £ LIRBFERE I H AW
EEMSR, Fw, £ 28R BAE O(EY, HEEEHITR eRER -, =&
APYRISICEBREBR,; XEXREE. Hi—17 59 for HHAMEILL BERRATER, rlhixH
(BRI A LA BB Y X (R R ATF 2 T — M .
2.4.2 —fgiEkml

% 1—FOR & 5h -

—d for ABFRM B AT 8 E £ % 2 3% for PEER F 8 &) (45 R 3K ) B9 R AT 8 ) R LIk K 4G
b

FEM 2—ER R for FHE

AEE SO IRIR, A — BB BB A — 15 6] KOG IBAT R W] A 3K 95 4 6918 4T
Bt W] 38 4 3 4 AT AT &Y for PEIREG K eh AR,

Wk — BT, THERFABR O(N?):

fFor{ 1 =0; i < N; T++ )
for( j = 0; F < N; j++ )
K4+

EW 3—ME AR
W AE G HEATR M AR T (I E% K, EPHRREFARFHEANE; L2.1

#?ﬁﬁigiﬂﬂ l(ﬂl))c
fe— AT, FEARESBERE ON), BER OWNY), BHITHEE O(N?):

forf 1 = D} 1€ Ny T+ )
Al 1 1 =0,

for{ i = 0; i < N7 i++

for{ j =0; ] < N;

AL 1] += AL j

| I R W

++ )
+ 1+ 3;

#M 4—IF/ELSE &R
s TAEA N H

if{ Condition )
51

else
57

A ffelse 1B &) 64 BAT A A R AT R BF A b S1 A S2 3B 47T ) K A 49 KRBT
i} 1] .

BRTEHEBF T T XA A e s, Bafsbiadi.

i M ER R B AR B, (ER, AT AR WP BR (B IR B mSh R IF .
A BB, AR AR AN . WRABANE, WBATFE/LMIER. £ 1% 1
S R i 8 for TEFR, RIATRE 2MRE AN, HilN, T EAREER EEUE
_AE R ETEIR, ATHEITIEY O(N):

Tong int
Factorial( int N )

if{ N <= 1)
return 1;

else
return N * Factorial{ N - 1 )i
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BAFF PR IE RS A MBI AN, BEES SRR
AR EMI LM, TEAEBT . e ROR - - 1183 - A TSI
HER AR, BIE TR, s BEd ) 19 HRREIRE > AL

long int

Fib¢ int N )
i
P L FTCN <= 1)
P A return 1;
else
A3/ return Fik( N - 10 = Fib{ N - 2 O;
b

VAR E , ZAFREEXRE O HIETIER, 2, WHRBEFSE . [T N K2
30 BT i, IR AX M EFIEARBISREAT A W FaERE. S TIN) BRE
Fip (N THE, R N=0 8 N =1, g rhiE S EUE. HI% 17 BA kL)
MR ] B HT AT . B R BOF AR, RRIIRSIAI LR T(0) = T(1)=1. XF N W EIl
(B AT AT F S S e RYIB 1IR3 N > 2, MU IZR 8 Ay AR AL 2 —
Fr RSB AL S =T R T S T — O R R R e B R L i R RO
HAEBRNEBEE, WIUES TR R, T WRERME Ho(N - 1), AmEiE T
BE X, BEEE T(N - DA EUAEIESEE . SRR E TN -2
BRI AT . AT IR TRy TN - D)+ T(N=2)+2, Hip “27 4885 M50 17 RAY LIF
MEE fF ik, TEST N =22 B4 THXT Fib(N )M IEFTRI 205K

T(NY=T(N-1) 1t T(N-2}+2

(8L Fip{NY= Fib (N - 1) + Fib(N —2), ML B P45 TN )= Fih(N). 1§
[.2.5 BEATES Fip(N)Y<(5/3)Y, BB LLEd O 1 N > 4)Fib (N) (37
2N Al L, XAV RS AP LATE B0 B I X R ER B AR , E ORE — R
BRI - for HiFF, iafTAs [T u) LURE ST PR MR K

WREZLEE . RN AFERESSM DEEMR, ERTHAT 1.3 DRENEHE
(158 PU £ B A0 (4 S N . TEE. TR AT LAYE- IR AT Fib(N — 1) 2R 1
LT Rib(N—2), X MEBEMFEMASE ST ENETRFEAHMLEFTTET -8 M7
B, B S BUE R S RMsra N, X B m R DT A R T —
Ve AR, (BT RS BB AT AT PRI A
3 & 009 {F A .
2.4.3 BXFFEFIF6E)MAH

B TR IS EAUR I VEE KR 2 B AR N NE AT FH MM B TREm 25
chk L T AT B A A BT AT BT AR for TR ATRIR R MR IR C P 0 Fismi A
B RGO A S, FA, AR R E bR A I AL SRR TR BN -t
MR BRR

ﬁﬁ%ﬁﬁ%iﬁﬁﬂﬁiﬂ@ﬁﬁﬁ%%ﬂﬁkﬁ%hEWWWHMMNHLE%%M
&F%5ﬁﬁ%éﬁp%6ﬁE~Aﬁ??ﬁﬁEmﬁwwmmmnﬁﬁﬁﬂmﬁzﬁk%
AN e

%2%%%%&%N~nEﬂ%%¢;ﬁmﬁ%%wgQMﬁﬁ@ﬁ%ﬂ%ﬁﬁ,ﬁﬁ
m%éﬁ%ﬁ%%ﬁﬁ%xo%3%%%%k$ﬁj—ﬂﬁsﬁﬂﬁ%@ﬂﬁ%i$%Nﬁ



i8 E2%

i B8 O N-N-N)=0O(N°), &7 1 BIBHIFHHEE O, THiE 7 M 8 BILTF
B HAE O(NY), BREFMREMRBIERN IR fRAR,

int
MaxSubsequencebSum{ const int A[ ], int N )
{
int ThisSum, MaxSam, i, j, k;
AL/ MaxSum = 0; .
i 2%/ for{ i = 0; i < N; T++ )
i3/ for{ 7 = 1; j < N; j++ 3
{
FANE-L¥4 ThisSum = 0
L f* 5%/ for{ k= 1; k == j; k++ )
I FAMN LY ThisSum += A[ k J;
/e 7 if( ThisSum > MaxSum )
/* 8%/ MaxSum = ThisSum;
}
f* 9%/ return MaxSum:
}
E2-5 BiEl

B b, TR RR A, ERE A HERE O(NY), MR LK
WEHEEAART (ALK HERS, BARNEAPRERR) . — Rk, AXEEES L
RIS TERIN, A irmd 200 207 2 11831, B MR 6 fTHik
T B 1.2.3 WA LA RIS R R, RATHEARE N 8

Bk AL R AT N FBR AR A, BAERIE
TR
wEH, RITEN

E(jiz.+1):(l“¢—i+il)(N—il

SRR N - | MESR TR, MR mite, RING

N-1 : N : :
(N -+ +1¥YN-—-i) (N—-i+1){N-1+2)
2 2 =2 2

el I
-1 11‘2—(N+i)2i+l(N2+3N+2)2l
2!=1 2 =1 2 i=1
1 NN+ 1DQ@N+1) 3VN(N+1) N +3N+2
=7 6 —(N+2) 5 + 5 N
_ N*+3N%+2N
- 6

A AT B G —A for TSR RB G FETR A, R A BRI, XM
ST B AR ARG E T, AR R B T AR 2 A =
A+ 20T A TR S, FHEE R S TR 6 17 LAV ANuRER 1, B 2-6 35—

WECRIOE R, Bk 2 BRE ONY); M EMAREE LHER P REE.
AN B — A 00 FrAx 2280 O(N logN ), RINBERREE L. =AM



int
Max5SubSequencesun( const int A[ ], iat A )

I

|

| !

| int ThisSum, MaxSum, 1. 3,
|

|

PR Maxbum = 11
Jdns for{ i = 0, 1 < N; -+ 3 |
| PR T ThisSum = 0, i
PRy for( j = 1: 3 < Nj j++ ) !
5 I
! FARS ThisSum = A" § 71
P Ghy if{ ThisSum = MaxSum ) \
| P MaxSum = ThisSum; i
| ‘f -
t |
| % 8BS return MaxSum;

'

%26 FHD2

B OF N (ERFERD R | BT SRR RIB) ) ROBT BN LRI
Bt 4rit(divide-and-conquer) " ARG - PR ety T U 1e R T il el NG S 5 a1 A S
Bl A R, SR AT BB, AT BRI A TR AY R A T Sl — I W B A e P
IR TR L RS TR 3N D Tel A AT

AR T . BALERRITTGE (=4 h 8. B A% 5 A BR Y /o2 .
T AL A TR A 2 B, ol B R A O R ST AT L R A LB A . AR RR IR DL AT LY
SRR B = RE R MR R R LAGE R RN BT S R AR R ST E S i s — 1
BT R TR A B R (AL S R I — A S0 A WAT R AR R X R FIAE - -
By —1EF, BIE FIEA

WEES | RYER

4 -3 5 2 S I

Horb B304 0 I A TSR A 6OATEE 4y B A i 384 MR AT IR A 8O L
% A Tl As).

3 H AL HBR — N R BRI 4OUTE A B AL TR PRI ETHS—
AR TOATDE A B A;). R, S5 FR P RBTER Ry 4+ 7= 1
(MLE A ALY

BT, fEmAFb R TFIFA S =8 FIET, B Ara AR AR E WM
£ PR, BEN11. B2-7 B TREAREBR MUK

L B 3 R AT 28R L A U R Y — R S UL (R AR R L
£ (left) B TR (right) #1 B, B TTRE AR SO B RO - B4 TIR 5h 8 e A L I SRR
VLR O R N - 1 TR B izt A

#5155 4 (TN B . I Left = = Right, AR —T LK, O iEoT
SR C R BRI TR Lefr > Right RN ERTEEIRAR, BRE NV ERARCA
WL RN T RS R AL A ) . S G AT T FRPRATRIVCGR IR A . FRATT
A S, EETE A BN T B B R AT, BRF P E A AT R T



20 g2

static int
raxﬁubﬁum( const int A[ 1, int Left, int Right )
int MaxLeftSum, MaxRightSum;
int MaxLeftBorderSum, MaxRightBorderSum; !
int LeftBorderSum, RightBordarSum;
int Center, #;
= 1%/ if{ Left == Righrt )} /* Base Case */
i* 2%/ if0 Af Left ] = @ )
/* 3%/ return A{ Laft 1:
else
PA L return ;
[ 5% Center = { Left + Right 3} / 2;
TR L MaxLeftSum = MaxSubSum{ A, Left, Center );
A AN MaxFightSum — MaxSubSum( A, Center + 1, Right J};
/* B*/ MaxiLeftBorderSum = O, LeftB8orderSum = §
PANE L) for{ i = Center: 7 »= left; i-- )
!
Fr10% ) LeftBordersum += A{ 1 ];
FrEi1e/ if{ LefrtBordersum > MaxLefrBorderSum )
Fr12*/ MaxLeftBorderSum = LeftBordersum;
} ’
F*13*/ MaxRightBorderSum = 0; RightBorderSum = 0;
Frlax/ for{ i = Center + 1; 1 <= Right; 4+ }
{
J15%/ RightBorderSum += A[ 1 J;
16/ if{ RightBorderSum = MaxRightBordarSum )
FELIY/ MaxRightBorderSum = RightBorderSum;
}
FE1B*/ raturn Max3{ MaxLeftSum, MaxRightSum,
/=19 MaxlLefrBorderSum + MaxRBightBorderSum );
}
int
MaxSubsequencesum{ const int A[ ], int K )
{
return MaxSubSum{ A, O, N - 1 };
}

r—

2.7 B3

M, BRTES RAFURS 135ES 17 B8 P a2 R 6P R AR X
A ERARIB RN T BRI AR BB A .. B (pseudoroutine) Max3 & X =7 HEHY &

KPR AE -
BAR, HEN, BRI LNERMEEEEERSNE S, AT, BREFNEBREET

47, TRIIENE B R E BT AR 2B N, BRB/NEAS, BRI LETR
TREHBRR,

T AT H I B A HT 0 - S A AT T R MR R I T R & T(N)ERBER
N4 N R FEMREES RGN, 0E N=1, NEEIRAEFR I 08RG
HBEANEE R, RITFZ I~ 8T, F2, T) =1, B, BFLRETHKE
FRR. EMES 9 AT 17 IR EMTA for (B5F, BRFA/MUEICE, R S HTHIE
18 45, KBIA for (EFR MILEMBIN Ag B Ay_ ME—ITE, TARTRIRNTAERER
g R, 29 817 FHERMEEE O(N), B LR S1T, 5 8. 1318 fr LB
WTAERERSE, NS O(N)MIELATLIZNE . HARE 6. 717 LIsfTH TE, XM



P ) 21

REEFPR N2 INFIFIINMBRE N BE5) . Hit, XFETTRTESE TIN/2)MHE &
oG, MAETR 2TON /2RI, R 3 LA RMOETIA A 2 T(N/2) + O(N), T {145 %
H R

T(1) =1

TIN)Y = 2T(N/2) = O(N)

RTEAATHRE, NI N KFEEFEFHONI, T TN )BREAZEHAX
O FHRHE, HILX2MHEAEZMESRE, AF 7 5, B{TESFHDN O RO 2.
ZFE A, N TIN)I=2TI(N/2Y+=N, B T =1. A4 1(2)—4=2 » 2. T{4)=12=
4 # 3, T(8)=32=8 « 4, VIR T(16)~80 =16 = 5, KB BRAYI-Hal LIER, HI
B N=2¢, W T(N)=N (£ +1)=Nlog Nt N=0O(N log N)

XA N RS, B3R N2 BATHE [ Al Zatr fag s moT 5, 8
br - HA Y N & 2 (IR, 84 &R, SRIERMNEARERI AN BB TR,
FIEMEE T . M N 22 PReme, B2 PT/EEME I —2pyirtr, HEX O /5,
REATH,

MERERENS, RITEEIRHRILMEROWA. X8, RIGEENERMR AT
ARSI F Ak, HEECHE R EHNEERBEAMAE A%, E&E 2 8

7l
int
| MaxSubsequenceSum{ const iat A[ }, int N 3
{
i tnt ThisSum, MaxSum, j:
£5 15/ ThisSum = MaxSum = 0;
fToeES for{ j = 0: ] < N; 3++ }
1
P L ThisSum += A[ 7 ];
FEoard if{ Thissum > MaxSum }
£ 5t/ MaxSum = ThisSum;
Al A else if( ThisSum < § )
ArodeS ThisSum = O;:
1 }
| fr B return MaxsSum;
¥
K2-8 B4

AHETRRE B AR R R ERE, HEEHANMABRRREFRHITHRLEES; K
TR 48 B o il B — B SR, & RSB T, — B Al |
AR, CHAREBERIC. Fil, AR SE L, wRlTT LA
FEEE R SRS B (A, A (Tt TEERNZ, BEERN EEEBEANIES
o T N R B A T R (M B R B R ) . SLA R R B B 2 (one
line algorithm) o {UEE &2 W3 VER AL T TER BETL 58 KMIELIE,

2.4.4 EITHEG T

AR R IRE T E R PR L RIJESFE, ReTERKRHEL ON
log NYETELBFT. BariaREst, TR S B B e R A A N T o — s e R— A B
RO B A EE R NS LRy (BFR 1/2), AAEAERA Ollog



g

r
A

22

H2F

N B—7&, REAFTHHGAREABE Y —AFH(HERE Y 1), HRAXHE
HELA O(N)E .

TR, HAE MR M T EERE R BN OUleg NOEL, B0, #£%IA N 4, M—1
B QRIS EE AR SFIFES QUN)RIRT . WL, MR FK MBI Og NHYE
et ARHEE G ALURE £EGIZA . RNBMBEEAEMER A 29087
B

B0 38 B M B0 5T A (binary search)

T ER:

x-S X PBERA, A, ., Aoy, BELBWAHAFERET, KRE
A=XTh:, R X REREF, NE = -1,

B R EE M A B PEAEE, sfriEfaratE . AT, XAAIERA HPIAE
CoHEE S, X EAERRETEREREN. — T FARBERIE X BREE PHIT
£, MER, WESHRAT. MR X AFEPTE, BARM T LT AR RETES
CEAHDHFRTFIEN;: FA, R X ATEDLE, BaRIGESREE LT (W
TEAE AT RS GRS OL, VI 2-9 SR T X ER R (HEEN Mid), BIFMEFEWR T
CiEFBEET IR 0 FFEHTERH

—_— e ——— — —_—
J— ———— ——— ——— — — —— — ———— — —_— —_—— —— ——

int
BinarySearch( const ElementType A[ 1, ElementType X, int N3

{
int Low, Mid, High; '

LY, Low = 0; High = N - 1: \
fE 2%/ while( Low <= KRigh } '
{
PN LV Mid - { Low + High ) / ¢;
FARE-L¥ ife AL Mid ] < X )
PR LV Low = Mid + 1;
eise
Jroars iFC AL Mid 1 > X 3
Jx 7] High = Mid - 1;
else
J¥ B¥F return Mid; /* Foung */
}
FANE LV return MotFound,; /* NotFound is defined as -1 uf
1
F29 WihER

B8R ERERERFANIAE LAIERN O, RO A4 7 B E TE R IR B 1836
WM High — Low =N — | FF#RFF7E High — Low =~ | s BIRVERG High — Low REZ
AR BT EE T TR, MFRHRERS R log(N-1) 1+2, (Wi4n, % High -
Low =128, MTEERERSE High — Low WRKER 64, 32, 16,8, 4,2, 1, 0, 1o Y
M, BITEEE O(log N)o 4L, RATRTUE & BT @A, Aaf, HRIEE
i R TR 4 LA B R AT A R A SR X R AT S ARRBEEATRRLER.

of 202 R TT LUE FERRITR S — MBI i, BRA & O (log N)BTA] P
Find( A48 ) #4E , {02574 HAHRAF (FF AR Insert( 3 ARV IEE O(N)BH. TERE
R (BN fo i AR RO BRARAE ) BI DL R D XEREEIEHE K. HRARERE
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— KA. HEREW R SBER. 170 FR—TEF, B s (7 E P fymse
BOUCENBEMGL, X TEEMHTRR ), WAERSINEHRCE. ILER W IUGAR
fHymy. MTFRARY 110 HoR, FERH—- 1T B8R ETmEAENR EEHITIF
il & & ZH/ ZaYTERR
BRLBBHEE

WA R RSO A BB LR R . WD EO B R TR Ged YRS IRIIN B
B S HEARORER. T, Ged (50, 15) =5 A 2-10 A RETE God (M, N). RiZ
MoEN, (RN > M, RSSO U h ) -

unsigned int .
Ged{ unsigned tnt ™, unsigned int N }
1

unsigned int Ram;

A whilel k > 03

{
iF 2%/ Rem = M % N;
;E O3/ M= N;
Feoass K = Hem;

}
5%/ return W;

B 2-10 ERLEEEE

TIgoEnES T OARERSEE 0 A, REHETRERER ANER. HiL, &
BoAf=1089 F1 N=1390, RS¥EFZE399, 393, 6, 3, 0. AT, Ged (1989, 1590) =3,
W R RN, X ERE R

WA, A B ST AR T E RN S E K. B g NV FH
MEI AR, DERAS TNEARMERRE RN TR AL RE, FROAROES, #r
(¥ 42 B 399 1AM 3] 393, Bk |, E—RENFREOTAEE - TSR TER. AT,
R 1ol DIUER , EMUOER LS, 2BERZ LEHEN—F, XRIER T, $INKBEL &
2 log N = Olog N)MTISEEETFRHED, X MEAH A, RERITHERAXLE, gl AT
F) 0 IR AR -

EIE2 1
MY A > N, W Mmod N < M/2,
WERA ;

GRS . W N<SM/2, WETREUNT N, MOE SR T 8. Ji—
MG N > M2, BRI M S —1TN AMRBEAM - N < M/Z, EFRIE

W iR ETRE, 2 log N K% 20, WEAIUHTT 7 RizE, HiIES MNEREEX 2
Aol e R AR, 5 F, 3 MR AR EL T (0 M AN T2 1 HT 418 B R 0K
BB AT X R ) JB T AR A AT 1. 4dlog N R JL B E e T L N R PRREE R
o GE R G 4T 2RO BCE T, SN R B A (12 In2 InN}/7=+1.47.
BEzH

B (R THEE— T TR B ERNE(ELE—TEED), Hi B R is E45 Y
B -HRER R AL RR, G, FRA) LIGETE BT A - - OIS e ROk B — SRR (A -

30
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—— e— e ———_———

MRFRITFRME LT ) WF T ST RATH A8, FA71% i i B iz i iE i
EE.
HE XN HNELNEERERAN -1 KEEBEMRE, B 2-11 PRGEPEREL, B147E

B FTRBEMET. IR N BB, BH =XV XV, B N BAE, T XY=
X{,w—l:mz_ X{N—IL’E. X.

|

Tong int
Pow{ long int X, unsigned in N )
{
Pl L if( N ==0 )
f* 2%/ return 1;
AN LY if( N==1)
f= axf return X
/v 5%/ if{ IsEven{ N 1} )
A return Pow({ X * X, N/ 2 3};
else
i 1%/ return Pow( %X * X, N / 2 ) = X,
¥

E2-11 ESEEMNBRFER

i, HTHE X2, BB ITHET, ©RAY o RERK.
Xj: (XZ)X, X?: (}(3)2 X, X15: (X?)Z X, le — (Xlﬁ)z X, Xﬁ:i: {X?‘i )2

B FEEMNRERNEEZE 2 lgN, BREMES LREFEMKEE (R N 2
A%, kB, BIIXBH— S AR M. fAnEXRR T H B RBITLE.

R E — BRI T ZAMAETAZ R EREEERAEEN, HE 2-11
b 8 3 FTRIES 4 FFSThE b AR, BRI N R 1, SRS T TR MR AN, BT
R E] LAG B

e refurn Pow(X, N—1) # X;

RS MRENERE. 2 E, BRI O(og N)BIT, BERFREHMFIF L.
Fit, FHEHENE 6 FTHOBREERTIRN, RINENFEERMFEHER:

S Ba * return Powl{ Pow( X, 2}, N/ 2);
S% Bp %/ recurn Powl Powl(X, ¥ / 2}, 2};
F% B0 x return Powl(X, N /2 ) * Pow(X, B /2 };

6o F1 6b BIITERERIERRRY, BHY N &2 WeHEEZHRA Pow hE -2 EN
B ABEL R, BEEE— N ERIER, ARG T AT ( BRBEEFHE) .

i A 6c FFRL IR B0, B TADR N /2 I B A AR o
i, HistretEAER Oog N). WA TR E SRt R A g B TEH
2.4.5 WEMNSTH

HANETE, WREE - BERERETIEM, RTRTRENRY. -~ LB R R
E#*ﬁﬁ%ﬁ%ﬂﬁ@]%iﬁﬁﬂﬂlﬁl%‘ﬁﬂ*ﬁﬁﬁ%ﬁﬂﬁﬁ’ﬁﬂ#l‘ﬂ%ﬁ*ﬁmﬁﬂc LN K~
B, MRAEBFHZTH RIRLIET 2, — RS RREUET 4, W K EFRERE
8, UM HEEZEITRBFS N F8 i — f LB 4T A R R i — A E L b
O(N log N):Lﬁ_ﬁéﬁﬁﬁﬁmmﬁtm*mﬁiﬂi%ﬂiﬁﬂﬂ|’ﬁjﬂaw~i%fﬁ£—~&ﬂﬁﬂﬂﬂD an SR {E Y
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MR K, HH N XAZES L, RAaESiTe i Eh B RgiFEeE. i,
TR FRFRIMEE, M N=10 83 N = 100 61, B3 S E— 0T, 2848
R AR MATFIR R O(N log N)RFRAEE RHEK.

Bil— P EFEEER O(FINDIMS - MEHETTEYN NBWENERGER R 2 NG
BEEFF T E LA TIN)/ AINY, Hd T(N) B ELENERMEFRE- MR F(IN) BB
TTHE M BRI, AR APTE WA T — M EFE. R ANEIFE R, WE S R{E
WS T 0. IR ANTRHEMNTRESEARE O(F(N))E, IRAFE AE AR

tER— M F, & 2-12 PR EREITER ISR S P THSET N AR B
BHMER, (Y N AR, SEEEENT6/ 7, )

¢ Rel = 0; Tor = 0,
for{ i = 2; 1 <= N; i+4 J
for( 3 =1 = 1; j <= Nj J++ )
|
Tot++;
if{ Ced( i, J )} ==13
RE‘l ++

'
printf{ "Percentage of relatively prime pairs is %fi\n",
{ double )} Rel / Tot J;

E2-12 5B ILREEDPE
1 BRSO R B A e . B 2413 SRR ME AR IAPEE —F A&
%ﬁﬁﬂL%ﬁﬁMﬁ;ﬁ@£ﬁ$,ﬁ*m%ﬁ—ﬂﬁﬁﬁﬂﬁw*W%%ﬁ&%ﬁ#%
AT EE B . Y&, E O(NDF O( N log N ) ZMIBH B KR . FOuR 20 KARTRIE .

N CPL tme (7} IiN? TiN3 TN log N
100 022 002200 | 0022000 0DOnd477
200 056 007400 LOCHINTO00 0002642

300 118 A0 LOoonn43To | 0002299
400 20T 001294 | 000003234 | 0002159

i 500 318 01272 | 000002544 | 0002047 |
600 464 001294 -+ 000002157 | 0002024
700 644 1314 LD0OOIETT | 0002006
g0 446 D322 Q00001652 | 0001977
200 t 086 A0 341 O00001490 | 000197
1000 1 362 01362 000001 362 0001972
1 500 3240 1 001440 000000960 | 0001959
2000 §949 . D01482 000000740 | 0001947

4 (100 15720 On1608 H00000402 Q001938 |

& 2-13 #fFRARNSRBTTRIE

2.4.6 SWMERMARE

SARdsd, RS eb T, MR EEAL, AR EEFTHS B (— R
BB B, B T b Pt s AT ) BN T B RS By 15 AT A I LA 0] RESS B i &7
Bl . ST PR RN, BN RELR A B AR A, BEZETE
R R AGH ah. REE, T A B HX R, SRS R B LR R (R BT
BT R B TiRA BRI/ sy e A AEIME B BT B R A R
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2 F2%

- —— ————_—— _— _— - "t et

o

A =0

AN I T T A E R — e s, BB R, EHAREEEN NS W
BRI E R AR AT, HEBEMIFAREM. T, ERHRER
KRB — T HFEREE ST, 87E)M—MEHFAHKENER(FE 8 7)), EiIRARM
EHE 20 SR AL, £ /RHE (Shellsort) B HAARR5EE, MAEEERESHEEH
i, HFENFEZTESEENTE., A, RATERX BIBIIEK IR0 R8sy, il
¥ BB HHE R a R

REBRART BN, ROTAZME ., 8 7 ERITEEDX A H— T
HE SR (B E B L BRI T HE R B R E R RITE B T R EE Q(N log N)IKHE. T
HETHH— R R R, B AT FOE AR a D RS — 8 T Rk RTR 8 %00 L
B —EKRBE,

EARDEETE, RS HR B A SR AR B PR . God FIETRFR
TERY HTE 2ok A5 80Hk, 200 AR FE ARE—TARBERGEE KB —1 200 LHED
T2 BT — UG RA R 200 U228 W FRE TR, T ETELLR 200 LB,
BN ERREESEEYN. REZENESERLSBEALN 1070KFEE, M EE#ARNE
Hh HEECEY 1200 W3R

%>

21 MK RHEHNTHBRECN, /N, NI, N2, Nlog N, Nloglog N, N log’N,
N log(N?), 2/N, 2V, 282, 37, N2logN, N?, &Rt g B LUAE I Ot R 3
2.2 i TN)=O(/(N)F TL{N)=0(f(N))o FHFABENL?
a. T)(N)+ To{N}=0(f(N))
b. T((N)— TR{(N}=oa(f(N))
EALeLD
© T2(N)
d. T{(N)Y=0O(T2(N))

)3 BEARECEREENLN log N, 2 NN (> 1)
2.4 JEHARHIEHEE &, lg*N=0o(N).
2.5 REER FNIR g(N), 8 F(N)F Og(N)) A g(N)#= O(FIN))-
2.6 FMFFHRANERFBERRE—:
a. B ETRESHT(ERK 0).
h. BFERNBIFETHRE, AN fo 2 T EAR{E 5 BB T 1]
c. Pz bR B A7 1 45 AR AT ARG A AT AT EL

1ty Sum = 0]
for{ 3 = 0; 1 < Ny T4+
Sumt+

(2} Sum = 0;
For( § = 0; 1 < N; 1++ )
for{ j =07 1 < N; I+ )
Sum++ !

= (K1)
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2.7

2.8

2.9

—_— —— —_— —_— —_—— ———_— - — —_— j— —_

i3 sSum = 0
forf 1 = 0; 7 < N; 1+ )
for{ 1 =0, F <= N = N; §i+ )
Sum++;

v Sum = [0
ford 1 = 0; 1 = N; 14+ )
for{ j =0 § <i; j++
SUMm++ ;
(2t Sum = 0;
for{ 1 = 0; i <« h; i++ }
for{ 7 =0, 3 <1 % i; F+
for{ k = 0; k < 3: k++
SUT++

1B Sum = G;
fori v = 1: i < N: d++ 3
for( j = 1; j i T I S
A% 4 =02
forf k - 0; k < ] k—+ 3}
Sum++

EBRNFEFEA A N DA —MEEILESR, BN, 14, 3, 1,5, 208013, (, 4, 2,

SIEEAENER, B15, 4,1, 2, 1IAIAR, FA% 1 HEEIRITE 3 2% . X4

PEFERE R R T AL ek, RITBR G EEYLECE IES Rendlne (4, j), B

HIE IR A W 7 #1; Z N — 88, PEE = rEE.

LoANTFIEAN ATOIEI AN~ L JIWEE A B rEA AT, YU E RN T AN
G ATO], AJLY, .., Ali—130), FPREHIRA AT .

2. WEP(), HESRE—THMBE, MZH Used (HEBOHHE. 5 -

K Ran BY 3 ABE A MU, ¥ Used [ Ran =1, IXEUEW, HH—THi#H
B A A{]8F, nl RLR—20 A 0 L % LY E 2B, MAERE -TE
AR (ATRE)HEAT § B R
3. MEBRENE AT =i+ R
For{ai=1: i< By i+ +)
Swap(SA” 1 ], &8  RandInt( 0, i J_ ';

a. EHX =B HEEERSENRER, FOREHBERERLFATEER

b. MHE—A4B L EAREERETS 2602 o BEHERB AT BRI T T (AR O) 4

c. AUIE RBFRMIFENED 10 K, BH—NMFRFEHE. & N =250, 500,
1000, 2000 5778 1; %F N=2500, 5000, 10000. 20000, 40000, 80000 i&17
BLRE 2 X N=10000, 20000, 40000, 80000, 160000, 320000, 640 000 izfTR2F 3.

4. B RRiis AT SRR AT L.
e. BPELMEMFEENEITIRET AT

fﬁLﬁﬁlrﬂWEmﬂﬁ = b 20 thEE, UM R R TR AR AT

B I M IR - DR R F R R R B R [B] R A e R

WY

L F(X) = 200 AX BEE LR

i, fﬂfﬁ?¥5ﬂ%ﬁzﬂﬁ${%é%

b R 2.4.4 TEIHRRITE

[36]
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210 HEFRER (A Homer B 7E F(X) = 207 AX #ff.

Poly = 0;
for({ i = N; 1 »= 03 1-- )
Poly = X * Poly + A[i};

g, X X =3, F(X)=4X"+8X>+ X + 2 s HigE i & B iy,
b. BB REE M ABRBFRIE R,
. BAEKIEF TR R E &
2.1 B TARHEEEWEARR A < A< As< . < AyHREHPLELTE
WE FIRA, =7, RINBEEWETIEEE 7
2.12 HHANMEE (RS TIE )
a. KB/ RFFIM,
b. REBDBIEFFFIAL
» o, REBKF M,
a. WE— I BFRHBELEH N EFERL
) b, REBREEENEETHEAMBEEL0(H N £22/)7 (RN ZEREEDL O
[37] (VN R EERE.)
A BEFN MR RREPRERE. B MARELD?
d. FHBFERNFEET BT R AR B ®m5)7
e. HATASE— 20( —HeD I B E T R ER M E — 1 40 ZH DA MR ES
REBR BT E,

f. i N BB B EiTREESBEY HtAay
.2 14 Erastorhenes i 22— FHE/NF N BITEERHA ., RINMAHMERZ2E N

MEFLG., BRITRES/MOA B RE , fTE i, REMBR . 2, 31, ... 5
i >N B, BRI BREEWEITRERE?
15 EBR X0 AL R 8 R EER
16 AR@IE, B HHERFERER.
17 A BTHEREEE PHRERBRBRITER. (5 F N [ it §l&mR)
18 EE A BT ERNER RSN EABIAKT 150N logN HIN MR
B, HEEETF .
. N KN > 10000), B — R R Te A B RIIRELD?
b. N ERP(N < 100), B—BEFKZETHHEES?
c. ¥F N=1000, B—MEFFHEEFTIFER?
4. WF A TEENG A, BF B RAEREY LR A BITRER?
219 A/NE N G A, HFEEE--THRREEE N2 ISR A TXRERTE
mEEH—1). P, $4H
3,3,4,2,4,4,2,4,4
FE—TEELE 4, EAH
3,3,4,2,4,4,2,4
WAL ELE, WERHEETE, BAfBEMERE TR, F 2R f8 i o) EE Y

o

-3

[ B T S
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- P EE R

Wik, REEBAEFN ~MFHEAGEAME), A HALEBR—FTHZ 2214
EHLE. PV BEREERELEF L 20 E. XA A4 6 0T A
HE. AR BHE A G- AMERT, B/ HE B, 8 A F AL R EN
A, BB T2~ B P, TMALALRE, BB Ay Ay, FliPe,
e REAAE, MBRAEPZ —hd B, TN AT, R F R 48T kIR
RAERANHE, ARG, AN FRHA B P ERT; Bl A MERAT, (H
H 47

4. IR A{eTEE ok 7

b 2 N EFRE THTALEY

+ o BRIRPHETTRIERZ DT

d. FeAr T qug 8¢t 08 FHER D &CEE B

e BE—ARERMES LE.

Rt AT PR R R s e M K AT R

S B R A R M R T R KR KRR 10 B

0. W R, CHW 4 BIERFEREEE 0T SURCRigIn 8, AN A/ESE ) BidE
REEA R, C R W RAME TR 2207

b, 1Z WA AR R A . 35 dn e A o o 2 AR A - A s AT B ) DA AT

Wik,

.22 PREAMYERTFERT 5 ITHIEA AL Low = Mid FTAS AL Low = Mid + 1, iX T2 i 58
1A BT THE

2.23 EHAMSERGEEESRERPRL—T B

2.24 WEMEE2-TME 6 T ME 71T
% 6%/ MaxlLeftSum = MaxSubSum( A, Lefr, Center - 1 )4
/% 7%/ MaxRightSum = MaxSubSum{ A, Center, Right b
{C8 . AR T REL BT

(225 7 BTSRRI HIT NOV 4 DOV +2) /6 B R IS E1L, 4
N EEHRIT NN + 1)/ 2 IR TR T N OB, ARG @
SR1¥r7 PREEZS X MR B 4E S s M REAT Y

&% TR

ﬂé

=)
[ -

%&%ﬁﬁﬁﬁ%ﬁ%mmﬁmmﬁﬂiﬁﬁﬂﬁﬁL[Mﬁﬁﬁﬂ@ﬁﬂﬂﬁcm
BLE R RAE[ 6] B, XM S — AR REARR T
ﬁxmiuhﬁ@,u&moE%ﬁﬁmmEmW@%%mEﬁﬁ?ﬂ&ﬁ@ﬁfﬁ~
B, SRR EEH 00" i IFEARREEHN 00", BT RAAEREE RN
£ Whh . MEERS O B, BABERA T00)7 B2 R

%k??ﬂﬁﬁﬂﬁﬁﬁléMﬁﬂ‘ﬂiﬁﬂ%&ﬂﬁﬁﬁﬂ@uﬁﬁﬁﬁﬁﬁ%
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F3IEF &’ AN

AL e PR R MRy bR [, oD E B LAY IS AR E b e R
Dl ] — R FRRY R 2L 4 L D RR I BT SR R R M A TV IR AR &k 1
L AR, RIS R S

o MMM EEELEMADTIRIELE

o AR QA e HEAT B SRR

o fPERFR ADT M H I8 ) 15 ik Ly

o FREEBAS AT RHTEIRIF Z ATz gy

R A KR A I T, AT AR S UL e il ARG H 9 L. CRME %
. £ BRI T BB IR B Y- - S LT/ Al )

3.1 HRBFAER

BrRIEARWNZ 2R — T X RE IR T R Ak
Conodule ) ICSER R MEHURE— 7B 00 PUT MRS VL 5 . ol s R Tt 0
phoA BN, AT LA RS it ALVAEF IR PTE s G2 &
LA - MERARERERETRAY. B2, DB R L
RRREE AEF), XEEEBEME XSRSy, Bl TRIARME D8 W b
7B SN Rl AR . R HIE W R R I k. IS Z 2 BB BRI AT )
Wi AR S 1. SR ERBIERER F RS H LR TR A A Y48

i B3 H A (abetract data type, ADTYR: -SEEAEAYE & . # S 80 AV RS0
%0 1 ADT BYE SOIRAS B R i ST AR B G SX DA TR S R IO 4

WG E . EE, RTIIAERE—E el R F R EE B, Rt LR

WO REGE AR R RO I e LT ROCRMR . TGRSR Ay e
fl]t-ipi‘ﬁjéﬂf?iﬂ—-- F R ADT. AT LA EW HF Cunion ) . & {inter~ection } | M 5 &
Cize) I R B4 (complement ) 582 4E . B0 # . TR 1Bl AR BRI SFRIZ R (Gind), 32
MR TR R E Y L X T —FA R ADT

FoA VA E A AR TR L RO S R R T P RS — i TR I R e B At il o 7
W Z AL IS TFE A AR AR ET T L S A KO TT R AR IR
L R A Y L S 208 B BB POE FTIX se ADT BRIERY IR A I A Yok B R Ry
M N KRR AR I A o m‘?‘“iﬁ“ﬂ [y

4 ADT I A4 20k I A4 iR 3R 120 B 4 RS 4R s IR — I OOk
L1550 b S 55 B 1 B 2 (4 2 ) — Rk TRITILI & . KA AR g BENEH
% CREUREE R ADT R E T REMESE AT aE—He L S8 77k
ﬁum~4ﬂ.&mLMMW?ﬂﬁﬁﬂﬁmﬁﬁm%mmmﬁiﬂ%f

3.2 3k ADT
A AT - B AL, sy As, L A ET FeOTi, s ™ LpyAhE N 1K

H



32 £ 3

IR R/ R 0 R A E £ (empty list) .

FFBE s FAMGITM R, FITHE AL 58 A, (88 A, ZFHER A, (G < NJETER A,
(i > 1), HFPHFE-PMLER A, MEE—TITER Ay, BITEAE A BEIHRIC, 1B
RNEXL Ay HIEST. LE A, FRPENER . ITWERL, RiTGheEERED
M ERRE, H—-BERIENEARELREAIFMN,

X aeE YRR ERNTERR ADT BRTHERIERNSE S, PrintLis Ml MakeEmpty
BV RaERE, KRB MEW; Find BEEEFEHKEBIEOIE; Insert M Delete —RE
e B AT EHE A FIHBR E 05 T FindKeh NE B E L (YR ASHOM#HEE)
g TE, WME 34, 12, 52, 16, 12 B2—A#&. M Find (52)238H 35 Inserr (X, 3) A RELE
T 34, 12, 52, X, 16, 2(WERVTESHEMBSHIFANTE): M Delere (52)MH %%
34, 12, X. 16, 12,

Wer EBMNTHEEERAENS Y, ReEhBRARIH RERE, SRR E LA
YL ERERAE (BtH, 3 Find (1)BEHA7). BATEW BN —&EERE, B Nert F Previ-

427 ous, T T — A B AR RS54 R M G 2k T T R na e B

3.2.1 REWRBERLH

T e B B A PR R TT LB (8 B e B, R EDBHEIM, EREETEX
ERFOMOB A ERTE T, BEBEMMER—E, NTESRAXBEN, XA EN
RER, BRIREFEFERARPERRWEI T

BOR L IES PrimList ¥ Find IF 20 ST T8 SRR AR HE AT RIERAT, 0 FindKih WAL &
gt l, SR B AFIRER BB E R RN, Fl EAME O G A GX R FRE— T FE
VY R ER M RES BB A (IS DR, TR TR MR WIET A
TEN AR, EFERREREIERN ON), FHEXE, XEMEERFERR
By TR, EREELMNE, RdEng N VR HRAkRE A S B ST — T R E KL

B 2458 ARG 03547 I A 2 b 018 LA B R MR /IR b 3R SE T AT B LA e —
A RS X R 554
3.2.2 ¥

0 T R AR ST, RITEEAFR DR g iehs, BMRMHRI B2
WEERARES, B 3-1 FHiET 8 A (linked list) B —BAR

567 th— R IR ST R TR SR AR, A E FTR e E A S BT
£ S ML e . RINFKZA Next yort . B — T BTCH Nexe $8#H #3015 NULL; %
1 C 5 L3t B A BR S R dg4T 1R, ANSL C3E NULL IE.

HAEHZ-—-T, oL B R S TR SR SR B E ., B, R P w=
B S i — M i 5, BRATERETE P P IR EfphM—AEE, ERAIERE
W MY, ZEEH N — BT DLl P > FieldName i, Hb FieldName BFA]
M AN NET. B 324800 3-1 g BIEFER, XTREH LM, RIFEN
ARSI RLE 252 1000, 800, 712, 992 F1 692 o aEraRgTEEt H A (H 800,
%&T%z&%@%&%ﬁﬁaE%%%%M&ﬁﬁ~¢%ﬂ%?¥wmﬁmu%%,ﬁTm
WiEE, RITREREEEEERIE—THT, EHTERESHETXMEK. BEENE
g, — Mg R o8 H Ao T T4 PR SR AR H, R HLR
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B3l --EEFE
[ :
‘ A (800 LAy 712 | A |w::| | A e
| I |
000 700 B 557 657

M 32 WHEHERENEL

M TIAT PrineList{ LYEY Find (L, Key), BTAIHEH - MEE B ELZRIET — P
2. PRI H—BE Nexr 185 T 0% ZRIH] | X8R4 WA BT, BARX TEBHER
o FECA SR A, FindKrh 45 A WA SC MAYRCE R : FindKh( L, ) 4EHR O )]
VIS AT READTER . EER P MR ERTH, FHAWRA FindkKih iR (5 1)
HEG i raoittd s, . FindKeh( L. 2). FindKsh( L. 3). FindKh({ L, $ILLA FindKth( L. 6)uf
i 0f b F B — I IR SR Y

W 4 o] L@ e — M EH R SEFL, B 33 A HAEETHERS - MRS R

- | e ﬁ?"\ A
A, ‘+_1 4, Iﬂd/:-mljﬁ.‘& A ]j._.. Ay 1!_,
B 3-3 MR NER
i A A BB I malloc BE M Z5EF— M3 o0 (G R AR ) H RIS
HUTRE S e, H- AR 34 AT, PR BA L RERAEE .

RN e R e R

k -

El 3.4 (o RiEA

3.2.3 BEFIGITHAYN

R E R L R - SR EREE TR S A, AL LR LA T AT RE S . B
. WRBTEMFTS & LB ERENIEHATCENELERENTE, B2, MR R T T
SIS B SRR, BN ERUET HMERM: FETHAZESERRIGEX. B
AR A — AR . B B RBE IRE AR, EEMREREEREICFERBERT
FEANE R I,

S F . R MRS A AR H T A 1X S, TRATPRS A AbEES A, AR
{RRR 2 Ay Ak (header) 8" 22 & (durmy node) X EREm—RR, ERRES2RERNE. K
175, SRz E 0k, 835 BR-IHARLIER, ERTR AL Ay - As

Sk R R ATE N R, A VEERSERE FindPreviows ToRLE el 3R AT E B AT
HCHIRTIR T B, IR IATEE MR L, A4 MR M RNE—PILER, FindPrevious
R ML B, kA ERE R AL, -6 AN, BB eg st HEN T
BT X REATIE R ST E B2 S s R RS £ AN EERABEE F AR
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heade r

L

Laa
Je

1 4 iql$| M], A [ A [

35 HARLHER

B A EEERRE, TR BERTEX BT, 50 &M AT R ATEE =k A NHE R H
LB MBI VB S IR . B Ah, SRS A MR T AL

FEHBT, Tofi eIl ADT BB PIRGE R, Bk, 766 3-6 PEALRIIE
B HER C IR, M RAY List(A )R Position (40 B ) LA B R %) JFLUAUH8 51 45 5
GG b SR, RS Node 5 5) 75 BRI ¢ STHF.

|
| #4fndef _List H

] struct Node:

typedef struct Node *PirToNode;
typedef PtrToNode List;

typedef PtrToNode Position;

List MakeEmpty({ List L );

int IsEmpty( List L J;

int IsLast{ Position P, List L );

Position Find{ ETementType X, List L };

void Delere( ElementType X, List L J;

Position FindPrevious{ ElementTypa X, List L };
void Insert( ElementType X, List L, Position P );
void DeleteList{ List L 3,

Position Header{ List L };

Position First{ List L };

Pusition Advance( Position P J;

ElementType Retrieve( Positien P

#andif J¥ _List H */

/* Place in the implementation file */
\ struct Node
i

ElementType Clement;
\ Position Next;

‘H

B30 HRHAKEEH

RITEHERF— T BEENRST RN, SRITRE B REH 6L RBRE AR
ot BTN REAESN AR, W37 kRR—-AER KEXAE, RESEHE 8T

1R K
T AL 3.0 EN, TORMAN TR B ERNEE A TTE, BRI
£ BTTER,

BRI ESH T —IFIBE Find, Find TEE 3-10 F3il, ©iR H Ao EIEE PR
w0 FE B & & IRIEE THERR, BIANRY (and)iB B AR ﬁ;;T——l
HOVRM IRAERR A NR, TG LS MARRT. L j =

v B RS Find BEEATS . KR
A AT BB G T MR IR & fF . FEHEE S, RE—TIEWEMN
Kok, RITERE—IRMELE.

L

E 37 HEAkNER
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—r——ma —

/¥ Return true if L s empty ~/ !
[

int |

IsEmpty( List | )

[

}

l
|
|
|

return o-=Next == MNLULIL ;

—_—— — —_  —_— — —

B 3.8 WHA-—-THEET BT RN K

/% Return true if P is the last position in list L =/
I /* Parameter L is wnused in this implementation =/
mnt
IsLast{ Pasition P, List L J
A
oy
L L R

B39 M KAz R BT R RAA AR

return P->Next == HLLL;

—
/% Return Position of X in L; NULL 1f not found =/

|
| Position i
|

Find{ ElementType X, l1ist I }
|
Fasttion P;
A1 P = L-»Next:
FAENY while{ P != NULL && P->Element != X ]
= P = P-»Next;
FAE- L return ¥;

# 3-10 Find ##%

WA ERER L PR TE X, ROBERE: MR X AR —-RRER
$ﬁ&ﬁ‘%£ﬁmﬁﬁﬁ?ﬁﬂ%ﬂ@%%%%f&ﬁﬂmXQM%x%Eﬁ?ﬁmﬂﬂ
ot AL A, FRAE IR R FindPrevious ¥R A X R ORI KIC P, IR
IR R TEM 3-11 PEM . FindPrevious BIBEMT Find , E76E 3-12 4.

[_ /¥ Delete First occurrence of X from a Hist */
/~ Assume use of a header node

vo1d
Delete( ElementType X, List L J

!
1

1

" position P, TmpCell;
P = FindPreviaus{ X, L };

iF¢ 1Islast{ P, L ) } /¥ Assumption of header use */

{ /= X is found; delete it ¥/
TmpCell — P-zNext:
P-»Next = TmpCell->Next; /% Bypass deleted cell ™/
freal{ TmpCell ),

|
|
]

311 BEER MR A
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A A
/e
f* 3%/

AR AT

/* If X is not found, then Next field of returned */
J* Position is NULL */
/® Assumes a headar */

Position
findPrevious{ ElementType X, List L )

{

}

Position P;

P =L;

while{ P-zNext != NULL && P->Next-z=Element != X }
P = P-aNext:

raturn F;

B 3-12 FindPrevious— 7 5 Delete — A2 {f# FIHY Find #ij78

RITEBNRE—IHBEARAGNE, BEBANCESR L MEEP —BFA, X
A Insert PIBE— A TCEBARE P FitsrmWEZ G . RIOTXMLEEREENE, EERE
WA SRR RA LW E NI . RA TN CRBA B E P ALRIZEME P

5 AR M T REE), BEXABMNEERENE PTEMNITE. EAUELLEA Find-
433\ Previous AR, BREENEERHHRETH 4. B 3-13 ZHELES.

/* 1/
FARN A
/3

!I"* 4*;
f* 5%/
f* 6%/

/% Insert (after legal position P} */
/* Headar implementaticn assumed */
/% Parameter L s unused in this implementation */

void
Insert{ £lementType X, List L, Position P )

{

Position Tmplall;

TmpCell = malloc( sizeof( struct Node ) J;
+F{ Tmple1l == NULL 3}
FatalError{ “Out of space!!}" };

TmpCel1->Element = X;
TmpCeli->Next = P-»Next;
P->Next = Tmplell;

B33 EROBEARE

8 RATDAIRE LA Tnsert FUBA [sLase 182, RETMRBERRL. MU
XM, BERBHOLIFETRSTEXEFER, R, SR FRE L # 7] RE (B 15 & A

ADT 382 ©

B Find FlFindPrevious B (GEF BIE Delete, T8 FindPrevious ), BA1E £49:85
R GERENE 0 E, XERAERANFRLT, FEEE LA APATEEHHE
%%oﬁ?ﬂﬁFMﬁMﬁﬂﬁmmqE%%%ﬁ%?ﬁﬁﬁﬁ%ﬁWW,WEﬁN%ﬁﬁ
SR B EA TROERU T RS R, FHXKE, EATH R O(N), BB 91

¥ .

C REAEN, RifEERRaREE.
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A 3-6 PPN EAGMRFE YA . R LIRE -~ MR IR Previous. FTE
WX MR BB N3
3.2.4 ERHHRE

IS BRSER B IRMEFF S 2R FM8SRE LA, L " memory access
violation” B “segmentation violation " X EEEH BERE G TRAE T ikl . —THH
B EE R e b AR By, A, iR E 314 B R, B4 PR RRE LA, HE
AL A AT RERS M I EM A S, F—TMHARBIREXTEI B AT 647, WR P 2
NULL, Wi B EEm . X AR P AR NULL, B LN A4 08 4%, Bz [ 49]
fRem., (HRMM Inserr BIPIRRERIFX— 5. TiRE B BAREE & — P47 . A0 a4
PARAT %S R & NULL, B C SR BRAMHRREE FEE, A 38 C il
—EAY, B AR TRIESEELS - NEFE T, BURRHE A AR E
. AR RIXFEIR T W ERZ —.

—
' /* Incorrect Deletelist algorithm */
woid
Deteretistf List L )
{
Position P
Froes P = | -=Next: /* Headaer assumad =/
Frodes L->Next = MULL;
T A o while( P != NULL )
{
\ A SFi freel P J;
. fF 5 P = P-=Hext;
] |
: J
|

B 3-14 BER—MRENEBIITE

o5 — Pt IR Jo e B FH B AT M A0 P malloc R ARER— BT BATE, BT ANCHE,
BRI HG ] — A~ B A B RS AT 30 BB AR, i FUR A R B I 23 8] 5 4 45 F AT R T R 93
B . G R R BT A0 F BUME— R B B Y malloc FEE. malloc (HowManyBytes) st
ﬂ%ﬂﬁ%%%ﬁ~%ﬁ%%ﬁ%ﬁ@ﬁﬁﬁ%ﬁ%ﬁﬁD%—ﬁﬁ,m%@ﬁﬁm—¢%
ﬁ&ﬁ%ﬁ—%ﬁﬁﬁjﬁﬁﬁ%ﬁﬁmﬁﬁﬁﬁm:waﬁﬁmmmmﬁ%.%%%%
SRR N RYEE ((ype cast E I ERAE R FAMS . C FER T malloc B H
2L il calloc. iX B R B R AL & sedlib. b %30

%ﬁ&$wﬁﬁﬁﬁﬁ.@ﬂmmﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁﬁtcm&m%%%%:ym
JEF5 B A M PR, BFE B HE DA BRI E RE X T .

BB IR A — BT R AR R IR 438 malloc MPVEUMIRG T REKD, £
ﬁﬁ%wﬁmln?—ﬁk%ﬁﬁﬂ%ﬁﬂ—%ﬁ%ﬁﬁ%ﬁ%:g~ﬁkﬁ%ﬁﬁﬁ%@
ﬁﬂﬁﬁﬁﬁwmqﬁﬁ%ﬁﬂﬁ%%@#ﬁ%ﬁ%ﬁ@ﬁ,%%ﬂ%#%ﬁ&%ﬁﬁ%m
BIELR . R EIAEE NULL 154 -

E%ﬁ$ﬂﬁ~&%%zﬁ,ﬁ%ﬁ%ﬁﬁﬁﬁﬁ%—%ﬂ%ﬁm,ﬁ%%ﬁ#ﬁﬂi B
K055 AFIIG s — BTN TS BB 8 . X FEBRSA BT, AR E Tl 50|
Wmﬁﬁ,ﬁ%ﬁﬁ@%ﬁ%L%%ﬁE,ﬁﬁﬁﬁﬁ%ﬁEoﬁ%#%%%.%}MWﬁ



38 #FIF

- —— —
- —_ J— -— ————

ERAERERENENERA TR BERTEFERFE TEEET),

E 3-15 Bn THETARER 73 hHENEERE TERSREZR, B RATRE
ERBEELACOEEBNMESIEMETRE, iREMNELERE, AFEEE T 187
(WLgR>), B XA 2 R] (10 000 P S )R RFEE, BREFNHR T 25/, B L, £
VLK LR R BB PR ORI iX B AR SE R - ERERFR R O (N log N)BfE] 403 N A
BT,

J% Correct Deletelist algorithm */ \

wvaid
Deletelist{ List L )
{

Positien P, Tmp,

FA NN LV P = L-»Hext: /* Header assumed */
Jro2e) L-=Mext = KULL,
/3 while{ P !'= NULL }
{
S A/ Tmp = P-=Next;
FA L freel{ P );
f* 6/ F = Tmp;

I
'

& 3-15 MERFAMIEFTE

BB | nalloc(sizeof (PtrToNode) B EHEH, (BT HERAT KN IL2E
b2sE, & ARG R — 1% M,
3.2.5 @R

AR UE R RRR T E, FHSB TR RN, RTTARITEARE.
VBN FRI— AR, T aA R EITRTEE AT, AR — T HnE
g AT AR R A A AR AU I 0 TR B i — 1%, A R ARH R
s BB, EEAL T MERERIE, AR A TR BR TR T FR T
AR X MEERABE . B 3-16 Fn— T REER (doubly linked list)o

.4.4 -‘15 7] 1_

Jr“i"! Al A | TR A l By [ .
& 3.16 —PWmEE

3.2.6 MEHEER
ﬁ%ﬁ%ﬁiﬁﬂ%ﬁ%ﬁ~¢$ﬁ%~ﬁﬁﬁ%ﬁﬁn?ﬂmﬁﬁ%,mﬂm&ﬁﬁ

S GEf Rk, MESRETRIEAE), BT R E#ER (B RITR ML IS5
RIS OBI0) . X EHESE T EWR, Tt ARG AR R I R F R AR AT A
3-17 B T — P RFZKHID A AR

L--_ A ‘ Azi n A,
—

T
A4 T a"u5

317 — A WEEeER
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—_—_— — — —_— —_— — —_— J— — J— j— J— JR— —_— — —} —) — _— —r} — —_——

3.2.7 #IF

el R A= MEHS RN F. B BIR ER— 28T RE TR, B AR FER
FRERAE I T DA R AT HR R A — R B BUS, RATIAE AE T, S T
E O TR F IR,
&I IC ADT

AT HERCE Y — X F-- L (BT EARFE) WA NMAB BRI, & F(X)
=NV AKX KA BB, ARATR ] AT L — N AT X M R R
W[ Lgety ot ST, K. FE, B A AR R L ef, FR AT LA HI AR
318 R R ANAE, kBT, T R TR B TR MBI R T . AR
FhulBERUIE RN S fI7EI 3-10 B 3-21 thFIH . ZBRR ) S 00 0 051k & At E],
T B R Z A TR AN S A BT B VOB TR AR IE b, TR A RSy TR ERAT (R %
A, ARE POXD) — 10X 4 s | B P (X)) = 33X - 2X1% 1 11X + 5, 4
ZAFRHAIER I BE AT T, aTIE S, A AOuHEIERAETE T F. 1L 0 A8 P i A
LR AR EREARTBA 1. SRR EDIN.

typedef struct

|
int CoeffArray[ MaxDegree + 1 ],
I int HighPower;
* Palynomial;
|

B 318 HIH AL MEEH T HARESH

void
ZernPo]ynum1a]( Polynomial Poly )

int i

Paly->CoefFArrayi 1 ] = 0:
Poly->HighPower = 0;

j

I
\ for{ i = 0, 1 <= MaxDegree; i++ )
|

M3-19 #HEIWERATFRLE

void
AddPolynomial{ const Palynomial Palyl,
canst Polynomial Paly2, Poiynomial PolySum )

1 {
| int 1;
\ ZaraPolynomial( PolySum J;
PolySum->HighPowar = Max( Polyl-»>HighPower,
\ Poly2->HighPower );
] for( i = PolySum->HighPower; 1 == 0; i--)
FolySum-=CoeffArray[ 1 ] = Pn1y1 }Cneffhrray[ i] .
‘ + Poly?-»Coeffarrayl - };
}

M 320 M EMEHNEE
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e

40 E3#

void ‘
(- MultPolynomial( const Polynomial Pelyl,
const Polynomial Poly2, Polynomial PolyProd )
{

int i, i;

ZeroPolynomial{ PolyProd };
PolyProd->HighPower = Polyl->HighPower + Poly2->HighPower;

if( PolyProd->HighPower > MaxDegree )
Error{ "Exceeded array size” J;
glse
for( i = 0; 1 <= Polyl->HighPower; 1++ )}
far{ j = 0; j <= Poly2->HighPower; j++ 3
PolyProd->CoeffArray[ i + 7 1 +=
Folyl-»CoeffArray[ 1 ] *
Poly2-»Coaffarrayl 3 1;

B 3.21 BAEEAMRKNTR

B Feh 7y o i 4 6% 2 (singly linked list) s EHRAME—MEE—THITY, FHX
6 B ST LR BOB R I HERS . B, B 3-22 iR BER P (X)F Po(X) o SLaFIR{TA
DL R 3-23 R el

T T
\7 31990 ,uzimgzj -11]1 s ﬂ’m——_}
p

I

B 322 ArEOApERET

typedef struct Nede *PtrToNode; __)
struct Node

int Coefficient;
int Exponent;
PrrToNeode Next,

I

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

B 323 £WR ADT &% TH KA

FREIRER R A S T, SR T, YFA SR R R A RIS £ () &
RS AL, XA A B EER, BRI EEFS.
BUHF

[ FbE 2 5958 = A8 7 i i A B HE A (radix sort)o X 3 HE A L AR T A A (card
ort), BN ERMAITTEN LI, ©—EHTHELAFLFHNEF.

MERRITE NBE, BEA LB MEAEM - 1), FAITRT LAF AR A i A 2
ﬂﬁmﬁmﬁW,Mﬁﬁiﬁﬁﬁm@Hmﬂuﬁﬁ%ﬁ“%ﬁﬁ,%Zﬁ(ﬁM,ﬁ$%

4 v semps R, TR, Count M ANATT(RM), FIAR MM TFRRZN. 2 A BBA
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B Coune” A; 135 1. TERTA K ABER LG, FREEE Coun, THIRBHIHFHR. Z8
AT O(M + Ny HirBBES Y. E M=e(N), H#IEHFA O(N).

HEEHFF RN TRAEGSLHNERESH AR ESFHY, #&I1FH
10 %, WETEO D990 2, FWAPEHET. — Rk, XEOF N - 1 NP N, p
SRR, B, KROIAREFRHERIET, TFEEH AL T, TR EEA LS HER
7. ARNEERISE T B E (EL " N BTG ) i =XHF, AR EXT
KERS(EFRMET, £%, IFFEAEES EHEERE, HE, BRI R (E R
SR AR ITRSHEE, 2B BRI mER, SR, R T EEAM
R F, (5 T BRI . TR R, HRIE e g — &b, &
T, RN EEHEART, B EFEARRRERAER, BRAs R4 LR RPN
N, BM=EFHKE O(N?).

T F iR 8 10 R AR HET A0 ARG, AE B AZ 64, 8, 216, 312, 27,
729, 0, 1, 343, 125057 10 P A%, WA . 48 — BB IR RAHEY . X
MBS, AR 10 4y, Rt —BHF AR F R, & 3-24 B R Xt
90 2 IR R B RIR AR 0, 1, 512, 343, 64, 125, 216, 27, 8, 729. BLiE
A AE Y AT (D b7 b s M Se AT i (W 3-25) . BT EHEF Rt 0, 1,
8. 512, 216, 125, 27, 729, 343, 64. FAGXAEREEA R/ HFSEIMR. &—
B HE - RS S T, HasR BT 3-26, BREBIMERLED, 1, 8, 27, 64, 125,
216, 343, 512, 729,

! | 512 -I— §43 | ad 125 26, 27 B 7Ly

| |
IH_D[ 1 | 2 3 4 3 &

A 324 8L ST

3 -39 | ' !
1 | 218 2" o !
polos12 | o12s | 343 | | 44 \ \
Ly 1 1
Y 1 2 3 4 [ S £ 7 g8 "9
= . L —

325 % _HILEHRE N

64 - \ Pl
lq
%
1 . I
o 125 |, 216 343] 512 724

- 1

] i r 9

0 1 2 34 56| 9 B

326 &SRR G
%ﬁﬁ%%%%mm%%%%,%&Eﬁ—m%%ﬂﬁﬁw%ﬁ¢ﬁﬁﬁﬁmﬁﬁﬁm
?H%%E%D$ﬂqﬁﬁ%ﬁ#?ﬁﬁf%ﬁ%ﬁﬁA#%ﬁ%ﬁﬁ,Eﬂ%uﬁﬁ%m
AW BHRENLsFRIE R O(P(N+ B)), He P EBHEFER#E, N REHHAFRIC
FEA 8, M B B, AFF, B = N
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f’ﬁ:ﬁr—w‘i‘fﬁﬂ%, WATAT LIS RS A (32 0 )AL L3R W i RO B HE I 7 v HF
£, BERIIE RN 2UHMB KRG T M, AXETEN L, ZEEELE
O(N), {HE, BUGERAFRBRIVEER 7TEERNFRELETN, B TR
(IRN1I28, logN FAFAEX 4K, MEEELAREERNEAFHE,)
EEX

BITVWBRE - FREFRSERNEE 28 M FH. —B4 40 000 B4 502 5000 [IRERN
Fo EBA R RIKRY . F—TIREFILESTHNEME, EMREMLE 84
R

WAL EHER TSR, R MRS EH 1L, FERA-IEREESE
(TR, BMER EAEXHER R 120 000, K& 4H0.1%.

BESENEFMENHRE A SHNFENE, RITOFEE A RN
BNz, & 327 BRERNFE.
o T I R O T B T I

$1 [Sz 1 $4 35‘

—- —

C3 o

C4a

| i1
4

-

1 | '{ijj
- |

|

—— I N— I

B 327 CEAHRIRERY BRI

FHKEF RN, RIIESHERIEGRA—1R IR H B H — R LIFHEE
FESRED. Ho, R TFIN C3 BT A, RIIA C3 JFin@ad M 41T i &, & -7
PTRT24 S, RAMMIEHEHER. B9 LT B B R BOA PR AR S TR
S, —BRANZERR, RITEFEEF] C3 G (IERFEAERRZN, RITFHET
B e B £ b A B ) HR BT LI B T S3 57 fh— T8, RATgELE I KB 34 LSS
WIEISHE E, MMEE—&%¥4E, RIEA [ S AL B S T A T R R IR

R R4 S AR B R E . ERFMFERT, B AN C B
e IR R e E R L E AR T R A R S fEAs i sh 8 2R T AR
BRI BT TR MR, BIRMERERTEEE AR, WRRESS
A T i ﬁ{ié’:\ﬁ-—fi‘*(ﬂtﬁ%)ﬁﬁﬁ%ﬁﬁ'ﬁﬁ%ﬁ%&#ﬂﬂﬂﬂﬁ%m&ﬁ.3 B fl o N
S, BRI E L AMEXRNEE,

3.2.8 HEEMOWRTE
i#4n BASIC &1 FORTRAN i 2185 84 X744 &, NBRFEEE LA REHE
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. A AL S PR ER B FRATTREHE 0 RE 77 15 3 B3R 3 47 (cursor ) SE B

{EERPEE TP EEH T EMNTRS .

| FEAETE— WAL & - PEERE S AR IS E T - - aikni R

2, —PEFEE R AT LU T W A malioe A R4 2 AR (global memory JIF], Jiul
i LW [ree MM8E AL .

AR E NGRSO T 0 R4t . AR | MR AEEEL P eRiasthis
Bal, MT P RAE AT, LA THTLIARMAE - THaE. K 328 4y Hi5E LiF
bRl R R

3 - |

#Fitndet _Cursor_d

typadet Tnt PtrToNode;
typedef PtrToNode List;
typedef PtrToNode Position;

void InitializeCursorspace( void J;

List MakeEmpty{ List L };

int IsEmpty( const List b 3

int Istast{ const Positian P, const List L };
Position Find{ ElementType X, const List L J;
void Delete{ ElementType X, List L };

Position FindPrevious( ElementType X, const List L J};
void Insert{ EtementType X, List L, Position P 3,
void Deletebist( List L J;

| Position Header{ const List L 3

f Position First{ const List L };

Position Advance( canst Position P };

ElementType Retrieve{ const Position P };

#endif J* _Cursor_H =/

/* Place in the implementation file */
i struct Node

1
ElementType Element;

Position Naxt;

by

struct Node CursorSpace| SpaceSize 1

—

7 3-28 EERWIS LR

MIEFS A VAR R &t 2, ik CursorSpace by ds_]; Ej;“t Next !
# C AT malioc F free TIERRE. WK, RITEHE - . L 1
F (BB freclist) . E’T‘%Hﬂﬁﬁfﬁﬁ%*%%i’f@hﬁn % ; 3;—
EPTETT 0 R ES . HAHRMRE AR 3-20 P&, : 4

3 T Next, 0 f9{5% 4 F NULL # 4. CursorSpace ) ? . .
T S — A T AR R S5 M, RRATTHS B B RS 6 |
HAUAT malloe SHEE, %(E%%Jﬁlﬁﬁ“{])%—‘ﬁxﬁﬁiﬁ g 13 ‘
freclist MR 2 7T free TUAE, A FROZNILEE (ECE | o

freclist BIBT %5, B 3-30 % malloc HT free 9807 150 _ ﬁ
m. AE, WRRHEAREN, moRiEBRRELE B39 — PR RY CursorSpace



44 jg_3 &

P = 0 &\ FMHEE, EEREFEAERAA, FHEBR A CursorAlloe 8958 AT NS
BAE (no-op) -

| starttc Position
Cursorailoc( void )

|

Position P

P = CursorSpace[ ¢ ].Mext;
CursorSpace[ ¢ ].Next = CursorSpace[ P 1.Next;

return P;
2

static void
CursorfFreef Positiun P }

{

L}

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

B 3-30 #8: CursorAlloe F CursorFree
ATk, SEMBRTREAEAT, KT IR,

|

St Element Next

RATEE— RS ZHBRIMNMER, EXVY—THT, EE T, ) :
33, AN L REE ST M BER 3, W L Rk a, ! b >
b, e, T M Fmtkfc d, f. 3 | beader | 7 I

4T B s PR D IR 60X S R, RATUAUEER | hester | 10

A St MRHBRIOS . XEFBRERS. EH332E A .

AR E R ARG R, 333 TSR RS s |4 e

RERFBHMR, B339 PR FindREIE L FHX |10 . X

WErE . CHBRNERER 335 4. Ba, ekl
(4 O REST SE IR —HER . BJE, A 3-36 R Insert HYIF

A 331 BRI H

/% Return true if L is empty */
int

IsEmpty( List L )

{

}

return CursarSpacel L ].Next == O;

m3-32 WE—MEERENEHER—UE RN

|
/* Return true if P is the last position in list L =/
/* parameter L is unused in this implementation * /

int
IsLast( Position P, List L 3

{
}

return CursarSpacel P ] .Mext == 0

/B 3-33 MR P R RERNF RN RE—IRR



A* Return Position of X dn L: Q if ngt found */
/* Uses a header node */ i

| Position

Find{ ElementType X, List L J |
| { i
; Pasition P,
ALY P = CursorSpace] L ].Next;

Pl A while( P &% CursorSpace[ P J].Element != X }

VAR W4 P = CursorSpace[ P ].Next;
] PR L return P;

i e

B 334 FlE tind

/* Dalete first accurrence of X from a list */
/7 Assume use of a header node */

vold
Delete! ElementType X, List L J

{
Position P, TmpCell;

P = FindPrevious{ X, L };

if( !IsLast{ P, L ) ) /* Assumption of header use */
] /* X is found; delete 7t */
TmpCel)l = CursorSpace[ P ].Next;
i CursorSpace[ P ].Mext = CursorSpace[ TmpLell ].Next;
Cursorfree{ TmpCell 3,
!
I

L a— - R

335 At RIETRER R ER F 12 Delee—#F b %A

/* Insert (after Jegal positicn P) =/
/* Header implementation assumed */
/* parameter L is wnused in this implementation */

void

Insert{ ElementType X, List L, Positien P )

i

Position TmpCell;
FARRAY TmpCell = Cursoralioc( };
FARVANS 1£{ TmeCell == 0 )
f i 3%/ FatalError{ "Qut of space!!l” };

Jroan/ CursorSpacef TmpCell ].Element = X;
FARTS Cursorspace[ TmpCell J.Next = CursorSpace[ P ].Next;
PR S Cursarspacel P 1.Next = TmpCell;

336 ITEERBITHARENAE hserr—BFREER

L4 BRI EREN, LR —G 5, KIHRATE ADT WM, TIIRMEHNE
B R, AU REV ., BHRIEER A LR RSB, EWE Y
A EARARTES . mTROAFEAMT, Ait, MRETH Find o B AH TR 2,
U] e A S LA B R AR
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{reelis: MFEE AR —FEEAEIRE . M freelist BIER AT R T EWIRI T frec BIT
A G, HIE, BSHRE freelist B TRER LS EMNE LT, A-FEIESHMES
X, BAEA (stack), BB F—TERINEHRE.

3.3 ¥ ADT

3.3.1 iRl

# (stack ) R PR EHE A FIMIBR HRELE-— L& DETTHISR, BV E R RARR, Harh
T(top), IHROIEAIRIER Push (HEER) T Pop (MR, BIE M TRA, HE MR
EHAMTE., BEEAMTER ROE #H Top FIBEIET Pop ZAETEE. Wasik
HEATHY Pop B Top —RBGA N R ADT MR, B~ HH, 81T Push B EARZ—
PR, BAR ADT k. O

Pop(¥)
- Stack §
Top(S)

PushiX, §)

337 AR, B Push REA, (B Pop MEGERH:

A B AR LIFOUS s 4k ) 3, &R 3-37
i R TS B SUEE Push Beb ABRIETT Pop Al Top
Top REHIRAE, WEKHEROBEMAKE :
77k 40 MR 26 S 4% AR R R & R i — T 2, i L

AR, WP e fgas, XA LBER Pesh 1

O

Pop 8tk (34

|
5] 3.38 TP TARIES I — P RIS e |
W e FERELEM TR, WX |
o3 B - LT E. 338 . RARETER HRN

3.3.2 HEIER
ETEE~¢%*E%ﬁW¥ﬂﬁ%ﬁ%%%$ﬁﬁn&Mﬁ%mWWﬁﬁmiﬂﬁ
ﬁ«#ﬁﬁ%ﬁ%%ﬁqﬁ%~ﬂﬁ%MEmﬁﬁoﬁ%,EmﬁmEﬁ*%Eﬂm,m%
ﬁ%%%%ﬁﬁm,%ﬂﬁﬁﬁﬁ%%ﬂﬁﬁﬁ%%%ﬁﬁ%o
AR
ﬁ%%—ﬁ@ﬂﬁﬁ%@%iﬁﬁoﬁﬁﬁﬁ&%ﬁ%ﬁkﬁiﬂPﬂhﬁﬂW%%
ﬁ%ﬁﬁ@ﬂﬂwuRwﬁﬁﬂ%%ﬁﬁﬁ%iﬁ#ﬁ@f%ﬁaﬁﬁﬁmﬁﬁﬂﬂmﬁ
'%:%HDﬁﬁ$ﬂﬂﬁﬁ%dﬁ%%ﬁﬁﬂ,@ﬁT%ﬁﬁﬂﬁﬁﬁ%%%ﬁﬁi%&
M EIRE
B, RANER 3-30 A — 5 L. SRR L. E3-40 B, WA=
¥ 53 2 # Aoy AR
ﬁ“@"r‘ﬁﬁﬂ?ﬁﬁ$ ﬁfﬂﬂ%@ﬁ—’ﬁ“%?ﬁﬁ; MakeEmpty ¥ B Next 54T 45 1l
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#ifndef _Stack_h

struct Neods;
typedef struct koade “HtrToNode;
typedef PtrToNode Stack;

. int IsEmpty( Stack S J;
|  Stack CreateStack( woid ); !
wpid Disposestack( Stack 5 );
o owold MakeEmpty( Stack § 3
L vaid Push( ElemantType X, Stack S 3;
© ElementType Top{ Stack 5 };
vpid Pop{ Stack 5 J:

gendif /= _Stack_h #/
l /¥ Place in implementation file */
/® Stack implementation 15 a Tinked 1ist with a headar =/

struct Node

1
] ETemantType Element;
PtrToNode Hext;

ra— -—

A 3-39 # ADT REFMERFH

int
IsEmpty( Stack 5 1

return S-»Next == NULL; ;

* |

340 JIRRE TR —eE R KN
NULL! WL 3.41), Push WVE R 1452 87w E 748 A S0 B0, $hH:, Kavaum e AR
(U 342). Top BULHERENZHERAS MIB LR EMAERBLI 343). 5,
Pop i@t Miss FRRTRA CE MSEHA (ILE 3-44)

i Stack
CreateStack( void )

{
Stack 5;

5 = mallac{ sizecf{ struct Node ) J;
iFL S == NULL 3

FatalError{ "Out of space!!t" J;
| S-a»Mext == NULL:
' MakeEmpty( 5 3},
return 5;

b

void
MakeEmpty( 5tack 5 )

if{ & == NULL 3}
Error( “NMust use CreateStack first” 3;
glse
while( 'IsEmpty{ S 2 J
Pap{ & 3.

341 flg— R AR — R
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void
Push({ ElementType X. Stack § )

{
1 PrrToNode Tmplelld;

Twplell = malloc( sizeof( struct Node ) };
if{ TmpCell == NULL )
FatalErrar{ "Out af space!!!" };:
elsa
{
TmplelT-=Elament = X;
TmpCel1->Next = S->Next:
S-=Next = Tmplell:

R .

F 3-42 Push #EEHB—8REH

ElementType
Top{ Stack § )
i
iF{ tIsEmptyv( 5 ) )
return S->Next-»Element;
Error( "Empty stack" );
return 0; /* Return value used to aveid warning */

}

& 343 RBEURTULRMFIRE—aREH

woid
Pop{ Stack S )

{
PtrToMode FirstCell;

if{ IsEmpty( S 3 }
Errar{ "Empty stack” };

else

|
FirstCell = 5-»Next;
S—sMoxt = 5->Next-»Next;
free( FirstCell )

!

}

B 344 SR SR K AR —ERTH

R P IRMESE B SRR (8], B 2 3 A B 40 0 07 5 RBIR MY K /) (2
W), EARHBIKE TR/ ORI T . XFEI T KK RS TE TR malloc M free K7
R PR B BB, 5B SR SRR GIRAE ORI, A kU AR TR
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A BEER
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- LR ERERA. B - PRE— T TopOfStack . X FRERE L - 1GXH
WA ) . R S E A ILE N BRARRER D, RN TepOfStack 11, BRIDE
Stack " TopOfStackt == X, HOP Stack RACKEERIEEH . TN CE, I HRM
LK StackT TopOfStack VR TopOfStack W 1. 2%, \F W AMAHELZ MR, NI Stadk
FLU1H TopOfStack B{CE-- RTS8 — 049 S EE R AR E S FR R RO (2R
(F-- RSN IL TR EAEN. AATERLZNLINEN TEEEERZ T 0. MYy
SLFGFEIE AR, R R R B, X, BRI R RIE R AT
AR AT B B R 2 A B LB RB TR wop-of -stack ) ZF B BY BT BB, AT AT G Y ADT #
BRI 1K, AR Ada FIC - 4 IXEEROBCRR IR M S 20 bR L ARAEAS SEpE s RE R

MEEE L XHeRR R A LUEE s AT, 0 R LUEE RS B B R E AT, (R ALy
1, PR B QA IR T LA W CEERNS ) Push R Pop #RFTRAS R — 5%
PLESIE S . BN IEE i FEALE R A AT RS R E A 3, XA VR —
RS, ETRBAR AT BE B At BB = R gl 2 B B A B SRS,

— A BAEAR B SHAT AR [ M R R R A T . TR I AR R AT R AT A A S IR AT . TR
W E R R B, XTET BN Pop olUEENT T KB AT Push AR B F IR JE 5| A %8 .
B RN ARSEINIHE. OB, 44 i B A4 WA SR XA E T . H
B4R T BE M SR S SRR R R IR R B e (), e T E R BRIEFERS R EESR TR R AY
A CMAERRE B, — R RS 2R T AT, BAGSIE
AN SR BEE T A — BRI R T EE RN, SHMRIEEH Pop BAERFIEZ £ Pop
A TR R R AR AR . S, XA LB AAS RERERFAULLE BTIC,
A g EL st gt e 3 B OR JE — N RS SR A T IR S IR R . B RRBR BT B AN
MLy BT, FRDA— MR FEBANARS SHEXEHE FH. XHERE . 2k
s W ERR, VRZREN SRR AT MREAIIIK, MABElHx
£ 39 B I [A] BPAR A T DA B4 &8 (comment them out), e fT F i REAR ARG . RT3
FEE AT LR S IS - R B T

(6B 3-45 B Stack (38 ) BE# SUCNTE A — MR R IR . EWIBERE TopOfStack
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#FIF

#ifndaf _Stack b

struct StackRecord;
typedef struct StackRecord *Stack;

int IsEmpty{ Stack S 3;

int IsFuli{ Stack 5§ );

Stack CreateStack{ int MaxEiements )
void DisposeStack( Stack S )

void MakeEmpty( Stack 5 );

void Push( ElementType X, Stack S );
ElementType Top( Stack S ),

void Pop( Stack S 3;

ElementType TopAndPop( Stack 5 ),

#endif /* _Stack _h */

/% Place in implementatioin file */

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

#define MinStackSize { 3 )

struct StackBRecord

{

b

int Capacity;
int TopOfStack:
ElementType *Array;

345 HRIAH—RALH

;"A'
f‘*

jl'-ﬁ
J'r‘*
J,.l':l‘

!}'*
JI.n"'!u'
;Hr
JIF#

=S
2%/

3/
4%/
5*/

6*/
7=/
g%/
g/

/*10%/

/FLL/

Stack
Createstack{ int MaxElements }

{
Stack S

+f{ MaxElemants < MinStackSize )
Error{ "Stack size is toc smalt” J;

S = malloc( sizeof( struct StackRecord 3 )3
if( § == NULL )
FatalErrar( "Qut of space!l!™ 3

S-s»Array = malloc( sizeof( ElementType 3 * MaxElements J;
if{ S->Array == NULL }
FatalErrer{ “Out of space!l!!™ J;
s-»Capacity = MaxElements;
MakeEmpty({ S J;

return 5;

/346 FREGAIE—BEHE R

void
(isposeStack{ Stack 5 }
{

’ © HF( S tm NULL )
i

free( S-»Array );
frea{ 5 3¥;

}

I
M 3-47 BRI R
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BRI WNEE T Ll XEAEARREER R, 75 L™ E a0
A CWE 3.48 BN E 3-52).

int __1
IsEmpty{ Stack S )
!

}

return 5-=TopOfStack == EmplyTO05;

348 Rl — T RESERNFAE—RH KR

vaid
MakeEmpty( Stack 5 )
{

;

S-=TopOfStack = EmptyTOS;

349 gl —rremnflR—Rans

—
void
Push{ ElementType X, 5Stack &5 )
{
FFC IsFuil{ S 3 )
Errorf "Full stack” J;:
efse
S-»Array[ ++5-=TopOfStack ] = X

}

\
L

P 3-50 #FiRANFE—8E S

ElementType
Top( Stack 5 )
1
if{ 'IsEmpty( 5 ) )
return 5-»Array[ S5->TopDfStack ];
Erreor{ "Empty stack" J};
return 0; /® Return value used to avoid warning */

351 ¥ERTUEEAFIR—REEH

void
Pop( Stack 5 )
{
if¢ IsEmpty( S ) )
Error{ "Empty stack” J;
alse
S->TopQfStack--;

}

B 352 MR RSB —RAXHA AU

Pop B/ E BUE B3 H AT R OFHER IR R 3. B AT RO L o R R R
Hig A 5%, RE 3-53 ZWRXE CHERFTENTE.
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ElementType
TopAndPop{ Stack 5 )
{
if( |IsEmpty{ S ) )
return S-=Array{ S->TopOfStack-- 1;
Error{ "Empty stack" }:
return 0; /% Return value used to avoid warming */

b

K 3-53 AR IUTE I AR AHE—HE R

3.3.3 HH

BRI, MERITERMERM T — %, MAXBERESPIERR BN, 2 AR
BHR, XU RORERERANER. ERNGTFSHAS, RIS H =0T, B4
S HIER R UL T A A R Y
TEHS

GiF SR A RO PR IR, HEYHH TR — NS (IERE— T 580
RGP SRR ETTATRISHT . MEEMFRFRARE,

X FER T —1 8 BT B R B A TS 4 HAERI MR N —TEF. T2,
S GRS RS R AR SRR R AR g S . FACO ] 2E R, #H
SO RAERAY. BR, AMEBMIIES —ARER, $FLEERXERFRRELE .
WRIEET, BIYGREEE | WS MBS S TR 20 b S E R E T,

XA PR EOE B — MR, BRI

AT, RATHELILGE, PRFAR-ATHES, MWHLBAT .
R ERE—AHALES, WEATRRA. T, HSEALRRSE, e R B HAFF R
2RO FAEE, NS, EXHR, RRIEZHRE,

R R EX e RS ERETT . REE, TREEEN, 5L e RTRAMA

R, Ei, TRES (on-line) i, BAMMREK. AR, He e G el b AR B
1) SR T —— BT AR

BREFRIEX

R RS —MEET BRI R, I, BATH— SR A
WI3EELE R TR 1,065 T2 B 4 5 B 1 4 DA B BRI 9 3 B MM ) 4.99,
5.99, #6.99, A AXSBAEE B R NG E

4.99 + 5.99 + 6.99 * 1.06 =

AT ERNARN, RIS REEHERATENESR 19.05, o BAFAE18.39. RiEE
HUEE T RSB A R E—1TER, EE LT ERRNERENRERER TN

=i
T, A RREE LR T AALT AR, B, R A BT — e
B, A

4.99 % 1.06 + 5.99 + 6.99 * 1.06 =
VAR AR T4 TERRROSS R (18.69) TIEMT M T8 DA HIARIVER(19.37). HF
HEs EATES, BRI ETES KT REALREESR, MR
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ARG A IR TE AT B 4.99 F 1. 06 FHSRFFTEN A, SR 5.99 AT A, N, ¥
HebRF A A RITHA 6.99 70 1.06 FIRIFHERAH A BIEH A FitH A Ibffifs
AEECAN AL RN LIK X PR F RS F .

4.991.06 = 5,99 + 6.991.06 % -

X il 0 S 48 Cpostfix ) BR 1 0% 2 (reverse Polish)idid:, HoR{E L FHEH LB &

B IFRGA N . R R A S WA A R SR PRI EHEARR
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g Fan, RERIRR
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TopOfStack —

iLny

43 ﬁ
|

o

!

BRIGY + (818 3 45 kb, HR 45 + 3 = 48 RAFRH,

TopOfSeack — 48
)

—

£I5, BB — "8, Il a8 F 6, HEER 6 + 48 = 288 bR+,
|

TopofStack  — 288

HE A ERRERAREEER ON), BRXSAPRE TR E 2R — &
FEREA R A TIE R SR, FEENHTEEENH AN, E8, S TREXUE4HC
B hat, BASBEAGEEE AN . XE—THERTR
RETFENRER

BN AR ERE AR AR ME, mHERNE T AARE T 8 EA
(SR R Gnfix) EERRS SR, RITEE RAWRE+, . (), FERFTEMALE
4 I T4 — M 0 A 4 A/ N RV I R, RN E i — S BRFURAEGEK. ®RRA)
#of PR RIB
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iR TR RERN . ERRERE
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e ABRAEREETR , o BRI . SRERPRSL BN, TR ASERFTE
AT, ERIEE RS DL LB MR RGER P AR BB DR HARIERE
B {THEHREART ., RIOJA—1T28ITaHE.

MERP—PEES, AR TR #, FR WS EEHEIRITAT -G
A ERES, BEREXNAES RERL, AW

MERITEEETEBRES (", “=7, “(7), BARINMAEFRERTREI X
R B EAERTEE NI, B— 05 BIERELE ") MK, 7 WA 4 A AR
(", XTXAERE, <+ THIRERERM, O RILERER. LM TR L

fEsmRE , RATERRIEFEARS.
BE, MERMEDGANKR, RITHRTR ML ERERERZR, B S5 RN
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BWILA, TRERMEL. 85, "+ "HEAFERAR Y, RER bV ZAFGAS L, X
— B ZI ST

I

N S —

Stack Output

AT = " A . BREFTRNART CE L. « "o AR, BEAERL, TR BF, o
WiEAFHEIH, 2, BITA

*
+ L_Labc

Stack Cutput
EENFER AR, BE—TRLRIAHN, BER TR FRER S ®
W FE TR+ S, BEARLRIRER RN + SR AR 2T MENLTER R,
RIRB R + 7S AR

+ | abc*+

Stack Outpat

T ARSI R—AC, BT EREMNNCR, B EHAGERY . RE, dBAJF
B,

{
+ abc*+d

Stack Output

wpeE AT, RATLER —A =7, BRIEEELERFES, RUFES AT RL, B
BAEEH. T—MRe BEHRIBEAFME.

{
+ f abc*+de |
Stack Qutput

B ERIR R R+, RAME " HME I, AEHCHTEART. LG, AT

2 {3
-
{
g Lahc*+de*f

Stack Output

Mh . BATER A, BlERTE g R, BRI+ T

+ abc*+de* i+

Stack DU[]}U[

FE X EE A 7, REAREAR . RF, g BIERAIRL.
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¥
- | | al:-c’*+dv;:“‘1”+g-dﬁ.‘i
Stack Output

WA R, HILRNTER BTS2 L i, TARERT K.

|
| Iabc*+df:*f+g*+l

Stack Curput

SETITAEE, XA DT O(N)R 2 — AL LA 2. BT ESTE
S8 W R B A IR RO S0 LA R e A0 B v A ] 4 £ 75 2% T e bl s i ek s 2 48 > 4R
o, —FITH AR REEAR D - b - JTEHER b - ¢ - TTARFERE abe - -7
RANWEEMT FROTHE, HAXWREFRMNERNLESR. —RELRSIL,

TEHEARREMEB AL SR, 2f = 28= 256, AR 43 = 64, RITEIEBAESERM
S PRRIBERESA.
REEB

BB A7 B S R M REGE AN T . X EMRIEE, iEH A H R
v, FEGAENEE BT REBE R EAAMEE, TNEERNEH RSB RRAME
MASEE, AALLE, % BRI A M BN B, UEARRSET R mER R
BEEE XM — g h 4R S IR A LS M AR (BT AE S P R GR K TR L B AR
SRS RIEIRES 14 HAR), B ES R NMEHE, KREENUTYEASHERAET,
o B PR AT R0 B £ A | T ES g S, —HEER—HN.

s g ot R P B B | BELEMENTE EEFR, HNHERNECTNEENET)
HiE Bl b (T T AR EEME S, BEEA T IHTRSRE T HE8 %, TE L FFER
F7 R AEE B R T— M (pile) TR ER. #RJ5 3% I FE 5 33 B3N, ZRE B B
B — S A A S, R TR RO, B 4T A A AR B R
i R R B, T B HE (pile) TR BRI K7 I B IE AT A 55 1798 - R G T TR A
FE

S8, BB SR TSR h— I HEE I, T EEELIEHWE—fRFRITES
Wb A 3. FTEERE B0 15 B B FR O 5% 3532 & (activation record), KP4 B (stack
frame), FEMLFITEN T, TEMWICEOAE . WHTHS R R TSR . B, —&REIEN
BLE] 45 R AR (R RE D ZESTERIT AL B B AR F S KB g ] 38R,
M FEZHEEPEAENE L. o F A AL N R EBETER R, H)SRasmr o
MEBAEEREN., BEMER, F R %25 | BB A IR

ERRTRB R EIE S HRAED, BRERSRBGEAN BRI, EXERE
g, WiREER KRR R R RERFIE, B 2 WY SE s 2 BRI RR R R . X AR R
BT iR, e B MU A KRB R, IR RO RERE Y i
Bt iR Fi—&%ﬁlﬂﬁ?ﬁ%ﬁﬁﬂﬂé%%ﬁmﬁﬁﬁﬁﬁﬁfﬁ'ﬁ'n IR SRR
¥, RAlRERERE: R — 2 {F BLE ARIGEEE X &S B EPRREE—IR
AT 8E B8 El L —— AR AR IR E B ER R HhE F 2, W RS
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R RATE MR, R e s s, TR EETHN. TIFF RO Ea EiEiE
Ko, JEHIBEWE . ATROFEX M EIFREHN, HEAENY, WX MEEEES
20 000 T &, BLAMERNE I FHREWAH20 00080057/ - F. BARREEIX
EESHIFHTENR S0 BonsrplE L, B NPT R T LS EBR SN, (R
20 00T ICEAA B LIERFERE, SATHEAMNMHAEE.)

/* Bad use of recursion: Printing a linked Tist *®/
/* Ho header =/

void
PrintList{ List L )

I
1

FARN Y iF( L L= NULL )
{
Jr 2/ PrintElement{ L->Element J;
AR £ PrintList{ L->Next);

}
h

. _— .

/350 BHARLEA: TR

X MR B M B2 (tail recursion). BEREEAR UM ET. BRBWRTERS 47
GO RITE . R AT DU R B A A A AR goto WA TR L ATAD F AT REE A 2 BRI
EFMTFTHE. EENTHEER, BARE I AFEAE; ERRAARERZE. %
b | E LB ALETE . B, BRI ETE—ICGR I E 2 AR 4 o
o BRI TRER . & 3-55 REFEERE 3-54 WS BREA . idd, REIZERE B
69 while TEFEEM . ILANME T goto B 1HEH 4aiE 2R 0 3 s i BRI,

/* Printing a linked list non-recursively */
/* Uses a mechanical translation */
/% No header */

vold
PrintList{ List L 2

top:
if L != NULL )
1
Printblement( L-»tlement J;
{ = L-»Next; i
goto top;

}

[ 3.55 ARREITN- &R FFEE UL A TAERNE L)

IR R R R A L SO SR IR B AR B S . (AR BV AIL, BATIE
ERMBEREACERTE.

S 2 R B M I 2 (AR I P S I ARIE SR T AL . (DR A MR T K
SoREy. R R SR AR, W ELUY U S 0 IR (R MR ECEIAR b, X
AOEAES L R R R — RN, FUREH, BRI R
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XBHELFNRBARFER, HEEEAENANAR G T 20581517 618 85 H it
BAR,

3.4 BAZI ADT

B —FE, B (quene) B REFK . FRIT, (FBAFINTHAGE— ST MRS —wmdt
1T
3.4.1 PBAFHER

BAFI B AR VE R Enquene (AN, ERERNEK S (WMBEAR (rean) MEA—TTE, B
A Degueue (Hi BN}, TR (B 1)) EZ R IT Sk (R BR 3k (front) ) M0 E . B 3-56 B —
MBS I Ph AR

< Dequene Q) . Enquene ()

Queue Q

E 3-56 BAFIER

3.4.2 BAFIAOEA R

R AT 2, TS EARNEHSRA RN, Bk—#F, HTE—Fik
Ve bE RIS L IR ERS RS O ()BT E. BIINERLREERY, BS
Mo BAERIISEATIF B LB,

W E— A BRFISIR G, RIVEE MR Quene[ 1A RALE Front M Rear, €AY
KEAFIRFE ., RITEBECFLFEEFRIPRHTEM D Sizeo A XEEEREN
L ANCERI R — B4, BRBATI R BN AR E IR EEAM e, TERERLETRSE
Hﬁﬁ%—%&ﬂqMﬁ%ﬁ,m¢%%§5$ﬁ%ﬁ§$m%mﬁmc%%ﬂ,ﬁz¢$
TEEEEETFEIRIINTE.

5 2 7 1 J
Front Rear

VR TR, AP IEE X AR, BT Size i Rear 38 1, R E Queue
[Rear] = X. FHF—PILRUEMH, WATVEIR FHE S Queuel Front ], Size W1, RRME Front
¥} AR A0 RE (R W) . PUE RS RN,

KRN BT — MM E. 23 10 RARBRAIBFRK T, BH Rear BLAE #
w,ﬁ?rﬁﬁﬂﬁﬁﬁﬁﬁﬁxﬁﬁmﬁﬁaﬁﬁ,Mﬂ¢&ﬁﬂﬁEE¢ﬁﬁuﬁﬁ%
?ﬁﬁﬂ%ﬁ%&%Tg@ﬁ#ﬁ,@ﬁﬁﬁﬁ?ﬁﬁ%ﬁﬂ?%ﬂ&ﬁﬁﬁ%mﬁa 3

SR TR, HE Front B Rear BIXBANERN, CEHIEERRAFX, TEHER
7o 50 e e B 1R] B BA IR Ol o 33 U Ak 4 3K 4448 ( cireular array) B3R

ﬁﬂ@%ﬁ%ﬁﬂ?%ﬂﬂﬁﬂ%ﬁd\ﬁ@(Eﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬂﬂﬁlﬂﬂ%)o MR Fronr B
Rear 1 1 HAERTERE, RAHEREEEHPANA—TIE,




A B F] 59

IR ES

Znt Enqueue{1))5

. ‘ 154 1
f Rear Frone |
#5301 Enquene(3))5
ODEESRERDD

| Rear _ me___ﬂ
21t Deguene IR E 2 G

T T
‘ i 3 | B |
| "
| - .
||!| Rear Front

#21% Dequeue R0 4 J5

‘ s ] | 214
bt m\
23t Degueue IF R 1 )7
! 1|3 N \ ] T 2 44!!

| = J
Z1t Dequene F3E Bl 3 f5 R FBA S A7

‘*'1 3 : . 2 4‘]|

Rear Front \\

X TFAMMERLH, AHGEFLEEH, B—, BUASEHIT2RETH, WX
s 8 B S ES B — IR Dequene BVEH AR T HUR B — MABENME. £, FEBRFIOTA
B B R R Ay e e R AT A0 BA L RIBA 2 . N, B A A — B IUk LR VSRR
A, B R A TR B AN, B BRSNS Rear = Fromt — 1. BAFIBYA/DTIEIT I
$5 Rear FiFront BAEHRE. XB -FENRBHITE, K ATE R R B RS e, Bk,
WRIREEBNHAZRN AT XFSHAUE, AR EZREIA. a1 R AR Y K /DR RS 48 Y
— Ay, B AE R A NN ASize, WIHTFEE ASize — 1 ACEMATIEER . AR
ASjze A AFRFAMERTBE X AT, T 0 RH g — RHEE -FIREVAI AR, HE
[RIRB A IRER R - W, B FEITIEHE THIEFE, B et AR AN A s AN B
FRRE{R AT REA 5 BT — 28T, & M1 — MR ff AR HIA R

HEARRIUE Enquene BIFRER SR TRIIMAADPIBAHF, b s I A B . R AR —

' 80



60 #F3¥
B, e R RSB EMIIES, BN Deguene R/DPAT. FHITXMEE, HERE LR
RS, SEIRNEAR RS . — BRI AR TTAER A, R R0 gB3 Bl
B BRI/,

BATEMN RS R EAFIKMERER AT, HRRFBEEESY . 5%, B 3-57 9HH
BAFIBIAE B, IE WX F R % e MET I aRRE, AT — BRI, BHERHS
BiFE CreateQuene F DisposeQueue . HHF, HAHEER MR — AT A HE LK
P i —— 22 BA S B4 R (180 3-58 FIEE 3-59). AP LIRS I [sFuil , B E AT e
HiLhEE, [, Rear IE Fromt ZETHFIGALY |, ITEERE WERE WRIER Enqueue )
. FEREE | R, RAIT7EE 3-60 15283 A B L3

#1fndef _Queue_h

struct QueueRecord;
typedef struct QueueRecord *Jueue;

int IsEmpty{ Quewe Q );

int IsFull( Queue Q )

(Quaue CreateQueue( int MaxElements };

[ void DisposeQueve( Queue Q J;

void MakeEmpty( GQueue 4 J;

void Engueue( ElementType X, {ueue Q );

FlementType Front( Queue G J;
void Dequeue{ Queuve Q );
ElementType FrontAndDequeue{ Queue Q );

#endif /* Queue_h */

/* Place in implementation file =/
/* Queue implementation is a2 dynamically allocated array */

#define MinQueuaSize ( 5 )

struct QueueRecord

{

int Capacity:

int Front;

int Rear,

int Size:
ElementType *Array;

& 3-57 BAFIR KRBT

int
IsEmpryf{ Queue Q 3
{

}

return Q->5ize == 0;

E 358 MiLAFRG NS MEE—RAXH

void
MakeEmpty( Queue § )

{
O->5ize = O;
Q->Front = 1;
{}->Rear = {;

}

B 3-59 s SRR — B S
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y static int
o Suee! ant Yalue, Queue )

i
! if{ ++Value == Q-=Capacity )
| Valuye = 0O;
return Value;
|
i

vgid '
Enqueue{ ElementType X, Queua Q 3} ]
1
SFC IsFulld Q 0 )
l Error{ "Full gueaue™ J;
elsea \

i g->51784~;
O->Rear = Succ( Q-=Rear, Q J:
Q-sArray[ Q-=Rear ] = X;

Bl 3-60 AAREIE—EHE LN

3.4 3 BAFIBRERA

£ LR AT BB TR R B . BN Y R ] LITEBIE IR E), PR &
3o =TT, X8, 8 FELE N AR

WLE VR ~BITRITEWNL, MM ANy ik . K, #uEmi sl
FTETHLAS YR e R sl I BAF

2 A T AR g R U HEBAER (3% ) 2 — AN BAT, B, AR DA A AER LA DY,
(5 7 R 55 BT LS K B e 2R

WA TR LT ENRER. BITEM PCHNMERYE, HP#ARNA 51
IR SR AL R0, A LAY T P R R A B S (8 A TR 7 Pl DT RY L I
AL H RS R — 1B

o BT LR BT IE AT AR, SN TIIENE AR R — 1 BASH

e fECHRE A T I AR R L, TR IRATRR, P AENSAE T

P FA T U | LB ) SR A2 A K B SRR B F, T SRR Il R )
2 NPEE F oA AR SRR

LT R AR 7 PR P HEBA TG SR T 1] . S RFIR B RIS BR R £ 4, LR
-@mm%%m@@%mﬂmwﬁﬁ&%mMmmymwﬂ%E%&%ﬂﬁ:H@%%%ﬁ
m?mﬁMA&w%ﬁﬁm&ﬂﬂmﬁﬁﬂﬁ%wﬁ@%%ﬁﬁﬁwm:ﬁﬁ%%ﬁ%%%
%ﬁﬁ@ﬁ%ﬁuﬁ~%ﬁ$mﬁRT,$%ﬂuﬁﬁﬁ$"*ﬁﬁ$%%¥%~%%ﬁﬁ
ﬁ—“%ﬁwhw%%ﬁMﬁ1H%%%ﬁﬁﬁﬁﬂ~+%%%ﬂ¢ﬁ$ﬁﬁ%%ﬁﬁ%ﬁ
SRR ), XAMEIBER ) FREE, AT RN, ANRRIRE L.

W%EMﬁk¢Eﬁﬁ,mﬁﬂ¢ﬁﬂﬁm@%%@%%£aﬁﬁiﬁm%mﬁ@&ﬁ
m%ﬁﬁﬂﬁﬁiﬁcMM*%M%%@W—¢Mﬂ%ﬁﬁﬁmoM%kmﬁdﬁﬂﬁMﬁ

R AR R L X T WA R L £ R R T AT PR X

82]
83 |
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W & A — SRR AR ER 0T, 5 6 ERSFRRAUSMmEETH. R
B R ATIRT & Bz T EETRIM IR Re g 45 & B 15 ud BRI BN &

ER—f, AIInEHEEERAR, XHF—MRREREEREE RS M ER,
SR PN

(5845

A FERGA T —48 ADT MG, JEEAA =# B AR EER K8 (ADT) BR 7 X4
H&. T MBS R YRR e LK ST NI FF. BT SAURIHE Bt
¥eit 4, (HEMEADHE I LBEER EEH

F . A BA AR A 25 B AR P R A A BUREE S5, KR BE U8 T e
PE RS, R, I8 BRI AT FRICF B RS, DRSS e
M, BRXETERENEEN, HIFRAREEH#BIEETHANTRE, mHT
RS FIE R R B TR T S R A R R E . BRBIRERER, BREHII L
SEERERATIRTE; B ISR AAEL A Rk S

%3

3.1 REITHE—TREROTFETENER.

3.2 BR—AEE L IR—TREP. EIESURFHFINER. #B1F PrintLots(L, P)
WLATED L P ERde il P BT pr B TR, B, R p = 1,3, 4,6, B4, L P
BRI 1, B3, B4 FE 6 P EBITH K, B Printlots( L, P). fRMZEME
PR R, ZdENE TS

3.3 @t AR A (T ARREEE ) E M M S TR, FH
a. BAEER,
b, MR

3.4 DOEFEACHFFEHE L ML, AERRANREEREHTE L0 L 1dE.

1.5 BEEACHFMNE L, ML, AM{EARFRRBESRTIHHE L UL, I,

3.6 SAEWFHZHREMNYRE. PERNHARE. -SRI nREART 2
WA B M TR N IR, 38 AR BRE R e 1] 2 R & 200

3.7 RE_AEEEEAEWAME, AT HEER. ROFRIES 8 ST RRREK
HRFERERE —TAEER.
a. B H L O(M2N?) R R AR 2R B

b, EWE_AL O(MN) B ETRIEWER, Kb M 2HABCHHH 00
I -
vo. WE—ALLO(M N log (MN))B§RIATRE T -

d. AW E e [A) B B AT 7

38 BE—EF, HA-IETR F(X), HBEHFX) R B A R B B (A JE A R
20 BATREB MM FOORM P RFSTREINERRA TP,

30 SELSRERNEER. BEFEBEUTESIARERNTE, HHET 24 WOy 0 7Y
g B,
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A0 Josephus BIBETEMER: N TAN 1 BINGS, Bl ~MEE, M1 S5HEE

WA i MEKERSEER T T ARER S, BLRBREE, &

PEFEFEFROAGOHASER T SRR REFI T AR, Ak, 9%

M=0FN =5, WRKRgERE, STHE. I0EM =1 fIN = 5, BAEFER

HARRFRE 2, 4, 1, 3.

a. FE—TRIFMR M AIN 75 —{E T # Josephus MR, L7848 AIFE 7 RUAT BE M &
W, ERREESIFER BRI,

b. fREOER A iE AT R] R 25 2

c. TR M = 1, (RIFRFEMZITIIN L5 TR NIN>W0000), £ free F
2 A o] 52 g 5 P 1 1 A 7

11 REER - TESERFTLOENET, SR MBRAGRRLITHELH, Haretis

EATE ] R B 2 KA HRAE A Ao I AYRE A 5t 7

12 s Y —TIFEEHEL O(N)EH 2 gk,

b, W AE B RISHE — A I O(N)Bf[E] R ¥ Rt k.

13 MARSRS SETHE IR AREHF ., R - MRFEITEATIN, HAL

#1000 MR R AR P REIRTT

N4 BRE-PEERK-- P EEALEER.
a. Bk
b. ¥R

15 a. HH gﬁ%(s&]f—adjusting)%éﬁ’gﬁ?ﬁﬁﬂa A % 2 G - - AR Ay A, {8 1L B 4

B ABRTE SR AT, S— P In B Find R, KB RLMIFAREHR
AT TR e -
b, Bl B A RAE R
v o, BEATELSE LBIHRGETEE . EHNEER R RG LR ARRE
EAk
16 ﬁﬁﬁﬂ%ﬂﬂﬁTﬁﬁ%&Aw“N~1L%ﬂ&ﬂﬂ¥%%ﬁﬁmﬁmmg

LastPosition WG R N — 1, {HiZ%EEEE #7002 g M bR 2 1F Mokl . ZmAE L8,

361 PHMHRLEEFE, T8 Delere MBI E j EWITURIFHE LB

( /% 1%f For( i = 0y 1 < LastPosition; 1++ 3

' {
7 2%F jz'i+l;

fe 3y while{ j < LastPosition )
FANE A ifr Al 1] ==A[3 1]}
/5% Delete{ j J;
else
PR L) J++;
t

B 361 METBRETE AR —RUR

1. BERZTERNM T TERN.
b, MRA—mpEREETX MR,
o, T EARHE S AR, XA T RN BTN EES Y
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d. LN TR R R E 07
ve. B — BB O(N logN ) EE LR R,
sef, S, MR RERELE, BAaBILZNEN TN EEREE O(N logN ) IKEHE.
(R WETE)
s g, B SRR B Z A IR EE, R R TR RS, AT
A HoTE B ) LAt o L PO &R,

3.17 AETRABSLHE@RER ik, B —f2 0 A5 B (lezy deletion) 78, F S
MiExE— g, EINRRIC B o E B BBR ((E B — T RS2 (bt ]) . FR b s A ER
FOEBE WB% 70 F AU B A BERE M N — TR R 8 . Q0 R s R 7o 2 AR g Ml BR o
E-HE, RIIAHENE, A ST S8 itrE MR R .

a. F1 PSR R BT S T R
b. %5 HLE FIE MR TR e SRR W B
3,18 HIFFIE S HERIFEHTS WEF.
a. Pascal (begin/end, ( ), [ 1, 1i)o
h. C(/% =/, (), [ ], iD) .
xo, MEMMITERREFR.
3.19 WE—IBFIIMEEEELXNE.
3.20 a. HE—IBREETEEENERESRESL, BPREFTALELTC,)7, 0+,
SR || R
b, IR AELRNBIREIESERED £
c. HE—-TEFBEEELIRELRIHERIE,

3.21 HEENFA— AT MR AR, RS T RTBRE R, TR
R ARAE B A,

3,22 v a. BTN Puk T Pop 32451 BB SRRAE FindMin RIEHESEH, Ho FindMin

6 AR A B/ N T E , FRA RN BORRE N T fa i EERE O(L),
eb. JEBE, BB IR ATHU A S MR ERAE DeleteMin, S 4 E AR — WA 0 TE
QUogN)AHAE, P, DelereMin $HIFMBRE/ NG LE . (FEFTERBH 73

+3.23  PLEAIAT A — N B A

3.24 7E 2.4 BHATHESERREHEPRFABRMEAE N = 50 T3, KFEREA TR
SEg? Rt A?

3.25 RESEBAFIEFIRE, (54
a. BE&

b. $4H

3,26 TUESATN( deque ) I —BTR R B R BAR S, XHZBIREAATT LAREAT T S1HRAE -

Push (X, D): #IE X AR TGRS D AYHG .
Pop(D}: MALERBAF D e I B A i T H HaR [
Inject (X, D): M X A BT D R
Eject (12): MOBURBATI D B MipR B i S IE R,

B 5 W ERIAD A BR, B RE TR O(DKNEL



F4TE W

MFREMWALAR, sEROEMEMBIE R, AEHH ASROE M B
¥olesty, HoRE PR BT EPES A O (log N . -1 E GRS X i 25 # R
o BRI, BRI T ERWER T M BRI R, tb4h, iaihe T _® e, &
TS T et g R s iRl A LR O(log N).

PATH 2 B B0 I Fh B 25 Hy 0y fif = L & 3 4 (binary search tree), FEITHEHLFY A #
(rree) REEAHNBRES. Rk, BIOEITHERLBE BB PRER. FiX—
5. JRATHE

o THERENAE FLALA- R NEE RSV HFRER.

ﬁﬂﬁ@ﬁ%%m%ﬁﬁ%ﬁﬁLﬁmﬁ
& AR XL OUogN) F R E T & M R, DL R Tk LATES)
ﬂﬂ%%ﬁ@#owgv AR I 2 B TR T 8 L B i S S o e A

4.1 F&EHiA

# (oo T AR LA I A0 3. EXRE--FE AR A RBHP K, —REE
TEHES. XTECTTURSE, FdE7, M—86 B AR (roo) BT 5 r RLR O 48
£/ ME | XA ﬁ?(ir)$ﬁ Tie Ty ooy T HEE, XTI E—FERBERER » —RKA
A8 (odge) BFdEHE

fF R TRERMEAR » AU (child), T » EF— BRI G 5 F (parent) . [ 4-1
a3 Tk H R X FBLRY R

ol —HEAYR

MR ITE P RITER, —BRE NATEMN - | FAMNES, HFH-—T0am
B, TETEN — 1 RUMER R FTENELEH, GRAMEE T RER L
B, MR YA A AR — "i‘“ﬁfﬁt( M 4-2)

w\;}x

x__,-’

Q%
&

F 4.2 — R B
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66 BaF

EE 425, WHAERM. WEAFA-TURAFEAILFK. LAM. &0
SN UFREEDILF, TERF NI, BFILFRY ST T (lkal) ;s ERIBREIT
ZB.C.H, . P, Q. K. L. M fi No BHMREICFERT LA (sibling); Bk, K, L
M BB 3B . R A0 F B0 A A8 & (grandparent ) fl 4+ F (grandchild ) £ & .

MFTE n, B ny BB (path) E LATTH ny, 0y, ..., n B—DRRLEGHT 1 i<k,
YA o B o T, BTBRA (length) HZBRAZ BRI HBEE, Bl 2 ~1. MNE—1HR
BEADH &N 0 HIRE, HE, E—BR P ARBIEMT R IFFE—RER12.

SHEEN & ., n, BEAE (depth) AMRE] », BRI, FIt, RAEER 0,
n, B8 (height) B M n; Bl— BB HEKBENK. BEEHHE ORI RIE 0. — WK
EETEHENE. TR PHON, ESEEN1ITWEN 2; FREERN I MREE 1
TR R 3. —MRINREST EROEFERRH TR, BREELASE TXRMNE.

WRFEEM n, 8 n, B—FHE, B4 n £ n,y ) — {7 48 2 (ancestor) Tz F& ny H—
A5 #(descendant}s TR n, # na, B4 ny & ny BI—1AL A#828 (proper ancestor} T ny &
i) — T~ & % & ( proper descendant )} .

4.1.1 #WEH

SRR R0 R U RS A R AR B — B, R A BT
ILFEE—MRETHERE. 2R, T E SR IILFE R R EFE A NE, H
WAEBEGEM DT E& LT S EENFEERATTH, EHANXHEEERERINTEE
], SCkE FAREIRE . BN SRR LT T SR, BI43 H 7S B Bt

ERRINE,

typedef struct TreeNode P rToNoda,

struct TreeNode

{

ETementType Element;
PtrToNode  FirstChild;
PtrToNode  NextSibling;

}

B 4-3 WP AEH

44 B HR T A A R R, B F Rk R FirsChild(%
L) R, SRR A Sk 246 [ NextSibling( T — %) B #t. BAZHHAE.

g a el

A 44 TEME 42 PEAREBRE—LT/T - RBHIFRE
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{LE 4-4 B, L ER P REITEEER(F), Z—EiEmLF0), mMERNT A
X B R E IR AT .
4.1.2 WEBHENB

RERELHEE, RS5O HEZ — 2463 UNIX, VAX/VMS §1 DOS RN 515 L% B
WHm B REW. B 4582 UNIX TR —NREIGE F.

fusr*®

e — T
—— - m—

rrark™ alax* Eﬁ]‘
f—ﬁ-f_.d_’d_f]“q\\\ /ﬁ_‘q—h\"‘-m_._\
bk colcse*  quakc  qunkc work” conurse”
- ffT‘\H \\ L
chle  ¢hdr chdz  copdS3ge cop¥al 3
_——
_,_,-——"'_'_'_'_'_'_F._ _\-‘-\_-\-\-\-\_"‘-\.
fall9h*  sproT*  sum97# Fall9e™ fa]7
sylr eylr sulr prades  proglrt proglr proglr  proglor grades

4.5 TUNIX H#

XABRMBE st (BFEEEHNESER s AREpE— 85" s =4 )L
T mark. alex i bill, ENTECHWHERR. E, “/sr”@& =48 FmHIRA LAY 3L
Hiy K{*Fg“x’usrfmarkﬁrx}kz’chl.r"?ﬁ)ﬁimiﬁﬂﬁﬁiﬂ%ﬂ%%ﬁm%ﬂ: FH 7
SHEY T BER-&N; RN -SBREL, XTTRILERFFEFRT, YL
{15 PP A REE . AU, FEAFH R T MR Y EFEREE .
Sy AL RAT MR R A R B AR AT B AR R 45 . T UNIX LRGP H
B A AT A LT -0, B, X R RELRE FIARER A
MC B E, MREEITE — kR A S BB H R L, BATEIZ B R
T2 HesE (S5 EAIE ASCH FE—EEDEHPEER

FIRITAEER G B RRE CEaLE., ROTME RS RED 4, 3XHNS
SEWBE o, YRR (tab) R RITEN R . BHEETER 4-6 A

static void
ListDir{ DirectorydrFile D, int Depth )

FAI LY if{ D is a legitimate entry }
{
PN C Y PrintName({ D, Depth );
/% 3%/ if( D is a directory )
i An/ for each chiid, €, of D
x5/ ListDir{ C, Dapth - 2 J;
b
¥
void

ListDirectory( DirectoryOrFile D 2

ListDir( D, O ),

}

B 4.6 FlARUFRLET B RO

S fEUNIX XEEgT A EFEE —EEEEA 2FFLURS mifMEE RN R EHY, PR,
INIX i BEOR 2, TEER (treelike).
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68 FE

BERZOANEBIHTE ListDire. AT BB AHTLES, ZREFTENBRLNGEE
0HFth. XEMEKEE—TAREICESE, MARTAGBESHEMENBHSH. H
W, 38BN BIFE ListDirectory B T2 IH IS FEEEXE,

PP EGRGE, ListDir NSHAR IR TR EMNSI R, RESIFSHE, M3 Hp ks
A FFHTE SR R TE k. SRR HZF, RaRIEEE—D—1
MANEEETA ML T, X8 ILFHE—TEE L, HTEEEH-ERmER. B
£ 4-7 PFER

JUSr
mark
book

chi.r
chz.r
chi.r
course
cop3530
21196
syl.r
spra7
syl.r |
sumdy
EYi.T
JjUnk.c
alex
junk. ¢
biti
wirrk
course
cop3Zle
fal196
qrades
progl.r
prog.r
fa1197
prog2.r
progl.r
grades

® 47 BROEEFIFE

SSCRH3E 5 345 W U 4 46 8 57 (preorder traversal). FESCREMPTH, X5 R KANHE TAERZAE
T LT SR M BT (pro) A TRY . YK EEITH, BAS TSN AR —
m,m%ﬁ¢%$ﬂﬁﬁﬂmomTﬁzﬁﬁﬁ¢%ﬁ%£mﬁum,ﬁﬂ%sﬁm%ﬁﬁ@
A BT, AROUI, S TFEAT ARSI IILTFEAS STRERBERT K. ©
H,R¥%¢ﬁ%ﬂ&%ﬁ%¢ﬁﬁﬂaﬁﬁﬁ%Sﬁﬁﬁﬁﬁﬁjﬁﬁﬁﬁﬁﬁ—ﬁgﬁﬁﬁ
%%ﬁﬁﬁﬂt—ﬁﬂﬁﬁﬁwﬁ%%iﬁNmL%ﬁid@ﬁ%ﬁﬁ%%ﬁ—%ﬁ#%%ﬁa
F, B AR LEREER. IMREE NAXEEHERL, WBTHERE O(N)-

%—ﬁiﬁmﬁ'%ﬁ%%ﬁ}?i&ﬁ (postorder traversal) & Efﬁ'ﬁi@fﬁ* N E—’T‘ﬂﬁ,ﬁﬁtﬁ‘g
Iﬁﬁﬁﬁmﬁm%ﬁﬁﬁﬁﬁﬁumwﬁﬁﬁg%ﬂ,@4s%ﬁ%%5mﬁmﬁwai
gipy o S N BN RGO 5 PR R X SR (disk block) B T8

m?aiﬁﬁmﬁiﬁ,@%Emmﬁimo&ﬁﬂﬂ%ﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁ%ﬁ
SN, BERANBEERE S TT HR /usr/mark(30)" ° /usr/alex{9)"7FN“ Ausr/bill
(nf%&%&ﬁa?E,ﬁﬁﬁ%ﬂﬁ%ﬁ%E%*%&%EﬁﬁﬂMtﬂmﬁﬁ%%—
¢Rﬁ¢ﬂ¢ﬂx%49¢%@ﬁﬁmmmmwﬁﬂﬁﬁﬁﬁﬁﬁc



DALT RN
—
mark*, Lt alex*{l- bali*
book *{ 13 counse® 1} unk clf) junk.{3) work®(]) COURE* [}
chl w31 ch? w2 chY 4y copd5als) capd2 2+ )
_p—'—"'_'___\'"
; k; . ——— Hﬂﬂ"“‘-h-__
Fal 190" 11 spr97=(LisumT* 1) failoa*1 full9?+1 1y
I f’!’ﬂvmm — fﬁ?%x“"ﬁ_

| - -
syl 1y aylel5y syl o2y gradesd 3y proglod) peeg2 o[ 1 prog2 A 2vprogl o7 grades(9)

a8 2hGFENERAEE XS Unis HE

static void
SizeDirectaory( DirectoryQrFile 0 )
{
int TotalSize;
AR LY TotalSize = O
FARrAT if{ D is a legitimate entry }
{
AR LY TatalSize = FilaSizel( D ),
JoawS if( D i5 a directory )
/v 5%f for each child, C, of D
J* 6T/ TotalSize += SizeDirectory( C );
h
f* 1%/ return TaralSize; i
h
B 49 THE B RANHE 9]

MFE D ARE—TRF, A SizeDirectory HiRIA D BT & A HREL ZWf, ¥ D & HRE
ok B R R T A GEIT M) B AR S T KIS e T R ST R PR
% Al A, B 4-10 BREA B ECER A/N I iz B R AR,

chl.r 3
ch.r 2
ch3.e 4
ook 10
syl.r 1
fall96 2
syl.r 5
spravy 6
syl.r 2
sums7 3
cop3s3o 12
Course 13
, junk.c b
: mark 30
: junk. 8
alex g
work 1
grades 3
progl.r 4 !
progz.r 1 ;
fall96 9
prog2.r 2
progl.r 7
grades 3
fal197 19
| cop32l? 29
course 30
bill 32
Jusr 72

B 410 efi¥ SizeDirectory B



70 R #4F

e T T T—— T —— s
—_— T ——

4.2 ZX®

Z A (binary tree) B—1FW, KU AEARBE LS TRIHILF .
B 4-11 Ban—BEH—TBAPIRFH R R, T, f Ty WREENZ .

Eall —m_X@®

TEMH—MEER Y R EEL N NEE,
EAMERAERBEE, SrEH, XMEHEEN O N),
i T ek M p — B, BP = L& A (binary search tree),
HEETHER Olog N)o AEME, EIE 4-12 F8
B FRFR, XMEERAUREIN - 18,
4.2.1 kW
A E R EEETNILF. FRURNTET AR
EEETl], R AR PR T RKEE,  H412 B RO —
FER B, — A AR B Key(CE8F) 15 B0 0 B8 1 Ho 39 {8995 #F (Left 7 Right)
AWM LEH (RE 4-13),
RIFI TS L 2 M d BT LR BB b, 4RI, M7 KIEAR, SRR
malioc BIE— T 5. WAET IEFEM free ] Z I g
551 B 7T LA P SR A T e BT I U, (BRI ) —
L@Efﬂ SeE R EEE, HN UM EER FRERE (graph). MW REFIRET, RATEA U2 M E &
NULL $54F. % ES N4ATAKE B UREEEE N + 1 NULL 5§t

I typedef struct TreeNoade *PtrToNode;
typedef struct PtrToNode Tree;

struct TreeNode

ElementType Element;
Tree Left;
‘ Tree Right;

43

B 413 — XA S

:RN%W%EE%%%%?EW%H:RW%%E%@E—%F%@%%&H%ﬁ,

MR ERX N,

4.2.2 FERXH
I 414 T —A~# ik XM (expression tree) HIBF o Jask ka4 4E # (operand)
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P A B e T B, T LA IR Y A A 384 #F (operator) . BT IX HLARE RUBRAEAR 2 —ooed, B
ERERRE TR XN, sAXEERMAER, BERVALEATREAL RN
ILFH, — TS ETEE RS — N JLF, Wi — BB (unary minus operator) BRI o
RATRT S E A B IH TR 2 FR e TR TS SR B HAE R WERRIE D mE & Rix L
B, AR, EFREER . + (b > ", ETHHER(d * ) + O * g7,
HEMMERR (a + (b * c)) + (((d *e) + 1) * g)7

D
M/ M_H‘-—'_"“ *
< 2 “/\QO
I'\E,/ @ = [
d e

Bl4-14 “(a b * e)r{(d» e+ {)*g BFELH

oAl BRI — PSS A RSN, RSO ERLNERT, B A%
A AR ] RN AR — N (T RA TS B R T E B 1Y) TR RIEA (infix
HwﬂmmaEW—%%ﬁ%Qﬁﬁﬂi?ﬂ%ﬁ*%ﬁﬁﬁmﬂﬂmwmﬁ;&Tﬁ#%m
Lo R 2B, PR TR A 5 i1 -

Bl AR RS R AITE AR, AT, SREITELSER TR B H X PR
B F FREROR, Mg iR abe x tdex [+ gx 7, HeEEL, EHE 33 ITTH
SRR AR DR — R B AR 1 (postorder traversal ). A PEE4 1 TH
X FPHEF R R

5 = bR 5 SR AT I i B, SRS IHITER A TR PR RER"+ e
* he* + * defg” RAKH AR TR (prefix)idis, ORI L FE R 4 738 B (preorder traver-
sal), BSRFBIMETLE 4.1 R, VUG, IRATHEETEA B0 808 I R
ME— R RiaAW

ﬁﬂﬂ&%&ﬂﬂﬁ%ﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁum?ﬁmﬂﬁﬁfﬁ¢ﬁ§ﬁ
ﬁ%%ﬁﬁﬁﬁﬁﬁ%ﬁ%,@%ﬁﬂ%%%ﬁﬁﬁﬁﬁ%ﬂ%ﬁh%ﬁﬁﬁﬁﬁoﬁ%ﬁ
Wil 3.2, 3 WA ERRMAE, BiI1— - EMIEARER, MRS EERE
B B ARRNIEE S AN AR — IR TR AR MBS RRER,
235 1EE R SR B S AR Ty A T, BT E (T () 538 ) I R AR BT
AR RS, THA . AL aalER T, M T SRS e A R R B ST LEA
5 LA

%ﬁ—¢%%aﬁﬁA%:

abtcde + % %

BN D R RAES, AR SR BR T SRR RR R EAT (IR ST FEARR .

O ORTmRR, ROBEIEERRRMAEINTTIRK
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L F4¥

| |
A, "+ HEA, FIEE X PR AR R, RIS R, TS ) O TR 4T
97
| BEARR.
98 [
1

(2] b,
RIG, o d e BIBA, TEEDRY SRAER, 38X KA IR EAREY.

~,

(*) ‘

O O
BFREA "5, BILPRR G

OSR CTIC :
199 MEEEHFT, B * ", B, RATEE MR I R D EH, ¢ TS RERIR,

N
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Fom, IEARST— T, BRRSH, mits e & SR BEE BT,
o T

; I | |

4.3 THRBE ADT—_XE#HH
— YRR MEEMAN AR ENEE R PME A, REEsE A s S —

2l RGBT, BRAESEROCEFHRRAVN, BAFARL, BREfIHE

B RSB, TENERFERTRMN, DGR EE RN,

Fo UMY T LERRMERE, FRPHENTE X, ERETFHFIFXRET
(/8 T X #9208, MENETREIEXRFEAT X WXRTHE, T8, XEKE,
SR B A ST ETT ARG — A R, (EE 415, AR ET AR, B5
R A B, AR R R 6 WA CGET R ERERTAOMETH P, F -1
TR S ERE T,

415 PR RALANEEERR)

%ﬁ%&ﬁ%ﬁ:ﬁ&ﬁﬁﬂﬁ%ﬁ%%ﬁ%%ﬁoEﬁ,m?ﬁ%ﬁﬁildﬁﬁ%
B B X R, X RN T HRE 2 O(log N), FTEARTI—BAL
ﬁb&?Mﬁ%E;EE¢M*&W$E%EER#%&@&%—%&E:m$ﬁﬁﬂi
ﬁﬁ%ﬁﬁw,ﬁ%yﬁﬁﬁi@%ﬁmﬁ%&%%E%ﬁyﬁ%ﬂ&%?ﬁ&%ﬁﬁ“ﬁ\
“SUH =R DU PR BILE
4.3.1 MakeEmpty

AN R ARG, ATHERE B AR ST RO I — TR R PR BT R
ﬁ%,ﬂm%iﬂﬁmﬁﬁﬁﬂﬁﬁ%%ﬁwﬁioEﬂ@¢ﬁ¢ﬂiﬁyﬁﬁﬂﬁﬁim
Bl
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‘ #7fndef _Trea H

sTruct Treedode;

typedef struct TreeNode *Position;

typedef struct TreeNode *SearchTree;
SearchTree MakeEmpty( SearchTree T 3,
Position Find({ ElementType X, SearchTree T ):
Position FindMin( SearchTrea T ),
Posttien FindMax({ SearchTree T ):
SearchTree Insert{ ElementTvpe X, SearchTree T );
SearchTrae Delete! ElementType X, SearchTree T 3
ElementType Retrieve( Paosition P ),

#endif /* _Trea H */

/* Place in the implementaticn file */
struct TreeMode
{

ElementType Element;

SearchTree Left;

SearchTree Right;

1

B 4-16 X ERRFAHA

SearchTrea
MakeEmpty( SearchTree T )

{
PFC T {= NULL )
{

MakeEmpty( T->Left ):
MakeEmpty( T-»Right };
freef T J;

refurn NULL;
1

B 4-17 By —HSRHE

4.3.2 Find )
SR REERERAR T FRAXET X B AR, MRLFET AT

EME@NWLGWM%wEﬁEﬁﬁWEﬁﬁoH%TﬂwwuﬂﬁﬁﬁMﬂuﬁﬁﬁ
NmLQEW,W%ﬁﬁ&T¢W%ﬁ$%ﬂ,WiﬁmﬂMﬁ@Tnﬁm.ﬁmﬁWTﬂﬁ
£ FR L TR —VORIREA, KT X BFEET FREBEHXR, B4 187
(AR AT B X X b SR e 1 — b A

BRI, S REREE AEXNET SR ETRIE, 75 W] 3 W BEFE NULL
FgE R IEEE T, 4 I I R AR R A ) RERY T UL E HEE R S5 A T TEEE, ii%ﬂ@ﬁ
AR RS L FARE RS R AT LA RKRER—1 goto EMRAERHHAE. BiEH
B BTEX B H AR, B 3% B v 1k o e T A M LA o B BRI R RS T X Bt BT £ H)
ke zs(E gy RA R Olog NS

4.3.3 FindMin # FindMex | n
S0 TR 43 A IR o BN JL R R T AL B 4R (B33 4 o 3 A HERR (R (LT B

M, (HEXK S Find BERHE. EERR, Er el IR IR THER RN D9k
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1 Pa=sition
1 Find({ ElemantType X, SearchTree T )
1
H iF( T == NULL )
L return WNULL
if{ X « T-»Elemnent )

returp Find{ X, T-=lLeft 3;
else
it¢ % > T-»>Element 3}

return Find{ X, T-»>Right ):
elsa

return T;

}

e

Bl 418 N E PR Find #1E

5y TE A LA ER MM

% FindMin, WRFTFHEH B REALENTREL#T ., KL S LR/DHLE. FindMax B££

XHRARMEASUEFFEETIGTRPREIURENE ., HITHAWMN FEH5 R
WiA-EiR, BRASYE FindMin, MAIE#RP4E FindMax{ JLE 4-19 F0 4-20)

Position
Findwin{ SearchTree T )
{

AF( T == NULL )
return NULL;

$f( T-»Left == NULL )

return T;

alse

retura FindMin{ T-steft J;

|
[
} eise
|
\

I

|
|

- s

] 4-19 X MR FindWin B B3

PosiLion

FindMax({ SearchTree T }

Co

' AF( T = NuLL )

\ whila{ T-»Right 1= NULL )

T = T->Right;

I return T;
1

-

B 420 RIZ XERBAY FindMax BIE RN
VE PRI AR A/ L AL TS B R A LY o AR D B, 0138 (H Y
R EE, A, FEES, & FindMax U T HEOE R 2R, R T R A DIK
SEAT TR, RAFELLE, R MN ARG, BB T - > Right = T — > Kaght =

> Right” S FE BB Ao = — 4T .

4.3.4 Insert

SRR BRI S R, AT X AR T, R af L4 B F\ind_iri[i
Pt b A, RRIRA X, B4 R EST ). R, H X_Jfﬁf\ﬂﬁ!ﬁffiﬁ
Bk RIS — A bo 8421 BRKIRIEAER. A THEAS, RATE T ZR TR TR
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i Finde ERFXET 40T R, RNFTEREGH, BHALFEFH, Bt 5 A7
B4 L, M R B AR E

1
"
1
»
"

B 421 A S LIGTRILUS M AR

B TCAE A B DU E T SIE R R B — IR R R B AR ROR AT, X R
A BRI T s s e, B, HHEHEER IR P EF(EHEMRREEGH
Jo), MAR, R EHEEE DR -AE RSN —RS, MAKHIFERAE, RETTALHE
AR EEN SRR EE - HEEEEERT, MRRES—RERK .

% 4.20 BREEAGRNERE. BT T HR%N08R, MRXES - KEANEL, B
W Insert B E B8 [AHE FE R R 5500 %K, 45 S THIEE 10 478 A X BiE X
TR,

SearchTree
Insert( ElementType X, SearchTree T )

{
= 1*f if( T == NULL )
{

/* Create and return a one-node tree *f

- T = malloc{ sizeaf( struct TreeNode J };
P L7 if{ T — NULL )
Pl L4 FatalError{ "Out of space!!!" };
alse
f= 5%/ T->Element = X;
/*6r/ T-»Left = T-»*Right = NULL;
1
1
else
P if{ X < T->Element }
/* B*/ T->Left = Insert{ X, T-»Lefr );
glse
/* 9t/ if{ X > T-»Element )
JE10*/ T-»Right = Insert{ X, T-»Right };

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

JE11*/ return T: /% Do not forget this line!! */

B 422 AR XERWHAE

4.3.5 Delete
FIs Z MRS —#E, BREMHRERMEE. —AABEHFMERAD A, RITHTR
% LR O] BRATHE O

R A AR, B4R R RUER R A — LT, BRI R D
HAL T SRR S Y R B O T RERR, P14 ST M E H 34T BTE R, B
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V€ 423, TER, FERIO A BRTEEL ATIAUR, MIACT A LA ARSI R DR 2

0 FARERS A b
;
3ERC q/ e
S '

F 425 BA PILT A S ) BB T IR

S RSOl B A BB R T AL TR AT — B TR TR B R HA T RS B O B
(TRZE 5 J6 B AR T 5 00 B3R 018 ) MR AR N3y S (R JEsm) . R4 TR A&
AN SR REE 2 LT, FRUA%E K Delete( B EE 5 . B 4-24 Ba—REHAIIR R
i A RS MR, BRI A ERNEELT HART R 2. BERAe TP
B b /NECEE () BTACEE, SRS TR 3 MR T AR SRR RO Bx

w424 BB EA A LT M (2 Al BN

B 4.25 hB P MR 0 T, MENBERFAR, D Uy A B T P i R L A
BHIPIERE TR R/ R, BT DeleteMin oF BT VA 5 5 M R A S R N e R R
S R TER LR RN TR R

LI 5 1 TR R )38 & {4 PR ) BRI o B P (lazy deletion) : M4— - TLE EHH
it EARRTER S, TR SR T MR RIE 5 - R g ) A TEH EH B OO T RTRGI
#. F A e g U SRR ol A L. A A7 o SR IR 5 SR AR B R RO
W AR B EERG R BT — R Ch AT Rk, A fe— 5 I B s R
# Rt IRFE. B Ak MR X T R E A AR IR 2 5 B — T H B CH IT L
BERL T .

4.3.6 FHERSW

B E, B MakeEmpty 7). RIS R—TE HIIRPEER AL Olog NIRTHHE], P A3k

TV et (R e R 7 — 2, XK, i BOIR A A BOR > —F A, B, BR Ma-
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Searchires

Deleta{ ElementType X, Searchfree T )

|
] ! Position TmpCell:
|

iF( T a= NULL }
Error{ “"Element not found" };

else

if{ X « T-Element Y /* Go left */
T-zLeft = Delerel X, T->Left );

else

if( X > T=->Element ) /* Lo right */f
T->Right = Delere({ X, T->Left };

#lse /* Found alement to be deleted */

if{ T-»Left && T->Right ) /* Two chiidren */

{
/* Replace with smallest in right subtree */ t
TmpCell = FindMin{ T-»Right ):
T->Element = TmpCell-=Elament;
T-»Right = Delete( T->Element, T-»Right J;
}

elsa /* Qpe or zern children */ l

TmpCell = T;
ifC T-sleft == NULL 3 /* Alse handles @ children */
T w T-»Right;
else if({ T-»Right == NULL )
T e T-»left;
freel Tmplell 3};
}

return T;

l '

B 4-25 X BRI A#E

keEmpy 51, Bl HHRMEER O(d), i @ RASFIEKRE TR RBERE.

RITFEASEE, EEFEHR LIRSS E, MMWHE N AR FREREN
Olog N)o

AR BRSSO TR BB R #R 8542 K (internal peth length) . AT ELTH —
WA IR H R R, P R R e T AR R TR TR ARSI AT

A& DIN)REA N A SR T WABEBREK, D) = 0. —Hf N HArEH
A EE TR (N — - D3 S A FRIAREE R 09— MRV S, B 0
<N, D()HBRETRONTREK. HEEFR D, Fif ey JaEimR— K. k=
AT T A FRWE R LY, FEERITRARNARER:

DNy = D) + DIN-¢-1)+ N -1

R AR FARIB /N ERSE n] BEH B 3L, B S F A P R AT /Y (R S F R Y R FURRE
FH A A BRI TT R SR R , (BT XUR ARG BR4 D) M DIN - i - 1)

TR R(/N) 2, DG TR
D(N) = %[ZD(;)M N -1

{687 TEBRIFEREXDBIEXRR, BRWTHEN DIN) = O(N log N}o @Mﬁ&ﬁﬂ*{'
EETRRE R OCug N). fER—TEF, B 426 kil s 500 AN ARG L

WARE N 9.98,



426 —IRREHLA AN IR ii
R, FREBEMEXMERBWE F—iHerE R ¥ Bazirnf gt Olog N)

HARESEH, BEEHEFRERRIE, RITIFAFERETAN X EEWNHSEF BRI

WL AERE, PEEROMREES T ESETH LA THERR, BARRIGEMRE &

B - SRR AL PR RTRERAN, HELT HE#KE b

Bk, DAIEH, MERTIEERATNG a(N)K, RN EREER 6V N)-

25 WML Insert/Delete f5, B 4-26 P AR EE XA A T CFRIRE =

12.51), WA 427,

Il rb'. !
¢ Rk M‘ '

B 4-27 7E ®(NDK Insert/Delete J5 B~ X H LW

TEMREIRiE S, T T LAE S BB A PR R/ Mo R A TR B R TCE R UM
BB T E L TN B X S R, X PR BHIEET ARSI EA RS, B, &
MR FUFBATE X — s, AR OIT E BRI RAIRIRL, P9 3ot TR 1 R R AR A
BRAHEE, BREEAE, WRMHE o N°)X Inscert/Delete, A RS NI EIRE )

LE%W&E%E%%,%@“ﬁ?ﬁ%%ﬂﬁ#ﬁ%ﬁﬁﬁﬁ%,W%%%—@ﬁ
i, XEBBTRESE, WA SHE, A, 75 3 7 B 2 R M BR L T . B
LUIEHA B T A SRR A R Rl gE LAY, i LFRATT T LA 3T . bR AR AL R AR s 1T
jaj &R O(log N ). i e R — e A BB ST, BAEREEENERREBEER
M o

i 5 i — R TR S PR R R AR AR 2 — i B Tnsert MM AL T KN, T4 22 3k
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M2 FE R, BAN S S EIReBE AL FRT SR —Mkdh it 2
A — 55 & (balance) IR 45 W &4 . AN OMRE SR &R

B E—BMBEELATER, HE, KETREEHEUREN X ERMERE S,
T HEHEFHERFRANE, A8, B8 EN T AR IEE RDH— 5 2N
¥. T, BITENEREN—FFERERE, B AVL#.

58, BT BEERREEELENS, AN ELENRE, BEEBRKBEZEEEM
— AR TR, RS ENRAENRES. XM NBESN —RE T B R
(self-adjusting ) BE M, FE-XHEAWRENR T, X FEERMEF RN AERIE O(log N)
IR R, B R AT A 4 M KBEERIFIER TR RAO(M log N —it
X EVABH 14 ABFENRIREE . BEPEEITIE i) X R 451 55 B (splay tree);
MM E S, RITHAES 11 &Eiie.

4.4 AVL B

AV Adelson-Velskii 1 Landis)f 28 FEZKMEH X HERRK . X FHREFLNE
ARRE, TEEARIFREEER Olog N), BRI EMBERERES TR AGHKE
=, WA 428 BiR, XAEERF AR ETRER R

B M EEGEEREI T EAHLMERTHER
FHEFRNETH., NESTFROBEELN - 10GE
EHEXAEYL), WLHERE 2 - 1 M H A HEY
#5# (perfectly balanced tree) i B X 5 A%, HitL, BAAX
b S R T AR B, R KM, L
B, FEREEE,

B AVL R R HEATRN A TREE TR B
BEY | MIOXESRK. (SHEEEELN - 1.)EHA
420t MR AVL R, BEAHORERE, 84 TAGERTREET)RERE
Ea. ARIEN, KB i, — AVL B ERE N1 4dlog(N+2) — 1.328, BEXE
FESES B LG logN Rt 2 —ub, FERHIT, B 4-30 BrR—BEAERELFRB)EENY
W AVL . SRS E TR ESE Y 7 AT ARESLHAVLE, HFREREDR 8 B
$rE /i AVL B, CHEIFRIT, AEER 2 WAVLIED, BOWAR S(h)E S(h)=
S(h-1D+Sh-2)+1%H. ¥F A=0,85(k)=1; h=1, S(h} =20 BB S(h)yHEEEM
mREIAE, B EEEBIRRTF AVL W EERF

Hl, 1 £ T BEROHE A S (FR MBS IER ) . B i By A L LA 1] O Clog N
1o MBEITIEABRIERN, iﬁfﬂ%&iﬁﬁrﬁrﬂﬁ%ﬁﬁﬁ%iﬁlﬂ%ﬂﬁﬁi&%ﬁﬁ?%{%ﬁ, LN
5508 nes A 2 PRI ) B R 76 T, AT RO BERR S AVL W, (B, % 6 ARKE
420 te 9 AVL W PSSR LR TN 8 BT M PR KA WRZEXF TR, R A B
M LS A A X — s AL, #E £, XA L3 %A AT R AL BB IE R A E
Fe A #H g 3% 3% (rotation) o

e AR, AT IR A S SR BB R R P T BE L, Rk RA
X s R R R AL st (THL B IR & 442 L AT RIR 3 B P B, RAITA KX

- BRFR A B3R
TEAR Y A& R



# g

f@ f;a

F4.20 PR AR HA U E AVL &

f"-ﬁhﬂ"‘mﬂ_
e
”\, *. HWH Mw lhf’fﬁ”}{""ﬁf"ﬂ"‘:
| E.U'\ L\.u[ lIHT‘l*i} HIT Hﬁ“ HHTJ.“ ! H“\
| k i!.l | 1||| l]u MLM
| |
!

B 4-30 EHECH 9 BRI AL B

BB &, EERETEERR T AVL &0F. RAEE o 7 58— P B9 S (R RN
B SO B EE A, IR, X —EHP A REE MR E AVL R

SFRITIAI & F AT S o, BHTFEEDABREBAEMNLF, BREEAT &
i o« SNTHETRKEEL 2, EREH, XM FE I EEBET @NHFRT:

{0« BIZE LT M A TR — IS A

2. W o WAL TRETFHHT KA

3. A o BIF LT REFR T — IR A

4. ¥t o A ILTFREFR#ET- KEA

B 1 M4 BXTF o« SNSRI, M2 M3RXT o ApesEatER, Ak, g kR
HRRES, SR MR8 1 R E R VIR -

RGN I (L - R A - FERDL) g HLIE
Rl i — Pk 5 8¢ single rotation) 52 AR . H R ERBMAKEENETHHID (B
o ptE e A - R E ) LR R R A i) 3 4% (double rotation } AL . IR
i B8], Xubhh R TR M EARLE, A1 TR &R G — B g A HRER
MR I S RE R IE B TR LR BT, SRR H AVL PHEY—FR [ E T
%ﬂz%ﬁﬁﬂ@%¥ﬁ%ﬁm,ﬁ&ﬁ%%ﬁ?ﬂybwmﬁﬁﬁﬁiﬂ:



82 RN

4.4.1 EA¥E¥E
] 4-31 BRRSERIRAREE 1. BERMNEEED, MEEEHWEESAHN . ibi]A0]
KA BARBIME . W by VR AVL TARE:, BN EHA TR A FRIE 2 2 (E+
W L& REAT TR ISR ) . BRI RGNS DR | R A BN, B A
b R AVL M, BEBAZEXHEMERT T, TR X B2KE—R, XESEHRT
| \ B ZEW 2R, Y RIRESH X ER—KE I, BERIRE &, B AUNRE A% LT MH
U2 7. v RETgES Z EF—E L, FONHRR £, A EEERHENSBE LHE AVL ¥4 &4
B AL

431 BAERBE 1 HORERX

SRR E A, R X FB B, B ZTH R T8, LeXkxEEE T
AVL 00k, ok, BNEFHEHT A UBR—ESO R, ME 4-31 g5 &0/
T. MSBEARE. EREAHERETHKARZY, IEN A £y, F EREOEER, #F20EF
T, AEAERT, b ERTHWE, —XERNOERESFRTT, BEMD &> &,
TEEFWD 6, BT £ WHEILTF, X HZ RS HE L 82T &2 895 ILF F#t
Y A A BB T by R Ry Z AR S, BT RS b, WAL FRIME |, X

B, BT XTI B R ARG R 2 .
SAEROPRIE DB E e s s, SRRNMBABS B X ERN, EE—-K
AVL &, B X W R T—2, ¥ SERERKKFL, T Z TH—F. kM & AUE
B AVL Bf, HREiWTHBEEEER —&E L. AU, B EER
S AR ER R R, THARENEBTH X BB T B, BRRHCQasen
B REEE BB E, AT REER—FIEE. B 432 BrER 6 BALZURE
B AVL RES A 8 EREEH, T2, RIE 7# 8 ZAM—KARRE, HREBIEA

L

B 4-32 K& A6 R T AVL 5, TS5t A Ee O EKE



433 WEERBEEL 4
TR R A, I 4 (R R P RRATE . K 4-33 PR SR B B R . kTR
ihEA— P MK H T, BEIEMTIEAS AVL HFEHmARHE T3, 281, 8B/5K
FEkE A 4 8 7. TR A BT | 68— MEEEM T, AVL MR gmss., RIOTAHRY
Hm ILF 2T e s B I XA B . THEEIEE Z§ 25 FRR

“ﬂ'ﬁ A
ﬁf’ T Ll) 2

Gf YEsk 2 i RS

AR AN Y A, EAIRIER M B, PRI AR T N 4 MWL, XRAE
ML (HFEA S BEER T A WAL 3 4bAY AVL M, B SRR CERE T . FRIEH [T A
WAL, RIEARBAICE: RHYEARSOAHEZTEL. M4F T 2maLTE
BT BB LEE 4 T3, X—HRENTC, A SEWEEIR (4 el AT

Y )
Kﬁ/\/\/h —_— - ) 1 R."Tlh\'
et N Sy /}_,{
‘E’I\I

& ®

U
Wb 2B E) Wey L fha)

FRIBTEA 6. XART A4 — M EENE, BAENETHRERO mA e
Bk 2, R ITERLTE 2 T 4 ZEISEHE - - IKHLUIESS

l\E/ (5
LA \H%W B2 I

Nl

R R 2 B 4 LT 4 FRA AT R AR 2 HIEREYE TR, TEIZ I L
Wi - AR EE 2 4 2, B REORSGL . A M —PXERTF AT,



& PR

BB SMER .

Re ¥ 2 Al

4.4.2 MHE¥:
L ERANE SR -, W 434 B, STER 2 713 EEESEGEER . A
FF Y KIE, BEREERETNTRE, foiux Mo a e & 4-35 PRI,

/435 Z-RRGENRBENE 2

TEE 434 BT Y BLE—FEARF, XMHLFIECRIESH, BHiL, AT
DERTE - MRATETM, T2, RITTAMEBENE REMRTHE 3 PRk,
WMEF, R B BN C P A BRI D FFE (REBTEHRER), ARRIAERE

R, B9 R E R, 260 435 b B A1C AREMILD 1152,

YT EETE, RAVER, REFL b R T, T 4-34 SURKE s 7k, ZIHIBE
BRI T B, R R by PO, S £ Rk WELT, ks RE
Wb LT, AR SHE T RN RE B, AHE N, REGHIGHMEL AVL B
KebE, S RMER IO —RE, oL B0 IR IR A LURT AR, BARE AT A O &
SRR EE SRR, B 436 B, WHEE 3t LU UUBIE. £XM
MG T, HAR 5 5ETE o BLTRIN T2 BER TR R « RIEROHL T2 AR ARUR
RARN.

R AR SEAE B T T OB L DB AR 10 B 16, HHHA 8, RIEFEA .
B 16 55, EREFFERT-ARYE, HREA 15 MEIIRET R T LHHEATH.



85

H 436 H-AUIEHEEFER 3
BKIE T 3, FE@A - IRA - ENEEREFRER. RNE T, XM - AR K
7, 16 F 1S, Wi, b ERAHXBETNTL, L ERAXBEFTI6HTE, M &, EHAAX
B ISHTA,. PR AL B, CHID #ESR,

2
>

TERIEEA 14, THFE—MWEE ., HIHE & R XUl 26 -2, ©
W 6. 15H 7, EXRHBET, b, BEEXEF6MTN, 5 RAAXBT TH TR,
Wi by REAFERTISHB S, FRA MRAXBFRSHTAL, THBREEZTH, B
EEF 7 I EESCNIEILT, TR C BR TR 4B WA [, BG. TR D AR
ek 16 BT RLE,

TS ;lh
BE M 2 i L4}

MRTERBA 13, MAERLREES — AP BT 13 AFESHT Zim, FHiH
{1150 8 — K FE R B BE S R B IE R TAE.

g

N
11



5 F4FE
12 B8 A BB — LS

R THA 11, BRERT RN, ITEEH 10 WEABTEIFOIERE. &I
A 8 NHEATEES:, REEIEY T — WL BEA AR

B RIMEA 9 LR MR MFREE, &, 95 ESAKRET 10 TSP ER
4. (T 9 E 10 F1 8 22 E (8 BiE I 9 MR EE AV S 10 HKILF), BEERT—TW
8] ey, RAVEDITE KM

REEIER I LA ek, BRJLRMETEAL, W A4 R YR AR, AR
MR X MEYAEBAT B AVLE T A, AR X AR T BN T



# 87

—_—

PHOERA Tig)P. R T p I HEARL, i ABASER - &0, MEL T PHASELRFE
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5 M ENBW RASEFREAEM . T AELEREHIEIR ERUAE TR ENZE,
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AL, XAHERGEEN THEEIIR, BN REERE. RENRITEZE) 0%
WA~ E S, NREERHERF, BaEEANAREFES BRI,
I, ﬁﬂﬁ%?ﬁﬁ%mﬁﬂmﬁﬁmLEm%ﬁﬁ%ﬁFWEﬁmﬁ%%@Mhﬁ AN
(L, T AR HLES I R/ N 2 8 iy, N R R o Zs T & A el BE A (140
B, 8 (L RAVEMES K 255 BU4EX e i BRSRBY WP ey, M As AT A RuX 20 2
R AR ).

47 CEAEE, MEREHES AVL #a -, Sl BB/ TR, K
SRIEIVESRT . Bk, R EEFEe XU =E7ER 437 i, RITNEFE— P HE
B RO TS BB R, X AL AL ER NULL $851 B A KIS . ZRIFFIM 4-38 (19
s EAMBAFBEGRERBES, BT FER S0 THEHR LK 4-39).,
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r__#ifndef A Tree H

i struct AviNode;
typedef struct Avikode *PositTion;
typedef struct AviNode *AviTree;

Av1Tree MakeEmpry{ AviTrea T 33

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

Position FindMaxy{ AviTree T };

AvlTree Insertf{ ElementType X, AviTree T }:
AviTree Deletel ElementType X, AviTree T };
ElementType Retrieve{ Positicn P J;

sandif /¥ _AviTree_H %/

/* Place in the implementation file */
struct AviNode

c

l ElementType Etemant,
awiTree Left;
Ay1Tree Right;
int Height

[

B 4-37  AVL By s8R

W 4-40 AR, SingleRotateWithLett W A5 R AR A AR R, O R T 9 e
i pOH £l . SingleRotateWithRight i) TAMR AL, BFALA 441 Frarit,

RITESHEIE—1T PEHJEJ?EE] 1-42 I’ﬁ#,‘vﬁﬁ,}ﬂdﬁ@ LRirmiE 443 4.

G AV BATHIE: 2 E A L B e b AR R AT s, BB g MR R TR
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static int
Height{ Position P }
{
1f{ P == WNULL )
return -1;
else
return P-»Height;

B 4-38 i E AVL ¥ AR

AviTrea
Insert{ ElementType X, AviTrea T )
i
iFC T me NULL D
{
/% Create and return a one-node tree */
T = walloc{ sizeof{ struct AviNode 3 J;
iFC T == NULL )
Fatalferror( "Out of space!!!™ J};
€lse

T->Element = X; T-»Height = §;
T-»Left = T->Right = NULL;
!
}
else
if( X < T->Element )

T->Left = Insert{ X, T-zleft );
if¢ Height{ T->Left } - Height{ T-»Right } == 2 )
if( X <« T-»Left->Element )
T = SingTeRotateWithieft({ T );
else
T

]

DoubleRotateWithLeft{ T ):

!

glise
if( X » T->Element }

T-»Right = Insert{ X, T-rRight };
if{ Height( T-»>Right ) - Height{ T-»Left ) == 2)
if( X » T->Right->Element )
T = SingleRotatesithRight( T 3,
else
T

DoubleRotatewithRight{ T J);

i

} L]
/* Else X is in the tree already; we'll do nothing */

T->Height = Max{ Height({ T->tefr ), Helght{ T-»Right 7 ) + 1;
return T

B 4-39 18] AVL W A S A8 %L

LB A 2
“‘a‘h ,l‘alu ¥ z

B 4-40 BAREH



/* This function can be called only if KZ has a left child */
/* Perform a rotate between a noda (K2) and its left child */
/* Update heights, then return new roat */

- ) —

static Pesition
\ SingleRotatewWithLeft( Position K2 3
1

Positien K1,

Kl = KZ->LeftL;
K2-=Left = Kl-»Right;
Kl-»Right = K2;

K2-»Height = Max( Height{ Kz->Left J,
Height{ K2-=Right )  + 1,
Kl->Height = Max({ Height{ Ki->Left ), K2->Height ) + 1;

return K1; /¥ New root =/

B 4-41 $HATHRESEGORE

/* This function can be called only if K3 has a leftr =/
/* child and K3's Jeft child has a right chilg */

/* Do the left-right double rotation */

/% Update heights, then return new root */

static Position
DoubleRotateWithLeft{ Position K2 )

{
/* Rotate between K1 and K2 =/
Ki-»Left = SingleRotatewithRight{ K3-»Left J;
' /* Rotate between K3 and K2 */
return SingleRotatewithLeft{ K3 ):
h
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W O(N)EH N TTRE, 7 LR RUR SR BARNEENR Ol NYRA®E, H
AR - . AFERBMATI. - RiK, 3 M WERERN TR AR
EATIE B O(MF(N)BT, FeATRE U E B3 E (amortized YiBFTET AR O(F(N)). HIt, —
B Rk F U ERE R R VTR Olog N)- v — BRI, AR BB R 2
e HR)ATREE 2L,
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B 455 BRIEAWET R 9 LR

4.6 wanEH

o AR R S B AT THER, BB A RS
g 4-56 PR R RS LY.

woid ‘
PFrintTreel SearchTree T )}
1
if( T t= NULL 3
{
PrintTree( T-»Left );
PrintElement! T-xElement );
PrintTree({ T-»Right );

}

}

I

B 4-56 ETFITH X ERHAE

SRR, B GRRR ERTEHERET I AR, TARATATEE 2, XRPE
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b R R R TR, REENWT S, BERAATH ., XTRENEE&EST
B B AN, BT HEMETRER O(N). XEENERKE 11 REHTH
TR R KA. BN, MES - P AEANTEREHRS
NULL. <7 B4t B8 A3 T PrintElement. 10 TS AR TAEER R B HLLE



& o7

—_— J— —_— _—

PIEH N AT A, BT reElA O(N),

ARG ELAMM A FRIARIGAREEM AT 5. B, A TIHFE- DIAEME
%, BINMTEFEELNHEWERFRAEE . H4s7 P MEFRETESEY & FiaA—L
HERIIE R SRR R — Y AR L L EE, PN EiEE XA SR M E A
&, XEEH . XA s 4w 5, RITamma LR, WA T
AT VRIE S E Bt E], AR s TEEE O(N ),

FNTI L B - Fh B R AR TR 304 % 538 B (preorder traversal). X . 2487 1 sl 72 H
LT Z T4 AR A AT LU R Y AR E RS- T .

Nt —I

Height{ Tree T 3
I

1f{ 1 == NJLL )
return  1;
else
return 1 + Max{ Height{ T->lLeft J,
Height{ T->Right ¥ };

[{4-57 #RIGEFREITTERT S ERHE

R 45X SERER G — AL AT 008 R, HIE R BT NULL MR IE, SRR A H A& 1
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ST B RFMEE, —REMAR NIRRT BEE AR . W PORGE T AR . A
it (level-order traversal ), FATVABTH K AE. fREFEIH, R BN DRIORTINE
AR Dt 1 BN A, R S H R AR AR T TR Fe R RN
S R s B RRIBAR, AR E R ETRUR R
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SRS IR FTE AR R R E — L, BERE —FHHARERM A ETX
B, X R i B-# (B-tree) s
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Size, W4 HIBM R EBERN — o ARSI F2RWEN TR, B8 HR
SRS O B TableSize — | B4k WIS RN BB 2 2 XHE

RS R 0 B TableSize — | X8 F T H K
AN, FEE SR RGE 380 I P 3 Bl S B0 A e ) R
{ hash function), SRR T &M% B A 8204 B LW I ARIE L]
AR T R B A EE R, A, X EATTRER, H
Yy ni B A RE R, WL EREEATES. K, R
i1 33— TR, HER T A RTINS 'S
51 2 ARG EAERN. EXAHFP, john B 3,
phil B #1480 4. dave BLS1E 6, mary A E] 7

ok BRI A A 8 g TR AR BRI AL R R — T R
HEE M A R B S — N E AR (BR A 9 K (collision) )
V%A 4 DL R iaT R E R B R D

5.2 HFIEAE

MBS A R BRE, W -GS A R BARIR MY Key miod TableSize Wbk
BB Key fT5 B4 SR RS AR, EXMBE T, MORMMERETETMAE
Gt Rk /N 10 T EEER AL 0 . WL R R ER O R — T A
fE. HERBITEESEES, WA 7R FE SR, g oy A i i H R BRI RAT X
$%ﬁﬁ:ﬁﬁh%%@?%%ﬂ%ﬁﬁ,ﬁﬂ@ﬁ%ﬁﬁﬁ*ﬁ%ﬁﬂ%%?%ﬁmﬂm

-1

" John 25000
phil 31250

dave 275X 1

mary 28200

= I = s T < e
1 [

Bs1  -ERBRRSE
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L
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112 BSFE

A

B, REFRTAS; AXMHE T, SR FHE L.

—MEETEREFAFBPFEFN ASCH BEMER., EE 52, HIT=HEH
Index, BRI RE AR EMEER . B 5-3 SRR C H2ES S F /21
KA BRI F A &R

typedef unsigned int Index;

M52 BANREGEE LR

Index
Hash{ const char *Key, int TableSize )

{
unsigned int Hashval = {;

i A while{ *Key != "\0' )

TP Hashval += *Kay++;

PR WV return Hashval % TableSize;
L }

Bs53 AR R

] 5.3 Pk BT BRI TR R A T AR AR B B S R, R, WRFMK,
5 K SR AT BLGET . BTN, B TubleSize = 10007(10007 RFEZ), HIFFTE
L Eg 8 MEAK., BT char MEMERZE (27, HHHI G R EERREE O M
101624, H 1016=127%8, BRXANE M)A

I ABEE S ] 5-4 R . B R BR Key BEOEMAFAIMN NULL TR
7. (8 27 BRETERENFES S-SR, T 729 =275 ZREAEEN =T
%, (HE, B TR, TRAKDRATEAFERE 10007, AR ME2BE-—TE
WA, AT ERORE, XA RN, BRI IMFH(EREHE 26°= 17 576
ATTHERE S, BERFALELGKNBEIFARNER: 3 rMEFHARHEESHEIHFERE
5851, B4R WA s, AL BRA XK 28% H HIERFIH. B, RRMBESIT
B {H R M3 R K ReH X A RBOD R AT IERY

Index
Hash{ const char *Key, int TableSize )
{
return { Key[ O ] « 27 % Key[ 1 ] + 729 * Key[ 2 13
% TabhlaSize;

}

& 5.4 S—Fh T BEAYH E ¥ —F KA

5.5 5 T EO RS 3 fk it X RS R B R FRATE T, JRE
U R CETHE D10 Key( KeySize — ¢ — 11-32', Fi s IR EE S
). R Homer HiRIHE (32 #) BTN AR G0, HH ko= b+ 27427
Pk BB R RSB T AR b= (k) X 27 + ko) ¥ 27 + by #47o Horner BN
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J— —_ —— . - -

HA ST n K ETWR

Index '
Hash({ const char *Hay, 1nt TableSire )
{
| unsigned 1nt Hashval = O, ‘
VA LY while{ *Key '= '%0° ) |
P e P Hashval — { Hashval << 5 ) + *Key+s:
|
PR LV return Hashval % TableSize. |
|

|
|
L o

5.5 - MAFRYHLR R B

Rl Iz el 32 108 27, £RIRMM 32 A ki AL g Eg, Ma®s) T e 5 L.
KUk, RS 2 ek T LR Sl R U &

el 5.5 B AR A BT B B0 T 5o U R B Ry, 0 R s BA e TR RAS L 5
CULE R . AR A GBI ) . Wi BRI . A 204805 R B R A 2 L7
HBRETE, AL, MTENTHE2A BERANSRE TEXfEs T, w k2
A AT B FF . s G §E 4 By-FC B0 TP oy @2 el e - A, JCRE Tl BRI B 0 A 1T
kR, AUE BT R IE B R E R A LN T, HUA BT 2 MR KA AL AT L A
TV R A GUR S E AR E LM AR TR AR R, RO A=
B P B B R T 8 T B4 ] S D B e U P b A B ST A PR AR R TR

BT Ay FE AR AR R AR R, RS — TR ALY PR
TEAE (B AR, HRAgE A — A ige . X - T B R, BRI AP YT I8 A JLAT,
(1 DB TS EO | B TR RO R A RS B R P A
5.3 EEEZE

B i ph B )8 — R ik A W WU R 4 B 4 4R 0k (separate 0
chaining) . Hotbod: L sl E — MEN A TR RS -1 !
Tl B HERA. XEREH Rk, Mk, ROEAEHS
Sohyy My EME. RSERE, WEARA I E RS | ﬁg4&ﬂ”ﬁ
s sk, AW RITEIRERFREN 10 M REFHFRHA 5 —[25 T}
a
]
g

__j_“l-[}. —

IRERENES B

-+

J 61| BR AR B Hash (X)) = X mod 10, (RMAXDEAERE. ‘|“L£H_'| 3614
HEZIBEN T RS E 5-6 8k BEWRIR . e

FHUT Find, %0 1E AP RECRAE B EEH TR,
B FRATT LI B 0 4 I8 B R (] BT S B R R AT TE
& . MATT Insert, AR — T HNER BURBIZ LA
SR fEiE Y B (RSl AE R L, A ZEEG BN, X AR
LR 1), R XA TERNHNCE. B o0 S H R A A R R, A B AR
Ea0RE . A E R RBATES . MRS EEN B R TS R A B B s A
A EN ARy A AN (LR R TT I, i DL TR ke 8 i3 A I 70 B B AT VT BB SR ST AR T I -

oA B A R T E A AR AT R A §-7 H et . Y ListNode LA ST 3 B Y

i—-'-":_

RS EIE
1] 5-6 TEFEAINE
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wEFWHEE, AbhmEiRERORE-- MRSV R PR T, ENTER
P BRI IS AL R S5 B0 ES 18] . oAb A HashTable 2RRUgL BAG 17 B E5HA0F5 5284,

#ifndef _Hash5ep_H

struct ListNode;

typedef struct ListNode *Position;
ctruct HashThl;

typedef struct Hashibl *HashTable;

HashTable InitializeTable{ int TahleSize )

void DestroyTable( HashTable H };

Position Find( ElementType Key, HashTable H };

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

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

#endif /* _HashSep_H */

/* Place in the implementation file */
struct ListNode

{
ElementType Elament;

Pasition Next;

¥
typedef Position List;

/* List *TheList will be an array of J1ists, allocated later */
/* The 1ists use headers (Ffor simplicity). */
/% though this wastes space */
struct HashThl
{
int TablaSize;
List *Thelists;

b

B 57 SEEEEnEAERFH

'+ 7% . TheList MR _EE— T # F38 H ListNode Z5# R §H B0 IR 5 . IR AR L
rvpedef, FTTRE S LIREL.

® 5.8 LAl . TR SRERATRPHRANER. B4 TR TR -
P S A AP ARES ). RS A A, W) HOHEE I — M, KA — T RECIE N —
A, BT TR EENKNE—ER, WH 8 /TR 10 T WIKRIIEE List B — 8
¢, BT List B X A— ek, Buks R AR R EA.

40 List BB AHE L, MARNTMALBMAIET . BEBIMEAT EX, Bk
Fs A A — 73 HH I BT I Next 3% NULL. X6 85 11 258 15 173C 8. MR,

12 53815 15 7] DLHEA]

S

§ — > TheLists[ i ] = MakeEmpty{};
B BRBITEEEBREAXLEY, HEEZH) Hp R R AT AR B AL, BT IA
ol g B e e A TRIFE- MK AL E TS 12 /7 £ malloc 1T T H —>> TableSize
W, XR] DL AR IS FR B2 B VR B — 1K malloc #1E

H = ™ Thelists = malloc {H — >» TebleSize * sizeof { struct ListNode) );
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. P
I/

.
L
I

L

o
|

1=/

2%/
*/

4%/
5*/
B*/

s

B*f
9%/

/*10*/

/*11%/
12/
/*13*%/
SE14%/

F*15*/

/*le™/

HashTable
InitializeTable( int TableSize )

]

HashTable H:
int i;

if{ TableSize < MinTableSize }

{
Error{ "Table size too small" };
return NULL;

}

/* Allocate table */
H = matloc( sizeof( struct HashTbl ) J:
if{ H == NULL )

fatalError{ "Qut of spaceltl™ ),

H->TahleSize = NextFPrima({ Tablae%ize };

/* Allocate array of lists */
H->ThelLists = malloc{ sizeof({ List 3 * H-»Table&%ize };
1f( H->Thelists == NULL }

FatalErrar{ "Out of spacel!!!™ ),

/* Allorate list headers */
for{ i = 0; 1 <« H-»TableSize; 1=+ }

{
H->Thelists[ i ] = malloc( sizeof( struct ListNode ) };
1f( H->Thalists[ i J == NULL 2
FatalError( “"Out of space’!1” )}
else
H-»TheLists[ 1 J-»Next = NULL;
r
return H;

& 58 AR R RL AR

REE 1277k R. ¥ 16 1TRF H.

W Find( Kev, H)IWERHER 4, BHEFHNRET Key FYER- 300, SEBRE R
EIFTEIE 5.0 M. BE, B 2788 5 TSR TEH 3 TPE L ATAIT Find T, i,
8 3 S h R ADT B EH A el LB E, IO, W% ElementType E—1TFEAE, T4
b 35 Ik {2 0040 A8 7 A8 FT stremp FT strepy KLAT

,r’*
‘I,-"ﬂ
‘Il,l‘*k

‘,n'"*
J)ir

1t/
2"/
i/

4/
5/

Position
Find{ ElementType Key, HashTahle H )
1

Position F;

List L;

L = H-»ThelLists[ Hash{ Key, H->TableSize ) 1;

F L-=Naxt;
white( P i= NULL && P->Elament '= Key )
/* Probably need streomp!! *f

([

P = P-aNextT;
return P;

7 59 SrEFEHEAEL Find I
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_— ——

—— — ——

————— n —_—

F—TEEAME. MREBMARNMCLFE, MARNR AAE; FRRIEEE
R AR AETIR (LA 5-10) . DBITER KIHEERGEMH T b MRER A ER. T E,
BAZNRNETROBFREE FERTE 3 ERERGEREIE Push BEF, 0RFE 3 ETH
e ADT HREFEEEIM T, FA TR R E.

void
Insert( ElementType Key, HashTabie H )
{

Position Pos, NewCell;

List L;
f* 1=/ Pos = Find{ Key, H J};
f* 2%/ if{ Pos == NULL ) /* Key is not found */
{
I 3%/ Newlel]l = malloc( sizeof( struct ListNode ) };
iroaxs if{ HewCell == NULL )
FASS LV Fatalerror{ "Out of space!!!'" };
else
{
FA LV { = H-»>TheLists[ Hash{ Key, H-»TableSize ) ];
f* v/ NewCell-=Next = L->Next;
Jr 8%/ NewCall->Element = Key; /* Probably need strcpy! */
PRI LY L »Next = Newlell;

}
}
}

A 5-10 EEEiy)RzE Insert

&l 5-10 R ARBESRESERTRE, BAEHRTARKENRE. TRETEEE
R, By, WiSxE s BN RET TN EMERRS, BAXTBRIFHLZ
Hh,

NI U 6 P O ISR e L ST, R RATATE X B0 . A0 RAE R 3y ]
BAURAE MR R, AR REM L, FMRER R LA OUR RS 4L R B 2R
gk RS EL RATRIE BN —E G BHEE

RELES, B NTERA T REARBRMERS; R XERREZE AT
FHATRAE, EERIIMBNRELA, R BT, WaHFHRBEZE, THRA
EFHITEMERPEWET .

A S BOR  AEA T (load factor) A FEBIRH Rt R RS IR IHE.
£ EEHFEFR, A = 1.0, BsBPHEKEN 1. P —RERFIBFENLAERITER
) B (5 S B 2 e 5 8 (list) BT AR BRI . B —WCR L R, BT S
BEOE Y A(REERSH NULL 88 RIMNERNFRRL RN + (A/2) 18R
TIRE SRS P — e (F A E R RN, i 34 1 R A — 1 # (st TP R BLRE
RBICRA TR, KaIEH, BWADEE ERTEE, TRERE 74 REEH. SrRER
25— e R 1B R A K/ MR R SRRHT R MR S (BB, kA~ iF 301
EHER, EROKNEBRURE— TR, F Rk,

= &?Eiﬁ¢ﬁﬁ%ﬁﬂﬁhﬂﬁﬂ*ﬁﬁi%*ﬁﬁ@iw*ﬂﬁﬁﬁﬁ?m¢%%iﬁ*ﬂﬁﬂﬁﬂ$%ﬁ

=
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5.4 FMELE

T BRI R IR S S G RS, H s BIT/r Al F AN, (R X8 R
Wi E 0 emlls, BRI PR ERAT R RS L. BRIFAIE R
Hemht s, AR E P & (Open addressing hashing ) i 73 2 PR ERRETREEI A T
WICEN P EEREF, WRAhRET ., AR ESLEFEA TR, LB FW
ML M -, BT Ao (X)), A (X)), A(X), 55, MHgeslx, Hd A (X) =
(Hush (X)) + F{i)) mod TableSize, H F(0) = 0. MR F BRI ITHE . HOVETH IR
BHERAEN, TUAREBFILGEN RS 2 SeHEEITA £ —Riik, %
HHCE REEOMET R 3, B E FWIZAT A = 0.5, MARNEE FE = 1 L8
LIRS
5.4.1 LRTEERMN*%

LA MEFM G . R F O BUsR Mg e R F(1) = . XY FETHRIE
AEE L (L ER AT AZR R AR st 18 5-11 B (5 S 0140 W 59 Al 51 ph s
JELEE Y IR9, 1R, 49, 58, 60 AT~ IR RN, TR A A B R T IR 2
Fi(i) =1

| ax [ #Aw [ mAs [BAe  BAs | HAe |
0 44 I 49 449
1 8 58
|—E_'__‘_—_ ] f
T l _ ~,d—
4 !
s ] '|
: | [ —
° |
. ! | |
& _ﬁ 5 | 18 18 i
3 'i ka1 g9 EE woo | oW |

S 11 RUHE A S LR HEERI A 3 AT HE AT AR

w AR AR 49 PR TR T Ak, BN O, B M hE Bt
SRy . CEET S8 YN 18, 89, 49 KA, WL TIRZBA RS A BIL, X 69 By
GENVERIG b, AR, BEEBRI— A, HRIAR ATl IS 4
. WORGR, B E NGRS, R R AN T R IR X IR, HeBEmHN
— R & & {primary clusterning) i, B E [X IR} Hjiifﬂ;éi@;ﬁgﬁlgﬂ HAIWR i Gk 8 T A RE
Wi R | RIS AR PRSI Y AR

BURTGA | A A Wk T AR, T LGEY], {E FE 28 14 55 0 ) P03 S5 0 R T3
AR AR AZNL (1 5 L1 - 00 TR ERFEHMES (1 1 1/

(1 - 2)). Hxm - HEsREER ABFRERRL, i A TS 0 F 4R e 2 AT
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RBUOERT, B AR, RIVERA KA R E R T ERE D,

MEFREABEERE, IBLHREALRAERR. RIVREZE -MRANE, HiZE
VAR AR SR i AR I R, M T LR ERR AN S, XBRIERS, FEH L A
RAERERT 1 ff B EHAN, BE, BIMMSFHE-RARIIER PR BRE, mX
EREARMBE — PSRBT MFENA T HIE, ATFZR TG0 1 - A, Bk
M ERMAATTEER 1/(1 - 2), —REERMFEIRESTREETEBANIF
ERFEMT S, Y— 1t nERBAM, TUEBRE-KARIIERGER ., Eilb, R{IoTL
A — IR AR AR B TR E— ik ah B B E 2T .

e 2 7E0 BIMATMEZ E AL, Kk REARIEFaIRD, MR-y F
. BN, EEERES, 2 = 0.5, HESAFHRE IS HEANRER, lFEr a2 =0.2.
0T 18 BREAD—HEMES B, EH e RTra 2 AT B AR TR (FE I 69) 117
EE S . AT LU i BT A R AT () A & A R R AT T RE, RS

141 1,1

| |

EE AR BRE TR MBI AR, REALEHE EAYME, mWHKER AL
fEEEREG DI, ) 5-12 $RLR AR A PR RE (BB B 28 ) 55 X SE BEWL rh 2R MR B 07 35 TP BT Y 1
SeVET i, BUMMERM Stim, RERIIERFTEASIA UM .

Ul
5.0

12.0

9.0

6.0

30

0.0
10 15 .20 .25 .30 .35 4D 45 50 .55.60 .65 .70 .75 .80 .85 B 95

B 512 MR LR ) FIREHL T T AR A T R
(S MEINER; UNRRIER: ML EA)

WIE A = 0.75, HR4 b EROA RS RS AN R — B A TR 8.5 IR IR A =
0.9, MIFHER 50 &%, XEASEN, BOBEARRIEE, 4K SHA RHE 14 W
2110 WARIIAR o MGXBARET, NRETUA ST —LEBRHAE, PLAKERMEA
B, AT, R A = 0.5, BABARETHRTERY2.5K, ¥ HX T RUEE

BEHHBERM 1.5 K,

5.4.2 FHFERIZE ‘
T R R B g R R P — R R AR T AR MR T, B R R R R

Vo RIS IR I T i . TRATHOERR F() = 7, B 513 B T A e R BT IR SR

T 48 1 6 49) T TR A R B R R R P 2R |
w40 55 89 phaeid, HF—MIB AN T — 8T, HATRTH, Hilt 49 FE 1 i FE A
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BOiG, S8TEAE 8 by g mpg, HIn ISR B8t mEd: T H sz, T —1
BRI CA BRI ® 8 92— 4 mib, X-PMEJSTEPMTHIT, K, XEF 538 BiifrdiL 2
&b XTFeEET 69, ALFRAYT UL —EE.

- - . U B
] EHE AR | FAE | A HAss ll T A 69 i
0 49 1 49 44

|1 | .

T
‘ 2 | Y- oL

! I T
Il 3 - | AV
"Ljr'- _ I ﬁ |
! . B ) | :
fl 3 |
|r = - T
' a6 . Ii : |
|" I

| = | 1 |
rs 18 19 15 L5

+ |
ILe | &Y 59 I A9 49 59 1\

- | . N .

Bl 513 TEERREEA G . FURIE Ir S AR B RY JT B0 EHL 2=

R LR, iEICR L PES IR I AR R E, BRI SRR AT
IV FHNSREET R, — DRBEFEE -, MREXDAR R L ERRBRE
— e, SRR BB — R R — D T T R R AR R E)— Pl LA i
e B LLHE -

AT IR, MR EF-LASH, FARMR/DERE, BARINRILLHES
WA - HHTR

EHE51

MR A EN, BRENIODRER, A NEFRVHE FRSHATR, HEEEA
~PETHITHE -

UuERR:

L F g NI TableSize B —FRT 3 B9CATVER . RATIER, BIL TableSive/ 211 45IENL
BEEEM A(X) + *(mod TubleSize Y A(X) + 2(mod TubleSize ) ETXEE ¥ ARIM
AL B0 < i, L TableSize/ 2 L AHEH T RIZEMAOEARR, B>, -2

(X)) « *= A(X) + j° (mod TableSize )

2= - (mod TableSize )
- o= 1) {mod TableSize )
(: — ;i +4)—=0 {mod TableSize )

T TubleSize MZEF, Hi, Bl - j)EFEFTO mod TubleSize ), B2 + )3T Hod
TableSize ). BESR § #1) FEH SERT, BVAB— MBI RER. A0 < i.j<_Tablesize/
5 I AN R R TR . WA, BT TableSize/ 2 & E{TEAE LR M. MR
B F (2 T AR wh g R R ) T LI R A A T 60 o0, BB AL R AR
leSize s 2 A FTEEMOR ENI (7 8 W0 BT TableSize/ 2\ MU B Al VAT, BRA7E 4
TLERE R E,
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BORA L —FE - BEEE, MABARF IR (BRXEESHEULE
B, MEICAEREE, 54, EFERARDEERBIEFTEE. “DNRENNDNARER, W&
i I AT BE Sy B . B, ARAANE 16, IBAFHETTREFERRIET, 489
PR AL,

GIFHCE R BFZR T, A R R e e A RERE Y, BRI Ry T Al gEE 251 g o
®, RS EFE TR, #in, WRIRITME 89, MALL ELIE HAMLRS Find B AR
REEEMHIET. B, F B REFEWERNG, BATEXMHER T HAFERILEX
i) =8

S R E BEE B T 5 TR B RIS A TE I 5-14 PR, XE, RATAHEE B,
i B BRI A T AR, S B R —FE, XERBOC R SIS B R Y
Z RN (E 515) B AR E B 1 TEE 10 17) R HG Ak &4~ FoTH) Info AN
Empty $HA% .

#1ifndaf _MHashQuad_H

typedef unsigned int Index;
typedef Index Pasitian;

struct Hashibl;
typedel struct HashTb]l *HashTable;

HashTable InitializeTabkle{ int TableSize };

void DestroyTable( HashTable H );

Position Find( ElementType Key, HashTabla H );

void Insert( EiementType Key, HashTabTe H };
ElementType Retrieve( Pesition P, HashTable H };
HashTable Rehash{ HashTable H J;

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

sand1f /% _HashQuad_H */

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

struct HashEntry

ElementType Flement;
enum KindOfEntry Into;

Y
typedef struct HashEntry Cell;

/% Cell *TheCells will be an array of */
/* HashEntry cells, allocated later #f
struct HashTbl |
f f
int Tahle%ize;
Cell *TheCells;

1

@514 FHENHEPERRBRFH

m%ﬁmX$Eﬁm4hﬁ%$ﬂ4ﬁﬁﬁﬁ?ﬁ#%ﬁ&ﬁ%ﬁFﬁﬁdﬁ,ﬂﬁﬁ¢ﬁﬂﬂﬁﬁ%ﬂhHﬁ
Brof RV EREE R

(
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HashTabie
InitiatizaTable{ int TableSize )

i
HashTable H;

int 1,
P if{ TableSize < MinTableSize )

{
/T2 Error( "Table size too small™ );
A* 3%/ return MULL;

J'.

/* Allocate table */

' ogm H = mallocf sizeof{ struct HashThbi 3 J;
S5 FFC H == KULL &
FAN A FatalError{ "Out of space!!l!" };
ie 7/ H-=TableS%ize = MextPrime{ TabTeSiza }:
F
/* Allocate array of Cells =/
i 8 H-»TheCells = maltoc{ sizeof({ Call ) * H-»TablaSize );
FAN L if{ H->Thelells == NULL )
Ay FatalError{ "Qut of space!l!” 3;
SELLS for{ 1 = 0 i < H-=TableSiza; i++ )
Fr12*/ H->TheCellsf 1 ].lnfo = Empty;
F¥13*/ return H:
h
l - B

M S-15 #MeafeIFRCE iEE P R FIR

)4y B B BTN E- B, Find(Kev, HYBRTE Key FERAIRPHIMLE . LR Key £
. IR Find B MG H BT, ZHRTTRE YT ENR, Key BHEMAGMT . ®, B
HFEAFICT Empty, FiLATRIE Find EBMRAS . ATHEEL, ROVBEBIIRBAIED
Sy o ARG A4S, HET RNyt S S, TN, RITHEES 4 7R |

~ (Al , (R AR T RE AT . AT RITIRE

I~
Position
Find{ ElementType Key, HashTable H )
i
Position CurrentPos;
int CollisionNum;
FEEN ¥y Collisiondum = 0; \
fE 2R CurrentPos = Hash({ Key, H-»TableSize J;
FANE LY while( H-»TheCells[ CurrentPos ].Info != Empty &&
H-»TheCel1s] CurrentPos ].Element 1= Key )
/% Probably need strcmp!! */
|
P LV CurrentPos += 2 * ++CollisionNum - 1;
5/ if( CurrentPas »= H->Tablebize )
AN L CurrentPos -= H-=TableSize;
}
fw %) return CurrentPos;
}

o 516 R F TR EFIER Find #l#

2 4 TR 6 17 AT T BRI A U TR H R BRI E SCT R, FGD) =
Floo— 1) + 20 — 1, Bk, F—ABHH e cr LRz 2(SEhE PR — AL K
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RBAL) I 1 RHE . MIRHRECBIRER, IBAW BT E TableSize 1T 0 2] %L
HEEW, XLEHERFESEMR, BATHRTEURENRENGER. T8 —42EENE
& FEEAMBILABPREE, M%)

SEMFREEA . FUoBetEis e, i Key B8FE, MBI 404
. Ha TER R A, A0, RAMEBEBANITERTE Find FREL B MY, 2
FEERE 517 P ER,

void
Insert{ ElementTypa Key, HashTable H )
{

Position Pos;

Pos = Find{ Key, H J;
1f{ H-»>TheCells[ Pos ].Info != Legitimate )
{

/* 0K to insert hare =/
H->TheCellsf Pos ].Infa = Legitimate;
H->Thatalls[ Pos ].ETement = Key;

/* Probably need stropy! */

E 5-17 {EAF RSN ERHEAFRE

ERT IR T — R EBE, (HR T Fi R — A0 B b KR 70 H BRI A In) fr 2526 2
TC . X MU= % % £ (secondary clustering) . "R BEREIS EM—/NE, REZSRENY,
HERER, T—RESE RN TR .. THOEARRSHRX TR, A
EIE WA SN — LR HBRES
5.4.3 XN&F

TR A B ) B I — 1 WS R 3 R XUHLFY (double hashing) ., ¥ FXHES, —FPfi
GERER F() = i+ hasho(X)o XMAREY, RATEE A BB AP X HEE
B hasho(X), 2hash,{ X)BREM ., hash,( X)ESBAFH SRR, FIR1, FIE 99 3
AFIHEA T RA B2, MEE AR hashy(X) = X mod 9 BARIEA. HIL, R
e REEM 0 E. B, (EIEFE AT AR IR B (2 T mA A TR T RER), B
K EMFPTRREFOURBEEN . W hash,(X) = R ~ (X mod R FE A R EOH R 3
BEFRIVERS, Ho R /T LableSize BIER, WRRMNEE R = 7, AS-BUEBREAS
B AR R AR

Aot R AETE 49 BB A MBI, hasho(49) = 7 ~ 0 = 7, B 49 M AZINE 6.
hash,(58) = 7 — 2 = 5, FRSSEIEABMLE 3. 85, 69 FEMWR, M T A B BE B
b hash,(69) = 7 — 6 = 1 b7 . WRRATHE R 60 HARIRIE O &, BABRETE—T
whae . fTF Rash,(60) = 7 — 4 = 3, HERBITZRAME 3, 6,9, BEE 2, HAERE —1TE
BOE TG, —RRA T AR AE ALY, ArliX BERERKERXFEHNET,

HED AR, FEOBIIELFHHRDIRERR. ATX 2 8RR T P HEBF R
H{E, B, HOE TS B A RIER R AD AR ERERI. MREEE
03 AT, IATHRE S 58 BEME, i T hash{23) =7 -2 =5, BiggRADE
10, BRBINRE—DE%RME, X MEECEERT . B, WRRNAPAREY. I
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T R I A FF AT R A 8, AR R RO TOEIEIG RIA, A ARERE fi R
e T, B Tnsert BAEATREL N XTI REALTER KSWBHHBARATNSZE . M
M, b e BT A — AR AR (T L A — P AR SR BT O e R 3T
4 UAER R 2, TFEE A (GMIBRTY ) TTE B AT HAR AR fr& T+

G, IO E 13, 15, 24 M6 FABIFRAN 7 BJFFUENE B R F . BOIEEUER (X)
= X piod 7. 1A £ PRI O R ok R [A] R ARG WS R RE 519
lfJ

IR 23§ AR, BNl 520 thili AJS AT T 70% R EUT R A . BRI
e B LIFRN R T R TR KN 17, B 17 BIEFE AN AR
CANERL BB Y A(X) = X mod 17, SHECRHIR. FFETE 6, 15, 23, 24 L)
& 13 ARE P, BOEH R 521,

1
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3 24 3] 24
F | 4
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BAEEVEFE S B K 7] (rehashing), BRAXE—MEEDH B
R s HisiTbh O(N), BAR N Do R By R e i
TN T 2N, AT, B FARZEFE 4, HIRLFEERE AR E
Xz ¥rplE, EREVMERIAIZALRUEFE N/ 2K
Insert, MREMEIENMEA LR LA L L —HEETFH. ©
MERXMEREEERFN—H0, BMAHRERABRERN. 5
— FE, MEFEIEALE ZRRW—aa1T, BAHFEAS
R AFIHAEHNRH PSR IRERE.

BRST RAR A DL B R A, — Al R R E AR
#)l— VRS, B—ARRA T ERRE HIBAKXBN A B E . _
F =R BT (middle-of the-road) R Bg : ML FAE — PR
SURTSETIRG. T AR T AR AR T T I
W, i, PAFRERILE FESE A Rk, vIRER BT HRmg. —

BEAMLBEFANRAAHHEOHER DR, X—HAHEE
W ERTEEAMEFPHEIIEAEBHEBIERR. FENS
iR T F R S s MR A AR . BREEA LA
AR R, G, TR 3 EUATURESHERY, oo embs
R 23 T8] LA B — A RAE R/ N, R E— DRI HE I FITE R M
¥, [FEPERE I,
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HashTable
Rehash{ HashTable H )

{
int 1, OTdSize;
Cell *01dielis;

JroLe/ 01dCells = H->Thelells;
Jroary Q1dSize = H-»TahleSire;

/% Get a new, ampty table */

f* 3 H = InitializeTable{ 2 * 01d5ize );
/% scan through old table, reinserting into new */
Pl L for( 1 = 0; 1 < OldSize; i++ )
TS if( 01dCells[ i J.Info == Legitimate }
| f* e/ Insart{ 01dCells[ i 1.Element, H J;
| FA L free{ 0dCelTs };
P .o retura H;

B 522 AFHGENEFEABET

5.6 WY EI
kRS B R R KA E TR EAMER . IEIMEATES 4 EERR,

G RRESHAREBEHMAEFMERNEA.
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. RS R B I e FAN TAE AR R A S A, Y
F IR RGBS, PRGN BRI —# , R T OUN)IKBL L A,

—FhEE R PO 7T 47 8 7 {extendible hashing ), = IFF I EE & (F 3T -IK
Find., i ABYE b T 2R AT BT ]

N5 4 3, B-AEGEE Ollogy- N, Hi3 M SN, B-RIAYIREFM A FR
fi 1T LABEFE M Qg A, (418 BARKRE N 1. AT, 88— KIS 8L Find BRF LR
Do AR, R OVRHE R SRR TEE R . X R E MR ERTE T 91 & & B (branching
fretor) 28, WEFR MHERETESE AR FEdir R TAE. ety it— 4
R BT AR, B AR st A - IR . RIERATT BIMERIREE.

MATIE R 1ERE, ROTWEEERILA o ILLEFBREAUR. 1 5-23 BaX SRR 014 8
L W B A 4 AL, BRI RTE A IR T BT RN R TR M -
4 ASTE REYY R B AR R P A R R SR R AR X RTE S A RER .
CA L 8 D R R A LR, ARTEREDY 8 R (directory) . TR 1R HINEL
B0 d, R L A T EL AR MBI, 4 8 RE TSR, Bt 4= D,

AR ALE T 00100 T AB TR LRH SR L T, A <SR
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w3 X AR B 5-24 BBk R
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L 104 100 ({010 101110
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{05 Ho o B8 A B Br i

a0 B TEHE AR 000000, SR ST -y R B B T O L D L <
B = 3. Sere E st A — AR fL A 000 R 001 R E . WK 525,

XA TE R BB B F AR T X KRR IR Tnsert BRIE A Find B TR AT U R 1>
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i, MBI, D = 2, ARG A 111010, 111011, #HEBEHA 111100, B4 HH
FANRFREIE 4 IX AN RHEE, ZLE—ITESZEI A, AETHAEEILE.
HW, THRER KT (duplicate key )W ATREM s HFFAE T M TEEXLHT, NIZERRE
JR . MR, TEMHFEEEMATHE.
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(01011 101110
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{70

BI5 . R EO 85 bt b, Xt R 2 3 H MR G REIR. RE
sk S R (R (bit pattern ) S S4B .

o 0 B S AN (N /M D logpe o B, PHIMITHEREE R In2 = 0.69, XM B-H2Z
R, st e REE, BANTRAEEREH . M8 (M + DIERNNE, —&EHHE
AR Ak,

ERA MRS, OFHEI/NGRAERE 2P) 8 O(N' ' VMM, IR MR,
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s 51 32 TI] 1A 3R 1A O 0 MO I S B Insert F11 Find BRE. M{E ARSI, ERIEIK
S TR RS REEN, SRR MASAEEE . YREFARE HRENN, ¥
ok FE R T R RN E B Y,

o T4V B . BASHEE T AR AR A H B, (BREA TR X
SFT 1, ¥ F R I BFIE Y, BRI Se R RA, FIREE ANz 0.5, P B3
(MR, BR AV S BT EET 1 BB ET . AR FmE ] ESERER
(SE) L, KRS RS EREENT ., T SRR q AT REFRBAE KRR
HE L, X RREER,

— g 25 4% M AT L FE S Tnsert ¥ Find B 5. £ PIIRTRIF 2 Oog N). BHE—
W g A R IR A E B R IR AT S 58 A (i B8 3 2 A AT BB /N TT R . BRIEER
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BB 25 (9 = Fhis DA ITIE B 7 b i AR S R B0 R P . M IR I xR A A Wi 1 7
TIRE AN HER TR MBI BTN B0 E . QURRRR A B E 0, BTl
T E M R TR RSB BRWEE T e AR R B Y L B R Crransios
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5.1 EEILA L4371, 1323, 6173, 4199, 4344, 9679, 1080 B R (XD =
X (mod 10), FEHER .
a. IrEEERPIE-
b. i P2k PEIRIN 9 TRl E hERL Y%
¢, 18T FBY-JF HRI0 Y Y BCE nk RYlER
d. B EFIRECE h(X) = 7 (Xmod YRR RERITE
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T, BITLUBEN -1, M RMERG—F . S FEEMY TEO DB A
o ERnHE., R HEE —-IBRANE, ARRIH—TENHLEZ
0T, ZRNZH 2 LM
B EBARBEEL -NMFFFG) =, HE rg= 0H ry ras o0y 1y
RETN MEBABEYAT (N ERR B —K).
WRE, AXFER T, MREAN, BarE itk
REGB S X FP R BE =H R R R AG2
MBEEMNEENTFE A, ITIKIBAR B SR E 07
MEEKEER TR A, BT — A R A Em a2 /07
@ — MR E (e E R R PR B A RBENLT S R4k P il
ok B B ERY7
B Fh R AL S IR SR A7
AT, T TEN R, BT HAE M AN GE DR EZ K (sparse
polynomial) P, 1 P, #i%. H 2L &k — 1 H#E, HENESHEITHAY. FL
B Next f85He % (3 3.7) FAH 7 WL, P, B E—I, BB E BN
MN . —Fh e o s TR HEF IS JE IR, HE, XEEHF MN fid=, 14
WATREIRES, ST B4/ NAERET, B—-REE, RN ESIANMHETITE
NN EIF, RERERTF.
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b, AR ST RAHE OM + NI, PRk ERNE TR A% 2 B0
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AL S IAEA 30 000 847, TR A, UETEL BB IZEA AT —
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B AT E R LB A R AEEE RS, BAKTHARESERI 5
SEGEEE . M E N ILTE MEEEH T, BATER— (b BE Table (RITTRPIH
Wi 0), BAKM O Bl TubleSize — 1. Hisi—2iEE, RILE Table
[Hash(Word) i= 1, T 32516 8E 1k R 7
o IR A RIEEEE AR 0 BB, AR,
b, R AT S B — D HAE R 1 s B, HRA K AR

BT AR TableSize = 300 007,
c. EREZLHI?
4. TEZE B P~ RIRAAAE S
o BT A T S00 ML, wABREFTA 3 D ERBIERIR. EBRBREE AT
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‘ 510 kR FT R AL R AT B (LOA AR ARAD .
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R TR R AR A Ay, . Ay FE PPy P B —ICHBL Bl o7 LUE 1
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AsAg. Ay AsAy S BEEH A . LAY 4oL AV TERBYEIIN
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o, PR R VL AT i BT B OB RS R IE 1 -

d. gati- AR E AR Y.

< re, WR— R HEWREEMETTINHER Ok + N)

» o f R PR, R HIE TR Y O(N/E)

12 - BASIC FREE g1 — 3 PS50 9 re g S il el 0 RS B s M TH goto 8K
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ML S0 F Enqueuel ABL), T DeleteMin W) ZEAFTH Dequeue( ! BA)TEHL TN T A B 11 8
f: l}dummfﬁﬁiﬁ; SR AL B T AR LA AR AR ARE - T ERERE. A
SELOL VR IR Ak (R X D RREL: PR BRI AU DeleteMin AKX FH /X
54y

U] A RO e R R . AN sl GRET- - R . (DX SR AR R 14 R A0TE
.. TAE-FI8 6-1 BR iR g B ARLA

r

ot

ekt o

Vriomis Queue H

o DelereMindDy |
) |

® 6.1 (R AR R

G 7 et R A AL RS IR I 20 L R BT R LIRS A LA LBAT R T T

[177]
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SMERHEFF 8 TE R R (greedy algorithm ) BYSE MG ELAUINMR TR, MEEENAE
K B/PICRBEATIHE ; 7658 0 THIZE 10 ERIEE T —RBkav G, A B IR
SR B E A P e~ A .

6.2 —EEaHRTH

A ILFREE B A R AR S BAT . BATT AR — T E AR LR U O(DHATHRA
Bk, ST R UM/ T, X EE ON)AE. A—WHEE, BEERFTH
FRAE; XHEERBEALNE B (O(N)T DeleteMin R (O (1)) . T DeleteMin BI#E
YER AR Z THIBRERE R BB F L, Hitm&E AR EH HER.

BB BB MR R B AR, B X PIRMRIE B RIa 1T i [ s
Ollog N). REEBARREILE, TIMBRRIARZ, HEXAEIREERH . iICERTTH BRI
— TR BB/, RERAEFHPHYT SUPRFROTE, FEGTHME, AW, &
FHROEFENLE , TERINHIEIE, Bl DeleteMin ¥ &2 FRM S HEET , HFRAARIURRE
Hpt B U ALEE MBI . X REEHBERRE LT — MR R, EA AT,
a] R RAE RSB A B, 20K B 1k B K AR |

i A AR T AR 2ot 4, AT ERFIFHFEEHRTERRE, RITHERERIEAL
HBIBEMABESL, EUBWEENE O(log N) R FRFRIERIE. BALRE LHE
B MR R, MR TR, % S SBR[/ S — B N TRGILSTRA
5, RIS, RATEHE I E LT TR RN E I XBMRREUTFAER 2,
EEATREBEH .

5.3 —XHt

TR ATHE A B R T L0 f= S8 (binary heap), B R FIAT T 1R 5 A1 &9 SC B 4
WA LT 24 4 (heap) X AR AS i i o6 s 8 P 66 — ARLAR R AR X BB 4t IR SR 2L
AN, RATR U A0, B XERR—, BUBRAER, BIGEEMLEF
M, TF0 AVL W—RE, SR — IERVE AT RERE IR B ME R 1 —1, B, HEFIRAE LR
B\ 5 AT L R A B A BB R, BBSE RO AMEREL,

6.3.1 HMMEH

R RS EW R XN, U ENENEERE, KE EHITTEMAFIHEHA
SXREBIRFR 8 7 4 = XM (complete binary tree}. B 6-2 HR TR,

KEFY, — &N BREXW
H2r B2 - 1 AN E, REWE, 2
~ AWK ERELlg NI, BRAEE
Oflog N).

_WMEEAWELEN, BAxme "X
MRS, FLET R THARR
TIAEERE ., B 6-3 PREE % v 6-2
H BT HE

MHFRHEHE—E i EALR, K Mo —MEEe XM
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—_— —_— —_— —_— —_ —_— —_— — —————

EILFAMR 2 b, EILTELEIILFENRT2 + DF. ERCeEleE /2] B
. AR X AT S, i FE s R R E R RS A, fE AT R L ETR
AfHE R X R B R RNE- — R TR T %M{Jr&:’tdw%%%ﬁ%fﬁﬁ fH %) F 450 A%
DLIXH AR RIS, TR 6-3 941, HEMA/NFRE 13 MOR, 2EAF - MLE 0; HEiLE
£ A A

B|C D E F G H [y
> g 6

] Sl - 1 ! 1 I 1 . ]
{] i 4 5 7 9 10 1] 12 13

Bo3 L& ZMMEHLH

FEl, — PRI — ML e B a828) | — MURBERENE
LR rIEi{Ji’-ﬁt—.)'uJ\?Hﬁk B 6-4 Fon—MRBAEACAPIEE. 38 5& 3-47 PREFHAH
{LirE A o-da RIE— T H., F 1T MR,

=1 fndef _BinHeap_H

struct HeapStruct;
typedef struct HeapStruct *PriarityQueve;

PriorityQueue Initialize{ int MaxElements };
vaid Destroy( PriorityQueue H );

void MakeEmpty( PriorityQueus H };

void Insert{ ElementType X, PriorityQueus H );
ElementType DeleteMin( PriorityQueue H ).
ElementType FindMin{ PriorityQueue H 5

int IsEmpty( PriorityJueus H };

" int IsFulT( PriorityQusue H );

#endif

/% Place 1n implamentation file */
struct HeapStruct

Co

1nt Capacity,;

int 5ize;

ElementType *Elemants;

i 64 {LAEBAF RS ]

A S IR IS ER ST HE I AU, BCEIRE . FLRAY S TDKE (8 A B OB
632 HWEFEMR

i e A T U BT BT R 48 A (heap order) . B TR 1B EHGEBIEH R/NT, HI
B CRIETERL b IR RIS BT E TR ZE— T, TBALE T RSN N TE
AT S 5

WA B RTEERE MR, TR, TR MTA X, X HIGETER
e NF(RET)X RHRRYE, RSB ERARE). - TR 6-5 DAL 2—
ﬁuﬁ%uﬂﬁ%ﬂWﬁﬂﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ%Lﬁﬁﬁﬁﬂﬁﬁ,kﬁ?%ﬁﬁ,ﬁ

v N, FEA RN I — P (max o o F AT A PRI M P TRAT R MR 3R 1 R B B AT TR tRSERASY
AT A F I R B A TE R B o (IR FT B4R AT IR -
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—————_———_——

RENATREEE .

— — e e ——  ———

F6

PR A
JE 2%

PARE
A 4
AR A

A W

FARN A
J* 8%/

fxoury
F*10%/
f*11*/

PANVAY,

PriorityQueue
Initialize{ int MaxElements }

{

FriorityQueus H;

1+{ MaxElements < MinPQSize )
Error{ "Priority queue size is too small™ };

H = mallect{ sizeof( struct HeapStruct 3 J;
if{ H == NULL )
FatalError({ "Qut of space!!'!" 7,

/% Allocate the array plus cne extra for sentinel */
H->Elements = malloc( ( MaxElements + 1 )
* gizeof{ ElementType ) )
if({ H-»Etements == NULL }
FatalError{ "Qut of space!!il" J;

n-»Capacity = MaxElements;
H=»5%i7ze = 0;
H-»Elemants{ 0 ] = MinData;

return H;

FRAE B R R, BT BT DIZE R R B, B, BATRUE BN e B R

FindMin.
6.3.3 EXRRIHERIE

S MRS R R AL R, BT R R R MR R R, K RIGRRT

MEFFPERR S
Insert(#&E A )

S — TR X EATMES, RIET T ERACEME—ZK, 2 WIFHERE AN 52
Aot HuEL X AT LR A SR T AR AR, AR AT ATERL. A, Al ZEINEAL
W TR AR A, XA, EAREERI T R LT~ skeg R E S X e
ARk, B 66 Fon, B TIHRA 14, %ETFJ%E%HQT#’T*ﬁIHJ’{_fiﬁ}z%iL—w’i“‘fj‘if{:‘ H
T 14 58 AZS ORI T HERPIE R . B0 31 BARKRIC, TR 67 Pk SLX MR G, ERIK

A 14 IEBALES _ 5
s Ao — % B SRE R 1 A E 388 ( percolate up) s FICEAME D PR E TR ERNAE. &

& 6-4a  TETCBARIAVFBH

B 65 BIRsSTeR (R AR m R

& 6-8 T iIBRE S LBmA
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3}

B 66 ZEiRFHEA 14, gl P, B LY

i3

PSP

B 6-7 w14 A AT IEAOHEF BT I

/% H->Element{ 0 ] is a sentinel */

vold
Insert{ EiementType X, Prioritylueus H }
{

int 1;

it IsFullIC H ) )

i
Error{ "Priority gqueue is full” J;
return;

b

for{ % = ++H-»%ize; H->Rlemantsi 1 / 2 ] = %7 ¢ /=2 )
H-»>Elements{ 1 ] = H->Elements[ 1 / 2 I;
H-=Elements[ 1 ] = %;

o8 JEAR - T XHERIIE

Hse T2 H LA A Insert FIENRS R B THEZMERF A2 H R ifioRpaE 328 i3 v
B, E—RAARES I AMEES. BRI LRLEJ R, B4t T s st i A TR {H
B WHGI AR 3d, RN BN TR R < + | KRE.

LR A BT B R BRR/IME , R4 T — B R T . AR R, KL,
WA EE SRS while TEFF, SRR AT LU AR MMM B — s, AL, FAIHKH
B — A RN RIS 0 2R VAE while FAFF I 1E . XHHAL e N T (%)
Hi [P E I E s AT Z A AR (sentinel ) R B TR T R MR A BT
. % {Z B, (dummy piece of inlormation) , ARG T BB E AT i, M
4 [ —Suy ],

MR AN L E SF N /DU - B EERRL, s 2 3% F0 4 A M BT 1Bl & 08
OCog N, EHER, ZFF FER EHER, M ELIERE, BT — R ACERI R 8 2,607 X LL
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¥, EI Insert B L E T8 F# 1.607 2.
DeleteMin{ B &/ 70)

DeleteMin LI FHEAR TG E, B R/DTEES Y, KHEMESEREE . 4H
BR—E/boet, R ALASE T 2N B TRERLS T 1 1E, HEEFER—
A nE X UWRARSh R - MeE . R X eI E|IZE T, B4 DeleteMin 58 A
X — AR, BRRITESTNIHNILTFFREANAEBASIN, SHFRES W TH T
—B. BEEZABEER X 7T AZ 7R By, ROTBELREZRE X BEAGENAE G
HEPIILTR—EZBE LN —TERAVE.

1 H 6-9 2 A E B R DeleteMin Z BTHHE, WIER 13 5, J?ﬁﬂ]ﬂ*ﬁ%ﬂiﬁﬁﬂﬂ% 31 Be#
Hicp, 30 ARERCFEZS 7O, HAXEBRERER. T&, BIHEB/AILT 14 BEAE,
iRt R FR—E (LA 6-10), EEZLE, LI0BEAZSR, BEE T -ELET—MHPT
N RIE, B 26 BAZ, EREX B I HEG B, BITELNE 31 BEAZAF
(B 6-11), SCRF ROy B 1Y #1 F 38 (percolate down), FEHSEI G B J1E AR T
Insert #7072 o A RO 4 T5 36 B G i 7 SRR

& 60 FHRMBIFEN

65) (26) (G2) 31 @ 31

B 6-10 7E DeleteMin FHHET R HWE

B 611 1 DeleteMin FHRIGPIL
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EHERSEB A 227 & E MEHR R Y P EE N T ENEHE, i8R — 1 e
1 - ILFIE . A A LB T S AR AR LT, ﬂﬂtx.ﬁ'ir”ﬁﬁiﬂ—“bﬂﬁuﬁ"mﬂ
W, EE 6-12 #R BT . RIS ES 8 717 T AP, — AR IS Wiy s ik 2
AR ERIEE DT AEEREMNDNILT N VSIS EL . YA R
i, TERE D TGN, T RA R TP n & AR IC R PIHEM R s S r AT s |-, R
PR IR LA B 2t T ELA AT B 2 & e T e i R M R . BRI A
B4 JLFRITIENE, HEMRERGEN et 85502, KA E - MR s 2
AHRid.

ElementTypa
DeteteMin{ PriorityQueue H )
{
int %, Child;
ElementType MinElement, LastElement;
Avol= if¢ IsEmpty( H 3 )
d
FAAF Error{ "Priority gueue is empty"” J;
P L return H-»Efements[ ¢ 7;
]
SRy MinElement = H-»Elements[ 1 ];
ALY LastETement = H-»=Elements[ H-»Size-- ];
P ‘R for{ 1 =1; 1 * 2 <= H-»51ze; 1 - Child )

i
/¥ Find smaller child */

P AN Child = 7 = 2;

FAN - LF) if{ Chilg != H-»51ze && H-»ETements[ Child + 1 ]
Jrars < H-»Elements[ Ch11d ] )
FELO S Child+s:

/* Percolate one level */

Frl1/ if( LastElement » H-»Elements] Child 13
FELE=S H-=Elements| 1 | = H-=Elementst Chald |;
elsa
SE1ARS break;
|
TANT L H->Elements] i ] = LastElement;
AN LN return MinEtement;

—r——

B 612 7% XHEPEAT DelereMin B pf %Y

XAESEN R ZETH BN Ollog N). THT L, AR TTHEILT T 83
HEM R Z (R ARERES) , I FEEEEATET R A Ollog N,
6 3.4 HtRyHERE

R, ARSI RS TS R, SR A LT R R
AMEE (min)heap) TR B XTT H WA TAR& B T8k, A-HE BT SR BAEY & T IR g B 1R
L M, B ANKTEEAMEFITERER R, B ER B A S ER . VIR
i TR 6-13 R R AHERE A (AL ER A D), RTITFES], X RARMARCEN A
WEIME—E AR, EOEaRM P EE, kR OR MR L, P EE R REE AR
g o PCRE, R EENEEME AR AT, Hﬁ’i@ﬁi&f g igat hellira
BT L e R IBESE . (EHZ: IR R EE A

R R BOE A RS RE - CENAE, ﬁﬁATﬁfLﬁFﬁf&E‘ﬁﬁ%ﬁH{]ﬁ%
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AN, TR EF XA RHRER LN B R B e BT ELETT .
DecreaseKey{ &K G HI(E)

DecreaseKey( P, A, HAREEMEFENE P AMWERFZHHE, BAMNEESERNE A, H
X0 RERESOMEAT, MM OAE o ST T RE. ZBRENRAETHEEFER M.
AR EREBEFESH N EFUREE NS ERET.

* o " o & » o
» . " 0 B 2 = o - . £] & &
----------------------------
....................................................... J
TN TITR VTN g bk AR+ IR LT aey Ak LITTIIINY Lo ) LI L T

& 613 - HEANEL-XH

IncreaseKey (381Kt §I1E )

IncreaseKey( P, &, HOBSEREMENE P hBy BRI, BENEENIERRE A X
T TR W ZREER B2 L EAN ZHHFE CPU i H a2t
Delete{ %)

Delete( P, HYRER R DAET P ERYT S 3OGE B ERTT DecreaseKey (P, o,
H) . SREHEHUT DeleteMin{ H)MSE M. HY—T#B# AP IE(MARERE )&, B8
AR A AT PR 2
BuildHeap( #4224 )

BuildHeap( H)#2{E# N MR FE MR AGHIEEITRAZ BT BA, XFUER N
A FEER Y Tnsert (A BAERZ . H T Insert #7E% O (1) FHEHELE Olog N)H
BARSEREHE, BNRE RN M BT E R O(N)FHRETA B O(N log N)EIIE
WEHE, TR SRS, @A EMRETR, fERMNEA2RMEDE S BELIL
P B S, B, BIEAEBRIEARTE TR A E B RS FREN.

B REE N MLERFUAEMERARY, RESHEE. LB, R
percolateDown( )W A, i T3, L PATHE 6-14 i B Al E— R A A B (heap-

ordered tree} s

for{ i =N / Z; 1 » 03 i--)
L FercoiateDown{ 1 J;

B 6-14 BuildHeap A4 E4LE

& 6-15 P E— R R TR . W 6-15 FIE 6-18 FPHR-LARIR T 44K Percolate-
Down HifE— BT . B&BR NN R L. — R ERHBPRILTFY S, I—TF



;*E,ﬂ}{_fr () 14}

SN LT S A LR, (O8NP R 10 R B (TRELAATIRSE 1)

TEMERE Y, LT 20 34
,@i\ 150,
RSP
]

10 0

éém@dhé%m@@@wo

Bl 6-15 A #aHEE, & PocdlateDown{7) 2[5

@ LST)‘
@./

A

im£5m®oo£%£%

& 6-16 7Zc- #F Percolateldown(6}:ZF ; 471: £F Percolatelown(5) 2

Tiih

20

(150 (i50)

@/,\J\@

20 10 ' 110

6.17 75: A% PercolateDown(d)} 2215 &1 % PercolaleDown(3) el =

@% '@@ O@ @5) ORICICIE

/M 6-18 A 75 PercolateDown(2) Z 5 A1 £F PereolateDown( 1) 2Z2f5

Sy TEE BuildHeap (I FTRHRIAY B . T AT75000E REER B SR BRI AT o XTGBT R
AT TS B M FIRIE S, T R MBS BARIMEE RN M OUN).

THE6.
{5 b=l LAY A R b ) B A 3T (perfect binary tree ) B Y AL By B 0 F0

PV 1 = (b F 1) | 187
iF AR : 188

s B, MRS BB LT SR | PRI A S BEE - 2 L2221



189,

{42 e

AR — IR, — i B2 SR IR 5 P B R
b
S= >2bh~ i)
=0

=hb+2h - D +4b-2)+8P-3)+16b -4+ ... +22 (1) (6.1)
M1 2 BRI A
28 =2h+ 4(h — 1) + 8k — 2) + 16(h - 3) +... + 2P(1) (6.2)
BT RARBRTE6.3), BIER, EFETELLEBEZT, Hm, 2 - 20k
1) =2, 4h - 1) — 4(h — 2) = 4, FF, FEREDONBEF T 2EFEG. DD
o, Wik, BHEBAEFFRG.3)P . ARG DFHEBE—THIE FE6.2) T AN Wi, - b
MR R (6.3) 0, ARSI
S=~b+2+d44+8+ ...+ 12— (P 1) — (bt 1) (6.3)
EHELUERH T iR
524t (complete tree) AR = U (perfectly binary tree), BRI RKERAIE
AR S BRI R, TR SR R 2P R 2 ], R R
WEXMHRO(N), HF N £
FRTEB RS BT BuildHeap B2 A M 5 £ T8, S 8RR A DA
BRTHEMR, MTFREAE N = 224y Amseh, RITBAMAXSE 2N, BRHETM
WA, ERERORIRE N — b(N), Hi p(NYEE N BT FR RE G 1 R

6.4 {RIBAFIEIRL B

ol T AR AL AT AV F TR R 80k Hh.. 7858 9 &, RIS EILLRSI T
S EITF LB RS E g, Ak, FRATREA 8 i PR Se AT ISR AB B P FIRH A
6.4.1 EHEFEHE

RITEELEN ST RISEEXRAS | ERAFFAM, AR N LR K-
AEEE . X N LRSI RS N, B EN R RS b M RKHIUE.

fEss | B TR ER, ARENSBASBERNER. TR ERRITERIELS
TAL B ST B AR R TR, BENE YRR, BREERANREGAOHTSE
= MEER O(NY), B—AEEME LB, 2% p DO EA— T B RHEAET
b T E R RANEES F MR BIT— N —THRAEHRNITR . H— T TR RH
SRR e SR AR, MELTEKR, BAKE p AITRERER, WHEA S
SCENBRERS b - | ATERIERE L YRBERN, & & A ERT R e
RS R . BT EREITRIEE O(N-&), CRH AT MR R =[N/2], B2 X PR &
A O(N2). HE, XEFFER &, BATLOREIRKIEE: REFN - £ + 1)~ B/
BTEE, i & = [N/ 2135k ERXH A BRI RE RO X W B Y TE I
Hoh b BB P AR S (median) o

BAMEX A MRAEE, 71 = [N/ 2THRRER Fef=Ll O(N log N)BAT, X
SRR I AR

#iE 6A
YT ESRER, BIERITHEEREE p NR/DHTER. ZEERE L, i1 N TIT
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HiEA - SRS EUE N BuildHeap B35, BJS . BT £ 1K DelercMin #24F . Mi%Z
HER AR CEMBRTINERE. B2, Hd sy PR, IITRURT AR 40 6 Rl
RN £ TR RTTE

PP EE B L R R AR R BulddHeap. 4 & ¥E Y i W15 2 HI AL &
OUNY, HIBD DeleteMin FIBT OClog NY 51T 8 £ K DeleteMin. R IEA 45 3] 8009 & 1 i
IH]J@ (Nt Flog NV, MR E - O(NAcg N). HF ZaafrBfE Bk | Hulldl—lmp paAE B
OINY  ATTFTREY EE. EIrUTEIE Ok log NY WR E =[N/27, A Zisi7aHE A
BN log NJ.

A, MR E = N 'ﬁnﬁaﬂr%ﬁm#%%lﬁﬂhﬂ}é ENIRE ., ATk
BRI A SCPELART ] O (N log NO#E 7THEE . 125 7 &5, BRI ALIZEE, 155 -
VEITHER R, iR HE A Cheapsort )

B 6B

LTH 2 M, RiEAREGEMM, RIS F PRRM Az JWiHEREE 1B 1WA
B F BTG S 2 PR K CEMNESS TR £ MOBERALE, SFHEA -
SERCER, BRSSP M RACERTIOE., WA MTRANMTEAS, ;%
S, HESHR/ABTE, MEFW AR R, 2B ERS S HHS, . B, Sy
W ANTE, A ERITRIHENCE, Wu AR A AZ T, FAIFEE S ’F'HifJ\
A FHREN, EHEEE.

XA A 1 Errh AR BN, R, X WRAMER MR S, B 4 f'iwc
=503 H— % BuildHeap VLS E] Ok R EANED . ANIB TR CE IR A
(R R E B EEA SN EEHE) Otlog k) (A EERER S, FlAFTCR) - B, ,i‘i&ﬂ'ﬁﬁ?lrﬂ
Bk + (N - EXog k) = O(N lag £) IR R gy et A Eddintal R &N g N)

Fos 7 07, IITEE B I LR ERHE O N YRR R 7 10 25, RITERER
UL OON)Y B WA IE R DR BGZRIZRM L, SUAR TR HHITRAG B
6.4.2 EHEH

(3,43 FERNEGAT —NEENAA R EIERIIA D RY, LHRIY. MFE
NIEGETFE AR TEAR I B & MHEMAERE - MBILFE. MEB AN R0 H R
pewl . B RHETC - B R AT TR S5 i R R . RS CEETE |0 - NI
TR S L A T HE BRI BE A & RO G TR R

O} T SRR A o LA TR b B —SEfl | B ARl LU R LTI ok RimBEE & IR,
A3 HPHT i M TR A R, PRGBS MR B A T BB 1 1R s . IR vk, AT R
Al LLeg R AR E S MBS NIRSFEE LN

F 3 L b B R B AR R, X B AIB AR () (BRI, AI(h) — (B R
Ji, MmBEH] — AR,

TRA1 ) nT DA 4 FH 488 28 50 BOR A Bl — T A ’Erﬁﬁﬂfﬂéﬂi"ﬁ:ﬁﬁ?ﬂj&ﬂ'}l“l?Fuﬁﬁ:’*}flfl'tl] 1T ¥ 18

AU . Jeiat 0k EHIRETE . JROTAS M HE- - A b g v A fa], i 2050 FLAr ) et PR
)\J -~ i S {1ick) -

ifE?fiiﬁ&ﬁifw—f?‘mﬁ&ﬁEjm(f 0 WA G R BRITEEER RE-T

W RN AR R - N R RAE . WERA, 1R 2 e fi 4k B MR ) ST, BB G TTERL

1%
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MR AT A W A A TR R ELTA A0 A A AR IR R, BERER

X R AREE, EN