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R AT B L 7E T4 AR5 IX 51 2090 18] P e e ) BRI AR DL T (PTE) 524
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(F) M2V RIE, HURE 2 B MIEREAY o1 F7T . FoAT— M HE BN ] 0303 JE5 PRAIE
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b= 2
TR T, SRRRAT RO, MAMERE bk isticse JLPHR R RAEAY . | BEPESA &
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public class LongestPath
{

private boolean[] marked;
private int max;

public LongestPath(Graph G, int s, int t)
{

marked = new boolean[G.V()];
dfs@, s, t, 0);
}

private void dfs(Graph G, int v, int t, int i)
{

iF (V== t && 1 > max) max = i;
if (v == ) return;
marked[v] = true;
for (int w : G.adj(v))
if (Imarked[w]) dfs(G, w, t, i+1);
marked[v] = false;

public int maxLength()
{ return max; }
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O MR X Tt (SR PR A B R ) o AE 4l NERFIRI M AL
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BMERA AT RGBS A sk, e AR DRI IR 5 KB O E X 2R B TR AT R 10
FERKH,  CMEARBT BRER ARG PR . Ok, ROTIR TR AL AL
Sty PRIIEL, Ll R Karp 76 1972 4EAEH (0 TF QLR TAE AR, —SepFse# O 2l it iR 2y
77 AER AT T4 SURAG R ARG . IHeAh, SR 3R 1 P RS L P B
2 KR E R, FmRA T B MES .

6.069 NP-sE2ff

VEZAIREARIR T NP AT GEIF A S T Po (AR, JRAT7T LARS 55 il AF R4 5 O 2 24T
THEMEBA TVFE S5 )), ARBEFF R H— MR THRIVEAORR. 4 ASREFIOR, BTk
(AR —ANEOMATEIR, 4 AfFIRMBYI T PANP.

TEX. B NP A F A A S TRAMFI N4 B R AR A, B2 UFRTEAZNP- 2410,

A AEAHIRATAT LK MU 95 XTHRN “BRAE P=NP BT . WSAE S NP-
R VRAERSE A — AT E B S ST A e, TG4 NP SR AT PRI IR (1
P=NP) o MUBEARNBE, FRATHIFSE 40 T skt ] i 20 0 ) R TR B (e BEJLAE ] P=NP £
RICo NP- SEA I R, AT AL SR 3 S ) B o K 2B 80 22 )
B P 2R NP- 5242 (),
6.0.6.10 Cook-Levin E3%

AHL, — IR NP- S¢S R 5 —NFBIR NP- 564, (RIR207E— Rl T2
AT : AATHEBIE— AL NP- 564097 S.Cook il L.Levin £E 20 tH42 70 4EAA R4 Ha o7
HZER T I LA

fE M (Cook-Levin EH2) . /R 7 2 14 F] B2 NP- K41,

RARUAER. BARRE W 40 RAT /R T 36 LA MR 4 SR i W B0 0%, B4 NP S 4 bty
B AT FURAR A % R B A Ao e 9 ) 1 RALE T B NP o 42 R I8, Bk
IS — 5 S 5 AT/ R LR o — A 4 ek KR A AL B b, R
T OUHE NP b A L CEATIT DA oR 4 I R ALk — AN ) T o 2 B ]
WENER (REFHERRERABR) BARK, DM, TH MY MAR S0 T8
WERYAE LR OMANTEAT SRR, EI A 5 AL M, BTN
MAMATELBRMH T AB Y%, FENE, RNREEEHX —APMET, @71
HRIEW NP- EAMEMEN S,

Cook-Levin S, FEMIFEZEAF NP- Sg &M BEFTAFTRT FINKEWAMENMIEL, [Tk
IFR5] T PIATAEYE : ¥ P=NP, BIAYAAEATATAR TR IRV ( AT I AR e 2 30
ST NS ) o S P = NP, UDEAAEAR O A0 4R 1550 ( S48 2% ) B Ko 76 2 T2 i)
WREIfR ) | HTILP 6.0.300 NP- 5S¢ A WILE SRR A b2 B, DRI Ao e 4] A
TSR N ERAL . AT SR AR AR BT B S0 S AR URELT T P~ NP, K%
B A BT — 7R BE, B A BB HEW L b A R — AR T P, 3X
IR T 00— AT SERG . il P=NP AR, HATA SRR BT AT NP- 564 ify £
A E AR AR A B ]
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6.06.11 [EEEAISHE P
BEE - MERBEAETRA P b, RAOTGERR—MRRE

B2 A B, X sk AT AR € 192920 — B P 2,

FEGE W] NP 1 — 4 )R NP- 5E 420, FRATHEIEVIRA T

NP- SE2 Al IR 15 L M A AR B bR, WUR—H

VIR 2 TS 6] P02 P T ke NP- SE 1), IR A Bk AE P« NP

o NP s i A (61, AT EL 28 R 7 W E W 1R T 107 iy NP

AR NP- SEA T, B A L o 48 ML B @
BORRE, AL T A (R, LA T Karp B 07

FlalE, fEX SR T NP- S22 RN — 8 4r . KB
ABG MY R FHRE P) SRR (NP-5E42) MAHITRES

BT JUFS 166,030 [ SRIHEF

O %R BN, 4RI TG AR A E WL e ko RLuts
A T4 P

Q% & — e Hora b R AL, B, Gl BT A L UEI s R, {8
FRIER A

O E AR, BN, PR 2 K WA HORI i Khachian (RFEERYETED] T 4AEM
RIS T4 P

O ARk, I, B AT (AR, %t RS B A R T T A

FiR) MR A S (4 AR, SR ERRORED) PRI .
EITR R R AR . DRSS, AR PR BT R 3. MR T E 51 i
BRI BT LA, B R TR R4Sk, RATME NP 1952 ChaE TRER, TR
I FHR Y 57 38 22 A ok ) T A [ R —— 3ok 2 ) AL AR TG B4 26
—SE A B NP- 58
Q A R Tl Rt L N MRS REOR 9 MAVE, Rl — iR BT S A f
WA, A E R R AN A7 AE
Q S HEBMR, T4 N EECERROR I M ARSI BT A%
A RIRAL, SRHIEVHX AR AT LE
Q S BB, SsE—UUES FISERVE TR I 1 S — AN ] L BR 7, REZ e £ m A I i Ak
PR AT 5 LAER ) T 22 N Se A (E 557
QWELE, DE R B C, Rih— A CATAMES, IER KA
BRI THA I — DT
O R RESE, AE— W, R AR IE A R A TUR KR AR, S ETX A
BERAAEAE
Q FQEH A, GERERG M, $Rth—FE R AR = AT ARG, A B RE R
920 INF M,
O FFRA, B D EdE MR MR R £, REFE—THBRNT ER
FH?
Q R @RISR , HE RSB S SRR — MRS BT
PERBAT - KU, PRG0S B M. SRRl AL BESE () D A KRN T Mo
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6.0.6.12 4h# NP- 21

TESER Y, FRATL AU K3 R R Wl AR BRI, PRI AT XA PR S ol -1
SRS, FRA A AT A —/NBESCTF b BT AN B I S U, WJUIWU?@‘JEJW& ~FAfIE
L AR TR, — RO, MR TR R T SRR I AR RO
illn, ®IUZ#E#ATH4E R M (traveling salesman problem ) , FRATARA S R E)— 4K BN T Hedh
BREH BT . (AR, (6 FHREAFRIT I, SR AR LASEIT NP- SE 2k, B Fh
D, A — P RS AT AR D S BRI T B [l B S G B TR B F IO
BRI AT RS AR B VT o I o I 4 B T SR A D e R LR P R R
B AR R MBI (8 R IR AR TR 2 % A 01 7T e B4 B ],
RUSEERRE A B AR AR IR R L 5 =R A, MRl o192
B AR A RE MG A AT ATREAOAE, DUBHRER ATl @i 88Nk, Ba, HERLRE
TR WA HE BN I ] RO 1) 2 [ MUK Z Y . AFAEB TIN5 N LA R oYW ik
IE B

NP- SEA A & T A AT P TITR TEied (9 BT AT LG8 NP- 56 42 1) 801 2 HH BUAE R 2Ry A
L HEF A IR CFRRRANTE, BRI, RGGRE . B L RO A e AR B 0 B
FrHe )y . NP- )Ei‘ﬁﬂh@i‘f*ﬂrd P B I TORAE TE S T — RO R MBIk [ T L) iz
U ) o WERAT NARE) T — R BT A R0 %, B4
ERARMBAAMEE T ARRART], A “EGBHP.%WHJEE NP- 5420y, B E]— 4
FRCEIEA PR AR . (PR —FER. ) AT T BT R
&ﬁ“ﬁ?ﬂllu“*‘dTHlx’ﬁuuﬂwﬁzﬁ'miiﬁ’hfﬁf‘i) 0 NP- SERAEEE MBS 9 LS
AR EE .

| ESHET
CICSERE predictCollisions () fil Particle ASEBL, s — % RIFEER U A T 30V RIS 1)

EIANAA: (2) ST, (b) BB, (o) BRI , AL AF P BB 00 b T
CRBBATRER R ARE ) o A A BRI

6.2 JF%k—/MiALy CollisionSystem, Particle fil Event 2, {if: fE4HAR % VR T-H A T RE .
AR R PR TP ERIM O A0, (il ) ! )

6.3 JFkA=HEffiAlR CollisionSystem, Particle fil Event .

6.4 EUHEA T IAMIIR IR0/ DFAE— B R 05 P 280 e S0 R T — I R AL A
199 A Jiks P ITADRL FHORERE . TR 7350 ColTisionSystem i) simulate ) JrikiftkAE.
BRI A T S S A BRI RS, QORI AT R TE i = 32 3

6.5 i CollisionSystem 15| A MIREEIFHIERIE (FEIE P ) Lsuskis,

6.6 AHiEFH. 1827 4F, HUMPSEEEART - A0 W ABIRGE R R AK IO EFE A ORI, B
ATAEEAT TR 32 8 BXFIIZ SIS AWRR AT E S . AT TR, (0% ARBAE4 e
MR ERE, ELUR BT 1905 4R (807 LW T Mg, BT AR . 160 50k,
iz 2 Ji ph TERC N 5T R R T R R . T PR B i B4,

6.7 @k, JyParticle Jusil -4~ temperature () Jyik, R IMDRL T fik A1 0PI BR LA dky TG
ZRB., WS 4Es d=2, Boltzmann ky=1.3806503 x 107, FRYE AU S BT T 193X 6 fit
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6.8

6.9

6.

=]

M. J9 CollisionSystem iffi—4 temperature() Jrik, FINIHERAE BERURIF 2 ME &,
R AR R .
Maxwell R i B (1932 FE 43 A B 0 Maxwell-Boltzmann 4 (1R
G Lo BN LR T (TR AL LA 2 ik ) S8 ) | AE RS LBERR Y Rayleigh £ . SH
PTARBOR TIRIE . S5 — 7 BT BE E7 P45 R F A e .
AEEMAR, TR SEESER R GRS, BN AR HE it
R DR, AP E R AR, AR S A P ROR RSB . SR
TFA493E N3 AR ) bR A A 512 B8 P AR ISR R B HL

@ik, AEREURBUUGS UG, H BT A A B 5 ) ARSI R GE b (932 8, B R R

I ! MRS it 2 SERAHTHI0& AR IR 2 o

%, g Particle 6¥RiN—4 pressure ) Jy Hofi ik A ROR TS PR REE I RIG R R REEH
JESR AR W phiti 12, J CollisionSystem % fi—4> pressure() Jr ik I 45—
PIRE 5 py=nRT,

AT RIMEARTI 6 R, TR AR ColTisionSystem, iR ST AARIER SEA
By KBRS SR B RRIER R (MHEP I AR RE ) .

AT 6 A, MREESEINSY, 7EZFNRET R Pressure JOREMHATMMH. WAL,
LAY —FORE R EBASI I, (eI T SR EAF (P RE .

| E=Ra

6.14

6.15
6.16

6.17
6.18

BRAE—BRZZR S, BT AEWAE P ORAF o JebibiE. B TTR AT LMRAE b ~ 2b JRH R I BRAS
SR ¢ ~ 2c FARMIMNIBES AP EERE . AR PR E TS ZOANI (R a. b,
c HRRE0) 7

FFk—A> Page (YSCBL, Hf B- LS AR H—1> BinarySearchST KMt 4,

I BTreeSET S SCBUALAE ML (1Y BTreeST 25, JFSE#s SHFATIFAF 5 4 APL, 06 minO).
max(), floor()., ceiling(). deleteMin(). deleteMax(), select(). rank() Jyikll ik
FASHH sizeO M getQ Jiik,

HE—AEIF, W1 StdDraw Hf B- R4 K BAT AL, Q0 [F LESCHlAR Y 7 X
HE—MERFOIVYRG D, A B- R S WREHLA RS, B ARAFIGIRAUI. Gf7n]
LUK TAROE VIR TURAFAENAF S (EIERRA) o B SIEAT T.

MKk, FFE—A Page KNI, KT HRIIMIL, H B- WL MFRM I P CA, -4
SRR RE T IR A HRT MM T, K TH AL, B2 mS1T2 M m I
A RS B R RIE 107 9. (FEMTBER A m AR REERT IO, ) B m (0
BT ARG A BI, 5m g 4, 4554 T LR BTreeNode0000, BTreeNode0001,
BTreeNode0002 %, 7ESUHHRAFRLX I TAF . ] APLhHEHI—1 close ) #AFAHFIF S AR
o K TRREE, ZlEIRAF R RIS EIRIRFIA A 145 7o

B*- 4, 7E B- Wb R AR EE A SRR MAREITRE S AN, HEmE
W= IREER AT WREIRREGE AR EA kDR EH k<M-1, 7 DUTRT AR #5482
A Mk /25 E o BN, WAV —FAE AU 3 MBS A 2M/3 4 H . R,
RAVARVARGE GARAF AMB3 DI E, FHEE MR S 2P B - REA P2 B AHTRGS
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Ko ARIEFAT N TR MY B*- B op R0 B s A BT AU 30 EF R M ARAOZE
AN B- WEGHIRL TR (LA B ) HATHAL. S350 B* ARG A SR,

6.21 HE—BEF, HHRAE N KBEYUE A BT 09— M B B- RSN ST P, A RN M
N QLB BT o

6.22 MURARIRGECFFRIALE, B HIFHIER HBE B- SR A 2EHRAE—TRIEA RS R IOBHL A
etk

6.23 XFTHRMAT 6.15 G AGRAFAEWAF Py Page IOSSHE, HISCIOHHE REMSAE B- WHE— ke K RIAF
SR MEBEHLA R IR R M, FRBITER My 100 SOAPRAOTE L.

6.24 EATIMRHALBRATAEWAF 1) B- 4 (HEFIZEST 623 HBER M) | SRMEBRIMIEIE AL B
TE—TKRIER MR SR PO BILA R I

B %3 rana

6.25 LU 6.0.15 MFEER LT AR I/F 4. JRAIOHDT . index O M TepQ) J7 ik i3 [l (41
IRAFA o

a. abacadaba

b.mississippi

c. abcdefghij

d. aaaaaaaaaa

P BT T AR AT R, SR .

suffix = "";

6.2

3

for (int i = s.lengthQ) - 1; i >= 0; i--)
{

suffix = s.charAt(i) + suffix;
suffixes[i] = suffix;
}

B EWIPHRIEEFIZE N,

6.27 AL EX AT @ R LA, A LW BOCR FBTAT T, XET 0 B N-1 20 4,
REEA N BSCARR § ISR A B0 E R N~ ANFRRINT | AR BB R
K BT TSR BTAT FIER AL, 4RI A
int N = s.TengthQ;
for (int i = 0; i < Nj i+4)

rotation[i] = s.substring(i, N) + s.substring(0, i);
& ERETGA B2,

6.28 it AERVER T SN T SR SR KA (B BRAE R

&

String t = s + s;

int N = s.lengthQ);

for (int i = 0; i < N; i+4)
rotation[i] = r.substring(i, i + N);

620 I 1A R, St MKREEN N TR SufFixArray XERRHATERIBAIHS,
6.30 RKMKFFHE. HE A SuffixArray BB LCS, BRHAKALIERMATEE, IR
BEPIASCASAFIFAEL AR ] Py b It BRAEPIA SO 0 K 74558 . (7€ 19704, D Knuth

924)
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6.32

6.33

6.34

BRI RN, ) . BT st QIR AEL, b s B R SCRTRRER Th# R
APHIAUTHTH) o

Burrow-Wheeler % 3. Burrow-Wheeler % #% (BWT ) J&—Fi T 808 R 4 57 0 o g 254, f 4
bzip2 HIRGFFE A AE DR LI F 25 . 45 A SuffixArray (I AR J7 i Ae e bk i ] g 3
FEBWT, 45 M RERN N TR (- s R, e THRIERFR) .

FEFH—AS Nx N (R0, H e g — 3849 g DTS — A [ 0 0 58 i, 432 B SN F 4 FT A7 47
)Y Burrow-Wheeler 75 i i S HEJY 5 () 5 M h i 4 9 51 B, mississippis i BWT
Jit ipssm$pissii. Burrow-Wheeler ifi 2 #t & BWT iy i J¥. fil 4, ipssm$pissii iy BWI &
mississippis, 45— MG, fELRIERTIN, KHAT BWT H4TE BWL,

R F A e R, HE - SuffixArcay BT, X TAERTARR, ZELER MR
107 ST 9 /N I FRAE L 30 Tl R U T A2 i o 1 45 o A
R AT, AN B — Rk 25 ik (/MO IR ) (A P AT B (0 R e
AR AR BIZ S 7o (WL 627 FI%:>] 628, )

FHLKGRETFFHE, A~ suffixArray I, X FAER TR SR8k, &
PR EATET k KA T 7

B TLFHE. WG4 SuffixArray MG, A FAENTRRRM—DEEL, RIBKE
N LR T

kegram $F gt TFRIFIIH MM GBAR LA, X AT R AT U IR LS R 2
FOTIE: 25 89 k-gram LT $ 00k " RRRAMIERIRNIL T AT A T RE% S Kogh MUE I,
Joeh N FRFB I

B3 sxnem

6.36

6.37
6.38

6.39
6.40

FERAT VAT E FlIERE st- WSS, QSLITAT I A A RABIZ /N T MRS, I
BRI ERZ 7 RAEAE AT VAT T B R

USRI P A 2 A A R — R AT R R P 0 R )
SURFIE, MR, GERAUENT; IR, il

a. LEAT R AHURE B h AN A8 T AT JL 00 TE 444 T 947 153

b. A7 R S AT A AL T AT 6 SR de KR

c. HSREBTAT L B A R I], IB A RARUEC JE— 1«

d. WP IR R A28, BB AT/ NYISEEME—#Y (remains unchanged ) o

e WALFTAT AR — RG50S M1

KAAA G WIES BN AR S, SR AR AR KRR 2N 20
AR L ARG, P EC KRR o W] AR S B R4 (20
BB A ) | AT (RIS TGS ) S R R, AR AR, A
A BB ORI SR o 475 — P 7] o 9 432 RIS 4R A 28l 51 St
FUERERCTE . AT R, A R I ER
45— REPLRI A BB B R, JEeP i n92E Rt 0 31 2% Z Ml AR F— I
FORFROIFIF RPN : — R BRI SI A AL, —FIRRR P03 A 2 A LA 5B —
ARG, AT CEERRE VR E {EOTT MR S T i AL, SRR T AT A 13
ATAFWIRT
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ARYF, AV R VA WIS, XTSRS RIS d L

ML, JHZ 6.42 PO BHHUBDRSE B 1 Al it At
6.43 i f-4903%9, 45 FordFulkerson (IS, 7ELLF AN iR rh S A
Q AT Iy 16
a »E SR A BORRANER AR A 1 A R o 6 A0 32 AR
A Hﬁv

R Z B R AERE A, 21 u-v L ERRERR R — KM u ThiZ % ]

7 bR S — AN R 4 EIBLTED SR R AT 80 VR B IR | 2 A,
ARIG LRI B, M A R LR TR 2 L FAE B AN A, AT 154 2 B
BT 2ZIRA 2RI HR

6.45 . JFK—A FordFulkerson (TIH), HUEAVE I i 49U L D ahall e T, ok
TS ARM AT AT I TR ch

6.46 il —FIVA " SHEDCRC G, HohfE
A RIES ERIEH.,

6.47 s di@tt. JFk -4 FordFulkerson MHIf, XF45E a0 EmE G MBS s fl o, HIAE G il
s AN PTG VIR 05/ N

R oA I S5 A A A0 P 6 A 14

6.48 TR, JFh—A FordFulkerson MyNE], % F4EMTME G T s Fl 1, M s 5 ¢

TEAT L AT R A B

B 25 mEmEssRTRE

6.49 $k3 37 703 491 MfE KB,

6.50  TIE W AR I T LA 24 Sy e L e

6.51 MR P # NP, RAAFAEREMTE N I ARUREA NP- SE BT MR R A2

652 {BSHNRIY T — R REABMEAE 15 1.1 HIE He 1] e A 0 T o S2 MERB A B3, SR
AIRESEAE S 1.1Y HE AR ] P D A NP- mﬁ’f‘liﬂlﬂﬂ

6.53 — /i LY R A ] e e i PR SURAFA?

6.54 Lyt TIU L L RAET] 0-1 SR A4 AR 05 T R 0 2 0T ) 124

.56 L 160 Pl e 4 50 5 /0 5 A ) L ) NP 54 4 E W 7 A7 o 0 o 3P0 S0 0 72 ) S
NP- SE4 (),

6.56 {ECULHIFEICAE NP- SEA0, BT REA5 1 25905 ] Py M7 01 24 7

6.57 {BSIIAE X S NP- 5421, X 45 AL 200 1 949 (1080 Y, i L ¥ o Bl it ]
2409 X, WA Y —5E S NP- 5247

A, B Y R—ERT NP,

6.58 B ELFRATIAT— A A Al A 4 T il S T AL 2 MR A 503, LA R A 6%
WRBTATH R AR BT B R I

6.59  RULIRMIAT— 1 HESE M LA L A UM B SRR A RO P00, SBEIRE FE2 S IR K/ MEAETI
SRBLHEATITR o BLY AT AR IR NI 6 A AR AR AR A
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6.60 AR AT LU e MR AR AR AS R — e — MR I

6.6

% PR REFR T RIS 1 T R 1. RARATAT LU S HRAE i A1)
M ARNEA LA )

TSl X AR Y HO YRS, H X RS ALY Y, RATATLAGEI LT L
ik,

a W Y R NP- 5E20, IBA X i,

b AL X NP- SEA, TBA ¥ i,

et X ®F P, 4 Y KT P,

d R YRTF P, WA XWRT P,

6.62 {Ei% P # NP, RfITTIMGHEILLFHLLE.

a. USRI X 2 NP- 56200, IR4 X Tk e S W A5 2.

b. WEFEVE X R T NP, W4 X TorkAr 2 0int i i it fifa .

c. AL X JRF NP ARIEAIE NP- 54y, BB X W LIFE S0 [ fy A R
d A X JRTF P, BB X AL NP- SE2HY.
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CRBN P 60 TR0 3 SR 4 0 TAh, 5545 b i o Tah— sk, )

2-3-4 search tree (2-3-4 A RH ) , 441,451
2-3 search tree (2-3 R4 ) , 424431
2-nodes and 3-nodes ( 2- 541 3- 14) , 424
analysis of ( 2-3 #EHRMSMT ) | 429
height (/%) , 429
insertion (#iA) , 425-427
order ({iJF) , 424
perfect balance (56K F8) , 424
and red-black BST (£~ ARk ) | 432
search (#£4%) , 425
2-3 tree. See 2-3 search tree (2-3 B, W, 2-3 #4th} )
2-colorability problem ( AU[Ali ) , 546
2-dimensional array ( HA) L 19
2-satisfiability problem (2- P[4k ) , 599
2-sum problem ( 2-sum [a]f) , 189
3-collinear problem ( L) | 211
3-sum problem (3-sum i) , 173,190
3-way partitioning EEnsr) | 20
3-way quicksort ( <[ H#HER ) , 298-301
3-way string quicksort ( [EIFAFRHGEHET ) , 719-723
8-puzzle problem (8 “Figkifi ) , 358
32-bit architecture (32 {7424 , 13,201,212
64-bit architecture (64 {424 ) , 13,201

A

A* algorithm ( A* ¥%) |, 350
Abstract data type (flIGHIELA ) | 64
APL, 65
client (Jiif1) , 88-89
design (HIRAMMILIT) | 96-97
implementing an ( 330 —FI¥ERER ) | 84-87
‘multiple implementations ( SEBLEZFMRAR ) | 90
Abstract in-place merge (% U ) |, 270
Accumulator data type ( S EAERA ) |, 92-93
Actual type (SBRAHL) | 134,328
Acyclic digraph. See Directed acyclic graph ( F A5 [,
. Directed acyclic graph )
Acyclic edge-weighted digraph, ( JE 5 IALAT [ [ ) See
Edge-weighted DAG ( il Edge-weighted DAG )
Acyclic graph ( LI ) , 520,547, 576
Adjacency list ( 4% )

directed graph (47 (€] ) , 568-569
edge-weighted digraph ( BIALAT A1 ) | 644
edge-weighted graph ( IIALERIE ) , 609
undirected graph ( K[ ) , 524-525
Adjacency matrix (48461 ) , 524, 527
Adjacency set (45846 ) | 527
Adjacent vertex (4B ) | 519
ADT. See Abstract data type ( ADT, i, Abstract data type )
Algorithm (9% )
century of (FEMIMAL) , 853
defined (5& X% , 4
deterministic ( A[¥5ERG) , 4
nondeterministic ( {:#fsEEAY ) , 914
randomized ( BHLAY ) , 198
Aliasing
ofarmays (51%) , 19
of objects (%14) , 69
of substrings ( F#(41) , 202
All-pairs reachability ( B[4 ) | 590
All-pairs shortest paths ( T3 I 00 2 i ) it i 6 42 )
656
Alphabet data type ( FBERKHL) | 698-700
Amortized analysis ( #5417 )
binary heap ( 3 ) , 320
defined (S-S ) | 198-199
hash table ({514 ) , 475
resizing array ( o[iEA/NIOBAL) |, 199
union-find (union-find ##% ) , 231,237
weighted quick-union with path compression ( 2 /F4;
IBIAL quick-union F3% ) , 231
Analysis of algorithms ( ¥354M7 ) , 172-215

See also Propositions ( 5 WL ) ;

See also Properties ( 53 WAE/E ) ;
amortized analysis ( H#5H7) , 198-199
big-Oh notation ( X O igl#k ) , 206-207
cost model (WABIY) , 182
divide-and-conquer (SMAEAR) , 272
doubling ratio (4 ) , 192-193
doubling test (IfF#IL) , 176-177
input models (i AH) | 197
log-log plot ( X} %i%{% ) , 176
mathematical models (#5808 ) , 178

* memory usage (WSFFH ) | 200-204
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multiple parameters ( £4~%4t) . 196

observations (W#) , 173-175

order-of-growth (¥ {<AHEL) , 179

order-of-growth classifications ( BRI

186-188

order-of-growth hypothesis ( H{<¥CRALAYRIAL) , 180
problem size ([AEIAEL) , 173
randomized algorithm ( BHLILH L) . 198

scientific method (FHETTI%) . 172
tilde approximation (IE{el) . 178

RIS

Antisymmetric relation ( ZX{FitE) , 247
APIs

Accumulator, 93
Alphabet ( FE&) . 698

Bag, 121

BinaryStdIn, 812

BinaryStdout, 812

Buffer, 170

cc, 543

Counter, 65

Date, 79

Degrees, 596

Deque, 167

Digraph, 568

DirectedCycle, 576

DirectedDFS, 570

DirectedEdge, 641

Draw, 83

Edge, 608

EdgeWeightedDigraph, 641
EdgeWeightedGraph, 608
FixedCapacityStack, 135
FixedCapacitystackofStrings, 133
FlowEdge, 890

FlowNetwork, 890
GeneralizedQueue, 169

Graph, 522

GraphProperties, 559

In, 41,83

IndexMaxPQ, 320

IndexMinPQ, 320

Intervalid, 77

Interval2n, 77

java.lang.Double, 34
java.lang.Integer, 34
java.lang.Math, 28
java.lang.String, 80
java.util.Arrays, 29

E) ., 197

KMP, 769

List, 511

MathSET, 509

Matrix, 60

MaxPQ, 309

MinkQ, 309

MST, 613

out, 41,83

Page, 870

Particle, 860

Paths, 535

Point2D, 77

Queue, 121

RandomBag, 167

RandomQueue, 168

Rational, 117

SCC, 586

Search, 528

SET, 489

P, 644,677

ST, 363, 366, 860, 870, 879

Stack, 121

StaticSETofInts, 99

StdDraw, 43

StdIn, 39

stdout, 37

StdRandom, 30

Stdstats, 30

Stopwatch, 175

StringSET, 754

StringST, 730

SuffixArray, 879

SymbolDigraph, 581

SymbolGraph, 548

Topological, 578

Transaction, 79

TransitiveClosure, 592

UF, 219

VisualAccunulator, 95
Application programming interface. See also APIs ( 1 fij £

FEEC, W APL)

client () . 28

contract ($44) , 33

data type definition ( HARAAVE L) . 65

implementation ( 3H) , 28

library of static methods ( W&/ ) | 28
Arbitrage detection ( ELKH) , 679-681
Arithmetic expression evaluation ( ¥ A& # ik R 1) .
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Armay ($041) , 18-21
2-dimensional ( ~#E#41) , 19
aliasing (5145 , 19
as object (HAIXR) , 72
bounds checking (1 #K# ) , 19
memory usage of ( WA ) , 202
of objects (A1) , 72
ragged (B2AF) , 19
Array resizing. See Resizing array ( ##8¥H A/, WLAT i
WR/MBER )
Arrays.sort(), 29,306
Articulation point ( 47) , 562
ASCII encoding ( ASCII %) , 696, 815
Assertion (H777) , 107
assert statement (W i#4)) , 107
Assignment statement ( fi{ifi4) , 14
Associative array ( XA ) |, 363
Augmenting path (1) #4%) , 891
Autoboxing ( FEI¥H ) |, 122,214
AVLtree (AVLH) , 452

B

Backtracking ( ¥ ) , 921
Bag data type ( IFUMUEA ) | 124, 154-156
Balanced search tree (V-#i#E#A ) , 424-457
2-3 search tree (2-3 #HRAY) , 424431
AVLtree (AVLH) , 452
B-tree (B-#) , 866-874
red-black BST (ZLA XAkl ) | 432-447
Base case (T HAINLL) , 25
Bellman-Ford ( Bellman-Ford %% ) , 671-678
Bellman, R., 683
Bentley, I., 298, 306

Binary search tree

H

insertion (HAJEH) , 317

remove the maximum ( HBRRAICH ) | 317
remove the minimum (MEREL/NCH ) | 321
representation ( — XUfEFRHEE) |, 313
FUiALLR) , 315316

sink and swim (

Binary logarithm function ( 1A 2 MY %H 4eR% ) , 185
Binary search ( —4}4R) , 8

analysis of ( —SHERISHT) | 383,391
bitonic search ( MM ) , 210
fora fraction ( SM(HY 4P ) , 211
ina sorted array ({EAT ML PHEAT —4b4E4E ) |
46-47,98-99

local minimum ( #AHRTHENTE) | 210
symbol table ( AFF G ) , 378-384
(XM ) |, 396-423
analysis of ( XA HMAISHHT) | 403
anatomy of (V¥ AR ) , 396
AVLtree (AVLH) , 452
certification (IAiE) , 419
definition ( X AHMIEL) , 396
delete the min/max (BRI AREFNAERSiL/IV ) | 408
floor and ceiling ( fi I-HUREFI FHCEEREL) | 406
height (H 551 ) | 412
Hibbard deletion ( Hibbard BlJr3% ) . 410,422
insertion (4fiA) , 400-401
minimum and maximuni (i KRR/ ) | 406
nonrecursive (JE#IT) , 417
perfectly balanced ( 56 P4ty ) , 403
range query (FEHTER) , 412
rank and select (HE4HIZEHE) | 415
recursion (#IH) , 415
representation (B ) , 397
rotation (HEf%) , 433-434
search (542 ) , 397-401
selection and rank (ZEFERIHES ) , 406, 408

ic order (XU E) ., 410

BFS. Sec Breadth-fist search ( BFS, . Breadth-fi h)
Biconnectivity ( SUBIEELE ) | 562
Big-Oh notation (X O ig#) , 206-207
Big-Omega notation (A Omega i) , 207
Big-Theta notation ( K Theta i2#% ) , 207
Binary data ( Z#HI%0H ) , 811-815
Binary dump ( —EiI¥%f%) , 813-814
Binary heap ( X ) , 313-322
amortized analysis of ( — U957 ) | 320
analysis of (SM7—3UHE) , 319
change priority ( BZE{E%64 ) , 321
definition ( _3UfEf5E ) | 314
deletion (%) , 321
heapsort (HEHEF) , 323-327

threading (LR %) | 420

BinaryStdIn library (BinaryStdIn ) , 811-815
BinaryStdOut library ( BinaryStdOut /) , 811-815
Binary tree ( — X4 )

anatomy of (V¥R ) , 396
binary heap ( —3Uff) , 313

complete (3BL) , 313,314

external path length ( SMBHEAEBKHE) |, 418
heap-ordered (HA7JF) . 313

height (54 XRIFE) , 314

inorder traversal ( FfFiiffj ) , 412

internal path length ( FRERIZICHE ) | 412
level-order traversal (#JZ41)%) , 420
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preorder traversal ( fJ¥i#ifi) . 834

weighted extemnal path length ( JIAUIMBREFEIIE ) . 832
Binomial coefficient ( A RH) , 185
Binomial distribution ( —JI5}i ) , 59,466
Binomial tree ( LK) , 237
Bipartite graph ( —4}E ) , 521, 546-547
Birthday problem (4 H[FI&E) , 215
Bitmap ({F5) , 822
Bitonic array ( XUB%EL) , 210
Bitonic search ( Si##4E) , 210
Bitonic shortest paths ( XUMHEALHEE ) . 689
Blacklist filter (14 HE) . 491
Boemer’s theorem ( Boemner 5£3#) , 357
boolean primitive data type ( fi/RAURIARRAR ) | 12
Boolean satisfiability ( AR 2 ) , 913,920
Boruvka, O., 628
Boruvka’s algorithm ( Boruvka ¥ ) , 629,636
Bottleneck shortest paths ( FHUREIHE) . 690
Bottom-up 2-3-4 tree ( FI/EM LAY 2-3-47) , 451
Bottom-up mergesort ( [ EMAIHEF) . 277
Boyer-Moore ( Boyer-Moore %) , 770-773
Boyer, R.S., 759
Breadth-first scarch (" FER 5425 )

ina digraph (ZEATIED) | 573

inagraph (fEMEH) | 538-542
break statement ( break ifff]) , 15
Bridge in a graph (il h ) , 562
B-tree (B-#if ) , 448, 866-874

analysis of ( B- B417) , 871

insertion (#iA) , 868

perfect balance ( 56XV ) . 868

search (#4%) , 868
Buffer data type ( ZEshX BURAH) , 170
Byte (8 bits) (71 (1 75T 8 lLA¥) ), 200
byte primitive data type ( byte JiHEHREA) | 13

Cc

Cache (4847 ) , 195,307, 327,343, 394,419,423
Call a method (PJH¥) . 22
Callback ([#lii]} ) , 339. See also Interface ( 73 WLHELT)
Cast (JSHUEEH) . 13,328,346
Catenable queue ( FTFEHEMIBAS]) , 171
Ceiling function ( ] |- He%spR%i )
binary search tree ( —X#1RH ) , 406
‘mathematical function ( $°¥#ef%) , 185
ordered array (4717841 ) , 380
symbol table (#§5%&) , 367

Cell-probe model ( cell-probe B8 ) , 234
Center of a graph (A9 4) , 559
Certification (A )
binary heap ( =30 ) , 330
binary search ( 44k . 392
binary search tree ( XAEM ) , 419
‘minimum spanning tree (fi/NERA ) | 634
NP complexity class (NP &A% ) , 912
red-black BST (£~ XAHRH ) . 452
search problem ({8& I ) , 912
shortest paths (fRJE##E) , 651
sorting (HEFF) , 246,265
char primitive data type ( char FUEG#HEAAL) | 12,696
Chazelle, B., 629,853
Chebyshev’s inequality ( Chebyshev A%:L) , 303
Church-Turing thesis ( FL - FIRiEHM) , 910
Circular linked list ( FF/EEER) | 165
Circular queue ( FFIEZEAF) , 169
Circular rotation ( FIFFE( ) , 114
Classpath (25972 , 66
Client (JH#) , 28
Closest pair ( FHETH—%F) , 210
Collections (#4) , 120
bag (¥9f2) , 124-125
catenable (THEHEAY) - 171
deque (1) , 167
generalized queue ( —#EAFY ) , 169
priority queue ( fE5GBAF1 ) , 308-334
pushdown stack ( FHAR) , 127
queue (BAFI) , 126
random bag ( BHLH L) , 167
random queue ( BfiFLEASY ) , 168
ring buffer (FFIEZEX) | 169
stack (#%) , 127
steque, 167
symbol table (#F5%) . 360-513
trie (HLAAERAY) | 730-757
Collision resolution (4bBIREHMZE ) , 458
Combinatorial search ( £ {#% ) , 350
Command-line argument ( fr2475%0) , 36
Command-line interface ( fir%47H#%H )
command-line argument (7B , 36
compile a Java program ( 4% Java f2/%) , 10
piping (fFifi) , 40
redirection ( HE ) , 40
run a Java program (i£17 Java B¥) , 10
standard input ({FHERIA ) . 39
standard output ( Frifigith ) , 37-38
terminal window (£ 1) , 36




Comma-separated-value (i 5 4rRaRIMH ) , 493
Comparable interface ( Comparable fI1)
compareTo() method ( compareTo() Jiik ) , 246-247
Date, 247
natural order ( [1#4HE¥ ) , 337
sorting (HEJF) | 244, 246-247
String, 353
symbol table (#§5:4) . 368-369
Transaction, 266
Comparator interface ( Comparator #11) , 338-340
compare() method, 338-339
priority queue (FE5EEA1) , 340
Transaction, 339
compare() method ( compare() J7# )
See Comparator interface ( i Comparator #11)
compareTo() method ( compareTo() Jrik )
Sce Comparabe interface (L Comparable 1)
Compile a program ( 4 FFFIF) , 10
Compiler (45i%2%) , 492,498
Complete binary tree ( 564 XR ) , 314
Complete graph ( 55247l ) | 681
Compression, See Data compression ( FE4f, WL 4 )
Computability ( @[33¥#E) , 910
Computational complexity ( 1515 Z¢: )
Cook-Levin theorem ( Cook-Levin 38 ) , 918
Intractability (A4 ) , 910-921
NP-complete (NP-5£42) , 917-918
NP, 912
P, 914
P=NP question, 916
poly-time reduction ( ZHLAR W FIEHIHITIALY ) |
916-917
sorting (H7) , 279-282
Computational geometry ( 3L ) , 76
Concatenation of strings ( F#F% ) , 34
Concordance ( XFA#%5]) , 510
Concrete type ( FUASA ) | 122,134
Conditional statement ( £ fFifi4]) , 15
Connected components ( 343l 4t )
Computing (i13) , 543-546
Defined (i) , 519
union-find (union-find 5% ), 217
Connccted graph (Gl ) , 519
Connectivity ( JEili# )

articulation point ( X . 562
biconnectivity ( XU il ) , 562
bridge (1) . 562

components (4}t ) , 543-546

% 3l

dynamic (ZHZ5#) , 216
edge-connected graph (A ) , 562
strong connectivity (HRIEME) , 584-591
undirected graph ( il ) , 530
union-find ( union-find 47 ) , 216-241
Constant running time (% ¥R SIETTIT] ) , 186
Constructor (&M ) , 65,84-85
continue statement ( continue if4]) , 15
Contract (#241) , 33
Cook-Levin theorem ( Cook-Levin 55 ) , 918
Cook, S., 759,918
Costmodel (A ) , 182
array accesses (BUAETIINEL) | 182,220,369
binary search ( 4P ) , 184
B-tree (B-#) , 866
compares ( Lb4Z) , 369
equality tests (SFHHERIR) | 369
searching ( #4%) , 369
sorting (HF/F) , 246
symbol table (7534 ) , 369
3-sum (3-sum [J8) , 182
union-find (union-fird 3¥3% ) , 220
Coupon collector problem ( fERIFUCAEMIE ) , 215
Covariant arrays (%) , 158
CPM. See Critical-path method ( CPM, WLIR 4 BE72503: )
C language (C i) , 104
Ci+ language (C++ 7 ) , 104
Critical edge (1) , 633, 690, 900
Critical path ( XHEBETE ) , 663
Critical-path method ( XHEBKHEIL ) |, 663, 664
Crossing edge (#¥341) , 606
Cubic running time ( 7 BBEFTHN ) | 186
Cuckoo hashing ( Cuckoo HFIMRK ) , 484
Cut (PJ41) . 606
See also Mincut problem ( %3 /il Mincut problem )
capacity of ( Z5ft) , 892
optimality conditions ( BAEA&MF) , 634
property for MST (/A U= ) , 606
st-cut (st- JI53) , 892
Cycle (3F)
Eulerian (EK$7) , 562, 598
Hamiltonian (JU#/R4) . 562
ina digraph (fE47 A1) |, 567
inagraph ({EH) , 519
odd length (#FHKIE) , 562
simple (fj#.) , 519,567
Cyele detection ( Kiiif3F) , 546-547
Cyclic rotation of a string ( F4FH (1y[ul FF(Y ) | 784

-« 615



616 » % H

D

DAG. See Directed acyclic graph ( DAG, % Directed acyclic

graph )
Dangling else ( L Ef) else) , 52
Dantzig, G., 909
Data abstraction ( #iidili%) , 64-119
Data compression ( #(#i/E47 ) , 810-851
fixed-length code (i [C4RE%) , 819-821
Huffiman (%% ) , 826-838
lossless ( Xifti) . 811
lossy (f741) , 811
LZW algorithm ( LZW JEi$03% ) , 839-845
prefix-free code ( Fi4HFY ) , 826-827
run-length encoding ( WHFL4%EHY% ) , 822-825
2-bit genomics code (WALIEINHRY ) , 819-821
undecidability ( A #5EHE) | 817
uniquely decodable code ( ME—f#65) , 826
universal (iJ1]) , 816
variable-length code (ZEKH9) , 826
Data structure ( #E45H )
adjacency lists (464 ) , 525
adjacency matrix (434K ) , 524
binary heap ( —XUft) , 313
binary search tree ( — XA H ) , 396
binary tree ( 3B , 396
circular linked list ( #iE6EL) | 165
doubly-linked list ( SFHHK ) , 146
linked list (%) , 142-146
multiway trie ( ZH ALK ) | 732
ordered array (#7/784 ) | 312
ordered list (417517 , 312
parallel arrays (“FATH9%41) | 378
parent-link (SCHEHE) | 225
resizing array (AR ) L 136
ternary search trie ( =i HLIARERR ) | 746
unordered array ( /¥4 ) , 310
unordered list ( JE/F5# ) . 312
Data type ( ¥iii26%0 )
abstract (HHSHAHAA) | 64
design of (fMGEARARIEIT) . 96-97
encapsulation (fiIRBARKMIEHE) . 96
Date data type ( FUM#HERR) | 78-79
compareTo() method ( compareTo() Jik) , 247
equals() method (equalsQ) 7 ) , 103
implementation (33 ) , 91
toString() method (toStringQ Jitk) , 103
Decision problem ( YestEfl ) . 913
Declaration statement ( #Jifi4)) , 14

Dedup ( dedup it 3888 ) , 490
Default initialization ( IAPIEAIL) . 18,86
Defensive copy ({#"#ESH) , 112
Degree of a vertex ( TSR . 519
Degrees of separation ( [ilFREIBER) , 553-554
Denial-of-service attacks ({F#Mf% 3t ) | 197
Dense graph ( ## & ) , 520
Deprecated method ( FfHI ) , 113
Depth-first search ( JEMRAILE ) , 530-534
bipartiteness ( ~4M%) , 547
connected components ( M) , 543
cycle detection (KW ) , 547
directed cycle (#[5) , 574-581
longest path (Fi<BE#2) , 912
‘maze exploration (&£ ) , 530
path finding ( FkB§#%) , 535-537
reachability ( PJik#E ) , 570-573
strong components ( §#&i%ifi4Ht ) , 584-591
topological order (#ifMEF) , 574-581
transitive closure (f&i8H142) , 592
Tremaux exploration ( Tremaux 1§42 ) , 530
2-colorability (W fa) , 547
union-find ( union-find 5% ) , 546
Depth of a node (i £AMMTRIE) , 226
Deque data type ( DU BAFIBRAER ) | 167,212
Design by contract ( £5:0itit) , 107
Deterministic finitestate automaton (7HURZS F1BHHL) , 764
Devroye, L., 412

DFA. See Deterministic finite state automaton ( DFA, . Detr-

ministic finite-state automaton )
Diameter of a graph ( B4 ) , 559,685
Dictionary (731 ) , 361. See also Symbol table ( 53 i Symbol
table )
Digraph. See Directed graph ( 47, . Directed graph )
Digraph data type (47 6 P 9B ) | 568-569
Dijkstra, E. W., 128,298, 628, 682
Dijkstra’s 2-stack algorithm ( Dijkstra AU ) , 128-131
Dijkstra’s algorithm ( Dijkstra 53 ) , 652-657
bidirectional search ( RIAF ) , 690
negative weights ( U ) , 668
Directed acyclic graph ( f7151 TSR ) , 574-583
depth-first orders (EEMRAEWIT) , 578
edge-weighted (JITFL) , 658-667
Hamiltonian path ( PA##IRE4E ) , 598
lowest common ancestor (IR ) | 598
shortest ancestral path ( fit# 5 8442 ) , 598



topological order (#fifhiEF) , 575
topological sort (#ifMEFF) , 575
Directed cycle (#I15 ) , 567
Directed cycle detection ( 7 iR ) 576
Directed edge (#[f1141) , 566
Directed graph ({7114 ) , 566-603
See also Edge-weighted digraph ( 53 i, Edge-weighted
digraph )
acyclic (5 ) , 574-583
adjacency-lists representation ( 48{% &4 ) , 568,
568-569
all-pairs reachability ( HUAXHORI A4 ) |, 590
anatomy of ( V¥4 ) , 567
breadth-first search ( J"HEMEA% ) |, 573
cycle (3F) , 567
cycle detection (HHI3F) , 576
defined (5 3X) , 566
directed paths ( 4711 §64%2 ) | 573
edge (1) , 566
Euler cycle ( Euler ) , 598
indegree and outdegree ( AJEFIHE ) | 566
Kosaraju’s algorithm ( Kosaraju 5% ) , 586-590
path ( B##%) , 567
postorder traversal ( J5FFi#ilfi) , 578
preorder traversal ( f{J¥ii))j ) , 578
reachability (B[iktE) , 570-572
reachable vertex (A[ikTHA ) , 567
reverse (MU ) , 568
reverse postorder (i¥J5/¥) , 578
shortest ancestral path ( fitfi 5 F844% ) , 598
shortest directed paths (JfiAT [BEHE) , 573
simple (fij#) , 567
strong component (FRIEM/MiE ) , 584
strong connectivity (3Rt ) , 584-591
strongly-connected ( 3 ) , 584
topological order (#i#M/¥) , 575-583
transitive closure (f%i1f1) , 592
Directed path (47 [Eg72) , 567

Disjoint set union. See Union find ( FAHZE4EA ), W, Union
find )
Divide-and-conquer paradigm ( 4} B )

mergesort ( £IfHEF ) , 270
quicksort ( HREHER ) | 288,293
Division by zero (BRES% ) , 51
Documentation ( XC#4) , 28
Double hashing ( M3 ) , 483
doube primitive data type ( double JFHGHIEARY ) | 12
Double probing ( —Y#iilf ) , 483
Doubling ratio experiment ( 7454 ) , 192

S|

Doubling test ( \UAFWIA ) , 176-177
Doubly-linked list ( XXfif#& ) , 146
Draw data type ( Draw #2670 ) | 82,83
Dump (§%f#) , 813
Duplicate keys ( EHIEH )
3-way quicksort ( = HISHAGHGEHET ) | 301
hash table ( #5117 ) , 488
in a symbol table (FF5&PHYEEICE) | 363
MSD string sort ( S5 {UAREMFRFEHT ) |, 715
priority queue ({E56BA%1 ) , 309
quicksort (HHHEF ) | 292
sorting (HEFF) , 344
stability (Ra5Etk) , 341
Dutch National Flag ( fif > [s] it/ ) , 298
Dynamic connectivity ( Bt ) , 216
Dynamic memory allocation ( SHZSPIAF4ME ) , 104
Dynamic resizing array.See Resizing array ( 325 il # %
AR/, L Resizing array )

E

Eccentricity of a vertex ( IiAUYE.% ) |, 559
Edge (i)

backward (j¥f]) , 891

critical (i) , 633,900

crossing (HitH1) , 606

data type ( B4 ) | 608

directed (471]) , 566, 638

cligible (47%49) , 646

forward (TE]) , 891

incident (#KBT) , 519

ineligible (JE4LfY) . 616, 646

parallel (*¥47) , 518

self-loop ( [{3F) , 518

undirected ( (i) , 518

weighted (fIFZ) , 608, 638
Edge-connected graph ( i17#id9F ) , 562
Edge relaxation (i1/iH ) , 646-647
Edge-weighted DAG (HIAUAT I/ ) , 658-667

critical path method ( XHERAT2H: ) | 663-667

longest paths (i I<###2) , 661

shortest paths ( FG## ) , 658-660
Edge-weighted digraph ( HI4A7 a1 )

adjacency-lists (44E#4 ) , 644

complete (5E4) , 679

data type (EHEHAY) | 641

diameter of ( F[#2) , 685

shortest paths ( BAE##6 ) , 638-693
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Edge-weighted graph ( iK1 )
adjacency-lists ( 4B#%#& ) , 609
data type (HCHEHRL) , 608
‘min spanning forest ( /)RR ) . 605
‘min spanning tree ( f/NERR ) | 604-637
Edmonds, J., 901
Eligible edge ( 1%/ ) , 616,646
Ellipsoid algorithm ( #iki% ) , 909
Empty string epsilon ( ZFFFH & ) , 789,805
Encapsulation ( £%) , 96
Entropy (%) , 300-301
Epsilon-transition ( €- 4t ) , 795
Equal keys. Sec D (“{i8, . Duplicate keys )
equals() method (equals() Jik) , 102-103
symbol table (754 ) , 365
Equivalence class ( 12%) , 216
Equivalence relation ( 4541 )
connectivity ( #ifitk ) , 216, 543
equals() method (equalsO Jiik) , 102
strong connectivity (i) , 584
Erdos number ( Erdos #) . 554
Erdos, P., 554
Erdds-Renyi model ( Erdos-Renyi $08) , 239
Error. See also Exception (#i, 73UL5H )
OutOfMemoryError, 107
StackoverflowError, 57,107
Euclid's algorithm ( UL %) , 4,58
Eulerian cycle (HIFF) , 562,598
Event-driven simulation ( $H{FUKSELIL ) , 349, 856-865
Exception, See also Error (5, 5 W% )
Arithmetic, 107
ArrayIndexOutOfBounds, 107
ClassCast, 387
NoSuchElenent, 139
NullPointer, 159
Runtime, 107

UnsupportedOperation, 139
ConcurrentModification, 160

exch() method ( exch() J5i%) , 245,315

Exhaustive search ( J74#% ) , 912

Exponential inequality ( #§¥(%¢%]) , 185

Exponential running time ( 4 #C2% 51 9 3
661,911

Extended Church-Turing thesis ( §"J& FE4F - R ,
910

Extensible library ( R[4 ) , 101

External path length ( SMEBREFEICIE ) | 418,832

i) ) , 186,

F

Factor an integer ( ##MHE) , 919
Factorial function ( Bi#fsi#) . 185
Fail-fast iterator (PRI HEHIAEICHE) . 160,171
Farthest pair ( GBI —Xf) , 210
Fibonacci heap ( 44 S ) , 628, 682
Fibonacci numbers ( W4 RE) . 57
FIFO. See First-in first-out policy ( Jg#t il WAEHESH
et )
FIFO queue. See Queue data type ( JEiltfettiBAS, WLBASY
B )
File system (SCERSE) , 493
Filter (i2E3%) , 60
blacklist (4 H) , 491
dedup (dedup tiE3%) . 490
whitelist (1) , 8,491
final access modifier ( final VililE4i%F ) . 105-106
Fingerprint search (#H4UE% ) , 774-778
Finite state automaton. See Deterministic finite state
automaton
First-in-first-out policy ( JEiltfEthisims ) , 126
Fixed-capacity stack (JEAHE) , 132, 134-135
Fixed-length code (iEK4%if%) , 826
Float primitive data type (iFARURIHEAHAL) | 13
Flood fill (H{F) , 563
Floor function ( i F-U#5HR#)
binary search tree ( — X AFRH ) , 406
mathematical function ( ¥ eR%L) , 185
ordered array (47/F%5041) , 380
symbol table (#5#) , 367,383
Flow (#ifit) , 888. See also Maxflow problem ( 53 4L Maxflow
problem )
flow network ( HifitFd%%) . 888
inflow and outflow (ABAIFHEL) . 888
residual network (FIARR4E) . 895
st-flow (st- ikt ) . 888
st-flow network ( st- F BRI ), 888
value (fi1) , 888
Floyd, R. W., 326
Floyd's method ( Floyd J7ik ) , 327
for loop ( for %) , 16
Ford-Fulkerson ( Ford-Fulkerson 3% ) , 891-893
analysis of (4M7) . 900
‘maximum-capacity path ( A% RSB ) L 901
shortest augmenting path ( A #4%) | 897
Ford, L., 683

Foreach loop ( foreach ffi#f ) , 138



arrays (#41) , 160
strings (F4FH) | 160
Forest ( #E#f)
graph () , 520
spanning (4:4%) , 520
Forest-of-trees ( ##) , 225
Formatted output (#fk4Hi ) , 37
Fortran language ( Fortran ifi75 ) , 217
Fragile base class problem ( 5348 ) , 112
Frazer, W., 306
Fredman, M. L., 628
Function-call stack ( ERECIHAFTH 10K ) , 246,415

G

Garbage collection (RIS ) , 104, 195
loitering (X485 ) , 137
mark-and-sweep ( bric - il ) , 573

Gaussian elimination ( #}FNIEH ) , 919

Generies (1241) , 122-123, 134-135
and covariant arrays (2% U84 ) | 158
and type erasure ( JZ %) 154 IHERR ) |, 158
array creation ( BIEEH4]) , 134,158
parameterized type ( B¥{LAR ) |, 122
priority queues ({£5EBASY ) , 306
stacks and queues (FRAIBAFY ) , 134-135
symbol tables (#F5%) , 363
type parameter (KB ) |, 122,134

Genomics (41 ) , 492,498

Geometric data types (JLTTRT SECHEER) | 76-77

Geometric sum ( % HHFIZH) , 185

getClass() method (getClassQ) 73 ) , 101,103

Girth of a graph ( A9 ) , 559

Global variable (428t ) , 113

Gosper, R. W., 759

Graph data type ( FIBUAAY) | 522-527

Graph isomorphism (A ) , 561,919

Graph processing ([E4b88 ) | 514-693. See also Directed
graph (53 Dirccied graph ) ; See also Edge-weighted
digraph ( 53 L Edge-weighted digraph ) ; See also Edge-
weighted graph (53 ., Edge-weighted graph ) ; See also
Undirected graph ( 3 i, Undirected graph ) ; See also
Directed acyclic graph ( 73 il Directed acyclic graph )
Bellman-Ford ( Bellman-Ford 3% ) , 668-681
breadth-first search ( /(L4105 ) , 538-541
components ( 5}t ) , 543-546
critical-path method ( JCHMEEFEHL ) | 664-666
depth-first search (VIE{ESEHE% ) | 530-537
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Dijkstra’s algorithm ( Dijkstra $3% ) , 652

Kosaraju’s algorithm (Kosaraju 13 ) , 586-590

Kruskal’s algorithm ( Kruskal 3% ) , 624-627

longest paths (Fei<Bf2) , 911-912

max bipartite matching (A /HEICAL) , 906

min spanning tree ( E/NRARS) | 604-637

Prim’s algorithm ( Prim $:3%% ) , 616-623

reachability ( 7Jik#E) , 570-573

shortest paths ( A2 ) , 638-693

strong components ( ¥l 5t ) , 584-591

symbol graphs (7754 ) , 548

transitive closure (f¢iFIf1) , 592-593

union-find ( union-find 3% ) , 216-241
Greatest common divisor (ALH ) , 4
Greedy algorithm ( #.05 )

Huffman encoding ( &4 ) , 830

minimum spanning tree ( f/MERH ) , 607
Grep, 804

H

Halting problem (¥4l ) , 910
Hamiltonian cycle (I #/REF ) |, 562,920
Hamiltonian path ( X #/4H#E42 ) , 598,913, 920
Handle (47H5) , 112
Hard-disc model ( HITEERIAHUR ) | 856
Harmonic number (#FI%) , 23,185
Harmonic sum (#AEZA) , 185
hashCode () method ( hashCode®) J5 ¥ ) , 101, 102, 461
462
Hash function ( IH5R4K ) , 458, 459-463
modular (BRFIAR%C) , 459
perfect ( S MBI ei ) , 480
Rabin-Karp algorithm ( Rabin-Karp %3 ) , 774
Hashing. See Hash function ( #(31, . Hash function )
See also Hash table ( 3 % Hash table )
hash function ( #(35R%) , 459-463
time-space tradeoff (i FI%s (] ARl ) , 458
Hash table (f#(31/#) , 458-485
armay resizing ( HEEAKN ) | 474475
clustering (f#) , 472
collision resolution ( ZFRAEHMZE ) , 458
cuckoo hashing ( /%% 57851 ) , 484
deletion ( %) , 468
double hashing ( %13 ) , 483
double probing ( K ) , 483
duplicate keys (% TH ) , 488
hashCode() method ( hashCode() J7i% ) , 61-462
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hash function ( fi(5e&%) , 458

Java library (JavaJiE ) , 489

linear probing ( £&HEHRM ) , 469-474
load factor ( fI/f1#) . 471

memory usage of ( HAFEH ) , 476
primitive types ( FURAEARZETR ) | 488
separate chaining ( HLE£% ) . 464468

uniform hashing assumption ( ¥5] (5% ) , 463

Head vertex (ki) , 566

Heap. See Binary heap (3£, UL Binary heap )
multiway (£3Uf) | 319

Heap order (HEATIY) , 313

Heapsort (MEHEIT) | 323-327

Height ( B8/ )
23 search tree (2-3 4k ) | 429
binary search tree ( — XAk ) , 412
complete binary tree ( 584X ) |, 314
red-black BST (£LMt X FEHH ) . 444
tree (Bf) , 226

Hibbard deletion ( Hibbard Mk 77#k ) . 422

Hibbard, T., 410

Hoare, C. A.R., 205

Horner’s method ( Homer /7% ) , 460

h-sorted array ( h 47784 ) , 258

Huffman compression ( #iK % /E4H) , 350,826-838

analysis of (487 ) , 833
optimality of (ffit) , 833
Huffiman, D., 827

iF statement (if Hi%) , 15
if-else statement (if-elseiff4]) , 15
Immutability (AF[24) . 105-106
defensive copy ({RFHESLH) | 112
of strings (‘FAFERIIARERE) | 114,202, 696
priority queue keys ( {:5EBAFISHHYITH ) | 320
symbol table keys (#F-5#&PAoEE) , 365
Implementation ( 5:8L) , 28,88
Implementation inheritance ( SZHAEAR ) , 101
import statement ( import ifi%) , 27,29, 66
Incident edge ( XK1 ) , 519
Increment sequence (M7 ) , 258
In data type ( In HEH0) | 41,83
Indegree of a vertex ( HUSMALE) , 566
Index (#51) , 361,496-501
string (FRFBRF]) , 877
files ({51 . 500-501

inverted ( RZ[E%3]) . 498-501
Index priority queue ( %3|HE5EBAF1) | 320-322
Dijkstra’s algorithm ( Dijkstra 513 ) . 652
Prim’s algorithm ( Prim %) , 620
Indirect sort ( fi[#HEF ) . 286
Ineligible edge ( A1 )
‘minimum spanning tree ( H/MERA ) , 616
shortest paths (fRIBETE) , 646
Infix notation ( P42k ) , 13,128,162
Inherited methods (#E/&IIJ53%) . 66,100-101
compare(), 338-339
compareTo(), 246-247
equals(), 102-103
getClassQ), 101
hashCode(), 101, 461-462
hasNext(), 138
iterator(), 138
next(), 138
toString(), 66, 101
Inner loop ( 4E3F ) , 180, 184,195
Inorder tree traversal ( {1/F5@/fi) , 412
In-place merge ( FUt#I) , 270
Input and output (H AF4H) , 82-83
binary data ( IR ) , 812-815

from a file ( WA ST A A At Rt T

M) L 41

piping (fif) , 40

redirection () , 40
Input model (AR , 197
Input size (I AKL) . 173
Insertion sort (HHAHET ) , 250-252
Instance method (G777 ) , 65,84
Instance variable ( Bt ) | 84
int primitive data type (int FUER¥UEAR) , 12

Integer linear inequality satisfiability problem ( H##EZEHEA

AT PERIE ) |, 913
Integer linear programming ( ##ERFEME] ) | 920
Integer overflow ( #¥Hiih ) , 51
Interface (#11) , 100

Comparable, 246-247

Comparator, 338-340

Irerable, 138

Iterator, 139
Interface inheritance (#14E7K ) , 100
Interior point method ( P57 ) , 909
Internal path length ( PFSEEEIHE) | 412
Internet DNS ( HJ DNS ) , 493

Internet Movie Database ( TR EHUIIE ) | 497

Interpreter ( f#HF2R) , 130



Interval graph ( [X[JF) , 564
Intractability (ARIf#{E) | 910-921
Inversion (JZ[i] ) , 252,, 286
Inverted index (JZ[E%5]) , 498-501
Ising model ({181 | 920
Isomorphic graph ( [EIf4F ) , 561
Ttem (6% )
contains a key (REPICHA M) | 244
sorting (HHT) . 244
symbol table (7§43 ) , 387
with multiple keys ( ZHEHE ) | 339
Ttem type parameter ( Ttem H#4)) , 134
Iteration (#%ft) , 123, 138-141
fail-fast (POl ) L 171
foreach loop ( foreach ffisf ) , 123

Jacquet, P., 882
Jamnik’s algorithm ( Jarnik $£3% )
See also Prim’s algorithm ( 53 i Prim %% )
Jamik, V., 628
Java programming ( Java %2 )
array (#) . 18-21
arrays as objects ( #AIX%) , 72
arrays of objects ( X4 A9%4l) , 72
assertion (I6ii) , 107
assert statement (assert ifif) , 107
assignment statement ( WH{i%4)) | 14
autoboxing ( IS4 ) , 122
autounboxing ( FI&IF4 ) , 122
base class (JE%) , 101
bitwise operators ( fLERAF) , 52
block statement (AR ) | 15
boolean expression ( i/ &%) , 13
break statement (break ifi%]) , 15
bytecode (F158%) , 10
cast ( JAUFEHL) | 13
class (%) , 10,64
classpath ( 2#2) | 66
comparison operator ( HALZFAF) , 13
conditional statement ( FfFifi4) ) | 15
constructor (HIE R ) . 65,84
continue statement ( continue #{4) , 15
covariant arrays (JEAHAL) , 158
create an object (GIHX{4) , 67
declaration statement (Iifi%)) , 14
default initialization ( BRIAPIEL) , 18,86

deprecated method (FEFIY ) , 113
derived class (4% ) , 101

Error, 107

Exception, 107

expression (#ikat) , 11,13

Final modifier (Final f4i%F) , 84,105-106
for loop (for 5 ) , 16

foreach loop ( foreach i3 ) , 123
garbage collection ( KrHHZsE ) , 104

generic array creation ( B4ltiZ %41 ) , 158
generics (1Z7%)) , 122123, 134-135
identifier (4534 ) , 11

if statement (if i) , 15

if-else statement (if-elseifif]) , 15
implicit assignment ( fsCR0L) | 16
import statement (import ifi/] ) , 29
imported system libraries ( AR RGEH ) , 27
infix expression ( P#LR) , 13
inheritance ( 47K ) , 100-101

inherited method (4RI ) , 66
initializing declarations ( #I#ALAH ) | 16
inner class (4EB3E) . 159

instance method (B1773% ) , 65,84, 86
instance method signature ( JBIJ5 k%4, ) | 86
instance variable ( JCfEh) | 84

invoke instance method (FEISLHIH) . 68
iterable collections ( ATEEUAIHRES ) , 123
just-in-time compiler (JIT %ii%2§) , 195
literal ( (k) . 11

loitering (@14 ) | 137

loop statement ( ffiZfifif)) , 15

‘memory management ( HFIEEE) , 104
modular programming ( BiS{E4iFE ) , 26
nested class (#25%) , 159

new(), 67

objects (*f4) , 67-74

objects as arguments ( AR HBH) |, 71
objects as return values ( XFLAFEAIRE ) | 71
operator GEFAF) , 11

operator precedence (ZHAFMEEL ) , 13
orphan (4IL) , 137

orphaned object ( JLILA%) , 104
overloading (H4%) , 12,24
override a method ( E#LJ#:) , 101
parameterized type ( SHLERY) | 122,134
pass by reference ( #i25fif&i ) , 71

pass by value (#{fif%i) , 24,71

primitive data type ( FEEABCHEARY ) , 11-12
private class (private %) , 159

H
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private modifier ( private fEHfiff) , 84
protected modifier ( protected fEHfiff ) , 110
public modifier ( public f4fi%F) , 84,110
ragged array ( B2AFAHA) , 19
recursion (7). 25
reference (51/1) . 67
reference type ( 5IH2%) | 64
return statement ( return if4]) , 86
scope (fEFHI) | 14,87
short-circuiting ( EIHER LN ) | 52
side effects (HIfERT) , 24
single-statement blocks ( MiF4J{UASEL) . 16
standard libraries (FRUERE) . 27
standard system libraries ( bRfERGE) , 27
statement (if47]) , 14
static method (#2573 ) . 22-25
static variable (AR ) | 113
strong typing (FEX) , 14
subclass ( F%) , 101
superclass (i2%) , 101
this reference (this 5Ifi) , 87
throw an error/exception ( il HiFEREESFH ) , 107
two-dimensional array ( —#E#41) , 19
type conversion ( JEHFER ) , 13,35
type erasure ( BRUER) , 158
type parameter ( KMIBH) , 122
unit testing ( FICHIL) , 26
using objects ( fEAIAIE) , 69
variable (Z£5E) , 11
visibility modifier ( 1 LYERSHITTF) | 84
while loop (while i#f ) , 15
wrapper type ( BPEXAY) | 122
Java system sort ( Java REHEIT ) , 306
Java virtual machine ( Java HEHIBL) . S1
java.awt
Color, 75
Font, 75
java.io
File, 75
java.lang
ArithneticException, 107
ArrayIndexOutOfBounds, 107
Boolean, 102
Byte, 102
Character, 102
ClassCastException, 387
Comparable, 100
Double, 34,102
Float, 102

Integer, 102
Iterable, 100,123,138, 154
Long, 102
Math, 28
NullPointer, 107,113,159
Object, 101
OutOfMemoryError, 107
RuntimeException, 107
Short, 102
StackOverflowError, 57,107
StringBuilder, 27,105, 697
Unsupportedoperation, 139
java.net
URL, 75
java.util
Arraylist, 160
Arrays, 29
Comparator, 100,339
ConcurrentModification, 160
Date, 113
HashMap, 489
Iterator, 100, 138141, 154
LinkedList, 160
NoSuchETementException, 139
PriorityQueue, 352
stack, 159
TreeMap, 489
Job-scheduling problem. See Scheduling ( {F 4 i [
L Scheduling )
Josephus problem ( Josephus [w]# ) , 168
Just-in-time compiler (JIT 4% ) . 195

K

Karp, R.., 759,901
Kendall tau distance ( Kendall's tau BiiE§ ) , 286,345,356
Kevin Bacon number ( Kevin Bacon #() . 553-554
Key (), 244
Key equality (#A95HHHE)

ordered symbol table ( #/7F4F54) . 368

symbol table (FF5%) . 365
Key-indexed counting ( f#%5| 114k ) . 703-705
Key type parameter ( Key 25/ 84 )

priority queue (fR5BA51) . 309

symbol table (fF45#) . 361
Keyword in context ( - T3t X4k ) . 879
Khachian, L. G., 909
Kleene’s theorem (Kleene 55 ) , 794



Knuth, D. E., 178,205, 759

Knuth-Morris-Pratt, 762-769

Kosaraju’s algorithm ( Kosaraju }3% ) , 586-590

Kruskal, J., 628

Kruskal's algorithm ( Kruskal 3 ) , 624-627

KWIC. See Keyword-in-context (KWIC, i, Keyword-in-
context)

E

Last-in-first-out policy (fF#5th#ems ) , 127

Las Vegas algorithm (FIAF4EINISIL) | 778

Leading-term approximation. See Tilde notation( F31if{) ,
U, Tilde notation )

Least-significant digit ( AT {8 )

See LSD string sort ( 4L, LSD string sort )

Leipzig Corpora Collection ( Leipzig Corpora # i§ /% ) ,
37

Lempel, A., 839

TessO) method (TessO) Jrik) , 245,315

Level-order traversal ( /72581 )
binary heap ( X ) , 313
binary search tree ( XA ) , 420

Levin, L., 918

LIFO, Sce Last-in first-out policy (LIFO, I, Last-in first-
out policy )

LIFO stack. See Stack data type ( LIFO £,
type)

Lincar equation satisfiability ( Ze#EFaliiEtE) 913

Linear inequality satisfiability ( £& ¥ A~ % & W il 2 4% ) |
913

Linear probing ( &M ) | 469-474

Linear programming ( k¥R ) , 907-909
ellipsoid algorithm ( iK% ) , 909

I Stack data

interior point method ( PI43% ) , 909
reductions (J1£5) , 907-909
simplex algorithm ( HL.4GJE % ) , 909

Linear running time ( ZR¥EGHIM0Z1T0E1 ) | 186
Linearithmic running time ( £&¥ExH 8% 005 F7a406] ) |
186
Linked allocation (#0776 ) . 156
Linked list (§£4) , 142-146
building ( iltEE#) , 143
circular (FFIEEEL) | 165
defined (5EX) , 142
deletion (BHER/CH ) . 145
deletion from beginning ( MASLBIBR TR ) | 145
garbage collection (KWLt ) | 145
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insertion (A ) , 145
insertion at beginning (ERKIHANLL) , 144
insertion at end ({ERFBIHANA) | 145
iterator (i%ft28) , 154-155
memory usage of ( W7F#H1) , 201
Node data type ( Node $i26%1) , 142
queue (BA%1) , 150
reversea (HHELITSE) | 165
sequential search (MIU/F#4% ) , 374
shufflea ({TALEEZ ) , 288
sorta (BE&HHT) . 286
stack (#%) , 147-149
traversal (i) ) , 146
Literal (i kit )
null, 112-113
primitive type (JREREUERAR ) | 11
string (F4FH) | 80
Load-balancing ( f##) , 349,909
Load factor (flifi#%) , 471
Local minimum ( $CALIKRFRNTH) , 210
Logarithm function ( X #pfi % )
binary (L2 MEAY%IHiREL) | 185
integer binary (14 2 WM HERLATECRY) | 185
natural ( FIZARTEGREC) | 185

Logarithmic running time ( £HEX 8 S103& 7] )

186
Log-log plot ( X1#14{&) . 176
Loitering (W#I*i%) , 137
Longest common prefix (& IKZA3LRT4) , 875
Longest paths (4% ) , 661,911
Longest prefix match ( PCAZAYRLICHTAL ) |, 842
Longest processing-time first rule (AR ) | 349
Longest repeated substring (A< & F74FH ) , 875
Tong primitive data type ( ong JEEHEKA ) | 13
Loop ( ¥ )

for, 16

foreach, 138

inner ( FBHASE ) , 180

while, 15
Lossless data compression ( EHEEES ) , 811
Lossy data compression ( 47 #(4/E41 ) , 811
Lower bound ( F4#)

priority queue ({£5EBA%Y ) , 332

sorting (HE¥) , 279-282

3-sum problem ( 3-sum i) , 190

union-find (union-find $3% ) , 231
Lowest common ancestor (IEZA3EHIE ) | 598
Loyd,S., 358
LSD string sort ({IRALAESEH9FA4FBHEIE ) | 706-709
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LZW algorithm ( LZW HEZiFi% ) , 839-845
compression ([E47 ) , 840
expansion (JRAMIETF) , 841
trie representation ( HLAIAF R FR ) | 840

M

Manber, U., 884
Mark-and-sweep garbage collection ( BRic - i BR i) 5 5
%), 573
Maslow, A., 904
Maslow’s hammer (Maslow HFET) , 904
Matrix data type (FEFFEOEZEAL) | 60
Maxflow-mincut theorem ( fi A fi—hi/hISHER ) . 894
Maxflow problem ( A1) , 886-902
See also Mincut problem ( 5 i Mincut problem )
Ford-Fulkerson ( Ford-Fulkerson i ) , 891-893
integrality property ( 5E#6+E ) , 894
maxflow-mincut theorem (A M—R/IMISHER) |
892-894
‘max bipartite matching ( A ~4MEILALWIE ) 906
preflow-push algorithm ( preflow-push #i%) , 902
reductions (1H%4) , 905-907
residual network (FIAF%) | 895-897
Maximum (HeATCH )
inarray CHAUPIIEATCE) | 30
in binary heap ( —XUferfilickIcE ) |, 313
in binary search tree ( XA PIKEATCH ) | 406
in ordered symbol table (41 /F#F SR PHIBATE) |
367
Maximum st-flow problem. See Maxflow problem ( fi st-
Wik, W Maxflow problem )
Max bipartite matching (K —5HEIPCAFIE ) | 906
Maze (%) , 530
Mllroy, D., 298,306
McKellar, A., 306
Median (4380 | 332,345-347
Median-of-3 partitioning ( ~Ht#EH14}) , 305
Memory management ( INFF4TEE) , 104
linked allocation ( #3X77Hk ) , 156
loitering ( WFATAI%) . 137
orphan (L) . 137
Sequential allocation (JEUFF#fH) . 156
Memory usage ( A7) . 200-204
array (841 , 202
hash table (#31) , 476
linked list (££%) , 201
nested class (#4536) | 201

object (Xf4) , 67,201

primitive types ( JEREREARAA ) | 200

R-way trie (R [i] §Lis#E 4 ) , 746

stack (#£) , 213

string (F4FH) | 202

substring ( F7FFH) , 202-204
Mergesort ( £IF4H¥) . 270-288

abstract in-place merge (G FHIEIFAE) | 270

analysis of (FIFHEIFAMT) | 272

bottom-up ( EUEER] ERIEIHET) , 277

linked list (%) . 279,286

multiway (&) | 287

natural ( FUREIFHET ) . 285

optimality (k{3 ) , 282

stability (EuEtk) , 341

top-down ( {0 FGAIFHET ) | 272
Merging (#33f) , 270-271

Method ( 77 )
inherited ( 4E7RMJ#) , 100-101
instance ( SHJ) . 68-69,86-87

static () , 22-25
Mincut problem ( fi/hYI5HaE ) , 893
See also Maxflow problem ( 53 i Maxflow problem )
Minimum (J/hJEE )
inamray (#ALPRI/NEHE) | 30
in binary search tree ( X AERRIHIRNITE ) | 406
in ordered symbol table ( 47 FFAFS R PI/NTER) |
367
Min spanning forest ( fit/VERUSRA ) , 605
Min spanning tree ( Ji/IVERHE ) | 604-637
Boruvka’s algorithm ( Boruvka %% ) , 636
‘bottleneck shortest paths ( MU HF2 ) . 690
critical edge ( il ) , 633
crossing edge (Hi¥Ii1) , 606
cut (H)4}) . 606
cut optimality conditions ( AEVISM AT ) , 634
cut property (YJSHEH) , 606
defined (FEX) . 604
greedy algorithm ( #.03¥i%) , 607
Kruskal's algorithm ( Kruskal 3% ) , 624-627
Prim’s algorithm ( Prim %) , 616-623
reverse-delete algorithm (33 i BRI ) | 633
Vyssotsky’s algorithm ( Vyssotsky 5% ) , 633
Minimum st-cut problem. See Mincut problem ( i/} st- ]
430, R Mincut problem )
Minotaur (Ki#H) , 530
Mismatched character rule ( Jif % =Xk SLAS UG i ) 574 %
wy, 770
M. L. Fredman, 628



Modular hash function ( BRI REAMSIHRA ) | 459,774

Modular programming ( BUR{ESIR ) |, 26

Monte Carlo algorithm ( 3845 K% ) | 776

Moore, J. S., 759

Moores law ( BE/RSEH) | 194-195

Morris, . H., 759

Most-significant-digit sort. See MSD string sort ( #ffk%
HYFAFHHEF . W MSD string sort )

Move-to-front ( HiFE4&#) , 169

MSD string sort ( SR SEHFAFRHT ) | 710-718

Multidimensional sort ( Z4iHF ) , 356

Multigraph ( £1f) , 518

Multiple-source reachability problem ( 2 i nf 5[4 ) ,
570,797

Multiset, 509

Multiway mergesort ( £ & H-4EF ) , 287

Multiway tric. Sec R-way trie ( £ $idl# {4, W R-way
trie )

Myers, E., 884

N

Natural logarithm function ( [1#8 X 8% ) , 185
Natural mergesort ( FI#A{IFHEIT ) | 285
Natural order ( FI#AWUTF ) , 337

Negative cost cycle ( R #95F )

See Negative cycle ( /il Negative cycle )
Negative cycle ( SURLTFF ) , 668-670, 677-681
Nested class (H#££52%5) , 159
Network flow ( FI&5 it )

See Maxflow problem ( i, Maxflow problem )
new(), 67
Newton’s method (“4#iikftik) | 23
NFA. See Nondeterministic finite-state automata ( 4f:8i15 47

R A BHHL, W Nondeterministic finite-state automata )
Node data type ( Node $(H#i %% ) , 159

bag (¥42) . 155

binary scarch tree (X {EH) | 398

Huffman trie ( i Hisl# ki ) , 828

linked list (#4) , 142

queue (FAZY) , 151

red-black BST (£TML XA KR} ) , 433

Reway trie (R [ il 5 ) | 734

stack (£%) , 149

ternary search trie ( =il fLisl k8 ) , 747
Nondeterminism ( JE#i5E ) , 794
Turing machine ( FEIRHL) , 914
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Nondeterministic finite-state automata ( {5 7 FRUR %5 11
L) . 794-799

NP, 912

NP-complete (NP-5¢42) , 917-918

Null link (568 ) , 396

null literal (nul1 Fifiht) , 112-113

[e]

Object (Xf4) , 67-74
See also Object-oriented programming ( %3 i, Object-
oriented programming )
behavior (172%) , 67,73
identity (&) , 67,73
memory usage of (X REMTEMA]) , 201
state (XHHEORE ) , 67,73
Object-oriented programming ( MilFXT44if ) , 64-119
arrays of objects ( XfGHA ) | 72
creating an object ( fit{%) , 67
declaring an object ( A% ) | 67
encapsulation (3£ ) , 96
inheritance (47K ) , 100
instance (5:61) , 73
instantiate an object ( SLHILXT$) , 67
invoke instance method (MBI ) | 68
objects (4f4) , 67-74
objects as arguments ( AHEAEHEH) | 71
objects as return values ( X fERRFEf ) , 71
reference (51/f1) , 67
subtyping ( F2%) , 100
using objects (4% ) , 69
Odd-length cycle in a graph ( I HER AFE9FF ) | 562
OOP. See Object-oriented programming (OOP, i, Object-
oriented programming )
Operations research (iZ%%) , 349
Optimization problem (gL ) , 913
Ordered symbol table (47/F#F5% ) , 366-369
floor and ceiling ( il FICESAIN FHUASHRE) , 367
minimum and maximum (J/NEHEMBAITLE ) , 367
ordered array (4774041 ) , 378
range query (AR ) , 368
rank and selection ( Hf4 I ) | 367
red-black BST (£ X AE4H ) , 446
Order of growth (¥ ) , 179
Order-of-growth classifications ( 4 1< # it 2% 9 43 % ) |
186-188
Order-of-growth hypothesis ( 1# [C#UtERAOTAL) | 180
Order statistic (JFF4tiT) , 345
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binary search tree ( —XAERH ) , 406

ordered symbol table (#//F1H5%) , 367

quicksort (PR ) , 345-347
Orphaned object (LIS ) , 104,137
Out data type (Out HHAI) , 41,83
Outdegree of a vertex ( T RIHEE) . 566
Output. See Input and output ( 4fitti, I Input and output )
Overflow (@th) , 51
Overloading ( 314%)

constructor ( HEHA%¥C) , 84

static method (P& /7E5) . 24
Overriding a method ( #/7#% ) , 66, 101

P

Pcomplexity class ( P- A4S ) | 914
P= NP question ( P=NP[alil) , 916
Page data type ( Page ¥(fi#2% ) , 870
Palindrome ([a13) , 81,783
Parallel arrays ( FATHI#4L)
linear probing ( ZRHEHEHN ) | 471
ordered symbol table (#/¥7F5#% ) , 378
sorting (/%) , 357
Parallel edge ( V47i1) , 518,566,612, 640
Parallel job scheduling ( -4TE% WHE) , 663-667
Parallel precedence-constrained scheduling ( 454 B T
IFATES ML) | 663,904
Parameterized type. See Generics ( Z#{t44, W, Generics )
Parent-link representation ( X HEHEIYL )
breadth-first search tree ( JHEPRAEIRFR ) | 539
depth-first search tree (IREEMRIEIAER) , 535
‘minimum spanning tree ( fit/MVERKS) , 620
shortest-paths tree (MR ) , 640
union-find ( union-find $3%) , 225
Parsing ( fi#4f7 )
an arithmetic expression ( S AR&KAL) , 128
a regular expression ( [EN|#ikst) , 800-804
Particle data type ( Particle H#i#%1) , 860
Partitioning algorithm ()33 ) , 290
2-way ( ~[Y15) , 288
3-way (Bentley-Mcllroy) ( Bentley-Mellroy 414} ) ,
306
3-way (Dijkstra) ( Dijkstra =[815}) , 298
median-of-3 ( ZHUHYISH) . 296,305
median-of-5 ( HIFELIST) . 305
selection ( JEFYIMMIEFERL ) | 346-347
Partitioning item ( YJ43I0% ) , 290
Pass by reference ( #:5|Jf&i#) , 71

Pass by value (fE{H5%) , 24,71
Path. See Longest paths
See also Shortest paths ( f2, . Longest paths,
3 1L Shortest paths )
augmenting (31 ) , 891
Hamiltonian (IX#/RH) , 913,920
in a digraph (ZEATIPEH ) , 567
ina graph (fEFH) , 519
length of (ICHE) , 519,567
simple () , 519,567
Path compression ( B4 ) , 231
Pattern matching.
See Regular expression (#RVCAL, L Regular
expression )
Perfect hash function ( 5EXHFIREL) . 480
Performance. See Propositions ( #fi, WLl )
Permutation (31 )
Kendall-tau distance ( Kendall’s tau i ) . 356
random (BAHLAFS]) . 168
ranking (Hi44) . 345
sorting (HEFF) , 354
Phone book ( HLFEHEIT) , 492
Picture data type (Picture BE2<H)) | 814
Piping (45l ) , 40
Point data type ( Point $(di26%) , 77
Pointer, 111. See also Reference (##f, 5 Reference )
Safe (ZAHE) , 112
Pointer sort (F§#HiEF) , 338
Poisson approximation (JFAIEREL) , 466
Poisson distribution (A4 ) , 466
Polar angle (#ff1) , 356
Polar coordinate ( #4:45) , 77
Poly-time reduction ( ZWiHEFEIEHIFELIAZ ) , 916
Pop operation ( HiEHR{E) , 127
Postfix notation ( JF4HCH ) , 162
Postorder traversal ( Jii/¥i#/fi )
of a digraph (X FA M) , 578
reverse (HUZ) . 578
Power law (FEUCHLI) , 178
Pratt, V.R., 759
Precedence-constrainted scheduling ( £ %64 B F i {E
I | 574-575
Precedence order ( fRSEZUITF )
arithmetic expressions (AKX ) , 13
regular expressions ( IERI&AR) . 789
Prefix-free code ( T4 ) , 826-827
compression ( JE4H) , 829
expansion ( JE4RfRTF ) , 828
Huffman (K8 ) , 833



optimal (fikfEy) , 833

trie representation (
Preorder traversal ( ff//¥
ofa digraph (X FERIE) , 578
ofatrie (X THUIAFEHRM ) , 834
Prime number ( #%() , 23,774, 785
Primitive data type ( FUGAEHEXRRY ) | 11-12
memory usage of ( IAFEA]) , 200
wrapper type ( BP0 ) | 102
Primitive type ( JUeRECRSER )
versus reference type ( &31/HA%) |, 110
Prim,R., 628
Prim’s algorithm ( Prim 3% ) , 350, 616-623
eager (HIATEEHL) | 620-623
lazy (AERY) . 616-619
Priority queue ({E%EBAS) , 308-335
binary heap ( L) , 313-322
change priority ( (R4 ) , 321
delete (HERIGH ) | 321
Dijkstra’s algorithm ( Dijkstra F3% ) . 652
Fibonacei heap ( 4R ) | 628
Huffman compression (7 K8 JR45) , 830
index priority queue ( 5 {LE0A%1 ) , 320-321
linked-list (%) , 312
multiway heap ( £ 3Uft ) , 319
ordered array ( 47JF841) , 312
Prim's algorithm ( Prim 3 ) , 616
reductions (%) , 345
remove the minimum (MERI/INEH ) | 321
stability (B2iEHE) , 356
unordered array ( JFHAL) . 310
private access modifier ( private Pjlalfiiify ) , 84

Probabilistic algorithm. See Randomized algorithm ( {33,

. Randomized algorithm )
Probe () , 471
Problem size ([AHLE) , 173
Programs ( /¥ )
Accumulator, 93
AcycliclP, 661
AcyclicsP, 660
Arbitrage, 680
Average, 39
Bag, 155
BellmanFordsP, 674
BinaryDump, 814
BinarySearch, 47
BinarySearchST, 379,381,382
BlackFilter, 491

BoyerMoore, 772
BreadthFirstPaths, 540
BST, 398,399, 407,409, 411
BTreeSET, 872

Cat, 82

cc, 544
CollisionSystem, 863-864
Count, 699

Counter, 89

CPM, 665

Cycle, 547

Date, 91,103,247

DeDup, 490
DegreesOfSeparation, 555
DepthFirstorder, 580
DepthFirstPaths, 536
DepthFirstSearch, 531
Digraph, 569
DijkstraAllPairsSP, 656
DijkstrasP, 655
DirectedCycle, 577
DirecteddFs, 571
DirectedEdge, 642
DoublingTest, 177
Edge, 610
EdgeWeightedDigraph, 643
EdgeWeightedGraph, 611
Evaluate, 129

Event, 861

Example, 245

FileIndex, 501
FixedCapacityStack, 135
FixedCapacityStackofStrings, 133
Flips, 70

FlipsMax, 71

FlowEdge, 896
FordFulkerson, 898
FrequencyCounter, 372
Genome, 819-820

Graph, 526

GREP, 804

Heap, 324

HexDump, 814

Huffman, 836
Insertion, 251

KMP, 768

KosarajuScC, 587
KruskalMST, 627

KWIC, 881

H
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LazyPrinMST, 619 UF, 221
LinearProbingHashST, 470 VisualAccumulator, 95
LookupCsV, 495 WeightedQui ckUnionUF, 228
LookupIndex, 499 whiteFilter, 491
LRS, 880 whitelist, 99
LSD, 707 Properties (#Eff ) . 180
LZW, 842,844 3-sum, 180
MaxPQ, 318 Boyer-Moore algorithm ( Boyer-Moore 5% ) , 773
Merge, 271,273 insertion sort (#iAFEF) . 255
MergeBU, 278 quicksort ( PREEHFF ) , 343
MSD, 712 Rabin-Karp algorithm ( Rabin-Kar %3k ) , 778
Multiway, 322 red-black BST (LI XA M) | 445
NFA, 799,802 selection sort (FEHEHEIF ) | 255
PictureDump, 814 separate-chaining (HIBEH: ) , 467
PrimMsT, 622 shellsort ( F/RHFF) | 262
Queue, 151 versus proposition ( Y 5rkd ) , 183
Quick, 289,291 Propositions (i) , 182
Quick3string, 720 2-3 search tree (2-3 ) , 429
Quick3way, 299 3sum, 182
RabinKarp, 777 3-way quicksort ( [ HREHEF ) , 301
RedBlackBST, 439 3-way string quicksort ( 3- FIFAFEREHTF ) | 723
ResizingArrayQueue, 140 arbitrage (L) . 681
ResizingArrayStack, 141 B-tree (B-#f ) , 871
Reverse, 127 Bellman-Ford, 671, 673
RLE, 824 binary heap ( 3 ) , 319
Rolls, 72 binary search ( —4r#E4%) , 383
Selection, 249 BST ( SLAEHRA ) | 403-404,412
SeparateChainingHashST, 465 breadth-first search (/" FE{ESE% ) . 541
SequentialSearchST, 375 brute substring search (/) FFAFHBAR) | 761
SET, 489 complete binary tree ( 524 XA ) , 314
Shell, 259 connected components ( S 4Mt ) , 546
SortCompare, 256 Cook-Levin theorem ( Cook-Levin fE3# ) , 918
SparseVector, 503 critical path method ( KHEEE#EIL ) , 666
Stack, 149 <cut property ( HI5HEH) . 606
StaticSETofInts, 99 DFS (HIEMRAARE) | 531,537,570
stats, 125 Dijkstra’s algorithm ( Dijkstra 3% ) , 652, 654
Stopwatch, 175 flow conservation ( fikt<Ffii ) , 893
SuffixArray, 883 Ford-Fulkerson ( Ford-Fulkerson 513 ) , 900-901
SymbolGraph, 552 ‘generic shortest-paths (il ilRSEHETR) | 651
ThreeSum, 173 greedy MST algorithm ( #0di/MERBF L) | 607
ThreeSumFast, 190 heapsort (fEHEIF ) . 323,326
TopM, 311 Huffman algorithm ( K&k ) , 833
Topological, 581 index priority queue ( &5 I{L/BAF ) , 321
Transaction, 340 insertion sort (HiAHFIF ) . 250,252
TransitiveClosure, 593 integer programming ( ##H%) , 917
TrieST, 737-741 key-indexed counting (451310 ) , 705
TST, 747 Knuth-Morris-Pratt, 769
TwoColor, 547 Kosaraju’s algorithm ( Kosaraju §73% ) , 588, 590

TwoSumFast, 189 Kruskal’s algorithm ( Kruskal 5% ) , 624,625



linear-probing hash table ( MM %) , 475
linear programming ( KRR ) , 908
DAG (Al L5 Keie) | 661
longest repeated substring ( I T F 745 ) , 885
LSD string sort (G HLSEHFHFHHET ) . 706,709
maxflow-mincut theorem (I ~ Si/IMISHERE) |
894
maxflow reductions (I AHIEL) . 906
mergesort ( 34 ) | 272,279, 282
MSD string sort ( fffRSERTFRBIF) , 717,718
negative cycles ( HALTH ) , 669
parallel job scheduling with relative deadlines ( HI% /5
BB T 69 IFATAE S5 IR | 667
particle collision (K FHYHITLRE ) , 865
Prim’s algorithm ( Prim %) , 616,618, 623
quick-find algorithm ( quick-find ¥ ) , 223
quicksort ( HREHEF ) . 293-295
quick-union algorithm ( quick-union F% ) . 226
red-black BST (£1 M~ LAHRAY ) | 444,447
regular expression ( IEMJ&ik3L) , 799, 804
R-way trie ( R- [al LAl AEHRH ) | 742,743, 744
selection sort ( TEHEHEF ) , 248
separate-chaining ( §ifk ) , 466,475
sequential search (MiU/F#4% ) , 376
shortest paths in DAG (47 i) LR () AR 4% )
658
shortest-paths optimality (IRS@REFEIRAERERAT) | 650
shortest paths reductions ( fRAiBT2IH2) , 905
sorting lower bound (/¥ F %) , 280,300
sorting reductions ( HEFFIEE) , 903
suffix armay (JF4841) , 882
tenary search trie ( [ LAAHRMA ) | 749,751
topological order (#i#HF/) , 578, 582
universal compression (il fIFESi) , 816
weighted quick-union ( I quick-union 33 ) , 229
protected modifier ( protected f£4fiff ) , 110
Protein folding ( F11FEH&) , 920
public access modifier ( public UillfEHi%F ) , 110
Pushdown stack ( FIEE) |, 127
See also Stack data type ( 5 i, Stack data type )
Push operation ( AB#RfE) , 127

Q

Quadratic running time (V74§49

Quantum computer (it Fi134L) , 911

Queue data type ( Queue #Hf%7 )
analysis of (4347 ) , 198

*® 3l

API, 126

circular linked list (FJEEER) . 165

linked-list (%) , 150-151

resizing-array ( PJEEA/NIEAL) | 140
Quick-find algorithm ( Quick-find $¥3: ) , 222-223
Quicksort (PREHEIF ) , 288-307

2-way partitioning ( [& ¥4} ) , 290

3-way partitioning ( =I5} ) , 298-301

3-way string ( Z@ETFRH) | 719

analysis of (7M7) , 293-295

and binary search trees (5= XA ) , 403

duplicate keys ( FHICH ) , 292

median-of-3 ( ZHREEHIS) , 296, 305

median-of-5 ( HEUFEYISH) , 305

nonrecursive (Ei)) , 306

random shuffle ( BiHLITA ) , 292
Quick-union ( Quick-union 33 ) , 224-227

path compression ( J##% Quick-union §3% ) , 231

weighted ( ¢ Quick-union 3% ) | 227-230

R

Rabin-Karp algorithm ( Rebin-Karp ¥ ) , 774-778
Rabin, M. 0., 759
Radius of a graph (Ff¥:42) , 559
Radix (J#) , 700
Radix sorting. See String sorting ( J& (4 )7 3%, W String
sorting )
Random bag data type ( BtL7F 820 )
Randomized algorithm ( B#LLT % ) , 198
Las Vegas (RISi4E(ERT ) | 778
Monte Carlo ( 5e4§-Ki% ) , 776
quicksort ( HRiHEIF) | 290, 307
Rabin-Karp algorithm ( Rabin-Karp #% ) , 776
3-way string quicksort ( =@ FRFBPGEHT ) , 722
Random number ( BHL# ) , 30-32
Random queue data type ( HHLEAFISHEA) | 168
Random string model ( BEHLFAFHHIE ) | 716-717
Range query ( fE[H# )
binary search tree ( X AEHRM) | 412
ordered symbol table (#7F1F 5% ) , 368
Rank (#45)
binary search ( —Jr#4k) , 25,378-381
binary search tree ( X4k ) , 408,415
ordered symbol table ( #//F4F 5% ) , 367
suffix array (J74%041) . 879
Reachability ( ikt ) , 570-572, 590
Reachable vertex (A[iATHA ) , 567

. 167

-« 629



630 » % 3l

Recurrence relation
binary search ( 44 ) , 383
mergesort (#IHEF) . 272
quicksort ( HeEHEF ) , 293
Recursion (3811) , 25
See also Base case ( 53 il Base case ) ;
See also Recursion ( 5 i Recursion )
binary search ( M8 ) , 25,380
binary search tree, 401
depth-first search ( WEE(EIE%) , 531
Euclid’s algorithm ( Kk/LE MM ) | 4
Fibonacci numbers ( EWARE) | 57
mergesort (#HHFIT) . 272
quicksort (PR ) , 289
Red-black BST (£LM LA RH ) | 432-447
and 2-3 search tree (45 2-3 #E k) | 432
analysis of ( 4MHTZLM# BST) , 444-447
color flip ( Bi{afkH) , 436
color representation ( B (147 ) , 433
defined (%) , 432
delete the maximum ( BFREATCH ) | 454
delete the minimum ( #ERI/NTEH ) | 453
deletion (ERICH ) . 441-443,455
implementation ( 3:8L) , 439
insertion (#iA) , 437-439
left-leaning ( Zefiff% ) . 432
perfect black balance ( 5EX M P ) , 432
rotation (g% ) , 433-434
search (f£4%) , 432
Redirection ( M) , 40
Reduction ( [HEHY) , 903-909
defined (5E3X) . 903
polynomial-time ( ZIHFE] ) , 916
linear programming (£&#EI1%)) , 907-909
maxflow (BRHift) , 905-907
priority queue ( fES6BAF1 ) . 345
shortest-paths (fFI#EAE) . 904-905
sorting ( HEF ) , 344-347,903-904
Reference (51J11) , 67
Reference type ( 5I/HZ%E) , 64
Reflexive relation ( FIZKAR ) . 102,216,247, 584
Regular expression ( [EM|#&iksL) , 82,788
building an NFA (13 NFA ) , 800-804
closure operation ( Il ) , 789
concatenation operation ( FEAZH#ME) , 789
defined (i) . 790
epsilon-transition ( e~ §4) , 795
match transition (PERCEEHR) , 795
nondeterministic finite-state automaton (547 FRRAR

BHBL) . 794-799
or operation ( Bii#f ) , 789
parentheses (#5%5) . 789
\\s+, 82
shorteuts (B ) . 791
simulating an NFA ( NFA f0#E#1) , 797-799
Rehashing ( THHH) . 474
Relation ( X5 )
antisymmetric ( XHFRE) | 247
equivalence ( % fH#E) , 102,216, 584
reflexive ( FZHE) , 102,216,247, 584
symmetric (XPRRFE) | 102,216, 584
total order ( FEREMYLLALIFH) | 247
transitive (f&iBtE) , 102,216,247, 584
Residual network ( Flsx[4 ) , 895-897
Resizing array ( ] ¥l K/ 84 ) | 136-137
binary heap ( XU ) , 320
hash table ( #(31# ) . 474-475
queue (BAF) . 140
stack (F%) , 136
Return value GEFIf ) , 22
Reverese postorder traversal (15 /¥l ) , 578
Reverse (K[, i¥1a) )
alinked list (HfHERSLEE) | 165-166
an array (EEEATTEMNIT) | 21
array iterator (HCAUZ L), 139
with a stack CHERFHICHRIFHF) | 127
Reverse-delete algorithm (il B335 ) , 633
Reverse graph ( [Z#14 ) , 586
Reverse postorder (#15i/¥ ) , 578
Ring buffer data type ( FFIZZEnp X HHEAA ) | 169
RLE. See Run-length encoding
Robson, J., 412
Rooted tree (—H## ) , 640
Rotation ina BST ( BST P JEFeHRIE) | 433-434,452
Run-length encoding ( #FF24HY ) , 822-825
Running time (i&f704(] ) , 172-173
analysis of (SMHTIZFTRIfE]) , 176
constant ( HEGHIMETTHE ) , 186
cubic (L SHIIETTRT) , 186
doubling ratio ( i7) , 192
exponential (i HCERIHIZTTHIET) | 186
inner loop ({5 ) , 180
linear ( ZHESHIAZTTRIE ) | 186
logarithmic ( XFE(GHIAIZTTHIE ) , 186
measuring ( # EAEGIIZT 0] ) | 174
order of growth & FHEIRYAHCEIRSL) . 179
quadratic (377 RHIMETTHHE ) | 186
tilde approximation (iffLl) , 178-179




Run-time error. See Error; See also Exception (J&17}fil#
i, W Error, %3 Exception )

R-way trie (R[5l i #4H ) | 730-744
Alphabet (Fif%) , 741
analysis of (7H47) , 742-743
collecting keys (#1RFF{ii#) , 738
deletion (i) , 740
insertion ({#fiA) , 734
longest prefix (#{CHi#4E) | 739
memory usage of ( WIFHifHI%2[E] ) , 744
one-way branching (5% ) , 744-745,
representation ( #5i) , 734
search (#£4%) , 732-733
wildcard match CGlRCAFICHE) | 739

S

Safe pointer (%4455 ) , 112
Sample mean CREEWIHII) | 30
Samplesort (HUFEHEY ) . 306
Sample standard deviation ( FHEFRNER ) |, 30
Sample variance () , 30
Scheduling ( /i )
critical-path method ( JHEE72% ) | 664-666
load-balancing problem ( 1 4&¥fifal i ) , 349
LPT first (lAfS) | 349
parallel precedence-constrained ( {44 Bl F i 3f
7). 663-667
precedence constraint ( fEJEAHFRH ) | 574-575
relative deadlines (#IXHFHIR) , 666
SPT first (/i) | 349
Scientific method (F¥J5i%) | 172
Scope of a variable (ZRHEHIML) | 14,87
Search hit ( ##4rf1) | 376
Searching ( 4% ) , 360-513. See also Symbol table ( 5}
L Symbol table )
Search miss ( FEfAAT) | 376
Search problem ({5 ) , 912
Sedgewick, R., 298
Selection (##) , 345
binary search tree ( X #E KA ) . 406
ordered symbol table (7/#4F5% ) , 367
suffix array (JF40841) , 879
Selection client (EEFE/F) , 249
Selection sort (HEFFHET ) , 248-249
Self-loop (FI3F) , 518,566, 612, 640
Separate-chaining ( $ifi% ) , 464-468
Sequential allocation (MUFAF) , 156

3l

Sequential search (JF/F#4%) , 374-377
Set data type (Set HHi% ) , 489491
Shannon entropy ( FrAfEELAL ) , 300-301
Shellsort (F/RHEF) , 258-262
Shortest ancestral path ( fifi 5c #8645 ) , 598
Shortest augmenting path (G #42) , 897
Shortest path ( Ffif#iz ) . 638
Shortest paths problem ( fif& ##2[:1/ ) , 638693
all-pairs (AT ) , 656
arbitrage detection (i KEM ) , 679-681
Bellman-Ford ( Bellman-Ford 3% ) , 668-678
bitonic (U ) , 689
bottlencek (i) , 690
certification (i) , 651
critical edge ( XY ) , 690
Dijkstra’s algorithm ( Dijkstra 83 ) , 652-657
edge relaxation (i) , 646-647
edge-weighted DAG (IIAXAT L5 ) | 658-667
generic algorithm (@A) , 651
incligible cdge (431 , 646
in Euclid=an graphs ( ZERKHZIH ) | 656
monotonic (i) , 689
negative cycle ( AR ) , 669
Negative cycle detection ( FiAEH KM ) , 670
negative weights (LA ) | 668-681
optimality conditions ( LA ) . 650
parent-link ( RZAAIEEE ) | 640
reduction ( [JEEIA%y) , 904-905
shortest-paths tree ( SRR TEM ) , 640
single-source (Hi£1) , 639,654
source-sink (#HEFL) , 656
undirected graph ( K[ ) , 654
vertex relaxation ( TAHCHL ) , 648
Shortest-processing-time-first rule ( fit/ME SR )
349,355
short primitive data type ( short JFbERUEARI ) | 13
Shuffling (7% )
alinked list ({TALEE4) | 286
anarray ({TALIAL) | 32
quicksort (FTALPGHHEFAER) | 292
Side effect (HIfE/) | 22,108
Signature (%4 )
instance method ( FHiIJ5 %4 ) | 86
static method (SN LS ) |, 22
Simple digraph ( il AT ) , 567
Simple graph ( fiiftfd ) , 518
Simplex algorithm ( $AGH) | 909
Single-source problems ( i [i] % )
connectivity (iifitt) , 556
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directed paths ( f7[1##2) . 573
longest paths in DAG ( 1 [{l KFRIE h RIS BEE )
661
paths () , 534
reachability ( /[ik¥E) , 570
shortest directed paths ( 8iAT[4#2) . 573
shortest paths in undirected graphs ( J i 6 1 ) T
%), 654,904
shortest paths ( fikS#E#2) , 538,639
Social network (#1225 ) . 517
Software cache (4847 ) . 391,451,462
Sollin, M., 628
Sorting (/¥ ) , 242-359
See also String sorting ( %3 WA HHIT )
3-way quicksort ( =PIHRHHIT ) . 298-301
binary search tree ( X AHHkH) | 412
certification (ikiif) , 246,265
Comparable, 246-247
compare-based ( JETF HAMHEFRL) | 279
complexity of ( HEFF&ZetE ) , 279-282
cost model (HPFHRARIL) , 246
entropy-optimal ( F-£J BT ) L 296-301
extramemory (HIAMYPAFIIN) | 246
heapsort (HEFFIF) . 323-327
indirect ( FHEFFIT) . 286
in-place (JUHFF) . 246
insertion sort (HfAHEIT) | 250-252
inversion ( RZIHFIT) . 252
lower bound ( F#) , 279-282, 306
mergesort (#FHEF) , 270-288
partially-sorted array ( #B41JFAYEAL) | 252
pointer (#%1) , 338
primitive types ( JEERHCFAA ) | 343
quicksort ( P#EHFIT ) . 288-307
reduction (JH£9[EHE) , 903-904
reductions ( J12) , 344-347
selection sort ( FEFEHFIF) , 248-250
shellsort ( A/RHEFF ) | 258-262
stability (Esizhe) | 341
suffix array (JT40841) , 875-885
system sort ( RYEHEF) , 343
Source-sink shortest paths ( 475 P AUHIRIEHEFE) . 656
Spanning forest ( M) , 520
Spanning tree (/EHUH ) , 520, 604
Sparse graph (Fi#if ) , 520
Sparse matrix (FRHAI) . 510
Sparse vector ( #ififalfit ) , 502-505
Specification problem ( S¢HI 5l ) , 97
SPT. See Shortest paths tree;

See also Shortest-processing-time-first rule ( H
%4, W, Shortest paths tree, %3 . Shortest-
processing-time-first rul )

stcut (st-H54) , 892
st-flow (st- HiltACE ) . 888
st-flow network (st- il F4s ) . 888
Stability (EsEYE) , 341,355
insertion sort (HAHFT ) . 341
key-indexed counting ( ##31iH¥%) , 705
LSD string sort (E{EAEEH TR BT ) | 706
mergesort ( ) , 341
priority queue ({E5EBAZY) . 356
Stack data type (FREHIZA) | 127
analysis of (4MHTER) , 198,199
array implementation ( JBURAFAERE P HAL) | 132
fixed-capacity (GE#FHE) , 132-133
generic (12) , 134
iteration (F&fR) , 138-140
linked-list (#4¢) , 147-149
resizing array ( AT I¥A/MEAL) | 136
Standard deviation (FRHfE2E) . 30
Standard drawing ( FRHEPE{&) | 36,42-45
Standard input (FRFERA ) . 36,39
Standard libraries (#HEHE) | 30
Draw, 82-83
In, 41,82-83
out, 41,82-83
StdDraw, 43
stdIn, 39
StdOut, 37
StdRandom, 30
Stdstats, 30
Stopwatch, 174-175
Standard output (FRMERGIH ) . 36,37-38
Static method (#7715 , 22-25
argument ( £%0) , 22
defininga (i XW&E L) | 22
invoking a (IMEHHE) | 22
overloaded ( HARMETE) , 24
pass by value ( Feffifeid) , 24
recursive (i#1) , 25
retum statement (R[4 ) | 24
retum value (GRIEIE ) , 22
side effect (FfEH) | 22,24
signature (%4, ) , 22
Static variable (&N ) . 113
Statistics ( it )
chi-square (K4 ) . 483
median ( F{IE0) . 345



minimum and maximum ( g/MIFIECAST) | 30
order (MiFF) , 345
sample mean CREEMIHT) |, 30,125
sample standard deviation ( RALFRNE ) | 30
sample variance (RHEJ52%) | 30,125
StdDraw library, 43
StdIn library, 39
StdOut library, 37
StdRandon library, 30
StdStats library, 30
Steque data type ( Steque HiiHR ) | 167,212
Stirling's approximation ( #i4F R /43 ) , 185
Stopwatch data type ( Stopwatch #IEX ) | 174-175
String data type (FAFREAEAA ) | 34, 80-81
APL, 80
characters ( F4F) , 696
charAtO) method (charAtO) J73%) , 696
concatenation ( FAFRNIER ) | 34,697
conversion (FAHIAIELH ) , 102
immutability (RATAHE) | 696
indexing (%73]) , 696
index0f () method ( index0FO) J7ik ) , 779
length (FRFHRICHE ) | 696
Tength() method (Tength() Jii%) , 696
literal (i) | 34
memory usage of ( HFF{ET) , 202
+operator (+iZ54F) , 80,697
substring extraction (I 77451 ) , 696
substring() method (substring() Ji%) , 696
String processing ( “FAFHIALHE ) | 80-81, 694-851
data compression (4T ) | 810-851
regular expression (LML) | 788
sorting (HE/7) , 702-729
substring search ( FFEAFHA ) , 758-785
suffix array (JF4841) , 875-885
tries CHLIERMY ) | 730-757
String search. See Substring search; See also Trie ( F 7t
#i#k, W Substring search, 53 W Tric )
String sorting ( FAFEHEF) | 702-729
3-way quicksort ( = [ItRE#HEIF ) |, 719-723
key-indexed counting ( #5142k ) , 703
LSD string sort (RAZHESEHFAFERHEF ) | 706-709
MSD string sort ( S{LHSEMTAFRHIT ) . 710-718
Strong component ( 3iEilisHit ) , 584
Strong connectivity ( 34tk ) , 584-591
Strongly connected component. See Strong component (i
MRS, W Strong component )
Strongly connected relation ( 3259 EH ) | 584
Strongly typed language ( %% 535
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Subclass ( F%) , 101
Subgraph ( ¥ ) , 519
Sublinear running time (WZMEZTTIE ) , 716,779
Substring extraction ( 74t )
memory usage of ( A7) , 202-204
substring() method ( substring() /%) , 696
Substring search ( FFHFHAR ) , 758-785
Boyer-Moore ( Boyer-Moore §3% ) , 770-773
brute-force (1 #54k) , 760-761
index0f () method (index0f() 73k )
Knuth-Morris-Pratt, 762-769
Rabin-Karp, 774-778
Subtyping (%) , 100
Suffix array (JF4$041) , 875-885
Suffix array data type (JFEECHEHEE) | 879
Suffix-free code (JF4H ) , 847
Superclass (%) , 101
Symbol digraph (#F 545114 ) , 581
Symbol graph ( #F5 ) , 548-555
Symbol table (5% ) , 360-513
2.3 search tree (2-3 #E8R0H ) | 424-431
API, 363,366
associative array ( KIEH41) , 363
balanced search tree (F-ii#Ek ) , 424-457
binary search ( “4}#E4k ) , 378-384
binary search tree ( XA 4RH ) | 396-423
B-tree (B-fif ) , 866-874
cost model (RAHER ) , 369
defined (#F 54695 L) , 362
duplicate key policy ( FECH ) , 363
floor and ceiling ( i F-JR# A TIE ) | 367
hash table (5114 ) , 458-485
insertion (A ) , 362
key equality ( S{fT#) , 365
lazy deletion ( ZEiTHHER ) , 364
linear-probing ( £RHEHKMY ) , 469-474
minimum and maximum (f/NTEFRATTE ) , 367
null value (null i) , 364
ordered (#/F4F 54 ) , 366-369
ordered array (47 /F441) , 378
range query (HH#AR ) , 368
rank and selection ( HE# HIEH ) | 367
red-black BST (£LM — X AEHHS) | 432-447
Reway trie (R o] il #4084 ) | 732-745
search (#4%) , 362
separate-chaining ( $Ifi7 ) | 464 468
sequential search (MWIFF#4%) | 374
string keys (FAFHI) | 730-757
ternary search tric ( = LA AHRM ) | 746-751

. 779
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trie (HIAFEA ) | 730-757

unordered linked list ( GFF#&) . 374
Symmetric order ( RfIXFFRE) | 396
Symmetric relation ( ¥R ) . 102,216,584
Szpankowski, W., 882

Tale of Two Cities ( RURIZ) . 371
‘Tandem repeat ( ERTIE AR ) , 784
Tarjan, R. E., 590, 628
Terminal window ( 3§ 11) , 10,36
Ternary search trie ( =[] fd#rHef ) . 746-751
alphabet ( FHEE) , 750
analysis of (7M7) , 749
collecting keys ( fE4RFTAfE ) , 750
deletion ( HlE) . 750
insertion (#fiA) . 746
one-way branching ( #5332 ) , 751,755
prefix match ( PEFZHT4E ) . 750
search (#4k) , 746
wildcard match (@RAFICH) , 750
Theseus (#LfENT) . 530
this reference (this 3I/{]) , 87
Threading (&YEFFS%) | 420
Tilde notation (MEfil) . 178,206
‘Time-driven simulation ( I FISKEHELL) | 856
Timing a program ( HREFIREFHAL) | 174-175
Top-down 2-3-4 tree ( FITHIE T 2-3-4 ) , 441
Top-down mergesort ( [1T6 [ FIFIFHET) . 272
Topological sort ( #i#MiF/¥) . 574-583
depth-first scarch ( FHEALAILH) | 578
queue-based algorithm ( JE FBASMH ) | 599
toString() method (toStringO Jiik) ., 66,102
Total order ( SEHEAY HLEFH1 ) | 247
Transaction data type ( 895 8l 2% ) | 78-79
compare(), 340
compareToQ). 266,337
hashCode (), 462
Transitive closure (f£i%MIfL) | 592
Transitive relation ({¢3XAR) . 102,216,247, 584
Transpose a matrix (§#HiH ) , 56
Tree ()
2.3 search tree (2-3 kK )
See 2-3 search tree ( U, 2-3 search tree )
binary. See Binary tree ( Ef{, i Binary tree )
binary search tree ( L #EHRA )

See Binary search tree ( L Binary search tree )

balanced scarch tree. See Balanced search tree ( -l
B, U Balanced search tree )

binomial ( —HHf) , 237

depth of anode (BHRAYHATEE) , 226

height of (RIMIGIE) . 226

inorder traversal ( HIFi /T ) . 412

‘min spanning tree. See Minimum spanning tree ( /1
i, WL Minimum spanning tree )

parent-link (&5 ) | 535,539

preorder traversal ( HiffFililflj ) . 834

rooted (A1) . 640

size (RHRIRAN) | 226

spanning tree.See Spanning tree ( /ALK, WL Spanning
tree )

undirected graph ( A ) , 520

union-find ( union-find 55 ) , 224-226

Tremaux exploration ( Tremaux 8% ) , 530
Triangular sum ( 522552 A1) , 185
Trie (HFIPEIRE ) |, 130-757

See also R-way trie;
See also Ternary search trie ( i R-way trie, %1
Ternary search tric )

collecting keys ( #E4RFTAH ) , 731
Lempel-Ziv-Welch, 840
longest prefix match ( VERCECICHTAR ) , 731,842
one-way branching ( #Lif]5} &) , 744-745, 751,755
prefix-free code ( AjZ{RAS) | 827
preorder traversal ( GifFip7 ) , 834
reading and writing (i£f1% ) , 834-835
wildcard match CEAFFILAL) , 731

Tufte plot ( Tufte [8) , 456

Tukey ninther, 306

Turing, A., 910

Turing machine ( I ##L) , 910
Church-Turing thesis ( 47 — B 2gH) , 910
computability ( A[H4HHE) , 910
nondeterministic (IFGREERT) | 914
universality ( ¥i#tE) , 910

Type conversion ( 24464k ) |, 13

Type erasure ( ZAUEER ) , 158

Type parameter ( KHEH) , 122,134

U

Undecidability (RRIHERE) , 97,817
Undirected graph ( ol )
acyclic (JE3F) , 520



adjacency-lists (45{4 ) , 524
adjacency-matrix ( §BHERERE ) | 524
adjacency-sets (4BHEHE) | 527

adjacent vertex (45T ) | 519
articulation point ( X454 ) , 562
biconnected ( SUEIEIY ) | 562
bipartite ( 4}H9) , 521, 546-547, 562
breadth-first search (/" HEfRSEI0% ) | 538-542
bridge (#) , 562

center (1fi45) , 559

connected (i) , 519

connected component ( #i@4Mt ) , 519
connected to relation (FEXF ) , 519
connectivity (ilitk) , 534, 543-546
cyele (5) , 519

cycle detection (FRHEM ) , 546-547
defined (%) , 518

degree (&) , 519

dense (B ) , 520

depth-first search ( WL AA8% ) | 530-533
diameter ({#%) , 559

edge (i) , 518

edge-connected ( LY ) , 562
edge-weighted ( 4% )

See Edge-weighted graph ( i, Edge-weighted graph )

Euler tour ( BKf 1R ) | 562
forest (k) , 520

girth (Ji§<) | 559

Hamilton tour (S H#/RBIFIRE ) | 562

interval graph ( X[][ ) , 564

isomorphism ( [alHy ) , 561

multigraph ( £ ) , 518

odd eycle detection (KA AMMEFKM ) | 562
parallel edge ('F47i41) , 518

path (##%2) , 519

radius (f4%) , 559

self-loop ( F15F) , 518

simple (i) , 518

simple cycle ( fij 5K ) | 519, 567

simple path ( fij 372 ) , 519

single-source connectivity ( #4145 ) | 556
single-source paths ( #L2347% ) | 534

single-source shortest paths ( Wi i sigh#% ) | 538

spanning forest ( 4% ) , 520

spanning tree (41K ) | 520

sparse (i) . 520

subgraph ( F[¥) , 519

tree (#4) , 520

two-colorability ( FREREA () | 546-547, 562
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vertex (Tigi) , 518
weighted (27 )
See Edge-weighted graph ( i, Edge-weighted graph )
Unicode ( Unicode 4ifi} ) , 696
Uniform hashing (#5131 ) , 463
Union-find (union-find 9% ) , 216-241
depth-first search (M%) | 546
binomial tree ( —X4) , 237
Boruvka’s algorithm ( Boruvka 3% ) , 636
dynamic connectivity ( Stk ) | 216
forest-of-trees ( #F4k) , 225
Kruskal's algorithm ( Kruskal 3% ) , 625
parent-link ( 2#4 ) , 225
path compression ( #2154 ) , 231,237
Quick-find ( quick-find $9:3% ) , 222223
quick-union ( quick-union %3 ) , 224-227
weighted quick-find (fIT#¥ quick-find 373% ) , 236
weighted quick-union (I quick-union $3% ) | 227-231
‘weighted quick-union by height ( #4445/ sy
quick-union #¥i% ) , 237
weighted quick-union with path compression ( ff{{g4{%
1AL quick-union B3 ) | 237
Uniquely decodable code ( fif45 7 20ME— 4455 ) | 826
Unit testing ( #CHl ) | 26
Universal data compression (il F%CHEIE4H ) | 816
Universality (il Jil#k) , 910
Upper bound ( |-5%) , 206,207, 281

\

Value type paramerer ( {12754 )
symbol table (#f54) , 361
trie (RIALEIRES ) |, 730
Variable (Z£ft) |, 10
Variable-length code ( 4 (43 ) , 826
Variance ($£45) , 30
Vector data type ( [l AR ) | 106
Vertex (T )
adjacent (464%) , 519
connected to relation (KR ) , 519
degree of (Ji) , 519
eccentricity ( B.0% ) | 559
head and tail (LFE) , 566
indegree and outdegree ( AHERIINE ) , 566
reachable (7Tik ) | 567
source () , 528
Vertex cover problem ( T4 B 4 ) , 920
Vertex relaxation ( THAHH ) , 648
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Virtual terminal ( BI85 ) . 10 Weiner, P., 884
Vyssotsky's algorithm ( Vyssotsky 3% ) . 633 Weleh, T., 839
whileloop (while fifi3f) , 15
Whitelist filter ( (14 1313645 ) 8,48-49, 99,491

w Wide interface ( FA£L1) , 160, 557
Wildeard character Clific#F) , 791
Web search ( FUZ4H8% ) . 496 Wildcard match (GlFLAFICAL) , 750
Weighted digraph. Worst-case guarantee ( X{HIFSEL FAOERERIE) | 197
See Edge-weighted digraph ( JIAUAT ([, W Edge- Wrapper type ( E462678) , 102,122

weighted digraph )
‘Weighted edge ( I3l ) . 604,638

Weighted external path length ( MAUMBREE2ICIE ) | 832 z
Weighted graph. See Edge-weighted graph ( fil £, L
Edge-weighted graph ) Ziv, 1., 839
Weighted quick-union ( X quick-union 383 ) , 227-231  Zero-based indexing (REARTIAL0) . 53

Weighted quick-union with path compression ( i fiB##2/%  Zipf's law ( Zipf #®m) , 393
A AL quick-union 53 ) . 237



