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chapter_backtracking
chapter_computational_complexity
chapter_divide_and_conquer
chapter_dynamic_programming
chapter_graph
chapter_greedy
chapter_hashing

(v v VvV VYV VY

chapter_heap
>
& heap.py
& my_heap.py
& top_k.py
> chapter_searching
(R > chapter_sorting
0 > B chapter_stack_and_queue
> OUTLINE
> TIMELINE

¥ Pmaing I Lotests ®OAO

BITRIBRETE TIE RS N=2F,
B &
B

\

EVIPAY

yabEER FEACH B, mifE

%0 Git Graph

PR GFEIRSE, TES IR SRR 20

2 hello-alge
@ my heap.py X
codes > python > chapter_heap > @ my_heap.py > ...
vnupriver Code"""
if _name__ = "__main__
# WME AT
max_heap = MaxHeap([9, 8, 6, 6,

print("\niAFIRIEHEF")
max_heap.print()

# IREUETATTR

peek = max_heap.peek()
118 print(f"\n#R7zHN {peek}")
PORTS GITLENS PROBLEMS OUTPUT DEBUG CONSOLE

~/Dow/helle-alge main > ||
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git clone https://github.com/krahets/hello-algo.git
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hello-algo

# hello-algo

main ~

i “Download ZIP” 151 B4 NEUASE46 L,

(I Unwatch 312 ~

Gotofile Add file ~
Local

B3 Clone
HTTPS SSH GitHub CLI

https://github. con/krahets/hello-algo.git

[ Open with GitHub Desktop

Open with Visual Studio

[} Download ZIP

7,5, 2, 1,

Ln 118, Col 29 Spaces:4 UTF-8 LF {§

<> Code ~

DO 0o

v D © ®o -

4, 3, 6, 2])

TERMINAL

Bash +v O @ - ~ X

Py base 18:18:47

Python 3.10.13 (‘base': conda) &3 (@ Prettier [}

AT, WREREE, WATEKL I3,
GitHub ¢/, WMRE&%E Git,

A PO AR a2 e A G

SRFGTEA I B
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REXIFE R

Python C++

def level o

# Mkl

» INBTS
queue: deque[TreeNode]
queue.append(root)

= deque()

# Miatt—17IR, BTREFEHF?

res = []
while queue:

oe

% W Q

J V# Go Swift Js >
binary_tree_bfs.py

r(root: TreeNode | None) -> list[int]:

node: TreeNode = queue.popleft() # PABIHIBA

res.append(node.val) # {R7FETiAME

if node.left is not None:
queue.append(node.left) #

if node.right

is not None:

EFHRAR

queue.append(node.right) # HFTSAB

return res

IBITIRYS, a1 0-5 FoR, X T IREARE SR AREI ARG ER,  FATTAT DAE R codes SCAFRA
KR B VR B AR ZE R N TR,

IEREER LET ¥

0 hello-algo

Code Issues 1 Pull requests 10

chapter_tree

9 krahets

array_binary_tree.py
Y
e 7 RAREECHF
a
binary_search_tree.py
binary_tree.py

binary_tree_bfs.py

binary_tree_dfs.py
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A DU AR BTG A9 “RI BT SRIETILE, WS RAAIRHRITIERE;

DI ELF R SR
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Hello 3%
Ego# Mz
B %18 miswE
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db B3| MIBEH
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41 ¥
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43 P&
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45 S
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FR WOE MER
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BE X

41 #A

PR IEVERVERY
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A% 0 Oe

( g krahets/hello-algo

[ @ EELETT

v] ER

Python 3.11
res = [8] * (len(nums)
# BIRBREPOF T RENS
for 1 in range(len(nums
res(i] = nums[i]
# EE RESHRE

return res

“*"Driver Code""

-
if

-

Visualized wi

__name__ == "_main_":
# MafmE

nums = [1, 3, 2, 5, 4]
print("#if8 nums =", nur
* RETR

nums = extend(nums, 3)

print("HEERESRE 8

Edit Code & Get Al Help

<Prev | [ Next>
Step 17 of 22
th pythontutor.com

)€ ZBENE

Print output (drag lower righ rasize)
sﬂ!ﬁnms:ll 3.2, 5. 4]

Objects ,ﬁ EEH

Global frame function
extend(nums, enlarg

Frames

extend

1(3 /2|54
extend
w4 [ 3[4 o
i3

412 HENRSASEEE
413 HERREM

nums

[ 0-6 Python R AIM{LIa T


https://pythontutor.com/

il

BOoE A hello-algo.com 8

0.2.4 7ERITEeHhHERFRKE

FEFIRA TN, TEAER S BIAREREHE RIS WBEPFE X PR ORI RS, A1 MA TR 55 K
NPRfEE, — B N RIER R AR,

i 0-7 Fow, MTUREE D ETRYREAREC A PHEX, MEMREEL RIEIFIRXHINR, —J7m, RA] LT i
REERAE, NMERR, BEZERARES, 5—77m, WRFIRAEMRBIHEE A MR R,
ORI, TEBhfth 3D

L ] L ] 31 BEGROX-Hello Wi x  +
« ¢ (= hello-al _data_str _of_data_structure/#312 aQ W o oe :
Bl 31 smamos % %o it
Hello 3% BER
E®om wx > (LS DBk 311 EHEN: BES AL
E1E NARE B A GMEBIEENAIES S RESN, BRRNMADEE., 12 MR BRSO
R #28 SREHM > ———
& Bam R 1@ @) &2 2588
31 BRI 4
3.2 EFHiERm chenzhiweiS4czw 1 F 5 H
33 HFHEG " BRETERERASSRESEIR2E, RARAGTHN, SUNRRIRIE, BEMBEIR
34 TR - U5, LLANREBNESE, AL 4 B, FEE SHRBRR &R A5
5 ES ST
—
B E4E BESHE © @3)
& ®oE HBSMY
@ mem muwn e krahets 1550 Hu® =L
AETE W FEE~ S ERRERRRRME, fNES . HTH | BATTRERER

“gtipht (BRMFIRENRMN) . Etithd, BERNSME (RS)) $EfE— Tk 4
WERKERTEEERN, XAREEOR (RRARN) , DRAERE. Bk, REXTE
ERRSEE (M. BX) Mdedt (W) Bumdi.

o @®

£ HEeE i
DOEeE @

T EI0E 8%
Dl HNE HEF
e ENE R
13 Bz E EH
B2 #azm sy
® FB5E AL
@ BeE KB >

BEXH =

LIEN K Aa

ELiH

B 0-7 IFIEDORHA

0.2.5 BXFIKRE

MEVME EE, FATTAT AR % ST RURES A 5 BIERIIE AR 73 =B B

L. BrBg—: BIEAT], BANTEABSMEAREMHRSAME, PIARRIERNEM, fE, @ik
RETTHIIA A,

2. BrBe s WIRRE, EBONATTE EJTRI, iR =D 100 EEH, MEEFRIEIRM-, ©)00H—
i, “ANREE" ATRER — DR, B, XRRIEWR, BT DUZHR “SCRising Sihg” K
SWH, BEAEET 3~5 RNEER, SRERHAFICA D, HEFRBEMRIEIRIE W GitHub
@,

3. BB = SERERIUAR, £¥377H, WATA] DAREIR TR E, RENEANRIRAR, DI +E
FIVRAR. ERIETH, P]PAZECR AR RIE RS, g e ok, —2f, —M2dssE, MXH
RS AT PAFE S X R

aniE 0-8 AIvR, ABNAETEME “HE—", SEMIKESIHEITH BB %3,


https://github.com/krahets/LeetCode-Book
https://github.com/krahets/LeetCode-Book

hello-algo.com 9

H
(]
{1t
=
ol

M — FrEg— FrEg=
SERLEREND AR EBEAEAGR

BERE

BENDB RISERE FRRIESR
BB

ARt EmR ISt

FREL AT E) 2 R Rl —iE R MEAR, KM
TR R IZ H IR IERR ERTENAIRMER

K 0-8 RIRAF I

0.3 /&

- ABRTEEZRREIENFE, MRIRCH —EHEM, A BRERBIRRGEBEIEAIR, HrhiRAh
AR R TR R,

- PPN EEEQRBRERE . BIREMEIE =, W CZGUEE R 1,

- MNTEENT, EOENBRR-AANHERER, AIEFZEHK,

- TSl ERREE T E AR, BRSNS IR AR E 2 KT,

- OSRERYE S AR IR, SR BOSITIRAURS R B R,

- ABMWTURAE D ETENILATHEX, WL 7 =R 5ER S W,
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Abstract
—/ DR SR, SEIERATE—R, HBE LIS BRI,
Gg BRI SR, 15 RIRMEIP R, BAFTHEES RN E LA,
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1.1 HEETRFE

SEAWTE] “FIER XA, RERMSEEES, RMEPR L, FEREHFAYNREREE, MEES
MR AZ AR, IX BRI H H A0S AR Ak rT UL,

EERRIT R/, A MEBIEIER DT RESEAIARP AR TIFSRIE, IR En i
MEIHFAERD Y. PHBAR2E LD BARIBHFRIELIX — R,

Bil—: &, EFHEE, GONTENN P, TR IEDFE T RITHI, BB REE
B PR ET RN r Y, EESIEIRE 1-1 Fosry)y U2k

1. BT —FR s, EFEZNE TR, REETR N m,
2. MTAEPETRERT r LT m )5, FTIUHRTHATER >, SRS DEEFEE .
3. AWTEENE 1. P8 2., BEERIPIEEFRN r FTUEA Ik,

FRERHEFEROMFHT

EFREN: RIEE—HEEEEN ¢ KT TR

EFHASE:
1. BIFFRAE—HIEL, ZNEFSE n
2. B8F r £ n &8, ELHREFESRS

Step 1 Step 2
5
—H B —HIBL

EFRSR: EFASE:

1. BAFAANRKBIN—FREL, RASFER t 1. BAFAMKPINFTBL, RASEFEL p

2. B(F r 7 t §08, EIHREFESS 2. B8F r £ p FiD, FUCHRETFEES
Step 3 Step 4

e
—¥ M
EFHRSE:

1. BFFARNKBIN—HREL, RAEFER r
2. BRIEFEA r NF, TRES

Step 5

K11 EFipR
VIO NAEVEREE, S BRE AN “Zo&ER” Bk, WEARSSHIRIMAE, FATA] DHE T S
N—ANEHPH A", WEIERAE, AT LR LIRS A —RYRIEFEE “ &R

Bl ReBbye, BAVESTN, BRAHEEME TR, FEHMNEHS, SCERZE 1-2 Fr
o
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LRI AT M TR ER, FHRIREIHAIRS TR 1 KkINE i BT,
2. P — Ik, AEHFEORIEAME, SERERE 2 KN ELH .
3. NWTERA IR 2., B4R — KIS M TE PR i A Py, HEEATHINEEH .

FHF FHEF RHFF
> [A[5 72 * A [5 X NE
. \'L v J. S . 2 v L{. . / . 2 5
\ 4 . 1Y ! . De
,-u’ L by ‘nt? > Y ‘E 5
3 3 4
FHF FHF
5 /=5 2 ~ 5
(5 At 2 “t 2(/A A
a0 Q GRS AN v
N 5 N 5 2 5
< 5/ 5( 2 5, A A

1-2 $hwHEp PR

EREEERAN SRR R B AT Bk, e NVERR RN AR S FEmIRIE S T
JE B AR TR AHE RIS 5

Bl=: BEmik%F, REBAHEBETEET 69 TR, 4 THAERR 100 7T, IR RFRZHERA 31 7T, 1t
KARE AR SE AN E 1-3 FRIIEE,

NENUE L 31 st EE/NIETH, 17T, 57t 10 7T, 20 7t
MANEITHRE KR 20 78, #A& 31 — 20 = 11 75,

MFI R ANET R AR 10 7T, FR 11— 10 = 175,
MRIZRANETFFERRR 17T, #R1—-1=07C

FHRERE, 7TEN204+ 10+ 1 = 31 75

ok wn e
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BirE 31 L2 11 = 1 =» 0

EELH -20 -10 -1

TWENTY

\
TWENTY ||

Bl 1-3 timikZTidE
FEA LS, BAHF—PERBCEATE RRFANES (RATRERRIARI B M), REEE T rATRHE TS
Ko WEIRGHSRIENAESR, ZKMTEAR LR 200" Bik

INBZEE—TER, REIRFNUT, JUPATA IR RORE S AT AR, THRAR HIE SRR E N e
KBUREEHTEAEENGE T, FINSGS RS CPU 1 GPU BUTHEZE, IXFE—K, BATHEREIEA IS H Al
HRBIHRNLE, DUE @A77 U RS AP 2% R,

Tip
GRERIRNEIREEA, RIE, BN o EREMS RS R E, TERSHE TR, ARG ISIR
IBNBHREEH 5 BIAH RN

1.2 BiERHa
1.2.1 EZEENX

8% (algorithm) ZAEH RN AROUREE MR —HIE S BERIED R, RGN,

- IEURBARARY, B TS TR R AR e o
- BHRATY, REMERIRDER. WRMAEER R ENK,
- BLBEETERS X, EAHRRRMARIZITRET, fbaaZdmE,

1.2.2 BHRGEMEX

B (data structure) RIFEAFMHSFIFESIENTTX, BA MR ER,
- ZBEAHRED, DAEITEINT,
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- BAERBRERATREDUE, RSEEURTIR. A0, WBR, EHTEE.
- REERTE SRR RZEER, DERIESR0ST.

BURSHI B R — A s R, QSRR BSHE T, TR RS — I e 2, T2
M

- EERMET I, ERARISIFIMEREECE L ENERE, (HE T ER I AR,
- BT RER, R TEFEERGEE, HETRELAERINTEH,

1.2.3 HEEMERZNXF

A 1-4 iR, BdRGSH SEIRSENSS, RES, BERIE N =177,

- BARESHREIRNE G, BARSH OV EIRRME T A ER R, DAGRIERIRRITT IR,
- RIRRBUREH A ERNSE G, BURGSWA S (UFEBIRER, S8RIEA eV E M,
- RIREHE AT DE T AREIRESA S, EHRITRCRATREMHZEIRR, RS ERBUREZ b,

BE—RIIRFRES

MR ANE T
N ‘ ¥ it
—
input algorithm output
HiEsH

data structure

RIS IFREREGE
S MSERIR S &

1-4 BURSHSHEIERIRER

BARA S RIEMANE 1-5 FURIIPHEERIR, —BRR, BRTESTZFHEZIN, A TRAA RIS,
BA WL — D010, FUREAIE A SERIB IR,
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K 1-5 PREEFIR

B RTTRAIN B SR R ANR 1-1 Fmo

®1-1 REdRa SRR O PRERIR

BlRai 5 RE PRERIR

LN S ES/EENIAVN

pleiE ) BRARALIEK, BRI KA ERTTHE
CRES FERURBE R BRI ASH) — RBIHR(E D 3R

it Rl PR

ERSHHRE, BURGHSRIERM TREESH, R, A5 IR T 2 MRETE S 1S

IEAR I FIFR
FESLFRITIER, BATER SR “BURGSHSEIE" fMVoy “BIK". HLUARFrEAI LeetCode FHikH
H, SEbR LR ERRE AR /5 AT,

1.3 &

- RIRERRAESRIOAE, HARBAA] RESEAN, Lhr b, BMNELZEANAEPER TS
BIK, FDARORA TS A R/ N AR

- ATHIEES S0 BEREEME R ZoBEREIAREL T amia M EERTREAE,

- B RS R SEARIFERARFE RO AR RIRE S H N ESR.
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- BEMRFNP AR LRTOLRER, S D ECRECE AT R R ATER,

- RIRRAEA BRI R AR OUREE ()R — S L B ED IR, MBS R TR HAMAF LSRR
777K

- BARSH SRR ERE, BURSHERIRNEN, MRRRBIRAIFERrSES.

© RATA] DR BREEA 5 RIER O PRERIAR, BRIRARERE, FURRITARAIERE 7T AR BURSE,
IR AV NN U DR VA RE S
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Abstract
B2 e i B A B P R S A S
Er IR ER 85 2RI EE EIRARE, FIRERHENER TR,
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2.1 EEMETHE

FERIRRAT R, BACEIER AR AN ZE T H A

1. $RBNMEIRE . SRR EAENUE A% A\ TE RN AT SE sthoR AT (R R [E Ak

2. PREAME: F— DA REF SRS, BN ERER AT R E %,
R, fEREMSARRIBIRIATIE Y, RIRBCRER N ERERM SN EEZRN e, CREREINH A4
}EO

- WRIEeR: BRISTEERRE,

- ZBRIBCR: BRSNS RN,
sz, HAMERRBRHT “BRE” WEBIRaSRE, mMAERMITERERNREXEE, HARE
XEE, BAARERASR IR TX L, B SRERT S U Ld R,
RERVFAETTIREZE 0 WA SEBRA, BRISAR,

2.1.1 SERREMR

BORBATIERRIR A RBEIL B, EATERREARRIFE — I, BUAETRZN HLIX M DNEIRRIRR, mERERTTTA
AR, BITRMADNRE, FFREEIER eI AN S RE. XA PG 75 CRENS S A
KGN, (EBFERRRRRTE,

— 75T, HECAHERRMAPA S TR, BEOHAC B 25 AR MERE,  HRnER G RN, Bk A 19iBfT
I R EE % B A (BAES — BRCE AR RN, AIRESEARRIMIREE R, XEWE A T ZAE AL
e BTN, SEiH-FIgReR, miXR AR,

—7iH, ROt RIMAIERFER IR, M ABIRRERA, FRSRIHARRER, B, FEHA
BEER/NY, B A RSITIE ELRTS B A, MEM ABIERECRN, Mg RATsea e . Fit,
TREFWRIIE R, BANTEZMK SRR ALEE, X ZEFEFARRI TR R,

2.1.2 IBigEE

T SZFRMN B A BRI SRR, R ERATAT A EAGEIE — S T FOR A BRI AR, XM 577 IR PR
FHMEE ZE S (asymptotic complexity analysis), RS ZE D4,
5% AT RES PR B LIRS AT A i AN TR AD 23 ) B3 R 5 i A B /N Z BRI E R EHEIR 1 A f A B K
NIRRT RN A2 MR RS, XN E SCREEH T, BATTAT DAL 53 9 = B RCR PR AR
- “INTRIFIZS AR 53RN M BTIBIE R (time complexity) FIZEISZE (space complexity)o
- BB ARG BWE S SRR M T BIRB TR S M AR R R Z AR,
- CINNRAIES R FORE RE TR RIS TN B S A S AR EARE, T2 N R B
KR g7,
EARNE IR T SERR AT TR B, ARIAE DU N7 T,

- RS TRAIAGL, AHSERER TS T A,
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- ERT DA B R S RERRR, TR REE R P RRIATERE.

Tip
GRRARAN BRI SBBIN R, TAUELD, BIRTERLEE RGN,

AL BANTRAE T —JCPHERIERCRE “FrR”,  BEHATTAT DA S AT B SR Al 75 B IRk TR 2 ) B3
IR, MHARREERZ R,

SRR MCEMS, N T RFE A REILRMSR, FIMEEAN RS, WX PNAEEE, EREHATREAK
EETENRIEM AN, R, HENMTNER N AR s RRRIR R, XE DL 2 oA HIa T A
ZE R L

Zr LRTIA, EUIRERA S SI BRGNS RIRZ R, JOMERE NP TR, DARERENSSE Rl
TR 7 hT

2.2 FR5=

FERES, EEPTEMESRRE LN, B5ERENHTERMEX, B, 1EM R R 2 R 2 2
JEZAT, BAVER T RAMTER RSB EEMITIESS, HIMMEARRREFERIa: ER0 #H,

2.2.1 #%

&R (iteration) B2 —MEEHRITHR MESHIIZEHIGH, fFIEH, BFEIEMLE ERRA FTEERITRE
g, BRI,

1. for &IF

for TEMVERHE WANERIE A Z —, BEERVERIEIRRKBINEER]

PAREREEET for TR TR 1 + 2 + -+ n, RMGERMEHZE res Id5%k, TEFEMEZ, Python
W range(a, b) MMHIXELE “AHEAH W, NMAEGEESN a,a +1,...,0—1:

// === File: iteration.java ===

/* for fEIf */
int forLoop(int n) {
int res = 0;
/] BRI 1, 2, ..., n-1, n
for (int 1 = 1; 1 <= n; i1++) {
res += i;
}

return res;

A 2-1 %K B AR AE
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i miadk

B 2-1 KA R A

ESRAT R B RO S A BER R/ n RIELE, SREBR “RIERR7, SLhr Lk, IRRIEAERERN
A “RIERRT, HXNBRRTE N TN 4.

2. while f&IF

5 for fEFARLEL, while fEIAMLZE —RSCINERAITTE, F while 1B, RFERAXTRERMS, WRA
HFNE, WERSIRIT, & NIRLESFRIEA,

TNHEFAIA while FEARIIKFN 1L +2 + -+ n :

// === File: iteration.java ===

/* while f&IF =/
int whileLoop(int n) {
int res = 0;
int 1 = 1; // ¥BLKEEHETE

/] TEFRKRM 1, 2, ..., n-1, n
while (1 <= n) {

res += i;

v+ /] BEHTE
}

return res;

while fi§¥H L for TRIFHIEIHIBE S . £ while TE3AH, FRATTAIDAE fbis i 56 AR 28 BRI RI AR (LRI 8 37 20

BIAnfE A ARD R, SRR o AT, IXAIE O A AT ] for TEPRSEEL:
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// === File: {iteration.java ===

/* while TBIF (FXREH) */
int whileLoopII(int n) {
int res = 0;
int 1 =1; // ¥RUFRHGEE
/] TEIRKRAN 1, 4, 10, ...
while (1 <= n) {
res += i;
/] BREHTE
1++;
i1 *=12:
}

return res;

SRV, For TRERMAGICASSEMER 2, while DEPREMRLS, WHEHARA] DAKIENLEN, W A — 5%
AR (PR TR KR DU

3. #WRERRF
ST DUt — MRS — MBFREEA, FDA For HFR P
// === File: iteration.java ===

/* WE for &I */
String nestedForLoop(int n) {
StringBuilder res = new StringBuilder();
/] ®BF 1=1,2, ..., n-1, n
for (int 1 = 1; 1 <= n; i++) {
/] &% j=1,2, ..., n-1, n
for (int j = 1; j <= n; j++) {

L R WY

res.append("(" + 1 +

}

return res.toString();

A 2-2 BIZRETEARTARAE K,
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SMEER

2-2 RENEIRIFFEAE R

EXFEILR, REIRIERIR S n? BUEL, s BERISTI AR ABIR AN n R F KR,

BATAT ARSI E G, B —KIRERE R “THE", RN EERERSE LT RR" “TWRTT
KAR", DU,

2.2.2 #3

B3 (recursion) J2—MREIRRN, 1@ EREGE B S RMRMR, ©FEZEEH .

1. 38 R ABTRAMIER B S, WEEENENSCERLSE, BRRE] “KIERA7,
2. 1 il “RIEERMET G, BREMAREEAEBAREOHEZRIRR, CRE 28R,

MM A EE, B EEAES =PER,

1. 2ab5fF: AT OREMf RS %™ 8% 177,
2. B X 7, REGAR B S, EEEAENSERLISE,
3. BIIEER: XM 7, R HRNEITRKHIEEFIREIE )R,

MR LUTRES, BT FVAHEE recur(n) , BEAIBAZERR 1 + 2 + - + n BIHHA:
// === File: recursion.java ===

[* BT */
int recur(int n) {
/] BLEZHE
if (n == 1)
return 1;
/] & B)IEA

int res = recur(n - 1);
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/] VA REILER

return n + res;

& 2-3 JB/R T IR AIE VI A2,

AT 8" Bt 93
recur(n) return n + ((n-1)+.+2+1)
| A .
recur(n-1) return (n-1) + ((n-2) +..+2+1)
recur(4) return 4 + (3+2+1)
recur(3) return 3 + (2+15
} e
recur(2) PP return 2 + (1)
l LR —/
recur(1) return 1

2-3 SRAIREHIEIH SRR

AN AR, RG0S BRI R, BEIREE T MiRhoe 2R A 84 R R R S 6
X,
OB PR MR, MRERIO IS, AR e B IR, HENE S5,
O P R R AR, KRS N MG T, X T A A A R
B RN TR SRS NI TR, SR AU 2 1E A AR EATHY),
DA ERSRAIEHONE], A f(n) =142+ +n.
- ORI IR BCRAITRE, M 18IS n, SEHRTRAERE, BIRRE f(n)
R BIEA N T f(n) = n+ f(n—1), RIF GEITHY) SR FE, AERAER £(1) = 1
2k,

1. A%

BITRBER OO B BN, RIS FOTRR RSN, DFiERERA R, 1A bk A A R 5,
XK SN 75 RIS R

- PR B SCBURER A R ERR D RS B X, EEREBORMEA SR B, #H
M LB ACE IFE SN AE 22 Ml
- SBUTVA A RS AR BN TR DRI I Y EEARER AT 353 SR
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N 2-4 FoR, EMAZIESARET, FINFE n DARIREREITEE, EHEEN n .

AT “@" Bt 93

recur(n)

|

recur(n-1)

|
|

EERE recur(4)
! }
recur(3)

!

recur(2) Py

} iR
recur(1)

2-4 IR

FESERRA, GRiEiE S RVFRRIREE R R A IR, RIS AT RE S B B IR

2. @&

B2, WREEALEIR DR RG —P A TERHEE, WZRET DA dm it as sl R ae ik, REAES
AR ES5IEAMHY, B NEZEYT (tail recursion),

- @B HREOREE) E—BRREEYE, FEASHITRE, HERSAFERT L —BREAN LT
o

- RIBIA: 3BT VE R R BOR B AT ARG — R, XEWE REOR PR E—Bn, TSI T H At
BrE, RIERGTHRT L — 2RI LTS

DUEE L+ 24 - n B, el AT DM S5 R L res WOWBISUBHL, TSRO
// === File: recursion.java ===

[* B&Y3 */
int tailRecur(int n, int res) {
/] BLIEZH
if (n == 0)
return res;
/] EB&)3iEA

return tailRecur(n - 1, res + n);

BRI TIE RN E 2-5 FiR. X ELEIERBVARIEIE I, P BISRAERIERI T RO AN FIRY,
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- OHEE: SRR 7 FERETHRTE, SRIREEEE BT ORI,
- RIEB: SRAHRERAE “E#7 RIREPHITH, 97 R RFREEERE,

AT “&” mEt “3”

recur(n, 9) return n+..+5+4+3+2+1

recur(n-1, n) l retTurn N+.+5+4+3+2+1
l retTurn Nn+.+5+4+3+2+1

recur(3, n+...+l5+4) retTurn N+.+5+4+3+2+1

recur(2, n+...+l5+4+3) retTurn N+.+5+4+3+2+1

recur(1, n+...+l5+4+3+2) oy retTurn N+ .+5+4+3+2+1
| wisg |

recur(@, n+.+5+4+3+2+1) return N+ . +5+4+3+2+1

2-5 RIBIFERE

Tip
TEER, WemiEass@Red A SR EIBEIAME, BN, Python BUANASIHFRE@IAMAL, KIRD
FERBUR IR, HIRATRESIB B M Hi A,

3. &3

MALEE A7 MHRRBEIAREN, @I AR BB EINE L. RS E NS, P “EEGI S
Hl,

Question

HE— DA E0,1,1,2,3,5,8,13, ..., KIZEINIHE n NMEF,
BRI AREEBINEE n DTN f(n), DEMDLEL,

- BB F(1) = 0F f£(2) =1,
- BEIREE A RO, B f(n) = f(n— 1) + f(n—2).,

TEIOBHER RMEATIEITEA, KAl MR LIRS, RS B, A fib(n) BRI 12 2EHK
RIS n DR

// === File: recursion.java ===

[* ERARRERT: w3 *+/
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int fib(int n) {
/] BIEFMH f(1) =0, f(2) =1
if (n==1 || n==2)
return n - 1;
// BIFEA f(n) = f(n-1) + f(n-2)
int res = fib(n - 1) + fib(n - 2);
/] BREIZR f(n)

return res;

—

X

BB 1 RTS, TRITHE BRI T ARG, RO M — A T RA A%, W1 2.6 7
7,

XEEARWNBETVE R 2, &G4 —RRZEEC n 3&Y34 (recursion tree),

f(n)

f(n-1) f(n-2)

f(n-2) f(n-3) f(n-3)

f(n-3) f(n-&4) f(n-4) f(n-5) f(n-4) f(n-5)

f(n-5) HOE))

B 2-6 IRIRELELHIIE IR

MWARBL LR, BIAERBLT KRB ENF R FEEERN, XM IaRIEEREE,
- WEIEAEE, #R HiE. B o6, sSIKISE 2 B RTA RIS B RE el Al A T xR
Ti 3o
- MWEHESHAER, BIARRKESCEEER, RAERAEKRE, FKOAErHERIES A6 B8 T2
o

2.2.3 FmENL
B EAE, WK 2-1 FoR, SRS, MERERNE M LA AR,

*®2-1 IEEBEAR R
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JESA 119
SKHT JEIRGER EREIE B &
2
IR ReREERE, JCREO0ETTH BHR R B S 27 AT
%
W HEE RN AR SABR B FH AT RE (R R R A AR s ]
H
EHE ERTRAIEAMES, IGEN, TR SR TR, W, B A [IRSE, REEEHRETE.
i a3 GLU
Tip

ANSRURETE DA S NN R, RIDATERSE KR ETEERE S,

Mz, BB EAE T 2NIERRRIE? DLEREBIAREOH], SKFEIBREEEIAR 77 BB T, XER
A BT P B R EUSR PR b2 5 SE ARHOR AN RY, IR TAEHLHI S %A “Te AR ISt ) 1,

R, AT M SR XIBARTECERTR 7B SR AN ETIR R,

L. 3 HEEARN, RAXME WK EONZE B EORRIEM, H TR R TR, S
IR [l R E R
2. VA: HRBGERRPUTHIREIR, XA VAR ERRR, TR AR BRI TR,

RItE,  BRATTAT DA — A R BR B AT R,  IREE I 5L (IR

M

// === File: recursion.java ===

[* ERIEREREYT */
int forLoopRecur(int n) {
/] ER—TEXNERIE RS A%
Stack<Integer> stack = new Stack<>();
int res = 0;
/] & B)FER
for (int 1 =n; 1> 0; 1--) {
/] GBI NIRIRET I B
stack.push(i);
}
/] V3 REILEER
while (!stack.isEmpty()) {
/] B HIRRET &I 37
res += stack.pop();
}
// res = 14243+...+n

return res;
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ME LA A, B AFAACONIENG, EEREMER T, REERANEIERZEILN AT LA,
EA—EERIXAEM, A LA RR A

- BRAUSAOACRD FTRE SE AME DAREAE, RIS 2=,
© ONTHEEE IR, ARIIRGEE AT AT R AR R

Bz, BEEROERIBITROET R MR, EgESCEerh, DM E RIS FHRIEESE RS ER 7T
REXREE,

2.3 BHaE&E

BTN TR AT DBV EL TR S BR TR . an SR IRATTABHERA TG — B ARG HTIS T TIN R, R IZ ARl R ?

1. Wi e, BEEAIE, REES. RENES, RXUERFHSTMARNIBITHR,

2. WSS RIRMEFT RIS TINE), BIANAEIRIE + T 1 ns, FEHRME « FE 10 ns, FTEIHRME
print() FE 5ns %,

3. G R RERE, R EIRERSATIN AR AT, IS ES1 T A,

BIantE LA B, F ARHERAN A n

/] EEEBETEET
void algorithm(int n) {
inta=2; // 1ns
a=a+1; //1ns
a=a*2;, // 10 ns
/] &% n X
for (int 1 = 0; 1 < n; i++) { // 1 ns , BHREERIT 1++
System.out.println(0); // 5 ns
}

MAEALTTE, FIDMSRISIARIZ TN DY (6n + 12) ns :

141410+ (1+5) xn=6n+12

H5PR b, SHHRERSITINBIBEASPEIABS:, &, BAIARERHENEZTFaE, HE
ERBEESIARKTG EisfT, Bk, BRI SMERERNB TR, X4 GE TR 17RO
1:38

2.3.1 FitBFEEKESE

I B 2 2% E T SE AR RRISATIN ], MR BRI AT Tl 25 2 KI5

“IFRE KT X BRSNS, A TEE — MR AN CAREAR, B ABIR KN n, BEZAEE
A, BFIC:
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29

/] B A WESERE: BHM
void algorithm_A(int n) {
System.out.println(0);
}
/] BiE B MBS RE: ZIEM
vold algorithm_B(int n) {
for (int 1 = 0; 1 < n; i++) {
System.out.println(0);
}
}
/] B ¢ WNEERE: BEM
void algorithm_C(int n) {
for (int 1 = 0; 1 < 1000000; i++) {
System.out.println(0);
}

B 2-7 @R T DA E =N RIRER BN TR A 2

- RBIRARE 1 ATERME, BRI REIARE n B K, BAPREEIRINEE2EN “H

V758

- BE B RATEMRIERENEIA n X, BIRISITNRBEE n HARBLME K, BRI RS 2 E R

N MR

- RIR CPRUTENR(ERREAERA 1000000 X, BRI EIRK, HESMAZIEA/N n X, Fitc

RO TRV 2R RN A AEIR], (T5h “HEER

1000000

BiE C - H¥b

Bk B - SR

BB THYAE] 10
5 /Mm
0

] 1 2 3 4 5 6

BNBIER N
n

7 8 9

& 2-7 RIKA. B CHINFEKES

M T BRSO RIRAIBITIN AL, - AL 2B AT TR g ?

- NS AERES ARG RIERCR, Blan, ik e MIBITIN R BLMIE K, £ n > 1 NHEE A B8,
f£ n > 1000000 I ELERTE c 18, FsL b, HRERABIE N n KR, BREN “HHH” 1EE

T MR IR, X R E RS
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- IR AERHER R ERME, B, 1817 e R RIS RIRS TN R K BT,
WETER R A% oA, FRATTAT DA B R BT A T SRR BRATIN RO AR “ B TRD ™, AT RS
“WRBEBTNRSH” fihy “HERIERESH, A RAEEAE AR T

- IR AE A ERR RN, fln, RERR AN C (N RIS AR, ESFRaiTh R ZH1R
Ko [FIFE, REGEMNHEREL &, EEMABIERN n BN, BiEsMEMTHEEC, £
LG, BAMRMECCE R RIS 28 HIMT R SR SR, REFE LRRE, SR
SRBIPHIEIRRCR e R HH R,

2.3.2 HEARA LS
BE— AR n HIEEL:

void algorithm(int n) {
inta=1; // +1
a=a+1; /] +1
a=a*2; []+1
/] &% n R
for (int 1 = 0; 1 < n; i++) { // +1 (BHEHIT 1 ++)
System.out.println(0); /] +1
}

RAIENIR R R — DR TRALIE RN n R, 128 T(n), WAL RS ERIESE:

T(n)=3+2n

T'(n) &—REAEL, BIPAHISITIN AR KBS RN, I E RN RIE AR R

BAPELMEM PN E 24E 128 O(n) , XMECEFERNIK O 125 (big-O notation), FREEE T'(n) 1Y
ik 5 (asymptotic upper bound),

I RIS A E AR R “BIEEE T (n)” WEnE B3R, ©EAIAIECEE X

6T
EFAEIESE c IS ng , FENTRAER R > ng, HET(n) <c- f(n), WA f(n) &
T T(n) —MNE LS, 128 T(n) = O(f(n)) -

e 2-8 AR, HEENE F RS NEE f(n), #1524 n@RTIHFARN, T'(n) Ml f(n) & TAER
ARG, SUEZE—NHEIR ¢ BIREEG
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c-f(n)
T(n)

HR{E e

/

@ 1 2 3 4 5 6 7 8 9 10 11 12 13 14
BNBEEA/DN n

4 n>n, B, $BEH c-f(n) = T(n),
EtaiAA f(n) & T(n) N—PALELR,
127 T(n) = 0(f(n))

K 2-8 PRECHIHTIL B

2.3.3 #EGE

Hk SRR LA R, WURIREIE IR A e 2B, I, AT DR EIRER T, AN
SRR, EAT DUR S HAE TR

RIEESN, WE f(n) 25, BAMETEZINEERE O(f(n)) . BAWAIHERIL LR f(n) We? Bk
NP BRGUHREE, REHINTENL B

1. -9 it EHE

EORREE, BATM EBIRIHERIAT, i, BT Rk c- f(n) REOEEI ¢ AT ABUERR/D, BRIV EEOR
T(n) PRI MREL HBORERT LUK, FRIEHEN, AT USRS DUR TR,

1. 2W T (n) prEOH, FOOENTERS n Jo5K, Fr DO RIS 2% BEAN = A2 A,

2. BWPAERE I, 1855 2n k. 5n + 1R, #A]LURIKIC N n ik, B4 n AR REOS I R 2
TR R,

3. PN R ERHMERIE . SHREREETINREIAIN RGN R A, 5 RIEMRIAA] P74
B 1. A5 2. KT,

B — R, BATTAT DU IR B Rt T R E R

void algorithm(int n) {
inta=1; //+0 (KI5 1)
a=a+n; //+0 (5 1)
/] +n (%15 2)
for (int 1 =0; 1 <5 *n+ 1; 1++) {

System.out.println(0);
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}
// +n*n (715 3)
for (int 1 = 0; 1 <2 * n; 1++) {
for (int j =0; j <n + 1; j++) {
System.out.println(0);
}

PURAZER T BRI S NGIHEE R, W& R R 2REE N O(n?) .

T(n)=2n(n+1)+ (Gn+1)+2 5e8GLH ()
=22+ 7Tn+3
T(n)=n>+n gt (0.0)

2. B HEREE LR

IR AR T (n) HEREHIBORIGE, X Z2ENTE n TS KN, &ML ELSIEH, Hit
TRHSEM AR AT DA

*® 2-2 R 7 Ly, H—E5ikpERN 7oA “RECCIEBEINET X 45, 4 n BT RN,
XEHE ARSI R R,

2R 2-2 AN[FHRAEECRRT B R 2 2 8

BERR T (n) R 24EE O(f(n))

100000 0(1)
3n+2 O(n)
2n? +3n + 2 O(n?)

n3 4+ 10000n> O(n?)
2" 4100001009  O(27)

2.3.4 FER¥EH

R ABHER NN n, H R RIS RN 2-9 s (B IR MRES BIHES D o

O(1) < O(logn) < O(n) < O(nlogn) < O(n?) < O(2") < O(n!)
TR < WER < ZRMEH < SME < FIk < a8 < Bk
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HEIRERE
T(n)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

BNHRAN
n

2-9 H DLAII TR 2 2R

1. =M O(1)

W RIRERE SMABIE RN n ToX, BIAREE n BT,

EHE o(2n)

F5B 0(n?)
145 o(n)
H#PF 0(logn)

BHE o(1)

MiEE

MEES.

TEDURER#h, RERIEEGR size WRERK, EHTHSMALIEN n K, FIHNRERETN O(1)

// === File: time_complexity.java ===

[* B */
int constant(int n) {
int count = 0;
int size = 100000;
for (int 1 = 0; 1 < size; 1++)
count++;

return count;

2. %M O(n)

LRIER R FECEAD TR ABUE R/ n EMGGIIE K, SelERE e B2 0E A

// === File: time_complexity.java ===

[* MR */
int linear(int n) {
int count = 0;
for (int 1 = 0; 1 < n; 1++)
count++;

return count;
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S TR 5 B 2 SR I L ARIERT ) O(n) | Hooft 10 oML
/] === File: time_complexity.java ===

[* &R GEHERE) */

int arrayTraversal(int[] nums) {
int count = 0;
/] ERRBSEAKERIEL
for (int num : nums) {

count++;

}

return count;

ERFEERZ, WABIERD n THIEMABHERADR BRI, LaES — REIF, 28 n ALK
RN AR ARBIT, BEHKE n MEHEAR/.

3. FHH O(n?)

T W R ERCRARD TR AR RN n DOFT SIS K, P TBNE R HIEREIEA T, INZEAINER
TEFRIII R 28 O(n) , RUILEARIR RS 250 O(n?) :

// === File: time_complexity.java ===

[* FEFHH */
int quadratic(int n) {
int count = 0;
/] BEFRREEEIRERN n HTEHXR
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
count++;
}
}

return count;

& 2-10 X EL T H BB, SlMERFIT- 75 i =R A2 2%
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&% n &

&% n & & n &
1R

0 @ @

BB S A At iE) 88 2R EE B fEl R A
B8M 0(1) LM o(n) EAK 0(n2)

(] RE—titmme

B 2-10 WM, LRMERFNF- 75 B [ 2 2%

DUEHE R, SNEIEERATT 1 — 13k, WEEFMAITn — 1 n—2, .. 20 13, T n/2 %,
WIS ZER O((n — 1)n/2) = O(n?) :

// === File: time_complexity.java ===

[* EAM (BaHE) */
int bubbleSort(int[] nums) {
int count = 0; // IT#iEs
/] SMER. RHEEFEXER [0, 1]
for (int 1 = nums.length - 1; 1 > 0; 1--) {
/] RIER: BRHFXE [0, 1] PHSRATRERIEZXENREGIHH
for (int j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
/] X% nums[j] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
count += 3; // TTEXREE 3 MNETIRE

}

return count;

4. 188 O(2")

VAR AR RIS EI R R AR WIRIREON 1 MM, ARAEER 2D, ARMRE
TR AN, DULSEHE, 2R n R 2" DI,

[ 2-11 FI DA R AL T A RS RE, WREREN O(2") :
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// === File: time_complexity.java ===

[* B (BIREI)  */
int exponential(int n) {
int count = 0, base = 1;
/] ARSRY—7A=, FEEH5 1, 2, 4, 8, ..., 2°(n-1)
for (int 1 = 0; 1 < n; 1++) {
for (int j = 0; j < base; j++) {
count++;

}
base *= 2;
}
// count =1+ 2+ 4+ 8+ ..+ 2"n-1) =2*n - 1

return count;

23t BEH
BE—9H= TRYE

: ﬂ
0 CI
? 0 0 9 -

M A A
N T e
[:j . [:]." [:] . [:]." [:] . [:].” E:].u [:] 2n-1

IR (BRI SR Rl e
204214224 4 201 = 20 $E8H 0(27)

B 2-11 FEE I A2 A

1k

// === File: time_complexity.java ===

[* FEERET (BBYIZIM)  */
int expRecur(int n) {
if (n == 1)
return 1;

return expRecur(n - 1) + expRecur(n - 1) + 1;

N
Pl

FELPREES, TERETHE MBS R, BlanE UM T, KB —h =, & n ROREE
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TERM S AR R IR, 5545 (BAER, BISE) PIHURE . N TEIRMREECRII M, TR A
AIREAZHY, TR S SR S O BRTR T RO,

5. 3k O(logn)

S8R, R T ARSI AEOL. BRMABIERN N n, BT ESRLERE A,
HARFRRECR log, n, BT 2" IR BREL.

[ 2-12 I FARFSEHL T “BAeAmE L 1, AEZEY O(log,n), Mtk O(logn) :
/] === File: time_complexity.java ===

[* EEY (BFEI)  */
int logarithmic(int n) {
int count = 0;
while (n > 1) {
n=n/2;
count++;

}

return count;

BANBEKERA n sEEE 1 1

£ |~

s

HEIRER piE]E A
log,n +1 %&b 0(logn)

~

(]

[y

B 2-12 AR I A1 AR
SRR, Bt BT IR, DU T — RSN log, n KRR :
// === File: time_complexity.java ===

[* EREY (BYJAEIM)  *+/
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int logRecur(int n) {
if (n <= 1)
return 0;

return logRecur(n / 2) + 1;

X BT T RRISHEIES, AT A2 O EONRET MEREE, el KRR, 2
AR T H B A A I TR B2 2%

O(logn) MIRBUZZ/D?
KL, “— 9 m” MMM EERER O(log, n) . MHEMBHRAR, HiTAUSEEA
ANFERE. MR A 2

O(log, n) = O(log, n/log, m) = O(log, n)

WaRREE, JRE m A DTEAIE AR N, HLRMMBFE AR m , B ER
i2h O(logn) »

6. M O(nlogn)
LM BT EEIA R, BB E 2 E 25109 O(logn) f1 O(n) o MG :
// === File: time_complexity.java ===

[* MR */
int linearLogRecur(int n) {
if (n <= 1)
return 1;
int count = linearLogRecur(n / 2) + linearLogRecur(n / 2);
for (int 1 = 0; 1 < n; 1++) {
count++;
}

return count;

2-13 JEoR TEMER BN AT e ZXMHE — BRRIEREE n, WIH log, n + 12, HILH
FE&EHN O(nlogn) .
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EEMNIZEREH
n 1=n
Zx2=n
$# log,n+1 B
% x & =n
HEIREREN
nx (log,n +1)
I BB ER®E
1R 1k 1R 0(n togn)

&

H
oF
H
x
=
"
=
A\

B 2-13  Zelhxt B A A2 2

FinHF BN A EREREE R O(nlogn) , BlANREHETE. TIHHET. HHEIPE,

7. BB O(n))

SRR A B “ e B, B n NEARSRTTR, KEARTRERHITTR, 77REEN:

nl=nxn—1)x(n—2)x-x2x1

B s A, s 2-14 MACMUEATR, SB—BRaRE n D, BESRE 0 — 14, DU
#, HES n BRHEEDH:

// === File: time_complexity.java ===

/* BASRRY (ZBYIZIR)  */
int factorialRecur(int n) {
if (n == 0)
return 1;
int count = 0;
/] M1 ASEE A
for (int 1 = 0; 1 < n; i++) {
count += factorialRecur(n - 1);
}

return count;
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EEHN RN
DRHE TRNE
n n
n-1 n(n-1)
n-2 n(n-1)(n-2) - #£n B
1 n!
2HTINARY (AIRKENT SHE) EERE
nx (n-1) x (n-2) x .. x 2 x 1 = n! FisEBH O(n!)

I 2-14 el I A2 2

HER, ERGn > 4WMEH n! > 27, FTDANSRI BRI RIS E R, 1E n BRI A A2/,

2.3.5 RE. RiE. FYHEERE

FHARIN MR AR BEER), miSMABIRR AR RmA—DRKEN n (EAH nums ,  Hip
nums FIM 1 5 n BPECFARR, M RHBL—K; ETRITZEEETELR, (55 BAR2IREDTR 18
K5lo FATTATLASH LAURES IR,

W nums = [2, 2, ..., 1], HPHARRTER 1M, BEERmEe, KERERFERE O(n) .
% nums = [1, 2, 7, ...], ERSEATEEN LI, FIREAS KA EERR, BRI
0 Q(1) .

“EREMN A" NN EEHENL B, AR O IL5FoR, MR, “RAERN RS XN EEHNL N5,
IROAGRSE 7

// === File: worst_best_time_complexity.java ===

[* ER—NEEE, TER {1, 2, ..., n}, WEWITEL */
int[] randomNumbers(int n) {

Integer[] nums = new Integer[n];

/] EREAE nums = {1, 2, 3, ..., n}

for (int 1 = 0; 1 < n; 1++) {

nums[i] = 1 + 1;

}

/] BENITELE A TTR

Collections.shuffle(Arrays.asList(nums));

// Integer[] -> int[]

int[] res = new int[n];



B2 SREDH hello-algo.com 41

for (int 1 = 0; 1 < n; i++) {
res[i] = nums[i];
}

return res;

}

[* BEIEEA nums FRERFE 1 FRTERRSI */
int findOne(int[] nums) {
for (int 1 = 0; 1 < nums.length; i1++) {
/] BitE 1 EEALERY, AREIRENEISERE 0(1)
/] BtE 1 EEARRN, AERENEISEZRE 0(n)
if (nums[i] == 1)
return i;

}

return -1;

AN, Bl HESERRr R BN 25, R S AR MBS R A REIAE, ATRERHR
MRS, TREM AT E I, FNCHAE T AR R A, R TR AL H A B0k,
ISR MUAT DA th, R 220N A I R S 2 L BT S PRAO SR, XL By L B
ATREMVN, HERREESH R AIE TR, M T, TR 5 4405 il APK DU PEAERG LA A S I
SBITRCR, O L ERET,
TSR, Tl TAT AR 2 R RS S RO TR, Hn SRR, BT AR B TAL
9, PIHETEE | HBIE LR RS BRI R AR, TSR TR RSO R AL K —F n/2 |
P 2200 ©(n/2) = O(n) .
(B TFHONE A, W LTI I 2 B R AR, RO S HT BTE SR A R OB RS 17,
TERREITR, TR0 S (T 5 25 M B 2 (A S MR BRI

I LRDES O 1552

THERT O 7P FRINTE O, FULTRTE B (R CoR R AR I A, (B AR S L, 3%

R ARG, A BRI, ZBR0 “EYNAERE On)” WRE, WL
HERN O(n)

2.4 TEERE

FEEFE (space complexity) F &R A G HNEZS BIRESE IR &2 KA KES, XMHES 5 A
FEAER LML, RAFTH BITREY Bl “SHENESR,

2.4.1 HZEHEX=iE

BIRAEIBATIE AR A B FT R A A 23 1R R 2008 DU R T LRH,
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- FAZEE: T EEIRA R AR,
- BN AT EERIAEBTIREPIER, MR BRI CERE,
- FHEEE TR EIRA R
—RIET, TRSXRENSIEEE “GF2A” L M,
B A a] DO~ =107,
- EERYE: ATRERRISTEEPISE R, TR, HRE
- Bl T ORAE VA H BRE R SR, BRGEE R IRIA RN E S AR VTR A A — M, PR EK
IRIENE, A A SR,
- RN AT RERFEIRFES, EXRRSEEREALL,

TENT —BAE PR MR R, BANEFE ST A8, P Mg B =387y, & 2-15 fr.

BEHRTEEERENSITHER

AL

4 B
BAZ(E HEiE) M siE
BWANEE TR ks 6
Heizsia]
EsRegesi )

B 2-15 REH AR

FRAHESAT T :

[* 3
class Node {

int val;

Node next;

Node(int x) { val = x; }
}

[* BREL *+/
int function() {
/] BATHELIRE. ..

return 0;

}

int algorithm(int n) { /] BENEE
final int a = 0; /] BEHEE (B8)
int b = 0; /] BEFHE (T8)
Node node = new Node(0); // BEFEIHIE (WR)
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int c = function(); // t&m=siaE] (R EE)
return a + b + c; // HHEE

2.4.2 WHAX

A AR IR SN S A REORIE, HA G SN “RIEER" By “RERIS AN,
T I 28 R R, RIS TR A A A, X R R A4 R — TREPE R, A 1470
HRAE T SR 0 RS P72 23 T
WELL FAE, BES SRR R AMEE L.
1. DRSS % n < 10R, 282N O(1) ; B n > 10 K, PALKEEL nuns &
A O(n) %2, FILEEZRELEN O(n) .
2. DUSEMRISTTHRIIVEIEINAE Il : B0, FRFFTERTRIG —1T2 80, ST O(1) %50 SWMAMEE nuns
i, FRREA O(n) %5, RILEESFEAEN O(n) o

void algorithm(int n) {

int a = 0; // 0(1)
int[] b = new 1nt[10000]; // 0(1)
if (n > 10)

int[] nums = new int[n]; // 0(n)

TEIBIARRELD, WEERST TR f], W5 DU ARG :

int function() {
/] BATELERE
return 0;
}
[* EFB=REIEREN 0(1) */
vold loop(int n) {
for (int 1 = 0; 1 < n; i++) {
function();
}
}
[* BPANZTEIERET 0(n) */
void recur(int n) {
if (n == 1) return;

return recur(n - 1);

B8 Loop() Fil recur () IR Z4BEEEH O(n) , {HZSIHI G 25 BEAR T,
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- PREL loop() TEMEIAHIEA T n X function() , BT function() ASIREIFHRERR 7 Az |, Ktk

ZEREAETN O(1) .

© JBVAKEL recur () EIBTTIIFEH R FNTELE n DARIREI recur (), MIifidi A O(n) FIARMIZS (A,

2.4.3 ER¥}EH
WHABUER N n, B 2-16 JBR T WIS E 228 (MR & HES))

O(1) < O(logn) < O(n) < O(n?) < O(2")
W < X < RYEH < PO < HREG

EBBR 0(2")

5B 0(n?)
REZEIXN 14 o(n)

HHE 0(logn)

B o(1)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

HINEHEAR )
n

& 2-16 & UWLAYZS R & = eml

1. B O(1)

R HE A THESMABIERN n EXFER, ZE, W,

TEERRE, EIERPOIG AL 8808 H & S RN, EEAN T EINE SR, BEARER

Uk Az, SR A O(1) -
// === File: space_complexity.java ===

[* BRER */

int function() {
/] HATHELRE
return 0;

}

[* BEM */
voild constant(int n) {
/] BE. TE. ¥RHH 0o(1) FE

final int a = 0;

MEES. MEEE
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LR W T L REE S n BUELLIEEA, B8R, R BB

/1

/*

int b = 0;

int[] nums = new int[10000];

ListNode node = new ListNode(0);

/] BEFRHRNTESA 0(1) =E

for (int 1 = 0; 1 < n; i++) {
int c = 0;

}

/] TERRRERER S 0(1) =iE

for (int 1 = 0; 1 < n; i++) {

function();

15K O(n)

=== File: space_complexity.java ===

LR */

void linear(int n) {

/] KER n BEAEEA o(n) =iE

int[] nums = new int[n];

/] KER n B95IREA o(n) =il

List<ListNode> nodes = new ArraylList<>();

for (int 1 = 0; 1 < n; i++) {
nodes.add(new ListNode(i));

}

/] KEA n MNIEERSA 0(n) Tl

Map<Integer, String> map = new HashMap<>();

for (int 1 = 0; 1 < n; i++) {

map.put(i, String.valueOf(i));

auiE 2-17 poR,  EREERBIEREA n, BIRNZLE n DNARIREE Tinear_recur() H¥L, M O(n) K/
A= [A)

/1

/*

=== File: space_complexity.java ===

LM (BJAEIM)  */

void linearRecur(int n) {

System.out.println(" Y3 n = " + n);
if (n == 1)

return;
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linearRecur(n - 1);

HTF “&
linear_recur(n)

linear_recur(n-1)
BIBRE J l’

n | 1
linear_recur(2)
1 bz
LIERG

linear_recur(1)

HEEIIEAENRER n
HEA 0(n) HHEHIZIE]

mE “3”

return @

T

return 0

!
r

return @

T

return @

FiEERE
LR o(n)

Kl 2-17 JBVARREG AL RZRIE R 23 [ A% i

3. EBHO(n?)
SRR E WA, TTREES n BEET KRR
/] === File: space_complexity.java ===

[* FFHM */
vold quadratic(int n) {
/] %S 0(nr2) =i
int[ ][] numMatrix = new int[n][n];
/] ZHHIREA 0(nr2) FNE
List<List<Integer>> numList = new ArraylList<>();
for (int 1 =0; 1 < n; i++) {
List<Integer> tmp = new ArraylList<>();
for (int j = 0; j < n; j++) {
tmp.add(0);
}
numList.add(tmp);

N 2-18 FoR, IZBREABIAREN n, B DBIARERHEIGL T —ME, KE2H0 n, n— 1,

L 201, CEKER n/2, HEERSE O(n?) 2:
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// === File: space_complexity.java ===

[* FHM GRIFEI)  */
int quadraticRecur(int n) {
if (n <= 0)
return 0;
/] BA nums KEHN n, n-1, ..., 2, 1
int[] nums = new int[n];
System.out.println(" Y3 n =" + n + " FM nums KE = " + nums.length);
return quadraticRecur(n - 1);

B nums KE AT “&" Bt 93”

( n ~——+ quadratic_recur(n) return @

n-1 ~———+ quadratic_recur(n-1) return @
BARE }. .y
" | 1

2 ——— quadratic_recur(2) | return @
1 =g lm gt 1

L 1 ~——+ quadratic_recur(1) return @

EE MR B PHALT — A, BRER SlRIERE

1+2+ ..+ (n-1) + n = n(n+1)/2 E5H 0(n2)

2-18 38U pRAS AR A1 75 s TR SR 2

4. 158 O(2")
HERHY R LT U, LRI 2-19 , EHON n B TR BTRMER Y 20 — 1, A O(2")
/] === File: space_complexity.java ===

[* B GEILH X)) */
TreeNode buildTree(int n) {
if (n == 0)
return null;
TreeNode root = new TreeNode(0);
root.left = buildTree(n - 1);
root.right = buildTree(n - 1);

return root;
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BEENTREHK
20
21
2 - Hnn E
A A Y A
2n-1
FiATREE DEERE
2% + 21 + 22 + .- 4 201 = 2na a¥H o(2")

2-19 il — R AL RIFE R 23 TR B e

5. 3 O(logn)
SENH T MaEE. Glan)3tHer, MAKERN n A, SERITEEE M SR 5 0, R
= logn W38, #H O(logn) Bz,

O R T U TR, MA—DIERE n, BHNAEN [log, n] + 1, BIXNEFRFHKEN
[log,on) +1, Ht=HEREN O(log,,n + 1) = O(logn) .

2.4.4 WEBtial55sia)
FARIE R, SR B AR 6] 2 B RN 22 ) 2 B BN AR B, AATFESERRIB R, RN RAL A A1 S
IR RN 23 ) 5 2% o o AR TR

BRAVRI 1) S 2% R 3 7 ZE AR T B MU E A AR, R ZIFR. BATPRAIE PN A7 28 RDRERTH RTR B TIRE Y
REEFRN “ PSRN )75 ez, WIFRA DA Rl A 7,

R B BUR T HATEB BN TTH, ERZEIENT, NRSEEES, Kt DI AR E”
HRER AR, S22, EEERERRIELT, iz REREhIEREE,

2.5 Ihes

1. ELER

ERER e T

- IR S RRCR R M B BRI B D E I FEbR.
- BATA] OB BRI IEAG RIRRCR, (B DAHPRINAFA S0, HSFE KRBT R R,
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- BRI AT AT BRSSPI RS, e RIEH TRrEBIT TG, BB REIREAREE
MU N HIRCR

Hof i) 52 20

- IR A T R SRR IS T IN RIBE R R A SS, AT DUA RO BIEROR, BRI LE R RA]
REZSRY, ANAER ARIEUE R Nal N T 2 R EEARRIN, TEBAS IO LU e 5

- RZENREREFAR O FESFRR, NNVEEENL FR, RIS n B8EELHN, BERE T (n) 1
W,

- RN EERE AL, ERGIHREEE, AEHINENL LR,

- H LN TR 2 MRS HESIE O(1). O(logn). O(n). O(nlogn), O(n?). O(2™) f1 O(n!) %,

- BEERMIN W2 AR EE, TR SMARIRN AR, NASRES NRE, &E FHNEE
IR, BAEN SRRV, B ABHE— AR ZW R ™ R A REs B R A .

YN AR A S IR TAAE R LR N R RIS TRICR,  RARIT SR A EE R, TN
A 2 o TR G T N B 0 1 AR SR & 5 AR,

BRI

- RS REAERROTIN A E A, TR RE L A R R = 1 KA.

- RIRBITIRRTRIAEANE SRR VAR, EESRE WS, EEELT, MASERAGA
BRI RREE, BRI EEEE. R RIS 22, H ARz (8 5 (A A R
Al =R/

- BATEE AR EREDAERE, NS RIEERZR ABIENRZIBTINZ T2 R E 2,

- WA R 2 MERIEHESIE O(1). O(logn). O(n). O(n?) 1 0(2") %,

2. Q&A

Q: Ei#AmZRERER O(1) 14?

Hig b, B@HESASRERER MUEE O(1) o ANd#R2EmEES (BIfN Java, Python, Ct++,
Go. C#%5) ASCREZNMMLEREH, FIEHIAMVZRERER O(n) .

Q: BRI TRXM AN ARIBERIX AR 42
K% (function) AJDABZMNZIAT, FTASEEIARAILE, 5% (method) 5—PXGKREL, #HEAILES
VARERIXSR,  REWE X SRR SLB 0 & RO R TR E,
TN DU LR WA e TR S BRI,
- CIHEREEAGERS, RAEANRIBES, FTAIEEE. BEEAATLOELQEEHIA (struct)
RIS AN REatE, 58P SCIBRAY B B = T BRI 5 TP T ik,
- Java il C# BHEIANRIGIEES, R O7i%) WHEENEDEN D, FETTRNTREOT
e, OAEHIb e b, AREVIRIRE LB &,
- C++ #l Python BESZRIIRERSE (8D, HdFmmax Rz U5k,
Q: EfiF “H WA R IR SRR 52 o5 H s TR A 4R /N2
ANE, ZERRRZEZAERE, HRMEEKES, AR &2 B4 RN,
BRI n = 8, IRATRER K IMEFARINLRAIE S MBS WA b, IXZRNSRIEEE S — MBI, AR
BBV R4 2] — ML B AT IE RGP
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FESKBRA, BB TNE R ARTER N TER “HHIT SRR 2D, FrbA—BRICE (U E AR RERE n = 8
Z PR BT n = 8° MRUAET, XNHMKBERERLEST,



F3IE HIRGHN
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51

Abstract
LS AN [E — BIAS E T 2 AR HEZR,
ERABIENEFHLSRME TR, BIES AR A SRR,
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3.1 HELEHMnE

LR EHRSS M AR R, BER. AR PASIL MaTRER. WL MR [, EATRTDAM “IZEREEHY” F0 “PyRELsey”
PNERE AT 703K,

3.1.1 ZiE4EN: KMESIELH

RS T BI TR 2 MINZEE R, EEAHMTERTD, Bt —a iy, AT 8z Rk
PEXRZR; TAEM, BHE AR MZBEXRAY, R “HE” 5 “FR7 ZMIIRERSR; ENH A
FAAER, Sk T 2 AR K R

N 3-1 FioR, BEEAAIDN LT M R RS, RMESEILEREN, fRRUREEEXAR LR
NS ARZEaE NI, 2AREAIERRS,

- ERPEEIRETH: B, BER. AR AL IR, TTRZAZE XN —RIT R R,
- ARERMEBdRA . R HE B IR R

FREMERAR ST AT DU — 25 X170 MR A A AN AR EE

- BBET: B OHE IR, STRZERNZHXRA,
- PERGH: &, TRZERZXNZHKR,

Sit¥iEEH eI BERESE
ot s <& 2
array tree Y FaitY
ﬁgﬁ — —_ — —_
linked list —

push |/I ™~
i = — graph o /
stack -

pop

= T T 7 T & s
FASY S
queue - | - heap ¥\

pop push

hash table value

BEE {key o & w}

3-1 SMEEdREi SRR

3.1.2 ¥PBREEN: EEE59H

HEIARP BT, IEECBRRBEE RN AP, & 32 ROR T MRS, KN RETT
PR R & —tRNAEZE ], BRATAT DU N RE R B — D ERHY Excel 4%, HA &N ETTARER AT DAFEIE—E R
INHTEUR
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FRGUEN 7 RV M B U E R BEE. & 3-2 FoR,  HENURSEREE MU ks s A & B TAS 0BT
G'S, WREDPNESREA RN L, A TSk, 2R AR N7 R EE.

00 @1 02 03 04 @5 06 07

0x0000

0x0010
0x0020 n

0x0030

0x0040

STENESE ARG 0x0012 , BEMIE

. BERESE ARG 0x0024 , SEMIE n

B 3-2 WfEsk. WTFaSHL A7 L

Tip
EfFIHAIRR, RN EUME Excel FA82 —DMALAUZEEL, SERRAER TIPS ELE 2%, W ik
2. NEFEM, ZEVEL EPINFENYENT SRS,

WFRITHREFP LR IR, SRR MERF & AR, WTCRsH R RN 7, R ngs
BEREENBD, R EERERRIR, i, Rk NI E AN ST RGRRE
175 GNSRER D IESRBREI A A3 R], IR 2 Fnide F B S A RO AT RE S A7 i 7E 0 BREI PN A 23 TR A

e 3-3 Fir, PUBRai R 7 BIRAE RN AR 3, Al miEsi e iE (B oA
fefif (B2, PIHEE WIRIZOUE TEARATTIR, g, HIMSEIRIETTIE, PR BEEE A 12 IR (RIS A 2 )
R 7 T 2 I EANRE

EGTiETFhE YRS EEfE

TEAEAE I TF =S (Bl R SR A ERERNNEZEZIEN

aaaan

AR e
B =ranpizeia sunAy | WA
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K 3-3 LSRG RS R

ERRIRE, B BORaaR e TR, HERR AN SIBI, G140, ARAIPASIRE AT DA AR sk
B, WATDAREFRRERSCEL; Mike AR kAL AT RE RN (5 B ek,

- TR AR PASIL MRARER. AL HME &L ZERE. GKE (EE > 3 BIEED SF.
- AETRERTICEL: AR, PASIL MATRER. MM HE. EISE

HERAEWIRICS, AT DMERR IS TR R AT, IR “shSEdRas . BEEvhits
KEAE, R “SSE8dRaSEE", ESEERNE, SEmEd EH AN FELIEE L, MimE&
—EM) B,

Tip

QRERIRIESE P PRES A PR A TR, eI N —%, RS RIA T N A,

3.2 BHiERE

RN ENFIEGER, BINTSERISCAR, B, P, 185, 3D HAESHER, REXLEHIERIHA
&R, HENTER SRR AR R B
AR IAZ CPU M AEHEGHTIB RN, FREEPERER, TZEEHETILM,

- BERAY byte, short. int. long,

- PEREBCERA float. double, FHTFFERT/INEL

© PRI char , ATRRSHIBESNTE. A SEERERNSE,

- fi/REE bool , ATFR “B7 5 “B HW,

SEABRI L MBI A R CE SR, — > UEBIAIEN Y 1 RS, TRk SRR R S, 1
45 (byte) Hi 8 HAE (bit) 4lAk.

FALERR AL A BETE B R T H S R FR/DN, R A Java o6l

- RO byte (HAI 1 = 8 HURR, ATAFOR 28 N
- BRI int 4 7T = 32 HRE, TR 232 MeT

K 3-15128 7 Java HAEMEALHR AR 5 2], BUEEEMBOAME, HWRIETCABICHETR, KEEHEH
A], REN AT DO AR AL,

R 3-1 EALARIAIN & 2 A AT EUETE

E iy e HHE=E B/IME BARE HINME
B byte 1% —27 (—128) 27 —1(127)

short 2 FH —215 215 _ 1 0

int 4775 —231 231 1 0



3w BUEL hello-algo.com 55

et (SRS? SRR BIME RAE BIAME
long 8 Fi —203 203 1 0

FRE float 4 7y 1.175 x 10738 3.403 x 1038 0.0f
double 8 T 2.225 x 107308 1.798 x 10308 0.0

TR char 2 FH 0 216 1 0

7R bool 157 false true false

THER, R 3-1 (WA Java FEALIRRAIRIE L, RRIZIE SH0A & B RVBERRADE X, eNrG H
2, BUETEEFIERINE R Re A AR,

- {F Python H, FEHERA int ATDUREREA/D, HZRTRIHNAE; 1FREL float B AEE 64 if; &
A char 87 BAANFRFERR L2 KER 1 WFERFE str,

- C I C++ R E R ABIERAI AR/, MRG58, 37 3-1 BE LPe4 £uEi7, HHFTF
15 Linux f1 macOS fEAY Unix 64 (R1ER S,

© FHF char IIRV/IME C AT CH+ HION 15277, TERZBUERIEIE S HEUR TREEN ML /715, N “F
FFgmbs” FE,

- BMERRA/REMNT 10 (0K D, BENEFEREEMEEN 17, K2R ENL CPU #H
¥ 1 NN/ NS U BT,

Wz, BRI GHIRGE Z A 2BRVE? JATRNE, Bdaa2E Bl HA S FE8dEr 7T
Ko RANEREER “457 mE “BdE",

FAEFOR T, BANTEASBBIEASA, X 2R BRI LS n] AR AR AR A
JFRR, HETHHBINTRELR int, /M float IBEFHF char , N5 “BHESH" Tox,

AIET, SEABURSURE TR “PIERRLT, mBHRa Rt 7B “d8U5R”, BIInLIR D,
BATHHFER R RS ) RFESFRRARINEALIERR, EH5 int, float, char, bool 5%,

/] ERZTMERIRLT R IA L EE
int[] numbers = new int[5];
float[] decimals = new float[5];
char[] characters = new char[5];

boolean[] bools = new boolean[5];

3.3 #Fwtg *

Note
EARTH, FREHE * FFESRRIERET, WRIRE AARSURR A, ol RS, FP5es
BRE 5 H RO,


https://en.cppreference.com/w/cpp/language/types#Properties
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3.3.1 /R85, REH+hES

fE E—THIRAG R IRATE I, A BEESA G SR i BB L IE 8 2 — 1, 140 byte AYIUETE 2
[—128,127] o MR EY, ERINTEREYREH, G, *MERHESEIR,

BT EAR, BBl W RIESEETE T RPN, TR R B, Bt =FRE
N

- RS TP TR RN RS AT S0, Hirp 0 FoRIES, 1 R, HRMFRRET
HIMEL

- RBh: BRI S E R AR, SO SRR R RS BRAT S SMNE AT A AU

AN IEREORNG S SRR, SRR SR L R A AR B 1 o

B 3-4 Jon TR, A RIAND 2 IR B R 75 7K.

+0 +5 oF -0 -28
0000 0000 0000 0101 [R5 1000 0000 1001 1100
BRRS s,
HHERFABE R
0000 0000 0000 0101 =G 1111 1111 1110 0011
ERBEEM EN 1
0000 0000 0000 0101 63 0000 0000 1110 0100
EMHNED,. kB, HEES HIMNERID. kB, HMEEERR

B 3-4 RS, Fehd S KD A B B A

B3 (sign-magnitude) BAREM, BEFEE—LEREM, —7AH, ABNEBAREEZH B8R, FlnER
BRHE L+ (—2), [RNERRE -3, XERBRNM,

1+ (—2)

— 0000 0001 + 1000 0010
= 1000 0011

— =3

HT R, HENSIATRE (1 scomplement), WRBATTCIGERDEH N RAG, HERE FHHE
1+ (—2), BERKEERMNASHRE R, WaSEIERmER -1,
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1+ (-2)

— 0000 0001 (Jr4) + 1000 0010 (J5h5)
= 0000 0001 (fzh%) + 1111 1101 (fetH)
= 1111 1110 (/zh3)

= 1000 0001 (J5h5)

— —1

=i, B FREMA +0 A —0 MMEoRTR XEIRE BT NN AFR i flgRe, JXAIRE
SR ARSI, RRA X EFMNE, WATGER SECHIWEE R, manREIEL
BUEFMATE X, WFHRZESIABIMIFIWTERE, XTSRRI ENRIZE R,

-+0 — 0000 0000
—0 — 1000 0000

I —E, RISWALEIERZTE S R#, FEHHEE 25N TH#HEE (2° scomplement), FAT5ERM
K-THENFRE. RS, (SR AR

—0 — 1000 0000 (J5f5)
= 1111 1111 (/x#9)
=1 0000 0000 (¥~H)

TEMFHI A EAL B 1 2772880z, {H byte UMIKE A 8 i, FILEHEIE 9 (AT 1 2P6EFH. W
R, MFERIMSA 0000 0000, SIEFHMGHIFE, XEREEMMIFRHREE—NE, ERFEX
MG IR,

R fG— MEER%: byte FAURYEUETEEZ [—128, 127], ZHERM— DA —128 Z2UHASRIRTE? 3,
MRS, XIE [—127, +127] WAIFTH BEEE A N NI ER, REFTRNG, I B RS FTRMD 2 [ A] DA AR
et

AT, A% 1000 0000 —ABIAk, EIFEA RPN, RIEEETE, BAE 2GRS N
0000 0000 , XZAREFEN, FAZEBRTET 0, ERAMINIZZEE S, HEVIEX MRS
1000 0000 1% —128 . bRk, (—1) 4 (—127) fEAME FIUIHELERE —128 .,

(—127) + (—1)

— 1111 1111 (JEr4) + 1000 0001 (J5h5)
= 1000 0000 (s#3) + 1111 1110 (i)
= 1000 0001 (#~HE) + 1111 1111 (#MH)
= 1000 0000 (*~H)

— —128

RAJREC LI T, EIRATAEHREERINEEE, XNRE —NEERI: HRPLNERRIREFE R 3 22 5
TIEBRETN, XZROVITRISEMN THAZE (binseik, BRIEFETR) Kk, BRI K E fa
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B, HARGHATHATILE, BRIEELER,
)

HER, XIFAERE HEVURREMNE, Rk AR HIBHA S, HRYLIRES ISRl
BEAaR. Blan, HREIE a — b ATDAEBON IR a + (—b) ; HRIRERBRIER] DI TR 2R
IEBRTE.

PREEFRATAT PUSES T AL EE AN AR R ST AMGEOR,  THEALAT DU [RIRE B B AR (R AL B IE 2R

TREIANE, ATERFEPRATREF FUBORCEIRGE, I BICAURE A B S B B XA, JXRR e 17
R, $E8 T IsREeR,

DRI BEHER KT, HRERRBAICN AR E, RUCE B EEE PR T,
3.3.2 FRHY

MOHIIRATRER R I : int M float KM, #BRZ 4 5719, ENfHA float AHUETEREIZ AT int ? IXIE
HIREN, PIOAHZE float FEFV/NL, BUETEEN IZZ/NA X,

Khr b, IXRBONIEREL Float KA T ARINERTT . 12— 32 FURH R 3 EO :

R4 IEEE 754 fRifE, 32-bit K/ float H LA R =N R,

: ?@%ﬁi S: 5 1 ﬁZ, XTJEZ b31 o
: *Eﬁ'fﬁ E: 5 8 'fj, Xﬂ‘}‘j b30b29 ces b23 o
© BN 5 23467, KR byybyy ... g o

ZHERIEL Float X RIEATTHETTIEN
val = (—1)bs1 x 2(bsob20-023)5 7127 5 (1 b0 by . by),
FACEIH 3 PR RATO:
val = (—1)8 x 257127 » (1 4+ N)
HrA & W BETEE D :
se{0,1}, Ee{1,2,..,254}

(14N) =(1+) by 27 C[1,2—27%]
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float KEH 4 bytes = 32 bit

TS S 1B¥UL E SEAL N
DBBeB800C A
b3 b3 b,3b, by
WNFULRR, 7% R4 |EEE 754 45, & B RIRYEF A
5=0 val = (-1)S x 267127 x (1 +N)

E
N

124
22+273 = 0.375

1x0.125x%x1.375
0.171875

3-5 IEEE 754 FrifE N9 float BB R A

MK 3-5, BE—NTBEIES =0, E=124, N=2"2+4+273=0.375, WH:

val = (—1)° x 2124127 » (1 40.375) = 0.171875
BUAEFRATAT DA & S0 Float INF7 /T AL SRR, SROLIMBTEMER T int . HUELL LIS,
Float MIZIRIIEAIERCY 22547127 5 (2 — 2723) & 3.4 x 1038, TSR EAT{ESIE N AKL,

RABF NI float ¥ fe v BUETEE, (HHEREIMERIZMTE © RS, BEEA int K28 32 R THRRET,
Her 5 i, il THEEIRAETE, TR float MUEMEBLK, HHABIMT Z I Z (A ik
Ko

% 3-2 iR, $REUALE = 00 E = 255 BARHRE X, MTFRRE, K5 K. NaN 3,

*3-2 fRENIE X

RS E SN = 0 SEBIN £ 0 HHEAR

0 +0 UAEHEK (—1)% x 27126 x (0.N)
1,2,...,254  IFHI% IERL (—1)8 x 2(E=127) » (1.N)
255 400 NaN

{EASBIIART R, IERE R BRI T RS 13, S/ NE RO 27120 ) B NEWIERE R 27126 x 2723

o

WUFEIE double HIRHIZEMLT float MFRTTIR, TEULAMEIA,
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3.4 FFRS*

BN, A EERAR R LRI EE AR, F0F char AGISN, N T RRTRF, BITEEL—
B TRET, ESNTFN SR RN R R, B TR, R POEE ERER
R AT R R

3.4.1 ASCIl &

ASCI BB 2 i R B Z PR, H42FH American Standard Code for Information Interchange (3£
PSS RSB . B 7 AL R (— DRI 7 AL R — DR, RZRER IR 128 DAFR
T, WA 3-6 R, ASCII 4RSS PRI AR/NG . BF 0~ 9. —EhrmfF s, DA —28HwrF (4
WATTFRIHIRTT)

itk it FH X it st FH it it FH it i | FH
@ 0000 0000  NUL S 33 0010 0001 ! 65 0100 0001 A 97 0110 0001 a
1 0000 0001  SOH IR 34 0010 0010 C 66 0100 0010 B 98 0110 0010 b
2 0000 0010  STX ESCHE 35 0010 8011 ] 67 0100 0011 c 99 0110 0011 c
3 0000 0011  ETX EXER 36 0010 0100 $ 68 0100 0100 D 100 0110 0100 d
[ 0000 0100  EOT EmEE 37 0010 6101 % 69 0100 0101 E 101 o110 olol e
5 0000 0101  ENQ HR 38 0010 0110 & 70 0100 0110 F 102 0110 0110 f
6 0000 0110  ACK rEEE 39 001@ 0111 ' 71 0100 0111 G 103 o110 0111 g
7 0000 0111  BEL % 40 0010 1000 ( 72 0100 1000 H 104 0110 1000 h
8 0000 1000  BS B 41 0010 1001 ) 73 0100 1001 4 105 0110 1001 i
9 0000 1001  HT KSR 42 0010 1010 * 76 0100 1010 3 106 0110 1010 j
10 0000 1010 LF iiFE 43 0010 1011 + 75 0100 1011 K 107 0110 101l k
11 oooo 1011 VT SEYEG 4 0010 1100 s 76 0100 1100 L 108 0110 1100 1
12 o000 1100 FF mms 45 001@ 1101 - 77 0100 1101 " 109 o110 1101 m
13 oooe 1101  CR EEs 46 0010 1110 5 78 0loo 1110 N 110 olle 1110 n
14 0000 1110 SO TR 47 0010 1111 / 79 0100 1111 0 111 @110 1111 °
15 ooge 1111  SI BER 48 0011 0000 ° 80 0101 0000 P 112 0111 0000 p
16 0001 0000  DLE  Mimisssity 49 0011 0001 1 81 0101 0001 Q 113 0111 oeol q
17 0001 0001  DC1 BRI 50 0011 0010 2 82 0101 0010 R 114 0111 0010 r
18 ool gele  DC2 a2 51 0011 0011 3 83 0101 0011 s 115 @111 @011 s
19 oool 0ell  DC3 B Rs3 52 0011 0100 4 84 0101 0100 T 116 0111 0100 t
20 0001 0100  DC& BEBI 53 0011 0101 5 85 0101 0101 u 117 0111 0101 u
21 000l 0101  NAK BB 54 0011 0110 6 86 0101 0110 v 118 0111 0110 v
22 000l 0110  SYN EFER 55 0011 11l 7 87 0101 0111 W 119 o111 eill w
23 0001 0111  ETB  4HfEHR 56 0011 1000 8 88 0101 1000 x 120 0111 1000 x
24 000l 1000  CAN ] 57 0011 1001 9 89 0101 1001 ¥ 121 0111 1e01 y
25 oool 1e0l EM R 58 0011 1010 : 90 0101 1010 z 122 o111 1010 z
26 0001 1010  SUB *E 59 011 1011 ; 91 0101 1011 [ 123 0111 1011 {
27 000l 1011  ESC  {E(iH) 60 0011 1100 < 92 0101 1100 A\ 124 0111 1100 |
28 000l 1100 Fs ST 61 0011 1101 = 93 o010l 1101 1 125 0111 1101 }
29 000l 1101  GS SER 62 0011 1110 > 94 0101 1110 2 126 0111 1110 ~
30 000l 1110 RS BRI 63 0011 1111 2 95 0101 1111 _ 127 @111 1111  DEL
31 oool 1111 US BT 64 0100 0000 a 96 0110 0000 :
32 0010 0000  SP S

3-6 ASCII #4

SR, ASCIT M{XREWSFORIL, FEETHRNAI BRI, WA T —MEER R RE LB S EASCI 7175, ©
& ASCII 1) 7 Bt EHFEEI 8 fiz, REWHTR 256 DMARIIFH,

EHFIEEN, gt T —#IEH T ARFEMXE EASCII FAF &, IXEFRFERNET 128 M FEHR—N
ASCIT 14, J& 128 DNFAENAFE, PAENM ARG S IFRRK,

3.4.2 GBK ¥f{&

JERANTEEL, EASCH WA TCEEW R V2 SN FITBIR R, X a/iat a1, JeH % /R
AILTFA. HEERREERT 1980 &4 T GB2312 714, HUGET 6763 NMNF, HAMRE TIXNFEH
RS TR,

SRTT,  GB2312 JLIEEFERR Y LTI EIR T, GBK FAFRZETE GB2312 HLhl By RISHIN, BIHUGRT
21886 MXF, 7E GBK WG 77 %, ASCI FRHEM— TR, NFHAMNF RS,
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3.4.3 Unicode &

BEE T RNESRRED AR, FATRSIMIENE TR, TXHR T2 R, —J7m, XTIk
HEXTREBSHTR, TEESESHE NER L. H—7im, F—MESEESMTrrERE, 0
RMEHENERRR AR gRIERME, WS B A BN S L,

ARAIHARRIRF AN AR QRHEE — A R e BRI 7T, R IR EE N A 76 S T SRR 3L
rh, AsERT BARORES TR S ABERIELAS M8 1 I FEIXMARTRRIIREN R, — KRR 74 Unicode Wi
G

Unicode M2 &/ “Gi—i5”, HIE FREARYN 100 2 5 NFERF. BRI THEERTEE NI FAF NG —
PR H, $RAE—FE AR RO R & RE S 7, B R A Ym e bR AN R 1 = A B ELAD (A
i

H 1991 441 PR, Unicode AW 7EHIIES 5F4F, #2 2022 49 A, Unicode E&H & 149186 1™
TR, EAESHESNER. HESERERENSE, ERAN Unicode R8T, HHMNTFRSH 2 79,
BT 3 FHER 477,

Unicode 2 —MIBRITHHE, AR LRASIFHEAR—MHE (h T, MEIFARBEEH T
U RSP, VA2 45 H K Unicode MR HIFUE— M SCATHIN, AgE0
IRRAT SR ANZAE — KRR 2 ST, RAAMIIINE 1 2 FHINFIHERMA 1 107
77

AT A LR, R R SR RHE M S KGRI, W11 3.7 R, “Hello” hifE1T
REF 150, B IO 2 T, RATATLOBNAE0 4 “Hello B FRHIFHE SRS
I 2 5L, SORERSORTT DV 2 SRR — 30, PRSI MR T,

5 Unicode
H 00000000 01001000
e 00000000 01100101
KEA 1 FHNEXFR
1 00000000 01101100 .
(BE o)

1 00000000 01101100
o 00000000 01101111
-} 01111011 10010111

- KER 2 FENFXFR
it 01101100 11010101

& 3-7 Unicode Zmig
SRT ASCII fS ELMIKATEN, S RFE 171N, &R LERTE, SR AT RPN Z
ASCII 9wt FHIMRE, JEFIRFEANFE, Fitk, BAIFE—MEMNERT Unicode gwbd 75k,
3.4.4 UTF-8 4wt5

Hui, UTF-8 B NERR EEHARS 72K Unicode g /55, B Ml KERMmS, £/ 15 457
TR —NFAF, RIEBFANERMMNEE, ASCII #/RRFE 157, N T F#RMARF SRR 2 771, Wi
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BRI 3 55, LR — S R R 4 5,
UTF-8 FUSIBINIERE A, 43 DA R PRI oL,

© ONTFRER 1 FIFER, BeeaiigE N 0, Ha 7 % E N Unicode B, EFERMZ, ASCII
FAFE Unicode FRFEAH G THT 128 MY, thut2id, UTF-8 gmbdn] PA Fif% ASCII 9, X
EIRE FATA] PAE A UTF-8 KT AIZHY ASCIT HSTA,

S NFRERN N FEHERF HEEn > D, BENENNE 0 MEEEN L, En+ 1EERNO;
MEZAFNIE, BTG 2 ERIEEN 10 ; HRArE M H TEFTE TR Unicode 55,

K 3-8 R T “Hello Ji%” XMWH) UTF-8 Jwfd, MEAM, T fkem n MAREN 1, FItRSA L@
B AL 1 RN ORI T AT RN n o

BN A R HARATE RS 2 AR E DY 10 We? SEhr b, X4 10 RER SR IIMER. RIZRGM
— MR FIIHAMTOR, 77 3KERE 10 REASHY B 22 gt bdH i th 574

ZFTAKE 10 SPERERTT, ZEINE UTE-8 il T, ArAlREE FFIRRmEMAIE 10 o X PEIen] DU
JRUEFERIER : R — RN REMALZE 10, WINZFRIRKEN 1, XA ASCII i3, ifi ASCIT #4i5
AR 0, ST E,

FH Unicode UTF-8

H 00000000 01001000 01001000
e 00000000 01100101 01100101
1 00000000 01101100 01101100
1 00000000 01101100 01101100
o 00000000 01101111 01101111
- | 01111011 10010111 11100111 10101110 10010111

& 01101100 11010101 11100110 10110011 10010101

BES 3 REN 1 BEHATHOS 2
RETHEER 3 T4 BEN 10

Kl 3-8 UTF-8 4wl

BT UTF-8 Z4b, H WAYSHD% 75 OEELE PR i,

- UTF-16 af%: i 2 5 4 ZRFR—DFR. AN ASCIL AT AMAERE 75y, #H 2+
TNERR; DPHFRFERAD 4 FHFRR, AT 2 FWHFERF, UTF-16 435 Unicode A4 siAH%E,

- UTF-32 %it%: B NFRAEEH 4 7799, IXEKRSE UTF-32 [t UTF-8 #1 UTF-16 ¥ S H=3E], FiHl2E
T ASCIT F47F 5 FhER i SOAR

MAEES T S RIS, (/] UTF-8 FonsaC PAFARR &R, e 1557, 1 UTF-16 gmtdhts
FEFSCFRF (BlanHs0O SEM&ERL, FAENTE 2 57, M UTF-8 AIRERRE 3 7717,

NoREMNENfMER, UTF-8 fmMAMtEE, e TRMERESHF UTF-8,
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3.4.5 RIEESNFTHRD

MNFLUENRZEREIES, BPafTHR A ERESRH UTF-16 88 UTF-32 IXEFE K, fEF KM T,
BATR] DLRE AT H B AR AL B, XA R RA DA LR

- KEPLYiR: UTF-16 SR 545 B n] DURA 5 A TRENLI Al UTF-8 B —FAe K agmil, ZARIKEIS
NFRF, BATRZENFFRIIFGLIB AR « M, ZXHE O(n) KT,

C R SRENLIFEMDL, A UTF-16 MR BRI KEME O(1) R#RfE, B2, & UTF-8
R ) AT B Y e i T B D AT R

© IR £ UTF-16 SRS H0 71T R b, IRZBFITHREME Qnndl S, A MRS BAE 5T,
£ UTF-8 b iy 4T ef b, TR ERIEEE T ZPOMITTR, DR S~ E TR UTF-8 %t

KPR L, HEEES NFRRmE TR — MRABIEE, BRFZRER,

- Java [ string KBUEH UTF-16 4wfd, B NFRFEH 2 £, XEE Java IS5 &2 0], AMTA
716 1B AFRRATE ATREM R JRTM, X —DARIEFRAIK, J5K Unicode #IVEY R T
16 i, FRrPA Java RESFAFBILERTREEH —XT 16 MiRUME (PR “REEXT) R,

- JavaScript 1 TypeScript BB {HH UTF-16 gmfS RN 5 Java 2881, 2§ 1995 4F Netscape AH]
BRI JavaScript IBES B, Unicode b T & R EH, AR 16 M AY4mA%HLE AR RATA 1Y
Unicode F#F 1

- C# {#f] UTF-16 4w, FEZAA.NET FEAEH Microsoft &1, M Microsoft FIIRZHA (L
i Windows #E&RS) # iZ i UTF-16 4whd,

M T A ESRARTE S N AR AR, BTSSRI “ARE” 1977 20RE R 16 ALK ER Unicode
T R PMMIEHNZMTERZAE, —J7mH, WEENMERr eSS, —MEAFage G i 2 # e 4 7
T, MR T ERmWLAIE, 5—77m, CEAEN R ERING AN, XiEm TR S 2RI
HERE o

HTLALERR, #ogREE SR T — S AR5 7T %,

- Python H9 str f#f] Unicode gwf3, HRH—MRIENFFERR, FHNFHFKEBRRTERTS
FIER KR Unicode W, #HFAFHRAEEE ASCII #4F, W& NFFEH 1 5%, MWREFFEE T
ASCII Jul, [HEMERAZIES FH (BMP) W, MENERFSH 2 777, MERE@E BMP ¥
¥, MEADFRFSHH 4 577,

- Go TESHI string RAENERE ] UTF-8 4if, Go 1B S IR T rune 287, ‘B T#/R# Unicode
Y=

- Rust iIBZ M str 1 String KAILEA R UTE-8 4fd, Rust tHIRMt T char 267, BT HRRHAD
Unicode H#4,

TEERNE, UENerR -/ BREmEiE 5 PaEaE 3, My RF BRS¢ el e p g
fRHR AR, E A EsM D, BOTER 2RI RN UTF-8 #83K, DURZIRILIIHA
PR AR
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3.5 Ih&g

1. BB

- FARLE A AR RES KRN Y BRGNS F E A T 0 2K IBIREEMIIR T HIE TR Z MIBHEXR, M
VLSRR T BARLE T BN A E 7T =

- W AR AR, ROIRAIUIREE, JEE T IRIEIZ B R BAR S vkt (B, TR
Feo BABI) FOAESME (. B HE) FRh, MERRAVSSINATRER N (U & et SR A A1 IR LR MR S5 14,

- UREFPIBTN, FdREAFETE I EALNE T, NS EEHR AN A AL, R X N T
Hir I3 1A £

- YRR R RS AR (BE) FaisirEiE (BER) . ITEEURSIEN 2 ., Rkl
PNE A & SR

< HENPREA IR EEEL byte, short, int, long, 7#54l float. double, F4F char FIfA
/K bool o “EANTHYBUETE R T d F 22 B R/ MR 77

- JREE. RASAIAME TR R AR BT =R/ T, B2 A AT DA T A, BEE RS R i m AL
A, HRA2EFEIE,

- BEAE AN DAME TG, (EAMEZRRT, TR DO ISR A InE— M E =, A
TRE N BTEIRE BRI TR R AV RE A FLES, I BAMEAE IR AT A AL,

- FRBNRISH 1 AT SAL, 8 MAEEUNAN 23 M BT, H T ETEFEENL, A% R BB
Bl KT8, A2 TR,

- ASCII A2 R IR 18, KEN 1541, st 127 M. GBK FRERE AR SCF
8, HBEEM 21X F . Unicode B TR REBFR BN, BRER ESMIESHNT
¥, MR T A gt 77 28— 3T S B ELAS fR)

- UTF-8 B XWGEH Unicode #wtg 7775, ERAMIAEEL . ©R2—MEKNmETTE, BEERENT R
M, BRARA TR ARE, UTF-16 fl UTF-32 2SKMNgmRIE L. fEgRmigH i, UTF-16
i B2 RIEE UTF-8 B/, Java fll C# F4mfEiE S BRIAEH UTF-16 %ifil,

2. Q&A

Q: Mt 2 R A & e Bm A A I LR M U S5 ?

BRI, Mo TRRIBTR IS, TATATRESMA “Bexliht” (58 “IBmrhR” BRI
Hrp MR — DR, HBERKEDEE —EBIER, XATREBFMONR GEHE VLZLBRRD,

MR ERE, BHRERZEH8A, HhS—MalA et & —ME, s s — PR —R
o [AlIt, MATRRATREFIN (S EdRasy (B, BER) FIHRLRMEEURS ().,

Q: char KR KEZ 1 F1I5?

char R MR EIE 5 R SRS 77 I50E, BN, Java. JavaScript, TypeScript. C# #>%H UTF-16
Zmtd (fR1F Unicode A353), Bt char RRIRYKE N 2 5715,

Q: ETHAHASIMBIRGAE MR “FSEdREN” BEAE? Hn] DU T AR AARSF IR, XL
TEERE “aha&" 1Y,

FRIFSEA] DASERIENAS AU BURSRE, (BEIRSGEMMAR “HE (REAAER) 1Y, REETHHNEIRSE A
s s ERoT R, HEMERZEERN, WREIERBEL 7RI AN, iR ZeE —
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BRIV, FH RSN AL R Z5 i+,
Q: etk (BAF) BINR, RIEEERIRD, M2l “WSBEasy” e?

FERPGETES T, BAEMATIEEH B FRaEe, XD TIERENEEEIE. FlU, Java £
Arraylist FIRIMEA BB N 10, 540, JREERZ AL, IS “FIR" &=,

Q: JRHEANMGR TR “SeIUREIN 17, AR 2ANMEEE R N R e R el 1 IE B, AN Rt
—FERI OB “JeBUREn 17 58], XA ANE?

A XIRIRR RS ARG A B A sz s B2t AN (AR, BATTRA AN E SN & a+b = ¢
, HBAFKATIFR a /& b & ¢ B, AR b 2 a B ¢ BN

BE—Dn = 4 MRKERNZERE 0010, MBI NMUFEEER (RBEFSA), AR TRIE
o EmREM 1T 15 E):

0010 — 1101 — 1110
BAI2KM, FEEMAMERFZ 0010 + 1110 = 10000, Hmt2id, *M% 1110 25 0010 5] 10000 [
U, IXERE Lid “SEEURIGM 17 92k FRTHREF] 10000 mEh i R,
2, #ha% 1110 ] 10000 9 “#hET B2Z2/0WE? JAMRIRRT U “SelU=)ahn 17 1§2)e:

1110 — 0001 — 0010
AT, SSRGS BT 2] 10000 B9 “4hE7, (AL “BRRSEANG” A0 “AMGER RS R DARTARE
BefE CeBUJEM 1) LB,
4R, TATHAT DU FRRANMS 1110 BRI, B “Jeif 1 J5EUR”:

1110 — 1101 — 0010

BESRE, EBRJEI 1T F SRR 1 EER” IXMANEEERE TR E] 10000 AR, B2,

FibE, “BUR” #ROERER ERKRE 1111 fk s (BOATER RIB + &3 = 1111); TERMEEAL AN 1
SEIATANMD, B22] 10000 AT,

EiRn = 4061, HalHE SR AR R
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Abstract
LS p ptH FLan [F] — 3% 2 S ik 6k
BUARREHESTHES, BB, PRI ESAL, ERRREE B i R Tik5E 2,
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4.1 4

A (array) B—MEMEdRSA, HAMRRBRTTRAMEEESNANGFZR T, BATRTRESAHTH
CMEFRNIZITRNES] (index)o Bl 4-1 R 7 EEHR F EMESA 577 2

— FREBARMRTEE B RERN
TR
element
- ¢
array
sﬁgl e 1 2 3 4
index
P7Eitht

00 04 08 12 16
memory location

AIAREZE

L BHENRNTFEE

4-1 BEAHE L HFETT

4.1.1 ¥EAERIRE
1. 3aEea

FATTA] DARAE T SROE AT BRI AR Aa (753 TERIRE. S WIRE. TERTEERGEIEI T, K28
IAETE S S REETTRAIN O

// === File: array.java ===
[* WaEEE */

int[] arr = new int[5]; // { 0, 0, 0, 0, 0 }
int[] nums = { 1, 3, 2, 5, 4 };

2. hiElTER
TR P EESNINF T, XEWREHHEEH T RN RS A 5. et (&

TLRNAHLAE) FIFEATCRIRS], BATAT PUEAE 4-2 R AR RASRZT RN FE L, B
VIZITT R,
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¢

TE®Sl o 1 2 3 &

Rttt 00 04 08 12 16

TTRKE - 4

TRAENE - RARERLE + TREE « TERS

(BT (GRS E)

Bl REAERS| 3 AHTRENEMEE
012 = 000 + 4 x 3

K 4-2 BT RBIA bk TR

MERE 4-2, BATKIBAHENTRIORGIN 0, ROPFAEERES, KM 1HEH SRS EER, EN
HHEARNAEE, KRolIARERPAFIEMB R, 5 oRitEEER 0, FIErR5IN 02
B,

(AT R, AT O(1) MFIMBEHL A R — TR,
/] === File: array.java ===

/* BEHlipETER */
int randomAccess(int[] nums) {
/] EXi& [0, nums.length) FREEHIHHEN—TEF
int randomIndex = ThreadLocalRandom.current().nextInt(0, nums.length);
/] REGHREIRE TR
int randomNum = nums[randomIndex];

return randomNum;

3. fATE

BAHTTRENFHR “BREN, ENZRRE S RBEREREYE. WE 4-3 For, 05REE R IR
AR, WHRERZTRZGHATAE LRSS —0, ZJFrHTRMES XRS5
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BAPERTERE -
8000 Eﬂi)%:r‘cﬁﬂ; EBY '

:

EEEEC

nums[4] =m5[3]

BERRAX

= et (8000
‘ nums[3 nums[2]

EHARS| 1 MEATER 3
N
nums[2] = nums[1]

:

(3 W1 ]s]2]5]4 ;}ﬁjgzig;—uﬁ 0 =%

nums[1] = 3

K 4-3 A ATTERRG

ERERNE, BTEHNKEREEN, FHEMA-PMTROEXSFERARTITR “BXK7 BN

SR KB I SEHe,
/] === File: array.java ===

/* TEEEHMZES| index MEANTTE num */
vold insert(int[] nums, int num, int index) {
/] BZE5| index UKZEWNFIETERGEHEI—(L
for (int 1 = nums.length - 1; 1 > index; i--) {
nums[i] = nums[i - 1];
}
[/ & num TR45 index ZHYTTE
nums[index] = num;

4. HBRTE

I, 41K 4-4 FOR, HRBERZRS] ¢ HITR, WRZELERG] ¢ 25T REAFTEE—0L,
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fElIpRTR

88000

nums[1] = nums[2]

BIRER

il BB E—Ii
TERATRHRZS| 1 BHTE
N/
nums = nums[3]
‘
'

nums[3] = nums[&]

sehERE, SAERTRUEH 1,
KETTE 4 BERN TAHEENR

&l 4-4 BEHMFRTTER R
HER, MERTREmE, FERRBHRTERRE “TEX” T, MUBITEAREERBRE,
// === File: array.java ===

/* MBRZES| index HITTE */
void remove(int[] nums, int index) {
/] 1BFR5| index Z/EMFIBETTEMAIBEI—IIL
for (int 1 = index; i1 < nums.length - 1; i++) {
nums[i1] = nums[i + 1];

}

BHRE, BN SMERRIEE DT 6.
- IR BEHRIE ARIMBRA TN W E 2 O(n) , Hibn IEBEHKE,

- BIOTR: HTEAHNKEARNZE, RERAITRE, BHEHREOERTTREER,

- AR AT DIIA I — D EAR KOS, HARTIE — 80y, IXPEERARYER, BARETR

g R B, (HIXFEMESIE R A7 AR PR

5. EBR¥HA

TERZEmREIES T, WA PO R5 e, tha] DIEREE RS PRI TR

// === File: array.java ===

[* WA */
void traverse(int[] nums) {
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int count = 0;

/] BIR5| WA

for (int 1 = 0; 1 < nums.length; i++) {
count += nums[i];

}

/] EEEHHATER

for (int num : nums) {

count += num;

6. BHixE

FERAHPEPIE TR TR, SRAIWOTRER SN, VLR S MRS
RONEA RS BRSSPI DA LR ESIRERAR N "R,

// === File: array.java ===

[* EBHEPERIEETE */
int find(int[] nums, int target) {
for (int 1 = 0; 1 < nums.length; i++) {
if (nums[i] == target)
return i;

}

return -1;

7. E%A

FEERNRGIEEN, P URIERA ENES RN, WMk ety REHA R, FItE
REBGHEES T, BARKERAEZR,

ERBAH B AR, WTREFEL - DNEREAH, A RERBLATRERREH SR, X217
O(n) M%0E, EBARKIIEIR FEREFER . AR NTR:

// === File: array.java ===

[* TREUAKE */

int[] extend(int[] nums, int enlarge) {
/] MEE—1M BRERREA
int[] res = new int[nums.length + enlarge];
/] BREATPNFRETREH ZFHEAE

for (int 1 = 0; 1 < nums.length; i++) {

res[i1] = nums[i];
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3
/] RO RERIHTEA

return res;

4.1.2 HANRRSRRYE

BAFBEESENNFERA, B, ZMMEUSFEEERER, RIa] DRI EE R
ABIREERI TR ERCR,

- SRR AU BRI TSI, TEAINGISS KT R,

- FERERLYIR: B A VEEE O(L) INTRIPI VS LA 22,

- BRI VIR, HEHUR SR, SR L R AR, AT 5
TRARTH G SRR R T,

BELE R iE R —IEWT]8, HAAEL N RIRME,

- AAGERRCR IR SBAHP RSN, WA SR RERER N RKERNTR,
- REANZE: BAHEGRERERERE T, ¥ ABHFRER A SRS Z0 8, TR,
- ZBWIRSE: WRBEH DRI NE KRR, A2 REE REIR S T,

4.1.3 ¥HAMBINFE

HEH 2 — R B WARBEREEN, BN e RE R T, Wal TS E 2 R aiig,

- BEOLYIM: GUERIAVAEREN U —2RE AR, B2 AT DUREE g, FHAER—MREUFS, REIERG15CM
BEN LA

- HE AR BEHRHP AR RBIRRE BRI, POy, R, S0 ESEE  EAER
H BT,

- AR ATREPIEESL - AITREEX MR, RIS N EIRR, BN T2
ASCIT HHBRES, W AT AR w750 ASCIT A {EME MRS, X R AT AT AR X R B

- BLERES): MaEMgh REMER TR, B KEZRINEERB0sE, XEHEEE BT
PR, R TR AR I 258 2 e o s i 6 FH O BSR4t A

- BURGHSEEL: BEHATDUR TRk, PABI. MRfnaR, i ESREBURG, BN, ERIEEERERORK
bR b — 4 48,

4.2 §ER

WD HETERFIALEE, £ PERNRGSITINET, DREIAEZER A EREEENT S, K
TIRITE, (FOEEEHRI N2 USSR, TS EEH AR RN, A7 AT RETC AR LNt R AE S22, it
I RERR ARG TE LR BL R T

R (linked list) B—MgeMdagity, HAMSNMTRBRE M NRNER, &0 RET 5187 HERE,
SIRHIESR T =R E, wd e A PN BT S5 A2 — R
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HERAIHES ST AT A B IBE N AL, ENRI A TEA0ES:,

FEERNAFET RS
R

linked list

0-0-0-0-0--

BE TR
H s|A (&sh

T
node

A AAREFZE

HHEERE | speans
iyt | WAEEE

4-5 BERE NG
MEE 4-5, BERNHBALZTR (node) MR, BN RAMESMIESE: TR “E” FfE@E T~
R 57

COBERIVE DN R SKT AT, BE—NT AR BT
- B RfEMAE ‘27, BAf Java, C++ Fl Python #1453 5I#%129 null, nullptr il None o
- 1£ C. C++. Go 1 Rust HXZFHEHINES T, Bk “SIH” NN “fed .

MBI FTR, BT A ListNode BR T RLEE, IERAVMRE—D5IH (58 FIEHFRLEIRET, B
RLBE S E 2NN,

J* SERTAL +/
class ListNode {
int val; /] BRE

ListNode next; // EET—TRHSIH
ListNode(int x) { val = x; } // Mh&ERE

4.2.1 ERFERIEE
1. #ahER

BNHERD NI, BPRBIMAENTRNE, B RMET R ZRNGIHXR. WEhERE, &
AL AT DANBER A SL T it A, 383 5 I HFETE next ARIXVIFIFTE 19 o

// === File: linked_list.java ===

[* ¥IENHER 1 -> 3 -> 2 -> 5 -> 4 %/
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/] MBEUEIT=

ListNode n@ = new ListNode(1);
ListNode nl1 = new ListNode(3);
ListNode n2 = new ListNode(2);
ListNode n3 = new ListNode(5);
ListNode n4 = new ListNode(4);
/] HHETRZEINEIA

n0.next = ni;

nl.next = n2;

n2.next = n3;

n3.next = n4;

BEHERZ— TR, L nums ST nums[0] F nums[1] &, MRS HZ MHNZAY T S R AH AL
1 FRATEH BT M ERER PR, L DA AR AYBER IO ERER no &

2. BATSR

FERERTHATRIAER A S, WA 4-6 FR, BORBNVEEMH BRI DT 00 Fl o1 Z A —DHTH P,
WRESRAERA RS (FEED e, WREAES O(1) .

MEZT, AP EATRNNAEARER O(n) , EREHE R FRREREIR,

g

:
nl
A
P
P.next = nl
Bi< P 8@ n1

°
FERETS 00 M 0l ZEEATS P " w
A
P

nd.next = P
Bl$ no 8@ P

Bl 4-6 FERAEAT SURH
// === File: linked_list.java ===
[* TEFRERITR n0 ZEEBATSR P */

void insert(ListNode n@, ListNode P) {

ListNode n1 = n@.next;
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P.next = ni1;

n0.next = P;

3. HFRTS

Qs 4-7 FoR, ERERTMBRTT S MARR T E, RTSE—ANEREIE (R Bl
THER, REEMPRRCESERGET A P I52ATEA a1, (HSEPR B/ IR ELICRVIRE P, XEWEPE
SAHBETIZERT

no nl
P
nd.next = nl
P BI< no 3@ nl
EERPHRTSR P
no N nl
P

MkRERE, 82 P (AR nl ,
BEH#REELEHNE P,
ALEMTART R P Bk

4-7 BERMIERT

// === File: linked_list.java ===

/* BIBRBERMTR n0 ZENEIMTE */
voild remove(ListNode n0) {
if (nO@.next == null)
return;
// n® -> P -> nil
ListNode P = n0O.next;
ListNode n1 = P.next;

n0.next = ni;

4. HRETHR

TERER PV RAIRCRER, 1 b —PmE, AT PIE O(1) WR RSP ERTR, BRI
R, BFRENKTTREE, BiAEESN, BEEHREERT R, b, ViRsERIE « M RREE
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i — 1%, WEEZEN O(n).
// === File: linked_list.java ===

[* IHEPERPERSIN index HTIE */
ListNode access(ListNode head, int index) {
for (int 1 = 0; 1 < index; i++) {
if (head == null)
return null;

head = head.next;

}

return head;
}
5. EXTR

wIHER, EHRIHAEDN target AT, MHNIZTTRERERPRIRS HEEMETAMEEK, KT

7N
// === File: linked_list.java ===

[* TERERPERXEN target WENTR */
int find(ListNode head, int target) {
int index = 0;
while (head != null) {
if (head.val == target)
return index;
head = head.next;
index++;
}

return -1;

4.2.2 ¥H vs. §ER

R 4-1 B T RAAMBERN S IR R b T HROERCR . BT e IR AR S A7 i s, TRl A A o

GIEE IV ESTE=S /DS RVAIDES TR

®4-1 BAHSTERIIBERAT

e

R

g ELNFER

g (el
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He B
BRIE KRS IR
WTERCR  EREANTG D, HARERIER TR ERNES
yiEE  O(1) O(n)
WIER  O(n) o(1)
W#EE  O(n) O(1)

4.2.3 FRERER

GniE 4-8 Fivw, H ULAYBE RIS —F,

- BABER: RIRTHE AR SR, SRR RS ENER T T RS IR, AR &

NRFENRT R, Rfa— DR A, BT 52 None .

- WIBEER: RIS HREEERE T RIEALT R (BREMR), WRE—PIPRER, EMPHER

R, AR AR AT DAL KT A

- OWABER: SRABERMLEL, DAERERICR TIANTTAEG . IABERAT RUE RNt & a1 a4k
TR (=) MR A (B R) BI5IH (88 . MRET RMRERR, AR E B RS

P, ATDASIPN 75 A Do BE A, (EAH M th 55 2 o FH 3 22 A P A7 2

[* WMAERTTRE */

class ListNode {
int val; /] BRE
ListNode next; // iIEMEH#TSBI5IA
ListNode prev; // EMBEIET=HN5IA
ListNode(int x) { val = x; } // "%k

ERER

singly linked list
0-0-0606-0--

R

circular linked list

0-0-0-0-0

MR

doubly linked list

o — @@ Q@—Q—Q "

K 4-8 & WAERME
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4.2.4 fERBENHA

BAABEFOE T, BASILL I 2% B S R S5

- BeSEBNII: LR AT BRI (R A BER A —ImiE AT, ERBLUH TG AR, WA, i AR M
TERER M —ImiEAT, MBRIRIEIERERM S — it T, ERIME et RE, X RIAS,

- TR RESHILR RIS PRI R R —, %R, A RITTRA SIS E— MER
':':‘O

- B AR FOREN AR AT, R RN TRES — MR CER, BERA I ITRERR
TG R R AE R HABTH

MAERF TR ZPOEE AT — MG — NT R R,

© RBURSH: FLANTELLRM, B R, ATV R A, XA DU AE T R R ME
AT U5 SRSEIE,  RIATF XA HERR,

- PSR AEM DTN AR, P R TR IR IZEN, N ST AR R B AE AP I R BT —
JE— WL, AN HER AR M (SIX MR E 215 faT B

- LRU R%: &Ik (LRU) Rk, BT EREKE LR/ ERREEE, PARSHFPRIEG N
FARMBRTY silo IXHH A A XA BER AR H 51E,

INEBER TR L HIERER 5, R RSB IRE

- IR RRERPHRERIE . ERIER ST, WA REEERIEZ A WK CPU MR, EREXN—
FAREHATIEIN, RPN T — DN R, SR AZERN, CPU SIS~ — M, XAhE
MR AT DUEIS PR R RS,

- BURGONX ;. ERERRRMN XA SKLBLT, AT AP EER, LRAIEEI, MR, B
TATRE ST R DRI F N —NIMEER, DAESCICSERR T

4.3 FIE

FIF (list) B—PMHRIBIREIMS, EFRRTRARERS, FRTRA, B% @, MERiEmn
FHRE, TTOUEMFE S ERRIRBIRIRIE, 53A] DT RER sl S,

- EERRARIDEE IR, HEGRrR &SR, I H T ARESEST A
- BN RTREM AR, HhHTHREANZE, REREEE—NEERERGIHSIR,

M FEEASL IR, KEAZHERS SRR HMERAC, X 2R NFRNTEE LR ehE =
1fEfE2/DEdE, MM DUEBRSIERNSIREKE, SKE/N, WRMTRETCEME MR, SKEER, W
2IERNTE SRR,

IEPRI AR, FATTAT DA shS 8B (dynamic array) SESEEIFIER, B4R THARNSTUL A, FHHATPL
R TR TS R

SfR b, VP2 gnFEiE PR E BRI A FE R S T A B I, $Ia0 Python HRY list . Java HIf
ArraylList . C++ Il vector Ml C# FIRY List %, fEHE FoRIVITIEH, FRATEIE “FIR” f1 “ZhS8E” W
R IR,
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4.3.1 FIRERIEE

1. #aiyIR

BADEF R “THEE” 1 “BIGEE” XPRIaE T
/] === File: list.java ===

[* MakyIR */

/] TAEE

List<Integer> numsl = new ArraylList<>();

/] BYEE CEEHAMTERERER int[] BIEEXE Integer[])

Integer[] numbers = new Integer[] { 1, 3, 2, 5, 4 };

List<Integer> nums = new ArraylList<>(Arrays.asList(numbers));
2. ipiATE
FIRAR R, FIEATPAE O(1) BRINIRIFIE TR, SRR,

/] === File: list.java ===

/* HRTTE */
int num = nums.get(1); // iAAIZES| 1 WTE

[* BHITE */
nums.set(1, 0); // BZE3| 1 AWTEEFHA 0

3. EASHIRTE

MR THE, F1FRAT DL BRI S MERT R, EFIRERRMITRENNEERER O(1) , ERAFMER

TCRMBCRN S MR, FEEHER O(n) .
/] === File: list.java ===

/> EETIE */

nums.clear();

[* EREAMITER */
nums.add(1);
nums.add(3);
nums.add(2);
nums.add(5);
nums.add(4);
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/* TEFREEATTE */
nums.add(3, 6); // TEZE5| 3 ENEKFE 6

/* MBRTTE */
nums.remove(3); // MIBRZERS| 3 BITR

4. BHYIER

SEEA—FE, HIRAIDMER S s, el DLEERET &R,
/] === File: list.java ===
[* BIRSBHIR */
int count = 0;
for (int 1 = 0; 1 < nums.size(); i++) {
count += nums.get(i);
}
/* BERBHYIRTE */

for (int num : nums) {

count += num;

5. PHEFIR

L0 — IR nums1 , FATTA] UK HPHEEI AR T R #R
/] === File: list.java ===

[* PHEFAFIR */

List<Integer> numsl = new ArraylList<>(Arrays.asList(new Integer[] { 6, 8, 7, 10, 9 }));
nums.addAll(nums1); // BFIER numsl HHEZ nums 25

6. HIFFI®
SERSIERHEE G, BAVER IERESRARREEREPEEEERN "&KW ik
// === File: list.java ===

/* HEFFFIR */
Collections.sort(nums); // HiFRE, FIRITEMNEIKHET!
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4.3.2 HIREY

U2 mEESNE THIR, Bla0 Java, C++. Python %, TNIWLBILEETR, SANSENLEHIERS
5, BINPIGA AR, §AEEEE, RO AT A& P IR T3,

N T IR PR TR BB, BAIZALI — MR ZRYIR, G = E AR,

© YRS R RN EEIBEHIRE R, EAORBIT, BATER 10 fENPIA A R,
- BEER: AR size, FITICRIIRLHITTREE, FHHEBETRBARMPRECNER, RiE

e s, BATATUERAIRERS, DANFIWTR S TREY A,

© PHERUR: EREACTENYIRERCH, WFRZEHTY A, Jolia) Ao — M ERIEd, B

HHTEEHMIFTE TTR RS SN R, FEAREIT, BATRUE FUCRHEBEY A 2 2 A 2 4,

// === File: my_list.java ===

[* FIRSE *+/

class

MyList {

private int[] arr; // #{4E (FEFIRTEH)

private int capacity = 10; // FIRB=

private int size = 0; // FIRKE (HEixEHE)
private int extendRatio = 2; // ERFIRYT BHIEE

[* WEREE */
public MyList() {

}

arr = new int[capacity];

[* REBFIRKE (HaimiHE) */
public int size() {

}

return size;

[* REGIREBE */
public int capacity() {

}

return capacity;

/* IAElTTE */
public int get(int index) {

}

/] BSIMRHER, WHEEE, TH
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" Z5|#R");

return arr[index];

[* BHETTE */

public voild set(int index, int num) {

if (index < 0 || index >= size)
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throw new IndexOutOfBoundsException(" ZE3|#EFR");
arr[index] = num;

[* EEEHRMITE */
public void add(int num) {
/] TEHEBHAEE, LT BV
if (size == capacity())
extendCapacity();
arr[size] = num;
/] EFTEHE

size++;

[* FEHEHENTTER */
public voild insert(int index, int num) {
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" ZE5|#HR");
/] TEHEBEAEE, MALT S
if (size == capacity())
extendCapacity();
/] BZFR5| index UKz ENTEEBMEEEE—IU
for (int j = size - 1; j >= index; j--) {
arr[j + 1] = arr[j];
}
arr[index] = num;
/] BT EREE

size++;

[* MFRTE */
public int remove(int index) {
if (index < 0 || index >= size)
throw new IndexOutOfBoundsException(" Z3|#EFR");
int num = arr[index];
/] BRER5| index ZEMNTHREMFIBEI—IIL

for (int j = index; j < size - 1; j++) {

arr[j] = arr[j + 1];
}
/] BFTREE
size--;

/] ERERMFRE TR

return num;

[* FIRT A */
public voild extendCapacity() {
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/] FE—NKENFREIHA extendRatio fERVFEE, FIGFEASHIIFEA
arr = Arrays.copyOf(arr, capacity() * extendRatio);

/] EFTREE

capacity = arr.length;

}

[* RBHIREHAERA +/
public int[] toArray() {
int size = size();
/] EERE K EEENNSIRTER
int[] arr = new int[size];
for (int 1 = 0; 1 < size; i1++) {
arr[i] = get(i);
}

return arr;

4.4 WE5EE*

TEARZRIFIN T, FATRN TR MBERIZ MR B BRI BIRSH, ENopIfRT “E8FE” M
“ORUAEAET RS,

KPR L, PRGSO RRE EOUE TR NI AR RE IR, T i SRR 7 BB IR PR RE

4.4.1 IHBNEFELE

RN =M AR5 B8R (hard disk). W7 (random-access memory, RAM), #&7F (cache
memory), & 4-2 J&rn T BN HEH B RS AE M P RER: .

® 42 RN RS

TS INEE A7

Mg K OESdE, BRRIERSL RIS RS TR FAIE PO ETIRABEENES, B> CPU
PP, IHEE FEALFH R EE ViRl P77 B9 B

% WHREEEARER LIREVER S PSS S ILEVER S EERES S

[

AE BK, TBY B, GB FEH /N, MB 25l

W B8, JLEELT MB/s Bk, JLt GB/s FEF R, JLH2IJLE GB/s

ks B, JLEH)LT/GB #eet, JLtEJLEIT/ GB EH S, BE CPU TR
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BATAT DR T R B RSB R N E 4-9 FRmIE 7 HE450 . BEET & 75 TURAI7 IF IR SRR e, &
N AR, XA BRI ISR, TR RS TRIMZ20E R R 4R,

- BEEERAENAAI, Et, NEPREBIREN SRR, FIENEE KIEEDE, Hk, WfE
HIRRATR IR L%, IX A ERE DAETH B8 T M

© RAFRA R SR DR, BEE L1, L2, L3 BEMARZIHA, HWERST2EK, 5 CPU
L2 [RIFY R B 2RI, AT SEEHEE RN RN, TTRVTIEIRE . ELREART, Z2EHK
HIRAFEEA R A R, TR A Z R BR E PH

CPU

L1 Cache

Bz L2 Cache

g

K 49 HEHFIERS

HREE s
g HAK

Note
RN EZIREMRIL T IHE, FREMNA =& Z RGO FEH, SChs b, XMBUSeEET
FiE T, B SR BATHE AR I AR R Hl < [ A 1 R

R, BERA T IR R EEE, W T IR AR e T AR PRI, 247 W 17 6if
SEVIMNBIERTES, DIEEEFBITReR, =& HAME, WRHTEIRASIE1T,

N 4-10 FoR, FEREFIBITR, BdE MBEE PRSI FH, (4 CPU HEMM, %&fFrILAETE CPU K
—Hkoy, ‘EENEREHM N INEREE, 4 CPU 1R tmE AV BRI, M EE R PITRER, b

SRR TE e,
F 1’
o o[
of = § — IR — j\
HE mEs

ShiBEE &7

CPU

B 4-10 WA, WM Z AR EdE S
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4.4.2 BIEEHWNRTERE

TENFRA A7, BEHMBERS B BAAMEMERIE,

—J5H, PFRARRK, HFE—RNEAGERZ MRS, BRI BRI EET R AT R st A
2, BEHRTTRREEHS, ATREHIMIZE RRAAERER T AR5 (Fakh), RIS RReRE &, 2R,
BATE IR B HESNFE R, IXATRESFBNAIRSE, By A th el ZRIM I AR 23 R A,
MEEZ S, BERDL R MR TR S ECAIEI, SR TR R TE M

ST, ERRFIBTR, BEEREHIESRINNT, SRNFRR R R SRR, S BNER
MRRCER AR, BAHBTHESKFET K, AR SBAFERR L. Mk, BERIITTRR DR,
FERERIIASMERR e, RS SFBNERA L,

4.4.3 HIRGHINERTFHE

ZAf BREZRREE BT AT, HELNFREG S, ERFPITEE HEEEZCEZNERN. HTRF
A EAR, HAEFE—/ MBI RAEdE, Fit CPU ViR R AERA PN, MR AEEE
KaH (cache miss), I CPU AMGAMIEERLARHT AAF AR ANE AT TR &,

BAR, “GArAmD” @D, CPU BSBIRIIRAR M, 2P R thatiltr, TR CPU WELFHRIER
EEHRHI LLBIFR B Fa = (cache hitrate), IXMMEFRIEH R BRI,

NTRAJREIREIE @AIRCR, 5ff 2 RIA N EURIMEALH,

©BRAHT: RSB TIEIE SINEEGE, TR AR T AL, LT AN TR, BT
Rt = R

- FRIOHUR: ACERER 2RI BRI RS (BRI, e KBTI FSE), FHARIER E ALK
R ERF 2 H, MR a2,

- AW JaERE: R DEARYIR, AR ERRLREEE ] REL It S, Eit, RIS
fals, WRBHEMNEERE, PaemmahR,

- IR AR DN BRI, A EIEARARR SRR A REFHR BT, A M — BB, @i
TRE BRIV M RBUE R Man

Khr b, BEMBERM RN R AR, TZABAELNT LT,

- AR BERTRMEETTR S AERE S, SBEFTENNAREERE D,

©OBRAHT: REREARE D BENGFSAL, MRAR TATIET B, RIS TR R E B 5 =,
- FRIOHURY: B BERAVEIR TR R “RIINTE”, RIRSTE A 516 R B S,
- MR BB B ER PRI, RN BRI A8 A AT RERIR 7 ),

BATE, BEHRAERNEAGRR, FCeEREdes e Tk, XESERREIARET, &
TEAH SRR A 52 X0,

TEERNE, @EABCRIFAEREBAERAN O P TR, SEPR A Frik IR atity, MR
R AT RRDUE, BN, BEHMBERAATDASCHL “4%” BdEgit (F—EXW4ngd), BellEmTAm
758

- FEMEREEIN, BATRBUR TR T B LIRA, EoOVERE T S r R ERCRMBENLII R AT RE
51, AR CUR TR BN B — E RN A3 R
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CARBHRRAER R, ShSHRE. AT NERE T, IR TR SRR E N SIS, HERAET
R R EBE o 87 0 T P RORRIER 3, I B 78y A =L AR T

4,5 Ih&

1. ELER

- BEHMBER R AR A RIBAREEH, o B AREBERAE T BN PR A7 i 753K 382 A7 BRI
RSB, B AR R S EAN R

- BEHSRREALTIEL, S HNERD; EREARMBRITRSERR, BAGHEKEARZE,

- EERIEE ENG I (B SIS AR A SR, HAT ARSI, HY SRR, &
RN, HURBERSR RIS ER, PR, AR,

- AR IS ERKTTRARFRS, EHE TSI, ERE TEAHRS, RNFTLAR
AR,

- HIRAHBURIESE & T BRI, (HATRESEE 2 AF 2 RITR PR

- BFIBIT, BdE R EAAMEENET, B R EE SRS RRCR, MHERNENZ M _EE IR
o

© RIFIEERAFAT. PO DAK =2 [l e B AN ()R SR MRS B AL, O CPU SR BEPORERE VI,
BERTHEF R TRCR,

- HTEABAERNEFMPR, FIWEEE LR E & EREEIRSN, NARYE BT R
A E %R

2. Q&A

Q: HUEHMFEEAR EMTEMEAESE B, X RRCR IS BRCR 2 S A 00?2
TG AERR _ERIHE EREHE A G EIE SN R E N, BURIRERCREAR —8, A, MRS R
A, IS LA IANE A

1. ECFREECR . M — B/ NINTE, SECHSmIFes Bah5e; mENEHENE LA, ] IEREH3)

oL, BERGEER . Fitt, H#EER BRI AR ERE,

2. KU/NBRHI: HePNAEAHAT D, HERI R IN—RESZ R TRl HINTR . AL 58 f0id & 77 il KRB A

3. RIEM: R ENBHPN KR NFEERIERNTE, MmN N] DRI T BhASHE
Q: AT ABEHZERMFRIRBNITER, MR ARIAHEFRSEEE?
PERMT AR, VAZENENSIH (85 R, SN AR DEEARRIEREREGE, 40 int, double,
string, object %,
G, ERZH T RN A BUBAHRIETIR, XA R T B WS & R IRBO BT BN B, BN, FEH R
& int 1 long PIAPERY BAANSTESHIGEH 4 770 M1 8 =11, HWNMAREAU T AR TERBEET, KN
BAAFHEE TR TERE,

# TERAFMIE = BARFBLE (BxRERFELE) + TRZKE * TRERSI
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Q: MIBRT A PG, BETEP.next % None E?

ANMEZ P.next AT DL, MIZBERIIAEER, M1 REHFIETAEEAZEE P T, XEKRET R P EL
MEBERHMNER T, RIS s P FE AR RN 2 AR R = AR R

MBS SHEE (8 WAKE, MR EXER, RERIFEFNEZEZIEFMIIIT. MIREZER A
EE, WiAEmZe, BREMEW., WRAMFF, BEEMERT s EFE R, RATSFEmE4ET S
HINAZ[EIL

Q: TEBERFEAFMBREIENN S ZEZE O(1) . EEMMZ AEFZE O(n) WK RERICE, 8T
LN AEREARE O(n) IE?

MR EHITR, BMRTER, NRSREMRER O(n) . A, BRI O(1) 8MAIEE AT DAEH AR
M ERERBL, B, WEASNE & ARSI, B4 —MEHRRGZAERSLT A BT R, 8K
EASMEREERZ O(1)

Q: B “BERENSFMITX” i, REGREET SIEHE G — RIS ? BRI R AR S —
We?

ZoRBEUZENIOR, EEFRHEERIERMRE IO T 2T,

- ANFIZETURS AR S AR EEANFEIR, Eb40 int. long. double FASEHINT 5 %5,

- R R S RS B R/ MRAE T R E R SR N GmIEINR N E, K2R 8 FHEl 4 F,
Q: TEFIFRKBEBIRMITTREEANNZIZIES O(1) ?
WRBITEREHYREE, NFEELY BVIRERN, RESHIE-RHNNTE, HHERPIZRNTE T
Mzt %, XEHERRERERSZE O(n) .
Q: “HIRAVHBINA AR & THEHML AN, HulgESBE T NFEREIREE”, X EZ AR 2 faFyMY
P ERMA R, KE, AR SHMNELD?
XEMZERBEEEGMAES Y —7H, YIRESIEE—MIGEE, BIIA—EFEHXL%,; 55—
i, NTRIERET S, IE—MaSkU—1DREK, il x1.5, Xk, a2z a6, BllE
WARESERHE T,
Q: 1 Python H#J4atk.n = [1, 2, 3] /5, X 3 DICHRABBLZHEERN, B2V n = [2, 1, 3] 2K
EMENTEN id HAZES, e AR 0 FRMEE, XLETEMIEAES:, B2 n EZ2EEHT?
RaIEA| R E I EER T 5 n = [n1, n2, n3, n4, n5], EHEIEN FIX 5 D AWM BHEEENT
Bhb, ST, SHE—DHIRERS|, BAWIRATLAE O(1) BEPZRECT s AAE s, AT R 26 R 5 o
XA H PR R T A5, I SRS,
5WZIBE AN, Python HEF MBI ANG, FIRPEHENANZHERE, MENEF5]H,
I, BAISEZIM NP IHBEIRFRER — id, FHHXER TN TCAUESE,
Q: C++STL HEM std: : list EALLI T WMEER, (HIHG LB EB EANEABEREHE, BAZEN
B2 JRIRENE?
—75 T, FAVFEE SR HBEASIE D, mRAELERNAFHER, EFEEWDNER,

- AT HTFEDNICEFENNIINYREE (—DMHTRT—DEE, —MHTE—1TR), A
std::list BHE L std: :vector B 5 HZ A,
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© BREAKRI: BHTEUE AR BIESLTE, R std: : list M BAEAIRHREE, —MIEH R, std: :vector
I RE S B AF

77, R RERAE 0L R AIE, ARSI S M g 1E 5 12 LAY stack T queue ,
iMAERER,

Q: WA res = [0] * self.size() #fE, =T res BN ITES| MBI ?

ARe, BgMHSEIX N, BINwa 4553 res = [[0] * self.size()], WIZXSIH T FHE—1
HIZ% [0] o
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Abstract
Fetn RS S, A Y EUGIETEHERA
M AR NG R NSRBI R,
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5.1 %

% (stack) B—HmNEfEL NG HIZE LM R,

BATRT PLR SR E o s B — 3887, R R R E T, WIFREIeR L& RO E, JATR
BTN ERIAMTTER B, 7. XR5E), iSE 7ML,

aniE 5-1 R, BAHEHEBTTRIITERAR Y “Relit”, JREFOY “RIR”. FHETTRISIMBARIAIERIEM 0 “A
BT, MERERITOTRARIEMIE “HART,

% Ni% A& % ik
stack push(5) push(&) pop() pop()

ll S/

BRI

B 5-1 ARG AL

5.1.1 R RIRE

PR FIREINER 5-1 R, BRI 5154 TR AR AT P S AE1E SR, fEIL, FRATUAH WA push()
pop(). peek() fns4 N,

R 51 FRAIBRIERCR

PR o fif ) 2 2

push() TEEAM GFIEEID  O(1)

pop() R Hitk O(1)
peek()  VilTHLIIER o(1)

EHEEWT, BT DEZERFEES MBS, A, HEESAIRERE LIRSS, XA
DRIZIE SR B s “RERT SRR, JHERFIZEE LRI S HIC A ERIE,
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// === File: stack.java ===

[* Mgatte */

Stack<Integer> stack = new Stack<>();

[* TTEN */
stack.push(1);
stack.push(3);
stack.push(2);
stack.push(5);
stack.push(4);

[* IHERINTER */
int peek = stack.peek();

/* TEHE */
int pop = stack.pop();

[* REVRBIKE */

int size = stack.size();

[* FITRE AT */
boolean isEmpty = stack.isEmpty();

5.1.2 #¥pscI|

NTERNT AR TALE], BRI E DM — M

HOEIE SN Ja AR, PRI REAEARTRA NS ER TR, AT, BEHANBERER Al DAEAE R AL B AR
MERTCE, EEEal DAMOA —RhSZ BRI B s B %, Hf0idin, FRATATLL “BRill” B sk aRkait o ok
BefE, BEHXINRBIREEAT SHARHE,

1. BTFH#RNIH

(o FHBER SCBIARIY,  FRATTAT DARFRER A KT A AR T, e T AR

i 5-2 Fow, T AKRERME, BATVAFRROTRBATERKE, XA mEmATTERIOY @A, T
HARERME, HFRSLT RONBER AR HBRET AT
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BER 4
ARINEFERLED

A as
push(4) KR @

o a )
EERENEER RERIEER
PRI o FINRIMAEE

o

Bm

‘

FoDen
[-[-] )

RHA
| Step 1 | Step 2 |
i
pop() BT
sux (@)
g EEEREER o
FHIMRIMAE @
\", BH5 "

{ Step 3

B 5-2 FFHERIINERM AR H AR
DA 25 T RER ST A R I :
// === File: linkedlist_stack.java ===

[* BFRERIIMBIE */

class LinkedListStack {
private ListNode stackPeek; // ¥3kT5 S{EA%IN
private int stkSize = 0; // HRMKE

public LinkedListStack() {
stackPeek = null;

[* REARIKE */
public int size() {

return stkSize;

[* FIERED AT */
public boolean isEmpty() {
return size() == 0;

[* Ntk %/
public voild push(int num) {
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ListNode node = new ListNode(num);
node.next = stackPeek;
stackPeek = node;

stkSize++;

[* Wik */

public int pop() {
int num = peek();
stackPeek = stackPeek.next;
stkSize--;

return num;

[* BIERITER */
public int peek() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return stackPeek.val;

[* 3 List ¥R Array FHiR[E */
public int[] toArray() {
ListNode node = stackPeek;
int[] res = new int[size()];
for (int 1 = res.length - 1; 1 >= 0; i1--) {
res[i1] = node.val;
node = node.next;

}

return res;

2. BTFHENEIH

(EFTARL BRI, Bl TR UKL e MR T, A01FE] 5-3 R, AR 5 R 53 B R B R
TITER SRR, RHRE RSN O(1) .

push(4)
Bm

| mamaen
Aﬁl ]mﬁ

R &
RINERAREE

REREIENA
PRI AE

RELI2%RE
HIPRAAE

(-[-]~]-]
[-I-[-[-[]

- T-T-]-]

Step 1 \ Step 2
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Hi%
pop()
s ER TR
5 | R
n EEERENA
a FHohRMAE
" R
hd

‘ Step 3

Bl 5-3 BT EZH STIMERAY AR Hi ke 0

BT AR TTER AT RE S TRTF AN N, R ERATT AT DAGE R ShASEE, IXFERE I/t B 17 A BRE ALY 2 TR)
PATR AR BAHs -

// === File: array_stack.java ===

[* BETFHATIMAE */
class ArrayStack {
private ArraylList<Integer> stack;

public ArrayStack() {
/] MiakyIR (Gh&EER)

stack = new ArrayList<>();

[* REVRRIKE */
public int size() {
return stack.size();

[* FIURE TR */
public boolean isEmpty() {
return size() == 0;

}

[* N */
public void push(int num) {
stack.add(num);

[* Wik */
public int pop() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return stack.remove(size() - 1);
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[* TAERRITER */
public int peek() {
if (isEmpty())
throw new IndexOutOfBoundsException();
return stack.get(size() - 1);

}

[* % List B1A Array FHiR[E */
public Object[] toArray() {
return stack.toArray();

3

5.1.3 FRFhSCINFTEL

FHRE

PRPSC AR SR T AR RS R R, B SCBIRIN SR RENLI I, (EXXERH 7ARE ek, Kt —%
AEHE,

R ERVES

FERT RN, ABHM AR BRI ERE R D RCAF RESE N F T, BARGFIERFARINY, K%
R KM, WRANEHBHA R, 2T BIH, SBORRARENNRSREZH O(n) .
TERTHERRISCII, BERIP AR RIE, A LIREAHY ANBCRE R E -, B2, AMEREFRZE
AR RN GIHESAEE, BRIRCRAN B, AN, WRABTTRAGIRE T RANE, 2R E £
GRIEP IR, TR RRCR,

g ERTR, MRS HAIRIEI TR EEEA RN, B4 int 5L double , FRATIATDUF H DA TRESIL,

- BT RSB AR SR, Bl T AR MRE, RIFI8eRER,
- BT RERSCEIRIR AT DR AL S AR E RURCR R I
EadlpvES

FEWHIEHIIRI, RAXINIIRDI “WIEHRR", ZARARBBEHSEIRTR,; HH, §ayLsnE s 22 mk
SEER (BN 2 %) TP AN, AENARDATREEHRIRTER, Fitt, A THEHIBRRNREER—
SE S R TR B .

RN, HTRERTT TR EHME e e, PBLRERAT LS I M EER.
g b, BATARER S E MR SCBLE N B NAE, B BT 4T

5.1.4 REBEWH
IR SR SR, PR S R, ST TR DT, W SRk St E— AN R T

FIAER, IXFEBATE AT DO e R R EE 2 _E— 0T, SRR ESEPR BB AEAIT AR, QIR ZE RN
FHEIRFIRTHE, AR MORAL S LI,
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- BPPAER, SRR, REMSERRTSI— ML, HTICRE S0 BT UER. EiE
BRE, TR IEHER T BES ARWHAST ARRAE, e L (BT B2 ANEr AT T AR

5.2 BA%I

PAZ! (queue) J2—RiEIETC AJCtH UMM RARES I, B8 S, BRARRIL T HEATRR,  BIFRAT A
IMAAFIRERR, AL T-BASISLERH N B A BT

aniE 5-4 Fow, BATRBAFISKERFROD “BAE”, EEFCN “BARE”, RATTTRIMANRHRIRIENCY “ABL”,
PRENE TTRAIRIERC “HIBLT,

BA%Y A HEA
queue pop() pop()
BAE [

i | /

ABA T /

PAR

ANBA NBA
push(5) push(4)

5-4 BABIRISE ASE R

5.2.1 PAFIERIR(E

PASIASH WAL 5-2 FoR. REERRE, NRHmEE SRS RERBEMAR. TIELRMAS
AR TR a4

% 52 PABIBRAERCR

Jiikg ik I R A2 2

push() JCEABN, BMRCRFMENE  O(1)
pop()  BAEJCERIHEA 0O(1)
peek() ViMIRAE TR o(1)

BATTRT AE AR AE w2 18 = IR AIRASI K :
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// === File: queue.java ===

[* IR */

Queue<Integer> queue = new LinkedList<>();

[* TTENRA */

queue.offer(1);
queue.offer(3);
queue.offer(2);
queue.offer(5);
queue.offer(4);

/* AEAE TR */

int peek = queue.peek();

/* TTEREEA */
int pop = queue.poll();

[* FREATIRKE */

int size = queue.size();

[* FIMATIZR B AT */
boolean isEmpty = queue.isEmpty();

5.2.2 PAFISCIR

N TSP, AR E MRS, P DE—SmiINTeR, HaESD R sR, BERMEBEHET &%
Ko

1. BEFH#RMEH

i 5-5 Fow, BATA] DURFBERAY ST a” A “RART B0 “BAET F1 CBAE”, BUEIAR AT ERN
T, BAEDRTIBRT A

BHR 4

FMEERES
AR
- P @ push(4) PE ;’\l)
‘/”\\
i | a r? [+ ] \?/
a & &
a EESHESR @ - ] EELHESE @
o FHIPEIAIAT l o FIEIIAT /1\
an | run () o
|
AR BEA ( _/\’

Step 1 Step 2
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pop() BIBRET R
o2 (@

2 ]

ERERESR @

o FHIEIAAT l\

8 ®
REA dg

{ Step 3

Bl 5-5 EET5ER SIS BN AR AE
PAR 2 R SIS AR -
// === File: linkedlist_queue.java ===

[* BEFHERSTIAIRATY */
class LinkedListQueue {
private ListNode front, rear; // kT= front , BTE rear

private int queSize = 0;

public LinkedListQueue() {
front = null;

rear = null;

/* FREXBATIRUKE */
public int size() {

return queSize;

/* FIBBATIRE AZT */
public boolean isEmpty() {

return size() == 0;

/* NBA */
public void push(int num) {
/] EETSERM num
ListNode node = new ListNode(num);
/] MRATIAZE, WSk, BRREBHERZTR
if (front == null) {
front = node;
rear = node;
/] MRAFIFRRZE, WEZTRRNEET =G
} else {
rear.next = node;
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rear = node;

}
queSize++;
}
/* HBA */

public int pop() {
int num = peek();
/] BBRET =
front = front.next;
queSize--;
return num;

}

[* BRIPAE TR */
public int peek() {
if (isEmpty())
throw new IndexOutOfBoundsException();
return front.val;

}

[* BEERFEWA Array FHIR[E */
public int[] toArray() {
ListNode node = front;
int[] res = new int[size()];
for (int 1 = 0; 1 < res.length; i++) {
res[i1] = node.val;
node = node.next;

}

return res;

2. BETFHAMTE
TERAAP PR E RN EAREN O(n) , X2 FEHBIRIEBCRER. AT, BATATLERA L F5275
R SIX AN A

BATAT AR — N Front JEIABAE TERIIERE, FAEi— R size I TIRTZATIK L, X
rear = front + size, BMARIFUN rear HIINETLE 2 G F— M H,

BTk, BdlrhmE R EUIX A [front, rear - 1], AFMRIERISLHLTIEWNE 5-6 i,

NBIRAE: K NTCRMRELS rear K514, I stze MMM 1,
HIBAIRAE: TR front 8A0 1, FHHF size B 1o

FIDAERI,  ABAFIHBARAEES LR T — X8R, WRERERN O(1) .
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front iEANIIETR 1. iHBRIEs rear
rear EEMFIETE + 1 2. BTERME rear &

rear = front + size 3. % size B 1

ABA
AR push(4)
front > front »
Hﬁl‘AI n AFHERE n FABHEEE
n size = 4 a size = 5
u EEER2NA a EEERENA
a FHYMRIAPATI a TSP RIMAPAT]
A I rear > rear >
ME
l Step 1 Step 2
1.3 front B 1
2. size BA 1
HBA
pop()
front > PBABIREE
a size = 4
u EERER2HA
a FHIMRIMAPATI
‘ Step 3

K 5-6 HETEEHSIBABIHI ABN AR AE

PRATRES B — N Al FEANKIEAT ABANAIH BN 2, front M1 rear HSEMIGREN, M EMZLEEE)RE
TN ICTEAR S SR 1 T RORIARE, BATTRT DU B AR IR

MTINEEA, BATFELL front B rear fERUS B BTN, ER2A FIEEH SLERARSL . IX M IPE R
FTDOE “BURERIET RSB, AR RTR:

// === File: array_queue.java ===

[* BETHREATIBING */

class ArrayQueue {
private int[] nums; // BFFEBATITTERIEH
private int front; // PAEIIE%r, IEMPAETTE
private int queSize; // PATIHKE

public ArrayQueue(int capacity) {
nums = new int[capacity];
front = queSize = 0;

/* REXBATINAE */
public int capacity() {
return nums.length;

}

[* SREXPAFIRIKEE */
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public int size() {

return queSize;

[* FIMBATIZRE AT */
public boolean isEmpty() {
return queSize == 0;

/* NBA */
public voild push(int num) {
if (queSize == capacity()) {
System.out.println(" PAZIE®H");
return;
}
/] IEEIES, IERABERS + 1
/] EIEGRIZELI rear BITEAREEEEIEILED
int rear = (front + queSize) % capacity();
/] ¥ num FRINZEE
nums[rear] = num;

queSize++;

[* HPBA */
public int pop() {
int num = peek();
/] BAEIESRESEI—, SRR, NREZHHELE
front = (front + 1) % capacity();
queSize--;

return num;

/* HRIAE TR */
public int peek() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return nums[front];

[* REFA */
public int[] toArray() {
/] AR BRKESCRE NI IR TR
int[] res = new int[queSize];
for (int 1 = 0, j = front; i1 < queSize; i++, j++) {
res[i] = nums[j % capacity()];
}

return res;
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A ESCEIRIBASNS R B JRIRE . HAREARIAE, 2RI, XD RIENERRR, BT DOREEH S Hoh 555
H, MmsIAT B, A E A I BT,

PRPSEELRONS LS Ie S — 5K,  fEAEEOR,
5.2.3 PAFIEEI A
C WA, YA IR, TR, RS SRR S EERAS R AT B, AR
[, JERFAIANSEERITR, SR SON TR ] 2 RSOy A,

© BRMHHEI, EMTRESEI YRR IRERIR, BIASTENYLRESS S, BT RIS,
PABIHEIX L4755 m] DA ROt e AL BRI

5.3 EPATI

TERRFI TR, BRATMLAREMIBR KB T R eAE R AR AT R, W& 5-7 fiR, IXEPATI (double-ended queue) 12
T ERAREN, VRS BT TR AN R

R rEPATY PAEABA FAEHEA
deque push_first(1) pop_first()
BAE \ /
HBA T l AR
Al |
BAR / \
PARBBA PAREHBA

push_last(4) pop_last()

B 5-7 MEBASIE (R

5.3.1 WmEPATIERIRE

KXEIAS 5 FHEREAN SR 5-3 iR, BLRRY T IRA44 PR ZARE T (8 A B4 18 = ke
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%5-3 WABAFIHRIERCR

yipr<2 filiig inflsIp=RaE
push_first() FLRFMEKE O(1)
push_last()  HCRBMENE O(1)
pop_first()  MIBRFAE TR O(1)
pop_last() MHIERRAEETT R 0(1)
peek_first() IiMBAEILE 0(1)
peek_last()  VilmIBARITHR 0(1)

RIREHD,  TRITTAT Bl PR o o L S AU A2
// === File: deque.java ===

[* FIRIRERATY */

Deque<Integer> deque = new LinkedList<>();

/* TTENBA */

deque.offerLast(2); // FINZEFRE
deque.offerLast(5);
deque.offerLast(4);
deque.offerFirst(3); // HMENE
deque.offerFirst(1);

[* IERTTERE */
int peekFirst = deque.peekFirst(); // PABTTE
int peekLast = deque.peeklast(); /] PAEBTE

/* TTEREBA */
int popFirst = deque.pollFirst(); // PABITTEHIA
int poplLast = deque.polllast(); /] BAEEE

[* SRENEPAFIRKE */

int size = deque.size();

/* FIBTWAPATIR B RNET */
boolean isEmpty = deque.isEmpty();

5.3.2 WmEPAFISEIR *

KEASHISLBL S PASIZEAN,  w] DO RER SR 1 N IR B ER S
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1. EFWmEERAEHR
(BB L — 5 P, Bl 8 D PR A BERORSEBLRAS, R & mT DAY (B Sk 17 s O B EHBAFRAE) AE
R UG HIET 1 5 O A BAERIE)

XTSI S, SkHESFIRE AR AT AT ABAFIHI AR, 0mgibid, INEIBAA TR ZE S S5 — R FR T 7]
AR, Dhit, FRATTRA “WABER" (R A S R ESHREEH,

aniE 5-8 A, FRATTRE XA BER A ST MR s A XX A BAB I A B AIRARE, (R A SEELAE PR R AT AR
T RRISIRE.

VINN BEE 4
I push_last(4) ARNEEREL
| | na PE @) P (o
HBA a ABA ﬂ a /T_l\
- ] EEERENAER (0 -] EEERERAEE @
a SRR INEAF /ﬂ a FIMRIMA AT /TT\
w1 o @ o
e rez @
Step 1 ‘ Step 2
BER 1
TANESERLE BIRES R
';A.Er:\_ p:\irst(l) *mE @ Kfﬁit() KA @
i jig
a % B ?
2 | 8 3
a8 EREMENAER @’ -] BEREMRNASE @
o HSMEIATEAT i) a HIPRIARENT i
@ sz (O
4 A4
1
B @
Step 3 Step 4
TAEEHIA
pop_first() IBRSKFS =
)
o EEERENAEE (H\
RSN \ ° 4
FIPRITAPAFY TT
rex ()
| Step 5
Bl 5-8 ETHEFRICIAABAFIAT A B H ATRAE
LIRS R FR
// === File: linkedlist_deque.java ===

[* WEAERTR */



H5E ST hello-algo.com 105

class ListNode {
int val; // BTRE
ListNode next; // E#T=5IA
ListNode prev; // BIIRTIm5|FA

ListNode(int val) {
this.val = val;

prev = next = null;

/* BTN ARSI AT */

class LinkedListDeque {
private ListNode front, rear; // kT front , BT E rear
private int queSize = 0; // WAPFIKKE

public LinkedListDeque() {

front = rear = null;

/* FREXWAPATIRIKE */
public int size() {

return queSize;

/* FIETREPATIBE AT */
public boolean isEmpty() {

return size() == 0;

[* NBA#&AE */
private voild push(int num, boolean isFront) {
ListNode node = new ListNode(num);
/] BEHERNZT, M front A rear #PFEM node
if (isEmpty())
front = rear = node;
/] BRENBAIR(E
else if (isFront) {
/] ¥ node FHINEFERLE
front.prev = node;
node.next = front;
front = node; // BHkT MR
/] BRENEAIE(E
} else {
/] ¥ node FRINEFERELD
rear.next = node;

node.prev = rear;
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rear = node; // BHET =
}
queSize++; // EFMPFTIKE

/* BAEABA */
public voild pushFirst(int num) {

push(num, true);

/* BABNEBA */
public voild pushLast(int num) {

push(num, false);

[* HBAIRIE */
private int pop(boolean isFront) {
if (isEmpty())
throw new IndexOutOfBoundsException();
int val;
/] BAE AR
if (isFront) {
val = front.val; // BEXTAE
/] BBRAT =
ListNode fNext = front.next;
if (fNext !'= null) {
fNext.prev = null;
front.next = null;
}
front = fNext; // BTN
/] BAEHEAIR(E
} else {
val = rear.val; // HEERTRE
/] BBRET =
ListNode rPrev = rear.prev;
if (rPrev !'= null) {
rPrev.next = null;
rear.prev = null;
}
rear = rPrev; // BHETS
}
queSize--; // EHFIKE

return val;

/* BABHBA */
public int popFirst() {



H5E ST hello-algo.com 107

return pop(true);

/* BAEBHBA */
public int poplLast() {
return pop(false);

/* ARIAE TR */
public int peekFirst() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return front.val;

/* ARIAETTER */
public int peekLast() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return rear.val;

[* REIFRARTFITED */
public int[] toArray() {
ListNode node = front;
int[] res = new int[size()];
for (int 1 = 0; 1 < res.length; i++) {
res[i] = node.val;
node = node.next;

}

return res;

2. BTFHENIH

i 5-9 FR, SETEASKIBASISEEL, BT AT DAE AP BEHAR BN AR
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PAE
i | gy | 3%
a RETIREFSA
a I RMAMFATI
PAR 1 l PBAR
ABA HEA
ME
[ Step 1 ]
U=PUN
push_first(1)
a
ERERREARE
B PRI I AT
l Step 3 ]

front IEEPAFIETR
rear EEMFIETE + 1

rear = front + size

front > BAFIHEE

size = 3

rear >

BAEBA

push_last(4)

BAEEHHPA
pop_last()

1.3 front Eif 1
2. % size BA 1

Step 2
1.3% front B 1
2. BTRFME front &
3.4 size B 1
BAFIHCEE
size = 5
Step 4
BAESHIFA

pop_first()

front >

EEEHRRETSRA
FHSPRAATEAT]

| step 5

BAFIHKEE

size = 3

1. iHBRIES rear
2. BTERME rear &
3. % size B 1

front > BT
size = 4
ERERRERRA
FIMRIAMEAT]
rear >
1.4 size HA 1
BATIKE
size = 4
ERER2EARA
HIPRI AT

5-9  FT LRSI ARSI EI A H PA R

TERNFI ) SCIREER b, (TR0 “BAEr ABR” 0 “BAEEHHBR™ B9757:

// === File: array_deque.java

[* BFIRREASSIAIN ARG */

class ArrayDeque {

private int[] nums; // FAFFENMABATITTRAVELAE
private int front; // PAEIEE, IERE TR
private int queSize; // WHEPAFIKE

[* ¥ETEE */

public ArrayDeque(int capacity) {

this.nums = new int[capacity];

front = queSize = 0;
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/* FRERNEPATINEE */
public int capacity() {
return nums.length;

/* FREXWAPATIRIKE */
public int size() {
return queSize;

}

[* FIETNEPATIRE AT */
public boolean isEmpty() {
return queSize == 0;

}

[* WWEIREARS] */
private int index(int i) {
/] BIEGRIBERIMEA B ERE
/] B 1 BS¥ARNE, EFLE
/] E 1 BIHEXEE, EEIES
return (i + capacity()) % capacity();
}

/* BRENBA */
public voild pushFirst(int num) {
if (queSize == capacity()) {
System.out.println(" WAEPAFTIEFE");
return;
}
/] PAEESHRES R —I(L
/] EIERIRELI front T EAALEERIZIES
front = index(front - 1);
/] & num FRIDZEBAE
nums[front] = num;
queSize++;

}

/* BAEXNBA */
public void pushLast(int num) {
if (queSize == capacity()) {
System.out.println(" XAPFFIEFH");
return;
}
/] TEEES, FEMABZRS] + 1
int rear = index(front + queSize);

/] ¥ num FHFINZEBAE
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nums[rear] = num;

queSize++;

[* BAEHRA */

public int popFirst() {
int num = peekFirst();
/] PAEEStREE—I(L
front = index(front + 1);
queSize--;

return num;

/* BAELPBA */

public int popLast() {
int num = peeklLast();
queSize--;

return num;

/* ARIAE TR */
public int peekFirst() {
if (isEmpty())
throw new IndexOutOfBoundsException();

return nums[front];

/* WIEPAETTER */
public int peeklLast() {
if (isEmpty())
throw new IndexOutOfBoundsException();
/] HEETERERSI
int last = index(front + queSize - 1);

return nums[last];

/* REEEARTFHIED */
public int[] toArray() {
/] ERE MK EEENNSIRTER
int[] res = new int[queSize];
for (int 1 = 0, j = front; 1 < queSize; i++, j++) {
res[i1] = nums[index(j)];
}

return res;



B5E RS hello-algo.com 111

5.3.3 NFEPAFIRA

XAIRASIFREAR S RASRIZ4R, Rl En] ASBLX & BIFTA BHR,  [RIRHRAESE ) B

TATALE, BRI W S ORI REUR B IE IR push Bk, A58 pop SKILH
Wo M, HEFIRFTIRAIRG], RIET SREEERPE (BIMRFRIE 50 27), AR KT
50 I, BXAFFREEARIE (BNE) TAITHIBRIRCE, HEJCTASCBZIIGE, P shT ZAERDN A ASIR AR, 15
ER, W RRDEEIREREHAI NG RN, U ARSI RERS SN R TG K — LI NE .

5.4 NG

1. EREH

- MR AEIE e G H IR R RS,  RlEE B s Rk L,

- AEMTRRCRTTH, ARSI BEARSAFIReR, BAETAERES, BIRABSRERNRE A ES
HHEO(n) . ML, HRAVBERSIEAENFENIRREM,

- AERARERTTHE, ARSI RE S B E AR R IR SR, (HFREERAE, SR RS A
fE AT R E R,

- BRBIE—RIEE S NS R M R B EE A, R AT DO IS B s BERR S, £ I TRI R 23 RIS
HXsEE b, BASIRISEIE 5 RTA AT AL

- KAIRAFZ — R EAE B i B ARSI, e SR VFE MR T T R AR PR

2. Q&A

Q: IVEERHIRTIE R IR A2 A HE RS ?

AR TP IEPLE: b%KﬁtE“&”%Wﬂo%%P%ﬁgfﬁﬁﬁﬁ,ﬁﬁﬁé%%%ﬂ&ﬁ;%%?
Rt EIRIGHI, 2% 0T = MARTAGH o (5 XXE BB AT DATS (A SUE — 223 A, IXNE XA
HERARE,

Q: fEHME, BERERBHET RHIMNAE?

MRS TR EEAFE N A, WATERBAF, A2 AFHEME, Java fl python B S A B3N
WL, RIEATRETIRMANAE; 7E CH G+ PREFIRRALT,

Q: WHEBATHE R MEPHERE T —i2, ERAREMHA?

A SRR A B & BN MERPHE T —id, BRIV + BIIRNEHE, Rt a] ISCaiik 5 S
WIFTE N, FH BRI,

Q: #8 (undo) MIHE (redo) EAKZUNMISTINAI?
EFM MR, A FTREEE, 8 AT .

L AP PIT D RE, BRXDERIEEAKA, HEZEHB,
2. HHFHIT BT N, MR A PR EIERIERGE, JRIEHEAL B,
3. AP HIT “IEEH” N, Mk B REHRIEHIRIE, FERHEEARKA
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helle=algo.com

Abstract
TEIFENIHAEA BmRmE—IEENE B ER,
ELEIAIHERBE, M PAPEEE] AR E .
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%R (hashtable), XFREFIR, EIEITHELHE key 51H value Z RIATMLS, SCHEAAITRER, BRI
5, BAIAEmRPEA—DME key, WATLAZE O(1) I RIPEREON B FME value o

E 6-1 FR, A5 n NMEA, BPNYAERE “WaT M ST NIEYE. REBMNHRESH WA
F5, RENNAEES” FERIIEE, WATCARAE 6-1 FURAa ARk LI,

BHR

hash table

BA—NES key, TifIXM#E value
IRERPENRENREIEZER 0(1)

B 6-1 MafmRINHRIR

PRI RSN, BAAMBERE AT ISCIEIRIIRE, EMBIRERX I 6-1 i,

©OWMCE: (FEETTRBMELE (555R) MEERIRT, fH O(1) R,
- AW BTHH R BEFH, FRFEEGESNRAETR, EH O(n) NiE,
- MBRCE: FELEWITER, BMAEBA GER) Bk, f#H O(n) KiE,

+6-1 JTLEEREXN

o HER AR

#HtE  O(n) O(n) O(1)
FEE  O(1) O(1) O(1)
WgE O(n) O(n) O(1)

Mg, TEMARPE TR SN A E R O(1) , ER &R

6.1.1 MBERTHIRE

G R H WEREERS: Witath, BIWHRE BINEENNIPRSEEXE, RERLT:
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// === File: hash_map.java ===

[* MammE +/

Map<Integer, String> map = new HashMap<>();

[* AINRLE */

/] FERFBRPARMEER (key, value)
map.put(12836, " /\FE");
map.put(15937, " /N\IB");
map.put(16750, " /NE");
map.put(13276, " /VE");

map.put (10583, " /NEE");

[* EIEIRIE */
/] EIRERPEANE key , 5EIE value
String name = map.get(15937);

/* MBRIEIE */
/] ERFBRPHIBFEEX (key, value)
map.remove(10583);

A ZRA = AE A G wHREXN. EHEAEE, RO T:
// === File: hash_map.java ===

[* BEAFR */

/] BHEEXN key->value

for (Map.Entry <Integer, String> kv: map.entrySet()) {
System.out.println(kv.getkKey() + " -> " + kv.getValue());

}

/] BIMIBEHHE key

for (int key: map.keySet()) {
System.out.println(key);

}

/] BMIBHE value

for (String val: map.values()) {
System.out.println(val);

6.1.2 MFHREEEI]
BAVEHERFARER, - DNBADRIBIGR R, RS, BTSSR 1E
(bucket), MHAIAEIE—DRER, B, EIERIEHZIRE] key XM HIM, FFAEMAFIRH value .

W2, GUTEET key TENN N ATAINE? IXZIBEILAZE RS (hash function) SEIRAY, MEF BREREIVE 2R —D
BRHI A I 2] — MM 2, ERFART, MAZEZITE key, Mth=FZATER (B



Hom MAK hello-algo.com 115

K51 HANEH, WA key, FRATAIPOBEEIGT: BT 2% key X RIAGREAEDN 72 LA PO LERAA B
BAN— key , MFEREEIHTEERED N ELRPP,

1. S HEAE D hash() HESFRIBTRE,

2. KT ENAEE (BEHKE) capacity U, MIMIREUZ key A RIATEZHZR S| index o

index = hash(key) % capacity

B, BATIRLAT DARIA index FEMG AR RAPIIRIX R, MTTERER value o

BEHKE capacity = 100, WA ETE hash(key) = key, ZISMHEAHERECH key % 100 ., 8] 6-2 DA key 225
1 value B MBI, 7R T WG BRIELH TR,

HA key #=5| Bl B value

key value

. S - COE
37 15937 | “/his”

“J\g"

| R . e
key %100 .

13276

m_/ 83 10583

:
|
288
0006

(BMEARE—MEERN)

Bl 6-2 ME7 RE T
PANRHSSZEL T — ME BRIR A R, Hr, FATE key fl value E2ER— 1K Patr , DAFIREHEXS,
// === File: array_hash_map.java ===

[* BEEXS */

class Pair {
public int key;
public String val;

public Pair(int key, String val) {
this.key = key;

this.val = val;
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[* BETFHASLINRER */
class ArrayHashMap {

private List<Pair> buckets;

public ArrayHashMap() {
/] ¥IE1EAE, BE 100 M
buckets = new ArraylList<>();
for (int 1 = 0; 1 < 100; i++) {
buckets.add(null);

[* BEFSEREL */
private int hashFunc(int key) {
int index = key % 100;

return index;

[* BEIIRLE */
public String get(int key) {
int index = hashFunc(key);
Pair pair = buckets.get(index);
if (pair == null)
return null;

return pair.val;

[* FONRLE */

public void put(int key, String val) {
Pair pair = new Pair(key, val);
int index = hashFunc(key);

buckets.set(index, pair);

[* MHERIRIE */

public voild remove(int key) {
int index = hashFunc(key);
/] BER null , KFMIBR

buckets.set(index, null);

[* REVFREREN */
public List<Pair> pairSet() {
List<Pair> pairSet = new ArraylList<>();
for (Pair pair : buckets) {
if (pair != null)
pairSet.add(pair);
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return pairSet;

[* RENFRER */
public List<Integer> keySet() {
List<Integer> keySet = new ArraylList<>();
for (Pair pair : buckets) {
if (pair != null)
keySet.add(pair.key);
}

return keySet;

[* SREXFREME */
public List<String> valueSet() {
List<String> valueSet = new ArraylList<>();
for (Pair pair : buckets) {
if (pair != null)
valueSet.add(pair.val);
}

return valueSet;

}

[* FTENIRFHR */
public void print() {
for (Pair kv : pairSet()) {
System.out.println(kv.key + " -> " + kv.val);

6.1.3 BENRREY A

MR LB, AR EIERRRTE key H R A 2 RIS SIECEH AT E RS IR 22 H, T A=

AT A TR, i, B E—EfE “BA AN PR .

T ERROIFHIGTR R, S AR key JG AR, IGAA ERER R HES R AR, flin, EiR¥ESHh

12836 F1 20336 HIP 2R, FATTEE:

12836 % 100
20336 % 100

36
36

il 6-3 IR, MANESHEA TR MES, XERRAR A, BATPRAIZMZ A A I R — i A AR

HEFE R (hash collision),
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BN key #=35| - b | itH value

key value

R TR ZE

‘
I. ".
J

NS TR W 17336 | “/)\0s”

m_/ 4 3 7 15937 . g \w

D_A : :
/ B 50 16750 | “hE" \
76 13276 | “hiE"

"' I. ." ..

83 10583 | “/hFg"

s
. .

6-3 M (R

AR, BHREEn BK, 21 key BOTELEIR—MAEPRBERRIE, o, Hitk, AT
WY E ARV R

WK 6-4 FiR, ¥ A riBEX (136, A) F1 (236, D) KM, ¥ BIEMRIEK,

KEREE - 100 RERTE 2 fi BERTE - 200
HMEEH key % 100 » IREEHK key %200
&3l key value | key value

36 236

- | CaER

Juy
. w e ™
<))
-~
[y
w
(=]
[ e e
J

- | e

ucn

-
183 783

ven . vee
«

Kl 6-4 WBEmETHE

RUTHAHY R, I6/mRY BERETERENMNERR R EFRIGHE, EHEN,; JFHETRARER
capacity K28, HATEELIGA R BCREN T RATAREN GO E, XE—PHN T A EHHE
THH. ik, gREIESIEE ST W RIIGHRER, PiEMEy &,

HHETF (load factor) BIGH R —NEEMS, HE OVRRRITTREERDMER, TR
REEEE, WHIENRTRY SR M. BIGITE Java i, MR T 0.75 I, REGEXRKET
RITHEFIEH 2 %
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6.2 MF

b RE], GEEN O TS R BEIEA IR T A, KIS BRI SROR AR AR A, b,
RO AL, EH OB A RN, WA 2 DB 2 R — MRS
G RS SEE WA REIR, FEEIGRA RPN b TROUZAE, FH8EIEA R, AT
TR RY R, EENMRHIONIE, WoTEm AR EER, ERERKE, BARAERT AHEH TR
A2 SRR ETI R, 0 THRIIRER, AT PR DA 5,

1. BRI REARLE, S A 2 nT DUE HBUG 7 R IE 3 LA

2. (AELE, BISRFAR R HET= BN, ATy AR,

WG RAIE R A EARS "R Cthht™ 0 "I SHIE™,

6.2.1 HEXihut

FEIRAEIE T R, B IMGEF M — DREEXT, $ExUitt (separate chaining) HFEAPNTTREGRNEER, K
EXENTERT R, R R RATER A I R —RER . [ 6-5 JoR 17— D Es UL IR 7 R A 1
T

=5l e R (TTEnBE)
00 H— —>

bt 37 L], L [

STMREEE IR,

HbGSmEARTE .

A EE key % 100 76

ERAMEEN key

KREBRTE R -

Kl 6-5 BEAMNEIGT R

F AL SR G A RAGIRIE T IR A T DA 2R 1K,

- HlLR: B key, ZUBFHREISEIRRS, RIRTREERLTY A, REEHERIF L key DA
FREAREEXS

© OWMCE: BB SR REOMRERCSLT R, RER TR (BYEX) BRInEEER T,

- BRI ARAENGTY BRAAIZE RYTBERSLHS, R I HER B E AR RO R IR,

HEAHBIETFAE DA T R RS
- EHZMRR: PR ST SRR, B B EANRE R A
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ERCRIE: ROV TRZE R Rk B BT R,
DA S T UG A R AT A B Sl REERM A

EASIR @A) ROFRER, MM, EXMEE T, Bik BE) S22 M, 80
R,
DUF B ST &Y A%, STEN TR 2 0, BROTERTRRT EEFEN 2 £

// === File: hash_map_chaining.java ===

[* SETUHIALIG AR */

class HashMapChaining {
int size; // BEMNHE
int capacity; // BERBE
double loadThres; // fitki BRHAHEFHE
int extendRatio; // ¥ &fZEK
List<List<Pair>> buckets; // 1@%4H

[* MEHE */
public HashMapChaining() {
size = 0;
capacity = 4;
loadThres = 2.0 / 3.0;
extendRatio = 2;
buckets = new ArraylList<>(capacity);
for (int 1 = 0; 1 < capacity; i++) {
buckets.add(new ArraylList<>());

[* PETEREL */
int hashFunc(int key) {
return key % capacity;

}

[* ABETF */
double loadFactor() {
return (double) size / capacity;

[* BEIHIRLE */
String get(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] BHE, EKE key , MEREIFR val
for (Pair pair : bucket) {
if (pair.key == key) {
return pair.val;
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/] BERIEZE key , MHERE null

return null;

[* AINIRLE */
void put(int key, String val) {
/] BREETFEIHREN, RHiTTS
if (loadFactor() > loadThres) {
extend();
}
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] BhtE, EBEHETE key , MEHIML val HiR[E
for (Pair pair : bucket) {
if (pair.key == key) {
pair.val = val;

return;

}

/] BEFTZ key , MFREIRMERESES
Pair pair = new Pair(key, val);
bucket.add(pair);

size++;

[* BUBRIRIE */
voild remove(int key) {
int index = hashFunc(key);
List<Pair> bucket = buckets.get(index);
/] BItE, MARIEREE
for (Pair pair : bucket) {
if (pair.key == key) {
bucket.remove(pair);
size--;

break;

[* TBRRER */

voild extend() {
/] BEFEREAER
List<List<Pair>> bucketsTmp = buckets;
/] MRk BERIHIEER

capacity *= extendRatio;
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buckets = new ArraylList<>(capacity);
for (int 1 = 0; 1 < capacity; i++) {

buckets.add(new ArraylList<>());
}

size = 0;
/] BREMNRERFRRRSEMRRER
for (List<Pair> bucket : bucketsTmp) {
for (Pair pair : bucket) {
put(pair.key, pair.val);
}

3

[* FTENIRER */
void print() {
for (List<Pailr> bucket : buckets) {
List<String> res = new ArraylList<>();
for (Pair pair : bucket) {
res.add(pair.key + " -> " + pair.val);

}

System.out.println(res);

EFERNE, YHERRKN, ZEPeR O(n) IRZE, MW DLRRERE N “AVL ™ o “2LBR”, A
R IR E RN R Z AR O(logn) o

6.2.2 FiSuk

FFR 4L (open addressing) ARBIAZIMIEERLENY, TiRIEIL “ZRIEN” SRABRAT o, F77 X3
AR, 77 HRIAN 2 IRIG T4,

T ARG, A BTG HIE TS R TN,

1. ZiEN

ZRMEIRTNR A 178 20 KR EORMEATIRM,  HAR 7785 G i RA A A

- BAJTR: EREAREOIREMRS, HRBMANCATER, WA RAERELEE (P RKIEFN
1), BEEKEZM, KooRmAH,

- BHUTER: HARMEAE, WERAERD KAE#-TSMEN, BREKER MR, &IE value HI
A5 WFRIEEISA, W ERTRAERA RS, IR None .

B 6-6 R TS AL (REEIRID IE A RAVBEEN 70 Ai . ARYBILIGT EEL, /e AR key AR L
SRR A, THEE BRI, BN RAEAETE 2R ALK < R RIR .
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#3l - b |
AL o || o
BRI, HER 1 02 |
7 { | (COEKD
BERK key % 100 77
EREERY key T
SRR e [ £ )
676
776

K 6-6 JTSHE (ZRIARID et RATBEAER 734

SR, RPERINE 574 “RIBR”, BARY, BEMESHLE FIAI B, XS B L G A
RETATREMEACR, M — P ez BRRHEA K, BACRMIER, &AL SEOEMESIRIERRA L,

ERERNE, RO FHRAR RPEEMER TR, X2EMERTTR X EREHNE— DM
None , TMIHEIMTLRM, LMRMBZTMAZIRE, FIAEZTZ FRTCREICEEHIRE], FFa]
REDRANXLLTTRAFLE, W 6-7 AR,

=3l - L |

00 <
01

02

76 <
tiscE | | 25,

REEZEWIEZ THTRT

(=) [ (5} N
~ S S S
o

78

6-7 1S HEAMIFRTR S BRI E S

KT FRUUZIEE, FAT1A] DR BMES (lazy deletion) Ml B AREZMNBAERFPERICE, M4
5 Bt TOMBSTONE SKEFRICIX M, TEIZHLHI T, None 1 TOMBSTONE HRANFRZSAH, #RAT DU B RE N, (EARFR)
52, SR NZ] TOMBSTONE B N iZ4ksm i, KN 2 RalREiRfEE i EX ,
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SR, BBHIER Al RE 2 hdime 7 RAPEREIRIL, 12 RN RHR BRI EE =74 — DBRFRIC, Fii%E TOMBSTONE
HBghn, TERIER N, RODEMERN T RER ZBkid 21> ToMBSTONE A REERE HARTTR,

M, FERELMEENAIC BRI E D TOMBSTONE RG], FHIFEREI HARITE S5 1% TOMBSTONE 3 #f;
B XM Y R E RS T RN, TE2SEEsh2ESHEANE RGN HIEAM, M

ML R,

DAL T — DS WERE TS AL EMERN) I6fmR, 87 Ense ot kA Ra 2, {7
KIEmBEE—A A", LRI BAHEEN, B2k ARk,

/1

/*

=== File: hash_map_open_addressing.java ===

FHRFURFHR */

class HashMapOpenAddressing {

private int size; // EBEXHE
private int capacity = 4; // BHERE=

private final double loadThres = 2.0 / 3.0; // MAT BHAHREFHE

private final int extendRatio = 2; // ¥ BIEEK
private Pair[] buckets; // t&%tA

private final Pair TOMBSTONE = new Pair(-1, "-1"); // MIB&iFI2

[* &R E */
public HashMapOpenAddressing() {
size = 0;

buckets = new Pailr[capacity];

[* PRFEREL */
private int hashFunc(int key) {

return key % capacity;

[* BEEF */
private double loadFactor() {
return (double) size / capacity;

}

[* BER key MEMEERS| */
private int findBucket(int key) {
int index = hashFunc(key);
int firstTombstone = -1;
/] MR, HBE=HEEBkH
while (buckets[index] !'= null) {
/] E&E key , REFFNVAERSI
if (buckets[index].key == key) {
/] BZENEE T MERTIE, WS RENBIEZRSIA
if (firstTombstone != -1) {

buckets[firstTombstone] = buckets[index];



Hom MAK hello-algo.com

125

buckets[index] = TOMBSTONE;
return firstTombstone; // REIBENEHIEESI
}
return index; // R[EIHHZES]
}
/] BRBEIRE MUFRIRIC
if (firstTombstone == -1 && buckets[index] == TOMBSTONE) {
firstTombstone = index;
}
/] WERERS|, HidEENIRE K

index = (index + 1) % capacity;

}
/] & key FETE, MRERMANES]
return firstTombstone == -1 ? index : firstTombstone;

[* BEIIRLE */
public String get(int key) {
/] BER key WHHHRSI
int index = findBucket(key);
/] EXFBREX, WRENE val
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
return buckets[index].val;
}
/] BREXRAEFE, WRE null

return null;

[* FINRIE */
public void put(int key, String val) {
/| YRBETRIREN, RTE
if (loadFactor() > loadThres) {
extend();
}
/] BER key MRS
int index = findBucket(key);
/] BEXRFREX, WEE val HiRE
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
buckets[index].val = val;
return;
}
/] EREXNREFE, WRIMZRE
buckets[index] = new Pair(key, val);

size++;

[* MIFRIRIE */
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public void remove(int key) {
/] R key WHAMEERSI
int index = findBucket(key);
/] EHREREX, WBERFRTCESE
if (buckets[index] != null && buckets[index] != TOMBSTONE) {
buckets[index] = TOMBSTONE;

size--;

[* TBRRER */
private void extend() {
/] BEREHER
Pair[] bucketsTmp = buckets;
/] BT BEREFRER
capacity *= extendRatio;
buckets = new Pair[capacity];
size = 0;
/] BREMNRERFRRRSEMRRER
for (Pair pair : bucketsTmp) {
if (pair != null && pair != TOMBSTONE) {
put(pair.key, pair.val);

[* FTENRRER */
public void print() {
for (Pair pair : buckets) {
if (pair == null) {
System.out.println("null");
} else if (pair == TOMBSTONE) {
System.out.println("TOMBSTONE");
} else {

System.out.println(pair.key + " -> " + pair.val);

2. FFHFEN

SETTRIS SAERMZEAL, #RRIT IS HEA R WK 2 —, MR, P75 R A2 A S Bl — 1 [E
ERPE, TS “HRIMREEI T PR, B, 4,9, ... 5

PR B A L AR,
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- P RGES BRI R BT 7T R, I R AR R I ) SR R AR
- PR SPEE ERRIEE BRI NE, A TR 2 1S E N5,
SR, PO IRIF AR SE SRR,

R ERIEIIR, BRI B A B M
TR, TR I MAT R, R R S, TR TR
T,

3. ZRBE

FAESY, SUBTTEGRSNEATER fL(2) fo(2). fo(z)e ... BT,
CHBATER: BT f, () MBI, WA £y (x), DAIHE, EIHREISRE AT,
- AHUER: EHRAT RN FETER, EEHRE B Ae DR ; 855 Ak O 2R
FEH, IGARPAEIEZTE, WIEE None .

SRR, Z2XBHRTEADTERE, B2 DR ER ST RIMIHHE R,

Tip
THER, JTSaE GRIERI, PRI 2 RIGT) I/m&AFEE “AREERMIERTR" AR,

6.2.3 {RIZIESHERE

BAMGRAEIE 5 R T AR RIS RECIURNG, N2 LM

- Python RADTRSHE, 81 dict fH D9REATEOET THRM,

- Java RAHERMIE, B JDK 1.8 BUK, 4 HashMap N KIEIAE 64 HRERKEIAEI 8 I, BRI
LT B AR T BRI RE,

- Go RHIBERME, Go MUEB MARZ i 8 NMEEX, EHAEENERE — MM, S 2
N, ST —RRRIE R A 5RE, DIFRRIERE,

6.3 BMEHEZE

AP 48 7 AR 2R A AR R SRR AL BT 75, AmCIe 2R S abe 2 sk, e RECRUE
WA ] DAE R R SRIN IEH AR, miJeiiisl P Ia R b R R A

ERIGAR MO T, BARIMERNS2R S, WE 6-8 FixR, X THEAMuLERR, FARN 7
EXEIS AR DA, IREIRERRNER, REGUTATEREXEFERIE — T, KREEREER
= O(n)
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sETHIE IS AR

R{EER:
T BENTYDEESNEH
BfElEZE 0(1)

| — —f _— —

REFR:
BEMESEHIHRERMEH
BfElEZE 0(n)

K 6-8 e RIVREBILS REH
BAEDMS B9 AR T OLEIS A B OUE . (B2 T R B TRV B, et BaT E, PRSI K

index = hash(key) % capacity

MELLEAK, HIRMHERR capacity BEER, WMWK hash() JUE 7t E, HEMOUE 7 HREN LR
RPHI A E DL

XERE, 0T RIS R PRI ERER, BTN L REEIRBPERAEL hash() B L,

6.3.1 MFEFIZENB

N B RIS R BRSNS, M RIAN B DA R

- et A TMRERA, IERERMGL AR, XA BE R R A 5T,
COReRE: HERAREERENZ RS, HEITRRN, 16 RIS R,
- WS G RIEN SR EN I S R TER TR T, RIS, IR R AR,

KPRL, WBREIRRR TR DTSSR, 6 T2 A T H AU,

C WA N TR P EENZE, RIUEE A EEAER S IASCER, TR EED G
Ho HHMANEMEE, RGNMANEHEITREAE, KR5S EHERGRAEEI T, MARMHE L
L, AB2ETERAL N IE#.

- Bms iR BURAXTT A DU R EHRRI G EF R H —[RE; BRI R DA T R R IR Y
BARRIETAE, H5RWEINIEREEI TR, GERMH LA, ARABEESEA e,

AN TR, N 7RG EIES B REEFY A TR, WRAEETERSESSRNLE
Ritko

- Bt JorRiEId M AR (A S O T R A BRI S R
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- PibEENE: SCSREREIN AR, E SRR EM L,
=15 VAR VNG G VA B € T D = R N 7 g

IR, “W50A” 5 “PiREErE” RMAMNIIIEES, RS A R TR, flan, FERERL
BN key T, MFEL key % 100 A] UL MM H, RMZMAERL TR, FrEEWAHSEN
key AR EHHERMHIE, [AIELFRATTAT AR 2 U PG 75 (B S HEH RTFHEY key , AT AS

6.3.2 BEHRZENIZIT

IEFREIRNIRIT R — MR ESEFZ R R ERME, Am T REZR AR R, BATHAER &M
BHBRAER,

- AR MRS ASCIT /53 EATARNN, SRS IE T E,

ORI FIFESRIERIRERE, SRR — DR, R DT ASCIT HRMEIE A E,

- SR R ABURER S T REE R e E R Me AR ET,

- TR RN TR ASCIL B ERE|— M EY, SRR ATE RN G A EE T IR R,

// === File: simple_hash.java ===

[* NERGE */
int addHash(String key) {
long hash = 0;
final int MODULUS = 1000000007;
for (char c : key.toCharArray()) {
hash = (hash + (int) c) % MODULUS;
}
return (int) hash;

}

[* TEERE */
int mulHash(String key) {
long hash = 0;
final int MODULUS = 1000000007;
for (char c : key.toCharArray()) {
hash = (31 * hash + (int) c) % MODULUS;
}
return (int) hash;

}

[* FHIEFE */
int xorHash(String key) {
int hash = 0;
final int MODULUS = 1000000007;
for (char c : key.toCharArray()) {
hash *= (int) c;
}
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return hash & MODULUS;
}

[* TRAEMGE */
int rotHash(String key) {
long hash = 0;
final int MODULUS = 1000000007;
for (char c : key.toCharArray()) {
hash = ((hash << 4) ~ (hash >> 28) ~ (int) c) % MODULUS;
}

return (int) hash;

WS IR, ERIET RIER B — S #UE X KB 1000000007 B, DARRERIG T E7E S IERTERIN, (EIF
BERE, N2 ZRAN FREORR, s B S EIR R 2 4.2 XE— D EBRI R,
Jeltitigsie: ERIRBURMENBEL, Pl AR Kb ERUEIR AR 2 504t RN RO 5 HAt S #E AL
B, AT DARD R EUSHR VR T AR A R IR, AT SR a7 v 2%

BABIF, BORFRANERRSEO 1ERE, e DI 3 BEBR, IRAFTA AT DAL 3 FERRI) key HEHMLATE] O,
3. 6 X =T E,

modulus = 9
key = {0, 3,6,9,12, 15,18, 21, 24,27,30,33, ... }
hash = {0, 3,6,0,3,6,0,3,6,0,3,6, ... }

GEREA key TRUFRERXMPEZRBENLAR 0, ABLMGAERLS HPIRAE, WTANERR R, BlfE, |
R modulus EHLNGEL 13, HIT key Ml modulus ZIAIRFIEALIEL, it H IS RENSSERAE
feTto

modulus = 13
key = {0, 3,6,9,12, 15,18, 21,24, 27,30,33, ... }
hash = {0,3,6,9,12,2,5,8,11,1,4,7,... }

ERHRARE, WERAESCRIE key RRENIISI AR, AR EEE S BAIEBREE AT DA, e T# A
HIE S ARG B T4 key HYIAAE AR IPERS, Xt SRR A 5 IR EILA.

BIMEZ, BANEFERTE RS, HERX MR RBR, DURATREHPRENIMERK, ETHRRE
TRHIRS

6.3.3 ENMEFE

AHERIR, DAL BRI IR IR LR WS, I A IREIS R RN BAR. flW0, BT
FE R A, R ANTRNG T A S BRG A JCTR X 0 A MBI AN R R 777 e, XAl RES ARG AR 2R,
H 5l — 2z (A,
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1ESLfre, FATEE SRS A B, fla MD5, SHA-1. SHA-2 il SHA-3 %, BRI ABHEE K

JEE P A\ B e S B E R MR A (L

=ML DK, BAREBECEARAR SRS, —aMR ARSI BRELRNRE, 5—
IR N BB ENECN TSERIGREER L 2R, 3£ 6-2 R 1 EKER N A A WG/ EIA.

- MDS5 fl SHA-1 E2RPURIIB, BRI EM 22 2N A,
- SHA-2 R¥IHH) SHA-256 B Z 2R EIRZ —, IREIKIIHIR R, FitHE HESE L2

IS R,

-+ SHA-3 MH%% SHA-2 FISEEIF R AR, HHERCERE &, (2 HaifH 78 =E A SHA-2 251,

MD5

HEH I 1992
5]
HHE 128 bit

JE

R RU L€ 2

%

zZeF R, ek

%

. FH CWFH, AT EdREEREEGS

=

6.3.4 HIEEMIILHE

®6-2 HIHGHRERL

SHA-1

1995
160 bit

LiE4

5, EHRII%

i
EFH

SHA-2

2002

256/512 bit

i

=

hai

MEsRHR SR, MFEH
&

SHA-3

2008
224/256/384/512
bit

b

I%J

AT SHA-2

BATRE, WA R key ATDUREEEL, /INEELTATERSFEREAY, fEiE 58 H S X SRR BN E
MG ATE, AT IHHRIBARPIMES DL Python M6, FA1AT A hash() BECKH B A FEUERAY

e A E

- BB /RERIIG A EUR HA S

C IFRERT AT RRIR A ET EROVE SR, AXBRETE BT,
- TCHMEBARERN H - R TR, RERXEGREASER, SRR E,
- NREERER T HEANF A R BT ET N REEA TR, AT T A A RS A E

Tip

THER, ARGIEE SN BRARE TR S E ST A,

// === File: built_in_hash. java ===

int num = 3;
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int hashNum = Integer.hashCode(num);

/] B 3 BRHEN 3

boolean bol = true;
int hashBol = Boolean.hashCode(bol);
/] TA/RE true MMZEER 1231

double dec = 3.14159;
int hashDec = Double.hashCode(dec);
[/ NE8 3.14159 BIMSF(EA -1340954729

String str = "Hello E3%";
int hashStr = str.hashCode();
/] FRE “Hello BIE” WIMRFHEN -727081396

Object[] arr = { 12836, " /\I§" };
int hashTup = Arrays.hashCode(arr);
/] ¥H [12836, /\E] BIPSF(EN 1151158

ListNode obj = new ListNode(0);
int hashObj = obj.hashCode();
/] TEMKR utils.ListNode@7dc5e7b4 HIMEFEIEN 2110121908

EWZHEHEST, RANTEMRAENRR RN key o RINFEATRESIFR G 150 key , S5
RINBRAEZAN, ERERERE K, BOSICRERARHERZFEILH value T,

HREEXNR (PR T ) MR R RZ AR, ([BER AR, IR R GRS (E i H 2 it
TR R, B RN AERLE T2, HERNAFEIERTE, BRETREREN,

AORIIRATREA IREA RIS G HisfTRF R, SR ER AR, X2EN Python R SERRE
ghif, FES FIFERIRAR B — A BEILIER (salt) {H, XFIER] LA R I HashDoS Bidi, f27Hia
AR 2 2,

6.4 &

1. BB

L BN key, TATSRAENS(E O(1) MINEIE value , XCERIER B,

LA R R A, VRO, R AR I T R,

- IR key MU NHAIZRE], TV I value .

- AR key ATRE(ELITIAT FBUS RS RIMUBCARE|, S8 e RIE, IXFBI SR NS
Tz,

CIRFRAEA, BTSRRI, R AT OB AT R BRI TGS, SHY AR
B, WBFRT AR TR,
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- DR TR ONIR R AR REE R DGR, /WL TIR PORA T EARE, WML R R A
IIESES

- PECHIEE R B TR BN BER, KT RTR B R — D ER . M, R KRR A
WRCR, R DUER A RER R HON LB R IR MR

- PR SRS 2 CERTIR A B IG A PR, MR EE D K, B RREMBRCR, HAS 7 ER
%o 2R Z MNGR RBOHTIRN, AHREMIRNE A A RE, H2MEmEEEEN 7 itH
Ho

- ARG S R T ARG AR LI, Hlan, Java i Hashmap £ FHEE ML, 1 Python i Dict %
PRSIk,

- AEMRART, ROFERARIEEARENE, SRR MR R, EENEP, BRERICNIZ
Bl A = AR

- IR RTRE R AR BB EREL, DR ARCHARIEIS R S 010, OB ha,

- HEIAEA BEEREE MD5, SHA-1, SHA-2 #i1 SHA-3 %%, MDS5 M TR e 52, SHA-2 HH
TR e NS

- IARIE S OVBERRRR N AR R RIR, AT IHRIER ARG @EENT, AR
PIE SrlllEE=

2. Q&A

Q: TR EREE A TR O(n) ?

YT L EN, BRRONEEREDIRILE O(n) . YWBRFEEBIZIHF LKL, FRIREILK
AR, MEEECTEN, NRSRER O(1) . FAFEARRIES NERRFRN, BEIICIN RS RER
O(l) o

Q: NWtLAAMERHBAREE f(x) = x We? EHEMASHWMRT,

£ f(z) = v RWERECR, SNICRMME—RFRT], X5HEHEN. R, MASAEFZA TR
Al (B KE), RIS R B & — P AR KB, Ba)IE T, a7 R B2 — MR
RS IR E — NNz, FFHEEE O(1) WERRR,

Q: MARIKZLIZEA, L. XN, EAFAREA UL ETESE?
HoE, MmERINRRERES, EEEMRLRT . BREEHS 2 NERE,

HRk, HBERE R NIRRT Q1R — D IIRERENS 7EAH R A &2 2% B T (o8 A B i e AR s
B, AR H LG R E P, R R RBOHEREITH, NREAERE BITE A,

B, WA S AR TR R A S, DI TERE S b, B TRELE B 2 LT S bR AT BRI 1,
PAERZE O(n) BHAIE R,

Q: ZRIET A AREEZEMERITTRAVEREND? bricy CMHERAY 2 [ X RE A S A IS ?

ZRIGABITRF IR —F, TR SHEREA A REERMIPRC R ARG, FEEIARCHBR, frid oy E PR
AUz A ] ARHREE . HRFeRim AR R, JF HIEEIG A EEEREIbRIC oy EMPRAG B, A E AT DL
BOFTTCRE M IXFEMELRE LRI RARIF FIAZE, XRERIEMG TR R A 23 R %,

Q: Nt ALELRMRNY, EHOTRIN RS MBI A RE0E?

A N i 18 IS A7 R SR E S AR A BB, & BH key ANILHRC, XLIGRAMRA IR, HL, LRI
BRI BOE R RARIRE &R, EEREER R EN SO EIBk Ly ik,
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Q: NI Ry EREW ARG T T oE?

W7 PR B JE — PR RN BEH K n B (BGR), b EvE BRI FEEN; £ A5, Sk
& n KA, T key MM AIRGBAIREAR L, FIEIER —TMHIIZ A key , T BEAIRES B
FIZAHEH, TSI 7R IS 2% R
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Abstract
SRAR W EM ), RIRHR, 7Rk,
CRNBAREI TR M ESNES.
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7.1 =X

—X# (binary tree) BRI ERLI, AR “HL” 5 EN ZEBIRAEXRR, AT “—oh =7
MIiaiZ . SREREM, “XWIERBITET N, 8P TRESE. 271G G 79 851 H.

[* ZXHTEE */

class TreeNode {
int val; /] TRE
TreeNode left; // EFT=5|A
TreeNode right; // AFT=5|H
TreeNode(int x) { val = x; }

BN EEERNSIH (85, 23HEREFT = (left-child node) FIBEFT = (right-child node), 1% f
BFR XN TR IR T = (parent node) s LT — D XTI i, FATRZ A 75 s H
PAR s BRI AR O %717 A F4 (left subtree), [FIFEAIISAFH (right subtree),

FE X, BRMT 0, HARA TR & 1 REE R e, aniE 7-1 R, WERREE TR 2 R
TR, WHAFWRMGFTRDAE R 4" 1 “W9R 57, EFag A 4 LHEDUN SIE R,
HTRE R 5 MELUR T R RAIR,

X RN

binary tree

|
H:y ﬁﬁ.ﬁn

EFi aFH

ANV
Vivivi

7'1 5&%‘){_\:‘;\ ?‘_’ﬁ‘)—sj—\:‘;\ ?‘*X;J'

7.1.1 —“XMERARIE

T XY EFIARTEINE 7-2 FR.

- BFE (rootnode): M T WHTHERT A, BAERYH,
- M8 (leafnode): &A1 1AM A, HF/NMEEIIIER None o
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14 (edge): ERMANTIRZE, BT RSIA (EED.

- TRERE (level) : MIREFEN, R REEN 1,

- TRHE (degree): TWRHITIRAEER, £ XM, EREEIEERE 0. 1. 2,
© ZXMHTBE (height): MR REIRIZH T ST (I RTEE

- WRIGRE (depth): MR RENZT RFTEIE RILHIEE,

- TRIBE (height): MEREIZT R (2% A2l B RECR

X
BE -3

WA

K 7-2 —XREHEHAARE

Tip
TEER, BATEER “SE” M RET 20y "G rarEET, BRSEERB TR R HE
SO G RATEERT, EXAERS, SRS 1,

7.1.2 ZXMEAIRE
1. B =xH

SHERIM, BB, Rl (e,
// === File: binary_tree.java ===

/] R R

TreeNode nl1 = new TreeNode(1);
TreeNode n2 = new TreeNode(2);
TreeNode n3 = new TreeNode(3);
TreeNode n4 = new TreeNode(4);

TreeNode n5 = new TreeNode(5);

/] HETRZENSIA (55)
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nl.left = n2;
nl.right = n3;
n2.left = n4;
n2.right = n5;

2. HANSHIFFTR

SRR, 1E Al A\ S INERT mr] OB B SRR, B 7-3 28 T —RBl,

BAANTR TBRTS
nl.left = P nl.left = n2
P.left = n2

B 7-3 £l A SR T A

// === File: binary_tree.java ===

TreeNode P = new TreeNode(0);
// £ nl -> n2 HEFEATIR P
nl.left = P;

P.left = n2;

/] MRS P

nl.left = n2;

Note
TEGERME, AT SRS YRR A BN, BRSO B RS BRI R
Fia T, Ak, X, A SHERER EH—EREL S 2R, PASKEE SRR E AR,
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7.1.3 ER-RAER
1. RN
WK 7-4 R, 53X (perfect binary tree) P ERTT sl se RIEWM, E5ER XA, M7 iy E

H0, HARAET RN 2 HRIEEN b, WA ARECN 2h T — 1) RIS R, R
BT B AR WA RAL

Tip
THIER, EPSCEX AR, S8 R SRR % =X,

SRR
perfect binary tree

(toAsFR o i — L)

FRE BRI b A

K 7-4 523X

2. B2

WE 7-5 FiR, 5e2ZX4 (complete binary tree) REREEN T mAHHEH, HREENTSREREAHE
Fo

LR

complete binary tree

REETRELRRE, EttETHREHIER
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7-5 FEETXH

3. TR

Gl 7-6 AR, ST XA (full binary tree) FBR 7M1 R ZAh, HARATE T SEA NN T R

RN

full binary tree

FIETRNERA 0 = 2

7-6  SEli— XM

4, FH -

WE 7-7 FiR, FHRZXA (balanced binary tree) AR sl B AE FHFIAS 106 04 /8 1 2 ZE 4 0 {E AN
o1,

TH_Si

balanced binary tree

WA EFREE - EFREE = d
N FH NPT REHE |d] <1

7-7 X

7.1.4 —Xa0iEk

B 7-8 R T X HIBHAR S A S IR MLEEM . 4 RO ENT S AR, JRE] "SRR XM AT
AT R AN, —XRHRN “RERT,
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- ERXREEEENN, ATDASE AR X ia” L.
- RERNIR S — MR, STURIEEE NRIERIE, NRERERMELE O(n).

4
N P
S\ /
4
mag / BiEEH
FETXIN R

K 7-8 XRHIERESTH S RS
R 7-1 R, (ERESHNRESHT, R P8GR, TR SEFRSINCARESWRME,

R 71 ZXMRIRELTH S R ES

SEFE XM BEER
R NEORT = s 9i—1 1
EEE h RO SR 20 1
SN B IR RSB 2n+1 _q h+1

TREER n RKEE log,(n+1)—1 n—1

7.2 Z—X#iEH

MBS R, PR — R TRERMBURS Y, R EE 75 2RISR MR Al R0,
PR — AR RARSS Y, IX(E S i P iR AN 7, TR B IR R RIS,

TR s A AR R, s . R RS R %,
7.2.1 BFiERH

WK 7-9 Fr, BF&R (level-order traversal) MITHREIREIZE B — XA, HAEG—EHRBMNERIGH
e 73 1079 Ao
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BERiwHAR FE T EfL®R (breadth-first traversal), tHFREM#%EZE (breadth-first search, BFS),
BRI T —f/ “—E—ERN R NZEERED

rrEREER

BFBHE (WRE @ 23ihHE)

22 SO, 5 1, 2, 3, 4, 5, 6, 7

B 7-9 ZXREERFET

1. fUEEsEH

AL D@ A RSN SRS, PASIENE “JeHESCHY” BRI, RS s i R
ORI, P Fa AR — B, SEEARAS AN :

// === File: binary_tree_bfs.java ===

[* BFBH */
List<Integer> levelOrder(TreeNode root) {
/] FIRKEATI, MART =
Queue<TreeNode> queue = new LinkedList<>();
queue.add(root);
/] MEE—15R, BFREERFS!
List<Integer> list = new ArraylList<>();
while (!queue.isEmpty()) {
TreeNode node = queue.poll(); // PABIHEA
list.add(node.val); /| RETRE
if (node.left != null)
queue.offer(node.left); // EFTHEANRA
if (node.right != null)
queue.offer(node.right); // BFTHEANRA
}

return list;

2. EREDH

INFISEZE N O(n) © B AR —, (@ O(n) W, Hrn B SR,
- AR O(n) : EREWMIUT, B SR, BISRRE 2, ISt RN
(n+1)/2 N5, S O(n) %0,
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7.2.2 FifF. PF. EFIERH

MR, w5, PG RFEREE T RERSER (depth-first traversal), WHGREMLIEER (depth-first
search, DFS), BRI T —& “JeERIRL, FHBIHLkL:” 19D 77

B 7-10 J&oR 7R R TR A SE i O TR B, DRI TC D5 S B R — SUR IS “H 7 —
B, RN REKIBR =MIE, oA AT, R AR R

REGIRE 0 O,

B 7-10 —XAERMATHTF.

1. RIBEM
RIS EAR FRIE B A T8 S

11 ===

File: binary_tree_dfs.java

/* BIFIBH */
voild preOrder(TreeNode root) {
null)

if (root ==
return;

/] BRIRER: RS -> £FH -> AFH

list.add(root.val);

preOrder(root.left);

preOrder(root.right);

}

/* FEER */
void inOrder(TreeNode root) {
if (root == null)

return;

def dfs(root: TreeNode):

" RIERE SRR

if root is None: return

@ EE iR AT
dfs(root.left)

@ EBisinkEFiH, MFHREFR
dfs(root.right)

@ EETHEEHiE, RBER

HiFER (F @ AiAiETHa)
1, 2, 4, 5, 3, 6, 7
fFER (F @ ipETHsa)
4, 2,5, 1, 6, 3, 7
BFER (f @ LiFnTa)
4,5, 2,6, 7,3, 1

. SR
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/] ERRER: EFH -> BTSR -> BFH
inOrder(root.left);
list.add(root.val);
inOrder(root.right);

[* EFER */

void postOrder(TreeNode root) {
if (root == null)

return;

/] BEIRESR: EFH -> AFH -> RS
postOrder(root.left);
postOrder(root.right);
list.add(root.val);

Tip
RS R AT DI TIEREI, A >GR3 T LB AT

B 7-11 &R TRl — O ANEITE R, Helady 37 RS AR

1. %" FoRITEHTTE, BRI RARTIE T — 1,
2. 3" FoREEORE], RGFTT R EEVI M5,

B
A: fEEH
/\ % FERE (1 @ AR
1
p N
4

#: mTEE
A: EEE

HIFFBH (F @ L4i5ETR)

1, 2
640
| Step 1 Step 2
& AT #: TS
N V3: A EEH V3: . LEE
BIFER (£ @ AR R) BFER (£ @ AiFETsA)
1, 2, & 1, 2, 4
~\ \
4 4
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s

i#: ETE
13: B EELH

HIFFEH (7 @ LhiAIATIR)
1, 2, 4, 5

#: TR
3: B LEEH

HIFER (F @ LiHiETR)

Step 6

#: aTRE
V3: L EE

HIFEH (£ @ AiAET=)
1,2, 4,5

#: M
A: B EEH

HIFER (7 @ 45T

1, 2, 4, 5,3 1, 2, 4, 5,3, 6
l Step 7 ] Step 8

#: TRk #: mTEE

3: BLEE A @ LEEH

HIFEA (7 @ iAATiR)
1,2, 4,5,3,6

HIFFER (@ WiniETm)
1,2,4,5, 3,6, 7

Step 9 ] Step 10
A
#: mFe
A: EEE

HIFER (£ @ ihETiR)
1,2, 4,5 3,6,7

Step 11

K 7-11 #iFE s

2. ERESH

INFERER O(n) @ FTA Y R —R, A O(n) N,
BREREN O(n) : FEREHBIT, BIRDRACVEERN, BITREIXE n, RELH O(n) Bz,
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7.3 ZXRHART

TERERFOR T, “XWIFAERTTN T A TreeNode , TR MBI FREHAHER, - THERRTH
XM AR

2., FATIRETS FIEEHR TR X IE? A 52 HEr,

7.3.1 RERFTEZXM
ot — ME RN, A —MREE XMW, BATEMRE T SIZREF iR NIF 7 E— DA, e
AT RERAS B ME— AR &S |,

IRE R i R, BRI DS R ARG IS FHRRIIZHE B AR": HENERRI DN,
WZVWRIAEFNTRRTIN 20 + 1, AFNRRTIN 20+ 2, B 7-12 R T &N RRT | Z FFIBL <
Ao

T —
%mﬁl//f\\\
//1\\ //2\\ R T

BRI K F

PLILPL )L s

BFTRAESl: 2i+2

7 8 9 10 11 12 13 14
fERBARR XY

TEFS 0 1 2 3 456 7 8 91011121314
BFEmFS

A 7-12 SEE-NHMIBHFIR

WSt AU A Y TRER P RSN (RED . e BEETRER DI, RATER AT DOE e 2 50k
WRERE (B) F1R.

7.3.2 RLEEZXH

FER XR— DRI, A SR EE A EVFZ None o I T BRI FHIH A ZIXLE None , [l
IEBRATTCIEAUE P FISRAED None VBB AL E, XERE FAEZ R METHIERTT & %27 %
B,

Nl 7-13 FioR, A —PRARSESE XM, EIRRMEBEHFRR T IREARA.
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ZFT () TEE—RRLE =R

WeAFEl 0 1 2 3 4 56 7 8 9

a1 [2]3 4 [6]7[8]912]15)

B 7-13  Z R 2 B 2 i — SO T REE

NT R, FRATTRT LA IBAE R D 5 b e sV S A None o A1 7-14 iR, IZARALFE)S, 2
i 1 Fe Ak a] DAME— SR XK 7o BB anT :

[* ZXIEVEART */
/] BB int BIEEZE Integer , MAILUER null FARIEE1L
Integer[] tree = { 1, 2, 3, 4, null, 6, 7, 8, 9, null, null, 12, null, null, 15 };

ZFTI ($H) MR T AN

BRI 012 3 456 7 8 91011121314
BFERF7

=i

K 7-14 (FERA W EEHER R

EREARNE, e - XHERIES I BADRIGR. RIIsEe — XMATE X, None RNBIfERIIKZ HEEH
RINCE, BIBLFTA None —i2 HBRAEIZ RIS AR S,

XERE EABEHIOR 22 X, RTDLEISIEERTE None , BRI, 18 7-15 S H T — Bl
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BRERFT (88)

EARERH
RERCE e

BRFERFY ($4H)

8880800000

7-15 584 " XWHEEH TR

DA SCEL 7 —RRE TR AORH XA, B4 DU LR,

HERTR, REME, £ (B) Fia KRG
RN, e, Bl BRrEEmhEsl.

// === File: array_binary_tree.java ===

[* FEART TN +/
class ArrayBinaryTree {

private List<Integer> tree;

[* WEFE */
public ArrayBinaryTree(List<Integer> arr) {

tree = new ArraylList<>(arr);

[* FIRBE */
public int size() {
return tree.size();

}

/* FREVERE|A 1 TRlE */
public Integer val(int i) {
/] BRSER, MRE null , RKRE(L
if (1 <0 || 1>=size())
return null;

return tree.get(i);

[* FREBFES|N 1 TENAFTRNES| */
public Integer left(int i) {
return 2 * 1 + 1;
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/* FREFES|A 1 TENEFTRNES| */
public Integer right(int i) {

return 2 * 1 + 2;

[* FREFESIA 1 TR TRNERS] */
public Integer parent(int i) {
return (1 - 1) / 2;

[* BFER */
public List<Integer> levelOrder() {
List<Integer> res = new ArraylList<>();
/] BEEEHERA
for (int 1 = 0; 1 < size(); i++) {
if (val(i) != null)
res.add(val(i));
}

return res;

I* RERIEF */
private void dfs(Integer i, String order, List<Integer> res) {
/] BERZ=AL, MWiRE]
if (val(i) == null)
return;
/] BIFIEH
if ("pre".equals(order))
res.add(val(i));
dfs(left(i), order, res);
/] RFER
if ("in".equals(order))
res.add(val(i));
dfs(right(i), order, res);
/] EFER
if ("post".equals(order))
res.add(val(i));

/* BRI */

public List<Integer> preOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "pre", res);

return res;

[* FFEH */
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public List<Integer> inOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "in", res);
return res;

}

[* BFEEH */

public List<Integer> postOrder() {
List<Integer> res = new ArraylList<>();
dfs(0, "post", res);

return res;

7.3.3 iRE5RMRE

XM B R EZA DA MR

- BAARRTEESIINA SR, NREREE, VRSP sk,
- AREFHEEE, HECTEERL
- SUVFREALIT AT R

R, BEHFOR WA — LR R

- B ERZOESNF A, RIANE & 17 R R KRR
- R R LA B N S PR ARSI, R,
- Y XMATFAER R None I, B SR RBURILERMR, 2RI AR,

7.4 —X¥EFR

WE 7-16 fivR, —X$#EZH (binary search tree) i /& DL N %&

L X TRYA, ZEFRAirE T SRE < R R00E < AGFRFirE T RRE.,
2. EEVWRRE, AR T SARRN, RIFERERE &M 1. .
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—RigFhH

binary search tree

K 7-16 — AERM

7.4.1 “XEEWMBVIRE

AT R EEE N — 1 BinarySearchTree , FEABH— AR ZE & root , FEAIMAYAR T i,

1. BT

ZEE HART R num , AT DURIE — SR AIMETOR AR, 8 7-17 R, BATAEH— PR cur, MZX
PIRIARTT AL root %, TEIAELEET RUE cur.val il num ZRIFA/NK R,

© #icur.val < num, UERAEFRT RAE cur UG FRA, RIEHAT cur = cur.right,

© % cur.val > num, BERHEFRTARTE cur IIEFRH, FHAT cur = cur.left,
© Ficur.val = num, BEIAEREIEAR TR, BEHEIEPAIFIR [EIZT o
aE-xgEmrERTR @) E-xgEATERTE (@)

Step 1 Step 2
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TEZRERNPERTR ERERAPERTR

Step 3 Step 4

7-17 =X AERWMERT JURE

— AR BRI 5 A BN TREE 5, REECHER L, IR RS SN — X
WE, M SURPPEIN, R O(logn) WAL, RBIFRRLT:

// === File: bilnary_search_tree.java ===

[* BERTR ¥/
TreeNode search(int num) {
TreeNode cur = root;
/] TERER, #IHREkE
while (cur != null) {
/] BT RE cur NEFHAE
if (cur.val < num)
cur = cur.right;
// BTRE cur BHEFHA
else if (cur.val > num)
cur = cur.left;
/] HEIERT R, BRHTER
else
break;
}
/] BREIBIRT R

return cur;

2. AT

HE—MMFHEATCE nun , N TR RN “ET < RS < AW SR, BAREREWE
7-18 Fliro

1. BEHIAANCE: SEREREHEC, MR RHE, BRI SET SUER num RN ERTERA TR, B
Rt AT S GEIJIZE None ) B BRHAIEER,
2. TEZNCEBA TR WAL 5 num , BT SLE T None N B,
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E=xEFERREATR @

2. EZUBBRATR
R $4T pre.right =

o ©

B 7-18 1E AR ARM AT L

RIS, TEERLATMA.

XERMARVHAEREE TR, SUREREE S B, SRERATRERPERE, AR T
A, HIZR[E,

NTRIHBRATIR, BATZAEIT A pre /17 L —HIERATT i, XL 2 None I, FRATTAT LA
AREREIH AN SR, AT SRR s ffi N IR AR

// === File: binary_search_tree.java ===

[* BANTTR */
void insert(int num) {
/] BEWAZE, WEARTS
if (root == null) {
root = new TreeNode(num);
return;
}
TreeNode cur = root, pre = null;
/] EFER, BT RERkE
while (cur != null) {
/] HREEET S, HERE
if (cur.val == num)
return;
pre = cur;
/] BENUEE cur BIGEFIAR
if (cur.val < num)
cur = cur.right;
/] ENUEBE cur BNAFA

else
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cur = cur.left;

}
/] AR
TreeNode node = new TreeNode(num);
if (pre.val < num)
pre.right = node;
else

pre.left = node;

SERN AR, FBAWRER O(logn) NFL,

3. MBEH=

JtE XM EREIEART A, FREHMIER, SRAT AL, FMNTEBIEEMRREEmE, —XER
PR “ZE i < IR < T AOPEBTIRT S, BRI, FRARIE BEARTT i 79 8’ 7200 112 =
RGO, BT L AR s A1

N 7-19 PR, HAEMBRT AR O I, FoRZT AU, A DAEENER,

E-sEEmEsE @

00000000

cur

1. EREWERSE cur v e cur B 2. BEREMER cur BIF

FHAHE =0 $1T pre.left = None

B 7-19 EXIERMHPMERT A (RN 0)

Gl 7-20 FiR, UAFMHBRTY AV ED 1IN, REARINBRY RO 0y H 7 R AT
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E-REERTIRTER ©)

v HR cur B 2. ¥ cur BEAHETFTR

P4 e
Lo LES LT (0 FHoHE = 1 HAT pre.left = cur.right

7-20 FEZXAEEMHMIERT A (ER 1)

HREMIERT RS 2 I, BATCIRER MR e, MRRZEH DR 0L . BT ZAR SRR
ETR <R < HFRT BIME,  BIX AR DU RSN s R R

RSB N RA TR A (PREHN— D RD, NMBRRERZENE 7-21 Fr.

L. BREHHERY SAE s FEs” PR MR, 2N tmp o
2. tmp AOEE S RRIERTT SOROME,  FRAERTAFIBYIMIBRT AL tmp o

=g EE (O =R sE @

Y . f\
@\ 1. ERHBIREA cur . 1. ERHBIREA cur
- .

/\ o A cur WFHAKE - 2
@ o™ 2. MBTR cur SA=H:

@ &j f @ j J»\ /0\ (1) &R cur ERFEHNEETSR nex
D € @@@é@ 000000

A

l Step 1 ‘ Step 2 J

E-xEERTRsE O E-xigEmrnER O
0
\ 1. THRBREA cur

v TR cur WFHRNE = 2

1. ERHBRTSR cur

v A cur MFNABE - 2

2. BIRTR cur FH=ES: Y 0] 2. BIRRTA cur DR=H:
(1) & cur EHFERNESTR nex (1) &R cur EPFBHNELTIR nex
(2) FEZXMFRIIMFRTR nex (2) EZXWFRIIWERT A nex
Y.
00000

(3) #¥5R nex ERATR cur

Step 3 | Step 4

B 7-21 ESAERMPPRT R (R 2)
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MRS R E AL O(logn) IR, Hrp&ERAHMBRT RFHE O(logn) WA, FREXH 87 54675
FHZ O(logn) MR, RBEMLESLT:

// === File: binary_search_tree.java ===

[* MBRTI = */
void remove(int num) {
/] BEWAZE, BERFHRE
if (root == null)
return;
TreeNode cur = root, pre = null;
/] TERER, BIHREBkE
while (cur != null) {
/] HREERERT =, BRHER
if (cur.val == num)
break;
pre = cur;
/] FRBRTRE cur HNAEFHE
if (cur.val < num)
cur = cur.right;
/] FHBRTRTE cur BIZE T
else
cur = cur.left;
}
/] BEREREFET R, WEEHRE
if (cur == null)
return;
/] FUSEE =0or1
if (cur.left == null || cur.right == null) {
/] BFHERHE =0/ 18, child = null / ZFHR
TreeNode child = cur.left != null ? cur.left : cur.right;
/] MFRT S cur
if (cur != root) {
if (pre.left == cur)
pre.left = child;
else
pre.right = child;
} else {
/] BB RARTS, NEfMEERTSR

root = child;

}
}
/] FHEEE =2
else {

/] FBHFERFR cur BF—1PHa
TreeNode tmp = cur.right;
while (tmp.left != null) {
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tmp = tmp.left;
}
/] BIAMPRTI = tmp
remove(tmp.val);
/] B tmp BE cur

cur.val = tmp.val;

4, PEFEHERF
e 7-22 R, —XWREEER “F — R — &7 e, m o XEREE “F 7R < i)
T < BTN KN ER,

BB - XERRPEATH RN, SE2R0cEN N — MR/, WS —PEZER: =X
ERMERFE DR THF .

A b e i 3 e AP, BT — SR PR R BRI O(n) IR, TEAUATHINOHE R 1F,

THRA

I’ .‘\
5
1
’ - ~, “
- R s\ \~~. _ .
g S, =SSR R
H : 7 1
1 r I
! e | s 2% 2, 4, 6, 8, 10, 12, 14
TN 1) aTTNAY,
’ [ 1 ~, 1/ 1 AR v g
K 1 i . SN ’ £y
& 3 LY o " I NS =
AN W\ X TR
H B Y H H \
[ 1 h
NN AN v
RRFEHET,

TRE @ LR

B 7-22 “XARRWI @D

7.4.2 ZXRIEERMBOKE
hE—HEE, T BRI R/, WRE 7-2, —XIEEMIS THRIER R RS 2% EHE
XY, BEEREH SRS, REESHEM, TMERMREIEN R, B YRR

SR,

R 7-2 WAHSHERRBICER
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TR SRR
#HTE O(n) O(logn)
mATE O(1) O(logn)
fiRcE  O(n) O(logn)

FEHAABOUT, ZXAERR/E FET B, XAEA] DAE log n BRIEFANEBRERET R

AT, AN THE — AR A A IR 25, FTAE S~ HE (LN 7-23 BRI, X4
FIREROI )5 2R 2B O(n) .

4
N P
/\ [\ /
4
Tt D ieT / BRI

7-23 —XIEERWIE

7.43 ZXREFWERMA

- RERGHNZRRG], KHEREIER A MERERE,
- RN R AR R B BAR S,
- AT FEEIER, DARREEA RS,

7.5 AVL ¥ *

10 ““ ABRA SRR HRE], fES U RIS, — ISRMATREE L R, (R,
A HRERI T E 25 M O (logn) 40 O(n) .

aniE 7-24 AR, S IRIMERT RERE, IR SRR E IR RER,
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@ @ B 5 BB 3 @

oo

=314 Bk
EH-R ZE=-Ri R

7-24  AVL WHEMIERY UG & 4238

G, FEE 7-25 FURR5E3E R ARl AP N RS, BER TR AR, A ERIRCERI R R A
FHko

o [
@ @ BATA 2 @ @ BATE 1
o

By iBf
SRR FH—Xi EE—R

K 7-25 AVL S{ESR AT R & ZEIR(E

1962 £ G. M. Adelson-Velsky #1 E. M. Landis 7£ it 3¢ “An algorithm for the organization of
information” AR T AVL#Y, IEXHRIRAIRNA T —RYHRIE, WERIERSASIMAIERT /U5, AVL B
Bk, IS AR RS 2 RRE O(logn) Pl BaapiEBE, 767 BN A THY N & e (e
M, AVL BERELAL ORI s R B e IR RE, BATREFHIN A E,

7.5.1 AVL PERAKIE

AVL BB — SRR, R P S, RN XN SRR R A TR, R — R — SRR

(balanced binary search tree),
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1. TEEE
T AVL SR ERE BB Mg, R BB T s8I0 height &

[* AVL BT */

class TreeNode {
public int val; /] TRE
public int height; /] TREE
public TreeNode left; // EFTE
public TreeNode right; // BFTH
public TreeNode(int x) { val = x; }

TREET BEEMNZT AEIERIZH T SRR, RIFTEER 107 fE, FERIEENR, MR
RN 0, METRREEN —1 o BATRAEM D TREE, 725 T ARBOR SR s i L

/] === File: avl_tree.java ===

[* RBTHEREE */
int height(TreeNode node) {

/] ERREER -1, HEREER 0
return node == null ? -1 : node.height;

[* BEThREE */
void updateHeight(TreeNode node) {
/] TEREEEFTESFNEE + 1
node.height = Math.max(height(node.left), height(node.right)) + 1;

2. TRFHRAF

TRETFEERTF (balance factor) & XN 2 TV E A FIATEE, [RIRHRUE 2579 R i P 1
M0 o BARRERARICT 5 PR 7RIS REBAR R R, 77 e SE :

// === File: avl_tree.java ===

[* REVEEERERF */
int balanceFactor(TreeNode node) {
/] EURTFEEFA 0
if (node == null)
return 0;
/] TREERATF = EFNEE - EFNEE
return height(node.left) - height(node.right);
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Note
BRI f, W—RR AVL S ERT B EER FEw e —1 < f < 1,

7.5.2 AVL BihEst

AVL WERFRAET “BRE:” 1%0E, EREMSE AN XA P i e A IRIRITR N, BT Rk e
fig, BRADIEUL, BERCIRVEBERECREF “ USSR MV, WA ERTEN P R,

BATRF R F0E > 1 BT Ry R MR R B LR, BEEARIE R ATE,
FEE. SehlEa /e, SeERE . NN IR B R

1. HBhE
E 7-26 FoR, T RAHER T, WKRETE, ZXAFHE DR U2 e 37, BAIEEDIZ A

TRV R T, RAZTT 00N node , HZETTRIEHN child, 1T “flie” #iE, Elfhes,
PR, FF EARORE: — AR R AL

N N\

> . BREFERBNTFRE
/ /mde BIRTIRIBA node
S BEFHRRA child
/ /[h;u
[
Step 1 Step 2
N\ i R / N i R
enmes (@)
1. B child REHS, ¥ node MAHER /[';le\ 1. Bl child REsE, #§ node BmAHNER
i
- 2. A child ERMUET node MYMIE
0 AR
ﬁh;\ A BTG, ZFHERRETE
node

Step 3 Step 4

7-26 GhEtREH R

WA 7-27 AR, 2955 child BA 71 (0 grand_child ) B, FHEEAHEFERIN—%: ¥ grand_child
YE4 node HYAT-15 1



O ) hello-algo.com 162

NNy
O o

o

/ grand:child /

& 7-27 £ grand_child M4 EglE
PR RRIGRICIBE, SR LR IR, R R
/] === File: avl_tree.java ===

[* GHER(E */

TreeNode rightRotate(TreeNode node) {
TreeNode child = node.left;
TreeNode grandChild = child.right;
/] LA child AES, ¥ node MGHEHE
child.right = node;
node.left = grandChild;

/] BFRTREE
updateHeight(node);
updateHeight(child);

/] BB EFRERT =

return child;

2. KhE

MR, GHERZ & LIRS — XA “BifB”, MITRERITE 7-28 FoRi) “ZEhe” 1#1E.
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RAEhEsE @
o

& 7-28 felietilE

FH, @/ 7-29 FiR, M7 s child BAF 1A (28 grand_child ) B, FREFELIEFHRM—2: ¥
grand_child 2% node 45111 mio

P ERETH
) o
i m&m& o \
\ \
©

A
grand_child

K 7-29 f grand_child f/cHEs(E

A DAOER R, e el e 2 i R B FRI), SN A PR R TS DL M FRIN . 2T xR
M, BATRTRATER IR R left BN right , KATER right BN left, BIRIGEIE
TR SEBARAS :

// === File: avl_tree.java ===

[* FEHERIE */

TreeNode leftRotate(TreeNode node) {
TreeNode child = node.right;
TreeNode grandChild = child.left;
/] LA child ARS, & node MIZEhed
child.left = node;
node.right = grandChild;
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/] BFRTRRE
updateHeight(node);
updateHeight(child);

/] R[EFEE EFREET =

return child;

3. EERERARE

T B 7-30 RT3, A A s A BEAR O IR TR S A, R RSN child BT “AERE,
X node AT “HliE”,

# child H4T @ 3 node 1T
EhE Al

K 7-30 SeiElEE e

4. FHBEFERE

nE 7-31 FoR, AT ERKE XTSRRI, TELX child UT “HE7, X node AT “ZEHE

K 7-31 Jeflea Ll
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5. NefsRYER

& 7-32 R P RPR S G L 5 RIRRBIBR XN, Al ER A e, Seiebgatbe. Jorlea/ohe. 7ohe

WA

FoIhE
=g

FhahE
=73

e

& 7-32  AVL FRHIPYRRIER: 16

QITRERAIR,  FAT @ I S 1875 s P R DR e — MU 7 s B PR R B IE S S, SR E R M 19 A

J& T 7-32 A BEAE O

® 7-3 VURBERC R DL RIS

KRR FUREEEET  RCRARER 7%
> 1 CEfmith) >0 filie

> 1 (ZEfmt) <0 JefehiefE e

< —1 () <0 FEle

< —1 () >0 JetiliefE fee

NTRETER, BATRBEFEAREERR DR A TR, HAVREN SRR ORI s, K

v R T, RSN PR
// === File: avl_tree.java ===

[* BITHEEEARIE, R FNERRE TS */
TreeNode rotate(TreeNode node) {

/] FFEXT 5= node HYFHIAF

int balanceFactor = balanceFactor(node);

/] =R



O ) hello-algo.com 166

if (balanceFactor > 1) {
if (balanceFactor(node.left) >= 0) {
/| e
return rightRotate(node);
} else {
/] FEhREETE
node.left = leftRotate(node.left);
return rightRotate(node);
}
}
/] Efmk
if (balanceFactor < -1) {
if (balanceFactor(node.right) <= 0) {
/] Ehe
return leftRotate(node);
} else {
/] FaEREER
node.right = rightRotate(node.right);
return leftRotate(node);

}
/] TR, FTher:, HiRO

return node;

7.5.3 AVL WEBIRE
1. BASS

AVL BT A BRE S AR RRE TR EREL, ME—RIXBIET, £ AVL WA RE, METHHEE
MR R R R ATRES I —RIIK M, Bk, OB ENXANTROTR, AR ERTheskie,
PR RBP4 R AR

// === File: avl_tree.java ===

[* FATE */
void insert(int val) {

root = insertHelper(root, val);

[* BIFENT R (GEBIAEE) */
TreeNode insertHelper(TreeNode node, int val) {
if (node == null)
return new TreeNode(val);

[* 1. BREBAIEHEATR */
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if (val < node.val)

node.left = insertHelper(node.left, val);
else if (val > node.val)

node.right = insertHelper(node.right, val);
else

return node; // EETRARHEAN, HiZR[E
updateHeight(node); // BT REE
[* 2. PITHERRIRIE, ZTFHENMETE */
node = rotate(node);
/] REIFHEIIRT =

return node;

2. BRRT=

KAoUHh, 7E = AERBEAIMIERTT 75 TR S b, TR NRE TR TIe 1% E, BEATA R RS -,
(NN

// === File: avl_tree.java ===

[* BBRTR */
voild remove(int val) {

root = removeHelper(root, val);

[* BAMBRTI R GEBIAE)  */
TreeNode removeHelper(TreeNode node, int val) {
if (node == null)
return null;
[* 1. BT RHMER */
if (val < node.val)
node.left = removeHelper(node.left, val);
else if (val > node.val)
node.right = removeHelper(node.right, val);
else {
if (node.left == null || node.right == null) {
TreeNode child = node.left != null ? node.left : node.right;
/] FHEHE = 0 , BEMER node FRID
if (child == null)
return null;
/] FEEHE = 1, HEMPBE node
else
node = child;
} else {
/] FRaEE = 2, WEHFERNT IR, HAZTASIRYERITR
TreeNode temp = node.right;
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while (temp.left !'= null) {
temp = temp.left;
}

node.right = removeHelper(node.right, temp.val);
node.val = temp.val;
}
}
updateHeight(node); // BT REE
[* 2. WITHERRIRIE, EZFHENIREFE */
node = rotate(node);
/] REIFHEIIRT =

return node;

3. EHTR

AVL R REBIRIE S IR —5, AR,

7.5.4 AVL RSV F3

- HYGRIEER R, ST A, SR =

- AT HAREER R RS RS

- CLRRRHR — R DA SR, AT AVL B, LSRRI R A, A S IR A
TR IR BT /D, 0 s b R B P B B

7.6 NG
1. EL[Om

© X RS RARSA, (A N I iRIRE. B8 X RE S MEDRNME
B, lfE A A RS R

© NTIEXBRREANT R, HE () FURNEDUME RIS Z T RRE () T,

© SXMEIHRARE R R MR B B 18 SERIRES,

© XMBIFIHAM, RSN SRR S RERAR R T TR

- WUR XA SRR R, e R SR SN R, 5838 SRR AR ERAR AR
&, MHERERERRZERE,

- SXRATDUHBERR, TR R EN S B IREHEA, HARIE R RS R Z HAY
RGO L B

C XMRE s R, BT RSN R” (R RN, R
I BABIR S,

© BRI, ERED EETRENCER, ENAIT UERIRL, mBRaks:” fehri, |
B A5 FH I RSP
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LU RAHE R T R RS, AR, AR I A O(log )
4 IR BHE LN RERI, SIS R ESHLE O(n) .

- AVL K, HFEE — AERI, m N R R R RIS AR TS U5 B R (R P08

. AVL WIBOHERE R ER A NE, o0, JeAENERANE. S IERANE, (e ST AUS, AVL B2
MR TTAAT HEREAR b S S T

2. Q&A

Q: X TFHE—MNT R, M ERRTT SETREARZ 0 15?2

2, RO EMREE R E SO "Gl rarEE",

Q: X AHEAN S MR — i —EIRIERC S e, XER “—EBRE" fafhale? Al DB BRIRE 1
TR BRI ?

FEXERREREH, PR SRR AR OUACE,  Hrp AR LR T EOHA T 2 D D R R
Q: HMft2 DFS @l —XMEHT. . JE=rllire, 2562 mHE?

5 Fnidi e EEHR, B, Br. e = X7, BT DU eSS 2 — M

E ISR, FIanfE IR, BTFTARNGE EFTRE < BTYAE < 67028, KHit
BATHEZIR “FE — R — A7 WEgosmmt, el DRSS R SFEY,

Q: HBHEHRIE R LM T 51 node. child, grand_child ZEIFIXZR, HB node MY Rifll node JFRIIERE
AFEBYEIL? AHhetR(EE e N EWsT?

PANFTZENE TR A KRB XA, HHEHRE right_rotate(root) & AKYZE FHFAUAR T &, &
return child JR[BIFER 2 G A9 FRIRUARTT e FRIAGARTT ORI EAQTT UG OB TE I R BOR B E 52 Y, A
J& T AR E R

Q: £ C++ 1, PREHERIST 2 private fl public H, XA T AT 2ZRIL? LA ZW height() REF
updateHeight() %5 BIFAE public Al private FHIE?

FEEBEHENMEHE, WRAFERERNTMEH, BTy private o Bla0, FH P s E A
updateHeight() /EX B R XM, BHEMMA. MEREEFRI—P, M height() ViR REE, RKOUT
vector.size(), KB public PAMEREH,

Q: W —HE AEIRM R — I = AR ? R SRR RN B IREE?

SEH, MR 7% O AR RS Y build_tree() TIEHAH, BTRY RHER, BRITEFES
K NBEHEy, RERHROTRIEARTY R, SR EG TR, AT DA R AR IIER Y Tl
a8

Q: fEJava i, FRFEEXHLRG—EEM equals() T57A?

£ Java W, X TEAEIREM, == AT N DNERREZ OGS, X ToHEA, WA SH) LI
2 NGl

-+ == AR ZRZESIERR—MNR, BENENEFE R EZ SHE.

- equals(): HIBRM LM RIVER S,
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Rl GnBREENFEAE, FRAINIZEER equals() » ZAM, JEIT String a = "hi"; String b = "hi"; FJIAILHY
TR BT RS EMS, EMERFE— NS, Fta A a == b REEBHDNFRF RN,

Q: JEMICEHEIRIREZ R, BPAFIHIY SR 2 2h 152
RIY, BN h = 2 S, HTAEEn =7, MEEY R4 =2"=(n+1)/2,
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Abstract
et 2 ILEED, BEERAR, BEESR,
JE R L U i IRER T, T e N LI 2 B S R AR 7
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8.1 i

# (heap) 22— RIERMAAIER XM, TEAJNMARE, K 8-1 Fr.

- TR (min heap): LR AIE < H7 S0E,
- KT (max heap): LR AMME > H9 SHME,

N N
/NN SN SN

L)L L)L)

2 ‘B2TXW B 2 ‘T2’ B
EETRNE <« EFT=E EETSNE 2 HFTaNE
TG P2
min heap max heap

8-1 /NTIHES KIViHE

HEFE N oE 2 I — DRI, Bl DURRE,

- RRETREEAIETE, HART R,
o BRSO EARTT SRR CHETR, RERZER SR BT RN HERR,
- OTFRTME ONTHE), HETOTER (R WERRKR &I K,

8.1.1 BEVEMIRIE
FEAEHMRE, 2 RmRIE S IREZMET (priority queue), IXZE—FHHRNEHELH, & X HEHBR
FeRHE BB

SCBR b, HEEHT T SEBOLERAS, RTHHER S T oea3E MR M BRI IETERAS, A F R,
BATRTLLRE “PEIEBASN” 1 “HE” BOESEMRIEIREA. HIt, AHNMERMRERIX Y, gi—MfE “HE”,

HERTH FIRIELR 8-1, T5TRA TR ERIEHmAE IR = RE,

7% 8-1 HERTHRIERCR
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Tk ik [R5 2% e
push() JEEANHE O(logn)
pop() HETTC 2R Y HE O(logn)
peek() VIFMETOTER O TR [ /NTHED BB K / /IMED 0(1)
size() PAGEITT IR o(1)
isEmpty() H b= A O(1)

FESKBRA A, FRATTAT DAELRRAE R gmAs 8 = RO (BRILTEPATIZE)

RUTHFEIETR “WNEERHES” F1 “MREVNEFN”, FATA] OB IR B — flag BB Comparator

KL UNTHET 5 CRTHE” Z RIS, AR RTR:

// === File: heap.java ===

[* FIAHE */
/] #IAH/ T
Queue<Integer> minHeap = new PriorityQueue<>();

/] ¥R AT (FEFE lambda TIATLIEEK Comparator EIA)

Queue<Integer> maxHeap = new PriorityQueue<>((a, b) -> b -

[* TTENHE */

maxHeap.offer(1);
maxHeap.offer(3);
maxHeap.offer(2);
maxHeap.offer(5);
maxHeap.offer(4);

/* REUETTTE */
int peek = maxHeap.peek(); // 5

[* HETUTRLME */

/] BHETESTE— T MKRENRES!
peek = maxHeap.poll(); // 5

peek = maxHeap.poll(); // 4

peek = maxHeap.poll(); // 3

peek = maxHeap.poll(); // 2

peek = maxHeap.poll(); // 1

[* FREUER/N */

int size = maxHeap.size();

[* FIETHERT AT */
boolean isEmpty = maxHeap.isEmpty();

a);
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[* BNFIRHEME */

minHeap = new PriorityQueue<>(Arrays.asList(1, 3, 2, 5, 4));

8.1.2 Ry

CEER SRR TIE, 75 A H O/ e, FRAR R A/ N EHIMEGY (BN, #F > i <)o
PLEBATIEE AT DAE AT,

1. HNEFHESRT

X BT, e XMARRIE S ABERER, HTHEER —ME e XK, RIBATRER A
RAFHE,

LE B R X, SRR AE, RIMRET RE SR B, Y s feEhE RS WUt 25X
KRS,

W 82 Fim, RS, HETHAMRIIN2 + 1, AFHEMESIN 2 +2, RIUANEIN
(i —1)/2 (TR, HREIIMAN, FRET T AR,

HERIZIELSH ERMESH (REEH)
H 2—1f “meIXW" M BB ®T TR

#l o0 1 2 3 5 6 7 8 9 10 11

R Bﬂﬂﬂiﬂﬂ.ﬂﬂ

(i- 1)/2 i 2i+1 2i+2
i P —_— - 7_,1 A

- 57 57
2 $a BA

MBS FRE | BRESSEIR T st

K 8-2 HERIFR G171k
BATAT DAKE R 5 [ B il b B, 75 e S :
/] === File: my_heap.java ===
[* REEFTIRRS] */

int left(int 1) {
return 2 * 1 + 1;
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/* RENGFTRIES| */
int right(int 1) {
return 2 * 1 + 2;

}
/* KRBT HRES| */
int parent(int 1) {

return (1 - 1) / 2; // A TFERK
}

2. IpEBEIRTTR

HEOT R BN AR A, USRI E IR
// === File: my_heap.java ===

/* IRAET TR */

int peek() {

return maxHeap.get(0);

}

3. TENE

HETCR val , BATECRHINMEMER, WINZ)E, BT val ATRERTHERHAMITER, HERRILSFATRE
CARBER, R TZE S BT SEIHT R R LA, X MRERAR VL (heapify),

FEMAHET R, WEEDRITHEL, W1E 8-3 R, FATHEHEAN YRS HART mAE, nFEANY
REER, WAHREMZZ, REREPITIHIRE, WERETEEHPRS MR, EREERT Se08 2T

AZHE T RIS

P

o [\

ZRIERTR
WART

00008080808 S [sJeJoo 7 [s[2]a]e]a]e]2]7]

A @ Nt

1. ¥HR 7 FMERE

Step 2
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w2 @ Nt @ Nt

1. BH= 7 FNBLE
2. NEETR#HTHEY (Sift Up)

1. BHR 7 FNEHER
2. WEETm#TH (Sift Up)
v PR 5 < PR 7

- RRHEHR

v PE5 s BR7

s3] (000008000080 step 4

HR @ Nt
1. RBER 7 FNERRE
2. NEETR#THEAY (Sift Up)

w5 @ Ne

1. BHR 7 FNEHER
2. WEETm#THA (Sift Up)

v BR 6 s BHT v A6 s BRT
o RRETR
[sten s | 0808000 step 6 |
7 P HA @ e

1. ¥H= 7 FMERR
2. MEZETG#TEW (Sift Up)

1. BHR 7 FNMEER
2. MWEETBHTEL (Sift Up)
BRI > TR
~ FRATRIR

v R 9> BR T

=7 (00000000000 (s

HE @ M

1. ¥HR 7 FMERE
2. MNEETU# T (Sift Up)
TG, ATUENMERIGEIEE

Step 9 ‘

K 8-3 JERAHEN IR

R RUEEOY n, WM O(logn) o HIELATA], HECBIERTER L EER 20 O(logn) , JTERAHERR:
eI 2R O(logn) » AREBIN RATR:

// === File: my_heap.java ===

[* TTENHE */
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void push(int val) {
/] AT R
maxHeap.add(val);

/] MEZET#EL
siftUp(size() - 1);
}

[* MW= 1 TR, NERETEL */
void siftUp(int 1) {
while (true) {
/] KRBT E 1 IR =
int p = parent(i);
/] B “BERTR 3 “TREMEE” B, LSRN
if (p < 0 || maxHeap.get(i) <= maxHeap.get(p))
break;
/] ZIEFTIR
swap(i, p);
/] TERmE L
i1 =p;

4, fTNTRMM

HEUT R R XA R, BIFIRE TR, WRBANTERMFIRPIMERETTE, Ao = X a8
R KA, JZH@T%F AL TIB S RS, 9 T RERMDITRRGINZS, TATRAL
—F]%,f/lz)'gxgéo

1. ZHHETOTRSGHFTTR IR A5 BT R)
2. ZHGEUE, RHERMIIRAPR GER, mTeasck, Rtshn EMPREZERIHETTTR) .
3. MR R, MIREIRIATHEL,

G 8-4 FivR, “MIRENHEL” FHRIETTIYS “PIREBHEL” Mk, Bl TR mAIES B D715 =
EIEATLERR, REORHY 779 s SR st PRR TR AAT IR, BRI M (BB 2 TS i 9
PR

/@\ R A ETTRE
o “ = } \7 ) 1. BETMTRSHERTRETR
AN NPAN

o @ o 0 0
'GSZDJGé}D@ééD §£Z§r§4,33§§é3

(s [7 [ 17 [s [2]2 [+ [2]6]2]5] s (000000800000 step 2 |
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JoarEREEEE

080000000080

TR

1. FBEMTRSHETEZR
2. BHUBIRMERTR

ETMTREE

1. BHMTRSEERTRR
2. B YEIRMERTER
3. MIRER#THA (Sift Down)

v TR S5, 8, 7 W, TR 8 A
- RRTIR 5 5TR 8

‘ Step 5

TR

1. BHTITRSHETERR

2. B YEIREETR

3. MIREE#THA (Sift Down)

v HEWR S5, 6, 7F, ¥R 7 Bk
- BT 5 5HR 7

ETMTRLE

1. BHTMTRSERTRR

2. WHUFMRETR

3. MIRER#THA (Sift Down)

v ¥R 5, 3, 6 F, R 6 &K
o TRTR 5 5TE 6

00LEFEEEEDEDE

H - B 0aEana e

BR0E - QR eEE

K 8-4 HEUTER HHED IR

SETRTR LS

1. BEMTRSHERTRZIR
2. HHMBIMHERTE
3. MIRER#HTHW (Sift Down)

v EHR 5, 8, 7 W, HA 8 BK

step 4 |

TR

1. BEMTRSHRTRTR

2. B UFAIRETR

3. MIRER#THEW (Sift Down)

v #EFR 5, 6, 7, im 7 BRK

Step 6 J

SETRTR LS

1. BEMTRSHEETRZIR
2. HHMBIRMETE
3. MIRER#HTHW (Sift Down)

v EHR 5, 3, 6, A 6 BA

Step 8 |

ETMTTREE

1. BEMTRSHRTRTR
2. B UFAIRETR
3. MIRER##THEW (Sift Down)

TG, ATUENHRIGEIEE

Step 10 J

SIERAMERIEEML, HETUCER MR RN RS 2 W O(logn) » AIBITTIATR:

// === File: my_heap.java ===

[* TTEREE */
int pop() {
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/] Fl=4biE
if (isEmpty())
throw new IndexOutOfBoundsException();
/] RN RERAHTR (RRETR5RTR)
swap(0, size() - 1);
/] MIFRT =
int val = maxHeap.remove(size() - 1);
/] MTRZE Y
siftDown(0);
/] REBETTER
return val;

}

[* NS 1 FFR, MIRERHENL */
void siftDown(int i) {
while (true) {
/] FIETHE 1, 1, r FERANTR, 124 na
int 1 = left(i), r = right(i), ma = i;
if (1 < size() && maxHeap.get(l) > maxHeap.get(ma))
ma = 1;

if (r < size() && maxHeap.get(r) > maxHeap.get(ma))

ma =r;
/] BEFA 1 &RAHES| 1, r 857, WAL, Bkt
if (ma == 1)

break;

/] HRFT R
swap(i, ma);
/] B A

i = ma;

8.1.3 MMERKNAA

- DRSEBAAN: HEIE (O SCIRSE A A BRSS 1Y,  HBARN AR RN (1 2 4% 2509 O(logn)
, TEEBNERMED O(n) , IXEEHRAEERAEE @R

- HEHEE: g —dEdE, BAOTA DU ENTEZ—DE, R ARHE I TICR HMERE, TS 267
. SR, FATEHE S —ME R NS B ?, T “HEHT” E,

- REERE) kA XN AR EIERE, [FRHE RN, BN R T 10 B3TE
PENTAEEAE, I ECE AT 10 AR S S5,

8.2 FEIER(E

FERLEAROUT, TR — NIRRT TR — D, XN “EHERE,
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8.2.1 {BBEHINIEIZIEIN

FATECO0E A, ITBPIFIE, RIS TEENIT ORI, BEE RIS R,
FZTEEIT “MIRET ML,

Y ATEEAME, MR R . T AU M IS R Tt — SRRy, BEMER “F bR
Farit,

VTR n, TERIKERRAE R O(logn) W, UL EHE /5 B S 25125 O(n log n)

o

8.2.2 @M (LI

Kk b, BATA] DASEEL— RN S HE T TR, AR,

L. BHIRFTATCRIEE ARSI SIS, I HER P BT AR 2 2
2. Pl (RRP@PRIER), RO IEHTT R HIT “ TR RHEL

TG, PR ROV R PRV R — A SN . TR E R, RHER (A
SR A,

ZFrOE B i, RO IZAERES CRIE L AT R TR FELR SENTHE, XA S /T R 2
AR,

EFHAE, HTHNRERA PR, BRI S, Tk, W MUEIrR, &5
—MNEMT R RGN R, FATWETT A E 7 AT HE(

// === File: my_heap.java ===

[* MEFE, RIBRNTIRER */
MaxHeap(List<Integer> nums) {
/] BHIRTRRE RN
maxHeap = new ArraylList<>(nums);
/] EEERH TS UMY EMPAE T =
for (int 1 = parent(size() - 1); 1 >= 0; i1--) {
siftDown(i);

}

8.2.3 EXES

I, Bl IR R R TR N 15
BTSSRI AR v, TR (n+ 1)/2, HoR /N R, RIS
MR (n— 1)/2,
- AENTECHELARR, AN R EIN 1 , TRIRARRRUCEON — U log n .
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¥ LRFEAESE, AISR A RN R ESN O(nlogn) . MHIXAMEREFIFAUEN, FAEMNEEG
H B E SRR RBRIZ S T TRE W R

B TOREADREATE AR o TR R, BRAE— MR E S n . WEN h iy "8k
B, BB RS RATER T,

HrmE FETFRNE
(EMERRAERRE)
h — 20
/ \ 1
- h-1 S— 2
SN N |
P | [ S —— 2
VIV IVE
e =3 S 23
1 2h-1
(FER, HH=mER 0 0 e 2h

K 8-5 SER_XMHIHET MR

i 8-5 iR, TRl “MIZERHEL” AR T B S A EE RS, MZEEER 1A
7, [HitE, FRATATDON&RH “ 8@ x WAEE” KM, [T R AR B S,

T(h) =2h+2Y(h—1)+2%(h —2) + -+ 20D x 1
fefal EATEEB A BFIENIR, el T'(h) A2, 155

T(h) =2h+2'(h—1) +22(h —2) + -+ 2" x 1
2T(h) =2'h +2*(h—1) +2%(h —2) + - + 2" x 1

FERRRATIRE, FIRR 2T (h) Wk bR T(h), AT

2T(h) — T(h) = T(h) = —20h + 21 + 22 4 ... 4- 21 1 ok
Wigg EX, KT (h) 2—MELREY, rTERERRMAR, SRR REAREN:

1—2h
T(h) =2 -
(h) 1—2 h

=2t —h—2
=0(2")
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W, WERN b WREXMT EREN 0 =20 — 1, 58E5E RN 028 = O(n) . DAL
R, FANFIRIFFEHERIN TSR O(n) , ER &R

8.3 Top-k ialEA

Question

BE—MKIER n WEFEH nums , IHIREEHAFRAN & NTE,

XTI, BAVCNBIREES A AR, T ERCRE RS,

8.3.1 Fi*—: EBHiEF

BATA] DU T 8-6 FIRAY K 5077, 7R HREGE 1. 2. ... k KRIEE, NEEREHRN O(nk) .
A BEFGERT k< n BER, BRY k5 n EEEER, ERNEEZAE-EAT O(n?), EFEN,
nums BHERRATTE

B) = wumz 1 Anx

DB =-wuzz 2 x7=

DD #=#uzs s <7

8-6 M FHEAH k PNITR
Tip

4k =ni, BMAUGEEZBOAERFS, WNENT G 5k

8.3.2 FiEZ: HIF

Qe 8-7 i, FATAI DAY nums EATHEY, FIREIEAILR & NITR, NAEREN O(nlogn) .
AR, ZITIE I RS T, BENBRMATRERARN kMR, AR ZEHF TR,
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k=3

s [DEEEE
HBLRITH
28000
EEEA k MTE

000

K 8-7 HiFIHREAK k MR

8.3.3 k= i

BATTAT AEE T HEBE AN ROt i ek Top-k A, (RAR4NE 8-8 filim,

1. FHAfe— A/ INTisE, HHEDUTRE/D.

2. JERECEHRTAT k DICRAIRAHE,

3. W k + 1 DTHEITA, HERTTRATHENOTR, WAHETUTER i,
4. WsERE, HEPRIFRIEUR ERH kDT,

k=3 ’tm@ k=3

Ll 1 [ [ [:]2] [ [ ]:]:]
i i
1. EH0 k DTENE 1. BE0 k DTENE
s ZXWERR
BART
heap @
l S & Step 2 J

k=3 ﬂ]ﬁ k=3

nums naa nums 1(7
A o0 fanaa
i i
1. #H0 k DNEENE 1. B k NTENE
ZRMRE

2. M# k+l DITEFEHI
v YR > EINTR

BART

e (@00

[ Step 3 Step 4

FRF L ATTTR A

sm (@)

ZRMERT
WART

ol )

ZRWRT
WART

v (@00
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k=3

~ (2000
.

i

1. #E0 k DEENE

k=3

~: (2000
.

i

1. %80 k DTRNE

2. ME k+l DITEFEHE 2. ME k+l DITEFIRHAIET
v HFITE > BMTE v HEITE > MR

- RATRLE heap - AR

EURTRNE

‘ ZRWET
WART

k =3 e @ k =3
~ 00008 o o ~ 00000
A A

i i

-

. RET k MTENE
. ME k+1 DTEFEAIT
v YFITE < RMTHR

EZX2 [sers ]

1. #E0 k MTENE
2. ME k+l DITEFAHE
v MEITR < BIMTR

‘ ZRWET
BART

~

‘s an @
- OD000 6 o

JBAH5ER, EE heap EIAT
‘ ZRRWRT
BART

Step 9

8-8 HETHEI AN k TTHR

BT
/] === File: top_k.java ===

[* BTHERBAPREAN k NTE */
Queue<Integer> topKHeap(int[] nums, int k) {
/] A/ T
Queue<Integer> heap = new PriorityQueue<Integer>();
/] FEHAET kK DITERENSE
for (int 1 = 0; 1 < k; i++) {
heap.offer(nums[i]);

}
/] MWE k+1 DTEFE, REBENKER Kk
for (int 1 = k; 1 < nums.length; i++) {

/] BHERTEATHIUTER, WRHTTRL®E. HaiaiR N

ism
o o

‘ ZRWET
WART

ism
o o

‘ ZRWET
WART
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if (nums[i] > heap.peek()) {
heap.poll();
heap.offer(nums[i]);

}
}
return heap;
}
BAEHITT n SAMERMHYE, HENRAKERN b, RENRAE2RER O(nlogk) . ZITIENRKRE, X4

kBN, IWEEZEER O(n) 5 4 kRN, NEEXREAZET O(nlogn) .

SN, BITIRER T AASEARRIE R EABTIIABEER, BATa] DAFS4EHENRI TR, ML
BRIk DNTERAIEhASE T

8.4 Ih&t

1. BRI

- HERMRE R X, MRIESCLAE R O RTIHERT/NiHE, K ON) TERHETTR 2R () B,

- ARIEBNAIRE SUZHRA HBA LR BIBAA, 385 (5 I HER S

o HERE FRARAE RO BN R B 2R EAE . TR A O(logn). HETRTTRAHE O(log n) R RIHETR
& O(1) %,

© EESXMHERIESHEEHROR, EIIRATE R 6B R A

- HE(LERVER TR HERIME R, AR HER A E R A= I 2,

- n DNTCEIFRERIN A AR MR O(n) , AEHE &SR

- Top-k B—MEMEIARM, v DUEREBIRSH SRR, NRZREN O(nlogk) .

2. Q&A

Q: BE&EMN “HE” SNEFEER “HE ZR—MEg?

MEARE— S, FURRETHE “HE, HRYLRGAE MR SIS R — 2, P Ea T
A DAME RV ERAF B RE. 2R Al AR R —E BAUHENTE, AT REa0 RAMEEHF R 25, X EHE A
HHREN, BFRERBOXENTT, DUIEAFE, SRR, SERNFREENER T EEEE, &
AL ATRER S BUAAF R AN S faE- <5 Al
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FOE

!
R

hello-algo.com

Abstract
EAEmIRIES, BIGEE— DN, SEEE A NRIOHEIE,
F—RIHIRSHEE, #BEIXTKE KIS E F B R ETE,
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9.1
(graph) 2—FAELMERIESEN, M= (vertex) Al (edge) @Ak, FrATAIDUEE G RN —

IR V Mi—Hid E &S, DURBIER T —ME 5 DS 7 388918,

V={1,2,3,4,5}

E={(1,2),(1,3),(1,5),(2,3),(2,4),(2,5), (4,5)}
G={V,E}

WK LB N, OB EEES N TRIISIE GEED, AT DS BB F— R R Tk A £
45K, WNE 9-1 R, MIERTERMRR (R MoraxRR (W), MEgRR (B) MAREES, HifsE

Y
* /\ .
] / \ ‘\\\‘///
Y
-2 "
(BHXR) (HRXR) (REXR)

ERZiEEHERS, AMttRAER

o1 HER. . EZRKRR

9.1.1 EMERARBSKIE

iR G BA T, Al hEm@EE (undirected graph) fIEmE (directed graph), 1 9-2 FirR.

- AETCAEF, BRI ZRIR WA ERRR, FInMER QQ Y “MFAKRR",
- tEAAEY, BEETANE, A — B A« BWATTARLRE TN, Bl e
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ZTmEE BHE
(ax7m) (am7m)

K 9-2 AmESEmME

RIEFTE TSR AEE, Al 0EEE (connected graph) MIIEEEE (disconnected graph), 4i& 9-3 filf
Ro

- OTFEEE, MR, ATARIAERERETN.
- NTAREEE, MNEITR R, B0 DR TEENE,

N

EEE IEEEE
(PR TR E2T35) (AT ET3E)

K 9-3 EEESAREER

BATERT IOILEs “FEE" &, MMSEANE 9-4 FiRiBE (weighted graph). BIANTE (EHRE)
EFWerh, RETRMHEHL RN R IR 2 MR “SRERE”, XM E M4t n] AR ERRR,

TANE BRE
(FrEIa%H) (hRANERM)
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B 9-4 ARESTANE

BRI & DU B AR,

- 4B (adjacency): YT Z [AIFETEIAEIERS, FRIXPITAR “SR%7, TEE 9-4 H, THAR 1 YR TR
HIA 2. 3. 56

- B&R (path): MW A BT B & HIM I FFIHF I A B B 1Y “BRIZ7, £8 9-4 /1, 4P
Hll 1-5-2-4 F2 TR 1 BITUR 4 B— 5812,

- E (degree): — N USIHANILEL, NTAME, NE (in-degree) Fnf 2/ &INTEMIXTUR, HE
(out-degree) FnA 2/ &I MNIXTTUSTE

9.1.2 BEIMRT

EH R 7T N QRN 1 “QBERT, DUNERI T A T2501,

1. SPiEsERE
RN AEE N n, $MEERE (adjacency matrix) #HH—1 n x n K/NHEERFRE, 8—17 ) 1R
F— DR, HMEeENRRIL, H 1880 RRMANTTUE Z RS FEL,

WIE 9-5 FiR, IRARHEERER M., TSN V | BBLMERIER M, j] = 1 R Vi) ST V]
D, R’ Mli, j] = 0 BRmIA R0,

mR%IE

#E o 1 2 3 &4

0 @ 1 1 0
\ 101 a 1 0 o
‘ ‘ / 2 1 @ 101
— 3 10 1 8 1

4 0 0 1 1 o

Trims
SBIRSERS
graph adjacency matrix

B 9-5 ERIATEIERE RN

WREHEFEEA AR,

- DURARES B SHHIE, RILARERER ALt REA TR L
- RTFERE, BT, BRI X SR,
- REAREEFERITTERM 1A O B E, WA Ron A,
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(AR R R PR BN, FRATTAT DAERE S AR R TR DASKIEGS, R s e R R RO RSeR R i, IR A
B O(1) o 4RT, BMEMZERERER O(n?), WNiFEHKRZ.

2. PIER

PiER (adjacency list) M n MERKFRE, PRV RFRIUR, 8¢ DMERN ML ¢, HAFEE 7%
TBUSHIFT A RFETUR,. (SIZTUSRERTTUR) o 18 9-6 R 17— Ml I AR RGR A BRI E R 7R B,
MR SHISEE A TS

e %
[ e« 533e

PiER
graph adjaceney list

B 9-6 BT RKR

ABERAUF ERFENIL, THLREOER /N T n? , RILEEMY 2R, AT, ENERPHEIE
i P RO BRI, DRI TRISCR AN AT R R

WIERIE 9-6 , RRHEREM GIMARPH “BEHHE” BRI, RIBEERAT Tt T DUR AR 75 3R RR,
FRAn Y BER A, AT DL REREE (L AVL SeRZLRBM, MIFPEINRREEM O(n) L= O(logn) ; 1A
DAIREREHNIRT R, MR AEREREE O(1) .

9.1.3 EIMNERMNA
N 9-1 FRs, Y2 IS 2GR AR ISR AL, A S Y R 0t T DAZA AL A9 1] - ]

*9-1 BSATE R WAYE

Wi b B -
HMzg HPE FRREA IBHELT I HERE
HERERES  whe i RRIREE RRLBREAHER

ENEER 2K BARREDTESINEMR  TRPUEHE
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9.2 ERvEiRF

BRI ERE R RT 0 0 307 BORRCERORT “TR” AOHRfE, 1E “ARREIERE" 0 “SREEER" MIRRRIT IR T, &

B AR,

9.2.1 BEF4BIFIEPFRYSCIN

SR TUREE N n BTEAE, N MERERISSELT S ANE 9-7 Fivr,
© WSIMBRINRRIL : EARAE AR B AR E AL BEIRT, (A O(1) Nl M2, FitkFE

I BE T 7 TN 32

WAL : AEATHAERE R BRI —1T—51, FF2ME 0 BIn], A O(n) NH,

- BRI R PR R ER— 1T — 51, MER AT I IR EI BN, FEH (n— 1)2 e

“lfe LREE”, s O(n?) B,

- WL B n TR, WAL n BOTILNESIER vertices , A O(n) INE; #I4GTE n x n K

INFIAREEHERE adiMat , FEM O(n?) KL,

TREFIR
® oo 1 2 3 4
o e 1 0o 1 o
E— MeatE
\\\\\\\ 11 0 1 0 o
/////// 2 e 1 @ 1 1
—— 3 1 0 1 0 1
4 e 0 1 1 o
3] BIRERE
Step 1
TR5IR
®E o 1 2 3 4
o e 0 1 1 o
1 HipRn EH-
\\\\\\\\ 1 0 o 1 o o
//////// 2 1.1 o 1 1
— 31 0 1 0 1
4 e o 1 1 o
3] BIRERE

Step 3

1\ BIBRTRR

Step 5

el
=3l

F W N ks

Step 2

TRFIR
=3l

wmms @

oo W N Rk e

Step 4
DI ()
#w o 1 2 3 &4
o o 1 1 0 o
11 0 1 1 o
2 1.1 0 1 o
3 0 1 1 0 o
4 o 0 0 0 0
ShiAERE

S kr B B o ©

© o r B o o ©

S & r & B, B

® o o B o & »

[ O N N~
S N

ABIEIERE

T N N
®© kB o B o kB W

BHERERE

S kB B & © &

®© o r B o o &

P
-] ] -] ) ) -] U'\e/
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Bl 9-7 AREEFERIRIMEIL. SN, BT
DA B A T QR AE PR B A S -
// === File: graph_adjacency_matrix.java ===

[* BFBIFEFELIMNTEESE «/

class GraphAdjMat {
List<Integer> vertices; // TNRFIR, THEARK “TRE", R5INKR “TMRER5!”
List<List<Integer>> adjMat; // <F#EXERE, 1THIFRSIMN “TNmZE5!”

[* MEFE */
public GraphAdjMat(int[] vertices, int[][] edges) {
this.vertices = new ArraylList<>();
this.adjMat = new ArraylList<>();
/] AT
for (int val : vertices) {
addVertex(val);
}
/] AINA
/] EER, edges TTEARMNAES|, BIML vertices TTEZES|
for (int[] e : edges) {
addEdge(e[0], e[1]);

[* FREUNSEE */
public int size() {
return vertices.size();

[* ARINTRE */
public voild addVertex(int val) {
int n = size();
/] ETRRFIRARINFIRBE
vertices.add(val);
/] TESPEREFEFARIN—IT
List<Integer> newRow = new ArraylList<>(n);
for (int j = 0; j < n; j++) {
newRow.add(0);
}
adjMat.add(newRow) ;
/] TEPEEEREFRRIN—T
for (List<Integer> row : adjMat) {
row.add(0);
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[* MHBRTRER */
public void removeVertex(int index) {
if (index >= size())
throw new IndexOutOfBoundsException();
/] ETNRFIRPIEIZZRS] index BITR
vertices.remove(index);
/] TESPEFEFEFMIFRZRS] index BY1T
adjMat.remove(index);
/] TEPEFEFEFRERZRS] index BY5
for (List<Integer> row : adjMat) {

row.remove(index);

[* AA */
/] B 1, j MWN vertices JTTRERSI
public void addEdge(int i, int j) {
/] F3IHBRSHEELIE
if (<0 ] <0 || 1> size() || j>=size() || 1 ==13)
throw new IndexOutOfBoundsException();
/] EEEER, {MEEEXTENALENTR, BHE (1, ) == (, 1)
adjMat.get(i).set(j, 1);
adjMat.get(j).set(i, 1);

[* WBRA */
/] B 1, i W vertices JTHEZES|
public void removeEdge(int i, int j) {
/] R5IBRSEELIE
if (<0 ] <0 || 1> size() || j>=size() || 1 ==13)
throw new IndexOutOfBoundsException();
adjMat.get(i).set(j, 0);
adjMat.get(j).set(i, 0);

[* FTENSRIERERE */
public void print() {

System.out.println(vertices);
System.out.println(" 4BIEXERE =");
PrintUtil.printMatrix(adjMat);
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9.2.2 EF4BIERAITI

MBI TUREEON n, LEEOY m, WIATHYEE 9-8 FRAY T TSI AR,
USRI AETRRON B ERR AR B IAINARNRT, I O(1) N, Ey2EmE, Fr AT Z N aRmnm A

JITAIIA,

- MHRRIA: FETURON MR R A SO MBRE R, A O(m) INFl, TEIAEF, FERR MR D77

QESpun

© WAL (EAREER TP — R, FRREBTIE U RER KT R, A O(1) TR,
- BRI : TR, MREESEETURATAIL, @/ O(n + m) NHE,
- VIR TERBERBOIE n AN 2m 4638, - O(n + m) I,

R SERMSEENFRETRR

0-0
0-0-0
0-0-0
0-0

&
®
&
L]
) 000 &

)
l/
@ @
°\~ )
(
A4
0000«

{

WER

Step 1

TAR Sz EENFA TS
_ 0-0-0
)

© @\ »2 00 o0
| e 09000

o—o ©--0-0-0
- A4 @/ @ w@
3] PER
l Step 3
D @

Step 5

TR €)

MR SEMEENAETR

PN 0—-0-0-0
@— \ iz (-6 @ @M@
]\r P ©-0-0-0-0
00 % 0-0-0
-0

Step 2

@*@\ AR @
oo

Step 4

TR SEMRAEENFETLR

0-0-0

0—-0-0-0
0-0-0

@[

WER

K9-8 AWEARAIMIIA, ML, M

DU ARSI, HLLHE 9-8 , SRR LT AR,

- AT RIS MERTUN, DA, BAIERYIR GSEd) REEER.
- AR IR ESER, key NIUREHI, value NIZTURHIMIETRSIFR (HE5R) .
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54N, BAHEBER A Vertex ZERFORTUN, IXFEMEVRER : (RS MWRIEME—FE, HZIRRTIKRX
DR, BB ERPRR S0« TS, WFTREHENER, HIrERT « BRI 1, JeR
RARe TIANREF N URAZME—HT Vertex SEBI, MHIFRIE— TR < Ja il oM s BB TR T,

// === File: graph_adjacency_list.java ===

[* BEFMERIIMNTHEESE */
class GraphAdjList {
/] SBEER, key: Tim, value: ZINSBIFFA SBIETR S

Map<Vertex, List<Vertex>> adjlList;

[* MEHE */
public GraphAdjList(Vertex[][] edges) {
this.adjList = new HashMap<>();
/] AIFRE TR =04
for (Vertex[] edge : edges) {
addVertex(edge[0]);
addVertex(edge[1]);
addEdge(edge[0], edge[1]);

[* FREUNSEE */
public int size() {

return adjlList.size();

[* AINA */
public voild addEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)
throw new IllegalArgumentException();
/] 0B vetl - vet2
adjList.get(vetl).add(vet2);
adjList.get(vet2).add(vetl);

[* MR */
public voild removeEdge(Vertex vetl, Vertex vet2) {
if (!adjList.containsKey(vetl) || 'adjList.containsKey(vet2) || vetl == vet2)
throw new IllegalArgumentException();
/] BBRIA vetl - vet2
adjList.get(vetl).remove(vet2);
adjList.get(vet2).remove(vetl);

[* AT */
public void addVertex(Vertex vet) {
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if (adjList.containsKey(vet))
return;

/] ESPEERPARIMN— DR

adjList.put(vet, new ArrayList<>());

[* MIFRTRS */
public void removeVertex(Vertex vet) {
if (!adjList.containsKey(vet))
throw new IllegalArgumentException();
/] EFERPBIBRTNS vet IRZAVEER

adjList.remove(vet);

for (List<Vertex> list : adjList.values()) {

list.remove(vet);

[* FTENSPIZR */
public void print() {
System.out.println(" £BIEXR =");

for (Map.Entry<Vertex, List<Vertex>> pair : adjList.entrySet()) {

List<Integer> tmp = new ArrayList<>();

for (Vertex vertex : pair.getValue())
tmp.add(vertex.val);

System.out.println(pair.getkKey().val + ": " + tmp +

9.2.3 MENEL

RERIA n DTURH m 55148, 3R 9-2 X Eb T QR HEEHERERI AT R A I A R A0 2 TR 2K

")

R 9-2 AMEIERE S WA L

RWEFERE AFHER (HER)

MR (7 %R)

MWESME O()  O(m)

e o1 0(1)
oS o1)  O(m)

FNTE On)  O(1)
ilESII O(n?  O(n+m)

o)
o)
O(1)
O(1)
O(n)
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MR AR BER) AR (BWRR)
WiEzEGEA  O(n?)  O(n+m) O(n+m)

MERFR 9-2, LLPARER (BHKR) KIINRERBCR S HARRI, (HXhR L, fESEEMPRIEIRNERE
e, AR BT BORE BRI ERIRT, ZrERE, BRI T “DAZS R | A, kiR
BT “DARF Rl TR,

9.3 BErER

PHRRATZE “—X 2" KRR, MENBAESRNEHE, rJDFRNMERR “2X2" KR, Bk, TR
ERE R — MR AR, D3 Dh PRt P ks R — FRE Bl

PR B A O P 2R SR S B T #3577 SRR AT 2 RN T RSB RE S B,
9.3.1 "Eii%kiERh
PR AR e e — R B i 7 i, MIEAT IR, eV MR BRI, H— RSk

P5Kke WNE 9-9 AU, MZE BMATIURHA, B oz DU R E BTN, RJEEA N — MR RIATE 2R
I, DAUHEHE, BERTA TS,

| BERr-EfifkiER (BFS)

| BATR SR AiEls,
HERSE. BEY KBRS

| WHRFIR
0, 1, 3, 2, 4, 6, 5,7, 8

B9-9 ERESLE T

1. B&3m

BES J@H HBBIASIRSEE, BN AR. AFIEA “JeASeth” BIPER, X5 BFS HY “HikMiz” Y84
FrHfiFE T,

1. F i ia TR startvet MBS, FHFFEIEIR,
2. PR REIRAH, A E TUROFICSI, SRIERIZ DU B FTE B T BAS R #R
3. TE IR 2., EEIFTA TSI R SE IG5 R
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NTPIEESEHTR, BAFEEME— NG R vistted RICRKIFLT SEHTH,

// === File: graph_bfs.java ===

[* IERSER */

/] ERPBERRRTE, ERBIEETNRIIFAE ETNR
List<Vertex> graphBFS(GraphAdjList graph, Vertex startVet) {

/] RIBHFS

List<Vertex> res = new ArrayList<>();
/] MER, BFERERFREINR

Set<Vertex> visited = new HashSet<>();

visited.add(startVet);
/] BAFUFF I BFS

Queue<Vertex> que = new LinkedList<>();

que.offer(startVet);

/] UIAR vet NiExR, BHFEEHRTAARR

while (!que.isEmpty())

{

Vertex vet = que.poll(); // PAETAmEPA

res.add(vet);

for (Vertex adjVet

: graph.adjlList.get(vet)) {

if (visited.contains(adjvet))
/] B BARIA R TR

continue;

que.offer(adjVet);

visited.add(adjvet); // #RIZZIN=ERIAIE

}
/] RETRRERF7

return res;

RS, O AR 9-10 RANTREERE,

YAl res, que, visited

BHFS res

{

BAFI que

o

—

HHBA

BHER visited

(0

[ Step 1 ‘

U

08

m () M, FHRGTUTEME

1. BEZMRMNERFT res
2. BEMREFRE BETRAAT
ABA que FHIA visited

BHFT) res

@

BA%I que

-—

HAA

BER visited

ABA
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A () I, AL

1. BEM=MNERFF res
2. REMREFE PEMRAIT
ABA que FHIOA visited

T () I, AT
1. BEMRMNEDFS res
2. ETIRFTE SHETARAT

ABA que FHHIA visited

R () HI, FHATUTHRE

1. BEIMRMNEFFS res
2. RETRRAFIA PR AT
ABA que FHMA visited

TR () B, FHATUTRE

1. BERMRMNEDFS res
2. BETRRAFIE BETRRAIT
ABA que HMA visited

BHFF) res
(0@
BAFI que
000
-— -—
HHBA U

BFHR visited

(00000 }

BHFT res
(0000 ]
BAFI que
000
- X

BER visited

(0000000 |

(000000 )
PBASY que
00

BER visited

(00000000 |
[ster 7]

BHFFI res
(00000000 |
BAFI que

o

MER visited

(000000000

= PAFI que HZ,
~ FRERE, SERRiEH

A () I, AT

1. BZMRMNERFT res
2. BEMRBFEPRIRAIT
ABA que FMA visited

M () M, SHAGTUTEME
1. RBEZMRMNERFT res
2. HERMRNFEBIEMRAIT

ABA que FHAA visited

TR () B, FHATUTIRE

1. BZARMNEFRFS res
2. RBEMRBFE SR RHAIT
ABA que HHIA visited

o090

TR () WM, FHATUTIRE
1. HEITRMNERRS res

2. RBERRBFESELRAIT
NBA que HIIA visited

BHFF res

@PAQHgé,

(000000000

BAF que
HAA ABA

BER visited

(000000000

BHFY res

(000 )

BAFI que

000

HAA ABA

BER visited

(000000 ]

(00000 J
PAFI que
000

BER visited

(00000000 |
[step s |

(0000000 |
BAZI que
20

BBR visited

(000000000
[ster ]

BHFF res
(000000000
BAZY que

MER visited

(000000000
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& 9-10 KM B 3%

) BEDIL e ik 3 B e 51 75 W —2

M=o JTREALSEE N R R R AL WG, T 2 I TR) i T A T )i P W eV
{EEATEL. DAE 9-10 J4fl, Tss 1. 3 MOV A] DAZE e, 0 2, 4. 6 B9T5 s tha] DUEE 2R
%,

2. EREDH

R AE: FTE TS A IEIA R, R O(|V|) Il BB AME A i, TR e,
RIS 2V 2 2k, O(2|E|) WAl SR O(|[V] + | E|) B,

BRERE: 1K res, K visited, FAF que HINTIREERZ N |V, A O(|V]) =M.,
9.3.2 REMTER
RO Yei i — AR E S, TR alE I ki 75, W 9-11 fiorR, WE EMTURHE, ik

LRSI RHETN, BEEFVURSKNIRE], HRSERIRSIFIRIE, DU, B EAE U 58
E‘Zo

11 10
14

ErFRERER (DFS)

2 3
13)f foa2 wifo BT HEEHE,
’ EBAARE, BEKAES,
5 LUt - EERRER
DL WERI%

0,1, 2,5, 4, 6, 3

K 9-11 HENREM IR

1. &M

XA SERVCLFRRE” R FREREE A TSR, 5T RE, ERE s T, ]
MFLEMHEY)— PR R visited KICREPIFAITUR, DOBGEE TR T,

// === File: graph_dfs.java ===

[* REMFEIEHHBIRE */
void dfs(GraphAdjList graph, Set<Vertex> visited, List<Vertex> res, Vertex vet) {
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res.add(vet); /] IBRIAET=
visited.add(vet); // HRIEIZINREHIAIF
/] BN S HIFR A SR T S

for (Vertex adjVet : graph.adjlList.get(vet)) {
if (visited.contains(adjVet))
continue; // BkZE#HIARBITNR

dfs(graph, visited, res, adjVet);

}

[* REMFTER */
/] ERAMBERRRTE, UEREUEE NSRRI ¢PET R
List<Vertex> graphDFS(GraphAdjList graph, Vertex startVet) {
/] Tisi@sh 5
List<Vertex> res = new ArraylList<>();
/] BHER, BFIERERFEENINR
Set<Vertex> visited = new HashSet<>();
dfs(graph, visited, res, startVet);

return res;

RIS 1 RN 9-12 R,

HELAE N R, FoRITE T — DHHE 75K F# U

MR LARE R LR, FRoRtiR )7 ACZRE,  [EIE] TR T AR B
N INRER, EUCKE 9-12 5SS GIEER, EiNPRREl (8 M ~R) B4 DFS g, et
BITIEAIINIT S, AHRE,

BHFY res BHFT res
. (e ) (00 )
?—‘@’—@ BHER visited (\ ;’Z—KQD—(\ ;’ BER visited
S @ /L\ [CD } /kj @ /J\ {'/GD
© 090 © 00
RIEMER: l BIEME:
@ HIETRR 4 EmEms () sasEma
o : o mﬁwmggiD

l Step 1 Step 2
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BHFF res

(000 }

BHR visited

LD ]

e
sarTm ) poarEms
sz @)

BHFT res

(00000 |

RER visited

(00000 |

AR
sarTs () posmEms
s @)

BHFF res

(000000 |

BHR visited

(000000 |

ETTS
sarmms () poamEms
sz (@)

BHFS res

(000000 |

RER visited

(000000 |

AR
ms @) wrEsEmsBEST
Rikrzam, BEEms ©)
suteese - meEmEmR (@)

Step 11

BHFY res

NG (0000 )

BBER visited

(0000 |

BENE:
s € warEmn
amsmms ©)

EHFS res

(00000 |

BRER visited

(00000 |

e
s @) wrESEAEE ST
RikeosEe, EaEms )

WBHFY res

(000000 |

BER visited

(000000 |

R
1w () wrESEmAEE SR
RitssEE, mrzEms ©)

EHFS res

(0000000

RER visited

(0000000

ERMER:
s () wasnR
amsmms €

Step 10

BHFF res

(0000000

BER visited

(0000000

EANE:

s € wrEsEmAEE ST
mitsaE, mrEms ()
s () mittosm, BRmERn
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B 9-12 ERIHEIL e B

DREEDL et 3 F9 3 51 75 W —2

GBS A, TR P P A R A2 M — R, SR BT, SRR T TR RAR AT
PA, BNAREETR R EI S ] DUERTEL, #BRIRE LI Ci,

DIEE A, MR — 7 =5 “E R =6 E—f - R 2RINEERF. BE JEFRE
P, eflon T =fugliiisedk, Amix=5##E TREMLLET,

2. BRESH

IRERE: FrETRESEIR 1R, 5/ O(|V]) NE; Fraasssdbn 2k, @M O2|E|) IE;
BRER O(|V| + |E|) WAL

SR AE: F1% res, W vistted TUAREURIEZ Y V], BIARERAS [V, E6EH O(|V]) 2
I‘Hjo

9.4 INE

1. ELER

- EETUSAAARN, AR — TS — 4RI R 5

- HBRTEMRR BER) MoBxReR W), Mgk (B) BRAERNEBE, RmENEH,

- BRERZEATTANE, EEEPRERTRI AR, ANERNEROE S NEL R,

- AREFEREAM R IORE, 81T ) RE—DTUR, FEFTTRNERE, A 180 RN TR
[FIAINETCIN, AREFERE A & SR e ERCR R, (B2 SR

- ARERMEMZ MNERRFORE, 5 DMERIM NI ¢, EAPEE DX TR BRI, BIZFRM
T ABRIEFEE AN A2, (HHTHREENERRED, I RBCRER,

- YABEERFRIREROT KN, A] DURFH AR O ST B BRI A R, TR THEIRICR,

- WRIRBRBHAE T, AEEFHAILT DA AR R, SRR T DA R s |,

- BT RS RSE, W Mgs, HIPREREE 5,

- PR EIR—RIR B, B T R I Y D B —FRE

- ERTETE DR R EE M, BRYKEERTT, @ EAEBIAS S,

- ERRESE R M E SR, To lEN ERIARE RN, HETIRIRLIL,

2. Q&A

Q: HRRRIE LRBIURFHIE RN FHI?

HHER EARESRARNE A —8: g “BiEe—MaFy”, mhiig ‘B — TR
HI” o DARRSESCARIFESC: In graph theory, a path in a graph is a finite or infinite sequence of edges
which joins a sequence of vertices.
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FEARSCH, BRI — DA, AR DN IRF. XREAMAN TR Z R REF A2 ARI0 5, It
(VRS S UL ) VA i FE

Q: REEEFRE XA IR A EIHIR?

FEAREEE S, MWREADTRHR, B0 PMIRICREE, whiREaEREREZ MEA, PoEhzE
HIRTA & 7 &

Q: TEAMER, “SIXWRAAENTATR" TR 25 A ZEK?

A DURERF . (BAESEPR A, AIRER ZAE IRt SUNRHE?, HAMEIRTUS AR ARy, BB IR T
RAER/NRINGFSE, XA BTSSR A ERRE” TR,
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FI10E #¥€F

Abstract
HEE—ARINER, BMSGFFEERBEMZ RSN, X DAPEBTE B ir.
TEXF IR ZIRY, F—RIREE RS2 — MR EEENEZE,
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H10E AR

10.1 —9&EH

—9EH (binary search) B Mk T IERIKH S RHRREE, EFAEBIRIA R, Sah—FRERTE
l, EEEERTREERX SN,

Question
LE—MKEN n BEE nums , TTERIZMWNEIRIRFHA BEAES , EEHIFIREITE target 1E

ZEATIRS, FEAHAEEZOTR, WRME -1, REENE 10-1 Fr,

35
31
23 26
15
12
6 B8
aE 1 3
#l e 1 2 3 4 5 6 7 8 9
fERERERT A

nums

RWANBFHA nuns , EHRERTE target = 6

10-1 = EHSURBIEE

G 10-2 flR, Bl ewltatetatt i« = 0f j = n— 1, pilfsmEEHE TEMEITR, REHBERXE
0,n — 1] . WEER, HESFRRHIXE, HOSHFEELS,

Bk, RTINS,
L HEHRRGIm = (i +7)/2], Hi | | RoRm MR,
2. HIWr nums[m] A target BIK/NRER, WA R =FE N,
1. % nums[m] < target i, ViRH target fEIX[E] [m + 1, ] #, HEHHITi =m+ 1,
2. Y nums[m] > target I, BiAH target 7EIX[A] [, m — 1] H, HHIITj=m — 1,
3. Y nums[m] = target B, VHPAARE| target, KEILIRMEIRSI m,

HRANMIEGETR, BRXARL29/ N, HERE 1,

| 8 | I
e SR i E 13
® 0 1 2 3 4 5 6 7 8 9 #l 0 1 2 3 4 5 6 7 8 9
j i m b]

RF=—SER:
WAk i, j HIEABREETR. BTR 1. #HBHRE m = (i +j) /2
mERTHXE [1, j]
Step 1 Step 2
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et ll =l anll
2 3
j

1 13
L= -m
#l o 1 2 3 4 5 6 7 8 9 #El o 1 4 5 6 7 8 9

A AA Aoa

i iom i m
EF=SER: EF=SER:
1. 8RR m = (1 +3j) /2 1. #HEHR m = (i +j) /2
2. ~ nums[m] > target

Step 3 w BT 3 o= m - 1 GNERKE Step 4

15 - wq, 15
= anl = sl
®l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
AoAa Aoa
m i j im j
BR_DER: EF=HER:
1. itHm m= (1 +3) /2 1. HEHa m= (i +3j) /2

2. = nums[m] < target
S BET o= mo+ 1 GRMERKIE Step 6

Step 5

ey Nl
#w o0 1 2 3 4 5 6 7 8 9

WF=SER:
1. {HEHRE m = (i +3) /2
2. = nums[m] == target

« EEIFRS| m

Step 7

B 10-2 &k

R, BT fJ ER int 28, B+ j ATAEZEH nt FURINEUETEM, T kB,
A VERERAAR m = i+ (j — 1) /2] FHsrd,

KA RFR:
// === File: binary_search.java ===

[* ZaEHR (WHEKXKE) */
int binarySearch(int[] nums, int target) {
/] B NAKIE [0, n-1] , Bl 1, ] HAERHEAETE. BtR
int 1 = 0, j = nums.length - 1;
/] &R, SERXERNTBE (Y 1> § AT
while (1 <= j) {
intm=1+(j -1)/2; // IHEFEZRSI m
if (nums[m] < target) // ILiERIHER target EXE [m+1, j] H
i=m+ 1;
else if (nums[m] > target) // ItiERI%EE target TEXE] [1, m-1] &
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j=m-1;
else // $%EIBtrmE&, REIHZES]
return m;

}
/] RILEIBMRTER, &E -1

return -1;

MR O(logn) + TEMEHT, XEEERG/N—F, BIIERRECN log, n .
TREREN O(1) - F55 0 F j (R EECR/ N,

10.1.1 RiERFRHE

BT EAAK S, #ROKEEREE FeRETE K, 28 [0,0), BEAREEAS, HbR
RUEES, ERRRF, K [i,j) £ = j MR,

FATR] AR T IR R G B AR RER — 7 B A
// === File: binary_search.java ===

[* ZaEKk (ERGEHRXIE) */
int binarySearchLCRO(int[] nums, int target) {
/] VB ERAEFXE [0, n) , Bl 1, j H3iEAKHEETR. Bxx +1
int 1 = 0, j = nums.length;
/] B, HERXENTHBE (H 1 = j BRE)
while (1 < j) {
intm=1+(j-1)/2; /] HEFSES n
if (nums[m] < target) // ILiERIHEE target EXE [m+1, j) H

i=m+ 1;
else if (nums[m] > target) // ItiERI%EE target TEXE [1, m) F
j=m
else // #EIBMFTE, REHZRS|
return m;
}
/] RIZKFBRTER, RE -1
return -1;

aniE 10-3 AR, EMMXEIZOR T, —0&EREIRIWIGEL. BRI X AR & A B,

BT WX FoRAP AR R BOE SOAXTR], RIEEE faE « MEE § 46/ X RIATR1E R X AR
Mo IXFEEARA S M, HE—BERBCRA “WHAXE” M5,
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TE |

#3 o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 10
i ERLRNaEsas j i AEihREsES riaRFE5EE  j
EFEXE: WEAXKE [1, j] #EXE: c@aAFXE [i, j)
MeatkiEst: 1 =0, j =n - 1 iafkiEst: i = 0, j = n
EIFEIERMF: 1 > ) fRIFLEIERM: 1 2 )
GKERE: i =m+ 1, j =m- 1 BIKEHEE: i =m+ 1, j=m

& 10-3 FAPXEIE X

10.1.2 i 5ERRYE

o BEERAEIN TR 23 [R) 75 T A A BT B PERE

© AR TR R, (ERBRR T, ST IIN FE AE R A B I, MR n = 220
I, AR 220 = 1048576 %AAHF, 1M 2 ZHAH log, 220 = 20 #HEA.

© SERICAENE R, TR E AR RINERER (BlAaeREN), SoEEnE s
[Al

R, ZoAESOHEERTIAER, EEADINER,

- ZOBEBRUER TAEREYE. AWMABIETE, N TERZERMET T, SAE% B
HP BN R EAEERE N O(nlogn) , HEMERM &I E S, N THEMATTRITR,
WA, FERTRMATREME, NEEAREN O(n), WRIEE SR,

- ZOERCGER T, BT R ARESH) TR, AR TERERTT RHIRK
IR, RIANIE G I A R s T HER SR BUREE

C NIRRT, SRUEERMEREE M, ELMENT, BRHT 1 HWHRCE; ME_DEKF, {E IR
A LIRBRIA, 1~ 3 UCHIWTHRAE, 1 ik (83K, 34~ 6 DNEITilE; B, SRR n BUNN,
LM ERRIM L = &R,

10.2 —HEREAS

ZBERAMGTHTERERTER, A TRORFZZRMEE, IR ETRimA G E,
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10.2.1 TEETEMNER

Question

LHE—NEEN n WEFEEH nuns FI—DNITE target , FEHAGFEEE TR, I target AL
Hnums 1, HRBEHERM, BBEPEFEEITE target, WIHAZEET, HIRBEIHEHANG target
TEHAHFPHIRS ], REEE 10-4 FiR,

nums

BAS fiN target

nums

WMABFHA nuns , BIFE target = 6
N target MEARRSIH 2

10-4 = EPAH A SR BIEEE

FRARE A BT S AN, TR DU PN A,
g —: SEAHAPEE target I, HARNRIZOZZTRIRSG]?

L H B R target i AZIMHE TR AL, XEWEFIEAL target Bt 7 JFK target N E, thrtz
Ui, HEEHMT target B, HARMIESIEZZ target &S],

B8 HEEHAPAIFLE target I, AARZBNITRIRS?

P EEEREE: 5 nuns[n] < target I 4 B30, XERETEE ¢ FEAIRTFT target FITTREE
i, FH, et j BELERVNTET target FIITRFET,

R85 RN —E A 4 JEAE AT target AR, jIEAE NN target KR, B HBEHA RS
target I, fIARIIN . I FHTR:

// === File: binary_search_insertion.java ===

[* ZREREAR (EEETR) */
int binarySearchInsertionSimple(int[] nums, int target) {
int 1 = 0, j = nums.length - 1; // #BANAXIE [0, n-1]
while (1 <= j) {
intm=1+(-1) /2 // HBPFIRS n
if (nums[m] < target) {
i=m+ 1; // target EX[E [m+1, j] &
} else if (nums[m] > target) {
j=m-1; // target X8 [i, m-1] &
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} else {
return m; // % target , REEAS m
}
}
/] RHE target , REHEANS {1
return i;

10.2.2 FEEETENENR

Question
1E E—ap Al e rl RS EE TR, HRAZ,

P FEIEZ A target , NIEE 0 EHARRIREIEAF— target RS, MIEMEZTRN AL
RSB S e target,

0 H R BT R AR AL, AR R RSB P A —A target RS, ¥4 E@EILE 10-5
FRr R H 0 SRS B,

L PUT &R, [FEHEE 1 target MRS, BN ko
2. NR3I kTR, EfT&tieli, SRR target IFIR[E,

target

— OB

x _.‘\ Py

1. S=BERIEE—T 6
2. BEMERIIBREDN 6

10-5 SMEEREEITTRIFEAR

TR BN H, (HHASRMEER, RENEEREN O(n) o UBHAPFERLEEN target I, %77
TERRR R,

WEERRE S ERAE, WE 10-6 Fin, BAREREAL, SRETEPERTI m, FHB target M
nums[m] FIR/NRER, 2 AR LR o

- Y nums[m] < target B¢ nums[m] > target B, ViRAIRIZETKE target , KIMRAEIE 0 &ERAVYE
/NXRIEEE, MNmAEFEER 7 Fl j 1) target SEIA

- Y nums[m] == target B, WiFH/NT target TR EXE [i,m — 1] #, FHRAH j = m — 1 k48
/NXTEL, MNTEFREE 7 FUVT target RICERHEIE,
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TETERE, @ TR /CION) target , j IEAIET/IT target AR, KIBERT] i #RIHA N,

15} 15}
i 12 i § o M
i 10 i i 10
6 6 6 6 6 6 6 6 6 6
gl ] gl
*im > m
®l o0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A A A A A
i j i m j
ER_—SER:
Mt i, § HAEAREETE. BTE 1. #EHRAm = (1 +3) /2
mERTAXE [i, j]
Step 1 Step 2
15 15
12 [] 12 []
10 10
6 616 6 6 6 616 6 6
gl i e AR {
= im ==l
®l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
A Aoa A A A
i j m iom bl
RS ER: EF =5 ER:
1. itHE m= (A +3j) /2 1. H¥EHa m= (i +3j) /2
2. ~ nums[m] == target
Step 3 LSBT G = m - 1 GIMERKE Step 4
15 15
12 [] 12 []
10 10
6 6 6 6 6 {6 6.6 6 6
5 1 1 1 5 1w i
= LN = o D
#l 0 1 2 3 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
AA A Aa
m i j im j
R ER: BR=SER:
1. itHE m = (i +3) /2 1. #HEHa m = (i +3j) /2
2. ~ nums[m] < target
| Step 5 LSBT A o= m o+ 1 BINERKE Step 6
15 15
12 [] 12 [
10 10
6 6 6 6 6 6 6 6
3
wE 1 b ‘1‘ M
3l o 4 5 6 7 8 9 #l o 1 2 3 4 5 6 7 8 9
Ao N
j im i
RE=SER:
1. itHE m = (4 +3) /2 v FHEEARME 1 < )
2. ~ nums[m] == target - BUH=SEF, EERS| i
Step 7 LT G o= m - 1 BIMERKE Step 8

10-6 o ERERETTRAVHA RH D IR

WA RIS, HIWr5r3Z nums[m] > target fll nums[m] == target FYHRIEMEME], [RILHEA] AE T,
BIEGnt, FRAMERA] DL S5 OR R, ROV EZ AR ANTEM, e s 4t
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// === File: binary_search_1insertion.java ===

[* ZHEREAR (FEEERR) */
int binarySearchInsertion(int[] nums, int target) {
int 1 = 0, j = nums.length - 1; // #BHENAX(E [0, n-1]
while (1 <= j) {
intm=1+(-1) /2 // HBPFIERS n
if (nums[m] < target) {
i=m+ 1; // target 7EZX[E] [m+1, j]
} else if (nums[m] > target) {
j=m-1; // target X8 [i, m-1] &
} else {
j=m-1; // BNMNF target WTEEXE [1, m-1] &
}
}
/] REFEAR 1

return i;

Tip
ARG EE WHAXE” Fik, GX4ERRETUBTER “EHET ik

BHBKRE, Zo&ERclEst@atat « M j e R A, HirrTse2 —MNREARRITER (Pl target ),
ATRER—MNIeREE (BT target KITTER),

FEAMTHRIIEA — 0, 48« M1 j FBHANELICBOERI B iR, W2, EMERAIKEIER, sEiidia
FEfE L,

10.3 Z“HEHAR

10.3.1 EEiaR

Question
HE—MEKEN n WEFEH nuns , HPA[REEESEE LR, HREEHFHEL—1ITE target [
R5l, HHRAPAIEEIZTE, WIRE -1,

B = EPAEA S TTIE, MR ¢ f8MRAE— target , [REEIRIAASAR FREERRE A A
target H‘J%glo
BN AR A SRR LI BRI, IEER, BEPAREARE S target , XFEMATRES LA M
él:'j:%o
- EASRG] B,
- JGZE nums[i1] 5 target AMHEZE,



B10E MR hello-algo.com 214

SEF| DL EWAIEN, ERORE —1 B, AR RTR:
// === File: binary_search_edge.java ===

[* ZHERRE— target */
int binarySearchLeftEdge(int[] nums, int target) {
/] ENTERK target BIEAR
int 1 = binary_search_insertion.binarySearchInsertion(nums, target);
/] KikE target , R[] -1
if (1 == nums.length || nums[i] != target) {
return -1;

}
/] #% target , REIZE3| {1

return i;

10.3.2 &EHHLR

A AMAIEIR A — target WB? HEEN T RNEERGY, BT nums[m] == target [& FAYTEE LS
BE, TR EN, B4EaE T DAEATSEE,

NHEBA R ATEG Y 75

1. EREREBR

PRk, AT AR &SRR E T 2R ECRERR A TR, BTN BERRELG 1 target #{L A
/e — target + 1,

W 10-7 Fis, BHGERUE, $8EF ¢ 8 A —1 target + 1 (WIRAFFE), 1 j B A — target ,
PR M 5 Bing,

target = 6
- (000000
A A A A
j i j i
EREE—T
target+1
Fin
EHRE—T EHREE—
target target

B 10-7 FERGOFEMPNEKIDH
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EEE, REMFBARZ ¢, FUFHRERHRE 1, MMmkE ;-
// === File: binary_search_edge.java ===

[* ZHEHRRE— target */
int binarySearchRightEdge(int[] nums, int target) {
/] BUAERRE— target + 1
int 1 = binary_search_insertion.binarySearchInsertion(nums, target + 1);
/] i EBAREAE— target , 1 IEAIBEBMNAT target MITH
int j =1 - 1;

/] KE target , E[ME -1

if (3 == -1 || nums[j] != target) {
return -1;

}

// ¥% target , REIZE3| j

return j;

2. BitATHTR

BAVE, HBAHAEE target I, RZ M j 2o5HEHEE DT, /M target FI7TER,
Ktt, aniE 10-8 AR, BATA] DAgiE — MEHB AFERILR, HTERAERILR.

BEHBAE— target : A AL NEER target - 0.5, FFRMEFEE 7.
B EA— target : AJDAER L AT target + 0.5, JFIR[EHEE 7,

target = 6
w: (E00000080
;i ;i
252 %54
target - 0.5 target +0.5
Et St
EHEA—T BEREA—
target target

K 10-8 RESIAFEMAMNEBITR

RIS, DURMRUESER,
BEBAAAE SN, XEWRE BT DA A BARSE AT TR

EOMZTTIESINT /NG, AT P YR & target BONTEREERAY (Python JEiekah).
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10.4 MRFHLILERER

FEREET, BAHIEEREMEESS IO T EDOR PSR IAR N AR, B8 — DR INE
IE%O

Question

L5 TE — NEEEEAH nums FI—NEARTCE target , TEERHPIER “M” N target IR NICE, HIR
BIEMEAERS ], REUEE—MEEITT,

10.4.1 ZiEEH: LBFEHREE]

ZIRERBEIERRENAS, WE 10-9 iR, AR —TNMENEN, fEERA AW N FZES N
target, firxe, WHIREIETHNES],

target = 13
nums =
9 1317
18 23
26

BAFFEEE, HEHMA
target WAAFNR[D

10-9 SMEEPORAFMEZ N

BT AR :
// === File: two_sum.java ===

[* FE— BIORE +/
int[] twoSumBruteForce(int[] nums, int target) {
int size = nums.length;
/] RERER, HEEHREAN 0(n2)
for (int 1 = 0; 1 < size - 1; 1++) {
for (int j =1+ 1; j < size; j++) {
if (nums[i] + nums[j] == target)

return new int[] { 1, j };
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}

return new int[0];

WHBERNREZRER O(n?), SRERER O(1), fERBERE FIRHFERN,

10.4.2 MFETH: WU ZiEHEETE

FREMEB—MNa/mE, BEX AN BEITTRENITRRG . BINELEEH, FHRHAITE 10-10 Fsrbk,

1. HIWENF target - nums[i] EGEBRTRT, B,
2. FHEX nums[1] FIER G| 1 IRINHEIG 3R,

target = 13

e - (EEOE
.
i

key
map =
value

EHEA nums

TR
#3l

© 13 - 2 = 11 £ map
~ TE 2 Hh#E map
Step 1

target = 13

nums =

Kkey
map =
value

WHA nums

[2]7]u]es]
:

i
7
1

W EFR[EIX N TERIIRT ]

target = 13

s - (BDDD
200
i

key 7
map =
value 1

BHEBA nums

TR
ELH)

w13 = 7 = 6 FfE map
~ $§TE 7 HOE map

Step 2

TR
=3l

w13 - 11 = 2 £ map
~ BETRAGRS [0, 2]

Step 3

10-10 B FOR PR AN

KRN FAOR, (R B EIERRRTA] :

/] === File: two_sum.java ===

[* R WBIRER ¢/

int[] twoSumHashTable(int[] nums, int target) {
int size = nums.length;
/] HBRER, TEIEHREN o(n)
Map<Integer, Integer> dic = new HashMap<>();
/] BETERF, BEERERN 0(n)

for (int 1 = 0; 1 < size; i1++) {

217
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if (dic.containsKey(target - nums[i])) {
return new int[] { dic.get(target - nums[i]), i1 };
}
dic.put(nums[i], 1);
}

return new int[0];

T PRI 7 2 B I 2R O(n?) B2 O(n) , KIBHRTHEITAL,

M T REEF —DMMIIE R R, BREERER O(n) . REWML, IR IN 23558 8 R 1,
KL E R A B AR o

10.5 FiREEREEX

WERBE (searching algorithm) FIT{EEUESEN (BIANEEH, R, WEE) HER—-Del—HleRE s
(AR NpIvE 8

R BIRARYE SRR 2 DU T MK,

- IER I BAREHRE N bR TR, BIAEE., R, AR 5
- FINBIEHA G R BUR SR CRER, SRPOTRER, FI &R, B EHR L ERMH
EIKF,

ARERBE, IXERTSE AT E AN, FEREZ T RO, AT, Al
FMNEIRGIMATIN, EHaFERETE,

10.5.1 #HiEE

2R FE e BRI N TR R E M BT R,

- MR G TEEHM PR SN EIRGN, E NS —ImITes, BATIRDTR, EEHKE
HARTeREENA S — il G I8 HAR TR M ik,

C CTTEARSGERT 1 REMSCERT RERIR B PRRE RS, AR M T KT IR =
R, BT R, REUCRRMRNAET ROTER, 1HE —REREL, AR =H
fhig (e, EEE e MRS,

RIERI R R HIBATELE, TeaON BaB st BRI BB MO B IRE T .
SR, MRFIRINNBISE SN O(n) , Hrbn cREcE, FIESEE SRR B FERERZE.

10.5.2 BiEMNEEHE

HIENAE RN AEBIRAR AR (GINE R RICEZRIERE, s s RotE i H iR,
- AT MABENA RS EER, (OEHTEE,



B10E HR hello-algo.com

219

- CIRARAEIKT MG RRHEREAE EAREEEE O B E X R, AT SE IR A
- R EREERIREEAY (BN SRR, ZET PR U ESR PR HEER YT A, IR HARTTER.

R FIARLRURRCR m, IR AERNEE] O(logn) B2 O(1) .

SR, MERDNXERIAEA TR N BRI T LB, BIan, &R E UL B THEE, IR &R
EHRAR T LIRS, FEIPIX RS A th R ERS M IR R 2 R T3

Tip

HIEMERBIEF POV ERERE, BRH TR EBIRaHrh POk R B,

10.5.3 $EFRFFHEN

RN n —HEE, BATRTCAERLEMER, &R WEER BRESREZMITIENFERER

TER. HMNTTTER TAEFEEINE 10-11 iR,

2% o(n) MEEKX 0(1) @@ key Zif value

-~ 88888888

b5 3 ] pak €|
=5HER 0(logn) WER 0(logn)
E-XERRNH
FHERTR
3888080000 b
S~ N

RIEYIREE P 48/ MERX 8]

10-11 ZFhE 2R

R URTTIRR B ERCR SRR 10-1 R,

#*10-1 EREERBER LT

o 8

-

LIEER T WEK MR
EHITR O(n) O(logn) O(logn) O(1)
BATTR 0(1) O(n) O(logn) 0(1)
MHERTCE= O(n) O(n) O(logn) 0(1)
HHh=21HE) O(1) O(1) O(n) O(n)
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MR oA MR M7 AR
st st / i O(nlogn) #H O(nlogn) 2 O(n)
BiRRGHY TP HiF HiF T

ERAIRANERIEIR TEIRA R, EREREER, EdRdif S EiiRE,
MY R

- JERERYE, AU TEEETIE IR, RNBA N FER —IREE, IR2HA =5 AR BE A P
FH T L M HE AR AN TRIE 2L B K

- EMATHRERVNOEAE, RGN RS 2SRRI,

© ERTEERERREGS R, ROV AR EN BT TR MES,

ZEER

COEHTRBIERRIEN, BCRRMREE, RENRSREN O(logn) .
- BHERAREE R, BB TR EE SR A A
- RNERT @ISR, RS A R,

a7 AR

- EENEREREERIRS TR, PENREEREN O(1) .

- NEAHEAFEIRSGEEERI R, ROSH RICEGET B0 H P,

- N IR R A h R A BRI Ao B e, B BEORRIMERES LXK

C NEEEIRRIRIIEN, FOUIE R RTINS AR BRI mh5e, Wit R e & it

AEo
PR

- IEATEREYE, EOVRTT RAENE R B AER,

- EETEYEA P BIEEGEE AR R

- TERRSHEINT R AR, IS RRATRE A GUR, NRERESEE On) .

- A AVL AT B, WIS THRERTE O(logn) B8 FREIETT, (A4 R r #RE 28 &
ST

10.6 /h&E

© D BEBEEBIRN AR, EIERE SR ERXRRET A, EERmARIEA R, HX
3 TR B TR SRR B A A

- B NEFREE D BAREA R MR, SR RIEN THEHMBER, MR RARE R
EH TR, HREROERMELE, TANEIR TR, ENEERE O(n) BF,

- IRTER, WEBN O EE TR RITE, e T BdRGS r PuRE A BT R, HRETEL
K, NEERERZ O(logn) #£2 O(1), (HIEHEFEMIRIMNURESE,

- SEhRAR, BTN ERA R, ERMEEER, BUREME iR EFRRE T BA D, NMEES
EHHERTT %,
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- RMEERIEN TN EHRESE, BSOS TR, HERRYE; R ESIEH T AL
REGREGE BICAGE BB WREEE, WG T Z4E W A SR B &R RS S8R,
- HRAR AR R AR —ME RIS TN RS, AP EERAEM O(n) BE O(1) .
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F11E #HF

Abstract
HEFP I an — 1R EL A ARk e B BETR AR, A TRE DABE Sty 7y AR 5 Ab AR
TR, RE 27 EHY, HiFpamBATER T EIRFNEER,
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11.1 HIEHEZ%

HF®% (sorting algorithm) HITX —HBHRIZ KT E I THS . HFEIREET 2N, FAERF
B B RE SR S RO R, ST ANAL B,

A 11-1 FoR, HEFRIARAEEREAI ] DU REL TR AT AT ERSE, HE RO RN Al AR R 5k
BE, WEFR/N T ASCIL RGBT 5% H & R,

HRBF X NHF B
20800800 908oooooa

BRFHFHFFRS

CIEDECICEIED = ENEDEDHCID

IR E XN HF 7R &

GO0O00G OoOococooo

B 11-1  Edfm SRR R R B

11.1.1 P EE

BT BRI ERNN RS RER, HERREdEis> (NREREPREEIEEN . X
TAREGERAEN, BITRREEUNEL,

i B, R H R R BRI, TeAUE BRI MBI, TN,
WHEAET, Rt rBdERiaR e, SITEE R E DR,

FOEPE: REHFAENHIFG, HSETTREBH AT A% AR,

REHF R 2P R AR R, BIRBITE — M EFER AR, 5 155 2 510512 A
iy, FEIXAEOLT, IEREHF AT S B AR APtk

# MANSIESIRBH B HFIFRY
# (name, age)
('A', 19)
('B', 18)
('c', 21)
'D', 19)
E', 23)

# RIREBIFREHFERRERHFIIR,
# £5Rh ('D', 19) # ('A', 19) BIMEWIBHRIE,
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# WANBIEREZHFENERER
('B', 18)
('D', 19)
('A', 19)
('c', 21)
('E', 23)

HIERTE: BIERHE RN S SR AR, BRENFERE, RENFEIRE, PN
EFF AR,

H I N R AR BRI OUOR TG, AR RZEN W E A2 T PN RS 20T, WIHF B SRR T
PEREFTRES L, DRIMA N D s Man R e AR TR AL T A I R A0, TR IE e

REIET IR BFHROHFRBIIEIZEN (<0 = >) RABTRIENIE, MR N,
MILRMNEEREN O(nlogn) . MAELLERHE AN LEIZHEAF, NREREE O(n) , {HHEAME
LERS B e

11.1.2 IBBEHIFEZ

BT, b, RUE. IEFEERNL, EHITELF. B, €5 NIEMARKIGRA D ERTERHERIHTETE.
I, FEIEREHE R RUART, 7R AR B R SO A R SRR UE

TR, BATRIERZESBAHP R, HET LR 2 RIER JLEk s T 204

11.2 #&FHF

EEHF (selection sort) WY TLAEFEHIAEF A JTE—ME, SHMRHFXREIERR/NITTR, RKHK
FEH P XRARE,

REEHRI RN n, ERHEFRRIERENE 11-2 For.

L WIaIRAESR, FrETCREAHT, BRHY (RsD XA [0,n — 1],
2. EHUXE [0,n — 1] PE/NER, FHSRG] 0 °McRcit, e, B 1 MTREHR.
3. JEEIXTE [1,n — 1] s/ e s, BHERI] 1 ARITER S, 5eUa, B 2 NMTReHF,
4. DUHEHE, 21 n — 1S seiius, Bl n — 1 M eReHT.
5. (RB—MNIeRULERRATTR, AT, KIEBARF 2N,

8 1 RsiE: % 1w

BHKRAFXE, EERNTR nuns[k] BHFRAFXE, EERTRE nuns[k]

ZHBTR nums[k] FRAFXENENTHE nums[i]

Step 1 Step 2
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KHFXE RHFXE

—

nums

i k
5 2 B B 2 B
BHFRHFXE, EERNTRE nuns[k] BHFAFXE, EERNTE nuns[k]

TR nuns[k] FARAFXERENTR nums[i]

Step 3 ] Step 4

KHFXE RHFXE

nums

5 3 B B 3 B
BHFRHFXE, EERNTR nuns[k] BHRAFKE, EERNTE nums[k]
Zg/ TR nuns[k] FRHFXERENTR nums[i]

Step 5 ] Step 6

RHFXE FHEFEE

nums

nums

A A
i k

B 4 Wi B 4 REEE:

BHKRHFXE, EERNTR nuns[k] BHFAFXE, EERNTE nuns[k]

ZERTR nuns[k] FRAFXERENTR nums[i]

Step 7 ] Step 8

RHFXE KHFE

nums nums

i k
5 5 RiR: B 5 BiEF:
BHKRHFXE, EERNTR nuns[k] BHFAFKE, EERNTE nuns[k]
/TR nuns[k] FRHFXERENTR nuns[i]
[ 83D O ] Step 10
KHFRE
nums
SERHF (RR— N TRERAAF)
Step 11

11-2 EFHEF PR

ARG, ATk RICFARHF X RN R/NTER:
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// === File: selection_sort.java ===

[* EFEHE +/
void selectionSort(int[] nums) {
int n = nums.length;
/] MBI REFFXEN [1, n-1]
for (int 1 =0; 1 <n - 1; 1++) {
/] WEF: HERFFXERNRNTER
int k = i;
for (int j =1+ 1; j <n; j++) {
if (nums[j] < nums[k])
k =3; /] BR&NTENRSI
}
/] Bz&haRSREFXENE N TR
int temp = nums[i];
nums[i] = nums[k];

nums[k] = temp;

11.2.1 HiEsE

IRISEZIE R O(n?), JEENERHERE: SMEFRIE n — 148, S—RIARIFXKE  n, FE—4
AR IS 2, BIESAMERR RIS ny n— 1, ... 3, 25, kAmy -Unt2)
- BRI O(1). BT $55H 0 BT j R HO NN,

- ARRBEHDY: W 113 FOR, THE nuns[1] A ATRERENE S HASRT R, SEPIERIHA
W R

SRAEF XA

oo
RITE—IERE

FHF ]

eoa00s

TERE—RERE,
AR & BEMNUERETHE

B 11-3 R IR R R A
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11.3 BaHF

Bi8HF (bubble sort) JEITIESIM LI S A HAHBTTR LI, X DIEFERG IR AERE T2 T —FF,

ESY: KE ZA=Riuke 35 28

G 11-4 FoR, B AR ] DA HTC SRS ERAEL . W R ARG, AR EEE AR TR R
AN, TR ATER > AR M A W, RRRITTR SRS EI A R R i

ums °0°0°0

FHRARE—H R
TENNSEREFRIELL

~ DEE0EE

=
nums 09\0090

MEZGBHESTER:
v EORER > GARR
o BRI TTER

Step 3

nuns 060°°0

MEEGERHESTE:
v EBRER < GATR
o HRTE

l Step 5 J

Step 7

11.3.1 E&imiE

nums Q‘egeo

MNEEGEHESTE:
v ARk > BATR
o R ITER

Step 2
N
- 0000@0

MEZEGEEHESTR:
v EARER > BATR
o X TTE

Step 4

eQOQéb

MEEGBHESTE:
v EBRER > BATR
o RREBWITHR

Step 6

IKIE IKE
nums oeoooe

®H n-1 AEEREE

BHZERSE,
BARERTHAE

B 11-4 FIHTRHBRER S I

REAHNKE N n, BiRAFFRPERINE 11-5 frr.
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L B, XN n NICRIT BT, RBERERACRHEIEMAE.

2. TR, MERn — 1ATTRWT "B, K Ao IEmAIE,
3. UMK, i n — 1% “Hilg” 5, #in — 1 KECEARPEHE IEmAIE,

4. PORIIN— A LR e/ VLR, T, NS 2.

“‘BikE  KHFEE

i Sparr -3
- 00000 T

WiTHE 1 BER

LEZEES a -

MITE 2 ®ESR

- 0

HiTHE 3 BEBR

=
820 8 -

=l

=

[o,

MITE &« BEE

8800

AITE 5 ®EE

08000

TRHAF ®RR— T TRLTAHF)

[o,

[o,

K 11-5 BiEHFifs

RIS T :

// === File: bubble_sort.java ===

[* EEHE */
voild bubbleSort(int[] nums) {
/] 5MEIR . RHEEEXIER [0, ]
for (int 1 = nums.length - 1; 1 > 0; i1--) {
/] WEF: BRHFEXE [0, 1] PHRATERIREZXENRAHR
for (int j = 0; j < i; j++) {
if (nums[j] > nums[j + 1]) {
// 3 nums[i] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];

nums[j + 1] = tmp;

5]

4]

3]

2]

1]

o]
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11.3.2 %EMRK

BATRI, RS "B PRA TSR ERE, WHBEH ARy, ATERIRASER, A, [
DA —MRAEAL Flag REEMIXAEN, — BBz RLR AL,

Gyt A, B HER 1O B 2 I 2R R PRI T B 2R 00 O(n?) 5 (E2MH5 \SRAL5 2 PR, ATAH)
BN TEE 2T O(n) .

// === File: bubble_sort.java ===

[* BiEHE (REMmK)  */
void bubbleSortWithFlag(int[] nums) {
/] MBI RHEEEXIER [0, ]
for (int 1 = nums.length - 1; 1 > 0; i1--) {
boolean flag = false; // #IAKAREIL
/] WEF: BRHEFEXE [0, 1] PHRATERIREZXENRANR
for (int j = 0; j < 1; j++) {
if (nums[j] > nums[j + 1]) {
/] ¥ nums[i] 5 nums[j + 1]
int tmp = nums[j];
nums[j] = nums[j + 1];
nums[j + 1] = tmp;
flag = true; // IERXMTH
}

}
if (!flag)
break; // Lt “BE" RXIXMWEMTE, IR

11.3.3 EiEisE

- RHEZER O(n2), EHERHBT: &% BN WHISEKERRN n — 1. n—2. ... 2. 1,
JRIH (n— 1)n/2 . TESIA flag (LR, JREERIE R ATAE O(n) .«

- S AR O(1), FHEHBY: 155 0 F1 R RSO NS,

- Rt BT CEIR BRI TR A,

11.4 {ENHEF

HWAHF (insertion sort) Z—RMAIRATHEFRIL, R LIRS To) 8 g r I AR FH AL,
Bk, BAMERHFXEEZE P EETR, FizooR 5 HAMEHFXRRTTRE—ERD, FR
ZITRMAFEFIAE,

B 11-6 R 7 EBEHIm A TTRATRIERRE, BTN base , BAFHZER M EFRRTE] base Z HHIFTETT
RGN, RJEH base IIEL HIREKS ],



H11E HF hello-algo.com 230

nums[5] = nums[4]

K& 3 AR nums o, N
N N R TERKRR
BRI E T BREBH—{1 | |5
;ll.l..-n

nums[4] = nums[3]

BRTER [
#BERES |

11-6  BARIR NIRIE

11.4.1 EERR

FENHEF RV RR RN E 11-7 FoR.

L ISR, BEHRE 1 DR eemdF.

2. IEBEHRIE 2 DITRMEN base , FHMAZEWMAES, BN 2 MRy,

3. IEHEE 3 NITRMEN base , KHMARIEWMIE/S, BEHMN 3 MR CHT.

4. DASEHE, TERJE—4eh, JEBURIG —1NICRIEN base , HHMARIEWMIES, FifixiICHy.

EHFEiE

[0, o]
[o, 1]
[0, 2]
[0, 3]
[o, 4]

[0, 51

11-7 f@AHEF AR

ARBIRESANT :
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// === File: insertion_sort.java ===

[* FANHEF */
vold insertionSort(int[] nums) {
// MER: BHIFKXER [0, 1-1]
for (int 1 = 1; 1 < nums.length; i++) {
int base = nums[i], j =1 - 1;
/] WEF: 3§ base HWAFIEHEFXIE [0, i-1] PHEHUE
while (j >= 0 && nums[j] > base) {
nums[j + 1] = nums[j1; // & nums[j] mAFBN—IL
3--3
}
nums[j + 1] = base; /] ¥ base REZIIEHRMUE

11.4.2 EEiS4

- WRERERN O(n?), HIEMHT: fEREHR T, BUrEAREIFEER/E L — 1. n—2, ...
20 TR, KAEE (n — 1)n/2, WILRREZREHR O(n?) . EIBEIHEFEARN, HARIERIRRL
ke MHABHZE AT, BAHHTERIRENAERE O(n) .

- BRERER O(1), WHHbT: 485 ¢ f j B FEEOO NSNS E

- REHEE: ERAREERES, ROSKTRBAZMHETRNEGM, AU ENRIET.

11.4.3 {HENHIFRRE

FAHEF R FEZE R O(n?), TEAIERE: S PR F N RE 2% O(nlogn) » REMAHEF
RRTTRI S 2% s, HAEBUR RIS, mAHD I E i,

XA G ERIEE TN 0 RIS EEIE RO, P73 O(nlogn) MEDETE T HIAK
WSRO S, AR S 2 T R e, TIESERREVI, n? Fl nlog n MEUE HAEE, HAJEAR
SN, SRR TR SRR DUE R

Khr b, WEHEES (B0 Java) RINEHFFEECRA THANNY, RECEEN: XTR&EHE, RAET
SHAERMHHF R, BIanpuEy; N TEREH, BRERmAHT,

EORF I, AR A IR RS 248 O(n?) , (HAESZBRIGNR, $AHER I 550%
Fea TRy, 1EADITEE,

- B AT TR, TEMB DR R, A 3 N EITHRE; WAHEE T TRIRESL
B, N 1AEHITRiE, Bk, BRHDEr RO RE R L AT E .

OEBHEF AR RN RERERN O(n?) o UURGE LIRS AFIEDE, BAHDTIEH ik
BHIPBCR E .

IR AEE, RN AT 2R,
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11.5 REHIF

PERHEF (quick sort) JE R T IARISHIHEF BIX,

BITERL, RATTZ,

PIEHE R ORMER “THIERI ", HEMRE: SR PR TR R, /TR
RUTTRBRIHAEM, AR TEESETTRBEIHAM, BARKE, HIXIRRAENE 11-8 For.

1.

A iR /e T R E N EERL, WAL NMEEE LRI 5 o allda e R,

2. WEMER, EFRAER L G) 2RSS PHERELCR () BITR, KRR ITR,

3.

Step 1 B
left right
v v
- (08088
A A
i j
def partition(nums, left, right):
R
i, j = left, right # LU nums[left] ¥
while i < j:
while i < j and nums[j] >= nums[left]: # MEAMERENNFRESNTE
j-=1
while i < j and nums[i] <= nums[left]: # MEBGHREIATFEEROTE
i4=1
nums[i], nums[j] = nums[j], nums[i] # XM PTR
nums[i], nums[left] = nums[left], nums[i] # BEEBTRERFHANDIAL
return i # EEEEENRS|
Step 3 BN
left right
v v
- (08008
A A
i bl
def partition(nums, left, right):
"UERIS
i, j = left, right # LU nums[left] HEfH
while i < j:
while i < j and nums[j] >= nums[left]: # MEEARE NN FEERNTE
§ =1
while i < j and nums[i] <= nums[left]: # MEMAREIATRERNTE
i4=1
nums[i], nums(j] = nums[j], nums[i] # SRERATH
nums[i], nums[left] = nums[left], nums[i] # SEEBZRERFHANSRE
return i # EEEEHNRS|
Step 5 BEY
left right
v v
-~ 00008
A A )
i
def partition(nums, left, right):
"UERIS
i, j = left, right # 5L nums[left] HEH
while i < j:
while i < j and nums[j] >= nums[left]: # MERARE NN FRERNTE
=1
while i < j and nums[i] <= nums[left]: # MEAGREIATFRERNTE
i+=1
nums[i], nums(j] = nums[j], nums[i] # SERERATH

nums[i], nums[left] = nums[left], nums[i] # FEERTHREFFRANHAL
return i # EEERESAFS|

Step 2 BEY
left
v
nums
i 3
def partition(nums, left, right):
SRy
i, j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j-=1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 4
rtition(nums, left, right):
SRy
j = left, right
while i < j:
while i < j and nums[j] >= nums[left]:
j =1
while i < j and nums[i] <= nums[left]:
i4=1
nums[i], nums[j] = nums[j], nums[i]
nums[i], nums[left] = nums[left], nums[i]
return i
Step 6 BER
left
v

uns

A

J
i

def partition(nums, left, right):
R
i, j = left, right
while i < j:

while i < j and nuns[j] >= nums[left]:

-1

while i < j and nums[i] <= nums[left]:

i4s1
nuns[il, nums[3] = nums[31, nuns[i]
nums[i], nums[left] = nums[left], nums[i]
return i

rigl

#

#

#

#
#

#

#

#

#
#

TEIATE B 2., HE LM § EERHELE, RIEREESCIHREND TR 7 FH ik,

ht

B nums[left] HEEH
MEREREMNTFEEBBITR
MEBEREPATRESNTR
ST TR

RREBERERTFRANS FE
EEEAESHRS|

B nums[left] HEAEH
MEREREMNFEEBHITR
MEEEREPATFRERTR
AP DT

REEBSRERFRANSFE
SEEE MRS

right

#

#

#

#
#

aooooo

BA nums[left] AEEH
MERERENNFRERNTR
MEBERE AT EEBBITR
SRR D TTHR

RRESRERFRANIRE
EEAERERS|
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Step 7 30 Step 8
left right left EE¥ right
v v [— v
A Y e\
- (0000808 - (00008
) \
A A
j 3
1 1
def partition(nums, left, right): def partition(nums, left, right):
RS RS
i, j = left, right # B nums[left] HERH i, j = left, right # B nuns[left] nEEs
while i < j: while i < j:
while i < j and nums[3] >= nums[leftl: # MGEAHEMIFRRBRNTE while i < 3 and nums[j] >= nums[left]: # WAMAREMNFERERNTE
5= 51
while i < j and nums[i] <= nums[left]: # AEEEREIATRRMKITE while i < j and nuns[i] <= nums[left]: # MWERGREIATERKNTE
i+4=1 i+=1
nums[il, nums[3] = nums[31, nums[i] # AR nuns[i1, nums[3] = nums[31, nums[i] # RHXRBATR
nuns[il, nums[left] = nums[left], nums[i] # WEEKERERTRANHFL nuns[il, nums[left] = nums[left], nuns[il # WEEHZRERTRANSFLE
return i # EEEEREORS| return i # EEHEEEES|
Step 9
‘ 34

nuns {aaa

EFHE HFHRE

‘MRS TG, RRMTEN
EFSAERTR < BEY < AFHRAERTR

11-8 X0

WX e E, RS R =8 T8, SR, A8, Bk “ETBEERTR <&
R < AFBAERITR". B, BIHETRATBHIZM D FEEAHBTHT,

PRIEHER I 72163
MR 0 B SR U K — DB A HE 7 TR B T R R DB B I HE e 1]

// === File: quick_sort.java ===

[* TTERM */

void swap(int[] nums, int i, int j) {
int tmp = nums[i];
nums[1] = nums[j];

nums[j] = tmp;

[* HEXS */
int partition(int[] nums, int left, int right) {
/] LA nums[left] FEHEER
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left])
J==¢ /] MWEREKENNFEERNTER
while (1 < j && nums[i] <= nums[left])
Tt; /] MNERBRKENATFEERNTER
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swap(nums, i, j); // REXFHENTE

}
swap(nums, i, left); // BEEHIEERTHEND AL
return i; /] REIEEHHIZRS]

11.5.1 BHERE

PRIgHE P R RIA AR AN E 11-9 AR,

1 B, XEBAERIT R TR0, SRR A TR T8,
2. g, MNEFEAMGFEAD NIRRT “THRID7,
3. FiBudIH, EREFEEHKEN 1 INEIL, MAEBEEN T

A
— @O0000

FREA
8 EEEE
THERIS
BiE - e T W
B)IETFEE CRPEEFHE - EEFRAKER 1 BHAL

5 BIRTSERRER A HEF
XI5 TR FE% 43
2

£)F3%13 =g 1SR (E=Jlct e

DEEEEE ‘

11-9 PREHE PR
// === File: quick_sort.java ===

[* BREAE */
voild quickSort(int[] nums, int left, int right) {
/] FEHEKER 1 BLRIEE)]
if (left >= right)
return;
/] HEXD
int pivot = partition(nums, left, right);
/] BAEFEA. EFHA
quickSort(nums, left, pivot - 1);
quickSort(nums, pivot + 1, right);
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11.5.2 s

- NEERER O(nlogn). HIEMHNT: fEFHER T, IMERIZHNEHELECN logn , BEHRIENE
I, BWMER O(nlogn) MR, 7ERZEMILT, SFHRMERIRIERREN n BEEHRI TN
KEHR O n—1 WA TEA, WRIBHEE0AE n, BEPNERECH n, BWEER O(n?) KH,

- BEERERN O(n). RHHDY : EMABHZE2EFIERT, BRREZRRE n, £H O(n)
i, HEP B E R AE RS EATHY, RABEIMIE,

- AR EWEONRE P, RERRIRES P ERHFTTRIA M,

11.5.3 REFEHIFEAT AR

MEFR ERERER th, PRIEHEFERCRITHN I ZEA —ERIE, REREHFR IR ERES “HH
BT R CHEHRRT MR, (HIERPOEHITRIReRE S, EEADITERER,

- B E RS U BRI BAUREEFNRENEE2E N O(n?), BHIIFHFHFRE, EELR
ZEIEHT, PudHFRETE O(nlogn) BN HE 2% E FIiBfT,

©OBRAHEMBCRE: ERTIHERIRIEN, RSP FRAMBRIZRSE, FTiRTRRRREK
o Mg “HEHER” RXEBERFEBRAVIFITR, MMERZX—RE,

- ERENERRRUN: £ ER=MRES, PuRHEEabeL WA, SR ERER D, XS
AT e BT E AR RS

11.5.4 BEEHKKL

POEHE e R L PIII BSCR A RERIC, 28— PHamBlr, R AR 2 2EPR, HTHImEes
BRIEHTCRIENEMERL, I2ENEXID G, AESREiE ARG, SEAETEHREN n — 1,
ATFHAKEN O, MEIARE, SRWERIERE D FEHNKEN 0, 2IaRIERN, PudHz
By “BiEH” ANERIER,

N T RERGRIX AR, AT DAL SR 53 rh B R ORI filan,  FA1TR] DABEALIEH — 1
TLRIENILMERL, 28T, AN SAME, FIRERERIAFABRIIER, BERIAARUNAR.,
TRETENE, WEESEEERIZE “ThRENIE . RIS O R 514 i — DR AR B,
AR 2 PRIEHE P B RCR AT R T RES 1

N PG, BRI DR AIER = MesinR CEFMANE. B, FRotR), IFRIX=A1 ik
TCRAPPABA AR, IXRE ok, B "B/ MEARKR” BIREREERIEIE T, R, BABER A
VEHUE 2 e, DI — SR m IR, RAXFTIEE, MRERESLE O(n?) MHERAK
R

RS ATT
// === File: quick_sort.java ===
[* BN = MEIRT R GIEL */

int medianThree(int[] nums, int left, int mid, int right) {

int 1 = nums[left], m = nums[mid], r = nums[right];
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if ((L<=m8& m<=r) || (r <=m8& m<=1))
return mid; // m £ 1 1 r Z[g]

if ((m<=18& L <=r) || (r<=18&% 1 <=m))
return left; // L £ m # r ZJ8]

return right;

}

[* HEXSD (ZEHEFRE) */
int partition(int[] nums, int left, int right) {
/] EE=MEETT R
int med = medianThree(nums, left, (left + right) / 2, right);
/] BRI E S R i
swap(nums, left, med);
// LA nums[left] ANEHELR
int 1 = left, j = right;
while (1 < j) {
while (1 < j && nums[j] >= nums[left])

J==3 /] WEEAEKRENMNTFEERNTE
while (1 < j && nums[i] <= nums[left])
T+ /] MNEBAHRE MK TFEESRNTER
swap(nums, i, j); // KXW MR
}
swap(nums, i, left); // BEEHRZMERFEHAEND R
return i; // REIEEHZRS]

11.5.5 E#JAkk

TEREEA T, POdHbPaTRE S RIS, DUE A P ARG NG, B FEHREN m,
FRMH LRI T AR KDy O B FREHMKE N m — 1 G 78, XEWES—REHH AR
RIREEAEAE RN (URD—A TR, BIARIEEREE n— 1, HINFEZESH O(n) K/ E L,

T BRI BB, FRATAT DAE AR S S2 R, HEAR N T K, (O T8
R, TR TR KBRS n /2, BRI AR BT R AT log n , MTiKHR2ESS
FIE 2K O(logn) o ARHSIT TR

// === File: quick_sort.java ===

[* REHEE (BRBJAMRL) */
void quickSort(int[] nums, int left, int right) {
/] FEAEKERN 1 H&LE
while (left < right) {
/] THERIDIRME
int pivot = partition(nums, left, right);
/] FFEDFEAPBIRI N HITRIEH
if (pivot - left < right - pivot) {
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quickSort(nums, left, pivot - 1); // BFAHFEEFEA

left = pivot + 1; // RIKRKHFXIEA [pivot + 1, right]
} else {

quickSort(nums, pivot + 1, right); // @)3HFEHEFERA

right = pivot - 1; // ®RKXHFEXEA [left, pivot - 1]

11.6 AHHRF

JAFHHRF (merge sort) B—FETIRRIBAFEZ, WEE 11-10 Forpy “Xn” M G B

L XI5BiEe: BB ARWEHER BER N AL 0T, R KB A HE T R84 R 2 2 A HE e )
2. BIFRTBE: L TRARKEN 1 LIRS, JHAEH, FHEt Aa M MR E P BAGH N — D
KIAFPHH, HEEER,

R HER

) mmen
T BIEREE

SHHE

11-10 VAFFHEFRIXI 5 & FF I E

11.6.1 HEiEi2

i 11-11 Fow,  “XIBrBE IR R A b B2 b s ) o A5

1. HEBHP E mid, BAXISAETEEH (XA [left, mid]) fHEFEE (XA [mid + 1, right] ),
2. WAPSTS R 1., HETRAXBKEN 1 N&ILE,

“BIHE WRETS £ FBANEG FEAEHF N —DMEFRA, FEEENRE, NKEN 1 T84T
wmaI, AIHMEHIEN TR AP,
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#IFRIS

A a—

U IS LR

-
|

Step 1 ‘ Step 2

R

etk
EJ12 40 1= 40

a2

aAEI13
EJ12 40 LR

Step 5 Step 6

[ Step 9 ] [Step 19]

11-11 JHFHER B

MR, VAFFHER5 = SO e i 3 3 U e 2 — B
Rl SR TR, FEIIA T, SRR AR A
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FIRHER: JodIaE T8, BEIATRE, RELEEEH.

VA HEF B SZ B A AR AR, TETER, nums IIRF S FEIXEA [left, right], T tmp X X [E]HN
[0, right - left],

// === File: merge_sort.java ===

[* BHEFEANGFEA */
void merge(int[] nums, int left, int mid, int right) {
/] EFEHAXEHN [left, mid], AFEHAXEHN [mid+1, right]
/] BIE—DIGETEE tmp , BTFERESHENLE
int[] tmp = new int[right - left + 1];
/] MR FEAME FEAMRIRERS]
int 1 = left, j=mid + 1, k = 0;
/] BEEFHAERTERN, HITIERHEBRNNTRESIFIREAH
while (1 <= mid && j <= right) {
if (nums[i1] <= nums[j])
tmp[k++] = nums[i++];
else
tmp [ k++]

nums [ j++];
}
/] BEFHANAFEANTIRTREESFIRATEEH
while (1 <= mid) {
tmp[k++] = nums[i++];
}
while (j <= right) {
tmp[k++] = nums[j++];
}
/] BIREEER tmp FRITTRERIEREE nuns FIXTRZX 8]
for (k = 0; k < tmp.length; k++) {
nums[left + k] = tmp[k];

[* VAHHE */

void mergeSort(int[] nums, int left, int right) {
/] &M
if (left >= right)

return; // HFEHEKERN 1 LR

/] RISDFEE
int mid = (left + right) / 2; // it&EHF=E
mergeSort(nums, left, mid); // BVIALFEA
mergeSort(nums, mid + 1, right); // #)FHEFEA
/] BHINE

merge(nums, left, mid, right);
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11.6.2 EiEisE

- ESEZAEAN O(nlogn). FEENEMHIY: KIHFE@EN logn KHEITH, SEAHRRRIFLR
Hn, FIHSERFIEZEN O(nlogn) .

- SEEZIER O(n). B BIAEEN logn , M O(logn) A/NGHIZSH, AIRIER
WIS, EH O(n) A/NUBIN=H,

- RuEHDY: AR, MSTTRIR R,

11.6.3 §ERHIF

MR, HHEPARE T R BE R A B0, WBK BRI RSB MEREMRILE O(1) .

- RIorRRBE: ATDAMEA “IERT B AT SRSNBERXI > TAE,  MIMAE 36 AR .,
© AIEREL: fERERT, TRIEMERCE TSI (EED BIRTSCE, RIEEFHFME CRNADREE P EE
RAEFN-DRAFHER) THOEIIMER,

BRI LR 2%, A% A] DA R BRI T2 5

11.7 HIF

Tip
B EATTHT, IEMRRE 5 “H ET

e (heap sort) 2 — MR THERHRSSH SR SR B, BOTATUAIHEEAL R “H R IE” M
“TLRHHERIE" KB,

L. AN/, A B/ VTR T HET,
2. AWTHRAT HHERRME, MRUGCSRHHETER, RIS I DNEIRHRF RIS,

PAETTIREIRAIAT, EFREEY— MM R HAITER, AR, bR, JATER
— R AL SE BT o

11.7.1 E&ERIE

BN n, HEHFPRITRAEINE 11-12 R,

L BN RTIHE, SEa, RORTTRATHER,

2. BHEOTR (F—IILR) SHEOTR (BRE—1ITR) . liys, HRIRER 1, EfFT
REEM L,

3. MNHETITTEIFGR, MIRERHITHELIRE (sift down), ZERMELSE, HERMETRISREIBE,

4. TERHATES 2. BFIE 3. 6, 1B n — 1 #0)5, RIDRISERcsci T,
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Tip

Khr b, STTREHEREHBAUEE 2. PN 3. B, HEZ T - PHHTRIPE,

- |
o ©
000

‘ M= RWET
SEHBART

wes (B EEBEBE

EMTTR BETE

000

EERKE SHFXE
- VA

w (DD000
Step 3

oo

HNENRE BHFRE

——

w (@00008
2 }

BWERKE BHFXE
N "

Amman o
- @00800
Step 7

SEHEF

1. WABURFHERE

2. ERMEPRIRATER
(1) ZEMTRSHEETE
(2) MTRERHTHEN

SEHEF

1. WINMAH R

2. BERMEPRIBATE
(1) TR SHERTE
(2) MTRERHTHAG

SEHEF

1. WABURFHEE

2. ERMEPRIRATER
(1) ZEMTRSHEETE
(2) MTRERHTHEN

SEHIF

1. WINMAHEE

2. BERMEPRIBATE
(1) HETMTRSHERTE
(2) MTREER#THN

o ©
000

EEMEE ERFXE

000

ERWERKE SHFXE

e o
000

ENEREE BEHFXE

[ Step 6

o
© o
0060

MWERKE BHFXE

nums  ([ERERE

Step 8

SEHF

1. WABEAFERE
2. EFMEPRERATR
(1) ZEMTRSHERTE

SEHF

1. BAMGHEE
2. fEFMEPRERATER
(1) RETRTRSHRTR

SEHF

1. WNBEAFERE
2. EFMEPRERATER
1) ZWEMTRSHERTE

SEHEF

1. BANGHEE
2. EFRMEPRERATER
(1) RETRTRSHETR
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Y 4

o

-]

@ eHE @ @ S

1. AR 1. AREHEE
@ @ @ 2. EEAEPRREATE @ @ @ 2. EAAERRREATE
(1) TRETRRSRETE (1) TRETERSRETR
BWENKE BHFXE 2) MIREEHTHL BNEHRE SHFRE
s (EEB0008 w: (00000
| Step 9 | Step 10

] o
@ @ T @ @ S

1. AR 1. BANEMRE
@ @ @ 2. RN RREATE @ @ @ 2. G RRBATR
(1) SRR SRR (1) SRETEE SR

BNBEREE BHFRE (2) NIRER#ITHL BHFXE (2) MNRER#TEL
- 3. FME—NTREANE, HFRR

- 00000

Step 11 ‘ Step 12

K 11-12 HeHEF P

FERISSEI, BAMER TS “HE” =YHER MR sift_down() B, EETENEZ, HTHER
KESFEERIURATRENE/D, FHBITFES sift_down() RERIN— M KESE n, HATHHEHENY
HTERRE, A RATR:

// === File: heap_sort.java ===

[* EERKERN 0, NDE 1 IR, NIRERENL */
vold siftDown(int[] nums, int n, int 1) {
while (true) {
/] FIETHE 1, 1, r PERKHTS, 187 ma
int 1=2*1+ 1;
intr=2*1+ 2;
int ma = 1;
if (1 < n && nums[1] > nums[ma])
ma = 1;
if (r < n & nums[r] > nums[ma])
ma = r;
/] BETR 1 &RAREKS 1, r @R, WEREEHEWL, Bk
if (ma == 1)
break;
/] AR
int temp = nums[i];
nums[i1] = nums[ma];
nums[ma] = temp;

/] TERE TR
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[* HHEE */
vold heapSort(int[] nums) {
/] EMRLE: HARH T R USMIEMFAE T R
for (int 1 = nums.length / 2 - 1; 1 >= 0; 1--) {
siftDown(nums, nums.length, i);

}
/] MHEFRREGRATTER, B n-1 2
for (int 1 = nums.length - 1; 1 > 0; 1--) {
/] RBBETREREHTR (RIRETRSETR)
int tmp = nums[0];
nums[0] = nums[i];
nums[1] = tmp;
/] UARTSARR, MNRERHITHEL

siftDown(nums, i1, 0);

11.7.2 HiESE

- NREREN O(nlogn). EHIENHT : EHEERIEEH O(n) Wi, MHEHHREUR KTTRIIN RIS
Z&EH O(logn) , HIEFRn — 1%,

- BEEREN O(1), DY : JUNMEHZEEH O(1) 2, JTRIMAHE R 1 b
HATHI,

- AEREHER : AESIRHETTOT R FIHERR TR N, M TT R B AT RE R A2 M,

11.8 1@HiF

ATALAHEFP IR E T AT HERAHE P IR, el BT R MR/ NSRRI RIER)
I E A% TCEM O(nlogn) o ¥R, TATRERNIUR “AELbBHbyEIR”, BRI RS 2R DIX
FEMERT

#@HEF (bucket sort) Z/IARMGHT— DRI, EIEd IRE L EBA RN EINE, &M — 5
PEVCH], KRR PRI I, 5, ESIRNERDBIRITHY ; REHZIRERIINT R a8 S
it

11.8.1 HiEHRiE

FE—MERN n B, HTREEE [0, 1) WIFAE. MHEFmRME 11-13 Fir,
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1. ¥R kM, K n DTRDEE kME,
2. WEMAITHERE OXERAREES NN EHFEE0.
3. TR NEIRRIE & FH 45 3

4]
il 5] 055 [ 0.5 [o.05]0.57] 0.3 0.91 [0.75 [0.15] 0.7 [T AR oS
B SEREI3 R
HEMESE
buckets ST HE
HFBE m,@m [w#mA) [m@mﬁ) [m%ex
‘ “ / / IR
b 4 / EHER

e ! e ! ,

nums

K 11-13 WHERE LR

AN AR

// === File: bucket_sort.java ===

[* BHEE */
voild bucketSort(float[] nums) {
/] B k = n/2 M@, MBARSMEDE 2 Mtk
int k = nums.length / 2;
List<List<Float>> buckets = new ArraylList<>();
for (int 1 = 0; 1 < k; i++) {
buckets.add(new ArrayList<>());
}
/] 1. BEATRESEIEMESP
for (float num : nums) {
/] BNEIEEEA [0, 1), A num * k BUREIESIEE [0, k-1]
int 1 = (int) (num * k);
/] ¥ num FRIDERE 1
buckets.get(i).add(num);
}
/] 2. WEMEHRITHRE
for (List<Float> bucket : buckets) {
/] ERAEHFRE, WaBiREtHIFEE

Collections.sort(bucket);

}
/] 3. BHREHE
int 1 = 0;

for (List<Float> bucket : buckets) {
for (float num : bucket) {
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nums[i++] = num;

11.8.2 HixiHE

MHERPIE I TAC B A BARRHOEEE, BIan, MABIREE 100 AR, HTERERG, RANFILE R
PENEFTA EdE, R, AT DCREEE R 1000 M, RE sl METHY, RIERHEREH,

- INRERER O(n + k) © RTTRESMEN T2, LS MRNRTCREEN 7o Rir
AR O(F log 72) N, WHEFRTEREM O(nlog 7) Wi, X% & BB, W%
JEMER T O(n) » AIHFERNFZERFHFAMMTE, €% O(n + k) N,

- ENERHER: fEREW R, FTASREEE — MR, BHERFIERER O(n?) ML,

- BRERERN O(n + k). AEREHHE: FEED B MRS n ANTRESNERL,

- WP R AR BUR T HEF AT R IR R SR

11.8.3 YNAISCINFEIY 5L

fRHER O TR S A FE ERTDUAE] O(n) , REHETROTRIBLBIS AN, FOySEirREBdEEErzg
B5 AR B, BATEER = EAIFTA B SIS ERF I 2 BCE] 10 M, BRI 2R,
T 100 STAYIER 2, & 1000 JTAYIER Do F RS XTI 10 4, & MRS EEER S
FEH R,

MKV, BATA] DR — SR RE 0 R, KRR 2 3 M. it n, mERwish
BZHIMmASrM 3 6, HEMARPRTRBERRBIHE.
N 11-14 FoR, RXAOTIEAB _ERAE—HOEIN, BEARZIEM T RIERATRE Y, SR, A —EE S
KRB N 3 M, BRI 75 R AR Bfa e sl R TS £

BmiiE

= ) BURRISER

BiAE —L 65y 20% 15%
° MigXiE  IESL
HiisXE —— 100 100-500 >500 <10 18%
10-20 13%
20-35 12%
18% 35% 12% 35-50 10%
50-100 12%
<10 10+50 50-100 100-500 20%
TS : - >500  15%

13% 12% 10%

10-20 20-35 35-50
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KB 11-14 =03 % 504

QSRR TR St A A AR A, W] URRIE BRI BE R AR BTR i ek, (EISTERRE,
B MHA—ETER RS, ] DURIEBUEE mUR MR SR TIE L

i 11-15 R, BAMER R S ASIRMIERS 0 A, IXFERUAT DA BRI E O AR XTR],  ATRE RS P43 o i
FBM A

0 3 106 25 80 200 +0  Eanfirig

MEEE <3 3~10 10~25 25~80 80~200 >200

B 11-15 HAERER AR A

11.9 it¥HF

I HEFE (counting sort) JEII ST L EEERTINHE T, 8 M H T REEEE,

11.9.1 {SASEWM

BRE—DMEBEIPIF, BE—DKEN n EE nuns , HPRTEREE “AE0UREC, SRR
AR 11-16 Firo

1. BHEEH, HRUEPNERET, I m, RE0E—MEN m + 1 WHBIEE counter

2. 168l counter Giit nums FEBFHIHIREL, HA counter[num] XN ECF num IV ERIRER, SGiitTiik
Rfais, HFEET nuns (B RTECT N num), B5KF counter [num] $/0 1 BIA,

3. HTF counter NEANRIIRZRAR, FHMHYTFIHGHRZCLH)TH T, # kK, 18D counter
MR &£ BB DRI ITUF R nums BITA],



H11E HF hello-algo.com

247

FHIFSA nums

1

N o B nuns H4EHERFHHTAR
2 N N counter[num] HF num HYHIRE
=5l (BF) 0 1 2 3 &4
| AN . #@H counter , FREWFE

\,
| _ \ REBHIVREIEN nums ENE]

SR nums

11-16 HEHEF R

AR RR:

// === File: counting_sort.java ===

[* TTEEE +/
/] EREM, TERTHENR
void countingSortNaive(int[] nums) {
/] 1. FITHEARARITE n
int m = 0;
for (int num : nums) {
m = Math.max(m, num);
}
/] 2. FIHREFHHIRE
// counter[num] 3R num BYHILRE
int[] counter = new int[m + 1];

for (int num : nums) {

counter[num]++;
}
// 3. & counter , BFRITHRENELEH nums
int 1 = 0;

for (int num = 0; num < m + 1; num++) {
for (int j = 0; j < counter[num]; j++, i++) {

nums[i1] = num;

R SRR AR

MHHEF IR EEE, BT ORI BT P BT counter FIRADRG MO — M, FauitiiE

RSB R AS D ITTR SIS N A, ABLE, P M R REE T A — DR,
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11.9.2 STEII

MORTRERTRERIL T, AEREMABIRRMR, EIRPE 3. MR T, B ABdERmSN R, 8%

TR AT CRARAZR) XRMmETHR, M bdRERRES BT A4 R,

IR2IM A RS B R BRI HE PS5 R 0E? FATE S HH counter (9 “AIZRAN, BB, R 1 ALHIRTZAN

prefix[1] FTHEHRAT 1 NTE M

prefix[i] = Z counter|j]
=0

A BAWIIE X, prefix[nun] - 1 fAHRICE nun 1RSI REA res i fG —~IRINBR S, XNMER
JEHRHE, ROVESIRBEANS N ICR M IZHBIAES REBAHRIR NI E, 5K, BAEFETEEA nuns 1)

BAICR nun, FERLIERAFHITELRPI,

1. ¥ num BB res M225| prefix[num] -

2. ZDHIZEH prefix[num] B/ 1, MIMFE] NRE num FIES(,

whreRUE, B res MU HHF ISR, B res B R EEH nums BIFT, & 11-17 JBIR 152 BERTTH

B imA.

F#A nums n (] na [} nn 2 an

B <
BFoum 0 1 2 3 4

B4 counter aa aa

JBFH nuns FHEEIHEMFHIHIREK
counter[num] f£& num RIHILRE

Step 1

num
:
ROt nuns

BFoum 0 1 2 3 4

B prefix nna

(counter)

EIFFER nums FEISADITR num , SEHRT

1. % num A res WF5| prefix[num] - 1 &

— 2. PHIZH prefix[nun] BE 1, MAEEITREE nun BIFRS|
Step 3

=a e (000000000

LERMA res

BF oum 0 1 2 3 &

B prefix aannm

(counter)

it counter WIFIZM, iBA prefix
prefix[num] - 1 % num 7 res FREFRHIMHZES|

Step 2
num
ot voes (1)) DEND )
ee kel [ [ [ [ [ [ [:] ]
HF num 0 12 '3 " ’
BIZRA prefix aannn
(counter)
EIFFBFH nuns FRSNTR num , SEHRAT:
1. ¥ num A res WHE5| prefix[num] - 1 &
(G b | 2. 2HIBM prefix[num] BF 1, MAEETREE nun HFR3|
tep
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R nums

LRBA res

BF num

B prefix
(counter)

FIFFER nums FEISADTTR num , SR
1. % num $A res WF3| prefix[num] - 1 &
2. SHIEM prefix[num] BF 1 , MTEETRKE num 25|

[ step 5 |
= - (000000000
= - (000000000
HF num ka 1 2 3 lo "
B prefix uﬂa
(counter)
HREHREHIE, HRRIRER
IeBY res FRREHFHSR
| step 7

v
F¥A nums nnannan

LERBA res

#F num

HISA prefix
(counter)

BIFEFH nuns FESITR num , SHEHAT:
1. 3§ num A res WF5| prefix[num] - 1 &

. 2. SBIEM prefix[num] B 1 , MIEETRKE num MZ5|
Step 6

= (000000000
aes < (000000000

BFoum 0 1 2 3 &
5

WIS prefix n.nn

(counter)

PR res EERMA nums EIF]

‘ Step 8 |

KB 11-17 G55

TR R SCBLARRD AN SRR :

// === File: counting_sort.java ===

[* HEHE +/
/] TEXL, THENR, HERREHF
void countingSort(int[] nums) {
/] 1. SHEBEEBRATE n
int m=0;
for (int num : nums) {
m = Math.max(m, num);
}
/] 2. FHBREFHHIRE
// counter[num] 3R num BYEIRER
int[] counter = new int[m + 1];
for (int num : nums) {
counter[num]++;

}

/] 3. K counter HYRIZM, 3§ “HIURE FigR ‘BRI
// B counter[num]-1 =& num 7 res FRE—XHEIMHNZES]

for (int 1 = 0; 1 < m; 1++) {
counter[i + 1] += counter[i];

}

/] 4. BIFER nums , BETREBENERHA res

/] ¥IEWEER res ATFIERE
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int n = nums.length;
int[] res = new int[n];
for (int i =n - 1; 1 >=0; 1--) {
int num = nums[i];
res[counter[num] - 1] = num; // ¥ num EEINNZRS| 4
counter[num]--; // SBIZHMER 1 , BEITRKE nun HES|
}
/] ERERKA res BEERIA nums
for (int 1 = 0; 1 < n; 1++) {
nums[1] = res[i];

3

11.9.3 Hixis4

© IEERER O(n 4+ m) © W nuns FE ] counter , #REFALMEE, —MEN N n > m,
NREHREET O(n) .

- BEEZER O(n + m). EFEHEHT: EB T KED 510 n F1m K% res F1 counter .

- REHT: BT res MHFITTRMNIFZ “MERIE” 1Y, FHEFET nuns A DU TT
RZERENAE, MMSEIREHT. b b, IEFEF nuns tA] DUSRNERRHEF SR, (HER
EAFRE M,

11.9.4 FiRE

BRXE, FRUFSWEGHEHFIRESY, (oadgtitEaEminl DS m8 e, Am, G
HIRT B SR AR O 4%

B OGN TR, AR T H AR R BE, & A S8 v] I Or AR S, IR E
FERHOI R PR RERCE S D IT R Z RIFTA KNSR R BN, X TR & BB B, T USRI A BT
ME—NEE, BT AONER, HrseplamdRm X,

HEUHER G T8l B HBIRIGEIEVMIN L. tean, £ EIRREIF m ARERKR, SR G220,
i n < m b, HEHFEH O(m) WNE, ATEEkk O(nlogn) KIHEF B,

11.10 E#iF

EAE TR, EIER TR R n BOREBEREE m BNE, BIRRRAIFEN n = 100 2%
BHTHERF, M52 8 My, XEWESBIREE m = 10° WK, AT TRE M EARA
fEasia), TEECHE AT DO X MR O

HEHHF (radixsort) RILEESIHEHE —2, @RS MOk, bR, EEHF A
MBS 2 MENERRR, RO E—AOETHERF, MIMTSEI R RHE AR,
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11.10.1 HERiE

DA SBHE RG], BT IIRIRALZE 1AL, Smshoess 8 i, HEMHNFImAENE 11-18 Ak,

1. WAk =1,
2. NS kAT HEEHET. seala, BARSRIES kA WNEIRHER .
3. R kN 1, REIREGER 2. EOEK, EEBIFTA AR EUE 4 H.

NEFHTAESEI, XA d RIS o, R kAL xy,, ATRAMER DR IRE AR

BAEEE nums
Miatk k = 1

B HEE 1 1 HEE 2 i

10546151
35663510
42865989
34862445
81883077
88906420
72429244
30524779
82060337
63832996

35663510

88906420
10546151

35663519
88906429
82060337

72429244
34862445
63832996

81883077
82060337

42865989
30524779

72429244

81883077

305247173
42865989
63832995

DALbSHE, HEFF

HFE 8 fi

®3~7 I HHHFER

K 11-18 HEdkFEERE

x
Ty, = [FJ mod d

10546151

30524779
34862445

35663510

42865989

63832996

72429244
81883077

82060337
88906420

Hrf | o] FoRAEAR @ 10 FECE, T mod d Fomxt d BUE (A, AT 28R, d = 10 B k € [1,8]

o

BEAh, BANHTRZNMESSH LG RS, 2 T DURIEECERE kA T HE -
// === File: radix_sort.java

/* FREX5TE num B95E k i, EHA exp = 107(k-1) */

int digit(int num, int exp) {
/] EN exp MaF k AIABREREEHRITRIRNRAGIHE
return (num / exp) % 10;

}

[* IHEHE (RIB nums 8 k fHE) */

vold countingSortDigit(int[] nums, int exp) {

/] TEFINAMSERR 0~9 , EFEEKER 10 AIHEHRA
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int[] counter = new int[10];
int n = nums.length;
/] Fit 0~9 FEFHIHIRY
for (int 1 = 0; 1 < n; 1++) {
int d = digit(nums[i], exp); // KRB nums[i] %8 k 1i, i/ d
counter[d]++; /] Fit¥E d BHIDRER
}
/] KEVEM, R’ LI By ARSI
for (int 1 = 1; 1 < 10; 1++) {
counter[i1] += counter[i - 1];
}
/] BIF&H, RERARITER, BETHREN res
int[] res = new int[n];
for (int 1 =n - 1; 1 >=0; i--) {
int d = digit(nums[i], exp);
int j = counter[d] - 1; // 3REY d 1E¥4EFIZES] j

res[j] = nums[i]; /] BEBITTRENERS] ]
counter[d]--; /] % d BEER 1

}

/] FERERBEFEHA nuns

for (int 1 = 0; 1 < n; i++)
nums[i] = res[i];

}

[* BE¥HE +/
void radixSort(int[] nums) {
/] REVEAMRATTR, BTHBRAMUIE
int m = Integer.MIN_VALUE;
for (int num : nums)
if (num > m)
m = num;
/] ZEMEA S UBIREER
for (int exp = 1; exp <= m; exp *= 10) {
/] FEATENE k UHRITIHEGEE
// k=1->exp =1
/] k=2 ->exp =10
/] Bl exp = 10~(k-1)
countingSortDigit(nums, exp);

P2 NIRRT 4 HER?

RS, F—Rr S ST RIEER, BRI, GRS —HHFEE R a < b,
M —HHFPER a > b, IBAHEHRIEREIIE —RIE R, B TRFI&MAILEHRE TR
iz, R SIZ S HE AR B HE R i
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11.10.2 HZi54

BT TR, B PE R T EUETCRERORRIIE I, HATHE R BRI n] DARGR M E G R, HAE
BORREIS K, BN, 12 ORE & (R EEET, ROV EAE kK, ATRESEEE 2 O(nk) > O(n?)

o

- INMIERER O(nk): REIEE n. BIEN d #H BROECY k, WIS —RdTH SR EH

O(n + d) W), HEFER & Grdf O((n + d)k) WL SERAEIUT, dF1k SAER D, A2
rega1 O(n) o

- BRERER O(n + d). EEHDTY : SiHEEFHER, B8 FEEKEN n fl d B8 res

K1 counter o

- R S BEE R, BEEHT AT, ST ARER, BT ICA RIS SRR

HEFPEE R

11.11 /&g

1. EREHR

- BiEHREE S HAR R RL B, WA — MRS ARSI AR A, FATTA] DO B e

RN R E A IS O(n) -

- EAHFE SR AR X H AR TTREAZ O XA ERACE, AWMy, BARMAHFR

IR ZEH O(n?) , (HET AT D, HIAE NGR R HE T 55 Hh I 220,

- POEHEE R T ISR BT . EIHERID A RTRERHRERE I E e 2 R, S BINTAIE

BEHILE O(n?) o 51N ROECL AR BN 5T DAV RSRh 2 L AURER R 25T LA
MR D SEITREE, S5 E 2R (L] O(log ) .

- AFHHEE RIS FH AR, SRR ATL T ARG EITFFHERE T, HE R T A B AL

$H, ZREREN O(n) ; ARmHEFRERN=RERET LR O(1) .

- MHEP R E =R BdEO. MNHEE S IR ERFMATL 7 TaRES, S TR RRAK

AITEDL. AHER A SCBEAE TR BdE Rt T2 70 i

- HEEHE R R R — MR, BEd g SR IR REBOR SC B, B IE ) TR R ORE

BAEEEA RIS, I HEZSREARRENS F o IE R,

- BB R A RSB, ERERERE W AR VB E AR T
©OREREE, BATRERE-MHEE R, BARICR. BE. FHPUIER BEMESF A, AT, 1E

NHARAREAI I EIL A, A M SRR RN e T A X S5t fh, RSP A, AR
RIS R ERIE R BN HE R ETA.

- B 11-19 XL T ERHEFRIERRCR, REME, st R B SN PEE,
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B iEE SEERE
B Ty B - REN poesicd BiEmlE ETHER
wEHE  Om)  om)  om) o) | iHEE RN FEER W
;Eg—z:f)ﬁ | EEHEF | om) o(m?) 0(m?) o(1) BE Bt E5ERT bt
fRNFE O(n) o(n?) o(n?) o) B B BiER Wit
HiEHE | O(nlogn) O(nlogn)  O(n?) Ologn) | dFfam o P Wi
aﬁﬁi | V3HF | O(nlogn) O(nlogn) Ofnlogn)  O(n) BE FEM EEER R
##F | O(nlogn) O(nlogn) O(nlogn) o(1) JEEE it FEER Mo
B O(n+k)  O(n+k) o(n?) O(n + k) RE FEFRH E&R E[3d:2
tﬁgt(;:ir% HEH#FE  O(m+m) On+m) On+m) On+m) | #BE R EEER dER
EHHF O(n k) O(n k) o(n k) O(n +b) RE R FEEM AR

st i o
BHF, k AEsE
£ i f ‘ R, m IR
E#HFR, k DEAL, KIEHD b A

K 11-19 fHpEENE

2. Q&A

Q: HFEEREEEMN AN N 20FEmN?

ETF, BATERRERT RN ENB I THER, flan, AL SR NEE, BIIAELH—
MNERHE T St THET, 152 (A, 180) (B, 185) (C, 170) (D, 170) ; PN HEHITHF. H
FHEFEZEARE, FILTEE53] (p, 170) (C, 170) (A, 180) (B, 185),

AIDARER, 224 DM C N ERZE T, RN EREWEBIRT, mMiXERIMNAFEERN,

Q: MHEXISH “NEFAEER” 5 “MNEEAER” T AT AR ?

AT, BBRATARCIHTCE NIRRT, Wt “MNEEEER” B “NEFAER”, XN EL R E W,
BAIRET— TR,

MEE=XI5 partition() MG —H B Ht nums[left] Fl nums[i] o FEACHLSG, FEMERUEINRITTEER <= B
WAL, IXEREOR G — 5 2 i nums[left] >= nums[i] BARAL, BIZTRATSE “NETEER”, oS
PAZN L FEECE KT E, WSE 1 == j WBEEEEA, BEBIIHE nums[j] == nums[i] > nums[left], &
P, I ERE P R ES I — A R R T BB oo, SRR 58,
BNEIT, AEREH [o, 0, 0, 0, 1], RE “NEMAER”, WESEEEN [1, 0, 0, 0, 0], X
MEERIEARIERT,

HIRANEE—TF, MRBAES nuns[right] WFEMESL, IRAELG OISR, wHe “MESHEEK,

Q: XTREIEIFMM, N LEREHRERIEIE TR E RN logn ?

JBIRE L Y AT AIR BRI T RS E, BRI BA TR R BN 5 AR 5, EREEIAM
&, A RBEEANTFEHKERAKNESHKEN Y, REREEN, —BN—FKE, RARKHIEITR
JERR logn o

B R GE R B, AT T RESIESHIB T K ERRIEE, REBR AN, n—1, ... 2. 1, &
IHREN n ., BIBIFM AT DOEE G X FE v B,
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Q: MBA P TCRAMEN, POdHE IR R 2% 2 O(n?) 152 ZA /b BELX FE 150 ?

B XTFIXAEDL, AT DA SIS IR R BRI =R AT T RTERMERL XA TR
JVNFFIRTHIME 2 EIZSTTET, MATTR AT, N BT sE .

Q: HHER IR 0 E 4418 1202 O(n?) ?

BEWMT, FrETERAER— M, GRRARA— O(n?) BHkHIRXEETER, Wi e fE
W O(n?) .



256

F12E 94

Abstract
MR ZIR R, B —IREPRRERE & S o A,
DMHAZ R T —NEENESL: WERMGE, —UEIAHEE S
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12.1 988
4334 (divide and conquer), SFRTIIAY, B—FhdEm BT % WIEEER, SMaEE TR, [
5B R AR,

Loy GUBBY : IR R P e DA, BB ER RN TR 22 Ok,
2. i (BRIFRED . MERMRRIR/ N T REOTA, ARETUR 7 BRI AR T &I, AT i )

HIfiE,
e 12-1 AoR, “VAFFHEET 2 oERISH AN 2 —.

L. gr: AR E A (R I A8 (FRED, ST AT —MTR G FiRE),
2. 6 WEETHS AR TEAE (FRIERWR) T, WMEEIERFRESE (R .

PEEEEEEE

roa (RSEER)

BFiAE

- (B

B 12-1 JAFFHER R Ta R

12.1.1 N{EIHIBR S 4R

—ANARBUEEIE G A TARR, JEHE AT LASE DU LA R,

L. [l LA TN R] DA R SR /N, SRABIRG IR, DARCRERS DAAHTR] 75 208 T AT R 79
2. FRIBRMNIN: FRIBZ MAES, DA, TR R,
3. FRERT DIETE: R RS R R S 7 AR SR,

BAR, VAHHEF R DAL =AW,

1. FSITDAO: st RRIED X M8 (FRED.,
2. FRISURMNIE): DB A DRSO THE R (AR A] DUSSZ TSR .
3. FRERRAT AT MDNER A (FREBRE) ATLEH N —MEREH (R
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12.1.2 @I EIRFAE

SHEAOUT DU R RS, e DIRTHRIARCR, RS, PudHir, A3FHER. i
PR TiEeRs, B, MAHFER, SUREVENINA T E R,

Mo, BAIAREERR: Mt 2smianl ERTPRRRCR, HIRZBERMTA? #im, KRmE A2
TR, ORI, R AR S O SR R, X)L RISCR A 20 L B R R ) R o 1 2
XA R A] ARG AT T S 75 TR I 18,

1. #REHREMRL

DL “EEHEE o, EAE KN n ARAEE O(n?) M. BIRRIHZIEE 122 BRI R,
BAM A NP TAEL, RIS TEE O(n) M, HFSNTRAEE O((n/2)?) M, &IERN
FREATE O(n) W, BAERFEREN:

2

OM&{%PX2+W):O¢%+QM

DEEoEEEE

BiaHF
0(n?)

DEEEEERE

Bk o(n2) Ei& 0(n2/2 +2n)

K 12-2 RIp¥eHmTEN B iRy
TR, BANHRUTIAERX, BGRB8 72 jiA o R e S8

2

n2>%+2n
2
nZ—%—2n>0
nin—4) >0

XERE S n > 41, RoErREBERE Y, HIRBeRMIEE . HEE, XInJErIN RS2 ETRR T
Jikh O(n?) , HREREHINEBINENT,
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P, WERBATHE A AW PSSR A A, B T B AR DT RS IR e ?
IXFURRSERR Bt IR, INEEZEHN O(nlogn) .

A, QERBMNZEBEILNRD A, RIESEFK0 0 kADTEEAE? ZXAMERS “MHr” IR0,
EFFEAHFEREYE, it ENEERET ISR O(n + k) .

2. FHTHEMRK
BATALE, I RE T BV EARNZR, L@ E T IOFTROL. R, s7a A AT AR IR
EEARE, EHRTIREREIIFFITRL.

FHATIAE A% B AR BN U 2K, ROV AR GER] DARI AR 2 A7 (Al d, SN SE o HMI A T R
TR, AT D S AR RTIB TR AL

FRANTERE 12-3 R “HWHER" o, BATRER BRI 2 BCR 2 M, AT A RRHE R (55 70
BENRETT, EREHEEHER,

TTE

K 12-3 MHEFRIFFTIR

12.1.3 98ERKA

— 77, iG] ARRIRRVE 2 22 LR AR,

© FEREGE RN ZEIRE SR R RIS, SRIE R PRI B RN, BRSO
TR XS o

- KBEEERIL: a0 Karatsuba Ji%, BRAEEEGRE 2N LB NI SRIEFIINTE,

- JEREIRTL: BN Strassen B, BIRIERERIE DN 22D/ INERE ROSRIERI AN,

- DOESEEL: POESE TR AT DUBIE AR, X2 U IR SR R .

- ORMESREXE: - DFAI, AERATEH AT R TR, IB2ZN DR R — DR KA
Wi Al AT AR v B AR, (R BhIAHHER BT SR,
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i, SHAERIEMEERAERE M SRRz,

© s SoERRRAEFEAMNFRRGIE S IEE Sy, AERE HAMES R TTRE LR,
ODUEHERRIR—FIX 1A, FFAERIR X A AT R B = 70 B4

- VDR ATTRKEN S, A,

- POEHER . PRIEHET RIEE —NMERE, REEBH NN FRE, — DB TTR AR E D,
o —FRAHRITCR LA R, AR ER AT AR 0180, EETHANFE T IR,

- MR WP A BB R D BE 2O, RER S IRNETTRI T, &ERS MR
TERMIXE, MMRE— MRS,

- B BN SRR, AVL B, Z0RM, B, B+ WEE, BEAIRIEER. EARINERSE SRR DAY
THE RIS I

- e HERRPRIRESE A TR, HARMRCE, A MHERAIHE(L, SCRR_EESRE S T rTRR) AR,

- A BRBHRIFAERNMAING, (BRERARIIRERTT REHEN A T riasks, flm, st
AR EER PR OV LB, DR ERER,

FLAVEH, iRl “EPgios” RTERA, SRR S BER .

12.2 9812 FEER

TAEZE, FREEDNHAK,
C RANER: CEOBFRIESHIIL, HEERER O(n) .,
- EIERHEER: TR B SUYRSERIS B, R A A O(logn) #%E O(1)
Sai b, W2 O (log n) ISZREE TR RIETSARIGIBUN, (B0 — S E AR,

© S ERNE PR EBAHPERERTER) AN (RS — R BT
), XM —-ERSEEEH sl R E B Rt R 1k,
- BRI B, TEIERRL AVL B, SRR T, SRHRERN RS 2R E S O(logn)

o

o BRI HAREEN TR,

- ISR PR "o EPOBTHOR R R (TR T AR T (TR — T &
£, X R TR AT R KL,

- FRSURMNIN): £ ERT, SRR DR, EANSZ H AT R,

© PRSI EIE: o EREEER - MEETR, RINARER FRIEEHT S, HF R
SRR, BRI 2 R NS RO

IMAREMS TR THERIR, ABERENRIELRGL AR —MED, MG R 0T BUHERR— %
i,

1. BEFSaERN=—28H

FEZRINETH, &g TR 020 KB, BIERMET G GBI KRELHE,
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Question

HE—NEEN n WEREAH nuns , HAPTE TR MM, EERICE target

WSS, BATKHERIXI [i, 5] M B FIREIEH £(4, 7) -
DB £(0,n — 1) Witass, Sl L FBET s 2k,

1. WEERXE (4, j] s m, RIEEHRR—FERXE,
2. BBVARMBALRN—FHF R, "T8EN f(i,m — 1) 8 f(m +1,7) .
3. TN 1. BRI 2. &, EHEKF target sIXH = MHRMEL,

B 12-4 JRoR 7B o EBOTR 6 RriaidE,

s (BE00000000
¥ oa
f(o, 3) nnn 12 15 23 26 31 35]
I 2
f(2, 3) [1 3 nn 12 15 23 26 31 35]
A

\ 4

REREFTR 6 WHFESIH 2

K 12-4 BRI RE
(ESRBRTG Y, Bl TP — MBI R dfs () RoRARIEL (i, j) -
// === File: binary_search_recur.java ===

[* ZHEH: B (L, §) */
int dfs(int[] nums, int target, int i, int j) {
/] EXiEAE, AREBRTE, WikE -1
if (1> 3) {
return -1;

}
/] HEHRERRS] n
intm=(iL+3) /2
if (nums[m] < target) {
/] BAFEE f(m+1, j)
return dfs(nums, target, m + 1, j);
} else if (nums[m] > target) {
/] BVAFER f(i, m-1)
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return dfs(nums, target, i, m - 1);

} else {
/] #EBtrnE, REHRS|
return m;

}

}

[* ZaEHK */

int binarySearch(int[] nums, int target) {
int n = nums.length;
/] KRR (0, n-1)

return dfs(nums, target, 0, n - 1);

12.3 19 Riin)eR

Question
B XWMWETF DT preorder M FiE)T inorder , TEMAAEEE XM, JR[E] — R IR
o B XA EEENT A (W 12-5 Fimr),

BiFFIER
/ \ B preorder
HhFiER
inorder

12-5 5% — X RGIESE

1. AR BRI RRE

JR A E M preorder K inorder #%: XA, 2 — NI SGRE,

- PSR PAS R MIRRIA VI, FRATTRTDORE R RIREKI 7 N[ R M 7e 14, MR T4,
IbE—S 8 OIAHARTT S TN TR T (D, AR AR A BA LRI 751%, HHK
DNENFR (FRED, BEERFENFR- (2R Lk,

- FRSURMNIH: L RGO IS, ENZ R A 2%, AR TRIN, BAITRFERE
PR 3 D AT 3t P PR 5 2 TR B R e A5 TR TR B

- FREREAILAE T — BRI TR TG TR (PRI, BATHEAT DR e IBERERYT 5 L,
S E i P R AR
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2. RIS FR

MRAE LA B3, IXIER AT CAGE A o3Ik R, (B I@EIE i35 preorder FIH)F3 M inorder SRR 72 ¥
P T RE?

HRAEE X, preorder 1 inorder #RA] PAKI S A ="1NE657

- HiFED: [ RTR | AFW | BFW 1, BB 125N 319217 ],
- R [ EFW | RTR | AFW ], GIANE 125N 9131127 1,

PAEEESE A, BATA] DOEEE 12-6 ARy EG 21K 7345 3R,

1. ARG EITE 3 BT mE,

2. BEBAIRT E 3 7F inorder FIYRS], FFZZESIAE tnorder XIS AL 91 3 | 127 1,

3. tRYE inorder RIS R, SISAE TRAIE TWAH SEE 2RI 8 1 F 3, MIA ¥ preorder XI53H
(31912171,

BHRRAMRTR

AifFiERH  preorder

(:> ERIRT ARG
@ @ HFER  inorder n FE—

: 3MER
EFHE
197R

HiF#FE preorder nna

12-6 £ R ik A AR i P & o

3. EFTEiRFiXial
RIECAEXI 2 751k, BIMELEEMR Y, K7W, A 7WAE preorder il inorder IR GIX T, ik 11
RIXLERG[XE], FATFEMEB L NMEH T &,

- R HIR AR SAE preorder YRS E N i o
- KRR AIRTY KAE inorder EYRGIIEHN m o
- B AREIRAE inorder FINRBIXAIEH [1, 7] o

N 12-1 fr, 1@ DA B2 RIA3RRIR T 5 AE preorder S|, PAN THTE inorder AR G( X [H],

R 12-1 AR SR T RT3 P A PR e il 7 R A 2R 5 |
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FR FAE preorder HHRJZS| FHAE inorder FRYZES|[X[H
17 ) 1 [1,7]
Tt i+1 [[,m —1]
ESER ) i+1+(m—1) [m+1,7]

EER, AFMRTT ARSI (m — ) W& SO “ZEFMITRsid”, #EEr 12-7 Bk,

s ) —
20000
preorder
A A A

<:::> <:::) i i+l i+1+(m-1)
&R
inordehr a
o o v

B 12-7 MR RMZEA FRIRT X ARR

4, XFBEI

K TARTHERM m OXCE, Tl B —NIAT 2 hnap F7 ML Lnorder thIt 29153 HULAS:
// === File: build_tree.java ===

[* HEZXK: 929G */
TreeNode dfs(int[] preorder, Map<Integer, Integer> inorderMap, int i, int 1, int r) {
/] FRXEANZELLE
if (r - 1 < 0)
return null;
/] AR =
TreeNode root = new TreeNode(preorder[i]);
/] B n , NTIXISEEFK
int m = inorderMap.get(preorder[i]);
/] FiER: ¥EEFH
root.left = dfs(preorder, inorderMap, 1 + 1, 1, m - 1);
/] FRE: WEAFH
root.right = dfs(preorder, inorderMap, 1 + 1 +m - 1, m + 1, r);
/] ERERT R
return root;

}

[* WRIXH */
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TreeNode buildTree(int[] preorder, int[] inorder) {
/] WEKIEFER, Z6#E inorder TTREIZRS|AVBRSS
Map<Integer, Integer> inorderMap = new HashMap<>();
for (int 1 = 0; 1 < inorder.length; i++) {
inorderMap.put(inorder[i], 1);
}
TreeNode root = dfs(preorder, inorderMap, 0, 0, inorder.length - 1);

return root;

A 12-8 feor T - XKMATE SRR, SN RRER T ET AR, mEsa GIAD 2ER
B o2 NP UK S ebe VA S

preorder aa @

inorder na
= —
Step 1 Step 2
2] )

wnorcer (EJENEDEDED /
3 9 n preorder

@ 9 3 a inorder

S

{StepB ‘ [ step 4 |

/

preorder [ 3 9 2 n 7 @
inorder (95§92 17 @

[ Step 5 | [ step 6
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/ / 000 -
/ @ inorder
@ 3 9 2 1 u preorder @ @

9312“ rrrrrr

Cava § 7 | 701 ] 3 & EB

[ step 7 | [Steps\

- )
. gopoa

3 = €3

Step 9

B 12-8 HHE AR

FNEIHEREN AR R]T preorder MIH &) inorder BRI 4 RATE 12-9 AR,

preorder aa
inorder aa

preorder 392 1 7
inorderal% 12 [7

preorder ([ 3 | 9 297
inorder | 9 | 3 nz 7

B 12-9 &R RBHRIRI 4R

R BN n, WHALE— DR (BUT— MBI dfs()) A O(1) I, It S AR 5 A%
R O(n) .

G R AE# inorder TERFIRGIMIMLN, BAEREN O(n) . EREBNT, B XRHBMAOVEERN, #
HREIES 0, EH O(n) KFIEbERE, FSAZRERERN O(n) o
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12.4 BB

FEVAFEHE R AR SRR AR, AT i 1] 0 T AR A S [ — 7 (AL, RTINS T 5 1]
A, AR AR 7 AR

Question

HEZMRET, IER A BRI Co IR, T A LEE n MRS, BN LRI NZIEMNNEIRE
G HE, FATNESS R ERIX n DMEZBEIET ¢ b, HREFEMNNEEF A2 (@nE 12-10 Fr
TR)o TERBBNRAIZRRISARA, FFEESF DA RR,

1. BEEHREM—ARAEF TR, S —HRAE T TR
2. BIRARER)— R,

3. /NEELL N ZIN T R Z b

ALl

Y #EEESEM A BHE C
A B C

12-10 NG RIRRE]

BAERED @ RDUERE RS f(d) . Bl f(3) RN 3 DR A BBIE ¢ FITUEE TR,

1. EEELFER

e 12-11 fow, WTRE f(1), BRYEE—NESN, ROTEEZM A 3= c iR,
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-~ 1l L1l4

R £(1) WER:
BEEBESM A BHE C BIF

A f(1)

Step 1 Step 2

B 12-11 AURON 1 AR
i 12-12 fow, TR f(2), BRSAPAEERN, b FEnme /b ESER B b, R
B RS2,

1. ¥ EmfNREMN AR EB,
2. BEREBMNABE C,
3. ER/ N NEEMNBEEC,

al l Lil

AR £(2) WSRE:
A £(2) 1. B)NESM A BRHE B
l Step 1 ‘ Step 2
A B [4 A B c
@R f(2) WER: RR £(2) WSE:
1. %/EEM A BIHE B 1. 0EEM A BEHE B
2. BAESEM A BHE C 2. BAEEM A BHE C
R 3. % )EEM B BHE C
l Step 3 Step 4

K 12-12 BB 2 BTa) R

fRFREL f(2) B RERTREE R WA REED s MABR c. Hi, cHNERE. B FRNEMHL,

2. Fial@ES R

MR f(3), BIRYAE=ABEERN, HREmMmME kT —L5®,

ROVEHE f(1) F0 f(2) B, FRAFRATRI M SE AR REREE, 1 A DERRIPA B S A 1 — V08, TR 12-13
FREI R, XA =Rt A B2 ¢ T
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1. 2B NENME. ¢ WEMWHE, KM TNEEMABESB,
2. Ff A HBRIRE—DEEMM A BRBHIE
3. @ CONHEIRE. ANRMNAE, FRDMEEMBBEC,

A B
R £(3) WSR:
@ f(3) 1. BEAPERM A BEHE B
Step 1 | Step 2
A B [ A B c
fER £(3) W] R £(3) WSW:
1. WP ERMN A BEHE B 1. B EZM A BEHE B
2. BER—NEZM A BHE C 2. BRR—ESZM A BRHE C
3. BEIERZM B BHE C
Step 3 Step 4

B 12-13 BN 3 [ RI-BAE

WA EE, BAMERRE f(3) Q5 APAFRE f(2) F—AFRE f(1) o 207 RINX =47z 5,
JRIAEIRE 2 S 2RO, XA AU ARSLAY, T E MR LS,

2k, BATALREE R 12-14 FrR B ROGEE IR 16 SR KRR f (n) 35 AR f(n—1)
FI—FRE f(1), FH42RE PRI R ouX =1 A,
1. ¥n—11MEBEB cCMNABESB,

2. ¥FEs 1 ANEEMNABEEBEBE C,
3. Bn— 1P EEMEANMNBBEC,

HTFXFA TR f(n — 1), o SO PRI, HEAFR N T8 f(1). 1 (1) 1
WRTHIN, HF— BT,
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FiadE f(n-1): & n-1 MESEM A BEIE B

) 4
FIEE £(1): #$HR 1 MERM A BEHE C

[RiEE f(n): & n TEEM A BEE C

FiaE f(n-1): % n-1 MESM B BEHE C

12-14 fROIOEE TR REAY 73 16 SRS

3. AExEm

ERIEH, BATEH— N EITEEL dfs(1, src, buf, tar), ERIMERREHA: src TEEHY ¢ DNEELEBhE
1 buf 812 B st tar :

// === File: hanota.java ===

[* Ba— 1P EE */
void move(List<Integer> src, List<Integer> tar) {
/] M src TIHBEH—NER
Integer pan = src.remove(src.size() - 1);
/] BEEBN tar TN
tar.add(pan);

[* REBSGEIEIR f(1) */
void dfs(int 1, List<Integer> src, List<Integer> buf, List<Integer> tar) {
/] & src RPT—EE, WEEEHBT tar
if (1 ==1) {
move(src, tar);
return;
}
/] FiEER f(i-1) : ¥ src TN i-1 NEEMEE) tar %3 buf
dfs(i - 1, src, tar, buf);
/] FiEE f(1) : & src FR—NERZE tar
move(src, tar);
/] FiER f(i-1) : ¥ buf TAZ i1-1 NEEMEE) src B3 tar
dfs(i - 1, buf, src, tar);
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}

[* REEEERB */

voild solveHanota(List<Integer> A, List<Integer> B, List<Integer> C) {
int n = A.size();
/] B A TRER n NERER) B $BE C
dfs(n, A, B, CO);

QN 12-15 AR, DOASERISTE R RGN n BBV, &1 AR DR, MR —NTER dfs()
B, BENRERER O(27), BREREN O(n) .

B 12-15 UASE R 3 U 4

Quote

DORIE IR B — N BN, EHEEN—DSFEE, BEMNE=ReRNEatEs, Pk 64
MR —HE B, BEMANEIEE, MIMEEERE — MEBSERTENIR—ZI, X
JLE S S

SRTT, BREERSBIEREEEN—R, BHEEAL 20 ~ 1.84 x 101 B, &4 5850 124, imini@
TN FH ARG, TR, MEIXMETRER, FAINVIZATFEHR O TR HER,

12.5 /&t

- IHAR R WM EIRRIT RS, W (D) fis (B WARTEL, EEETIRIARI,

- HAWTR S RIGRIERBARIE A FIRES , FRER G, FRRES &),

- VAFHHEE RIS A SN F, OB TR R R 0 N E R T, BEIHRF N ITRNIT
WEREEH, MMTERHEF.
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- SIAD RIS ERE AT DARTHEIRRR, — 77, ARG TEEE; 5—77m, MEEAMTR
AT,

- oIAREA] DR 2 BIRANE, ) A TR SRR, AR

- MHERTRENER, AENERIRER, NEERER O(logn) MIEREIREH ZHT /ARG
e

- ZOBEBRSIGRIGH S NN, EANEER T REN T EIFRP B, AR U@ S
HAKH =&,

© FEMEE OB A, AR (D AT DA A e TR A (R, X AT DAsEId R
5 3 A PR e 3 P O 2R 5 | X TR R SE B

- AEDUESERIEA, — DD n @RIERT DA 2 AR n— 1 B9 7 RIS — SN 1 5 [A)
o AL AR =7 R, BRI 1S 2R,
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$F 135 [o]i

Abstract
BATANERRE R RUIR RS, TERTEAYIERS b nT sE 1B 2 R R,
B R IEBATREW ERFLE, Akrzl, RZRFEFEHINE A,
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13.1 [EHE%

[C&% (backtracking algorithm) J&—Hulid 55 2R MR R RY /715, BRI OEAZ N — MRS H
K, BNEEERENRITE, MBEEMMANEHICS, BEIREIMEEE 2 7 ArE vl GERIEEEED
TFARBNFRN 1R,

MR ZUEE R “REMAEER” KRBTSR, £ ““XR =9, BOHRERFE. PFRERED
HE T IR R, 8k, BATHAFFBIAE— N e, B8 7 R R TR R,

ol —
RN, ERIFICRATEEN 7R A, TEIRET RS,

XTI, BATET @R, FEAIBS AT S RER SN T, B, WRIZT RAEIALE RS res
Z o AR ARSEEANE 13-1 A1 A M AR:

// === File: preorder_traversal_i_compact.java ===
[* BB BIE— */

void preOrder(TreeNode root) {
if (root == null) {

return;

}

if (root.val == 7) {
/] iERHE
res.add(root);

}

preOrder(root.left);
preOrder(root.right);

REMFER

BIFFIE =X,
HiZRER 7 HUR

Al I8
£ @inRTR

13-1 {ERi R T A
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13.1.1 ZiX5[ER

ZFR PR ML, BV ZRIA R RN 2R 27 5 “RHRY KRN, HRIAERRY
FEFIB RSN IS TR RS T BT IR G 2 R S AR AR, B A0H E— PRk, IREEZ AR,

I H AR AT REAIE R

XTI —, ViR AR —R “ZRK7, MM REOR AR R return MIFR “[EHR7,
EREIHIE, PIEFFAUNRISEEBOREN, NiFRX—d, BTG,

Pl —

TE AR IERATAEE D 7 B9, TR B R BHX Y R

TEBIRR— SR ERA |, FRATTFRZAEB)—DHIER path IR VIR YT B8R, HVTRIZEMEDY 7 8979 s, )
Sl path FESIHLERIIEK res o WHTERE, res FIRFHIBLRATARIME. A TRAR:

// === File: preorder_traversal_ii_compact.java ===

/* BiFFEH: Bl */
void preOrder(TreeNode root) {
if (root == null) {
return;
}
/] Ei1
path.add(root);
if (root.val == 7) {
/] iERHE
res.add(new ArraylList<>(path));
}
preOrder(root.left);
preOrder(root.right);
/[ [EE
path.remove(path.size() - 1);

fERER “SIR7 w, BATED R Y 7T SN path SRICHREE(R; WAE “[ENR” A, FAIFHEERIZT M

path HgiH, PAMREARZIAZ AR,

MEREE 13-2 Fniyid Az, BATTa) DA 2 R B B h

g

/* \ ik BIAEH, EMRS
[EhR: WERES, REGER
: path = [1]

res = []

Step 1

“RIE” 5 WA, PSRRI,

Step 2

8 BIEH, EHRS

EB: WERES, RECEE

path = [1, 7]

BETHR 7, WERERNESR
res = [[1, 7]]
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£id: BIWH, BHRE
EB: ERS, RBEE
path = [1, 7, 4]

res = [[1, 7]]

£id: BIEH, BRRS
EB: ERE, RBRE
path = [1, 7, 5]

res = [[1, 7]]

£id: BIEFH, BHRE
EB: HERS, RBEE
path = [1, 3]

res = [[1, 7]]

8if: BIRFH, ERMRSE
ER: RERES, KHEE
path = [1, 3]

res = [[1, 7]]

[ Step 11

Step 10 ‘

ik BINEH, BRRE
BElR: MERTS, RHEE
path = []

K 13-2 =5 [ER

res = [[1, 7], [1, 3, 7]]1]

i BIEH, EMRRS
EB: HERES, RHEE
path = [1, 7]

res = [[1, 7]]

Sk BITEFH, BHRS
EhB: RERES, RHGEE
path = [1]

res = [[1, 7]]

Sid: BIEH, BHRRS
EB: RERTS, RBORE
path = [1, 3, 6]

res = [[1, 7]]

ik BITBFH, BARE

ER: RERS, RHEE

path = [1, 3, 7]

BETR 7, WREEANELR
res = [[1, 7], [1, 3, 7]]
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13.1.2 B
Z) [T (R OB i 0 S — AN R AN, LIRARE R T “39kL”,

il =
TE AR ERATEE N 7 B9, IR BT RENR T R AR, FFERBRTP AR EEN 31
_'1-'3‘):'_;_.:0

N TR LA LR, BANRERMBIBaER . ARRERES, F82EN 3 WA, WHEANRE, A
MeHER, B TATR:

// === File: preorder_traversal_iii_compact.java ===

/* BB : flE= */
void preOrder(TreeNode root) {
/] B
if (root == null || root.val == 3) {
return;
}
/] =1
path.add(root);
if (root.val == 7) {
/] 1IBRAE
res.add(new ArraylList<>(path));
}
preOrder(root.left);
preOrder(root.right);
// [EE
path.remove(path.size() - 1);

“BIR R MNERTERIAIE, E 13-3 R, (EERERET, il DI TR SRR R
X, WRTFZITRNMZER, MG THERERER,

B BFEER 3 T SNRANRE

BB RIEL LR XHIEREE
MIHRFHERIME

[ 13-3 MR R IIRL
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13.1.3 EZEXEE

TR, BNZLHEMR “20, FHR, 3987 AR MAHEZRIEARHSK, TR R P,
FEDAUTHEZRARD 1, state TR ATIRA, chotces TR RTIRAS T a] DA HATIZERE:

[* ERESENESR */
void backtrack(State state, List<Choice> choices, List<State> res) {
/] HEFRE R
if (isSolution(state)) {
/] BRAE
recordSolution(state, res);
/] AEHEER
return;

}
/] BAFAERE
for (Choice choice : choices) {
/] Btk FEMAER R EE
if (isValid(state, choice)) {
/] =it MHRE, BERRE
makeChoice(state, choice);
backtrack(state, choices, res);
/] ELE: HEERE, MERZAFRKE
undoChoice(state, choice);

FERK, FATIETAEZRARRD ARG =, IRA state N AUBH IR, 1 choices N YRR ETT
HRAE T E, 45E res Y

// === File: preorder_traversal_iii_template.java ===

[* FIETEHBIRESEE MR */
boolean isSolution(List<TreeNode> state) {
return !state.isEmpty() && state.get(state.size() - 1).val == 7;

/* IR */
void recordSolution(List<TreeNode> state, List<List<TreeNode>> res) {

res.add(new ArraylList<>(state));

[* FIEHFIRET, ZERREEE */
boolean isValid(List<TreeNode> state, TreeNode choice) {

return choice != null && choice.val != 3;
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[* BRE */
void makeChoice(List<TreeNode> state, TreeNode choice) {

state.add(choice);

[* MERE */
voild undoChoice(List<TreeNode> state, TreeNode choice) {

state.remove(state.size() - 1);

[* BIMEE: flE= *

void backtrack(List<TreeNode> state, List<TreeNode> choices, List<List<TreeNode>> res) {

/] WERTNRE
if (isSolution(state)) {
/] iBRHE
recordSolution(state, res);
}
/] BIOFREEE
for (TreeNode choice : choices) {
/] B RERERRSEE
if (isValid(state, choice)) {
/] =i HEEE, ERRES
makeChoice(state, choice);
/] HITI R

backtrack(state, Arrays.asList(choice.left, choice.right), res);

// BLE: #EHEE, MEEZERE
undoChoice(state, choice);

IR, BATERENEN 7 W RUG R IZRESHER, PILHRRRILR MR Z G return IAUMIER, 12 13-4

X EE TR B EER return IEAJVE 2SR,



13 % [E hello-algo.com 280

1% return #p% return
IERMEERE, FTBH4RIER IERMRETRE], HEHER

& 13-4 LRESMER return AERISFER B
M EEEE TR e 7 ARG S, A6 T I AR SC B AR RSN, EEA ML, Sihrlk, W%

]l H] AR ISR R RO, TR T FRARE BARIERE X state I choices , FFSRMUMEZRHIIEANTT %
BT,

13.1.4 EAARIE

T EBEWH AT IR R, AR — N EEERE R ARENE X, HBREIE =25 0 RoREl, sk
13-1 Ffirro

®13-1 H LR IEATE

A X Bl =

fig (solution)  MRZMEHERERAMER, AJREE—PEZ D RIEEIT R T B R LR E AR AR

RS AREM R B REIRR A TEN S, BHEH  BEPAREESTHS
(constraint) FEIR

W (state)  IREFTRAEAIELE—NZIFER, QRO TR SR, B path WWRSI%R

prize
by AR BHIE T DA SRIE RS ARSI, M AR A B) T, B Sk path,
(attempt) HEEE, FHRES, RERT N HIWT T P RMERE RN T
a8 RSB RN C LRSI, Bdsaimiy  Med M S, SR AN, BEHEN 3 10
(backtracking) HIIERE, FIF E—KES AN IR R, FEORE]
B IR BARIE B M AR AR ER SR MBZIER 3 ISR, TIREYSHER

(pruning) BRIRAITTIE, PITRREERCR
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Tip
R, R, IRSEMESREAN, 216, B, SIS, OFEREPEAEY K.

13.1.5 iE5RE4

[l AR | B — RS R, B 2R AT AT RERI IR 7T R B BB 2 SRR, X7 R
B e FRERS R BT AT REMIMR TR T, T B7E SRR RHRIE R, BAEREIHNE,

SRIT, TEALFE AR 3 55 2% ) BN, I B TR ] REAE DL 2,

- I (IR R e P RS R A RTRE, IR IR 2% B AT DUK SR B =l 3l
- 2] R TR R LRI (BN e, AT 3R &), SIRERAN, =6
FRATRER IS RA,

RIVEEant, IR TEAT SR S e P AR ) AN 24 S 2 PSR B AR MR RS e X TR LB AR, bl T T i Fotu g
LR RETT AR A R, TRIIRATT 600N BT Al RERIE B TIE . 7EIXMIBOLT, REER MR,
LRI RRAETT IR PRk,

- BB RRIERINE E A ST, AT T R I AL

- Ak ER: EEREET I LRI SE M THE, WML RE A 7T RE A BRI,

13.1.6 [G];¥fH#BY{5IER

[ TR AT TR ORVE 2 A RPN, £ 5 2 AN 240 & (LA Al
R XA AR REH R R E SR AR ORTT %o

- et ARG, KREHFTERTRERHIIA S,

© FEMEE: BE-DMRASM—DERN, KERSHATEN BN &,

- DOBESERIE: 458 =TI — RN FERIEE, ZRG AT RIS —HRAE T80 2 5 — IR T,
RS —REIE, HARERREEBAENEE -,

LI ML XA H AR R ERE T R A QR SR PRI

- n2iE f£n x nOEEEREn NRE, #REMNEARH,

- O FE9 x 9 MRASHIEARY 1~ 9, #ERET. BHIRNED 3 X 3 FRIBHRETAES,

- EFEARE: HE-DEAE, AROHBOAENGIIRER, BSHESTIEE AR,
AR XL R HARRTE— D G2 A PP ERE 7 i 52 45 1 1 B L e

- O-1EHHME: AE YR INEE, 8N E NN ENER, ERETEARRGIN, &
BV SN ER K,
© RATREIAE: E-NEE, N DRtR, RETE AR OURIR A A, SRR,
- ERKHIFE: A EAE, KBRS TE, W EHRREREMN D TR Z RIEEHE,
HER, SdTrE2HE MRS, SRR IEIRTTE,
- 0-1 E Rl B 6 s SRR, DO @RI AR,
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-+ WROTRIZR—NE AN NP-Hard [0, HARRAAIB L IERBREEES,
- BORPRUR L —MASLU, AT SO0 SRS R SRR,
13.2 2HRE

EHER FEUR PR RR — DRI, ERE SRS TE MRS I — DT ER) BRI T, X
HHARTTRIIFTA ATRERIHES .

R 132 528 T JLA RIS, LS AN AT HES

* 13-2 HHIRA

LTINS e P HEZ

1] [1]

[1,2] [1,2],[2,1]

[1,2,3] [1,2,3],[1,3,2],]2,1,3],[2,3,1],[3,1,2],[3,2,1]

13.2.1 THETEMER

Question
BAN— B, RPN SEETE, REIFE R RENHEY,

ML R, AT DA RSN PR R — RYNEFRINEE R, FRIRBAEE Ny [1,2,3],
RNV 1, FIEE3, BEERE2, WG [1,3,2] . ERFREEH — MR, ZEdksstili
fl3E £,

MIERSHIAEE, REES choices BMABEHFRIFIAILR, IR state ZEHE HATCPIEFEAITTR,
HER, BMITRARIRIESE IR, K state PIIFTHITCRAM %2 ME—,

GniE 13-5 Fw, AT DARHE RIS AR IT R —#RIB RS, BRI DT AR S ATIRAS state o MR RUT
i, O =REFEENAMT A, BT RO R — M
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choices = state =

BRIk

HEIREE

BIERE

13-5 2RISR

1. EERIFEHE
T EMEN TR APOEE R, BB ESIA—MA/REEH selected , HH selected[1] 7R choices[i]
R EMNER, IFET TPl FEEHERIE,

- TEMHIERE choice[i] 5, FATTHLKE selected[1] W{E N True, R EEHIESE,
- BITIEREYER cholces B, BRIEFTA EH0EREAIT A, BNBTAL,

G 13-6 A, RIZFERAE —FLIERE 1, B4R 3, B=40ukik 2, WIREAES ok 1 197
X, HEH=HIHRITR 1 TR 3D,

&0

,L AkTERN 1, 2, 3

it 1 @ )
5 o
AR’

B HREHEENTE 1

HEoRERE 3 FlxakmiR 2, 3
BE o
e

HERERE 2

HREREENTTE 1, 3
HFEETEN 2

K 13-6 2HAIBIRRHA

WEEE 13-6 BB, EORRIEEHBRZSFAR M O(n™) WhE O(n!) o
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2. 1Xfgscm

RIERE L EFEREZ)E, BT DIEMERAIE R “EEE” T N TR, AT RIRSCIIAE
RIS RE, TR ENRITAE backtrack() BELH:

// === File: permutations_i.java ===

/* EIEE: 2K 1 +/
void backtrack(List<Integer> state, int[] cholces, boolean[] selected, List<List<Integer>> res) {
/] BREKEFTAEHEN, BRE
if (state.size() == choices.length) {
res.add(new ArrayList<Integer>(state));
return;
}
/] BRFREERE
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] B AATEEEETR
if (!selected[i]) {
/] =i R, ERRES
selected[i1] = true;
state.add(choice);
/] HITI R
backtrack(state, choices, selected, res);
/] EIR: HEEEE, MEDZHEIKE
selected[i] = false;

state.remove(state.size() - 1);

[* 285 1 */
List<List<Integer>> permutationsI(int[] nums) {
List<List<Integer>> res = new ArraylList<List<Integer>>();
backtrack(new ArraylList<Integer>(), nums, new boolean[nums.length], res);

return res;

13.2.2 EEBRFTENER

Question

AN DREEE, BArbReR S EETR, IRMFTA REERHS,

B ASALN [1,1,2] . AT HEXHWAEETE 1, BIMEE - 1ian 1,
M 13-7 FoR, BRI RIS R s .
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F—IIERE

_—

B E RN EE S

K 13-7 EEHA

M2 RBREERIHFIE? RERMH, FEME—NE/mE, BERNHFIZEFETRE, RMIXFEMAT
U, BOWESREEHFIER I R BE, MSGERTRNIFIIEE, IR DO — PR RIRRCR

1. BETHEEH

WLKIE 13-8 , fE55—FerR, B 1 SR LRSI, 1EM Nk RN AT EESE 1. Fit
R % 1 Sk,

FIE, {5 —HVE% 2 25, B LA 1 thar R EE S, Rt RoE s s 1 39k,
MWAF LB, BIGER IR %, B2 A0 7T 2 DR X,

choices = state = ;]

SE—IERE

BRI

BRGERE

13-8 EEHFIEIR
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2. K%M

16 bR RIS, |, TRO1B B 1S — R TR — MR duplicated , FIFICRZIH B4R
TR, I E R

// === File: permutations_1ii.java ===

[* EREE: £H5I 11 */
void backtrack(List<Integer> state, int[] choices, boolean[] selected, List<List<Integer>> res) {
/] BREKEFFTEHNEN, iERE
if (state.size() == choices.length) {
res.add(new ArraylList<Integer>(state));
return;
}
/] BAFAERER
Set<Integer> duplicated = new HashSet<Integer>();
for (int 1 = 0; 1 < choices.length; i++) {
int choice = choices[1];
/] Btk FRTEERETR B TATESERFEHESETER
if (!selected[1] && !duplicated.contains(choice)) {
/] =it MHRE, BERRE
duplicated.add(choice); // IBRERINTEE
selected[i] = true;
state.add(choice);
/] #HITF R
backtrack(state, choices, selected, res);
/] EIR: HEEEE, MERZAIRKE
selected[i] = false;

state.remove(state.size() - 1);

/* 2HF 11 %/
List<List<Integer>> permutationsII(int[] nums) {
List<List<Integer>> res = new ArraylList<List<Integer>>();
backtrack(new ArraylList<Integer>(), nums, new boolean[nums.length], res);

return res;

BRIZTCEMM Z B EAMEE, W n DICRIEA n! FHF (38 ; EICREGRN, FTEIHIKEN n 1951
K, A O(n) WE, FEERBERERN O(nin) .

BRIBITREA n, FH O(n) KRz, selected M O(n) 2, F—NZI&EZIEE n 4> duplicated,
i O(n?) ZH, FEARERER O(n?) .
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3. WFEIRHLL

WHEE, B selected Fl duplicated #FF T BIA:, EHFE R HARAIE,

- EAEEIE: BNMEREEFHEA— selected , BiICFEMEMYAPRESFREMLE TTE, HIEHZ
BER N TCERTE state HEE I,

- MHFCEE: BREEFE (E AR backtrack B #ELE— duplicated . BiCRIEEALR
W (for fEIR) FRfLenR Ok, HIERARMRIFAES TR APEFE—IR,

B 13-9 JeoR 7N BIRR PFR ARG, TR, MR RURER R, MR BT SRS
AN A R — N HES

o S
g_q\\ 2
BEEA— <
StHHITR [1, 1, 21 [1, 2, 1] [2, 1, 1] HEEF= §

13-9 MBI R RTER

13.3 FEMin)E

13.3.1 TEETEZNER

Question

G — DN IEEREEA nums F1— D EARIEEEE target , IEHRHFTARTREMA S, HEHEHRITTEMN
ET target . BHEHHTEE TR, BNITRTUBIENZ R, EDAIREREIXLEHS, FIRS
ANEEESHE,

fan, #ASEE {3,4,5}) MIEAREEE9, N {3,3,3},{4,5} . WEEEUTMAL

BN B AT A AT AR S L,
C FERARKTERNE, Al {4,5) A1 {5, 4} BT,
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1. ST LHTIRE

KELT2HFIRR, BT A F SR A4 RO R R — R R, HEEPI AP SN TR
7, HITEMET target N, SR TFRICRELERYIK,

M5 EHAIMEAREE, ASSEE PR e n] DIERRUGER, KIHTAER selected fi/REIFKILRIT
RN OPOER, FATR DO EHFIIERH T/ NMEEK, W12 A2

// === File: subset_sum_i_naive.java ===

/* EIEE: F&EM 1 */
void backtrack(List<Integer> state, int target, int total, int[] choices, List<List<Integer>> res) {
/] FEMET target B, iCRfE
if (total == target) {
res.add(new ArraylList<>(state));

return;

}

/] BRFREEE

for (int 1 = 0; 1 < choices.length; i++) {
/] R BEFEMEE target , MIBkTZIERF
if (total + choices[1] > target) {

continue;

}
/] =i R, EHTEN total
state.add(choices[1i]);
/] #HITT R
backtrack(state, target, total + choices[i], choilces, res);
/] EIR: HEEEE, MERZHKRE
state.remove(state.size() - 1);

}

[* RBFEM 1 (BEEEFE) */

List<List<Integer>> subsetSumINaive(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // A& (F£)
int total = 0; // F&M
List<List<Integer>> res = new ArraylList<>(); // &RFIER (FEFIR)
backtrack(state, target, total, nums, res);

return res;

AR A B (3,4, 5] MIEFRTR 9, MlgsR N [3,3,3],[4,5], [5,4] « HRREIHEH T HARAY
9 ¥, HHEPFIEREIN 7 4,5 M1 [5,4] .

KRR NR IR X IS T Y, SR AR sy, W& 13-10 AR, Joik 4 J5ik 5 55tk 5
JEiigE 4 AR, AHXRIR 5o
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choices = FoEM
target =
L8015
JTEM >9
B o

B

K 13-10 FHEERSEAIE

NTERREETE, —MERABEENEIRIIFET R, HIXDITIRBCRRAK, AW R A,

- HBAHTERRZ, THREY target BN, #REBRZERRNESE 75£,
- TR D) RFEAFFEREN, TETHIFRE, BIERSAEP R ITRIRR,

2. EETFEY

BATH B RS R E BB T R, MRIE 13-11, BEE FREEUARIF ST RN AR,
BN LA~ E oL

1. Y —RRME RO RNER 3 AN, KERCEXMNTRNETE, 0 (3,4, ... ],
2. ZJa, HHERIER AN, WEETRMIEN 3, RONZIEREN TS 4,3, . ] F15 1. SPER
Mr&ExEeEs,

FEHEREET, F—RANEEERMNERIE RN, KIS § 7 S8 AR,

1. BOPNEIERE 35, AURTE (3,5, ... ]

2. WIPHCIERE AT 5, ARTHE [4,5,...]

3. EHREE S, WE SNEPNE 3R A, ENTES,3, .M [5,4,...] 5% 1. HHE 2. Hof
R THRe 2T,
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choices =

Bk Bl 3
MEBEEFE

B Bod 3,4
BREETE

F&=  [3,3,.] [3,4,.] [3,5,.] 3 [4,4,.] [4,5,.] 3 4 [5,5,.]

EEFE EEFH EETE

B 13-11 ARDEREF S B EE 74

BERE, BEMANSAL 1, 2g, ... x,], BIRRERPODERTIN (v, 2, ... 2; ], WIEEERS
REIE 1 < 1g < -0 < iy, , NRREFINERFIHRZENER, M243E,

3. %M

WEBNZITRE, BN AL AR start , FITHSRBHEAS. SHIHER 2, )5, e T MR i I
i, SRR DAL IIIE i) < iy < - < d,,, MTHEETHRE—,

BRIt Ah, BABEXRREST T LA I,

ETF R HE 2R, S nums HEF, TEIRIFTE LR, Y EHE target BTEESRIGIA, RH
e EE LA, HTEM—aBid target .
BEILEMAR total , JHILLE target EHITIRIERGLHITEAM, Y target FT 0 BHES#E,

// === File: subset_sum_i.java ===

/* EIEE: FEM 1 */
voild backtrack(List<Integer> state, int target, int[] choices, int start, List<List<Integer>> res) {
/] FEMETF target BY, iERfR
if (target == 0) {
res.add(new ArrayList<>(state));
return;
}
/] BRFRE%EE
/] BtRZ: M start FEEH, BEREEREEFE
for (int 1 = start; 1 < choices.length; i++) {
/] B—: EFEMBY target , MEIZELEREIF
/] FRERANBACHRF, EOTEEKR, FEM—EBT target
if (target - choices[i] < 0) {
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break;
}
/] =ik HEE, B target, start
state.add(choices[1]);
/] #HITF R
backtrack(state, target - choices[i], choices, 1, res);
/] EIR: HEERE, MERZARKRE

state.remove(state.size() - 1);

[* REBFERM 1 */

List<List<Integer>> subsetSumI(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // K& (F£&H)
Arrays.sort(nums); // ¥ nums #H1THIE
int start = 0; // BHRES
List<List<Integer>> res = new Arraylist<>(); // &RIIER (FEIIR)
backtrack(state, target, nums, start, res);

return res;

F 13-12 ROV R [3, 4, 5] FIEBRTER O HA DA A P R L A2,

M target
choices = a FROatoRE
target =
BiikE
fo
EREE
BE— =
TEAFE 3 BRER FC
#8id target EETE

13-12 550 1 B2
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13.3.2 ZEESETZNBR

Question

L5 — N IEEEECEUEH nums FI— ) HARIEEEEN target , IHHKHATAATREIAH S, HISHEHIITTEM
T target . HEMAINRERTHEEILER, BN ENPIER R, 1ELIIREREXLEH S,
FIRAPAN U ZEEHE,

FILET A, ARSI AR S AL EE, XS TR, i, el (4, 4, 5] fIEhi &
0, MBI RS [4,5], [4,5], HITEEFE,

ERIX M E S R RS TR P B KRR, £ 13-13 F, HeHA =R, HAmNEy
, RFAEMPNEERNERS X, NmfhES 5%, FHE, SR 4 B EEE 74,

13-13 MHFTRSHER 7H

1. HFERTERY
MG, BATIHR RS TR — b UREORRE — IR, KT S TR EHF

9, RIAHFICREGRAAMAT, XEWE ERAESF, YRR SHANTRMS, W e Eafik
B, FittEEPNE Y ATTR,

SRR, AERE AN TR N REBIERE K, FiafzE, BAIha] DIAAZ R start RIHEIZLH: 4
[t v, J5, B PRSI+ LT GA)EET, XHBRERRRER 74, At iES TR,

2. REEEm

// === File: subset_sum_ii.java ===

/* BIEE: FEM 11 */
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void backtrack(List<Integer> state, int target, int[] choices, int start, List<List<Integer>> res) {
/] FEMET target BY, IBFfE
if (target == 0) {
res.add(new ArraylList<>(state));
return;
}
/] EAFAER
/] B M start FiaiEHh, B#REREEFE
/] BIR=: M start Fa&H, BRESREFER—TTER
for (int 1 = start; i1 < choices.length; i++) {
/] BtE—: EFENBE target , NEZELERRFEIF
/] FERAAECHRE, EOTEREXR, FEMN—EBT target
if (target - choilces[i] < 0) {

break;
}
/] BN NRZTERSEOTERS, HHEZERIZES, BEkT
if (1 > start && choices[1] == choices[i - 1]) {
continue;
}

/] Ei6l: MHEE, FH target, start
state.add(choices[1]);

/] #HITF R

backtrack(state, target - choices[i], choices, 1 + 1, res);
/] EIR: #EEEE, MERZHKRE

state.remove(state.size() - 1);

[* KREEFEM 11 */

List<List<Integer>> subsetSumII(int[] nums, int target) {
List<Integer> state = new ArraylList<>(); // K& (F&)
Arrays.sort(nums); // X nums #H{THIE
int start = 0; // BHELHESR
List<List<Integer>> res = new ArraylList<>(); // &RIIR (FEIIR)
backtrack(state, target, nums, start, res);

return res;

B 13-14 &R T8 (4,4, 5] FIEFICR 9 WIEINEAR, LS ruRisiBiie, IR R S SRS,
G, B MERERE, DURARBIEERER A TR,
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choices =
target = i

BERIEE Bk
EE— s S
- ERREEE R & ¥ H
-1
& BB
%ﬁb [4,5] EETE
HE=
TAWES
E— : -
FEMTEE ARAATR
B target

K 13-14 FEF0 11 [ fE

13.4 n 203

Question
B EFR RN, 2ER UK EHES AL —1T. —Fls— &R LT, 47%E n MERI—1
n x n ARNEE FEERTE 25 2 BJCZEHE R TR T 3.

i 13-15 R, Y n = 4 W, HA UM MR, WEIETERAESR, n x n A/NOBEE n? M
T, B TITERIESE cholces » TERNMREEERIIREH, HERSEARWHZ, SPOZIREETZ
IRAS state

| ) |

L3
€

€
L

| |

& 13-15 4 25in@nfE

B 13-16 fon 7 AR =ANHRGEM: 2 RIRARAER 1T, F—5, F—Ffk b ERERNE, Xt
FAEI R TR LR\ RO A1 £k | FiRh
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AR —RHRBLE
7

BREREREARET

x| x| X

FEAERI—4T — X |-

-
VA

X
X

x| x| x

X X

FRER—F  FREFA—THBEL

& 13-16 n 2JERIBAILIHRFEF

1. FTHRERER

SEHEEMEERNTEE Y n, RRBRMNESES—MES: BRI AR RwilE 455,
WYL, BATRTDERBOZITIE RS : WNB 1T, ARTRE - T2E, BEERE T4,

B 13-17 ARl 4 2R REEZATIREERE, ZEERE], & 13-17 UIT 78 TR HB—MERD X,
H ERF AT LIRS F IR 77 SERHEAT T 398

] I8 W W
BESE 117
(&18) (&18) (&18)
W | W] W [T ]
BES 2 & (W] W]
[ W W W[ w ¥
; W i W W
WEE 3§ = = |
v W _[n] W
W W [ W[ [ ] [ ™ ¥
4= W W ]
] B

13-17 BITIHE RN

MARREE, BITBCERBGES] ¢3RN, ciih 7R —THIZ N RIENATE R
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2. S5 ALEEHE

N TWRINAHR, AT AR —MKER n B/REEAH cols IERB Y2 EA ER. EEBRIVERE
B, FAET cols KA EERIFIRTEIR, FFAERIMIFEESERT cols FRE,

A2, GOAATAR N AR AR RIE? AL FP MR FHITTHIR T N (row, col) , W FERE RS B0 LK,
BATEIIZ ALk LA TFRATRSIBSIR S [#ESE, BN ALk LA 71 row — col MfHE .
kW, WREMETIRE row, — coly = rowy — coly , MEMT—EMER—ZFEXN AL E, FIAX
i, BATTDMEBNIE 13-18 FRIIEA diagst ICRELFEN ML LREE 25,

[FE, ML LA R row + col RIEEME, FATR AT DMEBIEEH diags2 SRALFRION fi£k2Y
W

BRIMBLE
B2ERER

['n-n-]

cols
ERIIEBEER

13-18 ACFRAILTHMINT FAALRLTR

3. #BE;m

HER, n 4P row — col WFEER [—n+ 1,n— 1], row + col M7EEIZ [0,2n — 2], FiLAFX
FERFIS FEMIEEE N 2n — 1, B diags1 1 diags2 MIKEH N 2n — 1,

// === File: n_queens.java ===

/* BEIMEE: n Bl */
voild backtrack(int row, int n, List<List<String>> state, List<List<List<String>>> res,
boolean[] cols, boolean[] diagsl, boolean[] diags2) {
/] SWETFREITH, iER#
if (row == n) {
List<List<String>> copyState = new ArraylList<>();
for (List<String> sRow : state) {
copyState.add(new ArrayList<>(sRow));
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}
res.add(copyState);

return;
}
/] BHFES
for (int col = 0; col < n; col++) {
/] TR T X N A E 3 F AR a2k
int diagl = row - col + n - 1;
int diag2 = row + col;
/] BERR: RRFZEFRRTES. ERNAZ. RNAKLEEER
if (!cols[col] && !diagsi[diagl] && !diags2[diag2]) {
/] B BEERETZEF
state.get(row).set(col, "Q");
cols[col] = diagsi[diagl] = diags2[diag2] = true;
/] MET—1T
backtrack(row + 1, n, state, res, cols, diagsl, diags2);
/] EhE: Bz FImE =T
state.get(row).set(col, "#");
cols[col] = diagsi[diagl] = diags2[diag2] = false;

[* REE n BF */
List<List<List<String>>> nQueens(int n) {
/] Wak nxn KNEUEE, Hep Q' KRER, '#' RRZEML
List<List<String>> state = new ArraylList<>();
for (int 1 = 0; 1 < n; 1++) {
List<String> row = new ArraylList<>();
for (int j = 0; j < n; j++) {
row.add("#");
}
state.add(row);
}
boolean[] cols = new boolean[n]; // IERIIETEER
boolean[] diagsl = new boolean[2 * n - 1]; // BREINAZXLETEER
boolean[] diags2 = new boolean[2 * n - 1]; // BRANAZLETEER
List<List<List<String>>> res = new ArraylList<>();

backtrack(0, n, state, res, cols, diagsl, diags2);

return res;

BATIE n R, FIESNAR, WNETERE—ATHIE n. n—1. ... 20 1DEE, A O(n!) N
o ISR, TEEHIAERE state HIRIE res , EHHERIEFEM O(n?) WH, Fit, SBNREEIER
O(n!-n?), SEhs b, HRIEXALRLRNTH ARG KIEGH MER S H, RfiSRBeRERERT A LR RE
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TR,

A state ] O(n?) Z0A, %4 cols. diagsi fll diags2 B O(n) ZAl, BABIVRE R n, HH
O(n) teiizsil, Wik, “HERERN O(n?),

13.5 &

1. BRI

- [REEARBUR 528, I R A T IR LS eiE DR ST & S5 PF iR, eI, B
JRAPFRIMENICESR, B IREFTA R el 1 5E s 453,

- PSR RS RS S FNRM AN, Bl R R R Z AR MERE, HEHAHE
LIREEIFRITE O, IR E— P Rikse, IRMAEZATHIIRE, ksl hgss, 25 mREm
ANTT TR R AR AR

- [EREGE S 2 DR, TR TSI R, BYRAT DA ATAT SR AL AR RS, K
IETRTHERUR,

- [AIRTR T A A TR O R BRI 2SR 2 AL, A JUfe il s 2R T DU R RR R or, (BfEAE
TSR T = R AP IR TR

- IR S ERRAE RS TTRIATA FTRERHES, BAME — M RIER DT RE S 0L,
SIPE E LR — TR R D X, MR ITRAPOEE X,

- ARSI, EREAFFEREE TR, NWRASERSHBESHY, RNTELRHEFTRES
ferp A REMOERE—IR, IXEF EB)— M FOREEL,

- TEMAIER HbSRESE RGP ERENON EAMER TS T8, £REAXDITRNT, MEREES
WA REER, AR TR, BAHERWRTREIEETHR, HiRE M EERIERE K
wRRAA R, MRS KR R TR AR 7 S T8k,

- NTFEMAE, SHPEETRETAERSRS. BROAHEHCH IR ES, 1w HRrEAT
TLRETAHFSIBIARL, MIMHCRAHSE TR L BEBOEH —IK,

- n BERESEIER n NEERER n x n RSB ERTTE, KRG 25 MM RTCEBE
Tio HBIILTR A FAITAIR, FIZIHR, EXAEMIOT ALLIH, Nl RITLR, BATRRATK
BHRES, RIEEATRE 25,

- HILFHIS FALRETRAIAE BT SR X FANLTR, BAIHA—MERIER T ARG HEE, M
TRk RIRS TR E AT, NTRALRLR, ENEIHNDERDHNICFIZE, KSAL LR GFE
2F; MRETHAERIR—E B AL ATl TR I,

2. Q&A

Q: B EREIIHAIEIARIRR?
BHRE, FFR A “RIARNT, mEHERR - 1A

- [ETREE I TS, A, FEMIREHNN AR —, RIEHERRAE RN AL,
COBARSEABT CRE T REE, ER TG, [ s GalziEd) i

il
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Abstract
IINEIC TR, TLHE A K,
AR/ N B R IC SR BRI SR, — 5405 | R AT M g o A @R R 4R =2 o
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14.1 ##HRzHEHL

&M% (dynamic programming) 2 —MEZEMNEEEX, BR—IMES N —RYE/NNF -, I
I 7 T R R R B R, TR ME SR IR R,

EARTH, BIIN—ASHFIBATF, AR EMRNEWRE, WREhaSHESFRE, FEPS
TS BASHLRIfE

JerEEH
BE—DIE n BEORERE, FREEPRTDLE 1 el 2 B, 1ERA 2/ 075 58] DATEE RT3 ?

i 14-1 FoR, XF—A 3 Birkksd, HHF 3 #ioy Sa] DUEEIRET,

BEM® n= o 1 2 3 4 5 6

MTetsE 3 Miigssts 3 MAE:
0>1>223 , 05233 , 0>1->3

B 14-1 JEZIZE 3 Ay )y e

AT B AR K AT RACE, AT DA R E I IR o5 2 al R, BACRT, RIEMEB RS — 1%
IR ERERR: Wb, IR L 1 BEk 2 [, S ENAREER IR R 7y AR 1, A

THERIN ROR KT b, AN SR
// === File: climbing_stairs_backtrack.java ===

[* B */
void backtrack(List<Integer> choices, int state, int n, List<Integer> res) {
/] SEEIE n MBS, HEHEM 1
if (state == n)
res.set(0, res.get(0) + 1);
/] BAFA LR
for (Integer choice : choices) {
/] BERR: RARFEEE 0 B
if (state + choice > n)

continue;
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/] Bt MEiEE, BRRE
backtrack(choices, state + choice, n, res);

/] Eh&
}

[* Terkts: I */
int climbingStairsBacktrack(int n) {
List<Integer> choices = Arrays.asList(1, 2); // ELEFRM@ELME 1 L 2 B
int state = 0; // MZE 0 BAFFEENE
List<Integer> res = new ArraylList<>();
res.add(0); // 1£F res[0] IERHERH=
backtrack(choices, state, n, res);

return res.get(0);

14.1.1 Fix—: BHEE
[ 0 3 R ST R AL TR AR, TR R IR N B (E— RN P8, @R IR s0ey, &
15 AT RENIAE

BATTRT LAZAR M AR5 AR A R FE T IXJE R, R TCEISE ¢ B dpld] #7 %R, B4 dpli] si2RmE, H
TR LR

dpli — 1],dpli — 2], ..., dp|2], dp[1]

BT HAE R 1 ek 2 B, RIS IRATUGAESS @« Braeis B, b—4e I nIREutEss ¢ — 1 ekss ¢ — 2
ko BANED, FATHREMGE ¢ — 1 BT ¢ — 2 Famss ¢ i

HE RS — D EEAEIS: TERIH « — 1 Briy BB _LMCEISE ¢ — 2 Birf 7y REOGRSE TSI ¢ By
FE ~FAUE:

dpli] = dp[i — 1] + dp[i — 2]

XERE AR, D F R RIFFERIER R, R PSRMERT PLh ¥ USRIk, 18 14-2
JER T ZEBER R
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dp[5] =dp[3] +dp[4] =8

dpl4l=5 /-

dp[3]=3 .

B n = 1 2 3 4 5 6
AR dpln] = 1 2 3 5 8 13
NI N

K 14-2 J7REBEBH KR

Tl T DR A A B EI RGBT, D dp[n] JEIAS, SV — AR SRR A N
A, EEEARN TR dp(1] A1 dp[2] WHEE, b, BN TREIRE S, B dp[l]) = 1.
dpl2] = 2, FRMEEIE 1. 2W5 5 1. 2 FoTE,

MZELARARES, ERIRIEEA RS EE TR R, (HEMEE:
// === File: climbing_stairs_dfs.java ===

[* R */
int dfs(int 1) {
// B dp[1] A dp[2] , REIZ
if (1==1|] 1==2)
return i;
/] dp[i] = dp[i-1] + dp[i-2]
int count = dfs(i - 1) + dfs(i - 2);
return count;

}

[* TerEsg: &R */
int climbingStairsDFS(int n) {
return dfs(n);

}

Bl 14-3 JRrR 7 2SRV, N TR dp[n], HIBEMEEREN n, NRESREN O2"). 1§
e TR K, RBNMA—DHERE n, WEEABRKIEFRZH,
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dp[9]

dp[é] dp[7]

dp[7] dpl6] dp[6] dp[5]

dp[6] dp[5] dp[5] dp[4] dp[5] dp[4] dpl4] dp[3]

RREMMBINFEABESFiAA
SHEEERERESN 02")

14-3  TEREAS X WL Y8

W 14-3, $EEORIOIN IS 2R “HA TG 800, G140 dp[9] BHM#N dp[8] #1 dp[7], dp[8]
oM dp[7] A dpl6], PIEHEE B dp|7] .

DACZRAE, FRIEFA S/ NIES TR, FFIMMEs R B, B0 HH RS IR EIX B 1
Al L

14.1.2 AE=: idiZigs

N T RIFEERCR, Bl BA RS SRR R, Ovitt, BAOTA B — ML mem KICREA
TR, FERRERE R EE T MR,

1. S ERHE dpli] W, BAVFEIERE nen[1], A2 S,
0. MEREEIE dpli] I, TRTEATEHMN nem[1] SIREE R, TR A LB 1% T I,

RN SR
// === File: climbing_stairs_dfs_mem.java ===

[* BIZHEER */
int dfs(int 1, int[] mem) {
// B50 dp[1] #0 dp[2] , REZ
if (1==1|] 1==2)
return i;
/] EFEER dp[i] , MEEREBZ
if (mem[i1] != -1)
return mem[i];
/] dp[i] = dp[i-1] + dp[i-2]
int count = dfs(i - 1, mem) + dfs(i1 - 2, mem);
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// iER dp[i]
mem[i1] = count;
return count;

}

[* Tertts: 1212z */

int climbingStairsDFSMem(int n) {
/] mem[i] 1IBRMEEE 1 MWAREE, -1 ARELRER
int[] mem = new int[n + 1];
Arrays.fill(mem, -1);

return dfs(n, mem);

WIERIE 14-4 , il ebilG, A RS ERREHE X, NREXMEREE O(n), XE2—1E
KHT KEK,

i
) RENIR,
- iR

/\ SRR RS AR EEZREN 0(n)

FERFFEEEFRERFHRITE—R

8
Qo
v

14-4 L2 ERX RO IR

14.1.3 FE=: &R

e Z R M IR 5% FRAOMNRRB RTS8 JFeE, B K R o g s/ -
IS, ERMOHME/NFRE (M5, 25, R 2 F RIS, 5 R S .,
52k, shAMRE R “MERED” W5 N/ FRBRETE, EROEEE K FrEimmg, &J
2152 5 A 33 A i

HTAMIAREES TR, Rt R FEEREMERSEH, AR, ELUMREH, FTEh—
MNEUEH dp SRIZERE T RIRYMR, TR T 510/ R A EEH mem AHEIRYICRAER |
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// === File: climbing_stairs_dp.java ===

[* NMetkts: hSHXI */
int climbingStairsDP(int n) {
if (n==1 ]| n==2)
return n;
/] Mak dp R, BFEHEFIREARE
int[] dp = new int[n + 1];
/] YEIRE: Fugs/ N FIalAREE
dp[1] = 1;
dp[2] = 2;
/] REFEE: NBUNFIRIBE S KEFR A F 6] 7R
for (int 1 = 3; 1 <= n; i++) {
dp[i] = dp[i - 1] + dp[i - 2];
}
return dp[n];

B 14-5 0L T DA BRI P TIE AR,

O o o oo ch oo ca Cu Co
oA

MiaRE:
dpl1] = 1, dpl[2] = 2

nREwsEE:
dp[n] = dp[n-1] + dp[n-2]

MAEREFF S, #TIREEE, FEBIRRSRAL

14-5 TEHERRRI SN SHINE R

SREE—RE, SRR RE” BRI AEORRERREERT B, B IR B — > A A

NN SR R AR, AN, TEREE AR AR E SO S AT FE RN EL @ o
WRIELA_EE, BATA] DU SS Hah S H AR,

- EEER dp B dp &, dpli] TR 1 KR TR,
- EUNTFIRBIR RIRA (55 1 BORIS 2 BrRshs) FROamiaimas,
- AR dpli] = dpli — 1] + dpli — 2] BRI RBEB AR,
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14.1.4 =jaEifiik

MORBEFEFTRER I T, WMTF dpli] Y5 dpli — 1] M dpli — 2] BK, BHEIRMTCHER —A 8 dp K17
BEFRE ¥ MBI, TR B REETERIRT, AR R ATR:

// === File: climbing_stairs_dp.java ===

[* Netkts: =EMAERINSIL */
int climbingStairsDPComp(int n) {
if (n==1 ]| n==2)
return n;
inta=1, b =2;

for (int 1 = 3; 1 <= n; 1++) {

int tmp = b;
b=a+b;
a = tmp;

}

return b;

WAL EARE, HTFEE TR dp SIS, I M O(n) B2 O(1) .

SIS, FATPRSEE T RTE AR MGG XK, XN BT IR DZEAPRE, wd “FEgE”
KATENEE M, XA RRLBII BN R R” o R,

14.2 chEFIR )51

FE b=, BANES) T 3SR A I 5 (AR RS AR R REAY, SKRm b, IR) R oo e — e
AUSRIRIRES, TEIA. ShASHL [ A E O],

- SMERRIBE VAR R U o 2 ME IR R AN, EE RN TR, FEAE R A A
i, BRI ENR A

- BIASHKIHERS AREBEATIE A 0 iR, HS5 AR EZXAR, AR5 AEUR A BRI, £
SRR S I 2 E BT A,

- SRR A BRI 2 AT A FTRERIRE, B BTEGE e AL AR 3, R AR — 5
FIRF BRI, B TAT DR RN IRFED IR AT TP B 1 — D 1 [l

Kk b, SEASHKIE AR RIULRE, e AMIESEETRE, EEE RN RILTEHH, T
JERIME

14.2.1 mKFEN

BATRS TERERE PR kN, (2 BEANE & R R 45,
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JerEs i/ MG

R —ERS, KPR DAE T e 2 B, SRR EE A — D ERERE, R IREIZE /M
PR BT AT, A — D IETUREEEA cost , H cost[i]| RoRIESE ¢ NMEMTER HIIRAMN,
cost[0] bl GEIAR) . HHHRERDFEN 2 MU A BERIATER?

I 14-6 Fow, #3810 20 3 BRI A0y 10 100 1, WM TEEIEE 3 B/ MUl 2.

....

B n = 0 1 2 3
Kt cost[n] = 0 1 10 1

TeLsE 3 MiEEmHEE 3 MA=E:
0515253 , 03253 , 05153
HAr 013 (NEHRD, BENA 2

K 14-6 TEZIZ 3 v/ MU

& dp[i] ANCRIEE @ B BT B RGT, BT o B aTRE 4 — 1 ek @ — 2 Bk, itk dpli] HATRES
T dpli — 1] + cost[i]| B dp[i — 2] + cost[i] o J3 T RATRERMMY, TATRIZEREME U NIAR— 1

dpli] = min(dp[i — 1], dp[i — 2]) + cost]i]

IXAER] PAS | B L FE5 A2 S Dt )R g DL At A ol s ) e DR A A A5 SR )

R ERBARM L BN T RIERMR dplt — 1] #1 dpli — 2] HEGEHBEMLIAR—A, HH
AR R dpli] FRIE,

Mo, E—THEHBEEHAEA R TERE? B BERERETZEE, E2— M, EaR
Rk “RBRARTFEE", BATEIMULI, B8 EIBETE RS0, (HiRiL a5z tik
T BEnMBERAZBESFTEN— 1S n — 2MERTEEEZM, LA, SILTFEENRES
AR RTE, TEARFEFRSEARRNE .

HUBRASERS ITHE, DU dp[1] = cost[1] Fl dp[2] = cost[2], Tl atAT DUEEIZN AR
// === File: min_cost_climbing_stairs_dp.java ===

[* e/ MM shSMEkI */

int minCostClimbingStairsDP(int[] cost) {
int n = cost.length - 1;
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if (n==1 || n==2)
return cost[n];
/] B dp KR, BFEHETFRBE
int[] dp = new int[n + 1];
/] FIERES: Fugm/)\Fin AR
dp[1] = cost[1];
dp[2] = cost[2];
/] REHEE: NBUNFIRIBUE S KRR A F 6] 7R
for (int 1 = 3; 1 <= n; 1++) {
dp[i] = Math.min(dp[i - 1], dp[i -
}
return dp[n];

B 14-7 &R 7 DA B BB AR,

2]) + cost[i];

cost[1] cost[3] cost[5] cost[7] cost[9]
mﬁ?“~——~”<; m;?‘“———*”/:
cost[2] cost[4] cost[6] cost[8]
aiRE:

dp[1] = cost[1] , dpl[2] = cost[2]

RERBHE:

dp[i] = min(dp[i-1], dp[i-2]1) + cost[i]

14-7  TErER R/ MU RN SR 2

REAT SR, AR, RS RN O(n) K% O(1) :

// === File: min_cost_climbing_stairs_dp.java ===

[* Tetkam/ M MR ERIEISIXI */
int minCostClimbingStairsDPComp(int[] cost) {
int n = cost.length - 1;
if (n==1 || n==2)
return cost[n];
int a = cost[1], b = cost[2];
for (int 1 = 3; 1 <= n; 1++) {
int tmp = b;
b = Math.min(a, tmp) + cost[i];
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a = tmp;

}

return b;

14.2.2 TR
TSGR R AR RS 6 WU R S S B > —, HE CH: B A EIRE, BRREREN
EY5REAE R, mSdELnrmaiREsTR,
DUTCRERER AR, B[RS, BEERBHRES I+ 1HRES T+ 2, 25068k 1 25FBk 2 &, fEfH
IXPFRRNEIR, BROTEFHEIRE ¢ ZRTHPIRAS, TR ¢ AR 0,
SR, AR FRAT A TERERE I BRI — NI, TSR AR —RE T

WL TerE R

BE— A n RS, REPEIELE 1 ek 2 [, HARRESMEERE 1 B, ERE 2/ DRgER

A DATEERE T2

GniE 14-8 Fiow, TE_L38 3 {8 2 Rl 477558, HAES =0k 1 Fi077 AR LR AN, RIS,

BT RREESFRE 1 M,
FELtAE 051523 HEF I

BEM¥® n = 0 1 2 3 4 5 6

et 3 MiEmHas 2 MR
05253 , 05153

& 14-8 HLIRERNS 3 BT =R

TEIEIR, A LR 1 B Lokh, ARA Rk 2 B, XK, TS RAEH iR
& CHRMPTERBINE) BOrYsE, RN —MRE (L—SeRiErRBmED HX%,

RRELBL, IR T R, RASEAS TR dpli] = dpli — 1) + dpli — 2] B53%T, FH
dpli — 1] REAREHE 1 b, (HEPESTES “ 1R 1M BRI 7%, 8 TIRELR, RITGA
HE3% dpli — 1) EHEA dpli] 7,

Wi, BT RRAE X KA [i, j] Fora e « IEE LBk T B, Mg e {1,2). MRS
T SUEROX S T LBk T 1 BIER 2 By, Bl ToT DA I 4 A A S M TR,
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5L RBKT 1N, b AR 2 I, B dpli, 1] FUREM dpli — 1, 2] K,
5B T 2B, b SR ATERERE 1 BhakBk 2 B, B dpli, 2] ATAM dpli—2, 1] 5k dpli— 2, 2]
K,

WIFE 14-9 R, TEWGESCF, dpli, j] Fodkas [i, ] M7 E80 AHRAEERS TR N

dpli, 1] = dpli — 1, 2]
dpli, 2] = dpli — 2,1] + dp[i — 2, 2]

THEESFICRE 1 B
FEltiZTm S E

dp[i-1,1] ]

dp[i,1] dp[i,2]

dp[i-1,2]

dpli-2,1]

Bl 14-9 EELAHR NHIBHERR
22, 3&E dpln, 1] + dpln, 2) BIAT, Fi#2FREIESIE n 77 REE:
// === File: climbing_stairs_constraint_dp.java ===

[* THLRICHAS: ThSFIXI */
int climbingStairsConstraintDP(int n) {
if (n==11]] n==2) {
return 1;
}
/] Mak dp R, ATEHETFRAE
int[][] dp = new int[n + 1][3];
/] FIERES: FUgs/\Fir IR
dp[1][1] =
dp[1][2]
dp[2][1]
dp[2][2] = 1;
/] REHEE: NBUNFIRIBUE D KRR A F 6] 7R
for (int 1 = 3; 1 <= n; 1++) {
dp[i][1] = dp[i - 1][2];
dp[i][2] = dp[i - 2][1] + dp[i - 2][2];
}
return dp[n][1] + dp[n][2];

>

1
©3
0

3
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£ EERIZREBIF, TR ZE BT — MR, BIEBAMART DO Y KA E X, 1 a7 o i 12
TRt AR, FEERBAAIEETERN AR,

JEREAE S5 Reihs A hk

BN A n BrEokEes, REDAIBLE 1 Brek#E 2 B, B SEEIE @ By, REEANITEH 20
Fir Ligc LRERSY), ZJaPiASeERASSEVFRkEISE 24 B b BN, wiPRECAIBREI T 20 3Bk, Wz
JERRANREBEEIZS 4. 6 B Lo G WRIA 2/ DR 50T DAUTRRIRETH?

FEIXANFIE A, T RBRER OIS BT RIRE, ROV —IRBRERE S AE E mpBTes LI ERERS, FHRmAK
AUBkER, X TIXZEAIE,  SASHUIEEAE DAL,

Kb b, WEERMHASIRE (BIANRITRIAED AR TER . M TIXERE, BANER SR
FEAMTTI%, BlanEA IR, BERR, safe¥ I, MmAEA IR R 1S 2] AR R iR (LR

14.3 mhaSHR AR B

EWRTIAE TSP B AL, 52 TREATT RGP NS A AR,

L. GAfar by — A e R AN 2 B A AL ] 2
2. RIESASMXIEZMATAEAT, EBD TR A?

14.3.1 [RIRAHIER

BEPRS, RN MEESES T WE, RITE, eI, R giEEIE S SRR,
SRIM,  FRATRME A TR HEA A B SR B X e, (R FRAT T TR 26, SR )i 759 & (A )
W (%) ROk
TS P 1S R T B T e “DRSRREBRL” | X Rh ] R AT DARE PR TR S5 oR Rl  Hrh & — N AR
—MRK, BFRBERR - DREFI,
HAgTEYL, AR AN PR RS, B REE — RPN LR, AR BRI R, @
AT DAGE A (1R AR
FEMEA B, ShZSHRENE A — 22 NI,

- MEEERK (N 8 () Fuiifbmit,

- IERIRSRER R — D AIRR, YRR SRR, I H— MRS S HABRINSF B R R,
MR, AFfE—L “RRoTI,

- IR EARZ R AT E Al RERIARR TR, TR R LR,

- AT H A EIHPH S RIRHE, &ZREIEARRZ DTS5,

QIR — IR R R RS, FEEAARONIIER “au”, AR RIRE R — D EhSMKIRE, FF7E
KSR RIEE,
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14.3.2 [AEEKRFTS R
BNASHL A fige i A 2 R TR M BRANME R T A R, (EIE S EE DA N AR AR, & SORTS, #ar
dp &, HESFREERRE, WMEbRENE,
N T BB R RSB, BAMEH— MR “ e/ NgER™ SR,
Question
HE—Dn X m B 4EMHE grid, MR DNRITREE —MEEBE, RRZEITEIRN,

Plas NAZE Ef Boeieoniin e, SIRARER FEERERsI—8, HEEENEG MK, 1ERE
MEE_EAEIG TS A iR N AR

B 14-10 Jos 17—, 4078 AR HY B/ NIRRT 13 6

s

1 3 1 3 3 1 5
2 2 4 2 4 2
5 3 2 1 5

4 3 5 2 4 3 5

BNEERIA 13
WMREFEN 19252322312

B 14-10 f/NETERUR ISR

B0 BERRIYSE, @SOS, WmifFEl dp %

ARG — S A A BTAG T I R ok 25, MM RTS TIATRIE A [, 5], WIFT ks
i, BEIEN i+ 1, 5] 8 [i, 5+ 1] Eil, RANESTRIMFIREIFHALE, &N (i, ).

ARAS [i, 5] RIS TR MERAA [0, 0] 21 [i, 5] O MNEEERT, B8 dpli, 7] .
b, FATHEE TR 14-11 BRI 4 dp 560, HRF 5% grid HF.
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j o+l
1 3 1 5 dp[e,e] dple,1] dpl[e,2] dple,3]
i 2 2 4 2 dp[1,0] dp[1,1] dp[1,2]  dpl1,3]
—
i+l 5 31 2 1 dpl2,0] dp[2,1] dp[2,2] dpl2,3]
4 3 5 2 dp[3,0] dpl[3,1] dp[3,2] dp[3,3]
grid dp &
SRARE: mAXRETE—R Fim@: WELAE [1, ] KSR
REEX: T7FS| [1, j] dp ®: R<5 grid #ARAER

Kl 14-11 REEXS dp %

Note

BNASHURIFN B AR AT ARE IR 3 — DN RSRPA, MRS H A JURE B, © N Y & IR R R
ERTEEE, HESTEBNGELR, REBARESE T MRS

BRSNS L —DF R, FAISE N dp ZREZMEIE TR, RS MR &
& dp RIN—DNEE, NARTEE, dp RRIRSHF AR EZ B BT,

B RHERIE A, S IR R

FFARE [i, 5], CHEEMN BT [i — 1, j] IR T (i, — 1] Bk, FERIETa4E%: 5k
(i, 7] I NSRRI (3, § — 1] BEBVINER RIS [i — 1, 5] B9 NSRRI e N — A B,

MRIELA L4, FIHEHE 14-12 FosrRSE S TR

dpli, j] = min(dpli — 1, 7], dpli, 7 — 1]) + grid[i, j]

1 3 1 5 dple,0] dple,1] dplo,2] | dplo,3]
2 2 AI 2 dpl1,0] dpl1,1] dpl[1,2] dp[1,3]
5 3 2 1 dpl2,0] dpl2,1] dp[2,2] dp[2,3]
— o—
4 3 5 2 dp[3,0] dp[3,1] dp[3,2] dp[3,3]
grid dp &
KEwBHE:

dpl[i, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]
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B 14-12 RAL T S5 IREEAL T2

Note

FRYEE A dp 22, B RSB SC R, HHE I )RR B 0 Re RA & i (7] @ ) B (LA
7%, BRI FEi,

—HIRAHRE TR TG, o] AR E R EHIRSER 1R,

B WIS

FEAR, SAEEATHPIRS R BEMNE A TDRTIRSER, AR E IR R REMEL EIBROIRASSK, HILETT
i = 0 FES j = 0 2R 5 M,

N 14-13 R, T ME TR EHEES T LTS TRk, BB IE IR R, SME
WEAAT, WIEREH S,

dpl@,e] dpl[e,1] dp[0,2] dple,3] dp[e,0] dp[e,1] dple,2] dpl[e,3]

dpl1,0] dpl[1,1] dpl[21,2] dpl1,3] dp[1,0] dp[1,1] dpl[1,2] dp[1,3]
S S S

R R R

dp[2,0] dp[2,1] dpl[2,2] dp[2,3] dpl[2,0] dpl[2,1] dpl[2,2]1 dp[2,3]
— — —

R R e

dp[3,e] dp[3,1] dp[3,2] dp[3,3] dp[3,0] dp[3,1] dp[3,21 dpl[3,3]
— —3 —
BRFG: MBLETEY REEBIRR: ERFEHIERE

14-13 JBAFHSIREHEBIY

Note

P EMAERNSHXIF T RIiE dp %, EEZEFH TR,

RESEB T B2 02 BARUEE T B Y B A ARRS, P AR H ) B /)N (R  ) fBR E 42 2 I
K,

IR LB, BAIELE A IERES Hal SIS, SRT0 ¥ (A1 o7 fif2 — NIRRT AR, (R4
“BIER — IR — BRI BN SEELE AR & B 4E ST

1. FiE—: BhigH

MRS [i, 7] FFIEHE3R, TSN MIIRES [0 — 1, 7] #1 4,5 — 1], FBIREEEE L FE,

- BIABEC RE 4, ] .

- JREUE: M [0, 0] 2[4, 5] M/ NIRRT dpli, 7]

- bR M0 =0 H j = 0/, J&ERA grid]0,0] o

COBE Y0 < OBl < O INRFIBE, HRHRERN 400, REAATT,
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SKIAELLA R :

// === File: min_path_sum.java

[* BRNEREM: BIHER +/

int minPathSumDFS(int[][] grid, int 1, int j) {
/] BERELABTNE, MWEEEER

if (1 ==028&& j==0) {
return grid[0][0];
}

/] BTHIRSIEFE, WERE +- £H

if (1<0|] J<0){

return Integer.MAX_VALUE;

}

/] TEMELERSE (-1, §) M (1, j-1) HRNEEAN

int up = minPathSumDFS(grid, i -

int left = minPathSumDFS(grid, i, j
[/ REIMNELEAE (1, j) BRNEBRFRELN
return Math.min(left, up) + grid[i][]j];

1, 3);
= )3

B 14-14 25 T DA dp[2, 1] 9RTT g3k, Ho & —LEE i, HEE SRS grid )R

AR SRE %

MAB LR, ERES T REAEED: S REEA PN LA BRI — Yoo,

dp[e,1]

dpl[1,0]

Bk |EIER

oo-x" \T?o ‘\,?o

dple,0]
dp[1,0]
dp[2,0]
dpl3,0]

dp &

dple,1]
dp[1,1]
dp[2,1]
dp[3,1]

dple,2]
dp[1,2]
dp[2,2]
dp[3,2]

dple,3]
dp[1,3]
dpl[2,3]
dpl3,3]

BEEFRERE:
dp[i+1, j] #0 dpl[i, j+1] #BH&H dpl[i, j]

14-14 FJEEIFR IR

BFMIRSEA A FRIAAAER, WEEAERGE TAERTEm +n — 28, FIURENRIEREN
O2™*™) o WEIER, MR ARBEIMEMIL ARG, DKWL 0 R SRR —fgsE, Hik

KRR R E R D5,
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2. B idlzigsk
BATFIA— IR grid HERSTHICIZHIR nem , FTIEFR&ANF IR, HKES TR TETR:
// === File: min_path_sum.java ===

[* BNEBEM: IBIZHEER */
int minPathSumDFSMem(int[][] grid, int[][] mem, int i, int j) {
/] BERELBRTE, WEIHER
if (1==028&& j==0) {
return grid[0][0];
}
/] BITHIZRSIHR, MWRE +- L6
if (L<0 ]l j<0){
return Integer.MAX_VALUE;
}
/] EERIER, NEERE
if (mem[i][]] !'= -1) {
return mem[1][j];
}
/] B AR TR RN ERMN
int up = minPathSumDFSMem(grid, mem, 1 - 1, j);
int left = minPathSumDFSMem(grid, mem, i, j - 1);
/] BFRIREILEAR (1, j) HRNBREAN
mem[1][j] = Math.min(left, up) + grid[i][]j];

return mem[i1][3];

N 14-15 Fow, fE5IAIRIZL)E, PG RGN FE I E—R, R RS R E B TR S, B
RS O(nm) o

dp[2,1]

B RE[AF

%
/’
dp[-lll]

K 14-15 Ici2 big 28 )amt
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3. BHiE=: whsik
FET RSB, RS SRR
// === File: min_path_sum.java ===

[* BRNERERAN: BHASHRI */
int minPathSumDP(int[][] grid) {
int n = grid.length, m = grid[0].length;
/] Wk dp &R
int[][] dp = new int[n][m];
dp[e][0] = grid[e][0];
/] WEE%: &7
for (int j = 1; j < m; j++) {
dp[0][j] = dp[6][]j - 1] + grid[6][]];
}
/] WEE%: 875
for (int 1 = 1; 1 < n; i++) {
dp[i][e] = dp[i - 1][@] + grid[i][0];
}
/] REHE%: HRITH5
for (int 1 = 1; 1 < n; i++) {

for (int j = 1; j < m; j++) {

dp[i1[]j] = Math.min(dp[i][] - 1], dp[i - 11[3]) + grid[i][]];

}
return dp[n - 1][m - 1];

& 14-16 JE/R T R/NERMEPIRS KB, Hiwl 7RAIME, FRmEZRER O(nm)

B dp KNV n xom, BRIBERERER O(nm) .

1 3 1 2 0 o 0 0
2 2 4 2 0 0 o o0
5 3 2 1 [} 0 o o
4 3 5 2 [} 0 o o
grid dp ®
MeatE dp &

Step 1

Step 2

1 5 i 4 5
4 2 3 0 0
2 1 8 o o
5 2 12 o o
grid dp ®

MEHETT dple, j1=dplo, j-1] +gridli, j]
W4T dpld, 01 = dpli-1, 0] + grid[i, j1
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s

3 1
2 4
3 2
3 5
grid

RERH

dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]

3 1
2 4
3 2
3 5
grid

K&

1 4 5 10

B} ""i o 0

8 o o 0

12 o o 0
dp ®

1 4 5 10

3 5 9 >11

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j]

3 1
2 4
3 2
3 3
grid

REETE

dpli, j1=min(dp[i-1, j1, dpli, j-11) + gridli, j1

3 1
2 4
3 2
3 5}
grid

RERH

dpli, j1=min(dp[i-1, j1, dpli, j-11) + grid[i, j]

5] 1
2 4
3 2
3 5
grid

KSR

8 o o 0
12 o o 0
dp &

1 4 5 10
3 5 9 11
8 8 «—>10 [
12 [ 1) 0
dp &

1 4 5 10
< 5 9 11
8 8 10 11
lZC—P;E o 0
dp ®
1 4 5 10
3 5} 9 ail
8 8 10 11

12 11 @ 15e>13

dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1

14-16

s

RN SRS AR

3 1
2 4
3 2
B] 5
grid

3 1
2 4
3 2
5] 5
grid

3 1
2 4
3| 2
3 5
grid

3 1
2 4
3 2
3 5]
grid

1 4 5 10
3 56>9 )
8 0 0 o
12 o o o
dp &
R
dpli, j1=min(dpli-1, j1, dpli, 5-11) + grid[i, j1
1 4 5 10
3 5 9 11
8 o>8 o o
12 0 o o
dp ®
ot g
dpli, j1=min(dpli-1, j1, dpli, j-11) + grid[i, j1
1 4 5 10
3 5] 9 11
8 8 10e>11
12 0 0 o
dp ®
KB
dpli, j1=min(dpli-1, j1, dpli, j-11) +grid[i, j]
1 4 5 10
9 3 9 11
8 8 0 11
12 11e->15 o
dp ®
KT
dpli, j1=min(dpli-1, j1, dp[i, j-11) + grid[i, j]
3 1 1 4 5 10
2 4 B] 5 9 11
B] 2 8 8 10 11
3 5 12 11 15 13
grid dp ®

BEREREMA 13
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4, ZEfik

RS RS H I BB 7R K, RIBATA] U — N B TEE RS dp 3%,
IR, FNEAH dp REERn—1THORE, FrUBANICERRTIG EYIRES, MR fEE i S T Ee:

// === File: min_path_sum.java ===

[* BNEEEAN: FEIREEISIK */
int minPathSumDPComp(int[][] grid) {
int n = grid.length, m = grid[0].length;
/] 3Efk dp &
int[] dp = new int[m];
/] WEER%: 817
dp[0] = grid[e][0];
for (int j = 1; j < m; j++) {
dp[j] = dp[j - 1] + grid[e][j];
}
/] REE%: HR1T
for (int 1 = 1; 1 < n; i++) {
/] KEEH%: 57
dp[0] = dp[0] + grid[i][0];
/] REHEE: HRY
for (int j = 1; j < m; j++) {
dp[j] = Math.min(dp[j - 11, dp[j]) + grid[i][jl;

}
return dp[m - 1];

14.4 0-1 5 8inA

HHRERE —NMERFREIESMXIAITEE, 2SR WRREE . HEARZZM, Filin -1
HEAE, ZeRErE, 2EEEREEF,

TEATTH, BATTSER K g UL 0-1 5 Ein) i,
Question

B n M, B ARITER wetli — 1), WM valli — 1], FI—AERA cap MR, &
AR BRI IR, ERE TS G FREROI R IR

WL 14-17 , TGS 0 N 1 IFFIRTHE, BEHRSIN 0 FFaaTHEL, Rt @ xR E & wgt[i — 1] Fl
M valli — 1] o
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ws EE fifE

i wgt[i-1] val[i-1] Lang
1 10 50 ] cap = 3@
2 20 120 ¥ |~
3 30 150 s — “
4 40 210 ¥
5 50 240 (Y

=mAME: 270

RILARE ¥ . 8 BAEE
H#EH 50 HEAE

14-17 0-1 B ERRGIEWE

BATAT LUK 0-1 HRIMEEE—DH n RUSEHMAIIRE, X T MEREE RRAFRAPRRSE, Fit
T[] R R R SRR AR
AR HA R “TEREY BAR FREIRAYMIERME”, IR ARZ — D sh SRR,
B BESRNIGE, &0RE, MWNies dp %
MNTHEMRKY, NRAEE, SEARAE; MAEHE, BEARRBN, HEASREE S ST
s IS RAE c, 128 [i,c].
KA [4, ] NMBFRBA: § i MMER RN ¢ T EPREBRTE, 20 dpli, c] .
fRERIZ dp[n, cap], RIRFE—DMRIHA (n+1) x (cap + 1) =4k dp %,
B RINRIET &, dmifEs ISR R TR
YRR, @ RS, FERIGENT ¢ — 1 MISRPSEIN R, Al 5 R LA R RS i,

© RN BRAEARE, RSN [i—1,c.

COADEL G BEAERRD wgtli — 1], WMEMN valli — 1], RETBER [i — 1, c —wgt[i —1]] -

ERATEBA R T AR TR BB dp(i, ] FF AN « RURAPIS ¢ ikt Ei
{ESE RIS HRSEAT1E:

dpli, c] = max(dp[i — 1,¢|,dpli — 1, ¢ — wgt]i — 1]] + val[i — 1))

FERROE, EUMMRER wtli — 1] BHRRSTEAR ¢, WS RRAS L,
W WL R AP RR A R
TR TS B A O BB RHMEN 0, BRES1 dpli, O] 1T dpl0, o] #%F 0.,

SRS [4, €] M EFTIIIRES [i — 1, ] Fide EATRIRES [i — 1, ¢ — watli — 1)] 65613k, BUHEEH R0
FRIERERFTREA dp HIAT,

IRIELA L #r, BATHE TRIGI SR IR, IR, SIS,
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1. FitE—: 8higHR

ERAMESUTER,

CABEC WA .

- JEEME: TR dpli, o] .

L HRIEAIE: YRGS i = 0 i EARRR N 0 B, KIEBIIBREAE O .
- OB R E R R, AR AT (.

// === File: knapsack.java ===

/* 0-1 B BHER */
int knapsackDFS(int[] wgt, int[] val, int i1, int c) {
/| EEETARBEYMEEELHREE, WREINE o
if (1==0|] c==0) {
return 0;

}
/] EERIEERE, WREEERTHRAEE
if (wgt[i - 1] > ¢) {
return knapsackDFS(wgt, val, i1 - 1, c);
}
/] TERBRANBANYE 1 IsANE
int no = knapsackDFS(wgt, val, 1 - 1, c);
int yes = knapsackDFS(wgt, val, 1 - 1, c - wgt[i - 1]) + val[i - 1];
/] BREIFTHGEPMEERNI—

return Math.max(no, yes);

e 14-18 R, HMITENMMES S ENERNEM AR S, FINFEEREN O(27) .
WMEHBEITR, ARG RIMHPFERES TR, FlWdp[l, 10] %, mMYRKe, SEARKK, THEHA
HENY N, HE T NSRRI REEZ,

MRES HEEE
dp[3,30]

BEBRNDSE 3

dpl[2,10] ik MaER > HE8E

‘,—’o\%‘ EERAMS

N

dp[1,10] dp[1,-10]

BEBRANDSE 1

dpl0,10] | dple,0] | dp[e,10] | dple,e]

o & *

YRES i 1 2 3 HEaBEE cap = 30
PERESE wgt[i]l 10 20 20
afE vallil 60 110 120
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K 14-18 0-1 5 flinl) 2 /7 18RI T M

2. A= igiziigs

N T RIEEREE F R AP E—IR, BAMEBICIZHEE nem KICTFRIBHIME, HA mem[1]1[c] M AL dpli, c]

o]

GINIILA 5, MRS ARSI PR, BIR O(n x cap) . SBUURATF:
/] === File: knapsack.java ===

/* 0-1 B IBIZHIEER */
int knapsackDFSMem(int[] wgt, int[] val, int[][] mem, int i, int c) {
/] EEETRBEYRIEELRAEE, WRENE 0
if (1==0]] c==0) {
return 0;
}
/] BEEFIER, WEEHRE
if (mem[i][c] !'= -1) {
return mem[i][c];
}
/] EBIEERE, WREEERTHRAEE
if (wgt[i - 1] > ¢) {
return knapsackDFSMem(wgt, val, mem, 1 - 1, c);
}
/] TERBANBANYE 1 IsANE
int no = knapsackDFSMem(wgt, val, mem, 1 - 1, c);
int yes = knapsackDFSMem(wgt, val, mem, 1 - 1, c - wgt[i - 1]) + val[i - 1];
/] BRIREIFEMHSZHNEERNI—
mem[1][c] = Math.max(no, yes);

return mem[i][c];

B 14-19 R T EILICA R P BT R R 7357,
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MRES YaEE
dp[3,30]

BEBRANR 3

dp[2,30] S e S dp[2,10]

% of o2 BEHAMA 2

dp[1,10]

& REBRANYSE 1
o = *
YRRS i 1 2 3 HEAESE cap = 30

MREE wgt[i]l 10 20 20
waiE vallil 60 110 120

K 14-19 0-1 HaLRIEAIEIZ AR ZR )T

3. BHiE=: MR
BN ERUR RSB HIESE dp RAGIRE, RIS THHrR:
// === File: knapsack.java ===

/* 0-1 B8 BIEMAK */
int knapsackDP(int[] wgt, int[] val, int cap) {
int n = wgt.length;
/] #Ek dp &R
int[][] dp = new int[n + 1][cap + 1];
RISt e
for (int 1 = 1; 1 <= n; 1++) {
for (int c = 1; c <= cap; c++) {
if (wgt[i - 1] > c) {
/| EBIEERE, WFEYm 1
dp[i][c] = dp[i - 1][c];
} else {
/] REFEYGR 1 XFFHHRENIRAE
dp[i][c] = Math.max(dp[1 - 1][c], dp[i - 1][c - wgt[i - 1]] + val[i - 1]);

}
return dp[n][cap];

U 14-20 FFR, BRI A A2 ) S AR AR B AR dp A/, BT O x cap)
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‘ a a B @B a a B @
EE wgt il val el oo 1 2 3 4 EE wgt i val el e 1 2 3 4
wgt[i-11 val[i-1] [ [} [} [ [ 0 wgt[i-1] val[i-1] [ 0 [} [} ]
+550
1 5 (] 1 0 1 5 ] 1
2 11 * 2 [} 2 11 * 2 [
3 15 - 3 [} 3 15 - 3 0
REEB:
MEBE n=3 EEEE cap = 4
dp[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
MAURTA (n+1) x (cap+1) M dp %M
Step 1 Step 2
a - a @ m - a & "]
BE wgt fifH val el oo 1 2 3 4 BE wgt fifE val el 1 2 3 4
wgt[i-1] vall[i-1] 0 0 o o 0 0 wgt[i-1] wval[i-1] L) 0 0 [} o 0
+5N0 +550 |
1 5 o 0 5 1 5 o 0 5 5
2 1 ¥ 2 [} 2 11 ¥ 2 [}
3 15 (2 3 0 3 15 - 3 0
KB RS
dp[i, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dpli, c] = max( dp[i - 1, ¢] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
l Step 3 ] Step 4
) - [} ] ﬂ - ] ] “
EE wgt fME val A 1 2 3 4 EE wgt fifE val SC e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} ] 0 wgt[i-1] valli-1] [ [ 0 [} 0 ]
+5N0 )
1 5 [} 1 ) 5 5 5 1 5 () 1 ) ? 5 5 5
2 11 * 2 [} 2 11 * 2 [} 5
3 15 (O 3 [] 3 15 (2 3 )
RS RSB
dpl[i, c] = max( dp[i - 1, c] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] ) dpl[i, c] = max( dp[i - 1, €] , dp[i - 1, ¢ - wgt[i-1]] + val[i-1] )
[ SIp 6 ] Step 6
s - a @ ﬂ - a B “
EE wgt fiff val el oo 1 2 3 4 EE wgt i val e e 1 2 3 4
wgt[i-11 val[i-1] [} [} [} [ [ [} wgt[i-1] valli-1] [ [ 0 [} [} ]
1 5 (] 1 ) 5 5 5 5 1 5 ] 1 ) 5 5 5 5
* +11 v * T
2 11 2 [} 5 11 2 11 2 [ 5 1 16
3 15 - 3 [} 3 15 - 3 0
REHEB: REEB:

dpl[i, ¢] = max( dp[i - 1, c] , dp[i -

1, ¢ - wgt[i-1]] + val[i-1] )

dp[i, c] = max( dp[i -

1, c] , dpli

-1, ¢ - wgt[i-1]] + val[i-1] )

[ step 7 Step 8
a - [ ] Il n - [} ﬂ n
EE wgt ffifd val el oo 1 2 3 4 BEE wgt fifH val el e 1 2 3 4
wgt[i-1] val[i-1] [ 0 [} ] 0 0 wgt[i-1] val[i-1] [ 0 0 0 [} ]
1 5 ¢ ) 5 5 5 5 1 5 o 0 5 5 5 5
% T by
2 11 5 2 0 5 1 16 16 2 11 2 ] ? 1 16 16
3 15 (% 3 [] 3 15 - 3 ) 5
RS RS
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] ) dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
l Step 9 ] Step 10
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a) - a @& “
EE wgt fMfE val el oo 1 2 3 4
wgt[i-1] val[i-1] ) ) 0 [ [ 0
1 5 (] 1 ) 5 5 5 5
2 1 * 2 ) 5 1l1 16 16
3 15 - 3 [} 5 11
RSB
dp[i, c] = max( dp[i - 1, €] , dp[i - 1, c - wgt[i-1]] + val[i-1] )
Step 11
a & & &
~
EE wgt fifE val e e 1 2 3 o
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 () 1 [} 5 5 5 5
2 11 * 2 o 5 11 16 16
N
3 15 (o 3 [] 5 11 16 20
RSB
dpli, c] = max( dp[i - 1, c] , dpli - 1, ¢ - wgt[i-1]] + val[i-1] )
Step 13

4, ZEfik

- ] ] U
B ~.C
EE wgt A val \ 0 1 2 3 4
wgt[i-1] valli-1] [} [ 0 [} 0 [
1 5 (] 1 ) 5 5 5 5
2 11 * 2 0 5 1 16 16
TE—
3 15 - 3 0 5 11 16

RERB:

dpl[i, c] = max( dp[i - 1, c] , dpli -

1, ¢ - wgt[i-1]] + val[i-1] )

Step 12
a a & &
EE wgt i val e 1 2 3 4
wgt[i-1] valli-1] 0 0 0 0 0
1 5 o ) 5 5 5 5
2 11 ¥ 2 ) 5 1 16 16
3 15 - 3 ) 5 11 16 20
EERFENRBAEENRANE 20
Step 14

14-20 0-1 5 HERERNZSHRTRE

H T NRSE R G H E—1TRORAE 3,  [RULFRATTAT DA AN SR s, #=REREM O(n?)

= O(n) .

W FRATREE (A — NS R ele? AT, S MRSE R HIE 7y BT ryks 7%
RN, RZRE—MEH, STHREAE « 7T, ZBEHEEITRREE « — LITHIRE.

WESREGE R, IR dpli, ] N, 75 b77 dpli — 1,1) ~dpli — 1,5 — 1] (ATREC &4
& RSB E MR AR
W ESREE B, AR R BRSNS, RASHR LR,

K 14-21 R TAESRADNEEH T © = VATHRIMES « = 2 /TR0, 16 B 1E 5 1 P A8 e 3 P A DX il

EBE wgt fifE val } c
1 5 () 1
2 11 ¥ 2
3 15 (O 3

N s - |B
- ST

..I

a .
3 4
) [}
5 5

s IEREREE

wer—rama « - ({1 I ED EDED

BH 1=
Step 1

2 #i, BIFR dp PIEMENR i =

1 WFRERIAR

EE wst HfE val

wgt[i-1] valli-1] 0
1 5 () 1
2 11 ¥ 2
3 15 (% 3

- B

iI

a & B
2 3 4
0 0 )
5 5 5

—

sl s | &

1

REFA—TRITHA dp =

BIFERE 1 =

Step 2

2 17, BTRERS
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- [ ] “ “
EE wgt fifE val el oo 1 2 3 4
wgt[i-1] valli-1] ) [} [} ] ) [}
1 5 (] 1 ) 5-_5 5 5
2 1 * 2 0 B
3 15 - 3 0

e S o [ s[5 ]ue]

BFBHE 1 = 2 17, #TREHB

Step 3
‘ a a & &
EE wgt fifH val AR 1 B 3 "
wgt[i-1] val[i-1] 0 0 0 0 0 0
1 5 ¢ [) 5 5 5 5
2 1 LY s o s
3 15 (2 3 []
sen—rasna o - (DEDEDEDED
EIFERE i = 2 17, #TREEB
l Step 5

Step &

Step 6

- a B “
EE wgt i val el e 1 2 3 4
wgt[i-1] valli-1] ] 0 [} [} [} o
1 5 (] 1 5 5 5
2 1 * 2 o W
3 15 - 3 [

swn—raima o - ([N EDEIEDED

BFERE 1 = 2 17, #TRERB

EE wgt fiff val ™.C

wgt[i-1] wval[i-1]

o s|n|B

s s o
o [N

s

[ ]
3 4
0 (]
5 5

sen—ruina o - (D EDEDEDED

TREDE, ¥A dp RENHRRE 1 = 2 WFER

14-21 0-1 BN EILENSMXNERE

TEAREESRIA, BAUCF L dp RSB —4E ¢ ERMBR, JF BACPIEIA 8 O 73 s B Al -

// === File: knapsack.java ===

/* 0-1 B8 ZERKEHEERL +/

int knapsackDPComp(int[] wgt, int[] val, int cap) {

int n = wgt.length;
/] ¥iaMk dp &R
int[] dp = new int[cap + 1];
/] K&
for (int 1 = 1; 1 <= n; i++) {
/] BFER
for (int ¢ = cap; ¢ >= 1; c--) {
if (wgt[i - 1] <= ¢) {

/] REFEY R 1 X AGRNIRAE
dp[c] = Math.max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1]);

}
return dp[cap];

14.5 2= 808

TEAT I, BAVeRBA—DME NSRRI 28, B T7ReEn—MEG: TRk,
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14.5.1 25 8RE

Question
B n MG, B ASNERR wgt[i — 1], MER valli — 1], M—DEEN cap WM, &
AP DEE R, R7ERE S OAE FEMRAYSNRRNME, ~EIE 14-22 AR,

ms EE {8 SaEE
i wgt[i-1] val[i-1] cap = 50
1 10 50 o <1 —
2 20 120 . x2 n
3 30 150 B
4 40 210 *
5 50 240 ()

RAME: 290

SRER: B—1 @ FE . BmAES
HEA 50 TRAE

14-22 sEeH AR RG]

1. EhEEHRBER

SERT BT 0-1 5 RLAEHER AR,  DXBMAE T ASBREIP Sh AR E R B

- AE0-1 HHWEEAE, SMYRmRAE D, FIR&  MNERE, JEEMAT ¢ — 1 DM rikeE,
- fESEEEEAET, SRS EERZICRE, RIERYIE  IRAE R, 9l BUAGT @ DinrbiEe.

EFE 2B WRERFE T, R (i, c] KL PRSI

- AN G 5 0-1 HRFEMER, BRI —-1,c.
C BN 5 0-1 HRFEARRE, HEE (i, c —wgt[i —1]] .

MR R TR :
dpli, c] = max(dp[i — 1, c|, dp[i, c — wgt[i — 1]] + val[i — 1])

2. K@M

Xt EEIERE H AR, IRESER A N — 12 1, HREE 80
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// === File: unbounded_knapsack.java ===

[* BEEE: MK */
int unboundedKnapsackDP(int[] wgt, int[] val, int cap) {
int n = wgt.length;
/] #Ek dp &
int[][] dp = new int[n + 1][cap + 1];
RISt g
for (int 1 = 1; 1 <= n; 1++) {
for (int ¢ = 1; c <= cap; c++) {
if (wgt[i - 1] > ¢) {
/| EBIEBERE, WFEYm 1
dp[i][c] = dp[i - 1][c];
} else {
/| FEMER 1 XA RIRAE

dp[i][c] = Math.max(dp[i - 1][c], dp[i]l[c - wgt[i - 1]] + val[i - 1]);

}
}
}
return dp[n][cap];
}
3. =Efif

T AR R AT BRI Fe ok, stz mIRALa RN dp R R — 1T TR &,
XA TS 0-1 §EIEAFHHR, 1EEBIIE 14-23 SRELEME I X,

) - ] [ ] U
EE wgt fi{E val A 1 2 3 A
wgt[i-1] valli-1] ) ) 0 [} ) [}
s e
2 1 * 2 0
3 15 (3 3 0

- reine o - (0 UEH G0 EED XD

BH 1= 2 #, FIR dp PEMENE 1 = 1 WFENE

Step 1 Step 2
a9 & B
BE wgt fHE val el oo 1 2 3 4
wgt[i-1] val[i-1] o | o o 0 o o
1 5 [} 1 0 5 10 [EECEEEPT)
2 1 * 2 | s u
3 15 w» 3 o ¥

nen—rarma o - ((DIEDEDEDED

‘ ERFEHE i - 2 5, HERERE
l Step 3 Step 4

wgt[i-1] val[i-1]

- = ] “
EE wgt i val e 1 2 3 4
0 o [} [} [} °
5 ] 1 ) 5 10 15 20
1 * 2 o |
15 - 3 0

sen—reona o - ((DEDEDEIED

EFBHE i = 2 17, #TRERS

wgt[i-1] valli-1]

- a B n
EE wgt fifH val el e 1 2 3 4
0 o o o o 0
5 [T o EEEEEUEEECE 20
1 * 2 [ 5 11 16
15 @ 3 ) L

sen—raina o - (D EDEDEDED

EFBHE i = 2 17, #TREEB



14 % SN hello-algo.com 329

Y - ] [ ] “ - ] ] U
EE wgt fifE val R 1 2 3 4 EE wgt fifH val e 1 2 3 4
wgt[i-1] valli-1] o | o o 0 o o wgt[i-1] valli-1] 0 o o o 0 0
1 5 (] 1 5 10 15 20 1 5 (] 1 ) 5 10 15 20
2 1 * 2 0 2 1 * 2
3 15 - 3 ) 1 3 15 - 3 )
sen—ravna » - R EDEIEIED sen—rwins o - (D EDEIEIED
EFBHE 1 = 2 17, #TREEB SRIBMGE, ¥4 dp RENRE 1 = 2 NFENR
Step 5 Step 6

& 14-23 52T GRS AL G 3SR AR
ISR LR B, AN FRIGEEH dp AUSE—4EMIBR :
// === File: unbounded_knapsack.java ===

[* T2EE: TENKENEIEIL */
int unboundedKnapsackDPComp(int[] wgt, int[] val, int cap) {
int n = wgt.length;
/] 3afk dp &
int[] dp = new int[cap + 1];
/] REEHE
for (int 1 = 1; 1 <= n; 1++) {
for (int ¢ = 1; c <= cap; c++) {
if (wgt[i - 1] > ) {
/| EEIEERE, WREYE 1
dp[c] = dp[c];
} else {
/] REFEMSR 1 XFFHHRIVRAE
dp[c] = Math.max(dp[c], dp[c - wgt[i1 - 1]] + val[i - 1]);

}
return dp[cap];

14.5.2 TR0

H R — RREASMEIER, HIRMERE 2R, BN,

Question
Y5 n FIRET, 55 ¢ FREMATEEDN coins[i — 1], BFREFCN amt , SHEEMaf AEEER, [
R BPRS AR s/ DR, WEARICIREN BAReR, MHRE —1, REG0E 14-24 Fios,
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HS mfE
i coins[i-1] BirEE
1 1 1 amt = 11
~ B
2 2 $
3 5 C) x2 //)

ROEMHE: 3
stiEras: @+ © + ©

14-24  FESAHRIAEARBIEE

1. EhEEHIRIBER

TR AR RS 21 TSR — ARG 50, B A DU NRR S A A .

- PUIERER] DAHEERHE, “Wpdn” RN CREMT, “PrAhEERT XN CREMmEET, HAART XN CHARE
g}ﬁ”o

- AR, EeE PR ER AR IME, FESEE R MU R,

- EEEURETER NEET SRR, BERGOHER R RBE BRI

- MHERIUGE, 2 URE, MifEsl dp #

ARAS 4, o] RMEI TN i 0 FRETAERS A &0 o MU DRI ECR, 128 dpli,a) .
— 4 dp RIRH (n+1) x (amt +1) .

Fo PR T, MRS R AR R

R 52 4 5 PR IR AR T A TE DA R 22 5,

- AR RIME, EEEEHERT max() FéCH min() .
- R RE TSR TR A, e R T T 41 BT,

dpli,a] = min(dp[i — 1, al, dp[i,a — coins[i — 1]] + 1)

B WIS
YERESHON 0 I, B ErROEmEEN 0, BEFIFE dpli, 0] #%T 0.

YICREMN, FIRBIER > 0 WBEREH, BRI, NERESHEE TR min() HEREWBIRHIH
WIRTCRR, FATEEMER +oo KEREN], BILETHE dpl0, a] #EFT 400,
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2. K%M

REEGRFEE S HARIR ML 400 B, HEEMAER int WEKERRE, MXXESHEREEA: IREH
MITRERRY +1 #RIER REA A TR H

M, BATRAET amt + 1 RFRTERR, FRNED amt WERHERZ N amt . BEIREIE, HT
dp[n,amt] BEFETF amt + 1, FHRURE —1, RELEZHEMRESH, REGUTFAUR:

// === File: coin_change.java ===

[* BEREHR S *+/
int coinChangeDP(int[] coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
/] #MEk dp &R
int[][] dp = new int[n + 1][amt + 1];
/] KEHER%: 51785
for (int a = 1; a <= amt; a++) {
dp[0][a] = MAX;
}
/] WSER%: HRTN5
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] BEIERE, WAERED 1
dp[i][a] = dp[ti - 1][al;
} else {
/] RENRED 1 XEASERNRME
dp[i][a] = Math.min(dp[i1 - 1][a], dp[i][a - coins[i - 1]] + 1);

}
return dp[n][amt] != MAX ? dp[n][amt] : -1;

B 14-25 R T R ESURAIEI SRS RE, Fiseen tmiEdEFE M e,

5 & 6 6 5 & 6 &
%S @ pale 1 2 3 %S @ Tale 12 s
i coins[i-1] 0 i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 1 @ ! 0
2 2 @ : 2 2 e : )
3 5 @ - 3 5 @ - 0
BHFE n =3 Eif&# amt = 4 WhHFE n =3 BiFEE amt = 4
MEURTA (n+1) « (amt+1) B8 dp %ERE MAKETTA MAX = amt + 1 . EFIH 0

Step 1 Step 2
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5 &4 & 6
®wS EfE el e 1 2 3 4
i coins[i-1] 0 0 m[\x MAX  MAX  MAX
1 1 ©® 1|0 1
2 2 @ : 0 *t
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
[ Step 3 Step 4
8 & & 8
®S [ el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX M?X MAX
1 1 @ ! [} 1 2 | 3
2 2 @ - 0 *
3 5 @ - [}
RSB
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
l SID O J ( Step 6
5 & & 6
®wS il e e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ : [} } 2 3 4
2 2 @ - 0 1
3 5 @ - [}
RERB:
dp[i, al = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 7 Step 8
s & & ¢
" i ~Naloe 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 ? 4
2 2 @ 2 0 1 1 2
3 5 ® - o +1
RS
dp[i, al = min( dp[i - 1, al , dp[i, a - coins[i-1]] + 1)
[ Step 9 Step 10
: & & & 6
®wS mEfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! [} 1 2 3 4
2 2 @ - [} 3 1 2 2
3 5 ® 3|0 1
RERTB:
dp[i, a] = min( dpli - 1, a] , dp[i, a - coins[i-1]] + 1)
Step 11

Step 12

s & & &
ws EfE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ ! 0 ;;
2 2 e : ] *1
3 5 @ 3| o
RERB:
dp[i, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
WS HiE 0 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ©® 1|0 1 2 3 4
2 2 e - 0 =
3 5 @ - )
RSB
dpli, a] = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
s & & &
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 e ! o 1 % 3 4
2 2 e : [} 1 1
3 5 e : 0 1
RERB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )
s & & &
&"s i 0 1 2 3 4
i coins[i-1] [ 0 MAX  MAX  MAX  MAX
1 1 @ 1 0 1 2 3 4
2 2 @ 2 0 1 1 2 i
3 5 e - 0 +1
REHRB:
dp[i, al = min( dp[i - 1, a] , dpli, a - coins[i-1]] + 1)
- 5 & & &8
ws EE ) 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 ® ! ) 1 2 3 4
2 2 e : ) 1 } 2 2
3 5 @ : ) 1 1
RERHB:
dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]1] + 1)
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3 6 & 6
wS EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 @ [} 1 2 3 4
2 2 @ - [} 1 1 i 2
3 5 @ - 0 1 1 2
REHE:

dp[i, a] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1)

Step 13

s & & 8
ws EfE el e 1 2 3 4
i coins[i-1] 0 0 MAX  MAX  MAX  MAX
1 1 e ! ] 1 2 3 4
2 2 e : ] 1 1 2 ?
3 5 @ - 0 1 12 2
RE#TS:
dp[i, al] = min( dp[i - 1, a] , dp[i, a - coins[i-1]] + 1 )

Step 14

%% EE 3
i coins[i-1]
1 1 (1)
2 2 (2)
3 5 (5)

w N R oe

5 & &
0 1 2 3
(/) MAX MAX MAX
0 1 2 3
o 1 1 2
') 1 1 2

BEEHERETNROETSE 2

Step 15

K 14-25 FESRAER ) SIS ARE

3. Fafkt

TER SR A R AL T S 52 27 Bl A — 2K

// === File: coin_change.java ===

[* T8I TERMEHNEIESRL */
int coinChangeDPComp(int[] coins, int amt) {
int n = coins.length;
int MAX = amt + 1;
/] #Ek dp &R
int[] dp = new int[amt + 1];
Arrays.fill(dp, MAX);
dp[o] = 6;
/] K&
for (int 1 = 1; 1 <= n; i++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EBRIBEREH, WAEED 1
dp[a] = dp[a];
} else {
/] EFRRET 1 XFEHEENRIME

dp[a] = Math.min(dp[a], dp[a - coins[i1 - 1]] + 1);
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return dp[amt] != MAX ? dp[amt] : -1;

14.5.3 T RIRR)E I

Question
250 n FREET, 58 MPREMNEAES coins[i — 1], BARSEN amt , SR HA] LEE IR, W
I HREPMEh A S BER. REINE 14-26 FR.

HwS EfE
i coins[i-1] BirE&@
amt = 5
1 1
2 2 §
3 5 (5)
WhHASHE: 4
EHAGHE: + + + +
+ + +
+ +
(5]

K 14-26 FE SR 1T AR BIEEE

1. =hEHLIBEE

MET E—, ABERRERAEHE, Rt Ry 6o MM RES RN o WG, M dp
RIMARRRSTH (n+ 1) x (amt + 1) B HERERE,

SRTIRSHIE SRR SF T AN 4 AT i 535 24 AR X ARV A SR M, RSB RN

dpli,a] = dpli — 1, a] + dpli, a — coins[i — 1]]

Y EFRESHCN 0 I, TCAVERALAIRE M I A0 AR R, RIS E5ITE dpli, 0] A9t 1. 4L
REMIN, JCEELER > 0 WERESH, FtETE dpl0, ] #%T 0,

2. KExEM
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// === File: coin_change_1ii.java ===

[* BERIE 11 BhASHKI */
int coinChangeIIDP(int[] coins, int amt) {
int n = coins.length;
/] a1k dp &
int[][] dp = new int[n + 1][amt + 1];
/] ¥R ES
for (int 1 = 0; 1 <= n; 1++) {
dp[i][e] = 1;
}
/] K&
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] EBIEEREH, WAEESR 1
dp[i][a] = dp[i - 1][al;
} else {
/] EFERED 1 XFMHEZH
dp[i][a] = dp[i - 1][a] + dp[i][a - coins[i - 1]];

}
}
}
return dp[n][amt];
}
3. FiEkk

S ECACAE IR AR, MHIBRAE i 4E R AT :
// === File: coin_change_ii.java ===

[* BERME 11 TERKEHEIESIL */
int coinChangeIIDPComp(int[] coins, int amt) {
int n = coins.length;
/] #Ek dp &
int[] dp = new int[amt + 1];
dp[0] = 1;
RISt g
for (int 1 = 1; 1 <= n; 1++) {
for (int a = 1; a <= amt; a++) {
if (coins[i - 1] > a) {
/] I BEREH, WAREEM 1
dp[a] = dp[a];
} else {
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/] PEFIEETR 1 XM AERZM
dp[a] = dp[a] + dp[a - coins[i - 1]];

}

}
return dp[amt];

14.6 YmiBEEE|n)RR

JwiHEERS, AR Levenshtein B, M D TF1F R Z IR AR B R MER LY, BHMTEGERERNHA
SRIE S A B BN SRR

Question

BMAMDTRIER s /il ¢, IREN s #Hy ¢ iR E R D g5,

VRA] DIAE— NPT ER R T =R . A DR MR — DR, P rrg it g — 1
o

GniE 14-27 R, R kitten ¥4 sitting FREGwE 3 40, TUHE 2 UOBHIRIES 1 IRIIIRIE; #F hello #2
# algo TE 3 7, HUAE 2 UUEHARIER 1 IUMBRERIE,

s - (3880800 s - 0000
1§m [@mlma l!ﬂllri%l 1@;&]@;&
8888800 [a]t]g]o]

- (0808086800 - (30080

[’ 14-27 G EE R R B EHE

SR 2 2 )] ATR ) SR ORI BVRDR IR, AT B T, —HRIRER (—IRGmEBIRIE) KT

—Zib,

NI 14-28 FoR, FEANRARRIEIHEICT, SR8 DURAE VP2 5500, BRI N —RigfE, IXER
% M hello ##%5] algo A IFLAIATRERIER TR,

MR ER, AR EFR2 KT A hello FITH AL algo Z Al AEIAE,
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s =

14-28 T HRIR MR R IR YR IR 25 ]

1. EhESHIRBER

Wi BERHRIIUSE, 2 SURE, TS dp %

15— RRIER FATH 5 HET — IR,

TA A EAE SRR R, (RO, XA BRI T I, 150 s 1 ¢ B9 KEEZS N
n i m, ROTEZERTBRIBNFT sln — 1) A1 tm — 1],

- % s[n — 1) B t[m — 1] MR, RATATABOLEN], EBE%E s[n — 2 f1 tfm — 2] .
C 3 s — 1) R tm — 1) AR, SROTEIER s AT DA AL MBS, i), (55 R
HYSPEAIR, AT DABRIE A, R o N

BRLR S, TATEFATE s PTG (GERIRIED), W2 s A ¢ PRIRIGFITREITR 42
flo WItE, RASNUHITE s W ¢ sPEIEIIE | M J A, B0 [, 4] -

KA [0, 7] REBIEOTIIEE: 95 5 BIRT & AT ESC £ IR § AT R DL,
P, EE RS (4 1) x (G4 1) =% dp .
B HRE T, TS IR

FERFWE dpli, j], HWSMIWDFZRERORBETA N s[i — 1] M t[j — 1], ARERRZREERES I E
14-29 R =FE o,

1. 75 s[i — 1] 2R t]j — 1], WEAFRE dpli, j — 1] .
2. MR s[i — 1], WIS T dpli — 1, 5] .
3. 4 sli — 1] B t[j — 1], WRIARTRE dpli — 1,5 — 1],
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EREFFM e
ooooo
goon oo0 -
dp[i, j-1]
B k
.. ooon,/ oo
‘- ooon
dpli, jl dp[i-1, j]
# k Hi0A e
(b]o]o]e] (b]o]o
(c[o]d]e] (c[o]d]E
dp[i-1, j-1]

B 14-29 FmiHER R AR LA

AR L, WIS RIL TS5 dpli, j] MRDHRESEET dpli, j — 1], dpli —1, 7] dp[i—1,j—1]
=EPRIRDIREDE, BN EARRIGESE L o XN MAIRSEAE 771N

dp[la]] = mln(dp[l,j - 1],dp[2 - L]Ldp[l - 17.7 - 1]) +1

TEER, Msli— 1) M t[j — 1] HIEIN, Joogni Suisry, XAE FRRESHER 7N

B2 WIS RSN

IR EOSN, FEPECN 0, B dp[0,0] =0, %4 s h2HME t RN, BORESBET ¢ K
&, BIEAT dpl0,7] = 7o 4 s AAZE L AEN, SOdRESEET s (KE, BEY dpli,0] =i,
WIS R TTRE, 8 dpli, 7] HMETT. B75. 72 LTI, BRI P BB E P A~ dp REIAT,

2. K%M

// === File: edit_distance.java ===

[* YRIBERES: THASHIE */

int editDistanceDP(String s, String t) {
int n = s.length(), m = t.length();
int[][] dp = new int[n + 1][m + 1];
/] KEE%: BIT7E5

for (int 1 = 1; 1 <= n; i++) {
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dp[i][0] = i;

}

for (int j = 1; j <= m; j++) {
dp[@][]] = 3;

}

/] REE%: HRTH5
for (int 1 = 1; 1 <= n; 1++) {
for (int j = 1; j <= m; j++) {
if (s.charAt(i - 1) == t.charAt(j - 1)) {
/] BERFREE, WEZPhI LRFR
dp[i1[3] = dp[i - 1][] - 11;
} else {
/] RVRESE = B BikR. B =MRENSORESEH + 1
dp[i][j] = Math.min(Math.min(dp[1][]j - 1], dp[1 - 1]1[]j1), dp[i1 - 1][j - 1]) + 1;

}
return dp[n][m];

GRIE 14-30 AR, gmiREEES RIS RIS R 58 WREHAER 2L, & DB FEE — D 4R A
o

ooon ooaon
IEJ J 1 2 3 4 151 0 1 2 3 4
J J 0 1 2 3 4
(> B 0|
a 2 a 2 2
B 3 B 3 3
s = “bag” t = “pack”
n=3 m= 4
MEHETT dplo, 51=3 . HF dpli, 0] =1
MEWRTA (n+1) x (m+1) B dp &
Step 1 Step 2

ooon ooaon
h Jle 1 2 3 4 i Jle 1 2 3 4
o |0 1 2 3 4 o |0 1 2 3 4
u 1 1+11 n 1|1 1+1z
a 2 |2 a 2 |2
a 3 |3 a 3 |3
REHH: REFB:
dpli, j1 = min( dpl[i, j-11 , dpli-1, j1 , dpli-1, j-1] ) + 1 dpli, j1 = min( dp[i, j-11 , dp[i-1, j1 , dp[i-1, j-11 ) + 1

l Step 3 Step 4
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340

ooon

dpli, j1 = min( dpli,

RERB:

dpl[i, j] = min( dpli,

=1

RSB

dpli, j] = min( dp[i,

(s ]

dpli, j1 = min( dpli,

RERHB:

dpli, j1 = min( dpli,

[ step 13 |

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpli-1,

j-11 , dpl[i-1,

31, dpli-1, j-11 ) + 1

jl , dpli-1, j-1] ) + 1

31, dpli-1, j-1]1 ) + 1

il , dpli-1, j-1]1 ) + 1

31 , dpli-1, j-1] ) + 1

REFB:

dpli, j1 = min( dpli,

RERH:

= s[i-1]=t[i-1]=‘a’

[Step 8 ]

RSB

dpli, j1 = min( dpli,

dpli, j] = min( dpli, j-11 , dpli-1, j] , dpli-1, j-1] ) + 1

[step 12 |
R,
o
(5 Y
8 :
[ <
REHEB:
dpli, j1 = min( dpli,
[Step 11.]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

~dpli, j1 = dpli-1, j-1]

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1

j-11 , dpli-1, j1 , dpli-1, j-11 ) + 1
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- |
N
™
w - -@

w N ke

)

BERVEESY 3

Step 15

14-30 gwiREHE RSN

3. FiEfk

T dpli, j) BETT dpli — 1, 4], %97 dpli, j — 1], #£75 dpli — 1, j — 1] ¥REMIRAY, TIERE
REKS LI dpli —1,j — 1], BRI dpli, j — 1], FUAPTEETIF AR TR

Jutk, BT DMER — MR leftup RE A LTI dpli — 1,5 — 1], W R FTHIEL TR _EITI#
AR S e el WA, AIERIERES. A RATR:

// === File: edit_distance.java ===

[* YRIEEEES . =EMAMERIEHSAL */
int editDistanceDPComp(String s, String t) {
int n = s.length(), m = t.length();
int[] dp = new int[m + 1];
/] RE#E%: BT
for (int j = 1; j <= m; j++) {
dplil = 3;
}
/] REHE%: HR1T
for (int 1 = 1; 1 <= n; 1++) {
/] KEHE%: 85
int leftup = dp[0]; // EF dp[i-1, j-1]
dp[e] = i;
/] WEEH%: HR5
for (int j = 1; j <= m; j++) {
int temp = dp[j];
if (s.charAt(i - 1) == t.charAt(j - 1)) {
/] ERFHEE, WEZBILRFR
dp[j] = leftup;
} else {
/] RVHRESE = A BFR. BIX=FRIENSDRESTE + 1
dp[j] = Math.min(Math.min(dp[j - 1], dp[j]), leftup) + 1;
}
leftup = temp; // EFAT—HAY dp[i-1, j-1]
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}

}
return dp[m];

14.7 NG

- BIASHKIS FEE T, JREE A E T SRR EE TR, SRS RECR,

- ABENEIRATE T, FrAshSHRIREER AT AR R (B2 EITRME, (I KRR
HE TR, PR EESIICICSNER, Al DAIEERTA TR R RIS R, MR IEE A
AT H—IR,

© IR MR RAGEAAEE, TS 2 M AEhASIKIE — R KBTS L, H
iEl “HEHERKE —FE BT YAPRES ORI REIRE, EIIRATA DAERR dp R —DHEE, M
TR AR TR 52 2%

© TRE R AE R R RTR R, EE. SIS b BA AR5,

- BRI =R R, RILTEE. ToERUE.

- USRI AR AT B A AT DA T R B LA AR, e B iR I 745

© EEBIEEN T NIRE, HRRARASZIKEAX, MEEREHNTHEIRESTEX, wE2HA ML
A BEATCERNME, TCiRE A s SR POE K A#,

GREADED

- HURERRIRSESMNRE —, BA 0-1 B, 22T, ZEFUFLM.

- 0-1 HEAIREE SOVAET ¢ MIRTERRN c HEEPRRRME. RIENIAE RS ZRFhR
R, AIRRIRILTEN, FREIRSEETTE, EERs, BTE MRS RIE B e BT
WRE, RETREEFELSIR, e ETTRESE 5,

- e AR AR S R BECRTCIRE], RIS AD MBS ER S 0-1 BEMEAR, BT
RESMAUE_ETTFIEZETT PR, RIEZE AL AR R 24 B3 i o

- BRSNS 2 T WA — DR, BMK RORT MEZONK RN MR, RIHIRAESE:
7R max() ROy min() o AIBR “RNEid” HEARINER “IBiF” B ERSE, KIE
M amt + 1 RFoR “TCiRZEH HARRET RITCR0E.

- RS IT AR “B/ DRI AR SOk “REMASEE", WS TREMAR MM min() SOy
KINEFEAT,

S o L 2 )

. GBI (Levenshtein BHEY) FITHFRHIANT 10 2 IRIMILRE, HL2 SO M—ANF A R 53—
SRR DS, BRI EERRIL. R, B

G B R AR SN s [OR G AN F RN ¢ R § TR R G AL Y
s[i] # tlj] B, SRR WO, BRR. R A RIRARIA T, SR AT AR R O
FLEM SRR SRS TR, T2 s[i] = t[5] B, JoGE s R,

- ERRERET, RESIRBLIE L. EAETT. Je b OTHORAS, BRI AR R S8 R B A
AT ASEE RS, itt, TROTRIF — AN REE A L TIRES, WTTEELES 52 2075 (S o 1
W, T DAE AL ST E R
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Abstract
Ml H 2585 KIH ), BZIESR B & KR KT EE,
O IRISAE —FREC A sk, B SMREEE.
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15.1 FOEZE

ROEZE (greedy algorithm) 22— WAYMRRAIL AR R, HEABARZRLE AT MR, #
WY ATE R R LAIESE, HS0OM M B R LATRE, DHIEBRG 2R, 2ORRRE S HsiL,
FEVFZ SLPRAE A & TZHIN

FOLRIEISASMRIER A TR e, ez B E— SR A, HanEs s It a5, =
TAEREEAFE,

- B SRYE Z AT B A A REORE S R, I 25 7 (A A A kA F 244 1T T R
- ROLRBEARFELRRE, T —BAnithit T oo0Ess, AWgNRETEE, B2 R,

TApEIHE Ty TRPODEIRN TERM, XEECAE EeniE” s5hhagid, M
BV EFH AR,

Question
255 m RS, 58 MPREMNEES coins[i — 1], HARSEN amt , SR HA] LEE IR, [
R BAR SRR R/ DR m AR, WERTCREL BAnem, NHRE —1,
AR B SO0 RIS UNE 15-1 FR. 407E BFREal, FANSPUOHERART HifEErIREm, AWERx
HIE, BEREDEREHOYILE,

B T RRERFATEREEHARSHNED

B 15-1 TER S S0
SEIRAAS AN N R
// === File: coin_change_greedy.java ===
[* BERH: T */

int coinChangeGreedy(int[] coins, int amt) {

/] 1Ri& coins FIRERE
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int 1 = coins.length - 1;

int count = 0;

/] ERFHITROEE, BITRREM
while (amt > 0) {
/] HEVNF BRBER RS ERIED
while (1 > 0 && coins[i] > amt) {
tosg
}
/] & coins[i]
amt -= coins[i];
count++;
}
/] BERLEETAZE, MWiRE -1
return amt == 0 ? count : -1;

TRAJRER AN HUBIY: So clean ! SOFEIRMHAHTRIERLARR 7 F R S A,

15.1.1 HORZENRRSERE

CODRIEAMUR B, SR, T HIEH PR WA, 0L LR, 2B MR/ NE{EH min(coins) ,
W OIE B Z EFF amt/ min(coins) X, NIEEZEN O(amt/ min(coins)) o XHESHRIREZER
IR ZE O(n X amt) /INT —NEES,

SR, TR MEEA S, FORPIFARIRSIRIM. & 15-2 254 T RA),

- 1EBI coins = [1, 5,10, 20, 50, 100]: fEIZREMAET, BEEE amt , FLOBEIEH AT DS RN
fi#o

- Bl coins = [1,20,50]: &% amt = 60, FULRIEHGERE] 50 4+ 1 x 10 B HAS, Hit 11
Rk, (HEHZSARIAT DR SR 20 4+ 20 4 20, X7 3 B,

- R coins = [1,49,50]: Ri& amt = 98, FULREIEHEERE] 50 4+ 1 x 48 sl A, it 49
Htgim, (MR DHRER LR 49 + 49, {455 2 #dEm.

Wmas Bir&H BLHERRAR NSRRI RN SR
(REpmIERR) (2RRIARE)

(D) 60 +@x1@ x 3
@ 98 +©x48 x2

K 15-2 SLRIRTCIEIR R AR A
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MR, N TEEAMAE, SUORRITERIERE 2R EIUE, HHERIEIEFRENR, EHEES
EEIESS Rl 27

—RAEOL T, SULBEIRATE R L PR P,
1. A PAGRUESREIRAM: SOORIRERMEI MEER R IUERE, FOvEEERLEm, ShSHRIE =R,
2. WIDARBENERURR: PO RIEERA A TR AT, M TREERMERY, SRR RIHEIE
HIRME, BEDAERRCRER BN A2 AR A,

15.1.2 SFOEEESY
IR AER T, A oMERRENE S DB LR ER? s w, OEIEEM A e BRI B &
fi?
M TSR, FOOETERE S E TR, H 3B A @y e ME R,

- SUDIERER: R YRR RGBA R SR e BRLER, SUOEEA RIS SR,

- RILTEN: RREB RIS TR &AL,
BRI TEMEARE ISR JBUHPNEY, XEAEER, HEFENE, —YEREPRMEFaEmaHA
FAE, {EARA] {5 B 0 O AR,

AN EEIRT ORI HINTTT %, BARERIHAE LR SR, Bk X TFHFSmE, D
EREE IR H

BlanFER e E R, A RRGEB R HHAS RG], X SOOI PEATIE Ny, (EIESCRIERERAR, W)
W 2 PR RE T 2 5 il DASE I SOOSTRR MY A R REFEAE AL B B8 Il ok 45 H — MBI AT A 2
=R, TAEDASS =R AR,

Quote

H—RIESEAE T —1 O(n®) INAIE 2«5, TRl — D mA &S 6 20O BIA R T
B B A

Pearson, D. A polynomial-time algorithm for the change-making problem([J]. Operations
Research Letters, 2005, 33(3): 231-234.

15.1.3 FOEZEBELSE

SOL BRI R R R 72 AR =2,

1. W8 Hr: Ais SRR, ERRIRAE S U BFRRIA R AESE, X —PAE RIS AR
AW M.

2. e FULIRMG: FEANFIE S — Dt SU0IERE, XD IRIGRES L — DBV, &R
DAl

3. IEFPEIER: JEH R EIEREEA ORI AR LT 45, X ERA] REFR M ZIECAIERT, I
ANYAANIR B SUETR S

R SO DSR2 SRR PR O 3R, (BRI REFF A 5, TEAPUREE,
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- AR FODRIGHIZE TR, N T2 Rk, SO0RIEHRIRE, BilEd —SRMEES
ZGAETS o MX T —E kM, SULREE AT REIER R, XAME IR F 5 1 N A fRELss 5
RIKREN T

© HEEETUORIE AR EARRNE, LA THIME ORI SO0RE, F RIS RIB,T, RATRE
RILER 7 ARG TCRE . IXR BRI VORI IZ “HMEM” B, EXAHF R 2
— MR B,

NTRIEERTE, BAIRIZN SULRMSHEAT ™ ERECAER, & S RO R B AN,

ST, IERATEIERI MR ATREAN R —1F 5 Fe FE 1A K4, @ S semamiLR T L, —
DB RIUE S0 R,

15.1.4 BROEEHBEGI

SOLBIRH N TR E SUDIE MR AL T4 L,  DURAI2E T — L2 AR sU O BIR A

- MERERFAE: EREEHAS T, RORERE IS EIRILR,

- DXMIHEERDEL: R — 55, B MESE BN RINELT, REERRZERRATREZ LSS,
REFREOE AR R RHESS, A2 T0LEIR AT SRR,

C rBEEmE: G -Arai— N EER, RN ERRIEE YR, @REERAELHER, B
SMERR, WREBRANEREEN tbikm (ME / ER) B9, IATDRIRE —LEH T A DUSE]
AL,

- RELIENNEL: g —HRERITIE A, VRATDOET 2 IRESE, HIRIRE SR AR, BALESEH
ZHIARRERFSE, EFRRIRBUR A,

- EREHNY: EREHGE T IREE R SO R, EIREREN, BIRIEREHIR
RSN R EH, RERINERSRIHREEERE WHKE) &/,

- Dijkstra 5ik: &R —FRREAE IR S H AR TUS B B2 RS S0 O RTA.

15.2 SEE i)

Question

L n NI, B MIRINERN wet[i — 1) MER valli — 1], FI—DEEN cap B,
MR B — R, (HA] USRI I—3k oy, OrEMRISEEE R ILBITHR, RERES AR
THEESYRNRRNME, ~EIANE 15-3 Fimr,



BI5E O hello-algo.com 348

#S EE fifE

i wgt[i-1] val[i-1]

1 10 50 ‘ Tﬂ)\i% ﬁﬂg%
cap = 50

2 20 120 2 20 \

3 30 150 o u

4 40 210 * 30—

5 50 240 (Y

BAMME: 120 + (30/40)x210 = 277.5

Bfi5Z: HE~ . f 30 28 ¥ paEa
HER 50 HARE

15-3 380K B RS R B

IR AR 0-1 5 B AR EARR ML, IS S SR IR E ¢, BMEZRRETFEER MY
BRARNME,

ANAFIET, ALY —#7, & 15-4 For, BT POt Y5, g E R
EEBIR T SR

1 T, TERRER RS valli — 1] /wgtli — 1], FREIHME,
2. BB i, RN w, WEEMMOAOER w x valli — 1)/wgt[i — 1] ,

RS EE i AfifiE

A . i val[i-1]
i wgt[i-1] val[i-1] wetli-1]
1 10 50 5 ) S ¥an L Hanmn
ENER B E e E
2 20 120 6 _ alli-1]
v -
3o% e 5 . g - R
4 40 210 5.25 %
5 50 240 4.8 -

15-4 PyifE A EE FHIMNE

1. SERBRHE
BAEUAYRENE, AR ERER AN E R FRPIMGE, Bt rT e & 15-5 FiRay su0sK
8

L. Wi IR s AT E N S B A THER
2. WA, SHERTLOHER AN E RS P
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v

3. HRIREUARAL, WL FTY) A — R E,

HKs EB thid  BfIfiE

val[i-1] fRizRHE
wgt[i_:_] M%g‘”&ﬁ;ﬁ

i wgt[i-1] valli-1]

2 20 120 6 2
*
4 40 210 5.25
DR
1 10 50 5 ) RIEERMEE SR
3 30 150 5 B
5 50 240 4.8 -

15-5 7 80E W EHg o0 SR

2. XM

FBATESL T — N2 Ttem , DUMESY) A IR AN MEDHI THEF . FEEREH T O00NERE, M E BN Bkt I
IR [F] i :

// === File: fractional_knapsack.java ===

[* & */

class Item {
int w; // YImEE
int v; // ¥ImMNE

public Item(int w, int v) {
this.w = w;

this.v = v;

[* SBED: A +/
double fractionalKnapsack(int[] wgt, int[] val, int cap) {
/] BIEYRYIR, BEHINEY: EE. NME
Item[] items = new Item[wgt.length];
for (int 1 = 0; 1 < wgt.length; i++) {
items[1] = new Item(wgt[i], val[il]);
}
/] REBEMNE item.v / item.w MBEIEETHF
Arrays.sort(items, Comparator.comparingDouble(item -> -((double) item.v / item.w)));
/] TERTOERE
double res = 0;
for (Item item : items) {

if (item.w <= cap) {
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@

/] BERRBERE, WEHRRBENEHE
res += item.v;
cap -= item.w;

} else {
/] ERRBEFE, WESRYaN—HoEHE S
res += (double) item.v / item.w * cap;
/| BERRBE, ALLBHTER
break;

}

}

return res;

BrHbr 25h, TERERY, RE@HEMRIIER, BRBERER O(n), Hib n P,
HIT WAL T —1 Tten MEFIFK, KIZHEIEN O(n) o

3. IER14IERA

RARIEZE, R x 28 ER SRS, ERERERGRARNMEN res, HIZBHALEY M x
WEMNE B H A EEREEY M, SOV ERNYIS v . BTY5 v MBRNIMERS, KIS
R EME—EKRT res . X5 res REIMEFE, RIRNGEPLHE SN © .
TR R A, BAOBA DA EIR PG, SIS, AR EE R SR BIERE, X
A SRR G

G 15-6 FFow, AN SeRePn d R BRI St BB 70 B 1 — oK R B R AR AL, o0 250 (e im) st ]
o “SRAEA RN X A FE A B RN, XIS AT AR BB AT LA R BR A 50 OO SR O A 35

MmBGfE
5.25 5 5
% ¢ & S
YREE
40 10 30
50
m sazE

15-6 2 EHE WRE ) LARR
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Question

MA—DNA bt , BHNEDNTERR D EERRNEE, ZHPEERNER, DAL ENZ
B =3 (A A A B — D A28

AR RS TEEMREENFRRA (HR), HPEEHRENREROUE, 562N NERIEEEZERS
2%,

IETERA A IEBE NN ER, FRARNARNEERK, RERAKEE, REIGE 15-7 Fir,

iR

S B N W &~ 100N ®

15-7 wAHE M@ REIESE

AHEEEM N FERE R, FABRRE A BRERIRS], iKh (4, ] .
MEEE, ARSTRERMEE, HrhahEiove, 5ERMBIRINEEHERS 2%, RARN capli, j]

| WA HEAR:
capli, j] = min(ht[i], ht[j]) X (j — 1)

VALK n, PIMIRIGE SRR CREIED o C2 = 20U N mytity, liInl BLor i ik

ﬁ,Mﬁ*ﬁ%kﬁﬁ,wﬁﬁ%gﬁomq

1. AOEREE

I R Rk, NI 15-8 R, BUER—MRA [i, ], FlR 311 < j B heli] < ht[j]
L BRI,
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S B N W U 0N
pe—— <
EEsse——— <\

0 1 2 3 & 5 6 7

i RAER, j AKIER
WHIRE cap = min(3, 4) x (7-0) = 21

K 15-8 #IHEIRAES

QniE 15-9 Fw, FHBERRRERAR J rEmR @ SRk, WA SN,

XERRNERSNM § 5, BE j—i §EZ/N; MeElRERovE, FHitsERERE G IrohER) 88
AN (BENEH § RONRERD o

8

7

6

5 . -
. | :
3

2

. |

. |

() 1 2 3 4 5 6 7
MRS, BE—ER/
YHAIRE cap = min(3,3) = (6-0) = 18

15-9 [AINEEE KARGHIIRES

B, ARG MANRERR  , AAREEAFRER, FNERKEE —EZ/), HEETREIER B
SNIERREN @ ATRER R . BIANTEE 15-10 1, BahEia R,
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————— < \ad.

i

v
8
7
6
5
4
3
2
1
0

0 1

LUHIAE cap =

FABEER, BEREEEX

min(8, 4) x (7-1) = 24

& 15-10 MRS E FARES

P I AT AR SULSRRE . AR IL RS, [ PIR ARG, R YRR TR, EEMN

faEHHIE,

A 15-11 R 1 S0 SRS R TId S,

N

Step 1

iR

Step 3

S kP N W s O O N ®

S B N WS O O N ®

MateiEst 1, § , ERHTIBERE, FEREAME res =

0 1 2 3 4 5 6

LFAE cap = min(ht[i], ht[j1) x (j-i) = 24

BABE res = max(cap, res) = 24

FHAIRESTS, 485t M1 5 2 HIEEH M,

R APRSHA R capli, j], JHFENBARE R,
EEet o F1 AR g ORI, R A NRS S —1%,
TEIMAITES 2. PFNEE 3. 2, EHE 0 Ml j AHIBINEEH,

iR

Step 2

KR

Step 4

S B N WS O O N ®

S B N W H O O N ®

WHIAE cap = min(ht[il, ht[j]1) x (j-i) = 21

BABE res = max(cap, res) = 21

b

v
o 1 2 3 4 5 6 7
LHIAE cap = min(ht[il, ht[j]) = (j-i) = 15
RABE res = max(cap, res) = 24
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1 1
v . v .
8 7 8 7
R 7 a7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
[/} 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
YUHiAR cap = min(ht[il, ht[j]) = (j-i) = 28 WUHIAE cap = min(ht[i], ht[j]1) x (j-i) = 21
l Step 5 BAZAE res = max(cap, res) = 28 Step 6 BABE res = max(cap, res) = 28
1 ol
v v
8 8
7 7 .
: ‘ ‘ d
5 RS
4 . 4
3 J 3
R 2 2
1 | 1
0 0
o 1 2 3 4 5 6 7 o 1 2 3 &4 5 6 7
LFER cap = min(ht[il, ht[j]1) = (j-i) = 4 LEIEE cap = min(ht[il, ht[j1) < (j-i) = 5
l Step 7 BABE res = max(cap, res) = 28 Step 8 BABE res = max(cap, res) = 28

1
:
8
7
: |
5
4
3
2
1 |
[
[ 1 2 3 4 5 6 7

v iEH i 5 j EE,

Step 9 - BRHBUOER, EERARE 28

15-11 RARAERER 7OERE

2. REEEm

REER R n 6, BEINREZERN O(n) o
ki, j. res MFHEOOMIBINER, FHREAFERER O(1) .

// === File: max_capacity.java ===

[* RARBE: B */

int maxCapacity(int[] ht) {
/] MEk 1, j, EEDTIHERR
int 1 = 0, j = ht.length - 1;
/] MRRABERN 0
int res = 0;

/] ERFEOER, BEERRIBE
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while (1 < j) {
/] BFEABE
int cap = Math.min(ht[i], ht[j]) * (J - 1);
res = Math.max(res, cap);
/] EARBEFENR
if (ht[i] < ht[i]) {

1+4;
} else {
3--3
}
}
return res;
}
3. IEW#4IEER

ZFTLAD g 2 R, BRIV R SOOI = (BT — 2R

FRAEIRES capli, 4] F, @ ARIIR. § KR, A DDOHRKEIR « mABs—i, 2S8E 15-12 FiRisik
B BRI, RXERE Z R EIERIEX RSB AN

capli,i + 1], capli,i + 2|, ..., capli, j — 2], capli, j — 1]

| } ’ BT
ULl =

capleo, 7] cap[1, 7]
i S0 sk

cap(o, 6] capl[o, 5] caplo, 4]

A el

caplo, 3] caplo, 2] caple, 1]

K 15-12 BalEi FEHENT RS

WA, XERH RS ERS ESUR R KR § IPBSIEIRE, aTm&MELIEARNBRIR—E S
SEHEREZ/N, WEEH, SEEAISEA R RERR IR, BB e S3G R IR,

AL AR, BalEmARieEe “2e” 1, ORIZA,
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15.4 &KX TR

Question
LHE—DIEEE n, KEY)AEDWADERBEAIHN, KU EMmAEBENFENRKZEZ/D, WE
15-13 ffi7Ro

HAEE n , R max(ngxng xngx..xny 5% 0, g %xn,)

B 15-13  F AV SRR REUE X

BB n V10 m DR 7, HAPE 0 MRFIdn, , B

m

=1
AR AR SRIG T B T RO,
max(H n;)
i—1

PNTEEHZHR: VIDEE m MizZR, 80 n, MizEz/h?

1. FELKRIBRE

RAEZL, WAREBERFUEELLCEMIRMAE R, BN n hoE— T 2, METRFEED 2(n —2)
o BMTFZIRIG n FELLEL:

2(n—2)>n
2n—nm—4>0
n>4
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E 15-14 FoR, Hn > 40, YIt—4 2 JERRESER, REIRTET 4 FREEBERNIZESDIT

FODHRIE—: WRVIDTTRFEE > 4 AT, WLEHMIZRARLEY) 7y, RARYITTR AN 1, 2,
3 EX=RAF,

N
=
=
1
]

L n>4 B, 1EE 2(n-2) 2 n
RARENSARANEE 1, 2, 3 BF

15-14 Y5 S8ERAEZ K
ZOREEMANEFRRMN, £ 1. 2, 3X=EARFH, 2R 1EREMN, FAN1 X (n—1) < nfEK
37, B 1 ke SEBERE N
WE15-15 R, MUn=6K, 3 x3>2x2x2, XEKEVHE 3 Vs 2 #Hik,
TORIE . VI RF, RERNEERD 2, FAEA 2 B2 DIBEHCAMA 3, MRS KRR

Mo

HEE=ZT 2 B, HESEMEEAFEDT 3

15-15 &Y RT

Zi ERTR, FIHERLH DUR SO0 R,
L BMANEBE n, NHAKHYI AT 3, BEEREN0, 10 2,
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2. ROV O I, & n 2 3 IREEL, UL,
3. HREON 2, Ay, RE
4. MRECON 1N, HT2Xx2>1x3, HLMERE—3EHN 2,

2. KM

i 15-16 Fiw, FATEAVEL AR 2L, min] DA N ERIZRA2] 3 1M e, HEEIEERS
FIRED, HNA:

n=3a+b
HERE, NFn < 3WBFENR, “wHHRSH—N1, #I1 X (n—1),
// === File: max_product_cutting.java ===

[* RAVIDR: Tl */
int maxProductCutting(int n) {
/] EH n <=3 B, RATISH— 1
if (n <= 3) {
return 1 * (n - 1);
}
/] FOHTISH 3, a A 3 BN, b ARE
inta=n/ 3;
int b =n % 3;
if (b ==1) {
/] HRERN 1B, B3 1 * 3 Bk 2 * 2
return (int) Math.pow(3, a - 1) * 2 * 2;

}
if (b == 2) {
/] HBREA 2 B, REHLE
return (int) Math.pow(3, a) * 2;
}

/] HREA o B, FigbE
return (int) Math.pow(3, a);
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R¥ b ats3

n=3xa+b

K 15-16 AV RTTI

o} TR 52 A FE VR TG i SR RSB T4, DA Python N, H FRIR TR A =Hf,

- IBEAF ** FIEEEL pow() N THE 2 O(log a) .
- ¥ math.pow() PIFBIAFH C BT M pow() BREL, HHUTIZAEGR, NMAEZREHN O(1),

Ak o M b FEAFEOUVNIEINER, FRBERERERN O(1) .

3. IEH@4IEER

HERARIEE, Rt n > 3 BIEN.

L By < 30 BRRMVIZ T RPEE > ANET o, Ia—Er] LG EARSRI R 2(x — 2)
MRS ERRIRI, XS RIET &,

2. VInliRARE 1 BRRIMVIDTTRAPFE-INET 1, Bae—Erl LEFHF AR I PEFH, DA
PRERIFM, XS5BT E,

3. VInTiRmBUEMA 2 1 REEMVIATRPUE=D 2, Ia—Er] IEHAND 3, FRAHER,
XERETE,

15.5 /&

- SOLRIREE T RO U R, HRER AR D ORRRT B RS R LA R, ARG 2R

AL,
- LRIRRIEAHME — DX DN BUDIERE,  BERRHERE U ALK — RSN TR, S ]
R AR

- DEEACERIE R, EEARESIFERCR, AT, S00E RN R 2 2% 5 R,

- AEFEGURAE S, NTREEMAS, SORIAR DRIEKEIRMLME; T 55— mH S A
2R, SLBEIRATREIEIRZRIME,

- EEMAORRRBAIREEA WA IR R R T A, SOOI ARR TV RIS
MR,
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- ORTFRE Z, SUOE R ERE R R, MR, IEWEIIA, GRS,

L ORRALAE LTS = FESH. FE LR, RN, o B ORI RS IR,
TERMELER R A 5,

- OYERTSELRIEE 0-1 T A0SR b, A VPCERIR—5, PTG AL R, 2SRRI
T T DA PR ME A,

AR VAT SR, REZREEN O(n?) , B S0 NS, RN, o
I E RS O(n) .

CAERKTID TR, BN SRR SO R > 4 SR RIS, RIS T
N3, REHEEREE, NAEARRATREHSBUNE, BHA 0(1) % O(logn) ,
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16.1 ‘RIZIFIERIE

16.1.1 & IDE

IR, F8H VS Code fENAMEHSTT LI (IDE), ilA] VS Code B, MRAEHRIERIUEREH
RERRASE) VS Code BT FERNIZEL,

Qa%w 010 % i

Visual Studio Code  Docs  Updates + Download

Code editing.
Redefined.

Download Mac Universal | .,
Stable Build

mac0s Universal
Windows x64 User Installer

Linux x64 deb
rpm

F#i VS Code =y
Run and Deblg BONCN Git Extensions

16-1 MWEM T#; VS Code

IntelliSense

VS Code AT REASRG, SFFRZEGIZESHIZTAIE, DA Python NI, %% “Python
Extension Pack” ¥ @25, BIAI#E# T Python fREGIAIK, 220 BaE 16-2 Ak,


https://code.visualstudio.com/
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Python Extension Pack vi.7.0
Don Jayamanne 7,005,466 % % % % ¥ (16)
Popular Visual Studio Code extensions for Python
Disable v Uninstall |~

This extension is enabled globa

DETAILS
Extension Pack (7)

REHRNT

A B P O AT autoDocstring - Python Docstring Ger

doc

! Install

|
j—ﬁf*?ﬁ% ython Docstring Gen...
@ Python
P

3

Jinja

Python Extension Pack

Install

= ] Python Extended 12M k4

&l 16-2 %% VS Code ¥ et

16.1.2 REESIIR
1. Python Ifig
1. FEJFZEE Miniconda3, % Python 3.10 BEEHRRA,

2. 1£ VS Code W82 python , %4 Python Extension Pack
3. (FJi%) fE@SITHIAN pip install black , ZREMIMHEAILTHE,

2. C/C++IFIR

1. Windows RAFELEE MinGW (AL E#F2); MacOS B Clang, LM%,

2. 1£ VS Code MHEH T HHIER c++, L% C/C++ Extension Pack .

3. ([ i%) 47 JF Settings TU [, #4 & Clang_format_fallback Style fX A3 4% = fb & Wi, R E B
{ BasedOnStyle: Microsoft, BreakBeforeBraces: Attach },

3. JavaIfig

1. R#EFFZEE Open] DK (AT E > JDK 9),
2. 1£ VS Code WHtFTHH 2 java, &% Extension Pack for Java,


https://docs.conda.io/en/latest/miniconda.html
https://sourceforge.net/projects/mingw-w64/files/
https://blog.csdn.net/qq_33698226/article/details/129031241
https://jdk.java.net/18/
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4, CH#IFIE

1. FEFFZEE Net 8.0,
2. 1E VS Code HIIEMH R IZFHI822 c# Dev Kit, 2% C# Dev Kit (FilE ),
3. WAlf#A] Visual Studio (ZZ2E#f5),

5. GoIfi§
1. F#EFFZE g0,
2. 1£ VS Code WftFHi 782K go, %2 Go,
3. FPERE ctrl + Shift + PIEH@SEE, A go, 1%EFE Go: Install/Update Tools, EEBANIEIFZL
ERIA],
6. Swift IfiF

1. F#EFFZEE Swift,
2. 1E VS Code MU Hii7 182 swift, 2% Swift for Visual Studio Code o

7. JavaScript IfiE
1. FEFFZE node js .

2. £ VS Code HyidifF A4 javascript, %%E JavaScript (ES6) code snippets o
3. (AJi&) 1E VS Code MG A SR Prettier, ZHEMMEHAMTA,

8. Dartifig

1. —Fﬁ}l‘:ﬁg Dart,
2. 1£ VS Code HUfflitF 4R dart, %% Dart,

9. RustIfig

1. FEIFLEE Rust
2. 1£ VS Code W@ MR rust, &% rust-analyzer o

16.2 —iES 58Ik

HTEERIAR, HFXERFAE—ERMER, EERE, MRELITER, BERRM. WEK, X
FEL, WRATEWEA TSGR R, BB TBIE, DA IR AE LB > B,
Fif #5250 A GitHub ID KEARB G, WUk PDF k300 F3EA TR,  DUBGHH AT JE X T
FAZE TR


https://dotnet.microsoft.com/en-us/download
https://code.visualstudio.com/docs/csharp/get-started
https://learn.microsoft.com/zh-cn/visualstudio/install/install-visual-studio?view=vs-2022
https://go.dev/dl/
https://www.swift.org/download/
https://marketplace.visualstudio.com/items?itemName=sswg.swift-lang
https://nodejs.org/en/
https://dart.dev/get-dart
https://marketplace.visualstudio.com/items?itemName=Dart-Code.dart-code
https://www.rust-lang.org/tools/install
https://marketplace.visualstudio.com/items?itemName=rust-lang.rust-analyzer
https://github.com/krahets/hello-algo/graphs/contributors
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TFIREE S

AR B HI PRI R RN R AR, R SRR AT .
MAEATHRAA, WEEIERN R E S H B =L,

1. RERGE

nE 16-3 AR, B|ANEAA EAEA “AEEART, AR DHEIE DU P EREOOAR s,

1. Sl “GRiREbR”, RIBE| “FE Fork thaAE” KRR, 15 FEIZIRIE,

2. 1B Markdown XN, MENBTREMME, HRERRHRIEHSE—,

3. TETUHERHES B iiH, RJGmd “Propose file change” #%Hl, TUHE Bk )G, it “Create pull
request” L RIA&EEH BUE K,

B Hello355%

Hello 3%
@ B0l WE
B #18 MmRwE
B W2W HRESH
do B3E MEHH
31 HBEEHSH
32 WEMIERL
3.3 MEE -
34 FHES-
35 MG
B $4% BEASESR
S BSE BRSMI)
R F6® BER
PO E ]
£ Wew i
oo B
= E0E BF
il ENE
= W2E 98
19 B13E @
B2 ®am sy
@ #5®m B
@ W6E HR
BEL

>

o o krahets/hello-algo
% F Q EE QST

31 MRS (o] =

J o3 TGN BIESIFERE

312 WNPEH: ERSHH#
BROBIBAHEEREA. BR B DL BER W M B, SiIEILUABIREN 0 -2
P RERT .

311 EIEEN: S SIFEE .
THIBRHR | SEREIERORHE), T IR 2 DAfiipioLise gt

RIEIEXF; TERS, BENRRE TRERAH, RNHEESERZENREXR; BUHTR
FLDARL, RERT EARAMIFIERR,

30 3-1 FiR, 4 i R AR, SMAMEKRER, RRIBESEXAER
SIERT; FRIEEINER, 2R,

- SIEMIBLR: WU, HE. BB DT R

- dERMEBUREEN. B, f. B MEX
SRR fl2=dci e o]
wig L]
. -. 1
E 1. - — - —
! = 1

& 16-3 Tl [H ke 14t

oe

B AR ERZ BN, FREEIHTE [ssue BOFICH SOREIARIE, A1 RREHAHIFEHE R

2. RELIE

WRIEE4ES 5 TR E, SRR HMmRE S, RENSSE, IBATFELHELAT Pull

Request TAEif2,

1. %5 GitHub, ¥ARBHIUL G4 Fork #IMAKE T,

2. WAL Fork GFEM DL, fEH git clone m R v & EAM,

3. TEAHBEATNAOIE, FHFHTRBMIK, SRR I ERE,

4, KRR Commit, A5 Push FifE G,

5. REFTEEMT, Mt “Create pull request” 1 BIA] & i B K,


https://github.com/krahets/hello-algo/issues
https://github.com/krahets/hello-algo
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3. Docker =

1E hello-algo MRHE T, $UTLAT Docker BIA, BIAIFE http://localhost:8000 il ARTH :

docker-compose up -d

(5 AT i <> BT AT A BR 02 -

docker-compose down

16.3 RiEXR

* 16-1 FIH T HH IR EEAE, EEEEULTILA.

- BRI, DU,
RS A E R SR SR IR,

£16-1 BIRGHT S FANEEA

English

algorithm

data structure
code

file

function

method

variable
asymptotic complexity analysis
time complexity
space complexity
loop

iteration
recursion

tail recursion
recursion tree
big-O notation

asymptotic upper bound

fa Rz
2P
Bmgtiy
(AT

X

BRIER

Jii%

LR
S A E A
I ) &2 2 2
R A
TR

JESAN

|
2%
BYIBE
KOS
i 5

Bz
CCRES
B
UZES

B3

Ttk

A HERE b
F ] 2
2 [ R
Jel |

IER

'
iR
KO
Ll e
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English far A=
sign-magnitude JE R

1’ s complement =2

2’ s complement AN
array el
index £
linked list R
linked list node, list node TR
head node KA
tail node B R
list LB
dynamic array A
hard disk Pt
random-access memory (RAM) HfF
cache memory %17
cache miss AR
cache hit rate AR
stack e

top of the stack AL
bottom of the stack HeJiE
queue BAS)
double-ended queue EIRAS
front of the queue N=
rear of the queue [YNE2S
hash table MR
bucket it

hash function & 7y BRI 4
hash collision [EEGRUIEN
load factor T T
separate chaining ek
open addressing FRSHE
linear probing MR
lazy deletion Tt B
binary tree X
tree node USREISE
left-child node FEFT R

Eihrpz

JEHS
L
—HE
a7l
5]
S A
S RS B R
SHER
e iR
3|
BB
TdES
LR
PRI
PRECR A
PRELATHR
HE A
HEAB TH
HEB I
1751

e fr5i
THE
(Epdl)=
MERR
i
AT
SEALAHE
FHTCE HE
ARIEIR A
BEMmIER

—
AR
TE - HRG
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English

right-child node
parent node

left subtree

right subtree

root node

leaf node

edge

level

degree

height

depth

perfect binary tree
complete binary tree
full binary tree
balanced binary tree
binary search tree
AVL tree

red-black tree
level-order traversal
breadth-first traversal
depth-first traversal
binary search tree
balanced binary search tree
balance factor

heap

max heap

min heap

priority queue
heapify

top-k problem
graph

vertex

undirected graph
directed graph

connected graph

fa g

TR
AT
TR

(SRR

oo NI
X

¥
pe

e X
FER X
SETMh — S
S — SR
TXARRW
AVL ff

AR SY)

JE i

I EE A3 T
R SE
TXARERW
P — AR
A A

H

KT
/INTHUHE
RSEBAF
HEfk

Top-k (Al

Eihrpz

A TR
AL HR
T
[ERR ]
HRETR
e

g
K

W

FE36 T
FE4 T
FETm A
SEL i)
v )
AVL £
ALIRAS

& 7 AE

& e A e A R
RS ER
—uig =t
At i s
2L ISR
HER
RIEHERE
/NTEHERE
gl
HEREIL
Top-k [H&
]

THEG

g ) f

A 1l
e
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English falfAHZ ELINED 4
disconnected graph JFZEIE E A i
weighted graph AE A HE
adjacency RS Hikz

path 1 FEIE
in-degree NE NE
out-degree thE HiE
adjacency matrix LB R R 42 e e
adjacency list LBHER kAR
breadth-first search TTERER & e i =
depth-first search RS R REEE S
binary search TEK iy S
searching algorithm BRED Rk
sorting algorithm Her &k HeP s RTA
selection sort iRt 35 2 R
bubble sort (ER(EkE 352 HERZRE AR
insertion sort AT AP
quick sort PrEHET PrigHE
merge sort VA3 S Ei 352
heap sort HEHE HEREHE
bucket sort e W
counting sort Y i 165352
radix sort S CE 3a 2 FHH
divide and conquer GaR(=] if
hanota problem I TR) R T ST
backtracking algorithm [EIE=RPS IR RPN
constraint AP KPR
solution i figé

state K& R fE
pruning k53 1153
permutations problem SHEZ A EHEYIRE
subset-sum problem FERF ) THREME
n-queens problem n 2R n 25 HE
dynamic programming BNASHK BRER
initial state HIHRIRES CULGHIN S

state-transition equation REEB T2 ARG T2
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English falfAHZ ELINED 4
knapsack problem GE2lEk: G2k
edit distance problem St teE B 9 ] R i P e T R
greedy algorithm LFEIE BAHETA
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